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HEITASHBIE KOHTAKTHBIE COEMHEHUA
B SJIEKTPOHHBLIX ITEYHATHBIX Y3JIAX

Paccmompenvt sapuanmsl koncmpykmop-
CKOU peanuzayuul KOHMAaKMHbIX 21eKmpu-
YeCcKUX COeOUHeHUll 8bl80008 INeKMPOH-
HbIX KOMNOHEHMO8 8 JJIeKMPOHHBIX neyan-
HBIX y31ax 0e3 UCNONb308AHUSL Npoyeccd
nauKu.

Texnomornu MOHTa)Xa OJICKTPOHHBIX KOMIIOHCHTOB
naikoit Ha medatHsie Toiatel (M) mpucymy psa Heno-
CTaTKOB, CBSI3aHHBIX CO CIIOXKHOCTHIO 00OPYIOBaHUS,
OOJBIIION YHEPTOEMKOCTBIO, SKOJIOTHYECKOM HeOe3o11ac-
HOCThIO. K ToMy e, TTastHbIe COSJIMHEHUS He 00J1a1atoT
JIOCTATOYHOM HaIeKHOCTBI0. ClietyeT T00aBUTh, YTO TEX-
HOJIOTHYECKHH MPOIIECC MaNKH YCIOKHACTCS C PUHS-
treM pemieHuss EBpoCoro3a, CormacHo KOTOpOMY 3JICKT-
pOHHOE 000pyAOBaHME, a TAK¥Ke IEKTPOHHBIE KOMIIO-
HEHTBI, IOCTaBIIsieMble B cTpanbl EC, He J0JKHBI coiep-
’KaTh CBUHEII. BBeIcHNE OECCBUHIIOBOM TEXHOIOTHMH TTaki-
KU BBI3BIBACT JOITOJITHUTECIILHBIC HpOGJIeMI)I, CBSI3aHHBIC C
IIOBBIILIEHUEM TEMIIEPATyPhl ANKH.

Ecnu npoananu3upoBaTh TEXIPOIECChl MOHTaXa
KOMITOHEHTOB, MO>KHO TIPHUHTH K BBIBOIY, YTO MPOOIie-
MBI, B OCHOBHOM, CBsI3aHBI UMEHHO ¢ Taiikoil. EcTtecTBeH-
HO, BO3HUKAET BONIPOC, a HEIb3s JIn 000UTHCH Oe3 Hee?
B Hacrosimiee BpeMst He ClTydaliHO IIUPOKOE PacipocT-
paHEeHUE MOJMYYHIIA METOJIbI HEMTasHOTO MOHTaXKa Mpo-
BOJIHBIX AJICKTPUYCCKUX COCAMHEHUH B CBS3H C MX d(-
(DEKTUBHOCTBIO (TEXHOJIOTUYHOCTh, IPONU3BOAUTEILHOCTS,
HaJISKHOCTh, IKOJIOTHUecKast yuctora) [ 1—3].

TexHOJIOTHI0O MOHTaXa MMEYaTHBIX y3JI0B HEMasHbIe
METO/IbI TaK)Ke He o0oruH cropoHoi. Ho Ha ceromus-
IIHAKN JC€HBb KOHTAKTHBIC COCANMHCHUS COCTABIISKOT JIMIIIb
HE3HAYUTEIIbHYIO 4aCTh, XOTS pa3pabOTOK B ITOM HaIpaB-
JICHUU HOCTATOYHO MHOT0. OCHOBHBIE MPUYUHBI ITOTO
— 3HAYUTENbHBIE, B 3aBUCUMOCTH OT HCIIOIB3yEeMbIX
METOJIOB, Pa3MepPhbl KOHTAKTOB, HE IIO3BOJISIFOIIKE B ITOJI-
HOU Mepe pean30BaTh BCE BO3ZMOKHOCTH MHKPODJICKT-
POHHO¥ armaparypsl, ¥ CIIOKHBIE TEXHOJIOTHYESCKHUE TTPO-
IIECChI, OCYIIECTBUTh KOTOPBIE MOTYT JAJICKO HE BCE
TIPEIIPHATHS.

Lenbro HACTOSINEH CTAThH ABJISIETCS MOMBITKA O3HA-
KOMHUTB Pa3paOb0TUHNKOB 3JICKTPOHHOM armapaTypbl ¢ Ta-
KHMH METOJIAMH — OT IIUPOKO M3BECTHBIX M UCTIONbB3Y-
eMbIX B MEKAYHAPOIHBIX MaciuTabax 0 (pUPMEHHBIX
pa3paboToK, KOTOPHIC U3BECTHBI OTPAHUICHHOMY KPYTY
CIEIUATHUCTOB.

ABTOPBI HAJICIOTCSI, YTO TAKOE KOMIUIEKCHOE IMPEACTAB-
neHre MHHOPMAIIMH TOCTYKHT AaIbHEHIIIEMY Pa3BUTHIO
HEMasHbIX METOJI0B MOHTaXKa AJIEKTPOHHBIX KOMITOHEH-
ToB Ha I1I1.

KoHCTpyKIMY HEeTIasTHBIX KOHTAKTHBIX COCIMHEHUH Ha
MEYATHBIX IJIATaX MOXKHO KJIACCH(HUIINPOBATH CIEYIO-
M 00pa3oM:

— KOHTAKTHBIC COCIUHCHHUSI, BBIITOJIHEHHBIC METOIOM
«press-fity (mpeccoBast ocaKa BEIBOOB KOMIIOHEHTOB
B MeTaJutn3upoBaHHble oTBepctus [111);

— KOHTaKTHbBIE COCTUHEHUS, 00Opa30BAHHBIC 32 CYET
MIPHKKUMA TI0]T OTIPE/ICTICHHBIM JIABJICHUEM BBIBOZIOB KOM-
IIOHEHTOB K KOHTaKTHBEIM 1iomaakam I111;

— KOHTaKTHBIE COeTUHEHUS, 00Opa30BAHHBIE 32 CYET
HapalMBaHUs METaJlIa Ha BBIBObI KOMITOHEHTOB.

