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1. AHHOTaIUSA

1. Ilesab m 3312491 AUCHUATIIMHBI

Llenbro OCBOEHUS MUCIUTUIMHBI SIBJISICTCS: U3YUEHHUE CTYICHTAMU HAYYHBIX OCHOB
COBPEMEHHBIX HAHOTEXHOJIOT A

3aaavyamMu OCBOCHHUSI JUCIIUTLTMHBI SIBJITFOTCS:

— A3YYECHUE METOJIOB MOJTYYCHUSI HAHOYACTHI] 1 HAHOPA3MEPHBIX MOKPBITHIA,

— A3YYECHUE METOJIOB UCCIIEIOBAHUS HAHOCTPYKTYD,

— M3y4YeHHe O0JIaCTEll MPUMEHEHUS HAHOYACTHI[I M HAHOCTPYKTYPHPOBAHHBIX
MaTEPHAJIOB.

2. Mecro aucuuniunsl B crpykrype OOII

JuciunmuHa «Hanoxumusty  BXOAMT B 0Osi3aTebHYK) 4YacTh broka 1
«JIMCIUIUIMHBD) y4eOHOTO TTaHa. J[MCIMIUIMHA 3aKIIabIBACT 3HAHWS JUTSl BBITOTHEHUS
HAYYHO-UCCJIEIOBATENILCKOM pabOThl M MPOXOXKACHUS HAyYHO-MUCCIIEI0BATEIbCKOM
MTPAKTUKH.

JIMCLATIIIMHA HETTOCPEACTBEHHO CBSI3aHA C MUCIUIIMHAMUA « AKTYATbHBIC 3a/1a49H
COBPEMEHHOMN XUMUK. HacTh 1», « AKTyalIbHBIE 3a1a41 COBPEMEHHON XUMHHU. HacThb 2,
«TeXHOTECHHBIC CUCTEMBI M SKOJIOTHYECKUI PUCKY.

3. O0bem aucuuIuIMHbI: 4 334eTHBIC ¢aHULEL, 144 akageMHYECKUX 4Yaca, B
TOM 4YHCJIe:

KOHTAKTHAs ayauTOpHas padora: jekumy 30 4acoB, B T.YU. NPAKTHYECKASA
noaroroska 30 yacos;

camocrosiTeibHast padora: 114 4acos.

4. Ilmaanpyemblie pe3yabTaTbl 00y4eHHs MO0 TUCHUILVINHE, COOTHECCHHBIE ¢

IWIAHUPYEMbIMH Pe3y/JIbTATAMH 0CBOCHHS 00Pa30BaATE/ILHOM NPOrpaMMbl

[Inanupyemebie pe3ynbTarbl [Inanupyembie pe3ynbTarbl 00yUEHHS 110

OCBOEHHS 00Pa30BaTEIbHOMN JCHUTUTAHE

nporpammsl ((hopMHUpyeMBbIE
KOMITCTCHIINH )




OI1K-3.2Hhcnone3yeT CTaHAaPTHBIE U

OPUTMHAIBHBIE MPOrPAMMHBIE POAYKTHI, IPU
OIIK-3 HEOOXOMMOCTH aanTHPYS UX JUISl PELICHHUS
Crnoco0eH UCITOTb30BaTh 3aa Npo(eCCUOHANBHON ACATETBHOCTH
BBIUMCIIMTEIILHBIE METO/BI U
aIanTUPOBATh CYLLECTBYIOLLME OI1K-3.3 Mcnonb3yer COBPEMEHHBIE
NPOrPAMMHBIE TPOXYKThI JJIst BBIUMCIIMTEILHBIE METOABI U151 00pabOTKI
penieHus 3a1a4 MPOQECCHOHATBHON | JAHHBIX XUMUUYECKOTO SKCIIEPUMEHTA,
JEATETLHOCTH MOJIENTMPOBAHKSI CBOMCTB BEILIECTB

(MaTepuasoB) U MPOLECCOB C X YYACTUEM

5. ®opma NpoMeKyTOUHOI aTTecTAIMU U CeMeCTP NMPOX0KICHHUS:
JK3aMEH BO 2-M CEMECTPE.

6. SI3bIK MpenoJaBaHusI: PYCCKHIA.

I1. Copep:xkanne TUCHMILIMHBI, CTPYKTY PHUPOBAHHOE MO TeMaM (pasaesiam) ¢
YKA3aHHEM OTBEICHHOI0 HA HHUX KOJMYECTBA aKaJeMUUYeCKHX YacOB W BH/IOB

YU4eOHBIX 3aHATHIA

YueOHast nporpaMma — HauMeHoBanne | Bcero KonTakTHas CamocrosiTenpHas
pa3aesioB U TeM (gac.) pabota (4ac.) paboTa, B TOM 4ucIie
Jlexuuu KOHTPOJIb (4ac.)
Pazoen 1. [lonyuenue u cmadbunusayus
Hanouacmuy
Tema 1. OcHOBHBIE TOHATHUS 8 2 6
HAHOXHMHHU 1 HAHOTEXHOJIOTHH
Tema 2. HaHOo4acTUIBI METAJIIOB 7 1 6
Tema 3. Hano4acTHIBI OKCUIOB 7 1 6
Tema 4. KBaHTOBBIE TOUKH 8 2 6
Tema 5. lenapumepnl 8 2 6
Tema 6. DysiepeHsl 7 1 6
Tema 7. HanotpyOxu 7 1 6
Pazoen 2. Ilonyuenue nanopazmepnsvix
ROKpLIMUTL U NACHOK
Tema 8. Xumuueckoe napodasznoe 8 2 6
OCKIEHHE
Tema 9. MonekysspHOe HACJauBaHUE 8 2 6
Tema 10.MonekynsapHO-IIy4KOBasi 8 2 6
STUTAKCUS
Tema 11 .Meton Jlenrmropa-biomxkert 7 1 6
Tema 12.301b-r€NIb TEXHOJOTHS 7 1 6




