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l.
f[emro ocBoenr{r Ar4c

f,BJr.rreTcrr npuoopeTeHlre cTyAeHTa

Mr4KpO )n HaHOCT{CToM, O CIIeUU

rvruxpoodpa6orKr{ KpeMHr4r.

3 agaur.r ArrcrlnnJrrrubr :

. r.r3f{egr{e 6agonrrx rex
I{ KOI\4IIOHEHTOB MI'IKPOC}ICTEM;

. I{3yr{eH}Ie Smszxo-xzrra
HAHOCI,ICTEM.

[u cqr.runuua <f'exnoJnor]rrr n
OilO|I rroAroroBKr.r MarrrcrpoB rro

,{zcqunnuHa lr3fraer cs s 4
o (fzsur<a;

o $rasrEuecKpre ocHoBbr Mri

. MIIKPOgJIEKTPOMEXAHI,I

O KOMTIOHEHTbI MI4KPOC

3"nauun, rroJrf{eHHbre B

fipkrrueHe)Hbr rrpl/r u3weIJuLt

TaKXe rrpr4 Bbr[oJrHeHLru Bb[rycKFro

3" KOMTIETE

B pesymrare ocBoeHu.f,

o OIIK-I. cnoco6nocruo
Ilbror.rpaTrb MeToAbr r{ cpeAcTBa r,rx

o OIIK-2, cuoco6Hocruo

Malr,rcrparypbr

o IIK-I, roronuocrsro $o
lralroTexHoJloruu u Mt4KpoolrcTeM

3KC[epr{MeHTaIrbHbIe MeTo,rIb]: I{

o fIK-2, roroBHocrbro

IlaparvreTpoB tr xapaKTeplrcTr4K

aHaJrr{3r4poBaTb Lrx pe3ynbTaTbr

o fIK-7, fororlHocrbro
pa3paooTKy MaTepr4ulrroB r{

. IIK-9, cuoco6nocrrro
OOOTBETC'IBHT4 C METO,4IZqECKI4MI I,I

1) 3narr:
6agonrlre KoHcrpyKrlr{r.r r{'rexHoJro

$'yn4arvrenrarrbHbre o cHoBbr

MrlrKpocr{cTeM;

TexHonofrrqecKrae npoueccbl n
2) Yuerr:

o cB oEHvtfl , ilIIC\IIIIJII4HbI
srr <TexuoJroruu [por,r3BoAcrBa MvKpo- tr
a suauuir o rexnonorrrqeoKrrx flpoqeccax

poBaHHLx npoqeccax nonepxuocruofi

HAIIOC?ICTEMD

}I3TOTOBJIEHI4'

u ooleMHor4

I{ II3IOTOBJIeHLIT MI{KpO- LI HaHOOJIeKTpOHHbx AaTqLIKOB

x ocHoB IlpoqeccoB r,BroToBJreHr,rt Mr4Kpo- H

2" MECTO CUIIIIJTI,IHbI B CTpyKTypE OIIOII BO
Mr4Kpo- r.r HaHocr{creM) orHocvtrc . x 6agonofi qacrr4

paBJreHr,rrc <Hauorexno Jroruu t4 Mr.rKpocucreMuar rexHr4 Ka>) .

ecrpe r{ TpeoyeT ocBoeHus cJreAyroqr4x KypcoB:

Ia HaHocl{creruuofi Texgrrrcu:

CIICTEMb]

HO}I TEXHI4KI]

Kax v3ytIeHvfl. AaH,HoLl AI4CIIIIJII{HbI, MOryT ObITb

no upo$ruJrro [oAroroBKrl, aclleqv anbHbrx Ar{crlr4rrnr4 H

rna-uz([maqzonuoft pa6oru.

