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Mporpammy ovcumnanHbl paspaboTan(a)(n) npodeccop, a.H. (npodeccop) Croitkos N.W. Kadbenpa
OopraHu4eckon xmummm Xmmunyeckunii nHCTuTyT M. A.M. Bytneposa , lvan.Stoikov@mail.ru

1. LUenn ocBOEHNS AUCLUMINHBI

Lenbto ocBoeHUs aucumnnuHbl "OCHOBbI HAHOXMMUN U HAHOTEXHONOrMN" BNSEeTCS NOAroToBKAa K
Hay4YHO-UccnenoBaTenbCKom 1 negarornyeckomr esaTenbHOCTU, CBA3aHHOM C peweHneM 3anad,
CTOSIUMX Nepen COBPEMEHHOW LIMBMAN3ALIMEN NPy NPOBEOEHUN NCCNe0BaHWUA B obnactu
HaHOXMMUW 1 HAHOTEXHONOrnK. B pe3ynbtaTte 0CBOEHMS AaHHOW ANCUUMANHBI AONXHbI ObiTh
CPOPMMPOBaHbI NPEACTABNAEHNS O COBPEMEHHbIX KOHLIEMUUAX HAHOXUMUN N HaHOTexHonormn. Kpome
TOro, NP OCBOEHUWN AUCUUMINHBLI CTYOEHTbI MNoMy4aloT 0630pHbIE 3HAHWS O MePCneKTMBax Pas3BUTUA
HaHOXMMUW 1 HAHOTEXHONOrMK B 06nacTn MatepnanoBeneHusl, TOHKOro OPraHMYeckoro CUHTe3a u
HAHOCTPYKTYPUPOBAHHbIX Matepuanos.

2. MecTO AMCUMNNUHBI B CTPYKTYype OCHOBHOM 06pa3oBaTtefibHOM NPOrpammbl BbICLLETO
npocpeccuoHanbLHOro o6pasoBaHus

JNaHHas yyebHas oncumnnnHa BkodeHa B pasgen " C2.0B.2 Matematnyecknii n
€CTEeCTBEHHOHay4HbIA" OCHOBHOM 0bpa3soBartenbHo nporpammebl 020201.65 dyHoameHTanbHas

npuknagHas XMMns U 0THOCUTCS K aucumnanHam no eoeibopy. OceanBaeTcs Ha 3 Kypce, 5 cemecTp.

DaHHas yyebHas aucumnnnHa BkitodeHa B pasgen C2. Linkn matematudecknii n
€CTEeCTBEHHO-Hay4HbI (aucumnnmHa no Boibopy). OcBanBaeTcs Ha TpeTbeM kypce (5 ceMecTp).

OHa 6a3mpyeTcs Ha 3HAHNAX N YMEHWSX, BbIpabOTaHHbIX NPY NPOXOXAEHNM 00WmMX
npogoeccroHanbHbix KypcoB 6a3oBoi yacTu umkna C3 "HeopraHnyeckas xuMns" (MOHHbIe
paBHOBECMKS B pacTBOPE, OKUCINTENbHO-BOCCTAHOBUTENbHbIE peakunn) n "OpraHunyeckas xmummns"
(knaccudpmkaums opraHn4ecknx coeanHeHmn). MNonyyeHHble NPy 0CBOEHUN UCLIAMANHBI 3HAHNUS 1
yMeHuns obneryaroT ocBoeHve aucumnnuH "CynpamonekynsapHas xumus", "XuMuns kannkcapeHos" v

"ONeKTPOHHAs U NPOCTPAHCTBEHHAS CTPYKTypa OpraHnYeckmux CoeanHEeHNn", opyrux Kypcos rno
BbIGOpY BapmatuBHOM YacTu npocouns "OpraHmyeckas xumms".

3. KomneteHuuu obyuatowierocs, hopMmpyemble B pe3ynbTate 0CBOEHUS OUCLUMIINHDI
/mopynsi

B pesynbTate 0CBOEHUS AMCLMNANHBI (DOPMUPYIOTCS CNeayoWwme KOMNeTEHUNN:

PacwudcpoBka
LLincpp komneteHumu npuobpeTaeMor KoMneTeHLUN

MK-2

NOHUMAET PONb €CTECTBEHHbIX HAyK (XMW B TOM YuCne) B
(MpOCPEcCHOHaNbHbIS B:I aégikepga qi%r%CMme 0BO33 aeyHM(ﬂ' ° one)
KOMMeTeHuunn) P y P P ’

NOHUMaeT HeobXoOMMOCTb 1 crnocobeH nprnobpeTaTtb HOBbIE
nK-7 3HAHMS C UCMOSIb30BaHNEM COBPEMEHHbIX HAY4YHbIX METOA0B U
(npodcheccunoHanbHble BnageeT UMK Ha YpoBHe, He0OX0AUMOM LS peleHns 3aaad,
KOMMeTeHLMN) NMEIOLWMX eCTECTBEHHOHAYYHOE COLEePXaHNe 1 BO3HMKAOLWMNX

NPV BbIMNONHEHNM NPOMECCUOHANBHBIX (OYHKLINIA;

B peasynbtate 0CBOEHUS ONCUMMNUHBI CTYAEHT:
1. DONXEH 3HaThb:

npeaMeT HaHOXUMUWN N HAHOTEXHONOMNK, OCHOBHbIE BUAbl HAHOOOBEKTOB M HAHOMATEPMASIOB,
Npnbopbl 1 YCTPONCTBA, pa3pabaTbiBaeMble Ha OCHOBE HAHOMAaTEepPManoB, NPUHLMMN Pa3MEePHOro
KBAHTOBAHWS U YCNOBUS HAbNIOAEHNSI KBAHTOBO-Pa3MeEpPHbIX SBNEHWIA, (OU3NYECKUE N XUMUNYECKIME
CUCTEMbI MOHNXEHHOI pa3MepHOCTM, 0COBEHHOCTM 3HEePreTMYEeCcKoro crnekTpa 1 nepeHoca 4YacTul, B
MHOFOCJTIOMHBIX CTPYKTYpax C Pe3KUMM NoTeHUMaNbHbIMK rpaHnLaMn, OCHOBHbIE HayYHO-TEXHUYECKNE
NpobnemMbl HAHOTEXHONOTUW 1 NEPCNEKTUBbI PA3BUTUS OaHHOW oyHOAMEHTaNbHON 06nacTn 3HAHWA.
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2. DONTXEH yMeTb:
MPOrHO3MPOBAaTh YCTONYMBOCTb M PU3NKO-XUMUYECKNE CBONCTBA HAHOOOBHEKTOB M HAHOMAaTEPManoB.;

