MMNMHOBPHAYKN POCCUN
®ENEPANIbHOE FOCYJAPCTBEHHOE BIO[DKETHOE OEPA3OBATEJIbHOE YYPEXAEHMWE
BbICLUErO NPO®PECCUOHAINIbHOIO OEPA30BAHUSA

«BOPOHEXCKWN rOCYOAPCTBEHHbIA YHUBEPCUTET»
(PreoOy BO «BI'Y»)

YTBEPXOAIO

/ 3aBepylomin kadenpon
" ONTUKM M CNEKTPOCKONUK

% (OBYKnHHMKOB O.B.)
noanuch, paclungpoBka nognmcu

14.06.2024 r.

PABOYA4A NMPOMPAMMA YYEBHOW OUCLUUMIIUHBI
51.B.1B.01.02 MaTtepuanbl HQHOPOTOHUKHU

Kod u HaumeHosaHue ducyunuHbl 8 coomeemcmeuu ¢ Y4ebHbIM niaHoM

. lncbp n HaMmeHoBaHMeHanpaBneHUANOAroTOBKM/cneunanbHOCTU:

03.04.02 — @u3suka

. Mpocdmnb noaroToBkM /cneunanusaunm/maructepckasl nporpamma:

Onmuka uHaHogomoHuUKa

H W

. KBanndmkaumsa (cteneHb) BbiNyCKHUKA:_8bicwee obpa3zosaHue (Maaucmp)
. ®opma obyyeHus: OYHasi

5. Kacheppa, oTBevarLan 3a peanmsaumio QUCLUNNUHDbI:
kaghedpa onmuKuU U CneKmpocKonuu
6. CoctaBuTenu nporpaMmmbil: JleoHoea JluaHa KOpbesgHa
(DUO, yyeHass cmeneHb, y4eHoe 38aHuUe
kaHOudam hU3UKO-MameMamu4ecKux Hayk, QoUueHm
7. PexomeHpoBaHa: HMC gbusuydeckoeo gp-ma BI'Y npomokon Ne 6 om 13.06.2024

(HaumeHogaHue pekomeHdyrwel cmpykmypsbi, 0ama, HOMep rPomokxosia)

. Y4eOHbIN rop; 2024/2025 CemecTp(bl):_ 2




9. Llenn 1 3apaym y4e6HON ANCLUNIIUHDI:

Lensamu oceoeHuss y4ebHOU OucuyuniuHbl sienssromcsi: opMMpoBaHne
NpodeccnoHanbHOM KOMMNETEHUUM CTYAEHTOB mnandeckoro dakynbteta, obydaromxca
no wmaructepckon nporpamme "OnTuka M HaHOMOTOHMKA", B ob6nactm OTOHUKN
HaHOMaTepmnanoB W MNOCTPOEHNA npubopoB AN 00paboTKn, XpaHeHus, nepedaydn
MHopMaLMM Ha NX OCHOBE.

3aday4u yyebHoOU ucyunuHbl:

- O3HaKOMUTb CTY[EHTOB C COBPEMEHHbLIMK Npobrnemamu, cTpaternsaMm U MHHOBALMAMMN
COBpPEMEHHOro MatepuanosefeHus B 06nact onTUYeCKU-aKTUBHbIX HAHOMaTepuaros.

10. MecTo yuye6HOM AncuunnuHbl B cTpykType OOIT:

Hucuyunnuna 61.B.[]B.01.02"Mamepuarnbl HaHOGhOMOHUKU" OMHOCUMCSI K eapuamugHoU 4Yacmu
6rnoka B1. [lnsa oceoeHusi daHHoU ducuyuriuHbl Heobxodumbl 6a308ble 3HaHUS M0 K8aHMmMoeoU
mMexaHuke, ¢husuke meépdo20 mera, hu3uKe KOHOEHCUPOBAHHO20 COCMOSIHUS.

11.MnaHnpyemble pe3ynbTaThl 00y4YeHUA No aucuunnmHe/Moaynio (3HaHUSA, YMEHUs,
HaBbIKK), COOTHEeCEeHHbIe c nsaHMpyeMbIMuU pe3ynbTtatamu ocBOeHusA
obGpa3oBaTesibHOWN NporpamMmbl (KOMNETEHUMAMU BbiMYCKHUKOB):

Koga HassaHue Koa(bl) UHaunkaTop(bl) MnaHupyemble pesynbTaThbl
KOMMeTeHLMK 0by4eHus

