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(Haumenosanue OUCYUNIUHbL)
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I'onx maGopa: 2020
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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 arrectamus

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

HUroro 288 288
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Cpok aeiicTBus padoueii nporpaMmmbl Jucuuiuinabl 10 01.10.2024 r.r.

YTBEPXIEHO

Ha 3acemanuu xadenps
HanortexHonoruu, MarepuanoBeicHUE U MEXaHHUKA

(mpotokon 3acexanust Ne 1 ot «30» aBrycra 2019 r.).



1. Ileab ocBOEHUNA TUCIHUILIMHBI

L[GJIB — 3HAKOMCTBO C OCHOBAMH TCXHOJIOTHYCCKOTI'0 ITIOAX0Ja KCHHU3Y-BBCPX»
Al ITOJIYUYCHUA HaHOO6T)eKTOB, HAaHOCUCTEM H HAHOMATCPHAJIOB M3 KJIACTCPOB.
I/I3y‘II/ITB MCXAaHHU3MBI POCTA, OCOOCHHOCTH CTpOCHUA U CBOICTBA HAHOOOBEKTOB.

3agaun:
1. JlaTh KIaccupUKaAIUIO KIACTEPOB, HAHOOOBEKTOB M HAHOCHCTEM.
2. O3HaKOMHUTH C MOJICISIMH CTPOCHUS KIIACTEPOB.
3. O3HaKOMHUTH C TEXHOJIOTHEN MOJYYEHHUS U MEXaHW3MaMU POCTa HAHOOOBEKTOB
U3 KIJIACTEPOB.
4. TToka3aTb 0COOCHHOCTH CTPYKTYPBI U CBOMCTB HAHOOOBEKTOB U HAHOCHUCTEM Ha
OCHOBE METAJIA.
5. O3HaKOMHUTH C TEXHOJIOTHEW MOJYyYEHUS] MEXaHU3MaMHU pOCTa, 0COOEHHOCTAMHU
CTPOEHMSI METaJUINYECKUX HAHOOOBEKTOB M HAHOMATEPHUAJIOB, IMOJIyUYEHBIX U3
KJIACTEPOB, HMMEIOIIMX JEKAIPUUYECKOE WM HKOCAdAPUUYECKOE PACIOJI0KEHHE
aTOMOB.

2. MecTto nucuuiuiaabl (yueOHoro kypcea) B crpykrype OITIOII BO

JIucuMIUIMHBl M TPAKTUKH, HA OCBOCHUHU KOTOPBIX OaszupyeTcs JdaHHas
JUcUUIUIMHA: «MaTepuaioBe/IeHUe U TEXHOJIOTHUH COBPEMEHHBIX U MEPCIIEKTUBHBIX
MatepuanioBy, «MeTobl U TEXHOJOTHHM MOJyYeHUsT HaHOMaTepuayioBy, «Duznka
KOHJICHCUPOBAHHOTO  cOoCTOsiHUS», «Teopuss  nedexkToB  KpUCTAILTUYECKOMN
PELIETKI.

JIMCUUIUIMHBL U TIPAKTUKH, JJIsI KOTOPHIX OCBOCHHUE JTAHHOW JUCHUILIAHBI
HEO0OXOAMMO KaK MPeAIIeCTBYIOLIEE: HayYHO-UCCIIe0BaTeNbCKas padoTa.



3. IliianupyemMblie pe3yJibTaThl 00y4eHHs

dopmupyeMble U HNuaukaropsl
KOHTPOJINpyeMble AOCTHKEHU S IlnannpyemMble pe3ybTaThl
KOMIIeTeHIINH KOMIIeTeHIIN I o0y4eHust
(Ko 1 HAMMEHOBAHUE) (koA 1 HAMMEHOBaHUE)
- CIIOCOOHOCTBIO 3HaTh:
BBIOUpATH npubOpBL, MexaHu3mbl B3aUMOJICVCTBHUS
JaTYUKU U 000pyI0BaHHE MHKpO- W HAHO- CTPYKTYPHI C
FI HPOBCACHHA OKpYy’Karolen cpeaoil, MoasiMu
JKCIIEPUMEHTOB u
perucTparmH JIX YaCTULIAMU U U3ITYYCHUSIMU
pesyabraros (OITK-10) Ymers:
Onpenenstob BIIUSIHUE
i} MacmTabHoro (Qakropa Ha XOJ
OKCIEPUMEHTAa U  PETUCTPAIUIO
pe3yabTaToOB
Bnaners:

HaBbikamu oreHku macimrtabHOro
(hakTopa MUKpO- U HAHO- CTPYKTYP

- YMEHHE Ha Hay4HOU
OCHOBE YCTaHaBIIMBATh
KOJIMYECTBEHHYIO U
KayeCTBEHHYIO
B3aHMOCBSI3b
XUMHYECKOT0 U (a30BOTO
COCTaBa,
KPHUCTAJNTNYECKOI
CTPYKTYPBL,CTPYKTYPHOTO
COCTOSIHUS U
(bu3NYeCKUMH,
MEXaHUYECKHUMH,
XUMHAYECKUMH U IPYTUMHU
CBOWCTBaMM METAJUIOB U
craBoB (ITK-1)

3HaTh:
COBpEMEHHBIC TIPEICTABICHUS O
BJIUSIHUU

CTPYKTYpPBI Ha
MaTepuasoB, UX B3aUMOJICUCTBUH C

MHKPO- M HAaHO-

CBOMCTBA

OKpYyKarolllel cpenou, MOJIsIMHU
YaCTULIAMU U U3JTyYEHUSIMU

YMeTs:
UCII0JIb30BaTh Ha MpaKTUKE
COBPCMCHHBIC MPEACTABICHUA O
BJIMSAHUHN
CIPYKTYpPBI Ha
MaTrcpuraioB, UX BSaHMOHeﬁCTBHH C
OKpYKarollel cpenou, MOJIsIMHU
YaCTULAMU U U3JTYyYCHUSIMU

MHKPO- M HAaHO-

CBOMCTBA

Bnaners:

CIIOCOOHOCTBIO MCTOJB30BaTh Ha
IIPaKTUKE COBpPEMCHHBIC
IpeACTaBJICHUA O BIIMAHUU MHUKPO-
W HaHO-CTPYKTYpbl Ha CBOMCTBa
MaTrepuraioB, UX B331/IMO)1€I>1CTBI/II/I C
OKpYKarolllel  Ccpeliou,
YaCTULlaMU U U3JTYYCHHUAMU

