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YUCJIEHHASA OBPABOTKA PE3YJIbTATOB UBMEPEHUSA UMITYJIbCHbBIX
TOKOB ITIOACOM POI'OBCKOI'O

10.B. Barbiruu, npogeccop, A.1.H., I'.C. CeprukoB, aCCHCTEHT,
E.A. Yanubirus, accucrent, XHAY

Annomauyusa. llpeonoscena u onucana mMemoouxka YUCIeHHOU 00pabomKy pe3yibmamos usmepeHs
UMRYIbCHBIX MOK08 nosacom Pozoeckozo be3 npumenenus unmezpamopos. Ilokasano, umo npu usme-
PeHuU CUSHAN08 YUDPOBLIMU OCYUNLOZPAPAMU U OalbHelueM YUCTeHHBIM Npeodpa308anuem 6blxo0-
HBIX CUCHAI08, CYUECMBEHHO PACULUPSE 803MONCHOCIU npumeHerus: nosica Pozosckozo 6e3 kakux-
AUOO OONOTHUMENLHBIX YCMPOUCME, YMO, 8 C80I0 04epedb, NO380Aen ONpedenams Napamempbl Um-
NYIbCHBIX MOKOE € I00bIMU AMAIUMYOHO-8PEMEHHBIMU XAPAKMEPUCTNUKAMU.

Knrwouesvie cnosa: nosc Poeosckozco, uuciennas ob6pabomka pesyivmamos, usmepeHue UMnyabCHuIxX
MOKO08, IKGUEACHMHASA UHOYKIMUBHOCb.

YUCEJIBHA OBPOBKA PE3YJIBTATIB BUMIPIOBAHHSA IMITYJIbCHUX
CTPYMIB I1OsACOM POI'OBCBKOI'O

10.B. barurin, npodecop, a.1.4., I'.C. Cepikos, acucrenr,
€.0. Yanuurin, acucrent, XHAJLY

AHnomauia. 3anponoHosano i ONUCAHO MeMOOUKY HUCETbHOI 0OPOOKU pe3yIbmamié SUMIPIO8AHHS.
iMnynocuux cmpymie nosacom Poeoscvrozo be3 sacmocysanna inmeepamopis. Ilokaszano, wo npu 6u-
MIPIOSAHHI cucHANi6 yugposumu ocyurozpagamu i nooanrsbue yuceaibHe nepemeoperts GUXIOHUX Cle-
HAi8, ICIMOMHO PO3UUPIOE MONCIUBOCHE BUKOPUCIAHHSA nosica Pozoecbkozo 6e3 6y0b-skux 0o0amko-
BUX NPUCMPOI8, WO, Y CE0I0 Yepey, 00360JA€ 6USHAYAMU NAPAMEMPU IMIYILCHUX CMPYMI6 i3 6Y0b-
AKUMU AMATTMYOHO-4ACOBUMU XAPAKMEPUCTNUKAMU.

Kntouoei cnosa: nosc Pocoscbkozco, uucenvbHa 006poOKa pe3yibmamis, SUMIDIOGAHHA IMNYIbCHUX
CMpYMIi8, eKgieaienmHa iHOYKMUBHICMb.

MEASURING RESULTS NUMERAL TREATMENT OF IMPULSIVE CURRENTS
BY MEANS OF ROGOVSKY BELT APPLICATION

U. Batygin, professor, dr. eng. sc., G. Serikov, assistant,
E. Chaplygin, assistant, KhNADU

Abstract. The technique of numerical processing of measurement results of pulse currents by means of
Rogovsky belt application is offered in the given work. It is shown that at measurement of signals by
digital oscillographs and further numerical transformation of target signals, the possibilities of Ro-
govsky belt without the application of additional devices that in turn allows to define parameters of
pulse currents with any peak-time characteristics essentially expand.

Key words: Rogovsky belt, results numerical processing, pulse currents measuring, equivalent induc-
tance.

