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Pa3paboTunku mporpamMmmsi:

BoukoBa CBeT/1aHa AJleKCaHIPOBHA,

JOKTOD IIeIarorMyecKuX Hayk, mpodeccop, npodeccop Kapeapsl METOANKH MPero1aBaHis] XUMUH, OUOJIOTHH,
akostoruu U reorpadpuu ®I'AOY BO «I'ocynapCTBEHHBIH YHHBEPCUTET POCBEIICHHS

Kousichukos Ouser Baagumuposny,

cTapmidi MeToaucT MHCTUTYTa pazButus npoduinsHoro ooydeHus TAOY BO «MocKOBCKHI TOPOICKOMH
MeJarorn4eckuil YHUBEPCUTET»

O6oaenckas Jlroo6oss Huko1aeBHna,

KaHIUJIaT XUMUYECKHX HayK, MeToaucT MHcTuTyTa passutus npoduasHoro ooyuenus 'AOY BO «MockoBckuit
TOPOJICKO TeJarornuecKuii yHUBEPCUTETY

PenenseHTsI:

Mapmyruna JliogmMuia AjlekcaHapoBHA,

KaHJIUIAT TeJarorTMIecKuX HayK, 3aBeayolias JadbopaToprel ecTecTBeHHO-HayYHOTo oopa3oanus OI'BHY
«MHCTUTYT copep kaHusl 1 METOJIOB OOYUEHHUS

3arpanuynas Hane:xxna AHatosiabeBHa,

KaHAMIAT IeJaroruyeckux HayK, CTapLIMi Hay4YHbIH COTPpYIHUK Ja0OpaTOpUH €CTECTBEHHO-HAYYHOI'O 00pa3oBaHUs

OI'BHY «MHCTHTYT colepKaHus 1 METOIOB O0yUSHHSI»
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MNOACHUTEJIBHAS 3AIIMCKA

Hanoxumusi sBIsE€TCSI €CTECTBEHHO-HAYYHOM OCHOBOW HAHOTEXHOJIOTHU,
UTPAIOIIMX KpaHe BaXXHYI0 pOJb B COBPEMEHHOM TEXHUKO-3KOHOMHUYECKOU
napagurme. Hanoxumus uccnenyer cnocoObl MOIYUYEHHs M CTaOMIM3aIMH, CBONCTBA,
CTpO€HME W  OCOOEHHOCTM  XMUMHUYECKHMX  NPEBPAILICHUA  HAHOOOBEKTOB
U HAaHOMAaTEpHAJIOB, a TAKXKE MX INPaKTUYECKuEe INpuiokeHus. Hanoxumus crana
JOTUYECKUM  pPAa3BUTHEM  KOJUIOMJHOM  XHMHMH, C  OJHOM  CTOPOHBI,
U CyIPaMOJIEKYJISIPHON XUMUU — ¢ Apyroil. O0e 3TUX AUCIUIUIMHBI KPUTUYHO BayKHBI
JUIS1 KOPPEKTHOI'O IOHUMAHUSI HAHOXUMHUYECKUX TOJIXOJI0B.

Pa3BuTHe HAHOXMMHUM W HAHOTEXHOJIOTMW CErOJHS CIYKUT (POKycoM
JUISI IPAJIO’KEHHST CWJI  BEAYLIMX YYEHBIX M HCCIEIOBATEIbCKUX KOJJIEKTUBOB.
HaHomarepuansl Ha OpraHMYECKOM MW HEOPraHWYECKOHM OCHOBE IPUMEHSIOTCS
B OTPOMHOM KOJIMYECTBE IPOIYKTOB COBPEMEHHOW TPOMBIIIIIEHHOCTH. ONHUCHIBAEMOE

HAIpaBJIEHUE CIYXKUT OJHUM M3 cTONNOB Tak Ha3zbiBaeMoil NBIC-konBeprenuum,
BXOJSIIEH B SJIpO Mpe/icKa3biBaeMoro gpyryposioraMu VI TeXHOJIOTHYECKOTo yKaja.

PabGouast mnporpamMma Kypca BHEYpouHOUl jaesTeNbHOCTH «COBpEMEHHbBIC

UCCIIEIOBaHMsI M JIOCTHXKEHUS HaHOXuUMHUN» (nanee — Ilporpamma) ecrecTBEHHO-
HAYYHOUM HAaIpaBJICHHOCTH TMO3BOJSET OcBeTUTh oOydarommmcs 10-11 kmaccos
OCHOBHBIE TE€3UCHl HAHOXMMHH, a TAK’KE€ HAMETUTHh OCHOBHBIE HAIIPABJICHUS Pa3BUTHSI
HAyKH O MHUpE€ HAHOOOBEKTOB U €€ TEXHOJOTUUECKUX MPUIIOKEHUMN, TOJTyYUTh TOHSATHE
O COBPEMEHHBIX Hay4HbIX MeToaax. Peammsanusa [IporpamMmel MO3BOJIMT JOCTUYB
0osiee TOJHOrO MOHMMAaHUSl HIKOJbHUKAMHM €CTECTBEHHO-HAYYHOTO MOAXO0Ja K

HN3Y4YCHUTIO IIPUPOABLI U Pa3BUTHUIO HA €TO OCHOBC TCXHOJ’IOFHﬁ, MCHAIOIIUX MHUD.

AkTtyajabHocTh IIporpamMmmsi

Hanoxumusi B CBOMX NMPOSIBICHUSX OTHOCUTCS K 00JIACTU €CTECTBEHHBIX HAyK
B 1enoM. WM3HayaibHO CHOPMHUPOBABIIMCH Ha CThIKE XUMHM U (PU3UKH,
HAHOXMMMYECKHE MOAXOAbl BO MHOTOM BIIUSIOT Ha COBPEMEHHOE MOHHMAaHHE

MOJIEKYJIIPHBIX OCHOB OMOJIOTHH U IpYyTruX HayK. TeM He MeHee B IIKOJbHBIX Kypcax



[0 €CTECTBEHHO-HAy4YHBbIM IMpEAMETaM TEMBI, CBSI3aHHbIE C HAHOXUMUEH,
pacrosiaratorcs TMOpO3Hb W 3aHUMAIOT KpailHe Manblii oOmuii oO0bem. B wyactu
BO3MOXxHOTo AyonmupoBanus ¢ POII COO no npeameTHon obnactu «EcTecTBEHHO-
Hay4yHbIe peaMeTh [IporpaMmma nmoutu He nepecekaercs Hu ¢ heaepanbHoil paboueit
IPOrpaMMoOii o yueOHOMY TIpeIMETy «XUMHUSD» (TEMBI « AJUIOTPOITHBIE MOIU(PUKALIUN
yraepona», «IloHsTue o aucnepcHbIx cucreMax», «lIpencraBieHre 0 KOJUIOWIHBIX
pacTBOopax» B paszene «TeopeTmdeckne OCHOBBI XMUMHUHW», a TakK€ YINOMUHAHUE
HAaHOTEXHOJIOTHH B pasaelie «XUMHsS W KU3HBbY); HU ¢ QeaepaabHoil pabodeit
nporpaMMoi 1o ydyeoHomy mpenmetry «®Pusmkay ( «IIoBepXHOCTHOE HATSHKCHHE)
B TeM€ «ATrperatHble COCTOsIHUS BemiecTBa. PazoBble MEPEX0/Ib»; YIOMHHAHHE
«lTonyuenne HanomaTepuasioB» B TeM€ «OCHOBBI MOJIEKYISIPHO-KUHETHYECKOU
Teopun»); HU C (QenepaabHO padoyell MmporpaMMol MO Y4YeOHOMY MpPEIMETY
«buonorus» («O0me cBoCTBa OMOJIOTHYECKUX MEMOpaH» B TeMe «XHUMHUYECKas
opraHu3anys KiIeTkw»; «HaHOoTexHOIOrMH B OMOJOTUU M MEIULIUHEY).
[Iporpamma pa3zpaboTaHa B COOTBETCTBUU C TPeOOBaHUSAMU (PeAepaTbHOTO
roCyJapCTBEHHOTO0 00pa30BaTENIbHOTO CTaHAApTa CPETHEro OOIIero oopa3zoBaHUs
(DdI'OC COO). HeobxomumocTs peanuzaiiuu [IporpamMMel cBs3aHa ¢ KpaifHE MUPOKUM
pacrpocTpaHEHUEM MPOJIYKTOB HaHOXHUMHUU B COBPEMEHHOM MuUpe
Y BBILIEYTIOMSIHYTBIM ~ HEJIOCTAaTOYHBIMOTPA)KEHHUEM  OCHOBHBIX MPUHIUIIOB,
Ha KOTOPbIX OHa IIOCTPO€Ha, B OCHOBHOM 0Opa30BaTEJbHOM  MporpaMMe.
JI711 4acTUYHON KOMIIEHCAIIUKM 3TOr0 pa3pbiBa B MOCKBE YK€ MHOTO JIET TPOBOJIUTCSA
OJINMIUAJA [0 HAHOTEXHOJIOTUAM — ONMMITHA/1a IKOJIBHUKOB «BBICOKHE TEXHOJIOTUU
U Matepuaisl Oyaymiero». 3ananus OnuMIuaabl MO3BOJISIOT MIKOJBHUKAM TIOHST,
HACKOJIBKO OHH OPHUEHTUPYIOTCS B OTOH  MEXKIUCIUIUIMHAPHOW  OOJACTH.
CucreMaTnyecKkoe e MOJIy4eHUE 3HAaHUI BO3MOYKHO OPraHHM30BaTh HA YPOBHE
cpenHero oOmiero oOpa3oBaHWs B paMKaX BHEYPOYHOW JESTEIBHOCTH WA
JOTIOJTHUTEIHFHOTO 00pa30BaHusl, B YaCTHOCTHU TMPH peanu3aiuu JanHoi [IporpamMmei.

bonblioe BHUMaHUE B HporpaMMe YACICHO MCTO/JIaM IIOJIYYCHUA U U3YUCHUSA



HAaHOCTPYKTYPUPOBAHHBIX BEHIECTB W MaTepuanoB. [IpakThueckas cTOpoHa
[IporpamMmbl MO3BOJISIET YBUAETh SPKUE CTOPOHBI HAHOXHMMHH TPU OTHOCUTEIHHOMN
JIOCTYMHOCTH BBITIOJHEHUS Y4€OHO-HUCCIIEeI0BATEILCKOTO SKCIIEPUMEHTA U BO MHOTOM
OaszupyeTcs Ha MpUMepax JIabopaTOPHBIX pabOT, HU3JIOKEHHbIX B I[lpakTukyme
no HaHoMarepuanaMm u HaHotexHojorusim A.b. Illep6akosa u B.K. MBanoBa [16].
N3ydeHne HAHOXUMHH OTKPBIBAET MHOTO HOBOTO U HEOKUAAHHOTO KaK JJIsl y4€HUKOB,
TaK U 1 negaroroB. [IpoekTHas U nccaeaoBaTebeKas 1eATebHOCTh 10 HAHOXUMHUH,
KOTOpasi MOYKET BBINOJHATHCA ¢ Onopou Ha [Iporpammy, npu TOKHOM ITOCTaHOBKE
OylleT TMPUBOJIUTH K OOBEKTHMBHO HOBBIM pe3yJibTaTaM, paHEE HE OIMCAHHBIM B
HAY4YHOU JIUTEPATYPE.

