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Maiika neyatHoi nnatsl

MAedandﬂ NArKa Ne4YaTHom NAartbl — 3TO OYEHb npocroe, HO ogHOBpPeMeHHO U O4YeHb peaKo
BCTpeuatouleecs aeneHue. Yem MOXXHO 06BbSICHUTL AGHHOE NPOTUBOpeune?

Ecnu npeanbHas Naika — 370 JIerko, TO OTKYAd CTONbKO AOPAGOTOK U nepeaenok?

OTBeT, KOHEeYHO XKe, 3aKiio4YaeTcs B TOM, YTO 3TO NPOCTO, HO TOJZIbKO €CJ&iM 3HATb KAK,

a TAK)KE Y4YeCTb, 4TO 60nbLUas 4aCTb PEKOMEHAALMIA «IKCMEPTOB MO naiike» — owmn6ouHa.
BbinonHeHue NPABUN MOHTAXKA, COOTBETCTBYIOLLUX KOTPAC/EBbIM CTAHAAPTAMY,

rapaHTUpyeT OTKA3bl U BbiICOKUE 3aTpaThl.

IUBHUTEIBHO, HO MaJIO KTO 3HAET, KaK BBIMOJI-
HUTb HA[I©KHYIO AHKY, XOTsI OHA SIBILIETCS 0C-
HOBHBIM IIPOIIECCOM B COOPKE II€IaTHOM IITATHL.
BMecTo yMeHMs IasiTh 9acTo IPUOOpeTaeTcst IpeKpac-
HBII1 HaBBIK COKPBITUS Ie(heKTOB, HO 9TO COBEPIIECHHO
IpyTast 1 He caMast [OJIe3Hast CIOCOOHOCTD. A BH3YaJIbHO
IIpreMJIeMble COefITHeHNS He BCET/Ia Ha/IeXKHBI.
OrpomMHOe KOINIeCTBO BPEMEHHU U IeHET, KOTOPbIe
MHYCTPHst COOPKY 3IeKTPOHUKY BBLIENISET Ha 00y IeHue
U cepTH(UKANNIO CIEIHAINCTOB, 10 OOJIbIIeH 9acTU
mycTast Tpata pecypcoB. HuKTO HEKOTIa He HaydmIcs
nyieaTbHOM TafiKe, HOCETHB TPEHHHT 110 «OTPACIeBbIM
CTaHTapTaM».
B 571011 cTaThbe g1 00bACHIO, [IOYeMy HaJIeKHOCTD IIAUKK
[eYaTHBIX IIAT HACTOJIBKO YAPYUAIOIiast U KaKKe MepbI
HeoO6XOUMO IPeNIPUHSATH 151 UCIPABJICHUS CHTYAI[UH.

Mouemy 3auacryio He nony4yaercs upeanbHas
NArKa Ne4YyarHom NnarTbl

ITpo6ema BOT B deM: pu 06ydIeHUH, KaK IPaBUIIO,
OCHOBHOE BHUMaHHMe YJIeJsAeTCsl TOCTIKEHHUIO HY5KHOTO
BHEIITHEro BUJA IAKY, a He IOTy4YeHHIO KayeCTBEHHOTO
coenunenus. Ho «ripueMieMblit» BHEIIHUI B BOBCE
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He TapaHTHPYeT XOPOIIlee KaIeCTBO M OTCYTCTBHE OLIHOOK.
VIMeHHO TO, KaK ObLIO BBIIOIHEHO COSNUHEHNE, Opeie-
JIsIeT, Hale’KHO JIM OHO U He HaHeCeH JIU HeUCIIPaBUMBbII
yIep6 IpHUIIAsSHHOMY JIeKTPOHHOMY KoMioHeHTy (DK).

ITpu YpesMepHOIl TeMIIepaType U AIUTEIbHOM Bpe-
MEHHI HAarpesa MasuIbHUKA IPHUION Gy/ieT IPIINIaTh
U K OKHCSIM, U K 3arpsisHEHUsIM. BusyanbHo pesyis-
TaT TaKOIl MAIIKU BLIIJISUT BIIOJHE HOPMATIbHO, XOTS
Ha JieJie B COeIMHEHHH, CKOpee BCET0, OTCYTCTBYeT HHTeP-
MeTaJINIecKast CBsI3b, a [IePerpeB Pa3pyIiml WIH 13-
MEHHJI CBSI3U BHYTPH KOMITOHEHTa. DTO BefIeT K Hapy-
IICHISIM 3JIeKTPUYECKHX XaPaKTePUCTHK U COKPAIIICHUIO
CpoOKa CIy’KObI KOMITOHEHTa. Bcero HeckonbKO CeKyHI
HEIPaBUIbHOTO IPUMEHEHUsS MasTIbHUKA yMEHbIIIa-
eT CPOK CIY)KOBI KOMIIOHeHTOB Ha roxet! ITpu aTom
COe/[MHEHNE BHEIIIHE COOTBETCTBYET TPeOOBAHUSM,
a BHyTPEeHHee [OBPEKCHNe KOMIOHEHTA 3PUTEIBHO
He 00HAPY/KIBACTCS, 4 3HAYNT, HAPYIIICHIE TEXHOIOT UK
[AFKH HUKAK He (GUKCHPYETCs], U CJIOKUBILIASICS [UTATeB-
Hasl CUTYaIlUs IPOJOJIKACT IOBTOPATBCA U3 Pasa B Pas.

