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I. IEJIb Y 3AJIAYH JACIHATIIAHBI

Lenb: @opmupoBanue 06a30BbIX 3HAHHH, MO3BOJSIOMINX OPUEHTHPOBATHCS B TEPMUHOJIOTHH U
HampaBJICHUAX HAaHOOMOTEXHOJIOTUM KaK COBOKYIHOCTH TEXHOJIOTMYECKHUX METOJIOB, NMPHUMEHSEMBIX
IUIL M3YYEHUS] TMPUHIUIOB OMOJOTHYECKOW HAaHOCAMOCOOPKH, CO3JaHHs MaTepHajloB, YCTPOHCTB U
CHCTEM M IyTAX UX UCIOJIb30BaHUS B OMOJIOTUU U MEIULIUHE.

3amaun:

® 03HAKOMHUTH OCHOBHBIMH MOHSTUSMU HAHOOMOTEXHOJOTHUI M PaCCMOTPETh COBPEMECHHOE
COCTOSIHUE U MEePCIICKTHBBI PAa3BUTUSI HAHOOMOTEXHOJIOTHH;

® U3YYUTh OCHOBHBIE IPUHIIUIIEI (POPMUPOBAHUS HAHOCHCTEM;

e 0000IUTh W CHCTEMATU3MPOBATH CBEJCHHUS O HAHOYACTHUIIAX WM HAHOMPOMYKTaX, WX
CBOMCTBaX, METOJIaX UCCIIEIOBAaHM,

® HAyYUTh YMEHHUIO CAMOCTOSTEIILHOIO MOMCKA W aHajau3a HHPOPMAIIMH, UCTIOJIb30BaHUIO €€
B IIPOIIECCE HAYYHO-TIPAKTHICCKOM IS TEIIbHOCTH

II. MECTO IUCHOUMIIJIMHBI B CTPYKTYPE OIIOII BO

2.1.YVuebnas gucimmmaa b1.0.44 «HanoOHOTEXHOIOTHNY SABIAETCA 00sA3aTeIbHOM
IMCUUIUIMHONW y4eOHOTO TUTaHa TOATOTOBKHY CTYACHTOB 110 HanpasieHuio 06.05.01 «buonnxenepus u
ouonndopmatukay. M3yuyaercs Ha 4 Kypce B 8 cemecTpe.
2.2. Jlns wm3ydeHWs MaHHOW y4eOHOW AWCUUIUIMHBI HEOOXOJMMBI 3HAHUWS, YMEHUS W HAaBBIKH,
(dbopmupyeMble MPEAIIECTBYIOIUMU TUCHUIUTMHAME: «DU3HKO-XUMUYECKHE METOIbl UCCIEIOBAHUI»,
«buotexnomnorusy, «Knerounas 6uonorusy, « IMMmyHoIOTHS Y.
2.3. IlepeueHb mocienyromux y4eOHBIX JUCLUUIUIMH, /U KOTOPBIX HEOOXOAWMBI 3HAHMS, YMEHUS U
HaBBIKH, (POPMHUPYEMbIC JaHHOH y4eOHOH mucHuIInHoN: «VHXeHepus BaKIWH M JUarHOCTHKYMOBY,
«buonornyeckas 6e3onmacHOCTh U Omo3anmray, «lIpenaumnioMHas NpakTHKa, B TOM YHCIE HayyHO-
UCCleI0BaTeNbCKas padboTa.

I11. TPEBOBAHMUS K PE3YJIBTATAM OCBOEHUSA IUCHUIIJINHBI
[lpomiecc  OocBOEHWS  AWCIUIUIMHBI  HampaBieH Ha  (HOPMUPOBAHHE  KOMITCTCHIIUH
(xomnereHuuu)B cootBerctBUM ¢ GI'OC BO u OIl BO no naHHOMY HampaBlIEHUIO MOATOTOBKU
06.05.01 «bruonmxeHepus 1 OMOMHPOPMATHKAN:
OIIK-3 CnocobGeH NpOBOAMTH 3KCIEPUMEHTAIbHYIO paboTy € OpraHM3MaMu M KJIETKaMH,
MCTIOJIB30BaTh (DU3UKO-XUMHUECKUE METO/IbI UCCIIeIOBAaHUS MaKpOMOJIEKYJI, MATEMAaTHIECKHUE METOBI
00pabOTKH Pe3ysIbTaTOB OMOJIOTUYECKUX MCCIIEJOBAHUH.

Hepetlem, IVIAHUPYEMBIX Pe3yJabTaTOB Oﬁy‘-leﬂlflﬂ Mo AMCHUIIJINHE, COOTHECCCHHBIX C
HHIANKATOPaAMHU JOCTUKCHUA KOMIIeTeHI M ii

Komnierennus HNuaukaropsl Pe3yibTaThl 00y4yeHus
KOMIIeTEeHIH

OIIK-3 NJIKork-3.1 3HaTh:. (HUBUKO-XUMHYECKUE METO/IbI
Crniocoben IIpoBoaut HCCIIEA0BaHUS MAaKPOMOJIEKY L.
IIPOBOJNTH JKCIIEPUMEHTAIBHYIO VYMeTb: NPOBOIUTH SKCIIEPUMEHTATIBHYIO paboTy
HKCHEPUMEHTAIbHYIO | padOTy C OpraHM3MaMH M | ¢ OpraHM3MaMU U KIETKaMH C HCIOJIb30BaHHEM
paboty C | KIIETKaMu C | U3MKO-XMMHUYECKMX  METOJOB  HCCIEI0BaHMS
OpraHu3Mamu U | UCIIOJIB30BAHUEM MaKpOMOJIEKYIL.
KJIETKaMH, (U3UKO-XMMHYECKHUX
HCIIOJIb30BaTh METOAOB HCCienoBanus | Biagers: (U3NKO-XUMHYECKUMHU METOAaMH
(U3UKO-XMMHYECKHE | MAaKPOMOJIEKYJI HCCIEA0BAHMS I HCCIENOBAaHUS MAaKPOMOJIEKYIL.




METO/IbI
HCCIIEI0BAHUS
MaKpOMOJICKYII,
MaTeMaTHIECKHE
MeToabsl  00paboTKH
pe3yIbTaToB
OMOJOIrHYECKUX
HCCIICIOBAHUIM.

N IKornks.2 3HaTh: METO/IbI 00paboTKu pe3ynbTaToOB
JleMoHCcTpUpYyET SKCIEPUMEHTAIBHBIX UCCIIEIOBAHUN.
MIPAaKTUYECKUE  HABBIKM | YMETh: HCIIOJIb30BaTh MAaTEMaTUYECKHE METOMbI
MaTeMaTUYECKUX 00paboOTKH  PE3yabTaTOB  AKCIEPHUMEHTATBHBIX
METOI0B 00paboOTKH | MCCIETOBAHMIA.

pe3yJIbTaTOB Bnaners: MPAaKTUYECKUMU HaBBIKAMH
JKCIEPUMEHTAIbHBIX MaTeMaTHYeCKUX METOJI0B 00pabOTKH pe3ynbTaToB
HCCIICIOBAHU I 3KCIIEPUMEHTAIBHBIX UCCIIEI0BAaHUN

N1Korik-3.3 3HaTh: METOJbl  HCCIEAOBAHHUS  MaKPOMOICKYI,
Bnaneer OTBITOM | 00pabOTKH pe3yapTaToB OMOTOTHUYECKUX
NPUMEHECHUSI METOJOB JUISl | MCCIIeIOBAHMI.

HCCICAOBAHNA YMETh: NMpOrHo3upoBaTh MEPCHEKTUBBI U COIMATBHBIC
MaKpOMOJIEKYII, 00PaOOTKH | rocrencTBuil cBOEH MPO(ECCHOHATBHOM JEATENBHOCTH.
pesy/IbTaToB Bnaners:  onbITOM  TpUMEHEHUS ~— COBPEMEHHBIX
6I/IOJ'IOFI/I‘ICCKI:IX METOJIOB MCCIICIOBAHHS.

UCCIIEIOBaHUM,

MPOTHO3HUPOBAHUS

MEPCIIEKTHB U COIMATBHBIX
HOCIENCTBUN cBOEH
po(heCCHOHATBHOMN
JIEATEILHOCTH




IV. COAEP)KAHUE U CTPYKTYPA JUCHUIIJIMHbI

Oobem AUCHHUIIIMHBI COCTABJIACT 3 3aYeTHBIX CAMHHUIIBI, 108 YacoB, B TOM 4YHUCJI€ HA JK3aME€H 17 u.

N3 aux PEANN3YETCA C UCIIOJIB30BAHUEM 3JICKTPOHHOI'O O6yLIGHI/I$I 1 JTUCTaHIIMOHHBIX O6p330BaTeJ'II>HBIX TexHonoruii 14 yacos

@opMa NPOMeKYTOUHOM ATTEeCTAIMM . K3aMEH.

4.1 Conep:xxaHue MAUCUMIUIMHBI, CTPYKTYPHMPOBAHHOE 1O TeMaM, ¢ YKa3aHHeM BHAOB Y4YeOHbIX 3aHATHIl M OTBEeJIEHHOI0 Ha HUX
KOJIMYeCTBA aKA/IeMHYECKHUX YaCOB

Ne Paznes nucuuminHbl/TEMA Buner yaeOHO paboThI, ®opMa TeKylIero
®
n/H $ | BKIIIOYas CAMOCTOSITCIBHYIO paboTy 00yJaromuXxcs , | KOHTPOJIA
= E MPaKTUYECKYIO MOATOTOBKY U TPYIOEMKOCTh ycneBaemMocTu/
£ 2 (B yacax) dopma
o g NMPOMEKYTOYHOMH
5, KonrtakTHas paboTa mpemnoiaBaresns ¢ =
= 2 arrecranuu
=) o0y4armuMucs =
@ 2w ) (mo cemecTpam)
= & =
o = =«
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5 z 2 £ | Jlekuus Cemunap/ Kouncyabranus R
E’ 5 z = IIpakTHyeckoe, = g
8 9 é’ S JabopaTopHoe 68 =
= = 3aHsiTHe/ =
1 2 3 4 5 6 7 8 9 10
1 Paznen 1. BBenenue B HAHOTEXHOJOTHIO M 8 1 1 VYcrHblil onpoc
HaHOOHMOTEXHOJIOTHIO
2 Y CcTHBIH onmpoc
Pazgen 2. Hanomarepuassl 8 9 1 2 6 p
3 Paznen 3 OcHOBHEIE OPUHIIUIILI Ycrhbii orpoc,
' p 8 12 2 2 8 JTOKJTagbI c
(hopMUpOBaHUS HAHOCUCTEM .
MIPE3CHTAIUCH.
4 YcTHbBIM OIIpoc,
Paznen 4. MonekynspHble HAHOCTPYKTYPBI 8| 12 2 2 JTOKJIa/IbI c
IIPE3CHTALMEM.




