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CPEACTBA METPOJIOTMYECKOIO
OBECMEYEHUA

ONTUYECKUX
PEOJIEKTOMETPOB

W BOJIOKOHHO-ONMTUYECKUX
AATYUKOB

0.B.Koamozopos, C.C.lonuerko, J1.B.IIpoxopos,
Bb.A.Akyaun, HM.JOcmyc,

Bcepoccuiickuil HayuHo-UCcAe008aMeAbCKUL UHCMU-
Mmym Gu3UKo-mexHU4eckux u paduomexHu4eckux
usmepeuii, Mendeneeso

Co3aaHue, cnbiTaHMA U 3KCNlyaTaumns BOJIOKOHHO-
ONTUYECKUX CUCTEM CBSI3U U Nepeaavu uHdopmauum
(BOCM), cucteM MOHUTOPUHIA HA OCHOBE BOJIOKOHHO-
oNTUYeCKUX AaTYMKOB HEBO3MOXXHbI 6@3 NnpoBeaeHuns
M3MepeHU UX XapakTepucTUK C NMOMOLLbIO
COOTBETCTBYIOLWMX CPEACTB U3MEPEeHU. B cTaTbe
npusepeHbl Tpe60BaHUS HOPMATUBHbBIX AOKYMEHTOB
no o6ecneyeHnIo eAUHCTBA U3MEPEHUN, paCCMOTPEHbI
MeTopAbl M annapaTtypa, NpuMeHsieMble Npu nosepke

M KanmbpoBKe CpeacTB USMepeHui napameTpos BOCH
M BOJIOKOHHO-OMTUYECKUX JaTYNKOB.

OJIOKOHHO-ONTHYeCKHe CUCTeMBI CBSI3U U Iepe-

nadyd UHGOpPMALlMM HTIPAIOT Ba’KHYIO POJb

B obecrieueHUU MOTPeOHOCTEN COBPeMEeHHOIO
obmiecTBa B yciyrax cBsisu, B obecriedeHHUH IOTpPe6-
HOCTeH ITPOMBIIIIIEHHOCTH, TPAHCIOPTa U CIeLu-
a/NbHBIX IIOTpebHTeNel B ONepaTHUBHOM Ilepemaye
naHHbeIX (1. CHmenMaau3upoBaHHBIE BOJOKOHHO-
ONTHYecKHe TUHUU CBs3U (BOJIC) HCIIONB3yIOTCA
IIpH pelleHHUH 33/a4 YacTOTHO-BpeMeHHOro obecrie-
YeHMUs )15 [lepelau CUTHAJIOB 3TATOHHOM YaCTOTHI
M CHHXPOHH3AllMHK IIKaJ BpeMeHH [2-4], mpu pas-
paboTKe U HUCIIBITAHUSX PalH03TeKTPOHHBIX CHUCTEM
O71s yMeHbIIeHHUS BIHUSHHUS 3I1eKTPOMaTHUTHBIX
momMex IyTeM MCIIONb30BAaHUS MOAYIALMU ONTHU-
YeCKOro M3JIy4eHHUs PagHUOYacCTOTHBIM CHUTHAJIOM.
Kpome Toro, BOJIOKOHHO-OIITHYeCKHEe JUHUH CBS3U
HCIIONB3YIOTCSI B CUCTeMaxX OXPaHBl U MOHUTOPHHIA
COCTOSIHUSI TEXHHUUECKHX 00BeKTOB U COOPY>ReHHUI [1].
Co3pgaHue, MCIBITAHHSA M 3KcIayaTtanus BOCII
HeBO3MOXKHEI 6e3 IIpoBe/leHUs U3MePeHU I UX Xapak-
TEPUCTUK M HCIIONB30BAHUS COOTBETCTBYIOMIUX
CPenCTB M3MEPeHHUH, B YaCTHOCTHU ONTHYECKUX ped-
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INSTRUMENTS FOR
METROLOGICAL SUPPORT

OF OPTICAL TIME DOMAIN
REFLECTOMETERS AND FIBER
OPTIC SENSORS

0.V.Kolmogorov, S.S.Donchenko, D.V.Prokhorov,
B.A.Akulin, N.M.Yustus,

Russian Research Institute of Physical-Technical and
Radiotechnical Measurements, Mendeleyevo

Development, testing and operation of fiber optic
communication and information transmission systems
(FOTS), monitoring systems based on fiber optic
sensors are not possible without measurement of their
characteristics by using the appropriate measuring
instruments. The article presents requirements

of regulatory documents ensuring the uniformity

of measurements, discusses methods and means

used for the check and calibration of instruments of
measurement of FOTS parameters and fiber optic
sensors.

iber optic communication and information

transmission systems play significant role in

meeting the demands of modern society with
respect to communication services, in meeting the
demands of industry, transport and special consumers
with respect to operational data transmission [1].
Specializes fiber optic communication lines (FOCL)
are used for the solution of tasks of frequency-time
support for the transmission of signals with reference
frequency and synchronization of time scales [2-4],
during the development and testing of radio electronic
systems for the reduction of impact of electromagnetic
interference at the expense of use of optical radiation
modulation by radio-frequency signal. In addition,
the fiber optic communication lines are used in the
systems intended for security and monitoring of state
of technical objects and structures [1].

