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TTosnoxxenne o pabouel IporpamMMe AUCHUMILIMHBEL (peaepasbHOr0 rOCYAapCTBEHHOIO aBTOHOMHOI'O 00pa30BaTelIbHOIO
yupexaeHus Boiciiero oopasosanus «Kazanckuii (IIpuBomkckuii) dhenepaibHbII YHUBEPCUTET)

1. KPATKASI AHHOTALUSA

Kypc mocesmen mnpuoOpereHHIO MNpo(ecCHOHANBHBIX 3HAHWKW B 00JacTH HAHOXUMHUH U
HAHOTEXHOJIOTHH, IOJrOTOBKE K HAYYHO-HCCIIEIOBATENBCKON M TEJarorHyecKoil JesTelbHOCTH,
CBSI3aHHOMU C HMCIIOJIb30BAHHEM METOJI0B HAaHOTEXHOJIOTHI, 03HAKOMJICHHE C XUMHYECKHMMHU OCHOBAMHU
CHCTEM MOHIDKEHHON pa3MEepHOCTH, C 0OCOOCHHOCTSIMU YHEPTETHUECKOTO CIIEKTPa U MepeHoca YacTUI] B
MHOTOCJIOMHBIX CTPYKTypax € pPE3KHMH MOTEHIMAJIbHBIMUA T'PAaHULAMH, C OCHOBHBIMH METOJaMHU
MOJTYYeHHSI U WCCIIEOBAaHHUSA HAHOCTPYKTYyp. B pesynmbrare OCBOCHUS HaHHON IMCHUIIMHBI TOJDKHBI
ObITh C(OPMHUPOBAHBI TPEJICTABICHUS O COBPEMEHHBIX INpobiemMax B 00JacTH HAHOXUMHH,
cOpMUpPOBaH KOMIUIEKC (YHAAMEHTAIBHBIX IIPEJICTABICHUH, COCTABIAIONIMX OCHOBY Hamboiee
BOCTPEOOBAHHBIX B HACTOSIIEE BPEMs JUCIUILIMH — HAHOXUMHHM U HAHOTEXHOJOTHH, CPOPMUPOBAHO
MOHMMaHKE OOLINX 1 HanboJee BaKHBIX 3aKOHOMEPHOCTEH HAaHOPa3MEPHBIX CUCTEM.

2. MECTO JUCHUIIJIMHBI (MOAYJIsI) B CTPYKTYPE OIIOII

Hannas mucnuminuHa "Hanoxumus" (mmdp OJI.A.08) oTHOcHUTCS K AUCHUIUIMHAM OCHOBHOM
00pa3zoBaTeNbHOM MPOrpaMMBl  aCUPAaHTOB ~XMUMHUYECKOro WHCTUTyTa UM. A.M.byTtieposa.
ConepxaHue Kypca BXOAUT B HEOOXOAMMBIH MHUHMMYM IpO(ECCHOHAIbHBIX 3HAHUI acCHUpPaHTOB,
oOyuaromuxcst no cnenuanbHoctd 02.00.03 - opranmueckast xumus. IlogyuyeHHbIe IpU OCBOECHUU
JUCUMIUIMHBl 3HAHUS M yMEHUs (GOPMHUPYIOT HABBIKM, HEOOXOJUMBbIE JJs  BBIOJHEHHUS
JUCCEPTAITMOHHON pabOThI MO crienuanbHOCTH "Opranudeckas XuMus'".

OcBauBaetcs Ha 2 Kypce (4 cemecTp).

JUig ycrenitHoro OCBOEHUS! JTaHHOW JMCLMIUIMHBI HY’HO OCBOCHHE B KadeCTBE MNPEIIIECTBYIOLIUX
creayommx aucuuiuind: «O6mas xumus», «Heopranuueckas xumus», «Pusuka», «Puznueckas
xumus», «Opranuueckas xumus», «Komtonanas xumusy, «XuMHUecKas TEXHOIOTHS.

3. IEPEYEHD IUIAHUPYEMBIX PE3VJIbTATOB OBYYEHMS 110 JMCHOUILIMHE
(MOJIY.JIIO)

OOyuaromuiics, 3aBepIINBIINNA U3YYSHUE JUCIUILTUHBIL, JOKEH

3HATh:
OCHOBHBIC BHJIBI HAaHOOOBEKTOB M HAHOMATEPHAJIOB, YMETh IPOTHO3UPOBATH HMX YCTOMYMBOCTH M
(U3UKO-XMMUYECKUE CBOWCTBA; MMETh MPEACTaBIEHUs O MPHUOOpax U yCTPOHCTBAX, pa3padaTbIBA€MbIX
Ha OCHOBE HAHOMATEPHAJIOB;

YMETb:

- KPUTHYECKU aHAIM3MPOBATh U MPOBOJUTH OLIEHKY COBPEMEHHBIX HAay4YHBIX JOCTHKEHUH B oOiacTu
HAaHOXMMHH U HAHOTEXHOJIOTUH;

- OPUEHTUPOBATHCS] B METO/1AX MOIYUYEHUS U UCCIIEOBAHUS HAHOCTPYKTYP: CKaHUPYIOUIEH TyHHEIbHON
MHUKPOCKOIIUH U CIIEKTPOCKOIINY;

BIIAJICTh:
- METOJI0JIOTHEN TEOPETUIECKUX U IKCTIEPUMEHTAIBHBIX HCCIIEIOBAHNIN B 00JIaCTH HAHOXUMUH;

- TEOPEeTHYECKUMH 3HAaHMSIMH O NPUHLUIIE PAa3MEPHOrO KBAaHTOBAaHHWS W YCJIOBHSAX HAOIIOICHUS
KBaHTOBO-Pa3MEpHBIX SBICHUH; (DyHIaMEHTATFHBIMHI 3HAHUSIMH O CTIeUU(HUKE IMOBECHHS BEIIECTBA B
HAaHOMETPOBOM pa3MEPHOM JMaIla30He; IIOHUMATh MEXaHW3M BO3HUKHOBEHHS Pa3MEPHBIX (PH3HYECKUX
1 xummrdecknx 3¢ dexros;

JEMOHCTPUPOBATH CITOCOOHOCTH U TOTOBHOCT:!



TTosnoxxenne o pabouel IporpamMMe AUCHUMILIMHBEL (peaepasbHOr0 rOCYAapCTBEHHOIO aBTOHOMHOI'O 00pa30BaTelIbHOIO
yupexaeHus Boiciiero oopasosanus «Kazanckuii (IIpuBomkckuii) dhenepaibHbII YHUBEPCUTET)

- NPUMEHATH IOJIYYCHHBIC 3HAHMSA Ha IPAKTHKE, HUCIOJIb30BaTh OCHOBHBIC 3aKOHBI HAHO XMMHH B
npoeCcCUOHANBHOW  NIEATETBHOCTH, MOHUMATh OCHOBHBIE  HAYYHO-TEXHHUYECKHE  MPOOJIEMBI
HaHOTEXHOJIOTUHU U NIEPCIIEKTUBBI PA3BUTHUS TaHHOHN (pyHIaMEHTaIbHON 00JIACTH 3HAHUH;

- OpraHu30BaTh pabOTy UCCIEIOBATENbCKOTO KOJUIEKTHUBA B c(epe OpraHnvecKo XUMHHU 110 Tpodieme
HAaHOXMMHH U HAHOTEXHOJIOTUH;

MPUMEHSTH PE3yJIbTaThl OCBOSHUS TUCIUIUIMHBI B TPOPECCUOHATBHON 1EATEIbHOCTH.

B pesynbrare 0OCBOCHUS AUCHUILTUHBI (POPMUPYIOTCS CIEAYIOMINE KOMIIETEHIIUN:

Pacmugposka

HIndp koMmnereHUNH N
npuodperaeMoii KOMIeTEeHIIUN

CMOCOOHOCTh K KPUTHUYECKOMY aHAJIN3y M OLEHKE COBPEMEHHBIX HAay4HBIX
NOCTHKCHU, TEHEPUPOBAHUIO HOBBIX  HUACHM  IpU  pELICHUU

VK-1 M CCICO0BATCIIbCKHUX n IMPAKTUYCCKUX 3aJa4, B TOM YHCJIIC B
MCKIAUCHTUIITIMHAPHBIX o0JracTsax
CII0COOHOCTE MMPOCKTUPOBATH u OCYHICCTBIIATD KOMIIJICKCHBIC
VK-2 HMCCIICO0OBAaHMA, B TOM YHCJIC MCKIUCHUIITIMHAPHBIC, HA OCHOBC LEJIOCTHOI'O

CHCTEMHOT0 HAy4YHOTO MHPOBO33DCHHs C HCIOJIb30BAHUEM 3HAHUI B
00JTaCTH UCTOPHH U PHITOCODUH HAYKH

TOTOBHOCTh YYacTBOBaTb B pPabdOTE€ pPOCCHHCKHX W MEXKIyHAPOIHBIX
YK-3 HCCIICIOBATEIIbCKUX KOJUIGKTUBOB 10 PEHICHUIO HAYYHBIX M HAay4HO-
00pa3oBaTeNbHBIX 3a7a4

CIIOCOOHOCTBIO CaMOCTOATEIIBHO OCYILIECTBJIATH HAay4HO-
MCCIIEA0BATEIBCKY IO NEeSATEIbHOCTh B COOTBETCTBYIOLIEH
npodeccCHoHaNBFHON 00JIACTH C HWCTOJIB30BAHUEM COBPEMEHHBIX METOJIOB
YcCieIoBaHus U HH()OPMALIMOHHO-KOMMYHHKAIIMOHHBIX TEXHOJIOTUN

OIIK-1

YMEHHUEM TPUMCHSATh OCHOBHBIC 3aKOHBI XHMHH TIpH OOCYXICHUH
[1K-1 [IOJYyYEHHBIX  PE3ylAbTaroB, B  TOM  YHCIE€ €  [PUBICYCHUEM
nH(pOpPMAITMOHHBIX 0a3 JaHHBIX

BJIQJICHUEM METOJAaMU IUIAHUPOBAHUS, pPETUCTpalud U  00paboTku
[PE3yJIbTaTOB XUMUYECKOTO IKCIIEPUMEHTA, OCHOBHBIMA CUHTETHYECKUMU U
AQHAIUTUYECKUMU METOJAaMHU IIOJIyYEHUS U HCCIEAOBAHMS XUMHYECKUX
BELIECTB U peakuuil

[1K-3

4. CTPYKTYPA U COAEPKAHME JUCIATITAHBI (MOY.JIST)

4.1. PacnpenesieHue TPYA0€MKOCTH JUCHUIJIMHBI (B Yacax) M0 BUAAM HArPy3KH 00y4aroIerocst
U N0 pa3jesaM JMCUHUIIHHbI

OO01mast TpyJ0eMKOCTh JUCHUIUIHHBI COCTABISAET 3 3a4eTHbIe equHUIbl, 108 dacos.

dopma NpoMeKyTOUHON aTTEeCTAallUU TI0 AUCIUILIMHE: 3a4eT/3K3aMeH B 4 ceMecTpe.

