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1. IlepeyeHb NIaHHPYeMBbIX Pe3y/IbTATOB 00y4eHHs N0 JMCHUIIIHHE, COOTHECEHHBIX € IJIa-
HHPYEMBIMH Pe3yJIbTATAMH O0CBOCHHUSI 00pa30BaTe/IbHON NPOrpaMMBbl.

OcHoBHOH 1Eenbl0 Kypca «llima3MeHHbIE TEXHOJIOTUW» SIBISETCS 03HAKOMIIEHHE MaruCTpaHTOB-
(U3KUKOB, CHEIUATU3UPYIOMUXCS B 00JaCTH (PU3MKHU MIIA3Mbl, C MPOMBIIUIEHHBIMH U T€XHOJOTHYE-
CKMMH IPUMEHEHUSIMU HU3KOTEMIIEPATypHOU IJ1a3MBl.

Kypc cocrout u3 nByx 4actei, nepBas U3 KOTOPBIX MOCBAIIEHA (PU3NUECKIM OCHOBAM HCIOJIb-
3yeMbIX B COBPEMEHHON IPOMBIIUIEHHOCTH IJIa3MEHHBIX TEXHOJIOTUM, TaKUM, KaK 3JEMEHTAapHbIC
MIPOLIECCHI B Ta30pa3psAHON M1a3Me U Ha TOBEPXHOCTH AJIEKTPOIOB; Ipedbl, quddy3us mia3Mmel; aji-
copOmust ¥ 1ecopOLus BEIIECTB Ha MOBEPXHOCTH; MEXaHU3MBI Pa3pyIICHUsI TOBEPXHOCTHU MO BO3/ICH-
CTBUEM IOTOKOB ILJIA3MBI.

Bropas uwacth Kypca paccMaTpUBaeT METOJbl M O0OpYAOBaHHE IUIa3MEHHBIX TEXHOJIOTHH, B
YaCTHOCTH, Ta30pa3psiAHbIE YCTPOWCTBA; IUIa3MEHHbIE peakTophl, auekTpoayroseie, BY u CBY
IUIA3MOTPOHBI;  IUIA3MEHHBIE  IYIIKM W IJIa3MEHHBIE  YCKOPUTENIW;  TEPMO3MHCCHOHHBIE
npeoOpa3oBaresny; METOAbl MOTU(PHUKAIMH TOBEPXHOCTH W HHU3KOIHEPTeTUYHOH HMIUIAHTAIINY,
HaHECEHUs MOKPHITUNA U IUIEHOK, 00pa0OTKHU MJIACTUH B MHUKPORJIEKTPOHHUKE, 00pabOTKH MaTepUaos,

JNEKTPOMETALIYPIrUUd U

IJ1a3MOXHUMUU.

Taxxe

MOBEPXHOCTEH B IUIA3MEHHBIX TEXHOJIOTHUSX.
JlucuuiuiHa HaresieHa Ha (OpMHPOBaHUE Y 00yJaromerocst npoeccuoHaIbHON KOMIETEHITNH

paccMaTpHUBarOTCSI

BOIIPOCBI  JUArHOCTHUKU

Pe3ynbratsl ocBoeHUs 00paz3o-
BaTEJIbHOM IIPOrPaMMBI
(KOMIIETEHIINHN )

Nuaukaropel

Pe3ynbTarel 00yyeHus MO AUCIIH-
IUIAHE

IK-1 CiocoGen ncnoiap30BaTh
CreLUaIN3UPOBAHHBIE

3HaHUs B 00JacTU (U3UKHU IPU
[pEIIEHIH MTOCTABICHHBIX 3a/1a4
B HAY4YHO-HCCIIEJOBATEIbCKOM
NesITeTbHOCTH B COOTBETCTBUH
c npo¢uaeM NoJroTOBKH B 3a-
BHCHUMOCTH OT CHEIU(PUKH 00B-
eKTa UCCIIEJOBaHUS.

I1K 1.1 IIpumenser cneunaiu-
3UPOBAaHHBIE 3HAHMS B 001aCTH
(U3MKY TIpU pelIeHUN KOHKPET-
HBIX 3a/1a4 B 00J1aCTH HAyYHBIX
MCCIIEA0BAHUI B COOTBETCTBUU C
npo¢uieM NOArOTOBKU B 3aBU-
CUMOCTH OT crienupuKu o0beKTa
MCCIIEIOBaHUS.

I1K 1.2 Bribupaet Haubosee

b PexTUBHBIC METOIBI PEIICHUS
KOHKPETHBIX 3a7a4 B 001acTu
Hay4HBIX UCCJIEIOBAHUI B COOT-
BETCTBUU C MPOQHUIEM MOJT0-
TOBKU B 3aBHCHMOCTH OT CIICIIH-
(huK1 00bEKTa UCCIIETOBAHMS.

3HATH METOMBI M CITIOCOOKI ITOCTa-
HOBKH M PEIICHHS 3a/1a49 (PUINICCKUX
MCCIICIOBAHMM B 00J1aCTH (DU3HKHU
[JIa3MBI U IJIa3MEHHBIX TEXHOIOTHIA,
BO3MOYKHOCTH, METOJIbI H CHCTEMBI
KOMIIBIOTEPHBIX TEXHOJIOTHH IS Pui-
BHUECKUX TEOPETUUYECKUX U IKCITe-
[PUMEHTAIIbHBIX UCCIIEIOBAHHIA.

'YMeTh IpUMEHATh U3YYEHHBIE MO-
NIEI U METOJBI ISl HAX OXKIACHUS
[pEIIeHUs MTPOCTHIX 3a7a4 Mo PU3UKe
71a3Mbl ¥ TUIA3MEHHBIX TEXHOJIOTH.

BuiaeTh HaBBIKAMH CaMOCTOSTEIb-
HOI pabOThI ¢ yueOHOM IuTepaTypoit
MO MPHKJIQTHBIM TPUMEHEHHSIM (Hu-
3MKH IJ1a3Mbl; OCHOBHOM TEpMHUHOJIO-
el 1 NOHSITUMHBIM annaparom ¢Qu-
BUKH I171a3MBbl.

