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AHHOTaNINA

HuctumumHa «TeopeTnyeckne OCHOBBI HAHOJIMATHOCTUKM» BXOJAUT B 00pa30oBaTEIbHYIO
IporpamMMy BBICHIETO 00Opa30BaHMs — IpOrpaMMy OakajaBpHara MO HAlPaBICHUIO MOArOTOBKH/
cnenuanbHocti 27.03.01 «Crapmapruszauuss ¥ MeTpoJorus» HampasieHHOCTH «Lludposas
METpPOJIOTHS U CTaHAapTH3anusy. Jucunmna peanusyercs kadeapoit «Neby.

JlucuuiuinHa HaresneHa Ha (P OpMHUPOBAHKE Y BBIITYCKHUKA CIEIYIOLUIMX KOMITETCHIIUIA:

ITIK-1 «CnocobeH mpOBOIUTH aHAIN3 COCTOSHHS METPOJIOTHYECKOro oOecriedyeHUs B
MOPa3ICIIEHUN METPOJIOTUIECKOM CITyKObI OpraHU3aLun»

[IK-3 «CrnocoGeH OocymecTBISATh PabOTHl 1O BBIBICHHIO W IPEIOTBPALICHUIO
HECOOTBETCTBHM MPOAYKLUH MPEIBSIBISIEMbIM TPEOOBAHUSIM

ConepkaHue AUCHMIUIMHBI OXBAaThIBA€T KPYI BOIPOCOB, CBSI3aHHBIX C METOAaMH
UCCNeIoBaHu  (pU3HUECKUX, (UIUKO-XUMHUYECKMX UM TEOMETPUYECKHX MapaMeTpoB U
XapaKTEPUCTHK TBEPAOTENBHBIX M MOJEKYJSPHBIX CTPYKTyp. Cpeaum MHOXKecTBa METOJIOB
UCCIJIEIOBaHUM, METOAbl CKaHUpylouel 30HA0BOM Mukpockonuu (C3M) sBisitoTcss Hambosee
pacripocTpaHeHHbIMH. OHHM  TMO3BOJIIIOT ~ HOJYYUTh  BBICOKOE  pas3pelIeHue, peajbHo
00€CTIeYNBAIOT BU3YAJIH3AIHUIO CTPYKTYPhI OOBEKTOB MCCIIEIOBAHUS C AaTOMHBIM Pa3peIICHHEM.
B HacTosiiee BpeMsi HCIOIb3YeTCs ONpPEAETICHHBII KOMIIJIEKC METO0B MCCIECAOBAaHNUS MUKPO H
HAHOCTPYKTYP, CPEId KOTOPHIX MOYKHO BBIIIEIUTH OCHOBHBIE TPYIIIBI METOJOB: 3JEKTPOHHAsS
MHKPOCKOTIHSI BBICOKOTO pa3pelIeHHs; METOJbl CKaHHPYIOUIEH 3JIEKTPOHHOW MHKPOCKOITUH;
CKaHUpYIOIIas TYHHEJIbHAS MHUKPOCKOTIHS, peHTreHOAN(DPAKIIMOHHBIE METOJIBI
CHCIIONIb30BaHHEM J(@deKTa BBICOKOH CBETHMOCTH CHHXPOTPOHHBIX HCTOYHUKOB; METO/BI
AIIEKTPOHHON CIIEKTPOCKONHUHU JUIsI XMMHUYECKOTO aHaln3a. BKIIOYEHBI OTIENbHBIC 3JIEMEHTHI
UCKYCCTBEHHOTO HHTEIUIEKTa, KOTOpBIE BCE OOJIbIIE CTAHOBSTCS HEOTHEMIIEMOH YacCThIO
00pa30BaTeILHOTO MPOIIecca, CYIMIECTBEHHO MOBBIMIAIOIIECTO €ro KaueCTBO U 3(h(HEKTHBHOCTS.

[lpenogaBaHre AMCHMIUIMHBI NpeAyCMaTpUBAeT clenyromme (OpMbl OpraHU3alHNN
y4eOHOro IMpoliecca: JIEKIUH, IPAKTHYECKUE 3aHITHUS CaMOCTOsITENIbHAs paboTa 00yJaroIerocs.

[TporpaMMoil TUCHMITIMHBI MPEIyCMOTPEHBI CIEAYIOIINE BHJbI KOHTPOJSA: TEKyIIUH
KOHTPOJIb YCTIEBAEMOCTH, POMEKYTOUHAS aTTECTAIHs B (hOpMe dK3aMEeHa.

OOw1ast TPyA0EMKOCTh OCBOCHHUS AUCLUIUIMHBI COCTABIIACT 3 3aU4€THBIX eAMHHULBL, 108

9acoB.

SI3pIK 00y4EHUS 110 TUCHUIUIMHE «PYCCKHUII



1. TlepeueHb MIIAHUPYEMBIX PE3YyJIBTATOB O0YUYEHUS MO TUCIUILINHE
1.1. Tlenu npenogaBaHusi JUCIUTUTUHBI
Llenpro mpenogaBaHus AWCIUIUIMHBI SBISCTCS IOJTYYEHHUE CTYJICHTaMH HEOOXOIUMBIX
3HaHMA Ccdepe BBICOKMX TEXHOJOTHUH CBS3aHHBIX C TPUKIATHBIMA  HCCICIOBAHUSIMU
KOHCTPYMPOBAHUEM U MPAKTHYECKUM HCIIOJIh30BaHUEM MaTEPHAJIOB M BEIIECTB HA aTOMHOM M
MOJICKYJISIPHOM YPOBHSIX, a TAaKXKe€ CPEACTBAaX, METOJOB U METOJUK UCCIICOBAHMS (PU3NIECKHUX,
(UBUKO-XUMHYECKUX W TEOMETPUUYECKHX IapaMeTpOB M XapaKTEPUCTUK TBEPIOTEIbHBIX M
MOJICKYJISIpHBIX 00BeKTOB. [Ipu 3TOM 0c000O€ BHMMaHHE YACIECHO HM3YyYEHHUIO OCOOEHHOCTEH
BBICOKOPA3PEIIAIINX METOJ0B HCCIACAOBAHUN MOJICKYJISIPHBIX OOBEKTOB, OO0ECHEYMBAIOIINX
noJlydeHrue HauOoJiee MONHON MH(OpManmuu 00 OCHOBHBIX CBOMCTBaX M XapaKTEPUCTHKAX U
MIPOTEKAIONIUX B HUX MPOIECCax.
1.2. JlucuumimHa  BXOOUT B  COCTaB  4YacTH, (OPMUPYEMOH  y4aCTHHUKaAMHU
00pa3zoBaTeNbHBIX OTHOIICHUH, 00pa30BaTEIbHON MPOTrpaMMBbl BBICIIIETO 0Opa30BaHMs (ajee —

OI1 BO).

1.3. IlepeueHb IIaHUPYEMBIX PE3YJIBTATOB OOYUEHHS IO JUCLUILIMHE, COOTHECEHHBIX C
IUTaHUpYEeMbIMH pe3yibTatamu ocBoeHust OIT BO.

