MMHUCTEPCTBO HAYKHU U BBICILIEI'O OBPA30OBAHU S POCCUMCKOM ®EJEPAIN
benepanbHOE TOCYJaPCTBEHHOE OIOKETHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICIIEr0 00Opa3oBaHus
«TONBATTUHCKUI TOCY1aPCTBEHHBIN YHUBEPCUTET

b1.B.02

(unoexc OuCyuniuHbl)

PABOYASA IPOT'PAMMA AUCHUITJIMHBI

CTpyKTypa H CBOWCTBA METAUTMYECKUX KIIACTEPOB, HAHO- U MUKPOOOEKTOB

(Haumenosanue OUCYUNIUNbL)

110 HalIpaBJICHUIO TOATOTOBKHU
22.04.01 MarepuanoBeeHUE U TEXHOJOTMU MAaTEpUATIOB

HaIpaBJICHHOCTH (MMPOPHIIH)
VHXVUHUPUHT MMEPCTICKTUBHBIX MAaTCPHUAIOB U JIMATHOCTUKA MTOBEJACHHUS MAaTEPHATIOB B H3ACIUIX

dopma 00ydeHHs: OUHAas
I'ox mabopa: 2020
Oo6mas Tpynoemkocth: 8 3E

Pacnpez]e.ﬂenne YacoB JUCHUIIMHBI IO CEMECTPpaM

CemecTp 1
®dopMa KOHTPOJIS | DK3aMEH Hroro

Bun 3anaTuit
Jlexnun 8 8
JlaGopaTopHbIie 16 16
[IpakTnueckue 16 16
PykoBoactBo: PI'P
[IpoMexyTouHast aTTeCTalus 0,35 0,35
KonTaktHas pabora 40,35 40,35
CamocTosiTesbHas padoTa 212 212
KonTpoan 35,65 35,65
HToro 288 288




Pabouyto nporpaMmy coctaBuii(u):
Jouent xadhenpst HMuM, k.1.H. TropskoB M.H.

(OonarcrHocms, yuenoe 36anue, cmenens, Pamunun 1.0.)

(Oondcnocme, yuenoe 3eanue, cmenens, @Pamunus 1.0.)

PenenzupoBanue paboueil mporpaMMbl TUCHUTUIHHBL:

X OtcyTcTBYET

Peuensent

(Oonarcnocms, yuenoe 36anue, cmenensb, Pamunua 1U.0.)

Pabouas mporpamma AMCHMIUIMHBI cocTaBieHa Ha ocHoBanuu PI'OC BO u yuebGHOrO
1J1aHa HanpasieHus noarotoBku 22.04.01 MarepuanoBeneHue U TEXHOJIOTUUA MaTEPUAIOB

Cpoxk neiicTBusi padoueii mporpaMmmbl JucUMILIMHBI 10 «30» aBrycra 2022r.

YTBEPXIEHO

Ha 3acenanuu xadeapst HMuM

(mporoxon 3acenanus Ne 1 ot «30» aBrycra 2019 r.).



1. Ilesb ocBOeHMSI AUCUUILIHHBI

L{enp — 3HaKOMCTBO ¢ OCHOBAMH TEXHOJIOTMYECKOT0 IMOAX0a «CHU3Y-BBEPX»
JUISL TIOJYyYEHUsI HAaHOOOBEKTOB, HAHOCHCTEM W HAHOMATEpUAJIOB M3 KJIACTEPOB.
N3yunth MexaHU3MBI pOCTa, OCOOCHHOCTH CTPOEHUS U CBOWCTBA HAHOOOBEKTOB.

3agauu:
1. JaTp knaccudukanuio KiacTepoB, HAHOOOBEKTOB U HAHOCHCTEM.
2. O3HaKOMUTH C MOJESIMU CTPOEHUSI KJIACTEPOB.
3. O3HaKOMHUTH C TEXHOJIOTHEH TIOTYUEHHUSI U MEXaHW3MaMH POCTa HAHOOOBEKTOB
U3 KJIACTEPOB.
4. Iloka3atb 0COOEHHOCTH CTPYKTYpPbI U CBOMCTB HAHOOOBEKTOB U HAHOCHUCTEM Ha
OCHOBE MeTaJlia.
5. O3HaKOMUTb C TEXHOJIOTHEN MOJIYUYEHHUs] MEXaHU3MaMHU pocTa, 0COOEHHOCTAMHU
CTPOCHHSI METaJUIMYECKUX HAHOOOBEKTOB M HAHOMATEPHAJIOB, IMOIYYEHBIX U3
KJIACTEpOB, HMEIOIIUX JEKadPUUECKOE WM MKOCA3APUUYECKOE PACIOIOKEHHUE
aTOMOB.

2. MecTo nucuuiuiabl (yueOHoro kypcea) B crpykrype OITIOITI BO

JIuCUMIUTMHBL M TIPAKTUKHU, HAa OCBOCHHMHM KOTOPBIX Oa3upyeTcs HaHHas
quciuIuinia: «MaTtepuaioBeieHue U TEXHOJIOTUU COBPEMEHHBIX U IMEPCIIEKTUBHBIX
MatepuanoB», «MeTolibl U TEXHOJOTUH MOJYyYEHUS HAaHOMATEpHAIOB», «Du3nka
KOHJICHCUPOBAHHOTO  cOCTOsIHUS», «Teopuss  1epEeKTOB  KPUCTAUIMYECKOU
pELIETKI.

JIMCUMIUTMHBI U TIPAKTUKH, JJISI KOTOPHIX OCBOCHUE JAHHOW JUCHUILIAHBI
HE0OXO0IMMO KaK MPEeIIECTBYIOLIEE: HAyYHO-UCCIIeI0BaTEIbCKasl padboTa.



3. Ilnanupyemblie pe3yabTaThbl 00y4eHHUS

dopmupyeMble

I/IH)]I/IKaTOPLI JOCTHIKCHUSA

KOHTPOJIMpyeMble KOMIIeTeHIIH TL1anHpyeMbie pesyabTaThI

KOMIIETEHIIUH (K01 1 HAUMEHOBaHUE) oG VIeHIS

(xom m y

HANMCHOBAHUE)
- CITIOCOOHOCTh 3HaTh:
HCIIOJIb30BATh  Ha CrocoObl UCTIOIB30BAHUS HA MPAKTUKE
[paKTHKe COBPEMEHHBIX  IPEACTABICHUH O
COBPEMEHHBIC

MPEJCTaBICHUS, O
BIIMSIHUM MUKPO- U
HAHO-CTPYKTYPBhI
Ha CBOMCTBA
MaTepuayioB,  HX
B3aMMOJCHCTBUH C
OKpY’Karoleu
Cpeaou, MOoJISIMU,
SHEPreTUYECKUMHU
YacTUIIAMU u
m3nydennem (I1K-
2)

MK- 2.1 YcraHaBnuBaTtb
3aKOHOMEPHOCTH
B3aMMOCBSA3UN COCTaBa
MaTepuanos, UX CTPYKTYpbl
N PU3NKO- MEXAHNYECKUNX
CBOWCTB.

