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BUMIPIOBAHHSA | AHANI3Y CTPYMY PEJTAKCALIII TA MTOBEPHEHOI HAMNPYTU
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Ilposedeno  ananiz  nepexionux  eieKmMpOMACHIMHUX — NPoOyecis, WO NPOMIKAomMmv 6  i3048Yil
BUCOKOBOILMHO20 KAbeNs 3 padiaibHol HeOOHOPIOHICMIO Ni0 Yac ii KOHMPOMO MEMOOUKU BUMIPIOBAHMHS
cmpymy penakcayii ma memooom noeeprenoi uanpyeu. Iloxazano, wo 30iibuileHHss HeOOHOPIOHOCMI
eeKMPOI30NAYIUHO20 Mamepiany Kabens npugooumv 00 3POCMAHHA NOYANMKOBO20 3HAYEHHS CMpYyMy
abcopbyii ma 3menwieHHss nocmiunoi uacy uoz2o cnaoauns. Ilosepnena Hanpyea npu  ybomy
Xapaxmepuzyemocs 30iNbUeHHIM MAKCUMATbHO20 3HAYEHH Ma HOYAMK08oi weuokocmi ii 3pocmanis i
SMEHWEHHAM — Yacy OOCScHeHHs Heilo  maxkcumymy. Kpumuunum — 3uauenHam  He0OHOPIOHOCI
eNeKMpOoI30NAYIUHO20 Mamepiany BUCOKOBOILMHUX KAOENi8 MOXMCHA 88adcamu MAKCUMATbHE 3HAYEHHS
Koe@iyicnma HeoOHOpiOHOCMI, abo Koegiyichma noaapuzayii, Nicisi OOCASHEeHHs 5K020 NOOAIbULA
eKCHIYamayisi BUCOKOBOIbIMHUX KAOeNi8 HeOOYibHA.

Kurouosi crnosa: neoowopiona izonsayis, cmpym peraxcayii, 3apso abcopbyii, mepyliHieHa OiaeHOCMUKA
KabenvHux 1iKill, NOgepHeHa Hanpyeaa.

IIposeden ananuz nepexooHvix NeKMPOMACHUMHBIX NPOYECCO8, KOMOpble NPOMeKaiom 6 U30IAYUuL
BbICOKOBONLMHO20 Kabelsl ¢ paouaibHOU HEeOOHOPOOHOCHbIO 80 6PeMs ee KOHMPOJsL NYMeM U3MEPEeHUs
MOKA penakcayuu u MemoooM 8036pamno2o Hanpsiicenus. [lokazano, umo yeenuueHnue HeoOHOPOOHOCHU
INEKMPOUONAYUOHHO20 MAMEPUAIa Kabeiss Nnpugooum K 603PACMAHUI) HAYATbHO20 3HAYEHUs MOKA
abcopboyuu U YMEHbULEHUIO NOCMOSIHHOU —6peMenu  e2o  yovleanus. Bosepamuoe Hanpsidicenue
Xapaxkmepuszyemcs y8eiudeHuemM MaKCUMaibHO20 3HAYEHUs U HAYAIbHOU CKOPOCMU ee BO3PACMAHUS U
CoOKpawjenuem epemeHu  docmudicenusi  maxcumyma. Kpumuueckum — 3Hauenuem  HeoOHOpOOHOCMU
INEKMPOUOTAYUOHHO20 MAMEPUATA  BbICOKOBOILIMHBIX  Kabenel MONCHO —CUUmamsv MAKCUMAIbHOE
3HAueHue Kodp@uyueHma HeoOHOPOOHOCHU UMY KOdpOuyueHma noaapu3ayuy nocie OO0CMUNCEHUS.
KOMOPO2o 0abHeuulas IKCNIyamayusi 6blCOKOBOIbMHLIX Kabeell HeyerecooopasHa.

Kniouesvie cnosa: HeoOHOpOOHAas u30nsAyus, MOK perakcayuu, 3apso abcopoyuu, Hepaspyuaoudst
OUACHOCIUKA KAOETbHBIX TUHULL, 8036PAMHOE HANPSIJICEHUE.

The analysis of electromagnetic transients that flow in high—voltage cable insulation with radial
heterogeneity during its control by relaxation current measuring and returned voltage method is
conducted. It is shown that cable insulation heterogeneity increase causes absorption current initial value
increase and its slump time constant reducing, the returned voltage is characterized by the maximal value
increase and its initial velocity increase and maximum achievement time reducing. It is possible to
consider high—voltage cables insulation heterogeneity critical value as heterogeneity coefficient maximal
value, or polarization coefficient after that achievement further high—voltage cables exploitation is
inadvisable.

