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1. Ilesiu OCBOEHUSA TMCHUNIUHBI
Ilenpt0 OCBOCHHS MMCHHUIUIMHBI «XHMHS HAHOPAa3MEPHBIX YACTHID» SIBISETCS HW3y4YeHHUE
HAHOOOBEKTOB M HAHOCUTEM, UMEIOIINX MPUKIIATHOE 3HAYCHHUE JIs MOJATOTOBKU 0aKaaaBpOB K HAyYHO-
HCCJICI0OBATENIbCKOM paboTe, CBA3aHHOM C HMCIOJIb30BAHHEM HAHOOOBEKTOB B KAYECTBE YYACTHHKOB
XUMHUYECKHX MPOILIECCOB.

2. MecTo ACUMILIUHBI B cTpYKType OIT
JucuuminHa «XHMHUS HaHOpPa3MEpPHBIX 4YacTUL» OTHOCUTCS K YacTH o0O0pa3oBaTelbHON
porpaMMsl, (GOPMUPYEMOH y4aCTHUKAMH 00pa30BaTEIbHBIX OTHOLICHUH.

JucuuiuinHa «XUMHsT HAaHOPa3MEPHBIX YacTHUI» OTHOCUTCA K 0a3oBoi wactu. TpeOoBaHMs K
BXOJHBIM 3HAHUSAM, YMEHHUSM M KOMIIETCHIMSM CTYACHTa (QOPMHUPYIOTCS HAa OCHOBE MpPOTpamMM
mucuuiuivH:  «Heopranndeckas xXumus», «AHaIuTHUeCKus XuMmus», «MHpopmaTuka», a Takxke
cpenHero (MoTHOTr0) 00IIero 00pa3oBaHus MO0 €CTECTBEHHOHAYYHBIM TUCITUIUTHHAM (0a30BBIH YPOBCHB).

Jl1sl OCBOCHHUS JAHHOW JMCLUIUINHBI 00yYaroIUICs TOJKEH:

3HaTb:

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

KOTOPBIX pa3pabaThIBalOTCs HAHOTEXHOJIOTUH;

YMers:

® OCMBICIMBAaTh YHUKAJIbHOCTb (OPUTMHAIBLHOCTH) METOJMYECKHUX IOJIXOJO0B M KOHKPETHBIX

pa3paboOTOK YUEHBIX U MHKEHEPOB B 00JIaCTH HAHOTEXHOJIOT UM

Nwmers:

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

VYcnemHoe 0OCBOGHHE JAHHOW JHUCLUUIUIMHBI OyJIEeT CHOCOOCTBOBAaTH TOTOBHOCTH CTYAEHTOB K
IIPOXOXKACHUIO TPOU3BOACTBEHHON IPAKTUKU, NPEIIUIUIOMHON, W IPOU3BOJACTBEHHOW IPAKTUKH,
NPAKTUKU 10 MOJIYYEHHIO NMPOPECCHOHANBHBIX YMEHUH M ONbITa MPOPECCHOHANBHON NeATEIbHOCTH
(memaroruueckoil).

3. [lnanupyemMble pe3yJbTaThl 00yUeHHs M0 TUCHHUILINHE

3.1. Komnerenuun, GopMHUPOBAHMIO KOTOPBIX CIOCOOCTBYET TUCIUIINHA

[Tpu ocBOGHMHU AUCHUILIMHBI (POPMUPYIOTCS CIEAYIONUE KOMIIETEHIIUU B cOOTBEeTCTBUU ¢ PI'OC
BO 1o 1aHHOMY HanpaBJIEHUIO MTOATOTOBKH:

a) npodeccuonanbubie (I1K):

[1K-2 CnocoOeH npoBOaUTh MaTeHTHO-UH(OPMallMOHHBIE HCCIIEI0BAaHUS B BbIOpaHHOW oOiactu
XUMHHU U/UITM CMEXHBIX HayK

3.2. llepeyeHb NJAHHPYEMBIX Pe3yJbTATOB O0y4YeHUS] MO JAMCHUILUIMHE, COOTHECEHHBIX C
(popMupyeMBbIMH KOMIIETEHUMAMHU

B pesynbrare 0cBOCHUS IUCIUILTUHBI 00YYaIOLIHICs JOKEH:

3HaTh: OCOOEHHOCTHM CTPOEHUS U CBOMCTB HAaHOPAa3MEpPHBIX YaCTUIl; OCHOBHBIE THIIbI
KJaccu(uKalul HaAaHOOOBEKTOB; OCHOBHBIE METO/bl JTMAarHOCTUKU U MCCIIEOBAHUS HAHOOOBEKTOB H
HAHOCHCTEM; IPHOPUTETHBIC HATpaBlieHus pa3BuTus HaHoTexHonorui (I1K-2);

YMeTh: aHanuM3upoBaTh W 0000LIaTh HAy4yHYIO HH(OpPMALMI0 1O XMMHUU HAHOMAaTepHAlIOB U
HAHOTEXHOJIOTHSIM, OMMPAsICh Ha 3HAHUE HEOpPraHWYeckoi u anamutuaeckor xumun (I1K-2); npumeHaTh
3HaHUE OCHOBHBIX (DU3MUYECKHX U XMMUYECKUX 3aKOHOB IPH 00BICHEHUH (DPU3UKO-XMMHUYECKHX CBOWCTB
U peaknoHHO# criocoOHocTn Hanouactuil (ITK-2);

Hmerb: HaBbIKM pabOTBl € TEPMHHOJIOTHEH COBPEMEHHBIX CIIOCOOOB HAHOYACTHI] U
HAaHOMAaTEPUAJIOB, COBPEMEHHOM HAHOTEXHOJOTMEW; HAaBbIKM KOMIBIOTEPHOTO MOJEINPOBAHUS
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HAHOOOBEKTOB; HABBIKM MOMCKA B INternet cmenuann3upoBaHHON MHPOPMAINH, aHAIH3a U 0000IIEeHUS
nHayuHoit nadopmaruu (ITK-2).

4. O0beM U coiepKaHue TN CHUTITIHHBI

OO0BbeM IUCIMIUIMHBI COCTABIISICT 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 CaMOCTOSITENBHON paboOThl 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 n1ab. paboram Ne 5,6
HUCCIETOBAHUA. 3ammra pedeparoB MmO TEeMe
((MCTO,I[LI u HHCTPYMCHTBI
HCCJIICAOBaHUA»
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 U IEPCTIEKTUBBI
Hroro 3a cemecTp: 36 16 3auer

4.2. Pa3BepHyTOe ONMCAHHE COAEPKAHUSA JUCHMILUIUHBI N0 pa3ieaaM (TeMam)

BBenenne Ilonsatue «HaHO», OCHOBHBIE MNMOHATHE M TepMHHBL. Hano3ddekrsr B mpupoze.
Uctopust pa3Butus. Tumbl TeXHOJOTMH: OaNK-TEXHOJOTHSI M HAHOTEXHOJIOTHA. THUIBI MOCTPOECHUSA
HaHO0OBeKTOB: top-down u bottom-up.

Hanouactuubt OObexThl HaHOXxuUMHH. Pa3smepHas mkana. Knaccudukanmm HaHOYACTHULI.
Knaccugukaius 31eMeHTOB, CHOCOOHBIX BBICTYNATh B KauecTBe HaHoyacTUll CrocoObl MOTydeHUs
HaHouacTHll. VcTtopust OTKpbITHUS 3JeMeHTapHbIX (opm yriepoja. CTpoeHue M CUHTE3 (PyIIepeHoB.
CrpyKTypa 1 CBOMCTBA YIJIEPOJHBIX HAHOCTPYKTYP. DHI03ApalIbHbIE KOMIUIEKCHI (pyiiepeHoB. CHHTES,
CBOICTBa U MPMEHEHNE HAHOKOMITO3UTHBIX MaTepUaIOB.

Metoabl u MHCTpyMeHThI ucciaegoBanus. Crnektpockonuueckue metonasl (UK-, Y®-, KP-
CHEKTPOCKOMUS; PEHTICHOAJIEKTpOHHAs crhekTpockonusi). IIpocBeumBaromas M CKaHUpYOIIas
(pacTpoBasi) »NeKTpoHHass MHKpockomnusi. Pe3zonancHsle meroabl (SIMP, OIIP) B wuccienoBaHuu
HaHOOOBEKTOB. [IpocBeunBaromas 3JIeKTPOHHAs MHUKpPOCKONuUs. JuppakiMOHHbIE METOIbl H3y4eHHS
CTPYKTYyphl. TyHHEIbHAS U aTOMHO-CUJIOBAsi MUKPOCKOIIHSI.