5 VYcrHbii ompoc,
Paznen 5. HanoOnoananuTuyeckue CUCTEMBI 8| 14 2 2 10 | moxmaabl c
Mpe3eHTalUCH.
6 . YcTHBIN orpoc,
Paznen 6. HaHOTEXHOJIOTMM B MOJIEKYJISIPHOM
8 14 3 3 8 JTOKJIABI C
ANEKTPOHUKE U OMODIIEKTPOHUKE .
Ipe3eHTaIHEH.
7 VYerHbii ompoc,
Paznen 7. HaHOTEXHOJIOTUN ¥ MEHUIIMHA 8 | 17 3 3 1 10 | moxsampr c
Mpe3eHTalUEeH.
4.2 TlnaH BHeayIMTOPHOH caAMOCTOSATEIBLHOIH PadoThI 00YYAIOIIMXCSI 10 TUCHHIJIHHE
CaMocTosTeNIbHas paboTa 00yJYarOIIUXCsl YuebHo-
METOTUIECKOe
OneHouyHoe
Cemectp | Ha3Banwme pazmena, Tembl . Cpoku  |TpynmoemKocTs obOecrnieueHue
Bun camocrosarenpHO# paboTHI CPEICTBO .
BBITIOJTHEHUS (uac.) CaMOCTOATEIbHOU
paboThI
8 W3ydenne yueOHOTO Marepwana C HCHoib3oBaHWEM | 1-2 Hep, VYerHbiit  ompoc,| ocH. auT-pa: 1-3
Pa3ﬂeﬂ 2 . peKOMeHﬂyeMOﬁ JINTEPATYPhI JJIsA IIOArOTOBKU K JTOKJIadbI clmorr. JII/IT-pa:1-5
Hanomarepuabl HMPAaKTUICCKUM 3aHATUAM. 6 MpPE3CHTaLUEH. MEPUOINYECKUE
W3IaHUS
8 p 3 o W3ydyenne yueOHOro Mmarepuana ¢  HCIOIb30BAHHEM YcrHBIl  ompoc,| ocH. imT-pa: 1-3
asnuen : CHOBHDIC| hoxomenmyemoii  nuTepaTypsl  mis  MOATOTOBKH K 3.4 3 JOKTaIbI c|mom. nut-pa:1-5
HPUHIUITBI CpOpMHpOBaHH;I IMPaAKTUYCCKUM 3aHATHUAM. -4 HCL. HpGSCHTaHHeﬁ. epUOaNYECKHE
HAHOCHCTEM
U31aHUs
8 W3yuenne ydeOHOro Marepuana C  HCIOJIB30BaHUEM YcerHBIA  omnpoc,| ocH. uT-pa: 1-3
Pasmen 4. MosekyisipHbie| PEKOMEHIYEMON  JIATEPATYphl  JUis  TMOATOTOBKH K 5-7 He 8 IOKJIaJIbI c|mon. mut-pa:1-5
HAHOCTPYKTYPBI NPaKTUICCKUM 3aHATHAM. o Mpe3eHTalued.  |[[IepHOANYECKUE
[TonroroBka pedepata (I0KIaaa, IPE3EHTAINN). W3aHus
8 Pase 5 W3ydyenre yd4eGHOro MaTepHana C  HCIOJIb30BAHHEM VYerHBI  ompoc,| ocH. auT-pa; 1-3
AT ‘| pexomennyemoit  mureparypsl U TOATOTOBKH K 8-10 JIOKIIAIbI c|zom. nmut-pa:1-5
HanoGuoaHaMTHIecKue 10 .
MPAKTHIECKUM 3aHSTHSIM. HE/l. Mpe3eHTalue.  |ImeproandecKue
CHCTCMBL IToxroroeka pedepara (10K1a/a, IPE3CHTALIMN). W3aHus




CamocTosTensHas padoTa 00yJaromuxcs VYuebHo-
METOJINIECKOe
OneHounoe
Cemectp | HasBanue pasnena, TeMbl . Cpokn  |TpymoeMKOCTb obecrieyeHue
Bun camocrosiTenbHON paOOThI CPEICTBO .
BBITIOJTHEHUS (qac.) CaMOCTOATENbHOU
paboThI
8 Paszen 6. HaHoTexHOIOrMHU Nsydyenne ydyeOHOro Marepuana ¢  HCIOJIB30BaHUEM VYerHbiii  ompoc,| ocH. auT-pa: 1-3
B MOTEKYIAPHOIH PEKOMEHIyeMO#i  JuTepaTypsl  Adsl  MOATOTOBKH K 11-12 g JOKJIaIbI c|morr. muT-pa:1-5
3IEKTPOHHKE NPaKTHICCKUM 3aHATHAM. HeJL. MPE3CHTAUCH.  |TIEPUOAUICCKUC
e [TonroroBka pedepara (q0KIaaa, IPE3CHTAINHN ). W3IaHUSA
8 W3ydyenne yueOHOro Mmarepuana C  HCIIOIb30BAaHUEM VYerHBIA  ompoc,| ocH. uT-pa: 1-3
Paznen 7. HaHOTEXHONOTHY| PEKOMEHIYEMON  JUTEPATYpsl  JUIA  TOATOTOBKH K 13-15 10 JIOKJIaIbl c|mom. nut-pa:1-5
" MEIHUI[MHA NPAaKTUICCKUM 3aHATUAM. HE. MpEe3EHTAlUEH. epuoOgUYECKUE
[TonroroBka pedepata (IoKIaaa, IPE3CHTAINHN). W3 IaHus

OO6muii 00beM caMOCTOATEILHOM PaboThI O qucHHIuInHE (4ac) — 50

N3 Hux o00BEM CaMOCTOSATENLHOU pa60TBI C HCIIOJIb30BAHHUEM 3JICKTPOHHOI'O 06y‘{eHI/I$I u

JUCTAaHIIMOHHBIX 00pa30BaTeIbHBIX TEXHOJOTUH (yac) — 14




4.3 ConepxxaHue y4eOHOIro MaTepuaja

Pa3gen 1. BBenenue B HAHOTEXHOJIOTHIO M HAHOOHOTEXHOJIOTHIO
Tema 1.1 IIpenmer u 3agaun kypca. OCHOBHBIE OHSTHUS U ONPEEICHUS HAyK O HAHOCUCTEMAX U
HaHOOMOTEXHOJIOTUH.
Tema 1.2 McTopusi BOSHUKHOBEHHS HAaHOTEXHOJOTHH. [IpruMepbl HAHOOOBEKTOB U HAHOCUCTEM,
UX TEXHUYECKHE MPHIOKeHUs. [[pUHIIUIIBI U IEPCTIEKTUBBI Pa3BUTHSI HAHOOMOTEXHOJIOTHH.

Pa3znen 2. HanomaTtepuaibl

Tema 2.1. Hanomarepmansl ¥ ux kiaccuukanus. Heopranmdeckne M OpraHuyecKHe
(hyHKIMOHATBHBIE HaHOMaTepuaibl. [ mOpumHbpIe HaHOMaTepuanbl. HanocTpykTypupoBanusie 1D, 2D
u 3D marepuansl. MonekynspHble cuTa. HAaHOKOMIO3UTBI M UX CHHEPI€TUYECKUE CBOWCTBA.

Tema 2.2. I'uruennueckasi U MEAMKO-OMOJIOTHYECKas! OlLEHKa O€30MaCHOCTH HaHOMAaTEpPUAJIOB.

Pa3zgea 3. OcHoBHbIE IPUHIHUNIBI GOPMUPOBAHMS HAHOCHCTEM

Tema 3.1. Ilpomecchl mOIMy4YeHUS HAHOOOBEKTOB CBEpXYy BHHU3. MeXaHOAKTUBAIUS U
mexaHocuHTe3. [Ipouecchl momy4yeHuss HAHOOObEKTOB CHHU3Y BBEPX.

Tema 3.2. IlpueMbl NOJMY4YeHHs W CTAOWIM3AUM HAHOYACTHIL. MeETOIbl OOHApPYXECHHUS H
BBISICHEHUS JIOKAIM3allMM HAaHOYACTHIl B OMosormyeckux oOpasuax. [IpuMeHeHne KBaHTOBBIX TOUYEK
npu OOHAPYKEHHH OWOJIIOTUYECKUX OOBEKTOB. DH3MKO-XMMHUYECKHE CBOHCTBA HAHOYACTHUI], C
KOTOPBIMH CBA3BIBAIOT MOTEHLUAIBHBIE METUKO-OMOJIOTHUECKUE PUCKH.

Pasnen 4. MosiekyJIsipHble HAHOCTPYKTYPbI

Tema 4.1. MonekynspHble HAHOCTPYKTYpbl — XapakTepUCTHKa U  KiaccU(UKaIus.
OCOOEHHOCTH OpPraHMYeCKUX MOJIEKYJl Kak HaHOCTpYyKTyp. Cymepmosekyssl. buoMonexkyisl Kak
HAaHOCTPYKTYpPbI: HyKJIIENHOBBIE KUCIOTHI, OenKu. DepMeHTHI 1 OMOCEHCOPBI.

Tema 4.2. buomonexkyisipHble KOMIUIEKCHI: TyOyJsipHble OHOHAHOCTPYKTYPHI, CIOUCTBIE
OMOHAHOCTPYKTYpPHI, THOPHIHBIE OWOHAHOCTPYKTYpPHI, MX cOOpka W camocOopka. Mumemisl u
JMIOCOMBL. TpaHCHOPT HEIEKTPOIUTOB uUepe3 MPHUPOJHbIE MeMOpaHHbIE HAHOMOPBL. MeXaHU3MBbI
TpaHCIOPTa BOJBI Yyepe3 Ononorndeckre MeMOpanbl. AkBaropuHbl. KoMIniekce saepHoii mopsl

Tema 4.3. Monekynspusle MammHbl. AT®-cunTaza. KuHe3uH, MHO3UH, >KTYTHKOBBIN
MOJIEKYJISIpHBIN BUraTens. Heoprannyeckue (XUuMHUYECKHE) MOJIEKYIISIPHbIE IBUTATEIH.

Pa3nesn 5. HanoOuoaHanuTH4YeCKne CHCTEMbI

Tema 5.1. VYnpaBneHue IBHKEHHEM H pasfelieHHe YacTHll B >KUAKOCTH. OcobeHHoCTH
BO3JCHCTBUSI BHENIHMX TIIOJIGH Ha OWOJIOTMYECKHWE 4YacTUIBl  (MAaKpOMOJIEKYINBI, KJIIETKH).
JusnexkTpodopes U ero OCHOBHbIE NPUHIMIEL. DiekTpopoTtanus. Porodopes. [IpuHLIUIBI Ta3epHOTO
dbotodopesa. Ontodopes. Ontuueckuit nuniet (Optical tweezer). Marautodopes (Magnetophoresis).
MarunuTtssle yactulisl. [Ipumenenus maraurodopesa.

Tema 5.2. Cencopsl u OuoceHcopsl. TpaHcaptocepbl. OCHOBHBIE aHAIUTHYECKUE
XapaKTepUCTUKH CEHCOpPOB. «MHKpOCHCTEMBI IIOJIHOTO aHajIM3a» U «I1adopaTopus Ha YHUIE».
AHanuTHYeCKUe MHUKpPOUMIIBI (THUOPHIM3ALMOHHBIE, MHUKpPO- U HaHOQIIIOMJIHbIE, TUOPHUIHBIE
MUKPOYHUIIBI).

Tema 5.3. buouunsl. Ilomydenne THOPUAM3AMOHHBIX MHKPO- W HAHOYUIIOB. MUKpO- U
HaHO(roMIHbIe Yunbl. KOHCTPYKIMH aHAIUTUYECKUX MHUKPOYMIIOB. METOIbl JETEKTUPOBAHUSA B
MuKpouunax. TBeprodasHas, KUIKOCTHAS U MUKpodurouaHas skctpakuus. Mneonorus T-ceHcopa u
H-¢unprpa. Paznenenne na CD-uumne. Dnekrpodopernueckoe pasaenenue JJHK Ha MuxpodoniHom
yure. [11{P na mukpouune. CexkpenupoBanne JJHK. [TupocexkBeHupoBanue.

Pa3zpnen 6. HaHOTeXHO10IMHM B MOJIEKYJISPHOM 3JIEKTPOHMKE M OM03JIEKTPOHHUKE
Tema 6.1. IlepcrieKTHBBI HAHOTEXHOJIOTHI B MOJIEKYJISIPHOW 3JIEKTPOHHUKE U OMO3JTIEKTPOHUKE.
MOJ'IeKy.TIHpHaH naMATh. MOJ'IeKy.TISIpHI)Ie KOMITBIOTCPHI. T'eneTnueckue u KJICTOYHBIC



onokommerorepsl. JJHK-kommbroTepsl. Kiterounbsie komnbroTepsl. bruonpeodpazoBarenm.

