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AJAIITUBHA IUPPOBA MOJIEJIb TIPOLHECIB IIOINUPEHHSA
CUI'HAJIIB Y JOBI'UX JIIHIAX TA PO3T'AJNIYKEHUX PL-MEPEXAX

Ha ocnosi menecpagnux pieuane Xegucatioa po3podnenHo yugposy mooenn
npoyecié  po3N0BCIOONCEHHS.  BUCOKOUACMOMHUX — CUSHANIB HNO  PO32ATYIHCEHIl
0epesonooioHili Mepeorci eNeKmMpoOnoOCmayaHHs. bazamonosepxosoi
bacamoyHkyionanvHoi 06y0ieni. 3anponoHosano memoouxy aoanmayii mooeni 0o
sapiayiil po3mauly8anHs Odxcepel [ npuiimavie cueHanie. Po3pobnena mooenw
3abe3neuye MONCIUBICMb )y KOHKpemHuux npoekmax PL-mepesic ob6rpynmosano 3
noenady HaoilHOCMI U NepeuKo003axuyeHocmi iHpopmayitiHoi mepedxci subupamu
Micys posmauty8ants 0xcepes, NPpUuMadie i pempancisimopie CUcHAis.

Knrouosi cnosa: moodenv, cuenan, mepedica, 0dxcepeno, Npuiimay, mpunoioCHUK,
0BONONOCHUK, epad.

Beryn

Jlns  cydacHoro mepiofy pPO3BUTKY IHTECPOBAaHUX CHCTEM aBTOMAaTH3allii
XapaKTEpHUM € ICTOTHE 30UIbIIEHHS NOMUTY Ha AaBTOMATHU30BaH1 CUCTEMHU YIPaBIIIHHS
oyninsimu (ACYB) 1 6aratodynkuionansuumu cnopyaamu (ACYBC).

Konueniiist mo6y10Bu nogiOHUX CUCTEM MOJIATA€ B IHTErpallil B €IUHY 1HXEHEPHY
CUCTEMY OCHOBHUX CHCTEM JKHUTTe€3a0e3neueHHsi Oy/iBil (€JeKTPOIoCcTayaHHs,
OCBITJICHHSI, = OMAJICHHS,  MIKpoKiIiMar Ta  1iH.). OcoOOJUBICTH  Cy4acHUX
OararonoBepxoBUX OyiBesb 1 0araroyHKUIOHAJBHUX CHOPYI 3 MOTJISAAY 3aBJaHb
YOpPaBIIHHS, KOHTPOJIIO, BUMIPIOBAHb 1 O0JIKY €HEProHOCIiB MOJIArae B TOMY, IO iX
MPOCTIp CKJIAJHUM CIOCOOOM PO3MOAUICHO Ha JIOKajdbHI MPOCTOPU KOPHUCTYBAyiB
(JITIK) M1k 'OpuIUYHUMH 1 TPUBATHUMH 0COOAMH, SIKI OPEHYIOTh a00 € BIIACHUKAMHU
BujUIeHUX Tuioml. KokHuil Takui JokajdpbHUM MpocTip Mae OyTH 1H(POpPMAIINHHO
IHTErpOBaHUM B €AMHY CUCTeMY aBTomaTu3auii Oynieii. Ha BiaMiHy Bil OCHOBHMX
TH)KEHEPHUX CHUCTEM JKUTTE€3a0€3MEUCHHS, MICIIE PO3TAlllyBaHHS SKUX HE 3MIHIOETHCS
3 4acoM, CTPYKTypa po30UTTs npoctopy Oyaisii Ha 6e3iniy JITIK € qunamiunoro. Bona
Oe3nepepBHO 3MIHIOETHCS 4e€pe3 3MIHU JIOTOBOPIB OPEHIM Ta KYMIBII-TIPOJAKY
OpUMIIIEHb. 3MIHU CTPYKTYpU PO30OUTTS mpoctopy OyniBm Ha Oesmiu JIIK 3
HEOOX1IHICTIO Npu3BoAUTH 110 3MiH y Tonoiiorii ACYDB 1 ACYBC. V nux ymoBax
TpaJulIiHI JPOTOBI KaHAIM 3B'I3KY BUSBISIOTHCS HEe(DEKTUBHUMU. 3MIHU TOIOIOTII
IPOTOBUX CHCTEM BHUMAaraloThb JOJAaTKOBMX BUTpaT Ha NpUI0aHHS KaOelbHO-
MPOBIAHUKOBHUX MaTepialliB 1 10JaTKOBUX OY/IBEIbHO-MOHTaxHUX poOit. [Ipu nubomy
paHillle MPOKIAJECHI MEpEXl BKE, MOXKINBO, HE OyAyTh BUKOPHCTOBYBATH HIKOJH 1
BUTPATHU HA iXHE MPOKJIAJIAHHS HE OKYIUISITHCSL.

Tpu nomynsipui 6e3aportoBi TexHosorii: Wi-Fi, ZigBee 1 EnOcean [1, 2, 3] —

Hayxosi npani BHTY, 2015, Ne 1 1



ABTOMATHKA TA IHOOPMAILIIMHO-BUMIPIOBAJIBHA TEXHIKA

e(dexTuBHI B OyIIBISX MaJOi MOBEPXOBOCTI, a TAKOX Y SIKOCTI JIOKAJIbHUX MIJCUCTEM
ycepearHi OKpeMHUX NpUMIlIeHb. 3ali300€TOHHI MEPEKPUTTSI € CEPUO3HOI0
MEPENIKO00 JIJIi IIMPOKOTO 3aCTOCYBAHHS IIMX TEXHOJOTIH y CcUCTEeMax
aBTOMaTH3alli 0araTornoBepXOBHUX OYIBEIb.

