MHHUCTEPCTBO HAVKH U BBICIIIET'O OBPA3OBAHUS POCCUICKOM ®EJIEPAIIN
(penepanbHOE TOCYJApPCTBEHHOE OIOIKETHOE 00Pa30BATEIBHOE YUPEKICHUE
BBICIIIETO 00pa30BaHUs
«TonpATTMHCKUM TOCYAAPCTBEHHBI YHUBEPCUTET

ONOKYMEHT NOANNCAH
ONEKTPOHHOW MOANMUCHIO

B 1 B 02 CepTudmkat: 20D09A0048B35FB74214FC77CD8B2E99
2 2 Bnageneu;: Enbuos Banepuii BaneHTuHosuy
[HevictButeneH: ¢ 29.08.2025 go 29.08.2026

(unoexc oucyuniuHbl)

PABOYASA TIPOT'PAMMA JUCHUITVIMHBI

CrtpyKTypa 1 CBOMCTBA METANIMYECKUX KJIACTEPOB, HAHO- 1 MUKPOOOBEKTOB

(HaumeHo8anue OUCYUNIUHbBL)

10 HAIMpPaBJICHUIO MOATOTOBKH
22.04.01 MarepuanoBefieHUE U TEXHOJOTMH MaTepUaIOB

HaNpaBJIeHHOCTH (MTPO(UITb)
['uOpunHble ¥ KOMOMHUPOBAHHBIE TEXHOJIOTUN

®dopma 00ydeHHs: OUHAs
I'on HaGopa: 2026
O6mras TpynoemkocTsb: 8 3E

Pacnpeneﬂeﬂue JaCoB JUCHUILIMHBI IO ceMeCTPpamM

Cemectp 1

®opMa KOHTPOJISL | DK3aMEH Hroro
Bun 3ansaruit
Jlexum 8 8
JlaboparopHsbie 16 16
[TpakTHdeckue 16 16
Pykosoacrtso: PI'P
ITpoMexyTouHas aTTecTalus 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):
Crapmmuii npeniogaBarens kKadeapst COMuPII, [lenucosa A.T.

(Oondcnocms, yuernoe 36anue, cmenens, Pamunus 1.0.)

(Oondrcnocms, yuenoe 36anue, cmenens, Pamuaus 1.0.)

PenenzupoBanue paboueii mporpaMMbl TUCHUTUIMHBL:

X OtcyTcTBYET

Penienzent

(Oondrcnocmy, yuenoe 36anue, cmenens, Pamunus 1.0.)

PaGouas mporpamma aucuumiuHbl coctaBieHa Ha ocHoBanun PI'OC BO u yuebGHOro
1JIaHa HaIpaBJICHUS TTOATOTOBKHU

22.04.01 MarepuaiaoBeicHHE H TEXHOJIOTHH MaTEPHAIIOB

Cpok neiicTBusi padoueii nporpaMMspl AMcUMIIMHBI 10 «_01 » cenTsiopst 2028 r.

YTBEPXIEHO

Ha 3acenanun xadenpsl «CBapka, 00paboTka MaTepHaioB JaBICHUEM M POACTBEHHBIE
nporeccel» (mpotokon Ne 1 ot «03» centsops 2025 r.).




1. lleanb ocBOeHNSI AUCUUILIHHBI

Ilemp — 3HAKOMCTBO C OCHOBAaMH TEXHOJIOTHYECKOTO ITOAXOAAa «CHH3Y-
BBEpX» JUIA TOJy4YeHHUS HAHOOOBEKTOB, HAHOCHUCTEM W HAaHOMATEPHAJIOB W3
KJIacTepoB. M3y4uTh MEXaHU3MBI POCTa, OCOOCHHOCTH CTPOCHHUS M CBOMCTBA
HAaHOOOBEKTOB.

3amauu:

1. JlaTh KIaccu(pUKaIUIO KIACTEPOB, HAHOOOBEKTOB M HAHOCHCTEM.

2. O3HaKOMHUTH C MOJICISIMHU CTPOCHUS KIIACTEPOB.

3. O3HaKOMHUTH C TEXHOJIOTHEW MOJYUYCHHUS] U MEXaHU3MaMH POCTa HAHOOOBEKTOB
U3 KJIACTEPOB.

4. TToka3aTb 0COOCHHOCTH CTPYKTYPBI U CBOMCTB HAHOOOBEKTOB U HAHOCHUCTEM Ha
OCHOBE MeTaJua.

5. O3HaKOMHUTH C TEXHOJIOTHEW MOJYYEHUS] MEXaHU3MaMHu pocTa, 0COOEHHOCTAMU
CTPOEHMSI METAITIMYECKUX HAHOOOBEKTOB U HAHOMATEPUAJIOB, MOJIYYEHHBIX U3
KJIACTEPOB, UMEIOUIMX JEKAIPUUYECKOE WIM HMKOCA3APUUECKOE PACIOJIOKECHUE
aTOMOB.

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

JIucuMIUIMHBL W TPAKTUKU, HA OCBOCHMHM KOTOPBIX Oa3upyeTcsi JaHHas
adciuiiiHa:  «MarepuanoBeieHUe M TEXHOJOTHMM  COBPEMEHHBIX M
MEPCHEKTUBHBIX  MaTepuasioB», «MeToapl W  TEXHOJOTHUM  MOJYy4YECHUs
HaHOMaTepuayioB», «@PU3MKa KOHJECHCUPOBAHHOIO  COCTOSIHUS», «Teopus
ne(hEeKTOB KPUCTALTUYECKON PEIISTKI.

JIMCUUIUTMHBL ¥ TIPAKTUKH, JJIsI KOTOPHIX OCBOCHHUE JTAHHOW JUCHUILIAHBI
HEO0OXO0AMMO KaK MPeAIIeCTBYIOIEE: HayYHO-UCCIIe0BaTeNbCcKas padoTa.



3. IlsianupyemMble pe3yJbTaThbl 00y4eHHUs

dopmMupyembie U

NHaukaTopbl 10CTHKEHUSE

KOHTPOJINpYyeMble KOMIIeTeHIIHH
Ilnanupyemblie pe3yabTaThbl
KOMIIeTEeHIIUH (K01 1 HANMEHOBAHUE) 0BV IeHIS
(kom m M

HAaMCHOBAHHE)
- crocobnocts | [1K-2.4 YcranaBiauBaeT | 3HAThH:
HCITIOJIB30BaTh Ha 3aKOHOMepHOCTI/I B3aNMOCBJI3HU CHOCO6BI HCIIOJIb30BAHUS HA TPAKTUKE
MIpaKTUKeE cocTaBsa MaTepuasos, ux COBPEMEHHBIX NpeCTaBICHHiT o
COBpPEMEHHBIE CTPYKTYpPBI u ¢$usuKo-

MPEACTABICHUS, O
BJIUSIHUA MHUKPO- U
HaHO-CTPYKTYpPBbI
Ha CBOMCTBaA
MaTepualioB,  HX
B3aMMO/ICHCTBUU C
OKpY>Karoleu
Ccpelior, TIOJNAMH,
ASHEPreTUYECKUMHU
YacTHIIAMHU u
uznyyenuem (I1K-
2)

MEXaHUYECKHUX CBOUCTB.

BJIMAHHUU MHUKPO- U HAHO-CTPYKTYPhI Ha

CBOMCTBA MaTepuaos, ux
B3aUMOJICUCTBUM  C  OKpYXarolen
cpeaoH, MOJsAMHM, 4YacTHULIAMU U
U3TY4EeHUSIMHI

YMerTs:

UCIIOJIb30BaTh Ha IPaKTHKE
COBPEMEHHBIE  IIPEJCTaBICHUS O

BJIUSIHUM MUKPO- U HAHO-CTPYKTYPHI Ha

CBOMCTBA MaTepHuaos, ux

B3aUMOJICUCTBUM  C  OKpYXarolen

cpenoil, MOJsAMHM, 4YacTUIlAMU |
V3JIyYEHUSIMU

Bnanets:

CITOCOOHOCTBIO HUCIIOIL30BaTh  Ha
HpaKTI/IKe COBpCMeHHHG

OpeaACTaBJICHUA O BJIUAHUHA MHUKPO-U

HaHO-CTPYKTYPBI Ha CBOMCTBA
MarepuajioB, HX BBaI/IMOIIGI\/'ICTBI/II/I C
OKpYy>Karolen cpenou,