BJIIMSTHUM MHKPO- U HAHO-CTPYKTYPBI
Ha  CBOWCTBA  MarTepuajioB,  HUX

B3aUMOJICMCTBUM C  OKPY’KaroIleu

Cpelor, TOJSAMH, YacTHIAMH H
U3ITyYCHUSAMU

YMeTh:

HCITOJIB30BaTh Ha MPaKTUKE
COBpeMeHHBIG HpeI[CTaBJIeHI/I}I (0]

BJIIMTHUU MHKPO- U HAHO-CTPYKTYPBI
Ha  CBOWCTBA  MarTepuaigoB,  HUX

B3aUMOJICVICTBUM  C  OKPY’KaroIleu

Cpeloi, TOJIMH , 4YacTUIAMH U
U3ITYyYCHUSIMU

Bnanets:

CIIOCOOHOCTBIO  MCIIOIB30BaTh  Ha
NPaKTUKE COBpPEMECHHbBIC

NpeaACTaBJICHUA O BJIIHMAHUKW MHUKPO-U
HAaHO-CTPYKTYPBI Ha CBOMCTBA
MaTepHaiOB, WX B3aUMOJICUCTBUU C
OKpYXKaroIei cpenoi,

JaCcTHLlaMU U U3JITYYCHUAMHA

TTOJISIMH,




4. CTpyKTYypAa U cofepKaHue QUCIUIIHHBI

®opMbI TEKyLIET0

. N KOHTPOJIS
Monyab Buna yueonoii HaumenoBanue TeM 3aHATHIA
(pasne) paGoThI (yaeBHoii pa6oThi) Cemectp | O0beM, u.| Bbaaabl | HUHTepakTuB, 4. | (HaMMeHOBaHHUe
OLICHOYHOI0
cpeacTBa)
1. Cunres u Jlex Merons! oy4yeHus u 1 2 YeTHBI o1poc
knaccupukanusa |J1ab KJ1acCU(pUKaIUs HAHOKJIACTEPOB. 4 (cobecenoBanue)
HaHOKJ1acTepos U | IIp 4 - 2
HaHOKIacTepHbIX |Cp 40
CTPYKTYD
2. CBoiicTBa Jlex MonekyJIspHBIE JIMTaHHBIE KIIACTEPhI 1 2 YcTHBI o1poc
M301MpOBaHHBIX |JIab B pacTBOpax. ['a30Bbie Oe3nuranHble 4 (cobecenoBanue)
HaHOKnactepos |IIp kiactepbl. KommonHeie KiacTepsl 4 - 2
Cp 60
ITA 0,35
3. Knactepueie | Jlex DopMHUpOBaHUE HAHOCTPYKTYD, 1 4 YceTHBIN o1poc
HaHocucTeMbl 1 | JIab caMOOpraHu3aIys HAHOKJIACTEPOB. 8 (cobecemoBanue)
HaHOCTPYKTYphl |IIp BnyrtpukiiacrepHas aromHas 8 - 4
Cp IMHamMuKa. MexkiactepHas 112
KonTpons nuHamuKa. CTpyKTypHBIE 35,65
ocobeHHocTH HaHocucTeM. CBoiicTBa
HAHOKJIACTEPHBIX CUCTEM.
Hroro:) 288




5. O0pa3oBaTresibHbIE TEXHOJIOT U

B HacTosmemM Kypce HCIONB3YIOTCS — ClEOylolue oOpa3oBaTelbHbIC
TEXHOJIOTHH:

l.Texnomorust ~ TpaaWIUOHHOTO  OOy4yeHHst  (mabopatopHbie  paboOTHI,
PAKTUYECKUE 3aHATHUS, CAMOCTOSATENbHAs padboTa).

2. lHTepaKTHUBHBIE TEXHOJIOTMH (JEKIIMH-0€Ce Ibl: MPE3EHTALIMOHHBIA METOI).

3. TeXHOJOTMU AMCTAHIIMOHHOIO 00YYEHHUSI.

6. MeToanueckune yKazaHus 10 OCBOCHHIO JUCHHUIJINHbBI

[IpakTuueckue 3aHATHs TPEACTABISIOT COOOW BUJ y4eOHBIX 3aHSATUN, B XOJ€
KOTOPBIX CTYACHTHI, 3aKPEIUISIOT Ha MPAKTUKE MOJYyUYEHHBIE TEOPETUUECKUE 3HAHMUS.
Taxk e npenrnonaraercs MpoBeJACHNE MPOBEPOUHOI paboTHI B (hopme TecTa.

JlabGopaTOpHBI MPAKTUKYM 3aKIIOYAeTCS B 3HAKOMCTBE C COBPEMEHHBIMHU
METOJMKAMU MOJCIUPOBAHUS HAHOPA3MEPHBIX OOBEKTOB HEIMIHPUUECKUMH,
MOJIYSMIUPUUYECKUMHU METOAMU U METOJaMU MOJIEKYJIIPHOM JTUHAMUKHU.

[Tpu noAaroToBke K 1a0OPATOPHBIM 3aHSATUSIM CTYACHT JTOJKEH:

- M3YyYUTh TEOPUIO MO TeMe€ Ja0OpaTOpHONl pabOThl, MCMOIL3YSI KOHCIEKT
JICKIIUU W/WUITM PEKOMEHIYEMYI0 TEXHUYECKYIO JINTEPATYPY;

- O3HAKOMUTHCS C METOJIUKOM BBITIOJIHEHUSI PaOOTHI;

- 03HAKOMUTHCS C BOMPOCAMU ISl MPOPadOTKU K Ta00paTOpHOM paboTe U ObITH
rOTOBBIM OTBETUTh Ha HUX BO BpeMs COOECEIOBaHUS C MPENoJaBaTesieM M0 UTOTaM
BBITIOJIHEHUS PAaOOTHI.

JugakTuyecKkue eIUHMIIbI, MPEeayCMOTpeHHBbIE pabdoueil mporpamMmoil Ha
CaMOCTOSATENbHYIO TPOpPa0d0TKYy, JOKHBI OBITh H3Y4YEHBI CTYJACHTAMH B XOJIE
caMmocToATeNbHON paboThl. CamocToATeNbHas paboTa MPOBOJAUTCS B COOTBETCTBUU C
YTBEPXKIICHHON pabouedl mporpaMMoON  TUCHUIUIMHBI C  y4€TOM  BPEMEHH,
NpEeAyCMOTPEHHOTO Ha CaMOCTOSITENbHOE H3ydyeHHe. B Xole camocTosITenbHOM
paboThl KaXAbld CTYJAEHT OOsi3aH MPOYUTaTh OCHOBHYIO U IO BO3MOXHOCTHU
JOTIOJIHUTENIbHYIO JIUTEpaTypy MO M3y4aeMOW TeMe, JOMOJHUTh KOHCHEKTHI JEKIIUU
HEJIOCTAIOIIUM MaTepHUaoM, BBIMHCKAMHU M3 PEKOMEH/IOBAHHBIX MEPBOMCTOYHUKOB.
KoncnekrupoBanue HauboJsiee CI0KHbIE )15l IOHUMAaHUSI TEMbI HEOOXO0IMMO COYETaTh
C TIOJIyY€HHEM MUCbMEHHBIX, a TPU BO3MOXKHOCTU, U OYHBIX YCTHBIX KOHCYJIbTAIIUI
npenoaaBaTers.

[Ipy moaroToBke K 3aHATHUSM, TEKYIIEMY KOHTPOJIIO M IPOMEKYTOUHOMN
aTTECTAllMU CTYACHTbl MOTYT BOCHOJB30BAaThCS AJNEKTPOHHOM OubOnuorekoir BY3a,
MOJIYYUTh JOCTYI K Yy4eOHO-METOJMYECKUM MaTepuaiaMm kak oubnuoreku BY3a, Tak
Y MHBIX DJIEKTPOHHBIX OMOIMOTEUHBIX crcTeM. [Ipn HeoOX0IUMOCTH CTYIEHTHI MOTYT
B3SATh JINTEpaTypy Ha Kadeape wim Ha abOHEMEHTE BY30BCKOM OHOJMOTEKH B
MEYaTHOM BHJIE, a TAKKE BOCIIOIb30BAThCS YNTAJIbHBIMHU 3aJ1aMHU.