MK-2 | CnocobeH MK-2.1 | OcywecTtengaet 3HaTb: NPUHUMNBI NOCTPOEHNs 6a3
co3gaBaTb 6asbl MOAroTOBKY peecTpa AaHHbIX O PU3NYECKMX CBONCTBAX U
OaHHbIX O OOMNYyCTUMbIX 3HA4YEHUN TEXHOMNOrM4YeCKNX 0COBEHHOCTAX
duranyeckmx hU3N4EeCKMX CBOMCTB U HaAHOCTPYKTYPHbIX MaTtepunaros
CBOWCTBax u napameTpoB yMeTb:co3aaBaTtb 6a3bl aHHbIX O
TEXHOMOrM4yeCcKnx HaAHOCTPYKTYPHbIX h13n4eCcKkMx CBOMUCTBaX U
0COBEHHOCTAX mMaTepuanos u TEXHOMNOrM4YeCKNX 0COBEHHOCTAX
HaAHOCTPYKTYPHbIX KOMMAMEKTYoLWMX Ang HaAHOCTPYKTYPHbIX MaTtepuaros,
mMaTepunanos, paspaboTku NPOBOANTL 3KCMEPUMEHTANBHYHO
NpoBOANTL TEXHOMNOrMYeCcKnNX NpoBepKy BbIBPaHHbIX
3KCNeprMeHTanbHyo npoLeccoB TEXHOMNOrMYECKNX peLLeHnn
NnpoBepKy MK-2.2 | YmeeT paspabaTbiBaTtb npou3BOACTBA ONMTUYECKUX U
BblOpaHHbIX TexXHU4eckne 3agaHus aKyCTOONTUYECKMX NpMOOPOB,
TEXHOMNOrMYeCcKnX Ha aKCnepuvMeHTarnbHyl0 | UCCneaoBaTb napameTpbl
peLueHnin npoBepKy HaHOCTPYKTYPHbLIX Matepunarnos B
npovsBoacTBa TEXHOMOrM4yecKnx COOTBETCTBMU C CAMOCTOSATENBHO
ONTUYECKMX U NPOLIECCOB U UCMbITaHWA | BbIOpaHHOW M yTBEPXXAEHHOW
aKyCTOONTUYECKUX BblIOPaHHbIX MeTOAMKOW
npmbopos, HaHOCTPYKTYPHbIX BnageThb: MeToAMKamu
nccnenoBatb mMaTepuanoB B pamKax 3KCnepuMeHTanLHon npoBepKn
napameTpbl paspaboTaHHOM BblIBPaHHbIX TEXHOMNOrMYeCcKnxX
HaHOCTPYKTYPHbIX KOHUenumm un peLleHnin NpoM3BOACTBA ONTUYECKMX
mMaTepunanos B YTBEPXAEHHbIX M akycTtoonTuyeckux  npubopos,
COOTBETCTBMU C 3KCNeprMeHTanbHbIX nccrnegoBaHns napameTpoB
CaMOCTOSTENbHO MEeTOoaMK HaHOCTPYKTYPHbIX MaTepuanoB B




BblOpaHHOM n MK-2.3
yTBEPXXAEHHOWN

MEeTOANKON

AHanuanpyet COOTBETCTBMM C CaMOCTOSATENbHO
COCTOSIHWE Hay4HO- BblIbpaHHOWM 7 yTBEPXXAEHHOW
TEeXHUYECKOM MeToanKOM

npobnemel,

cucTemMaTusmpyeT 1
0600wWaTh Hay4Ho-
TEXHUYECKYI0
MHopmaumo no Teme
nccrnegoBaHum B
obnacTn KBaHTOBOW
SNEKTPOHUKM U
OTOHUKM 1
HaHOCTPYKTYPHbIX
mMaTepuanoB

12. O6beM ANCUUNNUHBLI B 3a4€THbIX eAuHULIax/4yacax B COOTBETCTBUU C Y4EOHbIM

nnaHom — 4 / 144 .

dopma NpomMeXyTOUYHOM aTTecTaummsayém

13 Buabl y4e6Hon paboTbl

TpyooemMKocTb
Bug y4yebHowm paboThl Bcero Mo CeMzeCTpaM
AyouTOpHbIE 3aHATUS 48 30
nexkumm 32 32
B TOM Yucne: npakTnyeckme

nabopaTopHble 16 16
CamocTosiTenbHasi pabota 60 60
dopma NpomMexyToYHON aTTecTaumm 36 36

(3K3ameH - 4ac.)
Wtoro: 144 144

13.1 CopepxaHume pa3genoB AUCLUMIUHDbI:

Ne HaumeHnosaHue pasdena c
o0epxxaHue pasdesna OUCUUNIUHbI
n/mn oucyunuHbl

1 BegedeHue. OcobeHHocmu Obuwjue npedcmasneHusi © Mamepuanax HaHOOMOHUKU.
HaHocmpykmyp u
HaHOCMPYKMYypUpPO8aHHbIX
Mamepuarsos

2 Onmuyeckue ceolicmea Bphekmbl K8BaAHMOB020 OepPaHUYEHUST 8 M0J1YNPO8OOHUKOBbIX
HaHoMamepuasnos. PasmepHsie cmpykmypax. QHepeemuyeckul criekmp, onmuyeckull crnekmp
aghpekmebl ro2r1oUWeHUS.

3 OcHoebl mexHonoauu HarnomexHonoauu, Memodsi nony4YeHuUs HaHoMamepuasnos, Memoodsb|
HaHoMamepuasnos u3MepeHusi, uccriedosaHusi U hopMuposaHusi HAHOCMPYKMYp.

4 Teopemuueckoe obocHo8aHuUe OcobeHHocmu ¢busuveckux 83aumoldelicmeuli Ha HaHoMacwmabax.
opmuposaHusi Keanmoeas mexaHuka HaHO0bbekmos.KeaHmMo80-pa3MepHbili achghekm.
HaHOCMPYKmMypupo8aHHbIX
Mamepuarsnos

5 Teopemuyeckoe obocHogaHuUe Du3uKo-xumuyeckue ceolicmea OCHOBHbIX MUN08 HaHOCUCMeM:
gusuyeckux ceolicms 00HOMEpPHbIEe, 08YMEPHbIE U MPEXMEPHbIE HAHOCUCMEMbI, PaCCeSIHHOe
HaHOCMPYKMypUpO8aHHbIX rosne 8 pamkax meopuu Mu.

Mamepuarsos

6 PacnpocmpaHeHue Cesepxpewemku. Modenu ceepxpewemok pa3Hol pazmepHOCMuU.
3/1€KMPOMa2HUMHbIX 80JIH 8 PacnpocmpaHeHue 351eKmpomMazHUMHO20 U3/1yHeHUs 8 NepuoOuUYeCcKUx
rnepuoduyeckux cpedax CmpyKmypax.

