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l. I{elu Lrzaaav'v o(:BoeHrrr Arrcq[rrJrr{Hbr
{enr gucql{flJlttlHbl - tBJltercr reoperr{qecKas.pr [paKTr,rqecKar rroAroroBKa cnerllla;111croB

n o6nacru co3AaHlrt u coBeplrreHcrBoBaHIlfl gneKTpoHHbx rioMrroHeHT, r{HTefpiurbr{hD( cxeM r,r
ycrpoftcrn MI{Kpo- r4 HaHogneKTpoH}IKr{, [prlMerureMbD( B cocraBe coBpeMe]rHbD(
paAl{osJreKrpoHHbx qra(pponrx u arIaJIofoBbD( npu6opon; $oputrponanne y o6,yvaroqnxcx
npe4craueHnfi o (prl:ral:e rBeploro reJla, sHaHufi o Brr.qax v Ha3Har{eHrzrir snerrponuofi
KoMrIoHeHTHofi 6asrI coBpeMeHHbx I4 nepc[eKTI{BHbD( r.r3AeJrufi uurpo- r{ HarrogJreKrpoHrlKr,r,
rIoHLIMarrHrI Ha3HaqeHI'Ifl, nprlHllnnon pa6ornr, MaroMarrrqecri[x iuogelefr IIoJDmpoBoAHLIKoBbD(
npu6opon pa3rkIrrHbDK TrIroB u Apyfl4x oneKrpoHHbD( KoMrroHeHToB; (poprrazrponaHr,re y
o6yrarorqvlxcfl 3HaHI'Iit o npuHIILIrIax, MeroAax r{ cpeAcrBax [poeKT]rp oBaHHfl errexrpounoft
KoMrIoHeHTHoft 6asrt (3KE) coBpeMeHHbD( rI nepc[eKrrlBHbD( u:tgennfiMvKpo- rr HaHosJreKTpoHr{Kr..

3aAaqu yue6u ofi ArrcqnrrJrr{Hbr :

yrny6neunoe Ifif{eHLIe Srzsuru nonylpoBoAHt4KoB a s,JreKTpoHHbD( KoMnoHerr1oB;
ocBoeHr{ e Mr{Kpo cxeMoTexHr.rKr,r ;

lpaKTl,rqecKo e o cBo eHI,Ie rrHTefpanbHblx rexuolorrzfi ;
rl3f{eHlre cpeAcrB KoHTpont KaqecrBa r,r HaAe)KHocrr.r gneKTpoHHhrx npr,r6oporr;
o3HaKoMJIeHI{e c o6sopuo-o6o6rqarorlI4M MareprzanoM rro HoBbrM AocrrdxeHr.rsM B
o6nacrrn [epcrIeKTI{BHbx usgertuit orITogneKTpoHI{KLI, uIKycro3neKTpoHr4KI4,
HaHoeJreKrpoHr{Kr4 u npu6opoB Ha KBaHronrx s(f(fercrax.

2. Kouuereuqun o6y'rarcryerocq, {opuupyeMbre B p$yJrbrare ocBoeHuR gauuoii
AI,ICIIHUJIIIHbI
IIK-I: 3HaHI'Ie Sr'rsr'r'recr<ux ocHoB co3AaHr4fl H coBepmeHcrBoBaur{s cyq(scrByroqr4x

9JIeKTpoHHbx KoMrIoHeHT, rlHTefpaJlbHbrx cxeM LI ycrpoficre tdr,rKpo- r.r HaHogJreKTporl4Kr,r.

3. Crpyrcrypa u obnenr Ar{cqurrJrr{Hbr

4. Crlcrelra orleHuBaHrrfl
o opua 

''poMex 
yroqHoft arrecrarrrd]r - KaHArdAarcxuft srganrerr.

Heo6xolnrrablM ycJIoBLIeM AonycKa K gK3aMeHy sBns€rTcfl cralra KorrrpoJrbHo.ft pa6qrrr.
AcnupaHrrr cAalor eK3ilMeH n ycruofi Soprue no BonpocaM r,r3 lryHKTa 7.1. Bouiocbr Ha. gK3aMeHe
saAaer TIpHHI{MaIoqufi e|o [perloAaBareffi. SxsaNaeH rrpoxoi(r,rr B ycrHofi $oprrae, acnupaHTy
4aercs.45 rvmuyr Ha rro.qroroBKy K Bo[pocy.

Kpnrepun oqexrKrr pe3yJrbraroB KaH.qrrAarcKoro sK3iaMeHa :

Bz4 yve6Hofi pa6ornr Bcero qacoB

?Is Hux:
rlacrr ayAnropHofi padorrr (ncero):

Jla6oparopurre / rrparu{qecKr.re
3aHflTLrs. IIo Ilonrpylln aM
rlacrr BHeayArrropHofi pa6orrr,
BKJIIOqAfl CAMOCTOqTEJIbHVK)

Bul uponreNyrovnoft arrecrarlr,ru
(sa.rer, AHS. 3arrer, xan4u4arcxufi
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oqenxa (orrurrHo)) craBr{Tc.fi upr.r co6mo renkru cJreAyrorrlux ycnonz.ft :
- rpaMorHoe 14 npaBLIJIbHOe I{cnoJrBoBaHLre B oTBeTax TepM}rHOJrOMr{;
- 6esouz6orrHoe BJraAeHr4e KareropuiurbHhrM anrraparoM HayKr{;
- yMeHI{e o6osHarMrb ocHoBHbIe upo6nelru c(popnaynupoBaHubrx n 6vlerax Bo[pocoB;
- 6esomu6orrHoe :lHaHr.re lparruvecKoro Marep nura.
- r{cropr4orpa$uvecrue 3HaHr.rr B paMKax BorrpocoB 6unera;
- yMeHpIe cBfl3utrb orBer Ha Borlpoc c rerrloft AuccepTaqr,IoHuoro [ccJIeAoBaHr{r;
- JIOIIqHOCTb',gSg3ttOaTb OTBeTa.

oqenrca (xopolxo) craBr{Tcr npu co6nro.qenpru cneA}Torqux ycnonzft :

- fpaMoTHoe I{orroJlb3oBaHue B oTBeTax TepMr4Honofu[;
- upo6renanoe lr3 Jroxeuue c(f oprvryJrrlpoBaHuux s 6urerax BorrpocoB ;
- orAeJrbHbre ourz6ru nplr r.r3iroxenuu (f axrurrecKoto lMarepr,rana;
- yMeHI'Ie cBt3atTb orBer Ha Borlpoc c reuofi Ar4cceprar(rroHnoro r{ccJreAoBaHran;
- JIOrI4qHOCTb, rOBt3HOCTb OTBeTa.

O{enra (yAoBJrerBopr{TenbHo) craBraTcr 3a:
-: HeAo craroqHoe I{cnoJIb3 oBaHr,Ie B orBerax repMlzHon orurl ;
- HeAOCTaTOqH0 e BJIaAeHpIe KaTeIOp[anbHbrM &Ir[&pOTrCM HayKr{ ;- yMeHI'Ie o60sHa'rzrb roJIbKo oAHy r{3 upo6ueu, c(poprvrynupoBaHHbrx e 6urerax

BonpocoB;
- orura6xu npn rl3rroxeuuu (faxruqecKoro Marepr4aJra;
- HapyrreHr.re rorfiqHo cTu vr cBs3HO CTr,r OTBeTa.
Oqenxa (HeyAoBnerBoprrrenbHo) craBr,rr c . ga
- orcyrcrBr{e B orBerax ueo6xoArarr,roft reprrauuoJroftrr4;
- onI4careJIbHOe I'I3JIoxeHrIe c(foprvrynlrpoBaHHbrx B 6ruerax BonpocoB, HeyMeHr4e

o6osHa.{urb r,r r,r3Jroxurr npo6leurr;
- rpy6ue ournSxra rrpu r.r3Jroxeunu frarrraqecKoro Marepr.rana;
- HeyMeHI{e cBtt3aTb oTBer Ha Boflpoc c rerrloft AzccepT'arlr{oHHoro HcoJreAoBarrkr;
- HapyuleHr,Ie I,orpIqHocTI{, CBfl3HOCTI{ OTBeTa.

Kourponlu ax pa6 ot a or{eHr{B aerc.fi no cJreAyroqefi ruxa.rre :

2 (<ney4oBnerBopl,ITemno>) - 3aAaHrde He BbrrroJrrreHo; rrpr{ BbrroJrHeHrrr{ saraHls.
AorIyrIIeHbr cyuecrBeHurre o[ru6Kl4; orcyrcrnue o6rqeft.upeu,crdcreMbr, qacrr,rqHoe Br,rrroJrHeHr4e
3analjvfl.

3 (<y4onnerBopl'ITenbHo)) - BrIIIoJTHeHH e saraHns, c HecyrqecrBeHHbrMra I-2 omvlxauru.
4 (<xoporuo>) - nr,moJIHeHIiIe 6es oruu6oK B coorBercrBr,rr{ c 3a.rlaHr.reM.
5 (<ornr'IvHo)) - BbITIoJIHeHHe 6es omu6or, TBopqercKuft no4xo4, coAepxaHr.re mnpe

3AnaHI4s.

