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Paspabomuuxu npoepammol:

BoJskosa CBeTr/iaHa AJIeKCaHAPOBHA,

JIOKTOP TearOTHIECKUX HayK, mpodeccop, mpodeccop kadenps
METOJMKH TIPETOJaBaHUusl XUMUHU, OMOJIOTHUH, IKOJIOTHH U reorpadun
OI'AOY BO «l'ocyaapcTBEHHbBIN YHUBEPCUTET NPOCBEICHUS

KoasicaukoB Ousier BinagumupoBuy,
ctapumii Mmeroauct MHCTUTYTa pa3BuTHs IPOGUILHOTO 00YUCHUS
['AOY BO «MoCKOBCKHIA TOPOACKON Me1arornyeCKuii yHUBEPCUTET

O6oaenckas JIro6osr Hukos1aeBHa,
KaHIUJAT XUMHUYECKUX HayK, MeToAuCT MHCTHTYTa pa3BUTHS TPOPUITHHOTO
oOyuenust TAOY BO «MocCKOBCKU# TOPOJICKOM MEarorn4ecKuii yHUBEPCUTET»

Peyenzenmoi.

IMapmyruna Jlroammiaa AjieKCaHApPOBHA,

KaHJIUJAT NeAarornueckux HaykK, 3aBeAyrolas JabopaTopueil €CTeCTBEHHO-
Hay4Horo oopaszoBanust ®I'BHY «MHCTUTYT conepkaHUs U1 METOJIOB OOYUEHUSI»

3arpanunynas Haxexaa AHaTosibeBHA,

KaHJIUJIAT TeJarornueckux HayK, CTapIivi HayqHbI COTPYIHUK JabopaTopuu
ecTecTBeHHO-HayyHOro oopa3zoBanusa ®I'bHY «MHcTUTyT copep:kaHus U METO0B
0Oy4eHU s
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MNOACHUTEJIBHASA 3AIINCKA

Hanoxynmus sBnsieTcs €CTECTBEHHO-HAYYHOM OCHOBOW HAHOTEXHOJIOTHU,
UTPAIOIIMX KpalHE BaXXHYK0 pOJb B COBPEMEHHOM TEXHUKO-DKOHOMHUYECKOU
napagurme. Hanoxumus uccnenyer crnocoObl MONy4eHNs U CTaOMIIM3alluY, CBOICTBA,
CTPOGHHME W  OCOOCHHOCTHM  XHMHYECKHX  TPEBpalleHUd  HAHOOOBEKTOB
Y HAHOMATEpHUAJIOB, a TaK)K€ MX IPAKTUYECKHe NpwiIoxkeHus. HaHoxumus crana
JOTUYECKMM  pPAa3BUTHEM  KOJUIOMJHOM  XMMHHM, C  OOHOM  CTOPOHBI,
U CyIpaMoOJICKYISIPHON XUMUU — ¢ Apyro. O0e 3TUX AUCHUIUIMHBI KPUTHYHO BaXKHbI
JUIs1 KOPPEKTHOI'O IIOHUMaHUs HAHOXUMHUYECKUX ITOAXOO0B.

Pa3BuTe HAaHOXMMHM M HAHOTEXHOJOTHH CETOJHS CIYXHT (POKycoM
JUIA IPUIOKEHUST CWJI BEAYIIMX YYEHBIX M HCCIEHOBATEIBCKUX KOJIJIEKTUBOB.
Hanomarepuanbsl Ha OpPraHMYEeCKOM W HEOPTraHUYECKOM OCHOBE IPUMEHSIOTCS
B OIPOMHOM KOJINYECTBE MPOAYKTOB COBPEMEHHON ITPOMBIIUIEHHOCTH. ONUChIBAEMOE
HaIpaBJIEHUE CIYKUT OJHUM M3 CTOJIOB Tak Ha3biBaeMoil NBIC-konBeprenuumy,
BXOJISIIEH B AJIpO MpeAcKa3biBaeMoro gpyryposaoramMu V| TEXHOJOTHYECKOTO yKIIaaa.

PaGouass mnporpamma Kypca BHEYPOUHOU JesITeabHOCTH «COBpEMEHHbIE
UCCIIEIOBaHMUSI U JOCTHXKEHHs HaHOXuUMHUM» (nanee — Ilporpamma) ectecTBEHHO-
HAay4YHOM HaMpaBJIEHHOCTH I03BOJIIET OCBETUTh oOywarommumcs 10-11 kmaccos
OCHOBHBIE TE€3UChl HAHOXUMHUH, a TAK)KE HAMETUTh OCHOBHBIE HANPABJICHUS PA3BUTUS
HAyK{ O MUPE HAHOOOBEKTOB U €€ TEXHOJIOTMUYECKUX MPUIIOKEHHUM, TOJTYyYUTh OHITHE
O COBPEMEHHBIX Hay4HbIX MeTojax. Peasmszanmst IIporpaMmsbl MO3BOJIMT JOCTUYb
0ojee TOJHOTO NOHMMAHHS IIKOJbHUKAMU €CTECTBEHHO-HAYYHOIO THOoAaXoda K

HN3YYCHUIO ITPUPOJALI U PA3BHUTHUIO HA €0 OCHOBC TeXHOHOFI/Iﬁ, MCHSAIOIINX MUP.

AKryaabHocTh IIporpamMmmel

Hanoxumusi B CBOMX IPOSIBICHUSX OTHOCUTCS K 00JAaCTH €CTECTBEHHBIX HAYK
B esnoM. M3HauanbHO CQOPMHUPOBABUINCH HA CThIKE XUMUU U (U3HKH,
HAaHOXMMHYECKUE TMOAXOABl BO MHOIOM BIMAIOT HAa COBPEMEHHOE IIOHUMAaHHE

MOJICKYJISIPHBIX OCHOB OMOJIOTHH U APYIrux HayK. TeM He MeHee B IIKOJIbHBIX Kypcax
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M0 €CTeCTBEHHO-HAy4YHBIM TIpPEJAMETaM TEMbl, CBS3aHHbIE C HAHOXHMHEMH,
pacroyiaratoTcs MOpO3Hb W 3aHUMAIOT KpailHe Mamiblii oOmuii oO0bem. B wactu
Bo3MoxkHOTrO AyommpoBanus ¢ @OII COO mo npeametHoit obnactu «EctecTBeHHO-
Hay4JHbIe TpeaMeTh» [IporpaMMa mouTu He epecekaeTcs Hu ¢ penepanpHoi padboyeit
IPOTPAMMOM TI0 yIeOHOMY TIPEeIMETY « XUMUSD» (TEMBI « AJUTOTPOITHBIE MOAU(UKAIIIH
yraepona», «[loHsaTne o mucriepcHbIX cucteMaxy, «lIpeacTtaBieHne O KOJUIOMTHBIX
pacTBopax» B pazjenie «TeopeThyeckre OCHOBBI XUMHUW», a TakKe YINOMHUHAHUE
HAHOTEXHOJIOTUN B pazjenie «XUMUS M KH3Hb»); HU ¢ (QeaepanbHOil paboyeit
nporpammoit o yuebHomy npenmery «Pusuka» ( «IloBepXHOCTHOE HATSKEHUE)
B TeM€ «ATperatHble COCTOSIHUSI BemiecTBa. Da3oBble MEPEXOJbl»; YINOMHHAHHE
«Ilonyuenue HaHOMatepuanoB» B TeMe «OCHOBBI MOJEKYISIPHO-KUHETHYECKOM
Teopun»); HU C deaepanbHOl padodeil mporpaMMod MO Yy4eOHOMY MpPEIMETY
«buonorus» («OO1Me cBONCTBa OMOJOTUYECKHX MEMOpaH» B TeMe «XHMHUYecKas
opranu3ainus KieTkn»; «HaHOTeXHOIOTUN B OMOJIOTUN U METUIIUHEY ).

[Iporpamma pa3paboTaHa B COOTBETCTBHU C TpeOOBaHUSIMHU (eepaibHOTO
roCyJapCTBEHHOTO0 00pa30BaTeNIbHOIO CTaHAAapTa CpeaHero oOIero oOpa3oBaHUS
(®T'OC COO). HeobxoaumocTs peannzaiuu [IporpamMel cBs3aHa ¢ KpaifHE IMUPOKUM
pacnpocTpaHEHUEM  TPOIYKTOB HAHOXUMHH B COBPEMEHHOM MUpe
U BBIIICYTIOMSIHYTBIM ~ HEIOCTATOYHBIM  OTPAKEHHEM  OCHOBHBIX  IPHUHITUIIOB,
Ha KOTOPbIX OHa TOCTPOCHA, B OCHOBHOM 00pa3oBaTenbHONl  Mporpamme.
JIJ1s1 4aCTUYHOM KOMITEHCAIIMU 3TOr0 pa3pbiBa B MOCKBE y»K€ MHOTO JIET TPOBOUTCS
OJIMMITHA/[IA TI0 HAHOTEXHOJIOTUSAM — OIUMIIHaa NIKOJILHUKOB « BBICOKHE TEXHOIOTHH
U MaTepuainsl Oymymiero». 3amanus OIUMIUAILI TO3BOJSIOT MIKOJIBHUKAM TOHSITH,
HAaCKOJbKO OHH OPHECHTHPYIOTCSI B OTOM  MEKIUCIHMILUIMHAPHOW  OOJacTH.
CucremMaTnueckoe >Ke€ TOJNyYCHHE 3HAHWUM BO3MOXKHO OPTraHHM30BaTh HAa YpPOBHE
cpeaHero oOiiero o00pa3oBaHMs B paMKaxXx BHEYPOUHOM JCSATEILHOCTH WM
JOTIOJTHUTEIFHOTO 00pa30BaHus, B YaCTHOCTH NP pean3aiiu JaHHoi [Iporpammel.

bonsmoe BHUMaHUE B HporpaMMe YACIACHO METOAaM ITOJIYUCHHA U NU3YUCHUSA



HAaHOCTPYKTYPUPOBAHHBIX BelIeCTB MW MarepuanoB. [IpakTuueckass CcTOpoHa
[IporpamMmbl TIO3BOJISIET YBUAETh SPKUE CTOPOHBI HAHOXUMHUH TPU OTHOCHUTEIHHOU
JIOCTYITHOCTH BBITIOJIHEHUSI YYEOHO-UCCIIEI0BATEIHLCKOTO SKCIIEPUMEHTa U BO MHOTOM
Oasupyercs Ha TpUMeEpax JabOpaTOpPHBIX padoT, HW3IOKEHHBIX B I[IpakTukyme
1o HaHoMaTepuasiaM W HaHotexHojorusMm A.b. IllepbakoBa m B.K. MBanoBa [16].
N3ydeHre HAHOXMMHH OTKPBIBAET MHOT'O HOBOT'O M HEOKHUIAHHOTO KaK JJIsl YYEHUKOB,
TaK U JJi negaroros. [ IpoekTHas 1 uccinenoBaTeNbCKas IeATEIbHOCTh [0 HAHOXUMUU,
KOTOpasi MOYKET BBINOJHATHCS ¢ onopoil Ha [IporpamMmy, pu JOJKHOM MOCTAaHOBKE
OyneT mpuBOAUTh K OOBEKTHBHO HOBBIM pe3yjbTaTaM, PaHEE HE ONKMCAHHBIM B
HAay4YHOU JINTEPATYPE.

