OcHoBHas nnpogeccuoHanbHasi 00pazoBareibHas IporpaMma
28.03.01 «HaHOTEXHOJIOTMM 1 MUKPOCUCTEMHASI TEXHUKA»
Marepuaisl MUKPO- 1 HAHOCUCTEMHOM TEXHUKH

MuHuCTEpCTBO HAYKH M Bbiciiero oopasosanus Poccuiickoii @egepanun

WBAHOBCKHUH I'OCYJAPCTBEHHBIV YHUBEPCUTET

Kadenpa dynnameHTanbHOM PU3MKHA U HAHOTEXHOJIOTHUM

OJIOBPEHO:
PykxoBoautens OI1
AWM. Anexcanapos

(moamnuce)

31 aBrycra 2026 r.

Pabouasi nporpaMmMa QM CHUILUIHHBI

OU3NKA KOHAEHCUPOBAHHOI'O COCTOAHMA BEIHECTBA

YpoBeHb BICIIETO 00pa30BaHUS: OakanaBpuaT

Kpanuduxanus BelTyCKHUKA! OakayiaBp

Hamnpasnenne noarotoBku: 28.03.01 «HaHOTEXHOJIOTMY 1 MUKPOCUCTEMHAS TEXHUKA»
Hamnpasnennocts (ipoduiib) Marepuajibl MUKPO- 1 HAHOCUCTEMHON TEXHUKHU

00pa30BaTeNIbHOM MPOrpaMMBbl:

MBanosBo



OcHoBHas nnpogeccuoHanbHasi 00pazoBareibHas IporpaMma
28.03.01 «HanoTexHoI0rUHM U MUKPOCUCTEMHAS TEXHUKA»
Marepuaisl MUKPO- 1 HAHOCUCTEMHOM TEXHUKH

1. lleau ocBOeHUNA TUCHUILIUHBI

[lenpt0 OCBOCHUS TUCIUIIIUHEI SIBISETCS (DOPMHUPOBAHUE Y CTYACHTOB TPEOYEMBIX KOMITETCHITHI
B 00acTv PU3MKU KOHIACHCUPOBAHHOTO COCTOSTHUS BEIIIECTBA.

2. Mecto qucuMiuinHbl B cTpykrype OIl

JucuumiuHa sBiseTcss o0sf3aTeIbHOM Il U3y4YeHUs, OTHOCUTCS K 4acTH 00pa30BaTeIbHOU
IIPOrpaMmsbl, OpMUPYEMON ydaCTHUKaMU 00pa30BaTebHbIX OTHOILIEHUH.

CryneHT, NpucTyNaroUMil K U3y4eHUIO JUCHUIUIMHBI, TOJDKEH 00JaAaTh 3HAHUSMHU, YMEHUSIMU,
HaBbIKaMU, MIOJyYEHHBIMU PaHEE B XOJI€ U3yYEHUS AUCHUILINH: «Du3nka», « Xumus

Jj1 OCBOEHHMSI TaHHOW JUCLMILIMHBI 00 YyJarOUTUIICs T0JKEH:

3HaTh: OCHOBBI KypcOB 001el (pU3MKU, CTPOCHUE TBEPAbIX U XKHUAKUX TN, OCHOBBI 00IIEH XUMUU
(cTpoeHue aToma, TUIIBI XUMUYECKUX CBSI3€H)

YMeTh: M0JIb30BaThCid TEOPETUYECKUMHU OCHOBAMH, OCHOBHBIMH NOHSTHUAMHM, 3aKOHAMH U
MPUHIUIAMU (DU3HKH.

Wmers: npaktuyeckuil onbiT/ VIMeTh HaBBIKU: BIQJICHUS MaTeMaTHMYECKUM arrmapatoM (pusuku
(BBIUMCIIEHHE MTPOU3BOIHBIX U MHTETPAJIOB, pEeLIEHHE 0OBIKHOBEHHBIX JIMHEWHBIX U JU(HEepeHIINATBHBIX
YpaBHEHUH, OTIepalluyl C BEKTOPaMHU U MaTPUILIAMH)

VYcmeniHoe 0OCBOEHHE aHHOW MUCHMIUIMHBI OyIeT CIOCOOCTBOBATh T'OTOBHOCTH CTYACHTOB K
OCBOEHHIO JUCLMIUINH: «MatepuanoBeieHue HaHOCTPYKTYPHUPOBAaHHBIX MaTEepUaIOBy,
«Hanomatepuansl B 3J€KTpOHUKE», «MerToAbl aHalu3a U KOHTPOJS HAHOCTPYKTYPUPOBAHHBIX
MaTepuanoBy, «PU3HKa )KUJIKUX KPUCTAIOBY, «DHU3uKa MOBEPXHOCTIY.

