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SIBJIEHUS IEPEHOCA B KPUCTAJIJIAX 1 TOHKHUX IIVIEHKAX

YKpynHEeHHasi TpynIa HanpaBJICHUN 28.00.00 HaHOTEXHOJIOTHH X HAHOMATEPHAJIBI
IIOATOTOBKH

IIporpamMma BeICIIErO OOpa3oBaHHS IIporpamma GakanaBpuara

HanpaBnenue noAroToBKH 28.03.03 HanomaTtepuasbt

ITpodrite TOArOTOBKH Hanomarepuaiis:

Kpanuduxanus Bbakanasp

Dopma o6yueHuUst Ounas

Pabouas nporpamma aanTApoBaHa IJIsl JIAL]
C OrpaHUYEHHBIMH BO3MOXKHOCTSIMHU 3/I0POBbSI U HHBAJIU0B

JHoneuxk 2024

Jonenk 2024



PaGoyast mporpaMma JMCUHIUIMHBI «SIBjIeHHs mepeHoca B KPHCTALIAX H TOHKHX
aeHKax» Uil OOy4aloOUMXcsi 110 HANpaBlIeHHIO NOATOTOBKH 28.03.03 Hanomarepuaisl
(Tpoduse  TTOATOTOBKH: HasoMarepuanel), COCTaBIeHa Ha OCHOBaHHH QenepanbHOro
roCyIapcTBEHHOro 00pa3oBaTebHOr0 CTaHAApTa BBICIICIO obGpaszoBanusi — OakajnaBpHar IO
HampaBieHui0  moarotokd  28.03.03 Hanomarepuanbl,  YTBEPXKACHHOIO  MPUKA30M
MunncrepeTBa o6pasosanus i Hayku Poccuiickoit dezepaiyu ot 22 cents6ps 2017 r. Ne 968
(c u3m. u jor.), ITopsaka OpraHH3aly M OCYIIECTBICHHSA 06pa3oBaTeIbHON IeATENIHOCTH 110
06pa3oBaTeNbHBIM IIPOrpamMMaM  BBICIIETO obpazoBanuss — IporpaMmam OakanaBpuara,
OporpaMMaM — CICHHATHTETa, [POrpaMMaM —MAarHCTPaTyphl, —YTBEPKICHHOrO —IPHUKA3OM
MHUHHCTEPCTBA HAYKH U BhICIIero obpasosamnus Poccuiickoi ®enepanuu ot 06 anpens 2021 r.
No 245 (¢ W3M. M JIOIL), B COOTBETCTBHH C y4eOHBIM IUIAHOM, YTBEPHKACHHBIM YyeHBIM COBETOM
®I'BOY BO «JlonI'Y» mist nabopa 2024 roza.

Pa3zpaboTyuk:

3aB.Kadenpoil TeopeTHUecKOi GU3HKH

¥ HAHOTEXHOJIOTUH,

JOKT. (hu3.-MaT. HayK,nIpod: / A.T. Ilerpenko

PaGouas mnporpaMma on00peHa Ha 3ace/laHHH kadenpsl TeopeTHUecKod (H3UKH H

HAHOTEXHOJIOTHH.
ITpotokon ot 26.03.2024 r. Ne 16

3asenyromuii kadeapoi A.T". Tlerpenko
COT'JTACOBAHO:

Jlexan (U3MKO-TEXHHYECKOro (akyabTeTa <5 C.A. ®omenko
28.03.2024 r.

YueGHo-MeToarIecKast KOMHCCHS (U3HKO-TEXHHIECKOTO (axynpT
ITporokon ot 27.03.2024 1. Ne 2
[Ipencenarens

B. H. Korenko

PyKOBOIMTEH OCHOBHOM MpodeccHoHanbHO’

06pa3oBaTeNbHOI IPOrpaMMBI,

1-p dus.-mar. HayK, mpod. A.I'. Ilerpenko
26.03.2024 r.
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1. MECTO JUCLIMIIINHBI B CTPYKTYPE OBPA3OBATEJIBHOM ITPOTPAMMBI

1.1. TpeboBaHus K npenBapuTEIbHON NOATOTOBKE O0yYarOUIUXCs, IPEALIECTBYIONINE
U COIYTCTBYIOIIME AUCUUIUIMHBI, HA KOTOPbIX OCHOBBIBAECTCS U3yUEHHE JAHHOM:

JTMCLUUIUIMHBL TIporpamMMmbl OakanaBpuaTta: MaTeMaTHUeCKui aHanu3, AHaIWTHYeCKas
reoMeTpus U JIMHelHas anredpa, Mexanuka v MoJieKyJsipHas Gpu3uka, JledexTsl B KpucTaiax.

1.2. JIucuuruimHbl, KypcoBble pabOThI W MPAKTUKHU, JUIS KOTOPBIX OCBOCHHE IaHHOM
JUCLUIUIMHBI HE00XO0AUMO KaK MpeIIeCcTBYOLIEe:!

OnexTpoHHas MUKpockonus, [I[pon3BoacTBEHHAs NPAKTUKA: HAYYHO-UCCIEA0BATEIbCKAs
pabora.

2. OIMMCAHUE JUCHUITJIMHBI

2.1.  OOmas xapakTepucTUKa

HanmenoBanme mokasaTeins 3HaueHUE MOoKa3aTes

28.03.03 Hanomarepuansi (IIpoduis
noAroToBku: Hanomarepuaibn)

HazBanue oOpa3oBaTenbHOI MporpaMmbl

b1.5.M3.9 fBnenus nepeHoca B KpucTaJIax
Y TOHKUX TUICHKaX

[[Indp u Ha3BaHHUE B COOTBETCTBUU C
y4€OHBIM TIJIAHOM

Yacth 00pa3oBaTeNbHOM MPOrpaMMbl basoBas yactpb

KonuuectBo 3a4eTHBIX €MUHUL / BCETO 4acOB 6/216

2.2. Pacnpenenenue 4acoB 1o opmam u nepuogam o0y4eHus
OO111ee KOJIMYECTBO YacOB
o,
= caMocCTosi-
dopma | @ o
> | & | mekuu- | mabopa- | MPaKTH- | TENBHOH dopma
oOyueHus & S BCETO
8 | OHHBIX | TOPHBIX | YECKHX | PabOTHI + KOHTPOJIS
KOHTPOJIb
Ounast 3 5 34 — 68 114 216 IK3aMEH

3. HEJN JUCHUTTJIMHBI

dopMupoBaHUEe 3HAHUH M yMEHHUHl CTyleHTa B OOJACTH TMOJyYEHUS U HU3Yy4CHHs
0ocoOeHHOCTEN (POpMHUpPOBaHUS CTPYKTYpPbl M CBOICTB HaHOKPUCTAJUIMYECKUX MaTEpHasIoB;
O3HAaKOMJIEHHE CTYAECHTOB C COBPEMEHHBIMU 3HAaHUAMM 1O (PU3UKE CTPYKTYpOOOpa30BaHUS B
TOHKHX IUICHKAX W SIBIICHUU IIEPEHOCA, COBPEMEHHBIMU METOJIAMH ITOJYYECHHS M MCCIIEIOBAHUS
CTPYKTYpbl ¥ CBOWCTB IUIEHOK, a TakXe€ TEOPUU IIOIYYEHUS HAHOCTPYKTYPHBIX U
ANUTAKCUAIBHBIX TUICHOK.

