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HOACHUTEJIBHASA 3AIIMCKA

HaHoxumust sBisieTCd €CTECTBEHHO-HaYYHOM OCHOBOM HAaHOTEXHOJOTHUU,
UTPAIOLIUX KpalHEe Ba)XXHYI0 POJIb B COBPEMEHHOM TEXHHUKO-3KOHOMUYECKOU
napaaurme. Hanoxumus uccienyeTr cnocoObl MOJIyYeHUs M CTaOUIIM3aIliH, CBOMCTBA,
CTpOE€HHE U  OCOOCHHOCTM  XUMHUYECKHMX  MPEBPAIICHUH  HAHOOOBEKTOB
M HAaHOMATEpHaJIOB, a TaKXXE HX MpPAKTUYECKHE MpuioxeHus. Hanoxumus crana
JOTMYECKUM  PAa3BUTUEM  KOJUIOWJIHOM  XUMHM, C  OJHOM  CTOpPOHBI,
U CyNPaMOJIEKYJIIPHOU XUMUH — C Apyroi. O0e ITUX JUCHMUILTUHBI KPUTUYHO Ba>KHBI
JUIsL KOPPEKTHOTO TOHMMAaHUsI HAHOXUMHUYECKUX MTOAXO0B.

Pa3BuTe HAaHOXMMHHM ¥ HAHOTEXHOJOTUH CETrOAHA CIYXKHUT (OKYCOM
JUIS IPUJIOKEHUST CWJI  BEAYLIMX YYEHBIX M HCCIENI0BATENbCKUX KOJUJIEKTHUBOB.
Hanomarepuansl Ha OpraHMYeCKOM W HEOPIaHMYECKOW OCHOBE TNPHUMEHSIOTCA
B OTPOMHOM KOJIMYECTBE MPOAYKTOB COBPEMEHHOM MPOMBIIIEHHOCTH. ONKChIBaeMOe

HaIlpaBJICHUE CITY’)KUT OJHUM W3 CTOJMOB Tak Ha3biBaeMoil NBIC-kouBeprenmum,
BXOJISIIICH B s/IpO Mpeicka3biBaeMoro pyryposioraMu VI TeXHOJIOTHYECKOTo YKiIajaa.

Pabouass mnporpamma Kypca BHEYPOUHOU jAesTeabHOCTH «COBpEeMEHHbIE
UCCJEIOBaHUSI W JIOCTHO)KEHUs HaHoxumum» (manee — I[Iporpamma) ectecTBEeHHO-
HAayYHOM HAaIpaBJIEHHOCTHU I03BOJIIET OCBETUTHh oOydarommmes 10-11 kiaccos
OCHOBHBIE TE€3UChl HAHOXMMHH, a TAK)KE HAMETUTh OCHOBHBIC HAIIPABJICHUS PA3BUTHS
HAyKU O MUPE HAHOOOBEKTOB U €€ TEXHOJIOTUYECKUX MPUIOKEHUM, TIOTYUUTh MOHATHE
O COBPEMEHHBIX Hay4dHbIX MeTonax. Peanmuzaums I[IporpamMmbl MO3BOIUT JOCTHYb
0ojiee MOJHOTO TOHMMAHUS IIKOJIBHUKAMH €CTECTBEHHO-HAYYHOTO TMOAXO0Aa K

HU3YUYCHHIO IIPUPOJALI U Pa3BUTHIO HA €TI0 OCHOBC TGXHOJ’IOFHﬁ, MCHAIOIIUX MHUP.

AKTyaabHocTh [IporpamMmmel
Hanoxumusi B CBOUX MPOSIBICHUSAX OTHOCUTCS K 00JaCTH €CTECTBEHHbBIX HAYK B
1esoM. MznaganbHO cOpMUPOBABIIUCH HA CTHIKE XUMHUH U (DU3UKU, HAHOXUMUYECKHE

nmoaxoabl BO MHOI'OM BJIMAKOT Ha COBPCMCHHOC IMOHHMAHHUC MOJICKYJIIPHBIX OCHOB
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OMOJIOTHH U APYTUX HayK. TeM He MeHee B IIKOJIbHBIX Kypcax

[0 €CTECTBEHHO-HAy4YHbIM IMpEAMETaM TEMbl, CBS3aHHbIE C HAHOXWMUEH,
pacrojararoTcsi TOpo3Hb M 3aHMMAIOT KpailHe Maliblii oOmuii o0bemM. B uactu
Bo3MOkHOTO Ay6nupoBanus ¢ GOIl COO no npeamerHor obnactu «EcTecTBeHHO-
Hay4HbIe peaMeTs» [IporpaMma moutu He nepecekaercs Hu ¢ dheaepaibHON pabouei
MIPOTPaMMO TI0 y4eOHOMY TIPEAMETY « XUMHUS (TEMBbI « AJIIOTPOITHBIE MO (PUKAITAN
yraepogay, «llonstue o aucnepcHbix cucreMax», «lIpencraBieHne o KOJUIOMIHBIX
pacTBopax» B pazzene «TeopeTnyeckre OCHOBBI XMMHW», a TaKKe YINOMHHAHUE
HAHOTEXHOJIOTUH B pazjaenie «XUMUS M KU3Hb»); HU C (deaepaibHOM padouei
nporpamMmoit mo yueonomy npeamery «®dusnka» ( «[loBepXHOCTHOE HATSKCHHE» B
TeMe «ArperatHble COCTOSIHUSI BemiecTBa. Da3oBble MEPEXOJbD»; YNOMUHAHUE
«lTonyuenne HanomarepuasioB» B TeMe€ «OCHOBBI MOJICKYJISIPHO-KUHETHYECKOMN
Teopun»); HU ¢ (eaepasbHOW padodeil MmporpamMmMoil Mo y4yeOHOMY MpeIMETy
«buonorus» («O6muMe cBoiicTBa OMOJOTUYECKUX MeMOpaH» B TeMe «XUMHUYecKas
opraHu3zanus KIeTkn»; «HaHoTexHOIOrHH B OMOJIOTUU U MEIUIIMHEY ).
[Iporpamma pa3zpaboTana B COOTBETCTBHM C TpeOoBaHUSMHU (eaepabHOTO
rOCyJIJapCTBEHHOTO O0pa30BaTEIbHOIO CTaHIApTa CPeAHEero oOIiero oopazoBaHUs
(PIrOC COO). HeobxogumocTts peanusaruu [Iporpammsl cBsizaHa ¢ KpaitHe IIUPOKUM
pacnpocTpaHEHUEM IPOJIYKTOB HAaHOXMMUHU B COBPEMEHHOM MUpE
Y BBILICYTIOMSIHYTBIM ~ HEJIOCTATOYHBIM OTPAKEHHEM  OCHOBHBIX MIPUHIIUIIOB,
Ha KOTOPBIX OHAa IIOCTPOEHa, B OCHOBHOM 00pa3oBaTelbHOM Mporpamme.
JIns1 4aCTUYHOW KOMITIEHCALIMKU 3TOTO pa3pbeiBa B MOCKBE y€ MHOTO JIET POBOJAUTCS
OJIMMITAA/JIA T10 HAHOTEXHOJIOTHSIM — OMMITMa1a IKOJIHUKOB « BBICOKME TEXHOJIOTUN
U Marepuaibl Oyaymero». 3aganuss OIUMIIUAJIbI TO3BOJSIOT MIKOJbHUKAM TOHSATD,
HACKOJIbLKO OHM OpPUEHTUPYIOTCS B 3TOM  MEXKIUCIUIUIMHADHOW  00JacTu.
CuctemaTHyecKoe K€ IMOJyYEeHHE 3HAHUN BO3MOKHO OpPraHHW30BaTh Ha YpPOBHE
cpemHero oOmiero oOpa3oBaHWs B paMKaX BHEYPOYHOM JESTEILHOCTH WA

JOTIOJTHUTEIBHOTO 00pa30BaHusl, B YACTHOCTH MPU peain3alu JaHHou [Iporpammsi.

R oremroe RITUMNMA LI
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HAaHOCTPYKTYPUPOBAHHBIX BEIIECTB M MarepuanoB. [IpakTtmueckas CTOpOHa
IIporpamMmsbl MO3BOJSAET YBUAETH SPKUE CTOPOHBI HAHOXMUMHUM IPU OTHOCUTEIBHOU
JOCTYITHOCTH BBINOJHEHUS y4eOHO-UCCIIEI0BATENBCKOIO SKCIIEPUMEHTAa U BO MHOTOM
0asupyercs Ha IpuMepax J1abopaTopHbIX paldOT, M3NIOKEHHBIX B [IpakTukyme 1o
HaHomaTepuanaM u HaHoTexHojorusaMm A.b. Illep6axkoBa m B.K. NBanosa [16].
N3ydyeHrne HAaHOXUMUHU OTKPBIBAET MHOT'O HOBOTO M HEOKUIAHHOTO KakK JUIsl YYCHUKOB,
TaK ! I nenaroros. [[poekTHas n uccneaoBaTenbCKas AESITENbHOCTD 10 HAHOXUMUM,
KOTOpasi MOXET BBIIIOIHATHCA C ONOpoi Ha IIporpammy, npu AOJKHOM ITOCTaHOBKE
OyJeT NpUBOIUTH K OOBEKTHBHO HOBBIM pe3yjibTaTaM, paHee HE OIMCAaHHBIM B
HAay4YHOU JIMTEparype.

Hosu3sna IIporpaMMbl 3aK1r049a€TCA B TOM, YTO OHA TOCTPOEHA HA ITOIIArOBOM
O3HAKOMJIEHUH OOYYaIOIIMXCA C OCHOBAMU HAHOHAYKH M €€ MPUIIOKEHUSAMH.

Peanu3zanust [IporpamMmbl criocoOCTBYET A€TaIM3aUK 3HAHUN 00YUYaIOIIUXCST O
(U3BUKO-XMMUYECKUX TMPOIECccax, MPOTEKAIOMX Ha HAHOYPOBHE, pACIIUPEHUIO
MPEJICTABICHUM O BO3MOXHOCTAX IPUMEHEHUS HAHOXUMHUYECKHUX IIOJAXOJOB,
CrocoOCTBYyeT MpodoprueHTATNN 00yJarOIIHXCS.