KpaTtkuit ucropuueckuit akckypc

DIeKTPOHMKA HE BCEr[a COCTOSIA U3 MOJYIIPOBO-
THHUKOBBIX KOMIIOHEHTOB. JlecsiTHIeTHs Ha3al, 3aI0JIr0
IO TIOSIBJICHUS TPAH3UCTOPOB U MUKPOIIPOIIECCOPOB, HO-
BEWIIINM I1ePeJJOBBIM OCTIKEHNEM OBUIN BaKyyMHBIE
9JIeKTPOHHBIE JIAMIIBL. DJIEKTPUIeCKHe COeTUHEHNS BbI-
TIOJTHSUTACH MPUIIaBaHUEM ITPOBOIOB K KJIeMMaM THe3],
B KOTOPBIE BCTABJISIHCH JIaMITBI. HekoTopsle pasbembl
U 11poBofia ObLIX TOBOJBHO MACCHBHBIME U MOTJIH 10~
[JI0IIATh GOJIBIIIOE KOJIMYECTBO TEIIa.

He ouenb adeKTHBHBIE [TasUTBHIKY ITPEBpPALLIaIH OJTeK-
TPIYECTBO B TEIUIO Koe-Kak. [109ToMy ITTaBHOI CIIOKHO-
CTBIO BO BpeMsI NANKK ObUIO IIPeIOTBPAIl[eHNe 3aCThIBA-
HMS IIPHIIOS IO TOTO, KaK OH 3aTedeT TY/a, Ky TpeOyeTcs.
Meroipr, paspaboTaHHbIe CIENUAIBHO IS PELIIeHHS STOM
3aJ1a4y, II03BOJLUIM MAKCUMHU3UPOBATh KOJIMYECTBO IIpUMe-
HsIEMOT0 TeIlTa. 3aIIUTa JIAMII OT HarpeBa He Tpe6oBaIach,
OHM BCTABJISUIHCH B THE3MIA TOJIBKO ITOC/IE OKOHYAHIIS ITAHKI
1 HEKOTTIA He TIOJ[BePTAIIICh HaTPEBY OT MasUTbHIUKA.

[TosiBieHMe TOTYIPOBOIHUKOBBIX KOMITIOHEHTOB U3~
MEHIWIO 9TOT oaxof. [Ipuroit Terepb HAHOCUIICS HEIIO-
CPEZICTBEHHO Ha KOMIIOHEHT, @ He Ha IIPOBOJL WU KJIeM-
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My pazbeMa. KOMITIOHEHTBI CTaJIU [O/{BEPraThCsl
HAarpeBy IIpH ITafike, X 9TO OKA3AJIO CYIIIECTBEHHOE
BIIMSIHYE HA UX HAZIGKHOCTD: IIEPerpeB yXyAIia
QIIEKTPUIECKHE XaPAKTEPUCTUKH.

1t TOro 9T06BI HPEJOTBPATUTH TIOBPEXKICHIE
[IPY HarpeBe BO BpeMsI IAKH, K BBIBOJIAM PSIIOM
C KOPITyCOM KOMITOHEHTa MOXKHO OBUIO ITPUKpe-
IUISATh METAUINYECKHUe 30KUMBL. TeIuIo MasuIbHIKa
TIOTJIOII[AJIOCH M PACCENBAIIOCH 3AKUMaMH IIPEKIIE,
YeM JJOCTUIHYTh KOPITyca KOMIIOHEHTA. 3aKIMbI
HasbIBTUCh paguaropami (heat sink) u obecrieun-
BaJIU YBEPEHHYIO 3aIUTY OT IIeperpesa.

C MOMeHTa ITOSIBJICHUSI TBEPJOTEIbHOI JJICK-
TPOHMKH Ka)kziast pabodast HHCTPYKIHS BKIIIOYa-
J7a B cebs TpeGOBaHUE UCIIOIb30BATh PaIUaTOPhI
(manpumep, «TpeOGOBaHMS K TIAMKe SJIEKTPOHHBIX
c60opox IPC J-STD-001G», paspen 4.6).

Ho papmatopsl ceiqac HUKTO He UCHOJIb3YeT!
Kax aTo0 peanmsoBaTh Ha IpaKTHKe? BBIBOJBI,
ecJIu OHM BOOOIIIe eCTh, CIMIIKOM Manbl. MecTa
IUIst KperUieHust paguaropa Het. Ho Bce yaeGHbIe
[POrPAMMBI IPOIOJDKAIOT YIUTH CTYIEHTOB Iie-
IJIATH 3KUMBL, Kak B 1960 rony.

OnnasneHue — He NANKaA

Janbrme 6osblrre. B Te romsl, Korna paspabarsl-
BAJIKCH [IPOIIEYPbI AUKHU, IOYTH BCE BHIBOBI
KOMIIOHEHTOB MMeJIU OJIOBSHHOE MK OJIOBSIHHO-
CBHUHI[OBOE TTOKPBITHE. DTU IOBEPXHOCTH OILIAB-
JISJTACH BO BpEMS «ITAWKU», U PACIIABIEHHBIN
MPHIION IPOCTO CTEKAJ U CMEIIUBAIICS C PACTIIAB-
JICHHBIM METAJIJZIOM Ha HOBCPXHOCTH, K KOTOpOﬁ
maiika ocyecTBisiach. OKCHupl, 6ynydn gerde
YHUCTOTO METAJIIA, BCIUIBIBAIM Ha TOBEPXHOCTD
JKUJKAX METAJUIOB, T/le KOHTAKTUPOBAIH C (IIio-
COM (KOTOPBIIT TOKE JIerde MeTajlla) M YJLUIUCh.