7. OnleHOYHBbIE CpeICTBa
7.1. IlacniopT OLIEHOYHBIX CPEICTB

Cemectp Koa koHTpO1MpYyeMoii KOMIIeTEHIM U HaumeHoBaHue
(MJ1M ee YaCTH) OIIEHOYHOI'0 CpeACTBa
IIpoexm
1 K-2 Pasnoyposnesgulie 3a0auu u 3a0anus
Tecmosvie 3a0anus Ne 1 — 320.
Bonpocwt k axzameny Ne 1 — 50

7.2. TunoBble 3aJaHUsA WJIM HHbIe MaTepUAJbl, HeOOXOAMMBbIEe [JIf
TeKyllero KOHTPOJIst

7.2.1. IIpoekT

Tema:
MonenupoBaHue KJIaCTEPOB M HAHOOOBEKTOB

3anaum:
- OBnanenue HaBbikamu MonenupoBanns B [IK HyperChem

Crpykrypa:

- OnTUMH3aLUs CTPYKTYPBI KJIACTEPOB METOJIOM MOJIEKYISIPHON MEXaHUKHU;
- [TomysmMniupruyecKuii pacueT CTPYKTYPbI MOJIEKYJISIPHBIX KJIACTEPOB;

- [TomysMniupruyecKuii pacyeT XapaKTEPUCTUK MOJIEKYIJISIPHBIX KJIACTEPOB

NuauBuayajibHble 3a1aHUs:

- Terpasap meau Cuy;

- Oxrtasap meau Cug;

- Hexasnpuueckuil kimacrep cepedpa Ag;

- Ukocasipuueckuii kinacrep cepedpa Agis;

- Jonexarnpuyeckuii kinacrep cepedpa Agyo;

- CepeOpsiHBIi yceueHbIH eKadIpuiecKuil kinactep Agis;
- ®ymnepen Cyp;

- @ymnepen Cyy;

- Oynnepen C,8;

- Meramnokap6orenpen TigCy, (cummerpus Th).

Kpurepuu ouenku:

- OIICHKA «3a4TEHOY» BBICTABJISETCS CTY/ICHTY, €CIIN

[TomHOCTEIO 3aMOJIHEH OJTaHK OTYETA;

DKCHepUMEHTATbHBIC JaHHBIC COTTIACYIOTCS C TEOPETUUECKUMU;
ITo pabote chopmynupoBaHbl TPaBUIbHBIEC BHIBO/IBI;

JlaHbI TOTHBIE OTBETHI HA BOIIPOCHI 110 3amure JIP;

[IpuBenens! penieHus 3aaay (eciiu UMEIOTCs B TaHHOU padoTe).

Nk W=



OIOCHKA «HC 3a4TCHO» IIPH HC BBIITOJITHCHHUH JIFO00T0 U3 IISTH KpUTCPHUCB OLCHKH

"3ayTeHo"

7.2.2. KoMIJIEKT TUNIOBBIX PA3HOYPOBHEBBIX 32/1a4 VISl IPAKTHYECKUX 3aHATHI

Tema Ne I « Kpumuueckue pazmepvl MaIvlx yacmuy»

3aoauu:

1.1.MeroaoM ucnapeHusi U KOHJEHCAlMU B aTMOc(hepe MHEPTHOTO ra3a MoJy4eHbl

chepuyeckre HAaHOYACTHUIBI cepedpa, nMerolue auameTp 15 um. Onpenenure
JIOJIF0 TTIOBEPXHOCTHOTO CJIOSl OT 00IIero oobema, TOJIUHY MOBEPXHOCTHOTO
CJIOS MIPUHSATH PABHOM YEThIPEM aTOMHBIM MOHOCHOSM (¢ = 0.4 HM). OneHute
MOTPENIHOCTh BHIYUCIICHUS MPU UCTIOIH30BAHUN MTPUOIMKEHHOTO BBIPAKEHHUS.

1.2.0npenenute npeaeiabHblil pa3mMep, Mpu KOTOPOM Majible YacTHUIbI 30J10Ta (Ef

5.51 3B) Bce eliie NpoOSBIISIIOT METAIIMYECKUE CBOMCTRA.

1.3.'mgporenusanusa stuiieHa npu temneparype 520 K u paBnenuun Bogopojna |

aTM C HCIIOJb30BaHMEM B Ka4yeCTBE Karajln3aTtopa IUIaTHHBI (g = 7.6 3B, d =
0.4 am) ocaxxnerHort Ha Si0, wm Al,O; uaeT 0coOEHHO MHTEHCHBHO, KOT/Aa
PacCTOSTHUE MEXKIY DHEPreTUYECKMMU YPOBHSIMU CTAaHOBHUTCS OombIe 2 25.
OuenuTte pazMep 4acTUll IJIATUHBI.

1.4.B peakuuu ruapupoBaHus O€H301a C HUCIOJIB30BAaHUEM B KadyeCcTBE

KaTajau3aTropa MNOJYyYEHHBIX Pa3IOKEHHUEM METAINIOOPTAHNYECKUX KOMILIEKCOB
HAHOYACTHUIl HHUKeNs Ha mnojjoxke SiO, ¢ yMEHbIIEHHEM pa3Mmepa
METAJTMYECKUX YaCTUIl HAOJIIOAaeTCs YBEIIMUCHHE YIeIbHONU KaTaTuTHYECKOU
AKTUBHOCTH, T.€. aKTUBHOCTH OTHECEHHOM K OJHOM MOBEPXHOCTHOMY aTOMY
metaiia. [Ipu temneparype 373 K u gaBnenus 6ensona C¢Hg 1 Bogopona H,
cootBeTcBeHHO 6700 m 46700 Ila pe3kuil pocT yAEIbHOW KaTaaUTHUYECKOU
AKTUBHOCTH HAHOYACTHI] HHUKENS B 3-4 pa3a MPOMCXOIUT KOTJa OTHOIICHUE
YHCJia MOBEPXHOCTHBIX aTOMOB K O0IIeMy YHCITy aToMOB 0Jin3Ko K 1. Onenure
pa3Mepbl TAKUX HAHOYACTHUI HUKES.

1.5.MeronoM razoazHOTrO CHHTE3a TOJYYeH MEIHBIM HAHOKPUCTAJUTMYECKUI

MOPOIIOK, IPUYEM CPEAHUM TEeOMETPUYECKUU JauamMerp dYactui] 35 HM.
Pacrnipenenenue 4acTuil o pazmepam siBsieTcs JJIorapupMUIecKu HOpMaabHbIM
¢ nucnepcuerr 1.5. Omnpenenure 1) HOpMUPOBOUHBIN KO3 PUIIHEHT
pacrnpeneneHus; 2) HauOosiee BEpOATHBIM pa3Mep YacT: 3) CpeHui pazMep
yacTull;, 4) cpeHEeKBaIpaTUYHBIN pa3Mep YacTHll;, 5) JOJIF0 YacCTHUIl Pa3MEPOB
20-40 uMm; 6) mocTpoiite rpaduk pacnpenenaeHus: B KoopauHarax d u Ind.

Tema Ne 2 « Temnepamypa niaeneHuss Maniblx 4acmuyy

3aoauu:

2.
2.1.Paccuuraiite  o0miee 4YKWCIO aTOMOB  HWKOCadJAPUUYECKOro  KJacTepa,

cozepxkaero N aToMHbIX Cl10€B. PacueTsl mpuBeauTe s MEPBBIX S CIIOEB.



2.2.1locTpoiiTe KpUBYKO M3MEHEHHUS TEMIIEPATYphl IJIABJICHHS OJOBa OT pa3Mepa

H
Py =7.1810° % p =69810° L 5, =0.58—
JUIsL CICAYIOIIMX IapaMeTpOB: M M M
o, =00622L (= 5g.5KK T 505
M R KT R 6 — 32 HM, melt — K

2.3.Iloctpoiite rpaduKu 3aBUCUMOCTH TEMIEpPATyp IUIABJICHHUS HAHOYACTHULL
aTIOMUHUSA, MEIW, HUKeIsd M THTaHa OT HuX oOpatHoro paamyca. Ilo
KOO(QOUIUEHTY ¢ ONpEAENIUTe Uil KaXA0ro MeTajula, Kakas (opMyia s
sToro Haubonee npuemiema. Bce HeoOXoaumble mapameTpbl MPUBEACHBI B

TaluILE.
melt | Q, Os, Ps’ 1075, Os, pr 1075, o 1010,

Merasn Jox-mons”!  |Jlx-M?  |Mome-M© |JlK'M?  [MONB'M®  |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
N1 1728 117470 2.104 1.400 1.750 1.350 3.82
T1 1943 14150 1.797 0.910 1.500 0.868 5.80

2.4.Pa3znoxure B pAan Teinopa XUMHUYECKUH MOTCHIINAI BUA

2
u(p+Ap+—G,T+AT)

r orpaHnuuBIIMCh, nepBeiMU (1, 2 u 3) MambiMu
cllaraeMbIMU.

Tema Ne 3 «Ilapamemp pewiemku Maavlx yacmuy»

3aoauu:

l.
2.
3.