3. Ilnanupyemble pe3yJibTaThl 00yUeHHs N0 IUCHUIITIUHE
3.1. KomnereHunu, ¢(OPMHPOBAHUI0 KOTOPBIX CHOCOOCTBYeT [AUCUMIUIMHA (CO21ACHO
mampuye coomeemcemeusi kKomnemenyuii u cocmasasarowux OIl)
[Ipu ocBoeHMM AMCUMILIMHBI GOPMUPYIOTCS Cleyrole KoMneTeHuuu B cootBeTcTBuu ¢ GI'OC
BO 1o nanHOMY HanpaBJIEHUIO MTOATOTOBKH:
a) yausepcaibHbie (YK):
0) obmenpodeccuonansusie (OIIK):
B) npodeccuonanpusie (I1K):
IIK-1.  Cnocoben ocywecmenames npogheccUOHaNbHYI0 0eAmeNbHOCMb ¢ Y4emom 3HAHUU
mMeopemuyecKux u NPUKIAOHbIX OCHO8 MAMEPUANOBEOeHUS, MUKPOMEXAHUKU U CONPOMAma
3.2. [lepeyeHb NJIAHUPYEMBIX Pe3yJbTATOB O0y4YeHHS] MO JUCHUILINHE, COOTHECEHHBIX ¢
UHIUKATOPAMH IOCTH:KeHHs POPMHUPYeMbIX KOMIETEeHIU
B pe3ynbraTe ocBO€HUS AUCUUILTMHBI O0yJarOUIUICS JOIDKEH:
e3HATh: TEOPETUYECKUE OCHOBBI, OCHOBHBIC IMOHATHS TOUYEYHOM M MPOCTPAHCTBEHHOM
CUMMETPHH, TPYIITBI CAMMETPHH, OCHOBHBIE MMOHSTHS KPUCTAUIOXHUMHHU, TIPUHIAITEI CHMMETPHH,
BUJIBI 1€(DEKTOB CTPYKTYpPBI PEAIbHOTO KpUCTaIa, METOIbl 3KCIIEPUMEHTAIbHBIX UCCIIeI0BaHNN
kpuctaopusuky; ( I1K-1)
®TEOPETUYECKUE OCHOBBI, OCHOBHbIE TMOHSTHSA, 3aKOHbI M  MOJEIH  (U3UKH
KOHJICHCUPOBAHHOT'O COCTOSIHUSI BELIECTBA, METOJIOB TEOPETHYECKUX U SKCIIEPUMEHTAIbHBIX
UcCcleI0OBaHUM B pU3MKe KOHJAEHCHpOBaHHOTO cocTosHus Bemectna (I[1K-1);
eYMeTh: MOHUMATh, H3JIaraTh M KPUTHUUECKHU aHAIU3UPOBATh 0a30BYyI0 (DU3HUECKYIO
unpopmanuo (I1K-1);
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®[10JIb30BaThC TEOPETUYECKUMU OCHOBAaMH, OCHOBHBIMHM MOHSTHSIMH, 3aKOHAaMU H
MPUHIMIAMHA KpUCTAJUIorpaduu U KPUCTAIUIO(PU3UKH Ul ONMMCAHUSA CTPYKTYPbl U CUMMETPUU
¢uznueckux cBoicTB kpuctamuueckux e (I11K-1);

®[IPOTHO3MPOBATh HA OCHOBE 3HAHUS CHUMMETPUM CTPYKTYphl BEILIECTBA HaJU4He
onpezeneHHbIX ¢puznueckux ceoicts (11K-1);

®1ICIIOJIb30BaTh IOJYYEHHbIE TEOPETHUUYECKUE 3HAHMS JUIsl aHajiu3a KOHKPETHBIX
kpuctamorpapuuecknx 3anad(I1K-1);.

®10JIb30BaThC TEOPETUYECKUMU OCHOBAaMH, OCHOBHBIMHM MOHSTHSIMM, 3aKOHAaMU H
MoOAENsAMU (PU3UKH KOHJIEHCUPOBAHHOTO COCTOSIHUSI BEIIECTBA JJIsi OOBSCHEHUS (PU3NYECKUX
cBoiictB TBepAbIX Tem; (ITK-1);

e Umerh mpakTunuyeckuii onbIT/MAIMeTh HABBIKH: BIIAJICHUS METOAaMHU OOpaOOTKU U
aHaJln3a SKCIEPUMEHTAIbHOM U TeopeTudeckoi ¢usnueckoir wuHpopmauuu, rpaduyeckumMu
METO/IaMU U300paxKeHMsI KPUCTAJUIOB, pacyeTa U MOCTPOCHUS KpUCTAIUIOrpaduIecKUX MIPOEKIHMA
KPUCTAJUIOB PAa3IU4YHOM CHUMMETPUH, METOAMKOM OIPEAENICHHs NpPU MOMOIIM IPOEKIHM
AJIEMEHTOB CUMMETPHUU U YIJIOB MEXIY IPaHsIMHU KPUCTAJUIMYECKUX MHOTOTPAaHHUKOB, METO1aMU
[IPOTHO3UPOBAHUSI CBOWCTB KPHUCTAJUIMYECKUX TEJI HA OCHOBE aHalM3a CUMMETPUHU UX
ctpyktypsl. (I1IK-1);

METO/IaMU pacueTa napaMeTpoB, XapaKTepU3yIOIUX PU3NYECKUE CBOMCTBA KPUCTAUNIMYECKUX Te,

Ha 6a3ze mojenelt (U3NKU KOHJIeHCUpoBaHHOTo cocTosiHus BemecTna (I1K-1).

4. O0beM M coepskaHMe U CHUTITHHBI

O06beM JUCHMILIMHBI COCTABIISIET 6 3a4€THBIX euHuUL (216 akaJeMUYEeCKHX 4acoB).

4.1. Copepxanne AUCHMILVIMHBI 10 pas3geqaMm (TeMaM), COOTHeCEHHOe ¢ BHIaAMH U
TPYAOEMKOCTBHIO 3aHATHII JeKIIMOHHO-CeMHMHAPCKOI0 THIIA

OO6beM MHOW KOHTAKTHOM pabOThl U CaMOCTOSTENIbHOM pabOThl 0Oy4aromierocs 1o JUCIUILINHE
yKa3zaH B yueOHOM Ij1aHe 00pa30BaTEIbHOM MPOTPAMMBI.