Ycronz.f, orleHrrBaHr4s ycrubx orBeroB :

Ouenxa (orJILIttHo)) BblcraBJltrercx o6y.raroqeMycr, r<oloprrfi Aaer rro.rrHbrfi, pennepuyrrrfi
orBer Ha nocraBlennrtfir Borrpoc, pacKpbrBaer Bce tro.ltoxrSrtlu reMbl; rloKi]3hrBater yMeHr.re
BbIAenI{Tb cyIrIecrBeHI:IhIe E He0yrqecrBeHHbre rrpr43HaKr{, npuqr.rHHo-cJreAcrBeHHbre cBfl3r{; B
orBere rIpocJIexI4BAe"tC . qeTKa,fl crpyKTypa, JrofnqecKa-f, [ocJreAoBareJGHOCTb, Oq]axarcqas
cylqHocrb pacKpblBael\{blx rloH.f,luit, reopnfi, lnreuufi; orner r{3JraraercJr nr{Tepi}rypHbr1,r r.r
TexHI4qecKH rpaMorHblM fl3bIKoM B HayrrHbrx repMr{Hat(. Kourponnnar pa6ctra cl\a1a
lperroAaBaTeJrro.

OqeHra (xopc)ruo) BblcraBJlserc.f, o6yuarorqeMycr, xoropufi Aaer ueuolnlrft, Ho
qacrl'IqHo pa:nepuyr:r,Ift orBer Ha nocrauesnrrfi Borrpoo; pacKpbrBaer Jrr{rrrb ocHoBgbre
rloiroxeHl{fi TeMbI; no'Ka3blBaer B HeKoropofi creneHl,I yMeHve BbrAeJrlarr cyqecrBeHHhre rr
HecyluecrBeHH6le rIpI43HaKLI, B OTAeJIbHbx cnyqarx Hapymarorcr npuqrrHHo-cJr€)llcrBeHHbre
cB-{3I{; B OTBere B ocHoBHOM rlpocnexvBaercfl qerKarr crpyKlrypa, He3HarrulteJrbHo Hrapyuaerctr
rofnqecKat rlocJleAoBareJlbHocrb, orpaxaroqas cylllHocrb pacKpblBaeMbrx noH{Tr,tii, reopufi,
aBJlenuft; orBer LBJlalaercs nl,ITeparypHbrM lr e 6omueft orerreHI,t TexHHrIecKrr ]lpaMorHbm
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t3bIKoM, B pequ AonycKaeTcs He3HaqI4TeJIbHoe oTKJIoHefILIe oT Hayquofi TepMr{HoJIOfr{u;
AOIIOJIHI'ITeJIbHbIe I{ yTOqHtIOUpIe BOIIpocbI IIpeIIOAaBaTeJrrr [pr,rBOAsT K rronHofi KoppeKrlr,rlr
orBera ooyuaeuoro. Il.onrponnuax pa6or a c AaHa rrpenoAaBar eJrro.

Oqeura (yAoBJIerBopIlTeJIbHo) BblcraBJrf,ercr o6yuarcqeMycr, roroprfi 4aer nenom6rfi
I'I Hepa3BepHyruft orBer Ha rlocraBJreunufi Bonpoc; pacKpbrBaer qacrprqHo nojroxeggr reMbr;
rloKa3blBaer He TIoJIHOo yMeHHe BbIAeJIr,rrb cyrqecrBeHHble r{ HecyuecrBeHHEre npr,r3HaKr{, uH:ofAa
Hapyualorct [pI4rII,IHHo-0JIe.[CTBeHHLTo CBfl3r,r; B OTBere rrpocJrexlrBaerctr He coBceM rrerKat
cTpyKTypa c AorIycTktMbIMI{ npo6elarvrn, HecKoJrbKo HapyulaeTc{ Jlot[qecra-rl
nocJleAoBareJlbHocrb, orpaxarcrqar cyrrlHocrb pacKpbrBaeMbr.K Ilouxrufi,,reopufi,ln*lnzfi; c]TBer
I'I3Jlaraerct npocrblMt rexHzqecKr,r rpaMoTHbrM s3hrKoM, B pequ upl{MeHgeT0fl HayrlHafl
TepMI{HOJIOTI{'; AOTIOJIHLITeJIbHbIe v yrorrHsro[u{e Borrpocbr [perroAaBarens ilpr{Bo.{rr K
qacru'IHoft KoppeKllua orBera o6yvaeuoro r.rJrr,r o6y.raetruil 4adr [oJrr{bre orBerbr Ha Apyrr{e
Borrpocbr Ar{crlr{nnr,rHr,r. Konrpo m,Has. pa1ota cra]Fla [perroAa Barenro.

Oqesra (<He yAoBjrerBopr,rrenbHo) BbrcraBJr{ercr o6y.rarorqeMycr, xoropufi Aaer
Henolnufr orBer, rlpeAcraBnxroulufi co6ofi pa3po3HeHHbre 3:aa:uzrfl, rro reMe Borrpoca c
cyqecrBeHHbIMI'I ouru6xarr,ru B o[peleJreHrrrx; B orBere rrpr4cyrcrByer Qpanvrr3nTapHocrb,
HeroruItlHocrb t43Jloxernux; o6yuarou\uftc ,He oco3Haer cBr3b;qaHHoro norrfl-1LrsrTeop21rr, {BJreHrrr
c ApyrI'IMI'I o6rexravn A[cIIunnuHbI; orcyrcrByror BbrBoAbr, KoHKperrz3 ugy1tr vtAoKa]areJrbHocrb
I43JIOXeHI{'; peqb HerlpaMoTHafl; ,{O[OnHLITeJIbHbIe H yTOtIHt]OIII4e BOnpOCbI lrpenoi[aBaTeJlr He
rIpI'IBoAtT K KoppeKIIt{I'I oTBeTa oOyuaerrloro He ToJIbKo Ha rlocTaeneuurrft Borrpos, Ho rr HaApyrue
BoIIpocbI ALIcUrIlnLIHrr, ml6o o6y-raroquficg orxaguBaercrr or orBera. 'IaKxe, ()IIeHKa ((He
yAoBJIerBopI'ITeJIbHo) BblcraBJltercx o6y.rarculeMycr He cAaBrrreMy KoHTponbuyro pa6ory unvt
cAaBlrreMy KoHTponbHyo pa6ory, Ho He orBeTIdBIIreMy Ha Bonpoc B coorBercrBtl4 c )rKa3aHHbrMrz
Kpr{Tepr,rrMr.r.

5. CogepxaHlre Ar{cqflrrJrrrHbr
5.1. Teuarnqecrcufi rrJraH AncurrrrJruHr,r

Ta6nuua2
J\b

nlt
IfaunreHonanlre

re*ruluttu
pa3AeJroB

O 6renr Arrc.qnrrJrr{rrbrt qac.
Bcero Bu4u ayAuropHofi pa6oru

(axaAeN,tIa.{ecKue .racH)
lfnrre
Br{Abr

KOIITAKT

rroft
pa6oru

Jlercquu Ilparcruvecrcue
3AHflTII'I

JIa6op:lropnrre,/
IIpaKTaqecKHc)

3AHfl'TI{g IIO

IIOATPYIITIAM
I 2 3 4 J 6 7

t{acos e 4
ceMecTpe

68 t6 t6 0 36

3rexrpouHax
KoMrroHeHTHas 6ixa

Mr.rKpo- pr

HaHO9neKTpOHr,r(J4,

KBAHTOBbIX

YcrPoficrB

68 16 t6 36

1 BeeAeHue. O6sopr

conpeueHuofi
gJreMeHTHoit 6assl
rnep4oremnoft
MHKpO- lr
HAHOSJIEKTPOHI,IKII

4 2 0

2 @Hsr,rKa

IIonynpoBoAHr.rKoB
4 2 2 0 0



J Cnequ(f uuecKrre)

$vsrauecxue
flBJTEHIdg.VI

KBAHTOB6IE

e(p(penmr n
Mirrropa3MepHbrx

TBeploTeJrbHbrx

crpyKrypax

4 2 0

4 Korunonenrrr ra

npra6opu
rnep4orenrnofi
Mr{Kpo- 14

HaHOSJIeKTpOHLI K:Ll

4 2 2 0 0

5 Mo4enzpoBaHr.re
(fusuuecxux
snneuuit.u
e$(fexron n

3JleMeHTaX MVKp,O- u
HAHO3JIEKTPOHI4KI,I

4 2 0 0

6 OcnoeH
rrpoeKTr.rpoBaIJI.zfl.

qu(pponrx CBI4C u
CIICTEM HA

Kpr{cTaJrJre

4 2 2 0 0

7 Paspa6orrca

TOnOJIOU4II lr
KOHCTpyKrlr.rlr

r4HTerpanbHbIX

Mr,rKpocxeM

4 2 2 0

8 I4cnstrauus.n
HaAexffiocTb

r,rs4enuft

rnepgorelrHofi
sneKTpoHHKr.r

4 2 2 0 0

9 Koncyntraqur
repel
KAHAI{AATCKI,IM

3K3AMEHOM

2 0 0 0 2

l0 KanAuAarcxufi
9K3AMEH

34 0 0 0 '.r4

lfroro qacoB 68 t6 T6 0 36

5.2. Co4eplr(anrre AucrlurrJrrrHbr rro reMaM

il.rranrr JreKrlr{oHgrrx santqrufi
Tenra l. Bnegeune. o6:op coBpeMenHofi e.rrepreHruoii dasrrrBepAoreJ6soii MrrKpo- u