Development, testing and operation of FOCL
are not possible without measurements of their
characteristics and use of the appropriate measuring
instruments, in particular, optical time domain
reflectometers. Monitoring systems based on fiber
optic communication lines equipped with fiber optic
sensors have measuring functions proceeding from
their intended purpose.
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nekToMeTpoB. CHCTeMBl MOHMTOPDHHIA Ha OCHOBe
BOJIOKOHHO-OIITHYeCKUX JIMHUH CBSI3H, OCHAIlleHHbIe
BOJIOKOHHO-OIITHYECKMMH JAaTYHUKAMHU, y>Ke HCXOIs
13 CBOEro HasHavyeHHU s 061aaloT U3MEePUTEeIbHBIMHU
QYHKIIMAMU.

Onrtudeckue pedreKTOMETPBl IIPeACTaBISIOT
cobolr cCpeiAcTBa H3MepeHHUH [JHHBL CBeTOBOZA,
BpeMeHHU PpacClIpoCTpaHeHHUsl CHUTHajla B CBeTOBOJE,
1 pacIpefe/reHHOro ocnabneHus. BOTOKOHHO-ONTHU-
yeckue gatyuku (BO) - 3To mepBUYHEBIEe Tpeobpaso-
BaTelHd H3MepseMoON QH3MYeCcKOM BeTHYHHB (TeM-
[epaTypsl, AaB/leHUs, IlepeMellleHHs, YCKOpPeHUs
U Op.), UCIIONIb3yeMble B KOMIIJIEKCe C aIlllapaTypoH,
obecrieurBaIIel PerucTpaluio U obpaboTKy cHr-
Hana ¢ BOJ| c mociefymoUMM BBIYHCIEHHEM 3Ha-
YeHHs H3MepsieMON BeJIHYHUHBI. B COOTBETCTBUM
¢ ®enepanbHbIM 3aKOHOM Ne102-®3 "O6 obecmeue-
HUU eJMHCTBA H3MepeHUI" [5], cpeacTBa H3Mepe-
HUH, NpUMeHseMble B Cpepe TrocylLapCTBEHHOIO
perynupoBaHusi obecredeHHsT eJHHCTBa H3Mepe-
HHUH, MOJJeXKaT yTBEePKIeHUI0 THUIIA K IIepHojHye-
cKol roBepke. K chepe mpruMeHeHHUs BOJ] oTHOCATCSA
TakHde oOBEeKTHl, KaK HedTe- M Tra30MpOBOABI, ATOM-
Hble 971eKTPOCTaHIUHU, 3[aHUS, COOPY>KeHHUS U [Ip.
(1, uTo mpumaer ocobyio BasKHOCTb obecIieueHUIO
TOYHOCTH 1 JOCTOBEPHOCTH Pe3y/lbTaTOB U3MepeHUH,
IIPOBOJMMBIX C ITOMOIIbI0 BO/I.

IIpH CO3MAHUM U 3KCIUTyaTalluX BOJTOKOHHO-OIITH-
YyeCKUX JUHUH CBSI3H, KaK U CUCTEM Ha ocHoBe BO/I,
BO3HHUKAeT IOTPebHOCTh M3MePeHUM TaKHUX BeslHu-
YMH, KaK JJIMHA OITH4YeCKoro Kabess, MOIIHOCTb
ONTHYECKOr0 H3yueHUsl, ociabieHHe, CIeKTpasb-
Hble XapaKTepPHUCTHKH OIITHYeCKOTO H3J/Iy4eHH,
BpeMeHHble IapaMeTpPhl MOJYIHMPOBAHHOIO OIITH-
YeCKOro M3jiydeHHs. Kpome TOro, Impu rpaayHpoBKe
U roBepke BOJ He06X0qHMO IIPOBOAUTDL HU3MepeHHU s
PerucTpupyeMon JaTYMKOM BeTHYHHBI C IIOMOILBIO
COOTBETCTBYIOIIMX BBICOKOTOYHBIX CPeICTB H3Mepe-
HUH U 3Ta0HOB.

JUIst BOCTH>KeHHUSI TpebyeMoM TOYHOCTH H3Mepe-
HUI IepPeYHCIeHHBIX XapaKTePUCTHK HeobxoguMo
obecreuynTs IIPOCIEXKHMBAEMOCTh MCIIOIb3YeMBIX
CPelCTB U3MepeHHUM K FoCyAapCcTBeHHBIM 3TaJ0HaAM
COOTBeTCTBYIOIIMX eJUHUL] BeTUYKH. [IpociexxuBae-
MOCTb ~ CBOKCTBO 3TaJIOHA eIUHHULIbI BeIMUHHBI HJIH
Cpe[iCTBa M3MepeHHUH, 3aK/IYallieecs B JOKyMeH-
TaJIbHO IIOATBEePXKAEHHOM YCTAaHOBJIEHUU HX CBSI3H
C TOCYyIapCTBEHHBIM IIepBHUYHBIM 3Ta/IOHOM COOTBET-
CTBYIOIIeN eJWHMLBl BeJIMYMHBI IIOCPEACTBOM CIIH-
YeHUs 3TAJIOHOB eJUHUI] BeJIUYHH, [I0OBePKH, KaJlIH-
OpOBKH CpeJICTB U3MepeHUH [5].