Hosusna IIporpamMmmsbl 3aKJ1104a€Tcs B TOM, YTO OHA IOCTPOEHA HA MOILIarOBOM
O3HAKOMJICHUU O0YYarONIMXCsl C OCHOBAMU HAHOHAYKHU U €€ MPUII0KCHUSIMHU.

Peanuzanus Ilporpammbl criocoOCTByeT AeTalM3alliy 3HAHUA O0Yy4YarOIIMXCs
0 (PU3UKO-XMMUYECKUX TMpOIeccax, MPOTEKAIOIMX HAa HAHOYPOBHE, PACIIUPEHUIO
MPEACTABICHUM O BO3MOXKHOCTSX MPUMEHEHUS HAHOXMMHUYECKUX IOAXOOB,
CIIoCOOCTBYET MpOodOpUEHTAIIMH 00YYarOIIUXCS.

Ienarornyeckasi nmesiecoodpasnoctb [IporpamMmbl 3aKIIFOYaETCS B TOM, UTO
OHa CO3/aeT ycHoBuUs Uil (OPMHUPOBAHMS Yy OOYYAIOIIMXCA €CTECTBEHHO-HAYYHOM
KapTUHBI MHpPA, Pa3BUBAET YMEHHE KPUTUYECKOTO OCMBICIEHUS MH(GOpMAIINH, TACT
BO3MOXKHOCTh  TMOJYYUTh  HABBIK  TPOBEACHHS  YYEOHO-HCCIEAOBATEIIHCKOTO
HKCIIEPUMEHTA, pacIIUpseT 0a3zuc Ui YIrIIyOJICHHOTO W3Y4YeHUSI HAaHOXHUMHYECKUX
IPOLIECCOB B BBICUIEH IIKOJIE.

Heas I[IporpaMmmbl — 1aTh 00y4arONMMCs KPaTKUN SKCKYPC B MEKITPEIMETHYIO
00J1acTh HAHOTEXHOJIOTUH U UMITYJILC K CAMOCTOSITEIbHOMY U3YUYEHHUIO U TBOPUECKOMY
Pa3BUTHIO; JJaHHAsA 00JIACTh B HACTOSIIIIEE BPEMsI SIBJSIETCS OJHOM M3 «TOYEK POCTa»
JUIS.  Pa3BUTUS TPOMBIIIJICHHOCTH M HAXOJIUT MHOTOYHUCJICHHBIE MPUMEHEHUS

B COBPEMEHHOM TEXHHUKE.



Bapuantse! peanusauuu IIporpammel u ¢popMbl ipoBeieHUs 3aHATHI

Peamuzanmsa ~ IIporpamMmbel  mpenmosiaraeT — cO4YeTaHUE  JIEKIIMOHHOM
¥ CEMHHApPCKON (opM paboThl C BJIEMEHTaMU MPAKTHUKyMma: JIEKIHMH, CEMUHapBhI,
JTUCKYCCUHW, 3allUThl  MPOEKTOB, Y4YEOHO-HCCIEHOBATEIbCKUNA  HKCIIEPUMEHT,
IPAKTUYECKHE paboThl — M300paKEHUE XUMHUYECKMX (HOpMYJl, BU3yaIM3aLUs
TPEXMEPHBIX 0OBEKTOB U TIP.

B cemMunapckoiif yacTv BO3MOXKHA CMEHA WHAMBUIYAIbHBIX U TPYNIOBLIX (hopM
IIPOBEJICHHSI B 3aBUCUMOCTH OT IIPEANOYTEHUM Inenarora. B mpaktudecko vacTtu
BCTPEYAIOTCS KaK y4eOHO-HCCIEN0BATENIbCKUN 3KCIEPUMEHT, TaK M KOMIIBIOTEPHBIN
PAKTUKYM.

IIpn peasmsanuu I[IporpaMMbl HMCHOJIB3YETCSl BBIYMCIWTEIbHAS TEXHUKA,
o0ecreynBaas A0CTyl K CHEUAIU3UPOBAHHOMY MPOrPaMMHOMY OOECIEYEHHUIO
Y HAY4YHOU JINTEPATYypE.

JUIsL  caMOCTOATENBHOTO H3Y4YEHUs MPENYyCMOTPEH CIMCOK AaKTYaJIbHOM
JUTEPATYPhl MO OIMMCHIBAEMOM 00JIaCTH, PACCUMTAHHBIM KaK Ha YYHUTENEW, Tak
Y Ha IIKOJIbHUKOB, YYAaCTBYIOIINX B peanu3anuu [IporpaMmsl.

[Iporpamma paspaborana st obydvaroutuxcst npoduiabHbix 10-11 kitaccos
(ecTecTBeHHO-HAy4YHBIH Tpoduis oOydeHwus). [Iporpamma paccumtaHa Ha 2 Toja
oOyuenusi. OOmIee KOJIMYECTBO BPEMEHHU, OTBOAUMMOTO Ha ocBoeHue IIporpammsl,
cocrapisieT 68 yacoB. [Iporpamma peanusyercs 1 pa3 B Hegento no 1 yacy. Bapuantom
peanu3anuu MoxeT ObITh u3ydenue IIporpammel B 10 kiacce B pexume 3aHATUN 2
yaca B HEJIEIIO.

@OopMBI KOHTPOJISI CIY>KAT JUIsl ONpPENENICHUs PE3YJbTATUBHOCTH OCBOECHMS
[Iporpammbl  oOyvaromumucs. Atrectauuds npoBoauTcs | pa3 B Trox:
IIPOMEKYTOUHAs — M0 UTOTaM MEPBOro rojia 00y4eHusl, UTOroBasi — BECHOM BTOPOTO
rojia oOy4eHwusl.

Dopmbl npogedeHus ammecmayuu.:

® TECTUPOBAHUE;

® [IPAKTUYECKUE 3aHSATHUS;

e 3ayeTHas paboTa.



B3aumocssss ¢ penepanbHoii padodeil MporpaMMoii BOCIMTAHUS

[Iporpamma pazpaboTraHa ¢ ydeToM pekoMmeHaalui denepanbHol pabouei
MPOTrpaMMBbI BOCITUTAHUS ISl 00IIe00pa3oBaTeNbHBIX opranu3anuii. OHa yYUTHIBACT
MICUXO0JIOTO-MIEAArOTHYECKUE OCOOCHHOCTH COOTBETCTBYIOIIEH BO3PACTHOM KaTeropuun
oOy4Jarommxcs.

B wactHoctn, B xome peanuszanuu I[IporpaMmbl BO3MOXHO COYETaTh Kak
WHTEJUIEKTYaJIbHOE, TaK U COLMAJIbHOE Pa3BUTHE 00YUaIOIIUXCS, CO3AI0IEe OCHOBBI
JUISL UX CAMOOTIPEAEIEHUS] HA OCHOBE TYXOBHO-HPABCTBEHHBIX LICHHOCTEM.

K 3agauam peanmmzanmum manHou [IporpamMMbl MOXHO OTHECTH JOCTHUKECHHUE
JMYHOCTHBIX PE3yJIbTaTOB OCBOCHUS 00II€00pa30oBaTEIbHBIX MPOTpaMM MO (PHU3HKE,
xuMuu 1 ouosoruu B cootBeTcTBUM ¢ PI'OC COO, a umeHHOo: chOPMUPOBAHHOCTH
[IEHHOCTE CaMOCTOSITEIbHOCTM U  HWHHUIUATHUBBI, TOTOBHOCTH OOYYarOIIMXCS
K CaMOPa3BUTHUIO, CAMOCTOSITEIIBHOCTU U JIMYHOCTHOMY CaMOOIIPEACIICHUIO, HATUYue
MOTHBAllMM K  [EJICHANPABJICHHOM  COLMAJIbHO  3HAYUMOM  JEATEIBHOCTH,
c(hOpPMHPOBAHHOCTh, BHYTPEHHEW MO3UIIMM JIMYHOCTH KaK 0COOOro IIEHHOCTHOTO
OTHOIIICHUS K ce0€e, OKPYKAIOIIUM JIFOSM U )KU3HU B LIEJIOM.

[IporpaMmma  COOTBETCTBYET  CIEAYIOIIMM  OCHOBHBIM  HaIpPaBJICHUSIM
BOCIIUTAHUS: TPAXKIAHCKOE BOCIUTAHUE, MATPUOTUYECKOE BOCIUTAHHUE, HAYXOBHO-
HPABCTBEHHOE BOCIHUTAHUE, ICTETUUYECKOE BOCHUTaHUE, (POPMUPOBAHHE KYJIbTYPhI
3I0pOBOTO 00pasza >KW3HH, TPYJIOBOE BOCIHTAHHE, JKOJOTUYECKOE BOCIHUTAHHE,

BOCIIMTAHHUC ICHHOCTU HAYYHOT'O ITO3HAHMA.

Ocob0ennocru padorsl negarora no Iliporpamme

Ilepen mnpenonaBateneM, pabotatoumm 1o Ilporpamme, crouT 3agada
TapMOHUYHOTO COYETAHMS 3JIEMEHTOB XUMUHU, OUONOTUH, (PU3UKH U MHPOPMATUKH,
KOTOpbIE HEOOXOIUMBI ISl KOHBEPI€HTHOTO MOHUMAaHHsI HAHOXUMHUHU. TeM He MeHee
aKLIEHT B cocTaBieHUH [IporpaMMsl cellaH Ha XUMUYECKUE aCIIEKTHI HAHOHAYKH, YTO
MOKET YaCTUYHO CMSITYUTh KaJpOBbIN BOIpoc B peann3aiuu [Iporpammel. YcBoeHue
OOy4aroIMMHUCS HOBBIX 3HAHUN B 3TOM 00JIACTHM TECHO CBSI3aHO C YCHEIIHOCTBIO

pcain3aliin y‘IG6HO-I/ICCJ'IGI[OBaTeJIBCKOFO OKCIICPUMCHTA M IIPAKTHYCCKUX pa60T,



3anokeHHbIX B [Iporpammy. Ilpu HEmOCTaTOYHOCTH MaTepUAIBHO-TEXHUYECKOTO
OCHAlIeHMUs] 00pa30BaTEIbHOM OpraHu3allid pPEKOMEHIYETCS ClejaTh aKIEeHT
B peanuzanuu I[Iporpammbl Ha paboTy ¢ 1uuppoBbIMU pecypcamu. Bo3moxHO
COKpAI[eHHE KOJMYECTBA IUIAHUPYEMBIX MPAKTHUYECKUX paboOT Hans yriryOJeHus
paboThl HaJ TeopeTUUecKUMU pazaenamu [Iporpammsl.