HaHOSJreKTpoHHKrr.

rlolynponoAHl'IlKoBbre I4HTerpilIbHbIe cxeMhr. TpaHsvcropbr, Ar,roAEr Lr ApyrrEe 3,JreMeHTbr B
I'IHTefpanbHoM lIctIoJIHOHI{I'I. OyugarraeuraJlbHble npr{Hllrlrrrl I{HTerparl[u gJreIvreHToB Ha
rIJIacrI4He. flosreNaeHTHas I{3ontqtH. Kraccr.r(lraxaqrar Mr.ilKpocxeM VIC, EVIC, CBI4C IIo
KoHcrpyKrl'IBHo-rexHoJloruqecKoMy rIpI'IHqI4ny: MOII- u KMOII-I4C, 6nuolxpnrre (TTII-, OCJI-
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,I42Il- ?IC): EIa-KMOII; <xpettuuft-Ha-I43orlrrope) ((KpeMutnft-ua-caruf rape>)-I,IC, tliaAs-IzlC ua
TIoJIeBbIX rpaH3l{cropix c Oapreporra L[Iorrxra (I]TIX). Mnorc,cnofiutre (o6renauue) lnc.

Teua 2. Ou:urna rroJryrrpoBoAHrrKoB.
3oHHas reopl4jfi TtsepAoro rena. Co6crBeuHbre ]r rrpr{NrecHbre rroJrynpoBoAHr.r]s. OcHosrr

crarl'Icrl'Iqecxofi (pr'rsuxu, (fyuxqut paclpeAeJleHrrr KoHrIeHTparIr{a sJreKTporroB r.r AhrpoK B 3ogax.
BupoNgeHHbIe u HeFbIpoxAeHHbIe rloJrynpoBoAHrrKr{. Teopux perou{SznaqrEn lllor<nv-pu4a.
Kourarrnrte tBJIeHlIt B MI,IKpoeJreKrpoHHbrx crpyKryparK. Knaccz$r,rHaqr,rr KoHTaKToB B
MI'IKpooJIeKTpoHHhx orpyKTypax. 3fr{ercr [oJIr. 3neprerrzuecKa.s crpyrTypa KoHTiIKTHbrx rrap:MeraJrJr [oJIyrIpo.Bol[HI{K' clauuerpuunr,rft v acl4MMeTpr.rqHsrfi p-n-[epexoAbr, IVtOil-
crpyKrypbl. [uSSysltoHHaf, a 4peff(fonat cocraBJrsroque loKa B p-n-Hepexo4ax. OuuqecKr.re
KoHraKrbI. Snexrpoullo-AblpoqHblft (p-u) nepexo.q. Eaprepuaa u ausdlyslroHgitfl eMKocrb.
llpo6ofi p-n repexoAa : TerrJroBofi , JranrauHrrft , ryuuelur"rfi .

Tepra 3. Ko*rnoneHTBI ll upudopu rBepAore.urHofi Mr{Kpo- u rxaHo3JreKTpoHr{Krr.
ArrranHrre u [acol{BHbre sJIeMeHTEI l4HTerpaJrbHbx c}reM. Otnzqurenrnrre oco6eHHocrrz

srerdeHrHoft 6asrr MI{KpOSJIeKTpoHIIKLI. Bunorxpuue rparr3r,rcropbr [naHapHoro Tr.r[a.
Yurzuonxpurre rpaH3il{c'topbr rlJraHapHoro Trrrra. fhaHapno-ausfrysaorrHbre vt nnaHapHo-
srII4TaKcrIaJIbHbIe rpaH3l'Icropbl. CocranHrre TpaH3rlcrophr. ?Iurerpa-nrHr,re Ar4o,r[rr na 6ase
TpaH3l4cropoB rlnaHapHoro rI'IiIa. llurerpalrurre KoH.{eHcaropbr pr r{HTerpaJrr;H6re
corIporLIBJIeHVfl'. Axr:asHsre Lr [accI,IBHbIe [apa3rlTHble gJIeMeHTbI t4lrrerpanE,HbD( cxeM.
3xsueaneHrurre cxerMb.t gJIeMeHToB r.rHTerpanbHbrx cxoM. Anarorosrre u quQponnre
I{HTerpanbHbre cxeMbr,, Bznonrre roil4 qecKr,re cxeMbr.

Teua 4. Cnrlqusu'recKrre Su:r.rvecrcrae flBJreHr{ril Lr KBaH.ror}bre
MaJropa3MepHbrx TBepAOTeJrbHbrx cTpyKTypax.

er{r{enru B

o4uosnerrpoHl{Ka' KeaHronaul{e KynoHoBcnofi sueplrrr{ B Me3ocKorrrlqecKrzrK cgcreMax.
'flnneuue KyJIoHoBcKoft 6loragbl rrpn TyHHeJrr.{poBalrrrr qspe3 [epexoAbr rc uzurofi eMKocrbro.
O4uosnexrpoHHble rpaH3l'Icropbl u cxeMbr Ha rrx ocHoBe. KnauroeErfi e(f(fercr Xolna.
3Hepreru'recrcufi c[e](Tp uocurereft 3apflAa B MarHr{THoM rroJre. KnanronaHr,re xoJrJroBcKoro
coIIpOTI'IBneHI'Ifl AByMeplroro 3JIeKTpOHHOTO ra3a B MarHr4ltHoM rroJre. ,.{po6uuft HeaHronrrft
e0$err Xonna. Pasuepune KBaHroBaHIde B rerepocrpyKrypan. llpunaeprr .ipyotyp c pa3MepHo-
KBaHToBaHHbIM 3HeprroTI4q€cKI{M crIeKTpoM: KBaHToBbIe fMLI, KBaHToBLIe Ht4Tu 14 KBaHToBbIe
rotIKI{. Ceepxperuerrlt. llyuuenrlpoBaur4e Ha oArrHoqnoM 6a1xepe. finyx6aprepHar crpyKrypa.
Pesonanuro-ryHHenbll:ble AI,Io.4 rr rparulrcrop. 3frSexr jlxosescona. ilp.4.t*no."r" o6
sleuesruofi 6age KBaHToBbIX KoMnblorepax - xy6urax. Cnoficrna rcy6nra. )/npanneuue
enonroqueft xy6rara. 3ner,leurapHble oAHo-r<y6uronrre r.r 4nyx-xy6rrroBbre oir.puq", KaK ocHoBa
KBaHToBhIX errqplcrenMfi. llpe4craueHrle o npl,IHrlr{nax lmanronoft cBn3H Ha oAngoqHbrx
Sorouax.

Teua 5. Moge;rnpoBaHrre Qu:uvecnux qnreHufi n e$QenroB B 3JreMeHTarK MrrKpo- u
HaHO3JreKTpOHrrKH

Mo4enrapoBal/^v.Ie KaK ocHoBa rIpoeKTI,IpoBalus.upu6opon rBepAorenruoft, MprKI)o- 14 HaHo-
sneKTpoHuru' Oco6erlHocrll pa6orrt crpyrTyp MrrKpooncKTponHbrx K()MrroHeHroB. pacqerrr
xapaKTepI'IcrI'IK crpyKTyp MI4KpoSJIeKTpoHHbx KoMrroHer{ToB - AnrouaTr{:tHpoBaHHoe
npoeKTI4pOBaHI'Ie I'I MO,4eJiHpoBaHIre crpyKTyp SneKTpoHHbrx x:oMrroHeHTOB C rroMorrlbrro naKeroB
upu6opuo-TexHoJlorrlqtecKoro npoexTr,rpoBaHr.rr. Merogurn 11ocrpoeHr.rs $nszmecr<nx Lr
MareMarl4rlecKl{x naoAerefi. Aeyx- v rpexMepHoe MoAe,[npoBaHr,re. Ilpunepnr uo4eneff
TpaH3lzcropoB' sJIeMerIToB MI4KpocxeM. Clacreurr MoAeJrrdpoB alux u aBToMarpr3rrpoBaH[roro
rlpoeKrl4poBaP'us'. Tpausracropuufi e$$ercr. 3oHua-s Ar{arpaMMa rronyrpoBo4nzronofi itpyntypu,
c.4ByMs 6rusxo pacronoxeHHblMll p-n nepexo.qaMr{. Koe(fQrqu.", iu""r.nqrau. KoeSO"rIr*,
repeHoca nocrEreleft q:epe3 6asy. Koe$Srzqzeu:r ywrlreHtrfl. TpaH3r,rcropa. Tepuosrerirpr{qecKrre
tBJIeHI'It. Tpaucnoprurre flBlrenvIs. B Mtulopa3MepHbrx flonylpoBoArrrdKoBbrx crpyprypax.
lloresrre rpaH3l{cropbl c BblcoKofi no4euNHocrbro oneKTpouon 6tnVf';. Jfereponepexo4urrfi
6uuonrpuuft rpauoacrop.

