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AHHOTaIUs

Hucuumnunaa «MeTposiornueckoe obOecriedeHHe TEXHOJOTHYECKHMX IPOILECCOB B
HAaHOUHYCTPUU» BXOJUT B 00pa30BaTEIbHYIO IPOTpaMMYy BBICHIETO 00pa30BaHUs — IPOrpaMmy
MarucTparypbl IO HaIpaBieHUIO MOATOTOBKH/ crneruaibHocTH 27.04.01 «Cranmaptusanus u
METpPOJIOTHS»  HampaBlIEHHOCTH  «MeTposioruueckoe  O0ecrleueHrue  WHTEIUICKTYalbHbIX
MPOLIECCOB U MPOU3BOJCTBY. JlucuuminHa peanusyercs kadenpoi «Neby.

JlucuurinHa HareneHa Ha (GOPMHUPOBAHKE Y BBITYCKHUKA CIICTYIOIINX KOMITCTECHIUH:

[IK-1 «Crocoben pa3pabarbiBaTh U BHEAPSATH HOBBIE METOJIbI U CPEJCTBA TEXHHUUECKOTO
KOHTPOJISD)

I[IK-2  «CnocoOeH  OCYHIECTBISATh  HAYYHO-TEXHUYECKYH)  JICATCIBHOCTH |
IKCIIEPUMEHTAIbHBIC Pa3padOTKH B 00JIACTH OOECTICUEHUS €IMHCTBA U3MEPEHUIN

CopepxkaHue  TUCHUIUIMHBI ~ OXBAaThIBa€T  KPYr  BOINPOCOB,  CBSI3AHHBIX  C
TEXHOJOTMYECKHMH TPOIECCaMU  TMPOWM3BOJCTBA PA3IUYHBIX OOBEKTOB HAHOWHIYCTPHUHU.
OcHOBHasi CIOXKHOCTb, C KOTOPOM MPUXOAUTCA CTAJIKUBAaTHCS B IPOLECCE H3TOTOBIICHUS
HaHOMATEPHAJIOB, SIBJISETCS HEOOXOAUMOCTh KOHTPOJISI UX OCHOBHBIX CTPYKTYPHBIX HapaMeTpOB
C TMOMOIIBI0 HM3MEPHUTENbHBIX MpUOOpoB. [losTOMy B OCHOBE BBIOOpAa TEXHOJOTHYECKHX
MPOLIECCOB TMOJYyYEHUS] HAHOCTPYKTYPUPOBAHHBIX MATEPHAIIOB JIEKAT METOJIBI U METOJMKHU
WCCIICIOBAHMS XapaKTePUCTUK W IMapaMETPOB STUX HAHOOOBEKTOB. [IpaBUiIbHO BBIOpaHHBIE
METOABl W METOJMKH HCCIEIOBAaHUS TapaMeTpOB U  XapaKTEPUCTUK HAHOOOBEKTOB
obOecrieunBarOT TpebyeMoe KadyecTBO, B TO BpeMsl KaK Ja)K€ HE3HAUUTEIbHbIE OTKIOHEHUS OT
YCTAaHOBJICHHBIX TpPeOOBAaHUNA METOAMK MCCIICIOBAHUS MOXET MPUBECTH K CYIIECTBEHHBIM
W3MEHEHUSM CBOICTB.

B nactosiiee Bpemsi MCTONB3YETCsl ONMPEACIICHHBIA KOMIUIEKC METOIOB HCCIIECIOBAHMS
MHUKpPO M HAHOCTPYKTYp, CpeId KOTOPBIX MOXHO BBIACIUTH OCHOBHBIC TPYIIBI METOJOB:
AJICKTPOHHAS] MHUKPOCKOIHUS BBICOKOTO Ppa3peIICHUs; METOJIbl CKaHUPYIOUIEH AJIEKTPOHHOU
MUKPOCKOIIHUU; CKAaHUPYIOIIasi TyHHEIbHasi MUKPOCKOIHUS;, PEHTTCHOAU(PPAKIIHOHHBIE METOIBI C
UCIIONb30BaHueM d(dekTa BBICOKOW CBETUMOCTH  CHUHXPOTPOHHBIX HCTOYHHKOB; METOJIbI
ANIEKTPOHHOMU CIIEKTPOCKOIUH ISl XUMHYECKOT0 aHaIn3a.

[IpenogaBanue IUCHUIUIMHBI TIPEAyCMaTpUBAET CleAyrolue (GopMbl OpraHU3aIuu
yueOHOTo TMpoliecca: JeKINH, TPAKTUUYECKHUE 3aHITHS CAaMOCTOSITENIbHAS paboTa 00yJaroerocs.

B nporpammy, Ha (hoHE MIUPOKOTO BHEIPEHUS MH(POPMAIIMOHHBIX TEXHOJIOTHN BO BCEX
cdepax UeIoBEUYECKOH IesATeNbHOCTH, B TOM 4Hcie U chepe oOpa3oBaHUS U, B YAaCTHOCTH, B
cucreMe ['Y Alla, BKITIOUEHBI OTJEIBHBIE AJIEMEHTHI UCKYCCTBEHHOTO MHTEIIEKTa, KOTOPhIE BCE
OOJIbIIE CTAHOBSTCS HEOTHEMIIEMOM YacThIO 00pa30BaTENLHOTO TMPOIECCa, CYIIECTBEHHO
MOBBIIIAIOIIETO €ro KauecTBO U 3 (PEKTUBHOCTS.

[IporpamMmMoil AMCHUIUIMHBI MPEAYCMOTPEHBI CIEAYIONIME BUIbl KOHTPOJS: TEKYIIHMI
KOHTPOJIb YCTIEBAEMOCTH, IIPOMEKYTOUHAs aTTecTanus B hopme nudPpepeHInpoBaHHOTO 3a4eTa.

OO0mas TpyA0EMKOCTh OCBOEHUS AMCIMIIMHBI COCTaBIseT 3 3adeTHhIX eauHuibl, 108
YacoB.

SI3bIK 00yUYeHUs IO JUCIUILTUHE «PYCCKHIA.



1. TlepedeHb MIAHUPYEMBIX PE3YIHLTATOB OOYUCHHUS 11O JUCIUTLIIHE

1.1. Tlenu npenomaBaHus JUCITUTUTHHBI

1.2. llenpto  mpemogaBaHus  JUCIHUIUIMHBI  SBJISCTCS  TOJY4YEHHE  CTyJICHTaMU
HEOOXOIUMBIX 3HAHUH B chepe METPOJIOrHIECKOr0 00ECIIeUeHUsT TEXHOJIOTHYCCKUX MPOIIECCOB
B HAHOWHIYCTPHH, CBS3aHHBIX C TPUKIAAHBIMU HCCICIOBAHUSMU KOHCTPYMPOBAHHEM U
MPAKTUYECKHM HCIIOIb30BAHMEM MATEPHAJIOB M BEIIECTB HAa aTOMHOM W MOJICKYJISIPHOM
YPOBHSX, a TaKXKe CpPeACTBaX, METOJOB W METOJIWK HCCIeA0BaHUs (PU3uveckux, (HU3HKO-
XUMHUYECKMX M T'C€OMETPHUYCCKHX IapaMeTpOB M  XapaKTePUCTHK TBEPAOTEIbHBIX U
MOJICKYJISIPHBIX O00BEKTOB. [Ipy 3TOM KIIFOY€BOE BHUMAHHE YJEJICHO M3YYCHHIO O0COOECHHOCTEH
BBICOKOPA3PEIIAIONIMX METOJ0B HCCIICIOBAaHUN MOJICKYJISPHBIX OOBEKTOB, 00ECIECYHBAFOIINX
noJlydueHue HamOoJiee MoNHON mH(OpManuu 00 OCHOBHBIX CBOMCTBAX M XapaKTEPUCTUKAX W
MPOTEKAIOIINX B HUX MPOIECCax.

1.3. JlucuumimHa  BXOOUT B  COCTaB  4YacTH, (OPMUPYEMOH  y4aCTHHKAMHU
00pa30oBaTelIbHBIX OTHOIICHHH, 00pa30BaTEIIbHOIN MpOrpaMMBbl BBICIIIEr0 00pa3oBaHus (janee —

OI1 BO).

1.4. TlepeueHb IUTAHUPYEMBIX PE3YIBTATOB OOYUEHUS 110 TUCIUIUINHE, COOTHECEHHBIX C
IUTaHUpYyeMbIMH pe3ynbratamu ocBoeHust OI1 BO.

B pesynbrare m3ydeHus TUCHUIUIMHBI OOyYaroOIIMiCs TOJDKEH 00ajarh CleayIoIuMH
KOMIIETEHIIMSIMU WJTH WX 9acTsAMH. KoMIeTeHInu 1 WHAMKATOPHI UX JOCTHKCHHS TPUBEICHBI B

Tabymue 1.

Tabmuna 1 — [lepeyeHp KOMIIETEHIIMN U HHIUKATOPOB MX JOCTHKEHHS

Kareropus (rpynna)

KOI[ 1 HAMMCHOBAHUC

KOI[ N HAMMCHOBAHUC MHAUKATOpAa JOCTUIKCHUA

KOMIICTCHITUN KOMITCTCHITUU KOMITCTCHIIUU
[1K-1.3.2 3HaTh BUBI, IPUHIUIT ACHUCTBUS U
KJIaCCU(PUKALIMIO CPEJICTB U3MEPCHUH,
TEXHUYECKUX YCTPOMCTB C U3MEPUTEIHHBIMHU
(GYHKIUSAME, CPEACTB TEXHUUECKOTO U I0IYCKOTO
KOHTPOJIA
I1K-1 Criocoben [1K-1.3.3 3HaTh TOKYMEHTHI IO CTaHJAPTU3ALINH,
pa3zpabaThiBaTh U periaMeHTHPYIOIHE BOMPOCH! €MHCTBA
[TpodeccuonanvHbie | BHEAPATH HOBBIE U3MEpPEHUI 1 METPOJIOTHIECKOT0 00eceYeHUs
KOMITETCHIUI METO/IbI U CPEJICTBA MIPOU3BOJICTB, KOHTPOJISI KAY€CTBA MPOTYKIIUH
TEXHUYECKOT O [1K-1.3.4 3HaTh METOJI TEXHUYECKOTO KOHTPOJISA
KOHTPOJIA KauecTBa, MPUHIIUAIIBI HOPMUPOBAHUSI TOYHOCTH
ITIK-1.Y.1 ymeTp aHanmmM3upoBaTh U ONPEACIATh
MOTPEOHOCTH B pa3pabOTKe HOBBIX METOJAX U
CpencTBax U3MEPEHUM, KOHTPOJIS U UCIIBITAHUM C
LEJIBIO ONPEAENICHNs] BO3SMOKHOCTHU U
11e71ecoOPa3HOCTH UX MCTOJIb30BaHUS
IIK-2 Crocoben
OCYILIECTBIISITh
Hay4HO-
TEXHUYECKYIO I1K-2.3.1 3HaTh IpaBOBBIE aKThl U HOPMATHUBHBIE
[Ipodeccuonanpabie | NEATETLHOCTD U JIOKYMEHTHI B 00J1aCTH €IMHCTBA U3MEPEHUH,
KOMITCTCHIIUI AKCIIEPUMEHTAIIbHBIE | METO/IbI OLIEHKHU PE3yJbTaTOB U3MEPEHUM U
pa3paboTKu B OIICHUBAHMSI HEOTIPEACIIEHHOCTH U3MEPEHUI
obiactu
obecrieueHus

CANHCTBA HBMCpCHHﬁ

2. Mecro nucuumiaussl B ctpykType OI1




JucuumirHa MOKeT 0a3upoBaThCsl Ha 3HAHUAX, paHee MPUOOPETEHHBIX 00YYarOIIUMHCS
IPY U3YYEHHUH CIIETYIONINX TUCIUTUINH:
— (u3MUecCKue OCHOBBI U3MEPEHUN U STAJIOHBI,
— METO/BI U CPECTBAa U3MEPEHUH, UCTIBITAHUN M KOHTPOJIS;
— OCHOBBI HH(OPMATH3ALUHN U3MEPEHHH;
— OCHOBBI JIEKTPOTEXHUKHU U PATHOTEXHUKY;
—  OCHOBBI MOJICTUPOBAHUE CHCTEM U TPOIECCOB;
— TpUKIaTHAas ¥ 3aKOHOAATEIIbHAsk METPOJIOTHS;
— oOmas Teopust U3MEpeHNI
3HaHus, MOJYYCHHbIE NPU M3YYCHUH MaTepuayia JAaHHOW IUCIMIUIMHBI, MMEIOT Kak
CaMOCTOATENIFHOE 3HAYCHUE, TAK U MOTYT HCIIOJIb30BATHCS NPU U3YUEHHUHU APYTUX AUCIUILINH!
— - IUQPOBBIC METOJIBI U CPEICTBA H3MEPEHHIA;
— - IPOM3BOJICTBEHHAs IIPAKTHKA;
— - IPOM3BOJICTBEHHAS IPEATUIUIOMHAS TIPAKTUKA.

3. O6beM U TPYAOEMKOCTh AUCIUILINHBI

JlanHbie 00 oOmeM oO0beMe TUCHUIUIMHBI, TPYIOEMKOCTH OTAENBHBIX BHJOB y4eOHOMH
paboTHI 110 AUCLUHUIUIMHE (M pACIPENEICHUE 3TOM TPYIOEMKOCTH 110 CEMECTPaM) NPEACTABIICHBI B
Tadymue 2.

Tabmuna 2 — O0beM U TPYAOEMKOCTh JTUCITUTIITNHBI

TpynoeMKocTh MO
Bun yuebnoii pabotbl Bcero CceMeCTpam
Ne3
1 2 3
Oowan mpyooemKkocmup OuCyUnJIUHDL, 3/ 108 3/ 108
3E/ (uac)
H3 nux uacoe npakmuueckoilt n0020moeKu 17 17
AyoumopHnuie 3anamus, BCETo vac. 34 34
B TOM YHUCIIE:
nexuuu (JI), (dac) 17 17
npakTuyeckue/cemunapckue 3anstus  (I13), 17 17
(dac)
Camocmoamenvnan paboma, Bcero (4ac) 74 74
Buo npomesxcymounoit ammecmayuu:. 3a4er,
mudd. 3auer, sk3amen (3auer, udd. 3auy, ﬂ;l . Hudd. 3au.
Dk3.*¥) .

EX3

[IpuMeuaHue: kaHAWAATCKHI SK3aMEH

4. CopeprxaHue TUCITUTITUHBI
4.1 PacnipenienieHne TPyAO0EMKOCTH JTUCITUILIMHEI 110 pa3/ieiaM U BUIaM 3aHSATHI.
Pazgenbl, TeMBbI TUCITUTITUHBI 1 KX TPYJOEMKOCTh TPUBEEHBI B TaOIUIIE 3.

Ta6m/1ua 3 PaSI[CJ'ILI, TCMbI TUCHTUIUINHBI, UX TPYAOCMKOCTDH

Paznesibl, TeMbl JUCIMITIHHBI Jlexuma | 113 (C3)| - JIP KII CPC
’ (gac) (gac) (dac) (gac) (dac)
Cemectp 3

Paznen 1. O0mwme cBeaenns o chpepe HAHOTEXHOIOTHHA,
(yHIaMeHTaIbHbIC HAYKN U HAHOHAYKA.

Tema 1.1 Bujibl HAHOCTPYKTYp, Ha3HAUYCHHE, 2 2 9
OCHOBHBIE OTIPEJIEIICHUS], KIIacCu(uKams
HaHOOOBEKTOB.