Ilexarornveckas uesaecoodpasHoctb [Iporpammel 3akiro4aercss B TOM, YTO
OHA CO3JAeT YCJoBUS Ui (pOpMHUPOBaHHS y OOYyYArOUIMXCSI €CTECTBEHHO-HAYYHOUN
KapTUHBI MHpA, pPa3BUBAET YMEHHE KPUTUYECKOIO OCMBICICHUS HMH(OpManuu, Iaer
BO3MOXHOCTb ~ TOJIYYUTh  HAaBBIK  MPOBEACHHUS  Y4EOHO-HCCIEI0BATEIHCKOTO
HKCIIEPUMEHTA, pacIIUpsieT 0a3uc Ui YIUIYOJICHHOTO M3YyYeHHsS HAaHOXMMUYECKHX
IIPOLIECCOB B BBICHIEHN LIKOJIE.

Heas IIporpaMmmbl — 1aTh 00y4arOIIMMCS KPATKHIA 3KCKYPC B MEKIIPEAMETHYIO
00J1aCTh HAHOTEXHOJIOTUN ¥ UMITYJIBC K CAMOCTOSTEIbHOMY U3YYEHHIO U TBOPUECKOMY
Pa3BUTHIO; JaHHAsI 00JIACTh B HACTOSAILEE BPEMs SIBISETCS OJHOM M3 «TOYEK POCTa
JUIL Pa3BUTHSL TPOMBIIUIEHHOCTH W HAaXOJWT MHOTOYMCIICHHBIE IPUMEHCHUS B

COBPEMEHHOM TEXHUKE.
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Bapuanrtsl peanusanuu [llporpammsel u ¢popmbl npoBeieHN s 3aHATHI

Peanuszauma  Ilporpammbel  mpeamosiarae€T  COYETAHWE  JIEKIMOHHOW U
CeMHHApCKON (opM pabOThl C d3JIEMEHTAMH TMPAKTUKyMa: JIEKLUH, CEMHUHApHI,
JIUCKYCCHUH, 3aIIUThl  NPOEKTOB, Yy4EOHO-UCCIIEOBATEIbCKUN  DKCIEPHUMEHT,
MpakTUYecKue paboThl — M300paKEeHHWE XUMHYECKUX (popMyl, BU3yaTu3aIius
TPEXMEPHBIX OOBEKTOB U TIP.

B cemunapckoii yacT BO3MOKHA CMEHA UHAMBHUAYaAJIbHBIX U TPYHIOBBIX (opM
IPOBEICHUSI B 3aBUCHMMOCTH OT IPEANOYTEHUU Ienarora. B mpakThueckord 4actu
BCTPEYAIOTCS KaK y4eOHO-HCCIEA0BATEIbCKUNA SKCIIEPUMEHT, TaK U KOMIIbIOTEPHBII
MPAKTUKYM.

IIpu peasmsanuu [IporpamMMmbl UCHOJIB3YETCS BBIYUCIUTENIbHAS TEXHUKA,
oOecrieynBaroIas JOCTyN K CHEIUATN3UPOBAHHOMY MPOTPAMMHOMY O00€CTICUEHHUIO
Y Hay4yHOU JUTEpaType.

JInst  camMOCTOATENIBHOTO HM3YyYEHHUS MPEAyCMOTPEH CIHCOK AaKTyaJlbHOM
JUTEPATYPHl O ONMHUCHIBAEMOW O00JIACTH, PACCUMTAHHBIM KaK Ha Y4HUTeNeW, Tak U
Ha MIKOJIbHUKOB, YYaCTBYIOUIUX B peanu3auuu [I[porpaMmel.

[Iporpamma paspaborana st oOydvarouuxcs npoduiabHeix 10—11 kmaccos
(ecTrecTBeHHO-Hay4HbId npoduias o0ydeHus). [Iporpamma paccuuTana Ha 2 roja
oOyuenus. OOuiee KOJIMYECTBO BPEMEHH, OTBOJUMOIO Ha ocBoeHue I[Iporpammel,
coctanisieT 68 wacos. [Iporpamma peanusyercs 1 pa3 B Heaento no 1 yacy. Bapuantom
peanuzanuu MoxeT ObITh n3yuenue [Iporpammel B 10 kitacce B pesxxume 3aHSATH 2 yaca
B HEJZIEITIO.

@opMbI KOHTPOJIA CHYKaT Jid ONpENETeHUs Pe3yJbTaTUBHOCTU OCBOCHUS
[Iporpammsl oOyyaromuMucs. ATrectaus IpoBOAUTCS 1 pa3 B roA: NpoMexyTodHas
— 10 UTOT'aM MEPBOTO rojia 00yYeHUs, UTOroBasi — BECHOM BTOPOro roga 0Oy4eHus.

Dopmbl nposedeHUs ammecmayuu:

® TECTUPOBAHUE;

® IPAaKTUYECKUE 3aHATHUS;

® 3a4CTHasd pa60Ta.
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B3aumocBa3b ¢ penepanbHoil paboyeil mporpaMmMoii BOCIMTAHUS

[Iporpamma paspaboTaHa ¢ y4eToM peKoMeHAauud ¢eaepanbHONH padoueit
IporpamMMbl BOCIIUTaHUs I 00111€00pa30oBaTeNbHbIX Opranu3aunidi. OHa y4UTHIBAECT
MICUXOJIOTO-TIEArOTMYECKHE OCOOEHHOCTH COOTBETCTBYIOIE BO3PACTHOM KAaTEropuu
oOy4Jaromuxcsi.

B uactHocTH, B X0A€ peanusanuu Ilporpammbl BO3MOXKHO COYE€TaTh Kak
MHTEJUIEKTYaJIbHOE, TaK U COLUAIIbLHOE Pa3BUTHE O0YUaAIOIIUXCS, CO3/IA0IIEE OCHOBBI
IS UX CaMOOIIPEIeNICHNsI HA OCHOBE JyXOBHO-HPABCTBEHHBIX IEHHOCTEH.

K 3agauyam peanuzauuu nanHod Ilporpammbl MOXKHO OTHECTU JTOCTHIKEHHE
JUYHOCTHBIX PE3yJbTaTOB OCBOCHUS O0IIC00pa30BaTEIbHBIX MPOrpaMm Mo (pusuke,
xumMun 1 o6uosoruu B cootBercTBUM ¢ ®PI'OC COO, a uMeHHO: chOPMUPOBAHHOCTH
[IEHHOCTE CaMOCTOATENbHOCTH W HWHUIMATUBBI, TOTOBHOCTh OOYy4YaIOIIMXCA
K CaMOpa3BUTHUIO, CAMOCTOSATEILHOCTH U JIMYHOCTHOMY CaMOOIIPEACIICHUIO, HaTnIe
MOTUBALIMM K  LICJICHANIPABICHHONW  COUMAJIBHO  3HAYUMOM  JEATEIbHOCTH,
c(OpMUPOBAHHOCTh BHYTPEHHEH MO3UIUH JIMYHOCTH KaK 0CO00OT0 II€EHHOCTHOTO
OTHOILIEHUS K ceOe, OKPYKAIOIIUM JIFOJSIM U JKU3HU B LIEJIOM.

[Iporpamma  COOTBETCTBYET  CIIEAYIOLIMM  OCHOBHBIM  HaIlpaBJICHUSM
BOCIIMTAHUS: TPaKJAHCKOE BOCIUTAHUE, MAaTPUOTHYECKOE BOCIIMTAHHUE, TyXOBHO-
HPABCTBEHHOE BOCIIMTaHHUE, ICTETHUECKOE BOCIHUTAHUE, (POPMHUPOBAHHE KYIbTYPHI
3I0pOBOTO 00pasza >KW3HHW, TPYNOBOE BOCHUTAHHUE, 3KOJOTMYECKOE BOCIIUTaHUE,

BOCIIUTAHUC CHHOCTU HAYYHOI'O ITO3HAHMUS.

OcobGennoctu padorsl negarora mo Iporpamme

[lepen mnpenonaBateneMm, pabGotatomum 10 Ilporpamme, crouT 3anaua
TApMOHMYHOTO COYETaHHS IJIEMEHTOB XUMHUU, OMOJOTUH, HU3UKH U HHPOPMATHKH,
KOTOpbIE HEOOXOUMBI JUIsl KOHBEPI€HTHOTO TOHMMAaHUsI HAHOXUMUU. TeM He MeHee
aKLIEHT B cocTaBieHUH [IporpaMMbl cellaH Ha XUMUYECKHUE aCTIeKThl HAHOHAYKH, YTO
MOKET YaCTUYHO CMSTYUTh KaJpOBbIM BOIpoc B peanuzauuu [Iporpammel. YcBoeHue
0oOy4YaroIIMMHCS HOBBIX 3HAHMM B 3TOH 00JACTH TECHO CBA3aHO C YCHEMIHOCTBHIO

pean3anuy y4eOHO-UCCIIEOBATENbCKOIO IKCIEPUMEHTAa U IPAKTUYECKUX padoT,
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3anmokeHHBIX B [Iporpammy. [Ipm HemoCTaTOYHOCTH MaTEPHATHHO-TEXHUYECKOTO
OCHamlIeHus: 00pa30BaTEeNbHON OpraHU3alMl PEKOMEHIYETCS CclenaTh AaklEeHT B
peanmm3anuu  [Iporpammel Ha paboTy ¢ MUGPOBBIMA pecypcaMu. Bo3MOXKHO
COKpAIICHHE KOJWYECTBA IUTAHUPYEMBIX MPAKTHUCCKUX pPaboOT Ui YIIIyOJICHHUS
pabOTHI HaJT TCOPETUUECKUMH pasneiamu [IporpamMmel.