B pesynbpTare m3yueHMs NUCHMIUIMHBI OOyYaroIIUiics NOJDKEH 00iajarh CieqyOUMH
KOMIIETEHIIMSIMU WJTH WX 9acTsAMH. KoMIeTeHIIMu 1 WHAMKATOPHI UX JOCTHKCHHS TPUBEICHBI B

Tabimue 1.
Tabmuna 1 — [lepeyeHb KOMIETEHIIMNA U HHINKATOPOB MX JOCTHKCHHS
Konu
Kareropus (rpynmna) Kon v HanMeHOBaHME HHIMKATOPA JOCTUKCHHUS
HAaUMEHOBAaHUE
KOMIIETEHIIUH KOMIETEHIINU
KOMIIETCHIIMH
I1K-1 Criocoben
IIPOBOAMTDH aHAIN3
POBOZL I1K-1.3.3 3HaTh 001aCTh MPUMEHEHHUS METOJIOB
COCTOSIHUS
U3MEpEHUS
METPOJIOTMYECKOTO
[TpodeccronanbHbIe O6CCTICUCHIS B I1K-1.3.4 3HaTh KOHCTPYKTUBHBIE OCOOEHHOCTH U
KOMIIETEHIIUU MIPUHLIMIIBI padOThI CPEICTB U3MEPEHUS,
M0/Ipa3/IeJIeHun
. TEXHOJIOTUYECKHE BO3MOKHOCTH B 00JIACTH
METPOJIOTMUECKOI
MIPUMEHEHHUS CPEJICTB UBMEPEHUS
CITYKOBI
OpraHu3aluu
ITK-3 Cnocoben
OCYILECTBIIATh I1K-3.3.3 3HaTh ¢u3nvecKrue NpUHIMIIBI padoThI,
paboTHI 11O BO3MO>KHOCTH M 00JIaCTH MPUMEHEHUS] METOOB U
BBISIBIICHUIO U CPEJICTB U3MEPEHUI
[Tpodeccuonanbuble
KOMITETEHIIH IIPEAOTBPALIEHUIO I1K-3.Y.3 ymeTs BBIOUpaTh U pa3pabaTbiBaTh
HECOOTBETCTBUI METO/Ibl U CPEJICTBA KOHTPOJISI TEXHOJIOTMUECKOTO
MPOIYKIUI npolecca, TEXHOJIOTMYECKON onepalyi,
IIPEIbABISAEMBIM pas3padaTbIBaTh CXeMbl H3MEPEHUH U KOHTPOIIS
TpeOOBAHUSIM

2. Mecro nuctuIuIHHbEL B cTpykType OI1
JucuumimHa MOXKeT 0a3upoBaThCS HA 3HAHUSX, paHee MPUOOPETEHHBIX 00yUYaIONTUMUCS
MIPU U3YYCHUH CIICTYIONTUX TUCIUILUINH:
— «lludposas Merposiorus»,

— «DJEKTPOHHUKAY,
— «MartepHalioBeJIcHHEY,

— «Duzuxay
«XUMUD

3HaHI/I$[, IOJIYUCHHBIC IIpHU HW3YYCHHU MaTcpualia }IaHHOﬁ JUCHUIIIIMHBI, MUMCIOT KaK
CaMOCTOATCIIbBHOC 3HAYCHUC, TAK U MOT'YT UCIIOJIb30BATHCA ITPU U3YUCHUHN APYTUX OUCHUILINH




— « I[IpousBoacTBeHHAsd IPEAAUIIOMHAS IPAKTHKA,
— «[UA»

3. O0BeM U TPYJ0EMKOCTh JUCIUTUINHBI
JHannaple 006 o0meM oO0beMe MUCIUILUIMHBI, TPYIOSMKOCTH OTACIbHBIX BHJIOB y4eOHOM
paboThI 1O TUCIUILTHHE (M paclpeielieHue 3TOH TPYA0EMKOCTH TI0 CeMecTpam) IpeACTaBICHbI B
Tabnuie 2.

Tabmuna 2 — O6beM U TPYJAO0EMKOCTh AUCHUILIIUHBI

TpynoemMKoCTh 110

Bun yuebnoit pabotbl Bcero ceMecTpam
Ne7
1 2 3
Oowan mpyooemkKocmep OuUCYUNJIUHDL, 3/ 108 3/ 108
3E/ (1ac)
U3 Hux uacoe npaKmuyecKoi no020moeKu 8 8
AyoumopHhuie 3anamus, BCETo vac. 16 16
B TOM YHCIIC:
nekiuu (JI), (dac) 8 8
npakTudeckue/cemunapckue 3anatus (I13), 8 8
(dac)

nabopaTtopHbie paboTs (JIP), (uac)

KypcoBoii nmpoekT (padota) (KII, KP), (uac)

9K3aMeH, (Jac)

Camocmoamenvnan paboma, Bcero (dac) 92 92
Buo npomesxcymounoit ammecmayuu:. 3a4er,

mudd. 3auer, sk3ameH (3auer, Judd. 3au, | 3ayer 3auer
OK3.%%)

4. CopneprxaHue JUCHUIUIMHBI
4.1. PacnpeneneHue TpyI0EMKOCTH JUCIUILIMHBI IO pa3/jesiaM U BUAAM 3aHITHH.
Paznenbl, TeMbl TUCHMIIMHBI U UX TPYAOEMKOCTh IPUBEIEHBI B Tabnu1e 3.
Tabauna 3 — Pa3ensl, TeMbl AUCUUILINHBL, X TPYAOEMKOCTh

P Jlexrum | 113 (C3)| JIP KII CPC
a3acJibl, TCMbI JUCHUITIMHBI

(4ac) (4ac) (4ac) (4ac) | (wac)

Cemectp 7
Paznen 1. CtpykTypa, CBOMCTBA METO/IbI
MOJTYYEeHHUST 1 OCOOCHHOCTH MPUMEHEHUS 2 1 17
HaHOCTPYKTYP
Paznen 2. XapakTepucTrka METOIOB 3 2 15
UCCIIeIOBaHUH 00BEKTOB MUKPO U HAHOCTPYKTYP
Paznien 3. MeTo/bl HccieIoBaHUM CTPYKTYPHBIX
U (PU3NKO-XUMUYIECKUX CBOMCTB HAHOOOBEKTOB U 1 3 20
CHCTEM
Paznen 4. [IpuHIATIBEI TOCTPOCHUS TEXHUUECKUX 3 3 0 0 20
CPECTB MCCIeI0BaHNs HAHOCTPYKTYP
Paznen 5. OCHOBBI MEXaHUKHU U KOHCTPYKITHI
CPEJCTB U3MEPEHNI HAHOCTPYKTYpPHUPOBAHHBIX 1 1 20
00BEKTOB
Hroro B cemectpe: 8 8 92
Hroro 8 8 0 0 92




IIpakTnyeckass MOATOTOBKA 3aKJIIOYAcTC B HENOCPEACTBEHHOM  BBIIIOJHEHUU
Oo0y4aromMMHUCS ~ OMNpENEeNEeHHBIX  TPYNOBBIX  (YHKUMH,  CBSI3aHHBIX C  Oy;ymei
poeCCHOHATIBHOM 1A TEIbHOCTBIO.

4.2. CopnepxaHue pa3/ieJoB U TEM JICKIIMOHHBIX 3aHSATHH.
ConepxaHue pa3/ieiioB M TeM JICKIIMOHHBIX 3aHITHI IPUBEICHO B Ta0OHIIE 4.

Tabmuna 4 — Coneprkanue pa3JesioB U TeM JEKIMOHHOTO UK

Howmep paszpena

Ha3Banue u conepxaHue pa3aesioB U TEM JIEKIIMOHHBIX 3aHATUN

Paznen 1. Ctpykrypa,
CBOMCTBa METO/IbI
MOJTy4eHHUs1 1 0COOEHHOCTHU
MIPUMEHEHUS HAHOCTPYKTYP

Tema 1.1

HccnenoBanue o00bEeKTOB HaHOTeXHOJIOTUH  COBpeMEHHbIE
METO/bI UCCIIEJOBAHUS, IPUMEHSAEMbIE B

HAHOTEXHOJIOTUSAX CTAaJX BO3MOXKHBI, KOrja ObulM pa3paboTaHbl
U MHCTPYMEHTAJIbHO IOJATBEPXKAE€Hbl OCHOBHBIE MJIEHM aTOMHO-
MOJIEKYJISIPHOM TEOpUM U MOJIy4EHbI IE€pPBblE PEHTTEHOBCKUE
JU(PPAaKLMOHHBIE HM300paXKEeHUs KPUCTAIMUECKUX CTPYKTYP.
BaxHbIM COOBITHEM B MCTOPUM HAHOHAYKH CTAJIO M300pETCHHE
IPOCBEUUBAIOIIEH 3JIEKTPOHHONM MMKPOCKOIUH, MO3BOJISIOIIEH
MOJIy4YUTh HM300pakKeHHE HAHOPa3MEPHBIX CTPYKTYp, a TaKxKe
n300peTeHNe CKaHUPYIOIIEr0 TYHHEJIIbHOTO MUKPOCKOIIA.
[IpenMeToM HAHOTEXHOJIOTUN SIBJISIETCS HOBBIE OOBEKTHI —
HaHOCTPYKTYpPbI, KOTOpblE HMEIOT CYOMHKPOHHBIM pasmep B
OJIHOM U3 HaIlpaBJICHUH, KOTOPBIE B COIO OYEpE/lb, HYKIAIOTCS B
kinaccupukanuu. B ocHOBY  KiaccMpUKAlMKM — MOJOXKEHbI
CTPYKTYypa, COCTaB, a TAK)Ke UX (PU3UKO-XUMUYECKUE CBOWCTBA.
Tema 1.2

CtpykTypa, CBOWCTBAa, METONBI TIOJYyYEHUS U OCOOCHHOCTH
IIPUMEHEHHUS HAHOCTPYKTYD.

