YK 621.391

O.C. BOJIKOB, xann. texs. Hayk gonent, YkpJIA3T, Xapkis;
M.B. BECITAJIOBA, ctynent, Ykp/JIA3T, Xapkis

METO/IUKA PO3PAXYHKY JIOB)KMHHU PETEHEPAIIMHOL
JLISTHKHA IA®POBOI MEPEKI ONIEPATUBHO-
TEXHOJIOI'TYHOI'O 3B’A3KY

IIpennoxxena Meroguka pacuera JJIMHBI PEreHEPALMOHHOIO Y4acTKa ONEpaTUBHO TEXHOJIOTMYECKOH
CBSI3H, KOTOPBIH MO3BOJSIET 00ecednTh b PeKTnBHOE HYHKIHOHHPOBAHHUE OMEPATHBHO TEXHOJIOTHYE-
CKO¥ CBSI3M C MCIOJIb30BaHUEM TexHOoruu XDSL.

KnroueBble cjl0Ba: pereHepallMOHHBIM y4acTOK, 3alUUILEHHOCTb, IOMEXO03aLIUEHHOCTD, Nepe-
XOJIHBIE yracaHus

ITocranoBka npodJieMu Ta aHaJI3 JiTepaTypu. Y TenepimHiili yac Ha Me-
peXi ONepaTHBHO-TEXHOIOTIYHOTO 3B’S3KYy 3HAXOIUTHCS B CKCILTyaTallil BeIHKa
KUTBKICTh aHAJIOTOBOTO OOJaHAHHS, SIK€ MOpATbHO 1 (i3UYHO 3acTapijio Ta He
BIJINIOBi/Ia€ CYy4acCHUM TeXHIKO-eKCIuTyaTaniiianM BuMoram [3]. Tomy BcTaHOBIICH-
HS CydYaCHOTO IM(pOoBOro oOJagHAHHS HAa MEpEeXi ONepaTUBHO-TEXHOIOTIIHOTO
3B 513Ky € TIEPCIEKTUBHUM HAMPSIMKOM iX po3BUTKY. Po3mopsidi craHuii oneparu-
BHO-TEXHOJIOTTYHOTO 3B'SI3KY PO3MIIIYIOTHCS, SIK IPABHJIO, Y BiJUIIICHH] 3a1i3HUIII,
a JIMCIETYCPChKi AUITHKHA MOXYTh OyTH JOCHTH BiJIaNCHI BiJ CTAHII, ¢ 3HAXO-
JIThCS BUUIUICHHS 3aJTi3HUI. [IOIITBHO B SIKOCTI TIEPBUHHOT MEpPEXKi BUKOPHUCTO-
BYBaTH BOJIOKOHHO-OTITHYHI JIHIT TIepeiadi, ajne Ha 3ai3HOMY TPaHCIOPTi Ta Je-
SIKUX TUITHKaX BUKOPHCTOBYIOTHCS KaOenmi 3 MimgHUMH >Kunamu. lle sBnserbes
HACITITKOM BIZICYTHOCTI MOJJIMBOCTI BIPOBA/DKCHHS Ha BCIX AUISTHKAX 3aTi3HHUII
BOJIOKOHHO-OTITUYHOI JIiHIT Tiepeaadi. B Tol e Jac icHye mpoOieMa IiAKITIOYCHHS
BiITaJICHUX CTAHIIN OTEPaTHBHO-TEXHOJIOTIYHOTO 3B S3KY 3a JOMOMOTOI0 KabeliB
3 MigHUMH XriaMd. Ha npakTutli epeKTUBHUM BHPIIMIEHHIM IIi€i MpoOIeMu SBIIs-
€THbCS BUKOPUCTAHHS TexHoorii XDSL [6].

