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IMpencraBneHbl pe3yabTaThl 9KCIIEPUMEHTAIBHBIX UCCIIENOBAHUN XapaKTepUCTUK paccessHust MaHelb-
mrtamMa—bpuLTio3Ha TSI OMHOMOMOBBIX ONITUYECKHMX BOJIOKOH PA3IMYHBIX BUIOB U pa3HbIX IPOU3BOAUTE -
neit. [IpuBeneHbl KCIIepUMEHTAIbHbIE 3aBUCUMOCTH OINTUYECKMX BOJIOKOH, MOJYYEHHbIE C TTOMOIIbIO
OPMJLIIOOHOBCKOIO ONTUYECKOTO pediekToMeTpa (rpacduKu pacnpeneaeHusl CieKTpa OpULII03HOBCKOTO
paccesiHUS 110 IJTMHE CBETOBOIa M MyJIbTUpedeKTorpaMmbl ). JIIst Kaxkmoit paccMOTpeHHOiT pa3HOBUIHO-
CTU ONITUYECKMX BOJIOKOH JJaHa OlleHKa OPWJLTIO9HOBCKOTO YaCTOTHOTO CIIBUTA, BEJIMUMHA KOTOPOTO TIPU
IUTMHAX BOJIH U3JIyYEHUS JIa3epOB, MPUMEHSIEMBIX B TEJIEKOMMYHUKAIIMOHHBIX CHUCTEMaX, OTHOCUTCS K
nuana3zony CBY. IlpencraBieHbl 4acTOTHBIE 3aBUCMMOCTHU XapaKTePUCTUK paccessHUsT MaHaeabirama—
BpuurosHa HEKOTOPBIX Pa3HOBUIHOCTEM OMHOMOIOBBIX ONTUYECKUX BOJIOKOH C Pa3IMYHBIMU JUITMHAMU
BOJIH oTceuKu. [IpoBeaeH cpaBHUTEIbHBIN aHATIN3 UX XapaKTEPUCTUK C XapaKTePUCTUKaMU paHee uccie-
JIOBAaHHBIX OHOMOAOBBIX ONTUYECKHUX BOJIOKOH. OTITUYECKHE BOJIOKHA CXOXUX Pa3HOBUIHOCTEN (HO pa3-
HBIX TTPOM3BOJUTENIEIT) MOTYT MUMETh 3aMETHBIE Pa3JINUMS B YACTOTHBIX XapaKTepUCTUKAX paccessHUs MaH-
nenpintaMa—bpuintosHa. [IpencrabiieHa Tabiavila ¢ OCHOBHBIMU XapaKTEPUCTUKAMM paccesiHusT MaH-
nenplTaMa—bpuiimiosHa Uisi BCeX UCCIAENOBAaHHBIX B 3KCIEPMMEHTaX OTHOMOIOBBIX OINTHYECKUX
BOJIOKOH.

DOI: 10.31857/50032816223050063, EDN: ZJCJVB

1. BBEAEHHUE

B Hacrosiiee BpeMsi cyliecTByeT O0JIbIIOe KOJIM-
YeCTBO Pa3HOBUIHOCTE OMHOMOAOBBIX ONITUYECKUX
Bos1okoH (OB) pa3nubix npousBoguteneit. Kaxmnast u3
3TUX padHoBUIHOCTEW OB (B TOM 4uciie crienuain-
3upoBaHHBIX OB) ObL1a pa3zpaboTaHa ST pelIeHUS
oTpeneIeHHBIX 3amay [1—5].

3a nocyieaHue rojibl CylieCTBEHHO U3MEHUJICS CO-
ctaB npousBoauteneit OB, KoTopblie UCIIOIB3YIOTCS
JUTSI U3TOTOBJIEHUST ONTUYECKUX Kabesieil Ha TeppU-
topuu Poccuu. Kpome Toro, Tak:ke 3HaUMTEIBHO U3-
MEHWJICSI COCTaB MTOCTABIIIMKOB ONTUYECKUX MaTepHr-
aJloB, HEOOXOAMMBIX i1 Mpou3BoacTBa OB.