3.1.Ilonaras, 4TO yMEHbILIEHHE NapaMeTpPOB PELIECTKM HAaHOYaCTUI cepedpa u
30J10Ta SIBJSIETCS CIEACTBHEM M30bITOYHOro naBieHus Jlamiaca ompenenure
Aa
—=/()
3aBUCUMOCTH ¢ :
3.2.0npenenutb,  UCNONB3ys  ypaBHeHue  TomcoHa-I'm0O0ca,  maBieHue
HACHIIIIEHHOT0 TIapa HaJl )KUJKOM Karuiel (30510Ta 1 cepedpa) UMEIoIeH paauyc
r.
3.3.0TK/IOHEHHE TMapamMeTpa peleTKH HAHOKPUCTAJUIMYECKOTO — alFOMUHUS,
onpenensieTcsi M30BITOYHBIM OO0BEMOM TpPaHHUIl 3€pPEH, CpeaHEH IIMPUHON
TpaHUIl 3€peH M CpEeJAHHM JuaMeTpoM 3epeH. llocTpoiiTe 3aBUCHMOCTH
= f(d)
a,
3.4.0ueHnTe TONIKMHY TOHKOTO CJIOs BOJU3M TpaHUIIbl 3€pHA, B KOTOPOM MOKET
HaOI0aThCS paCIINpPEHUE KPUCTAIUIMYECKOMN PEIIeTKH.



Tema Ne 4 « Vpasnenue llIpéouncepay

3aoauu:
4.
4.1.Paccmotpute cBOOOJHOE OJHOMEPHOE JBMXKEHHE YACTHIBI, T.€. YacTHULA
HAXOJIUTCS B T0JI€ C TOCTOSIHHBIM MOTEHIIMAJIOM U €€ MOTEHIMaIbHasl SHEPTUs
paBHa HYJIIO.
4.2.PaccMOTpUTE IBUKEHUE YACTHUIIBI B IME C OECKOHEYHO BHICOKUMH CTEHKAMHU.
4.3.PaccMoTpuTe OAHOMEPHOE JBIKEHHE YACTHIIBI MO OCU X MOJI BO3JICUCTBHUEM
yIpyroii Bo3Bpammatomeii cuisl 1= —kX | ryie k — cumnosast mocrostaHas. Takas
CHUCTEMa Ha3bIBACTCS JTMHEHHBIM FAPMOHUYECKUM OCIUILISITOPOM.
4.4.0npenenure ypOBHU OHEPTrUM [JId YACTHUIIBI, JBUXYIIEHCS B TIOJIE C

_ ,—20x A ,—0x
IOTEHIMAIBHON SHEPrueii U(x) = A(e 2¢77).
4.5.0npeaenure ypOBHHU OSHEPIrUM [UJI1 YACTHUIbI, JBWXKYLIEWCS B TIOJNE C
U,
U(x)=- 20
MOTEHIIUAJILHON dHEepruei ch™ax

Tema Ne 5 «Pacuem monexyn»

3aoauu:
5.
5.1.0mpenenure, Kakod U3 MOJMYSIMIUPUYECKUX METOJOB HanboOIee TOUYHO

OLICHUBAET JUISl YKa3aHHBIX MOJIEKYJ MOTeHUMan WoHu3auuu (), SHEpruro
CpPOJICTBa K BJEKTPOHY (A), PaBHOBECHOE MEXKATOMHOE paccTosiHue (7,) u
sHepruo auccounanuu (Dy). Pedynbrarel odpopmute B Buae Tabdbauu. 3agady
peuIuTh )1l CAEAYIOUMX BapUAaHTOB JABYXaTOMHBIX MoJieKy: a) H,; 6) Liy; B)
Cy; r) Na; 1) Oy;
e) Fa; ) Py; 3) Sy; m) Cly,

MOJICKYJIEI H2 L12 C2 Nz 02 F2 P2 Sz C12
1, 5B 15.2 |5.1 124 156 |12.1 |15.7 |11.1 |94 11.5
A, 5B - 045 [3.27 |- 0.45 [3.08 [0.59 |1.67 |2.38
Fes A 0.74 (267 124 [1.10 |1.21 141 |1.89 [1.89 |1.99
Dy, 103 |24 143 | 225 118 |37 116 101 57
KKaJI/MOJIb

5.2.Acnonb3ys teopemy Kymnmanca, paccuuraiite MetonoMm AMI moTeHIua- Jibl
noHu3anuu (/) AByXaTOMHBIX MOJIeKyJ. CpaBHUTE TMOJYyYEHHbIC 3HAUYECHUS C
HKCHEPUMEHTAJIbHBIMU JAHHBIMU U C PE3yJIbTaTAMU HEAMITUPUUYECKUX PACUETOB

B 6asuce 6-31G.
MOHeKYHa C2 N2 02 F2 A12 Slz P2 Sz C12
I, 5B 124 [15.6 [12.1 |15.7 [6.21 |8.0 11.1 194 11.5




5.3.B kakom ¢ynnepene (4, 6, 8, 20, 60, 80) nomytopHas cBsa3b C-C Hambomee
npouHasi? PacdyeT sHepruum BBHINOIHATH O€3 ONTUMM3AIMU TEOMETPHH, HC-
nois3ys noaysamnupudeckuit  Meronq CNDO. JlaHHbIE 1O  MOJIEKyJIaM
dynnepeHa MpoYnuTaTh U3 UMEroNuXcs ¢ainos * . hin.

5.4. Onpenenure BEIUYHMHY AWMOILHOTO MOMEHTA MOJICKYJ, CpPaBHUTE TII0
JydeHHBIE 3HAYCHHS C OKCICPUMEHTAIbHBIMU JMaHHBIMUA. Kak u moueMmy
W3MEHSIETCS] CBEPXY BHHU3 MO TPYIIE TOYHOCTh PACUETOB?

Monekya NH; PH; AsHj; H,O H,S H,Se
u, D 1.48 0.89 0.18 1.87 1.17 0.24

5.5.PaccunraiiTe 4acTOoTy BaJEHTHBIX KOJEOAHMII B YacTHUIAX, CpPABHUTE
IOJIyYECHHBIE 3HAYCHUSI C JAHHBIMHU JKCIIEpUMEHTA. B KakoM 4YacTule CBA3b
HanOoJIee MpoYHas?

YacTuna O," 0O, O, 0> |NO' |NO NO~ |NO*
v, cMm ! 1865 | 1580 | 1097 | 766 2273 1880 | 1365 | 886
YacTtuna HF HCl |[HBr |HI F, Cl, Br, I,

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

5.6.Paccunraiite mMUPHHY SHEPreTUYECKON IenH (FEg,,) B IONMLIUKIMYECKUX
KOHJICHCUPOBAHHBIX  apOMAaTHYECKHX  MOJIEKYJaX, KOTOpbIE  HMEIOT
cnepyromuii cocraB: CgHg, CigHin, CosHip, CaoHig, CssHig, CgaHag, CosHoa.
Pacuer sHeprum BBIIONHSITE 0€3 ONTUMHU3AINHI T€OMETPHUH, UCTTIOJIB3YSI METO]T

CNDO (mouemy?). JlaHHbIe IO MOJIEKYJIaM CUMTAWUTE W3 UMEIOIUXCcs (paitios
* hin.

Tema Ne 6 «Bosmywenue ne 3asucawjue om epemenuy

3aoauu:
6.
()
6.1.0mpenenuTe MONPaBKy BTOPOTO MNPHOMMKEHHS V» K COOCTBEHHBIM
GyHKIUSIM.
6.2.0mnpeaennure MoOnpaBKy TPETHETO MPUOIMIKEHUS K COOCTBEHHBIM 3HAUYCHHSIM
SHEPruu.
6.3.0npenennte ypoBHUA 3HEPTUM AaHTAPMOHUYECKOTO JIMHEMHOTO OCUUJIISATOPA C
~2 2.2
=L O +ox +px’
raMUJIbTOHUAHOM 2m 2

6.4.Chepuueckas MOTEHIMANIbHAs sMa C OECKOHEYHO BBICOKMMH CTEHKaMU
nojBepraercst Masioit nedopmariuu (6e3 u3smMmeHeHus oobema), npuHUMas popmy
¢1a00 BBITSIHYTOT'O WJIM CILTFOCHYTOTO 3JUTUIICOMIa BPALEHUS C MOJIYOCSIMHU d
= b u c. HaliTu pacuieruieHre ypoBHEW PHEPruu YacTHUIbl B sIME€ MPU TaKoOH
nedopMarum.

