MUHUCTEPCTBO HAYKHU U BBICHIETO OBPA3OBAHM S POCCUNCKON ®EJIEPAITNA
(benepaibHOE TOCYAAPCTBEHHOE OI0IKETHOE 00pa30BaTeNIbHOE YUPEKICHHE
BBICIIET0 00Opa30BaHuUs
«TonbATTUHCKUIA TOCYJTAPCTBEHHBIN YHUBEPCUTET

OTA.01

(unoekc oucyuniuHbl)

PABOYASA IPOTPAMMA ANCHUIT/IMHBI

CtpyKTypa ¥ CBOMCTBA METATMYECKUX KIACTEPOB, HAHO- 1 MUKPOOOBEKTOB

(Haumenosanue OUCYUNIUHbL)

10 HANPABJICHUIO TTOJATOTOBKHU
03.06.01 ®usuka u acTpoOHOMHUS

HaNpaBJIEHHOCTH (MTPOUIIb)
®u3uKa KOHACHCUPOBAHHOTO COCTOSTHUS

dopma 00ydeHHs: OUHas
I'ox Habopa: 2020
Oo6mas TpynoemMkocth: 8 3E

PacnpenesieHue 4acoB JUCHUIJIMHBI 110 ceMecTpaM

Kypc 4
®opma KOHTPOJISl | DK3aMEH Hroro
Bun 3anaruit
Jlexuuu 8 8
JlaGopaTtopHbIe 16 16
[IpakTuyeckue 16 16

PykoBoactBo: PI'P
IIpomMexyTOoUHas aTTeCTaIlHs

KonrakTHas pabora 40 40
CamocTrosiTenbHas padboTa 212 212
KonTposib 36 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 HanpasiaeHus noarotToBku 22.06.01 TexHnonoruu MmaTepuanoB

Cpoxk neiicTBusi padoueii nporpaMmmbl JucuuinHb 10 01.10.2024 r.r.

YTBEPXIEHO

Ha 3acenannu kadenps
HaHoTexHooOrnm, MaTepraioBeIcHHe U MEXaHUKa

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



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

dopmupyeMbie H

I/IH)]I/IKaTOPLI HAOCTHKCHUSA

KOHTPOJINpyeMble KOMIeTeHI Ui
ILiianupyembie pe3ybTaThl
KOMITeTEHIIUH (Kol 1 HAMEHOBAHUE)
00yueHust
(ko m
HAUMCHOBAHUE)

- yMEHHEM 3HaTh: COCTOSIHUS KOHJIEHCUPOBAHHBIX
OKCIICPUMCHTAIBHO BEIIECTB, U3MEHEHUE UX (PUIUUECKUX
ycTaHaBJIMBaTh CBOMCTB B pe3yJbTare pasiIudHbIX
COCTOSTHUS . .

BHEITHUX BO3CHCTBHIA
KOH/ICHCUPOBAHHBIX v
BEIICCTB, N3MEHEHHE METE! IKCIIEPUMEHTATHHO
X u3HIECKHX yCTaHaBJINBATh COCTOSTHHSI
CBOWCTB B KOHJICHCUPOBaHHBIX BELIECTB,
pe3yJibrare U3MeHeHue nX (GU3NYECKUX CBOMCTB B
Pas3THIHBIX pe3yibTare  pa3NWYHBIX  BHEIIHUX
BHemIEHX . BO3/ICMCTBUI
BO3ICHUCTBUI B

Ja/eTh: HaBBIKAMU

(TIK-2) a

OKCHEPUMEHTAIBHO  yCTAHABJIMBATH

COCTOSIHUS KOHJICHCHPOBAHHBIX

BEILECTB, U3MEHEHUE UX (PUINYECKUX

CBOMCTB B pe3ysbTaTe pa3IMYHBIX

BHEIIIHUX BO34CHCTBUI
- CIOCOOHOCTH 3HaTh: ¢duznyeckue CBOICTB
paszpabaThiBaTh MaTepuaioB
OKCICPUMCHTAIIEHBIC YMmeTs: pa3pabaTbIBaTh
METOJIbI H3YUCHUS

IKCIIEPUMEHTAIbHBIC METO/IBI
buznIecKkux .
CBOFICTR MaTEPHATOB M3ydeHus:  (U3NYECKUX  CBOWCTB
W CO3IaHUE MaTepuajioB M co3laHue (hU3MUYEeCKUX
(U3NIECKUX OCHOB OCHOB TPOMBIIIIEHHOW TEXHOJIOTUU
MIPOMBIIIJICHHON - MOJTy4EeHUS MaTEpUajIoB c
TEXHOJIOTHHA OIpe/IeICHHBIMHU CBOMCTBAMHU
MOJTy4eHUs .

Brnanets: HaBBIKaMU V3YYCHHS
MaTEepUasoB C o .

MU3WYECKUX CBOWCTB MAaTepHaloB M

onpeseaeHHbIMHU p
CBONCTBAMM CO3JaHus buznyecKkux OCHOB
(TIK-4) MIPOMBIIIITICHHON TEXHOJIOTHH

HOJTyYeHUs MaTepuasoB c

OIIpCACIICHHBIMU CBOMCTBaAMU




4. CTpyKTYypAa U cofepKaHue QUCIUIIHHBI

®opMbI TEKyLIET0

. N KOHTPOJIs
Monyab Buna yueonoii HaumenoBanue TeM 3aHATHIA
. Kyoc |O0bem, u.| banabsi | UHTepakTHB, 4. (HamMeHOBaHUe
(pa3nea) padoThI (yueOHo¥ padoThI)
OLICHOYHOI0
cpeacTBa)
1. Cuntes u Jlex MeTtob1 1IONIy4EHHA U 4 2 IIpoexm
knaccuukamms | Jlab KJaccuuKanus HAHOKJIACTEPOB. 4 Pasznoyposnesvie
HaHOKIacTepos U |IIp 4 - - 3a0ayu u 3a0aHus
HaHOKIacTepHbIX |Cp 40
CTPYKTYD
2. CBoiicTBa Jlex MonekyJIspHBIE JIMTaHHBIE KIIACTEPhI 4 2 - Ilpoexm
M301MpOBaHHBIX |JIab B pacTBOpax. ['a30Bbie Oe3nuranHble 4 Pasznoyposneguvie
HaHOKnactepos |IIp knactepbl. Komutonansle knactepsl 4 - 3a0a4u u 3a0aHusl
Cp 60
3. Knactepueie | Jlex DopMHUpOBaHUE HAHOCTPYKTYD, 4 4 Ilpoexm
HaHocucTeMbl 1 | JIab caMOOpraHu3anus HAaHOKJIACTEPOB. 8 - Pasznoyposnesvie
HaHOCTPYKTYpbl | IIp BuyTrpuxnacrepHas aromHast 8 - 3a0a4u u 3a0aHusl
Cp IMHamMuKa. MexkiactepHas 112
KonTpons nuHamuKa. CTpyKTypHBIE 36
ocobeHHocTH HaHocucTeM. CBoiicTBa
HAHOKJIACTEPHBIX CUCTEM.
Hroro:) 288




5. O0pa3oBaTresibHbIE TEXHOJIOT U

B HacrosmiemM  Kypce  HCHONB3YIOTCS — CIAEAYIOIHME  00pa3oBaTelibHbIC
TEXHOJIOTHUH:

l.Texnomorust ~ TpaaWIUOHHOTO  OOy4yeHHst  (mabopatopHbie  paboOTHI,
MPaKTUYECKUE 3aHATUSI, CAMOCTOSITEIbHASL padboTa).