7 ®omoHHbIe Kpucmarniisl. ®omoHHas 3anpewéHHast 30Ha. Criekmp ompakeHusi U rporlyCKaHUsl.
®OmMOHHbIEe 30HbI Heekmbl 8 homMOHHbIX Kpucmarnax, MniomHocms OOMOHHbIX

cocmosiHull




8 | UccnedosaHue criekmpos
rporyckaHusi onmMu4YeCcKux
abcopbUUOHHBIX U JlabopamopHasi paboma
UHMepepeHYUOHHbIX
¢unbmpos

13.2 Pasgenbl AMcumMniiHbl U BUAbl 3aHATUN

Ne Budbi 3aHssmuli (4acos)

n/ Haumetoearue lNpakmuyeck| JllabopamopH | Camocmosimernb| KoHmporn
pasdena AucuyunnuHbl | Jlekyuu p p p P

Bcezo
n ue ble Hasi paboma b

1 BeedeHue. OcobeHHoCcmMu
HaHocmpykmyp u
HaHOCMpyKmMypuUpo8aHHbI
X Mamepuajsios

2 5 5 12

2 | Onmuyeckue ceolicmsa
HaHoMamepuaros. 6 5 5 16
Pa3mepHbie aghgbekmbl

3 | OcHosblI mexHomnoauu 5 5
HaHoMamepuasios

4 | Teopemuueckoe
obocHosaHue
ghopmuposarusi 8 5 5 18
HaHOCMPYKMypupo8aHHb!
X Mamepuarsios

5 | Teopemuueckoe
0b0ocHoBaHuUe hu3u4eCcKUX
ceolicme 4 5 5 14
HaHOCMpyKmMypupo8aHHbI
X Mamepuarsios

6 | PacnpocmpaHeHue
3M1eKMPOMacHUMHbIX 80J1H 4 5 5 14
8 rnepuoduyeckux cpedax

7 ®omoHHbIe Kpucmarniisbi.
®DOMOHHbIE 30HbI

UccnedosaHue
CreKkmpos rporycKaHusi
onMuYecKuUx
abcopbUUOHHbIX U
UHMepPhepPeHUUOHHbIX
¢unbmpos

16 25 3 44

Yimozo 32 16 60 36 144

14. MeToauyeckue ykasaHus onsi ooy4arLwmxcsa No 0CBOEHUIO OUCLUMIIUHbI

OCHOBHbIMU 3marnamu 0C80EHUS OUCMUFII‘IUHbI ABJIAOMCHA.!

*  U3yyeHue y4ebHoUl, HayyHolU U Memoduyeckoll fumepamypbl, Mamepuasnos nepuodUYECKUX
u3daHul ¢ npusredYeHUeM 31eKmMPOHHbIX cpedcme Hay4HoU UHghopmayuu.

» [lodzomoska Kk nabopamopHbIM 3aHSIMUSIM.
B xode mnodecomosku K meKywum ammecmauyusMm U [pOMEXymoyHou ammecmayuu cmyodeHmy
peKkoMeHOyemcss aKmueHO UCIMOoNIb308amb  3JIEKMPOHHbLIU  06pa3osamernbHbll  nopman Moodle -
aeKmpoHHas cpeda ducyunuHkl, ¢ npedocmasneHuemM npeseHmauul nekyud, 3adaHul Orsi 8bINOHEHUS
nabopamopHbix pabom, O00MoAHUMEIbHO20 MEeopemuyeckoeo Mamepuana U HOPMamueHO-MPasosblx
OOKymMeHmMo8 o memam U repedyHel eorpocoe Orsi 1o020mo8KU K MEKywuM ammecmauyusm U
npomexxymoy4Hol ammecmauyuu. Takxe cmydeHmy pekomeHOyemcsi ucrosb3o08ams 8ecb Habop mMemodos
u cpedcme co8pPeMeHHbIX UHEOPMaUyUOHHbIX MexHooaul Ons U3y4yeHUss omedYyecmeeHHOoU U 3apybexxHoul
numepamypbl 1o ducyuniIuHe, OUEHKU U aHau3a ee meKyujeeo COCmosiHUS U nepcriekmues passumusi. Emy
npedocmassisemcs 803MOXHOCMb pabomamb 8 KOMIMbIOMEPHbIX Kraccax akynbmema (313a aydumopusi),
umems docmyn K VIHmepHem-pecypcam U 371EKMPOHHOU oYyme, UCMo/b308amb UMeroUuUecss Ha Kaghedpe
ONMUKU U CMEKMPOCKONuU ¢hududecko2o ¢hakybmema UHGOPMaUUOHHbIE MEXHOI02uU, UCMOo1b308amb
pecypcbi 3oHanbHoU Hay4yHol 6ubnuomeku BITY, 8 mom 4ucnie anekmpoHHO-6UbIUOMeYHbIE CUCMEMBI.




15. MepeyeHb OCHOBHOM M [OOMNOJSIHUTENbLHOW NUTepaTypbl, PECYPCOB MHTEPHET,

HeoOGXoAUMbIX [AONsi OCBOEHUA AUCUUMNNWHbI (criucok numepamypbl 0GOPMIASEMcs 8
coomeemcmeuu ¢ mpebosarHusmu TOCT u ucrionb3yemcsi obwasi ckeosHasi Hymepayusi 0ns1 ecex sudos
UCMOYHUKOB)

a) OCHOBHas nuTeparypa:

Ne n/n HicmoyHuk

KupuyaHos B.C. Qu3u4eckue OCHO8blI HaHOMeXxHonoaul (hbOMOHUKU U OnNmMouHgopMamuku: y4ebHoe
nocobue / B.C.Kup4yaHoe — [lepmb. M30-e0 [lepm. Hay. uccn. nonumex. yH-ma 2019 - 221c.