YaCTULlaMU U U3JTYyYCHUAMU

TTOJISIMH,




4. CTpyKTYypa M coepkaHue TUCHUILTHUHbI

®opMbI TEKYLIETO

Moayab Bup yueonoit HanmeHoBaHMe TeM 3aHATHH HNHurepakrus, KOHTPOJIA
N Cemectp | O0bem, u.| Bbanasbi
(paznen) padoThI (yueoHOii padoThI) q, (HauMeHOBaHHUe
OLICHOYHOI'0 CPeACTBA)
1. Cunre3 u Jlex Metobl TOTyYeHUs U 1 2 VYcrHblii onpoc
knaccupukanus | J1ab KJIaccu(puKanus HAaHOKJIACTEPOB. 4 (cobecenoBanue),
HaHokJacTepoB U | I1p 4 - 2 KOMIUJIEKT 3a/1aHuH K
HaHOKIacTepHBIX |Cp 40 naboparopHoit pabore
CTPYKTYp Nel, pasHoypoBHEBBIE
3aJla4uM U 3aJaHus (Tema
Ne1-3), Bompocsr k
sk3ameny Nel-10
2. CBoiicTBa Jlex MounekyJIIpHBIE JINTaHHBIE KIACTEPhI 1 2 VYceTHBII onpoc
n3oaupoBaHHbIX |JIab B pacTBOpax. ['a30BbIe Oe3/IUTaHIHbIC 4 (cobecenoBanue),
HaHokiacTtepoB | IIp kiactepsl. KoyumongHeie Kiiactepbl 4 - 2 KOMIUIEKT 3aJaHUM K
Cp 60 naboparopHoii pabore
ITA 0,35 No2, pazHOYpOBHEBBIE
3aJjauy 1 3aJaHus (TeMa
Ned, 5), TecroBbie
3amanus Nel, Borpocsl k
sk3aMeny Nell-23
3. Knacrepuele | Jlex ®opMUpOBaHUE HAHOCTPYKTYD, 1 4 YceTHBIT onpoc
HaHocucteMbl 1 | JIab caMOOpraHu3aIks HAHOKJIACTEPOB. 8 (cobecenoBanue),
HaHOCTPYKTYpbl | IIp BuyTpuxnactepHas arToMHas 8 - 4 KOMILJIEKT 33/1aHuH K
Cp JUHaMHuKa. MexkiactepHas 112 naboparopHoii pabote
KonTpons nuHamuKa. CTpyKTypHBIE 35,65 Ne3, pasHoypoBHEBBIE
ocobennoctr HaHocucTeM. CBoiicTBa 3a/1auy ¥ 3aJIaHus (TeMa
HaHOKJIACTEPHBIX CUCTEM. Ne6, 7), TecToBbIE
3aganusa No2, BONPOCHI K
sk3ameny Ne24-50
Hroro:; 288



5. O0pa3oBare/ibHbIE TEXHOJIOTHH

B mHacTosmieM Kypce HCIONB3YIOTCA — CIEAyolue o0pa3oBaTeiabHbIC
TEXHOJIOTHH:

l.Texnomorust  TpagumuoOHHOTO  OOydeHHs  (J1abopaTtopHbie  PabOTHI,
NPAKTHUECKHUE 3aHATHS, CAMOCTOSITENIbHAsA paboTa).

2. UaTepakTUBHBIE TEXHOJIOTUU (JICKIIUU-O€CeIbl: MPE3EeHTAIMOHHBIA METO/).

3. TexHOMOTUM AUCTAHIMOHHOTO OOYUEHUSI.

6. MeToanuyeckne yKa3aHUus MO0 OCBOEHUIO TMCUUTIIMHBI

[IpakTHueckue 3aHATUS MPENCTaBIAIOT OO0 BUJ yueOHBIX 3aHATUH, B X0J€
KOTOPBIX CTYACHTBI, 3aKPEIUIIIOT HA MTPAKTUKE MOJYyYEHHBIE TEOPETUUECKUE 3HAHHUS.
Takoke npennongaraeTcsi MPOBEICHUE MPOBEPOYHOUN pabOThI B (hopMe TecTa.

JIabopaTOpHBII MPAKTUKYM 3aKIHOYAETCS B 3HAKOMCTBE C COBPEMEHHBIMU
METOJAMKAMU MOJEJIMPOBAHUS HAHOPA3MEPHBIX OOBEKTOB HEIMIMPUYECKHMH,
MOJIyAMIUPUYECKUMU METOIAMH U METOAAMH MOJIEKYJISIPHOU JTUHAMUKH.

[Ipu noarotoBke K 1a00PaTOPHBIM 3aHATUSAM CTYACHT JTOJKEH:

- U3YYUTh TEOPHUIO MO TEeME JIabOpaTOpHON pabOThl, MCHOJB3Ys KOHCIEKT
JEKUHNA W/ UM PEKOMEHAYEMYIO TEXHUUYECKYIO JIUTEPATYPY;

- 03HAaKOMUTBCS C METOAUKON BBIMOJIHEHUS paOOTHI;

- O03HAKOMHTHCSI C BOINpOCAMH IJisi popaboOTKH K JlabopaTopHOW paboTe u
OBITh TOTOBBIM OTBETUTh HAa HUX BO BpeMsl cOOECEelOBaHUS C MPEINoJaBaTeeM I10
UTOTaM BBIIIOJIHEHUS PaOOTBHI.

JunakTudeckue €AWHMIIBI, TMPEayCMOTpEeHHBbIE pabodeil mporpamMmoil Ha
CaMOCTOSITENIbHYIO TPOPaOOTKY, HOJDKHBI OBITh H3YYEHBl CTyJEHTaMHU B XOJ€
CaMOCTOATENbHON paboThl. CamocTosiTenbHasE padoTa MPOBOJUTCA B COOTBETCTBHUH C
YTBEP>KJIEHHOM pabouell MmporpaMMOM JUCUMILIMHBI C YY4E€TOM BPEMEHH,
MPEAYCMOTPEHHOTO Ha CaMOCTOSITENBHOE H3ydYeHHE. B Xozme caMocTosTenpHON
paboThl KaXIbl CTYAEHT O0O0S3aH MNPOYUTATh OCHOBHYIO U IO BO3MOXHOCTH
JOTIOJTHUTENBHYIO JIUTEPATYpPy MO M3Yy4aeMoOil Teme, JOMOIHUTh KOHCIEKThI JIEKIIHMA
HEJIOCTAIOIIMM MAaTE€pUaOM, BBITUCKAMHU W3 PEKOMEHJIOBAHHBIX MEPBOMCTOYHUKOB.
KoHcriekTupoBanue HauOoliee CIOXHBIE JJIsi TOHUMaHUS TeMbl HEO0OXOAUMO
COUeTaTh C TMOJYYEHHEM IHCbMEHHBIX, a MPU BO3MOXKHOCTH, W OYHBIX YCTHBIX
KOHCYJIBTALIMI MpernoaaBaTes.

IIpy DOArOTOBKE K 3aHATUSAM, TEKYLIEMY KOHTPOJK M IPOMEKYTOYHOM
aTTeCTalluu CTYJIEHThl MOTYT BOCIOJIB30BaThCS IMEKTpOHHOU OmbimoTexoit BY3a,
MOJIYYHUTh JOCTYI K y4eOHO-METOIUYECKUM MaTepuaiaM kak oubnmorekun BY3a, Tak
U UHBIX JJIEKTPOHHBIX OMOIMOTEYHBIX cHUCTeM. lIpu HEOOXOAMMOCTH CTYIEHTHI
MOTYT B3SITh JTUTEPATYypy Ha Kadenpe wiu Ha aDOHEMEHTE BY30BCKOW OMOIMOTEKH B
NeYaTHOM BHJI€, & TAKXKE BOCIIOJIb30BATHCS YUTAIbHBIMU 3aJIAMHU.



7. OueHOYHBIE CPeACTBa
7.1. ITaciopT OLIEHOYHBIX CPEACTB

Koa koHTpo/IMpyemMoii KOMIIETEeH U HaumeHoBanue
(WJIK ee 4acTH) OLIEHOYHOI'0 CPeACTBA
Yemmuwiii onpoc (cobecedosarue)
Komnnexm 3aoanuii k nabopamopHoti
pabome Nel-3
Pasnoypoenesvie 3a0auu u 3a0anus
Tecmoeguvie 3a0anuss Ne 1 — 20
Bonpocuwl k sxzameny Ne [ —50

Cemectp

1 I1K-2

7.2. TumoBble 3aJaHUS WJIM HHbICe MaTepHAJIbl, HEOOXOAUMBbIE JIA
TeKYIero KOHTPOJIs

7.2.1. KomnJjiekT 3aaHuii K JJabopaTopHoOii padoTe

Tema Nel: OnrumMuszanust CTpyKTYpbl KIACTEPOB METOAOM MOJIEKYJISIPHON MEXAHUKHU
Tema Ne2: [lonysMOMpUYECKHAN pacueT CTPYKTYPbI MOJIEKYJISIPHBIX KJIACTEPOB

Tema Ne3: Ilonmy>mMnupu4ecKuil pacueT XapaKTEPUCTUK MOJIEKYJISIPHBIX KJIacCTEPOB
Ieab: oOBiazeHWe HaBBIKAMU  MOJECIUPOBAHUA  KIACTEPHBIX  CTPYKTYp B
nporpaMMHOM oOecniedennn HyperChem, a Taxke NpoBeAEHHE ONTUMHU3ALUU
KJIACTEPOB M PACUYETOB HUX CTPYKTYPHBIX COCTaBJIAIOIIMX W XapaKTEPUCTUK
ITOJTYOMIIMPUYECKUM METOIOM

NuauBuayajbHble BADHAHTDI

- Terpasap menu Cuy;

- Oxrtasip meau Cug;

- Jexasnpuueckuit kimactep cepedpa Agy;

- Uxocarnpudeckuii kiacrep cepedpa Agis;

- Honexasapuueckuii kinactep cepedpa Agyo;

- CepeOpsiHbIi yCeUeHBIN IeKadIpudecKuid kiactep Ags;
- Oynnepen Cyp;

- @ymeped Cyy;

- Gynnepen C,8,;

- Meranmnokapoorenpen TigCq, (cummerpus Th).