CosnaHue COeTMHe NI Ty TeM CMEILNBAHIIS Pac-
IUIABJICHHBIX METAJIIOB TOBOJIBHO TIPOCTOI IIPO-
11eCc, HO 9TO He marika. YacTo u Gojiee MpaBmIbHO
HCIIO/IB30BATICS TEPMUH «OIUIaByerwe» (reflowing).

[Taiika ske (MM CIaMBaHKe) — 9TO MIPOLECC CO3-
IaHWS MHTEPMeTAUINIECKOI CBSA3U C METaJIIIde-
CKMMH [IOBEPXHOCTSMH, KOTOPbIe He TiaBaTcst. OHn
He «OIUIABJISIOTCS», He MEHSIIOT CBOE arperarHoe Co-
crostuue. Y 910 TpebyeT TOMOIHUTEIBHBIX ITAIIOB
00pabOTKH, HEHY KHBIX [IPU CMEIIINBAHUN PACIUIAB-
JIEHHBIX MeTLIOB. K COXKaJIeHNIO, TEPMUH «OILIAB-
JIEHIIe» TIPOJI0IDKAET IIIMPOKO HCIIOTB30BATHCS, XOTS
OH y’Ke He OIICBIBAET IIPOMCXOMISIIIIIA ITPOIIECC.

PaSHI/IL[a Me)KI[Y CIIauBaHUEM U OIJIaBJICHUEM
(cMerMBaHMeM paCIIaBIeHHBIX METAUIOB) CTANIA
errre 6oJtee akTyabHOI, Korna EBporna samperiia
HCIIOJB30BATh B 9JIeKTPOHNUKe cBUHeIl. [Tepexorn
K MUpY 6€3 CBUHI[A IIPUBEJI K ITOSIBIIEHHIO HOBBIX
CIUTABOB JIJISL IPUIIOEB, KOTOPbIE He TIPUBHECIT
B IIPOIIECC HUKAKKX CEPbe3HBIX MPo06iIeM, 3a Uc-
KJIIOYEeHNEeM HECKOJIBKUX CTPAHHOCTEI.

ITpu paBUIBHOM KOHTPOJIE 6€CCBUHI[OBBII
HPHUIION paboTaeT JOCTATOYHO XOPOILIO, HO OH CY-
IIeCTBEHHO MeHee TePINM K JiepeKTam, 9eM Tpa-
IUIFOHHBII CIUIAB 0JI0BA U CBUHIIA. A TIOCKOJIBKY
Hpouecc IIAMiKM T1€9aTHBIX IJIAT B 6OHBIHI/IHCTBe
KOMIIAHUI U TaK ObUI leDeKTHBIM, TO HEPEXO]
Ha HOBbIE CIUTABbI COIPOBOYKIAIICS TPYIHOCTIMH,
KOTOpbIe OIMIMOOYHO IPUNUCHIBAINCH TPUIIOI0,
a He IIPOIIeccy.

Boree ceppesnas mpobieMa KOCHYIAch Me-
rajtusanui. CBUHIIOBO-0JIOBSIHHOE ITOKPbI-

TrIe 6OJIbIIIe He IPUMeHsUIOCh. Ho ocraBrireecst
IOCTYIHBIM OJIOBSHHOE IIOKPBITHE 0Ka3anoCh
IUIOXUM BAPUAHTOM H3-3a BHICOKOTO PHCKaA IO~
SIBJICHHS TAKOTO fieheKTa, KaK OJOBSHHDIE YCBL.
B urore BbIBOJIbI Bce GOJIBIIIEr0 KOIIMIECTBA KOM-
HOHEHTOB (0CO6EHHO MHOTOBBIBOJHBIX [eTaICH
ILISE IOBEPXHOCTHOTO MOHTa)ka) He OILIABIISUINCH
[IpU TeMIepaTypax maiku. To ecTb UX HYKHO
6BUIO He OIIABILITD, a asiTh. Ho npuHsTHIe B OT-
Paciii METORUKHU YacTO BKIIOYAIOT IIPOLENYPEL,
KOTOpBIe PabOTAIOT TOJIBKO MPU OILIABJICHHN.
B urore Hanbostee pacIipocTpaHeHHbIE IIPOTPaM-
MbI 06y deHnst 1 cepTHQUKAIHS [0 HIM IIPOCTO
rapaHTUPYIOT gedexTs! 1 c6ou.

Malika — 310 Npocras Hayka.
Ecnu el 3BHMMATBCSA, KOHEYHO...

Ha mpaxTrke maiika — 9T0 HayKa, IIPenMyIIie-
CTBEHHO XUMUA U MeTaJIJ'IprI/IH. HIOI[I/I, KOTOpre
COCTaBJSUIH CTAHIAPTHI U PEKOMEHIAIINU METO-
IIOB TIAIKY, He CMOTpeJIU Ha Hee TAKUM 00pasoM.
OHU IeiCTBOBAIY IMIMPHUIECKH, HE MOHIMAsI
O9eBUAHOTO: B GyHAaMeHTe MPABIII [ODKHBI
JIeXXaTh HAyIHbIE 3HAHUS.