KonTakTHbIe cOeIUHEeHUSs, BLINIOJTHEHHbIE MeTO-
aom «press-fit»

DTOT METO/] BO3HUK B CBSI3U C HEOOXOIUMOCTBIO MOH-
Ta)ka MHOTOKOHTAaKTHBIX coequauTenei Ha [1I1, xBocTo-
BUKH BBIBOJIOB KOTOPBIX OJIHOBPEMEHHO JIOJKHBI OBLITH
MCIIONB30BaThCs B Ka4ecTBE padoyeil yacTu IThIpei BU-
JIOK MJTU JIJIs1 HAKPYTKH 1poBooB (puc. 1). Takue xBo-
CTOBHKH BO BPEMsI MOHTa)Ka HE JIOJDKHBI TIOJIBEPraThCs
JIEHCTBUIO TIPUTIOS.

B nepBoHauanbHOM KOHCTPYKIIMU KOHTAKTHOTO COE/IU-
HEHHS METOJIOM «press-fity MCIoIp30BasIcss XBOCTOBHK
BBIBOZIA COCTUHUTEISI MMPSMOYTOJILHOTO CEUYEHUS C Tua-
TOHAJIBIO, HECKOJIBKO OOJBIIEH AuaMeTpa MeTaLTH3HPO-
BaHHOT0 OTBepcTHs (pUC. 2). OnHAKO TaKoe COeANHEHHE
TpeOyeT COOMIONEHNUS OUeHb TOYHBIX pa3MEPOB IITHIPS B
MIOTIEPEYHOM CEUEHHUH U IMaMeTpa MeTaTTH3UPOBAHHOTO
OTBEPCTHS, UTO OCOOCHHO TPYIHO. B mpoTHBHOM ciiyyae
00 He BBINOJIHAETCS yClIOBHE oOecrieueHus IIacTu-
4ecKol 1eopMaIuu 1 yaepsKaHus TepMETHYHOCTH KOH-
TaKTHOI 30HBI, OO B MPOIECCE 3aMPECCOBKU MOXKET
MOBPEKAATHCS CI0M MeTaJUIM3alK B 0TBepcTHH. 110 3T0M
MPUYUHE TOSBHUINCH Pa3HbIe KOHCTPYKTUBHEIC HCTIOTHE-
HUS 3aIIPECCOBBIBAEMBIX IIThIpei. OHAKO BO BCEX CITy-
qasx [eNbio OBUTO CO3MaHNe YIPYToTo KOHTAKTa, KOTO-
PBIii, C OTHOI CTOPOHBI, TOJDKEH 00eCIeunBaTh Tpedye-
MOE JIaBJICHUE PU KOHTAKTHPOBAHUU CO CTCHKAMH Me-
TAJDTH3UPOBAHHOTO OTBEPCTHS, a C Apyroi — obpaso-
BBIBaTh HEKHI KOMIICHCATOP, KOTOPBII HE MO3BOIIUI ObI
3TOMY YCHJIHIO ITPEBBICUTH KPUTUUECKYIO BEIMUHUHY, UTO
TaKUM 00pa3oM MPEIOTBPATUT Pa3pyLICHNE METAITU3H-
POBaHHOTO OTBEPCTHSI.
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Puc. 1. DnexTpuyeckue COSIMHUTENN 10 MOHTaXa (@) ¥ TOCie MOHTaxa (0):
1 —TIIT DJIEKTPOHHOI'O MOJYJIA, 2— COCAWHUTCIIbHAA HH, 3 — BuJIKa COCOUHUTECIIA, 4— PO3€TKa COCAUHUTEIIA; 5 — XBOCTOBHK BBIBOJIA
PO3CTKU — KOHTaKTHBII LITBIPb BUJIKHU; 6— KOJIOJKa, IpeAHa3HaUYCHHAas IS O6paSOBaHI/I$I BUJIKH, 7— PO3CTKa; 8 — KOHTaKTHOE COCIMHCHHC
HaKpyTKOI

Puc. 2
1 — XBOCTOBUIK BBIBOJA; 2 — METAINIM3UPOBAHHOE OTBEpPCTHE; 3 —
ocHoBanue I1I1

HawuOosee n3BeCTHBIM SIBISIETCS KOHCTPYKTUBHOE pe-
IIEHUE 3alPECCOBBIBAEMOT0 KOHTAKTA 0] Ha3BaHHUEM
«HTOJIBHOE YIITKO». TaKuM «YIITKOMY SBJISIETCS MTPOIOITh-
HOE OTBEPCTHE B IIITHIPE, KOTOPOE MO3BOJISIET U3MEHSITh
pa3Mep KOHTaKTa B TIONIEPEYHOM CEYCHHU U TaKHM 00-
pa3oM KOMIIEHCUPOBATH U3IIUIIHEE YCUITUE MTPU 3arpec-
COBKE KOHTaKTOB (puc. 3).
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Puc. 3. Konraxkr, 3anpecco-
BaHHBIH B METAJNIM3UPO-
BaHHoe oTBepctue I1I1:
11— 3aHp€CCOBLIBaCMI>II>II KOH-
TaKT; 2 — KOHTAKTHas IIOIIA/I-
Ka Ha METAJIJIM3UPOBAaHHOM OT-
BepcTHn; 3 — ocHoBanue [111;
4 — OTBEPCTHUC THUIIA «HUTOJIb-
HOE YIIIKO»

Taxue KOHTAaKThI LIUPOKO UCIIOJIB3YIOTCS U B HACTOS -
I1ee BpeMsI BEAYIIUMHU (HPMaMH, BEIITY CKAFOIITFIMH JJICK-
TpUYecKue coenunuTent [4, 5].

