OO0mue cBegeHns 00 HHTErpaJabHBIX CXeMax

Jlo Hauajga MIECTHACCATHIX T'OAOB ABAANATOIO BeEKa

MOJTYNPOBOJHUKOBBIE puOOPHI HCIIOJI30BAINChH B
PaaNO3TIEKTPOHHOM anmnaparype
B IUCKPETHOM KOHCTPYKTHBHOM HCTIOJTHEHNH,

T.€. KaXK/Iblil NMPUOOP MoMemAJICs B OTAeJbHbIH KOPILYC.
Jl1g coeMHEHNsT KOMIIOHEHTOB aIllaparypbl MEXAy coOoi
WCIIOJIB30BAJICS NMeYaTHbIA WM  HaBeCHONM MoHTax. Ilpn
TOM HENPEPHIBHOE YCJI0KHEHHE aNnapaTypbl HEU30€KHO
IIPUBOJIHIIO K YBEJIHYCHUIO ee
radapuToB U MACChI, CHUKCHHUIO ee HA/Ie:KHOCTH n3-3a
YBEIMYEHMS YUCIIa KOMIIOHEHTOB U COCIMHEHUI MEKy HUMU.
Pemenne BO3HMKAaNOMMX NPOOJIEM CTaJ0 BO3MOXKHBIM C
MOSsIBJICHUEM HHTerpaJjabHbIX cxeM (UC).

B OCHOBE

CO3JaHHuA HHTCTPAJIbHBIX CXEM

JIekKaIu TPyNIoOBOM MEeTOJ U3TOTOBJICHUS
MOJIYIIPOBOJJHUKOBBIX MPUOOPOB U MJIAHAPHASI TEXHOJIOTHS,

HNCIIOJIBb30BaBIIMEC IMPHU CO3AaHHMU NUCKPCTHBIX

MOJIyIPOBOIHUKOBBIX MPUOOPOB C CEPEAMHBI MATUACCITHIX
rongos. ['pynnmoBorm  MeTron — Ipeamnosarail co3JaHue Ha
MOJIYIIPOBOJHUKOBOM IIACTHHE
(mom10KKe) OTHOBPEMEHHO HECKOJIBKHIX (unmu
JOCTATOYHO 0O0JIBIIOT0 YHCJIA) MPUOOPOB C TOCIICIYFOIIUM
pa3pe3aHureM MOJI0KKHU U TOMEIICHUEM KaKI0ro npudopa B
OTAeJBbHBIA kopnyc. IlranapHas TexXHOJIOrHSA ITO3BOJIUIA
co3/laBaTh TPUOOpHI (IPEXaEe BCEro TPAH3UCTOPHI), BCe
BBIBO/IbI KOTOPBIX HAXOJAMJIHUCH B OJHOH NJIOCKOCTH, YTO
3HAYUTENIbHO YIPOIAJI0 COEAMHEHHE BBIBOJIOB IPUOOPOB
MeXIy CcoOOM C TIOMOIIBIO METAUIMYECKUX IOJIOCOK,
HaIbUIIEMBIX Ha IOBEPXHOCTh MOANOXKKH. OCHOBHas ujesi
CO3/IaHUSI MHTErPAJbHBIX CXeM 3aKJII0Yallach B TOM, YTOOBI B
KOpIyC MOMEIIAJICS HE OJIMH MPUOOp, a JOCTATOYHO 00JIbIIOe
YHUCJI0 MNPUOOPOB, COEIMHEHHBIX B  €IHHYIO CXeMy,

peaTM3YIOITYIO OMPEIeTICHHOE YCTPOUCTBO.

Hcnonb3oBaHue HMHTErPaJbHBIX  CXe€M II03BOJIMJIIO  HE
TOJIBKO YMEHBIIUTH rAa0apuThI U MACCy PAIM03JIeKTPOHHOMI
anmnapartypsl, HO U



3HAYUTECIBbHO CHU3UTDH CTOUMOCTDb ce

HU3TrOTOBJICHUS ITOCKOJIbKY KaXKJ1as TEXHOJIOTHYECKast
orepanusi MCMNOJIb30BaJIaCh Ul CO3JaHMsl OOJIBLIOTO YHUCIIA
npuoopoB. Kpome TOro, KOJIM4eCTBO KOHTAKTOB B
HMHTEerpajbHbIX CXeMaX 3HaYUTEIbHO MeHbIIIe, UEM B CXeMax
AHAJIOTUYHOW  CJIO)KHOCTM HA  JIUCKPETHBIX  DJIEMEHTaX,
a Ka4eCTBO 3TUX KOHTAKTOB 3HAYUTEJIHHO BbILIE, YEM B
NEYaTHbIX WU cxemax. B

HaBCCHBIX pe3yabTaTc

HCIIOJIb30BaHUE MHTETPaJIbHbIX cXeM MO3BOJIUAJIO
CYILIECTBEHHO MOBBICUTHh HA/IEKHOCTH PAJANO0IJIEKTPOHHOM
annapatypsel. ClenyeT OTMETUTb, 4YTO HCIOJb30BaHHUE
TPYNIOBOTO METOJA [MO3BOJIMJIO CYHIECTBEHHO CHM3MTh
TEXHOJIOTHYECKHIl pa30poc mapamMeTpoB HHTErPajbHBIX
3JIEMEHTOB, 110 CPABHEHUIO C JIUCKPETHBIMU, MTOCKOJIBKY 3TH
AJIEMEHTHl  CO3/1aBaJMCh HA  €IUHOW  MOMJIOKKEe B
HeNMoCpeJCTBEHHOH OJIM30CTH APYr OT Apyra B paMKax
€[IUHOT0 TEeXHOJOTHYeCKOro MHUKJIA. OTO 3HAYUTEIIBHO

YOPOCTUIIO MTOCTPOEHUE PAZTUUYHBIX CXEM.

Bxonsiue B COCTaB WHTETPATBbHBIX
CXEM JIEKTPOPAIN03JIeMEHTBI (PE3UCTOPHI, KOHJIEHCATOPHI,
TTUOTBI, TPaH3UCTOPHI) pa3IeNsroTCs Ha
MHTETPAJIbHBIE KOMIIOHEHThI M 3JIeMeHTHhI. Paznuune Mexy
HUMH COCTOUT B TOM, YTO UHTETPATLHBIC KOMIIOHEHThI MOTYT
OBbITh KOHCTPYKTHBHO BbIJIeJIEHbI KAK CAMOCTOSITeJIbHbIE
U3JleJIusl, a WHTETPAIHHBIC IJIEMEHThl He MOTYT ObITh
BbIJeJIEHbl KaK caMOCTOsITeJbHbIe u3aeaus. CI0XHOCTb
MHTETPAIBHBIX CXEM OOBIYHO OIIEHUBACTCS CTENMEeHbIO NX
UHTErpalum, KOTOpast OIpeesieTCs
koadhpuimentom K=IgN, rame N — koJimuecTBO 3JIeMEHTOB H
KOMIIOHEHTOB HAa TOMJI0KKE WHTErpajbHOil CXeMbl.
3nayenue K okpyrisercs 10 ONKalIIero mejaoro 4mcJa.
Hcnonb3yercs TaKKe MOHSTHE MJIOTHOCTH
YHAKOBKH WHTETPATLHBIX CXEM, KOTOpast
OTIpE/ICTIACTCS KOJIUYECTBOM 3JIEMEHTOB M KOMIIOHEHTOB,

NPUXOASIIIUXCSH HA eIMHUIY TUIOIIAIN MOAT0KKH.



C MOMeEHTa MOSBJICHUSI CaMBIX ICPBBIX UHTCIPAJIbHBIX

CXEM MOBBIIIICHUE CTEeNeHH X MHTerpaluu CTAJIO0
MArucTpaJbHbIM HANpaBJeHHEeM pa3BuTHs
MUKPO3JIEKTPOHUKH, TOCKOJIbKY MI03BOJINIIO
CYILLIECTBEHHO YMEHbIIHUTh radapurbl n maccy

PaN03J1eKTPOHHOM annaparypsbl, NOBBICUThH ee
HAJEKHOCTh M CHHU3UTh CTOMMOCTH €€ W3IrOTOBJICHHUS.
HeoOxoaumMocTh ~ TOBBIIICHUS

CTCIICHU HHTCIpallun

HEN30EXKHO notpeboBaa pa3BUTHS TeXHOJIOTHH
NPOU3BO/JCTBA HHTErpajbHbIX cxeM. KonoccanbHble ycnexu
B 3TOM HallpaBJICHUU TO3BOJWIM pPEaJU30BaTh TaKHe
yCTPOMCTBa, KOTOpPhIE HEBO3MOXKHO OBLIO MPEACTaBUTH cebOe
elle TPUILATh JIET Ha3a/.

[0 KOHCTPYKTHBHO-TEXHOJIOTHYECKOMY
BBINIOJIHEHMIO UHTETPAJIbHBIE CXEMBI  JeJsITCS Ha  JBa
KJ1acca: ruOpuaHbie uHTerpadbublie cxembl (I'MC) mu
NOJIYNIPOBOAHMKOBbIe HHTerpajabHbie cxembl (ITHC).
Paznuune Mexay HUMH COCTOUT B MAaTepHAJIax, U3 KOTOPBIX

HN3T0TAaBJIMBAOTCA MOAJTO0KKH, 1 TEXHOJOITHYIECCKHUX

onepanuax, MCMOJAb3yeMbIX JJISl CO3JaAHUS JIEMEHTOB 3THX
CXeM - CM. HIKE. ITo pyHKIMOHAIBHOMY
HA3HAYEHHMIO UHTETPAJIBHBIE CXEMBbI TAKKE Pa3AeNSIIOTCS Ha
JIBa KJlacca: aHAJIOroBble MHTerpajbHble cxemMbl (AUC) u
uudposbie  uHTerpajgbubie cxembl (IIUC). Ownu
pazIMyaloTCa CUTHAJAMHM, KOTOpble  MpeoOpasylorcs ¢
nomombo  3tuX  cxeMm. [logpoonee ANC u [HUC

paccMaTpuBarOTCA, COOTBECTCTBCHHO, B pa3aciiax 2u3.



5. KOHCTPYKTUBHO-TEXHONOMMYECKUE
OCHOBbI MUKPO3MEKTPOHUKY

5.1. OCHOBHLIe nos-mwm 7] onpe,u,eneﬂma

MukpoanekmpoHuka — 3T0 o6naCTb 3NEKTPOHUKY, OXBATHIBAID-
was npobnembl wccnepoBaHus, paspaboTk U NpUMEHeHus MUKpO-
ANEeKTPOHHLIX U3AEMUA, B COCTAB KOTOPbIX BXOAAT 3fieMeHTsl, UMelo-
LyMe MUKPOHHBIE pa3Mephl; a WX JOMYCKW COCTaBNSOT 4OMY MUKPOMET-
pa. Begyulee MecTO- cpefv MUKPOSMEKTPOHHbIX W3AEnali 3aHuMaloT
UHTEerpanbHble CXeMbl, NMPUMEHEHIE KOTOPbIX MO3BONSET YCRelHo pe-
ware npobnembl KOMMMNEKCHOH MUKpOMVHUaTIOpUaaLn pannoariek-
TpoHHOW annapaTypbl (P3A).

Humeapanshas cxema (MC)— 3TO MUKPOSNIEKTPOHHOS M3fenue,
BbINOMHAOWEe onpeaeneHHyo MyHKUMIO npeobpasosaHus (00paboTkn)
curHanoB u cofepxaiiee Gonblloe KONMMYECTBO 3MEKTPCPaanoanemen-
ToB (3P3)— TPaHsmMcTopOoB, pPeancCTOpOB, KOHAEHCaTopoB W T. A., Co-
e0UHEHHBIX ApYr C Apyrom ofipefleneHselM obpasom. TepMnH «uHTe-
rpankHas cxema» yKasbiBaeT Ha TO, YTO BCE 3NeMeHTbl U3genus obbe-
[UHEHbl (MHTErpUPOBaHBY) 1 CaMo W3fenne SBNAETCA KOHCTPYKTUBHO
efuHbIM Npubopom. 3P3, Bxogswme B cocTas WC, kotopble He MoryT
BbiTh BbIAEMEHbl Kak CaMOCTOSTENbHbIE U3Aenus, HasblBaloTCH aTe-
meHmamu UC. Te xe BP3, koTopbie MOXKHO BBIAENWUTL Kak camoCcTos-
TenbHbIE N3enusa, HanpuMep SecKoprnyCHble TPaH3UCTOPbL!, HasbiBaoT-
cA:-KomiToHeHmamu VIC. KOMNOHEHTbI MOMYT COCTOATbL M3 HECKOMNbKNX
3NemMeHTOB, Hanpumep, AMofHble cBopku. B npoiecce W3roToBREHWs
MUKPOCXeMbl Ha MOANOXKE OAHOBPEeMEeHHO cosfaeTcs Bonblloe Komu-
HeCTBO 3fieMeHTOoB, a komnoHeHTsl MIC B npouecce cbopku ycTaHaBnu-
BatoTca no otgensHocTh. Camy UC, cocTosiLyio M3 MHTErpUpPOBAHHbBIX
3MeMEeHTOB (MM KOMMOHEHTOB), CrlegyeT pacCcMaTpuBaTth Kak KOMMo-
HeHT P3A.

Cnoxrocte VIC oueHnBaeTcs cmeneHbo uHmezpayuu. Ona or-
pepensietcs koadhduLmenTom K = Igh, 3HaueHne KOTORPOro OKpYrAseTcs
Ao bnwxaitero Bonblwero uenoro Yyncna, rae N — 4ucno afeMeHToB 1
KOMMOHeHTOB, BXoAsAWwMX B coctaB VIC. MHTerpanbHbie CXeMbl nepeoii
creneHn uHTerpaunn (K= 1) cogepxxat go 10 anemeHToB, BTOPOI cTe-
nenun udterpaumn (K= 2) ot 11 go 100 u T. 4., IC, copepxalyue ceblile
100 anemeHTOB, HasbiBalwTCA OOMbLIMMK WHTErpanbHbIMA - CXEMamu
(BNC), a NC c uucnom anemeHToB Bonee 10000 — ceepxBonblunmy
(CBEMC). CospemerHble CBUC cofiepaT HecKonsko MWITTIMOHOB arie--
MEHTOB.
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Mo cnocoby usroToBneHus 1 NonyYaemoi Npu sTom cTpykType MC
nogpasfensoTcs- Ha aubpudHeie (TVIC) u noaynposodHuKogbie
(MNUC), a no- GYHKUMOHANEHOMY HasHaueHWio Ha aHanozoesie 1

yugpossie. _ .
'5.'2«.‘-I:'vi:6pw,u‘Hble MHTerpanbHble CXeMbl

[wbpuarble unHTerpanbHble cxembl (TWC) . nogpasgensiorcs Ha
mon&:monneuotmble W monkorieHoYHbIe. KOHCTPYKTUBHOM OCHOBOM
TONCToNNeHOYHbIX TG aBnAeTcs Kepamudeckas MOLNOXKE, Ha KOTO-
pyro depes .ceTky-TpachapeT NnocnefoBaTensHO HaHOCAT nposoasiuue,
PE3UCTUBHBLIE W ANBMEKTPUYECKME NAcTb! C MOCHNEAYIOWUM BXUraHuemM,
‘cosp,aaaﬂ Takum crnocobom naeHo4YHbIE PE3NCTOPLI, KOHAGHCETOpr 7]
npoBoAHUKKY. TOMUMHA HaHOCUMBIX MNEHOK, .0BpasylolmMx anemeHTb
VIC, cocTtaBnseT OT eAnHWL 4O ABCATKOB MUKpOMeTpos. OCHOBOM TOH-
konreHoyrkix MC dBnseTca nognoxka ua cutanna unu dotocuTanna,
Ha KOTOPYH HanbUAOT MNeHKM TOMWMHOA nopsaka Lecsithix foned
MUKpOMETPa. HasecHble akTUBHbIE- KOMMOHEHTH! VIC Kpensitcs Ha nog-
NOXKKE MOCAEe CO34aHUsA MIEHOK 11 COEAMHAOTCH C HUMK Yepes KOHTAaKT-
Hble nnowanku. Ons 3aWuTsl OT BHEWHWX BO3LAEACTBUA W CO3AaHMUs
BbIBOJOB MOANOXKKY C CO3JaHHbIMWM Ha €€ MOBEePXHOCTU 3NeMeHTaMu 1
KOMIOHeHTam NMoMeLLaT B Kopnyc.

