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I/IMl'IyJ'leHl)le IIOMEXU B CUCTEMAX DJIEKTPOIIUTAHUSA [TIOCTOSHHOI'O M MEPEMEHHOI'0 TOKA, B LCIIAX YIIPABJICHUS U CUTHAJIU3AallUU TIPUBOJAT
K HOBPEXICHHIO 000pyA0BaHUs, COOSM B paboTe yCTPONCTB aBTOMATH3UPOBAHHBIX CHCTEM YIPABICHHS TEXHOIOTHYECKUM IIPOLIECCOM H
JPYTUX CHCTEM, OTBETCTBEHHBIX 3a HaAEXKHYIO paboTy 00bEKTOB, BOSHUKHOBEHHUIO aBAPUHHBIX CUTyaIHi. J{Js orpaHNYeHNs! HMITYIILCHBIX
ToMeX TPeOIOTCs CIeHatbHbIe YCTPOHCTBA 3aIUTHI (IUOABI, BAPUCTOPEI, (PHIIBTPHI), KOTOPBIC HE BCEraa paboTaloT HaJIEKHO.
[IpuBeneHs! TUIIMYHBIE CITy4Yan, KOTAa YCTPOICTBA Pa3INYHBIX THIIOB HE 00ECIIeUNBAIIN 3aIUTY 000pya0BaHus. J{JIs BEIICHEHUS TPUYNH
HEHAJISKHOH paboThI ObUTH MPOBEICHBI SKCIIEPUMEHTAIbHBIC UCCIICIOBAaHUS IPU BO3JCHCTBUM UMITYJIbCHBIX ITEPEHATPSDKSHHUH.
XapaKkTepHCTHKU HUCCIIEAOBAIU C TOMOIbI0O KOMOWHUPOBAaHHOTO TeHepaTopa, (GOPMHUPYIOIIETo UMITYIIbCHl HanpskeHus 1,2/50 Mkc; npu
cpabaThIBaHUU 3aLIUTHOTO YCTPOICTBA Yepe3 Hero MPOTeKaeT UMITYJIbC Toka 8/20 Mkc. MakcuManbHast aMIUTUTYa TOKa MOXKET JOCTHTaTh
30 xA, nepeHocumslit 3apsin — 0,51 Kut, a ynensnast sneprust — 25,5 x/Ix/OM. B sxcneprMeHTax MpUMEHSIICS TeHepaTop 3aTyXaloIiX KO-
n1e0aTeNIbHBIX HMITYJILCOB C aMIDIUTYIOH OT coTeH BOJIbT 10 20 KB 1 wacToToi reHepupyeMoro umiryiibca B guanasone ot 10 k' go 1 MIm.
B pesynbrare 3KCIIepUMEHTaNIbHBIX UCCIISIOBAHNH XapaKTePUCTUK YCTPOMCTB 3aIIUThI OT UMITYJILCHBIX HIEPEHAIPSDKEHUIT IS SIEKTPOY-
cTaHOBOK HampspkeHueM 10 1 kB u (6—10) kB 6bu10 ycTaHoBIeHO, 4TO s 3QGEKTHBHON M HaJGKHON paboThl HEOOXOIUMO YIUTHIBAT
aMITIUTYAHO-YaCTOTHBIE XapAKTEPUCTUKH MMITYIbCHBIX MEePEHANPSDKEHUH 1 MPaBIIBHO BRIOMPATh MECTO YCTaHOBKH mpubopos. Ipu ne-
BO3MOKHOCTH pPEajM3alliy 3aIUTHI C IOMOIIBIO OJHOTO THIIA YCTPOUCTB ClIeAyeT MPUMEHATh HX KoMOnHaImo. CoBMECTHOE TIPHMEHe-
nue OITH n nuonoB TpebGyeT KOOpAMHAIMK X 3aIIUTHBIX XapaKTepHCTHK. [ aToro ucnone3yercs: coenunenne auonos u OITH gepes
Pa3Bs3bIBAIONIYIO KaTYIIKy HHIYKTHBHOCTH. [1oqKIIIOYEHNE YCTPOUCTB JOJDKHO OCYLIECTBIISTHCS IPOBOJHUKAMU MUHUMAJIBHOW JTHHBI.
)lan(e OTHOCHUTECJIBHO He60.]'ll>LLIaﬂ (HeCKOHbKO MKFH) UHAYKTUBHOCTb MOXET CYLIECTBEHHO CHU3UTH BO3MOXXHOCTH 110 OTPAHUYCHUIO UM-
MYJICHBIX TIEPEHANPSKEHUH.