Hosusna IIporpamMmspl 3aKJIF04a€TCA B TOM, YTO OHA IOCTPOEHA HA MOLIArOBOM
O3HAKOMJIEHUU O0YYAIOMINXCS C OCHOBAMU HAHOHAYKH U €€ MPUII0KEHHUSIMHU.

Peanuzanust [IporpamMbl criocoOCTBYET AeTaau3aliy 3HAHUN 00YyYaroIuXcs
0 (PU3MKO-XMMHUYECKHUX Ipolieccax, MPOTEKAIOIUX Ha HAHOYPOBHE, PACIIMPEHUIO
NPEACTABICHUM O BO3MOXXHOCTSIX MPUMEHEHUS HAHOXMUMHUYECKUX TOJXOJOB,
crocoOcTBYeT podoprueHTAIIUN 00YUJarOIIIHXCS.

Ilenarornyeckasi mesiecoodpasnoctb IIporpamMmel 3aKkir04aeTcs B TOM, YTO
OHa CO3JaeT YCJOBUSA i GOPMHUPOBAHUS y OOYyYAIOLIUMXCSl €CTECTBEHHO-HAYYHOU
KapTHUHBI MHUpA, Pa3BUBAECT YMEHUE KPUTHUYECKOTO OCMBICICHUSI MH(OpMaluu, raet
BO3MOXHOCTh  MOJYYHWTh  HaBbIK  MPOBEIEHUS  y4eOHO-MCCIEI0BATEIHCKOIO
AKCIIEPUMEHTA, paciuupser 0a3zuc s YriayOJeHHOro M3y4eHHs] HAaHOXMMUYECKHX
ITPOLIECCOB B BBICIIEH IIKOJIE.

Hean [IporpaMmmel — 1aTh 00yUYaIOMUMCS KPATKUN YKCKYPC B MEKIIPEIMETHYIO
00J1aCTh HAHOTEXHOJIOTUNA U UMITYJIBC K CAMOCTOSITEIBHOMY U3YUYEHHUIO U TBOPUECKOMY
Pa3BUTHIO; JaHHAsA 00JIaCTh B HACTOSIILIEE BPEMsI SIBIISIETCA OJHOM M3 «TOYEK POCTa»
JUIST Pa3BUTUS TPOMBIIIJICHHOCTY M HAaXOAUT MHOTOYMCIICHHBIE TPUMEHECHUS

B COBPEMEHHOM TEXHUKE.



Bapuantsl peanuzanuu IIporpamMmmel u ¢gopMbl NpoBeIeHUs 3aHATHH

Peamuzanmss ~ IIporpamMmbel  mpeamosiaraeT — COY€TaHWE  JICKIMOHHOMU
U ceMuHapckoil ¢opM pabOThl C 3JIEMEHTAMHU MPAKTHUKyMma: JIEKIUH, CEMHHApHI,
IUCKYCCUM,  3aIIMTBl  NPOEKTOB, YYEOHO-UCCIIEAOBATEIbCKUN  SKCIEPUMEHT,
MpakTH4ecKnue padoThl — M300paKeHHe XHUMHUYECKUX (HOpMyIN, BU3yaTH3aIHs
TPEXMEPHBIX 0OBEKTOB U TIP.

B cemunapckoii yacTu BO3MOkHa CMEHA MHAMBHUIyaJIbHBIX U TPYNIOBBIX (hopM
IPOBEJICHASI B 3aBHUCHUMOCTH OT IPEANOYTEHHMM Ienarora. B mpakTuyeckol 4actu
BCTPEUAIOTCS KaK y4eOHO-UCCIIEOBATEIbCKUN IKCIIEPUMEHT, TaK U KOMITbIOTEPHBIN
IPAKTUKYM.

[Ipn peanmszanuu IlporpamMMbl UCHONIB3YETCS BBIUMCIUTENbHAS TEXHUKA,
oOecrnieunBaroIas JOCTYIl K CHELMATU3UPOBAHHOMY MNPOTPaMMHOMY OOECIEUEHUIO
Y HAy4YHOU JIUTEPATYPE.

JUist  caMOCTOATENBHOTO H3Y4YEHHUs MPESYCMOTPEH CIMCOK aKTYaJIbHOM
JUTEpaTyphl MO ONHUCHIBAEMON 0O0JacTH, pPacCUMTAHHBIM Kak Ha Yy4MTeNeH, Tak
Y Ha IIKOJIBHUKOB, YYaCTBYIOIIUX B peanu3auuu [IporpaMmel.

[Iporpamma paspabotana st oOyuaromuxcsi npoduiabHbix 10—11 kmaccos
(ecTrecTBeHHO-HAayuHbI Npodunb o0yudeHus). [Iporpamma paccuurtana Ha 2 roja
oOyuenusi. OO1Iee KOIMYECTBO BPEMEHH, OTBOJMMOro Ha ocBoeHue I[Iporpammsl,
cocrapisieT 68 yacoB. [Iporpamma peanusyercs 1 pa3 B Henento no 1 yacy. Bapuantom
peanu3auuu MoxeT ObITh uzydenue [Iporpammelr B 10 kiacce B pexxume 3aHITHI 2
qyaca B HEJIEIIIO.

@opMbI KOHTPOJISI CIYy’KaT Ui ONpPENENICHUS PE3yJIbTATUBHOCTH OCBOCHMS
[Iporpammbl  oOyvaromumucs. Atrecrauus npoBoautrcss | pa3 B Trox:
MPOMEXYTOUHAsl — [0 UTOTaM MEePBOro roga 0O0y4eHHs, UTOrOBass — BECHOW BTOPOTO
rojia 00y4eHwusl.

Dopmbl nposedeHUss ammecmayuu:

* TECTUPOBAHUE;

* MPaKTUYECKUE 3aHATHUS;

* 3aderHas paboTa.



B3aumocssss ¢ penepanbHoii padboueil nporpaMMoi BOCIIUTAHUS

[Iporpamma pa3paboTraHa ¢ ydeToM peKoMmeHaalui denepaibHoil paboueit
IpOrpaMMbl BOCIIUTAHUs JJig 00111€00pa3oBaTelibHbIX opranu3zaiuii. OHa yYUTHIBAET
MICUXO0JIOTO-TIEJarOTUYECKIE 0COOCHHOCTH COOTBETCTBYIONIECH BO3PACTHOM KaTETOPUU
oOydJaronuxcsi.

B wactHOCTHM, B Xxozme peanmn3auuu [IporpamMmbl BO3MOXKHO COYETATh Kak
WHTEJUICKTYaJIbHOE, TaK M COIMMAILHOE Pa3BUTHE OOYJAIOIINXCS, CO3/IAf0IIEe OCHOBHI
IUISl UX CaMOOTIPEIENIEHNS] HA OCHOBE 1YXOBHO-HPAaBCTBEHHBIX LICHHOCTEM.

K 3amauam peanusanuu nanHoi [IporpamMmbl MOKHO OTHECTH HOCTHKEHUE
JIMYHOCTHBIX PE3yJIbTAaTOB OCBOECHUS OOIIE0O0pa30BaTEIbHBIX MPOrpamMM Mo ¢Gu3MuKe,
xuMuu 1 onosoruu B cootBeTcTBUU ¢ PI'OC COO, a uMeHHO: c(hOPMHUPOBAHHOCTh
LIEHHOCTEM CaMOCTOSITEIbHOCTA M WHUIHUATHBBI, TOTOBHOCTh OOYYarOIIMUXCS
K CaMOpa3BUTHIO, CAMOCTOSITEIbHOCTH M IMYHOCTHOMY CaMOOIPEEICHUIO, HAINUNE
MOTUBAIlMM K  [ICJICHANPAaBJICHHON  COLMAJIbHO  3HAYUMON  JIESTEIBHOCTH,
c(hOpPMHUPOBAHHOCTh BHYTPEHHEW MMO3UIMU JIMYHOCTU Kak OCOOOT0 IEHHOCTHOIO
OTHOIIEHUS K ce0e, OKPYKAIOIIUM JTFOSM U )KU3HU B 1[EJIOM.

[Iporpamma  COOTBETCTBYET  CIEOYIOIIMM  OCHOBHBIM  HaIlpaBJICHUSM
BOCIIUTAHUS: TPaXJTAHCKOE BOCIHUTaHUE, MAaTPUOTHYECKOE BOCIHUTaHUE, IYXOBHO-
HPABCTBEHHOE BOCHHUTAHHUE, ICTETUYECKOE BOCIUTaHUE, (OPMUPOBAHUE KYJIBTYPHI
3I0pOBOr0 00pasza >KW3HHW, TPYNOBOE BOCHHUTAHHUE, SKOJOTUYECKOE BOCIUTAHUE,

BOCIIUTAHUEC NCHHOCTU HAYYHOI'O ITO3HAHMA.

Ocob0ennoctu padorsl negarora no Iporpamme

[lepen mnpenonaBateneMm, pabotaromuMm 1o IIporpamme, cTouT 3amaua
TAQPMOHUYHOTO COYETaHUS DJIEMEHTOB XWMUM, OMOJIOTHH, PU3UKU U WHHOPMATHKH,
KOTOPbIE HEOOXOIUMBI ISl KOHBEPT€HTHOTO TOHUMAaHKsI HAHOXUMHUHU. TeM He MeHee
aKIIEHT B cocTaBlieHHH [IporpaMMel cienaH Ha XMMUYECKUE aClIeKThl HAHOHAYKH, YTO
MOKET YaCTUYHO CMATYUTH KaJPOBBIM BONPOC B peanusauuu lIporpammel. Y cBoeHne
00y4aroIMMHUCA HOBBIX 3HAHUN B ATON 00JACTU TECHO CBS3aHO C YCIEIIHOCTHIO

peain3annuu y‘—Ie6H0'I/ICCJIGI[OBEITCJ'IBCKOFO OKCIICPUMCHTA U IMPAKTHYCCKHUX pa60T,



3anmokeHHBIX B [Iporpammy. [lpm HemoCTaTOYHOCTH MaTEPHAIBHO-TEXHHUYECKOTO
OCHaleHHs] 00pa30BaTENbHON OpraHM3allud PEKOMEHIYETCs CAeNaTh AaKIeHT
B peamusanuu IlporpamMmmel Ha paboTy ¢ MHUGPOBBEIMH pecypcamu. Bo3moxkHO
COKpAIIICHHE KOJUYECTBA IUTAHUPYEMBIX MPAKTUYECKUX pPAbOT Mg yriryOJIeHUS
paboThI HaJ TEOpETUICCKUMU pasnernamu [IporpamMmel.

