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BeegeHue

MOoIHOCTh KOMITAKTHBIX IIPEOOPA30BATEIb-
HbIX yCTpOI'/'ICT B, UCITOJIB3YIOTIUX NCYATHBIC IUIATHI
JUIST TPOMEKYTOUHDLIX COEJTMHEHWI U TIONIBONTKA
CIJIOBBIX HCHCfl, HEIIPEPHIBHO pacTeT. B kauectse
mpyMepa Ha puc. 1 oxazana c6opKka MIHHATIOP-
1I0T0 MIITEJUIEKTYAJILIIOTO CHIIOBOTO MOIYJIA
MiniSKiiP, mpoko UcroJib3yeMast B TPOMbIILI-
JIEHHBIX MPUBOJAX MOLITHOCTBIO 10 20KBT.

IIporexanue TOKOB 110 IIPOBOIHMKAM e4aT-
HOW [1J1aThl IIPUBOAMT K BOSHUKHOBCHUIO AKTUB~
HBIX II0T€Pb MOIIHOCTH U IIeperpeBy. Beaudnna
AKTUBHOI'O COIIPOTUBIIEHHS TOKOHECY11Iell Tpac-
CBI 3aBUCHUT OT CBOWCTB MaTepuaa IMpoBOTHAKA
(Menu), ANUHBL H IUIOL[ANY MOIIEPEYHOTO Ce-
venns. [eomerpirdeckas ¢popma Tpacc BaAUsIET
Ha pacnipeziesieHyie Terwia ¥ 3 QeKTUBHOCTD ero
epelayy Ha CaMy NeYaTHYIO [UIATY U B OKPY-
JKAIOLIYIO CPery.

Tomonorust pa3BoAXH MIaThl, Ha KOTOPOIl
PasMeleHbl MOLHbIE 3/1€MEHTbI, YPE3BbIYaHO
BaKHA 17151 00eCIIeTeH I Hale’>KHOCTU PabOTh
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Puc. 1. C60pka MUHHATIOPHOTO UHTE/INEKTYAIBHOTO
cunosoro Mogyns MiniSKiiP

TpaccupoBKa CHIOBbIX Liene
Ha neyatHbix nnarax FR4:
peKOMeHAaLun U OrpaHUyeHu1s

B KOMNaKTHbIX KOHBEPTOpaX MaJIol U CpefiHell MOLHOCTH pa3BogKa Lenei
NUTaHHUA U BbIXOAOB, KaK NPAaBWJIO, OCYILECTBAsAETCA NO nevarHoi nnare (PCB).
Mpu nonHoi Harpy3Ke TOKH Ne4yaTHbIX NPOBOJHUKOB MOTYT OCTHraTb 3HaUYeHHUs
50A v 6onee. B cTatbe NpUBOASATCA pesynbTaThl HCCNEA0BAHUA TOKOHeCYLei
€nocoGHOCTH NAAT WHPOKO pacnpocTpaHeHHoro tTuna FR4. AHanusupyiorca
CyLWecTBYIOL1e NPABKIa HOPMHUPOBAHUSA Pa3MepOB TPACC ASI MOLYHbIX NPHUMe-
HEHW 1, NPUBOJUTCSA UX CPABHEHUE C IKCTNIEPUMEHTA/IbHBIMU Pe3yNibTaTaMu Tec-
TOB, 06CY)KAAeTCA BAUAHWE rEOMETPHUHU TPACCHPOBKH W TONIIHHDBI CNIOA MEAH.

cucremsl. CyLecTByoL1Ue IPABUIA HOPMUPO-
BaHUA padMepoB NpoBoaHuKoB PCB ocHoBaHbI
Ha aHaJIu3¢ 3aBECHMOCTH TEMIICPaTy Pbl MCIHOM
TPACCHI O e CCYCHMIO OT TPOTEKAIIETO TOKA.
B pasmmaHLIX ncTownvkax [1-3] npusoarcs
METOZIKH pacueTa, OCHOBAHHBIE HA TAHHOH 3a-
BHACHMOCTH ¥ OIIpENC/IAIOME TIEPErpeB MeIn
OTIIOCUTEJIBITIO 01<py>1<alou_(e1?1 cpennbl. bBaser Jari-
HEIX [IJIST TOJOOHBIX BRIUMCIEHUN MOy TeHbI
C IIOMOLIBIO IBYX HE3aBUCHMBIX MOJIeNIel, OMu-
CaHHbIX B [4].

Ha puc. 2 npusesesbl 1Ba BapuaHTa TOOIO-
U [I€YATHDIX IUIAT U THArPAMMBI, JEMOHCTPH-
pyIoniye n3MEPEHHbIE U PACYETHbIE 3HAYEHUSL
TCMHepaTypBI Kak Cl)yHKLU/II/I Toxa, Kak BUIHO
Ha rpad)m(ax, OICHOYHBIC BETHIMHEI, IIOTyICH-
HBIE ¢ TTOMOLI[BI0 6a30BBIX Mofeneil (Mozens 1,

MOpelb 2), He Jal0T TOYHOIO OTOOpPaXKeH s
TeMIepaTypbl COOTBETCTBYIOLICH CTPYKTYPbI
PCB. ITpu4nHoit Manoil JOCTOBCPHOCTH SABJLA-
eTCsl BBICOKASI CTEIICHb YIIPOIIICHMS, PUCYTIAs
JIAHHLIM MOJIENISIM. B HIX He yJTeHbI Takvie Bak-
Hble PAKTOPSHI, KAK XapaKTePUCTHKHA CHCTeMbl
OXJIKICHMS, CBOVICTBA OKPYSKAIOLIIEH CPeNIbL,
crpykrypa Jamunara u oG QpexT B3aumMioro
TeIUIOBOTO BIHSHUS. OTKPHITHIM TaKKe 0CTa-
€TCA BONPOC 0 NONYCTHMOCTH MCIIOIb30BaHUSL
CTaHIAPTHbIX METOIMK JULI TOKOB Bbillie 35 A,
[OCKOJIbKY BCE ONy6IMKOBAHHbIC JAHHbIE OT-
HOCATCS K MEHbILIMM 3Ha4eHunaM [5, 6). Umenno
HOITOMY KCCIIE0BAHME TEIUIOBBIX PEKUMOB
MeYaTHBIX TIIAT MPU paboTe Ha OOMBINUX TO-
KaX SIBJISCTCS aKTYaJIbHBIM U PaCCMaTPUBACTCS
B JIaHHOW CTaTbhe,
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Puc. 2. PacueTHbie 1 H3MepeHHble 3Ha4eHHsi TeMNepaTypbl NEPErpesa Ans ABYX TOMONOMHM NeYaTHbIX naar
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[n3aiiH TecToBOM NNaTbl
Y U3MepeHuUn

IJ1st poBeIeHH s UCTIbITaHui GbUIO paspaGo-
TaHO HECKOJIHKO TeCTOBBIX IJIAT C PasiUIHOM
tonosorueii. C nomounio PCB, cTpykrypa
TPACC KOTOPOIT ITOKA3aHa Ha PUC. 3, HCCTeNOBa-
JIOCH BIIVSIHHE [OTIOJIHUTENbHBIX MEIHBIX CI0EB
(A-D), rmpunst noposkek (E u D) n reomerpun
rokosoro nytu (E=D).

Tlnara OGblla H3rOTOBICHA B ABYX BEPCHSIX
¢ ronmuuon ¢aost meny 70 u 105 mxm. Iloso-
JKeHIe TePMOJIATIMKOB, YCTAHOBJIEHHBIX C TO-

BepxHui cnoi HuskHuii cnon
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Puc. 3. Tectoan nnara Ans HCCNEA0BAHNA BNMSHKA
TONONOrMK TRACCHPOBKK K NONOXEH s TepMoaaT4nKa

MOMIBbIO TAAKH, TOKAa3aHO B IPaBOil 4acTH
puc. 4. B xozie ucIbITaHNI TIPOBOJUIACH 3a-
THCh CTAIMOHAPHOTO 3HAUEHNS TeMTIePaTyphl
B YCTaHOBUBLIEMCS COCTOAHMH JUIS 3aJaHHOTO
TOKa M UCCIEOBATOCH BpeMs OTKINKA CUCTe-
MDI IPY U3Melely 1arpysxku. Mouuropuir
TeMIIePATYPhl OCYIIECTBIIAICA Ha JOPOXKKAX,
TIPOBOJAIIAX TOK, ¥ COCETHHX C HUMH, a TaKKe
B OKPY3KaloIlleM NPOCTPAHCTBE BHYTPH TeCTO-
BOM KaMepbl; KOHTPOIMPOBAJICS TOK M HAILIPs-
JKeHHe MEKIY JopoKKaMu. B xoze namepenuii
TOK yBeIMUUBAJICS ¢ maroM 10 A (Mmakcumym
80 A) 10 HaCTyTUIEHUS KPUTHIECKOTO TleperpeBa
Mmenz (125 °C).

AHanuz
yCTaHOBHBLIEroCs COCTOSHUSA

Baustue ceuenust npoBoonuxa

Tpaccel E u D MeioT HOCTOSHHYIO IIIPIHY
(cooTBercTBeHHO, 5 U 10 MM). Pagmumunbie KoM-
OHMHALMY LM PUHBI ¥ TOJILHBI CJIOEB JAIOT Cle-
JyIolIne 3HAYEHNS TonepeyHoro cedenus: 0,35,
0,525, 0,7 1 1,05 MM’. 3HadeHHS TeMIIepaTyphl
1eperpesa JOpOXKeK I1pUBE/IeHbl Ha PUC. 5: Tpac-
€a C HAUMEHBIUKM CeYCHUEM He COCOOHA [IPO-
nyckarb Tok 6osee 40 A, HO IpU yBEINYCHUH
TUTOTITA/TN CCYCHUS B 3 Pa3a MaKCHMATbHAS TO-
KOBas HaTpysKa Bo3pacraet o 80 A mpn Tom xe
3HAYEHUU TeMIIepPATyPhL.

B cOOTBETCTBUH C peKOMEHJAIMAME IIPO-
M3BOAMTEINEN TTeYaTIIbIX 11T [7] npemnesbiias
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pabouas TeMmeparypa Jamunara FR4 e fomk-
Ha npesbiars 125 °C. Jlnarpammbl Ha puc. 5
MO3BOJIAIOT OTIPeIeTNTh MaKCUMATBbHYIO TO-
KOBYIO HaIpy3Ky paccMaTpHBaeMbIX THIIOB
TpPacc, YMOBIETBOPSIOIIYIO 9TOMY YCIOBHIO.
Topusonrtaabuas aunus 11a yposie 125 °C or-
PaHHYNBACT 3HAYCHNS [PEETbHBIX TOKOB
Ha yposHe 30, 40, 48 1 62 A COOTBETCTBEHHO.

Brusinue zeomempuu moxo6ozo nymu

B xoue UCIHBITAaHUI HCUICHOBAIACh B3aUMHaAs
CBSI3b JOPOKEK, PACIIOJIOKEHHBIX Hi PA3HBIX
crosix PCB. Kak BumHo Ha puc. 3, Tpacca E pas-
MeIaeTcs Ha BEPXHEM Kpae IIIaThl, a TOII0JI0-
rust F Bu1iouaer 06a c1ost, OJHAKO TOK IIPOIIyC-
KaeTcsi TOJILKO 110 Bepxueii Tpacce. Ctpykrypa G
COCTOUT 13 ;OPO’KeK Ha 0benx croponax PCB,
COeMHEHHBIX MEXKIY cobort IIEPEXOMHBIM OT-
BE€pPCTUEM HA KOHILE, UTO J1a€T BO3SMOKHOCTH
HCCIICTOBATH TEIUIOBOI PEXUM TIJIATHI IIPU IPO-
TeKAHIHU TOKA II0 HOCIEIOBATE/IBHOMY COCMHE-
HMIO ITIPOBOJHUKOB.

B XOo[¢ JaHHOTO BUAA UCIBITAaHUN U3YJaITUCh
Tpacchl, uMeloImue TommuHy 70 u 105 MKkM
U OJMHAKOBYIO LLIMPUHY, TakuM 06pasom, 1o-
nepeyHoe cedeHue cocrapisuio 0,35 u 0,525 M’
COOTBETCTBCHHO.

Ha puc. 6 n 7 moxasana 3aBUCUMOCTb W3-
MEPEHHOU TeMTIEPATYPTHI OT TOKA HATPY3KN
JJ18 pa3INYHBIX BApUAaHTOB TOKOBBIX Tpacc.
Cymns 1o rpadukam, BIHSHIE reOMeTPUN MPo-
BOAIIMKOB UACHTUYIIO [IJIA 066]/1)( 1JjiaT: TeMIie-
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Puc. 4. VamepuTenbhbii cTena: 06wmil Bua, TecTipyeMas naata

Puc. 5. Bausnue nowaay ceveH1s Meau Ha TOKOHeCyyio cnocodHoCTb
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Puc. 6. BausiHue reoMeTpun BOPOXKH Ha neperpes
npH op1Hakosow nnowanu cederus (PCB 70 mim)

Puc. 7. BausHue reoMeTpuu SOPOKKM Ha neperpes
npy oauHaKoBoi naowaay ceverus (PCB 105 Mkm)
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Puc. 8. OueHka 3aBMCUMOCTH TeMnepaTypbl Neperpesa oT Toka
A5 Pa3NnuHbIX BULOB Me[HbIX TPACC C OAMHAKOBbIM MONEPEUHbIM CeYeHHeM

paTypa Kaxaoi cTpykTypsl nast PCB 70 Mkm
HpU 3aflaHHOM TOKe Bbime, geM aus PCB
105 MKM M3-3a MeHBIIIEH! TUIOLLIAAV CeueHusl.
CpaBHeHHe pe3yIhTaTOB Ha PUC. 6 U 7
1714 cTpykTyp E—G MOKasbIBaeT, ITO HaUMeHb~
et TOKOHeCyell cioco6HOCTbI0 061a1aeT
tpacca G, IpOBOJALLAS TOK HA 000UX CJIOSAX
U HMCIOIL[Ast, COOTBETCTBCHHO, B 2 pasa GoibIie
ommaeckoe conporusicHue, 4em E u F. Temre-
parypa ofmHOCTOpOHHe¥ Topoxku E mpn maxcu-
MaJbHOM TOKe HarpY3KH OKa3bIBAETCSl HeCKOMDb-
KO MEHBIIIE, 9eM y ABycToponmnet F. Ouesunmo,
4TO «IIaCCUBIIBINAY MEIIBIHA CII0¥ CTPYKTYpbI F
ITPAKTUYECKX He BIUAET HA TETIOBOE PaBHOBE-
cue TokoHecymero cos. C TOUKH 3peHus ypoB-
HJl FeHEPUPYEMbIX I10TEPb TEIIOBbIE PEAKUMbL
tpacc E u F oxaspiBaloTcst pakTU4ecKu uacH-
THYHBIMH, TAaK KaK OIMHAKOBBI X AKTUBHEIE CO-
HPOTHBJIEHNA ¥ NIPOITYy CKAeMbIe TOKM.

Brusnue nnowadu ceuerus meou

B aHHOI I71aBe [e/TaeTCs TIOMBITKA IIPHOJIVDKe-
HMA K peaibIbIM apamerpam PCB, TpaccnpoBka
KOTODBIX, KaK IIPaBUJIO, BBIIOJIHACTCS Ge3 ydera
BCeX TEMJIOBBIX PeKHMOB. B YacTHOCTH, 37ech
HPOBOJIUTCs CPABHEHHE TOPOKEK C OIHAKOBBIM
CeyeHNeM B TOYKe U3MEPEHUA TeMIepaTypbl,
HO HaXOJATIIXCA TTOf] BANSHIEM OIII3KO pacmo-
JIOJKEHHbIE TPACC C paS}lM‘iHOﬁ IUIONIA/1bI0 C€Ye-
HUS MeJTH.

Ipu nepexone oT crpykTyps! A k C cedeHue
JOPOKKHA YMCHBINACTCS, I TPACChL D ono mu-
HIMaTbHO. DTMOPHI Ha PHC. § IEMOHCTPUPYIOT
nieperpes IPOBOIHKMKOB IUIATE 70 MKM B 3aBH-
CHMOCTH OT TOKa HaTpy3KH A/ 3THX YeThIpex
cy4aes. Kak nokaseiBator rpauxu, yBseande-
HHUE TUIOITAAN CeYCHTUs ][OPO)KKVI TO3BOJIICT Cy-
LIECTBENHO CHU3HTD TeMIIePaTypy Ieperpena,
1 C POCTOM TOKA 9TOT 3 deKT CraHOBUTCS eLie
6oJtee BHIPAKEHIBIM,

OueHKa gelcTBYIOWMUX NPaBuN
TPacCUpPOBKH

Lt ipasuiIbHOIO BLIOOPA CeueHMst TPACChI,
06ecre nBaroIIero I0CTaTOMHY KO TOKOHECY Iy 10
CII0cOGHOCTD, HEOOXOAUMO CPEACTBO Pacyera,

Puc. 9. M3mepeHHbie 3HaueHUs TeMNepaTypb NP1 yBeAMYEHUM TOKa

NIO3BOJIAIOIIIEE ONPE/ENATh TeMIIEPATy Py IIepe-
IpeBa JIOPOKKU B 3aBUCUMOCTH OT €€ CEUCHUS
1 ToKa Harpysku. HanGosiee KOppeKTHBIM ITy-
TeM HaXOXKIEHHUS 3TOTO COOTHOIIIEHNS SIBJISETCS
HCII0Ib30BaHUE TePMOITMHAMUIECKOI MOTIENH,
OLIMCHIBAEMOIA C/IeAyI0LUM 00pasoM:

I=kxAT*x A%,
e [— Tok Harpyskm, A; AT— rpanuenT Tem-

neparypsl, °C; A— cederne Tpaccs, MM k, x,
y— creruguIeckue KONCTAHTHL.

Ta6nmnya. KoHcTaHTb! 115 BbIYMCTEHHI

IPC 100,75 0,43 0,63

| DN | 6200 [ o045 | 069 |

Koapurmerrs k, x, y onpenenstorest akcre-
PUMEHTAIBHO; 1Ba HAOOPA KOHCTAHT, MOy IeH-
HBIX B pesynbraTe namepenuit (DN u IPC [4]),
npuBefenbl B Tabuie. Pacyer TeMIepaTy pbl
neperpeBa MeIH OTHOCUTENIBHO OKPYsKaIOLIel
Cpeibl TPOH3BOMMTCS Ha OCHOBE 3HaYeHHs TOKa
U IUIOLIAMM CeueHnst TPacchl. B kauecTBe ompe-
zesstiowero pakTopa HCNO/Ib3yeTCst HAUMECHb-
11ee 3HAYCHNE MINPUHEI TOPOKKLL. OIeHKa Ka-
4ecTBa MOAeIH ObUIA IIPOBENEHA C HOMOLLBIO
o6onx HabopoB kK0ahPHITHEHTOB TS CTPYKTY-
pe1 D ¢ TommuBo# cnost Meu 70 MKM Ipu HIn-
puHe 1opoxKH 10 MM.

Ha pnc. 8 mokazara 3aBUCHMOCTL TeMIlepaTy-
PBI IleperpeBa OT ToKa i Tpacc A i D ¢ HcTionb-
3oBaHueM Mopeineir DN u IPC. IIpusenernsre
JIAHHBIE HOPMaJIM30BAHBI M0 OTHOIIICHUIO K TeM-
neparype okpykatomieit cpepl. Moners DN
JaeT TIpeyBeIenble 3Ha9eHHs TeMIIePaTyPhI
IUISL BCeX Tpace, Moens 1PC mossossier moiry-
9YUTH XOpoIITee IPHOIIDKeye Uit CTPYKTyps C
1 IpeyBenudeHHoe — it A u B, TemnepaTypa
HOPOXKeEK 7151 000X 3HAUCHH T TOILINHBI CJIOCB
C O/IMHAKOBOM IIUPUHON HPK HCHIOJIL30BAHAY
mogenn IPC okasbiBaeTcs 3aHIKEHHOM (KpH-
Bast D va puc. 8).

ITosytieHHble Pe3yNbTaThI MO3BOJSAIOT 00b-
SICHUTD PA3HUILY MEXK/y H3MEPEHHBIMH U Pac-

NS HOMHHANbHOW W PeasbHOM TONLLMHBI CNost Meay

YCTHBIMU 3HAYCHUSIMHU HA PUC, 2. Tpacca Ha TeC-
TOBOII IUIaTe (pHC. 2a) umeer TIOCTOAHHYIO ITTH-
puHy, a Mopenb 2 (coorBercrsyiomas IPC) naer
3aHWKEHHOE 3HAYCHUE. TeMnepaT}“pa B nIpume-
pe Ha pHC. 26 H3MepseTCs B CaMOIT Y3KOH 30He
Tpaccsl, rae mozess [PC gaer sasblinenHoe 3Ha-
YeHwue.

ITpu oneHKe a6COTIOTHBIX 3HAYCHMUIL, MOy~
YaceMbIX C TOMOIIbIO ONMMUCAHHBIX MO][Cﬂcﬁ,
HeOéXO]’[V{MO YWWTI:IB}ITI: peam,Hyro TO]T"[V[HY
crnost Mepii. CTaHIapTHEIE TIPaBHJIa IIPOEKTUPO-
BAHI [I03BOJISIIOT BBIOPATh pasMep MPOBOJHHUKA
W paccuuTaTb 'reMllepa'rypy 1eperpesa U 110~
MUHATBHOTO 3HAYEHUS TOTITUHBI CIIOS MEMIH.
IelicTBuTebHAs e BeIUYMHA C yIETOM IIPO-
M3BO[ICTBEHHDIX JIOIYCKOB MOMKET 0Ka3aThCs Cy-
1ECTBCHHO MCHbLIIC.

M3mepenust noxasaiu, 4T0 P HOMIHAIb-
HOM 3Ha4eHuu 70 MKM JIeHCTBUTEIbHOE CPesl-
HEC 3HAYCHUEC TOMIITUHDI CJIOST M€Y HA BEPXHEM
CJ1oe TIaThl cocrasigeT 61 mkm. Ha puc. 9 mpun-
BC€ICHA 3aBUCHUMOCTH TCMHepaTYpI)I IIeperpesa
OT TOKa JJI CTPYKTYpbI D B CpaBHenuy ¢ pac-
9eTHBIMM 3HaYeHMAMH Ha 6a3e Mogenu IPC
OpH HOMUHATBHON ¥ MHHIMANBHOI TOJIINHE
CI1os1. O"leBI’lJlHO, YITO Pe3y/1bTaThl BBIYMCJIEHUI
1J1s BTOPOro caydvas (61 MKM) OKa3bIBAIOTCS
B o6iactn 60iee BBICOKUX TEMIIEPATYP, €M
st 1epBoro (70 MKM), IIPH OUHAKOBOM TOKE.

)'[ermauml HIIPUHBI TTIEYATHBIX TPpacC U3-3a
neexToB TpasyieHus He pessbiact 0,1%, u ei
MOKHO TIPCHEOPEdb.

AHanus
nepexoAHbIX pe>KMMOB

anlBCHCHITIﬂe BEITITC paccyﬂ(nenuﬂ OTHO-
CATCA K CTY9a10 YCTAHOBHUBIIETOCH TEIZIOBOIO
PaBHOBeCHsI IPK NIPOTeKAHHUH 110 Tpacce PCB
buxcnpoBannoro MOCTOANHOrO ToKa, ONHaK0
IUIs1 aHAJIN3a PealbHBIX PaGOUNX PEKIIMOB
6oJibIIOE 3HAYECHUE UMEIOT TIePEXOJHbBIE CO-
CTOAHUSA, BEI3BAHHLIE U3MEHEHUEM HATPY3KH.
ITockoibKy ypoBeHb ToKa DC IIpH HCIIBITAHUSX
YBEILMYMBAETCs C AUCKPeTHbIM warom (10 A),
9TO JTAET BOSMOKHOCTb OII€HUTDH TEIJIOBYIO I10-
CTOSHHYIO BPEMEHU NeYaTHOH I17IaThIL.
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= W3mepeHne C ° MopenuposaHue
® Mogenmposanne C Temnepatypb!
= = U3mepeHue A
60H A Mogenmposanne A 60
L oo o <
= -
40 40
t TonwmHoM 1,5 mm
Tok Crpykrypa A
wAee A==k > ATk " A Crpykrypa C 70 MkM Ha HUKHeM coe
Fo=e- 70 MKM Ha BEpXHEM C/oe  (WeT ToKa)
2 ' ' L 20 (ToK Harpysku)
5000 7000 9000 11000
t,c
Puc. 11. MonepeyHoe ceyeHre MOAENHPYEMON CTPYKTYpbI
E oo ¥ hd
& 40
i
30 L L L
6000 6100 6200 6300 6400
t,c
Puc. 10.
a) Usmep Y pacuetHble Temneparypbl; Puc. 12, MopennposarHe TennoBoro PesHMa npr NPOTEKaHKH HH3KOHACTOTHOTO

6) onpepenetme TENNOBOW NOCTOAHHOM BPEMEHH

Ha puc. 10 nokasanbl pe3ynbTarhl u3me-
peHus TeMIeparypbl, IPOBEJeHHbIE B [[EHT-
pe poposkex A u C (puc. 3) Ha wiare 70 MKM.
MOHHTOPPIH]‘ TEMIIEPATYPBI TAKKE ITPOBOAMIICST
Ha HEHaTPY’KEeHHOM Tpacce A IpH MPOTEKAHUH
TOKa 110 IpoBOAHKKY C.