2. UaTepakTUBHBIE TEXHOJIOTUU (JIEKIIUHU-0ece]Ibl)

6. MeToanueckne yKazaHus 10 OCBOCHHIO JUCUHUIJINHbBI

[IpakTHyeckue 3aHATUS MPENCTABIAIOT COO0M BUJ y4E€OHBIX 3aHATHUN, B XOJE
KOTOPBIX CTYACHTHI, 3aKPEIUISAIOT HA MPAKTUKE MOJYyYEHHBIE TEOPETUUECKUE 3HAHMUS.
Tax >xe mpenmnosaraeTcs MpoBeieHuE MPOBEPOUHON pabOTHI B popMe TecTa.

JIabopaTopHBIl NMPAKTUKyM 3aKJIIOYAeTCsl B 3HAKOMCTBE C COBPEMEHHBIMU
METOJUKAaMU MOJICJIMPOBAHUSI HAHOPA3MEPHBIX OOBEKTOB HEIMIIUPHUUECKUMH,
NOJIyDMIUPUYECKUMU METOIaMH U METOAAMH MOJIEKYJIIPHOU TUHAMUKH.

[Ipu moAroToBKe K 1aOOPaTOPHBIM 3aHATUSAM CTYJEHT JIOJIKEH:

- H3Y4YUTh TEOPUI0 MO TeMe JIabOpaTOpHOW paldOThl, MCHOJB3YsS KOHCIEKT
JIEKUUW W/ UM PEKOMEHAYEMYIO TEXHUUYECKYIO JTUTEPATYPY;

- O3HAKOMUTHCS C METOJIUKOM BBITTOJHEHUS pabOThI;

- 03HAKOMUTKCS C BOMPOCAMU ISl MPOPadOTKU K TaO0OpaTOpHOM paboTe U ObITH
TOTOBBIM OTBETUTh Ha HUX BO BpeMs coOeceloBaHUs C MPEnojaaBaTesieM M0 UTOTraM
BBITIOJIHEHUS PaOOTHI.

JMnakTuyecKue €IUHUIBI, IPEelyCMOTpPEHHbIE pabodell mnporpamMmon Ha
CaMOCTOSITENIbHYI0 TMPOPAa0OTKY, JOJIKHBI OBbITh H3Y4YEHBl CTYIAEHTAMH B XOJ€
caMoCTOATeNbHOM paboTsl. CamocTosITeNbHAs paboTa MPOBOJIUTCS B COOTBETCTBUU C
YTBEPXKIIGHHON paboueil mporpaMMod  TUCHUIUIMHBI C  y4€TOM  BPEMEHH,
IIPEAYCMOTPEHHOIO Ha CaMOCTOSTENbHOE H3ydeHHE. B Xome camoCTOsTeNnbHON
paboThl KaXAbIil CTYIEHT 00s3aH MNPOYUTATh OCHOBHYIO M IO BO3MOKHOCTH
JOMOJHUTENBHYIO JIUTEPATYpPy MO M3YyYAaEMOM TeMe, JOMOIHUTh KOHCIEKThI JIEKIIUH
HEJOCTAIOIHUM MaTEPUAIOM, BBIIMCKAMHU U3 PEKOMEHJIOBAHHBIX ITEPBOMCTOYHUKOB.
KoHcnekTupoBanue HanboJiee ClIoKHbIE 1J11 HOHUMaHUS TEMbl HEOOXOIUMO COYETaTh
C MOJIy4YEHHEM MUCHbMEHHBIX, a MIPU BO3MOXHOCTH, U OYHBIX YCTHBIX KOHCYJIbTALIMMA
IIPENOAABATEIIS.

[Ipy noAroToBKE K 3aHATUSAM, TEKYLIEMY KOHTPOII U MPOMEKYTOUYHOMN
aTTECTallMU CTYJAEHTbl MOTYT BOCHOJB30BAThCS AJNEKTPOHHOM OumbOnmorekoir BY3a,
HOJyYUTh JOCTYN K y4eOHO-METOINYECKUM MaTepuaiam Kak oubnuoreku BY3a, Tak
Y UHBIX JIEKTPOHHBIX OMOINOTEUHBIX cucTeM. [Ipu HEOOXOMMOCTH CTYEHTHI MOTYT
B3iTh JINTEpaTypy Ha Kadeape uim Ha aOOHEMEHTE BY30BCKOM OHMONIMOTEKH B
NIEYaTHOM BHJIE, & TAK)KE BOCIIOJIb30BATHCS YHUTAIBHBIMU 3aJIAMU.



7. OnleHOYHBbIE CpeICTBa
7.1. IlacniopT OLIEHOYHBIX CPEICTB

Koa koHTpO1MpYyeMoii KOMIIeTEHIM U HaumeHoBaHue

Kypc
(MJ1M ee YaCTH) OIIEHOYHOI'0 CpeACTBa

IIpoexm
Pasnoyposnesgulie 3a0auu u 3a0anus
Tecmosvie 3a0anus Ne 1 — 320.
Bonpocwt k axzameny Ne 1 — 50

4 TK-4

IIpoexm
Pasnoyposnesuie 3a0ayu u 3a0anus
Tecmosvie 3a0anusa Ne 1 — 320.
Bonpocwi k sxzameny Ne 1 — 50

4 I1K-2

7.2. TunoBble 3aJaHUsl WJIN HHbIe MaTepUAJbl, HeOOXOAMMBbIEe [JIf
TeKyllero KOHTPOJIst

7.2.1. IIpoekT

Tema:
MoaenupoBaHue KJIaCTEPOB M HAHOOOBEKTOB

3anaum:
- OBnagenue HaBbikaMu MojenupoBanus B [IK HyperChem

Crpykrypa:

- OnTuMHU3aLUs CTPYKTYPBI KJIACTEPOB METOJIOM MOJIEKYJISIPHON MEXaHUKHU;
- [TomysmMiiupruyecKuil pacueT CTPYKTYPbI MOJIEKYJISIPHBIX KJIACTEPOB;

- [TomysMnupruyecKuil pacyeT XapaKTEPUCTUK MOJIEKYJISIPHBIX KJIACTEPOB

NupuBuayajbHble 32 JaHUS:

- Terpasap menu Cuy;

- Okrarap meau Cug;

- Jlexarapudeckuii kinactep cepedbpa Agy;

- Uxocasipuueckuii kiacrep cepedpa Agis;

- Jonexarapuyeckuii kinacrep cepedpa Agyo;

- CepeOpsiHbIi yceueHBIH IeKadIpuiecKuil kiactep Agis;
- ®ymnepen Cyp;

- Oynnepen Cys;

- ®ynnepen C,8;

- Metamnokap6orenpen TigCy, (cummerpus Th).

