‘“une’

MHWHOBPHAYKHN POCCHUHA

(benepanbHOE TOCYAAPCTBEHHOE OIOIKETHOE 00pa30BaATENBHOE YUPEXkKACHUE
BBICIIIETO 00pa30BaHuUs
«APKYTCKHM I'OCYJIAPCTBEHHbIIA YHUBEPCHUTET»
OI'BOY BO «UI'Y»

Kadenpa ¢pusnko-xumudeckoit 0Mo0ruu, OMOMHKeHepuu U OMonHpopMaTUKU

Jexan 6uosoro-mnoyu

« AL » V&Lﬁ»/é

7

Padouas nporpaMmMa JMCHUILIMHBI
Haumenosanue nuciumuiunsl: 51.0.44 «<HAHOBHUOTEXHOJIOT U »
CrermmansHocth: 06.05.01 «buonnxenepust u OnonH(POpPMAaTHKA»
Criermanu3anyst: «buonnxenepust 1 OnoMH(pOpPMaTHKA»
Kpanmudukanms BEITYCKHUKA: OMOMH)KEHEp 1 OMOMH(POPMATHK

®opma 00y4yeHMs: O4YHAsE C DJIEMEHTAMHM OJJIEKTPOHHOrO OOydYeHHs M JUCTAHIIMOHHBIX
00pa30oBaTeNbHBIX TEXHOJIOTUI

CornacoBano ¢ YMK 610710r0-1104BEHHOTO PexomennoBano xadenpoit Gu3UK0-XUMUIECKON
(axynsTeTa ) Ouonorun, OUOHHXEHEPUH U OHOMH(BOPMATUKI
IIpotokon Ne 5 ot o4, a2025 r. Ipotoxon Ne 7l 0T 7.5 ctreppv@ . 2025T.

[Mpencenarens -/ A.H. Marpeen 3aB. Kadempoit — 2277~ B.Il. CamoBaposa

Upxyrck 2025 r.



Conepxanue

|. Lenb 1 3a1aUM JUCIIUTIIHHDBL .. ...vuteneenteaneententeteaneeeeaaeaneanans
Il. Mecto nucuumiunsl B ctpykrype OIIOIT ...,
I1l. TpebGoBaHus K pe3yabTaTaM OCBOCHUS TUCIUTIIHHBI ........cvv'enn....
IV. CognepxaHue U CTPYKTYPA AUCHMILTHHBI . ...ouuineeneeneennenneennennen.
4.1 ConeprkaHue AUCUUILIMHBI, CTPYKTYPHUPOBAHHOE 10 TEMaM, C
yKa3aHUEM BUJIOB YU€OHBIX 3aHIATUN U OTBEJECHHOTO HA HUX KOJIHYECTBA
aKaJeMHYECKHIX 4acoB
4.2 T1nan BHeayAUTOPHOM CaMOCTOSATEIBHON paboThl 00YyYaIOIIMXCS 110
D107 (0311713011712 (N
4.3 ConeprkaHUE YUCOHOTO MATEPHATIA .. .ovvenreenrenneennenneaneennenneannns
4.3.1 IlepedeHb ceMHHAPCKUX, MPAKTUYECKUX 3aHATUN U 1a00paTOPHBIX
PADOT ..ttt e
4.3.2. Ilepeuenp TeM (BOMPOCOB), BHIHOCHMBIX Ha CaMOCTOATEIHHOE
U3y4EHHE B PAMKAX CAMOCTOSITEILHON PAOOTHI CTYACHTOB ...oveeveneanennennnnn.
4.4, Meroauueckue YyKa3aHUS IO OpTraHM3aIMH CaMOCTOSTEIbHON
o T (Y0l N S R et )1 (5) o) - S
4.5. IlpumepHasi TeMaTUKa KYPCOBBIX Pa0OT (IIPOEKTOB) ..........en......
V. VueOHO-MeTOMMYEeCKOe W HWH(POPMAIIMOHHOE  obecredeHue
10500010 01R1171 5 1
Q) TICPEUCHD JTUTEPATYPBL .. e enveenteenteenteenteenee e eneenneanneenneeanns
RS 07 (00117 (S0 97 (7 31 v:1 214 8 (RN
B) CITUCOK aBTOPCKUX METOAMUYECKUX PA3BPAOOTOK ...eovenvenenennennnnne.
r) 0a3pl JaHHBIX, [OMCKOBO-CIIPABOYHBIE M HH(OPMAIIOHHBIE
(037 (0 1 Y 15 O
V1. MarepuanbHO-TEeXHUUECKOE 00ECIICUCHNUE TUCIUIIIUHBI .. ..o'uvenenne...
6.1. Y4eOHO-Ta00pPATOPHOE OOOPYTOBAHUE ....'vvneenreaneennanneannnnns
6.2. IIpOrpaMMHOE OOECTIEUCHHME . ... .eueneneneeneeneaeeeeneeneanenaennnnn
6.3. TexHuuecKre U MEKTPOHHBIC CPEICTBA OOYUCHHUS ..................
VII. OOpa30BaTEIBHBIE TEXHOMOTHH ... e.ueueeneeneneeneeneetenneneeneanenneneenens
VIIl. Onenounsle Matepuanbl A TEKYIIETO KOHTPOJISI M MPOMEKYTOUHON
11 Yo 21 117 1 G

CcTp.

cTp.

g1 w ww

oo

11

12

13
16

16
16
16
17

17
18
18
19
19
20

20



I. IEJIb Y 3AJIAYH JACIHATIIAHBI

Llens: @opmupoBanue 0a30BBIX 3HAHWIA, MO3BOJSIIOIIUX OPUEHTHPOBATHCS B TEPMHUHOJIOTHU U
HalpaBJICHUAX HAaHOOMOTEXHOJIOTUM KaK COBOKYIHOCTH TEXHOJIOTMYECKHUX METOJIOB, NMPUMEHSEMBIX
IUIL U3YYEHUS] TMPUHIUIOB OMOJOTHYECKOW HAHOCAMOCOOPKH, CO3JaHHs MaTepHajloB, YCTPOHCTB U
CHCTEM M IIyTAX UX UCIIOJIb30BaHUs B OMOJIOTUU U ME/IULIUHE.

3agaun:

® 03HAKOMHUTH OCHOBHBIMH IMOHSTUSMU HAHOOMOTEXHOJOTHUI M PaCCMOTPETh COBPEMECHHOE
COCTOSIHUE U MEePCIICKTHBBI PA3BUTUSI HAHOOMOTEXHOJIOTHH;

® WU3YYUTh OCHOBHBIE IPUHIIUIIEI (POPMUPOBAHUS HAHOCUCTEM;

e 0000IUTh W CHCTEMATU3MPOBATh CBEJCHUS O HAHOYACTHIIAX WM HAHOMPOMYKTaX, HUX
CBOMCTBaX, METOJIaX UCCIIEIOBAaHM,

® HAyYUTh YMEHHIO CAMOCTOSATEJILHOIO IMMOMCKA W aHajIu3a MHPOPMAIIMH, UCIIOJIb30BAHHIO €€
B IIPOIIECCE HAYYHO-TIPAKTHICCKOM TSI TEIIBHOCTH

Il. MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII BO

2.1.YVuebnas gucimmmaa b1.0.44 «HanoOHOTEXHOIOTHNY SABIAETCA 00sA3aTeIbHOM
IMCHUUIUIMHONW y4eOHOTO TUTaHa TMOATOTOBKHU CTYAEHTOB 1o HampasieHuio 06.05.01 «buonnxenepus u
ououHpopmaruka». M3yuaercs Ha 4 kypce B 8 cemectpe.
2.2. i w3ydeHds MaHHOW Y4eOHOM ITUCIUIUIMHBI HEOOXOIWMBI 3HAHWS, YMEHUS W HAaBBIKH,
dbopMupyeMble TPEIIIECTBYIOIUMHU TUCHUIUTMHAME: «DUZUKO-XUMHUECKUE METOAbl UCCIEAOBaHUN,
«buotexnonorus», «Knerounas 6uonorus», « IMMmyHoIOTHS Y.
2.3. IlepeueHp mocneayrOMMX Y4eOHBIX NUCHUIUIMH, AJS KOTOPHIX HEOOXOAMMBI 3HAHUS, YMEHHS U
HaBBIKH, GOPMUPYEMBbIC TaHHOW y4eOHOW MUCHHMILTUHOW: «VHXCHEepUs BaKIMH U JUATHOCTHKYMOBY,
«buonorunueckas 6ezonacHocTs M Omo3zamurtay, «lIpenaumnmomMHas MpakTHKa, B TOM YHCIE HAy4YHO-
UccleI0BaTeNbCKas padboTay.

I1l. TPEBOBAHUA K PE3YJBTATAM OCBOEHUS JUCIHUIIJIMHbI
[Ipouecc  ocBOEHMsSI ~ AMCUMIUIMHBI ~ HampaBieH Ha  (HOpMHUpPOBAaHME  KOMIIETEHIIMM
(xomnereHuuu)B cootBerctBUM ¢ ®I'OC BO u OIl BO no gaHHOMY HampaBlIEHUIO MOATOTOBKU
06.05.01 «bruonmxeHepus 1 OMOMHPOPMATHKAN:
OIIK-3 CnocobGeH NpoBOAMTH 3KCIEPUMEHTAIbHYIO paboTy ¢ OpraHM3MaMu M KJIETKaMHu,
HCIOJIb30BaTh (PU3UKO-XUMUYECKHE METO/IbI UCCIIET0BAaHUS MAKPOMOJIEKYJ, MATEMaTHYECKHE METO/IbI
00pabOTKH Pe3ysIbTaTOB OMOJIOTUYECKUX MCCIIEJOBAHUH.

Hepeqeﬂb IVIAHUPYEMBIX PE3yJabTaTOB Oﬁy‘leﬂlflﬂ o AU CHMIIJINHE, COOTHECCCHHBIX C
HHANKATOPaAMHU JOCTUKCHUA KOMIIeTeHIIuii

Komnerenunus HNuaukaropsl Pe3yabTaThl 00yyeHus
KOMIIeTEeHIH

OIIK-3 NJIKork-3.1 3HaTh:. (HUBUKO-XUMHYECKUE METO/IbI
Crniocoben IIpoBoaut HCCIIEA0BAHUSA MAKPOMOJIEKY L.
IIPOBOJIUTH JKCIIEPUMEHTAIIBHYIO YMeTh: IpOBOANUTH HKCIIEPUMEHTATBHYIO paboTy
HKCHEPUMEHTAIbHYIO | pabOTy C OpraHM3MaMH M | ¢ OpraHM3MaMU U KIETKaMHM C HCIIOJIb30BaHHEM
paboty C | KJIeTKaMu C | GUBUKO-XMMHUYECKUX  METOJOB  HCCIIEIOBaHUS
OpraHu3Mamu U | UCIIOJIB30BAHUEM MaKpOMOJIEKYIL.
KJIETKaMH, (U3UKO-XMMHYECKHUX
HCIIOJIb30BaTh METOAOB HCClenoBaHus | Bianers: (U3NKO-XUMHYECKUMHU METOAaMHU
(U3UKO-XMMHYECKHE | MAaKPOMOJIEKYJ HCCIEA0BAHMS I HCCIENOBAHUS MAaKPOMOJIEKY!L.