3BaXkalouu Ha BUIIE3a3HAYEHE, OCOOIUBUN 1HTEPEC AJisl CTBOPEHHS 1H(OpMaLIHHUX
ka"aniB ACYb 1 ACYBC nabyBatote Power Line TexHonorii, y akux s nepeaadi
CUTHAJIIB BUKOPUCTOBYIOTh MEPEKY €JIEKTPONOCTauaHHs OyniBii. PiiieHHd B raiysi
nepefayi iHGopmalii Mo BHUCOKOBOJBTHUX JIHIAX O€3 BIArajdyXeHb Ha JIUISHIN
MPOXO/XKEHHSI BUCOKOYACTOTHOTO CUTHay Bigomi 1 qoOpe BuBueHi [4, 5]. Illo x
CTOCYEThCA 3acTocyBaHHs PL-TeXHOJOTi B yMOBaX CHJIBHO PO3Taly>KeHHX MEpPEk
€JIEKTPONOCTauyaHHsl 0araTopyHKIIOHAIBHUX OYyJIBEb, TO TYT NOTPIOHO B KOKHOMY
MPOEKTI 1HAMBIAYaJbHO JIOCHII)KYBAaTH YMOBHM MPOXO/KEHHS BHCOKOYACTOTHHUX
CUTHAIIB 3 ypaxyBaHHSIM BIUIMBY HAaBaHTAXKECHb 1 YHUCIEHHHUX BiJraiayxeHb. MeToro
UX JOCHIIKEHb € BU3HAYEHHS IMapaMeTpiB BHCOKOYACTOTHOTO CUTHATY B PI3HUX
TOYKax 3aJaHOl Mepexki EJIEKTPOIOCTaYaHHS 3a 3aJaHOro MICHSPO3TAlllyBaHHS
JoKepena curHairy. Metojosoriss moOylIoBH TOIMOJOTIYHOI CTPYKTYpU MEpPExi Jis
nepeaayi iHGopmallii 1no JaHIorax eJeKTponocTayants OyaiBii MOBUHHA CIIUPATUCA
Ha pe3yibTaTH MOAIOHUX JTOCHII)KEHb.

VY 3B'3ky 3 THpaxyBaHHAM PL-texnosnoriit y pisHux npoekrax ACYb i ACYBC
aKTyaJbHUM € 3aBJIaHHS CTBOPEHHSI YHIBEPCAJIbHOI aJanTUBHOI IU(POBOI Mojei
MpOLIECIB  PO3MOBCIOJIKCHHSI  BUCOKOYACTOTHUX  CHUTHANIB MO  PO3TallyKeHii
JepeBONO110H1i Mepexi €JIEKTPOIIOCTAYAHHS 0araTornoBepxoBoi
OaratodynkiionanbHoi OyaiBmi. Hama poGorta npucBsiueHa poO3B’sA3aHHIO LHOTO
3aBAaHHsA. BimMiTHa 0COOIMBICTh MPOMOHOBAHOTO PO3B’SI3KY MOJISITAE B OPUTTHAIIbHIN
METOJ0JIOT1T MOOYI0BH 00'€KTHO OPIEHTOBAHUX U(POBUX MOJIENEH AEPEBONOIIOHUX
PL-mepex 13 OBOX THUMIB YHI(PIKOBAaHMX (PYHKIIOHAJBHUX MOJIYJIB, a TaKOX Yy
MEXaHI3M1 aBTOMATUYHOTO MEPEeHANTaroJKEHHs CTPYKTYpHU MOJENI 3a 3MIHU MICIb
po3TalryBaHHs JKepesl BUCOKOYACTOTHUX cUTHaNB. He mpereHmyroun Ha MOBHOTY 1
TOYHICTh OMHUCY MPOILECIB Nepeaayl curnaiiB y PL- Mepexax, mpornoHoBaHa MOJIEb
JI03BOJISIE€ ICTOTHO CIPOCTUTHU M ONTUMI3YBATH IXHE MTPOCKTYBAHHS.

MopenoBaHHs pouecy NOMIMPEHHS] CUTHAJIB y IepeBONOAiOHiN Mepe:Ki MeToA0M
3ycTpivyHMX iHpOpMaLiHHUX MOTOKIB

EnextpomarHiTHuil mpolec MONIMPEHHSI CHUTHANy B JiHIT 3 PO3MNOJAUICHUMU
napaMeTpaMu OINUCYIOTh TaK 3BaHUMU TeJerpapHUMHU PIBHSHHSAMU XeBucaiina [6]
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ne i(l,t) — crpym y minii, u(/,r) — Hanpyra Mk npsmuaM ((asHuM) i 3BOPOTHHM

(HyHOBMM) TpPOBOJIaMH JIiHII, R,L,C — BIANOBIIHO MOTOHHI OMip, IHAYKTUBHICTH 1
€MHICTh JiHII, G — TMOTrOHHA MPOBIAHICTH 130JIALII MDK MPIMUM 1 3BOPOTHUM
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MPOBOJIAMHU JIiHII.

3a XesicailioM, JIHIIO 3 PO3MOAUICHUMHU THapamMeTrpaMyd MOJCIIOITh JaHIIOTOM
€JIEMEHTAPHUX  YOTUPUMNOMIOCHUKIB. KOXXEH YOTUPUIOIIOCHUK €  MOJAEIUIIO
HECKIHYEHHO MaJioi JUISHKK JIiHii, Ha SKId pO3MOJUICHI MNapamMeTpH, 3aaaHi
MOTOHHUMHU  BEJIMYMHAMHU: €MHICTIO, I1HAYKTUBHICTIO W aAKTHUBHUM OIIOPOM.
VYpaxoByroun crneuudiky Mepex  eJIEKTponocTadyaHHs  OyiiBenb, 3poOUMO
CIPOIIYBaJbHI MPUITYILICHHS.

1. ITig yac moOyaAOBH MOJIEN1 €JIEMEHTAPHOI IUISTHKH HEXTYBATUMEMO IMII€IaHCOM
3BOPOTHOTO MpOBOAY (TIyXO 3a3eMJIGHOI HEWTpani po3MOAUIbYOI  MEpexi),
HaOJIMKEHO BBAXKAIOYM MOTEHIa] HYJIbOBOI'O MPOBOAY (0araTopa3oBO 3a3€MJIEHOTO)
TaKuM, 110 JOPIBHIOE HYJI0. YHACHIOK IbOrO JOMYIICHHS [UISHKA MEpPEexi B
nepuioMy  HaOJNMKEHHI  MOXYTh ~ OyTM  TOpPEACTaBiI€HI  €JIE€MEHTapHUMHU
TPUIIOJIFOCHUKAMHU, SIK TTOKa3aHo Ha puc. 1.

2. VYpaxoBywoud  MOPIBHSHO  Majy  HOPOTSKHICTH  AUISTHOK — MEpexi
€JIeKTpOornocTauyaHHs OynaiBil (MOPSJAKY JEKUIBKOX JECATKIB METPIB) MPOBITHICTIO
1301511111 MK TTPOBOJIAMHU JIIHIT HEXTYEMO.

3. VYpaxoBytouu, 1o Ha yactotax mnopsaky 100 k['m [goBkuHA XBWIII

2n _
curHany A ==—(LC)"” B Mepexkax eIeKTPONOCTAYaHHSs Mae€ MOPAAOK 102.10°M,
®

MEPEBUILYIOYN TMPOTSAKHICTh JUISTHOK MDK TOUKaAMHU ii PO3raldyEHHS, HEXTYEMO
CHOTBOPEHHSIMU CUTHAIY, YHACIIIOK BIIOUTTS XBUJIL.
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Puc. 1. JliHist mommpeHHs CUrHaITy, IO CKJIaJIeHa 3 eJIeMEHTapHUX TPHUIIONIOCHHKIB

CxemarnuHe 300pakeHHsI JIiHII, CKJIAJEHOI 3 EeJEMEHTAPHUX TPHUIOIIOCHUKIB
MOKa3aHo Ha puc. 1.