Paznen 2 CtpykTypa, CBOWCTBA, METOABI OMYUCHUS U
0COOCHHOCTH MPUMEHEHUSI HAHOCTPYKTYD

Tema 2.1 ®u3uko-xuMHYECKHE CBOMCTBA HAHOCTPYKTYP,
0COOEHHOCTH MTPUMEHECHHUS

Paznen 3. . O0Omas xapakTepucTHKa METOIOB
UCCIIEIOBAHNH 00BEKTOB MUKPO U HAHOCTPYKTYP 5 5 9
Tewma 3.1. XapakreprucTuka HHCTPYMEHTOB,
WU3MEPUTEIBLHBIX MPUOOPOB M CUCTEM

Paznen 4. XapakrepucTuka KOHICITUN
MOJIEKYJIIPHBIX HAHOTEXHOJIOT M

Tema 4.1 OObekTbl MOJEKYJIAPHBIX HAHOTEXHOJIOTHUA, 2 2 9
TI0JTy9IeHHE TBEPAOTENbHBIX HAHOCTPYKTYP

Paznen 5. OcHOBHBIE T€TEPOTEHHBIEC MPOIIECCHI

(hopMHUPOBaHUS HAHOCTPYKTYPUPOBAHHBIX OOBEKTOB 3 3 11

Tema 5.1 CpoiicTBa reTeporeHHbIX IPOLECCOB
Tema 5.2 XuMUYECKHE reTEPOreHHbIE MPOLIECCHI.

Paznen 6. TynaenpHBINH 3QQeKT 1 CKaHUpYIOIIast
TyHHEJIbHasi MUKPOCKOTIHSA 2 2 9
Tema 6.1 ®uznyeckuii CMBICI U TIPaKTHIECKOE
IIPUMEHEHNE TYHHENIBHOTO 3(dexra

Paznen 7 OCHOBBI MEXaHUKU U KOHCTPYKLHMHA CPEACTB
U3MEPEHUIT HAHOCTPYKTYPUPOBAHHBIX 0OBEKTOB 2 2 9
Tema 7.1 Texuuyeckue XapakKTUPUCTUKU OPUOOPOB U y3JIOB

Paznen 8 bezonacHOCTh HAHOTEXHOIOTHIA U TIPOOIEMBI
OKpY>Karollel cpenbl 2 2 9
Tema 8.1 . XapaktepucTuka HAHOYACTHUI] W BUIbI
BO3/ICMCTBUSI HAHOYACTHUI] HA OKPYKAIOIILYIO CPEy

HUroro B cemectpe: 17 17 74

Hroro 17 17 0 0 74

[IpakTnueckas IOATOTOBKA 3aKJIOYAETCd B  HEMOCPEICTBEHHOM  BBINIOJHEHHUH
oOydJarolMMHUCS  OINpENEeJIeHHbIX  TPYAOBBIX  (YHKIUMH, CBSI3aHHBIX ¢  Oyayuleu
npodecCHOHATBHOMN 1€ TETbHOCTBIO.

4.2 Conep:kaHue pa3/esioB U TeM JICKIIHOHHBIX 3aHSATHIH.
ConeprkaHue pa3/ienoB U TeM JIEKLIMOHHBIX 3aHATHIA MIPUBECHO B TabauIe 4.

Ta6JII/ILIa 4 — Coz[epxcaHI/Ie pa3AaciioB U TEM JICKIHMOHHOI'O [UKJIA

HOMep paszaeiia Hazpanue u COACPIKaHUC PA3CJIOB U TCM JICKITUMOHHBIX 3aHITHI
Pasgen 1. O61ne cBeaeHus o Tema 1.1. BBenmenwme B HaHOMHP ¥ B HH(GOPMAIMOHHBIC TEXHOJOTHH,
chepe HaHOTEXHOJIOTHIA, OCHOBHBIE MOJIOKEHHS.
¢dbyHIaMeHTaTbHbIE HAYKHA U B Hacrosmiee Bpems NPOMCXOAAT KOPEHHbIE H3MEHEHHsS B cdepe
HaHOHAyKa. BBICOKHX TEXHOJIOTMH, MHUKPOMEXaHHKH W JPYrHX OOJIACTAX UeIOBEYECKOU

JIeITEIbHOCTH, CBSI3aHHBIX € (QyHIaMEHTAIBbHBIMH M HPHKIAJHBIMH
HCCIICIOBAaHUAMH, KOHCTPYHPOBAHHEM M MPAKTHYECKHM HCIIONB30BaHHEM
MaTepHajioB, YCTPONUCTB M CPEACTB U3MEPEHUH 0OBEKTOB, 3IEMEHTHI KOTOPBIX
umeroT pasmepsl MeHee 100 am. MHbopMarmst (ot nar. «Informatio») - 3To
3HaHUs, CBCACHUS, COOOINCHHS, SBISIOIIUECCS OOBEKTOM  XpaHCHUS,
npeoOpa3oBaHusl, IEpeAadr ¥ IOMOTAIOIINE PEIIATh TOCTABICHHBIC 3a1a4H.
Nudpopmanmonnsie  TexHonorun (UT, or anrn.  information
technology, IT) - mmpokuii Kiacc AUCHMIUIMH U OOJACTEl JEATEebHOCTH,
OTHOCSIIIMUXCST K TEXHOJIOTHSIM YIPaBICHUS] U OOpabOTKM JaHHBIX, B TOM
9rcie, ¢ IPUMEHEHHEM BBIYUCIUTEIBHON TEeXHUKU.B mocnennee BpeMs mox
MH()OPMALMOHHBIMHM TEXHOJIOTHSIMH Yallle BCEr0 MOHUMAIOT KOMIIBIOTEPHbIE
TEXHOJIOTHH. B dWacTHOCTH, MH(MOpPMAIMOHHBIE TEXHOJOTHH HMEIOT JEJ0 C
HCTIONB30BAaHNEM KOMIBIOTEPOB W MPOTPAMMHOTO  OOECHeUeHHsS Ui




XpaHeHus, NpeoOpa3oBaHus], 3alIUTHL, 00pPabOTKM, Tepedayd U IOJy4YEHUs
nadopmanmn.  CrnenuanucToB MO KOMIBIOTEPHOW — TEXHHKE |
[IPOrpaMMHUPOBAHUIO YacTo HasbiBatoT UT-cniennanucramu.
Tema 1.2 OcHOBHBIC UePTHI COBPEMEHHBIX HH(POPMAITHOHHBIX TEXHOJIOTHIA:
- KOMIBIOTEepHAsE 00paboTKa MH(DOPMAIIH 0 3aJaHHBIM aNTOPUTMAaM;
- XpaHeHne 00IpImHX 00BEMOB MH(POPMAITHH HA MAITHHHBIX HOCUTEIIIX;
- mepegada HHGOPMAINH Ha JIFOOBIE PACCTOSHUS B OTPAHUUEHHOE BPEMSL.

Wndopmannonnas TexHoJoTUs (HOPMHUPYET MEpeAHUi Kpail HaydHO-
TEXHHYECKOTO Tporpecca, co3aaeT WH(GOPMAalMOHHBIH (YHIAMEHT Pa3BHTHS
HayKd M BCEX OCTalbHBIX TexHOJOrni.PaButne wuH)pOpMannOHHBIX
TEXHOJIOTUA BO BCEM MHpPE OOBSCHSETCS BO3pOCLIEH WHTEHCHBHOCTHIO
MH(OPMALMOHHBIX OTOKOB BCJIEJCTBUE Pa3BUTHS MPOIECCOB II00aIn3aUn
MHUPOBOM DKOHOMHMKHM M CTaHOBJCHUS HMH(MOPMAIMOHHOTO MPOCTPAHCTBA.
VYhpaBneHdyeckass — [IEATENBPHOCTh  HyKAaeTcs B MH()OPMALHOHHOM
obecmieueHnr, Tak Kak oOpaboTka wHGMOpMAruu IS TPUHATHA
YOpaBICHYECKAX pEIICHHH ¥ BBIPAOOTKH YIPABIAIONINX BO3ICHCTBUI
3aHUMaeT JocTaTouyHo MHoro Bpemenun.Tema 1.2. HaHoTexHomormm B
MH()OPMALIOHHBIX TEXHOJIOTHAX

UYenoBeuecTBO BO BCE BPEMEHA CTPEMIJIOCH YIIYUIIUTH YCJIOBHS CBOETO
cymiecTBoBaHMA. Teneps OOJBIIMHCTBO M3 HAc y)K€ HE MOXET IPEeACTaBUTH
cebe ku3Hb O€3 COBPEMCHHBIX OJiar HUBWIM3AIUH, JOCTH)KCHHA HAYKH,
TEeXHUKHU, MeTUIMHBL. CIeAyIOINM II1aroM B 3TOM Pa3BUTUHU CTaHET OCBOCHUE
HaHOTEXHOJIOTUH, B YaCTHOCTH, CUCTEM OYEHb Majoro pa3mepa, CIOCOOHBIX
BBIMOJIHATh KOMAHZIBI JIoAeH. B HacTosmiee BpeMs HaHOTEXHOJIOTHSIM
ynensiercs: 0OJbIIOe BHUMAHHUE - CO3/IAIOTCSl MCCIIEI0BATEILCKIE HHCTHTYTHI,
pazBepHyTta nonaroroBka cneupuanucro. B CIHA »stumm  Bompocamu
3aHUMAIOTCs Takue m3BecTHBIe QupMmbl, kak Intel, MEMS Industry Group,
Sandia National Labs. PaccmaTpuBaeMblii Kpyr BOIPOCOB - OT pydYKH 0e3
pa3OpbI3TUBaHUS YEPHUI 10 OECIIPOBOIOYHON Nepeiaun TaHHBIX, ONTHYECKIX
YCTPOWCTB  yNpaBIEGHUs  OPY)KHEM M  MHUHHCIYTHHKOB.  ATEGHTCTBO
nepcrekTuBHbIX pazpaborok MO CIHIA peamusyer nporpammy "YmHas
IBUTG", HANpaBICHHYIO Ha CO3JaHHE CBEPXMHHUATIOPHBIX YCTPOMCTB,
CHOCOOHBIX TE€HEPHPOBATH IHEPTUIO, MPOBOAUTH MOHUTOPHUHI OKpPY’KAIOLIEH
cpeabl, HakaluiMBath | nepenaBath HHpopManuioo OueHb 3HAYMMOE
JIOCTIDKEHHE B OOJIACTM HAHOTEXHOJOTMH - CO3/aHHE sApa OMNEepaIrioHHOI
CUCTEMBI.

SnpoMm - meHTpanmpHas dYacTh oneparuoHHOH cuctembl  (OC),
obecrieunBaroias MPUIOKEHNUSIM KOOPAWHUPOBAHHBIA JOCTYN K pecypcam
KOMITBIOTE€PA, TaKMM KaK IIPOIECCOPHOE BpeMs, INaMATh U BHEIIHEe
anmapaTHoe obecniedeHne. Takxke OOBIYHO SIPO MPETOCTABISCT CEPBHUCHI
(aiinoBoif cuCTeMBl W ceTeBBIX NpoTOKoMoB.Ha manHOe Bpems yxe
BBINTYIIEHBI ONEPAIIHOHHBIC CUCTEMBI Ha OCHOBE 2, 4 1 6 siziep.

CerosiHss yX€ CO3/laH HOBBIM TCIUIOOTBOIHBIA  HHTEPEIIC,
MPU3BAHHBIA 3alUINATh MHKPOCXEMBI OyIyIIero OT TeperpeBa. YueHbIe
pemmIn 0TKa3aThCs OT TPAJUIMOHHOTO HHTepdeiica Ha Ma3eBOH OCHOBE,
colepKamiel MeJIKHe MeTaUTMuecKHe dYacTHlbl. BwmecTto 3TOoro oHH
MIPE/JIOKUIIN BRIPAIIUBATH TEIUIOOTBOJHBIC 3JIEMEHTHI IIPSMO HA TIOBEPXHOCTH
MHUKPOCXEMBI.

B pesynbrare MOBEPXHOCTh YHIA IOKPBHIBAIACH IIEJIBIM JIECOM
HAHOCKOIIMYECKUX YIJIEPOAHBIX HAHOTPYOOUEK, KOTOpBIE W TPEJCTABIISIN
co00if OCHOBY HOBOT'O TEIUIOOTBOAHOIO HHTepdeiica. [ BbIpammBaHus
HaHOJIeCa HAa MOBEPXHOCTH IIOJYNPOBOAHUKA OBUIM HaHECEH PHUCYHOK C
UCIIOJIb30BAaHUEM CHELHAIBHBIX IIa0JIOHOB W3 MOJIEKYJ C Pa3BETBICHHOM
[enblo, WMEHyeMBIX neHapuMepamMu (dendrimers). 3aTeM B  TouKax
pa3BeTBICHHUSI PHCYHKAa OBUIM pa3MEIIeHBl YaCTHIBI-KATAIN3aTOPBl POCTa
YTACPOTHBIX TPyOOUeK, BBIIOJHEHHBIC W3 IEPEXOIHBIX METAJUIOB: JXKelne3a,
HUKeNs, KoOabTa Wi nauiaaus auaMerpoM nopsaka 10 am. O6paboTaHHbIe
KaTalln3aTOpaMy TIOJYTIPOBOJAHMKN TIOMEUIAIUCh B KaMepy C METaHOBOI
atMocepoil, TAe W MPOUCXOAWI COOCTBEHHO TMpollecC "BhIpaniuBaHus"
YIJIEPOHBIX HAHOTPYOOK C JMAaMETPOM, CTPEMSIIUMCS K TAKOBOMY YacTHII-
KaTaJIn3aToOpoOB

Komnanuss IBM npeacraBuna HOBOE IOKOJIEHHE CEPBEPHBIX
npoueccopos Power-7 u cemelicTBo cepBepoB Ha ux Oase. [Ipoueccopsl OyayT




MOCTABJIATHCS B 4-, 6- U 8-sIEPHBIX KOHPUTYpAIHIX, IPUYEM KaKI0C SAPO
Oyner mojjiepXuBath 4 WHPOPMAIMOHHBIX TOTOKA. DTO O3HAYAeT, YTO
BOCBMUSZICPHBI Tporieccop Power-7 cMOXeT OJHOBPEMEHHO MOJICPKUBATH
mo 32 3amay. Ilo cpaBHEHHWIO C TPEIBIAYIIAM ITOKOJICHHEM MPOIECCOPOB
Power-6 gmcio siep B cTapiieif MOJeIH yBEITHYMWIOCh B YETHIPE pasa.

Paznen 2 Ctpyktypa, cBOICTBa,
METO/IbI TIOJTyYCHUS U
0COOEHHOCTH PUMEHEHUS
HaHOCTPYKTYp

C1pyKTypa, CBOWCTBA, METO/BI MOIYICHUS U OCOOEHHOCTH
IIPUMEHEHUS HAHOCTPYKTYP.

Tema 2.1 ®U3UKO-XMMUYECKHE CBOHCTBA HAHOCTPPYKTYP

B o0macTé BBICOKMX TEXHOJIOTHH IIUPOKO HCIOJB3YETCS KiIacCH(DUKALUS
IHCIIEPCHBIX CHCTEM IO JHUCIEPCHOCTH, T.e. IO pa3MepaM H yOEIbHOI
IUIOIaTy IOBEPXHOCTH [IUCHEepcHO (a3pl. B  mepBoM mpubikeHUH
IUCIIEPCHBIE  CHUCTEMBI  IOAPA3ACIIAIOTCS Ha  IpyOOIuCHepCHbIE |
TOHKOJUCIICPCHBIE, TaK HA3bIBAEMbIE KOJUIOMJHBIC CUCTEMBI.

Tema 2.2 VYrnepomHble CTPYKTYphl - YIJIepoj sBIsieTcss HamOouee
PacIpOCTPaHEHHBIM 3JIEMEHTOM B IIPUPOJE, OH CYIIECTBYET B TBEpAOH (hase u
HECKOJIbKUX ~ MOIU(UKALUSIX C  Pa3IM4YHBIMH  (DU3UKO-XUMHYECKUMHU
cBolcTBamMu: rpadur, anmas, kapOuH, rpadeH. BaxHelimeil 0coOEHHOCTBIO
yriepoja SBISIETCS CIOCOOHOCTH oOpas3oBbiBaTth nemouku —C —C — C-,
KOTOpPBIE NPHPOJA MCHONB3YeT Ul CO3MaHUS OMOJIOTHMYECKHX IOJIHMMEPOB, a
YeJI0BEK JUIS IPOM3BOJICTBA PA3INYHBIX CHHTETHYSCKIX MaTepHaOB.

