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1. HEJIX OCBOEHUA

1.1

CdopMupoBaTh KOMIIETECHIIUH, IPEIyCMOTPEHHbIE YIeOHBIM INTAHOM, OCBOHUTH (PH3MKY IPOIIECCOB B3aMMOCHCTBUSA
JIa3epHBIX, JIEKTPOHHBIX U HOHHBIX ITy4KOB C HOBEPXHOCTHIO TBEP/BIX TEJ, IOIYYUTh HABBIKH ()OPMUPOBAHUS
TOHKOIUICHOYHBIX CTPYKTYP M IOKPBITHH C UCIIOIb30BaHUEM THX ITy4KOB, ONPEEIUTD MECTO OCTPOC(HOKYCHPOBAHHBIX
ITy4KOB 3JIEKTPOHOB U MOHOB B IIPOU3BOJCTBE JIATEPAIbHBIX HAHOCTPYKTYpP C YHUKAJIbHBIMU CBOMCTBAMMU.

2. MECTO B CTPYKTYPE OBPA3OBATEJIbHOM ITPOI'PAMMBI

Bnoxk OIT: B1.B.IB.06

2.1 TpeGoBaHus K npe)JBalrnTem,Hoﬁ MOATOTOBKE 00y4aI01erocs:
2.1.1 | IuHaMuKa pemeTKH U MIEKTPOH-(POHOHHOE B3aMMOJICHCTBHE B TBEPABIX TEJIaxX
2.1.2 | AudpakunoHHBIE ¥ CHEKTPOCKOIIMIECKUE METOBI HCCIIEIOBAHNS TBEPIBIX TEJl
2.1.3 | MHpOpMaIMOHHO-aHATTUTHIECKHE CHCTEMBI B MAaTePHAIOBEICHUH
2.1.4 | Meroasl Ucciie0BaHUS MaTEpHAIIOB
2.1.5 | HepaBHOBecHbBIE KOHACHCHPOBAHHBIE CUCTEMBI YaCTh 2
2.1.6 |IIpown3BoncTBeHHAs MMPaKTHKA IO ITOIYYCHUIO MPOPECCHOHANBHBIX YMEHHH U ONBITa TPO(HECCHOHATBHON e TEIFHOCTH.
HaydHo-uccnenoBarenbckast MpaKkTHKa
2.1.7 | Cuctemsl HaKOMJICHHS U XpaHEHHs ICKTPHUIECKOIT SHEPIUU
2.1.8 [ TexHonOruu nosy4eHus: MaTepUaIOB
2.1.9 | ®usuka MarHUTHBIX siBJIeHUNA. YacTh 1. OCHOBBI MarueTusmMa
2.1.10 | dusuka MarHUTHBIX sABIeHUN. YacTh 2. MarneTusm BeliecTs
2.1.11 | dusmnueckue METOIbI UCCIETOBAHHM
2.1.12 | DkcriepuMeHTaNBHBIE METOIBI (DM3UKU TBEPIOTO Tea
2.1.13 | AToMHO-KpHCTaIUTHYECKas CTPYKTYpa TBepIbIX (a3
2.1.14 |KoMmmbploTepHOE MOICITMPOBaHHE B (PU3MUSCKOM MaTepHaIOBEICHUT
2.1.15 | MarHuTHbBIE MaTepHUaIbI
2.1.16 | Meroabl TEOpUH IIIEKTPOHHON CTPYKTYPHI TBEPABIX TEI
2.1.17 | HepaBHOBECHbIE KOH/ICHCUPOBAHHBIC CUCTEMBI YacTh |
2.1.18 | CnennaibHbIi (GU3HUECKAN MPAKTUKYM
2.1.19 | ®azoBoe paBHOBECHE B MHOTOKOMIIOHEHTHBIX CUCTEMaX
2.2 JucuuminMHbl (MOIY/IH) M NPAKTHKH, VISl KOTOPBIX 0CBOEHHE JAHHOM IHCUMIIMHBI (MOY/Is1) HEOOX0AMMO KAK
npeauiecTBYyOLIee:
2.2.1 |Hayuno-menaroruueckasi mpakTuka
2.2.2 |IoaroToBka K mpolexype 3alIUTHI U 3al[UTa BBITyCKHON KBATU(HUKAIMOHHON paboTHI
2.2.3 |IpenauruioMHas IPaKTHKA JUIS BEITONHEHNS BBITYCKHOHN KBaTH(PUKAITMOHHONW pabOTEI

3. PE3YJIbTATBI OBYYEHMA 11O JUCIIMITIJIMHE, COOTHECEHHBIE C ®OPMHUPYEMbBIMH
KOMIIETEHIIUSIMU

OIIK-4: Cnocoden onpeneasite cepy BHeAPEHHS Pe3yIbTATOB HAYYHBIX HCCJIEI0BAHUI B 00J1aCTH CBOEii
npotbeccnonaﬂbnoi«i ACATEJIbHOCTH, JEMOHCTPUPOBATDH NMPAKTHYECKUEC HABBIKU VISl PCIICHUA CJI0KHBIX 3a1a4,
BBINOJIHEHHS CJI05KHOTO0 MPOEKTHPOBAHUS, 2 TAK)Ke MPOBEJIeHHsI KOMILIEKCHBIX HCC/Ie10BAHUI, 3HAHUE IKOHOMUYECKHUX,
OpPraHH3aNHOHHBIX U YPABJIEHYECKHX BONPOCOB, TAKHX KaK: YNpPaBJIeHHE MPOEKTaAMH, PHCKAMHI M H3MeHEeHHsIMH

3HaTh:

OIIK-4-31 sTans! mpoBeeHHs KOMIIIEKCHBIX UCCICIOBAHUH IS PEIIeHNs MaTepHATOBEIUECKIX 314

IK-2: Cioco6eH mMpoBOIUTH IKCIEPUMEHTAIbHBIE HCCJIETOBAHUS H KOMIBIOTEPHOE MOAeIHPOBaHNE (PU3NIECKHX
MPOIEeCCOB, B TOM YHCJI€e, B PAMKAX Hay4HO-HCCJIET0BATEIbCKHX, ONMBITHO-TEXHOJIOTHYECKHX HJIN ONMBITHO-
KOHCTPYKYTOPCKHMX PadoT BHIMOJIHSIEMBIX B PAMKAX TeMAaTHK OPraHu3aiuid.