KiroueBble cl1oBa: UMITYIILCHBIE IEPEHANPSKEHHNS, yCTPONUCTBA 3aIlUThI, BOJIBT-aMIIEPHbIE XapAKTEPUCTUKH.
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Impulse interferences in AC and DC power supply systems, as well as in control and indication circuits may cause equipment damage or
malfunctions of automated process control systems and other systems essential for ensuring reliable operation of facilities; they may also
give rise to emergencies. To limit impulse interferences, special protection devices (diodes, varistors, and filters) are used. However, these
devices do not always show sufficiently reliable performance.

Typical cases in which protection devices of various types failed to protect the equipment are pointed out. To clarify why these devices
showed unreliable operation, their experimental investigations were carried out by applying impulse overvoltages to them.

The performance characteristics of different surge protection devices (SPDs) were studied using a combined generator producing standard
1.2/50 ps voltage impulses. When the SPD comes in action, an 8/20 us current impulse flows through it. The maximum current amplitude
may reach 30 kA, the transferred charge is 0.51 C, and the specific energy is 25.5 kJ/Q. A damped oscillatory wave generator was used
in the experiments, which produced voltage impulses with the amplitude ranging from a few hundred volt to 20 kV and frequency from
10 kHz to 1 MHz.

It has been found from the experimental investigations of SPDs for electrical installations with rated voltage levels up to 1 kV and 6—10 kV
that, in order to ensure efficient and reliable performance of SPDs, the amplitude-frequency characteristics of surge overvoltages shall be
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12 OHEPTETUKA

taken into consideration, and the protection device installation places shall be properly selected. If an SPD of a certain type is unable to
ensure proper protection, a combination of different SPDs should be used. Combined application of a gapless surge arresters and diodes
implies the need to coordinate their characteristics. This is achieved by connecting the diodes and the gapless surge arrester through a
decoupling induction coil. In so doing, the length of connecting conductors shall be kept to a minimum. Even a relatively low inductance

(a few uH) may significantly degrade the SPD surge limiting capability.

Key words: surges, surge protection devices, current-voltage characteristics.

BBeaeHune

Ha 00bekTax 3meKTpo3IHepreTHIecKoi, He TIHOH U ra-
30BOM OTpaciell B HacTodlIee BpeMs IPHUMEHSIOTCS COBpe-
MEHHBIE CUCTEMBI YIIPABJICHHS, KOHTPOJIS ¥ CUTHAIN3AIAN
Ha 6a3e MUKPOITPOLIECCOPHBIX U JIEKTPOHHBIX YCTPOUCTB.
KommyTaiuu cuinoBoro o60pynoBaHus, KOPOTKHE 3aMblKa-
HUS B JIEKTPOYCTAaHOBKAaX PA3IMYHOTO KiIacca HarpshKe-
HUSI, yAapbl MOJIHUY BBI3BIBAIOT IMOSBICHHE WUMITYJIECHBIX
IIOMEX B CHCTEMaX IEKTPOIUTAHHS IOCTOSIHHOTO U Hepe-
MEHHOTO TOKOB, B LETIAX YIPABICHHS U CUTHAJIN3AINH, KO-
TOpbIE MOTYT IIPUBOJUTH K MOBPEXKICHUIO 000PYI0BaHUS,
c60sM B paboTe yCTPOICTB aBTOMaTH3NPOBAHHBIX CHCTEM
yIpaBJIEHUs] TEXHOJIOTHUECKUM TPOLECCOM U JIPYyTUX CHU-
CTEeM, OTBETCTBEHHBIX 3a HaJE)KHYIO paboTy 0OBEKTOB, K
BO3HHUKHOBEHUIO aBapHUHBIX CUTyarwid [1].