MTOJISIMH,







4. CTpyKTypa H coiep:KaHue QM CUUIIIMHbI

®opMbI TEKYLIETO

. . KOHTPOJIs
Moayab Bup yueonoi HaumeHoBaHue TeM 3aHATHI
(pasnen) paGoTHI (yaeBHoii paGoThI) Kyoc |O0bem, 4. banabl | UHTEpakTuB, 4. | (HAMMeHOBaHHE
OLIEHOYHOT0
cpeacTna)
1. Cunres u Jlex Meroasl ony4yeHus u 4 2 Ilpoexm
kinaccudukanus | JIad KJ1accu(uKaus HAaHOKJIACTEPOB. 4 Pasnoyposnesuvie
HaHoKs1acTepoB u | [Ip 4 - 3a0ayu u 3a0aHus
HaHOKJIacTepHBIX | Cp 40
CTPYKTYp
2. CaoiicTBa Jlex MounekyJIIpHBIE JINTaHHBIE KIACTEPhI 4 2 IIpoexm
M30JIMpOBaHHbIX | JIab B pacTBopax. ['a30Bble Oe3auraHiHbIe 4 Pasnoypoenesvie
HaHoKsacTepoB | IIp kiactepbl. Komtonansle knacrepsl 4 - 3a0ayu u 3a0aHus
Cp 60
3. Knactepueie | Jlek ®opMUpOBaHUE HAHOCTPYKTYD, 4 4 Ilpoexm
HaHOCHCTEMBI U | JIab caMOOpTaHu3aIsl HAHOKJIACTEPOB. 8 Pasnoypoenegvie
HaHOCTPYKTYpbl |IIp BHyTpukiactepHas aToMHas 8 - 3a0aqu u 3a0aHus.
Cp TUHAMUKa. MexXKIacTepHas 112
KonTpons JuHamuKa. CTpyKTypHBIE 36
ocobeHHocTH HaHocucTeM. CBolicTBa
HAHOKJIACTEPHBIX CHCTEM.
Hroro; 288




5. O0pa3oBare/ibHbIC TEXHOJIOTHH

B HacTosmieM Kypce HCIONB3YIOTCS — CIEAyloIue o0pa3oBaTeibHbIC
TEXHOJIOTHH:

l.Texnomorust  TpagulMoHHOTo  oOydyeHus  (JrabopaTopHble  pabOTHI,
MPAKTHYECKHUE 3aHATUS, CAMOCTOSITEIIbHAS paboTa).

2. IHTepakTHBHBIC TEXHOJOTUH (JIEKITUU-0ECeIbI)

6. MeToauueckue YKa3aHusd 110 OCBOCHNI0 TUCIHTNIIJIMHBI

[IpakTUueckue 3aHATHS TMPEACTABIAIOT COOON BUJ YYEOHBIX 3aHSATUH, B XOJE
KOTOPBIX CTYAECHTHI, 3aKPEIUISAIOT HAa MPAKTUKE MMOJYyYEHHbBIE TEOPETUUECKUE 3HAHUS.
Tak xe npeJnoaraeTcs MPoOBECHUE MMPOBEPOUHOUN pabOThI B (hopMe TecTa.

JIabopaTOpHBII MPAKTUKYM 3aKIIOYAETCS B 3HAKOMCTBE C COBPEMEHHBIMU
METOJUMKAMU MOJICJIUPOBAHUS HAHOPA3MEPHBIX OOBEKTOB HEIMIHUPUUYECKUMH,
NOJIyDMIIUPUYECKUMU METOIAMHA U METOAAMH MOJIEKYJISIPHOU JTUHAMUKH.

[Ipu moAroToBKe K 1aOOPaTOPHBIM 3aHATUSAM CTYACHT JOJIKEH:

- U3y4YUTh TEOPHUIO IO TeMe JabOpaTopHON pabOThl, UCIONB3Ysd KOHCHEKT
JEKUUH WM PEKOMEHYEMYIO TEXHUYECKYIO JIUTEPATYpPY;

- 03HAaKOMUTBCS C METOJIUKON BBIMOJIHEHUS pabOThI;

- 03HAKOMUTHCS C BOMPOCAMU AJI MPOPabOTKHU K Ja0OpaTOPHOIl paboTe U OBIThH
TOTOBBIM OTBETUTh Ha HUX BO BpeMs coOece0BaHUs C MPEnoiaBaTesieM M0 UToraM
BBITIOJTHEHUS Pa0OTHI.

JupakTuyeckue €nuHMIIbl, TNPEeAYyCMOTpPEHHbIe pabdodeil mnporpaMmon Ha
CaMOCTOATENbHYI0 TpPOpPadO0TKYy, MOJKHBI OBITh H3Y4YEHbl CTYJCHTAMH B XOJE
CaMOCTOATENbHON paboThl. CamocTosiTeNbHasE padoTa MPOBOJIUTCA B COOTBETCTBHUH C
YTBEPXKJICHHOW pabouedl MmporpaMMON  TUCHMIUIMHBI C y4€TOM BPEMEHH,
IIPELYCMOTPEHHOIO HAa CaMOCTOATEIBHOE HU3ydYeHHE. B Xoxe caMocTosATenbHOU
pa®oOTBhl KaXIblil CTYJEHT 00s3aH MPOYUTaTh OCHOBHYIO U IO BO3MOXKHOCTHU
JOTIOJTHUTENBHYIO JINTEPATypPy MO U3y4aeMOU TeMeE, AOMOIHUTh KOHCIEKTHI JEKIIUI
HEJOCTAIOIIMM MAaTE€pUaIOM, BBIIMCKAMHU W3 PEKOMEHJOBAaHHBIX NEPBOMCTOYHUKOB.
KoncnektupoBanue Hanbosee CI0XKHbIE 17151 IOHUMaHHsI TEMbl HEOOXOAMMO COYETaTh
C HOJIyYEHHEM MHUCBbMEHHBIX, & TP BO3MOXKHOCTH, U OYHBIX YCTHBIX KOHCYJIbTaLUH
Mperno/iaBaTe’is.

[Ipy moAroToBKE K 3aHATUSM, TEKYLIEMY KOHTPOIIO U IPOMEXKYTOUYHOM
aTTeCTallMM CTYJIEHTHl MOTYT BOCIIOJb30BaThCs JJIEKTPOHHON OubOimorexkon BY3a,
MOJIYYUTh AOCTYH K Y4eOHO-METOUYECKUM MaTepuaiiaM Kak oubnuroreku BY3a, Tak
Y MHBIX 3JIEKTPOHHBIX OMOIMOTEUHBIX cucTeM. [Ipn HE0OXOIUMOCTH CTYIEHTHI MOTYT
B3STh JIUTEpATYpy Ha Kadenpe wiaum Ha abOOHEMEHTE BY30BCKOW OHOIMOTEKH B
NIEYaTHOM BHJIE, & TAK)KE BOCIIOJIb30BATHCS YUTAIIBHBIMU 3aJIAMHU.



7. O eHOYHBIE CPeACTBA
7.1. ITaciopT OLIEHOYHBIX CPEACTB

Koxa koHTpO/IMpyemMoii KOoMIIeTeH UM HaumenoBanue

Kypc
(WJIM ee 4acTH) OILIEHOYHOI0 CPeICTBA

Ilpoexm
Pasnoyposnesvie 3a0auu u 3adanus
Tecmosuvie 3a0anusi Ne 1 — 320.
Bonpocul k sxzameny No [ — 50

4 OIIK-10

Ilpoexm
Pasnoyposnesvie 3a0auu u 3adanus
Tecmoeguvie 3a0anusi Ne 1 — 320.
Bonpocul k sxzameny No [ — 50

4 T1IK-1

7.2. TumoBble 3aJaHUS WJIM HHbIe MaTepHAJIbl, HEOOXOAUMBbIE /I
TeKYIero KOHTPOJIs

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

NuauBuayajabHbie 3aJaHUA:

- Terpasnp menu Cuy;

- Oxrtasip meau Cus;

- Jexasmpudeckuii kimactep cepedpa Agr;

- Uxocasnpuyeckuii kimacrep cepedpa Agis;

- Honexasapuueckuii knacrep cepedpa Agoo;

- CepeOpsiHbIi yceUueHbIH ieka’ipudecKkuid kiactep Agis;
- @ymnepen Cyo;

- @ymeped Coy;

- Gynnepen C,8,;

- Metamnokap6oreapen TigCi, (cummerpus Th).