Tema 2.3. B KoHIIe IPOLLITOrO CTONETHS OBUTM OTKPBITHI HOBBIE YIIIEPOIHEIC
COCNMHEHUS, CpeOu KOTOPhIX (QyuiepeH, obnamaromuii  yHUKaJbHBIMH
cBoifctBamu. DyiulepeH MMeeT KapKacHYK CTPYKTYpPY, KOTOpas COCTOHMT H3
3aIUIaTOK MMSTH- U IeCTUYTronbHON GopmMel. B 1990 r. 6bu1 paspabotan MeTos
MOJyYCHUs PyIuIepeHa.

Tema 2.4. B 1991 r. B npoiyKTax 3J1€KTpOILyroBOr0 HCHapeHus rpadura Obun
0OHapyKeHbI IMIIMHIPUYECKHE YIIICPOAHbIE KOHCTPYKIUH, TOTY4HBIINE
Ha3BaHUs «HaHOTPYOKW». HaHOTpyOKa npencraiser co0oi MpOTsHKEHHbIE
MJIMHIPUYECKUE CTPYKTYPBI IMAMETPOM OT OJHOTO J0 HECKOJIBKUX NECATKOB
HaHOMETPOB U JUTMHOM J0 HECKOJBKUX CAaHTUMETpoB. [1o cymecTBy Takas
HaHOTPYOKa MPEACTABISET COOON OJTHY MOJIEKYITY, COCTOSIIYIO U3 MUJUTMOHA
aToMoB yriiepona. B obomem ciydae, YHT obnagaroT yHUKaTbHBEIMA
ANIEKTPUICCKUMH, MEXaHHYECKUMHU U XUMHUYECKUMHU CBOHCTBAMHU.

Pazpen 3. Obmiast xapakTepuCTHKA
METOJIOB HCCIIE0BaHNi 00hEKTOB
MHKPO ¥ HAaHOCTPYKTYP

XapakTepucTHKa METO/IOB HCCIIE0BAHIH 00BEKTOB MUKPO H
HaHOCTPYKTYP

Tema 3.1.McTpyMeHTBI HAHOTEXHOJIOT U
OHUMH U3 TEPBBIX MHCTPYMEHTOB, KOTOPBIE MOMOTJIM WHHUIIMHPOBATH UJCH
HAaHOTEXHOJIOTHH, OBUTH TaK Ha3bIBacMbBIC CKaHHPYIOIIHE 30HIBL. Bce THITHI
CKaHUPYIOIUX 30HI0B ObUTH pa3paboTaHsl B Llfopuxe B Havame 80-X Tomo0B.
CamMa wuaes OYEHb MPOCTA: €CIH, K MPHMEPY, NPOBECTH MANbIEM IO
MOBEPXHOCTH, TO JIETKO OTJIMYUTH OapXaT OT CTalll WIH JAepeBa. B maHHOM
SKCIICPUMEHTE MAaJel] NeHCTBYeT KaK CTPYKTypa M3MepeHHs cwibl. JlaHHas
uzes M MOJIOKEHa B OCHOBY pabOTHI CKaHUPYIOUIETO MHUKPOCKOIA, OJHOTO W3
PacTpoCTpaHEHHBIX CKAaHUPYIOMUX 30HI0B. CKaHHUPYIOUMHA 30HA TIpH
N3MEPEHUH CKOJIB3UT IO TIOBEPXHOCTH TaK e, KaK 3TO AEJArOT MalbIbl. 30HI
MMeeT HAaHOCKOMMYECKUH pas3Mep (J4acTo Bcero oAwH atoM). [Ipwm ABrkeHUH
OH MOJKET OIPEJIENIATh HECKOJIIBKO PA3IUYHBIX CBOMCTB, KaXKJ0€ M3 KOTOPBIX
COOTBETCTBYET MHOMY U3MEPEHHUIO.
Tema 3.2. ATOMHO-CHIJIOBOH MHKPOCKOTI
B aroMHO-CHMIIOBOM MHUKPOCKOIIE 3JIEKTPOHUKA UCIIOJIB3YETCS ISl U3MEPEHUs
CUJIBI BBOJUMOW KOHYMKOM 30HAA MPHU €ro JBHXKEHUH BJOJb MOBEPXHOCTU
ucciIeayeMoro o0ObeKTa.
Tema 3.3 MarauTHO-CHUIOBOH MUKPOCKOIT
B MarHWTHO-CHMJIOBOM MHKPOCKOINE 30H], CKaHHUPYIOIUH MOBEPXHOCTb,
SIBIIIETCS. MArHUTHBIM, OH TIO3BOJIAET IIOYYBCTBOBaTh Ha IOBEPXHOCTH




JIOKIbHYI0 MAarHUTHYIO CTPYKTYpY. 30HJ MarHMTHO-CHJIOBOTO MHKPOCKOIA
paboTaeT MOJO00HO CUWTHIBAIOIICH TOJOBKM BHUHYECTEpPA WM MarHUTO(hOHA.
CKaHHPYIOIIME MHKPOCKOIBI [MO3BOJIMIIM  BIEPBBIE YBUIETh OOBEKTHI
pa3mMepoMm ¢ atom.

Paznen 4. XapakrepucTtuka
KOHIETIIINH MOJICKYJISIPHBIX
HaHOTEXHOJIOTUI

XapaKTepuUCTUKA KOHLENLIUNA MOJIEKYJISIPHBIX HAHOTEXHOJIOTHIA
Tema 4.1.KiroueBrle uaen pa3BUTHS HAHOTEXHOJIOTHI

Hpeto o TOM, 9TO BO3MOXHO CO31aBaTh HYKHbIE HaM yCTPOWCTBA M JpyrHe
00BEKTHI, cOOMpas ux "MoJIeKylia 3a MOJEeKylnoi" u, gaxe, "aroMm 3a aToMOM"
OOBIYHO BO3BOJAT K 3HAMEHUTOH JIEKIUHM OJHOTO M3 KPYMHEHIINX (DU3UKOB
XX Beka Puuapna @Deitnmana «Tam BHHU3Y — MHOTO MecTay. JTa JIEKLUA
Obuta mpountana uM B 1959 roay; G0JIBIIMHCTBO COBPEMEHHHKOB BOCTIPHHSIIN
e€ Kak (haHTaCTUKY WJIH IIYTKY.

CoBpeMeHHBIM BUA HIEU MOJEKYJISIPHOM HAHOTEXHONOTUH HadaiH
nprobperats B 80-¢ romgsl XX Beka B pesynsrare pabor K. D. JIpekciuepa,
KOTOpBIE TAaKKE CHadana BOCIPHHUMAINCh Kak HaydHas (aHTacTuka. [Ipm
9ToM (QyHAaMeHTanbHas MoHorpadus "Harocucremsl. MomnekynspHas
TEeXHHKA, MPOMU3BOJCTBO M  BBIUMCICHMSA'  HMEET, HECOMHEHHO,
ocHoBomojarampomiee 3HaueHHe. CaM TepMHUH HAHOTEXHOJIOTHS  CTal
MOMYJISIPEH MMEHHO TI0CJIe BBIXOJAa B CBET 3HAMEHHUTOW KHurH J. Jlpekcnepa
"MamuHbsl TBOpeHHs" W TIOCHEIOBaBIIed 3a 3TuM Juckyccud. Ilo3zxe
Jlpekcnep B CBHX HaydHBIX paboTax CTal WCIOJb30BaTh TEPMHUH
MoJieKyisipHas HaHoTexHojorus (MHT) mns pasznuueHus npeasaraeMbIX UM
pELICHUMN.

Tema 4.2. OcoOeHHOCTH TBEPAOTENbHBIX HAHOCTPYKTYP.

OueHKHN MapaMeTpoB HAHOMEXaHWYECKHX YCTPOWCTB W MallMH - B CBOHMX
paborax O. /[lpekcmep M €ro MoCIEIOBaTeIN OLCHUBAIM IapaMeTpsl B
OCHOBHOM MEXaHWYECKHX YCTPOMCTB, KOTOpbIE OHH MOTJIHM OBl MMETH IpH
NpUOTKEHNH pa3Mepa KOMIIOHEHT K MOJICKYISIpHOMY MacmTaldy. 3To
00yCTIOBJICHO HE TeM, YTO OHU HEJOOLEHHBAIOT BAKHOCThH AJIEKTPUYECKHUX,
ONTHYECKUX U T. A. 3(dexToB, a TeMm, 4TO MEXaHHUECKHE KOHCTPYKLIUU
ropaszio Mpolie ¥ JocToBepHee Macutadupyrores. [Ipu aTom oco3Haéres, 4To
neKkTpudeckne ©  npoune  3(dekTel  MOryT AaTh  3HAYMTENbHBIC
JIOTIONTHUTENbHBIE BO3MO>KHOCTH. IIpoussens COOTBETCTBYIOIIIEE
MacurtabupoBanue Jlpekciep Moxydut clieyone YHCISHHbIE OLIEHKH:

- IO3WIIMOHUPOBAHNE PEArHPYIOIINX MOJIEKYJ ¢ TOYHOCTHIO ~0.1 HM;

- MEXaHOCHHTE3 C ITPOU3BOANTENHHOCTHIO ~1 06 omep/cek Ha yCTpOHCTBO;

- MOJIEKYIIsIpHast cOopka oObekTa Maccoit 1 kr 3a ~104 cek;

- paboTa HAHOMEXaHHYECKOTO YCTpoiicTBa ¢ 4acToToi ~109 I'm.

Tema 4.3. O6BbeKTH HAHOMOJIEKYIIPOHOH TEXHOJIOTHH

Boumn  mpoBeneHBl  HCCIENOBaHMA IO BOIPOCAaM  BO3MOXKHOTO
(yHKIMOHMpOBaHUS paboThl "ycTpoiicTBa" aHaJIOrMYHOrO Macmraba B
XKUBBIX OpraHm3sMax. B KkadecTBe mpumepa Ienecoobpa3sHO PpaccMOTPETh
pabory mpencraBuTens >kuBoro opraam3mMa ATd-cumHTa3za SBISAIOMIETO
(hepmMeHTOM, TPEOOPA3YIONIMM Pa3HOCTh KOHIIEHTPALMil IIPOTOHOB 110 pa3HbIe
CTOpPOHBI ~ MeMOpaHbl B  JHEpPruio, 3amacHHyI0 B  MOJIEKynax
anenosunTpudochara (ATD). [ocnemHee UCIONB3yeTCS MPAKTHYECKHA BCEMU
MeXaHU3MaMH KJIETKU B KaUeCTBE YHUBEPCAIBHOro HocuTens sHeprun. ATD-
CHUHTa3a MPHUCYTCTBYeT B "JHEPreTMYECKHX CTAaHUUSAX" PACTUTENBHBIX WU
KHUBOTHBIX KJIETOK - XJIOPOILUIACTaX M MHUTOXOHIPHUSAX M MPEICTABISAET cOOO0M
JIOBOJIEHO CJIOXHYIO KOHCTPYKIIHIO U3 HECKOJIBKUX THIIOB EAWHUIL - OCITKOBBIX
MOJIEKYIL.

Tema 4.4. Yrnepon B mpupoze

Bcé xmBoe Ha 3emiie COCTOMT M3 COCNMHEHWH yriepoaa. 3HaueHHWe 3TOTO
JJeMEHTa  TpPyAHO mepeoueHuTs. OHO  ompefensieTcs  OrPOMHBIM
pasHooOpa3ueM ero ¢GopM B COEAMHEHUSIX. YTJIEPOJIHBIE IENOYKH MOTYT




00pa3oBbIBATh JIMHEHHBIN CKEIET MOJEKYJ, IHMKIMYECKHE U CIIOXHBIC
00BEMHBIEC CKEJIETHBIE CTPYKTYPBI; YIJIEPO] MPEACTABISAET OTPOMHBIN HHTEPEC
U B YHCTOM BHJE, IPUHUMAsS pa3IHdHbIe (JOPMBI OT anMasa 0 MOJIEKYIISIPHBIX
BOJIOKOH W HaHOTpyOOk. KoBaleHTHas CBSI3p YIIEpOI-YIIEPOA SABISIETCS
Hanbonee MPOYHOI M3 M3BECTHBIX. J[0 CPaBHHTENBHO HEIABHETO BPEMEHH
W3BECTHBI OBUTM TOJBKO JIBE PAa3HOBHJHOCTH YHOPSJOYEHHOTO YHCTOIO
yriepona - anma3 u rpadur. [lotom ObuM 0OHApYXKEHBI M JpyrHe - cHavyajia
ObUTM CHHTE3UPOBAaHBI MOJICKYJSIPHBIE BOJIOKHA, 3aTEM OTKPBITHI IOJIbIC
cepryeckue MOJIEKYNbl - (hyJUIepeHbl; MpU Moucke 3()(HEKTUBHBIX METOJIOB
CHHTE3a IOCIEAHUX OB OOHapyXKeHBl yriepoJHble HaHOTpYyOku. VIMeHHO
Marepuansl Ha OCHOBE yriiepona JIpekciep paccMaTpuBacT B KadecTBE
OCHOBHBIX KaHIUIaTOB [UISl H3TOTOBICHUSI KOHCTPYKINI HAHOMEXaHI3MOB

Paspgen 5. OcHoBHEBIE
reTepOreHHBIE MPOIECCHI
(hopmupoBaHus
HAHOCTPYKTYPUPOBAHHBIX
00BEKTOB

OcHOBHEIE reTeporeHHbIe MPOLIECCHI (hopmupoBaHus
HAaHOCTPYKTYPHUPOBAHHBIX OOHEKTOB

Tema 5.1. OcoOeHHOCTH IeTepOreHHBIX MPOLIECCOB.

Ilon rereporeHHBIMH IpoIlECCaMU HMOHUMAIOT TEXHOJIOTHYECKHE IPOIECCHI,
MPOUCXOJAIINE Ha TpaHuile paszgena (a3 u (GopMUPYIOLIHE T'eTepPOreHHBIC
CHCTEMBI. I'eTeporeHHas cuctemMa MmpeacTaBisieT co00i TepMOIUMHAMHYECKYIO
CHCTEMY, COCTOSILIYI0 W3 Pa3IM4YHBIX MO (HU3MYECKUM U XHUMHUUYECKHM
cBoiicTBaM d4acrteil wmim (a3, KOTOpble OTHENCHBI Jpyr OT JApyra
MOBEPXHOCTMH pasena. Kaxnas u3 ¢a3 npu 3ToM TOMOTEHHA U €€ ITOBEACHHUE
MOAYMHACTCS 3aKOHAM TEPMOANHAMUKH.

Tema 5.2. XuMHYECKIE T€TEPOTeHHBIE TPOLIECCHI.

MHoTHe TeTeporeHHbIE MIPOIECCHl HE CBA3aHBI ¢ XUMUUECKUMH PEaKIUAMH
OCHOBaHbI ~TOJIbKO Ha (U3MKO-XMMHYECKHX SIBJICHHUSX. XHMHUYECKHE
reTepOreHHbIe TPOLECCHl BKIIOYAIOT B KAYECTBE dTala XUMUYECKUE PeaKiiny,
KOTOpBIC MAYT B OAHOW U3 (a3 mociie nepemMenieHus TyJja peareHToB Wi Ha
MOBEpXHOCTH pa3nena (a3. Ha rereporeHHble paBHOBECHS  BIUSIOT
TeMIlepaTypa, JaBjieHHe, KOHLEHTPAMd PEareHTOB W MPOJYKTOB PEaKIUH.
PaBHOBecne  TeTEPOTEHHBIX  TPOIECCOB  OMpEJNENsieTcsl  KOHCTAHTOM
PaBHOBECHSI XUMHYECKHX pPEaKIHd, 3aKOHOM paclpeesecHUus] KOMIIOHEHTOB
Mexay ¢dasamu u npaBwioM (a3. PaBHOBECHbIE KOHIIEHTPALMH KOMIIOHEHTOB
B CONpHUKAacalomuxcss (a3ax ONpeneNsioTcs 3aKOHOM — pacIpeieseHus
BEIIECTBA, KOTOPBIM YCTAHABIMBAET IIOCTOSTHHOE COOTHOIICHHE MEXKIY
PaBHOBECHBIMHM KOHIIGHTpAIMSIMH BelllecTBa B JIByX (DazaXx CHCTEMBbI INpH
onpeiesieHHON TemmepaType. ['eTeporeHHbie MpoIecchl

Tema 5.3 CBoiicTBa reTeporeHHbIX MPOIECCOB

MexaHu3M TeTepOreHHbIX IPOIECCOB CJIOKHEE TOMOTCHHBIX, TaK Kak
B3aUMO/ICHCTBUIO PEareHTOB, HAXOASALIMXCS B Pa3HbIX (aszax, MpejliecTByeT
UX JIOCTaBKa K IIOBEPXHOCTH paszena (a3 m mMaccooOMeH Mexny (azamu.
[TosTOMy CKOpPOCTH TETEpOT€HHBIX HEKATAIMTHUECKUX IPOIECCOB, Kak
MPABUJIO, MEHBIIE CKOPOCTH TOMOTEHHBIX IPOIECCOB. MaccooOMeH MexIy
(azamMm  ocymiecTBiIseTCsT C NOMOMIBIO JUPPY3UH U XapakTepusyeTcs
ko3 dunmeHToM MaccoodMeHna rae D — xodddumument auddysuu, o -
TONIIMHA TOTpPaHWYHOro cnos. Jlmsa pacuera [, KOTOPBI  CITYyKUT
OTHCATEeNIFHON XapaKTepUCTHKONH U g Oojiee CIOXKHBIX MEXaHHU3MOB
MepeHoca, HCIONB3YIOT KpPHUTEpHaldbHbIE ypaBHeHHA. = D /3 B mepuon
MIPOTEKAHUS TeTEPOTEHHOTO MPOoIecca.