Knaccudukanust KOHKpETHBIX Pa3HOBUIHOCTEH
OB (B TOM 4mcle CXOXHUX MO HAa3HAYEHUIO M CBOI-

1 MexxnyHaponHasi KoHdepeHuus: “OnTtuyeckasi pehJeKTOMeT-
pusi, MeTposiorusi U ceHcopuka 2023”, Poccus, [1epmb, 24—26
mas 2023 r. (International conference “Optical Reflectometry,
Metrology & Sensing 2023”, Russia, Perm, 24—26, May 2023).
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CTBaM, HO Pa3IMYHBLIX MPOU3BOLUTENENR) B IPOJIO-
KEHHBIX OIITUYECKUX Ka6eﬂﬂX, a TaKXe OILICHKa UX
ONTUYECKUX XapPaKTEPUCTHUK SIBILETCA aKTyaJIbHOI
3agaveit [6—9].

C nomo1blo rpauKOB, MOJYYEHHBIX Ha Opu-
JIIO9HOBCKOM pedIeKTOMETPE, MOXKHO KJ1acCUDUILIU -
poBatb TuIl OB B ITpOJIOXKEHHOM ONITUYECKOM Kabe-
Jie, TIOCKOJIbKY Jlake BOJIOKHA OJHOW Pa3HOBUIHO-
CTU, HO pa3HbIX MPOU3BOIUTENEH UMEIOT 3aMETHbIE
pa3Inyusl B YaCTOTHBIX XapaKTepPUCTUKAX pACCESIHUS
Mamngensmrama—bpunrosna (MbB) [2, 8].

B nanHoi1 paGoTe npuBeAeHbI pe3yJibTaThl dKCIe-
PUMEHTAIBHBIX UCClIeNOBaHUI XxapakTepucTuk PMb
C MOMOIIbIO OPUILTIOOHOBCKOTO pedIeKToMeTpa He-
KOTOPBIX CPABHUTEJIbHO HOBBIX PA3HOBUIHOCTEM O/~
HOMOJIOBBIX ONTHUYECKHUX BOJIOKOH C Pa3IWYHbIMU
gmuHaMu BojH orceuku (G.654, G.652 wu T
(G.65x — HOMEp pekoMeHaauu MCD-T)).
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Puc. 1. [IpocTpaHcTBEHHOE paclipeaeieHre CIIEKTpoB paccestHust Mb miisg cBetoBoaa, coctaBienHoro n3 OB G.652 + “DRA-

KA” + ULTRA + LBL.
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Puc. 2. MynbTupediiekrorpaMmma it CBETOBoJa, cocraBieHHoro uz OB G.652 + “DRAKA” + ULTRA + LBL.
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Ta0muua 1
PasznoBunHocTs | 3HaueHwus fpy, | PekomeHmyembie
OB I'Tix 3HauYeHus fp, [T

G.652 10.82...10.86 10.84
G.652 (“ULTRA”)| 10.82...10.83 10.82
G.652 (“LBL”) 10.84 10.84
G.652—200 MxM 10.76...10.78 10.77
G.652 “H” (1235) | 10.806...10.810 10.81
G.652 “H” (1305) | 10.778...10.820 10.78
G.653 (DSF) 10.47...10.49 10.47
G.654E “H” 11.021...11.025 11.02
G.655 (NZDSF) 10.61...10.64 10.63
G.655-2 10.47...10.48 10.48
G.655 (“LEAF”) 10.66...10.67 10.66
G.657 10.77...10.80 10.79
G.657 “H” 10.694 10.69
“DRAKA” “H” 10.754...10.755 10.75
DCF 9.77 9.77
EDF 10.69...10.71 10.70
EDF-2 10.95 10.95
ECDF 10.38...10.39 10.38
“Panda” 10.40...10.43 10.42
“Panda PS-887” 10.55...10.56 10.55