Kpurepuu ouenku:

- OIIEHKA «3aYTEHO» BBICTABISCTCS CTYNCHTY, €CIU

1. ITonHOCTEIO 3amOJIHEH OJIAHK OTYETA;

2. DKCIepUMEHTaIbHBIE TAHHBIE COTIACYIOTCS C TEOPETUUECKUMU;



3 [To paGoTe copMynrpoBaHbI IPABUIbHBIEC BHIBOIBI;

4. JlaHbI TOJTHBIE OTBETHI HA BOMIPOCHI 110 3ammmuTe JIP;

5 [IpuBenens! pereHus 3aaad (eciu UMEIOTCS B TaHHOU paboTe).

- OIICHKA «HE 3aYTEHO» IPU HEBBINOJHEHUU JIIOOOTO U3 IMSTH KPUTEPUEB OLICHKU
"3auTeHo"

7.2.2. KoMIJIEKT TUMIOBBIX Pa3HOYPOBHEBbIX 32/1a4 /IJISl IPAKTHYECKUX 3aHATHH

Tema Ne | « Kpumuueckue pazmepvl MAIbIX Yacmuy»

3aoauu:

l.l.MGTO,Z[OM HUCIIApCHUA U KOHACHCALIUU B aTMOC(i)CpC HHCPTHOI'O I'a3a ITOJIYYCHBI

chepuyeckre HAaHOYACTHUIIBI cepedpa, nMerolue auameTp 15 um. Onpenenure
JIOJIF0 TIOBEPXHOCTHOT'O CJIOSl OT 00IIero o0bemMa, TOJIIMHY MOBEPXHOCTHOTO
CJIOSI IPUHSATh PABHOW YEThIpEM aTOMHBIM MOHOCHOAM (¢ = 0.4 HM). Ouenure
MOTPENTHOCTD BHIYUCIICHHS TIPU UCTIOH30BAHUN MTPUOIMIKEHHOTO BBIPAKCHHUS.

1.2.0npenenure npenenbHblil pa3Mep, MpU KOTOPOM Mallble YaCTHUIbI 30J10Ta (Ef

5.51 3B) Bce eliie NPOSBISIIOT METAJITMYECKUE CBOMCTBA.

1.3.'uaporennzanus >tuneHa npu temneparype 520 K u nasiaenun Bopopoaa 1

aTM C HCIIOJh30BAHMEM B Ka4yeCTBE Karajiu3aTtopa IlaTuHbl (gf = 7.6 9B, d =
0.4 uM) ocaxaennor Ha SiO, mimm Al,O; uaeT 0cOOCHHO MHTEHCHUBHO, KOT/Ia
pPacCTOsTHUE MEXIY DHEPreTUYCCKHMU YPOBHSIMU CTAaHOBHTCS OoJbIe 2 55.
Ouenure pazMep 4acCTUIL IJIATUHBI.

1.4.B peakuuu ruapupoBaHus O€H30a C HCHOJIL30BaHUEM B KadyeCcTBE

KaTajau3aTopa MNOJYyYEHHBIX Pa3I0OKEHHUEM METAINIOOPTaHMYECKUX KOMILIEKCOB
HAHOYACTHUI[ HHUKeNs Ha mnojjioxkke SiO, ¢ yMEHBIIEHHEM pa3Mmepa
METaNIMYECKUX YaCTHUI] HAOJII01aeTCsl YBEJIMUEHUE yAEIbHON KaTaTuTUYECKON
AKTUBHOCTHU, T.€. aKTUBHOCTU OTHECEHHOW K OJTHOM MOBEPXHOCTHOMY aTOMy
metamia. [Ipu temnepatype 373 K u naBnenust 6enzona C¢Hg 1 Bogopona H,
coorBeTcBeHHO 6700 u 46700 Ila pe3kuil pocT yAENbHON KaTaauTUYECKOU
AKTUBHOCTHM HAHOYACTHUIl HHUKENS B 3-4 pa3a MPOUCXOAUT KOrJa OTHOIIECHHE
YHCJIa TOBEPXHOCTHBIX aTOMOB K O0IIEMy YMCTy aToMOB O0yin3ko K 1. Orienute
pa3Mephl TAKUX HAHOYACTHUI] HUKES.

1.5.MerogoMm ra3oda3zHOro CHHTE3a IMOJYYEH MEIHBI HAHOKPUCTALNIMYECKUN

NOPOIIOK, IPUYEM CPEAHUM TEOMETPUYECKHHA JUAaMETp 4YacTull 35 HM.
Pacnipenenenue yactuil mo pazmepam siBisieTcs JorapupMuyeck HOpMaJibHbIM
¢ gaucnepcuerd 1.5. Omnpenenure 1) HOPMHPOBOUHBIA KOA(DPUIIMEHT
pacnpeneneHus; 2) HauOosiee BEPOSITHBIA pa3Mep YacTu: 3) cpeaHuil pazMep
yacTull; 4) CpeIHEKBaIpaTUUHbIN pa3Mep YacTHIl;, 5) A0 YaCTHUI] Pa3MEpOB
20-40 aM™; 6) mocTpoiiTe rpaduk pacnpeneneHus B KoopauHaTax d u Ind.

Tema Ne 2 « Temnepamypa niasnenusi Maablx 4acmuyy

3aoauu:

2.



2.1.Paccuuraiite  o0miee 4YKHCIO aTOMOB  HWKOCadJApUUYECKOro  KJacTepa,
cozepxkauero N aToMHbIX Cl10€B. PacueTsl mpuBeauTe 1S EPBBIX S CIOEB.
2.2.1locTpoiiTe KpUBYKO U3MEHEHHUS TEMIIEPATYpPhl IJIABJICHHS OJOBa OT pa3Mepa
: KT ! KT H
py=7.18-10'— p,=6.9810'— o,=0.58—
Ul CIEAYIOIIUX I[apaMeTpoOB: M M M

2 2 b

H
5, =006227 0=585"% 5 = T, =505
M , KI , =32 HM, melt K

2.3.1loctpoiite rpaduKu 3aBUCUMOCTH TEMIEpPATyp IUIABJICHHUS HAHOYACTHUIL
TIOMUHUSA, MEIW, HUKelIsd M THUTaHa OT HuX oOpatHoro paamyca. Ilo

KO3 PUIIMEHTY a ompeaenuTe A KaXJoro Merajuia, Kakas dopmyrna s
sToro Haubonee npuemiema. Bce HeoOXoaumble mapameTpbl MPUBEACHBI B

TaluILe.
T |Q, Os, ps- 1075, o, pr107°,  |a-10',
Merazn Jox-mons!  |Jlx-m? Mo M |JlK'M2  [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
Ni 1728 |17470 2.104 1.400 1.750 1.350 3.82
Ti 1943 114150 1.797 0.910 1.500 0.868 5.80
2.4.Pa3znoxure B pAan Teinopa XUMHAYECKUHN MOTCHIINAII BHUJIA
n(p+Ap+ 2 T +AT)
r orpaHuuMBIIMCh TepBeiMH (1, 2 u 3) manbiMu
cJjaraeMbIMHU.