I4 OBYTIAIOIUEIOCq. (DOPMI,IPYEMbIE B
PE3YJIbT'A o c B oEHpIfl IUUII,IIIJIIIHbI

qacrr,rrruo Qopnaupyrorcf cJreAyro[ryre KoMlereHrlr{r,r:

ocuoBHbre npodneiurr s cnoefi [peAMerHoit o6nacru,

BaTb pByJrbTaTbr ocBoeHr4s Ar{oq}rrrJrr4H ry)olpaMMbr

JIIIpOBaTb IIeJII t4 3AItar]Jz Ha)^{Hbx r.rccJreAoBaHraft:s O6nacrLl

TexHr,rKr{, o6ouropauuo nrr6upam reopgrr,rqecKr,re lr
pelrleHrrr c(f opruynupoBaHHbx 3aAarr

MeroArrKr{[poBeAeHr4lrt4ccne.[;oBaHnft uuzl.repenuit
HaIIOTeXHOtIOrrrr4 Vt Mr4KpocllcTervrnoft TexHprKr4,

sa4aleut na paspa6orKy npoeKTHrx pemenufi na
HaIIO- LI MI4KpOCI4CTeA4HOI4 ToXHHKI,I

npoeKTHo-KoHcTpyKTopcKyro IoKyMeHTarIrro
rpe6onanzxrvrz

I,BroroBJreHras KMOII u 6unolxpurx I4C;

CI,IHTE3A V AHa-JIVI3,A KOMTIOHEHTOB HAHO- I,I

KoM[oHeHToB Mr.rKpocr{ctenauoft TeXHLIKLT.



pa3paoarBrBarb Tex
pa3Jrlrrmbx;

rrpI,IMeHflTb MeTO.Ubr

KIOMIIOHEHTOB HAHO- I4 M

3) Bna,qerr:

HaBbrKaMr4 no paspabonce

4. CTPYKT

Klre Maplrpyrbr (fopuzponanru IpeMHrleBbD( Aarrrr,rKoB

XLIJ\/IUU HaIIOCIICTOM Ans CUHTO3A, AIJ.NTIj.3A CTpyICTypbI

Bbrx TexHoJroruFrecKr{x IlpoqeccoB Mr4Kpo- r,r HarrocprcJeM.

PA rr coAEpxAHrrE Ar4crlvtrrJrr4Hbr
O6uar rpyAoeMKocl, cocraBJrser 4 ga.rerHrx eA[Hr,rrI, 144,lplcon,

Teurr rercunft.
PasAer 1. Ogronrr rexHoJro MIrKp OSJreKTpoHrrKrr.

1.1. OcnosHrre gTarrrr rroJr r{e KpeMHr4r. BupaquBaHr{e gJreKTpoHHofo KpeMHufl. no
Mero.qy rloxpanrcxoro;

I.2. TexnolorprqecKr{e unenoquoft Mr,rrpo gJreKTpoHr.rKr{ ;

1.3. Jleruponar{ue rroJr

I.4. MnrponzrorpaSr.rr, n uurorpa(fuu;
Pasae.rr 2, Knas MeroAbr Soprvrupona;atrs, HaHocJroeBbrx tr

HaH0cTpyrflyprrpoBarrHbrx

2.1 MonerynrpHo-JryqeBat
2.2 Jlasepnax a6nnJus;
2.3 faso([aurax onurrancufli
2.4 MonexynxpnaflxuMu c6opra zg rasonoft $a:u;
2.5 MolercynrpHoe H kre r.r3 xfl4AKoft (pasrr. Mero4 Jlenrnaropa-Eno4Nerr;
2.6 3onr-relrrexHoJrofrrr{.

Pa:ael (reua)
llr4ctlunlll,IH6r

O6rerrr
yre6Hoft
pa6orsr,

c npuMeHeHlreM
liHTepaKrHBH6rx

M9TOAOB

(Y uacax / %o)

@optrlrr rercyuero KoHTpont
ycII0BaeMocTrr

(no nedeanu ceuecmpa),
rpoprua npouelxy"rovHoii

afiecTault!t
(no cenecmpa,+t)

t0 I 38% Peiirunr-ronrpom Nl
(4-r ne4ena, na
ra6op aropuo u s aunr uu),
3alrlrrra la6oparopHux

Kna:upannonec
HbIE MCTO]IbI

QoprvlnporaHr,rx
HAHOCJIOEBbIX IZ

HaHocTpyKrypr4
poBaHIIbrx

xorunosuqrail

t0 /7t,4yo PeiiruHr-xonrponr J\!2
(8-r ne4enx, ua
ladoparopnou sau.rrun),
3arrlr.rra ra6oparopHux
pa6or

Peiirranr-xoHrponr Ns3
(l l-r He4elr, ua
ra6ioparopuoru lanrrun),
3aulr{ra na6oparopuux

Par4er 3. Mero,urr o6pa6orrcu H HaHoMoAra{urcaquu MarepnaJroB.



