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AHHOTaIUs

Hucuumnnuna «MeToJbl HCCIeIOBaHUS C HCMHOJIb30BAaHUEM CKAaHUPYIOUIEH 30HII0BOM
MUKPOCKOIIUU» BXOJIUT B 00pa30oBaTEeNbHYIO MPOTPAMMY BBICIIETO OOpa30BaHUSI — MPOTPAMMY
OakajaBpuaTa IO HaIpaBJICHHIO MOATOTOBKM/ crnenuanibHocTH 27.03.01 «Cranmaptuzanus u
METPOJIOTHSI» HAIMPABICHHOCTH «METpPOJIOTHsI, CTaHIapTHU3AINSs, cepTHUKAUs. Juciurumaa
peanmuzyetcs kadenpoit «Neby.

JucuuminHa HameneHa Ha GOPMHUPOBAHKE Y BBITYCKHUKA CICTYIOIINX KOMIIETCHITHIA:

[IK-2 «CmocobeH OOHOBIATH 0azy pabouMx OHTAIOHOB M CPEIACTB H3MEPUTEIHHOMN
TEXHUKN

[IK-5 «CrnocobeH ocymiecTBIsATh pabOThl MO KOHTPOJIIO TOYHOCTH OOOPYIOBaHHS U
KOHTPOJIIO TEXHOJIOTHYECKON OCHACTKU»

[IK-6 «CrocoGeH BBIMONHATH pabOTHI MO OOECIEYEHHUIO JIOCTOBEPHOCTHU PE3YJIbTaTOB
MU3MEPEHU JIJ1s1 OLICHKH COOTBETCTBUS ITPOJIYKIIUU B MPOIECCE POU3BOICTBAY

I[IK-8  «CrmocoOeH  OCYHIECTBISATh  HAYYHO-TEXHUYECKYHO  JICATCIBHOCTh |
AKCIIEPUMEHTAJIbHBIE Pa3pabOTKH B 001aCTH 00eCrieYeHHs €AMHCTBA U3MEPEHUIN

CopepxaHue ITUCIHMIUIMHBI OXBAaThIBAET KPYTI BOIIPOCOB, CBSI3aHHBIX C METOJAMHU
UCCIIeIOBaHMsI  (PU3HUYECKUX, (PUIUKO-XUMHUYCCKUX ¥ TEOMETPUYCCKUX TapaMeTpoB U
XapaKTePUCTUK TBEPJAOTEIbHBIX M MOJIEKYISPHBIX CTPYKTYp. Cpeau MHOXKecTBa METOJIOB
UCCIICIOBAaHMIA, METOJbI CKaHMpYIOeH 30HI0BON Mukpockomuu (C3M) sBisitorcsi Hanbosee
pacnipoctpaHeHHbIMA. OHH  TO3BOJISIIOT ~ HOJYYUTh  BBICOKOE  pa3pelieHue, peaisbHo
00eCIeYNBAOT BU3YAIH3AIMIO CTPYKTYPhl OOBEKTOB MCCIEAOBAHUS C AaTOMHBIM pa3peIICHUEM.
B HacTosIee BpeMs UCIONIb3YEeTCs OMpeIeJICHHbI KOMIUIEKC METO/I0OB MCCIEAOBAHUS MUKPO U
HAaHOCTPYKTYpP, CPEIU KOTOPBIX MOKHO BBIIEIUTH OCHOBHBIC TPYIIBI METOJOB: 3JIEKTPOHHAS
MUKPOCKOIIHS BBICOKOTO pa3pelieHHs; METOAbl CKaHUPYIOMICH AJIEKTPOHHOW MHKPOCKOIHUY;
CKaHUpYIOIass TYyHHEJIbHAs  MHUKPOCKOIUS, PEHTTeHOIU(PaKIMOHHBIE METOABl  C
UCIONIb30BaHUEM d2(¢eKTa BBICOKOH CBETMMOCTH  CHUHXPOTPOHHBIX HCTOYHHKOB; METOIbI
AJIEKTPOHHOMU CIIEKTPOCKOIUHU JUIsl XUMHYECKOTO aHaJIn3a.

[IpenogaBanue AMCHUIUIMHBI MpEAyCMAaTpUBaeT cCieayromue QopMbl OpraHu3aluu
y4eOHOTr0 MpoIriecca: JIEKIIUU, TPAKTUIECKUE 3aHATHSI CAMOCTOSITeNIbHAs padoTa 00y4JaroIerocs.

[TporpaMMo#i IUCHUTUIMHBI TPETyCMOTPEHBI CIEAYIOUINE BHUABI KOHTPOJS: TEKYIIUN
KOHTPOJIb YCIIEBAEMOCTH, TPOMEKYTOUHAs aTTecTanus B (hopMe IK3aMeHa.

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

S3bIK 00yUYeHUs IO JUCIUILTUHE KPYCCKHI»



1. TlepeuyeHb IIaHUPYEMBIX PE3YIHTATOB OOYUEHUS 110 TUCIHUILIIMHE

1.1. [lenpto  mpemogaBaHus  JUCIHHUIUIMHBI  SBJISCTCS  TOJY4YEHHE  CTyJICHTaMU
HEOOXOJUMBIX 3HAHUH chepe BBICOKHX TEXHOJIOTHH CBSI3aHHBIX C TPHKJIAJHBIMH
UCCJICIOBAHMSIMA  KOHCTPYHPOBAaHUEM U TIPAKTHUYECKUM HKCIIOIB30BAHHEM MATepUAIOB U
BCIICCTB HA aTOMHOM W MOJIEKYJSIDHOM YPOBHSIX, a TaKXe CpPEJCTBAaX, METOJOB M METOJUK
uccienoBanusl  (QU3HUYECKUX, (PUIUKO-XUMHUYECKUX M TEOMETPUUYCCKUX TapaMeTpoB U
XapaKTEPUCTHK TBEPIOTEIBHBIX M MOJEKYISIPHBIX 00BEKTOB. [Ipm 3TOM 0CO0O€ BHHMMaHHE
YIEIEHO  HM3YYEHHIO  OCOOEGHHOCTEH  BBICOKOpA3pELIAIOIIMX  METOJOB  HCCIICAOBAHUIA
MOJIEKYJIIPHBIX OOBEKTOB, 00ECIEUMBAIOIIMX TOJyYCHHE HanOoJiee MOJHOM MHpopManuu o0
OCHOBHBIX CBOMCTBaX M XapaKTEPUCTUKAX U MPOTEKAIONINX B HUX MPOIIeccax.

1.2. lucuumuinHa ~ BXOJUT B COCTaB  4YacTH, (OPMUPYEMOH  y4acTHHUKAMH
00pa3oBaTeybHBIX OTHOIICHUM, 00pa30BaTeIbHON MPOrpaMMBbl BBICILIETO 0Opa3oBaHUs (l1ajee —

OI1 BO).

1.3. IlepeueHp MIaHUPYEMBIX PE3YJIbTATOB OOYYEHUS MO AMCLUUIUINHE, COOTHECEHHBIX C
IUTaHUpYyeMbIMU pesynbraramu ocsoeHus OIT BO.

B pesynbraTe u3yueHus AUCUUIUIMHBI OOyYarOUIUICS IOJDKEH 00JafaTh CIEAYIOLUMMU
KOMIIETCHIIMSIMYA WM UX 4acTAMHU. KoMIEeTeHIIMY U MHANKATOPHI UX JTOCTHIKEHUS IPUBEICHBI B

Tabymne 1.

Ta6ymmma 1 — [lepeyeHb KOMITETCHIIMA W HHAUKATOPOB UX JIOCTHKCHUS

Kareropus (rpynna)

Ko n HaumenoBaunue

KOII N HAMMCHOBAHUC MHAUKATOpA JOCTHIKCHUSA

KOMIIETEHIINH KOMIIETEHITNH KOMIIETEHINH
ITK-2 Cniocoben
OOHOBJIATH 0a3y
[1K-2.3.1 3HaTh HOPMATHUBHYIO TOKYMEHTALIUIO,
[Tpodeccuonanpupie | pabOYNX FTATOHOB U .
THUIIBI CPEJICTB U3MEPEHUH, UCTIOJIb3yEMbIX Ha
KOMITETCHIINH CpelCTB
. JTAHHOM TTPOU3BOJICTBE
U3MEPUTEIBbHON
TEXHUKH
[1K-5.3.1 3HaTh METO/IBI U CPEACTBA
TEXHUYECKOTO KOHTPOJISL, TEXHUYECKYIO
[TK-5 Cnocoben JIOKYMEHTAIMIO Ha TEXHOJIIOTMYECKOE
OCYIIECTBIISITh obopynoBanue, TpeOOBaHUS K TOUHOCTH
paboThI O TEXHOJIOTHYECKON OCHACTKHU
[Tpodeccuonanpupie | koHTposto TouHocTH | [IK-5.Y.1 ymeTs npuMeHsATh U3MEpUTENbHOE
KOMIIETEHIIUH o0opynoBaHus 1 o0opynoBaHue, HEOOXOAUMOE /ISl TPOBEICHHS
KOHTPOJIIO W3MEPEHHH, MPUMEHSTh CPEICTBA U3MEPEHUS JITIst
TEXHOJIOTHYECKOU KOHTPOJISI TOYHOCTH 000PYAOBaHUS U
OCHACTKHU TEXHOJIOTHYECKON OCHACTKH, ONIPEACIIATh
COOTBETCTBUE XaPAKTEPUCTUK 00OPYIOBAHHUS
HOpMam
ITK-6 Criocoben
BBITMIOJHATH PabOThI
1o 00ecreyeHHIO
I1K-6.3.1 3HaTh NpUHIMIIBI TPUMEHEHUS
JIOCTOBEPHOCTH o
C3VIIETATOR TUTIOBBIX CPEJCTB U3MEPEHUM U KOHTPOJIS,
[Ipodeccuonanbubie EISMye S — HCIIOJTB3YEMBIX B OIIEHKE COOTBETCTBUS,
KOMIIETEHIIUH OI_IeHiI/I TpeOOBaHUS K KAUYECTBY CHIPhs, MATEPUATIOB,
nory(hadpuKaToB, KOMILIEKT WX U3JICTUN 1
COOTBETCTBUSA FOng:)ﬁ ﬁ o H’HH yrort a
MPOJIYKLIUU B POAYK
rporiecce
MIPOU3BOJICTBA
[Tpodeccuonanpuspie | [TK-8 Criocoben I1K-8.3.1 3HaTh 001aCTH MPUMEHEHHS METOJIOB




KOMIIETEHIIUH OCYILECTBIISATh M3MEPEHUI; METO/Ibl OLIEHKU PE3YJIbTaTOB
HAy4YHO- U3MEPEHUI; METO/IbI OLICHUBAHHUS
TEXHUYECKYIO HEOIPEIeIEHHOCTH U3MEPEHUN
JIeATEIbHOCTb U [1K-8.VY.1 ymeTp naeHTuuuupoBarhb
HKCIEPUMEHTANIbHbIE | OTPEOHOCTH B MH(POpPMALUH, 001a1aTh
pa3palboTKu B HaBBIKAMU 110 3P PEKTUBHOMY HAX0KIACHUIO,
oOnactu OLIEHKE U UCII0JIb30BaHUIO HH(OpMaLUU
obecrneueHus
€IMHCTBA U3MEPEHUI

2. Mecto nucuuruiaHbl B cTpykrype Ol

JlucnunianHa MoXeT 0a3MpoBaThCA HA 3HAHUSX, paHee MPHOOPETECHHBIX 00yJYatOIIMMUCS
IIpU U3YUCHUU CIICAYIOINX JUCHUIIIINH
— (usuveckue OCHOBBI U3MEPEHH U ITAJIOHHI,
— METO/BI U CPECTBAa U3MEPEHUH, UCTIBITAHUN ¥ KOHTPOJIS,
— OCHOBBI HH(OPMAaTH3ALUHN U3MEPEHH;
—  OCHOBBI JIEKTPOTEXHUKU U PATHOTEXHUKU;
—  OCHOBBI MOJICTUPOBAHUE CHCTEM U MPOIECCOB;
— [pUKIagHad U 3aKOHOAATCJIbHAA MeTpOJIOFI/ISI;
— oOutas Teopus U3MepeHuit
3HaHI/I$I, IMMOJIYYCHHBIC IIPpU H3YUCHUH MaTcpuajia IlaHHOﬁ JUCHUIIIIMHBI, MMCIOT KakK
CaMOCTOATENIFHOE 3HAYCHUE, TAK U MOTYT HCIIOJIb30BATHCS PU U3YUEHHUHU JAPYTUX AUCIUILINH!
- Lu(poBBIE METO/IBI U CPEJCTBA U3MEPEHU;
- IPOM3BOICTBEHHAS MIPAKTUKA,
- IPOU3BOACTBCHHAA IMPCAAUIIIIOMHAA ITPAKTUKA.

3. O0BeM U TPYAOEMKOCTh JUCIIUTUTMHBI
JlanHbple 00 001ieM oO0beMe AUCHUIUIMHBI, TPYIOEMKOCTH OTAEIbHBIX BHUJOB Y4eOHOM
paboTHI 110 AUCHUHUIUIMHE (M paclpeieseHHe 3TOM TPyI0EMKOCTH M0 CEMECTpaM) NMPEACTABIEHBI B
Tabnure 2.

Ta6muia 2 — O0beM U TPYJ0EMKOCTh JUCITUTUITUHBI

TpynoeMkocTs o

Bun yuebnoii paboThl Bcero ceMecTpam
Ne7
1 2 3
Oobwan mpyooemKocmup ouCyuUnIUHbL, 3/ 108 3/ 108
3E/ (uac)
U3 Hux wacoe npaKxmuyecKkoil no020moeKu 6 6
Ayoumopnuie 3anamus, BCEro vac. 30 30
B TOM YHCIIE:
nexiuu (JI), (dac) 24 24
npakTuueckue/cemunapckue 3anarus  (I13), 6 6
(gac)

nabopaTtopHubie padoTs (JIP), (uac)

KypcoBoii npoekT (padota) (KII, KP), (gac)

HK3aMeH, (Jac)

CamocmosamenvHnas paboma, Bcero (Jac) 78 78
Buo npomesxcymounoit ammecmayuu: 3auer,
mudd. 3auger, sx3amen (3auer, udd. 3auq, OK3. OK3.

DK3.*%*)




2

Ilpumeuanue: KaHIUAATCKHI SK3aMEH

4. CopepxaHue JUCIUTIIUHBI

4.1. Pactipeiesienrie TPy 10€MKOCTH TUCUUILIMHEI 110 pa3jiesiaM U BUAaM 3aHATUMN.
Pazgenbl, TeMbI TUCITUTIIIMHBI M KX TPYJOEMKOCTh IIPUBECHBI B Ta0IUIIE 3.

Tabmuua 3 — Paznesnbl, TeMbl TUCIUILIHMHBI, UX TPYA0EMKOCTh

Paznensl, TeMbl AUCHUITIIMHBL Jlexunn | 113 (C3)) - JIP KII CPC
(gac) (gac) (gac) (gac) (dac)
Cemectp 7
Pazmen 1. OOmmue cBemeHuss 00  oOBeKTax
WCCIIEIOBAHUSI MUKPO U HAHOCTPYKTYPHBIX OOBEKTaX. 2 4
Ha3znauenue, onpeaenexus, kaaccuukanys
Paznmen 2. CtpykTypa, CBOICTBA, METOIBI TOTYICHHS 2 2 6
1 0COOCHHOCTH MPUMEHEHHSI HAHOCTPYKTYP
Paznen 3. XapaktepucTuka KOHIEIITAN ) 6
MOJICKYJISIPHBIX HAHOTEXHOJIOTHI
Paznen 4. O0rmmast xapakTepuCTHKa METOJIOB 2 8
HCCIIeTOBaHUH 0OBEKTOB MUKPO U HAHOCTPYKTYP
Paznen 5. OcHOBHBIE reTepOreHHBIE MPOLECCHI ) 4
(hopMUPOBaHUS HAHOCTPYKTYPUPOBAHHBIX O0OBEKTOB
Paznen 6. Meroner nccineoBaHni 1 U3y4eHUS (PU3UKO- 2 2 14
XUMHYECKUX CBOMCTB HaHOO6’bCKTOB U CUCTEM
Paznen 7. ®usnyeckue MPUHIIAIIBI TOCTPOCHUS 2 8
TEXHUYECKUX CPEACTB HCCIENOBAHNSI HAHOCTPYKTYP
Paznen 8. DnexTponnas Mukpockomnusi. OCHOBHBIC 2 12
MCTO/Ibl CKAHUPYIOIICHU 30HAOBON MHUKPOCKOIINN
Paznen 9. TynaensHBIN 3QQeKT 1 CKaHUpYIOIIast ) )
TYHHEeJIbHasi MUKPOCKOIIHS
Paznen 10 OCcHOBBI MEXaHHUKH U KOHCTPYKITHI CPEJICTB 2 6
M3MEpEeHNH HAaHOCTPYKTYPHUPOBAaHHBIX OOBEKTOB
Pazmen 11. OcoGenHoctu pabOTHI C 3IEKTPOHHBIM
MHUKPOCKOIIOM 2 2 4
Paznen 12 bezonmacHOCTh HAHOTEXHOJIOTHH U TIPOOIIEMBI 2 4
OKpY’KalolleH cpesibl
HWroro B cemecTpe: 24 6 78

IIpakThueckass IOATOTOBKA 3aKIIOYAETCAs B  HENOCPEICTBEHHOM  BBINIOJIHEHUU
oOydJarlolMMuUCs  OMNpENeJIeHHbIX  TPYAOBBIX  (YHKIUH, CBSI3aHHBIX ¢ Oyayuieu
npodecCHOHATBHOMN 1€ TeTbHOCTBIO.

4.2. ConeprkaHue pa3esioB U TEM JICKIIMOHHBIX 3aHSTHM.
ConeprxaHue pa3/ieloB U TeM JIEKLIMOHHBIX 3aHATHI MPUBEICHO B TabauIe 4.

Ta6ﬂnua 4 — Coz[epxcaHHe pa3aciioB U TEM JICKIHTMOHHOTI'O [UKJIA

Howmep pasznena

HazBanue u COACPIKAaHUC PA3CJIOB U TCM JICKIIMOHHBIX 3aHATUH

Paznen 1

O6mue cBeneHnst 00 0OBEKTaX MCCIeTOBAHUS MUKPO H
HaHOCTPYKTYpHBIX 00bekTax. Ha3sHaueHnue, onpeneneHus,
KJIaCCU(UKAIUSL

Tema 1.1 Beeaenne B HOHOMUD.

B macrosmee Bpems HPOHMCXOIAT KOPEHHBIE M3MEHEHHS B c(epe BBICOKHX
TeXHOJ’IOFHﬁ, MUKPOMEXaHUKU u ApYyTrux obmactsax YeJIOBEUYECKON
JACATCIbHOCTH, CBsA3aHHBIX C (byH,HaMGHTaJ'IBHBIMI/I u MpUKIaIHBIMHA




WCCIIEOBAaHMUAMH, KOHCTPYHPOBAaHHEM M MPAKTHICCKUM HCIIOJIB30BAHHEM
MaTepuanoB, yCTPOUCTB U CPEACTB U3MEPEHUH 0OBEKTOB, IIEMEHTHI KOTOPBIX
uMeroT pazmepsl MmeHee 100 HM.