3HaTb:

ITK-2-31 0CHOBBI MOJCTHPOBAHUS (PU3MUECKUX MPOIIECCOB

OIIK-1: Cnioco0eH npuMeHATh ()yHAaAMEHTAJIbHbIe 3HAHUS B 00/1aCTH (PU3MKH, 3HAHUS B MEKAUCUMIJIMHAPHBIX 00J1aCTAX
JJIsl pelieHUs] HAyYHO-MCCJIeJ0BATEIbLCKUX 3a/1a4, a TaAKKe BJIaJeTh OCHOBAMM NeJaroruku, Heo0X0AMMBbIMH LIS
OCYyLIeCTBJIEHHS MPENoAaBaTe/IbCKOM 1esiTeIbHOCTH

3HaTh:

OIIK-1-31 OCHOBBI TEXHOJOTHYECKHX MPOLIECCOB B3aMMOACHCTBHUS JIa3€PHBIX, YICKTPOHHBIX ¥ HOHHBIX ITy4KOB C TBEPIBIMU

TCJIaMU




IMK-2: Cnioco0eH NMpoBOANTH IKCIIEPUMEHTAIbHBIE HCCIET0BAHUS U KOMIILIOTEPHOE Mo/ieJIMpoBanue pu3nueckux
MPOIECCOB, B TOM YHCJI€e, B PAMKAaX HAY4HO-HCCJIETOBATENIbCKAX, ONMBITHO-TEXHOJIOTHYECKHX HJIN ONMBITHO-
KOHCTPYKYTOPCKHX PadoT BBINOJTHSIEMBIX B PAMKAX TEMAaTHK OPraHU3aIMii.

YMmerb:

TIK-2-V1 MPUMEHATDH NOJYUCHHBIC 3HAHU T IIPOTrHO3UPOBAHUA U aHAJIM3a BIMAHUA TapaMCTPOB 06J'Iy‘lCHI/I}I Ha (I)I/BI/I‘ICCKI/IC
CBOHCTBa MaTepHaioB.

OIIK-1: CriocodeH npuMeHATh (yHIaMeHTAJIbHbIE 3HAHUS B 00J1aCTH (PU3NKH, 3HAHUS B MEKIUCHUIJIMHAPHBIX 00J1aCTAX
JJIS1 pellieHHs] HAYYHO-HCCIe0BATEILCKHX 3a/1a4, a TAKIKe BJIa/IeTh 0CHOBAMH IeIaroruku, He00X0IUMbIMH JJIsl
OCYLIECTBJICHHS MPENOAABATE/ILCKOM 1esITeILHOCTH

YMmerb:

OIIK-1-Y1 npuMeHSTh COBPEMEHHBIE METO/IbI CTPYKTYPHOI'O aHAJIN3a MATEPUAJIOB JUIsl PELIEHUS] MAaTEPUATIOBEAUECKUX U
(u3muecKux 3amad;

OIIK-1-Y2 ananu3upoBaTh HHGOPMAIHIO O 3aKOHOMEPHOCTSAX U3MEHEHUS (PU3UUECKIX CBOUCTB TBEP/ABIX TEN IPHU UX O0IydICeHUU
BBICOKOIHEPTCTHUECKUMH ITyIKAMH;

IK-2: Cioco6eH mMpoBOIUTH IKCIEPUMEHTAIbHBIE HCCJIETOBAHUS H KOMIBIOTEPHOE MOAeIHPOBaHNE (PU3NYECKHX
MPOIEeCCOB, B TOM YHCJIe, B PAMKAX Hay4HO-HCCJIET0BATEIbCKHX, ONMBITHO-TEXHOJIOTHYECKHX HJIH ONMBITHO-
KOHCTPYKYTOPCKHMX PadoT BHIMOJIHSIEMBIX B PAMKAX TeMAaTHK OPraHu3aiuii.

Baanernb:

ITK-2-B1 ombITOM OIIEHKH BIMSIHUS Pa3IHYHBIX (paKTOpOB OOJIYUCHHUS HA YPOBEHBb M 3aKOHOMEPHOCTH (PM3NYECKUX CBOMCTB
MaTepUasoB;

[1K-2-B2 HaBBIKAMU HCTIOIB30BAHMS METOMOB ONPEACICHHS (PU3NIECKUX CBOMCTB TOHKHUX IUIEHOK U ITOKPBITUH, TEXHUKH
MPOBEIEHHUS IKCIIEPUMEHTOB U CTATUCTUUECKON 00pabOTKU IKCTIEpUMEHTANBHBIX JaHHBIX

OIIK-1: Cnoco0eH NpUMeHATh (pyHAaAMEHTAJIbHbIE 3HAHMS B 00/1aCcTH (QU3HKH, 3HAHUA B MEKIMCIUILIMHAPHBIX 00/1aCTAX
JUISI pelIeHns] HAYYHO-HCCJIe 0BATEIbLCKHX 3212, 2 TAKIKe BJIaJeTh OCHOBAMH Mearornku, He00XoMMbIMH /ISt
ocylecTBJIEHHUs NMPeNoJaBaTe/IbCKOil 1esATeIbHOCTH

Baaaernb:

OIIK-1-B1 onbIToM pUMEHEHUSI Ha TIPAKTUKE METOAOB paJallMOHHOH 00pabOTKH M aHaIM3a SKCIEPUMEHTAIbHON (QU3HIECcKOi
nHpopMarm;