OTnuuntensHas ocooeHHOCTh [IporpaMMbl COCTOUT B TOM, UTO B €€ TOCTPOCHUU
U peaan3anuu:

® DAa3BUBAIOTCSA  MEXIIPEJAMETHbIE  CBSI3HM, 3aJI0)KEHHBIE B  OCHOBHOMU
o0pazoBaTeIbLHON TPOTPAMME;

e BOCHOJHSETCS  AeUUUT  COBPEMEHHOM  HaydyHOH  uH(poOpmanuw,
IPOCJIEKUBAETCS. B3aUMOCBA3b KJIACCHUUECKUX JOCTHKEHUN XUMHM U (PU3UKU C UX
MPUIIOKEHUSMU B COBPEMEHHOW HAaHOTEXHOJIOTUH,

® DPa3BUBAIOTCA MMO3HABATEIHHBIC KOMIIETCHIIN 00yYatOIINXCS;

® AKTHBHO MCIOJB3YIOTCSI COBPEMEHHBIE SKCIIEPIMEHTAIBHBIE U BEIYUCIUTEIBHBIC
METO/IbI;

® TOJJICPKUBACTCS  OpPHUEHTAlUsl  OOy4yaloUMXcs Ha  MOCIEAYIOLLYIO

CHEIUaIN3aIMI0 B 00JIaCTH KaK (PyHIaMEHTaIbHOM, TaK U MPUKIIATHON HAYKH.



COJIEP)KAHUE KYPCA BHEYPOUHOM NESITEJIBHOCTH
«COBPEMEHHBIE UCCJIEJOBAHUMA U JOCTUKEHUA HAHOXUMHUN»

10 KITACC

Paznen 1. Opranm3zanuonHoe 3anaTue «HaHoxumMus ¥ HAHOTEXHOJIOIHMA
KaK MeXIUCHUIIMHAPHAs 00sacThb». [lesan u 3agayu Kypca. MHCTpyKTa)XK

Tema 1.1. Beeoenue ¢ Ilpocpammy

Teopusa. ®opmbl 1 MeTOABI AesTeNbHOCTH. [lman paboTel Ha yueOHBIN TO/I.
WHCTpyKTaX 10 TEXHUKE OE30MACHOCTH.

Ilpakmuxka. IlepBuuHas quarHocTrka. BXoHOE TeCTUpPOBAHHUE.

Pa3znes 2. UcTopusi HAYKH 0 JUCHEPCHBIX CHCTEMAaX

Tema 2.1. Hauano usyuyenus noOGEPXHOCHMHBIX AGJNCHUI U OUCHEPCHBIX
cucmem

Teopus. Kamumnspsl u 3akoH Jlarumaca. M3ydenue ancopOuuu (K. Hleerne,
T. JloBum). Metannnueckue 3omu (M. @apaneit). bpoyHoBckoe amxenue. OcMoc
u quanu3 (T. I'pam). Kommoumneie cuctemsl. OmpenenieHue uucia ABOTaapo
(OK. Ileppen). Oddexr PebGunmepa. TepMUH «HAHOTEXHOJOTHUW», HWCTOPHUS €TO
nosiBiicHus U nonynsapusanuu (P. ®eitaman, H. TanuryTu, O. {pekciep).

Ilpaxkmuxka. Y4ueOHO-UCCIENOBATENIbCKUIN dKCIIepUMEHT: M3yuenue agacopoumu
KpacHUTeJIe C MOMOIIbI0 aKTUBUPOBAHHOTO yTiid. OmpenesieHne ero CopOIrMoHHOM

CITOCOOHOCTH.

Pa3nen 3. OcHoBBI GU3MKH MOBEPXHOCTH U IUCIEPCHBIX Cpe/l

Tema 3.1. Ocnoswl huzuku nosepxnocmu

Teopus.  DOU3MKO-XMMHUYECKHE CBOMCTBA aTOMOB Ha  ITOBEPXHOCTH.
[ToBepxHOCTHOE HaTsDKEeHHE. AjncopOiusa. CMauynBaHUeE.

Ilpakmuxa.  YueOHO-UCCIENOBATEIbCKUN  dKcnepuMeHT:  OmnpenenieHue
MTOBEPXHOCTHOTO HATSKEHUS BOJIbI METOJIOM OTPhIBa Kareb.

Tema 3.2. Ceoiicmea oucnepcHuvlx cpeo

Teopus. DNEKTPUUECKHE CBOMCTBA. YCTOWYMBOCTh. DPU3MKO-XUMUYECKAS
MEXaHHKA.
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Ilpakmuka. Y4eOHO-UCCIENOBATENbCKUN JKCIEepUMEHT: OIeHKa TOJIIUHBI

Fpa(I)I/ITOBOI\/'I JIMHUH B 3aBUCUMOCTH OT MAT'KOCTHU KapaHaaIlla.

Pa3znen 4. JlucniepcHble cMCTEMbI: MOJIy4YeHHEe M IPUMEHEHH e

Tema 4.1. Knaccugpukayusa oucnepcuvix cucmem

Teopus. Knaccudukauus AucnepcHbIX cucteM. [IoHATHS «HaHOMaTepHa»,
«HaHO0OOBEKT». Buabl HaH000BekTOB (0D, 1D, 2D; MUkpo-, M€30- 1 MAaKpOIOPUCTHIE).
SApxue npuMepbl NposBICHUS pa3MepHOTro dhdexTa.

IIpakmuxka. TlpakTudeckas pabota: MojenupoBaHue CTPYKTYpbl HAaHOYACTHII
pa3HOro pa3Mepa, CpaBHEHHUE JIOJU I[IOBEPXHOCTHBIX AaTOMOB W  4YHUCJa
HECKOMIIEHCHUPOBAHHBIX BAJICHTHOCTEM.

Tema 4.2. lucnepcuvie cucmemul, cooeprcaujue 2a3oeyio gasy

Teopus. Ilensl, a3p0O30JIM U a3POTEINH.

Ilpakmuxa.  YueOHO-UCCIENOBATEIbCKUN  AKCIepuMeHT:  OmpeneneHue
YCTOMYMBOCTH MEHBI MOIOIIIUX CPECTB.

Tema 4.3. [lucnepcuvie cucmemul, cooepicaujue Hcuokyr gazy

Teopusa. 3onu, renu, SMyJIbCUHU U cyclieH3ud. llonoxeHne 301ed Ha mIKale
JMCTIEPCHOCTU KOJIJTOUIAHBIX CUCTEM.

Ilpakxmuxa. YdeOHO-UCCIIENOBATENbCKUM dKcriepuMeHT: [lomydenue 3omei
HAaHOCTPYKTYPUPOBAHHOIO cepedpa.

Tema 4.4. /lucnepcuvie cucmemul, cooepircaujue noO8ePXHOCHMHO-AKMUGHbBIE
eeujecmea

Teopusa. 1loBepXHOCTHO-aKTHBHBIE  BeliecTBA. MemOpaHbl, MUIEIIIBI
Y JTUNIOCOMBI. bruonornyeckue n1ucnepcHbie CUCTEMBI.

lIpakmuka. Y4eOHO-UCCIEAOBATENbCKUN 3KcnepuMeHT: M3yueHue BIUSHUSA
MOBEPXHOCTHO-AKTUBHBIX BEIIECTB HA MOBEPXHOCTHOE HATSKCHHUE.

Tema 4.5. Memoowt eusyanuzayuu Hanouacmuy

Teopus. Dbdext Tunnans. AHaIU3 TPACKTOPUHN JBUKEHUS HAHOYACTHII.

Ilpakmuka.  Y4eOHO-UCCIIENOBATEILCKUA  JKCIEPUMEHT:  JleMoHCTpanus

s dexra TunmaNg HA AUCTIEPCHBIX CHCTEMAaX Pa3IUYHOrO POJIA.
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Paspean S. Meroasl cUHTe3a HAHOCTPYKTYPHPOBAHHBIX  BelIEeCTB
U MaTepPUAJIOB

Tema 5.1. Ilpunyun «ceepxy-eHu3»

Teopua. 1lpyHUMIIBI TIOJMYYEHHSI HAHOCTPYKTYDP. «CBEPXY-BHU3» U «CHHU3Y-
BBepx». [lomyuenue rpadena. OcobeHHocTH pabOTHI IUTAHETAPHBIX METBHUII.

llpakmuxa: Ilpaktudeckas pabota: IlocTpoeHue Mojenu IJIaHETAPHOU
MEJIbHHUIIBI.

Tema 5.2. IIpunyun «cHu3y-66epx»

Teopus. OcHOBBI cynpaMoneKkyJsipHoi xumuu. Camocoopka. MeToibl CUHTE3a
HAHOYACTHULl: «MATKOW XUMHUEW» — 30/b-T€llb, «TOMOIE€HHOI'O OCaXICHUSD,
oOpaIlieHHO-MHULICJUTSIPHBIN, MHUKPOAMYJBbCUOHHBIN; Tepmonn3, CVD. Meroabl
CTaOWIM3allMM  HAHOYACTHUIl:  CTEpUYEeCKas, XeJaTHas, dJIEKTPOCTaTHUeCKas,
uMMoOmIn3anueil B marpune. HampaBineHHbI CHHTE3 HAaHOOOBEKTOB: KBAHTOBBIE
TOYKHM, HAHOIUIEHKM, OObEMHblE HaHoOMaTepuaibl. Moaudukanus CBOWUCTB
HaHOMAaTEpPUAJIOB.

IIpakmuka: Y4eOHO-UCCIENOBATENBCKUIN AKCIIEpUMEHT: ['a3oda3ublii cuHTE3
HAaHOKPUCTAJUIMYECKOr0 Xjopuaa amMmoHud. llomyuyeHue 3051e HaHOMAarHeTuTa,
HAHOPa3MEpPHOIo JUOKCHAA THUTaHa, OepiuHCKOM ja3ypu. llomyueHue HaHOIICHOK
cepeOpa Ha CTEKJISIHHOM Mou1okKe. OlleHKa UX TOJIIKHBI.

Hpomeofcymouua}l ammecmauus.

11 KJIACC

Pa3znen 6. Meroabl HcCiaeI0BAHUS HAHOCTPYKTYPHPOBAHHBIX BeleCTB
U MATepuaJioB

Tema 6.1. Onmuueckue memoowvt

Teopus.  OnTtuyeckue  CBOMCTBA  HAHOYACTHI[ W  HaHOMAaTEpHUAJIOB.
Mukpockonus. Judpakumonnsii mnpenen. doromerpus. CrekTpopoTOMETpHS:
U3MEPEHUE  TNPOIYCKaHWs, TMOIJIOUIEHUs, JIIOMHHECHEeHUHH. JuHamumyeckoe

CBCTOPACCCAHUC.
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IIpaxkmuxka: TlpakTndeckas padota: MUKpOCKOIMYECKOE U3yUYE€HHE MTPENapaToB
HaHOcepeOpa Ha CTeKIax.