OTimuuTenbHas 0COOCHHOCTH [IporpaMMBbI COCTOUT B TOM, YTO B €€ TIOCTPOCHUH
U pean3aiuu:

* pa3BHBAIOTCA  MEXKIPEAMETHBIC CBS3M, 3aJIO)KCHHBIE B OCHOBHOM
o0pazoBaTeILHON TPOrpaMMme;

* BOCIMOJIHSETCS  AChUIMT  COBPEMEHHOM  HayuyHOW  uHOpMmaIuw,
MIPOCIIEKUBACTCS B3aUMOCBA3b KJIACCUYECKUX JOCTIKCHUM XUMUU U (PU3MKH C UX
MPWIOKEHUSIMU B COBPEMEHHON HAHOTEXHOJIOTHH;

* Pa3BUBAIOTCS MMO3HABATEIBHBIC KOMITETCHITUN 00YJarOIIUXCS;

* AKTHBHO HCIOJIB3YIOTCSI COBPEMEHHBIC IKCTICPUMEHTATIBHBIC U BBIYHCITUTEIILHBIE
METO/IBI;

* MOANEPKUBACTCA  OpPUEHTAIMsI  OOYYaIoIUXCS  HAa  TOCIEAYIOMIYIO

CHEeIUaIN3alMIo0 B 00J1aCTH KakK (PyHIaMEHTaIbHOM, TaK U MPUKIIATHON HAYKH.



COJIEP)KAHUE KYPCA BHEYPOYHOM JESATEJIbHOCTH
«COBPEMEHHBIE UCCJIEJOBAHUA U JOCTUNXEHUA HAHOXUMHUN»

10 KJIACC

Pa3znea 1. Opranuzannonnoe 3ansitue «HaHOXMMHMS U HAHOTEXHOJIOT U
KaK Me:KIMCHUIUIHHAPHAas 00jacThy». [lesan u 3apaun kypca. UHcTpyKTA®K

Tema 1.1. Beeoenue 6 Ilpozpammy

Teopusa. @opmbl U MeTONbl neaTeiabHOCTH. [lman paboTel Ha y4eOHBINA TOJ.
WNHCcTpyKTax 10 TEXHUKE O€30MacCHOCTH.

Ilpaxmuxa. [lepBuuHas quarHocTuka. BXoIHOE TeCTUpOBAHUE.

Pa3nen 2. UcTopusi HAYyKH 0 TUCHEPCHBIX CHCTEMAaX

Tema 2.1. Hauano u3yuenus NOGEPXHOCHMHBIX AGNEHUN U OUCHEPCHBIX
cucmem

Teopus. Kamumnspsl u 3akoH Jlammaca. M3yuenne aacopouuu (K. Illeene,
T. JloBui). Meramnuueckue 301u (M. ®apazeit). bpoyHoBckoe aBuxenue. Ocmoc
nu guamus (T. I'pam). Komnouwaneie cuctemsl. OnpegeneHue uucia ABOraapo
(OK. Ileppen). Dddext Pedbunaepa. TepMuH «HAHOTEXHOJIOTHUW», HUCTOPHUS €O
nosiBiieHus u nomyispuszanuu (P. deitnman, H. Tanurytu, O. [pexcriep).

Ilpakmuka. Y4eOHO-UCCIIEIOBATENBCKUN IKCIIEpUMEHT: M3yuenue agcopoumu
KpacuTeneil ¢ MOMOUIbI0 aKTUBUPOBAHHOTO yris. OmnpeneneHue ero copOUUOHHOM

CITOCOOHOCTH.

Pa3nen 3. OcHOBBI (pU3MKH NOBEPXHOCTH M JUCHEPCHBIX Cpejl

Tema 3.1. OcHosbl husuxku nosepxnocmu

Teopua.  DU3UKO-XMMUYECKHE  CBOWCTBA arOMOB Ha  I[OBEPXHOCTH.
[ToBepxHOocTHOE HaTsKEHUE. AcopOIus. CMadrBaHue.

Ilpakmuxa.  YueOHO-UCCIIEIOBATEILCKUM  aKkcnepuMeHT:  OmnpeseneHue
MMOBEPXHOCTHOTO HATSKEHUS BOJIbI METOJIOM OTPbIBA KameJb.

Tema 3.2. Ceoiicmea oucnepcHuix cpeo

Teopus. DNEKTpUYECKUE CBOMCTBA. YCTOWYMBOCTh. DU3NKO-XUMHUUYECKAsS
MEXaHHKA.
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Ipaxmuxa. Y4yeOHO-HCCIEN0BATENbCKUIN IKCIIEpUMEHT: OIEHKa TONIIUHBI

FpaCI)HTOBOfI JIMHUHU B 3aBUCUMOCTH OT MATKOCTH KapaHAalia.

Pa3nen 4. lucnepcHbie CHCTEMbI: MOJIy4YeHUE U IPUMeEHeHHe

Tema 4.1. Knaccugpukauusa oucnepcrulx cucmem

Teopus. Knaccudukanust qucnepcHbix cucteM. [ToHATHS «HaHOMaTepuam,
«HaHO000BeKT». Buabl HaHooObekTOB (0D, 1D, 2D; Mukpo-, Me30- 1 MAKPOIIOPUCTHIE).
SIpkue npuMepbl MPOSIBICHUS pa3MepHOro ¢ ¢eKra.

Ilpaxmuxa. Tlpaktuueckas pabota: MojenupoBaHUe CTPYKTYphl HAHOUYACTHII
pa3HOro pasMmepa, CpaBHEHHE JOJM TOBEPXHOCTHBIX aTOMOB M  4HCTA
HECKOMITCHCHPOBAHHBIX BAJICHTHOCTEH.

Tema 4.2. /lucnepcuute cucmembul, cooepircaujue 2a3oeyio gazy

Teopus. 11enbl, a3p030J1 ¥ a3POTeIIu.

Ilpakmuxa.  YueOHO-UCCIIEOBATEIbCKUM  AKcnepuMeHT:  OmpezeneHue
YCTOMYMBOCTHU TIEHBI MOIOIIIUX CPEJICTB.

Tema 4.3. /[lucnepcuovle cucmemol, cooepircauiue Hcuokyio gazy

Teopus. 30mu, renu, 3MyJIbCUA U CyclieH3ud. [lonokeHne 30Jie Ha mKaie
JUCTIEPCHOCTU KOJUTOUTHBIX CUCTEM.

Ilpakmuxa. YueOHO-UCCIeAOBATENBCKUIN dKcriepuMeHT: [lomydyeHue 3o0meit
HAaHOCTPYKTYPHUPOBAHHOTO cepedpa.

Tema 4.4. /lucnepcuwvie cucmembsl, cooeprcauiue n0GEPXHOCMHO-AKMUBGHbIE
eeuecmea

Teopus.  1loBepXHOCTHO-aKTHUBHBIE  BemiecTBa. MeMOpaHbl,  MUIICIUIBI
U JIMTIOCOMBI. Broslornyeckue TUCIepcHbIe CHCTEMBI.

Ilpakmuka. Y4eOHO-UCCIIENOBATEILCKUM dKCTIEPUMEHT: V3yueHue BIusSHUA
MTOBEPXHOCTHO-aKTUBHBIX BEIIECTB HAa IIOBEPXHOCTHOE HATSKCHUE.

Tema 4.5. Memoowt eusyanuzayuu Hanovacmuy

Teopus. Ddext Tunnans. Ananus TpaeKTOPUN ABMIKSHUS] HAHOYACTHII.

Ilpaxmuxa.  Y4eOHO-HICCIENOBATENbCKUN  DKCIEPUMEHT:  JleMoHcTpanus

s dexra Tunmang HA AUCTIEPCHBIX CHCTEMAaX Pa3IUYHOrO POJIA.

11



Pazgen 5. Meroabl CHHTe3a HAHOCTPYKTYPHMPOBAHHBIX BellleCTB
U MATEPHAJIOB

Tema 5.1. Ilpunyun «ceepxy-enu3

Teopusa. TlpuHIMOBI NOJYYEHUS HAHOCTPYKTYP: «CBEPXY-BHU3» H «CHH3Y-
BBepx». [lomyuenune rpadena. OcoOeHHOCTH pabOTHI TUTAHETAPHBIX MEJILHHUIL.

Ilpakxmuxa: llpaktuyeckass pabota: IlocTpoeHne Mojenu IIaHETAPHOU
MEJIbHUIBI.

Tema 5.2. Ilpunyun «cHu3y-66epx»

Teopus. OcHOBBI cynpaMmosiekyJisspHoi xumuu. CamocOopka. MeTobl CUHTE3a
HAHOYACTHUIl: «MATKOM XUMHEW» — 30Jb-T€lb, «TOMOTEHHOIO OCAXICHUS,
00pallleHHO-MUIICJUIAPHBINA, MHUKPOAMYJIbCUOHHBIN; Tepmonus3, CVD. Mertoasl
CTaOWJIM3allMM  HAHOYACTHIL:  CTEpHUYECKas, XeJaTHas, JJIEKTpoCcTaTh4yecKas,
MMMoOMIHM3anuend B Marpuue. HampaBieHHBIM CHHTE3 HAaHOOOBEKTOB: KBAaHTOBBIE
TOYKH, HAHOIUICHKH, OOBbEMHBbIE HaHoMmaTepuanbl. Moaudukanus CBOWCTB
HaHOMAaTEepHUaJOB.

Ilpaxmuxa: Y4yeOHO-UCCIEAOBATEILCKUN dKcIiepuMeHT: ["a3oda3Hblii cuHTE3
HaHOKPUCTANIMYECKOro Xxjopuaa aMMmoHus. IlomyueHue 307eil HaHOMAarHeTHUTa,
HAaHOPA3MEPHOr0 JAMOKCHAA THTaHA, OepiMHCKON na3ypu. [lomyueHue HaHOIUIEHOK
cepeOpa Ha CTEKISTHHON mojuioxkke. OLeHKa UX TOJIIUHBI.

Hpomeafcymouuaﬂ ammecmauus.

11 KJIIACC

Paznen 6. Meroabl Mcciieq0BaHUSI HAHOCTPYKTYPMPOBAHHBIX BeleCTB
U MATEPUAJIOB

Tema 6.1. Onmuueckue memoont

Teopus.  OnTtuyeckue  CBOMCTBA  HAHOYACTHI[ W  HaHOMAaTEpHUAJIOB.
Mukpockonus. Judpakuuonasni npeaen. doromerpus. CrexTpodoTOMETPHS:
M3MEpPEHUE  TMPOMYCKaHUs, TMOIVIOLIECHUS, JIIOMUHECUEHIMU. J(MHamuyeckoe

CBCTOpACCCAHUC.
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IIpaxkmuxka: IlpakTdeckas pabota: MUKpOCKOIUYECKOE U3yUEHHE MTPEnapaToB
HaHOcepeOpa Ha CTeKIax.

Tema 6.2. Inekmponnan MuKpockonus

Teopus. DIEeKTpOHHAsT MUKPOCKONUS: IMPOCBEUYMBAIOIIAS M CKaHHUPYHOLIAs.
Oco0eHHOCTH N3ydYeHHs OMOJIOTHYECKHX 00bEKTOB Ha HAHOYPOBHE.