4. KOMHIETEHIINHN OBYYAIOINEI'OCS, ®OPMHPYEMBIE B PE3YJIbTATE
OCBOEHIA KOMIIOHEHTA OBPA30BATEJIbBHOU ITPOI'PAMMEI, X MH/IMKATOPBI
N ITNTAHUPYEMBIE PE3VIIbTATBI ObBYUYEHUA

Komnerenmumn WHnukaTtopsl Pesynbrarel 00yueHus
OIIK-1. OIIK-1.37. OIIK-1.37.1. 3HaeT MeTOABI UCCIIEAOBAHUS
Crnoco0eH pemiarb VYyacTByer B | CTPYKTYpBI, COCTaBa U PU3NYECKUX CBOHCTB
3a7a4u AKCIIEPUMEHTAIbHOM | IOBEPXHOCTH TOHKHX IJICHOK
MpOoECCHOHAIBHON | OTIPEIeTICHUHN OIIK-1.37.2. YMeeT yuuThIBaTh BIUSHHE
JeATEIbHOCTH CTPYKTYpBI, cocTaBa | mpumeceil, nedekToB, (a30BbIX MpEeBpaICHUN U
Ha OCHOBE YW CBOWCTB TOHKHX | T.Il. HA SBJICHUS MIEpeHOCa
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MIPUMEHEHUS IUIEHOK OIIK-1.37.3.Bnaneetr HaBbIKaMU ONIPEACICHUS
€CTECTBEHHOHAYYHBIX CTPYKTYpHI U (ha30BOT'0 COCTaBa IICHKH,

u KpHUCTAIUIOTrpaUUECKUX OpPUCHTAINH
OOLIEMHKEHEPHBIX OIIK-1.38. OIIK-1.38.1. 3naer MmexaHu3Mbl (POPMHUPOBAHUS
3HAHMH, VY4uTBHIBaET BIMSHUE | HAHOPA3MEPHBIX CTPYKTYP

METO0B nedeKToB Ha | OIIK-1.38.2. YMmeer onpenensite
MaTeMaTHIECKOT0 ¢a3oBbie XapaKTEPUCTUKH TOHKHUX IJICHOK

aHaJM3a u IIPEBPALLCHUS B | OIIK-1.38.3.Biafeer HaBbIKaMU ONPEICTICHHS
MOZICTTMPOBAHHUS HaHOMaTepHaiax BIMsIHUA Ae(peKTOB Ha (a30BbIe PEBPAIICHUS

S. ITPOT'PAMMA JJUCLUAITJIMHBI

HasBanue teMEbl

Kpatkoe cogepxannie TeMbl (BOIPOCHI TEMBI)

Pasgen 1. ®usnka TOHKHUX IEHOK

IInenouHoe cocTossHUE MaTCpUaJIOB.

Pa3HOBUIHOCTH MUKPOCTPYKTYPBI TOHKHX
IUIEHOK. MeXxaHu3MBblI pocTa IieHoK. JledexTs! B
IUIeHKax. J[McioKanyuy HeCOOTBETCTBUS.
Harnpshxenue B eHkax.

Hanokpucraisr.

Tunsl HaHOKpUCTAITOB. MakpocKonmuyecKas
TeopHsi 00pa30BaHUsI HAHOKPHUCTAILJIOB.
Cronbyarblie ¥ IapOBbIE CTPYKTYPHIL.

ONUTaKCUATBHBIN POCT TUIEHOK

Makpockornuueckasi TEOpHUsi SMTUTAKCUATIBHOTO
pocra. TemrepaTypHblil KpUTEPUN ITUTAKCHH.

Pasmepnsbie 3¢ eKThI.

dazoBeiii pazmepHbiid dGdext. Biausaue pazmepa
KPHCTAJUIMTOB HAa TNEPHOJA PEUIETKH IUICHKH.
H3menenne TeMIIepaTyphbl TUTABIICHHS
HaHOOOBeKkTOB. Pa3zoBble mepexosl "amopgHas
(daza-kpucTayn" B TOHKUX IJICHKAX.

MeTtoapl MOJIy4YCHHS IIJICHOK.

XHUMHYECKHUE METOMBI: CVD-texHomorus,
ANEKTPOXUMHYECKOE OCAKICHUE, XUMHUYECKOE
ocaxaeHrne. MeToJbl: TEPMUUYECKOE HCIIAPEHHUE,

KaTOJHOE pacIbUICHHE (1ByxX- "
TPEXAIEKTPOAHBIM  BapHaHThI),  PEAKTUBHOE
KaTOJHOE pacriblUIeHHe, MarHeTPOHHOTO
pactbuienus, BY - pacnbuieHune, HOHHas
UMIUIaHTAIN, KOHJIEHCAllUI W HOHHOE
O6oMOapIMPOBKH.

Metoapl TIONy4YeHHS OSIWTAaKCHANbHBIX | BakyymHass osnurakcus. [a3oBas SIUTAaKCHSL

IUIEHOK. MosnexymsipHO-TydeBas SMUTAKCHUS.
Kunkodaznas SMUTAKCHUSL. Teepnodasznas
AIHUTAKCHUSI.

MeToanl HCCIe0BaHUS IIJICHOK.

PentrenoBckwii ()a30BbI aHAIN3 TOHKUX TUICHOK.
PeHTreHoBCKMI METO/T B CKOJIB3SIIINX JIydax.

[ToHrMMaHKe KBaHTOBBIX CBOKMCTB HAHOCTPYKTYp U
np. Tekcrypa B miieHKax. DNEKTPOHHOE W3yUYECHHE

TOHKOU CTPYKTYPBI IIJIEHOK. Macc-
CHEKTPOCKOIINYECKOE  HMCCIEAOBAHUE  IUICHOK.
Onpenencuue MUKPOTBEPAOCTH u

HAaHOWHACHTUPOBAHUA. I/ISMepeHI/Ie TOJIIHUHBI
IIJICHOK.