OHu nosyyanu pesysabTaT, KOTOPbIi, Ka3anoch,
BBITJISIIEI IPABIIIBHBIM, M 3aKPEIIsUTH SIIH30-
nudecKre HaOMOeHNns B BUle 0043aTeIbHBIX
mpaBwi. Ho eciii MBI XOTHM, 9TOGBI IPOIYKT
pabotair, a MPOU3BOACTBO OBUIO peHTabeTbHBIM,
TeKyLL[yIO CI/ITyaL[I/IIO Hy)KHO MEHATb.

VHTepecHO, 9TO HAIeKHOCTh 3JIEKTPOHHOTO
u3MIesrs 00PaTHO IPOOPIIOHAIBHA CJIOKHOCTH
TEXHOJIOTIYECKOTO Tpotecca (06beMy mepepa-
6otku). Camast Hale)KHas IPOAYKIIS IIPOU3BO-
IUTCs HanboJiee TEXHOJOIMYHO (C HAMMEHbIIUM
Tpe6yeMmM KOJIMYECTBOM OIlepaluil U, COOTBET-
CTBEHHO, 3aTpar). Xy/iliee, 4T0 eCTh B HAIIIeH OT-
paciu, — 3TO Ype3MepHbIe 3aTPaThl U CIIUIIIKOM
MHOTO OTKa30B KOMIIOHEHTOB.

Ucnonb3oeaHue ¢pnioca

Boimmre 51 ckasai, 4To ueaabHas MaiKa — 3TO
npocto. Ho mpocTora He 03HavaeT, 4TO HOCTa-
TOYHO HAJIANATh PacIIaBJIeHHbINA MeTaJlI Ha Jie-
TaJIU U 0)KUMIATh, YTO BCE ITOJTYYUTCSA XOPOIIIO.
JIms ycremHo¥ maiiku HeoOX0UMBI 3HAHUS
U guCHuIAnHaA. M HaunHATH cjeiyer ¢ TaKoro
IapameTpa, Kak 1asgeMoCTh.

Kax ysxe roBOpHIIOCH, 10 He[IaBHET'O BpeMeHU
6OJIBIIIMHCTBO BBIBOJIOB KOMIIOHEHTOB ITOKPBIBA-
JIFICh OJIOBOM MJIM 0JT0BOM/CBHHIIOM. [Tatika —
9TO MPOIECC CO3/IAHNA MHTEPMETAIIMIECKAX
CBsI3€ ¢ MeTaJIJINIeCKUMU IIOBEPXHOCTAMU,
KOTOpBIE He IIaBATCA BO BpeMs HaHECEHU CO-
eIMHUTENbHOro Mateprana (mpumnos). OnHako
0JIOBO W OJIOBO/CBHHEI] ITABSTCS IIPH TeMIIepa-
Typax IMafKu IeYaTHBIX IIJIaT, a IPUIION IIPOCTO
CMEIIIMBAETCA C PACIUIABIECHHBIM IOKPBITHEM.
D10 He «IariKay, a «OIUIABIEHHEY, 60JIee IPOCTOM
10 CPAaBHEHUIO C HACTOAIIEN ITANKOU IPOIIeCC.

noqemy onJjiaBjieHue — 3TO NpPocCTo

[Tpu o1uIaBIeHUH HET HEOOXOMMMOCTH YIAJISATh
OKCH/IbI ITepe]l HaHeCeHUeM IIPUTIOst: OKCHIIBL, Oy -
IIy4H JIeT49e YUCTOrO METaJlIa, IIJ1aBAIOT Ha CMeCH
JKUJIKOTO MeTaJUla IIOKPBITHUS ¥ JKUIKOTO IIPUIIOL.
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Dirioc TakKe 6osiee JIETKUI, 9eM SKHIKHI Me-
taju1. OH IJTaBaeT Ha pacIUlaBIeHHOM MeTallle,
MOJKET JIETKO KOHTaKTHPOBaTh C OKCHJIAMM U Pa3-
pymaTs ux. [Ipn ommapieHnn GIIroc 1y TaiKu
IPOCTO JieIaeT OKOHIATeNbHOE COeUHEHNE 61e-
CTAIIUM U 3CTETUIECKU ITPUATHDBIM.

BonpIuHCTBO YCTOMYUBEIX IPeCTaBIeHHI
0 Hafike 3apOIUJIOCh B 310Xy orutasieHus. OnHo
U3 TaKKX yOeXK/IeHNH, MMeIoIIiee CeroHs KaTa-
cTpodmIecKie MOCTeACTBHU, TTTACAT, 9TO TIPH
py4HO MMaiike He HY)KHO UCIIOIb30BATh KUIKUAN
¢duroc. Cauraercs, 9to (Ir0Ca, CoOlepKaIero-
CA B IIPOBOJIOYHOM IIPUIIOE, TOCTATOYHO IS
BBITIOJTHEHNA PabOTHL. XOTA 3TO MOKET OBITH
CIPaBeIUBO UL 0nabneHus, Hanex a NCKIo-
9UTeNLHO Ha (IIOC B IPHIIOE TPHBONHUT K HETION-
HOMY CMaYMBaHUIO BO BPEMS HAUIKU.

KaxoBbl ocHOBHbIe gedeKTbl NANKu
neyaTHbIX naar?