Ilpakmuka: Tlpaktudeckas pabota: CpaBHUTENBHBIN aHAW3 H300paKEHUI
HaHOCTPYKTYP, HOJYYEHHBIX SJIEKTPOHHON MUKPOCKOIHEH.

Tema 6.3. Penmezenogckasn oughppaxmomempusn

Teopus. PentrenodaszoBblii aHaimu3. YIIMPEHHWE TUMKOB KaK MPU3HAK
HAHOOOBEKTA U KaK CIOCOO OLIEHKH pa3Mepa KPUCTALTUTOB. PEHTTe€HOCTPYKTYPHBIiM
ananu3. OnpeneneHue CTpyKTypbl HAHOPA3MEPHBIX OOBEKTOB HA aTOMHOM YPOBHE.

Ilpaxmuxa: TlpakTtuueckas padorta: Buzyanuzamusi CTpykTyp OMOMOJIMMEPOB,
IIOJIy4YEHHBIX METOJIOM PEHTI€HOCTPYKTYPHOI'O aHAJINA3A.

Tema 6.4. Cxanupyrouias 30H006a3a MUKPOCKONUA

Teopus. TyHHENbHAas MUKPOCKONHS. ATOMHO-CHJIOBasE MUKPOCKOIHUS. AHAIN3
HAHOCTPYKTYphl ~ MOBEpXHOCTEW. (CTaTWYeCKMid W JUHAMUYECKHUUA  PEXUM
CKaHHPOBAHUS.

Ilpakmuka: llpaktudyeckas pabora: AHaIW3 H300paKEHUM, MOTYUYESHHBIX
METOJ0M aTOMHO-CWJIOBOW MUKPOCKOIIMH, C IIOMOIIBIO COBPEMEHHOIO IMPOIPAMMHOTIO
obecrniedyeHus. Y4eOHO-UCCIIEOBATENbCKUN SKCIEpUMEHT: M3yueHue moBepXHOCTU

MCTOJOM aTOMHO-CHUJIOBOH MHUKPOCKOIINH.

Pazgen 7. @OyHKIUOHAIBbHBIC CBOMCTBA HAHOCTPYKTYPHMPOBAHHBIX
BeLIeCTB U MATEPHAJIOB

Tema 7.1. @ynkyuonanvHwvle ceolicmea eeuiecmea, obdecneuugaemvle
Hanomamepuanamu

Teopus. CBepxHHU3Kas CMa4yrBaeMOCTb. CBepXITPOYHOCTD.
BricokotemnepaTypHas cBepXmpoBoauMOCThb. CBepxduinbrpanus. CBepXbsIpPKOCTb
cBeroucnyckanus. Cyxas aare3us (OMOMUMETHKA FreKKOHAa). MarHuTHBIE CBOWCTRA.

Ilpakmuka. Y4eOHO-UCCIENOBATEILCKHUM dKCTIepuMeHT: M3yuenue «dddexra

JI0TOCA» Ha MPUMeEpE JierecTKa po3bl. FI3MepeHue kpaeBoro yria.
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Pa3znen 8. HaHOTeXHO010IMH — MePCNEeKTUBBI PA3BUTHS M COCTOSIHUE HAYKH
HAa CeroHAIIHUMN JeHb

Tema 8.1. Coépemennvle npumenenus HAHOMEXHOI0ZUU

Teopus. CoBpeMeHHbIE TPUMEHEHU I HAHOTEXHOJIOTHH, OOITHI 0030p.

Ilpakmuxa. BuktoprHa: HaHOTEXHOJIOTMH B HAILIEH KU3HMU.

Tema 8.2. Yenepoouvie Hanomamepuainl

Teopusa. Ocobas ponb yriiepoga B HaHomupe. Dymnepensl, rpadeH,
HaHOTPYOKH.

Illpaxmuxa. Ilpaktuyeckass pabota: MojenupoBaHue MNPOCTPAHCTBEHHOM
CTPYKTYpPBI (PyJUIEpEHOB.

Tema 8.3. Hanomamepuasnsl 0711 IHEPZEMUKU

Teopusa. HaHoMarepualibl B  TOIUIMBHBIX JJIEMEHTax. JIMTUH-MOHHBIE
aKKyMYJISITOpbl. CynIEpKOHIEHCATOPHI.

IIpakmuka. Y4eOHO-UCCIEIOBATEILCKUIA dKCIIEPUMEHT: M3MepeHne eMKoCTH
JUTHN-UOHHOTO aKKyMYJISITOPA.

Tema 8.4. Hanoanekmponuka

Teopusa. 3akoH Mypa. TexHOJOrMYEeCKUH  MpoOLECC  MPOU3BOJICTBA
UHTETpalbHbIX MUKpOcXeM. CHUCTEMBI 3anucu HHGOPMAIIUH.

Ilpaxmuxa. Tlpakthueckas pabora: AHanmu3 H300paXKEHUS TOBEPXHOCTU
KOMITAKT-/IUCKa.

Tema 8.5. Hanomamepuansl 6 MeOuyune u 7K0102uu

Teopus. Hanommarnoctuka. IIpuMeHeHWe HaHOMAaTEepuaIoB B TEpaIuU.
HanocopOentsl. @oTtokaranuzaTopsl. CaMOOYHCTKA.

Ipaxmuxa. TpakTudeckas padota: Buzyanmusaius mpoCcTpaHCTBEHHON CTPYKTYPhI

HaHO6I/IOHpeHapaTOB C IOMOIIBO COBPECMCHHOI'O IIPOTPaMMHOI0 oOecrieueHusl.

Pasznen 9. AkryaabHble 1npodjeMbl B 00J1aCTM  HAHOXUMHUM
U HAHOTEXHOJIOT UM

Tema 9.1. luckyccus

Teopus. AxtyanbHble TPOOJIEMBI B 0071aCTH HAHOXUMHUHU U HAHOTEXHOJIOTHUH.

IIpakmuka. 'ToroBas aTrectaius. 3adeTHas padbora.
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ILJIAHUPYEMBIE PE3YJIbTATHI OCBOEHUSI KYPCA BHEYPOUHOM
NEATEJBHOCTHU « COBPEMEHHBIE UCCJIELJOBAHUA
N JOCTUKEHUA HAHOXUMUN»

JIMYHOCTHBIE PE3YJIbTATDBI

B cipepe epasicoanckozo ocnumanusi:

CTIOCOOHOCTH OTPENETATh COOCTBEHHYIO TIO3HIIMIO TI0 OTHOIICHUIO K SIBJICHUSM
COBPEMEHHOM KU3HHU U OOBSICHATH €€;

TOTOBHOCTh K COTPYAHHYECTBY B IIPOIIECCE COBMECTHOTO BBITIOJHEHUS
y4eOHBIX, TO3HABATEIBHBIX U UCCIIEOBATEILCKUX 3a/1a4, YBOXKUTEILHOTO OTHOIIICHUS
K MHCHHIO OTIIIOHEHTOB TIPH 00CYKICHUN CIIOPHBIX BOTIPOCOB €CTECTBEHHO-HAYYHOTO
COJICpKAHHUSL.

B cgpepe nampuomuyeckozo socnumanusi:

yBaXEHHE K TMPOIECCY TBOPUYECTBA B O0JACTH TEOPUHM M TPAKTUYECKOTO
MIPWIOKEHUS HAHOHAYKH, OCO3HAHMSI TOTO, YTO YCIEXH HAYKH W TEXHOJIOTHH €CTh
pe3yabTaT AIMTEIbHBIX HAOIIOJECHUMN, KPOTIOTIUBBIX dKCIEPUMEHTAIBHBIX MMOUCKOB,
MTOCTOSTHHOTO TPY/1a YYCHBIX U MPAKTHKOB,;

CIIOCOOHOCTH OIICHUBATH BKJIA]] POCCHICKUX YUCHBIX B CTAHOBJICHHUE U PA3BUTHUE
HAHOXWMWH, TIOHUMAHHE 3HAYEHUs HAYKH B MO3HAHUU 3aKOHOB MPHUPOIbI, B KU3HU
YeJI0BEKa U COBPEMEHHOTO 00IIECTRA.

B cghepe 0yxosHo-Hpascmeenno020 60CNUMAHUSL:

OCO3HaHUE JINYHOTO BKJIaJa B IOCTPOEHUE YCTOMUUBOTO OyAyIIIETO;

CIIOCOOHOCTh OIICHWBATh CHUTYAIlMI0O W MPUHUMATh OCO3HAHHBIC PEIICHHS,
OPUEHTHUPYSICh Ha MOPAJIbHO-HPAaBCTBEHHBIE HOPMBI U IIEHHOCTH.

B cpepe acmemuueckozo éocnumanusi:

ACTETUYECKOE OTHONIIEHHE K MHpY, BKJIIOYas OCTETHKY HAyYHOTO
Y TEXHUYECKOTO TBOPYECTBRA.

B cghepe popmuposanus kynemyput 300posws.

coOJro/ieHre TpaBUJl  0€30MMaCHOr0 OOpallleHHuss C BEIIeCTBaMH B  OBITY,

IIOBCEHEBHOM KU3HU, B TPYIOBOU E€SATEIBHOCTH;
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OCO3HAHWE TOCIICJCTBUN W HEMPUITHE BPEIHBIX MPUBBIUEK (YMOTPEOICHUS
aJIKOT0JIs, HAPKOTUKOB, KYpEHUs1);

MOHUMAHUE [IEHHOCTH MPaBWI HWHAUBUAYAILHOTO U  KOJUIEKTUBHOTO
0€30MacHOro MOBEICHUS B CUTYalUAX, YTPOKAIOIINUX 3J0POBBIO U JKU3HU JIFOCH.

B cgpepe mpyoosoco socnumanusi:

KOMMYHHKATHBHAsI KOMIIETEHTHOCTh B YU€OHO-UCCIIEIOBATEIbCKOM AESATEILHOCTH,
0OIIIECTBEHHO TOJIE3HOM, TBOPUECKOM U JPYTUX BUAAX ACSATEIbHOCTH;

WHTEpEC K MPAKTUYECKOMY M3YyYEHHIO MPOQEcCuil pa3aTuyHoro pojaa, B TOM
YHUCJIe HA OCHOBE MIPUMEHEHUS MTPEAMETHBIX 3HAHUHN 10 XUMHUU U (DU3HUKE;

YBa)XE€HUE K TPYIY, JIOJIAM TPYa U PE3YJIbTaTaM TPYAOBOM AESITEIbHOCTH;

TOTOBHOCTh K OCO3HAaHHOMY  BBIOOPY  HMHAUBHIYAJIbHON  TPaCKTOPHUH
obOpazoBaHusi, Oyayiien npodeccuu u peanuzanuu COOCTBEHHBIX )KU3HEHHBIX TIJIaHOB
C y4YeTOM JIMYHOCTHBIX MHTEPECOB, CIOCOOHOCTEM K HayKe, MHTEPECOB
Y IOTpeOHOCTEH 001IeCTBa.