3aMiHIOIOYM HAOJMKEHO HECKIHYEHHO MalMuil MPUPICT JiHII KIHIEBO MAaJow ii
JIUISTHKOI0, TEPEeTBOPUMO TeserpadHi pPIBHAHHS JO BHAY KIHIIEBO-PI3HUIIEBUX
PIBHSIHB, 1[0 OMHUCYIOTh €JIEMEHTAPHUN TPUIMOIIOCHUK SIK (DYHKI[IOHAJILHUM MOAYJIb,
IO TEpPETBOPIOE BEKTOP BXIJHUX 3MIHHMX TpHUMOMOCHHKA |u,(t),i (t)] y BexTop

BUXIJTHAX 3MIHHUX [uy (1).i, (t)}
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Taka 3aMiHa HE BHOCUTBH CYTTE€BHX IE€PEKpPYYEHb Yy KapTUHY
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Puc. 2. Ilpuxnax ¢pparMeHTa AepeBOBUIHOI MEPEXI 3 BY3JIOM PO3TaTy)KEHHS

OcoOnuBicTe aepeBonoaiOHoi PL-mepexi mnonsrae B TOMy, IO y By3Jax ii
PO3Taly>KEHHSI CTPYMHU €JIEMEHTapHUX TPUIOJIIOCHUKIB, SIKI € TAKUMH, 10 BTIKAIOTH,
MiACYMOBYIOTh TAKUM YHMHOM, II0 OTPUMAaHUW CyMapHHUW CTPYM JOPIBHIOE CTPyMY,
110 BUTIKAE 3 OMEPEAHHOTO TPUIIOTIOCHUKA (JTUB. pUC. 2).

Y ToMy (parMeHTi JaHLIora, SKMi 300pa)KeHO Ha PHC. 2, CTPYM i,, IKUM BUTIKAE

TpunontocHuka Ne 1, po3TamoBaHOro JIBOPYY BiJi By3Ja PO3rajy>KEHHsS MEpEexi,
JIOPIBHIOE CyMi CTPYMIB i, =i, +i,,, 110 BTIKalOTh y TpUmoarocHuki Ne 2 1 Ne 3, mio
po3TalIoBaHi MpaBopyu Bija By3na. [Ipu nboMy Hanpyra Ha BXOJaxX TPUIIOTOCHUKIB No
2 1 No 3, posramioBaHMX MpaBOpyY BIiJ By3ja, JOPIBHIOE HaNpy3l HAa BUXOAL
TpunomocHuKa Ne 1, po3TamoBaHoro JiBOpyY Bil By3jia MEpexXi u,, =u, =u,. OTKe,

BpPaxOBYIOUM XapaKTep MPUUYUHHO-HACIIIKOBHUX 3B'I3KIB Yy J€PEBOMOAIOHIN Mepexi,
HEOOXIJTHO Mij Yyac moOymoBu Mojeni eixementapHoro Tpumnoitocauka (MET) ctpym,
110 BTIKAa€, pO3MVISLAATH SIK BUXIIHY 3MIHHY, a TOW, IO BUTIKae — sK BXinHy. llpu
[bOMY HaIpyra, siKy MOJal0Th HA €JIEMEHTapHUI TPUIOJIIOCHUK 3 OOKY CTpyMYy, IO
BTIKA€, € BX1JHOIO, a Hampyra 3 00Ky CTpyMy, 1110 BUTIKAa€, — BUXIJTHOIO (puc. 3).
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Puc. 3. Monens anemenTapHoro TpumnomocHuka (MET)

JInst oTpuMaHHS 3aMKHYTOI CHUCTeMHU JudepeHIlialbHuX pPIBHSAHb Tl 4Yac
MOJIEIIOBaHHS JepeBono/ioH01 PL-Mepexi HEOOX1THO BpaxyBaTh HaBaHTaXKEHHSI Ha
KIHIIEBUX TUIKaX JepeBa CEJIEKTPUYHOI Mepexi. 3arajioM Yy SKOCTI MOJel
HAaBaHTAXKEHHST MOXXHA pO3IJISJAaTH MAaCUBHUM  JIBOMOJIIOCHUK, 10 MICTHUTH
IHAYKTUBHICTb, EMHICTb 1 pe3ucTop (puc. 4).
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Puc. 4. IlacuBHuii KiHIIEBHI TBONOIIOCHUK (HaBaHTa)KEHH)

Monens kinneBoro asonontocHuka (MKJ]) onucyemo cuctemMoro piBHSHb
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i, =lp +ic.

Tyr, na Bigminy Big (1) 1 (2), cumBomamu R, L, C TO3HA4Y€HI HE IMOrOHHI, a
30CepeHKEHI BETMYMHHU.

[Ipuknan moOy10BU MOJIENI IOBrO1 JIiHIT 3 HABAHTAXXEHHAM B KiHIII JIHIT TOKa3aHUN
Ha puc. 5.
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Puc. 5. Mogens 1oBroi iiHii
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[lpuknan moOynoBH MoJieNl JEpPEBOMOAIOHOT MEpeki B TOYIl PO3TATYKEHHS
MOKa3aHWi Ha puc. 6.
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Puc. 6. Monens nepeBornoiiOHOT Mepeki B TOUL pO3TaTy>KeHHS

Bapianis nepeBa Mepeaxi 3a 3MiHHM MicIsl pO3TallyBaHHA [KepeJia CHTHAJIB

Hudpoa Momens posramyxkenoi PL-mepexi gae HampsMoK  po3B’SI3KY
3HaXOPKEHHsSI TMapaMeTpiB BUCOKOYACTOTHOTO CHUTHAIY B PI3HMX TOUYKax 3aJaHol
Mepexk1 eJIEKTPOIOCTayaHHs 3a OyAb-SIKOTO pO3TalllyBaHHS JpKepesia curnany. Hexait,
HaIpUKIIaJl, MOCTABJICHO 3aBJIaHHs CTBOPUTH 1H(dopMmauiinuii PL- kananm Mix Boma
3aganumu JIIIK GaraTodyHkiioHanbHO1 ciopyau. Pe3ynbrat MoAeatoBaHHsS NpoLecy
MOIIMPEHHSI CUTHATY MEpeXer eJeKkTponocTtadyanHs, mo 3B's3ye mi JIIIK, moxe
CBITYUTHU TPO T€, 110 MapaMETpU CUTHATY B TOYKAX HOTO MpuiiomMy 3a0e3MedyroTh
HEOOXIJTHUM PIBEHb HAMIMHOCTI MPOEKTOBAHOrO 1H(OpMaliifHOro KaHaily. B iHmomMy
BUIMAJIKy TOTPIOHA peTpaHcislis curHainy. s Toro 1mo0 JOCHIAWTH MapameTpu
CUTHAJIB, SIKI MOIIUPIOIOTHCA BiJl PI3HUX JKEPEI 13 PIZHUX TOYOK MEPEkKi, HEOOX1THO
BMITH BIITIOBIITHUM YUHOM NEepeOy/I0BYBATU CTPYKTYPY MOJIEIIL.

