TexHiyHI HAYKU

“IlpoextupoBanue”, “Knowledge”, “Ompit 7, “Pabota”, “Xopomee”, “3Hanne”. BCchoro eKcrepToBi Il EpeTisiLy
3 BpaxyBaHHSAM KOHTEKCTY OyJio mojiaHo 23 CTpiuky, 3 SKuX BifgioOpaHo 17 moHsTh. [Ipy neperisai moBHUX TEKCTIB 5
aHaJII30BaHUX CTOPIHOK EKCIepT MoBHHEeH OyB Ou meperyisiHyTu Oinst 200 crpidok. ToOTO Branocs mpuHaiMHI Ha
HOPSJOK 3MEHIINTH 3aBaHTAXKEHICTh €KCIepTa 1 YaCTKOBO 3HATH iH(OPMAIIHY 3aIIyMIICHICTh TaHHX.

3a  KpuTepieM  pe3yNbTaTUBHOCTI  Bigbopy  BaximBoi  iHpopmarii  ([KUIBKICTH  BimiOpaHHX
TepMiHiB]/[KUTBKICTh IIEPETrITHYTUX CTPIUOK]) e(eKTUBHICTh poOOTH eKcrepTa 3pocia Bix 3HayeHHs 0.085 no 0.739.

BucHoBknu

VY crarTi po3mISHYTO OAWH 3 MOXJIMBUX IUIAXiB (POPMYBAaHHS OHTOJIOTIHHOTO HAIIOBHEHHS MIIAXOM
aHajizy 3amymieHoi cmabo  cTpykTypoBaHoi iH(popmarii cremianizoBaHux Be0G-caiitiB. B ocHOBy
ABTOMaTH30BaHOT0 MeTOAy (hOPMYBaHHS OHTOJIOTIHHOTO HAIIOBHEHHS MMOKJIAICHO CTPYKTYPHHUH aHaNi3 TeMaTHYHUX
CTOPIHOK crieriaizoBannx Beb-caifTiB, BiciB (QOHOBHX TEPMiHIB 3a YACTOTHUM KPHUTEPIEM Ta 3aIydeHHS eKCIepTa
JUT OCTaTOYHOTO BiIOOPY TEPMiHIB Ta CTPYKTYpPYBaHHS OHTOJOTI].

VY pesysbraTi NpoBEJCHUX AOCIIKEHh OTPHUMAHO HACTYIIHII HAyKOBI Ta MpaKTHYHI pe3ylnbTaTH. Bnepiue
3aIpOIIOHOBaHO (JOPMYBaHHSI OHTOJIOTIHHOTO HAIOBHEHHS LUISIXOM aHaji3y 3alryMiieHoi cliabKo CTPYKTYypOBaHOI
iHpopMmarii TemaTnuHnx Beb-cropiHok cremianizoBanux BeO-caiitiB. Ile ymMoxiuBiroe GpopManizamniio mpoueaypu
noOYy/I0BH Ta MiATPUMKH OHTOJIOTIH BUMOT 10 BUCOKOTEXHOJIOTIYHUX MPOIYKTIB Ta MOCIYT, 3HAYMMHUX JUIsl IEBHUX
cerMeHTiB BeO-crinbHOTH. E(eKTHBHICTH 3alpONOHOBAHOTO METOIY Ta AJTOPUTMY MiITBEPPKECHO TPU aHai3i
MOYaTKOBOTO €Taly CTPYKTypyBaHHs oHtojorii “PHP mporpamict”, 3HaumMoi ajisi MpaneAaBIiB CO(TBEPHUX
KOMITaHi YKpaiHu.
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XMenbHUIBKUI HAllIOHAIBHUI YHIBEPCUTET

OI'JIsI I KIACUYHUX MOJEJIEH MPOBITHUKOBHUX
PET'YJISAPHUX JIHIU NEPEJAYI

B cmammi posaasidarombcsi KaacuyHi Modesai npogidHUKo8UX pe2yAspHuX AiHill nepedaui, Wo 3acmoco8yombscs 8
3a2a/1bHOMY aHaAi3i nposidHukosux AiHill. IlokazaHo, wjo eidomi npocmi modesi € cnpoujeHUMU [ He 0aMb MOHXCAUBOCMI
8PAXyB8AHHS YACMOMO-3A1EHCHUX napamempig AiHII y nep8uHHUX ma 8MOPUHHUX NApaAMempax AiHii.