5.2.1. ﬂneHquble pesucTopbl

KOHCprKTVIBHO MNeHOYHbIA . Pe3NCTOP COCTOMT U3 PE3WUCTUBHONA
nreHkn 1 1M KOHTaKTHbLIX nnowagok 2 (puc. 5.1). BblCokoOMHbIE peam—
CTOPbI UMEIOT thopmy MeaHp,pa (pnc. 5.2).

\r§\\

. 2 J
LI e
]
// ’ 7z, Jﬁ
74 {77
C—
IMopnoxka s
7.
Puc. 5.1 Puc. 5.2

. ConpoTueneHne pesnctopa paccuvTeiBaeTcs no dopmyrne:
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R=pv§ N X))

rae pv - yAensHoe o6beMHoe COMPOTUBIEHUE PE3NCTMBHOIO MaTepua-
na, I v b~ anuHa v wWrpuHa pesucTopa, & — TOMNLUMHA Pe3NCTUBHOM
TLEHKM.

YpasHeHue (5.1) moxHo npecbpazoBate K BULY:

Rzps‘krb, (5.2)
rae ps =E6y— — yOenbHoe noBepXHOCTHOE ConpoTuaneHne, kg, =I/b—
koadhuLmeHT hopmbl.

YAenoHoe NoBepxHOCTHOE COMpOTUBREHUE pg— 3TO COMPOTUBIE-
HUWE PEe3UCTUBHOW mnneHku, umeolel dhopMmy KBagpaTa, OHO umeeT
pasmepHocTs OM/kBagpat (wnv Om/). B ToHkonneHousbix NG B kaye-
CTBE PE3NCTUBHOIO Matepuana npumeHsiioT Huxpom (ps = 300 Om/0),
TaHtan (ps=20-100 Om/0), HuTpua TakTana (ps= 1000 Om/O), xep-
meT (ps = 3000~-10000 Owm/Cl) v psig APYrMx crnaeoB. B ToncTonneHou-
HbiX VIC ans MaroTosBneHus pesancTopoB NPUMEHSIIOT CrielMantHbIe nac-
Thi, MO3BOSIOWME MOMYUUTL pPs Npedenax o1 10 go 100000 Om/0.

5.2.2. MneHoYHble KOHAEHCATOPLI

MneHouHble KOHAEHCATOPL! TpPeAcTaBns oT CobOW TPEXCRohHYIo
CTPYKTYPY (puc. 5.3), cocTosiyio U3 HkHen (nposoasieli) obknagku
1, ANaNeKTPUYECKO NreHku 2 1 BepxHeli obxknanku 3. ’

B ToHkonneHoyHsix MIC B xavecTee npoBoadaliux obknagok vc-
MOMb3YHOT aNtOMUHUEBBIE MNEHKW, @ B KaYecTBe AW3reKTpuKka — MOHO-
OKWCb repMaHus Unu KpeMHUS, ABYOKUCH KPEMHUS M OKUCH TaHTana.

B Tonc:TonneHqubxx I/lC B KayecTee ,n,msnercrpmxa MPUMEHSIOT crie-
UMansHble NacTbl.

EmkocTh koHgeHcatopa, usmepseman B nQ, pacchTb!BaeTcsz no

chopmyne:;

C=0,0885—8d—8, o (5.3)

rae S— nrnowaab B3auMHOTO . MepeKpbITUS OBKIIA[oK KoHZleHcaTopa
(nrowags BepxHelt obknaakm), CMZ; d- TONLMHa GU3NEKTPUKE, CM.

5.2.3. UHpyKTVBHBLIE 3MIEMEHThI

B rmc MPUMEHSAIOT KaK NNEeHOYHbIE, TaK U HABECHBLIE KaTYLLUKN UH-
OYKTUBHOCTH.
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MNEHOYHBIE KATYLUKA WMHOYKTMBHOCTKM ODbIYHO BBIMOSHSOT 8 BUAE
Kpyrnon wmnu KBap.paTHom cnmpanm n3 nposonﬂmero marepuana
(pvic. 5.4). '

12 3 v
yavan ,
AR . b
_ ', — ] —
0| =—l8
el =i
1. 2 3
LTI IIIIIIIIIIED o Do
= .
Moanoxka < 5
H
Puc.5.3 ¢ " Puc. 5.4

Mrowagb, 3aHruMaeman crivpansio, He npesbilaet 1 cm?. Mpwn b=50
MKM 3HaueHWe vHOyKTMBHOCTK He npesbitnaeT 10 mMklH. C uenbio nosbi-
LieHust JOOPOTHOCTU CNMParibHBIX KaTyiIeK HAYKTUBHOCT obpaayolive
VX NPOBOAHVKW fAenarT cpasHuTesibHo ToncTeimu (30—100 mkwm). B Tex
cnyvasix, korga TpeByeTca mpUMeHeHWe KaTyleK WHAYKTUBHOCTU C
Bonblueid UHAYKTUBHOCTBIO, UCMOMbL3YIOT MUHWATIOPHbIE  KOMbLEBbIE
KaTyLiKW WHAYKTUBHOCTU C (heppuTOBbIMK CepasqHuKamu. Bo MHOMX
cryyqasx BMECTO KaTyllek WHAYKTUBHOCTU MPUMEHSIIOT cneuuarnbHble
TPaAH3UCTOPHLIE CXEMblI HA OCHOBE MPaTOpPOB, 3KBUBAaMNeHTHbIE WHAYK-
TUBHOCTAM.

5;2.4. AKTUBHGLIR énemeHTbl r'me

B KayecTBe HABECHBLIX aKTUBHBLIX ‘KOMNOHEeHToB B MC npuMmeHsioT
BecKopnyCHLIE [MOMbI, TPaHaUCTOpbl W nomynposoaHukossle MG, koTo-
pble Mo cnocoby MX yCTaHOBKN B MUKPOCXEMY NOAPa3fensnTca Ha Ase
rpynnei NpuBopsl ¢ MBkumMy BeiBoAamMM U NPUBOPBI C KECTKAMK BbiBO-
Jamu, KomroHeHTs! ¢ rubkumu BeiBogamu (puc. 5.5,a) UMET BbIBOAbI U3
30M0TOM NPOBONOKW AuameTpom 2,5 mkv ¥ anuHoi 0,6..5,0 mwm. Takue
KOMMQHEHTbLI MPUKNenBaoTCA K noghoxke, a rubkue BBIBOALI CoepunHa-
IOTCS € MNMEHOMHBIMY KOHTaKTHBIMK Anowaakamy. CyllecTBeHHbIM He-
[OCTATKOM TaKkUX KOHCTPYKUMHA SIBASETCA HEBO3MOXHOCTb asToMaTth-
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aupoBaTh -3TOT nipouecc. [losTomy B coepemeHHbix TUC ucnonbayot
aKTVBHLIE KOMMOHEHTBI €  XECTKUMM BbIBO,D,aMM CymecrsyroT nBe

20,2
m'." H A4S .
St IR
Bblaop, 238 _, Buisog
KofnexTopa, 7 |emmrTepa
EEY YA [/
@
oyilnN ¥ ™N
nh-om{)‘? ..\1)\\ Buisog
Fasn 0., |KOnneKTOpa

Puc. 5.5

pasaHOBUAHOCTYU TakyxX KOMMNOHEHTOB. co cepudeckummn (puc. 5.5,8) 1
Banoureimn  BeiBOAaMU (puc. 5.56). Cdpepnyeckue BbiBOAbI MOryT
VMETB' DOPMY ' LLIAPKKE, LMIMHAPE UMW YCEUYEHHOrO KOHYCa AUaMeTpOM
0,05::.6;2- MM, ‘BbINONHEHHbIX U3 30M10Ta, MEAU UMW CrNaBoB. YCTaHoBKa
TaKkuX:' TDAH3UCTOPOB OCYLUECTBNASTCH METOAOM NEepeBepHYTOro Kpw-
cranna, N[pu KOTOPOM TNPOWUCXOAWNT HErOCPeLCTBeHHOe coefuHeHue
cthepriecknX BbIBOAOB C KOHTAKTHBIMM MIIOLLaAKaMy, MMEIoWMMIA dop-
My uunuegpoe guametpom 0,15..0,2 ma u BeicoToR 10...15 MM, MoH-
TaX OCYLIECTBNAETCA MOCPEACTBOM YIbTPa3BYKOBOW WNW TEpMOKOM-
NPeccUoHHON ceapku. B TpaHsucTopax ¢ GanouHbiMu BbIBOAAMU KeCT-
ke BbiBOAb! (Dankw) Tonwmuoil 10...15 ‘MxmM BLICTYNalT 3a kpai kpu-
cranna Ha 200...250 MKM, 41O o6nerqaer npou,ecc nx npmcoe,qm-leHun K
KOHTaKTHBIM roWasKkam. K

B ToncronnenouHslx MC ans C03,El.aHMﬂ FIEHOUHBIX npoaop,HMKos
MCTONb3YIT NPOBOAALIME NACTHL. ‘

5.3. MonynposogHKKOBbLIE UHTErPanbHLIe CXeMbl

MonynpoeodHuKxosbie uHmezpanbHbie cxembl ([TMAC) - aTo
WHTErpasnbHbIE CXEMbI, BCE 3MEMEHTBI W MEXArNeMEeHTHbIE COeANHEHUS
KOTOPbLIX BbiNONHEHbl B 06beMe W Ha MOBEPXHOCTU NOMynpoBoAHUKA.
KoHcTpykrusHoit ocHosoi MINC sBRseTcs noanoxka ua KpemHus p-Tu-
na unu apcexHuga rannua TonwuHon 200-300 mkM. B HekoTopbIx cny-
HaAx MCTONb3yTCs AMANEKTPUYECKre NOANOKKA (cantup, WvHENb,
cutannoBoe crekno). dnementol MIMNC copmupyoTes B M30nMpoBaH-
HbIX OT MOANOXKW NOKanbHbIX obnacTax n-Tuna, Ha3blBaEMbIX Kapma-
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Kamp. M3onaunsa kapMaHoB OT NOAMNOMKA MOXET GblTh OCYLLECTBrEHa
HegKkonbkUMKU cnocoBamn. MaeansHoi aABRSeTCH U30MALMA NOCPEACT-
BOM fiIeHKW OBYOKUCK KpemMHua (puc. 5.6,a). OgHako Takoh cnocob Tex-
Honoru4ecky Tpygoemok. Hanbonee npocTeiM ABRAAETCS cnocob uaons-
Ly ¢ nomolLbto 06partHo cmeulenHoro p-n-nepexoaa (puc. 5.6,6), Ho oH

SiO,

PO

Puc. 5.6

HE ABMNACETCA COBEPLUeHHbIM 13-33 Hanu4us O6paTHDFO TOKa. OCHOBHbIM.

crnocobom uzonauMn B coBpemerHbix UC ABnseTca MeTog KOMBUHMPO-

- BaHHO# nzonayun (puc. 5.6,8), coYeTAOLUMIF U3ONALIO QUBNEKTPUKOM W.

06paTHO CMELLEHHBIM D-/1-MEPEXOLOM.
5.3.1. SnuTakcHanbHO-MNaHapHbIe N-P-N-TPAH3UCTOPDI

bunonspHele 71-p-N-TPaH3NCTOPb! SBAAIOTCS OCHOBHLIM CXEMHbIM
anemeHToM nonynposofHukosbix MC. Hawbonbluee pacnpocTpaHeHue
NONyYAsTM TPaH3UCTOP!, UMEIOLLME BepTUKanbHyK CTPYKTYPY, B KOTO-
pOi BbIBOABI OT 06racTeil TpaH3uCTopa PacnonoXeHst B 0AHOM MAOCKO-
CTW Ha NOBEPXHOCTW MOANOXKU (puc. 5.7). Takme CTPYKTYpbl hopMUpy-
I0TCA B KapMmaHax n-tuna, rmybuHa KOTOpbIX COCTaBMAET HECKOMNbKO
MWKDOMETPOB, a LUMPUHA HECKONbKO AECATKOB MUKPOMETPOB. Pabodeit
obnacTelo TpaH3UCTOpa sBNAeTcs obnacTb, pacronoXeHHas noj AoH-
HOW yacTbio aMuTTepa. OcTaribHble 0BrnacT CTPYKTYpbl SBRSIOTCA nac-
CWBHbLIMW, OHW BBINOMHSAT PYHKLMM coeanHenns pabounx obnacrted c
BHELUHUMIA BLIBOAAMU U 0012[aI0T 3HAUMTENbHLIMA CONPOTUBIEHMAMY

rgvr. Conpotvenenue 6azosoi obnacty I's NPUMEPHO TaKoe Xe, KaK
Yy AWCKPETHOrO TpaHaucTopa (okono 10-20 Om). ConpoTtusrneHue xon-
NEKTopHON obnacTtn r, y AWCKPETHOro TPaH3UCTOpa HEBENMKO {(okono

1-2 Owm), TaK Kkak BblBo,q ‘KOMneKTopa y Hero ,qenaeTcsq CHU3Y, Y uHTe-
rpaanoro TpaHBMCTOpa BBIBOJ} KONNEKTOpa PacronoXeH Ha roBepXHO-
CTH AGANOKKY, BCNEACTBIE Yero Bo3pacTaeT MyTb KOMNEKTOPHOro Toka
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oT SKTWBHOM KOMNEKTOPHOM 30HS! K |<onne|cropHomy KOHTaKTy, ma—aa yero
yBeJ'IVlLIMBBETCFI conpoTueneHmne r, no 100—-300 Owm, uto OTpmuaTeano .
CKAa3bLIBAETCA HA BhLIXOAHBIX XapakrepucTukax TpadsucTopa: OHW UZyT
Goree nonoro B obnacty pexuma HacbilUeHns.. YMeHbLUeHUe 7, ‘nyTem
yBENMYEHNS KOHLIEHTPpaLuW npuMecei B KOrneKTopHoi obnactu HenkL3s

npu3aHaTh Lenecoobpastbim, TaK Kak 3T0 BEAET K CHIXEHMIO NpoGUBHO-
rO HANPSIKEHUS KOMNEKTOPHOMO Nepexoaa. KomnpoMUCCHbIM pelervem

npobriemb! SIBNSETCH CO3JaHne CKPbLITOro BbICOKOFIETMPOBAHHOrO n'-
crnost TOMUWMHOW OKOMOo 5 MKm Ha rpaduue Konnexkropa W NOLANOXKA.
DTOT cNoil oBecneurBasT HU3KOOMHbLIA MYyTh KOMMNEKTOPHOMY TOKY OT
aKTMBHOM KOMNEKTOPHOM 30HbI K KONMMNEKTOPHOMY KOHTaKTy, cHuas Iy
Ha NOPAAOK. YMEHbLUEHWIO g 1 I, crnocobCTayeT Take pacnonoxeHme
BLIBOAOB NO NEPUMETRY KOMNEKTopHoi 1 Gazosoll obnacteit. Msonayus

TpaH3ncTopa OT OQTOXKHN obecrneunBaeTca nNyrem nojayuyn Ha Konnex-
TOP NONOXUTENLHOrO HanpPsHKeHnA OTHOCUTETbHO NOANOMKKK.