Ne Bunel 3ansatuii, ux DOopMBbI TEKYIIETO
n/ Paznen 00beM (B ak.4acax, 1o KOHTPOJISI YCIIEBAEMOCTH
" JTUCITUTUTUHBI O4HOM/3a0uHOM (hopme | (TI0 0UHOI/3a09HOM Popme
oOyueHus) oOyueHus)
& BAHSATHI BAHSATHI DopMbI TPOMEKYTOUHOU
5 JIEKIMOH- | CEMHHApC arrecrannu
5 HOTO THIIA KOro,
© MIPAKTHYC
CKOTO U
nmaboparo
pHOTO
THIIA
1 | BBenenue: OCHOBHBIE 3aKOHBI | 5 4 4 JloMaimHss mpakTU4ecKas
Kpuctajorpaduu, OpakT.3aH. | pabora Nel ¢ cerkoii
KpucTajiorpapuieckue Bynbsda
MIPOEKITUH
2 CummMmerpus 5 8 4 JlomamHsas ~ KOHTPOJIbHAS
KPUCTAJTTNYECKUX NpakT.3aH. | pabora Ne2 ¢ cerkoit
MHOTOTPaHHUKOB Byneda (mmockoctu u ocu
CUMMETPHH)
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3 CummeTpusi  CTPYKTYPBI 6 4 JloMaiHssi  KOHTpPOJIbHAsS
KpHUCTAJLJIOB npakr.3aH. | pabora Ne3 (Pacuer wu
MIOCTPOECHHE
4 | O60011eHHass CHUMMETPHSL. 2 rHoMocTepeorpaduiecKoit
5 | IIpenenbHble TPYIIIBI 4 2 MPOCKIHH KpucTajiia
CUMMETPUHU. OcHOBHOM npakr.3ag. | '€KCaroHajlbHOU
MIPUHLATI CUMMETPUU B CHHTOHHN)
Kpuctasmopusuke. TeH30pHOE
onucaHue (PU3NUECKUX CBOWCTB
B KpHCTaax.
6 | Kpucramnoxnmus 4 2
XapaKTEepPUCTUKH, THIIBI [PaKT.3aH.
XUMUYECKUX CBs3EH B
KpHUCTaJlIax
7 Crpoenue peatbHOTO 4
KpHUCTaJjia:
8 | Poct xpucramios. 4
9 | KoHTposb NOJSy4eHHBIX 3HAHUUN 3auer (6nankoBoe
Y YMEHHI TECTUPOBAHHUE)
UTOI'O  3acemectp 36 16
72 yaca, u3 HUX
Beenenue: KonaencupoBaHHoe 2 2 Pemenne JOMAIITHUX
COCTOSIHUE BEIIECTBA, NPAaKT.3aH | 3a0aHUIA (3amaum o
KJ1accu(UKalus TBEPAbIX Tel MIPONICHHBIM TeMaM
Kypca)
[IpuHIHIBL CTPOEHHUS 2 4
KOHJICHCUPOBaHHBIX CUCTEM. [PaKT.3aH
bnvokHuii 1 manbHUN TOPSAIOK,
byHKIIUSA paguaIbHOTO
pacnpezeneHus YacTHlIl,
TIPUHIUTIBI IJIOTHOM u
BAJICHTHOM YITAKOBOK.
Mertamisr: Teopus 6 6
MetaiioB Jlpyne, cBOOOAHBII HpaKT.3aH
ANEKTPOHHBIN ra3 Gepmu
OcHOBBI TEOpUU 2 2
SHEPreTUUECKUX 30H [PaKT.3aH

KpPHCTaJLIOB.
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[TonynpoBoaHUKHN 6 4 6
MIPaKT.3aH
JIMBIeKTpUKH, UX CBOMCTBA 6 4 4 KonTpomnbnas padora Nel
IIPaKT.3aH
CBepxXmpoBOAUMOCTD 6 2 2 Pemenue JIOMaITHUX
MPaKT.3aH 3aaHUN (3amaum o
MPOUJIEHHBIM TeMaM
Kypca)
KonTtposnbnas pabora Ne2
MarsuTHbIE CBOMCTBA TBEPABIX | 6 4 2 Pemenue JIOMAaIITHUX
Ten OpaxkT.3aH | 3aMaHuil ~ (3a4aud 110
JlnHamMuKa KpUCTAINTUYECKON 6 2 2 MPOUJIEHHBIM TeMaM
peleTKu IpakKT.3aH | Kypca)
TemnoBsie cBOMCTBA 6 4 2 KonTtponsnas padorta Ne2
TuaIIeKTpuKoB. Moaenu [ebas MPaKT.3aH
1 DUHIITEHHA.
MexaHnueckrue CBOMCTBA 6 2 4
TBEPJIBIX TEJ [PaKT.3aH
Hroro 3a cemectp 34 34 DK3aMeH
Hroro 3a nucuumivay 70 50

4.2. PazBepHyToO€ OnMcaHue COAeP:KAHMS JMCHMILIMHBI IO pa3aejaM (TeMaMm)
(Vkazviearomes ocnosHvie cooepicamenvHble TUHUU KAHCO020 pazoend, membl, MoOyis.)
1 cemecmp- Cmpykmypa Kpucmaniuueckux mei

1. BBeneHue: KpUCTAIIIMUYECKOE COCTOSIHUE, aHU30TPONUS U CUMMETpUsl KpuctaiwioB. CTpyKTypa
KpUCTaJlJla ¥ IPOCTPaHCTBEHHAas peuieTka. OCHOBHbBIE 3aKOHBI T'€OMETPUUYECKON KpHucTayuiorpaduu:
3aKOHBI IIOCTOSIHCTBA YIJIOB M palMOHANbHBIX HapameTpoB. Kpucramiorpaduyeckue MpoeKIUU:
cepuueckas, crepeorpadpuieckas, THoMocTepeorpapuieckas, THOMOHUYECKasl, COOTHOLIEHUS MEXIY
HUMU.