B cghepe sxonocuueckoeo socnumanus:

HKOJIOTUYECKU 1€IecO00pa3HOEe OTHOUIEHHE K NPUpPOJe KaK HMCTOUYHUKY
CyLIECTBOBAHMS KU3HU HA 3EMIJIC;

HaJIMYue€ Pa3BUTOTO SKOJIOTMYECKOTO MBIIIJICHHUS, SKOJIOTUYECKOU KYJIbTYpHI,
OMbITa JAESITEIBHOCTU 3KOJIOTMYECKON HANPaBJIEHHOCTH, YMEHUSI PYKOBOJCTBOBATHCS
UMU B MO3HABATEIHHOM, KOMMYHUKATUBHON U COIIMAIIBHOW MPaKTUKE, CIIOCOOHOCTU
U YMEHHS aKTUBHO MIPOTHUBOCTOSTH UICOJIOTUN XeMopoOuu;

CIIOCOOHOCTh UCIIOJIB30BaTh MPUOOpETacMble TMPU U3YUYCHUU HAHOXUMUU
3HAHUST W YMEHUS TPU PEIICHUH TPoOJeM, CBSI3aHHBIX C palUOHAIBHBIM
IPUPOAOIIONB30BaHUEM (COOIIIOICHHE TIPABUII MOBEJICHUS B IPUPOE, HAPABICHHBIX
Ha COXpaHEHUE PaBHOBECHS B IKOCUCTEMAX, OXPaHy BUIOB, IKOCUCTEM, OMoChepbl);

OCO3HAaHHME TJI00aJBLHOTO XapaKTepa JKOJOTHMYECKHX MpoOJeM W MyTed Hux
pEIlICHHUS.

B cghepe yennocmeii nayurnozo nosHanus:

MOHUMaHue crenudUKd HAHOHAYKH, OCO3HAHHME €€ pPOJId B (POPMUPOBAHUU

pPAaduOHAJIBHOTO HAYYHOI'O MbBIINUICHUA, CO3AaHUC TCJIIOCTHOTO IMPCACTABICHUA
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00 OKpy’KaroIllleM MUPE KaK O €JMHCTBE MPUPOABI, YeTOBEKa 1 00I1eCTBa, B TO3HAHUU
IPUPOJHBIX 3aKOHOMEPHOCTEH W PEIIEHUH MpOoOJEM COXPAHEHUS MPUPOIHOIO
paBHOBECHS,

IIOHMMAaHUE CYLIHOCTH METOJOB ITO3HAHHWS, UCIOJIb3YEMBIX B €CTECTBEHHBIX
HayKaX, CHOCOOHOCTH HCII0JIb30BATh MOJy4YaeMble 3HAHUS JUIsl aHAIN3a U OOBSICHEHUS
SABJICHUM OKPYKAIOIIET0 MUPA U MPOUCXOAAIIUX B HEM U3MEHEHHUW, YMEHHUE JEIaTh
00OCHOBaHHBIEC 3aKJIIOYCHHUS Ha OCHOBE HAayYHBIX (DAKTOB M JAHHBIX, MOTYYCHHBIX
B XOJ€ Y4YeOHO-UCCIIEJOBATEIbCKOIO JKCIEPUMEHTa, C LEJIbI0 IOIyYCHHUS
JIOCTOBEPHBIX BBIBOJIOB;

3aMHTEPECOBAHHOCTh B IOJYYEHUU €CTECTBECHHO-HAYUYHBIX 3HAHWUU B LEIAX
MOBBIIIEHUS OOLIEH KYJbTYpbl, €CTECTBEHHO-HAYYHOW I'PAMOTHOCTU KaK COCTaBHOM
4acTU (PyHKUHUOHAIBHOU TPAMOTHOCTH, (POPMUPYEMOM NTPU OOYyUEHHH;

TOTOBHOCTh U CIIOCOOHOCTh K  HENPEpPhIBHOMY  OOpa3OBaHUIO U
caM000pa30BaHUI0, K AKTUBHOMY IIOJYYEHHUIO HOBBIX 3HAHUW B COOTBETCTBUHU C

KN3HCHHbBIMH HOTpC6HOCT$IMI/I.

METAINIPEAMETHBIE PE3YJIBTATHI

B cepepe o06nradenuna noznaeamenvHvIMU YHUBEPCATLHOIMU YUEOHBIMU
oelicmeuamu:

baszosvie nocuueckue oeticmsusi:

caMoCTOsITeTIbHO  (OpMYyJIHpOBaTH M aKTyallu3upoBaTh  MpoOJeMy,
paccMaTpuBaTh €€ BCECTOPOHHE;

UCIIOJB30BaTh MPU OCBOCHUM 3HAHUW TIPUEMBl JIOTUYECKOTO MBIILICHUS
(ananuza, cHUHTE3a, CpPAaBHEHMS, KJIaCCU(PUUUPOBaHUS, O0OOUIEHUs), pPaCKpPHIBATH
CMBICJT HAYUYHBIX TOHSTUH (BBIACISATh MX XapaKTepHblE MPU3HAKH, yCTaHABIWBAaTh
CBSI3U C JIPYTUMH TOHATHUSIMM);

OMpEeNeNaTh LeMu ACATEIbHOCTH, 3aJaBas MMapaMmMeTpbl U KPUTEPUU HX
JIOCTUKEHUS, COOTHOCUTD PE3YJIbTATHI ACATEILHOCTH C MTOCTABICHHBIMHU HEIISIMU;

HCIIOJIB30BATh HAYYHBIC ITIOHATHUSA 1JIA 00BICHEHUS (baKTOB U SIBJICHUU IIPUPOALI;
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CTPOUTH JIOTUYECKUE PACCYX ACHUS (MHIYKTUBHBIC, JEAYKTHBHBIE, IIO
aHaJIOTWHU), BBIABIATH 3aKOHOMEPHOCTH M IPOTUBOPEUYUS B pPacCMaTPUBAEMBIX
SBIICHUSX, (DOPMYTHPOBATH BHIBOABI U 3aKIIOUCHHUS,;

IPUMEHATh CXEMHO-MO/JIENbHBIE CPEACTBA JUIsl IPEICTABICHUS CYIIECTBEHHBIX
CBSI3€M U OTHOLICHUM B M3y4aeMbIX 00BEKTAX, a TAKXKE MPOTUBOPEUUN Pa3HOTO poja,
BBISIBJICHHBIX B Pa3IMYHbIX HHPOPMAIIMOHHBIX HCTOUYHUKAX;

pa3pabarbpiBaTh IUIAaH PELICHUs] NPOOJEMBbl C YYETOM AaHajdu3a HMEIOIUXCS
MaTepHaIbHBIX 1 HEMATEPUAJIbHBIX PECYPCOB.

basoevle uccnedosamenvckue oeticmeus:

BJa/J€Th HAyYHOH TEPMHUHOJIOTHEH, KIIOYEBBIMM MOHSITUSIMH M METOJaMHU
HaHOHAYKH;

BJIa/IETh HaBbIKAMH y4eOHO-HCCIIEI0BATEIbCKON U MPOEKTHOM JEATEIbHOCTH,
HaBbIKaMU pa3pelieHus NpooJieM; ClIOCOOHOCTHIO M TOTOBHOCTBIO K CAMOCTOSITEIbHOMY
MTOMCKY METOJIOB PEIICHMs MPAKTUUYECKUX 33/a4, IPUMEHEHHUIO Pa3IMYHBIX METOJ/IOB
MO3HAHUS;

UCITIOJIB30BATh Pa3IU4HbIEC BUJIbI ACSATEIBHOCTHU 10 MOJIYYEHUIO HOBOTO 3HAHUS,
€ro MHTEPIIpEeTalNU, IPEOOPa30BAHNUIO U IPUMEHEHHUIO B YUEOHBIX CUTYyAIUsX, B TOM
YHCIIe NPU CO3AaHUM YUEOHBIX U COLIMATIBHBIX MPOEKTOB;

(bopMHpOBaTh HAYYHBIM THUIl MBIIUICHHS, BJIAJIETh HAYYHOU TEPMHUHOJIOTHEM,
KJIIOYEBBIMU MOHITUSIMU U METOJIaMU;

CTaBUTh U (OPMYJIMPOBATH COOCTBEHHBIE 33/1a41 B 00Pa30BATELHON JEITEIbHOCTU
Y )KU3HEHHBIX CUTYAaIIHSX;

YMETbh UHTETPUPOBATH 3HAHUSI U3 PA3HBIX PEIMETHBIX 00JIaCTEM.

Paboma c ungpopmayueii:

BJIa/IETh HAaBBIKAMH MOJIyYEHUs MHPOPMAIMN U3 UCTOYHUKOB PA3HBIX THUIIOB,
CaMOCTOSTENIbHO OCYIIECTBIIATh MTOUCK, aHAJU3, CUCTEMATU3allMI0 U UHTEPIIPETAIUIO
MH($OpPMaLMU PA3INYHBIX BUIOB U (OPM MPEICTABICHNUS;

OLICHMBATh JJOCTOBEPHOCTH MH(OPMALINY;

bopMyIupoBaTh 3aMpochl MU NPUMEHSTh Pa3IU4HbIE METOJbl MPHU TOUCKE

u oTOope nHpopManu, He0OOXOAUMOM ISl BBITIOJIHEHUS YUEOHBIX 3a]1a4;
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CaMOCTOATENILHO  BBIOMpaTh  ONTUMAIBHYIO  (OpPMY  TIPEICTABIICHUS
nHpopMaruu (cxemsl, rpadUKu, JUarpaMMbl, TaOJIUIIBI, PUCYHKHU U JIp.);

WCIIOJIP30BaTh HAYYHBIA S3BIK B Ka4eCcTBE CpeACTBA IMpu  padote
c uHGoOpMaIMel: MPUMEHATh XUMHUYECKUE, (PU3NYECKHEe W MaTeMaTHYECKUE 3HAKU
U CcUMBOJIbI, (GopMyJbl, abOpeBHaTypy, HOMEHKIATYpYy, HCIOIb30BaTh MU
peo0pa3oBhIBATh 3HAKOBO-CUMBOJIMYECKHUE CPEACTBA HATIISTHOCTH.