OTnmruuTenpHas 0cOOeHHOCTH [IporpaMMBI COCTOHT B TOM, YTO B €€ TOCTPOSHUH
U pean3aluu:

® Da3BUBAIOTCA  MEXKIIPEIAMETHBIC CBSI3M, 3AJI0)KCHHBIE B  OCHOBHOMU
00pa3oBaTeIbHON MPOTPaMME;

® BOCIOJIHSETCS  ACPUIMT  COBPEMEHHOM  HaydyHOW  uHbOpMmaIuw,
MPOCIIEKUBACTCS B3aMMOCBS3b KIACCUYECKUX JOCTWKEHUNW XUMUU U (PU3UKH C UX
MPWIOKEHUSIMUA B COBPEMEHHON HAHOTEXHOJIOTHH;

® DPa3BHUBAIOTCS MTO3HABATEIHHBIC KOMIIETCHIINH 00YYarOIIUXCS;

® AKTUBHO HCITOJIH3YIOTCSI COBPEMEHHBIC DKCTICPUMEHTAIBHBIC Y BEIYMCITUTEIIHHBIC
METO/IBI,

® TIOJACPKUBACTCSI  OpHUEHTAIMsl  OOy4arommxcs Ha  IMOCIETYIOIIYIO

crenuain3aluio B 001acTi Kak GyHIaMeHTaIbHOM, TaK U MPUKIIATHON HAYKH.

COJIEP)KAHUE KYPCA BHEYPOUYHOM JEATEJbHOCTHU
«COBPEMEHHBIE NCCJIIEAOBAHUA U JOCTUKEHUA HAHOXUMHN»

10 KJIACC

Paznen 1. Opranu3anuonHoe 3anatTue «HaHoxumusi 1 HAHOTEXHOJIOTUSA
KaK MeXXIuCHUIIMHApHAas 00aacTh». Leaun u 3agauu kypca. UHCTpyKTa®K

Tema 1.1. Beeoenue 6 Ilpozpammy

Teopus. ®opMbl 1 MeTOABI AesiTenbHOCTH. [lman paGoThl Ha y4eOHBIN TO.I.
HNHcTpyKTax MO TEXHUKE 0€30MacHOCTH.

llpakmuxa. IlepBruuHas TMarHocTuka. BXogHoe TeCTUpOBaHUE.

Pa3nes 2. UcTopusi HAYKH 0 TUCIIEPCHBIX CHCTEMAX

Tema 2.1. Hauano u3yuyeHus nO6EPXHOCMHBIX AGIEHUI U OUCHEPCHBIX
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cucmem

Teopusa. Kamwsipel u 3akoH Jlammaca. M3yuenne ancopouuu (K. leene, T.
JloBuir). Metamueckue 3omu (M. ®apaneit). bpoyHoBckoe aBuxkenue. Ocmoc u
muanu3 (T. I'pam). Kommouaueie cuctemsbl. Omnpenenenue uucina Aoragpo (K.
ITeppen). Ddbdext Pebunaepa. TepMUH «HAHOTEXHOJIOTUMY, UCTOPHUS €TI0 TOSIBICHUS
u nonynsipuzanuu (P. ®eitnman, H. Tanurytu, 2. [dpekciep).

Ilpakmuka. Y4eOHO-UCCIEOBATEIBCKUN dKCIIEpUMEHT: M3yuenue aacoponmm
KpacuTesel C TOMOIIBI0 aKTUBUPOBaHHOTO yrisi. OmpeneneHue ero copOnrOHHOM

CIIOCOOHOCTH.

Paznen 3. OcHOBBI (PU3UKH MOBEPXHOCTH M IUCIIEPCHBIX Cpel

Tema 3.1. Ocnoswt puzuku nosepxnocmu

Teopus.  DOU3NKO-XMMUYECKHE  CBOWCTBA  aTOMOB HAa  IIOBEPXHOCTH.
[ToBepxHOCTHOE HaTsKeHUE. AncopOuna. CMaunBaHue.

Ilpakmuxa.  YdeOHO-UCClIeIOBATEIbCKU  3KCrepuMeHT:  OnpexaeneHue
MMOBEPXHOCTHOTO HATSX)KEHUS BOJbI METOJIOM OTPhIBA Kallellb.

Tema 3.2. Ceoticmea oucnepcHulx cpeo

Teopus. DnekTpuyecKHe CBOMCTBA. Y CTOMYHUBOCTh. DOUMKO-XUMHYECKAS

MCXaHHKa.

Ilpakmuxa. Y4eOHO-UCCIIeNOBATENIbCKUM AKciepuMeHT: OIleHKa TOJIIHUHbI

Fpa(l)HTOBOI)'I JIMHWUHA B 3aBUCUMOCTH OT MATKOCTHU KapaHaalla.

Pa3zpnen 4. [lucniepcHble cUCTEMBI: NOJIyYeHUE U IPUMEHEHTE

Tema 4.1. Knaccuguxkayusa oucnepcHuwix cucmem

Teopus. Knaccudukanus aucnepcHbIx cucteM. [loHsATHS «HaHOMaTepuay,
«HaHO000BEeKT». Buibl HaHO0OBekTOB (0D, 1D, 2D; Mukpo-, Me30- 1 MaKpOIIOPUCTHIE).
Spkue npumepsl NposiBIEHUs pa3MepHOro 3 dekxTa.

IIpaxmuxa. Tlpaktuueckas pabora: MoaenupoBaHue CTPYKTYpPbl HAaHOYACTHUI
pa3HOro pasMepa, CpaBHEHUE JOJIM TOBEPXHOCTHBIX aTOMOB W  4uCia
HECKOMITEHCUPOBAHHBIX BaJICHTHOCTEH.

Tema 4.2. /lucnepcusie cucmemul, cooeprcaujue 2azoeyio haszy
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Teopus. 11lensl, a3p03071 U A3POTEIIH.

Ilpakmuxa.  Y4eOHO-UccNeAOBAaTENbCKUN  dKcnepuMeHT:  OmnpeneneHue
YCTOMYHMBOCTH NIEHBI MOIOILIUX CPEACTB.

Tema 4.3. /lucnepcusle cucmembol, cooepiicauiue Hcuokyro gazy

Teopusa. 3onu, renv, 3MyJbCUM U cycnieH3uu. [loyoxkeHue 30iel Ha IIKajie
TUCIIEPCHOCTU KOJIJIOUIHBIX CUCTEM.

Ilpakmuxa. Y4eOHO-UCCIENOBATENbCKHUI dKcriepuMeHT: [lomyuenue 3omei
HAaHOCTPYKTYPHPOBAHHOTO cepedpa.

Tema 4.4. /Tucnepcrvie cucmemsl, cooepircaujue n06EPXHOCHMHO-AKMUBHbLE
eeujecmea

Teopus.  IloBepXHOCTHO-aKTHUBHBIC  BemiecTBa. MemOpaHb,  MUIICIIIBI
Y TUnocoMbl. buonornyeckue AUCIEPCHBIE CUCTEMBI.

Ilpakmuxa. Y4ueOHO-UCCIEA0BATENbCKUI SKCIIEpUMEHT: M3yueHue BIUSHUS
MOBEPXHOCTHO-aKTUBHBIX BEIIIECTB HA MOBEPXHOCTHOE HATSXKEHHUE.

Tema 4.5. MemoOwt eusyanuszayuu HaHOYaACMuY,

Teopus. Dpdext Tunaans. AHaIU3 TPACKTOPUN ABUKEHUSI HAHOYACTHIL.

Ilpakmuxa.  Y4eOHO-UCCIIEIOBATEIBCKUIA  JKCIEPUMEHT:  JlemMoHcTpanus
s dexta Tunmans HA AUCHEPCHBIX CUCTEMAaX Pa3IuYHOrO PoJa.

Paznen 5. Meroabl CHHTe3a HAaHOCTPYKTYPHUPOBAHHBIX BeleCTB U
MaTepuajaoB

Tema 5.1. Ilpunyun «ceepxy-enus»

Teopusa. 1lpuHIMIBI TOJYYEHUST HAHOCTPYKTYP: «CBEPXY-BHHU3» U «CHU3Y-
BBepx». [lomyyenue rpadena. OcobeHHOCTH paOOTHI TUIAHETAPHBIX METBHHUIL.

Ilpakxmuxa: Ilpaktmyeckas pabota: IlocTpoeHme MoIenn IUIAaHETAPHOM
MEJBLHUIIBI.

Tema 5.2. IIpunyun «cnu3y-66epx»

Teopus. OcHOBBI cyTnipaMoieKysipHO xuMuu. CamocOopka. MeToj il CUHTE3a
HAHOYACTHUIL: «MSATKOW XUMHUEW» — 30Jb-T€lIb, «TOMOTCHHOTO OCaXICHUS,

oOpalieHHO-MUIIEIUIIPHBIN, MHUKPOAIMYIbCUOHHBIN; Tepmonu3, CVD. Meromas
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CTaOWIM3allMM  HAHOYACTHUIl:  CTEpUYECKas, XeJlaTHas, dJIEKTpOCTaTHYeCKas,
MMoOuIM3amued B matpuiie. HampapieHHBIN CHHTE3 HAaHOOOBEKTOB: KBAHTOBBIC
TOYKH, HAHOIUICHKH, OOBEMHBIC HaHOMarepuaibl. Moaudukamus CBOWCTB
HAaHOMAaTEPUAJIOB.

Ilpakmuka: Y4eOHO-UCCIEN0BATENbCKUIN AKCepUMEHT: ['a30(a3Hblil cuHTE3
HAHOKPUCTAUIMYECKOTO XJopuaa amMMoHus. l[lomydeHue 3071eli HaHOMAarHeTuTa,
HAaHOPA3MEPHOro JIUOKCHJIA THTaHa, OepJIMHCKOW Ja3ypu. [lomydueHue HaHOMIECHOK
cepeOpa Ha CTEKISTHHOM Mo 10KKe. OIeHKa UX TOJIIUHEI.

Hpomeafcymounaﬂ ammecmauusi.

11 KJIACC

Pazgen 6. Meroabl HMcC/Ie0BAHMS HAHOCTPYKTYPHUPOBAHHBIX BelIEeCTB
U MaTepHaJIoB

Tema 6.1. Onmuueckue memoowl

Teopus. OnTuyeckre CBOMCTBA HAHOYACTULl U HAHOMATEepUaaoB. MUKpOCKONUSI.
Hudpakunonneii  npegen. Potomerpus. CrekrpodoToMeTpus:  U3MEPEHHE

MPOMYCKaHUsI, MOTJIOMICHUS, JJTIOMUHECIIEHIINH. JIHHaMUYeCcKOe CBETOpACCESHHUE.

