2 KabenbHble nMHUK

Cno3uuuer aBTOpoOB NpeAbiAyLero matepumana He coscem cornaceH M.B. imutpues,
KoTopblili ewe B 2013 r. cbpopmynupoBan noaxoAbl K onpeaesieHnio JoCTaTouHON
BENIMUYMHbI CONPOTUBIEHNA 3a3eMIeHNA ANA Y310B (KONoALeB) TPaHCNO3MLUN
sKpaHoB KJ1[1]. Kpome Toro, oH cumTaeT, 4UTo HOpMUPOBaTb 3TOT NapameTp Heob-
XOAMMO TOJIbKO B KOMMJIEKCe C HOPMUPOBAHNEM HanpPAKeHNA Ha SKpaHe B y3ne

TPaHCNO3MUMNN B LUTAaTHOM pexxnme pa607b| Kabens.

OAVH 13 ANCKYCCMOHHBIX MOMEHTOB — B MaTepuasne netepoyprckux npoekTu-
POBLUYMKOB OTCYTCTBYIOT KOHKpeTHble Ldpbl. ITOT npoben BocnonHAeT Muxaun

Bukroposuu imutpues.

3A3EMJIEHUE KOJIOALEB
TPAHCNO3ULLU KJ1 6-500 kB

Bompocs! opraHu3anuu 3a3eMIeHUs KOJIOAEB TPAHCIIO3UIINU
B HACToOsIee BpeMs He IPONMCAHBI HU B OJHOM HOPMAaTHBHOM
IDOKyMeHTe IO KabenbHBIM JUHUAM, XOTS CaMa TPAHCIO3WIHSL
SKPAHOB IPHUMEHSIETCS B Haleil crpade yxxe 6osee 10 ser.

V4uTHIBas BCIO Ba>KHOCTH BOIIPOCOB GE30MIACHOCTH, HENb3sl HE
IIPUBETCTBOBATh, YTO CBOE€ MHEHME BBHICKA3BIBAIOT CIIEIHAJIMCTHI
IIPOEKTHBIX opranu3anuii. [Io oCHOBHBIM BOIIpOCaM OHH B IIEJIOM
cornacHsl 1 ¢ [1], u c mpoexktoM 'OCT, x0T HEOXKUIAHHO BBICTYIIN-
JIV IIPOTUB YCTOSIBIIIETO IIOHSTHSI «I[1ar0BOE HANIpsDKeHue». Henbas
He OTMETHTH, 9YTO B CTaThe JaeTcsl HeIVIOXOe IPEeAIoKeHNe 3aMe-
HATH TPYHT BOJIMSH OT Tesla KOIo/la Ha 1iebeHsb U oX00HbIEe eMy
MaTepHuasl, 061a1a0IIre BBICOKUM YAeIbHBIM COIIPOTHUBIICHUEM,
YTO IIPUBOJUT K CHIDKEHUIO HAIIPSDKEHMU IPUKOCHOBEHMS (II1ara).

B Hacrosmiee BpeMs B Halleil CTpaHe HA MHOTHUX KaOeIbHBIX
nuauax 6-500 kB, BHITIOTHEHHBIX OXHOMA3HBIMU KabelIsIMu C
M30JIAIHEH U3 CIIUTOTO ITOJIMSTUIeH], IPOEKTHBIE U 9KCIUIyaTHPY-
IOLI[VIe OPTaHM3AIY UAYT Ha IPHMEHeHe TPAHCIIO3UITUN SKPAHOB,
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Muxaun Jmumpues,

K.m.H., OoyeHm,
CaHkm-llemep6ypackuti
nonaumexHu4eckut yHugepcumem
lMempa Benukozo

TI03BOJIIONIEN CHU3UTD IIOTEPH aKTHBHOM MOIITHOCTH B ®KpaHAX
¥ IOBBICUTB JUTUTEIHHO JOILYCTUMBIN TOK JIMHUH.

Jlns pemeHUs THX 3a7ad ZOCTATOYHO OJHOTO IIOJTHOTO ITUKIIA
TPaHCIO3WUIIUH, HO AJII CHIDKEHHUS HalpsDKeHWs, HaBeJIeHHOTO
Ha KPaHBI OTHOCHUTEIBHO 3eMJIH, IIOPOH HAN0 YBEJIMYIUTH YHCIIO
IUKJIOB 10 ABYX (puc. 1) muu Tpex.

