MUHUCTEPCTBO HAVKH U BBICIIIET'O OBPA3OBAHUS POCCUICKOM ®EJIEPAIIAN
(denepanpHOE TOCYIapCTBEHHOE OI0/PKETHOE 00Pa30BaTEIIbHOE YUPEKACHUE
BBICIIIETO 00pa30BaHUs
«TonpATTMHCKUM TOCYAAPCTBEHHBI YHUBEPCUTET

PT.01

(unoexc oucyuniuHbl)

PABOYASA IPOT'PAMMA JUCHUITJIMHBI

CprKTypa M CBOMCTBA METaJJIMYECKUX KJIIaCTCpOB, HAHO- U MI/IKpOO6’beKTOB

(Haumenosanue OUCYUNIUHbL)

10 HAIMPaBJICHUIO MOATOTOBKH
03.06.01 ®uszuka 1 acTpOHOMUS

HaNpaBJIeHHOCTH (MTPO(UIIb)
®usnKa KOHACHCUPOBAHHOTO COCTOSHHS

dopma o0ydeHHUs: OUHAs
I'ox mabopa: 2021
O6mas TpymoeMkocTb: 8 3E

Pacnpe)le.ﬂe}me aC0B JUCHUIIMHBI IO CEMECTPpaM

Kypc 4
dopMa KOHTPOJIS | DK3aMeH Hroro
Buja 3ansruid
Jlexuun 8 8
JlaboparopHsbie 16 16
ITpakTnueckue 16 16

PykoBoactro: PI'P
IIpomexxyTouHas arrectamus

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

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

Pabouas mporpamma AMCHUIUIMHBI cocTaBieHa Ha ocHoBaHun PI'OC BO u yuebHOro
TutaHa HarpasiieHust moarotoBku 22.06.01 TexHomorun MaTepranon

Cpok aeiicTBus pa6oueii nporpaMmMbl JucuuiuinHbI 10 01.10.2025r.

YTBEPXIEHO

Ha 3acenannu kadenpsr
HanoTtexHomoruu, MaTepuaioBeICHHE U MEXaHHUKa

(mpoTokon 3acexanust Ne 1 ot «31» aBrycra 2020 r.).



1. Illeab ocBOEHUS TUCITUILIMHBI

L[GJIB — 3HAKOMCTBO C OCHOBAMH TCXHOJIOTHYCCKOI'O ITOAX0Ja «CHHU3Y-BBCPX»
I ITIOJTYUCHU A HaHOO6’b€KTOB, HaHOCHUCTEM 1 HAHOMATCPHUAJTIOB U3 KJIIACTCPOB. HBy-
YUTb MCXaHU3MBI POCTA, 0COOCHHOCTH CTPOCHUA U CBOMCTBAa HAHOOOBHEKTOB.

3agaun:
1. JlaTh KIaccu(pUKaAIUIO KIACTEPOB, HAHOOOBEKTOB M HAHOCHCTEM.
2. O3HaKOMHUTH C MOJICISIMH CTPOCHUS KIIACTEPOB.
3. O3HaKOMHUTH C TEXHOJIOTHEN MOJYYEHHUS U MEXaHW3MaMU POCTa HAHOOOBEKTOB
U3 KJIacTepOB.
4. [Tokazatb 0COOEHHOCTH CTPYKTYPBI M CBOMCTB HAHOOOBHEKTOB M HAHOCUCTEM Ha
OCHOBE MeTaJlia.
5. O3HaKOMHUTH C TEXHOJIOTHEN MOJIYYEHHUs] MEXaHU3MaMU pocTa, 0COOEHHOCTAMHU
CTPOEHMSI METAJUIMYECKUX HAHOOOBEKTOB M HAHOMATEPUAJIOB, MOJIYYEHbIX U3 KJa-
CTEpPOB, UMEIOIIUX JIEKadPUUECKOE HIIM UKOCA3IPUUECKOE PACIIOI0KEHNE aTOMOB.

2. MecTo aucuuiuiaabl (yaedHoro kypcea) B crpykrype OIIOIT BO

JIMCUUIUIUHBI U TIPAKTUKHU, HA OCBOCHUM KOTOPBIX Oa3upyeTcst JaHHas JIUC-
UIUTMHA: «MaTepuanoBeieHue U TEXHOJIOTMU COBPEMEHHBIX U IEPCIIEKTUBHBIX Ma-
TepuanoBy», «MeToIbl U TEXHOJOTUH MOJIyYeHUsI HAHOMaTepHalioBy, «DU3KKa KOH-
JIEHCUPOBAHHOTO COCTOSTHUS», « Teopus 1eHEeKTOB KPUCTAIUTUIECKON PEIISTKI.

I[I/ICI_[I/IHHI/IHI)I N IIPAKTHUKH, I KOTOPBIX OCBOCHHC HaHHOﬁ AU CTUITIIMHBI
HGO6XOI[HMO KaK IIPpCAMCCTBYIOIICC: HAYYHO-UCCIICAOBATCIIbCKAsd pa60Ta.



3. [lnanupyemble pe3yJbTaThl 00y4eHUs!

dopmMupyembie U

NHaukaTopbl 10CTHKEHUST

KOHTPOJINpYeMble KOMMeTEeH Uit
Ilnanupyemblie pe3yabTaTbl 00y4de-
KOMIIeTeHI[HH (Kol ¥ HAUMEHOBAHUE) -
(ko1 1 HaMMEHOBA-
HHUE)

- YMEHHEM DJKCIle-
PUMEHTAJILHO yCTa-
HaBJIUBAaTh COCTOS-
HUS  KOHICHCHUPO-
BaHHBIX BEIICCTB,
U3MeHeHue ux ¢u-
3UYECKHUX CBOMCTB
B pe3ylbTaTe pas-
JIMYHBIX BHEIIHHUX
BO3/ICUCTBUH
(IK-2)

3HaTh: COCTOSIHUSI KOHJIEHCHUPOBAHHBIX
BEIECTB, M3MEHEHHE HX (PUIUUECKUX
CBOWCTB B PE3yJbTaTe pPa3IMYHbIX
BHEIIHUX BO3JICHUCTBHI

YMeTh: SKCIIEpUMEHTAIBHO YCTAHABIIU-
BaThb COCTOSIHUS KOHJICHCUPOBAHHBIX
BEILIECTB, M3MEHCHHE HMX (U3HYECKUX
CBOMCTB B pe3yJbTaTe pa3IMYHbIX
BHEIIITHUX BO3AEHCTBUI

Bnagers: HaBBIKAMH ~ DKCIICPUMCH-
TaJbHO YCTAHABIUBATH COCTOSHUS KOH-
JICHCUPOBAHHBIX BEIICCTB, M3MCHCHHE
X (U3HYECKUX CBOWCTB B pE3yJIbTATE

Pa3JIMIHBIX BHCIIHUX BOSHeﬁCTBHﬁ

- CITIOCOOHOCTH pas-
palaTbIBaTh JKCIIe-
pUMEHTAJIbHbIE M€-
TOJBI U3yUEHUS
(buzmIecKux
CBOMCTB Marepua-
JIOB ¥ CO31aHUE
(U3NYECKUX OCHOB
MIPOMBILLIIEHHOW
TE€XHOJIOTUH 0Ty~
YEeHHs] MaTepHaioB
C OIIpENIEICHHBIMU
CBOMCTBaMH

(ITK-4)

3Hath: (pu3MUecKue CBOICTB MaTepua-
JIOB

YMeTb: paszpabaThiBaTh 3KCHEPUMEH-
TaJdbHbIE METO/bl U3Y4YEHUs (Qu3nye-
CKHX CBOWMCTB MAaTE€pPHAIIOB U CO3/IaHUC
(GU3NYECKUX OCHOB NPOMBIIUICHHON
TEXHOJIOTUH TIOJyUYEHHUsI MaTepHalioB C
oTpeieIeHHBIMA CBONCTBAMU

Brnaners: HaBbIKaMu H3y4ueHUs pu3nde-
CKUX CBOWCTB MAaTe€pUaJiOB U CO3JaHUS
($U3NYECKUX OCHOB NPOMBIIUIEHHON
TEXHOJIOTHH TOJYYEHUSI MaTE€pUaIoOB C
ONpEAECICHHBIMU CBOMCTBAMU