ITlpumeuanue. G.653 (DSF) — OB co cmelieHHO# (HyJIeBOit) auc-
nepcueii, G.655 — OB ¢ HeHyJIeBOI CMEIIEHHOI aucrepcueit
(NZDSF), “LEAF” — OB ¢upmsbl “Corning” (pa3HOBUIHOCTb
G.655) [1-6, 10], DCF — OB ¢ komIieHcalueil IUCIIEPCUH;
EDF— OB, nerupoBanHoe nonamu 3pousi, ECDF — OB, neru-
pOBaHHOE MOHAMU 3POUST U LIepUsl, YCTOMYMBOE K IEMCTBUIO pa-

nuanuu [9, 16], “Panda” — OB, coxpaHsiiolue COCTOSTHUE OIS -
puszauuu (PMF) [9, 17-20].
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Pe3ynbTaThl 3KCIepUMEHTAIBHBIX UCCIeI0BAaHUI
XapaKTepUCTUK paccessHuss Mb MHorux pazHoBUI-
HocTelt omHoMonoBbIX OB, MpoBeNeHHBIX aBTOpaMU
paHee, IIpeacTaBieHbl B padoTax [1-5, 8, 9].

2. IEJIN U 3AAYN UCCIIEAOBAHUA

Jnsg m3ydeHns mapaMeTpoB paccesHuss Mb (ua-
CTOTHBIX XapaKTEpUCTUK paccessHusi Mb, crnekrpa
paccessaust MB) 1 olieHKM BeJTMUYMH OpUJITIOOHOBCKO-
IO YaCTOTHOTI'O CIBUTA, (YACTOTHI INIABHOTO MaKCUMyMa
cnekTpa paccessHust MbB) st Bcex aHaIM3UPYyEeMbIX
pa3HOBHIHOCTEN ogHOMOMOBEIX OB HeoOxomumo 1mo-
JIY9UTh OpUJUTIOBHOBCKUE pediekrorpammbl [1—17].
IIpu navHax BOJH M3JIyYEeHMs Ja3epOB, IIPUMEHsIe-
MBbIX B TeJIEKOMMYHUKALIMOHHBIX CUCTEMAaX, BEJTNYM -
HbI OPUJUTIOSHOBCKOTO YaCTOTHOTO CIBUTAa OJHOMO-
noBbix OB oTHocsaTcs K quanazony CBY.

C 27Ol 1eablo OBUTH TPOBEICHBI SKCIEPUMEH-
TaJbHBIE WCCIICTOBAaHUS C OPUJITIOOHOBCKUM OITTH-
YEeCKUM MMIYJIbCHBIM pedaekTtoMeTpoM “Ando AQ
8603” npu copeiictuu 3A0 “Mockabenb—PDymKu-
Kypa” (Mocksa).

ITo oO6muM pediiekTorpaMmam, MOTYYEHHBIM C
MOMOIbIO OPUJJTIORHOBCKOTO OMNTUYECKOTO M-
IMyJILCHOTO pedieKToMeTpa, MOXHO U3y4aTh Ipodu-
J1 c1ieKTpoB paccestHuss M b pazmmansix Tunmos OB B
cocTaBe OOIIEero CBeTOBO/IA, OINPEAEIsTh BEIUYMHBI
OPMJUIIOOHOBCKOTO YaCTOTHOTO CIABMIa B HUX U Ha-
OJIIoIaTh U3MEHEHMS CITEKTPOB paccesHus Mb nipn
U3MEHEHUU BHEIITHUX Bo3aeicTeuit Ha OB [1—6].

3. PE3VJIBTATDI
SKCINEPUMEHTAJIBHBIX
NCCIEOIOBAHUU

B xaxxnom akcrniepumente nepBbiM OB (Hopmanu-
3yolas KaTylIKa JIMHOM IIPUMEPHO 1 KM) SIBJIsIeTCS
OB G.652, a 3a HUM NPUCOEOUHSIIOTCS UCCIIEAYEMbIE
pasHoBuagHoctu OB.

Ha puc. 1 nmpeacraBiieHO MpOCTPaHCTBEHHOE pac-
npeneyieHue CIeKTpoB paccessHuss Mb mist OB mipu
coennHeHun OB G.652 co cBETOBOIOM, COCTaBJIEH-
HbIM 13 coenHeHuit OB “DRAKA” + OB “ULTRA” +
+ OB “LBL” (OB “ULTRA” u OB “LBL” — pa3Ho-
pugHoct OB G.652 dpupmsr “Corning”).