ITepekpecTHOE COeNMHEHIE DKPAHOB BEIIIOIHIETCSI B KOPOOKaxX
tparcnosunuu (KT-OITH), a miyxoe 3a3eMiieHre BBIIOTIHAETCSI B
KoHIEBHIX Kopobkax (KK) u, ecii Ha JIMHUM HECKOIBKO IIOTHBIX
[UKJIOB, TO ellle OHO HEeNaeTcs M B MIPOMEXYTOUHBIX KOPOOKax
(KII). MydTsr Kabens COeNUHAIOTCI C KOPOOKAMHU IPU IOMOIITH
npoBoznoB mapku IIIIC.

Ecnu xopo6xu KK 06BIYHO yCTaHABIMBAIOTCS HA TEPPUTOPUA
PpacIpenenuTenIsHOTO yCTPOUCTBa, To Kopobku KT-OITH u KIT pas-
MeIIaloTCs IO TPacce JIMHUY B CIEeIMaIbHEIX KOJIOAIax (puc. 2),
TPeOYIONMX OPraHU3aLUHY 3a3eMJISIOIEro yerpoicrsa (3Y).

ITo ob1eMy MHEHUIO, INIABHEIM PAaCYETHBIM CIIy4aeM IS OIIpe-
nesneHuss TPeGOBaHUM K Ryy SIBIISIETCS JIMTEIBHO CYIIECTBYIOIIEE
IIOBPEXX/IEHNE B KOPOOKE TPAHCIIO3UIINY, U3-32 KOTOPOTO B DKpa-
HaxX ¥ MeCTaX MX 3a3eMJIeHHs Bo3HMKAT ToKu 50 I' B HECKOTBKO
€IMHUII WIN NEeCATKOB A, IIPOTEKaoIue MecIraMu 0 MOMeHTa
¥xX 00HApYKEHU.

Ha puc. 2 moxasaH jkene300eTOHHBEIM KOJIOZEIH, B KOTOPOM
ycranosiersl Kopobku KT-OITH cpasy ot nByX meneil KabeapHoi
muann. [Ipy 06CIyXKUBaHUY OFHOM LENM BTOPAs HAXOAUTCS IO
TOKOM U HalIpsDKeHHeM, 1 T09ToMy JestoBek Ne 1 MojkeT oka3aThCs
107 BO3J,eICTBUEM HAIIPSDKEHMSI IIPUKOCHOBEHMS. [[JIs TOBHIIIIEHMS
6€e30IIaCHOCTH PEKOMEHAYETCS CHOeIaTh B KOJIO/IE YPaBHUBAHIE
IIOTEHIINAJIOB, HAIIPUMED, 3a CYeT YKIaJKX Ha II0JT MeTa/UTHIeCKOM
CeTKHM WM ymcra. Ilocie aTOro IaBHas ONACHOCTh COXPAHMTCS
JIAIG [T TeX JIIOfiel, KTO HaXOAUTCS Ha IIOBEPXHOCTH 3eMJIH Psi-
ZIOM C METaJUTTIeCKOM KPHIIITKOM KOJIOAA: YestoBeK Ne 2 HaXxomuTcs
II0J] AeVCTBHEM IIar0BOTO HAIIPSDKEHMs], a 9eJI0BeK Ne 3, KOTOpHIit
TSIHETCS K KPBIIIIKe, OKQKETCS IO AEHICTBHEM IIPUMEPHO TaKOTO XKe
110 BeJIMYMHE HAPSDKEHS, HO OHO YiKe OyzeT KBaTn(UIIMPOBaThC
KaK HalpspKeHHe IPUKOCHOBEHHS.

Hanpskerue 50 Iy, koTopoe GyzneT neicTBoBaTh Ha trofeit Ne 2
u Ne 3, B [1] u OCT Ha3BaHO IIaroBBIM, IIOCKOJIBKY CIIyYaWHBIH
IIPOXO0XKUIA BPSAA Iu OyZeT TAHYTHCA K KPHIIIKE JTI0Ka, @ CKOPee OH
OKa)XeTCs B CUTyaIuy demoBeka Ne 2.

IITaroBoe HanpspKeHHE (OHO JKe HAIPsDKeHHEe IPUKOCHOBEHUS
K KpBIIIKe JII0Ka), 0 MOeMY MHEHHIO, He JOJKHO IIPEBOCXOAUTD
3nauenus 20-30 B.