Ilpaxmuxka: llpaktryeckas paboTa: MUKpOCKOMMYECKOE U3yUEHUE MTPETapaToB
HaHOcepeOpa Ha CTeKJIax.

Tema 6.2. Dnekmponnas MuKpocKkonus

Teopusi. DneKTpOHHAsT MHKPOCKOIIMS: IMPOCBEYMBAIOMIAS M CKaHUPYHOLIAs.
Oco0eHHOCTH U3y4eHHs OMOJIOTHUECKIX 00BEKTOB HA HAHOYPOBHE.

Ilpakmuxa: Tlpaktudeckas pabora: CpaBHUTEIbHBIM aHAIN3 W300pakeHUU
HAHOCTPYKTYP, MOJTYUYECHHBIX AEKTPOHHON MUKPOCKOIIUEH.

Tema 6.3. Penmeenoeckasn oughpaxmomempus

Teopusi. Pentrenodas3oBblii aHanu3. YIIMPEHHE TMHUKOB Kak MPHU3HAK
HAaHOOOBEKTa U KaK CHOCO0 OLEHKH pa3Mepa KPUCTAIUTOB. PEHTIeHOCTPYKTYPHBIMA
ananu3. OnpenenaeHue CTPyKTypbl HAHOPa3MEPHBIX 0OBEKTOB Ha aTOMHOM YPOBHE.

Ilpakmuxa: Tlpaktuyeckas paborta: Busyanuzaius CTpykTyp OHMOMOJHUMEPOB,
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MOJIYYEHHBIX METOJAOM PEHTTEHOCTPYKTYPHOTO aHAJIN3A.

Tema 6.4. Cxanupyrowias 30H008a:1 MUKPOCKONUA

Teopusa. TyHHenbHass MUKPOCKONUSA. ATOMHO-CHIJIOBAsI MUKPOCKONUS. AHaNU3
HAHOCTPYKTYpbl ~ moOBepxHOcTe. (CraThUeckKMii W  JUHAMUYECKHM  PEXKUM
CKAHUPOBAHHS.

Ilpakmuxa: llpaktuueckas pabota: AHanM3 H300paKEHUM, MOJIYYEHHBIX
METOZOM aTOMHO-CHJIOBOM MUKPOCKOIINH, C TIOMOIIBI COBPEMEHHOI'O MPOIPAMMHOTI0
oOecrniedyeHus. YueOHO-UCCIIEIOBATEIbCKUN IKCIEPUMEHT: V3yueHue moBepXHOCTU

MCTOAOM aTOMHO-CHJIOBOM MHUKPOCKOIINH.

Paznen 7. DyHKHUOHAJIBbHbIE CBOMCTBA HAHOCTPYKTYPHPOBAHHbIX
BellleCTB M1 MaTepuaJjioB

Tema 7.1. @ynkyuonanvHuwvle ceolicmea eeujecmea, oodecneuugaemvle
Hanomamepuanamu

Teopus. CBepxHH3Kas CMa4uBaE€MOCTb. CBEpPXIIPOYHOCTS.
BricokoTemneparypHast cBepXIpoBoaIuMOCTh. CBepxduibTpanus. CBEpXbIPKOCTDH
ceeroucnyckanusi. Cyxas anre3us (OMOMUMETHKA TeKKOHA). MarHUTHbIE CBOWCTBA.

Ilpakmuka. Y4eOHO-UCCIIEeNOBATENbCKUM dKCcTIepuMeHT: U3yuenue «dddexra
JoTOCa» Ha TpuMepe Jenectka posbl. M3mepenue kpaeoro yrma.Pazmen 8.
HaHOoTexHONOrMM — MEepCHeKTUBBl PA3BUTUS MU COCTOSHUE HAyKH HA CETOAHSIIHUN
NIEHb

Tema 8.1. Cospemennvie npumeneHus HAHOMEXHOIOZUU

Teopus. CoBpeMeHHbIE MPUMEHEHUS HAHOTEXHOJIOTUH, OOIIHI 0030p.

IIpaxmuka. Bukroprna: HaHOTEXHOJIOTMH B HAIIEH KU3HMU.

Tema 8.2. Yenepoouvie Hanomamepuavl

Teopus. Ocobas ponb yriepoga B HaHomupe. DymnepeHsl, rpaden,
HaHOTPYOKH.

Ilpakmuxa. Tlpaktuyeckass paborta: MomenupoBaHue NTPOCTPAHCTBEHHOM
CTPYKTYpHI (DyJIIEPEHOB.

Tema 8.3. Hanomamepuanvt 015 IHepeemMuKu

Teopus. HaHomaTepuayibl B  TOIUIMBHBIX 3JieMEHTaX. JIMTHII-MOHHBIE
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akKyMyJISITOpbl. CyIepKOHIEHCATOPHI.

IIpaxmuxa. Y4eOHO-UCCIEeN0BAaTENbCKUIM SKCciepuMeHT: M3mMepenue eMkocTu
JIUTUM-UOHHOTO aKKyMYJISATOPA.

Tema 8.4. Hanosnekmponuka

Teopusa. 3akoH  Mypa. TexHONOTHMYECKMUA  TPOLECC  IPOM3BOJCTBA
UHTETpalIbHbIX MUKpOcXxeM. CHCTeMBbI 3anucu HHGOPMAIUU.

Ilpakmuka. llpaktuyeckas pabota: AHamM3 H300paKEHUsS MOBEPXHOCTU
KOMITaKT-UCKA.

Tema 8.5. Hanomamepuanwvl 6 meouyune u 3Koao2uu

Teopus. HanommarHoctuka. IlpuMeHeHue HaHOMAaTEpUaJIOB B TEPAIUU.
Hanocop6entsi. ®oTokatanuzaropsl. CaMmoo4nCTKA.

Ipaxmuxka. ITpakTrdeckas padota: Buzyanu3zaims mpoCcTpaHCTBEHHON CTPYKTYpPhI

HaHO6I/IOHpeHapaTOB C IIOMOIIBIO COBPEMCHHOI'O IMTPOIrpaMMHOI'O obecrieyeHus.

Paznen 9. AkryaabHble TmpodJieMbl B 00J1aCTH  HAHOXHMHH
M HAHOTEXHOJIOTUH

Tema 9.1. /luckyccus

Teopus. AkTyalbHBIC POOJIEMBI B 00JIACTH HAHOXUMHHU M HAHOTEXHOJIOTHH.

IIpaxmuxa. UtoroBas arrectaius. 3aueTHasi padoTa.
IJIAHUPYEMBIE PE3YJbTATBI OCBOEHUS KYPCA BHEYPOYHOM

AEATEJBHOCTHU « COBPEMEHHBIE NCCJIEJOBAHUA
N JOCTUKEHUSA HAHOXUMUNN»

JIMYHOCTHBIE PE3YJIbTATDBI

B cgpepe epasicoanckozo éocnumanus.

CIIOCOOHOCTH OMPENENATh COOCTBEHHYIO TO3UIINIO 0 OTHOIIEHUIO K SIBICHUSM
COBPEMEHHOM KXU3HHU U OOBSICHSATH €€;

TOTOBHOCTh K COTPYIHHYECTBY B TIPOIECCE COBMECTHOTO BBIMOJTHEHUS
y4eOHBIX, T0O3HABATEIBHBIX U UCCIIEOBATEIBCKUX 3a1a4, YBAXKUTEIHHOTO OTHOIIICHUS
K MHECHHIO OTIIIOHEHTOB TP OOCYKJICHUU CIIOPHBIX BOTIPOCOB €CTECTBEHHO-HAYYHOTO

COJICPKAHHS.
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B cghepe nampuomuuecxkoeo éocnumanusi.

YB@KEGHHE K IPOLIECCY TBOpPYECTBA B O00JACTH TEOPUHU M MPAKTUYECKOTO
MPUJIOKEHNS HAHOHAYKH, OCO3HAHHUS TOTO, YTO YCIEXH HAYKH M TEXHOJOTHH €CTh
pe3yabTaT JIUTCIBHBIX HAOIIOACHHH, KPOIOTIMBBIX 3KCIECPUMEHTAIBHBIX TOUCKOB,
MOCTOSTHHOTO TPY/Ja YYCHBIX U TPAKTHKOB,

CIIOCOOHOCTH OIICHMBATh BKJIAJ POCCUHCKUX YUEHBIX B CTAHOBJICHHUE U PA3BUTHC
HAHOXUMUH, TIOHUMAHUE 3HAYCHUS HAYKH B IMO3HAHWW 3aKOHOB MPHUPOJBI, B KU3HU
YeJI0BeKa U COBPEMEHHOTO 00IIeCTBa.

B cghepe 0yxo6Ho-Hpascmeenno2o 60CHUMAaHUsL:

OCO3HAHHE JIMYHOTO BKJIAJIa B IOCTPOCHUE YCTOWYHBOTO OYIyIIEro;

CIIOCOOHOCTh OIICGHWBATh CUTYAaIlMI0O M MPUHUMATh OCO3HAHHBIC PEIICHHS,
OPUEHTHPYSICh Ha MOPAJIbHO-HPABCTBEHHBIC HOPMBI ¥ [ICHHOCTH.

B cghepe scmemuueckoco gocnumanusi:

ACTETUYECKOE  OTHONICHWE K MHUpY, BKIIOYas OCTCTUKY  HAy4YHOIO
U TEXHUYECKOT'O TBOPUYCCTRA.

B cghepe ghopmuposarnus Kynvmypuvl 300po6bsi.

coOroficHre TpaBuil 0€30MacHOr0 OOpalleHus ¢ BeHeCTBAaMH B  OBITY,

MMOBCEHEBHOM KU3HU, B TPYJIOBOU AECATEIBHOCTH;

OCO3HAHHE IOCJICACTBHA W HETPUIATHE BPEAHBIX MPUBBIYEK (YITOTPEOICHUS
aJIKOTOJIs1, HAPKOTUKOB, KYPEHUS);

MOHMMAaHWE T[ICHHOCTH TPaBWJ HWHAWBUAYAIBHOTO M KOJUIGKTHUBHOTO
0€30MacHOr0 MOBEICHUS B CUTYAIUAX, YIPOKAIOIINX 3I0POBBIO M JKU3HU JIFOCH.