Paznien 6. TynnenbHbIl 3 dekt
W CKaHUPYIOIAsi TYHHEIbHAs
MHUKPOCKOITHUS

Tema 6.1. ®u3HUUECKUil CMBICIT TYHHEIBHOTO 3¢ deKTa

@®usnyeckuii CMBICT TYHHEJNBHOTO 3(QeKTa 3aKioYaeTcsi B IPOXOXKICHUE
yepe3 MOTEHINAIBHBIA Oapbep 3JIeKTpOHA (MUKPOYACTHIIBI), SHEPT Ul KOTOPOH
MeHbIIIe, 4eM BbIcoTa Oapbepa. Ctporoe oObsicHeHHe 3TOro 3ddekra maer
KBaHTOBas  MEXaHMKa (MCXOJs W3  HEONPENSICHHOCTH  UMITyJIbca
MHUKpoyacTHIbl B obOmactu Oappepa). Eme B XVII B. U. Heioron
c(OpMyJIHPOBAJI 3aKOHBl KJIACCHMYECKOM MEXaHHWKH, YTO CTaj0 BEJIUKHM




coObITHEM B UCTOpHHM (PH3HMKU. DTO OOBACHIETCS «BOJHOBOW IPUPOION)
3JIEKTPOHOB, a CaMO Ha3BaHHWE BO3HUKIIO H3-3a TOTO, YTO, C TOYKH 3PCHUS
BHEITHETO HaOmromaTens KiIaccuuecko ¢(usmkum (M 3apaBoro cMmeicial),
3} }EKT BBIMTAOUT COBEPIICHHO HEIOHATHBIM M HAlIOMHUHAET CHTYalUIo, IPH
KOTOPOH DJEKTPOH Kak Obl HAaXOIUT B CTEHE KAaKOH-TO «TYHHENbY» |
IPOCKAKHUBAET Yepe3 Hero (B KaUuecTBE CTEHBI BHICTYIIACT AJIEKTPOCTATHYCCKUH
MOTEHIIHANT AIpa).

Tema 6.2. [IpakTdeckoe MpuMeHeHHE TYHHETBHOTO 3 derra

TynuenbHbIi 3 dexT yxke 1aBHO BecbMa d3(PEKTUBHO HCIOIB3YETCS B HAyKe
U TeXHUKE. B wacTHOCTH, Ha HEM OCHOBaH NPHHIMI ICHCTBHS H3BECTHBIX
TYHHEIIBHBIX THOAOB M MHOTHX JPYTHX IOJyNIPOBOIHUKOBBIX MprOOpoB. B
HacTosimee BpeMs 3(QQEKT IHPOKO MPUMEHSETCS B CBEPXUyBCTBUTEIBHBIX
3aIMCHIBAIOIINX TOJIOBKAX MAarHUTHBIX JIUCKOB, CKAaHMPYIOIINX TYHHEIBHBIX
MHKpPOCKOTIaX, MprOopax sepHO GU3UKH U T.A. [Ipomecc HOCUT CirydaifHbII
XapakTep, HO €ro BEPOSTHOCTh MOXKET OBITh BBIYHCICHA II0 3aKOHAM
KBAaHTOBOI  MEXaHMKH COBEpPIIEHHO TOYHO (IPHU 3TOM  3JIEKTPOH
paccMaTpuBaeTCd OIHOBPEMEHHO M B KadecTBE BOJIHBI, U B KadyecTBE
gacTuipl). VIMEHHO BOJHOBBIE XapaKTEPUCTUKHU IOBEJCHUS HIICKTPOHA
MO3BOJISIIOT €My TpeoJIoJIeBaTh HSHepreTudeckuit Oapbep. [lpu Oosbimom
KOJIMYECTBE TaAKUX JJICKTPOHOB MOKHO, €CTCCTBCHHO, TOBOPUTH O TYHHCJIBHOM
TOKE.

Tema 6.3. B TyHHETBHOM MHKPOCKOIIE H3MEPSETCS BEIMUNHA HIIEKTPHICCKOTO
TOKa, TNPOXOJSIIETO MEXAYy CKAaHWPYIOIIMM 30HIOM WM IIOBEPXHOCTBIO. B
3aBUCHMOCTH OT TOTO, KaK IPOBOJITCS H3MEPEHUS, MHUKPOCKON MOXKHO
WCTIONB30BaTh JIMOO U TIPOBEPKM JIOKAIBHOH TeOMETpHUH (HACKOIBKO
MOBEPXHOCTH JIOKAJIBHO BBICTYIIAET BIEPEN), INOO I I3MEPEHUSI JIOKAIBHBIX
XapaKTepUCTUK AIEKTPONPOBOTHOCTU. TyHHEIbHAsE MUKPOCKONHUSA — 3TO. 10
CYTH, TEpBBI pa3pabOTaHHBIH METOA 30HAOBOTO CKAaHMPOBAHHUS, U 32 €ro
otkpsitre I. bunnur (G. Binnig) u I. Popep (H. Rohrer) 8 1986 r. momyuwnnu
HobeneBckyto npemuio.

Pa3nen 7 OCHOBBI MEXaHUKU U
KOHCTPYKITHI CPENICTB
U3MEPEeHU
HAHOCTPYKTYPHUPOBAHHBIX
00BEKTOB

OcCHOBBI ~ MEXaHMKHM ¥  KOHCTPYKIUH  CpEICTB  W3MEpEeHHH
HAHOCTPYKTYPHUPOBAaHHBIX O0OHEKTOB

Tema 7.1. O6macTh NPUMEHEHUS HAHOCTPYKTYPUPOBAHHBIX 0OHEKTOB
Pa3mepsl HaHOOOBEKTOB HaxomsaTcs B auamaszone ot 0,1 mo 100 uM. DtoT
JMana3oH MNPUHATO Ha3blBaTh Hanomacuimabom. COTIIACHO TPOEKTY
Texunueckord  cneumduxanuu ISO/DTS 12805 npowusBeneHHbIe
HAHOOOBEKTHI Pa3JEISIIOT 110 MPU3HAKY T€OMETPUYECKOH (OPMBI Ha TPH
KaTeropyu: 4aCTHUIbI - 0OBEKTHI, UMEIOLINE TPH pa3Mepa B HAaHOMAcIITaoe;
BOJIOKHA - 00BEKTHI, IMEIOIIIE ABA pa3Mepa B HaHOMAacIITade; MIacTUHBI
- 00BEKTHI, IMEIOIUE OAWH pa3Mep B HaHOMacIITaoe.

BONbIIMHCTBO HAaHOOOBEKTOB HMMEET YIJICPOJHYK OCHOBY. J[loirue
rOABl CYMUTANOCh, YTO YIJIEPOA MOXET OOpa3oBBIBATH TOJIBKO I(BE
AJUIOTPOIIHBIE KPUCTAJUTMYECKUE CTPYKTYpHl - aiMa3 u  rpadur.
AoTponusi - CyIIECTBOBAaHHE OJHOTO M TOTO JK€ XHMHUYECKOTO
JJIeMeHTa B HecX0kuX ¢opmax. OJHAKO B TMOCIETHUE TOMBI OBUIH
oOHapy)XeHbI elle JBE aUIOTPONHble (OpMBI yriepoaa, HMEIOIIUe

OOJBIIYIO TIEPCTIEKTUBY UCIIOJIB30BaHUS B HAHOTEXHOJIOTHSX .

Tema 7.2. CBoCTBa OCTPUIHOTO 30HI0BOTO JaTYHKA.

OnHUM M3 0OBEKTOB HAHOMETPOJIOTHH SBISIETCS OCTPUHHBIN 30H/I0BBIH
JIaTYUK, MCIOJB3YyEMBIM B CKaHUPYIOIIEH 30HI0BOM MHUKPOCKONUU AJIS
WCCJIEJIOBAaHNSI pasMEpPOB M CBOMCTB ITOBEPXHOCTH HAaHOOOBEKTOB.
JlaT4nk cocToMT W3 IMOJYNPOBOJHMKOBOTO KpHCTayula (Yuma), TMOKOM
KOHCOJH (COOCTBEHHO KaHTWJIEBEpa) M TBEPIOTEIBHOTO 30HIA (WIJIBI).
OOBIYHO ATOT TaTYMK HA3BIBAIOT KAHTHIIEBEPOM.

l'eomeTpuueckn 30HI NpEACTaBIsIET COOOM Wy KOHMYECKOH WIIH
npusMarnueckoil Gopmsel ¢ yriom mpu BepiinHe 20 - 25° u BBICOTOH
okono 10 mxm. Hambomee BakHast XapakTepHCTHMKA 30HAA - PaaHyC




3aKpyIJIEHUs] OCTpUs I, 3HAaYEHHUE KOTOpOro oObiuHO He Oonee 1 - 25
HM. Benmmumna pagmyca ' BiamMseT Ha pa3Mepbl OOIAcTH IPEAEITHHO
JOCTHXHUMOTro  paspemeHus.  CIIOKHOCTh  W3TOTOBJICHHS — 30HIA
CYIIECTBEHHO YBEIMUMBACTCA C yMEHBIICHUEM PaJinyca OCTPHSI.

Tema 7.3. TexHIUECKHE XapaKTEPUCTHKH JATINKA HAHOTIEPEMEIICHUH

B kadecTBe W3MEpHTENBHBIX NpeoOpa3oBaTesneil B HAHOTEXHOJIOTUH
WCTIONB3YyeTCsT NaTYMK HAHOIIEPEMEUICHWH, MpPEeICTaBIAIOMUN coOoit
COBOKYIIHOCTb MEXaHUYECKOTro JJIeMeHTa u TpaH3UCTOpA.
MexaHUYecKUM 3I€MEHTOM sIBIIsIETCA Opycok
(HaHODNEKTPOMEXAHWYECKasl — NEpeMbIuKa) U3  apCceHuaa  rajuius,
3aKpeIUIeHHBIH ¢ 00oMX KOHIOB. Pa3mepbl Opycka: miMHa 3 MKM,
mupuHa 250 HM, TommuHa 200 HM. JleTekTop mnepeMelleHus -
OJTHOZJIEKTPOHHBIN TPAaH3UCTOP - PACIHOI0XKEH Ha paccTosHuH 250 HM OT
6pycka. TpaH3HCTOP NEKTPHUUECKH COEANHEH C OPYCKOM 4epe3 EMKOCTb.
BHemHee HampspKeHHE, TPHIOKEHHOE K OpYyCKy, 3acTaBisieT €ro
BuOpupoBats. Ilpm mnepemermeHnn Opycka OTHOCHTEIBHO JAETEKTOpa
M3MEHSETCS TOK, MPOTEKAIONINH Yepe3 TPAaH3NUCTOpP.

Tema 7.4. HasHauenne gaTduka CHUIBI K MacChl

B natumke cmibl M Macchl B KadeCTBE IEPBHYHOTO H3MEPUTEIHHOTO
npeoOpa3oBaTeis MCHOJIB30BaHA OJHOCIONHAS yriiepoiHas HaHOTpyOKa
quamerpoM | - 4 HM, pacmollo)keHHass MEXIYy JBYMs 30JI0TBIMU
annekTpoiaMu. Pa3Mmepsl KaHaBKH, dYepe3 KOTOpPYHO  IPOTSHyTa
HaHOTpyOKa: mupuna 500 HM, mnmHa 1,5 MxM. Bonbluas ynpyrocts
YIJIEPONHONH HAHOTPYOKHM TI03BOJSIET €i  KoyebaThess B HIMPOKOM
muamazoHe 9actoT (ot 3 mo 200 MI'mm). OHa MoXeT Takke paboTath B
Ka4yeCcTBE TPAH3UCTOpa, YTO IIO3BOISIET OIPEACTATh YaCTOTYy e
KoNeOaHNH W CMEIIEHHE OTHOCHTEIBHO IMOJ0XKEHHS MOKOS. Y CTPOHCTBO
paboTaer B BakyyMe, ITOCKOJIBKY Ha BO3IyXe OOJBIIOE YHCIO MOJEKYI
OyZzeT CTamKUBaThCsI ¢ HAHOTPYOKOI Wil axke abcopOMpOBaTHCS Ha HEll.
B 3aBucumoct OT BO3ACHCTBHS BHEIIHEH CHUJIbl Ha HW3MEPUTENBHBIN
npeoOpa3zoBaTens OH  U3MEHSET CBoe IojokeHue. JlocTUrHyTas
YyBCTBUTEIBHOCTh YCTPOMCTBA MO3BOJLIET M3MepSTh cMmettenne B 0,5 Hm.
Tema 7.5. Haznauenue u cdepa IprUMEHEHHS 30HI0BOTO JTaTUHKa
30HJOBBIA  JATUYMK  YCTPOHCTBO,  BKJIIOYAIONIEEe  TBEPAOTENBHBII
OCTPUHHBIA 30HA, THOKYIO NMPYXMHHYIO KOHCONb - KaHTHIEBEp (aHIII.
cantilever - KOHCONb) W KpHcTalul (AepkaTens). B mmreparype 3T0
YCTPOMCTBO HEPEAKO HAa3bIBAIOT MPOCTO «KaHTHIEeBepom». M3rub
KaHTWIEBEpa C 30HJOM pPETHCTPUpPYETCS OOBIYHO C  ITOMOIIBIO
OTPaXEHHOTO  JIa3epHOrO  Iydka cBeta W (OTONpPHEMHHKA.
Paspematomas criocoOHOCTh CKaHMPYIOIIMX 30HAOBBIX MHKPOCKOIIOB
ompezienseTcss CIEIYIOIIMMH  IIapaMeTpaMd  KaHTWIIEBEpa: pajuyc
3aKPYTJICHUS OCTPUS WIJIBI; BBICOTA WIJIBI, ACIEKTHOE COOTHOIICHHE
UTTIBI, XapakTepu3yeMoe YIJIOM KOHyca; y Hauboyiee COBEpIIEHHBIX
KaHTUJIEBEPOB aCTIEKTHOE COOTHOIICHHE JOCTUraeT BenuuuHbl 15:1. J{ns
W3TOTOBJICHUS KAHTWUJIEBEPOB  HCIIONB3YIOTCS  IOJIYHPOBOJHHUKOBBIE
riactubl (Hanpumep, KJIB-12: kpemuuii p-tuna opuentanuu {100}).
Ponb n3onmupytoriero cios BeIonHseT Anokeua kpemuus SiO,. Koncob
KaHTWiIeBepa (QopMmHupyeTcs 3JEKTPOXUMHYECKUM  TpPaBICHHEM B
nogorpeToM pactBope menoun KOH. B mporiecce TpaBieHus 3aroToBka
MEAJEHHO IOAHUMAETCs U3 pacTBopa WIETOYM JUIl TOJNy4YeHHs
KOHWYECKOH (MJIM MPU3MATHIECKOH) (POPMBI UTJIBI C OCTPBIM KOHIIOM.
ITpOMBINIIIEHHOCTHIO OCBOCHBI B CEPUIHOM IIPOU3BOJICTBE ACCATKH BHIOB
KOHCTPYKIMH KaHTWIeBepOB. OHU BBITYCKAIOTCS C OJTHOW, IBYMSI, TPEMSI MITH
9eTHIPHMS KOHCOSIMH. KOHCOTTE MOXKET OBITH B TNIaHE MPSIMOYTOIBHON MITH
TPEyroNbHOM, INIMHHON MM KOPOTKOM, C TIOKPHITHEM HJIH 0€3 MOKPHITHSI.