Kpurepuu onenkmu:
OLIEHKA «3aYTEHO» BBICTABIISETCS CTYACHTY, €CIIH
[TonmHOCTBIO MPECTABIEHBI PE3YJIbTAThl PAOOTHI U 3aMIOJIHEH OJIaHK OTUYETa;
OKCnepUMEHTAIIbHBIE JAHHBIE COTJIACYIOTCSI C TEOPETUUECKUMH;
1o pabote copmMynupoBaHbl KOPPEKTHBIEC BBIBOIBI,
JlaHbI OJTHBIE OTBETHI HA BOIIPOCHI 11O 3aIIMTE;
[IpuBenens! perienus 3a1a4 (€Ciu UMEI0TCS B JaHHOU paboTe).

AR A



- OOCHKa «HC 3a4YTCHO» BbICTABJIACTCA IIPW HCBBIIIOJIHCHUA JI000T0 W3 TATH
KPUTCPUCB OLICHKHU.

7.2.2. KoMIJIEKT TUNIOBBIX Pa3HOYPOBHEBBIX 32/1a4 /ISl MPAKTHYECKUX 3aHSITHI

Tema Ne 1 «Kpumuueckue pazmepsbl MAivlx 4acmuyy
3aoauu:

1.

MeTomoM ucnapeHust U KOHJEHCAIMU B aTMOCc(hepe MHEPTHOTO ra3a MOTYYCHBI
cepuyueckrne HaHOYACTHUIIBI cepedpa, umeronue auamerp 15 um. Onpenenute
JIOJIFO TTOBEPXHOCTHOT'O CJIOSI OT O0IIEro 00bema, TOJIIMHY NOBEPXHOCTHOIO
CJIOSI PUHSATH PAaBHOM YeThIpeM aTOMHBIM MoOHOCHOAM (T = 0.4 uM). Ouenure
MOTPEIIHOCTh BBIUUCICHUS TIPU UCIIOJIb30BAHUM TIPUOJIMIKEHHOTO BhIPAXKEHUS.
Onpenenute npeaeabHbI pa3Mep, MPU KOTOPOM Majlble YacTHIbI 30J10Ta (&f
5.51 »B) Bce eliie MPOSBIISIIOT METANIMYECKUE CBOWCTBA.

['maporenusanus striieHa npu temmneparype 520 K u naBnennun Bogopoaa 1
aTM C MCIOJh30BAaHWEM B KaueCTBE KaTajau3aTopa IatuHel (e = 7.6 3B, d =
0.4 um) ocaxxaennoi Ha SiO, wnmn Al,O3 uaeT 0co0OEHHO MHTEHCHBHO, KOTAa
pacCTOSTHUE MEXKIY PHEPreTUYECKUMHU YPOBHSIMHU CTaHOBUTCA OoJblie 2 25.
OueHnTe pazMep 4acTUIl IIJIATUHBI.

B peakuum rugpupoBaHus O€H30Jla C UCIOJIb30BAaHMEM B KadyecTBE
KaTanu3aropa MOJTYYEHHBIX pa3oKEHNEM METAJTIOOPTaHUYECKUX
KOMILJICKCOB HAHOYACTHII HUKEJS Ha Totokke SiO; ¢ yMEHbIIICHHEM pa3Mepa
METaJUTMYECKUX YaCTHUI] HAOJII0AaeTCsl YBEIMUYEHUE YIETbHON KaTaTuTHIECKOM
aKTUBHOCTH, T.€. aKTUBHOCTH, OTHECEHHON K OJIHOM MOBEPXHOCTHOMY aTOMY
metaina. [Ipu temneparype 373 K u gaBnenus 6ensonia C¢Hg u Bogopona H;
coorBeTcTBeHHO 6700 m 46700 Ila pe3kuil poCcT yaenbHONW KaTalUTHYECKOU
AKTUBHOCTH HAHOYACTHI[ HUKEJS B 3-4 pa3a MPOUCXOIUT, KOTJIa OTHOIICHHE
YHUCIia TOBEPXHOCTHBIX aTOMOB K 00IIIEMY YHCITy aTOMOB OJu3K0 K 1. Ouenure
pa3Mephl TAKUX HAHOYACTHUI HUKEJIS.

Metonom razodaszHoro cuHTE3a TOJY4YeH MEAHBIA HAHOKPUCTAJUTMYECKUI
MOPOILIOK, MPUYEM CPEAHUN TEOMETPUUECKHUWA JuaMeTp dYacTull 35 HM.
Pacripenenenne wactuil 1o pa3MepaMm  SIBIETCS  JIOTapU(MHUECKH
HOpMaJbHBIM C gucnepcueit  1.5. Omnpenenure 1) HOPMHUPOBOYHBINMA
kodhdummeHT pacnpeaenenus; 2) HauOoyiee BEPOSTHBIN pa3mep 4dactu: 3)
cpeaHui pa3mep yacTuil; 4) CpeIHEKBAIPATUYHBINA pa3Mep YacTull; S5) AOII0
gactury pasmepoB 20-40 HM; 6) mocrpoiite TpaduKk pacupenereHus B
koopaunHarax d u Ind.

Tema Ne 2 « Temnepamypa niagneHust Mauiblx 4acmuyy
3aoauu:

1.

PaccuuTaiiTe  o0lmee YMCIO aTOMOB  HMKOCadJAPHUYECKOr0  KIlacTepa,
coneprkariero N aTOMHBIX ClIoeB. PacueTsl mpuBeanTe AJIs IEPBBIX S5 CIIOEB.



2. TloctpoiiTe KpUBYIO M3MEHEHUS TEMIIEpaTyphl IJIaBJICHUS OJIOBa OT pa3Mmepa

p. =7.1810° %L 5 =698.10° L 5 =0.581
M

JUTSL CTEAYIOMHUX TapaMeTpOB: , M M
o, =00622 Q585K X T _50s
M Kl 0=3.2 HM, | met = K.

3. Iloctpoiite rpadukm 3aBHCHMOCTH TEMIIEpaTyp IUIABJIICHUS HAHOYACTHI]
AJIIOMMHUA, MCEIAHU, HHUKCIIA W THTaHa OT HX O6paTHOFO paanyca. Ilo
KOO PUIMEHTY o ompeaenuTe s KaXJAoro Merauia, Kakas (GopMmyna i
ATOro Hamoboliee IMpucMiicMa. Bce H€06XO,ZIHMBIG mapaMCTpbl IPUBCIACHLI B

Tabnwuie.
Toer, |Q, Gs, <10°, o, r10°, |0 10™,
Merazun K ' gm-MonL'l ,[[)K-M*Z IF\)/IOJIB'M% I[;K'M*Z 11310JII)-M*3 M
Al 934 (10700 1.032 0.926 0.865 0.894 443
Cu 1358 |13050 1.592 1.320 1.310 1.250 4.07
Ni 1728 (17470 2.104 1.400 1.750 1.350 3.82
Ti 1943 114150 1.797 0.910 1.500 0.868 5.80

4. Pazmoxure B s Teitnopa XUMHUYECKUHN MNOTEHIIUAI BHUJIA

y(p+Ap+2—G,T +AT)
r orpaHu4uBIINCh, TiepBbIMU (1, 2 u 3) MambiMu
cJIaraeMbIMHU.

Tema Ne 3 «llapamemp peuwiemku Maiblx 4acmuyy
3aoauqu:
1. Tlonaras, 4To yYMEHBIICHHE MApPaMETPOB PEIICTKM HAHOYACTHI[ cepedpa u
30JI0Ta SIBJIACTCS CIICJACTBHEM HW30BITOYHOTO JaBicHHs Jlamiaca ompeaenure

=10

3aBHCUMOCTb :

2. Ompenenuth,  UCHONB3YysS  ypaBHeHHMe  TomcoHa-I'nbGb6ca,  maBieHue
HACBIIIIEHHOTO Mapa HaJl )KUJKOU KaryieH (3010Ta u cepedpa) uMeronieit paanyc
r.

