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1. Ilesiu OCBOEHUSA TMCHUNIUHBI
Ilenpt0 OCBOCHHS MMCHHUIUIMHBI «XHMHS HAHOPAa3MEPHBIX YACTUID» SIBISETCS HW3y4YeHHUE
HAHOOOBEKTOB M HAHOCUTEM, UMCIOIINX MPUKIIATHOE 3HAYCHHUE IS MOJATOTOBKU 0aKataBpOB K HAyYHO-
HCCJICIOBATENIbCKOM paboTe, CBA3aHHOW C HMCIOJIb30BAHHEM HAHOOOBEKTOB B KAYECTBE YYACTHHKOB
XUMHUYECKHUX MPOLIECCOB.

2. MecTo ACUMILIUHBI B cTpYKType OIT
JucuumnnHa «XHUMHUS HaHOpPa3MEpPHBIX 4YacTUI» OTHOCUTCS K YacTH 00pa3oBaTeIbHOMN
porpaMMsl, (GOPMUPYEMOH Y4aCTHUKAMH 00pa30BaTEIbHBIX OTHOLICHUH.

JucuuiuinHa «XUMHsT HAaHOPa3MEPHBIX YacTHUI» OTHOCUTCA K 0a3oBoi yactu. TpeOoBaHMs K
BXOJHBIM 3HAHUSAM, YMEHHSM M KOMIIETCHIMSIM CTYACHTa (QOPMHUPYIOTCS HAa OCHOBE MpPOTPaMM
mucuuiuive:  «Heopranndeckas xXumus», «AHaIuTHUeCKus XuMus», «MHpopmaTuka», a Takxke
cpeanero (MoIHOTo) 00MIero 00pa3oBaHus 10 €CTECTBEHHOHAYYHBIM IUCIHUIINHAM (0a30BBI YPOBEHB).

Jl1sl OCBOCHHUS JAHHOW JMCLUIUINHBI 00yYaroIUICs TOJKEH:

3HaTb:

® CYHUIHOCTb XMMHUYECKUX M (U3NYECKUX SBJICHMH M XUMHUYECKUX IPOLIECCOB, HAa OCHOBE

KOTOPBIX pa3pabaThIBalOTCsl HAHOTEXHOJIOTUH;

YMers:

® OCMBICIMBATh YHUKAJIbHOCTb (OPUTMHAJIBLHOCTH) METOAMYECKHUX IOAXOJO0B M KOHKPETHBIX

pa3paboOTOK YUEHBIX U MHKEHEPOB B 00JIaCTH HAHOTEXHOJIOTHM

Nwmers:

® TIepBUYHBIC HABBIKU pabOTHI B ceTH Internet asist momcka crienuain3upoBaHHON HH(DOpMAIIH

VYcnemnHoe OCBOEHHE JAaHHOW AUCHUIUIMHBI OyJIeT CIOCOOCTBOBAaTb T'OTOBHOCTH CTYIEHTOB K
IIPOXOXKACHUIO TPOM3BOACTBEHHON IPAKTUKH, NPEJAMINIOMHOM, ¥ NPOU3BOACTBEHHOM IPAKTHKH,
MPAKTUKU 10 MOJIYYEHHIO NMPOQPECCHOHANBHBIX YMEHUH M OMNbITa MPOPECCHOHANBHON NEATEIbHOCTH
(memaroruueckoil).

3. [lnanupyemMble pe3yJbTaThl 00yUeHHs M0 TUCHHUILINHE

3.1. KomnereHnuuu, popMHUPOBAHNIO KOTOPBIX CIIOCOOCTBYET TUCIUIIINHA

[Tpu ocBOGHMU AUCHUIIIMHBI (POPMUPYIOTCS CIEAYIONINE KOMIIETEHIIMU B cooTBeTCTBUU ¢ DPI'OC
BO 1o 1aHHOMY HanpaBJIEHUIO MTOATOTOBKH:

a) npodeccuonanbubie (I1K):

[1K-2 CnocoOeH npoBOAUThH MaTeHTHO-WH(OPMAllMOHHBIE HCCIIEI0BAaHUS B BbIOpaHHOW oOiactu
XUMHHU W/UITH CMEXHBIX HayK