Pazoen 3. Memoowt uccneoosanus
HAHOCMPYKMYD
Tema 13. DnekTpoHHAs MUKPOCKOMUS 8 2 6
Tema 14. AToMHO-CcHIIOBast 8 2 6
MUKPOCKOTIHUS
Tema 15. Jlunamuueckoe paccessHue 8 2 6
CBETa
Tema 16. Dnnuncomerpus 8 2 6
Pazoen 4. llpumenenue nanouacmuy u
HAHOMEXHON02UT
Tema 17 HanodacTuiiel B COBpEMEHHOMN 8 2 6
TEXHUKE
Tema 18 . HanovyacTulibl B XUMUYECKOM 7 1 6
CHUHTE3€
Tema 19 HanouacTuiiel B OMOJIOTHH U 7 1 6
MEIUIIIHE

HUTOro 144 30 114

III. O6pa3oBaTe/ibHbIC TEXHOJOTHH

YueOHast mporpamma —
HaMMEHOBAHUE Pa3/IeJIOB U TEM

Bun zansatus

O06pasoBarenbHbIE TEXHOIOTHH

Pazoen 1. [lonyuenue u cmadunusay

UA Hanovacmuy

Tema 1. OCHOBHEBIE TTOHATUS
HAHOXHUMHUHU U HAHOTEXHOJOTUH

Jlekius

TpanuuoHHbIe (ppoHTANTBbHAS
JEKLHS, PeLeHNe YIIPaXXHEHNH ),
¢ poBbIe (ITOKA3 NPE3EHTALNN)

Tema 2. HaHo4uacTHILIbI METAJLIIOB

Jlekius

TpanuuoHHbIe ((ppoHTANBHAS
JEKLHs, PeLIeHNEe YIIPaXXHEHNUH ),
1Qposele (MOKa3 Npe3eHTauui)

Tema 3. HaHouacTHIIBI OKCUIOB

Jlekius

TpanuuoHHbIe ((ppoHTANTBHAS
JEKLHs, PeLIeHNe YIIPaXXHEHUH ),
1¢posele (MOKa3 Npe3eHTani)

Tema 4. KBanTOBBIE TOUKU

Jlekius

TpanuuoHHbIe ((ppoHTANTBHAS
JEKLHs, PeLIeHNe YIIPaXXHEHUH ),
¢ poBbIe (ITOKA3 NPE3EHTALNN)

Tema 5. [lennpumepsl

Jlekius

TpanuuoHHbIe ((PppoHTANBHAS
JEKLHs, PeLIeHNe YIIPaXXHEHU ),
1Qposele (MOKa3 Mpe3eHTaui)

Tema 6. @ynnepensl

Jlekius

TpanuuoHHbIe ((ppoHTANTBbHAS
JEKLHS, PeLIeHNE YIIPaXXHEHNH ),
¢ poBeIe (ITOKA3 NPE3eHTALNN)

Tema 7. HanotpyOku

Jlekius

TpanuuuoHHbIe (ppoHTANTBHAS
JEKLHsI, PeLIeHnE YITPaXXHEHUH ),
1Qposele (MOKa3 Npe3eHTaUuH)

Paszoen 2. lonyuenue nanopasmepusix ROKpoimuil i NieHOK

Tema 8. Xumuueckoe napodasznoe Jexuus TpanuuoHHbIe ((ppoHTANTBHAS

OCaXIEHUEe JEKLHS, PeLIeHNe YIIPaXXHEHN ),
1Qposele (MOKa3 Npe3eHTauui)

Tema 9. MonexynspHoe HaclIauBaHUe Jexuus TpanuuoHHbIe ((ppoHTANTBHAS

JEKLHs, PeLIeHNe YIIPaXXHEHUH ),
1 poBbIe (MTOKA3 MPE3ESHTALIHI)




Tema 10.MonekynsapHO-IIy4KOBasi Jlexuus TpanuuoHHbIe (ppoHTANTBHAS

SITUTAKCHS JEKLHs, PeLIeHNEe YIPaXXHEHNH ),
¢ poBbIe (MTOKA3 NPE3eHTALNN)
Tema 11 Meton Jlenrmropa- Jexuus TpanuuoHHbIe (ppoHTANTBHAS
brnomxerr JEKLHs, PeLIeHNE YIIPaXXHEHUH ),
1Qposeie (MOKa3 Npe3eHTaLNH)
Tema 12.300b-r€1b TEXHONOTUSA Jlexuus TpanuuoHHbIe (ppoHTANTBHAS

JEKLHs, PeLIeHNe YIIPaXXHEHUH ),
¢ poBbIe (MTOKA3 NPE3EHTALNN)
Pazoen 3. MemoOvwt uccie0o6aniis HanocmpyKmyp

Tema 13. DnexTpoHHas Jexuus TpanuuoHHbIe ((ppoHTANTBHAS
MHUKPOCKOTIHS JEKLHs, PeLIeHNEe YIIPaXXHEHNUH ),
¢ poBeIe (ITOKA3 NPE3EHTALNN)
Tema 14. ATomHO-cUOBast Jlexuus TpanuuoHHbIe (ppoHTANTBHAS
MHUKPOCKOTIHS JEKLHs, PeLIeHNe YIPaXXHEHNH ),
1Qposele (MOKa3 Npe3eHTaUUN)
Tema 15. Jlunamudeckoe paccesHue Jlexuus TpanuuoHHbIe (ppoHTANTBHAS
CBETa JEKLHs, PeLIeHNe YIPaXXHEHUH ),
¢ poBEIe (ITOKA3 NPE3EHTALNN)
Tema 16. Dnnuncomerpus Jlexuus TpanuuoHHbIe (ppoHTANTBbHAS

