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1.

Henau n 3212494 AUCHUIJIMHBI (MOAYJISA):

Meab AMCHUNIMHBI:

JucuunimHa npeaycMoTpeHa y4eOHbBIM IITAHOM C IEeNbI0 (POPMUPOBAHUS Y CTYICHTOB
3HAaHUU 0 (PU3MKO-XUMUYECKHX OCHOBAX 0a30BbIX TEXHOJIOTMUECKUX MPOIIECCOB,
MPUMEHSIEMBIX MIPH MPOU3BOJICTBE MUKPOIICKTPOHHBIX IPUOOPOB ¢ MUKPOHHBIMU U
CYOMHKpPOHHBIMH pa3MepaMH aKTUBHBIX 00sacTell 1 pabounx CI0eB, a TaKKe 3HaHUH 00
OCHOBaXx MPOEKTUPOBAHUS TEXHOJIOTUYECKUX LIUKIIOB IPOU3BOCTBA MPOCTEUIITNX
MUKPO3JIEKTPOHHBIX CTPYKTYP.

3agauu AUCHMILINHBI:

OcHOBHOU 3a7a4eli JUCIUILTUHBI SBIISICTCS MPUBUTHE HABBIKOB CAMOCTOSTEIHHON
pa3paboTKK TEXHOJIOTUU U3TOTOBJICHUSI PA3TMUYHBIX MUKPOIJIEKTPOHHBIX CTPYKTYD,
U3Yy4EHHE Mpolecca pa3padoTKH ICKU30B MIabI0HOB AJist oToauTOrpaduu, pa3padboTku
MOCIIEI0BATEIHFHOCTH TEXHOJIIOTHYECKUX ONEPAlNid U3TOTOBJICHHSI MHKPOAJICKTPOHHON
CTPYKTYPBI, BKJIFOUAsT METOIbI U30JISIIIAH. PA3BUTHE Y CTYACHTOB OOIIUX MPEICTABICHHIMA

0 q)HSH‘leCKI/IX OCHOBax TCXHOJIOTHUH IIPOU3BOACTBA W3S QJICKTPOHHUKH

2. Mecto aucuumiunabl B cTpykrype OINOIL:

HucuumnnunHa “ [Iporeccbl MUKPO- U HAHOTEXHOJIOTHH ~ SBJISIETCS JUCHMUILUIMHON
po(hecCHOHATLHOTO IUKJIA U OTHOCUTCS K OCHOBHOM YacTu. Kon yuebnoro mukia b1.
Hucuunmna * [Iponecchl MUKPO- U HAHOTEXHOJIOTUH * OMUPAETCA HA MAaTEMATHYECKYIO
qucHuIIMHy "Maremarndeckuil aHanus”, “ @u3nyeckas XMMHUsI MaTepUuaioB’.
OcBoeHMe TUCIHUIIMHBI HE0OXO0IMMO ISl OCBOCHHMsSI KypcoB ~ [IpuMeHeHre MaTepuaoB
Y KOMITOHEHTOB JUTs CO3/IaHUsI DJIEKTPOHHBIX YCTPOUCTB ~ (KO AUCIIUTUIMHBI
Bb1.B.JZIB.5.1), “ CoBpeMeHHbIe HallpaBJI€HUs Pa3BUTHUS (PUZUYECKOTO
MatepuanoBeneHus” (koa aucuumiuael b1.5.4), “OcHOBBI MPOEKTUPOBAHUS

ANEKTPOHHON KOMIOHEHTHOM 0a3br” (ko nucruruinabl b3.B.0O/1.3).

3. Komnerenuuu (1ecKkpunTopbl KoMnereHuuii), gopmupyembie B npoiuecce u3y4eHus
AMCHHILTHHBI (Kypch cemectp9):
HNunexc n [Tpu3Haku NPOSBICHUS KOMIIETEHLIUHU/
HanmeHnoBanue JeCKpUNTopa (0B) B COOTBETCTBUU C YPOBHEM (OPMUPOBAHUS B
KOMIIETEHIINH IIPOLIECCE OCBOEHMS TUCLUIUINHBI
(B COOTBETCTBHH C
dI'0C BO (BIIO)
[1K-4 3namo:

CIIOCOOHOCTBIO K
OpTraHU3aIUU U

-OCHOBHBIE€ CBEICHHS O KJIacCU(UKAUA HAHOPa3MEPHBIX CTPYKTYp, HX




MIPOBEICHUIO
AKCIIEPUMEHTAIIbHBIX
HUCCIIENOBAHUHN C
MIPUMEHEHUEM
COBPEMEHHBIX
CPE/ICTB U METOJIOB

0COOEHHOCTSX

-MEXaHMU3MbI IEPEHOCA WIEKTPOHOB B HAHOPA3MEPHBIX CTPYKTYpax;

- TEXHOJIOTUH, IO03BOJIIOIIME (HOPMUPOBATh NMPUOOPHBIE CTPYKTYPHI
HAHOAJIEKTPOHUKM M HMX HCIOJB30BaHHE TPU KOHCTPYHPOBAHHUH
3JIEMEHTOB JIEKTPOHHON TEXHHUKU;

Ymemo:

- OLICHMBATh IpeJelibl MPUMEHUMOCTH KJIACCHYECKOIo MOJX0/a, pPoJib U
BaXHOCTh KBAHTOBBIX A(PPEKTOB MPU ONHCAHUHU (PU3MUYECKHX MPOLIECCOB
B HAaHOPA3MEPHBIX PabOUUX AIIEMEHTAX JIEKTPOHHBIX YCTPOUCTB;
-OLICHUBATh (PU3MUYECKUE MapaMeTpbl HAHOPAa3MEPHBIX (IIPOBOJUMOCTD,

nehekTooOpa3zoBaHue) o

TEPMOANHAMHYECKHE byHKIUY,

AKCIICPUMCHTAIbHBIM JJAaHHBIM;
Braoemy:

-METOJaMH KBAHTOBO-MEXaHWYECKOTO OMHMCAHUSA MPOCTEHIINX
KBAaHTOBBIX CHCTEM, BXOJSIIMX B COCTaB HAHOPA3MEPHBIX JJIEMEHTOB
ANEKTPOHUKH, CHOCOO0AMHM pacdyeToB  (PU3MYECKUX  XapaKTEPUCTUK
HaHOPa3MEPHBIX TETEPOCTPYKTYP.