3.2. llepeyeHb NJAHHPYEMBIX Pe3yJIbTATOB O0y4YeHUS] MO JAMCUUILUIMHE, COOTHECEHHBIX C
(popMupyeMBbIMH KOMIIETEHUMAMHU

B pesynbrare ocBOGHUS TUCIUILTUHBI 00YYaIOLIHiCs JOIKEH:

3HaTh: OCOOEHHOCTM CTPOEHUS U CBOMCTB HAHOPAa3MEpPHBIX YaCTHIl; OCHOBHBIE THIIbI
KJaccu(uKalul HaAaHOOOBEKTOB; OCHOBHBIE METO/bl TMArHOCTUKU U MCCIIEOBAHUS HAHOOOBEKTOB M
HAHOCHCTEM; PHOPUTETHBIC HATpaBlieHus pa3BuTus HaHotexHonorui (I1K-2);

YMeTb: aHanu3upoBaTh W 0000WIaTh HAydyHYI0 WHGOpPMAIMIO MO XUMHM HAHOMATEpUAIOB MU
HAHOTEXHOJIOTHSIM, ONMPAsICh HAa 3HaHHE HEOpPraHWYecKoi u anamutuaeckor xumun (I1K-2); npumeHsaTh
3HaHUE OCHOBHBIX (DU3MUYECKHX U XMMUYECKUX 3aKOHOB IPH 00BICHEHUH (DPU3UKO-XMMHUYECKHX CBOWCTB
U peaknoHHO# criocoOHocTr Hanouactuil (ITK-2);

Hmerb: HaBbIKM pabOTBl € TEPMHHOJIOTHEH COBPEMEHHBIX CIIOCOOOB HAHOYACTHIl U
HAaHOMAaTEpPHAJIOB, COBPEMEHHOM HAHOTEXHOJOTMEW; HAaBbIKM KOMIBIOTEPHOTO MOJEIUPOBAHUS
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HAHOOOBEKTOB; HABBIKM TOMCKA B INternet crmenuanu3upoBaHHON MHPOPMAIMH, aHAIH3a U 0000IIEeHUS
nHayuyHoit nadopmarun (ITK-2).

4. O0beM U coiepKaHue TN CHUTITIHHBI

OO0BbeM TUCIMILIMHBI COCTABISICT 2 3aUETHBIX eMHUIL (72 akaIeMUYECKIX YacoB).

4.1. Conep:xkaHue AUCHUIUVIMHBI 10 pa3genam (TeMaMm), COOTHECEHHOe ¢ BHJIAMH U
TPYI0EMKOCTHI0 3aHATHH JIEKIIMOHHO-CEMHHAPCKOI0 THIIA

OO0beM MHOW KOHTAKTHOM pabOThl M CaMOCTOSITENIbHON pabOThl 00y4aroUIerocs 1o IUCHUILUINHE
yKa3aH B y4eOHOM IJIaHe 00pa30BaTEIbHON POTPaMMBI.

Ne Bunpel 3anaruii, ux @OpMBI TEKYIIETO
/1 Pasnernsr (Tembr) g 00beM KOHTPOJIS YCIICBACMOCTH
JUCIMILIAHBI 2
5 3anaTus SanaTus DopMBbI IPOMEIKYTOIHON
© JIEKIIMOH- CeMUHap- arTecrauuu
HOT'O TUIIa CKOI'o TuIia
1. Baenenne 5 4 2
2. Hanouactuis 5 12 6 Oruet 1o 1a6. paboram Ne 1-3
Otuer no 1a6. pabotam Ne 4
3amuta pedepatoB 1O  TeMe
«Hanouactuisny
3. | Metons! u HUHCTPYMEHTEI 5 8 4 Ortuer no 1ab. paboram Ne 5,6
HUCCIETOBAHUA. 3ammra pedeparoB MmO TEeMe
((MCTO,I[LI u HHCTPYMCHTBI
HCCJIICAO0BaHUA»
4. | XuMHUYECKHE HAHOPEAKTOPBI. 5 4 2 Ortuer no nab. paboram Ne 7, 8
5. bynymee HAHOTCXHOJIOTHiA: 5 8 2 Bammra pedepaToB MO TeMe
MpoOJIeMbI U TIEPCTIEKTUBHI. «bynymee HaHOTEXHOJIOT Ui
POOJIEMBI M IEPCTIEKTUBBI
Hroro 3a cemecTp: 36 16 3auer

