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TIPOTPAMMA-MIIHIIMYM

KaHAIIAaTCKOTO SK3aMeHa

05.27.06 (TexHoJroruq H o6opyAoBaHne AJrfl rrpon3BoAcrBa rloJryupoBoAHHKoB, MarepI{aJIoB Ll

upu6opon 3JIeKTpoHHoft rexnnrcn>>

TIO TEX HI,IqECKLIM HAVKAM

Bnegeuue

B ocHony AaHHoi nporpaMNr6r noror(eHbr cneAylou{ae By3oBcKLIe AacuxnnHHbt: Kpticriulnorpa$w; MeroALI

HccreAoBaHHl cocraBa u crpyKTypbt MarepnanoB ererrpouHofi TexHhKri; Qr.r:uxa u xttMut noJIynpoBoAHl.IKoB; KBaHTo-

Bafl n onrnqecKar gneKTpoHr4Ka, TexHoJrorxr Marepr4turoB gnexTpoHHofi rexuurr; Qusnxo-xruaqecKae ocHoBbt rexao-
norlrx MxKpogneKTpoHaKr4; npoueccbr Mr.rKpo- H HaHorexHoJroruu; $usz.recKl{e ocHoBbI elexrpoxuofi TexHLtKH; ocHoBsl

TexHoJrorr4u npoh3BoAcrBauzaeruit ener<rpoHuofi TexHriKa; o6opyAoeaHr.re 3neKTpoHHofi npouuuneHHocru; pacqer ll
r(oHcrpylrpoBaHne o6opyAoBaHxr elerrpouxofi npoMbrruneHHocrr.{; MoAenHpoBaHIie npoqeoooB l.r o6opyAonaxur 3JIeK-

rponuofi npoMbruneHHocrlr.

flponpan,lr',ta pa:pa6orana gKcneprHbrM coBeroM Burcurei arrecrauuoHHofr rcovnccuu Muxuc'repcrna o6paso-

saHfiq Poccuftcrofi Oeaepaqr{H no 3neKTpoHuKe, u3MepnTenbuoi rexnare, paAuorexH}tKe il cBfl3l4 npu ytacruuMI4-

3M, MI43T u l.rr3v 1rv; t http ://www.edu.ru/db/pke/052706 0 I .htm)

1. @usr,lqecKl,re u Qzrnxo-xuMurrecKue ocHoBbr SJreKTpoHHofi TexHuKI,l

OcHoerr KpucranJtorparpru. Crarur'.rerpxfl Kpr{crannoB r.r aHa3orponut }IX csoficre. ArovHrte H LtoHHEIe paluyctr.Xu-
MilqecKar cessr. CoorHo[reHHe noHHbrx paAr4ycoB 14 crpyKTypa KpucraJUIoB. Tunst crpyrryp KpflcrarJroB.

Crpyxrypa 14 cuMMerphfl uAeaJlbHbrx il pearbHblx KpucrannoB; ocHoBH6re rnnsr AeQercroB KpxcrzurnHqecroi crpyKTy-
psr. llolurunn3t\4 t,t noJrurMop$u:r'r. TepuoAraHanaNra aeQex'roa Kpacrarruqecxoi peurerxn. Co6crseHHbte a nplrMec-

usre AeQerru B 3neMeHTapHoM Kpl.rcranne; ToqeqHbre rd nporrxeHHsre AeQerrst. Teuneparypuat 3aBllctlMocrb paBHo-

BecHbfx KoHqeHTpauafi 4eQerroe. Br'nssue 4eSerros ua Qraruvecrue 14 xr,rMaqecKile csoficrsa KpxcrannoB - napaMer-

pbt petrterKlr, nJtorHocrb, nracr].{qHocrr, 4uQr[ysnro, 3neKTpoltpoBoAHocrb, onruqecKue u MarHl,trHble ceoficrsa, ren-
JronpoBoAHocrL, TenJroeMKocrb, Koppo3 ao HHyto ycrofi vuaoc'r" v AP.

,{et[erru, B6r3BaHH6re HHopoAHbrM14 np]rMecrMH. BlrzsHne npumecefi Ha paBHoBecr,Ie co6c'reeHHrtx AeQerrou. Oagl{xo-
xl,lMHqecKr4e ocHoBbr npoqeccoB rerupoBaHr4r. I4grlreHeHlae BaJreHTHocnr npHMecHblx IzoHoB. BgauMocgqsu toHHofi u
slerrpouHoi p€BynoprAoqeHHocryr B KpficraJrnax. Bsaur\aoe BrurflY.ue npuuecei Ha ux pacrBopnMocrb B Kpacriunl4r{e-
croi Sare. ConpeueHusre MeroAbl LrccreAoBaHnr KoHueHTpaurjl4 il pacflpeAeaexr.ra AeQerroB, Bbt3BaHHLtx Hapy[eHI{-
r M u crexuoMerpu H Kpncranr a. Bgau u oAeicrs He .ueQeKToB.

MexalrsNtn auSQysr.ra. 3reneHrur MareMarr4qecKoro onncaHrrr 4lrtlQyrrzoxH6rx npoqeccos. Oco6eHuocrr.r, qaQQy-

3xrj no BaKaHcHrM, AacJroKa[urM H no noBepxHocru Kpr4cr€rnros. Ces:s Mer(Ay noABn)r(Hocrbto xocurereft 3ap^La A

roaQQNuaexrov 4lrQQyrnr.r. flporuneHne 3aBucr.{Mocrr4: gneKTponpoBoAHocrb - KoHueHTpaqur 4eQerror - AaBJIeHue

-TeMneparypa. flpoqeccrr, KoHTpoJrupyerrasre aeQexraMr4 npu cneKaHnh KpHcrtuIJroB. Kuugrrxa rereporeHHbtx npoqec-
coB H ee MeroAsr B TexHoJror'rru nonyqeHur Kpr4crannoB c 4e$exranaa. OcHoeHste 3aKoHoMepHocrt4 TonoxttMuqecKl'Ix

pearurft . MeroArl onpeAeJreHat KHHerr4 qecKxx KoHcraHT.

An$parcurar B Kpucrannax u o6pa'raar perxerKa; ynpyrue xo,re6anur B Kpacrannax, onrllr{ecKhe a aKycrlrqecKrae Qo-
HoHbt; TenroBure ceoilcrea KpHcriurnoB; MoAelrb cso6oaHsrx 3neKTpoHoB, ocHoBbr soHHoft TeopLrH, rcraccuQurcaqur

TBepAbrx reJr, crarhcrr4Ka 3neKTpoHoB.

.{uenempr.rvecKr4e }r MarH}rrHbre ceofic'rea rBepabrx rer, onrnqecrue ceoficrsa, r[epponaarHeru3M, cet'Hero3neKTp14'{e-

cTBO, CBepXnpOBoAHMOCT6.

3lerrpuvecrue csoftcrsa MertutJloB, AHgneKTpr4KoB a noJrynpoBoAHr4KoB. 3oHHaq reopnr xAeiulbHbrx H peanbHblx no-
nynpoBoAHl4Kos. OcHoeHrre onpeAeneHas. 3oHHar crpyKTypa 3HeprerileecKoro cneKTpa uocNrerefi 3apflAa. Pacnpe4e-

leuue @epun-,Il,aparca. 3nercrpoirponoAHocrs MerarroB, nonynpoBoAHr.{KoB 14 An3neKTpHKon n ax $uruuecKat npupo-
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Aa. Co6c'rseHH6re H nphMecHrre nonynpoBoAHr4xrr. ,{oHoprr, aKuenropbr, rry6oxue rreHrpbr. ,{nQt}ysr,rn ra 4peilQ noo.r-
relefi, reHepauur u perov6vHarrlrt,3neKTpoHHo-Asrpovusri nepexoA; noBepxHocrHbre 3neKTpoHHue cocroaHua, eQ-

$exr nonn.

On'ruqecrcne N $orooaerrpu'{ecKne rBJreHr4r B nonynpoBoAl-ruxax. llouoqeHae u orpaxeHue cnera. 3QQerr (Dapaaen.

@o'ronporoArlMocrb. @oroeS<[err. 3rr4uccr,r.r cBera h3 nonynpoBoAuurcos. MexgoHHat u3ryqarerbHar,6eru:ryua-
reJrbHar Ayp:apHafl perou6nHaqug. KaroAo-, Qoro- n gneKrponoMlrnecueHqt,tr. Hsnyva'rearuar perov6uuauur. Kore-
peHTHoe H3nyqeHr4e. Ioeepxuocrx;re cocrorHr.rr B nonynpoBoAHaKax; clor.r o6onauletvs, t4HBepcuu u o6e^ueHsq.
florynpono,[n]rxu B cr4lrbHoM 3neKTp],rqecKoM rroJre. BruqHUe cuJlbHoro gneKTpfir{ecKoro noJrr Ha noABuxHocrb HocH-

renefi sapqAa. 3Q<[err @paHua-KenAbrua. 3tb<[em faHna.

flolrpnraur.rr AUgreKTplrKoB x ee QH3uqecKar cyulHocrr. HenorrpHbre lr nonflpHlre Au3neKTp]rrcu. Ilpono4urr.roctu

AU3neKrpHKoB u ee ou3}.{qecKar npapoAa. Au3neKTpuqecKue norepil u l,rx np}rpoAa.

3renren, apuue npoqeccbr 3apoAbrueo6pa3oBaHvrr r.r pocra KpHcrannoB. Cyulecreyroqne reopns pocra Ha aroM-
noraaAxofi a aroMHourepoxoearofi noBepxHocrn, Teopurz HopManbHoro a HenpepbrBHoro pocra. Teope'ruvecrile ocHo-
Bbt Kpt{cTannH3aurroHHbtx MeToAoB oqucTKH a Bbrpaqr.{BaHar MoHoKpxcTaIJroB.

fe'reponeHnsre paBHoBecur. Ycnognr c'ra6ursHocrn H paBHoBecur Qas. Tunsr auarpaurra Qasonrrx panHonecuft AByx- H

MHoroKoMnoHeHTHbrx cl4creM. .{uanpauvrr KaK HcroqHuK NHrpopmauulr Heo6xoaunoi .a,rr nrr6opa H onraMn3al(Hn
MeroAa c[HTe3a MarepuanoB c 3aAaHHbrM cocraBoM r,r cgoftc'reaN4a, onpeAeneHile ycloeufi ux cra6ulunoro cyrqecrBo-
BaHUt.