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

N Kornks.2 3HaTh: METO/IbI 00paboTKu pe3ynbTaToOB
JleMoHCcTpUpYyET SKCIIEPUMEHTAIBHBIX UCCIIEIOBAHUN.
MIPAKTUYECKUE  HABBIKM | YMETh: HCIIOJIb30BaTh MAaTEMaTUUYECKHE METOMbI
MaTeMaTUYECKUX 00paboTKM  PE3yJabTATOB  AKCIEPUMEHTAIBHBIX
METOIOB 00paboOTKH | MCCIEAOBAHMIA.

pe3yJIbTaToOB Bnaners: MPAKTUYECKUMU HaBBbIKaMH
JKCIIEPUMEHTAJIbHBIX MaTeMaTHYeCKUX METOJI0B 00pabOTKH pe3ynbTaToB
HCCIIEIOBAHUI SKCIIEPUMEHTAIbHBIX UCCIIEA0BAHUM

N1Korik-3.3 3HaTh: METOIbl  HCCIIEMOBAHUS  MaKPOMOICKYI,
Brnageer OTIBITOM | 00pabOTKH pe3yabTaToB OHMOJIOTHYECKUX
NPUMEHCHUSI METOIOB JUIS | MCCIIeIOBAHMIA.

HCCICIOBAHNA YMETh: MpOrHO3UPOBATh MEPCICKTUBBI M COLUATBHBIC
MaKpOMOJICKYII, 00PaOOTKH | rocrencTBuil cBOEH MPOdecCHOHATBHOMN AEATENBHOCTH.
pesy/IbTaTos Bnaners:  ompITOM  NpPUMEHEHUS  COBPEMEHHBIX
6H0HOFH%CK£IX METOJIOB MCCIICIOBAHMUSL.

HCCIIeJOBaHNH,

MPOTHO3UPOBAHHUS

MIEPCTIEKTHB M COIMATBHBIX
TIOCJIEICTBUH CBOCH
npoecCuoHaIbHOMN
JIeSITEIIbHOCTU




IV. COAEP’) KAHUE U CTPYKTYPA JUCHUIIJINHBI

Oobem AUCHHUIIIMHBI COCTABJIACT 3 3aYeTHBIX CAMHHUIIBI, 108 YacCcoB, B TOM YHUCJI€ HA IK3aMEH 17 u.

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

®opma NPOMeKYTOUYHOM aTTeCTALMHU . IK3AMEH.

4.1 Conep:xxaHue AUCUMIUIMHBI, CTPYKTYPHPOBAHHOE MO TeMaM, ¢ YKa3aHHeM BHAOB Y4YeOHbIX 3aHATHIl M OTBEeJIEHHOI0 HAa HUX
KOJIMYeCTBA aKA/IeMHYECKHUX YaCOB

Ne Paznes nucoumiInHbl/ TEMA Buner yaeOHO paboThI, ®opMa TeKylIero
-
n/H $ | BKIIOYast CAMOCTOSITCIIBHYIO paboTy 00yJaromuXcs , | KOHTPOJIA
= E MPaKTUYECKYIO MOATOTOBKY U TPYIOEMKOCTh ycneBaemMocTu/
2 S (B yacax) dopma
o g NPOMEKYTOYHOMI
5, KonrtakTHas paboTa mpenoiaBaress ¢ =
= e 2 arrecTauuu
=) o0y4armuMucs =
@ 2w ) (mo cemecTpam)
=) & =
o = 2 =«
2§ |28 S5
E Z 2 £ | Jexuus Cemunap/ Koncynbranus g
S = = IpaKkTHYecKoe, g
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8 9 é’ S JabopaTopHoe 6! =
@ = 3aHaTHe/ =
1 2 3 4 5 6 7 8 9 10
1 Pasnenr 1. BBemenue B HAHOTEXHOJIOTHIO U 3 1 1 VYcrHbIil onpoc
HaHOOMOTEXHOJIOTHUIO
2 YcTHBIH onmpoc
Paznen 2. Hanomarepuasl 8 9 1 2 6 p
3 Paznen 3 OcCHOBHEBIE OPUHIIUIIBI Yerhbii orpoc,
' p 8 12 2 2 8 JOKJIaIbI c
(hopMupOBaHUS HAHOCUCTEM .
TIPE3CHTAIHECH.
4 YcTHbBIH OIIpoc,
Paznen 4. MonekynsipHble HAHOCTPYKTYPbI 8| 12 2 2 JTOKJIa]IbI c
IIPE3EHTALUCH.




YcrHbIi onpoc,
Paznen 5. Hanobnoananutuieckue CHCTEMbI 8| 14 2 2 10 | moxusambl c
Mpe3eHTAlUCH.
6 N YcTHBIN orpoc,
Paznen 6. HaHOTEXHOJOTMM B MOJIEKYJISIPHOM
8 14 3 3 8 JTOKJIABI C
ANEKTPOHUKE M OMOITIEKTPOHUKE .
Ipe3CHTAIHEH.
7 VYcrHbli ompoc,
Paznen 7. HaHOTEXHOJOTUK ¥ MEIUIIMHA 8 | 17 3 3 1 10 | moxsagmr c
Mpe3eHTAlUECH.
4.2 Tlnan BHeayIMTOPHOH caAMOCTOSATEILHOI PadoThI 00YYAIOIIMXCSI 0 TUCHHIIJIHHE
CamocTosiTennpHas padoTa 00yJaromuxcs VYuebHo-
p y
Oreroumoe METOTNIECKOe
Cemectp | HasBanue pasgena, TeMBI . Cpokn  |TpynoeMKoCTh obecrieueHue
Bun camocTosTenbsHO# paboTh CPEICTBO .
BBITIOJTHECHUS (qac.) CaMOCTOSTEIIBHOU
paboThI
8 W3ydenne yueOHOro Marepmama C HCHoib3oBaHHEM | 1-2 Hep, VYerupiii - ompoc,| ocH. aut-pa: 1-3
Pasnen 2. | pexomenyeMoii  nmTepaTypel  1Jis  HOATOTOBKHM K TOKJIaIbI c|nom. mmt-pa:1-5
Hanomarepuabl NPaKTUICCKUM 3aHATHAM. 6 Mpe3eHTaluen. MIEPUOUYECKUE
W3JIaHUS
8 p 3 o W3ydyenne yueOHOro Mmarepuana ¢  HCIOIb30BAHHEM YcrHBINE  ompoc,| ocH. iuT-pa: 1-3
aszaen : CHOBHBIC| hoxomenmyemoii  nurtepaTypsl  mis  MOATOTOBKH K 3.4 3 JIOKTIaIIbI c|mom. yut-pa:1-5
HPHUHIATIBI q)opMHpOBaHHH MPAKTUYICCKUM 3aHATUAM. -+ HOIL. HpGSGHTaHHeﬁ. epUOJUYECCKHUEC
HaHOCHCTEM -
8 Wzyuenne ydeOHOro Marepuana C  HCIOJIB30BaHUEM YcTHBI  ompoc,| ocH. uT-pa: 1-3
Pasmen 4. MosekyssipHble| PEKOMEHIYEMON  JIATEPATYphl  JUis  MOATOTOBKH K 5-7 He 8 IOKJIaIIbI c|momn. mut-pa:1-5
HaHOCTPYKTYpPHI NPaKTUICCKUM 3AHATHAM. o MpE3CHTAlNEH.  |[[IEPUOJUYECKUE
[TonroroBka pedepata (q0KIaaa, TPE3CHTAIINN). W3 IaHUS
8 Wzyuenne ydeOHOro Marepuana C  HCIOJIb30BAHHEM YcTHBI - ompoc,| ocH. uT-pa: 1-3
Pazpgen 5. M ’
Harto6 pPEKOMEHIyeMOW  JMTepaTypbl  JUls  MOATOTOBKH K 8-10 10 JIOKIIAJIbI c|zom. nmut-pa:1-5
aHOOMOaHATUTUYIECKHE .
OPaKTAICCKUM 3aHATHAM. HEII. IIpe3CHTAIEN. NepUOJUIECKHE
CHCTCMBL IMoxroroBka pedepara (okiaga, MPe3EHTALHN). W3IaHus




CamocTosiTenpHas paboTa 00yJaromuxcs VYuebHo-
METOTNIECKOe
OneHouyHoe
Cemectp | Haspanue pasnmena, TeMsbl . Cpokn  |TpymoeMKOCTb obecrieueHue
Bun camocTosTenbHO# paboTh CPEICTBO N
BBITIOJTHECHUS (qac.) CaMOCTOSITEIIBHOU
paboTHI
8 Paszen 6. Hanorexuomoruu| YI3y4eHHE  ydeOHOTO — marepuana ¢ UCIONb30BaHHEM YceTHBIA  ompoc,| ocH. uT-pa: 1-3
B MOTEKYIAPHOIH PEKOMEHIyeMO#  JuTepaTypsl  AJdsl  MOATOTOBKH K 11-12 g JIOKJIAIBI ¢|mom. mut-pa:1-5
3NIEKTPOHHKE NMPaKTHICCKHM 3aHATHAM. Hel. MPE3CHTAUCH.  |TICPHOJAUYCCKHUC
GHODITEKTPOHHKE [TonroroBka pedepara (IoKIaaa, IPE3CHTAINHN). U3IaHUsA
8 Wsydyenne yueOHOro Mmarepuana C  HCIIOIb30BAaHUEM YcTHBI  ompoc,| ocH. uT-pa: 1-3
Paznen 7. HanoTexHonoruu| peKOMEHIyeMO  TUTEpaTypbl A MOATOTOBKH K 13-15 10 JOKJIa/bl c|mom. nuT-pa:1-5
" MEIUIIMHA MPAKTUICCKUM 3aHATUAM. HEI. Mpe3eHTaluen. nepuogu4IecKue
[ToxroroBka pedepara (noKIaaa, IPE3CHTAINHN). U3IaHHsL

OO6muit 00beM caMOCTOATEILHOM PaboThI 0 qucHHIuInHE (dac) — 50

U3 Hux o00BEM C€aMOCTOSATENLHOU pa60TbI C HCIIOJB30BAHUCM OJJICKTPOHHOI'O 06yquI/m u

JTMCTAHIIMOHHBIX 00pa30BaTeIbHBIX TeXHOJIOTUH (4ac) — 10




4.3 ConepxxaHue y4eOHOIro MaTepuaja

Pa3zgen 1. BBenenue B HAHOTEXHOJIOTHIO 1 HAHOONOTEXHOJIOTHIO
Tema 1.1 IIpenmer u 3agaun kypca. OCHOBHBIE OHATHUS U ONPEIEICHUS HAyK O HAHOCUCTEMAX U
HaHOOMOTEXHOJIOTUH.
Tema 1.2 McTopusi BOSHUKHOBEHHS HAaHOTEXHOJOTHH. [TprMepbl HAHOOOBEKTOB U HAHOCUCTEM,
UX TEXHUYECKHE MPHIoKeHUs. [[pUHIIUIIBI U IEPCTIEKTUBBI Pa3BUTUSI HAHOOMOTEXHOJIOTHH.

Pa3znen 2. HanomaTepuaibl

Tema 2.1. Hanomarepmansl ¥ ux kiaccuukanus. Heopranmdyeckue M OpraHumyecKHe
(dhyHKIMOHATBHBIE HaHOMaTepuaibl. [ mOpumHble HaHOMaTepuanbl. HanoctpykTypupoBanusie 1D, 2D
u 3D marepuansl. MonekyinspHble cuTa. HAaHOKOMIO3UTBI M UX CUHEPIE€TUUYECKUE CBOWCTBA.

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

Pa3zgea 3. OcHoBHbIE IPUHIUIIBI GOPMUPOBAHMS HAHOCHCTEM

Tema 3.1. Ilpomecchl mOIMy4YeHUS HAHOOOBEKTOB CBEpXYy BHHU3. MeXaHOAKTUBAIUS U
MexaHocuHTe3. [Ipoecchl momy4eHuss HAHOOObEKTOB CHHU3Y BBEPX.