Kpurepuu oueHku:

- OLICHKA «3a4TE€HO» BBICTABIISIETCS CTYACHTY, €CIU

1. [TomHOCTEIO 3aMOJTHEH OJTaHK OTYETA;

2. DKCIepUMEHTAIbHBIE TAHHBIE COTJIACYIOTCS C TEOPETUUECKUMU,



3 [To pabote copmynupoBaHbl IPaBUIbHBIE BBIBOIBL;

4, JlaHbI IMOJIHBIE OTBETHI HA BONPOCHI 110 3amure JIP;

5 [TpuBeneHs! penieHus 3a1ad (€cJIiM UMEIOTCS B JaHHOH padoTe).

- OLIEHKAa «HE 3a4TeHO» IMpPHU HE BBINOJHEHUHU JIO00T0 U3 MITH KPUTEPUEB OLICHKU
"3ayTeHO"

7.2.2. KoMIJIEKT TUNIOBBIX Pa3HOYPOBHEBBIX 32/1a4 JIJIsl NPAKTHYECKHUX 3aHIATHIA
Tema Ne 1 «Kpumuueckue pazmepvbl MAIblX 4acmuy»

3aoayu:

1.1.MeTo/10M UCnIapeHHs U KOHACHCAIIMU B aTMOC(epe HHEPTHOTO ra3a MOJIYy4YECHbI
chepruueckue HaHOYACTUIIBI cepedpa, uMeronue quameTp 15 am. Onpenenure
JIOJIF0 TIOBEPXHOCTHOI'O CJIOSI OT OOLIero 00beMa, TOJIIIMHY TOBEPXHOCTHOTO
CJIOSl IPUHATH PaBHOM YeThIpeM aTOMHBIM MOHOCHOAM (t = 0.4 HM). Ouenure
HOTPENIHOCTh BHIYUCICHUS MPU UCTIOIb30BAaHUH MPUOINKEHHOTO BBIPAXKECHHUSL.

1.2.0npenenure npeneiabHbIA pa3Mep, NpU KOTOPOM Majble YacTULIbI 30J10Ta (&F
5.51 3B) Bce eliie nposBISIIOT METALTUYECKUE CBOMCTRA.

1.3.T'maporenunzanus 3tuiena npu remneparype 520 K u gaBnenun Bogoposaa 1 atm
C UCIIOJIb30BaHNEM B KaUeCTBE KaTajau3aTopa IiaThHbI (e = 7.6 3B, d = 0.4 HM)
ocaxxnenHoi Ha SiO, wmwmm Al,Oz; umer 0coOEHHO HHTEHCHBHO, KOTrIa
pacCcTOsIHUE MEXAY SHEPreTHUYEeCKMMM YPOBHSMM CTaHOBUTCS Oojblie 2 9B.
Ouenure pazMep 4acTULl IIJIaTUHBI.

1.4.B peakuuu TUApUpPOBaHUs OE€H30Ja C MKCHOJb30BAHMEM B KayecTBE
KaTajau3aTopa NOJYyYEHHBIX Pa3IOKEHHUEM METANIOOPTAaHUYECKMX KOMILIEKCOB
HAHOYACTHI HHKedsd Ha mnomioxkke SiO, ¢ yMeHbIIEHHEM pa3Mmepa
METaJUIMYECKUX YaCTHUL HA0JII0AAETCs YBEJIMUEHUE YIETbHON KaTaIuTHYECKOM
aKTUBHOCTH, T.€. AKTUBHOCTU OTHECEHHOM K OJHOM IOBEPXHOCTHOMY aTOMY
metaina. [Ipu temneparype 373 K u gaBnenus 6ensonia CeHg u Bogopona Hy
cootrBeTcBeHHO 6700 u 46700 Ila pe3kuil pocT yAeNbHON KaTaaUTUUYECKOU
AKTUBHOCTH HAHOYACTHI[ HUKENS B 3-4 pa3za MPOMCXOAUT KOrJa OTHOIICHHE
YHClia TOBEPXHOCTHBIX aTOMOB K 00IIEMY YHCITy aTOMOB 0Ju3K0 K 1. Ouienure
pa3Mepbl TAKUX HAHOYACTHUL HUKEJIS.

1.5.Meronom razoda3zHoOro CHHTE3a MOJYYEH MEAHBIH HAHOKPHUCTAUIMYECKUI
MOPOIIOK, TMPUYEM CPEAHUN TEOMETPUUECKUN JuaMeTp dYacTull 35 HM.
Pacnpenenenne 4acTull o pasmMepam sIBISIETCS JIOTapu(PMUIECKH HOPMATbHBIM
c nucnepcuer 1.5. Omnpenenute 1) HOPMHUPOBOUHBIN KOID(GUIIHEHT
pacnpenenenus; 2) HanOosee BEpOSITHBIA pa3Mmep yactu: 3) cpeqHuid pasmep
yacTull; 4) CpeIHEKBaIpaTUUHbIA pa3Mep YaCTHIL;, 5) JOJII0 YaCTHUIl pa3MEpPOB
20-40 uMm; 6) mocTpoiite rpaduk pacmpenencHus B koopaunatax d u Ind.

Tema Ne 2 « Temnepamypa niaeneHuss Mauiblx 4acmuyy»

3aoayu:



2.1.Paccunraiite  0o0mmiee YHMCIO ATOMOB  HMKOCAdAPUYECKOTO  KJIACTepa,
coneprkariero N aTOMHBIX ClIOeB. PacueTsl mpuBeanuTe AJIs IEPBBIX S5 CIIOCB.
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 Kk /Jx
~0.0622— Q=585
s M Q kr o 0=32 gy, T =905 ¢

2.3.Iloctpoiite rpaduku 3aBUCUMOCTH TEMIEpATyp ILJIaBICHHUS HAHOYACTHUI
AIIOMUHMSI, MEIW, HHKeNId W TUTaHa OT uX oOpaTtHoro panuyca. Ilo
KO3 PULIMEHTY o ompenenuTe A KaKAOro MeTraiia, Kakas (opmyna s
TOoro HauOosiee npuemiema. Bce HeoOXoIuMMble mapaMeTpbl MPUBEICHBI B

TabIuIE.
Toer |Q, Gs, <1075, o, 105, |a-10%,
Merazn K " D-moms? | Tk E/IOJIL'ME’ Tk M2 f/IOJIL'Mg M
Al 934 110700 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

2.4.Paznoxure B pan Teiinopa XUMHWYECKUH MMOTEHIINAJT BUIA

,u(p+Ap+2—0,T +AT)
r orpaHnyuBIINCh mepBbiMH (1, 2 u 3) manbiMu
CllaracMbIMHU.

Tema Ne 3 «Ilapamemp pewiemku Maavix yacmuy»

3aoauu:
3.1.1Tonaras, 4T0 yMEHBIIIEHHWE MApaMETPOB PEIICTKA HAHOYACTHUI[ cepedpa U
30J10Ta SIBJSICTCS CJICICTBHEM HM30BITOYHOTO JaBieHMs Jlammaca ompemenuTe

Bt

3aBHCUMOCTb .