Keywords: heterogeneous insulation, relaxation current, absorption charge, cable busses non—destructive
diagnostics, returned voltage.
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Beryn

Hapifina pobota cHcTeM eNeKTpOrnocTayaHHs
MPOMHCIIOBUX MIANPHUEMCTB Ta IHIIMX O0O0'€KTIB
HapOJHOIOCIIOJAPCHKOT0 KOMILJIEKCY HEMOXKIIMBA
0e3 MpOBENECHHS CHCTEMaTHYHOIO KOHTPOIIO
TEXHIYHOTO CTaHy 1 MpOQiTaKTHKH eIeKTPOi30si-

HIAHUX KOHCTPYKIIii eNIEeKTPOO0OIaHAHHS,
30KpeMa, po0040oi  i30yAMil  BHCOKOBOJIBTHHX
kabenis  (BK). Haii0Oinpm  mepcrieKTHBHUMU
METOJaMH  KOHTPONIO 33 TEXHIYHUM CTaHOM

enextpuunoi Bomsnii BK e HepyiiHiBHI MeTomw,
110 0a3yr0ThCsl HA BUKOPUCTaHHI sSBUII aOcopOIIii B
i3ossanii BK, 3aifikaBieHHS 10 SKUX 3pOCIO 3
MOSIBOIO KaOeIiB 3 MmojiiMepHOr  i3ossiiero. Jlo
TaKMX METOJIB BIIHOCATHCS: METOJ] BUMIPIOBaHHS
CTpyMy penakcanii npu 3apsypkenHi BK, meron
BHUMIpPIOBaHHS 1 aHaJi3y MOBEPHEHOI (BiIHOBIECHOT)
Hanpyrn B i3omanii BK, Merom BuMiproBaHHS
JIETeKTPUYHUX XapaKTePUCTUK 130MALii Ta iHII
[1-4]. 3 moABOIO aBTOMATH30BAHHMX CHCTEM
KOHTPOJIO BUHHKIHM TIEPEAYMOBH JUIS IIHPOKOTO
BIIPOBKEHHS [IX METOJIB KOHTPOIO 332 CTAHOM
130JIsLT BK SIK TUTS TpaauLiiHOT
ManepoBO—TPOCOYCHOT  i3omsAlii, Tak 1 JJIs
MoJIiMEepHOI 130JA1Iii [5].

Crapinns 3omsnii BK B pesynprarti TpuBanoi
i Ha HeEl eKcIUTyaTalliiHUX YHHHUKIB MOXeE
NpUBECTH JO 1ii mTpoOOI TpH  JOCATHEHHI
TPAaHUYHHUX 3HAYCHb ENIEKTPUYHOI MimHOCTI. Tomy
it eQEeKTUBHOTO TPOBEACHHS  IEPiONYHOrO
KOHTPOJNIO Ta JIarHOCTHUKH TEXHIYHOrO CTaHy
pob6ouoi 3omsimii BK HeoOxigHO mpoaHanmizyBaTh
CJIEKTPOMArHIiTHI MPOIIECH, IO MPOTIKAIOTh B HIil
MpH MPOBEACHHI BiINOBIMHUX BHUJIB JIarHOCTUKHU 1
KOHTPOJIO 3 METOI0 BUSBICHHS (YHKIIOHAJIbHHX
a00 KOpeJSMmiHHUX 3alleKHOCTeH MK CTyNeHeM
CTapiHHSA 130JAIil, 11 EIEKTPUYHOI MIIHICTIO 1

mapaMeTpaMu, IO pPEECTPYIOThCS B Ipoleci
KOHTPOJIO Ta IarHOCTHKH [6].

Panime MpoaHai3oBaHi nepexiaHi
CNEKTPOMAarHiTHI ~ Mpomeck B KOMOiIHOBaHIH

i3ossnii BK, ska ckiamaeThcs 3 JIBOX IIApiB
OJIHODITHHUX JieNeKTpuKiB [7, 8]. Ane B mporeci
BUPOOHHUITBA Ta ekcrutyaranii Ha BK nitoTh pizHi
YMHHUKY, BHACTINIOK YOro B IX EICKTPHYHIN
130yiLii  3'ABIAIOTBCA  PO3MOALICHI B 00'emi
neekT 1 BOHA ~ CTae  HEOTHOPIIHOIO.
Heomuopianicts TBepaoi mosiMepHoi i3omsiii BK
BUKIIMKaHa  HEJIOCKOHAIICTIO  TEXHOJIOTIYHOTO
nporecy BHUPOOHUIITBA 1 HEOJHAKOBOIO JI€I0 Ha
pi3HI mapu Takoi 13oMmALii  eKcIuTyaTamifHuX

YMHHUKIB, 30KpeMa, TaKuX SIK: Jis eNeKTPUIHOTO
OIS, IO BUKITMKAE €IEKTPUYHE CTapiHHS 13071111,
Jisl TEIJIOBOTO TMIOJNs, IO BHKIMKAE TEIUIOBE
CTapiHHSA 1 OKHCJICHHS I130JI4Ii1;, 3BOJIOYKEHHS
130JI11i1, 1[I0 TNPU3BOAMTH JIO  IOTIPIICHHS
eNneKTpodi3MIHIX XapaKTEepUCTUK 13071511117,
MEXaHIYHE CTapiHHSA 1 TOIIKO/DKCHHS I €0
BiOpariii, SNEKTPOTMHAMIYHHX 3yCHJIb i
MeXaHIYHMX HaBaHTA)KEHb; XIMIYHE CTapiHHS Iij
BILJIMBOM arpecuBHUX pedoBuH [1]. TexHomoriuny i
eKCIUTyaTalliiiHy HeomHopiaHicTh i3omsamii  BK
MOXKHA PO3IJSAATH K CUCTEMaTU4HY, 11 MOXXHA
NPEACTaBUTH Y  BHINIAAL  (YHKIIOHAJbHHUX
3aJIeXHOCTEH CNEKTPUIHUX XapaKTEePUCTHK
130JIA111T BiJ] MPOCTOPOBUX KOOPAHMHAT [6].

