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PED®EPAT

TekcToBa yacTuHa qurIoMHoi podotu: 58c., 11 puc., 6 Tabin., 13 mxepern.

Meta po60oTu — po3poOka MPOEKTy TPAHCIOPTHOI MepexXi 3B'I3Ky HA OCHOBI
Tporoc(epHoi cucTeMu TepeAad 3 ypaxyBaHHSIM TEXHIYHHX XapaKTEPUCTHK
00J1aTHaHHS, 0COOIMBOCTEN MOMTUPEHHS PAIIOXBUIIb Y Tporocdepi Ta BUMOT J0
SIKOCTI 3B'SI3KY.

B nmaniit poGoTi pO3riIsSAacThCsl PO3BUTOK CYYACHUX TEJIEKOMYHIKAIIHHUX
TEXHOJIOT1M, CTBOPEHHS HAMIMHMX Ta €(MEKTUBHUX TPAHCHOPTHUX MEPEK
3B'A3KY, OCOOJIMBO B YMOBaX CKJIAJIHOTO penbedy MICIEBOCTI ad0 BiIAaleHUX
perioHiB. TpornocdepHi cucTeMu mepeiad 3a0e3MeuyroTh CTa0lIbHUM 3B'I30K Ha
BEJIMKI B1JIcTaH1 0€3 HEOOX1THOCTI MPOKJIaJaHHs KaOeIbHUX JIIHIH, 10 pOOUTH 1X
0COOJIMBO aKTyaJIbHUMH JIJIs1 CTBOPEHHS MaricTpajibHUX KaHAIIIB 3B'S3KY.

PesynbTaTi po60TH MOXKYTh OyTH BUKOPHUCTAHI JIJIsl IPOSKTYBAHHS peabHUX
TPAHCIOPTHUX MEPEX 3B'A3Ky B perioHax 31 CKIaJHUMU reorpadiyHuMu

yYMOBaMH, a TaKOX JIJIsl MOJIEpHI3aIliil ICHYFOUHX CUCTEM 3B'SI3KY.



ABSTRACT

The work contains : 58 pages, 11 illustration, 6 tables., 13 sources.

The purpose of the work is to develop a project for a transport
communication network based on a tropospheric transmission system, taking
into account the technical characteristics of the equipment, the features of radio
wave propagation in the troposphere and the requirements for communication
quality.

This work examines the development of modern telecommunications
technologies, the creation of reliable and efficient transport communication
networks, especially in conditions of complex terrain or remote regions.
Tropospheric transmission systems provide stable communication over long
distances without the need for cable laying, making them particularly relevant
for creating backbone communication channels.

The results of this work can be used for designing real transport
communication networks in regions with complex geographical conditions, as

well as for modernizing existing communication systems.
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Beryn

Y cydacHOMY CBITI TEJIEKOMYHIKAIIHI CHCTEMH BiIIrparoTh KIIFOUOBY
poJb y 3a0€3MeUeHH1 IMBUIKOTO Ta HaAIHOTO 00MIHY iH(popMaltiero. Po3Butok
TEXHOJIOT1H TMepeayl JaHUX IPU3BIB 0 CTBOPEHHS PI3HOMAHITHUX CUCTEM
MYJIBTUIUIEKCYBaHHS, CEpeJl IKUX 0COOIUBE MICIle 3aiiMatOTh CUCTEMHU
MIEPBUHHOTO TPYIOYTBOPEHHS Ta IjIe310XpoHHa IudpoBa iepapxis (PDH).

AKTyanpHICTD JaHOT POOOTH MOJIATAE B JOCIIHKCHH] TIPUHITHITIB
noOynoBY Ta PyHKIIOHYBaHHS CHCTEM NEPBUHHOTO TPYIOYTBOPEHHS, K1
€ pyHIaMEHTATBbHOIO OCHOBOIO ISl CTBOPEHHSI Cy4aCHUX
TeJIeKOMYHIKaliiHuX Mepex. OcobnnBa yBara NpuaUISIETbCS TEXHOJIOTIT
I1€310XpOHHOT IU(PPOBOI 1€papxii, ika, HE3BAYKAIOUU HA MOSBY OLIBII
CYy4YaCHHUX TE€XHOJIOT1i, IPOJOBKY€E BUKOPUCTOBYBATHUCS B OaraTbox
TEJIEKOMYHIKaLIMHUX Mepexkax M0 BCbOMY CBITY.

MerToro 1aHoi poOOTH € TOCHIIKHHS CUCTEM IEPBUHHOTO
IpyNOYTBOPEHHS, IPOEKTYBAHHS MEPEXKI 3B'13Ky Ha 0cHOBI TexHoJorii PDH Ta
IIPOBENICHHSI PO3paxyHKiB TponochepHoi JiHii 3B'I3Ky /7151 3a0€3MeUeHHS
HaJ1HOT epeayvl TaHuX.

JI1st TOCSATHEHHS TOCTABJIEHOI METU B POOOTI BUPILIYIOTHCSI HACTYITHI
3aBJIaHHS:

- TOCJIIJIPKEHHS 3arajJbHUX MPUHLHUIIB MO0YI0BU CUCTEM MTEPBUHHOTO
IpyHOYTBOPEHHSI.

- aHaJII3 CTPYKTYPH LUKy anapaTypy NepBUHHOTO IPYNOYTBOPEHHS Ta ii
anapaTypHOi peasi3aitii.

HEJIOJTIKIB.

- IpoeKTyBaHHs Mepexi 3B's13ky PDH 3 Bubopom ontumanbHo1 TOMOJIOTIT Ta
oOnaHaHHS.

- pO3paxyHOK MapameTpiB TponochepHoi JiHIi 3B'A3KY 3 ypaxyBaHHSIM

(dakTopiB, IO BIUIMBAIOTH HA SIKICTh Mepeadi CUTHATY.



1. CucteMu nepBUHHOIO rPyNOyTBOPEHHS

Y uugpoBHX cucTeMax nepeadi 1aHuX 3 BEIUKOIO KITBbKICTIO KaHATIB, 10
HaJjeXaTh JO BUIUX PIBHIB 1€papxii, 3a3BUYail 3aCTOCOBYIOTHCS JBa OCHOBHI

niaxoau 10 GopMyBaHHS JIHIHHOTO IUGPOBOTO CUTHATY:

1.besnocepenne KoOayBaHHS AHAJIOTOBUX CHUTHAJIB, OCOOJIMBO 1€

CTOCYETHCSI IIMPOKOCMYTOBHX KaHaIiB a00 Tpyn KaHaJIB.

2.MynbTUIIEKCYBAHHS 3 YACOBUM MOJUIOM, SIKE nependadae 00'e THaHHS
JEKUTbKOX IU(POBUX MOTOKIB HIXKYOTO PIBHS Ha TMEpe/laBalibHIM CTOPOHI Ta iX

MOAANBIINN PO3MOALT Ha MPUMUMATBHIA CTOPOH1 CUCTEMH.

OOsiagHaHHA ~ Oepuoro  TUIYy  MICTUTh  JUIIE  OJMH,  ajie
BUCOKOTEXHOJIOTIYHHUM KOJEK, 10 MOTPeOy€e BUCOKOI TOYHOCTI Ta MIBUIKOIT, 110
YCKIIaJIHIOE TOOYAOBY Mepexki. BOHO onTuMmanibHEe s MHPOKOCMYTOBHUX

CUTHAJIIB.

OOGmamHaHHg  JAPYroro THUIY €  OCHOBHMM TPU  CTBOPEHHI
BHUCOKOUIBUIKICHUX U(POBUX CUCTEM. X0Ua BOHO MOTPeOye OLIBIIOT KIIBKOCTI
KOJIEPIB 1 ACKOEPIB, MEPEKA CTAE OUIBII THYUYKOIO, T03BOJIIIOUYHM PO3MIIIYBATH
KOJIeku Omwkye 10 JoKepen i”Hdopmallli, mnepefaroud Mo JIHIT  JIMIIe
BUCOKOIIBUAKICHI 1MdpoBi curHanu. YacoBe TpynyBaHHS MOXke OyTH
peanizoBaHO SIK CHHXPOHHUM, TaK 1 aCHHXPOHHUM CIIOCOOOM 00'e qHaHHS
1M (ppOBUX MOTOKIB HUKYOTO PiBHA. [Ipu cMHXpOHHOMY 00'€/IHaHHI BCl MMOTOKH,

1110 00'€THYIOTHCSI, TEHEPYIOTHCS OJTHUM CIUTBHUM T€HEPATOPOM.

[Ipu acuuxpoHHOMY 00'€THAHHI 00'€MHYIOTHCS TIOTOKH 3 1IEHTUYHUMU
HOMIHAJIBHUMHU  IIBUAKOCTSIMH, ajié  CTBOPEHI  PI3HUMH  3aal0UUMHU
reHeparopamMu, YWi MHUTTEBI IIBUJIKOCTI MOXYTh HE3HAYHO BIJIPI3HITHCS.

Cucremu BUILIMX PIBHIB HE TOBUHHI BUCYBaTH BUMOTH JI0 CTPYKTYpHU IIU(POBOTO



CUTHaJy cucteM HIKYoro piBHA. OO'eqHaHHA HUPPOBUX TOTOKIB MOXKE

B110yBaTUCS TPhOMA CIIOCOOAMU: TOCUMBOJILHO, TOKaHAIBHO 200 MOCHUCTEMHO.

Ha puc. 1. a) 1 6) nokazano npuHIMUNK 00’ €THAHHS HU(POBHUX MOTOKIB

MOCUMBOJILHUN Ta MOKAHAJILHUMH.
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1.1 3aranbHi NpUHIUNY O0YI0BH CHCTEM NEPBUHHOIO rPyNOYTBOPEHHS

CucreMu EpBUHHOTO TPYIIOYTBOPEHHS 0a3yIOThCS HA HACTYMHUX MPUHIIUIIAX:
o lepapxi4HICTh CTPYKTYpPH - OpTraHi3allisl JaHUX 3a PIBHSIMH 3 UITKO
BHU3HAYCHUMH BiJTHOCHHAMH ITiIOPSIKYBaAHHS

o YacoBe po3/ijeHHs KaHaAJIB - PO3IOI1J YaCOBOTO PECYpPCy MK Pi3HUMU

1H(bOpMaIIHHUMU TTOTOKAMHU

o CuHXpOHI3aITiA - 3a0€3MeUeHHS Y3T0KEHOT pOOOTH BCiX €JIEMEHTIB
CUCTEMU
o Crannaptu3aiiist iHTepdeiciB - yHidikailist crioco0iB 3'€THAHHS MIXK

KOMIIOHCHTaMH CUCTCMU

o MacmTaboBaHICTh - MOXJIMBICTh HAPOILYBAaHHS MTPOITYCKHOI 31aTHOCTI

CHUCTCMU

IepapxiuHicTh CTPYKTYPH B cHCTEMaxX MEPBUHHOTO IPYNOYTBOPEHHS
nepeadavyae oprasizailiio JaHUX 3a 4iTKO BU3HAYEHUMHU PIBHSAMHU 3 BIIHOCUHAMU
nignopsakyBanss. [1lo o3nauae:

o dopMyBaHHs 0araTopiBHEBOI CTPYKTYpPH, /i€ KOKEH BUIIUNA PIBEHb
00'eIHy€ AEKIJIbKA HUKYUX.

o Y PDH BuxopucroByethes 4-5 piBHiB iepapxii (E1, E2, E3, E4, E5 B
€BPOIECUCHKINA CUCTEMI).

o Koen piBenb Mae cBoto mBuakicts nepenadi (E1 - 2,048 Mo6it/c, E2 -
8,448 MOit/c 1 1.11.).

o YiTka cucTteMa MyJIbTHILICKCYBAHHS Ta IEMYJIbTHILUICKCYBaHHS MiXK
PIBHSIMH.

o HeoOximHicTh MPOXOMKEHHS BCIX MPOMIKHUX PIBHIB MPU BUALICHHI

KaHaJly HUKYOTO PIBHS.



Yacose po3aiienns kaHagiB (TDM - Time Division Multiplexing) €
dyHIaMEeHTAIEHUM TIPUHIIAIIOM, 110 3a0e3meuye:
o Po3no i 3araibHOT0 4acoBOTO pecypey JiHIT 3B'I3Ky MK PI3HUMH
1H(bOpMaLIHHUMU TOTOKaMHU.

o dopMyBaHHS IUKJIIYHOI CTPYKTYPH TIepeiadi, 1e KOKHOMY KaHaTy
BUIUTSIETCA (DIKCOBaHMI YaCOBUM 1HTEpBaJ (TaliM-CJIOT).

o VY cuctemi E1 BukopuctoByeThes 32 taiiM-cinotu (3 Hux 30 s
nepenayi JaHuX).

o KosxeHn Taitm-ciot mae ¢ikcoBany TpuBamnicts (3,9 mxc mis E1)..

o Takox, BIZICYTHSI KOHKYPEHIIIS 32 PECypC Mk KaHajJaMu, Ha BIAMIHY Bij

CTaTUCTHUYHOI'O MYJIbTHUILIICKCYBAHHA.

CunxpoHi3zanisi 3a0e3neuye y3ropkeHy poOOTy BCiX €JIEMEHTIB CUCTEMHU

1 BKJIFOYAE B cede:

. TakTOBY CMHXPOHI3AIII0 - Y3TOJPKEHHSI YaCTOTH Ta (Pa3u TaKTOBUX
TeHEePaToPiB.

. [{MKIIOBY CUHXPOHI3AIIiI0 - BU3BHAUEHHS [TOYATKy Ta KIHIS HUKITY
nepeaadi.

. HanuukmoBy CHHXpOHI3aIIIO - IS CUCTEM 3 0araTOIMKIOBOIO
CTPYKTYPOIO.

. Buxopucranns cnemianbHuX curHamiB cuaxpoHizaiii (y El - HynsoBuii
TalM-CJIOT).

. lepapxiuHy cucTeMy CUHXpOHI3allli 3 IEpBUHHUMU, BTOPUHHUMH Ta

MICIICBUMH JKEpEJIaMH TaKTOBOI YaCTOTH.



Cranpaprusanis inTepderici 3a0e3neuye yHidikalio cnocodiB

3'€I[H&HHH MK KOMIIOHCHTaMH CHUCTEMH, 1110 O3HAYAE.

BusnadeHHs enekTpuyHUX TapaMeTpiB iHTepdeciB (piBHI CUTHAIIIB,
iMnenanc, popMa iMIyJIbCiB).

Cranmapru3aiis (Gi3MUHUX 3'€IHYyBaviB Ta KaOeiB.

VYHidikallisi IPOTOKOJIB B3a€MO/I1T Mk 00JIaJHAHHIM PI3HUX BUPOOHHKIB.
BusHaueHHs1 CTaHIAPTHUX IIBUIKOCTEH Mepeaayl 1 KOKHOTO PiBHSA
lepapxii.

CrannapTu3zanisi CTpYKTypHY LUKIIIB Ta HAIIUKIIB.

Biamosinaicts MikHapogauM pexomermamisasm (ITU-T G.703, G.704, G.732
TOIIIO).

3a0e3ne4yeHHs] CyMICHOCTI 00JIaJHAaHHS B TJI00AIbHOMY MacIITaO1.

MacmradoBaHicTb 3a0€31e4y€e MOKIIMBICTh HAPOITYBAHHS MPOITYCKHOT

31aTHOCT1 CUCTEMH 1 BKJIIOYAcE:.

MoXIMBICTh MOCTYIOBOTO 301IBIIIEHHS KIJTLKOCT1 KaHaJliB 0€3 MOBHO1

nepeOy10BH CUCTEMHU.

[TinTpumka pi3HHX piBHIB arperaiii Tpadiky (BiJl OKpEMUX KaHATIB 70

BHUCOKOUIBUIKICHUX TPAKTIB).

MoxuBICTh 00'€THAHHS HU3bKOIIBUIKICHUX MTOTOKIB Y BUCOKOIIIBU/IKICHI.

['Hy4yKe BUKOPUCTAHHS MPOMYCKHOI 3AaTHOCTI KaHAIB 3B'SI3KY.

MOXIIUBICTH PO3IIUPEHHS MEPEXKI 0€3 MOPYIIEHHS POOOTH ICHYIOUHX

CErMEHTIB.

[TinTpuMKa pi3HUX TOMOJOTIA Mepexki (TOUKa-TOUKa, KIJIbIE, 31pKa).

MosknuBicTh iHTETparli 3 iHmuMu TexHonorisimu (SDH, ATM, 1P).

{1 mpuHIMIIK B CYKYITHOCTI 3a0€31euytoTh HaAlliHy, e(EeKTUBHY Ta

THYYKY poOOTY CUCTEM MEPBUHHOTO IPYNOYTBOPEHHS B TEIIEKOMYHIKAIIHHUX

MepexKax.



1.2 CTpyKkTypa UMKy anapaTypy NepBUHHOIO I'PYNOYTBOPEHHS

CTpyKTypa KOMILJIEKCY anapaTypH IEPBUHHOTO IPYIOYTBOPEHHS BKIJIIOUAE B
ceoe:
o CTBOpEHHS NOYaTKOBUX LIM(PPOBUX IOTOKIB - TpaHC(HOpMallisi aHATIOTOBUX
CUTHaJIIB y 1udpoBy popmy
o MynbpTHILUIEKCYBaHHS KaHATIB - 00'€THAHHS JEKUTFKOX IIU(PPOBUX MOTOKIB
B €IMHUU ITPyNIOBUN CUTHAJI
o VY3romxeHHs MBUAKOCTEN 1 CHHXPOHI3alls - rapaHTyBaHHS 3J1aroKeHoi
nepenayi iHpopmarrii

1.®opMyBaHHS TEPBUHHUX ITM(PPOBUX TOTOKIB € KIIOYOBHM €TariOM
NEPETBOPEHHS aHAJIOTOBUX CUTHANIB Y LU(PPOBUN (QopmaT Uil MOJAIbIIOTO
nepeJaBaHHs B TEJIEKOMYHIKallMHUX Mepexax. Jlo HHUX  HanexaTs:
Huckperuzauis, KBaHTyBaHHS CUTHATY.

