MUHHCTEPCTBO HAVKU U BBICIIIEI'O OEPA3OBAHUS POCCUMCKOU ®EJIEPAIINA
(enepanbHOE TOCYAAPCTBEHHOE OIOKETHOE 00pa30BaTENbHOE YUPEXKICHUE
BBICIIIETO 00pa30BaHUs
«TonpATTMHCKUM TOCYAAPCTBEHHBIN YHUBEPCUTET

PT.01

(unoexc oucyuniuHbl)

PABOYASA TIPOT'PAMMA JUCHUITJIMHBI

CprKTypa M CBOMCTBA METaJJIMYECKUX KJIIaCTCpOB, HAHO- U MI/IKp006’beKTOB

(Haumenosanue OUCYUNIUHbL)

10 HAIMPaBJICHUIO MOATOTOBKH
22.06.01 TexHosmoruu MaTepragoB

HaNpaBJIeHHOCTH (MTPO(UIIb)
MeramioBeneHne u TepMudecKas 00paboTKa METaIOB U CIIJIABOB

®dopma 00ydeHHs: OUHAs
I'ox Habopa: 2021
Oo6mas TpynoemMkocTh: 8 3E

Pacnpeue.ﬂeﬂue aC0B JUCHUIIMHBI IO CEMECTPpaM

Kypc 4
dopMa KOHTPOJIA | DK3aMeH Hroro
Buja 3ansruid
Jlexuu 8 8
JlaboparopHsbie 16 16
ITpakTnueckue 16 16

PykoBoactro: PI'P
IIpomexxyTouHas arrecraius

KoHnraktHas pabota 40 40
CamocTosTenpHas padora 212 212
KoHTpoan 36 35,65

HUroro 288 288




Pabouyro nporpamMmy coctaBuii(u):
Houent xadhenpsr HMuM, x.1.H. TroppkoB M.H.

(Oondrcrocms, yueroe 36anue, cmenetv, Pamunusn U.0.)

(OomdicHocmo, yueHoe 36anue, cmenensb, Qamunus 1.0.)

PenenzupoBanue paboueii mporpaMMbl TUCHUTUIMHBL:

X OtcyTcTBYET

Penienzent

(OomdicHocmo, yueHoe 36anue, cmenensb, Qamunus 1.0.)

Pabouas mporpamma AMCHUIUIMHBI cocTaBieHa Ha ocHoBaHun PI'OC BO u yuebHOro
11aHa HanpasiieHus: noarotoBku 22.06.01 Texnonoruu marepuanos

Cpok aeiicTBus padoueii nporpaMmmbl aucuuuinnabl 10 01.10.2025 r.r.

YTBEPXIEHO

Ha 3acemanuu xadenps
HanorexHonoruu, MarepuanoBeIeHHE U MEXaHHUKa

(mpotokon 3acemnanust Ne 1 ot «31» aBrycra 2020 r.).



1. Ilean ocBOEHHNA TUCHUILIHHDBI

Ilenp — 3HAKOMCTBO C OCHOBAMH TEXHOJIOTHUECKOTO IOAXO0Ja «CHHU3Y-BBEPX» LIS
MOJTy4YCHHUsI HAHOOOBEKTOB, HAHOCHCTEM M HAHOMATEPUAIOB U3 KiacTepoB. M3yunTh MEXaHU3MbI
pocra, 0COOEHHOCTH CTPOSHUS U CBOMCTBA HAHOOOHEKTOB.

3amaun:
1. JlaTh KIaccH(pUKAIUIO KIACTEPOB, HAHOOOBEKTOB M HAHOCHCTEM.
2. O3HaKOMUTH C MOJICIISIMUA CTPOSHUS KIaCTEPOB.
3. O3HAaKOMHTH C TEXHOJIOTHECH MOJIYICHUS U MEXaHU3MaMHU POCTa HAHOOOBEKTOB U3 KJIACTEPOB.
4. Tlokazatb OCOOCHHOCTH CTPYKTYPBl M CBONCTB HAaHOOOBEKTOB M HAHOCHCTEM Ha OCHOBE
MeTaJla.
5. O3HaKOMUTH C TEXHOJOTHEW IOJIy4YCHHs] MEXaHH3MaMH pOCTa, OCOOCHHOCTSIMH CTPOCHHS
METAJUIMYECKUX HAHOOOBEKTOB M HAHOMATCPHAJIOB, MOJYYCHBIX W3 KJIACTEPOB, HMMEIOIIMX
JEKAdPUUECKOE HITH MKOCAIIPUUECKOE PACTIONOKEHUE aTOMOB.

2. Mecto nucuuminnsl (yuedHoro kypca) B crpykrype OIIOII BO

JIUCUUIIIMHBL ¥ MPAKTUKHA, Ha OCBOCHUU KOTOPHIX Oa3upyercs aHHas JAUCIUIUIMHA:
«MarepuanoBeieHuE U TEXHOJIOTUH COBPEMEHHBIX U MIEPCIIEKTUBHBIX MaTepuaioBy, «MeToabl u
TEXHOJIOTHH MOJIYYCHHSI HAHOMaTepuaioBy, «OU3KnKa KOHICHCUPOBAHHOTO COCTOSTHUSY, « Teopust
ne(EKTOB KPUCTAIUTHUCCKON PEIICTKI.

Z[I/ICI_[I/IHJ'II/IHLI U IIPAKTHUKU, JJI KOTOPBIX OCBOCHUEC JIAaHHOM IUCIUILIMHBI HGO6XOI[I/IMO KakK
MpEeaAMICCTBYIOMICC: HAYIYHO-NUCCICAOBATCIIbCKAA pa60Ta.



3. [InanupyemMble pe3yJbTaThl 00y4YeHHs

dopmupyemMbie U

I/IH)II/IKaTOPLI JOCTHIKCHUSA

KOHTPOJINpYyeMble KOMIIeTeHI Ui
IInanupyemsble pe3yJibTaThl
KOMIIeTeHIIUH (K01 1 HAMEHOBAHUE)
00y4eHust
(komx u

HaNMEHOBAHHE)
- CHOCOOHOCTBIO 3HaTh:
BBIOMPATH MexaHu3Mbl B3aUMOJCHCTBUAS MHUKpPO-

npuOOpPBI, TaTYUKU
u  obopynoBaHue
sl TIPOBENICHUS
JKCIIEPUMEHTOB U
perucTpauuu  Ux

U HaHO- CTPYKTYpPBl C OKpYXKarollen

cpelol, TOMSIMH , 4YacTHUIAMH H
U3JIY9CHUSAMU
YMeTs:

pe3yIbTaTOB Onpenenary BIUSHAEC MaCHITA0HOTO
(OIIK-10) (dakTOopa Ha XOA OJKCIEpUMEHTa W
PETUCTPAIHIO PE3YIHTATOB
Bianers:
HaBbikamMmu  OLIEHKM  MacuITabHOro
(bakTopa MUKPO- U HAHO- CTPYKTYP
- YMEHHUE Ha 3HaTh:
Hay4HOH OCHOBE COBPEMEHHBIE IIPEACTABIICHUS 0
ycTaHaBJINBATD BIMSHUU MUKPO- ¥ HAHO-CTPYKTYpPbI Ha
KOJITHCCTBEHHYIO 1 CBOMCTBa MaTepUasos, ux
KayeCTBEHHYIO . .
T — BSaI/IM?I[eI/ICTBI/II/I C  OKpyXaromen
XHMHYECKOTO 1 Cpelmoil, TmomsMH , YacTULIAMU U
(hazoBoro cocrana, A3ITyYEeHUSIMU
KPUCTAIUTMYECKOU YMers:
CTPYKTYPBI, UCITOJIb30BATh Ha MPaKTHKE
CTPYKTYpHOTO COBPEMEHHbIE  TPEACTaBICHUS O
COCTOSIHUS
o —— BHI/I?HI/II/I MUKPO- U HAHO-CTPYKTYpHI Ha
MEXAHIUCCKIMI, - CBOICTBA MaTepuasos, ux
XUMHUYECKUMHU U B3anMOJCUCTBUHU C OKpYyZKaromeu
JIPYTHMH Cpeno, TOJIsIMH , YacTUIAMH |
CBOMCTBaMHU M3Ty4eHHAMH
METaJUIOB U Bmaners:
crutaBos (ITK-1)
CIIOCOOHOCTBIO  HCIIOJIb30BaTh  Ha
MIPAKTUKE COBpPEMEHHbIE
MPEJICTABICHUS] O BIHUSHUU MUKPO-U
HAHO-CTPYKTYPbI Ha CBOHCTBa