2. CumMerpusi KpUCTAUNIMYECKUX MHOTOTPAHHUKOB: ONPEICIIEHUE CHUMMETPHUH, 3IIEMEHTHI
cumMmerpuu. [lpunmun Kropu. Anamutuueckas 3amuch MpeoOpa3oBaHWl CHUMMETPUU. TeopeMbl O
COUETAaHUM »HJIEMEHTOB cuMMeTpuu. Kpucramiorpapuyeckue KaTeropud, CHUHIOHMM U CHCTEMBI
koopauHaT. Knaccel cummerpuu: oOmive ompeneseHuss U CUcTeMbl 0003HadeHH. MexayHapoiHble
cuMBoJIbI ¥ cuMBOJIbI Llenduca. BoiBoa u onucanue 32 Kj1accoB CUMMETPHUH.

ToueuHble TpyIIbl CUMMETPHUHU.

Kpucrannmaeckuit MHororpanuHuk: wunaeanbHas ¢opma. IIpocteie ¢opmel. Pacnpenenenue
pocThIX GpopM 1o kinaccam. ['onosapust u remudapust. KomOuHamu npocteix ¢opM. 3aKOH MOSICOB.

3.. CummMmerpusi CTPYKTyphl KpuctaiioB Pemerku bpaBs. DnemMeHTBI  CUMMETpUH
KPUCTAJIMYECKUX  CTPYKTYp. TeopeMbl O COYETaHUU DJJIEMEHTOB CHUMMETPUHM  CTPYKTYD.
[IpoctpancTBeHHble rpynbl ciMMeTpun. [IpaBuibHbIE CHCTEMBI TOYEK.

Kpucrannuueckast pemierka: npsiMmple U INIOCKOCTH penieTkd. CBoiicTBa 1uiockoctedl. OOparHas
peuierka. OCHOBHBIE CBEJICHUS 00 3KCIIEPUMEHTAIILHOM OIPEAETICHUH CTPYKTYPhI KPUCTAILIOB.

4. OOoOueHHas cummeTpus. PacimimpeHue NOHSTHS CHUMMETPHM.: aHTUCUMMETPUS. U ILIBETHAs
CUMMETPUS, CAMMETPUS 0100UsI, YaCTUYHASI CUMMETPHSI, CTATUCTUYECKAss CUMMETPHSL.
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5. Ilpenenbuble rpynmnsl cumMeTpud. OCHOBHOW NPUHIUII CUMMETPUH B KPUCTaNIO(PHU3UKE.
TenzopHoe omnucaHue (QU3NYECKUX CBOMCTB B KpUCTalaX. BiusHue CUMMETpUU KPHUCTAJUIMYECKOMN
pelieTk Ha pu3nyeckre CBONCTBA KPUCTAIIOB.

6. Kpucramioxumus: ATOMHbIE W HOHHBIE paauychl. KoopAMHAIIMOHHOE YHUCIO H
KOOPJIMHAIIMOHHBIM MHOTOrpaHHUK. Yucio aromoB B sdeiike. OrnpeneiaeHHe CTEXUOMETPUUYECKOM
dbopmynel BemecTBa. IlmoTHelne ymakoBKH YacTWIl. THIBI XMMHYECKHX CBSI3€d B KpHUCTaJIax..
NonHas cBsa3b. Du3nMyecKkne OCHOBBI KOBAJEHTHOW CBs3U. KoBajeHTHas CBA3b B MOJEKYIaX M
Kpuctayax. Meramunueckas cBsi3b. Ban-nep-BaanbcoBa cBs3b. [IpomMexxyTouHble TUIBI CBA3H. DHEPT U
CBSI3M B KpUCTaJJIaX C MOHHON U BaH-JI€P-BaabCOBOM CBs3bt0. OCHOBHBIE TUIBI CTPYKTYp. [lomuTunus.
N3omopduszm

7.. CrpoeHue peanbHOro Kpucramia: MpeanbHblii U peanbHbl KpucTaul. Kinaccudukanus
NeQeKTOB B peaJbHbIX KpucTayiax. ToueyHble 1e()eKThl aTOMHON CTPYKTYpbI KpucTayia. Jluciokanuu.
3aBUCUMOCTD (PU3HKO-XMMHUYECKHUX CBOMCTB KPUCTAJLJIOB OT PEAJIbHON CTPYKTYPHI.

8. Poct kpucramino. OCHOBHBIE TIPEICTABICHUS O POCTE KpUCTaIOB. PaBHOBECHas opma pocra
KpuctayioB. PeanbHble popma pocta kKpuctaioB. Makpockonuueckue AedexTsl kpuctamioB. CpocTKu
U ABOMHMKH. DNUTaKCcHsI. MeTO bl BhIpAIlBAHUS KPUCTAIIIOB.

2 cemecmp -—Teopuu usuku KOHOEHCUPOGAHHO20 COCMOAHUA 6euyecmeq, Ceolcmea
KOHOEHCUPOGAHHbIX mel
1. Beenenue: KoHneHCHPOBAaHHOE COCTOSTHUE BEIIECTBA, KIIACCU(PUKALIUS TBEPIBIX TEJL.

2. IlpuHuunsl cTpoeHUs! KOHIEHCUPOBAHHBIX CUCTEM, BimkHUI U fanbHUN NOPAIOK, PYHKIUS
PaguaIbHOTO PACTIPEACIICHUS YaCTHL], IPUHINIBI IUIOTHOM U BaJE€HTHOM YIIaKOBOK

3. Meramnsl. Teopus MeramioB [pyae. Meramibl B NpuOIMKEHUU CBOOOTHBIX JIEKTPOHOB (MOJEIb
Metamia. CBoOoaHbIN 3nekTpoHHBIH ra3 @Pepmu (COI'®D) B merammax. Pacder xapakTepucTuk
MeTauioB ¢ yaetoMm COI'®D: sHeprust CBs3U, IMEKTPOHHAS TETUNIOEMKOCTb, TETIJIONPOBOIHOCTS ).