The article deals with the classical model of regular conductor transmission lines used in the overall analysis of
conductor lines. The famous simple model is simplified and does not allow for incorporation of frequency-dependent
parameters of the line in the primary and secondary parameters line.

Kawuosi caoea: npogioHukosa peayAsipHa AiHis, npocma modes AIHIL.

Beryn

3a oCTaHHI POKH CYTTEBO 3pOCiia 3al[IKaBJICHICTh Y MOJICIIOBAHHI MPOBITHUKOBHX JIiHIH 13 3aCTOCYBaHHAM
pi3HOrO MporpaMHoro 3abesneyeHHs. [I[pyYrHN TaKOro 3pOCTaHHS € IITKOM O4YeBH/IHI. BHCOKI KamiTalbHi BUTPATH,
HEBIJTHOBIIIOBAaHA 130JISII[isI Ta BHCOKAa BapTiCTh Ha OOCIYroByBaHHS Ta 3aMiHy KaOEIbHUX MEpPEeX y BUIAIKy
rapameTpiB, TEHAEHIIH B poOOTI Ta iHImI — Bci mi (DAaKTOPH CTHMYJIOIOTH CTBOPEHHS Ta JOCIIIKEHHS
MaTeMaTHYHUX MoJejell MpoBigHUKOBUX JiHiA. KoxkHa 3 Momenedd Mae OyTH MaKCHMAalnbHO aJIeKBaTHa J0
JOCIIKYBaHOI peabHOT JIiHil.

IMocranoBka 3axayi

MatemaTidHa MOJENs MPOBITHAKOBOI JIiHI{ ITOBUHHA BiINOBIJAaTH BU3HAYCHOMY THITY JIiHIi a00 OKpeMoi
rpymu giHid. [lig BiINOBiMHICTIO MOJENi MPUIMAIOTh BiATBOPEHHS XapaKTepUCTHK Iiiei kabempHOI miHii. e mae
MOXIJIUBICTh BHU3HA4YaTH OCOOJIMBOCTI OyIIOBH, B32EMOJII0 €IEMEHTIB MDXK COOOI0, B3aEMOJIII0 MIXK €JIeMEHTaMH Ta
30BHIIIHIM CEPEAOBHIIEM, BU3HAYATH YMOBH POOOTH 13 CHTHAJIOM, IO PO3MOBCIO/KYETHCS B JIiHIT Ta 000B’SI3KOBO
Ha/IaBaTl MOJXJIMBICTh MPOBOJUTH aHali3 poOOTH i€l JIiHIT, TaK i MOBMHHA J03BOJISITH MPOAHANI3yBaTH podOTy Ta
3MiHY XapaKTEPUCTHK PI3HOMAHITHHX 3’€IHaHb, 0 YTBOPEHI Bipi3KaMH KaOeIo Ta MiJAKIIOYCHI J0 30BHIIIHIX
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MIPUCTPOIB.

B 3aranbHOMy BHINaJKYy, SIKIIO B MpoIeci BUPOOHHUIITBA KaOEeNbHOT JIiHIT HE MOPYIIYIOTHCS TEXHOJIOTIUHI
HOPMH BHPOOHHIITBA, TO TEOMETPHYHI TApaMETPH JIiHii, a TAKOXK BIACTUBOCTI MaTepiaiiB, 3 SIKKX BUTOTOBJICHA JIiHIs
JIMIIAIOTHCS CTaOUTBHUMHU 110 BCild HOoBKUHI. Toi 1l JiHIT Ha3UBarOTHCS peryJsipHuMH [ 1], a cami JIiHIT HayeXaTh 10
KJ1acy MiHIHHUX cucTeM. J{Jis MiHIHHUX CHCTEM MOKHa BUKOPHCTATH MPHUHIIMIT CYMEPIIO3HILiT, 3T1JHO SKOTO, 3HAIOUYH

PeaKIlifo Ha BIUIMB FAPMOHIIHHIX KOJIMBAHb 3 PI3HUMH 9aCTOTaMH @, .