3.2.0npegenutb,  HUCHONB3ysd  ypaBHeHue  TomcoHa-I'mbOca,  nmaBineHue
HACBIIIIEHHOTO TIapa HaJl )KUJKOU Karuiel (30710Ta u cepedpa) uMerolel paanyc
r.

3.3.0OTKIOHEHHE TapaMeTpa pelIeTKH HAHOKPHUCTAUNIMYECKOTO  aTOMUHUS,
onpenensieTcss U30bITOYHBIM OOBEMOM TpaHUI] 3€pPEeH, CPEeAHEW MUPUHOU
TpaHUIl 3€peH M CpeaHUM AuameTpoMm 3epeH. llocTpoiiTe 3aBUCHUMOCTH

LIRIC)
%

3.4.0neHuTe TONIMHY TOHKOTO €0 BOJHM3W TPAHUIIBI 3€pHA, B KOTOPOM MOXKET
HaAOJI0IaTHCS PACHIMPEHUE KPUCTAIUIMYECKOMN PEIIeTKH.



Tema Ne 4 « Ypasnenue lllpéouneepay

3aoauu:
4.1.PaccmoTpuTe CBOOOJHOEC OJHOMEPHOC JIBMDKCHHE 4YaCTHIBI, T.C. YacTHUIlA
HAXOJIUTCS B TI0JIC C IMMOCTOSTHHBIM IMMOTEHIIMAJIOM U €€ MOTCHITHAIbHAS YHEPTHUS
paBHA HYIIIO.
4.2.PaccMOTpUTE ABUKCHUE YaCTHIIBI B IME ¢ OECKOHEYHO BHICOKUMHU CTEHKAMH.
4.3.PaccMoTpuTe OJHOMEPHOE NIBIDKCHHE YACTHIIBI TI0O OCH X TIOJT BO3CHCTBHEM

YIOPYTOM BO3BPAILAIOIIEH CHJIbI F= —kX’ rine K — cutoBas mocrosiHHas. Takast
CUCTEMA Ha3bIBAETCS JUHEHHBIM FraPMOHUYECKUM OCLHIIISITOPOM.
4.4.0npenenute YpPOBHM DSHEPIUM JUIS YacTULbI, JBIKYILIEWCS B IOJIE C

_ —2ax _ —ax
MOTEHIMAIIBHOW SHEPTUEN U(x) = A(e 2e) .
4.5.0npenenuTe ypOBHH OJHEPTHM JJIl YACTHIBI, JABIDKYIIEHCS B IIOJIE C

U
— 0
. . U(x)=- h2
MOTCHIIHAILHOMN SHEeprueit chax,

Tema Ne 5 «Pacuem monexyn»

3aoauu:

5.1.0mpenenure, Kakol €3 MOJYIMIHPUUYECKUX METOJOB HauOOIee TOUYHO
OIICHMBAET JUIsl YKa3aHHBIX MOJIEKYJ ToTeHIuan wonuzanuu (1), sHepruro
CpoJicTBa K 3JeKTpoHY (A), paBHOBECHOE MEXKATOMHOE paccTosiHue (Ie) H
sHepruto auccounanmu (Dy). Pesynbratel odhopmute B Buae Tabmuil. 3agaqy
PEeITh IS CASAYIOMNX BapUAHTOB ABYXaTOMHBIX MoJieKys: a) Hp; 6) Liy; B)
Co; r) Nz; ) Og;
e) Fz; %) Py; 3) Sp; n) Cla.

MOJ'ICKYJ'IEI H2 L|2 C2 N2 02 F2 P2 82 C|2
I, >B 152 |5.1 124 |156 |121 |15.7 |111 |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 (141 |1.89 |1.89 |1.99
Do, 103 |24 143 |225 | 118 |37 116 101 |57
KKaJI/MOJIb

5.2.Ucnonw3ys teopemy Kynmanca, paccuutaiite merogqom AMI1 moteHuua- jbl
nonuzauuu (l) aByxatomMHbIX MOjeKys. CpaBHUTE MOJYyYEHHbIE 3HAUYEHHUS C
HKCIIEPUMEHTAJILHBIMU JAHHBIMU U C Pe3yJIbTaTaMHU HEAMIUPUUYECKUX PACUETOB
B Oaszuce 6-31G.
MOJ’ICKYJ'Ia Cz Nz 02 Fg A|2 Slz Pz Sz Clg
|, 5B 124 |156 [121 |15.7 |6.21 |8.0 111 |94 11.5

5.3.B xakom ¢ymnepene (4, 6, 8, 20, 60, 80) monyropHas cBsa3p C-C nHaunbonee
npoyHasi? Pacuer sHepruu BBINONHATH O€3 ONTUMU3ALMHU TE€OMETPUH, HC-



nosib3yst nomysmnupudeckuid  Meron CNDO. JlaHHble 1O MOJEKYyJaM
dymiepeHa npodyuTaTh U3 UMeroIuXcs ¢ainoB *.hin.

5.4. Onpenenure BETUYUHY JAUMNOJIBHOTO MOMEHTA MOJIEKYJ, CpPaBHUTE 10
Jy4YEHHbIE 3HAYEHHUS C HKCIEPUMEHTaJbHbIMU JaHHbIMU. Kak u mouemy
M3MEHSIETCSl CBEPXY BHU3 MO IPYITE TOUHOCTh PacueToOB?

Monekyna NH; PH; AsH;3 H,O H,S H,Se
u, D 1.48 0.89 0.18 1.87 1.17 0.24

5.5.Paccunraiite 4acToTy BaJCHTHBIX KOJ€OaHWH B 4YacTHIAX, CpPaBHUTE
IIOJIyYEHHBIEC 3HAYEHUs C JAHHBIMU JKCIEPUMEHTA. B KakoW 4acTULE CBS3b
Haubosee mpoyHas?

YacTuna O,* 0, O, 0,> |NO* |NO NO | NO*
Vv, CM * 1865 |1580 |1097 |766 2273 11880 |1365 |886
Yactuma HF HCI HBr HI F, C|2 Br, I,

v, cM L 4139 |2991 |2649 |2310 |892 546 319 215

5.6.Paccunraiite mupuHy sHepretuueckoil menn (Egap) B MOMMUIMKINYECKUX
KOHJCHCUPOBAHHBIX  APOMATUYECKHUX  MOJEKYJaX, KOTOpbIE  HMEIOT
cnenyrommii cocras: CeHe, CigHiz, CoqHiz, CuoHig, CssHis, CeqHzs, CosHaa.
PacueTr sHepruu BHITIONHSNTE 0€3 ONTUMU3AIMHI T€OMETPUH, UCTIOJIb3YSI METOJT
CNDO (mmouemy?). JlanHble M0 MOJIEKyJIaM CUMTAHTE M3 UMEIOITUXCS (hailyioB
*.hin.

Tema Ne 6 «BoamyweHue He 3asuciujue om epemeHu

3aoauu:
2)
6.1.0npenenuTe MNOMpPaBKy BTOPOro HpubmMkKeHHs ¥n K COOCTBEHHBIM

GyHKIUAM.
6.2.0npenenure MONPaBKY TPETHETO MPHUOIIKEHUS] K COOCTBEHHBIM 3HAUYECHUSM
DHEPIHUU.