MexaHnuyeckue CBOMCTBA TOHKHUX

Anresust mieHok u ee uaMmepenue. [IpouHocts u
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IIJICHOK. TBEPAOCTh IJIEHOK U UX ONpEAENICHUs. Y IPYyrocTh
U IUIACTUYHOCTH IJIEHOK. HanpskeHnue B miaBkax
1 METOJIbl UX U3MEPEHUSL.

DneKTpuuecKue CBOMCTBA TOHKMX | M3Mepenue 3JIEKTPOOIIOPY IIJICHOK.

MIJICHOK Knaccuueckuit pa3MepHbIT s dexr B
anekTponpoBoaHocTd U TKO TOHKUX TIICHOK.
KBaHTOBBII pa3MepHBIi s dexr B
AJIEKTPONPOBOIHOCTH TOHKHUX IJIEHOK.

CBepXmpoBoAsIIME CBOWMCTBA TOHKUX | MI3MEHEHHE KPUTHUYECKON TeMIlepaTypbl ILIEHOK

IJIEHOK. 1OJ  BO3ACHCTBHMEM  BHEIIHUX  (PaKTOPOB.
Pasmepnbiii  3Qdextr B  CBEpXIPOBOAMMOCTHU

TOHKMX IUIEHOK. CBepXIIpOBOJSIINE CBOWCTBA
aMopQHbIX IJIEHOK. Kpuruyeckue MarHuTHbIE
IIOJIsI U KPUTUYECKUH TOK.

MaruutHbie cBOMCTBA TOHKUX IUIEHOK.

HamarapmdyeHHOCTh B TOHKHUX IUICHKax. MeToanl
W3y4YCHUS MarHUTHBIX CBOMCTB TJICHOK.
Pa3mepHbiii 3pdexkT B HAMarHH4YEeHHOCTH TUICHOK.
JIOMEHHBIE CTEHKM W HUX JIBUKCHHE B ILJICHKAX.
[HunuaapuyecKkrue MarHUTHBIE TOMEHBI.

JusnekTpudeckue u
CBOMCTBA TOHKUX IUICHOK.

OIITHYCCKHEC

OcoOenHoct  (PU3MYECKHX  MPOLIECCOB B
JIUAJICKTPUUECKUX TUIeHKaX. [Ibe3oanekrpuueckue
cBOiicTBa TUIeHOK. ONTHYECKHE CBOMCTBA TOHKUX
IJICHOK.

Hepemennsie npoOieMbl GU3MKH TOHKUX
IJICHOK.

TpynHOCTH HHTEpIpETAllMH SBJICHUS Iepexoja
IUICHOK W3 aMOpPpHOrO B KPUCTAJUINYECKOE
COCTOSIHME, OTCYTCTBHE  MOJENCH  BIIMSHUS
CTPYKTYPBI U TOJIIWHBI IMJIICHOK HAa KPUTHYCCKYIO
TEMIEPATypy  CBEPXIPOBOMISIIIECTO  IEpPexoja,
6omee TyooKoe

Pasznen 2. SIBnenus nepeHoca B TBEPABIX
TeNnax

[ToHsTHE O SABICHUIX nepeHoca.

[TonsTre o siBNeHUsX nepeHoca. Bunsl auddy3uun
B TBEPJIbIX TEaxX.

Makpockomnuueckoe
MaccCoIlepeHoca

OIIMCAaHHC

1 ypaBHenuss ®uka, korpdunmeHt auddysuu.
Pasupie Tumel  kodddunmentoB  auddy3un.
Bnusaue CUMMETPUHU KpHUcTaia Ha
koapunmentsl nuddy3un. Ipunuun Heiimana.
2 ypaBHeHusa @Puka. YactHoe pemeHue 2
ypaBHEHUSA ®duka. KoHuenTtpanronnas
3aBHCUMOCTh Kod(dummenta nuddyzun. Metoxq
Martano-bonsnmana.

OKCEpUMEHTAJIbHbIE METO/IbI
onpezeneHus koapounuenra qupdysuu.

Knaccudukanus metonoB. MeTos CHSATHS CIIOEB.
Metoa MHTETpaIbHOTO OCTaTKa. AJICOPOIIMOHHBIC

METOAbl.  ABTOpaauorpaguueckue  METOJBI.
UyBCTBUTENBHOCTH METO/IOB. JlokanbHBIN
PEHTI€HOCIIEKTPAJIbHBIN METOJI.

Pentrenorpaduueckuii meron. PemakcarmonHbie
MeTo/ibl. CpaBHEHME YyBCTBUTEIHOCTH METOJIOB.

Mukpockonnyeckoe
T y3un.

OITMCaHUuEC

Mexanusmbl  nuddy3un.  ATOMHasE — TEOpHs
mupdy3un. Auddysus kak mporecc ciaydalHbIX
onyxxnanuil. Ces3p ko3ddunmenra nuddysun c
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JUTMHOM M 4acTOTOM ckauka JAu(yHIUPYIOUMIETO
atoma. uddysus B TI'IK-kpucramiax. Casizb
koddurmenta quddy3un ¢ XapakTepUCTUKAMU

BAKAHCUM. TemneparypHas 3aBUCUMOCTb
koa(durmenta nuddy3un (ypaBHEHHS
Appenuyca).

Hudbdy3mss B TBepapix  pactBopax | dddekr Kupkennamnna. KonnyectBenHoe

(B3aumnuas quddyszus)

ommcanue dpdexra Japkenom. [IpeumymiecTBa u
Henoctatku Metona Jlapkena. Dddexr Openkens
(muddy3rnoHHOTO TOPOOOPA3OBAHMS).

Tepmonuuamuydeckas Teopus nuddy3un.

HevictByromue cwibl  auddy3un. YpaBHEHHs
OliHmTeiiHa -  CMOIYXOBCKOro. YpaBHEHUE
Hapxena. Bocxonsmas nuddysusi.

[Tpunmuner OH3arepa.

Omnucanne muddy3un B OMHAPHOM CHUCTEME IO
Omnzarepy. OmnpeneneHue TEPMOIUHAMUYECKUX
cu. YcnoBus npuMeHenus | ypaBHenust Puka.