B mpaBoM HIXHEM yrily BceX IpeacTaBICHHBIX
OpWJUTIORHOBCKUX pedJIeKTorpaMM I1OKa3aHbl 4a-
CTOTHBIE NPOGUIN CIIEKTPOB paccestiust M b u Benu-
YUHBI (OPUJLTIOOHOBCKUIA YACTOTHBIN CABUT — f3) 1151
ncciaeayeMbix pasHoBugHocTeit OB [1-3].

AHaJIn3 XapaKTepUCTUK CIIEKTPOB paccesiHust Mb
MO3BOJISICT BBIACIUTD YIaCTKU C KaXKIOi pa3HOBUI-
HocThio OB, KOTOpEIE BXOIST B COCTaB CBETOBOA.

Ha puc. 2 n1ga OB G.654E noka3aHa MyJbTUpe-
¢daekTorpammMa, KoTopasl MpeacTaBisieT MPOCTpaH-
CTBEHHbIC 3aBUCUMOCTHU (110 BCeil IJIMHE CBETOBOIA)
YPOBHSI 00paTHO oTpaxXeHHoro curHaja (Loss), Ha-
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Puc. 3. [IpocTpaHcTBeHHOE pacIipeneieHre crekTpoB paccesuus Mb mis OB G.654E.

TsoKeHust (Strain), IIMPUHBI CHEKTPOB pacCEeSIHUS
Mb u npoduns ciekTpoB paccessHus Mb, cooTBeT-
crBytonue 3D-pedaekrorpamme (ITOITyIeHHOM C ITO-
MOIbIO OPUJUTIO9HOBCKOTO ONTUYECKOTO MMITYJIbC-
HOTro pedraeKkToMeTpa) paclpedeieHusl CIEKTPOB
paccessHuss M b, moka3zaHHOI Ha puc. 1, ¢ ykazaHHUEM
XapaKTepHbIX YYACTKOB U MOJIOXEHUS OPUJIITIOOHOB-
CKOTO YacTOTHOTro casura ( f3).

BennunHa OpuII09HOBCKOTO YaCTOTHOTO CIBUTA
y OB “DRAKA?” cocrasnger 10.75 I'Tu (OB G.652,
OB “ULTRA” n OB “LBL” 6p111 I pOaHAJIM3UPOBA-
HEI B 00Jiee paHHUX paboTtax [2—4], naHHBIe O OpUII-
JIIO9HOBCKOM YaCTOTHOM CIBUTE IUISI HUX IIPUBEICHBI
B Tabmd. 1).

CornacHo pekoMmeHmaumu MCHD-T, G.654 — OB
CO CMEIIEHHOM OTCEYKOil (IJIMHOII BOJIHBI OTCEYKU
(M), PaBHOI 1530 HM), OHO TIpeIHA3HAYEHO TSI BBI-
COKOCKOPOCTHBIX Ha3€MHBIX ONNTUYECKUX CeTel 00Ib-
LIOi1 MPOTSKEHHOCTH. JIMHA BOJIHBI OTCEYKHU — 3TO
MUHHMMAaJIbHasl IJIMHA BOJIHBI, YCTaHABIMBAIOIIAS
TpaHUILy JJIsT OMHOMOJOBOTO peXKMMa pacpocTpaHe-
HUSI CBETOBBIX BOJIH (B OB pacnpocTpaHsieTcs TOMb-
KO ogHa Moma). 3to OB uMeeT 1oCTaTOYHO HU3KUE
MOTepH Ha MAaKpOM3THOe, YIydIlIeHHBIE XapaKTepH-
CTUKM XpOMAaTWYECKOI OUCIIepCUU IJIsT Auara3oHa
IUIMH BOJIH 1530—1625 HM, f1Mana3oH HOMUHAJIBHOIO
JITraMeTpa MOJIOBOTIO ITOJIS 1 T. T1.

IMPUBOPHI U TEXHUKA DKCIIEPUMEHTA  Ne 5

Ha puc. 3 npencraBieHO MPOCTPaHCTBEHHOE pac-
npenejaeHue criektpa paccesHus Mb miga OB
G.654E.