Tema 3.2. IlpueMbl NOJMY4YeHHsS W CTAOWIM3AUM HAHOYACTHIL. MeTOIbl OOHApYXECHHUS U
BBISICHCHUS JIOKAIM3allMM HAaHOYACTHIl B OMoJIorHYeckux oOpasnax. [IpuMeHeHne KBaHTOBBIX TOYEK
npu OOHAPYKEHHH OWOJIIOTUYECKUX OOBEKTOB. DH3UKO-XMMHUYECKHE CBOWCTBA HAHOYACTHUI], C
KOTOPBIMH CBSI3BIBAIOT MOTCHIIAJIBHBIE METUKO-ONOIOTHYECKUE PUCKH.

Pasnen 4. MosiekyJIsipHble HAHOCTPYKTYPbI

Tema 4.1. MonekynsipHble HaHOCTPYKTYpbl — XapakTepUCTHKa W  KJIacCHUpHUKaIus.
OCOOEHHOCTH OpraHMYeCKUX MOJIEKYNl Kak HaHOCTpYKTyp. Cymepmosekyibl. buomoinekyinbsl Kak
HAHOCTPYKTYPBI: HyKJI€MHOBBIE KUCIIOTHI, Oenku. DepMeHTH 1 OMOCEHCOPHI.

Tema 4.2. buomonexkyisipHble KOMIUIEKCHI: TyOyJsipHble OHOHAHOCTPYKTYPHI, CIOUCTbIE
OMOHAHOCTPYKTYPHI, THOPHIHBIE OMOHAHOCTPYKTYpPHI, MX cOOpka W camocOopka. Mumemisl u
JUIOCOMBL. TpPaHCHOPT HEIEKTPOIUTOB uUepe3 MPHUPOJHbIE MeMOpaHHbIE HAHOMOPBL. MeXaHU3MbI
TpaHCIOPTa BOJBI Yyepe3 Ononorndeckre MeMOpanbl. AKBarmopuHbl. KoMInieke saepHoii mopsl

Tema 4.3. Monekynsapuble MamuHbl. AT®-cunTaza. KuHe3uH, MHMO3UH, >XTYTHKOBBIN
MOJIEKYJISIpHBIN BUraTens. Heoprannueckue (XUuMHUYECKHE) MOJIEKYIISIPHbIE IBUTATEIH.

Pazgen 5. HanoOnoananuTuyecKue CHCTEMbI

Tema 5.1. VYmpaBineHue IBHXKEHHEM M pasfelieHHe YacTHIl B >KUAKOCTH. OcobeHHoCTH
BO3JCHCTBUSl BHEIIHUX TOJ€H Ha OHOJOTMYEeCKHEe 4YacTHIbl (MAaKpOMOJIEKYNbI, KJIETKH).
Jusnexktpodopes u ero OCHOBHbIE NPUHIMILL. DiekTpopoTaius. Porodopes. [IpuHunsl azepHoro
dbotodopesa. Ontodopes. Ontuueckuit nuniet (Optical tweezer). Marautodopes (Magnetophoresis).
MarnuTtssle yactulisl. [Ipumenenus maraurodopesa.

Tema 5.2. Cencopsl u OuoceHcopsl. TpaHcnptocepsl. OCHOBHBIE aHAIUTHYECKHE
XapaKTepUCTUKH CEHCOpPOB. «MMKpPOCHCTEMBI IIOJIHOTO aHadM3a» U «1adopaTopus Ha YHUIE».
AHanuTHYeCcKue MHUKpPOUMIBI (TUOpPHIM3ALMOHHBIE, MHUKpPO- U HaHOQIIIOWIHbIE, TUOPHUIHBIE
MUKPOYHUIIBI).

Tema 5.3. buounnsl. [TlomydyeHune TUOPUAM3ANMOHHBIX MHKPO- W HAHOYHIIOB. MUKpO- H
HaHo(roNIHbIe Yunbl. KOHCTPYKIMM aHaIUTUYECKUX MHUKPOUMIIOB. METOIbl JETEKTUPOBaHUSA B
MUKpouunax. TBeprodasHas, KUIKOCTHAs U MUKpodurouaHas skctpakuus. Mneonorus T-ceHcopa u
H-unprpa. Paznenenne na CD-uumne. Dnekrpodopernueckoe pazaeneuue JJHK na muxpodmoniHom
yune. [11{P na mukpouunne. Cexkenuposanue JJHK. ITupocekBennpoBanue.

Pa3zpnen 6. HaHOTEXHO10IMM B MOJIEKYJISPHOM 3JIEKTPOHMKE M OM0JIEKTPOHHUKE
Tema 6.1. IlepcrieKTHBBI HAHOTEXHOJIOTHI B MOJIEKYJISIPHOW 3JIEKTPOHHUKE U OMO3JIEKTPOHUKE.
MOJ'IeKy.TIﬂpHaSI naMATh. MOJ'IeKy.TISIpHI)Ie KOMITBIOTCPHI. T'eneTnueckue n KJICTOYHBIC



onokommerotrepsl. JJHK-kommbroTepsl. Kiterounbsie koMmnbroTepsl. bruonpeodpazoBarenm.

MaTOMOP(OIOTUIECKUX

Paznen 7. HaHoTexHOJIOrMH M1 MeAUIIMHA

Tema 7.1. OOmactu IMPUMCHCHHA HAHOTEXHOJIOTHi I pa3sBUTHUA IIPUHOUIIMAJIBHO HOBBIX
METOAOB JUArHOCTHUKMW W JICHCHHUA OoJie3HEl YEIIOBEKA: HCIIOJb30BAHHE HaHOMATCPUAJIOB JJIA
az[peCHoﬁ JO0CTaBKHW JICKAPCTBCHHBLIX IIp€IapaToB MW TEPAIICBTHUYCCKHUX TI'CHOB,

MEIUIIMHCKUX OHOPOOOTOB.
Tema 7.2. VYcrpoiicTBa anpecHON [OOCTaBKM JjekapcTB. lloaummepHble TpaHCHIOpPTEPHI IUIs
nocTaBku JiekapcTB. [IpuMenenme mmukpochep uis IOCTaBKM JekapcTB. HaHoTexHomormyeckne
CHCTEMBl JOCTaBKH. VHTEIIEKTyallbHBIE KallCyibl. TeparneBTHYecKhe MOHOKJIOHAJIbHBIC aHTUTENA.
[Tpumenenue ¢onara i aipecHO TOCTaBKH JEKAPCTB.
Tema 7.3. buo-naHopo6OThl. OCHOBHBIE MPUHIMITEI CO3JaHUS OMOHAHOPOOOTOTU3UPOBAHHBIX
CHCTEM.

CDOTO,Z[I/IHaMI/ILIeCKaH

Tema 7.4.

CTPYKTYP,

Tepanus.

®oToceHCHOMIN3UPOBAHHBIE
AHTHUMHUKpOOHas

NPEOJI0JICHUS

OGapbepoB

3pdexTl  Ha
boToauHaMIYeCKast

KJIICTOYHBIX

Tepanus.

BHU3YyaJIn3allun
HCCOBMCCTHUMOCTH,

CO3aaHuA

CUCTEMaAX.

MexaHu3MEBI

(OTOIMHAMHYECKUX TPOIIECCOB. MeXaHU3MBI (POTOTMHAMUYCCKUX PEAKITUHN C YIaCTHEM HYKJIIEHHOBBIX
KHUCJIOT, OCJIKOB U JIMIIHJIOB.

4.3.1 IlepeyeHb CEMUHAPCKHUX, MPAKTHYECKUX 3aHATHH H J1a0OPATOPHBIX

padort
Ne Ne paznena u Tembl HanmeHoBaHue TpynoeMKoCTb OueHoyHbie dopmupyem
n/H CeMHUHAPOB, (uac.) cpeacTBa ble
NPaKTHYECKUX H KOMIETEeHIIMT
J1a00paTOPHBIX (MHIMKATOPBI
paGor )
Bcero N3 Hux
4acoB NpaKkTH
yeckast
MOAroTO
BKa
1 2 3 4 5 6 7
1 Knaccuduxarms .
Paszpnen 2. HAaHOMATEPHAJIOB. 2 Yernpiii opoc OIIK-3:
HaHOMaTepI/IaHH I'uruennueckass u UK onxsa
Tembr:2.1 —2.2. MEJHKO- Zgﬁ Zzzz
Ouonoruueckas '
OIICHKa 2
Oe3ormacHOCTH
HAaHOMATEPHAJIOB.
7 OIIK-3:
2 Pasgen 3. Ocuosusie | MeTOMBI 2 XHC;;I:P;OKMH HJIK onx 31
IIPUHLMITBI MOy YEHUS . TIIK s
¢ opmupoBaHUs HMaH006T>eKTOB- 2 npe3eHTaIHeit HIIK k33
HAHOCHCTEM CTO/IbI
oOHapyKeHHS
Tempr: 3.1 -3.2. HAaHOOOBEKTOB.




Knaccudukamms 2 .
VcTHBIN OIIK-3:
Paznen 4, 1 OIpoc, JTOKIa UK oncan
MoJteKyIspHbIe XapaKTEPUCTHKA c TIK s
HAaHOCTPYKTYpPBI MOJICKYJISPHBIX rpe3eHTannen HJIK nxss
Tewmsr: 4.1 —4.4. HAROCIPYELIP-
YnpasneHue .
Pasnen 5. —— - 2 VerHbiit OITK-3:
HanobOuoananutudeckue - OTIPOC, JTOKJIAJ UK opikcsa
CHUCTEMBI wacTHI s c ) ATTK 132
Tewmpt: 5.1 — 5.3. JKHJIKOCTH. TpeseHTalmen HIK nicss
CeHcopsl u
OMOCEHCOPBL.
buouunsi.
ITepcnexTuBsl OIIK-3:
5332[@1 6. HaHOTCXHOJIOTHI B 3 YV eTHBIIH HJIK onkcsa
AHOTEXHOIOTHH B | wonexymipHoii HJIK 1132
MOJIEKYJIAPHON OIpoC, TOKIala ATK 133
AJICKTPOHHKE 1 c
JICKTPOHHKE 1 OMOAJICKTPOHUKE. 9
OHMO3JICKTPOHUKE [Ipe3eHTallnen
Tewmsr: 6.1
OGnactu 3 v .
pUMEHEHHS CTHBIH OIIK-3:
HAHOTEXHOJIOT Ui Onpoc, HOKJIan HJIK ok 31
Paznen 7.\ nns pasBUTHS c 5 HJIK k32
HanorexHosoruu Y | pUHIMNHATBHO npe3eHTaluen HJIK k33
MENIHHA HOBBIX METOJIOB
Temsr: 7.1 —7.5. AUaTHOCTHKU 1
JieueHus OoJie3Hen
YeNoBeKa.
YcerpoiicTBa
aJIpECHOM J10CTaBKU
JICKAPCTB.
bro-HaHOpOOOTHLI.
doroceHcnOonIU3N
pOBaHHEBIE
3¢ ekt Ha
KJICTOYHBIX
CUCTEMaX.