Tema 1.2 HCTpyMEHTH HAHOTEXHOJIOTHI

CoBpeMeHHbIE METOABI WCCIEIOBaHMSA, MPUMEHSIEMbIE B HAaHOTEXHOJOTHUAX
CTalM BO3MOXHBI, KOraa ObutM pa3paboTaHbl M HHCTPYMEHTAIBHO
MOATBEPK/ICHbBI OCHOBHBIE MU aTOMHO-MOJICKYJISIPHOM TEOPHUHU U TIOJTyYEHBI
NepBbIE PEHTICHOBCKUE MU(PPaKIMOHHBIE H300paKEHUSI KPUCTANTMYECKUX
CTPYKTYp. BaXHBIM cOOBITHEM B HCTOPHUHM HAaHOHYKH CTalO0 H300peTeHHe
MPOCBEYNBAIONIEH 3JIEKTPOHHOH MHKPOCKONHUY, TO3BOJISAIONICH MOIYyYUTh
n300pakeHre  HAHOPAa3MEpHBIX  CTPYKTYp, a Takke H300peTeHne
CKaHHUPYIOIIETO TYHHEIBHOTO MUKPOCKOTIA.

Tema 1.3 UccnenoBanne 00bEKTOB HAHOTEXHOJIOT AN

[TpeaMeToM HAaHOTEXHOJOTHH SIBISIETCS HOBBIE OOBEKTBI — HAHOCTPYKTYPBI,
KOTOpBIE UMEIOT CyOMHKPOHHBIH pa3Mep B OZHOM M3 HAIlPaBICHHUH, KOTOpPBIE
B COI0 OuYepelb, HYXKIAITCA B Kiaccupukanuu. B ocHOBY kiaccuukaiuu
MOJIOXKEHBI CTPYKTYpa, COCTaB, a TAKXKE UX PU3MKO-XMMHUUECKHE CBOICTBA.

Paznen 2

CrtpykTypa, CBOWCTBA, METOBI IMIOTYICHUS U OCOOEHHOCTH
IIPUMEHEHUSI HAHOCTPYKTYP.

Tema 2.1 ®U3UKO-XUMHUYECKHUE CBOIICTBA HAHOCTPPYKTYP
B o0macté BBICOKHX TEXHOJIOTMH LIMPOKO HCIIOIB3YETCS KIiacCHU(pHUKAIS
JIMCIIEPCHBIX CHCTEM II0 JAWCIIEPCHOCTH, T.€. MO pa3MepaM M yIEIbHOH
IUIOIIA TOBEPXHOCTH AMcHepcHOW ¢(aspl. B mepBoMm mpubmmkeHnn
JUCIIEPCHBIE  CHCTEMBI  IOIPA3ZCIAIOTCS  HA  IPyOOAUCIIEPCHBIE |
TOHKOAMCIIEPCHBIE, TAaK Ha3bIBAEMBbIE KOJUIOUIHBIC CUCTEMBI.
Tema 2.2 VYrumepoaHsle CTpPYKTypsl - yriepoj sBIseTcs Hauboisee
PacIpOCTPaHEHHBIM 3JIEMEHTOM B IPUPOJE, OH CYIIECTBYET B TBEpAOH (haze u
HECKOJIbKUX ~ MOIU(HKALMIX C  pa3IMYHBIMH  (DU3UKO-XUMHYECKUMHU
cBoiicTBamu: rpadur, anmas, kapOuH, rpadeH. Baxneiimelr 0coOEHHOCTHIO
yrieposia SBISETCs CHOCOOHOCTH oOpasoBeBaTh mnemoukn —C —C — C-
KOTOpBIC TPUPOJIa MCIOIB3YET ISl CO3JaHusl OMOJIOTHYECKUX ITOJMMEpPOB, a
YeJIOBEK JUIS IPON3BOJICTBA PA3IMUHBIX CHHTETHUECKIX MaTEPHAIIOB.
Tema 2.3. B KOHIIE IPONIIOro CTOJETHSI OBUIM OTKPBHITHI HOBBIE YTIIEPOIHBIC
COGIMHEHUS, CpeIM KOTOpHIX (QyJiepeH, oONajaolid yHUKAIbHBIMU
cBoiictBamu. DysuiepeH UMeeT KapKacHyI CTPYKTYpY, KOTOpas COCTOUT U3
3aIUIaTOK MSTH- U IeCTUYronbHOM GopmMbl. B 1990 r. 6bu1 paspaboran MeTos
MoJy4YeHus QysuiepeHa.
Tema 2.4. B 1991 r. B IpoAyKTax 3JIEKTPOYTOBOr0 HCIapeHus rpadura Obun
oOHapyXeHbl [WINHIPUYECKHE YIJIEPOAHbIE KOHCTPYKLHUH, MOIYIHBIIHE
Ha3BaHUS «HAHOTPYOKM». HaHoTpyOka mpencraBnser co0oil MpOTsSKEHHbIE
IWJIMHAPUYECKHE CTPYKTYPBI JUAMETPOM OT OTHOTO JI0 HECKOJIBKUX JIECSTKOB
HAaHOMETPOB M JUIMHOM /10 HECKOJBbKHMX CaHTHMETpoB. [lo cymecTBy Takas
HAHOTPYOKa IpeJCTaBiIseT CO00I OJTHY MOJIEKYIy, COCTOSIIYIO U3 MHUJUTHOHA
aToMOB yriepoga. B oOmem cimysae, YHT o0namator yHHKaIbHBIMH
AIIEKTPUUECKUMH, MEXaHUUECKMMHU U XUMHYECKUMH CBOHCTBAMH.

Paznen 3

XapakTepucTUKa KOHLENLUNA MOJIEKYISIPHBIX HAHOTEXHOJIOT U

Tema 3.1. UcTopus pa3BUTUS HAHOTEXHOJIOTUIL

Wznero o ToMm, 9TO BO3MOXKHO CO37aBaTh HY)KHBIE HaM YCTPOWCTBAa M APYTHE
00BeKTHI, coOupast ux "MoJeKyJa 3a MOJeKyJoi" u, maxe, "aToMm 3a aToMOM"
0OBIYHO BO3BOAT K 3HAMEHHUTOH JIEKIIMHM OJHOTO M3 KPYIMHEHIINX (H3HKOB
XX Beka Puuapna deitnmana «Tam BHHU3Y — MHOTO MeCTay. OJTa JIEKIUS
6puTa pounTana UM B 1959 rony; G0IBIIMHCTBO COBPEMEHHUKOB BOCTIPHHSIIH
e€ Kak (haHTaCTUKY WJIH IIYTKY.

COBpGMeHHHﬁ BUa UACU MOJ'ICKyJIHpHOﬁ HaHOTCXHOJIOTUKW HadaJiu




npuobperath B 80-¢ romsl XX Beka B pesynbrare pabor K. D. Jlpekcnepa,
KOTOpBIE TAaKKE CHAYana BOCIPHHUMAINCh Kak HaydHas (aHTacTuka. [lpm
3ToM (QyHmamenranpHas MoHorpadus "Hanocuctemsbl. MosekymsipHas
TEXHHKA, MPOMU3BOJICTBO M  BBIUMCICHUS'  HMEET, HECOMHEHHO,
ocHOBomojarampomiee 3HaueHHe. CaM TepMHH HAHOTEXHOJIOTHS  CTal
MOMYJISIPEeH UMEHHO I0CJIie BBIXOJa B CBET 3HAMEHHTOW KHHUTH D. Jpekciepa
"MamuHbsl TBOpeHUs" U TOCHefoBaBiIed 3a 3TuM jguckyccud. Iloszxe
Jlpekcnep B CBHX HaydHBIX paboTax CTaJl HCHOJNB30BaTh TEPMHUH
MoJjekynsipHast HaHoTexHostorust (MHT) s pasnuuenust nmpeajaraeMblX UM
PELICHUN.

Tema 3.2. OcoOEHHOCTH TBEPAOTEIHHBIX HAHOCTPYKTYDP.

OueHKHN mapaMeTpoB HAHOMEXaHWYECKHX YCTPOHCTB M MAallMH - B CBOHMX
paborax D. Jlpekcimep M €ro IOCIEAOBATENN OICHWBANIM IIapaMeTPhl B
OCHOBHOM MEXaHWYECKHX YCTPOMCTB, KOTOpbIE OHH MOTJIHM OBl MMETH INpH
NpUOIIMHKEHNH pa3Mepa KOMIIOHEHT K MOJEKYSIpHOMY MacmTady. 2To
00yCIJIOBJIEHO HE TE€M, YTO OHU HEJOOLEHHBAIOT BAXKHOCTH AIEKTPHYECKHUX,
OIITHYCCKUX U T. 1. S(I)(beKTOB, a TEM, 4YTO MECXaHUYCCKHUEC KOHCTPYKIHUHN
ropaszio Mpole ¥ JoCcToBepHee Macutadbupyrorcs. [Ipu aTom oco3Haéres, 4To
aNeKTpUYeckue W mpoune  d(PQGEeKThl  MOTYT  JaTh  3HAYHUTENbHBIC
JIOTIOJTHUTENbHBIE BO3MOXKHOCTH. [TpousBens COOTBETCTBYIOIIEE
Macurtabuposanue Jlpexciaep MoTydu cleyone YHCICHHBIE OLCHKH:

- IO3WIMOHUPOBAHNE PEArHPYIOIINX MOJICKYJ ¢ TOUHOCTHIO ~0.1 HM;

- MEXaHOCHHTE3 C MPOM3BOIUTEIHHOCTRIO ~106 omep/cek Ha yCTpOicTBO;

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

- paboTa HAHOMEXaHHYECKOTO yCTpoiicTBa ¢ yacToToit ~109 I'm.

Tema 3.3. O6beKThl HAHOMOJIECKYIISIPOHOM TEXHOJIOTHH

B IMPOBEACHBI HUCCIICAOBAHUA 1o BoImpocam BO3MOXHOT'O
(yHKIMOHMPOBaHUST PaboOTHl "ycTpoiicTBa" aHaJOrMYHOro Macmrada B
JKMBBIX OpraHu3Max. B kauecTBe mpumepa Ieleco00pa3HO paccMOTpPETh
paboTy mpeacTaBUTENS JKUBOro opranmsmMa ATd-cuHTa3a SABJSIOIIETO
(hepMeHTOM, TTPEOOPA3YIONINM Pa3HOCTh KOHIIEHTPALMil IIPOTOHOB 10 pa3HbIe
CTOpPOHBI ~ MEMOpaHbl B  JHEPrHI0, 3alacéHHYI0 B MOJIEKyJax
aneHosuHTpudochara (ATD). [locnennee ucnonabp3yeTcs: MPAKTHUECKH BCEMH
MeXaHN3MaMH KJIETKH B Ka4eCTBE YHHBEPCAILHOTO HOcHuTens sHeprun. ATO-
CHHTa3a IIPUCYTCTBYeT B "DHEPreTHYECKHX CTAHIMAX' pACTUTEIBHBIX H
JKUBOTHBIX KJIETOK - XJIOPOILIACTaxX U MUTOXOHAPUAX U MPEACTABIIACT coboii
JIOBOJILHO CJIOKHYIO KOHCTPYKIIMIO M3 HECKOJIKHX THUIIOB €IUHUIL - OEIKOBBIX
MOJIEKYIL.

Tema 3.4. Yrnepoa B npupoje

Bcé xmBoe Ha 3emiie COCTOMT M3 COENMHEHUH yriepoaa. 3Ha4eHHe 3TOTO
JJIeMeHTa  TpyAHO  mepeoneHnTs. OHO  ompemenseTcs  OrPOMHBIM
pasHooOpa3ueM ero ¢GopM B COEIMHEHHAX. YTJICPOJHbIE LEMNOYKH MOTYT
00pa3oBbIBaTh JIMHEHWHBIH CKEJIET MOJEKYJ, IMKIMYECKHE U CIIOXHBIC
00BEMHBIE CKEJICTHBIE CTPYKTYPBI; YIIIEPOJ MIPECTABIISET OTPOMHBINA HHTEPEC
U B YHCTOM BHJIE, IPUHNUMAs Pa3IM4YHbIe (POPMBI OT aJiMasa JI0 MOJICKYJISIPHBIX
BOJIOKOH W HaHOTpyOOok. KoBasieHTHasi CBSI3b YIIIEpOJ-YIJIepoj SBISETCS
HauOosee MPOYHOI M3 M3BECTHBIX. J[0 CPaBHHUTENHHO HEIABHETO BPEMEHU
M3BECTHBI OBLIM TOJBKO JABC PA3HOBUIHOCTHU YIIOPAAOYEHHOI'O0 YHCTOTO
yraepona - anmas u rpagur. ITotom ObuTH 00HApPYXKEHBI U APYrHe - CHadaga
ObLTH CUHTC3UPOBAHbI MOJICKYJISIPHBIC BOJIOKHA, 3aTE€M OTKPBITHI IIOJIBIC
cdepryeckue MOJIEKYIbl - (hyJUIepeHbl; MpH ToKucke 3()(PEKTUBHBIX METOJIOB
CHHTE3a IOCIEAHNX ObUTM OOHapyXKeHBl YriepoJHble HaHOTpYyOku. VMMeHHO
Marepuagbl Ha OCHOBe yriiepoja JIpekciep paccMaTpuBaeT B KadyecTBe
OCHOBHBIX KaHJIJIaTOB JUISl U3TOTOBJIEHHUS KOHCTPYKIIMI HAHOMEXaHU3MOB.




Pa3znen 4

OO6mmas xapaKTepUCTHKa METOIOB UCCIIEIOBAaHNN 00BEKTOB MUKPO U
HAHOCTPYKTYp

Tewma 4.1.McTpyMeHThl HAHOTEXHOJIOTUH
OHUMHU U3 TEPBBIX MHCTPYMEHTOB, KOTOPbIE ITOMOTJIM MHUIIMUPOBATH HIECH
HAHOTEXHOJIOTHH, OBUTM TaK Ha3bIBa€MblC CKaHMPYIOIIHE 30HIABL. Bce THITBI
CKaHUPYIOIUX 30HA0B ObUTH pa3paboTansl B Llopuxe B Hauame 80-X To10B.
Cama waes OYEHb MpOCTa: €CIOHM, K IPHMEPY, HPOBECTH MaJIBIEM IO
MOBEPXHOCTH, TO JIETKO OTIMYHUTH OapXaT OT CTaldW WM AepeBa. B naHHOM
SKCIIEPUMEHTE Tajer] ACHCTBYET KaK CTPYKTypa M3MepeHus cuibl. [laHHas
ujiesl U MOJIOXKEeHa B OCHOBY pabOThI CKaHUPYIOIIEr0 MUKPOCKOIIA, OJTHOTO U3
pacnpocTpaHEHHbIX CKaHUPYIOIMX 30HAO0B. CKaHUPYIOUMH 30HJ TNIpH
WU3MEPEHUH CKOJIB3UT I10 MMOBEPXHOCTH TaK XKe, KaK 3TO JEJIa0T NaJbIlbl. 30H
MMeeT HaHOCKOITMYECKHU pa3Mep (4acTo Bcero oauH atom). [lpu nBrkeHun
OH MOJXKET OIPEAENIATh HECKOJIBKO Pa3IMYHBIX CBOMCTB, KaXJ0€ U3 KOTOPBIX
COOTBETCTBYET HHOMY M3MEPEHHIO.
Tema 4.2. ATOMHO-CHIIOBOH MHKPOCKOTI
B aTOMHO-CHIIOBOM MHKPOCKOIIE 3JIEKTPOHHUKA HCIIOIb3YeTCs U M3MEPEHUS
CHJIBI BBOJVMOW KOHYMKOM 30HJA TPH €ro JABWXEHHH BIOJIb HOBEPXHOCTH
HCCIIENyeMOro 00beKTa.
Tema 4.3. TyHHETBHBIN MUKPOCKOII.
B TyHHEIBHOM MHKpOCKOINE HM3MEpSETCsS BEJINYMHA JIIEKTPUUECKOTO TOKa,
MPOXOASAILIEro MEXIy CKaHWPYIOIIUM 30HJOM M HOBEPXHOCThIO. TyHHENbHas
MHUKPOCKOIHUS — 3TO MPAaKTHYECKH MEPBbIA pa3paboTaHHBIAH METO] 30H0BOTO
CKaHMPOBAHUS, HALIEIIET0 IIUPOKOE TPUMEHEHHE.
Tema 4.4. MaroHuTHO-CHUI0BOM MUKPOCKOIT
B MarHuTHO-CHIOBOM MHKPOCKONE 30HJ, CKaHHPYIOIIUH MOBEPXHOCTH,
ABISIETCS MAarHUTHBIM, OH IIO3BOJIIET IIOYYBCTBOBATh HA MOBEPXHOCTH
JIOKIbHYI0 MAarHUTHYIO CTPYKTYpY. 30HA MarHUTHO-CHJIOBOTO MHKPOCKOIIA
paboTaeT 1MoJ0OHO CUMTHIBAIOIICH T'OJIOBKM BHHYECTEpa WIM MarHUTO(OHA.
CkaHHMpYIOIIME MHKPOCKOIBI TMO3BOJIMIIM  BIEPBBIE YBUIETh OOBEKTHI
pa3sMepoM C aToM.

Paznen 5

OcHOBHbIE reTEPOreHHBIE IIPOLIECCHI (hopmupoBaHus
HAHOCTPYKTYPHUPOBAHHBIX 00BEKTOB

Tema 5.1. OcoOEHHOCTH reTepOTEeHHBIX MPOIIECCOB.

Ilon rereporeHHBIMU HpolECCAMH HNOHUMAIOT TEXHOJIOTHYECKHE IPOLECCHI,
MPONCXOJAIINE Ha TpaHune pasznena (az u ¢GopMupyronye rereporeHHbe
cHcTeMBl. ['eTeporeHHas cucTeMa NpesCcTaBiIseT co00H TepPMOJMHAMUYECKYTO
CHCTEMY, COCTOSIIYI0 W3 Pa3IM4YHBIX MO (HU3MYECKUM U XHUMHYECKHM
cBoWcTBaM uacteil wmim (a3, KoTOpble OTHENeHBl Jpyr OT JApyra
MOBEPXHOCTAMH pasena. Kaxxaas u3 ¢a3 npu 3ToM roMoreHHa u ee MoBeJieHue
MOTYHHACTCA 3aKOHAM TEPMOIMHAMUKH.

Tema 5.2. XuMHU4YeCKHe TETEPOTCHHBIE MPOIIECCHI.