Cy1iecTByeT JOCTaTOYHOE KOJIMYECTBO BAPUAHTOB (op-
MBI KOHTaKTOB JJIs 3allPECCOBKU B METAJUTU3UPOBAHHbIE
oreepcrus [1I1. HekoTopble U3 HUX, HaKOOJIEe YacTo HC-
TI0JTb3yEMbIE B COSIMHUTETISIX, TIPE/ICTABIICHBI Ha pUc. 4 [6].
31ech ¥ Ha APYTUX PUCYHKaX pasjieia 0003Ha4eHo: [ —
3aMpecCcOBBIBAEMBIN KOHTAKT; 2 — METATU3UPOBAHHOE
orBepcrue; 3 — ocHoBanue [1I1; 4 — koHTaKTHAS TLJT0-
IaJKa.

%
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/ A

Puc. 4. ITonepeunoe ceyeHue paboueii 4acTH KOHTAKTOB IS
3alPpeCCOBKU pa3IuyHON (HOpMBI

®dopma KOHTAKTOB BEIONPACTCS TAKOH, 4TOOBI KOMITCH-
CUPOBATh pa3MepHbIE MOTPEIIHOCTH OTBepcTHid. I1pu 3a-
IIPECCOBKE OHMU MOJIBEPTratOTCs YIIPYIroil U 0TYacTH Iuiac-
tuaeckoit nedopmanyu. COOTHONICHUE dTHX BHIOB JIe-
(hopmaruu 1, COOTBETCTBEHHO, HaIEKHOCTh KOHTAKTHBIX
COCJIMHEHUH OIpeeNsieTCs] TAKUMU KOHCTPYKTHBHBIMH
(hakTOpaMu Kak COOTHOIIIEHUE pa3MEPOB KOHTAKTA U Me-
TAJUTU3UPOBAHHOTO OTBEPCTHS U (popMa MOMEpeuHOro ce-
YeHUs1 KOHTAKTa, B TOM YHCJIEe KOJTMYECTBO KOHTAKTHBIX
ToueK. bosbliasi T0BEpXHOCTb KOHTAKTa YCJIOXKHSET I1pOo-
LIECC 3aIIPECCOBKHU, MaJlasi — CHUKAET HAIeKHOCTh KOH-
TAaKTHOTO coequHeHus . KoMIpOMUCCHBIM pelIeHHEM
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4 Puc. 5. KoutaxT B (bopme JTOTouKH

MOXKET OBITh YBETMUCHUE KOJTMIECTBA KOHTAKTHBIX TOUCK
IIPU OTHOCUTEIBHO HEOOBIION MIOIAH KOHTAKTHPO-
BaHUsL.

Ha pwmc. 5 npencrasiena V-o6pa3nas ¢popma ceue-
HISL KOHTAKTa CO CKPYIIICHHBIMH KpasMu. KoHTakT nmeer
(opMy JT070UKH, HA THE KOTOPOI PACTIONIOKEHBI /1B T1a-
pasutenbHbIX Kuiis. [Ipy 3anpeccoBke 00pa3yeTcst YeThl-
pe KOHTaKTHBIX ydacTka [7].

Hirke, Ha puc. 6 mpuBeIcH BApHAaHT KOHCTPYKTHBHO-
TO BBIITOJTHEHMSI KOHTAKTHOTO MTHIps [1-06pa3Horo ce-
YCHUS B CPeJHEH 4acTH, KOTOpas 3alpECCOBBIBACTCS B
MetayutuposanHoe otBeperue II1. OcoObeHHOCTHIO KOH-
TaKTa SIBJISETCS TO, YTO MPH €r0 3aIpPEeCCOBKE OOKOBBIE
MIOBEPXHOCTH IE(POPMUPYIOTCS, IPUHUMAIOT (HOPMY TT0-
BEPXHOCTH OTBEPCTHS U TAKMM 00pa30M HAICKHO (PHK-
cupyroTcst B HeM [8].

a) 0)

AL —tA

A—A

7%

Ha puc. 7 npencraBieHa KOHCTPYKLUS KOHTAKTa JUIsl
HAJIEKHOT'O JIEKTPUUYECKOrO COEAMHEHUS €ro YIpyroi
MOHTaXHOH 4aCTH C METAININ3UPOBAaHHBIM OTBEPCTHEM
IIT [9].

B MOHTaXHOI yacTH KOHTAKTa KPYIVIOTO CEUCHUs ITpU
3aIPEeCCOBKE MPOU3BOJAUTCS OTHOCUTEIbHBIA CABUT 10
JIFaMeTPaTbHOH ITOCKOCTH 00CHX MTOJIOBHHOK KOHTAKTA.
Bremnuit pazMep ynpyrux moJIoBUHOK JI0 3aITPECCOBKH
IIPEBBILIACT AUAMETP METALIU3UPOBaHHOro oTBepeTys I111

Puc. 6. KoHTakTHBIH MITHIPL
[1-o6pa3Horo ceueHus:
a— J10 3alIpeCCOBKHU; 6 — 1ocie
3alpeCCOBKU

Puc. 7. KontakTHbIi IITHIPH
KPYIJIOTO CEUeHUS:
@— J10 3aIPECCOBKH; 6 — 110C-
JI€ 3aIPEeCCOBKN

a) 0)
1
Ay 4A
1 2 3 4
A—A Puc. 8. Konrakthblil mThIph
1 T-00pa3Hblil 3epKaIbHbIH:
@@/ a — J10 3aIIPpECCOBKHU; 6 — mociie
3aIIpeCCOBKU

— TaKuM 00pa3oM TapaHTHPYETCS AICKTPHIECKOE CO-
enuHenue koHtakra ¢ [1I1. B To sxe Bpemsi, HOABUKHOCTh
MTOJIOBUHOK KOHTAKTa HE TIPUBOIUT K Pa3pyIICHHUIO CJIOS
MeTaJUIM3allMU B OTBEPCTUH TIPH 3aIIPECCOBKE KOHTAKTA.

AHaJIOTMYHOE KOHCTPYKTUBHOE PELIEHNE UMEET KOH-
TaKT, IpecTaBiIeHHbIN Ha puc. 8 [10].

