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IIpomonbHbIE MapaMeTpsbl
Ka0enpHbIX 1umHni 6-500 kB

YOK 621.315.21

OTevecTBeHHasn u 3apybexHasn kabenbHas NPOMbILWIIEHHOCTb Ha-
yYMnuchb NpoU3BOAUTb KauyeCTBEHHbIE U HageXHble kabenu, ogHa-
KO, K COXXareH!I0, 3TOro HefoCTaTo4HO ArnsA Toro, 4To6bl 6bITh yBeE-
PEeHHbIM B TeX KabenbHbIX NMMHUAX U KabenbHbIX ceTAX, KOTOpbIe
BBOAATCSHA B aKcnnyaTtauuio. MoMuMmMo HaBbIKOB N3roToBrneHus kabe-
neun, BaXkHo o6ecneunTb rpaMoOTHOE NMPOEKTUPOBaHUEe, NPOKNaaKy,
3KcnnyaTaumio IMHUA, U BOT NPU peLleHnU NepevumncrieHHbIX 3agaY
MOBCEMECTHO BO3HMKAIOT cepbe3Hble oubku, npueoasime nopomn
K S3HaYMTenbHOMY 3KOHOMMUYeckomy yuiepby. B ctatbe 06cyaum
TaKylo BaXKHYIO 4acTb NPOEKTa, Kak onpegeneHue nNpoaonbLHOro
3reKTPUYEeCKOro CoOnpoTUBrNeHnsa KabenbHon NMUHUMU.

Omutpres M.B., K.T.H.,
poueHtT ®rAoy
Ono «M3nnK»

pOoAOrbHbIE COMPOTUBIEHUSA KAabenbHON NMHUK
(KJT) umetoT aKTMBHO-WMHAOYKTUBHbLIA XapakTep.
Cnepnyet pasnuyatb ABa MPOAOrbHbLIX COMpO-
TnBnenns KJl:

— no npsmow (obpaTHON) nocrneaoBaTenbHOCTY;

— MO HyNeBOW NOCneaoBaTenbHOCTH.

HeBepHoe npepctaBneHne o conpotmenennax Kl
MOXET UMETb CEPbE3Hble MOCNeaCTBMSA KaK Ansg caMon
KIMT n nogknioveHHbIX K HeW notpebutenen, Tak u gns
BCeW anekTpuyeckon cetn. Hanpumep, ot conpotuene-
Hun KJT 3aBuncaT:

— NOTepWn aKTMBHOW MOLLHOCTU 1 Harpes kabernen;

— MOTEepU peakTUBHOW MOLLHOCTM U ee BanaHc B ceTu;

— nageHve HanpsbkeHuns Bgonb KJl, a 3HauuT ypoBHU
HanpshkKeHus B y3nax ceTu, B TOM 4ucrne y notpedu-
Tenew;

— TOKM KOPOTKOro 3ambikaHus (K3) cetn u cBA3aHHbIN
C 9Tum BbIOOP BbIKMKOYaTENen, a Takke onpegene-
HME MWHMMAanbHO AOMYCTUMbIX CEYEHUN TOKOBeay-
LLUMX YacTew, B TOM YMCIe XWM N 9KPaHOB CaMuX Ka-
Genewn;

— KOPPEKTHOCTb pacCyuUTbiBAaEMbIX MapamMeTpoB Ha-
cTponku (yctaBok) yctponcts P3A.

Owunbkm (1 paxke HebonbLUME HETOYHOCTN) B pacyeTe
npoaonbHbIX conpotmeneHuin KJIT moryT npuBogntb He
TONMbKO K HeonTuManbHon patote KJ1 n Bcen cetun, HO
M K Kyga Kak bonee cepbesHblM NOCNEACTBUSAM, cpeau
KOTOpbIX:

— neperpeB kabenewn Bblle NpeaensHO AONYCTUMBIX
TemnepaTyp usonsumu (c nocregyowen Heobxoam-
MOCTbIO NonHown nepeknagku scen KJl);

— noxapbl;

— 3NeKTpoTpaBMaTu3M;

— OTKa3 BblkNtoyartenemn u gpyrme cetesble aBapuu.
[MepeyncneHHbii CNUCOK MOCMNEACTBUIA AEMOHCTPU-

pyeT Ype3BblHYaNHyI0 BaXHOCTb UMETb YEeTKOE NPeacTaB-

neHne o6 aKkTMBHO-WHAYKTUBHbIX conpoTtusreHnsx Kl
no NPSIMOW N HYNEeBOW NOCNeAoBaTeNbHOCTAM U CMOCO-