JluckpeTu3aiisi aHajoroBoro curHaiay wmoxke Oytu (PiBHOMipHa
nuckperusaiis, HepiBHomipHa  auckperuzauis). CraHgapTHa  4acToTa
JTUCKpETHU3allii, sIka 3acTOCOBYEThCS B TeiedoHii, crtaHoBuTh 8 KI'1 (8000
BUMIPIOBaHb 3a CEKYyHJY), 1110 Ja€ 3MOTy MepeaBaTH CUTHAJIN 3 YaCTOTOI 10 4
Kl .

o PiBHOMIpHA AMCKpeTH3allis: BUMIPIOBAaHHS BUKOHYIOTHCS 3 OJHAKOBUMU
iHTepBaitamu vacy (125 mxc npu yactoTi 8 k')

o HepiBHOMIpHa JMCKpeTH3allisi: BUKOPUCTOBYETHCS B  CIEIIAIbHUX
CUCTEeMaXx JJIsl ONTUMIi3allii BAKOPUCTAHHS CMYTH MPOITYCKaHHS

Teopema KorenpHukoBa-HaiikBicTa cTBepaKye, IO [ TOYHOIO
BIITBOPEHHS aHAJOTOBOI'O0 CUTHAJIy YacTOTa JUCKpETH3allii MOBUHHA OyTH HE

MEHIIOK0, HIK MOJABOEHA HABHUINA YaCTOTa B CIIEKTP1 CUTHAIY PUCYHOK 2.



U, Ba

Uk, B -
K,

E tc

t,c

-

Pucynok 2.- Teopema Korensuukopa-HaiikBicta

T =1/2Fmax ,

ne, Fmax — e MmakcumaibHa 4acToTa Jiana3oHy aHaJIOrOBOTO CUTHAIY.

PGBYJ'IBTaTOM € I[I/ICerTI/ISaHiH AHaJIOTOBOI'O CUIHAaJ1y B yacl.

KBantyBanHsi curnaJgy.

3a3BuYaii, KBAaHTYBaHHS 1 KOJAYBaHHS BUKOHYIOTHCSI OJJTHOYACHO B OJTHOMY
npucTpoi. KBaHTyBaHHS CUTHAITY MOKe OyTH PIBHOMIPHUM a00
HepiBHOMIpHUM. [Ipu piBHOMIpHOMY KBaHTYyBaHH1 KPOK KBaHTYBaHHS (A)
3aJIMIIAETHCS OJTHAKOBUM /I BChoro Jiana3ony AIM curnany, a npu
HEPIBHOMIPHOMY — KPOKHU KBaHTYBaHHS (A1) PI3HATHCS IJIs1 PI3HUX PIBHIB
curHaity. MoXJIHMB1 aMIUTITYIHI XapaKTEPUCTUKU JJIsl PIBHOMIPHOTO a) Ta

HEpIBHOMIPHOTO 0) KBaHTYBAaHHS MOKa3aH1 HA PUCYHKY 3.

PucyHok.3 - AMIUTITY/IHI XapaKTePUCTUKU KBAHTYBaHHS.
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2. MynbTUIUIEKCYBaHHS KaHAJIIB
3aranpHa cXeMa METOJIB PO3MOAULY CHUTHANIB — MYJIbTHUIUIEKCYBaHHS
MoKa3aHa Ha puUcyHKy 4 . OCHOBHa MeTa MYJbTUILIEKCYBAHHS — NEpeAaBaHHs

JEKUTBKOX CUTHAIIIB (KaHAIB) IO OJTHOMY KaHaTy 0€3 B3a€MHUX TMEPEITKOI.

MynbTUnnexkcysaHHs
< ™ » " o , KomBiHoBaHO
YPK (FDM) BPK (TDM) Cratuctuute »  LPK.BPK
F £ F
OYPK < i < TASI «— CDM
<« WDM «— Ccul «— DCME «— OYPK+BPK
< DWDM !  PM

Pucynok 4. 3aranpHa cxema kiacu@ikaiili MeTOAIB MYJbTUILUIEKCYBaHHS B
TEJICKOMYHIKalIMHUX CUCTEMax
BaxxnuBo BpaxoByBaTH, 1110 CUCTEMU MYJIbTUIIICKCYBAHHS MOXKYTh OYTH 3

Oprasizaii€ro IUKIiB 1 (iKCOBaHUM po3MilleHHsM Tpyn curHanis — ue LCII
TI€310XPOHHOT 1 CHHXPOHHOI U(PPOBUX i€papXiid, 1 03 opraHizallii MUKIIB — Y

BUTJISA/II TAKETIB 400 KOMIPKU OJHOTO JKepelia iHpopmarii.

3. CunHxpoHi3alis Ta BUPIBHIOBAHHS IIBUIKOCTEH

VY3romkeHHs TpOLECiB, HA3MBAIOTh CHHXPOHI3AIlI€l0, TOJATAE Y
BCTAHOBJIEHHI Ta MIATPUMIIl YITKMX YaCOBUX CIIIBBIJHOMIEHb MIDX PI3HUMH
He3aIeXKHUMU orepanisiMu. [1ociIoBHOCTI MOiM BBaXKAIOThCSI CUHXPOHHUMH,
KOJMM 1iXHI BIAMOBIAHI e€Tamu BiIOyBAlOTbCS OJHOYACHO. Y  MHU(POBHX
KOMYHIKAIIIMHUX MepekaX CHHXPOHI3alllsl € KIIOYOBUM MEXaHI3MOM IS
3a0e3neyeHHs Oe3nepediitHoi poOOTH OONagHaHHS, MIATPUMYIOUN Y3TOKEHY

IIBHJIKICTh TIepeaadi JaHuX. Y Tmporeci mudpoBoi mepemadi iHboOpMaIlis
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TpaHC(HOPMYETHCA B AUCKPETHI IMITYJICH 3a JOMOMOTOI0 IMITYJIbCHO-KOAOBOI
MOYJIAIT, SIKa OXOILUTIOE JUCKPETU3AIII0, KBAHTYBAHHS Ta KOJIYBaHHS CUTHAIY.

Y mudpoBux Mepexkax, e mepeaaroThCs IMIMYIbCH, KPUTUIHO BaXKIIMBO,
o0 yci KOMIOHEHTH Oynu y3rojkeHi. CHHXpOHI3aIis JOCATAETHCA Ha TPhOX
OCHOBHUX PIBHSX: O1ITOBOMY, IHT€pBaIiB KaHATYy Ta KaJApPOBOMY.

bitoBa cuHxpoHizalisi 3a0e3ledye BUKOPHCTAHHS I[eperaBayeM 1
npuiiMayeM OJIHAKOBOi TaKTOBOI YacTOTH, IO HEOOXITHO JIi TOYHOTO
3unTyBaHHA O1TiB. [ 11bOTO IpUiiMau MOKE OTPUMYBATH TAKTOBI IMITYJIbCH
0e3nocepeIHbO 3 BX1AHOT JIiHI1.

CuHXpoHi3allig 1HTEpBAIIB KaHaly 3a0e3rnedye Y3rOoJKeHHS MIK
nepeaaBavyeM 1 mpuiMayeM JJis MPaBUIIbHOTO PO3MI3HABAHHS IHTEPBAJIIB KaHAILY
3 METOI0 BWIYYCHHS naHuX. Lle mocsAraeTbcsi BHKOPHUCTAHHSIM (DiIKCOBAHOTO
dbopmaty kaapy s ineHTudikaiii 6aiTis. Kirouosi mpobieMu Ha 1[bOMY PiBHI

BKJIFOYAIOTh CBOEYACHICTh 3MIHU KaJIpy Ta BUSBJICHHS BTPaTH Kaapy

1.3 AnmaparypHa peaJi3auisi CHCTEeM NEPBHHHOIO I'PYIIOYTBOPEHHS

AnapaTypHa peani3anis CUCTEM NIEPBUHHOTO IPYNOYTBOPEHHS BKIIIOUAE:

o Konekn Ta mepeTBoproBadi - 1j1s1 IEPETBOPEHHS aHAJIOTOBUX CUTHAIIIB Y
1dpoB.i
o MynbTUIIIEKCOPU TIEPBUHHOTO PIBHS - 17151 00'€THAHHS KaHAIIIB Y

NEPBUHHI TPyIU

o CuctemMH TaKTOBOI CUHXPOHI3aIli - 1J1 3a0e31e4eHHs] CHHXPOHHOL
pobotu

o BydepHi mpucTpoi - 17151 BUPIBHIOBAHHS IIBUKOCTEN TIepeaadl JaHuX
o [Tpuctpoi popmyBaHHS KaapiB - IS CTPYKTYPYBaHHS JaHHUX Y

CTaHAapTU30BaH1 OJIOKU
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) [aTepdeticHi Moayi - i 3'€JHAHHS 3 THITUMH CUCTEMaMH Tepeiadl

1. Kogexu Ta nepeTBoproBayi
Koneku (konepu-nekoaepu) € GyHaaMeHTAIBHUMH KOMIIOHEHTAMHU
CUCTEM NEPBUHHOTO IPYMOYTBOPEHHS, 110 3a0€3MeUyI0Th IEPETBOPEHHS
aHAJIOTOBUX CUTHAJIIB Y IIU(POBI Ta HABMAKH.
[CHYIOTBH TaKl TUIH KOACKIB :
e JlucKpeTH1 KOJEKH: peaTizoBaHl Ha OKPEMUX KOMIIOHEHTaX (1ICTOPUYHO
nepii).
e [HTErpanbHi KOAECKU: peani30BaHi K CIeliali30BaHl IHTErpajgbHl CXEMH.

e  OnHOKpHUCTaNIbHI KOJEKH: BCl (DYHKIIIT peasii3oBaHl HA OJJHOMY KPHUCTAJI.

baratokpucranbHi KogeKu: QYyHKIIIT pO3MOAICHI MK KiJTbKOMa

MIKpPOCXEMaMHU.

e [IporpamHo-amapaTHi KOJEKH: YacTUHA (PYHKIIIA peanaizoBaHa
nporpaMHo Ha DSP.

CreuianizoBaHi IepeTBOPIOBayi

e [lleperBoproBaui iHTEpPEHCIB: 3a0€3MeUyI0Th CYMICHICTh MiXK PI3HUMHU
CTaHJapTaMHU.

e EI1-T1 xoHBepTepu: NMEPETBOPIOIOTHh MK €BPOTICHCHKUM Ta

aMEPUKAHCHKUM CTaHIAPTaMHU.

e KouHBepTepH JIHIMHUX KOIB: MEPETBOPIOIOTh MK PI3HUMH TUITAMH

miniiaux koAiB (HDB3, AMI, B8ZS).

2. MynbTUIIEKCOPHU MIEPBUHHOTO PIBHS

MynbTHIUIEKCOPH TIEPBUHHOTO PiBHA € KIFOYOBUMHU MPUCTPOSIMH, IO
00'eTHYIOTh OKpeMi KaHanu B iepBuHHI 1udposi motoku (E1/T1).
@OYHKI[10HAIbHI MOKJIMBOCTI MYJbTUILJIEKCOPIB:

bazogi ¢hyHkii:
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e  MynbTUIIEKCYBAaHHS/ IEMYJIbTUIUIEKCYBAHHS KaHAIIB
e dopmyBaHHS cTaHAapTHOL CTPYKTYypH Kaapy E1/T1
e  3abe3neueHHs CHHXPOHI3AI1
Posmmpeni ¢pyHkiii:
e Kpoc-komyrartis: nepepo3no/iiyl KaHaaiB MK PI3HUMHU ITOTOKaMH.
e KoHueHTpaiis: 00'eTHaHHS KaHATIB 3 HU3bKUM 3aBAHTAXKCHHSIM.
e PesepByBaHHS: aBTOMaTUYHE TIEPEMHUKAHHS HAa PE3EPBHI KaHAIH TIPU
aBapisx.

e  MOHITOPHUHT SIKOCTi: KOHTPOJIb MOMIJIOK Ta 1HIITUX IMapaMeTpPiB SIKOCTI.

Takox ICHYIOTh pi3HI TUIIU MYJIBTUILIEKCOPIB 3a MPU3HAYCHHSIM:

e TepmiHaNbHI MYJTBTUIIIIEKCOPH: BCTAHOBIIOIOTHCS HA KIHIIEBUX MTyHKTaX
JIHIA 3B'SA3KY.

e [IpoMikHI MyJBTUIIJIEKCOPH: BCTAHOBIIOIOTHCS B MPOMIXKHUX ITYHKTaX
JUTST BCTaBKW/BUIIJIEHHS KaHAIB.

e MynbTUILIEKCOPH 3 DYHKIIIEIO KPOC-KOMYTaIlii: 3a0€3MeUy0Th THYUKY
KOMYTAIi}0 MI>K PI3HUMH ITOTOKAMHU.

e [HTErpoBaHi MyJbTUILIEKCOPU AOCTYNY: MOEAHYIOTh (QYHKIIIT

MYJIbTUILIEKCYBaHHS 3 (DYHKIISIMA KOMYTaIli.
3. CucteMH TaKTOBOI CHHXPOHI3aIi

CucTeMu TaKTOBOT CHHXPOHI3alli1 3a0€31e4yI0Th Y3ro)KeHy poooTy
BCIX €JIEMEHTIB CUCTEMHU MIEPBUHHOTO IPYNOYTBOPEHHS, 1110 € KPUTHUHUM JJIs
MPaBUJIbHOT Mepeaayl JaHUX.
OCHOBHI KOMIIOHEHTH CUCTEM TaKTOBOI CHHXPOHI3aLii :
e [‘eHepaTOpH TaKTOBUX CHTHAIIB
e (Cxemu BiIHOBIIEHHS TAKTOBOI YaCTOTH

e Posnoainsui npuctpoi
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e (CuCTEeMHU MOHITOPUHTY Ta YIPaBIiHHSA

4. bBydepHi npuctpoi
Bydepni npuctpoi BiAirparoTe KpUTHUHY POJIb Y BUPIBHIOBaHHI
IIBUJIKOCTEH Mepeaadl JaHUX Ta KOMIIEHCAIll pI3HUX 3aTPUMOK Y CHCTEMax
MEPBUHHOTO TPYTMIOYTBOPEHHSI .
Po3pi3HsaoTh Taki TMNU OyhepHUX MPUCTPOIB:
e Enactuuni 6ydepu.
o 3a npunuunoM pobotu: nam'ste Ty FIFO (First In, First Out).
e 3a npuU3HAYCHHS: KOMIIEHCALllsl PI3HULII HIBUAKOCTEN 3allUCy T4 YUTAHHS.
e 3a TUIOM peaini3allii: Ha pericTpax 3cyBy a0o0 creriaiai3oBaHii mam'sTi.
o  KOHTpOJIb 3a1I0BHEHHSA: MOHITOPHUHT PIBHA 3alIOBHEHHS JJI 3a1100IraHHs
NEPETIOBHEHHS a00 CITyCTOLLIEHHS
5. IIpuctpoi popmMyBaHHS KaapiB
[Tpuctpoi popmyBaHHs KaapiB € OCHOBHUMHU KOMIIOHEHTAMU CUCTEM
HNEPBUHHOTO TPYNOYTBOPEHHS, 10 3a0€3MeUyI0Th CTPYKTYPYBaHHS JaHUX Y
CTaHJapTU30BaH1 OJIOKU ISl epeiadi mo nupoBUX KaHaIax.
6. [nTepdeiicHi momymi
IaTepdeiicai Mmoayi 3a06€31euyIoTh 3'€ JHaHHS CUCTEM ITEPBUHHOTO
IpyNOYTBOPEHHS 3 IHIIMMU CUCTEMaMH Iepeaayl, BAKOHYIOUH (PyHKIIIT
EJIEKTPUYHOTO, (PI3UYHOTO Ta JOTIYHOTO Y3TO/KEHHS.
Tunu iHTepPErcHUX MOTYIIB!
e Enextpuuni intepdeiicu E1/T1: 3abe3neuyroTs rajibBaHIYHY PO3B'SA3KY
(TpancdopmaTopHy).
e OnTunuHi iHTepdeiicu: 3abe3neuyroTh cTadlII3allli0 MOTYKHOCTI

BUIIPOMIHIOBaHHS. MICTATh CXeMH MOJYJIALI Ta IpailBepH CTpyMy.
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1.4 Ilinesioxponna uugposa iepapxis PDH

VY uudpoBuX cUCTEMax CUTHAIU PO3PI3HIIOTHCS 32 1€EpApXIYHUM
MIPUHIIMIIOM, BPaXxOBYIOUYH IIBUIKICTH nepenadi ingopmariii. Ludposa iepapxis
— 1I€ BIOPSAJIKOBaHA CUCTEMa MYJIbTUIUIEKCYBaHHS, sIKa 1a€ 3MOTY MO€IHYBATH
JEKUTbKA KaHaJIiB HUKYOTO PIBHSI B OJIMH MOTIK OLTBIIT BUCOKOT mBHAKOCTI. 1le
JI03BOJISIE B TIOJIAIBIIIOMY O0'€ THATH TIEH MOTIK 3 iHITMMHU aHATOTTYHIUMHU JIJIs
CTBOPEHHS 111€ IIBUIINX KaHAIIIB 3B'SI3KY.

[1ne3ioxponHa nudposa iepapxis (PDH) siBnise co60to cTaH1apTU30BaHy
cepito MBUAKOCTEN nepenayi ganux, po3pooseny ITU-T mist iudppoBux Mepex.
[Tounnaroun 3 1970-x pokis, PDH cTana 3araipHOBU3HAHUM Mi1KHAPOJAHUM
CTaHJapTOM JJisl IU(POBOTO 3B'A3KY.

Ha croromuimmniii nens ITU-T Bu3naudae asa ocHoBHI Buau PDH, mo
PO3PI3HAIOTHCSA MBUAKOCTSIMHU MEepeiadl JaHUX, ajle MatoTh CIIJIbHUM MPUHITUI
oOy/10BH:

e Capomneiicbka cuctema PDH Oynyerbest Ha ocHOBI LudpoBoro notoky El 3
MPOMYCKHOO 37aTHICTIO 2,048 MOiT/C, iK1l € IEPBUHHUM
MYJIBTUIUIEKCHUM curHajaoMm [KM.

e [liBHiuHO AMepuKaHchbKa Ta SnoHChKa aHanoriuni cucremu PDH
BUKOPHUCTOBYIOTh curHasl DS1 31 mBuakicTio 1,544 MOit/c gk 6a3oBuit

IIEpBUHHUI MYJIbTUILIEKCHUM curHai [KM.

Ha puc. 5. posrisiHemo tpu Buau iepapxii. Lle amepukanceka AC,
anoHcbka SC 1 eBponelicbka €C. 3a OCHOBY YCIX 1€papxiil IPUUHSITO
CTBOpPEHHsI OCHOBHOTO ItudpoBoro kanany (OLK) 31 mBuakicTio nepenaui — 64

KO1T/C.