Tema 6.2. IneKkmponnas MUKpoCKonus

Teopusi. DNEKTpOHHas MUKPOCKOIKSA: IMPOCBEUYMBAIOIIAS W CKaHUPYHOLIas.
Oco0eHHOCTH U3yYeHHs] OMOJIOTUYECKUX OOBEKTOB Ha HAHOYPOBHE.

IIpakmuka: llpaktudeckass padota: CpaBHUTEIBHBIM aHaU3 H300paKEHUM
HAaHOCTPYKTYP, NOJYYEHHBIX SJIEKTPOHHON MUKPOCKOIHUEH.

Tema 6.3. Penmeenosckan ougppaxmomempusn

Teopus. Pentrenodas3oBplii aHanmu3. VYIIMpEHHE TUKOB KaKk IPU3HAK
HAaHOOOBEKTA U KaK CIOCO0 OLICHKH pa3Mepa KPUCTAIIUTOB. PEHTT€HOCTPYKTYpHBIN
ananu3. OnpenesieHne CTPYKTYpbl HAHOPa3MEPHBIX OOBEKTOB HA aTOMHOM YPOBHE.

IIpakmuxka: Tlpaktuueckas paborta: Busyanuzaius cTpykTyp OHONOIMMEPOB,
MOJIYYEHHBIX METOJAOM PEHTTE€HOCTPYKTYPHOTO aHaJN3a.

Tema 6.4. Ckanupyrowiasn 30H006a1 MUKPOCKONUS

Teopus. TyHHENbHAsE MUKPOCKOMNUSA. ATOMHO-CHJIOBass MUKPOCKOIHS. AHAIU3
HAaHOCTPYKTYpbl ~ MOBepXHOCTeW. CTaTUYECKHMI W  JIUHAMUYECKUI  PEXKHUM
CKAaHUPOBAHUSI.

Ilpakmuxa: llpaktuueckas paboTa: AHaIU3 W300paXKEHUM, TMMOTYYSHHBIX
METOJIOM aTOMHO-CHUJIOBOM MUKPOCKOTIMH, C TOMOIIBI0 COBPEMEHHOTO MPOTPAMMHOIO
oOecrieueHus. Y4eOHO-HCCIIeOBATEIBCKUNA IKCIIEpUMEHT: M3ydyeHue moBepxHOCTH

MCTOJOM aTOMHO-CUJIOBOM MHUKPOCKOIINH.

Pazgnen 7. @MOyHKUUOHAJIBbHbIE CBOMCTBA HAHOCTPYKTYPUPOBAHHBIX
BellleCTB U MAaTEPUAJIOB

Tema 7.1. @yukyuonanvHwvle ceolcmea eeujecmea, obecnevusaemvle
Hanomamepuaiamu

Teopus. CBepxHU3Kas CMA4YMBaE€MOCTb. CBepXnpoOYHOCTb.
BricokotemnepaTypHas cBepXnpoBoauMocTb. CpepxduibTpariusa. CBEpXbIPKOCTh
ceerorcnyckanus. Cyxas aare3usi (OMOMUMETHKA FreKKOHa). MarHuTHbIE CBOWCTBA.

Ilpakmuka. Y4eOHO-UCCIEeNOBAaTEILCKUM dKcTiepuMeHT: M3yuenue «dddexra

JIOTOCA» Ha MPUMeEpE JierecTKa po3bl. FMI3mMepeHune kpaeBoro yria.
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Pa3nes 8. HaHOTeXHO/I0TMH — IEPCIEKTHUBBI Pa3BUTHS M COCTOSIHHE HAYKH
HAa CeroAHAIIHUN JeHb

Tema 8.1. Coépemennvle npumerneHus HAHOMEXHOI02UU

Teopus. CoBpeMeHHbIE IPUMEHEHHUSI HAHOTEXHOJIOTHH, 001Ul 0030p.

Ilpakmuka. BuktopuHa: HaHOTEXHOJIOTUM B HAILIEW KU3HU.

Tema 8.2. Yenepoouvie nanomamepuasnl

Teopus. Ocobas pons yriepoga B HaHomupe. Dymiepensl, rpadew,
HaHOTPYOKH.

Ilpakxmuxa. IlpakTudeckas paboTta: MojenupoBaHue MTPOCTPAHCTBEHHOM
CTPYKTYpPBI (DyJIIEPEHOB.

Tema 8.3. Hanomamepuanwl ona snepzemuxu

Teopus. HaHomarepuanbl B  TOIUIMBHBIX JJIE€MEHTax. JIMUTUN-MOHHBIE
aKKyMyJSTOpbl. CyNepKOHI€HCATOPHI.

IIpaxkmuka. Y4eOHO-UCCIIEIOBATENbCKUN dKCIIEPUMEHT: V3MepeHne eMkocTh
JUTHN-UOHHOTO aKKyMYJISITOPA.

Tema 8.4. Hanosnekmponuka

Teopusa. 3akon Mypa. TexHonornueckuid mpouecc MPOU3BOACTBA
UHTETpaIbHbIX MUKpOcXeM. CHUCTEMBI 3aiCH HH()OPMALIUH.

Ilpakmuxa. Tlpaktuyeckas pabota: AHamu3 H300paKEHUS TOBEPXHOCTU
KOMIMaKT-UCKa.

Tema 8.5. Hanomamepuanwl 6 meouyune u 3Ko102uu

Teopua. Hanommarnoctuka. IIpuMeHeHMe HaHOMATEpUaIOB B TEpaIMH.
Hanocop6enTsl. @oTokaTtanu3zaTopsl. CaMOOUYUCTKA.

Ipaxmuxa. Tpaktueckas padbota: Busyanuzaiusi mpoCTpaHCTBEHHON CTPYKTYPbI

HaHO6I/IOHpeHapaTOB C IOMOIIBO COBPECMCHHOI'O IIPOTPpaMMHOI0 oOecrieueHus.

Pazgen 9. AkxkryaabHble mpodjeMbl B 00J1aCTH  HAHOXMMHUM
U HAHOTEXHOJIOTUH

Tema 9.1. Juckyccusn

Teopus. AxtyanbHbie TPOOJIEMBI B 001ACTH HAHOXUMUU U HAHOTEXHOJIOTHH.

IIpakmuka. iToroBas arrectarus. 3adetHas padora.
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IIJIAHUPYEMBIE PE3YJbLTATHI OCBOEHUS KYPCA BHEYPOUHOM
AEATEJBHOCTH « COBPEMEHHBIE UCCJIEJOBAHUA
N JOCTUXEHUA HAHOXUMHUN)

JIMYHOCTHBIE PE3YJIBTATDBI

B cghepe epasicoancroeo socnumanusi:

CIIOCOOHOCTH OIPEACIATh COOCTBEHHYIO MO3MIIMIO 0 OTHOIICHHIO K SBJICHUSIM
COBPEMEHHOM KU3HU U OOBSICHSTH €€¢;

TOTOBHOCTh K COTPYAHHYECTBY B TIPOIECCE COBMECTHOTO BBITOJTHCHHUS
y4eOHBIX, TO3HABATEIBHBIX U UCCIICIOBATEIIbCKIX 33024, YBAXKUTECILHOTO OTHOIIICHHS
K MHEHHIO OIIITIOHEHTOB MPH 00CYKICHUN CTIOPHBIX BOIIPOCOB €CTECTBCHHO-HAYYHOTO
COJICPIKAHUSI.

B cghepe nampuomuuecxkoeo socnumanus:

yBaXCHHE K TIPOIIECCY TBOPYECTBA B OOJACTH TEOPHUH W IMPAKTUIECKOTO
NPHJIOKEHUS HAaHOHAYKH, OCO3HAHHUS TOTO, YTO YCIEXH HAyKH W TEXHOJOTHUU €CTh
pe3yNIbTAT JUIUTEIBHBIX HAOIIOJACHUN, KPOIIOTIMBBIX 3KCTICPUMEHTAIBHBIX ITOUCKOB,
TIOCTOSTHHOTO TPYJa YICHBIX U MTPAKTHKOB,;

CIOCOOHOCTH OIICHUBAThH BKJIAJ POCCUHUCKUX YUCHBIX B CTAHOBJICHUE U PAa3BUTHE
HAaHOXWUMUH, TIOHMMaHUE 3HAYCHUS HAYKW B IMO3HAHWW 3aKOHOB NPHUPOJBI, B KU3HU
YeJIOBEKa U COBPEMEHHOT'O 0OIIECTRA.

B cghepe oyxosno-npascmeennoco ocnumanusi:

OCO3HaHWE JIMYHOTO BKJIaJ[a B TIOCTPOSHUE YCTOMUNBOTO OYAyIIEro;

CIIOCOOHOCTh OIICHMBATh CHUTYAaIlMI0O W TPUHAMATh OCO3HAHHBIC PEIICHUS,
OPUCHTHPYSICh Ha MOPaJIbHO-HPABCTBCHHBIC HOPMBI U IICHHOCTH.

B cghepe scmemuueckoeo socnumanus:

ACTETHYECKOC OTHOIICHHWE K MHUpPY, BKIIOYas OCTETUKY  HAYYHOIO
¥ TEXHUYECKOT0 TBOPYECTRA.

B cghepe popmuposanus kynemypst 300po6wsi:

coOJiroficHue TMpaBwil 0e30MacHOTrO OOpallleHWs C BellecTBaMU B OBITY,

IIOBCEJHEBHOM KXU3HU, B TPYI0BOU AEATEIBHOCTH;
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OCO3HaHWE TOCIEACTBUA M HEMPHUITHE BPEIHBIX NPUBBIYEK (YMOTpeOIeHus
QJIKOT0JIs, HAPKOTUKOB, KYpEHUs1);

MNOHUMAHUE [IEHHOCTH MPaBWI HWHAMBUAYAJBHOTO M  KOJUIEKTUBHOTO
0€30MacHOro MOBEICHUS B CUTYalUsAX, YTPOKAIOIINX 3J0POBBIO U JKU3HU JIFOCH.

B cgpepe mpyoosozo socnumanusi:

KOMMYHHUKaTUBHAsI KOMIIETEHTHOCTh B y4E€OHO-MCCIIEIOBATEILCKOM JESITENBHOCTH,
OOIIIECTBEHHO MOJIE3HOM, TBOPUYECKON U APYTUX BUAAX IEATEIHHOCTH;

UHTEPEC K MPAKTUYECKOMY H3YUYEHHIO Mpodeccuil pa3uyHOro pojia, B TOM
YHClie HA OCHOBE MPUMEHEHUS MPEAMETHBIX 3HAHUN 10 XUMUU U (PU3UKE;

YBa)KE€HUE K TPYNY, JIIOASAM TPYyAa U Pe3yJbTaTaM TPYAOBOU AEATEIbHOCTH;

FOTOBHOCTh K OCO3HAHHOMY BBIOOPY HMHAMBUAYaJbHOM  TpPAaGKTOPUHU
oOpazoBaHus, Oyayiiei npodeccuu u peaan3anuu cOOCTBEHHbBIX )KU3HEHHBIX IJIAHOB
C YYeTOM JIMYHOCTHBIX MHTEPECOB, CHOCOOHOCTEl K HayKe, HMHTEPECOB
U IoTpeOHOCTEeM 0011IecTBa.

