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AHHOmauyusi — lNpoBeaeHbl 3KCNepUMEHTanbHbIE UCCreno-
BaHWs MO U3YYEHWIO BO3MOXHOCTM AUNArHOCTUKM 3NEKTPUYECKMX
KOHT@KTOB METOAOM HErNUHENHOW pedrieKTOMETpUU C y4eToM
TepMoapekToB. [NprBeaeHbl XapaKTEPUCTUKN HENMMHENHOCTU
Ka4YeCTBEHHOTO M HEKa4YeCTBEHHOrO 3MEeKTPUYECKUX KOHTAKTOB,
0BYCrnOBEHHbIE NX PeakLMen Ha TECTOBOE BO3AENCTBUE.

|. BBegeHue

B ycnoBusix yBenuyeHust CKOpOCTU nepejayn OaH-
HbIX B WH(OPMALMOHHBIX MarucTpansx KOCMUYECKMX
neTaTenbHbIX annapaToB BO3pacTaeT pofb KavecTBa
ANEKTPUYECKNX KOHTaKTOB B NuHuu nepepayn. Cpeam
NepcrneKkTMBHbIX METOA0B ANArHOCTUKN NMHWIA Nepegayn
MOXXHO BbIAENUTb HOBbLIN METOA HENMUHENHON BMOEOUM-
nynbcHon pednektometpum [1, 2]. Ero npumeHeHue
CNocobCTBYET akTUBHOMY M3YYEHWIO BOMPOCOB, CBA3aH-
HbIX C HENMUHENHBIMWN 3P EKTAMM B IMEKTPUYECKNX KOH-
Taktax. Hamu Gbinu npogenaHsl paboTbl, MokasbiBato-
LMe BO3MOXHOCTb OBHApYXEeHUS METOLOM HENUHENHON
pednekToMeTpMn HekayeCTBEHHbIX KOHTaKTOB BMAaA
meTtann-okucen-metann (MOM-koHTakT) [3]. B Takmx
KOHTaKTax HervHeWHble CBOMCTBA NPOSIBNAIOTCS 3a cyeT
TYHHENbHOro addekTa Mexay KOHTaKTUpYLUMK Mo-
BepxHocTAMKU. OpHako AaHHbI adhchekT nposiBnsieTcs
He BO BCEX HEKAYECTBEHHbIX KOHTaKTax.

B pa6otax P. Xonbma [4] npuBegeHo onucaHue He-
NMHENHbIX TepMmuyecknx adcpekToB, HabnwaaeMbix
NPaKkTUYECKN BO BCEX INEKTPUYECKUX KOHTAaKTax, Hesa-
BMCMMO OT MX TEXHUYECKOro coctosHus. MNMpegnonaraert-
CS, YTO 3TU HEmNMUHENHble 3deKTbl NPOABNATCA CUMb-
Hee B HEKAYECTBEHHbIX KOHTaKTax.

Llenb paHHOM paboTbl 3aknoyaeTcd B U3yYeHUn
BO3MOXXHOCTU NMPUMEHEHUSA HENWHENHOW pedbrnekTomeT-
pyuv ONsi QUarHOCTUKM COCTOSIHUST SNEKTPUYECKMX KOH-
TakToOB C y4eTOM TepMOa(pheKTOB.

[l. MeTon AMarHoCTuUKMn

HekayecTBeHHbIE aMEeKTpUYECKME KOHTAKTbl C Marow
MOBEPXHOCTbIO CTArMBaHWA 06nagalT COnNpOTUBIEHW-
€M, MpeBbIlalLMM 3HAYeHWE COMPOTMBIEHNUS Kade-
CTBEHHOMO KOHTaKkTa. 3Ha4uT, Npu MNPOXOXOEHUN OOHOTo
M TOrO € TOKa, HarpeBaHVWe HEKaYeCTBEHHOrO KOHTaKTa
npoucxoauT Gonblue. ATo JaeT BO3MOXHOCTb METOAOM
HennHenHon pedrekToMeTpun Ha doHe paBHOMEPHO
HarpeToy TOKOBeayLlel Lenn obHapyxuBaTb 3NEKTpU-
YeCKue KOHTaKTbl C MOBbILLEHHBIM CONMPOTUBIIEHUEM.

OcoBeHHOCTbI0 MeToAa HENMHEWHoW pedrekToMeT-
pvK SIBNSIETCS CNOCOBHOCTL BECTU OLIEHKY XapakTepucTu-
KM HENMHENHOCTM COCPEeLOTOYEHHOM HEeOOHOPOAHOCTU B
NVHWK C pacnpegeneHHbIMM napameTpamu. [na obecne-
YeHWs noKanusauuMm HeKa4eCTBEHHOTO KOHTaKTa B NIMHUM
nepenayu TECTOBbIE CUrHarnbl AOMKHbI ObITb KOPOTKOUM-
nynbCHbIMU. B ocHOBe meToda NeXvT NPUHUMN BO3AEN-
CTBUSI Ha OOBEKT ABYMsi TECTOBLIMW BO3AENCTBUSAMM [5].