3. OTKJIOHEHHE mMapaMeTpa pelETKH HAHOKPUCTAILUIMYECKOrO  alFOMHUHUSA,
ornpenensieTcss M30BITOYHBIM O0BEMOM TpPAHUI[ 3€pPEH, CPEAHEW UIMPUHOM
TpaHUIl 3€peH U CpeaHuM auaMmerpoM 3epeH. [locTpoiite 3aBHCHUMOCTH

LERTO)
&

4. OtieHUTE TOJUIMHY TOHKOTO CJOS BOJIM3U T'PAHMIIBI 3€pHA, B KOTOPOM MOKET
Ha0JII0IaThCS PaCIIMPEHUE KPUCTAIUIMYECKOM PEIIETKH.

Tema Ne 4 « Ypasnenue lllpéouneepay
3aoayu:




no

Paccmotpute CcBOOOAHOE OJHOMEpPHOE [BIKEHHE YACTUIBI, T.€. YacTUIA
HAXOJIUTCS B MOJI€ C TOCTOSIHHBIM MOTEHIIMAJIOM U €€ MOTeHI[MaIbHAs SHEPTUS
paBHA HYJIIO.

PaccMmoTpuTe BHKEHHE YACTHUIIBI B siME C OECKOHEUYHO BHICOKUMU CTEHKAMH.
PaccMmoTpuTe ogHOMEpHOE ABUKEHHE YACTHUIIBI IO OCU X TOJ BO3JIEUCTBUEM

YOPYTOM BO3BPAILAKOLIEN CUJIBI F= —kX, rne K — cumoBast mocrostHHas. Takast
CUCTEMA Ha3bIBACTCS JUHEHHBIM FraPMOHUYECKUM OCLIHIIISITOPOM.
Onpenenure YpOBHM DJHEPrUM JUIA 4YacTHUIBl, ABWXKYIIEHCA B IIOJIE C

_ —2ax __ —ax
MMOTEHIUAJIBHON SHEPTUEH U(x) = Ale 2e ).
OnpenenuTe ypOBHU DSHEPIUM JJIsi YaCTUIbI, ABWKYIIEWCA B TIOJE C

U
— 0
. . U (X) - h2
TOTCHIIHAILHOMN dHEprueit chax,

Tema Ne 5 «Pacuem monexyn»
3aoauu:

1.

Onpenenure, Kakod U3 MOJYAIMIHUPUUYECKUX METOJAOB HauOojee TOYHO
OLICHUBACT MJIs1 YKa3aHHBIX MOJIEKYJ MoTeHiuan uoHuzauuu (l), sHepruto
CpoJicTBa K 2JIEKTpOoHY (A), paBHOBECHOE MeXaToMHOE paccTosiHue (I) u
sHepruto auccoruanuu (Dg). Pesynbrarel opopmute B Buae Tabmnui. 3amady
pEeLIUTh JJIsl CIEAYIOIIMX BapHUaHTOB JABYXaTOMHBIX Mojiekynd: a) Hy; 0) Liy; B)
Cy; 1) Ny, 1) Oy; €) Fy; %) Py; 3) Sy; m) Cl.

MoneKyna H2 L|2 C2 N2 02 F2 P2 Sg C|2
l,>B 152 |51 124 156 |121 |15.7 |11.1 |94 11.5
A, »B - 045 |3.27 |- 0.45 |3.08 (059 |1.67 |2.38
re, A 0.74 |2.67 |124 |110 (121 |1.41 |1.89 |1.89 |1.99
Do, 103 |24 143 | 225 |118 |37 116 |101 |57
KKaJI/MOJIb

2. Ucnonws3ys teopemy Kymnmanca, paccuuraiite meronom AMI1 moTeHIMambl

nonm3arnmu (l) nmByxaromMHbIX MoJieKysn. CpaBHUTE TOJNyYEHHBIC 3HAYCHUS C
OKCIICPUMCHTAIBHBIMA JTAHHBIMH M C pe3yJIbTaTaMHd  HEIMITUPHUSCKUX
pacuetoB B Oazuce 6-31G.

MOHeKy.TIa C2 N2 Og F2 A|2 S|2 Pg Sg Clz

I, >B

124 156 |121 |15.7 |6.21 |8.0 111 |94 11.5

3.

B kakom ¢ymnepene (4, 6, 8, 20, 60, 80) nonyropHas cBs3p C-C Haubonee
npoyHast? Pacuer sHepruu BBINONHATH 0€3 ONTUMM3AIMH TE€OMETPUH,
ucnonp3yda nomysmnupuueckuid merona CNDO. JlanHple 10 MOJEKyjIaM
dynnepeHa npounTaTh U3 UMErmMuxcs danaos *.hin.

Onpenenure BENMYMHY JHIOJIBHOTO MOMEHTa MOJIEKYJ, CpPaBHUTE IO
JYyYEHHbIE 3HAYEHUs C SKCHEPUMEHTAIbHBIMU JaHHbIMH. Kak u mnouemy
W3MEHSIETCSl CBEPXY BHH3 IO IPYIIE TOYHOCTh PACUYETOB?

| Monekyna INH; | PH; |AsH;  |H,0 | H,S |H,Se |




[, D 148 089 [018 [1.87 [117 |024 |
5. PaccumraiiTe 4YacTOTy BQJCHTHBIX KOJeOaHWN B YacTUIAX, CpPaBHUTE
MOJTy4YeHHBIC 3HAYCHUS C JAHHBIMHU OJKCIIEPUMEHTa. B KakoW 4YacTHIE CBS3b
Haubosee mpovyHas?
YacTuia 0, |0, |0, [0, |NO" [NO |NO [NO*
V, CM 1865 |1580 |1097 | 766 2273 |1880 | 1365 | 886
Yactuna HF HCI HBr HI F> C|2 Br, I,
V, CM 4139 [2991 |2649 |2310 |892 546 319 215
6. Paccunraiite mmpuHy sHepretHdeckod menu (Egp) B MOIMIMKIMYECKHX

KOHJICHCUPOBAHHBIX aPOMATHYECKUX MOJIEKYJIaX, KOTOPHIE UMEIOT CIIEAYFOIIHIA
COCTaB: CGHG, C18H12, C24H12, C42H18, C54H18, C84H24, C96H24. Pacuer OHCPIrun
BBITIOJTHANWTE 0€3 ONTUMHU3AIMU TEOMETpUH, ucnoib3ys wmeton CNDO
(mouemy?). /laHHbIE 110 MOJIEKYJIaM CUUTaTe U3 uMeromuxcs ¢dainos *.hin.

Tema Ne 6 «Bosmywenue ne 3asucawjue om epemeHiy
3aoauu:

1.

2.

(2)
OnpenenuTe TMOMPAaBKY BTOPOTO MNpHOMMKeHHs ¥n K COOCTBEHHBIM

GyHKIUAM.
Omnpenenure MONpaBKy TPETHEro MPUOIMKEHUS K COOCTBEHHBIM 3HAYEHUSIM
DHEPIHUU.

OrnpenenuTe YpOBHU DHEPTHMU aHTAPMOHUYECKOTO JIMHEHHOIO OCHMILISATOpPA C
A2 2,2

H=P DX o+ gy
raMUJIETOHHAHOM 2m 2 :
Cdepuueckass mnoOTeHIMAIbHAS siMa C OECKOHEYHO BBICOKMMH CTEHKAMH
nojaBepraercs Manod nedopmaruu  (6e3 M3MEHEHHs 00beMa), MPUHUMAS
dbopMy crnabo BBITSHYTOIO WM CIUIFOCHYTOTO OJJUTMIICOMAA BpAIICHHUS C
noayocsimMu a = b u ¢. HaiiTu paciueruienue ypoBHEH SHEPTUU YaCTHIIBI B SIME

pu Takou nedopmaruu.

Tema Ne 7 «Cekynsipnoe ypasuenue. Bozmywenue, 3asucsujee om epemeHu

3aoauu:

1. Onpenenvre MOMPABKU MEPBOT0 MPHUOIMKEHUS K COOCTBEHHOMY 3HAUCHUIO U
npaBWIbHbIE  (YHKIIMK  HYJEBOrO  MNPUOJIMXKEHUS Uil JBYKPATHO
BBIPOXKJICHHOTO YPOBHSI.