Tepmomuddy3us B OuHapHBIX TBEpAbIX | DEHOMEHOIOTUYECKOE OIHCaHHe

pacTBopax TepMoupdy3uH. Temnora nepeHoca.
OKCIIepUMEHTAIFHOE  OIpPENEIIEHUEe  TeIUIOTHI
nepeHoca.

Juddy3us B 2IEKTPUIECKOM TIOJIE. DEHOMEHOJIOTHYECKOE OIucaHue
aJIeKTporiepeHoca. MeXaHu3M  MepeaBUKCHUS
MOHOB npu AIIEKTpONepeHoca.
OnexTpoand dy3noHHbIN MOTCHITUAT.

OddexTuBHBIA 3apsa MOHA, 3aps]] 3aXBaTa U €ro
orieHka. D¢ ekt "3MeKTpOHHOro BeTpa'.

Brmusane  nedexkToB  CTPYKTYpHl  Ha
TG dy3un B TBEpAbIX Telax

Bnusanue HEPaBHOBECHBIX (M30BITOYHBIX)
BakaHcuil auddysuro. BrnusHue nuciokanmii Ha
nuddys3uro. Monenu auddy3un mo ITUCIOKAIUIX:
Mozenb  CMOJIyXOBCKOro;  Moaenp  Xapra.
3epHOrpaHUYHas T dys3us. Onucanue
3epHorpannyHor  auddysun no  Dumepy.
Kunernueckue pexumsl 1uddy3un no rpaHunam
3epeH. BnusHue pasnuuHbIX  (PakTOpoB Ha
mubdy3uo Mo rpaHulaM 3€peH. AHHU30TPONUs
mupdy3un 1o rpaHulaM 3epeH. MexaHu3m
mubdy3un 1o TrpaHuIlaM  3epeH. BuusHue
azcopOLuny B mpeenax 3epeH Ha AU y3uro

Brnusane (a3oBeIX TpeBpamieHuid Ha
muddy3uto

Brustane OJTHOKPATHOTO (TIpenpITyIero)
noaumopduoro mpespamienus. Judoy3us B
YCIIOBHSAX MHOTOKPaTHOTO noauMopdHOTOo
IPEBpaICHHS. Bnusiaue MeXaHu3Ma
npeoOpa3oBaHuUsI.

KBanrtoBas auddy3us.

[ToHsTHE O KBAaHTOBBIX KpUCTAJLIbI. TyHHEIbHBIN
MEXaHWU3M JJIeMEHTapHOro akta auddys3un.
Hedexronsl.  KBantoBas  nudpdysus  kak
JIBIDKCHHE Je(PEKTOHHB. OKCIEPUMEHTAIHHOE
MOJITBEPIK/ICHUE KBAaHTOBOU AU dy3un.

OcoOenHoctu mudpdy3un B
HaHOKPHUCTATMYECKUX MaTtepHanax
(HC).

OKCIIEpUMEHTabHbIE  pe3yapTarbl.  Monenu
rpauuy 3epeH B HM. Bimsdnue texHomoruu
nonyueHus HM  na muddysuio. Dddexts




aKTHUBalluu

HEKOTOPBIX

MIPOIIECCOB

B

HM

3epHOrpaHUYHOrO JAU((HY3HOHHBIMU TTOTOKAMHU.
B TOHKMX IOJHKPUCTAITTMYECKUX

Hudpdysus

IJICHKax

6. CTPYKTVYPA U COAEPXXAHUE JUCHUIIIMHBI

6.1. ®dopma oOyueHHst — O4YHasA, Kypc — 3, CEMECTp — O
HaumenoBanust pa3fenoB u Tem Kosmiectso Hacos
Jlexu. | JlaGop. | Ilpakr. | CPC+K | Bcero

Pasnen 1. du3uka TOHKUX IIEHOK 17 34 57 108
[IneHoYHOE COCTOSIHME MAaTepUAJIOB. 1 2 4 7
Hanokpucramisi. 1 2 4 7
ONUTaKCUAIBHBIN POCT IIEHOK 1 2 4 7
Pasmepubie 3¢ (eKThI. 1 2 4 7
MeTo/1p1 1TOJTy4eHuUs TIJICHOK. 1 2 4 7
MeTo/1b1 TONTy4eHuUs AMUTaKCHATBHBIX 1 2 4 7
TUICHOK.
Mertoabl UcCIeI0BAHUS TUIEHOK. 1 2 4 7
MexaHn4yeckre CBOMCTBA TOHKUX IIJICHOK. 1 2 4 7
DJIEKTPUYECKHE CBOMCTBA TOHKUX IJIEHOK 1 2 4 7
CBepXIpOBOSIINE CBOWCTBA TOHKUX IJICHOK. 1 2 4 7
MarHuTtHble CBONCTBA TOHKHX TJICHOK. 2 4 6 12
JIMpNeKTpUYeCKre U ONITHYECKHE CBOMCTBA 2 4 6 12
TOHKHX TIICHOK.
Hepeennsie npo0ieMbl pU3MKH TOHKHX 3 6 5 14
TUICHOK.
Pasnen 2. SIBnenus nepeHoca B TBEPABIX 17 34 57 108
Tenax
ITonsiTre 0 SIBIEHUSAX NEpEHOCA. 1 2 4 7
MakpoCKOIMYecKoe OMUCcaHue 1 2 4 7
MmaccornepeHoca
DKCepUMEHTAIbHBIE METO/bI ONIPEAETICHUS 1 2 4 7
ko unuenta quddysuu.
Mukpockonuyeckoe onucanue qupdysuu. 1 2 4 7
Juddysus B TBepabIX pacTBopax (B3zaumuas 1 2 4 7
mAddysust)
Tepmoannamuyeckas Teopust 1MpPpy3un. 1 2 4 7
ITpurumns! OH3arepa. 1 2 4 7
Tepmoauddysust B OMHAPHBIX TBEPABIX 1 2 4 7
pacTBopax
Jnddys3us B 21eKTpUUIECKOM MOJIE. 1 2 4 7
Bnusinue nedextoB cTpykTypsl Ha 1uddy3un 1 2 4 7
B TBEPBIX TEJIaX
Bnusinue ¢pa3oBbIxX npeBpalieHuii Ha 2 4 6 12
nuddy3uro
KBanroBas nuddysus. 2 4 6 12
OcoGennoctu quddy3uu B 3 6 5 14
HaHOKpucTaumuecknx marepuanax (HC).
NTOI'O [1O KOMITIOHEHTY OIIOII 34 — 68 114 216




7.

7.1.