MHorue reTeporeHHbIe POLIECCH HE CBA3AHBI C XUMUYECKUMH PEAKIUIMHI U
OCHOBaHbI TOJILKO Ha (U3MKO-XMMHYECKHX SBJICHHSAX. XHMHUYECKHE
reTepPOreHHbIE MPOLECCHl BKIOYAIOT B KAUECTBE JTalla XUMHUECKUE PEaKIUH,
KOTOpBIC MAYT B OJAHOW M3 (a3 mociie nepemMenieHus TyJja peareHToB Wi Ha
MOBEpXHOCTH pa3znena (a3. Ha rereporeHHble paBHOBECHS  BIUSIOT
TeMIepaTypa, JaBlIeHHE, KOHLIEHTPALlUU PEareHTOB U IMPOJYKTOB PEaKLUU.
PaBHOBECHE  TETEPOTEHHBIX  MPOIECCOB  OMpEAensieTcs  KOHCTAaHTOH
PaBHOBECHS] XMMHUYECKHX PEAKIHiA, 3aKOHOM pAacIpeesieHIs] KOMIIOHECHTOB
MeXay (asamu U npaBuwioM (a3. PaBHOBECHbIE KOHIIEHTPAIIMH KOMIIOHEHTOB
B CONpHKAcaomuxcs (azax ONpeaeNsioTcs 3aKOHOM  pacIpeaeeHHs
BEIIECTBA, KOTOPBIM yCTAaHABIMBAET TIOCTOSHHOE COOTHOIICHHE MEXIy




PaBHOBECHBIMHM KOHIIGHTpAIMsMH BellecTBa B JIBYX (azax CHCTeMbl MpH
omnpeieNIieHHON TemmiepaType. ['eTeporeHHbie mpoIecchl

Tema 5.3 CBoiicTBa reTepOreHHbIX MPOIECCOB

MexaHU3M TeTepOreHHBIX IPOIECCOB CIOXKHEE TOMOTEHHBIX, TaK Kak
B3aMMOJICHICTBHIO PEareHTOB, HAXOISIIUXCSA B pa3HBIX (a3ax, MpPeImIeCTBYeT
UX JOCTaBKa K IOBEPXHOCTH pazzena (a3 u mMaccooOMeH Mexny (azamu.
[ToaTOMy CKOpPOCTH TETEpOT€HHBIX HEKAaTAJUTHUECKHX IPOIIECCOB, Kak
MPaBWJIO, MEHBIIE CKOPOCTH T'OMOTEHHBIX IPOIECCOB. MaccooOMeH MexIy
dazamMu ocymiecTBisieTcss ¢ nomolnblo  auddy3un M XapakTepuzyeTcs
ko3 dunmeHToM MaccoodMena rae D — kodddunument auddysuu, o -
TONMIIMHA TOTPaHWYHOTO cios. Jlmsd pacuera [, KOTOPBIA  CITYKUT
OTIMCATEeNFHON XapaKTepUCTHKONH W it Oojiee CIIOKHBIX MEXaHH3MOB
MepeHoca, HUCIONB3YIOT KpPHUTEpHaldbHbIC ypaBHeHHA. B = D /3 B mepmon
MIPOTEKAHUS TETEPOTEHHOTO MPOIiecca.

Pazzen 6

MeToapl uCCIEeAOBaHUN W W3YYeHUS (U3UKO-XUMHUYECKHUX CBOWCTB
HAaHOOOBEKTOB M CUCTEM

Tema 6.1. Ha3znauenue u coctas

Ilon rereporeHHBIMH IpoOIleCCaMU HMOHUMAIOT TEXHOJIOTHYECKHE IPOIECCHI,
MPOUCXOAIINE HA TpaHWIe pasgena (a3 m (GopMUpPYIOLINE TeTepOoTreHHBIC
CHUCTEMBI. [ eTeporeHHast cucTeMa MpeAcTaBisieT CO00H TepMOIMHAMIYIECKYTO
CHUCTEMY, COCTOAIIYI0 U3 pasIH4YHBIX M0 (U3HYECKHM U XUMHYECKIM
cBOWicTBAaM dacTed wimu (a3, KOTOpBIE OTHENCHB Jpyr OT JApyra
MOBEpPXHOCTAMHE panena. Kaxnas u3 (a3 nmpu 5TOM TOMOTEHHA U €€ TIOBSICHUE
MOJYMHACTCA 3aKOHAM TEPMOTUHAMUKH.

Tema 6.2. MonekynsapHo-nyueBas snutakcus (MJID).

MIJID — TeXHOJIOTMYeCKHH MpPOIEecC SMUTAKCHAIBHOTO BBIPAIIIMBAHUS CIIOEB,
KpHCTaJJINUeCcKass pelleTka KOTOPBIX IOBTOPSIET peIIeTKy MNoanoxku. C
MOMOIIBI0 TexXHOJOruu MJID BBIpalUBAIOT TETEPOCTPYKTYPHI 3aJaHHON
TOJIIMHBI ¢ MOHOATOMHOTJIAIKAMH TeTePOTPaHUIIAMA U 3aTaHHBIM TPOQIITH
nerupoBanusi. CienyeT OTMETUTh, UTO SIUTAKCUS — 3TO OAMH U3 BaXKHEUIIUX
TEXHOJIOTMYECKUX MPOLECCOB MPHU CO3JaHUH MUKPO- U HAHOCTPYKTYD.

Tema 6.3. ®opMupoOBaHUE CTPYKTYp Ha OCHOBE KOJUIOUIHBIX PACTBOPOB
KomtonaHble pacTBOPHI MK 30JIM MPEACTABISIOT COOOH KHUIKHAE CHUCTEMBI C
YacTUIIAMU  JUCIEPCHOM (a3pl WM MHLEUIAaMH  IIePEeMEIINBAIONUMHU
CBOOOJIHO W HE3aBUCHMO B IIpollecce OpOYHOBCKOTO [BIDKeHHs. Pa3mep
gacThy JeXuT B mipenenax 10 — 100 HM, caMy 9acTUIBI MOTYT pacnoiaratbes
OTHOCHUTENIBHO JIpyT Jpyra Oimke, 4eM Ha JAWaMeTp 4dacTHUbel. Metox
(hopMHUpOBaHHSA  YHOPSAOYEHHBIX HAHOCTPYKTYp HETOCPEACTBEHHO U3
HAaHOYACTHUI, C(HOPMUPOBAHHEIX B  KOJUIOMJHBIX  pAcTBOpax,  JaeT
BO3MOXHOCTh B IIMPOKUX IpelieNax BapbUPOBATh pa3Mephl YACTHIL, a TAKXKe
WU3MEHATD JIEKTPOHHBIE CBOMCTBA YACTHIL.

Tema 6.4. 30b-TreNb-TEXHOIOTHsI

301b-TeNb-TEXHOIOTUsSI — TPENCTaBIAeT cOOOH TEXHOJOTMYECKHil Ipolecc
MOJyYeHNSI MAaTEpPHajoB, C OIPEACIICHHBIMH XHUMHYECKUMH U (U3UKO-
XUMHUYECKUMHU CBOMCTBAMH, BKJIIOUAIOIIMI MOJy4eHHUE 307151 U TIEPEBOJ €0 B
renb. B oOmem ciiydae, 30JIb-T€lb-TEXHOJIOTHS Ha CBOHCTBE 30J5 WIH
KOJUIOWJAHOTO pacTBOpa M TPEICTABISIOT COOOH CTPYKTypHpPOBAaHHBIC
CHCTEMBI C XHJIKOH IHCIIEPCHOHHOW Cpemoil. DTUM METOIOM MOTYT OBITH
CUHTE3MPOBaHbI HAHOKOMIIO3UTBI Ha OCHOBE KEepaMHUKH
reTepoMeTAIUINYECKOro TUMA U Jp.

Paznen 7

@u3MYEeCKUEe  MPUHIMIBI  MOCTPOEHUS  TEXHUYECKUX  CPEJICTB
HCCIEN0BAaHUSA HAHOCTPYKTYP
Tema 7.1. OcoGeHHOCTH IPUMEHEHUS CPEJICTB JUATHOCTHUKH HAHOCTPYKTYP




CoBpemeHHOE pa3BuUTHE (UMK ¥ TEXHOJIOTMH TBEPAOTEIBHBIX
HAHOCTPYKTYp, TPOSBISIOIIEECS B HEMPEPHIBHOM IIEPEXOAE TOMOJIOTHH
3JIEMEHTOB JJIEKTPOHHOM TEXHHKH OT CYOMHKPOHHBIX K HAaHOMETPOBBIM
pa3MepaMm, NHOTPeOOBaNO pa3pabOTKy HOBBIX M COBEPIICHCTBOBAaHHE YXKE
CYIIECTBYIOIIMX CPEACTB U METOIOB JHATHOCTHUKH, a TAK)KE CO3JaHNE 00pa3oB
000pynOBaHUs AJIs aHAJIU3a CBOMUCTB U MpOLEeCCOB B HaHOcucTeMax. CeroaHs
CYIIECTBYET OTPOMHOE KOJMUECTBO TUIIOB M BUJIOB CPEJCTB TUArHOCTHKY J[ns
UCCIICIOBaHUA HAHOCTPKYTYp, MOYYEHUS] HAHOPA3MEPHBIX CHCTEM U HOBBI3
HAHOCTPYKTYPHBIX MaTE€pHUaNIOB C 33aJJaHHBIMH CBOWCTBAMH, HEOOXOJMMO MO-
HOBOMY pellaTh 3aJa4y MCCIIEI0BaHUsI HAHOCTPYKTYpIo Jlyist aToro Tpedyercs
W3MEHEHHE TPAAWIMOHHBIX METOZOB, a TaKKE CO3MaHHE W pa3BUTHE
COBEpIICHHO HOBBIX CPEACTB M METOAOB, MPOLECCOB NMPUCYIINX OOBEKTaM
HaHOMETPOBOTO MacIiTada.

Tema 7.2. MeTozbl 3JIEKTPOHHOM CIIEKTPOCKOINH

Jost XUMHUYECKOI0 aHanusa (OTO3TEKTPOHHOU MUKPOCKOIIUH,
(hOTOTFOMUHECICHITNH, KOTOPBIE B HBACTSILEE BPEMsI aKTUBHO Pa3BHUBAIOTCS C
MEepCIEeKTUBAMH CYIIECTBEHHOTO MOBBIINICHHS pa3pellaroieil crnocoOHOCTH
UCTIONIb3YEMBIX CpeACTB. VI3BECTHO, 4YTO 4YeEJOBEK CIOCOOEH pasriigeTh
00BeKTHI pazMepoM mpudam3uTeapbHo 0.1 MM. C ToukH 3peHUs (HU3HOJOTHH
rja3 3To MpocTas onTHyeckas cucrema. B 1873 r. Obuto chopmynupoBaHo
MPaBIJIO ONTHYECKUX CHCTEM, COTJIACHO KOTOPOMY MHHHMAJIbHBIE pa3Mephl
pa3nyacMbIX AeTaleldl paccMaTpUBacMOTo OOBEKTa, HE MOTYT OBITH MEHBIIIE,
yeM anuHa BosHBI cBeTa (400 HM). Paspemaromas ciocoOHOCTh ONTHYECKUX
MHKPOCKOTIOB cocTaBisieT npuommurenso 200 vM. IlosToMy BO3HHKIA
HEOOOIMMOCTh B CO3JaHMM CHCTEM C Ooiee BBICOKOHM pa3pemaromen
CIOCOOHOCTBIO, @ CJIEJOBAaTENbHO C BMJCOCUCTEMAMH, HCIOIb3YEMbIX
MEHBIIME JUIMH BOJH, YTO U TPHBEJIO K CO3JAHHIO 3JIEKTPOHHBIX
MHUKPOCKOTIOB.

Tema 7.3. CpecrBa JIEKTPOHHON MUKPOCKOIINU

B HacTosimee Bpems HCIOJIB3YIOTCS ONPEACICHHBIM KOMIUIEKC METO0B
JIMarHOCTHKHM HAaHOCTPYKTYp, CPEIN HUX LEJIeCO00pa3HO BBIICIUTH Hanbosee
pacmpocTpaHeHHbIE — BCE  PAa3HOBHAHOCTH  CPEACTB  AJICKTPOHHOMH
MHUKPOCKOIIUM BBICOKOTO pa3pelieHus. DTO UCTOPUYECKH IEepPBBIA MpHOOp H
METOJl PeabHO O0ECIICUMBAIONINN BU3yaIN3aIMI0 CTPYKTYphl OOBEKTOB C
ATOMHBIM pa3pelIeHHEM.

Tema 7.4 HazHaueHue U CBOHCTBA CKAaHMPYIOUIUH 3JEKTPOHHOTO MHKPOCKOIIA
CKaHUpPYIOIIMHA ~ 3JIEKTPOHHOTO MUKPOCKOIIA ~ KOTOpBbIM  BIUIOTHYIO
NpUONMIKaeTCsl 1O pa3pelleHHI0 K  aTOMHOMY — YPOBHIO,  COXpaHss
BO3MOXXHOCTb  IMOJIy4eHHs HHpOpMalMu O (U3NYECKUX, XUMHUYECKUX
NEKTPUYECKHX U JP. CBOMCTBAX UCCIEAYEMBIX HAHOOOBKTOB.

Paznen 8

OnekTpoHHass MHKpockonus. (OCHOBHBIE METOJBl CKaHUPYIOIIEH
30HI0BOM MUKPOCKOIIHU

Tema 8.1 OcHOBHBIE XapaKTepUCTUKA DM

[ m3ydeHus CBOICTB HAaHOOOBEKTOB YYEHBIE HCIOJB3YIOT AJIEKTPOHHBIE
MHKPOCKOTIBI Pa3sHBIX THUIIOB. OJEKTPOHHBIH MHKPOCKOI JaeT BO3MOXKHOCTh
MOMy4aTh CUJIBHO YBEIHUYCHHE WH300pakeHHe OOBEKTOB, [UIS OCBEIIEHHSA
KOTOPBIX HCIOJB3YIOTCS 3JIEKTPOHBI. HEeKOTOphIe 3JIeKTPOHHBIE MHKPOCKOIIBI
MO3BOJISIIOT yBEJIMYMBATh M300pakeHHs 10 2 MiH. pa3. B obmewm ciyuae
3JIEKTPOHHBIE MUKPOCKOIIBI pa3/iesIioTCs Ha JBa OOJBIINX Kiacca 10 METOLLY
NPUMEHEHHUS: IIPOCBEUYMBAIONINE 3JIEKTPOHHBIE MHKpockonsl ([IOM) u
CKaHMPYIOIIME 3JIEKTPOHHbIE MHKpockorbsl (COM), Takke OTIEIbHBIM
KJIaCCOM IIPEACTaBJICHbl CKaHUPYIOUIME 30HA0BbIE MHKpockomsl (C3M) u

Jipyrue.




Tema 8.2. OcHOBHBIE IPEUMYIIIECTBA MIEKTPOHHBIX MUKPOCKOTIOB.

K ocHoBHBIM cBoOiicTBaM MHKPOCKOTIOB, TIPEXJE BCErO OTHOCSATCS:
YBenuueHne MUKPOCKOIIa — 3TO BEIUYMHA, KOTOPasi yKa3bIBAET, BO CKOJIBKO
pa3 OoJbIe BEITTIIUT W300paKeHHE M3yd4aeMOro O00BeKTa 10 CPaBHEHHIO C
€ro pearbHBIM pa3MepoM. Paspemerne — criocoOHOCTh ONTHYECKOT0 prdopa
M3MEpPSTh PACcCTOSIHUE WM yroj Mexay Onm3kumu oobekTamu. dororpaduro
MOXHO YBEJIMYUTH C IIOMOIIBIO YPE3BBIYAHHO MOIIHBIX JIMH3, HO HOBBIX
JleTajeil Ha Hell OOHAapYXHUTh He yaacTcs. J[eJo B TOM, YTO yBEIHUYCHHE yKe
MOTYYEHHOTO M300paKeHNs HE IPUBOIUT K YBEJIMUCHHIO Pa3pEIICHHS.

Tema 8.3 Cucrema knaccudukarmn DM

OcHOBBI KacCH(UKANUU 3IEKTPOHHBIX MHKPOCKONOB - [l W3ydeHHs
CBOHCTB HAaHOOOBEKTOB YYEHBIC HCIIOIB3YIOT JIICKTPOHHBIE MHKPOCKOIIBI
Pa3HBIX THIIOB: - B OOLIEM CiIydae, 3JIEKTPOHHBIE MHUKPOCKOIIBI Pa3/eisioTCs
Ha JBa OOJNBIIMX Kjacca IO METOAYy IPHUMEHEHHS: NpPOCBEUMBAIONINE
aNIeKTpoHHbIe  MuKpockombl ([I9M) u  ckaHupyromme 3JIeKTPOHHBIC
Mukpockonsl  (COM), Takxe OTHEIBHBIM  KJIACCOM  IPEICTaBJICHBI
CKaHHUpyoIue 30HAOBbIe Mukpockomnsl (C3M) u gpyrue. OcHOBHbBIE
pasIuuusl MEXIy 3TUMH THIIAMH MHUKPOCKOIOB 3aKJIFOYaeTCs B TOM, YTO B
[I9M 57eKTpOHHBIM NYYOK MpPOIMYCKAaeTCsl 4Yepe3 OuYEHb TOHKUE CJIOU
uccieayeMoro obpasma, ¢ TOMMMHON MeHee 1 MKM (Kak OBl NpocBedyHMBas
CJION HAacKBO3b). B CKaHHPYIOIMX MHKPOCKONAX 3JICKTPOHHBIN ITy4OK
MOCJICIOBATENIBHO  OTPAKAETCSI OT MAICHBKHX YYacTKOB IOBEPXHOCTH.
CrpyKTypa MOBEPXHOCTH U €€ XapaKTepPHbIe OCOOEHHOCTH MOTYT OBITh NpH
3TOM OIIpeJIeNIeHBl PerucTpanueil OTpaKeHHBIX WIN BTOPUUYHBIX 3JEKTPOHOB,
BO3HHKAIOIIUX MIPU B3aUMOJEHCTBUH ITyUKa C TIOBEPXHOCTHIO.

Tema 8.4. XapakTepuCTHKa CKaHUPYIOIIErO 3IeKTPOHHBIN Mukpockorn (COM)
B ckaHupymoeM 3JeKTPOHHOM MHUKpOcKone ()OKYCHPOBaHHBIH ITy4OK
3JIEKTPOHOB HCIIONB3YeTCA JUIA CKAaHWPOBAHUS IOBEPXHOCTH TOHKUX H
TOJICTBIX 00pa3oB. [lomydeHHbIe CHUMKH AI0T BU3yaJIbHOE IPEICTABICHHE O
TPEXMEpHOH CTPYKType wH3ydaeMoro oObekra. MroroBoe wusobpaxenue
CKIaIbIBaeTCd M3 TOYEK, TIOJYYEHHBIX OJylarojapsi IOCIeJOBaTEIbHOMY
CKaHWPOBAHWIO MHOTHX MECT IOBEPXHOCTH H3ydaemoro obObekta. COM
obecrieunBaer yBenmmuenue ot 10 mo 100 OOO, uyto mO3BOJISAET
paccmaTpuBaTh JeTanu o0bekTa BenuumHoM 10 5-10 HM. M3o0paxeHue
HCCIeyeMOoro oOBeKTa Ha 3KpaHax MoHHTOpoB COM mpexacraBiseTcs B
gepHo-Oenom 1Bere. Ilpm 3TOM, OoONee cCBeTIBIE MecTa HaOJIIOJaeMOTO
00BEKTa COOTBETCTBYIOT OOJBIIEMY KOJHYECTBY OTPAKEHHBIX 3JICKTPOHOB, a
MeHee cBeTiibie — MeHbIeMy. OObIHO 00pa3is! ¢ momoribio COM u3ydarot
B yCIOBHAX BakyyMma. OpHako, 4TOOBI OHM HE CXHMMAJIUCh W HE HW3MCHSIH
¢opMmy moxm peiicTBMEM BaKyyMa, WX HYXHO TIIATEIbHO IIOATOTOBHUTH
CreuaIbHBIM 00pa3oM.