1 https://pstu.ru/files/2/file/kafedra/fpomm/of/Fizicheskie_osnovi_nanotehnologiyi_fotoniki_i_optoinformatiki_m
ag.pdf
Kupyaros B.C. HaHomamepuarnb! u HaHomexHorsoauu: y4ebHoe nocobue / B.C. Kup4yaHos; lNepmckull Hauy,.
2 uccned. nonumex. yH-m. — lNepmb. N38-80 Nepm. Hau. uccn. nonumex. yH-ma 2016- 193 c.

https.//pstu.ru/files/2/file/kafedra/fomm/of/Nanomateriali_i_nanotehnologii_bak.pdf

©0) gononHUTenbHasa nuTeparypa:

Ne n/n NicmoyHuk

OcHosbl husuku 2ubpudHbix HaHocmpykmyp / A.B.®@edopos, A.B.baparos, A.O. Opnosa, B.I". Macrios. -
3 YuyebHoe nocobue. - Cl16: Cr6 HNY UTMO, 2014. — 122 c.

https.//books.ifmo.ru/file/pdf/1642.pdf

UeHamos A.H. OnmosanekmpoHuka U HaHogomoHuka : [y4ebHoe nocobue Onsi cmydeHmMos,
obyvarowjuxcss o HampaeneHusiM  1002omoeku  "OnekmpoHuka U HaHO3MIeKMPOHuUKa" U

4 "TenekommyHukayuu"] / A.H. UeHamoe .— CaHkm-llemepbypz ; Mocksa ; KpacHodap : flaHb, 2011 .—
538 c. : un., mabn. — bubnuoep.: ¢.526-530.

5 BosuaHosa A.B. HaHogbomoHuka. Yacmb 1 [YuebHoe nocobue] / A.B. Bo3zuaHoea, M.K. Xod3uukuli . —
CaHkm-llemepbype : HUY UTMO, 2013 .— 93 c. : un., mabn. — Bubnuoep.: c.91-93.

6 Hocos, HOputi PomaHosuY4. OnmoanekmpoHuka / FO. P. Hocoe .— M. : Coeemckoe paduo, 1977 .— 230,[2]

c.
OnmoanekmpoHuka / O.H. Epmakos [u 0p.] .— M. : SHyc-K, 2010- .— (BrnekmpoHuKa 8 mexHuU4eckom

7 yHusepcumeme. lNpuknadHas snekmpoHuka / nod obw. ped. N.6.®@edoposa) .— ISBN 978-5-8037-0505-
5.

Uznamoe A.H. OnmoanekmpoHHbie npubopkl u ycmpolcmea: y4eb. nocobue / A.H. MeHamos .—

8 Mocksea : Oko-mpeHd3, 2006. — 272 c. . un.,
Kapux E.[l. OnmoanekmpoHuka: Yueb. nocobue drnsi cmyod. cneyuansHocmed "Paduogusuxa”,

9 "®usuyveckas anekmpoHuka" ey3zoe / E.[]. Kapux .— MuHck : BI'Y, 2000 .— 262, [1] c. — ISBN 985-445-
277-8 : 30.00.

10 Hocos, HOputi PomaHosu4. OnmoanekmpoHuka / 0. P. Hocoe .— M. : Cosemckoe paduo, 1977 .— 230,[2]
c.

11 Cmpaxosckuli .M., OcHosbi keaHmMo8ol anekmpoHuku / .M. Cmpaxosckuli, A.B. YcneHckuli - M. :

Bbicwas wkona, 1973. - 312 c.
12 Spue A. KeaHmoesasi anekmpoHuka / A. Spus - M. : Coeemckoe paduo, 1980. - 488 c.

B)MHGOPMALIMOHHbIE 3NEKTPOHHO-06pa3oBaTernbHbIE PECYPChI:
Ne n/n MCTOYHUK
13 OnekTpoHHbIn kaTanor 3HB BI'Y https://www.lib.vsu.ru/
14 OBC "MspgaTtenbctBa "llaHp" https://e.lanbook.com
15 OBC "YHuBepcuteTckasa bubnunoteka online" https://biblioclub.lib.vsu.ru
16 OBC «3nekTpoHHas 6ubnuoTeka TexHudeckoro BY3a» (3BC «KoHcynbTaHT
ctygeHTay )http://www.studmedlib.ru
17 HauwnoHnanbHbI LndpoBown pecypc "PYKOHT"http://rucont.ru
18 OnekTpoHHO-6ubnmoTteuHas cuctema «KOPAUT»https://urait.ru

19 lNouckosasi cucmema e-library.ru
20 lNouckosasi cucmema google.ru
21 EduHoe okHO 0ocmyra k obpa3osamerbHbiM pecypcam. bubnuomeka http://window.edu.ru/

16. MNepeyeHb y4eOHO-MeTOANYECKOro obecrneyeHus AnA caMoCToATeNbLHOM paboTbl
(y4yebHO-Memoduyeckue pekomMeHOayuu, nocobusi, 3adavyHuku, Memodu4yecKue
YKa3aHusl Mo 8bINOJIHEHUIO NPakmu4yecKux (KOHMpoJsibHbIx) pabom u dp.)

Ne n/n MNcTOYHUK

1 OcCHO8bI ONMMUKU U CMIEKMPOCKONUU K8AHMOBbIX MOYeK | y4ebHOo-Memodudyeckoe nocobue 0risi 8y308 : [0ns




nposedeHus crieyuanbHo20 hu3. npakmukyma cmyo. 1 K. mazucmpamypbl, 06y4. o npoepammam
"®u3suka onm. AeneHuld" u "Onmuka HaHOCMPYKMYpPUpPOB8aHHbIX Mamepuasnos” Ha Kag. onmuku u
criekmpockonuu ¢u3. ghak. BopoHex. 2oc. yH-ma 0nsa HanpasneHus 010700 - @usuka] / BopoHex. eoc. yH-
m ; [cocm. : O.B. O84yuHHUKO8U Op.] .— BopoHex : 30amenbcko-rnonuzpaghudeckuli ueHmp
BopoHesxckoeo eocydapcmeeHHo20 yHusepcumema, 2013 .— 80 c. : un. — bubnuoep.: ¢.78-80.
<URL:http:.//www.lib.vsu.ru/elib/texts/method/vsu/m13-155.pdf>.