2. MecTo IMCHUILIHHBI B CTPYKTYpe 00pa30BaTe/IbHON MPOrpaMMbl.

I[I/ICL[I/IHJ'II/IHa «Ilma3sMeHHbBIE TEXHOJIOTHH peaIn3yeTCd B BECCHHEM CEMCCTPC AJIsI CTYACHTOB 1-ro

U 2-TO KypCcOB MarucTparypbl, o0yyaromuxcs no HampasieHuto noarotosku 03.04.02 dusuka. Kypce
ABIISICTCA OJHOM M3 Mpo(ecCHOHANBHBIX AMCUUIUIMH 1O BBIOOpY, peanusyeMbix Kadeapol (uznku
IJ1a3MBl.



B pesynbraTe m3yueHUs Kypca CTYACHTHI IOJDKHBI OCBOUTH OCHOBBI (DM3UKH U TEXHUKH HU3KO-
TEMIIEPATYPHOH T1a3MBbl, a TAK)KE OCHOBHBIC METOJIbI PEIICHUS CTAHAAPTHBIX 33]1a4 U3 STUX Pa3/IeioB
¢u3uku wia3mel. Kpome Toro, y cTyIeHTOB JODKHO ¢(hOPMUPOBATHCS YMEHHE UCTIONB30BaTh B TIO3HA-
BaTeIbHON M MPOQECCHOHAIBHOMN NIEATEIHPHOCTH 0a30BbIC 3HAHUS B 0071acTU (DU3UKH U TEXHUKH HU3-
KOTEMIIEpaTypHOH TUIa3Mbl; yMEHUE MPUOOPETaTh HOBBIC 3HAHUS, HCITOJIB3YsI COBPEeMEHHBIE 00pa30oBa-
TEeJbHBIC U MH(POPMAITMOHHBIC TEXHOJIOT HH.

s ycmemHOoro ocBoeHus Kypca «llma3MeHHBIE TEXHONOTHHY» CTYIACHTBI JOJDKHBI 00JIaIaTh
MpeBapUTEIILHBIMU 3HAHUSMHU OCHOB 00mIel (hu3uku, GU3MKHM TU1a3Mbl, (U3UKKA Ta30BOTO paspsja,
OCHOB JJIEKTPOTeXHUKH. Kypc mpeniecTByeT BEIOTHEHUIO KBATU(DUKAIIMOHHOM pabOTHI CTYJEHTA 110
JAaHHOW CHelUaM3alui, TaK KaK JaeT €My HeOoOXOIMMbIC 3HAHHS, HAaBBIKM W MPEIOCTABIISIET
WHCTPYMEHTBl ISl BBIMIOJIHEHUS HAYYHBIX HWCCJICJOBAaHMA B  paMKaX TIOJATOTOBKH  €rO
KBaTM(UKAITMOHHOW PaOOTHI.

3. TpynoéMkocTh IMCHUIIMHBI B 3246 THBIX €IMHUIAX C YKA3aHHEM KOJHMYecTBa aKa/JieMu-
YeCKHX YaCOB, BbIIeJICHHBIX HA KOHTAKTHYI0 padoTy o0yuyarouerocs ¢ npenogaBarejieM
(o BUAaM y4eOHBbIX 3aHATHI) U HA CAMOCTOSITE/ILHYI0 PadoTYy.

Tpyno€MKOCTh TUCIUTUTHHBI COCTaBIISICT: 3 3a4éTHBIC enuHuIlbl, 108 gacos.
dopma MpoMexyTouHOM artectaruu: 1/3 cemecTp — 3K3aMeH.

CemecTtp
No Bung nesarenpHOCTH
1/3
1 Jlexumun, g 30
2 [[pakTHueckre 3aHATHS, 9 16
JlaGopaTopHbie 3aHATHUS, Y -
4 3aHATHA B KOHTAaKTHOH (popMe, 9 W3 HUX 50
5 ayIUTOPHBIX 3aHSATUH, U 46
6 B DJIEKTPOHHOM (popme, 1 -
7 KOHCYJIbTAIINH, Jac. 2
3 MPOMEXYTOYHASI aTTECTAIUS, U 2
9 CamMocTosTeNbHAs paboTa, yac. 58
10 Bcero, u 108

4. Conepxanue JMCUUILIHHBI, CTPYKTYPUPOBAHHOE M0 TeMaM (pa3jesiaM) ¢ yKa3aHHeM OT-
BeICHHOI0 HA HUX KOJIMYECTBA aKaJeMU4eCKUX YaCOB U BU/I0B Y4eOHbIX 3aHATHHM.

Jucuunnuna «[11a3meHHbIe TEXHOIOTHMY TpeCTaBIseT co00i MOayroJoBON Kypc, YUTAEMbI B
maructpatype ¢usndeckoro akynpreta HI'Y. OOmas TpyroeMKOCTh TUCHMIUIMHBI COCTaBIsSeT 3
3ayeTHbIe equHUIEL, 108 akageMHYecKrux 4acoB.

IIporpamMmma u ocHOBHOe cofepskaHue Jexkuuii (30 yacos)

|. ®u3nyeckue OCHOBBI IUIA3MEHHBIX TeXHOJI0THi (18 yacoB)

Beeoenue

e (CuHepreTvka Mmjia3MeHHBIX MPOILIECCOB.

e (OOnacTy MpUMEHEHUS MIa3MEHHBIX TEXHOJIOTHH.
Ilpouyeccel 6 2azopa3paonoii niazme



Bo30Oyxnenue, qucconuanys, MOHU3AINS, PEKOMOUHAITHS.
Hpeiid u nuddysus.

Hpoueccu Ha noeepxnocmu

DMHCCHOHHBIE TIpoliecchl. TepMo- u aBToaMuccusi. Bropuunas smuccust.
AncopOuust u 1ecopOrmsi.

[ToBepxHOCTHAst MOHU3ALMA.

Buenpenue u otpaxkenue. Pacnbuienue.