Tema 8.5. IIpocBeunBaromuil 31EKTPOHHBINA MUKPOCKOI

B omimane ot COM, KOTOpHIN CLIOCOOSH aHATN3UPOBATH TONBKO OBEPXHOCTh
obwekTa, IIOM wMoxer 3arissHyTh BHYTpPh oOpasma. [lupokumit mydox
ANIEKTPOHOB IPOXOIUT CKBO3b TOHKHI oOpaserm u oOpa3yeT KapTHHKY €ro
BHYTpeHHEro crpoeHus. Ilydok osmektpoHoB B I[IOM doxycupyercs c
MOMOIIBI0 MAarHUTHBIX JIMH3, KaK CBET B ONTHYECKOM MHKPOCKOIE
(hokycupyeTcss ¢ TOMOIIBIO CTEKISHHBIX JHH3. [IOM mox0xk Ha OOBIYHBIN
ONTUYECKUN MHUKPOCKOI, MOCKOJIbKY OH MOXET IMPOCBEUUBATH TOJIBKO OYEHb
TOHKME O0pasmpl. [IpudeM Ha mNOJTYyYEHHOM H300pakeHHWH OoJiee TEMHbIE
MecTa COOTBETCTBYIOT OOJIBIIEMY IMOTJIOMIEHHIO JJIEKTPOHOB, 8 MEHEE TEMHBIE
— MeHbIIeMy. MHorue 6nosorndeckue 00bEeKThI COCTOST U3 YIJIepo/ia, a30Ta,
KHACIOpoAa ® BOAOpoAa. IIIOTHOCTP WX KOMIIOHEHTOB HE HACTOJBKO
OTIIMYAeTCs, YTOOBI UX MOXHO ObUIO pa3nuuuTh ¢ nmomormbio [IOM. B taknx




cilyqasx OHOJIOTH € TIOMONIbIO CHEHUAIBHBIX XMMHYECKHX IPOLEIYD
JI00aBISIIOT B 00paser KpacKy C aToOMaMH TSDKEIBIX METaJlIOB, KOTOPBIE
CBSI3BIBAIOTCS C ONPEICIICHHBIMU aTOMaMH 1 MOJIEKYJIAMHU B 00pa3yroT 4eTKOe
n300pakeHue.

[Ipu sToM, ¢ momompio [I9M MoxHO paccMaTpuBaTh 00bekTs, B 1000 pa3
MEHBIINE, 4YeM OOBEKTHl, JOCTYMHBIE M IPOCMOTpPa C IOMOLIBIO
ontudeckoro Mukpockomna, 1 B 500 000 pa3 MeHbIIMe, 4eM HEBOOP y>KEHHBIM
rnazoM. Paspemenue I1OM pasno npumepHo 0,1—0,2 HM. FIMeHHO Ha TakoM
PacCTOSTHUU APYT OT APYyra HAXOAATCS aTOMBI B TBEP/BIX TeJax.

Paznen 9

TynHenbHbIH 3)QEKT U CKaHUPYFOIIas TYHHEIbHAS MUKPOCKOITUS
Tema 9.1. ®usnueckuii CMbICT TYHHEIBHOTO 3 deKTa

OU3MYESCKUI CMBICT TYHHEIBHOTO 3 (EKTa3aKII0uacTcs B MPOXOKICHUE
4yepe3 MOTCHIMANBHBIA 0aphep IEKTpOHa (MUKPOYACTHIIBI), JHEPTUS KOTOPO
MEHbIIIE, YeM BbICOTa Oapbepa. CTporoe OOBSICHEHHE 3TOTO dPQeKTa nacT
KBaHTOBas  MeXaHMKa  (MCXOIs M3  HCONPEACICHHOCTH  HMMITYJbCa
MHKpoJacTHIBI B obOmactu Oapwrepa). Eme B XVII B. W. Heroton
chopMyIHpOBANl 3aKOHBI KJIACCHYECKOW MEXaHUKH, 4YTO CTajl0 BEIHKHM
coObITHeM B UCTOpHH (PU3MKU. DTO OOBICHIETCS «BOTHOBOW MPUPOIONY
JJIEKTPOHOB, a CaMO HAa3BaHMWE BO3HHKIO H3-3a TOTO, YTO, C TOYKH 3PCHHS
BHEITHETO HaONromaTeNss KiacCH4eckod (m3mku (M 3IpaBoOro cMeicial),
3¢ eKT BBITISANT COBEPUICHHO HEMOHSATHBIM M HATIOMHHAET CHTYALHIO, TIPH
KOTOPOH DJJICKTPOH Kak OBl HAXOJAWT B CTEHE KAKOH-TO «TYHHENIb» U
MPOCKAKUBACT Yepe3 Hero (B KaueCTBE CTCHBI BBHICTYIACT 3JCKTPOCTATHUCCKUIMA
MOTEHIHA /pa).

Tema 9.2. [IpakTudeckoe MpuUMeHEHHE TYHHETBHOTO 3 dekra

TynuenbHbIH 3¢ ekT yxKe 1aBHO BechbMa dPPEKTUBHO HCHOIB3YETCS B HAYKE
U TEXHHUKE. B 4acTHOCTH, Ha HEM OCHOBAaH NPUHIMI JEHCTBHUS H3BECTHBIX
TYHHEJIbHBIX JTHO0B M MHOTHX JIPYTHX IOJIyIIPOBOIHUKOBBIX NprOOpoB. B
HacTosimee BpeMsi 3GQEKT IHPOKO NMPUMEHSETCS B CBEPXUYBCTBUTEIBHBIX
3aIMCHIBAIOIUX TOJIOBKAX MArHUTHBIX JUCKOB, CKAHUPYIOIUX TYHHEJIBHBIX
MHKpPOCKOTIax, Mpudopax suepHoil ¢usuku u T.4. IIpouecc HOCUT cirydaitHBIH
XapakTep, HO €ro BEPOSTHOCTb MOXET OBITh BBIYHMCICHA II0 3aKOHAM
KBAaHTOBOI  MEXaHMKH COBEPIIEHHO TOYHO (IpH  ITOM  DJIEKTPOH
paccMaTpUBaeTCs OJHOBPEMEHHO M B KAueCTBE BOJHBI, M B KaueCTBE
gacTuIipl). VIMEHHO BOJHOBBIE XapakTEPUCTUKH MOBEJACHHUS DIIEKTPOHA
MO3BOJIIIOT €My TIPeoJIoIeBaTh JHepreTndeckuii Oapbep. [Ipu OGosbimom
KOJINYECTBE TAKHUX JEKTPOHOB MOKHO, ECTECTBEHHO, TOBOPUTH O TYHHEIIBHOM
TOKE.

Tema 9.3. B TyHHENbHOM MHUKPOCKONE H3MEPSETCS BEIUYMHA
JJIEKTPUYECKOTO TOKA, MPOXOASAIIEI0 MEXAY CKaHHPYIOUIMM 30HIOM H
MOBEPXHOCThIO. B 3aBHCHMOCTH OT TOro, Kak MpPOBOAATCS HU3MEPEHUs,
MHKPOCKOIT MOKHO MCIIOJIb30BaTh JIMOO ISl MPOBEPKH JIOKAITGHON T'€OMETPHH
(HacKOJIBKO MOBEPXHOCTD JIOKAJILHO BBICTYIIACT BIEpeEN), TNOO0 Ul H3MEPEHHS
JIOKAJbHBIX XapaKTEPUCTHK AJIEKTPONPOBOAHOCTU. TyHHENbHAsE MUKPOCKOIUS
— 3TO. MO CYTH, MEPBBIA pa3pabOTaHHBIA METOJ 30HI0BOTO CKAHUPOBAHHUS, H
3a ero otkpeitie I. bunnur (G. Binnig) u T Popep (H. Rohrer) 8 1986 r.
nonyuni HobGeneBckyto mpemuro.

Pasmen 10

OcCHOBBI ~ MEXaHWKHM W  KOHCTPYKIMH  CPEOCTB  W3MEpEeHHH
HAHOCTPYKTYPUPOBaHHBIX O0HEKTOB

Tema 10.1. O6nacTs NMpUMEeHEHHU HAHOCTPYKTYPHPOBAHHBIX OOBEKTOB
Pa3smepsr HaHOOOBeKTOB HaxomsTcs B quamnazone ot 0,1 mo 100 HM. DtoT
JMara3oH MPHUHATO HAa3BIBaTh Hanomacuimadom. COTIACHO TPOEKTY




Texanueckort  cmenupukarmum  ISO/DTS 12805  mpousBeneHHBIC
HAHOOOBEKTHI PA3CISIIOT 110 MPU3HAKY T€OMETPUIECKON (GOPMbI HAa TPH
KaTerOpUH: YaCTHIbI - 0OBEKTHI, UMEIOIINE TPH pa3Mepa B HAHOMACIIITaoe;
BOJIOKHA - 00BEKThI, HMEIOIINE JIBa pa3Mepa B HAHOMAcIITa0e; MIIaCTUHBI
- 00BEKTHI, IMEIOIIIE OJTMH pa3Mep B HaHOMacITabe.

BoNBIIMHCTBO HAaHOOOBEKTOB HMMEET YIIICPOIHYHO OCHOBY. Jlonrue
TONbl CYUTANIOCh, YTO YIIEPOJ MOXKET OOpa30BBIBATH TOJBKO JBE
UIOTPOIHBIC KPUCTAUIMYECKUE CTPYKTYPBI - anMma3 ©  rpadur.
AnmoTponusi - CYIIECTBOBaHHME OJHOTO M TOTO JK€ XHMHYECKOTO
ayeMeHTa B Hecxoxkux (opmax. OJHAKO B TOCIEAHUE TOIBI ObUIA
OoOHapy)XeHbI elle [BE aIOTPONHbIE (OpMBI yriaepoaa, HMEIOIIUe

60JILH.IyIO IMEPCIIEKTUBY UCIIOJIB30BAHNS B HAHOTEXHOJIOTHUAX .

Tema 10.2. CBo#icTBa OCTPUITHOTO 30HAOBOTO JIaTYHKA.

OnHUM K3 OOBEKTOB HAaHOMETPOJIOTHHU SBIISIETCS OCTPHUHBIA 30H/I0BBIH
JIaTYUK, HCIOJB3YyEMbIM B CKaHUPYIOIIEH 30HIO0BON MHKPOCKOIUHU MAJIS
UCCJIEJIOBAaHHSI pa3MEpPOB M CBOMCTB IOBEPXHOCTH HaHOOOBEKTOB.
JlaT4nk cocTOMT W3 IMOIYHNPOBOJHHMKOBOTO KpHCTa/ula (Yuma), TMOKOH
KOHCONH (COOCTBEHHO KaHTHIICBEpa) M TBEPIOTEIHHOTO 30HIA (WTJIIBI).
OOBIYHO TOT AATYMK HA3BIBAIOT KAHTHIIEBEPOM.

I'eomeTpuyeckn 30HI TpeNCTaBIseT coOOW WITy KOHHWYECKOH WIIH
npu3Maruueckoil Gopmsl ¢ yriaom npu BepiinHe 20 - 25° u BBICOTOI
okono 10 mkM. HambGonee BakHash XapaKTEpUCTHKAa 30HAA - Pajiyc
3aKpYTJICHUSA OCTpHUs I, 3HAUCHHE KOTOporo oObrdHO He Oomee 1 - 25
HM. Bemuuuna paauyca ¢ BiuMseT Ha pa3Mepbl 00JIaCTH IPEAETIbHO
JocTIKUMoro  paspemeHus.  COXKHOCTh — M3TOTOBICHHS  30HJA
CYIIECTBEHHO YBEIMYMBAETCS C YMEHBIIIEHUEM pajuyca OCTpusl.

Tema 10.3. Texunueckue XapakKTUPUCTUKH JaTUNKA HAHOTIEPEMEIICHU I
B kauecTBe WM3MEpHTENbHBIX IpeoOpazoBarelicii B HAHOTEXHOJOTUU
UCIIONIb3YeTCsl JATYUK HAHOMEPEMEIeHUH, IpeCTaBIIoOmuil co00i
COBOKYITHOCTh MEXaHH9IECKOTO 3JIEMEHTa u TpaH3HCTOPA.
MexaHUYECKIM 3JIEMEHTOM SIBIISIETCSI Opycok
(HaHORNIEKTpOMEXaHNYECKast ~ NEpeMbIUKa) W3  apCeHWAa  TaJuins,
3aKpeIUIeHHBIH ¢ 00oMxX KOHIOB. Pa3mepnl Opycka: miHMHa 3 MKM,
mpuHa 250 HM, tomumHa 200 HM. Jlerekrop mnepeMemeHus -
OJIHORJIEKTPOHHBIN TPaH3UCTOP - PACIIONOXKEH Ha paccTostHUM 250 HM OT
Opycka. TpaH3HCTOP NEKTPUUECKH COSANHEH C OPYCKOM Yepe3 eMKOCTb.
BHemiHee HampsbkeHWe, MPUIOKEHHOE K OpYyCKy, 3acTaBisieT ero
BuOpupoBath. IIpu mnepememeHnn Opycka OTHOCHUTENIBHO JAETEKTOpa
HU3MEHSETCs TOK, MPOTEKAIOIINI Yepe3 TPAH3UCTOP.

Tema 10.4. Ha3zHaueHne 1aTyuKa CUIBI M MAcCHI

B nartumke cuibpl M Macchl B KadecTBE MEPBUYHOTO HM3MEPHUTEIHHOTO
npeoOpa3oBaTeNs MCHONB30BaHA OJHOCIONHHAS yriIepoiHas HAaHOTPyOKa
quamerpoM 1 - 4 HM, pacmojioXeHHas MEXIy IBYMS 30J0TBHIMH
anekTpogaMu. Pa3smepsl  KaHaBKHM, Yepe3 KOTOPYIO  IPOTSIHYTa
HaHOTpyOKa: mmpuaa 500 BM, amuHa 1,5 MkMm. Bonpmas ympyrocts
YIJIEPOIHOH HAHOTPYOKHM TIO3BOJSIET €H KosebaThecss B IIMPOKOM
nuana3zoHe 9actoT (ot 3 g0 200 MI'm). OHa MOXeT Takke paboTaTh B
KadecTBE TPAH3WCTOpPAa, UYTO TO3BOJIAET ONPEAETATh YacTOTy ee
KoJIeOaHNH M CMEIIEHHE OTHOCHTENIFHO MOJO0XEHUS TOKOs. Y CTPOWCTBO
paboTaeT B BakyyMme, IIOCKOJIBKY Ha BO3AyXe OOJBIIOE YHCIO MOJEKYJ
OyJeT CTamKUBaThCS ¢ HAHOTPYOKOU MitH taxke abcopOMpoBaThCS Ha HEH.
B 3aBucumMocTM OT BO3IEMCTBUS BHEIIHEW CHUJIBI Ha HM3MEPHUTEIbHBIN
npeoOpazoBareslb OH  M3MEHSeT cBoe mosiokeHue. JlocTurHyras
qyBCTBUTEJIEHOCTh YCTPOMCTBA MO3BOJISIET M3MEPSTh cMetenue B 0,5Hm.
Tema 10.5. HazHauenune u cdepa npruMEHEHHUS 30HIOBOTO JIaTYHKA
30HAOBBI  JAaTYUK  yCTPOMCTBO, BKIIIOYAIOIIEE  TBEPAOTEIbHBIH
OCTPUIHBIA 30HJ, TMOKYIO NPYXUHHYIO KOHCOJIb - KaHTHJIEBep (aHIJI.
cantilever - KOHCONIb) M KpHCTaJul (nepkatenp). B smreparype 310
YCTPOHCTBO HEPEAKO HAa3bIBAIOT MPOCTO «KaHTHIEBepom». M3rubd
KaHTHJICBEpAa C 30HJIOM DPETHCTPHPYETCST OOBIYHO C  IOMOIIBIO




OTPaXCHHOTO  JIA3¢pPHOTO  My4Yka CcBeTa W (POTOIpHEMHHUKA.
Paspemrarorasi CriocoOHOCTh CKAaHUPYIOIIMX 30HAOBBIX MHKPOCKOIIOB
ompesiesisieTcsT  CICAYIOMIMMH — IapaMeTpaMd  KaHTUJIEBEpa:  pajuyc
3aKpYIJICHUS] OCTPHSl WIJIbI, BBICOTA HWIJIbI, ACHEKTHOE COOTHOIICHHE
WIJIBI, XapaKTepU3yeMoe YIrJIOM KOHyca, y Hauboliee COBEpIICHHBIX
KaHTHIJICBEPOB aCTIEKTHOE COOTHOIICHHE JOCTUTaeT BeamuuHbl 15:1. [l
M3rOTOBIICHUSI ~KAHTUJIEBEPOB  HCIOJB3YIOTCS  MOJYIPOBOJHUKOBBIC
actuabl (Hanpumep, KIB-12: kpemuwii p-tuma opuentarmu {100}).
Ponp n3ommpyromiero ciost BRIMONHsET AHOKCHA kpemHus Si0,. Koncons
KaHTHJICBepa (OPMHUPYETCS  DICKTPOXUMHUYCCKHUM  TpaBICHHEM B
nojorperoM pactBope mieiaoun KOH. B mporiecce TpaBieHHs 3arOTOBKa
MEJICHHO TOJHUMACTCS U3 pacTBopa MICIOYHM [UIS  TOJNyYCHHS
KOHHYCCKOU (MM MPU3MATUIECKO) ()OPMBI UIJIBI C OCTPHIM KOHIIOM.

ITpOMBIIIIIEHHOCTEIO OCBOEHBI B CEPUIHHOM IPOU3BOJACTBE IECATKH
BUJIOB KOHCTPYKIIMU KaHTHIEBEpOB. OHU BBIMYCKAIOTCS C OJHOM, AByMs,
TpeMsl WM 4YeThIpbMs KOHCOJsIMH. KoHcoimb MoxeT OBITh B IIIaHE
OPSIMOYTOJIBHOM WM TPEYTOJIbHOM, MJIUMHHOM WM KOPOTKOH, C
MOKPBITHEM WJIH 0€3 MOKPBITHA. Paanyc 3aKpyrieHus Wbl 30HAA - OT 1
o 25 HM..

Pasnmen 11

Oco0eHHOCTH paOOTHI C IEKTPOHHBIM MHUKPOCKOTIOM

Tema 11.1. Ilpumenenue [I1OM

Hanmume nake caMbIX HE3HAYMTENBHBIX 3arpsA3HEHUI MOTYT CYIIECTBEHHO
WCKa3UTh PE3yNbTaThl. I NMPOCBEYMBAIOIIETO 3JICKTPOHHOTO MHKPOCKOIA
00BEKT NMPHUTOTOBIISETCS B BHJEC TOHKUX IUICHOK, B KaU€CTBE KOTOPHIX MOTYT
CIy’KHTh Pa3JIMYHOTO POJA JIAKW, IUICHKH METAJUIOB M IIOJyNIPOBOIHUKOB,
YIBTPATOHKNE CPE3bl OMOJOTMYECKUX mpemnaparoB. Kpome Toro, oobekramu
WCCIEOBaHU MOTYT OBITH TOHKO W3MENbYEHHbIE (JUCIEPTUPOBAHHBIC)
COBOKYNMHOCTH dacTull. OOBYHO B MPOCBEYUBAIOIIUX MHUKPOCKOIAX,
pabotaronux mpu HampspkeHusx 50-100 kB, TommMHA OOBEKTOB HE MOXKET
npeBbimath 200 A°(mns HeopraHmdeckux BemiectB) u 1000 A°  (mms
OpPTraHUYECKHUX).