MaTOMOP(OIOTUIECKUX

Paznen 7. HanoTexHoJIOrmu 1 MeaAUINHA

Tema 7.1. O6mactu IMPUMCHCHHA HAHOTEXHOJIOT Ui A pa3sBUTUA NPUHOUIIMAJIBHO HOBBIX
METOAOB JUArHOCTUKMW W JICUHCHUA OoJic3HEH UYCIOBEKA: HCIIOIL30BAHHUC HaHOMATCPUAJIOB JJIA
az[peCHoﬁ JO0CTaBKHW JICKAPCTBCHHBLIX IIp€IapaToB MW TEPAIICBTHUYCCKHUX TI'CHOB,

MEIUIIMHCKUX OHOPOOOTOB.
Tema 7.2. VYcrpoiicTBa anpecHON [O0CTaBKM JjekapcTB. lloammepHble TpaHCHIOPTEPHI IS
nocTaBku JekapcTB. Ilpumenenue Mukpocdep uisi AOCTaBKM JekapcTB. HaHoTexHosormueckue
CUCTEMBI JOCTaBKU. VIHTeIeKTyallbHblE KalcCyibl. TeparneBTUYECKME MOHOKJIOHAJIbHBIE AHTUTEINA.

CTPYKTYD,

MPEOJI0ICHUS

OGapbepoB

[Tpumenenwue ¢onara 1uis aipecHO TOCTaBKH JEKAPCTB.
Tema 7.3. buo-HaHOpoOOTH. OCHOBHBIE MPUHIMITEI CO3JJaHUS OMOHAHOPOOOTOTU3UPOBAHHBIX
CHCTEM.

CDOTOI[I/IHaMI/I'-IeCKaH

Tema 7.4.

TCpalius.

®oToceHCUONIN3UPOBAaHHbIE
AHTHUMHUKpOOHas

apdexTs  Ha
boToanHaMIYECKast

KJIICTOYHBIX

TCpalius:.

BHU3YyaJIn3allun
HECCOBMCCTHUMOCTH,

CO3aaHuA

CUCTEMAX.

MexaHU3MEI

($OTOIMHAMHYECKUX TPOIIECCOB. MeXaHU3MbI (POTOTMHAMUYCCKUX PEAKIIUHN C YIaCTHEM HYKJICHHOBBIX
KHCIOT, OEJIKOB U JIMITHIO0B.

4.3.1 IlepeyeHb CEMUHAPCKHUX, MPAKTHYECKHX 3aHATHI U JaOOPATOPHBIX

padot
Ne Ne pasnena u TeMbl HaumenoBanne TpynoeMkocTh Ouenovnnbie ®opmupyem
n/H CeMHUHAPOB, (uac.) cpeacTBa ble
NPAKTHYECKUX H KOMIeTeHIIUN
J1adopaTOpPHbIX (MHIMKATOPBI
padot )
Bcero N3 Hux
4acoB NMPaKTH
yecKast
MOAT0TO
BKa

1 2 3 4 5 6 7

1 Knaccudukanms .

Paznen 2. HaHOMAaTEPHUAJIOB. 2 YCTHBI onpoc OIK-3:
HaHOMaTepI/IaHH I'uruennueckas u HJIK ok 31
Tembr:2.1 —2.2. MeauKo- Zﬁg Zzzi

Ouoyiornyeckas :

OIleHKa 2

0c30macHOCTH

HaHOMAaTEPHAJIOB.

i OIIK-3:

2 Pasnen 3. OcuosHbie | MeTOMBI 2 zfrf;g;lp; oKIa UK omxcsa
IIPUHIIHIIBI MOJTYYCHUS . HTK 132
(dhopMupoBaHUs HMaH0067>eKTOB' 2 npesenTanmeii HJIK k33
HaHOCHCTEM CTOBI

oOHapyXKeHHUs
Temsr: 3.1 — 3.2, HAHOOGBEKTOB.




Knaccudukanms 2 .
Y cTHbBIN OIIK-3:
Paznen 4. 1 ompoc, AOKIa HJIK o3
MonekynspHsle XapakTCPpUCTHKA c WK 132
HAHOCTPYKTYPbI MOJIEKYJIAPHBIX pe3eHTanuei HJIK nx3s
Temsr: 4.1 - 4.4, HAOSTRYEIYP:
VYupasieHue .
Paznmen 5. J—— - 2 YcrHbIHI OIK-3:
HanobOnoaHnanurtiueckme paszieIeHHe OTIPOC, JTIOKJIAJ MK onks1
CUCTEMBI 4aCTHI B C 5 UK k32
Temsr: 5.1 —5.3. JKEATKOCTH. Ipe3eHTannen HJIK nx3s
CeHcopsr "
OMOCEHCOPEI.
Buouuner.
ITepcnexTuBsbl OIIK-3:
anen 6| Hanotexnonormit B 3 V CTHBIH HJIK onk 31
AHOTEXHOJOTHH B | MomexynspHO# MK nxc32
MOJIEKYIISIPHON Ompoc, AOKIan HIK nx3s
AIIEKTPOHHKE 17§ c
JICKTPOHHKC " | GrosmexTponmKe. i
OHMODJIEKTPOHUKE HpEsCHTALMCH
Tewmsr: 6.1
O6nactu 3 v .
MPUMEHCHUS CTHBIM OIIK-3:
HAHOTEXHOJIOTHii OIpOC, AOKIIA MK onkcsa
Paznen 7. | nna pasBuTHUs ¢ 5 HJIK k3.2
Hanorexnomnorun ¥ | IpUHIHIHAIBHO HIPE3CHTAllNE MK nxcss
MeuHa HOBBIX METOI0B
Temsr: 7.1 —7.5. ANArHOCTHKA 1
nedeHus Oone3Her
YenoBeKa.
YcerpoiictBa
aJIpECHOM JI0CTaBKU
JIEKApPCTB.
bro-HaHOpOOOTHI.
doToceHCHOUII3H
pOBaHHbBIE
3¢ ekt Ha
KJICTOYHBIX
crcTeMax.

4.3.2. Ilepeyenp TemM (BONPOCOB),

CTYJIeHTAMM B paMKax caMocTosiTeJbHoi padoTrsl (CPC)

BBIHOCMMBIX Ha CaMOCTOATEC/JIbHOC HN3YYCHHE

Ne i/ Tema 3aganne dopmupyemas NIK
KOMIIETEHIIHS
1. | HaHomarepuaibl 1. V3yuuTh TEOPETUIECKUI OIlIK-3 HJIK onk s
MaTepual M TMOJIrOTOBHTCS HK nks2
K YCTHOMY OIIpOCY, MK nicss
2. logroroButsk pedepar u




Joknan (TMpe3eHTaluio) Ha
3aIIUTY
2. | OcHOBHBIC IPHHLKIIBL 1. U3yuuts Teopernyeckuii OIIK-3
(hopMupoBaHUs HAHOCHCTEM MaTepuanl M MOATOTOBHTCS UK onr3a
K YCTHOMY OIIPOCY; MK sz
2. lloarotoButh pedepar u HK a3
JoKyay (Mpe3eHTalni) Ha
3aLINTY.
3. | MosekynspHbie 1. V3yuuTh TEOPETUYCCKUIA OI1K-3 UK onk 31
HAHOCTPYKTYPbI Martepuans M IMOArOTOBHTCS UK k3.2
K YCTHOMY OIIPOCY; HJIK nicss
2. lloarotoButs pedepar u
JoKyay (Mpe3eHTalni0) Ha
3aLINTY.
4. | Hanobnoananuruyeckue 1. M3yunts TeopeTnueckuii OIIK-3 HJIK onk 31
CHCTEMbI MaTtepuan M IMOArOTOBHUTCS HJIK nxc32
K YCTHOMY OIIPOCY; HJIK nxcss
2. loaroroButs pedepar u
JoKJTan (TMPE3CHTANNI0) Ha
3aLINTY.
5. | HanorexHomnoruu B 1. U3yunts TeopeTHyecKuii OIIK-3
MOJICKYJIAPHOH SJIEKTPOHUKE | MaTepual M MOATOTOBHTCS HJIK onksa
U OMODIICKTPOHUKE K YCTHOMY OIIPOCY; HUJIK k3.2
2. loaroroButsk pedepar u MK nxcss
JTOKJaa (TMPE3CHTALUI0) Ha
3aLINTY.
6. | Hanorexnomoruu u | 1. U3yunts TeopeTuuecKuil OIIK-3
MeTHIIHHA Marepuan M MOATOTOBHTCS HJIK onx 31
K YCTHOMY OIIPOCY; HJIK nxcs2
2. lloaroroButs pedepar u PK 33
JOKJaa (TMPE3CHTANNI0) Ha
3aLINTY.

4.4. MeTonnueckne yKa3aHus 10 OPTaHU3ALUHA CAMOCTOSATEIbHON Pa00ThI CTYICHTOB

CamocTrosTenbHass paboTa CTYJEHTOB SIBISIETCSI COCTaBHOM YacThlO Y4eOHOro mpoliecca U
IpeciesyeT CIeAyIOIUe LeIu:

* COBEpUICHCTBOBAHHWE HAaBBIKOB C€amM000pa3oBaTeIbHOW pabOThl Kak OCHOBHOIO IIYTH
MIOBBIIIEHUS YPOBHS 00pa30BaHus;

* yriuyOleHue U pacuIMpeHye 3HaHu 110 peIMETy.

Jniss  opraHW3alMM  CaMOCTOSITENBHOH paboThl 1o mucnuiuimHe «HaHOOHMOTEXHOIOTHI
UCIIOJIL3YIOTCS CIIEAYIOIHE (POPMBI CAMOCTOSITETFHOU yueOHOM paboThI:

* W3y4YCHHE MaTepuaja, U3J0KESHHOTO B JICKIHIX;

* U3YYCHHUE U aHAIIU3 PEKOMEHIOBAaHHOW JTUTEPaTypPhL;

* CaMOCTOSITEILHBIN IMOMCK, U3yYCHHE M aHAJU3 JIUTEPATyphl M0 AUCIUILINHE, HE YKa3aHHBIH
B CITUCKE PEKOMEHIOBAaHHOM JINTEPATYPHI;

* CaMOCTOSITETbHOE W3ydeHHe y4eOHOro Marepuaia, MpeayCMOTPEHHOro  paboueit
MPOrPaMMOii, HO HE U3JI0KEHHOTO B JICKIIHSIX.



ITonroroBka K MPakTUYECKOMY 3aHATUIO COCTOUT B TEOPETUYECKON ITOATOTOBKE U BBITIOJHECHUH
MIPaKTUYECKUX 3aJjaHUi (YTeHHE NEPUOANYECKOM JINTEPATYPbI, OTBETHI HA BOIPOCHI U T.11.):

* IIOATOTOBKA K OIPOCY;

* IIOATrOTOBKA YCTHBIX JOKJIA/IOB;

* IOArOTOBKA IIPE3CHTALUM.

Pexomenoayuu no noocomoexe ycmnozo 0oxknaoa

Yemuvui 0oknao — 31o cooduienne B TeueHne 10 MHH, B KOTOPOM CTYAEHT B JJAKOHUYHOH
dbopmMe HOIKEH H3JI0KUTh MaTepuall 10 COOTBETCTBYIOIIEH TeMe, MPUIEPKHUBAsCh CIEAYIOLIETO
IUIaHa: BBEJIEHHE, OCHOBHAs YacTh, 3akitoueHue. Jlokimaa compoBOXKIaeTcs Ipe3eHTaluel,
OTpaKarollel OCHOBHBIE TIOJIOKEHUS [0 COOTBETCTBYIOLIEH TeMe, BKIIOYAIOIIEN HarisaHble
MaTepHaisbl (CXxeMbl, Tabuuiel, GpoTto u 1.71.). [To OKOHUaHMM JOKITaga CTYIACHTY 334al0T BOIIPOCHI, KaK
IIPeroiaBaTellb, TaK U CTYEHTHI, HA KOTOPbIE JOKJIAIUMK JOJKEH AAaTh HCUEPIIBIBAIOLNE OTBETHI.