4.3.2. Ilepeuenp TemM (BONPOCOB),
CTYJIeHTAMM B paMKax caMocTosiTeJbHOi padoTrsl (CPC)

BBIHOCMMbBIX Ha CaMOCTOATEC/JIbHOC H3YYCHHE

Ne i/ Tema 3aganue ®opmupyemas NIK
KOMITeTEeHII U
HanomaTepuasr 1. MByuuTh TeopeTUdecKuit OIIK-3 HJIK onk 31
MaTepuag W TMOATOTOBHUTCS HK nks2
K YCTHOMY OIIpOCY, HJIK mxcss
2. IlogrotoButh pedepar u




Jokiay (Mpe3eHTaINi0) Ha
3alIUTY
2. | OcHOBHBIC IPHHLKIIBL 1. U3yunts TeopeTuueckuit OIIK-3
(hopMUpOBaHUS HAHOCHCTEM Marepuan U IMOArOTOBUTCS UK o3
K YCTHOMY OIIpOCY; MK sz
2. lloaroroButh pedepar u MK a3
JoKJaa (MpEe3eHTALUI0) Ha
3aLIUTY.
3. | MonekynspHsie 1. U3yunts Teoperuueckuit OIIK-3 HJIK onx3a
HaHOCTPYKTYpbI Marepuan M IOATOTOBHMTCS HJIK nxc32
K YCTHOMY OIIpOCY; MK nicss
2. lloaroroButh pedepar u
JIoKJaa (MpEe3eHTalU0) Ha
3aLIUTY.
4. | Hanobnoananuruyeckue 1. M3yunts TeopeTnueckuii OIIK-3 HJIK onk 31
CHCTEMBI Marepuais M MOArOTOBHUTCS HJIK nxc32
K YCTHOMY OIIPOCY; HJIK nxcss
2. loaroroButh pedepar u
JoKJaa (MPE3eHTALUI0) Ha
3aLINTY.
5. | HanorexHomnoruu B 1. U3yunts Teopernueckuit OIIK-3
MOJICKYJIAPHOH SJIEKTPOHUKE | MaTepuad M MOATOTOBHTCS UK onksa
U OMODIICKTPOHUKE K YCTHOMY OIIPOCY; UK k32
2. loaroroButh pedepar u MK a3
JoKJaa (MPEe3eHTALUI0) Ha
3aLINTY.
6. | Hanorexxomornu u | 1. U3yunts TeopeTHuecKuit OIIK-3
MeTUIIMHA Marepuans M TMOArOTOBHUTCS HJIK onk 31
K YCTHOMY OIIPOCY; HJIK nxcs2
2. loaroroButsk pedepar u MK a3
JOoKJaa (TMPE3CHTALUI0) Ha
3aLINTY.

4.4. MeTonnueckne yKa3aHus M0 OPraHU3ALUHA CAMOCTOSATEIbHOI Pa00ThI CTYICHTOB

CamocTtosTenbHass paboTa CTYJIEHTOB SIBISIETCSI COCTAaBHOM YacThlO Y4eOHOro Ipoliecca U
IpeciesyeT CIeayIOIue Ielu:

* COBEpUICHCTBOBAHHWE HAaBBIKOB C€amM000pa3oBaTeIbHOW pabdOThl Kak OCHOBHOIO IIYTH
MIOBBIIIEHUS YPOBHS 00pa30BaHuUs;

* yriuyOleHue U pacuMpeHye 3HaHu ! 110 peIMeETy.

Jlist  opraHUW3alliid  CaMOCTOSATEIbHOW padoTel To mucnuiuinHe «HaHOOHOTEeXHOIOTHIY
UCIIONIB3YIOTCS CIEeAyIoImKe (POPMBI CAMOCTOSTETFHOU yueOHOW paboThI:

* H3y4YeHHE MaTepHuaa, U3JI0KEHHOTO B JICKIIHSIX;

* U3YYCHHUE U aHAIIU3 PEKOMEHIOBAaHHOW JTUTEPaTypPHL;

*  CaMOCTOSITEITbHBIN MOUCK, H3YUCHHUE U aHAJU3 JINTEPATYPHI MO TUCITUILINHE, HEe YKa3aHHBIN
B CITUCKE PEKOMEHIOBAaHHOM JIUTEPATYPHI;

* CaMOCTOSITEIPHOE M3y4YeHHE ydyeOHOTO Marepuana, NpPeIyCMOTPEHHOro pabouei
MPOrPaMMOii, HO HE U3JI0KEHHOTO B JICKIIHSIX.



IToaroroBka K MPakKTUYECKOMY 3aHATUIO COCTOUT B TEOPETUYECKON MTOATOTOBKE U BBITIOJHECHUH
IIPaKTUYECKUX 3aJJaHUM (YTEHHE EPUOANYECKOM JINTEPATYPbI, OTBETHI HA BOIPOCHI U T.11.):

* IIOATOTOBKA K OIIPOCY;

* IIOATrOTOBKA YCTHBIX JOKIJIA/IOB;

* IOArOTOBKA IIPE3CHTALHM.

Pexomenoayuu no noocomoske ycmnozo 0oxknada

Yemuvui 0oknao — 31o coodbuienne B TeueHne 10 MHH, B KOTOPOM CTYAEHT B JIAKOHUYHOH
dbopMe NOIKEH H3JI0KUTh MaTepuall 10 COOTBETCTBYIOIIEH TeMe, MPUIEPKHUBAsCh CIEAYIOLIEro
IUIaHa: BBEJIEHHE, OCHOBHAs YacTh, 3akitoueHue. Jlokimaa compoBOXKIAeTcs Ipe3eHTalUel,
OTpa)Karolle OCHOBHBIE IIOJIOXKEHUS 110 COOTBETCTBYIOLICH TeMe, BKIIOYAIOIIEH HarJsigHbIe
MaTepHuaibl (CXxeMbl, Tabuuiel, GpoTo u 1.71.). [To OKOHUaHMM JOKITaga CTYACHTY 33al0T BOIIPOCHI, KaK
IIPEeroiaBaTellb, TaK U CTYJEHTHI, HA KOTOPbIE JOKJIAIUMK JOJKEH AaTh HCUEPIIBIBAIOINE OTBETHI.

Pexomenoayuu no noocomoske npesenmayuu

[TpesenTanuu — cnoco0 MpeacTaBaeHUss HHPOpPMalMU, COYeTaloUMid B cebe TeKCT,
THIIEPTEKCTOBBIE CCBHUIKHM, KOMITBIOTEPHYIO aHHMMAIMIO, Tpa(uKu, BHICO, MY3BIKY M 3BYKOBOH DS,
KOTOpbIE OpPraHU30BaHbl B €IUHYIO cpedy. llpe3eHTanus uUMeeT CIOXKeT, CLUEHApUil U CTPYKTYpY,
OpPTaHU30BaHHYIO s ynoOHoro BocmpuAtus uHpopManuu. OTINYUTEIBHOH 0COOESHHOCTHIO
IIPE3CHTAIMH SIBJIETCSI €€ MHTEPAaKTUBHOCTh, TO €CTh CO3/aBaeMas JUIs MOJIb30BaTelsl BO3MOKHOCTh
B3alMOJICHCTBUS Uepe3 2JIEMEHTHI YIIPaBICHHUS.

IIpe3eHTanust Bceraa COCTOMT M3 JIByX OCHOBHBIX KOMIIOHEHTOB: HMH(OpMaIuH, KOTOPYIO
BBICTYNAIOUINI XOUeT JOHECTHU /10 ayAUTOPUM, U MaHEepbl u3noxeHus. Hanucanuslii Ha Oymare TEKCT
noMoraeT 0ojiee YETKO U IOCJIEA0BAaTEeNIbHO W3JI0XKHUTh MaTepuai. [IpeseHTanuu OOBIYHO J1eNaloT B
PowerPoint, B Impress, mu6o B Acrobat. JKenareibHO MpUACPKUBATHCS MPUHIIMIIA: OJMH CIIAai - OJTHA
MbIC/Ib. TUTYJBHBINA Clalii OJKEH CcOJAep)KaThb Ha3BaHHE INPE3EHTALUH, €€ aBTOpa, KOHTAKTHYIO
uHpopmanuio aBTopa. Ha BTOpOM craiine OOBIYHO MpPEACTAaBICH IUIAH NPE3EHTAlUH, OCHOBHBIC
paszfensl WM BOINPOCHL, KOTOpble OyAayT paccMoTpeHbl. OcTanbHble Claiifibl HYKHO CTPOUTH IO
MOJIETIN: TE3UC - apryMEHTbl — BBIBOJ. BbIBO/BI BCcerja MOMKHO OBITH JTaHBI SICHO M JIAKOHUYHO Ha
otaensHOM craine. Ilpennocnennuii cnailn gomKeH cojepkarh MHPOPMAILUIO 00 MCIOIb30BAHHBIX
HCTOYHMKAX JIMTEPATYpPBI, UHTEpHET-pecypcax. IlocienHnii ciaili MOKET MOBTOPATH TUTYJBHBIM C
nobasienneM (pasbl «Cracubo 3a BHUMaHUE! »

Ha cnaiigpl 1OmKHBI IONACTh TOJIBKO CaMble Ba)KHbBIE TE3UCHI U IaHHBIE, & TAKXKe rpapuuecKuii
MaTepHuall: JuarpaMmbl, pUcyHkH, potorpaduu. Crapaiitecs nenaTh ciaiiibl Ha OAHOPOJHOM CBETIOM
¢done ¢ 6onee KOHTPACTHBIM TekcToM. KiroueBble clioBa B MPEIOAKEHUH JIyUlIe BBIACISTH KUPHBIM
mpUGTOM MM 1BETOM. TEeKCT MUIINTE KPYIHO, IUIOTHO HAOpaHHBIN TEKCT CII0’KHEE BOCTIPUHUMAETCS.

Kpumepuu oyenxu ycmuozco doxnaoa

OneHka yCTHOrO JOKJIaJa OCYIIECTBISIETCS B COOTBETCTBHE CO CIEAYIOLIUMH KPUTEPUSMHU:
YETKOCTh M3JIOKEHUS OCHOBHBIX JJIEMEHTOB pedepara; MOHMMAaHME H3y4aeMOH NpoOjeMbl U
METOAOJOTUA HAY4YHOI'O MCCIIEIOBAHUs, YMEHHUE BBIABIIATh CHIbHBIE CTOPOHBI M HEAOCTATKU
M3JIOKEHHBIX B CTAaTbe TEOPUM M MCHOJIB30BAHHBIX METOJOJIOTMYECKUX IOAXOJO0B; BIAJCHUE
npo¢eccCHOHATBLHON TEPMHUHOJIOTHEH; YMEHHE OTBEYATh Ha BOIPOCHI ayIUTOPHH.

* Onenka «omauuno». B [OKIaze TIONHOCTBIO pacKpbiTa TeMa, MPOAHAIU3UPOBAHO
COBPEMEHHOE COCTOSIHHE BOIPOCA; CTYJIEHT CBOOOJHO BIa/EeT MaTe€pHUaioM, M3J1araeT e€ro JOru4Ho,
ITOCJIEI0BATEIBHO, JIJAKOHUYHO, XOPOIIMM Hay4YHBIM S3BIKOM. J{OKJIa] COMPOBOXKAAETCS MPE3ECHTALUEH,
KOTOpast COCTaBJeHa C COONIoJIeHMeM OoOUMX TpeOoBaHUM O(OpMIIEHHUs, COAECPKUT CCBUIKH Ha
MpUBEJICHHbIE OTO, PUCYHKH, CXeMbl U T.1. [Ipu 00CyX AeHUH CTYyIEHT AEMOHCTPUPYET MOHMMAaHUE
M3y4yaeMoM MpoOJeMbl M METOJOJOTMH HAayYyHOT'O HCCIEOBaHUs, BIaJeHHE MpOodhecCHOHATBHON



TEPMHUHOJIOTUEN U YMEHHE IPaMOTHO OTBEUATh Ha BOIIPOCHI AyAUTOPHUH.

* OueHka «xopomo». Tema packppiTa, IPUBENACHO TOCTATOYHOE KOJIUYECTBO MaTepHalia, HO
IIpY 3TOM MaTepuaji B HEJAOCTATOYHOW CTENEHM IPOAaHAIM3UPOBaH aBTOpoM. MmeroTcs HenoueTsl B
oQOpMIIGHHH TPE3eHTAlUU WM TMPE3eHTAlUs HE B IOJHOM CTENEHU COOTBETCTBYET OOIIUM
TpeOoBanusM. OTBETHl CTYAEHTA Ha BOMNPOCHl HE  SBIAIOTCA  HCUEPIBIBAIOIIMMH |
apryMEHTUPOBAaHHBIMH.