TeopeTuuHa yacTuHa

Jdnst aHamizy mnepexilmHuX eneKTPOMarHiTHUX

MpoIeCiB, M0 MPOTIKAIOTh B  HEOXHOPIIHIH
iBoysnii BK  mpm  1i  glarHOCTHINI  METOIOM
BHMIPIOBaHHS CTPYMYy peNaKcailii, po3rIsTHEMO
KOaKCiabHHH Ka0enb (uMTiHIPUIHA ]
KOH/IEHCATOp), BiJJTHOCHA JlieNneKTpuvHa

MPOHHUKHICTh € 1 MUTOMA ENEKTPUYHA MPOBIIHICT
Yy i3omAii skoro € QyHKiisMu pamiyca r: €(r) i
v(7), BigmoBimHO, mOBXMHM Kabens [, pamiycis
BHYTPIIIHBOTO 1 30BHINIHBOTO EIEKTPOIIB 71 1 77,
npudomy / >>r,. Ha puc. 1 HaBeneHi monepeuHuit
nepepiz kabenst (a) 1 nudepeHmiadbHa cxema
3aMillleHHs] WOro eNeKTpU4HOol i3omsmii (), ska
CKJIAJIAE€ThCSI 3 TOCTIOBHO CIOJTYYEHUX JIaHOK,
KOJKHA 3 SIKHX SIBJISIE COOOIO0 MapalieNibHe 3’ €IHaHHS
CIEMEHTAPHUX  IMIIHAPUYHUX  KOHJCHCATOPIB
emuictio dC(7r) 1 eneMeHTapHUX pE3UCTOpPIB 3
onopom dR(7) [6, 9].
€MHICTH  €JIEMEHTApHOrO
KOHJIEHCATOpa paJiiyca 7 € TaKOIo:
S(r)
]
dr
ne S(r)=2nlr — nnoma MMIIHIPUYHOT TTOBEPXHI
pazdiyca 7.
Toni reoMeTpudHy eMHICTh kKabenst C 3 TaKoro

130JIA11I€10, KA JOPIBHIOE €KBIBAJICHTHIN €MHOCTI
MOCITiTOBHO 3’€THAaHUX eNleMEeHTapHUX

HATIHAPUIHOTO

dC(r)=¢g,e(r) (1

xonjencatopis emuictio dC(7). MoxkHa BUpa3uTH

TaK:
) _2mlee, , 2)
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Pucynok 1 — ITonepeunuii nepepis (a) i indepennianbua cxema 3aMilieHHs eJIeKTPHYHOL i30/s11Lil
(6) xkoakcianbHOro Kabdess

KOHCTPYKTHBHAa  CTasa,
h
v . .

g, =— - eKBiBaJICHTHA BiZTHOCHA
e 1)

I dr

; e(ryr
JeJIeKTpUYHA MPOHUKHICTH 130151111 KaOeds.

Omip M™MbK OOKITaJMHKAMU €JIEMEHTAPHOTO

HWIHAPUYHOTO  KOHJAEHcaTtopa  paliycoM 7

BU3HAYHUTLCS BI/Ipa30M:
. dr
S(ryy(r)’

a aktuBHUIA omip R 3omsanii BK crpymam BUTOKY
JIOPIBHIOE ~ €KBIBAJEHTHOMY OIOpPY TOCHiJOBHO
CIIOJy4EHHX EIEMEHTapHUX Pe3ucTopiB dR(r):

R(r) 3)

I"Z v
R=[dR(r)=——, 4
{ )= 2 @)
\% .
ae 'Ye = PUE— — CKB1BAJICHTHA IIMTOMA
J2~ dr
Sy (r)r

CNIEKTPUYHA IIPOBIAHICTD 1301111 KaOes.

Jdnst aHamizy mepeximHuX eneKTPOMarHiTHUX
MPOIIECIB, 1110 MPOTIKaIOTh B HEOTHOPIAHIN 130111
KOaKCialbHOro Kalens mpu il KOHTPOJI METOJ0M
BUMIPIOBaHHS CTPYMy penakcamii B Iporeci
3aps/DKEHHS  KaOens BiJg JpKepena  IMOCTIHHON
HaIpyry, BU3HAYMMO MOYATKOBI 1 KiHIIEBI YMOBH iX
MPOXO/DKEHHS. 3 1II€I0  METOI  YMOBHO
mgxmounMo BK, cxema 3amilneHHs  sIKOro
HaBeJeHa Ha PUCYHKY 1, 6 1m0 JpKepena MOCTIHHOT

Hanpyru U, .