B cghepe sxonoeuueckozo eocnumanusi:

AKOJIOTMYECKU LIeJIecO00pa3Hoe OTHOLIEHWE K NPUPOAE KaK HCTOYHUKY
CYILIECTBOBAHMSI )KM3HU Ha 3€MJIE;

HaJU4KMe Pa3BUTOrO KOJIOTMYECKOTO MBILUICHUS, KOJIOTHYECKOW KYJbTYPHI,
OMbITA JIESITEIbHOCTH 3KOJIOTMUECKOW HANPaBIEHHOCTH, YMEHUS PYKOBOJCTBOBATHCS
UMHU B MO3HABATEIbHOM, KOMMYHUKATUBHON U COIIMAIBHON MPAKTUKE, CIOCOOHOCTH
Y YMEHHS aKTUBHO MTPOTUBOCTOSTh UACOJIOTUU XeMOPoOuu;

CIIOCOOHOCTh HMCIOJIb30BaTh NPHOOpETaeMble MPU H3YYEHUU HAHOXUMHH
3HAHMST W YMEHHUS TPU PEIICHUH TNPOOJIEM, CBSI3aHHBIX C PalMOHAIBHBIM
PUPOAOTIOIB30BaHUEM (COOIOICHUE TIPABUII MIOBEJICHUS B IPUPOJIE, HAMPABIICHHBIX
Ha COXpaHEHUE PABHOBECHS B AKOCUCTEMAX, OXPAaHy BUIOB, IKOCUCTEM, OUOChEpPHI);

OCO3HaHHE TJI00ANTBbHOIO XapakTepa HKOJIOTMYECKUX MpoOJeM W MyTed HX
peuieHusl.

B cghepe yennocmeti nayunozo nosHanus:

MOHUMaHUEe crenuUKn HAHOHAYKH, OCO3HAHHE €€ poiu B (OPMHPOBAHUU

pPaiuoOHAJILHOIO HAY4YHOI'0 MBINUJICHHUS, CO3AaHHMEC LCJIOCTHOIO MIpPECACTABICHHA
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00 OKpy’KaroIllleM MUpe KaK O eJUHCTBE MPUPOIBI, YeTIOBEKa 1 00111eCTBa, B TO3HAHUU
NPUPOAHBIX 3aKOHOMEPHOCTEH M pEIICeHUH NpoOJIeM COXpaHEHUs MPUPOJIHOTO
paBHOBECHS;

MMOHUMAHUE CYIIHOCTH METOAOB ITO3HAHHUS, UCIOJIb3yEMBIX B €CTECTBEHHBIX
HayKaX, ClIOCOOHOCTH MCIOJIb30BaTh MOTyYaeMble 3HAHUS JIJISl aHATU3a U 0O bSICHEHUS
SBJICHUI OKPY>KarOUIEro MUpa U MPOUCXOMSIINX B HEM U3MEHEHHI, YMEHUE JeNaTh
00OCHOBaHHBIE 3aKJIIOUYCHHUS HAa OCHOBE HAyUYHBIX ()aKTOB U JaHHBIX, MOJIYYECHHBIX
B XOJIe  y4eOHO-MCCIIEIOBATEIbCKOIO  SKCHEPUMEHTA, C LEJbI0  MOJyYEHHUS
JIOCTOBEPHBIX BBIBOJIOB;

3aMHTEPECOBAHHOCTh B MOJYYEHUU €CTECTBCHHO-HAYYHBIX 3HAHUN B LEJSAX
MOBBIMICHUS OOIIEH KYyJIbTYpbl, €CTECTBEHHO-HAYYHOU T'PAMOTHOCTH KaK COCTaBHOM
4acTH (PYHKIIMOHAIBHON IPaMOTHOCTH, POPMUPYEMOU TTPH O0YyUECHHH;

TOTOBHOCTh U CHOCOOHOCTb K HENPEPBIBHOMY 00pa30BaHMIO
¥ CaM0OOpa30BaHUI0, K aKTUBHOMY IIOJYYEHUIO HOBBIX 3HAHUH B COOTBETCTBUU

C ’)KU3HCHHBIMU HOTpe6HOCT51MI/I.

METAIIPEAMETHBIE PE3YJIBTATDHI

B cgpepe o6nadenun noznasamenvHvlmMu YHUBEPCANbLHLIMU YYEOHBIMU
oelicmeuamu:

baszoesvie nocuueckue oeiicmeus:

CaMOCTOSITeNIbHO  (OpMyJIMpOBaTH M aKTyaJu3upoBaTh  MpoOJeMy,
paccMaTpHUBaTh €€ BCECTOPOHHE;

WCIIOJBL30BaTh MPU OCBOEHUU 3HAHUW TMPUEMBI JIOTMUECKOTO MBIIUICHUS
(aHaynM3a, CHUHTE3a, CpPAaBHEHMs, KJIACCU(PUIMPOBAHMS, OOOOIIEHHUs), pPACKPHIBATH
CMBICJI HAYUYHBIX TMOHATHM (BBIAEIATh UX XapaKTEpHBbIC MPU3HAKHU, YCTAHABIUBATH
CBSI3U C IPYTUMHU MOHITHUSIMH ),

OTpeNeNATh I ACATENbHOCTH, 3aJlaBas MmapamMeTpbl U KPUTEPUU UX
JIOCTUKEHUSI, COOTHOCUTD PE3YJIbTAThI ACATEILHOCTH C ITOCTABJICHHBIMU IIEJISIMU;

HCIIOJb30BaTh HAYYHBIC ITOHATHA JIJIA 00BICHEHUS (baKTOB U SIBICHUM IIpUPOILI;
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CTPOUTH  JIOTHUECKHE  pacCyXIeHHs  (MHAYKTUBHBIE, JEIyKTUBHBIE,
110 AHAJIOTMH), BBISIBISITH 3aKOHOMEPHOCTH W MPOTHUBOPEUHS B PaCCMaTPUBAEMBIX
SBIICHUSX, (DOPMYTMPOBATH BHIBOABI U 3aKIIOUCHHUS,;

MPUMEHSATh CXEMHO-MO/IEIbHBIE CPEACTBA JUISI MIPEICTABICHHS CYIIECTBEHHBIX
CBsI3€H U OTHOIIEHUHN B U3y4aeMbIX 00BEKTaX, a TAKXKE MPOTUBOPEUUI Pa3HOTO PoJia,
BBISIBJICHHBIX B Pa3IMYHbIX HHPOPMAITMOHHBIX HCTOYHUKAX;

pa3pabaThiBaTh IJIaH PENMICHHS MPOOJEMBI C YYETOM aHAIM3a HWMEIOIIUXCS
MaTepHalbHBIX U HEMAaTepUaJIbHBIX PECYPCOB.

baszoevie uccneoosamenvckue oelicmsusi:

BIIQ/ICTh HAYYHOW TEPMHUHOJIOTHEH, KIIOYEBBIMH MOHITHSIMH M METOJaMU
HAaHOHAYKU;

BJIa/IETh HaBBIKAMHU y4E€OHO-HCCIIEIOBATENICKON M MPOEKTHOM NEeSTEIbHOCTH,
HaBBIKAMU pa3pelieHus MpooieM; CIIOCOOHOCThIO U TOTOBHOCTBIO K CAMOCTOSITETIHHOMY
IOUCKY METOJIOB PEIICHUs MPaKTUUYECKUX 3ajad, IPUMEHEHUIO Pa3InYHbIX METO/0B
MO3HAHMS,

MCIIOJIb30BaTh Pa3IMYHbIC BU/IbI ACITEILHOCTH MO MOTYYCHUIO HOBOTO 3HAHUA,
€ro MHTEePIPEeTALNU, IPEOOPa30BAHNIO U IPUMEHEHUIO B YUEOHBIX CUTYyalUsIX, B TOM
YHCIIe IPU CO3TAHNN YUEOHBIX M COIMAIBHBIX TPOEKTOB;

(dopMuUpOBaTh HAYUYHBI THI MBIIUICHHUS, BIAJCTh HAYYHON TEPMUHOJIOTHEH,
KJIIOYEBBIMU MTOHATHSIMH U METOJIaMU;

CTaBUTh U (POPMYJIMPOBATh COOCTBEHHBIE 33Ja4l B 00pa30BaTEIbHON JESITEIbHOCTH
Y )KU3HEHHBIX CUTYAaIIHSIX;

YMETb UHTErpUPOBATH 3HAHUS U3 PA3HBIX MPEIMETHBIX 00J1acTei.

Paboma c unghopmayueii:

BJIa/ICTh HABBIKAMH TOJIyYEHHUs MH(POPMAIUN U3 MCTOYHUKOB PA3HBIX THUIIOB,
CaMOCTOSITENIFHO OCYIIECTBISATH MOUCK, aHAIN3, CUCTEMATU3AIMI0 U UHTEPIPETALIIO
uHGOPMAIIUU Pa3INYHBIX BUIOB U OPM MPEACTABICHUS;

OLICHUBAThH JOCTOBEPHOCTh HHPOPMAIIHH;

(GopMynIupoOBaTh 3ampoChl U TMPUMEHITh Pa3IMYHbIE METOJbl MPU IOUCKE

1 oTOOpe nHPopMaru, He0OOXOAUMOH ISl BBITIOJIHEHUST YUEOHBIX 3a/1a4;
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CaMOCTOSITEIbHO  BBIOMpaTh  ONTHUMAbHYIO  (opMy  HpeACTaBICHHS
nHpopMaruu (cxemsl, rpaduKu, JUArpaMMbl, TaOJIUIIBI, PUCYHKHU U JIp.);

WCIONB30BaTh HAyYHBIM SI3BIK B  KayecTBE CpeACcTBa Ipu  paboTe
¢ nHpOpMaIHME: MPUMEHATh XUMUYECKUE, (PU3MYECKHE M MATEeMATHYCCKUE 3HAKH
Y CUMBOJIBI, bopmybI, ab0peBuarypy, HOMEHKJIATypy, UCII0JIb30BaTh
U TIpeo0pa30BhIBATH 3HAKOBO-CUMBOJMYECKHAE CPEACTBA HATIISTHOCTH.

