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(penepanbHOE TOCYJApPCTBEHHOE OIOIKETHOE 00Pa30BATEIBHOE YUPEKICHUE
BBICIIIETO 00pa30BaHUs
«TonpATTMHCKUM TOCYAAPCTBEHHBI YHUBEPCUTET
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(unoexc oucyuniuHbl)

PABOYASA TIPOT'PAMMA JUCHUITVIMHBI

CrtpyKTypa 1 CBOMCTBA METANIMYECKUX KJIACTEPOB, HAHO- 1 MUKPOOOBEKTOB

(Haumenosanue OUCYUNIUHbL)

10 HAIMpPaBJICHUIO MOATOTOBKH
22.04.01 MarepuanoBefieHUE U TEXHOJOTMH MaTepUaIOB

HaNpaBJIeHHOCTH (MTPO(UITb)
WHXUHUPUHT MEPCIEKTUBHBIX MAaTEPUATIOB U JMATHOCTHKA ITOBEICHUS MAaTEPUAIIOB B M3/ICITHIX

®dopma 00ydeHHs: OUHAs
I'on Habopa: 2023
O6mras TpynoemkocTsb: 8 3E

Pacnpeneﬂeﬂue JaCoB JUCHUILIMHBI IO ceMeCTPpamM

Cemectp 1

dopMa KOHTPOJIA | DK3aMEH Hroro
Bun 3ansaruit
Jlexum 8 8
JlaboparopHsbie 16 16
[TpakTHdeckue 16 16
Pykosoacrtso: PI'P
ITpomMexyTouHas aTTecTanus 0,35 0,35
KoHnraktHas pabota 40,35 40,35
CamocTosTenpHas padora 212 212
KoHTpoan 35,65 35,65
Htoro 288 288




Pabouyto mporpammy coctaBui(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 AMCLUIUIMHBEI cocTaBieHa Ha ocHoBaHuM PI'OC BO u yuebHOro
IU1aHa HanpasiieHus noaroroBku 22.04.01 MarepuanoBeeHre U TEXHOJIOIMU MaTEPUAJIOB

Cpok aeiicTBus padoueii nporpaMmMbl JucUMILIUHBI 10 «30» aBrycra 2025r.

YTBEPXIEHO

Ha 3acemanuu kapenpst HMuM

(mpoTokon 3acemxanust Ne 2 ot «31» aBrycra 2022 r.).

OOKYMEHT NMOoAriMcAH
SNEKTPOHHOW NOANNCHLIO

Ceptudomkat: 0104768F0047AFD1BE454E686E7F34DD2B
Bnapeneu: CenusaHoB AnekcaHap Cepreesuy
[ewnctButeneH: ¢ 08.11.2022 oo 08.11.2023




1. lleanb ocBOeHNSI AUCUUILIHHBI

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, O0COOCHHOCTH CTPOCHUA U CBOICTBA 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 KIJIACTEPOB.
4. TToka3aTb 0COOCHHOCTH CTPYKTYPBI U CBOMCTB HAHOOOBEKTOB U HAHOCHUCTEM Ha
OCHOBE METAJIA.
5. O3HaKOMHUTH C TEXHOJIOTHEW MOJYYEHUS] MEXaHU3MaMHu pocTa, 0COOEHHOCTAMU
CTPOEHMSI METaJUINYECKUX HAHOOOBEKTOB M HAHOMATEPHUAJIOB, IMOJIyUYEHBIX U3
KJIACTEPOB, HMMEIOUIMX JEKAIPUUYECKOE WM HKOCA3APUUECKOE PaCIOJIOKEHUE
aTOMOB.

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

JIucuMIUIMHBL M TPAKTUKU, HA OCBOCHMHM KOTOPBIX Oa3upyeTcsi JaHHas
JUcUUIUIMHA: «MaTepuaioBe/IeHUe U TEXHOJIOTHUH COBPEMEHHBIX U MEPCIIEKTUBHBIX
MatepuanioBy, «MeTobl U TEXHOJOTHHM MOJyYeHUsT HaHOMaTepuayioBy, «Duznka
KOHJICHCUPOBAHHOTO  cOoCTOsiHUS», «Teopuss  nedexkToB  KpUCTAILTUYECKOMN
PELIETKI.

JIMCUUIUTMHBI ¥ TIPAKTUKH, JJISI KOTOPHIX OCBOCHUE JTaHHOW JUCIUTUIMHBI
HEO0OXOAMMO KaK MPeAIIeCTBYIOLIEE: HayYHO-UCCIIe0BaTeNbCKas padoTa.



3. IlsianupyemMble pe3yJbTaThbl 00y4eHHUs

®opmupyeMble U

NHauKaTOpbI 10CTHKEHUS

KOHTPOJINpYyeMble KOMIIeTeH il ILianupyeMbie PesyIbTATHI

KOMIIeTeHIUH (Kox ¥ HAMMEHOBAHUE) 0GVIeHIsI

(xom u y

HaWMCHOBAHHE)
- CIIOCOOHOCTD 3HAaTh:
HUCIIOJIb30BAaTh Ha CIOCOOBI MCIOJIH30BAHUS HA MPAKTUKE
IIPaKTHKE COBPEMEHHBIX  MPEACTaBICHUM O
COBpEMEHHBIC

MpeACTaBICHUS, O
BIIMSIHUM MHKPO- U
HaHO-CTPYKTYPBI
Ha CBOMCTBa
MarepuaioB,  UX
B3aHMOJICCTBUH C
OKpYy>Karolen
cpenou, MosIMH,
SHEPTEeTUYECKUMU
YacTUIIAMU u
nznyyenuem (I1K-
2)

IIK- 2.1 YcranaBiauBaTh
3aKOHOMEPHOCTH B3aWMOCBSI3HU
cocTaBa MaTepHUaJIOB, UX
CTPYKTYPBI n (busuko-
MEXaHUYECKNX CBOMCTB.

BJIMAHUHA MUKPO- U HAHO-CTPYKTYPhI HA

CBOMCTBA MaTepuaos, ux
B3aUMOJICCTBUH C  OKpY>Karolleu
Cpeloil, TmMOJsAMH, YacTULIAMU U
U3ITy4YEHUSIMU

YMeTs:

UCIOJIb30BaTh Ha MIPAKTUKE
COBPEMEHHBbIE  MPEACTABICHUS O

BJIMSIHUM MUKPO- U HAHO-CTPYKTYPHI Ha
MaTepuasos,
OKpY>Karoleu

CBOWCTBA ux

B3aUMOJIEUCTBUU  C

cpenoil, moJIsIMH , YacTULIAMH |
W3J1y4YECHUSIMHU

Bnanets:

CIIOCOOHOCTBIO  MCIIOAL30BaTh  Ha
HpaKTI/IKe COBpeMeHHBIe

NpeaACTaBJICHUA O BJIIMAHUKW MHKPO-U

HAaHO-CTPYKTYpPBbI Ha CBONCTBA
MaTepHaJIOB, WX B3aUMOJECHCTBUU C
OKpYyXKaroleun cpenou,