B cghepe mpyoosoco eocnumanusi:

KOMMYHHMKATHBHAs! KOMIIETEHTHOCTb B YU€OHO-UCCIICIOBATELCKOM JCATEIILHOCTH,
OOIIIECTBEHHO MOJIE3HON, TBOPUYECKON U APYTHX BUJIAX JICATCILHOCTH;

MHTEPEC K MPaKTUYECKOMY M3Y4YEHUIO0 Tpodeccuii pa3nmuyHOro pojaa, B TOM
YKCJIC Ha OCHOBE MPUMEHECHHS MPEIMETHBIX 3HAHUH TT0 XUMHUHU U (HU3UKE;

yBaOXEHUE K TPYILY, JIOJISIM TPYyIa U Pe3yJIbTaTaM TPYA0BOH JACATSIBHOCTH;

TOTOBHOCTh K OCO3HAHHOMY  BBIOOPY HWHAMBHAYAIHHONH  TpPaeKTOPHH

oOpasoBanus, Oyayiei npodeccuu U peanrzanuu COOCTBEHHBIX KU3HEHHBIX TIJIaHOB
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C y4eTOM JIMYHOCTHBIX MHTEPECOB, CIOCOOHOCTEM K HayKe, MHTEPECOB
U IoTpeOHOoCTEN 0011eCTBa.

B cpepe sxonocuueckozo socnumanusi:

DKOJIOTUYECKU LEJIeCO00pPa3sHOE OTHOLIEHHE K IPUPOJE KaK MCTOYHUKY
CYILIECTBOBAHHUS )KM3HU Ha 3€MIIE;

HaJIMYue Pa3BUTOTO JKOJIOTMYECKOTO MBIIUICHHS, YKOJOTHUYECKON KYJIbTYPBHI,
OMBITA JEATEIBHOCTH SKOJOTMYECKON HAIIPABICHHOCTH, YMEHHUSI PYKOBOJICTBOBATHCS
VMU B IO3HABATEIbHON, KOMMYHUKATUBHOM U COL[MATILHOM MPAKTUKE, CIIOCOOHOCTH U
YMEHUS aKTUBHO MIPOTUBOCTOSATH UACOJOTHH XeMo(poOuH;

CIIOCOOHOCTH UCIOJIB30BATh MPUOOPETAEMBbIE PY U3YUYEHUN HAHOXUMUHU 3HAHUS
M YMEHHMS [pU  pEelIeHHMH  [poOJaeM, CBA3aHHBIX C  palMOHAJIbHBIM
PUPOOIIOIb30BaHUEM (COOJIIOIEHHE MPABUII IOBEICHUS B IPUPOJE, HATIPABICHHBIX
Ha COXpaHEHUE PaBHOBECHS B IKOCHCTEMAX, OXpaHy BUJOB, YKOCHCTEM, OHochepsl);

OCO3HaHUE TJI00AJBHOIO XapaKTepa HKOJIOTMYECKUX MpoOieM M IyTed HX
peneHus.

B cgpepe yennocmeii nayunoeo nozuanusi.

NOHMMaHUEe crenupuKd HAaHOHAYKH, OCO3HAaHUE €€ POJH B (POPMHPOBAHHUU
pPAaMOHAIIBHOIO HAy4YHOI'O MBIIUIEHUS, CO3JAHHE LIEJOCTHOTO IPEICTABICHUS
00 OKpY>KalollleM MUpE KaK O €IMHCTBE MPUPO/IbI, YETIOBEKA U OOIIECTBA, B TO3HAHUU
NPUPOIHBIX 3aKOHOMEPHOCTEH M PEIICHUH MpoOJeM COXpPaHEHUsI MPUPOTHOrO
PaBHOBECHS,

MOHMMAaHUE CYUIHOCTH METOJOB IO3HAHHUS, UCIOJb3YEMBIX B €CTECTBEHHBIX
HayKax, CIIOCOOHOCTH MCII0JIb30BATh II0Jy4aeMble 3HAHUS JUI aHAJIN3a U OOBSICHEHMSI
SBJICHUM OKPY>KArOLIEro MHUpa U IMPOUCXOIAIIMX B HEM U3MEHEHMI, YMEHHUE JI€NaTh
00OCHOBaHHbBIEC 3aKJIIOYECHHS HA OCHOBE HAYyYHBIX (DAKTOB M JAHHBIX, MOJTYYECHHBIX
B XO0Ji¢ Y4YeOHO-UCCIIEZIOBATEIIbCKOIO OJKCIEPUMEHTa, C LENbI0 IOJIy4YeHHUs
JOCTOBEPHBIX BHIBOJIOB;

3aMHTEPECOBAHHOCTh B IIOJYYEHHHM €CTECTBEHHO-HAYUYHBIX 3HAHUW B LEJAX

ITOBBIIICHU O6HICI>1 KYJIbTYPHI, GCTGCTBGHHO-Hay‘{HOﬁ I'paMOTHOCTH KakK COCTaBHOM
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qacTu (YHKIIMOHATLHOW IPaMOTHOCTH, (popMUpyemMoit ipu 00yICHHH;
FOTOBHOCTh M CIOCOOHOCTh K  HEMNPEPHIBHOMY  OOpa3oBaHUIO H
caM000pa30BaHUIO0, K AKTUBHOMY TIOJYYCHHIO HOBBIX 3HAHUH B COOTBETCTBHUH C

KHN3HCHHbBIMHA HOTpC6HOCT$IMI/I.

METANPEAMETHBIE PE3YJIBTATHI

B cghepe o6nadenun nosnasamenvHvimMu YHUEEPCANbHBIMU YUEOHBIMU
oelicmeuamu:

basosvie nocuueckue oeticmeusi:

CaMOCTOSITEIbHO  (OpPMYyJIUPOBaTh U aKTyaJu3upoBaTh  Mpoliemy,
paccMaTpHUBaTh €€ BCECTOPOHHE;

UCIIOJIB30BaTh MPU OCBOEHUM 3HAHUUA NPUEMBI JIOTMYECKOTO MBIIIJICHUS
(ananuza, cUHTE3a, CpaBHEHMS, KilacCU(PUIUPOBAHMS, OOOOUIEHUS), pPACKPHIBAThH
CMBICJ HAy4YHBIX MOHATUHN (BBLACNATh MX XapaKTepHbIE MpPHU3HAKU, YCTAHABIMBATH
CBSI3H C IPYTUMU NOHATHSAMN);

ONpENENATh LEIU JEATEIbHOCTH, 3a/aBas IapaMeTpbl M KPUTEPUH HX
JOCTUXKEHUS, COOTHOCUTD PE3YJIbTaThl AECATEIBHOCTHU C OCTABJICHHBIMU LEISIMU;

HCII0JIb30BATh HAYYHBIC ITOHATHA OJIA O0OBsCHECHUSA (baKTOB U SIBJICHUU IIPHUPOIBI;
CTPOUTD JJOT'MYCCKHUC PacCCyKACHUA (I/IH,IIYKTI/IBHBIC, ACAYKTHBHBIC, 110

aQHAJIOTUM), BBISBISATH 3aKOHOMEPHOCTH W TMPOTUBOPEYHUS B paccMaTpUBAEMbIX
SBJICHUSX, (DOPMYJIHUPOBATH BHIBOBI U 3aKJIIOUCHUS;

MPUMEHATH CXEMHO-MOJICJIBHBIE CPEJICTBA ISl MPEICTABICHUS CYIIECTBEHHBIX
CBSI3€l M OTHOIICHUM B U3y4aeMbIX 00BEKTaX, a TAaK)Ke MPOTUBOPEUUI pa3HOTO poJIa,
BBISIBJICHHBIX B PA3JIMYHBIX HHPOPMAIIMOHHBIX HCTOYHUKAX;

pa3pabaTbiBaTh IUIAH PEHICHUS MPOOJIEMbl C YYETOM aHalIh3a HMEIOIIUXCS
MaTepHUaIbHbIX U HEMATEPUAIBHBIX PECYPCOB.

ba3zosvie uccneoosamenvckue oelicmeusi:

BJIAJICTh HAyYHOM TEPMHHOJIOTHEH, KIIOYEBBIMU MOHATUSMH M METOJAMH
HAaHOHAYKH;

BIaACTh HAaBbIKaAMU y‘—IC6HO-HCCJ’ICI{OB3TCHBCKOﬁ u HpOCKTHOﬁ JACATCIIbHOCTH,
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HaBbIKaMH pa3pelieHus npooieM; criocOOHOCThIO U TOTOBHOCTBIO K CAMOCTOSITEIbHOMY
MOMCKY METOJIOB PEIICHUS MPAKTUYECKUX 3a/a4, TPUMEHEHHUIO Pa3IMYHBIX METOJIOB
MO3HAHUS;

MCII0JIb30BaTh Pa3IUYHbIEC BUJIbI ACSTEIBHOCTHU M0 MOJIYYEHUIO HOBOTO 3HAHUSA,
€ro UHTEepIpeTALNH, TPEOOPA30BAHUIO U TPUMEHEHHUIO B yU€OHBIX CUTYyallUsiX, B TOM
YuCJIe IPU CO3AAHUM YUEOHBIX U COLMATIBHBIX TPOEKTOB;

(dbopMHUpOBaTh HAYYHBIA THUIl MBIIUICHUS, BIaJ€Th HAYYHOW TEPMUHOJOTHUEH,
KJIFOUEBBIMU MTOHSATUSMU U METOAMH;

CTaBUTh U (POPMYJIMPOBATH COOCTBEHHBIC 337]a4K B 00pa30BaTEIILHON JEATEIILHOCTH
Y )KU3HEHHBIX CUTYalUsIX;

YMETh HHTETPUPOBATH 3HAHUS U3 PA3HBIX MPEIMETHBIX 00IACTEH.