* OueHka «yJIOBJIETBOPUTENBHO». Tema packpblTa HE IOJHOCTBIO, MaTepuayl He
MIPOAHAJIU3UPOBAH, CTYJIEHT [OKa3blBa€T IOBEPXHOCTHbIC 3HaHuA. lIpe3eHTanus dYacTUUHO
COOTBETCTBYET YCTAaHOBJIEHHBIM TpeOoBaHusM. I[lpu oOCyxneHuMm [oKJaga CTYIACHT JaeT
HEIMPAaBUJIbHBIE WM UCUEPIBIBAIOIINE OTBETHI.

* OmeHka «HEYIOBICTBOPUTEIBbHO». Tema He packpbiTa, NPUBEACH CKYIHBIH 00BEM
MaTepuaia; Mpe3eHTalus OTCYTCTBYET WM HE COOTBETCTBYeT TpeOoBaHusiM. [lpu oOcyxaeHuu
JIOKJIaJia CTY/IEHT HE J1aeT OTBETHI MJIM OHU HE COOTBETCTBYIOT BOIIPOCAM.

4.5 IlpuMepHasi TeMaTHKA KypCOBBIX padoT (IPOEKTOB)
KypcoBblie paboTbl HE IPEeyCMOTPEHBI YUEOHBIM IJIAHOM.

V. YYUEBHO-METOJUYECKOE 1 HTH®OPMALIMOHHOE OBECIIEYEHUE
JUCLUIINHbBI

a) nmepevyeHb JUTEPaATypbl

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

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

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

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

0) nepuoanYecKue U3TaHUS
«HanotexHomoruu u oxpaHa 3710poBbs», «HaHoTexnuka», «HaHorexHomoruu: paspabotka,
npuMeHeHuey», «Hanorexnonoruu. Oxomnorus. [IponzBoacteoy», «Kommepueckass OMOTEXHOIOTUS».

B) CIIUCOK aBTOPCKHX METOAHYECKHX Pa3padoToK
r) 0a3bl JaHHBIX, TH(POPMALMOHHO-CIIPABOYHbIE U MIOMCKOBbIE CHCTEMbI

1. https://www.ncbi.nlm.nih.gov — Be6-caiit HanmonanbHOro IeHTpa OHOTEXHOJIOTHYECKON
unpopmanuu CIIA (NCBI), koropslii npenocrapisieT OecIIaTHBIA JOCTYN K pa3MYHbBIM 0Oa3zaMm
TAHHBIX, BKJIIOYas 0a3bl JNAHHBIX, COJEpXKAllUe pa3IMyHble THUIBI TeHETUYECKUX JaHHBIX, 0a3bl
JMAHHBIX aHHOTAIMK MyOJuKaIruii OWOMETUIIMHCKOM W  OO0IIeOMOJIOTHYECKON HAMpaBIIEHHOCTH;
COJIEP>KUT MOMYJISIPHBIE PUIIOKEHUS U MHCTPYMEHTHI OMOMH()OPMALIMOHHOTO aHATTU3A.

2. https://lwww.ncbi.nlm.nih.gov/genbank/ —-TeHeTnueckas 0a3za maHHBIX  GenBank
HammonaneHoro nentpa OuotexHonornuyeckod wuHpopmanuun CIIA (NCBI), xotopas comepxur
OOIIEIOCTYIIHYI0 aHHOTMPOBAHHYIO KOJIJIEKLIHIO BCEX HYKIEOTHJHBIX IOCIEI0BATEIbHOCTEN
3aKOJMPOBAHHBIX B HUX MOCIIEI0BATEIbHOCTEH OEIIKOB.

3. http://www.boldsystems.org - oGOmaynas maargopmMa JUIS XpaHEHHS ¥ aHajIM3a
reHetnueckux JaHHbIX 1o JIHK-mTpuxkoaupoBanus, paspabortanHas LleHTpoM TeHOMUKH



o6uopaznooOpasus (Kananma). CocTOMT M3 UeTHIpeX OCHOBHBIX MOJYJEW: TMopTajia JaHHBIX,
oOpazoBarenbHOrO MIoptaina, peecrpa BIN (mpentuduxanmonnsie Homepa JJHK-mrpuxkomupoBanus)
U MHCTPYMEHTapUs JUisi cOopa 1 aHaIn3a JIaHHbIX.

4. http://www.ebi.ac.uk — BeG-caiir EBpomeiickoro umHcruryra 6uomnpopmaruku (EMBL-
EBI), xoTopblii mnpenocTaBiseT O€CIUIATHBIA JOCTYN K TOMYJISPHBIM TMPHIOKEHUSAM IS
OnonH(pOPMAIIIOHHOTO aHAJIH3a HYKJICOTUIHBIX M OEIKOBBIX MOCIEI0BATEIbHOCTEH, IOMCKA JaHHBIX
C MOIIHBIMU BO3MOKHOCTSIMHU TTEPEKPECTHBIX CCHUIOK.

5. https://www.ebi.ac.uk/ena - Espomneiickuii apxuB HykiaeotuaoB (ENA), apxuBHas
renernyueckas 0a3za naHHbIX EBpomeiickoro mucturyra Ouomndopmatuku (EMBL-EBI), xoropas
COZIEPKUT MCUYEPIBIBAIONIYI0 MH(OPMALMIO O MOCIEA0BATEIbHOCTH HYKJICOTHOB B MHUpE, BKIIOYAs
TaHHbIE O HEoOpaOOTaHHBIX MOCIENOBATEIBHOCTIX, MHPOpMaLKI0 O cOOpKax M (DYHKIIMOHAIBHBIC
aHHOTAIHH.

6. http://ensemblgenomes.org — Ensembl, coBmecTHbIli HayuHbIii NpoekT EBpomeiickoro
uHctutyra OmomHdopmatukn u Wucturyra CeHrepa, KOTOPBI HMPEZOCTABISET WHTETPUPOBAHHBIHN
JOCTYII K 0a3aM JITaHHBIX, KACAFOIMXCS CTPOCHUS FTCHOMOB Pa3JIMYHBIX OPraHH3MOB.

7. http://www.ddbj.nig.ac.jp/ — fnonckas 6a3a ganueix JJHK DDBIJ, xotopas coaeput
UHQOPMAIMIO O HYKJICOTHIHBIX IOCJICIOBATECIBHOCTAX, OTHOCSINUXCS K Pa3jIM4YHbIM TIeHaM |
OpraHu3MaMm.

8. https://www.ncbi.nlm.nih.gov/pubmed/ — anrnos3erunas texcroBas 6a3a naHubix PubMed,
coepiKamasi MUTAaThl, aHHOTALMK M CCBUIKM HA TIOJHBIE TEKCTHI MyOJMKANMid OMOMETUIIMHCKON |
001Ie0MOIOrMYeCKON HAIpaBIeHHOCTH HalmoHambHOTO IIeHTpa OMOTEXHOJOTHYECKOW MH(POPMALUU
CLIA (NCBD).

9. https://www.sciencedirect.com — 06a3a JaHHBIX aHIVIOSN3BIYHON HAYYHOH TEPHOAUKU
ScienceDirect m3natennbctBa Elsevier, mpenocrapisier OecmUIaTHBIM IOCTYNI K aHHOTAIUSM BCEX
nyOJMKaIUi, cofepkaiuxcs B 0ase, u k 6osee 1,2 MITH. TIOJIHBIX TEKCTOB CTaTeH.

10. http://elibrary.ru/defaultx.asp - wHayuHas 5JeKTpoHHas OUOIMOTEKa, KPYMHEUIINH
poccuiickuii HHGOPMALIMOHHBIN TOpTaJl B 00JACTH HAYKH, TEXHOJIOTMH, MEIUIIMHBI U 00pa30BaHus,
cozep Kamuii peepaTsl M MOJTHBIE TEKCTHl HAYYHBIX CTATeH U ITyOJIMKAIHA.

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

COTPYJHHYECTBA YYEHBIX BCEX HAYYHBIX JWCIMIUIMH, BKJIIOYAET TaKHE CETEBBbIC MPUIOKEHHS, KaK
CEMaHTUYECKHUIl TIOUCK, COBMECTHOE HCIIOJIb30BaHUE (PAiIOB, OOMEH MyOJIUKAIUIMHU, TEMATHYCCKUE
(bOpyMBI, METOIOJIOTHYECKHE TUCKYCCHU M TaK JlaJiee.

13. http://molbiol.ru - HeiiTpanbHas pyCCKOS3bIUHAS ~ 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 1eHTpa «Akaaemusin. Agpec pgocryma: http://www.academia-
moscow.ru

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

19. http://www.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 Hay4YHbIX 3JIEKTPOHHBIX OUOIHOTEK.

22. GoogleScholar —TTouckoBas cucrema 1o Hay4HOM JUTEpaType.

23. ScienceResearchPortal -  Hayunas  mouckoBas  cuUcTeMa,  OCYIIECTBISIOIIAS
MOJTHOTEKCTOBBIN MOMCK B JKypHaJaX MHOTHX KPYITHBIX Hay4HBIX U3JaTeNbCTB, Takux Kak Elsevier,
Highwire, IEEE, Nature, Taylor&Francis " Tp.



HimercTaTbuuI0KyMEHTBIBOTKPBIThIXHAYUYHBbIX0a3ax qanubIx:  Directory of Open Access Journals,
Library of Congress Online Catalog, Science.gov u Scientific News.

VI.MATEPUAJ/IBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJINHBI

6.1YueOHO0-12a00paTopHOE 000pYyI0BaAHUE

* Ayautopus i1 TPOBEICHUS 3aHATUN JIEKIMOHHOrO TUHa. Aynutopus oOopyaoBaHa:
CHenranTu3upoBaHHoN (yueOHOI) Mebenpio Ha 12 MocajiouHBIX MecT; 00OpyIOoBaHa TEXHUYECKUMU
cpencrtBamu o0yuenus: IIpoektop Epson EB-X03, Dkpan ScreenMedia, Jlocka ayauTopHas menoBas,
maruuTHas, Jlaboparopusi opran xumun - lllkad BeITSDKHON AD-221"- 2 mmr., Xumudeckuil mkad
(cremnax) -1 mr., JIaGopaTOpHBIN CTOJ C BBIKATHBIMU TyMOaMu — 5 IIT., XOJOAWIBHUK «MHUHCK) -
2mT., AnmapaT A7 BEPTHKAIBHOTO 3JekTpodope3a — 1 mT., Bakyymusiii ucnapurens PBO-64 — 1
mT., Bonmemerp BY-15 — 1 mwr., esunrerpatop Y/1-20 — 1 mt., U3MepuTenb HOHHBIX COMPOTUBICHUI
(mmmenanca) - 1 mr., Mcrounmk mwranus i dnnekrpodopesa "Dnbpd" — 1 mr., Ocummiorpad
yHUBEpCalIbHbIN nBYyXsrydeBoit C-55 — 1 mit., Tepmocrar TC-80 — 1 mt., llentpudyra MIIB-310 — 1
mrt., Bechl aHamuTudeckue HR-200 — 1 mr., Becwl madoparopasie OHAUS — 2 mr., pedpakromerp
NP® 454b2M — 1 ., pedppakromerp YPII — 1 mr., dorosnekrpokanopumerp KF 77 — lmr.,
nentpudyra madoparopras OIIK-8 — 1 mir., nentpudyra nmadop-s, meaunun-s1, HactonpHas [[JIH 16 ¢
MUKpOTpoIiec-HOi cuctemoii ympasn — 1 mr., cnektpodoromerp CD-2000, dbepmentep Minifors
Speco 6akTepuanpHblii — lmT., TepMmoctat WB4MS BonHEI /¢ mepeMermmBanueM/ - 1 mT., TepMocTaT
TC-1/80 CITY — 1 mwit., cnykamuMu JUist IpeaCcTaBieHus y4eOHoil nHdopMauu GoNIbIION ayIuTOpUn
no gucnuiummHe «HaHoOMOTEXHOMOTHIY y4eOHO-HATSAHBIMA OCOOUSMH, 00eCIeunBaOIIMMU
TeMaTU4eCKHe WLITIOCTPAMK Mo aucuuiuinae «HanoObuoTexHonorun»: MNpe3eHTaluu B KOJIUYECTBE 5
IIT.