Pexomenoayuu no noozomoexe npezenmayuu

[IpesenTanuu — cnoco0 MpeacTaBaeHUs HHPOpPMalMU, COYeTalouMi B cebe TeKcT,
THIIEPTEKCTOBBIE CCBHUIKHM, KOMITBIOTEPHYIO aHHMMAIMIO, Tpa(uKu, BHICO, MY3BIKY M 3BYKOBOH psiI,
KOTOpbIE€ OpPraHU30BaHbl B €IUHYIO cpedy. llpe3eHTanus uUMeeT CIOXKeT, CLUEHapUil U CTPYKTYpY,
OpPraHM30BaHHYIO JJs yA0OHOro BocnpusATus HHPopManuu. OTINYUTETPHON OCOOEHHOCTHIO
IIPE3CHTALMH SIBJIETCS. €€ MHTEPAaKTUBHOCTh, TO €CTh CO3JaBaeMas JUls MOJIb30BaTelsl BO3MOKHOCTh
B3aMMOJICHCTBUS Uepe3 JIEMEHTHI YIIPaBICHHUS.

[Tpe3eHTanust Bceraa COCTOMT W3 JIBYX OCHOBHBIX KOMIIOHEHTOB: HH(OpMAaIUH, KOTOPYIO
BBICTYNAIOUINI XOUeT JOHECTHU /10 ayAUTOPUM, U MaHepbl u3noxeHus. Hanucanusiii Ha Oymare TEKCT
noMoraeT 0ojiee YETKO U IMOCJIEA0BAaTEeNIbHO W3JI0XKHUTh MaTepuai. [Ipe3eHTanuu OOBIYHO JleNaloT B
PowerPoint, B Impress, mu6o B Acrobat. XKenatenbHO NMpuaepKUBATHCS MPUHIIKIIA: OJMH CIIAi - OJTHA
MBbICIb. TUTYIBHBIM CHAiJ JODKEH COAEpXaThb Ha3BaHWE INPE3CHTAlUU, €€ aBTOpa, KOHTAaKTHYIO
uHpopmanuio aBropa. Ha BTOpoMm crnaiije OOBIYHO NPEACTAaBJIEH IUIAaH MNPE3EHTALlUHU, OCHOBHBIE
paszfensl WM BOIPOCHL, KOTOpble OyAayT paccMoTpeHbl. OcTanbHble Claiifibl HY’KHO CTPOUTH IO
MOJIETIN: TE3UC - apryMEHTbl — BBIBOJ. BbIBO/BI BCcerja MOJKHO OBITh JTaHBl SICHO M JIAKOHUYHO Ha
otaensHOM craine. IIpennocnennuil cnailn gomwKeH cojepkarbh MHPOPMAIUMIO 00 MCIOIb30BAHHBIX
HMCTOYHMKAX JIMTEPATYpPBI, HHTEpHET-pecypcax. [locnenHnii ciaili MOKET MOBTOPATH TUTYJIBHBIM C
nobasienneM (pasbl «Cracubo 3a BHUMaHUE! »

Ha cnaiigpl 1OmKHBI IONACTh TOJIBKO CaMble BaKHbBIE TE3UCHI U IaHHBIE, & TAKXKE rpapuuecKuii
MaTepHual: JuarpaMmbl, pUCyHkH, poTtorpaduu. Crapaiitecs nenaTh ciaiiibl Ha OHOPOJIHOM CBETIOM
¢done ¢ 6onee KOHTpACTHBIM TeKcToM. KitroueBble clioBa B MPEIOKEHUH JIyULIe BBIACISTH KUPHBIM
mpUGTOM MM IBETOM. TEeKCT MUIIUTE KPYITHO, IUIOTHO HAOpaHHBIN TEKCT CII0’KHEE BOCTIPUHUMAECTCSL.

Kpumepuu oyenxu ycmuoeo ooknaoa

OneHka yCTHOrO JOKJIaJa OCYIIECTBISIETCS B COOTBETCTBHE CO CIEAYIOLIUMH KPUTEPUSMHU:
YETKOCTb H3JIOKEHUS OCHOBHBIX JJIEMEHTOB pedepara; MOHHUMAaHME H3y4aeMoM NpoOjeMbl u
METOAOJOTUA HAY4YHOI'O MCCIECIOBAHUSA, YMEHHUE BBIABIIATh CHIbHBIE CTOPOHBI M HEIAOCTATKU
M3JIOKEHHBIX B CTAaTbe TEOPUM U MCIHOJIB30BAHHBIX METOJOJIOTMUECKUX IOAXOJO0B; BIAJCHUE
npo¢eccCHOHATLHON TEPMUHOJIOTHEH; YMEHHE OTBEYATh Ha BOIPOCHI ayIUTOPHH.

* Onenka «omauuno». B [OKIaze TIONHOCTBIO pacKpbiTa TeMa, MPOAHAIU3UPOBAHO
COBPEMEHHOE COCTOSIHHE BOIPOCA; CTYIEHT CBOOOJHO BIa/€ET MAaTEPHUAlOM, M3JIaraeT €ro JOru4HoO,
ITOCJIEI0BATEIBHO, JIJAKOHUYHO, XOPOIINM Hay4YHBIM S3BIKOM. J{OKJIa] COMPOBOXKAAETCS PE3ECHTALUEH,
KOTOpas COCTaBJeHa C COONIIOJIeHMEeM OOHMX TpeOoBaHUM O(OpMIIEHUS, COAECPKUT CCBUIKH Ha
MpUBEJCHHbIE POTO, PUCYHKH, CXeMbl U T.1. [Ipu 00CyX AeHUH CTYyIEHT AEMOHCTPUPYET MOHMMAaHUE
M3y4yaeMoM MpoOJeMbl M METOJOJOTMHM HAy4yHOTO HCCIIEIOBaHUs, BIaZeHHE MpodecCHOHATbHON



TEPMUHOJIOTUEN U YMEHHUE IPaMOTHO OTBEYaTh Ha BOIIPOCHI AYAUTOPUHU.

* Ounenka «xopomo». Tema packpeiTa, IPUBEIECHO AOCTATOYHOE KOJUYECTBO MaTepuasia, HO
[P 3TOM MaTepuayl B HEJOCTATOYHOMW CTEIEHM NPOAaHAIM3UPOBAH aBTOPOM. MMeroTcs HenodeTsl B
oopMIIeHHH TIpe3eHTAlMU WIM TPE3eHTalMsd He B IOJHOM CTENEeHH COOTBETCTBYET OOIUM
TpeOoBanusM. OTBETHl CTYAEHTA Ha BOMNPOCHI HE  SBISAIOTCA  HCUCPIBIBAIOIIMMH |
apryMEHTHPOBAHHBIMHU.

e OneHka «yJIOBJIETBOPUTENbHO». Tema packpblTa HE TOJHOCTBIO, MaTepual He
IIPOAHAIM3UPOBAH, CTYIEHT IIOKa3blBacT IIOBEPXHOCTHbIE 3HaHUA. [Ipe3eHTanmus YacTUYHO
COOTBETCTBYET YCTAaHOBJIEHHBIM TpeOoBaHusM. [lpu oOCyxkneHWM [OKJIaga CTYIOCHT JaeT
HEIPABWIBHBIC WM MCUEPIIBIBAIOIIUE OTBETHI.

* OmeHka «HEYIOBICTBOPUTEIBbHO». Tema He packpbiTa, NPUBEACH CKYIHBIH 00BEM
MaTepuaia; Npe3eHTalMs OTCYTCTBYeT WM HE COOTBETCTBYyeT TpeOoBaHMsM. [Ipu obcyxnenun
JOKJIa/1a CTYACHT HE 1aeT OTBEThI WJIM OHU HE COOTBETCTBYIOT BOIIPOCAM.

4.5 IlpuMepHasi TeMaTHKa KypCOBBIX padoT (IPOEKTOB)
KypcoBble paboTbl HE IPEyCMOTPEHbI YU€OHBIM IJIAHOM.

V. YYUEBHO-METOJUYECKOE 1 HTHO®OPMALIMOHHOE OBECIIEYEHUE
JUCHUIINHBI

a) nmepevyeHb JUTEPATypPbl

1. AGarypoBa A.M. HanoOuotexnomoruu [DnekTpoHHbIH pecypc] / A. M. AbGaryposa, B.
barpo [u ap.]. - M: bunom. Jlaboparopus 3Hanuii, 2013. - 384 c. - Pexum gocryna: 3bC
"AlOykc". - Heorpanuu. goctym. - ISBN 978-5-9963-2291-6. +

2. HanoOworexHonoruu: npaktukym/ pena. A. b. Pyoun. -M.: bunom. Jlabopatopus 3HaHUWH,
2012. -384 c. ISBN 978-5-9963-0627-5 (14 7k3.).+

3. HaHOOMOTEXHOJOTHH : MPAKTHKYM —4-¢ U3I., JJIEKTPOH. [ DIeKTpoHHBIH pecypc] / A.b. mox
pen. PyOuH. - DnekTpoH. TeKcToBbIe AaH. - Mocksa : Jlaboparopus 3uanuii, 2020. - 403 c. :
wi. - ObC "A#bykc". - Heorpanud. goctym. - ISBN 978-5-00101-728-8

4. T'yceB A.M. Hanomarepuaisl, HAHOCTPYKTYpbI, HaHOTeXHOosoruu / A. U. I'yces. - 2-e u3n.,
uchp. - M. : ®dusmaimr, 2007. - 414 ¢. ISBN 978-5-9221-0582-8 (9 3k3.).+

0) mepuoaUYeCKUE U3TAHUS
«HaHoTtexHonorun U oxpaHa 3A0poBbs», «HanoTexHuka», «Hanorexnomoruu: pazpaloTka,
npuMeHenuey, «Hanorexuonoruu. Dxonorus. [IpousBoactBoy», «Kommepueckas GMOTEXHOIOTHUS».

B) CIIUCOK aBTOPCKHX METOAHYECKHX Pa3padoTok
r) 6a3bl JaHHBIX, TH(POPMALMOHHO-CIIPABOYHbIE U MOMCKOBbIE CHCTEMbI

1. https://www.ncbi.nlm.nih.gov — Be6-caiit HanmonanbHOro IeHTpa OHOTEXHOJIOTHYECKON
unpopmanuu CIIA (NCBI), koropslii npenocrapisier OecIIaTHBIA AOCTYN K pa3iMYHbIM 0Oa3zam
JAHHBIX, BKIIOYas 0a3bl JAHHBIX, COJCpXKAIME pa3IU4YHbIC TUIBl T'€HETUYECKUX [aHHbBIX, Oazbl
JMAHHBIX aHHOTAIHMK MyOJuKaIruii OWOMETUIIMHCKOM W  OO0IIeOMOJIOTHYECKON HAMpaBIIEHHOCTH;
COJIEP>KUT MOMYJISPHBIE TPUIOKEHUS U MHCTPYMEHTHI OMOMH()OPMALIMOHHOTO aHATTN3a.

2. https://lwww.ncbi.nlm.nih.gov/genbank/ —-TeHeTnueckas 0a3za maHHBIX  GenBank
HammonaneHoro nentpa OuotexHojornueckod wuHpopmanuun CIIA (NCBI), xotopas comepxur
OOIIEOCTYIHYI0O AHHOTHPOBAaHHYIO KOJUIEKLMIO BCEX HYKJIEOTHIHBIX IOCIIEIO0BAaTEIbHOCTEH
3aKOJMPOBAHHBIX B HUX MOCIIEI0BATEIbHOCTEH OEIIKOB.

3. http://lwww.boldsystems.org - o6maunas maardpopma Ui XpaHEHHS W aHAIHM3a
reHetnueckux JaHHblXx 1o JIHK-mTpuxkoaupoBanus, paspabortanHas LleHTpoM TeHOMUKH



o6uopaznooOpasuss (Kananma). CocTOMT M3 UeTBIpeX OCHOBHBIX MOJYJEW: IMopTajia JaHHBIX,
obpasoBarenpHOro nopraia, peecrpa BIN (unentudukannonnsie Homepa JHK-mtpuxkomupoBanus)
Y MHCTPYMEHTapUs JUisi cOopa 1 aHaIn3a JIaHHbIX.