3.1 Mero4rr rpaBJreHr.ur:

oeJreKTIrEHOe ra3oBoe TpaSJreHr{e,

SJreKTpOXI,rM[qeCKOe Tp aBJreH]rg.

3.2 I,Iouuoe

[opooopa3oBaHr.reM, ]roH]ro-

nM[JraHTorpaSux;

3.3 AtoMno-soHAoBoe

TepM[qeoKoe.

3.4 Arouuas ruo4ra(f

pearquft"

llparru.recKue 3aHqrufl .
Terraa 1. fizrfSyeux

14 Mero,4br az$Qyszz vB

pacrpeAeneHras rplrMecefi upu 4ra

Tenaa 2. Banyyntroe HarrbureH

Jla6op aropHrrfi uparcrnr(yM.

JI.I'.J\b1. Ilepenoc
rf ororurorp aSueir (a q).

JI.I'.Ile2. Hanecenue MerarrJr

JI.P.l,lb3. llopucroe aHo

rlpor{3BoAcTBe aJrroMooKcr,rAr{brx fro

5. OEPA3OBATEJIb
B pauxax nexrlr.roHHoro Kypca:

5.1. ArcrlrnHbre H HHTepa

C qemro (f oprrrupon anvrfl. u
Ilpouecce ficrroJrb3yroTcf a

ooqeTaH[r.{ c BueayAr4Topnofi

JloMamHr.re pa6otrr)"

5.2. CarvrocroqreJrbHaq

CarwocrosreJrbHa.f, (nueay

TeopeTr,rqecKoro MaTepvana npu;.

paooTbr rro [paKTr{qecKr..rM 3a

Jrr.rTepaTypbr rro peKoMeHAoBaHH

rrperroAaBaTeJreM [paKTr,rKr,r 3aAarr,

5.3. Mylrruue4ufinrre
Hemoroprre r,r3 JreKrlr.rouHbrx r.r

MyJrbrr4MeAuirlnoft ay4u:ropuu (
rrpoeKTopa.

5.4, PefiurHroBaq cr{creMa.

Pei,iruur-roHrpoJrb n
Oyr\[MapHLrx oarrJroB rro

ICAqECTBO BbITIOJIHEHZ' .UOMAIIIHID(

Mepolpr4 sTlrrM o[peAeJrseTct , BeAyrrlprM Ar,rculrllnzHy.

rro-JrfreBoe nano(ppesepoBarrile,

qyBcTBuTe[6HOe

I,IMTIJIAHTAUV.f,

uraponaHnrrft xuuzqecxufi

lroH rro-cTlrMynrlpoBarrHoe

xruKocTHoe TpaBJreHr,re,

xnacrepusaqueft vl

ClIHTe3, IIpOTOHIIBaIIIIt,

I{UI4pOBaHI,Ie : giIeKTpI4qeCKOe OlTLIqeOKOe, MexaHI,ItIeCKO e,

rroBepxHocT}r: oKr,rcJreHl,re, Macco[epeHoc, aKTI4BarII4S

pacrpeAeJreur{e npr.rMecefi upra az(f Qysuvr, o6opyAonaurae

pa3Hbx, xllAKlrx v rBepAbrx r,rcrorlHt4KoB. Pacqet
rE (6 v.)

(5 q).

vrfl. B cr4creMe <(foropesr.rcr-[oAnro)KKa) ronrarruofi

KHX cJIoeB MaTHeTpOHHbIM BaKyyMHI'IM MeToAOnr. (8 u).

f, aJIIOMrrHr.rfl, AJrfi [onyqeHr.rr HaHocTpyK'ryp, IIpu
oNer (10 v).