B cehepe osnaoenun ynueepcanbHoiMu KOMMYHUKAMUBHBIMU OCUICHBUAMU:

OCYIIECTBIISTH OOIIEHNE BO BHEYPOUHOU IEATSIILHOCTH,

Pa3BEpHYTO U JIOTHYHO M3JIaraTh CBOIO TOYKY 3pPEHHSI C HUCIOJIb30BAaHUEM
SI3BIKOBBIX CPEJICTB;

MOHMUMATh W WCIOJb30BaTh MPEUMYIIECTBA KOMAHIHOW W WHIWBHIYaTbHOMN
paboThI;

BEIOMPATh TEMATHKy M METOJBI COBMECTHBIX IEHCTBHHA C YYETOM OOIIUX
MHTEPECOB U BO3MOXKHOCTEHN Ka)J0T0 YjeHa KOJJICKTUBA;

OpUHUMATh €I  COBMECTHOM  JIEATETbHOCTH, OpraHU30BBIBATH U
KOOPJIMHUPOBATh JECHUCTBUS IO €€ JOCTHKEHHIO: COCTAaBIIATh IUJIAH JICWCTBHM,
pacnpeneniaTb poOJIM C YYeTOM MHEHUW YYaCTHUKOB, OOCYXIaTh pPE3yJbTaThl
COBMECTHOM paboThI;

OIICHMBATh KA4€CTBO CBOETO BKJIAJa M KaXKIOTO YYACTHUKA KOMAHIIbI B OOIIIHIA
pe3yabTaT 1Mo pazpaboTaHHBIM KPUTEPUSIM;

mpeayiaraTh HOBBIE TIPOCKTHI, OIICHWBATh HJCH C TIO3WIIMA HOBHU3HBI,
OpUTHUHAIBHOCTH, TTPAKTUYECKON 3HAYNMOCTH;

OCYHIIECTBJISTh TO3UTUBHOE CTPATETMYECKOE TMOBEJECHUE B  Pa3JIMYHBIX
CUTYaIHIX, IPOSIBIISITH TBOPYECTBO M BOOOPAKEHNE, OBITh MHUIIUATUBHBIM.

B cghepe oenaoenun ynugepcanvnvimu pecynamugHoiMu 0eiicmeuaAMu:

Camoopeanuzayusi:

WCIIOJIb30BaTh HAyYHbIE 3HAHUS JIJIS BBISBICHUS TPOOJIEM M HUX DPEIICHUS
B KU3HCHHBIX M YUYCOHBIX CUTYAIIUSX;

CaMOCTOSATEIILHO OCYIIECTBIIATh MO3HABATEIBLHYIO JCSITCIBHOCTD, BBISIBIATH

MpoOJIEMBI, CTaBUTh U (POPMYJIUPOBATH COOCTBEHHBIC 3a/1a4H;
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CaMOCTOSITENIFHO COCTAaBJISITh IJIaH BBINOJHEHHUS y4eOHO-MCCIIEI0BATENbCKOTO
AKCIIEPUMEHTA C YYE€TOM HUMEIOUINXCSA PECYpPCOB, COOCTBEHHBIX BO3MOXKHOCTEH U
IIPEANIOYTEHUM;

paciupsTh paMK1 y4eOHOTO MpeIMeTa Ha OCHOBE JTMYHBIX MPEANOUYTECHUH;

JienaTh OCO3HAHHBIH BBIOOD, ApIyMEHTHPOBATh €r0, OpaTh Ha ce0s1 OTBETCTBEHHOCTh
3a PEIICHHE;

OLICHUBATh MPUOOPETECHHBIH OIIBIT;

c1ocoOCTBOBAaTh (POPMHUPOBAHUIO M TPOSBICHHUIO SPYIUIHH B 00JacTH
€CTECTBEHHBIX HayK, MIOCTOSIHHO IMOBBIIIATh CBOM 00pa30oBaTENIbHBIN U KyJIbTYPHBIN
YPOBEHb.

Camokoumpons:

JlaBaTh OLICHKY HOBBIM CHTYaIlUsiIM, BHOCHUTb KOPPEKTHUBBI B JEATEIHHOCTD,
OILICHHMBATh COOTBETCTBUE PE3YIbTATOB IEISIM;

NpUHUMATh MOTHBBl M apryMEHTHl JPYTUX TpU aHaIU3e pPe3yJbTaToB
JeSITeTbHOCTH,

UCTIONIb30BaTh MPHEMbl PeIICKCHH JIsl OIICHKU CUTYalluu, BEIOOpa BEpHOTO
peleHus;

yYMETh OIICHWBATh PUCKH ¥ CBOEBPEMEHHO MPUHUMATH PEIICHUS IO 170
CHIDKEHHUIO.

IIpunamue cebs u Opyaux:

IMPpUHUMATb 06651, ITOHHUMas1 CBOM HEAJOCTATKHN U JOCTOMHCTBA,

MPU3HABATh CBOE MPABO U MPABO JPYTUX HA OMIMOKH.

NPEIMETHBIE PE3YJIbTATbBI

[To utoram peanuzauuu [Iporpammel oOyuatomuecs: Oy1yT 3HATh!

OCHOBHBIE TIOJIO’KEHUS 3aKOHOB, TEOPHI1, 3aKOHOMEPHOCTEH, MPaBUII, TUIIOTE3
B 00J1aCTH COBPEMEHHBIX HAHOHAYKU U HAHOTEXHOJIOTUH;

ouorpaduyeckue JaHHbIE 1 OCHOBHBIE JOCTUKEHHSI BEYILIUX MTPeICTaBUTENEH

HAayKH O AUCIICPCHBIX CPCAax U HAHOXUMUH,
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OCHOBOITOJIAra0IIMe HAHOXUMUYECKUE TEPMUHBI U TOHATHUS (HAHOYACTHUIIA,
HaHOMAaTEPUAJIbl, HAHOCTPYKTYPbI, HAHOCUCTEMBI U JIP.);

CTPOCHHE OCHOBHBIX  HAJMOJEKYJSPHBIX  CTPYKTYp, MPUCYTCTBYIOIIUX
B JIUCTIEPCHBIX Cpeaax;

BO3MO>KHOCTH HAIPABJICHHOTO CUHTE3a U MOIM(UKAIIMHA HAHOCTPYKTYPUPOBAHHBIX
BEII[ECTB U MAaTEPHUAJIOB;

(GYHKITMOHATILHBIE ~ BO3MOXHOCTH  HAHOCTPYKTYPUPOBAHHBIX  BEIIECTB
U MaTEpHAJIOB;

OCHOBHBIE METOJIbl HAYYHOr'O MO3HAHUS, UCIOJIb3yEMbIE B HAHOXUMUYECKHUX
Y HAHOTEXHOJIOTUYECKUX UCCIICIOBAHUSX;

KJIFOYEBBIE JIOCTHKEHUS B 0071aCTH HAHOTEXHOJIOTUY;

OCHOBHBIC ITPHJIOKCHUA HAHOCTPYKTYPHUPOBAHHBIX BCIICCTB U MATCPHUAJIOB.

I[To uroram peanuzanuu IIporpammel oOyuaromuecs OyayT yMeTh:

M0JIb30BATHCS TEPMUHOJIOTHEN, OTHOCSILENCS K HAHOXUMHH U HAHOTEXHOJIOTHH;

pasnuyarb pa3Iu4HbIE YPOBHHU OpraHM3aluu MaTepuun
B HAHOCTPYKTYPUPOBAHHBIX 0OBEKTAX;

coOUpaTh MIAPO-CTEPIKHEBBIE MOJEIIN CTPYKTYP HAHOOOBEKTOB;

IPUMEHSTH MPOTPAMMHOE 00ECTIEUeHHE JIs1 BU3YaIU3aly MPOCTPAHCTBEHHOM
CTPYKTYpPbl HAHOOOBEKTOB;

IUIAaHUPOBaTh M TMPOBOAMTH  yYEOHO-UCCIIENOBATENbCKUNA  SKCIEPUMEHT
10 U3yYEHHIO CBOICTB AUCIEPCHBIX CUCTEM;

aHAIM3UPOBaTh M300paKeHUs HAaHOCTPYKTYPHUPOBAHHBIX O0OBEKTOB,
NOJIyYEHHbIE PA3JIMYHBIMUA METOJAAMU U3yUECHHUS;

YCTAHABIIMBATh  B3aUMOCBSI3M  MEXKIYy  HAyKOM W TEXHOJOIHSMH,
HaHOMAaTepHaJlaMU U X CBOMCTBAMH, METOIAMU UCCIIEIOBAHUS K MX BO3MOXKHOCTSIMU;

OLICHMBATh JSTHUYECKHE AaCMEKTbl COBPEMEHHBIX MWCCIEAOBaHUNA B o00JacTu
HAHOTEXHOJIOTHU;

CaMOCTOATENbHO pabd0TaTh C UCTOYHHKAMU JOMOJHUTEILHON JTUTEpaTyphl

Y UHTEPHET-pecypcaMu, BKJIIOYas PECYPChl HA AaHTTIUHCKOM SI3bIKE.
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TEMATHYECKOE IINTAHUPOBAHUE

Ne Haumenosanue Konuuecmeo Ipoepammnoe Xapaxmepucmuka
n/n pazoenos uacoe cooepoicanue oesimenbHoCmu
u mem Kypca obyuarowuxcs

Pa3zjnen 1. Opranuzanuonnoe 3ausitue «K HaHOXUMHUS M HAHOTEXHOJIOTHA KAK

MEKIUCHUIVIMHAPpHAA 00J1aCTBY

1.1. | Beeneuune 2 DOopMBI 1 METOJTBI [TepBuunas
B [Iporpammy nesrenbHocTy. [Inan JUarHocTuka. Bxonnoe
paloThI HA y4eOHBIH TECTUPOBAHUE
rox. acTpykTax
10 TEXHHKE
Oe3omacHoCTH
Htoro no pazaeny 2
Pazgen 2. UcTopusi HAyKH 0 JUCTIEPCHBIX CHCTEMaxX
2.1 | Havano uzyuenus 4 Kanumisapsl 1 3aKoH Vuebro-
MIOBEPXHOCTHBIX Jlannaca. Uzyuenue UCCCO0BAMENLCKUL
SIBIICHUN ancopounn (K. tleene, | sxenepumenm:

" JUCTICPCHBIX

CUCTEM

T. JloBum).
Merannueckue 3011
(M. Dapaneit).
bpoyHoBckoe
nemxkenne. OcMoc

u auanus (T. T'pam).
Konnmounanele cucreMsl.
Omnpenenenue yncia
Asoraapo (K. [Teppen).
D¢ dexT PeOunnepa.
Tepmun
«HAHOTEXHOJIOTUN,
HCTOPHS €TO0 MOSBIICHUS
Y IOy IS pU3aIiN

(P. ®eitaman,

H. Tanurytn,
9. [pekcinep)

Nzyuenue aacopOruu
KpacCUTEJIEN C MTOMOIIBIO
AKTUBUPOBAHHOTO YIS,
Omnpenenenue ero
COpOLIMOHHOM

CIIOCOOHOCTH

Uroro no pazneny
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Pa3nen 3. OcHoOBBI GU3MKHM MOBEPXHOCTH M TUCIIEPCHBIX CpPe/