Tema Ne 7 «Cexynapnoe ypasnenue. Boamywenue 3agucsiujee om 6pemeHu



3aoauu:
7.
7.1.0npeaenute MONPaBKUA MEPBOTO MPUOIMKEHUSI K COOCTBEHHOMY 3HAYCHHIO U
npaBuwiIbHbIE ~ (QYHKIMH  HYJIEBOTO  NPUOMIDKCHHUS  JUIsl  JBYKPATHO
BBIPOKJICHHOTO YPOBHSI.
7.2.BeiBenute Gopmyiy AJisi TOMPABOK MEPBOTO MPHUOIMKEHUS K COOCTBEHHBIM
GyHKIUAM.
7.3.BeiBeute hopMyty sl OMPABOK BTOPOTO MPUOIMKEHUS 11 COOCTBEHHBIX
3HAYCHUM.

(0)
7.4.B HayanbHBIE MOMEHT BpPEMCHHU = 0 cucrema HaxoauTCsa B COCTOAHHUN Wi .

OTHOCSIIEMCA K  JBYKPAaTHO  BBIPOXKIEHHOMY ypoBHIO. Ompexpenure

BEPOSITHOCTh TOTO, YTO B JAJIbHEHUININIA MOMEHT BPEMEHH ! cUCTeMa OyIeT
(0)
HAXOJHUTHCS B APYrOM COCTOSHME V2  TOil %e SHEpPruH; TIepexo ] IPOUCXOTUT

10J1 BIIMSIHUEM IOCTOSTHHOTO BO3MYILIEHUS.
7.5.0npenenure U3MEHEHNE 1-ITO U M-TO PELICHU YpaBHeHHUS Hlpe;[I/IHrepa npu

—iot Y I()/

HaJIMIUU TICPUOANYCCKOIO BO3MYIICHHA BHUJA V F ¢ + ( , C YacTOTOMU

©) _ o(0) _ . .
® Ttakoit, uto Lw — L. =M@ +E) 1ne & _ vanag senmumma, I ou O —

OIIepaToOphbl, HC 3aBUCAIINC OT BPCMCHH.

Kpurepun ouenkmn:

- OLICHKA «3a4TE€HO» CTaBUTCS 3a MPaBUIBHOE W TIOJHOE pEIICHHE 3aJayH,
JIOITYCKAIOTCsl HEOOJIbIITNE TTOTPEITHOCTH B U3JI0KEHUHU M BBIYUCIICHUSX.

- OIICHKA «HE 3a4TE€HO» CTABUTCS CTYACHTY HE BBIMOJIHUBIIIEMY TPEOOBAHMS K OIIEHKE
"3auTeHo"

7.2.3. KoMILJIEeKT TeCcTOBBIX 3aJaHUH

1. O6m1as g0 MOBEPXHOCTEN pa3jiesia B HAHOMAaTepuaaaX COCTABIISET:

= -3
S e LA
» a
_L—s_2
. Vn.p.=1—_ 7 _;
3‘1
. V,,p~—5;
L
= 3
' Vnp:l_ L_‘si| 5
o L
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-
hI
[
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I/Il.p. ]3



2. ®puneneBcKkue OCHULISALNYI IEPEAAI0OTCS PELIETKE Yepes:
*  DJIEKTPOH-(OHOHHOE B3aUMOJICHCTBHUE;
*  (DOTOH-PIEKTPOHHOE B3aUMOJICHCTBHUE;
*  3JEKTPOH-(OTOHHOE B3aUMOJICHCTBHUE;
*  BJIEKTPOH-AJIEKTPOHHOE B3aUMOJCHCTBHUE;
*  ($oHOH-(POTOHHOE B3aUMOJICICTBHE.
3. PazmepHnsiii 3 pexT napameTpa pereTku HaHOYACTHULIBI CBSI3aH C:
*  OIIMOKaMH METOJAUKUA U3MEPEHUSI;
*+  azcopOnmeit mpuMecei;
*  TEMIIepaTypoil IIaBJICHNUS;
*  CTPYKTYPHBIMH IIPEBPAICHUSIMU;
*  CTPYKTYPOM AUCIIOKAIUU.
4. OcoOEHHOCTH MarHUTHBIX CBOMCTB HAHOYACTUI] CBSI3aHbI C:
*  U3MEHEHHEM Buja (OHOHHOTO CIIEKTPA;
*  JTMCKPETHOCTBIO AJIEKTPOHHBIX COCTOSIHUM;
*  W3MEHEHHEM T'paHul] GOHOHHOTO CIIEKTPa;
*  JTUCKPETHOCTHIO (POHOHHBIX COCTOSIHUM;
*  BCE MEPEUMCIICHHOE.
5. lns nTBYMEpHOM CHCTEMBI THIIA MajblX OCTPOBKOB Ha IIOJIOKKE YpaBHCHHE

Tomcona-I'nob6ca nmeer BUI:

20

’/

b

- pr)=

v 206
© pr)=pet

1y
- p(ry=pe™’

v, 20
Cp ==
VZ—VI r



6. OCHOBHasg  NpUYMHA  HU3MEHEHUS  TEPMOJMHAMUYECKHX  XapaKTEPUCTUK
HAaHOKPHCTAJIOB 10 CPABHEHUIO C MACCUBHBIMH MaTEpHalaMu:

*  00JBIIOE YUCIIO MOBEPXHOCTHBIX aTOMOB;

*  W3MEHEHHE BUAA (OHOHHOTO CIEKTPa;

*  JIUCKPETHOCTH 3JIEKTPOHHBIX COCTOSTHUM;

*  U3MEHEHHE rpaHul] GOHOHHOTO CIEKTPA;

*  BCE MEPEUHCIICHHOE.
7. B Hanomatepmanax Mo XMMHYECKOMY COCTaBy M pachpeiesieHuio (a3 MOKHO
BBIJICIIUTh CTPYKTYPBI THIIA:

*  KOJUIOWJHBIE;

*  MaTpHU4YHbIE MHOrO(a3HbIE;

*  CTaTUCTHUYECKHE MHOTO(DA3HBIC C HEUJCHTUIHBIMH TOBEPXHOCTSIMHU pa3iena;

* oaHodasHbIC,

*  CTaTUCTHYECKUE MHOTO(ha3HbIe C UACHTUYHBIMU MTOBEPXHOCTSAMHU pa3jiena.
8. PazmepHblii 3ppekT TemnepaTypbl IJIaBIECHUS MaIbIX YaCTHUIL TP YMEHBIICHUH UX

pasMepa B 0011IeM BHJI€ ONTUCHIBAETCS BEIPAKCHUEM
(04
) T;n(r):]—;n[l_?J’

o

- 1,(=1, (1 +—J;

I/'

SRAGELS
r

- z,,<r>=z,,(1+%j;
r

1 T
) Z;z(r)zﬂr_);[’

9. chI/II[eJ'ICBCKI/IC OCHWJIJIAOVH  IIJIOTHOCTH  BBIPOKJACHHOI'O OJICKTPOHHOI'O Ta3a
BBI3BIBAKOTCA.

*  M30BITOYHBIM 00BEMOM;



10.

11.

TO0BIMH  tepeKTaMu,  HaPyUIAIOIUMU
KpHUCTaIa;

SKCUTOHAMHU;

HEPaBHABECHBIMU BaKaHCHUSIMU;

naBiicHHeM Jlamiaca.

XapakTrepHbiil pazmep netiu Opanka-Puna:

Gb’ )
/(])[’ = )
I\'p
Gb )
! op ~ ’
2,
aGb
chP = >
T
Gb
/([)P = b
Kp
,_Gb
P — .
T,
Pasmep  CTPYKTYpHBIX  COCTaBIISIFOIIUX

TPaHCIIIMOHHYIO

HaHOMATCpUaJIOB

QJICKTPOHHO-MHUKPOCKOIITMYCCKUMHU MCTOJJaMHU C ITOMOIIbIO:

12.