IK-1

TOTOBHOCTBIO
dbopmynupoBaTh
LIEJIM U 3a7a4u
HAyYHBIX
HUCCIEOOBAaHUN B
COOTBETCTBUU C
TeHACHIUSIMHA U
MEPCIICKTHBAMH
HAyYHBIX
HCCJIeIOBaHUM B
COOTBETCTBUU C
TeHACHIUSIMHA U
MEPCIICKTHBAMH
pa3BUTHUSA
ICKTPOHHKH H
HAHODYJIEKTPOHUKH, a
TaKXe CMEKHBIX
oOnacTeil HayKu U
TEXHHKH,
CIIOCOOHOCTBIO
000CHOBAHHO
BBIOMPATH
TEOPETUICCKHE U
IKCIIEPUMEHTAIbHBIC
METOJTBI U CPEJICTBA
peleHus
chopMyTUpPOBaHHBIX

3HaTh- OCHOBHBIE CBOMCTBA IIOJIYIIPOBOIHUKOBBIX,
TURJIEKTPUYECKUX U MPOBOASIIUNX MaTepHaloB; (puzndeckue u Gpusmko -
XUMHUYECKHE  OCHOBBI  TEXHOJOTMM  MaTepHaIOB  MHUKpPO- U
HAHOIEKTPOHUKHU; UMETh HpEJCTaBIeHHE 00 OCOOEHHOCTSIX OOBEKTOB
MHKPO- ¥ HAHODJIEKTPOHUKH.

YMeTb: NOpPUMEHATb METOJbl M3MEPEHMs 3JIEKTPOPU3MUECKUX
I1apaMeTpoB; OLIEHUBATh MPEJEIbl MPUMEHUMOCTH KBa3UKJIACCHYECKOTO
MOJIX0Aa, POJIb U BaXHOCTb KBAHTOBBIX 3((eKToB mpu onucaHUU
(u3MYECKUX MPOILIECCOB B 3JIEMEHTaX MHUKpPO- W HAHOAJIEKTPOHHUKU;B
X0Jle MUKPOMUHUATIOPU3ALUU TOCJIEIHUX; OOECleunBaTh aJeKBaTHBIN
BBIOOp M TEXHOJOIMUYECKYI0 pEalM3allii0 MPOLECCOB S CO3IaHUs
prUOOPOB U YCTPONUCTB MUKPO- U HAHOAJIEKTPOHUKH;

Baaners: Metogamu 0OpaOOTKM M OLEHKM IOTIPEIIHOCTH
U3MEpPEHUN  ANEKTPOPU3NYECKUX MapaMeTpPOB  MHUKPOAIEKTPOHHBIX
JJIEMEHTOB; METOJaMHM  KBAaHTOBO - MEXAaHUYECKOIO  OMMCAHUSA

MPOCTEUIIINX KBAHTOBBIX CUCTEM, BXOSIIMX B COCTAB AJIEMEHTOB MUKPO-
W HAHOXJIEKTPOHUKHU; METONAMU OKCIEPUMEHTAJIBHBIX HCCIEAOBAHUMN
MMapaMeTPOB U XaPAKTEPUCTHUK U3AEIHI MUKPO- U HAHODJIEKTPOHUKH




3agau

ITK-5 3HaTh- OCHOBHbBIE CBOMCTBA MOJYNPOBOTHUKOBBIX,
CIIOCOOHOCTBIO TMRJICKTPUUECKUX U MPOBOISIIUX MaTepHalioB; (puzndeckue u (Gpusmko -
JIeJ1aTh HAy4YyHO- XUMHYECKHE€  OCHOBBI ~ TEXHOJOTMM  MaTepuaioB  MHUKpPO- H
000CHOBaHHBIE HAHOAJIEKTPOHUKHU; UMETh NpEICTaBICHHE 00 OCOOEHHOCTSIX OOBEKTOB
BBIBO/IBI 110 MHUKPO- U HAHOAJIEKTPOHHUKHU.

pe3yabTaT YMeTb: TPUMEHSATH METOJBl HM3MEPEHHS 3JIEKTPOPU3MUECKUX
TEOPETUYECKHUX U MapaMeTpoB; OLEHUBATh MPEAETbl MPUMEHUMOCTH KBa3HWKIJIACCHYECKOIO
HKCIEPUMEHTAIBHBIX | IOJX0/1a, POJIb M BAXHOCTh KBAHTOBBIX 3()()EKTOB mpu ONUCaAHUU
UCCJIEIOBaHUI, (u3MYECKUX TMPOILIECCOB B JJIEMEHTaX MHUKPO- W HAHOAJIEKTPOHUKU;B

TOTOBUTH HAYYHBIE
nmyoIuKaIuy u
3asBKH Ha
HU300pEeTCHHS

X0JIe MUKPOMHHHATIOPU3AIMK TOCIETHUX; 00ECIeynBaTh aJeKBaTHBIN
BbIOOp M TEXHOJOIMUYECKYI0 pEalM3alUI0 IPOLIECCOB A CO3IaHUA
puOOPOB U YCTPONWCTB MUKPO- U HAHODJIEKTPOHHKH;

Baapers: Merogamu 00paOOTKM M OLIGHKM IOIPEIIHOCTH
U3MEPEHUH  DIEKTPOPU3NYECKUX  IapaMeTPOB  MHUKPOIIEKTPOHHBIX
JIEMEHTOB; METOJlaMM  KBAHTOBO - MEXAaHHMYECKOro  OINHCaHMS