OJIOIUII

rfopurr o6y.reHun

r upo(peccraoHarrbHbD( r{aBbrKoB cryAeHToB n yue6nona

v IlHTepaKTr,rBHbre (foprr,ru [poBeAeHr{r zans'ruit B

(rourpomubre ay.qprropHbre pa6orrr, r.rHAr4B[]IyanbHbre

cryAeHToB

pHat) pa6ora cryAeHToB BKJrroqaer 3aKperrJreHr.re

BKe K BbrrroJrHeHr{ro r.rHArrBr{4ya-nruoft Aoruaruneft
. Ocuona caMocrosremuoft pa6orrr - rr3) {enr{e

r.rcrorrHr,rKaM r,r KoHcrreKTy nerqnfi, pe[reHrre BbrAaHHbrx

BKa K 3K3aMeHy.

orun odyueuur
Kr{x 3aHsrt4.[ npono4rrcr B BnAe npesenraqzft n

, ay4. 430-3) o lrc[oJrb3oBaHrreM KoMnbrorepHoro

TpI{ pa3a 3a ceMecrp. On [pe.4rroJraraer orIeHKy

cocraBJlffIorqr,rM: 6allrr Ha KoHTpoJIbHbrx 3aHflTrrflx;

saAaHI,Ifi . Pacnpe4elenze 6alloB rro KoHTpoJrbHrrM



6. OUEHOTIHbTE C (CTBA TJIfl, TEKYIIIEIO
YTOIIHOfr ATTECTAUI4IIyCIIEBAEMOCTI,I, IPOM

OcBOEHr4f, AI4CTIU[JrI4Hbr VI YIIEBHO.METOAIIqECKOE
CAMOCTO^flTEJIbHOfr PABO cTyAEHTOB

Tercyrquft KoHrpoJrb npoBoAr.rrc.fl rlo BceM BIdAaM saugrnir c ucrroJrb3oBztHr,IeM

barurruo-peftruHroeofi cricreMbr"

6.1 . SrcsailreHa

1. Kpenauzft. M
n-TVIIA"

qecxufi r{ flonuKp]rcraJrJu4rrecxuft rpeunzft. Kpelanuit p- u

Ocuonnrre orrepar{ulr rr

Muxporurorpa$ux.
PenrrenoncKafl JrItTo

O6r€Ntras Mr.rKporex

flonepxnocrHa.f, Mr.r

LlGA-npoqecc.
Bon4znr [poqecc.
TexnonoruqecKr,re uuenoquofi M\rKpo gneKTpoHl,rKlr.

Jleruponanve n

KOIITPOJIfl
IIO IITOIAM
OEECTIEIIEHI,IE

2.

4.

5.

6.

7"

8.

9.

10.

11.

t2.
13"

14"

15.

t6"
17.

18,

19.

20.
21.

22.
aazJ.

24.

25.
26.

6.2.

Ocuonrr MoneKyflrrpuo-

Jlarepnar a6nxJvrs.

f as o $ a^rHax olr{raKcrar.

MoneryuxpHa.fi )il{Mu c6opxa ug ragonofi $asrr.
MonerynrpHoe HacJrarrBa ns Nr,r4roft (pasrr.

MeroA Jleururcpa-
3oru-renr rex[roJIorI{I,I.

Irlouuo-nyqesoe

llonno - crn Mynr,rpoBrurHo e

OpzenraquouHo- rryBcr

SuerrpoxuMlrqecKoe

ZoHnoe Mo.un

Llvrnll:alclralU'ufl.c

BOACTBa Mr4KpOCrrCTeM.

Bafl.?TII{ITAKCVIfl.

BHOe ra3OBOe TpaBneHlre.

xr{AKocTHoe TpaBneHr{e.

quefi u uopoo6pasoBaHr{eM.

xr{Mr.rqecKr.rft cranreg.

ro KpeMHr.r.f, rro MeroAy rloxpanrcroro.

nnen o.rHoft Mrr Kp o g JreKTp o HtrKr,r.