Konnexrop 3murTep Basa Konnexkrop
Basa | JMuUTTED B

KA XXX R R R XX SRS XD R

0

Puc. 5.7 Puc. 5.8

5.3.2. NsonnanapHbie n-p-n-'rpaﬁsucmpbl

3TV TPaH3UCTOPbl TAKKE UMEIOT BepTHUKalnbHYy CTPYKTYpY U BbIBO-
Obl, PACNONOXEHHBLIE Ha NOBEPXHOCTY NOAMOXKW (puc. 5.8); OHM OTNK-
YaOTCH OT MMAaHApHO-3NWTAKCUaNbHbIX MEeHbLUWMK pasMepamMu 1 Jyy-
weit usonsuuen OT MoanoXkM. NP1 OAMHAKOBOR NNOWEAK 3MUTTEPHbIX
nepexogos obujas nfaowans W3OMIaHapHOro TpaHaucTopa (C y4eToM
nrowagn usonupyowmnx obnacren) MeHblle TMoYTY Ha NOopAAoK. Mo-
3TOMY WM3OMMaHapHbIe TPaH3UCTOPbLI HaXofsT npumereHune B BUC u
CBWUC. InyBuna 3aneranuna amuttepa cocrasnser 0,2...0,4 mkm, Ton-
wvHa 6asbl 0,1...0,2 mxkM. B CTpyKType UMEIOTCS NPOTUBOKaHanbHbie
oBractu p'-Tina, pacnonoXeHHbIE NOA BEPTUKaNbHLIMY usonupyowm-
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M OGHECTHMM X HasHayeHue — yCTPaHUTL napasnTHble. npoaogﬂu_me

kaHERE ExAY "doCennumu cTpykTypamn. WseecTHo, 4To Ha rpannye

«KPEHAA-OAOKCHL, KpEeMHUsi» CYLUECTBYET HEerOoABMKHBIA  MOnoXu-
TESIBHbIA-38PAL, NPUTATMBAIOLMIA SNEeKTPOHbL! 13 MOANOKKM, BCMeACTBME

qero an HEBBLICOKOA KOHLUeHTPaln akluenTopos: B ReAnoKKe (l'lOpFl,EJ‘Ka'

10 oM™ ) no4 AMOKCMAOM MOXKET CDOpMUPOBATLCSH UHBEPCHBIN KaHar
n-Tmna coe,qMHmommm mexay. coboii KOMNEKTOpHbIE obnactu coceaHux
CTpYKTyP Ong npeQOTBpameHm,nosasneHMﬂ VHBEPCHLIX KaHanos cos-
A3IoT . ~06naCTw oxaaTblsamLume BNEKTPOHHBLIE KApMaHbl B BUAE KOTlb-
ya.

5.3.3. SxBuBaneHTﬂan?cxema n-p-n-rpaHaucropa

PaccMoTpeHHbIE  N-p-N-TPAH3UCTOPLI  UMEIOT YETHIPEXCMONHYIO
CTPYKTYpY (pucC. 5.9,a), KOTOPYH MOXHO NpeACTaBuTb COCTOSLLeH %3
ABYX TPAH3UCTOPOB. AKTUBHOLE .1-p-N-TUNa W MapasuTHOro p-n-p-tuna
(puc.5.9,6). SMUTTEPOM MapasUTHOTO TPaH3WCTOPa SBNSETCS Ba30BbIN
CNoi OCHOBHOTO, & POorb KOMNeKTopa BbINOMHAET NOANIONKKa p-Tuna.

B)

Puc. 5.9

KosinekTopHeiii nepexoy, NapasuTHOrG TPaH3UCTopa BCeraa 3akpbiT,
a ero AMUTTEPHEIN Nepexoq MOXET HaXOAUTLCS KaK B 3aKPLITOM, Tak U B
OTKPLITOM  COCTOStHMKM.  3akpsiToe co-
CTOSIHNE COOTBETCTBYET PEXUMY OTCEUKN
NnapasuTHOrO W aKkTUBHOMY DPEKUMYy OC-
HOBHOrO TpaHsucTopa. B aTtom chydae
NapasuTHbll TPaH3UCTOP He OKasbiBaeT
_CYLIECTBEHHOrO BNUSHUA Ha paboty oc-
HOBHOrO TPaH3UCTOPa, TaK kak obpaTHbie
ero p-n-nepexofos He senvku. Ecrnn xe
OMWUTTEpHbLIN  Nepexos,  napasuTHOro
TpaHaucTopa oTi_cpblT,_-xTo COOTBETCTBYET

SKTUBHOMY PEXUMY NapasuTHOro TpaHaucTopa v pexumMy HacbilueHuA
OCHOBHOTO, TO BO3HWMKAET TOK YTEUKW i, TEKYLWA B BMUTTEPHYHO Lieflb .
napasuTHOTO TPaHaUCTopa, U YMeHbluaeTcs 0asoBbit TOK OCHOBHOTO
TpaHaucTopa. HTobbi ocnabuTe BAMsHVe NapasuTHOro TPaH3NCTopa, ero
Gasy (KONMEeKTop QCHOBHOro TpaHaucTopa) AenatT LLIMPOKOW, yMeHbLIas
TeM CambiM KO3MUUMEHTH! o U B NapasvTHOro TpaH3ucTopa. YMeHb-
wenne o 1 B JOCTUraeTca Talke nyTem BBE/eHNA Npumecy 3omoTa.

C y4eTOM MapasUTHbIX 3NEMEHTOB IKBUBANEHTHas CXema NpuHu-
MaeT Buj1, NokasaHHbiiA Ha puc. 5.10.

5.3.4. TpauswucTop ¢ anonom LotTin

Aria
Hue B undpposbix UMC 6rnarogaps 6onee BbICOKOMY BbICTPOIENRCTBUID
no cpasHeHuwio obblUHbIMU TpaHaucTopamu. B oTnuyne OT 0BbIMHOTO
NnaHapHOro TPaHaucTopa y TpaHsucTopa ¢ guopom LlotTku Gasosoe
KOHTAKTHOE OTBEpPCTUE pPacLUMPeHO B CTOPOHY KOJ‘I.ﬂeKTOpHOVIV obnacty
n-runa (puc. 5.11,a), B pesynbTate yero obpasyetca obwuit anomu-
HUeBBI BbIBOL OT BasosoW u koekropHoil oBnacteir. Cnok anomy-

Tpn..—, CTOpL! C SUOAOM HoTTru mm\ HaYOAAT WNPOKOS NbuMeHe-

K

rd

a) 5 )

Puc. 5.11

HIAS, paCI'IOJ'IO)KeHHbM Ha ﬁasosoa\n cfoe p-Tuna, obpasyer C HUuM
OBbIUHbI/i OMUYECKUIA KOHTAKT, XOPOLLO NPOMyCKaoLmMilt TOK B 0GOUX Ha-
npaBrieHnsx, a Crnoi anioMuHus, pacnonoXeHHblit Ha OTHOCUTENbHO
BLICOKOOMHOWM KonnetcropHom 06nacTit n-TUNa Co3JaeT C Hell Buinpsiv-
NSIHOLLMA KOHTAKT, XOPOLIO PONYCKAIOWWA TOK B HanpasneHun OT Me-
Tanfa K nofynpoBOAHUKY, U TNoxo NponycKaloWwyii ToK B NpOTUBONO-
FIOKHOM HanpasreHnu, T. e. KO KT MeTanna C BbiCOKOOMHbIM aneK-U
TPOHHBIM MOMyNPOBORHMKOM 5B TCS nonom OTTKM, BKIIOHEHHbIM
Mexgy konnektopom v 6a3oi, KaK 370 nokasaHo Ha puc. 5.11,6. Ha
NpUHLMNKUanNsHbLIX cxemax TPAH3NC ',l;lLU M306paxaloT Tak, Kak aTo
nokasaHo Ha puc. 5.11,8. MNpuNeHenne TpansicTopoe ¢ [t nossonser
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noBeicUTE ObICTPoAeicTBre Lndpoebix UC B 2.5 pas, Tak Kak aut
UMerLni noporosoe HanpsbkeHne U*= 0,2...0,3 B, oTkpbizaeTcs paHb-
te, ” 4EM:IkKONNeKTOPHbIA: nepexon - TpaHaucTopa (U*=0,5...0,7 B) 1 He
MO3BOIAET: TPAHINCTOPY NEPEXOANTL B PEXUM HACbIlLEHUs. B pesyrib-
Tare Hakannusaembli B TpaHaneTope n3bblTOuHbIA 3apag U Bpems pac—
cacbiBaHus: CyU.lECTBeHHO YMEHbLUATCS.

535 MHoroamuTreprle TRaH3UCTOPLI

MHOFOSMI/I‘ITeprle TpaHsuctopst (MOT) cocraensitor oc:Hosy Lmndp-
posblx VC TpaH3UCTOPHO-TPAH3UCTOPHOR NOrvKM (TTI). Nmea obwue
konnekrop v 6azy, MOT cogepxut 4o 16 3mMUTTEpOB. CTpykTypa u TO-
NONOMNA: TPEXSMUTTEPHOTO - TPaHaMcTopa fiokasaHel Ha puc. 5.12. Ee
MOXHO paccMarpusatb KakK MHTErpUpPOBAHHYK COBOKYMHOCTb TpaHBVl-
CTOpOE, 0BnajatoLLyio ABYMS 0COBEHHOCTAMY.

Bo-nepsbix, cocenrve amuTTepsl obpasyioT napasnTHyo ropmsoH—
TanbHyw  n-p-n-CTPYKTYPY,
KOBMMOULIMEHT YCUNEHUS KO-
TOPOA fomKeH BbiTs ymMeHb-
WeH nytem  yRenuueHus
PacCTosaHNS Mexay aMmuiTTe-
pamu. JTO paccTosiHue [of-
xHO ObiTo BGonblue ouddy-
3MOHHOW GrMHBI 2NeKTPOHOB.
MNpakTuyeckr OHO COCTaB-
naet 10...15 mKm.

Bo-eTopbix, npu 3akpbi-
TOM SMUTTEDHOM nepexoie

ILF [ ¥ OTKPLITOM KOMNEKTOPHOM
o RO RO N B BEpTUKanbHaa N -p-n-CTpyk-
] N ] B L1 I E L Typa MEpexoauT 8 WHBEPC-
- Hblif pexum, B pesynbTare

=0 ' Yero B Uenu 3aKpbITOro
Kot 92 "33’ K b 3MUTTEPHOrO Nepexoa Bo3-
Puc. 5.12 HWKHET TOK, OBYyCroBMEH-

HBIW “UHXeKkumell u3 konnek-
Topa 'L-|T06bl ymeHbUJl/ITb 3TOT TOK, HEOBXOAUMO YMEHbLUWTL MHBEPCHbIA
KoscbqamumeHT nepe,qaqm TOKa, 4TO AOCTUraeTcs nytem yBenuyeHus
paccrosHus, npoxo,uwmoro _SriekTpoHamu 4epes Gazy. C aToil Lenbio
BHELUHWA BbIBO/ 6A36!I COBAVHAIT C aKTUBHON OBNACTLIO TpaHsucTopa
Jepes yaKkuii nep LueeK obnagatowmit conpoTtusnenmem 200...300 Om.
Tok Gaabl cospaer Ha STOM nepeLueMKe NnafeHue HanpskeHus nopﬂp.Ka
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©0,1..0,15°B, BCriggcTre Uero: mpsaAMOe HanpsikeHue ' Ha KOFFIEKTOPHOM
- nepexoAe bynet Bonbsile B obfacTy NacCuBHOK 6a3bl 1 MHKEKUNS SNeK-

TPOHOB “epe3 KOoMneKTopHkili nepexos 6yzet npomcxo,u.mb npemmyLue-
cTBEHHO B 0BMacT naccusHol Hasbl. !

5.3.6. MHOTOKONNEKTOPHLIE TPAHIUCTOPbI

MHOFOKOSNEKTOPHBIE  TPaH3UCTOPS! (MKT)~ 'HAXOAAT MpUMeHeHVe B
cXemax VHXEKLMOHHOR florvku, Cprlcrypa TaKOl'O TpaHsmcropa rokasaHa
Ha puc. 5.13. OBwmm amuT-
TEPOM B 3TOW CTPYKTYpe sB-
NSAETCA N1-CIOW, a KOnMexKTo-
pamy n'-obnacte. Takas
CTPpYKTYpa He fo3Bonser
NOSYYMTb [AOCTaTOUHO Bbl-
cokuin  KoaduLmeHT nepe-
faqun ToKa amwuTTepa BBUAY

HU3KOR 3 PeKTUBHOCTA
IMUTTEPA, UMEIOWEero He-
BbICOKYIO KOHLEHTRALMIO : Pue. 5.13

npumeck. MpakTuyeckn sa cHer, npm6nm>KeHMﬂ CKPBITOrO .11 -Crost K Ba-
30BOMY GO U PaCchONOMEHUS KOMMEKTOPOB Kak MOXHO Brivke .opyr k

OPYTy YAAeTCs ronyquTb kosdduumeHT o = 0,8...0:9.
537 Tpav3ucTopbl P-n-p-CTPYKTYpPbI

TpaHsucTopbl p-n-p-CTRYKTYpbl B WC WrpaioT BCNOMOraTesbHyio
pone. VIX M3roTOBAAKT OAHOBPEMEHHO G M-p-N-TPaHIUCTOPAMU 1 OHK,
KaKk npasuno, WMEKT TOPW3OHTAaMbHYI0 CTPYKTYpY. B Takoi crpykType
{puc. 5.14) amm'rrepHaﬂ N KONNeKTOpHas o6nacT U3roTOBIISIIOTCH O4-
HOBPEMEHHO C coa,anmeM Gaaoablx ofnacteit n-p-n-TPaH3VICTOPOB.

MepeHoc HocuTe- VL)
neit 3apafa B Ta- = ‘ (org;b
KOM TpaHaucTope &
MPOVUCXOAUT B Tro-

N30HTaNBHOM o . ,,
ﬁanpasneHmm. Lt I X g 1

RN Srisy) n

Bsugy Toro, 4o B _
rOPU30HTANBHOM L
CTPYKTYpE He yag- ) Si o P
ETCH  BbINOMHATE -
wupney,  6assl Puc. 514

MeHee 3...4 MKM,
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«oathduLmeHT yeunenus B He npesbiluaeT 10. YnyuiuuTe napameTpsl p-
A-p-TPaH3VCTOPa MOXHO . NyTEM WCNOMb3OBAHNS BEPTYKANLHON CTPYK-
Typel. [Ans ee cdopmuposaHus TpebyloTca AononHUTERbHLIE TEXHOMo-
rudecKkue onepauun.

5,3.8. JmonHoe BKIIOYEHWE TPAHIUCTOPOB

B nonynposogHukosbiX MC B kayecTse LMOAa MOXHO MCMONbB30-
BaTb OWH U3 N-p-NEPexo[oB BEPTUKANBHOIO N-p-n-TPaH3UCTopa v KX
KomBuHauuo. [lonyyeHne OUOLOB TakuM MyTEM 3HAYWTENLHO MpOLE,

3 TBK B3t 1K B] K9 BT 7K BY 72
A r-“ _ 1
e wiisire i rovs s exses SRR
LT\ ) B ) /LP—JH i /'—B—‘\ ) L2
si P }Si p p p st P
Ugs= 0 U= 0 U= 0 i:,: 4] I'K:’O
Puc. 5.15

4yem opmupoBaHne crneumansHbIX AUOAHBIX CTPYKTYD. BO3MOXHLI AT
BapuaHToOB AMORHOIO BKMKOYEHus! n-p-n-tpaxsucropa (puc. 5.15). Ecrn
MCMONb3YIOT TMEPBLI BapMaHT, KOrga KOMNEeKTop coeiuHeH ¢ Gasoh
Cso (us=0), TO 3KBUBANEHTHas cxema
‘—“— » TpaH3ucTopa B 3TOM Criydae npuHumMa-
- rs eT B, NMokasaHHbid Ha puc. 5.16. Ta-
BKo—] ] {>} o 3 Ko BapwaHT obecreuvsaeT Haubonee
Te Taon BbICOKOE BoicTpogericTave  gwopa
- {Taoeer = 1...10 HC), TaK KaK W3GLITOYHBIA
Cun === ZS . 3apsan, onpegenanwui SbicTpoaencT-
ll” BUE, HakanmveaeTcsa Tonbko B Base 3a

o]

CYET UHXEKUMMN BMEeKTPOHOB TOMBKC CO

n cTopoHbl 3muTTepa. Bo Bcex ocTars-

Puc. 5.16  HbIX BapwaHTax HakorneHue u3bbiTou-

K HOro 3apsija UMEEeT MeCTO He TOrbKO B

Ba3e, HO M B KONMIEKTOPE, NOITOMY DBLICTPOAEACTBUE TAKNX BAPUAHTOR

3HAUUTENBHO HUXE (Taoeer = 10...100 HC).