HekaueCcTBEHHbIV 3NEeKTPUYECKNIA KOHTaKT Heobxoaumo
HarpeTb, YTOObl B HEM MPOSIBMSANUCH HEMUHEWHbIE Tep-
mMoadbdekTbl. [oaToMy B KayecTBe NEpBOro TECTOBOrO
CUrHana npumeHsieTcs ObbIYHbIV BUOEOMMMYIBC, @ B Kaye-

CTBE BTOPOro — TOT Xe BUOEOMMMYIbC, HO C NMOCTOSHHBIM
CMeLLeHVeM, NpedHa3HayYeHHbIM Ons HarpeBa obbekTa.
OTO COOTBETCTBYET YaCTHOMY CIly4ato, Koraa BblYMCeHVE
XapaKTepUCTUKN HENUHENHOCTY &(t) cBoauTcs K hopmyne:
€(t) = uc(t) = un(t), (1)
roe uc(t) un upy(t) — oTKNMkKM (MageHne HanpsHkeHus) Ha
TECTOBble CWrHanbl XOMOAHOrO W HarpeToro obbekTa
COOTBETCTBEHHO. [lageHne HanpsikeHust Ha KOHTaKTe
NPOMOPLMOHaNEHO U3MEHEHMIO €0 COMPOTUBMEHNS, KOTO-
poe B CBOIO 0Yepeb 3aBUCUT OT TemnepaTypbl HarpeBa:
Rt = R[l + GR(TV - T)],
rae R — conpoTueneHne NpoBOAHMKa A0 HAarpeBaHus;
Rt — conpoTuBneHne HarpeToro NpoBOAHMKA;
OrR — TeMmnepaTypHbi KOIMMULIMEHT INEKTPUYECKOro
COMPOTVBIIEHNS MaTepuana KoHTakTa.

OpHako BO BpeMsl aKcnepuvMeHTasrbHbIX uccrnenosa-
HWI Obin 3adMKCUPOBaH W Apyron Tepmmyeckuin acpdpexT,
TaKKe OMMCaHHbIN B [4], KOrAa Mpy HarpeBaHWu Conpo-
TUBMEHNE KOHTaKTa yMeHbluaeTcs — addekT npunvna-
HUSA KOHTakToB. Mo pesdynbTatam 3KCNEPUMEHTOB MOXHO
OLIEHWTb, YTO M3MEHEHWEe COMPOTMBIMEHMSA B Pasnu4HbIX
cnyyasix coctaensieT (10...30)%. MameHeHne conpoTue-
NEeHVs B 3aBMCUMOCTU OT MPUIIOXKEHHOro BO3AENCTBUS
rOBOPUT O MPOSIBIIEHUN HENMUHEWHbBIX CBONCTB OOBbeKTa.

[ll. 3kcnepuMeHTanbHbIe UccneaoBaHUsA

B kayectBe 0OBLEKTOB MCCregoBaHUsA paccmaTpuyBa-
IoTCcs ABa kabenbHbIX pasbema BNC, npeacraBneHHble
Ha puc. 1, O4MH U3 KOTOpbIX UMEET 3aBEOMO Hekaue-
CTBEHHOE (KOHTaKTMPYIOLIME MOBEPXHOCTU HEMNOTHO
npwxkaTbl APYr K Opyry) coeanHeHne c kabenem (a), a
OPYron MMeeT KavecCTBEHHbIV (NasiHbIN) 3neKTPUYecKuia
KOHTaKT ¢ kabenem (b).

b)

Puc. 1. Snekmpuyveckuli KOHMaKkm pas3beM-Kkaberb.
KoHmakmel: Heka4ecmeeHHbIU (a), kadecmeeHHbIl (b).

Fig. 1. The connector-cable electrical contacts: a defec-
tive contact (a), a high-quality contact (b)

B akcnepvMeHTe Mcnonb3oBarncs TECTOBbIA BUAEO-
UMMYMbC TPEYronbHoOW GOpMbl C ANNTENBHOCTLIO PPOH-
ToB 500 HC, NnogaBaembln € reHepaTopa nuMmnynscos Tek-
tronix AFG 3021 (BHyTpeHHee conpoTuBneHne 50 Owm,
9[C 10 B). Ha 06bekTbl AMArHOCTMKN C UCTOMHUK TOKa
PSP-405 nogaBancs umnynbC Toka BenuuuMHonm 5 A B
TeYeHVe 2 MUWH, npedHa3HaYeHHbIi ONs UX Harpesa.
Mpu NpoxoxaeHWM pasorpeBaloLlero umnynbca conpo-
TUBMNEHNE 3MEKTPUYECKOrO KOHTakTa uameHsietcs. Oc-
unnnorpacom LeCroy WaveSurfer 454 perunctpuposa-
nocb NafeHue HanpskeHUs Ha KOHTaKTe Anst OTCreXu-
BaHWS M3MEHEeHMs ero coctosiHusA. Cxema anekTpuye-
CKasi MpuHUMNManbHasi 9KCNepUMEHTarnbHOW YCTaHOBKU
npeacTaBneHa Ha puc. 2.
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Puc. 2. Cxema anekmpuyeckasi npuHyunuanbHas
ycmaHo8KuU 07151 U3MepeHUs Xxapakmepucmuku
HernuHelHoOCMU 351ekmpuYecko20 KoHmakma X.