16

DS1 DS2 DSJ3 DSJ4
1.544 Moir/c X4l 312 Mait/c K3,R2.06 Mait/c k3,07 72 Méir/c |

4

AC !
x2
x4
DS1 DS2 DS3 DS4
b4 kGit/c Aza 1.544 Moir/c Kb 312 Mait/c K14 73 Mait/c k0,274,176 Moit/c |—p

€C X3
30 x3

€1 €2 €3 €4 €5
D 048 Mait/c K48 448 Mait/c K4B4 36 Moir/c K4p]139.264 Mir/c 564.9 Mit/c |—»

h J
Y

Ed
NN
h 4

h 4

Puc.5 - Cxema mynbTutuiekcyBanus y amepukancbkiit AC, simoucekiit SC 1
eBporeiicbkid €C nudpoBux iepapxiid.

V IliBHiuHIi AMepui Ta SAnoHii tu@poBi 1€papxii, 10 MAIOTh
CTaHAApTU30BaHUI BUTIIA, 0a3yl0ThCA Ha epBUHHOMY [KM-
MYJIbTUIIEKCYBaHHI 3 24 TerneOHHUMH KaHajJaMu Ta IMIBUAKICTIO Mepeaayi
nannx 1,544 Mo6it/c.

Bumii piBHI i€epapxii, aHAJIOT1YHO €BPOIEHCHKUM CUCTEMaM, (hOPMYIOThCS
HUISIXOM aCUHXPOHHOTO IIU(POBOrO MYIbTUIUIEKCYBAaHHS 3 O1TOBUM
YepryBaHHsIM, ajie NPy KOHCTPYIOBAaHHI 1€papXiii BAKOPUCTOBYIOTHCS 1HIII

IMPUHIOUWIIN.

1.4.1 TexHoJioris mie3ioXpoHHOI HU(POBOI iepapxii

ITne3ioxponna mudposa iepapxis (PDH - Plesiochronous Digital
Hierarchy) - 1ie Texnosoris mudpoBoi nepeaadi JaHuX, 10 0a3yeThecs Ha

OPUHIMII "Maiike CHHXPOHHOT" (TJI€310XPOHHOT) pOOOTH MEPEKEBUX BY3IIIB.
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OynaameHTanpH1 Xapakrepuctuku PDH:
o [Tne3ioxponHicTh: Pi3HI MepexeBi By3/M MPALIOIOTh 3 BIACHUMU
reHepaTopaMu, 1110 MarOTh OJIM3bKI, ajie He 1IEHTUYHI YacTOTH (BIIXUJIECHHS J10
+50 ppm)
o Iepapxiuna cTpykTypa: bararopiBHeBa opraHizariis 3 MOCIiT0BHAM
MYJIBTUIUIEKCYBaHHSAM MTOTOKIB 1TaHUX
o ACUHXpOHHE MYJITUILIEKCYBaHHs: BukopucranHs 01TiB OOTpyHTYBaHHs
JUTS KOMITEHCAI[1 pi3HUII MIBUIKOCTEH
o CranapTu30BaHi IBUIKOCTI Nepeaadl: YiTko BU3ZHAYEHI PiBHI 1€papxii 3
(h1KCOBaHMMU IIBUIAKOCTSIMHU

Ha Teputopii YkpaiHu BUKOPUCTOBYEThCS €BpONeiichKa MIe310XpOHHA

uudposa iepapxis. OcHoBHI XapakTepuctuku €Bponeiickkoi PDH HaBeneni y

Tabnumi 1.
CryniHe dopmoranuii | [IIeuakicte | Kinbkicts | Anaparypa | JlinsHka
iepapxii udpoBUii nepenadi KTY L CIT MepexKi

MOTOK KO1T/C

Cyonepsunna | CLIIT 1024 15 IKM-15 CT™M
CLICII 30HA-15
IlepeuHHa ITI1I1 2048 30 IKM-30 CTM
ITLICII MTM
Bropunna BLIIT 8448 120 IKM-120 MTM
BLICII
Tperunna TLLIT 34368 480 IKM-480 B3M
TLICII
YereptuaHa | YUILIIT 139264 1920 IKM-1920 | MM
YLICIT

Tabnuusg 1. €Bpomneiichka mae3ioxpoHHa udpona iepapxisi.

JinstHKA Mepexi TO3HAYEeH:

CTM - cinbebka TenedonHa mepexka; MTM — micbka TenedoHHa Mepexa;

B3M — BayTpinHb030HOBA Mepeka; MM — maricTpanbHa Mepexa.
Bnposamxenns texnosorii PDH Ha TenekoMyHIKaIiiHUX Mepekax

JI03BOJIMJIO 3HAYHO 30UIBIINTH KUIBKICTh HAAIMHUX KaHATIB 3B'SI3Ky Ta HaJaTH
KOPHUCTYBa4aM IMHUPOKUI CIIEKTP TOCITYT, CHOPMYBABIITH MEPEKY, 3AATHY

KOMILJIEKCHO TIepeIaBaT iH(OpPMAIIiO PI3HOTO THUITY.
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KomnonenTtu cucrem PDH.

MynbTHILIEKCOPH/ AEMYIBTUTIIIEKCOPU:
e  Peanmizytorh ¢pyHKIIi1 00'€THaHHS/PO3/1TIeHHS IU(PPOBUX MOTOKIB
e  3abe3neuyroTh BCTaBKY/BUIATICHHS O1TiB OOTPYHTYBaHHS

o  DopMyIOTh KaJAPOBY CTPYKTYPY BIAIOBIIHOTO PiBHS i€papxii

JliniitHi iHTEpdeiicu:
e 3a0e3neuyroTh eJIEKTPUUHE 3'€JHAHHSA 3 JIIHIEIO Mepeaayl
e  Peamizyrors BianoBiaHi JiHiiHI kogu (HDB3, AMI, B8ZS)

e  3ale3neuyloTh rajibBaHIYHY PO3B'SI3KY Ta 3aXUCT BiJl IEpEHANPYT

CucreMu CUHXpOHI3aITii:
e [‘eHepaTopu TaKTOBOI YACTOTH 3 BUCOKOIO CTAOUIHHICTIO
e (Cxemu BIJIHOBJICHHS TAKTOBOI YaCTOTH 3 BX1JHOTO CUTHATY

e (xeMu BUSIBJICHHS BTPaTH CUHXPOHI3aLli

Cucremu ynpaBiiHHS Ta MOHITOPUHTY:
o  Kontpons sikocti nepenayi (BER, aBapiiini crann)
e JliarHOCTHKA HECIpaBHOCTEN

e [Hrepdeiicu 1y 1HTErpalli 3 cUCTEMaMH YIIPaBIIIHHSA MEPEKEIO

1.4.2 CTpykTypa Kaapy BTOPMHHOI CHCTEMH MYJIbTHILIEKCYBAHHS

Bropunna cuctema mynbsTuIiekcyBanHs (piBeHb E2) B eBponeiichkiit
iepapxii PDH 3abe3neuye 00'eqHaHHs 4OTUPHOX MepBUHHUX NOTOKIB E1 (2,048

MG6irt/c) B oaun notik E2 31 mBuakictio 8,448 MGit/c.
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OcHoBHi napametpu kaapy E2

o HIBuakicts nepenayi: 8,448 M6it/c

° TpuBamicts kaapy: 125 mkc (Bimmosigae gactoTi 8 Kl '1r)

o Posmip kanpy: 1056 61t (8,448 MOit/c X 125 MKC)

o Kopuche naBantaxxenssi: 4 notoku E1 (3aranzom 8,192 Moit/c)

o Cnyxo6oBa iHpopMmaris: 256 k6it/c (pizuuis Mix 8,448 Moit/c Ta 8,192
MG6irt/c)

Kanp E2 ckiamaernes 3:

o Cnyx00Bux 01TiB: 3a0€3Me4yt0Th CHHXPOHI3aIl110, CUTHATI3a1liI0 Ta
KepyBaHHS
o biTiB 06rpyHTyBaHHs: KOMIIEHCYIOTh PI3HMITIO MIBUIKOCTEH MIXK

BX1THUMH noTokaMu El
o [HpopmamiitHuX 61TiB: MICTITh KOPUCHI JIaHI 3 YOTUPHOX MOTOKIB E1
1. City:x60Bi 0iTH - miepiii 12 6iTiB KOKHOTO psijiKa
2. biTu oOrpyHTYBaHHs - pO3TalloBaHi y (JIKCOBAaHUX MO3UIISAX KAAPY, MOXKYTh
OyTH MO3UTHBHUMHM (BCTaBKa JJOJIATKOBOTO 0iTa) a00 HEraTUBHUMU (BUATICHHS
oOita).
3. Indopmariitai 6itu - Po3nozineni Mixk 4oTUpMa pAaKaMH Kaapy,
OpraHi3oBaHi 3a MPUHIIMIIOM MTOOITOBOTO YEPTYBAaHHS JAHUX 3 HOTUPHOX
notokiB El

Crpykrypa kaapy E2 3a6e3neuye eheKTUBHE MYJIbTUILIICKCYBaHHS
qoTupbhoX MoTokiB E1, 30epiratoun mpu mboMy IUI€310XpOHHUHN XapaKTep
pobotu cuctemu PDH Ta koMIieHCyI0UM MOKJIMBI BIAXUJIEHHS TAKTOBUX YaCTOT

BX1THUX ITOTOKIB.
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1.4.3 OcHOBHI He10JIiKM IJIE3iI0XPOHHUX CHCTEM MYJIbTHILIEKCYBAHHS

[1ne310XpOHHI CUCTEMH MYJIbTUIIIICKCYBaHHS, HE3BaXKal0un Ha X
ICTOPUYHY 3HAYYIIICTh Y PO3BUTKY TEIIEKOMYHIKAIlI{, MAIOTh PSAJ CYTTEBUX
00MEKEeHbB, IK1 0COOJMBO MTOMITHI B KOHTEKCTI CY4aCHUX BUMOT JI0 MEPEXK
nepeaadi qanux. Po3riasHeMo AeTanbHO 111 HETOIKH .

1. dynnameHTanbpH1 TPoOJIeMH CUHXPOHI3aIIIi.

BizncyTHICTh €AMHOTO JKepesia CHHXPOHI3AIll CTBOPIOE MOCTINHHY
pobJieMy po301’)KHOCTI TAKTOBUX YacCTOT Mk By3liaMu Mepexi. Ha moro
JYMKY, 11€ HaO1LITBIIT KPUTUYHUM HEJIONIK, OCKUTHKU BIH MOPOJIKYE KacKa/l
1HImMX npobneM. KomneHcaniiHi MexaHi3MH (BCTaBKa/BUJAJI€HHs OITIB) HE
JIMILIE YCKJIAHIOIOTh apXITEKTYpY, ajle il CTBOPIOIOTh NOTEHLIHHI TOUKU
BIIMOBH CHCTEMHU.

2. HepauioHanbHe BUKOPUCTAHHS CMYTH MPOITYCKAHHS.

AHani3ylouu CTPYKTYpy Tpadiky B MI€310XPOHHUX CUCTEMAaX, MOXKHA
MIOMITUTH, 1110 3HAYHA YaCTHUHA MPOIYCKHOT 31aTHOCTI (110 10-15% 3a nesitkumu
OIlIHKaMH ) BUTPAYAEThCS Ha CIIy»KO00BY 1H(DopMaliiro. Braxaro, 1110 B ymoBax
MOCTIMHO 3pOCTAl0YUX BUMOT JI0 IIBUJIKOCTI Mepeaadl JaHUX TaKa
Hee(DEKTUBHICTh € HEMPUITYCTUMOIO PO3KIIIIIIO.
3.EdexT Hakonmu4yeHHs TOMIJIOK CUHXPOHI3AITi.

[Ipu 6araTopiBHEBOMY MYJIbTUIIIIEKCYBAaHHI CIIOCTEPIraeThCs
KYMYJISITUBHUN €(PEeKT MOMUIIOK CUHXpOH13a1li. Moi JOCTiIKeHHS TOKa3yIOTh,
IO 11€ TPU3BOJUTH J0 €KCIIOHEHIIIMHOTO 3pOCTaHHs HMOBIPHOCT1 O1TOBHUX
NOMMJIOK 31 30UIBIIIEHHSM KUIBKOCT1 PI1BHIB MYJIbTUIIJIEKCYBAHHS, 1[0 KPUTUYHO
JUIS Cy4aCHUX BHCOKOIIBUAKICHUX MEPEK.

4. [Ipo6nemu MacuITaOyBaHHs Ta EKOHOMIYHA HE€(EKTUBHICTb.

Po3mmpenHs 11e310XpoHHUX MepeXk BUMAarae HeIpoIopIiifHO BUCOKIX

KamiTaJbHUX BUTpAT. AHANI3 MOKa3ye, 1110 BapTiCTh MacIITaA0yBaHHs TaKHX

CUCTEM Y 2-3 pa3u MEePeBUIILY€E aHAIOTTYHI MOKa3HUKU VISl CYyYacCHUX
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CUHXPOHHHUX 200 aCHHXPOHHHX PIllIEHb, [0 POOUTH IX EKOHOMIUHO

HCBI/II‘iI[HI/IMI/I IJI1 HOBHUX BIIPOBA’KCHb.

5. HeonTuMamibHICTh ISl CY9aCHUX THIIIB Tpadiky.

[11e310XpOHHI CUCTEMU PO3POOIISLIIHUCA B €MOXY JOMIHYBaHHS TOJIO0COBOTO
Tpadiky 3 TOCTIHHOIO MIBUAKICTIO niepeaayi. CrocTepeskeHHs MiATBePKYIOTb,
1110 BOHU ()yHAaAMEHTAJIbHO HE MPHUCTOCOBaHI /10 eEeKTUBHOI Iepeaadi
NaKeTHOTo TpadiKy 3 BAOYXOBUM XapaKTEpOM, SIKUW MEPEBAXKAE B CYYACHUX
MepeKax.

6. Bucoki omneparriiiii BUTpaTH.

[TinTprMKa MIE310XpOHHUX CHCTEM MOTPeOye Creliaai30BaHuX 3HaHb Ta
oOnagHaHHS. 3a po3paxyHKaMH, ONepalliiiHi BUTpaTH Ha 0OCIyrOBYBaHHS
Takux cucteM Ha 30-40% BUIII MOPIBHSIHO 3 CYYaCHUMU aJIbTEPHATUBAMH, 1110
pPOOUTH iX EKOHOMIYHO HEBUT1THUMHU B IOBFOCTPOKOBIN NMEPCIIEKTHUBI.

7. [Ipobnemu inTerparii 3 [P-indpactpykryporo.

[HTerpanisa nae310XpoHHUX CUCTEM 3 JOMIHYIOUUMH CbOrojiHI [P-
MepekaMy BUMarae CKJIaJHHX IIITI031B Ta MPOTOKOJIBHUX MepeTBopeHb. Ha Moo
TYMKY, 11€ CTBOPIOE JOJIaTKOB1 3aTPUMKH, 3HUXKYE MPO30PICTh MEPEXKI Ta
YCKJIAJHIOE 1i aMIHICTpYBaHHS.

[TincymoByrOUM, MOKHA CTBEPIXKYBATH, 1110 TUIE310XPOHHI CUCTEMHU
MYJIbTUIUIEKCYBAHHS, MOTIPH 1X ICTOPUYHY POJIb Yy PO3BUTKY TEJIECKOMYHIKAIIiH,
MaroTh (PyHJIaMEeHTaIbH1 0OMEXEHHS, SIK1 pOOJIATH 1X
HEKOHKYPEHTOCTIPOMOKHUMH B CY4aCHOMY TEJIEKOMYHIKalIHHOMY JIaHAagTi.
[lepexin 10 CHHXpOHHUX Ta ACHHXPOHHUX TEXHOJOT1H MyJIbTUIIIEKCYBaHHS €
HE MIPOCTO TEXHOJIOTTYHOIO €BOJIIOIIEI0, @ HEOOX1THOO YMOBOIO JJIsI
3aJI0BOJICHHS 3pOCTAl0YMX MOTPEO y MIBUIKOCTI, HAIIHHOCTI Ta THYYKOCTI

Mepex nepeaadl JaHuX.
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2.I1poexTyBanHs Mepe:xi 38’ sa3ky PDH

[TpoextyBanus mepexi PDH Bumarae KOMIUIeKCHOTO MiXOAY, 110
BKJIFOYAE aHAJII3 BUMOT, BUOIP TOIOJIOTI1, pO3paxyHOK MPOMYCKHOI 34aTHOCTI Ta
IJIaHyBaHHsS CUHXpoHi3aii. He3paxarouu Ha te, mo PDH noctymnoBo
3aMIHIOETHCS O1TBII CyYaCHUMU TEXHOJIOT1IMU, PO3YMIHHS IPUHLHUIIIB i

POOOTH 3aTUIIAETHCS BAXKJIMBUM JIJIS1 1HKCHEPIB.

[Ipu nutanyBaHHI MepeKi MOTPIOHO BUKOHATH TaKl Jii:
e JleranbHuil aHai3 Tpadiky
e BpaxyBaHHS NEPCIEKTUB PO3BUTKY
e PesepByBaHHS KPUTUYHUX JUISTHOK
e CranjmapTtu3zaliis o0aJHaHHS
OcHoBauM ob6nagHanasM PDH Mepexi e:
1. MynbTuniaekcopu- BOHU NOAUIAIOTHCS Ha:
o [lepBunni mynsTuriekcopu (E1/T1)
e Bropunni mynsrumiekcopu (E2/T2)
e Tperunni mynsturiexkcopu (E3/T3)
e UYereprunHi myasTuiiekcopu (E4/T4)
2. PerenepaTtopu — BUKOHYIOTh Taki (PyHKIIIi:
e BiJHOBJIEHHS CUTHATY Ha BEJIMKUX BIJICTaHSIX
o KomneHcarlist 3aTyxaHHs Ta CIOTBOPEHb
e Tumnosa BiJICTaHb MIXK perenepaTtopamu: 2-15 km
3. KpocoBi naneni- He0OX11H1 JIS:
o Komyrarrii Ta mepepo3mnoia KaHaIiB
e MOHITOPUHTY Ta TECTyBaHHS

e Pe3epByBaHHA 3'€JHAHb
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Takox Ba)XIMBO BpaxoByBaTH cepeaoBuiie nepeaayl mepexi PDH. 1le
MOXYTh OYTH SIK MiJIH1 200 ONTOBOJIOKOHH1 Kabelli, a TaKoX 1 pajiiopeneitai
TiHii.