Teua 6. ocnonu rpoeKTl{poBanr.Ifl qnsponsrx CEI4.C u crrcreNr Ha KprrcrrilJrJre
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o6rqre cBeAeHVs o rpoeKrrlpoBaHall qu(pponux CEI4C, cpeAcrBa aBToMarr.r3arlrrr4
npoeKrl'IpoBaEvIfl' ourosHrre crparefl{I{ [poeKTr,rpoBalnfl. qusponrx CBI4C. ConperraeHuarMeroAonorl{t aBToMiITI43rIpoBaHHoro [poeKTI4poBaHLrs. el,errpouuofi r<orunoHenrnofr 6asrr.Mapnrpyr rpoeKTlrprJBa'Lrfl, (cBepxy_-B'r,r3)) 14 <*rrE:y-nn,epi>. vponum a6crpaKqun np'npoeKrl{poBaEvIv qu(pponrx CBI4C. flone4en.recr<oe ouracau"e pa6oru ycrpofrcrna.(Dngu'Iecxoe, JlorrlqgoKoe, cxeMorexHl4rrecKoe LI crlcreMHoe [poeKTr.rtr]oBaHr,re. Hopnaarrannaa
AoKyMeHTaIIH{' co3AzlBaeMas' B Ilpoqecce npoeKTIIpoBaHI4t 3KB. Ma:rel4raTr{qecK4e MoAeJIrr,
rlcroJlByeMbre AJIfl utrncaHvlfl pa3rr4qHbx yponneft a6crpaxqrElr qu(fpoeoii QEI,IC, I{r.rsponofi
BeHrIltJIb, I'IHBeprop. Jlorra'recxue cxeMbl Ha KMOll-rpan3r{cropax. Ko1r6uuu',o"nra 14
locJleAoBareJlbHhre cxeMbl. Yupoqeuurrft nrapurpyr rlpoeKTrapoBanr,rr coBpeMeHHrui qusponrx
CBI4C. Mepn KarlecuBa pa^:pa6orxn qulpponu* csizc. llapauerpu, ot,rrr"r1npyeMbre npu
rIpoeKTI'IpoBaHtrv CEI4C' I4croquuxz ttrylula n CBITIC, BJrr{rrHr.re [ryMa na qusporaHe CnIrIC.
llporpaulal4pyeMble Marp]I'I{hr rornrrecKnx oJreMenTon (IInHC). Cucrerrar,r Ha KprrcraJrne.

Tenra 7. Pa:pa6orKa ro[oJr o'.'r*r Lr KoHcrpyKrluv [r]rrerpaJrr,H*rx Mr{Kpoc)KeM
cucrenarr aBTOM€trI43I'IpoBaHHoro [poeKTlrpoBaHr,r.rr rorroJrorrru u'TerpaJlr,lrbrx cxeM.

Ilnauapnax rexHoJrorltr * o6u1ax cxeMa rexrpoqecca. Paspa6iorKa rrpoqeccoe Qororrurorpa$uanpl{ npoI43BoAcrBe HaHopa3MepHbIX [onylpoBoAHt4KoBbrx rrpz6opon r4 r,rHTerpan];Hbx c.KeM.@oronra6lousr rnfl npoexquonuofi Qoronrzrorp a$uu vr lrx r.r3roroBrreHrre. fu1pugnax
TexHoJlofur' Mzr<poc6opxn tr EI4C Ha [oAJIoxKax. Mo4ynupotsar{Hoe JrerrrrpoBaHr,re.
Musuuanrnrrfi rononoru'recxufi pa3Mep (MTP) - ocHoBgoii uorcagarenb ypoBHr rexuoJron{r.r.
creneur HHTerpaquuLrc.,{uuaIr'rura MTP u crerreHrr r.rHTerparluu. or,rsuqecKrre orpaHnl{eilvr'.
MI4HI'IarIopu3aL\Hu. C'rpymyprr sJIeMeHToB nonyrpoBoAHuKoBbrx VIC. .Mero4rr rr3oJrrqr4r,rgJIeMeHToB' Texuonorut crpyKTyp <r<peunaft Ha r43oJrflTope>. Crpyxrypavcsoficrna oneMerrroBuC' .{e$exru MI4KpocxeM, cBfl3aHHble c (foronurorpa(rn.re"nr*i npoqeccaMr,r C6opra
nony[poBo,4HI4KoBbIX npz6opon rI rlHTerpanbHbrx MI{KpocxeM. Kopuyca .tooyrrpour.{Ht4KoBhrx
npu6opon I4 LIHrerpaJrbHbIX MI'IKpocxeM. Mero4u ..pr"t".uqurz. Becxopnycgbre upu6oprr.
Mero4rr orBo.4a rerrJra B Mor{Hbrx [onylpoBoAHt4KoBhrx upa6opax.

Telra 8. lrcur'rrarlrkrfl, u HaAelr(Hocrr us4e.rufi TBepAoreJrruofi 3.rre6TpoHr{x:u
Ocuonnrre rloJloxeHzs., no*flTrrfl.I,I o[pereneHr.rr coBpeueHsofi Teropu14 HsAexHocrr4.

Crartrcru'recKHe MeroA.6I 0IIeHKLI vt lporHo3r.rp oBalns. norca:areneii HaAe;Kgocrr4 vr
AoJIroBeqHocrI'I. ouslrxa npuqlzH orKiBoB EonylpoBoAHr{rcoBhrx npu6opon u rur,rKpocxeM.
Karacrpo0lrqecKl'Ie (nnesanuue) v AerpaAarluoHHbre lnocreueuHrrr:) orxasrr, Mer64sr
BbuIBJIeHrIt rIoreHIII'IanbHo HeHaAexHbx npra6opon I{ Ml4Kpocxerr,r. Vcxoperrubre r,rcrrbrraHrrs r4
I'IMHTaIITIoHHbIe MeroAbI acrlblTaHuit.LIcnsrcaHrle rr3Aetuit ua ycroftuu.aocrb K nos.{eficrBuro
BHeIIIHHX Qarropon: MexaHI'IqecKI{x, KJrr{Marr{qecKr{x, pa.Er.rarl}roHHbDi, Bu4u ucnrrrasufr:
npr{eMocAaroqHbre, [epuoAuqecKr.re, KBaJrzSuraqnonurre.

ff.rranrr rtpamTuqecrurx s ausrufi
Tepra 1. Tunonrre 

'.put{eFleHl{s 
gneKTpoHHbrx KoMrroHeHToB 14'4HTerpaJrbrrbrx Mr.rKpooxeM.

Teua 2. PerueHHe 3aAaq goHuoft Teoput{ rBepAoro reJra.
Terua 3' Pacqeru cxeM,, co.4epxarllrlx KoMIroHeHTbr r.r npu6oprr, TBepAoreJrruoft iraraxpcl- u
HaHoSneKTpoHr{Kr4.

Teua 4. Pac'rerrt xapaKTepI,crI,II( crpyKTyp Mr{KpogneKTpoHHbrx KoMrrogerrroB.
Terua 5. I4ryveuze Maprrpyra Jrofr{qecKofo c}rHre3a Ha ocHoBe|IJIIIC.
Telra !' Moaenr'rpoBaHn'Ie @z:rauecrrax gsreHufi rE e$SercroB B r,rHTefpaJrbHbD{r rpaH3r4oropax.
Teua 7. Anronaau'I3l'IpoBalrHoe rlpoeKTr4poBaHr.re rzHTerpanbHblx cxeM pasrruuHoft crerreHr{
r.rHTefparlrrn.

Teua 8. I'IccneloBaHI'Ie KJITIMaTI{qecroft u MexaHr4qecroft ua4erNHocrrr Mr{Kpo- }r
HaHo gneKTpoHbrx us ge n;.uit.

O6pa:qrr cpeAcrB AJrfl npoBeAeHrrfl Tercyulero KolrrpoJrfl
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Oqenoquoe cpeAcrBo: KouTpoJrnuan pa6ora.
llpono4zrcx no reoperl{qecKoMy Marepr{any. ,{nx uo4roroBKr4 Heo6xogralro npopa6or:ars

JreKrIEro r{ rrpoqr.rTaTb per(oMeHAyeMyro Jrr,rTepaTypy no TeMe.

1.

2.
J.

4.
5.

6.

7.

8.

9.

10.

11.

12.