Bimomo, 110 MpUIHSBIIY BiJOME 3HAYEHHS MEPBUHHHUX MapaMeTPiB IUIA JIHIT mepeaadi iHAyKTHBHOCTI —
L, , emuocri — C,, omopy — R, ta mposinsocti — G,, MO)KHA BU3HAYUTH [TOTOHHI TapameTpH JiHii [1]:

- TIOTOHHHH KOMIDIEKCHHH OTIip:

Z, =R + joL,, (1)
- IIOI'OHHa KOMIIJICKCHA HpOBiI[HiCTLI
Y, =G, + joC,. @)

Bupasu (1) Ta (2) B 3arajgpHOMY J03BOJISIIOTH OXapaKTEpU3yBaTH (Hi3WYHI BIIACTUBOCTI OKPEMHX
eJIeMEHTAPHHUX YOTHPHUITOIIOCHUKIB, SIKIMH MOXe OYTH IpeIcTaBlIeHa MPOCTa JiHis.

@DakTHYHO IIi Ba PIBHSIHHS | BCTAHOBIIOIOTH OJHY 3 HAMMEPIIMX MojeJeil MPOBITHUKOBOI JiHIl sK
CYKYITHOCTI TIOCJITOBHO po3MimieHnx [ -moxioHmnx maHok (puc. 1), 3a JOmOMOTroro sKoi BiiOyBa€eThCS BUBIA PiBHSIHB
CTaHy JiHIT — TesierpadHUX PiBHSHb.

Jpyra Bimoma KiacM4Ha MOJIENb — L€ TaK . .
3ana [1-moi6Ha MosieNb, B SKiil BUKOPHCTOBYIOTCS I(Az) I(z+Az)

JBA CHMETPUYHO BKJIIOYEHHX TMPOBIAHOCTI i3 " "

Z,Az Z,Az Z,Az

BEeNUUMHOIW YAz / 2, ane pe3yabTar il 3aCTOCYBaHHSI 1

€ a”ayoriyaum ["-moaioHiM Moxeni [1]. —: |_

He 3Baxxaroun Ha Te, IO KJIaCHYHA MOZIENb RN .
OIUCYE MapaMeTpH JiHIT 3B’ 3Ky, BCE XK 3aHUIIAETHCS U ( AZ) J \ U (Z + AZ)
MpoOJIeMOI0  3aCTOCYBaHHA  a00  TIPHUBEICHHSA / Y Az
KJIaCUYHOI MoJieNli 1o peajbHOi cucTemMu. Tak Ha YlAZ <’ !

MPaKTHIl 3YCTPIYAEThCS 3aCTOCYBaHHS JEKLIBKOX
BapiaHTIB €KBIBAJICHTHUX MOJEJCH KaOeIbHUX JIiHIN ' '
3B’s3ky  (puc. 2). IlpeacraBneHi wmojeni He

BiJOOPaXyIOTh BCi€i CYKYIHOCTI MoJeNeH, 1o z z+ Az A
BHKOPHCTOBYIOTLCA. Puc. 1. lo BuBoay tejierpadgHux piBHsIHb B KIacuuHomMy Bursai [1]
1" mpir
G C
R/4 /4
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Puc. 2. BapianTn ekBiBajleHTHHX cXeM JiHiil 3B’A3KY

Hacninkom BukopucTaHHs KJlacH4HOI MOAei € Bifomi TeserpadHi piBHsHHS [1]:

‘2—U =71
z
di ®
—=-ZU
dz
Ta piBHsHH: ['enpMronbia [1]:
-
d lzj—ZlYleo 4.1)
4.2)

Ta
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d*i :
E— ZIKI = 0

[IpuanmmoBa pi3HUIS MiXK piBHSHHEAME (3) Ta (4) € Te, mo TenerpadHi piBHAHHS BU3HAYAIOTH YacoBi, a
piBHAHHSA [ €1bMronbIa — IPOCTOPOBI XapaKTEPUCTHKHU MIPOLIECY.