TI'azoevie pazpaow

Tneronuit pa3psia (HOpMAIbHBIA U aHOMAJIBHBIN, 3aTPYTHEHHBIN, C TIOJIBIM KaTOJIO0M).
Pa3zpsiapl B MarHuTHOM 110J1€ (IEHHUHTOBCKUM, MarHETPOHHBIN ).

Hyra ¢ ropsiunm katogom. Bakyymusie qyru.

[yra BBICOKOTO JaBICHUS.

BY u CBY paspsizbl.

(Dopmupoealme YCKOPEHHbBIX RYUKO6 3APANHCEHHbIX Yacmuy

DNEKTPOHHBIE MYIIKH U YCKOPUTEIIH.
HoHHbIEe HICTOYHUKHU U HOHHBIE 3JIEKTPOITHO-ONTHYECKHUE CUCTEMBI.
JlazepHbie cucTeMbl

I1. CoBpemenHbie MeTOAbI H 000pyAoBanue (12 yacoB)

T'azopa3spaousvie ycmpoiicmea

PeakTopsl 17151 ynpaBisieMoro TepMOsIEPHOTO CUHTE3A.

Marunutora3oguHaMu4ecKas MalllHa.

TepMmoanekTpuueckue npeodpazoBaTesm.

Paznenenue n30Tonos (3J€KTPOMArHUTHOE U IJIA3MEHHOE).

[Tna3MeHHbIE TETEBU3OPBHI.

MarseTpoHHbIE paCIbLIUTENbHbBIE YCTAHOBKH.

[TnasmMoxuMuyecKkue peakTopbl JUIsl yTHIIM3alMU OTXO0/10B.

[Tn1a3sMoXuMUYECKUE PEaKTOPbI 111 OUMCTKU IOBEPXHOCTH U HAHECEHUE IJICHOK.

[Tnasmennsie uctounuku aias EUV nutorpadum.

Onekrpoayrossie, BU u CBY mia3MoTpoHs! [UIsl BEICOKOTEMIIEpAaTypHOl 00paboTKH MaTepua-
JIOB.

[Tna3MeHHBIE MYIIKK U MJIa3MEHHbIE YCKOPUTENU (MHKEKTOPBI, JIEKTPOPEAKTUBHBIE JIBUKHTE-
).

MoHHBIE UCTOUHUKHU (MHXKEKTOPbI, UMIUIAHTEPBl, MHOT03aps/IHbIE HOHBI JJIS sIEpHOM u3uku
U sIIEpPHON MEJUIIMHBI, OTPULIATEIIbHBIE NOHBI).

Bakyymuo-nﬂawueunble mexnoiocuu

Hanecennie mokpbITHi U MIIEHOK (MCTIAPEHUE, PACTIBUICHNE, HOHHBIE TYYKH).

Monudukanusi TOBEPXHOCTH HEMOIYIMPOBOAHUKOBBIX MaTepHaloB (BBICOKOKOHIIEHTPAIIMOH-
Hasi, Beicokoao3Has (Pll) 1 HU3K0PHEpreTHYHAs UMILTAHTAIIHH).

CoBpeMeHHbIE TJTaHAPHBIE TEXHOJIOTUU MUKPOIJICKTPOHHUKHU. TpaBieHUE U OCAXKICHUE TIIICHOK.
Bricokosnepreruueckas UMILIAaHTAIUMS U COBpeMeHHbIe uMianTepsl. EUV-nutorpadus u ¢o-
KyCHpOBaHHbIE HOHHbIE Tyuk. MEMS TexHonoruun

ﬂuazuocmuka noeéepxnocmu.

DNEKTPOHHAs: MUKPOCKOIUs. PacTpoBBIi MUKPOCKOII.
Oxe-creKTpOCKOI .
Nonnas mukpockonus, BUMC

IIporpamma npakruyeckux 3anaTuii (16 yacon)



TemaTnka NpakTUYECKUX 3aHATUN COBIALACT C TEMATUKOM JICKIUH.

CamocrosiTesibHas padora cTyaeHTOB (58 4acoB)

Ilepeuens 3anaruii Ha CPC O0bewM,
qac
[ToaroToBka K MPaKTHYECKUM 3aHATHSIM. 8
[ToaroroBka pedepara 22
N3y4yeHnune TeOpeTHUECKOro MaTepraia, He OCBEIAeMOro Ha JEKIUIX 10
[ToxroroBka K sK3aMeHy 18
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-3JIeKTpOHHas HHPOpMamoHHo-o0pa3oBarenbHas cpena HI'Y (OUOC);
-0o0pa3oBaTeIbHbIe HHTEPHET-TIOPTAIBI;
-MH()OPMAITIOHHO-TEIEKOMMYHHUKAIIMOHHAS CeTh VIHTEpHeT.

7.1 CoBpeMeHHBbIe NIpo(eccuoHAIbHBIE 0a3bl JAHHBIX
He ucnons3yrores.
7.2. UudopManiuoHHbIE CTIPABOYHbIE CHCTEMBI

He ucnons3yrorcs.

8. HepequL I/IH(l)OpMaIII/IOHHLIX TeXHOHOFHﬁ, HCITOJIB3YEMBIX IIPHA OCYIIECTBJICHUN 06pa30-
BaTEJbHOI'0 Ipouecca mo J1MCuMIlJIMHE.

Jis obecrieueHus pean3aluy JUCIUILUINHBI UCTIONb3YETCS CTAHIAPTHBIN KOMIUICKT MPOTPaMM-
Horo obecrnieuenus (I10), Bxmrouaromuii perynsapHo oOHoBisemoe iunensuonnoe [10 Windows u
MS Office.

Hcnonp3oBaHue CrelUaIn3upOBAHHOTO MTPOTPAMMHOTO O0ECIICUCHHUS ISl U3YYCHUS TUCIIUILIH-
HbI HE TpeOyeTcs.