2 Hayana onmuku HaHoYacmuy, [BnekmpoHHbIl pecypc] : yuebHoe nocobue / [O.B. Og4uHHUKO8 U dp.] ;
BopoHex. eoc. yH-m .— 3nekmpoH. mekcmosbie daH. — BopoHex : U3damenbckuli dom BI'Y, 2018 .—
Baen. ¢ mumyna skpaHa .— C80600HbIU docmyn u3 uHmpacemu BI'Y .— Tekcmosebil ¢hatin .—
<URL:http://www.lib.vsu.ru/elib/texts/method/vsu/m18-242.pdf>.

3 BnekmponHbIl Kypc "Mamepuanbi HaHoghomoHuUKuU" 0551 ducmaHUyUOHHO20 06yYeHUsT
https.//edu.vsu.ru/course/view.php ?id=5632

17. WHdopmauMOHHbIE TexXHOSIorum, ucnonb3yemble ANA peanu3aumum y4ebHOMU
OUCUMNIIUHBI, BKMNOYas nporpamMMHoe obecneyeHne U  UHMOPMaLUNOHHO-

crpaBoOYHble CUCTEMbI (MpU HeO6XO0ANMMOCTH)

B y4yebHom npouecce ucrnionb3yromces cnedyruwue obpazoeamesnibHble  mexHonoauu. 1o
obpazosamesibHbIM ¢hbopMam: JIeKUUOHHbIE U rpakmu4yeckue 3aHamus. [lpeobnadarowumu memodamu u
npuemam  obydyeHuss  sensmMcs;  0O6bSACHUMENbHO-UIIoCmpamueHble  (06bsSCHeHUe, Mokas  —
demoHCcmpauyusi y4ebHo20 Mamepuasia u 0p.); akmueHble (aHanu3 y4yebHoU u Hay4HOU numepamypbi,
cocmaerieHue cxem U 0p.) U UHMepaKkmueHble, 8 IMoM Yucsie U epynnosbie (83aumMHoe obyyeHue 8 ghopme
nodzomosku u obcyx0eHusi O0Knados);, UHGOPMaUUOHHbIE;, MynbmumelduliHbie (paboma c calmamu
akadeMu4ecKux CmpyKmyp, Hay4HO-uccredosamesibCKUX opeaHu3auull, 31eKmpoHHbIx 6ubnuomek u op.,
paspabomka npe3eHmauyul, coobweHuld u Ooknadog, paboma C 31EKMPOHHbIMU Oby4YarwumMu
npoepammamu u m.r.).

OpeaHu3ayuoHHas cmpykmypa NeKyuoHHo20 3aHsmus: 1. @opmynuposka memel, uenel 3aHsamus,
rnocmaHoska npobrnemHo2o eorpoca. 2. Pa3bscHeHuUe 80rpoco8 Mmeopemuyeckozo U pakmu4yecKoeo
nnaHa Ons peweHUs riocmassnieHHol npobnemsl. 3. PaccmompeHue nymedl peweHusi npobriemMHo20
80ripoca Ha KOHKpemHbIX rpumepax. 4. 3aknwdyeHue, popMynuposka 8bi60008. 5. Dopmynupoeka 3adaHusi
0nsi camocmosimesibHol domawHel pabombi. O38yqusaHUe membi Credyroue20 3aHsIMusl.

OpezaHusayuoHHasi cmpykmypa nabopamopHozo 3aHsmus: 1. @opmynuposka uenel 3aHamusi U
omeembl Ha 80ripockbl cmydeHmos. 2. O3HaKoMIieHUe ¢ meopemu4yeckol 0CcHO80U pabombl, OCHOBHbIMU
npuemamu U mexHukol 6esonacHocmu rpu pabome c ucronb3yemMbiMu rpubopamu U peakmusamu.3.
BbinonHeHue akcniepumeHmarnsHouU Yacmu pabomei. 4. Obpabomka aKkcriepuMeHmarbHbIX pPe3yibmamos u
npedocmasrneHue ux 0ns npedsapumeribHOU NPosepKu rpernodasamero.

3awuma nabopamopHol pabombi Mpoeodumcsi C Uesbio 8bIsI8NIEHUST YPOBHS OCB0EHUS Mamepuarna
no memamuke pabomsi, cnocobHocmu Gamb MPasuibHyl0 MPakmosKy pesyrbmamam, rosy4YeHHbIM fpu
ebirnonHeHuUU pabomsi. 3awuma pabombi 3aknwvaemcss 8 ogopmaeHuu pabom, ycmHou 6ecede
npenodasamerisi co cmMyOeHMOM 110 ofly4eHHbIM 8 pabome pe3ynbmamam U OCHOBHbIM MeopemuYecKum
MOHAMUSIM 110 meme pabomeil.

Tekywuli KOHmMpPOorib NPo8ooOUMCs NymeM rpPo8epKU 8biNoNIHeHUs1 domawHe2o 3adaHusi, 8X00HO20
KOHmMpoJis (8 sude camocmosimesibHbIX U KOHMPOJsIbHbIX pabom, doknados u peghepamos).

lpu peanu3ayuu OucyUNIUHbI C UCMOMb308aHUEM OUCMaHUUOHHbIX 06pa3osameribHbIX MexHono2ul
ucrnonb3yrmcsi  UHCMPYMEHMbI  371EKMPOHHOU  UHGhopMayUoHHO-obpa3osamernibHol  cpedbl  Bl'Y
«3nekmpoHHbIl yHUsepcumem BI'Y» (https://fedu.vsu.ru) u/unu “MOOK BI'Y” (https.//mooc.vsu.ru), cepsuchl
sudeokoHpepeHyull (BigBlueButton, Zoom, Discord u 0p.), anekmpoHHasi nodma, MecceHOXepb! U coucemu.