JaCTHIaMU U U3JTYyYCHUAMUA

MTOJISIMH,




4. CTpyKTypa H coiep:KaHue QM CUUIIIMHbI

®opMbI TEKYLIETO

. . KOHTPOJIs
Moayab Bup yueonoi HaumeHoBaHue TeM 3aHATHI
(pasnen) paGoTHI (yaeBHoii paGoThI) Cemectp | O0beM, 4. bamubl | UHTepakTHB, 4. | (HAaHUMeHOBaHHe
OLICHOYHOI0
cpeacTna)
1. Cunres u Jlex Meroasl ony4yeHus u 1 2 YcTHBII onpoc
kinaccudukanus | JIad KJ1accu(uKaus HAaHOKJIACTEPOB. 4 (cobecenoBaHnue)
HaHoKs1acTepoB u | [Ip 4 - 2
HaHOKJIacTepHBIX | Cp 40
CTPYKTYP
2. CaoiicTBa Jlex MounekyJIapHbIE JIMTaHHbIE KIaCTEPhI 1 2 YcTHBII onpoc
M30JUpOBaHHBIX | J[ab B pacTBOpax. I'a30BbIe Oe3IUTaHIHbIC 4 (cobecenoBanue)
HaHoknactepoB  |IIp kiactepsl. KoyumongHeie Kiiactepbl 4 - 2
Cp 60
ITA 0,35
3. Knactepueie | Jlek ®opMUpOBaHUE HAHOCTPYKTYD, 1 4 YeTHBIR onpoc
HaHOCUCTEMBI 1 | J[a0 caMOOpraHu3aIks HAHOKJIaCTEPOB. 8 (cobecenoBanue)
HaHOCTPYKTYphI | IIp BHyTpuknactepHas aToMHas 8 - 4
Cp TUHAMUKa. MexXKIacTepHas 112
KonTpons JuHamuKa. CTpyKTypHBIE 35,65
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. HTepakTHBHBIC TEXHOJIOTUN (JICKIIMU-OECEIbl: TIPE3CHTAIMOHHBIN METO/).

3. TexHONOTHH JAUCTAHITMOHHOTO OOyUYCHUSI.

6. MeToauueckue YKa3aHusd 110 OCBOCHUI0 TUCIHTNIIJIMHBI

[IpakTueckue 3aHATHS MPEACTABIAIOT COOON BUJ YYEOHBIX 3aHSATUH, B XOJE
KOTOPBIX CTYAECHTBI, 3aKPEIUISAIOT HA MPAKTUKE MMOJYyYEHHbIE TEOPETUUECKUE 3HAHUS.
Tak xe npeJmnoaraeTcsi MPoOBECHUE MPOBEPOYHOUN pabOThI B (hopMe TecTa.

JIabopaTopHBI NMPAKTUKyM 3aKJIIOYAeTCsi B 3HAKOMCTBE C COBPEMEHHBIMU
METOJMKAMU MOJEIUPOBAHUS HAHOPA3MEPHBIX OOBEKTOB HEIMIHUPUUYECKUMH,
MOJIyDMIIMPUYECKUMU METOIAMHA U METOAAMH MOJIEKYJISIPHOU JTUHAMUKH.

[Ipu moAroToBKe K 1aOOPATOPHBIM 3aHATHUSAM CTYACHT JOJIKEH:

- U3y4YUTh TEOPHUIO IO TeMe JabOpaTOpHON pabOThl, UCIONb3Ysd KOHCHEKT
JEKUUH WM PEKOMEHYEMYIO TEXHUYECKYIO JIUTEPATYypy;

- 03HAKOMUTBCS C METOJIMKOW BBITIOJIHEHUS PaOOTHI;

- 03HAKOMMTHCS C BOITPOCAMU JjIsl TPOPabOTKU K 1abopaTopHOM paboTe U OBITH
TOTOBBIM OTBETUTh Ha HUX BO BpeMs coOece0BaHUs C MPENnoiaBaTesieM M0 UToraM
BBITIOJTHEHUS Pa0OTHI.

JunakTuyeckue enuHMIIbI, NPEeAyCMOTpPEHHbIe pabdodeil nporpamMmon Ha
CaMOCTOATENbHYI0 TPOpPadO0TKy, AOJDKHBI OBITh HW3Y4YEHBl CTYJIEHTAMH B XOJI€
camMoCTOsITeNbHON padoThl. CamMocTosITeNbHAsT paboTa MPOBOJUTCS B COOTBETCTBUH C
YTBEPXKIICHHOW pabouedl MmporpaMMOM  TUCHMIUIMHBI C YY4€TOM BPEMEHH,
IIPELYCMOTPEHHOIO HAa CaMOCTOATEIBbHOE H3ydYeHHE. B Xozme caMocTosATenbHOU
paboThl KaXIblii CTYJEHT 00s3aH MPOYUTaTh OCHOBHYI0 U 10 BO3MOXHOCTH
JOTOJHUTENBHYIO JINTEPATypPy MO U3Y4aeMOU TeME, AOMOJIHUTh KOHCIEKTHI JEKIHUI
HEJOCTAIOIIMM MAaTE€pUaIOM, BBIIMCKAMHU W3 PEKOMEHJOBAaHHBIX NEPBOMCTOYHUKOB.
KoncnektupoBanue Hanbosiee CIoKHbIE 151 IOHUMaHUs TeMbl HEOOXOIMMO COYEeTaTh
C TIOJIy4YEHHEM MHUCHbMEHHBIX, & MPU BO3MOXKHOCTH, U OYHBIX YCTHBIX KOHCYJbTallUN
Mperno/iaBaTe’is.

[Ipy moAroToBKE K 3aHATUSM, TEKYLIEMY KOHTPOIIO U IPOMEXKYTOYHOM
aTTeCTallMM CTYJIEHTbl MOTYT BOCIIOJb30BaThCs JJIEKTPOHHON OmbOimorexkon BY3a,
MOJIYYUTh AOCTYH K Y4eOHO-METOJUYECKUM MaTepuanaM Kak oubmmuoreku BY3a, Tak
Y MHBIX 3JIEKTPOHHBIX OMOIMOTEUYHBIX cucTeM. [Ipn HE0OXOIUMOCTH CTYIEHTHI MOTYT
B3STh JIUTEpATypy Ha Kadempe wiam Ha aOOHEMEHTE BY30BCKOW OWMOIMOTEKH B
NIEYaTHOM BHJIE, & TAKXKE BOCIIOJIb30BATHCS YUTAIIBHBIMU 3aJIAMHU.



7. OueHOYHBIE CPeACTBa
7.1. ITaciopT OLEHOYHBIX CPECTB

Cemectp Koxa koHTpO/IMpyemMoii KOoMIIeTeH UM HaumenoBanue
(nJ1u ee yacTu) OII€HOYHOT0 CPeACTBA
Ilpoexm
1 TK-2 Pasnoyposnesvie 3a0auu u 3adanus
Tecmosuvie 3a0anusi Ne 1 — 320.
Bonpocul k sxzameny No [ — 50

7.2. TumnoBble 3alaHusl WJIK HHBIC MaTepHuaJbl, HCOGXOI{I/IMBIC AJIA
TEKYIIET0 KOHTPOJIsA

7.2.1. IIpoekT

Tema:
MopenupoBaHue KJIacTe€pOB U HAHOOOBHEKTOB

3agaum:
- OBnanenue HaBbikamMu MojenupoBanus B [IK HyperChem

Crpykrypa:

- OnTUMH3aLUs CTPYKTYPBI KJIACTEPOB METOJIOM MOJIEKYJISIPHOM MEXAHUKH;
- [Tomyamrninpryeckuil pacyeT CTPYKTYpPbl MOJIEKYJISIPHBIX KIACTEPOB;

- [TosmysmMnupruyecKuil pacyeT XapakTEPUCTUK MOJIEKYJISIPHBIX KJIACTEPOB

NuauBuayaJbHble 321aHUA:

- Terpasap menu Cuy;

- Oktasap menu Cug,

- Jexasnpuueckuit kimactep cepedpa Agr;

- Uxocarapuyeckuii kiaactep cepedpa Agis;

- Honexasapuueckuii kinacrep cepedpa Agoo;

- CepeOpsiHbIi yceUueHbIH 1eKa’ipudecKuid kiactep Agis;
- @ymneped Cyo;

- @ymeped Coy;

- Gynnepen C,8,;

- Merannokapo6orenpen TigCi2 (cummerpus Th).