MPUMEP PACYETA LUATOBOIro HAMPAXEHWUA

B xauectBe mpumepa BosbMeM auHHIO 110 kB, BEIIOTHEHHYIO
Tpems opHOdasHEIME Kabenamu 800/185 MM?, TPOIOKEHHEIMEI
B TpyOax muamerpoM 225 MM. B TakoM ciy4ae OTHOIIEHWE pac-
CTOSIHUSI MEXAY OCAMHU K JHaMeTpy Kabess COCTaBiseT OKOJIO
s/d = 3, aro yro6HO I COIIOCTABIEHNS PE3Y/IETATOB C BEIBOAMHY,
cnenaHHbIMU B [1]. JIMHMA MMeeT OOWH IOJIHBIM MUK TPAHCIO-
3WIIMH 9KPaHOB.

Ha puc. 3 mpezncraBiieHBI pacueThl TOKa, CTEKAIOIIETO C IIOBPEeX-
IeHHOM Kopobku B 3V KOJIOAIA, B3ATOTO II0 OTHOIIEHHIO K TOKY B
>KuITe Kabess. DTty pacuersl, cnenanasie B EMTP, nausl TAmis s
TOro, 4TOOBI IIOKA3aTh, YTO TOK B 3V IPHHIUINAIBHO 3aBUCUT
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KabenbHble nuHNK 3

oT [IuHBL KabenbHOM nuHUM (paccMoTpens! mmuasr 1500, 3000,
4500, 6000 meTpoB).

Cuwmralo, uto ToK B 3V He sBiseTcs MHPOPMATHBHBEIM ITapa-
MeTpOM, ¥ II09TOMY Ha pHC. 4 JaHO HaIpsDKeHUe Ha KOpIyce
KopoOku (0HO ke HanpspkeHue Ha 3Y). Ero MOXXHO HOIy4HTH,
HaIlpuMep, YMHOXeHHeM Iudp puc. 3 Ha CONPOTUBIEHUS 3a-
3emnenus Ry

IIpencrasieHHbIe HA PUC. 4 HAIPsDKEHUS B 0603HaueHusX [1]
910 Uy = Kyy - Uy, tme U, — Hanpspxerue 50 I'p Ha sKkpaHe B y371e
TPAHCIO3UIIMK B HOPMAJIBHOM pexuMe, a Kzy — koaddunuenr,
TIOKa3bIBAIOIINY, KaK IajjaeT HaupsokeHue U, Iocie 3aMBIKaHUS
PKpaHa yepe3 KOPIyC KOPOOKM Ha 3a3eMIIAIoNIee yecTpoucTeo 3.

V1o6CTBO pHC. 4 3aKII0YAETCS B TOM, UTO B C1y4ae Ryy— 00 mpu
3aMBIKAHMY DKPaHa Ha KOPIYC KOpobOKy HanpspkeHue Usy OKasbl-
BaeTCS PABHO HAIPsDKeHMIO dKpaHa Uy, a oHO 6e3 Tpyzaa ompere-
JITEeTCS IPOEKTUPOBITUKAMH U BCET/Ia IIPUCYTCTBYET B IIPOEKTE 110
meropuke [2]. Tak, B ycnoBusax npumepa U, cocraiser s 4-x
muH coorBercTBerHO 50, 100, 150, 200 B.

VMHOXeHHe HaupspKeHWi puc. 4 Ha xoaddunuent mara Ky
II03BOJIUT ONIPENENTUTh MCKOMOE IIaroBoe HampspkeHue Uy =
= Ky - Usy B6/IM3HM OT KPBIIIKHY JI0Ka. HanomumM, uto B craTse [1]
IS TUIOBOTO /0 Kosonma 6suta mana onenka Ky = 0,3,

Hanpuwmep, g muanm 3 x 1000 = 3000 M B HOpMaIBHOM peXXu-
me U, = 100 B. ITpu moBpexneHny B KOPOOKE M COIIPOTHUBIIEHUN
Rsy = 4 OMm Hanpspxenwue Ha 3V o puc. 4 6yner Usy = 90 B, miaro-
Boe Hampspkernue Uy = 27 B, 4T0 yKIagbIBAa€TCA B IOy CTHMBIH
muana3oH 20-30 B. AHaJorm4HO B yCIOBHSX IpHMepa MOXXHO
IIOJIyYUTh AOCTATOYHEBIE Rgy:

0,5 Om gna muauu 3 x 2000 m = 6000 M (Uy = 200 B);

— 1 Owm s muanu 3 x 1500 m = 4500 m (U, = 150 B);
— 4 Om s muanu 3 x 1000 m = 3000 m (U, = 100 B);
— 20 Om pna muanm 3 x 500 = 1500 m (U, = 50 B).

