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OBOBIUEHHASA JUHAMHUYECKASI BOJIbT-AMITEPHAS
XAPAKTEPUCTUKA CKOJIB3AWEIO KOHTAKTA YIOJIbHAS
IMETKA — KOJIJIEKTOP

3. K. IAMM, JI. 4. BUHHEP, A. H. CKOPOCIIEIIKHWH

(IMpencraBieHa ceMHHApOM Kadenp 3JeKTPHUYECKHX MALUIMH U OOIIEH 3J1eKTPOTeXHUKH)

Pacuer KoMMyTauM¥ H KOMMYTALlMOHHOH YCTOHYMBOCTH MAIHH TOCTOSIH-
HOTO TOKa BO3MOXKEH TOJIKO IPU HAJHUMH HCUepIblBaroliell HHPOpMAIUH O T0-
BeJIEHUH CKOJIb3AL1ero KOHTaKTa NMPH Pas3/JHUHbIX YCJIOBHSIX €ro paboThl. ¥YuH-
ThIBasi MHOroo6pa3ue (HaKTOPOB, BJIMSIOIUX HA 3/J€KTpHUeCKHe CBOHCTBA CKOJIb-
351[er0 KOHTAKTa, 11eaeco00pasHo MOJNYYHTb €ro MaTeMaTHUecKylo MOJedb IKC-
rep UMEHTAJIbHO-CTaTUCTHYECKUM MEeTOJOM.

KpaTtko HanmomMHHM cyuiHocTh Meroga [l 1.

Ha uccrnenyemyto cucreMy, MeXaHH3M SIBJ€HHH BHYTPH KOTOPOH IOJIHO-
CTbIO He H3y4YeH (B JJaHHOM CJyuyae 3TO CKOJb3SLIMH KOHTAKT), BO3JE€HCTBYIOT
dakTophbl X; (B IaHHOM cJydae 3TO (PaKTOphl, CYLLIECTBEHHO BJIMSIOIIME Ha BH]
BOJILT-aMIIEPHOH XapaKTepUCTHKHU CKOJb3slero Koutakra). Ha Beixone uamepsi-
eTcsl BeJIMUMHA Y, KOJHUECTBEHHO OIMCBIBAIOLIAS BOJIBT-aMIEPHYIO XapaKTepHuc-
TUKY. 3ajaua CBOJUTCA K ONpefeJeHUI0 (PyHKUHH

y = f (xli x2’ 8 o -xn)-
[TockonbKy BHJ (PYHKIUH HEHU3BECTEH, ee MPEeACTaBJSIOT MOJUHOMOM BHJa
y=by+ 2bx; + 2by x® + Zb;; xx;,

rje Kospduuuentsl b, b;, b;, b;; noxnexar onpenenenuo. BxojaHbie (hakTOpbI
X; M3MEHSIOTCS M0 ONpPeJNeJeHHOH mnporpamme, KoshdHUHEeHTH b, b;, b;, b;;
orpeJessiloTcsl Ha OCHOBe 0OpabOTKH pe3y/1bTaTOB 3KCHEepUMEHTa METOJOM pe-
IPEeCCHOHHOTO aHaJu3a.

DKCIepUMEHT CTaBHJICS Ha yCTaHOBKe, 1mojpo6HO onucanHoi B [2]. Kou-
JIEKTOp, JiB€ TPOTHBOIIOJIOKHbIE IJIACTHHBI KOTOPOTO 3aMKHYTBI, MPHUBOJIUTCS BO
BpallleHHe JBHrarteseM IOCTOSTHHOTO TOKa, CKOPOCTb BpallleHHsI KOTOPOTO MOZKET
u3MeHsiTbesi B npenenax ot 300 xo 2500 o6/MuH.