9. MarepuajJibHO-TeXHHYeCKas 0a3a, HEOOX0AUMAs /1JIsl OCYIIEeCTBJIEHUSI 00Pa30BaTEILHOTO
npoiecca mo JMCHUIIHHE.

Jlig peanuzanuy JUCUMILIMHBI UCIIOB3YIOTCS CHIEIUANIbHBIE TOMEIIECHHUS:

1. YaeGHble ayIuTOpUU AJISl IPOBEACHHUS 3aHATHI JTEKIMOHHOTO THIA, TPAKTUYECKUX 3aHSATUH,
KYPCOBOT'O IPOEKTUPOBAHHUS (BBINOJIHEHHSI KYPCOBBIX paboT), IPYNIOBbIX U UHAUBUAYaAJIbHBIX KOH-
CYyJbTAlLMH, TEKYIIEr0 KOHTPOJIS, IPOMEKYTOUHON U UTOTOBOM aTTeCTalUH.

2. TlometieHus 15t CaMOCTOATENbHON PabOThl 00YUaAIOIIUXCSI.

VY4eOHble ayIUTOPUHM YKOMILJIEKTOBAHbl CHEIHMAIM3HMPOBAHHOM MeOenbl0 M TEeXHUYECKUMHU
CpeaCcTBaMH 00y4YeHUS, CIYKAIllMMHU JUIsl IpeICTaBlIeHusl yueOHON HH(popMaIiK O0JIbIION ayTUTOPUH.

ITomemienuss Ui caMOCTOATENbHON pabOThl OOYYalOIIMXCSl OCHAIEHbl KOMIBIOTEpHOU
TEXHUKOW C BO3MOXHOCTBIO TMOJKIIOueHuss K cetu "HMHtepHer" u oOecmedeHWEM J0CTyna B
3JIEKTPOHHYIO HH(POPMaLMOHHO-00pa3oBareibHyto cpeny HI'Y.

MarepuanbHo-TeXHUUYECKOE oOecreueHne o0pa3oBaTeIbHOro Mpolecca Mo AUCHUILIUHE JUIs
o0yJaroIuxcs M3 YHCIa JHUIl C OrPAaHMYEHHBIMH BO3MOXHOCTSIMU 3/I0pPOBBSI OCYIIECTBISETCS
cormacHo «llopsiaky oOpraHM3allMM M OCYILECTBIEHHS 00pa30BaTENbHON JEATEIBHOCTH IO
00pa3zoBaTeNbHBIM MPOrpaMMaM JJIsi UHBAJIMJIOB U JIMIl C OTPAHUYEHHBIMU BO3MOKHOCTSIMHU 3/10POBbSI
B HoBocHOupCcKoM rocy1apcTBEHHOM YHUBEPCUTETE.

10. OueHouHbIe cpeaCcTBA 1JI5l MPOBEIEHHUS TEKYIIEro KOHTPOJISl M MPOMEKYTOYHOM aTTecTa-
MU 110 TUCHHILINHE.

10.1 ITopsinox npoBeeHNsl TEKYLIEr0o KOHTPOJISI U MIPOMeKYTOYHOI aTTecTalliu 10
AMCUMILINHE

Texywuit Konmpono
Texyiuii KOHTPOJIb OCYIIECTBIISIETCS B XOJ€ MPOBEIEHUSI KOHTPOJIBHBIX paObOT U MOJATOTOBKU pe-
depaTa.
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Ilpomescymounaa ammecmavun
OcBoeHMe KOMITETCHIIUN OIIEHUBAETCS COTJIACHO IIKaJle OLIEHKU YPOBHS C(POPMHUPOBAHHOCTH KOM-
nereHuu. l1lonokuTenbHas OLEHKa M0 TUCUUILUIMHE BBICTABIISIETCA B TOM CIIydae, €CIU 3asBJICHHAs
kommnereHus [1K-1 chopmupoBana He HHKE TTOPOTOBOTO YPOBHS B YaCTH, OTHOCALICHCS K (POPMHUPO-
BaHUIO CIIOCOOHOCTH MCHOJIb30BaTh CHELMATU3UPOBAHHbIE 3HAHUS B 00JACTH IIa3MEHHBIX TEXHOJIO-

I'uii B IpO(eCCHOHATBHOMN NeATETLHOCTH.

BaxHeHWIIuM MOMEHTOM IIPHU IIPOXOKICHUU KypCa «ILJIa3MEHHBIE TEXHOJIOTUU» SIBIISIOTCS
MOATOTOBKA MaruCTpaHTOM pedepaTa U Mpe3eHTallud Ha BRIOpaHHYIO TeMy Kypca. DTo pabora -
€IMHCTBEHHAs MOJHOCTBHIO MHAMBUAYaJIbHAs (opMa oOydeHHs!, U HallpaBjieHa Ha (POPMHUPOBAHUE
KOMMYHUKATUBHBIX HAaBBIKOB, YMEHHUsI OOBACHSATh, JOTUUECKU H3JlaraTh peuieHue, ObICTPO OTBe-
4aTh HAa BOIIPOCHI MPENOJaBaTess U COKYPCHUKOB. MarucTpaHT paccKas3blBaeT Ha NPE3CHTALUU
OCHOBHOE€ COJI€p’)KaHHUE NOATOTOBIEHHOro pedepara, oTBe4aeT Ha AONOJIHUTEIbHbBIE BOMPO-
CBI IIPENOABATEIISI U COKYPCHHMKOB. IIpe3eHTannu 3aciylinBarOTCs IPYNIION U JIEKTOPOM Ha ce-
MHHapax. TakuM oOpa3oM, KOMILIEKC: «JIeKIuu + pedepar + Ipe3eHTalrsl + KOHTPOJIBHBIC
3aJaHUs» CIIOCOOCTBYIOT AaKTMBHOMY YCBOCHMIO MaTe€puUasla M MO3BOJISIIOT MarucTpaHTaM He
CTOJIBKO BBI3yOPUTH TEOPHIO, CKOJILKO HAYYUTHCSI IPUMEHSTDH €€ Il pelIeHUs 3a1a4.

OxoHuaresabHasi OLIEHKa pabOThl CTYy/IEHTa B TEUECHUE CEMECTpa IMPOUCXOAUT Ha dK3aMeHe. DK3a-
MEH MPOBOJIUTCS B KOHIIE CEMECTpa B IK3aMEHALIMOHHYIO CECCHI0 Mo OuiieTaM B yCTHOM ¢opme. Bo-
MIPOCHI OMIIeTa MOIOUPAIOTCS TAKUM 00pa30M, YTOOBI TPOBEPUTH YPOBEHB C(HOPMHUPOBAHHOCTH KOMITE-
TeHumu [1K-1.