18. MaTepnanbHoO-TeXxHU4Yeckoe obecnevyeHne AUCLUMNIIUHDbI:

Hoymb6yk Asus, ¢ 803MOXXHOCMbIO TOOKITOYEHUST K cemu "MIHmepHem" u obecriedyeHuem docmyrna 8
3/IEKMPOHHYI0 UHGhopMaUyUuoHHO-0bpasogamerbHyo cpedy BIY, [lpoekmop BenQ MS 612ST, [ocka
Maz2HUMHO-MapKepHasi 100*200. lMpozpammHoe obecrie4yeHue: OCWindows (WinPro 8
RUSUpgrdOLPNLAcdmc), MicrosoftOffice (OfficeSTD 2013 RUSOLPNLAcdmc). lNpozpammHasi cucmema
0r1s1 06Hapy)XeHUsI MEeKCmMOo8bIX 3auMcmeosaHull 8 y4ebHbIX U Hay4YHbIx pabomax «AHmuniazuam.BY3».
Office  Standard 2019  Single OLV ~ NL Each  AcademicEdition  Additional  Product.
lpoepammHbitikomrnekconsOBM - MathWorks. Cucmewma UHXEHepHo20 modenuposaHusi
ANSYSHFAcademicResearch.

Aydumopusi dns 2pynmnosbix U UHOusUAyarsibHbIX KOHCYnbmauul, mekyuwiel U MpoOMEXYymOoYHOU
ammecmauyuu

YyebHo-Hay4yHasi ayOumopusi, OCHaweHHasi obopydosaHuem Orisi nposedeHusi nabopamopHbIX
3aHAamuu: 80/TOKOHHO-ONMUYeCKUl criekmparnbHbit komrinekc ¢pupmbl Ocean Optics ba3e criekmpomempa
USB-2000+XR1 ¢ ucmoyHukom usnydyeHuss USB-DT

Aydumopusi 0nsi camocmosimesibHOU pabombl, KOMIbOMEPHbLIU Kriacc ¢ docmyrioM K cemu
«MlHmepHem»: KoMmrbromepbl (MOHUMOpPLI, cucmemHble 6s10ku) (15 wm.)



Peanuszayusi  ducyuriuHbi

yHusepcumem BI'Y" (https://edu.vsu.ru).

19. ®oHA OLLEHOYHbIX CPEeACTB:

19.1. NepeyeHb KOMMNETEHLUUN C YyKa3aHNEeM 3TanoB (POpMUPOBaHUSA U NSTAHUPYEMbIX

pe3ynbTaTtoB O0y4eHus

C TrpUMeHeHUeM 3JIEKMPOHHO20 O0bydYeHuUss U OuUCMaHUUOHHbIX
obpasosameribHbIX MEXHOMo02ul ocywecmesrisiemcsi yepe3 obpasogameribHblli nopmarsn "OneKmpoHHbIL

Koo m
coaepxaHue
KOMMeTeHL MM
(vnn ee yacTn)

MnaHnpyemble pesynbTaTtbl 00y4YeHus
(nokasaTenu gOCTUXEHMS 3a4aHHOro
YPOBHSI OCBOEHWNS KOMMETEHLMM
nocpeacTBoM hOpMUPOBAHNS 3HAHUNA,
YMEHWIA, HaBbIKOB)

Otansl
dhopmmpoBaHus
KOMMeTeHUUn
(pasgensbl (Tembl)
AVCLUNAVHBI Unn
MOAynsa U Ux

®0C
(cpenctBa
OLleHMBaHMS)

HanMeHoBaHUe)
MK-2 CnocobeH 3HaTb: NPUHUMNBI NOCTPOEHNs 6a3
co3gaBaTb 6asbl OaHHbIX 0 PU3NYECKMX CBONCTBAX U
OaHHbIX O TEXHOJMOrMYeCcKMX 0COBEHHOCTAX
PU3nNYECKMX HaHOCTPYKTYPHbIX MaTepunanos
CBOWCTBaxX U yMeTb:co3aaBaTtb 6a3bl aHHbIX O
TEXHOMOIMYECKMX | PU3NYECKMX CBOWCTBAX U
0COBEHHOCTAX TEXHOMOrMYECKNX 0COBEHHOCTAX
HaAHOCTPYKTYPHbIX | HAHOCTPYKTYPHbLIX MaTtepuarnos,
MaTepuanos, NPOBOAMTb 3KCMEPUMEHTASBbHYHO
NPOBOAMTb NPOBEPKY BbIOPaHHbIX
3KCNepUMEHTarnb | TEXHONMOMMYECKNX peLLEHNI
HYy0 MPOBEPKY Npon3BOACTBaA ONTUYECKUX U
BbIOpaHHbIX aKyCcToONTUYeCKMx Npnbopos,
TEXHOMOIMYEeCKMX | UCCregoBaTh NapameTpbl y
. Paspenbl 1-8 YCTHbIN onpoc
peLleHnn HaHOCTPYKTYPHbIX MaTtepuarnos B
npon3BoACTBa COOTBETCTBMMN C CAMOCTOSITENIBHO
ONTUYECKMX U BbIOpPaHHOW 1 YTBEPXKAEHHOM
aKyCTOONTUYECKN | METOAMKOW
X Npnbopos, BrageTb: METOANKAMU
uccnegoBatb 3KCNepMMEHTarnbHOW NPOBEPKM
napameTpbl BbIOpPaHHbIX TEXHONOIMYECKUX
HaAHOCTPYKTYPHbIX | peLleHnin NpoM3BoACTBaA ONTUYECKUX U