2. BreiBenute dopmyiy s MOMPaBOK MEPBOro MPUOIMKEHUS K COOCTBEHHBIM
GyHKIUSAM.

3. BeBeaute GopmMyiy Juisi TOPABOK BTOPOTO MPHUOIMIKEHUS ISl COOCTBEHHBIX
3HAYECHUM.

4. B HavalbHBI MOMEHT BpeMeHH t = () cucTeMa HaXOJUTCS B COCTOSIHUU vi

OTHOCALIEMCS K JIBYKPAaTHO  BBIPOXKIEHHOMY  ypoBHI0. Omnpeznenure
BEPOATHOCTh TOTO, YTO B JAJbHEWUIINII MOMEHT BpeMmeHu t cuctema Oyner
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(0)
HaxXoauThbCAa B APYIroM COCTOSHHUUN V2 TOM JKC SHCPIUU; Mepcxo MpoOnuCXoJuT

MOJ1 BIMSIHUEM MOCTOSTHHOTO BO3MYIIICHHUSI.
5. Ompenenute u3MeHeHue N-ro U M-ro pemeHuid ypaBuenus [lpeaunrepa npu

7 _ a-iot 2 Lot o
HaJIMYUHU IICPUOANICCKOI'0O BOSMYIICHUA B 1A V =Fe +Ge , € 4aCTOTOHU w

0) _ g0 _ A A
TaKOHu, 4YTO Em E" —h(a)+g)’ rac € — Majas BeJIMYHUHA. F u G

OIIepaToOpbl, HE 3aBUCSIINE OT BPEMEHHU.
Kpurtepum ouenku:

- OLICHKA «3a4TEHO» CTABUTCS 3a IOJIHOE MJIM YAaCTUYHO IMOJHOE PELIEHHUE 3a/layH,
JOMYCKAOTCS HEOOJIbIINE MOTPEMIHOCTH B U3JI0KEHUU U BIYUCICHUSX.

- OIICHKA «HE 3a4YT€HO» CTaBUTCS CTYACHTY, HE BBINOJHHUBIIEMY TpPEOOBaHUA K
OLICHKE «3aYTEHO»

7.2.3. KoMIJ1eKT TeCTOBBIX 3aJaHui

O6HIEUI JOJIA HOBCpXHOCTeﬁ pa3aciia B HaHOMATCpHuajlax COCTABILACT!
3

v, =14 E25
L
L-sT
Vn.p.=1—_T_ :
3s
n.p ~T’
L-sT
Vn'p.:]-__T:| ’
_ 1
L-—s |2
Vn.p.=1+ E } .

@puieneBCcKUe OCUUIUISIIUMY IEPEJAIOTCS PELIETKE YePe3:
3JIEKTPOH-(DOHOHHOE B3aMMO/IEUCTBUE;
(OTOH-31EKTPOHHOE B3aMO/IEHCTBHUE;
ANEKTPOH-()OTOHHOE B3aUMOJICHCTBHE;
AIIEKTPOH-3JIEKTPOHHOE B3aMMOJIEHCTBHE;
($hoHOH-(OTOHHOE B3aMMO/ICHCTBHE.

Pazmepusiii 3¢ pexT napameTpa pemeTku HaHOYACTHUIIBI CBSI3aH C:
OIM1OKaMU METOJIUKU U3MEPEHUS;

azicopOIuen npumecei;

TEMIIEpaTypOH IUIABJICHUS,;

CTPYKTYpPHBIMH MPEBPAIICHUSMU,

CTPYKTYPOH JTHUCIOKAIUAMN.

Oco0eHHOCTH MarHUTHBIX CBOMCTB HAHOYACTHUI] CBS3AHBI C:
U3MEHEHHEM BuAa (POHOHHOTO CIEKTPA;

JIMCKPETHOCTBIO 3IEKTPOHHBIX COCTOSTHUM;
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WU3MEHEHHEM TpaHuIl (OHOHHOTO CIICKTPA;

JUCKPETHOCTBIO (DOHOHHBIX COCTOSTHHIA,

BCE TIEPEUYHCIICHHOE.

JIIs TByMEpHOW CHCTEMBI THIIa MallbIX OCTPOBKOB Ha IIOJJIOKKE ypaBHEHHE
Tomcona-I'n66ca umeet BUI:

V20
p(r)=p.e™ " ;
17

p(r)=pe™ " ;
p(r) =127

V, =V, T
OcHOBHAsi  TpPUYMHA  HU3MEHEHUS  TEPMOJMHAMUYECKUX  XapaKTEPUCTHUK
HAHOKPHUCTAJJIOB 110 CPABHEHUIO C MACCUBHBIMH MaTepHallaMu:
00JIBILIOE YUCIIO TOBEPXHOCTHBIX ATOMOB;
U3MEHEHHUE BUuAa (POHOHHOTO CIEKTPa;
JUCKPETHOCTH 3JIEKTPOHHBIX COCTOSTHUI;
U3MEHEHHUE TpaHul] POHOHHOTO CIEKTPA;
BCE TIEPEUYHCIICHHOE.
B HaHomarepmamax N0 XMMHYECKOMY COCTaBy M pachpenesieHuro ¢a3 MOKHO
BBIICTIUTH CTPYKTYPHI THIIA:
KOJUTOUTHBIE;
MaTpUYHbIE MHOTO(ha3HbBIE;
CTaTUCTUYECKUE MHOTO(A3HBIEC C HEUIECHTUYHBIMH MTOBEPXHOCTSIMH Pa3/Iena;
onHo(da3HbIE;
CTaTUCTUYECKUE MHOTO(a3HbIE C UIEHTUUHBIMH MIOBEPXHOCTSIMH pa3/iena.
Pazmepubiii 2 (dekT TeMnepaTypbl MIABICHUS MAJbIX YaCTHI] IPU YMEHBIICHUHA UX
pa3Mmepa B 00111eM BUI€ OIUCHIBAETCS BHIPAKEHUEM:

Tm(r) :Tm [1_%}1

r

Tm(r):Tm£1+gj;

r

T, (N ="z,
r
Tm(r)sz(1+%);
1T,

Tm(r) :EF



©

OpuaeneBCKUE OCUWUISALUU IUIOTHOCTA BBIPOKJICHHOTO AJIEKTPOHHOIO rasa
BBI3BIBAOTCSL:

N30BITOYHBIM 00BEMOM;

TO0BIMH 1epeKTaMu, HapYHIAIOIUMU TPAHCIISIITUOHHYI0 CHMMETPUIO KPUCTAILNIA;
SKCUTOHAMMU;

HEpPABHABECHBIMU BAKAHCUSIMU;

nasiienreM Jlamaca.

10.Xapaxkrepnsblit pazmep netiu Opanka-Puna:

B Gb? .

P J

T,

0o _Gb;

QP —
27,

Trn

| G% _

L e = )
7,

_cb
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0 O O B B O
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11.Pa3mep CTPYKTYpPHBIX COCTaBJISIFOIIMX HAHOMATEPHAJIOB OMPEICISIOT AJIEKTPOHHO-
MUKPOCKOTTUYECKUMHU METOJaMHU C MOMOIIBIO:
CBETJIONOJIbHBIX U300PAKEHU;
TEMHOTIOJIbHBIX H300paKeHUH;
PEHTI€HO-CIEKTPATILHOTO MUKPOAHAIN3A,
JUIIaTOMETPA;
M300paKEHUN MPSMOTO Pa3peIICHHUS.
12.JlaBnenue Jlamnaca onpenensercs GopMyJIoi:
270
op=—,;
r
2
20
op=—;
r
20
op= —r ;
Ao
0 p=—;
r3
20
r2
13.lonst coOCTBEHHO MEK3EPEHHBIX IPaHUIl pa3jiesia B HaHOMaTepHraiaX COCTaBIISICT:
1

0 VM,2,=1+[L_ST;

L3

N I B B

op=
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14.Dueprusi, oka3blBarolas pazynopsounBaroilee JeiCTBUE HA MATHUTHBIE MOMEHTBI

W
U

(dbeppoMarHuTHON YacTUILIbI, paBHA!

2
Ag, = MV ;
2
hZ
Asy~ ——;
2m.5,
A 2
AgO — _p :
2m,
Ag, = hAw,,
Ag,=hv.

15.11pu norsoueHnn cBeTa TOHKO3EPHUCTHIMU MIIEHKaMU METaJJIOB:

N I B B

MPOUCXOJIUT MOJHOE MOTJIOIIEHHUE;
MPOUCXOJIUT CUIIbHBIN HAarpeB IJICHOK;

BHUJIMMasi YaCTh CIIEKTPa MOJHOCTHIO MOTJIONIAETCS;

nH(ppakpacHas 4acTh CIIEKTPa MOJHOCTHIO MOTIIOMIACTCS;

B BUJIUMOM YacCTU CIEKTpa MOSBISIOTCS MHUKUA TOTJOIICHUS, OTCYTCTBYIOIIUE Y
MAaCCHUBHBIX METAJJIOB.

16.B nanomMarepuanax mo ¢gopmMe MOKHO BBIJICIIUTh CTPYKTYPhI THIIA!

N O B B

onHodazHas;

IJIacTUHYATAS,

MaTpU4Hasi MHOroga3zHas;
cTojiouaras;

coJieprKaliasi pPaBHOOCHBIC BKITFOUCHHUS.

