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MccnepoBaHa BO3MOXHOCTL YBe/IMYEHUSI AA/IbHOCTU paboThbl pacnpeaeneHHoro gatymka "AyHam" pas-
paboTkm KoMmnaHum "T8 CeHcop" Ha ba3e $a304yBCTBUTENLHOIO KOFrepeHTHOr0 MMNYAbLCHOrO pedpnekTo-
MeTpa NyTeM YCTaHOBKW B BOTOKOHHO-OMNTUYECKYIO IMHUIO 3p6MeBOro BOJIOKOHHOTO YyCUAUTeNs C yaa-
NIeHHOM Hakauykou. MpoBeaeH aHanM3 3aBUCMMOCTEN MOLLHOCTM OBpaTHOrO paccesHUsa U OTHOLIEHUS
CUrHaN-WwymM GOTOTOKA OT pacCTOaHMUS BAOMb BOMOKHA. MOKa3aHo, YTO yCTaHOBKA B IMHUIO 3pbneBoro
BO/IOKOHHOTO yCuAuTens C yaaJieHHON HAaKa4YKou NO3BoaseT YyBeANYUTb AANIbHOCTb paboTbl AaTymKa
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BBEAEHME
BoloKOHHO-ONITUYeCKass HHPPACTPyKTypa Heobxo-
JHMa 714 BCex BUJ0B [lepeladyH LAHHBIX, IIOCKOJIBKY
ONTHYECKOe BOJIOKHO yAOBIETBOPsieT TpeboBaHUIM
K IIKPOKOH I10JI0Ce IIPOITYCKAHHU I, BBICOKOM CKOPOCTH,
HU3KHM BHOCHMBIM IIOTEPSIM, HH3KOH CTOMMOCTH
Y BO3MOYKHOCTH MYJIBTHUIIIEKCUPOBAHHUSI CUTHaIa [1].
OcHOBHasi MpUYMHA cO0eB B ONTHYECKUX KaHalIax
CBSI3U — HeIlpeJJHAMepeHHbIe IIOBPeKIeHUs Kabers,
CBSI3aHHBIe, HaIIpHMep, CO CTPOUTEIbHBIMH HJIH CeJlb-
CKOXO3SIICTBeHHBIMU paboTaMu. [ly1st o6HapysKeHUs
3THX YI'PO3 BOJIOKOHHO-OIITHYeCKON HHPPACTPYKType
0 TOro, KaK OHU HaHeCyT yIiepb, a TAaK>Ke [J1s YIIpesx-
JAIOIIero repeHanpasieHUsa TpapuKa Ha pe3epBHbIe
KaHaJbl 2] MOKHO HCII0/Ib30BaTh paclipefie/leHHbIe
akyctuueckue fatauku (Distributed acoustic sensing,
DAS) Ha ocHOBe $a304yBCTBUTEIbHBIX KOT€PEeHTHBIX
HMITyIbCHBIX pedexToMeTpoB (Phase-sensitive opti-
cal time domain reflectometry, ¢-OTDR).
PacmpeneneHHOe aKyCTUYeCKOe 30HIHPOBaHUe — 3TO
paboTaroUIri B pesKUMe peasbHOro BpeMeHH 3bpeKTUB-
HBIM TUIl TE€XHOJIOTUH JHUCTAHLIHOHHOIO BOJIOKOHHO-
OIITHYeCKOr0 MOHUTOPHUHIA, KOTOPBIE OBICTPO Pa3BU-
BaeTcs B IoclefHUe rogbl. DAS He Tonbko obmajgaeT
[IPeNMYIIeCTBAMH OOBIYHBIX BOIOKOHHO-ONTHYECKHX
CeHCOPHBIX TeXHOJIOTHI (HalpHMep, 3aIHUTa OT 3/IeK-
TPOMarHMTHBIX IIOMeX, KOPPO3HOHHAasl CTOHKOCTb
U TU6KOCTh), HO TaKKe MOXKeT M3MepSTh AUHAMHUYe-
cKkHe fedopMalvu (HarlprMep, BUOpaLIU U 3ByKOBbIE
BOJIHBI) BIO/Ib BOJIOKOHHO-OIITUYECKHUX ITyTeH Ha J/TUH-
HBIX y4acCTKax. B rocegHee mecsiTUIeTHe 6bI7I0 MHOTO
YCIIeNTHBIX IIPHMeHeHHE DAS B 06/1acTH reodr3HuecKux
HCCJIeJOBAHUH, TAKUX KaK [T0/yYeHHe BepTHKa/IbHOIO
CeMCMHYeCKOro poduis, MOHUTOPUHT THAPOPa3phIBa
I1acTa, Hab/oneHHe 3eM/IeTPSICeHHU I, a TAK Ke [TPUIIO-
BEPXHOCTHBIX 3 MHBIX KO/IebaHHU M. B 06/1acTH aKyCTHKHU
¥ 6rionoruu DAS Takske IoKa3asl CBO 3P PeKTUBHOCTD.
C OBICTPBIM Pa3BHUTHEM METOJOB IeMOZYISLIHUU
npuMeHeHHe DAS mocTereHHO pacCIluPHUIIOCh OT CYIIH
IO OKeaHa, JIeJHHUKOB K BYJIKAHOB. DTO OOBSICHS-
€TCSI BO3MOSKHOCTBIO I POKOMACIITA6HOTr 0, 1aIbHEr o
U OIIePaTHBHOIO M3MePeHHUs C ero IIoMoLbl. Kpome
TOro, ONTHYecKHe KabelH XOpOIIO aJalTHPYIOTCS
K YCJIOBHSIM OKPY>KaIOIIek CPefbl K MOTYT JIerKo CO6H-
paTh OTpOMHEIe JAHHbBIe MOHUTOPHHTIA I10 BCOH JI/TMHE
BOJIOKHA. TakKUM 06pa3om, DAS MOSKHO aJalITHPOBATh
J/151 MOHUTOPHHIA IMHEMHBIX HHPPACTPYKTYP B CJIOXK-
HBIX M aIPeCCHUBHBIX YCJIOBHUAX. B IloC/IelHHe Tofbl
KCCIef0BaTe/Id K IPaKTUKU BO BCEM MHUpe IIPOBeIU
60JIBIII0e KOTTMYEeCTBO IT0JIEBBIX UCC/IeIOBAHUH IMHEH-
HBIX HHQPACTPYKTYP C UCIIOIb30BaHUEeM DAS, TakHX
KaK MOHHUTOPHHTI yTeuek B TPybOIIpOBOZAX U COCTOS-
HU S JKeJIe3HOOPOSKHBIX ITyTel [3].