OPWEHTUPOBATLCS B COBPEMEHHOI NuTepaType U BECTU OUCKYCCUIO MO HAHOXMMUK U
HaHOTEXHOMOrnK;

CaMOCTOATENbHO CTaBUTb 3a4a41 No Co34aHNI0 Unm npakTn4eckomy npmMMeHeHMo HaHOOOBHEKTOB U
HaHOMaTtepunanos OJia peweHnda KOHKPETHbIX 3anay4 HAHOTEXHONOINI;

OPVEHTMPOBATLCS B METOAAX MONYYEHNS U UCCNELOBAHNS HAHOCTPYKTYP: CKAHUPYIOLWEN TYHHENbHOA
MUKPOCKOMUM U CNEKTPOCKOMNK;

3. OONXEeH BnageTb:

HaBblKaMWN TBOPYECKOro 0606LeHNs NONyYeHHbIX 3HAHWIA, KOHKPETHOIO 1 06 BbEKTUBHOIO U3NTOXEHNS
CBOMWIX 3HAHWI B MUCbMEHHOW W YCTHOW doopMe, pyHOaMEHTaNnbHbIMM 3HAHUAMKN O cneundunke
noseneHns BelecTsa B HAHOMETPOBOM pa3MepHOM AnanasoHe, NoHMMaTb MexaHn3M BO3HUKHOBEHUS
pa3mMepHbIX PU3NYECKNX N XUMNYECKMX 3CPIDEKTOB.

4. nONXeH OJEMOHCTpUMpoOBaTb CMOCOBHOCTb 1 FOTOBHOCTb:
NPUMEHATb Nony4YeHHble 3HaHNA Ha NpakTuke.

4. CTpyKkTypa 1 cogepxaHve AUCLUNIUHBI MOAyNs
Obwas Tpya0eMKOCTb AUCLMIMIMHBI COCTaBNSET 2 3a4eTHbIX(ble) eanHuL(bl) 72 yaca(os).
dopMa NPOMEXYTOYHOr0 KOHTPONS AMCUUNANHBI 3a4eT B 5 cemecTpe.

CyMMapHo No aMcumnanHe MoxHo nony4ntb 100 6annos, U3 HMx Tekylwas paboTta oueHmBaeTcs B 50
6anno., ntorosas popma KoHTpons - B 50 6annos. MuHMManbHoe KONMYeCTBO ANst AOMNycKa K 3a4eTy
28 6annos.

86 6annos n bonee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBneTBOpUTENBHO" (YAO0B.);

54 6anna n MeHee - "HeyLOBNETBOPUTENbHO" (Heyn.).

4.1 CTpyKTypa 1 comepXxaHue ayauTopHon paboTbl No AucUUnIMHe/ MOAYNIO
Tematuyeckun nnaH AUCUUNNUHBI/MOAYNS

Buabl n yachbl
Pasgen ayoMTOpHOM paboThbl,
Hepens MX TPYA0EMKOCTb Tekywiue coopmbl
N .D.I/II(\)’IL(I.)VJIJ‘I'IyILI;HbI/ CemecTp cemecTpa (B uacax) KOHTpONS
n e|(I_MMI1pal(T|/|--|ec|(|/|eJ1a60paTopH|=|e
3aHATUSA paboTbl

Tema 1. BeegeHue B
1. |[HAHOXUMUIO U~ 5 1 0 2 0

HaHOTEXHONOr 0.

Tema 2. OcHOBHble
2. [MOHATMS HAHOXUMNN U 5 2 0 2 0

HaHOTEXHONMOrNN.

Tema 3. Nctopus
3. |passuTtus 5 3 0 2 0

HAHOTEXHOMNOrIA.
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Paspen
AducunnnuHol/
Moayns

CemecTp

Henens
cemecTtpa

Buabl n yachbl

ayauTOpHOM p

abortbl,

MX TPYAO0EMKOCTb
(B yacax)

Tekywime coopmbl
KOHTpOns

Nekuunn

MpakTnyeckue
3aHATUSA

NabopaTopHbie
paborbl

Tema 4.
WNHcTpymeHTapuin
HaHoTexHonora.

2

0

. [xummsa n camocbopka

Tema 5.
CynpamonekynspHas

OCHOBHbIE TEPMUHbI
NOHATUA.

Tema 6. bynyuwee
HaHOTEXHONOIMA:
npobnembl 1
nepcneKkTuBhbl.

Tema 7.
KopnyckynsipHo-BONHOBE
npupona
3NeKTPOMarHUTHOro
N3Ny4eHnsa N CTpoeHne
aToma.

Tema 8. KBaHTOBbIE
pa3mepHble adPdEKTbI.

KoHTponbHas
paboTta

. [TO4KK, NPOBONOKN U

Tema 9. KBaHTOBbIE

MNOCKOCTN.

10.

Tema 10. O6bekThbI
HaHOXMUW.
Knaccugomkaumnm
HaHOYacCTuLL.

10

11.

Tema 11. Cnocobbl
MoNy4yeHns HaHoYacTuL.

11

12

.|nony4yeHue,

Tema 12. YrneponHbie
HaHomarepuarnbl -

XapakTtepucTuka,
CcBoWcTBA.

12

13.

Tema 13. "YMHbIE"
HaHomartepwuanbl.

13

14.

Tema 14. MNpuHUMNbI
dPYHKLMOHNPOBAHNS
nonynpoBogHNKOBOW
SNEKTPOHMKMN.
OHK-komnbloTep.

14

15.

Tema 15. HaHOOObeKThI
KaK OCHOBa HOBbIX
NeKapcTB N CUCTEM KX
HanpasfeHHOW

OOCTaBKN.