B Teuenune BpemeHH, Korja obe paGouue JamMeqHd HaXOJISITCS IMOJ ILIETKaMH,
yepe3 06pa30BaBUIYIOCS 1LleNb MPONYCKAeTCsl UMIYJIbC TOKA OT ClelHaJbHOH HM-
MyJIbCHOH yCTAaHOBKH. AMILIMTYJa HMITyJibCa, €r0 JJIHTeNbHOCTh, (hopMa, a Tak-
JKe TPOCTPAHCTBEHHOE pacIoJIOzKeHHe OTHOCUTEIBHO JYT'M KOHTaKTHPOBAHHSI
JlaMeJTi CO LIETKOH MOT'YT U3MEHSIThCS B JIOCTAaTOUHBIX Npejeaax. B TeueHHe OxHO -
ro o60poTa KOJIJIEKTOpA YCTaHOBKA BbIJaeT yepe3 paBHble NPOMEKYTKH BpeMEHHU
2 CcoBeplIEHHO OJMHAKOBBIX HMMIyJibca, TaK UTO KaxKjaas JaMeJlb OKas3bIBAeTCsi
rornepeMeHHO aHOIHO- U KaTOJHO INOJISIPM30BAHHOH, KaK 3TO HMEET MeCTO B pe-
a/nbHOH MauuHe. YToObl He BBOJUTH JONOJHHUTEIBHBIX MMOTPEIIHOCTEH, P BCeX
M3MepeHHAX HMCIO0/b30Balach OJHA U Ta e 1LIeTKa, NOJSPHOCTb IIPH 3TOM H3Me-
HsJlach NepeK/oueHHeM HCTOUHHKA HMITYJIbCOB.

[IpumeHenye crnelMasbHOTO LIETKOJAEeP2KATeNsl MO3BOJSIET IJIABHO pPeryJiH-
poBaTb HaxkKaTHe Ha IETKY, NOJOTPeB KOJJIEKTOpa H IETOK OCYLIECTBASETCS MpH
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TIOMOLLLH CITHPAJIH, TeMIIepaTypa KOJJIEeKTOpa U3Mep sieTCsi P H MOMOLLH TePMOTEp bl
crnail KOTOPOH 3aJ/102KeH B OTBEPCTHe Ha TOplie OJHOH U3 pabouuXx Jamesed.

Tak Kak B JaHHOM cJlyuae paccMaTpUBaeTCsl BIAMSIHHE Pa3JIHUHbIX (haKTOpOB
Ha BOJIbT-aMIEPHYIO XapaKTePUCTHKY CKOJb3SIIEr0 KOHTAKTa, TO B KAUeCTBEe Bbl-
XOJIHbIX I1apaMeTPOB INPHHUMANHCh KO3(P(MHLUHEHTb anfnpOKCHMHP VIOIIHX BbI-
paxKeHHH.
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Bosibr-amnepHble XapaKTepUCTHKH MSTKOH 1ieTKH MapKu OI-43 annpoxcn-
MHPOBAJHCh BbIpaxkKeHHeM
U = Aarctg Bj, (1)
rie U — nepexojHoe mNajleHHe HANpsKeHHsi B KOHTAKTe;
j — TIJIOTHOCTb TOKa B KOHTAaKTe;
A u B — nocTosiHHbIE JJISi JJaHHOH XapaKTepUCTHKH KO3(pHIIHEHTDI.
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Puc. 2.

Boabr-amnepHble XxapakTep HCTHKH TBEP10# 1IeTKH MapKu DI-74 npaBuibHee

annpoKCUMHPOBATh BbIpayKeHHEM
U = A arch Bj, (2)

He HMEIOUIMM acCHMNTOT, TaK KaK IajieHHe HamnpsiKeHusi 1oj uieTkoi II'-74
HeorpaHHUeHHO BO3pacTaeT NPH YBeJHUEHHH TIJIOTHOCTH TOKA, B OTJIHUHE OT IIeT-
K1 Mapku 2I'-43, y KoTopoii npu GOJIbIIEX JIOTHOCTSIX TOKa NepeXoHoe NnajieHHe
HanpsKeHHsl NpakTHUeCKH CTaOHJIU3HPYeTCs.