MaTepuaioB, HMX B3aUMOJEHCTBUU C
OKpYXKaroleun cpenoi,

JacThuaMu U U3JIY4YCHUAMU

MOJISIMH,




4. CTpyKTYpa M cojiepKaHue IUCHUIINHbI

DopMBbI TEKYLLET0

. N KOHTPOJIs
Monayab Bun yueonoii HaumenoBanue TeM 3aHATHIA
(pasnen) patoTHI (yaeOmoi pa6oTs) Kyoc |O0bem, 4. bannbl | UHTepakTHB, 4. | (HaMMeHOBaHHMe
OLICHOYHOI'0
cpeacTBa)
1. Cunre3 n Jlex MeToabl OJTy4eHUs U 4 2 Ilpoexm
knaccudukanus | Jlad KJIaCCU(UKALIMS HAHOKJIACTEPOB. 4 Paznoyposneguie
HaHOKJ1acTepoB u | I1p 4 - 3a0a4u U 3a0aHUsL
HaHOKJIacTepHbIX |Cp 40
CTPYKTYp
2. CBoiicTBa Jlex MonekyisspHbIe JTUraHHbIE KJIACTEPhI 4 2 Ilpoexm
n3onupoBaHHbIX | JIa0 B pacTBOpax. ['a30BbIe Oe3HUraHIHbIC 4 Paznoyposneguvie
HaHOKJacTepoB | IIp kiactepbl. Komonausle kiactepsl 4 - 3a0auu u 3a0aHUs.
Cp 60
3. Knactepueie | Jlek ®opMUpOBaHUE HAHOCTPYKTYD, 4 4 Ilpoexm
HaHOcucTeMbl U | JIa0 caMOOpraHu3alys HaHOKJIaCTEPOB. 8 Pasnoyposnegule
HaHOCTPYKTYpbl |IIp BHyTpukiactepHas aToMHas 8 - 3a0a4u u 3a0aHus.
Cp TUHaMUKa. MexXKIacTepHas 112
KonTpons nuHamuKa. CTpyKTypHBIE 36
ocobeHHocTH HaHocucTeM. CBolicTBa
HAHOKJIACTEPHBIX CUCTEM.
Hroro:; 288




5. O0pa3oBaTe/ibHbIE TEXHOJIOTHU

B Hacrosimem Kypce HCHOIb3yIOTCS CIIEAYIONe 00pa3oBaTelIbHbIC TEXHOIOTHU:

1. TexHnonmorust TpaIuIMOHHOTO 00y4YeHus (J1abopaTopHble pabOThI, MPAKTHUECKUE 3aHATHUS,
CaMOCTOSTEIIbHAs paboTa).

2. VlnTepakTUBHbBIE TEXHOJIOTUU (JICKIIUU-0eCce/Ibl)

6. Meronuyeckue yKa3aHus M0 OCBOECHHIO U CIUTIIHHbBI

[IpakTHyeckue 3aHATHS MPEICTABIAIOT COOOM BHJ y4YeOHBIX 3aHATHH, B X0l KOTOPBIX
CTYJEHTBI, 3aKPEIUISIIOT Ha MPAKTUKE ITOJYYEHHbIE TEOPETUYECKUE 3HaHUA. Tak jke mpenoaraercs
IpOBE/IEHUE TPOBEPOUYHOI1 paboThI B popme TecTa.

JIabopaTopHbIi MPaKTUKYM 3aKjIO4aeTcs B 3HAKOMCTBE C COBPEMEHHBIMH METOJUKaMU
MOJICJIMPOBAHMS HAHOPA3MEPHBIX 00BEKTOB HEAMIIUPUUECKUMH, MTOTYIMIMPUUYECKUMHU METOAAMHU U
METOJIaMHU MOJIEKYJIIPHOU TUHAMUKHU.

ITpu noaroToBke K 1a00PaTOPHBIM 3aHATHUSAM CTYJEHT JOJKEH:

- M3y4YUTh TCOPHUIO IO TeMe JabOpaTOpHON PaOOTHI, MCIOIB3YsI KOHCICKT JICKIMI W/WIn
PEKOMEHIYEMYIO TEXHUUECKYIO JIUTEepaTypy;

- 03HaKOMUTBCS C METOAMKON BBIIIOJHEHUS paOOTHI;

- 03HaKOMHTbCS C BOIPOCAMU Ui MPOPAOOTKU K J1a0opaTopHOil paboTe U ObITh TOTOBBIM
OTBETUTH HA HUX BO BpeMs coOece0BaHUs € IPENoAaBaTesieM 10 UTOTaM BBIIOJIHEHUS PabOThI.

JluaKTHYeCKue eMHULIBL, IPeAyCMOTpEeHHbIE paboueil MporpaMMoi Ha CaMOCTOSATENIbHYIO
npopabOTKy, HOJKHBI OBITh M3y4eHbl CTYAEHTaMH B XOJ€ CaMOCTOSATEIbHOM paboTHI.
CamocrosTtenbHas paboTa MPOBOAUTCS B COOTBETCTBUHU C YTBEPKACHHOM paboueill mporpammoii
JUCLUIUIMHBL C yYE€TOM BpEMEHH, NMPEAYyCMOTPEHHOIO0 Ha CaMOCTOSTENbHOE H3ydeHue. B xone
CaMOCTOSITENIbHOW pPabOThl KaXJbIH CTYIEHT 00s3aH NMPOYUTATH OCHOBHYIO M IO BO3MO>KHOCTH
JIOTIOTHUTEIIBHYIO JINTEPATYPY MO U3y4aeMOil TeMe, TONOJHUTh KOHCIIEKTHI JIEKIIUI HE0CTAOIINM
MaTepHajioM, BBIMMCKAMU M3 PEKOMEHI0BaHHbBIX NEPBOUCTOYHUKOB. KoHcniekTupoBanue Hanboiee
CIIOKHBIE JJI1 TIOHMMAaHUS TeMbl HEOOXOIMMO COYETaTh C TMOJYyYEHHUEM IHCbMEHHBIX, a IpH
BO3MO>XHOCTH, ¥ OYHBIX YCTHBIX KOHCYJIbTALIUH MTPETOgaBaTels.

[Ipy MoAroToBke K 3aHATHSAM, TEKYIIEMY KOHTPOJIO U NPOMEXKYTOYHOW aTTecTaluu
CTYAEHTBI MOT'YT BOCIOJIb30BaThCs AIEKTPOHHON 6ubnmmnorekoit BY3a, momyunts noctyn K yue6HO-
METOJMYECKMM MaTepuaiaMm Kak Ooubnuoreku BY3a, Tak M MHBIX AJIEKTPOHHBIX OMOIMOTEUHBIX
cucreM. [Ipu He0OXOAUMOCTH CTYJEHTHI MOTYT B3STh JIUTEpATypy Ha Kadeape wiu Ha aDOHEMEHTe
BY30BCKOI OMOJIMOTEKN B IIEUaTHOM BHJIE, 4 TAK)KE BOCIIOIb30BaTHCS UNTATIbHBIMU 3aJIaMH.