OLEHOYHBIE MATEPUAJIBI (CPEACTBA) UL TEKYIIEI'O KOHTPOJIA
YCIIEBAEMOCTH, ITPOMEXYTOYHOU ATTECTALINN

KoHTposbHbIE BOIIPOCHI

Pazmen 1

1.

Kpucrannuueckue cTpykTypbl, GopMylia KpucTaia — 0a3uc W KPHCTANIMYSCKUE
CTPYKTYphl, 7 CUHTOHMI U peuieTku bpaBe — IByMepHbIE U TPEXMEpPHBIE, TNIOCKOCTH
1 uHAeKCchl Muepa, siueiiku Buraepa — 3eiitia, 3akoH Bynsha— bparra u ap.

2. Tpu THNA U3Ty4EHUS — PEHTIEH, 03K€ — CHEKTPOCKOIHUS U HEUTPOHHOE U3JIydYEHHUE.

3. udpakumonnsie MeToasl — Meron Jlays, MeToa BpalleHUs KpHCTala U METOJ
IIOPOILIKA.

4. VYcnous gudpakinuu; oOpaTHas pemieTka, 30HBI bpuinIrosHa; aTOMHBIR H
CTPYKTYPHBIH (haKTOPBI.

5. Kpucramibl uHepTHBIX ra3oB — cuibl Ban — nep — Banbca.

6. HoHHBIE KpHCTAIIBI — AIEKTPOCTATUYECKAsk SHEPTUS /UM 3Heprust MazenyHra.

7. OOBeMHBINH MO/YJIb YIPYTOCTH U CUMAEMOCTD.

8. Meramnyeckue Kpuctamisl — npezacraBieHus [pyne u 3ommepdenbia; Bpems
penakcanuu, JJinHa cBOOOIHOro poobera.

9. KoBaneHTHbIE KpUCTAJUIBI U KpUCTaILIbI € F - cBs3bIO.

10. SIBnenus mepeHoca B KpHCTAIAX M TOHKHUX IUICHKAX: TEIUIOMPOBOJHOCTH (IIEPEHOC
SHEPIun) — TeII00TJaua, KOHBEKLHUS U U3IyYeHUe.

11. uddysus (mepeHoc Macchl) B KPUCTAIAX U TOHKUX TUICHKAX.

12. Bs3kocTs (1epeHoc UMIYIbCca) B KpUCTAIIAaX U TOHKHUX IUICHKAX.

13. Knaccudukanusi 1eeKToB B KPUCTAIUIAX — TOYEYHBIE WJIM OJHOMEpPHBIC Je(EeKTHI;
JUHEWHBIE WJIM OJHOMEpHBIE; IOBEPXHOCTHBIE WJIH JABYMEpHble JAe(eKTbl —
MEX3EpeHHblE M MeX(a3Hble TPaHULBl; MOPHl M TPEIIMHbl B KpUCTAIaX: IO
Opogany, Upsuny, ['pudpurcy u bapenOnarry.

14. BzaumoselicTBie 3apsKEHHBIX JIEPEKTOB C TpaHUIlAMU pa3fiesia — TPAHUIIbl HAKJIOHA
U Kpy4YEeHHUS.

15. MarautHble ToueYHbIE AEPEKTHI U IEHTPHI TUIaTaALlUH.

16. Ynpyrue cBoiicTBa KpUCTAJIOB; YIIPYTHe MOCTOSHHBIE U C)KUMAeMOCTb KPUCTAJIIIOB.

Paznen 2

17. VpaBuenus ®uka — 1 u 2 ypaBHenus duka.

18. OOGoramieHuss TpaHUI] 3€peH TOYCYHBIMU Je(eKTaMu, SBICHHUS TIOJI3YYeCTH,
IJIACTUYHOCTH, YIIPOYHEHUS U JETPaJallud MaTEPHUAJIOB.

19. JlokanpHble W TIOOANBHBIC HAPYIICHUS CUMMETpPHH. SIBieHust cerperamuu. Poib
IPaHUYHBIX YCIIOBUU NpU cerperauuu: yciosus Maxk JIuna, Jlenrmropa, daynepa u
Aap.

20. OTKpBITHIE U 3aKPbIThIE CHCTEMBI. TepMOIMHAMUYECKHE TTOTEHIIMAIbI: BHYTPEHHSS U
cBoOonHas (moreHuuan [enbronpana) sHepruu; noreHuuan ['mb6ca m sHTANBNNS,
O0JIbIION TEPMOJUHAMUYECKUNA TOTEHIIHAIL.

21. KOoHKYpEeHTHBIH U KOOTIEpaTUBHBIN MEXaHU3MbI B3aUMOJICHCTBHUS TIpUMECel. DHepTrHs
CMEILIEHUS.

22. B3auMmopeiicTBue TpuUMecel IBYX COPTOB ¢ TpaHmied Oukpucramia. KuHernka
cerperauuy npuMecei B NoJuKpucTaiiax. YpasHeHnsa Puka u npuniuun OH3arepa.

23. DHeprusi TpaHMIl paszzena. J{MCIOKalMoHHas MOJETh MaJOyIJIOBBIX TPAHHIl U €
sHeprus. [ToBepXxHOCTHas 3HEprusi TpaHUIl pas3jena — NepBoe U BTOpoe OOPHOBCKOE
NpUOMDKEHUS;  MaJIeJIyHIOBCKasi ~ COCTaBIISIOIIAsl  MOBEPXHOCTHOM  HHEpPrHM.
CTpyKTypHBII 1 aTOMHBIN (PaKTOPBI — BHYTPEHHUN CTPYKTYPHBIN (akTop.

24. Dnurakcus. Mogaenu ®@panka u Ban gep Mepse.



9

25. Jlokanu3oBaHHBIE COCTOSIHUSI Ha TpaHUIax pasfaena. [loBepxHocTHBIE BOIHBI Pernes.
TaMMOBCKHE TOBEPXHOCTHBIE YPOBHH.

26. IloBepXHOCTHBIE COCTOSIHUSL Ha MEK3epeHHBIX rpaHunax (mozaens Kponura — [lennu,
MOTEHIMal MaThe): - «4epTOBa» JIECTHHIIA.

27. IloBepXHOCTHBIE BOJIHBI Ha MEKKPHUCTAJUIUTHBIX TPaHUIIAX.

28. Cerperauusi: pacrmagHble SIBICHHS W SIBICHHUS YIOPSIOYCHHS Ha uHTepdeiicax.
dopmMupoBaHUE OCTPOBKOBOM CTPYKTYPBI HAa IOBEPXHOCTAX UHTEpdeiica.