Jng anaamaa JUHaMAYECKHX TEIUIOBBIX pe-
JKIMOB ObLIa cosfaHa mpoctas 3D-mopens PCB,
npeacTapneHHas Ha puc. 11. ITorepu, ompene-
JisieMble IIPOM3BeNeHUEM NaJIeHHs HAPSIKEH M
11 TOKa Harpy3KHM, paccenBaioTcst B crpykrype C,
MMEOILIEN IIOCTOAHHYIO IIMPUHY 1 M3BECTHOE
C€YeHue CosL Meu. [Tewarnas miara nomMema-
eTCS MeKTY IByMs HICUTLHBIMY paTraToOpaMu
C IICPEXOIHBIM CJIOCM, MOJICTHPYIOIIIM Hepe-
JIavy TeIIa B OKPY:KAIONIyIo cpey. ITapamerphr
UHTeP(PENCHOTO CJIOA BHIONpANnCh TakuM 06-
PasoM, Y4TGBl MOJIeNIb 00ecIIeYHBaJIa JOCTOBEp-
HOe 3HaYeHHe YCTaHOBHBIIEHCS TeMIepaTyphbl
NP Pa3INIHbIX 3HAUEHUAX TOKA HATPY3KH.
YT0oOBI KOPPEKTHO 3a/1ATh TEMIOBYIO CBA3b TO-
KOHECY el TPAcChl M HEHArPY>KeHHOHN TOPOXK-
KU A, TeIUIOIPOBOIHOCT MaTepuaa FR4 3ajana
na yposre 1,5 Br/mK. Kak moxasamo na puc. 10,
CO3/jaHHAA TAKUM 06Pa3oM MOJIe/Ih II03BOJISET
TIOJIyYnTh XOpoliiee PHOIMKEHNE NPY AHAIN3E
TETIJIOBLIX MEPEXOAHLIX TIPOIIECCOB.

ITporectupoBanHas TeIIoBas MOJENb TeJaT-
HOM [LIaThl MOKET ObITb UCI10/1b30BAHA 1 uc-
ClIelOBAaHMA IMHAMUIECKUX TeMIOBbIX XapaKTe-
PUICTUK HA YaCTOTAX, IJIe Me/JIEHHbIE TePMOJIAT-

p 0 TOKa npu

YMKK HE C1I0COOHbI JATh KOPPEKTHbIE Pe3y/IbTaThl.
MopnemipoBanie IIOATBEP/IIIIO, YTO ITyJIbCA[HH
Temmeparypbl Ha yacrore 50111 cocrapiisoT OKO-
10 0,1%, 1 My MokHO TpeHeGpedn. Kak mokasaHo
Ha puC. 12, epeXoiHbIE TEMIOBBIE MPOIIECCHI
B II€IATHBIX JOPOKKAX Hanbosee SAPKO BBIPAZKECHBI
na yacrorax Huke 1T, TTpu 0,5 amruiuryna
M3MeHEHNUs TEMIIEPATYPBI COCTABJISLET IIPUMEPHO
+5% OT cpeaiHero 3HaueHN s MeperpeBa Tpacchl OT-
HOCHUTENIbHO OKPYKaIOLLIel CPenbl.

3aknioueHune

B npeo6pa3oBarensx Majoil u cpeHeil
MOIIHOCTH CHJIOBBIC TPAH3UCTOPBI U MOJY/IN,
KaK TPaBUJIO, Pa3MEIAI0TCS Ha HCYATHBIX TITa-
TaX, a CHITLHOTOYHLIE COeINHENNA Ieredt TuTa-
HHA U BBIXOJIOB OCYILECTBIAIOTCA C HOMOIIIBIO
TeYaTHBIX Tpacc. [Ing obecredeHNs HalleKHON
PaboThI CUCTEMbI B 3TUX YCI0BUAX Gonbiloe
3nadenne npuobperaer MPaBMUIALHBIN BEIGOP
IMPHUHBL 1 TOTIIUHBI T0pokek PCB.

DKCIIepHMEHTAIbHbIE MCC/IeIOBAHMUS TeCTO-
BBLIX MeYaTHBIX TIaT, CO3[AHHDBIX Ha CTAHAPT-
HoM MaTepuane FR4, moxasanm, 4To CyIecr-
ByIOLIME IPABUJIA TPACCHPOBKH M METOILUKH
TEIJIOBOI'O pacdera MOTyT 6]>ITI> K CITI0JIB30BAHBI
TOJIBKO II Y CTAHOBUBILIMXCSl COCTOSHMI TIPH TO-
Kax, He npesbliuaiomux 35 A. Mogeas IPC [4]
12T XOPOIIME Pe3YJIbTaThl TOJBKO IS TTMHHBIX
TPACC C HOCTOAHHOM IUIOITAMBIO CEYeHNM.

# Temneparype 25 °C

Bompexu HEKOTOPBIM PCKOMEHAALUAM Pad-

MelleHue 1apajlle/IbHOll JOPOKKU Ha obpar-
HOI1 cropoHe PCB He yBeimunBaeT TOKOHeCY-
MIYI0 CHOCOOHOCTD TPACChl, 3HAYMTENHLHOTO

MOOBBIICHUS HOHYCTHMOﬁ TOKOBOM Hal’pySKI/I

MOKHO I[06I/ITI)C$[ TOJBKO 3a CUCT YBCJII/I‘ICHHS[
CedeHys Me[lll B IIPOBOIAIINX CJIOSIX, a 3HAYHT,
OPH PasBOJIKe CHIIOBBLIX TPACC CIIeMyeT MaKCH-
MaTbHO HCIIOJNIB30BaTh CBOOOTHYIO MIOMIANb
Me4aTHOI IUIAThI.

Ananuz AUHAMUYECKUX TEIUIOBBIX PEKUMOB,

IPOBEIEHHBII C MOMOIILIO CO3TAHHON MOJIEIN
PCB, nogTBepaum, 4T0 KoJIeOaHMsI TeMIepary-
PbI IOPO’KKU OTHOCHTETLHO CPETHETO 3HAYEHU S
BHOCAT CYIICCTBCHHBII BKJIAJ, IIPH YaCTOTE 13-
MCHeHMS ToKa Hurke 1 I, |

Jluteparypa

1.

w )

bl

o w

7

http://www.geocities.com/CapeCanaveral/Lab/
9643/TraceWidth.htm

. http://www.ultracad.com/calc.htm PCBTemp.

exe

. http://www.pcbstandards.com

Brooks D. Temperature Rise in PCB Traces //
Reprinted from the Proceedings of the PCB Design
Conference. West. 23-27 March, 1998.
http://www.pontro.com/current_cap.htm
IPC-2221. General Standard on Printed Board
Design. Figure 6-4.

http://www.ksg.de
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2 TEXHOJIOI'Ti TA 3ACOBHM ITPOEKTYBAHHSI
2.1 Bumoru /10 cucTeM aBTOMATH30BAHOI'0 IPOEKTY BAHHS

1. YiockonasieHHsi METOIB MPOEKTYBaHHsI, 30KpeMa BUKOPUCTAHHS METOI1B
0araToBapiaHTHOTO IPOCKTYBAaHHS Ta OINTHMI3amii IS IOIIyKy eQEeKTHBHUX
BapiaHTIB 1 YXBaJICHHS PIllICHb.

2. [ligBuIIeHH YaCTKU TBOPYOi Ipalll IH)KEeHEepa-MPOEKTYBaIbHUKA.

3. [limBHIIEHHS SIKOCTI IPOEKTHOI TOKYMEHTAIII1.

4. Y1oCKOHaJeHHS KEpYBaHHS MPOLIECOM PO3POOIICHHS POEKTIB.

5.YactkoBa  3aMiHa  HATYpHMX  €KCIHEpPUMEHTIB 1  MaKeTyBaHHS
moneroBanusaM Ha EOM.

6. 3MeHuIeHHss o0cary BUOPOOyBaHb 1 JIOBEJICHHS JOCHIJHUX 3pa3KiB
YHACNIAOK TMiABUILIEHHS pIBHS JOCTOBIPHOCTI NPOEKTHUX PillleHb 1, OTXKe,
3HI)KEHHSI TAMYaCOBUX BHUTPAT.

Ha cworomni cutyania B chepi CAIIP TexHIYHMX cHUCTEM CKJajiacs Tak, IO
YTBOPUBCSL OUYEBHJHUU PO3PUB MK cHeyianizo8anum iHopmayiunum 1
nPOCPAMHUM 3a0e3neyeHHsM, O PEaTi30Bye MPOSKTHUN pO3paxyHOK BUPOOIB Ha
pi3HuX eranax mnpoekTyBaHHs (cremianizoBani CAIIP), 1 iHCTpymMeHTaTIbHUMHA
3aco0amu npoekTyBanHs Ha EOM. SIkmio B mepmoMy BHIAJKy BITUM3HSIHA HayKa
Mae He3amnepeuyHi TMpIOPUTETH SIK Yy cdepi MaTeMaTHUHOrO MOJCIIOBAHHS
TEeXHIYHUX CHUCTEM, TOOYI0BU iH()OPMAIIIITHOTO 1 IPOrpaMHOTO 3a0e3MeueHHs, TaK
1y chepi po3poOieHHS TpoLEAyp YXBaJICHHS pilllcHb, TO B cdepi moOynoBn
MPOCTOPOBUX TEOMETPUIHHUX MOJIEIEH AeTasieil 1 By3JiB € ICTOTHE BiJICTaBaHHSA BiJ
3apyO i KHUX PO3POOOK.

Incmpymenmanvui 3acoou — ne CAD/CAE/CAM-cuctemu, siki OCTaHHIM
yacoM HaOyJIM BEJIMKOIO MOLIUPEHHS Y ABUTYHOOYIyBaHHI.

2.2 llpusnauennss CAD/CAE/CAM-cucrem

CAD/CAE/CAM-cuctemMu TIpU3HA4YeHI i1 KOMILUIEKCHOI aBTOMAaTH3allil
MPOCKTYBaHHS, KOHCTPYIOBAHHSI Ta BUTOTOBJICHHS MPOAYKIIT MamiMHOOY/1yBaHHS.
VY Hux (QakTH4HO 00’€qHAHI TPU CUCTEMH PIZHOTO MPHU3HAYEHHS, PO3pOOJIEHI Ha
enuHii 0a3i, abpeBiaTypH, AKi po3MU(POBYIOTECS y TaKUH CIOCIO:

— CAD — Computer Aided Design — KoMI'loTepHa MIATPUMKA
KOHCTPYIOBAaHHS;
— CAE — Computer Aided Engineering — KXOMII'IOTepHa MIATPUMKa

IH)KEHEPHOTO aHaNi3y;
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— CAM — Computer Aided Manufacturing — XOMII'IOTepHA MiATPUMKA
BUTOTOBJICHHS;

— PDM — Product Data Management — CUCTEMM KEpYBaHHSI MPOCKTHUMH
JAHUMHU.

Posmonin CAD/CAE/CAM-cucteM 3a eramaMi TEXHOJOTTYHOI ITIATOTOBKHU
BupoOHuITBA (1ani — TIIB):

1. Eman xoncmpyrweanus (CAD, CAE) — mnpurmyckae o0’€MHE 1 TUIOCKE
FeOMETPUYHE MOJCNIIOBAaHHS, IHXEHEPHUM aHali3 Ha PO3PaXyHKOBUX MOJIEIIX
BHCOKOT'O PiBHS, OLIIHKY MPOSKTHHUX PIICHb, OTPUMAaHHS KPECIICHb.

2. Eman mexnonociunoi niocomoexu eupoonuymea (mam — ETIIB) — nHa
3axoni HazuBaroTe CAPP (Computer Automated Process Planing) — npunyckae
pO3pO0JICHHA  TEeXHOJIOTIYHMX  IIPOIECIB,  TEXHOJOTIYHOTO  OCHAIICHHS,
kepyBaibHux nporpam (gani — KII), nns oOnaaHaHHS 3 4MCENbHO-IPOrPAMHUM
kepyBaHHaM (nani — YUIIK). Cronu Bxonuts 3aBaanHs CAIIP TII — po3poOneHHs
TEXHOJOTIYHOI JOKYMEHTallll (MapumIpyTHOi, OIMepaimiifHoi), IO JOBOJUTHCS JIO
poOOUNX MICIIb 1 PETIIAMEHTYE IPOIEC BUTOTOBIICHHS JCTAJIL.

3. Konkpemmnuii onuc oopodoxu Ha obnaananti 3 UIIK y Burmsiai kepyBaabHUX
IporpaM yBOJMTHCA B CHUCTEMY aBTOMATH30BAaHOI'O KEPYBAaHHS BUPOOHUYUM
obnagHaHHAM, sIKYy Ha 3ax0/1i Ha3uBarTh CAM.

CAE-cucmemu

Cucrtemn, BHKOPUCTOBYBaHI /JJisd aHaiidy # OIIHKM (DYHKI[IOHATBHUX
BJIACTHBOCTEH TPOCKTOBAaHMX JBUTYHIB, IXHIX CHCTEM, BY3JIIB 1 JeTalieid,
OXOTUTIOIOTh  ITUPOKE KOJO 3aBJIaHb MOJICTIOBAHHS TIPYXHO-HANIPYKEHOTO,
nehopMOBaHOr0, TEIJIOBOTO CTaHy, KOJMBAaHb KOHCTPYKIIl, CTal[lOHAPHOTO Ta
HECTaI[IOHAPHOTO Ta30JMHAMIYHOTO 1 TETUIOBOTO MOJICIIOBAHHS 3 YPaxXyBaHHIM
B’SI3KOCTi, TYpOYJICHTHUX SIBUII, TPUKOPJAOHHOTO TIapy Tomo. Hainommpenimnri
CAE-cuctemu, 110 BHMKOPUCTOBYIOTH BHUPIIIEHHS CHCTEM JU(]epeHIialbHUX
PIBHSHb Y NPUBATHUX MOXITHUX METOAOM KiHneBux enemeHTiB (gami — MKE).
BoHu mojiisitoThest Ha yHIBEpcallbHI cucTeMH aHallizy 3 BukopuctaHHsM MKE i
crerjianizopani. B aBiagBuryHoOyJyBaHHI HaWBiOMIIIl Taki yHIBepcajbHI
cucreMu, sk Nastran, Ansys, BitTuusnsgai ICITIA, KOCMOC ra iHmi, mo JarmoTh
3MOr'y BUKOHYBAaTH Pi3HI BWJM aHalli3y Ha po3mojijeHoMy piBHi. CremianizoBaHi
cuctemu MKE opieHTOBaHI Ha MEBH1 pI3HOBUIM aHami3y. [Ipukiagamu Takux
cucreM MOXxyTh Oyru maketu Flotran, Fluid, mpusHaveni mius MoJeIiOBaHHS
rizporasoguaaMigHux npouecis, OPTRIS — nns mogentoBanHs nedopmariiid TOMIO.

PDM-cucmemu
BUKOpHUCTOBYIOTh Ha BCIX €Tamax MPOeKTYBAaHHS, Tal0ud 3MOTY 3[IIHCHIOBATH
PEKUM KOJICKTUBHOTO MPOCKTYBaHHS, aBTOMATU3YHO4YH (DYHKIIT yIpaBIIiHHS, IO
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OOYMOBIIIOIOTBCSI IIMM  PEKHMOM: TIpU3HAUEHHS Ta 3a0e3MmeueHHs Kiacy
BIJIIIOB11aJIbHOCTI, MIPaB JIOCTYIlYy, BeJIeHHs 0a3u JaHUX MPOEKTY TOILO.

2.3 Pieni CAD/CAE/CAM-cucrem

3ale)XHO  Big  (QYHKIIOHAJIBHUX MOJKJIMBOCTEH, Habopy MoaymiB 1
ctpykrypHoi opranizaiii CAD/CAE/CAM cucteMu MOKHa YMOBHO PO3MOIUTATH
Ha TpU T'PYNHU: JETKI, cepeaHi i Baxki cucteMu (puc. 2.1).

Jlezki cucmemu. 1le mepmuii B iCTOpUIHOMY pO3BHTKY Kiac cucteM. Cepen
miei kareropii MoskHa BHOKpemuTH Taki cucremu, sk CAD-KEY, Personal
Designer, ADEM, T-Flex. Bonu 3a3Bu4aii BUKOPHCTOBYIOTECSI Ha MEPCOHATBHHIX
KOMIT FOTEpax OKpPEMUMH KOPHUCTyBadaMH. Taki CUCTEMH NMpHU3HAYEHI MEPEeBaKHO
JUISL IKICHOTO BUKOHAaHHsI KpeclieHb. BOHM MOKYTb Tako»X BUKOPUCTOBYBATHUCS AJIs
JIBOBUMIpHOTO (2D) MoneoBaHHS Ta HECKJIAJHUX TPUBUMIPHUX MOOYIOB.

~ ~

— Abmoromue kpecesys;

- 21 modenplbaria

- UDemHe mbepdomiibHe Mooemol aHLs;

~ [lapamempusqt RooYG BaHHS;

- U0emHe npoekmiybaHHg CEDEgHY 300K,
- AcoymamulHe KpecneHys:

- Podoma & manux 1 cepeckix 2pynax

~ Hodydybaneg cknadkux nobepxors,

- 3 npoeximybansg ckAaoHux 30000,
—~ Po3poinersa mexHonozHux npoyecil | ocHacmKy:
— [lapanensue pojpodnenssa benukux 30|00k BAXKI

N 2/

Pucynok 2.1 — Kinacu CAD/CAE/CAM-cucteMm 1 06csiri BUKOHYBaHUX () yHKIIN

Lli cucTemMu HOCSTIIM OCTaHHIM YacOM BHCOKOTO PiBHS JIOCKOHANOCTi. BoHm
IpOCTi y BUKOPUCTAHHI, MICTATH Oe3iiu O0i0M0TeK CTaHIAPTHUX EJIEMEHTIB,
HIATPUMYIOTh Pi3Hi cTanapTi opopMIIeHHS TpadiyHOil JOKYMEHTAILIi.

Cucmemu cepeonvoco kaacy. lle xmac, mo 3’SIBUBCSI MOPIBHSHO HEIABHO,
mono Hemoporux TpuBuMmipHux cucteM CAD. Jlo Hboro HajexaTh
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cuctemu AMD, Solid Edge, Solid Works, AUTOCAD, KOMIIAC Tompo. Ixas
nosiBa 00yMOBIIeHa 13 30UIBIIEHHSIM HOTYXHOCTI NMEPCOHAIBHUX KOMII IOTEPIB 1
PO3BUTKOM oOIepaliiHoi cucreMu. 3a IXHbOK JIONOMOrOK) MOXXHAa BUKOHYBATH
no 80 % THMOBMX MAMIMHOOYIIBHMX 3aBJlaHb, HE 3alydyaloud BeIWKI U
nopori CAD/CAM-cucTeMn Ba)KKOTo KJacy.

BimpOIicTh CHCTEM CEpPeIHBOro KIAcy IPYHTYIOTBCA Ha TPHBHUMIPHOMY
TBEPAOTLIPHOMY MOJICIIOBaHHI. BOHM Jal0Th 3MOTY NPOEKTYBaTH OLUIBIIICTH
JeTalell 3arajbHOro MamuHOOYAYBaHHS, 30IpHI OJMHUII CEPEIHBOTO pPIBHSA
CKIIAJHOCTI, BHKOHYBATH CIIUIBHY poOOOTY TpymaM KOHCTPYKTOpiB. Y LHX
CUCTEMaX MOKJIMBO MPOBOJUTH aHAJII3 IEPEPi3iB 1 3a30PiB y CKIAAKAX.

Cucmemu axckoco knacy. Takli cHUCTeMU HanalTh TMOBHUH Halip
IHTErpOBaHUX 3ac00IB NMPOEKTYBaHHsS, BHPOOHHUIITBA, aHai3y BHpOOiB. Jlo miel
kareropii cucteM Hanexxatb ANSYS, EDS/Unigraphics, Inventor, NASTRAN,
ALIAS, ADAMS, I-DEAS, CATIA, Pro/ENGENEER, CADDSS5, EUCLID,
Cimatron. BoHr BHKOPHCTOBYIOTh MOTYKHI amapaTHi 3aco0u, 3a3BHuaii, poboui
cTaHIii 3 orepariiiHoro cucremoro UNIX.

CucreMu BaXKOTO KiIacy MJarOTh 3MOTY BHUPINIYBAaTH INMHPOKHUH CIIEKTP
KOHCTPYKTOPCHKO-TEXHOJIOTTYHUX 3aB/aHb. OkpiM (YHKIIIH, TOCTyIHUX CUCTEMaM
cepenHboro kiacy, Baxxkum CAD/CAM-cucremu 10CTYITHO:

— TPOEKTYBaHHS JIeTale HAWCKIAHIIIOTO TUITY, IO MICTATh AYXKe CKJIaIHI
MIOBEPXHI,

— BUKOHaHHSA TOOYIOBM TOBEPXOHb 3a pe3yibTaTaMH OOMIpy peaibHOT
JIeTalTi, BAKOHAHHS 3TI1aJKYBaHHS TTOBEPXOHB 1 CKIIQIHUX 3’ €THAHD;

— TIPOEKTYBaHHS MAacCHBHMX 300pOK, IO IOTPEOYIOTh PETEIbHOIO
KOMIIOHYBaHHSI Ta II0 MICTATh €JeMEHTH IH(pacTpyKTypu (KaOeibHl KTYTH,
TpyOOTIPOBO/IH);

— poboTa 31 CKJIaJHUMHU 30IpKamMH B PEXHMMI BapiaHTHOI'O aHamI3y IS
IIBUIKOTO IIEPETIIANY i OMIHKU AKOCTI KOMIIOHYBaHHS BHPOOY.

2.4 MoayasHictb CAD/CAE/CAM-cuctem

Cyuachum cucreMam CAD/CAM  BiacTuBUd  MOAYJIBHMM  NPUHLMIT
nooynoBu. Huwkue nepenivenuit cknan 6azosux moaynis mis CAD, CAM i PDM-
cucrtem [2].

Mooyni CAD-cucmem:

— CTBOPEHHA 00’€MHOI MOJeNi JaeTani W BY3JIB 31 CTATUYHUM aHAII30M
CKJIQJIHOCT1 BUPOOIB;

— IIPOEKTYBaHHs MOBEPXOHb OYAb-sIKO1 CKJIaIHOCTI,

— TapamMeTpu3allis po3MipiB JeTalel;
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— o(OpMIICHHSI CKIAJAIBHUX 1 MOJIETIOBAIBHUX KPECICHb 3a 00’ €MHUMHU
MOJEJISIMU BIATIOBIIHO JI0 CTAaHAAPTIB;

— (otopeasricThyHe BiJJOOpPaKEHHST BUPOOY 3 YypaxyBaHHSM TEKCTYpH
MaTepiay, KoJbopy H IMOPCTKOCTI MOBEPXHI;

— BUBEJICHHSI 300pa’keHHs Ha TUIOTep;

— iMmopT-eKcnoptT Mozei Mk pisHuMu CAD-cuctemamu depe3 iHnTepdericy.

Mooyni CAM-cucmem:

— MPOEKTYBaHHS TEXHOJOTIYHHX MPOLECIB BUTOTOBJICHHS MPOAYKLIi Ta
OCHAIIICHHS;

— IMHAMIYHUI KOHTPOJIb POIIeCy 30UpaHHs;

— BUOIp MapaMmeTpiB XOJIOAHOTO IITaMIyBaHHS (IMITYEThCSI BEChb IPOLEC
IITAMIIyBaHH:, 30KpeMa «HaKJIaJeHH:» IITaMIyBaJlbHUX MPUCTPOIB HA MOBEPXHIO
aerani);

— CTBOpPEHHs Ta HaJalITyBaHHsA mporpam jns BepcrariB 13 UIIK
(MomenroeThcsl KiHEMAaTHKa BepcTaTa, HMOro poboda 30HA, CTiKa KepyBaHHS,
3aroToBKa, il KpIJICHHS Ta IHCTPYMEHT; HAa €KpaHl JETAaJbHO BIIOOPaXKY€ETHCS
mpoiec 00poOKm);

— ONTHUMI3alllsl TapaMeTPiB MPOIECIB JIUTBA AeTaleH 13 IIacTMac;

— Moyl iporpamyBaHHs st Bepetaris i3 UIIK;

— CTBOPCHHS, pEJaryBaHHS Ta MOJCINIOBAHHS MPOrpaM BUMIPIOBAHHS Ta
KOHTPOJIIO BIMOBITHOCTI AeTaii ii 06’€MHOI MOJIeIi 32 JOIIOMOTOI0 KOOPIMHATHO-
BUMIPIOBAJIbHOT MAIIINHU.

Mooyni PDM-cucmem:

— KE€pYBaHHS 3arajbHOIO JUIsl pO3POOHUKIB 0a3010 JaHMX;

— iH(pOopMaIIHHO-TIONTYKOBA CUCTEMa IOKYMEHTYBaHHS;

— aBTOMATH30BaHMI PO3IO/LIT 3aBAaHb MK PO3POOHUKAMH;

— 3aBJJaHHS CTAaTyCy KOXHOI'O PO3pOOHHUKA;

— BU3HAYCHHSA CTPYKTYPH 1H(OOPMAIIHHUX ITOTOKIB;

— BU3HAUCHHS KOMIUICKTY JIOKYMECHTAIIIT;

— KOHTPOJIb 3MiH;

— KOHTPOJIb BUKOHAHHS MEPEKHOTO IUIaH-rpadika MPOeKTY;

— KOHTPOJIb IOBHOTHU Pi3HOPIiAHOT iH(OpMallii npo BUPIO:

— TeOMETpPUYHI JaH1 (MOJIENb 3 po3MipaMH Ta JOMYCKaMu);

KpECIeHHS;
— BJIACTUBOCTI MaTepiaiiB;
crenudikaii;

— pe3y/ibTaTh MIIHICTHUX PO3PaXyHKIB;

TEXHOJIOT19HI IMPOIIECH BUTOTOBJICHHS,
— mporpamu it Beperatis i3 UIIK;
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— BapTICTh KOMIIOHEHTIB;
— ¢oTropeanicTuuHi 300paxKeHHsI TOIIO;
— aBTOMATH30BaHE CTBOPEHHSI 3BITIB PO IMPOCKTH 32 IIMMH JIAHUMH;
— apxiBaris.
Pieni apxiseayii mooeni éupoby
Enekrponna wmojenb BUPOOY, IO CKIAAAETHCS 3 TEPelideHHX JaHUX,
MPOXOUTH Y TIPOIEC] CTBOPEHHS TPHU PiBHI apXiBallii:
1) apxiB po3poOHUKa;
2) apXiB IpymI# po3pOOHHKIB;
3) 3aranbHUM apXiB TOTOBHX MPOEKTIB.
[lepemimenns iHdopMmanii Ha BUIIMI piBEeHb BiNOYBAa€THCA BHACITIIOK
«EJIEKTPOHHOTO IIMUCY» 0COOH, sIKa YXBAITIOE PITSHHS.