4. CTpyKTYypa " coJep:KaHue TUCIUNIUHBI

HaunmeHnoBanue TeM 3aHATHH

®opMbI TEKYLIETO
KOHTPOJIA (HanMe-

Monyas (pas- | Bua yueonoii . Kyoc |O0bem, 4. bannabl | UHTepakTHB, 4.
aen) padoThI (yueOHOii padoThI) HOBaHHE OI[eHOY-
HOI'0 CPeACTBA)
1. Cunres u knac-| JIek MeTobl oNTyueHus U Kiaccuduka- 4 2 Ilpoexm
cuduKanys HaHO- | JIa0 II1s] HAHOKJIACTEPOB. 4 Pasnoypoenesvie 3a-
KiactepoB v Ha- | IIp 4 - - oauu u 3a0anus
HoknactepHblx  |Cp 40
CTPYKTYp
2. CpoiictBa u30- | Jlex MounekyJIapHBIE JINTaHHBIE KIACTEPhI 4 2 - IIpoexm
TMpPOBaHHBIX Ha- |JIab B pacTBOpax. ['a30Bble Oe3nuraniHble 4 Paznoyposnesuie 3a-
HOKJIAaCTEPOB ITp kiactepbl. KomonaHsle kiactepsl 4 - oauu u 3a0anus
Cp 60
3. Knmacrepusie | Jlex ®opMHUpOBaHNE HAHOCTPYKTYP, CAMO- 4 4 IIpoexm
HaHOcUCTeMBl U | JIab OpraHu3als HaHOKJIacTepoB. BHyT- 8 - Pasnoypoenesvie 3a-
HaHOCTPYKTYphI | IIp pUKIIacTepHas aTOMHAsI TMHAMUKA. 8 - oauu u 3a0anus
Cp MexxknacrepHas nuHamuka. CTpyk- 112
Kontpons TypHBIE OCOOCHHOCTH HAaHOCHCTEM. 36
CBoiicTBa HAHOKJIACTEPHBIX CHCTEM.
Hroro; 288




5. O0pa3oBare/ibHbIC TEXHOJIOTHH

B Hacrosimem Kypce HCIONb3yITCs CIEeAYIoIHe 00pa3oBaTeIbHbIe TEXHOIO-
THH:

1. TexHOJIOTHS TPAJAUIITMOHHOTO 00y4eHus (J1abopaTtopHbie pabOThI, MpaKTHYC-
CKHE 3aHSATHS, CAMOCTOSITeNIbHAs paboTa).

2. IHTepakTHBHBIE TEXHOJOTUH (JICKITUH-0ECeIhI)

6. MeToauueckue YKa3aHusd 110 OCBOCHNI0 TUCIHTNIIJIMHBI

[IpakTUueckue 3aHATHS TMPEACTABIAIOT COOON BUJ YYEOHBIX 3aHSATUH, B XOJE
KOTOPBIX CTYAECHTBI, 3aKPEIUISIOT HAa MPAKTUKE MMOJYyYEHHBIE TEOPETUUECKUE 3HAHUS.
Tak xe npeJnoaaraeTcsi MpoBeCHUE MPOBEPOYHON pabOThI B (hopMe TecTa.

JIaGopaTOpHBII MPAKTUKYM 3aKJIFOYAETCS B 3HAKOMCTBE C COBPEMEHHBIMHU Me-
TOJMKAMHM MOJEJIUPOBAHUS HAHOPA3MEPHBIX OOBEKTOB HEIMIIMPUUYECKUMH, MOIYIM-
NUPUYECKUMU METOJIAMH M METOAAMH MOJIEKYJISIPHOW TMHAMHUKH.

[Ipu moAroToBKe K 1aOOPaTOPHBIM 3aHATUSAM CTYACHT JOJIKEH:

- U3YYUTh TEOPHIO 1O TEME JIaDOPATOPHOU pabOThI, UCHOJIB3YSl KOHCIIEKT JIEK-
U 1/WIKM pEKOMEHIYEMYI0 TEXHUUECKYIO JIUTEPATYypy;

- 03HAaKOMUTBCS C METOJIUKON BBIMOJIHEHUS pabOThI;

- 03HAKOMHUTHCS C BOIIPOCAMU JJIsl TPOpabOTKU K 1abopaTopHOM paboTe U OBITH
TOTOBBIM OTBETUTh Ha HUX BO BpeMs coOece0BaHUs C MPEnoiaBaTesieM M0 UToraM
BBITIOJTHEHUS Pa0OTHI.

JupakTuyeckrue eIUHMIIbI, IPEAyCMOTPEHHbIE padoyeil MporpaMMon Ha caMo-
CTOSITEJIBHYIO TIPOPAOO0TKY, IOJKHBI ObITh M3YyUYEHBI CTYACHTaMH B XOAE CaMOCTOS-
TenbHOU paboThl. CamocTosITeIbHAs padoTa MPOBOJIUTCS B COOTBETCTBUU C YTBEpP-
XKICHHOU paboyvei mporpaMMon JUCITUTUIHHBI C yI€TOM BPEMEHH, TPETYCMOTPEHHOTO
Ha CaMOCTOsITeJIbHOE M3ydeHre. B xoe caMocToSaTenbHOM paboThl KaKIBIA CTYJACHT
00s513aH MPOYUTATh OCHOBHYIO U MO BO3MOXXHOCTH JIOTIOJHUTEIBHYIO JIUTEPATYPY 10
U3y4aeMoil TEME, JOTIOJHUTH KOHCIIEKTHI JIEKIIMI HEAOCTAIOIIHUM MaTEPUAIIOM, BBIITUC-
KaMHU U3 peKOMEHIOBAHHBIX NEPBOUCTOYHUKOB. KoHCIekTHpoBaHue Hanbosee Clox-
HBI€ /11 TOHUMAaHUS TEMbl HEOOXOJUMO COUYETaTh C MOJyYEHUEM MHUCbMEHHBIX, a TIPU
BO3MOYKHOCTH, U OYHBIX YCTHBIX KOHCYJIbTAllMi NPETOJaBATENS.

[Ipu moAroToBKE K 3aHATUSAM, TEKYIIEMY KOHTPOJIO U MPOMEXKYTOUHOU aTTe-
CTallMu CTYACHTBI MOTYT BOCIIOJIb30BaThCS ANEKTPOHHOM Oubnnorexkoit BY3a, nomy-
YUTh JIOCTYN K Y4eOHO-METOAMYECKUM MaTepuanaM kak Oubnuorexku BY3a, tak u
MHBIX 3JIEKTPOHHBIX OMOIMOTEUHbIX cucTteM. [Ipu HEOOXOAMMOCTH CTYAEHTHI MOTYT
B3STh JIUTEpaTypy Ha Kadeape uin Ha abOHEMEHTE By30BCKOM OMOJIMOTEKH B mevar-
HOM BHJIE, a TAK)KE BOCIOIb30BATHCA YNTAIBHBIMU 3aJIaAMH.



7. OueHOYHBIE CPeACTBa
7.1. ITaciopT OLEHOYHBIX CPECTB

Koxa koHTpO/IMpyemMoii KOoMIIeTeH UM HaumenoBanue

Kypc
(WJIM ee 4acTH) OLIEHOYHOI0 CPeICTBA

Ilpoexm
Pasnoyposnesvie 3a0auu u 3adanus
Tecmoeguvie 3a0anus Ne 1 — 320.
Bonpocul k sxzameny No 1 — 50

4 [1K-4

Ilpoexm
Pasnoyposnesvie 3a0auu u 3adanus
Tecmoeguvie 3a0anust Ne 1 — 320.
Bonpocul k sxzameny No 1 — 50

4 [1K-2

7.2. TunoBbie 3aJaHUs] WX MHBbIE MAaTePHUAJIbI, HEOOXOAUMBIE IJIS1 TEKY-
1Iero KOHTPOJIst

7.2.1. IIpoekT

Tema:
MopenupoBaHue KJIacTepOB U HAHOOOBEKTOB

3agaum:
- OBnagenue HaBeikamMu MojenupoBanus B [TIK HyperChem

Crpykrypa:

- OnTUMHA3a0Us CTPYKTYPBI KJIACTEPOB METOJIOM MOJIEKYJISIPHOM MEXAHUKH;
- [TosmyamnupryecKkuil pacyeT CTPYKTYPbI MOJIEKYJISIPHBIX KJIACTEPOB;

- [TosmysmMnupryecKuil pacyeT XapakTEPUCTUK MOJIEKYJISIPHBIX KJIACTEPOB

NuauBuayajabHble 32 JaHUA:

- Terpasnp menu Cuy;

- Oxrtasip meau Cus;

- Jexasnpuueckuit kimactep cepedpa Agr;

- Uxocasapuyeckuii kiaactep cepedpa Agis;

- Honexasapuueckuii knacrep cepedpa Agoo;

- CepeOpsiHbIil yceUueHbIH 1eKa’ipudecKkuid kiactep Agis;
- @ymnepen Cyo;

- @ymeped Coy;

- Gynnepen C,8,;

- Metamnokap6oreapen TigCi, (cummerpus Th).