Kpurepuu oueHku:
OLICHKA «3a4TEHO» BBICTABJISAETCS CTYACHTY, €CIIN
IToHOCTBIO 3am0IHEH OJIaHK OTYETAa;
DKCIEpUMEHTAIbHBIE TAHHBIE COTJIACYIOTCS C TEOPETUUECKUMU;
[To paGoTe chopMynrpOBaHbI PABIIHHBIC BEIBOIBI;
JlaHbI TTOJTHBIE OTBETHI HA BOIIPOCHI 110 3amure JIP;
[IpuBenens! penieHus 3a1a4 (€CJIiM UMEIOTCS B JaHHOHN padoTe).

O wWhE



- OIICHKAa «HE 3a4TEHOY» IMPHU HE BBITIOJIHCHUH JIF0O00TO W3 MSATH KPUTEPHUEB OICHKU
"3ayTeHo"

7.2.2. KoMIJIEKT TUNIOBBIX Pa3HOYPOBHEBBIX 32/1a4 /ISl MPAKTHYECKUX 3aHSITHI
Tema Ne 1 «Kpumuueckue pazmepvbt MAIblX 4acmuyy

3aoayu:

1.1.MeTotoM uctiapeHus ¥ KOHACHCAIINHN B aTMOC(Epe HHEPTHOTO Ta3a MOJTyICHBI
cepruyueckrne HaHOYACTHUIIBI cepedpa, umeromue auamerp 15 um. Onpenenute
JIOJIFO TTOBEPXHOCTHOT'O CJIOSI OT O0IIero 00bema, TOJIIMHY NOBEPXHOCTHOIO
CJIOSI PUHSATH PaBHOM YeThIpeM aTOMHBIM MoHOcOsM (T = 0.4 uM). Ouenure
MOTPEIIHOCTh BBIUMUCICHUS TIPU UCIIOJIH30BAHUH TIPUOJIMKEHHOTO BhIPaXKEHUS.

1.2.0npenenure npeaeibHbIA pa3Mep, MPU KOTOPOM Majble YaCTUIIBI 30J10Ta (EF
5.51 »B) Bce eliie MPOSBIISIIOT METANIMYECKUE CBOWCTBA.

1.3.T'maporenunzanus 3tunena npu remneparype 520 K u gaBnenun Bogopoaa 1 atm
C UCIIOJIb30BaHNEM B KaUeCTBE KaTajau3aTopa IiaTHHbI (e = 7.6 3B, d = 0.4 HM)
ocaxxnenHo Ha SiO, wim AlLO3; umer 0coOEHHO HWHTEHCHBHO, KOIrIa
pacCTOSTHUE MEXKIY PHEPreTUYECKUMHU YPOBHSIMHU CTaHOBUTCA OoJblie 2 25.
OueHnTe pazMep 4acTUIl IIJIATUHBI.

1.4.B peakuuu TUApUPOBaHUS OEH30Ja C HCIOJIB30BAHMEM B KauecTBE
KaTaJln3aTtopa MOJIyYEHHBIX Pa3I0KEHUEM METAITIOOPTaHUYECKUX KOMIUJIEKCOB
HAHOYACTHI HHKeId Ha nomioxke SiO, ¢ yMeHbBIICHHEM pa3Mmepa
METAJTHYECKUX YaCTUI] HAOJII0JaeTCsl YBEIIMUCHHUE YIEIbHONU KaTaTuTUYECKOM
aKTUBHOCTH, T.€. aKTUBHOCTU OTHECEHHOW K OJHOM IOBEPXHOCTHOMY aTOMY
metaia. [Ipu temneparype 373 K u naBnenust 6enzona CeHg u Bogopona Hy
coorBeTcBeHHO 6700 m 46700 Ila pe3knid pocT ymeNbHOM KaTaIUTHYECKOU
AKTUBHOCTH HAHOYACTHUIl HUKEJS B 3-4 pa3a MPOUCXOIUT KOrJa OTHOIICHHE
YHUCIia TOBEPXHOCTHBIX aTOMOB K 00IIIEMY YKCITy aTOMOB OJu3K0 K 1. Ouenure
pa3Mephl TAKUX HAHOYACTHUIl HUKEJIS.

1.5.Metoom ra3o¢a3HOT0 CHHTE3a IOJYyYeH MEIHbIH HAaHOKPUCTAJUTMYECKUN
MOPOIIOK, MPUYEM CPEAHUN TEOMETPUUECKUUA JuaMeTp dYacTull 35 HM.
Pacnipenenenne wactuil mo pazMepam SBIsSIeTCs JorapupMUIECK HOPMaTbHBIM
c nucnepcuerr 1.5. Omnpenenute 1) HOpMUPOBOUHBIA KOIDHUIHEHT
pacnpeneneHus; 2) HauOoyiee BEPOATHBIN pa3Mep 4acTu: 3) CpPeIHHM pa3Mmep
yactull; 4) cpeHEKBaAPaTUYHBII pa3Mep YacTHll;, 5) IO YaCTHUIl pa3MepoB
20-40 uMm; 6) mocTpoiite rpaduk pacmpenencHus B koopauHatax d u Ind.

Tema Ne 2 « Temnepamypa niaéneHusi Maablx 4acmuy»
3aoauu:

2.1.PaccumTaiite  oOIiee 4YUCIO aTOMOB  MKOCAdJAPHYECKOro  KJacrepa,
coaepkaiiero N aroMubIx cioeB. PacueTsl npuBeauTe sl NEPBBIX 5 CIOEB.



2.2.IloctpoiiTe KpUBYIO M3MEHEHUSI TEMIIEpaTyphl IJIaBJICHUS OJIOBa OT pa3Mmepa

p.=71810° % 5 =6.9810° " 5 =058
M

JUTSL CTEAYIOMHUX TapaMeTpOB: , M M
o, =00622 Q—5g 5K T _eos
M kr  0=32 HM, | melt = K.
2.3.IlocTpolite Trpaduku 3aBUCHMOCTH TEMIIEpaTyp IUIABJIICHUS HAHOYACTHI]
AJIIOMMHUA, MCEIAHU, HHUKEIIA MW THTaHa OT HX 06paTHOFO paanyca. Ilo
KOO PUIMEHTY o ompeaenuTe s KaXJAoro Merauia, Kakas (GopMmyna i
ATOro Hamoboliee IMpucMiicMa. Bce H€06XO,ZIHMBIG mapaMCTpbl IPUBCIACHLI B

Tabnwue.
Toen, |Q, Gs, <105, |os, 105, |a-10%,
Merasin K ’ Jox-mompt | [k M2 1‘\)/10115'M"'5 Tk M2 1’\)40JIL-M’3 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

2.4.Paznoxxute B pan  Teimopa  XMMHYECKMH ~ TOTEHIMAN  BHJA

,u(p+Ap+2—0,T +AT)
r OorpaHM4MBIIMCH TepBbiMH (1, 2 U 3) MajabiMu
CJIara€MbIMHU.

Tema Ne 3 «Ilapamemp peuiemku Maavlx 4acmuy»

3aoauu:
3.1.1lonaras,, 4TO0 yMEHBIIIEHHWE MApaMETPOB PEIICTKA HAHOYACTHUI[ cepedpa u
30JI0Ta SBJSIETCSI CINEACTBHEM M30BITOYHOTO NaBieHus Jlammaca ompenenurte

G

3aBUCUMOCTb :

3.2.0npenenutb,  UCHONAB3YyS  ypaBHeHHe  TomcoHa-I'mb0Oca,  maBieHue
HACBIIIEHHOTO TIapa HaJl JKUKOH Kariel (30710Ta U cepedpa) uMeromen paanyc
r.