IloHq'rne o Qarax nepeMeeHoro cocraBa. Oro6paxexae nereuu%r HecrexaoMerpvnt Ha Al.rarpaMMax cocrorHr4r. P-T-X -
AI.IanpaMMa, KaK HcrorrHHK rlHQoprtraqrr Ant nonyr{eHnr KpI{craJrJIoB c 3aAaHHbrM orKJroHeHr4eM or crexlroMerpl{r.

OcHogHure npuHuilnbl repMoArjHaMHKH HepaBHoBecHbrx npoqeccon. Tepuo4l.rHaMlrKa HepaBHoBecHblx npoueccoB B

TexHoJronHH MaTepHanoB gneKTpoHHoft TexHl.rKr4. Xapaxrepucrr.{Ka oTKpbrTbrx H HenpepbrBHbrx cHcTeM. CocraeJleHue
MarepnanlH6rx 14 3HepreruqecKux 6araxcoe. Crarlroxaplue cocrorHrrr B HenpepbrBHErx crdcreMax. I4crorxoeaHye
npoqeccoB r(plrcrurl,r3aunx c no3L1 r{ufi ueparxoeecuofi repvoAlz HaM h KH.

OcHoerr Qu:rlvecroi xr,rMHH BbrcoKoAucnepcHbrx clrcreM. llpuuqansr co3AaHr.rr HaHoKoMno3r4rruoHHsrx MarepuaJroB.

TepuoAruanuqecKar cra6r4rbHocrb HaHopa3MepHbrx MarepuaJroB. Oa3oBbre r.r crpyKTypHble nepexoAbr B cBepxroHKax
(nonepxuocrurrx) cucreuax. Teopur 3apoAbrrrleo6p€BoBaHur npr.r QopuuposaHr414 Hoeofi rparrr Ha noBepxHoclr lr B

o6renre rBepAoro rena. O6paroBaHae AucnepcHlrx crpyKTyp Ha noBepxHocrn 14 e o6reN.{e npn 3nuTaxcr,nr, rounofi nm-

nraHTauur4 u repvoo6pa6orr<e.

llonepxuoc'rs rcarc oco6aq o6nacrE TBepAoro rena. HAeanLHafl x pearnbHar noBepxHocrb rBepAono rena. C'rpyrcrypxo-
MexaHlrqecKae cBoicrBa noBepxHocra: MLrKpo- 14 HaHorxepoxoBarocrb, MaKpo- H HaHonopncrocrb, MHKporperuxH6r,
KpaeBbre n BHHToBble AucnoKaunH, ToqeqHbre 4e$ercru; Tpn6orexHil'recKxe xapaKTepucrrKu noBepxHocrr,r, xoeSQu-
queHT TpeHnr cKolr,)KeHHr, ugHococrofixocrs, aurr$pHKrIHoHHbre crou. 3lerrpoQusavecr<ue cBotcrBa noBepxHocrl.r:
3aprAoBbre cocrorHl.rr, nc'rpoeHusril H 14HAyqHpoBaHusrfi 3aprAbr,3neKTpocraruqecKoe sgauNroAeicrBue 3aprxeHH6rx
noBepxHocrefi; nonepxHocrHo-aKTuBHbre BerqecrBa; TepMo3neKTpoHHar, gneKTpoHHar a uoHHo-floreBaAiuvrccur1,
gneKTpoMarHI4THoe B3auMoAefrcrBue, 3reKTpoMarHhrHar nHAyKr-u,rr, ToKr4 HHAyur4poBaHHbre gneKTpoMarHHTHbrMu no-
JrrMh, cKxH-3tlQexr. llporuneHae pa3MepHbrx eQQexrou u e$t[erron rvracnra6rponaHvr^ npt greKTpocraraeecKilx r
3neKTpoMarHHTHbtx ggaur\4oAeft creurx.

OcHossr KuHerxqecKofi reopnw rasoe. PacnpeaeJreHne Marcserra-EoJrbuMaHa. Cpeqnrze 3HaqeHr.m cKopocru ABUXe-
Hr.rr, AJfaHbr cBo6oAHono npo6era A 'qucra cToJIKHoBeHxft nronercyn. flereuus nepeHoca. Pexrurrr TeqeH[r ra:or. Bary-
yM, MeroAbr nonyqeHHt h H3MepeHhfl. I,Icnapenrae.3ael.{cr4voc'rs AaBJreH}rfl HacbruleHHbrx napoB orrenrnepa'ryprr. fa-
roerti pa:pn4.Vosuzat\un ra3oB, aoHlr3aquounHfi noreHqHajr. PeroM6finallra-q. Boasr-annepHar xapaKTepucruKa He-

caMocrorreJrbHono pEBprAa. Tlepulufi, AyroBofi, ucKpoBofi u xopouHsrfi pa3prAbl. IIrasN{a fi ee csofic'rsa. Xapaxrepra-
oTHKH nJril3Mbr (rj3orepMuqHar, Hel,I3oTepuul{Has! paBHoBeQHar, HepaBHoBecHar, B6rcoKo, H].r3KoTeMnepaTypHar, HAe-

aIIEHaA, HeI,IAeaJIbHat). I,louu:oeaunrti ras u nna3Ma; 3neMeHTapHbre npoqeccbr B nrtr3Me il Ha norpaHr4qHbrx noBepx-
Hocrtx; ocHoBHrre MeroALr reHeparl[n nna3M6r; MoAeJril Am onacaHnr cBoftcrB nna3Mbr; Tnnbr ra3oBbrx paspr4on; o6-
ture ceofrcrsa nrtBMbt: tBJleHrt nepeHoca, nJra3Ma B MaFHTTHoM nole, xole6auun, ueyc'rofiquBocTH H gMHccHoHHbte

cgofi ctsa nra3Mbr. lr3JlvqeH ae nJlttgMbt.



Onsll a npoqeccoB reHepauun nlra3Mbr B rrBoBbrx pa3pqAax: TrerouleM, AyroBoM, BblcoKoqacroruov (BV) fi cBepxBbl-

coKoqacrorHou (CBV). Parprgrr Bo BHerllHeM MarHurHoM nore, /IBru(eHxe qacrltq B nJIa3Me. Bsal4voceagr MexAy pa-

6ounun, TexHororl.{qecK}tMu H KoHcrpyKTr.tBH6rMil napaMerpaM14 pa3pflAH6IX cllcreM. MareuarnqecKile MoAenH npo-
qeccoB n ycrpoilcrr, Bonbr-aMlrepHbte xapaKTephcrvKr4 pa3prAoB.

3nerrpouHar ?MAccAfl. OcHoerr elexrpoxHofi Teopnu rBepAoro rena, TepMogneKTpoHHat, aBTogneKTpoHHafl, B3pblB-

Har, BTopr4qHo-3neKTpoHHarr, SoroenercrpoHHaq 3MHccar. 3rerrpoHurtil notox, ero tloputttpoBaHlle u rpaHcnoprl,IpoB-

Ka: r4HTeHCHBHEte U HeAHTeHCI4BHETe, peJItTHBI4CTCKUe h HepentTUBAcTcKue SJreKTpoHHbIe noToKlt.

2. MarepuaJrbr gJreKTpoHHoft TexHr.rKn u rexHoJlor-*rv trx fioryqeHllq

O6rqar rlaccaQurcaur4r MarepxanoB no cocraBy, ceoftcrsav rz rexHrqecKoMy Ha3HaqeHuto. (Daguqecrcafl npxpoAa

3neKTponpoBoAHocTtr MgrajuloB, cnJraBoB, nony[poBoAHrrKoB, Al.r3JreKTpI4KOB 14 KOMnO3HUI4OHHbIX MaTepI4tUIOB; CBepX-

npoBoAruIHe MeTarJrbr [r cnnaBbr; xapaKTeprjcTaKa npoBoAflu-tttxv pe3IIcTvBHLrx MaTepHilIoB BO B3axMOCBt3H C AX

nprjMeHeHHeM B 3reKTpoHHofi rexuuxe.

3leueurapusle nonynpoBoAHr.rKH. @u:arco-xur,rr-rqecKr.re, erercrpo$uarqecKl4e x onrhr{ecKxe csoficrsa. Coepettlexxrte

MeroAbt Bbrpatl1xBaHr4r MoHoKpxcrzrJlJroB 3JreMeHTapHbrx nonynpoBoAHuxoa. flpanqunbt BblpatqxBaHat crpyloypHo-
coBeptrteHHbtx MoHoKpacruurJloB. Mzxpoaer[exrbr B MoHoKpncraJlrax KpeMHI,tt. Mexanu.IecKat, xl.tMuKo-

MexaHr4qecKar, xr.rMrrtlecKar o6pa6orKa u or{ucrKa noBepxHocrl4 nonynpoBoAHI{KoB.

flonynpoeo4nHKoB6re coeAaHeHur AlllBv. @r.rguro-xr.ttrr.rqecKr.{e, enerrpotpu:aqecKue a onrnqecKlle cBoficrBa, Curner
il BbrparunBaHne o6'uevsux MoHoKpucranroB coeAl.rHeHrfi 4lII3v B cBr3r4 c P-T-X AlzarpaMMaMI4. MeroAu KprlcrturJlr4-

3au[h t,t nerupoBaHHr. Tpofiurre Ar]arpaMMbr cocroflHrre Alll Bv - npllMecs. KolrneHcauufl H nonyr{eHue noJlyll3onl4-

pylorrlax KpxcranJroB. CneunQnxa noAroroBKu noAJroxeK pa3nhrlHbtx coeAuseauE 4lltgv. Btnsuue rcpucrallorpaQu-
qecKux opaeHTaqu[. Tpaeaeuue xr'tAKocrHoe, pacnnaBHoe, fa3oBoe.