Tema Ne 3 «Ilapamemp pewiemKku Maavlx Yacmuy»

3aoauu:

l.
2.
3.

3.1.Ilonarass, 9TO0 yMEHBIIEHHWE MAPAMETPOB PEIICTKA HAHOYACTHUI[ cepedpa u

30JI0Ta SIBJISIETCS CIEACTBHEM H30BITOYHOrO naBieHus Jlammaca ompenenure
2 )

3aBUCUMOCTH ¢ .

3.2.0npeaenutb,  WCHONB3YS  ypaBHeHHe  Tomcona-I'mbOca,  maBieHUE
HACBIIIEHHOT'0 TIapa HaJ XKUJKOU Karuiel (30510Ta 1 cepedpa) UMEIoIeH paauyc
r.

3.3.0TkN0OHEHHE TapaMeTpa pEIIETKH HAHOKPUCTAIUIMYECKOTO  AIFOMHUHUS,
onpenensieTcsi U30bITOYHBIM OOBEMOM TpPAHUIl 3€pPEH, CpeaHEN IIMPUHON
TpaHMIl 3€pEeH M CpeAHUM JuaMeTpoM 3epeH. lloctpoiiTe 3aBUCHMOCTH
== /(d)

a,



3.4.01ueHuTe TONIIKMHY TOHKOTO CJIOS BOJU3M TPaHUIIBI 3€pHA, B KOTOPOM MOKET
HAOJIIOIATHCS PACIIUPEHUE KPUCTAILUTHYECKON PEIIETKH.

Tema Ne 4 « YVpasuenue IlIpéouncepay

3aoauu:
4.
4.1.Paccmotpute cBOOOJHOE OJHOMEPHOE JBIDKCHHE YACTHIBI, T.€. YacTHUIA

HaXOJMUTCS B T0JI€ C TTIOCTOSTHHBIM IMOTEHIIMAJIOM U €€ MOTEeHIMaIbHasl SHEPTUs
paBHA HYJIIO.

4.2 .PaccMoTpuTE IBUKEHUE YAaCTHULIBI B IME C OECKOHEYHO BHICOKMMH CTEHKAMH.
4.3.PaccMOoTpUTE OJHOMEPHOE JBM)KCHHME YaCTHUIBI IO OCH X IOJ BO3ICHCTBHUEM
YIPYTrOM BO3BPAILAIOIIEN CHIIBI I =—kx , Te k — cuioBas nocrosiHHas. Takas
CHCTEMa Ha3bIBACTCS JTUHENHBIM FTAPMOHUYECKUM OCILIUILISITOPOM.
4.4.0npenenute ypoOBHH DHEPIMM Ui YAaCTHLBI, IBWKYLIEHCS B IIOJNE C
_ ,—20x A -y
IIOTE€HIUAIBHON SHEPrUe U(x)= A(e 2¢77),
4.5.0npenenute ypOBHM DJHEPrUM Ui YacTULbI, JBWXKYIIEHWCS B TIOJE C

U
Ux)=-—— 0
MOTEHIMAIbHOU YHEPTUEH ch®ax

Tema Ne 5 «Pacuem monexyn»

3aoauu:
5.
5.1.0mnpenenure, Kakod U3 TOJMYSMIUPUUYECKUX METOJOB HaubojIee TOYHO

OLICHUBAET JUJIsl YKa3aHHBIX MOJIEKYJ MOTeHIMan WoHu3auuu (/), SHEpruro
CpPOJICTBa K DJEKTpOHY (A), PaBHOBECHOE MEXKATOMHOE paccTosiHue (7,) u
sHepruto auccormanuu (Dy). Pesynpratel opopmure B Buae Tadmui. 3amayy
PELINTH JUIsl CIASAYIOIUX BapUAHTOB JABYXaTOMHBIX MoJiekys: a) Hy; 6) Liy; B)
Co; r) Na; ) O,;
e) Fp; %) Py; 3) Sy; m) Cl.

MOHCKYJ'Ia H2 L12 C2 Nz 02 F2 Pz Sz Clz
1, B 152 |5.1 124 |[15.6 |[12.1 |157 |[11.1 |94 11.5
A, 2B - 045 |3.27 |- 045 [3.08 [0.59 |1.67 |2.38
., A 074 (267 |1.24 [1.10 |[1.21 |[141 |[1.89 [1.89 |1.99
D, 103 24 143 225 118 37 116 101 57
KKaJI/MOJIb

5.2.Acnonb3ys teopemy Kymnmanca, paccuurtaiite MetogoM AMI moTeHIua- Jibl
noHu3auu (/) AByXxaTOMHBIX MoJieKysl. CpaBHHUTE MOJYYEHHbIE 3HAYEHUS C
HKCHEPUMEHTAILHBIMU TAHHBIMU U C PE3yJIbTaTaAMU HEAMITUPUUYECKUX PACUETOB
B Oazuce 6-31G.

| Mosekyia | G | N, | O, | F, | Al | Si, | P, | S, | Cl |




| 1,5B 1124 |15.6 [12.1 157 621 [80 |11.1 |94 [11.5 |

5.3.B kakom ¢ymnepene (4, 6, 8, 20, 60, 80) momyrtopHas cBsa3p C-C Hambomee
npoyHasi? PacdeT sHepruu BBINOJIHATH O€3 ONTUMH3ALUU TE€OMETPHH, HC-
nonb3yss nomysmnupudeckuid  merox CNDO. JlaHHple 1O  MOJIEKyJIaMm
dbymiepeHa npodyuTaTh U3 UMeroImuxcs ¢aiaos *.hin.

5.4. Onpenenure BEIUYMHY JAWINOJIBHOTO MOMEHTA MOJEKYJ, CpPaBHUTE 110
Jy4YEHHbIE 3HAYEHHUS C OKCIIEPUMEHTaJIbHbIMU JaHHbIMU. Kak u mnouemy
U3MEHSETCS] CBEPXY BHU3 MO IPYNIE TOYHOCTh PACYETOB?