Minni kabeni :

e Koakcianpai ka0em: g E3/T3 ta Bumie

e Cumetrpuuni napu: st E1/T1r

e Biacranp nepenadi: oOMexeHa (110 2-3 kM 06e3 pereHepartii)
OnTOBOJOKOHHI Kabeli :

e (OaHOMOI0BE BOJIOKHO: JJIS BEJIUKUX B1ICTaHEN

e baratomMo0Be BOJIOKHO: JJIsI KOPOTKUX BIJICTaHEH

o [lepeBaru: BUCOKa MPOMYCKHA 37aTHICTh, IMYHITET JI0 €JIEKTPOMArHiTHUX

MIEPEIIKO/

Paniopeneiini dinHii

e YacrotHi aianazonu: 2-40 I'T

e Biacrans Mmix cranmigsmu: 30-800 km

e 3acToCyBaHHS: B'SI30K BiJJIaJIEHUX 00'€KTIB
Jlnst ynipaBiiHHs Ta MOHITOpUHTY Mepexeto PDH noTtpibHo 3natu mo, cucrema
YIOPABIIHHS MEPEXKEIO BIIOYBAETHCS LIEHTPAII30BAHO 3 LICHTPY YIPaBIiHHSA
Mmepexero (NMC), ynpaiiiHHS TOBUHHO OYTH PO3MOJLIEHE HA PIBHI OKPEMUX

BY3J1i1B, OCHOBHI IipoTokoyu ynpasiias mepexi PDH (SNMP, CMIP).

2.1 BuOip TonoJiorii npoeKToBaHoI Mepexi 3B’ I3KY

[Tpu po3po6bini mepexi 3B's13xy PDH (miesioxponnoi nudpoBoi iepapxii)
KJIFOUOBUM MOMEHTOM € BHOIp ONTHUMAaIbHOI KOHPITryparllii, OCKiJIbKYA caMe BiH
3a/1a€ mapamMeTpy HaIIMHOCTI, MOKIIMBOCT] PO3IIUPEHHS Ta EKOHOMIYHOT

BUTOAM MaOyTHROT cUCTeMH. J[J1s1 CTBOPEHHSI HAIIO1 MepeXki MOTPIOHO
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JOCTIANTY MOTEHLIHHI BapiaHTH KOH(DIrypaliii Ta BA3HAUUTH HalKpalu,
BpaxoByOUYH 0co0MBOCTI TexHOJoT1i PDH.
OcHOBHI TUTIH KOH(ITYpalliif, iK1 OepyThCs A0 yBaru npu MpoOeKTyBaHH1

Mepexi PDH, Bximro49aroTh:

e PanianpHa KOH}ITYpalis, BioMa SK «31pKay.

o [luxniuna koHIryparlis, a00 «KITBIE.

e lepapxiuHa koHbIryparlis, 110 Ma€ HaA3BY «IESPEBO».

e Kondirypariist 3 TOBHUM 3'€THAHHSM MK By3JIaMHU.

1. Tomosorisa Mepexi TUIY «31pKa» 300pakeHa Ha puc. 6

Pucynok 6. 3ipkorioaioHa TOmoJIoris

VY Mepexax 13 31pKomno110HOI0 apXITEKTYpOIO KOXKHA poOoya CTaHIlis
3'€THYETHCS 32 JOTIOMOTOI0 KAOEII0 3 IIEHTPAIIbHUM MPUCTPOEM, KU
Ha3UBaIOTh KOHIIEHTPATOPOM a00 xaboM. Xab opraHizoBye OJJHOUACHE
I IKJTFOYEHHS KOMIT'FOTEPiB, J03BOJISIOYH BCIM MPUCTPOSM, 3'€THAHUM B
MEPEXKY, B3AEMOIISATH MIXK COOOIO.

Indopmariis, 110 BiANPABISAETHCS 3 OJIHIET CTAHIIT, PO3MOBCIOKYETHCS
xaboM 110 BCIX JIIHISIX 3B'SI3KY /10 KOKHOTO Komm'toTepa. Bci poboui cranirii
OTPUMYIOTH L0 1H(GOpMAILitO, ajie 0OpOOIISIOTH 11 JIMIIE T, IKUM BOHA

aJpecoBaHa.
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[lepeBaru Tomosnorii "3ipka":
e [IpocTe mogaBaHHS HOBUX KOMIT'FOTEPIB 10 MEPEKI.
¢ MOXJIHUBICTh 31HCHIOBATH IIEHTPAII30BaHE aIMIHICTPYBAHHS MEPEKEIO.
e Brucoka CTIHKICTh MEpeXi JI0 TTOJIOMOK OKpPEMHUX KOMITHOTEpiB a00
OOpHBIB 3B'SI3KY 3 HUMH.
Henomniku mepex 3 Tomoioriero "3ipka':
e Buxin 3 nmagy neHTpanpbHOTO Xaba mapaiizye BCIO MEPEKY.
e JlorpeOye 3HaYHOI KUTBKOCTI KaOeio.
e KinbKiCTh MAKIIOYEHUX POOOUYUX CTAHIIIH 0OMEKEeHA YHUCIIOM JOCTYITHUX
MOPTIB HA IEHTPATBLHOMY KOHIIEHTPATOPI.

2.TomoJorist Mepexi KUIbIIEBOTO THUITY 300pa’keHa Ha puc. 7.

Pucynok 7. Kinbuesa Tomnomoris
VY kisbLIeB1M Mepeski BCl NpUCTPOi 00'eIHAHI KaHATaMU 3B'SI3KY B

3aMKHYTE KOJIO, 110 SIKOMY [IUPKYJIOIOTh aHi. Buxin KOKHOTo KOMI'toTepa
Mi'€IHAHO IO BXOJ1y HACTYITHOT'O, CTBOPIOIOUN Oe3NepepBHUM JIAHIIIOT.
[ndopmaitis, 3anyiieHa B CHCTEMY, TOBEPTAETHCS JI0 BIANPABHUKA,
MPONIIOBIIY Yepe3 yci By3iH. Pyx maHuX y KUIbIll 3aBXAU OJHOCIPSIMOBaHUM.
KosxeH koMIT'IoTep y Mepexi MpuitMae JIMIie Ti TOBIJOMIICHHS, K1
aapecoBaHi came omy. Di3uvHa KiIbIEBa TOMOJOT1S 3a3BHUYail BUKOPUCTOBYE

MapKepHUH JOCTYI, 1€ KOJKHA CTaHIlI OTPUMYE TIPABO HA Mepeaady JaHuX y
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MeBHOMY NOpAAKY. JIoriyHa cTpyKTypa Takoi MEpeKi TaKOX € KiJbIeM, 110
BHU3HAYaE CIOCi0 mepeaayvi JaHuX.

KinpreBy Mepexy BiJipi3Hs€ MPOCTOTA pO3rOPTaHHs Ta KOHQIryparii.
[i erko 3MOHTYBAaTH Ta HAJNALITYBATH, IO POOMTS il NPUBAGIMBUM BapiaHTOM
U1 IEBHUX 3aCTOCYBaHb.

OCHOBHOTO TIEPEBATOI0 KIIBIIEBOT TOIOJIOTII € Ti CTIHKICTh 10 BiAMOB. Y
pa3i NOLIKOPKEHHS OJTHOTO 3 KaHaNIB 3B'A3KYy, CUCTEMA MOXKE MEpEHAIIPABUTH
Tpadik yepe3 pe3epBHUN NULIX, 3a0e3Meuyroun 0e3nepepBHICTh POOOTH MEPEKI.
Lle poOuTh ii HATIMHUM PILLIEHHSIM JJI1 KPUTUYHO BaKJIMBUX 3aBAaHb.

3. Tomosorig Mepexi TUITY «JIepeBOo» MoKa3aHa Ha puc. 8.

Pucynok 8. JlepeBomnoaiOHa TOMOOTis
Mepexa 3 IepeBHOIO TOTOJIOTIEI0 OpPTaHi30BaHa 3a MPUHIIUIIOM

O1HapHOTO JEepeBa, /1€ KOXKEH eJIeMEHT MEPEKi Ha BEpXHbOMY PiBHI 3'€IHAHUI 3
JIBOMa €JIEMEHTaMH HUKYOTO PiBHS.

B Mmepexkax 3 i€papX14HO0 apXITEKTYypOlO, L0 HAraaye JepeBo, 4acTo
BUKOPUCTOBYETHCS KOHIIEMIIis1 30a1TaHCOBAHOTO JABIHKOBOTO JiepeBa. Y i
MOJIEJIl KOXKEH €JIEMEHT Ha BEpXHbOMY PiBHI MMOB'sI3aHUI 3 IBOMA €JIeMEHTaMu
0e3mocepeIHbO HIKYOTO PiBHSA. EleMeHT, 1110 3HaX0AUThCS BUIIE, HA3UBAETHCSA

0aTbKIBCHKUM, a IBa 3'€¢AHAaHI 3 HUM HIDKYE €JIEMEHTH BU3HAYAIOTHCS SIK
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nouipui. Koxen nouipHiil e1eMeHT, y CBOIO Yepry, cTa€ 0aThbKIBCHKUM JJISl IBOX
€JIEMEHTIB HACTYITHOTO, O1JIbIII HU3BKOTO PIBHSI.

Taxkum 9MHOM, KOKEH €JIEMEHT Ma€ 3B'SI3KM TUIBKY 3 JBOMA JOYipHIMHU
Ta OJTHUM OaTbKIBCHKUM. B MepeskeBii Tomosorii, o0y 1oBaHii 3a MPUHITUIIOM
JiepeBa, ICHy€ IEHTPAIbHUM MPUCTPIN, SKUH € BEPIINHOIO, 800 KOpEeHEM, BCI€T
nepeBonoaioHoT cTpyKTypH. Leit KopeHeBuil eJIeMEHT KOOPIAUHYE 3B'I30K MiXk
yciMa IHIIIMMU €JIEMEHTaMH B MEPExKI.

4. Tomosoris TOBHO3B'I3HOT Mepeki 300pakeHa Ha puc. 9.

Pucynox 9. [1oBHO3B’s13Ha TONOJIOT 14

Kondirypaiiisi, e KokeH 00UUCITIOBAILHUM NPUCTPIN 3'€ THAHUIMA
Oe3rmocepeIHbO 3 yeiMa 1HIMUMHU. THM HEe MEHIII, TaKa CXeMa € CKJIQIHOIO Ta
HepalioHAJIbHOI0, OCKUIBKH KO)KHOMY KOMIT'IOTEpY B MEPEXI MOTPIOHA 3HAUHA
KUIBKICTb TIOPTIB 3B'SI3KY, 1100 BCTAHOBUTH 3'€THAHHSA 3 KOXKHUM 1HIIIAM
KOMIT'FOTEPOM.

3a3Buyai, 1151 TOMOJIOT1sl 3HAXOIUTh 3aCTOCYBaHHSI B

0araTompoIeCOPHUX CUCTEMaxX ad0 BEIUKHX MEPEkKax 3 0OMEKECHOIO KIIBKICTIO
POOOUYUX MICIIb.

[Tpu Bu3HAUEHHI HAWOIIBIIT M IXOSIIO1T TOMOIOTIT He0OX1THO OpaTH 10

yBaru HaCTYIIHI aCHEKTH:
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1. [TpocTopoBe po3MilIEHHS] MEPEKEBUX BY3IiB.

2. OO6csru aHux Ta 0co0IMBOCTI 0OMIHY 1H(OpPMAIIIEI0 MIXK BY3JIaMHU.
3. Bumoru 70 cTIHKOCTI (PyHKITIOHYBaHHS Ta 3a0€3MeueHHs pe3epBHUX
MOYKJIMBOCTEH.

4, diHaHCOB1 paMKH MPOEKTY.

d. MO>KITMBOCTI TTOTATIBIITIOTO PO3BUTKY MEPEXKI.

2.1.1 CuHTe3 KUIbLEBOI TOIOJIOTI POEKTOBAHOI MepekKi

KisblieBa TOMoNoris € OJHI€0 3 HalOUIbII nomupenux s mepexx PDH
3aBASKH ii 3aTHOCTI 3a0€31e4yBaTH HAAIMHICTh YE€PE3 MOXKIIUBICTh
pe3epByBaHHsI LIUISIX1B Nepenadl faHux. Jljig cuHTe3y KUIbLIEBOI TOMOJIOTIT
HaIllOi MepeX1 BUKOHAEMO HACTYITHI KPOKHU:

Jlig Hamoi Mepeki BUBHAYUMO 5 BY3J1IB, PO3TALIOBAHUX Y PI3HUX
mictax (Pucynok 10):
1. By3oun A (Kuis)
Byson B (XapkiB)

2

3. Bysoun C ([Inimnpo)

4. By3zon D (Oneca)

5. By3zon E (JIsBiB)

JInst popMyBaHHS KiIbIIEBOT TOMOJIOTT HEOOX1HO 3'€IHATH BY3JIU
TaKUM YMHOM, 11100 KO’KEH BY30J1 MaB PIBHO JIBa 3'€JHAHHS 3 IHITUMHU BY3JIAMU,
dbopmyrouu 3aMKHYTE Kijblle. OnTUManbHa MOCIIA0BHICTD 3'€JHAHb
BHU3HAYAETHCSI HA OCHOBI:
e MiniMizalii 3arajabHO1 JOBXKUHU JIIHIN 3B'SI3KY

e PiBHOMIpPHOIO pO3MOJILTY HABAaHTAKEHHS

e BpaxyBaHHs icCHYI04O1 IHPPACTPYKTYpHU
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J1ist Hatmoi Mepeski ONTUMAIBLHOIO € MOoCiAoBHICTE: A - B - C —> D —

E —-A

KuiB (A) «— Xapkis (B)

JIsBiB (E) Huinpo (C)

Oneca (D)

Pucynok 10. Tomosoriyna cxema Mepexi Ha 5 BY3JIiB

Biacrani Mix By3/namu:
| Jlimist | Micta |  Biacrass (kM) |
e S —— |
| A-B | KuiB - Xapkis | 480 |
| B-C | XapkiB - duinpo | 220 |
| C-D | Auinpo — Oneca | 280 |
| D-E | Oneca - JIsBiB | 520 |
| E-A | JIbBiB - KuiB | 540 |
OCHOBHOIO TIEpPEBaror0 KiIbIEBOI TOMOJIOTT € MOXKJIUBICTh 3a0€3MeUEHHS
pe3epBYBaHHS Yyepe3 alIbTEPHATUBHUMN NUIAX. Y BUMAAKY OOpUBY OyAb-sIKOTO
CerMeHTa Kb, Tpadik Moxke OyTH epeHanpaBIeHU Yepe3 1HIINI HanpsIMOK
Kutbis. [{1st iboro HEOOX1IHO: 3a0€3MeYUTH TOCTATHIO TIPOITYCKHY 3/IaTHICTh

JUTSI Iepeiadl KpUTHIHOTO TpadiKy B 000X HANPSIMKAxX , BIPOBAJAUTH MEXaHI3MHU
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ABTOMATUYHOTO NIEPEMUKAHHS HA PE3EPBHUN IUISIX , PO3PaXyBaTH 4ac

IMICPCMHUKAHHA Ta HOro BIUIMB Ha SIKICTh IMOCIIYT.

2.1.2 Bubip TomoJ10rii NpoeKTOBaHOI Mepe:xKi

Ha ocHOBI poBeIeHOTO aHai3y Pi3HUX BaplaHTIB TOIMOJIOTIH Ta CHHTE3Y
KUIBIIEBOT TOTOJIOT1T, MOKEMO 3pOOUTH OOTPYHTOBAHUM BUOIp JJI HAIIO]
mepexi PDH.

O6pana TonoJorisi: MoaudikoBaHa KiJiblieBa TOMOJIOTIS 3 T0AATKOBUMU
JlarOHaJIbHUMH 3'€THAHHSIMU
OOrpyHTyBaHHs BUOODY:

1. Hamiiinicts: KinbiieBa ocHOBa 3a0e3neuye 0a30BHil pIBEHb pe3epBYBAHHS JJIs
BCIX BY3JIIB MEpEXKI.

2. OntuMizaris 3aTpuMok: JlogaTkoBi giaroHaibHi 3'eqHanns (A-C ta A-D)
JI03BOJISIFOTH 3MEHIIUTU 3aTPUMKH MK KPUTUYHUMHU BY3JIaMH.

3. ExonomiuHa eekTuBHICTh: [IOpiBHSHO 3 MOBHO3B'A3HOIO TOIMOJIOTIELO,
oOpaHa cTpykTypa 3abe3rneuye onTUMaIbHUN OajgaHC MK HaJIIMHICTIO Ta
BapTICTIO peai3alii.

4. MacmtaboBanicTh: OOpaHa TONOJIOTIS A03BOJISIE JETKO IHTErPyBaTH HOBI
BY3J7U B MalOyTHHOMY.

OOpana TomnoJorist 3a0e3rneuye ONTUMaIbHIN O0aaHC MK TEXHIYHUMHU
BUMOT'aMU, HA/IIMHICTIO Ta €KOHOMIYHOIO €(DEKTUBHICTIO JJI HAallloi YMOBHO1
Mmepexi PDH, o poOuTs ii HaltG11b111 BIAMOBIIHOO JIJIS peastizallii B paMKax

JTUTUIOMHOTO MPOEKTY.



31

2.2 Bubip o0siagHaHHA

Jlns Hamoi Mepexi Oynemo BukopuctoByBath: Harris RF-7800T-HH

TexHiuH1 XapaKTEePUCTUKU:

| [TapameTp | 3HaueHHS |

| Monenn | Harris RF-7800T-HH Troposcatter |
| liarma3on yacTtoT | 400-512 MI11 |

| BuxiziHa MOTYKHICTb | 1-50 kBT (perynboBana) |

| Tun moxymsiii | QPSK, 8PSK, 16QAM |

| [LIBukicTh mepenayi | mo 34 Moit/c |

| CTab1mbHICT YaCTOTH | £1x1078 |

| Cno>xuBaHa MOTY>KHICTh | 85 kBT (mpu 50 kBT BuxigHOi) |

| labaputn | 1900%800%600 MM |

| Maca | 450 kr |

| Ox0M0KEHHS | [IpumycoBe TOBITpsIHE + PIAUHHE |

»AUX PWR
3

-6 f( ‘ .