4. http://www.ebi.ac.uk — BeG-caiir EBpomeiickoro umHctutyra 6uomnpopmaruku (EMBL-
EBI), koTopbelii mnpenocTtaBiseT OECIUIATHBIA JOCTYN K TOMYJISPHBIM TMPHIOKEHUSAM IS
OnOMH(OPMAIIMOHHOTO aHAJIHM3a HYKJICOTUAHBIX M OCIKOBBIX IOCIIEIOBATEILHOCTEH, MOUCKA JaHHbBIX
C MOIIHBIMU BO3MOKHOCTSIMHU TTEPEKPECTHBIX CCHUIOK.

5. https://www.ebi.ac.uk/ena - Espomneiickuii apxuB HykiaeoTHaoB (ENA), apxusHas
reHerudeckas 0a3za naHHBIX EBpomeiickoro muctutyra Ounomndopmatnku (EMBL-EBI), xoropas
COJICP)KUT MCYEPIBIBAONIYI0 HH(GOPMALMIO O MOCIIEA0BATEIBHOCTH HYKICOTHAOB B MHUPE, BKIIOYAs
JaHHbIE O HEOOpaOOTaHHBIX MOCIENOBATEIBHOCTIX, MHPOpPMALKI0 O cOOpKax M (DYHKIIMOHAIBHBIC
AHHOTALIUH.

6. http://ensemblgenomes.org — Ensembl, coBmecTHBIli HayuHbIi NpoekT EBpomeiickoro
uHCcTHTYTa OnomH(popmaTnku u MHcturyra CeHrepa, KOTOPBIH HPENOCTABISET WHTETPUPOBAHHBIN
JOCTYII K 0a3aM JITaHHBIX, KACAFOIIMXCS CTPOCHUS FTCHOMOB Pa3JIMYHBIX OPraHH3MOB.

7. http://www.ddbj.nig.ac.jp/ — fnonckas 6a3a ganneix JJHK DDBIJ, xotopas coaeput
UHQOPMAIMIO O HYKICOTHIHBIX IOCJICIOBATEIBHOCTAX, OTHOCSINUXCS K Pa3IM4YHBIM TICHaM |
OpraHu3Mam.

8. https://www.ncbi.nlm.nih.gov/pubmed/ — anrnos3erunas TexcroBas 6a3a naHubix PubMed,
cozepiKallasi UTAThl, aHHOTAIIMM M CCBHUIKM HAa ITIOJIHBIC TEKCThl MYOJMKAlMi OMOMETUIUHCKOU U
o0uieOnosiornyeckoil HampasieHHOCTH HalnnoHanbHOTO 1eHTpa OMOTEXHOJOTrnYeckol MH(popMauuu
CILIA (NCBI).

9. https://www.sciencedirect.com — 0a3a JaHHBIX aHIVIOSN3BIYHOW HAYYHOH TEPHOAUKU
ScienceDirect m3nmatenbctBa Elsevier, mpemocraBiser OecmaTHBIM JOCTYNl K aHHOTAIUSM BCEX
nyOJMKaNUi, cofepkaiuxcs B 6ase, u k 6osee 1,2 MITH. TIOJIHBIX TEKCTOB CTaTeH.

10. http://elibrary.ru/defaultx.asp - Hayunas oJekTpoHHas OHONMOTEKa, KPYMHEUIINit
poccuiickuii HHOOPMALMOHHBIN TOpTaJl B 00JAaCTH HAYKH, TEXHOJIOTMH, MEIUIIMHBI U 00pa30BaHus,
coziep Kalluii pedeparsl U MONHBIC TEKCTHI HAYYHBIX CTATeH U MyOIUKaLHii.

11. https://cyberleninka.ru ~ —  poccuiickas ~ HaydHas ~ DJIGKTpOHHass  OMOIHOTEKa
«KubepJlennnkay.
12. https://www.researchgate.net — OecmatHas couuanbHas ceTh ResearchGate s

COTPYJHHYECTBA YYEHBIX BCEX HAYYHBIX JWCIMIUIMH, BKJIIOYAET TAKHE CETEBBbIC MPUIOKEHHS, KaK
CEeMaHTHUYECKHUIl TIOUCK, COBMECTHOE HCIIOJIb30BaHHE (PAiIOB, OOMEH MyOJUKAIMAMHU, TEMATHYCCKUC
(bOpyMBI, METOTONIOTHYECKHE TUCKYCCHU M TaK Jlaiee.

13. http://molbiol.ru - HeiiTpanbHas pycCKOS3bIYHAS ~ TEPPUTOPHS.  JISL  TE€X, KTO
npodecCHOHaIBHO CBSA3aH ¢ OMOJIOTHEN MIIM MOJIEKYJISIpHON OMOJIoTHeH.

14. Hayunas Dnextponnas bubnmoreka http://www.e-library.ru

15. Undopmanmonnas cucrtema «EnMHOE OKHO JocTynma K 00pa3oBaTelIbHBIM pecypcam»
(http://window.edu.ru)

16. DBC «(FOPAMT». Anmpec noctyna: https://www.biblio-online.ru/

17. b W3parenbckoro meHTpa «Akaaemusi». Agpec pgoctyma: http://www.academia-
moscow.ru

18. http://www.fptl.ru/biblioteka/biotehnologiya.html

19. http://mwww.medbook.net.ru/010512.shtml

20. Coro3 00pa3oBaTeNbHBIX CalTOB - EcTecTBeHHBIE HAYKH

21. http://tusearch.blogspot.com - [Touck 37€KTPOHHBIX KHUT, MyOJMKanui, 3akonoB, [OCTos
Ha caiiTax Hay4HbIX 3JIEKTPOHHBIX OUOIHOTEK.

22. GoogleScholar —TTouckoBast cucTeMa Mo Hay4IHO# JTUTEpaType.

23. ScienceResearchPortal -  Hayynas  mouckoBas  cuUcCTeMa,  OCYIIECTBISIOIIAS
MOJTHOTEKCTOBBIN MOKCK B JKypHaJaX MHOTHX KPYITHBIX Hay4HBIX W3JaTeNbCTB, Takux Kak Elsevier,
Highwire, IEEE, Nature, Taylor&Francis u Ip.



HimeTcTaTbuuI0KyMEHTBIBOTKPBIThIXHAYUHBbIX0a3ax qanubIX:  Directory of Open Access Journals,
Library of Congress Online Catalog, Science.gov u Scientific News.

VI.MATEPUAJ/IBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJINHBI

6.1YueOHO0-1a00paTopHOE 000pyI0BaHUE

* Ayautopus AJi1 TPOBEASHUS 3aHATUN JIEKIHOHHOTO TUMa. Aynutopus oOopyaoBaHa:
crenuanTu3upoBaHHoON (yueOHOl) Mebenpio Ha 12 MocajioyHBIX MecT; 00OpyIOoBaHA TEXHUYECKUMU
cpencrtBamu o0yuenus: IIpoextop Epson EB-X03, Dkpan ScreenMedia, Jlocka ayauTopHas MenoBas,
maruuTHas, Jlaboparopusi opran xumun - lllkad BeITSDKHON AD-221"- 2 mmr., Xumudeckuil mkad
(cremnax) -1 mr., JIabopaTOpHBIN CTOJ C BBIKATHBIMH TyMOaMu — 5 IIT., XOJOAWIBHUK «MHUHCK) -
2mT., AnmapaT A7 BEPTHKAIBHOTO 3JekTpodope3a — 1 mT., Bakyymusbiii ucnapurens PBO-64 — 1
mT., Bombmerp BY-15 — 1 mr., [esunrerpatop Y/1-20 — 1 mt., U3MepuTenb HOHHBIX COMPOTUBICHUI
(mmmenanca) - 1 mr., Mcrounmk mwraHus i dnekrpodopesa "Dnbpd" — 1 mr., Ocummiorpad
yHUBEpCcanbHbIN NBYyXsydeBoit C-55 — 1 mit., Tepmocrar TC-80 — 1 mt., [lentpudyra MIIB-310 — 1
mrt., Bechl aHamuTudeckue HR-200 — 1 mt., Becwl madoparopasie OHAUS — 2 mr., pedpakromerp
NP® 454b2M — 1 mr., pedppakromerp YPII — 1 mt., dorosnekrpokanopumerp KF 77 — lmr.,
nentpudyra madoparopras OIIK-8 — 1 mir., nentpudyra nadop-s, meaunuH-s1, HactonpHas [[JIH 16 ¢
MHUKpoIpolec-Hoi cuctemoit ynpasn — 1 mrT., cnekrpodoromerp CD-2000, dpepmentep Minifors
Speco 6akTepuanpHblii — lmT., TepMmoctat WB4MS BonHEI /c IepeMermuBanueM/ - 1 mT., TepMocTaT
TC-1/80 CITY — 1 mrt., cnyxamuMu JUis IpeJicTaBiIeHus yueOHoi nHdopMaru OoJbIION ayAuTOpUn
no naucuuiuinHe «HaHoOmoTexHOMOrMM» Yy4eOHO-HAITISIAHBIME TOCOOUsAMHU, 0OecreunBaroIMMU
TeMaTUYeCKHe WLTIOCTPAMK M0 AuciuIuinie «HaHoOuoTexXHomorum»: Mnpe3eHTaluu B KOJIUYECTBE 5
IIT.

e Ayaurtopus AJi1 NPOBEACHUS 3aHATUN MPAKTUYECKOrO TUIA. AyAUTOpUS OO0OpyIOBaHA:
crienuaIn3upoBaHHoON (yueOHOI) MeOenbio Ha 12 MocajoyHbIX MECT; 000pyI0BaHAa TEXHUYECKHUMH
cpeactBamu oOyuenus: IIpoextop Epson EB-X03, Dkpan ScreenMedia, Jlocka aynuropHas MenoBas,
marauTHast, Jlaboparopusi opran xumun - lllkad BeITSDKHONH AD-221"- 2 mr., Xumudeckuil mkad
(crennax) -1 mr., JlabopaTOpHBI CTOJ C BHIKATHBIMU TyMOamMH — 5 IIT., XOJOIMIBHUK «MUHCK» -
2mT., AnmapaT A BEpTHKAIBHOTO 3JekTpodope3a — 1 mT., Bakyymnsrii ucnapurens PBO-64 — 1
mt., Bonmsmerp BY-15 — 1 mir., lesunterparop Y/1-20 — 1 mwt., U3MepuTens HOHHBIX CONMPOTUBICHUIN
(umnenanca) - 1 mr.,, Wctounuk mutanust s snekrpodopesa "Dnpd" — 1 mr., Ocuumiorpad
yHUBepcaibHbIi aByxsydeBoil C-55 — 1 mt., Tepmocrar TC-80 — 1 mt., Lentpudyra K-24 — 1 mr.,
Hentpudyra MIIB-310 — 1 mr. coy)amumu Ui TpeACTaBICHUsT yaeOHOH nH(popMarmu 00BN
ayAMTOPUH 1O aucHumiInie «HanoOnoTexHomorum.