OpHuM K3 Haubosee aKTya bHBIX HallpaBleHUN
Pa3BUTHSA paclpeneIeHHOro akKyCTHYeCKOI0 30H 1~
POBaHHS SIBJISETCS yBeTHYeHHe TaJbHOCTH PaboThI,
KOTOpasi OrpaHH4YeHa 3aTyXaHHeM B BOJIOKHE
Y 06BIYHO COCTaB/IsIeT He 60lee HECKOIBKUX JIeCST-
KOB KHUJIOMETPOB. [loBhIIIeHKME MOMIHOCTHU M IJIK-
Te/IbHOCTH 30HAUPYIOIIEro KMMIIy/lIbCa CIIOCOOHBI
YBEJIMYHTD JAJIBHOCTh paboTsl DAS, 0gHAaKO, TAaKOM
IIO/IXO0J] OTPAHHMYeH BOSHUKHOBeHHEM HeJIMHEeHUHEIX
3¢dexToB [4] U yXyAlleHHeM IIPOCTPAHCTBEHHOIO
paspemeHHsa. BO3MOKHO TaKKe IIPUMeHeHHe CIie-
LIMaIbHBIX ONITUYECKUX BOJIOKOH C yBeIHYEeHHBIM
Ko3QPHUIIeHTOM 06paTHOTO OTpaskeHUs [5] UK UX
KoMbuHanuu [6]. IIpu yCTaHOBKe TaKOTO BOJIOKHA
I10C/Ie CTAaHJAPTHOTO OJHOMOOBOIO BOJIOKHA YPO-
BeHb 06PaTHOro OTPaskeHHUsI/PacCesiHUS C JaTbHEro
KOHIIA JIMHUHU IOBBIIIAETCSI, YTO U obecrednBaeT
yBeIHuYeHHe [TaJbHOCTH. CyIIeCTBeHHBIM Heo-
CTATKOM TaKOIO0 I0fX0/ia SIBJIsIeTCS Heo6X0mMMOCTh
NPOKJIaJKH JOIOTHUTENIbHBIX CIIelIMaabHBIX Kabe-
nen. M3-3a MOBBIIIEHHOIO KO3QPHUIIMEHTa 3aTyxa-
HH S UCII0/Ib30BAaHHE KOMMePUYeCKHUX CIelMaJlbHbIX
BOJIOKOH I103BOJISIET YBEIUYUTh JATbHOCTh PAbOTHI
¢$-OTDR Bcero Ha BeJIMYUHY mopsigka 10 kM 6e3 mipo-
Me>XKyTOUHBIX 'CJIEIIBIX" 30H [7].