Ipakru [JIaGopar|CamocTto
Paznen aucuunjiMHbI Cemectp|JIeknuu | yeckue | OpHbIe |sITeJbHA
3aHATHS | pa6oThl |a pabdoTa

1. Tema 1. BBenenre B HAHOXUMHUIO U 4 ) ) )
HAHOTEXHOJIOTHIO.
2. Tema 2. OcHOBHBIE NOHSATHS HAHOXUMUHU U 4 2 2 2
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HaHOTEXHOJIOTUU.

3. Tema 3. cTopust pa3BUTHSI HAHOTEXHOJIOTHIA. 4 2 2 2
Tema 4. UHCTpyMeHTapuii HAHOTEXHOJIOTA. 4 2 2 2

5. Tema 5. CynpamonekynsipHasi XUMHUS U 4 5 ) )
camMocOOpKa OCHOBHBIE TEPMUHBI U TIOHATHS.

6. Tewma 6. bynymiee HaHOTEXHOIOTHIL: TPOOIEMBI 4 2 2 2
1 TIEPCIIEKTHBBI.

7. Tema 7. KopnyckysipHO-BOJIHOBas IpUpoJa
RJIEKTPOMATHUTHOTO U3JIYYEHHS U CTPOCHUE 4 2 2 2
aToMa.

8. Tema 8. KBanTOBBIE pasmMepHbIe YPPEKTHI. 4 2 2 2
Tema 9. KBaHTOBBIE TOUKH, TPOBOJIOKU U ) ) )
[JI0CKOCTH.

10. Tema 10. OOBbEKTH HAHOXUMUHU.

Krnaccudukanuyu HaHOYACTHIL. 4 2 2 2

11. Tema 11. "VYMHBIC" HAHOMATEPHAIIBI. 4 2 2 2

12. Tema 12. HpHHHHHB{ (bYHKIMOHUPOBAHUS 4 ) ) )
[OJIY[IPOBOIHUKOBOU 3JIEKTPOHUKHU.

13. Tewma 13. JIHK-koMmnbroTep. 4 2 2 2

14. Tema 14. HaHOOOBEKThI Kak OCHOBA HOBBIX
JIEKApCTB U CUCTEM UX HaIIPaBICHHOU 4 2 2 2
JTOCTABKH.

15. Tema 15. Hanogmuaraocruka. 4 2 2 2

16. Tema 16. IHK-uunsr u 6uouursl. 4 2 2 2

17. Tema 17. 'enHas Tepanus u JIEKTPONOpALIMSL. 4 > 2 )
PexomOunanTubie JTHK.

18. Tema 18. HanoTexHOMIOrMY ¥ GMOMHMETHKA! 4 ) ) 5
o/ipaXkast IPUPOAE.

4.2 ConepxaHue IMCUUILTHHBI

Tema 1. BBegenue B HAHOXUMHIO 1 HAHOTEXHOJIOTHIO.

JleKyuonHnoe 3anamue (2 uaca(oe)):

Beeaenne B HaHoTexHosioruro. Ileam wu  3amaum HaHoTexHojoruu. duszmyeckue U
TEXHOJIOTHYECKHE TPOoOJIeMbl U OTPaHUYCHUS MHUKPOMUHHUATIOPH3AIUU  IOJYIPOBOJHUKOBBIX
ycTporictB. [IpuMeHeHHe METOJ0B HAHOTEXHOJOTHMH JUISi YMEHBIICHUS pPa3MEpPOB MPUOOPOB.
[lepcniekTrBHBIE HaHOMAaTepHalbl M HaNpaBJCHUS HAHOTEXHOJOTMHM. Busyanuszanmuss U KOHTPOJb
pe3yJIbTaTOB HAHOTEXHOJIOTUH - 00s3aTeIbHOE YCIIOBUE VISl MX PEATH3alliU U Pa3BUTHSL.

npakmuyeckoe 3auamue (2 yaca(oe)):

Beeaenne B HaHoTexHosioruro. Ileam wu  3amaum HaHoTexHojoruu. duszmyeckue U
TEXHOJIOTHYECKHE TPOoOJIeMbl U OTPaHUYCHUS MHUKPOMUHHUATIOPH3AIUU  IOJYIPOBOJHUKOBBIX
ycTporictB. [IpuMeHeHHe METOJ0B HAHOTEXHOJOTHMH JUISi YMEHBIICHUS pPa3MEpPOB MPUOOPOB.
[lepcniekTrBHBIE HaHOMAaTepHalbl M HaNpaBJCHUS HAHOTEXHOJOTMHM. Busyanuszanmuss U KOHTPOJb
pe3yJIbTaTOB HAHOTEXHOJIOTUH - 00s3aTeIbHOE YCIIOBUE VISl MX PEATH3alliU U Pa3BUTHSL.

Tema 2. OcHOBHBbIE NIOHATHA HAHOXUMHUHU M HAHOTEXHOJIOTHH.
JleKyuonHnoe 3anamue (2 uaca(oe)):
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OcHOBHbIE TOHATUS HAHOXMMHMM ¥ HAaHOTEXHOJIOTMH. OeKTpocTtatudeckue S exTsl,
JIOKAIIbHBIM TETUIOBOM HArpeB, IUiacTHYecKast nedopMalivs, TOJEBOE HUCIAPCHHUE TMOJIOKHUTEIBHBIX H
OTPHUIIATETLHBIX HOHOB, TIOHIEPOMOTOPHBIN D PeKT, 3D HEKT IEKTPOHHOTO BETpa.

npakmuyeckoe 3auamue (2 uaca(0e)):

OcHOBHbIE TOHATUS HAHOXMMHMM ¥ HAHOTEXHOJIOTHH. OeKTpocTtatudeckue S exTsl,
JIOKAIIbHBIM TETJIOBOM HArpeB, IUiacTHYecKast nedopMalivs, TOJEBOE HUCIAPCHHUE TMOJIOKHUTEIBHBIX H
OTPHUIIATETLHBIX HOHOB, TIOHIEPOMOTOPHBIN AP PeKT, 3D HEKT JIEKTPOHHOTO BETpa.

Tema 3. UcTopusi pa3BUTHSI HAHOTEXHOJIOTHIA.

JeKuuoHHoe 3anamue (2 uaca(oe)):

Ucrtopus pa3sutus HaHOTeXHOJIOTHI. HaHOCTYyKTYypHBIE 311eMeHThI BemecTBa. HaHOCTpyKTypHBIE
AJIEMEHTHI BEIIECTBA: aTOMBI, MOJICKYJbI, (QyJUIepEeHbl, HAHOTPYOKH, KiacTepbl. KBaHTOBBIE TOUKH
(KT) - uckyccTBeHHBIE MOJIEKYJIbI. HAHOCTPYKTYpHBIE MOTUMEPHI

npakmuyeckoe 3auamue (2 uaca(0e)):

Ucrtopus pa3Butus HaHOTeXHOJIOTHI. HaHOCTYyKTYpHBIE 311eMeHThI BemecTBa. HaHOCTpyKTypHBIE
AJIEMEHTHI BEIECTBA: aTOMBbI, MOJIEKYJbI, (yJUIepeHbl, HAHOTPYOKH, KiacTepbl. KBaHTOBBIE TOUKH
(KT) - uckyccrBenHble MOJeKyJibl. HaHOCTpYKTYpHBIE TOJIUMEPDI

Tema 4. UHcTpyMeHTApHii HAHOTEXHOJIOTA.

JleKyuonnoe 3anamue (2 uaca(oe)):

WNHcTpymeHTapuii HaHOTEXHOJOra. Marepranel Ha OCHOBE HAHOCTPYKTYPHBIX 3JIEMEHTOB.
Hanokpucramanel, HaHOTpYOKH, HAHOCTEPKHM W HMX Npou3BOAHbIE. CTPYKTypHBIE 3JE€MEHTHI IJis
HaHOMaTEepHAJIOB 0oJiee BBHICOKOTO TOPSIIKA. YTIEPOJHBIE HAHOTPYOKH, TEXHOJIOTHS W3TOTOBIICHHS,
CTPYKTypa U CBOWCTBA.

npakmuyeckoe 3anamue (2 uaca(0e)):

WucTpymMeHTapuii HaHOTEXHOJIOra. Marepuanel Ha OCHOBE HAHOCTPYKTYPHBIX 3JIEMEHTOB.
Hanoxpucramibl, HaHOTpYOKH, HAaHOCTEP)KHM W UX Mpou3BoJHbIE. CTPYKTYpHBIE 3JIEMEHTHI IJIs
HaHOMaTepHuasioB 0oJjiee BBICOKOTIO MOpsIKA. YTJIEpOJHbIE HAHOTPYOKH, TEXHOJIOTHS H3TOTOBJICHMS,
CTPYKTypa U CBOMCTBA.

Tema S. CynpamosiekyJsipHasi XUMHUSL M CAMOCOOPKA OCHOBHbIE TEPMHMHBI U IIOHSITHS.

JleKyuonnoe 3anamue (2 uaca(oe)):

CymnpamornekyJisipHass XUMHSI U CaMOCOOpKa - OCHOBHBIE TEPMHUHBI W TOHSATHSI. Marepuaibl
ANEKTPOHUKHU JUIs HaHOoTexHosoruii. KpemHuit m ero moaudukanuu, B TOM 4YHCIE, KPEMHHHA Ha
M30JIATOPE, MOPUCTHIA KPEMHHM, HAHOKPUCTAIIIBI KPEMHHUSI B TUOKCUEC KPEMHUSI.

npakmuyeckoe 3auamue (2 yaca(0e)):

CympamornekyJisipHass XUMHSI U CaMOCOOpKa - OCHOBHBIE TEPMHUHBI W TOHSATHS. Marepuaibl
ANEKTPOHUKHU JUIs HaHOTexHonoruii. KpemHuit m ero moaudukanuu, B TOM 4YHCIE, KPEMHHHA Ha
M30JIATOPE, MOPUCTHIA KPEMHHM, HAHOKPUCTAIIBI KPEMHHUSI B TUOKCUEC KPEMHUSI.