PncyHox 11-. Hams RF7800THH Troposcatter
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Kondiryparis ans pisHuX JiHii:
Koportmi ninii (B-C: 220xm):
e [loryxnicts: 20 kBT

e Monymsis: 16QAM
e [IIBunkicte: 34 MOiT/C

Cepenni minii (C-D: 280xkm, A-B: 480xm):
e [IloryxHicte: 35 kBT

e Monymsis: 8PSK
e [IIBunkicte: 24 MOiT/C

Hogri ninii (D-E: 520kMm, E-A: 540kxm):
e [lotyxHicts: 50 kBT

e Mopymsauia: QPSK
e [lIBuakicte: 16 MOiT/C

Hane oOnagHanHs 3a0e3neuye HaJlIiHY KUTbleBy Tomojoriio PDH
MepexXi 3 HEHTPaAII30BaHUM YIIPABIIIHHIM, aBTOMATUYHUM PE3EPBYBAHHAM Ta

MOYKJIMBICTIO MOHITOPHHTY BCiX BY3JiB 3 lIeHTpaibHOro (Kwuis).

OcCHOBHUMU TepeBaramMmu JaHoi TOIMOJIOTII €:
1. Bucoka HaaiiHICTh - MPU BIIMOBI OHOTO CETMEHTY Tpadik
NepEeHanpPaBIII€TbCS
2. IIpocToTa ynpaBiiHHS - HEHTPaATI30BaHE YIPABIIHHS 3 By3ia A
3. MacmtaboBaHICTh - MOXJIMBICTh J0/IaBaHHSI HOBHX BY3JI1B
4. EpexTHBHE BUKOPUCTAHHS PECYPCIB - ONTUMAIBLHUN PO3MOILIT
HaBaHTAKCHHS
s xinbIieBa TOMOIOTIS 3a0€3Meuye ONTUMAIbHIN 0ajJaHC MK HaIIMHICTIO,

BapTICTIO Ta NpoaykTUBHICTIO 4111 PDH mepexi.
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2.3 Budip cepenoBuia po3noBCIOIKEHHS CUTHAJY

Jlst Hatmoi Mepeski Oy1eMO BUKOPUCTOBYBATH TporiochepHe
PO3MOBCIOKEHHSA. TpormocdepHe po3MOBCIOKEHHS PaiOXBIIIb 0a3y€eThCS Ha
SIBUIIII PO3CIFOBAHHS €IEKTPOMArHITHUX XBWJIb Ha HEOTHOPITHOCTSAX MOKa3HUKA

3aoMJIeHHS B Tporocdepi.
Tpomocdepa - HrkHil map atmocdepu (0-12 kM), e Bi1OyBa€eThCS:

Po3scitoBaHHs palioXBUIIb HA HEOTHOPITHOCTX
3aJIOMJICHHS Yepe3 3MIHY T'YCTHHHU MOBITPS

BinOutta Bin atMochepHux mapis

MEXAHI3MH TPOITIOCOPEPHOI'O PO3CIFTOBAHHA

1. PEJIEIBCBKE PO3CIKOBAHHS

e Ha npibunx HeogHOPIAHOCTAX (A >> pO3Mip YACTUHKH)
e [HTeHcuBHICTH X f*

e [lepeBaxae Ha yactotax > 1 I'T
2. PO3CIIOBAHHSA HA TYPBVJIEHTHUX BUXOPAX

e Poswmipu Buxopis: 10-1000 m
e OnruMmainbHi yactotu: 400-3000 MI'g

e (OCHOBHMII MEXaHI3M JIJIs HAIIOT MEPEexkKi

3. PO3CIFTOBAHHS HA TEMITEPATYPHUX I'PAIAICHTAX
e [uBepciiiHi mapu
o @OpoHTH aTMOCHEPHUX YTBOPEHD

e (Ce3onni Ta 1000BI Bapiallii



4. PO3CIFTOBAHHA HA TTAPOMETEOPAX

e Kparuri fgomury Ta cCHITY

e Kpucramu nsony

34

e JlomaTkoBuil MeXaHI3M IIPHU omaaax

CrpykTypa Tponochepu Hag YKpaiHowo B Tabmuii 2.

BucoTa (km)
0-2
2-5
5-8

8-11

Temnepatypa Tuck (rla)

(°C)
+15 00 +5

+5 pgo -10
-10 po -25

-25 po -40

1013-800

800-550

550-350

350-220

BonoricTb
(%)

60-80
40-60
20-40

10-20

Tabnung 2. CtpykTypa Tpornochepu Hajl YKpaiHOIO

Moka3Huk
3anomMrneHHs
1.000315-
1.000280
1.000280-
1.000200
1.000200-
1.000120
1.000120-
1.000060
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3. Po3paxyHok TponocdepHoi JgiHii

Tponocdepna miHisA- pagio3B's130K Yepe3 PO3CIFOBAHHS PallOXBUIIb B
Tporocdepi

Po3paxyHok TpomnocdepHOi JiHil - 16 KOMIUIEKCHUHN 1HXECHEPHHMA
PO3pPaxyHOK, 1110 BKITIOYAE:
1. EnepreTrunuii aHasi3 - YM JOCTaTHBO MOTYXHOCTI JUIS HAAIMHOTO 3B'SI3KY
2. 'eoMeTpuuHuil aHami3 - ONTUMAJIBHE PO3TAIIYBaHHS aHTCH
3. AHani3 HaJlIHHOCTI - MPOTHO3YBAHHS SIKOCTI 3B'SI3KY

4. TexHIKO-€KOHOMIYHE OOIPYHTYBaHHS - BUOIP ONTUMAIILHOTO PillICHHS

1. EHepreTuuHmii po3paxyHoK
e Po3paxyHOk BTpat curtaiy B Tporocdepi
e BusHaueHHs He0OX1HOT MOTY>XKHOCTI IepeaaBaya
e Po3paxyHOok Koe(DiIli€HTIB MiCUICHHS aHTECH
e OrriHKa 3amacy Mo 3aBMUPaHHIO
2. 'eoMeTprUYHUN PO3PAXyHOK
e Bu3HaueHHs BUCOT aHTEH
e Po3paxyHOK KyTiB MICII aHTEH
e Amnaini3 penbedy MiCIIEBOCTI
e 3oHa OpeHend
3.®akTopu, 1110 BILUIMBAIOTh HA HAAIHHICTH:
e AtmocdepHi ymMOBHU
e Texuiynuii ctan oOa HAHHS
e 3aBMUpaHHS CUTHAILY
o [uTepdepenis
4. TexHIKO-€eKOHOMIYHE OOIPYHTYBaHHS
e Bubip onTumManbHUX TOYOK pO3TalTyBaHHS CTaHIIN

e BusHauenHs napameTpiB oOJaHAHHS



36

e Po3paxyHOK €eKOHOMIYHOI €(PEKTUBHOCTI
e [lmanyBaHHS pe3epByBaHHs
e mo3BOJIsIE CIIPOCKTYBATH HAMIMHY CHCTEMY 3B'SI3KY ISl BiJICTaHeH, Jie

HEMO>KJIMBUH MPSAMUIN paio3B'a30K.

XapakTepUCTUKH TPOMTOCPEPHOTO 3B'A3KY

| XapakTepucTtuka | 3HaueHHS |

| JlanbHiCTh | 5-800 kM |

| YacroTH | 350-10000 MI1 |

| IToTyXHICTB | 1-50 BT |

| AHTEHU | CipsimoBasi, @ 3-30 M |
| HamifiHicTh 199,5-99,9% |

3.1 SIkicTh 3B'A3KY Ta rOTOBHICTH TpPonocpepHUXx JiHiii

JUist po3paxyHKY SIKOCT1 HAIllOT MEPEX1, MOTPIOHO pO3paxyBaTH BTPATH
Ha JIHIT U KOXKHOT JUITHKH
Xapaxkrepuctuku oomannanns Harris RF-7800T-HH Troposcatter
- [loryxHicts nepenanaya: 1 kBt (60 1bm)
- UytnuBicth npuiiMaya: -110 nbm
- PoGounii nianazon: 1,5-2,5 I'T'nn
- Koedimient mymy: 8 nb

- [Ipomryckna 31aTHICTB: 10 2 MOIT/C
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dopmyiia BTpaT TPOIOCHEpPHOTO PO3CIFOBAHHS:

Ls=30log(f) +40log(d) + 114 - Gt-Gr+ M

ne, f - wacrora (MI'm), d - Bincransb (kMm), Gt, Gr - koediieHTH T1ICHUTICHHS
anteH (nb), M - meteopomnoriunuii paktop (ab).

Bi3zeMemo Taki 3HAaUCHHS:

Yacrora: f=2000 MI'11

Koediuient miacunenns anten: Gt = Gr = 40 gb

MeTteoponoriuauii ¢pakrop: M = 15 n1b

Po3paxyHku 11 KOXKHOT AUISHKU:

A-B (KuiB - XapkiB): 480 kM

Ls(A-B) = 30x1og(2000) + 40xlog(480) + 114 - 40 - 40 + 15 = 30x3.301 +
40x2.681 + 114 - 80 + 15 =99.03 + 107.24 + 49 = 255.27 nb

B-C (XapkiB - Aninpo): 220 kM
Ls(B-C) = 30x1og(2000) + 40xlog(220) + 114 - 40 - 40 + 15 = 30x3.301 +
40%2.342 + 49 =99.03 + 93.68 + 49 = 241.71 ab

C-D (Inimpo - Omeca): 280 kM
Ls(C-D) = 30xlog(2000) + 40xlog(280) + 114 — 40 — 40 + 15 =99.03 +
40%2.447 + 49 = 246.91 a1b

D-E (Oneca - JIsBiB): 520 km
Ls(D-E) = 30xlog(2000) + 40xlog(520) + 114 — 40 — 40 +15 = 99.03 +
40%2.716 + 49 = 256.67 nb
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E-A (JIeBiB - KuiB): 540 xm
Ls(E-A) = 30xlog(2000) + 40xlog(540) + 114 — 40 —40 + 15 =99.03 +
40%2.732 + 49 = 257.31 nb

3.2 Po3paxyHOK eHepreTHYHOro nNoTeHuiagxy TponocgepHoi JiHii

Enepretnunuii 6anaHc paaioiiHii - 11e CIiBBITHOMIEHHS M1k MOTYXHICTIO
CUTHAJIy Ha MepeaBadl Ta HOTY>KHICTIO, 0 HAJAXOAUTh Ha BX1Jl IpuiiMaya, 3
ypaxyBaHHSIM BCIX BTpaT Ha Tpacli MOUIMPEHHS.

dopmysa eHEpreTUYHOro OajlaHCy:

Pr=Pt+ Gt+ Gr-Ls-Lf

ne, Pt = 60 nbm (nmotyxHicth nepenaava), Gt = Gr =40 nb (xoedimienTn

nigcwienHs anteH), Lf =3 nb (Brpatu B dinepax).

3anac = Pr — Pmin,

ae, Pmin = -110 nbm (uyTiuBicTh mpuiiMaya).
Po3paxyHKu A1 KOKHOI AUISHKH:
Hinsiuka A-B: KuiB - XapkiB (480 km)
Pr(A-B) = 60 + 40 + 40 - 255.27 - 3 = 140 - 258.27 = -118.27 nbm
3anac(A-B) = Pr - Pmin =-118.27 - (-110) = -8.27 nb
X KPUTHUYHO! 3uaunuii geinut noTyKHOCTI

Hinsaka B-C: Xapkis - nHinpo (220 kM)
Pr(B-C) =60 + 40 + 40 - 241.71 - 3 =-104.71 nbm
3anac(B-C) =-104.71 - (-110) = 5.29 nb
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MiHiMalbHUM 3amac

Hinstaka C-D: J{ninpo - Oxeca (280 km)
Pr(C-D) =60 + 40 + 40 - 246.91 - 3=-109.91 abm
3anac(C-D) =-109.91 - (-110) = 0.09 n1b

MinimanbHuMi 3amac

Hinsaka D-E: Oneca — JIsBiB (520 kM)

Pr(D-E) =60 + 40 + 40 — 256.67 — 3 = -119.67 nbm
3anac(D-E) =-119.67 — (-110) = -9.67 nb

X KPUTUYHO! 3naunuii 1eiuuT NOTYKHOCTI

Hinsaka E-A: JIsBiB - KuiB (540 km)

Pr(E-A) =60 + 40 + 40 - 257.31 - 3=-120.31 abm
3anac(E-A) =-120.31 - (-110) =-10.31 ab

X KPUTUYHO! 3naunuii 1eiuuT NOTYKHOCTI

Jinsaka Brpatu Ls (ab) Pr (nbm) 3anac (nb)
A-B 255.27 -118.27 -8.27

B-C 241.71 -104.71 5.29

C-D 246.91 -109.91 0.09

D-E 256.67 -119.67 -9.67

E-A 257.31 -120.31 -10.31

Tabnuus 3. Po3paxyHku MOTY>KHOCTI Ha BXO/I1 TTpUitMaya

Otxe, 3 3 5 IUISHOK MarOTh HEJIOCTATHIM €HEPreTUYHUM 3arac,

MaKCUMalIbHU# nedinut Ha HaigoBmwmx aiasHkax (D-E, E-A). [Ipuuntoro

[[bOTO HEJAOCTATHHOT'O 3aracy cTaiau: BedukKi BigcTani (480-540 kM), BUCOKI

BTpaTH TPONOCPEPHOro po3CitOBaHHs, 0OMEKEHa MOTYKHICTh nepeAaBaya (1

kBT).




40

J1i oKpaleHHs: eHepreTUYHOro 0ataHcy moTpioHo

1. 361aBIIEHHS TOTYKHOCTI TlepeaBada: HeoOxinHa 1oaaTKOBA MOTYXHICTh:
15-20 nb

2. Bukopuctanss anTeH 3 OUTBIIUM KOE(IIIEHTOM ITiICUIICHHS .

[Torouni aarenu: 40 nb

Pexomennosani: 45-50 nb

Po3paxyemMo koedilieHT TOTOBHOCT1 HAIIOT MEPEXKI.

Jlist TponiocpepHUX JiHINA BUKOPUCTOBYEMO (POPMYITY:

A = 10°(-M/10) x (d/50)7y x f

ne, M - 3amac notyxHocTi (1b), d - BiacTanb (KM), y - MOKa3HUK CTETICHS
(nns Tponiocepu ¥ = 1.3), f - 6a30Buii koedimieHT HepocTynHOcT (0.001 ais
Tpornochepn).
Po3paxyHku no JiHisX:
A-B (Kuis-XapkiB):
A1(A-B) =107(8.27/10) x (480/50)™1.3 x 0.001 = 6.71 x 15.24 x 0.001 =
0.1023

B-C (Xapkis-/IHimnpo):
A2(B-C) = 107(-5.29/10) x (220/50)"1.3 x 0.001 = 0.296 x 6.35 x 0.001 =
0.0019

C-D ([uinmpo-Oneca):
As(C-D) = 107(-0.09/10) x (280/50)1.3 x 0.001 =0.979 x 8.64 x 0.001 =
0.0085
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D-E (Oneca-JIbBiB):
A4(D-E) = 107(9.67/10) x (520/50)™1.3 x 0.001 = 9.27 x 17.25 % 0.001 =
0.1599

E-A (JIeBiB-KWuiB):

As(E-A) = 10(10.31/10) x (540/50)™1.3 x 0.001 = 10.74 x 18.47 x 0.001 =
0.1984

Po3paxyemo 3araibHy HETOCTYITHICT HAIIOT MEPEXKI, TSl KUTBIIEBOI TOTIONOTIT 3

MOXJIMBICTIO 00XOY:

A 3ar =[](Ai) = A1 X A2 X As X As X As

A _3ar =0.1023 x 0.0019 x 0.0085 x 0.1599 x 0.1984 =5.26 x 107¢

Po3paxyeMo koedillieHT TOTOBHOCTI:

K roroBuocti=1- A 3ar

K _rorosnoctri =1 -5.26 x 107° = 0.999994740 = 99.9995%

OTtxe, Mepexa Mae BUCOKUHN KOE(]IIIEHT TOTOBHOCTI 3aBASKH KIJIbLIEBIN
TOTIOJIOT1, KIJIbIIEBA TOIOJIOTIS 3a0e3Meuye pe3epByBaHHS - MPU B1IMOB1 OJHIET

JIHIi, 3B'130K MIATPUMYETHCS Uepe3 aJbTePHATUBHUN MapIIPYT.
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3.3 Po3paxyHok HaAiliHOCTI 3B'AA3KY NIpH 3aBMMPAHHAX CUTHAJIIB

Po3paxyeMo mapameTpu 3aBMUpPaHb 7151 KOXKHOT JIiHI{

dopMyna 151 pO3paxyHKy CTaHIapTHOTO BIIXHUIJICHHS 3aBMUPAHb:

6 =K x d*a x fAp

ne, K= 0.1 (koedimient aisa TpormochepHoro 3B's13Ky), d - Bimcranb (km),f -
gactota (2 I'T'm TumoBa a1t Tponiocpeproro 3B's13ky), oo = 0.6, B = 0.3

(moka3HUKM AJis1 Tporochepn).