[lepBoHaua/ibHO B KauecTBe BXOJHBIX (DaKTOPOB MPEANonaraaoch B3sTh cJe-
JVIOLIHe:
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X; — CPeIHsAs IUVIOTHOCTb TOKa B TeYeHHe MePBOTrO JIaMeJIbHOIro IMepHoja
KOHTAaKTHPOBAHUSI JiaMeIH CO MIETKOH,
X, — TeMmIreparypa IIeTOK H KOJIJIEKTOpa,
X3 — YJleIbHOe HaXKaTHe Ha IIeTKYy,
X4 — JHHeHHash CKOPOCTb MOBEPXHOCTH KOJIJIEKTOpA.
Ho B naqbHefimem oka3asnock, 4to ¢pakToOp CKOPOCTH B JIaHHOM CJyyae He OKasbl-
BaJl CYLIeCTBEHHOIO OJHOHANPAaBJEHHOTO BJHMSIHHS Ha BHJ BOJIbT-aMIepHOH Xa-
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Puc. 3.

pakTepucTHkH. Ha puc. 1 u 2 B KauecTBe npumepa NpHBeJIE€HBl OCLHAJIOTD AMMBbI
TOKa H II€PeXOJHOr0 MNaJeHHUsl HaNpsiKeHHsI KaTOJIHO-NOJISIPH30BAHHOH INETKH
mapku IOI'-74 nns OKpYKHBIX CKOpPOCTeH, COOTBETCTBEHHO paBHBIX 2,09 m/cek

u 8,4 mfcex mpu x; = 55 E;i;, . =70°C, p =250 CM% CooTBeTcTBYyIOLILHE

BOJIbT-aMIleDHble XapaKTepUCTHKH NpHBeJeHbl Ha pHc. 3 U 4. CpaBHeHHe NOKa-
3bIBa€T HX IOYTH T[IOJIHOE COBMajIEHHE.
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Puc. 4.

TTonyTHO HEOGXOAMMO 3aMETHTB, UTO Nepej; NPOBeeHHeM 3KCIiep HMEHTa MOBep X-
HOCTb KOJIJIEKTOpa BecbMa TIATesIbHO oOpabaThiBajach abpa3HBHBIM OpYyCKOM
P30 npu onnoBpeMeHHOM HAGMIONEHHH 32 OCIHJIJIOTPAaMMOK TIPODUIIST KOJJIEKTO-
pa, NnoJiy4eHHOH ¢ npuMeHeHHeM H3MepHuTenst npoduast [3]. O6urui 6oit KoJiek-
TOpa He mpeBpian 4—>5 MHKDOH, Tepenajbl MeK1y COCEIHUMH KOJIIEKTOPHBIMH
1J1a CTHHAMH He npeBbiliaad 1 MuKpoHa. OTHOCHTeIbHAST BJIaXKHOCTh BO3JlyXa IO
BO3M OXKHOCTH NOJAepKHBaJach NOCTOSIHHOH, paBHOH 55%.
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Ta6banumna

1

. % % X %3 X 3 xixs 2ie Xs%s Ay Ay By Ay A, By
1 el —1 —1 +1 +1 41 +1 4 o+ 0,7275 0,1207 0,3650 0,0882
2 +1 —1 1 +1 +1 i = e +1 0,5660 0,0730 0,5460 0,0717
3 1 +1 s ES +1 1 3 ol I 0,4490 0,0950 0,3000 0,0762
4 +1 +1 1 ’ e +1 +1 41 =] = 0,5650 0,0646 0,2280 0,0449
5 = .| +1 41 +1 +1 +1 = .| 0,3570 0,0844 0,2380 0,0595
6 L1 o] +1 +1 4 +1 —1 +1 1 0,4140 0,0507 0,3039 0,0438
7 1 +1 l +1 1 4 1] =] 1 +1 0,3110 0,0775 0,2490 0,0608
8 +1 +1 ER = +1 o +1 +1 o1 0,3230 |  0,0344 0,2340 0,0361
9 1,682 | 0 0 +2,88 | 0 0 0 0 0| 03300 0,1310 0,5190 0,0614
10 +1,682 | 0 0 +2.828 | 0 0 0 0 0 0,6140 0,0558 0,3060 |  0,0239
1 0 1682 | o0 0 +2,828 | 0 0 0 0 0,4660 0,1070 0,4025 0,0624
12 0 +1,682 | 0 0 +2,828 | 0 0 0 0 0,2915 0,0435 0,2380 0,0213
13 0 0 1,68 | o0 0 +2.828 | 0 0 0 0,4620 0,1680 0,4570 0,0688
14 0 0 +1,682 | o 0 l+2,828 | 0 0 0 0,3370 0,0403 0,4590 0,0262
15 0 0 0 0 0 0 0 ’ 0 0,4440 0,082 0,376 0,0525