BeiBog 006 ypoBHE CPOPMHPOBAHHOCTH KOMIIETEHIIMH NMPUHUMAETCS TpernojaBareneM. Kaxbrid
Bonpoc Owmiera oueHuBaercs oT 0 no 5 OGawios. I[lomokuTenpHas OLIEHKA CTaBUTCS, KOIJa Bce
KOMIIETEHIIMM OCBOEHBI HE HUKE IIOPOTOBOTO YPOBHS.

L=2p+2 41,

)y
OI_[eHKa Ha 9K3aMCHC CKJIAAbIBACTCA H3 TPEX CYMM: , TJ€ b — KonM4ecTBO

)
0ayoB, 3apabOTaHHBIX CTYICHTOM B ceMecTpe (pedepar, mpe3eHTamnus), ' — KOJWYSCTBO OAILJIOB,

z
MOJYYEHHBIX 332 OTBET HA OWJIET, P — KOJMYECTBO 0AJUIOB, MOJYYEHHBIX 32 PEIICHHE 3a/a4 U3 Ipo-
MEXYTOUHBIX KOHTPOJBHBIX 3alaHui. Kaxnas U3 cyMM MOXET paBHATHCA HYNIO. B 3aBucuMoOcTH OT
HaOpaHHBIX 0AJIOB MPOCTABISETCS OLIEHKA 32 DK3AMEH:

) Onenka
[0;20) HeymoBieTBOPUTEIHLHO
[20; 50) ynoBnerBOpHTENBEHO
[50; 70) XOPOIIO
[70;100] OTJINYHO

OHGHKI/I COTIIMYHO», «XOpOoHmIo», «YyHOBJICTBOPHUTCIBHO» O3HAYAIOT YCICIIHOC IMPOXOKIACHUC
HpOMGX(YTOqHOﬁ aTrTeCTalnu.

CooTBeTCTBHE HHAUKATOPOB M PE3yJIbTATOB OCBOCHUSA TUCHUIIJINHDI

Taomnuua 10.1

Nuaukarop ‘ PesyabTaTr 00y4yeHus no pucuuivinie | OueHo4yHble cpeacTBa ‘
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IIK 1.1 [Tpumensier
CIELUATU3UPOBAHHBIC
3HaHUs B obsactu dhu-
3UKH MIPU PELICHUN
KOHKPETHBIX 32124 B
00JIaCTH HayYHBIX HC-
CIICZIOBAaHUI B COOT-
BETCTBUU C MPOPUIeM
MOJITOTOBKH B 3aBUCH-
MOCTH OT CTIeU(UKI
00BEKTa UCCIIEIOBA-
HUSL.

3HaTh METOMIBI M CIIOCOOBI IOCTAHOBKH
U pemnieHus 3aaad (pU3NYecKux Hucce-
JOBaHUH B 001acTH (PU3UKHU IUIA3MBI U
IUIa3MEHHBIX TEXHOJIOTHH, BO3MOYKHO-
CTH, METOJIbl U CHUCTEMBbI KOMIIBIOTEP-
HBIX TEXHOJIOTUH I (PU3UYECKUX TEO-
PETUYECKUX U  DKCIEPUMEHTAIBHBIX
HUCCIIENOBAHUMN.

[TpoBeneHne KOHTPOIBHBIX
pabot, sK3amMeH

IIK 1.2 Beibupaer
Haunbonee 3¢hdexTrs-
HbIC METOJIbI PEIICHHS
KOHKPETHBIX 3a/1a4 B
00JIaCTH HayYHBIX HC-
CIICIOBAaHUM B COOT-
BETCTBUU C MPOHUIEM
ITOJTOTOBKH B 3aBHCH-
MOCTH OT CIlelu(DUKH
00BEKTA HCCIIEI0BA-
HHSL.

Ymern IMPUMCEHATHE U3YYCHHBIC MOICIIN
U MCTOAbI JIA HAXOXKACHHUA PCIICHHA
IMPOCTBIX 3agay II0 (I)I/ISI/IKG IJ1a3sMbl 1
IUIA3MEHHBIX TEXHOJIOTHIA.

Baagers HaBBIKAMU CaMOCTOSITEIBHOU
paboTel ¢ ydeOHOW JUTEpaTypoil Io
NOPUKIAJHBIM [PUMEHEHUSIM (U3HUKU
IJIa3Mbl; OCHOBHOW TEPMUHOJIOTHEH M
HNOHATUMHBIM  anmapatoM  (PU3HKH
IJ1a3MBl.

[IpoBeeHne KOHTPOJIBHBIX
pabort, sK3aMeH

10.2 Onucanue KPUTEPUEB U HIKAJ OHCHUBAHUA HHAUKATOPOB JOCTUKCHUSA PE3Yy/IbTAaTOB Oﬁy-
qeHus no gucnuiuinie «IliaazMeHHbIe TEXHOJIOTHH.

Taoauna 10.2

Kputepun oneHnBanus pe3yJbTaToB 00y4eHUs!

IIkana omeHNBAHUA

JK3aMeH:

— CaMOCTOSITENTLHOCTb, OCMBICIIEHHOCTbD, CTPYKTYPHUPOBAHHOCTbD, JIOTHY-
HOCTb U apTYMCHTHUPOBAHHOCTH U3JIOKCHHUA MaTCpUaiia,
— TOYHOCTh U KOPPEKTHOCTh MPUMEHEHUS TEPMUHOB U TIOHATHUH,

— HAJIMYMEC UCUYCPIBIBAIOIINX OTBETOB HA JOIMMOJHUTCIIBHBIC BOIIPOCHI.
[Tpu uznoskeHnu 0TBETA Ha BOMPOC(BI) MpernoaBaTesst 00yJdaronuics
MOT" JOMMYCTUTH HCTIPUHIHUIINAJIbHBIC HETOYHOCTH.