Y nmiteparypi METOAMKY PO3pPaxyHKY IOBXKHHU pereHepariiiftHol MiITHKH
xDSL omnepaTuBHO-TEXHOJIOTTYHOTO 3B’SI3Ky Ha 3aIi3HUYHOMY TPaHCIIOPTI HEIO-
CTaTHHO PO3IJITHYTO. TOMY iCHY€ HEOOXIAHICTh BIOCKOHAJICHHS Ta CTBOPEHHS HO-
BOT METOAMKHU PO3PaxyHKY, IUISIXOM y3arajJbHEHHS [TapaMeTpiB, sIKi BIUTUBAIOTh Ha
e(eKTHUBHE (PYHKIIIOHYBaHHS CHCTEMH B YMOBaX cIeludiku poOOTH 3alli3HHYHOTO
TPaHCIIOPTY.

Meta crartri. Po3poOka MeTOmMKH pO3paxyHKy HOBXKHHH pereHepariiHol
JUISTHKY 1poBOi Mepeski onepaTHBHO-TEXHOJIOTIYHOTO 3B SI3KY.

OcHoBHa YacTHHA. BU3Ha4YeHHs NOBXMHHM pereHepauiiHoi AUISHKHA HeoO-
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X1THO, 11 3HAXOKCHHS HEOOX1THOT KUTBKOCTI pereHepaTopiB Ha JiHii. [Ipu 1po-
My OBKHMHA pereHepalliifHol TUISTHKY MOBHHHA OyTH HaOLIBIIO0, TIe TIOB’SI3aHO 3
THM, IO HEOOXiTHO MiHIMI3yBaTH KUTBKICTh pereHepartopiB [2]. [Ipu mapanenbHii
pobori aexinmpkox LICII Mi>k HUIMH BHHHKAIOTh TIEpEXiTHI BIUIMBY, BUKIUKAHI TIe-
peXiTHUMH 3TacaHHSAMH MK MapaMi JaHOTO Kabemro, sK IIe TOKa3aHo Ha puc. 1
[1]. B3aemHi BIUIMBH MK CHCTEMaMH, SIKi HMPAIIOIOTh HA PI3HUX KaOelsix He ypa-
XOBYIOTBCSI, TOMY IO TIEPEXiJHi 3racaHHsI MK HapaMH Pi3HHX KaOelliB MaloTh Be-
niKi 3HaueHHs [3]. Po3pi3HsIOTH MepexinHi 3racaHHs Ha ONMKHBOMY Ta JAJIbHBO-
MY KIHISIX, TIPH YOMY IIi 3racaHHsi B 0araTo4yeTBIpKOBUX KalOensx pi3Hi Ajsl map,
SIKi MalOTh MPUHATICIKHICTD 710 OHIET a00 PI3HUM YETBIpKaM.

BHyTpr4eTBipKOBi nepexijHi 3racaHHs IpH IHIIMX PIBHUX yMOBax 3HAYHO
HIDKYE MDKUYETBIpOYHUX. Y JaHiil MeTonumi Oyno po3risiHyTo OaraTo mapHUH Ka-
0eJb 3 BHyTPUYETBIPKOBUMH BIUTMBaMHU. ToMy U1l BU3HAUSHHS JOBXKHUHH pereHe-
patiifHO1 MUTBHUII HEeoOXiTHO, BPaXOBYBATH YCi MEpEXiiHI BIUIUBH, SKi MOXYTh
BWHHKATH B Kabemi [1].

Jlanka, 110 BIutMBac
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[TomkomKeHa JIaHKa

Pucynok 1 — Mojenb BUHUKHEHHS ITEPEXiTHUX 3racaHb B Kabei

Ha nanomy puCYHKY a,, — 3racaHHs pereHepauiiHo1 IiIsHKH, Ajy; — 3TacaHH
Ha OJMYKHBOMY KiHITI.