2.5 ®ynkuii, Baactusocti Ta npukiaaan CAE/CAD/CAM-cuctem

Oynkiii CAD-cucreM y MammHOOYZyBaHHI HIAPO3AULIIOTE HAa (QYHKITIL
0gosumipnoeo (2D) i mpusumipnoco (3D) mnpoextyBanusa. Jlo ¢ynkmiii 2D
HAJICXKATh KPECJIEHHS, O(OPMIICHHS KOHCTPYKTOPCHKOI JOKYMEHTaIii, Ji0
¢yakuii 3D — oTpuMaHHS TPUBHMIPHMX MOJCICH, METPUYHI pPO3PaxyHKH,
peayricTU4Ha Bi3yaisailis, B3aeMHe repeTBoperHs 2D i1 3D mopneneii [2].

Tonosni  ynxyii CAM-cucmem: po3poOJEHHS TEXHOJOTIYHUX MPOIIECIB,
CHUHTE3 KEPYBAJIBHUX IPOTPaM, JJII TEXHOJOTIYHOTO OOJaJHAHHSA 3 YHUCIOBUM
nporpamMHuM KepyBaHHsM (nmanmi — UYIIK), MopemtoBaHHS TporieciB 0OpOOKH,
30KpemMa no0y/joBa TPaeKTOpii BIAHOCHOTO pyXy IHCTPYMEHTY Ta 3arOTOBJICHHS B
npoiieci 00poOKH, reHeparlis MPoIecopiB MOCTY ISl IEBHUX THUIIB 00JIaTHAHHS 3
YTIK (NC — Numerical Control), po3paxyHOK HOpM 4acy 0OpOoOKH.

Qyuxyii  CAE-cucmem  IOCUTh  PI3HOMAaHITHI, OCKUIBKM  BOHU
00YMOBIIIOIOTHCS IIPOSKTHUMHU MPOIEAYyPaMH aHaIi3y, MOJCITIOBAHHS, ONTHMI3arii
npoekTHUX pimenb. Jlo cknany mammHoOyniBaux CAE-cucteM Hacammepen
HaJIeXaTh MPOTPAMHU IJI TAaKUX MPOLEeayp:

— MOJIEIIOBaHHS OB (DI3MYHUX BEJIWYUH, 30KpeMa aHaji3 MIITHOCTI, KU
3a3BUYail BUKOHYEThCS BiAmoBiaHO 10 MKE;

— pO3paxyHOK CTaHIB 1 MepeXiTHUX MPOLECIB HA MAKPOPIBHI,

— iMiTaIliifHe MOJCITIOBAHHS CKJIQJHMX BHPOOHMYMX CHCTEM Ha OCHOBI
MoJieJIell MacOBOTO OOCITYyTOBYBaHHS Ta MEPEK.

Ipuxiaou cucmem MoOen08anHs NONIE QI3UUHUX 8eIUUUH BIONOBIOHO 00
MKE: Nastran, Ansys, Cosmos, Nisa, Moldrlow. Ilpuxnaou cucmem mooenioeanus
Ounamiunux, npoyecie Ha maxkpopisHi. Adams i Dyna — y MEXaHIYHHX CHUCTEMaX,
Spice — B enmekTpoHHUX cxemax, [TA9 — mis 6araToacrmeKTHOro MOJICITIOBAHHS,
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TOOTO JIJISI MOJICITFOBAHHS CUCTEM, TIPUHIIMITH [Tii SKUX 0a3yHOThCS Ha B3a€MOBILUIUBI
(h13MYHUX MPOLIECIB PI3HOTO NOXOKEHHS.

Js 3pyunocti ajnantanii CAIIP no norpe® neBHMX BHUKOPHCTaHb, JUIS 11
pPO3BUTKY AoninbHO Math y ckiani CAIIP iHcTpymeHTanbHI 3aco0u aganTarii Ta
po3BuTKy. Lli 3acobu mnpencraBneni Tieto abo inmoro CASE-texnomnoriero,
30kpemMa MoBH posmupeHHs. Y geskux CAIIP 3acTocoByloTh OpHTIHAIBHI
IHCTPYMEHTAIIbHI CEPETOBHUIIIA.

[lpuxknagamMmu  MOXYyTb Oyt  00’€KTHO-OPIEHTOBaHE  IHTEpaKTHUBHE
cepenopumie CAS CADE B cumcremi EUCLID, ska Mictuth 010710TeKY
komnoHneHTiB, y CAIIP T-Kiex CAD 3/J nependauerno po3poOaeHHs JOTIOBHEHD Y
cepenopumax Visual O+/—1 Visual Basic.

BaxxiuBe 3nadenHs i 3a6e3nedeHds Binkputocti CAIIP, ii iHTerpoBanocTi
3 IHIIMMU aBTOMaTU30BaHUMM cucteMamu (gam — AC) matoth iHTepdeiicu,
0 peali3oBYIOTbCS B cucTteMi ¢dopMataMd MDKOPOTpaMHUX  OOMIHIB.
OueBnaHo, MmO TepeayciM HeoOXimHo 3a6e3meuntH 3B’ s3ku Mk CAE, CAD 1
CAM-nigcucreMaMu.

2.6 Ilporpamui moBH

Moeu — dopmatu MDKIpOrpaMHUX OOMiHIB — BUKOpHCTOBYIOThCS IGES,
DXF. Express (ctanaapt ISO 10303-11, Bxoauts y cykynHicTs ctanaaptis STEP),
SAT (popmar supa ACIS) Tormo.

Haiinepcnexmugeniwumy  BBAXKAIOThCS  JialickTH  MOBM  Express, 1110
HOSICHIOEThCS 3arajbHUM 3HadeHHsM cranHjapTiB STEP, iXHBbOIO cHpsSMOBaHICTIO
Ha pi3HE 3aCTOCYBaHHSA, a TAaKO)X HAa BHUKOPHUCTAHHS B CYYaCHHUX PO3IOJIIJICHUX
NPOCKTHUX 1 BUPOOHWUMX cuctemax. /lificHo, Taki popmaru, sk IGES a6o DXF
OMHCYIOTh TUIBKU I'€OMETpilo 00’ €KTiB, TOAl sIK B 0OMiHax Mix pizHuMu CAIIP 1
iXHIMH IiICUCTeMaMHU QIrypyrOTh JIaH1 PO PI3SHOMAHITHI BIACTUBOCTI M aTpHOyTH
BUPOOIB [3].

Moea Express BUKOPHCTOBYEThbCS B OaraThOoX CHCTeMax iHTepdeiicy Mik
CAD/CAM-cuctemamu. 3okpema, B cucremy CAD+ STEP BkmoueHo
cepenoBuine SDAI (Standard Data Access Interface), B sikoMy MOXKIMBE MOJaHHS
naHux npo o6’ektu 3 pisHUX cucteM CAD 1 popaTkiB (ane omucaHUX 3a
npaBwiamMu MoBH Express). CAD++ STEP 3abesmeuye moctynm go 0a3 maHHX
oubmocti Bigomux CAIIP 13 nHaBenmenusM panux y Burisagi STEP-¢aiinis.
IaTepdeiic mporpamicta nae 3MOTY BIJKpUBAaTH i 3aKkpuUBaTH (aillii MPOEKTiB Y
0azax JaHUX, TMPOBOAUTH UUTAaHHI Ta 3amuc. SK OO0’€KTM MOXYTh
BUKOPUCTOBYBAaTUCS TOYKH, KpPHBI, IOBEPXHI, TEKCT, NPUKIATU MPOSKTHUX
pillieHb, PO3MIpH, 3B’ A3KH, TUIIOBI 300paKeHHs, KOMIUIEKCH JaHUX TOIIIO.
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2.7 Honsitrst npo CALS-TexHoJ10ri10

CALS-mexnonoeiss — 11e¢ TEXHOJOTIE KOMILJIEKCHOI KoM torepusailii cdep
IIPOMHCIIOBOTO BHPOOHHWIITBA, MeTa SKOI — yHI(IKamis Ta craHzapTU3amis
crenudikanif MPoOMHUCIOBOI MPOAYKIIi Ha BCIX eramax il >KMTTEBOTO IUKITY.
["onoBHI crienudikarmii mpeacTaBieH] MPOSKTHO, TEXHOJIOTYHOI0, BUPOOHUYOIO,
MapKETHHTOBOIO,  eKCIUTyaTamiiHow  mokymeHramiero. Y  CALS-cuctemax
nepenbaueHo 30epiranHs, oOpoOka Ta mepenada iHdopMalii B KOMIT IOTEPHUX
CepeIOBHINAX, ONCPATHBHUI JTOCTYII 0 MaHHUX Y MOTPIOHMI Yac i B MOTpiOHOMY
micii. BiamoBigHI CUCTEMH aBTOMATH3allll HA3BAJIU AEMIOMAMU306AHUMU
nozicmuunumu cucmemamu aovo CALS (Computer Aided Logistic Systems).
OCKUIBKM TiJ JIOTICTHKOIO 3a3BHYall PO3YMIIOTH AUCIUIUIIHY, IPUCBIYEHY
MUTAaHHSAM TIOCTayaHHs Ta KepyBaHHs 3amacamu, a (QyHkuii CALS nabGarato
mupiie i oOyMOBIIOIOTBCS 3 yciMa eTanaMy JKUTTEBOTO IUKIY MPOMHUCIOBHX
BHPOOIB, 3aCTOCOBYIOTH 1 OULIBII PO3IMOBCIOKEHY pO3MH(PPOBKY abpeBiaTypu
CALS — Continuous Acquisition and LifeCycle Support.

3acrocyBanns CALS nae 3MOry iCTOTHO 3MEHIIUTH OOCST TPOEKTHUX POOIT,
OCKLIbKM OIIMCH 0ararbOX CKJIAJHHMKIB OOJaJHAHHS, MAIIWH 1 CHCTEM, IO
IPOCKTYBAIMCS paHimie, 30epiraroThCsi B 0a3zax JJaHUX MEPEKHUX CEPBEPIB,
JMOCTYNMHHUX Oynb-skoMy KopuctyBadeBi TexHosorii CALS. IcToTHO monermryeTbes
BUPIIIEHHSI TPOOJIEeM PEMOHTO3JAaTHOCTI, 1HTErpauii mpoayKIil pi3HUX CHUCTEM 1
CepeIOBHINA, ajanTallii 10 3MIHHMX YMOB €KCILTyaTaIlii, crermiami3arii MPOeKTHUX
oprasizartii Toro.

Po3Butox CALS-TexHOJOr1i NMOBUHEH NPU3BECTH [0 NOSBH TaK 3BaHUX
BIpTYaJbHUX BUPOOHHUIITB, TPH AKUX MPOLEC CTBOPEHHS crenudikamiin 3
iHpopMaIlietr0o  JUIsT  MMPOTPAMHO-KEPOBAHOTO  TEXHOJOTIYHOTO  OOJa/IHAHHS,
JOCTAaTHIA JUIsi BUIOTOBJIEHHS BHpPOOy, MOke OyTHM po3NOAUICHHH y 4Yaci U
IpocTOpi MDK OaraTbMa OpraHi3amiifHO aBTOHOMHHMHM IIPOCKTHHMH CTYIISMHU.
Cepen Oesnepeunux gocsrieHb CALS-texHonorii BapTo Ha3BaTH JIETKICTb
PO3MOBCIO/IKEHHST MEPEAOBUX MPOEKTHUX pillleHb, MOXJIMBICTH 0araToKpaTHOIro
BIITBOPEHHS YaCTHH IPOSKTY B HOBHX PO3POOKAX TOIIIO.

[ToGynoBa BIiAKPUTHUX PO3MOAUICHMX aBTOMAaTH30BaHUX CHCTEM IS
NPOEKTYBaHHS Ta KEpyBaHHA y MPOMHUCIOBOCTI CTAaHOBUTH OCHOBY CY4acHO{
CALS-texnomorii. I'omoBma mpobiema ix moOymoBu — 3a0e3medeHHs
OJIHOMAHITHOTO ONHUCY ¥ IHTepIpeTawii JaHWX, HE3aJIeKHO BLI MICI 1 yacy iX
OTpPUMaHHS B 3arajibHid CHCTEMI, II0 Ma€ MaclTadM ax 0 TII0OaTbHUX.
CTpyKTypa NPOEKTHOI, TEXHOJOTIYHOI Ta €KCIUTyaTalliifHO JOKyMeHTAaIlli, MOBH ii
MOJIaHHS TIOBMHHI OyTH CTaHJAapTU30BaHWMHU. 1O/l CTa€ pPEaJbHOIO YCHIIIHA
po0oTa HaJ 3aralbHUM TPOEKTOM pI3HUX KOJIEKTHBIB, PO3IUICHHUX B Haci U
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npocropi Ta ski BUKOpUCTOBYIOTH pizHI CAE/CAD/CAM-cuctemn. Ta cama
KOHCTPYKTOPChKa JIOKYMEHTAIllsl MOKe OyTH BHKOpHCTaHa Oarato pasiB y pi3HHMX
NpOeKTax, a Ta camMa TEXHOJIOrYyHa JOKYMEHTallid ajanToBaHa Ji0 PIZHUX
BUPOOHMYMX YMOB, IO J]a€ 3MOTY ICTOTHO CKOPOTHTH ¥ 3ACHIEBITH 3arajibHUN
LUK TPOEKTYBaHHS Ta BUPOOHMITBA. KpiM TOro, crnpomyeTbest eKCIuryaTarlis
CHCTEM.

Otrxe, iHdopMmaliiiHa  IHTErpailis €  HEBII €MHOI  BJIACTHBICTIO
CALS-cuctem. Tomy CALS-TexHOmOriss 0a3yeTbcsi Ha HUBII CTaHAAPTIB, IO
3a0€3IeYyI0Th TaKy IHTErPAIIilo.

BaxnuBi mpoOnemu, IO MOTPEOYIOTh BHPINICHHS IiJ Yac CTBOPEHHS
komruiekcHux CAIIP, — xkepyBaHHS CKJIAQHICTIO NPOEKTIB Ta I1HTErpaiis
nporpamuoro 3abe3nedeHHs (mami — I13). Ili mpoGiaeMH OXOIUTIOIOTH NMHTAHHS
JIEKOMITO3HMIIIT MPOEKTIB, pO3MapaetoBaHHs MPOSKTHUX POOIT, LUTICHOCTI JTaHUX,
MDKIIpPOTpaMHUX 1HTEep(EHCIB TOLIO.

2.8 KoMILIeKCHI aBTOMATH30BaHI CUCTEMH

Bigomo, 1m0 dYacTkoBa aBTOMAaTH3aIllsl 3a3BHYAail HE A€ OUYIKYBAaHOTO
HIIBUIICHHS €EKTUBHOCTI (PYHKI[IOHYBaHHS IIIIIPUEMCTB. TOMY IIEpEBaXKHUM €
BrpoBa KeHHsS iHTerpoBaHnx CAIIP, mo aBTomMaTH3yrOTh BCi TOJIOBHI eTamu
npoekTyBaHHsl BUpPoOiB. [loganbiie minBuiieHHs: €()EeKTUBHOCTI BUPOOHUIITBA Ta
KOHKYPEHTOCIIPOMOXKHOCTI TPOAYKIII MOXJIMBE NIUIAXOM IHTETparii CHUCTEM
MPOCKTYBaHHS, KEPYBaHHS Ta JIOKYMEHT00OITy. Taka iHTerpariisi 1e)kKUTh B OCHOBI
CTBOPEHHSI KOMHIEKCHUX cucmem agmomamuzayii, B sikux, kpiMm pynkuiit CAIIP,
peastizytoThes 3aco0mM Il aBTOMaTu3allii (pyHKIIH KepyBaHHS MPOCKTYBAHHSIM,
JIOKYMEHTOO00ITy, MIaHyBaHHS BUPOOHHIITBA, OOIKY TOIIIO.

CALS-texHonoris 0a3yeThbcsi Ha HH3LI CTaHAApTIB 1 HacamIepen Ie
craagapta STEP, a takox Parts Library, Mandate, SGML (Standard Generalized
Markup Language), EDIFACT (Electronic Data Interchange For Administration.
Commerse, Transport) Tomo. Crangapt SGML Bu3Hauae crnocodu yHi(iKOBAHOTO
opOpMITEHHS JOKYMEHTIB ITIEBHOTO MPHU3HAYCHHS — 3BITIB, KAaTaJOTiB, OIOJICTCHIB
Toio, a cranaapt EDIFACT — cnocobu 0OMiHy MOJIOHUMH IOKYMCHTAMHU.

Opna 3 HaiBinomimmx peanizaniii CALS-texHozorii po3pobiena ¢ipmoro
Computervision. Lle Texnomoris HazBana EPD (Electronic Product Definition) 1
OpIEHTOBAaHA Ha MIATPUMAaHHs IMPOLECIB NMPOEKTYBAHHS Ta €KCIUTyaTallii BUpPOOiB
MalIMHOOY/TyBaHHSI.

Y CALS-cuctemax Ha BCIX eTamax JKHUTTEBOIO IMMKIY BHpPOOIB
BUKOPHUCTOBYETHCS JIOKYMEHTAIlisl, OTpHMaHa Ha €Tali MPOeKTYBaHHA. [OMYy
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SAHATTA Ne 0

NPOEKTYBAHHSA IPYKOBAHUX IIVIAT B ITIPOI'PAMI
ARES

META 3AHSATTS: npakTHUHO 3aCBOITH METOIUKY
TPUBAJIICTb 3AHATTA: 16 ayn. rox.

OcHoBHI TeopeTH4Hi BitoMocTi

[Micnst 3aBepiieHHS] MPOEKTYBAHHS €IEKTPUYHOT CXEMHU IpH-
crporo B ISIS renepyroTh daiin 3 indopmarito Ipo miaKIIOYCHHS
enemeHTiB (Netlist). ABTOMaTHYHO FeHEPYIOTh TakUi (aiin i 3aBa-
HTaXyI0Th Horo y nporpamy ARES komanmoro "Netlist to ARES"
(puc. 0.1).

| Tools Design Graph  Source Debug  Libre
m Real Time Annotation Chrl+N
|ﬂLLTZ Wire Auko Rouker W

3 5ea Tad...
= ~,

petlist Compiler. ..

Madel Compiler. ..

'-:

Backannotate from ARES I

Pucynok 0.1 — Po3mimenns komanau "Netlist to ARES"

an/I PO3MIIICHHI €/NEMEHTIB 1 JOPIKOK BHUKOPHCTOBYIOTH
IpUB’sI3KY 10 CITKU. ToMy B 6araTb0X BUIIaJKax, mepes| Ho4aTKoM
MPOEKTYBaHHSA JPYKOBAHOI IUIaTH HEOOXiJHO HACTPOITH KPOKH
citku (puc. 0.2), siki OyayTh BUKOPUCTOBYBATU IPH IIPOCKTYBAHHI.
ARES Mmoxe npaiioBaty B IMIIEpCbKHX a00 METPUYHUX OIMHULISIX
BHUMIPIOBAaHHS JTOBKWHHU. HepeMI/IKaTI/ICSI MiX pEKUMaMH MOKHA
komanzoro "Metric" B merro "View".

ITepen po3MilIeHHSAM €JICMECHTIB Ha IuIaTi, HOTPiOHO BKa3aTH
po3mipu 1 dopmy tutatu. PucyBaHHS MeX APYKOBaHOI IjaTh B
ARES 3pniiicHtorots B mapi "Board Edge" (puc. 0.3) komannamu 2-
d rpadiku (puc. 1.4), siki Takox npucytHi B nporpami ARES.
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Wiew Edit Lbrary Tools Systsm

Grid Configuration: E]@ Redraw R
Imperiat Mtic A Elip F
S FineSnag: [Tth FineSrap [01mm = /—\\
[us” F2 Snap 5t F2 Snap 0.5mm oo K. -
Design Rules. . -
= ponent... Ctr+C
Fa Snap 25th F3 Snap 1mm atop i
ota Pin. . q
s F4 Snap 50ith F4 Snap 2.5mm
Dot spacing P Start up urits Snap 0.5mm =
@ | |
Ainimum (px); |8 E P J::!a Snap 1mm F3
’7 Snap 2.5mm F4

Pucynok 0.2 — ITapameTtpu ciTku

[ E:cttorn Fresist

#F>r0LTTX % |k
Pucynok 0.3 — Bu6ip mapy "Board Edge"

Jl1st po3MillieHHs eJIEMEHTIB Ha IIaTi BMUKAIOTh PEKHUM elie-
mentiB ("Component Mode") (puc. 0.4). Ilpu upomy BinoGpaxa-
€ThCS CIIMCOK CIIEMCHTIB y ceneKTopl 00'eKTiIB, sKi BIILI'IOBIILaIOTI)
eneMeHTaM cxemu. [Iporierypa po3MillleHHsI eJIEMEHTIB Ha JIPYKO-
BaHi# Tati B ARES € aHajorigHoro 0 mporeaypu po3MiICHHS
€JIeMEHTIB Ha cxeMi B mporpami ISIS.

L0 - - =i i R

Pucynok 0.4 — Cnncok ejieMeHTIB ISl pO3MillleHHsI HA MJIATi
[icnst posmilieHHs eneMeHTiB pucCyioTh nopikku. B ARES

n00yayBaTH JOPDKKE MOKHA BPY4HY abo0 3a JJ0[IOMOT0I0 aBTOpOY-
Tepa. PucyloTb IOpikKW YyBIMKHYBIIU pexuM aopixkok ("Track
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Mode") (puc. 0.5,a). Bkasytots notpibuuii map (puc. 0.5,6). Pu-
CYBaHHS JOPIKKH MOYHHAIOTh 3 KOHTAKTHOT TUIOIIAIKU TEPIIOrO
eJIeMeHTa 1 3aKiHYYIOTh Ha KOHTAKTHIM TUTOINALI APYroro ejiemMe-
HTa, sKI TOTPiIOHO 3’eqHarH. TakMM caMHUM YHHOM MOXHA
3’€¢HYBaTH MK COOOI0 B)KE€ HApHCOBaHi JOPIXKH a00 KOHTaKTHI
TIJIOMIAIKH 3 IOPI’KKaAMH.

- Top Copper

k [ et 1
Inner 2
5 ]
Wi 2
_ﬁ [irner 4
Lﬂ [inner s
| et
L C{E] TRACES [Hirne 7
T [DEFAULT Wirre s
¥ %ELIEF Wi 9
H T10 I rner 10
T2
° T8
T20
- W
° i
T40
A [MBotom Copper = | || £ | - %[ @[

a) 0) 6)
a — CIIMCOK CTHJIIB /IOPiKOK; § — CINHMCOK IApiB; B — PHCYBAHHS
JAOPIKKHI
Pucynox 0.5 — Ilo0ynoBa nopixxok

B aBTOMaTH30BaHOMY pEXHMi MOOYAOBU JOPIKOK BHUKOPHC-
TOBYIOTh aBTOpOyTep (puc. 0.6). 3amyckaioTh Nporpamy KHOIKOIO
"Begin Routing".

< il Basc schecle aulonAGAN M
ot Passes epeat Ehases: Export Desion Fil:
Q5N Technology System Help Debug
Impot Session Fil
Trace Angle Lock ChrlH o -
Auto Trare Selection T < Runspeciied DU fs atomaticaly
ing Chrll [
n > Entet outer commands interactively
Py— <> Latnch evtemal copy of ELECTAA,
‘Desion Rules: ‘Confict Harding:
[ Auto Placer...
= wie Gid: [25h @ Treat cont Rese to Defauls
E= Via G [25ih < Load con el
. g || | DRl
Gateswap Optimizer [V Enable autonscking? A FE LT Cancel I
I Power Plane Generator...

a)
a — KOMaHJa BUKJIMKY aBTOPOYyTepa; & — BiKHO HACTPOIOBAHHS
aBTOpOYyTEpa
Pucynok 0.6 — ABTomMaTH30BaHa MO0YA0BA AOPIiKOK

22



3aBaaHHA AJ15 CAMOCTIMHOT MiArOTOBKH

3acBOiTH TEOPETHYHHIA MaTepiai 3TiTHO 3 TAKUMH MUTAHHIMH.

1 Metoauka NpOEKTyBaHHS JPYKOBAaHUX IUIAT B MPOrpami
ARES. HacrporoBanus nporpamu ARES mnepex mpoekTyBaHHSIM
JIPYKOBAHOI IUIATH.

2 Posmimensst enementiB B nporpami ARES. Bukopucranns
mapiB AJsl MPOEKTYBaHHS JpyKoBaHWX miat. [loOynoBa mopixok
3’€IHaHb MiXK €JIEMEHTaMH Ha JPYKOBaHi IJari.

3aBaaHHs HA NPpaKTHYHE 3aHATTH

CripoekTyBaTH APYKOBaHy ATy UL CXEMH 3 3aBJaHHS Mpak-
TUYHOTO 3aHATTA Ne 2 (puc. 2.6) y pydyHOMY i aBTOMaTH30BaHOMY
pexumax.