[l yBeTMYeHH I AaIbHOCTH PaboTsl DAS mHpoKoe
pacmpocTpaHeHHe IOTYYHIH CJIeAYIOII e BHUIbI BOJIO-
KOHHO-ONTHYeCKHUX YCH/IUTeIeH:

* pacmopefejeHHbe PaMaHOBCKHE YCHJIUTENHU
Ha 3pdeKTe BBHIHYXJEHHOr0 KOMOMHALIMOH-
Horo paccessHus (BKP) [8];

e pacmpefeseHHble OPHUIINIO3HOBCKHE YCHIIH-
TeNlId Ha 3¢ deKrTe BEIHYKAEHHOTO pacCesTHU
MaHgenpmrama - bpunniosHa [9];

« opbueBble BoNOKOHHHEIe ycunuTenu (Erbium
Doped Fiber Amplifier, EDFA), B 4aCTHOCTH,
JByHamnpaBjeHHble EDFA U yCHIMTENIH C yaa-
neHHOM HaKaukou (Remote Optically Pumped
Amplifier, ROPA) [10].

9PPeXTHUBHBIM U IIPOCTHIM METOLOM yBeTHYeHH
JaIbHOCTH SIBJISI€TCS UCII0/Ib30BaHMe JBYHAIIpaBJIeH-
HbIX EDFA [11], a IpH OTCYTCTBHH 3/1IeKTPOIIUTAHU S —
3p6HeBBIX YCUIKTeIeH C yaJeHHON HaKauKoH. [1pu
HUCII0/1b30BaHUU ROPA B BOJIOKOHHYIO IMHHIO BAATHU
OT ee HavaJjia BBApHUBAETCS ONUH HJIM HECKOJIBKO Cer-
MEHTOB BOJIOKHA, IETHPOBAaHHOT0 HOHAMH 3pbus Er’,
K KOTOPBIM IT0JIBOAUTCS U3/IyYeHHe HAKaUYKH Ha IJIMHe
BOJHBI 1,48 MKM II0 TOMY >Xe CAMOMY MJIH [OIIOJ-
HUTEJIbHBIM BOJIOKHAM. 30HIHPYIOLUHUHU KMMITYIbC
1 o6paTHOe p3ieeBCKOe paccesiHUe YCUIUBAaeTCs IIPH
MIPOXOKIeHU U 5pOHeBbIX BOIOKOH. [[OIIOTHUTEIbHOE
yCUIeHHe UMIIY/IbC K 06paTHOe paccesiHHe IIpHobpe-
TaloT 3a cueT 3¢pdexra BKP [10].
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KaTywka
SMF 50 KM

KaTywka
SMF 20 km

Jlasep Haka4ku
1480 HMm

CneKTpanbHbIN
YNNOTHUTENb

N3MEPEHUA 1 CUHXPOHUSAIINA

EDF2m™m

Kartywka KaTtywka Mbe30BONOKOHHbIN Kartyuwka
SMF 50 kKm SMF 1 km MOAYNATOp SMF 1 km
30m

LC/APC

120 kM

[eHepaTop CMrHasnoB

Puc.1. CxeMa 3KCNepuMeHTaNbHOM YCTAHOBKN. BbixoAbl $a30BOro KOrepeHTHOro MMMyIbCHOro pediekTomMeTpa

M nazepa Hakaykm CoegMHEeHbI B 04HO BOJIOKHO C MOMOLLbIO CMEeKTPabHOro 06begnHUTENS. TecTupyemMas MHUS
obwen 4AMHOM 121,1 KM COCTOUT M3 NATKU KaTyLleK 06bl4HOro BONOKHA SMF gnanHamm 49,7;19,5; 49,9; 11 1 kM, 3pbureBoro
BosiokHa (Er3+) ANMHOM 2 M MeX Ay KaTywKaMu 2 1 3. Mexxay 4-1 1 5-1 KaTylwKaMu Ha paccTosHMM 120 KM 0T Hadvana
JIMHUM pacnonoxeH nbesomoaynatop (PZT), co3patolmii BO3AenCTBME