3amper Ha NCIIOTH30BAHIE CBUHIIA B AJIEKTPO-
HUKe KOPEHHBIM 00Pa3oM M3MEHHJ HAIIy OT-
pacib. CMech 010Ba U CBUHIIA GOJIbIIIE He UC-
IOJIB3YeTCs, @ YUCTOE 0JI0BO IPUMEHSIeTCS BCe
PpesKe U3-3a PHCKA BOSHIKHOBEHHUSI TAKOTO Hepex-
Ta, KaK OJIOBSTHHBIE YCBI, UTO CIIPABE/ITHBO IS
MHOTOBBIBOTHBIX KOMIIOHEHTOB ITOBEPXHOCTHOTO
MOHTa’Ka, HAIIpUMep, I MEKPOCXEM.

[ToBepXHOCTH BBIBOJOB HOBBIX KOMIIOHEH-
TOB He OJIOBSIHHBIE U He OJIOBSIHHO-CBHHI[OBBIE.
D10 MeTaIb ¢ 60JIee BHICOKUMU TEMIIEpaTypamu
IUTABJIeHNS, KOTOPBIe He OIUIABIIAIOTCS IIPU HaHe-
ceHUH punost. JIpyruMu cI0BaMHm, 3TO MeTaJlIbl,
KOTOpbIe IasioTCs, a He oIuIaBisioTcs. M mepen
HaHEeCeHHeM IIPUIIOs TIOBEPXHOCTH I0JKHBI OBITh
TIIATeJIbHO OYHIIEHBI. DTOTO He IIPOU30UTET,
ecnu GIIIOC COAEPKUTCS B IIPOBOJIOYHOM IIPU-
oe, Tak KaKk QIII0C B IIPHUIIOE He MOKET OBITH
BBICBOOOJK/IEH, IIOKA IPUIION He PACIIIIaBUTC.
PacraBieHHBII IPHIIOiT 00pasyer Gapbep MEXIy
(i1r0COM U TOBEPXHOCTHIO METAJLIA, IPEISTCTBYS
IIOJTHOMY Y/IaJICHHUIO OKUCJIOB U BBI3BIBASI HEITOJI-
HOe CMauMBaHHe.

PeweHue: xxupkui ¢pnioc

EnuHCTBEHHBII C110CO6 rapaHTHPOBATH, YTO
¢IIr0C HOCTUTHET TTOBEPXHOCTHBIX OKCHIOB
0 TOTO, KaK MPUIOI PacIIABUTCS, — CHava-
J71a HaHecTH KUAKUi duioc. U tpebyercst HedTO
6oJIbIIIee, YeM POCTO He3HAYUTENHbHOE KOInde-
crBO utroca. OIF0CoBast KUCIOTA (JacTh, KOTOPas
YAJIAET OKCU/IbI) HEMUTPAITU3YETCS BO BPEMSI XH-
MUYECKOi peakinu packucieHust. ClienoBble Ko-
smaectBa dumioca 6y/yT HEHTPATH30BAHBI 10 TOTO,
KaK [IOBEPXHOCTD Oy/IeT [OTHOCTBIO Ie30KCHUPO-
BaHa. B maiike hiroc — 370 G0JIbIIIE, YeM HAIII 110~
MOII[HUK — OH KpaiiHe HeoOxomuM. Tem He MeHee
OTpACIIeBbIe «IKCIIEPTHI» OYeHb YaCTO JAI0T PEKO-
MEH/IAIIU He MCIIOIb30BaTh KUIKUI (ITIOC.

KoHTtponb Harpesa

OcHOBHBIE IPaBHUJIA MAUKU — METOMBI, KO-
TOpbIe B GOJIBIINHCTBE CJIYYaeB UCIIOIb3YIOTCS
U CErojHs, — IOSBUIKNCH 0K0JI0 70 JIeT Hasap.
Kaxk y»xe 6pUI10 OTMEYEHO, B TO BpeMsI CaMble Iie-
penoBbIe 3IeKTPOHHBIE KOMIIOHEHTBI COCTOSUIN




U3 BaKyyMHBIX JIAMIL, a BCSL [TafiKa BBIOJIHSUIACH
BPYYHYIO U 3aKJII0YAIACh B COEIUHEHUH [IPO-
BOJIOB C HAKOHEYHUKAaMM1 HaA rHe3[aX, B KOTOpre
3aTeM BCTaBJISJIUCH JIAMIIBI.

[TpoBosia ¥ HAKOHEYHUKU BAKYYMHbIX JTAMII
CJIO’KHO TOBPEJIUTh B Pe3ysbTaTe Ieperpesa,
a YYBCTBUTEJIbHbIE KOMIIOHEHTBI — PAHOJIaM-
IIbI — HarpeBy He nogsepraauck. Ho He Bee Obu10
TaK [POCTO: HEKOTOPbIE POBO/IA ¥ HAKOHEYHUKH
MMeJTH IOBOJILHO GOJIBIIION pasMep, a MasIbHUKH
He 04eHb 9P PEKTUBHO MPEBPAILIAIA dJIeKTPUYe-
CTBO B TeIUIO. B Takoii curyaiuu Kio4eBoii 3ana-
eli [Py HaiiKe ObLIO MOMIIEPIKAHIE TEMIIEPATY PbI
Ha I0CTATOYHOM YPOBHE, YTOOBI IIPUIION XOPOLIIO
IUTABUJICA U pacTekancs. HeoGxomumo 6bu10 mpe-
IOTBPAII[ATh PEXKIEBPEMEHHOE 3ACTHIBAHUE IIPH-
1051, TO3TOMY TIpU 00ydeHHr 0c060€e BHUMaHME
YIIEJISUIA TOMY, YTO IIepe[] HaHeCEHHEeM [IPHIIOsL
TIETaJIA IOJUKHBI OBITh O9€Hb, OYEHb TOPSIUMH.
VIMeHHO ToTZIa BOSHUK TEPMUH «XOJIOTHAS ITaiiKa»
(cold solder), u 611 OH Gotee YeM yMecTeH.