4. OCHOBBI TEOpUU DHEPreTUUYECKUX 30H KpucTauioB. Monens. Teopema bnoxa. 3oubl bpuiitosHa..
DHepreTuyeckue 30HbI U MOBEpXHOCTh PepMu B MOJENIU MyCTOW pemeTku. [lpunoxeHue 30HHOM
TEOpUU. DIEKTPOIIpoBOAHOCTh Kiaccudukamus TBepabIX TeII.

5. TlonynpoBOAHMKH U JUAJIEKTPUKH, UX cBoiicTBa. [losynpoBoiHukoBbIe KpucTamibl. CoOOCTBEHHbBIE
1 HecOoOCTBEHHBIE NOJyNpoBoHUKU. KoHnieHTpanus Hocutenei. P-n nepexon. AusnexkTpuxu.
Knaccudukanus qusnexktpukoB. CBONCTBA AUAIEKTPUKOB: TEOPUH JOKAIBHOTO MO U
noJisipuzyeMoctu. Juanekrpuyeckas npoHunaeMocts. [TuposnekrpuuectBo. CerHeTo31eKTPUUECTBO
(knaccuduKkaysi CeTHETOAIEKTPUUECKUX KpUCTaUInYecKuX (a3, pa3oBbie Eepexoibl.)
AHTHCErHETONIEKTpUIeCcTBO. [Ib€30311€KTpUYECTBO.

6. CaepxmpoBogumocTb. CaepxmnpoBojduue martepuanbl. Kpurtuueckas Ttemneparypa. MarHuTHbIe
CBOMCTBa (KpuTHueckoe noJie). Mukpockonuyeckas Teopus u 3¢pdexkr MeilicHepa. DHepreTudeckas
menb. YpaBHenue JlonmonoB. Teopusi cBepxmpoBoaumoctu bapmuna - Kymepa-Ilpuddepa.
OnnovacTuuHoe TyHHETUpoBaHue. CBEPXIIPOBOIHUKH BTOPOTO POJIa.

7.  MarautHble cBOWCTBa TBepAbIX Tell. Jlua- napa- ¢peppomMarHeTusM. JuaMmaroeTusm.
[Tapamarnerusm. @opmyna JlankeBeHa u 3akoH Kropu. KBanToBas Teopus nmapamarserusma.
[TapamarauTHas BOCIPUUMYHMBOCTD AJIEKTPOHOB MPOBOAUMOCTH. DPeppoMarHuTHbIA HOPSAIOK.
MaruutHas cTpyKTypa ¢peppumMarieTukoB. @eppoMarHuTHbIE JOMEHBI.

8. Jlunamuka  KpucTasIMyeckoll  pewmeTkd.  AHanu3  ynpyrux  jaedopmauuil.  DHeprusg
yrnpyrogaegopmupoBaHHoro tena. 3akoH ['yka. Ympyrue BoJiHBI B KpucTayuiax. ['apMoHudeckoe
npubmokenne. ®onon. Umnynsc gponona. Heynpyroe paccesinue (OTOHOB, peHTT€HOBCKHX JIyueH,
HEHUTpoHOB Ha (poHOHax. Koyebanus B pernieTke U3 OJMHAKOBBIX aTOMOB, B pEIIETKe, CoAepKaleit
negexT. AHFapMOHHU3M.

9. . TennoBble cBOMCTBA NUAIEKTPUKOB. TeMI0eMKOCTh KpucTajndeckoit pemerku. Monenu Jlebas u
OliHmTeiiHa. CpaBHEHUE PEUIETOYHON U 3JIEKTPOHHOH Y/IE€IbHBIX TEIIOEMKOCTEH.



OcHoBHas nnpogeccuoHanbHasi 00pazoBareibHas IporpaMma
28.03.01 «HaHOTEXHOJIOTMM 1 MUKPOCUCTEMHASI TEXHUKA»
Marepuaisl MUKPO- 1 HAHOCUCTEMHOM TEXHUKH

10. MexaHuuyeckue CBOMCTBA TBEPABIX TeJl. YIPYyrue XapakTepucTuku. CBs3b JedopMaliuu 1
HaIpsKECHUH.

5. O6pa3oBaTeibHbIE TEXHOJIOTHH

OCHOBHBIE TEXHOJIOTUU: MOJYJIBHOTO OOy4YeHUsl, MpoOIeMHOro oOy4eHHs, TEXHOJIOTusl BbIOODA,
HMH(}OPMaLIMOHHO-KOMMYHUKAIIHOHHBIE.

Bce conepkanue cocToUT U3 AeBATHAAUATH MOAYJIeH, KaKIbli U3 KOTOPHIX BKJIIOYAeT B cels
JEeKUMU U MPaKTUYECKOE 3aHATHE, 3aJaHMsl Ul CAMOCTOSITENIbHOM paldoThl, JOMAalIHHE KOHTPOJIbHbIE
paloTBhl, 3a/1aHKE 10 BHIMIOJIHEHUIO pedeparta.

OcCHOBOH CaMOCTOSITEJIbHOM JESATENIbHOCTH SBJISIETCS BBINOJIHEHHWE JOMAIIHMX KOHTPOJIBHBIX
3aJlaHul U HamucaHue pedepara Mo oJHOM U3 BbIOpaHHBIX TeM. CTyAeHTaM IpeaoCTaBiIseTCs] BIOOP
TEMAaTUKU U XapaKTepa BbIIOJHEHUS MPOEKTa.