Xumuyeckue HaHopeakTopbl. [loHsTne HaHopeakTtop. PasMmep wacTHMl M XMMHYECKas
aKTUBHOCTh. DaKTOPHI, BIUSAIOUINE HA XUMUYECKYIO aKTUBHOCTh. AHCAMOJIM C y4acTHMEM HAaHOYACTHII.
[TonsTuHe © crmocobax OMHMCAaHUS KUHETHMKM pPEakUMd B HAHHOCHCTEMAax: KHHETHYECKOe
(eTepMUHUPOBAHHOE), MOAU(GULIMPOBAHHOE U cTOXacTU4yeckoe. HaHouacTHIbl M XMMHUECKHUE peaklun

B MUILICJUIAPHBIX CUCTCMAX.
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Byayumiee HaHOTeXHOJIOTHI: PO0JIeMBbI U epcneKTUBbI. HaHoTexHONIOIMH U MEAMLIMHA.
[IpruMeHeHre HAHOTEXHOJIOTMH B aBHALIMU M KOCMOHABTHKE, aBTOMOOUIIECTPOCHUH U JIp.
HanorexHosoruu u 6€30MacHOCTb CTPAHBI.

5. O6pa3zoBare/ibHbIe TEXHOJIOTHHI
[Tpu peanuzanuu JUCHUIUIMHBI «XUMHSI HAHOPAa3MEPHBIX YACTHI HUCHOIB3YIOTCS CIIEAYIOIINE

00pa3oBaTesibHbIC TEXHOJIOTHUH:

- PSUTHHTOBAs TEXHOJIOTHUS;

- TEXHOJIOTHUS Pa3BUTHS KPUTUYECKOTO MBITILICHUS;

- TEXHOJIOTHUS Y4eOHOH JTUCKYCCHUH,

- rpymmoBast pabora.

WHpopMallMOHHBIE TEXHOJIOTUH, HCIIOJIb3yeMbIC TIPH OCYIIECTBICHHH 00pa30BaTEIbHOTO
nporiecca 1o JUCIHUIIIHHE:

- TEXHOJIOTUHM CMEIIaHHOTO O0YYCHHS;

- TEXHOJIOTHSI KOMITBIOTEPHOTO TECTUPOBAHMSI.

6. YueOHO-MeTOAMUECKOE 00ecTieyeHre CAaMOCTOSITEIbHOM padoThl 00yyaromuxcst
CamocrosiTenbHas paboTa CTYICHTOB HalpaBlieHA Ha yrIIyOJCHHOE CaMOCTOSTEIbHOE H3yYCHUE

OTJENIbHBIX pa3/ieloB M TeM paboueil nmporpammbsl. CamocTosiTenbHass paboTa CTYyIEHTOB HPOXOIUT B
dopme U3yyeHHs TEOPEeTHUECKOro Marepuania (JeKIui, peKOMEHJ0BaHHON JIUTepaTypbl, B TOM YUCIIE U
CaMOCTOSITEJILHOTO ITOUCKA MaTEPHAJIOB B INI00AILHOM CeTH).

Onucanue 1a6OpPaTOPHBIX PabOT U METOAMYECKUE MaTepuaibl A MPOEKTHOU NesTeIbHOCTU
CTYAEHTOB MpHBeAeHBI B yueOHOM nocoouu Bonkosoit T.I'. u Kanmeikosa I1.A «Hanoxumusi», koropoe
pa3MeIeHo B AIEKTPOHHOU OoubmoTeKe Usl'y
http:/lib.ivanovo.ac.ru:81/elib/dl/biology/ucheb/volkova_2014.htm/info.

7. XapaKkTepUCTHKAa OLICHOYHBIX CPeACTB /UIA TeKYILIero KOHTPOJIsl YCHeBaeMOCTH M
NPOMEKYTOYHOH ATTeCTAUHN 00y4aIoIUXCs M0 AMCIUIITTHHE

[Ipy wu3yyeHUM AMCUMIIMHBI OpPraHU3yeTCsd TEKYIIMH M NPOMEXKYTOUHBIH KOHTPOJIb
yCIIEBAEMOCTH.