Gax onpegeneHnst aTUX conpoTmeneHnin. K coxanexuto,

Takoro nNpeacTaBneHnss HeT HYU B Poccun, HM B Apyrux

cTpaHax. Cnoxuslumecs cutyaums, korga bonee yem 3a

20-25 neTt MaccoBOro NPUMEHEHNs COBPEMEHHbIX kabe-

KnroueBble cnosa:
KabenbHasa NuHUs,
oaHogasHbIN kabenb,
TpexdasHbIin kabenb,
CLUWTBIN NONUITUMEH,
3a3eMJIeHNE SKPaHOB,
TPaHCMO3MUUsi 3KPaHOB
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newn ¢ TBepgon mnsonaumen (Crd n 3IP) B aHepreTuke
00 CUX Nop eLle He BHeApeHbl NOHATHbIE MEeTOAbl pac-
yeTa NpoAonbHbIX COMPOTUBIEHUIN, HE MOXET HE BbI3bl-
BaTb cepbe3Horo G6ecnokoncTea CuctemMHoro onepato-
pa ESC (CO EQC) n gpyrmx npounnbHbIX OpraHn3aumim.

Ha npoTsbkeHuM psaga nocnegHux NeT cneunanncThbl
CO EOBC 3aHMmaloTCs YyTOYHEHMEM METOAOB pacyera
napameTpoB coBpeMeHHbIx KI1, BHeapsloT gaHHble Me-
TOAbI NPW NOCTPOEHUM MOoAENe ceTer pasnmyHbIX Knac-
COB HanpshKeHusl, CONOCTaBMSOT pe3ynbraTbl pacyeToB
C TEMU 3KCNEepUMEHTanbHbIMX AaHHBIMW MO HOpMarib-
HbIM K aBapuiHbIM pexumam (Hanpumep, K3), koTo-
pble Bblnn 3amKcMpoBaHbl B CETAX CTpaHbl. B gaHHON
cTaTbe aBTOpbl XOTenu 6bl NpMBMEYbL BHUMaHWE K Npo-
bneme onpeaeneHns NPOAONbHbLIX CONPOTUBIIEHNNA CO-
BpemeHHbIx KI1 6-500 kB 1 npmsBaTb cneumanmcToB oT-
pacnv pasgenntb obecnokoeHHocTb CO EQC.

KABEJIbHBIE KATAJIOI'MN

KntoueBbIM MCTOYHUMKOM MHpOpMaumMM O conpoTuBne-
Huax KJ1 TpaguuMOHHO cuMTaloTCa KaTanorn kabernb-
HbIX 3aBOAOB, M Kak pa3 UMEHHO MCMOMNb30BaHNE Takmnx
KaTanoroB (B 4YacTu onpegeneHusa conpotmeneHni KIl)
npuBoAMT K owmbkam. C coxaneHnem aBTopbl BbIHYX-
OeHbl Npu3blBaTb HE A0BEPSTb KaTarnoXHbIM 3HaYeHu-
am conpotmeneHun KIl unn, no meHbllen mepe, OTHO-
CUTBbCS K HAM HacTopoxeHHo. Nodyemy Tak? Bo-nepsbix,
B CaMMX Kartanorax ckasaHo, Y4TO npuBegeHHas Tam WH-
hopmMaLmsa HOCUT OLEHOYHbIV XapakTep U He SBMAseTCS
OKOHYaTerbHOW.

Bo-BTOpbIX, M3BECTHbIE KaTanoru npegnaraiT Co-
npotmenerHnss KI1 Tonbko Mo NpsMoKM nocrnepoBaTerb-
HOCTW, He daBas napaMeTpbl HyrneBoOW, YTO 3a4acTyio
NPVMBOAMT MONb30BaTenen KaranoroB K COBEPLUEHHO
OLUMBOYHOMY M Aaxke OMacHOMY MPeanosioXEHWIO, YTO
napameTpbl HyNeBON NOCNefoBaTENbHOCTU COBNadatT
C npsiMon (Ha camom fJere COMpOoTMBIIEHME HYNEBON
nocrnegoBaTenbHOCTM MOXET B pa3bl OTNINMYATLCS OT CO-
npoTmBneHus npsamon [1]).