7. OueHOYHBIE CPEACTBA
7.1. I1aciopT OLIEHOYHBIX CPEICTB

Koxa koHTpO/IMpyemMoii KOoMIIeTeH UM HaumenoBanue

Kypc
(WJIM ee 4acTH) OLICHOYHOI'0 CPeACTBA

Ilpoexm

) Pasnoyposnesvie 3a0auu u 3adanus
4 OTIK-10 Tecmoeguvie 3a0anus Ne 1 — 320.
Bonpocul k sxzameny No [ — 50

Ilpoexm

4 K-1 Pasnoyposnesvie 3a0auu u 3a0anus
Tecmoeguvie 3a0anus Ne 1 — 320.
Bonpocul k sxzameny No [ — 50

7.2. TUnOBBIE 3aIaHUS HJIV WHBbIE MATEPHAJIBI, HEOOXOAUMBIE JIsl TEKYIIEro KOHTPOJIs
7.2.1. IIpoekT

Tema:
MopenupoBaHue KJIacTepoB U HAHOOOBEKTOB

3agaun:
- OBnanenue HaBbikamu MojenupoBanus B [IK HyperChem

Crpykrypa:

- OnTuUMU3aLKs CTPYKTYPHI KJIACTEPOB METOJIOM MOJIEKYJISIPHOM MEXaHUKH;
- [Tonyamnupryeckuil pacyer CTpyKTypbl MOJIEKYJIIPHBIX KJIACTEPOB;

- [TomysMnuprdYecKkuil pacyeT XapakTepUCTUK MOJIEKYIISIPHBIX KJIACTEPOB

NuauBuayajibHble 3a]aHUs:

- Terparap meau Cug;

- OxTarap meau Cus,

- lekasapudeckuii kiaactep cepedpa Agr,

- Ukocarapuueckuii knacrep cepedpa Agis;

- Joaekasapudeckuii kiaactep cepedpa Agoo;

- CepeOpsHbIil yceUeHbIH IeKa3IpuuecKuil kiactep Agis;
- Oymnepen Coo;

- Oymnepen Cos;

- Oymnepen C28;

- Mertamnokap6orenper TigCiz (cummerpus Th).

Kpurepun ouenku:

- OILIEHKA «3a4TE€HO» BBICTABIISIETCS CTYIEHTY, €CIIH

[TonHOCTBIO 3an0/IHEH OJIaHK OTYETA,

OKCIepUMEHTAJIBHBIE JAHHBIE COIJIACYIOTCS C TEOPETUUECKUMU;

ITo paGoTe chopMynrpoBaHbI TPaBUILHBIC BBIBOIBI;

JlaHbI TTOJTHBIE OTBETHI HA BOIPOCHI 1O 3amure JIP;

[IpuBenens! perienus 3a1a4 (€Civ UMEIOTCS B JaHHOU paboTe).

- OIICHKA «HE 3aYTEHOY» P HE BHIMOJIHEHUH JI000TO0 U3 MATH KPUTEPUEB OLICHKH "3a4TeHO"

asrLONE

7.2.2. KoMIJIEKT THNOBBIX Pa3HOYPOBHEBBIX 33124 A/ NPAKTHYECKHX 3aHATHIi



Tema Ne I «Kpumuueckue pazmepbl MAnblX 4acmuy»

3aoauu:
1.1.

1.2.

1.3.

1.4.

1.5.

Metonom ucnapeHus 1 KOHJIEHCALUU B aTMOC(epe HHEPTHOT'O ra3a NoJy4eHbl chepudeckue
HAHOYACTHIIBI cepedpa, uMerolue nuamerp 15 um. Onpenennre 70710 TOBEPXHOCTHOTO CIIOS
oT o0uiero o0beMa, TONIUHY HOBEPXHOCTHOTO CJIOSI IPUHATh PaBHOM YETBIPEM aTOMHBIM
MoHocnosM (t = 0.4 HM). OneHuTe NOrpEeHIHOCTh BBIYMCIEHUS IPU HMCIOJIb30BAaHUU
IPUOJIMKEHHOTO BBIPAXKEHUS.

Ornpenenure npeaesbHbIA pa3Mep, IPU KOTOPOM Malible YacTHIlbl 30J10Ta (&F 5.51 3B) Bce
eIl MPOSIBIIAIOT METANINYECKUE CBOMCTBA.

I'mpporenusanus stuneHa npu temneparype 520 K u naBnenun Bomopoma 1 atm c
MICIIOJIb30BaHUEM B Ka4eCTBE KaTanu3aropa iaTuHsl (e = 7.6 9B, d = 0.4 HM) ocaxxaeHHOM
Ha SiO; wmm AlO3 wumer 0COOEHHO MHTCHCHBHO, KOIJIa PAcCTOSHHE MEXKIY
HHEPreTUUECKUMHU YPOBHSIMHU CTaHOBUTCS Ooublie 2 9B. OueHnuTe pa3Mep 4acTUll IUIaTUHBI.
B peakuuu rugpupoBaHus OeH30jla C HCHOJb30BAHMEM B KauyecTBE KaTajau3aTopa
MOJIyUEHHBIX Pa3JI0KEHUEM METaUIOOPTaHUYECKUX KOMILJIEKCOB HAHOYACTHUI[ HMKENS Ha
noaoxke SiOz ¢ yMeHbILICHHEM pa3Mepa METAJUTHUECKUAX YaCTHI] HAOII0IaeTCs YBEITNYCHHE
YACIBbHONW KaTaIUTHUYECKOM aKTUBHOCTH, T.€. AKTMBHOCTM OTHECEHHOW K OJHOM
noBepxHocTHOMYy aromy Metaiuia. [Ipu temnepartype 373 K u naBnenus 6enzona CeHe u
Bogopoaa Hz coorBerceenno 6700 u 46700 Ila pe3kuit pocT yaenbHOM KaTaJIMTHYECKOU
AKTUBHOCTH HAHOYACTHUI] HUKeNsd B 3-4 paza NPOMCXOJUT KOTJa OTHOLICHHE YHCIIa
MIOBEPXHOCTHBIX aTOMOB K 00ILIeMy YHCIy aToMOB Oym3ko K 1. OueHuTe pasmepbl TaKuX
HaHOYACTHI] HUKEJIS.

Metonom Ta30(a3HOT0 CHHTE3a MOJTYYeH MEIHBI HAHOKPUCTALIMYECKUH TMOPOIIOK,
IpUYeM CpEeIHUN reoMeTpuYecKuil auamerp udactull 35 HM. Pacrpenenenue vactuil mo
pa3Mepam sBISeTCS JIorapu(pMUUYECKH HOpMaibHBIM ¢ aucnepcueit 1.5. Omnpenenure 1)
HOPMHPOBOYHBIN KO3 (DULKMEHT pacnpenencHus; 2) Hanbosee BEeposITHBII pa3Mep yacTtu: 3)
CpenHuM pa3Mmep dacTull; 4) cpelHEeKBaJIpaTHUHBIM pa3Mep YacTHIl; 5) A0 YacTHUIl
pazmepoB 20-40 uM; 6) mocTpoiite rpaduk pacrnpeaeneHus B koopauHarax d u Ind.

Tema Ne 2 «Temnepamypa niasneHuss Manivlx 4acmuyy

3aoauu:

2.1.

2.2.

2.3.

Paccuuraiite oO1iee YnCiI0 aTOMOB MKOCA3APUUYECKOT0 KiacTepa, cojepkamero N aToMHbIX
cioeB. PacueTsl npuBeauTe A MEPBBIX 5 CIOEB.
[TocTpoiiTe KpuBYIO W3MEHEHHS TEMIIEpaTypbl IUIABJICHHS OJIOBa OT pasMepa s
P =71810°%  ; -69810°" 5 -0582
CIEAYIOLUX  IapaMeTpPOB: M M M,
oy = 0.0622E Q= 58.5KZ[—>K T —505
M Kt 0=32 gy, 'melt = K.
[TocTpoiiTe rpaguKky 3aBUCHMOCTH TeMIEepaTyp IUIaBJICHUS HAHOYACTHI] ATIOMUHUS, ME/IH,
HUKEJS ¥ TUTaHa OT X 00paTHOTO paanyca. [To ko duimenTy o onpenennre Uit Kaxaoro
MeTajuia, Kakas ¢popMmyna A 3Toro Haubonee npuemiema. Bece HeoOXoquMble mapaMeTphl
MpUBE/IEHBI B TaONIHULIE.

Tmelt Q, Os, Ps 1075, Os, pI 1075, o 1010,
Merasn K ' JIx-Momp Tk M2 MOJIb*M Tk M2 MOJIb "M M
Al 934 [10700 1.032 0.926 0.865 0.894 4.43
Cu 1358 |13050 1.592 1.320 1.310 1.250 4.07
Ni 1728 (17470 2.104 1.400 1.750 1.350 3.82
Ti 1943 {14150 1.797 0.910 1.500 0.868 5.80




20
u(p+Ap+—,T +AT)
2.4. Paznoxute B pan Teiinopa XMMUYECKUH MOTEHIMAT BUAA r
OTPaHUYUBIIUCH TIepBbIMU (1, 2 1 3) MaJIbIMU ClTaraeMbIMHU.