HaznexxHoe snekTpuyeckoe COeMHEHNE KOHTaKTa ¢
MeTauT3upoBaHHBIM oTBepcTueM 111 obecnieunBaeTcst
3a cYeT ynpyrou feopMaryy yTONIEeHHOTO IICHTPallb-
HOTO y4acTKa KOHTAKTa, KOTOPBIA UMEET MOTEepeyHoe ce-
YeHUE B BUJIE Maphl 3ePKAIBHO PACHOI0KEHHBIX T-00-
pasHbBIX GHUTYD.

Ha pmuc. 9 [11] mpeacraBiieHsl 1Ba BapuaHTa KOH-
CTPYKLIMH LITBIPEBbIX KOHTAKTOB, TAKKE PETHA3HAYEHHbBIX
U151 3aIIPECCOBKU B METANIM3UPOBAHHbIE OTBEPCTHUS I1€-
YaTHBIX IUIaT YTOJIIIEHHBIM YUYaCTKOM, KOTOPBIH 00pazy-
eTCsl IyTeM Pa3IBOCHUS YaCTH KOHTAKTa y3KOH MPOA0IIb-
HOW IIEJIbI0 M CKPYTJICHHSI YIJIOB Ha 9TOM y4acTke (Ba-
puaHT a). B pe3ysbrare nonepeyHoe ceueHre yToNIIEeHUs
npuobpetaet hopMy Mapbl paaraaIbHO PACITIONOKESHHBIX
CUMMETPHUYHBIX CEKTOPOB KPyTa, OTACJIEHHBIX APYL OT
Jpyra no xyre Ha 20—30°.

Hanexxnoe a1exrpuieckoe coeiMHEHUE KOHTaKTHO-
TO MITHIPS C METANIN3UPOBaHHBIM oTBepcTHeM 111 mo-
CTHUraeTcs 3a CYeT YIpyroi aedopManuu yToImeHHOro
LEHTPaAJIbHOI0 y4acTKa MITHIPSL.

a) 0)

\V; W

Puc. 9. KoHTakTHBIE IITHIPU KBAAPATHOTO (@) U Kpyrioro (6)
CEUYEHMsI C YTOJIIEHHON IIEHTPaIbHON YacCThIO

TexHOI0rHs 1 KOHCTPYMPOBAHHE B YJIEKTPOHHOM anmaparype, 2009, Ne 3
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a) 0)

Puc. 10. [lItamnoBanHbIi
KOHTaKTHBIN IITHIPb 10 (a)
u nocse (6) 3arpeccoBKH

OCOOCHHOCTHIO KOHTAKTHOTO IITHIPSI, TIPEICTABICH-
Horo Ha puc. 10, sBisieTcs TO, YTO U3rOTABIMBAETCS OH
IITaMITOBKOH M3 JIMCTOBOrO Matepuaia. KoHTakTHoe riek-
TPUUECKOE COeIMHEHHE 00paszyeTcs 3a CUeT IUIacTHye-
CKOI1 epopManiuy MeTaT3upoBaHHOTo oTBepcTHs [111
3jeMeHTaMu WThIpA [ 12].

KoHTakT nmeeT HUIMHIPUYECKOE YTONILEHNE B Cpel-
Hell yacTu ¢ TpeMs ANaCTUUYHBIMUA OTOTHYTBIMU Hapy XKy
nenectkamu. [locnenHue co3ma0T ¢ METaNIM3UPOBaH-
HBIM OTBEPCTHEM IIEYaTHOH IJIaThI Ta30HENIPOHULIAEMOE
NEKTPUYECKOE COETUHEHUE.

MHoroo6pa3ue KOHCTPYKTHBHBIX PEIICHUH KOHTAKT-
HBIX COCTMHEHUH ITHIPEH C METAJUTM3UPOBAHHBIMHU OT-
BEPCTHSIMU NIEYATHBIX IJIAT O3BOJISIET CPABHUBATD UX I10
pas3nuuHbIM Kputepusim. [Ipu 3Tom ocoboe 3HaueHHe
UMeeT KpUTepuil HaJlexKHOCTH. HaieskHOCTh 3aBUCUT OT
MHOTHUX (DaKTOPOB, B TOM YHCJIC U OT MEp IO IPEJOTBpa-
LICHUIO BO3MOKHOTO Pa3pyLIEHHUsI KOHTAKTOB.

Ha puc. 11 npeacraBieHo KOHTAKTHOE COSIUHEHUE
IITHIPS C METATM3UPOBAaHHBIM oTBepcTreM [1IT[13].
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Puc. 11. KoHTakTHOE COE€IMHEHHE MOBBIIICHHON HAAEKHOCTH:

] — KOHTaKTHBIN IITHIPb; 2 — METATM3UPOBAHHOE OTBEPCTHUE; 3 —

ocHoBanue I1I1 H3 CTCKIIOTCKCTOJINTA, 4 — JOITOJIHUTECIIBHBIC CIIOU

ocHoBanus [T u3 cMOJIBI; 5 — BHEIIHNE KOHTAKTHBIC TUTOIIAIKH; 6 —
BHYTPCHHHEC KOHTAKTHbIC IIOIIA KN

KoHcTpykiust 00ecrieuBaeT MOBBIIICHHYIO HaJIeK-
HOCTBh KOHTaKTHOT'O COCAMHEHMS 32 CUCT IPEIOTBpAaIlIe-
HHS pa3pyLIeHHs METAJUTM3UPOBAHHOTO OTBEPCTHS B Te-
YEeHUE MTPOIOIDKUTENEHOTO BpEMEHH PadOTHI. DTO perra-
€TCsl 3a CUET UCII0Ib30BaHMs JIOTIOJHUTEINILHBIX CIIOEB U3
CMOJTBI, UMEIOICH TTOHIDKCHHOE MEXaHHIECKOe COIIPO-
THBIICHHE, & TAKKE CTYIIEHYATOH ()OPMBI OTBEPCTHS, KOTIA
JaMeTp Ha BXOJIe 1 BEIXoze oTBepcTus (d) OonbIie au-
ameTpa B OCHOBHOW YacTH OTBEpPCTHSA ().