Kpurepuu oueHku:

- OILIEHKA «3a4TE€HO» BBICTABIISIETCS CTYAECHTY, €CIU

1. [TomHOCTBIO 3aMOJIHEH OJaHK OTUYETA;

2. DKCIEpUMEHTAIbHBIE TAHHBIE COTJIACYIOTCS C TEOPETUUECKUMU;



3.  Ilo pabote copmyaupoBaHbl MPaBUIbHBIE BBIBOIBL;
4, JlaHbI IMOJIHBIE OTBETHI HA BONPOCHI 110 3amure JIP;
5. [TpuBeneHs! penieHus 3a1ad (€cJIiM UMEIOTCS B JaHHOH padoTe).

yTeHo"

OICHKA «HC 3a4YTCHO» IIPU HCBLIIIOJHCHUU JIFO00T0 U3 IATH KPUTCPUCB OLICHKHU "3a-

7.2.2. KoMIJIEKT TUNIOBBIX Pa3HOYPOBHEBBIX 32/1a4 /ISl NPAKTHYECKUX 3aHSTHI

Tema Ne 1 «Kpumuueckue pazmepvbt MAIblX 4acmuyy

3aoayu:

1.1.

1.2.

1.3.

1.4.

1.5.

MeTomoM ucnapeHust U KOHJEHCAIMU B aTMOCc(epe MHEPTHOTO Ta3a MOTYYCHBI
chepruueckue HaHOYACTUIIBI cepedpa, uMeronue quameTp 15 am. Onpenenure
JIOJII0 TTIOBEPXHOCTHOTO CJIOST OT OOIIEro 00bema, TOJIIUHY MOBEPXHOCTHOTO
CJIOSI TIPUHSATH PAaBHOM 4YeThIpeM aTOMHBIM MOHOCHOsM (t = 0.4 uMm). OneHure
MOTPENTHOCTD BHIYMCIICHUS MIPU UCTIOIH30BAHUHN MTPUOINKEHHOTO BBIPAKEHUS.
Onpenenure NnpeaesbHBIA pa3Mep, MPU KOTOPOM Majible YacTHUIIBI 30J10Ta (EF
5.51 3B) Bce eliie nposBISIIOT METALTUYECKUE CBOMCTRA.

['mpporenmsanus striieHa npu remneparype 520 K u nasinennu Bogopozna 1 atm
C UCIIOJIb30BaHNEM B KaUeCTBE KaTajau3aTopa IiaThHbI (e = 7.6 3B, d = 0.4 HM)
ocaxxaennoit Ha SiO; win Al,O3 naeT 0COOCHHO HHTEHCUBHO, KOTJa PaccTos-
HUE MEXIY PHEPreTUYECKUMH YPOBHIMHU CTaHOBUTCS OoJbiie 2 5B8. Onenute
pa3Mep 4acTHll IJIaTUHBI.

B peakuuu rugpupoBanus O€H30J1a C UCHOJIb30BAHHEM B KA4ECTBE KaTaju3a-
TOpa MOJYYEHHBIX Pa3IOKEHUEM METaIOOPTaHUYECKUX KOMILJIEKCOB HaHOYa-
CTHII HUKeJIA Ha nouioxkke SiO; ¢ yMEHBIIICHHEM pa3Mepa METaJUTMYECKUX Ya-
CTHUIl HAOJIFOAACTCSl YBEJIIMUCHHUE YACIbHOM KAaTAIMTUYECKONW aKTUBHOCTH, T.€.
aKTUBHOCTH OTHECEHHOM K OJTHOM MOBEPXHOCTHOMY aTomy MeTaiuia. [Ipu tem-
neparype 373 K u nasnenus 6enzona CsHs 1 Bomopona H, coorBercBenno 6700
1 46700 ITa pe3kuil poCcT yAeIbHOW KaTaTUTUUYECKOW aKTUBHOCTH HAHOYACTHII
HUKeNs B 3-4 pa3a MpOMCXOAUT KOT/la OTHOILLIEHHE YHCIIa TOBEPXHOCTHBIX aTO-
MOB K 00IIIeMy Y1 CITy aTOMOB 0JIM3KO K 1. OLieHuTe pa3mMepbl TAKMX HAHOYACTHI]
HUKEJIS.

Metonom razodazHoro cMHTE3a MOJIyYeH MEIHbIH HAHOKPUCTAJUTMYECKHUH T10-
POIIIOK, TPUYEM CpPeIHUN reoMeTpruYecKuil auaMetp yactuil 35 um. Pacnpene-
JICHUE YaCTHI] TI0 pa3MepaM SIBJISIETCS JIOTapU(PMUIECKA HOPMAIIBHBIM C JTUC-
nepcueit 1.5. Onpenenure 1) HOpMUPOBOUHBIN KOIPHUIIMEHT pacipeacICHUs;
2) HanboJsee BepOsITHBIN pa3Mep 4acTu: 3) cpeHuid pa3Mep yacTuil;, 4) cpeaHe-
KBaJpaTUYHBIN pa3Mep 4YacTuil; 5) 1010 yactuil pazmepoB 20-40 uwm; 6) mo-
ctpoiite rpaduk pacnpenencnus B koopauHarax d u Ind.

Tema Ne 2 « Temnepamypa niagneHust Mauiblx 4acmuyy»

3aoauu:



2.1.Paccunraiite oO0Iee 4uCIO aTOMOB HKOCA3IPUYECKOTO KiIacTepa, CouepKa-
miero N aTOMHBIX CclIoeB. PacueTsl mpuBeanuTe AJIs MIEPBBIX 5 CIIOEB.
2.2.IlocTpoiiTe KpUBYIO M3MEHEHUSI TEMIIEPATyphl IJIaBJICHHUS OJIOBa OT pa3Mepa

py =7.1810° 5L 5 =6.9810° %L 4 =058
JUISL CIIEAYIOMHUX TapaMeTpPOB: M M M
H KkJx
~0.0622— Q=585-""
s M Q kr | 6=32 gy, T =905 ¢

2.3.Iloctpoiite Tpaduku 3aBUCUMOCTH TEMIIEpATyp IJIaBICHUS HAHOYACTHI] aJIio-
MUHUS, MEIU, HUKEJSl ¥ TUTaHa OT UX o0paTHOTro paauyca. [1o koadpdumnmenty
o, OTIpEJIeNIUTE JUISL KaX0T0 MeTasuia, Kakast popmyra i 3TOro Haubosee mpu-
emsiema. Bce HeoOxomuMbIe mapaMeTphl MPUBEICHBI B TAOJIHUIIE.

Tren |Q, Gs, <1075, o, 11075, |o-10%,
Merasin K ’ gn{'Monb'l Tk M2 1‘\)/10JH,-M"'5 Tk M2 1‘\)40JIL-M’3 M
Al 934 10700 1.032 0.926 0.865 0.894 443
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

2.4.Paznoxxute B pan  Teimopa  XMMHYECKMH ~ TOTEHIMAN  BHJA

2
p(p+Ap+EZ T +AT)
r OrpaHuYMBIIMCH NepBbIMHU (1, 2 1 3) ManbIMu ciarae-
MBIMH.