4.2. Pa3BepHyTO€ ONMCAHUE COAEPKAHUSA AUCHMILUIUHBI N0 pa3ienaM (TeMam)

Beenenne Ilonsartue «HaHO», OCHOBHBIE MNMOHATHE M TepMHuHBL. Hanosddekrsr B mpupoze.
Uctopust pa3Butus. Tumbl TEeXHOJOTHH: OANK-TEXHOJOTHSI M HAHOTEXHOJIOTWs. THUIBI MOCTPOECHUSA
HaHO0OBeKTOB: top-down u bottom-up.

Hanouactuubt OObexThl HaHOXUMHH. Pa3smepHas mkana. Knaccudukanmym HaHOYACTHIL.
Knaccugukaius 31eMeHTOB, CHOCOOHBIX BBICTYNATh B KauecTBe HaHoyacTUl[ CrocoObl MOTy4eHUs
HaHouacTHll. VcTtopust OTKpeITHS 37IeMeHTapHbIX (opm yriepona. CTpoeHue u cuHTe3 (ylIepeHoB.
CrpyKTypa 1 CBOMCTBA YIJIEpPOIHBIX HAHOCTPYKTYP. DHI03ApalIbHbIE KOMIUIEKCHI (pyiiepeHoB. CHHTES,
CBOMCTBA M TPMEHEHNE HAHOKOMITO3UTHBIX MaTEPHUAIIOB.

Metoabl m MHCTPYMeHTHI HccienoBanus. Cnexkrpockonumdeckue meroanl (UK-; Y-, KP-
CHEKTPOCKOMUS; PEHTICHORJIEKTpOHHAs crhekTpockonus). IIpocBeunBaromasi W ckaHUpYOIas
(pacTpoBasi) »NeKTpoHHass MHKpockomnusi. Pe3onancHsle meroasl (SIMP, OJIIP) B wuccienoBaHuu
HaHOOOBEKTOB. [IpocBeunBaromas 3JIeKTPOHHAs MHKpPOCKONus. JuppakinOHHbIE METOABI M3y4YeHHUS
CTPYKTYpHhl. TyHHENbHAS U ATOMHO-CHJIOBAsE MUKPOCKOIIHS.

XuMmnuyeckue HaHopeakTopbl. Ilondatve HanopeakTrop. PasmMep dacTunm M XUMHUYECKas
aKTUBHOCTH. DaKTOPHI, BAUSAIONINE HA XUMUYECKYIO aKTUBHOCTh. AHCAMOJIM C y4acTHEeM HaHOYaCTHII.
[TonstuHe o0 crmocobax OMMCAaHUS KUHETHKM pEakUMid B HAHHOCHCTEMaX: KHHETUYECKOe
(eTepMUHUPOBAHHOE), MOAU(GUIIMPOBAHHOE U CTOXacTHUeckoe. HaHOouacTHIIbl U XMMHUYECKHUE peaklun

B MUILICJUIAPHBIX CUCTCMAX.
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Byayumiee HaHOTeXHOJIOTHI: PO0JIeMBbI U epcneKTUBbI. HaHoTexHONIOIMH U MEAMLIMHA.
[TpruMeHeHre HAaHOTEXHOJIOIMH B aBUALlMU U KOCMOHABTUKE, aBTOMOOMIIECTPOECHUH U JIp.
HanorexHosoruu u 6€30MaCHOCTb CTPAHBI.

5. O6pa3zoBare/ibHbIe TEXHOJIOTHHI
[Tpu peanuzanuu AUCUUIUIMHBI «XUMHSI HAHOPAa3MEPHBIX YACTHID HCIOJIB3YIOTCS CIIECIYIOIINE

00pa3oBaTesibHbIE TEXHOJIOTUH:

- PCUTHHTOBAs TEXHOJIOTHUS;

- TEXHOJIOTHUS Pa3BUTHS KPUTUYECKOTO MBITIICHUS;

- TEXHOJIOTHUS Y4eOHOH TUCKYCCHUH,

- rpymmoBast pabora.