JUis orpaHUuYEHNs] UMIYJIBCHBIX MTOMEX IMPUMEHSIOTCS
CIELHATIbHBIE YCTPOWCTBA 3aIUTHI: AUOABI, PA3PSIIHUKH,
BapUCTOPBI, ClieNHabHbIe GHILTPEL. OBIT SKCIUTyaTalun
IOoKa3aJl, YTO UX MPUMEHEHHE He BCeria MPUBOIUT K Ha-
JIE)KHOW 3aIUTE OT OMACHBIX BO3JEHCTBUN HMMITYJIBCHBIX
NepEeHaNnpsHKEHUH.

Mpumepbl HenpaBUNbLHON PaboTbl YCTPOUCTB
3aWmThbl OT UMNYJbCHbIX NepeHanpsXkxeHUn

IIpuBeneM HECKOIBKO THUIMYHBIX CIIy4yaeB, KOIAa
YCTPOMCTBA OrPaHUYECHUM UMITYJIbCHBIX [IEPEHAPSHKCHUN
(Y3UII) me obecnieynBay 3aIUTy 000PYIOBAHMS.

Tak, n3-3a UIMITyIbCHBIX MEPEHANPSKEHUI TPOU30IIIO0
TIEPEKPHITUE TPOXOAHBIX M30JSITOPOB B stueiike KPY-6kB
C TOCHEAYIOIUM Tpex(a3HbIM KOPOTKHM 3aMBbIKaHHEM
(puc. 1). Ycranopnennsle Ha o6mux murax OITH (B apy-
TOi1 sTueiiKe) He BHITTOTHIIIN (QYHKITHIO 3aIUTHL.

Input A

100 30,0
50 250

00 200

50 150
100V 10,0V
150 50

200 00

250 5.0

<300 100 -
-280 us 100 us/Div

Puc. 1. IToBpexaeHne NPOXOAHBIX H30IATOPOB B stueiike KPY:

a — TIOBPEXKICHUE TPOXOTHBIX U30JIATOPOB; 6 — stueiika ¢ OITH

ITpu xommyTanusx Ha cropore 500 kB Ha reneparop-
HoM HampsbkeHuu 13,8 kB B nienu peaktopa u TCH Bo3Hu-
KalOT MMITYJIbCHBIE BBICOKOYACTOTHBIE TNEPEHAIPSIKECHHS,
KOTOpbIE MPHUBOJAT K MOBpexaAeHHI0 peaktopoB 1 TCH.
C oboux cropoH peakropa ycranosieHsl OITH (ypoBens
cpabareiBanus 35 kB). [IpoBeneHHbIC HATYpHBIE SKCIEPH-
MEHTBI TIOKa3aJi (puc. 2), 4TO OrpaHnYeHHE TepeHarpsi-
JKeHHH 10 ypoBH: cpabareBanns OITH He nmponcxoaurt.

Haubonee pacnpocTpaHeHHBIN cliydail TTOBPEXICHUS
camoro Y3UII nmpu BO31EHCTBMM HMMITYIBCHBIX MEpEHa-
NpsHKeHUH TIpUBEIEH HA pHC. 3

JIis Toncka MpUYHH HEHAJC)KHOU pabOTHl YCTPOMCTB
pa3muusbx TanoB Y3UII Obumr mpoBeneHBI SKCIIEPHIMEH-
TaJbHbIE HMCCIIENOBAHUS MX XapaKTEPUCTHUK IIPH pa3ivd-
HBIX UMITYJIECHBIX TIEPEHAIPSKECHISX.