17.Tlpu kakux pazMepax TUIMUYHBIA (eppOMArHETHK MEPEHACT B CyleprnapaMarHuTHOE

N O B B O

COCTOSIHHEC:
0K0JIO0 1 MKM;
MeHee 1-10 HM;
oonee 100 uMm;
okousio 100 HMm;
oonee 1-10 HMm.

18.1lpu MoOAenMpoOBaHWU CTPYKTYpbl MaJOATOMHBIX KJIacTepOB  HEOOXOIUMO

YUUTHIBAThL!:



KJIACTEPHI TOJDKHBI UIMETh H30BITOYHYIO SHEPTHIO;

KJIACTEPHI JJOJKHBI ObITh SHEPTETUUYECKU YCTONUUBHI;

KJIACTEPBI JOJKHBI UMETH IUIOTHYIO YIIAKOBKY;

KJIACTEPbl JIOJDKHBI OBITh TOCTPOEHBI W3 MPOCTEHUIINX CTAOUJIBHBIX ATOMHBIX
KOH(UTypaIIHii;

] KJacTepsl NOJKHBI COCTOSATh U3 YETHOTO YUCIIa aTOMOB.

19.1lpu  kakoil  TemmepaType  TUNUYHBIA  (QeppoOMarHeTUK  TeperseTr B
cynepnapaMarHuTHOE COCTOSIHUE:

0 B I O

T, =1273°C;
[ Tb:—KV ;
Kln
o
oKV
2m,
1 T,=1000K;
S
k
20.TermmoeMKOCTh MaJIOH YaCTHITBI OIpeaessseTcs (GopMyIToi:
1 C, =3R;
“ 0g(w,T)
1 C = | —9(w)dow;
y I ——9()
7 C = | g(e)do;
39D/T 4 X
0c =R | [ 2 ax;
O, ) 5 (e"-1)
1
O =—R.
& 3

7.2.4 YcTHBII onipoc (cobecegoBaHue)

[IpennoXkeHHBIE TEMBI:

YraepoaHble HAHOKJIACTEPHI;

QyinepeHsl;

QyInepuTsl;

YrnepoaHbie HAHOTPYOKU;

['paden;

TBepaOTENBHBIE HAHOKIIACTEPHI U HAHOCTPYKTYPHI;
HanocTtpykrypsl;

ToHKHE NIEHKY;

Merannuyeckre HaHOKIIACTEPHI,

0. 3aBucumocTb (PU3MYECKUX CBOICTB HAHOMATEpUAJIOB OT pPa3MEpOB
CTPYKTYPHBIX 3JIEMEHTOB,;

RBOoo~NoOaR~LONE



11. Tennodwusuyeckue CBOMCTBA u 3JIEKTPOCONPOTHUBIICHHE
HaHOMAaTEepUaIoOB

12. MexaHuveckue CBOMCTBa HAHOMATEPHUAJIOB,;

13. TloBepxHOCTHBIC SBJIGHMS W Karaiu3 (peakIMOHHAas CIOCOOHOCTBH)
KJIACTEPOB;

14. TepmoauHaMHUYECKHE CBOMCTBA KIACTEPOB;

15. MarauTHbie CBOMCTBA METAJUTMYECKUX KJIACTEPOB,;

16. Onrtuueckue CBOMCTBA METANIMYECKUX KIIACTEPOB;

17. buonoruuyeckue CBOKWCTBAa HAHOYACTHII;

18. Tepmuueckas yCTOMYUBOCTh HAHOKJIACTEPOB,;

19. Hanowactuupl, cojaep)kamuecss B JIMTHH-HOHHBIX aKKyMYJSTOpPax:

IMOJIY4YCHHEC, OCHOBHBLIC CBOﬁCTBa, XapaKTCPUCTUKH, METOJBI UCCIICTOBAHUSI,

20.

7.3. OueHo4YHbIE CpeacTBa JJISA MPOMEKYTOYHON AaTTEeCTAIMU 1O UTOram

JIFOMHUHECIIEHTHBIE CBOMCTBA KJIACTEPOB.

OCBOCHUA NUCHHUIIJINHBI

7.3.1. Bonpochl K MPOMEKYTOYHOM ATTECTANNH

Cemectp 1
Ne ni/m Bonpocsl Kk 3xk3amMeny

1. ITonsTHE KITacTepOB.

2. Knaccugukaius no npupojie K1acTepoB U HAHOOOHEKTOB.

3. OcoOeHHOCTH CBOMCTB M MOBEJICHHSI H30JIMPOBAHHBIX KJIACTEPOB U HAHOCUCTEM

4. Mertannuueckue K1acTepbl, UX CTPOCHUE, CBOMCTBA U CTPYKTYpa.

5. Kpucranmndeckas pererka 1 MarnaecKue 9ucia.

6. ['eomeTpurueckas CTpyKTypa U pazMepHble 3 (HEKTHI.

7. Cy1mecTByromye MoJeNu KjIacTepoB, UX HEJOCTATKH U PEUMYIIeCTBa

8. OU3NKO-XMMUYECKHE CBOWCTBA KPUCTAIIIOB.

9. TepMoauHaMu4yeckuid aHajaM3 TOBEPXHOCTH KjacTepa M HAHOOOBEKTOB, HX
B3aWMOCBSI3b, CTPYKTYpa U MOP(OIOTHS MOBEPXHOCTH HAHOOOHEKTOB.

10. [Tpoueccsl caMoopranu3anyy B KilacTepe U HAaHOOOBEKTE, MEXaHU3M (OPMHUPOBAHUS
U3 HUX HAHOCHCTEM

11. JedexTsl cTpyKTyphl U (pa30Bble MpeBpalleHUs] B HAHOOOBEKTaxX

12. BnusiHue Ha npoliecc caMoOpraHu3aluy TeMIEPaTyPHbBIX U CUIIOBBIX MOJIeH

13. OcobenHocT 00pa3oBaHus, POCTA MEHTArOHAIBHBIX HAHOOOHEKTOB

14. MexaHu3mbl  QOPMHUpPOBAHUS W3 TEHTArOHAJNBHBIX KIJIACTEPOB HAHOOOBEKTOB U
KPHUCTaJIOB

15. CrtpoeHne NeHTaroHaJIbHbIX HAHOOOBEKTOB

16. Ob6nacTu npuMeHeHHs: HAHOOOBEKTOB M HAHOCUCTEM

17. Mexanu3Mbl (GOpMUPOBAHUS U3 HAHOOOBEKTOB TOTOBBIX MUKPOM3IEIHIA

18. MeToap!l uccieI0BaHMsl KJIAaCTEPOB U HAHOOOBEKTOB

19. Meton 3MEKTPOOCAXKAECHUUS KaK OJUH M3 HECKOJIBKMX METOIOB IOJy4EHHs

HAHOOOBEKTOB M HAHOCUCTEM




20.

HanoxoranusaTopsl.

21. OMIIUPUYECKHE METO/Ibl MOJEINPOBAHNS HAHOOOBEKTOB.

22. [Honyamnupuyeckue METOAbI MOJIETMPOBAHUS HAHOOOBEKTOB.

23. Hesmnupuyeckue MeToabl MOJICTMPOBAHUS HAHOOOBEKTOB.

24, [Tpubmmxenne bopua-Onmenreiimepa.

25. Meron Xaptpu-®doxka.

26. ATOMHBIE OpOUTANH.

27. Teopus GpyHKIIMOHAIA TITIOTHOCTH.

28. Teopus Bo3MyIIEHHUS.

29. Merto BaJIEHTHBIX CXEM.

30. MeTo1 MOJIEKYJISIPHBIX OpOHUTAIICH.

31. [TonsiTHEe HAHOOOBEKTOB.

32. [TonsiTie HaHOYACTHII.

33. [ToHsITHE HAHOKPUCTAILIIOB.

34. Knaccudukanus no crocodam rnoxy4eHus KJIacTepoB U HAHOOOBEKTOB.

35. [Iporeccrl camoopranu3aiiu 1 caMoCcOOpPKH B KJIacTepax U HAHOOObEKTaX.

36. [Tonarue HaHOMaTepUaIoB.

37. [ToHsITHE HAHOCHCTEM.

38. Knaccudukanus no reoMeTpuuecKuM Mpu3HaKaM KJIaCcTepOB U HAHOOOHEKTOB.

39. [MousTHE HAHOU3AEIIUH.

40. Oco0OeHHOCTH pocTa TPH KPHUCTAUIM3AMMH W3 KJIACTEPOB HAHOOOBEKTOB U
HAHOCHCTEM, POJIb TEXHOJIOTUIECKHX (PaKTOPOB.

41. DOHepreTuyeckuil aHaiau3 MOBEPXHOCTH KJacTepa U HaHOOOBEKTOB, MX B3aUMOCBS3b,
CTPYKTYpa U MOP(OJIOTHSI HOBEPXHOCTH HAHOOOBEKTOB.