Paboma c ungpopmayueti:

BJIQ/IETh HABBIKAMH TMOJYYEHUS MH(POPMAIMU U3 WCTOUYHUKOB Pa3HBIX THUIIOB,
CaMOCTOSITETIbHO OCYILECTBISATh MOUCK, aHAJIU3, CUCTEMATU3aLNI0 U UHTEPIIPETALUIO
uH(GOPMAIUU Pa3TUYHBIX BUJIOB U POPM MpECTaBICHUS;

OLIEHMBATh JIOCTOBEPHOCTh UH(OpMALINY;

dbopMynupOBaTh 3aMpoChl U NMPUMEHSITh Pa3IUYHbIE METOJbI NPHU TOUCKE H

otOope nHpopmaru, HeoOXOIMMOM JJIs BBHITIOTHEHUS yUYeOHBIX 3a]1a4;

CaMOCTOSATEJILHO  BBIOMpaTh  ONTUMAJbHYIO  (OpMYy  MpEACTABICHUS
uHpopmaiuu (cxembl, rpaduky, T1arpaMmbl, TaOJIULIbI, PUCYHKU U IIp.);

UCIIOJIb30BaTh HAy4YHBIM SI3bIK B KauecTBe CpeACcTBa Npu padore ¢
uH(popmalel: NPUMEHATh XUMHUYECKHe, (U3HMUYECKUE W MATEeMATHUYECKHE 3HAKU U
CHUMBOJIBI, dhopmyIbl, ab0OpeBHaTypy, HOMEHKJIATYpYy, WCMOJI30BaTh U
npeoOpa3oBbIBaTh 3HAKOBO-CUMBOJIMYECKHUE CPEACTBA HATJISITHOCTH.

B cepepe o6nadenus ynusepcanvHvimu KOMMYHUKAMUBHBIMU OCTICHEUAMU:

OCYLIECTBIISITh OOILIEHHE BO BHEYPOUHOMU AESITENLHOCTH;

pPa3BEepHYTO M JIOTMYHO M3Jaratb CBOKO TOYKY 3pPEHHUS C HMCIOJb30BAaHUEM
A3BIKOBBIX CPEJICTB;

MOHMUMAaTh M MCIOJb30BaTh MPEUMYLIECTBA KOMAaHJIHON M MHAMBUAYaJbHON

paboThI;
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BBIOMpATh TEMAaTUKy W METOJbl COBMECTHBIX ACHCTBUM C yd4eTOM OOIIUX
MHTEPECOB U BO3MOKHOCTEN KAXKJIOTO YJIEHA KOJUIEKTUBA;

NPUHAMATh LeJIu COBMECTHOM JICSITEIbHOCTH, OPraHU30BbIBATH
U KOOPAMHUPOBATH JECHUCTBUS IO €€ JOCTHKEHUIO: COCTABJIAThH IUIAH JIEMCTBUU,
pacrpenensTh pojdd € Yy4eTOM MHEHUM YYaCTHUKOB, OOCYXJaTh pe3yJbTaThl
COBMECTHOU pabOThI;

OIICHUBATh KaYECTBO CBOETO BKJIAJA M KaKJOr0 YYaCTHUKA KOMaHbl B OOUTUI
pe3yabTaT Mo pa3paboTaHHBIM KPUTEPUSIM;

npemjiaraTb HOBBIE NPOEKThI, OLIEHMBATh MJACH C IIO3UMLUU HOBHU3HBI,
OPUTHHAJIBHOCTH, TPAKTUYECKON 3HAUMMOCTH;

OCYLIECTBIIATh MO3UTUBHOE CTPATETMYECKOE TIOBEICHUE B PA3JIMYHBIX
CUTYAIUsX, IPOSIBISITH TBOPYECTBO U BOOOpAKEHUE, OBITh MHUIIUATUBHBIM.

B cghepe osnadenusn ynueepcanoHvimu pecyaamueHuIMuU OCUCmEUAMU:

Camoopeanuzayusi:

UCIIOJb30BaTh HAYYHBIC 3HAHUSA /JI BBISBICHUS MPOOJEM M UX PEIICHUs
B KU3HCHHBIX M YUCOHBIX CUTYAIIUSIX;

CaMOCTOSITEJIBHO OCYUIECTBIIATh ITO3HABATEJIBbHYIO JIESTEIbHOCTh, BBISBIISTH

po0IeMBbI, CTaBUTh U (HOPMYIUPOBATH COOCTBEHHBIC 33/1a4H;

CaMOCTOSITETTLHO COCTAaBIISITh TUIAH BBIMIOJIHEHUS Y4eOHO-HCCIIET0BATENIHCKOTO
HKCIIEPUMEHTa C Y4YE€TOM HMEIOIIMXCS PECYpPCOB, COOCTBEHHBIX BO3MOXHOCTEM
Y MPEANIOYTCHUM;

pacIIMpsATh paMKH Y4€OHOTO MpeMeTa Ha OCHOBE JTMYHBIX MPEIOYTCHUN;

JieJIaTh OCO3HAHHBIN BBIOOP, apryMEHTUPOBATH €ro, OpaTh Ha Ce0s1 OTBETCTBEHHOCTh
3a PeIeHHE;

OLICHUBATh MPUOOPETEHHBIH OIbIT;

CIoCcOOCTBOBaTh (POPMUPOBAHUIO U TMPOSIBICHUIO JPYIUIMU B 00JaCTH
€CTECTBEHHBIX HayK, IMTOCTOSIHHO TOBBIIIATh CBOM 00pa30BaTEIbHBIN U KyJbTYPHBIN
YPOBEHb.

Camoxkoumpons.:
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JaBaTh OIEHKY HOBBIM CHUTYaIUsIM, BHOCUTh KOPPEKTUBBI B JICSITEIHHOCTD,
OIICHUBATh COOTBETCTBUE PE3YJIbTATOB IEIISIM;

NPUHUMATh MOTHBBI W apPTyMEHTHl JPYrUX TPH aHAIW3E Pe3yIbTaToOB
NeATeIbHOCTH;

HCIIOJB30BaTh MPUEMBI pediekcuu Uisl OLIEHKU CUTYalluHu, BhIOOpa BEPHOTO
pelieHus;

yMETh OIICHMBAaTh PUCKA W CBOCBPEMEHHO IMPHUHHUMATh pEIIeHHus M0  HX
CHIDKEHHIO.

Lpunsmue cebs u ODVZI/DC.’

IIPUHUMATDb CC65[, IIOHHUMas CBOU HEAOCTATKH U JOCTOMHCTBA,

MPU3HABATh CBOE MPABO U MPABO APYTHX HA OMIMOKH.

INPEIMETHBIE PE3YJIbTATDBI

[To uroram peanuzanuu [Iporpammsl oOyvaroniuecs: OyayT 3HATh:

OCHOBHBIE TIOJIOKEHHUS 3aKOHOB, TEOPUIA, 3aKOHOMEPHOCTEH, TPaBUJI, TUIIOTE3
B 00J1aCTH COBPEMEHHBIX HAHOHAYKH M HAHOTEXHOJIOTHH;

onorpaduieckue JaHHBIC U OCHOBHBIC JTOCTIKCHUS BEAYIINX MPEACTaBUTEICH

HAayKH O JUCIICPCHBIX CPCAaX U HAHOXNMHH,

OCHOBOTOJIaralIue HAHOXUMUYECKHE TEPMHUHBI U MOHSTHUS (HAHOYACTHIIA,
HaHOMAaTepHUaJlbl, HAHOCTPYKTYPbI, HAHOCUCTEMBI U JIp.);

CTPOCHUE OCHOBHBIX HAJMOJICKYJSIPHBIX  CTPYKTYp, IPHUCYTCTBYIOIIHUX
B JIUCIIEPCHBIX CpElIax;

BO3MO>KHOCTH HAIPaBJIEHHOT'O CUHTE3a U MOAM(UKAIIMHA HAHOCTPYKTYPHUPOBAHHBIX
BEILIECTB U MaTEPHUAJIOB;

(byHKIIMOHATIbHBIE BO3MOXXHOCTH  HAHOCTPYKTYPUPOBAHHBIX BEILIECTB
1 MaTEepHUaloB;

OCHOBHBIE METOJ/Ibl HAYYHOI'O MO3HAHUSA, WCMOJIb3YEMbIE B HAHOXUMHUUYECKHUX
Y HAHOTEXHOJIOTUYECKHUX UCCIIETOBAHUSX;

KIIFOYCBBIC JOCTHKCHUA B oOnacTu HAHOTCXHOJIOTHUH,
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OCHOBHBIC ITPUITOKCHUA HAHOCTPYKTYPUPOBAHHBIX BCIICCTB U MATCPUAJIOB.

1o uroram peanuzauuu [IporpamMmsl oOydaromuecs Oy1yT yMeThb:
10JIb30BATHCA TEPMUHOJIOIHEN, OTHOCSIIENCS K HAHOXUMUHU U HAHOTEXHOJIOTUH;
paznuyaTth pazIu4HbIE YPOBHHU OpraHH3aLH MaTepHUH
B HAHOCTPYKTYpPUPOBAaHHBIX OOBEKTAX;

coOUpaTh APO-CTEPAKHEBBIE MOJEIIN CTPYKTYP HAHOOOBEKTOB;

IPUMEHATh IPOrpaMMHOE oOecriedeHHe il BU3yalu3ally IPOCTPAHCTBEHHOM
CTPYKTYpbl HAHOOOBEKTOB;

IUIAHUPOBaTh M MPOBOAUTH  y4E€OHO-UCCIENAOBATENBCKUN  OKCIIEPUMEHT
M0 U3yUYEHHUIO CBOMCTB JIUCIIEPCHBIX CUCTEM;

aHAJIU3UPOBATh U300paxeHus HAaHOCTPYKTYPUPOBAHHBIX 00BEKTOB,
MOJIyYCHHbIE PA3IUYHBIMA METOAAMH U3YUEHUS;

YCTAaHABIMBATh  B3aUMOCBSI3M  MEXAY  HAyKOM M TEXHOJIOTHAMH,
HaHOMaTEepHAJIaMU U X CBOMCTBaAMH, METOIAMH UCCIIEI0BAHUS U UX BO3MOKHOCTSMH;

OLICHMBATh JSTUYECKUE AaCHEKThl COBPEMEHHBIX MCCIEAOBAHUNA B 00JacTH
HAHOTEXHOJIOTUM;

CaMOCTOSITETILHO padoTaTh C MCTOYHMKAMH JOMOJHUTEIIbHON JHUTEpaTypbl

Y UHTEPHET-PECYpCcaMu, BKIIKOYAsk PECYPChl HA AHTJIUUCKOM SI3BIKE.