MOJIGKYHEI NH3 PH3 ASH3 HzO st ste
u, D 1.48 0.89 0.18 1.87 1.17 0.24

5.5.PaccunTaiite 4acTOTy BaJ€HTHBIX KOJEOAHMII B YaCTHULAX, CpPABHUTE
NOJIyYCHHbIE 3HAUYECHMS C JaHHBIMHM 3KCIepuMeHTa. B kakoill yacTuie CBs3b
HanOoIee MpouHas?

YacTuna 02+ O, O, 022_ NO* NO NO~ NO*
Vv, cM ! 1865 | 1580 | 1097 | 766 2273 | 1880 | 1365 | 886
Yacrtuma HF HCl HBr HI F, Cl, Br, I,

Vv, CM ! 4139 2991 [2649 |2310 |892 546 319 215

5.6.PaccunTaiiTe IMMpPUHY DHEPreTHYECKOM IEemu (Eg,,) B MOIMIMKIMYECKHX
KOHJICHCUPOBAHHBIX  apOMATUYECKUX  MOJIEKYJaxX, KOTOpPblE  HMEIOT
caenyrommi cocraB: CgHg, CigHip, CosHip, CaoHis, CsgHig, CgaHog, CogHoa.
Pacder sHepruu BeINOJHSINTE 6€3 ONTUMHU3AIMYA TEOMETPUH, UCIIOJIB3YS METO/]

CNDO (mouemy?). JlaHHbIe IO MOJIEKYJIaM CUMTANWTE U3 UMEIoIUXcs (paitinos
* hin.

Tema Ne 6 «Bosmywenue ne 3agucawue om 6pemeHu»

3aoauu:
6.
y
6.1.0npenenure mnompaBky BToporo npubmmkenus V» K cOOCTBEHHBIM
GyHKIUAM.
6.2.0mnpeaenure MoOnpaBKy TPETHErO MPHUOJIMKEHUS K COOCTBEHHBIM 3HAUYCHHSIM
SHEPIUMu.

6.3.0npenennure ypoBHU 3HEPTUHA aHTAPMOHUYECKOTO JIUHEWHOrO0 OCLHILIATOPA C
~2 2.2

g=L_ X +ox +px’

raMUJIbTOHUAHOM 2m 2 :
6.4.Chepuueckas TOTEHIMAIbHAS sMa C OECKOHEYHO BBICOKUMH CTEHKaMHU
noaBepraeTcs manou aedopmaiiuu (6e€3 u3MeHeHus1 o0beMa), mpuHUMas GopmMy
c1a00 BBITSIHYTOTO WJIM CILTIOCHYTOTO DJITUIICOMIa BPAIICHUS C MOIYOCSIMHU d
= b u c. HaliTu pacuieruieHne ypoBHEW DHEPrUU YACTHUIIBI B sSIME TPU TaKOH

nedopMarum.




Tema Ne 7 «Cexynapnoe ypasnenue. Bozmywenue 3asucsiujee om 6pemeHu

3aoauu:
7.
7.1.0npenenure NOMpPaBKU MEPBOr0 MPUOIMKEHUSI K COOCTBEHHOMY 3HAUECHUIO U
npaBWibHbIE  (DYHKIMM  HYJEBOrO  MOpUOJNMKEHHS IS JIBYKpPaTHO
BBIPOKJICHHOTO YPOBHSI.
7.2.BeiBeiute popmyiy AJisl TOMPABOK MEPBOr0 MPHUOIMKEHUS K COOCTBEHHBIM
GyHKIUAM.
7.3.BeiBenute hopmyiy JUIsl IOMPABOK BTOPOTro MPUOIMKEHUS 111 COOCTBEHHBIX

3HAYCHUM.
(0)
7.4.B HayanbHBII MOMEHT BpeMeHH ¢ = () cucTeMa Haxoautcs B coctosHun Vi |

OTHOCSIIEMCA K JBYKPAaTHO  BBIPOXKIAECHHOMY ypoBHIO. Ompenennre

BEPOSITHOCTh TOTO, YTO B JAJbHEUIIUA MOMEHT BPEMEHHU ! cuUcTeMa OyaeT
0)
HAXOJUTHCS B APYroM cocTosHuu V2 Tol jxe SHepruu; Nepexo IPOUCXOUT

MO/ BJIUSIHUEM MOCTOSHHOTO BO3MYILICHHUS.
7.5.0npenennure U3BMEHEHUE n-ro U m-ro pemenui ypasuenus Lllpenunrepa npu

=it ot o
HAJTMYUN NepPHOANYEcKoro Bosmymennst Buma / =1e¢ " +Ge™ | ¢ wacroroii

0) _ 7~(0) _ . A
® Takoit, uto Ln — L. =M@ +€) 1ne € _ vamag semuumma. I ou G —

OIICpPaToOphl, HC 3aBUCAIINC OT BPCMCHH.

Kpurtepuu ouenku:

- OLICHKA «3a4TE€HO» CTAaBUTCS 3a IPAaBWIBHOE M IIOJHOE pEIICHHE 3aJayH,
JOIYyCKAIOTCS HEOOIbIINE NOTPEIIHOCTH B U3JI0KEHUU U BBIYUCIICHUSX.

- OIICHKA «HE 3aYTEHO» CTABUTCS CTYICHTY HE BBINOJIHHUBIIEMY TPEOOBAHUS K OLIEHKE
"3a4TeHo"

7.2.3. KOMILIEeKT TeCTOBBIX 3aJaHUI

1. O0mas 1oJ1st TOBEPXHOCTEH pa3zenia B HAHOMaTEpUaIax COCTABIISET:

- -3

L—s
' V,,.p.=1+_ bk
r =2
L—s
) I/n.p.zl__ L | ’
- 35‘0
np~f’




L—s|2
I/n.p.zl_i_[ L} :| ¢

2. ®puneneBckue OCHULISALNYT IEPEAAIOTCS PEIIETKE Yepes:

3. PazmepHnsiii 3¢ pexT napameTpa pereTku HaHOYACTHULIBI CBSI3aH C:

3EKTPOH-(DOHOHHOE B3aUMOJICHCTBUE;
(OTOH-3JIEKTPOHHOE B3aHMOIEHCTBHE;
3NEKTPOH-()OTOHHOE B3aUMO/ICHCTBUE;
AIIEKTPOH-IEKTPOHHOE B3aHMMO/ICHCTBHE;

($hoHOH-(OTOHHOE B3aMMO/ICHCTBHE.

OIKMOKAaMHU METOJIMKU U3MEPEHUS,
azicopOIMer mpumeceit;
TEMIIEPaTypOH IJIaBJICHUS,
CTPYKTYPHBIMH IIPEBPALICHUSAMU;

CTPYKTYPOH JTUCIOKALIUAM.

4. Oco0eHHOCTH MAarHUTHBIX CBOMCTB HAHOYACTHUI[ CBSI3aHEI C:

5. lns ABYMEpHON CHCTEMbI THMAa MaJblX OCTPOBKOB Ha

U3MEHEHHUEM BU1a (POHOHHOTO CIEKTPA;
JUCKPETHOCTBIO MIEKTPOHHBIX COCTOSIHUM;
U3MEHEHHEM I'paHull ((OHOHHOTO CIIEKTPA;
JUCKPETHOCTBIO (DOHOHHBIX COCTOSHU;

BCC IICPCUYNCIICHHOC.