3.3.0TKJIOHEHHE TMapamMeTpa peleTKH HAHOKPUCTAJUIMYECKOTO — alFOMUHUS,
onpenensieTcss U30bITOYHBIM OOBEMOM TpaHUI] 3€pPEeH, CPEeAHEW MUPUHOU
TPAaHUL] 3€PEH W CPEOHUM JIUaMeTpoM 3epeH. lloctpoiite 3aBUCHMOCTH

2_t@)
8

3.4.0ueHnTe TONIIKMHY TOHKOTO CJIOS BOJU3U TPAHUIIBI 3€pHA, B KOTOPOM MOXET
Ha0JII0JaThCS paCUIMPEHUE KPUCTAIUIMYECKOM PEIIETKHU.

Tema Ne 4 « Ypasnenue lllpéouneepay



3aoauu:

4.1.PaccMoTpuTe CBOOOJHOE OJIHOMEPHOE JBIDKCHHE YAaCTHIBI, T.e. YacTHUIIA
HaXOJMUTCS B T0JIE C TTIOCTOSTHHBIM MTOTEHIIMAJIOM U €€ MOTCHIIHaIbHas YHEPTUS
paBHa HYJIIO.

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

4.3.PaccMOTpUTE OJTHOMEPHOE JBMIKEHHME YACTHUIIBI MO0 OCH X IOJ BO3JCHCTBHEM

YIIPYroii BO3BpAIAOIIIeil CHIBI - = —KX | rne k — cunosast nocrosnnas. Takas
CUCTEMA Ha3bIBAETCS JUHEHHBIM FraPMOHUYECKUM OCLIHIIISITOPOM.
4.4.Onpenenute ypOBHU DSHEPrUM JUIsl YacTULBI, JABWXKYLIEHCS B IOJNE C

MMOTEHUMAJIBHON SHEPTUEH

U(x)= A(e 2™ —2e™)

4.5.0npenenuTe ypOBHU DSHEPrUU JUIsl YacCTULBI, JABWXKYLIEHCA B IMOJNE C

U(x)=-

MMOTEHIUAJIBHON SHEPTUEH

Tema Ne 5 «Pacuem monexyn»

3aoayu:

U,

ch®ax

5.1.0npenenure, Kakod M3 MOJYSMIHPUYECKHX METOJOB HauOOJee TOYHO
OIICHUBACT JUIsl YKa3aHHBIX MOJICKYJ TMOTeHUUan uoHu3anuu (l), sHepruio
CpoACTBa K 3JEKTpoHY (A), paBHOBECHOE MEKAaTOMHOE paccTosiHue (re) u
sHepruto auccouuanuu (Do). Pesynbrarel odopmute B Bume tabnuil. 3amady
PEeITh IS CASAYIOMNX BapUAHTOB ABYXaTOMHBIX MoJieKys: a) Hp; 6) Liy; B)

Ca; r) No; 1) O2;
e) Fp; %) Py; 3) Sp; n) Cla.
MOJ'ICKYJ'IEI H2 L|2 C2 N2 02 F2 P2 82 C|2
I, 5B 15.2 |5.1 124 |156 |12.1 |15.7 |111 |94 11.5
A, »B - 045 |3.27 |- 045 |3.08 [0.59 |1.67 |2.38
re, A 0.74 (267 |1.24 (110 |1.21 (141 |189 [1.89 |1.99
Do, 103 |24 143 | 225 118 |37 116 | 101 |57
KKaJl/MOJIb

5.2.Ucnonw3ys Teopemy Kymmanca, paccuutaiite metoqom AM1 moreHnua- jbl
nonuzaruu (1) aByxatoMHBIX MoJiekysl. CpaBHHUTE MOJIyYEHHbIE 3HAYEHUS C
AKCTIIEPUMEHTAIbHBIMU TAHHBIMU U € pE3yJIbTaTaMU HEAMITUPUYECKUX PACUETOB

B Oa3uce 6-31G.

Mounekyna

Ca

N>

O,

F2

Al

Sip

P2

S2

Cl,

I, >B

12.4

15.6

12.1

15.7

6.21

8.0

11.1

9.4

11.5

5.3.B kakom ¢ymnepene (4, 6, 8, 20, 60, 80) nomyropHas cBsizp C-C Hambosee
npoyHasi? Pacuer sHepruu BBINONHATH O€3 ONTUMU3ALMHU TE€OMETPUH, HC-
nosib3yst nomysmnupudeckuid  Meronx CNDO. JlaHHble 1O MOJEKYJIaM

dymiepeHa mpounTaTh U3 UMEIOIIMXCS (ailnoB *.hin.



5.4. Onpepenure BEIUYMHY JAUIOJBHOIO MOMEHTA MOJIEKYJ, CpPAaBHUTE 10
Jy4YEHHbIC 3HAUEHUS C HKCIEPUMEHTAJIbHBIMU JaHHbIMH. Kak u modemy
U3MEHSETCSl CBEPXY BHM3 IO IPYMIIE TOUHOCTh PACUETOB?

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 BaJ€HTHBIX KOJeO0aHUI B 4YacTUIAX, CPaBHUTE
NOJIyYCHHbIE 3HAUYECHMS C JAaHHBIMHM JKCIEepuMeHTa. B Kakoill yacTuile CBA3b
HanOoJIee mpoyHas?

Yacrtuna O,* 0, Oy 0, | NO* |NO NO- | NO*
Vv, CM 1865 |1580 |1097 |766 2273 11880 |1365 |886
Yacrtuia HF HCI HBr HI F» Cl, Br, I

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

5.6.Paccunraiite mupuHy sHepreruueckoil menn (Egap) B MOMMUIMKINYECKUX
KOHJICHCUPOBAHHBIX  apOMATHUYECKUX  MOJIEKYyJIaX,  KOTOpbIE  HUMEIOT
cnenyromuit coctaB: CeHs, CigHiz, CoaHiz, CazHig, CsaHig, CgaHoa, CosHoa.
Pacuer »Hepruu BHIMOJHSNTE 0€3 ONTUMHU3AIIUN T€OMETPUH, UCTIONB3YSI METO/
CNDO (mouemy?). JlanHble M0 MOJIEKyJIaM CUMTAHTE M3 UMEIOITUXCS (HaiyioB
*.hin.

Tema Ne 6 «BoamyweHue He 3asuciujue om epemeHu

3aoauu:
y®
6.1.0npenenute TOMPAaBKYy BTOPOTO MPUOMIKEHHsT 7 n K COOCTBEHHBIM

GyHKIUAM.
6.2.0npenenute MOMpaBKy TPETHETO MPUOJIMKEHUS K COOCTBEHHBIM 3HAYCHHSIM
SHEPTHH.

6.3.0mnpenenure ypoBHM SHEPTHH aHTAPMOHUYECKOTO JIMHEHHOTO OCHUJUISITOPA C
+ PP me’x? 3 4
=—+ +aXx’ + X
raMUJIETOHUAHOM 2m :
6.4.Cepuueckas MoTEHIMANIbHAsA sSIMa C OECKOHEYHO BBICOKMMHU CTEHKaMU
noABepraeTcs Mmajioiu aedopmaiuu (03 U3MEHEHUs1 00beMa), MpUuHUMas Gopmy
c1a00 BBITSHYTOI'O WJIU CIUTFOCHYTOTO AJUIMIICOU 1A BPAILICHUS C TTOJTYOCSIMU a =

b u c. Halitu paciieruienne ypoBHEW SHEPrHMHM YacCTHIBI B sIME IMPH TaKOH
nedopmanmm.

Tema Ne 7 «Cexynsapnoe ypasnenue. Boamywenue 3asucsaujee om epemenuy

3aoauu:
7.1.0npenenute NOMpPaBKU MEPBOTO MPUOIMKEHHUSI K COOCTBEHHOMY 3HAUEHUIO U
OpaBWibHble  (QYHKIUM  HYJEBOrO  OPUOIMIKEHUs  JUII  JABYKPATHO
BBIPOKJIEHHOTO YPOBHS.