B-TpeTbux, B Katanorax B Ka4ecTBe MCXOOHbIX AaH-
HbIX, KOTOpble BNMsOT Ha napameTpsbl KJ1, paccmoTpeHsl
TOMbKO CEYEHNE U MaTepuan Xurbl, a Takke paccTosiHne
mexay dasamm KIl (oHO BaxkHO, ecnn kabenu ogHodas-
HOM KOHCTPYKLMK), YTO O3HA4aeT, YTO KaTarorM HuKak
He y4uTbiBaloT npoueccoB B akpaHax KI1 n 6poHe. Bme-
CTe C TeM, npouecchl B akpaHax (U 6poHe) KJIT 3avacTyto
UrpatoT KIYEBYO POfb, NMPUYEM He TOMbKO AN OOHO-
ha3HbIX kabenewn, HO 1 Ans TpexdasHbiX. [loatomy, ecnn
KaTanorn UrHopupyrT NPOLIECChl B 3KpaHax n 6poHe (310
XOPOLUO BMAHO MO OTCYTCTBUIO B KaTanoXHbIX Tabnvuax
¢ conpotuerneHuamn KIl gaxke ynomMmvHaHus O NPUHATOM
B pacyeTax cedyeHun/matepuane 3KpaHoB M BPOHM), TO
npuBedeHHbIMU B KaTarnorax conpoTueneHnsamm KIl none-
30BaTbCsl HE PEKOMEHAYETCH, Tak Kak OHU, K COXaneHuto,
MOTYT O HECKOMNbKMNX pa3 OTNNYaTbCsl OT pearbHbIX.

BJINAHUE IKPAHOB U BPOHMU
HA COMNMPOTUBJIIEHUA KN
Tokn B 3kpaHax (U BpoHe), HaBedeHHble TaM 3a cyer
Il:l.eI7ICTBI/I$| nepeMeHHOro MarHUTHOro noJiA TokKa XWibl,
BbI3blBAOT MOTEPU aKTUBHOW MOLLHOCTN B 93KpaHax
(n 6poHe). Kak cnencrteue, B kabensax K notepssMm MoLL-
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HOCTM B Xnnax gobasnsTcs noTepmn MOLLHOCTM B 9Kpa-

Hax (1 OpoHe), n TakuM 06pa3oM pesyrnbTUpYoLLIEe ak-

TuBHOe conpotumeneHune KIl ysennuusaetca [1].
lMpogonbHble TOKM B 3KkpaHax (M NpOBOMOYHON Bpo-

He 13 antoMUHNS Ny ero cnnaea), HaBedeHHbIe 3a cHET

OencTBUst NepeMeHHoro marHmtHoro nons (50 My) Toka

XWnbl, 06bIYHO HaMpaBneHbl BCTPEYHO TOKY XWibl U MO-

aTomMy ocnabnatt marHutHoe none KIl. Kak cnegcteue,

pes3ynsTupyloLaa nHayKTBHocTb KJ1 cHmkaeTes [1].
Ecnu 6poHsa KI1 mnarotoBneHa He M3 NPOBOSTIOYHOM,

a M3 cTanbHOW NeHTbl (XapakTepHO Ans HEeKOTOpbIX

TpexdasHbix kabenewn), To BNMsAHME GPOHM Ha comnpo-

TueneHne KJ1 yyectb crnoxHo, ocobeHHO ecnu neHTa

BbINOMHEHa U3 MarHUTHbIX MaTepranos.

Tokn B akpaHax (U GpoHE), a 3HA4UT CTEMEHb MX
BMMSHUS Ha aKTMBHOE U MHOYKTMBHOE COMPOTMBMEHUE
K1, onpegensoTcd No MeHbLUen Mepe cneayowumu
KNtoYeBbIMN hakTopamu:

— KOHCTpyKuMs kabens (ogHodasHas, TpexdasHas);

— CXeMma 3a3eMIieHus aKpaHoB (y TpexdasHbix kabe-
nen — [BYCTOpPOHHEE 3a3emMreHune, Torga Kak y of-
Hoa3HbIX — OBYCTOPOHHEE 3a3eMrieHne, O4HOCTO-
pOHHee unu TpaHcnosmums [1]);

— ceyveHue 1 mMaTepuan akpaHa (Megpb, antoMUHURN);

— KOHCTPYKUUSA BpOoHM (NMpOBOMOYHas, NEeHTOYHas), ee
cedyeHne M matepuan (MarHWTHbIA UKW HEMarHuT-
HbIN);

— CxeMma 3a3eMneHns 6poHn (MHorga oTkasblBakTCs OT
OBYCTOPOHHErO 3a3emrieHnst 6poHn).