B o0mactu BBICOKMX TEXHOJIOTMH IIMPOKO HCIIOJIb3YETCS
KJaccu(uKalus TUCIIEPCHBIX CUCTEM I10 JUCIEPCHOCTH, T.€. IO
pa3MepaM U YJEeNbHOM IUIOIIAAU TOBEPXHOCTH JUCIIEPCHOM
¢da3pl. B mepBoM npHOIMIKEHMM  JUCIIEPCHBIE  CHUCTEMBI
MOJIPa3eNAoTCsl Ha IpyOOAMCIIEpCHBbIE U TOHKOIUCIEPCHBIE,
TaK Ha3bIBa€MbIE€ KOJUIOMJIHBIE CHCTEMBI.

VYriepoaHele CTPYKTYphl - YIJepoja SBJIseTcsl Haubosee
pacnpoCTpaHEHHBIM JJIEMEHTOM B NPUPOJE, OH CYIIECTBYET B
TBEpAOH (paze M HECKONbKUX MOJUPUKALUAX C Pa3IUYHBIMU
($U3NKO-XMMUYECKUMH CBOMCTBaMU: Tpadur, anMas, KapOuH,
rpaden. Baxueimeld 0coOEHHOCTBIO yriepoja SBISIETCA
crocoOHOCTh 00pa3zoBbiBaTh lenouku —C —C — C-, xoTopsle
MIPUPO/Ia UCIIOJIB3YET JAJISl CO3/1aHUs OMOJOTHYECKUX MOJIMMEPOB,
a 4YeloBeK U1 INPOU3BOACTBA PA3NMUYHBIX CHHTETUYECKHX
MaTepuasoB.

B koHume mnpomioro croieTHss OBUIM  OTKPBITBI  HOBBIE
VIJEpOAHbIE  COENMHEHHUS, CpeAu  KOTOphIX  (ysuiepeH,
oOnagaromui YHUKaIbHBIMU CBOMCTBAaMH. QyinepeH
UMeeT

KAapKacHYI0 CTPYKTYpY, KOTOpasi COCTOMT M3 3aIUIaTOK IATH- U
niectuyronbHoi gopmel. B 1990 r. Opin pa3zpabotan MeTon
noayyenus  ¢ymiepera. B 1991 r. B mpoaykTax




AIIEKTPOAYTOBOr0 HcmapeHus rpadura ObUM OOHAPYKEHBI

WINHAPUYECKUE  YTIIEPOIHBIC KOHCTPYKIIUH,
MOJTyYHBIITHE HA3BaHUS
«HAHOTPYOKN». Hanotpy0Oka MpeACTaBISAET coboi

MNPOTSAKCHHBIC MUWIMHAPHYCCKUC CTPYKTYpbl AHAMCTPOM OT
OJIHOTO J0 HECKOJbKUX JIeCATKOB HAaHOMETPOB U JUIMHON /0
HECKOJIbKUX caHTUMEeTpoB. [lo cymiecTBy Takas HaHOTpyOKa
MpeJICTaBIsIeT CO00M OJJHY MOJIEKYITy, COCTOSIIYIO U3 MUJJTHOHA
aToMoB yriepona. B obmem cinyuae, YHT o6nanator
YHUKaJIbHBIMU ANEKTPUYECKUMH, MEXaHUYECKUMU u
XUMHUYECKIMU CBOUCTBAMHU.

Paznen 2.Xapakrepuctuka
METOJIOB UCCIICIOBAHUI
00BEKTOB MUKPO U
HaHOCTPYKTYP

Tema 2.1.McTpyMeHTBI UCCIEA0BAHUN HAHOTEXHOJIOTUI
OgHuMM U3 TEpBBIX HHCTPYMEHTOB, KOTOPHIE ITOMOIJIH
WHUIMUPOBATH UI€U HAHOTEXHOJIOTHH, OB TaK Ha3bIBaeMbIe
CKaHHUPYIOIIUE 30H1bl. Bce TUIIBI CKAaHUPYIOUIMX 30H0B OBLTH
paspabotansl B L{ropuxe B Hauane 80-x romoB. Cama wupes
OUeHb IMIPOCTAa: €CJIM, K IpUMEpPYy, MPOBECTH MaJbLEM IO
MOBEPXHOCTH, TO JIETKO OTJIMYUTH Oapxar OT CTald WIH
nepeBa. B gaHHOM 5SKcCHepuMeEHTE majiel] JAEWCTBYeT Kak
CTpyKTypa u3MepeHusi cuibl. JlaHHas uaes W MOJOXKEHa B
OCHOBY pa0OThl CKaHUPYIOLIEIO0 MHUKPOCKONA, OJHOIO U3
pacpOCTPAaHEHHBIX CKAHUPYIOIIMX 30HI0B. CKaHMPYIOLIUT
30H]] [P U3MEPEHUM CKOJIB3UT IO MOBEPXHOCTU TaK XKeE, Kak
3TO JENA0T Majblbl. 30HA UMEET HAaHOCKOIHUYECKHM pa3Mep
(uacto Bcero oauH aroMm). [lpy JBUKEHMM OH MOXKET
OTpEAENATh HECKOJIBKO pa3WYHBIX CBONCTB, KaXI0€ U3
KOTOPBIX COOTBETCTBYET MHOMY U3MEPEHUIO.

Tema 2.2 ATOMHO-CHUIIOBOI1 MUKPOCKOII.

B aTOMHO-CHJIOBOM MHUKPOCKOIIE€ 3JIEKTPOHUKA HCIOJIb3YeTCs
JUI. U3MEPEHHs CUJIbl BBOJMMOM KOHYMKOM 30HJA IIPHU €ro
JBUKEHHUH BJIOJIBIIOBEPXHOCTH UCCIIEyEMOI0 00BEKTA.

Tema 2.3. TyHHENbHBIH MUKPOCKOIL.

B TyHHenbHOM  MHKpOCKONE  M3MEpseTcs  BeIWYHHA
NMEKTPUYECKOTO0 TOKA, MPOXOIALIETO MEXAY CKaHMPYHOIIUM
30HJIOM U NOBEPXHOCTHIO. TyHHEIbHas MHKPOCKOIHUS — 3TO
MIPaKTUYECKH TMEpBBIH pa3pabOTaHHBIM METOJ 30HJI0BOTO
CKaHUPOBAHHMS, HALIEAIIET0 IIUPOKOE NpUMEHeHue. B
MarHMTHO-CWJIOBOM  MMKPOCKON€  30HJ, CKaHHPYIOIIHUH
MOBEPXHOCTh,  SABJISIETCS. ~ MarHUTHBIM, OH  IO3BOJSET
MIOYYyBCTBOBaTh Ha TIOBEPXHOCTH JIOKAJIbHYI0 MAarHUTHYIO
CTPYKTYpPY. 30HJ MarHUTHO-CHJIOBOTO MHKpPOCKOINa paboTaer
MOJ0OHO  CUMTHIBAIOIIEM  TOJIOBKM  BUHYECTEpa  WIH
MarauTooHa. CKaHUPYIOUIME MHUKPOCKOMBI  IO3BOJIMIH
BIIEPBBIE YBUAETh OOBEKTHI pA3MEPOM C aTOM.