42. MexaHu3Mbl 00pazoBaHMs KJIAaCcTEPOB U (OPMUPOBAHUST HAHOOOBEKTOB U HAHOCHCTEM.

43. [TenTaroHanbHbIE HAHOOOBEKTHI.

44, [Momysmmrpruvecknii pacyeT XapaKTePUCTUK MOJIEKYIISIPHBIX KIIACTEPOB.

45. Cy1iecTByloIme MOICNU KJIaCTEPOB, UX KIIaCCHU(pUKAIIHS.

46. KnactepHbie Moznenu.

47. XapakTepUCTUKH N30JIMPOBAHHBIX KIACTEPOB U HAHOCHCTEM.

48. Merton razoazHoro cuHTesa.

49. VYpasuenue Tomcona-I'u66ca.

50. Teopema Kymmanca.




7.3.2. Kputepuu 1 HOPpMbI OLIEHKHU

®opma
NpOBe/IeHUs!
Cemectp . Kputepuu u HOpMBI OLEHKHU
MPOMEKYTOYHOI
aTrecTaluu
1 DK3aMeH (YCTHO) VYcBoeHuUe MOMyYeHHBIX 3HAHUI

«OTJIMYHO»

IIOJTHOE, B CUCTEME, B
COOTBETCTBHUH C TPEOOBAHUSAMHU
y4eOHOH MPOrpaMMBI;
A0IYCKAKOTCA CAUHUYHBIC
HECYIIECTBCHHBIE OMINOKH,
CaMOCTOATCIIBHO UCIIPABIIACMBIC
CTyJICHTaMH

«Xopouro»

Y cBOEHHE MTOYYEHHBIX 3HAHUI
IIOJIHOE, B CUCTEME, B
COOTBETCTBUU C TPeOOBaHUSAMU
y4eOHOI1 TporpamMmmsl;
JOITyCKAIOTCS OTAEIbHBIE
HECYILECTBEHHbIE OINOKH,
HCITPABJIICMBIC CTYACHTAMU
1ocJIe yKa3aHMsl [IperoiaBaTenis
Ha HUX

«YZOBJIETBOPUTEIILHO»

Y cBOeHUE MMOJTy4YeHHbBIX 3HAHUH
HEIOJIHOE, OJTHAKO 3TO HE
IPENATCTBYET YCBOCHUIO
MOCJIEAYIOLIEr0 IPOrPaMMHOTO
MaTepuana; JOIMyCKarTCs
OTJIENIbHbIE CYIIIECTBEHHbIE
OLIMOKH, UCTIPaBJIEHHBIE C
MTOMOIUIBIO IPETIOAABATENS

«HCYOOBJICTBOPUTCIIBHO»

YcBoeHnne yueOHOro MaTepuana
HEIOJIHOEe, 0eCCUCTEMHOE, UTO
MPENSITCTBYET YCBOCHHIO
rocienyruen yaeoHom
uH(pOpMaIUU; CYIIIECTBEHHbBIE
OH_II/I6KI/I, HCHUCIIPABIACMBIC TAXKE
C TIOMOIIIBIO MPEMNO/IaBaATENSI




8. YueOHO-MeTOAMYecKOe U HHPOPMAITMOHHOE 0OecTieyeHre JUCHUIINHbI

8.1. Obs3aTebHAs JIMTEPaTypa

Tun (yueOHUK,

y4eOHoe KoJsmn4yecTBo B
nocooue, HAYYHOI
Ne
u/n ABTOpPBI, COCTABUTEH 3arsaaBue (3aroJioBoK) yueOHo- T'ox m3panus ounoanorexe /
MeTOANYeCKoe HaunmeHnoBanue
nocooue, 9BC
NPAKTHKYM, Ap.)
Petouna H. B. VYmopasnenue  cBoiicTBaMu
HAaHOMATEpPHAIOB U  HAHOCTPYKTYP yueOHoe
nocobue / H. B. PeiOuna, H. b. Peioun. — Pssaus :
1 Pri6ouna H.B., Pribun PI'PTY, 2022. — 160 c. — TeKcT : 21eKTpOHHBI // Vaebioe mocobie 2022 SEC "Tans"
H.Bb. Jlanb JJICKTPOHHO-OMOIMOTEYHAsT CHCTeMa. —
URL: https://e.lanbook.com/book/439685  (mara
obpamenusi: 15.05.2025). — Pexum goctyma: s
ABTOPH3. TIOJI30BATEIIEH.
Commna T. O. HoBble matepuaisl u TexHosoruu / T.
O. Commna, B. H. Tpopumo. — CaHkr-
[TetepOypr : Jlans, 2023. — 196 c. — ISBN 978-5-
2 Communa T.O., 507-47882-8. — Tekct : snexkTpoHHsblil / JlaHb : Vaebioe Iocobie 2023 SEC "TTans"
Tpodumon B.H. AJEKTPOHHO-OMOMMoTeyHass cucrema. — URL:
https://e.lanbook.com/book/356036 (mara

obpamenusi: 15.05.2025). — Pexum goctyna: mms
aBTOPU3. IOJIB30BATENCH.




8.2. lonmosiHUTEILHAS JIUTEpPATYypa

Tun (yueOHUK,

y4eOHoe Kosmn4yecTBo B
e nocodue, HAYYHOI
I /;1 ABTOpBI, COCTABUTEH 3arsaaBue (3aroJioBoK) yueOHo- TI'ox m3panusa ounoaunorexe /
MeToAuYecKoe HaumenoBanue
nocooue, 9BC
NPAKTHKYM, Ap.)
bynakoB, A. A. Marepuainsl U METOJBI
HAaHOTEXHOJIOTUH yueObHOe mocobue / A. A.
bynakoB. — VYo¢a : BI'TIY umenu M. Axmyiisl,
1 | A. A. Bynakos 2012. o 126 ¢. — ISBN 978-5-87978-833-4. — VyeGHOE nocobue 2012 ABC "Jlaup"
Texkct : osnextponHsiii / Jlanb JIEKTPOHHO-
OnbIMoTeYHAS cucTeMa. — URL:
https://e.lanbook.com/book/70165
Peoxonkos, JI. WM. Hanomarepuainsl yueOHoe
nocooue / JI. . Pepkonkos, B. B. JI€suna, DO. JI.
JB3umsurypu. — 5-e u3ll. — MockBa : JlabopaTopus
J. 1. PerxonkoB, B. B. o
2 | JIéBuna, D. JL SHAHMH, 2017’ —368¢c. _VISBN 978‘_5_00101_474_ V4e6HOE TTOCO6HE 2017 SBC "Jlanp"
- 4., — TexkcT : »nexkTpoHHbIH // JlaHb : 3JIeKTp0HHOT
OoubnuoTeyHast cUCTEMA. — URL:
https://e.lanbook.com/book/94117
OCHOBBI HAHOTEXHOJIOTMH yueObnuk / H. T.
Kysnemnos, B. M. Hosotopuies, B. A. ’Kabpes, B. .
H. T. Ky3nenos, B. M. Mapronmusa. — 2-e uza. — Mocksa : Jlaboparopus
3 Hogoroprues, B. A. 3Hanui, 2017. — 400 c. —VISBN 978-5-00101-476- VeGHuK 2017 SEC "Tams"
XKabpes, B. 1. 8. — TexkcT : »nexTpoHHbIH / JlaHb : 3IIEKTPOHHO-
Mapronuu OoubMoTeYHas cucrema. — URL:

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



https://e.lanbook.com/book/70165
https://e.lanbook.com/book/94117
https://e.lanbook.com/book/94129




8.3. Illepeuenb mpodeccHoHAIBLHBIX 023 JAHHBIX U MH(OPMAIHMOHHBIX
CIIPABOYHBIX CUCTEM

e MeramioobpaboTka [DIEKTPOHHBIM pecypc] : Hay4YHO-TIPOW3B. KypH. /
OnektpoH. WWW.biomagres.com/content - apxuB crareii xypHana BioMagnetic
Research and Technology, mocBsIIIEHHOTO HAHOTEXHOJIOTHUSIM.

e http://thescipub.com/journals/ajnt - penen3upyemsrii xxypHan American Journal
of Nanotechnology ny0iuKyeT pe3yapTaThl UCCIEI0BaHUM B 00JIACTH MaTepUu
Ha aTOMHOM U MOJIEKYJISIPHOM YPOBHE.

e http://www.mammp-journal.com - penensupyeMbiii xypHan Mechanics of
Advanced Materials and Modern Processes myOIuMKyeT pe3yibTaThl
UCCJEIOBAHUM B OOJACTH MEXaHUKHM COBPEMEHHBIX MAaTepHUaoB, OCOOBI
aKIeHT Jemaercs Ha (U3UKY M MEXaHWKy AehopManuu, MOBPSKICHUS U
pa3pyIIeHHsl B MPOU3BOICTBEHHBIX MPOIIECCAX.