ABTOpam He M3BECTHO HM OAHOro KabernbHOro kata-
nora, rae B Tabnuuax ¢ napametpamu KJ1 Obina 661 XoTs
Obl MH(POPMAaLMSE O TOM, a MPU KaKOM CeYeHUn n maTe-
puane akpaHoB AaHHble napameTpbl KJT1 6binm nonyye-
Hbl. BMecTe ¢ Tem, yyYeT 9KpaHOB MOXET yBENnuMYMBaTb
akTtuBHoe conpotumeneHue KJ1 B 3—-5 pas, n cHuxaTb WH-
ayktnsHoe conpotuenenne KJT go 2 pas [1]. YyeT 6poHu
(Mpun ee Hannumn), B AONOMHEHNE K 3KpaHaMm, elle 6onb-
LLE U3MEHSET aKTUBHO-MHOYKTUBHbIE conpoTmeneHns KIl.

CoBpemeHHble kabenbHble 3aBodbl  MPOU3BOAAT
npekpacHble HagexHble kabenu, HO BOT B Aerne pacye-
Ta napametpoB KJ1 noka cutyaumusi He Takas xopoLuas,
4YTO HeyAUBMTENbHO, BEAb OCHOBHAsS 3aJaya 3aBO4OB —
NPOU3BOACTBO MPOAYKUMM, @ He HayyHble MccrnenoBsa-
HUS B cdpepax, CONPsKEHHbIX C NpUMeHeHneM kabenen
B aneKkTpuyeckux cetdax. [loatomy 3aBogbl U NpuBOAAT
B CBOMX KaTtanorax nvb 04eHb NpUBnmxeHHble 3Have-
Hus conpoTmeneHun KIl, cnpaseanueble Anst camblX Npo-
CTbIX pacyeTHbIX Cry4aeB, B KOTOPbIX He TpebyeTtcs yyer
CMNOXHbIX MPOLECCOB B MPOBOASLLMX 3KpaHax (n BpoHe)
C Y4ETOM CXEM UX COeOQMHEHWS/3a3eMIeHus], a TaKkke Ton
U1 MHOW NOCneaoBaTenbHOCTY (NpsiMas/HyneBsas).

HOPMATUBHBLIE OOKYMEHTbI
HopmatuBHble OOKYMEHTbI, Kak npaBuio, paspabatbl-
BaOTCA OpraHn3aumsiMu, KOTOpble MMEKT JOCTATOYHbIN
Hay4HbIN NOTeHuUMarn, u, kazanock Obl, Y>X UM-TO TOYHO
MOXHO AoBepsATb. Hanpumep, B gene pacyeta napame-
TpoB KJ1 MOXXHO nopekomeHaoBaTb 0OpaTUTb BHUMaHNE
Ha crnepgyoLwme matepuansl:

- PO[2];
— CTO [3] mn [4];
— TexHuyeckasa 6powtopa CUTPI [5].
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HokymeHT [2] BBeaeH B gencteue B 1979 rogy, aTo-
My AOKYMeHTy 6onee 45 net, u OH OTHOCUTCA K TOMY
BPEeMEHW, Korga B CeTsX NPUMEHSNNCh NPexXae BCero
kabenn ¢ ByMaKHO-MPONUTAHHOM U30MALMEN, a Takke
MacrioHanonHeHHble kabenu. Vicnonb3oBaTb 3TOT AOKY-
MEHT Ansi pacyeTa napaMeTpoB COBPEMEHHbIX kabenen
¢ TBepgon nsonsaumen (Crd wnun 3rP) He npeacTaens-
€TCS BO3MOXHbIM.

HokymeHnTbl [3] v [4] BBeaeHbl B genctene B 2009
n 2011 rogax, cootBeTcTBeHHO. OHM JOCTaTOYHO CO-
BPEMEHHbIe, OOHAKO OHU MMEIOT Te Xe nNpobnemsbl, 4To
kabenbHble KaTtanorn, To eCTb He YYUTbIBAKOT BANSHUE
npoLieccoB B 3KpaHax (U GpoHe) u He obecneuymsaroT
pa3nuyms Mexay ConpoTMBAEHUAMN NPSIMON 1 HYNEBON
nocrnegoBaTenbHOCTL.