Panuyc 3akpyrieHus uriasl 30H4a - ot 1 10 25 HM..

Pasgen 8 besonacHocTts
HAHOTEXHOJIOTHIA U TPOOIEeMBI
OKpYKaroIeH cpepl

BbesomacHOCTs HAHOTEXHOJIOTUH W TPOOJIEMBI OXpaHBI OKPY)KAroIIeH
cpelbl

Tema 8.1. YcnoBus npuMeHeHNs! 00BEKTOB HAHOTEXHOJIOT U

BOHpOCLI 0e30IMacCHOCTH NMPpUMEHCHUA HAHOTEXHOJIOTUH U BO3H€f/iCTBI/I€ HUX Ha
COCTOSIHHE Opr)KaIOIlICﬁ Cpeabl €CTCCTBCHHO BE€CbMa aKTyaJIbHbI,
MPECACTABIIAIOT MHTCPEC JJIA YUYCHBIX M CIICHHUAJIMCTOB, B HACTOAIICC BPEMSA




cnabo wu3ydeHbl. VMeromuiics B HacTosiee BpEMs ONBIT Pa3BHTHSA
HAaHOTEXHOJIOTHMHA TIOKa3aj, YTO OHH MOTYT TMPEICTABIATH OMACHOCTH IS
YelloBeKa W OKPYXKAIOWIeH cpenpl, MpHYeM ONACHOCTh 3Ta 9acTo
CBOCBPEMECHHO HE BBIABICTCA. [IprMepoM TOMy MOTYT OBITH H3MCHEHHE
YPOBHS pamualid IO CPaBHEHHWIO C TPHUPOIHBIM YPOBHEM, ITOBBIIICHHAS
TOKCHYHOCTh TOJO0OHAs mpuMeHeHHIo acbecta wimm cpeacrta T, wmm
KOHIICHTpAIMs HAHOYACTHYI] B BO3JyXe, KOIZa HOPMHPYETCS BecoBas
KOHLICHTPAIHS IIPH OTIpeJIeJICHHOM (oHe.

Tema 8.2 XapakTeprcTHKa HAHOYACTHII

Hanomatepuansl B OKpyXarolled cpele, CBOAKA aKTYAJIbHBIX HpOOJeM:
WCTOYHHMKM M CTOKM HAHOYACTHUI], CBOOOJHBIC M CBS3aHHBIC MCKYCCTBEHHBIC
HaHOYACTHIIbI, B3aUMOAEHUCTBUE HAHOUYACTUI[ C MPUPOAHBIMH MaTepuallaMi,
HaHOYACTHUIIBI KaK 3arpsI3HUTEIN OKPYKaIOLIeH cpeibl, IepeHOC HAHOYACTHUII B
TIPUPOIHBIX YCIOBUAX, HAHOUACTHIB KaK MEPEHOCYHUKH 3arPSI3HATEINCH.

Tema 8.3. Pe3ynbTaTsl npeBbIICHUS KOHIICHTPAITAI

[Ipu 3HaUNTENEHOM MOBHIIICHUH KOHIICHTPAIINH MUKPOYACTHI] B BO3IyXe
HaOJIoTaeTCsl YBEIIMICHHUE:

- CMEPTHOCTH OT Hecenn(pUIeCKAX MIPUINH;

- IPUCTYTIOB aCTMBI ¥ HCTIOJIH30BAHUS IIPOTUBOACTMATHICCKHX JICKAPCTB,;

- CMEPTHOCTH MAlMeHTOB, CTPAIAIONINX XPOHUYECKUMH 3a00JICBaHUSIMU
JIETKHUX;

- OCJIO’)KHCHHH B TCUYCHHUE XPOHUUCCKUX 3a00JICBAHUMN JICTKHX;

- CMEPTHOCTH OT CEpJICUHO - COCYUCTHIX 3a00JIeBaHUN U TOCITUTATIU3AINHU IO
MOBOAY MOCIIEAHUX.

Tema 8.4. Metonpl cHmkeHne >((EKTUBHOCTH BO3ACHCTBHS NPUMECHEHUS
HaHOYACTHII

OCHOBHBIC METO/IbI, HEOOXOIUMBIC JJISI CHIKCHUS BO3ICHCTBHS HA KOJIOTHIO
TIPUHITHIIET TIPEIOCTOPOKHOCTH, o0s3aTennpHOE CICTIMATBHOE
pETIaMEHTHPOBAHNE HAHOTEXHOJIOTHH, OXpaHa 370pOBbS U 0€30MacHOCTH
HaceleHUs W paboumx, MPOW3BOIAMNX HaHOMarepuanbl J[ma pa3paboTku
pPEerIaMeHTHPYIOUINX  JOKYMEHTOB IO  3KOJOTMYECKMM  Ipoliemam
UCTIONB30BAaHUSI ~ HAHOTEXHOJOTMH W HAHOMAaTEepPHAJIOB  HEOOXOIMMBI
CHCTEMaTHYEeCKHE  MCCICJOBAHMSA IO  OIEHKE JKM3HEHHOI0  LUKJa
HaHOMAaTEpHaJoB, BKJTIOYas uxX pa3paboTKy, MIPOU3BO/ICTBO,
TPAHCHOPTUPOBKY, MNPHUMEHEHHWE W3JENUH, MepepadoTKy U YTHIH3AIHIO:
nmepeA  TNPOJBIKEHHEM TMPOAYKTa Ha PBIHOK HEOOXOJMMO  OLEHUTH
BO3CHCTBHE MMOITHOTO KU3HEHHOTO IIUKJIa HAHOMATEePHAaJIOB Ha OKPYKAFOIIYIO
cpeny, 310pOBbe U 0€30IIaCHOCTB JIFOJICH.

Tema 8.5 Bo3zneiicTBre HAHOYACTHUI] HA OKPYKAIOIIYIO CPETY
HanoTexHONMOrmM MOTYT OKa3bIBaTh KakK I[OJIOKUTEIBHOE, TaK W
OTPHIIATEIIFHOE BO3CHCTBUE HAa OKPYIKAOIIYIO CPEIly U 3I0POBhEC HACCICHHUS,
MO3TOMY MapajuIeIbHO C CO3/JaHHEM HOBBIX KJIACCOB HAHOMATEPUAIOB H
M3y4eHHUEM HX CBOWCTBA MPOUCXOAUT (OPMHUPOBAHHE TOCYAAPCTBEHHOM
MOJIUTHUKU B c(hepe HAHOTEXHOJIOTUI U CTPATerMH MX JaIbHEHIIET0 pa3BUTHA
B MHUpE B IIEJIOM U B KaXXIOW OTAEIbHOW CTpaHe B OTAeIbHOCTH. OnaceHus
OTHOCHUTENIFHO TOKCHYHOCTH HAHOMATEPHAaJOB HAMpPSMYIO CBSI3aHBl C WX
pa3mepamu, OOYCIIOBIMBAIOIIMMH BBICOKYIO XHMHUYECKYIO AaKTUBHOCTh U
BBICOKYIO  CITOCOOHOCTh TPOHHKHOBCHHS B OpPraHM3M. HaHOUYACTHIIBI
HACTOJIBKO MaJIbl, YTO JIETKO TPAHCIIOPTHPYIOTCS KaK B YEJIOBEYECKOE TeJIO,
TaK ¥ B OKpY’Karoulylo cpeay. Hampumep, HeKOTOpble HaHOYACTHIBI (THIIA
Menu WM cepebpa) MOryT OBITh BPEAHBIMH Ui  BOJHOM  CpEJbI.
HccnenoBareny npoaHATM3UPOBAIN TPOOBI, B3SITHIE W3 MOYB M BOJIOEMOB
I'epmannu n llBenun, oOpatnB ocoboe BHUMaHHE B IEPBYIO OYepeab Ha
TYMHHOBBIC BEIECTBA, COCTOSIINE W3 HAHOMETPOBBIX UACTHIl, a TaKXKe
HAaHOYACTHUIIBI OKCHAa Jkeie3a pasmMepoM oT 1 g0 40 HM. VYueHble
OOHApYKWIIM, YTO 3TH JKEJE3UCThIE YAaCTHUIBl WIPAIOT IS CBHHIA POJb
cBOeoOpa3HOro «rakcu». [lo yTBEpKIEHUIO aBTOPUTETHOTO >kypHana The
Economist, kax/p1ii geaoBek BaprxaeT 106 HaHOYACTHI] B MUHYTY.

Tema 8.6. Mepsl, mNpuMeHsieMble B 1I€JIIX CHIDKEHHS. HEraTHBHOTO
BO3JICUICTBUS HA CPEIy

Pan wmccienoBaHmii TOKa3bIBaeT, YTO HAHOYACTHIIH, MOIYYAIOUIHECS IPH

cropanun (combustion-derived nanoparticles, CDNP), nmeroT crnocoGHOCTb




HAKaIUTMBaThCI B HOCOBBIX IIyTSX, YTO MOXKET BBl - 3BaTh pa3IHMYHBIC
3a0osneBanns. HaHOUACTHIBI TMPOHUKAIOT B OPTAaHM3M Yepe3 JbIXaTeIbHBIC
MyTH, JKEeTYIOYHO-KUIICYHBIA TPaKT M KOXy. HamOoipIryro OmacHOCTH
[IPEACTABISIOT HAHOYACTHUIIBl, MPOHUKAIOIIME B OPraHU3M IPHU BABIXAHUU.
HecomHeHHO, ¢ HAHOUACTUIIAMM JIFOJU CTAJKHUBAIUCH 3aJ0JT0 10 HOSABICHUS
HaHOTEXHOJIOTMU: ObIM, B TOM uHcle TabauHbll, cMor U T.J. CHIHKO3,
BO3ZHUKAIOIIMNA BCIIEJACTBUE BJBIXaHHUsSI YrOJbHOM TBUIM, pak JIETKUX TNpU
KOHTaKTe ¢ acOecTOM - J]ABHO OTKPBIThIE OOBEKTHI KJIETKH. OueHb BasKHBIM
SBISICTCA JO3UMETPHsI HAHOYACTHII B JKMBBIX OpPraHW3Max, 4YTO TpedyeT
CHENHANBHBIX — TIPEIM3UOHHBIX TPHOOPOB W CIEHHAIBHBIX

HOCKOHLKy MPOABJICHUC CHCHI/ICbI/I‘IeCKI/IX, B TOM YHCJIC N TOKCHIIOTHYCCKUX,

MCTOHK.

CBOWMCTB HAHOYACTHIIAMH CBS3aHO C HMX XapaKTepPHbIM M HHUX OYEHb
BBICOKMM COOTHOIIEHHEM IIOBEPXHOCTH K O0BEMy HIM Macce, TO 3Ta
BesinunHa S/V yacTo mpuHHMAaeTcs 3a (HU3MYECKYI0 Mepy MOTCHIUAIbHOTO
BO3JECHCTBUS HAa JKUBYIO CUCTEMY, KOHEYHO, OYEHb BAXKHO XUMUYECKOE
CTPOEHUE, FEOMETPHSI YaCTULl, PACIPEACICHUE UX T10 Pa3MEPAM.

4.3

[IpakTuueckue (CEeMUHAPCKUE) 3aHATUS

TeMbl MpaKTHYECKUX 3aHATHIA U UX TPYAOEMKOCTh IPUBEACHBI B TAOIHIIE 5.

Ta6JII/II_Ia 5-— HpaKTI/I‘leCKI/IC 3aHATHUA U UX TPYAOCMKOCTb

N3 aux No
Ne | Tewmsbl npaktudeckux | @opmel IpakTU4EeCKuX | TpyaoeMKOCTh, |IIPAKTHYECKOM |pasnuena
/11 3aHSATUN 3aHATHHI (gac) MMOATOTOBKH, | THUCITHIT
(dac) JIUHBI
Cemectp 3
1 Hccnenosanne nosepxnoctu | IIpoenenue BHEIIHETO 2 1 2:7
METOIOM  aTOMHO-CHJIOBOH | ocMoTpa um moarotoBka C3M k
MUKPOCKOITUH pabore B peXHMe aTOMHO-
CHJIOBOI MHUKPOCKOIIMHU
?2 | UccaenoBanue Iposenenue BHELIHETO 2 1 3
HOBEPXHOCTH METOJIOM | OCMOTpa M HOArOTOBKA C3M k
ATOMHO-CHIOBOI paboTe, MOAroTOBKa 0Opasia
MI/IKpOCKOHI/II/I K UCCJICIOBAHUIO
3 | UccnenoBanue O6paboTka Ppe3yJbTaToB 5 2 2
MOBEPXHOCTH METOJA0M | HUCCIICNOBaHusA obpazua u
ATOMHO-CHJIOBO anams pEe3yNIbTaTOB
MUKPOCKOTTHH H3MEPCHHH
4 Ilonroroska [Topsinok u 4 3 3
3JIEKTPOHHOTO MOCIIEI0BATEIHLHOCTh
MHUKPOCKOTIA U BKITFOUEHUS Y BBIKITIOUEHUS
(hYHKIIMOHATHHBIX C3M wmox.Solver PRO-M
01oxoB (y3710B) K paboTe
B OCHOBHBIX Pa0O4mX
pexuMax
5 Opranuzauus [opsiok u 2 1 7
MIPOBEJICHUS IOBEPKU MOCJIE0BATEIBLHOCTh
CKaHHUPYIOIIHUX 30HIOBBIX MIPOBEICHUS TIOBEPKH JI.
MHKPOCKOIIOB MHUKpOCKoIa Moz, Solver
PRO-M
6 Opranuzanus ITopsinox mpoBeaeHUs 2 1 37
MIPOBEACHUS KAIMOPOBKH KaJHOPOBKH 311.
CKaHHPYIOIINX 30HO0BBIX MHKPOCKOIIa MOJI. Solver
MHKPOCKOIIOB PRO-M
Bcero 17 9

4.4 JlabGopaTopHbl€ 3aHATHUS

Tembl 1a00paTOPHBIX 3aHATHH U UX TPYJOEMKOCTb IPUBEICHBI B TabIuIIE 6.




Tabmuua 6 JlabopaTopHble 3aHIATHS U UX TPYAOEMKOCTh

Ne
/o

HaunmenoBanne 1abopaTtopHbIX padboT

(gac)

3 aux Ne

TpynoeMKoCTh, | IpakTUYECKOH | pa3zmerna

MOATOTOBKH, | JUCIIHII
(dac) JINHBI

VY4eOHBIM MJITaHOM HE IPEAYCMOTPEHO

Bcero

4.5 KypcoBoe MpoeKTHpPOBaHKEe/ BHIITOIIHEHNE KYpPCOBOM pabOThI
Y4eOHBIM IIJIAHOM HE TIPEIYCMOTPEHO

4.6 CamocrosiTenbHast paboTa 00y4arommxcs

Bunpl camocTosiTennsHON paboOThI M €€ TPYIOEMKOCTh IPUBEICHBI B TAOIHIIE 7.

Tabnuna 7 — Bunbel camocTosaTenbHON pabOThI M €€ TPYAOEMKOCTh

N Bcero, | Cemectp 3,
Bunx camocrosTenbHOM paboThI
Jac Jac
1 2 3

N3yueHue TeopeTnyeckoro Marepuania

34 34
nucuurnael (TO)
[ToaroToBka K TEKyIIeMy KOHTPOJIIO 10 10
ycneBaemoctu (TKY)
IToaroroBka K MpoOMeEXyTOUHOU

30 30
atrecrauuu (I1A)

Bcero: 74 74

5 [Ilepedenp yueOHO-METOINYECKOTO OOECTICUCHUS
JUISL CAMOCTOSITENIbHON pabOThl 00yYarOIIMXCs O JUCIUIUINHE (MOIYJIIO)
Y4eOHO-MeTOInYeCKHe MaTepualibl JUIsl CaMOCTOSITENbHOW paboThl O0ydaromuxcs yKa3aHbl B

.. 7-11.