Ilolyveuue urHpoKo3oHHblx Mareprr€rnoB - Hl4TpxAbr nalrJll{r, iur}oMrrHr4Jr, 6opa. 3nu'raxcue apcert!:a rarrLr*, SoctDnaa
rarllrfl, apceHuAa uHAytA, ar{TuMoHr{Aa uH4ufl, u rBepAbrx pacrBopoB. llpuveueHue coeAuueeufi AIIIBV B CB9-rexurxe,
onrogneKTpoHlrKe, KBaHToBofi elexrponnrce.

flonynpoeoAHHKoBbre coeAuHeHur 4llBvl 
" 

AlvBvl . @Nrarco-xururlqecKue, elerrpoQasztrecK}.Ie }r onrfir{ecKlle cBof-
crsa. CuHreg H BbrpauuBaHue MoHoKpHcrrLnJroB coeAnHeHxfi c AByMt neryql.IMx KoMnoHeHTaMu. MeroAst BblpatqfiBa-

HHr MoHoKpr4crarroB ug ragosofi r[assr u u3 pacnnaBa. 3nilraxchq coeAusenui. Mero4sr ynpaBneHut crexuoMerpaee-

cKr,rM cocraBon,t. Tepruoo6pa6orra. Oco6exxoc'ra nonyqeHufl coeAnueuNfi: cynrSn4a KaAMLtt, ceJIeHHAa KaAMtts, TeJI-

nlpula KaAMulr,, cynrQaaa cBr,rHua, TBepAbrx pacrBopoB. O6racrn upr.IMeueHxt KpucrannoB: na3epbr, onraqecKlle Mo-

Aynrropbr, aKycrosneKrpoHHbre npr.r6opsr, I4K-Qo'ronpr.reMHLIKLI.

ArraopQHue flonynpoBoAHr,rrcr.r. Arr.rop$nrrfi rpeuxni u cuaBbr Ha ero ocHoBe. IlptttueHeHne aMop(bHoro KpeMHI,It B

$oroelempr.rrrecKl.rx npe06pa3oBarerqx. @a:uro-xr.rMHrrecKl.re, 3neKTpo0I,I3LiqecKue I,t onruqecKxe cgoficrea. floHqrt,te
o $ra:rarco-xr.rrr,rr4qecKnx MexaHU3Max nepeKnroqeHr4 A flaMATA u onrnqecrofi 3arlilca r,raSoptr.taquu B xaJlbKoreHuAHbtx

creKJrax. Oco6euHocru creKnoo6pa3oBaHl.u B xnlrbKoreHr4AHblx cl{creMax H B oKcI4AHErx cacreMax. CHHres creKnoo6-
pa3H6rx nonynpoBoAHr,rKoB l.r llx ceoficrga.

Maruurnue Marepxanbt. Merannsr H cnJraBbr, Qeppursr, MarHr.rroAr43JreKTpuKrl, MarHurHbre nonynpoBoAHtIKI,r, aMopQ-

HLre hHTepMerarJudqecKHe coeAl4HeHur. MarHururre nJreHKn. I-[rarnx4pr.rvecKue MarHl,trHbre AoMeHbt (II\4D. MetoArt
Hx nonyqeHuq u KoHTporfl. llpuuuun AeficrBtrt 3anoMuHapull.tx ycrpoficrB ua L{M{.

Marepualrr eaxyyvHoil 3neKTpoHl4Kr4. Tpe6onanur K qncrore MarepuanoB u lix ra3ocoAepxaHfilo. Oceosxrte rpe6o-
BaHur, npeAbrBJlreMbre K Marepr4araM Anr nonyqeHur BaKyyMnnorHblx coeAxnesNfi. Oco6essoc'ru rexHoJlorax I'I3ro-

ToBreHr.m KopnycoB VC sa ocHoBe MerzurJloB 14 creKroBrrAHbrx Marepr{anoB: creKor, cl4TtulJloB I,I KoMno3uquoHH6tx

MaTepl.rturoB.

Marepraalu onro3neKTpoHura. HsnyvarerlHbre csoficrsa rBepAbrx rex. H:nyuenue cBera B nonynpoBoAnurcax. lloly-
npoBoaHl4KlJ c nprr,loil u nenprvofi 3anpelueHHofi 30Hofi. Marepna.nrr nonynpoBoAH14KoBbrx cBeToAr,IoAoB, ra3epoB 1.,

Qo'ronprer,.rxNxoe. AxrueHure AHoneKrplixn (LiNbOr, LiTaO:, KTiOPO+), ux Qusrxo-xr.rMnqecKxe x onrrKo-
Qusuvecrrze ceoficrsa. I4x npnueHeHre B onro3JreKTpoHaKe. Marepuaru AJrfl [3roroBJreHr4r BoJroKoHHbrx ]r nraHap-
H brx oflTr.{qec Kr.tx BoJlHoBo.IloB.



Marepualst aKycro3neKTpoHnKu. llueroerercrpurn. flsegoareKTplrqecrue csoficrsa MoHoKplzcrurnoB u rel(crypl.tpo-
BaH H brx MarepuilnoB. CerHerosaercTptrKu.

HaHorrla'repuaau. CoepelreuHble rexHoJror[r{ecKae MeroAbr tpopruupoeauut HaHocrpyKTypr4poBaHH6rx MarepuilIoB.
MeroAst nurorpaQuu BbrcoKoro prupeureHurr. 3nurarcuarsHbre MeroA6I. 3lerrpoxartuqecKl4e MgroAbl. 3ols-relr
TexHororr4r. MeroAu MoneKynflpHoro HacJIaI4BaHLIt.

OpraHuuecrue MarepuaJrbr B 3neKTpoHHofi rexuure. OpraHuuecxue [onr,rMepHLre A].r3JIeKTpr,IKu. MeroAu nonyqeHrt
nonuMepoB peaKlurMa nonlrMepu3aur4H H norlrKoHAeHcar{av. Pa4rralseue u aoHHbIe npoueccbl. Tunrt opraHrue-
cKlrx norHMepoB, r{x crpoeHue x cBoficrBa. llpurraeuexue MerannoopraHr.rr{ecKux coeAunesuft (MOC) B M},rKpo3neK-

TpoHHKe. Tranrr MOC, MeroAsr cl{HTe3a h pa3noxeHar MerannopraHnr{ecKrx coeAusenufi. llpuueHeuue Mer€ulnoopra-
H14qecKux coeAuuegufi Ant nonyqeHar r{},rcrbrx MeraJlJloB, A}igneKTpHqecKxx nJreHoK, flonynpoBoAHr,rKoBbrx coeAuHe-
uuit.

HeopnauuuecKne creKJroBlraHbre ArrgJreKTpl4rc4 B elerrpouHofi TexHr{Ke H B Mr4Kpo3neKTpoHr4Ke. Tpe6oeauur K AugJreK-

Tpr4KaM pa3nilqHoro Ha3Hase*z; u o6lacru r4x npuMeHeHl.rr: noAlo)KKlr, Marepuafl6] Aar 6ecxopnycxofr sarqurrt, nac-

cuBartr4u, repMeru3aunn HC, uexcnofteofi u Me)KKoMnoHeurHofi asorqqunI4.C, TpexMepHbrx crpyKTyp, crpyKTyp
<rpeuHufi Ha h3onsrope), a3olrflrlua gneKrpoAoB nrBoprBpraHbrx HHAr,rKaropxrrx naxeaei,3reMeHToB HurerpaasHofi
onTr.rKH l,I aKycro3Jre KrpoHrrKX.

Coepxnponoa,rulrre Marepnalsr. Kpncraruuqecxar crpyKrypa il H3orunuqecrufi aSQerr. 3QQercr,{xo:eQcona. Brtco-
r(oreMneparypHbre KepaMUqecKile cBepxnpoBoAHuxa. TexHoaorar n3roroBJreeUr.

@orope:rcrur. Onpe4ereHue n rcnaccrQrrKaqxfl. Tpe6oeaern r Qoropesucrarra. Paspeuranuraq cnoco6Hocr6 14 xrlMr.rqe-

craq crofirocrr. OcHosHsre Qoro'rexxuuecKrie xapaKTepucrl,rKH Qoropesrcrog. IloszrreHsle ,r HerarHBHsre rforopesu-
cru. @oroxuMuqecKr{e peaKufir4 B npoqecce Qo'rolr.rronpaQrar.r. Ma'repaaJr6r, acnoJlb3yeMbre Ant npoa3BoAcrea Qoro-
pe3ucroB r,r npoBeAeHur npoqeccoB nrrrorpaQlrr4. 3nerrponope3lrcrlr x peHTreHope3uc'rrr. llx xapaKTep/crlru. Tex-
HOJlOrnr npoH3BoAcTBa.

I,IcxoaHue BeruecrBa, Hcnonb3yeMbre Ans npoa3BoAcrBa MoHoKpncrannoB t,r nJreHoK. Oco6o qHcrbre SJIeMeHTbr x Mare-
puanbr, r,rx ponb B coBpeMeHHofi rexuure. Ilonsrue o qucrore BeulecrBa, MeroAlr onpeAeneHar fi oueHKa qxcro'u (Dn-

3HKo-xHMHqecKHe ocHoBbr nny6oxofi oqucrKa BeqecrB. IIoHqrr4e o roeQQaureHTe pa3aeneHvfl Apacflpe1eleuus. Me-
ToAbr oqhcrKr,r. 3oHHaq oqr4crKa. Cy6nurr,raunr. Perra$uraqur. Xpona'rorpaQxeecKar o'{r4crKa. 3xc'rpaxrlrzr, 3rex-
TponH3. Mero.(u nonyqeHHr ruAprAoB, xnoplrAoB Mer(urJroB h MeruuropraHlqecKl,Ix coeAuneHu[.

3. @usnqecKue ocHoBbr rrpu6opoB 3JreKTpoHHoft TexHrrKr.l

Csoicrea p-n nepexoAa. Kilngrfiqecrlae flBrenur, B nonynpoBoAHr,rKax. 3rex'rpo- H TennonpoBoAHocrb nonynpoBoAHli-
xos. PaccerHae uocurereil 3ap,rAa. 3SSext Xonna. MarHeroconporrrBreHrre. [u$Sy:ar uocurerefi r,r npur',receil.

Heesrnprurnlouxe KoHTaK'rsr. Pa6ora BblxoAa. 3n,ruccas 3neKTpoHoB. Teprvro-3[C. 3$Qexr flersrse.

@ug[.]ecrcrre ocHoBEr pa6or6r ocHoBHbrx rilnoB noJrynpoBoAHr.lKoBLrx npa6opor: Ar.roAoB, 6znonpHsrx u noJreBbrx

TpaH3ucropoB, Tr4pHcropoB, AHoAoB faHHa.

flsre+ur oepeHoca B TBepAbrx reJrax, KoHTaKTHble rBJreHurr B nonylpoBoAHuKax, KoHTaKT MgraJrJr-rroJly[poBoAHr.rK ].i

MeruJr-Al.r3neKTpl.rK-nonynpoBoAaLrK (MAII), 3reKrpouuo-Arrpo.rusri nepexoa, l43orunH6re fi aHl,r3oranHbre rere-
poflepexoAbr; nonynpoBoAHr.rKoBbre Auoabr, 6unorrpuue rpaH3ucropbr, Tripl.rcropbr, M,{ll-rpaHsr.rcropbl, noJreBbre

TpaH3UCTOpbr C ynpaBrrorquM nepexoAoM.