OjHi€r0 3 BOXKIIMBIIINX XapaKTEPUCTHK SKOCTI Mepenadi JaHuX y CUCTeMI 3a-
JII3HUYHOTO TPAHCIIOPTY OIEPATUBHO-TEXHOJIOTIYHOTO 3B’SI3Ky € 3aBaj03aXHIIe-
HICTh. ICHy€e 1Ba TUIM TOHSATH 3aBaI03aXHUINEHHOCTI — MEPEXiJHE 3racaHHs, SKe
3HAXOJIUTHCS BIJHOIICHHSIM IMOTYKHOCTI CHTHATY Ha IMOYATKy JIAHIIOTa, IO BILIH-
Ba€, IO MOTY)KHOCTI 3aBaid y OyIb-sKifl TOUIl JIAHIFOTA, HA SKY 3MiHCHIOETHCS
BIUIUB; 3aXUIIEHICTh — BIHOIICHHS MOTY)XHOCTI CUTHAITY Y JIAHITIO31, II0 BILIMBAE,
JIO0 MOTYXHOCTI 3aBajli B JIAHIIIOTY, HA SIKY 3IiHCHIOETHCS BIUTUB Y OyIb-sKiil TOY-
1Ii, 3araJIbHIN 111 000X 13 JaHITIOTIB [2].

3axuIeHICTh Bill MepeXifHUX BIUIMBIB Ha OMIDKHBOMY KiHITI MOKHA 3HAWTH
3a JormoMororo Bupasy (1).
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Iie fp — pO3paXyHKOBA YaCTOTa, 3aIa€EMO, I KaOelto 3a1aHoro tumy, K[ '1; f; — Bi-
JloMa 4acToTa, /s kabento 3aganoro tuny, k' 4,(f,) = 4,(f)-15- lg(fp /fl) ,

IepexiTHe 3racaHHs Ha OMIDKHBOMY KiHIT, Ha pO3paxyHKOBIH 4acToTi, 0b; Ao(f]) —

BiJIOM€ IepexiJiHe 3racaHHs Ha ONWKHBOMY KiHII, 1B; jyapy) — NONPAaBOYHMI KO-
GilienT, KU 3aNeXKNUTh BiJl 3racaHHs pereHepalliiiHol MiIAHKM; d,, — 3racaHHsd
pereHepariitHol AiIsTHKY, 15/KM.

3HaleMO 3aXHINEHICTh Ha TATBHROMY KiHIII 32 JOIOMOTOK HACTYITHOTO BU-
pasy:
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€ J3, j4 — TIOCTilHI MONPaBOYHI KoedilieHTH I OaraTto napHUX KaOeliB IpH BHY-
TPUUYCTBIPKOBUX BIUIMBAX; M — MOCTIHHUNA KOe(IIlieHT, BimoOpaxaroduii oco0m-
BOCTI TMEPEXiTHMX BIUIMBIB s OararomapHUX KaOeliB IpH BHYTPHUUYCTBIPKOBHX
BIUINBAX; /p — JOBXWHA pereHepaIliifHol TUISHKA TIPH BiJOMOMY 3TacaHHi, KM; /; —
OyxiBenbHA JOBXKUHA, IS KaOero 3a1aHOT0 THITY, KM.

Ha ocHoBi BuIIe mepeniueHOTo MOJAENb BIUIUBY IS BHYTPHUUIETBIPKOBOTO
kabeno mpu opraHizamii omepaTUBHO-TEXHOJIOTIYHOTO 3B’ 53Ky MPEACTaBICHO
Ha pHucC. 2.
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Pucynok 2 — Mozens BIUIMBY [UIsl BHYTPHUETBIPKOBOTO KaOEIto

Ha puc. 2 O6yno npuiinsato HacTynHi no3HadeHHs [IBJIK — mepeximni ButH-
BHU Ha JaibHbOMY KiHIi, TPP — TouKa «pimeHHs» perenepaTopy, Sky. — MiACHIEH-



HS1 KOPEKTYIOYOTO ITiICHIIIOBAYa.

[Tpu BIUIMBI MiX YETBIpKaMM YHCIIO BIUTMBAIOYMX AP MAa€ BEIUKE 3HAYCHHS.
Yum Ginple me 9uciio, THM ONVDKYE POMOAITICHHS MUTTEBHX 3HAUYCHB 3aBaJIH, IO
XapaKTEepHO JUTS BIACHHX 3aBa].