Ana nonyveHust BbICOKOro MPOBYBHOIO HanpsieHus NCNOMb3yoT

AnoAb! Ha OCHOBE KOMMEKTOPHOro Nnepexoaa.

5.3.9. PeaucTtopsl [TMKAC

B kavyecTse pe3ancTopoB MOMXHO WCNonb3osaTb obbemHble conpo-
TUBNEHNSA 3MUTTEPHON, BA30BOM UMK KOINNEKTOPHOW obnacTen.
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HauGonee 'YacTo B nonynposoaHukossix UC npumensioTcs pean-
cTopbl  Ha OCHOBE 6230BOK  0BRacTU (pmc 5.17,6), umeiowei
ps= 100...300 Om/O. Yrobhi U30NTMPOBATH PE3NCTOP OT NOAMOXKKK Napa-
3aUTHBIA P-N-p-TPAH3UCTOP. AOMKEH HAXOAUTHCH B pexume otceukn. C
aTo# Uenbio Ha BeiBoh K. oT n-cnost gorked GSbiTh NoAaH BbICOKWIA no-

CK6CKH
. Cys +Cun
pOTMBﬂEHHe peavacmpa '-IaCTOTHosaBMCMMbIM OTKFIOHeHllle OT HOMU-
HanbHOrO 3HaveHuA.conpoTuenexnn coctasnsaet 10...20 %.

TeHumarn. Hamydue fapasutHoit emkoctv . Cpap = Aenaer co-

A, b
n
Si P
B)
A! |5 A——Fﬂ_:]——, I s N )
oy > ,n+ .+ »r'K CKG
JAE AN
TR . . Cun
Si TP T
A : r'
n A) e)

Puc. 5.17

MoMUMO pe3nCTOPOB Ha OCHOBE TUMOBOM N-p-N-CTPYKTYpsl B CO-
BpeMeHHbIX YIC B KauecTBe Pe3ncTopoB UCNOMbL3YIOT TOHKWE PE3UCTUB-
HbI® MJIeHKW, CO3JaBaemble METOLOM MOHHOro JerMpoBaHvs, Koraa
npuMecy BHEAPSAIOTCA B NOANOXKY nytem HombGapauposky ee nosepx-
HOCTW MOTOKOM MOHOB. B 3TOM cnyyae yaaeTcs NOMy4YnuTb PesucTUBHbLIE
nneHk TonwwmHoi 0,1..0,3 MKM C yAenbHbIM NOBEPXHOCTHLIM COMpO-
TuBneHueM ps= 20 kOm/O. ABcontoTHoe 3HadqeHue ps Npu 3TOM nony-
YaEeTCH ¢ TOUHOCTBIO 16 %.

B HekoTOopbIX cny4asix B’ fIONynpoBoAHUKOBLIX C NpUMEHSIOT TOH-
KOTNeHoYHbIE Pe3ncTOpbl, HaMbiIsSeMble Ha MOBEPXHOCTL ABYOKUCH
KkpemHus. Takve pesncTopbl oTnnvarTcs Bonee: BbICOKOR TOUHOCTLIO
u3roToBrneHns, Hu3knm TKC 1 BbICOKOW rpaHn4HOR YyacToTomn.
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CnefdyeT OTMETUTb, YTO OTKIIOHEHMUA OT HOMUHANA Y BCeX PesncTo-
poB opHoit UC CUnsHO KoppenupoBaHHbl (B OQHY CTOpOHy)

5.3.10. Konpencaropwi f1NNUC

B nonynpoao,qHMKoablx NC B KayecTBe KOHAEHCATOPOB UCNOMb3YIOT
nubo emkocTn p-n-nepexogos, nubo MOM-cTpykTypel. ECnu 8 xavecTse
KoHOeHcaTopa WCoMb3yeTcs eMKOCTb p-n-repexofa, TO Ha nepexof
AomkHo GbiTe nofaHo obpaTtHoe HanpskeHue. [pn 3ToM eMKOCTh KOoH-
AeHcartopa OyaeT 3aBMCETb OT BenUYnHbE 3TOre HanpsxeHws. Yaiye
UCMONb3YETCA BapuaHT C KONNEKTOPHbIM nepexofom (puc. 5.18). Mpak-
THYECKU eMKocTb paboderc koHgeHcaTopa Cys He rpesbliuaet 300 nd ¢
fgonyckom +20 % npw AOBPOTHOCTY, He npesblwarciyedn 10. ITOT KoH-
fEeHcaTop BMeCTe G napasuTHoW emkocTeid G 00pasyer eMKOCTHbIN
AenuTeNb HanpsikeHusl. YToObl MOBLICUTL KOIPDULMEHT nepefaun ae-
nwtens, Ha koHgeHcaTop Cy, no,qamT Bonee BbiCOKOe obpaTHoe Hanps-
KeHUe, vyem Ha Kon,qucaTop Cis.

ﬂquww ceoiicTBamMun obnapaoT MAMN-konaeHcaTopst (puc. 5.19),
Y KOTOPbIX HWKHEN OOKNagKol ABMNAETCH SMUTTEPHBLIN 11 -CFoM, AM3MeK-
Tpukom croit SiO;, a BepxHel oBknagkoi meTannnydeckas nnedHka. Em-
KOCTb T&KOro KOMAGHCATOpa MNOYTY He 3aBUCUT OT BENUYUMHBL X 3HaKa
MPUMNOKEHHOTO HAMPSKEHNS. IMpakTyyecky yaensHas eMKoCTb COocTaB-
AsieT ot 400 po 650 nd/em? npu gonycke 20 % n gobpoTHoCcTY, fiexa-
weit B npegenax ot 10 go 100. 3xkemBaneHTHas cxema KoHgeHcaTopa
cogepxvT pabouyic emkocTs C ¥ NapasuTHYK emKocTb G, KOTOpbie
06paayioT eMKOCTHbI AenuTerb HanpshkeHus, koaddguumeHT nepegayqu
KoToporo ofnpegensieTcsi oTHoweneMm C/Cy,. [ns JioBbilueHus Koahu-
uveHTa nepefayi HeoBXoAUMO NOAaBaTb Ha M1'-Crolt CpaBHUTEMNbHO
BbICOKOE NOMNOKUTENBHOE HanpsHkeHue.

A b

OO

XA

o

Puc. 5.18 ' Puc. 5.19

B pspe cny4aes Ha nosepxHocTy SiO, hopMUpYyIOT TOHKORIIEHOY-
Hbl€ KOHEHCATOPb!, aHanorMYHbie No CBOER CTPYKTYpe koHaeHcaTopam
MC. Takum oGpasoM MUKDPOSIEKTPOHHbBIE TEXHOMOrUK NO3BONHIOT NO-
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nyunTb TONBKO KOHAEHCAaTOpbl Marnoit eMKocTH, Hle‘-IEM C HM3KOI/I AO6-
pOTHOCTb}O W TOYHOCTBLIO. .

5.3.11. Mﬂﬂ-TpaHSMCTOprA MHAC

MOn-mpadsucmopsi UMET OTHOCUTENBHO NPOCTYK) KOHCTPYK-.
umto, He TpebyloT OononHUTenbHOMN
V3OMNALK B CXEME W UMEKT MeHblive
[0 CPaBHEHWMIO C BUNONApHBLIMKA Tpaw-
3UCTOPaMW Dasmepbl, 4TO MO3BONAET
MoBbLICUTL CTeneHb uHTerpauuu. B co- -
ppemerHbiXx WC ofbiMHO npumMeHsiioT
MOM-TpaH3ucTopsl € WHAYLWMPOBaH- | Sj
HbIM KaHamom N-TUna W nofkKpemHe- :
8biM 3aTBOpOM {(pwc. 5:20). TpaHaucTo- - £ Al
pbl DOPMUPYIOTCA Ha KpemHeso# nop- - =N 7 /‘ :
NOXKKe pP-TMNRa ¢ yAenbHbiM COnpoTHe- \ !
nedvem 1-10 Om-cm. CocepHue Tpad- =N .
3MCTOPL! Pa3fensioTes CnosMu ToncTo- N\ [lonmkpemini
ro OKCWAE, NOA KOTOPbIMM pacnonoxe- L__OkHo
Hbl CWMBbHO NeruposadHbie p'-obnacty,, .. . L Al
HeoOxoovMeie OfS UCKNIOYEHUA BO3- B 3
MOXKHOCTU BOSHUKHOBEHUS NapasuTHbLIX i = Puc. 520
n-kaHamnos, coeauHAlWMX 1 -obnactu o
COCeLHWUX TPaH3UCTOPHbIX CTPYKTYP. ﬂ,nvma KaHanz B TpaH3MCTOan
CBUC cocrasnseT 0,2—1,0 mkm. YT00b! yMEHbLWINTE NOPOroBOe HaNps-
KeHue, yBEnuUMBaIoT KOHUEHTpauuio npumece# s obnacrtu, pacnono-
XEHHON MEXZY WCTOKOM W CTOKOM, B KOTOPOW {MHAYLMPYETCs KaHan.
ToniwurHa noa3aTBOPHOrO AuanexTpuka. coctapnset 0,02-0,1 wmxm,
TONLMHA TIONUKPUCTANANMYECKOrO KpemHus e npeBbitiaet 0,5 mkM, a
TOMNWMHA 33WUTHOTO OKUCTIa COCTaBMSIET NpuUMepHo 1 MKM. BblBOABI OT
WCTOKA 1 CTOKa OCYLLECTBNSIOTCS Yepe3 oOkHa B nneHke SiO,, BeiBoj OT
NONMKPEMHYEBOro 3aTBOPAa TaKKe Ocyu.leCTBJ'IFIETCFI qepes KOHTaKTHble
OKHa, HO 3a npeaenamn MON-cTpyKTypbL. - - i

KomninemenmapHbie M[lﬂ-cmpykmypbl (KM,QI'I) l'lpe,D,CTaB.l’lFIIOT
coboit coueTaHue TPAH3UCTOPOB © KaHanamu: N p- TUNa, CoefUHEH-
HbIX MocrefoBaTenkHo.. B Tako# cTpykType TPAH3INCTOP.C KaHANOM N<Ty-
na hopMnUpyeTCsl HEMOCPEACTBEHHO Ha. KPEMHUEBOW MOAMNOXKKe p-Tuna,
a TPaH3NCTOP € KaHanoM p-Tura — B ChelmanbHoM kapMade n-tuna. B
LEeNsx MOBbIWEHWA CTEeMNeHW WHTerpauun paspaboTaHbl.QnbiTHbIe o6~
pasubl asyxcrnofiHbix. KMATI-cTpykTyp. B Takoi CTpykType Ha NoAnoXKe
p-TvRa cosaaeTcs 06bIMHbIA TPaH3UCTOP C N-KaHaNoM ¥ NONUKpemMHue-

MommkpeMHuid Si0, A
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BbIM 3aTBOPOM, & Haj N-kaHaribHbIM TPaH3UCTOPOM CO3AETCR MeHKa

OTOMOKEHHOTO MOMMKPEMHNSA, MO CBOWM CBOICTBaM NpUBMVMKAIOLLAACs K
MOHOKPUCTANNY, B KOTOPOi (hopMUpYeTCH TPaH3UCTOp G KaHanom p-Tu-
na. Oba TpaHsucTopa viMetoT oBLWuWil nornukpemHuesslt 3atsop. Cos-

AaHHas Takum cnocobom KoMrnemeHTapHasi napa BMecTe ¢ CoeauHe-
HUAMKU 3aHUMaET TaKYIO Xe nrolanb, KaK OfuH TPaH3KUCTOP C KaHaroM
n-tuna.

Bepmurcanbﬂble MAOM-cmpykmypsl OTIIMYAIOTCA OT PacCMOTPEH-
HbIX TEM, YTO NepemMelleHne HocuTeneln 3apsana Yepes Kadan nNponcxo-
OWT B BEpPTUKAasibHOM HanpasneHWu, YTO MO3BOMAET YMEHLLUUTL ATIUHY
KaHana,-yBenmuuTb BbICTPOAENCTBINE ¥ NOBBLICUTL CTENEHb UHTErpaLui.
Takve cTpyxTypb! hOpMUPYIOTCS B CneuuarnbHO BLITPABMSHHSLIX KaHas-
Kax Ha KPeMHUEBOW NOANONKE.

Cmpykmypsi ckpemHull Ha duanekmpuke» (KHL]) cbopMmpnyTc;a
B M30MMPOBaHHbIX APYr OT Apyra ocTpoBKax TonwmHon 0,5-1,0 MK,
co3faHHbIX Ha noBepxHocTu Si0,. B cTpykTypax KpemHwi 'Ha'cancbm'pe
OCTPOBKM CO3[1aK0TCH HEMNOCPEACTBEHHO Ha MOBEpPXHOCTM candupa.
Crpykrypbl KHI3 obnapaioT 6onee Bhicokum BbicTpogeiicTBuem, Tak kak
B HUX eMKOCTW n-p-nepexofo ofpasylTcs nuilb ¢ TOpLEBbIX cnoes
CTOKa W CTOKa.

5.4. baszoBbie TEXHONGIKYECKUE CNIEpPaLMK

[POU3BOMACTBO MHTErparibHbiX CXeM COCTOWT U3 psaa onepaLiui,
BLINOMHAS KOTOPbIE NMOCTENEHHO U3 WCXOLHbLIX MaTepuanos nosyyatT
rotToBoe usgenue. KonvdecTBe onepauuit TeXHONOMMYECKOro rnpouecca
MoXeT pocturath 200 n Bonee. ‘

Snumakcusa — 3T0 Onepauns HapalvBaHua Ha NoANoOXKe (nony-
NPOBOAHWKOBYIO NNAcTUHY) MOHOKDWUCTaN/IM4ECKoro Cilost, MNOBTOPSHO-
Lero CTPYKTYPY MOANOXKKM W e€ KPUCTaruiorpauyeckyio OpuenTammio.
[5151 nonyyeHus anuTakcuanbHbIX NMEHOK TOMWMHOA oT 1 go 15 mMkm
0BbI4YHO NPUMEHSETCH XNOPUAHLIA METOA, NPU KOTOPOM MONYNpoBOAHY-
KOBbIE, TIACTUHBLI NOCTE TLaTeNbHOR OYUCTKM NOBEPXHOCTW OT Pasnuy-
HOTO poja 3arpssHEeHUA MOMELLAoT B KBapLUEBYO TPyDYy C BbICOKOYac-
TOTHbIM. HarpeeoMm, rie nnacTuHbt HarpeeawTtcs o 1200+3 °C. Yepes
TpyBy nponyckalT noTok BoAopofa ¢ Hebonblium copepxaHvem TeT-
paxnopuaa KpeMmHWUsl, Npyu 3TOM Ha NOBEPXHOCTY MAECTUH NPOUCXOAUT
peakuys SiClg+ 2H, — Sil+ 4HCIT. O6pasylowmecs npu peakuum ato-
Mb! KPEeMHWS 3aHUMaI0T MecTa B Y3nax KpUCTarnu4eckon peLleTk, us-
3a 4ero pacTyllas. nfieHka MPOACIKAET KPWCTAlITMMECKYD CTPYKTYpY
noanoxy. Mpwv.gobaenequu B8 cMech rasos razoobpasHbix coefHeHni
AOHOPOB (Harpumep, PH; unu PCls) snmakcmaanbm Crio# nosy4aeTcs
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C SMEKTPOHHOW NPOBOAUMOCTLIO, a2 npu gobaBrneHnu razoobpasHLIX. co-.
eauHeHui akuentopos (Hanpumep, BBri wnu BHg) HapaLuMBaeMbm-;
cnoli ApUobpeTasT AbIPOYHY!0 NPOBOANMOCTE. :

JlezupoeaHue - 31O onepaunst BBeLEHUA TIPUMECER B nognomy»
CyujecTBYIOT ABa meToaa nermpoaaHm anddyans npumeceit U MOH-
Haa nMnaaHTayus.