,{nuxeune 3aprxeHH6rx qacruu B gneKTpnqecKoM u ManHr.rrHoM nonrx; TpaeKTopr.rr ABHxeHr.rr qacrrlu s rolr6uxnpo-
BaHHbrx noJrrx. 3rercrponaryyMHbre n rmopa3prAHsre npu6opu: npneMHo-ycnJlrrerbHbre JraMn6l, npa6opur CB9, r[o-
ToyMHoxurer14, ryqeBbre npn6opu, 3neKTpoHHo-onrl,rqecKue rpeo6pa3oBarenr.r, Fa3opa3pr4usre npa6opsr.

ltlcroqsurcu n3ryqeHilr. @ugaqecrcre ocHoBEr pa6orbr na3epoB. lasosrre fi TBepaorenbHbre na3epbr. flonynpoeoAnrrco-
Bbfe cBeroAxoabr H n€Bepbr. Knaco.rr[nrauvtfl h nplaHutrn pa6oru. llonynporoaHaKoB;re na3epLr Ha nsreponepexoAax.
TexHotronzs r,r3roroBreg uq.



Onrilqecrlre BoJrHoBoAbr. Ilprauqnnrr KaHiLnilpoBaHHr r43ry'reHun. Boaoroussre, uaHapHble h KaHarbHbre BorHoBoAbr.

OcHoeHr,re KoMnoHeHTbr cncreM onrNqecxofi cBr3r4 co cneKTptursHsrM ynrorHeHl,reM. Onrx.recxl'z.e ycunvrenv. Vure-
rpanbHo-onTI,IqecKHe 3JIeMeHTbl.

Cnoco6st ynpaBneHut onraqecKllM l.I3nyrIeHLIeM. 3aerrpoonruqecKue oQSerT rr, Qotoynpynafi e$$err, MafHlrroonru-
qecrcafi eSQexr. llprnqrnu uelnHefiHoi onrr4Ka. flpeo6paeoraHue qacrorLr onrr4qecKoro n3ry.<e*lafl B BoJrHoBoAHLrx

crpyKrypax.

flseroeQQerr. OcHosHsre npr4HqHnbr aKycro3neKTpoHl.rKr4. Ilpaxrlan pa6or6r nbe3o3neKTpl4r{ecKux pe3oHaropoB 14 Mo-
HoJTHTH brx nbe3ogJreKTpr'rqecKax Qrrrrpoe.

llpu6opu c sapsAoeofi cBt3bto. @u:ara pa6orrr. O6lacrt,t npuMeHeHLIt.

Oo'roolexrpoHurre npa6opu, OoronpueMHuKl{ l,r corHer{Hbre 6arapeu. flolynpoeo4HuKoBbre rporonpzenrHz Kr.r, nory-
npoBoAHHKOBbre,uarqilKr.r, ceHcopHbre ycrpoficrBa r{ npeobpa3oBarelu. flpuurlunbr AeficrBrrr l{ xapaKTepacrilK4.

Knau'roao-pasMepHbre e$Qexrsr B nonynpoBoAHr.rKoBbrx H Afi3AeKTpxqecKhx HaHoKpacraJlJrax, v1x BrrlrflHz'e Ha oflTaqe-
crue ceoficrga (lrouunecueH\AA, norJlorueHHe, SoHouHrre cneKTpbl, ABynyqenpenouaeune). On'roerexrpoHHbre npu-
6oprr ua ocHoBe HaHocrpyKTypl.rpoBaHHblx nonynpoBoAHzxoe (rceaH'roBbre roqKr4 n uuru). @orosuue Kpncrannsr.

3reuenrsr Mr,rKpocacreMHoi TexHr.rKrl. MuxpouexaHaqecKue ceHcopbr. MexaHn.{ecrfie KoHcrpyKrlr.u{: o6beMHbre,

meu6pauHue,6aaouxrre, crpyHHbre. Bra4u npeo6puBoBarelefi: nbe3ogJreKTpHqecKue, TeH3ope3xcrl4BHbre, eMKocrHbre.

.{arvurcn Ha ocHoBe MUKpoMexaHuqecKrx npeo6pa3oBarerefi: AasaeHufl)paaxopLa, nyascauNft, cMerueHUq, cr4Jrbr, ycKo-
peHur, KpeHa, MuKporHpocKonbl, MHKpo$ourr. MnxpoMexaHur{ecKhe npr,rBoAbr ABT.r>KeHt,lr: nbe3o3nercrpuqecKne, eM-
KocrHbte, TepMoMexaHHqecKae, gneKTpoMarHHTHbte, nHeBMaruqecKHe aKTrcaroput. Ycrpoficrea Mr.tKpocMer(eHnr,
Ml,n(pono3l.{ul,roH},rpoBaHur r., M14Kpo3axBara. Marcpo- r HaHoMaHrnynrrrop6r.

4. TexHo.norr{fl noJryq eHu r crpyKTyp Mr{ Kpo3JreKTpoH r{ Kr{

MeroAur 3nHTaKcHlr KpeMHHr r4s ra3oeofi rpa:rr. JlenrpoBa+ne h aBTonerupoBaHue. Oco6eHHocrH BbrparuuBaHr.r'R

crpyloyp co cKpblrbrMH c.norMl.i. fa:o$asHan 3nHTaKcr4r. Xroplr4Hsrft, xnopHAHo-r'nApHAHbrfi a MOC-nr4phAurrft Me-

roAu. XuAxocrHar snHTaKcHq a o6racra ee npr4MeHenus. Mexana3M Kpncrirnnu3aquhLt3 pacrBopa n pacnlane (Da:o-

Boe paBHoBecue. PaeuoeecHar il HepaBHoBecHar Kpl.rcrrulrx3auna. Koe<[QuqueHr pacnpeAeJreHufl nprueceil. Morexy-
nfl pHo-nyqeBar 3nnTaKcur.

Crpyxryprr qrx CB9-'rpaH3xcropoB, ArioAoB faxua u lllorT ra. Oco6eHnoctlr nonyqeHr.rq roHKr.rx cnoeB c 3aAaHHofi
HeoAHopoAHocrLro pacnpeAeJreHr., r npurvrecefi .

Crpyrcryprr co cKpbrrbrMH cJlorMH. flonyveHne crpyKTyp c .uugneKTpur.recKr.rMH H nonHKpucrarraqecKxM14 cnorMx.

lloryueuae crpyKryp <rcpevuHfi Ha rj3oJrrrope) (KHI4). MeroAsr QoprrrrzpoeaxunKHId crpyKryp. Meroasr npqMoro H

HenprMoro cpaurz,Baque Anr QopMr4poBaHl.{r crpyKTyp KHH. fny6orcan rrMnJraHTarIHr r.roHoB KucnopoAa n a3ora. Pac-
vvr rpe6yenrsrx Ao3 14 aueprrzfi. Orxrzr peKpucrannl.{3aqau }.{oHHo-r{MnnaHTxpoBaHHbrx crpyKTyp. ,{eSerrur B r4oHHo-

HMuaHTupoBaHHblx crpyxTypax KHI4. tDopruupoBaHl,re KHZ-crpyxryp MeroAoM oKl,rcJreHr4fl noprlcroro KpeMHlrr.
Texroaoras nonyr{eHur rerepocaoeB KpeMHHr na cant[Npe. Oco6esnoc'm nonyqeHr-n rz enexrpoQrwiqecKue ceoicrsa
CJIOCB.

Crpyrrypur nonynpoBoAH14K-An3neKrpHr. MeroAsr nonyqeHlr a ocHoBHbre 3neKrpo0r43rrqecKre csofic'rsa crpyroyp
AvgreKTpHK-repnaxuil. Crpyxrypsr Ar43neKTpuK - aHTr.{MoHr,rA uHg.uA. TexHororaq nonyqeHur crpyKTyp gneKTpoxu-

MHqecKHM oKHcJreHHeM. 3rerrpo$u:r.rqecKr.re csoficrsa crpyKTyp. OcuosHure uecra6urrsocrll l.r MeroAbr llx yMeH6-

trleH].rr. Crpyrryprr AHgneKTpHK-apceHHA rarrvtfl. Me'roAn nonyqeHur u snerrpor[u3aqecKr4e cBoficrBa. OceoaHrre
rpyAHocrH H3roToBJreHur cTpyKryp.

Crpyrrypor onro3neKTpoHprxn. TexHo.nornr nonyqeHr4r rerepocrpyKryp Anfl Jra3epoB r.r cBgroAr.roAoB. llnaHapHble Ll

KaHaJlbHble onrl.rqecKre BonHoBoAbr. Oco6eHsocru noryqeHhr ugorocrofiusx crpyKTyp. TexHoaorilq nonyqeHr4rl
crpyKryp AJn coJrHeqHbrx 6arapefi.

Ilpoqeccsr roJrcronJreHo,rHoft rexaororuu. llprroroBneHue nopo[r(oB a nacr Anr npoBoAHaKoB r.r pe3].rcropoB Ha oc-
HoBe naJrJlaAua, cepe6pa,3oJrora, pyreHUr, tapu4ufl, KaAMxr. flonyveHue pe3ucropoB Ha ocHoBe oKr.rcJroB peAKHx Me-



TaJtroB, 6opr.rAoe, rap6z4oa u HHTpaAoB. llpuroroueuue noporrJKoB t AugnelcrpzqecKl4x nacr Ha ocHoBe rI4TaHaroB

6apnr, rcaarqilA, Br4cuyra u Lp,

flpouecc uoHHoro pacnbrreHlrr Mareprr€rnoB. Oco6esuocru pacnbrneHl4t MeraJUtoB H AngnelcrpxKos. 3asncl.tNtocrb Ko-

estflrqraexroe pacnbrneHar purJruqHsrx Qarropou. 3aronouepuocrvyLareHvlfl Marepauura c pacnslnteMofi nonepxuo-

crg H oco6eHHocrg Hx r4cnoJlb3oBaH[q B TexHororuqecrax npoqeccax MuKpo3relcrpoHHot'o [pot43BoAcrBa. MoAenu-

poBaHHe npoueccoB pacnbrJleHHt.