Tema 6. Byayuiee HAHOTEXHOJIOTHIi: TPO0OJEeMBbI M EPCHEKTUBBI.

JeKyuonnoe 3anamue (2 uaca(oe)):

bynymee nanotexHonoruit: mpobiemsl u nepcerektuBbl. ['erepoctpyktypsl (I'C) u Hamboiee
pPacIpOCTpPaHEHHBIE CHUCTEMBI IOJIYNPOBOAHUKOBBIX MAaTEpUAJIOB HAa OCHOBE TBEPIBIX PacTBOPOB
A3BS5. Tpoiinble 1 yeTBepHbIE coeHeHUsl Ha ocHOBe A3B5. Marepuaiibl Ha OCHOBE HUTPHUJIOB U UX
IIPUMEHEHHE.

npakmuyeckoe 3anamue (2 uaca(0e)):

bynymee HaHOTexHoJorHMil: mpobiaembl u nepcrektussl. ['erepoctpykTypsl (I'C) u Hanbonee
pacnpoCTpaHEHHbIE CHUCTEMBI MOJYMPOBOJHUKOBBIX MaTepUaIoB HAa OCHOBE TBEPJBIX PacTBOPOB
A3BS5. Tpoiinble 1 yeTBepHBbIE coeMHEHHs Ha ocHOBe A3BS5S. Martepuanbl Ha OCHOBE HUTPHUJIOB U MX
MIPUMEHEHUE.
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Tema 7. KopnycKkyJasipHO-BOJIHOBAs MPUPOAA JIEKTPOMATHUTHOIO U3JIy4YeHHUS] M CTPOEHHe
aTroma.

JeKuuoHHoe 3anamue (2 uaca(oe)):

KopmyckynsipHo-BoHOBass OpUpoJa 3JIEKTPOMAarHUTHOTO HW3JyYEHUST M CTPOCHHE aToMa.
CyOMUKpOHHBIE TEXHOJIOTUM. YMEHBIICHHE pPa3MEpPOB D3JIEMEHTOB METOAAMHU TPATUIMOHHON
IUIAaHAPHOM TEXHOJIOTMM 32 cyeT pa3paboTKu, CO3JaHusl U TMPUMEHEHHUS OSKCTPEMaJIbHBIX
yIbTPa(UOJIETOBBIX HCTOYHMKOB H3JIYUYEHHUS CO CBEPXKOPOTKOM anuHOM BonHbl (13.5 HM) mpu
nporieccax JuTorpadpuu.

npakmuyeckoe 3auamue (2 uaca(0e)):

KopmyckynsipHo-BoHOBass TOpUpoJa 3JIEKTPOMAarHUTHOTO W3JIyYEHUST M CTPOCHHE aToMa.
CyOMUKpOHHBIE TEXHOJIOTUM. YMEHBIICHHE pPa3MEpPOB DSJEMEHTOB METOAAMHU TPATUIMOHHON
IUIAaHAPHOM TEXHOJIOTMM 32 cyeT pa3paboTKu, CO3JaHusl U TMPUMEHEHHUS OSKCTPEMaJIbHBIX
yIbTPa(UOJIETOBBIX HCTOYHMKOB H3JIYUYEHHUS CO CBEPXKOPOTKOM anuHOM BomHbl (13.5 HM) mpu
nporieccax JuTorpaduu.

Tema 8. KBantoBble pa3mepHbie 3P PeKThI.

JeKyuonnoe 3anamue (2 uaca(oe)):

KBanToBbie pa3mepHblie 3pdexTsl. VCTOUHMKHM SKcTpeManbHOTO yibTpaduonera. JlazepHoe
U3Iy4YeHue: B3auMoJieiicTBHe ¢ MoBepXHOCThIO U npuMeHeHne B HT. Hanomurorpadus. DnexTpoHHas,
WOHHAsT W  pEHTreHOBcKas  jurorpaduu. M3roToBieHMe HAHOTOYEK ¥ HAHOMPOBOJIOK
JAUTOTpapUUECKUMHU METOAAMHU.

npakmuyeckoe 3anamue (2 yaca(0es)):

KBanToBble pa3mepHble 3(pdekTsl. VCTOUHHMKM 3KcTpeManbHOro yiasTpaduonera. JlazepHoe
W3Jy4YCHHE: B3aUMOJICHCTBHE ¢ TOBEPXHOCTHIO U mpuMeHeHne B HT. Hanomurorpadus. DnexTpoHHas,
WOHHAsT W  peHTreHoBckas  jurorpadguu. M3roToBneHue  HAHOTOYEK U HAHONPOBOJIOK
AUTOrpaUueCKUMU METOJaMHU.

Tema 9. KBanTOBBIE TOUKH, IPOBOJOKH U IIOCKOCTH.

JeKyuonHnoe 3anamue (2 uaca(oe)):

KBaHTOBBIE TOUKM, MPOBOJIOKM U IUIOCKOCTH. CaMoOpraHu3anys KBAHTOBBIX TOYEK U HHUTEH.
KBantoBbie Touku. CamoopraHm3zoBaHHbBIM pocT no MexaHusMmy CrpaHcku-Kpacranosa. Teopus
CaMOOPraHU30BAaHHOTO POCTa KBAHTOBBIX TOuYeK. CHCTEMBI MOJYNPOBOJAHUKOBBIX MAaTE€pPHAJIOB MJIs
BeIpanuBanus cTpykTyp ¢ KT.

npakmuyeckoe 3anamue (2 yaca(0es)):

KBaHTOBBIE TOUYKM, MPOBOJIOKM M IUIOCKOCTH. CaMOOpraHm3anys KBAHTOBBIX TOYEK U HUTEH.
KBanroBbie Touku. CamoopraHum3zoBaHHBIH pocT mo MexaHusmy Crpancku-Kpacranosa. Teopus
CaMOOPraHU30BaHHOTO POCTa KBAHTOBBIX TOUYeK. CHCTEMBI INOJYIPOBOJAHHUKOBBIX MAaTE€pPUANIOB IS
BbIpammBanus cTpykTyp ¢ KT.

Tema 10. O0bexkThl HaHOXMMHUH. Kinaccnpukanum HaHOYACTHIL.

JeKyuonHnoe 3anamue (2 uaca(oe)):

OObekThl  HaHOXUMHUHU.  Krnaccudukarmuu  HaHowacTwi.  HaHomedatHass — jurorpadus.
Nsrotosnenue mrammnoB. Bei6op pe3nctoB, monuMeTuaMeTakpuiaT. PeakTHBHOe HOHHOE TpaBleHHE.

npakmuyeckoe 3anamue (2 yaca(0es)):

OO0bexkTel  HaHoxuMuHW. Krnaccudukanmum  HaHowacTun. HaHomeuatHas — autorpadus.
N3zrorosnenue mrammnos. Bei6op pe3ncros, nonuMeTuamMeTakpuiaaT. PeakTHBHOE HOHHOE TpaBJICHHE.

Tema 11. "YMHbIe'" HaHOMaTepHAJIbI.
npakmuyeckoe 3auamue (2 yaca(0e)):
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YMHBIE HaHOMaTepHualbl. PocT HaHOCTPYKTYp Ha (PaceTHPOBAHHBIX IJIOCKOCTSAX. TpexMepHbIe
MacCHUBbI KOTEPEHTHO-HAIIPSHKEHHBIX OCTPOBKOB. MaccuBbI BEpTUKaAIBbHO-CBsI3aHHBIX KT.

Tema 12. IIpunnunbl GyHKIUOHUPOBAHUS MOJTYNPOBOJHUKOBOH 3JIEKTPOHUKH.

JleKyuoHHoe 3anamue (2 uaca(oe)):

[TpuHIMIBl  (PYHKIMOHUPOBAHUS  TOJYHNPOBOAHUKOBOM  3nekrponuku. JHK-xommbrorep.
[Tepronuueckue CTPyKTYpbl INIOCKUX JOMEHOB. CTPYKTYpPhI C MEPUOIAYECKON MOIYJISIMEH COCTaBa B
SMUTAKCHAIBHBIX TUJIEHKAaX TBEPABIX PACTBOPOB MOIYNPOBOAHUKOB. [10ynpoBOAHUKOBBIE Jia3epbl HA
OCHOBE IeTePOCTPYKTYP C KBAHTOBBIMU TOUKAMH

npakmuyeckoe 3auamue (2 uaca(0e)):

[Tpunnunel  QYHKIIMOHMPOBAHUS  TOJYNPOBOAHUKOBOW  snektpoHuku. JIHK-xommberoTep.
[lepuoanueckue CTPYKTYphl INIOCKUX TOMEHOB. CTPYKTYpPBI C IEPHUOJUYECKON MOIYJISLIUEH cocTaBa B
SMUTAKCUAJIBHBIX IUIEHKAaX TBEPABIX PACTBOPOB MOIYNPOBOAHUKOB. [10IynpoOBOIHUKOBBIE JIa3epbl Ha
OCHOBE I'eTePOCTPYKTYP C KBAHTOBBIMU TOUKAMHU

Tema 13. JTHK-xkomnbloTep.

JeKyuoHHoe 3anamue (2 uaca(0e)):

Cnoco6Hocts Monekyn JIHK koaupoBats nHpoOpManuio o cTpoeHnr 0elIKOB ¢ UCTIOIb30BAaHUEM
orpanudeHHoro yncia «0yksy. [lepseie mpumeps! JJHK-BeraucneHmii.

npakmuyeckoe 3auamue (2 yaca(oe)):

Crnoco6Hocts Monekys JIHK koaupoBats mHGOpMAIHIO 0 CTPOCHUN OEIKOB ¢ MUCTIOIH30BAHUEM
orpannueHHoro yucia «0yksy». [lepBeie nmpumeps! JJHK-Borancnenuii.

Tema 14. HaHoo0beKTbl KaK OCHOBA HOBBIX JIEKAPCTB M CHCTEM HX HAINpPaBJIEHHOI
JOCTABKH.