Ha puc. 4 n1a OB G.654E noka3aHa MyJbTUpe-
¢daekTorpaMmMa, COOTBETCTBYIOIIASI 3aBUCUMOCTHU
MPOCTPAHCTBEHHOIO pacnpeaeieHUsT CIIEKTPOB pac-
cegsansg Mb nHa puc. 3.

Besmuuna BUYC maa G.654E mipu HOpMabHBIX
YCJIOBUSIX OKa3ayiach BbIIIE BCEX UCCIIETOBAaHHEBIX pa-
Hee OB, onHa cocrasiger 11.02 I'T1.

IIpocTpaHCTBEHHOE pacIpefeicHue CIEKTPOB
paccesuust Mb mist OB G.652 (1305), miiviHa BOJTHBI
orceuku (A,,) Kotoporo cocrasisier 1305 HM, mipen-
CTaBJICHO Ha puC. 5.

Bemumuuna BUYC mg OB G.652 (1305) npu Hop-
MaJIbHBIX ycioBuUsiX paBHa 10.78 I'Ti1.

Ha puc. 6 npuBeaeHa 3aBUCUMOCTE pacrpeaese-
HUSI CIIEKTPOB paccesHuss MB no niuHe cBeTOBOOA
o1 OB G.652 (1235) ¢ OIMHON BOJIHBL OTCEYKU
(Aewt), paBHOI 1235 HM.

g OB G.652 (1235) mput HOpMAJTBHBIX YCITOBUSX
BeJIMYMHA OPWJUTIOOHOBCKOTO YAaCcTOTHOTO CIBUTA
cocrasnser 10.81 I'Tir.

Ha puc. 7 npencrapiieHO TPOCTPaHCTBEHHOE pac-
npeaeaeHue crnekrpa paccesuus Mb mia OB G.657
(pekomeHmauusgs MCO—T G.657 — OB ¢ moBbIlIEeH-
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Puc. 5. [IpocTpaHCTBEHHOE pacrpeneiieHne crekTpoB paccesiiust MB it OB G.652 (A, = 1305 uwm).
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Puc. 6. [IpocTtpaHcTBeHHOE pacnipeneneHne crekTpos paccesiust MB mist OB G.652 (A, = 1235 HMm).

HOM YCTOMYMBOCTBIO K M3TrMOaM, T. €. HE UYBCTBU-
TeJILHOE K IMMOTepsIM Ha U3ruoe).

ITpu HOpMAaNbHBIX YCIOBUSIX BEJIMYMHA OPUILITIO-
SHOBCKOTI0 YacTOTHOTO casura mist OB G.657 okasa-
jack paBHoit 10.69 TI'Tir.

4. ObCYXIEHHNE
PE3YJIbTATOB

CoennHEeHUE OTPE3KOB HECKOJIBKMX M3ydaecMbIX
pasHoBungHocteii OB B enmHBIII CBETOBOI CyIIe-
CTBEHHO YBEJIMYMUBAET CKOPOCTh ITOJIY4EHUSI UTOTO-
BBIX Pe3yJbTaTOB U3MepeHuii. [1o UTOroBbIM O6IINM
3aBUCUMOCTSIM, MOJYYeHHBIM C TOMOIIbIO OpUILITIO-
SHOBCKOI'O ONTUYECKOTO WMMITYJIbCHOIO pPeIEKTO-
MeTpa, MOXHO HAaOmIogaTh W3MEHEHUS CIIEKTPOB
paccessHuss MbB, onpenensaTh OpMIJLTIOOHOBCKUI Ya-
CTOTHBIN CABUT U U3y4aTh ITPO(UIU CIIEKTPOB pacce-
saust M b pasmransix Tumos OB, Bxoggmmx B ¢cBETO-
BO/I.

HM3yyeHue ¢ MOMOIIbIO OPUITIORHOBCKOTO pe-
dJIeKTOMETpa OCOOEHHOCTEH ITOBEACHMUSI CIIEKTPOB
paccesHust Mb B OB pasnuyHbIX BUIOB U TIPOU3BO-
JIUTEJIEN MO3BOJUIO YCTAHOBUTh HavyajbHbIE 3HAUE-
Hus BUC (fp) 115 Bcex uccienoBaHHbIX pa3HOBU/I -
HocTsx OB.