IlpuureHenlre hoHHo-nra3MeHHbrx pacnbrJr{TenbHbrx cxcreM Ant HaHeceH}It u rpaBneHt'tR MarepuulnoB. @t4sl4xo-

TexHororaqecKue ocHoBbr npoueccoB ocaxAeHur nreHoK l.r TpaBneH]1fl MarepuanoB. MoAeal npoueccoB ocaxAeHHq x
TpaBneHnf MaTepl4anoB.

Meroarr HaHeceHHr roHKax nreHoK B BaKyyMe: BaKyyM-TepMuvecrcuft, TepMottoHHltd, e.nerrpoHno-lyueaoi, l4oHHo-

nraruessrrfi (c ncnonrroaanueM pa3prAoB Ha nocroflHHoM roKe (fIT), a'rarxe 89 rz CBH pa3ptAoB), c noMoulbro aB-

TOHON,TH6TX HOHHEIX l,tCTO'{HHKOB. MarUerpOHnrre pacn6tJIHTerbHEIe cucreMbl.

Ax.rusHsre HHAr{Karopbr. 3lerrpoHno-nyqeB6re rpy6r<r, cBerou3ryqatouhe AuoAbt, 3neKTpon}oMllHecueHTHbte, ra3o-

ptBpnAHbte HHAxKaropbl r.t Ap. flaccunHbte uHAr4Karopsr. Xr.r.qrcoxplcrannHqecKUe, 3JIeKTpoxpoMHbte I4HAuKaropbl,

uHAgKaropbt naPLZT- KepaMnxe H Ap. CpaBHr4TeJrbHbre xapaKTepucrr.rKr aKTnBH6IX u naccnBHbtx llHAlKaropoB. XNa-
l(oKpucrannnqecKue Marepu(urbr. OcHosHsre 3JleKTpoorrrlteecKue e$Qerrrr B )KHAKxx Kpl4crtulJrax.

HaHorexHonorna. ConpelreHHbte rexHoJroruqecKr{e MeroAbr $opulrpooanr,rt HaHocrpyKryp. flpoqeccu caMoopraHfi3a-

rrrrx a caMoQopMHpoBaHar B TexHororu[ HaHocrpyKryp. llpo6nerrau co3AaHI4t y[optAoqeHHblx HaHocrpyKrypnpoBaH-

Hbrx MareplaJros Ha 6oruxoil nlouraAa.

5. Merolu HccJreAoBaHnq MarepuaJloB Ir 3JreMeHToB

SJreKTpOHHOfi TeXHLIKU

MeroAsl u3MepeHnr 3neKTpuqecKax napaMerpoB norynpoBoAHl.rKoB. Zsttlepeuue noABllxHocru, yAenbHoro conporl,IB-

re1n , KoHqeHTpaulru xocurelefr, AoHopoB a aKuenropoB. Cnoco6sr u3MepeHI4t roJIU{xHbt gnnTaKcutulbHbtx cJIoeB.

Xaparc.repucrlrKr..t oAHopo.(Hocrt4 3JreKTp[qecKr4x csoficrs cJroeB Ha nnoulaAx a roJluIHHe. Me'roAsl onpeAeneH[t rrpo-

t[unn pacnpe4ere+ll.fl. nerapyrcufix nparvecei. l4errlepeHre ene]ffpo+u3aqecKHx flapaMerpoB crpyKryp An3neKrPl,tK-

nonynpoBoAHHK MeroAoM eonrrtlapaaultx xapaKTept4crl4 K.

MeroArr lrccJreAoBaHlrr peillbHofi crpyKrypbr KpncrannoB, onpeAeJleHlat tpa:oeoro cocraBa, flpeqh3fioHHoro tl3Mepe-

HHr napaMerpoB peuerKu. Me'roArr H3yqeHxr o6beMHbrx AeQeKroB. ,{rl$parqNr MeAreHHbtx gneKTpoHoB. O6parHoe
paccerHue xoHoB.

I4ccreAosaHue crpoeHhr noBepxHocrHbrx cJroeB MoHoKpacranroe. MeroA Bepra-Bapperra. OueHKa coBep[IeHcrBa
Kpl4crurnoB c noMorrlbro AByxr(pl.lcranbHoro cneKTpoMerpa. MeroArt npocBeqlrBaouqefi u craHapyroruefi elexrpoxxoil
MUKpOCKOnnI4 H npl4Mepbr ee ilcnoJlb3oBaHat.

OnrNqecrue MeroAll MerannorpaQuqecrr.ix uccneAoBaHai. Ha6nroAexze o6rerroe B nontpil3oBaHHoM cBere. Tono-
rpaQur noBepxHocru. Ha6nroAenae MHKpoAe$eKroB noBepxHocru gnl4raKcnturLHbtx cloen. IpuHunnbl AByxnyqeBofi il
MHononyqeBoi uHrepQepoMerpuu H Hx npilMeHeHHe. Bsrserenxe Al{cnoKauxfi tueroaott rpaBJreHxt. MexaHr.cv tpop-

N414pOBaHHfl f MOK TpaBneHI4t Ha AacJloKauHtx.

MeroAsr onpereneHUr xr4Mhr{ecKoro cocraBa. Xurranqecxne MeroAbr aHiurh3a: gKcrpaKll}lt, xpoMororpaQfit, noJltpo-

rpaQnr, noreHuHoMerpuq. O6revHsfii aHant3, fpannlrerpaa. Cnerrparrxrtfi aHaaus. Arouno-aAcop6quoHHrtfi axa-

afis. JhoNaraHucueuruui MeroA. Moaerylapuar cneKTpocKonar. 3aertpoHsrtfi napaMarHnTHrtfi pesouaac, r4epuuft
napaMarHr.rrHrrft pesoxaxc. Heirponxo-aKTriBaq[oHHrrfi auaaus. MeroA paAHoaKTxBHblx aHAuKaropoe, Oxe-
cneKTpocKonnr, peHTreHo-$nyopecqeHrsufi auaru:, ra3epnae a BTopHrrHo-uoHHaq Macc-cneKTpocKonut.

MsroAsr onpeAeneHHr aeQopMaunfi B crpyKTypax Mr,rKpo3neKTpoHI.iKtI. OnpeAeaeHre reH3opa AeQopMaunfi c noMo-

utbl,o AByKpucranbHofi peHrreHoBcKoi naQparroverpur4. flonrporpa$at. OnpeAereHue 4eQopruauufi no nporr-r6y

nracTuH.

Meroasr HccreAoBaHHr HaHocrpyKTyp. 3nercrponHae MaKpocKonnR. On'raxa 6auxsero nonr. TyuHelbHaq a aroMHo-

cr.rJroBarr M HKpocKon ut.



6. TexHorornfl u o6opylonaHue [polt3BoAcrBa urgenuil
3JI eKTpoH Hoft rexHlrrclr

CoepeueHusre reHAeHqilh prBBnrrrr rexHoJroruil CBVC u yEI4C. Hauorexnororug. OcHosHrte'rpe6oaauat rexHorto-
rur x parpa6arbrBaeMoMy rexloJloruqecror'.ry o6opyAoBaHrlo (TO), nanpaaneHl4q pa3Btrrz,sTO. MeroAu npoeKTxpo-

BaHxr rexHoJroruqecKoro o6opyaoeaHufl Anr noryqennr cy6tnrnrpoHH;lx l,I HaHopa3MepHblx crpytoyp. Cscrevurti
noAxoA x err6opy onruMaJrbHbrx rexHuqecKux peureuraft MeroAaMu MoAenHpoBaHNr tt QopnaanbHo 3Bpl,tcrl,rqecKoro

[poeKTupoBaHur.

Oco6ennocu npoeKTupoBaHr4r MHoroMoAynbHoro (raac'repuoro) o6opygouaxraq. Ctacrel4rt KoHTpont lr ynpaBneHl4t

npoqeccaMr.t o6pa6o'rxr B TexHoJroruqecxortr o6opyAoBaHuu HaHeceHilt l{ TpaBJIeHut MarepuaJtoB.

Ilpoerrr.rponaHne rpaHcfloprHoro H Manr,rnynruuonnoro o6opyaoBaHnr no Kpurep?ItM Ml,tHtlMtulbHofi npunHocuuoil
ge$ercruoc'ru. MurcpouexaHuKa ta MexarpoHuKa B cocraBe npeufi3xoHHoro o6opyaoeaHilt gneKTpoHHofi'rexHnxil. Me-
ToAbr npoeKThpoBaHHr BorcoKoHaAe)Kuono o6opyaoBaHrr Ha ocHoBe HcnoJrs3oBaHat He MexaHuqecKux cnoco6og ne-

peMelreHnr H opueHTaunH ns4ernit orHocareJrbHo rlcroqHHKa rexHoJroruqecroro eogAeficrBuq He coAep)Kaulnx nap

TpeHlrf: 3neKTphqecKHe H MarHurH6le nort, ynpyrl4e cunbl tl Ap.

llpo6nernlsr xovnlexcuoft aBToMarn3aqu[ [por43BoAcrBa Ha coBpeMeHHoM ypoBHe. TexHrrco-aroxonuqecrr,ti aHaJIn3

TexHoJroruqecKono 14 npon3BoAcrBeHHoro npouecca. 06rrae npltHqI4[LI aBToMara3aul,ru o6opyAonaxus. AsroN,laruqe-

cKHe JrHHHr.r B npox3BoAcree H:Aerr.{fi onercrpoHErofi TexHHKr.r (l,I3T). MEroAu onpeAeneHftr onrI4MaJIbHbrx napaMerpoB

tuunfi u KoMnJleKcoB B npolr3BoAcrse Z3T. O6ur.re cBeAeHor o6 ynparneHua TexHoJlonxqecKuMt4 npoueccault a o6o-
pyAoBaHtieM.3BM n nHrlopnrauuoHHo-ynpaBnrrourfie KoMnJreKcsr. fn6rue aBToMaru3xpoBaHHrre cncreMbr ynpaBne-

Hilr rexHororilqecKhMH npoueccaMl.{ h npoH3BoAcTBoM.

Cacreurnfi noAXoA K opraHx3awa coBpeMeHHoro flonynpoBoAHuKoBono npofi3BoAcrBa r.r paspa6orre TO. Marerr,ra-

TlrqecKoe MoAeJrnpoBaHr{e r4 cr4creMbr aBroMara3auun npoerffr,rpoeauua (CAIIP) xax ocuora co3AaHat urcoroe$tper-
THBHblx rexHl.rqecKux cacreM. MgroAu MareMarlr.recKoro MoAenupoBaHr,rfl o6rexros pa3nfiqHblx llepapxnqecKlrx
yponnefi. feolrerplr.recKoe MoAeJrupoBaHue u cncreM6r r(oMnrlorepHofi rpaQr.rxn.