e Ayaurtopusi AJi1 NPOBEACHUS 3aHATUN MPAKTHYECKOrO TUMA. AyAUTOpUs OO0OpyIOBaHA:
CrenuaIn3upoBaHHoON (yueOHOI) MeOenbio Ha 12 MmocagoyHbIX MECT; 000pyI0BaHAa TEXHUYECKHUMH
cpenctBamu obyuenus: [Ipoexkrop Epson EB-X03, Dkpan ScreenMedia, Jlocka ayauropHasi MenoBas,
marauTHast, Jlaboparopusi opran xumun - lllkad BeITSDKHONH AD-221"- 2 mmit., Xumudeckuil mkad
(cremnax) -1 wt., JlaGopaTopHBI CTON ¢ BBHIKATHBIMUA TyMOaMu — 5 mIT., XOXOAMIbHUK «MHUHCK» -
2mT., AnmapaT A BEpPTHKAIBHOTO 3JekTpodope3a — 1 mr., Bakyymusrii ucnapurens PBO-64 — 1
mt., Bonmemerp BY-15 — 1 mir., lesunterparop Y/1-20 — 1 mwt., U3MepuTens HOHHBIX CONMPOTUBICHUIN
(umnemanca) - 1 mr.,, Wcrtounuk mutanus i snekrpodopesa "Dnbd" — 1 mr., Ocuumiorpad
yHUBepcaibHbIN aByxsydeBoil C-55 — 1 mt., Tepmocrar TC-80 — 1 mt., Lentpudyra K-24 — 1 mr.,
Hentpudyra MIIB-310 — 1 mr. coy)amumu Ui TpeACTaBICHUsT y9eOHOH nH(pOopMamuu OO0JIbIIOH
ayTuTOpHUH 1Mo aucuuiinHe «HaHoOnoTexHomorum.

*  KowmmnbroTepHbiii kiacc (ydeOHas ayAauTopusi) A TPYNIOBBIX W HMHJIMBUIYaTbHBIX
KOHCYJbTAIlNi, TEKYIIero KOHTPOJIS U MPOMEXKYTOUHOM aTTecTalliy, OpraHu3alliil CaMOCTOATEIbHON
paboTel. Ayautopusi 00Opy/J0BaHa: CHelUaTu3upoBaHHON (yueOHoi) mebenbio Ha 20 MocagouHbIX
MECT, JIOCKOH MeJIOBOH; 000py/nOoBaHa TEXHUYECKUMH cpeacTBaMu oO0ydeHus: CHCTeMHBIH OJ0K
PentiumG850, Monutop BenQ G252HDA-1 wr.; Cucremusiii 6mokAthlon 2 X2 250, Monutop
BenQ G252HDA — 8 mit.; Cuctemusiit 6ok PentiumD 3.0GHz, Monutop Samsung 740N — 3 mr.;
Momno6mok IRU T2105P — 2 mr.; Cuctemusiit 6ok Pentium G3250, Monutop BenQG955 — 1 mir.;
Cucremusnii 610k Pentium G3250, Monutop BenQ GL2250 — 1 mr.; CucremHusiii 6mok Pentium
G3250, Morutop Samsung T200 HD — 1 mrt.; Cucremusiit 6110k Pentium G3250, MonuTop Samsung
T190N — 1 mr.; Cucremusiii 6ok Pentium G3250, Monutop Samsung 740N — 1 mt.; [Ipoektop
BenQ MX503; skpan ScreenVtdiaEcot. C HeorpaHuueHHbIM JOCTYynoM K ceTd HHTepHer u
o0ecreYeHrneM JI0CTYyIa B AJIEKTPOHHYIO MHPOPMALIMOHHO-00pa30BaTeIbHYIO Cpelly OpraHu3alluu.

o Ilomemenuss i XpaHeHHS ©  NPOMWIAKTHYECKOTO  OOCIY)KHBaHUS  yd4eOHOTO
o0opynoBaHus. AyauTOpUsl 00OPYAOBaHa: CIIEIUATN3UPOBAaHHONW MeOenbio Ha § MOCaJOYHbIX MECT;
BerrsokHol mkag — 1., Jlamunaapssiit mkad — 2 mr., Tepmocrar TC-80 — 2 mir., JlabopaTtopHbIid
CTON MeTajulndeckuii — 3 1mT., JlabopaTopHBI CTON € PE3UHOBOW MOBEPXHOCTHIO — 2 MIT.,



XonoauibHUK «ATiaHT» — lmT. Mukpockon MOHOKYJIsSIpHBIM — 8 mt, Mukpockon "buonam"-1 mr.,
Crepunuzarop mapooit BK-75 TIT "T3MOU" — 1mr., [Tunerka aBromarnueckas Jleanumner 0,5-10
Mm"-1 mr., [Tunerka-no3arop"-1 mrt., Mukpockon Levenhuk D870T tpunokymsap"-1 mr., IIpoektop
Osepxen"-1 mr., IIpoekTop View Sonic"-1 mr., [Ipoektop View Sonic"-1 mrt., HoyrOyk Lenovo"-2
wt., [Ipunarep Brother -1 mwr., [Ipuatep Canon -1 mrt.

6.2.IIporpamMmHoe obecneyeHue

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). [lorosop Ne03-016-14 ot
30.10.2014r.

Kaspersky Endpoint Security mis 6usneca - Crangaptabiid Russian Edition. 250-499. ®opyc
Kontpakr Ne04-114-16 ot 14n056ps 2016r KES. Cuer NePCI[3-000147 u AKT ot 23H0s0ps 20161
JInm.Ne1B08161103014721370444.

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

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

Office 365 mpodeccronanbHblii TWIOC I ydanmxcs. Homep 3akasza: 36dde53d-7cdb-4cad-
a87f-29b2a19c463e.

6.3. TexHnuyeckue H 3JIeKTPOHHBbIE CPeACTBA
[Ipe3eHTanuu no BceM TemMaM Kypca.

VII.OBPA3OBATEJIbBHBIE TEXHOJIOTI'MHU
Jns  ocBoenuss  aucuuiinHbl  «HaHOOMOTEXHONOTMM»  NPUMEHSIOTCA  CIENYIOIIME
o0pa3oBaTeNnbHbIE TEXHOIOTHH:

1. HUugpopmayuonnas nexyus. JIeKIMst — 3TO CXKATOE M3ITOKEHUE OCHOBHBIX HAYYHBIX
(dakToB, uTO sABNSETCS 0a30i IS aHaiIM3a PACCYXACHUM, OILICHOK.
2. Jlexyus-eusyanruzayus. B Xone TeKIUH CTYJISHT MPeoOPa30BHIBACT YCTHYIO M MICEMEHHYIO
nH(pOpMaIIHIO B BU3YyalbHYI0 (hOpMY, BBIIENSS IPH ITOM HanboJiee 3HAYUMBIE U CYIIIECTBEHHbBIE
aneMeHThl. Ha nexkuum Mcronb3yroTcs CXeMbl, PUCYHKH, UEPTEKH, CIAlJbI-Npe3eHTaluu, K
MOJITOTOBKE KOTOPBIX NpUBJIEKatoTcsa oOydarouecs. [IpoBenenue nekunu mpoBOIUTCS B BUE
CBSI3HOT'O Pa3BEPHYTOI0 KOMMEHTHUPOBAHHUS MOATOTOBJIEHHBIX HATJISTHBIX OCOOUH.
3. Ilpobnemnas nexyusi. B xome mpoOJIEMHOM JIEKIIUN 3HAHUS BBOJIATCS KaK «HCH3BECTHOEY,
KOTOpOE€ HE0OXOAUMO «OTKPBITH». [IpoOraeMHast JTeKIus HaunHAETCs C BONIPOCOB, C IOCTAHOBKU
mpo0JieMbl, KOTOPYIO B XOJA€ H3JIOKEHUs MaTepuana HeoOxoaumo pemuTs. llpu 3ToMm
BbIIBUTaeMasi mpo0jemMa He MMEeeT OJHOTHITHOTO pEeHIeHHs, TOTOBOM cxembl HeT. [laHHBINA THIl
JIEKLIUU CTPOUTCS TaKUM 00pa3oM, UTO AESTEIbHOCTh CTYAECHTA 110 €€ YCBOCHHIO MPUOIMKaeTCs
K IIOMCKOBOM, HCCIIEJJOBATEIbCKON. B Xoze JeKuMM NPOMCXOIUT IJUAJIOT IPENoJaBaTels U
CTYJICHTOB.
4.  Jlexyus-beceoa. llpeamonaraer HEMOCPEACTBEHHBIM KOHTAKT TpEernojaBareis ¢
aynutopueil. [IpeumyinecTBo JIeKIuu-0ece bl COCTOUT B TOM, YTO OHA IMO3BOJISIET IIPHUBJIEKATH
BHUMaHUE CTYJCHTOB K Han0oJiee BaXKHBIM BOIIPOCAM TEMBI, OMPEACINATh COJACPKAHUE U TEMII
U3JI0KEHUsT y4eOHOro MaTepuana ¢ y4eToM OCOOEHHOCTEH CTYEHTOB.
5. Jlexyus c¢ pazbopom romkpemuou cumyayuu. B Xoae JNEKIMH KOHKpETHAash CUTYaIus
M3JIaraeTcs yCTHO WJIM B BUJE KPAaTKOTo AuaduiibMa, BUJEO3anucH U T. 1. CTyeHTbl COBMECTHO
aAHATM3UPYIOT U 00CYKIAI0T MIPEICTABICHHBIN MaTepHall.
6.  Ilpakxmuueckue 3amsimus — 3TO 3aHIATHE, IPOBOJAUMOE TI0]] PYKOBOJICTBOM TpENoIaBaTes
B y4eOHOW ayAMTOpHUH, HAMpaBICHHOE HAa YIIyOJeHWE HAYYHO-TCOPETHYECKMX 3HAHUUW U



OBJIAJICHHE  OINpPEACTICHHBIMA METOJIaMH CaMOCTOSTENLHON paboThl, KOTOpoe (OpMHUPYET
npaktudeckue ymeHwus. OHOM U3 GOpM MPaKTUUECKUX 3aHSATHI B By3€ SBJSICTCS CEMUHAD.

7.  Camocmosmenvhas paboma cmyoenmos (cM. 1.4.4).

8. Jucmanyuonnvie  obpazosamenvhvie  mexnonoeuu.  Ilog  ITUCTaHIIMOHHBIMA
00pa30oBaTeNbHBIMH TEXHOJOTHUSMHU MMOHUMAIOTCSI 00pa30BaTeIbHbIC TEXHOJIOTHH, PeaTn3yeMbIe
B OCHOBHOM C NPHUMEHEHHEM MH(OPMAIMOHHO-TEIEKOMMYHHUKAIIMOHHBIX ceTed. [Ipu ocBoeHnn
TUCIUIUTMHBL  «HaHOOMOTEXHOIOTUN» WCTONB3yeTCS KOMIBIOTEPHBIC CETEBBIE TEXHOJIOTHU
(MHTEpPHET-TEXHOJIOTUH) — CIMOCO0 AMCTAHIMOHHON Tepenadyd WH(POPMAIMKA, OCHOBAHHBIN Ha
WCIOJIb30BAHUHU TJIO0ATBHBIX M JIOKAIBHBIX KOMITBIOTEPHBIX CETEH Ui 00ECIICUCHHs JTOCTYIa
oOyJaromuxcss K HWHPOPMAIMOHHBIM O0pa30oBaTelNbHBIM pecypcaM U Ui  (OPMHPOBAHUS
COBOKYITHOCTH METOJMYECKHX, OPTraHU3alMOHHBIX, TEXHUYECKUX M MPOTPAMMHBIX CpEICTB
peanu3ali W YOpaBiICHHS YYEOHBIM MPOIIECCOM HE3aBUCUMO OT MECTa HAaXOXJCHHUS €ro
CcyObekToB. J[ns opraHM3anMu JUCTAHIIMOHHOTO OOy4YeHUST HA OCHOBE JTHX TEXHOJOTHI
UCTIOJIB3YEeTCsl CIIEUAM3UPOBAHHOE IPOTPAMMHOE CPEICTBO - 0Opa3zoBaTenbHbIA TopTan UT'Y
(educa.isu.ru).