JEKLHs, peLIeHNe YIPaXXHEHN ),
¢ poBbIe (MTOKA3 NPE3CHTAINHN)
Pasoen 4. [Ipumenenue nanoyacmuy 1 HAHOMEXHONO2UI

Tema 17 Hanouactuuel B Jlexuus TpanuuoHHbIe (ppoHTANTBbHAS
COBPEMEHHOU TEXHUKE JEKLHS, PeLeHNe YIIPaXXHEHNH ),
¢ poBbIe (ITOKA3 NPE3EHTALNN)
Tema 18.Hanouactuuel B Jlexuus TpanuuoHHbIe (ppoHTANTBHAS
XHMHUYECKOM CHHTE3€ JEKLHs, PeLIeHNEe YIIPaXXHEHNUH ),
1Qposele (MOKa3 Npe3eHTauui)
Tema 19.Hanouactuubl B Onosjoruu Jexuus TpanuuoHHbIe ((ppoHTANTBHAS
U MeIULIIHE JEKLHs, PeLIeHNe YIIPaXXHEHUH ),

1 poBble (MTOKA3 MPE3ESHTAIHI)

IV. OneHouynsle  marepuadbl sl NPOBEACHHS  TeKyleil u

MPOMEKYTOYHOM aTTECTAUN

1. TunossbIe KOHTPOJIbHBIEC 3aJaHus Jifi ¢ NMPOBEPKH YPOBHSI
chopmupoBannoctu komnereHunu OIIK — 3.2 Hcnonb3yer CTaHIAPTHBIE U
OPHUTrHHAJILHBIC IPOTPAMMHBIE IPOAYKThI, IPU HEOOXOAUMOCTH aJANTHPYS HX
JJIs1 pelieHus 3a1a4 npodecCHOHAIBHO AeATeJIbHOCTH

Jtan THunosBble KOHTPOJIbHBIE 32JAHUS AJI51 OLICHKH IokazaTenn n
(¢popmupoBanus 3HAHUI, YMeHUH, HABBIKOB (2-3 npumepa) KPHTEpPHH
KOMIEeTeHIHH, B OLICHUBAHMS
KOTOPOM Y4acTBYeT KOMIeTeHIHH,
AUCLMILINHA mMKaJa
OLICHUBAHMS
Baanern: HaBbikamu | 3aganue 1. C ucnonb3oBaHUEM MPOrPaMMBI IIpaBuneHO
paboTsl € Spartan co3aaTh KOMIBIOTEPHYIO MOAEIb MIPEAJIOKEHBI
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MPOrpaMMamu,
00eCIIeYrBarOIIUMH
peaIn3aLii0 METOIOB
MOJIEKYJIAPHOM
MEXAHUKH,
MOJIEKYJIAPHOM
JUHAMHKU U
KBAHTOBOU XHUMHH.

monekyJibl pyrnepeHa Ceo 1 IPOBECTH €€
reOMETPUYECKY) ONTUMU3ALUIO
MOJIy3MIUPUYECKUM MeToaoM PMO6.

3aganue 2. C UCoIb30BaHUEM NTPOTPaMMBbI
Spartan co3aaTbh KOMIBIOTEPHYIO MOAEINb
mosiekysnsl PAMAM Bropoii reHepaiuu u
MPOBECTH €€ FEOMETPHUECKYI0 ONTHMHU3ALINIO
METO/IOM MOJIEKYJIIPHONH MEXaHHUKH B CHIIOBOM
none SYBYL

METOABI OJIs
peLIeHust TpeX
3ama4 — 3 Oaja,
IBYX 33724 —
nBa Oaia,
OIHOM 3a7a4m —
onuH Oajul, HU
OIIHOTO
MIPaBUJILHO
MPEIIOKEHHOTO
meroma — 0
0ajIoB.

YMeTb: COCTaBUTD
anmnapaTHo-
MIPOrPaMMHBIN
KOMILJIEKC,
00ecIeurBarO M
pelLieHue
ITOCTaBJICHHOM
3a1a4un
MOJETUPOBAHUS
CTPYKTYPBbI U CBOMCTB
HaHOYACTHII.

Tect 1. 115 MoaenupoOBaHUs NPOLIECCOB
CaMOOpraHu3aliy B pacTBOPax IEHAPUMEPOB
METOIOM MOJIEKYJIIPHON IUHAMUKH

A. JlocTaTOYHO BBIMUCIUTEILHON MOIITHOCTH
OOBIYHOTO HOYTOYKA.

b. C sToi1 3anaueit cipaBUTCsT HACTOJIBbHBIN
MEePCOHAIBHBIN KOMIIBIOTED;

B. HeoOxonyuM KOMITBIOTEPHBIH KJIACTep UITH
CYNEpKOMIIBIOTED.

Tect 2. /11 onTUMHU3aLUHA T€OMETPUN HAHOYACTHUL

METONOM MOJTY3MIUPUYECKON KBAHTOBOU
MEXaHUKH

A. JlocTaTOYHO BBIMUCIUTEILHON MOIITHOCTH
OOBIYHOTO HOYTOYKA.

b. C sToi1 3anaueii cipaBUTCsT HACTOJIBbHBIN
MEePCOHABHBIN KOMIIBIOTED;

B. HeoOxonnuM KOMITBIOTEPHBIH KJIACTeP UITH
CYNepKOMIIBIOTEDP.

3HaTh: BO3MOKHOCTH
HMMEIOLIErOCs
MPOrPAMMHOTO
obecrieueHust U
BBIUHCITATENLHOM
TEXHUKH IS
MOJIETTPOBAHHSI
CBOMCTB HAHOYACTHLI

Tect 1. Ykaxute npasunbHblid 0TBeT. Kakas u3
nporpamm nakera Schrodinger Materials Science
Suite obecreunBaeT BO3MOKHOCTD IPOBEACHUS
pacdeToB METOAOM HEOMIUPHUUIECKON KBAHTOBON
MEXaHUKH?