CBETJIOMOJIBHBIX U300pAKEHUM;
TEMHOIIOJBHBIX U300paKCHUI;
PEHTTEHO-CIIEKTPAILHOIO MUKPOAHAJIN3a;
JTUIaTOMETPA;

U300paKEHUN MPSMOTO Pa3peIIeHHUs.

Hasnenue Jlamnaca onpenensieTcs: hopMyIIoii:

2nG
p= ;
»
26°
pP=—":
r
26
pP=—;

CHUMMETPHIO

ONPENEIAI0T
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13.  Jlons coOCTBEHHO MEX3EPEHHbIX TpaHMIl pas3jena B HaHOMaTepuaax

COCTABIISIET:
1
) Vw =1 |:LL_:; S‘}- s
e T
V.= 3‘?(['5 0,
3
' V\/'ZI_[L_S} ;
e 7
Ly - 3ns(L—s) .

aM.2. L3
14.  DHeprus, okasblBarolllas pa3ynopsAOYMBAIONIEe JACHCTBUE HA MAarHUTHBIC

MOMCHTHBI q)epI)OMaFHI/ITHOI‘/’I JaCTUIbI, paBHA!

. A, = mOV2 :
2
h2
Mgy
2mo,
A 2
©Agy = F )
2m,
- Ag, =TAw,;
- Ag,=hv.

15. HpI/I IMOTJIOMICHNH CBE€TAa TOHKO3CPHUCTBIMU IINICHKAMH MCTAJLJIOB!
" IPOUCXOOHUT ITOJIHOC IMOTJIOIICHUC,
" IIPOUCXOOUT CHJIbHBIN HarpeB INICHOK;

" BHJIHMMad 4aCThb CIICKTPpa IMOJIHOCTBIO IMOIJIOMACTCA,



16.

17.

nH(ppakpacHas 4acCTh CIIEKTPa MOIHOCTHIO MOTIIONIACTCS,

B BUIMIMOM YaCTU CTHEKTpa MOSBISIOTCS MTUKU MOTJIONIECHUS, OTCYTCTBYIOIINE Y
MAaCCHUBHBIX METAJIJIOB.

B HanoMarepuanax mo ¢gopMe MOKHO BBIJICTUTH CTPYKTYpPBI THIA!
onHo(dazHas;

MJIacTUHYATas;

MaTpU4YHasi MHOro(a3Hasg;

cTojiouarasi;

coziepKaIiasi paBHOOCHBIC BKITFOUCHHUSI.

[Ipu  kakux  pa3Mmepax TUIUYHBIN  (QeppoMarHeTMK  mepeiner B

cynepnapamMarHiTHOE COCTOSIHUE!

18.

0K0JI0 1 MKM;
MeHee 1-10 HM;
oomnee 100 HM;
oko010 100 HM;
oonee 1-10 Hm.

[Ipu ™MomenupoBaHWM CTPYKTYpPhl MaJIOATOMHBIX KJIACTEPOB HEOOXOIUMO

YUYUTHIBATDb:

19.

KJIACTEPBhI JOJKHBI UMETh H30BITOYHYIO SHEPTHIO;

KJIACTEPHI JOJIKHBI OBITh YJHEPTE€TUYECKU YCTONUNBHI;

KJIACTEPBI JOJKHBI UMETh INIOTHYIO YIIaKOBKY;

KJIaCTEphl JOJIKHBI OBITH MOCTPOEHBI M3 MPOCTEHIINX CTAOUIBHBIX ATOMHBIX
KOH(UTypaLnii;

KJIACTEPBI JOJIKHBI COCTOSITh U3 YETHOI'O YMCIa ATOMOB.

[Ipu kakoW Temmeparype THUINHMYHBIA (QEeppOMArHETHK TeEpeusieT B

cyneprapamMarHuTHOE COCTOSIHUE!

T, =1273°C;
]—27 — ﬂ ;
kln m
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20. TemIoeMKOCTh MaJIOH YaCTHIBI ONpeaenseTcs GOopMyJIOii:
- (), =3R;
L " oe(w,T)
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7.3. OueHo4YHbIe CpeaCTBa ISl NMPOMEXKYTOYHON ATTeCTAllMU [0 MTOram
O0CBOEHMSI JUCUMILTUHBI

7.3.1. Bonipochbl K NIPOMEKYTOYHON aTTECTALMH

Cemectp 1
Ne i/ Bomnpocsl Kk 3xk3aMeny
1. ITonsiTve Ki1acTEPOB.
2. Knaccugukarus no npupoie K1acTepoB 1 HAHOOOBEKTOB.
3. OcoOeHHOCTH CBOWCTB | MTOBEJICHHS U30JIMPOBAHHBIX KJIACTEPOB U HAHOCHCTEM
4. MeramuecKkue KiaacTepsl, UX CTPOCHHUE, CBOMCTBA U CTPYKTYpA.
5. Kpucrannudeckas pemierka 1 Maruaeckue 4ncia.
6. ['eomeTpuueckas cTpykTypa U pa3mepHbie 3)(eKThI.
7. Cy1ecTByroniye MoAeIu KiIacTepoB, UX HEJOCTATKU U IPEUMYIIECTBA
8. PU3UKO-XUMHYECKHE CBOMCTBA KPUCTAJIIOB.
9. TepMoauHaMHUYECKUN aHAJIM3 [OBEPXHOCTH KJacTepa U HAHOOOBEKTOB, HX
B3aUMOCBSI3b, CTPYKTYpa U MOP(OJIOTrHsl IOBEPXHOCTH HAHOOOBEKTOB.
10. ITporecchl camoopraHM3aliy B KiacTepe U HAaHOOOBEKTE, MEXaHU3M (OPMHUPOBAHUS




U3 HUX HAHOCHUCTEM

11. JedexTsl cTpyKTyphI U (pa30BbIe IPEBPAIICHUS B HAHOOObEKTaX

12. BnusiHue Ha nmpoliecc caMOOpraHu3aiuy TEMIIEPATYPHBIX U CUIIOBBIX MOJIEH

13. OcoOenHoctu 00pa3oBaHus, pocTa MEHTArOHAILHBIX HAHOOOBEKTOB

14. Mexanu3mbl  QOPMHUPOBAHUS U3 TEHTArOHAIBHBIX KJIACTEPOB HAHOOOBEKTOB U
KpUCTAJJIOB

15. CrpoeHue IeHTaroHaaIbHBIX HAHOOOBEKTOB

16. O06nacTi NpUMEHEHUSI HAHOOOBEKTOB Y HAHOCUCTEM

17. Mexanu3mbl HOPMUPOBAHUS U3 HAHOOOBEKTOB TOTOBBIX MUKPOU3ICTUI

18. MeTo/b1 UcceI0OBaHUS KIacTePOB U HAHOOOBEKTOB

19. MeTon 2JIEKTpOOCaXAE€HUUS KaK OJMH W3 HECKOJBKMX METOIOB IIOJyYEHUs
HaHOOOBEKTOB U HAHOCHUCTEM

20. HanoxoTtanuzaTopsl.

21. DMOUPUUECKUE METOIBI MOJICTUPOBAHUS HAHOOOBEKTOB.

22. [Tomyamnupudeckre METOAbl MOJEIUPOBAHNS HAHOOOHEKTOB.

23. Hesmnupuyeckue MeTo/ bl MOJETUPOBaHUS HAaHOOOBEKTOB.

24. [Tpubnmxenne bopua-Onmnenreiimepa.

25. Merona Xaprpu-doka.

26. ATOMHBIE OpOUTAITH.

27. Teopus ¢pyHKIIMOHATA TIIOTHOCTH.

28. Teopus Bo3MyIIEHUS.

29. MeTos BaJICHTHBIX CXEM.

30. MeTtoa MoneKyJIIpHBIX opOUTaiei.

31. [TonsiTie HAHOOOBEKTOB.

32. ITousaTue HaHOYACTHII.

33. IToHsiTHE HAHOKPUCTAIIOB.

34. Krnaccudukanus o croco6am moxydeHus KIIacTepoB U HAaHOOOBEKTOB.

35. [Iporeccrl caMmoopraHu3ai ¥ CaMOCOOPKH B KJIacTepax U HAHOOOBEKTaxX.