Tetrsr KoHTpoJrbHoft paL6orrr
Knaccu$ur<a\us, LIMC rlo KoucrpyrTopcKo-TexHororuqecKr{M rrpr,r3uaKaM r{ creregr,r
roroBHocrl,I K peaJrr{3arll4lr nonb3oBareJlbcK oit sala,*r.
c$opvynzpoBarr, ocgoBHbre roro)KeHr4s soHHofi Teopu[ TBepAoro reJla.
@raguqecxlze sB're*prs' Lr [poqecchr B MrrKpooJre*TpoH'bx crpyKTypax c rlo3]rrl1414
MrzKpogneKTpoHr4 Kr{.
Ponr xonraxrHbrx snreHufi B Mr{KpooneKTpoHHbx crpyKTypax.
Oragn.recxue lapaMerphr rrJreHoqHbrx crpyKTyp.
oco6euHocrl'I aKT'IaBHbIx H rlaccl,rBHbx gJreMeHToB LrHTerpaJlbHbrx cxeM.
Suepronorpe6neurae u 6rrcrpo4efi crnne KMOII rpaH3r.rcropHbrx crpyKryp.
flapauerpu u xapaKTepucrkrKtrrorfiqecKrzx greMeHToB, r.rHBepropon, neuruneft.
Cnoco6u oilvcalrrvrs. pa6oru uu$ponsx ycrpoft urn, ypoBgr.r orracaHr4:s.
Traur,r.rurrft rla KJr lrp o eKTr{p oB aHr{ s I4MC.
Ocuosrr pa:pa6orr<r{ TorroJrofuu r.r KoHcrpyKrlr{u I4MC.
IlpornosupoB aHI'Ie HaAexHocrr.r ras4erufi TBepAorenbnofi snexrpoHrl Kr.r.

6. V're6uo-MeroAnrreclcoe o6ecilerreHue I{ rlJraHrrpoBilHue caMocroqre.nrnroft pa6oru
o6yvarouluxcn

Ta1tuua3

(Doprranr CPC, nxnro.rar rpe6onaHprr K nb4roronxe

TrEuosrre npr,rMeHeHr4f, gneKTpoHHbrx

KOMIOHeHTOB ]I IIH:reIpiuIbHbIX

r{reHze o6.s:arenluofi u Aouonnureltnofi
nrrreparyprr. llpopa6oma lercqzfi .

Penrenue 3aAarr :lou:uoft Teoprl4 9reHrae o6sgareuluoft ra Aonorrur,rr:emriofi
Jrureparypu. llpopa6orra lexuufi .

Pac.rerrr cxeM, co.4epxarlux
KoMrroHeHTnr u npu6oprr,
TBepAorenbnoft naurpo- l.r

TIAHO3JICKTDOHPIKI,I

9reuue o6sgare:lrnoft yr Aono:nrrarenuloft
Jrr.rreparyprr. llpopa6or:rca tlenur,rfi .

Pacqerrr xapaKTeprr:crtrK crpyKTyp
Mr,rKpo9neKTpoHrIbIX KOMIIOHeHTOB

9reuue o6ssarernuoft u AornorIrrrzrelulofi
nr.rreparypbr. llpopa6orr<a lerqrzfi .

rlreuue o6sgarelrnoft r.r Aouormzrenmrofi
mareparypu. flpopa6orxa lex{ufi .

Tlsyueuue Maprrpyra roruqecKoro
cr{Hre3a Ha ocHoBe ilJII4C
MogenzpoBaHr{e $uruvecrux
sereHrft u s(p$erron n

rlreune o6rgaremuofi n AouorrHrarennir,cfi
Jrr{reparyprr. ll6ropa6orxa lexrlufi .

Anroua:rugprpoBaHnoe
rrpoeKTr.rpoBaHr,re r4HTerpaJrbHbIX
cxeM pa3Jrr,rqHofr creueHlr

r{renr.re o6.sga:rensHofi u Aononnu:relrrrofi
Jrr.rreparyptr. lltrropa6orxa ler<rplft .

lrlccne4onaufie KJll,rMarH.{ecxoft u
Mexaurrqecr<ofi gaAextuocrlr Mr4Kpo-

llrenue o6.f,sare.nruofi rz Aonor uure:rE:ofi
nlrreparypu. llp opa6orr<a nexqrzfi .
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r{reuue o6sgare.lnHofi u AorroJrHrrre.rrrnofi irrrreparypbr, rrpeAycuorpeuuoft pa6ouefi
lporpaMMofi 4ucqunlzHrr' KonrpoJlb - Ha rrpaKTzqecKux salflTvrflx n ycruofi Sopnre upz
o6cyx4eurar{ Teoper[qecKr{x BorrpocoB.

rrpopa6orna .uercqlrfi [peAnonaraer [pucyrcrBr4e o6yraeuoro Ha JroKrlr{oHrr,x 3aHflTr4rx
I'I KoHc[eKTI'IpoBaHI'Ie Marep]Iana. Kourpolr - Ha npaKTr4qecKr.rx 3alsruflxn ycr:uoii Soprrae upz
o6cyxgerurr,r reoperr{qecKr,rx BoupocoB.

7. IlpouexyroqHafl arrecrarlufl rro ArrcqurrJrrrHe

7.1 Oqeuovurre MareplraJrbl Arq rrpoBeAenrrs npoMelmyro.ruofi arrecrauurr 11o
AIICUUTIJII'HE

(Doprr,ra [poBeAeHr{r npoueNyrounofi aTTecTarlrrr{ _
rrpoBepKa sHaHHft. llponepxa 3HaHHr [poBoAr,rrc, ycrrro
[punaraeMoMy Hr4 ]Ke rrpr,rMepHoMy nepeqH]o BorrpocoB.

KonTponbHaq pa6ora, ycrHa{
e $oprrae co6ece;qonauur rro

Ilpuuepnrrfi uep e.renb BoupocoB AJrfl rrpoBeAeHrrn co6eceqonarulfi1. Crpyrrypa 3Heprerl'IvecKl{x sou. PeKold6unaqwx B rroJDmpoBoAHr,rKax c flp.rrMhrMr,r H
HerrprMbrMrr [epexoAaMrr.

2. BuuolxpHaa crpyxTypa c ronxoft 6a3oft. fpaHr,r.rnsre ycJroBr,rr. I4gveueHue Kor{rleHTparrgr4
r,r rrJrorHocrr4 ToKa BAoJrb 6a3H.

3. Tor<xonneKTopa6unolxpuororpaH3r.rcropa.
4. BAX Mon rpaH3rlcropa. ouz'recrcax (xpyrar) o6racm r,r o6nacu ycrrJreHr{n (uonorar).

Mogynxqur AJrr{HEr KaHaJra.

5. CroKosarnopHat xapaKTepl{crrlKa MOII rpaH3r,rcropa. Kpyrnsua. 3anrucranocrb Kpyru3Hbr
oT TOnOJrOflr[ ]r Harrp_fl]KeHHr Ha 3aTBOpe.

6. Bonrr-(fapah*as. xapaKTepl{crrlKa MOII rpaH3rzcropa rra Hr{3Krrx r{ BbrcoKr4x rracrorax.
7. flo4noporonas oltacrr MOII rpau3r4cropa.
8. BrIasHue TIOAJIOXKLI na BAX MOII rpaH3r{cropa. Bxo4uaa xapaKreprrc;,rfrrKa MO11

TpaH3r{cTopa.
9.,{nuanauuecxuecnoftcrsaMO|IrpaH3r,rcropa.

10 3(fQexru cy6rrauxpolluofi 4nranu u rxrrpuHbr KaHarra MOII rpag3r{cropa.
11. floporonoe HanpsxeHr{e MOII rpaH3ucropoB c rronilKpreMHr{eBbrM 3alBopoM.
12. 3lempoue3aBr.rcr.rMbre DJreMeHTbr rraMsrar.
13. @usHqecKlae v KoHcrpyKTI'IBHbIe orpaHzqeurrr lunefiHrx pa3MepoB gneMeHToB

MI'IKpocxeM. 3aroH uacura6upoBaHl,I{. (DyugarvreuriurbHh,re orpaHr,rqeHr4.f,.
(Dyunquour{poBaHr{e npra6opon.

14. Cnoco6u onr4ca:rrtrfl, pa6omt qu(fponsx ycrpoftcrn, ypoBHr{ orrr{caHr{s. Tunlrqsufi uprr<n
rrp o eKTr{p o Bauprs IrIM C.

_ Bo[pr)cbr AJrfl rroAroronKn K KaHArrAarcKoMy 3K3aMerny
oupe4eleuLre v orrl4rr[TerbHble qeprhr coBpeMeHHoft MHKpo- v HaHo3rteKTpoHr{Krr.
Kparrc aa u cropr4r p a3rlurr4fl Mr,rKp o gn eKTp oHraKr.r.
IlolyuponoAHrlKoBble Marepl'Ianbl. Cnssr Mex.qy xapatr:epucrr{KaMrr flonyflpo3roAgr.rKoBbrx
MaTepr.ranoB r,r [apirMeTpaMr.r r4HTerpaJrbHbx cxeM.
[aenerrpuKr.r r,r MeraJrJrhr B Mr{KposneKTpoHr{Ke.
Crarzcrura HocI'ITeJIefi sapr4on B noJnyrrpoBoAHr{KoBbD( Marepr{anax MriKposJrrsKTpoHr.rKr,r.
MoAenr r<osareHrnofi cB.a3rr B [oJlylpoBoAH]rKax. 3ounas gueprerkrqecr:atr MoAeJrb
[ony[poBoAHI'IKa' AI'ISneKTpI4Ka I'I MerilIna. MarenaarnqecKa.fl MoAenb gHeprerr4r{ecKr4x 3oH.
(Mo4em Kponura -- fleunu).
Crarr'Icrrara (Deprvru -,{uparca. fpa(fravecxoe npeAcraBJreHrre (pyur<qrzrE. Vponenr (Deplru.