Omauyno
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JK3aMeH: Xopouio
— CaMOCTOSATENIbHOCTh, OCMBICJIEHHOCTh, CTPYKTYPUPOBAHHOCTb, JIOTHY-
HOCTh ¥ apTyMEHTHUPOBAHHOCTD U3JIOKEHUS MaTepuaa,

— TOYHOCTh M KOPPEKTHOCTh NMPUMEHEHUS] TEPMUHOB M TMOHATUUA NpU
HaJIUYMHY HE3HAYUTEIBHBIX OIINOOK,

— HaJIMYHE MMOJHBIX OTBETOB HA JIOMOJIHUTEIILHBIE BOIIPOCHI C BO3MOXK-

HBIM IIPUCYTCTBUEM OIINOOK.

JK3aMeH:

— CaMOCTOSITEJIBHOCTh M OCMBICJICHHOCTh B H3JIOKCHHHM MaTepuaa,
HaJIMYKEe OMMOOK B JIOTUKE M apTyMEHTAIINH, a TAKXKE 3aTPYAHCHUH TPU
(bopMyITUPOBKE COOCTBEHHBIX CYKIICHUH,

— KOPPEKTHOCTh MPUMECHEHUSI TEPMUHOB U MOHSTUH, C MHOYKECTBCHHBI-

MH OIIHOKAMH, Yooenemeopumenvno
— HAJIMYME HETIOJNHBIX /WM COAEPIKAIIUX CYIIECTBEHHbIE OIIMOKH OT-

BETOB Ha JOIIOJHUTEIbHBIE BOIIPOCHI.

JK3aMeH: Heyoosenemsopumenvro

— OTCYTCTBHE OCMBICIEHHOCTH, CTPYKTYPUPOBAHHOCTH, JIOTUYHOCTU U
apryMEHTHPOBAHHOCTH B U3JIO)KCHUH MaTepuara,

— rpyOble OIIMOKY B TPUMEHEHUU TEPMUHOB U MOHATHIA,

— OTCYTCTBHE OTBETOB Ha JIOMOJIHUTEIbHBIE BOIIPOCHI.

10.3 TunmoBbie KOHTPOJIbHbIE 3aJAHUSI M MATEPUAJIbI, HEOOXOAUMBIE /IS OLIEHKH
pe3yJibTaToB 00y4eHHsI

Konrtpouabnas Ne 1

. OnpenenuTh paboTy BBIX0OAa Y (hoTOKaTona B »inekTpruueckoM mone 3-108 B/cm, ecim «kpacHas»

rpaHMIa HaXOJUTCS TIPU SHEPIUU KBaHTOB 1,5 5B.

BosopoaHas mia3Ma ¢ HauanbHo# motHocThio 1012 em™ 11 coorHomenmem nornos H*, Ho' n Hs* =
1:1:1 pacniamaercs 3a cyeT 00beMHOM pekoMOuHauu. OEHNTE, 3a KAKOE BPEMs TUIOTHOCTD IjIa3-
MBI yMenbIHTCA B 10 pas. Kooddurment pexomounamuu ams nonos H' pasen P~ 5-10 1 ev?/ c,
nist woroB Ho'  Ha' ~ 107 ev/c.

3

. OTnnuue nuarHoctuku no Oxe-371eKTPOHaM U OTPAKEHHBIM 3JIEKTPOHAM.
. OnpenenuTb «BEepXHUIH» Kpall S3HEPreTHYECKOro CHEKTpa BTOPUYHBIX JEKTPOHOB Ipu GombOapau-

POBKE MOBEPXHOCTH Bolbdpama (9=4,5 3B) monamu C*(11,3 3B), K*(4.34 5B) u K?*(31,63 5B) ¢
sHepruen 50 3B?

. Kakue CYLICCTBYIOT CIIOCOOBI MMOAAaBJICHUA MApPa3uTHOI'O PaCHbUICHHUA CTCHOK B IJIA3BMCHHOM 00be-

me?

KourpoabHnas Ne 2

. CriocoObI MOBBIIEHUS IEKTPUIECKON POYHOCTH B MEKIIEKTPOIHOM MPOMEKYTKE?
. Kak n3menutcs HanpspkeHre Ha (TJI€roIIeM) paspsije, €Clid IUIOTHOCTh TOKa YBEIMYUTh B 2 pasa, a

JIaBJICHUE T'a3a HE U3MEHATDH?
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3. HaiiTi ycnoBue «BBICOKOUACTOTHOCTHY Pa3psiia B IUOJIE M0 HAPSHKEHHOCTHU ANIEKTPUIECKOTO OIS
(mns gactoter 13.56 MI'm), ecnmu pacCTOSHHE MEXKIY JJIEKTPOAAMH 2 CM, 4acTOTa CTOJIKHOBEHUM

3JIEKTPOHOB C aTOMAMHU BOJOPOZA Lgg = 5108 ¢°1.

4. TlpuMeHeHHEe MarHUTHOTO TOJIs B Tu1a3MeHHbIX cuctemax (DC, BUU, DLIP, nyra).
5. MexaHu3mbl HarpeBa 1ia3mel B mocrossuaom, BU, CBY pa3psgax.

oakrwnpE

IIpumepsnl Tem pedeparToB

MI'JI renepatopsl

DNeKTpOpaKeTHbIE JBUTATEIN

M oHHO-yCKOpUTENBbHBIE KOMIUIEKCHI JIUIS TEPATUU

[Tnaszmennsie ucrounuku st EUV nutorpadun

M oHHBIE HICTOYHUKH IS UMILJIAHTEPOB

CoBpeMeHHbIE TPOOJIEMBI TUTA3MEHHBIX TEXHOJIOTUH MPH MPOU3BOICTBE BHICOKOACTIEKTHBIX MOy~
IIPOBOTHUKOBBIX MUKPOCXEM

VMIaHTanys B METAJIIbL: HCTOYHUKH, TEXHOJIOTHH

JlnarsocTrka B IJIa3MEHHO-TEXHOJOTHYECKUX ITpoleccax

[TnasmeHHBIE PEaKTOPHI AJI YTUIN3ALUN OTXO0B (XUMUYECKUE, MEUIIUHCKUE, SIEPHbIE)