Tema 11.2. Pabota c 6H0NOrn4ecKuMU 0O bEKTaMH

Buonmormueckne  00BeKTBI B OOJBIIMHCTBE  CIIy4aeB  IPUXOIUTCS
KOHTPaCTUPOBATh, T.€. “OKpaInBaTh”’ (COMIMU TSHKEIBIX METAIOB), OTTEHSTh
HaIbUIEHHEM METaJUIOB (IUIATHHOM, MajylaiueM M Ap.) U UCHOJIB30BaTh P
JIpyrux mpuemMoB. HeoOXOmMMOCTh KOHTPAacTHPOBAaHHUS BBI3BaHA TEM, YTO
OOJIBIIMHCTBO OMOJIOTMYECKNX OOBEKTOB COJEPIKUT aTOMBI JIETKHX JIEMEHTOB
(c MaiBIM aTOMHBEIM HOMEPOM) - BOJIOPOJI, YIIIEPO, a30T, KHCIopoa, Gocdop
U T.JI. B TO )K€ BpeMs TOJIIMHA OOBEKTOB, MHTEPECHBIX IJISI OHOJIOTHH H
MEIUILIMHBI, COCTaBIISIET BEIUUUHY nopsiika 50 A°.

Tema 11.3. MeTtoas! Ucciief0BaHU BIAXKHBIX 00BEKTOB

[Tpn HaOMOAEHUH 3IICKTPOHHO-MUKPOCKOINMYECKHMH METOAAaMH BIIaJKHBIX
00bEeKTOB (B TOM 4YHCIE JKHMBBIX KIETOK) HCIIOIB3YIOTCS BaKyyMHO-
W30JIMPOBaHHBIE  Ta30Bble  MHUKpOKaMepbl. OOBEKTHI  HCCIIEOBaHMS
MOMEIIAIOTCS B JJEKTPOHHBIX MHUKPOCKONAX Ha TOHYAMIINE IIEHKH -
MOJUTOKKH, KOTOpBIE KPEmATCs Ha CHEeNHAIbHBIX CETKaX, HW3TOTOBISAEMBIX
OOBIYHO W3 MEIHW DJIEKTPOIUTHYESCKHM CIIOCOO0OM. OTH TIJICHKH JIOJDKHBI
YIOBIETBOPSATh LEIOMY pSIy TpeOOBaHHUH, MOCKOJIBKY OTHOCHUTEIHHO
OoxpmIast TONIMIMHA MX, a TaKKe CHIHHOE PACCESTHHE MMH DJICKTPOHOB TPH-
BOJAT K PE3KOMY YXYIIICHUIO KauecTBa M300paxkeHns oobekra. Kpome toro,
Marepual TakuX IUICHOK JIOJDKeH 00J1alaTh XOpolIel TeIUIONPOBOAHOCTHIO U
BBICOKO CTOMKOCTBIO K 3JI€KTPOHHON O0MOapIupoBKe.

Tema 11.4. O6nacts npumenenus C3M u [IOM

B ol0memM ciydae, METOAbl CKaHMPYIOLIEH 30HIOBOM M  INPOCBEYMBAIOIICH
3JIEKTPOHHON MHUKPOCKOIHMH MO3BOJISIET N3y4aTh MOBEPXHOCTh ¥ BHYTPEHHIOO
CTPYKTYpY HcClenyeMblx o0wsexToB. K mpumepy, ompemensts THI U




mapaMeTpsl KPHUCTAIUIMYECKOH pEIIeTKH MaTpuilsl U (a3, OIpenensiTh
OpMCHTAIIMOHHBIC COOTHOIICHHS MeXAy (a3od W MaTpuiei, H3ydaTh
CTPOCHHE TpaHWII M ONPEIeNATh KPHCTALIOrpadUuecKyl0 OPHCHTAIIHIO
OTIENBHBIX YaCTHUI]

Pasnmen 12

besomacHOCTs HAHOTEXHOJIIOTHH W TMPOOJIEMBI OXpaHBI OKPYXKaromien
CpeIs

Tema 12.1. YcnoBus nmpuMeHeHHsT 00HEKTOB HAHOTEXHOJIOT U

Bormpocs! 6e30macHOCTH IPUMEHEHNST HAHOTEXHOJIOTHI M BO3ICHCTBHE UX Ha
COCTOSIHAE  OKpY’KalolIed Cpensl ECTECTBEHHO BECbMa  aKTyalbHBI,
MPEACTABILIIOT MHTEPEC I YYEHBIX M CIICIMAINCTOB, B HACTOSIIEE BPEMS
cnabo wu3ydeHbl. lMeromuiics B HacTosmiee BpeMs OINBIT Pa3BUTHSA
HaHOTEXHOJIOTMH TOKa3aJ, 4YTO OHM MOTYT MpPEJCTaBJIATh ONACHOCTH IS
4eJloBeKa M OKpYyXKarolled cpeasl, IpUYeM OMNAacHOCTh 3Ta 4YacTo
CBOEBPEMEHHO He BBIABIsieTCA. [IpumMepoM TOMy MOTyT OBITH HM3MEHEHHE
YPOBHS paauallMi [0 CPAaBHEHHUIO C MPHUPOAHLIM YPOBHEM, IOBBIIIEHHAS
TOKCHYHOCTh TOJI00Has mpuMeHeHmio acOecra wmimm cpeacrsa JAT, wim
KOHLICHTPAIlMsI HAHOYacTW4I[ B BO3JIyXe, KOIAa HOPMHUPYETCS BecoBas
KOHILICHTPAIHS IIPH OTIpeieTICHHOM (oHe.

Tema 12.2. XapakrepucTuka HAHOYACTHULL

Hanomarepunansl B OKpy’Karomied cpene, CBOJKa aKTyalbHBIX HpoOJeM:
WCTOYHMKH M CTOKM HAHOYACTHUI], CBOOOAHBIC W CBS3aHHBIC MCKYCCTBEHHBIC
HaHO4YaCTHIIbI, BSaHMOHeﬁCTBHC HaHO4YaCTUll ¢ NPUPOAHBIMU MaTCpUaIaMH,
HaHOYACTHIIbI KaK 3arpsI3HUTEN OKPYKaIOIIeH cpeibl, IepeHOC HAaHOYACTHI B
IIPUPOJHBIX YCIOBUAX, HAHOYACTHULIBI KaK IEPEHOCYUKY 3arpsA3HUTEICH.

Tema 12.3. Pe3ynbTaThl MPEeBBIIIEHHUS KOHIIEHTPAIIMH

HpI/I SHAYMTCIbHOM IMOBBINICHUU KOHOCHTPAIIUU MUKPOYACTUL] B BO3YXE
HAOJIFOIaeTCsl YBEIIMUCHHUE:

- CMEPTHOCTH OT HECHEIU(PUIECCKUX TPHIHH;

- IPUCTYTIOB ACTMBI U UCTIOJIb30BAHMS IPOTHBOACTMATHUECKHX JICKAPCTB,;

- CMEPTHOCTH MaIMEHTOB, CTPAAAIOIINX XPOHHIECKUMH 3a00JICBAHUSIMU
JIETKHX;

- OCJIO)KHEHHH B TEUYEHNE XPOHUUECKHUX 3a00JIEBaHM JIETKHX;

- CMEPTHOCTH OT CEPJICYHO - COCYANCTHIX 3a00I€BaHUI 1 TOCTIMTAIU3AINH 10
MOBOAY TOCIIEAHUX.

Tema 12.4. Metoabl cHikeHne 3(pQEeKTHBHOCTH BO3JEUCTBHS MPUMEHEHHS
HaHOYACTHII

OcCHOBHEBIE MCTO/bI, HCO6XO,Z[I/IMBIC JJI1 CHUKCHU S BOSﬂeﬁCTBHH Ha DKOJIOTHIO.
TPUHLUIIBI MPEOCTOPOKHOCTH, o0s3aTenpHOe CHeIHaTbHOe
perilaMeHTHpOBaHNE HAHOTEXHOJIOTHH, OXpaHa 3/0pOBbsi W OE€30I11aCHOCTH
HaceJleHUs W padouMX, TPOU3BOJIIMX HaHOMarepuansl 11 pa3zpaboTku
perIaMEeHTHPYIOIMX ~ JOKYMEHTOB IO  SKOJOTMYECKHM  Ipobiemam
UCIIONIb30BAHMS ~ HAHOTEXHOJOTMH WM HAHOMATEpPHAIOB  HEOOXOIMMBI
CHCTEeMaTHYECKNE  MCCIICOBAHUSI 110  OIEHKE JKMU3HEHHOTO  IIMKJA
HaHOMaTEpHAJIOB, BKJIIOYAst nx pa3paboTkKy, MIPOMU3BOJICTBO,
TPAHCHOPTUPOBKY, MNPUMEHEHHWE W3JENUH, MepepadoTKy U YTHIH3AIHIO:
nepeln MPOJBIKEHUEM MPOJAYKTa Ha PBIHOK HEOOXOJUMO  OIEHHUTH
BO3ACHCTBHE MMOJHOTO KU3HEHHOTO IIUKJIa HAHOMATEPHAaJIOB Ha OKPYKAIOTYIO
Cpeny, 310pOBhe U 6€30MaCHOCTD JIFOICH.

Tewma 12.5. Bo3zeiicTBre HAHOUACTHI] HA OKPYKAIOIIYIO CPEeIy
Hanorexnomorun MOTyT OKa3bIBATh KaK TITOJIOKUTCIIBHOC, TaK u
OTpHIATEJIFHOE BO3/JICHCTBHE HAa OKPYIKAIOLIYIO CPE/ly U 3/I0pOBbE HACEICHHS,
MOATOMY MapAUIEIBHO C CO3/IaHMEM HOBBIX KJIACCOB HAHOMATepUalioB |
M3y4eHHEM HX CBOMCTBA IPOUCXOAMUT (OPMHUPOBAHUE TI'OCYIapCTBEHHOM
MOJIMTHKH B chepe HAHOTEXHOJIOTUH M CTPaTeruy X NabHEHIIETr0 pa3BUTHS
B MHUpE B LEJIOM U B KaXKIOHW OTJEIBHOM cTpaHe B OTAeIbHOCTH. OmnaceHus
OTHOCUTECJIIBHO TOKCUYHOCTU HAHOMATEPHUATIOB HANPAMYIO CBA3aHbI C HX
pasMepamu, OOYCIOBIMBAIONIMMH BBICOKYIO XHMHUYECKYI0 AKTHBHOCTh H
BBICOKYIO CITOCOOHOCTP TPOHMKHOBEHHMS B OpraHm3M. HaHOuYacTHIIBI
HACTOJIFKO MaJbl, YTO JIETKO TPAHCHOPTHUPYIOTCS KaK B YEJIOBEYECKOE TEIO,
TaKk W B OKpy)Kaollyio cpexy. Hanmpumep, HeKOTOpple HAHOYACTHIHI (THIIA




Menu wiIM  cepedpa) MOryT OBbITh BPEAHBIMH Ui BOJHOM  CpEJbI.
HccnenoBarenn MpoaHATU3UPOBAIN TPOOBI, B3sITIE W3 MOYB M BOJOEMOB
I'epmannu n [lIBenun, oOpatnB ocoboe BHUMaHHE B MEPBYIO OYepenb Ha
TYMHUHOBBIC BEIECTBA, COCTOSIINE M3 HAHOMETPOBBIX YAaCTHIl, a TaKKe
HAaHOYACTHIBI OKCHIa Jkeme3a pasmepoM oT 1 mo 40 HM. VYueHsple
OOHApYXKWJIM, YTO STH JKEJIE3UCThIE YACTUIBI WIPAIOT Ul CBHHIA POJb
cBoeoOpa3Horo «rakcm». I[lo yTBepkaeHHIO aBTOpHTETHOrO >XypHanma The
Economist, kaxx/plif yenoBek Bapixaet 106 HAHOYACTUI] B MUHYTY.

Tema 12.6. Mepbl, NpuUMEHsEMbIE B LEJSX CHIKCHUS HEraTUBHOTO
BO3JICHCTBYSI Ha CpeLy

Psn umccnenoBaHuMii TOKa3bIBAeT, YTO HAHOYACTHIIBI, ITOJIyYAIOLIMECS IPH
cropanuu (combustion-derived nanoparticles, CDNP), umeror criocoOHOCTB
HaKaIUIMBaThCsl B HOCOBBIX IIYTAX, YTO MOJYKET BBl - 3BaTh pa3iIUyYHbIC
3abosieBaHms. HaHOuUacTHIBI NMPOHMKAIOT B OPTaHU3M dYepe3 JbIXaTelbHbIC
MyTH, JXETyAOYHO-KHINEYHBIM TPakT W KOXy. HamOonplnyio oOmacHOCTBH
MPE/CTABISIIOT HAHOYACTHUIEI, MPOHUKAIONINE B OPTraHW3M MPH BJIBIXAHHUM.
HecomHEeHHO, ¢ HAHOYACTHUIAMHU JIIOJH CTAIKHBAINCH 33J0JITO JIO TOSBICHUS
HAaHOTEXHOJOTUH: IbIM, B TOM 4YHcie TabadHelid, cMor u T.A. CHIHKO3,
BO3HMKAIOIIUHA BCIIEACTBUE BIBIXaHHWS YTONBHOM IBUIM, PaK JETKUX IpH
KOHTAaKTe ¢ acOECTOM - JABHO OTKPBITBIE OOBEKTHI KJIETKH. OUeHb BasKHBIM
ABISIETCS JIO3MMETPHsI HAHOYACTHI[ B JKMBBIX OpraHM3Max, 49To Tpedyer
CIielIMaJIbHbIX PEHUN3NOHHBIX HpI/I60pOB n CIICIIMAJIBHBIX METOOUK.
HOCKOHbe MIPOSABJICHUC Cl'IeL[I/l(bI/I‘ICCKI/IX, B TOM YHCJIC U TOKCHJIOTHYCCKUX,
CBOMCTB HaHOYAaCTUIIaMH CBs3aHO € HX XapaKTCPpHBIM [JIsI HHUX OYCHb
BBICOKMM COOTHOIIGHHEM TIOBEPXHOCTH K O00BEeMy WIM Macce, TO OTa
BenuyuHa S/V 4acTo MPUHUMACTCS 32 (PU3MUYCCKYIO MEPY MOTCHIIMATBHOTO
BO3JICHCTBUSI HA JKMBYIO CHCTEMY, KOHEYHO, OYCHb BaXKHO XHUMHYECKOE
CTPOEHHE, TEOMETPHSI YACTHII, paclpeieIeHHE HX 110 pa3zMepam.

[IpoBeneHue Bcex JEKUUOHHBIX 3aHSATHI BO3MOXHO B MHTEPAKTHUBHOM
Ipumeyanue: (GopMe IEMOHCTpalMM CIAaHI0B KIIIOYEBBIX IIOJOKEHUH KaxIoH

JICKIIUH.

4.3. IIpakTuyeckue (CeMUHApCKUE) 3aHATUS
TeMbl MpaKTHYECKUX 3aHATHIA U UX TPYAOEMKOCTh IPUBEICHBI B TaOIHIIE 5.

Ta6JII/ILIa 5— HpaKTH‘leCKI/IC 3aHATHUSA U UX TPYAOCMKOCTDb

N3 Hux No
Ne Tpynoemkoct .
n/ Tembl MPaAKTUICCKUX (DOPMLI MMPAKTUYCCKUX 5 MMPaKTUYCCKON |paszciia
3aHSATUN 3aHSATUN ’ MNOATrOTOBKH, | AUCIMII
o (uac)
(gac) JIMHBI
Cemectp 7

1 WccnenoBanne mnosepxnoctu | IIpoBenenue BHEIIHETO 2 1 2

METOZIOM  aTOMHO-CHJIOBOH | ocMoTpa W moaroroska C3M k

MUKPOCKOIINH pa60Te B PEXKUME aTOMHO-

CHJIOBOI MUKPOCKOIIMH

2 | UccnenoBanme [poBenenue BHELIHETO 2 1 7

HOBEPXHOCTH MeTooM | ocMoTpa u moaroroska ACM k

ATOMHO-CHJIOBOI pabore B pexuMe aTOMHO-

MI/IKPOCKOHI/II/I CHUJIOBOU MUKPOCKOIINH
3 | UccnenoBanue O6pabotka pe3yabTaToB 2 1 11

TIIOBEPXHOCTH ~ METOZOM | MCCIe/oBaHMs oOpasua u ¥

ATOMHO-CHIIOBOM aHaIM3 Pe3yabTaToB

MUKPOCKOIIUU M3MEpCHHH

Bcero 6 3

[Ipumeuanue: MpakTHYECKHUE TUIAHUPYETCS MPOBOANUTE B (hOpMe BBIC3THBIX 3aHATHH Ha Teppuropun OBY
«Tect — C.-Iletepbypr»




4.4. JlabopaTopHbIE 3aHATHS
Tembl 1a0OPaTOPHBIX 3aHATHHA U UX TPYAOEMKOCTh IPUBEACHBI B TaOIHIIE 6.

Tabnuua 6 — JIabopaTopHbIe 3aHATHS U UX TPYJOEMKOCTb

N3 Hux Ne
No TpynoeMKocTb, | IpakKTUYECKOW | pa3jena
HaunmenoBanne 1abopaTopHbIX padboT Py - [ TP paslt
n/n (uac) IIOATOTOBKH, | JHCLIHMII
(dac) JIUHBI

VY4eOHBIM MJITAHOM HE MPEAYCMOTPEHO

Bcero

4.5. KypcoBoe mpoeKTHUpOBaHKe/ BBITIOTHEHUE KyPCOBOU PabOTHI
Y4eOHBIM IIJIAHOM HE TIPEAYCMOTPEHO

4.6. CamocrosiTenpHas paboTa 00yJaromuxcs
Buiel caMocTosITeNIbHOM paOOThI M €€ TPYAOSMKOCTh ITPUBEICHBI B TAOIHUIIE 7.

Tabmuua 7 — Bugsl caMocTosITeNnbHON PabOTHI M €€ TPYIOEMKOCTb

. Bcero, | Cemectp 7,
Bu camocTosITebHOM paOboThI

yac yac
1 2 3
N3ydenune TeopeTHyeckoro marepuanina
56 56
nucturaHbl (TO)
[ToaroroBka K TEKyIeMy KOHTPOJIIO 4 4

ycneBaemoctH (TKY)

Homamnee 3amganne (/13)

KonTponbubie paboTel 3a0uHNKOB (KP3) 10 10

IToaroroBka kK MpoOMEXYTOUHOU 8 8

atrectauuu (ITA)
Bcero: 78 78

5. [lepedyenn yueOHO-METOIUYECKOTO 0OECTICUCHUS
JUIS CAMOCTOSITENIbHON paboThl 00yYaroImuXcs M0 JUCUUIUIHHE (MOJTYJIIO)
Y4eOHO-MeTOANYECKE MaTepHalbl ISl CaMOCTOSITENIbHOM padoThl 00yYaromMXcsl yKa3aHbl B
. 7-11.

6. IlepeueHb MEYaTHBIX U ANEKTPOHHBIX YUEOHBIX M3JAaHUN
[lepedyeHpb eYaTHBIX U SJIEKTPOHHBIX YIeOHBIX M3IaHUH MPUBEIEH B TaOIHUIE 8.
Tabnuua 8— [lepeyeHb Me4aTHBIX U JIEKTPOHHBIX YUEOHBIX M31aHUI

Kommuectso
SK3EMILIIPOB B

Hlnp/ bubnuorpaduyeckas ccpuika Oumorexe

URL anpec (kpome
JJIIEKTPOHHBIX
IK3EMIUIIPOB)
https://www.hooktech.ru/books/nanotehnologii | ®usnueckre 0CHOBBI MHUKpO- U
HAHOIEKTPOHUKH, [lypHakoB A.A.,




/yaebnoe mocodue/, YpdV, 2020, -252 c.