Luchebysusa npumecel npeACTaanﬂeT coGom o6ycnosneHHoe TEen-
MOBBINM OBWKEHWEM NepemelleHne YacTuy B HanpaeneHny yobisaHua nx
koHUeHTpauuy. OCHOBHOW MexaHWaM NPOHMKHOBEHUS NPUMECHbLIX aro-
MOB B KPUCTaNMNWYECKY!O PELUSTKY COCTOWT B WX MOCNeAOBaTernbHOM
nepemeLleHsn 1o BakaHcuam (nyctbim ysnam)  pewetkn. Odnddyaus
npuMecedl OCYLLECTBSIETCA B KBApLEBbiX Ne4Yax npy Temneparype
1100-1200 °C, nopaepxusaeMoi ¢ TouHOCTbIO +0,5 °C. Yepea neub
nponyckaeTcs HenTpanbHeil ras-Hocutent (Na unu Ar), KOTOpbIA nepe-
HOCWUT YacTuubl aucbdysadTa (BoOz nnu P,05) K NOBEPXHOCTH NacTyH,
rOE B PE3yNbTaTe XUMUYECKUX pEeakunil BLIAENSIOTCS aTtomMbl npvmMecei
(B wnu P), koTtopble auddpyHoupytot Brnybb nnactd. B GonblumHCTBE
cnyyvaes gudysus ocyujecTanseTcst Yepes okHa B nneHke SiO,, cos-
[JaBaeMOil Ha MOBEPXHOCTY MNAcTuHbl. TaK Kak aToMbl npumMeck aud-
DYHOMPYIOT HE TOMbKO NepneHavKyNsapHO NOBEPXHOCTYA NNacTUHbl, HO 1
nog 3awuTHyo nnexky . Si0;, To pasmepb! KapmaHa, obpasyroLerocs. 8
pesynstate aucbdyann, okasbiBawoTcs  Oonblue  pasmMepoB  OkHA
{puc. 5.21).

[ns cospaHus HEeCKONMBbKMX CNOEB C pasHbiMK TWRaMu npoBOAMMO-
ctu  gudbdysusi ocywecTBnseTcst MHOro-
KpaTHo. Hanpumep, rpu opMUPOBaHUK
BEPTWUKanNbLHOW N-p-N-CTPYKTYPbl  CHavana
METOLONM 3MWTAKCUW Ha KPEeMHUEeBOR nojg-
TIOXKE p-TUN@ HApalUBaeTCA IMUTaKCH-
anbHOM KOMMEKTOPHbIA Co# . n-Tmna ‘3aTem
MeTogoM Andcy3nn akuenTopos cpopmvl-
pyetca Ga3oBbI CHOW p-Tuna, nocre derd” Puc. 5.21
anddyaunen ,qOHopoa CbOpMMpyETCH SMMTI'eprIVI Cno# f--Tuna.

VioHHas umnnaHmauus npuMeceil nponcxoauT B peaynstate 6om-
GapnnpoBku NOBEPXHOCTM MOANOXKM CPOKYCUPOBAHHBLIM MOTOKOM: YO-
HOB, oBnanaLux 3Heprnew oT 10° ,uo 300 KaB MNOTHOGTL TOKa UOHHO-
ro nyuka cocrasnser ot O 1 Ro 100 MKA/CM?, BHeapsinck B kpucTanni-
YECKYI0 peLueTKy WOHHbI, nepe,u,aro*r CBOIO SHEpIvio arcMam MOLMOKKY,
KOTOpbIE MOKMGaT Y3nbl pGUJETKIA R pesyanaTe Yero obpasyioTcs Ba-
kaHcum. TMOCKONbKY NOPOroBas ‘3HEPrusd CMELEHUA aTOMOB COoCTaBnseT
okono 14 aB, To KaxabIA MOH, BHEAPSACH B KPUCTaNNYEeCcKyo PeLLeTky,




co3sfaeT Ha CBOeM MyTKU. COTHU W ThiCAYM roaoBHbIX AedeKTos. I/lspac—
XO[0BaB BCIO CBOW 3HEpruio 1 cos3nas bonbluoe Hucno BaKaHoui (ae-
(heKTOB KPUCTAMIMYECKON CTPYKTYPbi) BHEAPEHHbLIA MOH MOXET OKa-
3aTbest nubo B yane, nubo- mexay yanamu pelleTku. Y10bbl BOCCTAHO-
BUTb HapYLUEHHYIO CTPYKTYpY pelieTku nnacTuHbl focne WOHHOro ner-
poBaHUsA MOABEPralT OTXWrY Npu TeMmnepatype 600-900 °C. Tlpu oT-
UrEe CMEeLLeHHbIE aTOMb! MOAMOXKKY BO3BPALLAKTCA B HOpManbHble Nno-
b NOXEHWs B yanax . KpucTarmm4yecKou
A 20 kB PELUETKN, @ BHEAPEHHbIE: NPUMECHBIE
aToMbl NEPeMeLLatoTCs B NMyCThie y3nbl.

A00KaR Anwvna npoGera MOHOB ABNAETCH CIy-
o yaiiHoOW BenuuyuHoNl, noAYUHAIOLLEeNCH
HOpManbHOMY 32KOHY pacripejenexus,
¥ XapaKTepusyeTCa CpeaHnM 3HaueHu-

eM OnuHbl npobera [ v cpegHeksan-
paTVYecKUM OTKITOHeHVEeM AMuHbl NPo-
Bera o. [logToMy Makcumym pacnpe-
Puc. 5.22 OEeneHus BHeOpPeHHbIX NpumMeced oka-
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: : 3LIBAETCH Ha paccTosHumM [ OT. no-
BEPXHOCTM NOANOXKYA, @ TOMWMHA TIETMPOBAHHOTO Cnos nponopLno-
HanbHa . Yem Bonblue 3Heprns WOHOB, TeM Inybxe OHV NpOHWKAaIT B
noanoxky. Ha pvic. 5.22 nokasaHo pacnpefenerue vaKuenToprix npu-
mecell 4nA ABYX 3HAYeHWiA SHepruy W OLMHAKOBOW [03bl npumeced.

3Hauenne [ He npesbituaet 0,5-0,7 MKM.

WoHHOE NnernpoBakne LUMPOKO UCTonb3yeTcs Npu co3faHnu BUC u
CBUC. Mo cpasHeHnio ¢ auddyaneit NpoLecc WOHHOIO NerupoBaHn:
3aHUMAEcT MeHbllle BpemeHu W MO3BOM#AeT co3fasaTk Chnown C cyomuK-
DOHHEIMK TOPUBOHTaNbHBIMW pasMepamMu TontluHoh meHee 0,1 MKM C
BLICOKOA BOCMPOMIBOAWMOCTLI0 NapameTpoB. Kvpome TOro, MOHHOE rie-
rMpoBaHue He SIBMSIETCA BLICOKOTEMMNEPATyPHOU onepauuen n He npu-
BOOWT K NepepacnpefeneHuio paHee BBEAEHHbIX NTPUMEecen.

dopmuposaHue MOHKUX raeHoK. CylecTsyeT HECKONbKo MeTo-
0B MONyYeHUs Taknux NNeHoK.

TepMuyecKoe OKUC/IHUE NMPUMEHSIETCH AN NonydHeHus nneHok An-
okcuaa kpemHust SiO,, OHO OCHOBAHO Ha BbICOKOTeMNepaTypHbiX peaK-
X KPEMHUS! C KUCMOPOAOM WIN KUCAOPOAOCOAEPXalLnMy BELLECTBAMA.
OKvCrieHUe MpOVCXOOUT B KBApUEBbIX nevax npu Temnepatype 800~
1200 °C ¢ ToyHocTeio +1 °C. [Npwu okucneHuu B amoccpepe-cyxoro Kn-
crnopoaa Ha NoBepXHOCTU KPeMHWUA WAET peakuus Si+0,-+Si0,. Hav 06-
pasoBaHye MNeHKW PAcXOAyHTCH ATOMbi KPEMHWS, NO3TOMY WCXOAHAR
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: ; TN e
noBEPXHOCTL MOANOXKA B NPOUECCe OKUCTIEHYST YXOAUT B TOSLLY OKCUAa
(puc. 5.23).

OxucrnieHne B armocte- ~04H
pe CyXOro KWCIOpO4a npo- : l e
TexaeT CPABHUTENLHO Mef- L /
nenko— Ha obpasosaHMe 4 {f ¥
nneHkn TonuuHon 0,5 mMrm
Tpebyetca okono 5 vac. bo- " RS Hiex
nee ObICTPO OKMCHBLIA Croli
HapacTaeT Mpy OKUCNeHu: B Si
napax sofel. B aTom cnyvae
NPOUCXORUT peakyus -
Si + 2H,0 — Si0, 4 + H,T.
OpHako nrieHka B 3TOM Ciy4ae oKasbiBaeTcs pwixroi. lNostomy Ha
rpakTUKe OCYLIEeCTBIAT KOMOUHUPOBAHHOE OKWUCNEHUE: CHauana B cy-
XOM KMCITOPO/E, 3aTeM B napax BOAbt 1 NOCHEe 3TOT0 CHOBA B CyXOM Kid-
Cropofe. - -~ e

XumMuyeckoe ocaxkdeHue NNEHOK NPOWCXOAUT npu Boree HUIKUX
Temnepatypax W Mno3sONAeT MonyunTb AUSNEKTPUYECKME MNEHKW npak-
TM4ECKM U3 noborc matepuana. OHO MOXET NPOMCXOAUTL B Naporaso-

Pne.5.23

-BOW-UNU-BOAHON cpefie. B napora3oBoii cpefe MOXHO NOMyuUTh NReHKu

AVOKCUOA KPEeMHUsT 1 MAeHK HUTpuaa kpemuvs. [ns ocaxaesus nne-
HOK 13 BOAHKLIX pPacTBOPOB UCNONL3IYIOT cheynanbHbie aneKrponnuTuye-
CKUe BaHHbl, rje aHOLOM ABMASTCA NPOBOAsLWAN nognoxka. Mpu npo-
XOXAeHUW Yepes SNeKTPONUT 3MeKTPUYECKOro Toka, Bhigensiolmecs y
aHoja aTombl KMCTOpOAa BCTYNAT B peakuvio ¢ MaTepuanom aHoaa,
oBpasys nMGTHO CLENNEHHYI0 C HUM OKMUCHYIO MreHKy. TakuM crnocobom
NONYYAKT fIISHKM OKUCK TaHTana u NNeHKN OKUCH amoMuHUS,

- TepMUYecKoe 8akKyyMHOe HafblfIeHUEe 3aKioyaeTcsi B CO34aHuK
HanpaBMeHHoro MoToka NapoB HanbUIAEMOro Marepuana v nocnegy:o-
Le# KOHAeHCALMN UX Ha NOBEPXHOCTU NOANOXKW. polecc ocylecTs-
NAeTCH B BaKyyMHOW Kamepe, e NpOWCXO[UT Harpes Mcnapsemoro
BewecTea. Vicnapusumecs YacTulibl, JuddbyHaANMpYs, nepemeLanTcs K
NOANOXKKE U OCeAaloT Ha €e NOBEpPXHOCTH. BbiCokull Bakyym Heobxoaum
A TOro, 4ToObl MCKMOUYUTL CTOMKHOBEHWUE HaNbIMSeMbIX YacTuly ¢ Mo-
nekynamu rasa v Tem camblv 0becrnevnTh paBHOMEpHOE ocefaHue Ha-
fbINAeMbIX HaCcTUY HA MOBEPXHOCTY NMOANOMKKA.

KamoOHoe pacribifeHue OCHOBaHO Ha paspyleHvM KaTofa npu
60M6ap,qmposi<e €ro noHamu paspeXeHHoro rasa. npOU,ECC npoucxogwr
B BakyyMHOW Kamepe 3amnofyIHEHHOW MHEPTHbIM razomM. B HmxHel yactu
Kamepbl HaxXOAWTCS KaTOA-MULLUEHb, SIBMALWMWACA WUCTOMHUKOM Harlbi-
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NsIEMbIX 4acTul, a B BEpPXHEW 4acTty — MeTannuyeckuii aHod, Ha KoTo-
pPOM 3aKkpenieHbl NOANoXKKM. AHOL 3a3eMNAT, a Ha KaToh nojawT oT-
puLaTenbHoe HanpsKeHune, B pesynbTaTe Yero Mexay KaTofoM W aHo-
LOM BO3HMKaET razosblil Trelwmi paspsg. Obpasyllmecs rpy 3ToM
MOFIOXUTENLHBIE WOHbLI BLIDMBAIOT U3 KAaTo4a atoMbl, KOTOpbIE 4BUraloT-
Csl K aHOAy ¥ OCenaltT Ha NOANOKKax. Takum crnocobomM MOKHO Harbi-
NATb He TONbKO NPOBOAALLKE, HO W AUSNEKTPUYECKKe NNeHKW. B aTom
cnyyae Ha KaTofd.- NOA3EeTCA MNepeMEeHHOe HanpsiXeHwe ¢ 4acToToM
13,56 MI'u ana Toro, 4tobbl UCKMIOYUTE HaKONNEHUe MOMOXUTENLHOMo
3apsga Ha katofe, obpasylolerocs BCeCcTBUE yxoda U3 katoga anek-
TPOHOB.

MioHHO-nNasMeHHOe HansifeHue ABNASTCH pPasHOBUOHOCTLIO Ka-
TOAHOro pacneieHms. OHO OcyLUecTBNSAETCA B BakyyMHOR kamepe 1
(pvc. 5.24), 3anonHerHOW WHEepPTHLIM Ta30M; B HIDKHEl 4acTh kamepbl

: pacnonoXeH BONMbHPaMOBbIA Ka-

+100 B Tog 2, a B BepxHeit — aHog 3, Ha

3 i KOTOPbI NOJAEeTCS NOMOMUTENb-

Hoe Hanpsbkenue oxkono 100 B,

4 BCIGACTBUE 4ero Mexay KaTo4owm

-(1-3)kB 1 aHo4oOM BO3HMKaET Ayrosoil pas-

6 : - . paag. MulweHs 4 aBRsieTCA UCTOY-

2 HUKOM HamblNgSeMoro Marepuana;

_ Ha Hee nogaeTcs oTpuuarensHoe

T i HanpskkeHne nopsaka  1-3 KB,

BCMEACTBUE Yerc U3 fnnasmbi Ayro-

Puc. 5.24 BOro paspsila BbITAMMBAKOTCH MO-

NOXWTeneHbIe UOHbI, KOTopble 06-

nafaT 3Hepruel, LOCTaTONHOW AMs pachnbinesus atoMmos marepuana

MULLEHW. BLIOWTLIE U3 MULLEHW aTOMbl ABUraloTca K noAnoxke 5, aakpe-

NNeHHOR Ha gepxaTterne 6, B pe3ynbTaTe Yero Ha noBepXHOCTU NOATOX-
K 0DpasyeTcs. ToHKas MneHka HansinaemMoro marepuana.