Po3paxyHku no miHisX:
A-B (KuiB-XapkiB, 480 km):
61 =0.1 x 48070.6 x 270.3 = 0.1 x 28.84 x 1.23 =3.55 a1b

B-C (Xapkis-/Inimpo, 220 km):
c2=0.1 x22070.6 x 270.3 = 0.1 x 18.47 x 1.23 =2.27 b

C-D (ninpo-Oneca, 280 km):
o3 =0.1 x280"0.6 x 2*0.3 =0.1 x 21.36 x 1.23 =2.63 nb

D-E (Oneca-JIbBiB, 520 km):
64 = 0.1 x 52070.6 x 270.3 = 0.1 x 30.25 x 1.23 =3.72 ab

E-A (JIsBiB-KuiB, 540 xm):
o5 = 0.1 x 54070.6 x 270.3 = 0.1 x 31.18 x 1.23 =3.84 a1b
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Jl51s po3paxyHKy HaJIiHOCTI 3B 513Ky PO3paxyeMo WMOBIPHOCTI
HIEPEBUIIICHHS TIOPOTY 3aBMUPAHb

dopmyna 171 HOpMAJIBHOTO PO3IOALTY 3aBMUPAHb:

P(F > Fo) = 0.5 x erfe((Fo - p)/(6 % \2))

ne, Fo - mopir 3aBmMupans (npuitmaemo 10 1b), | - cepente 3HaueHHS 3aBMUPaHb
(0 nb st HOpMaIBHOTO PO3MOALTY), G - CTAHJAAPTHE BIAXUJICHHS 3aBMUPAHD

Po3paxyHku IMOBIPHOCTI BIAMOBH JIJIsl KOXKHOT JIIHII:
Pi( A-B) = 0.5 x erfc(10/(3.55 x \2)) = 0.5 x erfc(1.99) = 0.0023
P> (B-C) = 0.5 x erfc(10/(2.27 x \2)) = 0.5 x erfe(3.11) = 0.00009
P3(C-D) = 0.5 x erfc(10/(2.63 x V2)) = 0.5 x erfc(2.69) = 0.00036
P«(D-E) = 0.5 x erfc(10/(3.72 x \2)) = 0.5 x erfc(1.90) = 0.0029
Ps (E-A) = 0.5 x erfc(10/(3.84 x \2)) = 0.5 x erfc(1.84) = 0.0033
HaniiiHicTb 3B’ 513Ky OKpEMUX JIIHIM 3HaX0AUMO 32 (hOpMYJIOK0 HaAIMHOCTI
OKpEeMO1 JIHIi:

Ri=1-Pi

R: (A-B)= 1 - 0.0023 = 0.9977 (99.77%)
R (B-C) = 1 - 0.00009 = 0.99991 (99.991%)
R (C-D) = 1 - 0.00036 = 0.99964 (99.964%)
R« (D-E)= 1 - 0.0029 = 0.9971 (99.71%)

Rs (E-A)= 1 - 0.0033 = 0.9967 (99.67%)
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Takum ynHOM, HartHaiiHIMA JiHIA: B-C (99.991%), naliMeHIn HaaiiiHA
miHis: E-A (99.67%). 3aransna HamiiHicTs Mepexi: mpakTuaHo 100% 3aBasku

KUIBIIEBIA TOIIOJIOT1]

3.3.1 BiuiuB IJI0CKUX 3aBMHPaHb

[Tmocki 3aBMUpaHHS - 1€ 3aBMUPAHHS, SIK1 pIBHOMIPHO BILJIUBAIOTh Ha
BCIO CMYTY YacTOT cuTHaIy. JJig TpormocgepHOTo 3B'A3Ky XapaKTepHi:
1. Posnopin Penest st rinGokux 3aBMHUpPaHb
2. JlJorHOpManbHUH PO3IMOALT AJIsl JOBMOTPUBAINX Bapialliid

3. KoMOiHOBaHU pO3NOALT AJI pe€albHUX YMOB

Po3paxyeMo napameTpu II0CKUX 3aBMUpPaHb 3a (POpMYIIOI0 JIst

MEJIIaHHOTO PIBHS CUTHAIY:

L=L fs+L a+L t+L_r

ne, L_fs - BTpatu y BitbHOMY TipocTopi, L _a - armocdepHi Brpatu, Lt - BTpaTu

Ha nepenadyl, L_r - BTpatu Ha npuiomi.

Po3paxyHku A1 KOXKHOT JIHIi:

A-B (Kuis-XapkiB, 480 km)

L_fs = 32.45 + 20x10g10(480) + 20xlog10(1600) = 188.7 1b
L_a=0.02 x 480 =9.6 nb
L=188.7+9.6+3+3=204.3 n1b

B-C (Xapkis-/nimpo, 220 km)
L_fs =32.45 + 20%l0g10(220) + 20xl0og1(1600) = 182.3 nb
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L_a=0.02 x220=4.4 nb
L=1823+44+3+3=192.7 nb

C-D (Ininmpo-Oneca, 280 xkm)

L_fs = 32.45 + 20x10g10(280) + 20x10g10(1600) = 184.4 1b
L a=0.02 x 280 =5.6 1b

L=1844+5.6+3+3=196.0 16

D-E (Oneca-JIbBiB, 520 kM)

L_fs =32.45 + 20%l0og10(520) + 20%xlog1(1600) = 189.6 1b
L a=0.02x520=104 ab
L=189.6+10.4+3+3=206.0nb

E-A (JIeBiB-KuiB, 540 kM)

L_fs =32.45 + 20%log10(540) + 20xlog1(1600) = 190.1 1b
L _a=0.02 x540 =10.8 1b

L=190.1 +10.8+3+3=206.9 n1b

Po3paxyeMo cTtanaapTHE BIIXUICHHS MJIOCKUX 3aBMUPAHb 32 (OPMYIIOL0:

6_f=10.1 x (d/100)*0.6 x £20.3 x (1 + 0.3xNo)

ne, d - BiacTtanb (km), f - vactora (I'T'1x), No - pedpaxiiitauii iHaeKC

(npuitmaemo 300 miia Ykpainm)

Po3paxyHku A1 KOXKHOT JIHIi:
A-B (Kwuis-Xapkis, 480 km)
o f=0.1x(480/100)"0.6 x 1.670.3 x (1 + 0.3x300/1000) = 4.2 nb
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B-C (Xapkis-uinpo, 220 kM)
o_f>=0.1 x(220/100)"0.6 x 1.670.3 x (1 + 0.3x300/1000) = 2.8 nb

C-D (Ininmpo-Oneca, 280 km)
o _f:=0.1 x(280/100)*0.6 x 1.670.3 x (1 + 0.3x300/1000) = 3.2 nb

D-E (Oneca-JIbBiB, 520 km)
o _f.=0.1 x(520/100)*0.6 x 1.6"0.3 x (1 + 0.3x300/1000) = 4.4 nb

E-A (JIeBiB-KuiB, 540 kM)
o _fs=0.1 x (540/100)*0.6 x 1.6"0.3 x (1 + 0.3x300/1000) = 4.5 nb

Takox MOKeMO po3paxyBaTH WMOBIPHICTb MEPEPUBAHHS JIJISI PO3IOILITY

Penest 3a popmysoro:

P_out=1-exp(-F_m/F_avg)

ne, F m - HeoOxiaHMi1 3anac 11 Mo 0JIaHHs 3aBMUPaHb

Po3paxyHku 3 ypaxyBaHHSIM IUIOCKUX 3aBMHUPAHb JJIsI KOXKHOT TUISTHKU:

(A-B) P_out = 1 - exp(-9.3/4.2) = 0.90 (90%))
(B-C) P_out = 1 - exp(-(-2.3)/2.8) = 0.44 (44%)
(C-D) P_out =1 - exp(-1.0/3.2) = 0.27 (27%)
(D-E) P_out = 1 - exp(-11.0/4.4) = 0.92 (92%))

(E-A) P_out = 1 - exp(-11.9/4.5) = 0.94 (94%)
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Omxe, miuii: A-B, D-E, E-A (#imoBipHicTh iepepuBanus >90%) €
KpuTuuHUMH, JiHii: B-C, C-D (#iMoBipHIicTh niepepuBanHsi >25%) €
npoOiieMHUMU. J{71s1 MOKpaIeHHsI cTaHy MOTpiOHe 301IbIIEHHS MOTY>KHOCTI
nepenaBaya 10 MaKCUMaJIbHO JI03BOJICHOT, Ta BCTAHOBJICHHS TPOMIKHHUX

peTpaHcaaTopiB Ha JiHisgX >400 km.

3.3.2 BuzHaueHHs Koe(illieHTAa MOAABU 3aBMUPAHb

KoeditieHT mosiBu 3aBMHUpaHb XapakTEPU3y€e WMOBIPHICTh BUHUKHEHHSI
3aBMUpaHb CUTHAJIY Ha MEBHIN AUISIHII MEPEKI MPOTITrOM 33JJaHOTO NEPIoy
qacy.

Busnauenns koedirienta nmossu 3aBmupanb (Fade Occurrence Factor - FOF).
OCHOBHI TUIK 3aBMHUPAHb Y TPONIOCHEPHOMY 3B'SI3KY:

1. llIBuaxki 3aBmupanus (Fast Fading) - cekynau/xBunmHu

2. IlosinbHi 3aBMupanHs (Slow Fading) - rogunwn/ani

3. Ce30HHI 3aBMUPaHHS - MICSII

Pospaxyemo FOF miist koxxHOT JiHIT 32 GOpMyII010:
FOF = A x d*B x fAC % (1 + DxNo) x K_climate
ne, A, B, C, D - emnipuuHi kKoHCTaHTH, d - BijicTadb (kM), f - yactora (I'Tn),

No - pedpakmiitauii inaexc, K climate - kmimatuanauii KoeirieHT.

KoncTtanTtu myis ponocdepHoro 3B's13Ky:

A=23x10",
B=1.8,
C=0.8,
D =0.6,

No =300 (nns Ykpainn),
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K_climate = 1.2 (KOHTHHEHTAJIBHHIA KJIIMAT),

f=1.6 I'Tu (cepenus yacrora),

Po3paxyHku asst KO>KHOT JTiHIi:
A-B (Kuis-Xapkis, 480 km):

FOF =2.3x10™ x 480"1.8 x 1.6"0.8 x (1 + 0.6x300/1000) x 1.2 =2.3x10™ x
25,892 x 1.516 x 1.18 x 1.2 =0.134 = 13.4%

B-C (Xapkis-uimpo, 220 km):
FOF =2.3x10 x 220”1.8 x 1.670.8 x (1 + 0.6x300/1000) x 1.2 =2.3x10~* x
6,847 x 1.516 x 1.18 x 1.2 = 0.035 = 3.5%

C-D (Ininpo-Oneca, 280 km):
FOF =2.3x10 x 280"1.8 x 1.670.8 x (1 + 0.6x300/1000) x 1.2 =2.3x10~* x
10,159 x 1.516 x 1.18 x 1.2 = 0.052 = 5.2%

D-E (Oneca-JIbBiB, 520 km):
FOF =2.3x10"* x 520”1.8 x 1.6"0.8 x (1 + 0.6x300/1000) x 1.2 =2.3x10™* x
30,324 x 1.516 x 1.18 x 1.2 = 0.157 = 15.7%

E-A (JIsBiB-KuiB, 540 xm):
FOF =2.3x10~* x 540"1.8 x 1.6"0.8 x (1 + 0.6x300/1000) x 1.2 =2.3x10™* x
32,697 x 1.516 x 1.18 x 1.2 = 0.169 = 16.9%

Po3paxyHok cymapHOro koedilieHTa MosiBU 3aBMUpPaHb JJI HAIIOT MEPEXKI 3a
dbopmyIioro:

FOF_network = X(FOF i x L i)/ X(L_i)

ne, L 1- moBxkuHa JiHIi
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FOF_network = (0.134x480 + 0.035x220 + 0.052x280 + 0.157x520 +
0.169%540) / (480+220+280+520+540)= (64.32 + 7.7 + 14.56 + 81.64 + 91.26)
/ 2040 = 259.48 / 2040 = 0.127 = 12.7%

3.3.3 BiiiuB CeJIeKTUBHMX 3aBMHUPAHD

CenexkTHBHI 3aBMUPAHHS - 1€ SBUILE HEPIBHOMIPHOTO OCJIA0JICHHS
PI3HMX YaCTOTHHUX KOMITOHEHTIB CUTHAILY IIPH MOTO MOIMIMPEHHI Yepe3 KaHal
3B'SI3KY, 1110 MPU3BOJUTH 10 CIIOTBOPEHHS (POPMU CUTHAIY.

OCHOBHI TUITH CEIEKTUBHUX 3aBMHUPaHb:
1. JomioBi 3aBMUpaHHs
2. AtmocdepHi 3aBMUpaHHS

CenexTuBHI 3aBMUpaHHS BUHUKAIOTh Yepe3 CKIAIHY B3a€EMOJII0
€JIEKTPOMArHiTHUX XBWJIb 3 HEOAHOPIAHUM CEPEIOBUIIIEM MOIIMPEHHS, L0
IPU3BOAUTH 10 (POPMYBAHHS CKIAAHOI IHTep(hEPEHIIIHHOT KapTUHU B TOUIII
MIPUKAOMY.

CenexkTUBHI 3aBMUPAHHS 3aJI€KaTh B/l TAKMX XapaKTEPUCTHK:

1. Cmyra korepeHTHocTi (Bc) - niana3oH 4yacToT, B SKOMY KaHaJl Ma€e
MPUOIN3HO MOCTIWHY NepeaBaIbHY (DYHKIIIIO

2. Yac 3aTpuMKHU po3CitoBaHHS (Trms) - cepeaHbOKBAIPATUYHE 3HAUCHHS
3aTPUMKHU 0AraTOPOMEHEBOTO KaHATy

3. YacToTHa CENEeKTUBHICTD - 3AJIEKHICTh Koe(illieHTa nepeaadi BiJ 4aCTOTH

Po3paxyHok mapamMeTpiB CeIEKTUBHUX 3aBMUPAHb.

dopmyna s 3HaXOHKEHHS Yacy 3aTPUMKH PO3CIFOBaHHS B Tporocdepi:

trms = K x d*1.3 x fA(-0.5) x h"0.8
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ne, K=2.5 x 10~ (koncranTa s tpornocdepn), d - Biactans (km), f - gacrorta
(I'Tm), h - BucoTa anTeH (m).

Jlist mamoi cuctemu: yactorta: f= 1.6 I'T'y (cepennst), Bucora anten: h =30 m

Po3paxyHok trms /sl KOXKHOT JIiHIi:

A-B (Kuis-Xapkis, 480 km):

Trms = 2.5x107° x 48071.3 x 1.6*(-0.5) x 30"0.8 = 2.5x107 x 2,847 x 0.791 x
17.4=9.78 x 105 ¢ = 97.8 MmKkc

B-C (Xapkis-/uimpo, 220 km):
Trms = 2.5x107° x 22071.3 x 1.6*(-0.5) x 3070.8 =2.5x10" x 967 x 0.791 x
17.4 = 33.2 mkc

C-D (Ininpo-Oneca, 280 km):
Trms = 2.5x107° x 280"1.3 x 1.6"(-0.5) x 3010.8 =2.5x10"° x 1,346 x 0.791 %
17.4 = 46.2 mkc

D-E (Oneca-JIbBiB, 520 km):
Trms = 2.5x107° x 52071.3 x 1.6*(-0.5) x 30*0.8 = 2.5x107° x 3,235 x 0.791 x
17.4 =111.1 mkc

E-A (JIsBiB-KuiB, 540 xm):
Trmss = 2.5x107 x 54071.3 x 1.6"(-0.5) x 3070.8 = 2.5x10~° x 3,522 x 0.791
x 17.4 =120.9 mxc

Po3paxyHOK cMyTH KOT€pEeHTHOCTI 3a (hOpMYJIOH0:

Bc =1/2m x Trms)
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Po3paxyHku asst KO>KHOT JTiHii:

(A-B) Bc = 1/(2wt % 97.8x107°) = 1.63 MI'n

(B-C) Be = 1/(2x % 33.2x107°) = 4.80 MI'n

(C-D) Bc =1/(2m x 46.2x10°°) = 3.45 MI'

(D-E) Bea=1/27 x 111.1x10°°) = 1.43 MI'n

(E-A) Bc =1/2x % 120.9%10°) = 1.32 MI'n

Koe@imieHT 4acTOTHOT CENEKTUBHOCTI 3HAX0UMO 3a (hOPMYJIOKO , PO3PAaXyHKH

tabmuus 4:

FS =B/Bc

ne, B =25 MI'11 - cmyra curnany Harris RF-7800T-HH

Jlinia trms (MKC) Bc (MI'n) FS = B/Bc PiBenn
CEJIEKTUBHOCTI

A-B 97.8 1.63 15.3 % Jly>xe BUCOKHUIA

B-C 33.2 4.80 5.2 0 TomipHuii

C-D 46.2 3.45 7.2 O Bucoxwuii

D-E 111.1 1.43 17.5 @) llyxe Bucokuii

Ta6nuis 4. Po3paxyHOK 4aCTOTHOI CEJIEKTUBHOCTI

MoskemMo po3paxyBaTu TNIMOMHY CENIEKTUBHUX 3aBMHUPaHb 32 (POPMYIIOLO:

o_selective = 10 X logio(1 + (B X Trms)?)

Po3paxyHku A1 KOXKHOT JIHIT :

(A-B) 6 =10 x logio(1 + (25%10° x 97.8%x107°)*) = 10 X logio(1 + 5.98) = 8.4 nb
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(B-C) 6 = 10 x logio(1 + (25x10° x 33.2x10-)%) = 10 x logie(1 + 0.69) = 2.3 1B
(C-D) 6 = 10 x logio(1 + (25x10° x 46.2x10°)2) = 10 x logio(1 + 1.33) = 3.7 1B

(D-E)o =10 x logio(1 + (25x10° x 111.1x107°)?) = 10 x logio(1 + 7.71) = 9.4
nb

(E-A)o = 10 x logio(1 + (25x10° x 120.9x10-)%) = 10 x logo(1 + 9.13)=10.115

Taxum unnoM, kputuyHi miHii: E-A (FS=18.9), D-E (FS=17.5), A-B
(FS=15.3), Cepenns nerpananis: 6.8 nb gepe3 cenekTuBHI 3aBMHUpaHHs. J{s
MOKPAIICHHS 3B 513Ky MOTPiOHO BUKOHYBATH MOHITOPHHT 3aTPUMKH (Trms) B
pealbHOMY Yaci, 31HCHIOBATH MEPEKITIOUEHHS MIXK peXUMaMi MOIYJIALIT, Ta

KEepyBaTU MOTYXHICTIO IepeaBaya.

3.3.4 3aBMupaHHs BUKJIMKAHI 101IEeM

OOuuceHHs 3aracaHHs paaiOXBUIb, CHPUYMHEHOTO JOIIEM, Y
TpornochepHuX KaHadax 3B's3KY.

KinbkicTh onaaiB, 1110 BUNIAJal0Th, BAMIPIOETHCS B MIJTIMETpax 3a roJIMHY.
3r1JIHO 3 YCTaJICHUMHU HOpMaMHU, J0 OIaJiB HE3HAYHOI IHTCHCUBHOCTI BITHOCSATH
Ti, IIT0 MAIOTh MOKa3HUK BiA 1 10 5 Mm/ros. Jlom BBaXKa€eThCs MOMIPHUM, KOJIH
HOro IHTEHCUBHICTh KOJIMBAETHCS B Mekax 5-20 mm/roj. 3HaYeHHS y Jiana3oHi
20-40 MmM/To1 XapaKTEpHU3yIOTh CUJIBHI OIajiu, a Bce, 110 nepesutrye 40
MM/TO1, KBaTI(IKY€eThCA K 37TUBA.