6.3.0npenennte ypoBHU SHEPTUHM aHTAPMOHHUYECKOTO JIMHEWHOTO OCHUIUIATOPA C
2 2,2

H=P  D2X oy px
raMUJIETOHHAHOM 2m 2 :
6.4.Ceprueckas mMoTeHIMaANIbHAs sMa C OECKOHEYHO BBICOKHMH CTEHKAMU
noABepraeTcs Mmajoiu aedopmaiuu (03 U3MEHEHUs1 00beMa), MpUuHUMas Gopmy
11200 BBITSHYTOTO WJIM CIUTFOCHYTOIO 3JUIMIICOUAA BPALIEHUS C MOIYOCSIMU a =
b u c. HaliTu pacuieruieHue ypoBHEW SHEPruM YaCTHUIIBI B SIME TPU TaKOW

nedopmarum.
Tema Ne 7 « Cexynaprnoe ypasHnenue. Bozmywenue 3agucsaujee om epemenuy

3aoauu:



7.1.0npenenute NOMPaBKU MEPBOTO MPUOIMKEHHUSI K COOCTBEHHOMY 3HAUEHUIO U
npaBuibHble  (QYHKIMM  HYJIEBOrO  MPUOJNMKEHUs g ABYKPaTHO
BBIPOXKJEHHOTO YPOBHSI.

7.2.BeiBeiute (popMysy IS MOMPABOK IMEPBOr0 MPHUOIMKEHHUS K COOCTBEHHBIM
GYHKITUSAM.

7.3.BeiBeniute popMyiy SISl IOTPABOK BTOPOTO MPHUOJIMIKEHHS JIJ11 COOCTBEHHBIX

3HAYEHUU.

(0)
7.4.B HayaabHBIM MOMEHT BpCMCHHA t = 0 cucrema HaXoAHUTCA B COCTOSAHUHU Vi )

OTHOCAIIEMCS K JIBYKPaTHO  BBIPOXKJACHHOMY ypoBHIO. Ompenenurte

BCPOATHOCTL TOI'O0, 4YTO B I[&J'II)HGﬁIHPIﬁ MOMCHT BPCMCHU t cucrema 6y,[[€T
(0)
HaXOIUTHBCA B APYI'OM COCTOSHHUHA Va TOM XK€ OQHCPIUH; IICPCXOd ITPOUCXOIUT

10J1 BJAMSIHUEM ITOCTOSIHHOTO BO3MYILEHUSI.
7.5.0mnpenenure u3MEeHEHHe N-ro ¥ M-To peIHCHI/II/I YPaBHEHHS [penunrepa npu

it ot
HAJIMYUU IIEPUOJUYECKOTO BO3MYIIICHUS BUIA V=Fe™ + Ge , C YacToTon @

(0) 0) _
TaKOI/I, qTo E E h(a)+8), rac € — Manas BeJIUYMHA. F )51 G -
OIICPAaTOPhI, HC 3aBUCAINUC OT BPCMCHHU.

Kpurepuu onenkmu:

- OIICHKA «3auT€HO» CTaBUTCS 3a MPABUIBHOE M TIOJIHOE pEUIeHUE 3a/lauu,
JIOMTYCKAIOTCs HEOOIBIITNE MOTPEIIHOCTH B U3JI0KEHUHU U BEIYUCIICHUSX.

- OIICHKA «HE 3aYTEHO» CTABUTCS CTYICHTY HE BHITIOJIHUBILIEMY TpeOOBaHUS K OI[CHKE
"3auTeHo"

7.2.3. KoMILIEKT TeCTOBBIX 3aaHUI

1. O61mast 1osist MOBEPXHOCTEH pa3/iena B HaHOMaTepraaax COCTaBIseT:

-3

SRV LA
=T
= 2
0 Vnpzl_ﬁ :
2= T
3s
[] Vn-P-~f’
r 3
0V, =1- ﬁ}
| L

1
L-s ]2
O] Vn_p‘=1+ E }

2. OpuneneBcKkre OCHUIUISAIAN MEPEIAI0TCS PEIIETKE Uyepes:



3IIEKTPOH-(DOHOHHOE B3aUMO/ICHCTBUE;
(OTOH-3JIEKTPOHHOE B3aUMO/ICHCTBHUE;
3JIEKTPOH-(OTOHHOE B3aUMOJICHCTBHUE;

QJICKTPOH-IJICKTPOHHOC BSaHMOﬂCﬁCTBHC;

N A B O

($hoHOH-(HOTOHHOE B3aMMOJICHCTBHE.

3. PasmepHnbiii 2 ekT mapameTpa penieTKu HAHOYACTHIIBI CBSI3aH C:
OIMOKaMH METOJIUKH U3MEPCHHS,

azicopOIMel mpuMecei;

TEeMIIepaTypoil TIIaBJICHNUS;

CTPYKTYPHBIMH IIPEBPALCHUSIMU,

CTPYKTYPOH JTHUCIIOKAIIHM.

N3MCHCHHCM BHU a4 q)OHOHHOFO CIICKTpA,
AUCKPCTHOCTBIO JJICKTPOHHBIX COCTOHHHﬁ;

[
O
O
O
[l
4. OcOOEHHOCTH MarHUTHBIX CBOWCTB HAHOYACTHI] CBS3aHbI C:
O
O
] M3MeHeHueM IrpaHull (POHOHHOTO CHEKTpa,;
[l

JIMCKPETHOCTHIO (POHOHHBIX COCTOSIHUM;
] Bce mepedmnciieHHOE.
5. lns nByMEpHOW CHCTEMBI THMAa MaJbIX OCTPOBKOB Ha IMOJJIOKKE YpaBHEHHUE
Tomcona-I' mo0ca nmeeT BUI:

do
0op=—;
r.3

2
o=

v 2
0op(r)=p.efr;
177
RT rpg

Jop(r)=np.e ;
B p(r):LZ—G.
V, =V, I

6. OcHoBHasT ~ MpUYMHA  U3MEHEHUS  TEPMOJAMHAMUYECKUX  XapaKTEPUCTHK

HAaHOKPUCTAJLJIIOB ITO CPABHCHHUIO C MACCHMBHBIMU MAaTCpHAIaMU:



00JIBIIIOE YUCIIO TOBEPXHOCTHBIX aTOMOB;
U3MEHEHHe BuAa (POHOHHOTO CIEKTPA;
JTUCKPETHOCTH DJIEKTPOHHBIX COCTOSTHHIA;

HN3MCHCHUC I'PAHHNIL (1)OHOHHOI‘O CIICKTpA,

N A B O

BCE MEPEUYUCIIEHHOE.
7. B Hanomatepuanax Mo XHMMHYECKOMY COCTaBy W paclpejiefieHuo (a3 MOKHO
BBIICIUTH CTPYKTYPBI TUIIA!

| KOJIIIOMOHBIEC;

] maTpudHbIe MHOTO(A3HbBIC,

] cratucTUYeCKre MHOTO(a3HbIE C HEUJICHTUUHBIMU MIOBEPXHOCTIAMU pa3fieia;

] omHO(a3HbIE;

] crarucTudeckre MHOTO(]a3HbIe ¢ UASHTUYHBIMU ITOBEPXHOCTSIMHM pas3jiea.
8. PasmepHsIif 3 dekT TemIiepaTypsl IJIABJIICHHUS MaJIbIX YAaCTHUII PU YMEHBIIICHUH UX

pazmepa B 00111eM BUJIE OMUCHIBACTCS BHIPAKCHUEM:

0 Tm(r)=Tm(1—ﬁj;

r

0 Tm(r)sz(1+3j;

r

TN =

9. ®puneneBckie OCHWUIANMHN IIOTHOCTH BBIPOXKICHHOTO 3JEKTPOHHOIO Tas3a
BBI3BIBAIOTCS:
] m30BITOYHBIM 00BEMOM;
[l mo0biMu  nedexTaMu, HAPYMIAIONMMU  TPAHCHSIMOHHYIO  CHUMMETPHIO
KpUCTAILNA;

] 3KCUTOHAMMU;



[]
[]
10.