JleKyuonHnoe 3anamue (2 uaca(oe)):

HaHoOOBEeKTHl Kak OCHOBAa HOBBIX JIEKAPCTB M CUCTEM HMX HaIlpaBJIEHHON AocTaBKU. MOHHBIN
CHUHTE3 HAHOCTPYKTYp Ha TIOBEpPXHOCTU U B 00BEME MOMYyNpPOBOIHUKOB. DopMupoBaHUE
HAHOKPHUCTAJJIOB KPEMHUA U T€pMaHUs B JUOKCUAEC KPEMHUS U MOJUMEPHBIX MaTepranax Ipu HOHHOU
6oMbapaupoBke. [Iporeccsl caMoopranu3aluyd HAHOCTPYKTYP MPU MOHHOM CHUHTE3€. AHHU30TPOIHOE
pacnbUIeHHE MOBEPXHOCTH MOIYIIPOBOJHUKOBBIX MAaTEPUAJIOB MPU BO3AEHCTBUM MOHHBIX MTyYKOB.

npakmuyeckoe 3anamue (2 yaca(0e)):

HaHoOOBEeKTHl Kak OCHOBAa HOBBIX JIEKAPCTB M CHUCTEM HMX HaIlpaBJICHHON AocTaBKU. VOHHBIN
CHUHTE3 HAHOCTPYKTYp Ha TIOBEpPXHOCTH HU B 00BEME MOMYyNpPOBOIHUKOB. DopMupoBaHUE
HAHOKPHUCTAJUIOB KPEMHUA U T€pMaHUs B JUOKCUAEC KPEMHUS U MOJUMEPHBIX MaTepraiax Ipu HOHHOK
6oMbapaupoBke. [Iporeccsl caMoopranu3aiuyd HAaHOCTPYKTYp MPU MOHHOM CHUHTE3€. AHHU30TPOIHOE
pacnbUIEeHHE MOBEPXHOCTH MOIYIIPOBOJHUKOBBIX MAaTEPUAJIOB MPU BO3AEHCTBUM MOHHBIX MTyYKOB.

Tema 15. Hanoamaruocruka.

JeKyuonHnoe 3anamue (2 uaca(oe)):

[ToBbIlIeHNE YYBCTBUTENBHOCTH TPATUIIMOHHBIX CPEACTB AUArHOCTUKH. HaHouacTuIbl B cocTaBe
MMMYyHOCeHCOpoB. JIabopaTopust Ha yure.

npakmuyeckoe 3anamue (2 uaca(0e)):

[ToBbIlIEHNE YyBCTBUTEIBHOCTH TPAAUIIMOHHBIX CPEICTB AMATHOCTUKH. HaHOYaCTHUIIBI B cOCTaBe
MMMYHOCEHCOpOB. JIaboparopust Ha yurie.

Tema 16. IHK-4yunbl 1 0MOYHIIBI.

JeKyuonnoe 3anamue (2 uaca(oe)):

Muxkpodimronaeie cucteMbl. [lomumepasHas tienHas peakmus. [IpoBeneHue moauMepa3sHOU
HenHo  peakuuu Uit momydeHuss  ¢parmeHtoB  JIHK  3amaHHON  mocienoBaTeNbHOCTH
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OJINTOHYKJICOTHIOB. bruouunsl. @opMupoBaHue LEHTPOB CBs3biBaHUA. Peructpanus curnana JJHK-
YUTIOB.

npakmuueckoe 3anamue (2 yaca(oe)):

Mukpodumonaasie cuctembl. [lonumepasnas nenHas peakinus. [IpoBeneHue mnoaumepasHOU
LEeMHOM  peakuumu Juisi  moiydenuss  ¢parmentoB JIHK  3aganHOM  mocienoBaTenbHOCTH
OJIMTOHYKJI€OTUA0B. buounnsl. ®opmupoBaHue LIEHTPOB CBsA3bIBaHUA. Perucrpanus curnana JJHK-
YUIIOB.

Tema 17. I'ennas Tepanus u 3jaekrponopanus. PekomoOunantusie JJHK.

JeKuuoHHoe 3anamue (2 uaca(oe)):

I'ennas Tepanust u snexrponoparusi. Pekomounantasie JIHK. ['ennas wmxenepus. Myranuu.
Pectpukuus. Tpancaykuus. OOMEH reHETHYECKUM MaTepHaIOM.

npakmuueckoe 3anamue (2 yaca(oe)):

['ennas tepanus u snextponopauusi. PexkomOounantasie JJHK. I'ennast unxenepus. MyTtaruu.
Pecrpukmus. Tpancaykuus. OOMeH reHeTHIECKUM MaTepuaiom. Keanmosvie mouxu.

Tema 18. HanoTexHo10run 1 0MOMUMETHKA: MOAPAKAS IPUPOJIE.
JeKyuonnoe 3anamue (2 uaca(oe)):

Koncrpykuuu u3 6enkoB. «ITogenkm» u3 monekyn JJHK. PHK-manomamuyHer.
npakmuyeckoe 3auamue (2 yaca(oe)):

Koncrpykuuu u3 6enkoB. «Ilogenkm» u3 monekyn JJHK. PHK-manomamuHsr.

5. OBPA3OBATEJIBHBIE TEXHOJIOT'UU

Ha nexuwmsix:

- KOMIIBIOTEPHBIE IPE3ECHTALMN JEKLIHMN.

Ha cemunapax:

KpyTJblid cTon mo Teme 18 «HanoTexHonoruu u GMOMUMETHKA: TTOJIpakast IPUPOIL».

6. YYEBHO-METOJUYECKOE OBECHEYEHUS JJISI CAMOCTOSTEJBHOM
PABOTBI OBYYAKOIIUXCSA MO JUCHUIIJIIMHE (MOAYJIIO)

CAMOCTOSATEJIBHAS PABOTA ACIITMPAHTOB (CPA) Britouaet criefyoomune BUabl padoT:
- H3yUYEHHUE TEOPETUICCKOTO JICKIIMOHHOTO MaTeprasa, IMoJAroToBKa K OIPOCy 10 MaTepuaiaM JICKITUi;
- MpopaboOTKa TEOPETUUECKOro MaTepuraia (KOHCIEKTHI JEKIUH, OCHOBHAS U JOTIOTHUTEIbHAS
JUTEPATYpa);
- MPOBEICHNE UMUTAIIMOHHOTO CUMYJIMPOBAHUSI C UCTIONIB30BaHNUEM OECIIIIaTHBIX BEPCUI POrpamMM B
WNHutepHerT;
- MOATOTOBKA K pAaCCMOTPEHHUIO KOHKPETHBIX cyyaeB (case study).
- TOWCK WH(OpPMAIMK TO0 WHTEPHET-pecypcaM, 3HAKOMCTBO C HOBBIMH ITyOJHKAIUSIMU IO TEMe
COOCTBEHHBIX HAYYHBIX HCCIICTOBAHUM.

BOl'[pOCI)I K IPAKTUYC€CKHUM 3aHATUAM

Tema 1. BBeieHre B HAHOXUMMIO M1 HAHOTEXHOJIOTHIO.
npakmuyeckoe 3anamue (2 yaca(0es)):
1. Ilenu u 3aa4l HAHOTEXHOJIOTHH.
2. Ousnyeckue M TEXHOJIOTHYECKHE MPOOJIEMBI U OTPAHUUYCHUS MUKPOMUHHUATIOPU3AIUU
MOy IPOBOIHUKOBBIX YCTPOMCTB.
[IpumeHeHne METOJ0B HAHOTEXHOJIOTHH /111 YMEHBIIIEHUS Pa3MEepPOB IMTPUOOPOB.
4. TlepcriekTUBHBIC HAHOMATEPHUAIBI U HATPABICHUS HAHOTEXHOJIOTHH.

(98]
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5.

Busyanuzanus 1 KOHTPOJb Pe3yJIbTaTOB HAHOTEXHOJIOTUN - 00s3aTeNIbHOE YCIOBHE IS
WX peasn3aluy U Pa3BUTHSL.

Tema 2. OcHOBHBIE HOHATHA HAHOXMMHUM U HAHOTEXHOJIOTHH.
npakmuueckoe 3anamue (2 yaca(oe)):

1.

Nk

OcHOBHBIE TIOHATHS HAHOXUMHUHU ¥ HAHOTEXHOJIOTUH.
DnekTpocTaTudeckue 3HPEeKThI.

JIoKaJIbHBIN TETIOBOM HArpeB.

[Tnactudeckas aedopmarms.

[ToneBoe wucHapeHue MONOKUTEIBHBIX M OTPULIATEITHHBIX HOHOB.
[TongepoMoTopHBIil 3 deKT.

O¢ddekt >meKTPOHHOTO BETpa.

Tema 3. UcTopusi pa3BUTHS HAHOTEXHOJIOT Hil.
npakmuueckoe 3anamue (2 yaca(oe)):

1.
2.
3.

4.
3.

Hctopus pa3BUTHS HAHOTEXHOJIOTHH.

HaHocTyKTypHBIE 371EMEHTHI BEILIECTBA.

HaHOCTpyKTypHbIE 3JIEMEHTHI BELIECTBA: aTOMBbI, MOJIEKYJbI, (yJepeHbl, HAHOTPYOKH,
KJIaCTEpBI.

KBanToBblie Touku (KT) - nckyccTBeHHBIE MOJIEKYIIbI.

HanocTpyKkTypHbIE IOTUMEPHI

Tema 4. UHcTpyMeHTApHii HAHOTEXHOJIOTA.
npakmuyeckoe 3auamue (2 yaca(0e)):

1.

N

HNHcTpymMeHTapHii HAHOTEXHOJIOTA.

Matepuansl Ha OCHOBE HAHOCTPYKTYPHBIX 3JIEMEHTOB.

Hanoxpucranibl, HAHOTPYOKH, HAHOCTEP>KHU U UX ITPOU3BOJHBIE.
CTpyKTypHbIE 3JI€MEHTHI 11 HAHOMaTepUaIoB 6oJiee BBICOKOTO OPSIIKA.
VYrneponHsie HAHOTPYOKH, TEXHOIOTHS U3TOTOBIICHHS, CTPYKTYPa U CBOMCTBA.

Tema S. CynpamosiekyJsipHasi XUMHUSL M CAMOCOOPKA OCHOBHbIE TEPMHMHBI U IIOHSITHS.
npakmuyeckoe 3anamue (2 yaca(0e)):

1.
2.
3.

CynpaMosiekymsipHas XUMHS 1 caMOCOOpKa - OCHOBHbIE TEPMHUHBI U IIOHATHS.
Matepuassl 2JIEKTPOHUKH 1711 HAHOTEXHOJIOTHH.

Kpemuuii u ero moaudukanuu, B TOM 4YHUCIIE, KPEMHHUI Ha H30JATOpE, MOPHUCTHII
KPEMHUI, HAHOKPUCTAJUIBI KPEMHMSI B TUOKCUE KPEMHUS.

Tema 6. Byaymee HaHOTeXHOJIOTHIi: MPOOJIEMBbI U NEPCHEeKTUBDI.
npakmuyeckoe 3anamue (2 yaca(oes)):

1.
2.

3
4.

Byayiee HAHOTEXHOJIOTUI: TPOOIEMBI U TIEPCTICKTHUBEI.