7.2.BeiBeaute (popmyiny AJis MOMPABOK MEPBOTO MPUOIMKEHHS] K COOCTBEHHBIM
GYHKITUSM.
7.3.BeiBeniute popMyiy SISl IOMPABOK BTOPOTO MPHUOJIMIKEHHS JIJI1 COOCTBEHHBIX

3HAYEHUU.

(0)
7.4.B HayanpHbI MOMEHT BpeMeHu t = (0 cucTteMa HaxOAUTCS B COCTOSIHUU ¥

OTHOCAIIEMCS K JIBYKPaTHO  BBIPOXKJACHHOMY ypoBHIO. Ompenenute

BCPOATHOCTL TOI'O, 4YTO B I[&J'II)HGI‘/JIIHI/II\/'I MOMCHT BPCMCHU t cucrema 6y,Z[€T
(0
HaxXoauThCA B APYIOM COCTOSHUU Va TOM XK€ 9HCPIuu, NCpexona NpoucCxoauT

MOJ1 BIMSIHUEM MOCTOSTHHOTO BO3MYIIICHHUSI.
7.5.0mnpenenure u3MeHeHUe N-To ¥ M-TO pCHIeHI/II/I ypaBHeHHs ]_Hpezerepa npu

iwt
HAJIMYUU IIEPUOANYECKOTO BOZMYILEHUS BUIA V=Fe™ + Ge , C yacToTon @

© _ 0 _ .
Takoii, uro Cm ~En =H(@+E) 1ne & _ vanas pemuumma. F ou G —
OIEPaTOPbI, HE 3aBHUCSIINE OT BPEMEHH.

Kpurepuu onenkmu:

- OLICHKA «3aUTE€HO» CTaBUTCS 3a MPABUIBHOE M IMOJHOE PEUICHUE 3a/1auu,
JOMYCKAIOTCs HEOOJIbIITNE TOTPEITHOCTH B U3JI0KEHUHU U BBIYUCICHUSIX.

- OIICHKA «HE 3a4TE€HO» CTABUTCS CTYACHTY HE BBIMOJIHUBIIEMY TPEOOBAHMUS K OIIEHKE
"3ayTeHO0"

7.2.3. KOMILIEKT TeCTOBBIX 3aJaHUH

1. OOGas 105151 MOBEPXHOCTEH pasieia B HAHOMAaTepHallaX COCTaBIISICT:

SRV LY
» =
- 2
SIRVARSC I e
=1
3s .
[] Vﬂ-p-~f’
3
0 vnpzl—[ﬁ},
L

2. O®pusiesieBCKUE OCHWUISIUN IEPEIAI0TCS PEIIETKE Yepes:
] 3nmeKkTpoH-()OHOHHOE B3aUMOICHCTBUE;

1 ¢$OTOH-3IEKTPOHHOE B3aUMO/ICHCTBUE,



1 35eKTpoH-()OTOHHOE B3aUMO,ICHCTBUE;
] 3JEKTPOH-2JIEKTPOHHOE B3aUMO/ICHCTBHE;
1 dhoHOH-POTOHHOE B3aMMO/ICHCTBHE.
3. PasmepHbIii 3¢ deKT mapamerpa peieTKd HAHOYACTHIIbI CBSI3aH C:

] ommOKaMu METOIUKH U3MEPECHHUS,

]

azcopOuuei npumecei;
TEMIIEPATYPOH IUIaBJIECHUS,
CTPYKTYPHBIMH IIPEBPALICHUSAMU;

CTPYKTYPOH JTHUCIOKAIHAMN.

© o o O

4. OcoOECHHOCTH MarHUTHEIX CBOMCTB HaHO4YaCTHI CBA3aHBbI C.
HU3MCHCHHECM B A (bOHOHHOFO CIIEKTpa,
AUCKPCTHOCTBIO JJICKTPOHHBIX COCTOHHHﬁ;

HN3MCHCHUCM I'paHUL (1)0HOHH01“O CIICKTpa,

I I R O N B

JUCKPETHOCTBIO (POHOHHBIX COCTOSTHUIA;
] BCce mepeYnCIEHHOE.
5. Ins nAByMEpHOM CHCTEMBbI THUMAa MalbIX OCTPOBKOB Ha IMOJIOKKE YpaBHEHHUE

Tomcouna-I'uob0ca nmeeT BULI:

4o
N p:?,
0 opn=22;
"
V20
0op(r)=p.er ",
17
0op(r)=pet";
20

V.
1 op(r)=—2——.
V, =V, T
6. OcHoBHas IIpUYrHA N3MCHCHUA TEPMOANHAMUYCCKHUX XapaKTCPHUCTUK
HaHOKPHUCTAJIJIOB II0 CPAaBHCHHUIO ¢ MACCHUBHBIMHU MaTCpHaAIaMU:

] ©OJIBIIOE YMCIIO MOBEPXHOCTHBIX aTOMOB;

] m3meHeHue BUJa GOHOHHOTO CIIEKTPA;



] IUCKPETHOCTH 3JIEKTPOHHBIX COCTOSTHUM;

] m3mMeHeHue TpaHull GOHOHHOTO CIIEKTPA;

L] BCe IIepEeYnCIIEHHOE.
7. B HanomaTepuanax 1Mo XHMMHYECKOMY COCTaBYy W paclpejefieHuo (a3 MOKHO
BBIICIIUTh CTPYKTYPHhI THIIA:

| KOJJIOWUIHBIC,

] maTtpuuHble MHOTO(a3HBIC;

] crarucTHYEeCKHEe MHOTO(a3HbIE ¢ HEUICHTUYHBIMH MIOBEPXHOCTSIMHU pas3fieia;

] omHO(a3HbIE;

] crarucTuyeckre MHOTO(a3HbIE ¢ UIEHTUYHBIMU MOBEPXHOCTAMHU pa3jiea.
8. PazmepHnsrii 3pdekT TemmepaTypsl IIIABICHUS MAJTBIX YaCTHI] IIPU YMEHBITICHUH MX

pa3Mepa B 06HIGM BHUAC OIIMCBIBACTCA BBIPAKCHUCM!

u Tm(r)=Tm(1—%j;

n Tm(r)sz(1+ﬁj;

r

[ Tm(r):T—’“;
r

0 Tm(r):Tm(1+ra—2j;

1T

_m

[ Tm(r):47Z 3
9. ®puneneBckUe OCHWUIALMU TJIOTHOCTH BBIPOXKIACHHOTO DJEKTPOHHOIO Tas3a
BBI3BIBAIOTCS:
] m30BITOYHBIM 00BEMOM;
] moObiMu  AedeKTaMu, HapylIAloUMMH — TPAHCISIIIUOHHYI0  CUMMETPHIO
KpUCTAILNIA;
[l BDKCHUTOHAMHU,

[l HCPAaBHABCCHBIMU BAKAHCUSAMMU,

1 nmaBnenueM Jlamaca.



10. Xapakrtepusliii pa3mep netiu Opanka-Puna:

2
] I(DP — ﬂ X
T,
Gb
0y = ;
DP ZTHH
S aGb ;
TIYH
3
] I@P — G_b :
T
Gb
01, =—.
T,
11. Pa3mep CTPYKTYpHBIX

COCTAaBJIAOIIINX

HaHOMATCpHajioB OIIpCACIIAIOT

QJICKTPOHHO-MHUKPOCKOIIMYCCKNMHU MCTOJaMHU C ITIOMOIIBIO:

] CBETIIOMOJIBHBIX N300paKEeHMI];

TEMHOIOJIBHBIX U300paxXKeHUH;

JTAJIATOMETPA;

I I R I N

U300pKEHUI MPSMOTO Pa3peIICHHUS.