MgroAororuq npoeKTlrpoBaHHr rexHrqecKax cucreM. OcHogHsre KoMnoHeHTLr r,r npoqeAypHat MoAeJIb npoeKTnpoBa-

uur. @oprr.ralu3an\hfl ocHoBH6rx flpo(eAyp npoeKTu poBanfi.q. OnrHN{anbHoe npoeKTnpoBaHr{e rexHnqecKux cltcreM.
MeroAsr onrHMu3auuil. flo[cxosrre MeroAbr MareMarr4qecKoro nporpaMMHpoBaHHt. O6qze MeroAsl MHoroKpurepl-
aluHofi onruMn3aqaa.

O6ecneqenue x noAAep)KaHle B qucrsrx noMeuleHarx cpeAsr c 3aAaHHbrMI.I napaMerpaMlr. flpo6nerua npnrHocltnofi
Ae$eKTHocrH npu npoH3Bolcree CEI4C. 3rcoloraqecrile acneKTbr cy6vxxpoanofi u xauotexHororl4r,I. MoAeru Brlxoaa
roAHbtx CEI4C. llpr.trunnur opFaHx3aqr{}l qacrbrx npou3BoAcrBeHHlrx noMerrlenafi. CosAaHUe cpeAcrB TexHoJIoFI4qe-

crofi eroronuu npu npou3BoAcrBe CBVC u yEI4C. Tpancnoptusre H 3alpy3ot{Hbre crcreMbr MHKpo3JreKrpounr<r (no-
ABH)KHbte pa6orsr, TyHenbHo-TpeKoBbre cncreMbr, cncreMbr co craHAaprHbrM MexaHllqecxnu nurepQeftcov (CMZ@).
Klacrepusrfi npuHuiln opraHa3aur4x nonynpoBoAHvKoBoro npolt3BoAcrBa.

O6pasosaune v pacnpocrpaueHae a3po3oJrbHbrx qacruu B TexHoflorur,.recxNx o6teltax MuKpo3JIeKTpoHHKI,r. Mexanugu
pa3pyueHHe rpyqaxcr noBepxHocrei H HHreHcaeHocrs reaepaurrfi 3arprl3Htlorlux qacrnu y3naMI.I TexHororaqecKoro
o6opyAoeaHur. llepeHoc r.r ta$Qy:r.rr a3po3oJrbHbrx qacrr4q B cpeae. Mo.4eruponaHre renronepeHoca B qacrrtx o6te-
Max MnKpogJteKTpoHHKH. @ttgr4rco - xHMr4qecKue acneKTbr no.ulera, ocaxAeHHt H yaepxaHafl agpo3on6H6rx qacruu Ha

noBepxHocTH nonynpoBoAHr4KoBbrx nJracTuH.

Cnoco6u $opur.rpooaru{r 3neKTpoHHLrx noroKoB pa:nauuoft r{HTeHcr,rBHoc'ru (snex'rpoHHbre nyrrrKr4 r.r npoxerropsr),
TpaHcnoprnpoBKa gJreKTpoHHoro noroKa n cnoco6sr orpaHr4qeHr4r ero nonepeqHLrx pruMepoB. Cncreurt perynupoBa-
Hr{r napaMerpoB nyqKa. YnpaeleHlre 3rercrpoHHlrMu noroKaMx. Srex'rpzuecrae u MarHI4THrte cnoco6rt ynpaBneHHt

nrorHocrblo 14 cKopocrsro 3neKTpoHoB. KgagucrauqecKile H AuHaMnqecKr.re cnoco6rr ynpaBneHr4s. flpurt,teprr HcrroJrr-

3oBaH nr e npr.r6opax eaxyy rvr Hol 3neKTpoHl,rKr4 h rexHoJrorfi qecron o6opyAoBaHr4 n.

flpeo6pa:osaHue 3Hepfnil 3reKTpoHHoro noroKa B Apynxe BfiAbr gHepnxu: cnoco6sr, ocHoBaHHbre Ha sgaal4oAefrcrazu
c BHe[rH].rMr.{ 3neKTpoMarHUTHLrM14 nomM14, gHepreruqecKnil oQQercr s:arr4oAeficreu.r; cnoco6u, ocHoBaHHbre Ha B3a-

HN.roAeficrezfi c rBepabrMn reraMu u crpyKTypaMr, eQQex'u egauNaoAeficrrlrr (rcaroAonrcMlrHuclleuqilt, KaroAoyctt-
neHre, peHTreHoBcKoe u3JryqeHfie, narpee). MeroAsr pacqera tt KoHcrpyliponaunr rfyHrquoHnllbHblx gJreMeHToB H cr{-



creM o6opy.qoBaHtar, HcnoJrb3y]ouero B TexHororuqecKux qeJlrx noroKu 3apt)KeHHbrx qacruu. MeT oart pacrtera u

l(o H crpyn po B aHue t4ero.tHvtron Qo prrr r.rpo BaH u t gneKTpoHH btx [r ]toHH bt x ny q Ko B.

MeroAsr oqncrKn acxoAHLrx MarepnanoB a crpyKTyp; o6opy4onauue, flpxMeateMoe Ant oqrlcrKl4.

Texnolonar r.r o6opy,aoeaHrre Anr BbrparuvBaHu^ MoHoKpl,rcra.nroe. Oco6eHHocrx KoHcrpyKTHBHofo srtnorHexuq TO
u ero ocHoBHbrx y3noB H ct4creM. Oco6esnocru BbrpaquBaHlrr h3 pacnnaBa 3neMeHTapHbrx nonynpoBoAHttxos. Onrlr-
MH3aqufl paBHoMepHot'o pacnpeAeJreHhr nerHpyroulux nphMecefi n rr.roHorpucriuJlax. TexHororlrq n o6opyaonanre
nonyqeHlrr nonynpoBoAHr4KoBoro KpeMHur H nepMaHur. BsrpaulneaHre MoHoKp[rcriunoB repMaHut ].I KpeMHur c co-
BepueHHoil c'rpyrcrypofi. Oco6eHHocrrz rexHoJronur4 nonynpoBoAHlrKoBbrx coeAuuesnft. MeroAsr KoHTpoJIt 14 cra6nnr-
3auHH napaMerpoB npoqecca BbrpaulrrBaHafl MoHoKpr,rcTaJrJroB, cr4cTeMa aBToMaTl.IqecKoro ynpaBneHlrfl npoueccoM.

Texsolornr r.r o6opyAoaaHlae ArA nonyqeHr4n roHKrix nJreHoK B BaKyyMe: BaKyyM-TepMilqecKoe I4cIIapeHHe,3neKTpoH-

Ho-Jryr{eBoe ilcnapega-fl, B;tcoKoqacrorHoe pacnblneHue Ar.r3JreKTpnKoB, llT N BI{ MafHerpoHHoe pacnolneHae, peaK-

THBHoe HoHHoe pacnbrreHae, OcaxAeHlre nJreHoK B nJruBMe H3 napora3oBrrx cueceil. Oco6eHuocru npoeKTapoBaHfit,
paaqera H MoAenupoBaHfir y3JroB 14 cr4creM TexHororuqecxoro o6opyAoBaHr,r.a HaHeceHtzr nJreHoK. MeroAst r.r o6opyao-
BaHl.te oca)KAeHUq nreHoK cJro]r(Horo cocTaBa, peaKTaBHoe pacnLlleHl4e MaTepuanoB.

TexHororag u o6opyAoBaHue Am nonyqeHnr 3nlt'rarcailrbHbrx croeo. flpanqanr4turbHbre cxeMbr npoBeAeHl{t gnnraK-

clrursHbrx npoueccoB. Ilporrlrrruleuusre MeroAbr gnuTarcarur6Horo HapaqllBarwA A BHAbt npl4MeHtevoro o6opyAora-
xar. 3nurarcAn npn noHH)KeHH6rx AaBreHHrx, MoreKynrpHo - nyqeBat 3nuraKcnt. Texuaqecxae rpe6oBaHllt, nperb-
rBrreMbfe K o6opyAoBaHnrc. Tunrr npoMEruJneHHbrx ycraHoBoK. Mero4sr KoHTponfl u cra6nnuza\HH napaMerpoB 3flx-
TaKcHarbHbrx npoueccoB. MarponpoueccopHoe ynpaBneHue npoueccaMlr 3nfiTaKc!{}.t. Mo4eluponaHHe pa6orbr 3nu-
TaKc[iulbHoro o6opyAoeaHr,rn. Alropuruu u nporpaMMbr pacqera fi MoAenhpoBaHue npouecca u ocHoBHblx 3reMeHToB

TO onNraxcun.

Texnorornq a o6opy4ooaHne Anr co3AaHaA p-n nepexoAoB. Meroarr noryqeHur p-l, nepexoAoB, nereponepexoAoB r,I

flepexoAoB MeraJrJr-noJrynpoBoAHr{K. IaQQysnoHubre MeroAbr nerprpoBaHus. Zosxoe nerapoBaHxe (uunnauraqaa).
O6opyaonaH ae Anrr npoueccos r.roH Ftofi I,IM nJIaHTaqHil.

OcHossr rexHoJronuH roHrarrHofi, Ayroeofi, xoloAuoE cBapKH unaitxu. MeroAsr nonyqeHur BaKyyMHonJrorubrx co-

eAuneHufi. Kreeerre coeAHHeHHr. MeroAsr KoHTponr repMernqHocm. O6opyaoBaHile AJrfl co3aaHr.rr uexcoeAuHeHufi tt

repMeru3auxH ForoBbrx nplr6opoo. flracrN{accosaq repMerr43arlnr nonynpoBoAHr4KoB6lx npu6opon, ZMC. Meroarr
naccnBaur.rlr u 3aurlrr6r nonynpoBoAHl,rKoBbrx npu6opoe N I4MC. Texuolorur 14 o6opyAoBaHr4e Lrr' nnacrMaccoBof
repveraraurar.r H3T.

MeroAu 14 TexHororuq orKarrKr.{ r.l rtBo3anoJrHeHur 3neKTpoBaKyyMHbrx H rtuopiBpqAHsrx nptt6opog. Otraqra yAane-

HHeM h cBr3orBaHHeM. KpuoreHHar orKaqKa. Barcyynauoe rexHoJrorhqecroe o6opyAoBaHlre Arq tfoprrrnpoaauus ocra-
roqHofi aaryyvuoi cpeAsr B 3JreKTpoHHbrx npa6opax.