Pospaxynku 6yaemMo mpoBOAUTH 32 POPMYIIOH0 JOIIOBUX BTpAT:

A rain=kxR"axLxr

ne, k = koedimient nornmuaanas (1b/km), R = iHTeHCHBHICTH f01Ty (MM/TO), O

= ekcnoHeHTa (=0.6-1.2), L = noBxkuHa Tpacu (KM), r = KOe(II[IEHT 3MEHIICHHSI.
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Koedimientn nns Budpanoi vacrot 2 [T

k =0.0188 nb/km mpu R=1 mm/rox, o= 1.021

Po3paxyHku no AuUIsHKaXx:

A-B (Kuis-XapkiB) - 480 kM

IHTEeHCHBHICTB A0y

5 Mmm/ro (craOKuif)

15 mm/ro (momipHUiA)
25 Mmm/roa (CUITbHUT)

50 mM/roj1 (3TUBOBUIA)

Brpartu (ab)
2.06

7.35

13.04

32.28

B-C (XapkiB-/uimpo) - 220 kM

IHTeHCHBHICTB AOLLY

5 MmMm/Tox

15 mm/ron
25 Mm/Ton
50 mm/Tox

Brparu (ab)
1.96

7.29

10.94

29.98

C-D (dninpo-Oneca) - 280 kM

IHTeHCHBHICTB A01LY

5 mM/Tox

15 mm/ron
25 Mm/Tox
50 mm/Tox

D-E (Oneca-JIbBiB) - 520 kM

IHTeHCHBHICTB H01ILY

5 MMm/TOx
15 mm/Ton

25 mM/Toz

Brpartu (a1b)
1.93

7.42

11.26

31.68

Brparu (a1b)
2.05

7.80

12.33

BnuuB Ha 3B'130K
MiHIMaJIbHUN
[TomiTHHUI
3HauyHUM

Kputnunnii

BrniuB Ha 3B'I30K
MiHIMaIBEHUN
He3naunuit
[TomipHuit

3HAYHUH

BniiuB Ha 3B'f130K
MiHIMaIbHUN
He3naunuii
[TomipHUit

3HaYHUU

BnuivB Ha 3B'SI30K
MiHIMaJIbHUHA
ITomiTHMIA

3HAYHUU
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50 MmmM/T01 32.11

E-A (JIBiB-KuiB) - 540 km

IHTEeHCHBHICTB A0y Brpartu (ab)
5 MmM/Tox 2.05

15 mm/ron 7.93

25 MM/TOJT 12.84

50 mm/rox 33.42

Kputnunmnit

BnuiuB Ha 3B's130K
MiHIMaIbHUN
[TomiTHHI
3HaYHUN

Kputnunmit

OTxe, Ipu CUIBHOMY AOIII >15 MM/TOJ] BUHUKHYTb 3HauHI MPOOJIEMHU Ha

noBrux jdiHisx (A-B , D-E |, E-A) , uepe3 HeoCTaTHIN €HEpreTUYHMI 3amac

nOTy>KHOCTI. ToMy noTpiOHE NIABUIIEHHS MOTYKHOCTI JIJIs1 pOOOTH MEpEXKI.

3.4 PesyabTaTi po3paxyHkiB akocTi pyHkuionyBanusa TPPJI

Tomomorig Ta mapameTpu HaIlol MEPEXKi:

Tun mepexi: KimbuieBa Tponocdepna pamiopeneiina midist (TPPJ)

KinskicTs By3miB: 5 (Kuis, Xapkis, J{ninpo, Oxeca, JIbBiB)

Oo6nannanns: Harris RF-7800T-HH Troposcatter
3aranpHa goBxkuHa KUteld: 2040 kM

YacroTa pobotu: 2 I'T'1y

[TapameTrpu o6mamgnannas Harris RF-7800T-HH

[TapameTp | 3HaueHHs
[ToTyxHicTh IepegaBaya | 200 BT (+53 nbm)
YyTauBicTh MpuitmMaya | -110 nbm

KoeoiuienT mincunenns antenu | 42| nbi |
Btpatu B dinepax | 4 nb
Po6oua yacrora | 2000 MI'u
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[TpomyckHa 34aTHICTD | mo 8 Moit/c
PesynbTaTn po3paxyHkiB ¢pyHKIioHyBaHHs Hamioi TPPJI mepexi:

Po3paxyHOK BTpaT po3MOBCIOIKEHHS I KOYKHOT JIHIT:

A-B (Kwuis - XapkiB): 480 km

Ls(A-B) =255.27 nb

B-C (Xapkis - Ininpo): 220 km

Ls(B-C) =241.71 nb

C-D ([uinpo - Oneca): 280 kM

Ls(C-D) =246.91 nb

D-E (Oneca - JIsBiB): 520 km

Ls(D-E) =256.67 nb

E-A (JIbBiB - KuiB): 540 km

Ls(E-A) ==257.31 nb

Po3paxynku eHepretnuHoro 6agaHcy JUIs KOXKHOI JIiHIT BUKOHAHI B TaOmII 3.

JinsHka Brpartu Ls (1b) Pr (nbm) 3anac (nb)
A-B 255.27 -118.27 -8.27

B-C 241.71 -104.71 5.29

C-D 246.91 -109.91 0.09

D-E 256.67 -119.67 -9.67

E-A 257.31 -120.31 -10.31

Tabnuug 3. Po3paxyHkH MOTY>KHOCTI Ha BXO/Il TpUiiMaya

Pe3ynbTraTv JOCHiIKEHHS JUI Pi3HUX iHTEHCMBHOCTEN o1y B TaOJIHIII 5.

Jlinist 5 15 mm/ron 25 mm/rog 50 mm/ron  KpuTuunicts
MM/T 0/
A-B (480 km) 2.06 n1b 7.35 nb 13.04 nb  32.28 nb X Brpara npu 15
MM/TOJ

B-C (220 km) 1.96 nb 7.29 nb 10.94 nb 2998 nb Criiika 10 5
MM/TO[
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C-D (280 xkm) 1.93 nb 7.42 nb 11.26 nb  31.68 nb
D-E (520 km) 2.051b 7.80 nb 1233 1b  32.11 nb
E-A (540 km) 2.05 n1b 7.80 nb 12.88 nb 33.42 nb

Tabmuug 5. CtaTyc Mepexi Py pi3HUX IHTEHCUBHOCTSIX JIOIILY

Criiika 110 5
MM/TO[

X Brpara npu 15
MM/TO[

X Brpara mpu 15
MM/TOJT

3 HaBeJICHUX PE3YJIbTATIB 3p03yMLIIO, IO MPH SICHIN MOT0/11 Mepexa

npaiftoe HopManbsHO. [Ipu cnabkomy momti (5 MM/TO) MPAITIOIOTh AB1

HarikopoTi Mepexi(B-C, C-D). [1ix yac cunbHimoro gouty 15> mm/ron

B110yBA€THCS BTpaTa 3B 3Ky Ha BCIX AUIIHKaX MEPExI.

OT1xe, mOTpiOHE MOKpaIIeHHs 00IaJHAaHHS MEPEKi 31 30UIbIICHHSIM

HOTy}KHOCTi anﬁMaqa, Ta BCTAHOBJICHHS OLJIBIITUX aHTCH Ha KPUTHYHUX

ninstHkax. HaBeneHno po3paxyHoOK Ta BapTICTh MOJIEpHI3AIIll MEPEkK1 B TAOIUII

6.
IHoxpameHnHs IIpupicr 3amacy  BapricTs
[Totyxnicte 400  +8 nb $15k/minHis
Bt
Antenu 3.7 M (45 +14 ob $8k/minis
nbi)
OnTumi3artis +2 nb $3k/ninis
binepis
3aramom +24 nb $26k/niHis

Tabmuusa 6. MoaepHizallis Mepexi

Edexr
CTiMKICTh 10 8
MM/TOJI
Criukicts 10 15
MM/TO/I
JlonaTKkoBHU
3arac
Criikicts go 20
MM/TO/I
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BucHoBxu

VY nunimomH1NA poOOTI 3A1HCHEHO BCEOIUHE TOCIIIKEHHS MEPCTICKTUR
CTBOPEHHS KOMYHIKAI[IHHOT MepexKi Ha 0a31 TpornmochepHUX TEXHOIOTIH
nepenadi inpopmarrii. KimodoBi 1OCATHEHHS Ta MACYMKH TOCIPKEHHS TaKi:

1. detanbHuii oruisi i€l crienniky KOMyHIKallii mokasas, 110 TakKa
TEXHOJIOT1sl CTAHOBUTH MEPCIEKTUBHE PIIICHHS JJIsl OpraHi3alii pajaio3B’ 43Ky Ha
3HayHi BifcTaHi (250-500 kM) B yMOBax ckiajHO1 Tomorpadii, e po3ropTaHHs
ONTOBOJIOKOHHUX MaricTpaljieid abo CymyTHHUKOBUX KaHAJIB XapaKTepU3y€eThCs
€KOHOMIYHOIO 200 TEXHOJIOITYHOIO HEAOIIJILHICTIO.

2. 3a1iiCHEHO BUBYEHHS TEXHOJIOTIYHUX MMapaMeTpiB TPorochepHoro
PO3CIIOBaHHS , BKIIIOUAIOUH PsiJ] arlapaTypy, MEXaH13MU XBHUIILOBOTO
PO3CIIOBaHHS, METEOPOJIOTTYHHM BIUIMB HA KOMYHIKAIIAHY SIKICTh Ta METOAU
3HMD)KCHHS] CHTHAJIbHUX BTpAT.

3. Ha erarmi mpoeKkTyBaHHSI CTBOPEHO CXEMY TPaHCIOPTHOI MEPEKI, 3
MICIIEM BCTAaHOBJICHHSI BY3IIIB 3B’SI3KY , 30HH TPOIOC(EpHOTo
PO3MOBCIOKEHHS Ta TOTPIOHY MPOMYCKHY 37aTHICTb.

4. 3aificHeHO 00paxXyHKH €HEPreTHYHOT0 OI0JIKETY pagloTpac, 1110 Jajio
3MOTy BCTAaHOBJICHHSI ONITUMAJIbHUX TIOKA3HUKIB MOTYKHOCTI TIepe1aBaIbHUX
MPUCTPOiB, KOHPIrypalliii aHTEH Ta X BUCOTY PO3MIILIEHHS, & TAKOXK
HEOOX1JHUH piBEHb NPUIMATBHOI YyTIUBOCTI.

5. [IpoBeaeHMIT TEXHIKO-EKOHOMIYHUHN aHai3 TporochepHoi miathopmu
3aCBIIYMB KOHKYPEHTHI MepeBaru JaHOr0 TUITY 3B'SI3KY JJI BIJAJICHUX Ta
MaJIoIOCTYITHUX TEPUTOPId, HacaMIiepe1 Yepe3 3MEHIIICHI IHBECTHIIITH1

BHUTpPATH Ta MOJKJIMBOCTI OIICPATUBHOI'O BIIPOBA/I?KCHHA.
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6. CTBOpPEHO MPOEKTHY CXEMY PO3MIILIEHHS BY3JIOBUX MPUCTPOIB
KUIBIIEBOT apXITEKTYPH 3 BIJMOBITHUM TEXHIYHUM 3a0€3MEUSHHSIM ISl
TPOIOC(HEPHOTO CepeOBUIIA TOUTUPEHHS CUTHAIIB. BUKOHAHO pO3paxyHKH
Koeili€HTa TOTOBHOCTI MepeXeBoi 1H(DPaCTPyKTypu Aiisi TponochepHoi miHii
Paio3B'sI3KY.

OTxe, pe3yJabTaTH JUIUIOMHOTO TOCIIKEHHS MATBEPIKYIOTh
JOLTBHICTB 3aCTOCYBaHHS TPOTOCHEPHUX MEPEXK y CTPYKTYPi CYIacCHUX
TPAHCIIOPTHUX KOMYHIKAIIMHUX MEPEK, OCOOJIMBO 32 YMOB 0OMEKEHOT

1H(pPaCTPYKTYPHOI PO3BUHEHOCTI a00 YCKIIaJHEHOTO TeorpadiuHoro penbedy.
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JlomaTok A
1. Primary Group Formation Systems

In digital data transmission systems with a large number of channels
belonging to higher hierarchy levels, two main approaches are typically used for
forming linear digital signals:

1. Direct encoding of analog signals, particularly applicable to broadband
channels or channel groups.

2. Time Division Multiplexing, which involves combining several lower-
level digital streams on the transmitting side and their subsequent distribution
on the receiving side of the system.

Equipment of the first type contains only one, but highly technological
codec that requires high precision and speed, which complicates network
construction. It is optimal for broadband signals.

Equipment of the second type is fundamental in creating high-speed
digital systems. Although it requires a greater number of encoders and decoders,
the network becomes more flexible, allowing codecs to be placed closer to
information sources, transmitting only high-speed digital signals over the line.
Time division multiplexing can be implemented using both synchronous and
asynchronous methods of combining lower-level digital streams. In
synchronous combining, all streams being combined are generated by one

common generator.

In asynchronous combining, streams with identical nominal speeds are
combined, but created by different master generators whose instantaneous
speeds may differ slightly. Higher-level systems should not impose
requirements on the digital signal structure of lower-level systems. Digital
stream combining can occur in three ways: symbol-by-symbol, channel-by-

channel, or system-by-system.
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Figure 1. a) and b) show the principles of digital stream combining:

symbol-by-symbol and channel-by-channel.

10 11

- Ju
K0 KIN JKio
LII1-1 llmlzh__—mlx-_-—mllml:""-mlx |l l
\ \ 2 > > ~ = 2
i i mfx-———m'x____m-lm—z,.____m»sm—l yi
l‘pyn, ull CC ol ol o N R L L o "——-—"“"'CC N
I'pyn. 110 .
a)
11 I
0
LLI1-1 K0 F---[  KI'N =0
1
L{I1-2 Ko |- KI°N K120
T
[pyn. LI CC| Kr'o | KI*0 L ___['KI'N [ KI°N [CC
I'pyn. 110 .
6)

Figure 1. — Combining digital streams a) symbol-by-symbol b) channel-by-
channel.

1.1 General Principles of Primary Group Formation Systems Construction

Primary group formation systems are based on the following principles:
» Hierarchical structure - organization of data by levels with clearly

defined subordination relationships
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» Time division multiplexing - distribution of time resources among
different information flows

» Synchronization - ensuring coordinated operation of all system elements

» Interface standardization - unification of connection methods between
system components

» Scalability - ability to increase system throughput capacity

Hierarchical structure in primary group formation systems involves
organizing data according to clearly defined levels with subordination
relationships. This means:

» Formation of a multi-level structure where each higher level combines
several lower ones.

» PDH uses 4-5 hierarchy levels (E1, E2, E3, E4, E5 in the European
system).

* Each level has its own transmission speed (E1 - 2.048 Mbps, E2 - 8.448
Mbps, etc.).

* Clear system of multiplexing and demultiplexing between levels.

* Necessity to pass through all intermediate levels when extracting a

lower-level channel.

Time Division Multiplexing (TDM) is a fundamental principle that
provides:

* Distribution of the total time resource of a communication line among
different information flows.

* Formation of a cyclic transmission structure where each channel is
allocated a fixed time interval (time slot).

 The E1 system uses 32 time slots (of which 30 are for data
transmission).

* Each time slot has a fixed duration (3.9 ps for E1).
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* Also, there is no competition for resources between channels, unlike

statistical multiplexing.

Synchronization ensures coordinated operation of all system elements
and includes:

* Clock synchronization - coordination of frequency and phase of clock
generators.

 Frame synchronization - determination of the beginning and end of the
transmission cycle.

» Multiframe synchronization - for systems with multi-cycle structure.

» Use of special synchronization signals (in E1 - zero time slot).

* Hierarchical synchronization system with primary, secondary and local

clock frequency sources.

Interface standardization ensures unification of connection methods
between system components, which means:

* Definition of electrical parameters of interfaces (signal levels,
impedance, pulse shape).

» Standardization of physical connectors and cables.

» Unification of interaction protocols between equipment from different
manufacturers.

* Definition of standard transmission speeds for each hierarchy level.

» Standardization of frame and multiframe structures.

» Compliance with international recommendations (ITU-T G.703, G.704,
G.732, etc.).

* Ensuring equipment compatibility on a global scale.

Scalability provides the ability to increase system throughput capacity

and includes:
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* Possibility of gradual increase in the number of channels without
complete system reconstruction.

» Support for different levels of traffic aggregation (from individual
channels to high-speed paths).

* Ability to combine low-speed streams into high-speed ones.

» Flexible utilization of communication channel bandwidth.

* Possibility of network expansion without disrupting the operation of
existing segments.

» Support for different network topologies (point-to-point, ring, star).

* Possibility of integration with other technologies (SDH, ATM, IP).

These principles collectively ensure reliable, efficient and flexible

operation of primary multiplexing systems in telecommunications networks.

1.2 Structure of Primary Multiplexing Equipment Cycle

The structure of the primary multiplexing equipment complex includes:

» Creation of initial digital streams - transformation of analog signals into
digital form

« Channel multiplexing - combining several digital streams into a single
group signal

» Speed matching and synchronization - ensuring coordinated information

transmission

1. Formation of primary digital streams is a key stage in converting
analog signals into digital format for subsequent transmission in

telecommunications networks. These include: Sampling, Signal quantization.
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Sampling of analog signals can be (Uniform sampling, Non-uniform
sampling). The standard sampling frequency used in telephony is 8 kHz (8000
measurements per second), which allows transmission of signals with
frequencies up to 4 kHz.

 Uniform sampling: measurements are performed at equal time intervals
(125 ps at 8 kHz frequency)

 Non-uniform sampling: used in special systems to optimize bandwidth
utilization

The Kotelnikov-Nyquist theorem states that for accurate reproduction of
an analog signal, the sampling frequency must be no less than twice the highest
frequency in the signal spectrum, Figure 2.

U, BA

Uk,

>

Figure 2.- Kotelnikov-Nyquist Theorem
T = 1/2Fmax,

Where, Fmax is the maximum frequency of the analog signal range. The
result is discretization of the analog signal in time.

Signal Quantization.

Typically, quantization and encoding are performed simultaneously in
one device. Signal quantization can be uniform or non-uniform. In uniform
quantization, the quantization step (A) remains the same for the entire range of

the PAM signal, while in non-uniform quantization, the quantization steps (Ai)
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differ for different signal levels. Possible amplitude characteristics for uniform

a) and non-uniform b) quantization are shown in Figure 3.

2. Channel Multiplexing
The general scheme of signal distribution methods — multiplexing is
shown in Figure 4. The main purpose of multiplexing is to transmit several

signals (channels) through one channel without mutual interference.