HokymeHT [5] onybnukosaH B 2013 roay. Ero Hego-
CTaTOK B TOM, YTO OH COOEPXUT Takme CoXHble mMaTe-
MaTMYeCcKMe BblpaXXeHUs, YTO MOMnb30oBaTbCA UMW ANS
noBceHEBHbIX pacyeToB conpoTtuenenun KJ1 egsa nu
onpaBgaHHO (€CTb PUCK HEBEPHOIO onpeaeneHns napa-
meTpoB KJT He MOTOMY, UTO BbIpaXXEHWS HE YyYUTbIBaKOT
Kakoro-tT0 M3 KIYEBbIX BRMSAOWMUX (DAKTOPOB, a yxe
no npuynHe Ype3MepHOWN CITIOXKHOCTU BbIPaXXEHUIN N BO3-
MOXHbIX OLUMOOK 1 OneyaTok npu nx paspaboTke, Hanu-
CaHuW, NCNomMb30BaHUK).

WTak, HecmoTpA Ha Hamuyme cpasy HEeCKOIbKUX
HOPMaTMBHbIX OOKYMEHTOB, MPUMEHSTb UX Ans pac-
yeTa NPOAOSMbHBIX CONPOTUBIEHWN coBpeMeHHbIX Kl
(c CM3- unu 3lP-n3onaunen) 3aTpyaHUTENBHO WU
Aaxe HeBO3MOXHO. Vmetowmecs HoOpMbl unn cosgasa-
NUCb OECATKM NeT Has3ad Anga CTapblX MOKOMEHUN Ka-
Genen, Unu xe (XOTS M COBPEMEHHbIE) HEe y4MTbIBalOT
BCEX KIMHOYEBbLIX UCXOOHBIX AAHHBIX, UNN Xe U3MNULLHE
CrnoXHble. B kayecTBe BbIXOAa U3 CNOXMBLLEN CUTYaLIMN
KaxkeTcs pa3yMHbIM 06paTMTbCs K MOMOLLM KOMMbIOTEp-
Horo mogenuposaxus KIT.

KOMMNbIOTEPHbLIE MPOrPAMMDbI
OOGbIYHO MHXEHEPbI C NErKOCTbI0 FOTOBbLI MOBEPUTHL KOM-
MbOTEPHBIM MporpamMmmam, XoTs anropuTMbl UX paboThbl
BO MHOTUX CIy4asx paspaboTynkamu He packpbiBaroTCs,
N NPUMEHEHWE TaKOroO «KOTa B MELLKE» MOXET 0O0ONTUCH
cobctBeHHukaMm K1 B gecsatkm MunnmoHoB pybnen. Mpu
3TOM LieHa NULEH3UM Ha UCMOSIb30BaHWe Mporpammel,
kakon 6bl BonbLuon He Bbina, cama no cebe He aBnseT-
CS rapaHTMen KOPPEKTHOCTU MOMyYaeMbIX Pe3yrnbTaToB.

Onupascb Ha MHOroNeTHUI onbIT paboTbl ¢ kKabens-
MW, MOXXEM CKa3aTb, YTO NOYTW HE BCTpeYanv nporpamm
pacyeTta conpotmerieHun KJl, kotopble 3agaBanu Obl
Nonb30BaTeNto TOT MUHUMATbHBIA CIUCOK YNOMSIHYThIX
paHee BOMPOCOB, OTBEThLI HA KOTOPbIE, B KOHEYHOM CYe-
Te, U npegonpeaensloT npogornbHble napametpbl KJT.
Hanpumep, ecnv nporpamMma He crpallnBaeT O ceve-
HMW 3KPaAHOB M OPOHU, TO 3HAYUT OHA U HE YYUTbIBAET
3TUX CEYEHWU B CBOMX pacyeTax, U 3HauuT OOBepsiTb
conpotusneHunsam KJl, nony4eHHbIM B TaKOW NporpaMmme,
MOXHO He bornee, YeM TUNOBOMY KaTanory kabenbHoro
3aBoga.

M3 Bcex nporpamm, KOTOpble HaM M3BECTHbI U MOT-
1 6bl GbITb UCMONB30BaHbI B pacyeTax ConpoTUBIEHNI
K1, Gonee-meHee goBepue Bbi3bIBAKOT TOSNbKO ABE:

— poccuiickast nporpamma-kanekynatop KPAH;
— KaHafckas nporpaMMa  MOAENnMpoBaHus

EMTP.