29. CriuHO1a)Th ¥ OMHOJAT.

30. TemneparypHble ¥  KOHLIEHTPALIMOHHBIA  3aBHUCHUMOCTH  CBOOOJHOW  HSHEPruu
I'ensMronpana.

31. HeynopsimoueHHble CHUCTEMbI, IUCKIMHAIMKM B HEYHNOPSAJOYEHHBIX MaTepHaliax;
IpaHUIIBI 3€peH, 36PHOrPAaHIYHBIC CETPEraluy ¥ METOIbl MX UCCIIEIOBaHHH.

32. Hanoxkmnactepsl 1 HAHOKJIACTEPHBIE CUCTEMBI; paKkTalibHble cucTeMbl. DyrepeHsl u
HAaHOTPYOKH.

33. Pazmepubie 23 (PeKThl B HAHOKPUCTALTNYSCKUX MaTEepHaIax.

7.2.  Tewmbl nHCbMEHHBIX PaboT (THIIBI 3a/a4)
— MeToabI OJTy9eHHUsT STUTAKCUATBHBIX TICHOK
— MeToasI UcCIIeIOBaHMS TOHKUX IUICHOK

— OmnpeneneHue CONPOTUBICHUS, yneiabHOro conpotuBienus u TKC ¢ yuerom
rapameTpa 3epKajJibHOCTH

— OnpeﬂeneHI/Ie ONTUYECKUX CBONCTB INIEHOK

— Onmnpenenenne kodpdunmenta AuPdy3un U >HEprud akTuBauuu Iuddy3uu mnpu
MaKpOCKOITMYECKOM OIMCAHHUS SBJICHUHN TIEPEHOCa 0 Pe3yIbTaTaM dKCIIEPHUMEHTOB.

— Omnpenenenne mnapaMeTpoB 1uddy3ur B TBEPAbIX pacTBOpax 1Mo IPPeKTy
Kupxkenpana.

— Omnpenenenue napamMeTpoB TepMoaupy3un u JIeKTporepeHoca

7.3.  OO6pa3er copepkaHus K3aMEHAIMOHHOTO OHJIeTa
JloHenKnii rocyjapCTBEHHBIN YHUBEPCUTET
du3uKo-TeXHUUECKUI (PaKkynbTeT
Kadenpa Teopernueckoii PU3MKN 1 HAHOTEXHOJIOTHI

[Tporpamma Beicuiero oopazoBanusi  IIporpamma G6akanaBpuata

Hanpasnenue noarotoBku 28.03.03 Hanomarepuasl

[Tpoduns moATOTOBKH Hanomarepuanst

®dopma o0yueHHs Ounas

Cemectp [TsTeIit

Jucuumnimna SIBneHust mepeHoca B KpHUCTaIaX U

TOHKHX TUICHKaX
DK3amMeHannoHHbIA orter Ne 1
1. Meronbl uccie0BaHUs TICHOK.
2. Pa3zmepusbie 3¢ deKTHI.

3. JludnekTpudyecKre CBOMCTBA TOHKUX IJICHOK

YTBepkJIeHO Ha 3aceJaHuU Kadeapbl TEOPETHUECKON (PU3UKK ¥ HAHOTEXHOJIOTHi, mpoToKo No
oT 202 .
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3aBenyromuii kadeapoit

DK3aMeHaTop

B cimyuae BeneHus ydeOHOTO Tpoliecca ¢ MCIOJIb30BAaHHEM 3JICKTPOHHOTO OOyYCHHS U
JUCTAHIIMOHHBIX 06p330BaTeHBHBIX TCXHOHOFHﬁ, COACPIKAaHUC omera MOXKET OTINYATLCS OT
NPUBEICHHOTO.

8. PACIIPEAEJIEHME BAJIJIOB, KOTOPLIE ITOJIVHAIOT OBYUAIOINECA

OO6masi olleHKa 3HAHWKA OOYYAIOIIUXCS MO JAUCHHMIUIMHE MpoBoautTcs mo 100-6amibHo#
IIKAJIE€ HMCXOJs M3 MaKCUMyMa, MPHUBEACHHOrO B Tabimie Huxke. OpraHu3alioHHO-ydeOHas
paboTa B ayAUTOpPUHU OIICHMBACTCS HAa OCHOBE TAKWUX KPUTEPHEB KaK IOCEHIAEMOCTh 3aHATHH,
CBOEBPEMEHHOE M KauECTBEHHOE BBIMIOJIHEHUE JOMAIIHUX 3aJaHUM, aKTUBHOCTH BO BpeMs
MIPOBEICHUS JICKITMOHHBIX M TPAKTUYECKHX 3aHATHHA (ydacThe B OOCYKIEHHHM TEKYIIEero W
MIPOMICHHOT'O MaTepuaa, pereHue 3aaad 1 T.11.).

8.1. Cemectp 5

Howmepa paszzaenos Buast padot Maxcnmaibioe
KOJIMYECTBO 0aJlsIoB
OpranuzannoHHo-y4eOHas paboTa B ayJUTOPUHI 20
CamocTrosTenpHas padora 10
1-2 [TpakTudeckue padbOTHI 20
KonTponbHas paboTa 1Mo TeopeTHIecKOMY 10
MaTepuainy
NTOI'O 60
DK3aMeH 40
OO01muii UTOT 3a CEMECTp 100

CooTBeTcTBHE 0AJLIOB OIIEHKE

Kon4ecTBo GalIon O1teHKa 110 IITHOAJUILHOM IIKaJIe
s 100 ECTS | Dxkzamen, nudpdepeHunpoBaHHbIN 3auer
3a4eT

90-100 A OTJINYHO 3a4TEHO
80-89 B XOpOIIO 3a4TEHO
75-79 C 3a4TEHO
70-74 D VIIOBJICTBOPUTEIILHO 3aTCHO
60-69 E 3a4TEHO
3559 FX HEYJIOBJICTBOPUTEIHHO HE 3a9TCHO
0-34 F HE 3a4TEHO

9. OBECIIEYEHUME OBPA3OBATEJIBHOI'O ITPOLIECCA JJIA JINL C
OI'PAHMYEHHBLIMU BO3MOXHOCTAMU 310POBbBA 1 MTHBAJIMJIOB

B xoze peanu3anuyu QUCIUILTAHBI HCIIOIB3YIOTCS CIICTYIOIINE TOTIOTHUTEILHBIC METOIBI
00y4deHHs1, TEKYIIEro KOHTPOJSl YCIIEBAEMOCTH M MPOMEKYTOYHON aTTeCTalli 00YyJaroInuXCs B
3aBUCUMOCTH OT WX UHAUBUAYATbHBIX OCOOCHHOCTEH:

1) JUTSL CIIETBIX U CIIA0O0BUISIINX

- JeKIuu  OQOPMIISIIOTCS B BUJE DJEKTPOHHOTO JIOKYMEHTa, JOCTYIHOTO C
MOMOIIHI0 KOMIIBIOTEPA CO CIEUATU3UPOBAHHBIM MTPOTPAMMHBIM 00€CTIeUeHUEM;
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— JUIs  BBIMOJHEHHWsS]  3aJaHusi NpU  HEOOXOAMMOCTH  IPEAOCTaBISIETCS
YBEIMYMBAIOIIEE YCTPOWCTBO; BO3MOXKHO TAK)KE UCIIOJIb30BAHUE COOCTBEHHBIX YBEINYHBAIOIINX
YCTPOMCTB;

— MMCbMEHHBIC 33JIaHusT ODOPMIISIOTCS YBEIIMYCHHBIM HIPUDTOM.

2) JUTS TIIYXUX U CJIA00CIIBITIAIINX

— JEKIH OOPMIISIOTCS B BUJIE SJIEKTPOHHOTO JOKYMEHTA;

— MMCbMEHHBIE 3aJIJaHUS BHIIOIHIIOTCS HA KOMITBIOTEPE B MUCbMEHHOM (opMe;

— 9K3aMEH TPOBOJUTCS B MHCHBMEHHOM (OpMEe Ha KOMIBIOTEPE; BO3MOXKHO
npoBeJieHre B popMe TeCTUPOBAHUS.

3) JUISL JIAL C HapYIIEHUSIMHA OTIOPHO-/IBUTATEILHOTO anapara:

— neKkuuu oQOpMIISIOTCA B BHJIE O3JEKTPOHHOTO JOKYMEHTa, JOCTYIHOTO C
MOMOIIBIO0 KOMITBIOTEPA CO CHEIMATH3UPOBAHHBIM IPOTPAMMHBIM 00€CTIEUCHHEM;

— MMCbMEHHBIE 33aJIJaHUS BBIIOJIHSIOTCS Ha KOMIIBIOTEPE;

- 9K3aMeH U 3a4€T MPOBOIATCSA B YCTHOU (pOpME MM BBIMOTHSIOTCS B MMCHMEHHOM
dbopMe Ha KOMITbIOTEDE.

[Ipn HEOOXOIMMOCTH TPEIyCMATPUBACTCS YBEIHMYCHHWE BPEMEHH JJI TOJTOTOBKH
OTBeTA.

[Iponienmypa  mpoBeACHHST  NMPOMEXKYTOYHOM  aTTecTallMk I OOYdYaroOUIMXCs
YCTaHABIMBAaETCS € YYETOM UX UHAMBUAYAIbHBIX TMCUXO(PHU3UYECKHMX OCOOEHHOCTEH.
[TpomexyTouHas aTTecTalust MOXKET IPOBOJUTHCS B HECKOJIBKO ITAIIOB.

[IpoBenenue mpoUeAypbl OLICHMBAHMUS PE3YJIbTaTOB OOYYEHHS] JIOMYCKAaeTcs C
UCTIOJIb30BaHUEM JUCTAHIIMOHHBIX 00pPa30BaTEIbHBIX TEXHOIOTHH.

ObecrnieunBaeTcst 1OCTyN K MHPOPMAIIMOHHBIM U OubnuorpaduyeckuM pecypcam B CETH
WuTepHeT s Kaxkaoro oOydaromierocst B Qgopmax, aJanTUPOBAHHBIX K OTPAHHYCHUSAM HX
3JI0POBBS U BOCTIPUATHS HHPOPMAIUH:

1) JUTSL CJICTIBIX U CITA0OBUIAIINX

— B [I€YAaTHOHN (popMe YBETUUECHHBIM HIPHUPTOM;

— B (hOpMe DIEKTPOHHOTO TOKYMEHTA;

2) JUIS TIIYXUX ¥ cTaOOCTBIIIAIUX

— B Ie4aTHOM dopme;

— B (hopMe ANEKTPOHHOTO JOKYMEHTA.

3) IUIsE 00YYarOIIUXCS C HAPYIICHUSIMH OTIOPHO-/IBUTATEIBHOTO arapara:

— B IIEUaTHOH opme;

— B (hopMe IIEKTPOHHOTO JJOKYMEHTA.

10. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE YUEBHOI'O [TPOLECCA

VYuebuble 3aHATHS mnpoBoaircs B 4 yueOHoMm kopmyce Jlonl'Y (r. [lonenk, mp.
Tearpanbubii, 13). [Insg mnpoBeaeHHs NPAKTUYECKUX 3aHATUN Tpedyercs ayauTopus,
00opyJIOBaHHAs MENOBOM WM MapKEepHOH JOCKOW, MYJIbTUMEAMUHBIA MPOEKTOpP M IKpaH,
HOYTOYK, KOMIUIEKT y4eOHON MeOenu /i CTYICHTOB, paboyee MECTO MPENOoIaBaTelis, BEIXO/ B
WHTEepHEeT — MPOBOAHOM WU ¢ HcTob3oBaHHeM Wi-Fi.

Jlis caMoCTOSITENIbHOM paboThl HCIIOJIB3YIOTCS TEKCTOBBIE U AJIEKTPOHHBIE PECYpCHI
HayuHoii OMOIMOTEKM YHMBEpCUTETa W JPYTUX DJICKTPOHHBIX OHONIMOTEYHBIX 0a3 NaHHBIX,
ydeOHO-MeToIMuecKoe olecreueHre, MPeCTaBIeHHOE B Y4eOHO-METOJAMYECKOM KaOWHeTe
Kaeapel TEOPETUYECKON (PU3UKU U HAHOTEXHOJOTHH (aya.256).

OOyuvaromuecs HMMEIOT BO3MOXXHOCTh HCIIOJIb30BAaTh  y4eOHble MaTepuaibl IO
JTUCLUIUIMHE, pa3MelieHHble Ha miardgopme Moodle IlenTpa aucTaHIMOHHOTO 00pa3oBaHMA
OI'BOY BO «lonI'Y». Ilpu n3ydeHUH IUCHUIUIMHBI IPUMEHSIOTCS 3JIEKTPOHHOE O00y4YeHHE U
JMCTAaHIIMOHHBIE 00pa30BaTeIbHbIC TEXHOIOTHH.
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C  wucnomp3oBaHHMEM  pecypcoB  MmiIaTGopMbl  JUCTAHIMOHHOTO  00pa3oBaHUS
OCYIIECTBIISICTCA TEKYIIWA KOHTPOJIb 3HAHUM OOyYaroUIMXCsi Ha OCHOBE TECTUPOBAHUS U
MIPOBEPKHU PE3yIbTATOB CAMOCTOSTENIbHOI paOOTHI.