Po3paxyemo mepexigHe 3racaHHS Ha JadbHBOMY KiHII, TSI PO3PaxXyHKOBOI
JOBKUHH peTeHepamiiHol qUITHKY /p Ha PO3paxyHKOBIH 4acToTi fp, Ob:

/ .
Ay (fpl,) = Ay (f1.1)—-10-1g| = |=m-10-1g Io +o(f,)1,, 3)
l; Si
ne Ay(f1,/;) — BimomMa 3aXWINEeHICTh MariCTpalbHOI KaOEeIBHOI apy Bi MEpeXiTHIX
BIUIMBIB Ha JANbHBOMY KiHII IJIS BioMoi OyniBenbHOI TOBKUHHM /; Ta Ha BiTOMIi
4acToTi f;, 1b; o(fp) — KoedimieHT 3racaHHA JiHii 3B’ 53Ky Ha PO3paxXyHKOBIH dacTo-
Ti.
Jonyctuma 3axuineHicTs st 6araropiBHeBoro kony 2B1Q Bu3HauaeThes 3a
JIOTTIOMOT'0I0 HACTYITHOT (hOPMYJIH:

n—1
Ayom =10,65+11,42 gt 1K pppyzon -1, )+ 20-1g = @)

1€ Ko, oon — JOMYCTUMHUI KOSOII[IEHT TOMHIIOK Ha 1 KM JIiHIT 3B’513KY: CUILCHKUX Ta
MICBKHX MEPEX 3B’S3KY; 7 — KUIBKICTD PiBHIB JIIHIHHOTO CUTHAITY.

Jlns GaraTopiBHEBUX JIHIMHUX KOJIB 3aXHIICHICTh BiJl BJACHUX IIyMIiB Oyne
JIOPIBHIOBATH:

4-K-T-Dyy(fy)- R, 0,1-a 1
Az =-10-1g 5 L 107 TPV g (5)
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e K=1,38- 102 Jx/T rpax — mocriitna bombivana; 7 — TeMriepaTtypa JiHii

. d . .
38’s13ky 3a Kemesinom; D, (f,)=D,, =10* =const — koediuieHT mymy Mij-

CHJIIOBaYa-KOpETOpa IEepepaxoBaHOr0 Ha BXiJ BHUPIIIYI0 YOTO HPHUCTPOO; diy —
1ryM (akTop BXIJHOTO MiICHIIOBAIBHOTO eIeMEeHTY pereneparopy (2...7ab); R, —
XBHJILOBHH OIIip JiHIT 3B’513Ky, OM; A¢ — aMILTITY/Ja IMITyJIbCY CUTHAITy Ha BXOJI
BUPIlIIy}0 YOTo NMPUCTPOIo, B; a,, — 3racanns perenepaniitHoi insHky, aAb/KM; j; —
TIOTIPaBOYHHHN KOE(ILI€HT, IKUH 3aJIeKUTh BiJ 3racaHHs pereHepaliiftHol JiISTHKH.
JloBXHMHA pereHepauiitHOi IUISHKY 3aJeXKUTh Bil 3aXHIICHOCTI KOPHUCHOTO
CHTHAITY, BiJI CYMapHOi 3aBaJiy, sIKa Ji€ Ha BXOi BHPILIYIO 4Or0o MpUCTpor. Bpa-
XOBYIOUH PO3PaxOBaHi 0 HBOTO TUITH 3aXUICHOCTI MOXKHA BH3HAYUTH OYiKyBaHY
3aXUILEHICTh 3a JOMOMOTOI0 HACTYITHOTO BHPa3y:
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3a OTIOMOTroI0 MPUBEACHUX BHIIE BHPA3iB MAEMO MOMJIUBICTH 3HAWTH JOB-
JKUHY pereHepariitHol JisTHKH:
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ne G — 3axMIIEeHICTh «CUTHAI-3aBaziay, 1b; N — KUIbKICTh JIAHITIOTIB B KaOeJi, yIii-
neHeHux npuctposmu L[CIT; a(f;) — 3racaHHs TpakTy mepeaadi.

Ha ocHOBI BuIlle pO3rIISTHYTOT METOAMKHU 3alPONOHOBAHO MTOKPOKOBHH alro-
PUTM Tii.