OGe nporpammbl He SABMSKTCA MAeanbHbIMU, MO-
CKOMbKY HEe MO3BOMSAIT paccunmTaTb BCE W3BECTHbIE
KOHCTpyKUMM kabenen. OgHako, HECMOTPSA Ha SIBHble
HegocTaTku, 0ob6e nporpammbl XOTA Obl UMEHT OTKPbI-
Tble anroputMmbl paboTbl 1 AalT Gnuskne Apyr Apyry
pesyneratbl. Kpome Toro, obe oHu sBnawTca Gecnnat-
HbiMu (ans EMTP Takke nmeeTcda n HOBas nnaTtHas
Bepcusa). Utobbl pewmTb npobnemy pacdeta napame-
TpoB, B CO E3C umHuummpoBaHa paspaboTka cBOero
nporpammHoro obecneyeHns, NMULEHHOro HeJoCTaTKoB
YNOMSIHYTbIX BbILLE aHaNOroB.

ceten

PACYET OCHOBHBbIX
TUNOB KAGEJIEN

Pacuet npogonbHbix conpotueneHunn KI1 coBpeMeHHOoM
KOHCTpyKUMn (c usonsumen na Crd n 3lP) tpebyet-
CS ANS KaXKAOro M3 MHOMOYMCIEHHbIX TUMOB kabenen,
BbIMyckaeMbix Ansi ceten knacco 6-500 kB. OgHako,
B NEPBYO o4yepeab, pacyeT TpebyeTca ons crnegyowmx
TMNoB kabenewn, Hambonee pacnpocTpaHeHHbIX B Poc-
Cum1 U1 3a pybexom:

— oaHodbasHble kabenu 6—-500 kB (pucyHok 1, 6e3 ane-

MeHTa 7);

— ofHodbasHble kabenu 6-500 kB ¢ npoBonoyHomn 6po-

Hew (pucyHok 1);

— TpexdasHble kabenu 6-35 kB (pucyHok 2, 6e3 ane-

MeHTa 7);

— TpexdasHble kabenn 6-35 kB ¢ npoBonoyHom 6po-

Hew (PUCYHOK 2).

Ha pucyHkax 1 n 2 ncnonb3oaHbl cneayouimne o6o-
3HaveHusa: 1 — xuna; 2 — NonynpoBoAALLMIA CNOWN No
xune; 3 — wnzonaumsa (CrN3 wnn 3MP); 4 — nonynpo-
BOASILLMIA CrIOW NO U3onsumu; 5 — akpaH; 6 — pasgenu-
TenbHbIN cnon (unu 3anosnHeHne); 7 — 6poHs; 8 — Ha-
py>xHas obonouka.

Jllobon 13 nepeyvncneHHbix TMNoB Kabenem mMmeet
MHOMBMAYyanbHble 3KpaHbl 5 (M3 Mean Unu antMUHKS),
HaknagblBaeMble NOBEPX U30NALNM KaXXaom n3 Tpex a3
(A, B, C). ina Takoro skpaHa cevyeHne MOXeT BapbuUpo-
BaTbCs B LUMPOKOM AManasoHe 3HayveHui ot 16 mm? go
300 mMm?, 1 npouecckl B 3KpaHax, Kak y»xe oTMevarnoch
paHee, OKa3blBalOT 3aMETHOE BIIUSHME HA WTOroBble
npogonbeHble conpotuenexuns K1 no npsamon 1 Hyneson
nocregoBaTenbHOCTU. EAMHCTBEHHbIM criyyan, korga
3KpaHbl MOXHO He yuuTbiBaTb — OfHOMasHble kabenu,
MMerLne OOHOCTOPOHHEE 3a3eMiieHMe 3KPaHOB, Of-
HaKo Takomn cnocob coefMHEHUS SKPaHOB MPUMEHSETCA
Tonbko ans KI1 anvHon oo 0,5-1,0 kM, 1 CTONb KOPOTKME
KI1 npakTruyeckn He BAUAIOT Ha pexum paboTbl ceTun (Ha
YPOBHM HaMpsKeHW B y3nax CeTu U BENUYMHbI TOKOB
K3 cetn).

B kHure [6] o6ocHOBaHa OTHOCMTENBLHO MpocTasi Me-
ToAMKa onpeaeneHus nNpoaorbHbIX conpotmenennni Kl
AN YEeTbIPEX OCHOBHbIX KOHCTPYKLMI COBPEMEHHBIX Ka-
Genen, parowas xopowee (0o 5%) cosnageHune ¢c EMTP
W, YTO BaXHO, C pe3ynsrataMu, NosTyYeHHbIMU B Pe3yIib-
TaTe aHanu3a npoLeccoB B AENCTBYIOLLMX SMeKTpude-
CkMx ceTax cTpaHbl (B apxmBax CO EJC ectb gocta-
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Puc. 1. O0Hogba3HbIl 6pOHUPOBaHHbIU Kabesb

TOYHOE YMCIIO CETEBbLIX U3MEPEHUI U OCLMIIIOrPaMMm).
B knure [6] BENUUMHBI Z; 1 Zg — 3TO CONPOTUBEHUS
Kaxxgon n3 uenen KJ1, a akBMBaneHTHbIE COMPOTMBIE-
HUS Q napannenbHbIX Lueneit 6yayT Zi/Q n Zy/Q.