11.

HEpPaBHABECHBIMU BaKAHCHUSIMU;
naslicHHeM Jlamaca.

XapaxrepHbiil pazmep neriu Ppanka-Puna:

e
op T 1

T,

, _Gb
" 271]11,

_aGb
z-HH 1

G,
QP — 1
T,

_Gb

TKp

IIDP

I(DP

Pazmep  CTpyKTypHBIX  COCTaBJISIIOIIMX  HAHOMAaTEPUAJIOB

QJICKTPOHHO-MHUKPOCKOIIMYCCKNMHU MCTOAaMH C ITIOMOIIBIO:

[]

I I R I N

12.

CBETJIONOJIbHBIX U300PAKEHU;
TEMHOIOJIBHBIX U300paXKeHUH;
PEHTI€HO-CIIEKTPAIBHOTO MUKPOAHAJIN3a,;
JTUIIaTOMETPA;

U300paXeHUI MPSIMOTO pa3peleHusl.

HaBnenue Jlamnaca onpenensiercs GopMyoit:

_ 270

r b

20°

p:—1
r

20
p:_1
r

4o
p:Fi
20

p:?-

OTIPENIEIISIFOT



13. Jloms COOCTBEHHO MEXK3EpPEHHBIX TpaHUI] paslieia B HaHOMaTepHaIax

COCTAaBJIACT.
1
S :1{"'}5}2,
j M.2 ~§;
L
2
3
0V, :1_[2} :
L
2
0V :37zs(L3—s) |
- L

14. Dueprus, oOkKa3blBalOIIas pPa3yHopsIOYMBAIONIEE JCHCTBUE HAa MAarHUTHBIE

MOMEHTHI (PEppOMArHUTHOM YaCTHILIbI, PABHA!

2
0 Ag, = eV :
2
hz
U Agyx ——;
2m,o,
A 2
1 Agy = —p;
2m,
1 Agy =hAw,,
1 Ag,=hv.

15.  IIpu nornomeHuu cBeTa TOHKO3EPHUCTBIMU INIEHKAMHU METAJIOB:
IIPOUCXOJNT ITOJHOE MOTJIOIIECHUE;

MIPOUCXOJNUT CUJIbHBIN HAarpeB IUICHOK;

BHUJIMMas YacCTh CIIEKTPa MOJHOCTHIO MOTJIONIAETCS;

nH(ppakpacHas 4yacTh CIEKTPa MOJHOCTHIO MOTJIOIIAETCS;

oo oo oo oo o

B BHI[HMOﬁ YaCTU CIICKTpa MOABJIAKOTCA MUKW IMOTJIOMICHHA, OTCYTCTBYIOIIHC Y
MAaCCHBHBIX MCTAJJIOB.

16. B Hanomarepuanax no popMe MOXHO BBIJCIUTh CTPYKTYphI TUIIA:



N A B O

17.

onHO(ha3Has;

TJIaCTUHYATAS,

MaTpuyHas MHOTO(]a3Has;

cToJiOyaTasi;

coJieprKaIasi paBHOOCHBIC BKJIFOUCHHUSI.

[Ipu  kakux  pa3Mepax  TUNUYHBIA  (QeppoOMarHeTUK  MepeusieT B

cyneprapaMarHiTHOE COCTOSIHUE:

[]

I I R I B

18.

0K0JI0 1 MKM;
MeHee 1-10 HM;
oonee 100 uMm;
okos10 100 HM;
6omnee 1-10 HM.

HpI/I MOACIUPOBAHUN CTPYKTYPblI MAJIOATOMHBIX KJIIACTCPOB HGO6XOIII/IMO

YUUTBIBATDL!:

[]

[]
[]
[]

19.

KJIACTEPHhI JOJIKHBI UMETh H30BITOYHYIO SHEPTHIO;

KJIACTEPhI TOJIKHBI OBITh SHEPT€TUYECKU YCTOMUUBBI;

KJIACTEPBI JOJKHBI UMETh IUNIOTHYIO YIIaKOBKY;

KJIACTEphl JOJDKHBI OBITh MOCTPOEHBI U3 MPOCTEUIINX CTAOUIIBHBIX ATOMHBIX
KOH(UTrypaluii;

KJIACTEPBI JOJIKHBI COCTOSITh U3 YETHOT'O YMCIIa ATOMOB.

[Ipu xkakoW Temmeparype TUINHUYHBIN (eppoMarHeTUK TmeperseT B

cyneprapamMarHiTHOE COCTOSIHUE:

[]

[]

[]

T, =1273°C ;

Tb :ﬂ’
2m,

T, =1000K ;



_ho

0T,
"k
20. TemmoeMKOCTh MaJIOW YaCTHIIBI ONpenesseTcs Gopmyoi:
1 C, =3R;
“® 0g(w,T)
O = | —09(w)dw;
C, j ——9(0)
0 C, = J. d(w)dw;
30pIT 4,
0c =R | [ ax;
0,) 5 (€"-1)
1
O ==R
CV 3

7.3. OueHo4YHbIE CpeaCcTBA JJf NMPOMEKYTOYHON AaTTEeCTAIMU 1O UTOram
OCBOEHUSI TUCIHUTTUHBI

7.3.1. Bonpochl K MPOMEKYTOYHOM ATTECTANNH

Kypc 4

Ne n/m Bonpocsl k 3k3ameny

1. [TonsiTne KI1acTepos.

Knaccudukanus no npuposie K1acTepoB U HAHOOOBEKTOB.

OCOOEHHOCTH CBOMCTB U MOBCACHU N30JIMPOBAHHLIX KJIACTCPOB U HAHOCUCTEM

Mertamnueckue KiacTepbl, UX CTPOEHUE, CBOMCTBA U CTPYKTYpa.

Kpucrannuueckas pemierka 1 Maruueckue 4uca.

I'eomeTpuueckas CTpykTypa U pazMepHbie 3G (HEKTHI.

CYH_ICCTByIOH.II/IC MOZCIIN KJIIACTCPOB, UX HECAOCTATKHU U MMPCUMYILIICCTBA

DU3NKO-XMMHUYECKHE CBOICTBA KpHUCTAaJlJIOB.

OO N o ~wi

TepMonnHaMuyeckuil aHalu3 MOBEPXHOCTH KJacTepa M HAHOOOBEKTOB, HX
B3alMOCBS3b, CTPYKTYpa U MOP(OIOTrHs MOBEPXHOCTH HAHOOOHEKTOB.