B maHHOI paboTe IIpe/iCTaBIeHBI pe3yJIbTaThl UCCIIe-
IOBaHUS pacIpe/ie/IeHHOTO ATYHKa C YYBCTBUTE/Ib
HBIM 3JIeMEHTOM - OIITOBOJIOKOHHOM JIMHHeH JJIH-
HoH 120 kM, comepskamier ROPA. B KadecTBe HMCTOY-
HHKa BO3MYII[eHHUH HCII0Nb30BaJICS IIbe30MOMYIISITOP.
IToxaszaHo, 4To ycTaHOBKAa ROPA Ha paccToOIHUH 69 KM
OT Haydaja JUHUU I103BOJISIET YBeJTUYUTh JaIBHOCTD
paboThl pacrmpesie/leHHOro AaTuMKa "[yHaKl' KoMIIa-
Huu "T8 CeHcop" Ha 6aze ¢p-OTDR ot 75 10 120 KM.

DKCNEPUMEHTAJIbHAS YCTAHOBKA

s uccnegoBaHus BAUSIHHS ROPA Ha pa60Ty DAS
cobpaHa cxema Ha ocHoBe ¢-OTDR, mmpe3oMonynsiTopa
ISl TeHepallMK BO3MYIeHHI, aKTUBHOIO BOJIOKHA
U ~121 KM CTaHIApPTHOIO OZHOMOJOBOIO BOJIOKHA.
CxeMa KCIIePUMeHTaJIbHOHN YCTAHOBKH HM300paskeHa
Ha puc.l.

B ¢-OTDR HUCII0/1b30BAJICS JIa3ep C [eHTPaabHOMN
IUIMHOM BOMHBI A = 1550 HM. K HeMy ObLy1a OO K/IIOUEeHA
JUHUSA U3 IATH KaTyllek CTAHZAPTHOTO O4HOMOZ0~
BOT'O BOJIOKHA (IIOTOHHOe 3aTyxaHue 0,17-0,18 1B/kKM
npu A = 1550 HM) ob1med AnuHOM ~ 121,1 kM: 49,7; 19,5;
49,9; 1 1 1 xm. Ilocie 69 KM B TMHMIO BBAPEHO [Ba
MeTpa aKTHBHOIO 3pOHeBOT0 BOJIOKHA C ITIOTOHHBIM
3aTyxaHHeM 7 + 1 1B/KM Ha IJIMHe BOJIHBI 1530 HM.
Ha ~120,1 kM MmexxAay YyeTBePTOMH U MOC/IeHeH KaTyII~
KO yCTAHOBJIEH BOJIOKOHHBIN I1be3oMoaynsitop (PZT),
I PeACTaBISIOM UK COD0M IIbe303/1eMeHT C HAMOTaH-
HBIM Ha HeTo CTAaHAAPTHBIM O4HOMOJOBBIM BOJIOKHOM
JJIHUHOM Lpyr ~30 M. /I MUHHUMH33aLU U [IOTEPh ONITH-
YeCKOM MOIIHOCTH IIepBble TPHU KAaTYIIKHU U 3pbreBoe
BOJIOKHO OBIIIM CBapeHBI Mexny coboi. IlocmenHue

IBe KaTymKu u PZT OBIIM COeIMHEeHbI MeXay coboit
U C OCTa/IbHOM YaCThIO JTMHHUU C [IOMOIIBIO O THYe-
CKMX KOHHeKTopoB LC/APC.