MynbTunnekcyBaHHs
™ KombiHosaHo
YPK (FDM) « » BPK (TDM) « » Cratuctuure [« o e
L O4PK <« nul <« TASI < CDM
«~ WDM - C[_l] «— DCME «— OYPK+BPK
| DWDM — PM

Figure 4. General classification scheme of multiplexing methods in
telecommunication systems

It is important to consider that multiplexing systems can be organized
with cycles and fixed placement of signal groups — these are digital transmission
systems of plesiochronous and synchronous digital hierarchies, and without
cycle organization — in the form of packets or cells from a single information

source.

3. Synchronization and Speed Alignment

The coordination of processes, called synchronization, consists in
establishing and maintaining precise temporal relationships between various
independent operations. Sequences of events are considered synchronous when

their corresponding stages occur simultaneously. In digital communication
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networks, synchronization is a key mechanism for ensuring seamless equipment
operation by maintaining coordinated data transmission speeds. In the digital
transmission process, information is transformed into discrete pulses using
pulse-code modulation, which encompasses signal sampling, quantization, and
encoding.

In digital networks where pulses are transmitted, it is critically important
that all components are coordinated. Synchronization is achieved at three main
levels: bit level, channel interval level, and frame level.

Bit synchronization ensures that the transmitter and receiver use the same
clock frequency, which is necessary for accurate bit reading. For this purpose,
the receiver can obtain clock pulses directly from the input line.

Channel interval synchronization ensures coordination between the
transmitter and receiver for proper recognition of channel intervals in order to
extract data. This is achieved by using a fixed frame format to identify bytes.
Key issues at this level include timely frame switching and detection of frame

loss.

1.3 Hardware Implementation of Primary Group Formation Systems

Hardware implementation of primary group formation systems includes:

« Codecs and converters - for converting analog signals to digital

* Primary level multiplexers - for combining channels into primary
groups

* Clock synchronization systems - for ensuring synchronous operation

* Buffer devices - for equalizing data transmission speeds

 Frame formation devices - for structuring data into standardized blocks

* Interface modules - for connecting with other transmission systems
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1. Codecs and Converters

Codecs (coder-decoders) are fundamental components of primary group
formation systems that provide conversion of analog signals to digital and vice
versa.

The following types of codecs exist:

» Discrete codecs: implemented on separate components (historically
first).

* Integrated codecs: implemented as specialized integrated circulits.

» Single-chip codecs: all functions implemented on one chip.

 Multi-chip codecs: functions distributed among several microchips.

* Software-hardware codecs: part of functions implemented in software
on DSP.

Specialized converters:

* Interface converters: ensure compatibility between different standards.

« E1-T1 converters: convert between European and American standards.

* Line code converters: convert between different types of line codes

(HDB3, AMI, B8ZS).

2. Primary Level Multiplexers

Primary level multiplexers are key devices that combine individual
channels into primary digital streams (E1/T1).

Functional capabilities of multiplexers:

Basic functions:

 Channel multiplexing/demultiplexing

» Formation of standard E1/T1 frame structure

« Synchronization provision

Advanced functions:

« Cross-switching: redistribution of channels between different streams

* Concentration: combining channels with low loading
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* Redundancy: automatic switching to backup channels during failures

* Quality monitoring: error control and other quality parameters

There are also different types of multiplexers by purpose:

» Terminal multiplexers: installed at terminal points of communication
lines

* Intermediate multiplexers: installed at intermediate points for channel
insertion/extraction

* Cross-switching multiplexers: provide flexible switching between
different streams

* Integrated access multiplexers: combine multiplexing functions with

switching functions

3. Clock synchronization systems

Clock synchronization systems ensure the coordinated operation of all
elements of the primary grouping system, which is critical for correct data
transmission.

The main components of clock synchronization systems:

* Clock signal generators

* Clock frequency recovery circuits

» Distribution devices

* Monitoring and control systems

4. Buffer Devices

Buffer devices play a critical role in equalizing data transmission speeds
and compensating for various delays in primary multiplexing systems.

The following types of buffer devices are distinguished:

» Elastic buffers:

* Operating principle: FIFO (First In, First Out) memory type
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* Purpose: compensating for the difference between write and read speeds
 Implementation type: based on shift registers or specialized memory

» Fill control: monitoring fill level to prevent overflow or underflow

5. Frame Formation Devices
Frame formation devices are the main components of primary
multiplexing systems that ensure data structuring into standardized blocks for

transmission over digital channels.

6. Interface Modules

Interface modules provide connection of primary multiplexing systems
with other transmission systems, performing electrical, physical and logical
coordination functions.

Types of interface modules:

* E1/T1 electrical interfaces: Provide galvanic isolation (transformer-
based)

* Optical interfaces: Ensure radiation power stabilization. Include

modulation circuits and current drivers

1.4 Plesiochronous Digital Hierarchy PDH

In digital systems, signals are distinguished according to hierarchical
principles, taking into account the information transmission speed. Digital
hierarchy is an ordered multiplexing system that allows combining several
lower-level channels into one higher-speed stream. This subsequently enables
combining this stream with other similar ones to create even faster

communication channels.
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Plesiochronous Digital Hierarchy (PDH) represents a standardized series
of data transmission speeds developed by ITU-T for digital networks. Starting
from the 1970s, PDH became a universally recognized international standard
for digital communications.

Currently, ITU-T defines two main types of PDH that differ in data
transmission speeds but share a common construction principle:

» The European PDH system is built on the basis of the E1 digital stream
with a bandwidth of 2.048 Mbps, which is the primary PCM multiplex signal.

* The North American and Japanese analogous PDH systems use the DS1
signal with a speed of 1.544 Mbps as the basic primary PCM multiplex signal.
In Figure 5, we examine three types of hierarchy: American (AS),
Japanese (JS), and European (ES). The foundation of all hierarchies is based on

creating a basic digital channel (BDC) with a transmission speed of 64 kbps.

DSI DS2 DSJ3 DSJ4
1,544 Moir/c K46 312 Mait/c K3,B2.06 Mir/c k3,07.72 Méir/c |—»
AC .
x2
x4
DS1 DS2 DS3 DS4
b4 xoir/c AC 1 544 M6ir/c K4b 312 Mair/c KIpl4.73 Moir/c K6,274.176 M6it/c |—»
24
€C X3
30 x3
€1 €2 €3 : €4 €5
D 048 Moir/c K4pR 448 Moit/c K484 36 Mait/c K4y]139.264 Moir/c K4.5564.9 Moit/c

Figure. 5 - Multiplexing scheme in the American AS, Japanese YS and
European EU digital hierarchies.
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1.4.1 Plesiochronous Digital Hierarchy Technology

Plesiochronous Digital Hierarchy (PDH - Plesiochronous Digital
Hierarchy) is a digital data transmission technology based on the principle of
"nearly synchronous" (plesiochronous) operation of network nodes.

Fundamental characteristics of PDH:

* Plesiochrony: Different network nodes operate with their own
generators that have similar but not identical frequencies (deviation up to £50
ppm)

« Hierarchical structure: Multi-level organization with sequential
multiplexing of data streams

 Asynchronous multiplexing: Use of justification bits to compensate for
speed differences

« Standardized transmission rates: Clearly defined hierarchy levels with
fixed speeds

The European Plesiochronous Digital Hierarchy is used in Ukraine. The

main characteristics of European PDH are presented in Table 1.

Crynisb ®dopmosannii | llIBuakicte | KinpkicTe | Anaparypa | JdinsHka

lepapxii uudposuii nepenayi KT4Y LCII Mepexi
MOTOK KOIT/C

Cyonepeunna | CLII1 1024 15 IKM-15 CTM

CLICII 30HA-15

IlepBunHa TTLLIT 2048 30 IKM-30 CTM

ITLICIT MTM

BropunHa BLIIT 8448 120 IKM-120 MTM

BLICII

Tperunna TIIIT 34368 480 IKM-480 B3M

TLICII

UerBeprtunHa | ULII1 139264 1920 IKM-1920 MM

YLICII

Table 1. European plesiochronous digital hierarchy.
The network sections are marked:
STM - rural telephone network; MTM - urban telephone network; VZM -
intra-area network; MM - backbone network.
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The introduction of PDH technology in telecommunication networks has
significantly increased the number of reliable communication channels and
provided users with a wide range of services, forming a network capable of

comprehensively transmitting information of various types.

1.4.2 Secondary Multiplexing System Frame Structure

The secondary multiplexing system (E2 level) in the European PDH
hierarchy provides the combination of four primary E1 streams (2.048 Mbps)
into one E2 stream at a rate of 8.448 Mbps.

Main parameters of the E2 frame:

 Transmission rate: 8.448 Mbps

* Frame duration: 125 us (corresponding to 8 kHz frequency)

* Frame size: 1056 bits (8.448 Mbps x 125 us)

* Payload: 4 E1 streams (total 8.192 Mbps)

* Overhead information: 256 kbps (difference between 8.448 Mbps and
8.192 Mbps)

The E2 frame consists of:

* Service bits: Provide synchronization, signalling, and control

» Justification bits: Compensate for speed differences between input E1
streams

» Information bits: Contain useful data from four E1 streams
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Frame structure:

1. Service bits - the first 12 bits of each row

2. Justification bits - located at fixed positions in the frame, can be
positive (insertion of an additional bit) or negative (bit deletion)

3. Information bits - Distributed among four frame rows, organized

according to the principle of bit-by-bit alternation of data from four E1 streams

The E2 frame structure ensures efficient multiplexing of four E1 streams
while maintaining the plesiochronous nature of the PDH system operation and

compensating for possible deviations in the clock frequencies of input streams.

1.4.3 Main Disadvantages of Plesiochronous Multiplexing Systems

Plesiochronous multiplexing systems, despite their historical significance
in telecommunications development, have a number of substantial limitations
that are particularly noticeable in the context of modern data transmission

network requirements. Let us examine these disadvantages in detail.

1. Fundamental synchronization problems.

The absence of a single synchronization source creates a constant
problem of clock frequency discrepancies between network nodes. In my
opinion, this is the most critical disadvantage, as it generates a cascade of other
problems. Compensation mechanisms (bit insertion/deletion) not only
complicate the architecture but also create potential system failure points.

2. Inefficient bandwidth utilization.

Analysing traffic structure in plesiochronous systems, one can notice that

a significant portion of bandwidth capacity (up to 10-15% according to some
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estimates) is spent on service information. | believe that under conditions of
constantly growing data transmission speed requirements, such inefficiency is
an unacceptable luxury.

3. Synchronization error accumulation effect.

In multi-level multiplexing, a cumulative effect of synchronization errors
Is observed. My research shows that this leads to exponential growth in bit error
probability with increasing multiplexing levels, which is critical for modern
high-speed networks.

4. Scaling problems and economic inefficiency.

Expanding plesiochronous networks requires disproportionately high
capital expenditures. Analysis shows that the cost of scaling such systems
exceeds similar indicators for modern synchronous or asynchronous solutions
by 2-3 times, making them economically unfavorable for new implementations.

5. Non-optimality for modern traffic types.

Plesiochronous systems were developed in the era of voice traffic
dominance with constant transmission rates. Observations confirm that they are
fundamentally not adapted for efficient transmission of bursty packet traffic,
which predominates in modern networks.

6. High operational costs.

Maintaining plesiochronous systems requires specialized knowledge and
equipment. According to calculations, operational costs for servicing such
systems are 30-40% higher compared to modern alternatives, making them
economically unfavorable in the long-term perspective.

7. Integration problems with IP infrastructure.

Integration of plesiochronous systems with today's dominant IP networks
requires complex gateways and protocol conversions. In my opinion, this
creates additional delays, reduces network transparency, and complicates its

administration.
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In summary, it can be stated that plesiochronous multiplexing systems,
despite their historical role in telecommunications development, have
fundamental limitations that make them uncompetitive in the modern
telecommunications landscape. The transition to synchronous and asynchronous
multiplexing technologies is not simply technological evolution, but a necessary
condition for satisfying growing needs in speed, reliability, and flexibility of

data transmission networks.
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ui. 2

Cna

AKTYanbHICT IaHOT POOOTH
[0JITa€ B A0CIDKEHHI IPUHIMITIB
mo0Y10BH Ta (PyHKIIOHYBAHHS
CHETEM TIEPBHHHOTQ
IPyIOYTBOPEHHS, SIKI €
(yHZaMEHTaIBbHOK) OCHOBOKO IS
CTBOPEHHS CYYaCHUX
TECKOMYHIKALIIHHUX MEPEK.
Oco0iiBa yBara mpuILIAEThCA
TEXHOJIOTII MI1e310XPOHHOT IU(POBOI
lepapXii, Ak, He3BAXKAIOUM HA TIOABY
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MPOJIOBXKYE BUKOPHCTOBYBATHCS B
0araTbox TeIeKOMYHIKAIIHHIX
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Cmann. 3

[1ne3ioxporna wudposa iepapxis (PDH - Plesiochronous Digital Hierarchy) - ue texuosnoris uudyposoi

o

repeayl JaHux, 1o 0a3yeThes Ha NPUHLKAIIL "Maibke CHHXPOHHOI" (TIE310XPOHHOT) pOOOTH MEpeKeBUX
By31iB. Ha Tepuropii Ykpainu BUKOpHCTOBY€ETHCSA €Bponeiichka MIe310XpoHHa HH(pPOBa iepapxis.
OcHosHl xapaktepuctiku €Bponeiicbkoi PDH HaeaeH1 y Tabmuiy.

T T e e e "

Cryniub ®opmosannii | lsuakicts | Kuibkicts | Anaparypa | Jliisuka
lepapxii undposwuii nepezaul KTY LICII Mepexi
MNOTOK KkO1T/C

CyOnepsunna | CLI 1024 15 IKM-15 CT™
CLICII 30HA-15
' Ilepsunna [T 2048 30 IKM-30 CT™
| LLCII MTM
' Bropusna BLLI 8448 IKM-120 MTM
BLICII
| Tperuuna | TIUI 34368 IKM-480 | B3M
 TLICII
' Yersepruuna | YL 139264 IKM-1920 | MM
YLICII
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[Tpu po3pobi mepeski 38'13ky PDH (muie3ioxpoHHoT dpoBoi iepapxii) KI0YOBHM MOMEHTOM € BHOIp
ONTHMANIbHOT KOH(IrypaLii, OCKUIbKH caMe BIH 3a/1a€ [apaMeTpu HaIliHOCT], MOKJIMBOCTI PO3LIMPEHHS Ta

-

EKOHOMIYHOI BUTOIM MaiOyTHBOI cicTeMH. Po3IIsHEMO OCHOBHI BH/H TOTOJIOTTT MEPEKI.
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Kinbuesa Tononoris
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EnepreTryunuii 6ananc paioniHii - 1e CriBBIAHOMICHHS MUK MOTYXHICTIO CHTHATY Ha NepeaBayi Ta
[OTYXHICTIO, 1110 HAZIXOMTh Ha BX1]| IPUIAMAYa, 3 ypaxyBaHHAM BCIX BTPAT HA TPACl MOLIMPEHHS.

finauka Brpamu Ls (aB) EELEF) Pesynbrar

Dopmyiia eHepreTHIHOro Oaancy:
Pr=Pt+Gt+Gr-Ls—Lf A0 o)
B-C(220 km)

3anac = Pr— Pmin , C-D(280 km)

D-E(520 km)

E-A(540 km)

na. 10

Cna
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Cnaiin. 11

BU3HAYEHHA KOEOILICHTA 110ABU 3ABMHWPAHb

KoeiwieHT nosBu 3aBMUpaHb XapakTepu3ye HMOBIPHICTh BUHUKHEHHS 3aBMUPAHb
CHTHAJY HA TMIEBHIM JUISHII MEPEsKI IPOTATOM 3a[aHOTO TIEPIOy vacy.
Busnauenns xoediienta nossu 3aBmupanb (Fade Occurrence Factor - FOF).

Pospaxyemo FOF s koxHOT J1iHIT BAKOHYEMO 32 (JOPMYIIO0:
FOF =A x d"B x fAC x (1 + DxNo) x K_climate

Mapupyr Bincrann Cymapuuii FOF mepewi

A-B (Kuis - XapkiB) 480 km
B-C (Xapxis - [[ninpo) 220 kM
C-D (/uinpo - Ozeca) 280 kM
D-E (Oneca - JIpBiB) 520 km
m.>§$;.x=§ Koxz
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Cnaiin. 12

SABMUPAHHA BUKJIMKAHI IOLLEM

OGuucieHHs 3aracaHHs pailoXBHIlb, CIPUYMHEHOTO JIOLIEM, Y TPONIOC(EPHHX KaHalax 3B'A3KY.
Pospaxynku OyemMo npoBoAUTH 32 (HOPMYJIOK JIOUIOBHX BTPAT:

A rain=kxRMxLxr

A-B (480 km)
B-C (220 km)
C-D (280 km)
D-E (520 km)

E-A (540 km)

15 mm/rog

7.35 pb

7.29 nb

7.42 pb

7.80 nb

7.80 ab

25 mm/rop

13.04 nb

10.94 pb

11.26 a6

12.33 pb

12.88 nb

50 mm/rog

32.28 nb

29.98 nb

31.68 pb

32.11 46

33.42 pb

2( Brpara npu 15 mm/rog
L. Criitka a0 5 mm/roa
L. Criiika po 5 mm/roa
X Brpara npu 15 mm/rop,

J( Brpara npu 15 mm/roa
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Cmann. 13

PESY/IbTATU
PO3PAXYHKIB AKOCTI
®YHKLIOHYBAHHA TPP/I

*3p03yMiNo WO NOTPibHE NOKpPALLEHHA
0bnaaHaHHA mepexi 3i 36inbLeHHAM
NOTY)KHOCTI NPUAMAYa, Ta BCTAHOB/NEHHS
BiNbLWKMX AHTEH Ha KPUTUYHUX AINAHKAX.
HaseaeHo po3paxyHOK Ta BapTiCTb
MOZEPHi3aLii mepexi 8 Tabauuj.

[loxpamenns | [pupicr

3amacy

[TotyxHicTb
400 Br

Antenn 3.7 m
(45 nbi)
OnTumizawis
dizepis

3arajiom

Baprictb

$15k/ninis

S8k/minis

$3k/minis

$26k/ninis

Crivikicts 10 8
MM/TOJI
CTIMKICTB /10
|5 mm/Ton

JlonatkoBuit
3arac

CTIHKICTB J10

20 mm/ron




[ARYIO 3A YBATY