PCHTTCHO-CIICKTPAJIbHOI'O MUKPOAHAJIN34,

12.  JlaBnenwue Jlammaca ompenenseTcss GOpMyIoi:

- p:27w;
r
20°

0op=—;
r

. p=2—0;
r
4o

j p:?,
20

r
13.  Jonsa cOOCTBEHHO MEK3epEHHBIX

COCTaBJIACT.

I'paHUIl pas3jicjia B HaHOMATCpHaAJIaX



j M.2 ~§;
L
Y
. VM.Z.=35(LL3 S) ;
3
SR =1—[ﬁ} :
- L
2
0V, :M_
Mm.2. L

14. DHeprus, OKa3bIBAIOIIAS pPa3yNoOpsSAOUYMBAIONIEE JCHCTBUE HAa MAarHUTHBIE

MOMEHTHI (PeppOMArHUTHON YaCTUIIbI, PaBHA:

2
0 Agy = M,V ,
2
hZ
0 Ay ——;
2m,o,
A 2
O AEO:L;
2m,
L Agy =hAw,,
1 Ag,=hv.

15.  Ilpu noriomieHuu cBeTa TOHKO3EPHUCTHIMU IJIEHKAMH METAJIOB:
MIPOUCXOUT MTOJTHOE MOTJIOLICHUE;

MPOUCXOJUT CUIIbHBIN HAarpeB IJICHOK;

BUMMAs 4acCTh CIIEKTPa MOJHOCTHIO MOTJIOIAETCS,

nH(ppaKkpacHas 4acTh CIIEKTPa MOJHOCTHIO MOTIIOMIACTCS;

o O oo o o

B BUJMMOW YaCTH CIIEKTpPa MOSBIISIOTCS MUKH MOTJIOMIEHUS, OTCYTCTBYIOIIUE Y
MAaCCHUBHBIX METaJIJIOB.
16. B HanoMmarepuanax no opMe MOXHO BBIJCIUTh CTPYKTYphI TUIIA!

1 omHO(Da3Hask;



O oo O oJ

17.

IIacTUHYATas,
MaTpuyHas MHOTO(]a3Has;

cTojiouaras;

coziepKailasi pPaBHOOCHBIE BKIIIOUEHHSL.

I[Ipy  kakux  pasMepax  TUIHWYHBIN

cymneprapaMarHiTHOE COCTOSIHUE:

[]

(0 I R I D

18.

0K0JI0 1 MKM;
MeHee 1-10 HM;
oonee 100 uMm;
okoy10 100 HM;

ooinee 1-10 aMm.

dbeppoMarHeTuk

nepenaeT

B

HpI/I MOACIUPOBAHUUN CTPYKTYPblI MAJIOATOMHBIX KJIIACTCPOB HGO6XOIII/IMO

YUYUTHIBAThb!:

] KiacTepsl TOJKHBI UMETh U30BITOYHYIO SHEPTHIO;

[]
[]

[l
19.

KJIIaCTCPbI AOJIKHBI OBITH OHCPIreTUICCKHU YCTOﬁqHBBI;

KJIACTEPBI JOJKHBI UMETH IUNIOTHYIO YIIAKOBKY;

KJIACTEPhl JOJKHBI OBITh MOCTPOCHBI U3 MPOCTEUIINX CTAOUIBLHBIX aTOMHBIX

KOH(UTrypaluii;

KJIIaCTCPbI AOJIZKHBI COCTOATH U3 YECTHOI'O YHMCJIa aTOMOB.

IIpy kakoM Temmeparype THUIIMYHBIN

cyneprapaMarHiTHOE COCTOSIHUE:

[]

[]

T, =1273°C;

ro KV
kInfm

%o

Tb :ﬂ’
2m,

T, =1000K ;

T,=2.

k

dbeppoMarHeTHK

TepenieT

B



20. TemmoeMKOCTh MaJOW YaCTHIILI OnpenessieTcs Gopmyoit:

1 C, =3R;

SR J-(%‘(a)T) (@)do:

wmm

" G- | gldo;

Dmin
T " e

G

0 C ==

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

7.3.1. Bonpochl K MPOMEKYTOYHOM ATTECTANNH

Cemectp 1
Ne ni/m Bonpocsl k dk3ameny

1. [TonsiTne KI1acTepos.

2. Knaccudukanms mo nmpupojie KIacTepoB U HAHOOOBEKTOB.

3. OcoOeHHOCTH CBOWCTB M MOBECHHS U30JIMPOBAHHBIX KJIACTEPOB U HAHOCHUCTEM

4. Meramindeckue KiacTepbl, UX CTPOSHHE, CBOMCTBA U CTPYKTYpa.

S. Kpucrannuueckas pererka 1 Maruueckue yucha.

6. I'eomeTpuueckas CTpyKTypa U pazMepHbie 3G (HEKTHI.

7. CymecTByIonMe MOJIENN KIIaCTEPOB, UX HEAOCTATKH U MPEUMYIIECTBA

8. OU3NKO-XUMUYECKHE CBOUCTBA KPUCTAILIOB.

9. TepmoaunaMuyeckuif  aHaiaM3 TOBEPXHOCTH KjacTepa M HAHOOOBEKTOB, HX
B3aMMOCBSI3b, CTPYKTYpa U MOP(OJIOTHsI MOBEPXHOCTH HAHOOOHEKTOB.

10. [Ipoueccrl camoopraHu3aiy B KJ1acTepe U HAHOOOBEKTEe, MEXaHU3M (POPMUPOBAHUS U3
HUX HAaHOCHCTEM

11. JlepexTrl CcTpYKTYphI U (pa3oBbI€ MPEBpAIICHUS B HAHOOObEKTaX

12. BnusiHue Ha mporiecc caMoopranu3aliui TeMIEpaTypHbIX U CUJIOBBIX TOJIeH

13. OcobeHHocTr 00pa3oBaHMsl, POCTa IEHTArOHAJIbHBIX HAHOOOBEKTOB

14. Mexanusmbl  (popMUpOBaHHMS M3 TIEHTArOHAJIBHBIX KJIACTEPOB HAHOOOBEKTOB U
KpPHUCTaJJIOB

15. CrtpoeHue neHTaroHaJIbHbIX HAHOOOBEKTOB

16. O6macTu MpUMEHEHHS] HAHOOOBEKTOB U HAHOCUCTEM




17. MexaHu3mbl GOPMUPOBAHUS U3 HAHOOOHEKTOB TOTOBBIX MUKPOU3IEIHUN

18. MeTobl HccieJOBaHuUS KIACTEPOB U HAHOOOHEKTOB

19. MeToa 3MEeKTPOOCAKACHUUS KaK OJIUMH M3 HECKOJBKHX METOMOB TOJTY4eHUS
HaHOOOBEKTOB U HAHOCUCTEM

20. Hanokortanuzatopsl.

21. OMIUpUYECKHE METOIbI MOICTTMPOBAHUS HAHOOOBEKTOB.

22. [Tonyamnupudeckre METOAbI MOJEIUPOBAHHSI HAHOOOBEKTOB.

23. Hesmnupuueckue MeTo bl MOJCTUPOBAHHUS HAHOOOBEKTOB.

24, [Tpubmmxenne bopua-OnmenreiiMepa.

25. Meroa Xaprpu-doka.

26. ATOMHBIE OpOUTAIIH.

27. Teopust pyHKIMOHATA ITIOTHOCTH.

28. Teopus Bo3mMyLIEHUS.

29. MeTto1 BaJIEHTHBIX CXEM.

30. MeToa MONEKYJIAPHBIX OpOHUTAaNeii.

31. [ToHsiTHE HAHOOOBEKTOB.

32. [lonsiTe HaHOYACTULL.

33. [ToHsiTHE HAHOKPUCTAJIIOB.

34. Knaccudukanus no crocodam noxydeHus KIacTepoB U HAHOOOBEKTOB.

35. ITponiecchl camoopraHu3aluy U caMOCOOPKH B KJIacTepax U HAHOOObEKTax.

36. [lonsiTe HaHOMATEpPUAIOB.