ITops/ioK Mepefiady eIUHUL, PU3MUeCKUX BeJIHMUYHH
OT 5TAJIOHOB K CpelCTBAM HM3MepeHHH IapaMeTpoB
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Optical time domain reflectometers represent the
measuring instruments with respect to light guide
length, time of signal propagation in light guide and
distributed attenuation. Fiber optic sensors (FOS)
represent the primary transformers of measured physical
parameter (temperature, pressure, displacement,
acceleration etc.) used in combination with the
equipment, which provides recording and procession of
signal from FOS with the further calculation of the value
of measured parameter. In accordance with the Federal
Law No. 102-FZ "On Uniformity of Measurements’ [5],
the measuring instruments applied in the area of state
regulation of measurement uniformity are subject to
approval of type and periodic checks. Such objects as
oil and gas pipelines, nuclear power plants, buildings,
structures etc. [1] refer to the scope of FOS application;
it gives critical importance to the issue of provision of
accuracy and reliability of results of the measurements
performed by FOS.

When developing and operating the fiber optic
communication lines based on FOS, the necessity to
measure such parameters as length of optical cable,
power of optical radiation, attenuation, spectral
characteristics of optical radiation, time characteristics
of modulated optical radiation occurs. Besides, during
the graduation and check of FOS it is necessary to
perform measurements of the parameters recorded by
sensor using the relevant high-accuracy measuring
devices and standards.

In order to reach the required accuracy of
measurements of listed characteristics it is required to
ensure the traceability of used measuring instruments
with respect to state standards of the relevant units.
Traceability is the property of unit standard or
measuring instrument, which consists in documented
establishment of their connection with the state
primary standard of the relevant unit by comparison
of unit standards, check and calibration of measuring
instruments [5].

Procedure of transfer of physical units from
standards to measuring instruments with respect of
FOTS parameters, in particular, to fiber optic time
domainreflectometers, is established by GOST 8.585-2013
[6]. The fragment of graphic part of this measurement
chart, which determines the transfer of measurement
units to optical time domain reflectometers, is given in
Fig. 1.

The complexes of instruments, which include optical
generators, reels of optic fiber and auxiliary equipment,
are used in the capacity of industrial standard of the
units of length, time of signal propagation in light
guide and distributed attenuation. Optical generators
form the repeating optical pulses with standardized
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BOCII, B 4aCTHOCTH K BOJIOKOHHO-OIITUYeCKUM pediiek-

TOMeTpaM, ycTaHaBnuBaeTcs [OCT 8.585-2013 [6]. dpar-

MeHT I'papU4ecKOM YacTH JaHHOM II0BePOYHOL CXeMBI,

OIpefeNSIOMUL Iepefady eqUHUL BeIUYUH K ONTH-

4ecKHUM pedieKToMeTpaM, IIpUBeeH Ha puc.l.

B KaudecTBe paboumux 3TaJIOHOB eSUHHI] IIHHBI,
BpeMeHH PpacIpOCTpaHeHHs CHUIHajla B CBETOBOJE
1 pacmpejle/leHHOTO ocaabneHHUs MCIIOIb3YIOTCS
KOMIUJIEKCHl aIlllapaTyphbl, BK/IKYaIOLU[He ONTHYe-
CKHe TeHepaTOPhl, KaTYLUIKH OINTHYECKOTO BOJIOKHA
U BCIIOMOraTe/lbHOe obopymoBaHHe. ONTHUYECKHe
reHepaTtopbl GOPMUPYIOT IOBTOPSIOLIHECS ONTH-
YyecKhe HMMIYJIbChl C HOPMHPOBAaHHBIMH HMHTEpPBa-
JaMHu BpeMeHH MeXIYy HHUMHM, KOTOPble COOTBeT-
CTBYIOT 3aIaHHOM JIJIMHe OIITUYecKoro Kabens. 3tu
WMIIY/IbCBl IIOLAIOTCS B KayeCTBe 3TAJIOHHOIO CHI-
Hajla Ha BX0J pedyieKToMeTpa C LieJbI0 oIlpejesie-
HUS ero IIOIPeIlHOCTH IIPpHU H3MepeHUSX IJIHHEBI
cBeToBOZAA. [ljid MPOBEPKH IMOTPEUIHOCTH OIITHYe-
CKOro pedeKToMeTpa IIPH U3MePeHU X 0C/1abreHus
KCITI0/Ib3YeTCs. HOPMUPOBAHUE AMIIIUTYIBl UMIIY/Ib-
COB, IOCTYIAIOIIKX C OIITHYECKOI0 TeHepaTopa.

Paboure 3TajOHBl eJUHHUI CpeJHEH MOIIHOCTH
M ocnableHus CTPOSITCS HAa OCHOBE BBICOKOTOYHBIX
M3MepUTe/el ONTHYeCKON MOUHOCTH U CTabUIH3HU-
POBaHHBIX UCTOYHMKOB U3JIyUYeHUS Ha GQUKCHPOBAH-
HBIX [JJIMHAX BOJIH. [IpH [TI0BepKe CpeCTB U3MepeHUH
(CH) cpemHer MOIIHOCTH U 0CJIablIeHUS TPOBOSUTCS
cnudeHHe nmosepssemoro CH ¢ 3TaJIOHHBIM H3MepHTe-
JIEM OIITUYEeCKOH MOIIHOCTH.