Jly1st Haka4Ku 3pbrieBoro BoslokHa B ROPA HCII0/TB30-
BaJICS 1a3ep Ha AJIKMHe BOITHBI 1480 HM C BBIXOJHOK MOII-
HOCThIO ~ 500 MBT. Hakauka ROPA BBOAHMIaCh B TMHUIO
Yyepes CIIeKTPaIbHEIN 06beuHKTeNb (WDM). YacToTa
[IOBTOPeHUSI 30HAMPYoIero umnynbca ¢p-OTDR pas-
Hs1ack 500 I'11, a AU TebHOCTb - T ~200 HC, 4TO obecrie-
YMBaeT pa3peNIalonyio CrlocobHOCTH mpubopa ~ 20 M.
IIpu BBIKJIIOUeHHOM HaKadke ROPA NHKOBas MOII-
HOCTb 30HAHUPYIoIero umiynasca ¢-OTDR Ha Bxone
B JIMHUIO YCTaHABIKBa/ach Ha ypoBHe 200 MBT, 4TO
SB/ISIeTCS MaKCHMaJIbHBIM 3HaueHHeM: IIpu 6oiee
BBICOKOM MOIIIHOCTH B BOJIOKHe HaUHHAaeT IIPOSIBISIThCS
MOZY/ISIIMOHHAS HeyCTOMYHUBOCTb, HOIIOJTHHUTE/IBHO
yMeHbIIaoIasi CHTHa/ pedeKToMeTpa C JIHMHOM [4].
I1pu BRIIOYEHHOM HaKauKe KMIIY/IbC YCHIMBAETCS IIPH
ITPOXO’KA€HU U I10 BOJIOKHY, II09TOMY, UTOOBI MOLIHOCTb
KMMIIY/JbCa B TOYKE MAaKCHMMYyMa B BOJIOKHE He IIPeBbI-
IIaJI1a IIOPOT MOAYJISILIHOHHOM HEeYCTOMYHBOCTH, He06-
XOIIMO, 4TOOBI BXOAHASI MOIIHOCTh MMITy/Ibca ObITa
ropasgo Huke, yeM 200 mMBt. Kpome Toro, B KaKk-
JIOM CJIy4ae peryaupoBajcs Ko3QOUIIHEeHT YCHIeHU I
BCTpoeHHOro B ¢-OTDR ycunIuTes TaK, 4TOOB! ypOBEeHb
pedieKTorpaMMBbl He IIpeBbIIIaJl BepXxHel PaHHIIbL
JIHUHaMMYeCKOro Arara3oHa aHaJIo0ro-Iu@poBoro mpe-
obpasoBatenss ¢p-OTDR. J[ONONTHUTENBHO C IIOMOIIBIO
doTomprueMHHKa K ocumIorpada 6pITHM HM3MepeHBHI
IpOoPUIIH MOITHOCTH 30H U PYIOLIEro MMITY/IbCa I10C/Ie
BTOPOM KaTYILIKH JI0 yCTAHOBKH 9pOHeBOro BOJIOKHA IIPU
BBIK/IIOUEHHOM U BKJIIOUeHHOM Hakauke ROPA.
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PZT B KOHILIe JTUHUU ObII YCTAaHOBJIEH [JIsS JEeMOH-
cTpaniuu paborsl DAS: 4acTOTa BO3IEHCTBHS COCTaB-
ns1a 30 ', a ammuinutyaa A = 0,1 pa, UK pacTsSskeHHe
Ae = 0,35HaHOCTpeliH [12]. TakoH YpoBeHb BO3[,eHCTBH
[IPUMePHO COOTBETCTBYeT BO3[eHCTBUIO YeJl0BeUeCKHX
[IaroB Ha ONTHYECKHUM Kabesb, 3aKOIAHHBIN HA INIYy-
6une 0,5 M.

PE3YNIbTATDI
OnTuMasibHas MOIIHOCTb MMITy/1bCa Ha BXOZE B IMHHUIO
Oblsa oImpefiesieHa C IOMOIIBI0 YHCIEHHOIO MOJeNIH-
poBaHus. IIpu 3Ha4eHUH BXOJHOM MOILIHOCTH 30H/H-
pyroiero umiynbca ~ 30-40 MBT M MOIITHOCTH HAKAYKHU
500 MBT MOIIHOCTB 30HIMPYIOLIEr0 UMITYJIbCa He bymeT
IIPeBBIIIATh IIOPOT MOAYISLMOHHON HEYCTOMYHUBOCTH
Ha mepBbIX 69 KM. JanbHOcTh paboTsl ¢-OTDR ore-
HMBaach MyTeM H3MepPeHHS IIPOAOIbHBIX 3aBHCH-
MOCTel OTHOIIeHU s CUTHaI-IIyM doToToKa SNR; [13].
SNR; BbIuHcasa0ch mo 100 mociemoBaTe/IbHO H3Me-
pPeHHBIM pedrexTorpamMmaM (obmiee BpeMsi H3Me-
peHHUs ty,, = 200 MC) U yCpeAHSIIOCh B CKOIb3sILIEM
okHe ~ 0,5 km. CpaBHeHHe SNR; /I cXxeM C BKIIOYeH-
HBIM U OTK/IIOUeHHBIM ROPA mpezcTaBieHo Ha puc.2.
Be3 ncnons3oBaHus ROPA fanbHOCTb paboTsl DAS
"llyHan" B CTAHJAPTHOM OJJHOMO/IOBOM BOJIOKHE JOCTH-
raet ~ 70-75 kM, ypoBeHb SNR; cocrasiser ~10 gb.