e http://www.immijournal.com - pereH3upyemsblit sxypHan Integrating Materials
and Manufacturing Innovation nyOaMKyeT pe3ynbTaThl UCCICIOBAHUM B
Oo0JaCTH OTKPBITUSA, PA3BUTUS U TNPUMEHEHHS MaTepHaJiOB C IUEJbIo
MPAKTUYECKOTO UCIIOJIb30BAHUS B POU3BOJICTBE.

e WebofScience[DnexkTpoHHbIl pecypc] : MyIbTUAMCUUILIMHAPHAS peepaTuBHas
0a3a manubix. — Philadelphia: ClarivateAnalitics, 2016— . — Pexkxum joctyna :
apps.webofknowledge.com. — 3aru. ¢ sxpana. — 3. pyc., aHIL.

e Scopus[DnexkTpoHHBII  pecypc] : pedeparuBHas 0aza  JAaHHBIX. —
Netherlands: Elsevier, 2004— . — Pexum moctyma : SCOPUS.COM. — 3ari. ¢
JKpaHa. — 3. pyc., aHrI.

o Elibrary[DnexTpoHHslii pecypc] : HayuHast dJIeKTpoHHas 6ubmmoTeka. — MockBa
: HOBb, 2000—- . — Pexxum nocrtyna : elibrary.ru. — 3arn. ¢ skpana. — 3. pyc.,
aHrII.

e SpringerLink[9nekTpoHHbIi pecypc] : [6a3a JNAHHBIX . —
Switzerland: SpringerNature, 1842— . — Pexxum noctymna : link.springer.com. —
3aru. ¢ aKpaHa. — 3. aHrI.

e ScienceDirect[nekTpoHHBIN pecypc] : KOJUICKIMS DJICKTPOHHBIX KHUT
uznatenberBa Elsevier. — Netherlands: Elsevier, 2018— . — Pexum nmoctyna :

sciencedirect.com. — 3ari. ¢ 3kpaHa. — S13. aHrI.

e Cambridgeuniversitypress[aeKTpOHHBIN pecypc] : KypHalbl U3/1aTeIbCTBA. —
Cambridge: Cambridgeuniversitypress, 2018— . — Pexum pgocrymna
cambridge.org. — 3ari. ¢ skpana. — S13. aHr.

e NEICON[DnexTpoHHbIH pecypc] : d7eKTpoHHass UHPOpMAIIHS : apXUB HAYIHBIX
xKypHanoB. — MockBa : HOMUKOH, 2002—- . — Pexum pocryna
neicon.ru/resources/archive. — 3ari. ¢ sxkpana. — SI3. pyc., aHri.


file:///C:/2017/Downloads/www.biomagres.com/content  
http://thescipub.com/journals/ajnt
http://www.mammp-journal.com/
http://www.immijournal.com/

8.4. IlepevyeHb NpPOrpaMMHOro odecrneYeHus

Ne n/m Hanmenoanue I10 PexBU3HTEI 10r0BOpa
- (naTa, HOMep, CPOK /IelicTBHUS)
Windows: noroBop Ne 757 ot 04.07.2018, cpok
. ' JEHCTBUS — OECCPOYHO;
= WinPro 1%5dtﬁCUpgrd OLPNL KoHTpakT Ne 1653 ot 14.12.2018, cpox

TEHCTBUSI — OECCPOUHO
2 OfficeStd 2019 RUS OLP NL Ne 1653 ot 14.12.2018,

' Acdmc CPOK JICHCTBUS - 6€CCPOUHO
. . . . Ne 469 ot 05.06.2020,

Mathcad Education - University Edition ot 6
3. Subscription (25 pack) CPOK JICHCTBUS - O6€CCPOUHO

8.5. Onmcanue MarepuaIbLHO-TEXHH4YECKOW 0a3bl, HeOOXOAMMOW st
OCyIleCTBJIEHHSI 00Pa30BaTEJILHOI0 MPoLecca Mo AMCIUIIHHE

HaumeHnoBaHue 000py10BaHHBIX Y4eOHBIX

Ka0OMHETOB, J1a00pPaTOPHUii, MACTEPCKUX U JP.

Ne 00beKTOB JIsl NPOBeAeHUS NPAKTHYECKUX H Ilepeyennb 0cCHOBHOTO

n/n J1a00paTOPHBIX 3AHATHH, TOMeLIeHNH ISl o0opynoBanust

CaMOCTOSITeIbHOM pabdoThI 00y4YaroIuXxcs
(Homep ayauTOpHH)

VYuyeOHast aynurtopusi i mnposeneHus: 3aHATUd | Ctosbl ydyeHH4Yeckue (MOHOOJIOKH)
JEKIIMOHHOTO TUMa. YueOHas ayAuTOpus Uil | ABYXMECTHBIE, CTOJ
MPOBEJEHUS  3aHATHM  CEMHHApCKOrO  THUMA. | MPenojaBaTelbCKUM, CTYIN
VYuebHas ayuTopus JUISI KYpPCOBOTO | IPENOAABATEIbCKUM, J0CKa

1 MIPOEKTUPOBAaHMS (BBIIIOJHEHHS KYpPCOBBIX paloT). | ayauTOpHAas (MenoBas), JKpaH

" | YueGHast ayauropus Ui MPOBeIEHHs TPYNIOBBIX | HABECHOM, CTAllMOHAPHBIM MPOEKTOD,

U UHAUBUAYAIbHBIX KOHCYJNbTAaUMW. YdeOHas | mpoLeccop, Mblllb KOMIBIOTEpHas,
ayIUTOpHUs AJI IPOBENEHUS 3aHATUN TEKYILIETO | IMyJbT JUIS POEKTOpa
KOHTPOJISI U TPOMEXYTOUHOM aTTeCTaI[|H.
E-214
Komnbrorepnsiii kinace. YueOHas ayauropust aist | CTonbl y4eHUYECKHE JIBYXMECTHBIE,
IIPOBEJEHUS  3aHATUH  JIEKIIMOHHOTO  THMA. | CTOJIBI YUEHUYECKHE, CTOJ
VYyeOHast aynuTopusi Jid TMPOBENEHUS 3aHATUN | KOMIBIOTEPHBIH, CTON
CEeMHUHApCKOro Tuma. YyeOHas aymuTtopus ais | npenopaBatenbckuid, IIK,  mocka
MPOBEACHUS JTAOOPATOPHBIX paboT. VYdeOHas | TPEeXCEKIIMOHHAS ayJIMTOpHAs

o | @ymuTOpHS 118 KYPCOBOTO  NPOEKTHPOBAHMSA (MenoBas), cTyJ IMpenojaBaTeIbCKHid,
(BBIMIOJIHEHUS ~ KYpPCOBBIX  paboTr). VYueOHas | MPOEKTOp MYJIbTUMEAMMHBIN, KpaH
ayaMTOpusi s TPOBEACHUS TPYNIOBBIX U | JUIA IPOEKTOpa, TyMOa BbIKaTHas
WHIUBUAYAIbHBIX  KOHCYyJbTalMii  YyeOHas
ayIUTOpHUs AJI NPOBEIECHUS 3aHATUI TEKYLIETO
KOHTPOJISI U TPOMEXYTOUHOM aTTeCTaIiH.
E-214

3 [TomenieHue 11 CAMOCTOSTETLHOM pabOThI Croubl, CTybs, KOMIIBIOTEPHI.

' obOyuaromuxcst [-401

n [TomereHune 11st CaMOCTOSITEIIBHOM PAaOOTHI CrosbI-napThl IByXMECTHBIE,

oOyuaromuxcs J[-409 CTYJIbsI, CTOJI MIPETOJaBATEIbCKHA,




n/n

HaumeHoBaHue 000PYI0BAHHBIX Y4EOHBIX
Ka0MHeToB, 1a0opaTopuii, MACTePCKHUX H JP.
00bEeKTOB ISl MPOBeAeHUs MPAKTHYECKUX H

J1a00PATOPHBIX 3aHATHI, MOMeIeHUil 115

CaMOCTOSITEJIbHOM Pa0d0Thl 00y4aI0IIUXCS

(Homep ayauTOpHH)

IlepeyeHb OCHOBHOIO
o0opynoBaHusi

CTYJI MPEMNoIaBaTeIbCKUH,
nepeABUKHAs JOCKa, SKpaH,
MIPOLIECCOP, MPOEKTOP,
KOMITIBXOTCPHBIC CTOJIBI,
KOMIIBIOTEPHI JJIs CTYJICHTOB C
BBIXOIOM B CCTb HHTCPHET,
KOMIIBIOTEp Mperno/iaBares,
ceTeBoM mKad.
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