3.1 | OcHoBBI pU3UKH 4 DU3NKO-XUMUYECKHE Vuebno-
MOBEPXHOCTH CBOJICTBa aTOMOB uccneo0oeamenbCKuil
Ha IMOBEPXHOCTH. OKCnepumerm:
IToBepxHOCTHOE Ompenenenne
HaTsDKEHUE. AZICOPOLUSL. | [TOBEpXHOCTHOTO
CmaunBanue HaTSHDKEHUS BOJBI
METO/IOM OTpPhIBA
Karelb
3.2 | CgoiicTBa 4 OneKkTpuyecKkue Vuebno-
JUCTIEPCHBIX Cpell CBOMCTBA. UCCNe008amenbCKuil
VY CTONUNBOCTS. IKCnepUMeHm:
du3HUKO-XMMUYECcKast O11eHKAa TONIIHHBI
MCEXaHHKa rpaduTOBOM TUHUU
B 3aBUCHMOCTH
OT MSTKOCTH KapaHjalia
Htoro no pazaeny 8

Pa3nen 4. [lucnepcHblie cucTeMbI: NOJy4eHHE U IPUMEHEHHe

4.1 | Knaccudukanus 2 [TousTus Ipaxmuueckas paboma:
AUCTICPCHBIX CUCTEM «HaHOMaTcpuamm, Mo JCITUPOBAHUE
«HAHOOOBEKTY. CTPYKTYPBI HAHOYACTHII
Buasl HAaHOOOBEKTOB pasHOro pasmepa,
(0D, 1D, 2D; CpaBHEHHE J0NIH
MHKPO-, ME30- MOBEPXHOCTHBIX aTOMOB
Y MaKpOTIOPHUCTHIE). 1 Yncia
Apxue npumMeps! HECKOMIICHCUPOBaHHBIX
MIPOSIBIICHUS BaJICHTHOCTEMN
pasMmepHoro 3¢ dexra
4.2 | JducnepcHbie 2 [Tens1, aspo3onu Vuebno-
CUCTEMBI, 1 a3poreim UCCe008ameNbCKUll
coiepKalme 9KCHEePUMEHM.:
ra3oBymo (a3zy Onpenenenue
YCTOMYHUBOCTH MEHBI
MOIOIIIUX CPEJICTB
4.3 HucnepcHsbie 2 30J11, TeU, IMYJIbCUH Vyebro-
CHCTEMBI, U CyCIICH3MH. UCCcne008amebCKuil
coiepKaIme ITonoxxkenue 301ek OKCNepUMEHn.
KHUIKYIO ¢)a3y Ha mIKaJi€e JUCIICPpCHOCTU HonyquMe 30JIeH

KOJITTIOMJHBIX CUCTEM

HAHOCTPYKTYPHPOBAH-
HOTO cepedpa
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4.4 | JlucnepcHble 3 [ToBepxHOCTHO- Vuebno-
CHCTEMBI, aKTHBHbBIE BEILIECTBA. uccned08amenbeKull
cojieprKaIme MeMmOpaHbl, MULIEIUIBI IKCHepUMEHM:
IIOBEPXHOCTHO- U JTUIIOCOMEL. W3y4eHue BIUsAHUA
aKTUBHBIE BELIECTBA buonorunueckue TIOBEPXHOCTHO-
JIMCTIEPCHBIE CUCTEMBI AKTHBHBIX BEIECTB
Ha [TOBEPXHOCTHOE
HaTsDKEHUE
45 | Meronsl 1 O dexr Tunnans. Vuebro-
BU3YyaJIM3aLuU AHanu3 TpaeKTopHii uccie008amebCKull
HaHOYaCTHUI] JBYKCHUS HAHOYACTHIL | sicnepumenm.:
JemoHcTpanys
s dexra Tunmans
Ha JTUCIIEPCHBIX
cCHCTeMax pa3JIngHOrOo
pona
Htoro no pazaeny 10

Pa3nes 5. MeToabl CHHTE3a HAHOCTPYKTYPHPOBAHHBIX BellleCTB U MATEPHAJIOB

5.1 | IlpuHuuno «cBepxy- 2 IIpvHIMIBI TOTYYCHUS. | [Tpakmuueckas paboma:
BHU3» HaHOCTPYKTYD: IlocTpoenne Mmoaenu
«CBCPXYy-BHHU3» IJTaHeTapHON
U «CHHU3Y-BBEPX). MeJTbHUIIBI
[Tomyuenue rpadena.
OcobenHoctu padboThI
TUTAaHETAPHBIX METbHUIL
5.2 | [lpuHUUI «CHU3Y- 8 OcHOBBI Vuebno-
BBEPX» CYIIPaMOJIEKYJIAPHOIL uccne008amenbCKull
xumuu. CamocOopka. IKCNEPUMEH.:

MeTtoasl cUHTE3a
HAHOYACTHUIL: «MATKOMI
XUMHUENH» — 301b-TENb,
«TOMOT'€HHOT'O
OCaXKJICHH,
obparméHHo-
MULEIUISIPHBIN,
MHUKpPO3MYJIbCUOHHBI;
tepmonus, CVD.
Mertoasl cTaOMIn3an

HaHOYaCTHII:

I"a3oazHelii cunTe3
HaHOKPHUCTALTNYECKOTO
XJIOpUJa AMMOHHS.
[Tonyuenne 3o0ei
HaHOMAarHeTHTa,
HAaHOPAa3MEPHOTO
JMOKCHJIa THTAHA,
OEpIIMHCKOM Ja3ypH.
[Toy4yenvie HaHOIIIIEHOK

cepebpa Ha CTEKIISTHHOU

nomioxke. Onenka ux
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CTepUYECKasi, XelaTHasl,
ANEKTPOCTATUYECKAS,
AMMOOWIM3aLmen

B MaTpHIIC.
HamnpaBneHHsbIi cuHTE3
HaHOOOBEKTOB:
KBaHTOBBIC TOYKH,
HAHOILJICHKH, 00bEMHBIE
HaHOMAaTEPHAIIBL.
Monudukanms CBOUCTB

HaHOMAaTepHUaJloB

TOJILIUHBIL.
[TpomexyTouHas

arTecTanus

Wroro no pazneny

10

Bcero koJim4ecTBoO 4acoB

no Ilporpamme 3a rox

34
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11 KJIIACC

No Haumenosanue
n/n pazoenos

u mem Kypca

Konuuecmeo

yacoe

Ilpozpammmnoe

cooepoicanue

Xapaxkmepucmuka
oesamenbHoCcmu

ooyuarouuxcs

Pa3jnen 6. MeToabl Hcc/ieIOBAHUSI HAHOCTP

YKTYPHPOBAHHBIX BellleCTB U MaTePUAJIOB

6.1 | OnTuueckue 4 OnTuyeckue CBOMCTBA Vyebno-
METO/IbI HAHOYACTHI] UCCE008AMENLCKULL
¥ HAaHOMaTEPHAaJIOB. IKCHEpUMEHM:
Mukpockomnns. Mukpockonuueckoe
AuppakiroHHbIit U3Yy4YEHUE MpenapaToB
npezien. PoTomMeTpHsL. HaHocepeOpa Ha CTeKJIaxX
CriektpodoToMeTpHs:
W3MEpEHHE MPOITY CKaHUs,
MOTJIOUICHUS,
JTFOMUHECLECHIIUH.
JnHamuueckoe
CBETOpaccesHue
6.2 | DmexkTpoHHas 3 [IpocBeunBaromas Ilpakmuueckas paboma:
MUKPOCKOTHSI AIIEKTPOHHAS CpaBHUTENBHBIN aHATH3
MUKPOCKOIHSL. M300paKeHUH
Ckanupyromias HAHOCTPYKTYD,
AIIEKTPOHHAS TIOJTY9eHHBIX
MHUKPOCKOTHS. IEKTPOHHOU
Oco0eHHOCTH U3YYEHHUSI | MUKPOCKOMIHEN
OMOJIOTUYECKUX
00BEKTOB
Ha HaHOYpPOBHE
6.3 | PeHTrenoBckas 4 PentrenodazoBebrit Ilpakmuueckas paboma:
T PaKTOMETPHS aHanu3. YIIHpPEHUe Busyanmszanus cTpykTyp
MUKOB KaK MPHU3HAK OMOMOINMEPOB,

HAaHOOOBEKTAa U KaK
croco0 OIEHKH pa3Mepa
KPHUCTAJUIUTOB.
PeHTrenocTpykTypHBIi
ananu3. OnpenenexHue
CTPYKTYpPBI
HaHOpa3MepHbBIX
00BEKTOB Ha aTOMHOM

YpOBHE

MOJIyYE€HHBIX METOJIOM
PEHTTEHOCTPYKTYPHOT'O

aHaJIn3a
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6.4 | Cxanupyromias 6 TyHHenbHas Yuebno-
30H/I0Bast MUKPOCKOMHUS. ATOMHO- | UCCe008ameNbCKuUll
MHUKPOCKOMHS CUJIOBasi MUKPOCKOIIMSL. | 9KCHEPUMEHM.:
Ananuz N3yuenune noBepxHOCTH
HAHOCTPYKTYPBI METOJIOM aTOMHO-
ITOBEPXHOCTEH. CUJIOBOM MUKPOCKOIIUU.
Cratudeckuii
U TUHAMUYECKUI Ilpakmuueckas paboma:
PEXUM CKaHUPOBAHUS Amnanu3z n300pakeHuid,
MOJTyYEHHBIX METOJIOM
ATOMHO-CHJIOBOU
MUKPOCKOIIUH,
C IIOMOILIBIO
COBPEMEHHOTO
POTrPaMMHOTO
o0ecrieyeHus
Hroro no pazneny 17

Pa3nes 7. DyHKIIHOHAJIbHBI

€ CBOMiCTBa HA

HOCTPYKTYPHPOBAHHBIX BellleCTB U MATEPUAJIOB

7.1 | ®yHKIMOHATBHBIC 5 CepxHU3Kas Yuebno-
CBOICTBa BEILIECTBA, CMa4YMBaEMOCTb. uccne0o8amenbCKull
obecrieunBaeMbIe CBepXIPOYHOCTb. IKCHEPUMEHN:
HaHOMaTepuajaMu BeicokoremnepatypHas | Uzydenue «a¢dexra
CBEPXITPOBOANMOCTb. JIOTOCA» Ha IIPAMEpE
CaepxduibTparus. JIETIECTKA PO3BI.
CBepXbAPKOCTD W3mepenune kpaeBoro
CBETOMCITYCKaHMS. yria
Cyxas aare3us
(OnomumeTHKa
reKKOHa). MarHuTHbIe
CBOICTBA
Hroro no pazneny 5