OIIK-4: CnocodeH onpenesite cepy BHeIPEeHHS pPe3yIbTaTOB HAYYHBIX HCCJIEI0BAHUI B 00J1aCTH CBOEii
HpO(l)ECCl/lOHaJIBHOﬁ ACATEJIbHOCTH, JEMOHCTPUPOBATDH NMPAKTHYECKHE HABBIKU VISl PCIICHUA CJIO0KHBIX 3a1a4,
BBINOJIHEHHSI CJIOJKHOT0 MPOEKTHPOBAHNS, 2 TAKKE MPOBEIEHHs] KOMILIEKCHBIX UCCIeT0BAHMIT, 3HAHNE IKOHOMHYECKHUX,
OpPraHH3aNHOHHBIX U YIPABJIEHYECKHX BONMPOCOB, TAKHX KAaK: YNPaBJIeHHAE MPOEKTAMH, PHCKAMHA M H3MeHEeHHsIMH

Baagern:

OIIK-4-B1 HaBbIlkaMu A71s1 pELIEHUs CIOKHBIX 3a7]a4 1 MHOTOYPOBHEBOTO MPOEKTHPOBAHHUS

4. CTPYKTYPA U COJAEP)KAHUE

Kox Haumenopanue pa3nenos u | Cemecrp | Yacos | @opmupyemsble | JIuteparypa | IlpumedaHue KM Beinosan
3aHATHSA TeM /BUJ 3aHATHS/ / Kypc HHIUKATOPBI H I sieMble
KOMIIeTeHIUH pecypcsl padoThI
Paznen 1. OcHoBbI pU3HKH
JIA3ePHOI0 U3Jy4eHust
1.1 AKTHBHas Cpefia, aTOMHBIE 3 1 OIIK-1-31 IIK- J1.1
MIPOLIECCHI, OTBETCTBEHHBIE 3a 2-V1 JI1.2J12.2J13.
paboty nazepa /Jlex/ 1J13.2
1.2 Jlazepnas Hakauka. Co3gaHue 3 1 OIIK-1-31 IIK- JI1.1 J11.2
HMHBEPCHOHN 2-V1 JI1.3J12.2J13.
HaceneHHocTH /JIex/ 1J13.2
1.3 OnTryeckast oOpaTHasi CBSI3b. 3 1 OIIK-1-31 [IK- | JI1.1JI1.2
Jlazepubiit pesonatop /JIex/ 2-V1 JI1.3J12.1
2.2
JI2.3713.1
J3.2
1.4 CBoiicTBa J1a3epHOTO 3 1 OIIK-1-31 [IK- | JI1.1 JI1.2
n3nyueHus /Jlex/ 2-YV1IIK-2-B1 | JI1.3J12.2J13.
1J13.2
1.5 XapakTepuCTHKU J1a3€pPHOTO 3 1 OIIK-1-31 TIK- JIT.1JI1.2
nznyueHus /Jlex/ 2-V11IK-2-B1 | JI1.3J12.2J13.
1J13.2




1.6 Tunesl nasepos. I'a3oBble 1 OIIK-1-31 IIK- | JI1.1J11.2
nasepsl /Jlex/ 2-V1 JI1.3J12.2J13.
1J13.2
1.7 TBeproTenbHbIE J1a3ephl. 1 OIIK-1-31 TIK- | JI1.1 JI1.2
Jlazepsr 6ymymiero /JIex/ 2-V1 JI1.3J12.2J13.
1J13.2
1.8 [IpopaboTka NEeKIMOHHOTO 10 OIIK-1-31 JIT.1JI1.2
Mmarepuana /Cp/ OIIK-4-31 JI1.3J12.1
OIIK-4-B1 IIK- | JI2.2J13.1
2-V1 J3.2
1.9 [ToaroroBka K KOHTPOIBHOU 2 OIIK-1-31 JI1.1 J11.2 KM1
pabote Nel /Cp/ OIIK-1-Y2 JI1.3712.1
OIIK-4-B1 IIK- | JI2.2J13.1
2-V1 J3.2
1.10 | KontponbHas pabora 2 OIIK-1-31 J.1 KM1
Nel /Cp/ OIIK-1-Y2 IIK | JI1.2J12.2J13.
-2-V1 1J13.2
Pasnea 2. BzaumopeiictBue
JIA3ePHBIX U YJIEKTPOHHBIX
MYYKOB C MOBEPXHOCTHIO
TBePABIX Tell
2.1 ®duznyecKre OCHOBBI 1 OIIK-1-31 J.1
B3aUMOJICHCTBUS JIA3epHBIX U OIIK-1-Y2 JI1.2J12.2J13.
AJIEKTPOHHBIX ITYYKOB C OIIK-1-B1 IIK- | 1J13.2JI3.3
TBEpBIMU Tenamu /JIex/ 2-31 IIK-2-V1
IIK-2-B1 IIK-2
-B2
2.2 Temnossie 3 dexrsl. Harpes 1 OIIK-1-31 J1.1
MO/ IEMCTBUEM JIa3epHBIX U OIIK-1-V1 JI1.2J12.2J13.
JJIEKTPOHHBIX ITy4KOB /JIex/ OIIK-1-Y2 1J13.2J13.3
OIIK-1-B1 IIK-
2-V1IIK-2-B1
2.3 [InaBnenue u ncnapenue 1 OIIK-1-31 JI1.1
TBEPABIX TeJ MOJ ACUCTBUEM OIIK-1-V1 JI1.2J12.2J13.
JIa3€pHBIX U DJEK-TPOHHBIX OIIK-1-Y2 1J13.2J13.3
my4KoB /JIex/ OIIK-1-B1 IIK-
2-Y1IIK-2-Bl
2.4 ITpuMeHeHue na3epHBIX U 1 OIIK-1-31 J1.1
JIEKTPOHHBIX ITy4YKOB B OIIK-1-Y1 JI1.2J12.2J13.
00paboTKe MOBEPXHO-CTH OIIK-1-Y2 1J13.2J13.3
Marepuaios /JIex/ OIIK-4-B1 IIK-
2-Y1IIK-2-Bl
[1K-2-B2
2.5 [TpopaboTka NEeKIMOHHOTO 6 OIIK-1-31 J.1
Mmarepuana /Cp/ OIIK-1-Y1 JI1.2J12.2J13.
OIIK-1-Y2 1J13.2J13.3
OIIK-4-31 IIK-
2-V1IIK-2-B1
2.6 [ToaroroBka K KOHTPOJIHHON 2 OIIK-1-31 J.1
pabote 2 /Cp/ OIIK-4-B1 IIK- | JI1.2J12.2J13.
2-V1 1J13.2J13.3
2.7 Wzmepenne napameTpoB 17 OIIK-1-31 J1.1 KM2 P1
30HBI JIA3€PHOTO BO3- OIIK-4-31 JI1.2J12.2J13.
JIeHCTBUS, CTPYKTYpBI U OIIK-4-B1 IIK- | 1J13.2JI3.3
MHUKPOTBEPJOCTU 2-31 TIK-2-V1
OBICTPOPEIKYIIEH CTATN
TBEPIOTEILHBIM
nazepom /Tlp/
Pasnea 3. Bzaumopeiicreue
HOHHBIX MYYKOB €
TBEPABIMH TeJIaMHI
3.1 JIBrHKeHHE YyCKOPEHHBIX 1 OIIK-1-31 IIK- JI1.1
HOHOB BEUIECTBE. 2-V1 JI1.2J12.2J13.
TopmoXkeHHe U paccesHue 1J13.2J13.3