TEMATHUYECKOE IIVTAHUPOBAHHUE

Ne Haumenosanue Konuuecmeso Hpoepammnoe Xapaxmepucmuxa
nn pazoenos yacoe cooepoicanue oesamenbHoCmu
u mem Kypca ooyuarowuxcs

Pa3znen 1. Opranu3annonHoe 3aHsitue « HaHOXUMHS 1 HAHOTEXHOJIOTHSI KaK

MEKIUCHUIITINHAPHAA 00J1aCTh»

1.1. | Beenenue
B [Iporpammy

DOpMBI U METOJIBI
nearenbHoct. Ilman

paboThl HA Y4eOHBIN

IlepBuunas
IMarHocTuka. BxomHoe

TECTUPOBAHUE

roa. MHCTpyKkTax
10 TEXHUKE

0€30MaCHOCTH
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Hroro no pazpeny

2

Paznen 2. UcTopusi HAayKu o

AUCIIEPCHBIX CUCTEMAX

2.1

dusuko-xumMmuyeckas

MEXaHHKa

Hauano usydenus 4 Kanunispsl 1 3akoH Vuebo-
MIOBEPXHOCTHBIX Jlanunaca. M3yyenue Ucce008amenbCKuil
SIBJICHUIN ancopouun (K. Ieene, | sxcnepumenm:
U TUCIIEPCHBIX T. JloBum). N3yuenne ancopOum
CUCTEM Mertannndeckue 3014 KpacUTeIei ¢ TIOMOIIBIO
(M. @apaneii). AKTUBUPOBAHHOI'O YIJIA.
bpoyrosckoe Ornpenenenue ero
nBrkenue. OcMoc COpOIMOHHO
u quanu3 (T. [pam). CIIOCOOHOCTH
Konnouasele cucremsl.
Onpenenenue yncia
Asorazapo (K. ITeppen).
Dddexr Pebunaepa.
Tepmun
«HAHOTEXHOJIOTHI,
UCTOpUS €ro MOSABICHUS
U TIONYJIApU3aLuu
(P. ®eitaman,
H. Tanuryru,
3. lpekcnep)
Uroro 1o pazzueny 4
Pazgen 3. OcHOBBI (U3NKH MOBEPXHOCTH U JIMCIEPCHBIX Cpel
3.1 | OcHoBBI pU3HKH 4 DU3UKO-XUMUYECKHE Vuebno-
ITOBEPXHOCTH CBOICTBA aTOMOB uccneooeamenbCKul
Ha MOBCPXHOCTH. IKCNEPUMEHM.:
HOBerHOCTHOG OnpeHeHeHHe
HATsDKCHHE. AJICOPOLUSL. | [10BepXHOCTHOTO
CmaunBanue HATSKEHUSI BOJBI
METOZIOM OTphIBA
Karelb
3.2 CsoiicTBa 4 DNeKTpUICCKHE Vyebro-
JUCIHEPCHBIX CPea CBOJCTBA. uccne008amenbCKull
VY CcTOM4NBOCTD. SKCHEPUMEHN.:

O11eHKa TOIIIHUHEI
rpauTOBON JTMHUN

B 3aBUCHUMOCTHU

[JOKYMEHT NMOZAMNWCAH 3MEKTPOHHOWM NOAMMUCHIO

MYHULUMNAJIbHOE BHOA)XXETHOE OBLLEOBPA3OBATEJIbHOE

07.09.26 12:51

YYPEXXAEHME "JINLLEA N24 "MHOIONPO®WIIbHBIN", MnaToHoBa BaneHTuHa (MSK)
HukonaesHa, AVUPEKTOP

CepTucukat 860694586A78DA4A7B19A4EBD7822E




OT MATKOCTH KapaHIallla

Uroro mo pazneny 8

Pasnen 4. lucnepcHble CHCTEMBbI: MOJyYeHHe U TPUMEHeHne

41 Kiraccuduxarmms 2

AUCIIEPCHBIX CUCTEM

Ilonsgrus
«HaHOMAaTEpUa,
«HAHOOOBEKT.
Buas HaHOOOBEKTOB
(0D, 1D, 2D;
MHUKPO-, ME30-

U MaKpOIIOPHUCTBHIE).

Spxue npumepsl

Ilpakxmuueckas paboma:
MopenupoBanue
CTPYKTYpPbl HAHOYACTHILL
pa3zHoro pasmepa,
CpaBHEHUE J0JIN
ITOBEPXHOCTHBIX aTOMOB
Y 4ucia

HECKOMIICHCUPOBAHHBIX

AKTHUBHBIC BCIICCTBA

buonornueckue

AUCTICPCHBIC CUCTCMbI

NPOSIBJICHUS BAJICHTHOCTEN
pasmepHoro 3¢ dexra
4.2 | ducnepcHble 2 IIensl, anpozonu Vuebno-
CHUCTEMBI, W asporesimn uccneo008amenbeKull
cozieprKallue IKCHepUMEHIN.:
ra3oByio a3y Omnpenenenue
YCTOWYMBOCTH IEHBI
MOIOIINX CPEJICTB
43 | JlucnepcHele 2 3o, renu, IMYJIbCUU Vuebno-
CHUCTEMBI, U CYCIICH3MH. UCCe008amenbCKull
coziepIKaline [Tonoxenue 3omeit SKCNEePUMEHM.:
KUIKYIO (hazy Ha IIKaJe UCIEPCHOCTH | [TonyueHue 30eit
KOJUTOM/IHBIX CHCTEM HAHOCTPYKTYPHPOBAH-
HOTO cepedpa
4.4 | lucnepcHble 3 IToBepxHOCTHO- Vuebno-
CHCTEMBI, aKTHBHBIC BEIIECTBA. uccnedosamenbCKull
cozep KaIue MemOpaHbl, MULIEIUTBI dKCHEPUMEHM.:
IIOBEPXHOCTHO- U JTUIIOCOMBEI. W3y4eHne BiusHAA

IMOBEPXHOCTHO-
AKTUBHBIX BCIICCTB
Ha MOBECPXHOCTHOC

HaTAXKCHHUEC
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45 Mertonsl
BH3YaJIU3aI[UU

HaHO4YaCTHUI]

Dddexr Tunnmans.
AHaJIU3 TpaeKTOPUi

JABHXKCHHA HAHOYACTHI]

Yuebno-
UCCRe008amenbCKull
IKCHEPUMEHIN
JleMoHcTparus

s dekra Tungans

Ha JIUCTIEPCHBIX
CUCTEMaX Pa3IN4HOro

pona

Hroro no pazpeny

10

Pa3nen 5. Metoabl cMHTe3a HAHOCTPYKTYPUPOBAHHBIX BellleCTB M MaTePUAJIOB

MeTtonrl cuHTe3a
HAHOYACTHII: «MATKOH
XHAMUEW» — 3071b-TelIb,
«TOMOTI'€HHOT'O
OCaXKICHUS,
oOparméHHo-
MUIICIUIIPHBIH,
MHUKPOIMYJIbCHOHHBI;
tepmoinus, CVD.
MeTonasl cTabUIM3aIuN

HaHO4YaCTHII:

5.1 | [IpuHIHMI «cBEpXy- 2 [IpuHIATIBI TONTY4YEeHUS Ipaxmuueckas paboma:
BHH3» HaHOCTPYKTYp: IocTpoenne Mmozenu
«CBCPXY-BHH3» IIJIaHETApHOU
U «CHU3Y-BBEPX». METbHHIIbI
[Tomyuyenue rpadena.
Ocobennoctu padboThI
TUTAHETAPHBIX MEJTHHHUI
5.2 | [lpuHIMI «CHU3Y- 8 OcHOBBI Vuebno-
BBEPX» CYIpaMOJIEeKyISIPHON uccnedosamenbCKutl
xumuu. CamocOopKa. IKCHepUMEHIN.:

["a3odazublii cunTe3
HAaHOKPHUCTAJUINYECKOT O
XJIOpUa AMMOHHUSI.
[Tonydenue 3omeit
HaHOMarHeTuTa,
HaHOPa3MEPHOTO
JTMOKCH]IAa TUTAHA,
OEpIIMHCKOM JIa3ypHu.
[TomyueHue HaHOMIIEHOK
cepeOpa Ha CTEKIISTHHOM

nomioxkke. OleHKa ux
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CTEpUUCCKasd, XEj1aTHasd, TOJIITUHBIL.

3JIeKTpoCTaTu4ecKas, [Ipomexxyrounas
“MMOOMIH3aLMeit aTTecTalus
B MaTpulle.

HanpaBnennblii cuHTE3
HAHOOOBHEKTOB:
KBAaHTOBBIE TOUKH,
HaHOIIJIEHKH, 00bEMHBIE
HaHOMAaTEpHAIIbI.
Momudukanus CBOWCTB

HaHOMAaTCpUuaJIoB

Wroro no pazneny 10

Bcero xomuecTBo 4acoB 34

no IIporpamme 3a roj
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11 KIIACC

Ne

n/n

Haumenosanue
pazoenos

u mem Kypca

Konuuecmeo

vacoe

Ilpoepammnoe

cooepoicanue

Xapaxmepucmuka
oesimenbHoOCmu

o0oyuaowuxcs

Pa3nen 6. Metoabl HcciieJoBaHUSI HAHOCTPYKTYPHPOBAHHBIX BellleCTB H MaTepPHaJIOB

MTUKOB KaK IMPHU3HAK
HAaHOOOBEKTA M KaK
Croco0 OIIEHKH pa3Mepa
KPUCTAJIUTOB.
PenTrenocTpykrypHbIi
ananu3. Onpenenenue
CTPYKTYpbI
HaHOPa3MEPHBIX
00BEKTOB Ha ATOMHOM