I'erepoctpyktypsl (I'C) u Hanbonee pacnpoCTpaHEHHBIE CUCTEMBI MOIYITPOBOIHUKOBBIX
MaTepHaJIOB Ha OCHOBE TBEPJBbIX pacTBOpoB A3BS.

TpoiiHble U YeTBEpHBIE cCoeIMHEHNUS Ha ocHOBEe A3BS.

Marepuainbl Ha OCHOBE HUTPUIIOB U MX IIPUMECHEHUE.

Tema 7. Kopnycky/asipHO-BOJIHOBasi MPUPOAA JIEKTPOMATHUTHOIO M3JIy4eHUs] U CTPOeHHe

aToMa.

npakmuyeckoe 3auamue (2 yaca(0e)):

1.
2.

KopnyckynsipHo-BOIHOBAs IPUPOAA FNEKTPOMArHUTHOTO U3JIyYEHUS U CTPOCHHUE aToMa.
CyOMUKPOHHBIE TEXHOJIOTHH.
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3.

YMeHblIeHHE pa3MepOB 3JIEMEHTOB METOIAMHU TPATUIIMOHHON TJIaHAPHON TEXHOJIOTHH 32
cueT pa3pabOTKM, CO3MaHMSA U TPUMEHEHHUs SKCTPEMAIbHBIX YJIbTPa(pHOIETOBBIX
HMCTOYHHKOB M3JIYYEHHUSI CO CBEPXKOPOTKOHM muHOW BomHBI (13.5 HM) mpu mporeccax
JUTOTpaduu.

Tema 8. KBanToBble pasmMepHbie 3¢ eKThbI.
npakmuueckoe 3anamue (2 yaca(oe)):

1.

QbW

KBanTOBBIE pazmepHbIe F3PPEKTHI.

VcTOYHUKH HKCTPEMANIbHOTO YIbTpadHoiera.

JlazepHoe u3nydeHue: B3auMOJCHCTBUE ¢ TIOBEPXHOCTHIO U puMeHeHnue B HT.
Hanonutorpadusi.

DJeKTpOHHAs, MOHHAS U PEHTTEHOBCKas JTUTOrpaduu.

N3roroBieHre HAHOTOYEK ¥ HAHOIIPOBOJIOK JIUTOIpaMueCKUMHU METOJIaMH.

Tema 9. KBaHTOBBIE TOUKH, IPOBOJIOKH U IIJIOCKOCTH.
npakmuyeckoe 3auamue (2 yaca(0e)):

1.

SNk Wb

KBaHTOBBIE TOUKH, TPOBOJOKH U MIOCKOCTH.

CamMoopranu3anysi KBaHTOBBIX TOUYEK M HUTEH.

CaMOOpraHru30BaHHBIN POCT [0 MEXAaHU3MY

Crpancku-Kpacranosa.

Teopust caMoOOpraHM30BaHHOI'O POCTa KBAHTOBBIX TOYEK.

Cucremsl OJIyIPOBOJIHUKOBBIX MAaTEPUAIIOB IS BeIpauBanus cTpykryp ¢ KT.

Tema 10. O0bexkTbl HaHOXMMUH. Kinaccupukanum HaHOYACTHIL.
npakmuyeckoe 3anamue (2 uaca(0e)):

SIS e

OOBbEeKThl HAHOXUMHUH.

Krnaccudukanum HaHOYACTHIL.
HanomneuaTtHas nutorpadus.
N3roroBiieHne mTaMIios.

Br160p pe3nucToB, MOMMMETUIMETaKPUIIAT.
PeakTBHOE MOHHOE TpaBJICHHUE.

Tema 11. "YMHbIe'" HaHOMaTepHAJIbI.
npakmuyeckoe 3auamue (2 yaca(0e)):

1

2.
3.
4.

YMHBIE HAHOMATEPUAIIBI.

PocT HaHOCTPYKTYp Ha paceTHPOBAHHBIX MIOCKOCTSX.
TpexmepHbIe MacCUBBI KOTEPEHTHO-HAIMPSKEHHBIX OCTPOBKOB.
MaccuBbl BepTukaibHO-CBA3aHHBIX KT.

Tema 12. [IpuHuMnbl GyHKIIHOHNPOBAHMS MOJIYNIPOBOIHNUKOBOM 3JIEKTPOHUKH.
npakmuyeckoe 3anamue (2 yaca(0e)):

1.
2.
3.

4.

[TpuHIMIBI PYHKIMOHUPOBAHUS ITOTYTIPOBOAHUKOBON 3JIEKTPOHUKH.

[leproanueckue CTPYKTYpbI INIOCKUX TOMEHOB.

CTpyKTypsl € NEpPUOAMYECKON MOAYIALMEN COCTaBa B JSIUTAKCHAIbHBIX IIICHKaX
TBEPABIX PACTBOPOB MOIYIIPOBOJHHUKOB.

ITosrynpoBOIHUKOBEIE J1a3€pbl HA OCHOBE T€TEPOCTPYKTYP ¢ KBAHTOBBIMHM TOUYKAMMU

Tema 13. JHK-xkomnbloTep.
npakmuyeckoe 3anamue (2 uaca(0e)):

1.

CnocoOnocte Mosekyn JIHK koaupoBaTh HHPOpPMALUMIO O CTPOCHUU OEIKOB C
MCIIOJIb30BaHUEM OTPAHUYEHHOIO YHCIIa «OYKBY.

10
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2. Ilpumepst JHK-BbIunCICHMIA.

Tema 14. HaH000BbeKTHI KaK OCHOBAa HOBBIX JIEKAPCTB M CHCTEM HMX HAINpPaBJICHHOM
AOCTABKH.
npakmuueckoe 3anamue (2 yaca(oe)):
1. HaHOOOBEKTHI Kak OCHOBA HOBBIX JICKAPCTB M CUCTEM UX HAIPABICHHOM JJOCTaBKH.
2. HoHHBIN cCHHTE3 HAHOCTPYKTYP Ha MOBEPXHOCTH M B 00BEME TTOTYITPOBOTHUKOB.
3. ®opMmupoBaHME HAHOKPHUCTAUIOB KPEMHHMS M Te€pMaHus B JAMOKCUIAE KPEMHHS U
MOJIMMEPHBIX MaTepuajiax Mmpyu HOHHOW OOMOapIUpPOBKE.
4. Tlpomecchl caMOOpraHu3aluu HAaHOCTPYKTYP HPU HOHHOM CHUHTE3E.
AHU30TPONHOE pACMBUIEHHE TMOBEPXHOCTH IOJYINPOBOJAHUKOBBIX MAaTEpHUANiOB IPHU
BO3I[€I>'ICTBI/II/I HWOHHBIX ITYYKOB.

9]

Tema 15. Hanoguarnocruka.

npakmuueckoe 3anamue (2 yaca(oe)):
1. TloBbllIeHHE YYBCTBUTEIHLHOCTH TPATUIIMOHHBIX CPECTB AUATHOCTUKH.
2. HanHoyacTHIIBI B COCTaBE UMMYHOCEHCOPOB.
3. JlaGopartopus Ha yure.

Tema 16. JHK-uunb1 u 6Movyunsbl.
npakmuyeckoe 3anamue (2 yaca(0es)):
1. MukpodarouaHbIe CUCTEMBI.
2. TlonumepasHasi LieTIHAs PEAKIUs.
3. TlpoBeneHue mNOIMMEpPA3HOW MEMHON peakuuu [ noaydenus ¢parmentos JIHK
3aJJaHHOM MOCJIE0BATEILHOCTH OJUTOHYKJIEOTH/IOB.
4. buouunsl.
5. ®opMHUpPOBaHHE LIEHTPOB CBSI3bIBAHUS.
6. Peructpauus curnana JIHK-uumnos.

Tema 17. I'ennas Tepanus u 3jekrponopauus. PexkomoOunantunie JHK.
npakmuyeckoe 3anamue (2 uaca(0e)):

1. T'ennas Tepanus v 3IEKTPONOPALIUS.
2. PexomOunanTHbeie [JHK.

3. T'eHHast MH)XKEHEpUS.

4. MyrTanuu.

5. Pectpukuus.

6. Tpancmykums.

7.

OOMEH reHETHIECKUM MaTCpHraJIOM.

Tema 18. HanotexHo1orum u 6HOMUMETHKA: NOAPAKAs IPUPOJIE.
npakmuyeckoe 3anamue (2 yaca(0e)):

1. Konctpykiun u3 6eIKoB.

2. «llopenxu» u3 monexyn JIHK.

3. PHK-nanomamuHsl.

7. ®OH/J1 OIHIEHOYHbBIX CPEACTB
7.1. PeriiaMmeHT IMCHUIINHBI

ITPOTOKOJI PACIIPEJEJIEHNA BAJVIOB

11
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1o Kypcy «HaHoxuMusy» 11 acnupaHToB 2 Kypca XUMUYECKOro nHCTUTyTa M. A.M. byTieposa
K®VY (4 cemectp)

Buibl 3aHATHIA, KOTHYECTBO YacoB U (DOPMBI KOHTPOJIS JJIsI aCIUPAHTOB 2 Kypca B 4 cemecTpe:

Tabmuua 1.
®dopma
Ne Buiel yueOHBIX 3aHATHIA Konuuectso yacos
KOHTPOJIS

1 | Bcero yacoB no QUCHHILINHE 108 3a4eT
2 | CamocrositenbHas pabora 36
3 | AyIUTOpHBIX 3aHITHI 36

B Towm umcie: neknuii 36

CemuHapckux (Wi 1a00paTOPHO-TIPAKTHUECKUX ) 36

KomnmuectBo 6amnos, BeiaeieHHOE Ha Kype, — 100%.

MaxkcruManabHO BO3MOXKHAs cyMMa 0asuioB ckianbiBaeTcs u3 50% 3a padory B cemectpe u 50% 3a
3a4er.

PaGora B cemecTpe
Tekymas paboTta B ceMecTpe MPOBOJUTCS B COOTBETCTBHU C Pa00YMM IIIAHOM. MaKCHUMaIbHO
BO3MOXHas cymma 6amioB— 100%. Hauucnenue 6anioB yuuTeiBaeT paboTy CTYJEHTa B Ay UTOPUH —
Pe3yJIbTaThl TEKYIIEro KOHTpouIs (Tabmuua 2).