Tomcona-I'udb6ca nmeer BUI:

20
p(r)=""

20
p(r)=p e

RT rpg

p(ry=p.e ;

IIOJJIOXKKC

ypaBHEHUE



v, 20
p(r)y=—=—

V, =V, r

6. OcCHOBHass ~ NpUYMHA  HU3MEHEHUS  TEPMOJMHAMUYECKHX  XapaKTEPUCTUK

HAHOKPUCTAJIJIOB 11O CPABHCHHUIO ¢ MACCUBHBIMU MAaTCpHUATIAMMU:

00JIBIIOE YUCIIO TOBEPXHOCTHBIX aTOMOB;
U3MEHEHHE BUAa (POHOHHOTO CIEKTPa;
JUCKPETHOCTH 3JIEKTPOHHBIX COCTOSIHHIA;
U3MEHEHUe TpaHul] POHOHHOTO CIEKTPAa;

BCC IICPCUHCIICHHOC.

7. B HaHOMaTepuanax MO XMMHUYECKOMY COCTaBYy M PaCHpPEIEICHHI0 (a3 MOXKHO

BBIJICJIUTh CTPYKTYPBI TUIIA:

KOJIJIOUTHBIE;
MaTpUYHbIE MHOTO(a3HbIE;

CTaTUCTUYECKHE MHOTO(a3HbIE C HEUJEHTUYHBIMU MOBEPXHOCTAMHU pa3iena;
onHO(a3HbIE;

CTaTUCTHUYCCKHC MHOFO(baBHI)Ie C WACHTUYHBIMHU ITIOBCPXHOCTAMM pa3aciia.

8. PazmepHublii a3 (PexT Temneparypsl IIaBJICHUS MAJIbIX YACTUIL P YMEHBIIEHUH HX

pa3mepa B 0011IeM BUJIE OMUCHIBACTCS BHIPAKCHUEM:

T.()=T, (1 —9}
:

T,,,<r>=T,,7[1+3j;

I/'

T (r)="u,
r
T,,,<r>=T,,,(1+%j;
r
1 T
T (r)=—=2.
n () 4it 7

9. CDpI/I,Z]eJ'IeBCKI/IC OCHWJIJIAOVHA  IIJIOTHOCTHU  BBIPOKJACHHOI'O OJICKTPOHHOI'O Ta3a

BBI3BIBAKOTCA:



10.

11.

M30BITOYHBEIM 00BEMOM;

Mo0bIMH  tepeKTaMu,  HapyUIAIOIUMU
KpHUCTAIIa;

KCUTOHAMU;

HEPaBHABECHBIMU BaKaHCHUSIMU;

naBJieHHeM Jlamiaca.

XapaxkrtepHslil pazmep netinu Ppanka-Puna:

Gb*
]qu =
Kp
Gb
/(pp = > 5
T i
aGb
/(DP =7 >
T
G’b
]<DP =
‘Ckp
Gb
Z@P -— -
T

Kp

Pazmep  CTpyKTYpHBIX  COCTaBJISIOLIMX

TPaHCILINUOHHYTO

HaHOMATCpUaJIOB

QJICKTPOHHO-MHUKPOCKOIIMYCCKUMHU MCTOJaMHU C ITIOMOIIbIO:

12.

CBETJIOMOJIbHBIX U300pAKEHU;
TEMHOIIOJIbHBIX N300paKEHUI;
PEHTTEHO-CIIEKTPAILHOIO MUKPOAHAJIN3a;
JTUIaTOMETPA;

U300paKEHUN MPSMOTO pa3pelieHHUs.

Hasnenue Jlamnaca onpenensieTcs: GopMyIIoii:

2nc
p= P

CHUMMETPHUIO

ONpPENEIAI0T



- p=
r
o
p e
2c
- p==
r
13.  [Jons coOCTBEHHO MeEX3EpEHHBIX
COCTaBIISICT:
1
-, :1{?‘}',
" V. ’”22
we "7
' V\/dn = SS(L[?_ S): ’
3
e 7
) V\/.s. = 37[ S(]LJ,?_ S)z '

TpaHMIl pas3fieNia B HaHOMaTepuaaax

14. DOmHeprus, okasblBarollas pa3ylnopsI0YMBAIONICE JICCTBUE HA MAarHUTHBIC

MOMEHTHI (PeppOMArHUTHON YACTHIIBI, PaBHA:

" AS():M,
2
7-2
C Mg R
2mpo,;
A 2
. Asoz—p;
2m,
- Ag, =TAw,;
- Ag, =M.

15.  Ilpum moryionieHny CBETa TOHKO3EPHUCTBIMU TUIEHKAMHU METAJUIOB!

" IIPOUCXOAUT ITOJTHOC MOTJIOHICHHC,



16.

17.

MPOUCXOJIUT CUIILHBIN HArpeB TJICHOK;

BUJIMMAs YacCTh CIIEKTPa MOJHOCTHIO MOTIIOIIAETCS;
uHppaKpacHas 9acTh CIIEKTPa MOJTHOCTHIO MOTJIONIACTCS

B BUIMIMOM YaCTH CTICKTPa MOSBJISIOTCS MTUKU TOTJIONIECHUS, OTCYTCTBYIOIIHE Y
MACCHUBHBIX METAJIJIOB.

B Hanomarepuanax mo ¢oopMe MOKHO BBIJICIUTh CTPYKTYPhI THIIA:
onHodazHas;

TUTACTHHYATAS;

MaTpUYHAass MHOTO(a3Has;

crojiouarasi;

coJieprKaIiasi paBHOOCHBIC BKJITFOUCHUSI.

IIpu kakux  pa3Mepax TUIHUYHBIA  (eppoMarHeTMK  mepeiner B

cyneprnapaMarHuTHOE COCTOSTHUE:

18.

okoJio 1 MKwMm;
MeHee 1-10 HM;
oonee 100 HM;
okoJjio 100 HMm;
oonee 1-10 HM.

[Ipu MoaenupoBaHUM CTPYKTYpPhl MaJlOATOMHBIX KJIACTEPOB HEOOXOIUMO

YYUTHIBAThL!:

19.

KJIACTEPHI JOJKHBI UMETh H30BITOYHYIO SHEPTHIO;

KJIACTEPhI TOJIKHBI OBITh YJHEPTETUYCCKH YCTONYNBHI;

KJIaCTEPHI JOJIKHBI UMETH IUIOTHYIO YITAKOBKY;

KJIACTEPHI JOJKHBI OBITh TOCTPOCHBI M3 MPOCTEHINNX CTAOMIIBHBIX aTOMHBIX
KOH(UTypaIInii;

KJIACTEPHI JOJIKHBI COCTOSITh U3 YETHOT'O YKCJIa aTOMOB.