. CrlekTpoCcKOnHUs MOBEPXHOCTU
. IInasmennsle nanenu
. IImazmatponsl

BOIIpOCBI, BbIHOCHUMBbIC HA IK3aMEH

O6ocHOBaHMS CHHEPreTUKHU Ma3MeHHbIX mpolieccoB. OnbIT Kobypna. [Ipeumymectsa [lna3zmen-
HBIX TEXHOJIOTUI

Ob6nacTi npuMeHeHHs MIa3MEHHBIX TexHoJorui. [lonydenne u npeodbpazoBaHUE SHEPTUU: PeaK-
TOPBI JJIsl YIPABISIEMOTO TEPMOSIEPHOTO CHHTE3a, MarHUTOra3olMHaMu4ecKasl MalllHa, TEPMO-
3NIeKTpUUYEeCcKre mpeoOpa3oBarenu. VICTOUHMKY YacTUI MU U3TY4YEeHUH: Jla3epHble CUCTEMBI, pa3/e-
JICHHE U30TOIOB, IUIA3MEHHbIE TEIEBU30PbI. TEeXHOIOTNYECKUE MPOIECCHI.

DrneMeHTapHbIe MPOLECCHl B razopaspsaHoi mia3me. Bo3OyxaeHue, auccouuanysi, HOHU3AIMS,
peKOMOMHALIMS: MOHHBIE M 3JIEKTPOHHBIE MPOLIECCHl, OCHOBHBIE 3aKOHOMEPHOCTH (CEYEHUSs IMpo-
neccoB). Hpeitd n nuddysus

[Ipoueccel Ha moBepxHOCTU. OCHOBHBIE 3aKOHOMEPHOCTH 3MHUCCHOHHBIX MpolieccoB. [Ipenenbubie
IUIOTHOCTH TOKa NP MEPBUYHBIX AMHCCHOHHBIX Ipoleccax (TepMO- U aBTOAMHMCCHUS SMHUCCHH).
Pabora Bbixona. KonraktHast pasHocTs noteHuuanos. TyHnHenupoBanue (3¢dekt IllorTkn). AB-
TOZJIEKTPOHHBIE SMUTTEPHI.

[Ipoueccrl Ha moBepxHOCTU. OCHOBHBIE 3aKOHOMEPHOCTH BTOPUYHBIX 3MHUCCHOHHBIX MPOIIECCOB.
BropuuHas 37€KTpOH-3JIEKTPOHHAsE AMHCCUSl (SHEPTOCHEKTP, KOAPPHUIHUEHT IMHUCCUU). DMUTTE-
pBIL.

Non-snexTponHas sMuccus (MOTEHIIMANbHAS U KUHETUYECKasi SMUCCUH ). DMHUTTEPHI.
@DOTO’IEKTPOHHAS AMHCCHA. OMHUCCHS 3JIEKTPOHOB U3 IUAJIEKTPUKOB U TMOJIYIMPOBOAHHUKOB.
OMutTepbl. DOTOANEKTPOHHAS CIIEKTPOCKOIIHS.

DneMeHTapHbIe TPOIIECCHl MPU aACOPOIHMH U JecopOnuu (MpUIUTIaHue, MPEACOCTOSHUE, TEPMO-
necop6uust). [ToBepxHocTHas nonnsanus. Kanansr necopOuuu

B3anMoseiicTBre HOHOB C TOBEPXHOCTHIO. TOpMOKEHHE HOHOB B BEIIECTBE (DJIEKTPOHHBIE, SIACP-
Hele TotepH). [IpoexTuBHbIN Tpoder. KananupoBanue. BBICOKOBONBTHAS MMILIAHTAIUS U M-
IUTAHTEPBI JUII MUKPORJIEKTPOHUKH. BbICOKOM03HAs MMIUIaHTAlMs B mia3Me. DOKyCcHpOBaHHBIE
VCTOYHUKH HOHOB.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

ITponeccer mpu oTpakenun yactuil. Kosdduiumentsr otpaxenus (3HEpruu, 4acTuiy). JHeproc-
MEKTp OTpaXeHHbIX dyacTull. CHIEeKTPOCKOMHsI MEIJICHHBIX HOHOB. CHEKTPOCKOMUSl OBICTPHIX
HOHOB.

[Ipouieccyl Ha MOBEPXHOCTH MpHU pacnbuieHud. OCHOBHBIE 3aKOHOMEPHOCTH (K03 uIMeHT pac-
IIBUIEHUS SHEPTUs paclblUIeHHBIX yacTull). CamopacnbiieHre. PU3NKO-XUMUYECKOE PaCIIbUICHUE.
JlazepHoe pacnbuieHHE. Buapl TpaBieHHs B MUKpPO3JIEKTpOHUKE. CHUCTEMBl 1JIs TpPaBJIEHUS IO-
BEPXHOCTH.

[Iporeccrl B razopa3psaHoi miazme. 3axxkuranue paspsaa. MonuzanmonHsiid ko3¢ dunuentsl. [1o-
TEeHIMa 3aKuranus. Tieromuil pa3psag (HOpMalabHBIM U aHOMAJIbHBIM, 3aTPYAHEHHBIN, C MOJIBIM
karonoM). Kiaccuueckas razopaspsiiHas Tpyoka. BonpT-amnepHast XxapakTepUCTHKA.

Pa3psanel B MarHuTHOM 1oJjie (IEHHUHTOBCKUN, MarHETPOHHBIN). JIBM)KEHHE 3JIEKTPOHOB B Mar-
HUTHOM noJe. [leHHuHroBckuil pazpsaa. BoabT-amMnepHble XxapakTepUCTUKH. Pa3HOBUAHOCTH Mar-
HETPOHHBIX PAaCHbUINTENIBHBIX YCTAaHOBOK.

Jlyra ¢ ropsunMm katonoM. Bakyymusle 1yru. Pa3HOBUIHOCTH AYroBBIX pa3psaaoB. Karogueie nsat-
Ha: pa3BuTHe, cTabmnm3anus. [IpoMeinuieHHble ayrosoie yctanoBku: bymatr, MEVVA, Panyra,
Jnana, n1yoruia3sMaTpoH, KaIFOTPOH.