Paboyurie 3TaOHBl eUHHUIIBL JIHHBI BOTHBI CTPO-
SATCSI Ha OCHOBE KMCTOYHHKOB H3JIyYeHUS U KIOBET
C ra3’aMH, Yy KOTOPBIX CIIEKTP IIPOIYCKaHHUS ONTHYe-
CKOI0 M3/Iy4eHHUS COAEP>KUT P IIMKOB IIOI/IOIEeHU S
C HOpPMHPYeMOU JJIMHOM BONHBI. IIpH MOBepKe ONTH-
YeCKHUX CIIeKTPOAHaJIM3aTOPOB IIPOBOAATCS H3Mepe-
HHUS JJIMH BOJH IIMKOB IIOIJIOIIEHMS II0BEpsSieMbIMU
CH 1 cpaBHeHUe pe3y/JIbTaToB H3MepeHHUH JJINH BOIH
C HaCHOPTHBIMU 3HAYEHUIMH.

OCHOBHBIMH HOPMAaTHUBHBIMH [JOKYMEHTaMH,
perlaMeHTHUPYIOLMMH MeTOAUKH I[IOBePKHU CpPelCTB
H3MepeHHH XapaKTepucTuk BOCII, ABIAOTCA:

e TOCT P 8.720-2010. TCH. H3MepUTeIH OIITHYE-
CKOM MOIIHOCTH, MCTOYHHUKH OITUYECKOro U371y~
YeHH s, U3MepUTeIH 0OpaTHBIX IIOTEPb U TeCTephl
onTHu4YecKue ManorabaputHsle B BOCII. Meto-
JHKa [IOBEPKU;

* Pexomenpanusg mo Merposioruu P 50.2.069-2009.
I'CH. CrexkTpoaHaau3aTOps! onTuvyeckue B BOCII.
MeToHMKa IIOBEPKHU;

* PexoMeHpgauus 1o MeTposoruu P 50.2.070-
2009. 'TCU. AtteHmoaTopsl B BOCII. MeTtoguka
IIOBEPKHU "}
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FOCYyAaPCTBEHHbIV MePBUYHbIN CeLManbHbIA 3TasoH
eANHUL, A/IVHbI Y BpeMEHM pacnpoCTpaHeHns
CUrHana B CBETOBOJE, CPeHEN MOLLHOCTH,
0CN1abNeHNA U A/IVHBI BOSTHBI ONTUYECKOTO U3/ly4eHUS

\/I\/IETO/J, NpAMbIX M3MepP_HVIl7I\\
S | J
Paboume 3TanoHbl eANHULL AANHbI U 0cnabneHns aasa
cBeToBOAOB L=6-10"246-102kM; 5L=(0,15+5-1076-L) m;
A-0,5420,045; 6A=0,015-Aab

|
\/METOD, NpAMbIX I/I3MepeHMI7I\\
S | J
OonTuyeckne pepaekToMeTpbl HA GUKCUPOBAHHbIX
A/IMHaX BOSTH
L=0,14600KM; AL=(0,5+1-10-5-L) m;
A=0,5425,045; AA=(0,02540,050)-A ab

Puc.1. ®pazmeHm "ocydapcmeeHHOU N08epo4HOL CXembl
[OCT 8.585-2013, onpedeasitowiuli nepedavy eduHUL, 8eAUYUH
K onmuyeckum pepaekmomempam (L — dAuHa ceemosodd,

A - ocnabnerue; 6, b, — nozpewHoOCMu pabo4yez0 3ManoHa
0451 edUHUL, OAUHbI C8emM0B800d U 0cAabaeHus coomeerm-
CMBeHHo; A}, A, — N02pewHoCMuU oNMu4ecko20 pegaekmo-
Mempa npu usmepeHusix OAUHbI C8emMo8o0oa U 0cAabAeHUSs
CO0MeemcmeaeHHo)

Fig. 1. Fragment of the State Calibration Chart GOST 8.585~
2013 determining the transfer of units to optical time domain
reflectometers (L - light guide length, A - attenuation; 6,, 6, -
errors of working standard for units of light guide length and
attenuation respectively; A, A, - errors of optical time domain
reflectometer during the measurements of light guide length
and attenuation respectively)

time intervals between them, which correspond to the
set length of optical cable. These pulses are supplied
in the capacity of reference signal at the entry of
reflectometer in order to determine its error during the
measurements of light guide length. In order to verify
the error of optical time domain reflectometer during
the attenuation measurements the standardization
of amplitude of pulses, which come from the optical
generator, is used.

Working standards of the measurement units of
average power and attenuation are made on the basis
of high-accuracy meters of optical power and stabilized
radiation sources at the fixed wavelengths. When
verifying the measuring instruments (MI) of average
power and attenuation the comparison of checked MI
with standard meter of optical power is performed.

Working standards of the measurement unity of
wavelength are made on the basis of radiation sources
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* PexoMeHpanus 1o Merponoruu P 50.2.071-2009.
"TCU. PedreKToOMeTphl ONTHYeCKHe. MeTonuKa
IIOBEPKH .