[Ipu kakoii Temmeparype THUIHMYHBIA (QEeppOMarHeTHK MepeusieTr B

cyneprnapaMariHuTHOC COCTOSAHHUC!

T, =1273°C ;



. T;} — ;
kln m
‘CO
- J— KV .
*2m’
- T,=1000K;
AL
k
20. TermmoeMKOCTh MaJIOi YaCTHIIBI ONPEAENAETC POPMYIIOI:
- (), =3R;
I % P (0,T) .
Gy —(OJ- Tg((o)d(o,
- Co= | g@)do:
39,/T 4
, 7Y% 5
=9 —| | 2%
0,) 3 (=1
1
« (., ==R
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7.3. OueHo4YHbIe CpPeACTBa ISl NMPOMEXKYTOYHON aTTeCTallMd [0 MTOram
0CBOEHMS JUCHHILTUHBI

7.3.1. Boripochbl K NIPOMEKYTOYHON aTTECTALMH

Kypc 4

Ne ni/m Bomnpocsl K 3k3ameny

1. [TonsiTHE KI1acTepoB.

Knaccugukarus no npuposie K1acTepoB 1 HAHOOOBEKTOB.

Oco0GeHHOCTH CBOWCTB M MOBEJICHHS U30JIMPOBAHHBIX KJIACTEPOB U HAHOCHCTEM

Meramueckue KjaacTepbl, UX CTPOCHHE, CBOMCTBA U CTPYKTYpA.

KpI/ICTaJ'IJ'II/I'—IeCKaSI peICTKa U Marn4€CKue 4Ynciia.

['eomeTpuueckasi CTpyKTypa U pazMepHbie 3G (HEKThI.

AN Il Il el R

CYH_[CCTBYIOH_II/IG MOZCIIN KJIIACTCPOB, UX HEAOCTATKU U MPCUMYILICCTBA




PU3UKO-XUMHUYECKHE CBOMCTBA KPUCTAJLIOB.

9. TepmonuHaMUYecKHid aHAIM3 TOBEPXHOCTH KJacTepa MW HAHOOOBEKTOB, WX
B3alMOCBS3b, CTPYKTYpa U MOP(OI0TrHs MOBEPXHOCTH HAHOOOHEKTOB.

10. [Tpormeccsl camoopraHu3aIuy B KiacTepe U HAHOOOBEKTE, MEXaHU3M (OPMHUPOBAHUS
U3 HUX HAHOCUCTEM

1. JedexThl cTpyKTYpHl U (a30BbIe MIPEBPAIEHUS B HAHOOOBEKTAX

12. Bnusinue Ha nporecc caMoopraHu3aly TEMIIEPATyPHbBIX U CHJIOBBIX MOJEH

13. OcobenHoctr 00pa3oBaHUs, pOCTA IEHTArOHATLHBIX HAHOOOBEKTOB

14. Mexanusmbl  (GOpPMHPOBAHUS W3 TIEHTArOHAJIBHBIX KJIACTEPOB HAHOOOBEKTOB H
KpPHUCTAJIJIOB

15. CTpoeHue NeHTaroHaaIbHbIX HAHOOOBEKTOB

16. O6uactu mpuMeHeHUsT HAHOOOBEKTOB M HAHOCUCTEM

17. MexaHu3Mbl OPMHUPOBAHUS U3 HAHOOOBEKTOB TOTOBBIX MUKPOU3ICITUN

18. MeToapl UCCIe0BaHMS KIACTEPOB U HAHOOOHEKTOB

19. MeTon ANEKTPOOCaXACHUUS KaK OJMH U3 HECKOJIbKHX METOJOB MOJyYeHUs
HAHOOOBEKTOB U HAHOCUCTEM

20. Hanokoranu3aropsl.

21. OMIUPUYECKHE METObI MOICTTHPOBAHNS HAHOOOBEKTOB.

22. [Tosmyamnupuveckre METo1bl MOJECIUPOBAHUSI HAHOOOBEKTOB.

23. HesMmupuyeckne MeTo bl MOJCTMPOBAHNUS HAHOOOBEKTOB.

24. [Tpubmmkenue bopua-Onnenreiimepa.

25. Meton Xaprpu-Poxka.

26. ATOMHBIE OpOHTANH.

27. Teopust pyHKIIMOHANA ITIOTHOCTH.

28. Teopust BO3MyLIECHUS.

29. MeTto BaJIECHTHBIX CXEM.

30. Metoa MOJIEeKyISIpHBIX OpOuTanei.

31. [TonsiTHE HAHOOOBEKTOB.

32. [ToHnsiTHe HaHOYACTHII.

33. [ToHsiTHE HAHOKPUCTAIIIOB.

34. Knaccudukanus no croco6am moxydeHus KIacTepoB U HAHOOOBEKTOB.

35. [Tporecchl caMoOpraHU3aluy U CaMOCOOPKH B KJIaCcTepax M HAHOOOBEKTaX.

36. [TonsiTie HAaHOMATEpPHUAIIOB.

37. [TousiTe HaHOCHCTEM.

38. Kinaccudukanust mo reoMeTpuyecKuM MprU3HaKaM KJIacTepOB U HAHOOOBEKTOB.

39. [TonsaTHE HAaHOU3AEHA.

40. Oco0eHHOCTH pOCTa IPH KPUCTAIUTH3AINH U3 KJIACTEPOB HAHOOOHEKTOB U HAHOCHCTEM,
POJb TEXHOJOTHYECKUX (DaKTOPOB.

41. DHepPreTUYeCKUil aHaIN3 TTOBEPXHOCTH KiIacTepa U HAHOOOBEKTOB, UX B3aMMOCBS3b,
CTPYKTYypa ¥ MOp(]OJIOTHs MOBEPXHOCTH HAHOOOHEKTOB.

42. MexaHnu3mbl 00pa3oBaHusl KI1acTepoB U (POPMUPOBAHUS HAHOOOHEKTOB U HAHOCHUCTEM.

43. [TenTaronanbHbIe HAHOOOBEKTHI.

44. [TomysMnupuyeckuii pacyeT XapakKTepUCTUK MOJIEKYISIPHBIX KJIACTEPOB.

45. Cy1recTByIOIIMEe MOACIH KIACTePOB, UX KiIaccu(UKAIIHSL.




46.

Kinacrepubie monenu.