BBenenne TUQUIUPYIOIINM, UMEET MECTO UCKITFOUUTEIIEHO
3JICKTPOMAarHuTHas CBsI3b. KOHCTPYKTHBHO TTOSIC

ITosic POroBCKOTO OTHOCHUTCS K H3MEPHUTEILHBIM Poroeckoro mpeactaBiseTr coOOW  COJCHOMT
YCTPONUCTBaM MHAYKIIMOHHOTO THUIMA, TI€ MEXKIY TOPOUJIAIBHON  T€OMETPUHU, OXBATHIBAIOIIUI

U3MCPSACMBIM CUTHAJIOM U CUTHAJIOM, €TO HJCH- INPOBOJAHHUK C HU3MCEPACMBIM TOKOM. Hanpmi(e—



HUE, CHOIMAeMOE C BBIXOJIa MO5Ca, B COOTBETCT-
BHUU C 3aKOHOM DIICKTPOMATHUTHON WHIYKIIWH,
OpsSIMO  MIPONIOPIIMOHANBEHO TPOU3BOJIHON TOKa
o BpeMeHH. [yt monyuenus nupopMaIuu coo-
CTBEHHO 00 O0OBEKTE H3MEPCHUS CHUMAeMOe
HanpsDKEHKE clielyeT MpONHTerprpoBath. Kpo-
Me TOrO, OIpEeIeTeHUE aOCONIOTHBIX XapakTe-
PUCTHK H3MEpsIeMOro CHrHajia TpeOyeT o00s13a-
TENILHOW KaIMOpPOBKM Tosica. B 1ienmom xe, u3-
BECTHAas W JOCTATOYHO XOPOIIO anpoOHPOBaH-
Hasl METOZMKa 00PabOTKU Pe3yIbTATOB U3MEpe-
HUI MOsIcOM POroBCKOr0 MpemnoiaracT UCnoib-
30BaHHE aHAJOTOBBIX MpeoOpazoBarenell HHIy-
[UPOBAaHHBIX CHUTHAJIOB, TOYHEE — HHTErParTo-
pOB, C 2ieMeHTHON O0a3oifi Ha ocHoBe RC-
merouexk [1].

['maBHBIM HEZOCTATKOM TakKoro crocoba oOpa-
OOTKH BBIXOJHBIX CHUTHAJIOB C MOsica SBISIETCS
OrPaHMYEHHOCTh YaCTOTHOT'O JHana3oHa, B Ipe-
Jie7ax KOTOPOro TOT MJIM WHOW MHTErpaTop Mo-
KET JaTh JOCTOBEPHYIO HH(OpManuio o mapa-
MeTpax U3MepsieMoro toka. To ecTb uaeHTHudu-
Kanuysa TOKOB C pas3siiMYHbIMHU BPEMCHHBIMH Xa-
paKTEpPUCTUKAMU BO3MOYKHA TOJIBKO C TIOMOIIBIO
pa3HBIX MHTErPaTopoB, OOJIANAIOIINX COOTBET-
CTBYIOIUMMH NaHHBIMH.

[NosiBnenne udpoBoil UI3MEPUTEILHON TEXHUKH
MO3BOJISIET CYIIECTBEHHO YIPOCTHUTBH NMPOLELYPY
00paboTku U GEpeHIIUANTBHBIX CHTHAIOB H
MOBBICUTh TOYHOCTb B OIPEAEICHUU IMapaMeT-
POB U3MEPSAEMBIX TOKOB.

esb 1 MoCTAaHOBKA 321241

Hens Hacrosmielt paboOThl — NpEIOKEHUE U
000CHOBaHUE YHCIEHHOH METOAWKUA MaTeMaTH-
geckol 00paboTku 1mdpoBor mHPOpMAIUU C
U3MEPUTENBHBIX YCTPOMCTB MHAYKLMOHHOTO
THUIA, B YACTHOCTH ¢ mosica Porosckoro, mo3Bo-
TSIOMIEH OMpPEeNeNATh MapaMeTpbl UMITYIIbCHBIX
TOKOB C JIOOBIMH aMIUIATYIHO-BPEMEHHBIMHU
XapaKTePUCTUKAMH.

Yucnennas o0padoTka pe3yJbTaTOB
usMepeHus nosicom Porosckoro

BusyansHO mpenyaraeMas MeTOAMKAa HILTIOCT-
pupyeTcs IpUHLIKITHAIBHOM cxeMoi Ha puc. 1.