[EY
©

[Ipoueccrl camoopraHu3aiy B KJ1acTepe U HAHOOOBEKTEe, MEXaHU3M (POPMUPOBAHUS U3
HHUX HAHOCHUCTEM

11. JledekTbl cTpyKTypHl M (pa30Bble MpeBpalieHsl B HAHOOOBEKTax

12. Binsaue Ha npouecc caMOOpraHu3aliy TEMIIEPAaTyPHBIX U CHIIOBBIX ITOJIEU

13. OcobenHocTr 00pa3oBaHus, POCTa IEHTATOHAIBHBIX HAHOOOHEKTOB

14, Mexanu3mbl  (GOpPMHUPOBAaHUSI W3 TIEHTArOHAIBHBIX KJIACTEPOB HAHOOOBEKTOB H




KpPHUCTAJIOB

15. CrpoeHne NeHTaroHaJIbHbIX HAHOOOBEKTOB

16. OO6nacTn mpuMeHEeHUsI HAHOOOBEKTOB M HAHOCUCTEM

17. Mexanu3mbl HOpMUPOBAHUS U3 HAHOOOBEKTOB TOTOBBIX MUKPOU3ICTUI

18. Mertoapl UccIeI0BaHMS KIACTEPOB U HAHOOOBEKTOB

19. MeToa 3MEeKTPOOCAKACHUUS KaK OJIUMH M3 HECKOJBKHX METOMOB TOJTY4eHUS
HAaHOOOBEKTOB U HAHOCHUCTEM

20. Hanokoranuzatopsi.

21. DMITMPUYECKHE METO/Ibl MOACIMPOBAHNUS HAHOOOHEKTOB.

22. [Tonysmnupudeckre METoAbl MOJSIUPOBAHMS HAHOOOBEKTOB.

23. Hesmnupuueckue MeTo/ bl MOJCTUPOBAHHS HAHOOOBEKTOB.

24, [Tpubmmxenne bopHa-Onmnenreiimepa.

25. Meroa Xaprpu-doka.

26. ATOMHBIE OpOUTAIIH.

27. Teopus pyHKIMOHANA TIOTHOCTH.

28. Teopus Bo3mMyLIEHUS.

29. Metos BaJICHTHBIX CXEM.

30. MeTo1 MOJIEKYJIIPHBIX OpOHTANICH.

31. [TonsiTHE HAHOOOBEKTOB.

32. [ToHsaTHE HaHOYACTULI.

33. [TonsiTHe HAHOKPHUCTAIIOB.

34. Knaccudukanms mo crmocodam morydeHust KJIacTepoB U HAHOOOHEKTOB.

35. [Tporeccrl caMmoopranu3ai ¥ caMoCOOPKH B KJIacTepax U HAHOOObEKTaX.

36. IlonsTIE HAHOMATEPHAIIOB.

37. [lonsiTve HaHOCUCTEM.

38. Knaccudukanus mo reoMeTpudecKiM MpU3HAKaM KJIacTepPOB M HAHOOOBEKTOB.

39. [TonsiTue HaHOM3HETHUHA.

40. OcobeHHocTH pocTa MpU KPUCTATUIU3AIUMN U3 KIACTePOB HAHOOOBHEKTOB M HAHOCHUCTEM,
pPOIIb TEXHOJIOTUYECKUX (PaKTOPOB.

41. DHepreTUYecKuil aHanu3 MOBEPXHOCTU KjacTepa U HAaHOOOBEKTOB, WX B3aHMMOCBS3b,
CTPYKTypa U MOP(OJIOTHsI TOBEPXHOCTU HAHOOOBHEKTOB.

42. Mexanu3mbl 00pa3zoBaHUsl KJI1acTepoB U (POPMUPOBAHUS HAHOOOHEKTOB U HAHOCHUCTEM.

43. [TenTaronanpHBIC HAHOOOBEKTHI.

44, [Monyammupudeckuii pacuer XapakKTepUCTHK MOJEKYISPHBIX KIacTEPOB.

45, CymiecTByroliye MoieNu KJIacTepoB, UX Kiaccuduxarius.

46. Knactepubie Monenu.

47. XapakTeprUCTUKU U30JIMPOBAHHBIX KJIACTEPOB U HAHOCUCTEM.

48. Merton razodazHoro cuHTe3a.

49, VYpaBuenue Tomcona-I'u60ca.

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»

MIOJTHOE, B CUCTEME, B
COOTBETCTBUH C TPEOOBAHUSIMHU
y4eOHOM MTPOrpamMMBl;
JIOITYCKAIOTCS €IMHUYHBIC
HECYIIIECTBCHHBIC OINOKH,
CaMOCTOSITEIIEHO UCIIPABIIsieMbIe
CTY/JICHTAMH

«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




8.1. O6s3aTenibHAs IMTEPATYypa

8. YueOHO-MeTOAMUYEeCKOEe M MHPOPMALIMOHHOE O0ecnedeHue TUCIUIIIMHBI

Tun (yueOHHK,

yueOHoe KouunyecTBO B
e nocodmue, HAY4YHOI
I /;1 ABTOpBI, COCTABUTEIHN 3arsiaBue (3aroJjioBoK) Y4eOHOo- I'ox n3panus ouoaunortexe /
MeTOAUYEeCKoe HaumeHoBanue
nocooue, IBC
NPaKTHKYM, Ap.)
Mertoapl OTy4eHUs1 U CBOMCTBA HAHOOOBHEKTOB :
yuebHoe nocobue / H. 1. Munbko, B. B. Ctpokosa,
W. B. Xepnosckuii, B. M. Hapues. — 3-e u3.,
EI%}I:(I).KIE)/IBI;HII’/IIm]’BB. B. crep. — Mocksa : ®JIMHTA, 2019. — 165 ¢c. —
1 X(epHOBCIEHI;'I. B. M ISBN 978-5-9765-0326-7. — Tekcr : Y4eOHoe mocodue 2019 OBC "Jlanp"
Hapties T 3JICKTPOHHBIN // JIaHb : 3NIEKTPOHHO-OMOIMOTEYHAS
cuctema. — URL:
https://e.lanbook.com/book/119402
Prrxonkos, /JI. 1. Hanomarepuassl : yue6HOe
nocooue / J1. Y. Perxonkos, B. B. JIépuna, O. JI.
JB3umurypu. — 5-e uzn. — Mocksa : Jlaboparopust
J. . Perxonkos, B. B. N
2 | JIéBuna, 3. JI. SHAHHIH, 201_7' —368¢. . ISBN 97.8_5_00101_474_ VYuyebHoe nmocobue 2017 OBC "Jlanp"
J—— 4. — TeKcT : 2NeKTPOHHBIH // J'Ial.{L : DJIEKTPOHHO-
oubmmoreynas cuctema. — URL:
https://e.lanbook.com/book/94117
OcHoBbl HaHOTexHONOTUH : YueOHuk / H. T.
g;)g(‘)iﬁiimg’f' M. Kyznemnos, B. M. HoBortopuies, B. A. XKabpes, B. U.
3 Kabpe, B I,/I T Mapronus. — 2-e uzg. — Mocksa : JIabopaTopus YuebHuk 2017 OBC "Jlanp"
Mapl“OJ'I;/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 ondauorTekxe /
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. Axmysisl,
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. Ilepeuenb npodeccHOHANBHBIX 023 JAHHBIX M HH(OPMALMOHHBIX
CIIPABOYHBIX CHCTEM