B cipepe o6nadenun ynusepcanoHolmu KOMMYHUKAMUBGHBIMU 0CUCHBUAMU:

OCYULIECTBIISITH OOIIIEHNE BO BHEYPOUHOU JEATEILHOCTH;

pa3BEpHYTO U JIOTUYHO M3JIaraTh CBOIO TOYKY 3pPEHHS C HCIOJIb30BAHHEM
SI3BIKOBBIX CPEJICTB;

NOHUMATh M UCIIOJIb30BaTh MPEUMYIIECTBA KOMAHIHOW W WHIUBUILYAIbHOU
paboTHI;

BBIOMpATh TEMAaTUKYy U METOJAbl COBMECTHBIX JCHCTBUM C ydeTOM OOIIUX
MHTEPECOB U BO3MOXKHOCTEN KaXKJIOTO YJIEHA KOJIJIEKTUBA;

MIPUHUMATh enu COBMECTHOM NEATEIIbHOCTH, OpraHU30BbIBATH
Y KOOPJIMHUPOBATH JICUCTBHUS MO €€ JIOCTHXKEHUIO: COCTaBJIATh IUIaH JEHUCTBUM,
pacmpeienarh poJiM C Y4YE€TOM MHEHUW YYacTHHKOB, OOCYXIaTh pE3yJbTaThl
COBMECTHOM paboThI;

OIICHMBATh KQYECTBO CBOETO BKJIAJIa M KaXJIOT0 YYaCTHHUKA KOMAaH/bI B OOIIHIA
pe3ynbTaT Mo pazpaboTaHHBIM KPUTEPUSIM;

npejyiaraTh HOBBIE TMPOEKTHI, OILIEHUBATh WJEU C TO3UIUA HOBU3HHBI,
OPUTMHAJIBHOCTH, MPAKTUYECKON 3HAUUMOCTH;

OCYILIECTBJIATh TO3UTUBHOE CTPATETMYECKOE IIOBEACHUE B  PaA3IMYHBIX
CUTYyaIUsX, IPOSIBISATh TBOPUECTBO U BOOOpakeHUE, ObITh HHUITUATUBHBIM.

B cpepe o6nadenun ynusepcanvnvimu pecyiamueHolMu 0CiiCMEUAMU:

Camoopzanuzayusi:

UCIIOJIb30BaTh HAy4HBbIC 3HAHUS IS BBISIBJICHUSI MPOOJEM U UX PEIICHUS
B KU3HECHHBIX M YUYCOHBIX CUTYAIIHSIX;

CaMOCTOSITENIbHO OCYUIIECTBIIATh IO3HABATEIbHYIO JEATEIbHOCTb, BBISBIISITH

npo0IeMbl, CTaBUTh U (POPMYIIUPOBATH COOCTBEHHbIE 33]1a4H;
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CaMOCTOSITENIbHO COCTAaBJISITh IJIAH BBIMOJHEHUS! Y4eOHO-HCCIIEI0BATENBCKOTO
DKCIIEPUMEHTAa C YYETOM HMEIOIIHUXCA PECypCcoB, COOCTBEHHBIX BO3MOMXHOCTEH
Y IIPEAIIOYTEHU M,

pacmpsTh paMKH Y4eOHOTO MpeMeTa Ha OCHOBE JIMYHBIX MPEIITOYTCHHUI;

JieJIaTh OCO3HAHHBIN BIOOD, apTyMEHTHUPOBATh €T0, OpaTh Ha ce€0s OTBETCTBEHHOCTh
32 pElICHHUE;

OILICHUBATh IPUOOPETEHHBIN OIIBIT;

croco0cTBOBaTh (OPMHUPOBAHUIO U TPOSABICHUIO JSPYAUIIMU B OOJACTH
€CTECTBEHHBIX HayK, IMOCTOSIHHO MOBBIIIATh CBOW 00pPa30BaTENbHBIN M KYJIbTYPHBIN
YPOBEHb.

Camokonmponw:

JaBaTh OIIEHKY HOBBIM CHUTYyallUsIM, BHOCHTb KOPPEKTHBBI B JESATEIBHOCTb,
OLIEHUBATh COOTBETCTBUE PE3YJIbTATOB LEISIM;

OPUHUMATh MOTHBBI M apryMEHTbl JPYTMX @IPU aHalIu3€ pe3yJbTaTOB
JEATEIIbHOCTH;

UCIIOJIb30BaTh MPHUEMBI PeIIEKCUU JUIsl OLICHKU CUTYyallud, BbIOOpa BEPHOTO
pelieHus;

YMETh OILICHMBATh PHUCKHM M CBOEBPEMEHHO MPUHUMATh PEIICHHUS [0 HUX
CHUKEHUIO.

Ipunamue cebs u opyaux.:

IMPUHHUMATb ce6$[, ITIOHMMas CBOM HCAOCTAaTKHN U JOCTOMHCTBA,

PU3HABATH CBOE MPABO M MPABO APYTUX HA OMIUOKH.

NPEAMETHBIE PE3YJIBTATHI

ITo utoram peanuzanuu [Iporpammel ooyuaromuecs: 0yayT 3HATh:

OCHOBHBIE TOJIOKEHHUSI 3aKOHOB, TEOPUM, 3aKOHOMEPHOCTEH, MPaBUJI, TUIIOTE3
B 00J1aCTH COBPEMEHHBIX HAHOHAYKH ¥ HAHOTEXHOJIOTHH;

Oouorpaduveckre JaHHbIE U OCHOBHBIC IOCTHDKCHUS BEIYIINX MPEICTABUTEIEH

HAyKH O JUCIICPCHBIX CpE€aax U HAHOXHUMHH,
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OCHOBOIIOJIAral0IIe HAHOXMMHYECKHE TEPMHUHBI U TOHATHA (HAHOYACTHUIIA,
HaHOMAaTEPUAJIbl, HAHOCTPYKTYPbI, HAHOCUCTEMBI U JIP.);

CTPOEHHE OCHOBHBIX HAJMOJIEKYJSIPHBIX CTPYKTYp, HIPHCYTCTBYIOILUX
B JIUCIIEPCHBIX CpEJIax;

BO3MO>KHOCTH HaIPaBJIEHHOTO CUHTE3a U MOTU(PUKAIIMYA HAHOCTPYKTYPHUPOBAHHBIX
BEILIECTB U MAaTE€pHUAJIOB,;

(YHKIIMOHAJIbHBIE ~ BO3MOXHOCTH  HAaHOCTPYKTYPHUPOBAaHHBIX  BEILECTB
Y MaTE€pUAJIOB;

OCHOBHBIE METOJIbI HAYYHOI'O MO3HAHMS, UCMOJb3yEMbIE B HAHOXUMHUYECKUX
Y HAHOTEXHOJIOTMYECKUX HCCIIEOBAHUSAX;

KJIFOUEBbIE JOCTHKEHUS B 00JIACTH HAHOTEXHOJIOTUH;

OCHOBHBIC ITPHUJIOKCHUA HAHOCTPYKTYPHUPOBAHHBIX BCIUICCTB 1 MATCPUAJIOB.

[To utoram peanuzaruu [Iporpammsl oOyyatomuecs: OyIyT yMeTb:

MOJIb30BATHCSI TEPMUHOJIOTHEN, OTHOCSIICHCS K HAHOXUMUY M HAHOTEXHOJIOTUH,

pas3uyaTh pazITUIHBIC YPOBHH OpraHu3aIuu MaTepuu
B HAHOCTPYKTYPHUPOBAHHBIX OOBEKTAX;

coOupaTh Mapo-CTEPIKHEBBIE MOJIENN CTPYKTYP HAHOOOBEKTOB;

IPUMEHSTH TPOrPaMMHOE 0OECTICUSHHE JIJISl BU3yalIU3aIli POCTPAHCTBEHHOM
CTPYKTYpPBI HAHOOOBEKTOB;

IJIAHUPOBATh M TPOBOIUTH  YYEOHO-HCCIEAOBATEIBLCKUI  AKCIIEPUMEHT
M0 U3yYECHUIO CBOMCTB JUCIIEPCHBIX CUCTEM;

aHAJIN3UPOBATh M300paKEeHUS HAHOCTPYKTYPHUPOBAHHBIX 00BEKTOB,
MOJTyYCHHBIC PA3TUIHBIMA METOAAMH HU3yUICHHSI,

YCTAaHABIWBATh  B3aUMOCBS3M  MEXKIy  HAyKOH W TEXHOJIOTHSIMH,
HaHOMAaTEpHUaJIaMU ¥ X CBOMCTBAMHU, METOJIaMU UCCIIEAOBAHUS U UX BO3MOKHOCTSIMU;

OIICHWBATh OSTUYECKUE AaCTEKThl COBPEMEHHBIX WCCIICIOBAaHUN B 00JacTH
HAHOTEXHOJIOTHM;

CaMOCTOSATEIIbHO pabd0TaTh ¢ HWCTOYHHWKAMH JIOTIOJIHHTEILHON JINTEepaTyphl

Y UHTEPHET-pecypcamu, BKJII0Yask PECYpChbl Ha aHTJIUHCKOM SI3bIKE.
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TEMATHYECKOE IINTAHUPOBAHHUE

No Haumenosanue Konuuecmeso Ilpoepammnoe Xapaxmepucmuka
n/n pazoenos yacos codepoicanue oesimenvbHoCMuU
u mem Kypca ooyuarwuxcs

Pasznen 1. Opraﬂn3aunonnoe 3ansaTHe «HaHOXHUMHS M HAHOTEXHOJIOTHS KaK

MEXKIUCHUIITIHHADHAA 00J1acTh»

1.1. | Beenenue
B [Iporpammy

DOpMBI U METOJIbI
nesreiabHocTU. Ilnan
paboOTHI HA YUEOHBIH
rox. MucTpykTax
M0 TEXHHUKE

0€301I1acCHOCTH

[lepBuunas
IuarHocTuka. BxogHnoe

TECTUPOBAHHUC

Hroro no pazneny

2

Paznea 2. UcTopus Hayku o

AUCHEPCHBIX CUCTEMAX

2.1 | Havano u3yuenus
MIOBEPXHOCTHBIX
ABJICHUI

U TUCIIEPCHBIX

CHCTEM

4

Kanunnsipel 1 3akoH
Jlarmaca. U3yuenue
aacopomuu (K. Hleene,
T. JloBum).
Merainnyueckue 3014
(M. Dapaneii).
bpoyHnoBckoe
nemwxkenne. OcMmoc

u quanus (T. [pam).
KommongHeie cucrtemsl.
Omnpenenenue yncna
Asoranpo (K. Ileppen).
DddexT Pebunpaepa.
Tepmun
«HAHOTEXHOJIOTHI,
UCTOPUS €T0 MOSBICHUS
Y TIOMYJISIpU3aliN

(P. deitaman,

H. Tanuryru,

9. dpexcnep)

Yuebno-
uccne008amenbCKuil
IKCnepUMEHM:
N3yuenue ancopouuu
KpacuTeseH ¢ OMOIIBIO
AKTUBUPOBAHHOTO YTJISI.
Omnpenenenue ero
COpPOIIMOHHOM

CIIOCOOHOCTH

Hroro no pazneny
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Pasnen 3. OcHOBBI (PM3HKH NOBEPXHOCTH H JUCIIEPCHBIX CpPef