Tabmmna 2.
Ne Hassanue temsl banne
1 TecTtbl TeKy1Iero KOHTpous 1. 50
MeToab! HccIeJ0BaHUSI HAHOPA3MEPHBIX CHCTEM
2 | TecTbl TEKYyLIEro KOHTPOJIS 2. 50
DU3NKO-XMMHUSI HAHOCTPYKTYPUPOBAHHBIX MaTEpUAJIOB
HUTOTI'O 100

Craaua 3adera
3a4er 1o Kypcy SBISIETCS UTOTOBOM OIICHKOM 10 Kypcy. K 3adeTy H0mycKarTcsi CTyACHThI, KOTOpPBIC
HaIHMCaJIA TECTHI TEKYIIIET0 KOHTPOJISI M B UTOre HaOpanu He meHee 25,5% (ue menee 51 6amna). 3auer
MIPOBOJIUTCS IO TeMaM, 0003HAYCHHBIM B paboueii mporpamme. 3a4eT MPOBOIUTCS B TUCHMEHHOU
¢dhopme. MakcumabHOE KOJTMYECTBO 0aLIOB, BRIIEIsIEMOe 3a 3a4eT, — 50%.

Kaxxnp1it CTyIeHT mosty4aeT 5 BOIPOCOB.
OTBeT Ha KaXXIbIil BOMPOC OIleHUBaeTCsa MakcuMyM 20 GaiaMu.

Kpurepuu onenok cnenyromue: - 100 6amioB - CTyA€HT riTyO0KO MOHUMAET PO ICHHBIHN
MaTepuan, OTBEYAaeT YEeTKO U  BCECTOPOHHE, YMEET OIeHMBAaTh (DAKTHI, CaMOCTOSITENLHO
paccyxaaeT, OTIMYaeTCsl CIIOCOOHOCTHI0O 0OOCHOBBIBATH BHIBOJIBI M PA3bSCHATH MX B JIOTHUECKON

IOCICA0OBATCIIBHOCTH.
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90 GamioB - CTYIEHT TUIyOOKO TMOHHUMAET MPOMJACHHBIA MaTepuas, OTBEUaeT YETKO M BCECTOPOHHE,
yMEEeT OIICHUBATh (DaKThl, CAMOCTOSATEIBHO PACCY)KIAET, OTIIMYACTCS CIMOCOOHOCTBIO OOOCHOBBIBATH
BBIBOJIBI M PA3BSICHATH UX B JIOTUIECKOH MMOCIIEA0BATEIBEHOCTH, HO JOMTYyCKAET OT/IEIbHBIC HETOUHOCTH.
80 Oa/wmoB - CTyACHT TIyOOKO MOHMMAET MPOMICHHBINM MarepHall, OTBEYAaeT YE€TKO M BCECTOPOHHE,
yYMEET OLEHHUBATh (DaKThI, CAMOCTOSTEIBHO PACCYXKIACT, OTIMYACTCS CHOCOOHOCTHIO OOOCHOBBIBATH
BBIBOJIBI M Pa3bsCHATh MX B JIOTMYECKOW MOCJIECIOBATEILHOCTH, HO JIOMYCKAE€T HEKOTOPBIC ONIMOKU
o011ero xapakrepa.

70 GamaoB - CTYACGHT XOPOIIO TMOHMMAEeT MPONJCHHBIH MaTepuans, HO HE MOXKET TEOPETHUECKU
000CHOBATh HEKOTOPHIC BHIBOJIBI.

60 OamioB —  CTYIEHT OTBEYaeT B  OCHOBHOM  MpPaBWIbHO, HO  YyBCTBYETCS
MEXaHUYECKOE 3ayYHBaHUE MaTepUaa.

50 ©OamioB - B OTBETe CTYACHTa HMEIOTCS CYIIECTBEHHBIE HEIOCTATKH, MaTepual
OXBaueH IIOJIOBUHYATOY, B PACCYKIACHUSIX JOMYCKAIOTCS OIIUOKH.

40 6ayIoB - OTBET CTYACHTA MPABWICH JIUIIh YACTUYHO, NPH Pa3bsICHEHUH MaTepuaia JO0IMyCKarTCs
Cepbe3HBIC ONTHOKH.

20-30 6annoB - CTyJIGHT UMEET O0IIee MPEACTaBICHUE O TeMe, HO HE YMEET JIOTUYECKH 000CHOBAThH
CBOY MBICJIH.

- 10 6amIoB - CTYACHT UMEET JIUIIb YACTUIHOE MPECTABICHHE O TEME.

- 0 6anoB - HET OTBETA.

7.2. OneHo4YHbIe CPeACTBA TEKYLero KOHTPOJIs

TecTtupoBanue no remam 1-9.
IIpuMepsl TECTOBBIX 3aJaHUM:
BUJIET Ne 1-15.

Bama nens - 3anmonHuTh TabaMIy B KOHIIE JUCTa. J{J1 3TOTO B MyCThIe KJIETKH TaOIHIIbI MPOTHB HOMEpa
3aaudl BIumuTe nudpy (Hudpsl), COOTBETCTBYIONIYIO(KE) MPaBUIbHOMY BapHaHTYy(aM) OTBeTa.

3a KaKIblii MPaBUILHBIA OTBET CyMMa Bammx 0aiioB YBEIWYHUBACTCS, 3a KaXIBIH HETPABIIILHBIN -
yMmeHbInaercs. [loatomy, eciin Bel He yBepeHBI B TPaBUIBHOCTH OTBETA, JIyUllle BHIOpATh BapuaHT ""He 3Hato", 3a
KOTOPBI HE HAUUCIIAIOTCS ITpagHbIe OalIbL.
1. Haiinure ¢pamMmiInio OCHOBOITOJIOKHUKA TEOPUH HAHOTEXHOJIOTHH.
Kaxwue tumnst pasmepHbIx 3QpPEeKTOB 11T HAHOYACTHUI] IPUBEICHBI B BAPHAHTAaX OTBETOB.

Haiinure ¢pamunnm yueHbIX, CO3AABIINX CKAaHUPYIOLMINHA TYHHEIbHBI MUKPOCKOII.

Kaxoit 00bexT nMeeT pazmep B quanazone 1-100 HM.

A

Kakas MOJICKYJIApHAasA MalllvuHa, crocoOHas K CaMOPCIUIMKAIINU, MOXKET OBITH 3arporpaMMupoBaHa CTPOUTH

JO0YI0 MOJIEKYJISIPHYIO CTPYKTYPY.

BapuanTsl 0TBETOB:

13
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1. Honoxwurensueiii. 2. Cpennuii. 3. [ekcnep. 4. Buemnuii. 5. MunumanesHbiif. 6. CBepxy - BHH3. 7.
Temneparypa maBleHUs IOBBIIIAETCA C YyBEJIWYEHMEM pa3Mepa HaHouacTuubl. 8. HaHnocTpykrtypa. 9.
Temmneparypa naaB/IeHUs TOBBIMIAETCS ¢ YMEHbIIIEHHEM pa3Mepa HanodacTulsl. 10. Ontumansheiii. 11. MonTe-
Kapno. 12. Accem6nep. 13. bunnur. 14. ®eiiman. 15. Popep. 16. Makcumanbubiid. 17. Yrpoxkaromuii. 18.

Buytpennuii. 19. Cuuzy-BBepx. 20. Onnenreiimep. 21. Mop. 22. Ontumuctuueckuit. 23. bop. 24. I'unnm 25.

Kokc.
BUJIET Ne 1-15 OAMUINUA M I'PVYIIITA Ne
Ne 3amanus 1 2 3 4 5
OTtBeT

TectupoBanue no remam 10-18.
IIprMepsl TECTOBBIX 3aJaHUM:
BUJIET Ne 21-15_2.

Bamra niens - 3amoaHUTE TaONIUIYy B KOHLE JTUCTA. [ 3TOT0 B IMycThle KIETKU TaONUIBI IPOTUB HOMEpa
3a/1auy BOUMIUTE MHQPPY (THPPHI), COOTBETCTBYIONIYIO(HE) IPaBHIILHOMY BapHaHTy(aM) OTBETA.

3a KaxAplil MpaBHIBHBIA OTBET cyMMa Bammmx 0ayioB yBenn4yMBaeTcs, 3a KaKIbld HETPaBHJIBHBINA -
ymensbluaercs. [loatomy, eciin Brl He yBepeHBI B IPaBUIBHOCTH OTBETA, JIyYIlle BHIOpATh BapuaHT ""He 3Hat0", 3a
KOTOPBIN He HAUUCIIAIOTCS MTpadHble OalIbL.

Kakyro popmy anemeHntapHoro yriepoaa oTKpsut B 60-rogax?

6
7. Kaxkoe UCKpHBIIEHHE TUNIOCKOCTH IIECTUYTOIBHUKOB (JOPMUPYIOT MSATHYTOJIbHUKH?
8. CKOJIbKO TIpaBUIILHBIX MIECTHYTOJILHUKOB B MOJIeKyIe (ymrepeHa Cep?

9. CKOIBKO CHTHANOB comepx uT criektp SIMP 'H dymnepena Cg?

10. Kakoit dymnepen umeet pazmep 0.375 am?

BapuanTbl 0TBETOB:
1. Homoxwutenbueiid. 2. Ocapa. 3. Anvas 4. 3. 5. Munumanenbiii. 6. ['paput. 7. Ce. 8. Dymnepen. 9.

Hanorpy6ku. 10. Bousap. 11. Kporro. 12. 2. 13. 30° nonoxwurensroe. 14. CgFs. 15. Co. 16. 30°
orpurarensaoe. 17. 60° orpunarensraoe. 18. CyoF36. 19. Kapoun. 20. 0. 21. 20. 22. Cy. 23. 12. 24. 8. 25. CeoFgp.

BWIET Ne 21-15 2 ®AMUWJIUA M1 TPVYIIITA Ne
Ne 3amanus 1 2 3 4 5
OTtBeT
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Tembl pedepaToB

CymnpamorexyssipHasi XuMHs 1 caMOCOOpKa OCHOBHBIE TEPMHUHBI U TIOHSTHSL.
Bynyiee HaHOTeXHOJIOTUI: TPOOIEMBI U IEPCIIEKTUBBI.

KBanroBblie pazmepHbie 3 (EKTHI.

KBaHTOBBIE TOUKH, TIPOBOJIOKHU U IIIOCKOCTH.

"YMHBIE" HAHOMATEpUAJIBL.

IIucbMeHHOe JoMalIHee 3aJaHue

1. MaiiTe onpeesneHnss TEPMUHOB: HAHOYACTHIIA, HAHOCUCTEMA, HAHOKOMIIO3UT, HAHOHAYKa,
HaHOTEXHOJIOTUSI.

2. Knaccugukarysi HaHOpa3MEPHBIX CUCTEM.

3. KBaHTOBBIE HAHOCTPYKTYPHI C pazMepHOCThIO 0D-, 1D-, 2D-. BO3MOXHO 71 MTOTy4YeHUE
CTPYKTYp ¢ ApoOHO# pazmepHocThio: 1<D<2 mnmn 2<D<3? [IpuBenute nmpuMepsl.