Crenyet oOpaTHTh BHUIMAHUE HA OJHY U3 ITOCIEIHUX
pa3paboTOK KOHTAKTOB JJIsl 3alPECCOBKH — KOHTAKT
Multispring, npeyiokeHHbINA KoMmanuei Molex (puc. 12)
[6]. Dopma KOHTaKTa yUUTHIBACT HETOCTATKU MIPEIBITY-
MIAX BapHAHTOB U, B IIEPBYIO OUEpe/b, MpeaHA3HAYCHA
JUISL MCHIOJIB30BAaHMS B DJIEKTPUYECKHX COCIMHHUTEIISX,
COOTBETCTBYIONIMX cTaHaapTy DIN 41612.
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0202020%026%6%0% %% %% %% %% R pRetetetete e e e oo e e tebed
RIS \ RIRIRRARIANKIA]

Puc. 12. Konrakr Multispring:
1 — 3anpeccoBbIBaCMbIii KOHTAKT; 2 — METAUIU3UPOBAHHOE OTBEPCTIC;
3 — OCHOBAHHE TIEYATHOM TUIAThI; 4 — MONPY>KUHEHHBIE DIIEMEHTHI

KagecTBo 3meKTprueckoro KOHTAKTUPOBAHUSI OYCHB
CHJIBHO 3aBHCHUT OT JIOTTYCTHUMBIX OTKJIOHEHUH CoTIpsirae-
MBIX JITHEHHBIX pa3MEPOB KOHTAKTHBIX IITHIPEH 1 METalI-
mu3upoBaHHbIX otBepetuit [111. B onuckiBaemoii pazpabot-
Ke [0] mpu IuameTpe MEeTalTU3MPOBAaHHOIO OTBEPCTHS
1 MM foryckaroTcst ipeiesibHble oTkiIoHeHus +0,09 MM u
—0,06 MM, 4TO 3HAYUTEIHHO MOBBILIAET BEPOSITHOCTH IO-
JTy4EHUs1 KAU€CTBEHHBIX COEIMHEHNH. DTOT MOKa3aTeilb
COOTBETCTBYET JYUIIUM KOHCTPYKTUBHBIM BapHaHTaM
KOHTAKTHBIX COSAMHEHUM [4, 5].

Oco0eHHOCTBIO0 ATOH pa3pabOTKH SBISETCS IPUMEHE-
HUE YeThIpeX MOJNPYKUHEHHBIX 3JIeMeHTOB (puc. 12).
3a cyet HUX 00ECTICUNBAIOTCS CIIEAYIONINE TPEUMYIIe-
CTBa ¥ TIOKA3aTEeJIM KOHTAKTHBIX COSTMHEHHI:

— I'€pMETUYHOCTh COEIMHEHUS, YTO MOJIOKHUTEIHHO
CKa3bIBACTCS Ha JIOJITOBPEMEHHOM CTA0MITbHOCTH KOHTAKT-
HOT'O COIIPOTHUBJICHHUSI;

— MHUHUMAJILHBIN PUCK 00pa30BaHHS MEXaHUICCKUX
MTOBPEKICHU MPHU 3aIIPECCOBKE;

— HajaexHoe yaepxanue B [111;

— BBICOKAsl yCTOMYMBOCTH K BUOPAIIHSIM;

— BO3MOKHOCTH HEOJJHOKPATHON YCTaHOBKU OJHO-
ro ¥ TOro ke kontakra B [1I1.
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HW3BecTHBI 1 ApyTHE KOHCTPYKTHBHBIC PETIICHUS HJICK-
TPUYECKUX KOHTAKTHBIX COSTMHEHH, KOTOpEIE 00pasy-
I0TCSI 3aIPECCOBKOM KOHTAKTHBIX IMITHIPEH B METAUTH3H-
poBannsie otBepctus [1I1[14, 15].

OO01meit 0cCOOEHHOCTHIO BCEX PACCMOTPEHHBIX BapH-
AHTOB KOHTAKTHBIX COCIMHEHHU SIBIISTIOTCS JOCTATOYHO
0oJIBIINE Pa3MepBI, YTO OTPAHUYUBACT UX IPUMECHCHHUE B
KaueCTBE BHIBOIOB MUHUATIOPHBIX ANICKTPOHHBIX KOMIIO-
HCHTOB.

KonTakTHbIE COCINHCHHSA, oﬁpasonaﬂnue 3a CUeT
npuKkumMa

CoeanHeHMs TaKOTO pojia 00paszyroTcs 3a CUeT IIIOT-
HOTO COTIPUKOCHOBEHHSI KOHTAKTHPYIOLIUX MOBEPXHO-
cteif. KauecTBO KOHTaKTa, KaK M3BECTHO, 3aBUCHT OT d(-
(heKTUBHOH TUIOINAIN KOHTAKTUPOBAHHS MHOYKECTBA TO-
YeK ¥ CHJIBI IPM)KAMA KOHTAKTUPYFOIIIUX TOBEPXHOCTEH.
B 3aBUCHMOCTH OT TOTO, KaK peain3yroTcs 3Th (akto-
PBI, CYIIECTBYET HECKOJIBKO KOHCTPYKTHBHBIX BapHaH-
TOB KOHTAKTHBIX coequuenuii Ha [1I1 0e3 ncronbp30BaHus
MaNKH:

— IJ1s1 yBeJTU4YeHUS dPPEKTUBHOM IO KOHTAK-
THUPOBAHUS B KAYE€CTBE KOMIIEHCATOPA HETJIOCKOCTHOCTH
KOHTaKTHPYIOUIUX ITOBEPXHOCTEN UCTIONB3YETCs 21aCTO-
MEPHBIH BKJIa/IbIL;

— B KauecTBE MPOMEXKYTOUHOTO KOHTAKTHOTO dJie-
MEHTAa, U B TO )K€ BpeMsi KOMIIEHCATOPa HEMJIOCKOCTHOCTH,
WCTIOJIB3YETCs AIIACTOMEPHBIN OPYCOK C TOKOMPOBOIS-
[IAMH 00IaCTAMHU;

— J1715 3HAYUTENILHOTO YBEITMYECHUS JIOKAILHOTO KOH-
TAKTHOTO JIABIICHHSI KCIIOJTB3YETCs IPHYKUM C BPE3aHUEM.