Texkymuil KOHTPOJIb 3HAHUM CTYJEHTOB OCYLIECTBIIECTCA B XOJE ayJIUTOPHBIX 3aHATHM IMyTEM
CHUCTEMaTHYeCKOH TMPOBEPKH OTYETOB IO BBHIMOJIHEHHBIM MPAKTUYECKUM paboTaM  (TeMbl
IPAKTUYECKUX padOT U MpUMEP OAHON M3 HUX JAHbI B IPUIOKEHUAX | U 2), KauecTBa U3yYEHHBIX TEM
B (hopMe OTBETOB Ha BOMPOCHI MO pedepaTy W ydyacTHs B AMCKYCCHSIX, IPU HEOOXOAMMOCTH -
WHJIUBUIYAJIbHOTO COOECeOBaHUsI.

Pe3ynpTaThl TeKyIero KOHTpos GUKCUPYIOTCS B KypHalle Y4eOHBIX 3aHATHH IMperoaaBaTess
U JIOBOJSITCS JIO CBEJICHUS KaXK/I0TO CTY/CHTA.

@opMOIl MPOMEXKYTOUHOTO KOHTPOJIA 3HAHMH CTYIEHTOB SIBIISIETCS 3a4e€T, B XOJ€ KOTOPOIo
OILICHUBAIOTCSl YPOBEHb TEOPETHYECKUX 3HAHWN M YCBOEHHBIE HABBIKU. 3a4eT CTYAEHT MOJIydyaeT Ipu
YCIIOBHH, YTO NPH MOJIHOCTHIO MPOMIEHHOM yueOHOM IUIaHE W HAallMCAHHOM TeCTe OH HaOpaj He MeHee
55 Gaos.

8. YueOHO-MeTOAMUECKOE M HH(POPMALIMOHHOE 00ecnedeHne THCIUTITHHBI
OcHoBHas nuTeparypa:
1. ®dwusuko-XxMMHUsS HAHOYACTHI, HAHOMATEpPUAJIOB M HAHOCTPYKTYp : YyuyeOHoe mocobue /
A.A. bapei6bun, B.A. baxtuna, B.WU. Tomunun, H.IL. Tomununa. - Kpachospck : Cubupckuit
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dbenepanpublii yauBepcuret, 2011. - 236 c. - ISBN 978-5-7638-2396-7 ; To e [DnekTpoHHBII
pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=229593

2. Bepemaruna, S1.A. VHHOBallMOHHBIC TEXHOJOTHU: BBEJCHHWE B HAHOTEXHOJOTHHU : y4deOHOE
nocobue / S.A. Bepemaruna ; deaepanbHOe areHCTBO MO 0o0pa3oBaHUIO, ['ocymapcTBEHHOE
0o0pa3oBaTeNIbHOE YUPEKACHUE BBICIIErO NpodeccnoHaabHOro obpazoBanus "KazaHnckuit
rOCyIapCTBEHHbIA TexHoJornyeckui ynupepcutet". - Kazanp : KI'TY, 2009. - 115 c. : un.,
Tabm., cxem. - bubin. B kH. - ISBN 978-5-7882-0778-0 ; To xe [Dnexkrponnsiii pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=270541

3. 3Bonapes, C.B. MozaenupoBaHue CTPYKTYpbl U CBOHCTB HAHOCHUCTEM : y4eOHO-METOIUYECKOEe
nocobue / C.B. 3Bonapes, B.C. Kopros, T.B. lllTanr ; MunuctepcTBo oOpa3oBaHHs U HAyKH
Poccuiickoit @enepannu, Ypanbckuil denepaabHblii YHUBEpCUTET UMEeHH TepBoro lIpesnaenra
Poccuu b. H. Enbuuna. - ExarepunOypr : M3natensctBo Ypaiabckoro ynusepcurera, 2014. - 121
c. : Tabm., wi. - bubmmorp. B kH. - ISBN 978-5-7996-1203-0 ; To ke [DnekTpoHHBIA pecypc]. -
URL: http://biblioclub.ru/index.php?page=book&id=276022

JononHuTtenpHas auTeparypa:
1. 3aBommuckuii, B.I'. KommnbioTepHoe MoaenvpoBaHWE 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 JL Hanorexnomornn. Hayka, wnHHOBamMM u BO3MOXHoctH - M.: PUI