OcaxdeHue NneHoK Memaniios 3 BOLHbIX PAcTBOPOB rMpuMeHaeT-
CA. ONA. NOMYYEHUs CPaBHWTENbHO TONCTbIX MPOBOAALUNX MNEHOK
{20 mMKMm ¥ Bonee), HanpuMep, NPy U3roTOBNEHUN MEeTarnMYecknx Macok
(TpadhapeToB), MECTKUX ¥ 6anoYHbLIX BbIBOAOB, NOMyYeHUsT NOKPLITUHA Ha
peransx kopnycoB u T. 4. Hambonee LLMPOKO pacrpocTpaHeHo 3nek-
TRONUTUYECKOE OCaM(ieHue NneHoK, KOTOPOe NPOWCXOAUT B SMEeKTPonu-
TUHECKUX BaHHAaX, 3arnofHEeHHbIX 3MEKTPONUTOM ¥ COAemKallvx ABa
ar1ekTpoja — Katog w aHon. Katogom sensercs noarnoxXka ¢ npensapw-
TeNbHO CO34arHoN Ha Helt nposoasLen NNeHKOW. AHOZA N3roTasnusearoT
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M3 marepuana, KoTopeil nomkeH GbiTh OCaXOeH Ha MOBEPXHOCTM
FIOATOXKN.

Tpasnenue. TpasneHne NPUMEHSETCH AN OMUCTKWN MOBEPXHOCTY
NoJlynpoOBOAHNKOBBLIX MNACTUH OT PasnUUHOro poja 3arpsasHeHwit, yaane-
Hns cnos SiO,, Tawke AR CO3LaHsT Ha MOBEPXHOCTU NOAMOKEK KaHaBOK
u yriybrieHni. TpasrneHve MOXeT BbiThb Kak XMUAKOCTHBIM, TaK v CyXuM.

KudkocmHoe mpasneHue OCYWECTBASETCA G MOMOLLBbI KUCNOTHI,
nubo  wenoun. KUCnoTHoe TpasneHue NPUMEHSIIOT NpU MOArOTOBKE
MNacTH KPEMHUA K U3rOTOBNEHUKD CTRYKTYP MUKPOCXEM C LiENbIO MOmy-
“eHWA 3epKarnbHO rMakKoi NoBepXHOCTH, a Taloke AN Y4ANeHUs nneH-
ki SiOz n hopmuposaHns B Hell oteepcTuii.: lernouoe TpaBneHue
NPUMEHSIOT AN NONYYeHUS KanaBoK U yrrybnexuwid. Kanasku u yrny6-
JieHns BhITDABNMBAOTCA Yepes Macku-MneHKy: ¢ OTBEePCTUAMM, W3ro-
TOBMEHHbLIE U3 mMaTepuarna, Ha KOTOPhlA TPaBWTENs He BO34eRcTBYeT.
lNpu. 3TOM TpaeneHne OTBEPCTUA B nneHke SiO, By4eT n3oTPOnHbLIM,
T, €. NPOUCX0OUTE C OAUHAKOBOW CKOPOCTHID BO BCEX HaNpaBleHusix —
kak BrnyGb, Tak v nof, Macky, B pesynbTaTe Yero paamep sbiTpasneHHo-
roO OTBEPCTUS OKasbiBaeTcs Oofblue pasMepa OTBEePCTUS B Macke
(puc. 5.25,a). Ans nonyyerus yriybneHuit u kaHaBoK B KDEMHWN, hyHK-
LW Macky BbIMOSMHAET crioit SiCy, Ha KOTOPLIA LWenoyb He BO3eRCTaY-
et. Mpu 3TOM TpaBneHne kpemHUs ByAET aHU3OTPOMHBIM, T. €. Npowc-
XOOMThb C pasHbilMl CKOPOCTSIMA B pasHbIX KpucTanmorpacvdeckmx Ha-
npaeneHnsx. MoaTomMy B 3aBMCMMOCTY OT MOBEPXHOCTHOW KpucTanmno-
rpachuiecKol opneHTaUMn MOXHO YOPMUPOBATL KaHasKu npﬂmoyronb-
HO# Mnn.koHycooBbpasHol hopme (pmc 5256 ng).

TpaButens

Wit waoe 000

a) 6) B)
Puc. 5.25

Cyxoe mpasnieHue Npovi3BOLAT B BaKYYMHbBIX yCTaHOBKax B nnasme
rasosoro paspsia. PasnuuyaoT noHHoe TpaBneHue, NNasMoxuMudeckoe
TpaBrieHne 1 KoMBMHUPOBaHHoE peakTuBHOE VIOHHOE TPaBfieHNe, _Tlpu
UOHHOM TPEBNEHWM MOBEPXHOCTL KpeMHUst GomBapAnpyeTcs HOTOKOM
VIOHOB MHEPTHOro rasa (aproH), B pesyribTarte 4ero rpoucxXoauT pachibi-
NeHue kpemHus. OHO NpUMeHSIETCs B OCHOBHOM A1 OYMCTKMA [MOBEpX-
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HOCTW KPEMHUA OT 3arpsisHeHWid. [InasMoxuMuyecKoe . mpagnieHle OcHo-
BaHO Ha XMMMMECKOM B3aMMOOEWCTBUMN aKTVBHLIX YacTuy rnasmbl ¢ ma-
TepManom, NoAsepraluwMcs TpaeneHuio. B pesynbrare XumuJeckoro
B3aUMOZENCTBUS 00pasyloTes NeTyuve COoeavHeHus, yaansiemsie nytem
oTKaukn. Takum cnocobom genatoT oTBepcTMs B nnerke SiO,. MNpu atom
TpaeneHne nAeT NPerMyLIeCTBEeHHO B BEpTUKaNbHOM HarpasfneHun, B
KOTOPOM JBWKYTCSt aKTUBHbIE HacTvubl, MO3TOMY pasMep OTBepCTUs B
nneHke SiO; BecbMa TOYHO COOTBETCTBYET pasvepy OTBEPCTUS B Macke.
PeakmusHoe UOHHOE mpaesfieHue N0 MeXaHu3My npouecca SABIAeTCs
komBUHMpOBaHHbLIM. YaaneHue obpabaTkiBaeMoro Martepyana npoucxo-
OUT B PesyrbTaTe erc pacnbiieHWs YCKOpeHHbIMM uoHamu v obpasosa-
HWA NErkoneTy4Vx CoeAnHEHNH NPy B3anMOAENCTBAM C XUMVINECKM aK-
TUBHLIMU YacTuLami rnasmbi. OT MriasMoXuMUYecKoro TpaBrerns OHO
OTNMHEETCH TeM, YTO IHEPrHsl MOHOB Gonblle 1 JOCTATOuHA [ANA pacnbl-

ﬂeHMﬂ 2 OT VIOHHOro TPaBfeHUsa — TeM, YTO UCMOoMb3yeTcHd He UHepTHas, .

a CO,EI,Ep)KaU.Laﬂ XVIMUAYECKY aKTUBHBIE YacTULibl Mriasma. Mpu 3Tom dmam-
YECKOE PAaCTIbifIEHE, MHTEHCU(DULIMPYET XUMUYECKUE PEaKLMN, 8 XrMi-
“YECKME peaKLyy, .0Criabnsis .MeXaTomHbie CBA3M Ha 05Pa6aTblBa€MOM
MOBEPXHOCTY, YBEMUUMBAIOT GKOPOCTY pacrbifeHus. "
Jlumozpacbys — 310 npoliecc HOpMMPOBaHNS OTBepCTI/WI B_Mac-

- Kax, NPUMEHSIEMEIX A NokanbHoW Anddyauy, TpasneHus, OKNCTIEHN

W Opyrux orepaumii. CyllecTBYeT HECKOMbKO PasHOBUAHOCTEN 3T0ro
npouecca.

@omonumoepacpug OCHOBaHa Ha mcnonbaoBaHmm CBeTOLIyBCTBW
TeSbHbLIX MaTepuanos — oTopesncTos (HP), KQTOpble MOTyT ObiTb He-
raTBHbLIMK W NO3UTUBHBIMY. HeratneHbie d,)ompe:amcn:x noL LencTeu-
em cBeTa MOoNMMEPUaYIoTCA 1 CTaHOBSATCH YCTORUMBLIMY K TPABUTENAM.
B nosnTvBHbIX dhoTopesncTax cBeT, HaobopoT, paspyliaeT nonumep-
HbiE LIENOYKM, NO3TOMY 3acBeYeHHble y4actku oTopesncTa paspylla-
woTcs TpaeuTenem. Mpu npousscgeTee MIMAC cnoii doTopesucTa HaHo-
cHT Ha noBepxHOCTb Si0,, a npu npowssogeTee [UC — Ha TOHKWA Cnoi
MeTanna, HaHeCeHHbIN Ha MOAMOMKKY, UMK Ha TOHKYI0 MeTarinU4Yeckyto
MAACTAHY, - BoIMOMHSIOWLYIO (OYHKUMM ChemHON Macku. Heobxoaumblia
pucyHok snemenToB WC nonydaloT nytem obnydyeHus d¢oTopesucTa
ceeTom Yepes dhoTowabnoH (®LU), npeacTasnsowmni COBONR CTEKNAH-
Hy!O MNAcTWHY, Ha OOHOW M3 CTOPOH KOTOPO UMEETCH NO3UTMBHLIA Unn
HeraTVBHbLI pucyHok anemenTtos MC B macwrabe 1:1 (puc. 5.26,a). Tpu
npoussoacTse MC 1cnonb3yeTtest HeCKOMLKo (PoTowaBnoHoB, KabKabIi 13
KOTOPbIX 3343ET PUCYHOK TEX MW WHbIX crioes (DasoBhiX ¥ SMUTTEPHbLIX
obriacTelt, KOHTaKTHbIX BbIBOAOB U T. 4.). [Mocne obnyyeHun CBETOM He-
NONMMEPU30BaHHBLIE Y4acTKu (HoTope3ncTa yaansioTes TpaBnTenem v Ha
nosepxHocTn Si0O, (UM meTannuyeckol nneHkw) obpasyercs (oTo-
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pesucTuBHas macka (pmc 5.26,6), yepes OTBepCTVlﬂ B KOTOpOVl ocyile-
CTBISIOT TpaBnenue Si0, (nm MeTannmqecxow nneHKm) B peaynbTare
yero  PUCYHOK  hoTo- ‘ . N '
wabnoHa okasbiBaeTcs T Il P
NepeHecEeHHLIM Ha Mo- HLHHH o 4
BEPXHOCTb  MOIONKM e 6) o "SI0,
{puc. 5.26,8). °~ Cozga- '
HUIO doToiabnoHos N
npeAwecTsyeT TOnono- 2 5 NN
rM4eckoe NpoeKTUpoBa- Si0y Bl Si
HUe MUKDOCXeMb!, pe- Si \_/\ o
aynbTaTom kotoporo .l
ABMASTCH NONyYeHwe B
YBEMWYEHHOM MacluTa-

6e (100:1; 200:1;

500 : 1 unu 1000 : 1) NOCNOMHBLIX TOMNONOMMYECKUX uepTemell — hoTo-
OpWrMHancs, BblYepurBaeMbiX C MOMOLBIO CHEeUMAasibHbIX YCTPORCTE —
KoopauHartorpados, paboTalowyx B aBTOMATUUECKOM PEXUME B COOT-
BETCTBUM C nporpammoNn, 3agasaemoiri SBM. Crnepywowum atanom as-
naeTca doTorpaduposaHve opuruHana ¢ ymerblieHuem B 20—50 pas,
a 3aTeM- BTopoe hoTorpathuposatHne ¢ yMeHbLIEHEM U MyNbTURALK-
poBaHueM (pasmMHOXEHWEM) puUcyHka. B wTore nmony4aloT STanoHHbIA
droTowabrnod ¢ matpuleil 0gUHaKOBBIX pUCYHKOB B MacwTtabe 1:1. C
aTanoHHOro wWabnoHa MEeTOLOM KOHTAKTHOW MevaTu WSroTOBMSAT pa-
Boune poTolabnoHkl.

BaxHbiv napameTpom doTonuTorpadun ABNReTCs paspetialias
CrocoBHOCTL, XapakTepuayemas MakCUManbHBIM YMCroM pasgenbHo
BOCNPOU3BOAMMBIX MapasinefbHbiX INMMHUA B Macke 8 npedenax 1 mm.
Ha npakTuke paspeluaiolyo cnocoBHOCTL OnpedensitoT MUHUMANLHOR
WMPUHON NIMHUK A. [TpuHUMNWaNbHEIM Dn3nYeckum HhakTopoM, orpaHu-
qMBaOWWUM A, SBNAeTCs [bpakums cBeTa, He NO3BONAIWAA NoNyYUTs
A medblle gnvHbl BONHLI (415 Bugumoro ceeTa A = 0,5 mkm). Mpaktn-
HEeCKN MeTogoM doTonurorpadum MOMHO nonyyunts A =1 mxmM. Oue-
BMAHO, HTO MUHWMAINbHBLIA paavep anemernta WMC He MoxeT ObiThb
MEHbLLE A. ;

Petimzenoeckasi mumozpaghusl NCNoNk3yeT MAIKOe PeHTrEHOBCKOe
uanyyeHve ¢ ANWHOM BOJSHBI OKONO 1 HM, YTO MO3BONSET MNONy4UTb
A= 0,1 mkMm. doTowabnod B aTom cnyyae npeacrasnaeT coboit TOHKY
MemBpaHy (OKOMO 5 Mkm), MPOo3payHyio ANS PEHTTEeHOBCKUX Ny4en, Ha
KOTOPOW MeTOLOM SHEKTpOHHO—n\/‘-IeBOM nuTorpachuy Co3faH PUCYHOK
anemenTos MC.

RX—Si0,

Puc. 5.26 '
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SnekmpoHHO-ny4Yesas numoapacghus uenosb3yet -0bnyyeHne snex-
TPOHOPE3UCTa CAOKYCMPOBAHHBIM NOTOKOM 3NeKTPOHOB. Mepemeluasnch
110 NOBEPXHOCTW MNACTMHbLI, BKMIQUASCh U BLIKIIOYASCL N0 3agaHHOMN
rporpaMme, 2fEKTPOHHBIA Nyd co3faeT HeoOXOAMMBIA PUCYHOK ane-
meHToB WC. MuHumanbsHbii pasmep anementTa A= 0,1-0,2 Mkm. OH
orpaHvyeH MUHUManbHbLIM- GUAMETPOM 3MEKTPOHHOro fyya. 3ToT suA
nuMTorpachun KCMonb3yeTcs B OCHOBHOM AN U3rOTOBAEHUS PEHTreHOo-
1wabnoHos. »

HorHo-nywesass numozpaghusi  WCnonbL3syeT oﬁnyquwe pesucrta
MyYKOM WMOHOB. YYBCTBMTENLHOCTE PE3UCTA K MOHHOMY 0BnNyyYeHumo BO
MHOro pas Bhiille, UeM K 3MEeKTDOHHOMY, YTO MO3BONAST UCMIONLI0BATE
NYYKM C ManbiMU TOKamy W COOTBETCTBEHHC ManbiM AvameTpom (Ao
0,01 mkm). Cuctema MOHHO-NYYEBOR NUATOrpacrUn TEXHOMOMMYECKN Co-
BMECTMA C YCTaHOBKaMW MOHHOIO NEerMpoBaHus.