B 1a6s. 1 cBeneHbI 3HaUEHMS 5, 1JTS1 TpOAHATU3U -
pPOBaHHLIX B 3TOl paboTte TunoB OB (y Hux gobasie-

IMPUBOPHI U TEXHUKA DKCIIEPUMEHTA  Ne 5

Ha B 0003HayeHue OykBa “H”), a Takske 111 MHOTUX
JIPYyrux paHee npoaHanusupoBaHHbIX OB [1-20].

ITo pexomennyeMbiM 3HaueHUsIM BYC u3 ta6m. 1
(fp) MOxHO o ¢opmyine (1) onpenenuts 3pdek-
TUBHYIO CKOPOCTb TMIEPAKyCTUIECKO BOIHBI (V4 )

1 3¢ @PEKTUBHBIN MOKAa3aTellb MPEJIOMICHUS CpeIbl
pacrpocTpaHeHusl (Mq):

S = 2fLVAeffneff/c = 2VAeffneff/;\'L’ (1)

IJe ¢ — CKOpPOCTb CBETa B BaKyyMe, f; — 4acTorTa, a
A, — IJIMHA BOJIHBI U3ydYeHus ta3epa [1—4, 12—14].

Hanpumep, ipu A; = 1.55 mxm it OB G.654E
nosydaem v, = 5.81 KM/c (NpH Ny = 1.47) WK Ay =
= 1.496 (npu v, = 5.71 km/c); a OB “DRAKA” —
Va4, = 3.67km/c (ipu nes= 1.47) unu n.g= 1.459 (npu
Va, = .71 km/C).

5. BbIBOJbBI 1 BAKJTIOYEHUE

Takum obpa3oM, NPy HATUYUN OPUJLTIOIHOBCKUX
pediexTorpaMM MO BeJIMYMHE OPMLIF09HOBCKOIO
YaCTOTHOTO CIBMUIa M XapaKTepUCTUKAM 4YaCTOTHOIO
npoduiist CrieKTpoB paccesiHuss Mb MoXHO Kiiaccu-
¢unupoBars pazHoBugHOCTH OB B cocTaBe CBETOBO-
0B 1 IposioxkeHHBIX OK.
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. 0000
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Puc. 7. I1pocTpaHCcTBEeHHOE pacIipeaeieHue crekTpoB paccessuuss Mb mis OB G.657.

Paznuyus B YaCTOTHBIX XapaKTEpUCTUKAX paccesi-
Hus1i Mb no3BosisiioT BbISIBIISATH TUIl OB M Kitaccugu-
LIUPOBaTh €r0 Pa3HOBUIHOCTb.

CoenyHEHNUE B €IUHBIII CBETOBOI OTPE3KOB He-
CKOJIbKMX u3ydaeMblix OB 103BoOJISIET Mo OpMILIIO-
9HOBCKUM pedieKTorpaMMaM BbIICIUTb Pa3inudus
XapaKTepUCTUK paccessHUusI Mb u cyliecTBeHHO I10-
BBICUTBH CKOPOCTD ITOJTy4Y€HMsI UTOTOBBIX PE3Y/IbTaTOB
U3MEPEHMUIA.

BJIATOOJAPHOCTHU

ABTOpBI 61arogapst corpynHukoB 3A0 “Mockabenb—
Ddymxukypa”, AO “ONTUKOBOJIOKOHHBIE cucTeMbl” (Ca-
paHck) u [lepmckoro ¢enepaabHOro NCCiIea0BaTEIbLCKOIO
LIEHTpa 3a IPOSIBJICHHBbIII MHTEpEC K HACTOSIIEe padoTe,
3a MpenocTaBlieHHbIE IS UcciaenoBaHus oopasiubl OB u
COIeNCTBUE B MPOBENCHUN IKCIIEPUMEHTOB C TTOMOIIBIO
OPMJLTIOOHOBCKOIO ONTUYECKOTO MMITYJILCHOTO pediek-
TOMETpa.
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