B MoMeHT migkiarodeHHs KaOens 10 JpKepesa
nocriiinoi manpyru U, (npm ¢ = 0) yepe3 ioro
130JIAL1110 TMPOTIKAE CTPYM €ICKTPUYHOIO 3MIIICHHS
I, 3yMOBJIEHUIl MUTTE€BUMHU BHJAMH MOJSAPH3aLii i
fforo reoMmerpuyuHa eMHICTh C MPAKTHYHO MHUTTEBO

3apsjpkaeTeesa.  Ilpy mpoMy Ha  oOKIaakax
eJIeMEHTapHUX KOHJIEHCATOPIiB dC (r)

MOSIBJISIOTBCS 3B'sS13aH1 SJICKTPHYHI 3aps/v, PiBHI 3a
3HAYCHHSIM BUIBHOMY EIEKTPHYHOMY 3apsiy, IO
HaKOMM4uBcA Ha enekrponax BK:

2nle &
q0 = CUO = VO <U,. (5)

[lig nier0 30BHIMIHLOIO EIEKTPHUYHOrO IOJIA,
BHKJIMKAHOTO HAsBHICTIO Ha TOBEPXHIX MKMW 1
O0OJIOHKH PI3HOHMEHHUX BUTBHUX ENEKTPUIHUX
3apsiB, PO3MOAUICHUX 3 OBEPXHEBOIO I'YCTHHOIO

(6)

B I3oismii KaOelns BCTAHOBIIOETHCS IIOYATKOBA
pajiajibHa HAIIPYKEHICTh SIEKTPUYHOTO OIS

88

U,
Eo(r)_r_v 8(1”)’

(7

sKa 3HAXOMUThCA Y (DYHKI[IOHAJBHIN 3aJeKHOCTI
BII paaiaJbHOro po3noaity BIJTHOCHOT
JieJIeKTPUYHOI MPOHUKHOCTI 13ommanii €(7), ToOTO
BHU3HAYAETHCS BUKJTIOYHO TieTeKTPHIHUMH
BJIACTHBOCTSIMHM  €JICKTPOI3ONISILIHHOrO MaTepiaiy.
IIpy mpomy ob'eMHa p_ i moBepxHeBa G, (7)
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TYCTHHM BUIBHUX 3apsIiB B 130JA1ii JOPIBHIOIOThH
P, () 1

\ .
G, (7)TycTHHH 3B'3aHMX EICKTPHYHMX 3apsiB

HyTI0, a o0'eMHa MOBEPXHEBA

BU3HA4YaThHCA TaKUMH piBHHHHHMH .

&g U delr)

Pu(r)== re’(ryv dr -’ ®
-1 U
5, () =2 [8(2(”‘]} 2 ©9)

OnHOYacHO 13 BCTAHOBIICHHSIM EIEKTPUYHOTO
nojsl 'y HampsMi Woro nii B i307smii movMHAE
MPOTIKATH EJIEKTPUIHUIN CTPYM MIPOBITHOCTI

o= Yo 8(0)
in(r)=—2 o S(r),

(10)

SKUM, Yy BHUIAJAKYy HEOIHOPIAHOI I130M4Mii, €
¢dyHkuiero pagiyca r. Y Takidl i30msmii MOYMHAE
BinOyBaTuCs nepexiqHui Tporiec, SIKHH
CYNIPOBO/DKYETBCSI ~ HAKONMUYCHHSIM  BIUIBHOTO
00'eMHOT'0 PO3MOAIICHOTO €JIEKTPHUYHOTO 3apsay —
3apsay abcopOrii. [Ticas 3akiHUEHHS MEpexiTHOro
mporecy (Mpu ¢ = o0) dYepe3 yCi eleMeHTapHI
pesucTopu  dR(r)  TpOTIKae  OXHAKOBUH 1
HE3MIHHHU B 4Yaci CTPyM BUTOKY, 3HAYECHHS SKOTO
BU3HAYAETHCSA  3HAYCHHSAMU  NPHUKIAACHOT 110

3omauii moctiitnoi HanpyruU,, i1 omopy izomsmii

CTpyMaMm BHTOKY R

(1)

[Tpu ubomy B 130111l Kabenss BCTAHOBIIOETHCS
pajiajibHa HAIIPYKEHICTh SIEKTPUYHOTO OIS

£y Yo Y
r-v y(r)

BiIMiHHA BiI Tiel, ska Oyla Ha TOYATKY
MEpexXiIHOrO TIpoIlecy, 1 SKa B3HAXOAUThCA Yy
(GyHKIIOHANBHIA  3al@KHOCTI  BXE HE  BIX
pasiabHOrO PO3MONLTY BiTHOCHOI JieNeKTPUIHOT
IPOHUKHOCTI 3omamii €(7), a Bix paxiaabHOrO

(12)

pO3IIONIUTY THTOMOI  €JIeKTPHYHOI TPOBIMHOCTI
Bomanii  y(r), TOOTO BHU3HAYAETBHCA BHUKIIOYHO
CJIEKTPOITPOBITHUMH BJIACTUBOCTSAMH 130JISIIIIHHOTO
Mmatepiany BK.

Ha puc. 2 HaBemeHi 3aleXHOCTI MOy
HaIPY>KEHOCT1 €ICKTPUYHOrO OIS B HEOAHOPIIHIH
i3oysmii  kabOens Big Horo pajiyca, IHTOMa

MPOBIHICTD AKOI 3MEHIIYETHCS 3 POCTOM pajiyca
r.