B Lie/IsIX MeTPOIOrH4ecKoro obecriedeHUs CIIeLH-
anusupoBaHHbIX BOJIC B OI'YII "BHUUOTPU" co3naH
KOMIIJIEKC aIIapaTypbl KOHTPOIS XapaKTePHUCTHUK
OIITHYECKOro U3J1yYeHHU s, B COCTaB KOTOPOTO BXOAUT
M3MepuTenbHas anmnaparypa P2CM-BC u P3IB, aTte-
CTOBaHHAs B KadecTBe pabodymX 3TAlOHOB, CPeACTBA
H3MepeHHUH BPeMeHHBIX XapaKTepPUCTHK OINTHYe-
CKOro u3ydeHU s (oCLKLIorpad C MK POKOIIOTOCHBIM
OITHKO-3JIEKTPOHHBIM IIpeobpa3oBaTesieM), OITHYe-
CKHUM aHAJIM3aTOp CIeKTpa. /IS IOBBIIIEHHS TOYHO-
CTH OIpeJe/eHHUs 3aJep>KKH MeXIy ONTUYeCKHMHU
HMMIIyJIbCAaMU IIPH KaJHUOPOBKe ONTHUYeCKUX pediek-
TOMETPOB IO LIKaje AJIMHBLL B JaHHOM aIlllapaType
KCIIO/JIb3yeTCd KOMIUJIEKCHPOBAaHHE OITHYeCKOIo
refeparopa C LHUQPOBEIM 3aIIOMHHAMIIUM OCLIKJI-
aorpapoM, BBINOJHSAOIKMM H3MepeHUs HHTep-
BAJIOB BpeMeHU C CyOHAaHOCeKyHIHOK TOYHOCTBIO.
IIpeno>KeHHBIM KOMILIEKC allIlapaTyphbl I103BOJIgeT
pelraTh OCHOBHBIE 3a[la4M II0 KOHTPOJIIO XapaKTepH-
cTUK BOJIC M CcpeldCTB M3MepeHHUH HX IIapaMeTpOB,
B TOM YHCJIe ONITHYEeCKUX pedaeKTOMeTpoB. OCHOB-
Hble METPOJIOTHYECKHE XapaKTePUCTUKU KOMIIJIeKca
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and cuvettes with gases, in which the transmission

spectrum of optical radiation contains a number of

absorption peaks with standardized wavelength.

When verifying the optical spectrum analyzers, the

measurements of wavelengths of absorption peaks by

verified MI and comparison of wavelength measurement
results with certified values are performed.

The main regulatory documents, which regulate the
methods of verification of measuring instruments of
FOTS characteristics, are:

+ GOST R 8.720-2010. "State System for Ensuring the
Uniformity of Measurements. Optical power meters,
sources of optical radiation, meters of inverse losses
and optical small testers in FOTS. Methods of
verification";

+ Recommendation in metrology R 50.2.069-2009.
"State System for Ensuring the Uniformity of
Measurements. Optical spectrum analyzers in
FOTS. Methods of verification";

+ Recommendation in metrology R 50.2.070-2009.
"State System for Ensuring the Uniformity of
Measurements. Attenuators in FOTS. Methods of
verification";

* Recommendation in metrology R 50.2.071_2009.
"State System for Ensuring the Uniformity of

OCHOBHbIe MeTpoJIornyeckme xapakTepucTnMKM KOMMAeKca annapaTtypbl KOHTPOS XapaKTepUCTUK ONTUYECKOr0 M3/1yYeHuns
Main metrological characteristics of instrument complex for control of optical radiation characteristics

MeTposiornyeckas xapakrepmcrTmka

3Ha4vyeHne
Value

Metrological characteristic

[nanasoH n3MepeHuii CpeiHet MOLWHOCTM ONTUYECKOro U3Iy4eHns, BT

0711019021073

Range of measurements of average power of optical radiation, W from10710to2-1073

[PaHMLLbl OTHOCUTEILHOW MOTPELLUHOCTU U3MEPEHUI CPEAHEN MOLLHOCTM ONTUYECKOrO N3/TyYEeHUS
Ha A/IMHaX BOJIH KaMbpoBKM (Npu 40BepUTENbHON BEPOATHOCTHM 0,95),%

Bounds of relative error of measurements of average power of optical radiation at the wavelengths
of calibration (at confidence probability of 0.95),%

+2,5

[vanasoH yCTaHOBKM 3Ha4Y€HWI BPEMEHWN pacnpoCTpaHeHNs CMrHana B CBETOBOAE, C
Range of setting of the values of time of signal propagation in light guide, s

OT6-107006-1073
from6-107t06-1073

IPaHMLbl a6COMOTHOM MOrPELUHOCTM YCTAHOBKM 3HA4YEHWI BDEMEHW PAaCNpPOCTPAHEHMUS CUrHana
B cBeTOBOAE t (Npy AOoBEpPUTENLHOM BEPOATHOCTM 0,95), C

Bounds of absolute error of setting of the values of time of signal propagation in light guide t

(at confidence probability of 0.95), s

£(1,5-107°+5-1076t)

[nanasoH 3Ha4YeHWM ANVHbLI CBETOBOAA, M
Range of values of light guide length, m

OT60806-10°
from60to 6-10°

MpaHMLbl aBCOMIOTHON MOTrPELUHOCTM YCTAHOBKM 3HAYEHUI AIMHbI CBeTOBOAA (MUY LOBEPUTEb-
HOM BepoAaTHOCTM 0,95)

Bounds of absolute error of setting of the values of light guide length (at confidence probability of
0.95)

+(0,15+5-1076-L) m,
roe L—3HayeHue gamnHbl, M.
+(0.15+5-107°-L) m,
where L—length value, m