L

2.

3.

4.

5.

6.
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7. Kouralcrurre tBJIeHI{t B Ml{KpooJrex.TpoHHbrx crpyKTypax. Knaccu(pr,rKauur: KoHTaKToB.
3ounrre gHeprerurrecKl,re MoAeJIH KontraKToB.

8. 3osnas gHepreruqecKafl crpyKTypa KoHTaKTa nonyrpoBoAnr{Kon pa3nnqHoro rr4na
rrpoBoAr{Mocrv. Curuuerprauusrft p-n nepexoA.

9. 3ousas sHeprerl4uecKat crpyKrypa tr)-n nepexoAa troA BHerrrHrrM greKTpuqegKr{M rroJreM.
?Iuxerqu.r r.r gKcrpaKrlr,rs HeocHoBHbrx Hoclrrelefi sapr:4a.

10. Kourarr [onylpoBoAHl{Ka c rplgneKTpr{KoM. 3ueprerrauecKaJr Ar.rarpaMMa Kor]:TaKTa.
1 1. Orull.recxlEe KoHTaKTbI B Mr,rKpooneKTpoHrrKe.
12. Arrrsurre oJIeMeHTbI MLIKposJIeKTpoHr,rKr..r. fhanapHaa crpyKTypa r{ eHeprerrrqecKaf,

3oHuar MoAenb 6unolxpnoro rpaH3ncropa.
13. LlurerpalrHble AI{oAbI. llnauapuax crpyKTypa H pa3HorBr{Auocrr.r r{HTerpiurbHbrx Ar,roAoB14. lllanapuax crpyKrypa 14 eHeprerr4qecKar 3oHHa-rr Mo.4e.rb MOII u MIII crpy6rypbr.
15. llaccnenrre 3JIeMeHTbI rIuTerpaJrbubrx cxeM: p$rrcrop6r, KoH.qeHcarophr r.r aHAyKTr4BHocrrr.
16. Ilapa:nrnrre gJreMenTbr B [HTerpanbr{bx cxeMax.
17. @usu'recKue ocHoBbI nlanapuoft TexHoJrorulr B Mprl(pooJrerTpoHr,rrce. KonqerrryarmHat

AllarpaMMa rexHoJltofl4l{ MLIKposneKTpoHHKr.r. Basoerre rexHonofr{qecKrle rpoqeccbr.
18. Hauecenue I4 rIpI{MeHeHIae roHKI4x rrJreHoK B TexuoJrofr{rr MLrKpooJreKlpoHlrKI{.
19, 3urztarcraanrnoe HaparqI,IBaHr,Ie ror{Kr,rx MoHoKprrcrarrrl,rqecKrzx rroJrynpo]BoAHl{KoBbrx

IIJIEHOK.

?0 Ponr au$Qy3l4oHHbx npoueccoB LI nefl{poBaHr{s [onyflpoBoAHr,rKoB B Mr.rKpoo.rreKrpoHrrKe.
2r. Meranrusaq'nr r{HTefpanbHbrx cxeM, ouoco6rr peann3arlrar4.
22. Kourpolt B MI{KpogneKTpoHLIKe. Knaccz$r.rKarlur r,r KparKair xapaKTelpucrr4Ka Bo3MoxHbrx

cuoco6os KoHTponfl TexHoJrorrdr{ecKux npoqeccoB.
23. TeHAeuIIVs pa3BllTrrf, MLIKposJreKTpoHr{Kr,r. ozgraqecrue or1pagvrrre14s.

MT4KpOMHHpTATIOpV3A\Lrkr.

24. oynxqzonaJlbHa-f, MlaKpogneKTpoHr.rKa KaK pasHoBr{AHocrfb rlraccu.recKofi
MI'IKpOSJIeKTpOHI.IKI4. OrnuqvrerbHble qeprbr $yHxquorranrHoft Mr4KpogneKTpgHr4gr.r

7 .2. Kpur epuu orleurrB aHrrfl ro*ruerenqr.rfi :

Ta6mua 4
Kapra KprrreprreB orIeHHBaHrrq Kondrrereuqnft

J\b

nln
Koa

I{ HaLIMeHOBaHI4e

KOMIIeTeHuH14

Oqeno.rurre
Marepr4anbr

l{pu:reprzu oqeHr,rBaHrrs

1 IIK-I: 3HaHrre

lpusu-recrnx ocHots

co3naHlIs. U
coBeprrreHcTBoBaHrrt

cyqecrByroIIII,Ix
SJreKTpOHHbIX

KOMIIOHeHT,

r{HTerpanbHbx cxeM
lr ycrpoftcrn MrrKpo-
r.r HaHosneKTpoHr.rKH

KOHTpOnbHtur

pa6ora, ycruat
rrpoBepKa

suaHrafr

floporonsrft yponenr ocBoeHr{fl 01[[ (yaon"rr.):
3naer:

B HeKoropofi qacru r(JrroqeBb.re npueuu
pa:pa6orxr.r gneKTpoHHbrx Kc)MnoHeHT,
rrHTerpanbHbrx cxeM u ycrpoiicrn
Mr.rKpo - r.I HaHogJreKlpoHr,rKr,r ;
qacrr4qno Suau.recxue e(p$errru n
MaJropa3MepHbrx TBep.AOTenb Frbx
crpyKrypax u oco6e:nHocrrz odpa6olr<r,r
CLI|HaIIOB B LIHTeTpaJIbHbIX

sneKTlpr,rqecKrrx qen{x;
(pparrvrenrapHo sTarrbr
TexHoJrotr{qecKolo qr{KJra co3naHllls
r4HTerpanbHbx cxeM,, HeKOTOlpbre

TOrIOI On{rIecKIIe HOpMbI I,I Ory)aHLIrIeHI,It.
Ynaeer:
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Bbr[orHsTb MoAeJrr,rpoBaHr.re pa6oTbr
ocHoBHbrx SJTeMeHTOB TBrSp.4OTeJrbHoft

9JreKTpoHr.rKr,r;

aHaJl[r3rrpoBarb pa6ororcnoco6Hosrr
HeKoTophrx sneKlpoHHbrx y3JIoB Ll
6noron;
rrpos.KTr{poBaTb TOIIOJIOn{]0 npocTr,Ix
r{HTerfpiurbHbrx cxeM.

Earonufi ypoBenb (xop.):
3uaer:

KrroqreBbre npu€vu paspa6orxra
gneKlpoHHbfx KOMIOHeHT,

r4HTet.'paJrbHbx cxervr u ycrpofi crn
MI{KpO- LI HaHOOJIeKTpOHLIKI{;

ocHollubre Qzsuuecrue e(p(f rlnrrr n
Mano pa3MepHhrx TBepAOTeJrr,Hbrx

crpyrirypax ra oco6enuocrz o6pa6o,rru
cI,IfHtuIoB B r4HTerpanbHblx
3[eKlplrqecKr,rx qe[sx ;

onpeAeJrrrourre 3Ta[bI
TOXHOJIOTUq9CKO| O II,IKJIa CO,3,[aHI,I'
I{HTeIpanbHhX CXeI\d, HeKOTCrpbIe

TOIIOJIOfHqecKr4e HopMbr I{
ofpa[rr{rreHr,rs;

HeKOTOpbre MeToAbr r{ nporpiaMMHoe
o6ecueqeu lre Ans. npoeKTr{po saHus,
TOIIOJIOTIII4 I{HTefpAIrbHbx c)(eM
parrurvnoft creneHr.r lrHTerpaquu.

Yrreer:

Bbrrro,IrHrrb MoAeJrr.rpoBaHrre padorrr
SJIeMeHToB rnepgorelruoft
SneKTpoHLrKr.r;

aHaJrrr3rrpoBarb pa6orocnoco6uocu
3neKTpoHHbx y3noB ra 6noro,n;
flpoeKT]rpoBaTb TOIIOJIOIUrc
r4HTerpanbHbrx cxeM

orleHrrBarb BJrr{rHrze KoprrycnB OKE ua
xapaK.Tepr{cTt4Kr.r KOMTT0HeHTOB.

flonrrruenur,rft yponeur (or.rr.):
3uaer:

nce npuerr,rrr paspaborxu gJreKTpoHHbrx

KOMIIOHeHT, r{HTetpiurbHbD( CXeM Vr

ycrpofi crn Mr4 Kpo- r.r HaHo3JreKTpoHrrKr.r;

n nonnofi uepe (pusnqecKr{e o$Qercrrr n
Manopa3MepHbrx TBepAOTenbHbD(
crpyrrypax u oco6eunocru o6pa6orxr,r
C}ITHAJIOB B r.rHTerpanbHhrx
SneKT.pr,rqecKHX Uenfl x;
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Becb TexHofiorr{rrscKl,rft quKn co3AaHr{fi
LIHTellpaJIbHhIX CXeM, TO[OIOn4rIeCKI{e
HOpMbr Lr ofpaHr4qeHr,rf,; MeTOAbr vr

rrporpaMMHoe o6ecueqeHr,re Ins
npoer(Tr{poBaHufl TOnOJTOn{r4

r,rHTerpa-rrbHbrx cxeM pa3rr,rqtH ofi cTerreHr4

rrHTerparlrur;

cyuecTByroqfie MeToAbr pacqeToB
ATIHAIUIIqECKIIX XAPAKTEPHCTI{K
(pparrvrenroB cxeM;