Tepnoxr.rvr.ruecroe o6opyAoBaHUe B npolr3BoAcrBe 3neKTpoBaKyyMHbrx B nonynpoBoAHHKoBbrx npr.r6opoe. flpuuqrnrr
pacqeTa H npoeKrupoBaHnq.

3lerrporepnanqecKue ycrpoficrea l.i cucreN4br. llpuHunnrr pacqera u npoeKTlrpoBauar. O6opyaoBaHue AJrq nonyqeHfi-r

.ql.l$QyriloHFrbrx 14 Ar{3JreKTpxtrecKux cJloeB B TepMoneqax. Tpe6oeaHur npoueccoB qraQQysu}i, oK}rcJreH[r n ocaxae-
Hvrfl A3 napo-fa3oBLrx cr'recefi x TO. Oco6eHHocTH KoHcTpyrqnil rounoHeHToB: T epvone.reft, 3JreMeHToB ra3o-
BaKyyMHEfx cilcreM, ycrpoftcrB yrtrv3a\t4|t npoAyKToB pearqai u gp. Ocuoeu qH)r(eHepHoro pacqera ra3oBlrx cl.{-

crervr. AsroMaruqecKoe ynpaBneHue gaoSysaouHofi neqHo. Mo4erapoeaHile npoueccor r ycrpofrc'rB rroJryeeHur

4NtlQyeuoH Hblx [r{3neKrpH qecKux cJroeB.

MeroAu 14 o6opyAoBaHae rpaBneHar MaKpocrpyKTyp: lroHHoe, peaKTuBHoe aoHHoe u flJla3MoxxMuqecKoe c xcnoJrb3o-
BaHueM nocrorHHoro'rorca, BH ra CBH pa3prAoB. @usfixa npoueccoB, oco6eHuocru npoeKTnpoBaHr4r H MoAennpoBa-
Hur npoueccoB, y3JroB l.{ cncreM TO. Crcreruul c gneKTpoHHo-rtuKnorpoHHbrM pe3oHaHcov. Me'roAu aHil3orponHoro
rpaBneHhr nonynpoBoAHuxou (Bosh-npoqecc, ICP-npoqecc).

Texsororxs rz o6opyaoeaHne gneKTpoaDa3urrecKr4x 14 3neKTpoxl,rMr.rrrecKr.rx MeroAoB o6pa6orxlr. llpequsuounoe gJreK-

Tpo3po3r.roHHoe o6opyAonaHue Anr o6pa6orra Aerareft 3neKTpoHHbrx npz6opoe. YrrrpareyxoBoe o6opyAoBa+ue 
^reotrxcrKr4 noBepxHocrr., r.r o6pa6orru xpynKnx Marepr4anoB. O6opyAooanue 4r-r o6pa6orKn nyr{eM na3epa. TexHoaoruq

u o6opyAoraHHe 3neKTpoxl,t'luqecrco[ o6pa6orrcr.r.
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OcHosu npoeKrlrpoBaHar 14 pacr{era 3JreMeHToB r(BoBbrx cucreM. 3reueurut, ucnolb3yeMble B ra3oBllx cl{creMax rep-
Mr4rrecKlrx ycraHoBoK 14 ax raApoAr.rHaMilqecKue xapaKTepacruxu. Tnnst tt KoHcrpyKul{}'I perynupytouqefi n rourpolr-
uofi annaparypbl ra3oBbrx ckrcreM TepMr4qecKoro o6opyAoBaHar. Kouc'rpyxqfioHH6le Marepuulbt rtBoBEIx cucrelr. Oc-

HOBbr l,rHXeHepHOfO pacqeTa ra3oBbIX cucTeM.

KoxrpolrHo-r43Mepr.rrenbHoe H r.tcrrsrrarerbHoe o6opyaoranr.re. Coapeueuxbte npHHut{nbt aBToMarll3aqux rexHoJlorH-
qecKlrx npoueccoB H3MepeHxfl a KoHTpont B npouecce MHoroonepauuouuofr o6pa6orxr'r.

CoepeueHuoe aHaJu4TUqecKoe BaKyyMHoe o6opyAoBaHue. MeroArt noryqeHut BbtcoKoro BaKyyMa. BropnvHo-aoxHrte
Macc-cneKTpoMerpsr, Oxe-cnerrpoMerpbr, o6opyAoBaHae, {cnonb3y}oruee peHTneHoBcKoe u n?BepHoe l43nyqeHue.

JlrrorpaSuvecKae npoueccbt B npor3BoAcrBe flonynpoBoAHHKoBbIx npr6opoe. AHarrs roqHocrl4 lurorpaQr.rvecxoro
npoqecca n onpeAereHue rpe6ouanufi rc TO. ConocragurersHsrft alr.ar.ll,s npeaenbHLtx Bo3MoxHocrei npoueccos n TO
autorpaQta, ocHoBaHH6lx Ha npnMeaeHulr yas, pa$uolleroBoro, na3epHoro n peHTreHoBcxoro H3nyr{eHufi, elerrpoH-
Hbtx r.l HoHH6rx nyqKoB. Cxevsr npoueccoB npoeKTnpoBannr a QoprraupoBaHvtt I43o6pD(eHHfi Ha nJracrl4Hax B npolt3-

BOACTBe HHTefpanbHblx MHKpocxeM.

O6opyAouanrae onraqecrcofr nurorpaQuH (rexeparopsr uso6paxeuuil, Qotonoeropvrelr , ycraHoBKx coBMeuleHfit H

3KcnoHapoBaHr4r a .qp.). BrNqHue 4r,r$parcqxr.r ra a6eppaqui onrtjqecKldx cucreM Ha KaqecrBo a3o6pDKeHHt. MeroAsr

MauHHHoro pacqera BrAflHvrfl a6eppaufifi..flpe4urnouHsre cucreM6l KoopAuHarH6rx nepeMeqeHuft. Arropam,tbt 14 trpo-

FpaMMbr pacqeTa onTHqecKI,IX cxcTeM u cucTeM KoopAI,IHaTHbrx nepeMeqeHrt.

3nexrpoHnar aurorpaQaa. KlaccuQlrrcaurlr u npr4HunnuturbHbre cxeMbr 3nelcrpoHHo-JtyqeBblx H npoeKuuoHHblx ycra-

HoBoK 3JreKrposnoft rnrorpaQr.u,r. Blusnue piBrr4r{Hbrx r[ax'ropor Ha KaqecrBo H3o6paxeHat: a6eppaqufi, paccetHut
3JreKrpoHoB, eQ$exroa 6aasoc'ru I'r.4. KoxcrpyKur,rH, MeroAsr npoeKTLIpoBaHUfl, pacqera u MoAenl,tpoBaH[t ocHoBHbtx

yrnoe TO elexrponuofi luropnaQlrn: 3JreKTpoHHErx nyureK, cr4creM $opvrzpoeauxt, nepeHoca u orKJIoHeHht nyqKoB,

cilcreM coBMeuIeHHr, cr4creM nepeMeueHr4r 
'r 

no3auroHlipoBaHl4t nracrilH. Conpeueaxrte npo6leust h reHAeHuut4

pa3Bvt't]4fl TO enerrpoHHofi nurorpaQr.ru.

OcHoeHste npo6neMbr co3AaHufl r,r BHeApeHur peHTneHoBcKoro rltorpaSuqecKoro o6opyAoeaHuR. Coc'rae peHTreHo-

llrrorpaSuvecKoi ycraHoBKr.i. pacqer u MoAennpoBaHae ocHoBHbrx ee y3JIoB 14 napaMerpoB npouecca 3KcnoHHpoBa-

Hfiq. HcroqHr{Kl,r peHTreHoBcKoro r,BnyqeHul, ua6loru Ant peHTreHonurorpaQdu.

I,louHo-lyueear nllrorpa$r.r-r QlnD. HanpanleHnr pa3Btrrvr TO HJIJI u oco6esHocril co3AaHxt cucreM gKcnoHupo-

BaHHr KoJlJrHMnpoBaHHbrM zoHHbrM nyqKoM (I4lI), ocrpoe/Qorycraponaunstu I4lI fi cncreM MoAynbHofi tottHofi npoeK-
qru uso6paxeunr. KoHcrpyKur.tr4, cpaBHarenrHbre xapaKTepucnrKr4, MeroAlr paceera t,t MoAenI.IpoBaHrlt ocHoBHbIx

y3noB n chcreM TO I4JIJI: LtoHHbtx [tcroqHuKoB, orKJloHrroulux ]r cKaH].rpytoulr4x cucreM, ct{creM ycKopeHurt n Qoxy-
cHpoBKr.r.

OcHoeHsre rpe6onaunr rexHoJror[qecKux npoqeccoB cBapKH nnafiRvr r TO c6oprr.r MoHTaxa MaKpocxeM, KoHcrpyr-
THBHoe BblnoJrHeHr.re ycraHoBoK, ocHoBHbrx y3JroB a o,rcreM. Ilpr.rHqznrr pacqera lI npoeKTl.IpoBaHnt y3JIoB MoHTaxHo-

c6opouuoro o6opyAonaHua. Kpu'repr.ra noAo6u.fl cBapoqHbrx npoqeccoB LI ux npxMeHeHl4q npu npoeKTapoBauur.r o6o-
pyAoBaHI4t.

Asrovaru:auar MoHTaxHo-c6opovuoro o6opyAoBaHur Ml.rKpo3neKTpoHI4KII. AAanrugxste ocHoBbt ynpanneuur. Cr'r-

creM6r aBToMaruqecrofi opileHTauHH. As'roNaa'rugaur4r npoBonoqHoro MoHTDKa. AsroNaarugl.lpoBaHHoe o6opyAoBaHlle

naftrcn. flpunaeuexne npoMbrulneHHrrx po6oron B MoHTa)KHo-c6opovuoru o6opyAonaHnu. Cucrevrt aBToMarnqecKoro

ynpaBneHafl TO uonraxa yt c6opKx MI4KpocxeM.

OcHogHure BHA6I KoHTponbno-a3Mepr4TeJrsHbrx onepaqui Ha paBraqHLrx craAntx H3r'oroBJreHat nonynpoBoAHl4KoBbtx

npu6opoe H ura6roHos. Kox'rponr.rpyeMbre napaMerpbl, Mero,ubr a npr.r6oprr Hepmpyualoqero KoHTpoJIt.