UcnbiTaTenbHble YCTaHOBKMU

JlaGoparopHble HWCCIICIOBaHUS XapPaKTEPUCTUK pas-
mnaHbIX TAnoB Y3UIT mpoBommimmcey ¢ MOMOIIBI0 KOMOU-

Datablock

Name =Inputd Input B
Date =07.122M5 |07.12215
Time =16:59.30 16:53:30
‘WScale = 5 V/Div 5 V/Div
Y AS0% = 100V 100V
MScale = 100 wus/Div| 100 us/Div
MALD% =-280 us 280 us
X Size =300 (300) 300 (300]
Makimum = 38V 44V
B Minimum = 52V 4.8V

Puc. 2. OcuunorpaMmMbl HMITYJIBCHBIX HampspkeHuit (nenutens ¢ K=10000):

Bxox A — 13,8 kB o peakropa; Bxox B — 13,8 kB co cropons! peakTopa
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Puc. 3. IToBpexnenne Y3UII

HUPOBAHHOTO TE€HEepaTopa M reHeparopa KojebaTelbHBIX
HMITYJIBCOB.

I'eneparop 3aryxaromux KojaeOaTeNbHBIX HMITYILCOB
BBIpa0aThIBAET MMITYIIBCHI HANPSDKEHUS ¢ aMIUIUTYAOH OT
coTeH BoisT 710 20 KB, 9acTOTHI TeHEPHPYEMOTO HMITYIIbCA
B nquana3one ot 10 kI'x mo 1 MI'm.

[TpuHuMNMagpHas cxeMa KOMOMHHPOBAHHOTO TeHepa-
Topa mpejcTapieHa Ha puc. 4 [2]. OCHOBHBIM 3JIEMEHTOM
TeHEepaTropa SBIAETCS E€MKOCTHBIH HAKOIHUTENb SHEPrHU
— OIOK KOHAEHCATOPOB C 3apsIAHBIM HANPSDKCHUEM [0
100 kB. KonaeHncaropsl uepe3 3apsaHble [ieaﬂcmpbl R,
3apsKAIOTCS HaNpsDKEHUEM MOJIOKUTENBHON WIIN OTpULa-
TEJIbHOU MOJIIPHOCTH.

I'enepaTop conepKuT ynpasisieMblil UCKPOBOM pa3psif-
HUK (SG) M CMEHHBIE KaTyIIKA MHIYKTUBHOCTU (L) s
(hOpMUPOBAHMS UCTIBITATEIEHBIX NMITYJIECOB.

B pexunme xonocroro xoma reHeparop (opmupyer
ummnysbe Hanpspkenust 1,2/50 Mkc, a npu cpabaTbiBaHHN
Y3UII gepe3 HEro MpOTEKaeT UMIYIBC TokKa &8/20 MKC.
MakcrManbpHasi aMIUIMTyIa ToOKa MOXKET gocturarb 30 KA,
nepeHocuMsli 3apan — 0,51 Kn, a ynensHast sHeprus —
25,5 x/1x/Om

VcnplTanns ycTpONCTB 3alUTHI OT UMITYJIbCHBIX TIepe-
HanpspKEHUH IPOBOJMIIMCH 110 CXEME MOAKIIIOUYEHUS puC. 5.
HmnynbcHOE HanpspKeHUE 110aBajloch OT reHeparopa KI
¢ Gopmupyromeli MHAYKTUBHOCTRIO L. Harpyskoit sBis-
Jlach L[ETNOYKa MOCTIeI0BAaTeIbHO BKIFOUCHHBIX: JAOMONIHU-
TelbHAs [IEPEeMEHHAsi HHIYKTHUBHOCTE L . HArpy304Hoe
conporusienne R , OIH (umu Y3UII) 1 TOKOBBIH MIyHT
Rmym. C nomomipio ocIuiorpada perucTpupoOBaINCh Ha
BBIXOJI€ TeHepaTopa 1 HenocpeacTBeHHo Ha Y3UII nanps-
JKEHME U TOK uepe3 LIyHT.