Tunbr r.r flapaMerphr Koprr]con lls 3rKE.
Vueer:

Bbrrro,rlH{Tb Mo.qeJrrlpoBaHrre pa6orhr
SJIeMeHToB rnerp4orenrnofi
sJreKTpOHlrKr{;

aHanrr3r{poBarb pa6orocnoco6nocrr
gneKTpoHHbrx y3noB r.r 6loro,n;
nrr6upam Mapupytbr [poerr(Tr.rpolalnfl
3KE, nrr6uparb nporpaMMHtbre cpeAcrBa
An'I flpoeKTr{poBaHr{fl;

npoeniTrrpoBaTb
paccqr.rTbrBaTb

TOIIOJIOtrI4IO V
xapalr(Tepr,rcTr4Kr{

r,IHTerpanbHhx cxeM;

orleHrrBarb Brr,r.flHlre KoprryooB 3K.E sa
xapaKTepr{cTr.rKr,r KoMrroHeHTOB;

npoBOAr{Tb r{cnbrT€tHrze v oueHr4BaTb
HaAe)ffiocrt ras4elllrft t!{LrKpo- v
HAHO:IJIEKTPOHIAKH;

OIIEHIIBATb qerecoo6pa3Hocrb
npHMeHeHr4r r{HTefpaJrbHbrx. cxeM AJr{
pa3parSoTKr{ Mr,rKpo- r.r HaHosJreKTpoFrHbx
ycrpoftcrn.

8. Vqe6no-MeroAt4rlecKoe u nurfopuaqrroHHoe o6ecne.resr{e Ancqu[Jrr{Hbr
8.1. OcHoenas JrnTeparypa:
1. llonon B.[. OzsuqecKve ocHoBbI rrpoeKTrz]loBalus. KpeMHrleBbrx qu4pgnrx

I{HTerpaJrbHbx Mr,rKpocxeM B MoHoJrrzrHorr,r u ru6pr4HoM ucfircrHeHrrrr: yve6Hoe uocrl6ue 1ts.I.
flonon, f. O. Benona. Caurr-llerep6ypr; Mocrna; KpacHo4ap: JIAFIb,2013.208c.: un.;21 cwr.
(Yue6Hr.rxra Ars By3oB. CueqzamHas Jrr,rreparypa). ISBN 979-5-91 14-137s-l (n nep.).

2. Cuupuon B.A. OuguqecKue ocHoBbr Mr4Kpo:sJreKTpoHr4Kr.r: V.re6goe noco6ue.BororAa: I4u$pa-LIuxeHepr{{, 202I. 232c. LIRL:
http:llznanium.com/catakrg/document?id:385200. ISBN 97s-5-972g-071I-3. (4ara o6parr\enrax:
28.03.2022).

8.2. .{ouo.nur{TeJrbHas Jrr{Teparypa :

1. Ygonuueutro C.Io. llyrxono-uJla3MeHHbre rexHoJrofl{14 rrrflco3AaHr.rr rv{arepr{iuroB
u ycrpoficrn MIrKpo- I,I HaHooneKrpoHr.rKr,r: yre6uoe noco6ve ll VIzl-so Troufy, 201t6. - 22g 

".;ISBN 978-5-400-01349-2;3nercrpoH. Bepcrr nev. ny6ruKarluu . - Pexrau.uocryrra:
PPS/Udovi://11

28.03.2022).
.utrnuul4l/PP S/ U dovichenko 5 3 0 ooparqeHr{s:
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2. HanorexuoJlorlll{ B sJleKrpoHzxe-3.l : c6opHmr. 
- MocKea : TexHoc(pepa,2016.

- 480 ISBN 978'5-94836-423-0. 
- Texcr: : ere,xrporrn.,;rir l/ JIaHs : ojreKrpoHHo-

6u6nno:requat crlcreMa. URL: https:/ie.lanbook.corn/6o ok187746 (4am o6parqeHur:
28.03 .2022). - PeNr,rM,uocryra: AJrfl aBroprr3. rroJrb3osarerr:fi .

3' fanpulon C. MeroAu aluil43a rofuqecKr.rx KoppeJrrqraft 4na CAIIP qrz(fponsrx
KMOII CEI4C fSnexrponnrIfi pecypc] / fanpvnon C. - tvtocrcna: Texnocr[ep a,2011. - 136 c.Kuura vrc KoIJIeKIITII{ Texnoc$ep a - trInxeHepuo-r.ir"o..n.r. HayKr{.
URl:http://e.lanbook.com/books/element.php?pi_id:73023 (rcrao6purq""" x: 2g.03.2022)4' rlnornur0n f.C. MurpoeneKrpoHlzKa: ocuoBhr MoneKyJrrrpuoft ereppoHrr1r4:
yve6Hoe uoco6ue Anr rly3oB lf . c. flnornraron, B.B.3aiiqen. 

-2-; ".4., "r.rp. 
r{ Aorr. _3rexrpou. AaH. - Mocxna: Iopafir, 2022. - 166 c. - (Brrcruee o6pa:onauue). _ uRL:

kttps:llurut.rulbcodel492445. 
- Pexuu Aocryrra: 3rercrponuo-6u6nraor.""* cr4creMa Iopaftr,

.{n-rr aBropr.B. roirb3oBarelefi. 
- (4ara o6parrleuux: (29.03.2022)

5. Eenoyc A.I'I. Marepualrbr Lr ycrpoficrBa HaHc)oJreKTpoHr4Krr. 3rexrpouuKa rrocJre
Mypa I A. u. Eenoyc, Et. A. conoryxa. 

- BororAa : llu$pa-?InNenepn x,2022. __ 564 c. _ISBN 978-5-9729-1045-8. 
- Texcr : erleKrpoHrrsir ll Jiu"" , ,n"nrposuo-6u6nuorer{Ha"

cI4creMa. 
- URL: https://e.lanbook.com/book/282I28 (rcrao6parqeHu r, ig.oZ.zO2,.z\ 

-peNzuAOCTyrra: Anr aBTopH3. rroJrb3oBarelefi
6' flerpon M.H. MoaenupoBaHlze KoMrIoHeHToB r4 gJreMeHToB [rHTerp4nbHbrx cxeM :

yveonoe noco6ue / M. H. Ilerpon, f. B. fyax Casrr-llerep6ypr : Jlarrr, 2022..- 464 c. -ISBN 978-5-8114-1075-0. 
- Ter<qr : oJleKrpoHutfir ll Jlaui , 

'rn.nrpouno-6lr6nnoreqHa{

cl'IcreMa. 
- URL: https://e.lanbook.com/b ooV209609 (sa:ra o6panreHrax : Z1.OZ.ZOZ2"). 

-peNrau.{ocryrra: .qJrr aBTopr43. rroJrb3oB areteit .

7 ' Benoyc A.vI. ocuonsr rpoeKrllpoBaHr4s cy6uuxpouusrx Mr{KpocxeM
[3nexrponnufi pecypc] / Benoyc A.r4.,Kpacnrzron f. h., Couo4yxa B. A. Mocrcna : llexuoc6epa,
2020.782 c. URL: https://e.lanbook.com/book/1g1223. ISBN 97g-5-94g36-503-6.

8' Kpacilrr<on f.-fl. O6rqax reopl,Ifl TexHoJrorurft u rrarrposneKTpoHurga I I'. .fl.
Kpacunr<on, E. C. fopuen, I4. B. Mauourxuu. Mocxea : TexHoc$epa,2020. qiz c. : wy., ra6il.,
IIB. r.rn. ;24 cwr.ISBN 978-5-94836-6114.

8.3. Llnrepner-pecypcbr:
1. Hay'rnaxeneKrpoHHas6n6tuorerawww.elibrary.ru. (28.03.2022)
2. O6pa.:onarejrbHbre pecypcbr <EAvuoe or<uo>

http ://window. edu. ru/window/librarL e8.03 .2022)
3. Kunro-noucr<. http://www.knigo_poisk.r:u (28.03.2022"1

8.4. ConpeMeHHbIe 6a:rt AaHHbIx u unrfopuaqlroHrrr,re crrpaBoqubre cucleMbr:
_ MeN4yHapoAHbre pe(feparunnrre 6asrr.qaHHbrx u cr4cr,eMbr rlarr,rpoBauus Web of Science,
!9ogus, Astrophysics, PubMed, Mathematics, Chemical Allstracts, dprinlger, Agris, GeoRef
MathSciNet, BioOne, Compendex, CiteSeerXlr r.rr.

9' rlepe'reHr uu@opMaIII{oHHLIx rexHoJrornfi, lrcnoJrb3yeMbrx ,'pn ocyuocrBJregrrr{
o6pa: onareJrbHoro rrpoqecca rro AHcrIu[JrrrHe :

' rIpaueHeHI'Ie Mynbrl{MeAuftnoro o6opyAonauux rnfl [poBeAeHr.rs AoKJraAoB-
npe:euraquft.

o Pa6ora c Irlurepnerorrl.
o Pa6ora c uuSoplraqrloHHbrM ropraJroM I,IBII Troufy.