° MetannoobpaboTka [DIeKTpOHHBIN pecypc| : HAYyYHO-TIPOU3B. JKYPH. / DJIEKTPOH.
www.biomagres.com/content - apxuB crareii xypHaia BioMagnetic Research
and Technology, mocBsIIEeHHOr0 HAHOTEXHOJOTHSIM.

o http://thescipub.com/journals/ajnt - peneH3upyemblii kypHaa American
Journal of Nanotechnology nmyOmukyeT pe3yabTaThl UCCIENIOBAHUN B 00JIACTH
MaTepUH Ha aTOMHOM M MOJICKYJIIPHOM YPOBHE.

e http://www.mammp-journal.com - penensupyemsbiii xypaan Mechanics of
Advanced Materials and Modern Processes myOIMKyeT pe3ynbTaThl
WCCJICIOBAaHMA B 00J1aCTH MEXaHUKH COBPEMECHHBIX MAaTEPHUAJIOB, OCOOBIN aKI[EHT
nenaercss Ha QU3NKY U MEXaHUKY JnedopMaiuy, MOBPEKICHUS U pa3pylIeHUs B
IIPOM3BOJICTBEHHBIX MPOIIECCAX.

o http://www.immijournal.com - pereH3upyeMblii xkypHai Integrating
Materials and Manufacturing Innovation myOnukyeT pe3yiabTaThl UCCIIEI0BaHUN
B 00JIACTH OTKpPBITHS, PAa3BUTUS M TNPUMEHEHHS MaTepHAIOB  C IICNIBIO
MIPAKTUYECKOTO HCITOJIb30BAHUS B POU3BOICTBE.

o WebofScience[DnekTpoHHBI  pecypc] :  MYyJIbTHAUCHUIIMHAPHAS
pedepatuBHas 6a3a nanubix. — Philadelphia: ClarivateAnalitics, 2016— . — Pexxum
noctymna : apps.webofknowledge.com. — 3ari. ¢ akpana. — 3. pyc., aHTIL.

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

o Elibrary[DnexTpoHHbIil 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[ 971eKTpOHHBIN pecypc]| : KOJUIEKIUS SJEKTPOHHBIX KHUT
uznatenberBa Elsevier. — Netherlands: Elsevier, 2018— . — Pexum nmoctyna :
sciencedirect.com. — 3aru. ¢ 3kpaHa. — SI3. aHr.

o Cambridgeuniversitypress[ DJIEKTPOHHBIH pecypc] : KYpHAJIbI
usnarenabctBa. — Cambridge: Cambridgeuniversitypress, 2018— . — Pexwum
nocrtymna : cambridge.org. — 3aru. ¢ 3kpaHa. — fI3. aHIL.

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

neicon.ru/resources/archive. — 3ar:. ¢ sxpana. — f3. pyc., aHri.
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8.4. IlepevyeHb NpPOrpaMMHOro odecrneYeHus

Ne Hanmenosame IO PexkBU3HUTHI zmrongpa
n/n (n1ata, HOMep, CPOK JelCTBHS)
1 | Windows: noroop Ne 757 ot 04.07.2018,
WinPro 10 RUS Upgrd OLP NL Acdmc CPOK JIEHCTBHSI — OECCPOYHO;
koHTpakT Ne 1653 ot 14.12.2018,
CPOK JCHCTBHSI — OECCPOUHO
2 | Office Standard: KoHTpakT Ne 1653 ot 14.12.2018,
OfficeStd 2019 RUS OLP NL Acdmc CPOK JIEHCTBHSI — OECCPOYHO
3 | Mathcad Education - University Edition koHTpakT Ne 469 ot 05.06.2020,
Subscription (25 pack) CPOK JEHCTBUS - OECCPOUHO

8.5. Onmcanue MarepHaJIbHO-TEXHHUYECKON 0a3bl, HeEOOXOAUMON IJIs

OCYIIECTBJICHUA 06p33OBaTeJIbHOFO nmponoecca 1mo JTMCIUmIJInHe

HaumeHnoBaHnue 060py10BaHHBIX Y4eOHBIX
Ka0OMHETOB, J1a00PaTOPHii, MACTEPCKUX U

Ne Ap. 00bEeKTOB /1151 IPOBe/IeHus!
. Ilepeyens 0CHOBHOTO 000pYyAOBaHHSA
/0 | NPaKTHYeCKHUX U JIaOOPaTOPHBIX 3aHATHH,
NOMELUEeHHUH VIS CAMOCTOATEIbHOM
paboThl o0yyaoummxcs (HoMep ayJAUTOPHH)
Komnrerorepusiit knacc. YueOHas aynuropus | CTONbl  y4€HUYECKHE JBYXMECTHbBIE ,
JUISL TIPOBEACHMSI 3aHATUHN JIEKIIMOHHOTO TUIIA. | CTOJBI YYEHHUUECKUE, CTOJI KOMIIBIOTEPHBIH,
VYyeOHast ayauTopust AJis MPOBEICHNA 3aHATHH | cTon  npenoaaBarensckuid, [IK, mocka
CEeMMHApPCKOro THMa. YueOHast ayAUTOpUs JJs | TPEXCEKLMOHHAs ayIuTopHas (MesoBas),
pOBeJEHUS J1a00OpaTOpHBIX paboT. YueOHas | CTyl  NIpernoAaBaTeIbCKUN,  MPOEKTOP
ayIUTOpHUs NIl KypCOBOIO IPOEKTUPOBAHMsS | MYJIbTUMEIUNWHBIN ,DKpaH Uil IPOEKTOpa,
1 | (BeimoNHEHMsSI KypcOBBIX paboT). YueOHas | TymOa BhIKaTHas
ayIuTOpus JUIsl TPOBEIECHHS TPYNIOBBIX H
UHAUBUAYaAJIbHBIX KOHCYJIbTaUUld YueOHas
ayIuTopus  JUIl  TNPOBEINEHUS  3aHATUH
TEKYIIEro KOHTPOJIA M  IPOMEXKYTOUYHOU
aTTecTalun
E-214
JlaGopatopus "TepmoobpaboTKa Crosbl  y4EHMYECKHE  JIBYXMECTHBIE,
MatepuanoB" YdeOHast ayquTopust s CTYJIbSI YIEHHUYECKHE , TOCKA ayJAUTOPHAs
2 | npoBeneHus 1ab0paTOPHBIX PaboOT (menoBas), mikadsbl 111 yueOHBIX TOCOOUH,
E-105 CTOJIBI nmabopaToOpHEIE, MHUKPOCKOIT
MeTaJuIorpapUueCcKuii, MUT CHUIIOBOM
[Tomemenue s camocTosTeNbHONH padoThl | CTOJBI yYEHUYECKHE, CTYIbs
3 | oboywarommxcs ['-401 yaenndeckue, [1K ¢ BEIXOJ0M B ceTh
HNurtepHer
[Tomemenue st camocTosATeNbHOM paboThl | CTOJNBI yUeHUYECKHUE, CTYIIbS
4 | obywarommxcs J[-409 yuenunueckue, [1K ¢ BbIxoom B ceTh

HNutepner
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