MPOCTEUIIINX KBAHTOBBIX CUCTEM, BXOJAIIMX B COCTAB DJIEMEHTOB MUKPO-
W HAHOXJIEKTPOHUKH; METOJAMH SKCIEPHUMEHTAIbHBIX HCCIIEI0BAHUM
MMapaMeTPOB U XaPAKTEPUCTUK U3AEIHI MUKPO- U HAHODJIEKTPOHUKH

4. O0beM AU CUMILIMHBI (MOYJIs1) M BH/IbI Y4eOHOM padoThl (pa3aensiercs no popmam

00yueHus)

Bun yuedHoii pa6oTsl Bcero
4acoB

AyIHMTOpHBIE 3aHATHS (BCEro) 81.8
B ToM uucne: -
Jlexmun 18
[Tpaktuueckue 3anstus (I13) 56
KoHTponb camocTosTenbHO#M paboTh 0.9
CamocrosiTesbHas padoTa (Bcero) 44
B Tom uuce: -
Pedepar (mpu Hammamm) 36
pyaue 6uovl camocmosamenvHou pabomoi
Koumponvnas paboma 8
Bun npomexxyTouHOM aTTecTanuu (3a4eT, SK3aMeH) 3a4eT
OO61mast TpyI0eMKOCTh 4achl 216




5. ConeprxaHue IMCUUILTHHBI (MOTYJIfA).
5.1. Coaep:xanue pa3iesoB M TeM JUCHUIIMHBI (MOayJis). Bee pa3aesibl 1 TeMbl
HYMepYIOTCSl.

Tema 1. Knaccupukanug TexHoaorndeckux npoueccos MO npoussoacrsa (4 yacos).

Knaccupukanus ¥  XapakTepUCTHKA OCHOBHBIX  TEXHOJIOTHMYECKHUX  IPOIIECCOB
MIPOM3BOJICTBA U3JIEITHIA MUKPOAIEKTPOHUKH. OCOOCHHOCTH MUKPO- M HAHOAJICKTPOHHON
TEXHOJIOTHHU.

TeHaeHIu 1 OCHOBHBIE OCOOEHHOCTH Pa3BUTUSI COBPEMEHHOW TexHoJioruu M. bazoBbie

TEXHOJIOTHYECKHUe mporecchl M3.

Tema 2. TexHoJI0rn4yecKue nNpouecchl GOpMHUPOBAHNMS TOHKOILIEHOYHBIX MOKPLITHIL (6

4acoB).

OO01me MOHATHS O TUIGHOYHBIX MOKPBITHAX, X KJIAaCCU(UKALUS M XapaKTEPUCTHKA.
Meroas! nonyyenus TIIII.

DU3UKO-XMMUYECKHE OCHOBBI, TEXHOJIOTUS M 00JaCTU MPUMEHEHUSI METO/I0B BAKYyMHO-
TEPMHUUYECKOT0 UCIIAPEHUs1, HOHHO-IJIA3MEHHOT'0 PAaCIbLIEHUS U TEPMOXUMHUYECKOIO
ocaxxaenust TIIII. IlpakTuueckue cnocoOs! GOpMUPOBAHMSI TOHKUX U CBEPXTOHKHUX
NOKpPbITUI. PUZUKO-XUMHUYECKHUE OCHOBBI, TEXHOJIOTUS U 00JIaCTH PUMEHEHUS
IIPOLIECCOB TEPMHUUYECKOTIO OKUCIICHHUS NOJIYIIPOBOIHUKOB. [IpakTueckne MeTosl
MIOJIYYEHUS 3aLUTHBIX, CBEPXTOJICTHIX U MTOA3aTBOPHBIX AUAIIEKTPUKOB Dusuko-
XUMHUYECKHE OCHOBBI, TEXHOJIOTHUS M 00JIaCTH MPUMEHEHHS MPOIIECCOB aHOIHOTO U
MOHHO-TJIA3MEHHOTO OKUCIIEHUS. TEeXHOIOTUs MTOy4eHUS! TYHHEIIBHO-TOHKUX OKHUCHBIX

IJICHOK.

DU3HNKO-XHUMHUYECKHE OCHOBEI U TEXHOJIOTHS SIUTAKCHAIBHOTO HapalluBaHUA

MOHOKPHUCTAINIMYCCKUX IIJICHOK. MoneKmepHas[ OIIUTAKCHA.

Tema 3. TexHoJornueckne mpouecchbl JeripoBaHus MOJIVIPOBOIHUKOB (4 qaca).

DU3UKO-XMMUYECKHE OCHOBBI M TEXHOJIOTHUS MPOLIECCOB 00BEMHOTO U TIOBEPXHOCTHOTO
JIETUPOBAHMUSI MONYIPOBOAHUKOB. Du3nka u matemaruka nuddysuu. uddy3rnonnsie
WCTOYHUKHU U METObI IpoBeaeHus Tudy3noHHbIX npoueccoB. OnHO- U

JBYXCTaJANIHBIE TpoIiecchl Tu(Py3um.



Mertobl JerupoBaHvs HOHHOW UMILIaHTalMER. Pacnpenenenre nMITIaHTUPOBAHHBIX
noHoB. [IpenmytiecTBa u HerocTaTKu UMILTaHTaK. O0JIaCTH IPUMEHEHUST METO/IA.

TexHoorus (bOpMI/IpOBaHI/IH CBCPXTOHKHUX U cna6oneer0BaHHHx CJIOEB.

[TpakTrueckue MeTo bl U (Py3MOHHOTO JTETUPOBAHUS U MOHHON UMILIAHTAIUH.
CpaBHHTENBHBIN aHAJIN3 METOA0B. MEeTO/IbI JIOKAIBHOTO JerupoBanus. Obmactu

IpUMEHEHHUS METOAOB AU (PY3UOHHOTO JETUPOBAHHS U HOHHON MMITJIAHTALHH. .

Tema 4. TexHogornyeckue npouecchbl GpopMHUpPOBAHNSA TONOJOrMH M3 CTPYKTYP

METOIAMH JIOKAJLHOM MUKPOOOPaGoTKH. (8 4yacos).