B cooTBeTcTBHH C M3J/I0KEHHbIM ObLI COCTaBJIEH IJIaH pOTaTabesqbHOr0 YHH-
(hopM-IJIaHHUPOBAHHSI BTOPOTO NOpsJAKAa M/ TpPeX He3aBHCHMBIX IepeMeHHbIX
BapHHpYyeMbIX Ha TpeX ypoBHsX (Tabu. 1). Ilpenensr H3mMeHeHHsT BXOJAHBIX Mapa-
MeTPOB BbIOMpAJNHCh H3 YCJOBHH pabOThl peasbHbIX MalIHH (Tabua. 2).

Ta6bauwma 2

Y poBHH
dakTop P asmepHOCTh
—1,682 \ —1 0 l +1 +1,682

X 21,4 35 55 75 88,5 a_

cm?
Xo 53 60 70 80 87 G
X3 166 200 250 300 334 2

cm?

DKcnepUMEHT TPOBOAMJICS B caeaytoueM nopsiake. Ilocie mexaHuueckoi
06paboTKH MOBEPXHOCTH KOJIJIEKTOpA BCE JIaMeJH 3aMBbIKAJIHCh H MOCTOSTHHBIM
TOKOM HaBOJIMJAChb HOpPMaJibHasi KOJIIEKTOpHasi TmuieHka B TeueHue 100—150
yacoB. [locsie 3TOro KoJIJIeKTOp pa3MBIKAJICs, BBUIEASIHCH JBe paboune MaacTH-
HBI, LIETKH MOJAKJI0YaJHCh K HMIYJbCHOH ycraHoBKe. CHayasa CTaBUJIHCh Bce
3KCIEepHMEHTHI TIPU OJIHOM HaKaTHH Ha LIeTKy, 3aTeM IpH JPYroM H Tak jaJjee.
[Tocsie U3MeHEHHsT HaXKaTUs Ha LIeTKY nocjeqHsiss B Teuende 10 yacoB cHOBaA TILA-
TeJbHO TpPHUTUpPasach K KojsaekTopy. Ilpu naHHOM HaxKaTHM CHayasa CTaBHJICS
IKCIIEPUMEHT JI/Isi HaHMeHbIIero 3HaueHHs Xx;, 3aTeM JJIs1 OOJbIIero M Tak Aa-
Jee. B KaxIoM omnbiTe KpHBBIE JJaMeJIbHOTO TOKA U MEepeXOJHOro MajeHus Ha-
npsi2KeHust s 06euX MoJsspHOCTel 1eTKH (oTorpadupoBaIuch ¢ 5KpaHa ABYX -
ayueBoro ocuusorpacda. Ilocse o6paboTKu A/151 OJYYEHHBIX BOJIBT-aMIep HbIX
XapaKTepUCTHK HAaXOAWIHCh KO3(hHLUHEHTbl annpOKCHMHPYIOUHX BBIpaKeHHI,
KOTOpbIe A5 1eTKH MapKH II'-74 npusenennl B Taba. 1. B KauecTBe BBHIXOJHBIX
napametpoB Obutd. NPpUHATHL A H npousBerenne AB, Tak Kak nocieaHee HMeeT
KOHKPETHbIHA (hU3uuecKuil cMbIca. AB 4HC/IeHHO PaBHO Y/IEIbHOMY IeDeXOJHOMY
CONPOTHBJIEHUIO KOHTAKTa NMpPH HYJEBOH IJIOTHOCTH TOKa.

Huzke npuBoAsiTcs BbpaxkKeHHsI NJIs1 000OLIEHHOH XapaKTepUCTHKH ILETKH
mapku DI'-74, nonyueHHble B pe3yqbTaTe 00pabOTKH pe3yJ/abTaTOB 3KCIep UMEHTa,
NpHUBEJIEHHBIX B Taba1. 1.