15
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Buabl n yachbl
Pasgen ayauTopHOM paboThbl,
Hepens MX TOYA0EeMKOCTb Tekywiue doopMmbli
N .D.VII(\:’ILI.VIHJ',I.IV;I'HI:I/ Cemectp|, - cTpa (B uacax) ‘I'( OHTp$I ﬂp
ony Nek ImI'IpaKTW-lecm/leJ1a60pa1'op|-||>|e
u 3aHATUA pa60TbI

Tema 16.
16.|HaHogmnarHocTtuka. 5 16 0 2 0

NHK-yunbl 1 6rounnbi.

Tema 17. 'eHHas KOHTpOnbHas

Tepanus n
17. SNEKTPONOPALIAS. 5 17 0 2 0 paboTta

PekombuHaHTHble OHK.

Tema 18.

HaHoTtexHonorum n
18. bnoMmMmeTuka: 5 17 0 2 0

nogpaxas npupoge.

Tema . UTorosas 3avert

doopma KOHTpons S 0 0 0

NToro 0 36 0

4.2 CopepxaHue oUCLUNMUHbI
Tema 1. BBepeHue B HAHOXUMUIO U HAHOTEXHOJMOTUIO.
npakTnyeckoe 3aHsitne (2 4aca(os)):

BeeneHve B HaHoTexHonorumo. Llenn n 3agaym HaHoTexHonorum. dusmnyeckne n TeXHONOrnyeckme
Npobnembl U OrpaHNYEHNS MUKPOMUHMATIOPU3ALUI NONYNPOBOAHMKOBBIX YCTPOWCTB. MNpuMeHeHne
METOA0B HAHOTEXHONOMUW ONS yMEHbLIEHUS pa3MepoB NprbopoB. MNepcnekTBHbIE HAHOMaTepuanbl
M HanpaBfeHWs HAHOTeXHONOrMKn. Buayannsaumusi  KOHTPOsb Pe3ynbTaToB HAHOTEXHONOMUA -
obs3aTenbHoe yCcnoBume 4Ns Ux peanv3aummn 1 passuTms.

Tema 2. OCHOBHbIE MOHATUS HAHOXUMUU U HAHOTEXHONOIUW.
npaKkTu4eckoe 3aHsitne (2 yaca(os)):

OCHOBHbIE MOHATUS HAHOXUMUU Y HAHOTEXHONOIMN. DNEKTpocTaTndeckne adogekTbl, NOKanbHbINA
TENNOBOW Harpes, Nnactnyeckasa gegpopmauuns, Nonesoe ncnapeHmne nonoXnTenbHbIX 1
oTpuLaTenbHbIX MOHOB, MOHOEPOMOTOPHbIN 3EKT, 3PIEKT 3NEKTPOHHOrO BETpa.

Tema 3. UcTopus pa3sutms HAaHOTEXHONOMMMN.
npaktnyeckoe 3aHsitne (2 4aca(os)):

VicTopusa passntns HaHOTEXHONOrMA. HAHOCTYKTYpHbIE aneMeHTbl BelwecTsa. HaHOCTPYKTYpHble
3MeMeHTbI BelWeCcTBa: aTOMbl, MONEKYNbI, PynnepeHbl, HAHOTPYOKK, KnacTepbl. KBaHTOBbIE TOYKM
(KT) - nckycctBeHHble Moneky nbl. HAaHOCTPYKTypHbIE nonnuMepsbl

Tema 4. UHCTpyMeHTapuin HaHOTEeXHoora.
npakTnyeckoe 3aHsitne (2 4aca(os)):

NHcTpyMeHTapuin HaHoTexHonora. MaTtepuanbl Ha OCHOBE HaHOCTPYKTYPHbIX 9/1IEMEHTOB.
HaHokpucTannbl, HAHOTPYOKM, HAHOCTEPXHU 1 UX NPON3BOLHbIE. CTPYKTYPHbIE 3NIEMEHTLI ANA
HaHoMaTepuanos 6onee BbICOKOro nopsaka. YrneponHble HaHOTPYOKU, TEXHONOrNSt N3rOTOBNEHUS,
CTPyKTypa 1 CBOMCTBA.

Tema 5. CynpamonekynsipHasi XMMUSi U CaMOCOOpKa OCHOBHbIE TEPMUHbI N MOHATUS.
npakTnyeckoe 3aHsitne (2 4aca(os)):

CynpaMoneKynﬂpHaﬂ XUMUA 1 C&MOCﬁOpKa - OCHOBHbIE TEPMUHbI N MOHATUA. MaTepmanbl
SNEKTPOHUKWN ONA HaAHOTEXHOMOr . erMHVIVI n ero Mmogmdoukaumun, B TOM 4ymcne, erMHI/IVI Ha
n3on4atope, I'IOpI/ICTbII7I erMHMVI, HaHOKpuUcTanbl KpeMHNA B ONOKCUNOE KPEMHUA.

Tema 6. Bynyuiee HaHOTEXHONOrMM: NPO6EeMbl U NEPCMNEeKTUBDI.
npaktnyeckoe 3aHsitne (2 4aca(os)):
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Bynywee HaHoTexHONoOruiA: Npobnembl 1 nepcnekTuebl. ['etepocTpykTypbl (ITC) 1 Hanbonee
pacrnpocTpaHeHHble CUCTEMbI NMONYNPOBOOHUKOBbLIX MaTepManos Ha OCHOBE TBEPAbIX PaCTBOPOB
A3B5. TpoliHble 1 YeTBepHble coeanHeHns Ha ocHose A3B5. MaTtepuanbl HA OCHOBE HUTPUOOB U UX
NpUMeEHeHMe.

Tema 7. KopnyckynspHo-BO/IHOBasi Npupoaa 3NeKTpoMarHMTHOro U3ny4yeHust n ctpoeHue
atoma.

npakTudeckoe 3aHsitne (2 yaca(os)):

KopnyckynsapHo-BonHOBas npupoaa anekTpoMarHUTHOroO U3ny4eHus n CTpoeHne atoma.
CyOMUKPOHHBbIE TEXHONOTUW. YMEHbLIEHNE PAa3MEPOB 9NEMEHTOB METOLAMUN TPAANLIMOHHOW
nNaHapHOW TEXHONOIMK 3a CYET pa3paboTku, CO34aHUS N MPUMEHEHNS SKCTPEMATbHbIX
yNbTpagunoneToBbiX NCTOYHUKOB NU3NyHEHUSI CO CBEPXKOPOTKOM ANNHOM BONHbI (13.5 HM) npwn
npoueccax nuTorpagouu.