OcHo6uble NOHAMUA U  ONpeoeneHus, Klaccugukayus memooos JIOKANbHOU
Mukpoobpabomxu. Domonumoepaghus, s1exmponorumospadus, uoHoaumozpadus u

peHmeeHonumozpaghusi.

OU3UKO-XUMUYECKHE OCHOBBI (JOTOXUMHUECKUX METOI0B 00paboTKu. POTOPE3NUCTHI U

UX CBOMCTBA.

TexHonoruueckass cxema mnpomecca (otonutorpadpunu.  Haznauenwe, dusmdeckas
CYIITHOCTb U TEXHOJIOTHUS OCHOBHBIX 3TANoB Ipolecca poronurorpadpuu.
TpadapeTaple W JIyd4eBbIE METOABI JIOKAIBHOH MHKPOOOPAOOTKHU: IMPOCKIIMOHHAS W

KOHTAKTHAs ONTHYECKast POTOTUTOTpa(HsL, HIEKTPOHOIUTOT padust

Tema 5. TexHoJornyeckue npouecchbl NOJVIEHHNST MekcoequHennii B MD

npubdopax. (4 yacos).

Knaccudukanuss MeTONOB TONYYCHHUS MEXKCOCAMHEHHH B TexHojoruu MD, wux
XapaKTePUCTHKA M 00JIACTH MPUMEHEHUS.

JlackpeTHble  METOABI  NOJIYYEHHsS]  MEXKCOEAMHEHHWW. TexXHOorus  mporeccoB
TEPMOKOMIIPECCUOHHOM, YIBTPa3BYKOBOM U dJIEKTPOKOHTAKTHON MUKPOCBAPKH.
NHTerpanbHbie  METOABI TMOJYYEHHUS MEKCOoenuHeHud. Dusznueckne OCHOBBI U
TEXHOJIOTHS ITPOLIECCAa METAUTU3ALHUH. TEXHOIOTUS MOIYyYEHUS] MHOTOCIIOMHBIX CTPYKTYP

MCTAJUI-AUIJICKTPUK



Tema 6. Texnosaorus wsoasuuu daemMeHToB MMC (4 yacoB).

MeTo1bI H30JISIUH PII-TIEPEX0I0M, TUIIEKTPUICCKAst N30SI 1 KOMOMHUPOBAHHBIC
MeToan! u3oauu 35neMeHToB UMC. 3D- u II9T-TeXHONIOTHH, UX OCOOCHHOCTH,
MIPEUMYINECTBA, HEIOCTATKU U 00J1acTH TpuMeHeHus. TexHomorus nonyuenus KHC-
cTpykTyp u ITHK-texnonorus uzonssuun. OCOOEHHOCTH U 00JIACTH TPUMEHEHUS
muanekrpuaecknx MeTo1oB m3oisiiuu. LOCOS u PLANOX —TeXHOJI0THH H30IISITUI
3JIEMEHTOB MUKpocxeM. TexHosorus meneBoi uzoisaiun — TRENCH-Texnomorus.

HpCI/IMYH_[CCTBa, HEOOCTAaTKHU U obnacTu MMPpUMCHCHHA MCTOOOB.

Tema 7. TexHoJornueckue cxeMbl NPOU3BoacTBA M3 cTpYKTYP (4 4acoB).

[TpakTuueckas pazpadoTka Tononoruu 3emMenToB MUMC ¢ MUKpOHHBIMU U
CyOMUKpPOHHBIMU pa3zmepamu. PazpaboTka kommiiekta ¢poTomadIoHOB AJis 3aJaHHON

TOIOJIOTMH aKTUBHBIX MJIM IACCUBHBIX KoMITIoHeHTOB MIMC.

Pa3paboTka TEXHOJOTMYECKUX CXEM ITPOU3BOJICTBA MPOCTEUIIUX MUKPO- U
HAHORJIEKTPOHHBIX CTPYKTYP € Pa3IMUHBIMU METOaMU U30JSLMU. BpIGOp
[IOCJIEIOBATEIbHOCTH TEXHOIOTHYECKUX IIPOLIECCOB U TEXHOJIOTHUECKUX PEKUMOB

MMOJIYYCHHA MCTANIMYCCKUX, TOJTYIPOBOAHUKOBLIX U JUIJICKTPUUCCKUX CIIOCB.

Pa3paboTka T€XHOJIOTUH MOTYUYECHUS CUJIBHO U C1a00JIETUPOBAHHBIX, & TAK)KE TOHKUX U

CBCPXTOHKHUX IMOJYIITPOBOAHHUKOBBIX CJIOCB.

Pacuer napaMeTpOB paCpCaACICHUA nempyromeﬁ IMPUMECH B aKTHUBHBIX obmacTax

ITOJIYIIPOBOJTHUKOBBIX CTPYKTYD.

CamocrosiTenbHas pa3padoTKa TOMOJIOTHH, KOMITJIEKTA IA0JIOHOB ¥ TEXHOJIOTHUHU
M3TOTOBJICHHSI 33/IaHHBIX MUKPOIJIEKTPOHHBIX CTPYKTYp. Hamucanue u odopmienue
KypcoBoii paboTsl Ha OBM ¢ ucnonb30BaHnEM COBPEMEHHBIX TEKCTOBBIX U TpaduIecKrX

PEIaKTOPOB.

Tema 8. 3akaounteanLHad Jekuud. (2 yaca).