OAHO®DA3HbLIE KABEMUN
[nsa pacyeta KOMMMEKCHbBIX akTUBHO-MHOYKTUBHbBIX CO-
npotueneHui KIl cornacHo [6] HyXHbI criegytoLyue Beno-
MoraTeribHble BenUYuHbI: Zyx — COBCTBEHHOE COompo-
TUBNEHNE XUNbl; Z3 — COBCTBEHHOE COMPOTMBMEHNE
aKpaHa; Zxs — B3aUMHOE COMPOTUBMEHME MEXAY K-
Oi N 3KPAHOM; Zx — B3aMHOE CONPOTUBNEHUE MEXAY
cazamu ogHoii 1 Toit xe uenu KI1; Zgi, — B3aMMHoe co-
NpoTUBIEHME MeXay cocegHnmu Lenamu KJT.
lNpsimas nocnedosameribHOCMb:
— [Ansi BYCTOPOHHErO 3a3eMSIEHNS IKPAHOB

(Zo — Zk)?
Zo—Z

— [ONS OOHOCTOPOHHEro 3a3eMMEeHUsi 3KPaHOB
TPaHCMO3MLIMM 3KPAHOB

Z.1 = (ZH(_ZK) -

mnnm

Z1 = Z)K — ZK.
Hyneeaﬂ rocredosameribHoCMb:

— Anda  OBYCTOPOHHEro 3as3eMJieHuA 3KpaHOB
TpaHCNno3nuynn aKkpaHoB

Z = (Zx + 2_ZK +3(0 - 1.)Z'K12) -
(Do + 22+ 3(0 - ) Zk12)?
(Zo + 2Z¢ + 3(Q = Nz

mnn

— Ona OQHOCTOPOHHEro 3a3eMJ1eHnA 3KpaHoB

Zo = I+ 27 + 3(Q — 1)Zc12.

OOAHO®A3HbLIE KABEJIU C BPOHEN
Onsa ogHodasHbIX BpoHMpPOBaHHbLIX Kabenewn TpaHcno-
31Mumd (9kpaHoB u/munu BpoHN) He NpuMeHsieTca — Ta-
Kne kabenu obbl4HO MMEIT ABYCTOPOHHEE 3a3eMileHne
3KpaHOB M BPOHU MnK Xe (B psge cryyvyaeB) UX OOHO-
CTOPOHHee 3asemrieHne. B ponu BcnomoratensHon Be-
NMYMHBLIL Z5 30€Ch UCMONMb3yeTca He COBCTBEHHOE COo-
NpoTMBNEHNE 3KpaHa, a cobCTBEHHOE COMpOTUBIEHNE
3KBMBANEHTa aKkpaHa U BPOHM — 3TO NO3BOMSET MPOBO-
ONTb pacdeTbl NapamMeTpoB Mo TeM Xe hopmynam, 4To
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Puc. 2. TpexghasHbili 6poHUpOB8aHHbIU Kaberlb

npuBeaeHb! Bbilwe Ans 06bl4HbIX oAHOMasHbIX (HeBpo-
HUPOBaHHbIX) Kabenew.

TPEX®A3HbIE KABENU
lNpsimasi nocrnedosameribHOCMb!
(Z.)KS - ZK)Z
Zo—7Zx
Hynesasi nocrnedoeamernibHOCMb!
Zo = (D + 2Zc + 3(Q — 1) Zka2) —
(Zo + 27« + 3(0 — 1)Zk12)?
Zy + 27 + 3(Q — 1) Zk12

21 = (Z>K_ZK) -

TPEX®A3HbLIE KABEJIN
C BPOHEMN

Ona TpexdasHbix OpoHMpOBaHHbLIX kabenen akpaH
n 6poHs Bcerga MMelT [BYCTOPOHHEE 3as3eMieHue,
a OOQHOCTOpPOHHEE 3a3eMrieHne 1 TPaHCNO3NLNS He Npu-
MeHsTCA. B BbIpaXeHusaX MCnonb3yoTca crneayolime
HOBble BCMOMOraTenbHbIE BENUYNHBLI Zg — COBCTBEH-
HOE ConpOTUBNEHNE BPOHU; Zxg — B3aUMHOE COMPOTUB-
neHne Mexay Xunou (skpaHom) u BpoHen.