5.5. Texxonorua usrorosnexun KC

TexHonoruueckuit npouece warotosnenuns VIC npepcraenseT coboit
rnocrnefoBaTenbHbll pag 6a30BbIX TexHororndecknx onepaudui. Oco-
BEeHHOCTLIO 3TOr0 NPOLEcCa SBMNSETCA MHTErparsHO-rpynnoBoy MeTon
Npou3BoACTBa, NpW KOTOPOM Ha obliel nognoXke ogHOBPEMEHHO CO3-
naetcs Boribulioe ‘KOMMYECTBO OAMHAKOBbLIX MHTErpansHbiXx cxem. [pu
3TOM TexHonorudeckoh obpaboTke O4HOBPEMEHHO MOABEPraeTssi He-
CKOMBKO nogrioxek. Tem camblM [OCTWraeTCs MOBLILLEHWE NpoLeHTa
BbIXO/2 FOAHbBIX U3AENUA 1 UX KBYECTBA, 8 TaKKe CHWKEHUE X CTOMMO-
ctw. Tocne Toro, xaxk npoyecc hopMUPCBaHUST MUKpOCXem Ha obLuei
MOANOXKKE 3aBeplieH, NPOU3BOAAT NPOBEPKY paboTocnocoBHOCTYN Kax-
oo VIC. KoHTponk OCYLIECTBRSIETCS C MOMOLLBI) MEXaHUYECKUX 30H-
[OOB — TOHKUX UFT, KOTOPbLIE KOHTAKTUPYHOT C KOHTAKTHBIMUW NNOoLLaaKaMiu
MuKpocxemM. [1ocne koHTpona oBLLyio MOANOXKY paspesalnT Ha OTAerb-
Hele YacTu (YUnst), Kaxaas W3 KOTOPbIX COLAEPXWT OLHY MUKPOCXemy.
OT™n oTHAEenbHbie YacTy yCTaHaBNMBAKT B KOPAYC W COEAVHSIIOT nepw-
hepuitHbie KOHTaKTbl Yina ¢ BHELWHNMM BBIBOAAMY, Kopnyc repmeTmam-

PYIOT, MapKUpyoT U yCTaHaBIMBalOT B Tapy.

5:5.1. TeXHONOMMs N3roTOBREHUS TOHKOMNEeHOUYHbIX TAC

3nemeHThl. ToHKonfeHoUHbIX THC dopmupyloTea Ha cuTanioeo
noanoxke. Kondurypauvs snemedtos IMC moxeT BbiTh nonydyeHa apy-
Ms MeTojamun. .

Memod cbemuoOl MackKu npeqnonaraeT nocne,qoaaTeanoe ne-
Nonb30BaHne Macok, NpeacTasnsiownx coboi ToHKUA aKkpaH U3 meTar-
nvYyeckol bonbrn C QTBEPCTUSIMK, DOpPMa KOTOPLIX CAPEAEnsaeT KOH-
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cpmrypau,vno nneHOK Haﬂb!HHEMblx Ha . no,qnom(y qepes o*raepcmg B
macke, Ha puc. 5.27 npepcraBnena nOCﬂeﬂ,OBaTe_l'leOCTb coa,anwﬂ
RC- cxeMbl
&) Ha NOATIOoNKY HaﬂbIHHETCﬂ pesmcmaHaﬂ nneHKa 1 L4epe3 Macky M 1

) HanLINAOTCS NPOBOAHMKOBLIE MNEHKY 1 KOHTaKTHLIE nnowaaK
2 uepes mMacky M 2,

B) HaNbINAETCSH HNHSIS oBkragka KOH,qucaTopa 3 qepes MaCKy M-3;

r) HanbINAETCA CNO AUanekTpuka 4 yepes macky M-4;:

A) HansnseTca BepxHss obknaaxa KoHfercaTopa 5 yepes MaCKy M-5;

&) HambINSOT 3ALLUTHBIA GOV MOHOOKCM,D,a erMva yepes Macky M-6.

: _cI_ | e

/[j
},b.
.

i
7
[l

L
i

l’ :

Puc. 5.27 . .

Memod pomonumozpachuu He oTniMaeTcs oT doTonuTorpadm-
HEeCcKoro npouecca GopMUpOBaHUs 0TBEPCTUi B NneHke SiO,, paccMoT-
PEHHOTO Bbille. 3TO CMOXHBIA 1 HOPOrOCTOSIUMUNA’ npouecc NMoaTomy ero
MPUMEHAIOT TOMBKO TOrha, Korja HEBOBMOXHO € MMOMOU(BLIO ChEMHON
MacKi NOMyYNTb CHOXKHYIO TOMOMOMMIO 1 BblCOKny TOMHOCTb HOMUHAMOB
anemeHToB. Ilpn 3TOM MeToe Takke Kak 1 Npu MeToAe CLEeMHOI Macku
nosTarn+o opMupyioT anemenTsl MAC, npumenss Ans 3Toit Lenu sme-
CTO CbeMHbIX Macok Habop cbomLua6n0Hos.

5.5.2. TexHonorua narovoBneHus ToncTonneHqublx Mac

OcHoBY TONCTOMNEHOYHON TEXHOMOMMW COCTaBRseT TpachapeTHas
neyaTh, CyWHOCTb KOTOPOW 3aKnio4aeTcs B MeXaHMYecKoM nponasnv-
BaHMK CcneuuanbHbIX NacT Yepes OTBepcTus B cBOBOAHOWM  macke-
Tpadapete. Tpadhaper npefcrasnseT coboit METaNNUYECKYID CeTKY,
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HaTAHYTYIO Ha pamKy, Ha KOTopow meTofom otonmTorpadun dhopmu-
pytoT pucyHok anemeHtos MC. Ha Takom TpadapeTte yacTb saueek 3a-
KpbITa, @& 4acTb OTKpbITA. Yeped QTKpbiThle A4eliKu NOCPeaCcTBOM cre-
UuanbHoro npucriocobneHns — paxensi, NPoAaBfUBAIOT NPOBOSHMUKO-
BYIO, AVSSIEKTPUYECKYID MNK pesncTuBHyo nacty. [locrne HaHeceHus
facTbl NOANOXKY MoABepraioT Tepmudeckont obpaboTke, B xode KOTO-
PO¥ MPOMCXOAMT XUMWYECKOE B3anMOeRCTBME MEeXZY KOMMOHeHTamMu
NnacThi 1 MaTepviana noaoKkv, B PE3ynbTaTe Yero nomy4yaeTcs xopo-
Lias afresns TONCTHIX MNeHOK K MoAnoMkKe.

5.5{.3. JnuTakcuanbHo-NINaHapHas ‘TexHomnorus

HArOTOBReuNA riiar
ISI VI DIICTIVIN §if IFiw

* 'CyLLHOCTE 3TOM TEXHOSOMAM COCTOUT B BhIPALIMBAHMN Ha NOBEPX-
HOCTU KPEMHUs D-TUMa 3MUTaKCUANBHOTO COsi, CO3AaHNS B HeM Kapma-

"HOB n-TUMNa 1 OPMUPOBAHWA B HUX BEPTUKAMNbLHBLIX N-p-11 TPEH3UCTOP-

HeIX CTpyKTYp. TexHonoruyeckuii NPOLECC COCTOUT K3 CRefylowux oc-
HOBHBIX onepauuii (puc. 5.28):

a) Ha nognoxke Si p-tuna cosgaeTcs cnoit Si0,, B KOTOpom Bbi-
TPaBNMBAOTCA OKHa 4ns ocywecTBneHua auddysun goHopos, ¢op-
MUWPYETCS CKPLITHIA COW;

6) ynansetcst cnoit SiO; W HapawMBaeTcst anuTakcuanbHblit n-
cnon; - Lo ' : )

B) OKMCNSETCH NOBEPXHOCTL, AernalTcs okHa B SiO,, yepes KkoTo-
pbie BBOASAT aKLENTOPHYID NPUMECk, B PE3ynbTate Yero snutakcuarb-
HbIA cno# «paspesaeTca» Ha OTAEMbHBIE OCTPOBKU-KAPMaHbl C POBO-
AVMOCTBIO 1-TUMNa;

I cO34aeTcs HOBLIA OKMCHBIA CNOW C OKHOM NS BBEAESHWS akuen-
Topos., hopmupyetcs 6azosas obnacTs;

) OonsTh CO3[aeTCcs HOBLIA CroW SIOg c oxkHamun ana guddysum
[OHOPOB, (hOPMVPYETCR 3MUTTEp W 1-06nactu Ans OCYLUECTBNEeHUA
BBIBOAOB.OT KoJieKTopa.

Ha nocnepgyolyx sTanax TeXHOMOMYECKOTO npou.ecca cbopmmpy—

- 10TCA OKHa, Ans OCVLLI,eCTBﬂeHI/IFl B8bIBOAOB OT aMUTTER], 6asbl 1 Konnek-

..Topa,

. arbiNAeTcs CrroLiHash nreHKa arioM1MHUA U MeTofoM thoTonu-
. ,_,TOrpa(bMM cbopmwpyech PUCYHOK BHELUHUX NPOBOAHMKOBLIX COBAUHE-
L Ha OBerHOCTVl ‘SiO,.

Typbl,

5.5.4. EPlC-'rexnonoruﬂ

Ota:TexHanors nossonseT chopMnpoBaTh TPaH3UCTOPHbLIE CTPYK-
_M30MMpOBaHHLIE OT MOASIOKKA CIOeM Si0,. CokpalyeHHoe Ha-
pakHNE BToro npolecca NPOUCXOAUT OT AHITIMICKCrO BbipakeHus Epi-
a)ual ‘Passivafed’ Integrated Clrcu1ts PaCCMOTpMM O,IJ,IAH 13 BapMaHToB

3TOM TeXHOI'IOFMVI (pmc 5.29): Co o

Si0;

Si - p

L nt | Puc. 5.29

ARV
s |

> P SizNy
(m__f [
a) n
| nt) n* J \ n*
Si . P ﬂ
LT
n n n n

Puc. 5."28

" Puc. 5.30
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a) B MOHOKpUCTANNE KPEMHUS /1-TUNA METOAOM ,qmd;dsysvm dopmu-
pYyLoT 11 -CJ’IOVI 3aTemM NoBepXHOCTL OKUCTIAIOT Y CO34aKT B HeWn OKHa&,

6) TpdBrieHneM . KpemHus HOopMUPYIOT KaHasku rnybuHoi oxono

10 mxkm V-oBpasioi nnn T1-o6pasHoik (opmbl B 32BUCUMOCTU OT KpW-

cTannorpaduyeckol opueHTaLum, nNocre Yero BCs NMoBepxHOCTb, BKIIO-

Yasa KaHaBKK, OKUCHISIETCA W HapaiuMBaeTCcs CNnow NonukpucTaninyecko-

O KpemHus TonwmHo# okono 200 Mk,
B) cownudOBLIBAKT MNACTURY KPEMHMUA N-TUNA 40 OKMCHOrO CRos U

B OTKPLIBLUMXCS KapmaHax n-tuna thopmupyroT anemeHThl UIC, 3atem
NOBEPXHOCTL OchanT 1 chbopMMPYIOT BbIBOABI OT 3MUTTEPA, Gasbl 1
Konnekropa. -

OToT BapuaHT TexHororuy obecneunBaeT NOBbILLEHUE MANOTHOCTU
pa3sMELLEHWs 3FIEMEHTOB MWUKPOGXeMbl. TexHONoruyeckuit npoLecs co-
CTOWT M3 criefylLlux onepauuii (puc. 5.30):

a) B noAnoxke p-tuna CbOpMI/lpyPOT CKpLITBIA Crolt n'-Tuna, Hapa-
WMBAIOT ANUTaKCHanbHbIiA n°-CRoi, Ha NOBEPXHOCTU KOTOPOrO CO3AaKT
Crof HUTPUAA KPEMHUS, @ B HEM OKHa;

6) yepes okHa B MNEHKEe HUTPUAA KPeMHUA OCYLIECTBAIOT TpasBne-
HUE KPEMHMS NMOHTW A0 CKPbITOrO N1 -CIOS 1 UOHHYI0 WMMNAHTaLuio npo-
TUBOKAHANbHLIX p-oBnactei, a 3aTem NPOROAAT LNUTENbHOE HU3KOTEM-
nepaTtypHoe OKUCNeHwe kaHaBoK (rnybuHa TpaeneHus BblbupaeTcs Ta-
Ko, YToBbI NOCNe OKUCNEHUS NMOBEPXHOCTE NOAMNOXKKN Dbina Dbl pOBHOR),

B) yAanseTcs Crnoll RUTpuaa KPEMHWUA 1 BMECTO HEero Ha NoBepxHo-
CTW CO3AeTcs Croil QUOKCWMAa KPEMHUS!, Yepes3 OKHa B KoTopom dhop-
MUpYeTCsi N-p-N-CTPYKTypa TpaHaucTopa.

B WC, “3roToBrNeHHbIX No N3onnaHapHoi TeXHONorny, A0CTUraeTcs
camas BblCOKan NNOTHOCTb pasMeileHns aneMeHToB.

5.5.6. TexHonorus usrorosnenus MIOM UC

Texdonorus narotoenenus MO UC sHauutensHO npolje TexHono-
UM U3roTOBMEHMS 6wnomprlx NC. Tak, 4Mcrio OCHOBHBIX TEXHOMOMM-
yeckux-onepalmit npumepHo Ha 30 % MeHbiie, YeM NPW MaroToBMNEeHUN
BunonsapHsix KNC.

HanBonee oTBeTCTEEHHOW onepauueidl npu wusrotosnedun MOM-
CTPYKTYP SIBASIETCH CO34aHue AUaneKTPUYECKOro Crios noj 3aTBOpOM —
OH BomkeH 06nafaTh BbICOKON 3NEKTPUHMECKON NPOYHOCTBIO U MWHU-
MalibHOM BENUUMHONA 3apsga, KoTopbli AomkeH BbiTb cTabunsHbimM. Ha-
Auyve 3apsna B OKUCNE W ero HecTabunbHOCTb NPUBOAST K HecTabunb-
HocTw napametpos MIM-TpaHaucTopa. CepkesHol npobriemol senaeT-
CA yCTpaHeHne BO3MOXHOCTKM O0pa3scBaHusi napasuTHbIX MOBEPXHOCT-
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-+HbIX K3HaMOB MO MeTannu4yeckumu

~NEeHKaMW, pacnonoXeHHbIMU Ha no- M 0 H bl 6 opa
BEPXHOCTW -+ AndnekTpuka. Cywject- i i l' l lv lv i l iv lr ¢ l i lr i
BeHHOW npobriemoli sBnmeTcs co- §IL0 T {0
smemeH@f _sareopa ¢ oBnacramu a) P_*? E/EZI
cToka 1 ctoka. llpn Hanuuuu nepe- ; p

KPBITNS BO3PACTAIOT NapasuTHbLIS emM- Si ‘

koctyt Cyu ¥ Cgy, @ NPy Hanuduy 3a30- ‘

pa MexXay 3arBOpoM ¥ CTOKOM (Urm

WCTOKOM) He uHAyuupyeTcs kaHan. 6) |p* p*
MosTomy fpU BCEX PasHOBUGHOCTSIX Si P ‘

TEXHOMNOrMKU B nepeyto odepeas: hop-
MVPYIOT 3aTBOP, KOTOPbLIA 1Py nocre-
JOYOLLMX TEXHONOMMYECKUX onepaumsx
BLINMOMHAET DYHKUMK Macku, oBecne-
ynBas ONTUMarnbHOE coBMelleHue B)
3aTBopa C MpaHnUamMu cToka U cToka.
HanGonblumii npakTudeckuid uH-

TEepec NPeACTaBnseT W3onnaHapHas

TEXHOMOMST  uaroToenenust  MOM- PRSIXLEA
CTPYKTYP, —OCOBEHHOCTBIO  KoTopoit 1) Lo
asnserca  msonauus  MOMN-ctpykryp Si P

TONCTbIM CNOEM OKCUOA KPeMHUS.
[MpumeHenne aToA TexHonoruu no-
3BONIAET COBMECTHO (hOPMUPOBaTH Ha
OfHOW NOANOXKE kak OuUNONApHbIE,
Tak v MOM-ctpykrypel. Fpouecc no- A)
aTanHore  copmupoeaHua  MAOMN-
CTPYKTYpb! npeacTasned Ha puc. 5.31:

a) Ha noBEepXHOCTW KpeMHUEeBOW Puc.5.31
NOANOHKKN p-TUNa HOPMUPYIOT MAaCKY
U3 HATpUIA KpeMHUS, Yepes OTBEPCTUS! B KOTOPOIA BHeAPSIOT MOHLI Bopa,
B pesynsTare Yero (hopMUpYIOTCS NPOTUBOKaHAnNbHLIE p*-o6racTy;

6) okuCneHvem Yepes Macky CO3AaloT PasaennTeslbHble CIon Avo-
KCUAA KpeMmHysa, nocne deroc yaansioT Cnoil HATPUAA KPeMHWs, 3aTem
WOHHBIM nerupoBanuem Gopa cozgaloT Croil ¢ NOBbLILLEHHON KOHLEH-
TpaLueit akUenTopoB, KOTOPLIA HEOGXOAUM ANS CHUXEHUS NOPOroBoro
HanpsKeHus;

B) hOPMUPYIOT TOHKUIA no.q3aTBoprm cnoi p,moxcm,qa KpemHus v
HaHOCAT Ha HEero CRoR NofMKpemHns (3aTeop);

) MOHHBIM NETUPOBaHUEM MbILUbSKa (DOPMUPYIOT 1 -0BIacTu UCTo-
Ka n cToka;
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4) XVMUYECKUM NapoBbIM OCRKOEHNEeM HaHOCAT 'crio'|71 avoxcupa kpem-
HUs, ChOPMUPYIOT B HEM OKHa, HarblfsioT MAeHKy anmioMiHns ¥ MeTofom
doTonuTorpadun cosnaioT PUCYHOK METIIMHECKMX ﬂpOBO,ELHMKOB

B ‘Uenom -TexHonormMuecknia npouece BKIMIOYaAET "YeTbipe onepaumm
WOHHOrO NErnpoBaHus ¥ NATb onepauuia otonurorpacmu. Bmecto no-
NVKpeMHUst ANs1 U3TOTOBMEHUS 3aTBOPa BO MHOTUX Cyvanx NPUMEHSOT
meTtannsl. CneayeT uMeTb B Bugy, 4TO TexHonorna MC HenpephiBHO
COBEPLUEHCTBYETCH, MNOCTOAHHO WAET NOUCK HOBbLIX KOHCTPYKTOPCKO-
TEXHONOTMYECKNX PELLIeHUA.