Tema 8. KBaHTOBble pa3mepHble adppeKTbl.

npakTnyeckoe 3aHsitne (2 4aca(os)):

KBaHTOBbIE pasmMepHble adhdpekTbl. ICTOUYHMKM aKCTpemManbHOro ynbtpaduoneta. JlazepHoe
N3ny4yeHne: B3aMMOLeNCTBME C MOBEPXHOCTbLIO U npuMeHeHne B HT. HaHonuTorpagows.
ONEeKTPOHHas, NOHHAs U PeHTreHoBckas nuTtorpadgun. 1I3rotoBneHne HaHOTOYEK U HAHONPOBOOK
nmTorpagouyecknmm metogamu.

Tema 9. KBaHTOBbIE€ TOUYKU, MPOBOMIOKU U NJIOCKOCTH.

npakTnyeckoe 3aHsitne (2 4aca(os)):

KBaHTOBbIE TOYKU, MPOBONOKU U NNOCKOCTU. CaMmoopraHn3aumns KBAHTOBbIX TOYEK U HUTEN.
KBaHTOBbIE TO4KM. CaMOOpraHn3oBaHHbIN pocT No mexaHnamy CtpaHcku-KpacrtaHosa. Teopus
CaMoOpraHn3oBaHHOro pocTa KBaHTOBbIX ToYeK. CUCTEeMbI MONYNPOBOAHNKOBbLIX MaTepUanos Ans
BblpawwmsaHns cTpyktyp ¢ KT.

Tema 10. O6bekTbl HaHOXMMUKU. Knaccudpukaumm HaHoYacTuUL,.
npakTnyeckoe 3aHsitne (2 4aca(os)):

Ob6BbEeKTbl HAHOXUMUMN. KJ'IaCCI/ICpVIKaLl,I/IVI HaHo4YacTuu. HaHonevaTHas nutorpagous. NarotosneHne
WwTaMnos. Bbl60p pe3ncToB, nonnMeTunnMeTakpumnar. PeakTnBHOE MOHHOE TpaBneHue.

Tema 11. Cnoco6bl NONy4yeHNs HaHOYacTULL,.
npaktnyeckoe 3aHsitne (2 4aca(os)):

Cnocobbl Nony4yeHns HaHoYacTUL. dnuTakcuanbHble MeToabl. XMMUYECKOe OCaxAeHNe U3 NapoBoii
¢asbl (CVD): ero Bnabl, OCHOBHbIE 3aKOHOMEPHOCTM 1 METOAMKA. DNUTAKCUS U3
METaNnNoopPraHN4Yeckmx COeAMHEHNIA N NeTy4nx HeopraHmdeckux rugpmaoos (MOCVD). Hanbonee
pacrnpocTpaHeHHble CUCTEMbI BELWECTB - UCTOYHUKOB KOMMOHEHT MOyrnpoBOLHVUKOBbIX MaTepuanos n
TBEPObIX PACTBOPOB.

Tema 12. YrnepogHble HaHOMaTepuansbl - Nony4yeHue, xapakrepmcTtmka, CBOMCTBa.
npaKkTudeckoe 3aHsitne (2 yaca(os)):

YrnepoHble HAHOMaTepwuarnsbl - NOMlyYeHNe, XxapakTepnucTka, ceoincTea. CamoopraHnsaums
HaHOTpyboK. MpeobpasoBaHre NnaHapHbIX HANPSXEHHbIX FTETEPOCTPYKTYP B TPEXMEPHbBIE, MMEtoLme
paguanbHylo CUMMETpUto (HaHOTPYOKM). MNepcnekTBbI 3roTOBNEHMS SNEKTPOHHbIX NMPMOOPOB C
NPUMEHEHNEM HAHOTPYOOK.

Tema 13. "YMHbIe" HaHOMaTepuanbl.
npakTnyeckoe 3aHsitne (2 4aca(os)):

YMHble HaHoMaTtepuanbl. POCT HAHOCTPYKTYP Ha doaceTUPOBaHHbIX MAIOCKOCTAX. TpexmMepHble
MaCCVBbl KOr€PEeHTHO-HaMNPSIXXEHHbIX OCTPOBKOB. MaccuBbl BepTUKanbHO-CBsi3aHHbIx KT.

Tema 14. NMpuHUMNbI PYHKLMOHUPOBaHUS NONYNPOBOAHUKOBOW 3/1EKTPOHUKM.
JHK-komnbloTep.

npakTudeckoe 3aHsitne (2 yaca(os)):

MprHLUMNbI PYHKUMOHMPOBAHUS MONYNPOBOAHNKOBOW anekTpoHukn. JHK-komnbioTep.
[Mepuoamyeckne CTPYKTYpbl MNOCKMX OOMEHOB. CTPYKTYpbl C Nepnoanyeckon Mmoaynsauuein coctasa
B 9nuTaKkcuasbHbIX NAeHKax TBepablX pacTBOPOB MoAyrnpoBOAHMKOB. [101ynpoBOAHMKOBbIE Nasepsl
Ha OCHOBE reTepoCTPYKTYP C KBAHTOBbIMU TOYKaMU
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Mporpamma omcunnnmHbl "OCHOBbBI HAHOXMMKMW 1 HaHoTexHonoruiA"; 020201.65 PyHoaMeHTanbHaa 1 NpuKnagHas XuMms; Npogeccop, o.H.
(npocpeccop) Crorikos N.U.

Tema 15. HaHO0OBbEKTbI KaK OCHOBA HOBbIX JIEKAPCTB U CUCTEM UX HaNpaB/ieHHOW 0,0CTaBKU.
npakTnyeckoe 3aHsitne (2 4aca(os)):

HaHoo6bekTbl Kak OCHOBA HOBbIX IEKAPCTB U CUCTEM UX HANPaBNeHHOW NOCTaBKW. VIOHHbIV CUHTE3
HaHOCTPYKTYpP Ha MOBEPXHOCTM U B 06 bEME NONynpoBOAHNKOB. POpMMPOBAHNE HAHOKPUCTANNOB
KPEMHUS 1 repMaHins B OMOKCUAE KPEMHMS U MONMMEPHBIX Matepmanax npu MOHHOM
6ombapanposke. MNpouecchbl camoopraHn3auuy HaHOCTPYKTYP NPY MOHHOM CUHTE3€e. AHM30TPOMHOE
pacnblfeHne NoBepPXHOCTW NOYNPOBOLHUKOBLIX MaTepuanos npy BO3AENCTBAN NOHHbIX MY4KOB.