TlepconanbHbIi
KOMIIBIOTEP

Iostc Hudposoii oc-
Porosckoro nusutorpad

Puc. 1. Cxema usmepeHuii ¢ moMoIe0 U po-
Boro ociuniorpada nosicom Porosckoro

C nosica Poroeckoro curHan momaércs Ha BXOJ
nudpoBoro ocipuuiorpada. 3mech MPOU3BOANT-
CsI €T0 TepBOHAYAIbHAS 00pa0doTKa U MPEICTaB-
JICHHUEC B BUJC JUCKPETHOI'O ABYMEPHOI'O YHCJIIO-
BOro MaccuBa (Bpems W Hampsbkenue). Jlanee
curHaJI B 1udpoBOM dopMare TOCTyMaeT Ha
BXOJ TEPCOHANBHOTO KOMIIBIOTEpPA, T/Ie C II0-
MOIIBI0 U3BECTHBIX CTAaHAAPTHBIX MaTeMaThde-
CKUX MPOTpaMM MPOM3BOAMTCS €ro YHCICHHOE
UHTETPUPOBAHUE.

Tak e, KaKk B Cllydae aHAJIOTOBBIX MpeoOpa3o-
BaTelell MHAYINPOBAHHBIX CHUTHAJIOB, I (pHK-
Caliy MapaMeTpOB MMITYJIbCHBIX TOKOB B a0co-
JIOTHBIX BEIMYUHAX HEOOXoIuMa KaTuOpOBKa
nosica Porosckoro. Peus un€r 00 ompemencHIm
TaK Ha3bIBAEMOU «IKBUBAJICHTHOW MHIYKTHUBHO-
CTH», TpeACTaBisIome coboil kodpduIueHt
MPOMOPLUOHATIBHOCTH B CBA3U MEXIY BBIXOI-
HbIM HanpsDKEHHEM W IPOU3BOJIHON H3Mepsie-
MOro Toka. DaKTUYECKH 3Ta XapaKTECPUCTHUKA
nosica yCTaHaBJIMBAECTCSl €r0 T'€OMETPHUEH, 4duc-
JIOM BWTKOB, pasMmepamu u np. CremyeT ocobo
MOMYEPKHYTh, YTO OMPEICICHUE «IKBUBAJICHT-
HOM HMHIYKTUBHOCTH)» HPOU3BOJUTCS OAUH pas.
Ilocne yero Bce mocleyrOIIME HU3MEPEHUS B
JOOBIX BPEMEHHBIX IUara30oHax MPOU3BOIATCS
C BBEJICHUEM B PACUEThl STOM XapaKTECPUCTUKHU
JAaHHOTO 0Opasia nosica Porosckoro.

,Z[JIH OIpPEACICHUA «IKBUBAJICHTHOH HUHOYKTUB-
HOCTH» B II€TIb, TJ€ TEUET M3MEPSAEMBIA TOK H
KOTOPYIO OXBaThIBaeT mosic Poroeckoro, HeoO-
XOJUMO TIOCJIEZI0BATENbHO BKIIOYUTH U3BECTHOE
nobaBouHoe comnporuBieHHe. CpaBHEHUE YHC-
JIEHHO TPOMHTETPUPOBAHHOTO HAIPSDKEHUS C
nosica PoroBckoro m curHama ¢ g00aBOYHOTO
CONPOTHUBJICHUS NAET BEIUYUHY «IKBUBAJICHT-
HOW WHAYKTUBHOCTH» KaK XapaKTePUCTHUKH
JAHHOTO KOHKPETHOTO W3MEpPUTEIHHOTO YCT-
policTBa.

ANTOPUTM YHCIICHHON 00pabOTKM HWHIYIIUPO-
BaHHOTO CHUTHajla B TIPEJCTABIEHHOM BHUJE
BIIOJIHE TPHEMJIEM ISl BeCbMa MPHONMKEHHON
OIICHKH aMIUINTYJ W BPEMEHHBIX XapaKTepH-
ctuk. Kak mokasana ero mpaktudeckast arpoda-
U, pe3yNbTaT YHCICHHOTO WHTETPUPOBAHUA
HanpspKeHus B UpoBoM (opMaTe OKa3hIBACT-
Csl UCKaXEHHBIM B CPaBHEHHWU C JICHCTBHUTEIH-
HOM KapTUHOW BPEMEHHON pa3BEPTKU U3MeEpsie-
MOTO TOKa.