6 IlepedyeHb neyaTHBIX U SJIEKTPOHHBIX Y4EOHBIX U3/IaHUH
[lepedyeHpb MeUaTHBIX U DJIEKTPOHHBIX YYeOHBIX M3/IaHUH MPHUBEIEH B Ta0IUIE 8.
Tabnuua 8— [lepeyeHp Me4YaTHBIX U AJIEKTPOHHBIX YUEOHBIX U3AaHUMN

KomuectBo
SK3EMIUTIPOB B
Ug_ll_ﬂg) P/e c bubnmnorpaduyeckas ccpliaka OuOIHOTEKE
P (KpoMe 3ITeKTPOHHBIX
9K3EMIUIIPOB)

https://www.booktech.ru/books/nanotehnologii

duznyeckue 0CHOBBI MHKPO- U
HaHOAJIEKTPOHUKH, JlypHaKoB A.A.,
/yaebnoe mocobue/, Yp®@Y, 2020, -
252 c.

https://obuchalka.org/knigi-po-nanotehnologiyam

Du3nuecKrue OCHOBBI HAHOTEXHOJIOTUI
1 HaHOMarepuansl, CMupHoB B.1.
/yaebHoe mocobue/, YIbsIHOBCK,
Yal'TY, 2017, 240 c.

https://obuchalka.org/knigi-po-nanotehnologiyam

Ba3oBbIe TEXHOIOTHH MUKPO- U
HaHOAIEKTPOoHUKHU: BopoTsiHnies B.M.,
Ckynos B.J1., -M, , Ilpocnekr, 2017, -
519 c.




https://obuchalka.org/knigi-po-nanotehnologiyam MartepHaibl © METOIBI
HaHotexHosoruii, Ctapoctus B.B.
/yaebnoe mocobune/, -M, bunom, 2016,
-431c.

https://obuchalka.org/knigi-po-nanotehnologiyam Hanomatepuaisl: yueGHOe nocobue/,
J.N. Peixonkos, B.B. JIésuna, 2.J1.
Jzumurypu, -M, bunowm, 2017, -343
c.

https://obuchalka.org/knigi-po-nanotehnologiyam BperuuciaurenpHbie HAHOTEXHOJIOTHH,
[TomoB A.M., /yuebHO€ IOCOOHE/,
Kno-Pyc, 2017, -126 c.

https://znanium.com/catalog/product/1032129 | Hcaes, C.B. UHTemneKTya bHbIC
(mata obpamenns: 07.09.2021). — Pexxum cucteMHl : yueb. mocodue / C.B.
JIOCTYTIA: TIO TIOATINCKE. HUcaes, O.C. Hcaesa. - KpacHosipck :
Cub. penep. yu-T, 2017. - 120 C. -
ISBN 978-5-7638-3781-0.

https://znanium.com/catalog/product/1060845 | Oxunios, b. E. Monenu u npo6ieMsl
(mata obopamenus: 07.09.2021). — Pexxum WUHTEIJIEKTYalbHBIX CUCTEM :
JIOCTYTIA: 110 TTOATIHCKE. moHorpadus / b.E. OnuHnoB. —
Mockgsa : UHO®PA-M, 2020. — 219 c.
— (Hayunas mbicns). — DOI
10.12737/1060845. - ISBN 978-5-16-

015839-6.
7 [TepeueHb 3NIEKTPOHHBIX 00PA30BATEIBHBIX PECYPCOB
MH(POPMAIIMOHHO-TEIEKOMMYHUKAITMOHHOU ceTu «HTepHEeT»
[lepeuens AIIEKTPOHHBIX o0pa3oBaTeNbHbIX pecypcoB nH(OPMaLIMOHHO-

TEJICKOMMYHUKAIIMOHHONH ceTn «MHTepHeT», HEOOXOIMMBIX JJII OCBOCHHUS JTUCIUILIAHBI
npuBeseH B Tabmuie 9.

Tabmma 9 — IlepedeHb SIEKTPOHHBIX OOpA30BATEIBHBIX PECYpPCOB HH(POPMAIMOHHO-
TEJIEKOMMYHUKAIMOHHOM ceTH «HTepHeT»

URL anpec HaumenoBanue
http://science.guap.ru HayuHnast u vHHOBaMOHHas AesTenbHOCTh ['Y ATl

http://www.consultant.ru Cnpasouno-nipaBoBasi cuctema «Koncynprant [lmrocy

http://www.garant.ru Nupopmannonno-npasosoii mopran «[APAHT»
http://list-of-lit.ru CrHCOK JTUTEpaTyphl [0 HAHOTEXHOJIOTHH

/nano/nnotechnologii

8 [lepeyeHp HHGOPMALIMOHHBIX TEXHOJIOTHHA
8.1 IlepedyeHp mporpaMMHOTO 0OeCIIeUeH s, NCIIOIB3yEMOTO MTPH OCYIIECTBICHUT
00pa3oBaTeNbHOrO NpoIiecca 1Mo TUCLHUIIINHE.
[lepedeHpb UCTIOIB3yeMOT0 TPOTPAMMHOTO oOecriedeHus npeicTanieH B Tadmmie 10.

Tabmuua 10— Ilepedyens nporpaMMHOro o0ecrieyeH s

Ne i/ HanmeHnoBaHue

He npenycmorpeno

8.2 Ilepeuens UH(POPMALMOHHO-CITPABOYHBIX
CHCTEM,HCIIONIb3YEMBIX MTPH OCYIIIECTBIEHUN 00pa30BaTEIBHOTO MPOIecca MO JUCIUTUTNHE

IlepeyeHp HCMONB3yeMBbIX HH(POPMALMOHHO-CIIPABOYHBIX CHCTEM MPEJCTAaBICH B
tabnuue 11.

Tabmuua 11— Ilepedyens HHPOPMALMOHHO-CITPABOYHBIX CUCTEM



https://clck.yandex.ru/redir/nWO_r1F33ck?data=NnBZTWRhdFZKOHQxUjhzSWFYVGhXYUVETW1PdmNaRHdZNFZ4c3hXM1dla21DTk5yZVBNVmpwTlhiRURSZGlid3BVWTlCRjhMaVpHSWF4UF85NGFZMUo1bnVRZWxnemdHR0RWRmp0bjFYOUk&b64e=2&sign=6eebbd4f1db331f530d71da5a6643efc&keyno=17
http://www.consultant.ru/
http://www.garant.ru/
http://list-of-lit.ru/

Ne /i HaumenoBanue
He npenycmorpeno
9 MartepuanbHo-TeXHHYECKas 0a3a
CoctaB MaTepHaqbHO-TEXHMUYECKOM 0a3bl, HEOOXOAUMOW JJs  OCYUIECTBIICHUS

00pa30BaTeNBLHOTO MpoIiecca MO TUCIUIUIMHE, TIPEICTaBICH B Tabmuiel 2.

Taobmuua 12 — Cocras

MaTCpHaﬂBHO'TeXHHq€CKOﬁ 6asnl

Ne HanmMeHnoBanue cocTaBHON 4acTH Homep aynuropun
/T MaTepUuaTbHO-TEXHUYECKON Oa3bl (ipu HEOOXOTUMOCTH)
1 MynsTUMeaniHAS JICKIUOHHAS ayIUTOPHUS 52-51
CrenmanmusupoBanHas 1abopatopust «Jlaboparopus Tepputopuss ®bY

HUCCIICAOBAHUA HAHOMATCPHUAJIOB»

«Tect - C.-ITerepoypr»

10 OneHouHble CPECTBA AJIs IPOBEACHUS IPOMEKYTOUHOM aTTeCTalluu

10.1

Cocrasn OLOCHOYHBIX CPCACTBIJIA IMIPOBCACHUA HpOMe)KYTOQHOIZ

aTTecTanuy o0yJaroIuXcs Mo AUCIUIUIMHE PUBeIeH B Tadmuie 13.
Ta6muma 13 — CocTaB OLEHOYHBIX CPEACTB JUIsl IPOBEJCHUS IPOMEKYTOYHOM aTTeCTalluH

Bun npomexyTouHol arrectauuu

HepequL OLCHOYHBLIX CPCACTB

HuddepennmpoBaHHbIi 3a4€T

Cnucoxk BOMPOCOB;
TecTsr;

10.2
(ocBOGHUS)

KOMHGTGHHI/Iﬁ 06y‘IaIOH_[I/IMI/ICH IMPUMCHACTCA

B kauecTtBe KpuTepueB OLEHKU YPOBHS CHPOPMUPOBAHHOCTU
5-OaymnbHas ILKajga OLIGHKH

c(hOopMUPOBAHHOCTH KOMIIETEHIIUN, KOTOpas mpuBeaeHa B Tabiuie 14. B Teuenue cemecTpa
MO3KeT ucmonb3oBatbes 100-6amnbpHast mKana MOAYIbHO-PEUTUHTOBON CUCTEMBI Y HUBEPCUTETA,
MpaBuJjIa UCIIOJIH30BAHUS KOTOPOM, YCTAaHOBJIEHBI COOTBETCTBYIOIIUM JIOKAJIbHBIM HOPMATHUBHBIM

akToMm [ VAII

Tabnuna 14 —Kpurtepuu onieHKH ypoBHS c()OPMHUPOBAHHOCTH KOMITETEHIIUIN

Or1eHKa KOMITETEHITUH

5-0ayutbHas mIKana

XapaxtepucTuka chopMUPOBAHHBIX KOMIIETEHINI

«OTIIMYHO»
(Ga4YTCHO»

— oOyyaromuiicss TIyOOKO M BCECTOPOHHE YCBOWJI IPOTPAMMHBIN
MaTepHa;

— YBEpPEHHO, JIOTHYHO, MTOCIIE0BATEIHHO U TPAMOTHO €T0 U3JIaraer;

— ONMHpasiCh Ha 3HAHHUS OCHOBHOM W JOTMOJIHUTEIHHOW JUTEPaTypHI,
TECHO TPUBS3LIBACT YCBOCHHBIC HAYYHBIC IMOJIOKCHHSI C MPAKTUICCKON
JESITEIIbHOCTHIO HATPABIICHHUS;

— yMeno 000CHOBBIBAET U apTYMEHTUPYET BBIJIBUTAEMBIE UM UJIEH;

— JIeJIaeT BBIBOALI H 000OIIEHMUS;

— cBOOOJTHO BIIQJICET CHCTEMOM CIIeNNaTN3UPOBAHHBIX TTOHSITHH.

«XOPOLLIO»
«BAYTEHO»

— o0yyJaronuics TBEPI0 YCBOMII MMPOTPAMMHBIN MaTepuai, TPaMOTHO H
MO0 CYHIECTBY W3JaraeT €ro, ONUpasCh Ha 3HAHWS OCHOBHOM
JUTEPaTypHl;

— HE J0MYCKAET CYIIECTBEHHBIX HETOYHOCTEN;

— YBSI3BIBACT YCBOCHHBIE 3HAHUS C MPAKTHUYECKOW JIeATEIbHOCTHIO
HaIpaBJICHUS,

— apryMEHTUPYET Hay4YHbIE MTOJ0KEHNUS;

— JIeJIaeT BBIBOALI M 000OIICHHS;

— BIIAJICET CHCTEMON CIIeIHAIM3UPOBAHHBIX TOHITHI.




Or11eHKa KOMITETEHITUHN

5-0aiubHas mKana

XapaxrepucTrka chopMUPOBAHHBIX KOMIIETEHIUI

«YJIOBJICTBOPUTEIIHHOY
«3aYTCHO»

— 00y4Jaromuiicss yCBOMJI TOJIBKO OCHOBHOHM NMPOrpaMMHBIN MaTepHal,
II0 CYHIECTBY M3JIaracT €ro, ONMpascCh HA 3HAHUSA TOJIBKO OCHOBHOU
JUTEPATYPBI;

— JIOIIyCKAeT HECYLIECTBEHHbIE OIUMOKU U HETOUHOCTH;

— UCIIBITBIBACT 3aTPYAHEHUS B IIPAKTHUYECKOM IIPUMEHEHHUH 3HAHUM
HaIPaBJICHUS;

— c11a00 apryMeHTUpPYET Hay4dHbIE [T0JIOKEHMS;

— 3aTpyaHseTcs B (OPMYIHMPOBAHUN BBIBOJOB M 0000OIICHHUI;

— 9YaCTUYHO BIAJCET CUCTEMON CIIELMAIN3UPOBAHHBIX [IOHITHIA.

«HEY/IOBJICTBOPHUTEIIEHOY
«HE 3aYTCHO»

— o0Oyyaromuiicss HE YCBOWJ 3HAYUTEIBHOH 4YacTH MPOrPaMMHOTO
Marepuaa,

— JIOMYCKAeT  CYNIECTBCHHbIE  OIMUOKM W  HETOYHOCTH  TIpU
paccMOTpEeHHH MPOOJIeM B KOHKPETHOM HaIPaBIICHUY;

— UCTIBITHIBACT TPYAHOCTH B MPAKTUYECKOM MPUMEHEHUH 3HAHMIA,

— HE MOXET apryMEHTHPOBATh HAYYHBIC MTOJIOKCHHS,

— He (hOPMYJIUPYET BHIBOJOB M O0OOOIIICHHUIA.

10.3

Tumnossie KOHTPOJIbHBIC 3a/IaHUS UJIN MHBIC MaTCPUAJIbI.

Bormpocs! (3agaun) nis sK3aMeHa IpeIcTaBlIeHbl B Tadimie 15.
Ta6muma 15 — Borpocs! (3agaun) 115 2K3aMeHa

Kon
Ne i/m [Tepeuyens BonmpocoB (3a1a4) 115 IK3aMeHa
WHJIUKaToOpa
VYueOHBIM IIJIAHOM HeE NpeaAyCMOTPCHO
Bormpocsr (3amaun) nis 3avera / qudd. 3adera npeacTaBieHsl B Taduie 16.
Tabmuna 16 — Bonpocs! (3agaun) mis 3adera / qudd. 3adera
Kon
Ne i/m [Tepeuens BompocoB (3aga4) ans 3a4dera / qudd. 3adera
WHJIUKaToOpa
1 OCHOBHBIE HJICH U TIOHATHSI HAaHOTEXHOJOTHH JaHHBIC B paboTax H. T1IK-1.3.2
Tanuryuu.
2 B kakoii o0macTH TNPOMBINUIEHHOTO TIpow3BoAcTBa BoepBeie ctamu | [1K-1.3.3
peaNn30BBIBAT WICH HAHOTEXHOJIOTHIHA
3 Wnes nexknum J. Llpeaunrepa «UTo Takoe >KU3Hb ¢ TOYKU 3pEHUS T1IK-1.3.4
¢busnKn»?
4 OCHOBHBIE TIOJIOKEHUS JICKINH, TIpounTanHoi P. deftamanom B 1959 1. T1K-1.3.4
5 OCHOBHBIE TIOHATHUS U ONIPeIeTIeHMsI B 00JIACTH HAHOTEXHOJIOTHIA I1K-2.3.1
6 YeM HAHOCTPYKTYHPOBAHHBIE MaTEPHANbI OTIMYAIOTCS OT KIACCHYECKUX IK-1.V.1
MaTepHuaioB?
7 OcHOBHBIE 0COOEHHOCTH HAHOPA3MEPHBIX BEINYHH, HX KOJTHYECTBEHHOE [K-1.Y.1
3HAUCHHE.
8 Enuauie n3smMepeHns 1 HAMMEHOBAaHUS B 00JIaCTH HAHOTEXHOJIOTUIH TIK-1.3.2
9 JIunelinble pa3Mepbl 0co0eil )KUBOTHOTO MUPa U HCKycCTBeHHBIX 00bekToB | ITK-1VY.1
B CPaBHUTEJbHBIX 3HAUCHHUIX HAHOTEXHOJIOT U
10 OcHOBHBIE COOBITHSI ICTOPHH Pa3BUTHSI HAHOTeXHONOruH B mepuoy ¢ 400 r. | T1K-1.3.3
JoH.A.mo 1959 .
11 OcHOBHBIE COOBITHSI UICTOPHH PAa3BUTHSI HAHOTEXHOJIOTHH B riepuoy ¢ 1959 | T1K-1.3.3
110 H/B.
12 PazHble Moxo/Ipl K HAy4HOMY OIPEeIeHUI0 TepMHuHa «HaHoTexHosorus» | [1K-1.3.3




13 O paborax XK.M. AndepoBa B 061acTé HAHOTEXHOJIOT Ui [1K-1.3.3

14 OcuoBHbIe Haen 3. J[pekciepa o pojie HAHOTEXHOJIOTHH B pa3BUTHH IK-1.3.3
COBPEMEHHOT'0 O0IIECTBA, H3JI0KEHHbIC B KHUre «MallnHbl CO3UIAHMSDY

15 OCHOBHBIC OIIGHKM OXKHJaeMBbIX I1apaMeTpoB HaHoMmexaHuueckux | [1K-1.3.2

YCTPOWCTB.