IPaHMLLbl OTHOCUTEIbHOW NOTPELLIHOCTM AJTIUH BOTH IMHUIA MOMOLLEHUS NPW AOBEPUTENbHON
BEPOATHOCTM 0,95 (B cnekTpabHbIX AMana3oHax oT 1260 40 1340 HM 1 oT 1530 40 1630 HM)
Bounds of relative error of absorption line wavelengths at confidence probability of 0.95 (within
spectral ranges from 1260 to 1340 nm and from 1530 to 1630 nm)

+5-1076
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amnrmapaTypbl KOHTPOJIS IIapaMeTPOB OIITHYeCKOIo
M3/1ydeHUs IIpHUBeJeHbl B Tabnuie. KoMIliekc 1o3Bo-
JISIeT IIPOBOAMTH MCIIBITAHUSA B LI/IAX YTBEPKIEHUS
TUIIA, IIOBEPKy U KanubpoBky CH XapaKTepPHCTHK
BOCII: onTH4ecKUX pedIeKTOMeTPOB, U3MepPUTeIen
MOIIHOCTH OITHYECKOTO H3/yYeHHs, ONTHUYECKHX
TeCTePOB, KMCTOYHHKOB OIITHYECKOIO0 H3JIy4YeHHUS,
ONTHYECKHUX aTTeHIATOPOB, ONTHYECKHX aHaaH3a-
TOPOB CIIeKTPa, aHAJH3aTOPOB LIUPPOBBIX JTHHHUM
cBa3u. C IIOMOLIBI KOMIIJIEKCA BO3MOKHO TaKyKe
[IpOBefleHHe BBICOKOTOYHBIX HM3MEPeHHH XapaKTe-
puctuk BOJIC: cpenHeM MOIIHOCTH U OCIabneHHs
ONTHYECKOro H3Jy4YeHHs, AJAHUHBI CBETOBOJA, CIIeK-
TPaJbHBIX M BPEMEHHBIX XapaKTePUCTHK OITHYe-
CKOI0 U3JIy4YeHHs.

MeTtponorudeckoe obecriedeHue BOJl u H3MepU-
TeJIBHBIX CHCTEeM Ha HX OCHOBE OXBaThIBaeT bosiee
IIMPOKMH, IO CpaBHeHHIO c BOCII, pan 3azmad,
KacamwIIMUXCcsi He TOJbKO XapaKTePUCTHUK OITHYe-
CKOro H3/1y4YeHH s, epPeHOCAIero CUrHaabl BHYTPHU
CHUCTEMBI, HO ¥ H3MepsieMBIX JaTUYMKaMHU O¢u3Hye-
CKMX BEeJIHYMH, XapaKTePH3YIOUHNX COCTOSIHHE KOH-
TPOJIUPYeMOr0 CHCTeMOH 06BeKTa (TeMIIepaTypHl,
OaBieHMs, BUOpauuu U 1p.). [Ipudem obecrieueHue
TpebyeMOIl TOUHOCTH U JOCTOBEPHOCTH H3MepeHUH
MMEHHO 3THX, BXOAHBIX I10 OTHOIIEHHIO K CHUCTeMe,
BeJIMYHH, SIBJISIETCSI [IepBOOYepefHON 3afadel, IJIs
pelleHHsT KOTOPOM Heob6XOLHUMO HCIIONb30BaTh 3Ta-
JIOHBI U HUI] H3MePsSIeMBbIX CHCTeMOM BeJTMUHH.

[TopsiloK  3KCIIEPUMEHTAJIbHOIO OIpefe/ieHus
MeTPOJIOTUYECKUX XapaKTepUCTHUK BOJl moscHseT
obobuieHHasi cxema, IIpeAcTaBAeHHAass Ha PHC.2.
Ha cxeme mpuBefeHBI CleAyiolHe OCHOBHBIE 3JIe-
MeHTHI: BOJI c allnapaTypoi perucTpalii CUTHAJIOB,
obopynoBaHMe IS BOCIIPOM3BeJEHUS BO3JEHCTBY-
IONUX BeJIMYMUH (HAaIlpuMep, TepMoKamepa, BHOpo-
CTeH[ U T.[.) U 9TaJIOHHas almapaTrypa (3TaOHHBIH
OATUMK C allllapaTypou perucrpanuu). IIpu rpanyu-
poBKke BOJ] BoCIIpor3BOgUMasi 000pyLOBaHUEM BeIH-
yMHa (TeMIlepaTypa, [JaBjleHHe, YCKOPeHHe U [p.)
B03J1eIZCTByeT OIOHOBpeMeHHO Ha BOJ u 3TAJIOHHBIN
NAaT4YMK, pa3MellleHHBIe B KaMepe (Ha CTeHJe), CHUI-
HaJIbl C JATYMKOB IIOCTYIIAIOT Ha COOTBETCTBYIOLLYIO
anmapaTrypy perucTpaluu, rae GUKCUPYIOTCS U3Me-
peHHBble 3HayeHHUs BO3JeMCTBYIOLIEM Ha HCCaefye-
MbeIM BOJ] BeTMYMHEL U e€ JeHCTBUTeJbHble 3Ha-
YeHH S, OIIpeleasieMble C IIOMOIIbIO 3TAJIOHHOIO
JaT4yHKa. DTO I03BOJISET OIpeNeNHuTh 3HAUYeHUS
K03QPUILIEeHTOB ITpeobpa3oBaHUs AATUHUKOB U Olie-
HUTb X IIOT PEIIHOCTD.