Tema Ne 3 «llapamemp pewiemku Maavlix yacmuy»

3aoauu:
3.1.1Tonarast, 4TO yMEHbIIIEHUE TTAPAMETPOB PEIICTKA HAHOYACTHII cepedpa u 30-
JoTa SBISETCS CleACTBHEM M30BITOYHOTO AaBieHus Jlammaca onpenenure 3a-

=10
BHUCUMOCTD :
3.2.0npenenuth, UCMoONb3ysl ypaBHeHHe TomcoHa-Imn0O0ca, naBieHHe HACHIIICH-
HOTO Iapa HaJl )KUJIKOU KarieH (3010Ta u cepedpa) umeronieit paauyc I.
3.3.OTKJI0HEHNE TapaMeTpa PEeIeTKA HAHOKPHUCTATUIMYECKOTO ATFOMUHHSI, OTIPE/Ie-
JsIeTCsl U30BITOYHBIM 00bEMOM TPaHUI] 3epeH, CPEeIHEH MUPUHON TPaHuI] 3epeH

2= f(d)
Y CpEIHUM JuaMeTpoM 3epeH. IlocTpoiite 3aBUCHUMOCTD
3.4.0neHnuTe TONIMHY TOHKOTO €0 BOJM3U TPaHUIIBI 3€pHA, B KOTOPOM MOXKET
HAOJI0JaThCS PACUIMPEHUE KPUCTAJUIMYECKOMN PEIIeTKH.

Tema Ne 4 « Vpasnenue Illpéouneepay

3aoauu:



4.1.PaccmoTtpuTe CBOOOTHOE OJJHOMEPHOE ABUKEHUE YACTHIIBI, T.€. YACTHUIA HAXO-
JIATCS B TI0JIE C IOCTOSIHHBIM ITOTEHITMAJIOM U €€ MOTEeHIIMaIbHas YHEPTUsl paBHA
HYJITIO.

4.2.PaccMOTpUTE JBH)KCHUE YACTHUIIBI B SIME C OECKOHEYHO BHICOKHMHM CTCHKAMH.

4.3.PaccMOTpUTE OJTHOMEPHOE JBMIKEHHME YACTHUIIBI MO OCH X IOJ] BO3JCHCTBHEM

YIOPYroi BO3BpaIllalOIIeH CHUIIBI F =—kx , Tie k — crtoBas nocrosHHas. Takas
CHUCTEMAa Ha3bIBACTCS JIMHEHHBIM FaPMOHUYECKUM OCHHILIATOPOM.
4.4.0Onpenenute ypoBHU SHEPTUM JIJIS1 YACTHUIIGI, JBUKYIIEUCS B MOJIE C MOTEHIIU-

_ —2ax _ —-ax
aJIbHOM DHEPTUEN U(x)=A(e 2e)
4.5.0npenenute ypoBHU SHEPTUM JJIS1 YACTUIIBI, ABUKYIIEHCS B TOJIE C TOTEHIIU-

U
§ U =- h20
albHOM YHEPTHEIN ch-aX,

Tema Ne 5 «Pacuem monexyn»

3aoauu:
5.1.0npenenute, KakoM U3 MOJIYIMIUPUUECKUX METOJIOB HauOOJIee TOUYHO OlCHHU-
BaCT JIJIs YKa3aHHBIX MOJICKYJ MOTEeHIMa1 noHu3anui (1), suepruto cpoacTBa K
AEKTPOHY (A), pABHOBECHOE MEXATOMHOE paccTOsHUE (Ie) U SHEPTHUIO JUCCO-
nuanuu (Do). Pesynbrarsl odhopmute B Buje Tabiuil. 3ajady pemuThb s ciie-
JTYIOIINX BapUAHTOB JIByXaTOMHBIX MoiekyJl: a) Hy; 6) Lip; B) Cy; 1) Np; 1) O;
e) Fp; %) Py; 3) Sp; n) Cla.

MoneKyna H2 |_|2 C2 N2 Oz Fz Pz Sz Clz
I, >B 152 |5.1 124 (156 |121 |15.7 |11.1 |94 11.5
A, 5B - 045 |3.27 |- 045 |3.08 [0.59 |1.67 |2.38
re, A 0.74 |267 |124 |110 121 |1.41 |1.89 |1.89 |1.99
Do, 103 |24 143 |225 | 118 |37 116 101 |57
KKaJI/MOJIb

5.2.Ucnonw3ys teopemy Kymnmanca, paccuutaiite merogom AMI1 moreHnua- jbl
nonuzanuu (l) aByxaToMHBIX MOJEKys. CpaBHUTE MOJYyYCHHbIE 3HAUYCHUS C
DKCIIEPUMEHTAIIBHBIMU IAHHBIMU U C PE3YJIbTaTAMU HEAMIIMPUYECKUX PACUETOB

B O6aszuce 6-31G.
MOJ’ICKYJ'Ia Cz Nz 02 Fz A|2 Slz Pz Sz Clg
l,>B 124 156 |121 |15.7 |6.21 |8.0 111 |94 11.5

5.3.B xakom dymnepene (4, 6, 8, 20, 60, 80) morytopHas cBsi3s C-C Hanbosee npod-
Has? Pacuer HEpruu BHIOIHATH 0€3 ONTUMHU3AIMN TE€OMETPHH, UC- TTOIB3YS
nosyamnupudeckuit metoq CNDO. Jlanabie o MosiekyinaMm (ysuiepeHa mpo-
YUTaTh U3 UMeroImxcs (aitmos *.hin.

5.4. Onpenennre BEIUYUHY AUNOJBHOIO MOMEHTA MOJIEKYJ, CPABHUTE IO JTyYEH-
HbIE 3HAYEHUS C DKCIIEPUMEHTAIBHBIMU TaHHBIMU. Kak u moueMy u3MeHseTCs
CBEpXY BHU3 10 IPYIINE TOYHOCTh PACYETOR?



MoneKyna NH3; PH3; ASH; H,O H,S H,Se
u, D 1.48 0.89 0.18 1.87 1.17 0.24

5.5.PaccunTaiiTe 4acTOTy BaJCHTHBIX KOJCOAaHM B YacTUIAX, CPABHUTE IMOJY-
YCHHBIC 3HAYCHHS C JaHHBIMH SKCIepuMeHTa. B Kakoil wyacTuie CBS3b
HanOoJIee mpoyHas?

Yactruua 02+ O, Oy 022_ NO* NO NO- NOZ_
v, cM L 1865 |1580 |1097 | 766 2273 1880 |1365 |886
Yactuua HF HCI HBr HI F» Cl, Br, I

V, CM 4139 |2991 |2649 |2310 |892 546 319 215

5.6.Paccunraiite mmpuHy sHepreTHueckoi menu (Egap) B HOTUIMKINYECKUX KOH-
JIEHCUPOBAHHBIX apOMAaTUYECKUX MOJIEKYJIaX, KOTOPbIE UMEIOT CIIETYIOUINI
COCTaB: CeHe, C18H12, C24H12, C42H18, C54H18, C84H24, C95H24. Pacuet SHCPIrun
BBITIOJTHANWTE 0€3 ONTUMU3AIMU TeoMeTpuu, ucnoiyibdys merogq CNDO (mo-
yemy?). JlaHHBIE 110 MOJIEKYJIaM CUMTATE U3 UMeroIuxcs ¢ainos *.hin.

Tema Ne 6 «Bosmywenue ne 3asucawjue om epemeniy

3aoauu:
)
6.1.0npenenuTe MONpPaBKy BTOPOTO HPHOMMAKEHHS ¥ K COOCTBEHHBIM (DYHK-

IUSIM.
6.2.0npenenute MOMpaBKy TPETHETO MPUOJIMKEHUS K COOCTBEHHBIM 3HAYCHHSIM
HHEPTHUHU.