I,IKOB.

nrorpa([uu.

Irlonuo- crr.rMynr.rpoB aHrr

Arouno-goH.uoBoe M poBaHr.re.

AtoMn as rvro4ra$uraqux XHOCTLI.

Pefirr.rnr-lconrpolr Nb 1

1. Ocuonurre sranbr KpeMHr,rr.

2. BrrparrUananve gJreKTpo

3. Texnororr.rqecKueocHo

4. Jleruponaurle noJryrrpo

5. Mr.rrpolurorpaQux,

@
1. LlGA-upoqecc.



2.

3.

4.

5.

llporouzsaqux.
MeroA Jleururopa-
I,Iunnanrorpa(f ux.

3onr-renr rexHoJlorlrrr.

&lrrnur-rourpom lO S
1. BuArr rpaBneur4fl

2, Ocnosnr glr,rraKcr,rr{

3. Irlonnoe rvrogu(pz

4. Xuvzqecrzfi cznreg
5. Mo4ra$uraqr.rf, noBepx

6.3. Bou
Car*rocrosreJrbHafl pa6ora cly

paMKax .[eKrlr4oHHoro Kypc4
KoHTpoJtro lr gK3aMeHy. Kourponr
.na6oparopubx 3arrsrr.rnx. Or.rqprrrr;ffi

13. npoqeccbr KopryctrpoBirH
repMo- r,r oneKrpoAzQ {ysua.

BKrroqaer ocBoeHrre MarepkraJron, cla6o ocnerq€uurx n
K rrpaKTI{rrecKI4M 3arurrlulM, noAroroBry K pefiraur-

zur caMocro.f,rersuoft pa6ornr ocyxlecrBnrercr Ha
BonpocoB:

LI repMeTH3A\VU MeTOAaMr4 3apar{rrBarrus., cpatwBalJprfl;

1. MeroArr y4ureutrfl
2, Mexanra.recKoe, Jla3epHoe sJrercrpoHHo - JrfreBoe crparl6upoBaHrre.
3" flpoqeccrr xr{MrrqecKoro : Mexanr,r3Mbr rpaBreHr4s; o6opy4onaHr,re, MeroAbr r.r

cpeAbr AJrrr xrr4AKocTHoro u ra3oBo|o
4. TexuolorvsrpexMepuoro us. c cy dtvnrKpoHHbru pEBp elreHr4eM.
5. Balonrre npoqeccbr LIGA
6. famnanouJracrr.rKa.
7. MnxpoupeccoBarrue.
8. BuAu c6opxra u rep
9. Monrax Kpr.rcrarrJroB, COBMECTVMOCTb KprncTalJrJra r,r Kopnyca;

:rcpMoKoM[p e ccvrs, cB apKa u r;.aitxtt
I0. Becuponolo.nmrft, o6:sena MOHTAX:

11. Kopnycmas.u fepMeTr8arMrr;
12. Cnapxa,nairrca,o6 3ZIIII{BKa, [peCCOBaHI,Ie.

gJreKTpOSpO3r{OHHOe r..r yJrbTp€B rrrzr<poupo (p rl'rTupoBaHne.
16. Conir.lecrr4Mocrb rex

MI,IKpOS JIeKTpOHITKI4.

7. yIrEEHO-METOII,I

AI4CIII4UIIIHbI

14. Jlasepnbre rexHoJroruilr ro $opuoo6pa:onannr.
15" MexarrrqecKr,re

glrcnonnas lnreBgrypA!
1. Mranrro H.Z. Meroau

IVftznrro, B.B. CrpoKoBa,

OJII4HTA,2013. - 165 c.