ITpu po3B’s3Ky piBHAHB ['enbMrosipla BUAUIAIOTH PA 3HAYCHb, IO JO3BOJSIOTH BH3HAYMTH BTOPHHHI
napameTrpu kabenbHOi miHil. OnuH 3 HAHOLIBIN I[IKaBUX MapaMeTpiB € KOe]ilieHT PO3MOBCIOMKEHHS CUTHATY ) B

iHii [1]:

y=\Z4Y
a0 B po3ropHyTiii popmi:
y=a+jp,
ae a — KoedilieHT aMILTITYJTHOTO 3aTyXaHHs — AiCHA 9acTHHA;

L — xoedimienT GazoBoro 3cyBy XBHJII HAalpyrd, IO NPOXOAUTHL uyepe3 JIiHilo, abo koediuieHT pazu —

ysBHAa YaCTHHA,
Bi,Z[HOBi,Z[HO, KOX>KHa 3 WX BCJIMYHUH BU3HAYAETHCS AK:

a= %[RIGI ~@’L,C, + \/(Rf +0’L})(G} +@’C] )} , (5.1)

B :\/%[WZLIQ -RG, +\/(R12 +a)2Lf)(Gf 4 wzclz):| . 52)

OxpiM KoedillieHTa PO3MOBCIO/PKEHHSI MOXKHA BU3HAYMTH 1 IHINI BTOPUHHI IMapaMeTpu KaOenbHOI JIiHii.
Cepen Takux €:

— XBHJILOBUH orip niHil Z , (HoB3R0BXHiiT omip miHii) [1]:

Z,=(R+joL)[y= 1Z,|-¢” 6
— IOTIepevYHa CyMapHa MPOBIIHICTB JIiHI:
Y, =(G+joC)[y (7
KoediwieHT po3MOBCIOKEHHS CUTHAITY » B 3araJlbHOMY BHUIAAKY TOJi Oy/e MpeACTaBIsATH TaKuil BUpa3:
y=\(R + joL ) (G, + joC) ®)

Bigomi enemeHTapHi po3paxyHKU NMPHBOMATH HAC 10 BUpa3iB XBHJILOBOTO OMOPY Ta KyTa ()a30BOTO 3CYBY
MDK KOMIUIEKCHUMH aMILUTITy/IaMH HallpyTH Ta cTpyMy B Obxyunit xsuii [1]:

©.1)
—larct wC, - oL,
o’ L,C,

KabenbHi cucremu 13 JA€KiJIbKOMa IPOBIAHMKAMM IPHU3BOJATH JIO YTBOPEHHS OULIBII CKIIAIHHX
eKBIBAJICHTHUX MOJIeJIeH, 10 00yMOBJICHO BpaxyBaHHSIM B3a€EMOBILUIMBY MK TpylaMH 3 TPOBITHUKIB. Tak Ha pHC.
3. moka3aHa eKBiBaJEHTHA CXeMa 3aMillleHHs BUTOI rmapu qoBxuHOI0 y 100 M 3rigno cranmapty IEEE 802.3 [10].