Paspen 3. Metonb!
MCCIIEIOBAHUM CTPYKTYPHBIX
U(HU3NKO-XUMUYECKHUX
CBOWCTB HAHOOOBEKTOB U
CUCTEM

Tema 3.1 Metoasl wucclneqOBaHUN W HM3y4eHUs (pu3HKO-
XMUMHUYECKUX CBOMCTB HAHOOOBEKTOB U CHCTEM

[Mox reTepOreHHBIMU mporeccaMu MOHUMAIOT
TEXHOJIOTUYECKHE TPOLIECCHl, IPOUCXOAAILINE Ha TpaHULE
pasmena $a3 u  QOPMHUPYIONIHE TETEPOTCHHBIE CHCTEMBI.
['eTeporenHas cucreMa MpEeCTaBIseT coboit
TEPMOJIMHAMHUYECKYIO CHCTEMY, COCTOSIIYIO U3 Pa3IMYHBIX I10
(GU3MYECKUM M XHWMHYECKHMM CBOMCTBaM dacTe wim a3,




KOTOpBIC OTAENEHBI JIPYr OT Jpyra MOBEPXHOCTSIMHU pajena.
Kaxngas u3 ¢a3 mpu 3TOM TOMOreHHa M €€ TIOBEJICHUE
MOIYUHSIETCS 3aKOHAM TEPMOIUHAMUKHU.
MonekynsapHo-iydeBass  snutakcus  (MJID). MJID -
TEXHOJOTUYECKHI TPOIECC AMUTAKCHAIBHOTO BBIPAIUBAHUS
CJIO€B, KpHUCTAJUIMYECKas pELIETKAa KOTOPBIX IOBTOPSET
pemierky nomioxkku. C  nomompto  TexHoioruu  MJID
BBIPAIIMBAIOT T[ETEPOCTPYKTYpPHl  3aJaHHOM  TOJIIMHBI  C
MOHOAQTOMHOTJIAIKUMU ~ TeTepOTpaHUIlaMH W 3aJaHHBIM
npodunu nerupoanus. CieayeT OTMETUTh, YTO AMHUTAKCHUS —
3TO OJWH W3 BAXKHEHMIINX TEXHOJOTHUYECKUX IPOIECCOB MPHU
CO3JIaHUH MUKPO- U HAHOCTPYKTYD.

Tema 3.2. ®opmupoBaHHE CTPYKTYp Ha OCHOBE KOJUIOMIHBIX
pacTBOpOB

Komnonanele pacTBOphl WM 30JIM  TPEACTABISIIOT  cO0Oi
JKUJKUE CHCTEMbl C YacTUIAMHU JUCIIepCHOW da3bl WU
MULEJIAMU  TIEpEMEIIMBAIOIIMMHU CBOOOJHO M HE3aBUCHMO B
npouecce OpOyHOBCKOrO JBMKEHHUA. Pa3mep yacTuy JIeXKUT B
npenenax 10 — 100 HM, caMu YacTHIIBI MOTYT PacIoyaraTbCs
OTHOCHUTEJIBHO JpYyr Apyra OJike, 4eM Ha JAUAMETP YacTUILIbI.
Meton  QopmupoBaHUS ~ YHOPSIOYEHHBIX  HAHOCTPYKTYP
HETMOCPEACTBEHHO W3 HAHOYACTHI, CHOPMUPOBAHHBIX B
KOJUIOMJIHBIX pPacTBOpax, JaeT BO3MOXKHOCTb B HIMPOKUX
npenenax BapbUpOBaTh pa3Mepbl YaCTHUL, a TaKKe HU3MEHATh
AIIEKTPOHHBIE CBOMCTBA YAaCTHII.

Tema 3.3 3051b-renb-TEXHOJIOT U

30J1b-TeNb-TEXHOJIOTHS TPECTaBIsAEeT cO00I TEXHOIOTUYECKUI
IpOLECC  TOJYy4YeHUs  MaTepuajgoB, C  OMNpPEJEICHHBIMU
XUMHUYECKUMU U (U3UKO- XUMHUYECKUMH  CBOWCTBaMHU,
BKJIIOUAIOLIUI MOJTy4YeHHE 30715 ¥ IIEPEBOJL €ro B relib. B o0mem
ciy4ae, 30Jb-TeNb-TEXHOJOTHS Ha CBOWCTBE 30JI1 WIHU
KOJUJIOMIHOTO pacTtBopa u MIPEJICTaBISIOT co0oif
CTPYKTYpPUPOBAHHBIE CHUCTEMBI C JKUAKOM IUCTIEPCHOHHOMN
cpemoi. OTUM METOJAOM MOTYT OBITb CHHTE3WPOBAHBI
HAHOKOMITO3UTHI HA OCHOBE KEPAMUKH T'€TePOMETATIINYECKOTO
TUTIA U JIP.

Paznen 4. [TpunImms
MOCTPOCHUS TEXHUYECKUX
CPEICTB UCCIETOBaHUS

HAHOCTPYKTYD

Tewma 4.1 [TpuHIMIIBI pa3BUTHI HAHOCTPYKTYP

CoBpeMeHHOE pa3BUTHE (PU3UKU U TEXHOJIOTUHU

TBEPJIOTEIbHBIX HaHOCTPYKTYD, MPOSIBIISIIOILEECS]

B HETPEPBIBHOM  TIEpeXo/ie  TOIMOJIOTUH  DJIEMEHTOB
AIIEKTPOHHOM TEXHUKH OT CYOMHUKPOHHBIX K HAHOMETPOBBIM
pa3Mepam, noTpeboBaso pa3paboTKy HOBBIX u
COBEpILIEHCTBOBAHHUE YK€ CYLIECTBYIOIIUX CPEJICTB M METOJIOB
JMUAarHOCTHKH, a TaKXe co3laHue o0pa3oB 00OPYyIOBaHUS IS
aHamu3a CBOMCTB M IpoleccoB B HaHocuctemax. CerojaHs
CYIIECTBYEeT OTPOMHOE KOJHYECTBO THIIOB W BHJIOB CPEICTB
JIUarHoCTUKU J[Ist uccreoBaHUsl HAaHOCTPKYTYp, IOYYEHHUs
HAaHOPa3MEpPHBIX  CHCTEM UM  HOBBI3  HAHOCTPYKTYPHBIX
MaTepHajioB C 3aJlaHHBIMH CBOMCTBaMH, HEOOXOIUMO TIO-
HOBOMY pellaTh 3aJadyd MCCIEJAOBaHUS HAHOCTPYKTypro Jliis
3TOro TpedyeTcs U3MEHEHHE TPaJUIIMOHHBIX METOJIOB, a TaKXKe
CO3/IaHUE M Pa3BHTHE COBEPIICHHO HOBBIX CPEIICTB U METOJOB,




MPOIIECCOB MPUCYITUX 00BEKTaM HAHOMETPOBOTO MacITada.
Tema 4.2. MeToabl 3JIEKTPOHHON CIIEKTPOCKOIIUU

JUis XMMHYECKOro aHanu3a (POTOIIEKTPOHHOW MHUKPOCKOIHH,
(bOTONIOMUHECIICHIIMY, KOTOPhIE B HBACTSIIEEe BpPEeMsl aKTHBHO
Pa3sBUBAIOTCS C MEPCHEKTUBAMH CYIIECTBEHHOTO IOBBIIICHUS
paspemiaronieii  CoCOOHOCTHM  HCHOJB3YEMbIX  CPEJACTB.
M3BeCTHO, 4YTO YEIOBEK CIOCOOEH pas3risiieTh OOBEKTHI
pasmepom npuOmm3utenbHo 0.1 MM, C  TOYKHM 3peHHS
(u3moNIOrNHM II1a3 - 3TO MpocTas onTuyeckas cuctema. B 1873 r.
ObUT0 C(HOPMYIUPOBAHO MPABUIIO ONTUYECKUX CHCTEM, COTJIACHO
KOTOPOMY MUHHMAJIbHBIE  pa3Mepbl Pa3M4aeMbIX JAeTanel
paccMaTpuBaeMoro O0ObEKTa, He MOTYT OBITh MEHbIIE, YeM
mmHa BonHBI cBera (400 HM). Paspemaromas crmocoOHOCTH
ONTUYECKUX MHUKPOCKOMNOB cocTaBisieT npubmuzutentHo 200 HM.
[ToaTomMy BO3HMKIJIa HEOOOIMMOCTh B CO3JaHUM CHUCTEM C Ooiiee
BBICOKOM pa3pelaronieil crnocoOHOCThIO, a CIEJA0BaTENbHO C
BUICOCHCTEMAaMH, HCIIOJIb3YEMbIX MEHBIINE JJIMH BOJIH, YTO U
IIPUBEJIO K CO3/IaHUIO AIEKTPOHHBIX MUKPOCKOIIOB.