MaTepuarnos B
COOTBETCTBUM C
CaMOCTOSITENbHO
BbIOpaHHOM n

YTBEPXKOEHHOM
MEeTOMNKON

aKyCTOONTUYECKMX Npubopos.,
nccnegoBaHus napameTpoB
HaHOCTPYKTYPHbIX MaTtepuarnos B
COOTBETCTBMMN C CAMOCTOSITENIBHO
BbIOpaHHOM 1 yTBEPXXAEHHOM
MEeTOMNKON

MpomexyTouHas aTTecTauus (3K3aMeH)

KM

19.2 OnucaHue KpuTepueB U LLUKanbl oueHUBaHUA KOMNeTeHUUN (pe3ynbLTaToB

oby4yeHus) Npu NPOoMeXyTOYHOW aTTecTauum

[na oueHnBaHus pe3ynbTaTtoB 06yquvm Ha 3K3aMeHe UCMNOJIb3YKTCA crneayruine nokasartesnm

(8YHbI n3 19.1):

+ 3HaHuWe y4ebGHOro matepvara, BnageHve NoHATUHBLIM annapaTtom U TEOPETUYECKUMM
OCHOBaMW AUCUMMINHDI;
+ YMeHUe CBsi3blBaTb TEOPUIO C NPAKTUKOM;

* YMeHue ONnncCbiBaTb OCHOBHbIE XapPaKTepPUCTUKN, METOOUKN KOHTPOJ1A U AONYCKN Ha NapamMeTpbl

ONTUYECKUX JeTanewu;

* BlhageHune 3HaHnAMM O COBPEMEHHBIX METOANKaX KOHTPOA NapamMeTpoB ONTUYECKNX netanen.

CooTHOLWeHMe nokasaTenen, KpUTepUeB U LWKanbl OLLlEHNBaHUA pe3ynbTaToB

oby4eHus.




YpoBeHb

KpuTepun oueHMBaHNS kKoMNeTEHLNI cchopmupoBaH | Wkana
HOCTHU OLIEHOK
KOMMETEeHLUUN

lMoceweHue nekyuoHHbIX 3aHamuld. Omeem Ha 80rpPOC KOHMPOIbHO- | [108bILUEHHbIU Omnuy4Ho

usmMepumesibHo20 Mamepuana 60 epeMsi 3k3ameHa. Omeembl Ha YPOBEHb

donosiHumeribHble gorpockl. Obyyarowulicsi 8 nosiHol mepe enadeem
MOHAMUUHLIM ~ annapamoM U MeopemuyeckuMu  OcHosamu
QucyunnuHel, crnocobeH ummCMpUposame omeem fnpumMepamu,
akmamu,  OaHHbIMU  Hay4HbIXx  uccredosaHul,  NPUMEHSIMb
meopemu4yeckue 3HaHus1 07151 peuweHus Npakmu4Yeckux 3adady.

Omeem Ha KOHMPOSIbHO-U3MEepUMebHbIU Mamepuan  He Gasosbiti Xopouwio
coomeemcmeyem 0OHOMY (08yM) U3 nepeyucrieHHbIX rokasamerned, YpPOB8EHb
HO obyu4arowjutica daem rnpasusibHbie omeemsbl Ha OOMOSTHUME IbHbIE
gornpockl. Hedocmamo4yHo npodeMOHCMPUPOBaHO MeopemuYecKUx
OCHO8 OUCUUITUHBI.

Omeem  Ha  KOHMPObHO-U3MEPUMENbHBIU ~ Mamepuasna  He lMopozoenili Ydosnemeop
coomeemcmsyem  nobbiM  08yM(mpem) U3  [NEepe4quC/IeHHbIX ypO8eHb umesibHO
rnokazamenetl, obyyvarowulcs Oaem HeronHble o0meembl Ha
dononHUmMerbHble 80rpockl. iMeem He rosiHoe rnpedcmasneHue o
meopemuYecKux 0cHogax., 00ycKkaem Cyu,ecmeeHHbIe OWUBKU.
Omeem  Ha  KOHMPOJ/IbHO-U3MEPUMeSbHbIU  Mamepuan  He - Heydosenems
coomeemcmsyem Ji0bbIM  mpeMm(4embipemM) U3  MEepPevUCTIEHHbIX opumesibHO
rnokazamenel. Obyvarowulicas O0eMOHCmpupyem  OMmpbIi8OYHbIE,
pacmeHmapHbie 3HaHus, doryckaem 2pybbie ouwubKu.

19.3 TunoBble KOHTPOSbHbIE 3afaHNsA UMK UHbIe MaTepuarbl, HeobxoaMmMble AN
OLeHKU 3HaHUW, YMEHWUMN, HAaBbIKOB U (UNKN) ONbiTa AEATENbHOCTHU,
Xapaktepusyrowme atanbl oOpMUPOBaAHUA KOMMNETEHLUNA B NpoLecce 0OCBOEHUs
obpas3oBaTenbHOWN NporpamMmbl

19.3.1 NepeyeHb BONpPOCOB K

1. MpuHyun pa3amepHO20 K8aHMoB8aHUSs

2. Ycnosus HabrirodeHus K8aHMO8bIX Ppa3MepHbIX 3ghgheKkmos

3. Cmpykmypbi ¢ 08yMEPHbIM 31IEKMPOHHBLIM 2a30M (MOHKUE r1eHKU). Cmpykmypbl ¢ 0OHOMEPHbIM
3/1eKMPOHHbBIM 2a30M (K8aHMO8bIe HUMU).

4. CmpyKmypbi € Hyrb-MEPHbIM 31IeKMPOHHbIM 2a30M (K8aHmoable moyku). CmpyKkmypbl ¢ eepmuKanbHbIM
1epeHocoMm.

5. [lnomHocmb coCmMOosIHUU 8 371IEKMPOHHbIX cuCmMeMax rnoHWXeHHOU pa3mepHocmu

6. lMpumecHbie COCMOSIHUSI U 9KCUMOHbI 8 HU3KOPa3MepPHbIX CIMPYKMypax.