B coBpeMeHHOI1 9JIEKTPOHMKe XOJIOHAS TaifKa
[PAKTUYECKU HE BCTPEYAETCS, HO €€ YacTO OIIK-
6OYHO BCIIOMHAHAIOT MPH «TIOCTAHOBKE IHATHO3a»
B CJIy4ae Ipo6JieM CO CMaquBaHUEM.

Papuaropsi

C mosBiIeHHEM TBEPHOTENbHBIX KOMIIOHEH-
TOB (B HadaJle — Pe3UCTOPOB U KOHIEHCATOPOB)
AKTUBHBIE 3JIEMEHTHI CXEMBI TAK)KE CTAJIU IO/~
BEpraThCsl BO3ZIEHCTBUIO TeTlIa MasibHuKaA. 1 aTo
BBI3BAJIO JIHUEMUIO 1e(DeKTOB 1 OTKA30B KOMIIO-
HEHTOB, IIPEKIE Y€M YIAJI0Ch BbIABUTD IIPUIMHY
JAHHOTO SABJIEHUS, KOTOPas 3aK/I0Yanach B Tep-
MOYYBCTBUTEIbHOCTU HOBBIX HETAJIEM.

Pemennem, Kak A y:Ke CKasall, CTaJI0 UCIONIb-
30BaHUE METAJUIMYECKUX 3aKUMOB, PAIUATOPOB,
KOTOPBI€E 3alITUIIAINA KOMITIOHEHTBI. 3a)KUMBbI Kpe-
IIMJIACH K BBIBOZAM OKOJIO KOPITYyCa KOMIIOHEHTA.
Teruto Tex10 OT MasIbHUKA K TeTy KOMIIOHEHTa,
HO Ha IIyTH IOIJIONIATI0Ch paguaTopoM. OTKa3bl
KOMIIOHEHTOB PE3KO COKPATHIIUCh.

HanexHOCTD TakKe IOBBICHIIACH 3a CYET aB-
TOMATUIECKOH TAMKU, KOTOPAs B TO BPEMS OCy-
LIECTBJIIACH MCKIIOYUTENBHO IaKOX BOJHOM
npunos. [Ipu ucrnonb30BaHUN 9TOH TEXHOJIOTHI
KOMIIOHEHTBI IIO/IBEPIaloTCsl 3HAYUTEIBHO 6oIee
HHU3KHUM ITIKOBBIM TeMiepaTypam. To ke oTHO-
CUTCS U K TIOSIBUBIIIEMYCSI ITO3KE TIOBEPXHOCT-
HOMY MOHTXYy (maiike orurasienuem). Takum
00pa3oM, CerofHs TeIUIOBbIE MOBPEKICHIS KOM-
IIOHEHTOB U COEIMHEHNI — 3TO B IIEPBYIO OUe-
penb mpo6ieMa pyqHOI IAfKH.

Manka menkux KOMMNOHEHTOB

Papuaropsr 00ecIIeInBaT OTIIMYHYIO 3aLUTY
KOMIIOHEHTA OT IIOBPEX/ICHHS BCIICICTBHE TIepe-
rpeBa, HO MOTYT MCIOJIb30BaThCsA TONBKO ¢ DK,
MMEIOIIIIMHE BBIBOJIBI IOCTATOYHO GOJIBINIOTO pas-
Mepa IJIsI pa3MelleHnsT 3a)KIMOB.

BbIBO/IBI OOJIBIIMHCTBA KOMIIOHEHTOB IS T10-
BEPXHOCTHOTO MOHTaKa HE COOTBETCTBYIOT 3TOMY
YCIIOBHIO, He TOBOPSI O TOM, 4TO MHOrue SMT-koM-
MTOHEHTHI BOOOIIIE He UMEIOT OT/IeIbHBIX BBIBOJIOB.
Hcnonp3oBaHMe 3aKIMOB IIPOCTO HE TIPAKTUIHO
Ha COBPEMEHHOM IIPOU3BOZICTBE. B 00111eM-TO, OHO
He SIBJISIeTCS TAKOBBIM YoKe JIeT 25.

W rem He menee B crargapte IPC J-STD-001G,
KOTOPBIM PYKOBOZICTBYIOTCS KOMIIAHHH, BBIIIOJI-
HsOIIHE COOPKY 9TEKTPOHHBIX 0JIOKOB, HaHBI
CIIefyIoIue peKOMeH Al ui:

«4.6 TepMmmdeckas 3amuTa.

[Tpu py4HOI1 aiiKe, JIy>KEHUHU WA JOpaboTKe
TEPMOTYBCTBUTEIHFHOTO KOMIIOHEHTA HEO0XO0-
IUMO IPUHATD 3arnuTHEIE Mepsl (D1D2D3) mist
MUHUMU3AIUY HarpeBa KOMIIOHEHTA YJIN TIpe-
TOTBpAIIeHHs TEIJIOBOTO y/lapa, HallpuMep, pa-
IMaTOp, TEPMOIIYHT, ITPeIBAPUTEIbHBINA HarPeB.
3amuTa MoXeT OBITh 0OecredeHa MOCPeCTBOM
KOHTPOJIMPYEMOTO IIPOIecca Harpesar.