Haubonee yacTo NpUMEHSIOTCS KOHTaKTHBIE COETU-
HEHUsI IEPBOMN TPYIIIBI — € UCNOAb308AHUEM INACTHUY-
HbIX GKIAObILUE.

B kauectBe npumepa Ha puc. 13 npencraBieHo KoH-
CTPYKTHBHOE PEIICHUE IMEKTPHICCKOTO COCMHCHUS TIe-

\

AN ARANNY

Puc. 13. Dnexrpuyeckoe co-

€IMHEHHE TeYaTHBIX IJaT

COCAUHUTEIIEM, MOHTHUPYE-
MbBIM O€3 IMaiKu:

1 — TIIT 21eKTPOHHOTO MOJYJIS;

2 — coenunuTenpna I1IT; 3 —

PO3ETKa COCIMHUTEIIS; 4 — TPYTI-

MOBO¥ KOHTAKTHBIM 3JIEMEHT Ha 5

OCHOBE THOKOIO IMEYaTHOro Ka-

0eJist; 5 — BIIaCTHYHBIN BKIIAIBIIIT

xxxxxxxx RXXI

YaTHBIX IUIAT TIOCPEICTBOM COCTUHUTEIISI, MOHTUPYEMO-
ro 0e3 maiiku [16].

ITeuaTHas ruiaTa 3IEKTPOHHOTO MO / ¥ COSTUHU-
TeJbHas Miata 2 NEKTPUUECKH COCIUHSIOTCS TOCpe-
CTBOM PO3ETKH 3, B KOTOPOW B KauecCTBE I'PYMIOBOTO
KOHTaKTUPYFOIIETO 3JIEMEHTA UCIIONIb3yeTCsl THOKHH Tie-
YaTHBIN Kabesb 4 C pacioioKEHHBIMU Ha HEM TOKOIIPO-
BOJISIIITIMH JIOPO’KKaMHU-KOHTakTamMu. KOHTaKThI prKu-
MAaIOTCSI K aHAJIOTUYHBIM JIOPO’KKaM-KOHTAKTaM: C OJTHOU
croponbsl — Ha I1I1 7, ¢ gpyroil cropoHsl — Ha coenu-
autenbHoM [1IT 2. DimacTHUHBIA BKJIA I 5 BRIITOJIHIET
POJIbL KOMITEHCATOPa HETUIOCKOCTHOCTH KOHTAKTUPYIOIINX
MOBEPXHOCTEH M CO3/Ia€T OTHOCUTEIBHO PAaBHOMEPHOE
JIaBIICHHEC B MECTaX KOHTAKTHBIX COCHUHCHUH. TakuMm
00pa3oM CO3/1ar0TCs yCIIOBUS JJIsi 00pa3oBaHUs ra3o-
HEITPOHHUIIAEMBIX COCTUHEHUH ¢ OOJTBIIION TUIOIIAIBFO KOH-
TaKTUPOBAHUS U HEOOXOMMBIM JABJICHHEM.

Hcnonvzosanue snacmomepnozo 6pycka ¢ moko-
npogodsuumu oonacmamu. Takoe KOHCTPYKTHBHOE pe-
IICHHE IEKTPUIECKOTO COSTUHEHMSI JICKTPOHHBIX KOM-
ITIOHEHTOB C MeYaTHOH TJIaTOM MOSBUIIOCH B CBS3U C HE-
00XOIMMOCTEIO COSIUHATH TOHKOIUICHOYHBIC KOHTAKTHEIC
IUTOIIAJIKH MaJIOTa0apUTHBIX OCCKOPITY CHBIX KHUIKOKPH-
CTANTMYECKUX WHAMKATOPOB C KOHTAKTHBIMH TUIOIIA-
kamu 111 (puc. 14).

Puc. 14. DnexTpuyeckoe coelMHEHNE KOHTAKTUPYIOIINX T10-
BEPXHOCTEH C MOMOIIBIO 3JIACTOMEPHOTO OpycKa:
| — DNEKTPOHHBII KOMIIOHEHT (MHAUKATOP); 2 — KOMMYTAIlMOHHAsI
[1IT; 3 — snacToMepHbIit OpYCOK; 4 — TOKOIIPOBO/AIAs 00JIACTh

Ipo6Gnema cocTosiia B HEBO3MOKHOCTH BBITTOJIHEHNUS
MAWKON HAaJeKHOTO KOHTAKTHOTO COSTUHEHS HAITBLICH-
HBIX Ha IMMOJIOKKE MHAUKATOPA KOHTAKTHBIX MJIOIIAJ0K C
KOHTaKTHBIMH rutoraakamu [I1 HanpsiMyto 1im ocpe-
CTBOM IPOBOJIHUKOB.

Oty npobiieMy pelnaeT UCIoIb30BaHNE IACTOMEp-
HBIX OPYCKOB C TOKOIIPOBOSIIUMH OOJIACTSIMH, KOTO-
PBIC YTEKTPUICCKHU COSTUHSIOT PaCIION0KEHHBIC HAIIPO-
THUB KOHTaKTHbIC tutoraaku [1I1 u unaukaropa. CBoiicTBO
AIACTHYHOCTH Marepraja OpycKa MO3BOJISET CKOMIICH-
CHpOBAaTh BCE HEPOBHOCTH ¥ CO3IIaTh HAJICKHBIC ra30-
HETIPOHUIIAEMbIE KOHTAKTHBIC COCIMHCHHUSL.