7. [pobriemMbl mexHOI02UU K8aHMOBO-Pa3MepPHbIX CIMPYKMYyp.

8. MemoObI MoneKynsipHO-r1y4esoll arumakxcuu.

9. MasoghasHas anumakcus u3 Memarsisioop2aHu4ecKux coeOuHeHUU.

10. MemoOdbi HaHonumoepaghuu.

11. CamoopeaHu3ayus K8aHmMosbIX moyek u Humeu. Pexumbl pocma eemepoanumakcuarnbHbiX CmpyKkmyp.
12. 3onb-2en1b MemMOO Noy4YeHUss HAHOCMPYKMYyp.

13. ®omoHHbIe Kpucmarnibl. CuHme3s u ceolicmea ¢hOMOHHbIX Kpucmarnos. VicnyckaHue u paccesHue
u3ny4eHusi 8 QOMOHHbIX Kpucmarnax.

14. Onmuyeckue pe3oHaHCHbIe ceolicmea Memaisnudyeckux HaHoyacmuy,. Pe3oHaHcs! Mu.

15. Ceepxpewemku. Modernu ceepxpewiemok pasHol pa3mepHOCmu.

16. PacnpocmpaHeHue 3571eKmpoMagHUMHO20 U3fTyYeHUs 8 nepuoduyvyecKux cmpykmypax.

17. Teopuss uHmMephepeHUUOHHO20 husibmpa.



19.3.2. KOHTpOMnbHO-U3MepuUTesibHbIA MaTepuarn

YTBEPXOAIO
3aBeayrowmn Kadegpon oNTUKM N CNEKTPOCKONUMK

Oe4nHHMkoB O.B.
nodnuck, pacwugposka nodnucu

_ . .20
HanpaeneHne noarotoBku / cneumaneHocTb 03.04.02 — Qu3uka
OuncumnnunHa 51.B.[1B.01.02 MaTtepuanbl HQHOMOTOHMKHA
dopma 06yyeHus 0o4YHas
Bug koHTpons 9K3aMeH
Bua atTectaumm NPOMEXYTOYHas
KoHTponbHO-namepurtenbHbin matepuan Nel
1. TpuHUMN pa3mMepHOro KBaHTOBAHWUS.
2. [puMeCHbIe COCTOSIHUSA U SKCUTOHbI B HU3KOPa3MepPHbIX CTPYKTypax.
MpenogaBartenb JleoHosa J1.1O.
nodnuck pacwugposka nodnucu
YTBEPXOAIKO

3aBseayroLwmn Kadpeapon oNTUKN N CNEKTPOCKONUK

OBunHHukoB O.B.
rnodnuck, pacuugposka noonucu

. .20__
HanpaeneHne nogrotoBku / cneumansHocTb 03.04.02 — Qusuka
OuncumnnunHa 51.B.[1B.01.02 MaTepuanbl HQHOMOTOHMKH
dopma 06yyeHus o4YHas
Bug koHTpons 9K3aMeH
Bua atTectaumm NPOMEXYyToYHas
KoHTponbHO-namepurtenbHbin matepuan Ne2
1. [MNOTHOCTb COCTOSIHMI B 3MEKTPOHHbLIX CUCTEMAX MOHMKEHHON pa3MepPHOCTN.

2. OnTuyeckmne pe3oHaHCHbIE CBOMCTBA MeTarnIM4yeckmux HaHo4YacTuL.
Pe3oHaHckl Mu.

MNpenogaBartenb Jleonosa J1.1O.
rnoonucek pacwugposka nodnucu




19.4.MeToan4yeckmemaTepuansl,onpegensirowmenpouenypbioLeHUBaHUA3HAHUN,Y
MeHWUN,HaBbIKOBU(UNU)ONbITaAeATEeNIbHOCTU,XapaKTepu3yroLwmxaTanbipopmmpoBa
HUSA KOMMeTeHLUN

OueHKasHaHW, YMEHNNNHABbLIKOB, XapaKTepmayoLasaTanbliopMUPOBaHNSKOMNETEHLMABPaMK
axm3y4eHMAaNCLMNINHBIOCYLLECTBNAETCABXOAETEKYLLEN UMPOMEXYTOYHOMATTECTALMN.

TekywaaaTTectaumsnposogutcascooTseTcTBUMCI loNoXeHneMoTeKyLenaTTecTaummobyyaroL,
nxcano
nporpammamBsbicLLEr006pa3oBaHNsIBopoHEXXCKOrorocyaapCcTBeHHoroyHmeepeuTeTa. Tekyasarrec
TaumsanpoBoanTcsBopmMe:ycTHoroonpoca(MHaMBmnayanbHbInonpoc,poHTanbHasbecea); Tectmpo
BaHWS;0LEHKMpE3ybTaTOBNPaKkTU4YeCKONAeaTeNbHOCTU(BbINONHEHNeNnabopaTopHbixpaboT).Kputep
NNOLLEHNBaHUSANPUBEAEHbIBbILLIE.

[MpomexyTovHasaTTecTaunsnpoBOAMTCABCOOTBETCTBUNCITONOXKEHNEMONPOMEXKYTOYHONATTECT
aummobyvarLmxcanonporpaMmmamMBbICLIEr000pa3oBaHUS.

KoHTponbHo-
n3MepuTeNbHbIEMaTepPUanbINPOMEXyTOYHONaTTECTaUUNBKINIOYaTBCEBATEOPETUHECKMEBOMNPOCHI, M
03BOMNSAOLLNEOLEHNTb YPOBEHb NOMNYYEHHbIX3HAHUN.
MpuoueHnBaHMMMcnonb3yeTcsakavyecTBEHHasLKanaoueHok. KputepumoLeHnBaHnanpneegeHbiBbILLE