Tema 16. HaHoamarHoctuka. O HK-yunbl u 6uoumnnsbi.
npakTnyeckoe 3aHsitne (2 4aca(os)):

HaHononarHocTtuka. OHK-4mnbl n 6uoyunnel. Jintorpadmyeckn-nHoyumpoBaHHas camocbopka
HaHOCTPYKTYp. MNoHSTNE O NUTOrpadoUYecKn-MHOyLMPOBaHHON caMocbopke HAHOCTPYKTYP.
KpeMHueBble Noanoxku, romononMmep, TpeboBaHMs K Macke.

Tema 17. FeHHas Tepanus n anekTponopauus. PekombuHaHTHble OHK.
npakTnyeckoe 3aHsitne (2 4aca(os)):

eHHas Tepanus n anekTponopauns. PekombmHaHTHble OHK. F'eHHas nHxeHepus. MyTtaumw.
Pectpukumns. TpaHcaykums. OBMEH reHeTUYeCKM Matepmanom.

Tema 18. HaHoTEexHONOrMM M 6GUOMMMeETHKA: NoJpaxasn npupoae.
npakTnyeckoe 3aHsitne (2 4aca(os)):

HaHoTexHonorum n 6nommmeTrka: nogpaxas npvpone. KoHcTpympys ns 6enkos. MNonenku ns
monekyn OHK. PHK-HaHoMawwmHbl. Bupychbl.

4.3 CTpyKTypa 1 copgepXaHue caMOCTOSITENIbHOM paboTbl AUCLMMINHBI (MOLYNISA)

Buabl
N Paspen Cemect Hepens | camocTositensHon [TpyAo0eMKOCTb ;%%%:L:g:;gzg;
AducumnnuHbl pcemecrpa paborthbl (B yacax) 260TbI
CTY[eHTOB P
8 Tema 8. KBaHTOBbIE 5 8 Egﬂgggiﬁ%; 18 KOHTPO/NbHas
' MEPHbI KTbl.
pasmMepHble adhdoe pabote paboTta
Tema 17. 'eHHas
n
17.[1€panvsa n 5 17 Kgﬂiglﬁﬁﬁiﬁ 18 KOHTPONBHAA
‘lanekTponopaums. a6oTe paboTta
PekombuHaHTHble JHK. P
Ntoro 36

5. O6bpazoBarenbHble TEXHONOrMU, BK/IOYAsA MHTEPaKTUBHbIEe hOpMbl 06yYeHUs

OcBoeHune ancumnnunHbl "OCHOBbI HAHOXUMUK N HAHOTEXHoNornn" npeannonaraeT NCnob3oBaHne
KakK TpaadnUMNOHHbIX (J'IeKLl,I/IVI C ncnonb3osaHnemM MeToon4eckmnx MaTepmanos), TakK N NHHOBALMOHHbIX
O6pa3OBaTeﬂbeIX TEXHONOrni ¢ NCNOMb30BaHVEM B y‘-le6HOM npouecce akTuBHbIX N UHTEPAKTUBHbIX
bopM nposBeneHns 3aHATUN: KOMMbIOTEpPHbIE Npe3eHTaunn nekuni; Bnaoeomarepmnanamu rno
npeunoerHon TemMartuke.

- UHTepaKkTMBHbIA onpoc no pasgenam 1-11;
- UHTEPaKTMBHbIN onpoc no pasaenam 12-15;
- Kpyrnbii cton (case study) no pasgeny 2 "OCHOBHblE NOHATUS HAHOXUMUN N HAHOTEXHOMOMUW;

- KpyrnblA cton (case study) no pasgeny 12 "YrnepogHble HaHOMartepumarnbl - Nony4yeHue,
XapakTtepucTtuka, ceoncrea".

6. OueHOUYHble CpeacTBa OJ1s TEKYLLLero KOHTPOJS yCrneBaeMoCT!, NPOMEXYTOYHOMN
aTTecTauum rno UToram OCBOEHUS OUCLMIMIIMHBI U y4ebHO-meToanyeckoe obecneyeHme
CaMOCTOSITE/IbHOW paboThbl CTYAEHTOB
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Mporpamma omcunnnmHbl "OCHOBbBI HAHOXMMKMW 1 HaHoTexHonoruiA"; 020201.65 PyHoaMeHTanbHaa 1 NpuKnagHas XuMms; Npogeccop, o.H.
(npocpeccop) Crorikos N.U.

Tema 1. BBepeHne B HAHOXMMUIO U HAHOTEXHOJIOTUIO.

Tema 2. OCHOBHbIe MOHATUA HAHOXUMUU U HAHOTEXHOJOTUW.

Tema 3. UcTopus pa3BuTus HaHOTEXHONOIMUN.

Tema 4. UHCTpyMeHTapuin HaHOTEXHOJOra.

Tema 5. CynpaMonekynsipHasi XMMUSA U caMoc6opKka OCHOBHbIE TEPMUHbI U NMOHATUS.
Tema 6. Byayuiee HaHOTEXHONOIMN: NPO6EMbl U NEPCNeKTUBbI.

Tema 7. KopnyckynsipHO-BO/IHOBasi NpUpoaa 3NeKTPOMarHUTHOro U3ny4yeHusi U CTpoeHue
aToMma.

Tema 8. KBaHTOBble pa3MmepHble adppeKTbl.
KOHTponbHas paboTta , NpUMeEpPHbIE BONPOCHI:

BBeneHve B HAHOXUMUIO 1 HAHOTEXHONOIMD. OCHOBHbIE MOHSATUSI HAHOXUMUWN Y HAHOTEXHONOTUW.
NcTopus pa3suTms HaHOTEXHOMOMMA. IHCTpyMeHTapwii HaHoTexHonora. CynpaMonekynsipHas Xxmmusi
1 camocbopka ? OCHOBHbIE TEPMUHBI U MOHSATUS. Byoylwee HaHOTEXHONOruiA: NPobnembl 1
nepcnekTuBbl. KopnyckynsipHo-BONHOBas NPUPOLA 3NEeKTPOMArHUTHOMO U3MYy4YeHNs 1 CTPOEHNE
atoma.