0 r
PucyHnoxk 2 — 3ajieskHOCTi MOAYJIfA BeKTOpa
HANPYKEHOCTi eJIEKTPUYHOIO MOJISl B
HeoaHOPpiAHIi i30s1ii BK B mouaTkoBuii
MoMeHT 4yacy (1), mic/s 3aKkiHueHHs
nepexigHoro npouecy (2) i B oqnopigniii izossrii
(3) Bin paaiyca r

OCKITbKY 3HAYEHHSI CTPYMY BHTOKY IPOTSITOM
MEpEeXiJHOro MpoIlecy He3MiHHE, TO PI3HUIL
CTpYMiB TMpOBifHOCTI B i30ismii kabemo Ha
MOYaTKy 1 y KiHIIl MepexXiJHOro Mmpolecy BU3HAYAE
MMOYATKOBE 3HAYCHHSIM CTpyMy abcopOitii, TOOTO

Lo(r)=i,(r)—1, =

:ﬂs(’.) SEY(F)—YeS(F)
ry e(r)

(13)

2

a PI3HUIIS PO3MOJUTY HANPYXEHOCTI eIEKTPUIHOTO
MOJIsL Ha TMOYATKy 1 B KIHI[I MEPEXiAHOT0 MpoIecy,
sKa 1 BUKIMKAaE MPOTIKaHHA CTPyMiB abcopOii B
130MA11i1 Kabest 3 HaKONMMYEHHSM B Hid 3apsany
abcopOI1ii, ONMUCYEThCS PIBHSIHHIM

AE(r) = Ey(r)-E, (r)=
_Y, e -ver)
vr e(r)y(r)
HakonudeHuit 10 KiHIS TEPEXiTHOro MPOoIeCy
aOCOpOLIHMIA  3apsii  3YMOBJIIOE B 130JISLil
KOaKCiaJlbHOTO Kalemro pajiajbHy HampyXeHiCTh
CIICKTPUYHOI'O IIOJIA, AKa OIHNCYETHCA piBHHHHfIM
(12). Ha OOKJIaInHKAX CJIEMEHTaPHHUX

KOHJICHCATOPIB, KpiM 3B'I3aHUX  CICKTPUYHHX
3apsiiiB, 3'IBIATHCS BUTbHI a0COpOIiiiHI 3apsian

q,(r)=-AEee(r)S(r) =
_Upgy (1) —v.8(r) S(r)’
vr v(r)

(14)

(15)
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MoBepxHeBa Ta  oO0'eMHa  TYCTHHH  SKHX
BHU3HAYAIOTHCS TAKUMH PIBHSAHHSIMH:
U,-¢, gy()—y.e(r
Ga(f'):— 0 O. e’Y( ) ’Ye ( )’ (16)
vr v(7)
p, (1) =div[ee()AE(r)] =
ey U d | &(r) (17)
rv dr y(r) '
BusHaumBImIM TOYATKOBI 1 KIHIIEBI YMOBH
MEPEeXiIHOr0  MpoIecy, SKUH  OpoTiKae B

HEOHOPIIHIN 13018111 CHJIOBOI'0 BUCOKOBOJIBTHOTO
kalelss TpH MiABEACHHI JIO HBOTO IOCTIHHOI
Hampyrd, MOXKHA 3MINCHUTH HOro mMojaibIIui
po3risa B guHamini. Jlms aHamizy mepexiaHoro
MPOIIECYy CKOPUCTAEMOCS ENEKTPUYHOI0 CXEMOIO,
HABEIICHOID Ha pHUC. 3, B sKiH HEOJHOpiTHA
enexTpuyHa i3omsnis BK npexncrasnena y Burmsii
iHTerpanpHoi cxemu 3amimenss [7, 10, 11]. Ha mii
cxemi pesucrop R XapaKTepu3ye akTHBHHUN OIIIp
130111111 CTpyMaM BUTOKY, iIeaJIbHUI KOHJEHCATOP
C — reomerpuuny emHicth i3omsmii BK, Bitka

Ra Ca

pesucropa 3

CKIANAa€eThCd 3 IIOCHIIOBHO BBIMKHEHUX

omopoM R Ta imeasbHOrO

a

KoHzieHcaTopa 3 emHicTio C_, [Ki IMIiTYIOTB HIpoIiec

MPOTiKaHHS Bomairo  BK  ctpymy

penakcartii.

qepes

SA

«®  ©

Pucynok 3 — EnekTpuuna cxema A aHaizy
nepexigHoro mpouecy B i3oasuii kadeas

[Ticns moxadi Ha €NEKTPOIU Kabels MOCTIHHOT
Hanpyru U, 1 3apsjukeHHs HOro reoMeTpuyHOi

emaocti C B 1301411111 MMOYMHAE TPOTIKATH
MepexiHui mporiec, SKui (i3UYHO, B KOHTEKCTI
oOpaHux  cxem 3amimeHHs  Bomsamii  BK,
CKJIAJIA€ThCSl 3 TIepe3aps/KEHHST elleMEHTapHUX
KOHJICHCATOPIB Yepe3 BIANOBIIHI elIeMEHTapHI

pesucropu (is audepeHIliaibHOl cCXeMHu) 1, sIK
HACJIIJIOK, BiIOYBAETHCS 3apsKEHHs a0COPOLIHOT
emxocti C, (s iHTerpanpHoi cxemu). IIpu mpomy