[TpuBeneHHas BbIIlle BBIIEP)KKA U3 CTAHIAP-
Ta — IPUMep HHEepIIUHU B HAIIIEH OTPACIIH: ITOCIIe
BHEJIPEHNS TeXHOJIOTHH B ITPAKTUKY U3MEHEHNUs
B JJOKYMEHTAI[UN IIPOUCXOIAT CO CKOPOCTHIO
YJIUTKH, €CJIH IIPOUCXOIST BOOOIIIE.

I[Tpu 5TOM HeCOOTBETCTBUE TPEOOBAHMSM CTAH-
IapToB sIBIIsIeTCs TeeKTOM ISl BCEX KITacCOB
npoaykiun. [TockonbKy y mponsBoguTens HeT
HU MaJIeHIIero IPefICTaBIeHIS O TOM, KaK yJ0B-
JIETBOPHUTH 3THM TPeOOBAHUSAM, TO BBIXOJIUT, YTO
OYTH KaKIBII 3aBOJT BBIITyCKAeT HeeKTHYIO IIpo-
IYKIIHIO, HO, K&KETCsl, HUKOTO 9TO He BOJIHYET.

Kak s YK€ oTMe4dall, TEIJIOBbIE IIOBPEKACHUA
KOMIIOHEHTOB BU3YaJIbHO HUKAK He OOHAPY)KUBAIOT
ce0st, ¥ IT03TOMY B MIX OTHOILIEHHH 9acTO JeHCTBY-
€T HeIJIACHOE TIPABIJIO «C 713 I0JION — K3 CepAla
BOH». HO eciiit MbI BO3bMeM 2JIEKTPOCTATHIECKUE
MIOBPEXNIEHNs], TO YBUIUM, YTO OHU TaKKe IIPOUCXO-
JAT BHYTPpU KOMIIOHEHTOB 1 3aMETHBI HE 60Hee 9eM
neperpes. Tem He MeHee HU OJJHO COJIUIHOE TIPeji-
HPHSTHE 10 TPOU3BOJCTBY JEKTPOHUKH He CTaHeT
paccMaTpuBaTh BOBMOKHOCTb pabOThI €3 CTpOrux
Mep TI0 ITPeIOTBPAIIEHHIO 3TeKTPOCTATIHIECKOTO
paspsna. [Touemy Takas pasuuia? Beposrro, mpu-
YUHBI 9TON CUTYAIMH JIeXaT B pUHAHCOBOI cepe.

Jist obecriedeHusT aHTHCTATHIECKOM 3aIUTHL
Ha IIPOU3BOJICTBAX MCIIOIb3YIOTCS CHIeIIUATH3H-

Kommenmupyem Cepzeii IIIHXOB,
dupexmop no ynpabnenuto npoexmamu, «<A-KOHTPAKT»:

HaHHaf[ CTaThs IIPUBJIEKJIA HAIIIE BHUMaHNE HeKOTOpOﬁ IIPOBOKALITMOHHOCTBIO
B II0[1a4€ MaTepuaa. LIYBCTBYCTCH AyHnieBHas 6011 aBTOpa OT TOTO, YTO IIPOU3-
BOJICTBEHHBIIT [IEPCOHAIT 00YYAIOT Maike He TAaK, KaK Hy)KHO. A TaKke IPOJBHTAIOT
CTaHJAPTHI, HECOOTBETCTBYIONTHE TeKyIIel CATyanuu. M s Mory ero moHsTh!

B mammmx pOCCHﬂCKHX peanuax ¢ TOYKU 3pEHUA CTAaHAAPTOB, BOSMOXXHO,
1 HET TaKHUX JKECTKO YCTaHOBJIICHHBIX Tpe60BaHI/II71 K TEXHOJIOTHIECKOMY IIPOIIEC-
cy (Tpannuuonno BCe Tp€60BaHI/I$I JMOBOJIBHO paCl‘IJ‘IbIB‘IaTbI), HO BCTPEYAIOTCA
TIPOTUBOPEYIN U Cl)OpMYJII/IPOBKI/I, JIOITy CKAoIe HEONHO3HATHYIO TPAKTOBKY.

OueHb JKalb, 9TO aBTOP TaK M He PACKPBLUI CBOH YHUKATbHBIH METOJ MANKH,
KOTOPBII IPOJEMOHCTPUPOBAII aMEPUKAHCKOMY aIMUPAILy.
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POBAaHHBIE HHCTPYMEHTbI U OHOPA30BbIe MATEPH-
JIBI, 9TO TPeOyeT OrPOMHBIX CYMMapHBIX 3aTpar
Ha MHPOBOM YPOBHE.

Bosbimme saTparsl — 910 60JIbIIITE GIOIKETHI,
KOTOPBIe CTAHOBATCS JOXOZIAMH KOMITAHHUIL, 3aHHU~
MAFOIINXCS H3TOTOBJICHUEM U ITOCTABKO IIPOAIYK-
1[1H, HeOOXOIUMOT JUISl BBITTOHEH ST TPeOOBaHMIT
AHTUCTATHYECKOM 3aInuTel. U Gnaromaps pexiam-
HOMI pa60Te 9TUX KOMIIAaHWH MbI TBEP/IO 3HAEM: CTa-
THKA IIPECTaBIsieT c000i Cepbe3HYIO YIpo3y Ha-
IeKHOCTH. To JKe caMoe OTHOCUTCS 1 K BJIAKHOCTH.