Tema Ne 3 «llapamemp pewiemku manvix yacmuyy

3aoauu:
3.1. [Tonarasi, 9T0 YMEHBIIICHNUE MTAPAMETPOB PEIICTKH HAHOYACTHI] cepedpa U 30J10Ta SBISCTCS

Aa
—=1f()
CJICZICTBAEM M30BITOYHOTO JaBiieHus Jlarmiaca onpenenuTe 3aBUCUMOCTb .
3.2. Onpenenuthb, UCIIONB3Yys ypaBHeHHE TomcoHa-I'n00ca, naBiaeHHe HACHIIIEHHOTO Mapa HaJ
JKUJIKOM Karuien (30510Ta U cepedpa) umeroien paamnyc I.
3.3. OTkIIOHEHHE TmMapaMeTpa pEeUIeTKH HAHOKPUCTAIUIMYECKOrO AallfOMHHHUS, OMpeIeseTcs
M30BITOYHBIM OOBEMOM TIpaHULl 3€pEH, CPEAHEW UIMPUHON TIpaHMIl 3€peH U CPEIHUM

2 _t(d)
nuamerpom 3epe. [locTpoiite 3aBUCUMOCTE 0

3.4. OueHuTe TOMIMIMHY TOHKOTO CIIOSI BOJIM3HM TPAHUIIBI 3€pHA, B KOTOPOM MOYET HAOIIOAAThCS
pacuIMpeHre KpUCTATNIECKON PEIIETKH.

Tema Ne 4 «Ypasnenue LlIpéounzepay

3aoauu:
4.1. PaccmotpuTe cCBOOOAHOE OJJHOMEPHOE IBM)KCHHE YACTHUIIBI, T.€. YACTHUIIA HAXOJUTCS B MOJIE
C IOCTOSIHHBIM MTOTEHIIMAIIOM U €€ OTEHI[MaIbHAas SHEPTUsl paBHA HYJIIO.
4.2. PaccMOTpUTE IBIYKEHUE YACTHIIHI B SIME C OECKOHEYHO BBICOKUMU CTCHKAMH.
4.3. PaccMOTpUTE OJHOMEPHOE [BIKEHHE YaCTHUIBI MO OCH X TOJ BO3JEHCTBHEM YIPYrou

BO3BPAIIAIOIIEN CUIIBI F =—kx , Te K — cusoBast nocrosiHHast. Takast ccTeMa Ha3bIBaeTCsI
JMHEHHBIM TAPMOHUYECKUM OCLUIUIATOPOM.
4.4. Onpenenure YpOBHM SHEPrMM JJs YaCTULBL, JBHXKYIIEHCS B IOJI€ C MOTEHIMAJIbHOU

U(x)=A(e™ —2e™)

SHEpruen
4.5. Onpenenure ypOBHH SHEPIMM JUIS YACTHIBI, JBHXKYIICHWCS B IOJIE C MOTEHIMAIBHON
U (X) == h20
SHEpruen ch™ax.

Tema Ne 5 «Pacuem monexkyn»

3aoauu:

5.1. Onpenenure, Kakol M3 MOJYIMIHUPUYECKHX METOJOB HanboJjiee TOYHO OLICHMBAeT s
yKa3aHHBIX MOJIEKYN MoTeHnuan uonuzamuu (l), sHepruro cpoactBa K 3JeKTpoHY (A),
paBHOBECHOE MeXaToMHOe paccrosiHue (Ie) u 3Hepruro auccouuanuu (Do). PesynbraTsl
odpopmute B BHAe TabmuI. 3agady PELIUTb I CIEAYIOIIMX BAapHAHTOB JBYXaTOMHBIX
MOJICKYJT: a) Ha; 0) Liz; B) Cz; r) N2; 1) O2;
e) F2; k) P2; 3) So; u) Cla.

Mosnexyina H> Li; Co N> 02 F2> P2 S Cl>

l,>B 15.2 5.1 12.4 15.6 12.1 15.7 11.1 9.4 11.5
A, »B - 0.45 3.27 - 0.45 3.08 0.59 1.67 2.38
re, A 0.74 2.67 1.24 1.10 1.21 1.41 1.89 1.89 1.99




| Do, kkan/monm» [ 103 [24  [143 |225 [118 |37 116 101 |57 |

5.2. Ucnonw3ys Teopemy Kynmanca, paccunraiite MmerogoMm AM1 noreniua- sl noruzanuu (1)
JIBYXaTOMHBIX MoOJIeKyl1. CpaBHUTE IONTYYCHHBIE 3HAUEHUS C  OKCIEPUMEHTATbHBIMU
JAHHBIMU U C pe3yJIbTaTaM1 HEAMITUPUUYCCKUX pacueToB B Oasuce 6-31G.

Monekyna C. N2 02 F> Al Siz P2
l,>B 12.4 15.6 12.1 15.7 6.21 8.0 11.1

S,
9.4

Cl;
115

5.3. B kakom ¢ymepene (4, 6, 8, 20, 60, 80) momyropHas cBs3b C-C Haubosee npouyHas? Pacuer
SHEPTUH BBIOJIHATH 0€3 ONTUMHU3AINNA T€OMETPHH, UC- TIOTB3YSI MOTYIMIUPHUUECKUNA METO]T
CNDO. Jlannble 1o MoJieKysam GyiiepeHa MpovYuTaTh U3 uMeromuxcs daios *.hin.

5.4. Omnpenenute BETUYUHY JUTOJILHOTO MOMEHTA MOJICKYJI, CPABHHUTE TI0 JIyYCHHBIC 3HAUCHUS
C 9KCIIEPUMEHTAILHBIMU JIaHHBIMU. Kak W mouemy M3MEHsIETCsl CBEpXY BHHU3 IO TPYIIIE
TOYHOCTb PAacyeTOB?

Monekyna NH3
u, D 1.48

PHs
0.89

ASsH3
0.18

H.O
1.87

H»S
1.17

H.Se
0.24

5.5. PaccunraiiTe 4acToTy BaJIeHTHBIX KoJeOaHWH B YacTHIAX,
3HAYEeHUd C

CPaBHUTE IOJyUYCHHbBIE
JAHHBIMU JKCIepuMeHTa. B kakoil yactuile cBsi3b HaubOosiee nmpodHasi?

Yactuna 02" 02 (78 0> NO* NO NO- NO#
v, cM 1865 1580 1097 766 2273 1880 1365 886
Yactuna HF HCI HBr HI F Cl, Br; Iy
v, cM 4139 2991 2649 2310 892 546 319 215
5.6. Paccunraiite  mmpuHy  oSHepretmdyeckod — menu  (Egap) B mommmmxiImdeckux

KOHJIEHCUPOBAHHBIX aPOMATHYECKUX MOJIEKYJIAX, KOTOPbIE HMMEIOT CIEIYIOIIHHA COCTAB:
CeHe, CisHi2, CoaHi2, Ca2His, CsaHis, CsaHa4, CogHzs4. Pacuer sHeprum Beimonusiite 0e3
ONTHUMH3AIUKE TEOMETPHH, UCTIONB3ys MeTog CNDO (modemy?). [[aHHBIE O MOJIEKYJIaM
cuMTaiite u3 umeronuxcs ¢aiios *.hin.

Tema Ne 6 «BozmyweHue ne 3agucawjue om epemen

3aoauu:
l//(2)
6.1. Onpenenure MONMpPaBKy BTOPOTO MPUOIMKCHHS * " K COOCTBCHHBIM ()yHKITUSIM.
6.2. Onpenenure NONpPaBKy TPETHEro MPUOIIKEHUsI K COOCTBEHHBIM 3HAUCHUSM YHEPTHH.

6.3. OnpesenuTe ypOBHM DHEPIUU  aHTAPMOHMYECKOrO JIMHEHHOTO  OCHMJLIATOpA  C
A2 2,2
2 Mo~ X
=L I9% oy pxt
FAMUJIBTOHUAHOM 2m 2

6.4. Cpepuueckas moTeHIMANbHAS SMa ¢ 0ECKOHEYHO BBICOKMMHU CTEHKaMU I0JIBEPraeTcsi Majaoi
nedopmanuu (6e3 u3MeHEeHUs o0bema), npuHUMas (opMy ci1ab0 BBITSHYTOTO WM
CILTIOCHYTOTO JUTMIICOH/ 1A BPALIEHUs ¢ moiyocsiMu a = b u c. Haiitu pacuierienue ypoBHei
SHEPrUH YaCTHIIBI B sIME TIPU TaKOU JedopMarim.