*  KowmmbroTepHbiii kiacc (ydeOHas ayAauTopusi) Al TPYNIOBBIX W HMHIMBUIYaIbHBIX
KOHCYJIbTAIIMH, TEKYIIEro KOHTPOJIS U MPOMEXYTOUHON aTTeCTalluu, OpraHU3allliid CaMOCTOSTEIbHON
paboTel. Ayautopusi 00OpyAOBaHa: CHelUaTu3upoBaHHON (yueOHoi) mebenpio Ha 20 MocagouHbIX
MECT, JIOCKOH MeJIOBOH; 000pynoBaHa TEXHUYECKUMH cpeacTBaMu oO0ydeHus: CHCTeMHBIH 00k
PentiumG850, Monutop BenQ G252HDA-1 mr.; Cucremssiii 6mokAthlon 2 X2 250, Monutop
BenQ G252HDA — 8 mit.; Cuctemusiit 6ok PentiumD 3.0GHz, Monutop Samsung 740N — 3 mmrt.;
Momno6mok IRU T2105P — 2 mr.; Cuctemusrit 6ok Pentium G3250, Monutop BenQG955 — 1 mir.;
Cucremusnii 610k Pentium G3250, Monutop BenQ GL2250 — 1 mr.; CucremHusiii 61mok Pentium
G3250, Monutop Samsung T200 HD — 1 mt.; Cuctemusrit 610k Pentium G3250, MoruTtop Samsung
T190N — 1 mr.; Cucremusiii 6ok Pentium G3250, Monutop Samsung 740N — 1 mr.; [Ipoekrop
BenQ MXS503; »skpan ScreenVtdiaEcot. C HeorpaHudeHHBIM JIOCTYIIOM K ceTtd HHTepHEeT u
o0ecreyeHrneM JI0CTYyIa B AJIEKTPOHHYIO MHPOPMALMOHHO-00pa30BaTEeIbHYIO Cpelly OpraHu3alluu.

* [lomemenuss 1 XpaHEHUS W NOPOGUIAKTHYECKOTO  OOCIYKHUBaHHUS ~ y4eOHOTO
o0opynoBaHus. AyauTOpUsl 00OPYAOBaHa: CIIEUATN3UPOBAaHHOW MeOenbio Ha § MOCaJOYHbIX MECT;
BerrsokHol mkag — 1wmr., Jlamunaapssiit mkad — 2 mr., Tepmocrar TC-80 — 2 mir., JlabopaTtopHbIid
CTON MeTajulndeckuii — 3 mT., JlabopaTopHBIi CTON € pPE3MHOBOW MOBEPXHOCThIO — 2 MIT.,



XonoauibHUK «ATiaHT» — lmT. MuKkpockon MOHOKYJIpHBIA — 8 mt, Mukpockon "buonam"-1 mr.,
Crepunuzarop napooit BK-75 TIT "T3MOMN" — 1mr., [Tunerka aBromarnueckas Jlennumner 0,5-10
Mm"-1 mr., [Tunerka-no3arop"-1 mTt., Mukpockon Levenhuk D870T tpunokymsap"-1 mr., IIpoektop
Osepxen"-1 mr., ITpoekTop View Sonic"-1 mr., IIpoekTop View Sonic"-1 mrt., HoyrOyk Lenovo"-2
wt., [Ipuarep Brother -1 wr., [Ipuntep Canon -1 mrT.

6.2.IIporpamHoe obecnevyeHue

DreamSpark Premium Electronic Software Delivery (3 years) Renewal (Windows 10
Education 32/64-bit (Russian) - Microsoft Imagine, Windows 7 Professional with Service Pack 1
32/64-bit (English) - Microsoft Imagine, Windows Server 2008 Enterprise and Standard without
Hyper-V with SP2 32/64-bit (English) - Microsoft Imagine, Access 2016 32/64-bit (Russian) -
Microsoft Imagine, Access 2010 32/64-bit (Russian) - Microsoft Imagine). JTloroop Ne03-016-14 ot
30.10.2014r.

Kaspersky Endpoint Security mis 6usneca - Crangaptabiid Russian Edition. 250-499. ®opyc
Kontpakr Ne04-114-16 ot 14n056pst 2016r KES. Cuer NePCI[3-000147 u AKT ot 23H0s16ps 20161
JInm.Ne1B08161103014721370444.

Microsoft Office Enterprise 2007 Russian Academic OPEN No Level. Homep Jlnnensuu
Microsoft 43364238.

Microsoft Windows XP Professional Russian Upgrade Academic OPEN No Level. Homep
JIunensum Microsoft 41059241.

Office 365 mpodeccronanbHblil toc s yyammxcs. Homep 3akaza: 36ddeS3d-7cdb-4cad-
a87f-29b2a19c463e.

6.3. TexHn4yeckue H JIeKTPOHHBbIE CPeICTBA
[Ipe3enTanmu no BceM TemMaM Kypca.

VII.OBPA3OBATEJIbBHBIE TEXHOJIOI'MHU
Hns ocBoenuss  aucuuiuinHbl  «HaHOOMOTEXHOJIOTMW»  MPUMEHSIOTCS  CIEAYIOIINE
0o0pa3oBaTeNbHbIE TEXHOJIOTHH:

1.  HUugpopmayuonnas nexyusa. JIeKuust — 3TO CXKATOe M3IOKECHUE OCHOBHBIX HAYYHBIX
(dakToB, uTO sABNSETCS 0a30i IS aHaIM3a PACCYXACHUM, OLICHOK.
2. Jlexyus-eusyanruzayus. B Xone TeKIMH CTYICHT MTPeoOpPa30BhIBACT YCTHYIO M MUCEMEHHYIO
nH(OpMALIHIO B BU3YyalbHYIO (hOpMY, BRSNS IPU ATOM HanboJiee 3HAYUMBIC U CYIIICCTBCHHbBIE
aieMeHThl. Ha JeKIuM HMCIOoSIb3yIOTCS CXEMbI, PUCYHKH, YEpPTEXH, CIalbI-MPe3eHTAIluU, K
MOATOTOBKE KOTOPBIX MpUBIEKalOTCA oOyuaromuecs. [IpoBeneHne IeKIUKA MPOBOJUTCS B BHIIE
CBSI3HOTO Pa3BEPHYTOI0 KOMMEHTHPOBAHUS TOITOTOBJIEHHBIX HATJISAHBIX TTOCOOUH.
3. Ilpobnemnas nexyusi. B xome npoOIEMHOM JICKITUU 3HAHUS BBOJATCS KaK «HCH3BECTHOEY,
KOTOpO€ HEOOXOUMO «OTKPBITHY. [IpobieMHas TeKkuusi HAYMHACTCS ¢ BOMPOCOB, C IOCTAHOBKHU
npoOJieMbl, KOTOPYIO B XOJ€ U3JIOKEHHUS MaTepualia HeoOXoaumo pemuTh. [lpu sToMm
BbIIBUTaeMasi mpo0jemMa He MMEeeT OJHOTHITHOTO pEeHIeHHs, TOTOBOM cxembl HeT. [laHHBINA THIl
JIEKIIUM CTPOUTCSI TAKUM 00pa3oM, UTO JEATETbHOCTh CTYACHTA M0 €€ YCBOCHUIO MPUOIIIKACTCS
K TOMCKOBOM, HCCIEOBaTeNbCKON. B Xone JeKIuu MNpOUCXOAUT IUaior MpenoaaBaTens u
CTYJICHTOB.
4.  Jlexyus-beceoa. llpeamonaraer HEMOCPEICTBEHHBIM KOHTAKT MpenojaBareis C
aynutopueil. [IpeumyiecTBo JIeKIuu-0ecepl COCTOUT B TOM, YTO OHA IO3BOJISIET IPHUBJIEKAThH
BHUMaHUE CTYJCHTOB K Han0oJiee BaXKHBIM BOIIPOCAM TEMBI, OMPEACINATh COJACPKAHUE U TEMII
M3JIOKEHUSI y4eOHOTO MaTepHalia ¢ y9eTOM OCOOEHHOCTEHN CTYEHTOB.
5. Jlexyus c¢ pazbopom romkpemHou cumyayuu. B Xonae JEKIMH KOHKpETHAas CUTYaIus
U3JIaraeTcs yCTHO WJIM B BUJE KPAaTKOTo AuaduiibMa, BUAEO3anucH U T. 1. CTyeHTbl COBMECTHO
aHATM3UPYIOT U 00CYKIAI0T MPEICTABICHHBINA MaTepHall.
6.  Ilpakxmuueckue 3amsimus — 3TO 3aHIATHE, MPOBOJAUMOE TI0]] PYKOBOJICTBOM TpENoIaBaTeis
B y4eOHOW ayAMTOpHUM, HAMpaBJICHHOE HAa YIIyOJeHWE HAyYHO-TEOPETHYECKMX 3HAHUUW U



OBJIAJICHHE  OINpPEACTICHHBIMA METOJIaMH CaMOCTOSTENLHON paboThl, KOTOpoe (OpMHUPYET
npaktudeckue ymeHwus. OmHOM U3 GOpM MPAKTUYECKUX 3aHSATHI B By3€ SBJISICTCS CEMUHAD.

7.  Camocmosmenvhas paboma cmyoenmos (cMm. m.4.4).

8. Jucmanyuonnvie  obpazosamenvhvie  mexHonoeuu.  1log  ITUCTaHIIMOHHBIMA
00pa30oBaTeNbHBIMH TEXHOJOTHUSMHU MMOHUMAIOTCSI 00pa30BaTeIbHbIC TEXHOJIOTHH, PeaTn3yeMbIe
B OCHOBHOM C NPHUMEHEHHEM MH()OPMAIMOHHO-TEIEKOMMYHHUKAIIMOHHBIX ceTed. [Ipu ocBoeHMn
TUCTIMIUTMHBL  «HaHOOMOTEXHOIOTUHN» WCTIONB3yeTCS KOMIBIOTEPHBIC CETEBBIE TEXHOJIOTHU
(MHTEPHET-TEXHOJIOTUH) — CIMOCO0 AMCTAHIMOHHON Tepenadyd WHQPOPMAIMKA, OCHOBAHHBIN Ha
WCIOJIb30BAHUU TJIOOATBHBIX M JIOKAIBHBIX KOMITBIOTEPHBIX CETeH IS 0OECIICUCHHs JIOCTyIa
oOyJaromuxcss K HWHPOPMAIMOHHBIM O0pa30oBaTeNbHBIM pecypcaM W Ui (OPMHPOBAHUS
COBOKYITHOCTH METOJMYECKHX, OPTraHU3alMOHHBIX, TEXHUYECKUX M MPOTPAMMHBIX CpEICTB
peanu3alii W YOpaBiIeHHS YYEOHBIM MPOIIECCOM HE3aBUCUMO OT MeCTa HaXOXJCHUS €ro
CcyObekTOB. J[ns oOpraHM3anMu JHUCTAHIIMOHHOTO OOy4YeHUST Ha OCHOBE JTHX TEXHOJOTHI
UCTIOJIB3YETCsl CIIEIUAM3UPOBAHHOE IPOTPAMMHOE CPEICTBO - 0Opa3zoBaTenbHbIA TopTan UT'Y
(educa.isu.ru).

VIILOUEHOYHbIE MATEPHAJIbI VIS TEKYIIEI'O KOHTPOJISI M
IMPOMEXYTOYHOU ATTECTALIUU

Ouenounvie mamepuanvt 011 6X00H020 KOHMPOA
Bx0HOTO KOHTPOJISI VIl JAHHOM JUCHIUIUIMHBI HE MIPEyCMOTPEHO.

B paMKax OUCHUIIIINHBI «HaHo0HnOTEXHOIOT UM HCIIOJIB3YIOTC CIICAYROIIUC q)OprI TCKYLICTO
KOHTPOJIA:

*  KOHTPOJIb pabOTHI HA CEMHHAPCKHX 3aHATHSX (YCTHBIN OMPOC)
*  KOHTpPOJIb CAMOCTOSATEIbHON pabOThI (YCTHBIN TOKJIA]] C PEe3eHTAIUEH ).

Ha3naueHue OIIEHOUHBIX CPEJCTB: BRIABHTH chopmupoBanHOCTh koMmeTeHnui OIIK-3 (cMm. m.
I11). CryneHTbl, He BBIMOJHUBINKE TPEOOBAHUSI TEKYLIETO KOHTPOJS WIHM MONYYHUBIINE UTOTOBYIO
OLICHKY TEKYyIeW YCIEBAEMOCTH «HE YJIOBJIETBOPHUTEIBHO», CUYUTAETCS HWMEKOIIMM TEKYIIYIO
3aJ10JKeHHOCTh. O0yyaromuecs, UMEIoIINe 3aJJ0PKEHHOCTH, JOIDKHBI TUKBUAMPOBATh UX HE TIO3HEE,
4eM 3a HEJEINIO 10 Hadayla MPOMEXYTOYHOHN aTTeCTaluu.