Taxkoro ypoBHs SNR; HOCTAaTOYHO [/ Perucrpa-
LUM PA3JIHUYHBIX C/l1abbIX BO3[EHNCTBHUI, HAIPH-
Mep IIAroB YejoBeKa Haf 3aKOIAHHBIM Ha IN1yOHUHe
0,5-1 M ommTu4YeckUM KabejgeMm. Bojiee CHIbHBIE BO3-
HercTBUs (TakHe, KaK ABH)KeHHe I10e3/la) MOXKHO
0bHapyKUTh Npu Oosee HHU3KOM 3HaueHHUHU SNR;.
M3 TMHeNHOMW anmnpoKCUMalKUKU SNR; IpHU BBIKIIO-
yeHHOM ROPA Ha puc.2 BUAHO, 4YTO ypoBeHb 10 nb
COOTBeTCTBYeT ~75 KM. IIpu ucmonb3oBaHuU ROPA
ypoBeHb SNR;| ITpakKTHUYeCKH He I1afaeT HIKe 25 1b
Ha paccTosHUHU O0 50 KM, a Ha 70 KM BbIpacTaeT
oT 20 10 ~25 1B ¥ CHOBa OIIYCKaeTCs 0 IIOPOTOBOTO
3HaueHud 10 ob TonbKo HpI/I6J‘II/I3HTeHbHO Ha 120 kM,
4yTO Ha 45 KM Jasbiie, yem 6e3 ucIionb3oBaHu g ROPA.

AHa/lN3 CHeKTpa CHUICHajJa Pa3HOCTHOH ¢a3sbl
Ha 120 kM, rpe pacmonarajncsa PZT, a TakKe CIek-
Tpa IIyMa, YyCPeAHEeHHOIO0 II0 IIPOCTPAaHCTBEH-
HBIM KaHajlaM, IJle MoAyasiTopa He 6blJ0, IOKa-
3aj1, YTO ypOBeHb CHMIHaja Ha 4yactoTe 30 I'1y mpe-
BBIIIAET YpPOBeHb myma Ha 20 nb B mosoce 1 I
DTOT0 HOCTATOYHO [Jis OIpene/ieHUs TaKUX BO3-
IeHCTBUH Ha 3aKOMMAaHHBIM Kabeb, KaK Iary 4yejao-
BeKa, KOIIKa 3eMJIH JIOIATOM, IIpoe3/]i aBTOMOOUIsS
U Ap. B kayecTBe mpHMepa Ha PHC.3 IOKa3aHa IIpo-
CTPaHCTBeHHO-BpeMeHHasl Juarpamma (Bojgomasn)
pa3HocTHOH da3sl mocue GUIBTPALIUHU C ITIOMOLIBIO

= BONOKOHHO-ONTHYECKHWE MPO30TPOCHI;

- HEM3oNWpoBaHHBIE NpoBoaa A, AC;

- W30NMpoBaHHble npoecAa CHUM-2 u CHN-3 ¢ BOK;

- LAN Kabenu gnA BHYTPEHHEA W BHEWHEA NPOKNagKK.

LT

WHHOBALLUM
[ e (LN
OVBEPCUOUKALIUA
| R R |
MMMOPTO3AMELLEHUE

TPYNNA KOMNDAHWR

ONTAKIHEPTO

Pa3zpaboTia, NPOM3BOACTEO W NOCTABKA KabenbHOR NpoayKLMK:
- BONOKOHHO-ONTHYECKHE KAaBenn Ana BCex THNOB MOHTaMa;

430001, PM, r. CapaHce,
yn. CrponTensHan, 3l cTp. 1
Ten/gpaxc: +7(8342) 47-38-13, 48-02-99

optic@sarko.ru  www.sarko.ru
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Puc.2. 3aBucnmMocTb SNRI OT pacCcTOAHUS BAO/b BOJIOKHA NMPU BbIKIKOYEHHOM (CUHAA TMHUA) U BKIHOYEHHOW (3e1eHasn
NUHKUA) Hakadke ROPA B norapudmmuyeckom (A6) MacliTabe. Hak/IOHHbIE NPAMbIE LITPUXOBAHHbIE IMHWUM COOTBET-
CTBYIOT JIMHEMHbLIM annpokcumaumsam SNRI Ha fanbHUX KWIOMeTpax 418 060mx Cy4aes. TOPU30OHTAIbHAS WTPMXOBAs