WHpopMallMOHHBIE TEXHOJIOTUH, HCIOJIb3yeMbIe TMPH OCYIICCTBICHHH O00pa30BaTEIbHOTO
nporiecca 1o JUCIHUIIIHHE:

- TEXHOJIOTUHM CMEIIaHHOTO O0YYCHHS;

- TEXHOJIOTHS] KOMITBIOTEPHOTO TECTUPOBAHHS.

6. YueOHO-MeTOAMYECKOE 00ecTieyeHre CAaMOCTOSITEIbHOM padoThl 00yyaromuxcst
CamocrosiTenbHas padoTa CTYy/ICHTOB HalpaBleHA Ha yrIIyOJCHHOE CaMOCTOSTEIbHOE H3yYCHUE

OTJENIbHBIX pa3/iesoB U TeM paboueil mporpammbsl. CamocTosiTebHass paboTa CTyIEHTOB MPOXOJIUT B
dopMe U3yueHHs TEOPETUUECKOro Marepuaia (JeKIuil, peKOMEHJOBaHHOW JIUTEpaTypbl, B TOM YHUCIIE U
CaMOCTOSITEJILHOTO TOUCKA MaTEPHAJIOB B INI00AJILHOM CeTH).

Onucanue 1a0OpPaTOPHBIX PaOOT U METOAMYECKUE MaTepuaibl A MPOEKTHOW NesTeIbHOCTH
CTYAEHTOB MpHBeaeHBI B yueOHOM nocoouu Bonkosoit T.I'. u Kanmeikoa I1.A «Hanoxumusi», kotropoe
pa3MeIeHo B AIEKTPOHHOU OoubMoTeKe nsl'y
http:/lib.ivanovo.ac.ru:81/elib/dl/biology/ucheb/volkova_2014.htm/info.

7. XapaKkTepUCTHKAa OLICHOYHBIX CPeACTB /UIA TeKYILIero KOHTPOJISI YCIeBAeMOCTH H
NPOMEKYTOYHOH ATTeCTAUHN 00y4aIoIUXCs M0 AMCIUIITTHHE

[Ipy wu3yyeHUM AMCUMIIMHBI OpPraHU3yeTCs TEKYIIMH M NPOMEXKYTOUHBIH KOHTPOJIb
yCIIEBAEMOCTH.

Texkymuil KOHTPOJIb 3HAHUUI CTYJEHTOB OCYLIECTBIIECTCA B XOJE ayJUTOPHBIX 3aHATHU ITyTEM
CHUCTEMaTHYeCKOH MpPOBEPKHM OTYETOB IO BBHIMOJIHEHHBIM MPAKTUYECKUM paboTaM  (TeMbl
IPAKTUYECKUX padOT U MpUMEP OAHON M3 HUX JAHbI B IPUIOKEHUAX 1 U 2), KauecTBa U3YyYEHHBIX TEM
B (hopMe OTBETOB Ha BOMPOCHI MO pedepaTy W ydyacTHs B AMCKYCCHSIX, IPU HEOOXOAMMOCTU -
WHJIUBUIYAJIbHOTO COOECeOBaHUsI.

Pe3ynpTaThl TeKylero KOHTpos GUKCUPYIOTCS B KypHalle Y4eOHBIX 3aHATHH IMperoaaBaTens
U JIOBOJSITCS JIO CBEJICHUS KaXKJI0TO CTY/CHTA.

@opMOIl MPOMEXKYTOUHOTO KOHTPOJI 3HAHMN CTYIEHTOB SIBJIETCS 3a4e€T, B XOJ€ KOTOPOIo
OILICHUBAIOTCSl YPOBEHb TEOPETHYECKHX 3HAHWN M YCBOEHHBIE HABBIKU. 3a4eT CTYAEHT MOJIydaeT Npu
YCIIOBHH, YTO MPH MOJHOCTHIO MPOMIEHHOM y4eOHOM IUIaHE W HAallUCAHHOM TECTe OH HaOpaj He MEHee
55 Gaos.