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

du3ndecKkre OCHOBB HAHOTEXHOJIOTHI 1
Hanomarepuaisi, CmupuoB B.1. /yueGroe
nocobue/, Ynesinosck, Yial'TVY, 2017, 240 c.

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

ba3oBble TEXHOIOTMHU MUKPO- U
HaHOAJIEKTPOHUKHU: BopoTeiHiieB B.M.,
Ckynos B. 1., -M, , IIpocnekr, 2017, -519 c.

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

Marepuansl 1 METObl HAHOTEXHOJIOTUH,
CrapoctuH B.B. /yae6H0€e mocobue/, -M,

Bunom, 2016, -431c.

https://obuchalka.org/knigi-po- Hanomarepuainst: yue6Hoe nocobue/, J.1.
nanotehnologiyam Proxonkos, B.B. JI€suna, 3.J1.
Hzunzurypu, -M, bunom, 2017, -343 c.

https://obuchalka.org/knigi-po- BeruncimTenbHble HaHOTEXHOJIOrUH, Ilomnos
nanotehnologiyam A.M., /yaebnoe mocobue/, Kro-Pyc, 2017, -
126 c.

7. IlepeueHb 3JEKTPOHHBIX 00Pa30BaTENbHBIX PECYPCOB
MH(}OPMaLIMOHHO-TEIEKOMM YHUKAIIMOHHOM ceTu «IHTepHET»
Ilepeuens AIIEKTPOHHBIX 00pa3oBaTeNbHBIX pecypcoB UH(pOPMaIMOHHO-
TEJIEeKOMMYHUKAaMOHHON ceTtu «MHTepHeT», HEOOXOAUMBIX JJii OCBOCHHUS JUCLUILIMHBI
npuBe/ieH B Tadymie 9.

Tabmuma 9 — IlepedyeHb SIEKTPOHHBIX OOpPa30BATEIBHBIX PECYpPCOB HH(POPMALMOHHO-
TEJIeKOMMYHUKaIMOHHOMU cetn «HTepHeT»

URL aapec HaumenoBanue
http://science.quap.ru Hayunas n nHHOBanMOHHAs HesTenbHocTs ['Y ATl

http://www.consultant.ru | CrupaBouno-npaBoBas cucrema «Koncyaprant ILrocy

http://www.garant.ru HudopmarmonHo-npaBooii noptan «CAPAHT»

http://list-of-lit.ru Crucok nureparypsl 10 HAHOTEXHOJIOTHH
/nano/nnotechnologii

8. Ilepedenr MHPOPMAITMOHHBIX TEXHOJIOTHUI
8.1. [lepeyenp mpoOrpaMMHOr0 0O€CHEeueHUs, HCIOJIb3YEMOT0 TpPH OCYIIECTBICHUU
00pa30BaTENILHOrO MpoLEcca M0 AUCLUILINHE.
[lepeueHpb ucnonbp3yeMoro NporpaMMHOro odbecnedeHus npejacranieH B Taduuie 10.

Tabmuna 10— [TepeueHsr mporpaMMHOT0 00€CIICUCHIS

No /1t HaunmenoBanue

He npenycmorpeno

8.2. IlepeucHb MH()OPMAITMOHHO-CITPABOYHBIX CHUCTEM,HCITOJIb3yEeMBIX pu
OCYIIECTBIIEHUU 00pa30BaTeIHLHOTO Mpoliecca Mo AUCIHUILTUHE

[Tepeuens WCTHOMB3YeMBIX HH(POPMAIIMOHHO-CIIPABOYHBIX CHCTEM IIPEJICTaBICH B
Tadmmite 11.

Tabmuna 11— Ilepeuens nHGOPMAITMOHHO-CIIPABOYHBIX CUCTEM

Ne /1t HaunmenoBanue

He npenycmorpeno

9. MarepuanbHO-TeXHUYECKast 6a3a



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/

CoctaB  MaTepUaIbHO-TEXHUYECKOH 0a3bl, HEOOXOIUMOW Ui  OCYIIECTBICHUS
00pa3zoBaTenbHOrO MpoIiecca Mo JUCHUIIINHE, TIPeIcTaBlieH B Tadmiel 2.

Tabmuna 12 — CoctaB MaTepHaIbHO-TEXHUYECKON 0a3bl

No HanmenoBanue cocTaBHOM 4acTu Howmep ayautopuu
n/n MaTepHaIbHO-TEXHUUECKOU 0a3bl (pu HEOOXOMMOCTH)
1 | MynpTuMenniiHas J€KUUOHHAs ayIUTOPUS 52-51
CrneuunanusupoBanHas 1abopatopust «Jlaboparopus Teppuropuss PbY
I/ICCHCZ[OBaHI/Iﬁ HaHOMATCPUAIOB» «TecT - C._HeTep6ypI‘»

10. Onenounble cpencTBa s MPOBEACHHS POMEKYTOYHON aTTeCTAIKI
10.1. CocTaB OIICHOYHBIX CpEACTB MJIsi TPOBEIEHHUS IMPOMEXKYTOYHOH aTTeCTallUH
00ydJaronuxcs mo IMCUUILTMHE TpUBeIeH B Tabnwuie 13.
Tabmuna 13 — CocTaB OIEHOYHBIX CPEICTB JJIsl IPOBEACHUS MPOMEKYTOUHON aTTeCTaIluu

Buj npoMexxyTo4HOM aTTecTanuu IlepedyeHb OLIEHOUHBIX CPEJICTB
OK3aMeH Crrcok BONpPOCOB K 3K3aMEHY;
DK3aMeHalMOHHbIE OUJIETHI;
3amauu;
TecTsl.

10.2. B kayecTBe KpUTEPHUEB OICHKH YPOBHA CGHOPMUPOBAHHOCTH (OCBOEHUS)
KOMITETEHIINI OOY4YaloUIMMHCS MPUMEHSETCS S5-0ajuibHasi MIKajla OLEHKU C(HOPMHUPOBAHHOCTH
KOMIIETEHIIHIA, KOTopas mpuBeacHa B Tadumie 14. B TeueHne cemMecTpa MOXKET HCIOIb30BaThCS
100-0annpHast ~ mKajma ~ MOIYJBHO-PEUTHHTOBOW  CHCTEMBl ~ YHHUBEPCUTETa,  IpaBHIA
UCIIOJI30BaHUSI KOTOPOW, YCTAHOBJICHBI COOTBETCTBYIOIIUM JIOKAJIbHBIM HOPMATHBHBIM aKTOM
['YAIL

Tabnuna 14 —Kpurtepun onieHKH ypoBHS c()OPMHUPOBAHHOCTH KOMIETEHIIUN

Or1eHKa KOMITETEHITUH

Xapakreprucrrka chOpMUPOBAHHBIX KOMIIETEHIIAN
5-0ayutbHas mIKana P P (bopup

— oOyyaromuiicss TIyOOKO M BCECTOPOHHE YCBOWJI IPOTrPAMMHBIN
MaTepHa;

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

— ONMHpasiCh Ha 3HAHHWS OCHOBHOM W JOMOJHUTEIHHOU IUTEPATYypHI,
TECHO TPUBS3LIBACT YCBOCHHBIC HAYYHBIC ITOJIOKCHHSI C MPAKTUICCKON
JIESITEIIbHOCTRIO HATPaBIICHUS;

— yMeJio 000CHOBBIBAET U apIYMEHTUPYET BBIJIBUTAEMBIE UM UJIEH;

— JIeJIaeT BBIBOALI H 000OIIEHHS;

— cBOOOJTHO BIIQJICET CHCTEMOM CITeITUaTM3UPOBAHHBIX TTOHITHH.

«OTIIMYHO»
(Ga4YTCHO»

— o0yJaromuics TBEPI0 YCBOWII MPOTPAMMHBINA MaTepHajl, TPaMOTHO H
[0 CYIIECTBY W3JIaraeT €ro, ONupasch Ha 3HAHUS OCHOBHOU
JTUTEPaATYPHI;

— HE JIOMYCKAaeT CYIECTBEHHBIX HETOYHOCTEH;

— YBSI3bIBACT YCBOCHHBIC 3HAHUS C NPAKTHYCCKOH JCATCIBHOCTHIO
HaIPaBIICHUS;

— apryMEHTUPYET HayYHbIC TIOJIOKEHUS;

— JIeJIaeT BBIBOALI H 000OIIEHHUS;

— BJIQJICET CHCTEMOH CIIeMaTN3NPOBAHHBIX TTOHSITHH.

«XOPOLLIO»
«BAYTEHO»




Or11eHKa KOMITETEHITUHN

5-0aiubHas mKana

XapaxrepucTrka chopMUPOBAHHBIX KOMIIETEHIUI

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

— JIOIIyCKAeT HECYLIECTBEHHbIE OIUMOKU U HETOUHOCTH;

«yJIOBJIETBOPUTEIILHO) o
GAITCHOY — WCTBITHIBAET 3aTPYAHEHHUS B NPAKTUYECKOM IPUMEHECHHHM 3HAHMI
HaIpaBJICHUS;
— c1abo apryMeHTHPYET HayIHbIC MTOJIOKEHNS,
— 3aTpyAHsieTcs B (OPMYyTUPOBAHUHU BHIBOJOB M 0000IIICHUH;
— YAaCTHUYHO BJIAJICET CUCTEMOM CIELIMATU3UPOBAHHBIX MOHSITUH.
— o0OyJaromuiicss HE YCBOWJ 3HAYUTEILHOM 4YacTH MPOrpaMMHOTO
Marepuaa;
— JIOIyCKAaeT  CYIIECTBEHHbIE  OMMUOKK W  HETOYHOCTH  IIPH
«HEYIOBJIETBOPUTEIILHOY .
paccMOTpEeHHH MPOOJIeM B KOHKPETHOM HaIPaBIICHUY;
«HE 3aYTEHOY

— UCTIBITHIBACT TPYAHOCTH B MPAKTUYECKOM MPUMEHEHUH 3HAHMIA,
— HE MOXET apryMEHTHPOBATh HAYYHBIC MTOJIOKCHHS,
— He (hOPMYIUPYET BBIBOJOB M 0000IIEHUH.

10.3. TunoBble KOHTPOJIbHBIC 3a/IaHUS WM UHBIC MaTEPHAIIBI.
Bormpocs! (3agaun) nis sK3aMeHa IpeIcTaBlIeHbl B Tadimie 15.

Ta6muma 15 — Borpocs! (3agaun) s 2K3aMeHa

Kon
Ne /it [Tepedens BompocoB (3a1a4u) 1Jis DK3aMeHa
MHIMKATOpa
1 OCHOBHBIC HJIEH U OHSIHATHS HAHOTEXHOJIOTHH NaHHbIE B padoTax H. Taruryun. IK-2.3.1
2 B Kkakoif 06nacTy NMpOMBIIUIEHHOTO MPOM3BOACTBA BIIEPBbIe cTaynu peanusoBbiBaTh | [1K-5.3.1
U] HAHOTEXHOJIOT Ui
3 Wnes nexumu O. lpenunrepa «UTo Takoe XHU3Hb C TOUKU 3peHUS HUUKH? [IK-5.¥.1
4 OCHOBHBIE MOJIOKEHUS TEKIUH, TpounuTaHHOU P. @eitnmManoM B 1959 . IK-6.3.1
5 OCHOBHBIE TIOHATHS U ONIPEACIEHUS B 001aCTH HAHOTEXHOJIOTHIt I1K-8.3.1
6 UeM HaHOCTPYKTYHPOBAHHBIE MaTepHalIbl OTIMYAIOTCS OT KIACCHYECKUX IK-8.V.1
MarepuagoB?
7 OcHOBHBIE 0COOEHHOCTH HAaHOPA3MEPHBIX BEIWYHH, X KOJTNYECTBEHHOE 3HAUCHHUE. I1K-2.3.1
8 EnuHUmB m3MepeHns 1 HAaMMEHOBAHUS B 0071aCTH HAHOTEXHOJIOTHI T1K-5.3.1
9 JInneitnble pa3Mepsl 0co0eH KUBOTHOTO MUPA U HCKYCCTBEHHBIX OOBEKTOB B [IK-5.¥.1
CPaBHUTEINILHBIX 3HAYCHUSIX HAHOTEXHOJIOTHH
10 OcCHOBHBIE COOBITHS UCTOPUH Pa3BUTHsI HaHOTeXHOJOTHH B iepuo ¢ 400 1. go 3. mo | I1K-6.3.1
1959 .
11 OCHOBHBIE COOBITHS UCTOPUH Pa3BUTH HAHOTEXHOJIOTHH B repuon ¢ 1959 mo u/B. I1K-8.3.1
12 Pa3Hble moaX0/1bl K HAYYHOMY OIPENEIEHUI0 TEPMHUHA «HAHOTEXHOIOTHS» IIK-8.¥.1
13 O pa6orax XK.M. AndepoBa B 06s1acTi HAHOTEXHOJIOT Uit [K-2.3.1
14 OcHoBHble uaen J. Jlpekciepa 0 pojie HaHOTEXHOJOTHWH B Pa3BUTHUH COBPEMEHHOIO IK-5.3.1
00111ecTBa, N3JI0KEHHBIE B KHUTE «MalllMHbl CO3UIaHMs)
15 OCHOBHBIE OILIEHKH 0XKHJaeMbIX ITapaMeTPOB HAHOMEXaHHIECKIX YCTPOMUCTB. [IK-5.¥.1
16 XapakTeprcTHKa U MPUHIXI pabOThl HAHOYCTPOWCTBA B )KUBBIX OpraHn3Max (Ha IK-6.3.1
npumMepe Monekyisl «KAT® Cunrazay).
17 VYraepon B pUpo/ie, B YeM 3aKIFOUACTCs ero ocobdast poJib? IK-8.3.1
18 [IpocTelimue KOHCTPYKITMH TPHOOPOB M Y37I0B OTAETBHBIX pa3nuuHbIX HaHOycTpoHcT | [TIK-8.V.1




19 Bo3MosKHBIE TTyTH IPUMEHEHUS TIPpruOOpoB 1 Mamud MHT IK-2.3.1
20 [TpuHIMITEI caMoOpraHnU3aliy, MPUCYIIHE HanOoJee pacpoOCTPaHEHHBIM 00BEKTaM IK-5.3.1
HAHOTEXHOJIOT Ui
21 [MpuHIMIB caMocOOpKH, PHUCYLIHE HauboJIee PacCIPOCTPAaHEHHBIM 00BEKTaM [IK-5.¥.1
HAHOTEXHOJIOTHH
22 HUcnonp3oBanue camoopranmsannu B HT. OcHoBHEIE cBoiicTBa camoopranmsyromuxcs | [1K-6.3.1
cucTeM
23 Hanomarepuanbl, HauMeHOBaHHS, Ha3Hau€HUE, OCHOBHbIe ompeaencHus, kakue | [1K-8.3.1
00BEKTHI K HUIM OTHOCSTCS?
24 OCHOBHBIE THIBI HAHOMATEPHUANOB, paselieHue Mo mpu3HakaM usMepenuii u | IIK-8.V.1
pa3sMEepHOCTH
25 OCHOBBI KJIacCU(UKAINH U TUTIBI CTPYKTYp HAHOMATEPHAIOB | I1K-2.3.1 |
26 OcHOBHBIE KaTErOPUH HAHOMATEPUAIIOB [IK-5.¥.1
27 OCOo0EHHOCTH CBOWCTB HAHOMATEPUAJIOB, HAIIPABIICHUS UX UCIIOIb30BAHUS I1K-6.3.1
28 OcCHOBHBIE 00JIaCTH IPUMEHEHHSI 00bEKTOB HAHOCTPYKTYPHBIX OOBKTOB IIK-8.3.1
29 Kparkast xapakTepucTiKa KOHCTPYKIIMOHHBIX, HHCTPYMEHTAIbHBIX U H3HOococToikmx | ITK-8.V.1
MaTepHaioB
30 Hcnonp30BaHrne HAHOMATEPHUAJIOB B 3JIEKTPOHHOM TEXHUKE I1K-2.3.1
Hasnavenue, kpaTkas XapaKTepUCTHKA HJIEKTPOHHOTO MUKPOCKOTIA
32 dusnuecknii cMpIca cBoiictB OM: yBenmueHue, paspemeHue, paspemaromas | [1K-5.3.1
CIOCOOHOCTB.
33 YcmoBust GopMUPOBaHHS U CBOMCTBA 3JIEKTPOHHOTO JTy9a MUKPOCKOTIA IIK-5.V.1
34 Du3NUeCcKuil CMBICI XpoMaTHUeCKOl abeppanuun I1K-6.3.1
35 B dWeM pasnmuuMe XapaKTepUCTHK pas3pelleHus omnTudeckoro u anekrporHoro | [1K-8.3.1
MHKPOCKOTIOB
36 XapakTepuCcTHKa pa3peniamiiei cnocodnoctu OM IK-8.Y.1
37 Ha3nauenue u ycTpoicTBO U CBOMCTBAa HCTOYHHUKA 3JIEKTPOHOB IIK-2.3.1
38 KoHCTpyKTHBHBIE OCOOCHHOCTH CHCTEMBI OCBEIIeHUsT DM IIK-5.3.1
39 YCTPOKCTBO CHCTEMBI KOPPEKIIMK acTUTMaTH3Ma B DM IK-5.Y.1
40 [TpuHiun paboTh U YCTPOMCTBO CUCTEMBI H300paskeHUsI OM IK-6.3.1
41 . brok-cxema u npuHIWI padoTer MuKpockona BCOM [IK-8.3.1
42 Brok-cxema u mpuHIMn AeiictBus Oxxe-creKTpomMerpa IK-5.3.1
43 @DOTO3MEKTPOHHAST PEHTTCHOBCKAs CHEKTPOCKOmus, Omok-cxema, mpuHnun | [IK-5.V.1
JeicTus
44 ®oTOdNEKTPOHHAsT PEHTIEHOBCKAs CIIEKTpOCKomus, Onok-cxema, mnpuHoun | 11K-6.3.1
IeHCTBUS
45 . IK-8.3.1
[IpuHIMOD paboTBl pPaMaHOBCKOM CHEKTPOCKOIMH, OJIOK-CXEMBI IIpolecca
HU3MEpEHU.
46 Haznauenne npuHIHI ASHCTBUS (POTOTIOMHHECTICHTHON CTIEKTPOCKOIIHN [IK-8.VY.1




47 Haznadenue u 0COOCHHOCTH JICKTPOIFOMUHECIIEHTHOH criekTpockomnus (DJIC) I1K-2.3.1
48 dusnueckue MPUHIUILI JEHCTBUS METOAOB U CPEJCTB MacC-CIEKTPOMETPUHU [IK-5.¥.1
49 duznyeckast CyIIHOCTb TYHHEIBHOTO 3 (heKTa B panodIeKTPOHUKH I1K-6.3.1
50 IK-8.3.1
OcHOBHBIE CBOMCTBa 0OBEKTOB MOJICKYJIIPHOTO YpOBHS. CBOHCTBA «XHMHYECKOTO)
METO/Ia IIPH MPOCSKTHPOBAHUH MOJIEKYJISIPHEIX TPUOOPOB.
Bompocsr (3agaun) s 3aueta / qudd. 3auera npepcraBieHsl B Tabmuie 16.
Ta6ymia 16 — Boripocs! (3amaun) mist 3aueta / audd. 3adera
Kon
Ne /i [Tepeuens BompocoB (3a1a4) ans 3adera / qudd. 3adera
HHAWKaTOopa

Y4eOHBIM [JIJAHOM HE NPEAYCMOTPEHO

[lepeuenr TeM It KypCOBOTO IPOCKTHPOBAHUS/BBITIONHEHUSI KYPCOBOW pPabOTHI
MpeCTaBICHBI B Ta0mwmIe 17.
Tabmuna 17 — Ilepedern TeM JUIsi KypCOBOTO IPOSKTHPOBAHMSI/BBITIOJIHCHUST KYPCOBOM paOOTHI

Ne i/t

KypCcoBOil paboThI

[TpuMepHBIii IepeYeHb TeM Il KYPCOBOTO IPOSKTHUPOBAHUS/BHITTOIHEHHS

Y4eOHBIM IJIAaHOM HE IPEJYCMOTPEHO

Bompocer s mpoBeneHUs TPOMEXKYTOYHOW AaTTECTAllMM B BHJE TECTUPOBAHHUS
MpeCTaBICHBI B TaOmwuie 18.