37. [TonsiTHe HaHOCHCTEM.

38. Knaccudukanus mo reoMeTpuyecKiM MpU3HAKaM KJIacTePOB M HAHOOOBEKTOB.

39. [lonsiTve HaHOM3IETUH.

40. OcobeHHOCTH pocTa PU KPUCTAIUIM3ALIMN U3 KIaCTEPOB HAHOOOBEKTOB M HAHOCUCTEM,
POJIb TEXHOJOTHYECKUX (PaKTOPOB.

41. DHepreTU4ecKuil aHanu3 MOBEPXHOCTU KjacTepa U HAaHOOOBEKTOB, UX B3aHMMOCBS3b,
CTPYKTYpa U MOP(OIJIOTHSI TOBEPXHOCTH HAHOOOBEKTOB.

42. MexaHu3Mbl 00pa30BaHMsl KJIACTEPOB U (POPMHUPOBAHUS HAHOOOBEKTOB U HAHOCHCTEM.

43. [lenTaronanbHble HAHOOOBEKTHI.

44, [Tomysmnupudeckuii pacueT XapakTepUCTUK MOJIEKYIISIPHBIX KJIaCTEpPOB.

45. CymecTByromme MOIeNH KJIaCTePOB, UX KIIACCU(PUKAIIHS.

46. Kiacrepubie monemnu.

47. XapaKkTepUCTUKN U30JUPOBAHHBIX KJIACTEPOB U HAHOCHCTEM.

48. Mertona razoa3Horo cunTesa.

49. VYpaBuenue Tomcona-I'u60ca.

50. Teopema Kymmanca.




7.3.2. Kputepuu 1 HOPpMbI OLIEHKHU

dopma
NpoBe/eHUs
Cemectp . Kputepuu u HOpMBI OLIEHKH
MPOMEKYTOUHOI
arTecTalnuu
1 DK3aMeH (YCTHO) YcBoeHUe MOAyYeHHBIX 3HAaHUN

«OTJIUYHO»

HOJIHOE, B CUCTEME, B
COOTBETCTBUH C TPEOOBAHUSIMHU
y4eOHOH POrpaMMBlI;
JOIMYCKAOTCA CIUHUYHLIC
HECYIIIECTBCHHBIE OLINOKH,
CaMOCTOSATENILHO HCIIPABIISIEMbIE
CTyJICHTaMH

«XOopouo»

Y cBO€HHE MTOITYyYEHHBIX 3HAHUI
IIOJIHOE, B CUCTEME, B
COOTBETCTBUU C TPEOOBAHUAMU
y4eOHOI1 IporpamMmsl;
JIOIIyCKAIOTCA OTJEIIbHBIE
HECYILIECTBECHHbIE OILINOKH,
HCIIPAaBJISICMBIC CTYACHTAMHA
Hocje yKa3zaHus [peroiaBaTelis
Ha HUX

«YOOBJICTBOPUTCIIBHO»

VY cBOeHHE MOTyYeHHbIX 3HAaHUH
HEIOJIHOE, OJIHAKO 3TO HE
IIPEMSTCTBYET YCBOCHUIO
MOCJIEAYIOLIEr0 IPOrPaMMHOTO
MaTepuaa; J10IyCKarTCs
OTJIEIbHBIE CYIIIECTBEHHbIE
OLIMOKH, UCTIPABJIEHHBIE C
MTOMOUIbIO IPETN0IaBaATENS

«CHEYAOBJCTBOPUTCIIBHO»

YcBoeHne yueOHOro Marepuania
HETNOJIHOE, 0€CCUCTEMHOE, UTO
MPETSITCTBYET YCBOCHHIO
nocyenyromen yaeoHoi
nH(pOpMaIIK; CYIIIECTBEHHBIE
OIHI/I6KI/I, HECHUCITPABIISICMBIC TAXKE
C TIOMOIIIBIO TPEIOIaBaTeNs




8. YueOHO-MeTOAMUYEeCKOEe M MHPOPMALIMOHHOE O0ecnedeHue TUCIUIIIMHBI

8.1. O6s3aTenibHAs IMTEPATYypa

Tun (yueOHHK,

yueOHoe KouunyecTBO B
nocooue, HAY4YHOI
Ne
u/n ABTOpBI, COCTABUTEIHN 3arsiaBue (3aroJjioBoK) Y4eOHOo- I'ox n3panus ouodaunortexe /
MeTOoAuYecKoe HaumeHoBanue
nocooue, IBC
NPaKTHKYM, Ap.)
MeTonbl TOJIYYCHUST U CBOWCTBA HAHOOOBEKTOB :
yuebHoe nocobue / H. . Munbko, B. B. Ctpokosa,
H. 1. Munsko, B. B. U. B. XXepnosckuii, B. M. HapuieB. — 3-e u3., ctep.
Ctpoxkona, U. B. — Mocksa : ®JIMHTA, 2019. — 165 ¢. — ISBN " "
! )KeI;)HOBCKHI?I, B. M. 978-5-9765-0326-7. —  Tekcr:  2eKTpOHHBIH // YueGHoe nocodue 2019 IbC "lane
Hapres Jlanb : anekTpoHHO-O0MOIMoTeuHast cuctema. — URL:
https://e.lanbook.com/book/119402
8.2. lonosiHUuTEIBLHAS JIUTEpPATYpa
Tun (yueOHuk,
yueOHOe KosnuectBo B
nocoomue, HAY4YHOI
Ne
u/ ABTOpBI, COCTABUTEIHN 3arnaBue (3arojioBoK) y4eOHo- TI'ox n3nanus oudanoreke /
MeTOAN4YecKoe HanmeHnoBaHnme
nocooue, IBC
NPAKTHKYM, AP.)
bynakoB, A. A. Marepuaiibl U  METOJbI
1 | A. A Bynaxos HAHOTEXHOJOTHUl : yueOHoe mocobue / A. A. byHakoB. VaeGHoe oco0He 2012 SEC "Tans"

— VYa : BI'TTY umenu M. Axmymsl, 2012. — 126 c.

— ISBN 978-5-87978-833-4. — Tekcer :



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

Tun (y4eOHMK,

yueOHOe KoanuectBo B
e nocooue, HAY4YHOMH
I /;1 ABTOpBI, COCTABUTEIH 3arsiiaBue (3aroJi0BOK) yueOHo- TI'ox u3nanus onodamorTexe /
MeToauYecKoe HaumenoBanmue
nocoodue, 9bC
NPAKTHKYM, JP.)
ANIEKTPOHHBIN // JlaHb : 3MeKTpOHHO-OMONIHMOTEYHAS
cucrema. — URL: https://e.lanbook.com/book/70165
Peoxonkos, JI. WM. Hanomarepuaisl yuebHoe
nocobue / JI. . Pepkonkos, B. B. JIésuna, D. JI.
J3unsurypu. — 5-e uzn. — Mocksa : JlabopaTtopus
J1. 1. Perxonkos, B. B. N
2 | JIéBuna, D. JI. SHAHMH, 2017_' — 368 c. —ISBN 978__5_00101_474_ YueGHoe mocobue 2017 9bC "Jlans"
Tsnsurypu 4, — TekcT : 3neKTpoHHBIH // JlaHb : BJ'IGKTpOHHOT
OubmmoreyHas cUcTeMma. — URL:
https://e.lanbook.com/book/94117
OCHOBBI HaHOTEXHOJIOTUHU yueOnuk / H. T.
Kysnemnos, B. M. HoBotopuie, B. A. KaGpes, B. 1.
H. T. Ky3nenos, B. M. Mapronun. — 2-e uzn. — Mocksa : JlabopaTopust
3 Hogroropues, B. A. 3nanumii, 2017. — 400 c. —VISBN 978-5-00101-476- VeGHmK 2017 SEC "Jlams"
Xabpes, B. U. 8. — TekcT : »nexTpoHHbIH / JlaHb : 3IEKTPOHHO-
Mapronux OubIMoTeYHast cucrema. — URL:

https://e.lanbook.com/book/94129
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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
MaTepUu Ha aTOMHOM U MOJICKYJISIPHOM YPOBHE.