Tema 4.3. CpeacTsa 3JIEKTPOHHONM MUKPOCKOITUU

B nacrosiiiee BpeMs HCHONBb3YIOTCS ONPEACIICHHBIA KOMILIEKC
METOJIOB  JAMAarHOCTUKH HAHOCTPYKTYD, cpenu  HUX
1e1eco00pa3Ho BbLAECIUTH Haubosiee paclpoCTpaHEHHbIE — BCE
Pa3HOBUAHOCTH CPEJICTB AJIEKTPOHHONW MUKPOCKOIIUU BBICOKOTO
paspelieHusi. OTO MCTOPUYECKH TMEpBbI HpuOOp M MeTon
peaibHO  O0ECHeuYMBaIOIIMKA  BU3YyaIM3alMI0  CTPYKTYPHI
00BEKTOB C ATOMHBIM PA3PELLICHUEM.

CkaHUpyIOUIMHA ~ 3JIEKTPOHHBIH ~ MHUKPOCKONMA  TO3BOJISET
BIUIOTHYIO TPUONMKATBCS MO PAa3pelIeHUI0 K aTOMHOMY
YPOBHIO, COXpaHsisi BO3MOXXHOCTb IOJIydyeHHs] HH(OpMaruu o
(GU3NIECKNX, XUMUYECKHX OJIIEKTPHUECKUX M JAp. CBOMCTBaX
UCCIITyeMbIX HAHOOOBKTOB.

Paznen 5. OCHOBBI MEXaHUKH
Y KOHCTPYKIUHI

CPEICTB U3MEPEHUN
HaHOCTPYKTYPUPOBAHHBIX
00BEKTOB

Tema 5.1 OOGmacte mNpPUMEHEHHsS] HAHOCTPYKTYpPHUPOBAHHBIX
00BEKTOB

Pa3mepsr HaHOOOBEKTOB HaxosATCs B Anana3one ot 0,1 1o

100 HM. DTOT nMana3oH MPHUHITO Ha3bIBaTh HAHOMACIITAOOM.
CormacHo mpoekTy TexHudeckoi crneuudukanun I[SO/DTS
12805 mpowusBeneHHbIE HAHOOOBEKTHI PA3JENAIOT MO MPU3HAKY
reoMeTpuuecKoi (OpMbI Ha TPU KAaTETOPHH:

-4aCTHIIBI - 00BEKTHI, HIMEIOIIINE TPU pa3Mepa B HaHOMacIITabe;
-BOJIOKHA-00bEKTHI, HMEIOIINE J[Ba pa3Mepa B HAaHOMAcCIITaoe;

-IJIACTUHBI -  OOBEKTH, HMEKIIWE OJUH pasMep B
HaHOMacIITabe.

BonbIIMHCTBO HAHOOOBEKTOB HMEET YTIEPOAHYIO OCHOBY.
AToTponusl -  CyNIECTBOBaHWE OJHOTO M  TOrO  JKE
XUMHYECKOTO DJIEMEHTa B HECXOKUX dopmax. OnmHako B
MOCJICTHAE TOJBI OBLTM OOHAPYXKEHBI €Ile JBE aJIOTPOIHBIC
dbopMBI yrieposaa, UMEroIue OoNbIIyIo MEPCIIEKTUBY

HCIOJIL30BAHUSA B HAHOTEXHOJIOTHIX.
Tema 5.2 Ha3HaueHue, CBOICTBA, OCTPUHHOTO 30HIAOBOTO
JaTYHKa.

OaHuM 13 OOBEKTOB HAHOMETPOJIOTHH SIBISETCS OCTPUIHBIN
30HJIOBBIM JATYMK, UCIOJIB3YEMbI B CKaHUPYIOWIEH 30HJI0BOU




MUKPOCKOIIMM  JUIsl MCCIENOBAaHUS pa3MEpPOB U  CBOMCTB
MOBEPXHOCTHU HAaHOOOBEKTOB. Hatuuk COCTOHUT u3
MOJIYTIPOBOJIHUKOBOTO KpUCTa/u1a (4urma), TUOKOW KOHCOJU
(COOCTBEHHO KaHTHWJIEBEpPA) M TBEPIOTEIBLHOIO 30HAA (MTIJIBI).
OOBIYHO ATOT IaTYMK HA3BIBAIOT KAHTHIIEBEPOM.
['eomeTpuyecku 30H MPeACTaBIsSeT CO00M Uy  KOHUYECKOM
WIA TpU3MaTU4ecKkoil Gopmbl ¢ yriaoMm mpu BepmmHe 20 -
Ba)KHAsI XapaKTEPUCTHKA 30H/a - PAJANYC 3aKPYTJICHUSI OCTPUS T,
3HaYeHUE KOTOpOro oO0brdHO He Oonee 1 - 25 um. B kadecte
U3MEpPUTENIbHBIX ~ MpeoOpa3oBareneid B~ HAHOTEXHOJIOTUU
WCIIOJIb3YETCSA JTaTYUK HAHONEPEMEUIEHUM, NPEACTaBISIOUIMN
€000l COBOKYIMTHOCTh MEXaHMYECKOI'O 3JIEMEHTAa U TPAH3UCTOPA.
Mexannueckum AJIEMEHTOM SIBJIAETCS Opycox
(HaHORJIEKTpOMEXaHUYECKas MepeMbIUKa) U3 apceHua rajuius,
3aKperIeHHBIH ¢ 000MX KOHIOB. Pazmeprl Opycka: ymmHa 3 MKM,
mupuHa 250 uM, TommuHa 200 HM. JleTekTop mepemenieHus -
OJIHORJIEKTPOHHBII TPaH3UCTOP - PACIOJIOKEH HA PACCTOSHUU
250 umM ot Opycka. TpaH3UCTOp JJIEKTPUYECKH COCTUHEH C
OpyckoM yepe3 eMKOCTh. BHeliHee HampsbkeHue, MPUII0KEHHOE
K Opycky, 3acTaBisger ero BuOpupoBarh. llpu nepemerenun
Opycka  OTHOCHTENIBHO  JETeKTOpa  M3MEHSEeTCsl  TOK,
MPOTEKAIOIUI Yepe3 TPAHZUCTOP.

Tema 5.2.1 HazHauenue gatuuka CUJIbl 1 MacChl

B nmarynke cuiasl M Macchl B KauecTBE  IEPBUYHOIO
M3MEPUTENILHOTO Mpeodpa3oBarens UCIOIb30BaHa OQHOCIOWHAs
yriaepoaHas HaHOTpyOKka AuaMeTpoM 1 - 4 HM, pacroyokKeHHast
MEXIy JABYMs 30JIOTBIMH JJIEKTpoAaMH. Pa3meprl kaHaBKH,
yepe3 KOTOPYIO MPOTsAHyTa HaHOTpyOKa: mupuHa 500 HM, TIMHA
1,5 w™kMm. bonpmas ynpyrocte yriepoaHod HaHOTPYOKH
MO3BOJISIET €l KoJIe0aThCA B IIMPOKOM JMarna3oHe 4acTtoT (ot 3
no 200 MIm). Ona Moxer Takxke paboTaTh B KadecTBe
TPaH3UCTOPA, YTO MO3BOJISIET OMPENEIATh YaCTOTY €€ KoJieOaHHi
U CMEILEHUE OTHOCHUTEIBHO IIOJOXKEHHUS IOKOS. Y CTPOUCTBO
paboTaeT B BaKkyyme, MOCKOJIbKY Ha BO3yXe OOJBIIOE YUCIIO
MOJIEKYJl OyAeT CTaJKUBaThCS C HAHOTPYOKOM wim Jaxe
abcopOupoBaThCsi Ha HeEW. B 3aBUCUMOCTH OT BO3JCHCTBUSA
BHEIIHEHl CHJIBl Ha W3MEpHUTENbHBIM IpeoOpa3oBarenb OH
U3MEHSET CBOE MojoXeHue. [locTurHyras 4yBCTBUTEIbHOCTH
YCTpOICTBA MO3BOJISAET U3MEPATH cMmelieHue B 0,5 HM.