HAa CIEMEHTAPHHUX PE3HCTOpax  BiIOyBaeThCs
MpoIlec TIEPETBOPEHHS SHEPTii eNeKTPUIHOTO OIS
B TCIUIOBY, a Ha CJIIEMEHTapHUX KOHJEHCATOpax
Mpollec HaKOMMYEeHHs BUTRHOTO 3apsity. BHacmimok
IOT0 y 30BHIIIHBOMY KOJIi IOYHMHAE TMPOTIKATH
CNIEKTPUYHUN CTPYM, SIKUHM € CyMOIO MOCTIHHOTO B

yaci cTpymy BHTOKY /; i ctpymy penakcanii (),

0 3MEHIIYEThCSI B 4Yaci 3a EKCIIOHEHI[IabHUM
3akoHoM. CTpyM penakcamii MiJBOIUTH  JI0
CHJIOBOTO Ka0OeJst JIOIaTKOBY EIEKTPHYHY €HEpriio,
SKa BHUTPAYa€ThCS HA MOKPHUTTSA JONATKOBHX
TEIUIOBHX BTpaT B i30iAwii KaOemns, 3yMOBIICHHX
MpOTiKaHHSAM Yy Hid cTpyMmy abcopOuii, 1 Ha

HaKOIWYEHHS JOJaTKOBOT'O BUTBHOTO
CIIEKTPUYHOrO 3apsAly Ha WOro eIeKTpoaax.
[NoyaTtkoBe 3HAYEHHsI CTPyMy peakcaiii MO)KHa
BU3HAYUTH BUKOPHUCTOBYIOUU 3aKOH

Jxoyns—Jlenna B qudepeHiianbHoi hopmi

UTip (t)dt =T [AE (. 0v(ev (ee,  (18)

3BIIKH
. 2nlU, ¢ (Sey(r)—yeg(r))2
i, =[5 dr,  (19)
v e ()
ne dV(r)=2nlrdr — enemenTapHuii 00'eM
HWTIHAPUYHOI TIOBEPXHI PajiiycoM 7 .
Enexrpuune  mome,  CTBOPEHE  BUIBHUM

CNICKTPUYHUM 3apsiioM, PO3MOAUICHUM B 130JISLIiT
KaOess, B3a€EMOMIIOYM 3 EJICKTPUYHUM TIOJIEM,
CTBOPEHUM BUIBHUMU PO3MOALICHUMH
MMOBEPXHEBMMH  CJICKTPUYHUMHU  3apsjaMud  Ha
eNeKTpojax KaOens, MPUBOIUTH JIO  IOSBH

JI0JIATKOBOI'O BIIBHOIO EIEKTPUYHOrO 3apsaiay ¢,

Ha eleKkTpoaax. BenmnuumHy aOCopOIiiHOT €MHOCTI
BH3HAYMMO 3 PIBHSHHS CHEPreTHYHOr0 OaaHcy

2
SE -, = [eE )Y, 20)
V

ne W, i W, — BinmnoBigHO eHepris eTeKTPUIHOTO
OIS, 30CepeKeHa B 130IIA1LliT Kabems Ha ToYaTKy 1
B KiHII mepexigHoro mpouecy. I[lepexomsum Bix
00'eMHOr0 iHTerpaia J0 BU3HAYCHOr0, 3HAXOAMMO
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BHpas3 i1 abcopOIiiHOT EMHOCTI

¢, = 2k, ’f(sev(r)—vﬁ(r)

L 72(”)8(”)”

2
) dr=k.C, (21)

’f(sev(r)—veﬁ(r))2 "

2
w0 Y@
ne ko =—%*= -
C g,V
KOC(IIIEHT MPONOPLIHHOCTI MK aOCOPOILIHHOI 1
TC€OMETPUIHOIO EMHOCTSIMH.
AOcopOLiitHNI omip NpH BiIOMUX 3HAYEHHSIX

IpUKIIaZeHol 10 kabens moctiitHoi Hanpyrn U, i

MOYaTKOBOI'O CTPYMY pelaKcartii [, BU3HAYAETHCS
3a PIBHSHHSIM
r=Yo_
lP
Vv (22)
p—l B 2 p—l RkR’
cley(r)—v.e(r
nlj( H0) =12 )
e rnr
R
ne kp=—"%-= e -

=- -
R j(sev(r)—vﬁ(r)) 0
2
e
KOC(II[IEHT MPONOPLIMHOCTI MK aOCcopOLIHHUM
OMOpOM  130MIAIiT 1 omopoMm i30JsMmii  cTpymMam
BUTOKY.