6.3.0mnpenenute ypoBHH SHEPTHUH aHTAPMOHUYECKOTO JIMHEHHOTO OCHUIUISITOPA C
A2 2,2

H=P  D2X oy pxt
raMUJIbTOHHAHOM 2m 2 :
6.4.Cdepuueckas moTeHIIMaIbHAS SMa C 0ECKOHEYHO BRICOKMMH CTEHKaMHU TOJIBEP-
raercsa Mayion nedopmanuu (0e3 u3MeHeHUs 00beMa), IpuHUMast Gopmy ciabo
BBITSIHYTOTO HJIH CIUTFOCHYTOT'O 3JUTMIICOMIA BPAIICHUS C MOJyocsiMu a = b u c.
HaiiTu pacuienyieHue ypoBHEH SHEPruy 4acTHIIbl B SIME MPHU Takoil nedopma-

10518
Tema Ne 7 «CekynsapHoe ypasuenue. Boamyuwenue 3asucsujee om 8pemen

3adauu:

7.1.0npenenute MONpPaBKUA MEPBOTO MPUOIMKEHUS K COOCTBEHHOMY 3HAYCHHUIO U
MpaBUJIbHBIC (PYHKIIMU HYJIEBOTO TPUOIMKCHUS JIS JIBYKPATHO BBIPOXKICH-
HOTO YPOBHSI.

7.2.BeiBenute popMyily AJiS MOMPABOK MEPBOTO MPHUOIMKEHUS K COOCTBEHHBIM
GyHKIUAM.

7.3.BeiBeiute popMyiy JuIsi IOMPABOK BTOPOTO MPUOJIMKEHUS JIJ11 COOCTBEHHBIX
3HAYCHUM.



(0)
7.4.B HayaabHBIM MOMEHT BpEMCHHA t = 0 cucrema HaxoauTCsa B COCTOAHHNU Vi )

OTHOCALIEMCS K JBYKPAaTHO BBIPOKIEHHOMY YpOBHIO. Ompenennute BeposT-

HOCTb TOTO, YTO B JIaJIbHEHIINI MOMEHT BpeMeHH t cuctema Oy/1eT HaXOAUThCS
(0)
B JIPyrOM COCTOSHUM Y2 TOif 5Ke SHEpPrHuu; Mepexo NPOMCXOAUT IO BIIHS-

HUEM MOCTOSHHOTO BO3MYILICHHS.
7.5.0mnpenenure u3MeHeHrue N-ro ¥ M-To pemeHHH ypaBHEHUs [penunrepa npu

—iwt it
HAJIMYMU IIEPUOJUYECKOTO BO3MYIIIEHUS BUIA V=Fe ™ + Ge , C yacTtoton @

©) _p© _ -
TaKOH, 4TO Em En h(a) + 8) , IA€ ¢ — MaJiag BeJIMYMHA. F n G _ o1cpa-
TOpBI, HC 3aBUCAIIINC OT BpeMeHI/I.

A

Kputepum onenku:

- OIICHKA «3a4TEHO» CTAaBUTCS 3a MPABUJILHOE U IOJIHOE PEIICHHE 3a/1a4M, JOITyCKa-
IOTCSl HEOOJIBIIIHME TIOTPEITHOCTH B U3JI0KEHUH U BBIYUCIICHHSX.

- OIICHKA «HE 3aYTEHOY» CTaBUTCS CTYJICHTY HE BHITTOJTHUBILIEMY TpeOOBaHUS K OIICHKE
"3ayTeHo"

7.2.3. KoMIJIeKT TeCTOBBIX 3aJaHui

1. OOGmas 1015 MOBEPXHOCTEH pa3jieia B HAHOMaTepraliaX COCTaBIISCT:

SRV T Ll
» =1 T
L-sT
A e anlk
3s
[] Vn.p. "'T,
r 3
0V, =1- EZE},
L

n.p. L3

1
SRV 5}2

2. ©®puiesieBCKUE OCHWUISLUN IEPEIAI0TCS PEIIETKE Yepes:
] 31meKkTpoH-()OHOHHOE B3aUMO/ICHCTBUE;
] (hOTOH-2NIEKTPOHHOE B3aUMO/ICUCTBHE;
] 31exTpoH-()OTOHHOE B3aUMO/ICHCTBHE,

] AIEKTPOH-3JIEKTPOHHOE B3aUMO/ICHCTBUE,;



[]

3. Pa3mepHbiii 3¢ ekt nmapameTpa pemieTKu HaHOYACTUIIBI CBSI3aH C:

[]

]

© O o O

dboHOH-(POTOHHOE B3aNMOCHCTBHE.

OImM1OKaMHU METOJIUKU U3MEPEHUS;
azicopOIMen nmpumecei;
TeMIIepaTypoH IJIaBJICHUS,
CTPYKTYPHBIMU ITPEBPALLICHUSMU;

CTPYKTYPOU THUCIIOKAIIHM.

4. OcoOECHHOCTH MarHUTHEIX CBOMCTB HaHOYaCTHI CBA3aHLbI C.

I I R I B

[]

U3MEHEHHEM BuAa (POHOHHOTO CIEKTPA;
JTVCKPETHOCTBIO AJIEKTPOHHBIX COCTOSTHUM;
U3MEHEHUEM IpaHull ((OHOHHOTO CIIEKTPA;
JUCKPETHOCTBIO (POHOHHBIX COCTOSTHUIA;

BCC IICPCUYHUCIICHHOC.

5. I[JIH IIBYMepHOﬁ CUCTCMBbI THUIIA MAJIBIX OCTPOBKOB Ha ITOJJIOKKC YPABHCHHUC Tom-

cona-I ' mb0Oca nmeer BUI:

[]

6. OcHOBHasI MpUYMHA W3MEHEHHUS TEPMOJMHAMHUYECKHX XapaKTEPUCTUK

4o
:F’
2
p(r) =2
r
v 2
p(r)=p.e"" " ;
1 r
p(r)=p,e"”;
20

V.
p(r) =———.
V,=V, I

CTAJJIOB IIO0 CPAaBHCHHUIO C MACCUBHBIMHU MAaTCPHAIaMM:

[]

[]
[]
[]

OO0JIBIIOE YMCIIO TOBEPXHOCTHBIX ATOMOB;
U3MEHEeHHE BUuAa (POHOHHOTO CIEKTPa;
JUCKPETHOCTD 3JIEKTPOHHBIX COCTOSIHHIA;

U3MEeHEeHHE TpaHul] GOHOHHOTO CIIEKTPA;

HaHOKPH-



L] BCe IepEeUYnCIIEHHOE.
7. B HaHOMaTepuaiax mo XUMHIECKOMY COCTaBY M pacipenesieHuto (a3 MOKHO BbIfe-
JIATh CTPYKTYPHI TUIIA:

| KOJUIOMIHBIC;

] Matpu4HBIe MHOTO(DA3HBIE;

] craTucTUdecKkre MHOTO(a3HbIC ¢ HEUICHTUIHBIMH IOBEPXHOCTSIMHY pa3iena;

] omHO(a3HbIE;

] crarucTudyeckre MHOTO(a3HbIe ¢ MIEHTUYHBIMU TOBEPXHOCTIAMH pas3jiea.
8. PasmepHsbIif 3 dekT TemIiepaTypsl IJIABJIICHHUS MaJIbIX YACTHUII PU YMEHBIIICHUH UX

pazmepa B 00111eM BUJIE OMUCHIBACTCS BRIPAKCHUEM:

u Tm(r)=Tm(1—gj;

;
0 Tm(r)sz(1+%J;

T(0=1
r

0 Tm(r)sz(uf‘—zj;

1T
7 T (r)=—-"1,
n(") 4z r?

9. ®puneneBcKkre OCHUUISAIINN INIOTHOCTH BBIPOXKICHHOTO AJICKTPOHHOTO T'a3a BBI3bI-
BalOTCS:

] m30BITOYHBIM 00BEMOM;

] mro0biMH  nedexTaMu, HapyIIAIOUUMUA TPAHCISIIMOHHYI0O CHUMMETPUIO KpPH-

CTaJlIa;

| DKCHUTOHAMH,

] HepaBHABECHBIMHU BaKaHCHSIMU;

| maBieHueMm Jlarmiaca.