A. Jaguar;

Bb. Macro Model;

B. Desmond.

Tect 2. YkaxuTe npaBuibHbIi oTBET. Kakoi MeTon

o0ecrieunBaeT KOPPEKTHBIN PacUéT MapLuaIbHbIX
3aps10B aTOMOB B MOJIeKyJie?

A. MonexynspHON MeXaHUKH,

b. ITonysmoupuyeckoil KBAaHTOBON MEXaHUKHU,

B. Hesmnupudeckol KBaHTOBOI MEXAHUKHU.

1 Gamn 3a
MIPaBUJIbHBIN
OTBET




2. TunoBbIe

KOHTPOJIbHBIC

3adaHusd AJIA

NpoBepPKHU

YPOBHS

cpopmupoBannoctu komnerenuun OIIK — 3.3 Hcnoab3dyer coBpeMeHHBbIE

BbIYHUC/IUTC/IBHBIC

METOAbI

g o0padoTKu

JAHHBIX

XHMHYI€CKOro

IKCMEePUMEHTAa, MO/ISJIHPOBAHHUSI CBOICTB BellecTB (MATEPHAJIOB) U MPOLIECCOB

C HX YHAaCTHEM

JdTtan popMuUpoOBaAHUS

Tunosble KOHTPOJbHbIE 3aJaAHUS AJIS OLICHKHU

IMoka3zarenu u

KOMIBIOTEPHBIX MOZENEH
HAHOUACTUIl U
HAHOCTPYKTYPHPOBaHHbBIX
MaTepHasoB

KOMIIeTeHIIHH, B 3HAHUI, YMeHUH, HABBIKOB (2-3 npumepa) KpPHTEepHHU
KOTOPOM y4acTByeT OLICHUBAHHS
AUCLMILINHA KOMIeTeHIHH,
HKaJaa
OLICHUBAHMS
Bnaaners: meTonukamu 3ananue 1. C ucrnonb3oBaHUEM MTPOTPAMMBI 3ananue
COCTaBJICHUS Mestro co3iaTe KOMIIBIOTEPHYIO KjacTepa Auil, | BBIIOJHEHO

CTa0MIN3UPOBAHHOTO TpUdeHmIpochuHOM

3ananue 2. C ucnoabp3oBaHUEM NIPOTrPaMMbl
Maestro co3maTb KOMIBIOTEPHYIO MOJENb
dynnepena Cro

MPaBUJIBHO — 1
Oamn

YmMmerb: nonobpars Tect 1. Ykaxure npasuibHble OTBETHL. 14 1 Gann 3a
METOJ] MOZICIMPOBAHUS, | TEOPETUUECKOTO pacuéra HHPPAKPaCHOTO KaKAbIN
COOTBETCTBYIOLLMH cniektpa dymnepena Ceo B mporpamme Spartan MPaBUJIbHBII
MIOCTaBJICHHOH 3a1a4e. MO>KHO UCIIOJIb30BAaTh METO/IbI: OTBeT.

A. Molecular Mechanics — SYBYL;

b. Semi-Empirical — PM6;

B. Hartree—Fock — STO3G;

I'. Density Functional — B3LYP — 6-31G**

. Moller-Plesset — MP2 — cc-pVTZ

Tect 2. Ykaxute npasuiibHbId OTBET. Jlis

MOJIEJIMPOBAHUS CTPYKTYPbl OHOCTEHHOMN

HAHOTPYOKH MOKHO UCTIOJIb30BaTh METOBL:

A. MonexynspHON AUHAMUKY,

b. MonexyasipHONH MEXaHUKY,

B. IlonysMnupudeckoil KBAaHTOBON MEXAHUKH,

I'. HesmMOoupuyeckol KBAHTOBON MEXAHUKHU
3HaTB: COBpeMeHHbIe Tect 1. Ykaxure npasunbhbiii oTBeT. Ha ITo kaxnomy
METOZIbI KOMITBIOTEPHOIO | CErOAHSIIHUN IeHb Hanboee 4acTo TECTY:
XUMHHU MOJIENIUPOBAHUST | IPUMEHSIEMBIM JJI ONTUMM3ALUU T€OMETPUHU 3 npaBUJIbHBIX
CTPYKTYPBbI U CBOICTB HAHOYACTHUII BJIAETCS METO! oTBeTa — 3
HAHOYACTHLI, A. Hartree-Fock — 3-21G; Oasna;

b. Density Functional - B3LYP - 6-31G 2 IpaBUIIBHBIX

B. Moller-Plesset — MP2 — cc-pVTZ oTBeTa — 2

Oasna;

Tect 2. Ykaxute npasunibHbelid 0TBET. [Ipn
pacyere sHepruu HaHodacTulpl meroaoMm DFT
HanOOJIBIIYIO TOUHOCTb OOECTICYHT
UCTIONBb30BaHUe Habopa 0a3MCHBIX PyHKLINH
A. ccpVTZ;

b. STO3G;

B. 6-31G.

1 npaBunbHbBII
oTBeT — 1 Oar,
Her

MPaBUJIbHBIX
otBeTOB — 0
OaJoB.