KonTpoJbhi 3anuTanns

1 st 9oro BUKOPUCTOBYIOTH CITKY HpHU HPOEKTYBaHHI APY-
KOBaHUX IJar B mporpami ARES?

2 3a nomoMoOrow SKOi KOMaHAM MEPEMHUKAIOThCS MK IIapa-
MU JPYKOBaHOI TI1aTH?

3 B sxux mapax ApyKOBaHOI IJIATH MPOEKTYIOTh JPYKOBaHI
NIPOBITHUKHU?

4 S$Ix 3MIHUTH TOBIIVHY JIOPIKKA?

5 [nst 90TO BUKOPUCTOBYIOTH aBTOPOYTEP?
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9. TeXHOJIOFI/ISI, BHUbI 1 MapaMeTpbl NeYaTHBIX IIAT

OCHOBHBIE TPUHIUIIBI U3TOTOBJICHUS U IPUMEHEHHS TICHATHBIX CXEM CTAIH
M3BECTHBI B Hadasie XX BEKa, OJTHAKO IMPOMBIIIJICHHBIN BBIIYCK IIE€YATHBIX CXEM
Y T1aT OBUT OPraHU30BaH JIMIIG B Havase 40-X TogoB.

C mepexosoM Ha MUKPOAJIEKTPOHHBIE DJIEMEHTHI, PE3KHUM YMEHBIIEHUEM
pasMepoB M BO3PACTAHWEM OBICTPOICHCTBHS CXEM IMEPBOE MECTO 3aHMUMAIOT BO-
MPOCHl O0eCMeyYeHusi MOCTOSHCTBA XapaKTEPUCTHK IEYATHBIX MPOBOJHUKOB H
B3aMMHOT'0 MX PAaCIOJIOKEHUSI. 3HAUUTENBHO YCIOKHHUIUCH 3a1a41 TIPOCKTUPO-
BaHH U ONTUMAJIBHOTO KOHCTPYUPOBAHUS MMEYATHBIX IJIAT U 3JIEMEHTOB.

[leyaTHbIC TIATHI HAIILIKA IIUPOKOE MPUMEHEHHE B 3JICKTPOHUKE, MTO3BOJISS
YBEJIIMYUTH HAJEKHOCTh JJIEMCHTOB, Y3JIOB M MalllMH B IIEJIOM, TEXHOJIOTHY-
HOCTh (32 CuéT aBTOMATH3aIlUU TPOIECCOB U3TOTOBJIEHUS MMEUYATHOTO PUCYHKA,
COOpKH U MOHTaXa), INIOTHOCTh Pa3MEIISHHsI AJIEMEHTOB (32 CUET YMEHBIICHUS
rabapuTHBIX PAa3MEpPOB M MACChl), OBICTPOJCHCTBHE, IMOMEXO3AIHMIIEHHOCTD
2JIeMEHTOB U cxeM. [leyaTHBIN MOHTa)X — OCHOBA PELICHUs TIPOOIEMBbI KOMIIO-
HOBKH MHUKPOJJIEKTPOHHBIX 3JIeMeHTOB. OCO0YIO pOJIb ITeYaTHBIE TUIAThI UTPAIOT
B u(ppoBoii MHKpOIIEKTpOoHUKE. B Hambosee pa3sutoit dhopme (MHOTOCIOM-
HBII TMEeYaTHBI MOHTa)X) OH YJOBJIETBOPSET TPEOOBAHUAM KOHCTPYHPOBAHUA
BBIYMCIIUTEIbHBIX MAIIIMH TPETHETO U MOCIECAYIOMHNX MOKOJICHUH.

[Ipu pa3paboTKe KOHCTPYKIMH MMEYATHBIX IIAT MPOCKTUPOBIIUKY MPUXO-
JIUTCA peliaTh CIEeAYIONIME 3a/1a4l: KOHCTPYKTHBHBIC (OMpEACICHIE pa3MEPOB U
KOMITOHOBOYHOM CXEMBI), CXEMHO-TOMOJIOTHYCCKUEC (pa3MEIICHUE, TPACCHUPOB-
Ka), paJuoTeXHUUYECKHe (pacuéT Tapa3uTHBIX HABOJOK), TEIUIOTEXHUYECKUE
(TeMriepaTypHBId peXUM pPAaOOTHl IUIATHI M DJIEMEHTOB) W TEXHOJIOTHYECKUE
(BBIOOp METOJa U3TOTOBIICHHUS ).

9.1. Knaccudukarus METO10B KOHCTPYUPOBAHUS MEYATHBIX IJIAT U Y3JIOB

[Tpu koHCcTpynpoBanun DBA Ha neuvatHbix minatax (I1IT) ucnonssyror aBa
OCHOBHBIX IPHUHIINIIA KOHCTPYUPOBAHUS: OJHOYPOBHEBBI 1 MHOTOYPOBHEBBIM.
Br100op nprHLIMIIA KOHCTPYUPOBAHUS ONPEAEIAETCS BO3MOKHOCTAMHU TEXHOJIO-
rur 00eCreYnTh HEOOXOAMMBIN YPOBEHb MHTETPALMU MPU JIAHHOW CIIOXHOCTH
(K0JIMUECTBE PJIEMEHTOB) CXEMBbI.

Oonoyposreaswviti (MOHOCXEMHBIH) 3aKIIFOYAETCS B TOM, YTO BCS JIGKTpHUUe-
ckas cxeMma pacnojaraercs Ha ojnHoil INI1. IIpuHIMn npuMeHEeHUs OrpaHUYEH,
TaK KaKk oueHb cJoxHbIe [1[1 MMEIOT HU3KYIO0 HAJEKHOCTh, HEYJOOHBI MPU Ha-
cTpoiike u pemoHte JDBA.

MHnozoypognesoiii IPUHIMI TPUMEHSIIOT MPU IPOU3BOJCTBE MACCOBOM U
cepuitHoii 9BA. On 3akiirouaercss B TOM, 4TO KOHCTpyKiuss OBA cocrout us
MoayJield HECKONbKUX (OBYX M Ooiee) ypoBHeil uepapxuu. [lox KOHCTpYKTUB-
HBIM MOJyJIeM ITOHMMaeTcs 000 y3en DBA, KOTOPBI IO KOHCTPYKTHBHOMY
0o OpMIIEHHIO ¥ TEXHOJIOTWH MPOU3BOJICTBA SBJISETCS CAMOCTOSTEIIbHBIM M UMe-
€T CTaHJapTHBIE CPEACTBA ANEKTPUUECKOr0 U MEXaHUUECKOIO COMPSAKEHUS.
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Bricokast peMoHTONpUrogHocts OBA mpu MHOrOypoBHEBOM HpPUHIHUIIE
obecneunBaeTcs opOpMIIEHHEM KOHCTPYKTUBHBIX MOJYJIEH OJHOIO U3 YPOBHEU
vepapXvu B BUJ€ CMEHHOW €IMHMIIbI (TUIIOBOTO 2JE€MEHTa 3aMeHbl). MHOro-
YPOBHEBBIM MPUHIMIT KOHCTPYHUPOBAHUS MO3BOJIIET OPraHU30BaTh MPOU3BOJICT-
BO KOHCTPYKTHBHBIX MOJYJICH MO HE3aBUCHUMBIM ITMKJIaM, T.e. oOecriednBacT
CHEeMAaIM3alMI0 [IPOU3BOJICTBA, JIOCTHYb BBICOKOM CTENECHU YHU(DUKAUUU U
CTaHAapTU3aLMU Y3JI0B U JAeTalecd mpoektupyemoit 9BA, aBTomMaTu3upoBaTh U
MEXaHU3UPOBAThH TIPOIIECCHl M3TOTOBICHUS W COOPKH JIeTayel, HMCIIONh30BATh
IIPEeU3MOHHOE 000PYZOBaHUE BBICOKOM INMPOM3BOJIUTEIBHOCTH U MPOTPECCUB-
Hble TEXHOJOTUYECKHEe mpouecchl. HegocTaTku mpuHIUNa: yBeIUYEHUE pa3Me-
poB 1 Maccel DBA 3a c4eT KOHCTPYKTHBHOTO O(QOPMIICHHS M CHI)KCHHE HAJICK-
HOCTHU U3-32 YBEJIMUEHUS KOJIMUYECTBA Pa3bEMHBIX U MAsSHBIX COCJUHEHHUIA.

B cootBercTBum ¢ 'OCT paznuvaior Tpu Metoaa BeimonHeHus [111:

PY4HOIL;

[10JTyaBTOMAaTU3UPOBAHHBIN;

aBTOMAaTU3UPOBAHHBIN.

[TpeanoyTHTENbHBIMU SIBJISIFOTCSI [10J1yaBTOMATU3UPOBAHHBIM U aBTOMATH-
3UpPOBAaHHBIA METO/IbI.

9.2. TexXHOJIOTUH NEeYaTHBIX IJIaT

OcobenHocTAMH TIpoU3BoACTBAa DOBM Ha COBpEMEHHOM JTarie SBISIOTCS:
HCIIOJIb30BaHUE OOJIBIIOr0 KOJMYECTBA CTAHAAPTHBIX JIEMEHTOB; BBIITYCK 3THX
2JIEMEHTOB B OOJIBIIMX KOJIMUYECTBAX M BBICOKOTO KaYeCTBA — OJTHO M3 OCHOBHBIX
TpeOOBaHUI MPOU3BOACTBA cpeAcTB DBA; MaccoBoe MPOU3BOICTBO CTaHAAPT-
HBIX OJIOKOB C HCIOJB30BaHUEM HOBBIX DJIEMEHTOB M YHH(PHKAIUS DJIEMEHTOB,
YTO CO3/a€T YCJIOBHUSA JIJIsl aBTOMATU3AIMH KX ITPOU3BO/ICTBA; BHICOKAS TPYA0EM-
KOCTh COOpPOYHBIX 1 MOHTaXHBIX paboT. Hambosee CiI0KHOM U TPYIOEMKOM 3a-
Jla4ycil IpH KOHCTPYUPOBAaHUHU DBA SIBIISIIOTCS TPOCKTUPOBAHUE U MPOU3BOJICT-
BO IICYAaTHBIX IIJIAT, YTO 00BICHSIETCSI HATNYUEM GOHLH_[OI‘O quciaa CO€,Z[I/IH€HI/Iﬁ n
TpeOOBaHMEM MX BBICOKOH MIIOTHOCTH.

OCHOBHBIM HAIpaBJICHHEM IIPH Pa3pabOTKe W CO3JaHUU TEYATHBIX IUIAT
SABJIICTCS IMUPOKOC IMIPUMEHCHUC aBTOMATHU3UPOBAHHBIX METOOB IMPOCKTUPOBA-
HUS C UCIOJIb30BaHKeM DBM, 4To 3HaYUTENBHO 00JIeryaeT Impolecc pa3padboT-
KH U COKPAIIAET IMPOTIOJDKUTEIBHOCTE BCETO TEXHOIOTUYECKOTO ITHKIIA.

OcCHOBHEIE JOCTOMHCTBA IICYAaTHBIX IJIAaT:

YBEJIMYCHHUE TUNIOTHOCTH MOHTaXKa M BO3MOXKHOCTh MUKPOMHHHATIOPU3ALIUN
H3CIINH;

BBICOKAsI CTa0MIIBHOCTD JICKTPHUCCKUX XapaKTCPUCTHK;

YHU(DHUKAIUSA U CTAHJIAPTU3ALMS KOHCTPYKTHBHBIX PEIICHHIA,

BO3MOYKHOCTb KOMILIEKCHOU aBTOMATU3aIInun MOHTa)KHO-C6OpOLIHbIX pa-
0oT.
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TUIBI IPON3BOACTBA:

Eounuunoe — npous3BOACTBO, IIPU KOTOPOM H3JEIIAE BBIIIYCKAETCSA €lIH-
HUYHBIMU JK3EMIUISIpaMH. XapaKTepU3yeTcsl Majod HOMEHKJIATypOWl W3/eNni,
MajbIM 00bEMOM NapTUH, YHUBEPCATbHBIM OCHAILIEHUE LI€X0B, paOOYMMH BBICO-
KOH KBaJTH(pUKAIHH.

Cepuiitnoe — XapaxTepu3yercsi OrpaHUUYEHHOM HOMEHKJIATYpPOW W3JIEuH,
M3rOTaBIMBACMBIX TMOBTOPSIOIIMMHUCS MApTUSMH CPABHUTEIBHO HEOOJIBLIIMM
00BEMOM BBIITYCKa. B 3aBUCHMMOCTH OT KOJMYECTBA WM3/ICTUH B MAPTHUU pa3iu-
4aloT MEJIKO-, CPEJIHE- U KPYITHOCEPUIHBIE IIPOU3BO/ICTBA.

Ynusepcanvnoe — ucnonezyetcs crenuanbHOe 00OpPYIOBAaHHE, KOTOPOE
pacrioyiaraercsi o TEXHOJIOTMYECKUM IpyIaM, TEXHUYeCKass OCHACTKAa YHUBEp-
casibHas, KBaIM(UKALMI pabOUUX CpPEeIHSS.

Maccosoe — XapakTepuszyeTcs y3KOi HOMEHKJIATypou M OOJBIINM 00BE-
MOM  HW3AEJNHHA, U3rOTABIMBAEMbIX HEIPEPHIBHO; HCIIOJIb30BAHUEM  CIIE-
[IMAIFHOTO BBICOKOIIPOM3BOIUTEIIEHOTO 000PYA0BaHUS, KOTOPOE PACCTaBISACTCS
II0 TIOTOYHOMY INPUHLKIY. B 3TOM ciiy4yae TpaHCIOPTUPYIOIIMM YCTPOHCTBOM
apisiercs: KoHBerep. Kpanndukanus pabounx Hu3kas.

9.3. Bu/ipl 1me4aTHBIX 14T

OcHOBOIl NeYaTHOM IIJIATHl ABIISIETCS ITOAJI0KKA W3 CTEKJIIOTEKCTOJIMTA —
JIURJIEKTPHUKA, MPEACTABISAIOUIEr0 cO00i CIpecCcOBaHHBIE JIMCTHI CTEKIOTKAHH,
[IPONUTAHHONW 3MOKCHUJIHBIM KOMIAyHAOM (cMosoii). Ha moBepXHOCTH CTEKJIO-
TEKCTOJIUTA HAXOAUTCS TOKOMPOBOASIININ clioit MeaHoU (oibru (IIPOBOJIHUK).
Tunosas TommuHa nmpoBogauka 0,035 u 0,018 MM. DTOT Ciloii sBAsAETCS 00513~
TenbHbIM JUIsI BeceX kiaccoB IIII. Tlocme mpoBeaeHust onpeaeaeHHbIX TeXHOI0-
TUYECKUX OIepaluid OCTAIOTCA TOJBKO HY)KHBIE 3JIEMEHTBI ATOTO MPOBOIHUKA
(TOKOIPOBOASIIHE «IOPOKKHU», KOHTAKTHBIC IIIOIIAIKH ).

B 3aBucumocTu oT TOro, ckoibko Takux cijioeB umeetT III1, ona moxer mo-
MajaTh B OJIMH U3 TPEX HUKETIPUBEICHHBIX KIACCOB:

Oonocmoponnue (oguocnoiusie). [IpOBOIHUK MPUCYTCTBYET TOJIBKO Ha
onHou cropone IIIL.

Jleyxcmoponnue (nByxcioitHeie). [IpOBOJHUK TPHCYTCTBYET Ha OOEUX
croponax I1I1.

Mnozocnounsie. llpencraBisior co00il Kak Obl CIOEHBIN MUPOT U3 JIBYX-
CTOPOHHMX IUIAT, MEXAY KOTOPBIMHU IMPOJOKEHBI MPOKIAAKA U3 CTEKJIOTKAaHU,
MPONMUTAHHOU B AMOKCUJIHOM CMOJIE.

Tubkue. BpINOMHAIOTCS, KaK MPaBWIO, JBYXCTOPOHHUMHU C METAUIU3UPO-
BAaHHBIMH OTBEPCTHUSMH M KOHTAKTHBIMH ILIOIIAJKaMHU TOJIIHHOW HE Oolee
0,6 MM.

Penveghnuvie.

9.3.1. Odnocmoponnue newamuole niaAmMbol
Mapuipyt U3roToBieHuss OJHOCTOPOHHUX IUIAT (POTOXMMHUUYECKHM CIIOCO-
OOM TpaJMIIMOHHO BKIIIOYACT INTAMIIOBKY, CBEpiieHUE, POTOIMTOrpaduIo, Tpas-
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JICHHE MEIHOU (OJIBIH, 3aIUTY MOBEPXHOCTH U MOJATOTOBKY K Makike, pa3ziene-
HUE 3arOTOBOK. B oTimMumMe OT COBPEMEHHBIX JJIEKTPOHHBIX YCTPOWCTB, Jaxe
OBLITOBOTO HazHAuUCHUA, 11 OJHOCTOPOHHHUX ILJIAT HeO6XOlII/IMI)I KOHTYPHOC
(dpe3epoBaHne, HaHECEHHE 3alIMTHBIX MACKHPYIOIIMX MOKPHITUH, X cOOpka
BEJIETCSI C TIOCAJIKOM KPHUCTAJUIOB HETIOCPEICTBEHHO Ha IIATY WM IMOBEPXHOCT-
HbIM MOHTaXXOM.

OOUICTPUHSTO CYMTATH MEPBBIM (BEPXHUM) CIIOEM TOT, HA KOTOPOM pacrio-
JIOKEHBI DJIEMCHTHI. HpI/I JABYXCTOPOHHEM pPa3MCHICHUHN 3JICMCHTORB 34 BerHI/IfI
MIPUHUMACTCS CIIOW, Ha KOTOPOM HAXOJUTCS COEIWHUTENb WM UHBIE YCTPOUCT-
Ba BHEIIHEI KOMMYTau# (MOHTa)KHBIE AJIEMEHTHI, KOJOJKH, IUIaThl U T.1.).

OpHocTopoHHME TedaTHbIE MIaThl (puc. 13) obecneunBarOT camyo 00Jb-
IIYI0 TOYHOCTH BEINIOJIHEHUS MTPOBOJSIIETO PUCYHKAa M COBMEIICHHUS €ro C OT-
BepcTHAMHU. Bo u3bexanne OTCIOSHHS MEYaTHBIX MPOBOIHUKOB BCE DJICMEHTHI
ClIeZlyeT MOHTHPOBATH 0€3 3a30pOB MEXIy KOPIyCOM DJJIEMEHTA W Ie€YaTHOMH
rutatoid. J{s mOBBIIEHUS MPOYHOCTH KPEIUICHHUS JIEMEHTOB BO3MOXHO H3TO-
TOBJICHHUE OJHOCTOPOHHUX IE€YaTHBIX IUIAT C METAJUTU3alHel OTBEPCTH, HO UX
CTOUMOCTb 6y,ueT conocrapuma € JiIByXCTOPOHHUMMU. O,HHOCTOPOHHI/IC ne4yaTHbIC
TUIATHI OJlarojapsi WX JICMICBU3HE MCIIONB3YIOTCS MPEUMYIIECTBEHHO B OBITOBOU
ammaparype.

O memanauduoof@Egaidy 0 WenmemT anuFupalornnbe s
omBaps muRM omBeoe mu R L

m JaWeomapenre

Puc. 13. [lonepeyHoe ceyeHre OAHOCTOPOHHEH ILIATHI

Turnossle mapameTpsl IUIaT:

MaKCUMajbHble pa3mepsl 3aroToBkU — 400 x 330 mmM;

MHUHHUMAaJIbHBINA quamMeTp otBepctusd — 0,6 MM;

MHUHHMMaJbHAsI IHpUHA TpoBoaAHKUKA — 0,15 MMm;

MUHUMaIbHbIA 3a30p — 0,15 MM;

ToJHHA (POIBIH — 36 MKM;

toamHa mwiatel — 0,4 — 1,6 mM.

AJIbTEpHATUBOM (POTOXUMHUYCCKOMY CIIOCOOY M3TOTOBIICHUSI OJHOCTOPOH-
HUX TUIAT sBIsAETCS (ppe3epoBaHUE MPOBOJSIIETO €O B MeAHOW (oibre Ha
JIBYXKOOpJIUHATHBIX Ppe3epHbix ctankax ¢ UITY. Meton Hanbonee r3pdexTruBeH
MPU W3TOTOBJICHWH TIPOTOTHIIOB TIJIAT, TO3BOJSET pPa3pabOTUYMKy TIOIYYUTH
OTIBITHBIN oOpaser 3a 1,5 — 2 4 B yCJIOBUAX KOHCTPYKTOPCKOTO OI0PO.
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9.3.2. [leyxcmopounue neuammole niamol

B Hacrosiiee Bpemsi IBYXCTOPOHHME TUIaThl (puc. 14) cOCTaBisIOT 3HAYH-
TEIBHYIO JA0JI0 00bEMaA BBITyCKa IUIAT.

BHuMmaHue pa3paloTYHKOB K 3TOMY BHAY IUIaT OOBACHAETCA CBoeoOpas-
HbIM KOMIIPOMHUCCOM MEXJy HX OTHOCHUTEIHHO MaJlol CTOMMOCTBIO M JOCTa-
TOYHO BBICOKMMH BO3MOXHOCTAMH. TEXHOIOTMYECKUH MPOIECC M3TOTOBICHUS
JIBYXCTOPOHHMX IUIAT, TAKXKE KaK OJHOCTOPOHHHX, SIBJISICTCS 4acThto Oosiee 00-
iero mporecca u3rotopyieHus MHorocsoiHbix 1. OaHako A ABYXCTOPOH-
HUX IUIaT He TpeOyeTcss MPUMEHSATh MPECCOBAHMS CIOEB, 3HAYUTEIBHO MPOIIE
BBITIOJTHAETCS] OYUCTKA OTBEPCTUHN MOCIIE CBEPIICHUS.

BMmecre ¢ TeM st OOJIBIIMHCTBA JIBYXCTOPOHHHUX IUIAT 32 PyOEKOM IIPO-
€KTHbIE HOPMBI «IIPOBOJHUK/3a30p» coctaBisitoT 0,25/0,25 mm (40% ot o6bema
BbInycka), 0,2/0,2 mm (18%) u 0,15/0,15 mm (18%). D10 MO3BOJISIET UCTIOIB30-
BATh TAKHE IUIATHI JIJISl M3TOTOBIIEHUS IUPOKOTO KPyra COBPEMEHHBIX M3JIEIHH,
OHHM BIIOJIHE TIPUTOAHBI KaK JJII MOHTaXa B OTBEPCTHUA, TaK U JJISI MMOBEPXHOCT-
HOTO MOHTaxa. Hepenko Ha MPOBOJHUKHU JBYXCTOPOHHMX ILIAT HAHOCUTCA 30-
JI0OTOE MOKPBITHE, AJI METAINIM3allMKd OTBEPCTHUI MCIONBb3YeTCs cepedpo.

W3BecTHBI JIBe pa3HOBUIHOCTH JIBYXCTOPOHHHUX ICUaTHBIX IUIAT: O0e3 Me-
TaJTU3alliy M C MeTaJIu3anueld CKBO3HbIX oTBepcTHil. [lepBble Mo MHOrUM ma-
pameTpaM COOTBETCTBYIOT OAHOCTOPOHHUM IutataM. Ho n3-3a Hanuuus euie on-
HOTO CJ10s (B JAHHOM ClIydae — IEpPBOr0) IMOBLIIMIAETCS TPACCHPOBOYHAS CIIO-
COOHOCTH MEYATHBIX IUIAT U B OMPEIesIEHHOHN CTeNeH! MIOTHOCTh KOMIIOHOBKH
aneMeHToB. Cepbe3Has mpoliema TakuX IUIaT — oOecreyeHue dIEKTPUUECKUX
MEePEXOJ0B MEXAY CJIOSMHU, ISl Yero MPUMEHSAIOTCS 3aKJIENKH, MPOBOJIOYHBIE
MepEeMbIYKH WM Naiika BEIBOJIOB AJIEMEHTOB C JIByX CTOPOH IevyaTHBIX maT. Bee
3TO PE3KO YCJIOXKHSIET MOHTAaX U B II€JOM IOBBIIIAET CTOMMOCTh YCTPOMCTBA.
[naTel epBoil pa3HOBUAHOCTH OOBIYHO MCIIONB3YIOTCSA B JTIOOUTEIBCKUX U Ma-
KETHBIX YCTPOMCTBAX.

[ImaTtel BTOpPOW Pa3HOBUIHOCTH HUMEKOT BBICOKYIO TPACCHPOBOUYHYHKO CIIO-
COOHOCTB, 00€CIEeUnBalOT BBHICOKYIO IUIOTHOCTH MOHTa)Xa 3JIEMEHTOB M XOPO-
IIYI0 MEXaHUYECKYI0 MPOYHOCTh UX KpemieHus. OHU JOMYyCKalOT MOHTaX dJie-
MEHTOB Ha TIOBEPXHOCTH W SBIITFOTCSI HanOoJiee paclpoCTPAHCHHBIMHU B ITPOH3-
BOJICTBE PaIUOIEKTPOHHBIX YCTPOMCTB.

O Memoenid i pofmEaeiady 3 Herema s nu Fupafarnbr My
ol ps mu R emEepe iR ML

% A Bycmapensue
|

Puc. 14. [loriepevHoe cedeHre IBYXCTOPOHHEH MeYaTHOM IIJIATHI
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Tunossie mapaMeTpsl IBYXCTOPOHHUX ILIAT:

MakcuManbHble pazMepsl 3arotoBku — 300 x 250...500 x 500 mm;

MUHHUMaJIbHbIN TuameTp otBepcTust — 0,4...0,6 mm;

MUHUMaJlbHas MypuHa mpoBogHuka — 0,15 mM;

MHUHHUMAaJIbHBIN 3a30p — 0,15 MM;

tosirHa ponabru — 18...36 MKM;

toJuHa miatel — 0,4 — 2,0 MM.