JlepeBy Mepexi TMOCTaBUMO Y BIIMOBIIHICTh aHI3OTPONMHUI  alUKIIYHUN
nepepononionuit  rpad [7]. ILleit rpad BimoOpakae TOMOJIOTIIO  MeEpexi
eJeKTpornocTauyanHs. Mojellb MONIMPEHHsI CUTHaly, noOyaoBaHa MO JEpEBY,
BIJINIOBIJIa€ PO3MIILICHHIO JIXKEpesa CUTHAITY B KOPEHEBOMY BY3JI1, 3BIIKUA MOYHMHAETHCS
PO3IOUT €HEPrii B MEPEkK1 EEKTPONOCTaYaHHS.

Jlnst Toro mo0 AOCHIUMTH MONIMPEHHS CUTHANY BiJ JKepesa, Po3TallloBaHOTO B
JOBUILHOMY BY3Jll MEpEXi, HEOOXiIHO mepedy/lyBaTh IEpeBO TaKUM UYMHOM, 100
HOTro KOpeHEeM BUSBHUBCS BY30J1, y SIKOMY PO3TalllOBaHO JIKEPENIO CUTHATY. 3a Takoi
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Bapiallii JepeBa MOXKE 3MIHUTHUCS CHOPSIMOBAHICTH HOro pedep, a IHIUJICHTHICTb
(3B'A3HICTh JBOX OyIb-SIKMX BEpIIMH) 3aJMIIA€TbCS 0e3 3MiH. PosrisHemo
(dbopmanbHU anrOpUTM Bapiallii iepeBa Ha IPUKIIAIIL.

Ha puc. 7 nmokazano rpad G, nepeBa Mmepexi. Bepmmnu rpada BianoBigaroTh
TOYKAM PO3TAIYKEHHSI Mepexki enekTpornoctadyanHs. OCKUIBKA pO3raily>KeHHs
3MIMCHIOIOTHCS B PO3MOJUILYUX MPUCTPOSX, TO MICISI MOXKJIMBOIO BCTAHOBJICHHS
JDKEpeT 1 MpUMadiB CUTHAJIIB TAKOX 301rat0ThCs 3 TOUKAMU PO3TalyKEHHS.

Puc. 7. CtpykTypa Mepexi eIeKTpOrocTaYaHHs

Pebpam mporo rpada BIAMOBIIAIOTH AUISHKH MEPEXKl eIeKTPOrocTadyaHHs,
BUKOHAHI, K MPaBWIO, KaOEIsIMU PI3HUX MAPOK, JIOBXKUH 1 MepeTuHiB. Y 1udpoBoi
mozeni PL-Mepexi koxHOMY peOpy rpada G, MOCTaBICHO Yy BIAMOBIAHICTH BEKTOP

napamMeTpiB, 110 MICTUTh KUIbKICTh €1€MEHTAPHUX TPHUIIOIIOCHUKIB HA MOJI€JIbOBAHIM
TUISTHIIL, TOBXKUHY €JIEMEHTApHOI AUISHKYA MEPEkKi, a TAKOkK MOTOHHI 3HAYEHHS OTopY,
IHAYKTUBHOCTI 1 €éMHOCTIL. L{i BeKkTOpM 3anuInaroThCcsi HE3MIHHMMHM 3a BCIX Bapialliid
nepeBa mepexi. Ha puc. 7 pebpa rpada G, mo3HaueHi OykBaMu JIaTUHCHKOTO
andasity.

Crpyktypy rpada BimoOpakae MaTpuls  IHIUACHTHOCTI. Y paxoBYIOUu
aHI30TPOMHICTh Tpada, sika BiioOpakae HAMPSIMOK Mepeaadl CUrHaly, JTOMOBHUMOCS
MOo3HayaTu Horo pedpa, sKi 3'€IHYIOTh BEPIIMHU TaK, 1110 Ha MEPIIOMY MICI BKa3aHO
BEpIIMHY — BUTIK CUTHAJy, & Ha APYroMy — CTIK curHainy. Hampuknaza, Ha puc. 7 ue
peopa 1 —2;2—-3;2—-4;4—5;4 — 6. Y marpuli HEXal BIAMNOBIIAIOTh 32 BUTOKU
PANKH, a 3a CTOKM — CTOBINII. BuXigHa MaTpuilsl HIMACHTHOCTI IJII AEpeBa MEpexi
Ma€e BUTJIS, 110 TIPEeCTaBiIeHO B Ta0. 1.

Tabmuns 1
6
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Enemenramn g uiei marpuii € pedpa rpada. Skiio pedpo aKTHBOBaHO B MOJEII,

BIJIMIOBITHUN €JIEMEHT MATPUIll MO3HAYaTUMEMO BEIUKOI OYKBOIO. SIKIIO XK €IeMEHT
MaTpHulll BIIMOB1/Ia€ IBOM MOB'I3aHUM BEPILIUH, aJie BIANOBIIHE peOpO HE aKTUBOBAHO
B PO3IJISIHYTIM MOJIeNl, €JIEMEHT MAaTPUIll MO3HAYaTUMEMO MaJiol0 OYKBOIO.

Hexaii, Hanpukian, JKepesno CUrHaiay NOTpiOHO po3MiCTUTH Y By3ii 3. s Toro
100 CUHTE3YBaTH MOJEIb HEOOXITHO MepedyIyBaTH JIEPEBO MEPEXi Tak, 100 Horo
KOpPEHEM CTaJla BEpIInHA 3.

[lepernsinaemo psanok 3. KoxkeH enemMeHT psiika 3 MOPIBHIOEMO 13 CUMETPUYHUM
BIIHOCHO TOJIOBHOI JiaroHaii e€JIeMeHTOM. SIKIo eJeMEHT psajaka — maja JiTepa, a
CUMETPUYHUN HOMY €JIEeMEHT — MPOIKCHA, TO MIHSIEMO MO3HAYEHHSI 000X €JIEMEHTIB
Ha TPOTUJICKHI. Y BCIX IHIIMX BUMAJKAX 3aJUIIAEMO KOJIMIIHI 3HAYEHHA. Y LbOMY
pasl eIeMeHT g,, =b ciii akTuByBatu (g,, - B), a CUMETPUYHUN HOMY DJIEMEHT

g,, = B Ne3aKkTuBYyBaTH (g,, > b ).