3.1 | OcHOBBI QU3NKH 4 DU3UKO-XUMUYECKUE Vuebho-
MOBEPXHOCTH CBOICTBa aTOMOB uccne006amenbCeKull
Ha TTOBEPXHOCTH. IKCNePUMEHM:
[ToBepxHOCTHOE Omnpenenenue
HATKCHHE. AZICOPOLIS. | [10BepXHOCTHOrO
CmaunBanue HATSKEHUS BOJIBI
METOJIOM OTpbIBa
Kareib
3.2 | CpoiicTBa 4 DneKkTpuyecKue Vuebro-
AHUCIICPCHBIX Cpea CBOMCTBA. uccne0o8amenbCKull
Y CTOWYNBOCTD. OKCNEepUMEHM.:
DU3UKO-XUMHYECKas OreHKa TOJIIIMHBI
MCXaHHKa rpaduToOBOI TUHUN
B 3aBHCHUMOCTH
OT MSTKOCTH KapaH/jaIia
Hroro mo pazneny 8

Pasnen 4. IlucnepcHble cucTeMbl: NOJy4YeHHe M IPMMEHeHHe

4.1 | Knaccupuxanms 2 Honsrns Ilpakmuyeckas paboma:
JUCTICPCHBIX CUCTEM «HAaHOMAaTepHaIy, MozenupoBatue
«HaHOOOBEKTY. CTPYKTYpPbl HAHOUACTHI]
Buibl HAaHOOOBEKTOB PasHOTro pasmepa,
(0D, 1D, 2D; CpaBHEHHE JJOJIH
MHKPO-, MC30- ITOBEPXHOCTHBIX aTOMOB
U MaKpOIIOPUCTHIE). 1 umcaa
Apxue npuMeps! HECKOMIICHCUPOBAaHHBIX
IIPOSABIICHUA BAJICHTHOCTEMN
pa3MepHoro ¢ ¢ekra
4.2 | luctiepcHbie 2 [Tens1, aspo3onu Vuebro-
CHCTEMBHI, WA a3poreiii uccaedo8amebCKull
coJieprKaliye 9KCNepuUMeHm:
ra3oByio ¢a3zy Omnpenencane
YCTOMYUBOCTH MEHBI
MOIOILIUX CPEJCTB
4.3 | JucniepcHbie 2 3051, Tenu, IMYJIbCUU Vuebro-
CUCTEMEI, A CyCIICH3UM. uccaedo8amebCKull
cojiep KaIiue ITonoxenue 3o0nein SKCHEPUMEHM.

KUAKYIO pa3y

Ha mIKaJIe AUCIICPCHOCTH

KOJITIOMJHBIX CUCTEM

ITonyuenue 3o0nen
HAHOCTPYKTYPUPOBaH-
HOTO cepebpa
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4.4 | ducnepcHsble 3 IToBepxHOCTHO- Vuebro-
CUCTEMBI, AKTHBHBIC BCIICCTBA. ucce008amenbCeKull
cojepiKaniue MeMOpaHbl, MULIEIIBI IKCnepUMEHM.:
IMOBEPXHOCTHO- U JTUIIOCOMBEL. N3y4enue BausHUA
AKTHUBHEIC BEIIECTBA buonornueckue TOBEPXHOCTHO-
JHCHEPCHBIE CUCTEMBI AKTHBHBIX BEIIECTB
Ha IOBEPXHOCTHOE
HaTsHKEHUE
45 | Meroabl 1 Oddext Tungans. Vuebro-
BU3YalIU3alUU AHaius TpaeKTopHi uccne0os8amenbCKull
HAHOYACTHII JBHKCHHS HAHOYACTHIL | sxcnepumenm:
JlemoHcTparus
s dexra Tungans
Ha JMCIEPCHBIX
CHCTEMaX Pa3JIMYHOI0
pona
Wroro mo pazneny 10

Pa3zgen 5. MeToabl cuHTE3a

HAHOCTPYKTYPUPOBAHHBIX BCIIECCTB U MaTEepHUaAJIOB

5.1 | IlpuHun «cBepxy- 2 [puHumnbl HONYYCHUS | [Tpaxmuyeckas paboma:
BHU3 HaHOCTPYKTYP. [TocTpoenne monenu
«CBEpPXY-BHU3» IUTaHEeTapHOI
U «CHH3Y-BBEPX». MeJTbHUIbI
[Tonmyuenue rpadena.
OcoGenHoctr paboThI
TUTAHETAPHBIX MEITLHUI]
5.2 [IpuHnun «cHU3y- 8 OcHOBEI Yyebno-
BBEPX» CyIpaMoOJIEKYJISIPHON uccne0o8amenbCKuil
xumun. CamocOopka. 9KCNepuUMeHm:

Mertoapl CHHTE3a
HAHOYACTHIL, «MATKOMN
XAUMHEH» — 30b-Telb,
«TOMOT'€HHOTO
OCaXKICHUS,
obparménHo-
MHULETUISIPHBIMN,
MHUKPO3MYJIbCUOHHBIN;
tepmosns, CVD.
Mertoab! CTaOMIIH3anT

HaHOYaCTHII:

lNazodaznsrii cuntes
HaHOKPUCTANINYECKOTO
XJIOpUJIa aMMOHHUS.
ITonyuenue 3o0nein
HaHOMAarHeTuTa,
HaHOPa3MEPHOTO
JTUOKCH/Ia TUTaHA,
OepIIMHCKOM Ja3ypH.
[Tomy4yeHnne HaHOTIEHOK
cepebpa Ha CTEKIISTHHOU

noutoxkke. Orenka ux
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cTepUyecKasi, XeJlaTHas,
ANIEKTPOCTATUYECKAS,
UMMOOuIn3anuei

B MaTpHulIe.
HamnpaBnenHsIil cunTes
HaHOOOBEKTOB:
KBAaHTOBBIE TOUKH,
HAHOILJICHKH, 00bEMHEIC
HaHOMaTepHabl.
Moaudukarnus CBONCTB

HaHOMAaTCpHaJIoB

TOJIILIAHBI.
[IpomexxyTouHas

arrecragus

Hroro no pazneny

10

Bcero xoinyecTBO 4acoB

no IIporpamme 3a roa

34
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11 KIIACC

No Haumenosarnue
n/n pazoenos

u mem Kypca

Konuuecmeo

Hacoes

Ilpoepammnoe

cooeporcaniie

Xapaxkmepucmuxa
oesamenpHocmu

obyuarowuxcs

Pa3nes 6. MeToasb! ucc/jie0BaHUS HAHOCTPYKTYPHPOBAHHBIX BellleCTB U MaTePUAJIOB

6.1 | OnTuyeckue 4 Onruyeckue CBOMCTBA | Vyepno-
METObI HAHOYACTHUI] Uccne008amenbeKuil

¥ HAHOMAaTEPUAJIOB. aKCnepumenm:
Mukpockormust. MUKpPOCKOIIMYECKOE
AndpakinoHHbIii M3ydeHHEe PENapaToB
npezien. PoToMETpHSL. HaHocepeOpa Ha CTeKJax
CrekrpodoromeTpusi:
M3MEpEeHHE IPOITYCKaHMSI,
HOTJIOLICHUS,
JFOMHUHECHEHITHH.
JnHamuyeckoe
CBETOpaccesiHue

6.2 | DnexkTpoHHAas 3 [IpocBeunBaromias Ilpaxmuueckas paboma:

MUKPOCKOTIHS AIIEKTPOHHAS CpaBHHTEIBHBIN aHAIN3

MHUKPOCKOIIHSL. M300paxeHU
Ckanupytomas HAHOCTPYKTYD,
AIIEKTPOHHAS HOJTY4EHHBIX
MHUKPOCKOIIHSL. 3JIEKTPOHHOU
Oco0eHHOCTH U3Yy4EHHUs | MUKPOCKOTIHEN
OMOJIOTHYECKUX
00BEKTOB
Ha HAHOYPOBHE

6.3 | PerrrenoBckas 4 PentrenodasoBbiit Ilpakmuueckas paboma:

TU(PPaKTOMETPHS

aHanu3. YIIUpeHue
MUKOB KakK MpPU3HAK
HAaHOOOBEKTA U KaK
croco0 OIIEHKH pa3Mepa
KPUCTAJUTUTOB.
PeHTreHoCTpyKTYypHBIiA
ananu3. Onpenenexue
CTPYKTYPBI
HaHOPa3MEepPHBIX
00BEKTOB HA ATOMHOM

YpOBHE

Buzyanuzanus cTpykTyp
6MONOIMMEPOB,
TIOJTy4EHHBIX METOJIOM
PEHTI€HOCTPYKTYPHOTO

aHalJIM3a
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6.4 | Ckanupyromas 6 TyHHenbHas Yuebno-
30H0Bast MUKPOCKOIHUSA. ATOMHO- | Ucced08amenbCKutl
MHUKPOCKOIHUS CUJIOBasi MUKPOCKOIIUS. | 9KCHEpUMEHM:
Ananuz H3ydeHue noBepxHocTH
HAHOCTPYKTYPBI METOJIOM aTOMHO-
ITIOBEPXHOCTEH. CUJIOBOM MUKPOCKOIIMH.
Cratuueckuit
U TUHAMUYECKUN Ilpaxmuueckas paboma:
PEKHUM CKAaHUPOBAaHMS | AHAITU3 U300paXKCHUH,
MOJTyYEHHBIX METOJIOM
aTOMHO-CHJIOBOM
MHUKPOCKOIINH,
C TIOMOIIIBIO
COBPEMEHHOT0
POrPaMMHOTO
obecrnieueHus
Hroro no pazneny 17

Paznen 7. @yHKIIHOHAIbHBIE CBOHCTBA HAHOCTPYKTYPHPOBAHHBIX BellleCTB H MATEPHAJIOB

7.1 | ®yHKUMOHAJIbHBIE ) CepxHH3Kas Yuebno-
CBOMCTBA BEILECTBA, CMauyuBaeMOCTb. uccne008amensCKuil
o0ecrieuynBaeMble CBepXIpoYHOCTb. IKCHEePUMEHM!
HaHOMaTepHalaMu BricokotemneparypHast | zydenue «dyddexra
CBEPXIPOBOJIUMOCTb. JIOTOCa» Ha MpUMepe
Ceepxdunbrpanus. JIETIECTKA PO3BbI.
CBepXbsSIpKOCTb W3mepenune kpaeBoro
CBETOUCITYCKaHUSI. yria
Cyxas aare3us
(bnoMumeTHKa
reKKoHa). MarHuTHble
CBOMCTBA
Hroro no pazneny 5