N3yuenune kypca CTpOMTCS IO CIEYIOIIEH CTPAaTEerMH: CTYIEHTHI NOCEUIAI0T BCE ayAUTOPHBIE
3aHATUS (KLU, MPAKTUYECKHUE), BBINOJHSIIOT BCE TEKYyLIUE JOMAIIHME 3aJaHus, pabdoTaloT Hal
pedepaToM 10 pyKOBOJICTBOM IIPENOIaBATENs Y€PE3 OUHbIE KOHCYJIbTAL[MH

[Ipu npoBeneHUM MPAKTUYECKUX 3aHATHI HCHOJIB3YIOTCS CIEAYIOLUIUME METOJbl: METOMbI:
JMCKYyCCHUs, TPYyNIoBasi paboTa, pelieHre CUTyallnOHHbIX 3a/1a4.

OCHOBHBIE TEXHOJIOTHU: MOAYJIBHOTO 00yueHus1, IpoOIeMHOro 00y4yeHusl, TEXHOJIOTUS BbIOODa,
MH(}OPMaLIMOHHO-KOMMYHUKAIIHOHHBIE.

6. YueOHO-MeTOANYeCKOEe 00ecTieueHre CAMOCTOSITeIbHOIH padoThl 00y4aroIuXcs

CamocrosTenbHas paboTa CTy/IeHTa MIPEANOJIaraeT:

1. BbIIIONIHEHUE AOMAIIHUX KOHTPOJIbHBIX pa60T M0 M3YYCHHBIM Ha IMPAKTHUYCCKUX 3aHATHUAX
TeMaM  (y4eOHO-METOJMYECKHE Pa3padOTKH MPAKTUYCCKHX 3aHATHH  BBIJAIOTCS B
3JIEKTPOHHOM BHJIE KaXJAOMY CTYJIEHTY);

7. XapaKTepl/ICTI/IKa OLCHOYHBIX CpPEACTB JIA TEKYIIEro KOHTPOJIA YCIEBACMOCTH H
HpOMe)KyTO‘IHOﬁ arTrecTranmuu oﬁyqaloumxcsl no JTMCHUIIJIMHE

JloMaliHue KOHTPOJIbHBIE PalbOTHI, MPOBEPSIOMIME TOJTYYEHHBIE YMEHHUS M HaBBIKA PAaOOTHI C
cetkoil Bynbda mnpu mnocrpoeHunm crepeorpapuueckux M THOMOCTEpeOorpapuuecKux MpOeKUui
KPHUCTaJJIOB, YMEHHUS pacueTa KpUcTautorpapuuecKux mpoeknuid. Kaxkas BHIOTHEHHAsT KOHTPOJIbHAS
pabora orenuBaetcs ot 5 10 10 GamioB (KOTOPHIE YIYUTHIBAIOTCS MPU BBHICTABIICHUH MUTOTOBOW OIEHKU
Ha 5K3aMeHe). THIoBBIE BapHaHTHl KOHTPOJIBHBIX paboT Haxoxsrcs B npuioxenuu kK PII B pasgene
«DOoH/ OLIECHOYHBIX CPEACTBY).

3aueT npoBoauTcs B popme OaaHKOoBOro TectupoBanus (TUNOBbIE BApUAHThl KOHTPOJBHBIX PabOT
HaxonaTcs B mpwiokenuu K PIT B paznene «DonHa o11eHOYHBIX CpeicTB»). TecT comepXuT 25 BOMpOCoB,
KaXKJIbI U3 KOTOPBIX OLIEHUBAETCS B 5 0aioB (TakuM 00pa3oM MakcUMasbHbIN Oami 125).

OneHka «3a4yT€HO» CTaBUTCS MPHU YCIOBUU BBINOJHEHHUS JOMAIIHUX padoT (oOmias cymma 15
OasoB) 1 60 OGaNIJIOB BBIIIE 32 OTBETHI HA BOIPOCHI HTOTOBOTO TECTA.

OneHka «HE3auTE€HO» CTaBUTCS IMPU YCIOBUU HEBBINOJHEHUS [aXe OJHOW U3 JOMAalIHHX
KOHTpPOJIbHBIX paboT (oOmias cymma 15 6amioB) u Huxke 60 GajioB 3a OTBETHI HA BOIIPOCHI HTOTOBOTO
TecTa.

Texymuid KOHTpPOJIb YCHEBAEMOCTH II0O BTOPOMY CEMECTpY HU3Yy4YeHHs Kypca (u3uKu
KOHJICHCUPOBAHHOI'O COCTOSIHMS BEILIECTBa NPOBOAUTCA JBa pa3a B cemectp. CTylneHTaMm JaroTcs
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KOHTPOJIbHBIC pa60TI>I, BK/JIIOUAKOIIME OCHOBHBIC THIIBI 3aJa4 IIO HpOI\/'I)leHHIJM TEMaM. Kaxq[a;l
BBINIOJIHEHHAs] KOHTpOJIbHAsE paboTa oleHMBAaeTcsi Mo MNsATHOauibHON mikane. [logydeHHblEe OLIEHKH
YUUTBIBAOTCA IIPHU BBICTaBJICHUH HUTOTOBOU OLOCHKMN Ha DK3aMCHC. Tumosbie BapHWaHTbl KOHTPOJBbHBIX
pabot HaxoasTcs B iprwiioxkeHuu K PI1 B pazaene «DoHT OIIEHOUHBIX CPEACTBY).

DK3aMeH TpOBOIUTCA B (QopMe coOeceoBaHUsI IO TEOPETUYECKHM BOMPOCAM, a TaKKe
MIPENIoIaraeT pelieHue 3aJaui.