VI. Merognyeckue Marepuajabl Lisi O0y4alOMXCS M0 OCBOCHHIO

AUCIHHILTHHbI

Bonpocs! 1 3a1aHust K CaMOCTOSITE/ILHOH padoTe CTYACHTOB:

1. Kak M0HO KJ1accu(puuupoBaTh METOIbI CHHTE3a HAHOYACTHIL?

2. Copmynmpyiite 0COOCHHOCTH XMMUYECKOTO BOCCTAHOBJICHHSI MPU MOJyYCHUH
HAHOYACTHI] METAJLJIOB.

3. [lpuBeaute OpUMEPHl TONYYECHHS HAHOYACTUL METAJIOB XUMUYECKUM H
pPaIManMOHHO-XUMHUYECKUM BOCCTAHOBJICHHEM.

4. KakoBbl PyHKIIMM OPraHUYECKAX PACTBOPUTENICH B CHHTE3€ HAHOYACTHLL?

5. OOBsICHHTE, TOYEMY MHLE/UIBI M JACHAPUMEPBI MOKHO HMCIIOJB30BaTh IS
cTaOMIM3alK HAHOYACTUL.

6. [IpuBeauTe NPUMEPHl MPUMEHEHUS TOPHUCTBIX CTPYKTYP M CTaOWIM3aLUH
HAHOYACTHII,

7. CpaBHUTE (POTOXMMHUYECKOE U PAIUALIMOHHO-XUMHUYECKOEC BOCCTAHOBJICHHE ISt
CUHTE3a HAHOYACTHUIL METAILIOB. [ [pyBEANTE MPUMEPBL.

8. OOBbSCHUTE TPUHIMIBL 30Jb-T€JIb-METOAA U OCOOECHHOCTH HCHOJb30BAHUS
CBEPXKPUTHYECKHX PACTBOPOB AJIsI CHHTE3a HAHOYACTHIL.

9. OxapakTepu3ylTe CXOJACTBO W PA3JIMUYME METOJOB MATPUYHOU W3OJSUUU W
NpenapaTHBHOW KPUOXUMUH.

10. HazoBuTe 0COOEHHOCTH KOHACHCALIMU BELIECTB HA XOJIOHBIE TOBEPXHOCTH.

11. Onumute (HakTOpsl, BAUSIONIAEC A PEAKIIUUA MTPU HU3KUX TEMITEpATypax.

12. IIpuBeauTe MpUMEPHl YCTAHOBOK AJIs MOy YCHHS] HAHOYACTHUL C IPUMEHEHUEM
PA3IMYHBIX XUMHAYECKUX METOI0B.

13. Kak MOXHO yIpaBisaTh pa3MepoM 1 (opMoil HaHOYACTHULL?

14. IlpuBenuTe MpUMEPbl MCMOIB30BAHUS MOJMMEPOB IJsl ympaeiaeHus (Gpopmoi
HAHOYACTHII,

15. HazoBute u3BecTHBIE BaM (hopMbl HaHOUacTULl. [ [puBeauTe mpumepsl.

16. HazoBuTe METOIBI MCCIAEAOBAHWS CBOMCTB 4YaCTHIl Ta TOBEPXHOCTH U
OXapaKTEPU3YITE MOITyYacMyt0 UH(HOPMALHKO.

17. HazoBuTe METOABI HWCCIENOBAHUS CBOWCTB HAHOYACTHLL B O0BEME U
OXapaKTEPU3YHITE MOITy4acMyt0 UH(HOPMALHKO.

18. Oxapakrepu3yite 0COOCHHOCTH U CHEMU(PUKY MPOCBEYABAIOIICH HTEKTPOHHOR
MUKPOCKOTIHH.

19. OnuimTe npuHIMIBEL PaOOTHI 30HAOBBIX MUKPOCKOINOB Pa3JIMYHbIX THIIOB.

20. Oxapakrepu3yite 0COOEHHOCTH NM(PPAKIMOHHBIX METOJ0B AHAIH3A.

21. ConocraBbre crneuM(PUKYy W UYyBCTBUTEIBHOCTh PAIAYHBIX CHEKTPATBHBIX
METOJIOB.

22. OOBSICHATE KOHKYPEHTHBIE MEXAHW3MBl PEAKOUi 4YaCTHIl MarHusi C
raJTIOr€HyMIIEBOJOPOAAMHU.
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23. Oxapakrepu3yiTe 0COOCHHOCTH KPUOPEAKIMI YaCTHI] PA3IMYHBIX METAIIOB C
JUOKCHJIOM YTTIEPOJA.