JINHWSA COOTBETCTBYET MOPOroBOMY YPOBHIO ~10 b

[10JI0COBOTO QHUIbTpa baTTepBopTa 3-TO MIOpsSAKa
B mojoce 25-35 I'm. Ha Bopomajge XOpoIllo BUEH
OTKJIMK Ha Bo3feKcTBUe PZT mpruMepHO Ha 120 KM.
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PaccTosiHue BAO/b BOJIOKHA HA NPUMEPHO 120-M KM, M

Puc.3. Bogonag pasHoCcTHOM dasbl nocne dbunstpaymm

B KaX>XA0M NPOCTPAHCTBEHHOM KaHaJie C MOMOLLbIO MOJI0-
coBoro ¢unbTpa batTepeopTa 3-ro nopsiaka B noaoce
25-30 I'y. YepHbIM NYHKTUPHbLIM MPSAMOYTO/bHUKOM
noKa3saHa rpaHmLa OTKMKa Ha BO34eNCTBUE MOy~
natopa PZT ¢ AANHOM HAMOTAHHOTO BO/IOKHA ~ 30 M.
LiBeTOM 0TOBpaXkaeTcs 3Ha4YeHne pasHOCTHOW dasbl
nocne GuALTpaLMmM OTHOCUTENLHO CBOEr0 MaKCMMYyMA
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3AK/NIOYEHUE

I[IpogeMOHCTpHUpPOBAaHA BO3MOXKHOCTb yBejaH4Ye-
HHUS JAJBHOCTH PaboTBl pacrpefeneHHOro IaT-
ynka "[lyHan" komnaHuu "T8 CeHcop” ¢ 75 mo 120 kM
IIyTeM YCTAHOBKH B BOJIOKOHHO-OIITHUYECKYIO IMHHIO
3p61eBOro BOJIOKOHHOTO YCUJIUTENs C YHaJeHHOHN
HaKa4KoM B IIPOCTeHN e KOHQUTYyPAIIMH: 2 M aKTHB-
HOTO BOJIOKHA, IIONyTHAas HaKayKa II0 CHIHab-
HOMY BOJIOKHY JIa3epOM Ha JjJHHe BOJHBL 1480 HM.
Tlokas3aHo, 4to 3HavueHUe SNR; = 10 b, mocTaToyHOe
JULS PeTUCTPALMK, HallpUMep, IIaroB Ye/IoBeKa Ha/ll
3aKOMaHHBIM Ha rnybuHe 0,5-1 M onTHYecKHUM Kabe-
7eM, DOCTHUTAeTCsl Ha PacCTOSHUHU 75 KM 6e3 ROPA
U yBeJIM4YHUBaeTCs [0 120 KM ITpU BRIOYeHUU ROPA.
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Tematwuka koHpepeHywn «Tenexkom EBpazunan
cthokyCHMpOBaHa Ha NPaKTWHECKOM OnNbITE,
CTRaTErMax 1 pelleHnax BecnpoBoaHLIx
TEXHONOMMIA, Pa3BePTLIBEHUA MOBUNEHBIX
LWHPOKONONOCHBIX CETER, CMNYTHUKOBOW CBA3N,
MHHOBAUWOHHBIX TEXHONOrWAX Ha Dase ceTen
HOBOrD NOKONEHWA, CTRPOWTENLCTES
MarvcTpaneHelX ONTU4YECKWY CEBTEN CBAIN

W MHthpacTpykType anA npoknanrkw BONC.
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«VHHOBauUWK, B3anmogencTene

1 KOHBEPreHUWs CeTel COTOBOM,
ONTUYECKOM M CNYTHWKOBOM CBASK

B WHTEpecax UMpoBOh 3KOHOMUKNY

OpraxuzarTop:

COMNEWS
CONFERENCES

19.10.2023

Otens «docTeIk»
r. Anmatel yn. KypmaHrazsel, 36,
Pecny6nuka KasaxcTtaH

IIEPBAA MIJIA 6/2023

o
=
=
<
e
~
=
o
A
P<
=
=
Q
~
=
=
=
3
A
=
=
N
=