Tema 5.2.2 Hasnauenue u cdepa TpUMEHEHUS 30HIOBOTO
JaT4rKa

30HAOBBIM ATYUK YCTPOWCTBO, BKIIOYAIOIIEE TBEPIOTEIbHBIN
OCTPUMHBIA 30H], THOKYIO NPYKUHHYIO KOHCOJIb - KaHTUJIEBEP
(anrn. cantilever - koHCOJb) M KpuCTaT (Aepkarenb). B
JUTEpaType d3TO YCTPOMCTBO HEPEAKO HAa3bIBAIOT IIPOCTO

«KAHTUJIEBEPOM. N3rud KaHTWJIEBEpa c 30HI0M
pPErUCTpUpPYyeTCss OOBIYHO C MOMOILBI0 OTPAXKEHHOTO JIa3ePHOT0
My4YKa cBeTa U (OTONPUEMHHUKA. Paspemaromas

CIIOCOOHOCTh ~ CKAaHUPYIOIIUX  30HJOBBIX  MHUKPOCKOIIOB
ompezensercs CIENyIIIMMHU IapamMeTpaMu  KaHTuieBepa:
paauyc 3aKpyrieHuss OCTPUsl WIJIbl, BBICOTA WIJIbI, ACTIEKTHOE
COOTHOILIEHUE WIJIbl, XapaKTEepU3yeMoe VyIJOM KOHyca; Y




Hauboee COBEPILIEHHBIX KaHTHJIEBEPOB aCIEKTHOE
COOTHOUIEHUE aocTthuraer BenuuuHbl 15:1. Jlnsg u3roroBieHus
KaHTWJIEBEPOB HCIIOJIb3YIOTCS MOJYIPOBOJHUKOBBIE TJIACTHUHBI
(manpumep, KJ/Ib-12: kpemHHMIl p-THUNA BBIMOJIHSAET JHOKCH]
kpemuusi  SiO2. Konconp  kanTwieBepa  (opMupyercs
AIIEKTPOXMMHUYECKUM TPaBICHUEM B TOJOTPETOM pacTBOpe
menoun KOH. B mpouecce TpaBieHusi 3aroroBka MeEJJICHHO
MOJIHUMAETCS U3 PACTBOPA ILEIOYH I MOTYyYEHUS] KOHUYECKON
(v mpu3MaTU4eckoi) (OpMBI UTIBI C OCTPHIM KOHIIOM.
[IpOMBINIJIEHHOCTBIO OCBOEHBI B CEpUMHOM IPOU3BOJICTBE
JIECSATKHU BUJIOB KOHCTPYKIUU KaHTUIIEBEPOB. OHU BBITYCKAIOTCS
C OJHOM, NBYMS, TpeMsl WJIM YeTbIpbMs KOHcCoJsMHU. KoHconb
MOXKET OBITh B IUIAaHE TMPSIMOYTOJBLHOW WM TPEYrOJIBHOM,

JUIMHHOW WJIM KOPOTKOM, C MOKPBITHEM WJIN 0€3 MOKPBITHS.
Panuyc 3akpyrieHust Urisl 30544 - ot 1 10 25 HM.

4.3. Tlpaktuyeckue (CeMUHAPCKUE) 3aHATHUS
TeMmbl MpakTUUECKUX 3aHATHI U UX TPYJOEMKOCTb IPUBE/EHBI B TAOIUIIE 5.

Tabmuna 5 — [IpakTuyeckue 3aHATHS U UX TPYIOEMKOCTb

Ne
n/o

Templ IPaKTUYECKUX 3aHATUN

Dopmbl
MPAKTUYECKUX
3aHITUH

TpynoemMKocCTs,
(gac)

N3 aux
IIPAaKTUYECKON
MOJATOTOBKH,
(gac)

Ne
paszaena
JACLIUI

JINHBI

Cewmectp 8

UccnenoBanme
MMOBEPXHOCTU METOAOM
aTOMHO-CHJIOBOM
Mukpockonuu. [IpoBenenue
BHEIIIHETO OCMOTpa |
nmoaroroeka C3M  «k
pabote B pexHuMe
aTOMHO-CHJIOBOM
MHUKPOCKOITHH

HUMUTAIIlMOHHBIC
3aHATUA

2

HccnenoBanue noBepXHOCTH
METOJIOM aTOMHO-

CUJIOBOW MUKPOCKOIIHH.
IIpoBenenue BHEMIHETO
ocMmoTpa u noaroroka C3M
K paboTe, MOATrOTOBKA 00pa3ia
K HCCJIEI0BAaHUIO

HUMUTAIIlMOHHBIC
3aHATUA

HccnepoBanue NoBepXHOCTH
METOJIOM aTOMHO-

CUJIOBOM MUKPOCKOIIHH.
O6paboTka pe3yabTaToOB
UCCIeI0BaHMs o0pasia

W aHaJHu3 pe3ysbTaToB
HW3MEpPEHUI

HUMUTAIlMOHHBIC
3aHATUA

[ToaroToBka 3J€KTPOHHOTO
MHUKPOCKOIA U
(GYHKIMOHATBHBIX OJIOKOB
(y3710B) K paboTe B OCHOBHBIX
pabouux pexxumax. [Topsaok u

HUMHUTAIIlUOHHBIC
3aHATUA




MOCIE0BATEIIEHOCTh
BKJIFOYEHHS M BBEIKJIIOUCHUS
C3M moxa.Solver PRO-M
5 | Opranusanus npoBeACHUs MMUTALIUOHHBIE 2 4 2
IOBCPKH CKAHUPYIOIIUX 3AHSITUS
30HIOBBIX MUKPOCKOIIOB.
[Topsnok mpoBeneHus
MTOBEPKH 3J1. MUKPOCKOTIA MO/I.
Solver PRO-M
Bcero 10
4.4, JlabopaTopHbIEC 3aHATHS
Tewmbl 1a00paTOPHBIX 3aHATUH U UX TPYJAOEMKOCTh IPUBEACHBI B Ta0OIHIIE .
Tabnuna 6 — JlabopaTropHble 3aHATHS U UX TPYJIOEMKOCTh
W3 aux Ne
Ne HammenoBanue 1a60paTopHEIX padot TpyaoeMKoCTh, | MpakTUUYECKOH | pa3merna
/11 (gac) MOJTOTOBKH, | JUCITHII
(dac) JINHBI

VY4eOHbIM MJIAHOM HE MPEAYCMOTPEHO

Bcero

4.5. KypcoBoe mpoeKkTHpOBaHKE/ BHIIIOIHEHUE KypCOBOU pabOThHI
VY4eOHbIM [JITaHOM HE MPEAYCMOTPEHO

4.6. CamocrosTenbHas paboTa 00yJaroIIiXcs
Bunasl camoctosTensHON paboOThI M €€ TPYI0EMKOCTh NPUBEIEHBI B Ta0nuLe /.

Tabauna 7 — Buzabl camocTosTenbHONU paboThI U €€ TPYAOEMKOCTh

. Bcero, | Cemectp 8,
Bun camocrositensHOM paboTh
qac qac
1 2 3
M3ydeHne TeoOpeTHYecKoro Marepuasia 20 20
qucturaHel (TO)
KypcoBoe npoextuposanue (KII, KP)
PacuetHo-rpaduueckue 3aganus (PI'3)
Boinonnenue pedepara (P)
[ToaroToBka K TeKyuemMy KOHTPOJIIO o5 o5
ycneBaemoctu (TKY)
Jomamuee 3amganne (/13)
KonTponbabie paboTsl 3a04HIKOB (KP3) 15 15
IToaroToBKa K MPOMEXYTOYHOMU 32 32
arrectanuu (I1A)
Bcero: 92 92

mar. 7-11.