47. XapaKTepUCTUKU U30JTMPOBAHHBIX KIACTEPOB U HAHOCUCTEM.
48. Merton razoazHoro cuHTe3a.

49. VYpasuenue Tomcona-I'u66ca.

50. Teopema Kynmanca.




7.3.2. Kpurepuu 1 HOPpMbI OLIEHKH

®opma
npoBeaeHust
Kypc POBEA . KpuTtepun u HOpMbI OLIEHKH
NMPOMEKYTOYHOM
arTecTallu
4 Dk3ameH (YCTHO) VY cBO€HHE MOTYUYEHHBIX 3HAHUU

«OTJIUYHO»

MOJTHOE, B CUCTEME, B
COOTBETCTBUH C TPEOOBAHUSIMHU
y4e0OHOU MPOrpaMMbl;
JIOMYCKAKOTCSl €IMHUYHBIC
HECYIIECTBEHHBIC OIINOKH,
CaMOCTOSITEIILHO UCTIPABIISICMbIC
CTYACHTaMH

«XOpOoIIo»

YcBoeHue MoTyuyeHHbIX 3HAHUH
MOJTHOE, B CUCTEME, B
COOTBETCTBUU C TPEOOBAHUSIMHU
y4e0HOU MPOrpaMMbl;
JIOTTYyCKAKTCSL OTICIBHBIC
HECYIIECTBEHHBIC OIINOKH,
UCTIPaBJIsIeMbIC CTYICHTaMHU
MocyIe yKa3aHUsl PeTio1aBaTels
Ha HUX

«YyAOBJICTBOPUTEIIBHO»

Y cBOEHHE MTOITYYEHHBIX 3HAHUU
HEIOJIHOE, OJHAKO TO HE
MPENSITCTBYET YCBOCHUIO
MOCJIEAYIOIErO IPOrPaMMHOTO
MaTepuaa; J10IyCKarTCs
OTJIEJIbHBIE CYLIECTBECHHbIE
OLLIMOKY, UCTIPABJIEHHBIE C
ITOMOUIBIO IPENIOAABATENS

«HCYAOBJICTBOPUTCIILHO»

YcBoenue yueOHOro Marepuana
HETOJIHOE, OECCUCTEMHOE, UTO
NIPENATCTBYET YCBOCHUIO
nocneayoeil yueoHou
nH(pOpMannu; CyIeCTBEHHbIE
OLIMOKH, HEUCIIPABIISIEMbIE JTAXKe
C ITOMOIIBIO ITPENOIABATEIS




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:



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

Ne

n/n

ABTOpBI, COCTABUTEIHN

3arsiaBue (3aroJioBOK)

Tun (yueOHuK,
yueOHOe
nocooue,
yueOHo-

MeTOIN4YeCcKoe
nocoomue,

NMPAKTHKYM, JP.)

Tox m3panusa

KoaunuecTBO B
HAy4YHOI
onoamorTeke /
HaumeHnoBaHnue
3BC

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

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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8.4. Ilepeyenb NPOrpaMMHOro odecneyeHmsi

Ne Haumenosanue IO PexBu3uTHI noronf)pa
n/n (1aTa, HOMep, CPOK JAelCTBHS)
1 Windows: noroBop Ne 757 ot 04.07.2018,
WinPro 10 RUS Upgrd OLP NL Acdmc CPOK JI€HCTBUS — OECCPOUHO;
KOHTpakT Ne 1653 ot 14.12.2018,
CPOK JeHCTBHUS — OECCPOUHO
2 | Office Standard: koHTpakT Ne 1653 ot 14.12.2018,
OfficeStd 2019 RUS OLP NL Acdmc CPOK JICHCTBHS — O€CCPOUHO
3 | Mathcad Education - University Edition | kouTpakt Ne 469 ot 05.06.2020,

Subscription (25 pack)

CPOK JICUCTBHS - 0€CCPOUHO

8.5. Onucanue MarepHabLHO-TEXHHMYECKO 0a3bl, He00XO0AUMOIT

AJISA

OCYLIECTBJICHUA oﬁpazoBaTenbnoro nmpomoecca 1mo IMCHMILINHE

HaumeHoBaHMe 000PyI0BAHHBIX Y4EOHBIX
Ka0UHeTOB, J1a00paTOPHii, MACTEPCKHUX H

Ne JAp. 00bEKTOB /IJIsl NPOBEIeHUs
. Ilepeyenb 0CHOBHOTO 000PY/A0BAHMA
N/ | NMpPaKkTHYeCKHUX U J1a00paTOPHBIX 3aHATHIA,
NOMeEIeHUuH IJI CAMOCTOATEILHOMI
padoThl 00yUaAKIUXCcsl (HOMep ayIMTOPUH)
JlaGopaTopus Crosbl  y4yeHHYECKHE THCbMEHHBIE
«Metonbl UCCIIEIOBaHUS (¢u3NYECKUX | CTyJdbs-, JOCKa ayauTopHas (MesoBas),
CBOMCTB IIEPCIIEKTUBHBIX MaTEPUATIOB)» CTOJ IIPENoAaBaTeIbCKUM, CTYJ
1. | E-403 IIpenoaaBaTebCKUM, mKagsbl TUISL
Y4EOHBIX mocoOui, nabopaTopHbBIS
ycraHoBku, IIK, mpoekrop, 23kpaH,
KOMMYTAaTOpP.
Komnbrotrepnsiii kiacc. YuebHast ayautopusi | CTObl yYEHUYECKHE JBYXMECTHbBIE
JUISl TIPOBEACHMS 3aHATUHN JIEKIMOHHOIO TUIA. | CTOJIBI YYEHHUYECKUE, CTOJI
VYyeOHast ayquTOpHst 1)1 IPOBEACHUS 3aHATUIN | KOMIIBIOTEPHbIH, CTON
CEeMMHAPCKOro TUMa. YuyeOHas ayAUTOpus AJs | MpenojaBaTeiabCKHid, IIK ,JI0CKa
MPOBEJICHUS JTA0OpaTOPHBIX PaboT. YueOHAs | TPEXCEKIMOHHAS ayJAUTOpHAs (MelloBas),
ayIuTOpUs s KypCOBOI'O IIPOEKTHPOBAHMS | CTyJ  IPENOAABATEIbCKUN,  IPOEKTOP
2. | (BbIONHEHUSI KYPCOBBIX paboT). YueOHas | MyJbTHMEIUIHBIA ,OKpaH Ul IPOEKTOopa,
ayUTOpUs JUId TPOBEJECHMUS TPYHIOBBIX M | TyMOa BbIKaTHas
UHAMBUIYAIbHBIX KOHCYJIbTaUH YueOHas
ayIuTopus UL IPOBEIEHUS  3aHIATHH
TEKYIIEr0 KOHTPOJIA M  IPOMEXYTOUYHOMN
aTTecTaluu
E-214
[Tomemenne s camocTosiTenbHOW paboThl | CTOBI yUEHUUYECKHE, CTYIIbS
3. | obyuaroumuxcs [-401 yueHnueckue, [1K ¢ BbIxo0M B ceTh
HuTepHeT
[lomemienne nns camoctoATenbHOM paboThl | CTOJNBI yUEHUUYECKUE, CTYIIbs
4. | ooyuaromuxcs J1-409 yueHnueckue, [1K ¢ BbIxos10M B ceThb

HNutepner