Tema Ne 7 « Cekynapnoe ypasHernue. Boamywenue 3agucsaujee om epemeHu»

3aoauu:
7.1. OmpenenuTe MOMPaBKU MEPBOTO MPUOIIKEHHUS] K COOCTBEHHOMY 3HAYEHHUIO M MPABUIIbHbIC
(GYHKIMM HyJIEBOTO IPUOIMKESHUS JUIS ABYKPATHO BBIPOXKIEHHOTO YPOBHSI.
7.2. BoeiBeaure GpopMyity Il TOMPABOK IMEPBOTO MPUOIMKEHUS K COOCTBEHHBIM ()yHKIIUSM.
7.3. BeiBeaure GopMyity JUIsl TOMPABOK BTOPOTO MPHUOIMKEHHS U1 COOCTBEHHBIX 3HAUCHHI.



7.4.

7.5.

(0)
B nHavanbHbIii MOMEHT BpeMeHHt t = () cuctema HaXOAUTCSl B COCTOSHUU Y1 , OTHOCSIIIIEMCS

K JIBYKPaTHO BBIPOXJAEHHOMY ypoBHIO. Onpeienure BEpOsITHOCTh TOT0, YTO B JajbHEHIINI
(0)
MOMEHT BpeMeHH t cucrema OyeT HaXOIUThCS B JPYTrOM COCTOSIHUN V2" roit xe JHEPIHUY;

nepexo]] MPOUCXOIUT MO/1 BIUSHUEM MOCTOSIHHOTO BO3MYIIICHUSI.
Onpenenure U3MeHeHUE N-ro U M-ro pemeHuil ypaBHeHus lllpeaunrepa npu Hamuuuun

7 _ a-iot 2 ot
MIEPUOANYECKOTO BO3MYILIECHUSI BHIA V =Fe +Ge , ¢ yactoroil @ Takoi, 4TO
EO —E® =h(w+¢)

OT BPEMEHH.

, IIC &€ _ Manas BeIM4YMHA. F n G — OIIE€paTOphbl, HEC 3aBUCALIUC

Kpurepun onenkn:

- OLEHKA «3aYTEHO» CTABUTCS 32 MIPABUIIBHOE U MIOJIHOE PELIEHUE 3a/1a4H, JOITyCKAI0TCA HEOOIbIINE
MOTPEIIHOCTH B U3JI0KEHUU U BBIYUCIICHUSX.

- OLICHKA «HE 3aYTEHO)» CTABUTCS CTYJIEHTY HE BBINOJIHUBIIEMY TpeOOBaHUA K OLICHKe "3auTeHO"

7.2.3. KOMILIEKT TeCTOBBIX 3aJlaHUM

1. O6uras moist MOBEPXHOCTEH pa3zelia B HAaHOMaTepuaiax CoCTaBIseT:

[

-3

v, =14 E25 1

. L

L-sT

Vn.p.zl—_T_ :
3s
np~f’

L—sT

Vn.p.=1—_T ;

_ 1

L-—s |2

Vn_p_:1+ E

2. dpuneneBckrue OCIWLISIAN IEPEIatoTCsl pElIeTKe Yepes:

[]

0 I O B

JIEKTPOH-(OHOHHOE B3aUMOJICHCTBHE;
(OTOH-3JIEKTPOHHOE B3aUMOJICHCTBUE;
3IIEKTPOH-(POTOHHOE B3aUMO/ICHCTBHE,;
AIIEKTPOH-3JIEKTPOHHOE B3aUMOJIEICTBHE;

($hoHOH-(POTOHHOE B3aMMO/ICHCTBHE.

3. Pa3mepHnblii 23 peKT napaMeTpa pereTk HAaHOYaCTUIIbI CBSI3aH C:

[
[
[

OIMOKaMU METOJTUKH U3MEPCHHS;
ajzicopOIent mpumecei;

TeMIepaTypou IJIaBJICHU;



[]  CTPYKTYpPHBIMHM IIPEBPALICHUSAMY,

[]  CTpYKTYpOW JUCIOKaLUU.
4. OcoOGEHHOCTH MarHUTHBIX CBOMCTB HAHOYACTHUIL CBSI3aHBI C:
U3MEHEHHEM BHU1a (POHOHHOTO CIIEKTPA;
JIUCKPETHOCTBIO 2JIEKTPOHHBIX COCTOSIHUM;
U3MEHEHHEM TpaHuIll JOHOHHOTO CHEKTPA,;

JUCKPETHOCTBIO (bOHOHHBIX COCTOHHHﬁ;

O o O o oo

BCC IIEPCUUCIICHHOC.

5. Jlnst iBymMepHOW CHCTeMBI THIAa MajbIX OCTPOBKOB Ha MOJUIOKKe ypaBHeHue Tomcona-I'm60ca

HUMECT BUA:
4o
] p:F,
20
0op(r)=—:
"
V2
0op()=p.ef
17
0op(n)=pet™
0 op)= U2
Vo=V, I

6. OcHoBHas npruirnHa HU3MCHCHHUA TCPMOIANHAMHUYCCKUX XapPAKTCPUCTUK HAHOKPUCTAJJIOB IIO
CpaBHCHHIO C MAaCCUBHBIMU MaTCpUAJIaMU:
(]  OOJIBIIOE YKCIIO IMOBCPXHOCTHBIX ATOMOB;
N3MCHCHHC BHUa (I)OHOHHO]"O CIICKTpA,
JUCKPETHOCTDH 3JICKTPOHHBIX COCTOﬂHHﬁ;

W3MEHEHUE TpaHull (POHOHHOTO CTIEKTPa;

O O O g

BCE TIEPEUYMCIIEHHOE.
7. B HaHomaTepuanax MO XHUMHYECKOMY COCTaBy U pacupeleneHuio (a3 MOKHO BbIIEIUTH
CTPYKTYpBI THIIA!
[l KOJUIOWIHBIE,
MaTpUYHbIe MHOTO(a3HBbIE;
CTaTHUCTUYECKHE MHOTO(a3HbIe ¢ HEHIEHTUYHBIMU [TOBEPXHOCTSIMU pa3jiena;

oHO(a3HEIE;

O o 0o O

CTaTUCTHUYCCKUC MHOI‘O(I)aBHBIC C UWICHTUYHBIMHU TOBCPXHOCTIAMU pa3acia.



8. PasmepHbiii a3hdexT TemmnepaTypsl MJIaBICHHUS MaJIbIX YacTHIl MPU YMEHBIIEHUU UX pa3Mepa B

06H_I€M BUJC OIMUCBHIBACTCA BBIPAKCHUCM!

0T () =T,[1-Z;
:

0T (D) =T, [1+Z|;
:

0 Tm(r)=TTm;

o
0 T,(N=T,|1+= |;
.
1T
0 T.(r)=—-5%.
drr
9. q)pI/IL[eJ'IeBCKI/Ie OCHUJIJIAAIUHA IINIOTHOCTHU BBIPOKICHHOI'O 3JICKTPOHHOI'O I'a3a BBI3bBIBAKOTCH:

] m30BITOYHBIM 00BEMOM;

71 aro0bMH edeKTaMu, HapyIIAIOUIMMH TPAHCIAIMOHHYIO CHMMETPHUIO KPHCTAILIA;
[l 3KCHUTOHAMH;
(] HepaBHaBECHBIMU BAKaHCHUSIMHU,
[]  nmasnenuem Jlamaca.
10. XapaxTtepHblil pazmep nerinu Ppanka-Puna:
| _Gb®
e = '
TKp
0oy, = > ;
Trn
| aGb
gy =
Tnn
, _Gb.
e = '
T «p
oo, =
T p
11.  Pa3mep CTpPYKTYpHBIX COCTaBJISIOIIMX HAHOMATEPHUAJIOB OIPEICNSIOT  3JIEKTPOHHO-

MHKPOCKOIIMYCCKUMHU MCTOAAMHU C ITOMOIIBIO:

"] CBETJIOTIOJIBHBIX U300paXKEHU;



"] TEMHOMNOJBHBIX U300pAKEHMUIA;
"] PEHTTEHO-CIEeKTPATHHOTO MUKPOAHAIN3A;
[] puiiaroMeTpa;
'] u300paskeHUl NPSAMOTo pa3perieHHus.
12. Hasnenue Jlamnaca onpenensiercst popmysioun:
27o
0 p=—;
r
207
O =—;
r
20
0o p=—;
r
. 4o
r*’
. 20
r2
13.  [ons coOCTBEHHO MEX3EPEHHBIX IPAHMUII pa3zesia B HAaHOMaTepHuaaax COCTABIISAET:
1
L-s |2
0V, :1+{ E ;
3s
O M.2 - T !
3s(L-s)?
0V, = E Gl E ) ;
3
L-s
O VM 2 :1_ |
- L
37s(L —s)°
0V, = — QG
14. OHeprus, OKa3blBAKOIas pPa3ylnopsa0YMBAIONICE JIEUCTBUE HA MAarHUTHbIE MOMEHTHI

(beppoMarHuTHOM YaCTHIIbI, paBHA!