Ta0murs 2
6

[lepernsinaemo psiikKM, HOMEpPHU SIKUX JOPIBHIOIOTH JIPYrUM 1HJEKCaM (HOMepam
CTOKIB) Y MO3HAYEHHSX €JIEMEHTIB psAJika 3, MO3HAYEHUX MPOMUCHUMHU JiTepamu. Y
bOMY pa3i e psAoK 2. Y LbOMY PAJIKY BCi €IE€MEHTH, MO3HAYEHI MPOMUCHUMHU
miTepamu, 3anumaeMo 0e3 3MiH (eremeHT C 3anumaemMo 0e3 3MiH), a CTaTyc
€JIEMEHTIB, MO3HAYCHUX MaJIUMHU JITEpaMH, 3MIHIOEMO Ha MPOTUJICKHHHN (€JIeMEHT
g, =a AaKTUBYeMO g, — A, CUMETPUYHMM HOMY €IEMEHT g,, = A 1e€3aKTUBYEMO

g,—a. Enementu, y sKUX Jpyri I1HAEKCHM BKa3ylOTh PSJKH, 3MIHEHI Ha

MONEPEIHbOMY KpOLll, 3aJIHMIIAOThCsl 0€3 3MIH (y LbOMY BHUMNAAKy L€ €JIEMEHT
g, =b).
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Tabnuis 3

[lepernsimaemo psiku, HOMEPU SKUX JOPIBHIOIOTH APYIUM IHJEKcaM (HOMEepam
CTOKIB) €JIEMEHTIB psi/ika 2, MO3HAYEHUX MPOMUCHUMHU JITEepaMu. Y LbOMY BUIAJIKY
ue pagku 1, 4.V panky 1 enemeHTr g, =a He 3MIHIOETBCS, 4epe3 Te IO PSAoK 2
OyJI0O 3MIHEHO Ha NONEPEIHbOMY Kpoll. Y psaKy 4 €lIeMeHT g,, =c¢ He 3MIHIOEThCH,
yepe3 T€ 10 PSAoK 2 Oyjo 3MIHEHO Ha mnomepeaHbomy Kpoui. OtTxe, mpoiiec
NepeTBOpeHHs Tpada 3akiHueHo. MOro BUIVIAA IiJ 4Yac PO3MIICHHS JUKepena
CUTHAJIy y By3Ji 3 IOKa3aHo Ha puc. 8a.

a) 5)

Puc. 8. Bapiamii rpada PL-mepesxi 3a 3MiHH MiCIISI pO3TallyBaHHs JPKepesia CUTHAITY: a) JDKEPENO MOMIIIEHO Y By3Ji 3;
0) JuKeperto MoMiIIeHo y By3ii 4

Hexaii, Hanpukian, JKepeno CUrHaiay NoTpiOHO po3MicTuTd y By3ii 4. Jlns Toro
00 CHUHTE3yBaTU MOJIEIb, HEOOXITHO NepeOyyBaTH AEPEBO MEPEXKI Tak, 00 HOro
KopeHeM cTana BepmnHa 4. Kepyrouwch aHaJIOTIYHUM ajarOpUTMOM, OTPUMAEMO
Hayxosi npani BHTY, 2015, Ne 1 9
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mykanuit rpag (puc. 80).

IIpuknang BUKOpPHUCTAHHS MO il Yac aHATI3y YMOB IPOXO/IKeHHs iH(popManiiiHuX
CHUTHAJIB Y CHCTEMI eJICKTPONOCTAYaHHs 0araTonoBepxoBoi OyaiBJi

TomnonoriyHa cxema A0CIIIKYBaHOI CUCTEMH TOKa3aHa Ha puc. 9.

( 1 4) PIT 4 3

PII-Ii-1 (3)

Pr[fr[f(él' )

Puc. 9. Tomonoriyna cxemMa CHCTEMH €JIEKTPOIIOCTauaHHs 0araTonoBepxoBoi Oy B

[Tpuxnan cuaresy MATLAB-mozeni.
Mogens Ne 1: mxepeno curHany posramoBano y Bepiuudi 1 (puc. 10).
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¥gen CEAFAHHEIA © MCTOYHMEOR; 1 | [ OTEREITE ] [ COXPaEHMTE ]
AKTHEHEIR | ¥3En MCTO4HMKS ¥sen APHEMHHES | A NHHS YHacTEa| =3 L iZ

1 | 1 sl 1 01512 90000e-06  9.0000e-09 -~
= z 3 1 0.5651 1.3800e-05 1.3800e-05 T
5 <} 4 1 03174 5. 3000e-06 & . 5000e-09

B 1 =1 1 04232 5. 4000e-06 5. 4000e-09

5 =1 T 1 02116 4 2000e-06 4 2000e-09

& 1 =3 1 0.3476 & . 9000e-065 & 9000e-09

i =1 =] 1 04232 5. 4000s-06 5 4000e-09 —
=} =} 10 1 0.4534 9.0000e-06 9.0000e-09

Q 1 11 1 0.4536 9.6000e-0& 9.E000e-09

10 11 12 1 04232 5. 4000s-06 5. 4000e-09

11 11 13 1 0.45354 9.0000s-06 9.0000e-09

12 1 14 1 0.6045 1.2000e-05 1.2000e-05

135 14 15 1 042352 5. 4000e-06 5. 4000e-09

14 14 16 1 0.45354 9.0000e-06 9.0000e-09 s

MNocTRoOMTE MOgENE

Puc. 10. Tabnust 3aBaHHs CTPYKTYPH CUCTEMHU

&l

Rasdy 100%

| MATLAG 7.8

Puc. 11. CuHre3oBaHa nporpama Mozei
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Pesynbrat aBTOMatruHoOro cuHTe3y moaeni Ne 1 (puc. 11).