Enextpruunuii

CTpyM, 1[0 TMpPOTIKaE B
3'eMHyBaTBHUX i

MpOBIMHUKAX  BiJg  JoKepena
noctiiiHoro crpymy Hampyroro U, 1o enekTponis

BK, i ekBiBaJCHTHHI EIEKTPUYHHNA OIMip i30SIl

BK MPOTIKAHHIO SIIEKTPHUYHOTO CTpyMy
3MIHIOIOTECS B 4aci 34 TAKUMH 3aKOHAMU:
t
i(ty=i,+ie" —om Yo l+kee ™|, (23)
v
U k.R
R(t)y=—"=—%&—, (24)
(¢t -
@) kp+er"
€
ne t1=RC, =g —“kik. — crama uacy

Ye
3apsPKEHHS a0COPOIIIHOT EMHOCTI Kabes.
Yacosi 3aJIe)KHOCTI CTpyMy 4depe3 i3omsmiro BK

3 PI3HMM CTYIIEHEeM 1i HEOAHOPITHOCTI HaBEICHI Ha
puc. 4.

i

k1<k2<k3

0 t
Pucynok 4 — YacoBi 3a/1e3kHOCTi CTpyMy uyepe3
i3osisinito kalens 3 pPi3HMMM 3HAYEHHAMH
KoedinieHTa HeoaHOPITHOCTI i30asIMKil

Sxicte 1 crymiHp crapinHs 3omsmii BK, a
TaKOX MOro 3aJIMIIKOBUNA pecypc, MOKHA YUCEIbHO
OLIIHUTHU KOEe(DILIEHTOM HEOIHOPIIHOCTI

k. RC
k=—5%=—2, (25)
kp R,C

SKAH 30UTBIIYETBCSI 3 POCTOM HEOIHOPIMHOCTI
I3oyIALidHOrO  MaTepiany KkabOems. Y mporeci
excrutyaTanii BK #oro abcopOuiiinuii omip i omip
13omsit CcTpymMam BUTOKY 3HIKYIOThCA,
a0copOlliifHa €MHICTh 3pOCTa€e, a TeOMETpUYHA
€EMHICTh 3aJIMIIAETBCS MPAKTUYHO HE3MIHHOIO.
3usBIIM B mporieci aiarHoctukd BK kpuBy 3MmiHU
CTPYMY penakcallii B 4aci, MO)KHa BU3HAUHUTH, 1110

L]b

Cc=C,-1,R=—"—,
i(t =)

0

C =Uij(i(t)—i(t=oo))dt, R, =Ci, (26)

a
00 a

ne C, — n[nHMTOMa  eIEKTPHYHA  €MHICTb
(reoMeTpHYHA EMHICTh OJJMHHII JJOBKUHHU KaOeIs).

BumiproBaHHs1 1 aHai3 YaCOBUX 3aJICKHOCTEH
CTpyMy JI03BOJISIE BUSIBUTH XapakTep
HEOJHOPIAHOCTI 130JIA1li1. 3pOCTaHHS MOYaTKOBOTO
3Ha4YeHHS CcTpyMy aOcopOuii CBiTYHTH TIPO
30LIBIICHHS HEOAHOPITHOCTI EIEKTPOI30ISIIIIHHOTO
MaTepiaiy, a 30UIBIICHHS HACKPI3HOT'O CTPyMY 1
3MEHIIICHHS MOCTIMHOT Yacy 3apsay — Ipo CYIUIbHY
nerpanaitito izomsiii BK.

B nmanuii yac Bce OUIBIIOrO IOMIMPEHHS
Ha0yBae METOI BUMIDIOBaHHSA Ta  aHaN3y
noBepHeHoi HanpyrH [4]. LlpboMy cnipusie HasiBHICTb
CepIiHUX KOMIUICKCIB JJIs JIarHOCTUKHU, TaKUX SK:
KDA-1, CD 31, CDS xonmiary «Seba KMT»
(Himeuunna) [12, 13] ta CL-Tester (Cable Lines
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Tester) po3pobku ¢ipmu “Bubpo-Lientp” (PD)
[14]. HManuit merom 0a3yeTbcs Ha BHMIpPIOBaHHI
MOBEPHEHOI HANPYTH, KA BUHUKAE MiX JKHIIOIO Ta
ekpanoM BK micns Big’eaHaHHS Big JpKepera
MOCTIHOT Hampyrm 1 JyXe KOPOTKOYacHOTO
3akopodeHHs. [licims  po3psny  TreoMeTprudHOl
eMmHocTi B 13oimanii BK mosBiseTses 3adILKOBE
CNEKTPUIHE noJe, HANPY>KEHICTh SKOTO
BHU3HAYa€eThesl BUpa3oM (14), 1 B HI MOYMHAETHCS
BUIBHHU TEpeXiHUI mporec, SKHi, B KOHTEKCTI
nrdepeHIialbHOI CXEMH 3MIIIeHHS, SBISE COOOI0
MpoIeC PO3PSKEHHS EeNEMEHTApHUX €EMHOCTEH
dC (r) depe3 BIONOBiAHI iM eleMeHTapHi omnopu

dR(r).