B mpoBeneHHBIX 3KCHEPUMEHTaX HCTOUYHHUKOM
UMITYJIbCHBIX CHTHAJIOB CITy>KHJI HH3KOBOJIBT-
HBI TeHepaTop, pa3paboTaHHBIN aBTOpaMu pa-



0oTel [2]. B paspsagHylo nemb reneparopa Imo-
CJIE€IOBAaTEIbHO BKJIOYAJIOCh CONPOTUBIICHUE
M3BECTHOW BeNWYUHBL. [Ipou3BONIBHBIN MPOBO-
JAIIANA 3JIEMEHT pa3psAaHON LIEMU OXBaThIBAJICS
nosicom Porosckoro.

OcmiorpamMmel HanpspkeHus (1) ¢ mosca u
ToKa (2) ¢ 100aBOYHOTO CONPOTUBICHUS TPUBE-
JIEHBI Ha pucC. 2.
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Puc. 2. OcmwmmorpamMmel HampspkeHHs: 1 — ¢
nosica Poroeckoro, 2 — Toka B 100aBOYHOM

COIMPOTHUBJICHUHU

CurHansl ¢ Tosica U COMPOTHUBJICHUS B IUGPO-
BoM Qopmate c¢ ocamwuiorpaga RIGOL
DS1042CD noctynanu Ha BXOJ IEPCOHATBHOTO
KoMmmbioTepa. HavanpHas 4acTh HalpsOKEHUS C
nosica MHTerpupoBanace. Hampsokenue ¢ comnpo-
TUBJICHUSI [IEJIWJIOCH HA €ro BeIuuyuHy. M3 pa-
BEHCTBA IIEPBBIX MAKCUMYMOB TOKa ¢ mosica Po-
TOBCKOTO M TOKa B COINPOTHBIEHUU BBIYHCIIS-
Jach «9KBHUBAJICHTHas MHAYKTUBHOCTH». [lanee,
YK€ C Y4€TOM 3TOH XapaKTepUCTUKH, POU3BO-
JWJIOCH YUCIIEHHOE WHTETPUPOBAHHUE BCETO CHT-
Haza ¢ nosica Porosckoro.

PesynbTaT BRIUMCIIEHUN IPUBEICH Ha puC. 3.

IIpoananu3upyem nonyuyeHHbIA pe3yibTaT. Kak
CleqyeT U3 pucC. 3, BpeMEHHAas 3aBUCUMOCTD IS
TOKa OKa3bIBAETCSl «IIOBEPHYTOIN» BOKPYT TOUKU
Hayaja 0TCYéTa OTHOCUTENBHO TOPU30HTAIBHOM
OCH Ha HEKOTOPBIH yroi. IToT (hakT JaéT OCHO-
BaHHs IIOJIAraTh, YTO K UCTUHHOW BPEMEHHOM
(yHKIMU TOKa MpHOABISETCS WM BBIYUTAECTCS
JIUHEHHAas (QYHKLUUS BPEMEHH, a K HANPSDKCHHIO
¢ nosica PoroBckoro, cOOTBETCTBEHHO, NPHUOaB-
JISIeTCS. WM BBIYMTAETCS MOCTOSHHAS BETHYMHA.
K ananmornuHoMy BBIBOJY MO>XHO NPUHTH, aHa-

JTU3UPYS ACUMITOTHYECKOE TMOBEACHUE (yHK-
LIMOHAJIBHOM 3aBUCUMOCTH Ha puc. 3 [3].
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Puc. 3. Bpemennas pa3BépTka H3MEpsSEMOTO
TOKa, TIOJTy9ICHHAS YUCICHHONH 00paboTKO
HanpspkeHHst ¢ mosica PoroBckoro B mmdg-
poBoM dopmate

Crenyer MOAYEpKHYTh, YTO BU3yaJbHO Ha OC-
IJUIOTpaMMe HalpsDKEHUS] TaHHOE HCKa)KeHHE
MPAaKTHYECKH HE 3aMeTHO (puc. 2).