OueBHU/IHO, YTO TAKOE KOHCTPYKTUBHOE PEIlIeHHE Tpe-
OyeT MpUMEHEHHsI TOTOTHUTENBHBIX KOHTAKTHBIX JJIEMEH-
TOB (3IIACTOMEPHBIX OPYCKOB), a OOJIBIICH YacTbi0 — U
KPEIEKHBIX 3JIEMEHTOB, OJIHAKO pellieHa BayKHAsI 3a/1a4a
3IEKTPOMOHTAXKa OECKOPIYCHBIX JJIEKTPOHHBIX KOMIIO-
HCHTOB B MUHUATIOPHOH 3JICKTPOHHOI ammaparype 6e3
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Puc. 15. YcraHoBKa 1 MOHTaX
KKHW B panmod’nekTpoHHOM
OJ10Ke:

1 — Iepeanss 1maHejb ¢ OKHOM;
2 —TIIIT; 3 — XKKU; 4 — smacro-
MEepHBIN OpyCOK; 5 — pamka s
KperuieHus

WCIIOJIb30BAHNS MANKHU U ¢ 00eCIIeYeHUEM PEMOHTOTPH-
TOJTHOCTH.

[Ipumepom KCIONB30BaHUS ITOTO KOHCTPYKTHBHO-
TEXHOJIOTMYECKOTO PEIICHHS SIBISIETCS YCTAaHOBKA JKUKO-
KPUCTAJUIMYECKOTO MHINKATOPa 3 B PAINOTIEKTPOHHOM
omoke (puc. 15) [17], kotopsrii MouTHpYeTcst Ha [111 2 ¢
WCITIOJIb30BAHKUEM DJIaCTOMEPHOTO Opycka 4. [Tpu sTom
obecnieunBaercs pacnonoxenne XXKU B okHe nepeaHeit
MaHeu OJIoKa /, a MEXaHHYEeCKOE KPEIICHHE BCEH 3TOM
CTPYKTYPBI BBITIOIHSIETCS C TIOMOIIIBIO PAMKH 5 ¥ BHHTO-
BBIX COE€IMHEHUH.

Ipuoicum ¢ epezanuem. IlpuMep KOHTAKTHOIO CO-
€IMHEHH BBIBOIA (3TO MOXKET OBITh BBIBOJI 3JIEKTPOHHO-
TO KOMITOHEHTA) C KOHTAKTHOM TITOMIA/IKON OJTHOCTOPOH-
ueit [1I1 (@) u neyxcToponneit [1I1 (6) mpencrabieH Ha
puc. 16 [18].

B 5TOM KOHCTPYKTHBHOM BapHaHTE COSMHEHHUS UMe-
eTCsl HaIpaBIIAIoIasl BBICTYIIAIOMIASA 3a0CTPEHHAsI YACTh
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Puc. 16. KoHTakTHOE COEIUHEHUE C BPE3AHUEM:!
1 — KoHTaKTHBIH BBIBOJ; 2 — oxHOCcTOpoHHsA [1I1; 3 — nByxcTopoHn-
uss [111; 4 — manpasnstoniast 9acTh BEIBOJA; 5 — KOHTAKTHPYIOLIHE
YaCTH BBIBOJIA

4, KoTOpas BXOAUT B 0OOBIYHOE JTMOO METaLTU3UPOBaH-
Hoe otBepcTHe [1T1. MHOXKeCTBO KOITbEBUIHBIX YACTEN J,
PacoJIOKEHHBIX BOKPYT HAIpaBIISIONIEH YacTH, Ipe/i-
HA3HAYEHO I 00pa30BaHUA MHOKECTBA TOUEK KOHTAK-
trupoBanus ¢ [l myTeM Bpe3aHUs B KOHTAKTHYIO IJIO-
Ia/IKy TI0JT IEWCTBUEM YCHUITUS TIPHKUMA.

KonTakTHBIE COCIMHCHMUSA, 06pa30BaHHLIe 3a cuer
HapaluBaHUusA METa/lJiIa HAa BbIBOAbI 3JIEKTPOHHBIX
KOMIIOHEHTOB

Peus net o0 HeMOCPeICTBEHHOM MPUCOSTMHEHHUH TIPO-
BOJHUKOB YJICKTPOHHOTO OJT0KA K KOHTAKTHBIM ILTOIIA -
kaMm uHTerpanbHbIX cxeM (MC), KoTopble peICTaBICHBI
B OECKOPITYCHOM HCTIOTHEHHH. DTO MOYKHO OCYIIECTBUTD
Oyrarosiapsi TEXHOJIOTUN «BHYTPEHHETO MOHTaXa» [ 19—
23]. DnexTpuuecKuii MOHTaX, BBITIOJHEHHBINA TI0 3TOH
TEXHOJIOTH, UMEET 3HAUUTEIIbHbIE IPEUMYIIECTBA: CHU-
JKaeTcs BIIMSHUE Apa3UTHBIX SBICHUH, yBETUUUBACTCS
osicTponeiictBue C 1 nmoBbILIaeTCs UX HAZEKHOCTD.

Konctpykims pyHKIMOHAIEHOTO MOAYJIS, BHITIOTHEH-
HOT'0 10 TEXHOJIOTUH «BHYTPEHHETO MOHTa)Kay, PE/ICTaB-
nena Ha puc. 17 [20]. OcHoBa Moayns [/ U3 aHOAUPO-
BAaHHOTO AJIOMHUHUS WM KEPAMUKU COJCPKHUT MPSIMO-
YTOJIIbHBIE OTBEPCTHS 2, B KOTOPHIE BKIIA IHIBAIOT KPUCTAII-
161 UC 3. OHUM QUKCUPYIOTCS ¢ TIOMOIIBIO AUAICKTPH-
YECKOTO CJIOsI, HAapuMep MOTUUMUIHOMN MJICHKU 4, KO-
TOpasi NPUKJIEUBAETCS K BEPXHEH MIIOCKOCTH OCHOBBI U
BEPXHEH CTOPOHE KPUCTAJIIOB, COAEPKALIUX KOHTAKT-
HBI€ IJIOLIA KU,