10. Xapaxrepnsiii pazmep netiu Opanka-Puna:



U I(DP = T—’
Kp
Gb
0y = PP
1H
aGb
[ I(DP = T— :
H
G
[ I(DP :T_;
Kp
Gb
] I@P::;T_'

Kp
11. Pa3mep CTpPYKTYpPHBIX COCTaBJISIOIIMX HAHOMATEPUAIOB OMNPENEISIOT 3JIEK-
TPOHHO-MUKPOCKOIIMYECKUMH METOJAaMH C IIOMOLIBIO:
] CBETIIOMOJIBHBIX N300paKEeHMI];
TEMHOIOJIBHBIX H300paXKeHUM;
PEHTIEHO-CIIEKTPAIbHOIO MUKPOAHAJIN3a;

JTAJIATOMETPA;

I I R O B

U300PKEHUI MPSMOTO Pa3peIICHHUS.

12.  JlaBnenwue Jlamnaca onpenensercs hopMyJIoi:

q p:27m';

r

2

r

N p=2—0;
r

4o

j p::—F;,
20

j p::—jr.

r
13.  Jlonsi cOOCTBEHHO MEX3EpPEHHBIX T'PAaHMI] pa3jielia B HaHOMaTepuajiax COCTaB-

JACT:



M.2 L3
j M.2 ~§;
L
2
q VM.Z.ZBS(LL3 S) ;
3
0V, :1_[2} ;
M. L
2
v :37zs(L3—s) |
M.2. L

14. DHeprus, OKa3bIBAIOIIAS Pa3yNOPSAOYMBAIOIIEE ICUCTBUE HA MAarHUTHBIE MO-

MEHTHI (PePPOMArHUTHON YACTHIIbI, paBHA!

2
0 Agozmov ;
2
hZ
1 Agy = =
2m,6,
A 2
1 Ag, —p;
2m,
1 Agy =hAw,,
1 Agy=hv

15.  IIpu norioueHuu cBeTa TOHKO3EPHUCTHIMH IJIEHKAaMU METAJIOB:
IIPOUCXOJUT ITOJTHOE MOTJIOIICHUE;

IIPOUCXOJNT CUJIBHBIN HAarpeB IJICHOK;

BHUJIMMas YacCTh CIIEKTPa MOJHOCTHIO MOTJIONIAETCS;

uH(ppakpacHas 4acTh CIEKTPA MOJHOCTHIO MOTJIOIIAETCS;

O O oo 0o o

B BUJMMOM YaCTH CIIEKTpa MOSBIISIIOTCS MUKH MOTJIONIEHUS, OTCYTCTBYIOIIUE Y
MAaCCHUBHBIX METAJJIOB.
16. B nanomarepuanax 1o ¢gopmMe MOKHO BBIICJIUTh CTPYKTYPBI THIIA!

] omHodazHasi;

| mimacTuHYaTas;



[]
17.

MaTpuyHasi MHOTO(]a3Has;
cTojiouaras;
coJiep Karasi pPaBHOOCHBIE BKJIIOUEHUS.

[Ipu kakux pasmepax TUIMHUYHBIN (eppoMarHeTHK MeperieT B cyneprnapaMar-

HHUTHOC COCTOAHHC:

[]

(0 I R I B

18.

0KOJIO 1 MKM;
MmeHee 1-10 aM;
6oxaee 100 uMm;
okosio 100 HMm;
oonee 1-10 Hm.

[Ipu MonenMpoOBaHUH CTPYKTYPhl MAJIOATOMHBIX KJIACTEPOB HEOOXOJIUMO YUH-

ThIBATh.

[
[
[

[l
19.

KJIACTEPHI JOJDKHBI HIMETh H30BITOYHYIO SHEPTHIO;

KJIACTEPHI JTOJDKHBI OBITh SHEPTETUYCCKU YCTONINBHI,

KJIACTEPHI JTOJDKHBI IMETh TUNIOTHYIO YITaKOBKY;

KJIACTEPhl JOJDKHBI OBITh MOCTPOCHBI U3 MPOCTEHIIMX CTAOMIBHBIX aTOMHBIX
KOH(DUrypanmii;

KJIACTEPHI JOJKHBI COCTOSTh U3 YETHOTO YHCIIa aTOMOB.

[Ipu kakoil Temneparype TUIUYHBIA (eppoOMarHeTHK Mepeiier B cyneprapa-

MaromMTHOC COCTOSHUC:

[]

[]

20.

T, =1273°C;

T - KV ;
kInm

Ty

Tb :ﬂ’
2m,

T, =1000K ;
ha

T, =

"k

TermnoeMKoCTh MaJIoi YaCcTUIIBI OTIPEACIISIETCS] (POPMYIIOH:



1 C, =3R;

o c, - T@g(a)T) (@)do:

wmln

1 G = | g(@)do;

Dmin

T 3HD/T X4ex
7 C=9R|—| [ S—dx;
O,) 3 (e"-1)

7.3. OueHo4YHbIe CpeacTBa sl MPOMEXKYTOYHON ATTECTAllMU [0 MTOram
OCBOEHMS TUCIUILINHBI

7.3.1. Boripochbl K IPOMEKYTOYHOM ATTECTALMHU

Kypc 4
Ne ni/m Bonpocsl k 3x3ameny

1. ITonsTE KIacTEPOB.

2. Knaccudukanus no npupoe KiacTepoB 1 HAHOOOBEKTOB.

3. Oco0eHHOCTH CBOICTB U NMOBEACHUS U30JIMPOBAHHBIX KJIACTEPOB U HAHOCHCTEM

4, Mertaumnueckue KiacTepbl, UX CTPOEHUE, CBOMCTBA U CTPYKTYpa.

S. Kpucrannuueckast pemerka 1 MarndecKue 4ucia.

6. I'eomerpuueckas cTpyKTypa U pa3MepHbie 3()(HEKThI.

1. CymecTBytoniyie Mo/Iesiu KJIacTepoB, UX HEJTOCTATKH U MIPEUMYIIECTBA

8. OU3UKO-XUMHYECKHE CBOMCTBA KPUCTAIIIOB.

9. TepMonrHaMuyeckuil aHallu3 MOBEPXHOCTU KJlacTepa U HAaHOOOBEKTOB, MX B3aUMO-
CBSI3b, CTPYKTYpa U MOP(OJIOTHUS IIOBEPXHOCTH HAHOOOBEKTOB.

10. ITporecchl caMoopraHu3alyy B KIacTepe U HAHOOOBEKTe, MEXaHU3M (OPMHUPOBAHUS U3
HUX HAaHOCHCTEM

11. JlepexTrl CcTpYKTYphI U (pa3oBbI€ MPEBpAIICHUS B HAHOOObEKTaX

12. Brnusinue Ha npoiecc camoopraHu3aliiy TeMIepaTypHBIX U CUIIOBBIX MOJIeH

13. OcobeHHocTr 00pa3oBaHMsl, POCTa IEHTArOHAJIbHBIX HAHOOOBEKTOB

14. Mexanu3mbl HOpMUPOBAHMS U3 IEHTArOHAJIBHBIX KJIACTEPOB HAHOOOBEKTOB M KPUCTAII-
JIOB

15. CtpoeHre NeHTaroHaJIbHbIX HAHOOOBEKTOB

16. O6acTu MpUMEHEHHSI HAHOOOHEKTOB U HAHOCUCTEM

17. Mexanu3mbl (HOpMUPOBAHUS U3 HAHOOOBHEKTOB TOTOBBIX MUKPOU3AETUI




18.

MGTOI[I:I HCCIICAOBaHUA KIIAaCTCPOB U HaHOOOBEKTOB

19. MeToa 31eKTPOOCAKICHUHS KaK OAMH M3 HECKOJIBKUX METOJOB MOTyYeHHUS HAHOOOb-
€KTOB U HAHOCHCTEM

20. Hanokortanuzatopsl.

21. DMITMPUYECKHE METO/Ibl MOACIMPOBAHNUS HAHOOOHEKTOB.

22. [Tonyamnupudeckre METOAbI MOJEIUPOBAHHSI HAHOOOBEKTOB.

23. Hesmnmpuueckue MeToapl MOIEIMPOBAHUS HAHOOOBEKTOB.

24, [Tpubmmxenue bopua-Onmnenreiimepa.