Fig. 2. The circuit diagram of a setup for measurement of
the nonlinearity characteristic of an electrical contact X

PesynbTaT 9KCNepuMMeHTanbHOro MccrneaoBaHus Ka-
YeCTBEHHOro U HeKayeCTBEHHOIO KOHTaKTa NpeacTaBeH
Ha puc. 3. KpvBas 1 — nageHue HanpshkeHUs Ha KOH-
TakTe (MHENHbIN OTKMUK), KpUBas 2 — XapaKTepucTyKa
HEIMHeHOCTM KOHTaKTa, paccuuTaHHasi no doopmyne (1).
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Puc. 3. JluneliHbil (kpusasi 1) u HenuHeUHbIU (Kpusasi 2)
OMKIIUK HeKa4ecmeeHHo20 (8epxHuli) U Ka4ecmeeHHO20
(HUXHUU) KOHMaKkma.

Fig. 3. Linear (curve 1) and nonlinear (curve 2)
responses of defective (top) and high-quality (bottom)
contacts

V. 3aknoyeHune

lMoka3zaHo, 4YTO NpMMeHeHWe HernuHeWHoM pedonek-
TOMETPUM C Yy4eTOM TepMo3adpdeKTOB, MPUBOASLLMX K
N3MEHEHUIO COMPOTUBIIEHMS 3NEKTPUYECKOrO KOHTaKTa,
no3sonseT MAeHTUPUUMPOBATb HEKAYECTBEHHbIE 3NeK-
TPUYECKME KOHTAKTBI.

HenuHenHble TepmMoadpdekTbl, B OTNMYME OT paHee
paccmaTpvMBaemMoro TyHHenbHoro adpdpekta, Bcerga
HabnogaTca B aneKkTpuyeckux KoHTaktax. OgHako ux
NPOsIBNIEHNE CUIbHEE B HEKAYECTBEHHBIX KOHTaKTax, YTo
obycrnaBnmBaeT BO3MOXHOCTb NPUMEHEHNS HEMUHENHOMN
pecnekToMeTpun Ans AMarHOCTMKW KadyecTBa 3NeKTpu-
YECKNX KOHTaKTOB.

Pa6oTa BbINonHeHa B nopsiake peanvsaummn nocTaHoB-
nenus MNpaeutensctea PP Ne 218 ot 09.04.2010 B pamkax
poroeopa Ne 13.G25.31.0017 ot 7.09.2010 mexgy OAO
«MNCC» n MuHucTepcTBoM 06pasoBaHus u Hayku PO.
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Abstract — Experimental investigation of checking possibility
of diagnostics of electrical contacts using the nonlinear reflectom-
etry method in terms of the thermo effects was carried out. The
summary gives the characteristics of nonlinearity high-quality and
defective electrical contacts, associated with their reaction to test.

|. Introduction

Among promising diagnostic methods of transmission lines,
we single out a new method — nonlinear reflectometry [1, 2].
Earlier we have proved the possibility of identification of a de-
fective contact such as metal-oxide-metal (MOM contact) by
nonlinear reflectometry [3]. In this work, we show the possibility
of application of the nonlinear reflectometry for diagnostics of
any electrical contacts taking into account the thermoeffects.

I, Ill. Main Part

The feature of the nonlinear reflectometry is that the nonlin-
earity characteristic can be formed for a lumped discontinuity in
the transmission line with the distributed parameters. For detec-
tion of a defective contact in transmission line, we should use
short pulse test signals. In this work, as first test signal the plain
baseband pulse was used. The second test signal represented
the same pulse but with a constant bias, which is used for heat-
ing of an object under test. The nonlinearity characteristic is
determined by the formula (1). As an object under test, we have
used two BNC connectors (fig. 1). For heating of objects the 5 A
pulse of current with 2-min duration was used. The baseband
test pulse has a triangular form with 500 ns rise and fall. This
signal was generated by source with 10 V electromotive force
and 50 Ohm internal resistance. Test baseband pulse was reg-
istered on cold uc(t) and on warm uy(t) objects. Fig. 3 shows the
results of investigation for high-quality (bottom) and defective
(top) contact. Curve 1 — voltage drop across the contact (a
linear response), the curve 2 — the nonlinearity characteristic
(determined under the formula (1)) of a contact.

IV. Conclusion

It is shown that application of the nonlinear reflectometry ad-
justed for the thermoeffects that lead to change of the resistance of
electrical contacts allows identifying defective electrical contacts.

As opposed to previously considered tunnel effect a nonlin-
ear thermo effect is always observed in electrical contacts.
However, their impact is more significantly for defective con-
tacts. Therefore, the nonlinear reflectometry can be applied for
diagnostics of electrical contacts.
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