8. YueOHO-MeTOIMUYECKOE M HH(POPMAIIMOHHOE 00ecTiedyeHne TUCIIHTNTHHBI
OcHoBHas nuTeparypa:
1. ®dwusuko-XxUMHUsS HAHOYACTHUIl, HAHOMATEPHAIOB W HAHOCTPYKTYp : YydeOHOoe mocobue /
A.A. bapei6bun, B.A. baxtuna, B.WU. Tomunun, H.IL. Tomununa. - Kpachospck : Cubupckuit
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dbenepanpubiii yauBepcuret, 2011. - 236 c. - ISBN 978-5-7638-2396-7 ; To e [DneKTpoHHBIN
pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=229593

2. Bepemaruna, S1.A. VHHOBallMOHHBIC TEXHOJOTWU: BBEJACHHE B HAHOTEXHOJOTHHU : y4eOHOE
nocobue / S.A. Bepemaruna ; deaepanbHOe areHCTBO MO 0o0pa3oBaHHUI0, ['ocymapcTBEeHHOE
0o0pa3oBaTeNbHOE YUYPEKACHUE BBICIIErO0 NpodeccnoHaabHOro obpazoBanus "KazaHckuit
rOCyIapCTBEHHbIA TexHoJiornyeckuil ynupepcutet". - Kazanp : KI'TY, 2009. - 115 c. : un.,
Tabm., cxem. - bubin. B kH. - ISBN 978-5-7882-0778-0 ; To xe [Dnekrponnsiii pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=270541

3. 3Bonapes, C.B. MoaenupoBaHue CTPYKTYpbl U CBOHCTB HAHOCHUCTEM : y4eOHO-METOIUYECKOE
nocobue / C.B. 3Bonapes, B.C. Kopros, T.B. lllTanr ; MunuctepctBo o0pa3oBaHus M HAyKH
Poccuiickoit @enepannu, Ypanbckuil denepaibHblii YHUBEpCUTET UMEeHH TepBoro llpesnaenra
Poccuu b. H. Enbuuna. - ExarepunOypr : M3natenbctBo Ypanabckoro ynusepcurera, 2014, - 121
c. : Tabm., wi. - bubmmorp. B kH. - ISBN 978-5-7996-1203-0 ; To ke [DnekTpoHHBINA pecypc]. -
URL: http://biblioclub.ru/index.php?page=book&id=276022

JononHurenpHas auTeparypa:
1. 3aBommuckuii, B.I'. KommnbioTepHoe MoaenupoBaHHWE HAHOYACTUI[ W HAHOCUCTEM /
B.I'. 3aBogunckuii. - M. : ®usmatiur, 2013. - 175 c. : wi., cxem., Tabn. - bubnuorp. B KH. -

ISBN 978-5-9221-1397-7 ; To xKe [D11eKTpOHHBII pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=457710
2. @ocrep JIL Hanorexnomornn. Hayka, wnHHOBamMM u BO3MOXHoctH - M.: PUI

"Texuocgepa", 2008. http://www.biblioclub.ru/book/135424/

3. Opranuyeckue U rUOpHUIHBIE HAHOMAaTEpUaNbl [ DneKTpoHHBIN pecypce] : [laras koHbepeHms ¢
JJIeMEHTaMU Hay4YHOMW LIKOJBI A Mosiofiexku, Poccust, iBanoBo, 29 urons-2 utons 2015 r. / UBas.
roc. yH-T ; oTB. 3a Bbil. M. B. Kimoes, H. A. MargaiunoBa .— WBanoso : UBI'Y, 2015 .
URL:http://ib.ivanovo.ac.ru:81/elib/dl/biology/nauka/klyev_2015_1.htm/view

4. Opranuueckue ¥ TMOpHJIHbIE HAaHOMAaTEpHUasbl : TEHACHLUUU U TEPCHEKTUBBI [DIEKTPOHHBIN
pecypc] / UBan. roc. yH-T ; moxa pen. B. @. Pazymona, M. B. KiroeBa .— HBanoso : NBI'Y, 2013
URL:http://lib.ivanovo.ac.ru/elib/dl/physics/nauka/kluev_2013.htm