A BOT U151 IPEIOTBPALIEHHSI TEIIOBOTO II0-
BPEXKIEHUSI He HY’KHO JTOTOJHHUTENBHO 3aKYIIaTh
crienpanbHble Matepuansl. Her 6osbinux 61071-
JKETOB, HET MaCCOBOIT PeKJIaMBbl, a CJIeI0BaTeIbHO,
U [IpU3HaHUe PO6IeMbl OTPaHIIEHO.

Jla, BO3MOIKHO, 51 HEMHOTO IIpeyBeINIHI UTHO-
pupoBaHKe PoOIEMBI TIeperpeBa KOMIIOHEHTOB.
Criefryet IpU3HATh: HEKOTOPBIE IIPOU3BOJUTENN Ha-
CTOJIBKO 00€CTIOKOeHbI ITUM, YTO TPATST JOBOIBHO
GosblIINe IeHbIH Ha MAsUIbHUKH, KOTOPBIE TIOfiep-
JKUBAIOT IIOCTOSIHHYIO TeMIeparypy. Hekotopsie
KOMITAHHH [J[aKe 3AXOIAT HACTOJIBKO [AJIEKO, YTO KOH-
TPOJUPYIOT PeaIbHYIO TeMIIEPATYPY MasIbHUKOB U,
€CJI BO3MOSKHO, TIPOBOJISIT [IOBTOPHYIO KJIMOPOBKY,
KaK TOJIbKO OTKJIOHEHHE OT BBICTABJIEHHOTO 3HAYEHYISI
Ha4YMHAET BbI3bIBATH COMHEHU . HO HY)KHO CKa3aThb,
9TO BC€ OHU TpaTHT JEHbIu BHYCTYIO.

[TassIPHUKY C TOCTOSIHHOY TeMIIepaTypoi
MPUYUHAT TAKOM JKe BpeJl, KAaK U MeHee TOYHbIe
HHCTPpyMeHTHI. [Teperpes He OIpe/ieIIsieTcs TOIb-
KO TeMIIePaTypoil MasUIbHUKA: 3aTBO3/JKA B TOM,
9TO HAAJIbHUK U HpI/IHOﬁ I/ICHOIH)SYIOTCSI BMeCTe.

UHctutyumoHanbHoe 6e3pasnuume

B 1980-x romax s mpoBes HECKOIbKO CeMHUHa-
POB I1O Ma¥iKe 1151 KE’KeHePOB Ha Iurommazke Naval
Weapons Center Soldering Standards (Ilentp
CTaHIAPTU3ALUH NAMKA BOGHHO-MOPCKOTO BO-
opyxenust) B Haitna-Jleiik, mrat Kanudoprus.

A cupocuit nupekTopa (JIereHnapHas durypa
B 00JIaCTH OTPACJIeBBIX CTAHIAPTOB, KOTOPAs
7MeJIa BBICIIYIO BJIACTh HaJl BCeMH TPeOOBaHMS-
Mu MuHncrepcTBa 060pOHBI K Mafike):

«Kak BbI IIpeioTBpalaeTe meperpes?»

«[TasteM GBICTPO»,— CKa3aJI OH.

«A HaCKOJIBKO OBICTPO?» — CIPOCHI S
OH TyT xe 3asBmn: «Tpu cexyHap». MeHs ynu-
BHJIO OTCYTCTBHE HayIHOTO 0O0CHOBAHHS B 9TOM
3amedaHuu. «[THOTIA TpeX CeKyH[ MOXKeT ObITh
IOCTaTOYHO,— coracuics s.— Ho pa3se nnorna
9TO He OyZieT CIIUIIIKOM J0JIT0, a UHOIZA — Helo-
CTaTOYHO?»

Ha cnepyrorieM 3aHATHN s TPOJEMOHCTPUPO-
BaJI METOJI, KOTOPLIi TapaHTHUPYET, YTO TeMIIe-
paTypa KoMIIoHeHTa Oy/ieT 0cTaBaThcsi GIM3KOI
K TeMIIepaType IUIABJICHUS IIPUIIOSL.

«S cormacen, 4TO TO, 4TO BBI IOKA3bIBAETE,
paboTaer, — cKkasax MHe gupexkrop.— U 4ro,
BBl OJKHJIA€TE, UTO 5 CKa)Ky AJMHUPAIITENCTBY,
9TO MBI JIeJIaJIM 3TO HENPaBIIbHO?» S GonbIe
taM He 6p1Bait. C Tex mop mpouwrto 6oee 30 ner,
HO XPaHUTEJIU CTAHAAPTOB IPOIOJLKAIOT IIPOJIBH-
raTh OUIMOOYHbIE METOMIEL.

M uMeHHO HaM, IPOU3BOIUTEIAM, CJIETyeT 3a-
SIBIISITH O HEOOXOIIMOCTY BHECEHHsI U3MEHEeHUI
B CTQHIAPTEI, YTOOBI BBIITyCKaeMast IIPOIYKITHS
CTaHOBMJIACH OOJIee HATEKHOI!