Tunu4HbIe OCIIIUIOrPaMMBI TOKA M HAIIPSDKEHUS MIPH-
BEZICHBI Ha pHC. 6.

Pe3yn bTaTbl IKCNEepUMeHTOB

[To pesynbraraM IpOBENCHHBIX YKCIEPUMEHTOB OBLIO
ycraHoBneHo, uto auoxsl (JI-161-200-12) paGorator
HeCTaOWIBHO. DKCIIEPUMEHTHI MOKA3alli, YTO OJUHOYHO
BKJIFOYEHHBIH TUOJ HE MOXKET CaMOCTOSATENBHO obecrie-
YUTh 3aIIUTy O00OPYIOBaHUS MPH BO3ACHCTBUM 3aTyXaro-
MMUX KoyeOarelbHBIX momex ¢ dactorod Beimre 100 k[
WIH TIpY BO3AEHCTBUM alepHOIUYECKHX HUMITYJIbCOB. 3a-
IIUTHOE AEUCTBHE AMONA HE TPOSBIIECTCS NPH BBICOKUX
4aCcTOTaX BO3JCHCTBYIOIIETO UMITYJIbCA HAMIPSHKCHUS (U0
HE OTPaHUYMBACT MEPCHANPSHKCHUS U3-32 CBOCTO OTHOCH-
TENBHO OONBIIOTO BpeMeHHU cpabateiBanms). Kpome Toro,
BO MHOTHX CIy4Yasx JUOJ] TIOBPEKIACTCS HM3-3a OOJBINOH
CKOPOCTH HapacTaHWs BO3JCUCTBYIOIIETO HAa HETO HM-
TyJTbCa HAIPSKEHISL.

HpeI/lMyILIeCTBO JAUO0A0B B TOM, UTO OHH OI‘paHI/I‘lI/IBa-
0T MIEPEHATIPSIKEHUS B HECKOJIBKO KHJIOBOJIBT JI0 A€CATKOB
BOJIBT ¥ MIPONYCKAIOT UMITYIIECHI JITUTEIBHEBIC C OOJBIION
SHEpTHUeil.

R L R
ch 2
i Y Y\ 1
I — ] 1
SSG Test
object R,
) U=0-100xB
~ 220 B| Charging — ) R u(1)
unit J
O
sh d2
)| 1
» (1)

Puc. 4. Cxema KOMOMHUPOBAHHOTO T€HEPATOPA:

Charging unit — 3apsiiHoe yCTpOHCTBO; R | — 3apsaHoe conporusieHue; C — xonpeHcaropHas 6arapes (C = 5,1 Mx®); SSG — pas-
PAAHUK; L — KaTylIKa HHAYKTUBHOCTH; R, R, — paspsyiHble COLPOTHBIICHUS, fest object — OObEKT UCIbITAHUM; R | — M3MEpPUTENbHbIA

WyHT; R, R o —— OMHYECKHE JICIUTEIN

dr’
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Kr ) 20x2200 ng

Puc. 5. Cxema noakiro4eHHs: HCIBITYEMbIX yCTPOUCTB

OHII n Y3UII >¢phexTHBHO OrpaHUUUBAIOT UMITYIIb-
CBI HAaIPSDKEHHS 10 HEKOTOPOTO YPOBHS B COOTBETCTBHH C
UX MacIOpTHBIMHU xapakTepuctukamu. Kpome toro, OITH
HMMEIOT MEHBIIIEe BpeMsl cpabaThIBaHMs U TIOATOMY JOCTa-
TOYHO CTaOMJIBHO OrPaHWYMBAIOT BBICOKOYACTOTHBIE CO-
CTaBJIAIONINE TIEPEHANPSDKEHUH, HO TIPH HMITYJIbCax 00Jb-
LI0M aMIUTMTYABI ¥ SHEPTUH MOTYT OBPEKIATHCSL.