Jyra Beicokoro aaBieHusi. CBoiCTBa Iyr BbICOKoro naBieHus. Kananosas mozens. Temneparypa
CTpyH. DIEKTPOAYyroBble mia3Marponbl. Crabummsanus ayru. Knaccudukanus u npuUMeHEHHE
IJ1a3MaTPOHOB.

BY u CBY paspsasl. J[BuxkeHue 3J1eKTpOHOB B niepemMeHHOM nojie. BY HarpeB. CtoxacTuueckuit
HarpeB. BU u CBY 1m1a3MOTpOHBI 17151 BRICOKOTEMIIEpaTypHOi 00paboTku MaTepuanoB. BY peak-
topel (BUM, BUE, renukon, renukanpabiii nctounuk). CBY npoboii. Paspsn B BonHoBosme. CBY
pa3psa B mMarHuTHOM none. EIIP HarpeB: oCHOBHbIE 3aKOHOMEpPHOCTHM M KoHcTpykuuu. CBY
(muxpoBostHOBBIE U EL[P) peakTopsl.

®opMHUpOBaHUE YCKOPEHHBIX IYYKOB 3apsDKEHHBIX YaCTUL. DMHMTAHC U SAPKOCTb. DJIEKTPOHHbIE
MYIIKW U YCKOPUTEIIH.

®opMHUpoBaHUE YCKOPEHHBIX ITYYKOB 3apsKEHHBIX YacTull. [IpocTpaHCcTBEHHBIN 3apsia mydka. 3-x
3JEKTOAHAs U 4-X 3JIEKTPOAHAs ONTUYECKHE cUcTeMbl. MHOroanepTypHbsle cucteMmbl. IOHHBIE Hc-
TOYHUKHU (MHXKEKTOPBI, UMIUIAHTEPBI, MHOTO3APSIHBIE MOHBI JUIS SIEPHOW (HU3UKU U SACPHON
MEIULMHBI, OTPHUILIATENIbHBIE HOHBI). [I1a3MeHHbIe MYIIKY U TUIa3MEHHBIE YCKOPUTENH (MH)XKEKTO-
PBL, DJIEKTPOPEAKTUBHBIE IBUKUTEIIN).

BakyyMHo-I1a3MeHHBIe TeXHOJIOTUN. HaHeceHue MOKpHITHIA U TUIEHOK (MCIIapeHue, pacibUIeHHE,
MOHHBIE Ty4yKHu). Pexxumbl opmMupoBaHus IJIEHKH. MeEToAbl OCaXJAE€HUS IJICHOK (BaKyyMHOE
OCaXJICHHE, PACIBbUICHHE, HOHHOE ocaxaeHue). Ilna3mMo-xumuueckne MeTonbl OCaXIEHUs Ilje-
HOK. [Inma3Mo-XxuMudeckue peakTopbl JUIS YTHIM3ALUU OTXOAOB, JJIi OYUCTKU MOBEPXHOCTH U
HAHECEHUE IIJIEHOK.

Monudukanysi TOBEpXHOCTH HEMOJIYINPOBOAHUKOBBIX MaTepUaoB (BHICOKOKOHILEHTPALMOHHAS,
Bbicokoqo3Has (PlIl) u Hu3kosHEpreTruHas umiutantanun). [IpenensHas 103a UMILUTaHTAIUH.
CoBpeMeHHbIE MIaHAPHBIE TEXHOJOIMH MUKPOXJIEKTPOHUKH. TpaBlIeHHE U OCaXJACHHUE IJICHOK.
BricokosHepreTrueckas UMIUIAHTALUS U COBpeMeHHble umiantepsl. EUV-nurorpadus u ¢oky-
CHUpOBaHHbIE HOHHBIE Tyuyku. MEMS TexHom0rnm.

JluarHocTHKa TIOBEPXHOCTH. OJEKTpPOHHAas MHUKpockonus. PactpoBbii Mukpockomn. Oxe-
cnekTpockonus. OCHOBHbIE

JlnarHocTuka noBepxHocTu. MoHHast MUKpOCKONHs (IPUHIUIIBI paOOTHl 1 OCHOBHBIE TTApaMETPhI).
BUMC (npuHImns! paboThl 1 OCHOBHBIE TApaMETPBhI).

IMpumep 7K3aMeHAIMOHHOTO OUJIETA

1. TlIpoueccsl Ha mMoBepxHOCTH. OCHOBHBIE 3aKOHOMEPHOCTH BTOPUYHBIX IMHCCHOHHBIX MpOIIEC-
coB. BropuuHas 31€KTpPOH-AJIEKTPOHHAS ASMUCCHS (SHEProCreKTp, Kod(PpPUIMEHT 3MHCCHUM).
OMUTTEPBI.

14



2. BY u CBY pa3psnpl. [IBmkeHue 3MeKTpoHOB B mepeMeHHoM mosie. BU narpes. Ctoxactuuye-
ckuil HarpeB. BY u CBY mia3MoTpoHBI Al BEICOKOTEMIIEpATYpHO 00pabOTKH MaTepuanos.
BY peaxtops! (BUU, BUE, renukon, renukanbhbiii nctouauk). CBY npo6oii. Pa3psin B BosHO-
Bosie. CBY pa3psan B maruutHoM nosie. EI[P HarpeB: oCHOBHBIE 3aKOHOMEPHOCTU U KOHCTPYK-

nuu. CBY (MukpoBoiHoBbie U EL[P) peakTopsr.

OneHouHble MaTepuanbl IO IIPOMEXKYTOUHOM aTTecTaluM, IpeJAHa3HAuYeHHbIE i1 IPOBEPKU
COOTBETCTBHUS YPOBHS MOATOTOBKM MO aucuuiuinHe TpeboBanusM CYOC, xpaHsaTcs Ha Kadenpe-
pazpaborturke PII/] B meyaTHOM M 3JIEKTPOHHOM BUJIE.
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