He packpsiBas ¢hu3ndeckoi CyIIHOCTH BO3MOXK-
HBIX TIPUYUH OTMEYEHHOTO (haKTa, MOXKHO CUH-
TaTh, YTO KOJHMYECTBEHHO 3TO HCKa)KEHUE Ha-
MNPSDKCHHSI C TI0Aca OMpPENeNsieTCsT HEKOTOpOit
UHTErpajbHOM KOHCTAHTOH, COOTBETCTBYIOLICH
YCPEIHECHHUIO 110 BPEMEHHU.

Torma B TUHEHHOM TPUOIMIKCHUN HANPSHKCHUE
¢ mosica POroBcKOro MOXHO MPEJCTaBUTh CYM-
MOH

Uoer(=Uscuru(0)+A, (1)

rae Ugw(f) — HE UCKaKEHHBIM MCTUHHBIN CHT-
HaJI; A — WHTErpajibHas BEIMYMHA WCKAKCHUS
HAMPSDKCHHS C T0sICa.

Haiiném A. U3 3akoHa 3IEKTpOMarHUTHOW WH-
nykuun Maiikna ®apagess uzMepseMbld TOK
CBSI3aH C HamnpsbDKEHHWEM Ha BbIxoje mosica Po-
TOBCKOTO XOPOIIIO U3BECTHBIM COOTHOIIICHUEM

i(t) =

N~ =

jU (t)-dt, )
0

rae L — «’>KBUBaJCHTHAS HUHAYKTUBHOCTDLY.

B coornomenue (2) moacraBum cymmy (1). Pe-
3yJbTaT MPOUHTETPUPYEM IO BPEMEHU U pa3e-
auM 00e YacTH TOJYYEHHOTO BBIPAKEHHS Ha
Bpems £. [Tomyunm



oncu(z‘)dt jUCHm (t)dt
0 0

; = » +A . 3)

IlepBoe anrebpanyeckoe ciaraeMoe B KBajpart-
HBIX CKOOKax BbIpakeHHs (3) — »TO m3Mepse-
MBbIH TOK, J€IEHHBIN HA BpeMs.

Jst mocTaTouHO OOJIBITUX 3HAYCHWHA BpPEMEH-
HOM NEpEMEHHON OYEBHUIHO, YTO
t
[Ue ()t
lim&—— 0. 4)

t—0 t

C yuéroMm (4) u3 BeIpakeHus (3) HAXOAMM WC-
KOMYHK HWHTETPaJbHYI0 XapaKTEPUCTHKY HCKa-
JKEHU U3MEpsieMOT0 CUTHaJa.

t

U e (0)-dlt
A= lim% . (5)

[—0

OtMeTuM, 9TO pe3ynbTatr (5) coriacyercs C 3a-

BUCHMOCTBIO JIJIsl  YIJIOBOIO  KO3(¢HUIKEHTa
t

acUMITOTHI PyHKIMH f U gen
0

(t)-dt.

[Ipennaraemas MeToAWKa YHCIEHHOW 00padoT-
KM CHTHaJIa ¢ mosica POroBckoro ¢ ycTpaneHueM
MOTPEUIHOCTH B U3MEPEHUM BBIXOJHOI'O HAITPsI-
JKeHUsI ObLIa anpoOUpoBaHa Ha MPAKTHKE.

KanubpoBka mosica mpoBOAMIach € TOMOUIBIO
HU3KOBOJIETHOTO T€HEpaTopa HUMITYJILCHBIX TO-
koB [2]. lns psna wacror f ~1,9—44 k[ Te-
nepb yxe ¢ y4TOM MOIMPaBKH — A ompeensiach
«3KBUBAJICHTHAsI UHIYKTUBHOCTBY — L. .

Crnenyer OTMETUTb, YTO €€ 3HAUEHUS I 10CTa-
TOYHO BBICOKHX YacTOT W aMIUIUTYJ TOKOBBIX
UMITYJICOB JIOBOJIFHO CTPOTO MOBTOPSIIH JPYT
apyra. IIpu nonmxeHun pabouux 4acToT mana-
Ja aMIUIMTyJa TOKOB (IaHHBIA (akT 00yCIIOB-
JIeH KOHCTPYKTUBHBIMH OCOOCHHOCTSIMH T€He-
paropa), BO3pacTall OTHOCHTENBHBIH YPOBEHb
BBICOKOYACTOTHBIX IIOMEX, HU3MEHSUIUCh BEJH-
YHHBI «9KBUBaJICHTHOH WHIYKTHBHOCTHY. AJe-
KBaTHasi BeJIMUMHA — L ONpeaernsuiach Kak cpel-
Hee I BceX pabodmx 9acToT.