OTmeTHM, 9TO OTEYECTBEHHBIE PAa3pa0OTYMKU TOYHO TAK K€, KaK UX 3apy-
OeXHbIE KOJUIETH, 3aKJIAJbIBAIOT B TEXHUYECKHE 3aJaHUS HA HW3rOTOBIEHUE
JIBYXCTOPOHHUX TUIAT HAHECEHUE MAasUTbHON MacKH, MapKAPOBKY, BeEChbMa 9acTo —
(dpe3epoBaHue TUIAT TO CIOXHOMY KOHTYpY. Kak mpaBmiio, cOopka Takux ruiaT
MIpeAyCMaTPUBAET MMOBEPXHOCTHBIM MOHTaK KOMIIOHEHTOB.

9.3.3. MHoeocnounvle neuamuule niamol

Mmuorocoiinbie nedatnsie miarsl (MIIII) cocTaBisitoT ABE TpeTu MUPOBO-
ro MpOU3BOJCTBA MEYATHBIX IUIAT B LIEHOBOM HCUYHCIECHHH, XOTS B KOJIHUYECT-
BEHHOM BBIPAKEHUU YCTYIMAKOT OAHO- U IBYXCTOPOHHUM ILIaTaM.

[lo cBoeit ctpykType MIIII (puc. 15) 3HAUUTENIBHO CIIOXKHEE JIBYXCTOPOH-
HUX Tw1aT. OHU BKIIIOYAIOT JOTOJHUTEIBHBIC DKPAaHHBIC CIOM («3EMIIS» U «IIH-
TaHUe»), a TAK)KE€ HECKOJIbKO CUTHAJIbHBIX CIIOEB.
‘ Cnoi 7

!

CKpbITRIA
MK RONE PENDY

rnyol
PR DTSR B0,

b ETaN N3 PO EIHHOE
CHEDSHOS OTESRCTHE

Y

Cnomn S

i

Zno 3

Znoi 1

.

- :l Cnoi 2

/’:"? L T e Cnok 4

/ i \ Cnoi B

KoHTakTHaa nnowsgks | | CHREITEE MEKCn oiHEI2 Cnoi 3
OTESPCTHA

.

;

i

Puc. 15. Muorocnoiigas rnedatHas Jiata

Jlns obecnieyenust kommyTtanuu Mexay ciosimu MIII npumensirores mex-
CJIOMHBIE (Vias) U MUKpOIIEpEXobl (microvias).

MexcnoliHple mepexoAbl MOTYT BBIIOJHATHCS B BUAE CKBO3HBIX OTBEp-
CTH, COSAMHSIOIINX BHEIIHUE CIIOM MEXJy COOOW M ¢ BHYTPEHHUMHM CIIOSIMHU,
IIPUMEHSIIOTCS TaK)Ke INIYXHUE U CKPBITBIE IEPEXO/IBI.

['myxoii mepexon — 3TO COEAMHUTENbHBI METAaJUIM3UPOBAHHBIN KaHal, BU-
JIMMBIN TOJBKO C BEPXHEW MM HMXKHEH CTOPOHBI TuaThl. CKPBITHIE e TMEpPeXo-
JIbI UCTIONB3YIOTCS [UIsI COENMHEHHUA MEXIY COOOW BHYTPEHHHUX CIIOEB ILIATHI.
Nx npumeHeHre No3BOJISICT 3HAUMTEIBbHO YIPOCTUTh PAa3BOJKY IUIAT, HAPUMED,
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12-cnoiinyro koHCcTpykuuo MIIII MokHO cBeCcTH K SKBUBAJIEHTHOU 8-CIIONHOM
KOMMYTAIlUH.

CrnenmaipbHO JII  TMOBEPXHOCTHOTO MOHTa)ka pa3paboTaHbl MHKpPO-
MEPEXO0/Ibl, COSAUHSAIOUINE MEXTY COOO0N KOHTAKTHbIE TUIOLIAIKH U CUTHAJIbHbIE
ciou (puc. 16).

FOHTAKTHRA | 1242 ERIM
nnouwsgEs CHMHaNeEHEIM CNOK

7

Bropai
CHHENEHEIR Cnoli

Puc. 16. Muxponepexopl B KOHTAKTHBIX TIOMIAKAX

Hnst mzrorossienuss MIIIT nipousBoANTCS COEIMHEHNE HECKOJIBKUX JIAMU-
HUPOBAHHBIX (OJIBIOM JUIICKTPUKOB MEXIY COOOMU, JJISl YETrO HCIMOJB3YIOTCS
CKJICUBAOIIME Mpokiaaku — npenpery (puc. 17). Ilosromy Tonumna MIIIT pac-
TET HETIPOTIOPIIMOHAIBHO OBICTPO C POCTOM YHCIIA CUTHAJIBHBIX CIIOEB.

B cBs13u ¢ 9TUM HEOOXOAMMO YUUTHIBATH OOJIBIIOE COOTHOLICHNUE TONIUHBI
IJIaThl K JUaMeTpy CKBO3HBIX oTBepctuil. Hanmpumep, nmsa MIIIIL ¢ quameTpom
otBepctuid 0,4 MM U TOJNIMUHONU 4 MM 3TO cOoOoTHOIIEeHUe paBHo 10:1, uyro sBIA-
€TCsl BECbMa JKECTKMM IapaMeTpOM I IIpolecca CKBO3HOM METaUIM3aluu OT-
BEPCTHIL.

G-cNolHaA NedaTHaa nnarta 3,25 +/- 0,03

MATEPHAN TONWMHWHA
MegHaa fonera T 0,017
Mpenper 21130298 019+~ 0,02
MegHaa fonera 1 10,035

CreknoTexcTonut FR-4 | 051 +-0,05
MegHaa fonera 1 1 0,035
Mpenper FE2302 ) 0,36 +- 003
MepgHaa donera 1 I 0,035

CrexnoTexcronut FR-4 | | 051+ 0,05
MeaHaa donera 1 ) 0,035
Mpenper 752802 y 0,36 +i- 0,03
MeaHaa donera 1 1 0,035

CTeknoTercTonmT FR -4 ] | 051 +-005
MeaHaa donera 1 ) 0,035
Mpenper 2113021 1 019 +i- 0,02
lMegHaa donera § 07

Puc. 17. Crpykrypa 8-cnoiiHo# neyarHoi mwiatsl 3,25+/-0,03
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TeM He MeHee, AaKe YUUThIBask TPYAHOCTU C METAJUIM3ALMEN Y3KUX CKBO3-
HbIX oTBepctui, uzrorosutrenu MIIII npeanounTaroT AOCTUraTh BBICOKOM
IUIOTHOCTH MOHTa)Ka 3a CUET OOJILIIEr0 YKC/Ia OTHOCHUTEIBHO JEIIEBLIX CIIOEB,
HEXEeJIM MEHBIIUM YHCJIOM BBICOKOTUIOTHBIX, HO COOTBETCTBEHHO OoJiee AOpo-
THX CJIOEB.

MHOroc/0iHbIC MeYaTHbIC [JIAThl OTIIMYAKOTCS OYEHb BBICOKOM TPACCUPO-
BOYHOHM CIIOCOOHOCTBIO M INUIOTHOCTBIO MOHTa)Ka 3JIEMEHTOB. OHM MOYTH HE
VMEIOT OTPAHMYEHUH MO0 YCTAHABIMBAEMBIM JJIEMEHTAM (MHKPOCXEMBI JIF0OO0H
CTENEHU UHTETPALlUH, IOBEPXHOCTHO MOHTHUPYEMBIE AJIEMEHTHI U T.]1.).

BapuaHTOB M3rOTOBJIEHHS MHOTOCIOWHBIX MEYAaTHBIX IUIAT MPEASIOKEHO
OYE€Hb MHOT'0, HO IPAKTUYECKOE IPUMEHECHUE UMEIOT JBA.

Yemuipexcnounvie neyamusie niamol NONApHo2o npeccosanus. 1lpn ux uz-
TOTOBJICHUU HCITOIB3YETCSl TEXHOJOTHUs ABYXCTOPOHHHMX IMEYaTHBIX IUIAT C Me-
TaJUTM3aIend CKBO3HBIX 0TBepCcTUi. [leuaTHbie mIaThl OTHOCUTEIBHO MPOCTH B
WM3TOTOBJICHUU U SIBJIIIOTCS CAMBIMH JICIIECBBIMH M3 MHOTOCJIOMHBEIX muiaT. OHH
HMEIOT 00JIee BBICOKYIO TPACCHPOBOYHYIO CIIOCOOHOCTD 10 CPaBHEHHIO C aHAJIO-
TUYHBIMU JIByXCJIOMHBIMU TJIATAMH, HO UX MOHTaXKHAasi CHIOCOOHOCTh HUXKE, YeM
y @HAJIOTUYHBIX JIByXCTOPOHHUX MEYATHBIX IJIAT. DTO BHI3BAHO TEM, YTO Ha Ha-
PYKHBIX CJIOSIX IJIAThl HAXOMSITCS KOHTAKTHBIE TIJIOMIAIKA OTBEPCTUM IS TIepe-
X0/1a Ha CMEXHBbII U NPOTUBOMOJIOKHBIA CIIOM MHOTOCJIOMHBIX ME€YATHBIX ILIAT.
YacTo Takue 1iaThl UCHOJIB3YIOTCS B BapUAHTE, KOTJA JABa CJIOS OTBOJSATCA JJIS
Leneil «3emisi» U «IuTaHue» (B BHJE CETUATHIX CIIOEB), a OCTajbHble — JJISI
TPacCUPOBKHU (PYHKIIMOHATBHBIX 1IETICH.

C mnosiBneHUEeM APYTUX MPUEMOB M3TOTOBJICHUS MHOTOCIOMHBIX MEYaTHBIX
IJIAT TEXHOJIOTHS TOMapHOTO MPECCOBAHUA CTaJIa IPUMEHATHCS PEXKeE.

MHuoeocnotinvle neuammusie niamol ¢ Memaniu3ayuell CKBO3HbIX 0omeep-
cmuti. IMeroTcss 1Be pa3HOBUAHOCTH TAaKHUX IEYATHBIX IUIAT: C BHYTPEHHUMH
MEKCIOMHBIMU mepexofamMu U 0e3 Hux. DaKTUUecKu 3TO OJAUH BAPUAHT H3IO-
TOBJICHUS, HO HAJIMYKWE BHYTPEHHUX NIEPEXOJIOB C TEXHOJOTUYECKOW TOUKH 3pe-
HUSI MOYKHO paccMaTpuBaTh KakK JOMOJHUTEIbHYIO Pa3HOBUIHOCTh. JlaHHBIE
IJIaThI TO3BOJIIFOT MOHTHPOBATH JOOBIE IIEMEHTHI C OTHOW WJIU ABYX CTOPOH.

[TocpencTBoM 4YepeOBaHUS IKPAHHBIX U (PYHKITMOHAIBHBIX CIIOCB BHYTPH
IIaThl yAAeTCs TOJy4aTh MPOBOJHUKM (LIETIH) C OMPEAEICHHBIMU DJICKTpHYEC-
CKHMHU TIapaMeTpaMiu, HallpuMep ¢ HOPMUPOBAHHBIM BOJTHOBBIM COMPOTHUBIICHUEM.

TpaccupoBodHas CITOCOOHOCTH MHOT'OCIIOWHBIX TEYATHBIX TUIAT (IIPU IIPO-
YUX PaBHBIX YCJIOBUSIX) 3aBUCHUT OT KOJMYEecTBa ciloeB. Ha mpakThke B OCHOB-
HOM HCIIOJIb3YIOTCS ILIAThI C KOJIMYECTBOM CJioeB OT 8 710 12. YBenuueHue uuc-
Jla CJIOCB CBSA3aHO C MPOOJIeMaMy METAJUIM3allMk CKBO3HBIX OTBEpPCTHH (Tpely-
€TCsI CJIOKHOEC CIEIUATM3UPOBAHHOEC 000PYI0BAHUE M TOHKUE TEXHOJIOTHH ).

MHOrocC/I0MHbIE TIEYaTHBIE TUIATHI C BHYTPEHHUMM MEXKCIIOMHBIMU TIEPEX0-
JlaMU UMEIOT 0oJjiee BBICOKYIO TPACCHPOBOUYHYIO CIIOCOOHOCTH MO CPABHEHUIO C
MHOTOCJIOMHBIMU TIEYaTHBIMHU TUIaTaMu 0e3 mepexo 0B (TIpH OJIMHAKOBOM UX TOJ-
IIIUHE), OJTHAKO UMEIOT 00JIee BBICOKYIO CTOMMOCTh. [103TOMYy IIpHMEHEHUE TaKuX
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IUIaT OMPaBJAHO TOJBKO B CIIydasX, KOrJa pa3Mepsl WU KOJIUYECTBO CIIOEB U CO-
OTBETCTBEHHO TOJILIVHA IUIATHI I10 PA3HBIM IIPUYMHAM HE JIOJDKHBI IIPEBBIIATD 3a-
nanHbie 3HadeHus. Torma asa obecriedeHns TPacCUPOBKU BCEX (DYHKIIMOHATIBHBIX
LeNe MPUXOANUTCS NPUMEHATh MHOIOCJIOMHBIEC NIEYAaTHBIE IUIAThl C BHYTPEHHUMU
MEKCIIOMHBIMH [IEPEX0IaMH.

CTOUMMOCTb MHOI'OCJIOHMHBIX IICUATHBIX ILIAT OYCHb BBHICOKA M 3aBUCHUT OT
KOJIMYECTBA CJI0EB, IPUUYEM MPU HATMYMKM MEXKCIOWHBIX IEPEX0I0B OHA MOYTH B
JIBa pasa BHIIIE, yeM 0e3 HuX. Takue TaThl IPUMEHSIOTCS B OBICTPO/ICHCTBYIO-
IIUX YCTPOMCTBAX ¢ MUKPOCXEMAMM BBICOKOM CTENEHM MHTerpauuu. Ha npak-
THKE 3TO MHKPOCXEMBI B Kopiycax ¢ 64 u Oonee BbiBogamu. [IpuHsATHIE rpaHu-
bl CTCIICHU UHTCIrpaliluy JOCTATOYHO YCJIOBHBI.

[Ipexxne yem mpuCTynarb K KOHCTPYMPOBAaHHIO KOHKPETHOM I€YaTHOU
IUIaThl, HEOOXOAUMO PELIUTh PsA KOHCTPYKTOPCKHX U TEXHOJOTUYECKUX BO-
IIpOCOB, OT KOTOPBLIX BO MHOI'OM 3aBUCUT, KAKHUC HCXOAHLIC HTAHHLIC HOJI>KHBI
BBOJUTBCS B IIPOrpaMMy IPOEKTUPOBAHUS IIEYaTHOM IJIaThl. YacTh mapameTpoB
pernamentrpoBada ['OCTamu u ompenensercs ypoBHEM IPOU3BOJCTBA, IpHU
9TOM OOJIBIIMHCTBO HapamMCeTpoOB NCUATHBIX IJIAT YCTAHABJIMBACTCA WJIM paACCHU-
TBIBACTCA IS KaKIOTO0 KOHKPETHOTO MpoekTa. OJTHAKO HEKOTOpBIE CIICLHaIu-
CTBl TIPEANOYUTAIOT PU KOHCTPYMPOBAHUM IE€YATHBIX MJIAT MOJIb30BAThHCS OII-
peneneHHbIM Ha0OPOM YCPEIHEHHBIX IMapaMeTpoB, YTO 3aMETHO YNPOIAET pa3-
paboTKy, HO HE Bceraa o0ecreYnBaeT BEICOKME KOMIIOHOBOYHBIE XapaKTEePUCTHU-
KM YCTPOKNCTBA.

9.3.4. I'ubxkue neuammnvie niamol

Hcnonp3oBanne THOKUX JUIJICKTPUYECKHX MATE€PHAJIOB IS M3TOTOBJICHHUS
ME€YaTHBIX MUIAT JaeT KakK pa3paboT4MKy, TaK U MOJB30BATEIIO AJIEKTPOHHBIX yCT-
POWCTB Psii YHUKAJIBHBIX BO3MOXKHOCTEH. JTO, MPEXIe BCEro, yMEHBIICHUE pa3-
MEpOB M Beca KOHCTPYKIIMH, MOBBIIICHUEC YPPEKTUBHOCTH COOPKH, YIyUIIICHHE
AIIEKTPUIECKUX XaPAKTEPUCTHUK, TETUIOOT/IAYN U B TIETIOM HaJISKHOCTH.

Ecnu yyecTh OCHOBHOE CBOWCTBO TaKUX IUIAT — JUHAMUYECKYIO THOKOCTD,
CTaHOBUTCSI IOHSITHBIM BCEBO3PACTAIOIINI 00BEM MX IPUMEHEHUSI B aBTOMOOUJISX,
OBITOBOW TEXHUKE, MEIUIIMHE, B 0OOPOHHOW W a’POKOCMHUECKON TEXHUKE, KOM-
MBIOTEPAX, B CHCTEMAaX IMPOMBIIIIEHHOTO KOHTPOJISI ¥ OOPTOBBIX CUCTEMAX.

['nbxue nevarnsie mnatel (I'TII) u3roraBnuBarTCs Ha MOTUUMUTHON HIIH
JABCAHOBOW TIUICHKE, MOXTOMY MOTYT JIETKO Ae(pOpMHpPOBATHCS Iaxe Mocie
(dhopMHupOBaHHs TIPOBONAIIETO pHCyHKA. bombimas dacte xoHcTpykiuit ['TITT
aHaJOTMYHA KOHCTPYKIIUSM MMEUYATHBIX IJIaT Ha )KECTKOM OCHOBE.

Oanocroponnue I'IIII (puc. 18) Hanmbonee pacpocTpaHeHbl B 3TOM KJac-
ce TJaT, MOCKOJIbKY 00JaJaloT Haulydiied NUHaMU4ecKor rubkocThio. Kon-
TaKTHBIC TUTOMIAJIKH TIIAT PACIONOXKEHBI C OJHOW CTOPOHBI, B Ka4eCTBE MaTe-
puaia mpoBoAsIIeit GoNbry Yaiie BCEro UCTIONB3YETCS ME/lb.
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Puc. 18. OgaocTOpOoHHSIS TMOKAs TeYaTHAs TIaTa

Oanocroponnue I'TIIl ¢ aByxctoponHum goctymom (puc. 19) umeror
OJIMH IPOBOASINMN CIOW, KOHTAKTHBIE IUIOIIAJKH K KOTOPOMY BBIIIOJHEHBI C
00eux CTOPOH IJIATHI.

Puc. 19. OgHocTopoHHSS THOKAst IeYaTHAS IJIaTa ¢ ABYXCTOPOHHUM JIOCTYIIOM

AByxcroponnue I'TIII mmeror nBa NpOBOASALIMX CJIOS, KOTOPbIE MOTYT
ObITh COCJIMHCHBI CKBO3HBIMU METAJIM3UPOBAHHBIMU Tiepexoamu (Ha puc. 20
IIPOBOJHUKH HUKHETO CJIOS MAYT INEPHEHIUKYJISIPHO IPOBOJHHUKAM BEPXHETO
ciost). [Inatel 3TOr0 TMHAa 00ECIEYNBAIOT BBHICOKYIO IFIOTHOCTH MOHTaXa, 4acTo
[IPUMEHSIOTCS B JJIEKTPOHHBIX YCTPOMCTBAX C KOHTPOJIUPYEMBIM BOJIHOBBIM CO-
IIPOTUBJICHUEM (MMIIEAHCOM) IJIaT.

Puc. 20. [IByxcropoHHss THOKast IedaTHas riarta

Muorocaoiiabie T'TIT (puc. 21) comepxar He MeHee TpexX MPOBOJSAIIMX
CJIOCB, COCJAMHEHHBIX METATTU3UPOBAHHBIMU OTBEPCTHSMH, KOTOphIe olecre-
YMBAIOT MEXCIIOMHOE COCAMHEHHUE. B ImaTax mpomie pealn30BbIBaTh BBICOKYIO
IUIOTHOCTh MOHTa)Ka, TIOCKOJIBKY He TpedyeTrcs o0ecreyrBaTh OOJIBIINX 3HaUe-
HUN COOTHOILEHUHN «BbICOTA/IUAMETP OTBEpCTHs». [IporHo3upyercs npumeHe-
Hue Takux ['TII1 qy1st cOoOpKM Ha HUX MHOTOKPUCTAIBHBIX HHTETPATBHBIX CXEM.

Puc. 21. MHuorocioiinas ru0kas rnmeyatHas wiaTa

Kecrkornokue IMII (puc. 22) ABISIOTCS THOPUIHBIMUA KOHCTPYKIUSAMH U
COJZIepIKaT KaK JKEeCTKHE, TaK M THOKNUE OCHOBAHUS, CKPEIUICHHBIE MEXKIy COO0M B
eIUHYI0 COOPKY U DJIGKTPUUECKH COEJUHEHHbIE METAJTU3UPOBAHHBIMU OTBEP-
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crusimu. Hanbosee pacnpocTpaHeHbl B H3IEIUAX O0OOPOHHON TEXHHKH, OJHAKO
pacIIupseTcs: UX MPUMEHEHUE U B IPOMBIIILICHHOHN 3JICKTPOHUKE.
- _|_;_ e .i'_n‘.“f"-'l'!'_-

Puc. 22. Xecrkorubkas nevyarsas miara

B I'llIl ¢ MecTHBIM y:KecTOYeHUEM (YKpelJieHHeM) BO3MOXKHO pa3Mme-
IIIEHUe BHYTPH TUOKOM OCHOBBI JKECTKHX METALIHYECKUX JAcTalleid
(puc. 23). IlonyyaroTcsi MHOTO3TalHBIM TpoiieccoM (oronurorpaduu U Tpas-
JICHUS.

Puc. 23. 'ubkast meuaTHas TU1aTa C MECTHBIM yXKECTOUECHHUEM

9.3.5. Penveghrvie neuammvie niamoi

KOHCTpyKIIMSL M TEXHOJIOTHsI M3rOTOBJICHHS PElibe(DHBIX MEYaTHBIX IUIAT
(PTIIT) cymiecTBEHHO OTIMYAIOTCS OT TPAAMIMOHHBIX ABYXcTOpoHHUX (JIITIT) u
mHuorocioiHbix (MITIT). PIIIT (puc. 24) npeacraBnser coOOW TUIIEKTPHUECKOE
OCHOBaHUE, B KOTOPOE YIIIyOJIEHbl MEAHBIE MMPOBOJHUKHU, BBHIITOJHEHHBIE B BHUJIE
METAJNIM3UPOBAHHBIX KaHABOK, M CKBO3HbIE METAJJIM3UPOBAHHBIE OTBEPCTHS,
nMmerone GopMy ABYX CXOJSMIINXCS KOHYCOB. Takne KaHaBKH M OTBEPCTHUS 3a-
nonusitores npurnoeM. O0prano PIIIT nMeroT ABa MPOBOASIIIMX U OJUH U30JISIIH-
OHHBIN CJIOH.

Ouanektpuyeckoe [punoit MegHble
OCHOBaHMWE ’ \HPOBO,D,HMI{M

CkBO3HbIE MeTan- /
NU3NpOEaHHbBIE
OTBEPCTUA

Puc. 24. Perpedras neuatHas miara

Kaxk BugHO M3 puc. 25, 3JI€MEHTBI TIPOBOASIIETO PUCYHKA MOTYT OBITh CJie-
JIYIOLLIMX BUOB:
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HpHMOHHHeﬁHLIC MMPOBOJHHKH HA IICPBOM U BTOPOM CJIOAX]

NEPEXOAHBIC MCTAINIM3UPOBAHHBIC OTBCPCTHA (I[J'ISI SJICKTPHUYCCKOI'O CO-
€MHEHUS AJIEMEHTOB PUCYHKA Ha MPOBOASAIINX CIIOSIX);

CKBO3HBIC MOHTAKHBIC MCTAIN3UPOBAHHBIC OTBCPCTHUA (I[J'ISI MOHTaxa
IITBIPEBBIX BBIBOJOB 3JIEKTPOHHBIX KOMHOHGHTOB);

MCTAJVIMBUPOBAHHBLIC JIAMCJIU (II,JISI MOHTAa’Ka IJIaHAPHBIX BbIBOJOB 3JICK-
TPOHHBIX KOMHOHGHTOB);

TIIYXUC MOHTAXHBIC MCTAJUIM3UPOBAHHBIC OTBCPCTUS (I[J]SI MOHTAa>xKa IlJIa-
HapHBIX BBIBOJOB 3JJICKTPOHHBIX KOMIIOHCHTOB, d)OpMOBaHHBIX JIA HauKu
BCTBHIK).

[IpoBOAHUKYN NIPAMOJIMHENHBI U MAPAIIIEIBHBI OCSIM X U Y, YTO CBSI3aHO C
0COOEHHOCTBIO TEXHOJIOTHYECKOTO 060pyI[OBaHI/I$I N3TrOTOBJICHUA KaHABOK.