g mpoBefleHUS HCIBITAHHUHN B LeJISIX YTBEPK-
JeHHS THIIA U IIOBEPKH Pa3JIMYHBIX IPYIIIl BOJIO-
KOHHO-OIITHYECKHUX HAaTYUKOB KM CHCTEM Ha HX
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Annaparypa < JTasIoHHas
erucTpaumm STa/IOHHbLIN
P p BO/ annapTaTypa
ONTUYECKMX (NI
perucTpaumm
CUrHanoB
* ObopynoBaHue *
NS BONPOW3BeaeHNs .
MN3mepeHHble BO3AEMCTBYIOLMX [encTBuTeNnbHbIE
3HaveHuns BRI 3HaveHns
BOCMPOM3BOANMbIX BOCMPOV3BOANMbIX
BE/INYMH BE/INYMNH

Puc.2. Cxema ycmaHoseKku 0431 3KcnepumMeHmanbH020 onpedene-
Hus mempoAao2u4eckux xapakmepucmuk BO/

Fig. 2. Chart of device for experimental determination of
metrological characteristics of FOS

Measurements. Optical time domain reflectometers.

Methods of verification".

For the purpose of metrological support of the
specialized FOCL, at the Federal State Unitary Enterprise
"VNIIFTRI" the complex of equipment intended for the
control of optical radiation characteristics is developed;
this complex consists of measuring instruments
RESM-VS and REDV certified in the capacity of working
standards, measuring instruments with respect to
time characteristics of optical radiation (oscillograph
with broad-band optic-electronic transformer), optical
spectrum analyzer. In order to enhance the accuracy of
delay between the optical pulses during the calibration
of optical time domain reflectometers by the length
scale, in these instruments complexing of optical
generator with digital memory oscillograph, which
performs the measurements of time intervals with
sub-nanosecond accuracy. This instrument complex
allows solving the main tasks in control of FOCL
characteristics and instruments for measurements of
their parameters, including the optical time domain
reflectometers. The main metrological characteristics
of the instrument complex for the control of optical
radiation characteristics are given in table. This
instrument complex allows testing for the purposes
of approval of type, verification and calibration
of MI of FOTS characteristics: optical time domain
reflectometers, meters of optical radiation power,
optical testers, sources of optical radiation, optical
attenuators, optical spectrum analyzers, analyzers of
digital communication lines; also it allows performing
high-accuracy measurements of FOCL characteristics:
average power and attenuation of optical radiation,
light guide length, spectral and time characteristics of
optical radiation.

Metrological support of FOS and measuring
systems based on them covers greater number of tasks
in comparison with FOTS, which concerns not only
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OCHOBe MOTYT OBITH KCIIOJIB30BAHBI BO3MOKHOCTH
OrvIl "BHHHOTPU" mo mpoBefeHHIO BBICOKOTOY-
HBIX H3MepeHHI TeMIlepaTypsl, AaBIeHHUS, Iepe-
MeIleHUI, MapaMeTpoB BUOpaLMM, W OCHAIIEH-
HOCTb COOTBETCTBYIOIIMMHM 3Ta/IOHAMH, K KOTOPBIM
OTHOCATCS: [0CYyNapCTBEHHBIN II€PBHUYHBIN 3TaJIOH
eTMHHIIBI TeMIIepaTyPhl B fHara3oHe ot 0,3 go 273,16
K, TocymapCcTBeHHBIM BTOPUYHBIN 3TA/JIOH eJHHHUIIbI
OaBjeHUs B guamna3o”He oT 0,02 mo 1600 MIla, pa6o—
Yre 3TAJOHBl eAUHUIBI TeMIIepaTypsl, pabounit
3TaJIOH eIUWHUIl OTHOCHUTE/IBHON BIAXKHOCTU ra30B
YU TeMIIepaTyphl B Juala3oHax oT 5 1o 95% u or 5
oo 60 °C, pa6oq1/1e 3TaJIOHBI e AUHMUIL JJIUHBI, CKOPO-
CTH U YCKOPeHHs NPH KonebaTenbHOM [BHUKeHHUU
TBEePAOro Teja, a TaKsKe 3TaJIOHBl APYyrux ¢usude-
CKUX BEJIUYUH.

Hcronp3oBaHUE HMEIOIIELCsl B CTpPaHe 3TaJIoH-
HOM 6a3bl B Ie/sIX MeTPOJIOrHuYecKoro obecreue-
HUS CHCTeM MOHHTOPHHTIA Ha ocHOBe BOJ Heobxo-
IOVIMO [J1sl BBIIIOJTHEHHUSI TPebOBAaHUM HOPMATHBHBIX
OOKYMEHTOB IIo obecIledeHHIO eJHHCTBA H3Mepe-
HUHU. KpoMe TOro, MCII0/b30BAaHHE BBICOKOTOYHBIX
CH U 3TaJIOHOB IPEeICTABISETCS LieecoobpasHbIM
npu pa3paboTke W HCCIeLOBAHUSX II€PCIIEKTHUB-
HbIX BOJ/l ¢ yaydlmieHHBIMH METPOJIOTHYECKUMHU
XapaKTepUCTHKaAMHU.
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characteristics of optical radiation transmitting the
signals inside the system but also physical parameters
measured by sensors, which characterize the state of
object controlled by the system (temperature, pressure,
vibration etc.). And provision of required accuracy and
reliability of measurements of these parameters, which
are input in relation to the system, is the primary
task, for the solution of which it is necessary to use
unit standards of the parameters measured by the
system.