Tema 9. KBaHTOBbIE TOUYKU, MPOBOSIOKU U NJIOCKOCTH.

Tema 10. O6bekTbl HaHOXMMUKU. Knaccudpukaumm HaHoYacTUL,.

Tema 11. Cnoco6bl NoNy4YeHUst HAaHOYacTuUL,.

Tema 12. YrnepoaHble HaHOMaTepuansbl - Nony4yeHue, xapakrepmcTtmka, CBOMCTBa.
Tema 13. "YMHbIe" HaHOMaTepuanbl.

Tema 14. NMpuHUMNbI PYHKLMOHUPOBaHUS NONYNPOBOAHUKOBOW 31EKTPOHUKM.
JHK-komnbloTep.

Tema 15. HaHO06beKTbl KaK OCHOBA HOBbIX JIEKapCTB M CUCTEM UX HaMNpaBNeHHOW [,0CTaBKM.
Tema 16. HaHoguarHocTtuka. O HK-4ymnnbl n 6uoumnsoi.

Tema 17. FeHHas Tepanus u anekTponopauus. PekombuHaHTHble OHK.

KOHTponbHas paboTta , NpUMepPHbIE BONPOCHI:

KBaHTOBbIE pa3mMepHble adpdpekTbl. KBaHTOBbIE TOYKM, MPOBOMIOKMN 1 MANOCKOCTU. O6BbEKTHI
HaHoxuMunn. Knaccundomkauum HaHodacTmu. Cnocobbl nonydYeHust HaHo4acTuy. YrnepoaHole
HaHoMaTepuanbl - NONy4eHne, xapakTepucTmka, CBOMCTBa. ?YMHbIe? HaHoMatepuansl. [puHUMnbI
JPYHKLMOHMPOBAHMS NONYNpPoBOAHNKOBOM anekTpoHukn. [HK-koMnbioTep. HaHO06BbeKThI Kak
OCHOBA HOBbIX JIEKAPCTB U CUCTEM UX HanpaBneHHoM gocTtaskn. HaHoamnarHoctuka. AHK-4unbl n
6roymnbl.

Tema 18. HaHoTexHONOrMM M GUOMMMeETHKA: NoJpaxasn npupoae.
Tema . UToroeas doopma KOHTpons

[MprMepHbIe BONPOCHI K 3a4eTy:
bBa3zoBble TepMUHbI U NOHATUSA. OCHOBHbIE KNACChl HAHOPA3MEPHbIX CUCTEM

1. Dante onpeneneHnd TepMnmHOB: HaAHO4YacTuua, HaHOCMUCTeMa, HaAHOKOMIMO3UT, HAHOHAayKa,
HaHOTEXHOJIOTr 4.

2. Knaccudpukaums HaHopasMepHbIX CUCTEM.

3. KBaHTOBbIEe HAHOCTPYKTYpbl C padmepHocTbio 0D-, 1D-, 2D-. BO3MOXHO nv nonyyYeHne CTpykTyp C
npobHoi pa3amepHocTbio: 1<D<2 nnn 2<D<37? Mpueeanute npumeps..

4. K KaknM Tnam HaHOpPa3MepPHbIX CUCTEM CriefyeT OTHECTU CPYNNEPUTbI, HAHOMOPUCTLIA KPEMHUIA 1
cTekna, cogepxatme Hebonblloe KONMYECTBO ONCNEPrnpPoBaHHbIX HAHOPA3MEPHbIX YacTuL
meTtanna?

5. MoXHO nu 1 Ha OCHOBaHMKM Kakux kputepues monekyny JIHK paccmatpreatbh kak HAHOOHBEKT?
6. Tunbl KOMMO3WLUMOHHBLIX HaHOMaTepmanoB. KocTHas TkaHb kak 6ronornyecknii HaHOKOMMO3WT.

CvHTE3 HaHOMaTepunanos
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Mporpamma omcunnnmHbl "OCHOBbBI HAHOXMMKMW 1 HaHoTexHonoruiA"; 020201.65 PyHoaMeHTanbHaa 1 NpuKnagHas XuMms; Npogeccop, o.H.
(npocpeccop) Crorikos N.U.

1. OCHOBHbIE TEXHONOrMYEeCKkMe NoAxXoabl, UCNOMb3yoWMecs Ons NonyYeHns HaHOPa3MepPHbIX
CTPYKTYp. [oyeMy ncnonb3ytoT MMEHHO 3TV NOAXOAbI?

2. ,D,I/ICI'IepFaLI,I/IOHHbIe N KOHAEeHCauMOHHbIE METOObl CMHTE3a HAHOMOPOLWKOB N KOHCONMAONPOBAHHbIX
HaHOMaTtepunanos.

3. 1ns nonyyeHns Kakux HaHOMarepuanos UCMONb3yeTCs METO NHTEHCUBHOM NNacTU4eCKon
nedopmaunn?

4. Cnocobbl NONyYeHNs HAHOMOPOLKA, COCTOSILErO N3 YacTuL, NPUMEPHO OAUHAKOBLIX MO Pa3Mepy.
5. MeTonbl CUHTE3a YrnepoaHbix HAHOTPYOOK.

6. CYLI.I.HOCTb TeMnnatHoro CMHTe3a HaHOBELWEeCTB.

MeToabl uccnenoBaHms HaHOpPAa3MEpPHbIX CUCTEM

1. MNMpunbop, NO3BONSIOWMIA HE TONBKO NCCNeaoBaTb HAHOCUCTEMbI, HO U CO3MaBaTb MX, MAHUNYNNPYS
oTaenbHbIMM atoMamu. MpuHumn ero paboTbi.

2. IHdbopmMaums 0 HaHOBELLECTBE, NONyYaeMas C NOMOLLbIO METOAA PEHTFEHOBCKOW AncopakLmn.
3. MeToabl nccnenoBaHns MEXaHNYECKUX CBOMCTB HAHOMaTEPUanos.

4. BO3MOXHOCTW 1 OrpaHnyYeHnst CeKkTPOCKONMYECKNX METOLOB NCCeL0BaHNS
HaHOCTPYKTYPUPOBaHHbIX 0O HEKTOB.

5. CywHocTb MeToaa rasoBoi aacopbummn. Hackonbko TOYHYO MHGPOPMaLMIO 0 pa3Mepax 4acTul
HaHOMopoLKa NO3BONAET NOMYYUTb AaHHbI MeToa?