36. [ToHnsiTHE HaHOMAaTEPHATIOB.

37. [TonsaTHE HaHOCHCTEM.

38. Knaccugukarus mo reomeTpudeckiuM MpU3HaKaM KJIacTepoB M HAHOOOBEKTOB.

39. [TonsiTve HaHOM3IETHH.

40. Oco6eHHOCTH POCTa IPH KPUCTATUTH3AIIMN U3 KJIACTEPOB HAHOOOBEKTOB M HAHOCHCTEM,
POJIb TEXHOJIOTUYECKUX (PaKTOPOB.

41. DHepreTU4ecKuil aHanu3 MOBEPXHOCTU KiacTepa U HAaHOOOBEKTOB, UX B3aHMMOCBSI3b,
CTPYKTypa U MOp(oIIorusi HOBEPXHOCTH HAHOOOBEKTOB.

42. MexaHu3Mbl 00pa30BaHMs KJIACTEPOB U POPMHUPOBAHUS HAHOOOBEKTOB U HAHOCHCTEM.

43. [TenTaroHabHbIC HAHOOOBEKTHI.

44. [TomysMnupuyecknii pacyeT XapakTepUCTUK MOJIEKYJISIPHBIX KIACTEPOB.

45. CymiecTByolme MoJIeN KJIaCTePOB, UX KilacCu(PUKaIius.

46. KnacrtepHbie Moaenu.

47. XapaKTepUCTUKU U30JIMPOBAHHBIX KIACTEPOB U HAHOCUCTEM.

48. Meton razoda3Horo cuHTE3a.

49. VYpaBuenne Tomcona-I'u66ca.




50. Teopema Kynmanca.




7.3.2. Kputepun 1 HOPpMbI OLIEHKHU

Cemectp

dopma
NnpoBeeHusl
NMPOMEKYTOYHOM
arTecTalNu

Kputepun u HOpMBbI OLEHKHU

Dk3aMeH (YCTHO)

KOTIIUYIHO»

Y cBOCHHME MOTyYeHHBIX 3HAHUH
MOJTHOE, B CUCTEME, B
COOTBETCTBUH C TPEOOBAHUSIMHU
y4e0HO! MTPOrpaMMbl;
JOIYCKAIOTCs €TUHUYIHBIC
HECYIIECTBEHHBIC OIINOKH,
CaMOCTOSATENIFHO HCIIPaBIIsIEMbIe
CTYACHTaMH

«XOpOoIIo»

YcBoeHUE MOTYyYEHHBIX 3HAHUU
MOJIHOE, B CHCTEME, B
COOTBETCTBUH C TPEOOBAHUSIMHU
y4eOHO! MTPOrpaMMbl;
JIOMYCKaIOTCS OTAEIIbHbIC
HECYIIECTBEHHBIC OIINOKH,
UCITpaBJIsieMble CTYI€HTaMU
MOCJI€ yKa3aHUs IPenoaaBaTesis
Ha HUX

«YyAOBJICTBOPUTCIIBHO»

Y cBOEHHE MTOITYyYEHHBIX 3HAHUN
HEMOJHOE, OJTHAKO 3TO He
MPEMSITCTBYET YCBOCHUIO
MOCTIeIYIOILEro MPOrpaMMHOIO
MaTepuaa; JI0IyCKarTCs
OT/IeJIbHBIE CYIIECTBECHHbIE
OLIMOKY, UCTIPABJIEHHBIE C
MIOMOILBIO IIPEnogaBaTess

«HCYAOBJICTBOPUTCIILHO»

YcBoenue yueOHOro Marepuana
HETOJIHOE, OECCUCTEMHOE, UTO
MIPENATCTBYET YCBOCHUIO
nocneayoei yueoHom
nHpOpPMAINY; CYIIECTBEHHBIE
OLIMOKH, HEUCIIPABIISIEMbIE JTaXKe
C ITOMOIIBIO MTPENOIABATEIS




8. YueOHO-MeTOAMUYEeCKOE U MH(OPMAINIMOHHOE OOecreYeHne JUCHUILTHHBI

8.1. O0s3aTen1bHas IMTEpPaTypa

Tun (yueOHHK,

yueOHOe KosnuectBo B
e nocooue, HAY4YHOM
I /;1 ABTOpBI, COCTABUTEH 3arsiaBue (3aroJioBoK) y4eOHo- I'ox u3nanus ondauoTexe /
MeTOoHYeCKOoe HaumenoBanue
nocoodue, 9bC
MPaKTHKYM, JIP.)
MeTopl TOJTy4eHHS M CBOMCTBA HAHOOOBEKTOB :
yaeOHoe mocobue / H. 1. Munbko, B. B. CtpokoBa,
. B. XKepnosckuii, B. M. Hapues. — 3-e u3.,
EI%I%KI:)/;P;HII)/II@I’BB. B. crep. — Mocksa : ®JIMHTA, 2019. — 165 ¢c. —
1 . ISBN 978-5-9765-0326-7. — Texkcr : VYdebHoe mocobue 2019 OBC "Jlanp"
Kepnosckuii, B. M. o .
Hapues AIIEKTPOHHBIH // JIaHb : 3eKTPOHHO-ONOIMOTEUHAS
cucrema. — URL:
https://e.lanbook.com/book/119402
Peokonkos, JI. 1. Hanomatepuansl : yuebHOE
nocooue / J. 1. Penxonkos, B. B. JIésuna, O. JI.
J3unsurypu. — 5-e uzn. — Mockasa : Jlaboparopus
J1. 1. PerxonkoB, B. B. N
2 | JI€BuHa, D. JI. SHAHMH, 2017' —368c. . ISBN 97_8_5_00101_474_ VY4aebHoe mocobue 2017 OBbC "Jlanp"
Tsumsarypu 4. — Texkcr : 2nMeKTpoHHBIH // JIaHb : 2IEeKTPOHHO-
6ubnmoreynas cucrema. — URL:
https://e.lanbook.com/book/94117
OcHoBbl HaHOTeXHOJNOTUY : yueOHuk / H. T.
H. T. Ky3uenos, B. M. Kysnenog, B. M. HoBortopiies, B. A. Xa6pes, B. U.
Hogotopues, B. A. Mapromnun. — 2-e u3a. — Mocksa : JlabopaTopus " "
3 }Ka6peBI,)B. 178 3HagI/II71, 2017. — 400 c. — ISBN 978-5-08101}?476- YuacOmmx 2017 IbC Ulans
Mapronux 8. — Texkcrt : anekTpoHHBIH // JIaHb : 2IEKTPOHHO-

oubanoreynas cucrema. — URL:
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n/n

ABTOpBI, COCTABUTEIHN

3arsiaBue (3aroJioBOK)

Tun (yueOHuK,
yueOHOe
nocooue,
yueOHo-

MeTOIN4YeCcKoe
nocoomue,

NMPAKTHKYM, JP.)

Tox m3panusa

KoaunuecTBO B
HAy4YHOI
onoamorTeke /
HaumeHnoBaHnue
3BC
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8.2. JlonoiHUTEIbHAS

JauTeparypa

Tun (y4eOHMK,

yueOHOe KoanuectBo B
nocooue, HAYYHOMH
Ne
u/n ABTOpBI, COCTABUTEH 3ariaBue (3aroJioBOK) yueOHOo- I'ox u3panus ondmuoTexe /
METOAnYecKoe HaumenoBanue
nocoowue, IbC
NPAKTHKYM, IP.)
byHnakos, A. A. MaTepuansl 1 METOABI
HAHOTEXHOJIOTUH : yaeOHoe mocodue / A. A.
BynakoB. — Ya : BI'TIY umenu M. Akmysuibl,
1 | A. A. bynakos 2012. — 126 c. —ISBN 978-3-87978-833-4. — Yue6HOE TTocobue 2012 SBC "Jlanp"

Texct : anexkTpoHHbI // JIaHb : 3JEKTPOHHO-
oubmnoreuynas cucrema. — URL:
https://e.lanbook.com/book/70165
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8.3. Ilepeuenb mpodeccHoOHATBHBIX 0a3 JAHHBIX U MH(OPMAIHOHHBIX
CIIPABOYHBIX CHCTEM

] Meramioo6paboTka [DJIEKTPOHHBIN pecypc| : HAyYHO-TIPOW3B. XKYpPH. / DIEKTPOH.
www.biomagres.com/content - apxuB crareil xypHaina BioMagnetic Research
and Technology, MOCBSIIEHHOTO HAHOTEXHOJIOTHSIM.