Bonpocs! 1Jisi 1OArOTOBKU K CEMUHApam

HcTopust BO3HUKHOBEHUS HAHOTEXHOJIOTMU B 1aTaX U OTKPBITHSIX.

[IpuBeauTte npuMepsl HAHOOOHEKTOB U HAHOCUCTEM, UX TEXHUYECKUE MPUITOKECHHUS.

Ha3zoBute 00BbEKTHI U METOIbI HAHOOWOTEXHOJIOTHH.

[lepeuncnure nepcrneKTUBB Pa3BUTUS HAHOOMOTEXHOIOTHH.

Haiite omnpenenenue Tepmuny «Hanomatepuansl». IlpuBeaure kiaccudukaimio

HaHOMATEPHAJIOB.

Kakue cTpyKTypbl Ha3bIBalOT HAHOIIOPUCTBIMU CTPYKTypaMu? JlaliTe X XapaKTEpUCTHKY.

Kaxkune cTpyKTyphl Ha3pIBarOT HaHOYACTULAMU. J[aliTe NX XapaKTEPUCTHKY.

8. Kakme CTpyKTyphl Ha3bIBAlOT HAHOTpPYOKaMHd ¥ HAaHOBOJOKHaMu. JlaiitTe ux
XapaKTEPUCTHUKY.

9.  JlaiiTe XxapakTepuCTHKY HAHOAUCHIEPCUH (KOJIJIOUAbI, HAHOKPUCTAIUIBI U HAHOKJIACTEPHI).

10. J[laifitTe XapakTepUCTHKy HEOPraHWYECKHUM W  OpPraHMYeCKHM  (YHKIHOHAIHHBIM
HaHOMaTepHaJlaM.

11. Kakue CTpyKTypbl Ha3bIBalOT THOpUAHBIMH  HaHoMmaTepuaidamu?  Jlaiite  ux
XapaKTEPUCTHKY.

12. laiiTe XapaKTepUCTUKY HaHOCTPYKTypupoBaHHbIM 1D, 2D u 3D marepuanam.
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13.
14.
15.
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17.
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23.
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31.
32.
33.
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37.

38.

39.

40.

41.
42.

I'ie ucnonp3yroTCs MOJIEKYISpHbIE cCUTA?

Kakue cTpykTypbl Ha3pIBalOT HaHOKOMITO3UTaMu? Kakue cBoicTBa OHU MPOSIBIISIOT?
Kakue meronpl monydeHus: HAaHOOOBEKTOB CYILECTBYIOT B Hacrosiee Bpemsi? Onuiure
IPOLIECCHI MTOTYYEHHUsI HAHOOOBEKTOB CBEPXY BHHU3 (MEXaHOAKTUBALIUSA M MEXAHOCHHTE3).
Onwuimre nporecchl MoJy4eHnss HAHOOOBEKTOB CHU3Y BBEPX.

Onummre Ki1accu(pUKaLU0 MOJIEKYISIPHBIX HAHOCTPYKTYpP U AaWTe UX XapaKTEPUCTUKY.
Onummnre 0cOOEHHOCTH OPraHUYECKUX MOJIEKYJ KaK HAHOCTPYKTYP.

Onuumre 6MOMOJIEKYIISIPHbIE KOMITJIEKCHI.

Kak ocymecTBisiercst cOopka u caMocOopka rTHOPUIHBIX OMOHAHOCTPYKTYP?

Onuumre CTPYyKTYpy MHULEIT U JTunocoM. Kakyto QyHKIMIO OHU BBIIOIHSIOT?

Onummre cnocoObl YIpaBICHUEM JBWKCHHEM U pa3lelieHHeM 4YacTUI] B JKUAKOCTH.
KakoBbl 0COOEHHOCTH BO3/I€HCTBHSI BHEIIHUX TMOJeH Ha OMOJIOTMYECKHE YacTUIIbI?
Haitite  ompenenenue  audsiekTpodopesa. HazoBure  OCHOBHBIE  TPUHLMIIBI
IU3JIEKTpodopesa.

Haiite ompenenenue (¢orodopesa. HazoBure OCHOBHBIE MPHUHIUIBI Ja3epPHOTO
dhoTtodope3a.

Onumure cnocoObl YIpaBie€HUEM JBUKEHMEM YacTUIl C ITOMOILBIO MAarHUTHBIX MOJIEH.
HazoBure ocHOBHBIe NpuUHLUIBI Marautodopesza. HazoBure oOnactu HNpUMEHEHMS
Marautoopesa.

JlaiiTe onpezneneHue ceHcopaM M OuoceHcopaM. Ha3oBUTe OCHOBHbIE —aHAJIUTUYECKHE
XapaKTePUCTUKU CEHCOPOB.

Kak paborator katanutrueckue u appuHHbIE OMOCEHCOPHI?

Kak ocymecTBisieTcs HMMOOUIH3AIHS OHOJIOTUYECKOTO MaTeprana?

OnummMre yCTpONCTBO M NPUHIMUN JEHCTBUS  «MHMKPOCHUCTEM IIOJIHOTO  aHAJINW3a» H
«J1a00paTopuM Ha YUIIEN.

KakoBo  ycTpolicTBO M NPUHLIMI  JCHCTBUS ~ AHAIWTUYECKUX  MHMKPOYMIIOB
(rHOpUIM3aLMOHHBIX WIIM MATPUYHBIX, MUKPO- 1 HAHO(DIIIOMTHBIX, THOPHIHBIX)?

KakoBo ycTpoHCTBO ¥ MPUHIMUIT AEUCTBHSI MUKPO- M HAHO(DIIIOUAHBIX YUTIOB?

KakoBbl MeTOMbI IETEKTUPOBAHUS B MUKPOUYHIIAX ?

Kak ocymectBiserca snexrpodoperuyeckoe pasaenenue [IHK Ha MukpodaronaHom
qure?

Kak ocymectsnsercs TP na mukpouune? Yro takoe [TupocekBennpoBanue?

KakoBbl (oTtoceHcnOumM3npoBaHHbie dPQPEKTh Ha KIETOUHBIX cucTemax? Uro Takoe
dboToaHAMHIUECKAs TEPATTHS?

Uro Takoe MonekyspHas naMaTh? Kakue MonekynspHble U KJIETOYHbIE KOMIBIOTEPHI BaM
U3BECTHBI?

HazoBuTe nmprMeHeHre HaHOTEXHOJOTUH AJI pa3BUTHUS MPUHLUIINAIBHO HOBBIX METOJIOB
JMAarHOCTHKH OOJIe3HEH YeIoBeKa.

Kakune HaHOMarepuanbl A agpecHOM JOCTaBKM JIEKAPCTBEHHBIX IMpernapaToB U
TEpaneBTUUECKUX T€HOB UCIOJb3YIOTCS B HACTOSIIEE BpeMs?

buo-  HaHOPOOOTHI. Ha3oBute  OCHOBHBIE HPUHIUIIBI CO3JaHus
O6MOHAHOPOOOTOTH3UPOBAHHBIX CHUCTEM. Kak OCYIIIECTBIIETCS yIpaBIEHUE
HaHOpOOOTAMU?

JlaiiTe XapakTepUCTUKY MOJIEKYJIIpHBIM MaluvHaMm. HanopasMmepHble HCIOJHUTEIBHBIE
MexaHn3mbl. AT®-cuHTa3a.

Kaxue onacHOCTH MCIIOIB30BAaHUS HAHOMATEPUAJIOB CYIIECTBYIOT?

Kak ocymecTBisercs KOHTPOIIb 3a UCIIOJIb30BAaHUEM HAHOMATEPHUATIOB?



Ilepeuenvb mem 0ok1a006 ¢ npezenmayuet

Paznea 1.

1. Hanomarepuans! u ux knaccudukanus. Kpatkas xapakreprucTuka.

2.
I'ubpunaeie HaHOMaTepuanbl. MoJekynsipable cuta. MeTozs! noiaydenus. Mcmonp3oBanue.

3. HaHOKOMITO3UTHI, CTPYKTYpa U COCTaB, HCHOIb30BAHME.

4 OymepeHbl W yriaepoAHble HAHOTPYOKH, CTPYKTypa W COCTaB, METOABI IOJIYYeHHs,
WICTIONTb30BaHME.

5. HaHonueHku, noiny4yeHue, CBOWCTBA, UCIOJIb30BAHUE

6. [IprMeHeHne KBaHTOBBIX TOUEK IPU 0OHAPYKEHUH OHOJIOTMYECKUX OOBEKTOB.

7. MHUKpPOCKONHsSI KAK METOJI UCCIICJOBAHUSI U IMATHOCTUKH HAHOOOBEKTOB M HAHOCHCTEM.
Pazpen 2.

1. HanoctpykTypsl, o0pasyemble TunuaaMu (MOHOCIIOH, MHIIEIUTBI, JIMITIOCOMBI), TIONyYeHHE,
WICTIOJTb30BaHMHE.

2. [TprMeHeHne BUPYCHBIX CTPYKTYP KaK HHCTPYMEHTOB HAaHOTEXHOJIOTHIA.

3. [TpuHIMIEL pabOTH OMOJOTHYECKUX MOJICKYJISIPHBIX MAIIHH.

4. TexHOIIOTMN MaccCHPOBaHHOTO TMapasuienbHOTO cekBeHupoBanus JIHK kak ctparerndeckas
OCHOBA Pa3BHUTHUSI COBPEMEHHON MEUIIHHEI.
Paznen 3.

1. Jusnextpodopes, porodopes, MarHUToPope3, MPUHIUIILI ISHCTBHSI, UCTIOIb30BaHHUE.

2. OnTtodopes, NTHYECKUH MUHIET, TPUHIUT TEHCTBHS, NCTIOJIh30BAHHE.

3. «MUKpOCHCTEMBI TIOJTHOTO aHajW3a» | «1adopaTopus Ha YHIIE», IPUHIUIIBI JEHCTBHS,
WCIIOJIb30BaHUE.

4. AHamUTHYeCKHE MHKPOYHITBI  (TUOPHIM3AIMOHHBIE WM  MaTpUYHBIC, MHKPO- U
HaHO(ITIOWHBIE, THOPUIHBIE MUKPOYHITHI), TPUHIIUIIBI IEWCTBHUS, HCIIOIE30BAaHUE

5. buounmier (rubpuan3anOHHBIE MUKPO- W HAHOYHITEI, MHKPO- ¥ HAHOQIIOWIHBIE YHIIBI),
MIPUHIIMIIB JCHCTBYSI, MCTIONIB30BaHUE.

6. MeToap!l IETEeKTUPOBAHUS B HAHOOMOAHATUTHIECKUX CUCTEMAaX.
Paznen 4.
[lepcrieKTHBBI HAHOTEXHOJIOTHI B MOJIEKYJIIPHON 3JIEKTPOHUKE W OMOAIEKTPOHHUKE.
MoJeKynspHble, TeHETUYECKUE U KIETOYHbIE KOMIIBIOTEPHI.
Paznen 5.

1. OO6nactu NpUMEHEHHsT HAHOTEXHOJIOTHH [UIS pa3BUTUSl NPUHLMIHNAIBLHO HOBBIX METOJIOB
JTMArHOCTHKH U JISYeHHUs OOJIe3HEeN YeIoBeKa.

2. Hcnonp3oBaHne HaHOMATEpPHAJIOB JAJIS aAPECHON JOCTaBKU JIEKAPCTBEHHBIX MPENapaToB U
TepaneBTHYCCKUX TCHOB.

3. Hcnonb3oBanne HaHOMATEPUAIOB Ul BU3yaJH3alUU MaTOMOPQOIOTHYECKUX CTPYKTYP,
Mpeo0JIeHNs 0apbepOB HECOBMECTHMOCTH.

4, Hcnonb3oBanne HaHOMATEPHATIOB ISl CO3JIAHHS METUIIMHCKUX OHOpo00TOB. OCHOBHBIE
MIPUHILIMIIBL CO3/IaHUsl OMOHAHOPOOOTOTH3MPOBAHHBIX CHCTEM, YIIPABIEHHE HAHOPOOOTAMH.