B clyuae 4rcta"q"buHoff Sopnarr o6y.reHrar peKoMeHryercfl prcloJrb3oBart Microsolt Teams.

10. Texnu.recKr{e cpeAcrBa
(Moay.rq)

rr MarepuaJrbHo-TexHrrqecKoe o6ecueqenrre Ar{cqu[JrrrHrt

JI eKrlnt o nn a-s ay Ak,T optrfl c MyJrbrr.rM eArz fi u rnra o 6opy4o n aHrr eM.
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Cueqnalruue la6oparopax rf{KoBo-rrJra3MeHHbrx reXHoJrrof}rft.
oneKTpoHHoff H s ouAonoft rrauxpocKonr.rr{ HOII " HauorexHoJrorfi }I ".

cuucorc o6opygonaHrrs AJrfl rrpoBeAeHrrq [paKTHr] ecKrrx gausrufi :
1 . Mo4yll MafuerpoHHoro pacnhrJreHrrr HTK <HanoOa6- I 00>.
2. Mo4ynr zounofi trMrrJraHrarllrra HTK <HanoOa6-100>.
3. Mogynr r{oHHofo rpaBrreHr4f, HTK <Hano@a6-100>.
4. Mo4ylr rrJril3Moxr4MzqocKoro rpaBnenrr HTK <HauoOa6- I 00>.

naoopaTopr,rs

11. CpegcrBa aAarITaIIHrr [perloAaBaHrrfl ArrcqunrJrrrHbr (ruogyilx) il uo,:rpe6uocrqM
JIIIq C OIpaHUTIeHHLIMII BO3MOII(HOCTqMI

B crryqae ueo6xo4unaocua, o6yvaroqur'rcr n3 rrvcila Jrurl c orpaHqqeHgbrMrz
Bo3MoxHocrtMI4 3Aoponr'x (uo 3a.aBreH[ro o6yuatoqerorla) nroryr rrpeAJrarutr,efl. o,{Hr,r r{3
cneAyroq[x BapI,IaHTOB BOCnprItrLrr un$oprvraquu c r{eroM r.IX r{HAtrBr4AyanbHhrx
ncnxo0nsuqecKrlx oco6enuocteft, e roM rrucJre c lpr.rMer{eHr.reM snexTpouHoro o6yrenr.rx v
ALICTaHIII{OHHIIX reXHOrrOrrzft :

- Ans JII{{ c HapyureHuflMu 3peHut: n ne.raruofi Qoprrle yBen[areHHmra urpu$:rorr.l; n (fopue
sneKrpoHHoro AoKyMeHra; B (fopnre ayauo1|aftna (uepenog yue6urx Ma.repr,ranoB B
ay4ra o (f opu ar) ; uu4rawr Ayanb Hbre 3 a1aHufl rr Ko H cyJr br ar\prv.

- AJIfl JII4TI c HapyrrreHnflMu cJlyxa: e ue.{arHoft $opnae; n Soprue gneK,lpoHHoro AoKyMeHTa;
LIHtrLrBrr4yanbHbre3aAaHr.rsr.rKoHcylbTarryr4.

-.qnt JII'IU c HapylrreHrafl]lllrr oflopno-ABr{rareJrbHoro aruapara: B rreqarHoft Sopme; n SopuegneKTpoHHoro AoKyMeHTa; B (fopue aypuo$afitaiu:r^I{trBLrAyilJrbHhre sa}alnflrl KoHoyrbraL[prv.

12. Mero4nuecrcrae peKoMeHAarluu
caMocrofl Te.rrnnoft pa6 orrr

Carraocro.sreJlbHat pa6ora BKrroqaer upopa6orxy lexqzfi, BbrloJrHenr{e lcourporrrnofi
pa6orrr, rloAroroBKa K KaHAI{AarcKoMy oK3aMeHy n (poprrle yorHoro co6eceAonanus,

CalrocrosreJlbHat pa6otao6ecuequsaer rro.qroroBKy acnlrpaHTa K ToKyrrIr{M ayArrropHbrM
3aH{TI4tM I'I KoHTponbIIbIM Mepolpl4srzau. Pesylbrarbl oroft uo4roroBKr.r ilposBJ1flrorcs B
aKTI{BHocrI4 acrll{paHTaHa3aEfl'rvflx r{ B KaqecrBe BbrrroJrHeHHbrx KoHTpoJrbHbx pa6or.

IIpu npopafiomxe nex4ufi peKoMeHAyercx o6parztrrc.fl K KoHcneKTaM JreKuHoHHoro
Marepl{iua (rparro, cxeMarnqHo, [ocne.qoBareJrbHo salpnrccrapoBarrgbry ocHotsHbry
IloroxeHl'I.f,M, BbIBoAaM, (fopvynrapoBKaM, o6o6rqeurnrna), nponepr,ITb rrclo.rrb3oBaHr]:l;re B JreKur4rr
TepMI'IHbI I4 rloHtrl{t c rIoMoIrIbIo cnoBapeft, cnpanouHrrKoB c BbrrIr4cbIBaHI4eM rcl.nrcoeaErr,Ift B
rerpaAb.

Cne4yer o6osHa'Iurb Bonpocbl, TepMr4Hbr, Marepr{a[, roropufi Bhr3brBaer rpyAHocrq,
noMerr4Tb r{ norrbrrarb cx }Jafttu orBer B peKoMeHAyerra oft Jrrrreparype.

Eclpt caMocror:TeJrbHo He y$aercfl paso6parrcx B Mareprrz41s, rreo6xo,4r.ruo
cQopn'rynupoBarb Bonpoc rr 3aAarb rlpenoAaBareJrro Ha KoHcyJrbraur,ru, Ha npaKTrdrrecKoM
3AHflTIdLI.

IIpa qmeHuu o6nsamenbldofi u dononnumenutttil numepamypbt penioMeHAyercfl
cMbIcJIoBoe rITeHI{e, aHHorI,IpoBauuev KoHcrIeKTI,IpoBaHIre. rlprE auuorupoBitgr,Il{ pel(ioMeHAyercg
orMerI'ITb re vl4ev, IloroxeHl,Lf,, Koropble Mofyr 6rrtr, I{c[oJIb3oBaIrbI n co6crneuHoM
AI'rccepraUl'IoHHoM I'IccJIeAoBaHuu.IIpu KoHcrIeKTI,IpoBaHI{H -- o[peAenrzrb rdeJrb, o3H€rKoMrr'bc.fl c
noJIHbIM TeKcroM I4crorIHkIKa, olpeAeJrrrrb ero rorr,rqeoKyro crpyKTypy, eadlrarcrapoBarb
ocHoBHoe coAepxaHl{e crpyKTypHbrx KoMrroHeHToB; TaKXe peKoMeHAyercs $uxcuponarr
co6c:rneuHrte Borlpocbl, cyxAeHLIr, yMo3aKrror{eHr,rr rro coAep)KaHnro KoHcrrex(TgpyeMoro
I,ICTOqHI4KA.

Kporvre o6gsarernuofi u 4onolnurenrnofi nr.rreparypr,r, o[peAeJrensofi aBTotr]oM pa6o.refi
lporpaMMbl, peKoMeH.4yercfl caMocrotrelrHufi IIorlcK vI npopa6orr<a Aofro.rrHr4TeJrbHbrx
IrcroqHrrKoB, B ToM qrlcJre aHarlaTl,IqecKoro xapaKTepa (Hery.rune crarbl{, Ar,rccellrallrrol{Hble
uccle4onanux);

o6yunrorqrauca IIO B]bITIOJIHEHIIIO
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TarNe peKoMeHAyerct cocraBlrrb [epeqeub ocHoBHErx noHsrvfi r,r r,epM]rHon (znoccapuit)
I{ IIpoaHiInI{3I{poBaTb IID( C I'IOfIOJIb3OBaIII{OM clOnapeft (romconrre, CJIoBapln HHocTpaHHbrX cJroB,
3HIII{KJIOIIeAI4T{eCKI,Ie CJIOBapI,I, OTpaCngBbIe CJrOBapr{ Lr Ap.), B p$yJIbTaTe rreto gonxnrr 6rrTb
oro6paulr orlpgAeJlonuts., B nau6onrruefi creneuu orpaxaroqlre 11pr.13HaK1a paccr{arp}rBaeMbrx
ssreHr,rft.

IIpu nodzomonwe R eK3MteHy e Qoptwe ycmHoiro codecedoeaHun pe1oMeHAyercr
aKTyanI{3aIII4s'14 AHadT:/l3 COAep)KaHIIfi MaTepl{aJra neKIIr,roHHbD( r,r [paKTLIqeOKI,rX SaUnrr.rfi; qreHr,re
o6-sgarerlHofi z AonoJIHI{TeJIbHoft nureparypbr; caMocro.srentnrrft rroncK r.ru(lopnraqru 11o
oTAeJIbHbM BOTIpOCaM C TIC[IOJIb3OBaHT{eM pa3nI4qHbIX BI{AOB I,ICTOTTHI,IKOB.