noHoB /JIex/




32 ITpoGeru HOHOB B TBEPAOM 3 1 OIIK-1-31 IIK- J1.1
TeJe U ux 2-V1 JI1.2J12.2J13.
pacnpenenenue /JIex/ 1J13.2 J13.3
33 OO6pa3oBaHue paTuallMOHHBIX 3 1 OIIK-1-31 J.1
JeeKTOB P HOHHOM OIIK-1-Y2 JI1.2J12.2J13.
00JTy4eHNUN TBEPBIX OIIK-1-B1 IIK- | 1J13.2 JI3.3
ten /Jlex/ 2-Y1IIK-2-B2
34 OO0paTHOe paccesiHue 3 1 OIIK-1-31 TIK- JI1.1
1oHOB /JIex/ 2-V1 JI1.2J12.2J13.
1J13.2J13.3
3.5 KananupoBanue HOHOB B 3 1 OIIK-1-31 TIK- J.1
kpucrae /Jlex/ 2-V1 JI1.2J12.2J13.
1J13.2J13.3
3.6 Pacnipuienue TBepAbIX TEN 3 1 OIIK-1-31 IK- J1.1
HMOHHOH 2-V11IK-2-B2 | JI1.2J12.2J13.
6ombapanposkoii /JIex/ 1J13.2J13.3
3.7 [TpopaboTKa JTEKIIMOHHOTO 3 10 OIIK-1-31 JI1.1
Mmarepuana /Cp/ OIIK-4-31 IIK- JI1.2J12.2
2-V1 JI2.3J13.1
JI3.2JI3.3
3.8 [Toaroroska k 3 3 OIIK-1-31 JI1.1
MIPAKTUYECKOMY OIIK-4-B1 IIK- JI1.2J12.2
3anstuio /Cp/ 2-V1 JI2.3J13.1
JI3.2J13.3
3.9 Usmepenue cocraBa 3 17 OIIK-1-31 J.1 P2
OCTaTOYHOH aTMOC(EpHI B OIIK-1-V1 JI1.2J12.2J13.
CBEPXBBICOKOBAKYYMHOM OIIK-4-31 IIK- | 1J13.2J13.3
KaMmepe C MOMOIIbI0 2-V1
MOHOIIOJIFHOTO Macc-
cnexrpomerpa /IIp/
3.10 [ToaroroBka K KOHTPOIbHOM 3 2 OIIK-1-31 JI1.1 KM3
pabote Ne3 /Cp/ OIIK-4-B1 IIK- JI1.2J12.2
2-Y1IIK-2-B2 JI2.3713.1
JI3.2J13.3
3.11 |KontponsHas pabora 3 2 OIIK-1-31 J1.1 KM3
Ne3 /Cp/ OIIK-4-31 IIK- | JI1.2J12.2J13.
2-31 T1IK-2-V1 | 1J13.2JI3.3
5. ®OHJ OHEHOYHbIX MATEPUAJIOB
5.1. KoutpoabHble MeponpusiTis (KOHTPOJIbHAas padoTa, TecT, KOJUIOKBUYM, 3K3aMeH M T.IT), BONPOCHI s
CaMOCTOSITeJIbHON NOATOTOBKHU
Kon KonTponsHoe rig{oief;sdme B
KM MepoTpUsTHE I pBI OINPOCHI AJIS IOATOTOBKI

KOMITETEHLIUH




KM1

KonrponbHas
pabora 1

JlazepHble my4xu
(mpuHIHIE pabOTHL,
CBOMCTBA U
XapaKTepHUCTUKH,
THUTIBI JIA3EPOB)

OIIK-1-31;0I1K-1-
V2;IIK-2-Y1

1 Yro Takoe aktuBHas cpena?

2 ATOMHBIE TIPOIECCHI, OTBETCTBEHHBIC 3a pabOTy Jla3epa

3 Jla3epHas Hakauka

4 YeMm oTnrvaeTcst HHBEpCHast HACEJICHHOCTh OT OOBIYHON
HaceJEeHHOCTH?

5 B geM CcymHOCTB ONTHYECKOH 00paTHOH CBs3H?

6 Kaxk ycTpoeH J1a3epHbIii pe3oHaTop?

7 B uem nposBIAeTCsA HapaBIEHHOCTD J1a3€PHOTO U3ITy4eHHs?

8 Kax onpenensiercst SpKOCTb J1a3epPHOTO U3ITyIeHUS?

9 OnumuTe SABICHNE HA3BIBAEMOE MOHOXPOMATHYHOCTb.

10 OnumuTe CyIMHOCTh KOTEPEHTHOCTH JIa3€pPHOTO M3ITydeHUsI.
11 Onumure sBIEHNE MOISAPU3ALUH JTa3€PHOTO U3ITyYEHHS.

12 JlaiiTe OCHOBHBIE IPEICTABICHUS O MEXaHU3MaX YUIMPEHUS
JIa3epHOTO M3ITyUEHUS.

13 Yrto Takoe JiazepHbIC MOJIbI?

14 Onumute BpeMEHHbIE XaPaKTEPUCTUKH JIA3EPHOT0 U3ITy4EHHs
15 Kak MoryT OBIT IIPEICTABIEHBI TPOCTPAHCTBCHHBIC
XapaKTePUCTHKU?