2
0 Agozmg/ :

2

0 Agyr——;
° o 2m5?



J

15.

O o O o o

16.

I e Y R A N

17.

Ag, = Ap’ ;
0 A__
2m,

Ag, =hAwy;

Ag,=hv.
[Tpu norJomeHnu cBeTa TOHKO3EPHUCTHIMHU TNICHKAMH METAJUIOB!
MPOMCXOIUT MOJHOE TIOTJIONICHHE;
IMPOUCXOOUT CUJILHBIN Harpes IJICHOK;
BUIMMAas YaCTh CIIEKTPA MOJHOCTHIO MOTJIONIACTCS;
UH(paKpacHas 4aCTh CIIEKTPA MOJHOCTHIO MOTJIONIACTCS;
B BUJIMMOW YacCTH CIIEKTpA IMOSBJISIOTCS MUKH MOTJIOMIEHHS, OTCYTCTBYIOIIUE Y MACCUBHBIX
METaJLIOB.
B nanomarepuanax mo ¢opme MOKHO BBIICIUTH CTPYKTYPHI THIIA:
onHOda3Hasi;
TUIACTHHYATAS;
MaTpUYHasi MHOTO(a3Has;
cronoOuaras;
cojiep Kaiasi paBHOOCHBIE BKITIOUCHHS.

IIpu kakux pasmepax TUIHYHBIA (eppoOMarHeTUK MepelzieT B cyneprnapaMarHuTHOE

COCTOSIHHC!

]

O O O 0

18.

O O o o O

19.

0KOJIO 1 MKM;

MeHee 1-10 HMm;

6omnee 100 aM;

okoJ10 100 HM;

6onee 1-10 aM.

[Tpu MoAEeTMPOBAHUN CTPYKTYPHI MaJIOATOMHBIX KJIACTEPOB HEOOXOIMMO YIUTHIBATH:
KJIACTEPhI JTOJKHBI UMETh H30BITOUHYIO SHEPTHIO;

KJIACTePhI TOJKHBI OBITH YHEPTETUUECKU YCTONYNBHI;

KJIACTEPhI TOJKHBI UMETH TIOTHYIO YIIAKOBKY;

KJIACTePhI JOJHKHBI OBITh MOCTPOCHBI M3 MPOCTEUIITNX CTAOUIBHBIX aTOMHBIX KOH(UTYpaIIHii;
KJIACTEPhI JIOJIKHBI COCTOSITH M3 YETHOTO YHCIIa AaTOMOB.

IIpu kakoil TemmepaType TUIUYHBIA (heppOMarHeTHK NepeiiieT B cyrneprnapaMarHUTHOE

COCTOAHHUC!

0

T, =1273°C ;



0T, = ;
kln
o
0T, = ﬂ;
2m,
0 T, =1000K ;
O T,= ho
k
20. TemmoeMKOCTh MajIOl YacTUIIBI OnpenesieTcs GopMyInou:
0 C, =3R;
“ og(w,T)
0 C = | —g(w)dw;
R g(w)

wmax

0 G = | 9(e)dw;

39D/T 4_.X
G =R | [ 2
0,) 4 (€"-1)
1
0 =—R
C 3

7.3. OneHo4Hble cpeacTBa AJs NMPOMEKYTOYHOM ATTECTAMH IO HUTOraM OCBOCHHS
AUCHHUILINHBI

7.3.1. Bonnpochbl K IPOMeKYTOYHO aTTeCTAlNH

Kypc 4

Ne ni/m Bonpocsl k 3k3ameny
1. [lonsiTe Ki1acTepos.

Krnaccudukanus no npupoae KiactepoB 1 HAHOOOBEKTOB.

Oco0eHHOCTH CBOMCTB U MOBEACHUS U30JIMPOBAHHBIX KJIACTEPOB U HAHOCHCTEM

Merannnueckue KJIaCTECPbI, UX CTPOCHUC, CBOICTBa U CTPYKTYpa.

KpI/ICTaJ'IJ'II/I‘-ICCKaﬂ pelICTKa U MAarn4eCKuUe 4unciia.

I'eomeTpuueckast CTpyKTypa U pazMepHbie 3G (HEKTHI.

CymiecTBytoniyie MOIesiu KJIacTepoB, UX HEIOCTATKHU U MIPEUMYILIECTBA

OU3UKO-XMMHYECKHUE CBOMCTBA KPUCTAIIIOB.

©| N o Wi

TepmoauHaMuyeckuid aHaiaM3 TOBEPXHOCTH KjacTepa M HAHOOOBEKTOB, HX




B3aUMOCBSI3b, CTPYKTYpa ¥ MOP(OJIOTHsI MOBEPXHOCTH HAHOOOHEKTOB.

10. [Ipornecchl caMoopraHu3aIy B KIacTepe U HAHOOOBEKTE, MEXaHU3M (POPMUPOBAHHUS 13
HUX HAaHOCHCTEM

11. JledekTsl CTPYKTYpHI B (pa30BbIe MPEBPAICHNS B HAHOOOBEKTaX

12. BnusiHue Ha npouecc caMoopraHu3aliy TeMIEepaTypHbIX U CUIIOBBIX MOJIEH

13. OcobenHoctr 00pa3oBaHMs, POCTa MEHTArOHAIBHBIX HAHOOOBEKTOB

14. Mexanu3mbl  (popMUpOBaHHMS W3 TICHTAarOHAJIBHBIX KJIACTEPOB HAHOOOBEKTOB U
KPHUCTAJIOB

15. CrtpoeHue neHTaroHaJIbHbIX HAHOOOBEKTOB

16. OO6macTu MPUMEHEHHSI HAHOOOBEKTOB U HAHOCUCTEM

17. Mexanu3mbl HOpMUPOBaHUS U3 HAHOOOBEKTOB TOTOBBIX MUKPOU3ICTUI

18. Mertoapl ucciae10BaHMs KIACTEPOB U HAHOOOBEKTOB

19. MeTtox  9MEeKTPOOCAKACHUUS KaK OJIWH W3 HECKOJBKHX METONOB TOJTY4eHUS
HAaHOOOBEKTOB U HAHOCHUCTEM

20. Hanokortanuzatopsl.

21. OMIUpUYECKUE METOIbI MOJIETMPOBAHUS HAHOOOBEKTOB.

22. [Tonyamnupuyeckue METOAbI MOJEIUPOBAHHS HAHOOOBEKTOB.

23. Hesmnuprueckne MeTo sl MOJETUPOBAHHSI HAHOOOBEKTOB.

24, [Tpubmmxenne bopHa-Onmnenreiimepa.

25. Meroa Xaprpu-doka.

26. ATOMHBIE OpOUTAIIH.

27. Teopust pyHKIMOHANA IJIOTHOCTH.

28. Teopus Bo3mMyLIEHUS.

29. MeTo BaJIEHTHBIX CXEM.

30. Metoa MoNeKyISIpHBIX OpOuTaIel.

31. [ToHATHE HAHOOOBEKTOB.

32. ITonsaTHE HAaHOYACTHIL.

33. [TonsiTHEe HAHOKPHUCTAIIIOB.