VIILOUEHOYHbIE MATEPHAJIbI VIS TEKYIIEI'O KOHTPOJISI M
IMPOMEXYTOYHOU ATTECTALIUA

Ouenounvie mamepuanvt 011 6X00H020 KOHMPOA
BxonHOro KoHTpOIA U1 JaHHOW AUCUUIUIMHBI HE MPEAYCMOTPEHO.

B paMKax OUCHUIIIIMHBI «Hano0HnOTEeXHOIOT UM HCIIOJIB3YIOTCA CJIICAYROIIUC q)OprI TCKYLICTO
KOHTPOJIA:

*  KOHTPOJIb pabOTHl HA CEMHHAPCKHX 3aHATHSX (YCTHBIN OIPOC)
*  KOHTpPOJIb CAMOCTOSATEIbHON PabOThI (YCTHBIN TOKJIA]] C Mpe3eHTAIUe ).

Ha3nauenue OIEHOYHBIX CPEJCTB: BBIABUTH chopmupoBanHOCTh koMmeTeHuui OIIK-3 (cum. m.
I11). CryneHTbl, He BBIOJHUBINKE TPEOOBAHUSI TEKYLIETO KOHTPOJS WM MONYYHUBIIAE UTOTOBYIO
OLICHKY TEKYyIeW YCIEBAEMOCTH «HE YJOBJIETBOPHUTEIBHO», CUYUTACTCS HMEIOIIMM TEKYIIYIO
3aJ10JbKeHHOCTh. O0yJaromuecs, UMEIoIINe 3aJ0KEHHOCTH, JOIDKHBI TUKBUAMPOBATh UX HE TO3HEE,
4eM 3a HEJEINIO 10 Hadayla IPOMEXYTOYHOHN aTTeCTaluu.

BOHpOCBI AJI1 IOATOTOBKHM K CCMHHApam

HcTopusi BO3HUKHOBEHUS HAHOTEXHOJIOTHM B 1aTaX U OTKPBITHSIX.

[IpuBeauTte npuMepsl HAHOOOHEKTOB U HAHOCUCTEM, UX TEXHUYECKUE MPUITOKECHHUS.

Ha3zoBute 00BbEKTHI U METOIbl HAHOOUOTEXHOJIOTHH.

[lepeuncnure nepcrneKTUBb Pa3BUTUS HAHOOMOTEXHOIOTHH.

Haiite omnpenenenue Tepmuny «Hanomatepuansl». IlpuBeaure kiaccudukaimio

HaHOMATEPHAJIOB.

Kakue cTpyKTypbl Ha3bIBalOT HAHOIIOPUCTBIMU CTPYKTypaMu? JlaliTe X XapaKTEpUCTHKY.

Kaxkune cTpyKTyphl Ha3pIBatOT HAaHOYACTHLAMU. J[aliTe NX XapaKTEPUCTHKY.

8. Kakme CTpyKTyphl Ha3bIBAlOT HAHOTpYOKaMH ¥  HaHOBOJOKHamMu. JlaiitTe ux
XapaKTEPUCTHUKY.

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

10. J[laiite XapakTepUCTHKy HEOPTraHMYECKUM ¥  OPraHMYeCKUM  (YHKIMOHATIHHBIM
HaHOMAaTepHaJlaM.

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

12. laiiTe XapaKTepUCTUKY HaHOCTPYKTypupoBaHHbIM 1D, 2D u 3D marepuanam.

orwdPE
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,

25.

26.
27.
28.
29.
30.
31.
32.
33.

34.
35.

36.

37.

38.

39.

40.

41.
42.

I'ie ucnonp3yroTes MOJIEKYIsIpHbIE cUTa?

Kakue cTpykTypbl Ha3pIBalOT HaHOKOMITO3UTaMu? Kakue cBoCTBa OHU MPOSIBISIOT?
Kakne meronbl monyyeHHss HAHOOOBEKTOB CYIIECTBYIOT B HacTosllee Bpems? Onumure
IIPOLIECCHI MTOJYYEHHUsI HAHOOOBEKTOB CBEPXY BHU3 (MEXaHOAKTUBALIUSA U MEXAHOCUHTE3).
Onwuimre nporecchl MoJy4eHnss HAHOOOBEKTOB CHU3Y BBEPX.

Onuumre Ki1accu(pUKaLU0 MOJIEKYISIPHBIX HAHOCTPYKTYpP U JalTe UX XapaKTePUCTUKY.
OnuiuTe 0COOEHHOCTH OPTraHUYECKUX MOJIEKYJ KaK HAHOCTPYKTYP.

Onuumre 6MOMOJIEKYISIPHbIE KOMITJIEKCHI.

Kak ocymecTBisiercst cOopka u caMocOopka ruOpUAHBIX OMOHAHOCTPYKTYP?

Onuumre CTPYyKTYpy MHULET U TunocoM. Kakyro QyHKIMIO OHU BBIIOIHSIOT?

Onummre cnocoObl YIpaBICHUEM JBWXKCHHEM U pa3[efieHHeM 4YacTUI] B JKUAKOCTH.
KakoBbl 0COOEHHOCTH BO3/IEHCTBHSI BHEIIHUX MOJEeH Ha OMOJIOTMYECKHE YacTUIIbI?
Haiite  ompenenenue  audnekTpodopesa. HazoBure  OCHOBHBIE  IPUHLIMIIBI
IU3JIeKTpodopesa.

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

Onumure cnocoObl YHIpaBi€HUEM JBUKEHMEM YacTHIl C ITOMOILBIO MAarHUTHBIX MOJIEH.
HazoBure ocHOBHBIe NpuHLUIBI Marautodopesa. HazoBure oOnactu HIpUMEHEHMS
Marautoopesa.

JlaiiTe omnpezneneHue ceHcopaM M OuoceHcopaM. Ha3oBUTEe OCHOBHbIE —aHAJIUTUYECKHE
XapaKTEPUCTUKU CEHCOPOB.

Kak paborator katanutrueckue u appuHHbIE OMOCEHCOPHI?

Kak ocymecTBisieTcss HMMOOUIH3AIMS OHOJIOTUYECKOTO MaTeprana?

Onuummre yCTpOMCTBO M INPUHLUUI JEHCTBUS  «MUKPOCHUCTEM IIOJIHOTO aHalIM3a» Hu
«J1a00paToOpUM Ha YUIIEN.

KakoBo  ycTpoHCTBO M HpUHUMO  JCHCTBHUA  QHAJIUTHYECKUX  MHUKPOUYHUIIOB
(rHOpUIM3aLMOHHBIX WIIM MATPUYHBIX, MUKPO- U HAHO(IIIOMTHBIX, THOPHTHBIX)?

KakoBo ycTpoHCTBO U NPUHLMIT AEHCTBHSI MUKPO- M HAHO(DIIIOUAHBIX YUIIOB?

KakoBbl MeTO/bI IETEKTUPOBAHUS B MUKPOUYHIIAX ?

Kak ocymectBiserca snexrpodoperuyeckoe pasaenenue [IHK Ha MukpodaronaHom
qure?

Kak ocymectsnsercs TP na mukpouune? Yro takoe [TupocekBennpoBanue?

KakoBbl (oTtoceHcnOumm3npoBaHabie dPQPEKTsl Ha KIETOUHBIX cucTemax? Uro Takoe
¢doronuHamMHUecKas Teparnus?

Uro Takoe MonekyispHas maMaTh? Kakue MonekynspHble U KJIETOYHbIE KOMIBIOTEPHI BaM
U3BECTHBI?

Ha3zoBure mpuMeHeHHe HAHOTEXHOJOTHH IS Pa3BUTHS NMPHHIUIHAIBFHO HOBBIX METOIOB
JMAarHOCTHKH O0JIe3HEeH yenoBeka.

Kakune HaHOMarepuanbl A agpecHON JOCTaBKM JIEKAPCTBEHHBIX IMpPEnapaToB U
TEpareBTUYECKUX I'€HOB HCIIOJIb3YIOTCS B HACTOsIIEe BpeMs?

buo- HaHOPOOOTEHI. HazoBure OCHOBHEIE MPUHIIMIIBI Cco3JIaHus
OMOHAHOPOOOTOTU3UPOBAHHBIX CHUCTEM. Kaxk OCYLIECTBIISIETCA YIpPaBJICHHE
HaHOpOOOTaAMU?

JlaliTe XapakTEpUCTUKY MOJIEKYJIApHBIM MaliuHaMm. HaHopa3MepHbIE HCIOJHUTEIbHBIE
MexaHu3Mel. AT®D-cuHTa3a.

Kakue onacHOCTH MCTIOJIB30BaHUSI HAHOMATEPUATIOB CYIIECTBYIOT?

Kak ocymiecTBiisieTcsi KOHTPOJIb 3a UCIIOJIb30BaHUEM HAaHOMATEPHUATIOB?



Ilepeuenvb mem 0ok1a006 ¢ npezenmayuet

Pazpea 1.

1. Hanomarepuans! u ux xnaccudukanus. Kpatkas xapakrepucTuka.

2.
I'ubpunasie HaHOMaTepuanbl. MonekynsapHble cuta. Metonbl nomydeHus. Mcmonp3oBaHue.

3. HaHOKOMITO3UTHI, CTPYKTYpa U COCTaB, HCIOJb30BaHHUE.

4 OynnepeHsl W yriaepoaHble HAHOTPYOKH, CTPYKTypa M COCTaB, METOIbI TOIYyYeHHS,
HCIOJIb30BaHUE.

5. HaHonenku, nojgy4yeHue, CBOMCTBA, HCIOJIb30BaHUE

6. [IprMeHeHne KBaHTOBBIX TOYEK IPY 00HAPYKEHUH ONOJIOTHIECKIX 00BEKTOB.

7. MHUKpPOCKOIHSI KAK METOJ UCCIIEIOBAHUS M MarHOCTUKH HAHOOOBEKTOB M HAHOCHCTEM.
Pazpea 2.

1. Hanoctpyktypsl, o0pa3yemble qunuaamMu (MOHOCIOU, MHULIEIUIBI, JTUIIOCOMBI), IIOJYyYIEHUE,
HCIOJIb30BaHHE.

2. [IpuMeHeHne BUPYCHBIX CTPYKTYP KaK HHCTPYMEHTOB HAHOTEXHOJIOTHH.

3. [TpuHnmnel paboThl OMOTOTHYECKHX MOJICKYJISIPHBIX MAIIKH.

4. TexHONOrHM MacCHUpPOBAHHOTO MapaiiensHoro cekseHnposanus JIHK kak ctpaterndeckas
OCHOBA Pa3BUTHsI COBPEMEHHON MEIUIHHBIL.
Pazpea 3.