4. K xakuM TUIIaM HAaHOPAa3MEPHBIX CUCTEM CIIEAYET OTHECTH (PYJUIEPUTHI, HAHOMOPUCTHIN
KpEMHUH U CTeKJIa, coepKalirue HeOOIbIII0e KOITUIECTBO AUCTIEPTUPOBAHHBIX HAHOPA3MEPHBIX
JacTHIl MeTauia?

5. Mo>HO 71 ¥ Ha OCHOBaHUU Kakux kpurepues moinekyiny JJHK paccmaTtpuBath kax
HaHOOOBEKT?

6. Tunbl KOMIO3UIIMOHHBIX HaHOMaTepuanoB. KocTHas TkaHb Kak OMOTOTHYECKUI
HaHOKOMIIO3HT.

7.3. Bonpocsl k 3aueTty
1. OcHOBHBIE KJIacChl HAHOPA3MEPHBIX CUCTEM (TIEPEUUCITUTD, 0XapaKTEPU30BaTh).
2. HanotpyOku u ux coiicTtBa. Mcnons30BaHre HAHOTPYOOK B KQUeCTBE SJIEMEHTHOM 0a3bl
MUKPO3JIEKTPOHUKH.
3. YraeponHble HaHOCTPYKTYpbl. PysuiepeH. MIcTopust OTKpBITHS, CTPYKTYpa, BO3MOXHOCTH
MOIU(UITUPOBAHUS, 00JIACTH TPUMEHEHUSI.
4. IlopomkoBeie HaHOMaTepHasbl. OCHOBHBIE METO/bI IIOJIYyUEHHS U HAIIPABICHHSI IPAKTHYECKOTO
HCIIOJIb30BaHMSI.
5. Hanomatepuaibl Ha OCHOBE OJI0K-COMOIMMEPOB. BO3MOXKHOCTH MPAKTHUYECKOTO UCTIOIL30BAHUS.
6. CynpamonexyJisipHble CTPYKTYpbl. CTPYKTYpBbI ¢ IEPEXOAHBIMU MeTalIaMu. JIeHIpUTHbIE
MoJieKyJibl. CynpaMoIeKyIsipHble JEHAPUMEPBL. BO3MOKHOCTH PaKTUYECKOTO NCIIOIb30BaHMS.
7. HanocTpyKkTypupoBaHHbIe MaTepralibl. OCHOBHbBIE METO/IbI ITOJIyYE€HUS Y HAIIPABJICHUS
MPAKTUYECKOTO UCTIOJIb30BAHMUS.
8. buonornueckue HaHOMaTepUAbI.
9. IlopucTbie HAHOCTPYKTYpbl. MeTO/1bI OTYyUYEHUS U BOZMOKHOCTH MPAKTUYECKOTO UCTIOJIB30BAHMUSI.
10. KBaHTOBbIE TOUKH, KBAHTOBBIE IIPOBOJIOKH U KBAHTOBBIE KOJIOALIbI. OCHOBHBIE PUHIIUIIBI
MIPUTOTOBJICHUS] KBAHTOBBIX HAHOCTPYKTYP.
11. HaHoanexkTpoHUKa Kak OJIHO U3 HaIlpaBJIEHUI IPUMEHEHNS HAHOTEXHOJIOTUH.
12. Ponb HAHOTEXHOJIOTHIA B Pa3BUTHH (DOTOHUKH.
13. [IpuMeHeHne HAaHOMATEPUATIOB B METUITMHE M OMOJIOTUU: XUPYPTUIECKAN B CTOMATOIOTUIECKUI
WHCTPYMEHTapUH, TMarHOCTUKA, NCKYCCTBEHHBIE OPT'aHbl U TKaHU.
14. TlpumeHeHne HAHOCTPYKTYp B XUMUU M XUMHUECKOM TexHonoruu. Katanns Ha HaHOYacTUIax.
15. l'azomud dy3nonHoe pasaeneHue ra3oBbIX CMecei C UCIOIb30BaHUEM MOPUCTHIX HAHOMATEPHATIOB —
«MOJIEKYJISIPHBIX CUT».
16. Ilpumepbl KOHCTPYKIMOHHBIX M HHCTPYMEHTAJIBHBIX MaT€PUAJIOB, U3TOTOBJIEHHBIX C
HCIIOJIb30BAaHUEM HAHOTEXHOJIOTHH.
17. Hanoxommno3uTHble MaTepuaibl. Knaccudukarysi HHHOKOMITIO3UTOB (IT0 XMMHUYECKOM MpHUpoie
MaTpulipl, IO hopMe U XapaKTepy HANOJHUTEIEH U3 HAHOYACTHUIL U JIp.).
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18. Hanoxommno3utsl. O011e MeTo 1bl OTYyUYEeHUSI HAHOKOMITO3UTOB, BO3MOKHOCTH MPAKTHYECKOTO
HCIIOJIB30BaHUs.
19. HanosuepreTuka. Bo3MOXXHOCTH MCIIOIB30BAHUS HAHOTEXHOJIOTHH JJIsI CO3AaHUST TOTUTMBHBIX
3JIEMEHTOB U YCTPOMCTB JJIs1 XPAHEHUs SHEPIUU.
20. HanoamekTpoMeXaHUYECKUEe CUCTEMbI: HAHOMAITUHBI 1 HAHOTPUOOPHI. [IpUHITUTIBEI H3TrOTOBICHMSI,
BO3MOXHOCTHU HpI/IMeHeHI/IH.
21. Hanotexnosorusi. OCHOBHBIE TEXHOJIOTHUECKHE MPUHITUTIBI: «CBEPXY—BHHU3» U «CHU3Y—BBEPX».
MexaHI/I3MLI caMoopr AHN3allnuNn.
22. ®u3nyeckre METOIbl CHHTE3a HAaHOTIOPOIITKOB (METOT DJICKTPOB3PhIBA, MEXaHUUYECKOE 1
YJIBTPa3BYKOBOE IUCIIEPTUPOBAHUE).

7.4. Tabanua coOTBeTCTBUS KOMIIETCHIMH, KPUTEPHEB OLICHKH UX OCBOCHHS M OLCHOYHBIX

CpeacTB
HNunexkc Pacmugposka IToxa3zaTeinb OuenovHoe cpeacTBO
KOMIIeTe | KOMNETeHUHH ¢popmupoBaHusn
HIUHA KOMIIeTCHIIHHT ISt
AAHHOM TMCUMILTHHBI
YMETh KPUTHUYECKU | YCTHBI  ompoc  (3auer,
CIIOCOBHOCTD K | AaHAIIM3UPOBATh U | Borpockl Kk 3auety Nel6-19)
KpPUTHYECKOMY aHaiau3y u | IPOBOAUTH OLICHKY
OLICHKE COBPEMEHHBIX COBPCMCHHBIX Hay4YHBIX
Hay4HBIX JTOCTH KECHHH, JOCTIKCHUH B 00nacTu
TeHEPUPOBAHUIO HOBBIX | HAHOXHMHH u
VK-1 uaeit  nmpu  pemeHuu | HAHOTEXHOJIOTHM
HCCIENOBATEIBCKUX U | BIQJIETh TEOPEeTUYEeCKUMHU | YCTHBIA  ompoc  (3ad4er,
NPAaKTHYECKUX 3a1ad, B | 3HAHHAMHM O NPHMHIMIE | BOIPOCH K 3a4eTy Nel0-12)
TOM qyucie B | Pa3MEpPHOTO KBaHTOBaHUS
MCKIUCUUIIIIMHAPHBIX U YCIOBHAX Ha6JIIOI[eHI/ISI
o0JacTax KBaHTOBO-Pa3MEPHBIX
SIBJICHU U
JIEMOHCTPHUPOBATH VYerueiidi  ompoc  (3ader,
CIOCOOHOCTb CHOCOOHOCTh U | BOIIPOCHI K 3aueTy Ne2-4)
MIPOEKTUPOBATh U | TOTOBHOCTh MIPUMEHSATH
OCYILECTBIISATh MOJIyYCHHbIE 3HAHUS HaA
KOMILJIEKCHBIE MIPaKTUKE, HCIIOJIb30BaTh
HCCIEAOBaHUS, B  TOM | OCHOBHBIE 3aKOHbI HaHO
qyuCIe XUMUHU B
YK-2 MEXIUCIUIUTMHAPHBIE, Ha | IpOo(ecCHOHAIBHON
OCHOBE LEJIOCTHOIO | IEATEIbHOCTH, IIOHUMATh
CUCTEMHOTO HAy4YHOT'O | OCHOBHBIE Hay4HO-
MHPOBO33pPEHUS C | TEXHUYECKHE  MPOOIEMBI
WCIIOJIb30BAaHUEM 3HAHUM | HAHOTEXHOJOTUHU u
B 00/aCTH HCTOPUM U | MEPCIIEKTUBbI pa3BUTHS
¢mnocopun HayKu JTaHHOW (yHIAaMEHTaIbHOM
00J1acTu 3HaHUI
TOTOBHOCTh Y4aCTBOBATh B | 3HATh ~ OCHOBHBIE  BHJBI | YCTHBIM  ompoc  (3auer,
YK-3 paboTe pPOCCHUUCKMX U | HAHOOOBEKTOB U | Borpochl K 3auery Nel, 19-
MEKIYHAPOAHBIX HaHOMAaTepuaioB,  ymeThb | 20)
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HCCIIEIOBATENBCKUX MIPOrHO3UPOBATh ux
KOJUICKTUBOB 10 | YCTOWYMBOCTh M (DU3HKO-
PELICHHI0O  HAy4YHBIX U | XUMUYECKHE CBOMCTBA;
HAy4YHO-00pa30BaTENbHBIX | UMETh NPEJCTABICHUS O
3ama4 nmpudopax U YCTPOWCTBAX,
pa3pabaTbhIBaeMbIX Ha
OCHOBE HAHOMATEpPHAJIOB
YMETh OPUEHTUPOBATbCSA B | YCTHBIA  ompoc  (3ader,
CITOCOGHOCTRIO METO/ax TMOJY4YeHHUsT | | BONPOCHI K 3adeTy Ne21-22)
CaMOCTOSTENBbHO HCCICN0BAHNA
OCYIIECTBISATh ~ HayyHO- | HAHOCTPYKTYD:
HCCIIEA0BATENIbCKYIO CKaHMPYIOCH
NESITEIbHOCTD B TyHHGJ‘IBHOP’I MHKPOCKOITUH
COOTBETCTBYIOLICH U CIICKTPOCKOIHH
OIK-1 npodeccHOHATBHOM JIEMOHCTPUPOBATH VYerueiidi  ompoc  (3auer,
i 007acTu ¢ | cmocoOHOCTH U | BOIpochl K 3auety No5-6)
HUCIOJIb30BAHUEM TOTOBHOCTbD -
COBPEMEHHBIX  METOJOB | OPTaHU30BATH pabory
HCCICIOBaHUS u | HCCIIEA0BATCIBCKOI'O
I/IHq)OpMaLII/IOHHO- KOJIJICKTHUBA B C(bepe
KOMMYHUKALIMOHHBIX OpFaHH‘IeCKOﬁ XHUMHH 110
TeXHOJIOTHIt npobiieMe HAaHOXUMHUU H
HAaHOTEXHOJIOTUI
BJIAJIETh Yerubli  ompoc  (3ader,
YMEHUEM MIPUMEHSATD
byHIaMEHTATLHBIMHU BOIPOCHI K 3aueTy Nel3-15)
OCHOBHBIE€ 3aKOHBI XUMHUHU
3HAaHUSAMU O crenuduke
npu o0cyXJIeHuu
MOBEJICHUS]  BEIlleCTBa B
MOJIyYEHHBIX PE3YIbTATOB,
ITK-1 HAaHOMETPOBOM pPa3MEpPHOM
B TOM qucle c
JMara3oHe; MMOHUMATh
MIPUBJICYCHUEM
MEXaHU3M BO3HUKHOBEHHS
MH(GOPMAIIMOHHBIX 0a3
pa3MepHBIX (PU3UYECKUX U
JTAHHBIX
XUMHYECKUX I(D(HEKTOB
BIIAJICHUEM METOJIaMU | BIAJI€Th MeTononoruet | YeTHeli  ompoc  (3ad4er,
TJIAHUPOBAHMS, TEOPETHUECKHUX U | BOIpocCHI K 3aueTy Ne§, 9)
perucTpanuu u 00paboTKH | SKCTIEPUMEHTATBHBIX
pe3yJIbTaToB UCCIIeIOBaHUM B oO0jacTu
XUMHYECKOTO HAHOXUMUU
IKCIIEPUMEHTA,
[1K-3 OCHOBHBIMH
CUHTETUYCCKUMHU "
AHATUTUYECKUMU
METOJaMHu TMOJY4YeHUs |
UCCIIEIOBaHUS
XUMUYECKUX BEHIECTB U
peakuui
Ur. o