11.  PEKOMEHAYEMAA JIMTEPATYPA

11.1. OcHoBHas quTepaTypa

1. TepexoB C. B. ®usuka HaHO0OBEKTOB: [yuebHoe mocobue] / C. B. Tepexosn, B. H.
Baproxun; 'OV BIIO «/louHY» - Honeuk: JonHY, 2013. — 418 c.

2. I'yceB A. U. Hanomarepuasbl, HAHOCTPYKTYpbl, HaHOTexHONoruu / A. W. I'yceB. —
H3n. 2-e. — Mocksa: ®uzmaraur, 2009. — 414 c.

3. HanorexHomoruu u cnernuaibHble MaTepHalibl: y4e0. mocodue s CTYICHTOB BY30B,
obOyyJaronuxcst mo HanpasiaeHuto moArotoBku 140140 — TexH. ¢uzuka / FO. I1. Connnes, E. U.
[Mpsixun, C. A. Bonorkanuna, A. I1. Iletkosa; mox pexn. FO. I1. Comnnesa. — Cankr-IlerepOypr:
Xumuzgat, 2009. — 334, [1] c.

4. Hanorexnonoruu: a3dyka mis Bcex / H. C. Abpamuyk, C. M. ABgomenko, A. H.
bapanos u ap.; noxg pexn. YO. JI. TperbsikoBa. — 2-¢ uza. — Mocksa: ®usmatiut, 2009. — 365 c.

11.2. JlomonHUTENbHAS JIUTEPATYpa
1. Tepexor C. B. Bapuanuonnsie npuHIHIG Kiaccuaeckoit mexanuku / C. B. Tepexos,
B. H. Baproxun, A. I'. Ilerpenko; I'OY BIIO "JloHeukuii HauuMoOHaJIbHBIA YHHUBEPCHUTET',
Ousuko-Texuuueckuit Qakynprer, Kadeapa teopernmueckol (GHU3MKH W HAHOTEXHOJIOTHH. —
Honenxk: 'OY BIIO "IouHVY", 2018. — 52 c.
2. I'onosun 10. U. Beenenue B HaHOTeXHUKY. — M.: MammuHocTpoenue, 2007. — 493 c.

12. NHOOPMAIMOHHBIE PECYPCBI

1. HauuonanbHast 3JIEKTPOHHAas OndmMoTexka (H3Bb): dbenepanbHas
rocyiapctBeHHass uH@popMmaimonHas cucrema / MunucrepctBo Kynbrypel P®; Poccwuiickas
rocynapcTBeHHas oubnmuoreka. — MockBa, 2019- . — URL: https://rusneb.ru/ (mata oOpamieHus:
01.09.2023). — PexumM jmoctyma: cBOOOIHBIH, moanmucka. HeoOxoauma ycTaHOBKA MTPOTPaMMHOTO
oOecrieyeHus. — TeKCT: AJIEKTPOHHBIH.

2. eLIBRARY.RU: nayunas snextpoHHas Oubnuoreka: caiit. — Mocksa, 2000- . —
URL: https://elibrary.ru (mata oOpamenus: 01.09.2023). — Pexxum noctyma: s aBTOPH3OB.
MIOJIB30BaTENe. —TEeKCT: dJIEKTPOHHBIMN.

3. Hayunas snextponHas Oubnunoreka «KuOepJlenmnkay»: caiit / Acconuanus
«OTtkpeiTast Hayka». — MockBa, 2014- . — URL: https://cyberleninka.ru/. — Pexum mocryma:
cBOOOHBIN. — TeKCT: NMEeKTPOHHBIH.

4, DNeKTpOHHO-OUOIMOTeUHAS cucremMa «Jlanby»: [caiT]. — URL:

https://e.lanbook.com (mata oOpamenus: 01.09.2023). — Pexxum jgoctyma: JUisi aBTOPU30B.
MOJIb30BaTeNe. — TEeKCT: JEKTPOHHBIMN.

5. IBC IOpaiit: snexTpoHHas 6ubnuoTeyHas cucrema: caiT. — Mocksa, 2013. —
URL.: https://biblio-online.ru (mata oopamenwus: 01.09.2023). — Pesxxum goctyma: st aBTOPU30B.
nosib3oBaTenen. — TeKeT: JIeKTPOHHBIIM.

6. Dy1eKTPOHHO-0ubnoTeuHas cucrema Jloul'Y: caiit / ®I'BOY BO «lonl'V». —
Honenk, 2016- . — URL: http://library.donnu.ru/ (mara oOpamenus: 01.09.2023). — Pexum
nocTyna: cBOOOIHBIN. — TeKCT: AMeKTPOHHBIM.

7. JJekTpoHHbI katajsor Hayunoit 6uGmuoreku [lonl'Y: pasnen caiira / Hb
Joul'Y. — Tekcr: anexrponnsiit // DBC Joul'Y: caiit. — URL: http://library.donnu.ru/catalog/
(mata oOpamenus: 01.09.2023). — Pexum goctyma: MOUCK CBOOOJHBIN, AIIEKTPOHHBIE
JIOKYMEHTBI — 11 nonb3oBareneit Joul'y.
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8. Ouexktponnblii apxuB [doul'Y: pazgen caiitta / Hb Jounl'Y. — Tekcr:
anektponubii // OBC [oul'Y: caiit. — URL: http://repo.donnu.ru/ (mata oOpamieHus:
01.09.2023). — Pexxum q0CTyIa: CBOOOIHBIIA.

13. IIPOTPAMMHOE OBECIIEYEHHME

1. Windows 7 PRO (kopnoparusnast nunien3us Joal'Y Ne 46484614)

2. Microsoft Office (kopmopatuBHas junensus o'y Ne 46472919)

3. Microsoft Visual Studio (sunensust nporpammsl Dream Spark 1st BBICIINX Y4eOHBIX
3aBECHUI)

4. AwntuBupyc Kacnepckoro, Adobe Acrobat Reader, xPDF (nuuensuu GPL, Apache,
BSD 151 ¢cBOGOHOTO MPOTPAMMHOTO 00CSCTICUCHHMS ).
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