TexHorora.recKile MxKpocHcreMbt. Korrrnoueurn rexHorornqecKux Ml.tKpocl{creM: M}rKpoKnanaHbt, MHKpoHacocbl,

Ml.rKpoAo3aropbt, Mr4KpocMecnreJru, Mr4r(pocenaparopbr, MnKporpaHcnoprepbr, M14KpopeaKroprr. Mlrxpo- il HaHo- HH-

crpyMeHT: MnKpocxBarbr, t\4HKpoHo)KH, Mt4KpocBepJra, Mr4Kpo3oHArr. KnactepHue rexHorornqecKue MuKpocucreM6t:

M 14 Kpoxl4 M u qecrcue ra6oparopna, yq acrKu rv r.rxpoc6opru, rr,t unuQa6puru.
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,{ono.nuureJrbHafl rlporPaMMa

KaHAIdAaTCKOTO 3K3aMeHa rlo npooI4nlo

05.27.06 ((TexHoJtorr{r rr obopyAoBaHr{e AJrfl rrpolr3BoAcrBa [oJIynpoBoAHItKoB' Mare-
prraJroB H rrpn6opoB sJIeKTpoHHofi TexHuK[D

ItO TCXHI4qECKI4M HAVKAM

1. Crpymypa rBepAbrx ren. BHAbr MexaroMHbrx cBr3efi. Tunrt Kpl,IcrannnqecKl4x pe[IeroK. I4H-

AeKCbr Mnuepa.
fl.srelfiIe rron H M opQ H3Ma. Ae$eKTbI Kp I,Icrannr{ec Ko fi p elxerKu.

2. 3onsax reopuq rBepAlrx ren. Te[noBble Kone6aHr.lt pelxerKu. <DoHoHbt. TelnoeMKocrb rBepAo-

fo reJla. TenronponoAHocTb. TenJIosoe paculHpeHne TBepAbIX TeJI.

3. 3osHar reopur rBepAbrx ren. SHepreruqecKufi cneKTp oneKTpoHoB B Kpl4cranne. SQtferrranuar
Macca 3nercrpoHa. Merallsr. ,{nelexrpnru. Co6creeHHbte 14 rlpt4MecHbIe rlony[poBoAHLIKI,I. flono-
xeHr4e ypoBHr (Depvr,r. PasHoeecHbre ri HepaBHoBecHbIe HocHTeJII{ B rlonynpoBoAHuKax.

4. SnerrporpoBoAHocrb rBepAbrx ren. IpefiQ eneKTpoHoB B 3neKTpltqecKoM ilone. SneKrponpo-
BoAHocrb BbrpoxAeHHoro lr HeBbrpo)KAeHHofo ra3a. 3aKoH BnAeuaHa-(DpaHqa. 3nerrpolpoBoA-
Hocrb MeraJrJroB 14 crrJraBoB. Co6crseuHafl vr npvMecHat greKTpo[poBoAHocrb nonyrrpoBoAHl4KoB.

3QSercr cr4JIbHoro norfl .

5. KornarrHble rBJreHns. Pa6ora BbrxoAa. KoHrarr AByx MerannoB. KoHTaKT MeraJlJl-

nonyrpoBoAHHK. KOHraxr AByx nonyrpoBoAHI4KOB.

6. flonynpoBoAHr4KoBbre npr46opH. lloresHe rpaH3lzcropu. BunolqpHble rpaH3l4cropbl.

7. TeprvroeneKTpr4qecKlre 14 faJrbBaHoMarHI,ITHbIe flBreHvIfl. StptfexrsI 3ee6exa, llelr.rle, ToivtcoHa,

Xorra, HepHcra, Srrnsrcray3eHa
8. TaepaoreJrbHar QoroenexrpoHr4Ka. Onruqecrne cBoficrBa rBepAbtx rel. llorlouleHue v ncfiyc-
KaHr4e cBera rBepAbrM reJroM. BHyrpeunr,rfi QoroeQSexr. @oronpoBoArlMocrb. llpu6opbl rBepAo-

rerssoft SoroenerrpoHnKn.
9. BaxyyrvrHsle QoroeleKTpoHHbre npH6opbr. @oroyuuoxt4Terv. SlercrpoHHo-onrnqecKfie rlpeo6-

piroBarenl4. [ererroprt uslyueHnfi .

10. flepcuerrnBbr pa3Br4Tr4r rexHo;rofr4r,r 3OlI ra npra6opoe HoqHoro BlaILeHlz.fl. Klaccz$uraqur
3OlI u IIHB. OcHoeHsre xapaKrepncrrzr<u 3Of[ 2 n 3 norcolesufi. 3ofl4 noKoJIeHI4t. OcHoeHste

rapaMerphr npn6opoe. Mero4nrca l43MepeHnt napaMerpos 3O|I

l.

2.

3.

5.

6.
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I l. @o'roxaro4sr. Mylsrnu-leror{Hbre KaroAbr. Ka'roAu c orpr.tqareJlbHblM cpoAcrBoM. TexHolo-
rr4r nonyqeHHr, cneqr4Qura excnlyara\t4t4, Bo3MoxHocru pacullpeHut c[eKtpanbHoro Auana3oHa.

12. MKII. llpuuqun pa6orsr MKII. TexHolorufl ronyqeHur. flapaverpu MKII n npo6leun,
cBt3aHHbre c I4x ynyquleHueM
13. JlrcuusucqeHuur. 3aroH Crorca. 3axos Baer.ulosa. Tunrt mouuuoQopon. JhorrauHI4cIIeHT-

Hbre 9KpaHH.

14. AlsrepuarvBHbre KoHcrpyKrrr,rn 3OlI n IIHB 4 norcoreHuq c rcrorb3oBaHueM fl3C ua'rpuq

15. Ocnoensle 3a1aut rexHr,rKl4 t,t rexHoJrorrara SOII Ha coBpeMeHHoM grarte. llepcnercruBHble

paspa6orxu e o6racrn rexHoJlofura SOfl
16. TexHolorlrr c6oprn 3On. CnepxnsrcoKoBaKyyMHaA rvtHus. cOoprua. TexHoaorlrqecKlte rpe-
6oeaHlrq r o6opyloeaHlllo. OcHosHrte oilepauuu Ha rvIHuvI c6opru 3OlI.
17. MeroAn noJryqeHprr cBepxBbrcoKoro BaKyynaa. Orrca.IHoe o6opyaoBaHue u cpeAcrBa I,I3Me-

peHr,rr CBB.
18. MeroAsr o[peAeneHlafl, xvrMkrqecKofo cocraBa. Cnerrpalrsstit ae'atus. ArotvlHo-

aAcop6uuouHnfi asalug. Jhovusucuesrusrfi MeroA. MonercylrpHaq cneKTpocKorlt{t. SlerrpoH-
usrfi napauarHnrHsrfi pe3oHaHc, r4epHsrft napaMarHnrustfi peroHanc. HefirpoHHo-aKTI.{BauuosHufi

aHarn3. MeroA paAHoaKTuBHblx nHAr{KaropoB, Oxe-cnerrpocKonnq, peHrreHo-tplyopecqeHruufi

aHarn3, na3epHar u BTopnrl Ho-lIoHHat Macc-crleKTpocKon I4t.

19. KeaHronopa3MepHbre crpyKTypbr. KeaHrosne f,Mbl. Cnepxpenrerxlr. KeaHroBble HLITI4 14

ToqKr4. Onrzqecrue ceoftcrsa KBaHToBbrx crpyKTyp. MeroArt I4ccneAoBaHllt HaHocrpyKTyp

20. MeroArr nonyqeHur MoHoKpncrrurruqecKux Marepr4anos. MeroArt Kpncrannu3auvtkt v3

pacnnaBoB. Mapxr,rponxa r4 ocHoBHHe ceoilcrea MoHo - 14 rlonuKpvcranrilqecKl,tx nony[poBoAHl4-

KOB.

21. OcHosHsre rexHoJtor[qecKne onepauhu I43roroBJIeHnsl4C. Jft,rrorpaQuq. 3nnrarct{.fl.

lra$Sy:nr. I,Ivnrauraqur.
22. Texsolorns roHKl4x rrJreHoK. MexaHngnrrr pocra roHKl4x nJIeHoK. MeroArt HaHeceHHt roH-

KIIX TIJIEHOK.

23. I4ouso-ua3MeHHar o6pa6orrca rroBepxHocra TBepAbrx rer. I,loHuoe rpaBneHhe. Karoguoe
pacnbrneHr,{e. llrasNaoxl4MI,IqecKafl o6pa6o'rrca .

24. Teopnr a,qcop6quoHHblx rpoqeccoB Jleurntrcpa. I'lsorepusl a.qcop6qnn.

25. @tt:ura BaKyyMa. Cnepxnncoxr,rfi earyyu. Mero4n nonyqeHl4t I4 KoHTpont CBB.
26. Mero4sr o6egraxusaHr,rr Marepr4aJroB. Tepnauvecroe, gJIeKTpoHHonyqeBoe o6esraxaBaHue.

I4ouHo-nra3MeHHat o6pa6orua.
27. Pons CBB B TexHoJrorhn oneKTpoHHsIX npn6opoe.
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flpanu.na BbtcraBJleHuq oueHKLt Ha gK3aMeHe

flpn SoprtrrapoBaHprH orIeHKu 3a gK3aMeH yqr4TbrBarorct rpl{ ocHoBHhIX Borlpoca 6uterau
AorroJrHr4TerbHhre Borrpocbl, $oprrayrupyeMbre He[ocpeAcrBeHHo B npoqecce orBera.

l. Oqeurca ornur{Ho - rrpaBl4nbHble r.{ noJlHste orBerbr Ha ocHoBHhIe 14 AorIonHI4TenbHbIe

BOrrpocbr

2. Oqesra xopono - npaBprnbHbre orBerbr Ha ocHoBHhre Bonpocbl. Henorurte I4nIr Herlpa-

Br4 JrbHbre oTBeTbI Ha AO nOJIHLITeJI bHble BO npOCbI

3. Oqesra yAoBnerBopr4TeJrbHo - HerrpaBr4nrHrrfi orser Ha oALIH I43 ocHoBHbIX BorlpocoB l4

H erro Jr Hbre orBeTbl Ha Ao rlon H I,ITeJIbHbIe BO npocbl
4. OqeHrca He yAoBnerBopr4TenbHo - HefipaBlrnsHsrft orser Ha ABa ocHoBHbIX Bonpoca

l4