Pesynbratn MmonentoBanus PL-mepexi HaBeneHo B Ta0I. 4.
Tabnuus 4

BimHocHi aMIUTITy 11 CHTHAJIB 3aJI€5KHO BiJ MicIIb PO3TANyBaHHS TKepeJ i mpuitmaviB

l----- 12 14

- 1 098 1.03 0.97 0.93 0.93 089089 1 0.85
1 - 1 1.05 0.53 0.51 0.53 0.49 0.49 0.53 0.47 0.47 0.53 0.45
0.48 1 - 1 0.25 0.25 0.25 0.24 0.24 0.25 0.23 0.23 0.25 0.22
04 082 1 - 021 0.2 0.21 0.19 0.19 0.21 0.19 0.19 0.21/0.18
1 0.53 052 0.55 - 1 053 05 0.5 0.53 0.47 0.47 0.53 0.45
76 0.41 04 042 1 - 041 0.38 0.38 0.41 0.36 0.36 0.41 0.35
1 0.61 0.6 0.63 0.61 0.59 - 1 1 0.61 0.54 0.54 0.61 0.52
57 0.35 0.34 0.36 0.35 0.34 1 - 0.57 035 0.31 0.31 0.36 0.29
5
1

IH

74 0.

oS o

1,055 0.33 0.33 035033032 1 055 - 033 03 0.3 0.33 0.28

0.5 05 052 05 049 0.5 047047 - 1 1 05 043
22 06 031 03 032031 03 0.31 0.28 0.28 1 - 0.6 031 0.26
2 0.59 03 0.29 031 03 029 03 028028 1 059 - 03 025
01 043042045 043 042 043 04 04 043 039 039 - 1

= 0.63 0.27 0.27 0.28 0.27 0.27 0.27 0.25 0.25 0.27 0.24 0.24 1 -

|
|
|
|

[
[y

BucnoBku

1. Po3po6reHo yHiBepcaibHy, 3 MOKJIMBICTIO aBTOMAaTUYHOTO MEPEHAIAr0IKEHHS,
aganTUBHY MU(PPOBY MOJIEIH MPOIIECIB PO3MOBCIOIKEHHS BACOKOYACTOTHUX CUTHAJIIB
M0 PO3rajyKeHid AepeBOMOJIIOHIA Mepexkl eJIEKTPONOoCTauyaHHs 0araTonoBEpXOBOT
0araro(yHKIIOHAJIBHOT OyA1BIII.

2. Po3pobnena mopenb 3a0e3nedye MOMXKIMBICTH Y KOHKPETHUX MpoekTtax PL-
MepexX OOIPYHTOBAHO 3 TMOMISAY HAIIMHOCTI W MEPEelIKo03aXUIIEHOCTI
iHdopMaliiHOI Mepeki BUOUpaATH MICIE pO3TalllyBaHHS JKEpes, NpuiiMaviB i
PETPaHCIISITOPIB BUCOKOYACTOTHUX CUTHAJIIB.
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AUTOMATICS AND INFORMATION MEASURING FACILITIES

A. Zaslavsky, Cand. Sc. (Eng.), Assistant Professor; A. Suchevskiy

ADAPTIVE DIGITAL MODEL OF SIGNAL PROPAGATION PROCESSES
IN LONG LINES AND BRANCHING PL- NETWORK

On the basis of Heavyside telegrapher’s equations digital model of high frequency
signals propagation in branch tree-like energy supply network of multistory
multifunctional building has been developed. The technique of model adaptation to
the variations of sources and receivers of signals location has been suggested. The
developed model provides the possibility to select the location of sources, receivers
and relay stations of high frequency signals from the point of view of reliability and
error probability performance of information network.

Key words: model, signal, network, source, receiver, two-terminal network, tree-
terminal device, graph.

Introduction

Modern period of development of automation integrated systems is characterized
by considerable growth of the demand for automated control systems of buildings
(ACSB) and multifunctional constructions (ACSMC).

The concept of similar systems construction is based on integration in a single
engineering system main life-support systems of the building (electric energy supply,
lighting, heat supply, microclimate, etc.). The characteristic feature of modern
multistory buildings and multifunctional constructions from the point of view of
management, control, measurement and account of energy resources is that their
space is in a complex manner divided into local spaces of the users (LSU) among
numerous judicial and private persons — tenats or owners of these areas. Each such
local space must be informationally integrated in a single system of building
automation. Unlike principle engineering life-support systems, location of which
does not change in time, the structure of building space division into numerous local
spaces of users (LSU) is dynamic. It undergoes constant changes due to changes of
rent contracts and contracts of building purchase. Changes of the structure of
building space division into numerous LSU leads to changes in the topology of
ACSB and ACSMC. In these conditions conventional wire communication channels
turn out to be inefficient. Changes of the topology of wire systems require additional
expenditures for buying cables and conducting materials and additional civil
engineering and installation works. And probably, already installed networks will
never be used and the expenses for their installation will not be recouped.

Three popular wireless technologies Wi-Fi, ZigBee and EnOcean [1,2,3] are
efficient in  buildings, having few floors and as local subsystems inside separate
premises. Reinforced concrete floors are serious obstacles for wide application of
these technologies in the systems of automation of multistory buildings.
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In this connection, Power Line technologies become very interesting for creation
of information channel of ACSB and ACSMC, because these technologies use for
signal transmission the network of electric supply. Solutions in the sphere of
information transfer along high voltage lines without branching on the section of
high voltage signal passage are known and well studied [4, 5]. Regarding the
application of PL-technologies in conditions of branching networks of energy supply
of multifunctional buildings, individual study of the conditions of high voltage
signals passage, taking into account shunting action of loads and numerous
branchings should be performed. The aim of these studies is determination of high
frequency signal parameters in different points of the given energy supply network at
the preset location of signal source. Methodology of construction of topological
structure of the network for information transmission in energy supply circuits of the
building must be based on the result of such studies.

Due to the spreading of PL-technologies in various projects of ACSB and
ACSMC the problem of creation of universal adaptive digital model of high-
frequency signals propagation processes in branching tree-like network of energy
supply of multistory, multifunctional building becomes urgent. The given study is
aimed at solution of this problem. Characteristic feature of the suggested solution
consists in original methodology of construction of object-oriented digital models of
tree-like PL-networks of two types of unified functional modules and in the
mechanism of automatic readjustment of the model structure in the process of the
change of high frequency signals sources locations. Without having a claim on
completeness and accuracy of processes description of signals in PL-networks
transmission, the suggested model enables to simplify considerably and optimize
their design.

Modeling of signals propagation process in tree-like networks by means of counter
information flows

Electromagnetic process of signal propagation in the line with distributed
parameters is described by the so-called Heavyside telegrapher’s equations

Ol ou M
—=-C—-uG,
ol ot

where i(/,t) - current in the line, u(/,¢) - voltage between direct (phase) and return

(zero) wires of the line, R,L,C - linear resistances, inductance and capacitance of the
line, correspondingly, G - linear conductance of insulation between direct and return
WIres.

Following Heavyside, the line with distribution parameters is modeled by the
chaine of elementary two-ports. Each two-port is the model of infinitely small
section of the line, where distributive parameters are set by linear values:
capacitance, inductance and active resistance. Taking into account the characteristic
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features of electric supply networks of buildings, we will make some assumptions.