Procedure of experimental determination of
metrological characteristics of FOS is explained by the
generalized chart given in Fig. 2. The following main
elements are shown in chart: FOS with the instruments
for signal record, equipment for reproduction of
actuating quantities (for example, heat chamber,
vibration bed etc.) and reference instrumentation
(reference sensor with recording instruments). When
calibrating FOS the quantity reproduced by equipment
(temperature, pressure, acceleration etc.) influences
simultaneously on FOS and reference sensor located in
the chamber (at the test bench), signals from sensors
get onto the relevant recording instruments where
the measured values of the parameter influencing of
tested FOS and its actual values, which are determined
by reference sensor. It allows determining the values
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of sensor conversion coefficients and evaluating their
error.

In order to carry out the tests for the purpose of
type approval and calibration of different groups of
fiber optic sensors and systems based on them, the
capabilities of FSUE "VNIIFTRI" with respect to high-
accuracy measurements of temperature, pressure,
movements, parameters of vibration and equipment
with the relevant standards, in particular: state
primary temperature standard within the range from
0.3 to 273.16 K, state secondary pressure standard
within the range from 0.02 to 1600 MPa, working
temperature standards, working standard of relative
humidity of gases and temperature within the ranges
from 5 to 95% and from 5 to 60 °C, working standards
of length, speed and acceleration in case of oscillating
motion of solid body and standards of other physical
parameters.

Use of the standard base existing in country for
the purposes of metrological support of monitoring
systems based on FOS is necessary in order to meet
the requirements of regulatory documents in ensuring
the measurement uniformity. Besides, use of high-
accuracy MI and standards is reasonable in case of
development and studies of prospective FOS with
improved metrological characteristics.

HOBOE OBOPYAOBAHHME /151 IIPOU3BOJACTBA
TEJIEKOMMYHHKAIIMOHHOTIO OIITHYECKOTI'O BO/JIOKHA

Komnauus Rosendahl Nextrom coo6-
wuna o6 0CBOEHMWU NPOM3BOACTBA aBTO-
MaTM4yeckoro  JABOMHOIO NpUEMHOro

BOJIOKHA,

Wwue kartywku, smewarwowue o 1500 km
M3roTaBAUBAKOTCA U3  ANOMU-
HUS, KOTOPbLIA ABNSETCA XOpOLWen anb-

COCTOMT U3 OTAQAIOLLETD yCTpOVICTBa, 30HbI
KOHTPO/If BOJIOKHA Ha MPOYHOCTb W Yy3/a
npuema. BonokHo ncnblTLIBAETCA HA NPOY-

yCTPOWNCTBA AN HAMOTKM OMTUYECKOro
BosokHa (OB) B npouecce ero npousBog-
cTBa. [1pyU BLITSXKE BONOKHO HamarbiBa-
eTcs Ha 6onblune KaTylku Ha ABOWHOM
NPUEMHOM YCTPOWNCTBe. [ins YCTaHOBKM
W Pasrpy3ku TSKeNbIX KaTylweK WCnosib-
3yeTcs cneumanbHas Tenexka. Karywku
TPAHCNOPTUPYIOTCS K JIMHUM WUCNbITAHNS
BOJIOKHA AN NPOBEPKW ero Ha npoy-
HOCTb. B ycTpoiCTBe BHepeHa HOBeWLas
TEXHONMOTMYECKAs CUCTeMa  ynpasieHns
C WUCnonb30BaHMEM CEpBOMPUBOAOB Mepe-
MEHHOro TOKa M anropuTMOM ynpaBsrieHus
nepemelLeHnem.

CraHfapTHble  KaTyWwKuW  BMewWaioT
ot 300 go 1500 km BonokHa. CKOpoCTh Bpa-
WeHNs NpUEMHbLIX YCTPOWUCTB [OCTUraeT
3000 M/MMH, B TO BpeMsl Kak CKOpOCTb
BLITAXKKW BOJIOKHA HEMHOTO MeHblue. bosib-
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TepHaTMBOM nnacTmacce, obecneyunsas

HEO6X0,U,I/IMVIO TOYHOCTb WU AO/NITOBEYHOCTb
U He yTSXensss KOHCTpyKumio. Tenexka
cneuuanbHom KOHCTPYKUMK nomoraet obe-
cneymsatb CBA3bL NMPUEMHOr0 y3na GEVITTY
BLITSOKKM C IMHUEN TeCTUpOBaHNA BOJIOKHA.
JIHMA ncnbITaHUS BONOKHA HA NPOYHOCTD

HOCTb N0 BCEW ANMHE Ha ckopocTu £0 3000
M/MMH NyTeM pacTsXXeHUS BONOKHA B 30HE
KOHTpons Ha 1%. BonoKHO HamaTbiBaeTCs
Ha TPAHCMOpTHble KaTylwkW no 25 wam
50 KM, KOTOpbIe 3aTeM yNakoBbIBAKTCS /15
0TMpaBku NoTpedbuTenio.

www.lastmile.su