IIpu Brmtouennun nocneaosarensuo ¢ OINH nnu Y3UIT
MHIYKTHUBHOCTH HAIpsHKEHHE Ha 3allUIaeMOM O0BbEKTe 3a-
BHCHT OT YacTOThI KOJICOaHUH B UMITYJILCE M BEITMUMHBI HH-
OYKTHBHOCTH W MOXKET AOoCTUraTh mpaktudecku 100% ot
AMIUTUTYIIBI TOAaBAEMOT0 UMITYJIbCa HaNpspKeHUst (puc. 7).

Takum 06pa3om, eciu HE PErHCTPUPOBATH TOK 4Yepe3
OIIH, To no ocUMIUIOrpaMMe HAPSKEHUSI MOXKHO HE yBH-
netb padory OITH.

@ Acq Comnplete M Pos: 2,000

CHI 500V CHZ2 500mY MS00ns

CH1 7
Puc. 6. Ocraromeecs Hanpsbxenue (/) u Tox uepe3 OITH (2) npu
BO3JICHCTBUH KOJIE0ATEIbHOTO HMITY/IbCa:

m,,= 500 B/nen. (CH1); m,= 1 xA/nexn. (CH2); m,= 500 uc/nen.;
f=1MInu

3aknto4yeHue

HpOBe)IeHHBIe HUCCJICAOBAHHUA IIOKa3aJiu, 4TO HaAJCK-
Hast paboTa yCTPOMCTB 3alIUThl OT UMITYJIBCHBIX NEPEHa-
HPsKEHUI BO3MOXKHA JIUIIB [TPY BHIIIOHEHUH CIIEAYIOIIUX
YCIIOBHH.

[Tpu BBIOOpE THIIA YCTPOWCTBa HEOOXOAMMO YYHTBI-
BaTh AMIUIMTYIHO-9aCTOTHBIE XapaKTEPUCTHKH BO3MOXK-
HBIX NepeHanpsbkeHui. [Ipy HEBO3MOXKHOCTH peanu3aluu

U

oct?

6000

5000

4000

3000

2000

1000
0 10 20

—B— Y3UIMNe1
—A— Y3UIMNe2,
Y3WUIMNe3
¥ Y3UIMNe4
-G - Y3UIMNe5
--—+-- Y3UINMNe6
30 40 50 Luo", MK H

Puc. 7. 3aBucumoctb U OT HOMONHATENbHON HHAYKTUBHOCTH [PH [10Ja4€ UMITyJIbCa C aMILIHTY0H 6 kB
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3aIIMTHI C TOMOLIBIO OIHOTO THIIA YCTPOICTB HEOOXOAUMO
MIPUMEHATh KOMOMHAIMIO TaKKX YCTPOMCTB.

CosmectHoe npumenenne OIIH u nuwomoB Tpebyer
KOOPJMHALUHN HX 3alUTHBIX XapaKTepUCTHK. [ng 3Toro
npumMeHsieTcs coequHenne Y3UII uepes pa3Ba3bIBarONIyIO
KaTyIKy WHIYKTHBHOCTH. [laHHas cxema obecrednBaer
cTaOMIBHYIO U HaexXHy0 padoty Y3UII B mmpokom mua-
M1a30HE YaCTOT BO3JCHCTBYIOIINX UMITYJIbCHBIX TOMEX.

IlonkitoueHne yCTPOMCTB MOJIKHO OCYLIECTBISITHCS
IIPOBOHUKaMH MUHHUMAIIbHOM IHHBL. J]aXke OTHOCHUTEIb-
HO HeOombImas (HeCKOJIbKO MKl H) HHIYKTHUBHOCTh MOXKET
CYIIECTBEHHO CHH3HUTh BO3MOKHOCTH IO OTPAHUYCHUIO
HMIIYJIbCHBIX MEpEeHaNpsHKEHUH.
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