U, — 4, arsh 2 Bx 3)
K

U,=A, arsh '&A—&‘j , 4

rape U, — nepexofHoe najeHHe HanpsiKeHUsT MeXAY JaMeJblo U LHETKOﬁ Ka-
K L]
TOJHOHU TIOJIAPHOCTH;

U,— nepexojHoe NajieHHe HANPSKEHUSI MEXKAY JaMesblo M LIeTKOH aHOX-
HOH T0JIAPHOCTH;

A, = 0,44 + 0,05563x, — 0,052x, — 0,08238x, + 0,0203x; —
— 0,0125x3 — 0,004x3 + 0,029x,x, + 0,014x.x; + 0,01781x,x,; (5)

A, B, = 0,0767 — 0,0207x, — 0,01208x, — 0,0235x, + 0,0039x} —
—0,00589x2 +0,0043x3--0,0008625:¢ ¥, +0,0000375x, x;-0,00136x,x5;  (6)

A, = 0,3755 — 0,01449x, — 0,05257x, — 0,03016x, — 0,0059x; —
— 0,0378x5+ 0,0103x3 — 0,0416x,x,— 0,07375x,x,— 0,04062x,x5; (7)

Aq B, = 0,0521 — 0,01103x, — 0,008439x, — 0,00762x, — 0,002x; —
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—0,00031x3+0,00167x3—0,00297x, x,+0,000925x , x;,+0,00405 x, x5. (8)
B Boipaxkenusix (5) —(8)

Xy = jep (tx) —50. o = Bx=70. ~ p—250
17717, 2T T 10 3T TR0
rjae
Jep (tx) — CPEIHSAS NJIOTHOCTL TOKAa B KOHTAKTe B TeYeHHEe [epBOro Ja-

o a
MEJIBHOTI'O nepHoJga KOHTAKTHPOBAHHA JaMeJaH CO IJJ,EETKOI/I'CTZ-;

0, — Temnepatypa kKoJsiektopa “C;

p — YJeNbHOE HaXkaTHe Ha WIETKY —
[TosryuenHble BbIpaKeHHs MO3BOJISIIOT TOJYUHTh BOJIbT-aMIIE€pPHblE XapaKTepHuc-
THKH CKOJIb3SIEr0 KOHTAKTa NPH H3MEHEeHUH yCJIOBHH ero paboThl B mpejpenax,

onpejensieMblx Tabma. 2.
UToO6bl YOEIUTHCS B TOM, UTO NPH MJIAHUPOBAHUHU IKCIIepUMeHTa ObUIH y4yTe-

Hbl Bce (paKTOpBI, CYIIeCTBEHHO BJIHSIONIIHE HA BHJ] BOJIbT-aMIIEPHBIX XapaKTep HC-
THK, MOXKHO BBIYHCJIUTD KO3(DPUILHEHTbI MHOKECTBEHHOH KOppeIsiHH 151 BBIXO/1~

HBIX TapaMeTpoB.
zw—wz
R= V/ _zw—w’

rjle y — CpeflHee 3HaueHHe BBIXOJHBIX TapaMeTpOB;

y — 3HAUEHHs BHIXOHBIX [APAMETPOB, ONpeJeseMble H3 MOJYyYeHHOTO
ypaBHEHHUsI perpeccuy;

Y — 3HAUEHHs] BBLIXOJHBIX MApAMETPOB, MOJYUYEHHBblE H3 SKCIIepHM eHTa.

Ta6bauuma 3

ITapametp Ay ' Ag By ‘ Ag ‘ Ag Bg

R 0,911 l 0,92 ’ 0,917 ' 0,91

3HaueHHs YKa3aHHbIX Ko3(puuueHToB npusenensl B Tabi. 3. Ecan R = 1,
TO 3TO O3HAYaeT, UTO y4YTeHbl Bce (haKTOPbI, BJIHUSAIOLUIHE HA BHIXOAHYIO BEJTHYHHY .
3HaueHust Ko3(puiHeHToB R, nosiyueHHbIe B JAHHOM cJ1ydae, TOBOPAT O TOM, UTO
BCe CYLIeCTBEHHO BJHsIoNIHe (paKTOPhl ObIH yuTeHbl. Ha 1o/10 HeyuTeHHBIX ¥ He-
KOHTPOJIHPYeMbIX (PaKTOPOB NpuxoauTcsi He 6osee 9%, uTO BHOJIHE Y JOBJETBO-
PHUTEJBHO JJIsi TaKOTO OOBeKTa, KaK IeTOYHbIH KOHTaKT.