24. OOBsICHATE OCOOCHHOCTH W MTPUYMHBI B3PBIBHBIX KPHOPEAKIIUH.

25. IlpuBenuTe MpUMEPbl TPUMEHEHUS TMOJIMMEPOB Ul CTAOMIM3AaUUMU MOHO- W
OMMETANTMYECKUX HAHOYACTUL.

26. OnummTe U 00BICHUTE OCOOEHHOCTH CIIEKTPOB CEPEOPO—CBUHEIL.

27. OxapakTepu3yii T€ OCOOCHHOCTM W3MEHECHHS MTPOBOJUMOCTH MOHO- U
OMHAHOYACTHUL PA3JIMYHBIX METAIIOB.

28. Ha kakumx CBOMCTBaxX >KMAKMX KPHUCTAUIOB OCHOBAHO WX MCIOJB30BAHHE B
KQueCTBE CTaOMIN3aTOPOB?

29. OOBACHUTE U3MEHEHUS, HAONIOAAEMBIC B DJICKTPOHHBIX CIIEKTPaX U CIEKTpax
OITP B cucteme cepeOpo-manoOupeHuI.

30. IlpuBeauTe TpPUMEPHI HCIOJNB30BAHUS METACTAOMJIBHBIX KOMILUIEKCOB ISl
W3YYCHUS aKTHBHOCTH YaCTHUL] METAJUIOB.

31. Oxapakrepu3yiTe 0COOCHHOCTH 3IEKTPOHHOTO CTpoeHust P30,

32. OxapakTepu3yiTe OCOOEHHOCTH PEAKIMil YacTHI[ caMapusi CO CHOUPTaMu W
YIJIEBOIOPOAAMH.

33. HazoBute crnenuuyeckue OCOOCHHOCTM PEAKLMA 4YacTHIl METAJIOB B
HU3KOTEMIIEPATYPHBIX COKOHIEHCATAX.

34. IIpoaHaM3upyiTE PEAKIIMOHHBIE BO3MOXHOCTH METO1a KPHOKOH ICHCALIUN.
35. Ha nmpumepe camapusi U TojpMUsi OOBSCHUTE OCOOCHHOCTH WX CIIEKTPOB B
MaTpHULE aproxa.

36. HazoBute W OOBACHUTE OCOOCHHOCTH PEAKIMHA 4YacTUIl MarHusi C
TATOrEHMETAHAMM TPH CBEPXHU3KUX TEMIIEpaTypax.

37. CpaBHUTE PEAKLIMKA YACTHUL] MAarHUs U CAaMapHsi B IBOMHBIX U TPOHHBIX CUCTEMAX.
38. Oxapakrepusyire 0COOEHHOCTH peakumit YaCTUIL MarHus Cc
YETBIPEXXJIOPUCTEIM  yriiepoaoM.  CHopMynaupyiiTe BO3MOKHBIA — MEXaHU3M
PEAKIIVH.

39. IlosgcHuTe HA MpUMEpax MOHATHS AKTHBHOCTH M CEJIEKTUBHOCTH HAHOYACTHII
METAJIJIOB.

40. OOBICHATE HA MPUMEPE YACTHILL cepedpa, KaK MOKHO YNPABIIATh UX PA3MEPOM
1 (POPMOIA.

41. OxapakTepu3yire OCOOEHHOCTH TOMY3MIMPHUUYECCKUX, HEIMIMPUUYECCKUX W
THOPUIHBIX METOJIOB TEOPETUUYECKOTO MOJAECIIMPOBAHHSI.

42. OxapakTepu3yiTe NPeuMyIIECTBA HU3KUX TEMIIEPATYP NPU U3YUEHUHN PEAKLUN
C YYACTHEM YaCTHLl METAJIJIOB.

43. OxapakTepu3yiTe 0COOEHHOCTH METO/Ia MATPUYHOMN M30JIAIIMKA U TPEOOBAHUS K
MaTpULIaM.

44. Y10 TaKoe HAaHOPEAKTOPHI?

45. TloueMy 4aCTHLIBI MAarHus MOJIb3YIOTCS OCOOBIM BHUMAHUEM HCCIICIOBATENICH?
[IpuBeauTe TpUMEpHI.

46. O0OBACHUTE OCOOCHHOCTH PEAKIUI U AKTUBHOCTU YACTHI[ MArHUS U KaJIbIUs C
MOHOTAJTOT€HMETAHAMH.

47. IlpuBennuTe NpUMEPBI PEAKLMIA ¢ yYaCTHEM HAHOKPUCTAIIIIOB OKCHUJA MATHUSL.
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48. OxapakTepu3yiTe OCOOCHHOCTH PEAKIUHA YaCTUIl HUOOHMS € Pa3IMYHbIMHU
MOJIEKYJIAMH.

49. OOBICHATE OCOOEHHOCTH Pa3MEpPHOro 3PPEKTa B KMHETUKE PEAKLMA YaCTHI]
HUOOHUSI C IEATEPUEM U a30TOM.

50. TlpuBenuTe npuMepsl pa3MepHBIX 3(PPEKTOB € yyacTHEM YacTul BoJIbppaMa u
BaHAMSI.

51. IlpuBeaute npuMeEpPLl pEaKLMi HEMOHOTOHHON 3aBUCMMOCTH OT YMCJIA ATOMOB
Kenesa.

52. OxapakTepu3yite OCOOCHHOCTH MpoIlecca MOJYYECHHS COJIbBATHPOBAHHBIX
YaCTUL] METAJIJIOB.

53. IlpuBeauTe MpUMEPBI pEAKLIKA C y4aCTHEM HAHOYACTHL] KOOanbTa.

54. Oxapaktepu3dyiiTe 0COOCHHOCTH NOJyUYCHUS OUMETAIINYeCKUX YyacTull FePt.
55. Oxapakrepusyiite cnenuuKy peakiyid 3apssKeHHBIX W HEWTPATbHBIX YaCTHI
MEIH.