MepexofHele OTEEPCTMA MOHTaxHOE  Namend  [hyxue

B Uare TRaCCHPOBRA 4 DTEEPCTHE | MOHT&HHEIE
OTEEQCTHA

L i i
-NEQELIA NPOBOAALLWA CRORA
- BTOPOA NROBOLALLMA CNOA

@ -NeEpEX0aHBIE METANNWMIWMPOEAHHBIE OTEEQCTA

Puc. 25. DneMeHTHI IPOBOAAIIETO PUCYHKA

Xapaxkmepucmuku penvenovix naam. JIlnaMeTp NepexoHbIX METAIIN3H-
POBaHHBIX OTBEPCTHUI HA MOBEPXHOCTHU AUAIEKTPUUYECKOTO OCHOBAHUS HE Ipe-
BBIIIAET IIMPUHBI IPOBOAHMKA (pHUC. 26). [Ipu 3TOM KOHTaKTHbBIE TUIOMIAJAKU BO-
KpPYyT IIEPEXOJHBIX OTBEPCTUN OTCYTCTBYIOT, YTO JACT BO3MOXXKHOCTh YCTAHOBKH
MEPEXOI0B B LIare TPaCCUPOBKHU (B COCETHUX AMCKPETaX TPACCUPOBKH) O€3 BCS-
kux orpanundenuii. O6eruHO TpaccupoBka PIIII mpoBoautes B cTporo oproro-
HaJbHOM CHCTEME, YTO 03HAYAEeT MPOBEIEHHE TOPU3OHTAIIBHBIX IPOBOJHUKOB Ha
OJHOM TIPOBOJSIIEM CIIO€, BEPTUKAJIBHBIX — Ha JAPYroM. OTO obecrednBacT
OobIIMe TPacCHPOBOYHBIE BO3MOXKHOCTH, YEM IIPH JIPYIMX CHUCTEMax, HO IpH
ATOM TOSBIISIETCA OOJBIIOE YUCIIO MEPeXoA0B. B oriauume ot moObIX APYTUX,
qu1st PTIIT mepexoas! NOBBIIAIOT, @ HE MOHUKAIOT HAAC)KHOCTD MJIATHI.
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Puc. 26. [luamcTp NepeXoHBIX METAJNIM3UPOBAHHBIX OTBCPCTHIHA

OcHoBHBIM napameTpoM kKoHcTpykuuu PIIII, ompenenstomum npyrue, siB-
JII€TCA MUHUMAJBHBIN 1Iar TPACCUPOBKU. 31E€Ch CYLIECTBEHHO HCIIOIB30BAHUE
IIEPEMEHHOI0 Il1ara TPacCHUpOBKU. [lepBOHayalbHO 3TO JAMKTOBAIOCH IMpUME-
HSIEMBIM TEXHOJOTUYECKUM 000pyA0BaHHEM, 00ECTIeUnBaBIINM NIepeMeleHHE C
JuckpeTHocThio 10 MkM. B nanpHeiiiem oOHapy>KHUIOCh, YTO 3TO MOBBIIIAET
TPacCUPOBOYHBIE BO3MOXKHOCTH 3a CUET CUMMETPHUYHOIO MPOXOKIACHUS Tpacc
yepe3 OOJBIIMHCTBO MOHTAKHBIX ToueK. Kpome Toro, mepeMeHHbIil 1ar mo3Bo-
JISieT TOBBICUTh T€XHOJIOI'MYHOCTh IIyTEM CMEILEHHUs LIEHTPOB II€PEeXOJHbIX OT-
BEPCTUH OT KPACB MOHTAXXHBIX TOYEK.

9.4. TonumHa II€YaTHBIX IUIAT

TounmnHa OTHOCTOPOHHUX M JIBYXCJIOWHBIX TIEYATHBIX IJIAT HAMPSIMYIO 3a-
BUCHUT OT UCTIOJIB3YyEMOr0 MaTepHalia, KOTOPhIl BEIOMPAETCS KOHCTPYKTOPOM IO
COOOpaXEHHUSIM MEXaHHMUECKON MPOYHOCTH M KECTKOCTH. ECIM MCXOIHBIM Ma-
TEPHUAJIOM SIBJISICTCS (POJIBTUPOBAHHBIN JUAJICKTPUK (CTEKIOTEKCTONHUT U T.1.), TO
TOJIIIMHA IEYATHOU IJIAThl OIPEAEIAETCS UMEHHO UM.

Mapky 1 HOMEHKJIaTypa HEKOTOPBIX OT€YECTBEHHBIX M UMIIOPTHBIX MaTe-
pHUaJIOB MpeacTaBiIeHbI B TabI. 1, 2.

Tab6aunua 1. Mapku 1 HOMEHKJIATypa HEKOTOPBIX OTEUYECTBEHHbBIX MAaTEPHAIIOB

Mapxa Juanextpux Tomunna
1 Ha3HAuCHHE MaTepuaa doneru
1 2 3 4

C®-1H-35T 0,035
ggfg:z(s)ll: CTEeKIIOTEKCTONNT 0,5-3,0 06,00355
C®D-2H-50I" 0,05
C®D-1-35T 0,5-3,0 0,035
Cd-2-351 CTEKIOTEKCTOIUT 0,035
C®D-1-50T 0,05
C®D-2-50T 0,05

0,018
dC-1, DC2 CTEeKIOTEKCTOIHT 0,5-3,0 0,035

0,05
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IIponomkenune Taou. 1
1 2 3 7

CTH®-1-18 0.1-1,0 0.018
CTH®-2-18 15 0.018
CTH®-1-35 5 0.035
CTH®-2-35 25 0.035
CTd-1-18 Crexnorexkcromut ans J{TTTT u MITIT 3 0018
CT®D-2-18 0.018
CT®-1-35 0.035
CT®-2-35 0.035
CTIIA-5-1 )

CTCKJIOTCKCTvOHI/IT JUTSE TTONTYaINTHB 0.15 2.0 0.005
CTIIA-5-2 HOM TEXHOJIOTUHU
DTC-1-18A
DTC-2-18A CreKI0TeKCTO T, 0,09-0,5 0,018
DOTC-1-35A TpaBammics aas MIIIT
dTC-2-35A 0,1-0,5 0,035
CTAII-1-5 0.005
CTAII-2-5 0.005
CTAIL2-18 Crexnorexkcroaut st JITTIT u MITIT 0,08 -2,0 0018
CTAII-2-35 0.035

Ta6auua 2. Mapku 1 HOMEHKJIaTypa HEKOTOPHIX HMIIOPTHBIX MaTepHaJIOB

Mapxka [TpowzBoanTENH Tomuuna
IO AJIOKKH (donpru

0,86

0,51
CTEKIOTEKCTOMUT (POJILIUPOBAHHBIMH, 0,46 0.018 — 0.035
tun FR-4, mapka DURAVER-E-CU | ®upwma Izola 0,25 ’ ’
104 0,2

0,15

0,125
CTeKIIOTKaHb TPOKIIAJIOYHAS, THUI
FR-4, mapka DURAVER-E-104-ML | ®wupma Izola 0,063
PREPREG 1080 05 AT 01

TommmuHa MHOTOCIIOMHBIX TJIAT 3aBUCHT OT PAa3HBIX (PAKTOPOB: KOJUICCTBA
CJIOEB, YHCIA MPOKIATOK, TONIIUHBI UCIIOIB3YEMBIX MATEPUANIOB U CTPYKTYPHI
wiatel. [Ipyu M3TOTOBIEHUH TOJHOCTHIO U3 JIBYXCTOPOHHETO (hOJIBrUPOBAHHOTO
JINPJIEKTPUKA OHA MOKET OBITh paccuuTaHa 1mo Gopmysne

H,= 0,5 N;Hc + (0,6 - 0,9)(0,5 N¢;, - 1) NypHyp,
rae H, — TonmmHaa MHOTOCIOMHBIX IIEYaTHBIX IJIAT;
N¢s — KOJIMYECTBO CIIOEB;
H. — TonmuHa marepuaiia (poabrupoBaHHOTO JTUIJICKTPUKA);
N, — KOJIMYECTBO NPOKJIIAJ0K B OJTHOM ITPOMENKYTKE;
Hyp — TONIIMHA TPOKIIAZI0YHOM TKAHU.
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TonmmHa MHOTOCTIONHBIX MEYATHBIX IUIAT IPH U3rOTOBJICHUH MOJHOCTHIO
W3 JIBYXCTOPOHHEr0o  (POJBIMPOBAHHOIO  TPABSILErocs CTEKIOTEKCTOJINUTA
OTC-2-18b-018 u npoxnanounoit crexknorkanu CTI14-0.062 (Tpu npokiagku B
3a30p€) pacCUUTHIBaeTCs 1o popMmylie

Hy- 0,198 H,, - 0,162,

MO3BOJISIIOIICH pElIUTh M OOpaTHYIO 3ajady — ONpPEICIUTb, CKOJIBKO CIIOCB
MOXXHO «BJIOKUTb» B IJIATy 3aJIaHHOM TOJLIMHBI. B 4acTHOCTH, 3TO HEOOXO u-
MO 3HATh JIJISl TUTIOBBIX TIEUATHBIX TUIAT C 3aJJaHHOM (CTAHIAPTHOM) TOJIIIIUHOM.

Hanpumep, nevatHsie miatel ¢ ToamuHou 1,5 u 1,6 MM MoryT comepxarb
He 0O0JIbIIIe BOCEMU CIIOEB.

OuyeBuHO, YTO MPU UCIOJIB30BAHUU APYIUX MAaTEpUAJIOB MOJIYy4aOTCS CO-
OTBETCTBEHHO UHBIE ITOKA3ATEIIH.

9.5. Kitacc Tounoctu

ToYHOCTH M3rOTOBJICHUS MEYATHBIX IJIAT 3aBUCHUT OT KOMIUIEKCA TEXHOJIO-
THYECKUX XapaKTEPUCTUK U C MPAKTUUYECKON TOYKH 3pEHHUsS OTPEeIsieT OCHOB-
HbIE [1apaMeTpPbl 3JIEMEHTOB I€YaTHOW IUIaThl. B 11iepByI0 ouepeb 3T0 OTHOCHUT-
Csl K MUHUMAJIbHOW IUPHUHE MPOBOJIHUKOB, MUHUMAJIbHOMY 3a30pY MEXIy 3Jic-
MEHTaMH MPOBOJIAIIETO PUCYHKA (BCE 3TO BBINOIHEHO U3 MEJIU) U PSIY JPYrUX
rapamMeTpoB.

[MpemycMmatpuBaeTcs MATh KJIACCOB TOYHOCTH NMEUYATHBIX IUIAT, U B KOHCT-
PYKTOPCKOM JOKYMEHTAIIMH Ha MEYATHYK IUIATY JOJDKHO COACPKAThCS yKaza-
HU€ Ha COOTBETCTBYIOIIHI KJIacC, KOTOPBII 00YCIOBIEH YPOBHEM TEXHOJIOTHYE-
CKOT'0 OCHaImeHus mpou3BoacTBa (Tadmn. 3). [losTomy BEIOOp Ki1acca TOYHOCTH
BCCr/Ja CBA3aH C KOHKPCTHBIM IIPOU3BOJCTBOM. TTonerTKa PCIIUTL OTYy 3aaa4y B
00paTHOM MOPSIKE MOXKET MIPUBECTH K TOMY, UTO IPOEKT HEe OyAeT peaanu30BaH.

TaﬁJmua 3. HapaMeTpH II€YATHBIX IUIAT AJIsI PA3HbIX KJIACCOB TOYHOCTHU

VcnosHoE HowmuHaapHOE 3HAUCHHE OCHOBHBIX IMAPAMETPOB I KIacca TOUHOCTH
0003HaUCHHE 1 2 3 4 5
t, mm 0,75 0,45 0,25 0,15 0,1
S, mm 0,75 0,45 0,25 0,15 0,1
b, mm 0,3 0,2 0,1 0,05 0,025
f 0,4 0,4 0,33 0,25 0,2

[Ipumeyanue. t — MIMPUHA MEYATHOTO MPOBOJHUKA; S — PACCTOSHHE MEXKIY
KpasMH COCEIHHX 3JIEMEHTOB IPOBOMSAIIEIO PUCYHKA; b — rapaHTUPOBaHHBIN
1osicok; f — OTHOILIEHHEe HOMUHAIBHOTO 3HAYCHUS JTHAMETpa HaUMEHBIIETO U3
METAJNIM3UPOBAHHBIX OTBEPCTUH K TOJIIMHE IEYATHOM MJIATHI.

[lewaTHble IaThl 3-rO KJacca Hauboyiee pacHpOCTPAHEHBI, MMOCKOJIBKY, C
OJTHOM CTOPOHBI, 00ECIIEYNBAIOT JIOCTATOYHO BBHICOKYIO TUNIOTHOCTh TPACCUPOBKH
Y MOHTa)a, C JAPYroi — JiIsl UX [POM3BOJICTBA TPEOYETCs PsIOBOE, XOTS U Clie-
UAIM3UPOBAHHOE 00OPYA0BAHUE.
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[ledyaTHble muaThl 4-ro Kjiacca BBIMYCKAIOTCS Ha BBICOKOTOYHOM 000pyIO-
BAaHUM, HO TPeOOBaHUS K MaTepuanaM, oOOpYyIOBAaHUIO U MOMELICHUSIM HUXKeE,
4eM JUIs IIATOro Kiacca.

[Ipy U3roToBI€HNN MEYATHBIX IUIAT 5-TO KJlacca HEOOXOIMMO PUMEHEHNE
YHHUKaJIHOT'O BBICOKOTOYHOTO 00OPYJOBaHMUs, CIIEIHAIBHBIX (KaK IPaBHIIO, J0-
porux) Marepualon, 6e3ycalouHol (HOTOMIICHKU U J1aXKe CO3JaHHUE B IIPOU3BO/I-
CTBCHHBIX OMCHICHUSAX «YUCTOM 30HBD» C TEpMOCTaTUpOBaHUEM. TakuMm Tpebo-
BAHUSIM OTBEYACT JAICKO HE KaKJJ0€ MPOU3BOJICTBO. Ho MHOrOCIOHbBIE meuaT-
HBI€ TUIaThl HEOOIBIIOTO pa3Mepa MOTYT BBIIOJHATHCA MO 5-My Kilaccy Ha 000-
pyAOBaHUH, 0OeclevnBalonIeM MoyydeHue miat 4-ro kinacca. KommiekcHo pe-
IIUTH BCE OTH MPOOIEMBI yIaeTCsl TOIBKO HA peaJTbHOM MPOU3BOJICTBE.

BbImmyck nmeyaTHBIX 1T 2-ro ¥ 1-ro KJ1accoB OCYIIECTBIIAETCS HA PSAAOBOM
000pYyIOBaHUY, @ MHOTJA Jake Ha 0OOPYIOBaHUH, HE IMpeIHa3HAYeHHOM IS
W3TOTOBJICHHS NIEYATHBIX TUIAT. Takue MmevaTHbIC IJIAThl ¢ HEBBICOKUMH (M J1aXKe
C HU3KMMHM) KOHCTPYKTUBHBIMM IapaMeTpaMH NpeIHa3HAaYeHbl I HEJOPOTUX
YCTPOMCTB ¢ MaJIOM IUIOTHOCTHIO MOHTaXka. K 3TuM Kiaccam OTHOCSTCS Iedar-
HbIC TUIATHI JIFOOUTEIBCKOTO U MAaKETHOIO YPOBHSI, YACTO €IMHUYHOIO MM MEJl-
KOCCPHUITHOTO TPOU3BOICTBA.

3a pyOexoM TpuHATA Apyras KiacCHU(pUKaIUs MeYaTHRIX TUIaT O YPOBHIO
TOyHOCTHU (Tabu. 4). B Hell pernaMeHTUPYIOTCS HE TOJIBKO KOHCTPYKTHUBHBIE Ma-
paMeTpsl, HO U LIAr TPACCHUPOBKH, UYTO (DAKTUYECKH CBSA3HIBACT YPOBEHb IPOM3-
BOJICTBA C IMapaMeTpaMU MEYaTHBIX IUIAT U CTENEHbIO MHTErPallid 3JIEMEHTHOM
0a3bl.

Tadnuna 4. Kinaccnguxanus 3apyO0e)kHbIX IIeYaTHBIX IIIAT [10 YPOBHIO TOYHOCTH

IMupuna Iar npoexrupoBanus ar BbIBOJOB
YpoBeHs | IpOBOAHMKA
’ pn 3a30p Hapyxupie | Buyrpennue IInanapuele | MaTpuyHble
clou ciou
0 0,2 1,25 0,625 0,625 2,5
1 0,15 0,625 0,625 0,5 1,25
2 0,1 0,625 1 0,5 1
3 0,075 0,5 1 0,5 1
4 0,05 0,5 0,5 0,25 0,5
0,05 0,25 0,25 0,25 0,25 0,5

9.6. ITapameTpbl IPOBOJHUKOB U 3a30pOB

OcHoBHbIE nTapamMeTpsl (pa3Mepsl U JIONYCTUMBbIE OTKJIOHEHUS) IIPOBOIHU-
KOB M 3330pOB MEXAY AJIEMEHTaMHU MPOBOJAILIECTO PUCYHKAa OTOBOPEHBI U HEMO-
CPEICTBEHHO 3aBUCAT OT MPHUHITOrO KJIacca TOUHOCTH MEYaTHBIX IUIAT.

MunumaneHasi NIMPUHA TPOBOJAHUKOB U BEJIMYMHA 3a30POB — OCHOBHBIE
(haKTOpHBI, BIUAIONINE Ha TPACCHUPOBOUHYIO CIIOCOOHOCTDH MevyaTHOW miuatel. Oj-
HaKO 3TO OTHOCHTCS TOJIPKO K CIIA00TOYHBIM HETSAM, JIJI KOTOPBIX CEYCHHUE Ie-
YaTHBIX MIPOBOJIHUKOB, McUKcCisieMoe BesmuuHOM 1opsizika 0,005 mm', He sBIIA-
eTcsi orpaHryeHreM. Ho Ha meyaTHbIX miaTax 4yacTo MPUCYTCTBYIOT LIEMH, HE-
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CyIlle JOCTAaTOYHO OOJNBIINE TOKOBBIE HArpy3ku. MX cienyeT KOHCTPpYUPOBATh
HE ¢ MUHUMAJIbHBIMH 3HAYECHHUSIMHU [€YATHBIX MPOBOJHUKOB, @ C YUYE€TOM KOH-
KPETHOM TOKOBOW HArpy3KH M3 YCJIOBHI MCKJIIOUEHHS OMACHOTO TeperpeBa dTUX
MPOBOIHUKOB. Kpome TOro, He MCKIIOYEHO, YTO CMEXHBIC MPOBOIHUKHU OYIyT
HaXOJIUThCS IO/ BBICOKUM MOTEHIIUAIOM, TO3TOMY 3a30Pbl MEXAY HUMU JIOJK-
HbI BbIJICPKUBATh COOTBETCTBYIOILICE HAPSIAKCHHUE.

JlonmycTrMasi TOKOBasi Harpy3ka Ha 3JIEMEHTbl MPOBOJALIECIO PUCYHKA, BbI-
TOJTHeHHBIE W3 MeaHou (omsru, 100 — 250 A/MM?. OBBIYHO HUKHUIMA npeJien
MIPUHUMAETCS JJISI BHYTPEHHUX MPOBOJIHUKOB MHOTOCIOWHBIX IMEUYATHBIX IIAT,
BEPXHUM — 1Sl HAPYKHBIX c10eB. CUunTaeTcs, 4To TeII000MEeH MPOBOJHUKOB Ha
HapYXXHBIX CJIOSIX JIYYIllE ¥ OHHM CIIOCOOHBI IMPOITYCKATh OOJIBIINE TOKOBHIE Ha-
rpy3ku 0e3 omacHoro neperpeBa. KoHKpeTHbIE pa3Mephl NEYaTHBIX MPOBOIHMU-
KOB B 3aBHCHUMOCTH OT TOKOBOW Harpy3ku JHUOO pPacCUUTHIBAIOT, HCMIOIL3YS
MIPUBECHHBIC JaHHBIC, TNOO BRIOMPAIOT 110 HOMOTpaMme (puc. 27), B KOTOPO
MPECTaBICHBI PA3JIMYHBIC 3HAYCHHUS MIEPETPEBA B YCIOBUIX €CTECTBEHHOW KOH-
BEKLUH ISl OIMHOYHBIX MM€YATHBIX IPOBOJHUKOB ITOCTOSSHHOW IIMPUHBI, paclo-
JIO)KEHHBIX HA HAPYXKHBIX CJIOSX U PACCTOSIHUM, PABHOM LIMPUHE MPOBOJIHUKA.

Benuuuny gomycTuMoi TOKOBOW HArpy3KH, MOJYYCHHYIO IO HOMOTpaMMe,
CIeayeT CKOPPEKTUPOBATH JJIsl IEYATHBIX TPOBOIHUKOB:

PACIIOJIOKEHHBIX HAa PACCTOSHUU OOJIbIIE CBOEW LIMPHUHBI, YBEIUYUTH Ha
15%,;

Ha TUIaTax, BBIMOJHEHHBIX MO MOJYaJIUTUBHON TEXHOJIOTMU, YMEHBLIUTH
Ha 25%;

HAa IU1aTaX, BBIIOJHEHHDBIX 0 aJUTUBHON TEXHOJOTHUH, YMEHBIIUTD BJIBOE.
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Puc. 27. JonycTumast TOKOBasi Harpy3ka Ha 3JIEMEHTbI [IPOBOSLLEI0 PUCYHKA,
BEITTOJIHCHHBIC M3 MEIHOU (DOJIBIH
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Puc. 27. lonycTumast TOKOBasi Harpy3ka Ha 3JIEMEHTHI IPOBOISILIETO PUCYHKA,
BBINOJIHEHHBIE U3 MeIHOU (ONIbrH (IIPOLOIDKSHUE)

B psine ciydaeB, uTOOBI OIIGHUTh HAarpy304HYI CITOCOOHOCTH IEYaTHBIX
MIPOBOJHUKOB, TOCTATOYHO IIOMHUTH, YTO MPOBOJHUK TOJIIMHON 35 MKM (a 3TO
Hau0oJsee pacnpoCTpaHeHHAs TOJIIMHA) U IIHPUHOW 1 MM mpu meperpese B
20°C nporyckaeT ToK B 3 A. C noMoIbio 3TUX JaHHBIX JETKO pacCUuTaTh Ha-
IPy304HYIO0 CIOCOOHOCTH MPOBOJHUKOB JI00OW mupuuel. Ho moBropsieM, 4to
9TO OLICHOYHBIN pacuer.

MuHnMalbHBIE 3a30Pbl MEXIY JIEMEHTAMU MPOBOJSIIETO PUCYHKA (T.e.
3a30pbl MEXIY JTIOOBIMH METAJUTH3HPOBAHBIMH JIIEMEHTAMHU II€YaTHOM ILJIaThI)
OTIPEJICTISIIOTCS. B OCHOBHOM TEXHOJIOTHEH IMEYaTHBIX TUIAT W JIOMYCTUMBIM Ha-
MPSDKEHUEM MEX/y COCEHUMH (CMEXHBIMH) AJIEMEHTaMU. 3HAYCHHUS MaKCH-
MaJBHO JOIYCTHMOTO pab0dero HampsODKEHHS MEXAY 3JIEMEHTAaMH PUCYHKA B
3aBHCHMOCTH OT YCJIOBHI KCIUTyaTallMH JJIsi MIEYATHBIX IUIAT, U3TOTOBJIEHHBIX
13 (pONBrMPOBAHHOIO TEKCTOJIUTA, IPEACTABIEHBI B TA0JI. 5.

Tabauua 5. 3HaueHUs] MaKCHMaJBHO JIOMYCTUMOTO paboyvero HanpsKeHus
MEX/Ty 2JIEMCHTAMH PHCYHKA B 3aBUCHMOCTH OT YCIIOBHI KCTUTyaTaIlui

Paccrosinne mexay sneMeHTaMu MPOBOISIIETO 0.1 02103 |04 |07 |12 )
pUCYHKA, HE MEHEe

HopmaiibHble ycioBust 25 | 50 | 150 | 300 [ 400 | 600 | 830
o -

OTHOCI/I:FCJ'II)HaS[ BIAXHOCTh 93% mpu Temmepa 15 130 1100 1200 | 300 | 360 | 430

Type 40 C

[Monmwxkennoe armocdepHoe nasienue 660 Ila

10 [ 30 | 50 | 80 | 100 | 130 | 160
(5 MM pT.cT.)

B cnabotouHO M HM3KOBOJIBTHOM anmaparype (a 3TO OOJBIIMHCTBO YCT-
POMCTB, IIOCTPOEHHBIX C MPUMEHEHUEM IIUPPOBBIX U aHAIOTOBBIX MUKPOCXEM)
IIMPUHA TE€YaTHBIX NMPOBOJHHUKOB U 3a30pbl BHIOUPAIOTCSI MUHUMAIbHBIMU 15
TEXHOJIOTMM M KOHCTPYKLIMH H3J€IHusl. DTU JAHHBIE U NEYaTHBIX IUIAT pas-
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Tab6auua 6. [llupunHa neyaTHbIX IPOBOAHUKOB U 3a30POB MEXKIY HUMHM IS
I'1.I1. pa3auuHbIX KJIACCOB TOUHOCTH B HECKOJIBKMX BApUAHTOB U3TOTOBJICHUS

IIupuHa NpoOBOJIHHUKA, MM MuHUMAaJBHBII 3230, MM
Knacc
HomunansHOE | MuHUManbHOE
TOYHOCTH be3 nokpoitus | C noxpeituem
3HAYCHUE 3HAYCHUE
1 0,75 0,6 0,55 0,75
2 0,45 0,35 0,35 0,45
3 0,25 0,2 0,15 0,25
4 0,15 0,12 0,1 0,15
5 0,1 0,07 0,07 0,1

Kpome Toro, pa3smepsl (IMpHUHA) MEYATHBIX MTPOBOHUKOB, 3a30pbl MEXKIY
HUMU U BCIIMYMHA JOMYCKOB BJIUAIOT Ha IIar TpaCCUPOBKHU. (DopMaano Ha IIc-
YaTHOM IJIaTe BO3MOKEH JII000M IIar TpacCHUPOBKH, HO IS MOJYYESHHS] MaKCH-
MallbHOM TPAaCCUPOBOYHON CIIOCOOHOCTH HEOOXOAUMO €0 COTJIacoBaTh C HIArOM
METaJUTM3UPOBAaHHBIX OoTBepcTHii. Ha prc. 28 m300paxxeH ¢parMeHT MeyaTHOM
IJIaThl C HAHECEHHOM CEeTKOW TPacCCHPOBKH (C KOOPIUHATHOW CETKOI), HAa KOTO-
POM BHJIHO, YTO IIOYTH BCE IapaMeTpbl IMPOBOJIHHUKOB, 3a30POB U KOHTAKTHBIX
TJIONIAJ/IOK CBSA3aHbI MEXJ1y COOOM M C 111arOM METaJNIM3UPOBAHHBIX OTBEPCTHH.
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Puc. 28. ®parMeHT nevyaTHOM MIATH C HAHECEHHON CeTKOM TpacCUpOBKHU

T=An, D=t+S, D=A (n-2)-3t, D = Ak+t.