OneHka «yodogremsopumenbHo» CTaBUTCS IPU YCIIOBUU BBIIIOJHEHUS! KOHTPOJIbHBIX paboT (001as
cymma 6 OaJlJIOB W BBINIC)) M YACTUYHBIX OTBETOB HA MPEIOKEHHBIE BOMPOCHI OMJIETa M YACTUYHOE
pelIeHre 3a/1aun

OneHka «xopowio» CTaBUTCS MPU YCIOBHUH BBIIOJHEHHUS KOHTPOJBHBIX padboT (oOmas cymma 8
0aJUIOB U BBIIIE)) U YACTUYHBIX OTBETOB HA NPEUIOKEHHbIE BOIPOCHl OMJIeTa U MPaBUJILHOE pPEIICHUE
3aJ1auu, JM00 MOJHOE PACKPBITHE OJHON U3 TEM OUJIeTa W YaCTUYHOE PElIEeHUE 3a7a4u.

OneHka «omauuHo» CTaBUTCS MPU YCIOBUM BBINOJHEHHS KOHTPOJIbHBIX padboT (ob6mas cymma 10
0aJuI0B), IPABUJILHBIX OTBETOB Ha BOIIPOCHI OMJIETa U MPABUIIbHOE PEIICHUE 3ajaun

8. YueOHO-MeTOoAMYeCKOE M HH(POPMALIMOHHOE 0O0ecieYeHUe TUCIHIIINHbI
Ocnognas yuebnas iumepamypa.
1. YO. K. Eropos-Tucmenko. Kpucramiorpadus u KpucTasioXuMus : y4eOHUK JUIsl CTYAEHTOB BY30B
/—2-em3n.— M. : KNIV, 2010 .— 587 ¢ .— ISBN 978-5-98227-687-23/

2. Hosoceno, K.I. OcHOBBI TeoMeTpuueckoi KpucTauiorpaguu : ydeOHOe mocobue /
K.JI. HoBocenoB ; MunuctepctBo oOpazoBanusi Poccuiickoit ®eneparuu, DenepanbpHoe
rocy/lapCTBEHHOE€  aBTOHOMHOE  00pa3oBaTelbHOE  YUYpEXKIEHHEe  BhICIIEro  00pa3oBaHuUs
«HanuoHabHBIN HCClIeNOBaTENbCKUNH TOMCKUIA TOCYAapCTBEHHBIM YHUBEPCUTET». - TOMCK
N3narensctBo ToMcKOTO MOMUTEXHUYECKOTO yHuUBepcutera, 2015. - 73 c. : wi., Tabn., cxem. -
bubnuorp. B KH. To xKe [DnexTpoHHbII pecypc]. -

URL: http://biblioclub.ru/index. php"pa,qe book&i1d=442772

3. baraes, U.A. Kpucramiorpadus: o603HaueHrEe U BBIBOJ KJIaCCOB CUMMETPUHU : ydyeOHOe mocodue /
N.A. bataeB, A.A. baraeB ; MuHnucrepctBo oOpa3oBanusi u Hayku Poccuiickoit ®enepanuu,
HoBocubupckuit rocyapcTBeHHbIN TexHu4deckuil yuusepeuteT. - HoBocubupcek : HI'TVY, 2015. - 60
c. : wi - bubmmorp. B kH. - ISBN 978-5-7782-2740-8 ; To xe [DneKTpoHHBIH pecypc].
URL: http://biblioclub.ru/index.php?page=book&id=438293

4. B.A.Maryxun, B.JI. EpmakoB ®@u3uka TBepaoro tena. M. uza-so Jlans. 2010

I''1.Enudanos ®usuka tBeproro rena. M. Uzn-so Jlans. 2010

6. T'ompmane B. A., ®u3uka KOHASHCUPOBAHHOTO COCTOSTHUS [ DnekTponHbld pecypc]| / B. A. lN'onbnaane,
JL C. [MuHuyk. - MuHck: Bbenopycckas HayKka, 20009. - 648 c.
http://www.biblioclub.ru/index.php?page=book&id=93309

7. bacanaeB, FO.M. Kpucramtodpusuka u xpuctamoxumus : yuedHoe mocodue / HO.M. bacanaes ;
MunuctepctBo oOpa3zoBanmsi U Hayku Poccuiickoit ®@enepamnuu, denepaqbHOE TOCYIAPCTBEHHOE
OropKeTHOE  00pa3oBaTEIbHOE  YUPEXKJEHHE  BBICHIET0  MNPOECCHOHAIBHOIO  00pa30BaHUS
«KemepoBckuii rocynapcTBEeHHbIM yHHBepcuTeT». - KemepoBo : KeMepoBckuil rocyaapCTBEHHBII
yauBepcurer, 2014. - 403 c. : un - bubGmmorp. B kH. - ISBN 978-5-8353-1712-7 ; To xe
[DnexTponnsiit pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=278304

LononnumenvHnas yuebnas iumepamypa:

1. M.IL.Iackonbckas. Kpuctammorpadus : ydge6HOE mocodue i CTyIeHTOB BTy30B / .— W3m. 2-e,
nepepad. u gon .— M. : Beiciias mkona, 1984 .— 375 c.

2. CospemenHnas kpucramiorpagus. T.1-4. Ilog pea. b.K.Baitnmreitna. M.: Hayka. 1979
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3. M. II. Hlackonbckast Kpucramnel /.— WU3a. 2-e, ucnp .— M. : Hayka, I'naBHas pegakuus ¢puzuxo-
MaTeMaTH4ecKo aurepatypsl, 1985 .— 207 c.