Kpoxk 1: JIns HeoOXiqHOTO THITY KaOelto 3a1aeMOCs PO3paxyHKOBOIO fp Ta Bi-
JIOMOIO f; 4acTOTaMH, Ha OCHOBI 4acTOT Ta THITy KaOelllo 3HAXOAWMO TIepexigHe
3racaHHs Ha OJMKHBOMY KiHII Ao(fp).

Kpoxk 2: B 3anexxHOCTI Bif 3racaHHs pereHepaniiHol JUISHKHA 3HAXOIMMO TI0-

NPaBOYHHUI KOCDILIEHT fa(gpy)-

Kpok 3: 3raxogmMo 3axHINEHICTh BiJ MEpeXiTHUX BIUTUBIB Ha OIIKHBOMY
KIHII A,

Kpok 4: 3amaeMo 0OBKHHY pereHepaniiHol TUISTHKH, TPH BiIOMOMY 3racaH-
Hi, KpiM IIUX TapaMeTpiB HEOOXITHO BpaxXyBaTH MOCTIHHHUN Koe]iieHT M , KUK
BimoOpaxkae OCOONMBOCTI MEpeXiAHUX BIUIMBIB I OaraTto MapHUX KaOeliB mpu
BHYTPUYETBIPKOBHX BILUIMBAX.

Kpoxk 5: Ha Bigomiit 9acToTi f; 3HaX0AMMO KOe(IiIlieHT 3racaHHs JiHil 3B’ 3Ky
o(f3), TakoX B 3alIeKHOCTI Bix OyHiBeIbHOI NOBXKHHH, 33a€MOCS 3aXHUILEHICTIO
Ka0eJIbHOI TapH BiJ MepeXiTHUX BIUTUBIB HAa JATbHBOMY KiHII Ay(f},]).

Kpok 6: 3HaxoauMo nepexinHe 3racanHs Ha JajbHbOMY KiHII JJIsl pO3paxyH-
KOBOT JIOBXKHHHU PereHepaliiHol UITHKH Ha PO3PaxyHKOBIH 4acTOTi.

Kpok 7: Obupaemo HeoOXiqHuiA OaraTopiBHEBHIA Ko, Hanpukiang 2B1Q, s
BH3HAUYCHHS KUIBKOCTI PiBHIB JIIHIITHOTO KOJTyBaHHSI.

Kpok 8: BuzHauaemo 3aXUIICHICTh BiJl BIIACHUX IIYMIB ISl OaraTopiBHEBHUX
JIHIAHUX KOIIB A,y

Kpok 9: 3 ypaxyBaHHSAM OTPMMaHHUX paHIIIE BHUIIB 3aXWIIEHOCTI A, Ta
Ax(fp,lp), BU3HAUAEMO JOBXHHY pEreHEpaliiHOl [iJAHKK  OIepaTHBHO-
TEXHOJIOTiYHOTO 3B 3Ky L.

B sxocTi mpukimamy MO)KHA PO3TIIAHYTH OTPUMAaHHI 3HAYSHHS IS Mepexin-
HUX 3racaHb Ha OJIKHBOMY A,y Ta HATbHBOMY KiHISIX Ay(fp,/p) U1l pO3paxyHKOBOT
yactotn kabemo tuny MKCA Ta 3 BUKOpUCTaHHSM 0OaraTOpiBHEBOTO JIIHIHHOTO
xony 2B1Q. Otpumaemo, mo Ay(fp,lp) = 35,34 nb, A3; = 38,96 nb. Lli naui B nmoxga-
JIBIIOMY BUKOPHCTOBYIOTBHCS ISl PO3PaxyHKY JOBKHHU pereHepauiiiHol TUITHKH,
sika JopiBHIOE L = 25,38 kM.