56. Urto Takoe nepecosibBaTanums yactuil metauia? [Ipuseaure mpumepsl.

57. IlpuBeauTe NpUMEPHI MOTYUYECHUS YACTHL] Pa3HO (POPMBIL.

58. IlpuBeauTe MpUMEpPBI U TPOAHATU3UPYHTE OCOOEHHOCTH PEAKLMA C yYacTHEM
YaCTUL| ATFOMUHUS.

59. IlpuBeauTe NpUMEPhI PEAKLMIA C YYACTUEM YETHBIX U HEYETHBIX YACTHLI,

60. OxapakTepHu3yiTe caMOOPraHU3aMI0 YaCTHLl U CTAOMIN3UPYIOLINX JIMTAHIOB.
[IpuBenu Te TpUMEPEL.

61. IlpuBeauTe npuMeEpsl U OOBICHUTE MPOLIECCHI CAMOOPraHU3aLNK CPEPUUECKIX
U CTEPKHEOOPA3HBIX YACTHIL.

62. ChopMmynupyiiTe ycmoBus, BIASIOIIKAE HA CAMOOPTaHU3ALMI0 HAHOYACTHIL.

63. [lepeunciuTe U OXapaKkTEPU3YUTE METOABI MCCIEAOBAHUS CaMOOPTaHU3ALMH
HAHOYACTHLL.

64. OxapakTepu3yTe OCOOCHHOCTM XUMHUYECKUX PEAKIUid ¢  y4aCTHEM
(yIIEPEHOB.

65. Kak nonyvaror HaHOTpyOku? KakoBa Xxumust HAaHOTPYOOK?

66. OxapakTepu3yi Te MPOILECCHl 3aAMOTHEHUS HAHOTPYOOK.

67. Kak oCyIECTBIISIFOT MPUBUBKY (DYHKIIMOHATIBHBIX TPYIIN K HAHOTPYyOKam?

68. IIpuBeauTe MpUMEPH BHEAPEHUS ATOMOB M MOJIEKYJI B MHOTOCJIOWHBIE TPYOKH.
69. Kakue pazmepHbie 3PPEeKTh HAOIOAAKTCI B HAHOXUMUW?

70. Kakue MOAEr UCIOJIb30BAHBI ISl aHAIN3A B3AMMOACHCTBUIA METAJI—JIMTaH?
71. OxapakTepu3yre MOIEIH, WCHOJIb30BAHHBIE JUIsl ONUCAHUS 3aBUCUMOCTH
TEMIIEPATYPbI IUIABJIEHUS OT Pa3Mepa 4acTULl METAILIA.

72. OxXapakTepu3ymnre 3aBUCUMOCTb ONITHYECKUX CIIEKTPOB OT pa3Mepa 4acTULL.

73. Kak cBsi3aHa MOCTOSIHHAS PEUICTKU C PA3MEPOM YaCTHIIBI?

74. OxapakTepu3yiTe 0COOCHHOCTH KHHETUKN PEAKIUI C yHaCTHEM MAJIOTO YKcia
YaCTHLI,

75. OxapakTepu3yiTe 0COOCHHOCTH TEPMOJMHAMUKN HAHOYACTHLL.

76. Oxapakrepusyiire BiusHrue pH Ha TEPMOIMHAMUAKY HAHOYACTHLI,

777. IlpuBeaure NpUMEpPhl KATATUTUYECKUX PEeaKLUi Ha HAHOYACTULIAX PA3IUYHBIX
METAIIOB.
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78. OxapakTepHu3yHTEe OTACIbHBIE CTAAUN (POTOKATATUTHYECKOTO BOCCTAHOBICHHS
IUCYNIB(PUAOB HA TUOKCUIE TUTAHA C HAHECEHHBIMUA HAHOYACTHIIAMH cepedpa.

79. IlpuBenuTe mpuMepsl pa3MePHBIX 3PPEKTOB B (POTOKATATIUIE.

80. Oxapakrepu3ynTe BO3MOKHOCTH 30HI0BOM MUKPOCKONIMU B OCYIIECTBICHUH
XAMUYECKUX PEAKLIUI.

81. OxapakrTepu3yiTe OCOOCHHOCTH OKHCJICHHS OKCHIA YIJIEPOJA YacTHIAMH
Pa3HOro pazmepa pasinuHbIX METAJUIOB.

82. IlpuBeauTe mpuMEPBl U OTMETHTE OCOOCHHOCTH KATATMTHYECKUX PEaKUUil C
Y4aCTHEM HAHOYACTUL] NAJITAIUS.

83. IIpuBeauTe NpuMeEpbl PEAKLMU HAHOKPUCTAJUIMYECKUX OKCHJIOB.

84. IlpuBeaute NpUMEPBl TOJNYYEHHUS M WCHOJIB30BAHUS MOJYNPOBOAHUKOBBIX
HAHOYACTHLI.

85. O0ObsAcHUTE BIAUSHUE pa3MEPA YacTUL TOJYOPOBOJHHMKOB HAa UIMPUHY
3anpereHHON 30HbI.

86. O0bsACHUTE MPUHIUT PAOOTH HAHOPA3MEPHOTO 3IEKTPOHHOTO BBIKITFOUYATEIS.
87. IlpuBeauTe MpUMEPBI CEHCOPHBIX MATEPUAIOB HA OCHOBE MOJYIIPOBOAHUKOBBIX
OKCHUJOB U TETEPOCTPYKTYP.

88. Kakne BO3MOKHOCTH OTKPBIBACT IUISI TOJIYYEHUSI CEHCOPOB KCIOJIB30BAHKE
HAHOMATEPHAAJIOB?

89. IlpuBeaute mnpuMepbl  (POTOXMMUYECKMX TPEBPALICHHA C  y4acTHEM
HAHOYACTHLI.

90. ITpuBeuTE MPUMEPBI UCIOIB30BAHUS YITIEPOIHBIX HAHOTPYOOK.

91. OxapakTepu3yite METOJbl MCHOJB30BAHUS HAHOYACTUI[ B OWOJOTMU H
MEIULUHE.

92. Ha3zoBuTe METO/BI BBEACHHS OMOMATEPUAIIOB B YKMBBIC KJIETKA U OPTaHU3MBI.
93. Oxapakrepusyire IIPOLIECCHI pacro3HaBaHus OMOMOJIEKYJIAMHA
HEOPraHMYECKUX MaTEPUAIIOB.