1) While construction the model of the elementary section, we will neglect the
impedance of the return wire (dead grounded neutral of distributive network)
approximately considering the potential of neutral wire (multiply grounded)
everywhere to be equal zero. As a result of this assumption, sections of the network
in the first approximation can be presented by the elementary three- terminal devices
, as it is shown in Fig. 1.

2) Taking into account comparatively small length of the sections of electric
energy supply (approximately several scores of meters) we may neglect the
conductance of insulation between the wires of the line.

3) Taking into consideration the fact, that on 100 kHz frequencies, the signal
2z

wavelength 2=2=(LC)" in energy supply network has the order 10%.10°m,
@
exceeding the length of sections between the points of its branching, we may neglect
signal distortions, as a result of wave reflection.
Schematic representation of line model, taking into account the suggested
assumptions, is shown in Fig. 1.

<
l Ll

Al | I iy

A
y

a
Elementary three
terminal devic

Fig. 1. Line of signal propagation, composed of elementary three terminal device

Replacing the approximately infinite small increment of the line by its finite small
section, we transform telegrapher’s equation in partial derivatives to the form of
finitely-differential equations, describing elementary tree-terminal device as
functional module, transforming the vector of input variables of [u,(¢).i,(¢)] into the

vector of output variables [u,(¢).i, ()]

di
u, =u, —i,RAI-LAI =,

!
2
. du, @
i, =i,—CAl—=.
dt

_u, (1) -u (1)
Al
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| (1)-i (1 : . o
%i(l,t):%. Such replacement does not introduce considerable distortions

in the picture of signal propagation, if the ratio of the length A:Z—E(LC)A/ * of
w

elementary section of the line A/ to the length of the wave, propagation along it,
tends to zero.

Characteristic feature of tree-like PL-network is that in the nodes of its branching
input currents of the elementary tree-terminal devices are added in such a manner,
that the obtained total current equals the output current of the previous three
terminal devices (see Fig. 2).

Elementary three
terminal device

Fig. 2. Example of tree-like network fragment with branching node

In the fragment of the circuit, shown in the Figure, output current i, of three-

terminal device Nel, located on the left of the network branching node, equals the
sum of i, =i, +i, of input currents of tree-terminal devices Ne2 and Ne3, located on

the right of the node. In this case the voltage at the inputs of three-terminal devices
No2, Ne3, located on the right of the node, equals the voltage at the output of three-
terminal device Nel, located on the left of the network node u,=u,=u,. Hence,

taking into account the character of causal relations in tree-like network, it is
necessary while construction the model of elementary three-terminal device, to
consider the input current as output variable and output current — as input variable. In
this case, the voltage, supplied to elementary three-terminal device on the side of
input current, is input, and the voltage on the side of output current — output voltage

(Fig. 3).

i, i =i +CAldu|dt — u

u,=u, —iyRAl — LAl diy/dt

Fig. 3. Model of elementary three- terminal device (MET)

Hayxogi npaui BHTVY, 2015, Ne 1 4



AUTOMATICS AND INFORMATION MEASURING FACILITIES

To obtain the close system of differential equations in the process of modeling of
tree-like PL-network it is necessary to take into consideration the load at finite
branches of electric network tree. In general case, as the model of the load passive
one-port, comprising the inductance, capacitor and resister can be considered (Fig.
4).

Fig. 4. Passive extreme one-port(load)

The model of extreme one-port (MEO) is described by the system of the equations

, 1 L di,
lpy =—U_ ————,
OR™ R dr

du
i =C=—=x, 3
c 5 (3)
i, =i, +ic.

Here, unlike (1) and (2) symbols R, L, C denote not linear but concentrated values.
The example of construction the model of long line with the load at the end of the
line 1s shown in Fig. 5.

| 0 | Al | [—2Al | [—Al | l
| Vl ““““““ > Vl Vl
ux lx ux lx u l
I B X X
U ”’,' . U .
MET | 2 Y| MET | Y| MET | "
i, g -
MFD [¢
Signal

conrce

Fig. 5. Model of long line
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The example of construction of tree-like network in the point of branching is shown
in Fig. 6.

=
=
o~
<
o~

A 4

M
—~
v

— u i
MET ’ ﬁ MET

MFD

ah

<

A 4

" | MET

\ 4

f_J~

— MFD

Fig. 6. Model of tree-like network in the point of branching

Variation of network tree while changing the place of signal source location

Digital model of branching PL-networks suggests the directions to the solution of
the problem, dealing with the determination of high frequency signal parameters in
different points of the given energy supply network at different locations of signal
source. Let, for instance, the task of creation of information PL-channel between two
preset LSU of multifunctional construction be set. The result of modeling of signal
propagation process in electric energy supply network, connecting these LSU, may
certify that signal parameters in the points of its reception provide the required level
of reliability of the designed information channel. In other case, signal relaying, is
needed. To investigate parameters of the signals, propagating from various sources it
1s necessary to know how to reconstruct the structure of the model.

Initial tree of the network corresponds anisotropic non-cyclic tree-like graph [7].
This graph reflects the topology of energy supply network. The model of signal
propagation, built on initial tree, corresponds to location of signal source in root
node, where energy distribution in energy system starts.

To investigate signal propagation from the source, located in random node of the
network, it 1s necessary to reconstruct the tree, so that its root be the node, where
signal source is placed. In case of such tree variation the direction of its ribs may
change, and incidence (connectivity of any two vertices) remain without changes.
Let us consider formal algorithm of tree variation on the example.
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Fig. 7 shows the graph G, of initial tree. Vertices of the graph correspond to the

points of energy supply network branching. As branchings are realized in distributive
devices, then the places of possible installation of the sources and receivers of the
signals also coincide with the points of branching.

Fig. 7. Structure of energy supply

Ribs of this graph correspond the sections of electric energy supply network,
realized, as a rule, by cables of different types, lengths and cross-section. In digital
model of PL-network each rib of graph G corresponds the vector of parameters,

comprising a number of elementary three-terminal devices on the modeled section,
length of the elementary section of the network and linear values of the resistance,
inductance and capacitance. These vectors remain unchanged at all variations of the
network tree. In Fig. 7 the ribs of the graph G, are denoted by the letters of Latin

alphabet.

The structure of the graph will be presented by incidence array. Taking into
account anisotropy of the graph, reflecting the direction of signal transmission we
will denote its ribs by the numbers of connected vertices, so that, in the first place the
vertex- source of the signal is indicated, and in the second place — signal discharge.
For instance, in Fig. 7, these are ribs 1-2; 2-3; 2-4; 4-5; 4-6. Let rows correspond to
sources and columns — to rows in the array. Incidence array for initial tree has the
form, shown in Table 1.