J http://thescipub.com/journals/ajnt - penenszupyemslii xypHan American
Journal of Nanotechnology my0OnukyeT pe3yiabTaThl UCCAEIOBaHUM B 00JacTH
MaTepUH Ha aTOMHOM U MOJICKYJIIPHOM YPOBHE.

e http:/www.mammp-journal.com - perneH3upyembiii xypHai Mechanics of
Advanced Materials and Modern Processes myOnauKyeT —pe3yJbTaThl
UCCJIeIOBAaHU B 00JIaCTH MEXaHUKU COBPEMEHHBIX MaTEPHAIIOB, OCOOBIN aKIICHT
nenaercsi Ha GU3NKY U MEXaHHUKY JehopMallii, MOBPEXKICHUS U Pa3pyIICHUS B
MIPOU3BOICTBEHHBIX MIPOIIECCaX.

J http://www.immijournal.com - peueH3upyemblii >xkypHasi Integrating
Materials and Manufacturing Innovation nmy0yiuKyeT pe3yJbTaTbl UCCIEI0BAHUIMA
B 00JacCTH OTKPBITHS, Pa3BUTHSI W NPUMCHEHHUS MaTepUaiOB  C IEJbIO
MIPAKTUYECKOTO HUCITOJIB30BAHUS B IPOU3BOICTBE.

o WebofScience[DnexkTponnblii  pecypc] @ MyJIbTHAUCHUIUTMHAPHAS
pedeparuBHas 6a3za manubiX. — Philadelphia: ClarivateAnalitics, 2016— . — Pexxum
nocTymna : apps.webofknowledge.com. — 3ari. ¢ a3xpana. — 3. pyc., aHTJL.

o Scopus[DnekTponHbii  pecypc] : pedeparuBHas 0aza  JTaHHBIX.
— Netherlands: Elsevier, 2004— . — Pexxum poctymna : scopus.com. — 3ari. ¢
JKpaHa. — 3. pyc., aHrIL.

o Elibrary[9nexTponHnbiii pecypc] : HayuyHas 3J€KTpOHHAs OMOIMOTEeKa. —

Mockga : HOb, 2000— . — Pexxum noctyna : elibrary.ru. — 3ari. ¢ akpana. — 3.
pyc., aHrJL.

o SpringerLink[DnexTpoHHbII pecypc] : [6a3a JTAHHBIX |.
— Switzerland: SpringerNature, 1842— . — Pexxum goctyna : link.springer.com. —
3aru. ¢ 3kpaHa. — 3. aHrIL.

o ScienceDirect[ OnekTpoHHBIH pecypc] : KOJUICKIUS SJAEKTPOHHBIX KHUT
uznarenbcTBa Elsevier. — Netherlands: Elsevier, 2018— . — Pexxum pgocrtymna :
sciencedirect.com. — 3ari. ¢ 3kpaHa. — 3. aHrJI.

. Cambridgeuniversitypress[ DJIeKTpOHHBIHI pecypc] ; KYPHAJIBI
uznarenbcTBa. — Cambridge: Cambridgeuniversitypress, 2018— . — Pexum
nocrtyna : cambridge.org. — 3aru. ¢ akpaHa. — fI3. aHIJL

o NEICON[3nekTpoHHbIll pecypc] : 3JeKTpOHHAas MHPOpMaLMs : apXuB
Hay4YHbIX XypHainoB. — Mocksa : HOUKOH, 2002—- . — Pexum nocryna :

neicon.ru/resources/archive. — 3ari. ¢ skpana. — f3. pyc., aHr1.
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8.5. Onucanue MarepHaILHO-TEXHHMYECKO 0a3bl, HEOOXOAUMON IJIs
OCyLIeCTBJIEHHSI 00Pa30BaATEJIbLHOIO MpoIecca MO AUCHUIITIMHE

HanMenoBaHue 000py10BaAHHBIX Y4eOHBIX
Ka0MHeTOB, J1a0opaTopuii, MACTEePCKUX M JP.
Ne 00beKTOB /15l IPOBeeHUS] IPAKTHYECKUX H IlepeyeHb OCHOBHOIO
n/n JIA0OPATOPHBIX 3aHATHI, TOMEIeHUH 1J1s1 o0opynoBanus
CaMOCTOSITE/IbHOI PadoThI 00y4arONXCS
(HOMeEp AyIUTOPUH)
VYuyebHast aynutopust [uid npoBeaeHus 3aHATHH | CToibl ydyeHudeckue (MOHOOJIOKH)
JEKIMOHHOIO THMa. YueOHas ayauTopus MAJs | ABYXMECTHbIE , CTOJ
IOPOBEIECHUS  3aHATHUM  CEMHUHApCKOTO  THMA. | MPEroAaBaTebCKUH, CTYIN
VYuebnas ayAUTOpHUS TSt KypCOBOI'O | MPENOAaBaTeIbCKUM, JIOCKa
1 MPOEKTUPOBAHUS (BBHITIOTHEHHUS KYPCOBBIX paboT). | ayauTOpHas (menoBas), JKpaH
* | YueOHas ayauTopus AJis MPOBEACHUS TPYNIIOBBIX | HABECHOW, CTAllMOHAPHBIN MPOEKTOD,
U MHIUBUAYAJIbHBIX KOHCYJIbTalLMH. Y4eOHas | MpoLeccop, MbIIIb KOMIIBIOTEpHA,
ayIUTOpUs JJIsl IPOBEACHMS 3aHITUM TEKYLIEro | MyJbT AJs MPOEKTopa
KOHTPOJISl U IPOMEKYTOUHOM aTTECTalUH.
I-326
JlaGopatopuss "KomnbrotrepHoe MmozenupoBaHue | CTOdBI yYEHHYECKHE JBYXMECTHBIE,
¢duznyeckux npoueccon” CTOJl MpenojaBaTelIbCKUM, CTYyIbs,
I-426 JIOCKa ayAUTOpHAas (menoBas),
2. IPOEKTOp, JKpaH, aKyCTHYecKas
CUCTEMA, KOMIIBIOTEP MPENOIaBaTENS,
KOMIBIOTEPHBI  CTOJI, KOMIIBIOTED
CTyJeHYEeCKHi, Kadeapa
[lomemenne nns  camoctoATenbHOW  paboThl | CTOJBI Y4YEHUYECKHE, CTYJIbS
3. | oOyuarommxcs yueHnyeckue, I1IK ¢ BbIxonom B ceTh
1-401 MuaTepuer
[Tomemenune g camoctosTenbHONH — paboThl | CTOJNBI-MAPTHI IBYyXMECTHBIE, CTYJbS,
oOy4aromuxcs CTOJ  TPEeNnoAaBaTeIbCKUN-,  CTYI
4 J1-409 IIPENOAABATENbCKUN, MEpEABHKHAS
JI0CKa, 3KpaH, MpoIeccop, MPOEKTOp,
KOMIIBIOTEPHBIE CTOJIbI, KOMIIBIOTEPHI
JUIsL CTYJIEHTOB C BBIXOJOM B CETh




HaumeHnoBaHue 000py10BaHHBIX Y4eOHBIX
Ka0OMHETOB, J1a00PaTOPHii, MACTEPCKUX U JP.

Ne 00beKTOB [JIsl NPOBEJCHUA MPAKTHYCCKUX H ITepeyennb 0CHOBHOTO
n/n J1a00PaTOPHBIX 3aAHATHIA, IOMEIEeHU I 15 000py10BaHUA
CaMOCTOSITeIbHOM PadoThl 00y4aroIIUXCs
(HOMep ayUTOPHUH)
UHTEPHET, KOMIIBIOTEP

npenogaBaTciis.