BHMHHUKA€ 3MiHHA B Yaci HOBepHEHa Hampyra u, (1)

I[Ipu wpomy Mk enektpomamu BK

t

u (f)=— j AE(r)e dr, 27)

ne t(r)=dC(r)dR(r) =g, e(r)
v(r)
PO3PSDKEHHST  €JIEMCHTAPHUX €MHOCTEH uepe3
BIJINIOBIJIHI IM €JIEMEHTapHI OIOPH.
Ha puc. 5 HaBemeHi YacoBi 3aJIGKHOCTI
noBepHeHoi Hampyrm BK 3 pi3HEM cryneHem
HEOHOPITHOCTI 1307151,

— crajia 4acy

E1<k2=k3

W

0 t

Pucynok 5 — KpuBi noBepHeHoi Hanpyru aas
Ka0eJiB 3 pi3HOI0 AKICTIO 30511l

[ndpopmaTBHUME napaMeTpamu, 1o
XapaKTepU3YIOTh SIKICTh 130JALII € MaKcHMallbHE
3HAa4YCHHS TMOBEPHEHOI Hampyrd abo koedimieHT
nosspu3atii [10] (p—Factor [15])

k :%xloo%,

non
0

(28)

Z[e Un max
HaIpyTH.

— MaKCUMaJIbHC 3HA4YCHHA HOBepHeHO'l'

Yac [OCATHEHHS MAaKCUMyMy ITOBEPHEHOI
HATpYTrH, I[OYaTKOBY IIBHJKICTP HAPOCTAHHS Ta
MOCTifHA dYacy chajaHHs TIOBEPHEHOI Hampyru
MOXHA BH3HAYUTH, BUKOPHCTOBYIOUM TMOXIIHY
noBepHeHoi HanpyrH [1 + 6]:

¥y t
du,(t) _ U, jsev(rz—vﬁ(r) ¢ Idr. (29)
dt Ve, e (rr

Ha puc. 6 HaBemeHI CTaTUCTHYHI 3aJI€KHOCTI
KoedillieHTa mojsApu3alii BiJ Yacy eKCILTyaTarlii
BK HOMIHAJIbHOIO HaIMpyToio 6 kB 3
MarepoBO—TIPOCOYCHOIO  130JISIIE€I0 TPU  PI3HHUX
CEPEAHBOPIYHUX TEMIIEpPaTypax HaBKOJHUIIHBOIO
cepenoButia [10].

oy f \
% 1o '{)/ - -
" IR
/LA \ \
50 ‘f - \".
/ // I/,r*!.fs %“\'f ".,\'
10 i I k
N T
Bt //,/fff _,.-'"""H 1':"\-\-“\\
A TN \
20 ";fﬁf’ﬂﬂf 5* H\\x }1
i..r-':-:""'## 1L \
0 T N e NN
EEEEEEEEREERCERRNY
T ——--'_'I':_T}:}
Y0 4 8 12 16 0 22 2 pom

Pucynok 6 — 3ane:xxknocri koedinienra
noJiApu3amii Bix yacy ekcrniyaraunii kadens

Sk BUOHO 3 HaBEAECHMX Ha pHUC. 6 KpPUBHX,
HEOHOPIIHICTh 3oyl Mae  eKCTpeMyM.
CrodyaTky BOHa 3pOCTa€ JI0 MaKCHMAaJbHOI'O
3HAUYCHHS, a MOTIM TOYHMHA€E PI3KO CHAaJaTH, IO
CBIIYMTH TIPO TPHCKOPEHE CTapiHHS mapis
13071111,

BUCHOBKHA

PanianbHa HanpyXeHICTh IEKTPUYHOTO OIS B
HeomHopimHii  i3omanii  BK  Moxe  icroTHO
BiZpi3HATHCS BiA Tiel, sika Oyma O y BUMaaky ii
OJTHOPIAHOCTI, TOOTO Bijl pO3PaxyHKOBOI.

30UIbIICHHST HEOMHOPIMHOCTI  EIEKTPOi30IIs-
uiiinoro marepianry BK mpuBoguth 10 3pocraHHs
[MOYATKOBOI'O0 3HAYEHHSA CTpyMy aOcopOmii Ta
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3MEHILICHHS TOCTIHHOT 4Yacy #oro crajaHHs,
MOBEpHEHA HAIpyTa NP IIbOMY XapaKTepH3y€EThCS
30UTBIIEHHSIM CBOT'O MAaKCHUMAallbHOTO 3HA4eHHS,
30UIBIIEHHAM MMOYaTKOBOI MIBUIKOCTI it
HAPOCTaHHS Ta 3MEHIICHHIM Yacy JOCSTHEHHS HEro
MaKCHUMYMY.

KpuTHuHMM ~ 3Ha4YeHHSIM  HEOXHOPIMHOCTI
enekTpoizomsniiHoro  marepiairy BK  moxna
BBa)KaTH 11 MAKCUMYyM, SIKHM MOXXHA BU3HAUYMTH 3a
KoedimieHToM HEOJJHOPITHOCTI, abo 3a
KOeIIIEHTOM MOJIApH3allii. ITomanemia
excrutyaTamis BK micns IocsrHEHHS MakCUMyMy
HEOJHOPIAHOCTI Horo i30msmii € HeAOUUIHHOIO,
BUXOIAYH 3 BAMOT HaaIMHOCTI
SNEKTPOIOCTaYaHHSI.
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