OOBIUHO HIAar TPACCHUPOBKH BBIOMpAETCA KPATHBIM IIary OTBEPCTUM, TOY-
Hee, Iar MeKIy OTBEPCTUSMH JTOJDKEH ObITh PaBEeH IIEJIOMY YHCITY IIaroB Tpac-
CHUPOBKU TIPOBOTHUKOB.

MMenHo mo3ToMy HEXeJaTeJbHO UMETh Ha MEeYaTHOM IuIaTe TPYINbl OT-
BEPCTUM C Pa3IMYHBIMHU IIaraMH, HO Ha CETOAHAIIHUNA JCHb OJHOBPEMEHHOE
KCTIOJIb30BAHUE DJIEMEHTOB C PAa3HBIMH IIaraMu CTaJ0 MPAaBUJIOM, a HE MCKIIO-
yeHueM. Yamie Bcero Ha OJHOM IUIaTe€ KOMIIOHYIOTCS 3JIEMEHTBI ¢ METPUUYECKUM
Y JTIOMMOBBIM IIIaraMH BBIBOJOB. B M0om0OHO# cHUTyarid MOXHO OPHEHTHPO-
BaTbCiA Ha Iar 6OHI>HII/IHCTBa 3JICMCHTOB. B SaTPYZ[HI/ITeJII)HBIX cnyqa;lx J'Iy‘IIHC
B35Th 32 OCHOBY LIAr OTBEPCTUHM Y 3JIEMEHTOB, pa3MEUIAEMbIX B LICHTPaIbHOU
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YacTU IMeYaTHo# miaTel. MIMEHHO B 3TOH 001acTH HEOOXOAUMO OOCCICUYUTh
HanOOJIBIIYIO TPACCHPOBOUYHYIO CIIOCOOHOCTH, MOCKOJIBKY TPACCHPOBKA TaM ca-
Mas IIJIOTHasl.

B Merpuueckoil cucteMe HanOoyiee PacpOCTPAHEHHBIM CUHTAETCS Iar
BBIBOJIOB B 2,5 MM (MMEIOTCSI B BHUY IITHIPEBBIE BBIBOJIbI). ITO OCHOBHOM IIar
1pu ()OPMOBKE BBIBOJIOB MHOTHMX HABECHBIX AJICMEHTOB, BKIIOUCHHbIX B OCT
4.010.030-81 nimm OCT 45.010.030-92, B coorBercTBuu ¢ ['OCT 29137-91. Ins
Imara MeTaJUTM3UPOBAHHBIX OTBEPCTHM, PABHOTO 2,5 MM, MOXKHO NMPHUHATH IIar
TpaccupoBku 2,5; 1,25; 0,625; 0,5 u 0,3125, ans aroiimoBoro mrara (2,54 mm) —
2,54;1,27; 0,635 u 0,3175.

B tabn. 7 npuBeneHbl MUHUMAJIBHBIC PACUCTHBIC (TCOPSTHICCKUE) 3HAUC-
HUS ¥ COOTBETCTBYIOIIME PEKOMEHIYEMBIE IIard TPACCUPOBKHU, B KOTOPBIX YUH-
THIBAE€TCS KPATHOCTH IIara METAUTU3UPOBAHHBIX OTBEPCTHUH.

Tabauna 7. MuHnMansHbIe pacieTHbIe (TEOpeTHIEeCKUe) 3HAUSHHS
Y COOTBETCTBYIOIINE PEKOMEHyeMEbIe ATy TPACCHPOBKA

Knacc TounocTH 1 2 3 4 5
Hposomrmn 63 754015 0,45£0,1  0,25£0,05  0,15£0,03 = 0,1+0,03
l'[OKpBITI/ISI

Hposozsmi ¢ 0,75 0,45 0,25+0,05 | 0,15+0,03 | 1+0,03
HMOKPBITUEM

Munnmasib bt 0,75 0,45 0,25 0,15 0,1
3a30p

PacueTHsIif mar 1,65 1,0 0,55 0,35 0,23
TPacCUPOBKU

Pexomeryembii 2,5 1,25 0,625 0 0,3175
[Iar TPACCHPOBKH 2,54 1,27 0,635 > 0,31175

9.7. 3amIUTHBIE TOKPHITUS MEYATHLIX ILJIAT

Kak npaBuiio, neyaTHbIe IJIATHI MOABEP>KEHBI BIMSHUIO OKPYKAIOIIeH cpe-
Jibl (MMEIOTCSl B BUJY IbUIb, I'PsA3b, Biara, MUKpoQJiopa M MHOTOE JPYyroe).
Kpowme Toro, nmegatHpie IpOBOAHUKY Ha HAPYKHBIX CJIOSX OKA3BIBAIOTCS MPOCTO
0e3 DJIEKTPUUIECKON N3OSN, YTO MOXKET CTaTh MPUIMHON BCIYECKHX OTKAa30B
B pabote ammaparypbl. OTH HPOOJIEMBbl pEeHIaroTCs MPU TOMOIIM 3al[UTHOIO
M30JSIIIHOHHOTO MOKPBITHA. B mpoctelimem ciaydae miaTta mocie MOHTa)ka BeeX
9JICMCHTOB M IIPOMBIBKH ITOKPBIBACTCS JIAKOM (OI[HI/IM HNJIIN HECKOJIBKUMU CJIOA-
MI/I). Jlak HaHocHuTcs MCTOJIlaMW OKYHaHWs, MOJInBa WK pacClibUICHWA, U 1101 HUM
OKa3bIBAKOTCA HE TOJIbKO BCEC MPOBOJHHUKH, HO W 3JIEMCHTLI, YTO HC BCCr/Ja KE-
natenbHo. HekoTopele 351eMEHTHI IPOCTO HE JIOIYCKAIOT JaKUPOBKH, HAIIPUMEDP
COCAMHHUTCIIN, PA3JIAYIHBIC JICTICCTKU, KOHTAKTLI U P MUKPOCXEM.

[Ipu okyHaHUU JaK MOMaAaeT BO BCE ILETH U 3a30pbl, B KOTOPBIX OH MOCIIe
noyMMepu3anuu o06pasyeT CrycTKH, MPUUYUHSIONIME (M3-32 YCAJIOK) MEXaHH-
YEeCKUE TIOBPEKICHUS, TaK YTO B TIPOIECCE KOHCTPYHPOBAHUS HEOOXOUMO TIpe-
JlyCMaTpUBaTh 3a30pbl, 00eCIeYnBaIOIINe yIaJeHHe OCTaTKOB JKUJIKOIO Jiaka (B
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MIPOU3BOACTBE IS ATOrO MpUMEHsETCs LHeHTpudyruposanue). [lpu mo0bIx cro-
co0ax HaHECEHHM JIaK MPOHMKAET MO KaWJIIsIpaM BO BHYTPEHHHE IIOJIOCTH CO-
€/IMHUTEJICH U BBIBOJUT UX U3 CTPOsi. M3-3a CI0KHOCTEM TEXHOJIOTUYECKOTO T10-
pAKa OT JIJAKUPOBKHU OTKA3bIBAIOTCA Y 3aILMILIAIOT NTEYaTHBIE IJIaThl MACKaMH.

B ornmumne oT JaKHMpOBKM Macka He oOeclieurBaeT ITOJIHOM 3aIUTHI BCEH
IJ1aThl, HO CHMYKEHHUE OOIIEH CTOMMOCTH MPOU3BOJICTBA SIBISETCS TJIABHBIM ap-
FYMEHTOM B MOJIb3Yy MOCJIEHEr0 BapuaHTa, TeM 0ojiee YTO MPU UCIOJIb30BAHUU
3aIIUTHOM MACKU PEIIaeTcs psij APyrux 3ajay.

OanuM U3 3¢ (EeKTUBHBIX IPUEMOB TPYNIOBOI MalKU cUMTaeTCs Naika
BOJIHOM, IIPU KOTOPOU MOHTa)kKHasi CTOPOHA IIAThl ¢ IPEIBAPUTENBHO YCTAHOB-
JICHHBIMM 3JIEMEHTAMM NPOIYCKAETCSl HaJ BOJIHOM PaCIUIaBIEHHOTO IPUIIOSL.
BosHa ombIBaeT nevatHble MPOBOJHUKU M BBIBOJBI 3JIEMEHTOB, IIPU 3TOM BbI-
TOJHSETCS] TPYMIOBas IMaika BCEeX 3JIEMEHTOB M IPUITION IMOKPHIBAET BCE OC-
TaJbHBIE OTKPBITHIE METAUIMUYECKHUE ITOBEPXHOCTH Ha IJIaTe, a HE TOJIBKO MecTa
naikyu. DTOT MpoIecC MPHU BCEH ero NMpocToTe He 00ecreynBaeT CTaOMIBHOTO
Ka4yecTBa NMaWKW Ha IUIaTaX ¢ MHUHUMAJIBHBIMHU 3a30paMH MEXKIY 3JIEMEHTaMHU
MPOBO/IAIIETO PUCYHKA. Bcerya cyiecTByeT OnacHOCTh 00pa30BaHMs MEpPEMbI-
YeK B Y3KHX 3a30pax, MOAITOMY Taika BOJHOM (0e3 MPUMECHCHHS 3alUTHBIX Ma-
COK) JOIyCTUMa TOJBKO Ha IuiaTax 1-ro um 2-ro kjiaccoB TOYHOCTH. K ToMy xe
TPaTUTh OFPOMHOE KOJIMYECTBO IMPUIIOS HA MOKPHITUE TPOBOJHUKOB, I KOTO-
PBIX 3TO COBEPLIEHHO U3IHUIIHE, 00IBIIOE PACTOUUTEIBCTBO.

3anuTHAsg Macka Ha MOBEPXHOCTHU MEYaTHBIX IJIAT OCTaBIIET OKHA TOJBKO
B MecTax naiiku. OHa 3allMIIaeT MMeYaTHbIE IUIAThl OT IPS3U U CIy4YailHbIX 3a-
MBIKAHUH, a TAKKE ABIACTCSA TEXHOIOTMYECKOM MACKOM MPU HAHECEHUU rajibBa-
HUYECKOTO MOKPBITHS.

Jl1s MeTannmM3upOBaHHBIX OTBEPCTUN B MacKe UMEIOTCS OKHa B (opme
KOHTAKTHBIX IUTOMmIAM0K. Eciu 1uiaTa BBIMOIHAETCS MO BBICOKOMY KJIacCy TOY-
HOCTH (5-My umu 4-my), TO MacKy JAeNalT OOJblIe KOHTAKTHOM IUIOMIAAKU Ha
0,1 MmM. B mmatax ¢ HU3KMM KJIACCOM TOYHOCTH KOHTAKTHBIE TUIOMIAIKHA OOJIBIIIE
U pa3Mepbl OKOH B MACKE BBIMOJHAKOTCS MO pa3MepaM KOHTAKTHBIX IIOMIAI0K.

3amuTHas Macka JUisl AJIEMEHTOB, MOHTUPYEMBIX Ha MOBEPXHOCTH, JOJKHA
OBITH B JIFOOOM CiTydae OOJbIIe KOHTAKTHOM IIJIOMIAJKH: JUISl PACCHIMHBIX dJIe-
meHToB — Ha 0,1 MM, g1 MukpocxeM ¢ marom 0,625 MM U MeHee — BCEro Ha
0,05 mMm. [JomyckaeTcsi, YTOOBI INIOTHBIE TPYHIBI KOHTAKTHBIX IMUIOIIAA0K UMETN
00IIyI0 MacKy, TOUYHEE €TMHOE OKHO JJIsl TPYIITHI INTIOCKUX KOHTAKTHBIX IUIOIIA-
JIOK, HO TI0 BO3MOXXHOCTH 3TOTO ClielyeT u30eraTh, Tak Kak HaJIMYUe Jaxe y3-
KOW IIOJIOCKHM 3alIUTHOM MAacCKH MEXIY CMEXKHbIMU KOHTAKTHBIMU TPYIIIAMHU
NpU MalKe CHUXACT BEPOSITHOCTh MX 3aMblkaHuWs. Ecim maiika mpou3BOAUTCS
BOJIHOM MPUMIOS, TO TaKOe 00BEAMHEHHUE BOOOIIEC HEIOMYCTHMO.

[Tpu cocTaBneHuy 3asiBKM K MPOU3BOJICTBY IEUATHBIX IJIAT CJIEJYET yKa-
3aTh, HEOOXOAUMO JIM 3aKPBIBaTh MEPEXOJIHBIE OTBEPCTUS MAcCKOM. [l macku
JIOJDKHBI OBITH CO3MaHbl OTAeNbHbIe ciou (00braHO 3TO ciou MSKGTP u
MSKGBT).



TvnoBble OLIMGKM TPACCUPOBKHU NEeYaTHBIX IJIAT

BeeneHue

B AaHHOM LOKYMEHTE MOKasaHbl TMMNOBbIE OWMGKM AONyCcKaemble pa3paboTynkamm nNpu TpaccMposke
neyaTHbIX NAaT. Tak:Ke NoKasaHbl BAPUaHTbI NPaBUIbHOM TPACCUPOBKU. B @aHHOM AOKYMEHTe
paccmatpmBaloTcs GyHAaMEHTa/IbHbIE OCHOBbI, 6e3 3HaHWNA KOTOPbIX, AaXKe NPOCTbie HU3KOCKOPOCTHbIe
nAaTbl MOTYT OKa3aTbCA HepaboToCnoCobHLIMM UK ¢ HABOPOM HeAOoCTaTKOB. 3TO MOTYT BbITb
HeobbACHUMbIe cboun B paboTe, 3aBUCAHUA, TO0KA/IbHbIE NMEePerpeBbl, INEKTpUYecKMe Npobou Ha naate u
T.N. Tak:Ke U3-3a HecobtoAeHUA TEXHONOTMYECKMX HOPM U NPaBUA MOTYT BO3HWKaTb NPOU3BOACTBEHHO-
TEXHONOrMYecKne aAedekTbl — HEKaYeCTBEHHAA Naiika, 10KaAbHbIe 3aMbIKaHUA MEXAY AOPOKKAMM U T.M.
B laHHOM /JOKYMEHTE He PacCMaTpPUBalOTCA TakMe BaXKHble 33134 KaK TPAacCMPOBKa CKOPOCTHbIX Lenew,
anbdepeHumanbHbix Nap, LMPpoBas U aHaNOroBas 3eMAK, NPaBuUIbHaA KOMMNOHOBKA U CTPYKTypa cnoes

nevyaTHOM naaTtel. 9TM TEMbl 04eHb 06bEMHbI M TPEBYIOT OTAENBHOIO PACCMOTPEHMUS.

CopepiKaHue

[MpasunbHOE NOAKAOYEHUNE BbIBOAOB MUKPOCXEM

MNopaknoueHne nepexoaHbiX OTBEPCTUN

MNpaswno 3/4

MoaKntoueHue 3eman 1 NUTaHUA
TpaccnpoBKa cMIoBbIX Lenen NUTaHua
3a3opbl

Tpaccuposka BGA

TpaccupoBKa Lenel coaepallmx KBapLeBblili pe3oHaTop
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BHyTpeHHue Bbipesbl Ha naare (ppesa)

10. AINCKPETHOCTL Yrna yCTaHOBKM KOMMOHEHTOB Ha naaTe



1. MpasunbHOE NOAKNOYEHUE BbIBOAOB MUKPOCXEM
Bce coegnHeHna mexagy BbIBOAAMN MUKPOCXEM LO/KHbI HAXOAUTLCA BHE 30HbI NANKM.

Ha pucyHkax 1.1 v 1.2 npusegeHbl NPUMepbl HENPaBUAbHOW NOABOAKU NMPOBOAHNKOB K
pe3nctopHbim cbopkam. 061acT HenpaBUIbHOIO NOAKAYEHUS 06BEAEHbl ANA HATNALHOCTU
MHKWeR benoro uBeTa. HapyLueHo TEXHONOMMYECKOE NPaBU/Io — COEANHEHUA MEXAY BbIBOAAMU
OOJ/IXKHbI HAXOAWUTLCA BHE 30HbI NalrikK. B pesyabraTe BEAMK PUCK HEMPONas MAN HEKAYeCTBEHHOMO
KOHTaKTa, 0Co6eHHO Ana BapuaHTa Ha puc.1.2.

Puc. 1.2

Ha puc.1.3 noKasaH BapuaHT NPaBU/IbHOM TPAaCCUPOBKY PE3UCTOPHOM COHOPKU.




Ha pucyHkax 1.4, 1.5 n 1.6 nokasaHo HeEMpPaBU/IbHOE COEANHEHWE BbIBOAOB MUKPOCXEM. Ha AaHHbIX

npuMepax 310 LEenu NUTaHuA 1 3emaun. Kpome TeXHONOTMYECKMX OWKBOK, Takne coeguHeHus

yXyaLwatoT GyHKLMOHUPOBAHNE MUKPOCXEMDbI.

Hanpumep, Ha puc.1.4 BUAHO, YTO YETbIpEe 3eMNAHBIX BbIBOAA MUKPOCXEMbI COEAUHEHbI MEXAY

coboli (TexHonornyeckan ownbKa)  0AMHOYHBIM TOHKMM MPOBOAHWKOM BCA rpynna BbIBOAOB

NOAKIOYAETCA K 3emJie N1aTbl. Tak NOAKA0YATb Heb3A!

MHOKeCTBEHHOCTb BbIBOAOB NUTAHWA M 3eM/IM Ha KOPMyCce MMKPOCXEMbI Npec/iesyeT LBOSKYIO Le/b:

a) Ob6ecneyunTb NpoxoxKaeHUe TpebyembiX TOKOB NOTPEBAEHUA KaK B TUMOBOM PEXMME (CTaTUYHbIe
TOKM NoTpebaeHmns), Tak  MMMNY/IbCHbIX TOKOB NOTPebieHusA (TOK B UMMY/1bCe MOXKET
3HaUUTEIbHO NPEBOCXOANTL CPEeAHUI TOK NOTpebaeHus);

b) CHU3WUTb NAPa3UTHYIO NHAYKTUBHOCTb (M €MKOCTb) MOAK/OUEHMA BbIBOAOB, YTO NOBbILWAET
NOMEX0YCTOMYMBOCTb U CTABUNBHOCTb PabOThI BBICOKOCKOPOCTHBLIX MUKPOCXEM.

LNna paccMOTPEHHO rpynbl BbIBOLAOB BE/IMKO KaK NapasMTHOE Pe3UCTUBHOE CONPOTUBEHNE
MeXAy BbIBOAAMU U 3eM/1Iel, TaK U Napa3uTHaA MHAYKTUBHOCTb. OPUEHTUPOBOYHBIN pacyeT ans
meamn ToNWMHOM 35MKM faeT cnegyrolme ganHble: R = 4.5mMO0m, Ln =0.44HTH.

Ecnu noaAKNIoUUTb KaXKAbIN BbIBOA, 3TOM rPYNNbl OTAE/IbHBIM KOPOTKUM NPOBOAHWMKOM (Hanpumep
0.35mm), To NapasuTHoe conpoTMBeHne ymeHbwmnTcsA B 20 pas, a MHAYKTMBHOCTb B 50 pas.

Puc.1.5



Ha puc.1.6 BUAHO, UTO B pesynbTaTe 3a/MBKU NOAUTOHOM 3€M/M, TPYMMbl BbIBOAOB 3eMAN
MMKPOCXEMbI (Ha PUCYHKE BblZesIeHbl rpynna n3 4-x u U3 2-x BbIBOAOB) OKa3a/IMCb Ha NMPAKTUYECKH
CNAOWHOM NOANTOHE 3eMNU. PUCK HEKaYeCTBEHHOMW NarKku NPU MOHTaX<e O4eHb Be/IuK. an
CNAOLWHOM 3a/1MBKE MONMTOHAMM KaKkoro-nmbo yyacTka nnatbl (ocobeHHo Ha cnosix Top n Bottom)
HeobX04MMO aHaIM3UPOBATb MOYYeHHbIN pesybTaT, UTobbl M3beraTb NOABAEHUA NOAOGHbIX
MOMEHTOB. MOKHO MeHATb GOPMY NOIMIOHA C COOTBETCTBYIOLLMMM 3330PpaMM M NPOBOAHNKaMM ANA

NnoAKAKOYEeHNA, AeN1aTb Bblpe3bl B NOJIMTOHAX U T.N.

Puc.1.6

Ha pucyHke 1.7 noka3aH npumep UCKAOYEHNA — BbIBOAbI MPUNAMBaOTCA HENOCPEACTBEHHO Ha
NOAWUIOH 3eMn. TakoW Npuem NPUMEHAETCA TOFAa, KOr4a ApYyrMMu cpescTsammu obecnedmnTs 0TBOA,
Tenna OT MUKPOCXeMbI HE YAAeTCA, UAN 3aTPYAHMTEeNbHO. B AaHHOM npumepe nokasaHa
MUKpocxeMa npeobpasosatens NUTaHuA, paboTalowas HeNocpeACcTBEHHO Ha TpaHchopmaTop.
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2. TloaknouYeHue NepexoaHbiX OTBEPCTUN

MepexoaHbie oteepcTma (Via) A0/KHbI 6bITb yAaNEHbl OT KOHTAKTHbIX M/10WAA0K KOMMOHEHTOB Ha
paccTonaHune He meHbLle, yem 0.25mm (gonycTvmo a0 0.1(0.15)MM nNpu NNOTHOM KOMMNOHOBKE).

Ha puc.2.1 noKasaHbl CIMWKOM MaNeHbKME PAaCcCTOSHUA OT MepexoaHbIX OTBEPCTUI A0 KOHTAKTHOM
naowWwaaKkun. Npm sToM HET HUKAKMX MPENATCTBMI Ha NaaTe, 4To6bl 06ecnednTs MUHUMYM 0.25MMm.

Puc.2.1

Ha puc.2.2 nepexoaHble OTBEPCTUA Kpaem 3aX0AAT Ha KOHTaKTHYo naowaaky L1711, Hukakux

I'IpeI'IFlTCTBVIl"'l, yTO6bI 06ECNEeUYnTL NnpaBnIbHOE PACNONOXKEHUE, TAKKE HET.

TXVCC5
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Puc.2.2



. Mpasuno 3/4

Mpasuno 3/4 (0.75) - wWMpPMHAE NPOBOAHMKE NOAKAOHAEMOTO K KOHTaKTHOW NIOLWAAKE He A0/IKHA
NpeBbIWaTh WMPUHY KOHTAKTHOW NAOLAAKN YMHOXeHHYI0 Ha 0.75.

MCKNKOYEHNA MOMKHO AenaTb TONbKO A1 CU0BbLIX Lenei U Tam, rae 3to AeNCTBUTENbHO HY>KHO
(Hanpumep, puc.1.7 nan puc.3.5).

Ha pucyHke 3.1 nokasaHa rpynna AoCTaToYHO MeJIeHHbIX CTaTyCHbIX CUTHAI0B NOAK/IOYAEMBIX K
KOHTaKTHbIM NAoLaAKaM MUKpocXemMbl. LLUMpKHA KOHTaKTHOM NAoWwagKku MUKpocxembl - 0 .27mm,
WMPUHA NOAK/IIOYAEMOro NpoBoaHMKa — 0.254mm. LLUnpnHa NpoBOAHMKA B AAHHOM C/ly4ae
M36bITOYHA U HUYeM He 06OCHOBAHa — Knace pasBoaku -4 (0.15/0.15).

Mo npasnny 3/4 ans BLILEONMCAHHOrO C/y4as BNOJIHE NOAOWAET MPOBOAHMK C WNPUHON — 0.2MM.
(cm. pnc.3.2).

Puc.3.2



Ha pucyHKax HUXKe Mo TeKCTY MOKa3aHO NOAKAYeHUE KOHAEHCATOPa C HENPAaBM/bHLIM BbiIGOpoM
LWMPUHbBI NPOBOAHMKOB (Pnc.3.3) 1 ¢ npaBuabHbIM (Puc.3.4).

Puc.3.4

Ha puc.3.5 npuBeaeH Npumep NOAKIOYEHUS CUIOBbIX MPOBOAHWKOB MUKPOCXEMbI
npeobpasosatena. aa npeobpasoBatens NUTaHUA Ha TOK 3A, NOLKAIOYaeM CUNOBbIE BbIBOAbI
MMKPOCXEMbI MPOBOAHMKAMMN PaBHbIMM MO WwWKpuHe 0.35MM (LIMPMHA KOHTAKTHbIX MAOWAA0K
MuKpocxembl 0.35MM) K COOTBETCTBYHOLLMM NoAUTroHaM. Mpasuao 3/4 BbINOAHATb B 4aHHOM Caydae
Heobs3aTeNbHO.
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Punc.3.5



4. MoakntoveHme 3emMnn 1 NUTaHUA

MoakawyeHme 3 emam

BbiBoabl GND y MUKpoCxem (MK AMCKPETHbLIX KOMMNOHEHTOB) AOMKHbI NOAKAYATLCA K NOAUTOHY
3eM/11 N0 HaUMEHee KOPOTKOMY MYTU, KOPOTKUMM NPOBOAHNKAMU. TeOpeTUYECKU B UaeasibHOM
cAy4Yae HeEOBXOAMMO KaK bl BbIBOA, MOAKNIOUNTL K MEPEXOAHOMY OTBEPCTUIO (MOSUFOHY 3eMAIN)

Ha MMHUMaNbHOM PACCTOAHMUM - 0.25MM. TawMTb 38M/IM HAa HECKOJIbKO MUIMMETPOB B KOPHE
HenpaBUbHO.