Table 1
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Ribs of the graph are elements g of this array. If the rib is activated in the model,

the corresponding element of the array will be denoted by capital letter. If the
element of the array corresponds to two connected vertices but the corresponding rib
1s not activated in the considered model, we will denote the array element by lower
case letter.

Let, for instance, the source of signal be located in node 3. To synthesize the
model it is necessary to reconstruct the tree of the network, so that, its root be the
vertex 3.

1. We look through row 3. Each element of row 3 is compared with symmetrical
relatively main diagonal, element. If the element of the analyzed row — low case
letter, and the symmetrical element — capital letter, then we change notations of both
elements into the opposite ones. In all other cases we keep previous values. In the
given case element g,, =b should be activated (g,, > B) and symmetrical to it

elementg,, = B should be disactivated (g,, = b).

Table 2

2. We look through rows, numbers of which equal the second indices (numbers of
stocks) in the notations of row 3 elements, denoted by capital letters. In the given
case it is row 2. In this row all the elements, denoted by capital letters we remain
without changes (element C remains unchanged) and status of the elements, denoted
by low case letters, we change on the opposite one (element g, =a, we activate
g, —> A4, element g,, = 4, symmetrical to it, we disactivate g,, — a). Elements, in

which the second indices indicate the rows, changed at the previous step, remain
unchanged (in the given case it is element g,, =b0).
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12 (34|56
1 a|0]0]0]O0
2 | A b|C|0]O0
3/10|B 0]10]0
>
410|c]|O D|F
5/0,0]0]|d 0
6 0,00 f |0

Table 3

3. We look through rows, numbers of which equal to the second indices
(numbers of rows) of the elements of row 2, denoted by capital letters. In the
given case these are rows 1, 4. In row 1 element g,, = a does not change, as row 2

was changes at the previous step. In row 4 element g,, =c does not change, as

row 2 was changed at the
transformation is over. Its form at arrangement of signal source in node 3 is

shown in Fig. 8a.

previous step. Hence, the process of graph

Fig. 8. Variations of PL-network graph at the change of signal source location a) the source is placed in node
3 ; b) the source is placed in node 4

Let, for instance, signal source be located in node 4. To synthesize the model, it is
necessary to reconstruct the network tree so that, vertex 4 be its root. Using the
analogous algorithm we obtain the desired graph (Fig. 8b).

The example of model usage for analysis of the conditions of information signals passage in
energy supply system of multistory building
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Topological scheme of the investigated system is shown in Fig. 9.
+16000

(16)DS -4-3

(14)DS -4-1

(15\NS 4.7
-- +12,000

| Floor 3

(NS =122 (MNS -13

(6)DS -1-1

-4,000
Parking

—————

Fig. 9. Topological scheme of energy supply system of multistorybuilding

The example of synthesis of MATLAB — model.
Model Nel: source of the signal is in vertex 1 (Fig. 10)

¥32N CB ASAHHEIN C HMCTOYHMEORW: 1 [ OTKEEITE ] [ COXPaHNTE ]
AKTHMEHEIR | ¥ZEN MCTOYHMES ¥Z8n NpremHrKa | dnmHa yaacTea R L Z

1 1 2 1 01512 9.0000e-06 9.0000e-09 ~
2 2 3 1 0.5651 1.3800e-05 1.3800=-05

] 3 4 1 03174 E.5000e-06 E.5000e-09

+ 1 =] 1 0.4232 5.4000e-06 5.4000e-09

5 =] r 1 02116 4. 2000e-06 4 2000=-09

& 1 =] 1 0.3476 E5.9000e-06 5.9000e-09

7 =] a 1 0.4232 5.4000e-06 §.4000e-09

=} g 10 1 0.4534 9.0000e-06 9.0000=-09

9 1 11 1 0.4536 9.6000e-06 9.6000e-09

10 11 12 1 0.4232 5.4000e-06 5.4000e-03

11 11 13 1 0.4534 9.0000e-06 9.0000e-09

12 1 14 1 0.6045 1.2000e-05 1.2000e-03

13 14 15 1 0.4232 G .4000e-06 G.4000e-09

14 14 16 1 0.4534 9.0000e-06 9.0000=-09 -

MocTROWTE Mogen:

Fig.10. Table of the task of system structure

Haykogi mpaui BHTYVY, 2015, Ne 1 10



AUTOMATICS AND INFORMATION MEASURING FACILITIES

Fig. 11. Synthesized program of the model

The result of automatic synthesis of model Nel (Fig.11)
The results of modeling PL — network are given in Table. 4.

Table 4

Relative amplitudes of signals depending on the places of location of the sources and receivers

1 |2 |3 )4 (6|7 (8]9 [10]11]12]13 )14 |15

- 1 098103 1 097 1 093093 1 089089 1 0.5

1 - I 1.05 0.53 0.51 0.53 0.49 0.49 0.53 0.47 0.47 0.53 0.45
048 1 - 1 025 0.25 0.25 0.24 0.24 0.25 0.23 0.23 0.25 0.22
04 082 1 - 021 0.2 0.21 0.19 0.19 0.21 0.19 0.19 0.21|0.18
I 0530.52055 - I 053 05 0.5 0.53 0.47 0.47 0.53 0.45
76 041 04 042 1 - 0.41 0.38 0.38 0.41 0.36 0.36 0.41 0.35
1 061 0.6 0.63 0.61 0.59 - 1 1 0.61 0.54 0.54 0.61 0.52
.57 0.35 0.34 0.36 0.35 0.34 1 - 057 0.35 0.31 0.31 0.36 0.29
5
1

0

oS O

5033033035033032 1 055 - 033 03 0.3 0.33 0.28
0.5 0.5 0.52 0.5 049 0.5 047047 - 1 I 05 043
22 0.6 031 0.3 0.32 0.31 03 0.31 0.28 0.28 1 - 0.6 031 0.26
2059 03 029031 03 029 03 028028 1 059 - 03 0.25
1 043042045 043 042 043 04 04 043 0.39 039 - 1
<1 0.63 0.27 0.27 0.28 0.27 0.27 0.27 0.25 0.25 0.27 0.24 0.24 1 -

1
1
1
|

k| ek
a2 SIS [=]2 el ]o o [w ]~
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Conclusions

1. Universal adaptive digital model of the processes of high frequency signals propagation in
branching tree-like network of multistory multifunctional building energy supply, having the
possibility of automatic readjustment, has been developed.

2. The developed model provides the possibility in certain projects of PL-networks, from the point
of view of reliability and noise immunity of information network to select location of sources,
receivers and relay stations of high frequency signals.
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