Pecypcbl nHpOpMaIOHHO-TEIEKOMMYHUKAMOHHON ceTH «HTepHeT»:

Cucrema »DIEKTPOHHOM TOJAEPKKH oOpasoBareiabHOro rmpoiecca «Moil yHUBEpCHTET»
https://uni.ivanovo.ac.ru

[TpodeccnonanpHbie 6a3bl TaHHBIX U HHPOPMAITMOHHO-CIIPABOYHBIE CHCTEMBI:

OBbC «YHuBepcuTerckas Oudanoreka onnaitay Www.biblioclub.ru;
http://lib.ivanovo.ac.ru/index.php/polnotekstovye-resursy/ebs-universitetskaya-biblioteka

Dnextponnas oubnmoreka MBI'Y _http:/lib.ivanovo.ac.ru/index.php/polnotekstovye-
resursy/elibnew

Dnextponnsiii katamor Hb UBI'Y  http://lib.ivanovo.ac.ru/index.php/ek

[Tporpammuoe oOecmedueHue: omepanuonHas cucreMa Microsoft Windows, makeT o¢UCHBIX
nporpamm Microsoft Office, uarepuer-opay3ep Internet Explorer, Moii yausepcuret, Moodle.

9. MaTepuainbHO-TeXHUYECKOE 00ecTedyeHne T CIHIMIMHBI

VY4eOHblE ayAUTOPUH:

- ISl IPOBEJEHUS 3aHATUN JIEKIIMOHHOTO THUIA C KOMIUIEKTOM CIEHHaTIU3UPOBAHHON y4ueOHOM
MeOenM M TEXHHYECKUMH CpEACTBAaMH OOYYEHHs, CIYXallUMH JUIsl TPEIOCTaBICHUsS Yy4eOHOM
uH(popMaluu O0JBIION ayIUTOPUN;

- JUId TPOBEICHUS 3aHATHH CEMHHAPCKOIO THIA, KOHCYJIbTALMH, TEKYHIETO KOHTPOJIS H
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POMEXYTOYHOU aTTECTAIlMHM ¢ KOMIUIEKTOM CHEIMaIM3UPOBAHHON yueOHON MeOeln U TeXHHYECKUMU
CpeACcTBaMu O0YYCHUS;

JlaGopatopusi, ocHaleHHast 1a00paTOPHBIM 000PYAOBAaHHEM, KOMILICKTOM CIEIUATU3UPOBAHHON
y4eOHON MeOeN U TEXHUYECKUMH CPEJICTBAMU O0yUYCHHS.

[ToMemienue A CaMOCTOATENBHOM pabOTH, OCHAIIEHHOE KOMIUIEKTOM CIIEHUAIN3UPOBAHHON
y4eOHOI MeOeln, KOMITBIOTEPHOW TEXHUKOH ¢ BO3MOYKHOCTBIO TOIKIIOUeHHsI K cetu «HTepHeT» u
obecnieuenneM gocryna B DOC.

JleMoHCTpanMoHHOE 000pPYJOBaHWE W Y4COHO-HATIIATHBIC MOCOOWsS ISl 3aHSATHHA JICKIIMOHHOTO
TUIa, 00ECTIEYMBAIOIINE TEMATHUECKUE UIUTIOCTPALIUU: SJICKTPOHHBIE TOCOOUs (TIPe3CHTALNH).
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ABTOp padoueii mporpaMMbl JMCUMILIMHBI. TOIIEHT Kadeapsl GyHIaMEHTATBHON 1
MPUKIaAHON XUMUH, K.X.H., fo11. Bonkosa T.I'.

[lporpamma paccMOTpeHa U yTBepKICHa Ha 3acemaHuu Kadeapsl (yHIaMEHTAIbHOM
npukiIagHoi xumun 29 asrycra 2024 r., npotokosa Ne 14.

[Tporpamma oGHOBIIEHA
MIPOTOKOJ 3acenanus kadeapol Ne OT « » 20 1.
CornacoBaHo:

PykoBoautens OII /

(mozrucs)