Ha pucyHKe 4.1 np1BeaeH npumep HeNpaBsmIbHOTO NOAKAOYEHMA 3eMaU K pasbemy SFP. CTpenkamu
NOKa3aHbl 4/IMHHbIE (>2MM) 1 ToHKMe (0.254mMm) nogKntoueHMs 3emesb. MapasuTHblie napameTpbl

(R 1 L) npu Takom nograodeHnn by oyt BenMKlA.

17 :GND

16 VCC_TXA

FP_RX4 P

12 SFP_RX4_N

Puc.4.1

Ha puc.4.2 nokasaH BapuaHT NpaBuU/IbHOro nogxatodeHunsa: Boeisogbl GND nogkitodeHs K Via
KopoTkMmM (0.3mMm) M Wnpoknmn (0.4mm) NPOBOAHNKAMM.




Ha pucyHkax 4.3 1 4.4 noKasaHo Nioxoe NOAKAOUYEeHWE 3eMIN K KOHAEeHcaTopam (GunbTpbl
nuTaHus). KoHaeHcaTop C1517 Ha puc.4.3 ygoctanBaeTtcs 3BaHunA — « CynepKoHAeHcaTopy,
XYKe MOoAKNHEHNE 3eMAN TPYLHO NPUAYMATh.

Puc.4.4



Mnoxoe NoAKNOUEHME 3eMN K BbIBOAAM MUKPOCXEMbI MOKA3aHO Ha pucyHke 4.5. MoakntoyeHne
NPaKTUYECKU IKBMBAIEHTHO NOAKAOYEHNIO Ha puc.1.4. TeEXHONOrMYHOCTL 3aech cobntogeHa —
coeAMHeHWe BbIBOAOB BHE 30HbI Nalikn. OCHOBHOW HeA0CTaToOK TaKoM e, Kak ansa puc.1.4 —

noaKNK4YeHne rpynnbl BbIBOAO0B OOUMHOYHbIM NMPOBOAHUKOM.

11 NelR3112

131 Net12

31. REF_CLKS CDRF

Puc.4.5

MNpaBnabHOE NogKAoueHne BbiIBogoB GND y MUKpPOCXeMbl K MONTOHY 3€MJIM NOKa3aHo Ha puc.4.6.

NoaknoyeHve nutaHma

OCHOBHbIE NPaBUAIA: YUUTbHIBATL NPOTEKAIOLWME TOKMU (MOCTOAHHBIE U UMNYAbCHbIE), GUALTPYIOLWME
KOMMOHEHTbI MO BO3MOXHOCTU pacnoaaratb bAnKe K COOTBETCTBYHOLUM BbIBOAAM MUKPOCXEM U
APYTWX ANCKPETHBIX KOMNOHeHTOB. O6ecneunsaTh HUSKOMHAYKTUBHOR NOAK/IOUEHMEe — LUMPOKUMM

NpPoBOAHUKaMU UTU NOSIUTOHaMMU.

BapuaHT TPaCcCUPOBKU MUTaHUA ANA MaIOMOLLHON MUKPOCXEMbI NMOKa3aH Ha puc.4.7.
10



K dpunbTpytolemy KoHAeHCaTopy OT Nepexo4HOro oTBepcTHs (MONUroOHa NUTaHWs) HeobxoarMO
obecneynTs coeauHeHUe LOCTaTOHHO LWWMPOKUM NPOBOAHUKOM (M.6. paBeH U yiKe No WupuHe
aHaN0rMYHOro coeanHeHun ¢ 3emneit). Janee NoAKNOYEHNE K BbIBOAY NMUTAHWUA MUKPOCXEMbI

Aenaem no npasuny 3/4.

Puc.4.7

Mnoxas nogBoAKa MUTaHUA K MUKPOCXeMe NoKasaHa Ha pucyHKe 4.8. KoHaeHcaTop dunbtpa
NUTaHWUA CTOUT AOCTAaTOUHO A3NEKO OT BbIBOAOB NUTAHUA MUKPOCXEMbI U Ba BbIBOAA NUTAHUA

COEAMHAIOTCA M MUTAKOTCA OT 0OAHOTO NPOBOAHMKA. M0 XopoLwemy, HE0bXoANMO 6biN0 GUALTPYHOWME

KOH/JEHCATOPbI NMOCTaBUTb BO3/IE KaXKAOrO BbIBOAA NMUTAHWUA U Ha 6O/lee KOPOTKMX PacCTOAHMAX
(1..2mm). Ecin Ha cnoe Top pasmMecTUTb UX He YAaeTCA U3-3a APYrUX 3/1eMEHTOB TPACCUPOBKHU, TO
HEeoBX0AMMO PAa3MeCcTUTbL KOHAEHCATOPbI Ha cioe Bottom.

11



5. TpaccupoBKa CMNOBbIX LieNen NUTaHUA

BapmaHT Ni0Xor TPAcCMPOBKM CMAOBLIX LieNei NokKasaH Ha pucyHke 5.1. NogkatoveHne cunosbix
NAOLWAA0K 3N€MEHTOB B J]AHHOM NpUMepe OCYyLLEeCTBAeHO TOHKUMU NPOBOAHUKaMU — 0.25mMMm.
MockobKy Lenb paccyMTaHa Ha NPOTEKaHWe TOKa 5A, TO NPOXOXAEeHNE TOKa MO TOHKUM
NPOBOAHWKaM Bbl30BET Harpes NpoBogHMKoB Ao 60C. ConpoTnBaeHNe U NHAYKTUBHOCTMU B 3TUX
Y3KUX MEecTax Tak:Ke OyayT BEUKN.

2
(btQ2001 &

P

Puc.5.1

BapwaHT NpaBUAbHOM TPAaCCMPOBKM CUIOBLIX Lieneit NoKasaH Ha pucyHke 5.2.

YBe/ueHune WNPUHbI CUA0BbIX NPOBOAHMKOB A0 1MMm, obecneymBaeT 3anac o NpoTekaeMomy TORY
00 10A npu Harpese 0o 45C. ConpoTuBieHNE N MHOAYKTUBHOCTMN TaKKe ByAyT MMHUMAAbHBbIMA, HE
OKa3blBalOLWMMKU BPEAHOTO NAPa3UTHOIO BAUAHUA.

-

2

NetQ6_2

Pnc.5.2
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6. 3a3sopbl

3a30pbl MEXAY BbIBOAAMW KOMNOHEHTOB ¥ NOAUTOHaMMU

Mpumep 6e3ayMHON 3a1MBKU MUKPOCXEMbI NOANUTOHAMWU NpUBEAEH Ha pUcyHKe 6.1.

Mnata caenaHa no 5-my Knaccy TOYHOCTU € BbICTaBAEHHbIMM 3a30opamm 0.11mm.

Ha pucyHKe BUAHO, YTO B pe3yabTaTe 3a/IMBKM NONUIOHOB, MPAKTUYECKU Kaxaan HOMXKa
MWKPOCXEMbI OKPY}KeHa MeTananmsaument ¢ ToawmHon 0.13mm (war mmkpocxembl 0.65mm).
TexXHONOrMYHOCTb TaKMM CNOCOBOM 3HAYMTENBHO YXyAWeHa — Maneiwmnii gedekT uam Ha camom
nnaTe Unv B NPOLLECCe MOHTaMa BbI30BET /I0Ka/bHOE 3aMbIKaHME AOPOXKEK, KOTOPOe NOTOM TPYAHO
bynet o6HapyxuTb. C TOYKU 3peHUsA PYHKLMOHMPOBAHNA TaKOE PeLueHME TaKKe NNLEHO CMbICAA.

U2001°

00000: 0| 00

Puc.6.1

Ha pucyHke 6.2 npuBeseH Npumep rpaMoTHOW Pa3BOAKM YacTM NUTAHUA YCTPOUCTBA.
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To »Ke camoe, HO MICMOPYEHHOE HErPaMOTHOM 33/IMBKOM MOIMFOHOM 3EeM/IM, MOKa3aHo Ha puc.6.3.
Cpasy BMANM yXyfLIeHNe TeXHONOTMYHOCTU. TaKKe BUAHO, YTo 06pa3oBanoch 6o/blioe KoAMYecTBo
TOHKMX NPOBOAHMKOB 3eM/IM, KOTOpPbIE 3ano/iHAT coboi cBobogHble mecTa, 06pa3ys Kakue-To
KOHTYpa, ANUHHbIE TOHKUE NPOBOAHMUKM, INEKTPUYECKN NOAKIOUYEHHbIE B KaKOM-1160
NPoun3BOAbHOM MecTe. TakXKe 3a30pbl MeXay NPOBOAHUKAMMU N NOANTOHAMWN aBTOMATUYECKN
YMEHbLWNANCH 40 MUHUMAJIbHBIX — B gaHHOM npumepe 40 0.15mm. MNoCKonbKy gaHHaAa cxema
paboTaeT Npu BXOAHOM Hanpsi:keHnu 12B, TO 3TO He cKa3blBaeTcA Ha paboTte cxembl.

Ho ecnu 6bl cxema Bbina 6bl paccunTaHa Ha paboty B AnanasoHe 36 — 72B, To AaHHYlo NaaTy nocne
N3roTOB/NIEHWUA MOXHO Cpasy BbIN0 BbIKMABIBATL HA MOMOWMKY. 3a30p 0.15Mm He obecneunsaer
pPaboTy Npu TakUX HaNpaxReHUsx (HanpsxeHue npobos 45B).

3a30pbl Y KOMNOHEHTOB, NOABEPrAOLUXCA NEPUONYECKOMY MEXaHWUYECKOMY BO3AEUCTBHUIO.

K TaKMM KOMMNOHEHTaM MOXHO OTHECTU Ntobble BbIBOAHbIE COEAUHUTE/IbHBIE PAa3bEMbI, KHOMKA U
T.n. Heo6Xx041MMO 13 COOOPArKEHNI MEXaHNYECKOM NPOYHOCTN, a TaKKe Nyylleil NaiKku yBeanumBeaTb
3330pbl Y BbIBOAOB TaKUX 3/IEMEHTOB, B C/ly4ae NOAKAIOHEHUA rPyNMbl BbIBOAOB YePe3 NOJIMIOHbI.
Take Heobxoanmo yunTbiBaTh pabouee HanpsKeHWe, LeNCTBYIOWEe HA KOHTAKTax, YTo6bI
obecneunTb BeIMYUHY 3a30pa BHe 061acTu npobos. PekomeHayembili 3a30p 13 coobparkeHuin
MEXaHNYECKOWN MPOYHOCTM — He meHee 0.2mm.

Ha PUCyHKe 6.4 BUAHO, YTO NOAKNKO4YeHUne NOAUroHoB CA4e/1aHO C MUHUMAJIbHbIMU 3a30pPamMmu BO3Ne
BCEX BbIBOAOB pasbema —0.11mm. [na HanpseHuin nutaHmns 3.3B n 5B Takoi 3a3op obecneunsaer
93NEKTPUYECKYIO NPOYHOCTb, HO HEe ABAAETCA XOPOLLUMM peLLUeHNeM Mo NPUYMHAM ONMCaHHbIM BbiLUe.
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33@30pbl 0.11mm Ha BCEX

co0oo000|O0D

Puc.6.4

Mpumep NpaBnAbLHOIO NOAKAOYEHMA NOAUTOHOB K pa3bemy NpUBeAEH Ha pUcyHKe 6.5.

MoanroH nutanma +12B noaknatoueH ¢ 3azopom 0.25mMm. 3a30p obecneymBaeTcs OTAeAbHbIM
npasuIoM 3a3opa ANA AaHHOW uenu. Huxke NoanroH 3emnn nogkatodeH ¢ 3azopom 0.15mm Ha cnoe
Top, YTO AMKTyeTcA TPeOOBaHWEM TAaKOro 3a30pa AN 3Toro c10A. COOTBETCTBEHHO 3a30p 4718 BCEX
[PYrux cnoes yBennyeH 4o 0.2mm. TakKe MOXHO UCMO0b30BaTh Bblpe3bl B MO/IMIOHAX ANA
obecneyeHnsa HeobxoaMMOro 3a3opa. Ha pUcyHKe 3TO HUXKHASA Fpynna KOHTAKToB ¢ 3a30pom 0.3mMm.

0.15mm top layer
0.2mm int layers

Puc.6.5
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7. Tpaccuposka BGA
3anvBKa NosvroHamu

Wcnonb3osaHue cniowHbix obsacTe MeTanausauuu  (3aAMBKM  Meabto) nog  Kopnycom BGA
MMWKPOCXEMbI CYMTALTCA MNOXMM TOHOM. Mpryém Yyem ganblue 061acTb OT LEHTPa Kopnyca, Tem 6onblue
PUCK. ITO OBDBACHAETCA TEeM, YTO eC/IM KOHTAKTHaA NAoWaZKa LEe/MKOM NOKpbiTa 061acTblo 3a/1MBKM,
NOBEPXHOCTb NalKM onpenenseTcd He GOopMOoI KOHTAKTHOM NAowWwaaku, a ¢opmor OKHA B Nas/IbHOM
macke. Popma Kanav Npmnos Npu aTom Byaet He oNTUMaNbHOM (NPUMNOW Kak Bbl pacTekaeTca), KOHTaKT
npy 3TOM MOJYYaeTCd HEKAYeCTBEHHbIM M MOXeT O6biTb paspywieH B npouecce AJ/NTeNbHON
3KCnAyaTauuMn obopyAoBaHMA, HaNpUMep, 3a CYET MEXaHMYECKMX Harpy3oK, CBA3aHHbLIX C BUOpaumen
WAW  TENNOBBIM pacwmpeHnem. TaKkke HeobXxoaMmo yumTbiBaTb 3QQEKT TenaonpoBogHOCTM —
paCI'Il'IaB/'IeHHbII;i I'IpI/II'IOi;I yTeKaeT B CTOPOHY WUCTOYHUKa Tenna, KadeCTBO U HaAEXHOCTb naviku
YXYALIAtOTCA.

Ha puc.7.1 nokasaH MpMMmep TaKOWl 3aAMBKW. BMAHO, YTO B UEHTpPe MMKpocxembl 16-Tb LwapuKos
MUKPOCXEMbI 0OBEAUHEHDI CM/IOLHOM 3aAMBKOM, BCE OCTaNbHble BbIBOALI MONYHAOTCA B OKPYYKEHUM
NOANTOHa 3eMaun. Takoe pelweHne Cepbe3HO yXyaLWaeT TEXHO/OTMYHOCTb.

WNckatoyeHne: B HEKOTOPbIX Cy4anax NPOM3BOAUTE/Ib MOXKET PEKOMEHLOBaTb MPUMEHEHMWE CMJIOLWHOM
meTannusauum nof  Kopnycom BGA. O6blMHO 370 06ycnoBneHo HeobXoAMMOCTbIO OTBOAUTH
MOBbIWEHHYIO TENNOBYIO MOLWHOCTL 6€3 MUCNoNb30BaHUA paguaTtopa. B Takom cayyae HeobxoavMmo
NPUAEPKNBATLCA PEKOMEHAAUMN NPON3BOAUTENA. BO BCEX OCTaNbHBIX CAYUanX 3TOr0 HYXHO nsberarts.

&’ooooo(po
c?oog%ooo
o ‘oo
0.0.0

Puc.7.1

BbiaepuBaHue 3anpeLieHHon 30Hbl BOKpYr BGA

NP1 KOMMNOHOBKE 3/1EMEHTOB HEODXOAMMO CTPEMMUTBCA, HE PAa3MELLIATb BM/IOTHYIO K MUKPOCXEME
BGA apyrve KOMMNOHeHTbl. PekomeHayemana 061acTb OTCTyna He meHee 3..5MM, TakKe HeobxoamMmo
YUYUTBIBATb KpenieHne TenNooTBOAALLErO paamaTopa (ecnm Tpebyetca). Mpu oueHb NAOTHOM
KOMMNOHOBKE 3TO PAaCcCTOAHNE MOMKHO YMEHbLLNTL 40 1mm.
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Ha puc.7.2 noKasaHo naoxoe (CAUWKOM BAU3KOE) pacnonorKeHWe KOMMOHEeHTOB. BObWKMHCTBO
KOMMOHEHTOB B MPUBEAEHHOM NpMMepe pacrnoaaraTca Ha pacctoaHnn 0.5mm; 0.85mm.
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Puc.7.2

Ha puc.7.3 noKasaHo NpaBuibHOE PAacnoN0KEHNE KOMMOHEHTOB. BONBLIMHCTBO KOMMOHEHTOB B
npvBeLeHHOM NpUMepe PacnoaraloTcsa Ha PAcCTOAHUK He Banke 3MM.
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MNepexoaHble oTBEpPCTUA

Bce nepexoaHble oTBepcTMA nog BGA KOprnycom ceayeT Beeraa 3aKpblBaTh 3aLUMTHON MACKOM.



TpaccupoBKa Lener CoAepallmx KBapLeBblii pe3oHaTop

Ha pucyHke 8.1 nokasaHa YacTb TPACCMPOBKM MUKPOKOHTPONIEpa, KOTOPbIM UCNONb3yeT AN cBoel
paboTbl KBAPLEBbLI pe3oHaTop. B 6ONLLUIMHCTBE CXEM UCMO/b3YIOLLMX KBAPLLEBbIA pe3oHaTop, As
CTabunbHOro 3amnycka reHepaLmnn, UCNONL3YIOTCA ABa KOHAEHCATOPa Maloi eMKOoCTU. Ha pucyHKe
370 KoHAeHcaTopbl C97 1 C100. 3emnaHbIe BbIBOAbI 3TUX KOHAEHCATOPOB HE/Mb3A MNOAKAKOYATL K
3emJie NevyaTHoM NNaTbl B NPOW3BOAbHOM mMecTe. Heobxoanmo 3emiv KOHAEHCaTopoB 06beAUHUTD
MerKay coboM 1 NOAKAUNTL K 3EMAAHON HOXKKE MUKPOKOHTPOEPA. 3eMNAHOM BbIBOA,
MUKPOKOHTPO//1epa B CBOIO o4epeab HEOOX0AMMO C APYroit CTOPOHbI NOAKAOUNTL K NEPEXOL4HOMY
OTBEPCTUIO, MOAKIOUYEHHOMY K BHYTPEHHEMY MOJIMIOHY 3eMIN U/WAN K NonnroHy Ha Top/Bottom. B
3TOM C/ly4ae, y4acToK 3€M/IU, MOKa3aHHbIW CTPENKON, ByAeT TaK Ha3bIBaEMOW «YUCTON 3eMnei».
3TOT y4aCTOK HEO6X0AMMO AEeNaTb NO BO3MOXKHOCTM Kopoye. K HeMy Henb3a NogKAto4aTb 3eMIn
HUKAKUX APYrUX 31eMeHTOB. MCKNoUeHWe cocTaBaseT KOHAEHCATOP, YCTAaHOB/IEHHDbIN B Lienu
BHELIHero cbpoca MMKPOKOHTPOepa (Ha pucyHke cnesa oT C100). Takas TpaccMpoBKa
o6ecneunBaeT MakCHMaabHYH NOMEXOYCTOMUMBOCTb, OCO6EHHO NPY HAHOCEKYHAHbIX MOMEXaX,
KOTOpbl€ MOTYT BbI3bIBaTb TPYAHOOOBACHUMbIE cOOU U 3aBUCaHMA B paboTe MUKPOKOHTpOANEpA.
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Ha pucyHke 8.2 noKkasaH Npumep HenpaBUIbHOW TPACCUPOBKMU KBApLLEBOTO Pe30HaTOpPa.

KBapL, pacnonoeH AOCTaTOYHO A3/IEKO OT MUKPOCXeMbl. 3eM/1A KOHZEHCATOPOB 06BA3KK
NOAKNOYEHa HENOCPEACTBEHHO K BHYTPEHHEMY NOJIMIOHY 3EMAN, 3€M/ISHOMN BbIBOZ,
MUKPOKOHTPO/I/Iepa TaKKe Cpa3y NOAKNIOHAETCA TyAa Ke. B pesynbTaTe paccTosHUe No CNoto 3emau
NONYYMNOCh PaBHbIM 15MM. HUKaAKOM «4MCTOM 3eMAN» MPU TAKOM NOAKIOUEHUN HE NOoyYaeTca,
NMOCKOJIbKY BCE CMAMUT Ha obuiel unpposoi 3eme. YcTponctso byaet paboratb npu OTCYTCTBUMU
n/Mnn manom yposHe nomex. MNpwm cuibHbIX NOMexax ycTpoicTBo byaeT «c6ouTb» (ocoberHo npu
HaHOCEKYHAHbIX NOMeXaX, NOCKO/1bKY BHYTPEHHWE CM/IOLLHbIE CIOU NUTAHUA U 3EMAU HE
obecneunBaoT XOpoLIel 3alMTbl OT TAKOr0 BUAa NMOMEX.).

NETOLAAE

Puc.8.2
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BHyTpeHHwMe Bbipesbl Ha nnate (ppesa)

BHyTpeHHMWe Bbipe3bl Ha niaTe 0bbl4HO MCMOL3YIOTCA, Koraa Heobxoaumo obecneynTb
rafibBaHUYECKYIO U30ALMIO HA NAATe, @ B CUJ/Y NAOTHON KOMMOHOBKKU UAK NO APYTUM NPUHUHAM
3Toro obecneynTs He yaaerca. s npnbopos, Ha Kaknx-1M60o Lenax KoTOPOro HaxoAuUTCA
HanpsaxeHne 220B, 06bl4HO TpebyeTca obecneynTb ranbBaHUYECKYIO Pa3BA3KY OT HU3KOBO/bTHbIX
uenem, He meHee 1.5kB (1500B). [lnsa 3TOro HEO6X0AMMO 06EeCNeUNTb PACCTOAHUE MEXKAY
BbICOKOBO/IbTHBIMW U HU3KOBONLTHLIMU LLENAMN HE MeHee 5MM (OPUEHTVPOBOYHO CYMTAETCA NO
nnate 1mm = 300B). Eciv Ha nnaTte He yaaetcs obecneunTs Tpebyemoe pacctosiHme, To Heobxoanmo
BbINOAHWUTL Nponua (dpe3epoBKy) B nnate. Ppes3epoBKa BbINOAHAETCA B Hanbonee Y3KUX MeCTax,
rge paccTosHMe No nsaTte BblAep:KaTb He NoaydaeTcs. B pesyabrarte B paboTy BKAOYAETCA
BO3AYLUHbIN NPOMENKYTOK, HanpaXeHue Npobos KOTOPOro A0CTaTOUYHO BENUKO (3-4KB Ha 1mm,
MOET YMEHbLUATLCA M3-3@ Pa3/IMYHbIX CTOPOHHUX GAKTOPOB — NOBbLILLIEHHAA BAAXKHOCTb,
KOHOUrypaL s NPOBOAHNKOB U T.1M.).

MuHUManbHbIN AnameTp dpesbl Ha 3aBoAe-NpPoM3BoAUTENE — KaK npasuio, 0.8mm. 3To n ecTb
MWHUMaNbHas WUprHa ¢pe3epoBaHHOro nasa. [lenan Bbipesbl B NAaTe WMPUHOW B 1MM, Nerko
obecneunTb OTCYTCTBUE KaKMX-AnbBo npobaem npu 3roToBAEHWM NevaTHOM naaTbl.

Ha pucyHke 9.1 B KauecTBe NpMMepa NPUBEAEHA YaCTb NAATbI, rAe NOKA3aHO NPUMEHEeHVe Bbipe3oB
ANnA obecneyeHns raibBaHNUYECcKoN U30ALUN.
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10. INCKPETHOCTL yrna yCTaHOBKM KOMMOHEHTOB Ha naare

KOMNOHEHT, MoeT 6biTb NOBEPHYT BOKPYr CBOEM OCK C AUCKPETHOCTbIO 1 rpasyc.

B 60blUMHCTBE C/ly4aeB yraa ycTaHOBKM KomnoHeHToB (Rotation Step) B 90 uam 45 rpaaycos 6onee
4yem A0CTaToOYHO. OAHAKO MHOTMAQ MOXKET BO3HUKHYTb CUTYaLLMA, KOTAA TaKUE YI/ibl He NO3BONAT
Pa3MeCTVTb BCE KOMMOHEHTbI Ha naaTte. Takasa CUTyauma MOXKET BO3HUKHYTb ec/in rabaputol
KOHCTPYKTWBA (NNaTbl) ¥KECTKO OrpaHUYeHbl, KO-BO 3/1EMEHTOB A8 PasMeLLeHUs Ha NAaTe BEINKO U
MMeeTCA HeCKONbKO BUAOB Leneid ANA KOTopbIX HeobxoAMMa ranbBaHopassaska 8 1500B. B atom
CNly4ae KOMNOHEHTbI MOYKHO YCTaHaBAMBATb C /1t0ObIM, YA0OHbBIM ANA KOMNOHOBKU Yri1om
(amckpetHocts 1 rpaayc). EanHcTBEHHOE HeyA06CTBO COCTOUT B TOM, UTO NMPOBOAHMKM B 3TOM C/lydae
[OJIKHbI By AYT NPOBOAMUTLCA NOA Yr/1aMu, OT/IMYHBLIMUY OT CTaHAAPTHBIX. Mpumep Takoi
Tpaccmposku npueedeH Ha puc.10.1 (Top) n prc.10.2 (Bottom).

c74C00Y

Puc.10.1
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Puc.10.2

ABTOpP AOKYMEHTa:
UHXXEeHep — CXeMOTEeXHUK
Hosukos B.A.

14.09.2011
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