8. METOANMYECKHUE YKA3ZAHUA 1JId OBYYAIOIIUXCA IIPU OCBOEHMU

JUCHUITVIMHBI (MO1YJIA)
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W3ydyeHne NUCUUIUIMHBI CIeAyeT HAaUMHATh C MPOopaboTKu pabodeil mporpaMMel, yaenuss ocodoe
BHUMAaHUE LIEJIAM U 3aJa4aM, CTPYKTYpe U COJAEpKaHUIo Kypca. HemocpeacTBEeHHO i MOATOTOBKHU K
TEKyIIEMy KOHTPOJIIO CJIEAyEeT HCIHOJIb30BaTh KPAaTKUH KOHCIEKT JIEKUUN, KOTOPBIA COAECPKUT
PEKOMEHIANMK TI0 TEOPUH U MaTepuany NPEIIIeCTBYIONMX yYeOHBIX KypCOB, HEOOXOIUMBIX IS
YCBOEHUSI HOBOrO Marepuaia. O3HaKOMIIEHHE C HUM PEKOMEHAYETCS HEMOCPEACTBEHHO NEpel KaxXI01
JeKiuelt ans oOneryeHus €€ YCBOSHUS W 3allOMUHAHHS HOBOTO Matepuana. DoHABI OILEHOYHBIX
CPEICTB, BKJIIOYAIOIIKE BOMPOCHl K CAMOCTOSITENbHOM paboTe CTYAEHTOB, TECThl, OWJIETHI
KOHTPOJIBHON paOOTHI U 3a4eTa, BKIIOYCHBI B cOcTaB Y MM IUCIUTUIUHEI.

Pekomennyercss mpocmaTpuBaTh KOHCIIEKT JIEKIUU Cpa3y IOCIIE 3aHATUM, OTMedYas MaTepual u
BOIIPOCHI, BbI3BABLIME 3aTPyJHEHUS [JIsl TMOHUMaHuA. /[[71s OTBETOB Ha HHX PEKOMEH]IyEeTCs
HCIIONIB30BaTh PEKOMEHAYEMYIO JIMTEPATypPy M CChUIKM Ha VIHTEpHET-UCTOYHUKH, [JaHHBIE B
AQHHOTAIMU K KKI0W NeKuuu. [[ns ynydiieHus 3alOMUHAHUS MaTepuaa PeKOMEHAYETCSI COOTHECTH
3alMCHU KOHCIIEKTA JIEKIIUU C Ipe3eHTauusaMu. ClenyeTr perysipHO OBTOPATh NPOMIEHHBIN MaTepHall,
OCOOCHHO B TPEIIBEPHHM TEKYIIETO KOHTPOJs (YCTHOTO OMpOca, TECTUPOBAHUS, KOHTPOIHHOU
pabotsl). Ecnu camocTosITeNnbHO B JIGKIIMOHHOM MaTtepHalie pa3o0parbcsi HE yAaloch, CIEIyeT YETKO
c(hOopMyIIUPOBATH BOIIPOCHI H OOPATUTHCS 32 Pa3bsICHEHUSIMH K MPETOAaBaTeNt0 Ha KOHCYIbTAIlUN HIIN
Oommkamen nexkuun. Takxke HeoOXOAMMO KOHTPOJIUPOBATH YCBOCHHE MPOWIEHHOTO Marepuasa Io
KOHTpOJIbHBIM BompocaMm K JekuusM. He pexkoMeHayeTcsi Mojab30BAaThCsl KOHCHEKTAMU JIEKLUM,
COCTaBJICHHBIMH JIPYTUMH CTYJIEHTaMU, OCOOCHHO €CJIM OHH OTHOCSTCA K APYTOMY rojly. OTO CHUKAET
yCBOCHHE MaTepuaia U ero nonnManue. [Ipu HeoOXoIMMOCTH B KOHCTIEKTHI JIEKITI MOYKHO BKJIIOYATh
Claipl TPE3eHTAllMd W pa3fgaTOYHbIE MAaTepUajbl, OJHAKO HMX CJIEAYET JOMOJHITh MOSCHECHHUSIMU,
BBINIOJIHAEMBIMM Ha TOJAX. Kareropuuecku HE pPEKOMEHIYETCsl HUCIOJIb30BaTh KaK KOHCHEKTHI
YMEHBIIIEHHBIE KOTUH TJaB y4eOHUKOB, B TOM YHUCJIEC, U3 PEKOMEHIOBAHHOU JTIUTEPATYPHhI, MOCKOIbKY
OHM HE CJIEAYIOT B MOJHOM MEpe JIOTMKE MPOrpaMMbl Kypca M 4acTO JAlOT CBEACHHS Ha Pa3IMuyHOM
YPOBHE OOBSICHEHUS U JETATH3AIUH.

9. YYEBHO-METOJUYECKOE M WH®OPMAIIMOHHOE OBECHEYEHUE
JUCLUILIMHBI (MOLYJIST)

9.1. OcHoBHAasi IMTEpaTypa
1. CroiikoB U.HU., EBTiorun I".A. OCHOBBI HAHOTEXHOJIOTHH U HAHOXUMHH. Y4eOHOe mocodue. Ka3aHb:
NznarensctBo Kazanckoro (I[TpuBomkckoro) dhenepansHoro yauBepcureta. - 2010. — ¢.237.
2. TonoBun IO.M. OcHoBel HaHOTeXHONOTHWH. - M.: MammaocTpoenue, 2012. - 656 c.//
http://e.lanbook.com/view/book/5793/

9.2. JlonotHUTEJIbHAS JIUTEpaTypa
1. SAxumoBa, Jlronmuna CepreeBHa. Meron Y @-CieKTpOCKONUH U €r0 IPUMEHEHUE B OPraHU4YeCKON U
dbuzmveckoit xumuu [TekcT: ameKTpoHHBINH pecypc] : yueOHo-MeToaudeckoe mocodue / JI. C. Slkumona
; Kazan. denep. yu-t, Xum. un-t um. A. M. Bytieposa, Kag. opran. xumun. DnekTpoHHble JaHHbIE (1
daiin: 0,67 M6). (Kazans : Kazanckuii ¢penepanbublii yauBepcuret, 2015).

9.3. UnTepHeT-pecypcehl:

Bcest mpaBia 0 HAHOTEXHOJIOTUSAX U HaHOMaTepuaiax B Poccun - http://www.nanoware.ru/
Hanorexnonorun Nanonewsnet - http://www.nanonewsnet.ru

HanorexHonoruu u ux npuMeHeHue - http://nanoblog.ru

Hanorexnonoruu Hanotexnonorunueckoe coobmectBo-Hanomerp - http://www.nanometer.ru
[TonpoGHO 0 HaHOTEXHONOTHIX - HOBOCTH - http://www.nano-technology.org

Poccuiickuil  37€KTPOHHBIM  HaHOXypHaJl (HAHOTEXHOJOTMM M HUX  I[PUMEHEHHUE) -
http://www.nanojournal.ru
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10. MATEPHAJBHO-TEXHUYECKOE H IIPOI'PAMMHOE OBECIIEYEHHE
JUCIHUIUINHBI (MOYJIs)
KoMnproTepHBiit mpoexTop
CHucTeMa HHTEpaKTHBHOIO OIIpOca.

IIporpamma coctaBneHa B coOTBeTCTBHH ¢ TpeboBanusmMu OI'OC BO acnupantypsl. [Ipukas
Munob6pHayku Poccun ot 30.07.2014 897 (3apeructpupoBano B Munrocte Poccun 28.08.2014 Ne
33694)

ABTOp(BI): A.X.H., Ipodeccop W Crotixos U.1.

PeuenzenT(pl): K.X.H., CT.IIPETI. @ M Sxumosa JI.C.

[IporpaMma onobpeHa Ha 3acefaHdd Y4eOHO-METOIMYECKOH KOMHCCHH XHMHYECKOrO
uuctutyra KOV ot 31 aBrycra 2015 rona, nporokon Ne 7.
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