6. 3agaya: C ncnonb3oBaHMeM ra3oBo-aAcopbLUMOHHOr0 MeToAa yCTaHOBUAW, 4TO 5 r. nopoLka
cnoxHoro okcnaa Ba4Ca2Nb2011 copbupyet npu H.y. 0.0208 r aproHa. PaccumTaiite nnowanb
yLENbHOW NOBEPXHOCTW MOPOLLKA, €CNn M3BECTHO, 4To 1 cM3 Ar, ancopbupoBaHHbIi B BUAE
MOHOCIO4, NpW H.y. 3aHMMaeT nnowadb 4.73 M2. OueHnTe pasmep YacTuy nopoLka, npeanonaras,
4TO YacTULbl UMEIOT WapoobpasHyo oopMy, a NAOTHOCTb BelecTBa coctasnset 5.437 r/cm3.
DU3NKO-XMMUSA HAHOCTPYKTYPUPOBAHHbBIX Matepmnanos

1. I'quemy onsi 06 bSACHEHNS 0CObbIX CBOWCTB BeLECTBa B HaHOpPa3MepPHOM COCTOAHNN Mbl
BCMNOMMHAEM O CBOMCTBAX I'IOBerHOCTVI? Yem NOBEPXHOCTb OT/INHAETCA OT obbema BelecTea?

2. MoBepxHocTHas aHeprusi. Metoabl onpeneneHmns NOBePXHOCTHbIX SHEPruii TBepablX TeN.
3. OTAnYMe UCTUHHBIX 1 TPMBUATbHBIX Pa3MePHbIX 3GEKTOB.

4. N3BeCTHO, 4TO 06 bEMHBI 0bpaseL, cynbcpuaa kagmus CdS npy HopManbHbIX YCNOBUSIX UMEET
CTPYKTYpy cchaneputa, O4HaKO Npw NONy4eHnn ero B HAHOPa3MepPHO hopme cTabunmnsmpyeTcs
ctpyktypa Trna NaCl. Kakum 06pasom MOXHO 3T0 06 bSCHUTL?

5. Kak MOXHO 06BbSICHUTb TOT goakT, Y4TO A1 HAHOYaCTML 3010Ta NPU N3MEHeHUN onameTpa ot 20
[0 2 HAHOMETPOB TeMrepatypa nnaeneHusl noHuxaetcs 6onee 4em B ABa pasa?

6. Ycnosusi, HeobxoauMble 41 CaMOOpraHM3aumnmy HaHOPa3MepPHbIX CTPYKTYP.

OcCHOBHble NPobeMbl HAHOXUMNK
1. OcHOBHble NPOBNEMbI, KOTOPbIMM 3aHUMAETCS HAayka HAHOXUMUSI.

2. BnusHue pasmepa yactuy Ha 0COOEHHOCTU XMMUYECKNX CBOMCTB BELWWECTBA W HA PeakLUMOHHYIO
CMOCOBHOCTb.

3. MpW4MHbBI HA3KO YCTOMYMBOCTL HaHOPa3MepHbIX cucteM. Cnocobbl obecnedyeHnst ux
cTabunbHOCTN.

4. CywHOCTb KOMMO3UTHOrO adpdpekTa B NpoBoamMMocT. OO BbACHEHNE OAHHOTO SABEHNS.

5. NanTe onpeneneHne NoHATUIO "HEABTOHOMHOE MexdasHoe coemHeHne". Ha 0OCHoBaHumM Kakmx
LAaHHbIX MOXHO CyauTb O ero 0bpasoBaHMn?

6. O6bscHeHVe 06pa30BaHNA 3BTEKTMK C NO3ULUM NPeacTaBNeHnii 0 HAHOCUCTEMAX.

duanyeckne cBONCTBa HAHOOOBHEKTOB

1. OcobeHHOCTM 30HHOW CTPYKTYpPbl METANIOB 1 NONYNPOBOAHMKOB B HAHOKPUCTaNINYECKOM
COCTOSIHWW.

2. l3aMeHeHne MarHnTHbIX CBOMCTB BELEeCTBa Npu Nepexone B HaHOPasMepHoe COCTosHMue. Novemy
9TO NPOUCXOAMNT?

HaHotexHonormnn. ObnacTn Ncnonb30BaHNS 1 nepcnekTnebl Pa3BUTUA
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Mporpamma omcunnnmHbl "OCHOBbBI HAHOXMMKMW 1 HaHoTexHonoruiA"; 020201.65 PyHoaMeHTanbHaa 1 NpuKnagHas XuMms; Npogeccop, o.H.
(npocpeccop) Crorikos N.U.

1. MNpenMeT HAaHO3NEKTPOHUKN 1 HAHOMOTOHMKW. MepcnekTVBbI danbHenlero passuTns OaHHbIX
obnacrten 3HaHUS.

2. BO3MOXHOCTN MCNOMb30BaHMS HAHOYACTUL, B KaTaNUTUYECKUX npoueccax. an/IBe,EI,VITe npuMepbl.

3. HaHomaTepuanbl Kakoro knacca HasblBaloT "MONeKynspHbiMM cutamn"? B Kakux TEXHUYECKNX
npoueccax OHW MOryT BbITb MCMONb30BaHbI?

4. ilcnonb3oBaHne HaHOTEXHOMOIMM B Pa3NnyHbix 061acTsx MeaNLUMUHBI 1 BO3MOXHbIE MyTH
MCNONb30BaHNS B OyayweM. YnyylweHne XMpypruyeckoro MUHCTPYMeHTapms Ha OCHOBeE
HAHOTEXHONOIrNIA.

5. Vicnonb3oBaHye HaHOTEXHOMOM W NPY CO34aHNUN TOMMBHbIX 3NEMeHTOB. [NpuBeauTe . NpuMeps!.

6. ObnacTy NpakTN4eckoro NPUMEHEHNs yrnepoaHbix HAHOTPYOoK. Kakne cBONCTBa AaHHbIX
MaTepranoB ONpenenstoT BO3MOXHOCTb UX UCMONb30BaAHUSA?