16 Jlo kaKoro mpezena MOXKeET ObITh C(HOKYCHPOBAHO JIa3epHOE
u3nydeHue?

17 Kak ycTpoeHbI ra30BbIe aTOMHBIE J1a3ephl?

18 ®du3uka HOHHBIX J1A3EPOB

19 Kak paboTaroT MOJEKyIsIpHBIC Jla3ephl?

20 B gem cymHOCTh pabOTHI XUMHIECKUX JIa3epOB?

21 KaxkoBa (pu3uka mosryrnpoBOJHUKOBBIX J1a3epoB?

22 Yo 3HAUUT TEPMHH JIa3ep Ha KPACUTEISAX?

23 Yem HOpMaNTBHBIE KosteOaHus B Teopun Jlebast oTIm4aroTest ot
KonebaHHi aTOMOB B Teopuu DHHIITEHHA?

24 B 4eM IpUBIIEKAaTENBHOCTD J1a3€POB C KBAHTOBBIMH SIMAMU?
25 B 9eM coCTOST OCHOBHBIE IIPOIIECCHI TIPH B3aMMOICHCTBUHU
JIa3epHOTO M3TYYCHUS C TOHKIMH IUIEHKAMH Y TOKPBITHSIMHU?

26 Kaxue teruioBble 3¢ (GeKThl peanu3yroTcs IpH Ja3epHOM O00IydeHUN
TOHKHX IUJIEHOK U MOKPBITUI?

27 Harpes B oTCyTCTBHH (Da30BOTO IIepexoa.

28 Kak hopMynupyroTCst OCHOBBI PEIICHUS TEIIOBBIX 3a1a4?

29 Kak peanu3zyercs MiaBlIeHHe TOHKHX IUIEHOK U MMOKPBITUI MOA
JIEMCTBUEM J1a3€PHOTO U3ITydeHUs?

30 B geM 0cOOCHHOCTH HCIIApCHUS TOHKHUX TUICHOK ¥ MTOKPBITHH IO/
JeHCTBHEM JIA3€PHOTO U3ITydeHHs?

31 Kak 00BsicHseTCsI 00pa30BaHKe YAAPHBIX BOJH MPH JIA3EPHOM
00JTy4eHUN TBEPIBIX TeN?

32 Kak peanuzyercs 3aKaika CTalei ¢ MOMOIIBIO JIa3epPHOTO
U3ITyYeHHS?

33 OnummTe, Kak IPOUCXOIUT 00pa3oBaHNe aMOP(HBIX CTPYKTYP B
TOHKHX IUICHKaX ¥ HOKPBHITHAX MPH JIa3epHOM 00IydeHUH?

34 Kax pacTyT TOHKUE IUIEHKH [P JIA3€PHOM OCaXIeHHU?

35 Kak peanusyetcs Jla3epHOe JIernpoBaHue?

36 B ueMm CyIIHOCTB JIA3€PHOrO OTXKUIA NOIYIPOBOIHUKOB?

KM2

KonTponbHas
pabota 2
«DJIEKTPOHHbBIE
IY9KI»;

OIIK-1-31;0I1K-4-
31;1IK-2-31

1 IlepedyncnuTe OCHOBHBIE TUIIBI AIEKTPOHHBIX HCTOYHUKOB?

2 OnuIuTe OCHOBHBIC (PU3UYECKHE TIPOIIECCHI, COTPOBOKTAIONIIE
B3aUMOJEHCTBUE IEKTPOHHBIX IIyYKOB ¢ TOHKUMU IIJICHKAMU U
HOKPBITHSIMU.

3 Kak onuchIBaeTCsl HArpeB TOHKUX IUIEHOK U TIOKPHITUI
3JIEKTPOHHBIMU ITy4KaMU?

4 B 4em oTiu4Me U Mof00He HarpeBa TBEPABIX Tl IEKTPOHHBIMU U
JIa3epHBIMH IMyuKaMu?

5 Kak oTpakaeTcs B pellIeHUH TEIUIOBBIX 3a/lad OTJIMYKE B IapaMeTpax
SJIEKTPOHHBIX U Ja3E€PHBIX MyJKOB?

6 Kak mpoucxoqut mniaaBiaeHHe TOHKUX IJIEHOK U MOKPHITHil mox
JIECTBUEM DIIEKTPOHHBIX IIy4KOB?

7 «KunkanbHOE» MPOILIABJIEHUE 110 1€ CTBUEM AIIEKTPOHHBIX
My4KOB?

8 Kaxue ocHOBHbIE IPOLIECCHI TPOUCXOAAT MPU UCIIAPEHUH TOHKUX
IUIEHOK U MOKPBITUH 0] JEUCTBUEM 3JIEKTPOHHBIX ITy4KOB?




KM3 KonrponbHas OIIK-4-31;0I1K-1-
pabota 3 «Monnbsie | 31;TTK-2-31;11K-2- 1 Tlepeuncnure OCHOBHBIE TIPOIIECCHI, COIPOBOKIAIOIINE

TTY9KI». V1 B3aNMO/ICHCTBHE NOHHBIX ITYYKOB C TOHKAMH IUIEHKAMH H TIOKPBITHSIMI.
2 Kaxk mpescTaBiIseTcs IBIKCHIE YCKOPCHHBIX OHOB B BEIIeCTBE?