COBpCMeHHLIC TCHACHIIUN PA3BUTHA MI/IKpOZ-)JlCKTpOHHOﬁ TexHOJI0THH. CITOCOOBI

YBCIIUUCHUA GBICTpOI[Cf/'ICTBHH N CTCIICHU MHTCIpaluu



5.2 Pa3zgennl AUCHUNJINHBI H MEKIUCHUIIIHHAPHBIC CBA3H C o0ecnmeYHBaeMbIMH

(mocseayOmIMMHU) JUCHUIIJIMHAMU

Ne | HaumenoBanue obecre- | Ne No pa3ienoB v TeM JaHHOUM IUCIUTUIMHBI, HEOOXOIUMBIX
/T | YMBaeMBbIX (TIOCIEAYIO- | JUIS M3y4eHUs 00ecriedYMBaeMbIX (ITOCIEIYIONINX ) TACIUTLIIAH
11X ) TUCHUTIINH (BIUCBIBAIOTCS Pa3pabOTIUKOM)
1. | Marepuansl 1 2 3 4 |5 6
AJICKTPOHHOU TEXHUKH
2. | Merons! uccinenoBanus | 1 2 3 4 5 6

MaTEpUaJIOB U CTPYKTYP

5.3. Pa3enbl u TeMbl AUCHMILIMH (MOYJIeil) M BUbI 3aHATHH

Ne | HaumenoBanue HanmMeHnoBaHue TeMBbl Bunsl 3ansTuil B yacax
n/n pasaena Jlexu. 113 il;% Bcero
1. 1 Knmaccudukanus | 1.1 Knaccugpukaryst 1 XxapakTepucTHKa
rextooreckuy | CCHOBHPIX TEXHONOTHYECKHX §
MPOLIECCOB ITPOU3BOICTBA U3AEIHI
npouecco M2 MHUKpPOAIIeKTpOoHUKH. OCOOCHHOCTH
MHKPO- ¥ HAHOJICKTPOHHOH 4 14,1 16
MPOU3BOJICTBA.
TexHonoruy. TeHICHIINI 1 OCHOBHBIE
0COOEHHOCTH Pa3BUTHSI COBPEMEHHOM
TexHosoruu M3. ba3oBsle
TEXHOJIOTHYECKHUE nporecchl MO
2. 2. 2.1 O6mume TOHATHS O TICHOYHBIX
TeXHONMOrMYECKUE | 1okpEITHAX, HX KIACCHDUKALIHS U
HpONeCChI XapaKTepUCTHKA. MeTOIbI TOTyICHHUS
(hopmMupoBaHus TIIIL
TOHKOIUICHOYHBIX | 2 2 DU3MKO-XUMHAYECKHE OCHOBEI,
TOKPBITHIA TEXHOJIOTHS U 00aCTH IPUMEHEHHUS
MPOLIECCOB TEPMHUYECKOTO OKUCIICHHUS
MOJYyNPOBOJHUKOB. [IpakTHyeckue
METO/IbI TIOJTyYEHUS 3alIUTHBIX,
CBEPXTOJICTBIX U MOJ3aTBOPHBIX
JIEKTpUKoB OU3NKO-XUMHUYECKHE 4 14,1 16
OCHOBBI, TEXHOJIOTHS M 00J1acTH
MPUMEHEHHS MPOLIECCOB aHOHOTO 1
MOHHO-TUIa3MEHHOTO OKHCIICHHSI.
TexHoJIOT S TOJTyYeHNs TyHHEIBbHO-
TOHKMX OKHCHBIX IIJICHOK.
DH3NKO-XUMHYECKHE OCHOBBI U
TEXHOJIOTHSI SITUTAKCHAIILHOTO
HapalBaHUsi MOHOKPHCTAJUIMUECKUX
IUIEHOK. MoJieKyisipHas 3IUTaKCHs.
3 3. 3.1 OU3NKO-XMMUIECKHE OCHOBBI H
TexHONIOrHYecKre | TEXHOJIOTHS MPOLECCOB 00bEMHOTO U
MPOLIECCHI MOBEPXHOCTHOTO JIETHPOBaHMUS
JIETHPOBAHHMS MOJYNIPOBOJHNKOB. du3nka n 2 7 8
MOJIYIIPOBOJHUKO | Maremartuka quddysun.
B. Jucddy3rnoHHBIE HCTOUHUKH U METO/BI
nposeneHust T y3HOHHBIX
nporeccoB. OQHO- U IBYXCTaAUIHBIE
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niporecchl quhdy3um.

4
TexHoMOTHMYECCKIEC
TIPOTIECCHI
(hopmupoBanHus
TomoJIoruu MO
CTPYKTYp
METOIaMHt
JIOKaJIbHOM
MHKpPOOOPabOTKH.

4. OCHOBHBIE TTOHATHS M OTIPEIICIICHUS,
KIacCH(UKaKs METOIOB JIOKATbHON
MHUKpooOpadoTku. @oromurorpadus,
AIEKTPOHOIHUTOTpadus,
HOHONUTOTpadus U
peHTreHoUTOrpadus.
DU3NKO-XMMHYECKHE OCHOBBI
(hOTOXMMHUUECKHX METOI0B 00PabOTKH.
DOTOPE3UCTHL U UX CBOUCTBA.
TexHosoruyeckas cxema rpoiecca
dotonmutorpadun. Hasnauenue,
(u3muecKas CyIHOCTb M TEXHOIOTHS
OCHOBHBIX 3TaIloOB NPOIIEcCca
(oTomuTorpadum.

TpadapeTHble U Ty4eBbIe METOIBI
JIOKaJbHON MUKPOOOPabOTKH:
MPOEKIMOHHAS 1 KOHTAKTHAsI
ontuyeckas GportonuTorpadusi,
AIIEKTPOHOIUTOrpadus.

28,2

32

4,
TexHonoruueckue
MIPOIIECCHI
MOJTyYSHHS
MEKCOSTMHEHUH B
MD npubopax.

5.1 DeKTponpoOBOIHOCTh METAJIIIOB,
BpeMs pellakcaluy, Y paBHCHUE
BonbiMana. DneKTponpoBOJHOCTh
CO6CTBeHHI>IX 1 IMMPUMECHBIX
TIOJTYTIPOBOTHIKOB, TEMITEpaTypHas
3aBHCUMOCTH. MeXaHU3MBI PACCESHUS
HOCHUTEICH 3apsija.