Pa3nen 8. HaHOTeXHOJIOTHH — MePCHEKTHBBI PA3BUTHS U COCTOSIHHE HAYKH

HA CerOAHALIHMMI JeHb

8.1 | CoBpemeHHBIE
MIPUMEHEHHUS

HaHOTCXHOJIOI'MH1

OO6muit 0630p
COBPEMEHHBIX
IIPUMEHEHH

HaHOTCXHOJIOT U

Buxmopuna:
Hanorexnonoruu

B HAIlIEH KU3HU
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8.2 | YrumeponaHsie 2 Ocobas pons yritepona | [lpakmuueckas paboma:
HaHOMAaTEepUAaIIbI B HAHOMMpE. MonenupoBanue
®Oymiepensl, rpadeH, NPOCTPAaHCTBEHHOM
HAHOTPYOKH CTPYKTYpHbI (QyIJIepeHOB
8.3 | Hanomarepuaibl 2 Hanomarepuaiisr Yuebno-
JUIS SHEPTETUKU B TOIIMBHBIX uccneo0o8amenbCKuil
AIIEMEHTAX. 9IKCHEePUMEHM.:
JIuTnii-noHHbIE H3smepenue eMkocTr
aKKYMYJISITODBL. JUTUI-UOHHOTO
CymnepKoHIeHCaTOPBI aKKyMyJIsITOpa
8.4 | HanosnekrpoHuka 2 3akoH Mypa. Ipaxmuueckas paboma:
TexHonornueckuii AHanu3 n300paxeHus
IpoIiecC MPOU3BOICTBA | MOBEPXHOCTH KOMITAKT-
WHTETpaIbHbBIX JcKa
MuKpocxeM. CUCTEMBbI
3anucu uH(popManun
8.5 | Hanomarepuanbl 2 Hanoauarnocruxa. Ilpaxmuueckas paboma:
B MEIMIIMHE [Tpumenenue Busyanuzanus
Y DKOJIOTUH HAaHOMAaTEepPHAaJIOB POCTPAaHCTBEHHOM
B TEpaIHH. CTPYKTYPBI
HanocopOeHTh!. HaHOOMOIpenaparos
doToKaTaIM3aTOPHI. C TIOMOUIBIO
CamoouncTka COBPEMEHHOTO
MPOTPaMMHOTO
o0ecrieueHus
Hroro no paznery 9

Pazgen 9. AkTyajibHbIe IP006JIeMbl B 001aCTH HAHOXMMHMH H HAHOTEXHOJIOTHH

9.1 | Huckyccus 3 AKTyanbHble TpodsieMbl | MToroBast arTectarusi.
B 00JIaCTH HAHOXUMHUU 3adetHas paboTa
¥ HAHOTEXHOJIOTUU

Hroro no pazaeny 3

Bcero ko1m4ecTBO 4acoB 34

no IIporpamme 3a roa
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OPTAHU3BALIMOHHO-ITEJAT'OI'HYECKHUE YCJIOBUSA PEAIN3ALIUA
IHPOI'PAMMBbI

MeTtoaunueckoe odecniedenne peaanzauuu [IporpaMmmel

[Ipu peanuszauuu IlporpaMmbl B y4yeOHOM MpOIECCE  HCIOJIB3YIOTCA
METOJIMYECKUE TOCOOUs, NUIAKTUYECKHEe MaTepuaibl, (OTo- U BHUAEOMATEpUAIIbI,
KOHCTPYKTOPBI JUIsl CO3/IaHMS IHAPO-CTEP/KHEBBIX MOJEIIEN XMUMHUYECKHX CTPYKTYD;
KYpHaJIbl W KHUTHU, O030pbl U OpUTMHAJbHBIC IyOJUKalUWW, Oa3bl JaHHBIX,
MIPOrpaMMHOE 0OECTIeUeHHE ISl pUCOBAHUS XUMUYECKUX CTPYKTYpP M BU3YaJIU3ALMH
IPOCTPAaHCTBEHHBIX OOBEKTOB, ITpoune Marepuaibl B Cetn HTEpHET.

IIpu npoBeneHUN 3aHATUI UCIIOIB3YIOTCS:

° CIIOBECHBIE  METOAbl  OOydeHHus:  JIeKUUH, OOBsCHEHMs,  Oecenpl,
KOHCYJIbTAlIWH;

* HarsigHble  METONIbl  OOyYeHHMsA:  MPE3EHTAalUUH,  BHJEOMaTEpUabl,
BU3yAJIN3ALUN;

* JCCIIEIOBATEIbCKUE METO/bl 00YYEHHsI — BBINOJIHEHHE OO0YUYarOUUMUCS
OIIPENIECIICHHBIX UCCIEN0BATEIbCKUX 3aJaHNUMN.

YcBoeHne marepuana  KOHTPOJMPYETCA MPU  IOMOIIM  TECTUPOBAHUSA
Y BBINIOJHEHUs TNPAKTUYECKUX 3aJaHUN. 3aKIFOUUTENBHOE 3aHSITHE NPOBOJUTCS B

dbopme 3aueTHON paboTHI.

MarepuajibHO-TeXHHYECKHE YCaoBHs peasu3anuu [IporpamMmmbl

[IponykTuBHOCTh PabOTHI BO MHOTOM 3aBHCUT OT KadecTBa MaTepualbHO-
TEXHUYECKOTO OCHamleHusi mporecca. [Iporpamma peanmusyeTcss B ayIuTOPHH
o0pa3oBaTenbHON OpraHu3allid ¢ TPUMEHEHUEM TEXHUYECKUX CPEICTB OOYy4CHUS
U 1ab0paTOpHOTO 000PYI0BAHMUS:

* KOMITBIOTEPHI YUUTEIS U 00YIAFOIINXCS;

* UHTEpAKTHBHAS JOCKa;

* y4yeOHO-HayyHOe 000py0BaHUE MO (PUBUKE U XUMHUH.
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JIMTEPATYPA U JIEKTPOHHBIE PECYPCbI

HopmatuBHas 0a3a

1. ®enepanpubiii 3akoH oT 29 nexabps 2012 r. Ne 273-03 «O6 obpa3oBaHuu
B Poccuiickoit ®enepannmny.

2. @enepanbHblil TOCYJAapCTBEHHBIM 00pa30BaTeIbHBIA CTaHIAPT CPEIHETO
obmiero oopazoBanus (yTBEepKaeH npukazoM MunoOpHayku Poccuu ot 17 mas 2012
r. Ne 413; 3apeructpupoBad Muntocrom Poccun 7 utonst 2012 1. Ne 24480).

3. ®enepanbHas obpazoBaresbHAS IpOrpaMma CpeaHeTro 00IIero oopa3oBaHus
(yrBepxkaeHa mnpukazom MunnpocBemenuss Poccunm ot 18 mas 2023 r. Ne 371;

3apeructpupoBad MuntoctoM Poccuu 12 utonst 2023 r. Ne 74228).

Cnucok Jureparypbl

1. AxmMetoB M.A. BBeneHne B HaHOTEXHOJIOTMU. XUMHUS : yuyeOHOE mocoOue
s yvammxes 10-11 xmaccoB cpeaHux 00meoOpa3oBaTeNbHBIX YUpexkIeHUr /
M.A. AxmetoB. — Cankt-lIlerepOypr : OOpa3zoBaTelbHBI IEHTP «YUYacTHE,
Oo6pazoBatenbHbie TPoekThl, 2012. — 108 c.

2. AxmeroBa A.U. «®emroCkan Omnnaiin»: 00paboTka u  QUIbTpaLIUS
n3obpaxenuii / A.M. Axmerosa, JI.1. AAmunckuii, U.B. SImunckwii // Hanoungycrpust. —
2024. —T. 17, Ne 3-4(127). — C. 178-183.

3. borateipeB B.A. MeTo/1pI CHTE3a HAHOYACTHI] C TUIA3MOHHBIM PE30HAHCOM /
B.A. borateipe, JI.A. Jlpikman, H.I'. XneOuoB : yueOHoe mocoOue. — CaparoB :
CI'Y mm. H.I'. Yepnbimesckoro, 2009. — 35 c.

4. BonkoBa C.A. CoBpeMeHHBIE HCCJICAOBAaHUS B OOJACTH HAHOTEXHOJOTHH
B coziepaHuu xummuueckoro oopazosanusi / C.A. BomkoBa. — Mocksa, 2015. — 304 c.

5. 'ynuman E.A. HanotexHnonoruu — npopsiB B Oyayiuee! / E.A. I'yaunun //
O6pazoBartenbHas nmonutuka. — 2020. — No S5. — C. 54-57.

6. Epemun B.B. Hanoxumus u nanorexunonoruu / B.B. Epémun, A.A. JIpo3aos. —
Mockaga : [Ipoda, 2009. — 112 c.

7. 3umon A.Jl. 3anumatenbHas kojutouaHas xumus / A.Jl. 3umon. — Mockaa :
URSS, 2017. -253 c.
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8. MenbaukoBa H. Ilonmyuenue W u3ydeHHE CBOMCTB BEIIECTB, COCTOSIIUX
U3 4acTHIl HaHO- U MUKpopa3mepoB / H. MensHukoBa, E. ['Heymena, b. Mamrakos. —
Cankr-IletepOypr : llkonsHas aura, U3parensctBo «Jlema», 2013. — 20 c.

9. Mukpo- 1 HaHOMHp coBpeMeHHbIX MaTepuaiios / mox pea. FO.J1. TpeTbsikoBa. —
Mockaa : Xumdak MI'Y, 2006. — 68 c.

10. Hanorexnonoruu. A30yka ais Bcex / moa pea. FO.J1. TperwsikoBa. — Mocksa :
OU3IMATIIAT, 2008. — 368 c.

11. O BKJIIOYEHUH OCHOB HAHOXUMHH B COJEP>KaHUE IIKOJIBHOIO XUMUYECKOTO
obpaszoBanus / C.A. BonkoBa, A.A. Ubarymmu, C.B. Porateix [u ap.] // Xumus
B mikone. — 2023. — Ne 6. — C. 19-24.

12. [1a1p HOOENEBCKUX YPOKOB (IIPAKTUKyM JJIsl  CTapUIEKIACCHUKOB
M0 CKaHUpyrouenh 30H70BoM Mukpockonuu) / A.B. bonbsmakosa, E.B. JlyOpoBuH,
A.J1. TTporononosa [u zp.]. — MockBa : LlenTp nepcnektuBHbIX TexHOmoruit, 2013. — 94 c.

13. Ceeryxun B.B. OcHoBbl HaHoTexHojoruih. 10—-11 kmaccel : ydeOHOe
nocooue / B.B. Ceeryxun, N.O. Srymenko. — 3-¢ m3a., crep. — Mocksa :
[Ipocsewmenune, 2023. — 111 c.

14. CnoBapb HAHOTEXHOJIOTMYECKUX U CBS3aHHBIX C HAHOTEXHOJOTUSMU
tepmudoB / I'.I'. bBopucenko, U.B. Tonpar, E.A. I'yaunun [u ap.]. — Mocksa :
OU3SMATIIAT, 2010. — 528 c.

15. Teopuss U TpakTUKa CKAHUPYIOIIEH 30HIOBONM MHKPOCKOIMH: HOBBIC
pemieHuss s PU3MKU, XUMUH, Ononoruu u meauuussl / AWM. Axmerosa, O.B.
WBanoB, H.E. MakcumoBa [u ap.] // Hanounmyctpus. — 2023. — T. 16,

Ne 2(120). — C. 88-95.
16. lep6akoB A.b. [IpakTukyMm Mo HaHOMaTepHajiaM W HAHOTEXHOJIOTHSM /

A.b. lllep6akos, B.K. MIBanoB. — Mocksa : MI'Y, 2019. — 368 c.
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