5. Mosnexkynsapabsie MamnHbl (AT®-cuHTa3a, KUHE3WH, MUO3HH, KIYTHKOBBIH MOJIEKYJISPHBINA
nBurarens). Heopranmueckue (XMMHYECKUE) MOJIEKYIISIPHBIE IBUTATEIIH.
Paznea 6.

1. HanotexHonoruu u npo0ieMbl OKpyKaroliei cpebl.

2. Pa3Butue cucrembl HaHoOMoOe30macHocTH B Poccun 1 Mupe

3. I'uruennyeckas 1 MEJTUKO-OMOJIOTHYECKAsI OlleHKa 0€30MacHOCTH HAHOMAaTepUaloB

Ol(eHOIIHble mamepuaiivl o1 npomeofcymoqnoﬁ ammecmavuu

dopma MPOMEKYTOYHOM aTTeCTaIuu - Sk3aMeH. Cuctema oreHoK: nsaTudamsHas. OC 3Toro Tuma
JIOJDKHBI BBISBJIATH CTENEHb OCBOCHHMS TEOPETHYECKMX 3HAHMH Kak 0a3zy st (OpMHpOBAHUS
KOMIICTEHIIN, YMEHHS UX TNPUMEHATh B CUTYyalUsIX, MOJACIHPYIOMUX TPO(PecCHOHATBHYIO
JesTeNbHOCTD, a Takxke chopmupoBaHHocTh koMmnerenuuu OIIK-3, 3asBnennoii B m.111.

K sk3amMeHy JOMyCKaloTCsl CTYICHTHI, BHITIOJHHUBIINE B MOJHOM O0BEME ayJUTOPHYIO HarpysKy,



CaMOCTOSITENIbHYIO paboTy, YCIIEIIHO CIaBIIKE BCE MPEAYCMOTpPEHHBIE (OPMBI TEKYIIET0 KOHTPOJIS.

CryneHrsl,

HMCIOIIUME 3aJ0DKCHHOCTh II0 TEKYIIEMY KOHTPOJIIO, OOJIKHBI BBIIIOJIHUTH BCEC

o0s13aTeNbHBIE BUJBI JCATEIBHOCTH 1O Y4eOHOMY IUIaHy, M TOJBKO 3aTeéM JOIYCKArTCS K crade
9K3aMeHa. JK3aMeH NpPOBOAMUTCA B (opMe TecTUpOoBaHMs (IPUBOJATCS BOMPOCHI Ui MOATOTOBKU K

TECTUPOBAHUIO).
IlpumepHnwiit cnucok 60npocos 01 nOO2OMOEKU K MeCmUupoeanuio

1.  Ilpenmer u 3agaun HAaHOOMOTEXHOJIOTUH. VICTOpPHS BOBHUKHOBEHUSI HAHOTEXHOJIOTHH.

2.  llpuHIMITBI ¥ IEPCTIEKTHBHI Pa3BUTHSI HAHOOMOTEXHOJIOTHH.

3. Hanomarepuansl 4 ux kinaccupukarus.

4.  PaBHOBeCHBIC I HEPABHOBECHBIE HAHOCTPYKTYPHI.

5. Knacteppl: HEMOHOTOHHAsi 3aBHCHMOCTb CBOMCTB OT KOJHMYECTBAa aTOMOB B KiacTepe
(mpuMepsl), BEpXHSS M HUKHSAA TPaHHUIIA Pa3MEpOB KiacTepa. MeTamnyeckue KiacTepsbl.
MornexyssipHbIe KIacTephl.

6. HanHoTpyOKM M HAaHOBOJIOKHA.

7.  Heopranuyeckue u opraHuueckue (pyHKIMOHAIbHbIE HAHOMATEPHAIIBI.

8.  HawnoctpykrypupoBanusie 1D, 2D u 3D marepuansl. MosekysipHbIe CUTa.

9.  HaHOKOMITO3UTHI I UX CHHEPT€TUYECKHE CBONCTBA.

10. IIporueccsl nonydyeHus: HAHOOOBEKTOB CBEPXY BHU3. MeXaHOAKTUBALMS U MEXaHOCHHTE3.

11. IIpoueccsl noayuyeHus HAHOOOBEKTOB CHU3Y BBEPX.

12. CamocOopka u camoopranuzanusa. MuuemnooOpa3oBanue. CamocoOuparomuecs
MOHOCIIOH.

13.  OnTuueckas MUKPOCKOIUS U MOJSPUMETPUs OJIMIKHETO MOJIS.

14. Metoas! KOH(POKATHHON MUKPOCKOITHH.

15. Mertozsl 1a3epHOI CKaHUPYIOIIEH MUKPOCKOTIHH.

16. Metoasl MHOrO(OTOHHOH MHUKPOCKOIIHH.

17. Metoasl 30HAOBON MHUKPOCKOTTHH.

18. ATOMHO- CHIIOBast MUKPOCKOTIHISL.

19. CpaBHeHHME aHAJIUTUYECKHX XapaKTEPUCTHK U 3((HEKTUBHOCTU pPa3lIUYHBIX METOJIOB,
MPUMEHSEMBIX IS IETEKIIUN HaHOYACTHIl B OM00OBEKTaX.

20. OcobenHoct oTOOpa OMOJOTMYECKOro MaTepuana Juis JETeKIMH HAaHOYacTHUIl B
OMOJIOTUIECKHX JKUKOCTAX, KIIETKAX, CPe3ax TKAHEH KUBOTHBIX M PACTCHUN Pa3IMIHBIMU
(U3NKO-XUMHUUYECKUMH METOAMHU.

21. bBuomomnexynbsl Kak HAHOCTPYKTYPBI: HYKJICHHOBBIE KUCIIOTHI, OCITKH.

22. buoMonexynspHble KOMIUIEKCHI: TyOyIsipHbIe OMOHAHOCTPYKTYPHI.

23. Cnoucteie OMOHAHOCTPYKTYPHI.

24. T'ubpunHbele OMOHAHOCTPYKTYpPHBI, UX COOpKa U camocOopKa.

25. TpaHCIOpPT HEINEKTPOIUTOB Yepe3 MPUPOIHbIE MEeMOpPaHHBIE HAHOTIOPHI

26. YrmpapiieHHe JBH)KEHUEM U Pa3/ielieHue YacTUll B KUAKOCTH. OCoOEHHOCTH BO3JEHCTBUS
BHEIIHUX TOJIeH Ha OMOJOTHYECKHE YaCTHIIBI (MAKPOMOJICKYJIIbI, KIETKH).

27. Judnexrpodope3 .OcHOBHbIE MPUHLUIIBI AUIIEKTpOdope3a.

28. ®orodopes. [Tpunnme nazepHoro Gorodopesa.

29. Omnrodope3. ONTHUECKUI MUHIIET.

30. Maruaurodope3. MarautHbie yacTuibl. [IpuMeHeHuss MarauTodopesa.

31. Cencopsl u 6uocencopsl. TpaHcapiocepbl. MyIbTHCEHCOPHBIE CUCTEMBI.

32. OcCHOBHBIE aHATUTHYECKHE XapaKTEPUCTHKU CeHCOpoB. Karammrtuyeckwe n adhuHHBIC
6uocencopsl. IMMoOuIn3aims 6M0JI0rHYecKoro MaTepuaia.

33.  «MHKpOCHCTEMBI TOJHOTO aHATN3ay, «1a00paTopusl HA YHIIE».

34. Tlomydenue rHOpPUAU3AIMOHHBIX MHUKPO- U HAHOYUNOB. [IpuHIMIIBI PYHKIIMOHUPOBAHMUS.

35. Mukpo- wu HaHodurougHble YHUNBl. (DYHKIMOHAIBHBIE DJIEMEHTHI MHKPO- U
HaHO(DJIIOMIHBIX YHIIOB.

36. AHanW3 HYKJIEWHOBBIX KHCIOT. Onekrpodopermueckoe pasgenenue JIHK Ha



MUKPOGDIIOMIHOM YHIIE.

37. OO6napyxeHue OTHEIbHBIX MOJEKYyl U dacTull. HaHowacTunbl —  HOCHUTENIH
MMMOOHMIIN30BaHHBIX 0OHEKTOB.

38. IlpumeHeHME KBAaHTOBBIX TOUEK NMPU OOHAPYKEHUH OMOJIOTHYECKUX OOBEKTOB.

39. MounekynsipHas namsTb. MoJeKyIsipHbIe U KJIeTOYHbIe KoMbioTephl. JJHK-kombroTepsl.

40. IlpumeHeHHE HAHOTEXHOJOTHUH M Pa3BUTHUS MPUHIMIIMAIGHO HOBBIX METO/OB
NIUArHOCTUKH U JIeUeHHs OOIEe3HEN YeIOBEKA.

41. Ucnonp30BaHHE HAHOMATEPHUANIOB ISl AAPECHON JIOCTABKHU JIEKAPCTBEHHBIX MPENaparoB U
TEpareBTHUECKUX TCHOB.

42. IlpumeHeHHe  HAHOTEXHOJOTMH B  MEOUIMHE JUIs  [peojojicHHs  OapbepoB
HECOBMECTHMOCTH.

43. HaHOpoOOTHI. bro-HaHOpOOOTHI. OcHOBHBIC TIPUHITUTIBI CO3JaHuUs
OMOHAHOPOOOTOTH3UPOBAHHBIX CHCTEM. YTIpaBJIeHUE HAHOPOOOTaMHU.

44. MonekynspHble MamuHbl. HaHOpa3MepHbie UCTIOTHUTENbHBIE MexaH3Mbl. AT®-cuHTa3a.

45. KuHe3uH, MUO3UH, )KT'yTUKOBBIN MOJIEKYJISPHBIN ABUIATEb.

46. Heoprannyeckue (XMMUYECKHE) MOJICKYJISIPHBIC IBUTATEIIH.

47. CamocOopka HAaHOPOOOTOB. «JlOpoXKHAs KapTay pa3BUTHS OMO- HAHOPOOOTOB.

48. TIpobGiieMbl BHEIpEHHS] HAHOTEXHOJIIOTHH B TPOMBIIIJICHHOE TIPOU3BOJICTBO.

49. HaHOTEeXHOJOTHH H MPOOJIEMBI OKPYKAIOMIEH CPEIbL.

50. PasButue cucrembl HaHoOHoOOe3omacHOCTH B Poccum u wmupe. DPUNKO-XUMHUYECKHE
CBOWCTBA HaHOYACTHUII, C KOTOPHIMHU CBSI3BIBAIOT MOTEHIMAIHHBIE MEIUKO-OMOIOTHYECKIE
PUCKHU.

PaspaGorynky /

nouent IOpwuuosa I'.B.

6L
,/(ncyﬁu%)

[Tporpamma coctasneHa B coorBercTBuM ¢ TpedoBanusMu ®I'OC BO no nanpasnenuto 06.05.01
«buonmxkeHepus 1 OMOMHPOPMATHKAY.

[Iporpamma paccMoTpeHa Ha 3aceaHud  Kadeapbl  (QU3MKO-XMMHUYECKOH  OHOIOruy,
ononmkenepun u ononapopmatrku 17.04.2024 r. mpotokon Ne 15.

3aB. kadenpoi, 1.6.H., mpodeccop B.I1. Canosaposa @4;,;{

Hacmoswas npoepamma, He modxcem Ovimb BoCHpouzgedeHa HU 6 Kakou ¢hopme 6e3

npedeapumeﬂbHoeo NUCbMEHRHO2O0 pA3PEULEHUA Kaqbedpbz-pa3pa6omqu7<a npozpammbsl