7.1. OcHOoBHas nuTteparypa:

1. lonosuH KO0./. OCHOBbI HAHOTEXHONOMMI. [DNEKTPOHHbIN pecypc] - M.:MawuHocTpoeHme, 2012. -
656 c. Pexum goctyna: http://e.lanbook.com/books/element.php?pl1_id=5793

2.Pambugmn H.I"., bepésknH A.B. dnsnyeckme n xmMmyeckne 0CHOBbl HAHOTEXHOMOTUIA. -
M.:®dunamatnut, 2009. - 456 c. Pexxum gocTyna:
http://e.lanbook.com/books/element.php?pl1_id=2291

3. Nyces A.N. HaHomaTepuanbl, HAHOCTPYKTYPbl, HAHOTEXHONOMMW. [DNEKTPOHHbIV pecypc] - 2-e
naga., ucnp. - M.: duamatnut, 2009. - 416 c.

Pexwum poctyna: http://e.lanbook.com/books/element.php?pl1_id=2173/

7.2. lononHuUtenbHasa nuteparypa:

1. Pambunaon H.I'. HaHoTexHonorms n MonekynsipHole Komnbtotepsbl. - M.:Puamatnut, 2007. - 256 c.
Pexwum poctyna: http://e.lanbook.com/books/element.php?pl1_id=2290

2.MNonosuH KO.N. HaHomup 6e3 coopmMyn [OnekTpoHHbIN pecypc]. - 2-e nsa. (an.). - M.: BUUHOM.
Nab6.3HaHwuin, 2013. - 543 c. Pexum goctyna:

http://e.lanbook.com/view/book/3136/page3/

3. CroitkoB W.W., EBTiormH IN.A. OCHOBbI HAHOTEXHONOMMKN 1 HAHOXMMKK: y4ebHoe nocobue. KasaHb:
M3patenbcteo KasaHckoro ([Mpueonxckoro) dpenepanbHoro yHusepcureta. - 2010. - 237 c.

7.3. UHTEepHeT-pecypcChbl:

Bcs npasga o0 HaHOTEXHONOrMsAX U HaHomaTepuanax B Poccum - http://www.nanoware.ru/
HaHoTtexHonornm Nanonewsnet - http://www.nanonewsnet.ru

HaHoTtexHonornm n nx npumeHexue - http://nanoblog.ru

HaHoTtexHonorun HaHoTexHonormyeckoe coobuwectBo-HaHomeTp - http://www.nanometer.ru
MoppobHo 0 HaHoTexHonorusx - HosocTu - http://www.nano-technology.org

Poccuiickunin anekTpoHHbIA HAHOXYpPHAaN (HAHOTEXHONOMMN N X NPUMEHEHUE) -
http://www.nanojournal.ru

8. MarepuanbHo-TexHU4eckoe obecrneyeHne QUCLMUNINHbI(MOAYNS)

AL

OcBoeHune gncunnnmnHol "OCHOBbI HAHOXMMUN N HAHOTEXHOMNOMNIA npeannonaraeT NCrnoib3oBaHmne
cnenytouero MmatepumalibHO-TEXHNYECKOro obecneveHus:
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Mporpamma omcunnnmHbl "OCHOBbBI HAHOXMMKMW 1 HaHoTexHonoruiA"; 020201.65 PyHoaMeHTanbHaa 1 NpuKnagHas XuMms; Npogeccop, o.H.
(npocpeccop) Crorikos N.U.

MynbTumMeauiiHas ayautopusi, BMECTUMOCTbO 6onee 60 Yenosek. MynbTumMeaniiHas ayautopus
COCTOUT N3 UHTErPUPOBAHHBIX UHXEHEPHbIX CUCTEM C €AUHOWN CUCTEMON yNpaBneHns, OCHalWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS U BU3yanu3auum noboit Buaeo n ayamno
NHdpopMauuu, NOyYeHNs 1 nepenadn SNeKTPOHHbIX JOKYMEHTOB. TUNoBasi KOMMIeKTaLms
MyNbTUMEOMNAHOM ay AUTOPUN COCTOUT U3: MyNbTUMELMIHOrO NPoeKTopa, aBTOMaTN3NPOBAHHOIO
MPOEKLIMOHHOrO 3KpaHa, akyCTUYECKO CUCTEMDI, a TaKXe MHTepPaKTMBHONM TpMbyHbI NpenoaaBsaTens,
BK/IlOYaloLWen Ta4y-CKpMH MOHUTOP C AMaroHasnblo He MeHee 22 Ol0IMOB, NepCcoHalbHbI KOMMbIOTEP
(C TexHnyecknmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHJOepeHL-MUKPOOH, 6ecnpoBoaHOM MUKPOGIOH, 610K ynpaeneHns obopynoBaHUeM, MHTEPAENChHI
noakntoyermns: USB,audio, HDMI. MiHTepakTBHas TpmbyHa npenoaaBaTtens sBnsieTCcs KMo4eBbIM
3N1EMEHTOM yrpaBneHns, 06 beANHSIOWMNM BCE YCTPONCTBA B EANHYIO CUCTEMY, U CIYXUT
NONHOLIEHHbIM paboymm MecToM npenoaasatens. MNpenoaaeatens MMeEET BO3MOXHOCTb JIErKO
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSIET MPOBOANTL NEKLMMW, MPaKTUYEeCKNe
3aHATWA, Npe3eHTauun, BebrHapbl, KOHEPEHUNM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowmxcs B yA06HON 1 DOCTYMHOW ANSt HAX CPOPME C MPUMEHEHNEM COBPEMEHHbIX
NHTEPaKTMBHbIX CPeaCcTB 0Oy4eHMs, B TOM YMC/e C MCNONb30BaHMEM B NpoLiecce 0by4yeHuns Bcex
KopnopaTuBHbIX pecypcoB. MynbTumMeouinHas ayautopus Takxke oCHalleHa WupPOoKOrnonOCHbIM
LOCTYNOM B CETb MHTEpHET. KomnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3NOHHOE NporpaMmMHoe obecneyeHue.

Mporpamma cocTtasneHa B cootBeTcTBumM ¢ TpeboBaHnsmm ®rOC BIMO 1 y4ebHbIM nnaHoM no
cneuwnanbHocTtn: 020201.65 "PyHoameHTanbHaa v npuknagHas xmmms" 1 cneuyvannsaumm
AHanuTtnyeckas xmmms .
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