5.2 Knaccugukaryst METOZ0B
MOJTYICHUS MEKCOCIMHCHUI B
TeXHOJIOTHN MD), HX XapaKTEepHUCTHKA H
001acTH IPUMEHEHHUS.

JII/ICerTHLIe METOABI MOJYYCHUA
MexcoequHeHui. TexHomnorus
MPOLIECCOB TEPMOKOMIIPECCUOHHO,
YIABTPa3BYKOBOU U 31IE€KTPOKOHTAKTHOM
MHUKPOCBApKH.

WHTerpanpHbIe METOABI IOy YSHHS
MeXCOeTUHEeHNH. OU3NUECKHue OCHOBBI
U TEXHOJIOTHS TIpoIiecca
MeTau3aun. TexHomorus
MOJTYYCHUST MHOTOCIIOMHBIX CTPYKTYP
MeTaJJI-IUIJIEKTPUK.

21

24

6.
TexHomoruueckue
CXEMBI
npousBojcTBa MO

CTPYKTYP..

6.1 IIpakTHueckas pa3paboTka
Tonojoruu 3aemenToB UMC ¢
MHUKPOHHBIMH U CYOMHUKPOHHBIMU
pa3mepamu. Pa3paboTka KOMILICKTa
(hoTOIIA0IOHOB TS 33 JaHHO
TOITOJIOTMHY aKTUBHBIX UJIH HACCUBHEIX
kommoneHToB UMC.

Pa3paboTka TeXHOJIOTHYECKUX CXEM
MIPOU3BOJICTBA MPOCTEUIIINX MUKPO- H
HAHORJICKTPOHHBIX CTPYKTYP C
Pa3IMIHBIMHA METOAAMH H30JISIIHU.
Br16op mocinenoBaTensHOCTH
TEXHOJIOTHYECKUX MPOIIECCOB U
TEXHOJIOTHYECKUX PEKHUMOB
MOJIyYCHUST METATHYCCKHUX,
MOJIYTTPOBOIHHUKOBBIX U
JIUDJICKTPUIECKUX CIIOCB

141

16

Bcero:

36

36

72




6. IlepeyeHb CEMHHAPCKHUX, MPAKTHYECKUX 3aHATHI H J1A00PaTOPHBIX padoT
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Ne Ne pasgena u Temel HanmenoBanue Tpynoemkocts | Onenounsle | ®opmup
n/m JUCIUTIAHBI CEMHUHApOB, (uacer) CpeacTBa yeMble
(Momyst) MIPAaKTUYECKUX U KOMIIETE
1a060paTOPHBIX HIIUU
pabor
1 2 3 4 ) 6
1. |Temal Pemenue u paz6op | 4 Kontpomnpnas | [1K1
Pazmen 1.1 3a71a4 110 TEME. pabora.
2. | Tema?2 Pemenue u pa3dop |4 KonTponsnas | [1IK4
Pasnensr 2.1-2.2 3a7a4 [0 TEME. pabora.
3. | Tema3 Pemenue u paz6op | 2 Kontponbnas | [1K4
Pazgen 3.1 3a/1a4 10 TeMe. pabora.
4, | Tema 4 Pemenue u pa3z6op | 8 Kontponbnas | I1K5
Pasnensr 4.1-4.3 3a/7a4 [0 TEME. pabora.
5. | Tema 5 Pemenue u pa3dop | 6 KonTponbnas | [IKS
Paznmensr 5.1-5.3 3a/1a4 10 TeMe. pabora.
6. | Tema6 Pemenue u paz6op | 4 Kontponpnas | I1K1
Pasznensr 6.1-6.2 3a/7a4 [0 TEME. pabora.

7. llpuMepHasi TeMaTHKA 3aJaHUil /15l CAMOCTOSATEILHOI padoThl (pedepar)

1.

N

Knaccudukanuss mpoueccoB MHKPO- M HAHOTEXHOJOTUU TO (U3MKO-XUMHUYECKOU
CYIIIHOCTH: MEXaHUYECKUU, TEPMUUECKUN, XUMUYECKUH, KOPIIYCKYJISIPHO-TIOJIEBOM; BULY
mpoliecca: HaHECEHWe, yAalleHue, MOAu(UIIMPOBAHKUE, XapaKTepy MPOTEKaHUs
MPOIIECCOB: TOTAJbHBIN, JOKANBHBINA, CEJICKTUBHBIN, W30UpaTEeNbHBIN, aHU30TPOITHBIIA;
croco0y aKTUBAIUU: TEIUIO, U3JTyUYCHHE, TIOJIE.

CucTeMHBII OAX0/ K YIIPABICHUIO KAYECTBOM.

Bunbl TepMHuUeCKOro M KOPIYCKYJISIPHO-Iy4€BOTO BO3JECUCTBUM: PpPE3UCTUBHBIN,
JYYUCTBIM WM MHAYKLIMOHHBIA HAarpeB, JJIEKTPOHHBIE U JIA3€pHBbIE IYYKH, IUIA3Ma M
VMOHHBIE MTYYKH.

HuTerpupoBaHHble  TEXHOJOTHYECKHE  KJIacTepHble KOMIUIEKCHI:  MHHH(aOPHKH,
HAHOTEXHOJOTMYECKHE KOMIUIEKCHI Ha OCHOBE TYHHEJIBHO-TIOJEBOTO MaccomepeHoca u
MoaudunpoBanus. BUIbl TEPMUYECKOTO U KOPIMYCKYISPHO-ITYYEBOTO BO3IACHCTBHIL:
PE3UCTUBHBIN, JIYYUCTHIA M WHIYKIMOHHBIM HArpeB, 3JIEKTPOHHBIE WM JIa3€pPHBIE MYYKH,
IJ1a3Ma U MOHHBIE ITYUKH.