Tabnuna 18 — [IpuMepHbIii epeyeHb BOMPOCOB I TECTOB

Ne n/mt IIpuMepHBIii IEpeYeHb BOIIPOCOB ISl TECTOB Koz
HHJAUKATOpa
1. Pa3BuTHE Cephl HAHOTEXHOJIOTHI B CTPAHE U 332 PYOEIKOM. IK-2.3.1
Hauano Bompoca: B kakolf mnepuox BpeMEHHM YeJIOBEUECTBO CTallo
MIPUMEHSATH NPOYKTHl HAHOTEXHOJIOTHH:
- B IIEPHO/L JI0 HAIIEH 3pBbI;
- Bo |l Beke H/3;
-B XVIII B;
- B XIX Beke.
2. Hauamo Bompoca: Uro mnocinyxuno mnpuopuretom B pasButuu | [1K-5.3.1
HAaHOTEXHOJIOTUI:
- CO3/1aHHUE NIEPHUOINIECKOM TaOINIBI XUMUYECKHIX 3JIEMEHTOB;
- OTKPBITHE KBAaHTOBOW MEXaHUKH,;
- OTKPBITHE aTOMHOI MOJIETIM CTPOSHHMS BELIECTBA;
SKCIIEPUMEHTAIbHOE  TIOATBEPXKICHHUE HIEH  ATOMHO-MOJIEKYJISIPHOU
TEOpHn
3.Hauano Bonpoca: Ha30BHTE pa3MEPHOCTh HAHOMETPOBOTO JINAIa30Ha! I1K-6.3.1
-10°M; - 10° M; - 10 m; - 1070 ;- 107 m; - 10°m
4. Hawano Bompoca: Bennunnaa 1| HM (Ui HATJSAHOCTH) BO CKOJIBKO pa3 [K-5.3.1
MEHbIIIE TOJIIIMHBI YEJI0OBEUECKOTO BOJIOCA!
- B 1000 pa3s;
- B 10 TBIC. pa3;
- B 100 ThIC. pa3;
- B 200 ThIC. pa3
5.Hauano Bompoca: Uto Takoe «HaHO». MeCTO HaHOPa3MEPHBIX OOHEKTOB IK-5.3.1
B OKpyKaromed cpene, Kakue HaHOpa3MEpHBIE OOBEKTHI MOIAJal0T B
HaHOAMAIA30H U IPUMEPHAst UX Pa3MEPHOCTH (IJI CPAaBHEHHSA):
- pa3MepHOCTh OMOKIIETKH;
- TOJIIIMHA YEeJIOBEYECKOT0 BOJIOCA;
- KHMIIeYHas MMajI0yvKa;




- MuH. Pa3mep anementa BUC;

- pa3MepHOCTh BHPYCA;

- IUaMeTp aToMa BOJOPOAA.

6. Koro m3 W3BECTHBIX YUYEHBIX MOXKHO CUHTATh OCHOBOIIOJIOKHHUKOM
Pa3BUTHS HOHOTEXHOJIOTHII KaK HAyKH

Hayaio Bopoca:

- D. Ulpenunrep;

- ®.Kaprep;

- H. Tanuryuu;

- O. [pexcrnep;

- P. ®eitnmasn;

- X. Andepos

7. ccnenoBaHue MUKPO- U HAHOCTPYKTYP. .

Hauaito BOIIpOCa: Kaxkue METObI UarHOCTHUKHU HanOoiee
pacupoCcTpaHeHBl IS HWCCICAOBaHHUA (U3UYECKAX [apaMeTpoB U
XapaKTepUCTHK HAHOOOHEKTOB:

- AIEKTPOHHASI MUKPOCKOIIHS BEICOKOTO Pa3peIIeHs;

- OTpakaTeNbHasl AIEKTPOHHAS MUKPOCKOIIHS,

- MUKPOCKOTIHSI MEIJICHHBIX JIEKTPOHOB.;

- ONTHYECKass MUKPOCKOITHSI.

8. Baxkwelilmme TEXHOJIOTMYECKUE JIOCTIDKEHHS BO BTOPOM MOJIOBHHE
JIBa/IATOTO CTOJICTHS.

Hauano Bompoca: UYro cmocoOCTBOBaio, B HAWOOJbBIICH CTCICHH,
WHTEHCUBHOMY Pa3BUTHIO HAHOTEXHOJIOTUH B CTpaHe U 3a pybexom?
Hayaino Bompoca:

- TEXHOJIOTHSI CO3aHUs JCKTPOBAKYYMHBIX IIPHOOPOB;

- CO3/1aHUEe MUKPOMOTYITHHBIX AJIEMEHTOB;

- CO3/1aHUE WHTETPAJIbHBIX IICUYaTHBIX IUIAT;

- CO3/1aHUE MTOTYTIPOBOTHUKOBBIX AJIEMEHTOB JIEKTPOHHON TEXHHUKH.

9. ®usnyeckas CyuHoOCTh 3akoHa ["'opiona Mypa.

Hauano Bompoca: B deMm 3akmrouaeTcs CMBICT SMIMPHYECKOTO 3aKOHa
Mypa?

- OOBACHAT MNPUHIMI TOIYy4YEeHHS YepHO-0eloro u300pakeHUs Kazapa
TEJNEeBHU30DA;

- 3aKOH OOBSACHSET NPUHIMN (DYHKIMOHHPOBAHUSA ONTOBOJIOKOHHOTO
JJIEMEHTA;

- IpeJeNIbHBIC TPAHUIIBI OBICTPOICHCTBHIS KOMITBIOTEPA;

- TMpeleNbHOe YHWCIO Pa3sMEMICHHs TPAaH3UCTOPOB HA IIEYATHOW ILIATE
KOMIBIOTEpA.

10. CpencrBa m3MepeHHS AJIs MICCIEIOBAHUS HAHOCTPYKTYP.

Hawano Bompoca: B uem 3axmoyaercss OCHOBHBIC JIOCTOMHCTBA
3NEKTPOHHOTO MHUKpOCKOMa?

- YIIy4IIIeHBI BECOBBIE U TaOAPUTHBIE XapaKTePUCTUKU IPHOOPOB,

- BO3MOXXHOCTb IIU()POBOTO MPECTABICHHS Pe3yIbTaTOB aHAIN3A;

- Oojee COBepIIEHHAsA, 1O CPAaBHEHHWIO C ONTHYECKUM MHUKPOCKOIIOM,
cUCTeMa IOJTyYeHHs H300pakeHus HabIII0JaeMOTo 00OBEKTa;

- BO3MOXXHOCTH TMOJIydeHHs OoJyiee pa3HOOOpasHo¥ wuHpopMaImMu 00
00BEKTE;

- Ipe/IeITbl YBEIMYEHHS UCCIIEyeMOro 00beKTa.

11. OcHOBHBIE TapaMeTPHI U XapaKTEPUCTHUKH MHUKPOCKOIIOB.

Hauano Bompoca: Ha3soBure mnpenenbHble 3HAUEHHS XapaKTEPUCTHKU
YBEJIMYEHUS ONITHYECKOTO MUKPOCKOTIA!

- 100 pas;

- 200 pas3;

- 400 pas3;

- 700 pa3;

- 1000 pas;

- 1500 pas

12. OcHOBHBIE TapaMemphl U XapaKTEPUCTHUKH MUKPOCKOIIOB.

Hauano Bomnpoca: IlpenenbHble 3HaueHHs YBEIMUYCHHS 3JIEKTPOHHOTO
MHKPOCKOTIA!

- 1000 pas3;

- 2000 pas3;

IK-2.3.1

I1K-5.3.1

I1K-6.3.1

I1K-5.3.1

IK-2.3.1

I1K-5.3.1

IK-2.3.1




- 5000 pas;
- 8000 pas;
- 1muH. pas;
- 2 MJIH. pa3

MUKPOCKOIIOB.

13. OcHOBHBIE TapaMemphl U XapaKTEPUCTHKH MUKPOCKOIIOB. I1K-6.3.1
Hauanmo Bompoca: Yem ompenensercss paspemaromas CrIocoOHOCTh
ONITHYECKOTO MUKPOCKOTIA!

- YPOBHEM OCBEILIEHHOCTH paboyeil JTMH3BI;
- BEJIMYMHOM (POKYCHOTO PacCTOSIHUS;

- COBEPLICHCTBOM OTKJIOHSIOLIEH CHCTEMBI;

- IJIMHOH BOJIHEI CBETA. I1IK-2.3.1
14. OcHOBHBIE TapaMETPBI M XapaKTEPHUCTUKH MHUKPOCKOTIOB.

Hauanmo Bompoca: Yem ompenensiercss paspeliaromas crocoOHOCTh
JIEKTPOHHOTO MHUKPOCKOTIA!

- KOHCTPYKIHEH CHCTEMBI H300pa’keHNST MUKPOCKOTIA;

- YCTPONCTBOM 3JIEKTPOHHON ITYILLIKH,

- CHCTEMO CUHTBIBaHUS PE3yIbTATOB 00pabOTKHN N3MEPEHNUH;

- PacCCTOSIHUEM TPOJIETa JICKTPOHA;

- CKOPOCTBIO TIPOJIETa HIICKTPOHA.

15. IIpeumMyiecTBa 3JIEKTPOHHOTO MUKPOCKOIIA. IK-2.3.1
Hauano Bompoca: UeM 00BsICHsIETCS BRICOKAs pa3peraronias CriocoOHOCTb
AJIEKTPOHHOTO MHKPOCKOIIA:

- TEOMETPUUECKUMU pa3MepaMu padodeil 30Hbl;

- UCTIOJIb30BAaHHUEM JJIEKTPOHHOI'O MIOTOKAa BMECTO CBETOBOTO TIOTOKA;

- INTMHOW BOJIHBI 3JIEKTPOHA.

16. OcHOBHBIE TapaMETPbl U XapaKTEPUCTUKH SJIEKTPOHHBIX I1K-6.3.1

Hauvayo Bompoca: OT yero 3aBUCHT BEJIMYMHA BOJHBI IECKTPOHHOTO
MOTOKa B MUKPOCKOIIE:

- rabapuThl pabovel 30HEI,

- BEJIMYMHON HaNPsDKEHNUS HA aHO/IE,;

- KOHCTPYKILIMEH CHCTEMBI H300pasKeHNsI MUKPOCKOIIA;

- APXHUTEKTYPBI OTKJIOHSIOIIEH CHCTEMBI MUKPOCKOTIA

[lepeueHp TeM KOHTPOJIBHBIX PabOT MO IUCUUIUIMHE OOYYaroUUXCs 3a04HOM (OpPMBI
oOydeHus1, IpeacTaBieHbl B Tabnuie 19.

Tabmmna 19 — [lepeueHb KOHTPOIBHBIX pabOT
Ne n/nn ITepeueHb KOHTPOJIBHBIX PAOOT
1 Bapuant 1 ®usndeckue 1 XuMHYECKHE OCHOBBI 00bEKTOB HAHOTEXHOJIOTUI
1. 3ayem Haz0 U3y4yaTh HAHOMHP?
2. OTtKy/na Mpou30ILIO CIOBO «HAHO»?
3. Ha3zoBute uncioBble rpaHUIIBI HAHOUANA30Ha?
4. B 4yeM OTIMYME 3aKOHOB KBAaHTOBOM MEXaHUKHU B MPOCTPAHCTBE Ha
MaKpOYPOBHE U HAa aTOMHOM ypOBHE?
5. Ha3zoBure HaunbOosiee WH3BECTHBIE €CTECTBEHHbIE M HCKYCCTBEHHBIE
00BEKTHI OKPYXKAIOIIEro HaHoMupa?
6. OxapakTepusyiTe IIaHETapHYIO MOJICNTb aToMa?
7. Ha3zoBuTe 4YHCIEHHBIH pa3Mep aToMa JIBYX — TpeX BEIIECTB,
BBIPQKEHHBIX B HAHOMETpaXx.
8. C TOYKM 3peHHUs THUIA XUMUYECKOH CBS3M, YEM XapaKTepHa MEKaTOMHas
WOHHAas CBS3b?
9. Yem xapakTepHa MeXaTOMHasi KOBaJICHTHAs CBSI3b?
10. Yem xapakTepHu3ylOTCs BaH-Jep-BaalbCOBBI MEXMOJICKYIISIPHBIC CHITBI?
2 Bapuant 2 OcHOBHBIE MOHATHUS, HAHOPa3MepPHbIE 3(PPEKTH U HAHOCTPYKTYPbI
1. UYro Takoe HAaHOTEXHOJIOTUHU U 00J1aCTh U3yUeHUs] HAHOHAYKU?
2. HazoBuTe OCHOBHBIC ATaITBl PAa3BUTHS HAHOTEXHOJIOTHI y HAC B CTPaHE M 32
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10.

pyoexom?

Yo Takoe HAHOCTPYKTYpa, YeEM OHA XapaKTepPH3yeTcs?

YTo 03HAYaET TEXHOJIOTHUS «CHU3Y BBEPX» M TEXHOJOTHUS «CBEPXY BHU3»?

UeM XapakTepu3yIOTCs MPOIECChl CAMOOPTaHU3aIluH BELIECTBA B IPUPOJIE, TIPU
KaKHX yCIIOBHSIX BO3MOYKHO CTPYKTYpHUpPOBaHHUE U cOOpKa Ha aTOMHO-
MOJIEKYJISIPHOM YpOBHE?

B uem ckaspiBaeTcs BIMsSHUE KBAHTOBBIX AP (EKTOB Ha POPMUPOBAHHUE
HAHOCTPYKTYP, HOCTPOCHHBIX B MOJIEKYJIIPHOM MacuTabe?

HazoBuTe 0OCHOBHBIE 3Talbl CTPYKTYPHI IIPOLIECCOB B CHCTEMAaX HAHOYACTHIL?
OCHOBHBIE IPEUMYIIIECTBA TEOMETPUUYECKIX (POPM IMOBEPXHOCTH HAHOCTPYKTYD.
Bnusiaue BHyTpeHHE M BHEIIHE Pa3MEpHBIX 3((EKTOB PU KOHCTPYHPOBAHUU
00BEKTOB HAHOCHCTEM.

CymiecTByeT 1 TeOpeTHYeCcKas BO3MOKHOCTb, IIPH KOHCTPYHPOBAHUH OOBEKTOB
HAHOCHCTEM NPUAABATh UM HOBBIC (pU3HUECKUE CBOICTBA?

BapI/IaHT 3 OCHOBHBIE MCTOABI UCCIICIOBAHUA 00BEKTOB HAHOTEXHOJIOTUH

1.
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10.

HazoBure camble iepBble HHCTPYMEHTHI, KOTOPbIE OB UCIIOIb30BaHBI JIs
HCCIIEI0OBaHNs HAHOCTPYKTYPHBIX MaTepUaioB?

B uewm 3akirouaeTcst MPUHIAI ISHCTBUS CKAHUPYIOIIETO 30H 127

Kakue metonbl uccieoBanusi 00beKTOB HAaHOTEXHOJIOTUi Brl 3HaeTe?
OO01re TpUHLIKIIBI IEHCTBUS 3JIEKTPOHHON MUKPOCKOIIUH.

B 4em 3aknroyaeTcs NPUHLMI JEHCTBUSA CKAHUPYIOLIETO 30HI0BOIO
MUKpockomna?

HazoBuTe npuHIuMN A€HCTBUS aTOMHO-CHJIOBOTO MUKpOCKona?

Korna u k1o n300pesn TyHHEeNbHBI MUKPOCKOI M €0 MPUHIIMIT JeHCTBUS?
[TpyHLIMI NEICTBYUSI MATHUTHO-CUJIOBOTO MUKpOCKONa?

Kaxkunx pa3smepoB npeaMeTsl NO3BOIWIN BIIEPBBIE YBUAECTh CKAHUPYIOLIUE
MMKPOCKOIIbI?

HazoBure ¢puznueckuii cMbICI IPUMEHEHHS YIO CYIIHOCTh METO/1a AIEKTPOHHOU
CHEKTPOCKONUU?

Bapuant 4 VccnenoBanrie 00b6KTOB HAHOTEXHOJIOTUNA METOJaMHU CKaHUPYIOIIEH
30HJI0BOM MUKPOCKOITUHU

1.
2.
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10.

Korna u rae Bnepsble Obutn pa3paboTaHbl KOHCTPYKIIMHM CKaHUPYIOIIETO 30H1a?
OxapaxTepu3yiTe 001Me MPUHLIUIBI PA0OTHl CKAHUPYIOLIETO 30H0BOTO
MHUKPOCKOIIA.

Ha3zoBuTe OCHOBHBIE THUIIBI B3aUMOJIEHCTBUS 30H]1a C TOBEPXHOCTHIO
UCCIIEyEMOro 00pasiia HAaHOCTPYKTYphI?

Yem otnmuaercsa npuHuuns! aerctsud ACM n CTM?

Uem 00bscHseTCS N30BITOUHAS TOBEPXHOCTHAS SHEPT sl HAHOYACTHULL?
Hapucyiite o011yto 6510Kk-cXeMy B3auUMOJEHCTBUS CKAHUPYIOLIETO 30HAa C
MIOBEPXHOCTBIO UCCIIEAYEMOro 00pasua.

Yro conepkuT nHpopMalus, norydeHHas ¢ nomoinso C3M?

Haznauenue, mpuHIMI JeHCTBHSI, 0COOEHHOCTH KOHCTPYKIIMH 30H/I0B
KaHTWJIEBEPHOTO TUMa?

HazoBuTe MeToasl u3MepeHus Tonorpaguu moBEpXHOCTU UCCIIETyEMOT0
obpa3zma?

Kak npoucxonut ¢popMupoBanre n300paxeHus IOBEPXHOCTH B KOHTAKTHOM
pexxume paboThl MUKpocKomna?

Bapuant 5 YcTpoiicTBO 1 0COOEHHOCTH KOHCTPYKIIMH CKaHUPYIOIIETO 30HI0BOTO
mukpockona tuna Solver PRO M

1.
2.

Kakue GyHKIIMOHATBHBIC Y3JIbI BXOIAT B COCTaB MUKPOCKOTMa?
Kakoii nmprHIUT TOCTPOCHUSI KOHCTPYKIIMH PEATM30BaH B CKAHUPYIOIIEM
30H10B0M MuKpockore Solver PRO M?