3uauenrie 20 OM CUNTAETCSA IPEAETBHBIM II0 YCIOBUSAM PabOTHL
OITH, X0Ts1 ¢ TOYKK 3pEHUs IIaroBOr0 HAIPSDKEHUS IS TUHUU
3 x 500 =1500 M MoxHO IpHHATE faxe Rgy > 20 Om.

IIpuBeneHHbBIE pacUETH SBJISIOTCSI OYE€Hb BaXKHBIMH, TaK Kak
TIOKa3BIBAIOT, YTO HOPMHUPOBATh COIIPOTUBIIEHNE 3a3eMJIEHUS Ry
KOJIOZIIEB TPAHCIO3UIIMY HMMEET CMBICI TOJIBKO B TOM CIIydae,
KOIZla BMecTe C HUM OJHOBPEMEHHO HODMHUPYETCS HaIpsDKeHHe
U, B y371e TPAHCIIO3ULIUY B HOPMATbHOM PEXUME PabOTHI Kabesis.
HamoMHMM, 9T0 IMEHHO II0 3TOM npudrHe B [1] 6BUI0 IpensioxeHo
npaswio «100 By, BEIIOIHEHHE KOTOPOTO 60J1e6-MEHee rapaHTHpO-
Basio 6€30MACHOCTH BHE 3aBUCHMOCTH OT KOHKPETHOTO 3HAYEHUS
COIIPOTHUBJIEHH U II03BOJISIO UMeTh Ryy = 4 OM (m1m faxke BIUIOTH
10 Ryy = 20 Om).

Yo xacaercs 3azemyieHns dkpaHoB B y3nax KK u KII (puc. 1),
TO IIPY OIpPeAeNeHUuH TPeOOBaHMM K UX Riy CIEIyeT YUMTHIBATH
He TOJIBKO BOIIPOCHI JIJINTEIBHOTO CTeKaHWs B 3V TOKa, BHI3BaH-
HOTO IIOBPEX/eHNeM B 0fHOI u3 Kopobok KT-OITH mo Tpacce, HO
¥ IIPOIIECCHI IIPH IIOBPEXIEHUIX IIAaBHOHM M30JIAIIUU CHJIOBOTO
kabens. Cumrato, uto B y3max KK u KII, Kak 9T0 ¥ IPUHATO IpHU
3a3eMJIEHUM CHJIOBOTO 000PYAOBAHUS, JOIDKHO OBITH 006CIIEYeHO
Rsy = 0,5 OMm s KJT 110-500 ¥B u R,y = 4 Om st KJT 6-35 kB.

HOBOE NMOKOJIEHUE KOJIOALEB
N KOPOBOK TPAHCMO3ULUN

B Hacrosmee BpeMs y KOJIOAIIEB TPAHCIIO3UIIUN UMEIOTCS /[BE
DIaBHBIE IIPOOJIEMBIL: OTCYTCTBHE TePMETUIHOCTH X HEOOXOIMMOCTb
BBIIIOTHEHNS KOHTYPA 3a3eMJIEHHS C 09eHb MaJIbIM COIIPOTHBIIE-
uueMm 3azemenus 0,5 OMm, kotopoe Tpebyer Pocrexnamzop. Obe
9TH IPOGIEMB], KaK OXXUIAETCs, YAACTCS PEIINTH C IPHUXOOM B
KabesIbHbIe CeTH IOJIMMEPHBIX KOJIOAIEB TpaHcnosunuy (dhoro 1)
¥ CTEKJIOIIACTUKOBEIX KOPOOOK (choTo 2).

IlepBbie KabenpHBIE JIMHUYM C HOBHIM 000pyZOBaHHEM, Kak
oxunaercs, nosasarcsa B «Jlersnepro» u «MBOC Cesepo-3amnanga»
yske seroM 2016 r. [IperMy1iecTBAMEI HOBOTO 000PYIOBAHHUS CTATA
TepMETHYHOCTb, KOPPO3UOHHASI CTOMKOCTD, ¥, 9YTO OYeHb Ba’KHO,
9JIEKTPOOE30IaCHOCTD, IPUYEM BHE 3aBUCHMOCTH OT BEIUYMHEL
COIIPOTHBJIEHHS KOHTYpA 3a3eMJIeHusI Ryy.
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HuxHU mogynb nonnmepHoro Konopua TpaHcnosuuynn, ®Ooto 1 e
rae ycTaHoOBJIeHbl MeTanninyeckas Kopobka
TPaHCNO3ULN N MYNAXK CTEKNONNaCcTUKOBON
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