\

Puc. 17. Ceuenue QpyHKIMOHATIBHOTO MOJIYINS C «BHYTPEH-
HUM MOHTaKOM:
1 — ocHoBa MOyl (METa1, KepaMHKa); 2 — MPAMOYTOJIbHBIE OT-
Bepctust; 3 — kpuctamibl UC; 4 — ciion AndIeKTPHKa; 5 — TOKOBEILY-
1€ JOPOKKH; 6 — rajTeNb HasHOr0 COCANHCHHS; 7 — MAaCCUBHBIN
3IEKTPOHHBIH KOMIIOHEHT

w

1 2 3 2

MeTo10M HOHHOTO TPABJICHHUS B TIOJIMUMHTHOM IUICHKE
(hOPMHPYIOTCSI OTBEPCTHSI, KOTOPBIE BCKPBIBAIOT KOHTAKT-
Hele wiomaaku UC. Jlanee, ucronbiys Tpadapert, npo-
PE3U-TTMHUK KOTOPOTO COOTBETCTBYIOT TOMOJIOTHH CIIOSI,
(hOpPMUPYIOT TOKOTIPOBOISIIIIHE JOPOKKH 5 U3 MEITH Me-
TOJIOM CILIOIIHOTO HarblUieHus. Takum oOpa3om Oe3 maii-
KH M CBapKH TOJYYaeTCs JIEKTPHUECKOE COCIMHCHHE
KOHTaKTHBIX 1toma ok C ¢ TOKOBEILyIUMH JTIOPOXKKa-
MH KOMMYTaIlHOHHOH TUIAThI /.

Jliis co3anusi BTOPOTO M MOCTESIYFOIAX KOMMYTa-
IIMOHHBIX YPOBHEW BHOBb MTOOYEPEITHO HAHOCSTCS aHa-
JIOTHYHBIM 00pa3oM JUAJICKTPUUYCCKHE U TPOBOIAIINE
ciou. [Ipu 3TOM 0THOBpEMEHHO ¢ (HOPMUPOBAHHEM T10-
CIIEIYIOIIET0 YPOBHS TOMOJIOTHH TTAThl (POPMHUPYIOTCS
[IEPEXO/IHBIE COEIMHEHNUS BEPXHETO U HUIKHETO YPOBHEM.

ITaccuBHBIE 2IEKTPOHHBIE KOMIIOHEHTHI 7 MOHTUPY-
IOTCSI Ha IJIaTy C TIOMOIIBIO MAKH.
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7 2 6 5 4

Puc. 18. Ceuenue QpyHKIHOHAIBHOTO MOIYJISI C «BHYTPCH-
anM MoHTaxxom» MC Ha nByxcroponneit I111:
1 — 6asoBast qyxcroponHsisi [111; 2 — cTonbuku it MexXypOBHEBBIX
COCIIMHEHUIA; 3 — 3aIOJHUTEINb (STTIOKCHIHASI CMOJIa); 4 — KOHTaKTHbIE
IUIOIIA/IKH; 5 — TOKOBeAyLue 10poxku; 6 — UC; 7 — nonumepHas
IUICHKa

DYHKIIMOHAIBHBIA MOJTYJb, U3TOTOBICHHBIN IO TEX-
HOJIOTUH «BHYTPEHHETO MOHTaXa», UMEET, KPOME yKa-
3aHHBIX BBIIIE, HEOCTIOPUMbIE PEUMYIIIECTBA 110 TAKUM
MOKAa3aTelsiM KakK pa3Mepbl, Macca, BAOPOyCTOMYUBOCTH,
SKOJIOTUYHOCTb.

JlpyruM mpuMepoOM HCTOJIB30BAHUS TEXHOJIOTHH
«BHYTPEHHETO MOHTAXa) SIBIISICTCSI KOHCTPYKTUBHO-TEX-
HOJIOTHYECKOE pelieHre (YHKIIMOHATFHOTO MOIYIIS C
BCTpaMBaHUEM JJIEKTPOHHOTO KOMIIOHEHTA B Buje Oec-
kopnycHoii IC B ocHOBaHHME KOMMYTAIIHOHHOH IJIaThl
(puc. 18) [23].

3neck B 6azoBoii aByxcroponnei [111 /, BbImonHeH-
HOW MO3UTHBHBIM KOMOMHHPOBAHHBIM METOJIOM, IIPOOH-
BaIOTCS IIPSIMOYTOJIbHBIE OTBEPCTHS, B KOTOPbIE KOHTAKT-
HBIMU TUIOIIAIKAMU BHU3 YCTaHABIIMBAIOTCS OECKOPITYC-
HBIE MHUKPOCXEMBI 6 ¥ (DUKCHPYIOTCS 3aMoJIHUTENEM 3.

B nanpHeiimem ¢ 00euX CTOPOH TUIATHI CO3AIOTCS
YepeyIoNInecs: TUAJICKTPHUECKUE 7/ U MPOBOJISITUE J
CJIOH, KOTOPBIE 00Pa3yIOT IOTIOTHUTEIbHBIC KOMMYTaIIU-
onnble ypoBHH [1I1, a Takxke cOeTUHAIOT HEOOXOAUMBIE
KOHTaKTHbIE Iu1ommaaku 6a3osoii [111u MC B 00111y KoM-
MYTaIMOHHYO TOTIOJIOTHIO (DYHKIIMOHATBHOTO MOYJIS.

X3

Henasasie KOHCTPYKIUHU IJICKTPUICCKUX KOHTAKTHBIX
COG,Z[I/IHCHI/II\& B DJICKTPOHHBIX IMEYAaTHBIX Yy3JIaX CCrOAHsA
3aHMMAIOT HEOOIBIIONM 00bEM B AIEKTPOMOHTAXKE SICKT-
pOHHOH ammapatypsl. Ho HX oTian4nTeIbHBIC CBOMCTBA,
MO3BOJISIOINE MOTyYaTh JydIIne, I0 CPaBHEHHMIO C T1a-
SHHBIMU COCAMHEHUSIMH, TEXHUUECKUE 1 SKOHOMUUYECKHE
MIOKa3aTelu, al0T OCHOBAHUE POTHO3UPOBATH 3 peK-
TUBHOCTb PACLINPEHHUS UX JalIbHEHIIETO HCIOIb30BAHUSL.
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