4. DnemeHThl QU3MKU TBEPIOTO Tena : yuyeOHoe mocobme / coct. B.S. Ueuyes, C.B. Buxynos, .M.
J3t10. - HoBocubupck : HoBocubupckuii rocyaapcTBeHHbIN arpapHbiii yuusepeutet, 2012. - 160 c. ;
To xe [Dnexrponnsiit pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=230498

5. T'yproB, B.A. ®usuka TBepAoro Tena Jyid HHXKEHEpoB : ydeOHoe mnocobue / B.A.['ypros,
P.H. Ocaynenko ; Hayu. pen. JI.A. Anemuna. - 2-e u3a., ucmp. u no1m. - Mocksa : Texnocdepa, 2012.
- 560 c. - (Mup ¢uszuku u texuukn). - ISBN 978-5-94836-327-1 ; To xe [DnekTpoHHBIN pecypc]. -
URL: http://biblioclub.ru/index.php?page=book&id=233466

6. T'.A.MuponoBa KonaeHcupoBanHoe cocTtosHue BemniecTBa. OT CTPYKTYpHBIX €IUHMI] JI0 KMBOM
matepuu. M., U3n-so MI'Y. T.1-2 2006

7. JlmdnekTpuyueckue KpUCTauibl : cuMmmeTpus W (usuueckue coiictBa / B. A. Cammiep, H. B.
Cunopos, M. H. Ilanataukos ; Poccuiickas Axagemus Hayk ; Konbckuit HaydHBIN LEHTD ; IO PE.
B. T. KanunnukoBa .— Amnatutsl : Konbckuit Hayunsiif nentp PAH, 2010 Y. 1 .— 2010 .— 201 ¢
— ISBN 978-5-91137-118-0.

Pecypchl nHGOPMALMOHHO-TEJIEKOMMYHUKAUMOHHOM ceTn «AHTEepHeT»:
Cucrema »5IeKTPOHHOM MOJEPKKH oOpa3oBarenpHOro mporecca «MoH  yHHUBEPCUTET»
https://uni.ivanovo.ac.ru

[Ipodeccronanbubie 6a3bl JAHHBIX U HTHPOPMALIMOHHO-CIIPABOYHBIE CHUCTEMBI:

OBbC «YHuBepcurerckast OubnuoTeka onnaitny www.biblioclub.ru;
http://lib.ivanovo.ac.ru/index.php/polnotekstovye-resursy/ebs-universitetskaya-biblioteka

OnekrponHas 6ubnuoreka UBI'Y _http://lib.ivanovo.ac.ru/index.php/polnotekstovye-
resursy/elibnew

Onexrponnslit katajgor Hb MBI'Y http://lib.ivanovo.ac.ru/index.php/ek

[Iporpammuoe obecrieuenue: omepammoHHas cuctemMa Microsoft Windows, maker oducHBIX
nporpamMm Microsoft Office u(wmm) LibreOffice, uatepuer-6pay3zep Microsoft Edge n(unm) Yandex
Browser.

9. MaTepuajibHO-TEXHHYECKOe o0ecneyeHre TUCHUIIIMHBI

VYueOHble ayIUTOPUH:

— JJIs IPOBEACHUS 3aHATUN JIEKIMOHHOIO THUIA ¢ KOMIUIEKTOM CIEHUAIU3UPOBAHHON yueOHOM
Me0enu U TEeXHUYECKUMHU CpEeACTBAMHM OO0y4deHHs, CIyKallUMHU Ui [PEeAOCTaBICHUS Y4eOHOI
uH(popmanuy O0JBIION ayUTOPUY;

— JUIsl TIPOBEAEHHUS 3aHSITHM CEMUHApCKOrO THUIA, KOHCYJbTAl[Mi, TEKYIIEro KOHTPOJIA U
MPOMEKYTOYHOM  aTTECTallid, BBHINIOJHEHHS KypPCOBBIX paboT  (IIPOEKTOB) C  KOMIUIEKTOM
CHelHaM3UPOBAHHON yueOHON MeOenu U TEXHUYECKUMHU CPEACTBAMU 00YyUEHUS.

[Tomemienne [Uisi caMOCTOSITENIBHOM pPabOThI, OCHALEHHOE KOMIUIEKTOM CHElUaIN3UpPOBAHHON
y4eOHOU MeOenu, KOMIBIOTEPHOM TEXHUKOW C BO3MOXHOCTBIO MOJKIIOUEHUs K ceTu «HTepHeT» u
obecnieuenuem noctymna B SUOC.

JleMoHCTpalMoOHHOE 00Opy/OBaHUE U Y4eOHO-HArJISIIHbIE MOCOOMS Ul 3aHATUN JIEKLIHOHHOIO
THIa, 00ECIeUNBAIOIINE TEMATHUECKHE NILTIOCTPALIUU: IEPCOHATBHBINA KOMIIBIOTED, IPOEKTOP, IKPAH.
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ABTOp(bI) padoueil MporpaMMspl IMCUMIIMHBI: JOLIEHT, KaH[.(u3.-MaT. HayK, qoueHT [lamkoBa
Tamapa BukropoBHa

[Iporpamma paccMoTpeHa UM yTBEp KIeHA Ha 3acelaHuu Kadeapbl GyHIaMEHTATHbHOU (PH3UKH U
HaHoTexHoJorui 31 aBrycra 2026 r., mpotokosn Ne 1

[Iporpamma o6HOBIEHA
MPOTOKOJ 3acenanus kKageapsl No  oT«_ » T.
CornacoBaHo:

PykxoBoautens OI1 / /

Ipunoxenue 1. MeToguueckne yKazaHusi Ajisi 00y4al0UXCsl MO0 OCBOEHUIO THCHMILTHHBI

Ipunoxenue 2. ®oH/ OLEHOYHBIX CPEICTB JJIsl IPOBEIEHUsSI TPOMEKYTOUHOM aTTecTAlMU
00y4aromuXxcs Mo JUCUMILIIMHE.