3 Yro Takoe TOPMOKEHHE U paccessHue HOHOB B TBEPABIX Teax?

4 Yto Ha3bIBaeTCS MPOOETOM HOHA B TBEPJIOM Tene?

5 KakoBo pacrnpejencHue HOHOB B TBEPJOM Tese?

6 Kak mpoucxoaut o6pa3oBaHue paqUalMOHHBIX Ae(EKTOB B TBEPIOM
TeJie IPU MOHHOM 00JTy4eHnH?

7 Kaxwie Tums! 1e)eKToB 00pa3yroTcst P HOHHOM OOJTydeHHH TBEPIBIX
Ten?

8 Kakue BTopryHBIE MPOLECChl MPOUCXOIT NpU 00pa30BaHUU
nedekroB?

9 B geMm 3aKITI09aroTCsl OCHOBBI 0OPAaTHOTO PacCestHUS] HOHOB?

5.2. Ilepedyenn padoT, BbINOJIHsAeMbIX 0 JucnuiinHe (KypcoBas padora, Kypcosoii npoexr, PI'P, Pedepart, JIP, IIP u 1.11.)

IIpoBepsiemble
WHIUKATOPBI CopeprkaHue padoThI
KOMITETEHLIUH

Kon Ha3Banne
paboTsI paboTsI

P1 Uzmepenue OIIK-4-31;0I1K-4- Pewmenuen 3agau
rapaMeTpoB 30HbBI B1;0IIK-1-31;I1K-2
JIa3€pHOTO BO3- -31

JIeUCTBHS,
CTPYKTYPHI H
MUKPOTBEPJOCTH
OBICTpOpEKyIIEH
cTau
TBEPAOTEIEHBIM
nazepom /TIp/

P2 W3mepenue coctaBa | OIIK-4-31;0I1K-1- | Pemenue 3anay
OCTAaTO4YHOM Vi
aTtMocdepsl B
CBEPXBBICOKOBaKyyM
HOI1 Kamepe ¢
MTOMOIIBIO
MOHOIIOJIBHOTO Macc
- criekrpometpa /Tp/

5.3. OueHo4Hble MaTepuabl, HCIOJIb3yeMble U1 IK3aMeHa (onucaHue OUJ1eToB, TECTOB U T.IL.)

KoHTpois KauecTBa 0CBOCHHS AUCIUILUIMHEI BKIIIOYACT B ce0s Sk3aMeH. DK3aMEHAIIMOHHBIHN OMIIET COIEPXKUT 3 TEOPETHIECKIX
BOIIpOCA.
ITpumep 3K3aMeHAIMOHHOTO OUNeTa MPUBEAEH B MPUI0KEHHU.

5.4. MeToauka OueHKH OCBOEHUS AUCUMILIMHBI (Moayis, npakTuku. HUP)

OI1leHKa «OTIIMYHOY - 00YJAIOIIHIACS MOKA3BIBACT MTYOOKUE, HCUEPITBIBAIONINE 3HAHHS B 00BeMe MPOUACHHOH IPOrpaMMBl,
YBEpEHHO JCWUCTBYET M0 MPUMEHEHHIO ITOTy4YE€HHBIX 3HAaHUH Ha IIPAKTHUKE, TPAMOTHO U JIOTUYECKU CTPOMHO M3JIaraeT Matepua npu
oTBeTe, yMeeT (POpMyIH-poBaTh BBIBOJBI U3 U3I0)KEHHOTO TEOPETHIECKOTO MaTepraia, 3HaeT JOTOJIHUTETLHO PEKOMEH-I0BAHHYIO
JUTEPATYPY.

OI11eHKa «XOPOIIO» - 00YYAIOIIUICS TOKA3bIBACT TBEPIbIC M JOCTATOYHO MOTHBIC 3HAHUS B 00BheMe MPOHICHHON MPOrpaMMBl,
JIOMTyCKaeT He3HAUYNTENHBIE OIMOKHM TPH OCBEIe-HUH 33JaHHBIX BOIIPOCOB, MPABUIIBHO JEWCTBYET 10 MPUMEHEHHIO 3HAHUHA Ha
MIPaKTHKE, YETKO U3JIaraeT MaTepHuall.

OI1leHKa «YTOBJICTBOPUTEIBHOY - 00yJaIOMINIics TIOKa3bIBacT 3HAHUS B 00beMe MPOH-IEHHOW MPOrPaMMBI, OTBETHI H3JIaraeT XOTs U
C OIMMMOKaMH, HO YBEPEHHO MCITPABIISIEMBIMH TTOCIIE IOTIOJTHUTEIBHBIX M HABOSIIUX BOIIPOCOB, MPABHIIBLHO JICHCTBYET 11O
MIPUMEHEHUIO 3HaHUH Ha MPaKTUKE;

O1eHKa «HEYJOBJIETBOPUTEIBHOY - 00YJAIOLIHIACS HOMyCKaeT IpyOble OMINOKY B OT-BETE, HE MOHUMAET CYLIHOCTH U3/1araéMoro
BOIIpOCa, HE YMEET IPUMEHSTh 3HAHUS Ha MPAKTUKE, TAET HEMOJHBIC OTBETHI HA JAOTIOJHUTENLHBIC U HABOSIINE BOIPOCHI.

OrneHka «He SBKa» — 00YJaIOIUICS Ha IK3aMeH He SBUJICS.