5.6. bonblne UHTerpanbHble CXeMbl

MUKDOMUHWATIOpU3ALIMS Ha COBPEMEHHOM 3aTafe HanpasneHa Ha
yBenuueHne annapatypHoi MNOTHOCTY YNakoBKu cucteM POA, ncnore-
3YIOLLUX MUKpocxembl. B COBPEMEHHEIX POA cpefgHsas annaparypHas
nnoTtHocTe coctarnaeT 100...300 cm™. Tlpy aToM 0BBbEM MUKDOCXEM
COCTaBNAET HECKONLKO NpoueHToB oT obuwero obrema, a Bonslias ero
YaCTb 3aHATA MEXCXEMHbIMU 1 MeXBNQUHbIMY CoeanHeRnaMY. YMeHb-
LWIEHME YUCNa TaKnX COEOMHEHWH ABMASTCH OHOW U3 NepeooYepesHblx
3aja4 MUKPOMUHWATIOpU3aLMK. Passutie aToro HanpasneHua npuBeno
k nosisrienuno bUC, B KOTOPbLIX BMECTO OTAEMNbHBIX CXEM (ycwnuterbHo-
ro kackapa, Norvyeckon AYeiku, Tpurepa u T. [.) UCMOIb3YKTCs UHTe-
rpanbHble yanb! (perucTpbl, cHeTYMKI, BRoKK NamaTm n 1. 4.).

Coszgatvie BAC no3sonuno sHauuTensHO NOBbLICUTL YHKLUOHANB-
HYK CIOXHOCTb MWKPOCXEM, YTO MPUBEND K YMEHBLIEHWIO X YHUBED-
cankrocTh. BAC cTanu cneunanuanposarHbiMi. [Ans pasnnyHbix BUL0B
MWKPOSMEKTPOHHO!  annapaTtypbl noTpeboBanuch pasnuyHbie  TWMbl
BWC. Mpu aToM, ecTecTBeHHO, 0Bbembl NPOWIBOACTEA KEKOOro KOH-
kpeTHoro Tuna BUC ctanu cylyecTBeHHo MeHbiue, Yem oDbembl npouns-
BOACTBA MUKDPOCXEM CDELHEN CTEMNeHy NHTerpaLuu.

CosnaHue nonynpoBogHukoskix BUC ceazaHo ¢ pelueHuem psaa
npoGnem, orpaHuYUBAaIOLUX CTENEHb HTErpaLnu:

1. MpoBnema petekros nognoxku. Yem Oonblie nnolank nog-
OKKY, TEM Bbille BEPOSTHOCTb TOrQ, HYTO AEMEeKT KpUcTasuindeckoi
CTPYKTYPbI NPYBEAET K BbIXOAY W3 CTPOS Kakoro-nubo anemMeHTa, nHave
rosops, 4eM Bonblue AedeKToB, TeEM MeHbLUE NPOLEHT BbIXOAa rOAHOM
NPOZYKLWK. - ‘

. 2. NpoBnema_ TennooTsosa. . ﬂoebnueHme MNOTHOCTK YNaKOBKW Mpu-
BOJWT .K, YBENNYEHUIO YAEMbHOM  MOLHOCTU paccesiHus. 3T1a npobnema
peLuaeTc"ﬂ NyTEM NPUMEHEHUS TaKUX CXeM, KOTOpbIE XapakrepusyTca
ManQi NOTPEDNAEMO MOLLHOCTLIO.

3. Mpobnema yMeHblUeHUs pasmepos. Hem MeHblle pasmepbl ane-
MEHTOB, TEM CUIbHEE CKasblBaOTCH (NyKTyauun KOHUEeHTpauuu npu-
MECHbBIX STOMOB, CHUKAETCS TOYHOCTh (hOPMUPOBAHUS CTPYKTYP.
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i 4. Npobnema - MexcoenuHeHwii. TexHonoms wsrotosReHws:  BUC
BasnpyeTca Ha CTanAapTHbIX TeXHOMOrMYeckuX: Onepaunsx, fnocpeacT-
BOM KOTODLIX CO3A8I0T akTUBHbLIE W NACCUBHLIE 3feMeHTbl: -OTnu4us 8
TEXHONOMK usrotosnenns BUC nposensloTcA nocre cosgaHus ane-
MEHTOB Ha: CTaauu- HaHeCeHUst MOHTaXHOTO PUCYHKa BHYTPUCXEMHBIX
COG,CWIHEHVM ‘CoeguHernn B BUC MoXxHO NpeacTaBuTh B BUAE MHOIO-
YPOBHEBOA CUCTEMbI. Ha NepBOM YpOBHE DeanuayloTcs CBS3W MeXay
OTARNBHBIMATAKTABHBIMA U NaccuBHLIMK aneMerTamu, oBpasyiolive
anemeHTapHble CXeMHbie AvelKky, HanpyuMep, Foruieckie anemMeHTh!.
Ha BTOpom ypoBHe oGpasyloTcsi cxeMb! TWANa yara; Hanpumep, Tpurre-
pbl. Ha Tpeteem yposHe thopmupytoTes Bnoku, ‘Hanpumep, pPervcTpbl.
DanbHelillee obbeauHenie ycTpolicTs B Sofee choXHbie yanbl K SnoKu
ocyulecTsnAeTcs Ha Gonee BbICOKAX YpOBHsX. PetueHve npoBnemst
Bbi0Opa YiCna ypoBHel CoeauHeHWN 3aBUCHT B KaEoOM KOHKDETHOM
cnyyae OT Tuna nornveckolt cTpykTypbt BUC, ee dyHKUmoHansbHoMN
MIOTHOCTU U CcNokHOCTK. CYLLECTBYIOT [Ba OCHOBHLIX MEeToga MeXco-
eAVHEHUI: (PUKCUPOBaHHbBIA U M3BUupaTenbHbIN.

iemod ¢huxcuposaHHbIX MEXCOeGUHEHUI OCYILeCTRSeTCS B
COOTBETCTBUM C 3apaHee CNpoeKTUPOBAHHONM 'TOMONOrMell TOoHKoNNne-
HOUHBIX MPOBOAHVKOB, COEAUHARILINX 3NEMEHTE! CXeMbl B MECTKO (k-
CpoBaHHbIX KoopAnHaTax. MNpoekTnposaHWe TakoW pa3Bogks ocyile-

. CTBASETCS C. nomowbio 3BM. PesynstaTtoM npoekTMpoBaHus sBrsieTes

naroToneHne dotowabnora, obecneunBaloLEro - onpeaeneHHbIi pu-
CYHOK MeXcoenHeHWit. - Takol  mMeTopq - noctpoeHus -BUC nossonser
HaumnyutM 06pasoem PacnonoXuTb 3MEMEHTEl GXeMbl U COBAMHUTD KX
Mesiay coboM, yuecTb NapasuTHbie BISHUSA - afieMEHTOB CXeMbl APYr Ha
Apyra, cOrnacoBats’ HArPyakn, TOYHOpPACCUWTATL: Bpems pacnpocTpa-
HEHWUA CUTHAaNOB ' T. ., T. €. N03BOAAET ONTUMUSUPOBATL YCTPOUCTRO.
OpHako cospaHne BUC- Nogo6HLIM METOLOM BOSMOXHO NPU YCIIOBUAY
100 %-ro BbIXOAA FOgHBIX ANEMEHTOB Ha MnacTuHe. Hanuune xoTs Bwl
OAHOTO feheKTHOro anemeHTa genaeT ok BUC HepaBoTocrocobHON.

Memod u36upameanblx MEXCOeJUHEHUL ' NpeaycMaTpBaeT
obxof fedexTHbIX anemenTos. Tipit aToM MeToge’ tHavara mposepsitoT-
cA paboTocrocobHOCTE ANeMeHTapHBIX CXeMHLIX- AUeei; 3aTem uHihop-
mMauua o KoopAwHaTax pacnonxedns ropgHkixX.auyeeic BBoauTCs B OBM
ANA pacyeTa Tornonorun MexcoeqnHeruit. -DBN mipoekTupyeT Tanorno-
TMIO ¥ YrpasnseT NpoLeccom wareTeBeHis §oToiiabrionos; ‘Heobxo-
AAMBIX NS KOKOOTO YPOBHST METANMUIatMA. Tonomnario cucTeMs! ToH-
KOTIIEHOYHBIX MNPOBOJHUKOB pECCHUTHIBAIOT AN KXok nnacTuHb! 3a-
HOBO C YYETOM PacnonoXeHui’ rofHbIX Sueek; KOTopoe pasiMiHo ans
Kaxnoi nnacTuHbl.:MpeimylecTBom 376G MeToga usrdrosnexna BUC
fABNAETCH NOBLILEHWE BbIXoAa FOAHON npo,qyxu,mm‘ HO npw 3TOM. CHUXa-
€TCS MIOTHOCTh ynaI(OBKVI anemeHToa o
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“OpliiN v vanbonee adheKTMBHBIX HanpaeneHnii passuTus BUC
spnaeTes 'paspaborka maTpuuHelx BUAC, koTopble. OTHOCATCH K knaccy
norly3aKasHbIX MUKPOCXEM BLICOKOV CTeneHw uHrerpauuu. Takve BAC
TPOSKTUPYIOTCS Ha OCHOBE 68306020 MAampPuUYHO20 Kpucmarnna {BEMK),
npefcTasnawoliero coboil NoNynpoBOAHVKOBLIV KpUCTaN, Ha KOTOPOM
B OfpeAenieHHoM Mopsgke pa3MelLaioTea Ha NOCTOSHHBIX MecTax He-
CKOMMYTUPOBAHHBIE AKTWBHbLIE N NACCUBHLIE anemenTal. O6bl4HO onpe-
AeneHHoe YUCNO" aKTUBHLIX W NACCUBHBIX ANEMEHTOB rpynnupyeTcs B
TaK HasblBaeMylo Tononoruueckyio siyeiky (TH), KoTopble pasmewaoT-
cs Ha BMK perynspHo, 0Bpasys maTpuLly 0AWHaKosblIX NOBTOPAOLMXCH
savyeek. B 0QHON TONONOMMHYECKOW AYerKe NyTeM MEeTarnnaipoBaHHbLIX
COoeANHEHIA 3NEMEHTOB MOXHO CO3B&Th HECKONMbKO BapWaHToB fipo-
cTelilumx cxem. Toronorudeckve siHeriky OTOenAlnTcs Ha wpuctanne
LpYr OT Zpyra onpegeneHHbiM NpoCTPaHCTBOM, NpeAHasHaveHHbIM ANnA
pasMelleHns NPOBOAHNKOB, 0DbeAMHAIOWMX AYElKK B yHKUNOHarb-
Hyto cxemy. OcoBeHHOCTbIO MaTpuuHbix BUC senaetcs 1o, uro BMK
npefcTaBnseT cobol eauHylo OCHOBY ANA CO3AAHUS WMpoKoro Habopa
yHKUMOHaNbHBIX CXeM, BCe pasHoobpasve KOTOPbIX- onpefenseTcs
MEXCOEAUHEeHUAMM Tornonornyeckux siMeex. lMpu usrotoneHit BMK
MCTOMb3YETCA NOCTOSHHBLIA KoMMneKT doTowabnoxos, a 4na Kapkol
KoHKpeTHoW BUC menonsayeTcs cBOiA, NpUCyLLuMit Torbko e doTowad-
NOH, FOCPEACTBOM KOTOPOro (POPMUPYIOTCH MEXCOEUHEHNs sueek,
o6pasytowmx Tpebyemyto dyHkUrcHansHyo BYC.

OCHOBHBIM TNPENATCTEMEM YBEIYEeHUs) WHTerpauuv B nonynpo-
BOAHWKOBLIX BUC sBnNsieTcs criyyaliHoe pacnonoxeHue AedekTHbIX
3NEMEHTOB Ha NMOMYNPOBOSHUKOBOW NnactHe. PaccmoTperHble Bbille
MeTOoAbl CO3AaHnA nonynposBoaHWKoBLIX BUC ocHoBaHbl Ha MHAUBKAGY-
anbHoV 0BpaboTke KaKAOKM NONYyNPOBOAHUKOBOW NAACTYHBI, HTO PE3KOo
nopsitaeT wx cebecToumocTb.i B Lenom psife crny4yaes OKasblBaeTCs
LjenecooBpasHbiM cozgaHue BomnbLmMX TMEPUOHBIX UHTErPasibHBIX CXeM
(BI'AC), 3atpaThi Ha W3rOTOBMEHUE KOTOPLIX 3HAYMTENIBHO MEHbLUE,
yem Ana Npon3BoACTEa NOMYNpoBoAHNKoBbLIX BAC. :

OCHOBHbIM KOHCTPYKTUBHEIM 3remeHTom BIVIC siBnaeTca MHOro-
CrioiiHas KOMMYTauMoHHas nrata, npeAcTasnsiolwas coboit cucTemy
MHOroypOEHEBO! passofkv. Ha aToit nnare MOHTUPYIOTCST HABECHbLIE
KOMMOHEHTLI — BeckopnycHble nonynposogHukosble UC u BUC. [as-
Had 3afada KOMMYTauWoHHOW nnaTthi — 06beuHNTL MHOMECTBO NC.n
'BUAC'E eauHblil (yHKLMOHANBHBIA KOMMIIEKS, Ha3biBaeMbii mmkpoctop-
koW, Muxpoc6opka, Takum oBpa3om, npeacTasnaeT coboi Cyrnepkom-
TOHEHT ‘3NEeKTPOHHBLIX CXEM, cHabXKEHHBI OTAENbHLIM KOPNYCOM WU Xa-
‘DaKTepusyembili eAnuHON TeXHUHECKOA AOoKyMeHTaunen. PyHKUUoHasb-
Has CroXHOCTb TAKOrO CYMNEPKOMMNOHEHTa BO MHOTO pas Bellle, Y4eMm
BIC. N3 MiKpocOOPOK MOXHO Ha rNevaTHOW nnate MOHTUPOBaTh CBepX-
CNOXHBIG yarkl P3A, a yacTo 1 BCce YCTPOUCTEO B LienoMm.
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