Pasnen 8. HaHOTeXHO10IMH — NEPCNIEKTHBBI PA3BUTHSA M COCTOSIHME HAYKH

HA CerOAHAIIHUA IeHb

8.1 | CoBpemeHHbIE
NPUMEHEHHS

HaHOTCXHOJIOTHH

OO6mmit 0630p
COBPEMEHHBIX
MIPUMEHEHNIN

HaHOTCXHOJIOTHH

Buxmopuna:
Hanorexnonornu

B HAllIEHN KU3HU
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8.2 | YrneponHsie 2 Ocobas posb yraepoaa | [lpakmuueckas paboma:
HaHOMAaTepHAaJIb B HAHOMMpE. MonenupoBanue
dymnepensl, TpadeH, MIPOCTPAHCTBEHHOMN
HAHOTPYOKH CTPYKTYPBI yJIIEPEHOB
8.3 | Hanomarepuansl 2 Hanomarepuansl Yuebno-
JUTSL SHEPTETUKU B TOILIMBHBIX uccne008amenbCKull
AIIEMEHTAaX. 9KCNepuUMeHm:
Jlutnit-uonHwIe N3mepenne emkocTr
aAKKyMYJISITOPBI. JTUTHH-UOHHOTO
CynepkoHeHcaTopbl aKKyMyJIsITOpa
8.4 | HaHonnekTpoHHKa 2 3akoH Mypa. Ilpaxmuueckas paboma:
TexHonornueckui AHanu3 n300paxeHus
IIPOLIECC MPOU3BOACTBA | IOBEPXHOCTU KOMIIAKT-
WHTETPATBHBIX JIICKa
MukpocxeM. CUCTEMBbI
3anucu uHGoOpMaIuu
8.5 | Hanomarepuaibl 2 Hanonunarnocruka. Ilpakmuueckas paboma:
B MEIUIUHE IIpumenenne Busyanuzanus
U DKOJIOTUHU HAaHOMAaTepHalloB POCTPAHCTBEHHOM
B TEpaIlUu. CTPYKTYpbI
HanocopOeHTH!. HaHOOMOINpenapaToB
@oTOKaTAIU3ATOPHI. C IIOMOLIBIO
Camoouncrka COBPEMEHHOT0
MPOrPaMMHOTO
o0ecnieueHus
Wroro mo pazneny 9

Pa3nen 9. AkryanbHble mpodJieMbl B 00J1a

CTH HAHOXMMHUHU U HAHOTECXHOJIOTHH

9.1 | Hduckyccus 3 AkTyanbHble IpobsieMsl | MITorosas arrecranus.
B 00J1aCTH HAHOXMMHUHK | 3adeTHas paborta
Y HAHOTEXHOJIOTUU

Hroro no pazneny 3

Bcero koin4yecTBo 4acos 34

no IIporpamme 3a roa
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OPI'TAHUM3ALIMOHHO-IEJAT'OT'MYECKHUE YCJIOBUS PEAJIM3AIIUNA
ITPOI'PAMMBbI

Metoanueckoe odecneyenune peaausauuu [Iporpammsl

IIpu peamuzamuu [IporpaMMbl B yuyeOHOM TMPOIECCE  HMCIOJIB3YIOTCS
METOJMYECKHE TOCOOUs, MUIAKTHYECKHEe Marepuaibl, (pOTo- M BHIEOMATEpPHAIHI,
KOHCTPYKTOPBI JJIsi CO3JIaHMS IIApO-CTEP>KHEBBIX MOJICJICH XHMHUYECKUX CTPYKTYp;
KYpHaJlbI W KHUTH, O030phl M OPHUTHHAIBHBIC IyOJHMKAIuu, Oa3bl JTaHHBIX,
MpOrpaMMHOE OOECIICUECHHE I PUCOBAHUSI XUMHUECKUX CTPYKTYpP U BU3yaIU3ALU
MIPOCTPAHCTBEHHBIX 00BEKTOB, ITpoune MaTepuansl B Cetu IHTEpHET.

[Ipn npoBeieHNM 3aHATUI UCITOIB3YIOTCS:

® CIIOBECHBIE  METOJbI  OOydYeHMS:  JICKUMH, OOBSICHEHHUs, Oecelpl,
KOHCYJIbTalIUH;

® HArjisHbIE  METOJbI ~ OOY4YeHHMS.  MpE3eHTallMH, BHUJEOMAaTEepUalIbI,
BU3yaJIN3allNH;

® ICCJICIOBATEIbCKUE METO/Ibl OOYYEHUSI — BBINOJHEHUE OOYYarOIIUMHUCS
ONpEACICHHBIX HCCIIEA0BATEIbCKUX 3aJTaHUH.

YcBoeHne martepuasia  KOHTPOJUPYETCS TMPU  TOMOIIM  TECTHUPOBAHUS
Y BBIMIOJIHEHUSI MPAKTUYECKUX 3aJaHUi. 3aKIIOYUTEIbHOE 3aHSATHE MPOBOIUTCS

B (popMe 3aueTHOM pabOTHI.

MarepuajbHO-TEXHUYECKHUE YCJA0BUs peanusannu [Iporpammbl

[IponykTuBHOCTh PabOTHI BO MHOTOM 3aBHCHT OT KadecTBa MaTepUaIbHO-
TEXHUYECKOTO OCHauleHusi mnpouecca. IIporpamma peanusyercss B ayAUTOPUHU
oOpa3zoBaTeILHON OpraHu3allid C MPUMEHEHHWEM TEXHHUYECKUX CPEACTB O0yuYeHUs
1 1abopaTopHOTO 00OPYAOBAHMUS:

® KOMITHIOTEPHI YUHUTEIIS U 00ydIaronuXCs,

® HMHTEPAKTHUBHAS JOCKA;

e y4yeOHO-Hay4yHOE 000pyAOBaHUE MO (PU3UKE U XUMUMU.
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JIMTEPATYPA U DJIEKTPOHHBIE PECYPCbI

HopmatuBHas 6a3a

1. ®enepanbubiii 3akoH oT 29 aexadbps 2012 r. Ne 273-03 «O6 obpazoBanuu
B Poccuiickon denepannm.

2. @enepabHBI TOCYJAPCTBEHHBIN 00pa3oBaTeNbHBIA CTaHIAPT CPEIHETO
obmiero oopazoBanus (yTBepxkaeH npukazoM MunoopHayku Poccuu ot 17 mas 2012
r. Ne 413; 3apeructpupoBan Muntoctom Poccun 7 utonst 2012 r. Ne 24480).

3. ®enepanpHas 00pa3oBaTeNbHAS IPpOrpaMMa CpeaHETro 00Iero 0opa3oBaHms
(yrBepxkaeHa mpukazom Munmnpocsemenuss Poccun ot 18 mas 2023 r. No 371;

3apeructpupoBad MuntoctoM Poccuu 12 uronsa 2023 1. Ne 74228).

Cnucok aureparypsl

1. AxmetoB M.A. BBeneHue B HAaHOTEXHOJIOTUU. XUMHUS : yueOHOe mocoOue
utg yaanmuxes  10-11 kmaccoB cpeHux 00mieoOpa3oBaTelbHBIX  yUpeKACHUH /
M.A. AxmetoB. — Cankrt-IlerepOypr : OOpa3zoBaTenbHbI LEHTp «YUacTuey,
Oo6pazoBatenbHble TPoekThl, 2012. — 108 c.

2. AxmeroBa A.U. «DPemtoCrkan OmnmaitH»: o0OpaboTka W (UIBTparus
n3oopakenuit / A.. Axmerora, J[.W. SImunckuii, 1.B. SImunckwnii // Hanounaycrpus. —
2024. —T. 17, Ne 3-4(127). — C. 178-183.

3. borateipeB B.A. MeTo1bl CHHTE3a HAHOYACTHI] C TUIA3MOHHBIM PE30HAHCOM /
B.A. borateipes, JI.A. Jlpikman, H.I'. XnebmoB : yue6Hoe mocobue. — CapartoB :
CI'Y um. H.T'. Yepnsimesckoro, 2009. — 35 c.

4. BonkoBa C.A. CoBpeMEeHHBIC HCCJEIOBAHHUS B O0JACTH HAHOTEXHOJIOTUH
B COJIepyKaHnU XuMu4deckoro oopazoBanus / C.A. Bonkosa. — Mocksa, 2015. — 304 c.

5.'ymumun E.A. Hanorexnomoruu — npopsiB B Oynayiuee! / E.A. I'yaunun //
Oo6pazoBatenbHas noautuka. — 2020. — Ne S5. — C. 54-57.

6. Epemun B.B. Hanoxumus u Hanotexnomnoruu / B.B. Epémun, A.A. JIpo3nos. —
Mockaa : [Ipoda, 2009. — 112 c.

7. 3umon A.Jl. 3anumarenpHas KoouaHas xumus / A.Jl. 3umMoH. — Mockaa :
URSS, 2017. -253 c.
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8. MenbaukoBa H. IlonmyueHue u u3ydeHHE CBOMCTB BEIIECTB, COCTOSIINX
W3 YacTHI] HaHO- U MUKpopa3mepoB / H. MenbHukoBa, E. ['Heymesa, b. MamrakoB. —
Cankr-IletepOypr : HkoneHas nura, U3parensctBo «Jlema», 2013. — 20 c.

9. MuKpo- 1 HAHOMHP COBpeMeHHBIX Marepuaiios / mox pen. FO.J1. TpetbsikoBa. —
Mocksa : Xumpaxk MI'Y, 2006. — 68 c.

10. Hanorexnomnorun. A30yka maist Beex / mon pen. FO. /1. TperbsikoBa. — Mocksa :
OU3SMATIINT, 2008. — 368 c.

11. O BKJIFOYEHUU OCHOB HAHOXUMUHU B COJICPHKAHUE IIKOIBHOTO XUMHUYECKOTO
obpazoBanus / C.A. BonkoBa, A.A. Ubarymnun, C.B. Porareix [u np.] / Xumus
B mikose. — 2023. — Ne 6. — C. 19-24.

12. Iatp HOOENEBCKUX YPOKOB (MPAKTHKYM [UIsI  CTapIIEKIACCHUKOB
M0 CKaHUpYyIomien 30H10BoM Mukpockonuu) / A.B. Bonbsmakosa, E.B. JlyGposus,
AJL. ITporonomnoga [u 1p.]. — Mocksa : LleHTp nepcrekTuBHBIX TexHonorui, 2013. — 94 c.

13. Ceeryxun B.B. OcnoBbsl HaHoTexHonormil. 10—11 xmaccer : yuebHOE
nocoobue / B.B. Cmeryxun, MN.O. SBrymenko. — 3-¢ wu3a., crep. — Mocksa :
[Ipocsemenne, 2023. — 111 c.

14. CnoBapb HAHOTEXHOJIOTMYECKUX M CBSI3aHHBIX C HAHOTEXHOJOTHSMU
tepmunoB / I'.I'. bopucenko, U.B. T'onpar, E.A. T'ymumun [u ap.]. — Mocksa
OU3SMATIIAT, 2010. — 528 c.

15. Teopuss U mpakTUKa CKAaHUPYIOUIEH 30HIOBOM MHUKPOCKOIIUU: HOBBIC
pemieHuss g (QU3MKW, XUMUH, Owonmorun u wmeaunuHsl / A.M. Axmertosa,
O.B. UBanoB, H.E. Makcumona [u ap.] // Hamomnmyctpusa. — 2023. — T. 16,
Ne 2(120). — C. 88-95.

16. lepbakorB A.b. IIpakTHkyM 1o HaHOMAaTepuasaM W HAHOTEXHOJOTHSIM /

A.b. lllep6akos, B.K. BanoB. — Mockga : MI'Y, 2019. — 368 c.
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