25. Meroa Xaprpu-doka.

26. ATOMHBIE OpOUTAIIH.

27. Teopust pyHKIIMOHATA IIIOTHOCTH.

28. Teopus Bo3myLIEHUS.

29. MeTo/1 BalIeHTHBIX CXEM.

30. MeToa MONEKYISAPHBIX OpOHUTAaNeHi.

31. [ToHsiTHE HAHOOOBEKTOB.

32. [lonsiTe HaHOYACTULL.

33. [TonsiTHEe HAHOKPHCTAIIIOB.

34. Krnaccudukanus mo criocodam moxydeHus! KIIacTepoB U HaHOOOEKTOB.

35. [Ipoueccrl caMmoopranu3aluy U caMocOOPKHU B KIIacTepax U HAaHOOOBEKTaXx.

36. [TonsTHE HAaHOMAaTEPHUAIIOB.

37. [ToHsiTHE HAHOCHCTEM.

38. Knaccugukanus mo reoMeTpudeckuM Mpru3HaKaM KJIacTepOB M HAHOOOBEKTOB.

39. [lonsiTe HaHOU3AENIN.

40. OcobeHHOoCTH pocTa MPH KPUCTAIIM3AIMN U3 KJIACTEPOB HAHOOOBEKTOB U HAHOCUCTEM,
POJIb TEXHOJOTHYECKUX (PaKTOPOB.

41. DHepreTHYeckuii aHajau3 MOBEPXHOCTU KJIacTepa U HAaHOOOBEKTOB, MX B3aMMOCBSI3b,
CTPYKTYpa U MOP(OIJIOTHSI TOBEPXHOCTH HAHOOOBEKTOB.

42. Mexanu3mbl 00pa3zoBaHUsl KJI1acTepoB U (OPMHUPOBAHUS HAHOOOBEKTOB U HAHOCHUCTEM.

43. [TenTaronanbHble HAHOOOBEKTHI.

44, [Tomysmnupudeckuii pacueT XapakTepUCTUK MOJIEKYIISIPHBIX KJIaCTEpPOB.

45, CymecTByronMe MOJIeNU KIacTepoB, UX KilacCHU(pUKALIUSL.

46. Kunacrepubie monenu.

471. XapakTepUCTUKU U30JIMPOBAHHBIX KJIACTEPOB U HAHOCUCTEM.

48. Mertona razoa3Horo cuHTesa.

49, VYpaBuenue Tomcona-I'u60ca.

50. Teopema Kynmanca.




7.3.2. Kputepun 1 HOpMbI OLIEHKH

dopma nposeje-

HHA
Kypc . Kpurepun u HOpMbI OLEHKH
NPOMEeKyTOYHOI
arTecTaluu
4 DK3aMeH (YCTHO) VY cBoeHue MOTyYeHHBIX 3HAHUI

«OTJIMYHO»

HOJTHOE, B CUCTEME, B COOTBET-
CTBHH C TpeOOBaHUAMHU ydeOHOU
IPOTPaMMBI; IOMTyCKAIOTCSI /11~
HUYHBIC HECYIIIECTBCHHBIC
OIIMOKH, CAMOCTOSATEIIFHO HC-
NpaBJIsieMbIe CTYICHTAMHU

«XOopouro»

Y cBOeHHE MOTy4YeHHbIX 3HAaHUH
HOJTHOE, B CUCTEME, B COOTBET-
CTBUH C TpeOOBaHUSMU y4eOHOI
MIPOTPAMMBI; TOITYCKAOTCS OT-
JebHbIe HECYIIECTBCHHBIC
OIHMOKH, UCTIPABIIIEMbIE CTY/ICH-
TaMH TI0CJIe YKa3aHHs IPero/iaBa-
TeJs HAa HAX

«yAOBJIETBOPUTEIBHO

Y cBOeHHE MMOTyYeHHbIX 3HAaHUH
HETOJIHOE, OJIHAKO 3TO HE MpernsT-
CTBYET YCBOEHUIO IOCIIEAYIOIIETO
IIPOrpaMMHOI0 MaTepuana; a0-
IIyCKaOTCS OTJENIBHBIE CYIIIE-
CTBEHHbIE OLIMOKH, UCIIPABIIECH-
HBIE C IOMOIIBIO MPENOIABATENS]

«HECYHOOBJICTBOPUTCIIBHO»

YcBoeHue yueOHOro MaTepuana
HEMOJHOE, OECCUCTEMHOE, UTO
MPETSATCTBYET YCBOCHUIO TIOCIIE-
ayrouiel yueOHoi nHpopmanuu;
CYILIECTBEHHBIC OMMOKHU, HEUC-
IpaBJIsieMble JaXKe C TOMOIIbIO
perno iaBaTens




8. YueOHO-MeTOAMUYEeCKOEe M MHPOPMALIMOHHOE O0ecnedeHUue TUCHMIIIMHBI

8.1. O6s3aTenibHAs IMTEPATYypa

Tun (yueOHHK,
yueOHoe 1moco-

Koaun4yecTBO B

Ne One, yueOHO-Me- HAY4YHOIl 00 1H0-
ABTOpBI, COCTABUTEJIH 3aryiaBue (3arojioBoK) Tox u3nanus
n/n Toau4ecKkoe 1mo- Teke / Hammeno-
co0ue, NpaKTH- Banue DbC
KYM, Ap.)
MeTo 11 1TOJTy4eHHUs U CBOMCTBA HAHOOOBEKTOB :
yuebHoe ocobue / H. 1. Munbko, B. B. Ctpokosa,
H. I1. Munsxo, B. B. . B. Xepnorckuii, B. M. Haprie. — 3-¢ u3.,
1 | Crpokoga, 1. B. XKep- crep. — Mocsa : ®JIHTA, 2019. — 165 ¢. — YyeOHoe mocodue 2019 ObC "Jlanp"
poROSE T 2 TP | ISBN 978-5-9765-0326-7. — TekeT : d1eKTpOH-
HOBCcKuii, B. M. Hapues .
HbI // JlaHb : 371€KTpOHHO-OMOIMOTEYHAas cUCTEMA.
— URL: https://e.lanbook.com/book/119402
Prrxonkos, /[. . Hanomarepuassl : yuebHOe moco-
oue / JI. U. Pepxonkos, B. B. JI€suna, 3. JI. [[3um3u-
I V1. Pxonkos, B. B. rypu. — 5-e uzn. — Mocksa : Jlaboparopus 3HaHMIA,
. 2017. — 368 c.— ISBN 978-5-00101-474-4. — " "
2 JIéBuna, D. JI. JI3um3u- . VYueOHOE mocodue 2017 ObC "Jlanb
Texct : anexkTpoHHbIH // JlaHb : 31eKTPOHHO-O0MOIHO-
rypu )
teyHas cuctema. — URL:
https://e.lanbook.com/book/94117
OcHoBbl HaHoTexHONoruH : yueOHuk / H. T. Ky3ne-
oB, B. M. HoBotopries, B. A. XKab6pes, B. 1. Map-
H. T. Ky3nenos, B. M. roJuH. — 2-€ u3a. — Mocksa : JIabopaTopus 3Ha-
Hogoropres, B. A. uuii, 2017. — 400 ¢. — ISBN 978-5-00101-476- " .
3 XKabpes, B. 1. Mapro- 8. — TekcT : aneKkTpoHHbIH // JIaHb : 3J1eKTpOHHO- ¥ueonuK 2017 ObC lanp
JIUH 6ubmuoreynas cucrema. — URL:

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



https://e.lanbook.com/book/119402
https://e.lanbook.com/book/94117
https://e.lanbook.com/book/94129

8.2. lonmosiHUTEILHAS JIUTEpPATYypa

Tun (yueOHHK,
yueOHoe 1moco-

KosmuectBo B
HAay4HOIi 6ubano-

Ne One, yueOHO-Me-
ABTOPBI, COCTABUTEJIH 3aryiaBue (3aroJioBOK) T'ox u3nanus
n/n TOANYECKOE I0- Texke / Haumeno-
co0ue, NpaKTH- Banue DbC
KYM, /Ip.)
bynakos, A. A. MarepuaJibl U METO/Ibl HAHOTEXHO-
noruit : yaueOHoe mocobue / A. A. bynakos. — Ya :
BI'TIY umenu M. Axkmymisl, 2012, — 126 c. —
1 | A. A. bynakos ISBN 978-5-87978-833-4. — TekcT : 31eKTpOH- YyeOHoe nmocodue 2012 ObC "Jlanp"