94. OxapakTepu3yire 3HAYEHUE KBAHTOBO-XMMMUYECKMX METONOB aHAM3a |
peaknuii B razoBoi (ase.

95. CopMmynupyiiTe BO3MOKHOCTH HCIIOJIB30BAHHUS HU3KHX TEMOEPATYp s
pPa3BUTHsI HAHOXUMUHU.

96. [losicHUTE, KaKk B HAHOXMMHH TEPECEKAIOTCS HAYYHBIE W TPAKTHYECKHUE
POOJIEMBI.

97. Oxapakrepusyiite npodyieMbl MacITaOUPOBAHUS U BOCITPOU3BOJAMMOCTH U UX
CBSA3b C PA3MEPOM M3YUYAEMBIX YACTHLI.

98. O0BsICHUTE 3HAUCHUE JJII HAHOXUMUHU KCCAEA0OBAHUI B IMPOKOM WHTEPBAJE
TEMIIEPATYP.

Temaruka pedeparos:

1. MUcnonbp3oBaHre HAHOTPYOOK B XMMUYECKUX CEHCOPAX.
2. JJaboparopuu Ha YUNE — XUMUYECKHE HAHOCEHCOPBI

3. HaHo4acTuIlbl KaK Karaju3aropsl

4. Kpruoxumusi HAHOYaCTHI]
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5. IlonuMepHBIE HAHOKOMIIO3UTHI

6. HanouacTuiel B COBpEMEHHON MEIULIMHE

7. KOMIIBIOTEpPHOE MOAECIUPOBAHUE CTPYKTYPBI HAHOYACTHILL

8. KoMNBbIOTEpHOE MOAECITMPOBAHUE CTPYKTYPBl HAHOKOMITO3UTOB
9. Pa3mepHbie 3(PPEeKTH B HAHOXUMUHM U HAHOTEXHOJIOTUU

10. CuHTE3 M CBOICTBA HAHOYACTHULL OKCHIOB METAIIIOB

11. CuHTE3 M CBOCTBA KBAHTOBBIX TOUYEK

12. lenapuMepbl KAK HAHOYACTHULIBI U MAKPOMOJIEKYJIBI

13. ®ymnepeHsl B COBPEMEHHON TEXHOJIOTHH HAHOMATCPUATIOB
14. HeyrnepoaHbie HAaHOTPYOKH

15. KoopanHanmoHHas XMMUSE HAHOYACTHIL

16. MeToasl uCCneN0BaHNs HAHOCTPYKTYPBI MOBEPXHOCTEN

17. MeToibl UCCAEA0OBAHUS HAHOYACTHI] B PACTBOPE

18. MeToasl MOJTy4eHHs] HAHOKOMITIO3UTOB

19. HanocTpykTyprpOBaHHbIE BOJIOKHA. [loyueHue u cBOMCTBA.
20. HaHOCTPYKTYPUPOBAHHBIE TUIEHKHU. 110JlydYeHUE U CBOMCTBA.

BOHpOCLI AJIA MOATOTOBKH K 3a4€Ty 0 THCHUILIMHCE:

1. Kak M0HO Ki1accu(puuupoBaTh METO bl CHHTE3a HAHOYACTHIL?

2. Kak MOKHO ynpaBIITh Pa3MePOM U (pOPMOI HAHOYACTHILL?

3. HazoBuTe METOMBI HCCIAEAOBAHUS CBOMCTB YacTUL, Na MOBEPXHOCTH W
OXapaKTEPU3YHITE MOIyIacMYyI0 UH(HOPMALHIO.

4. HazoBuTe METOABI HWCCIAEAOBAHMS CBOWCTB HAHOYACTUIL B OOBEME WU
OXapaKTEPU3YHITE MOITyIacMyt0 UH(HOPMALHKO.

5. Ha kakumx CBOHCTBaxX MHMAKMX KPHCTAUIOB OCHOBAHO WX WCIOJb30BAHUE B
KQueCTBE CTa0MIN3aTOPOB?

6. HazoBute © 0OBACHUTE OCOOCHHOCTM pEaKIMi YacTUI[ MarHus C
TATOr€HMETAHAMM MPH CBEPXHU3KUX TEMIIEpaTypax.

7. OxapakTtepu3yiite O0COOCHHOCTH MOJYSIMIUPHUUYECCKHX, HEIMIUPUUYECKUX H
THOPUIHBIX METOJIOB TEOPETUUYECKOTO MOJACIIMPOBAHHSI.

8. OxapakTepu3yiiTe 0COOCHHOCTH METOIa MAaTPUYHON M3O0JISIIIAKM U TPEOOBAHUS K
MaTpULIaM.

9. Kak nonyuator HaHOTpYyOKH? KakoBa XxvMusi HAHOTPYOOK?

10. IIpuBeauTe MpUMEPHI KATATUTHYECKAX PEAKIUIl HA HAHOYACTULAX PA3ITAYHBIX
METAJIJIOB.

VII. MaTepuajibHO-TEXHHYECKOE 00eCeYeHue
[TpoeencHue nekuii 00eCNEUEHO TEPEHOCHON MYJIBTUMEIUHHON CHCTEMOIA,
COCTOSIIICH M3 HOYTOYKA M ITPOEKTOPA.

VIII. Ceenenust 06 00HOB/IeHHH paGo4eii MporpaMMbl AUCHUILTHHBI
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