5. IlepeueHb yueOHO-METOINYECKOTO OOECIICUEHUS
JUISL CAMOCTOSTEITEHON PabOThI 00YUYaIOIIUXCS IO TUCIUTUTMHE (MOIYJTIO)
Y4eOHO-MeTOInYeCKHe MaTepualibl JUIsl CaMOCTOSTENbHOW paboThl 00ydaromuxcs yKa3aHbl B




6. IlepeueHb MEYaTHBIX M ANEKTPOHHBIX YUEOHBIX W3aHUN
IlepedyeHpb neyaTHBIX U 3JIEKTPOHHBIX YUEOHBIX M3/1aHUH NpHUBeeH B Tabaule 8.
Tabmuua 8— IlepeyeHp Me4YaTHBIX U JICKTPOHHBIX YUEOHBIX U3AaHUI

Hludp/
URL anpec

bubnuorpaduyeckas
CCBUTKA

Komuectso
9K3EMILTIPOB B
oubmoreke
(kpome
ANIEKTPOHHBIX
IK3EMILUISIPOB)

https://znanium.com/catalog/product/1060845
(mara obpamenus: 07.09.2021). — Pexxum

AOCTyTIIa: 1O IMOAIKUCKE.

Opmunnos, b. E. Monenu u
pOOJIEMBI
WHTEJUICKTYaIbHBIX CUCTEM :
moHorpadwus / b.E. OnuHios.
— MockBa

: UIHDOPA-M, 2020. —

219 c. — (Hayunas mpICIb).
— DOl

10.12737/1060845. - ISBN
978-5-16-015839-6.

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

DuU3nYECKUe OCHOBBI MUKPO-
Y HAaHOAJIEKTPOHUKH,
HypHakoB A.A., /yaeOHOE
nocobue/, YpdV, 2020, -
252 c.

https://znanium.com/catalog/product/1984948

PactpoBas anexTpoHHas
MUKPOCKOTIHS JIJIS
HAHOTEXHOJIOTHi. MeToIpl
Y IPUMEHEHUE :
MoHorpadus / oz pen. VY.
Ky, XK. JI. Vanra, T. IL.
KamuHCKOH. - 4-¢ U3, -
Mockga : JIabopatopust
3HaHui, 2021. - 601 c. -
ISBN 978-5-00101-142-2. -
TeKcT : 31eKTPOHHBIN.

https://znanium.com/catalog/product/1894131
(mata oOpamenus: 22.08.2023). — Pexxum

A0CTyma: 1mo MmoAIIrCKeE.

®unumonos, B. E.
MHUKpPOCKOIIMUECKUN aHAIU3
JUCTIIEPCHOTO COCTaBa
MIOPOIIKOB : yueOHoe
rmocooue / B. E.
®unumonos, A. B. Mopos. -
Momkap-Oua :
IToBoIDKCKUIM
roCyJapCTBEHHBIN
TEXHOJOTHYECKUI
yHuBepcurer, 2020. - 76 c. -
ISBN 978-5-8158-2167-5. -

TekcT : AMEeKTPOHHBIN.

7. HepequL QJICKTPOHHBIX 06pa3OBaTCJ'IBHBIX peCypcoB

MH(}OPMaLMOHHO-TEIIEKOMMYHHUKAITUOHHOM ceTn « IHTepHEeT»



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

[Tepeuenn AIICKTPOHHBIX o0pa3oBaTeIbHBIX pecypcoB UH(OPMAITMOHHO-
TEJICKOMMYHUKAIIMOHHONW ceTn «WHTepHeT», HEOOXOAMMBIX JJii OCBOCHHUS JTUCIUILIAHBI
npuBe/ieH B Tabsmie 9.

Tabmua 9 — IlepedeHb SICKTPOHHBIX 00pPA30BATCIBHBIX PECYPCOB  HMH(OPMAIMOHHO-
TEJIICKOMMYHUKAIIMOHHOMN ceTH «HTepHeT)
URL anpec HaumenoBanue
http://science.quap.ru Hayunas u nnHOBanmoHHas aesteabHocTh 'Y AIL
http://www.consultant.ru | CnpaBouno-npaBoBas cucrema «Koncynbrant I[Taroc»
http://www.garant.ru Hudopmanronno-npasoBoi moprain «CAPAHT»
http://list-of-lit.ru Criucok auTeparypsl IO HAHOTEXHOJIOTHU
/nano/nnotechnologii

8. Ilepeuens HHPOPMALTMOHHBIX TEXHOJIOTUI
8.1. IlepeyeHp TPOrpaMMHOTO OOECHEYCHHMS, MCHOJIB3YEMOTrO IPHU OCYIIECTBICHUU
00pa30BaTEeILHOTO MpOoIecca M0 JUCIUIIIHHE.
[Tepeuenp UCTONIB3yEeMOro IPOrPaMMHOTO oOecTieueHHs npeacTasieH B Tabuuie 10.

Tabmuna 10— [TepeueHr mporpaMMHOTO 00€CIICUCHHS

Ne i/ HaunmeHnoBaHue

He npenycmorpeno

8.2. [lepeuenn MH(POPMAIMOHHO-CITPABOYHBIX CUCTEM,HCII0JIb3yEMBbIX npu
OCYIIECTBICHIH 00pa30BaTEILHOTO MpoIiecca Mo AUCIUITITHHE

[lepeyeHp WCHONB3yeMbIX HH(POPMALMOHHO-CIIPABOYHBIX CHUCTEM MPEICTABICH B
Tabymue 11.

Tabauna 11— Ilepeuenb MHGPOPMAIIMOHHO-CIIPABOYHBIX CUCTEM

Ne m/m HanmenoBanue

He npenycmorpeno

9. MarepuanbHO-TeXHUYECKas 6a3a
CoctaB  MaTepUAIbHO-TEXHUYECKOH 0a3bl, HEOOXOMUMOW Ui  OCYIIECTBICHUS
00pa3oBaTeNbHOTO Mpoliecca Mo AUCHUILINHE, IPpecTaBieH B Tabiauuel 2.

Tabmuna 12 — CoctaB MaTepralIbHO-TEXHIUYECKON 0a3bl

Ne HanmeHnoBaHue cocTaBHON 4acTH Howmep aynuropun
n/m MaTepUaIbHO-TEXHUUECKOH 0a3bl (TIpu HEOOXOMMOCTH)
1 JlaGopaTopust HCKYCCTBEHHOTO MHTEJIIIEKTa M IU(PPOBBIX 13-13
TEXHOJIOTUI B METPOJIOTHUHI

10. Omnenounsle cpeacTBa AJIs MPOBEIEHUS TPOMEXYTOUHOM aTTeCTaIllH
10.1. CocTaB OIICHOYHBIX CPEICTB/IJIS TPOBEACHUS IPOMEKYTOUYHOW aTTeCTaIlluu
oOyyaromuxcs Mo JUCIUIUIMHE IpuBeeH B Tabnuue 13.
Tabmuna 13 — CocTaB OIEHOYHBIX CPEJCTB JIJIS POBEACHHSI POMEKYTOTHON aTTeCTaIlUN

Bug HpOMC)KyTO‘-IHOﬁ arTeCTalnuun HCpC‘-ICHB OILICHOYHLIX CPCIACTB

3auer Cnucok BONpPOCOB;
TecTts;
3agaun.