16 XapakTepuCcTHKa ¥ NPUHIUI pabOThl HAHOYCTPOWCTBA B KMBBIX IIK-1.3.3
opranusmax (Ha npumepe Mosiekyisl «AT® Cuntazay).

17 VYriepoa B pHUpojie, B 4€M 3aKIIFOUACTCs €ro 0codast posib? [1K-1.3.4

18 [pocTeiimme KOHCTPYKIIUH MTPHOOPOB U Y3JI0B OTACIHHBIX PA3INIHBIX [K-1.3.4
HaHOYCTPOMNCTB

19 Bo3mosxHbIE TyTH TpUMeHeHHst TproopoB 1 MamnH MHT I1K-2.3.1

20 [TpuHIUIIEI caMOOpTaHU3aKH, HPUCYIIHE HanOoJee PaclpoCTpaHEHHBIM [K-1.Y.1
00BbEKTaM HAHOTEXHOJIOTHH

21 [puHIUIE caMOCcOOPKH, IPUCYIIIE HanOoIIee PacIpOCTPaHSCHHBIM [K-1.Y.1
00BbeKTaM HAHOTEXHOJOTUH

22 Ucnons3oBanne camoopranmzaumd B HT. OcHoBHble  cBoiictBa | [1K-1.3.2
CaMOOPTaHU3YIOIINXCS CHCTEM

23 Hanomartepuainbl, HaMMEHOBaHUs, Ha3HAa4ueHHE, OCHOBHbIE ompezaeneHus, | [IK-1V.1
Kakne 00BEKTHI K HIM OTHOCATCA?

24 OCHOBHBIE TUITBI HAHOMATEPUAIIOB, pa3lielieHne o npusHakam m3mepenuii | 11K-1.3.3
U pa3MEepHOCTH

25 OCHOBBI KJTacCU(UKAIINH U TUITBI CTPYKTYp HAHOMATEPHAIOB I1K-1.3.3

26 OCHOBHbBIE KAaTErOpHH HAHOMATEPHAIIOB I1K-1.3.3

27 OcoOeHHOCTH CBOMCTB HAHOMATEPHAJIOB, HAaIIPaBJIeHUs UX ucronp3oBanus | I1K-1.3.3

28 OCHOBHBIE 00JIaCTH NPUMEHEHHUSI 00BEKTOB HAHOCTPYKTYPHBIX OOBKTOB IK-1.3.3

29 KpaTtkast xapakTepucTHKa KOHCTPYKLMOHHBIX, HMHCTpyMeHTampHBIX u | I1K-1.3.2
M3HOCOCTOMKHUX MaTepuaioB

30 Hcnonp3oBaHrne HAHOMATEPHATIOB B DJIEKTPOHHOH TEXHUKE [IK-1.3.3
Hasznavenue, kpaTkas XapakTepUCTHKA JJIEKTPOHHOTO MUKPOCKOIIA

31 Omsnueckuit  cMmpicn  cBoiicTB OM:  yBenmuenwe, paspernenue, | [1K-1.3.4
pasperaronas CiocoOHOCTb.

32 YcnoBusi GopMHUPOBaHHUS M CBOMCTBA AJIEKTPOHHOTO JIy4a MUKPOCKOIIA [1K-1.3.4

33 ®du3nvecKuii CMbICT XpOMaTHYECKOH abeppaunu IK-2.3.1

34 B uwem pasmmume XapakTepHCTHK paspemeHuss omnrudeckoro wu | ITIK-1.V.1
ANIEKTPOHHOT'O MUKPOCKOIIOB

35 XapakTepHucTHKa pa3peniarolieii cnocoonoct M [K-1.Y.1

36 HasHaueHue U yCTPOMCTBO M CBOWCTBA HCTOYHHMKA DJICKTPOHOB I1K-1.3.2

37 KoHcTpyKTHBHBIE 0COOEHHOCTH CHCTEMBI OCBemeHnsT DM IK-1VY.1

38 YCTpOKWCTBO CHCTEMBI KOPPEKIIMK acTUTMaTH3Ma B DM IK-1.3.3

39 [puHIun paboTh U YCTPOMCTBO CUCTEMBI H300paXkeHNst DM IK-1.3.3

40 . biokx-cxema n npunmn padoter Mukpockona BCOM IK-1.3.3




41

Biiok-cxema u npuHIMN AercTBus OXe-CIeKTpoOMeTpa IK-1.3.3

42 ®DOTOIIEKTPOHHAsT PCHTICHOBCKAsT CIIEKTPOCKOmus, Omok-cxema, | [1K-1.3.3
NPUHIUIT JeUCTBUS

43 ®doTodeKTpOHHAS PEHTTEHOBCKAsl CIIEKTPOCKOMUs, Onok-cxema, npunuun | 11K-1.3.2
IEUCTBHUS

44 . T1IK-1.3.3

[MpuHnMO paboTel paMaHOBCKOM CHEKTPOCKOMHHM, OJIOK-CXEMBI IIpoIiecca

HU3MEpEeHUi.

45 Haznadenue nmpuHINN JeHCTBUS (POTOTFOMIHECIICHTHON CIIEKTPOCKOIIHN [K-1.3.4

46 WHdopMannoHHbIe TEXHOJIOTHH B MU3MEPUTEIBHBIX CUCTEMAX IIK-2.3.1

47 WHdopmannoHHbIe TEXHOJIOTHH B HAHOTEXHOJIOTHAX [K-1.¥.1

[lepeuenr TeM nns KypCOBOTO MPOEKTUPOBAHUS/BBIIOTHEHUS KYpPCOBOM pabOThI

MpeICTaBJICHBI B Tabwmie 17.
Tabnuna 17 — Ilepeyens TeM Juisi KypcOBOTO MPOEKTUPOBAHMSI/BBITIOIHEHUS. KYPCOBOI pabOTHI

Ne i/t

[TpuMepHBIii IepeYeHb TeM Il KYpPCOBOTO MPOSKTUPOBAHUS/BHITTOIHEHHS
KypCOBOH paboThI

Y4eOHBIM IJIAaHOM HE IPEJYCMOTPEHO

BOHpOCBI AJi1 IPOBCACHUA HpOMe)KYTOqHOfI arrécraun B BHAC TCCTUPOBAHUA

MpeACTaBICHBI B TaOnwmie 18.

Tabnuna 18 — [IpumepHbIil epeyeHb BOPOCOB JJIs TECTOB

. Kon
Ne n/n IIpuMepHBIii IepeYeHpb BOIIPOCOB ISl TECTOB
HHJUKATOpa

1. Pa3BuTHe cepsl HAHOTEXHOJIOTHI B CTPaHE U 33 PyOeKOM. [K-2.3.1
Hauano Bompoca: B kakoil mnepuox BpeMEHHM YeJIOBEYECTBO CTallo IPUMEHSTH
MIPOJIYKTHl HAHOTEXHOJIOTHHA:
- B TIEPHO/L JI0 HAIIEH 3pBbI;
- Bo |l Beke H/3;
-8 XVIII B.;
- B XIX Beke.
2. Hauvayo Bompoca: UTo MoCiTy>KHII0 IPHOPUTETOM B Pa3BUTHH HAHOTEXHOJIOTHIL: I1K-5.3.1

- CO3[JaHUE MEPUOINIECKON TaOIHUIIBI XUMHUYECKHUX JJIEMEHTOB;

- OTKpBITHE KBAaHTOBOW MEXaHUKH,;

- OTKPBITHE aTOMHOM MOJIENN CTPOEHUS BEIIIECTBA;

9KCHEPUMEHTAIBHOE MOATBEPIKICHHIE UIeH aTOMHO-MOJIEKYJISIPHOI TeopHuu
3.Hauano Bonpoca: Ha30BHTE Pa3MEPHOCTh HAHOMETPOBOTO JINAIA30Ha!
-10°M; - 10° M; - 108 m; - 1070 ;- 107 ;- 10°m

4. Hauamo Bompoca: BenmumHa 1 HM (11 HarJisigHOCTH) BO CKOJIBKO pa3 MeEHbIIE 11K-6.3.1
TOJIIIMHBI Y€JI0BEYECKOT0 BOJIOCA!
- 8 1000 pas; I1K-5.3.1
- B 10 TBIC. pas;

- B 100 THIC. pa3;

- B 200 ThIC. pa3

5.Hawano Bompoca: Yrto Takoe «HaHO». MeCTO HaHOpPa3MEPHBIX OOBEKTOB B
OKpYXalollel cpelie, Kakhue HaHOpa3MepHbIE OOBEKTHI MONAJAI0T B HAHOAMAIA30H U
IIPUMEpPHAsi UX Pa3MEPHOCTb (JUIs CpaBHEHHUS): MK-5.3.1
- Pa3MEpHOCTH OMOKJIETKH;

- TOJIIIMHA YEJIOBEUECKOTO BOJIOCA;
- KHMIIeYHas MMajJo0yvKa;

- muH. Pasmep anementa BUC;

- pa3MepHOCTh BHPYCA;




- IMaMeTp aToMa BOJ0pO/a.
6. Koro mu3 WU3BECTHBIX YYCHBIX MOXKHO CYHTAaTh OCHOBOIIOJIO)KHHKOM Pa3BUTHS
HOHOTEXHOJIOTHH KaK HayKH
Hayaio Bopoca:
- D. Ulpenunrep;
- @ Kaprep;
- H. Tanuryuu;
- D. [pexcrnep;
- P. ®eitnmasn;
- X. Andepos
7. UccnenoBaHue MUKPO- U HAHOCTPYKTYP. .

Havano Bompoca: Kakue MeTonmpl OMarHOCTHKM HauOojiee paclpOCTPaHEHBI JUIst
ucciae0BaHus PU3MIECKUX TApaMETPOB M XapaKTEPUCTHK HAHOOOBEKTOB!
- JIIEKTPOHHAs MUKPOCKOITHUSI BEICOKOTO Pa3pEIICHUS;
- OTpaXkaTeNbHasl JIEKTPOHHAS! MUKPOCKOIIHS;
- MHUKPOCKOTINSI MEAJICHHBIX 3JIEKTPOHOB. ;
- ONTHYECKAasi MUKPOCKOIIHS.

8. Baxneiime TEXHOJOTHYECKHE NOCTHXEHHUS BO BTOPOIl IOJOBHHE JBaJALATOTO
CTOJICTHSI.
Hauano Bompoca: Yto crnocoOCTBOBano, B HaWOONbIIEH CTENEHH, WHTCHCUBHOMY
Pa3BUTHIO HAHOTEXHOJIOTHH B CTpaHe U 3a pyoexkom?
Hauano Bonpoca:
- TEXHOJIOTHS CO3/IaHUSl AJIEKTPOBAKYYMHBIX ITPUOOPOB;
- CO3[JaHNE MUKPOMOJTYJIbHBIX JJIEMEHTOB;
- CO3JJaHNE NHTETPAIBHBIX [ICUYATHBIX IUIAT;
- CO3[JaHNE MOJTYIPOBOJHUKOBBIX 3JIEMEHTOB IEKTPOHHOH TEXHHKH.
9. ®usnyeckas CyuHoCTh 3akoHa ['opiona Mypa.
Hauarno Bompoca: B uem 3akmodaeTcs CMbICT SMITUPUYECKOTO 3aKkoHa Mypa?
- OOBSACHST MPHHIHII TIOJTyYSHUS YepHO-0e5I0ro n300paKeHUs Kajpa TeIeBU30Da;
- 3aKOH OOBSACHSACT NPUHINT (PYHKIMOHHUPOBAHHS ONTOBOJIOKOHHOTO 3JIEMEHTA;
- IpeieNbHbIe TPaHUIbl OBICTPOJICHCTBUS KOMITBIOTEPA;
- Ipe/ieNIbHOE YKCIIO pa3MelleH s TPAaH3UCTOPOB Ha MEYaTHOW IJIaTe KOMITBIOTEpa.

10. CpenctBa nuaMepeHus IS UCCIe0BaHUs HAHOCTPYKTYD.
Hauvano Bompoca: B d9eMm 3akmo4aercss OCHOBHBIE JOCTOMHCTBA 3JIEKTPOHHOTO
MHKpOcKoma?
- yIy4IIeHbl BECOBBIC U rabapUTHbIE XapaKTePUCTHKH IPHOOPOB,
- BO3MOXXHOCTb IIU()POBOTO MPECTABICHHS PE3yIbTATOB aHAIN34;
- Oorjee coBepLIEHHAs, MO CPaBHEHWIO C ONTHYECKUM MHKPOCKOIOM, CHCTEMa
MONyYCHHS N300paKeHHsT HAaOIF01aeMOT0 00BEKTa;
- BO3MOKHOCTb TOJTydeHHs Oojiee pasHooOpa3zHoi HHpopMaIi 00 00beKTe;
- Ipe/IeITbl YBENWYEHHs NCCIIeyeMOTo 00beKTa.

11. OcHoBHBIE TapaMETPHI U XapaKTEPUCTHKH MUKPOCKOTIOB.
Hauano Bompoca: Ha3oBute mpezesnbHble 3HAYEHUS! XapaKTEPUCTHKH YBEIHMYCHUS
OINITHYECKOTO MUKPOCKOTIA!
- 100 pas3;
- 200 pas3;
- 400 pasz;
- 700 pas;
- 1000 pas3;
- 1500 pa3

12. OcHOBHBIE TapaMempsl U XapaKTEPUCTUKH MUKPOCKOIIOB.
Hauaino Bompoca: I[IpenenbHble 3HaUueHNS YBETUUESHHUS SIEKTPOHHOTO MUKPOCKOTIA:
- 1000 pas3;
- 2000 pas;
- 5000 pas;
- 8000 pas;
- 1muH. pas;
- 2 MJH. pa3

13. OcHOBHBIE TapaMemphl U XapaKTEPUCTHKH MUKPOCKOIIOB.
Hauano Bompoca: UYem ompenensercs paspemaromnias CHOCOOHOCTb ONTHYECKOTO
MHKPOCKOTIA!
- YPOBHEM OCBEILIEHHOCTH paboyeil TMH3BI;
- BEJIMYMHOM (DOKYCHOT'O PaccTOSIHUS;

[K-2.3.1

[K-1.3.4

[K-1.3.2.

IK-1.3.2

[K-2.3.1

[K-1.3.2

IK-1.3.4




- COBEPLICHCTBOM OTKJIOHSIOLIEH CUCTEMBI;

- JUTMHO BOJIHBI CBETA.

14. OcHOBHEIE TapaMETPHI U XapaKTEPUCTHKN MUKPOCKOTIOB.

Hauano Bompoca: Yem ompeznensieTcss paspelnaromas CrocoOHOCTb 3JIEKTPOHHOTO
MHKPOCKOTIA: IIK-1.3.2
- KOHCTPYKIHUEH CHCTEMBI H300pa’keHNST MUKPOCKOTIA;

- YCTPONCTBOM 3JIEKTPOHHON MYLIKH,

- CHICTEMOM CUMTBHIBAHUS PE3YJIbTATOB 00pabOTKN U3MEPEHHH;
- PacCTOSIHUEM TpOJIeTa JICKTPOHA;

- CKOPOCTBIO TIPOJIEeTa AIICKTPOHA.