Mpsmas nocnedosamensHocms. Pacuet Z; Bepetcs
no TOW e NPUBELEHHON Bbille opmMyrne, N0 KOTOPOW
onpegensieTcs conpoTmarieHne 0bbIYHOro TpexgasHoro
(HeBpoHupoBaHHOrO) Kabens.

Hynesas nocnedosamesnbHocmb.

Zo = (Bx — Zxa) — (Dxa — Zo) %
. . . (Zks *+ (0 - 1)ZK12)2)
+ + - -3 :

(Z>K3 (2% + 3(Q — 1)Zk12) = 3 (Zs + (0 = ) Zra)
e+ (0 - 1)ZK12)2)
J . O

(Zs + (Q — 1)Zk12)

X

(Za + (27 + 3(Q — 1) Zk2) —

3SAKNIOYEHUE

KoppekTHbI pacyeT MnpoaosibHbIX aKTUBHO-MHAYKTUB-
Hbix conpoTtuerneHun K1 6—-500 kB pencTBuTensHO Ba-
XEH anga pewenHuns 3agad, croswmux nepeg CO E3C
W ApyrMmMun oTpacreBbiMy opraHusaunsiMm ctpatsbl. K co-
XaneHuto, pacyeT napameTpoB coBpeMeHHbix K1, Bbl-
NMONHEHHbIX kabenamu ¢ nsonauuen na Crad vnu 3P,
BO MHOTIMX Cry4asx noka ocyLLeCTBNAETCA HEBEPHO, Tak
KaK He y4YMTbIBaEeT:



— BIUSIHUSI NPOBOASILLMX 9KPAHOB 1 BPOHMU;

pasnuuunsi napameTpoB NoCiiefoBaTeNIbHOCTEN.
WcnpaBneHue cuTyauuu BrofHE BO3MOXHO, MO-
CKOMbKY HeobXxoaumble MaTeMaTU4Yeckue BblpakeHust
ye paspaboTaHbl 1 BepUULMPOBaHbI C MPUBMEYEHN-

KABEAbHDbIE
NNHNMHA

eM HakonneHHon B CO EQC nHgpopmaymm o Hopmarsb-
HbIX 1 aBapUNHbIX pexnmax ceten. flanee nnaHmpyeT-
cs paboTa No CO34aHMI0 COBPEMEHHbIX PYKOBOASLLMNX
AOKYMEHTOB M MporpaMm pacyeTa npoAonbHbIX napa-
meTpoB KJ1 6—500 kB pasnu4Hom KOHCTpyKLMK.
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MoBbiweHune 3athheKTUBHOCTU IKCMNIyaTaLuu
NOrpy>XHbIX 3J/1IEKTPOYCTAaHOBOK
HethTeno6biuun

B kHure paccmarpuBatoTcs npobnemMbl 3adpheKTUBHOCTY SKCryaTaummn 1 obec-
nevYeHns TEXHUYECKOTO COCTOSIHMS MOTrPYXKHbIX 3NeKTpoycTaHoBOK (MAY) HedTe-
[06bI4M 1 peanunsaummn nyTen ee NoBbILLEHNS C y4eTOM 0606LLEHNS 1 aHanu3a
onbiTa UX aKcnnyaraumu. MNMpor3BoauTcsa Knaccudukaumsa n aHanus pesynbsra-
TOB 3KCMIyaTaUMOHHbIX (hn3nYeckmx Bo3genctaui Ha MN3Y, nx conocraBneHvne
CO CTaTUCTUYECKUMWN LAaHHBbIMU 3KCryaTaumn 1 hopMynupyroTcs npakTuye-
CKve MepOonpusiTUSt U pEKOMEHAALMW, HanpPaBneHHbIe Ha obecneyeHre 1 NoBbI-
LeHve HagexxHocTn MNJY. Knura npegHasHayveHa Ans UHXEHEPHO-TEXHUYECKOTO
nepcoHarna aKcniyatawumn U NpoekTUPOBaHWS 3MIEKTPOCHABXKEHUST MOrPY>KHOrO
anekTpoobopyaoBaHusa B HedhbTeqobbive, a Takke NpenodaBaTenen, acnmpax-
TOB M CTYAEHTOB CTapLUMX KypcoB 6akanaBpuarta 1 MarmcTpaTypbl SMeKTPoTeEX-

HUYECKMX CrieLmanbHOCTeN BY30B.
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