34. Knaccudukanus no cnoco6am noiaydeHus KjIacTepoB 1 HAHOOOBEKTOB.

35. ITpornecchl camoopraHu3aluy U caMOCOOPKH B KJIacTepax M HAHOOOBEKTax.

36. IlonsTIE HAHOMATEPHUAIIOB.

37. [TonsiTHe HaHOCHCTEM.

38. Knaccudukanus mo reoMeTpudecKiM MpU3HAKaM KJIacTepPOB M HAHOOOBEKTOB.

39. [lonsTie HaHOM3AENINI.

40. OcobeHHOoCTH pocTa MPH KPUCTAILIM3AIMY U3 KJIACTEPOB HAHOOOBEKTOB U HAHOCUCTEM,
POJIb TEXHOJOTHYECKUX (PaKTOPOB.

41. DHepreTU4ecKkuil aHanu3 MOBEPXHOCTU KjacTepa U HAaHOOOBEKTOB, MX B3aUMOCBS3b,
CTPYKTYypa 1 MOP(OJIOTUsl TOBEPXHOCTH HAHOOOBEKTOB.

42. Mexanu3mbl 00pa3zoBaHUsl KJIacTepoB U (POPMUPOBAHUS HAHOOOHEKTOB U HAHOCHUCTEM.

43. [lentaronanbHble HAHOOOBEKTHI.

44, [TomysmMnupuyecKkuii pacueT XapakKTepUCTUK MOJIEKYIISIPHBIX KJIaCTEpPOB.

45. CymecTByIOIME MOJENN KIACTEPOB, UX KIIACCH(PUKAIINSL.

46. Kiacrepubie monenu.

47. XapakTepUCTUKU U30JIMPOBAHHBIX KJIACTEPOB U HAHOCHCTEM.




48.

Mertona razoa3Horo cunTesa.

49,

VYpasaenne Tomcona-I'n66ca.

50.

Teopema Kynmanca.




7.3.2. Kpurepuu 1 HOPpMbI OLIEHKH

dopma
NPOBEACHUA
Kypc poBel . Kpurepun 1 HOpMBbI OLIEHKH
NPOMEeKyTOYHOI
arTecTaluu
4 DKk3ameH (YCTHO) YcBoeHUe MOTyYeHHbIX 3HAaHUN

«OTJIHUYIHO»

HOJIHOE, B CUCTEME, B
COOTBETCTBUH C TPEOOBAHUSIMHU
y4eOHOH POrpaMMBlI;
JOIMYCKAOTCA CIUHUYHLIC
HECYII[ECTBEHHBIE OLINOKH,
CaMOCTOSATEINILHO HCIIPABIISIEMbIE
CTyJIEHTaMH

«XOopouo»

Y cBOEHHE MTOIYyYEHHBIX 3HAaHUI
IIOJIHOE, B CUCTEME, B
COOTBETCTBUU C TPEOOBAHUAMU
y4eOHOI1 IporpamMmsl;
JOITyCKAIOTCA OTJEIIbHBIE
HECYILIECTBEHHbIE OILINOKH,
HCIIPAaBJIsICMBIC CTYACHTAMHA
1ocje yKa3aHus [peroiaBaTelis
Ha HUX

«YOOBJICTBOPUTECIIBHO»

VY cBOECHME MTOJIyYEHHBIX 3HaHUN
HEIOJIHOE, OJTHAKO 3TO HE
IIPEMSTCTBYET YCBOCHHIO
MOCJIEAYIOLIEr0 IPOrPaMMHOTO
MaTepuaa; J10IyCKarTCs
OTJIEbHBIE CYIIIECTBEHHbIE
OLIMOKH, UCTIPABJIEHHBIE C
MTOMOUIBIO IPET0IaBaATENS

«CHEYHAOBJICTBOPUTCIILHO»

VYcBoeHne yueOHOTro Marepuania
HETIOJIHOE, 0€CCUCTEMHOE, UTO
MPEMSITCTBYET YCBOCHHIO
nocyenyromen yaeoHoi
uH(pOpMaIIK; CYIIIECTBEHHBIS
OIHI/I6KI/I, HECHUCITPABIISICMBIC TAXKE
C TIOMOIIIBIO TPEIOIaBaTeNs




8. YueOHo-MeTOAMYecKOEe U MH(POPMAIIMOHHOE o0ecTieYeHre TUCIUILTHHbI

8.1. O0si3aTesibHAA JIUTEPATYpPa

Tun (y4eOHMK,

yueOHOe KoanuectBo B
e nocooue, HAY4YHOMH
I /;1 ABTOpBI, COCTABUTEIH 3ar;iiaBue (3aroJi0BOK) yueOHO- TI'ox u3nanus onobauorexe /
MeTOaInYecKoe HaumenoBanune
nocodue, 9bC
NPAKTHKYM, JP.)
MeTo/1bI TOTY9ICeHUS U CBOMCTBA HAHOOOHEKTOB :
yuebHoe nocobue / H. . Munbko, B. B. Ctpokosa,
N. B. Xepnosckuii, B. M. Hapues. — 3-e u3.,
EI%II:I;K?BP;H?OI’BB. B. crep. — Mocksa : ®JIMHTA, 2019. — 165 ¢. —
1 )KepHOBCIEI/If/'I. B. M ISBN 978-5-9765-0326-7. — TekcrT : Y4eOHoe mocodue 2019 OBC "Jlanp"
Hapuies T 3JICKTPOHHBIN // JIaHb : 3NEKTPOHHO-OMOINOTEYHAS
cucrema. — URL:
https://e.lanbook.com/book/119402
Prrxonkos, J[. 1. Hanomarepuassl : yue6HOe
nocooue / J1. U. Perxonkos, B. B. JIépuna, D. JI.
J3umurypu. — 5-e uzn. — Mocksa : Jlaboparopus
J. U. Perxonkos, B. B. N
2 | JIéBuna, D. JI. SHAHIH, 201_7' —368c. . ISBN 97.8_5_00101_474_ Y4eOHoe mocodue 2017 OBC "Jlanp"
- 4. — TeKCT : 2NeKTPOHHBIH // J'Ial.{L : DJIEKTPOHHO-
oubmmoreynas cuctema. — URL:
https://e.lanbook.com/book/94117
OcHoBbl HaHOTexHOJOTHY : YueOHuk / H. T.
E;);F(')TI?SIH;H(E’E' M. Kyznemnos, B. M. HoBortopuies, B. A. XKabpes, B. U.
3 Kabpes, B I’/I T Mapronus. — 2-e uzg. — Mocksa : JIabopaTopus YuebHuk 2017 OBC "Jlanp"
Mapron;IH' ’ 3Hanni, 2017. — 400 c. — ISBN 978-5-00101-476-

8. — TekcT : aneKkTpoHHbIH // JIaHb : 3JIeKTpOHHO-



https://e.lanbook.com/book/119402
https://e.lanbook.com/book/94117

Tun (y4eOHMK,

yueOHOe KoanuectBo B
nocooue, HAY4YHOMH
Ne
w/n ABTOpBI, COCTABUTEIH 3arsiiaBue (3aroJi0BOK) yueOHo- TI'ox u3nanus onodamorTexe /
MeToauYecKoe HaumenoBanmue
nocoodue, 9bC
NPAKTHKYM, JP.)
oubmuoreynas cucrema. — URL:
https://e.lanbook.com/book/94129
8.2. JlonosiHUTEJIbHAS JINTEPATYPA
Tun (yueOHuKk,
yueOHOe KoanuectBo B
nocoomue, HAY4YHOI
Ne
w/n ABTOpPBI, COCTABUTEH 3ar;iaBue (3aroJi0BoK) yueOHo- I'oa u3nanus ondauorTexe /
MeTOaIuYecKoe HaunmenoBanue
nocooue, IBC
NPAaKTHKYM, Ap.)
bynakos, A. A. MarepuaJibl 1 METO/IbI
HaHOTEXHOJIOTHH : yueOHoe mocodue / A. A.
bynakoB. — Ya : BI'TIY umenu M. Axmyiuisl,
1 | A. A. Bynakos 2012, — 126 c. — ISBN 978-5-87978-833-4. — Vye6Hoe mocobue 2012 3BC "Jlanp"