1. Juanexrpodopes, horodopes, MarHuTohopes, NPUHITUIIBI TSHCTBUS, HCIIOJIb30BaHHE.,

2. Onrodopes, NTHIECKUN NMHIET, IPUHLUI JeHCTBHsI, NCTIOJIb30BaHUE.

3. «MHKpOCHCTEMBI TOJHOTO aHAIN3a» MU «J1adopaTtopusi Ha YHWIE», IPUHLMIIEI JeHCTBUS,
HCIIOJIb30BaHUE.

4, AHanmuTHYeCKHEe MHKpPOUMINBl (THOpUAM3AIMOHHBIE WM MaTpu4yHble, MHKPO- U
HaHO(IIOUJHbIE, THOPUIHBIC MUKPOYHIIb]), IPUHLMIBI 1EHCTBUS, HCIONb30BAaHHE

5. brouuns! (ruOpuan3alMOHHBIE MUKPO- W HAaHOYHMIIBI, MUKPO- W HAHO(IIOWAHBIEC YHIIbI),
MPUHIMIIBI JISHCTBUS, UCTIOJIb30BAHHE.

6. MeTo/1bl JCTEKTUPOBAHUS B HAHOOMOAHAIMTHICCKUX CUCTEMaX.
Paznea 4.
IlepcnekTHBbI HAHOTEXHOJIOTUH B MOJICKYJISIPHON 3JIEKTPOHUKE U OMORJICKTPOHHKE.
ModekynspHble, TeHETHYECKHUE U KJIETOUHbIE KOMITBIOTEPHI.
Paznen 5.

1. Obnactu pUMEHEHHUs HAHOTEXHOJIOTMH AJISl Pa3BUTHS NMPHHLUIIHAAIGHO HOBBIX METOJOB
JMAarHOCTHKH U JieueHHs OoJie3Hel yeoBeKa.

2. Hcnonp3oBanne HaHOMATEpHANIOB I aPECHOM JTOCTaBKH JIEKAPCTBEHHBIX MpPENapaToB U
TeparneBTHYECKUX T'eHOB.

3. Hcnonb3oBanne HaHOMATEPUAIOB JUIS BHU3yalH3alMU NaTOMOP(OJIOTHUECKUX CTPYKTYD,
Ppeo10JIeHNsl 6apbepOB HECOBMECTHUMOCTH.

4, Hcnonb3oBaHne HaHOMAaTEpUANIOB ISl CO3AaHUS MEAUIMHCKHX O0MOpo0oToB. OCHOBHEIE
MPUHIMIEL CO3/IaHHusl OMOHAHOPOOOTOTH3MPOBAHHBIX CHCTEM, YIIPaBICHHE HAHOPOOOTAMH.

5. Momnekynsapubsle MamuHbl (AT®-cuHTa3a, KUHE3WH, MUO3HH, JKI'YTHKOBBIH MOJIEKYJISPHBIH
nsuratesns). Heopranudeckue (XMMHUECKHE) MOJIEKYJISIPHBIE ABUTATEINH.
Pasnea 6.

1. HanotexHonoruu u npo0aeMsl OKpY’Karolei cpesibl.

2. PasBuTHe cuctembl HaHOOMOOE30macHOCTH B Poccnu u Mupe

3. I'uruennyeckasl 1 MeIMKO-OMOJIOTHYECcKas OLIeHKa 0€301aCHOCTH HAHOMAaTEePHAaJIOB

Ol(eHOIIHble mamepuaiivl o1 npomeofcymoqnoﬁ ammecmavuu

®dopma IpoMeKyTOUHOM aTTecTanuu - sk3aMmeH. Cucrema onieHok: nsaTubdamibHas. OC 3Toro tumna
JOJDKHBI BBISBJIATH CTENEHb OCBOEHHMS TEOPETHYECKUMX 3HaHMH Kak 0a3zy s (OpMHpOBAHUS
KOMIICTEHII, YMEHHS UX TPUMEHITh B CUTYyalUsIX, MOJACIHPYIOMUX TMPO(ecCHOHATBHYIO
JesTeNbHOCTD, a Takke chopmupoBanHocTh komnerenunu OIIK-3, 3asBnennoii B m.111.

K sk3ameHy JOMyCKaloTCsl CTYICHTHI, BHITIOJHHUBIINE B MOJHOM O0BEME ayJUTOPHYIO HarpysKy,



CaMOCTOSITENIbHYIO pabOTy, YCIIEIIHO CIaBIIUE BCE MPEAYCMOTPEHHBIE (OPMBI TEKYIIET0 KOHTPOJIS.

CryneHrsl,

HMCIOIIUME 3aJ0DKCHHOCTh II0 TEKYIIEMY KOHTPOJIIO, OOJKHBI BBIIIOJHUTH BCC

00s13aTeNbHbIC BUJbI ACATCIBHOCTHU IIO yqe6H0My [JIaHy, U TOJIBKO 3aTEM OOIIYCKAIOTCA K CAa4de
JK3aMeHa. DK3aMeH IIpOBOAUTCA B (bopMe TCCTUPOBAHUA (HpI/IBO,I[ﬂTCSI BOIIPOCHI AJIsI IMOAT'OTOBKU K

TECTUPOBAHUIO).
IIpumepnulii cnucok 60onpocog 0 n0020MOEKU K MeCmupo8anuio

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

2.  llpuHUIMIIBI ¥ IEPCIIEKTHBHI Pa3BUTHS HAHOOMOTEXHOJIOTHH.

3. Hanomarepuansl 4 ux kinaccupukarus.

4.  PaBHOBeCHBIC I HEPABHOBECHBIC HAHOCTPYKTYPHI.

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

6. HanoTpyOKu M HaHOBOJIOKHA.

7.  Heopranuueckue u opraHuueckue (pyHKIUOHAIbHbIE HAHOMATEPHAIIBL.

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. Camocbopka wu camoopranuzamus. MurnemiooOpazoBanue. CamocoOuparomuecs
MOHOCJIOH.

13. OnTuueckas MUKPOCKOIHUS U MOJSPUMETPUs OJIMIKHETO MOJIS.

14. Metoap! KOH(POKATHHON MUKPOCKOITHH.

15. Metozsl J1a3epHOI CKaHUPYIOIIEH MUKPOCKOIINH.

16. Metoasl MHOTOOTOHHONH MHKPOCKOITHH.

17. Mertoasl 30H10BOM MUKPOCKOITHH.

18. ATOMHO- CHIIOBast MUKPOCKOTIHSL.

19. CpaBHeHHME aHAJIUTUYECKHX XapaKTEPUCTHK U 3((HEKTUBHOCTU pPa3lIUYHBIX METOJIOB,
MPUMEHSEMBIX IS IETEKIIUN HaHOYACTHIl B ON00OBEKTaX.

20. OcobenHoct oTOOpa OMOJOTMYECKOro MaTepuana Juis JETeKIMH HAaHOYacTHUIl B
OMOJIOTUIECKHX KUIKOCTAX, KIIETKAX, CPe3ax TKAHEeH KUBOTHBIX M PACTCHUN Pa3IMIHBIMU
(U3NKO-XUMHUYECKUMH METOJAMHU.

21. bBuomomneKynbsl Kak HAHOCTPYKTYPBI: HYKJICHHOBBIE KUCIIOTHI, OCITKH.

22. buoMonexynspHble KOMIUIEKCHI: TyOyIsipHble OMOHAHOCTPYKTYPHI.

23. Cnoucteie OMOHAHOCTPYKTYPHI.

24. T'ubpuaHbele OMOHAHOCTPYKTYpPHBI, UX COOpKa U caMocOopKa.

25. TpaHCIOpT HEINEKTPOIUTOB Yepe3 MPUPOIHbIE MeMOpPaHHBIE HAHOTIOPHI

26. VYrmpapieHHe JBH)KEHUEM U pa3/ielIeHue YacTUll B KUAKOCTH. OcoOeHHOCTH BO3JeHCTBUS
BHEIIHUX TOJIed Ha OMOJOTHYECKHUE YaCTHIIBI (MAKPOMOJIEKYJIIbI, KIETKH).

27. Judnexrpodope3 .OcHOBHbIE MPUHLUIIBI AUIIEKTpOdope3a.

28. ®orodopes. [Tpunnme nazepHoro Gorodopesa.

29. Omnrodope3. ONTHUECKUI MUHIIET.

30. Maraurodope3. MarHuTHbIE YacTUIBL. [IpuMeHeHus: MarHuTodopesa.

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

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

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

34. Tlonmydyenue rUOpPUIU3AIMOHHBIX MHUKPO- U HAaHOYUNOB. [IpuHIMITBI QYHKIIMOHUPOBAHMUS.

35. Mukpo- wu HaHoQuroMgHBIE YHMBl. (DYHKIMOHAIBHBIE DJIEMEHTHI MHKPO- U
HaHO(MJIIOMIHBIX YHIIOB.

36. AHanW3 HYKJIEWHOBBIX KHCIOT. Onekrpodopermueckoe pasgenenue JIHK Ha



MUKPOGDIIOMIHOM YHIIE.

37. OOnapyxeHue OTACIBHBIX MOJIGKYA W d4acTull. HaHoyacTHIlbl —  HOCHTENIH
UMMOOUITN30BAaHHBIX OOHEKTOB.

38. IlpumeHeHHE KBAaHTOBBIX TOUEK MPU OOHAPYKEHUH OMOJIOTHYECKUX OOBEKTOB.

39. MounekynsipHas namsTb. MoJeKyIsipHbIE U KJIeTOYHbIe KoMbioTephl. JJHK-komMnbroTeps.

40. IlpumeHeHHE HAHOTEXHOJOTHUH M Pa3BUTHUS MPUHIMIIMAIGHO HOBBIX METO/OB
JMAarHOCTHKY U JICYeHHUs1 OOJIe3HEN YeloBeKa.

41. Hcnonb3oBaHHE HAHOMATEPUAJIOB ISl aAPECHON JIOCTABKHU JIEKAPCTBEHHBIX MPENapaToB U
TEPaNeBTHUECKUX TCHOB.

42. IlpumeHeHHe  HAHOTEXHOJOTMH B  MEOUIMHE Ui  MpeojoJicHHs  OapbepoB
HECOBMECTHMOCTH.

43. HanopoOOTHI. bro-HaHOpoOOTHI. OcHOBHBIC TIPUHITUTIBI CO37aHus
OMOHAHOPOOOTOTH3MPOBAHHBIX CHCTEM. YTIpaBJIeHUE HAHOPOOOTaMHU.

44, MomnekynspHbie MauHbl. HaHOpa3mMepHbIe HCITOTHUTEIbHBIC MeXaHu3Mbl. AT®-cuHTa3a.

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

46. Heoprannyeckue (XMMUYECKHE) MOJICKYJISIPHBIC IBUTATEIIH.

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

48. TIpobGiieMbl BHEIpEHHS] HAHOTEXHOJIIOTHH B TPOMBIIIJICHHOE TPOU3BOICTBO.

49. HaHOTEeXHOJOTHH H MPOOJIEMBI OKPYKAIOIIEH CPEIbI.

50. PasButue cucrembl HaHoOHoOe3omacHOCTH B Poccum u wmupe. DPUINKO-XUMHUYECKHE
CBOWCTBA HaHOYACTHUII, C KOTOPHIMHU CBSI3BIBAIOT MOTEHIMAIBHBIE MEIUKO-OMOIOTHYECKHE
PUCKHU.

Paspaborunky /

nouent IOpwuuosa I'.B.
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[Tporpamma cocraBieHa B cootBeTcTBuU ¢ TpeboBanusmu GI'OC BO no nanpasnenuto 06.05.01
«buonnxeHepus 1 OHOMHPOPMATHKAY.

[Iporpamma paccMoTpeHa Ha 3aceaHud  Kadeapbl  (QU3MKO-XMMHYECKOH  OHOIOrUH,
ononmkenepun u ononapopmaTrku 19.03.2025 r. mpotokox Ne 12.
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