2. Kopon€n M.A. Texnonor
r4rFrTerpilJrbHbx Mr{KpocxeM.

Mr,rKpocrrcrerrlnoft TexHr,rKrz

17. I4sroroBJreHr.re KpeMHr4eB IJIaCTLIH AJI' I{HTeIpZUIbHbD( CXeM.

18. OxucneHr.re KpeMHx,ur. llByoKrrcu KpeMHHr.

o6teuuoro (fopnaoo6paroBaHlrrr: AJIM43HOE,

rexnolorraeft

OE I{ I,IHOOPMAUIIOHHOE OBECTIX]qEHVIE

us, u cnoitcrsa HaHoo6BeKToB: v.re6. noco6r.re I H.VI.
B. Xepnoncruft, B.M. Hapues. - 2-e r,r3A., crep. - M. :

, KOHCTpyKT\UV V MeTOAbI MOAeJrr{pOBaHkrr KpeMHLreBbfx
r{acrr 1. TexnonorraqecK[e [poqeccbr ]r3roroBJreHr.r.rr



3.

KpeMHr.reBbrx r.rHTerpanb cxeM 14 r,rx Mo.{en[poBaHne / Kopon0n M.A, Kpy[Kr4Ha
T"IO.. Penenena M.A.- M.: OM. Jla6oparopr{s 3uauuft, 2015"- 398 c.

TexHonorra.r. Ir MeTOAbr MoAenr,rpoBaHr4r KpeMH?reBbx r{HTefpaJrbHbrx

Mr..rKpocxeM. tlacrr 2 I M
2015.- 423 c.

Kopoudn [z ap.].- M.: BZHOM. Jla6oparopzr suaur.rfi,

1. Anylenox M. B. Bnegen e B rrpoqeccbl r{HTerpaJrbHbrx Mr,rKpo- }I HanoTexnoloruft :

yue6noe uoco6rne 4nx

3. Kanesa VI.VI. Texuolorus !I HaHOgJreKlpOHr{KrZ

MarHr{ToeJreKTpoHr{Kr,r. Jla6oparo rlpaKrr4Kytlr/ Kauesa I4.U.,
B.f"- M.: ZgAarenrcrufi llorra M uC.20Il.- 16I o.

1. Poccuficr<ue . rssN 1992-7223
2. HaHo- ra r,rr,r

2011. ISBN 97 8-5-99$-A3
M. AHgpeeB, A.n'. fpouon

2. Kysneqon O.A. O
rrJreHoK r.r cTpyKryp Ant
Cn6upcroe or4enenr.re P

g)..gnrepner-p elyperu
l. OHnaftu Kypc <Design

; s 2 r. / nol o6q. peA. IO. H, Kopnunmo. - M. : BI4HOM.
-0 T.2: Texnolorr{qecKkre acneKrbr / [M. B. Axylenox, B.

Ap.l. - 2011. - 252 c.

bHble ocHoBbr npoqeccoB xr4Mr{rrecKoro ocaxAeHr,rfl

uxu / O.A. Kysueqon [H Ap] .- Honocu6zpcr:
2013.- 176 c.

: TexEtoJlorr4r MaTepr,ralroB

llo4ropnax C.B., An4peen

rexHr,rKa, ISSN 1684-64t9

and Fabrication of Microelectromechanical Devices>
(Massachusetts Institute of :f logy MIT): http://ocw.mit.edu/courses/electrical-
engineering- and- computer- soience/

devices-spring'2007 llecture-notes/
7 7 7 j - design- and-fabrication-of-micro electromechanical -

8" MATEPI4AJIbHO. ECKOE OEECIIEqEHUE AUCUUIIJTT,THbI
Marepua-urHo -Texur.rqecKo e LIE AI,ICqIIJII{HbI BKJIIOTIAET :

o xa(be,4ptlnbrlbleMyJrbrr{ finue cpeAcrBa (aya" 430-3);
O SJIEKTPOHHbIE 3AI][ICI/.



P a6o'ras. [porpaMMa IIncrJa rrbr cocraBJreHa B coorBercrBrara c rpe6oBaHr{rMr,r O|OC BO

rro HarrpaBneHr,rro TIAJ{ TEXHI'

Pa6ouyxr nporpaMMy cocraBr4Jr

PerlenseHr
(up egcmn nrenr p a6 or o gn enx).Q/-

.Pa6oqas rporpaMMa o4o6pena na

flpororol sace4arrils, xa$egpu Jtft

13 an e4yroqufi rca(f e4pofi

Fa6oqas nporpaMMa o4o6peua ua
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