6. YHEBHO-METO/UMYECKOE U TH®OPMALIMOHHOE OBECIIEYEHUE

6.1. Pexomenayemas iureparypa

6.1.1. OcHoBHas JIMTEpaTypa

ABTOpBI, COCTaBUTEIH 3arnaBue Bubnuorexa W3narenscTBO, TOX

JI1.1 |Hesomus B. K. KBanrosas ¢usnka u OnexrpoHHas 6uOIMOTEKA Mocxksa: PUL] Texnocdepa,
HaHOTEXHOJIOTUH 2013




ABTOpBI, COCTaBUTEIH

3arnasue

Bubanoreka

W3naTenbcTBO, roj

JI1.2 [Kongpatsesa O. U., BonHOBast onTHKa M KBaHTOBast | DIEKTPOHHas ONOIHOTEKA Kasanb: Kazanckuii Hay4HO-
Crapoctuna 1. A, (uzuka: yueGHOe mocodue HCCIIeI0BATEIbCKUN
Kazannes C. A, TEXHOJIOTHYECCKUI
Bypnosa E. B. yausepcuter (KHUTY), 2010

JI1.3 | Mamoxkos C. I1,, Jlazepsl B MUKpO- U DnexkrpoHHas OubIMOTEKA PocroB-na-/lony, Taranpor:
Caenko A. B., HAHOAJICKTPOHHKE: YIeOHOE HOxHBIH penepanbHbIT
Knynnuxosa 1O. B., nmocobue yHUuBepcureT, 2018
ITanuii A. B.

6.1.2. JlonosiHuTEIBHAS JIUTEPATYpPa
ABTOpBI, COCTaBUTEIHN 3arnaBue Bubnmoteka W3narenscrBo, rof

JI2.1 |Kopmneesa lO. IT., KsanToBas 3 pekruBHOCTD DnekTpoHHas ONOINOTEKA Mocksa: MockoBcKuit
Kopnees A. A., CBEPXITPOBOAHUKOBOTO MeAaroruyeckui
CemenoB A. B. OHO(OTOHHOTO JIETEKTOpa Ha roCyapCTBEHHBIH

OCHOBE TOHKOH TuteHK: NbN: yausepcurer (MIIT'Y), 2015
MOHOTpadust

JI2.2 [Hpomos U. E. KsanToBas ¢u3uka: OCHOBHBIE | DIEKTpOHHAs OHOIHOTEKA Mocxksa: JlabopaTopusi 3HaHHH,
3aKOHBI: ydeOHOe mocoone 2017

JI2.3 | Bamguacxuii C. ., Hanomarepuansr. bu6mmorexa MUCuC M.: U3n-Bo MHUCuC, 2014

Haumu E. K. JlenrMiopoBcKue MIeHKH:
y4e6. mocobue
6.1.3. MeTronuueckue pa3padoTku
ABTOpBI, COCTaBUTENHU 3arnaBue bubnnoreka WznarenscTBo, o1
JI3.1 |Bsarkun A. ©. B3aumogeiicTBue na3epHbIX, bu6mmorexa MUCuC M.: Vuyeba, 2001
AJIEKTPOHHBIX U HOHHBIX
MyYKOB C TIOBEPXHOCTHIO
TBepabiX Ten: Y.1: OcHOBBI
(bU3MKM JTa3ePHOTO M3ITYUCHUS:
Kypc nexruii amast cTyz. crer.
5401, 0709, 0710
JI3.2 | Barkun A. ©. BsaumoneiicTBre na3epHbIX, bubmnorexa MUCuC M.: Yyeba, 2001
9JIEKTPOHHBIX U MOHHBIX
MTyYKOB C TIOBEPXHOCTHIO
TBepabIX Ten: Y.2.
ITpumenenue na3epHbIX U
AJIEKTPOHHBIX MYYKOB IS
00paboTKH TOBEPXHOCTH
Matepuanos: Kypc nexiuit mst
cryn crient. 5401, 0709 u 0710
JI3.3 | Barkun A. ©. BsaumoeiicTBue na3epHbIX, bu6imorexa MUCuC M.: Vuyeba, 2001
AJIEKTPOHHBIX U HOHHBIX
MyYKOB C TIOBEPXHOCTHIO
TBepabIX Ten: Y.3:
B3aunMoieiicTBHE HOHHBIX
MyYKOB C TIOBEPXHOCTHIO
TBepabIX Ten: Kype nexumid amst
cryn. crer. 5401, 0709 u 0710
6.2. Ilepeuenn pecypcoB HH(OPMAIMOHHO-TEJIeKOMMYHUKANMOHHOM ceTu «UHTEepHeT»
MexXyHUBEPCUTETCKAs CETeBast CUCTEMa WWwWw.nano-obr.ru
MEXIUCIUTUIMHAPHON TTOATOTOBKU H
po¢ecCHOHATBHON MEPENOATOTOBKU KaApPOB ISt
Ha"ouHAycTpHuH. — Url: www.nano-obr.ru. J{ms
ny  |TOIYICHHA 0CTYNA K YMK]I «®usuueckue cBoiicTaa

HaHOMAaTepHUaioB», B KOTOPOM H3JI0KEHBI U OCHOBBI
(U3MYECKUX CBOWCTB MAaTepHAIOB, HEOOXOIMMO
3aperHCTPUPOBATHCS Ha CaliTe U BRIOPATh Kype
«®Dusnueckue cBoiictBa HaHomarepuanosy HUTY

«MHUCuCp.