BucHoBKH. 3anponoHOBaHa METOJHMKA PO3pPaxyHKy IOBXHHH pereHepariii-
HOI JIUISTHKA JO3BOJISIE BpaXyBaTH Pi3HI MapaMeTpH, SKi BIDIMBAIOTH Ha AKICTh TIe-



penadi iHopMarlii, 10 HUX BIAHOCITHCS: 3racaHHsI Ha ONMKHBROMY Ta JaJbHBOMY
KIHIIAX, THIT MOJIYJIAIII, 3racaHHs pereHepalliifHol DUITHKH, 3aXUIICHICTh Bif IIe-
PEeXiTHUX BIUTHBIB, THI BUKOPHCTOBYEMOTO KabeNro, 3aXUIICHICTh A OaraTopis-
HEBOT'O KOJIy, @ TAKOX 3aXHIIEHICTh BiJl BIACHUX IyMiB.

BukopucTanHsa 3anponOHOBAaHOI METOAMKH PO3PAaxXyHKY pereHepariiifaoi mi-
JISTHKH JI03BOJIMTH 3HAYHO MOKPAIIUTH MPHUHIMITH MOOYA0BH MEpPEXi ONepaTuBHO-
TEXHOJIOTIYHOTO 3B 53Ky, IO TMPH3BEAE IO IMOKPAIICHHS TEXHIKO-eKOHOMIYHHX
MOKa3HHMKIB.

Cnncox qiteparypm: 1. E.b. Anexcees, B.H. I'opouenxo, B.B. Kpyxmanee u np. IlpoektupoBanue u
TEXHHYECKasi HKCIUTyaTalusi U(PPOBBIX TEICKOMMYHHKALMOHHBIX CHCTEM M CETeH @ yd. 1ocol. st
BY3oB. — M.: Topsuas nunus — Tenexom, 2008. — 392 c. 2. FO.A. [lapghernos Kabenu 3nexTpoCcBs3H. —
M.: Oko-Tpenns., 2003. — 256 c. 3. FO.B. FOpkxun, A.K. Jlebeounckuii, B.A. Ilpoxoguves, U J]. Brunoep
OnepaTuBHO-TEXHOJIOTUYECKAsh CBA3b Ha JKEIE3HOAOPOXKHOM TpaHcropre. — M.: T'OY «YueGHo-
METOJIMYECKHUIl LIEHTP MO0 00pa30BaHUIO HA JKEIE3HOJOPOKHOM TpaHcmoptey, 2007. — 264 c. 4. B.H.
T'opouenxo, M.C. Teepeyxuii MHOTOKaHaJIbHBIE TEIEKOMMYHHKALMOHHBIE cucTeMbl. — M.: Iopsyas
nmuaus — Tenexom, 2005. — 416 c. 5. B.U. Hsanos, I'.H. Ilonog LlubpoBbie U aHAIOTOBBIE CHCTEMbI
nepenaun. — M.: [opsidas nuaus — Tenexom, 2003. — 232 c. 6. A.B. Pocrakos Cetn noctyma : yd. Ho-
c06. st BY30B. — M.: I'opsiuast muaus — Tenexom, 2008. — 96 c.
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MeToauKa po3paxyHKY JOBKHHU pereHepauiiHoi 1inssHky uudpoBoi Mepexi onepaTuBHO-
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3anporoHOBaHO ~ METOJMKY  PO3PAaXyHKy JIOBKHMHM  pEreHepamiifiHoi — IiNIAHKH  ONepaTHBHO-
TEXHOJIOTIYHOTO 3B’sI3KY, S5Ka [O3BOJsiE 3abe3medntd edeKTHBHE (YHKIIOHYBAHHS OMEPaTHBHO-
TEXHOJIOTIYHOTO 3B’5I3Ky 3 BUKOPUCTaHHAM TexHouorii xDSL.

Karouosi cioBa: perenepauiiiHa AinsHKa, pereHeparTop, 3aBaJo3axXHIIEHICTb, HMepexiaHi
3racaHHs.

Proposed a method for calculating the length of the regeneration area operational and technological
communication, which allows providing the effective functioning of operational and technological
communication in remote areas of the railway based on the use technology.

Keywords: regeneration area, regenerator, noise immunity, transient attenuation.
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