Y4ér momnpaBKu A, BEIYHCICHHOW B IH(PPOBOM
(hopmaTe ¢ MOMOMIBIO 3aBUCUMOCTH (5), U yTOU-
HEHHOM BEJIMYMHBI «IKBUBAJIEHTHOM MHIYKTHUB-

HOCTH» — L TI03BOJIMI CKOPPCKTUPOBAThL BpPC-

MEHHYI0 pa3BEPTKY IUIOTHOCTH TOKOBOTO HM-
myJibca Ha puc. 3. Pezynbrar — Ha puc. 4.
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Puc. 4. BpeMCHHaH Pa3BEPTKa MIOTHOCTHU TOKO-
BOI'O HUCITyJIbCa

CpaBHEeHHE KPUBBIX Ha 3TUX PUCYHKaxX MOKa3bl-
BAE€T, 4YTO YYET MONPABKHA HA UCKAXEHUE CUTHA-
Ja ¢ Iosica, NEUCTBUTENIBLHO, IO3BOJISET IIOJY-
YUTb UCTUHHYK BPEMEHHYIO 3aBUCUMOCTH IS
U3MEPSEMOr0O TOKA.

UYro kacaeTcsl MOTPENIHOCTH PE3yJIbTaTOB WH-
TErPUPOBaHUs,, KOTOpAsh MOXET ONPEACISATHCS
KaK PacXOoXICHHE MEXIY TOKOM, WACHTH(HUIIU-
POBaHHBIM C ITOMOINBIO TIOSICA, U TOKOM B H3-
BECTHOM aKTUBHOM COIIPOTHUBJICHHUHU, TO OTHO-
IICHUS WX MaKCUMYMOB B JIOCTATOYHO MHOTO-
YHUCJICHHBIX KOHTPOIBHBIX JKCIEPHUMEHTAX CO-
craBisuio He HUke ~ 0,9-0,95. Jlanapie pacxo-
KACHUS MOXHO OOBSICHHTH IOTPEIIHOCTHIO B
NPUHITOM alTOPUTME OTIPENCICHUS] «IKBUBA-
JICHTHOW HMHAYKTUBHOCTH». JTa XapaKTepPUCTH-
Ka M3MEPHUTEIILHOTO YCTPOHCTBA HaXOAUJIACh
KaK CpEIHECTATUCTUYCCKOE JUIS BBIJACICHHOTO
nIrarnasoHa padounx dactor. Ho, kak panee ObI-
JI0O yKa3aHo, NpPH HHU3KHUX YPOBHAX AaMILIUTY[
KOHTPOJIbHBIX CUTHAJIOB 3HAYUMBIMH CTAHOBSIT-
Csl BBICOKOYACTOTHBIC HABOJAKU. OHU HCKaXaroT
HaIllpsKEHUA € 10sCa U, COOTBETCTBCHHO, IIpH-
BOJIAT K OTKJIIOHCHUSIM B BBIYMCIICHUU OCHOBHOM
XapaKTepUCTUKH mosica POroBckoro.
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TeopeTryeck U SKCIIEPUMEHTAIEHO 000CHOBaH
MOJXOJ, MO3BOJIAIOINN HUBEIHPOBATH HCKaXe-
HUS BBIXOJHOTO HAIIPSDKEHUS C mosica Poros-
CKOTO U TOJy4yaTh UCTMHHYIO BPEMEHHYIO pa3-
BEPTKY U MapaMETPBI U3MEPSIEMBIX TOKOB.

[IpenoxeHHass YUCIIEHHAs METOJHMKA IpUEM-
nema Jiis 00pabOTKK CHTHAJIOB C JIFOOBIX JIaTYH-
KOB MHJYKIIMOHHOTO THUIA, MPUMCHSEMBIX, Ha-
npuMep, Ui H3MEPEHHs IPOCTPAHCTBEHHO-
BPEMCHHBIX  PaCHpE/CIICHUNl  XapaKTePUCTUK
3IIEKTPOMATHUTHOT'O OIS,
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