15. IIpeumMyiiecTBa 3JIEKTPOHHOT'O MUKPOCKOIIA. IK-2.3.1
Hauaio Bompoca: UeM 00BsICHsIETCS BRICOKAs! pa3peraronias CriocoOHOCTb
JIEKTPOHHOTO MHKPOCKOIIA:

- TEOMETPUUYCCKIMH pa3MepaMu pabodeii 30HbI;

- UCTIOJIb30BAHHUEM 3JIEKTPOHHOTO TIOTOKa BMECTO CBETOBOT'O IIOTOKA;

- INTMHOW BOJIHBI 3JIEKTPOHA.

16. OcHOBHBIE TApaMETPHI M XapPAKTEPHCTUKH SIIEKTPOHHBIX MUKPOCKOIIOB.
Hauano Bompoca: OT 4ero 3aBUCHT BENWYNHA BOJIHBI JIEKTPOHHOTO ITOTOKA B
MHKPOCKOTIE:

- rabapuThl pabouei 30HBbI; [IK-1,¥.1
- BEJINYUHON HalpsHKECHUS HA aHOJC,

- KOHCTPYKILMEH CUCTEMBI U300paXKeHHsI MUKPOCKOTIa;
- APXHUTEKTYPBI OTKIOHSIOIIEH CUCTEMBI MUKPOCKOTIA

17. Kakas cepusi CTaHAAPTOB B HACTOSIIEE BPEMsI SIBISICTCS. OCHOBHOM [UIst
cTanmaptoB u3 oomacta UT?

TIK-1.3.3
a. cepus 25000;
b. cepus 9000;

c. cepus 14000;
d. cepus 16000.

18. Beigenute [Ba OCHOBHBIX CTaHAapTa B obmactu UT.
a. 12207:1995;
b. 19760:2003;
. 16326:1999;

d. 90003:2004;
. €.15288:2002.

19. HazoBute ab0peBHaTypy MEXITyHAPOJIHOTO COK03a IJIEKTPOCBSI3H:
a. IEEE;
b. IEC;
c.ITU;
d. I1SO.
20. Ykaxute ab0peBuatypy, 0003Havarony TepMuH «BceoOmuii MeHeIKMEHT
Ka4ecTBay.
a. TQC;
b. MBQ;
c. UQM;

[lepeueHb TeM KOHTPOJIBHBIX PabOT MO MUCHUIUIMHE OOYYaIOUIUXCS 3a04HON (OPMBI
oOydeHus1, IpeCcTaBIeHbI B Tabmuie 19.

Tabmuna 19 — [lepedeHb KOHTPOJIBHBIX PadOT

Ne n/mt IlepeyeHb KOHTPOJIBHBIX PadOT

He npenycmorpeno

10.4 Meronuyeckue MarepHalbl, ONPEAeSIONINe MPOLEAYPhl OIEHUBAHUS HHIUKATOPOB,
XapaKTepU3YIONUX dTanbl (HOPMHPOBAHUS KOMIIETCHIIUH, COJEPKATCSI B JIOKAJIbHBIX




HOopMaTuBHBIX akTax ['YAII, pernameHTUpYIOIIMX HOPSAJOK W IPOLEAYPY IPOBEIEHUS
TEKYIIEro KOHTPOJISl YCIIEBAEMOCTH U MMPOMEXKYTOYHOU arTectanuu ooydaromuxcs ['Y AIL

11. MCTOI[I/I‘ICCKI/IG YKa3zaHus 1Jisd 06yqa}onmxc;1 10 OCBOCHHIO JUCHUITJIMHBI

11.1 Meroaudeckue ykazaHus Ui OOydYaroIIMXCsS MO OCBOEHHIO

JEKIIMOHHOT'O MaTepHasa

11.2 OcHoBHOE Ha3HAYEHHE JIEKIMOHHOTO MaTepualla — JIOTUYECKH CTPOMHOE, CHUCTEMHOE,
riyOoOKoe M SICHOE M3JIOKEeHHEe yueOHoro marepuana. HasHaueHHe COBpeMEHHOW JIEKIIUH B
paMKax AUCLMILTUHBI HE B TOM, YTOOBI MMOJIYYUTh BCIO MH(OPMALIMIO TTO TEME, a B OCBOCHHUHU
byHaaMeHTaNbHBIX MPOOJIEM JUCHUIUIMHBI, METOAOB HAyYHOTO IIO3HAHUS, HOBEHIINX
JNOCTHKEHUH  Hay4HOM  MbIcmd. B yueOHOM  mpoliecce  JIEKUUs — BBIIOJHSET
METOAOJIOTUYECKYIO, OpPraHM3alMOHHYI0 ¥  WHpoOpMauuOHHYIO GyHKIMH. Jlexmus
packpbIBaeT MOHATHIHBINA ammapar KOHKPETHOH oOjactu 3HaHus, €€ MpoOieMbl, AaeT
[ENBHOE TPEJICTaBIeHWEe O JUCHHUIUIMHE, MOKa3blBaeT B3aUMOCBS3b C JAPYTHMH
JTUCIUTINHAMHU.

[LnanupyemMble pe3yabTaThl IPH OCBOSHUH 00yYarOMUMUCS JIGKIIMOHHOTO MaTepraa;

— TIONy4YeHHE COBPEMEHHBIX, LEJIOCTHBIX, B3aMMOCBSA3aHHBIX 3HAaHUH, YpPOBEHb
KOTOPBIX OINpPEAETSeTCs eNIeBO YCTaHOBKOU K KaXKJJ0 KOHKPETHOU TEME;

— TIOJIyYEHHE OTIBITa TBOPUYECKOH pabOThl COBMECTHO C TPENOIaBATEIIEM;

— pasBuTHE NPO(ECCHOHATBHO-IENOBBIX  KadecTB, JIIOOBM K  TIpPeAMETYy U
CaMOCTOSITEIbHOTO TBOPYECKOTO MBIILICHUSI.

— TOsBIIEHHUE HEOOXOAMMOI0 HHTEpeca, HEOOXOAUMOTO AJIsi CAMOCTOSITENIbHOM paboTHI;

— TONy4YyeHHEe 3HAaHUW O COBPEMEHHOM YPOBHE pa3BUTHS HAYKHM M TEXHUKH U O
MPOTHO3€ UX Pa3BUTHsSI HA ONMKaMIIne TObL;

— Hay4YUThCS METOJUYECKH oOpadaThiBaTh MaTepuan (BBIACIATH TIABHBIE MBICITH H
MOJIOKEHHUSA, TMPHUXOAUTh K KOHKPETHBIM BBIBOJIaM, TMOBTOPSATh WX B Pa3IMYHBIX
bopMynupoBKax);

— TOJMy4YeHHe TOYHOTO TOHUMaHUS BCeX HEOOXOAUMBIX TEPMUHOB U TIOHSATHH.

JleKIIMOHHBI ~MaTepual MOXKET COMPOBOXKIATHCS JAEMOHCTpalled ClaiIoB U
UCTIOIF30BAaHUEM DPA3aTOYHOTO MaTephalia IpH TPOBENEHUH KOPOTKHX TUCKYCCHH 00
O0COOCHHOCTSIX MPUMEHEHHSI OT/ACTBHBIX TEMATHK IO TUCIUIUINHE.

CTpyKTypa npe1ocTaBiIeHns JEKIHOHHOTO MaTeprana:

- MPU TPOBEACHUM OYHOTO 3aHATHS MaTepuaj H3jaraeTcsi B yCTHOW Qopme, ¢
JIEMOHCTPALMEN CEPUH CIIANIOB;

- TpU  TPOBEACHHUU 3A0YHOTO 3aHIATHS MaTepuai MPEeNOoCTaBISIETCS B BUJE
AIIEKTPOHHOTO pecypca, ¢ pa3bsCHEHHEM W TIEpeYHEM KOHTPOJBHBIX BOIPOCOB B
HEJISIX JTYYIIEero yCBOSHUsI MaTepuana JeKIni.

11.2 Meroandeckue  ykazaHus g OOydYarOIIMXCS 10
MIPOXOKJICHHUIO MPAKTUYECKUX 3aHITHIA
11.4 [IpakTrueckoe 3aHIATHE SBISIETCS OJHOW M3 OCHOBHBIX (hOpM

OpraHu3ali y4eOHOTO MpoLecca, 3aKI0YAIONIascs B BBIIOJIHEHUH OO0YYalOUMMHCA

[0J1 PYKOBOJACTBOM IIperojaBaresisi KOMIUIEKca y4eOHBIX 3aJJaHui C LIEeJbI0 YCBOEHUS

HAyYHO-TEOPETHUECKUX OCHOB Yy4YeOHOM JUCHMIUIMHBI, NPHOOPETEHUS yMEHUH W

HAaBBIKOB, OIbITa TBOPYECKOH J1€ATEIHHOCTH.

Lenbr0 MPaKTUYECKOTO 3aHATHUS JUIsl 00y4aroIIerocs sBIsSeTCsl MPUBUTUE OOYUYaIOIIMMCS
YMEHHMSI U HaBBIKOB MPAKTUUYECKOH 1eATEIbHOCTH 110 N3y4aeMOil TUCIUTUIMHE.

[Tnanupyemble pe3yabTaThl IPH OCBOSHUH 00yYarOIIUMCS MPAaKTUYECKUX 3aHATHI:

— 3aKperuvieHue, yriayOjleHue, pacliMpeHHe M JAeTalu3alus 3HAHUA TpU peleHUuU
KOHKPETHBIX 3a/1a4;

— pa3BUTHE I[I03HABATEJIbHBIX CHOCOOHOCTEH, CaMOCTOATENBHOCTH  MBILUICHUS,
TBOPUYECKOIN aKTUBHOCTH;



— OBIAQJICHHE HOBBIMH METOJaMH W METOJUKaMU HW3YYCHHUS KOHKPETHOU y4eOHOI
JMCITUTIIMHEL,

— BBIPA0OTKA CIOCOOHOCTH JIOTHYECKOTO OCMBICICHHSI TONYyYEHHBIX 3HAHUU IS
BBITIOJTHEHMS 3aJJaHUI;

— obecrieyeHHe palMOHAIBHOTO COYETAHHUS KOJUICKTMBHON M MHIWBHUAYAIbHOW (GopM
00yJeHUsI.

TpeboBaHust K MPOBEACHUIO MPAKTUYCCKUX 3aHITUMN

MPAKTUYECKHE 3aHATHS IPOBOASATCS B CIACIYIOIUX (hopMax:

— MOJICIMPOBaHUE CHUTyallud MPUMEHUTEIbHO K MNpoduiito mpodeccHoHaTbHON
JEeSITEIbBHOCTH 00YJaroIIuXCs;

— PEILICHNE CUTYallMOHHBIX 3a/1a4

— IPYIIIOBasl JUCKYCCHUS.

[IperonaBaTens NpU TPOBEACHUM 3aHATHH BBINOMHSAET (YHKIHIO KOHCYJIBTAHTA,
KOTOPBII HAMpaBiseT KOJUIEKTUBHYIO pabOTy CTYJIEHTOB Ha MPUHATHE MPABHIBLHOTO PEIICHUS.
3aHsTHE OCYLIECTBIISIETCS B JUAJIOTOBOM PEKUME, OCHOBHBIMH CYObEKTaMH KOTOPOTO SIBJISIFOTCS
CTYJICHTHI.

11.5 Meroguueckue yKa3aHUA TS o0yJaronmxcs o MIPOX OXKICHUFO
CaMOCTOSITENIbHON pabOThI

B xoze BBIOTHEHUS CaMOCTOSATENbHONU pabOThI, OOYUYAIOUIUIICS BBIMOIHSAET paboTy MO
3aJIaHUI0 M TIPH METOJMYECKOM PYKOBOJICTBE IPEToaBaTelisi, HO 0e3 ero HermocpeJICTBEHHOTO
y4acTusl.

s oOydarommxcsi 1Mo 3a04HOM (GopMe OOyYeHHs, CaMOCTOsATEIbHAas padoTa MOXKET
BKJIIOYATh B ce0s1 KOHTPOJIBbHYIO padoTy.

B mporiecce BBIMOTHEHHSI CaMOCTOSITEIIEHON paboThl, Yy oOydaromierocst (GhopMHUpyeTcs
1enecoo0pa3Hoe IIaHUPOBaHUE Pabodero BpeMeHH, KOTOPOe MO3BOJISET UM Pa3BUBATh YMEHUS
U HaBBIKA B YCBOGHHWW WM CHCTEMAaTH3alUH NMPUOOPETaeMbIX 3HAHUH, 00ECIeUYNBAET BBICOKHU
YPOBEHb YCIEBAEMOCTH B TMEpPHOJ OOY4YEeHHs, TMOMOTaeT NOJyYUTh HABBIKA TOBBIIICHUS
MpoEeCCHOHAIBHOTO YPOBHSI.

MetoauyeckuMi ~ MaTepuaiaMH,  HAMpaBJSIONIMMH  CaMOCTOSITENbHYIO  paboTy
00yJaronuxcst SBISIOTCS:

—  y4eOHO-METOAMYECKH MaTepHal Mo JUCIHUILINHE;

— METOJMYECKHE YKa3aHHS MO BBIMOJHEHUIO KOHTPOIBHBIX PadOT (g 00yJaromuxcs
10 3a04HOU (hopme 0OyueHus).

11.6 Meroauyeckue YyKa3aHUS Ui OOYYArOMIMXCS TI0 TPOXOXKICHHIO TEKYIIETO
KOHTpOJI YCIIEBAEMOCTH.

Texkymuil KOHTPOJb YCIEBAEMOCTH NPEIYCMAaTPUBAET KOHTPOJIb KAdyeCcTBAa 3HAHWMI
00yyYaroImuxcsi, OCYIIECTBISEMOIO B TEUEHUE CEeMecTpa C ILIeJbI0 OICHMBAHUS XO0Jla OCBOEHUS
JTUCIUTUIAHBI.

11.7 Meroandeckue ykazaHus AT 00YJAIONTUXCS MO TIPOXO0KICHUIO MPOMEKYTOTHOM
aTTeCTaIUU.

[IpomexyrouHass  arTectands  OOydalolmUXcs — MPEAyCMaTpUBAaeT  OIICHUBAHHE
MPOMEKYTOUHBIX U OKOHYATEIbHBIX PE3yJbTaTOB OOy4eHHS MO AuciuruinHe. OHa BKIIOYAET B
ceost:

— 3ader — 9T0 (hopma OIEHKH 3HAHUM, MOTYUYEHHBIX OOYJarOIIUMCS B XOJI€ U3yUeHUS
yueOHOM TUCIUTUTMHEI B [IEJIOM WJIM IPOMEXYTOUHAas (TI0 OKOHYaHUU CEMECTpa) OlIeHKa 3HAHUH
00yJaronuMcs 10 OTJIETBHBIM pa3fienaM JUCIUTUIMHBI C aTTECTAIMOHHOW OIIEHKOW «3a4TCHOY
WJIU «HE 3aUTEHO».



— 1uddepeHIpPOBaHHbBIM 3aueT — 93T0 (opMa OLEHKM 3HaHUM, IOJy4YeHHBIX
00yJaromMMCs TTPH U3y4YEHUH AMCHUIUIMHBL, IPH BBIIOJTHEHHH KYyPCOBBIX HMPOEKTOB, KyPCOBBIX
paboT, HAy4YHO-UCCIIEAOBATEILCKAX PAabOT U MPOXOXKACHUH MPAKTHK C aTTECTAI[HOHHON OLIEHKOM
«OTIMYHOY», «XOPOLIOY», KYIOBIECTBOPUTEIHEHOY, «HEYIOBICTBOPUTEIHLHO.



Jluct BHeceHUs U3MEHEHUH B pabouyto MporpamMmy JUCIHUILIAHBI

JlaTta BHECEeHUs
N3MEHCHHI 1
JIOTIOTHCHUH.

IToanuce BHECHIETO
A3MEHEHHUS

Coneprxanne N3MEHEHHH W JOTOTHEHUI

JlaTa 1 Ne

MPOTOKOIA
3aceaHusl
Kadeapsl

Ionmuce
3aB.

kadempoit