e http://www.mammp-journal.com - penensupyemsbiii xypaan Mechanics of
Advanced Materials and Modern Processes myOnMKyeT —pe3yibTaThl
WCCJICIOBAaHMA B 00J1aCTH MEXaHUKH COBPEMECHHBIX MAaTEPHUAJIOB, OCOOBIN aKI[EHT
nenaercss Ha QU3NKY U MEXaHUKY JnedopMaiuy, MOBPEKICHUS U pa3pylIeHUs B
MPOU3BOJICTBEHHBIX MIPOIIECCaX.

o http://www.immijournal.com - pereH3upyeMblii xkypHai Integrating
Materials and Manufacturing Innovation myOnukyeT pe3yiabTaThl UCCIIEI0BaHUN
B OOJaCTH OTKPBITHS, PAa3BUTHs W TPUMCHCHHS MATepHUAIOB  C IICJBIO
MIPAKTUYECKOTO HCITOJIb30BAHUS B POU3BOICTBE.

o WebofScience[DnekTpoHHBI  pecypc] :  MYyJIbTHAUCHUIIMHAPHAS
pedepatuBHas 6a3a nanubix. — Philadelphia: ClarivateAnalitics, 2016— . — Pexxum
noctymna : apps.webofknowledge.com. — 3ari. ¢ a3kpana. — 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] : KOJUICKIUS DJIEKTPOHHBIX 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. — 3ari. ¢ skpana. — SI3. pyc., aHri.
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8.4. IlepevyeHb NpPOrpaMMHOro odecrneYeHus

Ne i/ HaunmenoBanue 110 PexBU3HTEI 10r0BOpa
- (maTta, HOMep, CPOK ACHCTBHUA)
Windows: noroBop Ne 757 ot 04.07.2018, cpok
. : JIEHCTBUSI — OECCPOUHO;
L WinPro 10A(F:2dLinSCUpgrd OLPNL KOHTpakT Ne 1653 ot 14.12.2018, cpok

JEHCTBUSI — OECCPOUHO
9 OfficeStd 2019 RUS OLP NL Ne 1653 ot 14.12.2018,

' Acdmc CPOK JIEUCTBHS - 0ECCPOUHO
. . . " Ne 469 ot 05.06.2020,

Mathcad Education - University Edition ot 5
3. Subscription (25 pack) CPOK JICUCTBHS - 0ECCPOUYHO

8.5. Onmcanue MarepHaILHO-TEXHHUYECKON 0a3bl, HeEOOXOAUMON IJIs
OCyIleCTBJIEHHSI 00Pa30BaTEJILHOI0 MPoLecca Mo AMCIUIIHHE

HaumeHnoBaHue 000py10BaHHBIX Y4eOHBIX
Ka0MHETOB, JIa0opaTopHUii, MACTEPCKHUX H JP.
Ne 00bEeKTOB VIl NPOBeeHUs MPAKTHYECKUX H Ilepeyenb 0CHOBHOTO
n/n JIa0OPATOPHBIX 3aHATHM, IOMELIEHU 11 o0opynoBanust
CaMOCTOSITeIbHOM PadoThl 00y4aroIuXcs
(Homep ayauTOpHN)
VYyeOHass aynurtopus s mnpoBeneHus 3aHATUi | CTonbl ydeHHuYeckne (MOHOOJIOKH)
JEKIIMOHHOTO Tuna. YyeOHas ayauTopHsl Ui | JABYXMECTHBIE , CTOJI
NPOBEJCHUS  3aHATHUM  CEMHHApCKOrO  THUMA. | IPENnoAaBaTelIbCKUM, CTYH
VYuebHast ayIuTopus JUISL KYpCOBOTO | MPENOJaBaTeIbCKUH, JI0CKa
1 MPOEKTUPOBAHUS (BBIIIOJHEHUS KYpCOBBIX paldoOT). | ayauTOpHas (menoBas), JKpaH
" | YueOHas ayauropus JUlsl IPOBEIEHHs TPYNIIOBBIX | HABECHOM, CTAllMOHAPHBIM MPOEKTOp,
U UHAUBUAYAJIbHBIX KOHCYJNbTAMW. YdeOHas | Impoleccop, Mblllb KOMIBIOTEpHas,
ayIUTOpHUs JJIs MPOBEACHMS 3aHATHM TEKYLIETO | IMyJbT IS MPOEKTOpa
KOHTPOJISI U TPOMEXKYTOUHOM aTTeCTallH.
I'-326
Komnrerorepusiit kiacc. YueOHas ayauropus ais | CToyibl yYeHUYECKUE TBYXMECTHBIE
NPOBEJEHUS  3aHATUH  JIGKIIMOHHOIO  THIMA. | CTOJBI YUYEHUYECKHUE, CTOJ
YueOHast aymuTopusi JUIsi TIPOBENCHUSI 3aHATHA | KOMIBIOTEPHBIN, CTOJI
CEeMMHApCKOro Tuma. YueOHas aynutopus ans | npenogasarenbckuid, IIK,  mocka
MPOBECHUS JTAOOpPATOPHBIX paboT. VYueOHas | TPEXCEKIIMOHHAS ayJIuTOpHAs
2 ayIuToOpus NS KYpPCOBOTO MPOEKTHPOBAaHUS | (MeyoBast), CTyJ
" | (BBIIOJIHEHUSI ~ KYPCOBBIX  paboT). YueOHas | mpernojaBaTelbCKui, IIPOEKTOP
ayIuTOpus U1 INPOBEAEHUS TPYIIOBBIX U | MYJIbTUMEIUWHBIN ,OKpaH JUISL
UHAMBUAYAJIbHBIX  KOHCYJbTalMi  YyeOHas | mpoekTopa, TyMOa BbIKaTHas
ayIUTOpUs I NPOBEACHMS 3aHIATHUH TEKYLIETO
KOHTPOJISI U TPOMEXKYTOUHOM aTTeCcTallHy.
E-214
[Tomemenne st caMoCTOSATENbHOM — paboThl | CTOJBI YYEHHUYECKHUE, CTYJIbA
3. | obyuarommxcs yuenunueckue, [IK ¢ BbIxonoMm B ceTh
I'-401 WNuTtepuer




HaumeHoBaHue 000py10BAHHBIX YUeOHBIX
Ka0UHEeTOB, J1a00paTopuii, MACTEPCKHUX H JP.

Ne 00BbEeKTOB /IJIsl MPOBEACHUSA MPAKTUYECKUX H IlepeyeHb OCHOBHOIO
n/n JIa0OPATOPHBIX 3aHATHI, MOMeIeHUl 15 o0opynoBaHust
CaMOCTOSITEJIbHOM PadoThl 00y4arOIUXCS
(HOMep ayIuTOpPHUH)
[Tomemenue [Isi  caMOCTOSTENbHONM  paboThl | CTONBI-MAPTHl ABYXMECTHBIE, CTYIIb,
o0yyJaroumxcs CTOJI ~ MPENOJABATEIbCKHUI-,  CTYJ
J1-409 MIPENOIaBaTeIbCKUM,  TIEPEIBIKHASL
4 JIOCKa, 3KpaH, MpoLeccop, MPOeKTop,

KOMIIBIOTCPHBIC CTOJIbI, KOMIIBIOTCPEI
41 CTYACHTOB C BBIXOJAOM B CCTb
HHTCPHCT, KOMIIBIOTEP
npenoaaBaTcii.
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