TexcT : anexTpoHHbIH // JlaHb : 37eKTpOHHO-
ouobimmoreynas cucrema. — URL:
https://e.lanbook.com/book/70165



https://e.lanbook.com/book/94129
https://e.lanbook.com/book/70165

8.3. Ilepeuyenn npogeccnoHANBHBIX 023 TaHHBIX U HH(POPMALMOHHBIX CIIPABOYHBIX
cucTeM

. MeramioobpaboTka [DIEKTPOHHBIN pecypc] : HaydyHO-TIPOU3B. KYpPH. / DIIEKTPOH.
www.biomagres.com/content - apxuB crateii kypHama BioMagnetic Research and
Technology, MOCBSIIEHHOTO HAHOTEXHOJIOTHSIM.

o http://thescipub.com/journals/ajnt - penensupyemsiii xypaaa American Journal of
Nanotechnology my0iuKyeT pe3yiabTaThl UCCIEIOBAHUI B 00JACTH MaTEepHH Ha aTOMHOM W
MOJICKYJISIPHOM YPOBHE.

e  http://www.mammp-journal.com - penensupyemsiii xypHaa Mechanics of Advanced
Materials and Modern Processes myOonuKkyeT pe3yabTaThl UCCIICTOBAHHN B 001aCTH MEXaHUKHU
COBPEMEHHBIX MaTEPUAIOB, OCOOBIN aKIICHT JieNaeTcsl Ha (PU3UKY U MEXaHUKY JedOopMallny,
HOBPEXJICHHUS U Pa3pyIICHUs B IPOU3BOJICTBEHHBIX MPOLIECCAX.

o http://www.immijournal.com - penensupyemsiii xypHan Integrating Materials and
Manufacturing Innovation myOiuKyeT pe3yiabTaTbhl HCCIEAOBAHUNA B 00JACTH OTKPBITHS,
pa3BUTHS W TPUMEHEHHS MATEpHAIOB € IIENbI0 NPAKTUYECKOTO HCIIOIB30BAaHHUS B
IPOM3BOJICTBE.

. WebofScience[ DnekTpoHHBIN pecype] : MyIbTUIUCHHUILTNHAPHAS pedepaTuBHas 6aza
nanabix.  — Philadelphia: ClarivateAnalitics, 2016- . — Pexum  jgocrymna
apps.webofknowledge.com. — 3aru. ¢ skpana. — SI3. pyc., aHrJ1.

o Scopus[DnekTpoHHslii pecype] : pedeparuBHas 6a3a gannbix. — Netherlands: Elsevier,
2004— . — Pexxum jmocTyma : scopus.com. — 3ariL. ¢ 3kpana. — S13. pyc., anri.

. Elibrary[ OnexTpoHHbIil pecypc| : Hay4dHas 2JIeKTpoHHas Oubiamoreka. — Mocksa :
HDB, 2000- . — Pexxum nmoctyna : elibrary.ru. — 3arm. ¢ skpana. — 3. pyc., aHrIL

o SpringerLink[DnekTpoHHbIit pecype] : [0a3a nanubix |. — Switzerland: SpringerNature,
1842— . — Pexxum noctyna : link.springer.com. — 3aru1. ¢ skpaHa. — 53. aHri.

. ScienceDirect[OnekTpoHHBI  pecypc] :  KOJJIGKIUS  DJIEKTPOHHBIX  KHHT

uznarenanpcTa Elsevier. — Netherlands: Elsevier, 2018— . — Pexxum noctyma : sciencedirect.com.
— 3ari. ¢ skpaHa. — SI3. aHr.

. Cambridgeuniversitypress[ 7IeKTpOHHBIA ~ pecypc| @ KypHajdbl HW3/aTeNbCTBA.
— Cambridge: Cambridgeuniversitypress, 2018— . — Pesxum moctyma : cambridge.org. — 3ari. ¢
JKpaHa. — 3. aHri.

o NEICON[DnexkTpoHHbI pecypc] : 37eKTpoHHass MHQOpMAIMs : apXWB HayYHBIX
xypHasoB. — MockBa : HOMKOH, 2002— . — Pexxum octyna : neicon.ru/resources/archive. —
3ari1. ¢ sKpaHa. — 3. pyc., aHrI.
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8.4. IlepeueHb NPOrpaMMHOro obecnevyeHus

Subscription (25 pack)

Ne Hanmenopanue IO PexBU3NTHI norOB?pa
n/n (naTa, HOMep, CPOK JIelicTBHUS)
1 | Windows: norosop Ne 757 ot 04.07.2018,
WinPro 10 RUS Upgrd OLP NL Acdmc CPOK JIeHCTBHSI — O€CCPOYHO;
KOHTpAkT Ne 1653 ot 14.12.2018,
CPOK JIeHCTBHSI — O€CCPOUHO
2 | Office Standard: KoHTpakT Ne 1653 ot 14.12.2018,
OfficeStd 2019 RUS OLP NL Acdmc CPOK JIeHCTBHSI — OECCPOUHO
3 | Mathcad Education - University Edition | koutpakt Ne 469 ot 05.06.2020,

CPOK JIeHCTBHS - 0ECCPOYHO

8.5. Onucanne MmaTepuaibHO-TeXHUYECKOH 0a3bl, HEOOXOAUMO /11l OCYLIeCTBJICHUSA
00pa3oBaTeILHOIO NMPoIecca Mo JUCHMUILINHE

HanmeHnoBanue 000py10BaHHBIX Y4eOHBIX
Ka0MHeToB, 1a0opaTopuii, MACTEPCKUX U

Ne ApP. 00bEKTOB VIl IPOBEACHUS
. IlepeyeHb 0CHOBHOIO 000pPY10BAHMSA
I/ | NPpaKTHYeCKHX U J1a0opaTOPHbIX 3aHATHIA,
NOMeIeHUu M JJISI CAMOCTOATEILHOM
pa6oThl o0yuyaromuxcs (HoMep ayAuTOPHUH)
Komnbrotepuslil knacc. YueOHast aynutopust | CTOdbl yuye€HHUYECKHE JBYXMECTHbIE
JUTSL TIPOBEJICHUS 3aHATUH JICKIIMOHHOTO THIIA. | CTOJIBI YYeHHYECKHUE, CTOJI KOMIITBIOTEPHBIH,
VYueOHast ayauTopus Ui IPOBEJCHNA 3aHATUI | cTon  npenoaaBarenbekuid, IIK, mocka
CEeMHMHAPCKOTO THIA. Y4ueOHast ayAUTOPHS ISl | TPEXCEKIIMOHHAs ayIuTOpHas (MeJoBas),
IPOBE/IEHUS J1abOPaTOPHBIX PaboT. YueOHas | CTyl  MpenojaBaTeNIbCKUM,  MPOEKTOP
ayIUTOpHUsS ISl KypCOBOTO TPOCKTUPOBAHUS | MyJIbTUMEIUHHBINA ,9KpaH JJIsl IPOEKTOpa,
1 | (BbIMONHEHUS KYypCOBBIX paboT). YueOHast | TymOa BbIKATHAs
ayIUTOpUsl JUIA TIPOBEACHUS TPYIIOBBIX H
VH/IUBUYAJIbHBIX KOHCYJIbTallMi YdeOHas
ayoUTOpUs  JUIS  TIPOBEACHUS  3aHATHH
TEKYLIEr0 KOHTPOJSI M  NPOMEXYTOUHOMH
aTTeCTaluu
E-214
JlabGopatopus "TepmooOpadoTka Cronel  ydeHWYECKHE  JBYXMECTHBIC,
MmatepHuanoB" YueOHas ayAUTOpUS s CTYJbS YYEHHUYECKHE , JOCKa ayAUTOpHAas
2 | mpoBeneHus 1a00paTOPHBIX paboOT (menoBas), mkadbl 111 yueOHBIX TOCOOHIA,
E-105 CTOJIBI n1abopaTopHbIe, MHUKPOCKOII
MeTaorpaguuecKuii, MUT CUIOBOMN
[Tomemenue s camocTosTeNbHONH padoThl | CTOJBI yYEHUYECKHE, CTYIbs
3 | oboywarommxcs ['-401 yaenndeckue, [1K ¢ BEIXOJ0M B ceTh
HNurtepHer
[Tomemenue st caMmocTosATeNbHOM paboThl | CTOJNBI yUEeHUYECKHUE, CTYIIbS
4 | obyuarommxcs J[-409 yuenunueckue, [1K ¢ BbIxogom B ceTh

WNHuTtepHer
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