PaccmoTpenne ypaBHeHMI /151 0G00IIEHHBIX BOJIbT-aMIIEPHBIX XapaKTepHC-
THK IIOKasbIBaeT, 4To (haKTOpP X, OKa3blBaeT BeCcbMa CylleCTBeHHOe BaHsHue. Buj
BOJbT-aMIIE€PHOH XapaKTepUCTHKH KOHTAKTa B CHJIBHOH CTeleHH 3aBHCUT OT yCJI0-
BUI (OPMHPOBAHMA KOHTAKTHOH MPOBOJMMOCTH B NEPBBIH JlaMeJIbHbIH MepHOL
KOHTaKTHpoBanus. Ha sto BnepBbie Gbuio ykKazaHo B paGorte [4].

Ha puc. 5 xpusas Il npeacraBisier cTaTHUeCKyl0 XapaKTepHCTHKY aHOJ-
HOH HLeTKI/I OI'-49, cHATYIO Ha KOPOTKO3aMKHYTOM KoJiiektope mpu 0,= 70° C,

p = 250 —5 2 P BospacTaoweii mioTHocTH ToKa. Kpubasi I npejcrasiisier Jau-

HaMH‘{eCK}}O XapaKTepHUCTHKY, CHATYIO Ha ONHUCAHHOH BhILIIE 3KcImep HMEHTaJ bHOH
YCTAaHOBKE IPH TeX 2Ke 3HAUCHUAX GH Hp. Pasuuua cocrosizia Juiib B TOM, 4UTO
IVIOTHOCTb TOKA B KOHTA4KTe COCTaBJislJia B HepBbIﬁ MOMEHT BpeMeHH KOHTAKTH-

o a
poBaHust Jlamenn co HeTKod npumepro 90 —s, CHHAKASCh K KOHILY I[epHoAa

KOHTAKTHPOBaHHS 10 HYJIA, KaK 3TO HMEET MECTO IIpH YCKOpeHHOI/I KOMM yTalluH .
CpaBHEHHQ KPHBBIX I u 11 nokaswiBaeT HX 3HAUHUTEJNbHOE pacxozKiaeHue npu OTHO -
CHUTEJIbHO HeOOJIbIUUX IJIOTHOCTSIX TOKA. COHpOTI/IB.HeHI/Ie KOHTaKTa IpHU Ma JbIX
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IVIOTHOCTSAAX TOKAa B peasibHbIX YCJOBHAX ero paboThl (KpuBas 1”) oka3biBaeTcsi
3HAaYHTEJbHO MEHbIINM, UeM OIpe/eisseMoe CTaTHUeCKOH XapaKTep HCTHKOH (Kpu-
Basi II).

Taxkum o6pa3om, HTOTOM NPOBEIEHHOTO HCCeN0BaHus sIBJsieTCs pa3paboTKa
METOJUKH pacueTa 060061IeHHOH THHAMHUECKOH BOJIbT-aMIIePHOH XapaKTep UCTUKH
IIETOYHOTO KOHTaKTa. JTa MeTOJHKa IMO3BOJISIeT YUUTHIBATh OCHOBHbIE (haKTOPHI
(remneparypy, TOKOBYIO Harpy3ky M XapakTep KOMMYTallMH, H3MeHeHHe KOH-
TaKTHOT'O JaBJIEHHS NPH HAJHUYMH pajHalibHbIX KoJeOaHHH LIETOK), ONpeiensiio-

15 ' 016
AU\ p i~

1h (‘”\ m

12 \ —— 042

10 T =7 01

08 \\ /4// // 1008

05 \\><><></ 0,06
/ ~_ 17 0.0k

04 ~ Sam = /

o | ] —
02 E L

20 48 12 16 20 24 28 32 3 4

Puc. 5.

e BOJIbT-aMIIEPpHYIO XAdPAaKTEPpHCTHKY IIETOYHOIO KOHTAKTa, H C JIOCTATOYHOH
JIOCTOBEPDHOCTbBIO BBOJHTH €€ B pACUE€T KOMMYTallUH.
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