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

3. Opranuueckue U ruOpHUIHBIE HAHOMAaTepUanbl [ DeKTpoHHBIN pecypce] : [laras kondepenuus ¢
AJIEMEHTaMU Hay4YHOM LIKOJBI A Monoexku, Poccus, iBanoBo, 29 urons-2 utons 2015 r. / UBas.
roc. yH-T ; oTB. 3a Bbil. M. B. Kmoes, H. A. Margaiuaosa .— WBanoso : UBI'Y, 2015 .
URL:http://ib.ivanovo.ac.ru:81/elib/dl/biology/nauka/klyev_2015_1.htm/view

4. Opranuueckue ¥ TMOpHJIHbIE HAaHOMAaTEpHasbl : TEHACHLUUU U NEPCHEKTUBBI [DIEKTPOHHBIN
pecypc] / UBan. roc. yH-T ; oA pen. B. @. PazymoBa, M. B. Kitoea .— UBanoso : 1UBI'Y, 2013
URL:http://lib.ivanovo.ac.ru/elib/dl/physics/nauka/kluev_2013.htm

Pecypcel uHpOpMaMOHHO-TEIEKOMMYHHUKAIIMOHHOM ceTH «IHTepHeT»:

CucremMa »DIEKTPOHHOM TOJAEPKKH oOpa3oBarenpbHOro mporecca «Moi  yHUBEPCUTET»
https://uni.ivanovo.ac.ru

[TpodeccuonanpHbie 6a3bl TaHHBIX U HHPOPMAITMOHHO-CIIPABOYHBIE CHCTEMBI:

OBbC «YHuBepcuTeTckas OudaroTeka onnaitH» 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 kataror Hb UBI'Y  http://lib.ivanovo.ac.ru/index.php/ek

[Tporpammuoe oOecredueHue: omepanuonHas cucremMa Microsoft Windows, makeT o¢uUCHBIX
nporpamm Microsoft Office, uarepuer-opay3ep Internet Explorer, Moii yausepcuret, Moodle.

9. MaTepuainbHO-TeXHUYECKOE 00ecTedyeHne T CIHIMIMHBI

VY4eOHblE ayAUTOPUH:

- IS IPOBEJEHUS 3aHATUN JIEKIMOHHOTO THUIA C KOMIUIEKTOM CIIEHHUaTIU3UPOBAHHON y4ueOHOI
MeOen M TEXHUYECKUMH CpEACTBAMH OOYYEHHUs, CIYXallUMH JUIsl TPEelOCTaBICHUs Yy4eOHOM
uH(popMaluu O00JIbIION ayIUTOPUN;

- JUId TPOBEICHUS 3aHATHM CEMHHApCKOIO THIA, KOHCYJIbTALMH, TEKYHIEr0 KOHTPOJIS H
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POMEKYTOYHOU aTTECTAIlMH ¢ KOMIUIEKTOM CIEIHATU3UPOBAHHON yueOHON MeOenu U TeXHUYECKUMHU
CpeAcTBaMu O0YYCHUS;

JlaGopatopus, ocHaleHHast 1a00paTOPHBIM 000PYIOBaHHEM, KOMILIEKTOM CIEIHUATU3UPOBAHHON
y4eOHON MeOeH U TEXHUYECKUMH CPEJICTBAMU O0yUYCHHS.

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

JleMoHCTpanMoHHOE 00OpYJOBaHUE W Y4COHO-HATIATHBIC MOCOOWsS ISl 3aHSATHHA JICKIIMOHHOTO
THUTIA, 00ECIICYNBAIOIIUE TEMATHIECKUE WILTIOCTPALIUN: HICKTPOHHBIC TOCOOUS (TIPE3CHTAILINN).
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ABTOp padoueii mporpaMMbl JMCUMIUIMHBI. TONEHT Kadeaps! GyHIaMEHTATBHON 1
MPUKIaAHON XUMUH, K.X.H., fo11. Bonkosa T.I'.

[Iporpamma paccMOTpeHa U yTBepKIeHa Ha 3acemaHuu Kadeapsl (yHIaMEHTAIBHOM
npuknaanoit xumuu 30 aBrycra 2023 ., mpotokoin Ne 1.

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

PykoBoautens OII /

(mozrucs)