6.3 TlepeueHnb NPOrpaMMHOro odecrneyeHust

I1.1

Microsoft Office




1.2 |MS Teams
03 JTunensuu I10 Windows Server CAL ALNG LicSAPk MVL DvcCAL, ITO WinEDUA3 ALNG SubsVL MVL PerUsr u
: PerUsr
1.4 |[ESETNOD32 Antivirus
I1.5 | Win Pro 10 32-bit/64-bit
6.4. Tlepeyens MHPOPMANMOHHBIX CIPABOYHBIX CHCTEM H MPodeccHOHAIBHBIX 023 JaHHBIX
N.1 |IlonHOTEKCTOBBIC POCCUIICKIE HAYIHBIC KYPHAIBI U CTATHU:
N.2 |— Hayunas snexrponnas 6ubnuorexa eLIBRARY https://elibrary.ru/
N.3 |— [omHOTEKCTOBBIE AETOBBIC MyONIHUKAIIMK MH(DOPMAreHTCTB U pecchl o 53 otpacisiM https://polpred.com/news
.4 |Wnoctpannsie 6a3bl maHHBIX (moctyn ¢ [P angpecoB MUCuC):
N.5 |— aHaimTHueckas 0asa (nHAekcH nmutupoBanus) Web of Science https://apps.webofknowledge.com
N.6 |— aHaimTHyeckas 0a3a (MHACKCHI IIMTUPOBaHUs) Scopus https://www.scopus.com/
N.7 |— Haykomerpuueckas cuctema InCites https://apps.webofknowledge.com
N.8 |— HayuHbIe )XypHaJbl u3natenscTBa Elsevier https://www.sciencedirect.com/
n.9
7. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE
Ayn. Hasnauenune OcHarienue
Jlro6oit Kopryc | YueOHass ayautopusi JUIsL  TPOBEACHUS | KOMIUIEKT ydeOHOW Mebenu 10 36 MecT [t 00yqaromuxcs,
MynsTUMeHHHAS 3aHATUN JICKIMOHHOTO THIA W/WIK [UIA | MyAbTUMEAUNRHOE  O0OpYyIOBaHHE, MAarHUTHO-MapKepHas
MIPOBEACHHS PAKTHYCCKUX 3aHATHI: Jocka, pabouee Mecto mperonaBatens, I1Kc moctymom k
UTC «Unrepner», DMOC yHuBepcuTeTa 4Yepe3 JUMUHBIN
xabuner Ha miatgopme LMS Canvas, JIUIEH3HOHHBIE
nporpamMmel MS Office, MS Teams, ESET Antivirus
B-416 VYueOHas ayTuTOpHs NIPOEKTOp;  OJKpaH;  MapKepHas  [OCKa;  KOMIIBIOTED

npenogaBarens; Mmukpockon Carl Zeiss Axio Scope Al,

KOMIBIOTEPHBIH K1acc Ha 12 KOMIBIOTEPOB, KOMILIEKT
y4eOHOH MebemH
YnraneHsrit 3a1 Ne3 (B) KOMIUIEKT  ydeOHOM  mebemnm Ha 44  Mecrta  UId

obyuaromuxca, MOV Xerox VersaLink B7025 ¢ ¢ynximeit
MaciuTabupoBaHus TEKCTOB U u3o0Opaxenuit, 8 IIK ¢
nocrynom k HWUTC «Uurepuner», OUMOC yHuBepcutera
yepe3 JHYHBIN KaOwHeT Ha Tuatopme LMS Canvas,
muuen3uonHsle nporpammel MS Office, MS Teams, ESET
Antivirus.

8. METOJJUYECKHUE YKA3AHUSA 1151 OBYYAIOIIIUXCA

ITpu n3ydennu Kypca « TOHKOIUICHOYHBIC MaTepHalIbhy OOJIBIIOE BHUMAHHE CIIEYET YASIHTh CAaMOCTOATENEHOM padoTe ¢
y4eOHUKaMH, CTIPABOYHOM JINTEPaTYpOl M TEKYIIIMH ITyOJIUKAIMSAMHA B BEIYIINX POCCHHCKHAX U 3apYyOSKHBIX JKypHAIax Mo
paccMaTpuBaeMbIM TeMaM Kypca. bosbliryto 4acTb BOIIPOCOB, BO3HUKAIOIUX B IIPOLIECCE CAMOCTOSTENBHON OATOTOBKH,
PEKOMEHIyeTCsl BBIHOCUTb ISl OOCYKAEHHS Ha PAKTHUECKUX 3aHATUAX.
OOGyueHue MPOBOJUTCS B OJJMH CEMECTP U OPTAaHU3YETCsI B COOTBETCTBUHM C HACTOAIIEH MporpaMmoii. CamocTosiTenbHas padoTta
CTYIEHTOB OCYHIECTBIIAETCA M KOHTPOJIUPYETCS C TIOMOIIBIO:
— BOIIPOCOB TSI CAMOKOHTPOJIA,

— TpeX MHUCbMEHHBIX KOHTPOJBHBIX PaboT,

— OJIHOTO JJOMAIIHETO 3a/1aHMs.

Ilepen HauanoM 3aHATUI CTYAEHTHI NI0JIy4al0T HA TEKYLIMIA CEMECTP KaJICHAAapHbIN IUIaH IPOBEACHUS IIPAKTUYECKUX 3aHATHH U
KOHTPOJIBHBIX MEPONPUATHH.

Hrorosas arrecranys o AUCUUILIMHE IPEAYCMOTPEHA B BUAE K3aMEHA.
OK3aMeH 0TpaXkaeT Pe3yNbTaT mporecca GOpMUPOBAHHS KOMIICTEHIIUH CTyeHTa IIPH U3y4eHUH JUCIUIIIMHBI U YCTaHABIUBAET
YPOBEHb 3HAaHUI CTYAECHTOB 110 TEOPUH U IPUMEHEHHUIO IIOIY4YEHHBIX 3HAHUN, YMEHHUI 1 HABBIKOB.

OK3aMeH IPOBOIUTCS B YyCTHOU (popMe B YCTAHOBIICHHBIH PAaCTIICAHUEM JICHb 3K3aMEHAIIMOHHOM CECCHH, MIPETyCMOTPEHHOM
KaJIeHTapHBIM rpa(ukoM ydeOHOTO IpoIecca, MpernoAaBaTesieM, IIPOBOAUBIINM 3aHATHS. JIOIyCK K 9K3aMEeHY OCYIIECTBIISICTCS IpU
YCJIOBHU BBITIOJITHEHHS BCEX KOHTPOJIBHBIX MEPONIPUATHH], IPEAYCMOTPEHHBIX YUeOHBIM IIIAHOM U paboueil mporpaMmoii mo
U3y4aeMol TUCLUILIHHE.