R8 R26
20,5 43,2
1 1
B I
R10 L1 R11 L2 R12 L3 R15 L4
0,75 3,5 MKIMH 0,75 1,0 melH 0,75 0,43 meln 0,75 0,43 mKH

R30 LS R31 L6 R33 L8
0,75 3,5 MklH 0,75 1,0 MelH 0,75 0,43 MKl H
Oo— ]
R34 R35
20,5 43,2
| 1
B -

Puc. 3. ExpiBajienTHa cxema 3amMinieHHs1 BUTOI mapu AoBxuHoi0 y 100 m 3rinno cranpapry IEEE 802.3.
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CtBOpeHHs aJeKBaTHOI MOZETi JiHII € TakoX He TPUBIAIGHOIO 3a7adyero, Hall SKOK TPAIOBA Ta
MPOJIOBXKYIOTh TIPAIIOBAaTH BITUM3HsHI Ta 3akopioHHI BueHi — Felipe Alejandro Uribe, Juse Luis Naredo, Pablo
Moreno, Leonardo Guardado (Mexico), Andre D. Filomena, Mariana Resener, Rodrigo H. Salim, Arturo S. Bretas
(Brazil), Alecio B. Fernandes, Washington L.A. Neves (Brazil), U. S. Gudmundsdottir , C. L. Bak and W. T.
Wiechowski (Denmark), Posxzoschkuit M.B. (Vkpaina), ITamukesua M.J. (Ykpaiua) [4-9].

VYcknagHioe CTBOPEHHS MoJIei A
MPOBIATHUKOBOI ~ JiHII  9YacCTOTHA  3aJCKHICTH
napaMeTpiB  kabenmbHOI iHII. Takm BaxuBi
napaMeTpu SIK 1HAYKTHBHICTb, €MHICTb, OMIp Ta
TIPOBITHICTH B pearpHIX TiHise €
YacTOTO3AIC)KHUMH BenmmuuHamd. Ha puc. 4.
NOKa3aHa Yy3arajJbHEHa XapaKTepPHCTHUKA 3MiHH
3Ha4Y€Hb IIOTOHHHUX IapaMeTpiB MPOBIJHUKOBOT
JIiHIT BiJ 4acTOTH.

Tomy, Buxomiuum 3 puc. 4, 3po3yMmiIo
HACKIJIbKH CIPOLICHOIO € PO3IIISIHYTI MOJENI JiHiH.
3HaueHHs MPOBIAHOCTI JiHII, 1HIYKTHBHOCTI,
€MHOCTI Ta TIPOBIIHOCTI € YaCTOTO3AJIC)KHHMHU.

roaoe
A

Otxe, Bupazu (9.1) ta (9.2) He IO3BOJSIOTH il'l-l.
OXapakTepu3yBaTH XBHIIbOBUH OHip Ta KYT Puc. 4. Y3aranpbHeHa XapaKTepHCTHKA 3MiHH 3Ha4YeHb NIOTOHHUX
(ha3oBOTO 3CYBY €IMHUMH 3HAUECHHSIMHU. napamMeTpiB NPOBiTHUKOBOI JiHii [3]

BucHoBkn

1. [IpencraBneni KIIaCHIHI MOJIEINI € ifeali30BaHIMH MOJIEIISIMU 0e3 BpaxyBaHHS YaCTOTHHX MapaMeTpiB ii
3MiHHHX.

2. YacToTHa 3aJIeXKHICTh MOTOHHUX MapaMeTpiB MPOBITHUKOBOI JIiHIT BUMAarae CTBOPEHHsI YaCTOTO3aIeKHOT
Mozell KaOenpHOI JIiHIT a00 YacTOTOHE3aJeKHOI MOZedl JiHII 3 MOMIJIMBICTIO BUBEIACHHS YacCTOTO3AJIEKHUX
napameTpiB 3 Li€l MoJedi.

3. HasBHICTP 4acTOTHO3aJIEKHUX MapaMeTpiB B MPOBITHHUKOBIH JiHIT HPU3BOAUTH 10 HEOOXITHOCTI
BCTAaHOBJICHHSI 'PaHUYHUX TIAPaMETPIB 3a YACTOTOIO MPH SIKUX KJIACHYHI 200 Cy4acHI MOJiesIi MPOBIIHUKOBUX JIiHIH €
HaWOLIBII aJJeKBATHIUMH ISl IPAKTUYHOTO 3aCTOCYBaHHS.
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