KaTtanutnueckue cBOMCTBA MOBEPXHOCTH U ATOMHO-CUJIOBOE BO3/ICUCTBHUE.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
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CamodopmupoBanue: HHTErpanus (QU3UKO-XMMHUYECKMX IIPOLECCOB HA OCHOBE
TOMOXUMHYECKOHN CEJIEKTUBHOCTH IIOBEPXHOCTH, CTPYKTYPHO-TOIOJIOIMYECKHUE OIEpalluu
Ha OCHOBE aHU30TPONMH, MACKH JUPPepeHIINATbHOTO 1eHCTBUS, IPUHIIUIT MaTPULIBL.
UucTtele MOMENICHUsS: KiacCH(UKanus MPOU3BOJCTBEHHBIX IMOMELICHUH IO YHUCTOTE
BO3AYIIHOM Cpesibl 1 MUKPOKJIMMATY, HICTOUHUKH 3arps3HEHUi, criocoObl oOecrieueHus u
NOJIEPKAHUS YUCTOTBHI.

@DU3UKO-TEXHOJOTUUECKUE U HKOHOMMYECKHE OrpaHMYEHHUs MHUHMATIOPU3ALUU U
MHTETpaLUH.

BakyyMm: rmy6uHa BakyyMma,. CpeICTBa OTKauYKU U METOJIbl KOHTPOJIS.

COopka MHKpPODJIEKTPOHHBIX YCTPOMCTB: MOHTaX KPHUCTAIIOB, TEPMOKOMIIPECCHS,
yIABTPa3ByKOBasi MHKPOCBapKa, IaiKa BBIBOJOB; 00OpYyIOBaHME JUIsI MHKPOCOOPKH;
0OeCpOBOJIOYHBIN MOHTAX.

OO6opynoBaHMe U METOJbl HAHECEHUS BEIIECTBA B BAKYyME€ U3 MOJIEKYJISAPHBIX ITYYKOB:
BaKyyM-TEPMHUYECKOE€ U JJIEKTPOHHO-Iy4YEBOE HCIAPEHUE, MOJIEKYJISPHO-ITydeBast
SIUTAKCHUS.

O6opynoBaHue U METOJbl MOHHO-IIJIA3MEHHOTO OCAKJIEHUS: KaTOIHOE, MarHETPOHHOE,
PEAKTUBHOE PacIbUICHHs; HOHHO- U INIa3MOXUMHUYECKOE OCAXKICHHE.

Knaccugukamus 6a30BbIX MeTONOB JuTorpadguu: (OTO- , PEHTICHO-, IIEKTPOHO- H
HoHoJMTOrpadus.

O6opynoBanne ©  METOIBI  OCAKICHUA M3  Ta30BOM  (a3pl:  IMOJydeHHE
HNOJMKPUCTAIUIMYECKOTO U aMOP(HOr0 T'MIPOr€HU3UPOBAHHOIO KPEMHHMs, OKCUAA U
HUTPHU/Ia KPEMHHSI, MHPOJUTHYECKOE OCAXKICHUE METAUIOB; Ta3o(dazHas SIUTAKCHS
KpPEMHHUs, OMHAPHBIX 1 MHOTOKOMIIOHEHTHBIX CO€AMHEHUI.

JlurorpaduuecKuii UKII: PE3UCTHI M CIIOCOOBI MX HAaHECEHUsI, TO3UTUBHBIC, HETATHBHBIE,
KHUJIKME M CyXHE€ pPE3UCTbl; METOJbl IMOBBIIIEHUS aJre3uH, IUIa3MOCTOMKOCTH;
TUTaHAPU3ALKS, IPEIPKCIO3UIIMOHHAs 00pabOTKa, MPOSBICHNE U CYIIKA.

OO6opynoBaHMe M METO/Abl OCAXIEHUS W3 KUIAKOW (as3bl: kuakodazHas SHMUTAKCHS,
IIEKTPOXUMUYECKOE OCAIKICHUE CIIOEB.

@®oromabnoHbl.  AmnmapaTypa ¥ CHOCOObI  COBMEIIEHHS M SKCIOHHUPOBAHMSL.
IIpocTpaHCTBEHHOE pa3pelIeHHE.

OBOJIIOLIMS TPOLECCOB SKCIOHUPOBAHUS: BBICOKOI()()EKTUBHBIE HCTOYHHMKH JAaJIbHETO
yIbTpaduosneTa, onTuueckas Jutorpadus ¢ (pa30BbIM CIBUTOM.

O6opynoBanue W METOABl  OKHCIEHMs B Ta3oBOM W JKHIKUX  cpelax:
BBICOKOTEMIIEPATYPHOE TEPMUUYECKOE CYXO€ U BIIAXKHOE OKHUCIEHHE, FIEKTPOXUMHUUYECKOE
OKHCJICHHUE.

Huddys3us npumeceil: pacnpenenenue npumeced npu aud@ys3uu, craguu 3aroHKA U
pasroHKH Npumeceii, 00opynoBaHue U MeTo bl AM(PPy3un U3 ra3000pa3HbIX, KUAKUX U
TBEPJIBIX HCTOUHUKOB.

HMoHHas MMIUTaHTaIMs: pacupeieseHre NpuMmeceld, o0opyroBaHME M METOAbl MOHHOM
MMIUTAaHTALU Y.

8. YueOHO-MeTOAMUYECKOE U HH(POPMANIMOHHOE 00ecniedeHne TUCIUIIHHBI (MOAYJIs1):

a) OCHOBHasl TUTepaTypa

N

Edumos U.E., Kozbips U.51. OcHOBBI MUKpo3iekTpoHuku. M3a-Bo «Jlauby, 2008
KoBanenko A.A. OCHOBBI MUKPO3JIEKTpOHUKH, 2010r.

JILA. Konenos. TexHOI0rMsa U KOHCTPYKIINNA MUKPOCXEM, MUKPOIIPOLIECCOPOB U
MuKpocoopok. M.: U3a-Bo «Texnocdepar, 2009 r.

0) TomOMHUTENBHAS JTUTEPATYPA
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4. JIx.M.Maptunec- lyapt, P.Jlbx.Maptun- [lanma, ®@. Arymio- Pyena. Hanorexuonoruu
JUI MUKPO- U ontoasiekTponuku. Ilep ¢ anrn. Texnocgepa, 2009,368 c.