YPOBHE

6.1 | Onruueckue 4 OnTuueckue CBOUCTBA | VyeHro-
METO/IBI HaHOYaCTHIT uccne008amenbeKuil
Y HAaHOMaTepHaJIOB. IKCHEPUMEHM.:
Muxpockorust. MHUKpPOCKOTMYECKOE
JAnpariroHHbIi HA3Y4YEHHUE IPENAPATOB
npezien. GoTomeTpHs. HaHocepeOpa Ha CTeKIax
Cnexrpodoromerpusi:
U3MEpEHUe MPOIyCKaHUs,
MIOIJIOLEHU S,
JIFOMMHECIIEHIUH.
JnaaMuaeckoe
CBETOpaccesHue
6.2 | DnekTpoHHas 3 IIpoceeunBaromas Ipaxmuueckas paboma:
MHUKPOCKOIHS 3JIEKTPOHHAS CpaBHUTENbHBIN aHATN3
MHUKPOCKOIIHSL. n300paxeHui
Ckanupyromiast HAHOCTPYKTYD,
3JIEKTPOHHAS HOJTY4EHHBIX
MHUKPOCKOIIHSL. HJIEKTPOHHOU
OcoOEeHHOCTH U3YYeHHs | MUKPOCKOMUEH
OHONIOTMYECKUX
OOBEKTOB
Ha HaHOYpPOBHE
6.3 | PentrenoBckas 4 PentrenodasoBslit Ilpakxmuueckas paboma:
nudpaxkromeTpus aHaIu3. YIIMpeHue Busyanu3zanus cTpykTyp

OUOMOTNMEPOB,
MOJYYCHHBIX METOJIOM
PEHTTCHOCTPYKTYPHOT'O

aHaJIi3a
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6.4 | Ckanupyromas 6 TynnenbHas

30H]10Bast MHUKPOCKOIHUS. ATOMHO-
MHUKPOCKOIHS CHJIOBAst MUKPOCKOIIHS.
AHanu3
HAHOCTPYKTYpPbI
ITOBEPXHOCTEH.
Cratnueckuit

1 TWHAMAYECKHAI

PECKUM CKaHUPOBAHU S

Yuebno-
uccnedosamensCKuil
9KCHepUMEHM.:
N3yyenune noBepxHocTu
METOJIOM aTOMHO-

CUJIOBOW MUKPOCKOIIHMH.

IIpakmuueckas paboma:
AHanu3 n300paxeHuH,
MOJIYYEHHBIX METO/I0M
aTOMHO-CUJIOBOM
MHUKPOCKOMHH,

C ITIOMOIIBIO
COBPEMEHHOTI0
MIPOrpPaMMHOT0

oOecrieyeHus

Yuebno-
uccnedosamenbCKuil
9KCHePUMEHIN:
Nzyuenue «3ddekra
JI0TOCa» Ha MpUMeEpe
JIeTIECTKA PO3BI.

N3mepenne kpaeBoro

yria

Hroro no pazneny 17
Pa3nen 7. ®yHKIMOHAJIbHBIE CBOICTBA HAHOCTPYKTYPHPOBAHHBIX BEIIECTB M MATEPHAJIOB
7.1 | dyHKOHOHATBHBIE 5 CepxHU3Kast
CBOIICTBA BEIIECTBA, CMauuBaeMOCTb.
obecrieynBaeMble CBepXIIpOYHOCTb.
HaHOMaTepUaIaMU BricokoTemmeparypHas
CBEPXIPOBOTUMOCTb.
CaepxdubTpariusi.
CBepxbsApKOCTh
CBETOUCITYCKaHUSI.
Cyxas anre3us
(bnomuMeTHKa
reKKOHa). MarHuTHbBIE
CBOICTBa

Uroro no pazneny 5

HA CerOAHALIHUA JeHb

Pa3nen 8. HaHOTeXHOJIOTHH — MePCIeKTUBBI PA3BUTHS M COCTOSIHME HAYKH

8.1 | CoBpemeHHbBIE 1 OO6muit 0030p
PUMEHECHUS COBPEMEHHBIX
HAHOTEXHOJIOTHU PUMEHECHUH

HAHOTEXHOJIOTHU

Buxmopuna:
Hanorexnonoruu

B HaIlleH KU3HUA
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8.2 | YruepoaHsie 2 Ocobas poib yriiepona | [Ipakmuueckas paboma:
HaHOMAaTepUaIIbI B HAaHOMHpE. MonenupoBanue
dynnepensl, rpadeH, MIPOCTPAHCTBEHHON
HaHOTPYOKH CTPYKTYpHbI QyIIepeHOB
8.3 | Hanomarepuasl 2 Hanomatepuanbl Yyebno-
IUISL SHEPTETUKU B TOTLTUBHBIX uccne0osamenbeKutl
JJIeMEHTaXx. 9KCNEepUMEHM.:
JIuTuii-uoHHbIC N3mepenne eMkocTr
AKKyMYJISATOPHI. JTUTHHA-UOHHOTO
CynepkoH1eHCaTopbl aKKyMYyIIATOpa
8.4 | HaHoanekTpoHHKa 2 3akoH Mypa. Ilpakmuyeckas paboma:
TexHonornueckui Ananu3z nu300pakeHus
IpoIlecC MPOM3BOJICTBA | MMOBEPXHOCTU KOMITAKT-
HHTETPATbHBIX JICKa
MuKpocxeM. Cucrembl
3anucy UHGopMaluu
8.5 | Hanomarepuabi 2 Hanoaunarnocrtuka. Ilpaxmuyeckas paboma:
B MEIUIUHE IIpumenenune Busyanuzanus
1 DKOJIOTHH HAaHOMAaTEPUAJIOB IIPOCTPAaHCTBEHHOM
B TEPAIUU. CTPYKTYpPBI
HanocopOeHThI. HAHOOHMOMPENapaToB
DoTOKaTaIU3aTOPBI. C IIOMOIIBIO
Camoouncrka COBPEMEHHOI'0
IPOrPaMMHOTO
obecrieueHus
Wroro mo paznemy 9
Pazgen 9. AktyasnbHble Npo0JieMbl B 00,1aCTH HAHOXHMHHU U HAHOTEXHOJIOTUH
9.1 | Huckyccus 3 AxTyanbHble poOsieMbl | MToroBas arrecrarms.
B 00JIaCTH HAHOXMMHH | 3adeTHas pabora
Y HAaHOTEXHOJIOTUH
Hroro no pazaeny 3
Bcero xosiu4ecTBo yacon 34
no Ilporpamme 3a roj
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OPTAHM3AIIMOHHO-IEJATI'OTHYECKHUE YCJIIOBUSA PEAJIM3ALINN
IHPOI'PAMMBbI

Mertoaunueckoe odecnieyenue peaausauuu Ilporpammbi

IIpu peanuzanuu IlporpamMmmbl B yuyeOHOM MpOLIECCE HUCMOIB3YHOTCS
METOJIMYECKHE TOCOOMs, NUIAKTUYECKHE MaTephalibl, (OTO- M BHJIEOMATEPHUAIIbI,
KOHCTPYKTODPBI JUIsI CO3JaHUs IIapO-CTEPKHEBBIX MOJEIEH XUMHYECKHUX CTPYKTYD;
KypHalIbl W KHUTH, O030pbl M OpUTHMHAJbHbIE MyOnuKanuu, O0a3bl JaHHBIX,
MporpaMMHOe 0OecTieueHre JUIsi pUCOBAHUSL XUMUUYECKUX CTPYKTYp U BU3YyalU3aluU
MIPOCTPAHCTBEHHBIX 00BEKTOB, Mpoure Marepuainsl B Cetu MHTEpHET.

IIpu npoBeneHNH 3aHATUN UCTIOIB3YHOTCS

® CIIOBECHbIE  METOAbl  OOydYeHMs:  JICKIIUHM, OOBSCHEHHUs,  Oecepl,
KOHCYJIbTallUU;

® HarJSIAHBIE ~ METOAbl  OOyueHus::  MpEe3eHTalud,  BHUJCOMaTEpUabl,
BU3yAJIN3ALUH;

® WCCIIEIOBATEILCKAE METOJbI OOy4YeHHUS — BBIMIOJIHEHHE OOYUYarOIUMUCS
ONPENEIICHHBIX UCCIE0BATEIbCKUX 3aJaHAMN.

YcBoeHne Marepuana KOHTPOJMPYETCS IPA  IIOMOLIM TECTUPOBAHUS U
BBITIOJTHEHNS TNPAKTUYECKUX 3aJaHUW. 3aKIIOUYMTEIIBHOE 3aHATHE IPOBOJIUTCA B

(dhopme 3aueTHOM pabOTHI.

MarepuajibHO-TEXHUYECKHUE yca0Bus peaausaunu [Iporpammel

[IpoaykKTUBHOCTH PabOTHl BO MHOTOM 3aBHUCHUT OT KadyecTBa MaTepUalibHO-
TEXHUYECKOr0 OcCHaleHus npouecca. IIporpamma peanusyercs B ayAUTOPHH
o0pa3zoBaTeIbHON OpraHU3alMu ¢ TPUMEHEHUEM TEXHUYECKUX CPEACTB OOyUECHUS U
71a00paTOpPHOTO 0OOPYAOBAHUSA:

® KOMIBIOTEPHI YUUTEISI K 00yUaIOIINXCS;

® UHTEpaKTHUBHAs JOCKa;

e y4cOHO-HayYHOE 000pYI0BaHKE MO (DU3UKE ¥ XUMHH.
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JIMTEPATYPA U DJIEKTPOHHBIE PECYPCBbI

HopmaruBHas 0a3za

1. ®enepanphbiil 3akoH oT 29 nexadbps 2012 r. Ne 273-03 «O6 obpazoBaHuu
B Poccuiickoit @enepannumny».

2. ®enepanbHbIl TOCYAAPCTBEHHBIM 00pa30BaTENbHBIA CTAHIAPT CPETHETO
obmero oopazoBanus (yTBEepXkaeH npukazoM MuHoOpHayku Poccum ot 17 mas 2012
r. Ne 413; 3apeructpupoBan Muntoctom Poccun 7 utonst 2012 r. Ne 24480).

3. @enepanbHas 00pa3oBareNbHas MporpaMma CpeHero oomero oopa3oBaHus
(yrBepkzeHa mnpukazoM MuHnpocsemenuss Poccun ot 18 mas 2023 r. Ne 371;

3apeructpupoBad MuntoctoM Poccun 12 utomnst 2023 r. Ne 74228).
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