HbIH // JIaHb : 2IeKTpOHHO-OMOIMOTEeYHAs CHCTEMA.
— URL: https://e.lanbook.com/book/70165



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

8.3. Ilepeuenb npodeccHOHANBHBIX 023 JAHHBIX M HH(OPMALMOHHBIX
CIIPABOYHBIX CHCTEM

° MetannoobpaboTka [DIeKTpOHHBIN pecype| : HAYyYHO-TIPOU3B. JKYPH. / DJIEKTPOH.
www.biomagres.com/content - apxuB crareii xypHaia BioMagnetic Research
and Technology, moCBAIIEHHOr0 HAHOTEXHOJIOTHSIM.

o http://thescipub.com/journals/ajnt - peneH3upyemblii kypHaa American
Journal of Nanotechnology my6mukyeT pe3yabTaThl HCCIIEIOBAaHUNA B 00J1aCTH Ma-
TEpUHU HA AaTOMHOM U MOJICKYJISIPHOM YPOBHE.

e http://www.mammp-journal.com - penensupyemsbiii xypaan Mechanics of
Advanced Materials and Modern Processes myOimKyeT pe3yabTaThl HCCIICI0BA-
HUI B 00JIaCTH MEXaHUKH COBPEMEHHBIX MaTEPUAaJIOB, OCOOBIN aKIEHT JETIaeTCsI
Ha QU3HKY U MEXaHUKY Je(pOopMaIIiK, TOBPEXKIACHUS U pa3pyIlICHUs B IPOU3BO/I-
CTBEHHBIX IPOIIECCaXx.

o http://www.immijournal.com - pereH3upyeMblii xkypHai Integrating
Materials and Manufacturing Innovation myOnukyeT pe3yiabTaThl UCCIIEI0BaHUN
B 00JIaCTH OTKPBITHSI, PA3BUTHS U IPUMEHEHHUS MAaTEPHAIIOB C IIEIBIO TTpaKTHYe-
CKOTO MCITOJIb30BAHUS B POU3BOICTRBE.

o WebofScience[ DnekTpoHHbIN pecypc] : MyJIbTUAUCIUIUIMHAPHAS pedepa-
tuBHas Oasa manubix. — Philadelphia: ClarivateAnalitics, 2016— . — Pexxum 10-
ctyna : apps.webofknowledge.com. — 3ari. ¢ a3kpana. — 3. pyc., aHTJL.

o Scopus[DnekTpoHHBI  pecypc] : pedepaTuBHas 0Oa3za  JTaHHBIX.
— Netherlands: Elsevier, 2004— . — Pexum jgoctyma : scopus.com. — 3ari. c
3KpaHa. — 3. pyc., aHII.

o Elibrary[DnexTpoHHbIi pecypc] : HayyHasi 3JIEKTpOHHAs OMOIMOTEeKa. —
Mockga : HOb, 2000— . — Pexxum goctyna : elibrary.ru. — 3ari. ¢ skpaHa. — 3.
pyc., aHIJL

o SpringerLink[DnexTpoHHBII pecypc] : [6a3a JTAHHBIX |.
— Switzerland: SpringerNature, 1842— . — Pexxum moctymna : link.springer.com. —
3ari. ¢ aKpaHa. — S3. aHrI.

o ScienceDirect[ D1eKTpOHHBII pecypc] : KOJUISKIINS SJIEKTPOHHBIX KHUT M3~
narenbctBa Elsevier. — Netherlands: Elsevier, 2018— . — Pexum nocryma
sciencedirect.com. — 3aru. ¢ 3kpana. — S13. aHr.

o Cambridgeuniversitypress[ DJIIEKTpOHHBIN pecypc]| : KypHajbl U31aTelb-
crBa. — Cambridge: Cambridgeuniversitypress, 2018— . — Pexum pgoctyna :
cambridge.org. — 3aru. ¢ skpana. — SI3. aHri.

o NEICON[DnexkTpoHHBIN pecypc]| : dJeKTpoHHas HWHGOpPMAIHS : apXuB
Hay4yHbIX XypHanoB. — MockBa : HOMKOH, 2002— . — Pexum pocrymna :

neicon.ru/resources/archive. — 3ari. ¢ skpana. — f13. pyc., aHri.
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8.4. IlepevyeHb NpPOrpaMMHOro odecrneYeHus

Ne Hanmenosamie IO PexkBU3UTHI I[OFOB?pa
n/n (nata, HOMep, CPOK JAeilCTBUS)
1 | Windows Horosop Ne 690 ot 19.05.2015r., cpok neit-
CTBUS - 0ECCPOUHO
2 | Office Standart Jorosop Ne 690 ot 19.05.2015r., cpok aeii-
cTBus - Oeccpouno; Jloroop Ne 727 ot
20.07.2016r., cpok neicTBus - 0eCCPOUHO
3 MathCAD I'K Ne 83 o1 31.01.2008 (mom. cora. Ne84 ot

31.01.2008) (6eccpounas)

8.5. Onucanue marepuaJIbHO-TEXHUYECKOM 0a3bl, HCOOXOAMMOU JJIS OCY-
IIEeCTBJICHUSI 00Pa30BATEJIbHOI0 MPOIECCA MO JUCHHUIITIMHE

n/n

HaumeHnoBaHue 000py10BaHHBIX Y4eOHBIX
Ka0OMHETOB, J1a00PaTOPHIi, MACTEPCKUX U
Ap. 00BEKTOB /1Jisl IPOBe/ieHUs MPaKTHYe-
CKHUX H J1a00pATOPHBIX 3aHATHI, IOMellle-
HHUH 1JI1 CAMOCTOATEIbHON padoThl 00yua-
IUXCH (HOMep ayAUTOPHUH)

Ilepeyenb 0OCHOBHOTO 000pPY10BAHHSA

Y4ueOHast ayTUTOpHS IS IPOBEICHHS 3aHS-
TUH JIEKIMOHHOTO TUMA. Y4yeOHas ayAuTopus
IUISL IPOBEICHUS 3aHITUH CEMUHAPCKOTO
TUna. YuebHas ayJuTopus AJis KypcOBOTO
POEKTHPOBAHUS (BBITIOJTHEHHUSI KYPCOBBIX
pabot). YueOHast ayaiuTopHs JUIsl IPOBee-
HUS TPYNIIOBBIX M WHAWBUYATbHBIX KOH-
cyibTanuil. YueOHast ayIuTOpHs Ui IpOBe-
JICHUS 3aHATHH TEKYIIET0 KOHTPOJIS H MPO-
MEXYTOUYHOM aTTeCTaliH.

I'-326

Croubl yueHnueckre (MOHOOJIOKH) IBYyX-
MECTHBIE , CTOJI IPENOAABATENbCKHM, CTYI
IIpEroAaBaTeIbCKU, JOCKa ayJTUTOPHAs
(MenoBas), 5KpaH HaBECHOMH, cTallMoHap-
HBIH [IPOEKTOP, MIPOLIECCOP, MBIIIb KOMIIb-
I0TEpHast, MyJbT AJI IPOEKTOpa

JlaGopatopus "KomnbroTepHOE MOJIETUpPOBa-
HUE PU3NYECKUX MpoLeccoB”
I'-426

CTomnbl y4eHUYECKHE IByXMECTHBIE, CTOJI
MPenoAaBaTeIbCKUM, CTYIbs, 10CKA ayAu-
TOpHast (MenoBas), MPOEKTOp, IKPaH, aKy-
CTHYECKasi CUCTEMa, KOMITBIOTEP MPeroia-
BaTellsl, KOMIIBIOTEPHBIH CTOJI, KOMITBIOTEP
CTYJEHUECKHH, Kadenpa

[TomenieHue 17151 CAaMOCTOSITENNEHOM pPabOTHI
CTYJICHTOB
I-401

CroJibl y4eHHUYECKHUE, CTYIIbs yUCHUYE-
ckue, [IK ¢ Beixogom B cetb HTEpHET
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