3. OOmuii BUI OJIOK-CXeMbI pUOOpa U MPUHITUIT PaObOTHI 0JI0Ka CKAHUPOBAHUS U
noasoaa?

4. OxapakTepu3syiiTe Ha3HauYE€HUE, COCTaB U YCTPOMCTBO YHUBEPCAIBHOIO
OCHOBaHUSI MUKPOCKOIIA U MO3ULIMOHEPa?

5. ITlokaxwuTe Ha pUCYHKE OOIIET0 BUJIa MUKPOCKOIIA PACIIOIOKEHHE

ANEKTPUUYECKUX PA3bEMOB?

Onummre cMeHHbIE AepxKaTenu o0pasia.

Ha3nauenue, KOHCTPYKIIMSI CMEHHBIX JIeprkaTeneii oopasna?

Ha3naueHnue, KOHCTPYKIHMS CMEHHBIX CKaHEPOB JJII MUKPOCKOIa?

Haznauenue, mpuHIUN JeHCTBUSA, OOIIUI BU M YCTPOHCTBO YHUBEPCAIBHOM

M3MEPUTENIBHON T'OJIOBKH, UCIIOJIB3YEMOM B MUKpPOCKOIIE?

10. Ha3znauenue, cocTaB, IPUHIIUIT ACHCTBUS CKAHUPYIOIIEH N3MEPUTEIBHOM
TOJIOBKM MUKPOCKOIIa?

©ooNo

6 Bapuant 6 [Ipo6iemsr obecriedeHrsi 6€30MacHOCTH TPUMEHEHUST HAHOTEXHOJIOTHid

1. JaiiTe oOmIyro XapakTepucTUKy chepbl IpUMEHEHUS HAHOTEXHOJIOTHIA?

2. HazoBute Qu3nuecKue OCHOBBI OMOIOTHYECKOTO ICHCTBHUS OOBEKTOB
HAHOTEXHOJIOTHUH.

3. Tlepeuuncnure Ha3HAYCHHUE BHUJIBI M TUITBI, HANOOJIEE TPUMCHICMBIX

MaTepUasoB, UCIOJIb3yEeMbIX B chepe HAaHOTEXHOIOTUH.

OCHOBHBIEC ICTOYHUKH TIOCTYIUICHUSI HAHOYACTHIL B OKPYKAIOIIYIO cpeny?

HazoBuTe BO3MOKHBIE ITyTH MOCTYIUICHUS HAHOYACTHI] B OPraHU3M YelloBeKka’?.

Bo3MoskHBIE MUTpalliy HAHOYACTHI] B OPTaHU3ME YEIOBEKA.

MexaHu3Mbl TPOHUKHOBEHUSI HAHOYACTUILl BHYTPb KUBOU KIIETKH.

[lepeuncnure ocHOBHBIE OHoOOrHYecKre (P PEKThI, CO3JaBaeMbIe MTPOLYKTAMH

HAHOTEXHOJIOTHUH.

9. Oxapakrtepu3syiiTe 0OITYI0 KOHIICTIIINIO OIICHKH, aHAJIN3a U YIIPABIICHUS
pPUCKaMU IPUMEHEHHUsI HAHOTEXHOJIOT Uil

10. Ouenute 00mIyI0 6€30NaCHOCTD, @ TAKIKE BOSMOXKHBIE ITHUECKHE MTPOOIIEMBI
pa3BUTHS HAHOTEXHOJIOTUH B CTPAHE U 32 PyOE)KOM.

NG

10.4. Metoguueckue  Marepuaibl,  ONpPEACNSAIOIIMEe  HPOLENyphl  OLIEHUBAHHS
MHAMKATOPOB, XapaKTEpU3YIOUIMX dTanbl (OPMUPOBAHUS KOMIIETEHLUH, COJEp)Karcsi B
JOKAJIBHBIX HOPMAaTWMBHBIX akTax [YAII, pernmameHTHpyHOmHUX MOPANOK MU MPOLEAYPY
MIPOBEJICHUS TEKYIIEr0 KOHTPOJIS YCIIEBAEMOCTH U MPOMEXKYTOUHOM aTTecTalli 00yJaromuxcs
I'VAIL

11. Meroauyeckue yKazaHus JJig 00y4JaromUXCsl IO OCBOSHUIO TUCIIUTLIMHBI

11.1. Metoauueckue yka3aHUS JUISI OOYYalOIIMXCS 1O OCBOCHHMIO JIEKIIMOHHOTO
Mmatepuana OCHOBHOE Ha3HaUY€HUE JIEKIMOHHOTO MaTepuaa — JOTM4eCKH CTPOHHOE, CHCTEMHOE,
riyOOKOe U sICHOE WU3JIOkKEHHe ydeOHoro marepuana. Ha3HadeHune COBpEMEHHOM JieKIMU B
paMKax TUCIHMIIMHBI HE B TOM, YTOOBI MOJYYUTHh BCIO MH(OPMAIMIO 1O TEME, a B OCBOCHUU
dbyHIaMeHTalbHbIX MpoOJeM AMCHUILIMHBI, METOJOB HAy4yHOTO MO3HAHUS, HOBEHMIINX
JOCTIDKEHUH HaydyHOHM MbIciau. B yueOHOM mporiecce JEKIUs BBIMOIHAET METO0JIOIMYECKYIO,
OpraHU3aIMOHHYI0O U MHPOpMaMOHHYI0 (QyHKIUHU. JIeKHs pacKphpIBaeT MOHATHIHBIN anmapat
KOHKPETHOU o0JIacTH 3HaHus, €€ mpoOJeMbl, JaeT IeNbHOE NPEeACTaBICHUE O AUCIUILIUHE,
MTOKAa3bIBAECT B3aUMOCBS3b C APYTMMU JUCIUIUIMHAMM.

[TnanupyemMble pe3yabTaThl IPH OCBOEHUH 00yYarOMKUMUCS JIGKIIMOHHOTO MaTepuaa;

— TIIOJIy4YEHUE COBPEMEHHBIX, IEJIOCTHBIX, B3aUMOCBS3aHHBIX 3HAaHWW, YpPOBEHb
KOTOPBIX OINPEIEISIETCS LEIEBOM YCTAHOBKOM K KaXK10M KOHKPETHOU TEME;

— TIOJIyY€HHE OIbITa TBOPUECKOI paboThl COBMECTHO € MPENOIaBaTeIeM;




— pasBuTHE TOPOPECCHOHATIBHO-ICIOBBIX  KAauecTB, JIIOOBH K  TpPEAMETYy |
CaMOCTOSTEIILHOTO TBOPUYECKOTO MBIIIICHHUS.

— TIOSIBJICHHE HEOOXOAMMOr0 UHTEpeca, HEOOXOAUMOTO JJIsi CAMOCTOSITEIILHON pabOTHI,

— TMOJIyueHHE 3HAHUKW O COBPEMEHHOM YpPOBHE pa3BUTHS HAYKH U TEXHUKH U O
IPOTHO3E UX Pa3BUTHS Ha OJIMIKANIINE TOJIbI,

— Hay4uThCs METOJUYECKH oOpabarbiBaTh MaTepuai (BBIACIATH TJaBHBIC MBICIH M
MOJIOXKCHHS, NPUXOAMTh K KOHKPETHBIM BBIBOJAAM, IIOBTOPATH HX B  pa3jIM4YHBIX
dbopmynHupoBKax);

—  MOJIy4eHHE TOYHOIO IIOHUMAHHUS BCEX HEOOXOIUMBIX TEPMUHOB U TIOHSITHIA.

JIEeKIIMOHHBIA MaTepHall COMPOBOKIATHCS IEMOHCTPAIMEH CIaiI0B U UCIIOIb30BaHUEM
pa3gaToyHOro MaTepuayia MpH MPOBEACHUM KOPOTKHUX JHUCKYCCHHE 00 0COOEHHOCTSIX
IPUMEHCHHS OTJCIBHBIX TEMATHK 10 JUCIUILIHHE.

CTpyKTypa npeoCTaBICHHUs JICKIIMOHHOTO MaTepraa;
— Jlexuu cormnacHo paszaenam (tadi.3) u remam (tabim. 4).

YuebHoe ocodue 0 OCBOCHUIO JICKIIOHHOTO MaTepralia UMEeTCsl B U3aHHOM BH/IC:
- Ckanupyromias Mukpockonus: /Yueonoe mocobue/ T.I1. Mumypa, A.I'. I'pabaps , - CIIG.;
['VAIL, 2016, - 107 c.

- Hanomatepuasnl u TexHosorun: / Yueonoe nmocoodue/ T.I1. Mumrypa, A.I'. I'pabaps , - CII6.;
['VAIL, 2015, - 107 c.

MaTepI/IaJ'ILI AJIs1 OCBOCHUA KMCHOTCS B 3JICKTPOHHOM BHUJC
Kypc B cucreme LMS https://Ims.quap.ru/new/course/view.php?id=263

11.2. MeTtoau4ieckue ykazaHUs JUIsi OOYYaIOIMIUXCS IO TPOXOXKICHUIO TPAKTHUYECKUX
3aHATUH

[IpakTrueckoe 3aHITHE SIBISETCS OJHOM M3 OCHOBHBIX (DOPM OpraHuszanuu y4eOHOTO
mpolecca, 3aKI0Yaronasicsl B BHIMOIHEHUN 00YyJalOIUMUCS MO PYKOBOJICTBOM IperoaBaTens
KOMILIEKCa YYEOHBIX 3aJlaHUi C 1ETbI0 YCBOEHHUS HAYYHO-TEOPETHYECKHX OCHOB Y4YeOHOU
JTUCITUILIMHBL, TPHOOPETEHUSI YMEHUH U HABBIKOB, OIBITa TBOPUECKOH 1eATEIHHOCTH.

[enbro mpakTUYECKOTo 3aHATHS ISl 00y4aroIIerocs sSBJISETCS MPUBUTHE 00YyYarOIIUMCS
YMEHUI U HAaBBIKOB NMPAKTUUECKOU JEATEIbHOCTH 110 U3Yy4aeMOU TUCIUILINHE.

[Tnanupyembie pe3ynbTaThl IPH OCBOCHUH 00YUYAIOIUMCS TTPAKTUYECKUX 3aHSITHI:

— 3aKperuvieHue, YriayOJeHue, paclIMpeHue W JeTalu3alus 3HaHUW TpU  PelIeHUuU
KOHKPETHBIX 33/1a4;

— pa3BUTHE  TIO3HABATENIBHBIX  CIIOCOOHOCTEH, CaMOCTOSITEILHOCTH  MBIIUICHUS,
TBOPYECKOUN aKTUBHOCTH;

— OBJIaJICHHE HOBBIMH METOJaMH U METOJAMKAMH W3YyYeHHUs KOHKPETHOW y4deOHOI
JUCUUTLITAHBI;

— BBIpabOTKa CIIOCOOHOCTH JIOTUYECKOTO OCMBICIICHHSI TIOJYyYEHHBIX 3HAaHUW A
BBITIOJIHEHUS 3aJJaHUI;

— o0ecrniedyeHre palMoOHAIbHOIO COYETAaHUS KOJUIEKTHBHON M MHAWBHIYaJbHON (Qopm
00yJeHUsI.

TpeboBanust K MPOBEACHUIO MPAKTUYECKUX 3aHITUN

[IpakTryeckue 3aHATHS IPOBOAATCS B CIEIyIOIUX (hopMax:

— MOJIeIMpOBaHUE CHUTyallud MNPUMEHUTEIbHO K Mpoduiito mnpodeccHoHaTbHON
NESITEIbBHOCTH 00y4JaroluXcs;

— PELIEHUE CUTYallMOHHBIX 3aJa4

— IpyMNIoBas JUCKYCCHS.



https://lms.guap.ru/new/course/view.php?id=263

[IperoaBaTens NpH NPOBEACHUM 3aHATHH BBINONHSACT (YHKIMIO KOHCYJIBTAHTA,
KOTOPBII HANpaBisieT KOJUIEKTUBHYIO pabOTy CTYJIEHTOB Ha MPUHATHE MPABHILHOTO PELICHUS.
3aHsATHE OCYLIECTBISETCS B AUAJIOTOBOM PEXKHUME, OCHOBHBIMH CYOBEKTaMH KOTOPOTO SIBIISIIOTCS
CTYJICHTHI.

Ha ocHoBanmnu HHAUBHUAYAJIbHOTI'O 3aJlaHHA CTYACHTHI:
— OILICHUBAIOT YCIIOBUS TPYy/a HA paboueM MecTe;
— JACJIal0T BBIBOJBI O HeO6XOI[I/IMOCTI/I panruoHaIn3al 1 pa6oqer0 MeECTa,
— pa3pabaThIBalOT TEXHUYECKHUE CpPEJICTBAa YJYYIICHHUS YCIOBHUH Tpylda W oOecreueHus
0e30macHOCTH TPYAOBOI'0 Ipouecca.

HepequL HUCXOJHBIX JAaHHBIX IJId MHAWBHUAYAJIbHBIX 3a;[aHm”1 CTyACHTaAM H CHpaBO‘-IHHﬁ
MaTcpual, HCO6XOI[I/IMI>II71 o pEeIICHUA IIPAKTHYCCKHUX  3a1ad, IpeaAcTaBJICH B y‘le6HOM
10CcOOMH K BBIIOJTHEHUIO IPAKTUYECKUX paboT.

Tembl MpakTHYECKUX padoT MPUBEICHBI B TA0JI.5

MaTepI/IaJII)I AJIs1 OCBOCHHA UMCIOTCS B 3JICKTPOHHOM BUC

Kypc B cucreme LMS https://Ims.guap.ru/new/course/view.php?id=263

11.3. Mertoauueckue yKazaHus JJIsl OOYYarONIMXCS 10 MPOXOXKICHUIO CAMOCTOSITEIHHOMN
paboTsl

B Xoze BBITIOJIHEHUSI CaMOCTOSITEIIbHON PabOThI, OOYYAIONIUIICS BBIMOJIHAET PabOTy O
3aJJaHUI0 ¥ TIPU METOJMYECKOM PYKOBOJCTBE IperojaBaTelisi, Ho 0e3 ero HermocpeICTBEHHOTO
YUYaCTHSI.

s oOydarommxcsi 1Mo 3a04HOM (GopMe OOyYCHHs, CaMOCTOSATENbHAs padoTa MOXKET
BKJII0YATh B CE0s1 KOHTPOJIbHYIO padoTy.

B mporecce BBIMOTHEHHSI CAMOCTOSTENFHONW paboTHI, y oOydaromerocst GopMHpYyeTcs
enecoo0pa3Hoe IIaHUPOBaHUE pabouero BpEMEHH, KOTOPOE MO3BOJISIET UM pa3BUBaTh YMCHUS
N HABBIKM B YCBOCHHMU W CHCTCMATHU3ALIUU HpI/IO6peTaeMI)IX 3HaHHﬁ, oOecIieunBaeT BBLICOKHUH
YPOBEHb YCIEBAEMOCTH B TMEpPHOJ OOY4YeHHs, TMOMOTaeT NOJYyYUTh HABBIKA TOBBIIICHUS
MpoeCCHOHAIBHOTO YPOBHSI.

MetoauyeckuMi  MaTepuaiaMH,  HAMpaBJSIONIMMH  CaMOCTOSITENbHYIO  paboTy
00yJaronuxcst SABISIOTCS:

— y4eOHO-METOMYECKHU MaTepHal Mo JUCIHUILTUHE;

— METOJIUYECKHE YKa3aHHs MO BBITOJIHEHUIO KOHTPOJIBHBIX paboT (7151 00ydaromuxcst mo
3a049HOMU (hopme oOyueHus).

1. IToaroroBka NEKIMOHHOTO MaTepHala 1Mo TeMam, MpeICTaBICHHBIM B TabauIe 3, u 1o
TeMaM, OTMEYEHHBIX B COOTBETCTBHUHU C JINTEPATYPOM, IPEICTaBICHHON B TabuIiie 9.
2. [ToarotoBka K KOHTPOIBHBIM PabOTaM B COOTBETCTBUU C METOJUYECKUMH YKa3aHUSIMH

11.4. MeTtoauueckre yKazaHus [UIsI OOYYAarOIIMXCS TIO MPOXOXKACHHUIO TEKYIIETro
KOHTPOJISI YCTIEBAeMOCTH.

Texymuit KOHTPONb YCIEBAaEMOCTH TMpeAyCMaTpUBAaeT KOHTPOIb KayecTBa 3HAHUU
00yJarOIIXCsl, OCYIIECTBIIIEMOTO B TCUCHHE CEMECTpa C IIEJBI0 OICHUBAHHS X0JIa OCBOCHHS
IUCIHATIINHEL

B Tedyenue cemecTpa CTyI€HTHI:

- 3aIUIIAIOT JIabopaTopHbIE PadOTHI B hopMaTe TECTUPOBAHUS,

- 3aIUIIAOT MPAKTUYECKUE paOOTHI;

- BBITIOJTHSIOT TECTUPOBAHUS 10 MaTepuaiam Jiekuuu B cpene LMS.

21.]'[5{ TEKYIIECTO KOHTPOJIA YCIIEBAEMOCTHU MCIIOJIB3YIOTCA TECThI, IPUBCICHHLIC B Ta6n1/1ue
18.


https://lms.guap.ru/new/course/view.php?id=263

11.5. Metoauyueckue yka3zaHUs JJisi O0Oy4aroNIMXCs MO MPOXOKICHHIO MPOMEKYTOUHON
aTTeCTalUU.

[Ipomexyrounass  arrectanus  OOydYaIOMIMXCS — MPEAYyCMaTpPUBAeT  OICHUBAHHE
MIPOMEKYTOUHBIX U OKOHYATEIbHBIX PE3YyJIbTaTOB 00y4deHMs MO auciuruiiHe. OHa BKIIIOYAeT B
cedst:

— 3a4eT — 3T0 (opMa OIEHKU 3HAHUH, MOJYYCHHBIX OOYUYaAIOUIUMCS B XOJ€ H3y4CHUS
y4eOHOM TUCUUIUTMHBI B LIEJIOM WJIM MIPOMEKYTOUHAs (110 OKOHYAHUU CEMECTpa) OLICHKA 3HAHUMN
0o0y4aromuMcs 1Mo OTAEIbHBIM pa3fiesiaM TUCHUILUIMHBI C aTTEeCTallMOHHON OIICHKOM «3aYTeHO»
WJIU «HE 3aUTEHO».

Cucrema OLEHOK IpPHU MPOBEACHUU MNPOMEKYTOYHOM aTTECTAllMd OCYILIECTBISETCS B
COOTBeTCTBUU ¢ TpeboBanusiMu [lonmoxenunit «O TeKymeM KOHTPOJE YCIEBaeMOCTH U
MPOMEXKYTOUHOH arrectanuu ctyaeHToB ['YAII, oOyuarommuxcs MO IporpamMmaM BBICIIETO
obpazoBanus» U «O MOMYIBHO-PEUTUHIOBOM CHCTEME OIICHKH KadyecTBa ydeOHOU paboThl
ctyaeHToB B 'Y AID».






Jluct BHeceHUs U3MEHEHUH B pabouyto MporpamMmy JUCIHUILIAHBI
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N3MEHCHHI 1
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A3MEHEHHUS

Coneprxanne N3MEHEHHH W JOTIOTHEHUI

JlaTa 1 Ne
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