5. JI.®ocrep. HanorexHosnoruu, Hayka, ”HHOBAIMHU B Bo3MokHOCTH. M., TexHnocdepa,
c.348, 2008r.

6. Hanorexnonoruu. Hanomarepuansl. HanocucreMHuas Texuuka. MupoBble TOCTHKEHUSI.
COopHUK oA pefakiuei 1.1.H., mpodeccopa [L.IT.ManbueBa. Mocksa:
Texnochepa,2008. — 432c.

7. B.W.I'ankun, B.E.IleneBun. [IpoMblliuieHHas 3JIEKTPOHUKA U MUKPOSJIEKTPOHUKA.
VYuebHoe mocodue, M. ;Briciias mikoia, 2006 r. — 350c.

8. TaBpumok A.A., 3yopuukwuii C.M., IlerpoB A.JI.. ®u3uKa METAIJIOB U CIJIABOB.
Yyebnoe mocodue. Upkyrck-2009, 93c.

B) MIHTEepHET UCTOYHUKMU:

Hay4HbIe MyOIuKanuy B peepaTUBHBIX KypHAIaX MO aKTyaJIbHBIM IpobaeMaM (QHU3UKU
MarHUTHBIX IBJCHUN M MarHUTHBIM MaTepUanaM 3JI€KTPOHUKH DJIEKTPOHHbIE BEPCUU
XKypHaioB: “@usnka TBepaoro tena”’, “Kypnan rexauueckoit puzuku’, “Tlucema B KypHa
TeXHUUYeCKO# (pusnkn”, “Dusnka 1 TexHUKa noiaynpooanukos” http://journals.ioffe.ru.
www.nhanonewsnet.ru — Caiit o HaHoTeXHOJIOTHAX B Poccun.

www.nanodigest.ru — MHTepeHeT xypHall 0 HAHOTEXHOJIOTUSIX

www.nano-info.ru - Caift o COBpeMEHHBIX TOCTIKEHUSAX B 00JIACTH MUKPO- U HAaHOTEXHOJIOTHH
www.nanometer.ru — CaiiT HaHOTEXHOJIOTHYECKOTO COOOIIECTBA YUCHBIX,

CTYACHTOB U JII0003HATENbHBIX YHTATENCH

WWW.nano-portal.ru - TToptas mocBsiiieH pa3BUTHIO HAHOTEXHOJIOTHIA

F) 0a3sl JaHHbIX, IIOUCKOBO-CIIPABOYHLIC U I/IH(1)OpMaI_II/IOHHLIC CHUCTCMBI:

1. Kuuradonn - OubnmoTeka onaaia yreHus. Www.knigafund.ru

2. 9BC "U3zmarensctBo Jlans" http://e.lanbook.com/

9. MaTepuajbHO-TeXHHYECKOE 00ecneyeHne TUCIHIIHHBI (MOYJIs1):
KoMnbrorepHsbie pe3eHTaluu, nporpaMma Juisi TECTUPOBAHMUS.

10. O0pa3oBaTeibHbIE TEXHOJIOTHH:

Ne

u/n Buabl yueOHol padoThl O0pa3oBaTe/bHbIE TEXHOJIOTHH

1. | Jlexuus BBoanas nexuus, nHGopMaus JeKIus, JTeKIus ¢
DIIEMEHTAMU TUCKYCCUU, HHTEPAKTUBHAS JICKITUS
(J1exuus tuasor), nHGOpMalMOHHAs JIEKIUS C
DIIEMEHTaMU 00paTHOH CBsI3U, HH(POPMAIIMOHHAS JICKIIUS
C JIEeMEHTaMH ITPOOJIEMHBIX CUTYaIUH.

3. [IpakTuueckoe 3aHaTue 3aHsTHE — pelIeHNE 3a]1a4.

11. Ouenounsbie cpeacrsa (OC):

11.1. Texymuit KOHTPOJIb OCYILIECTBISETCS B YCTHOW U MUCbMEHHOMN (hopMe MpH BHIMOIHEHUH
CTYAICHTaMH Y4eOHBIX 3aJJaHUi - pEILICHUH 33J1a4u M BBITIOJHEHUU KOHTPOJIBHBIX paboT Ha
MPOTSHKEHUH BCETO Kypca.

11.2. PyOexHbIit KOHTPOJIb MPOBOJUTCS MEKAY MOIYJISIMA — TECTUPOBAHUE.

11.3. ITpoMexyTOUHBIN KOHTPOJIb — MOATOTOBKA pedepara Mo TeMe U3 CIHCcKa 3aJaHui Jis
CaMOCTOSITENIbHOU PaOOTHI.

11.4. ITOroBBIi1 KOHTPOJIb — K3aMEH.


http://journals.ioffe.ru/
http://www.nanonewsnet.ru/
http://www.nanodigest.ru/
http://www.nano-info.ru/
http://www.nanometer.ru/
http://www.nano-portal.ru/
http://www.knigafund.ru/
http://e.lanbook.com/
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[Tporpamma cocTaBiieHa B COOTBETCTBUU ¢ DeiepaibHBIM TOCYIaPCTBEHHBIM 00Pa30BaTeIbHBIM
crangapToM 1o npoduto moaroroBku 11.04.04 DnekTpoHUKA U HAHOAJICKTPOHHUKA.

«M3mepenne 1 MoauduKaus CBOMCTB HAHOMATEPUAIOB U HAHOCTPYKTYP»

S

Pa3zpadorunk:

JIOLIEHT [Terpon A.JL..
[IporpaMmMa paccMoTpeHa Ha 3aceIaHuu Kadeapsl o0IIeH 1 AIKCIIEPUMEHTAILHONU (DU3HKH

[Iporokon Ne 5 ot 21.02.2025 .
3aB. Kadenpoii /7/ IMaBpumiok A.A.

Hacmosuwas npoepamma, me mooicem Ovimb 60cnpoussedena HU 6 Kaxou ¢hopme 6e3

npeosapumenbHo20 NUCbMEHHO20 paspeueHus Kagheopvl-paspadbomyuxa npoepammol.