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/

10.2. B kauecTBe KpUTEpPHUEB OIICHKH YPOBHSI CHOPMHUPOBAHHOCTH (OCBOCHUS)
KOMIIETCHIIMA OOYyYaIONMMUCS MPUMEHSIETCS S-0aTbHas MIKaia OIEHKA cPOpMHUPOBAHHOCTU
KOMIIETEHIIUH, KoTopas puBejeHa B Tabuune 14. B TeueHune cemecTpa MOXKET UCIOIb30BaThCA
100-0annpHast ~ mKajma  MOXIYJBHO-PEUTMHTOBOW  CHUCTEMbl ~ YHUBEPCUTETa,  IpaBHUIa
UCIOJIb30BaHUSI KOTOPOH, YCTAaHOBJIEHBl COOTBETCTBYIOILUM JIOKAJIbHBIM HOPMATUBHBIM aKTOM
['YAIL
Tabmuna 14 —Kputepuu ouieHKH ypoBHS ¢(HOPMHUPOBAHHOCTH KOMIIETEHIIUI

OI11eHKa KOMITETEHIUN

XapakTteprucThka chOpMUPOBAHHBIX KOMIIETEHITI
5-0ayuipHad IIKaIa PaKTep (bopvmp

— oOyyvaromuiicss TIyOOKO W BCECTOPOHHE YCBOMJ IPOTPaMMHBIN
MaTepuar;

— YBEpPEHHO, JIOTUYHO, TTOCIIEIOBATEILHO M TPAMOTHO €T0 HU3JIaraer;

— ONMpasch Ha 3HAHUS OCHOBHOW W JIOTOJIHUTEIBHOW JIMTEPATYPHI,
TECHO TPUBS3BIBACT YCBOCHHBIC HAYYHBIC TTOJIOKCHHUS C MMPAKTUICCKON
JeATEIIbHOCTHIO HAIIPaBIICHHUS;

— yMeJ0 00OOCHOBBIBACT U apTyMEHTUPYET BBIBHIa€MbIC UM HJICH;

— JIeJIaeT BBIBOJIBI U 0000IIEHMS;

— cBOOOJTHO BJIAJICET CUCTEMOH CHCIMAIN3UPOBAHHBIX TOHSATHH.

COTIIMYHO»
(GauTCHO»

— 00y4Jaromuiicsi TBEPIO YCBOMII IPOTPAMMHBINM MaTepuall, IpaMOTHO U
[0 CYUIECTBY WU3JaracT €ro, ONUPasCh Ha 3HAHUS OCHOBHOMU
JTUTEPATYPHI,

— HE JIOMYCKAeT CYMECTBEHHBIX HETOYHOCTEH;

— YBSI3BIBACT YCBOCHHBIC 3HAHHUS C IPAKTUYCCKOH JEATSIBHOCTHIO
HaIPaBJICHUS;

— apryMEHTUPYET Hay4IHBIC TIOJIOKEHUS;

— JIeJIaeT BBIBOJIBI U 0000IIEHMS;

— BIIAJCET CHCTEMOM CIIENHAIM3UPOBAHHBIX TOHATHIA.

«XOpOoLIO»
<Ga4YTCHO»

— o0yyaromuiicss yCBOWJI TOJBKO OCHOBHOW MpPOrpaMMHBIN MaTepual,
M0 CYIIECTBY M3JIara€T €ro, ONHpasch Ha 3HAHUSA TOJbBKO OCHOBHOM
JTUTEPATYPHI,

— JIONyCKaeT HEeCYIIECTBEHHbIE OIMOKN U HETOYHOCTH;

— UCIIBITHIBAET 3aTPYJHEHUs B NPAKTUYECKOM NPUMEHEHUU 3HAHWUU
HaIlpaBJICHUS;

— cnabo apryMeHTUPYET Hay4dHBIC MTOJOKEHNS,

— 3aTpyAHseTcs B GOPMYJIUPOBAHUHU BBIBOJOB U 000OIICHUH;

— YaCTHYHO BJIAJEET CUCTEMON CIIeIMAIU3UPOBAHHBIX OHSITHIA.

«YHAOBJICTBOPUTCIIEHO»
GavTCHO»

— oOyyaromuiicss He YCBOWJ 3HAYUTENbHOM 4YacTh MPOrpaMMHOTO
MaTepuana,

— JIONyCKaeT  CYIICCTBCHHBIE  OIMMMOKA W  HETOYHOCTH  IPH
paccMOTpEeHHH MPoOJieM B KOHKPETHOM HalpaBlICHUY;

— UCTIBITHIBAET TPYJHOCTH B MPAKTUYECKOM MPUMEHEHUH 3HAHMUIA;

— HE MOXET apryMEHTHPOBATh HAYYHBIC ITOJOKCHHUS;

— He GOopMYJIHPYET BBIBOJIOB M 0000IICHU.

«HCYHAOBJICTBOPUTCIILHO»
«HEC 3a4TCHO»

10.3. TunoBble KOHTPOJILHBIC 3a/IaHUS WM WHBIC MaTEPHAIIBI.
Bompocs (3agaun) ass 9K3aMeHa mpeIcTaBIeHb! B Tabuie 15.

Tabnuna 15 — Bonpocs! (3agaun) 11 9K3aMeHa

Kon

Ne /i [Tepeuens BompocoB (3a1a4) AJsl IK3aMeHa
WHAMKATOpa

Y4eOHBIM MJIAHOM HEe IPELYCMOTPEHO

Bompocsr (3amaun) aiist 3ageta / qudd. 3aueTa npejacraBieHsl B Tadbmuie 16.
Tabmuua 16 — Borpocs! (3a1aun) amst 3aueta / qudd. 3auera

Ne Kon
Ilepeuens Bompocos (3amayd) misd 3aueta / nudd. 3adera
/1 p p (3a1a) aupd WHJIUKATOpa




1 | OnumuTe pu3HyecKUil CMBICT XpOMaTHUECKOM abeppariu I1K-1.3.4

2 [Ipoananu3upyiiTe B 4eM pa3anyue XapaKTEPUCTHUK pa3pelIeHUs IIK-3.V.3
ONITUYECKOT0 MNIEKTPOHHOI'O MUKPOCKOIIOB

3 [TpoanayM3upyiTe XapakTEPUCTUKY pa3pemaroiei criocobnoctu OM I1K-3.V.3

4 | OnummMre Ha3HAYEHHUE U YCTPOMCTBO U CBOMCTBA MCTOYHHUKA 3JIEKTPOHOB IIK-1.3.3

5 Haz3oBuTe KOHCTPYKTHBHBIE OCOOCHHOCTH CHCTEMBI OCBemeHus DM I1K-1.3.3

6 | OnumuTe yCTpOWCTBO CUCTEMBI KOPPEKIMH acTUrMaTu3Ma B OM I1K-3.3.3

7 | OnumuTe npuHIUT paboThl U YCTPOHCTBO CUCTEMBI H300pakeHuss OM I1K-3.3.3

8 OnumuTe 6JI0K-CXeMy B MPUHIUI paboTel MUKpockorma BCOM I1K-3.3.3

9 | Onumure 010K-cXeMy M npuHIHI JeiicTBus Oe-crieKTpoMeTpa I1K-3.3.3

10 | OnumuTe MUKPOCKOII, OJIOK- CXEMY, IPUHIIUIT JEHCTBUS I1K-1.3.3

11 | Onumute HOTOAIEKTPOHHYIO PEHTTEHOBCKYIO CIIEKTPOCKOIHIO, OJIOK- [K-1.3.3
CXeMY, IPUHIMII JeHCTBUS

12 | OnumuTe npuHIUN paboOThl paMaHOBCKON CIIEKTPOCKONHH, OJIOK-CXEMBbI IIK-1.3.3
npolecca U3MepeHHH.

13 | Onumure Ha3HAYEHHUE NPUHIUI  JIEUCTBUSA (OTOTOMUHECIICHTHOM I1IK-1.3.3
CHEKTPOCKOIIUU

14 | Onumure nHGOpPMAITMOHHBIC TEXHOJOTHH B U3MEPHUTEIIBHBIX CHCTEMaX 11K-3.3.3

15 | OnumuTe nHGOPMAIIMOHHBIE TEXHOJIOTHH B HAHOTEXHOJIOTHSIX [IK-3.3.3

16 | OnumurTe TPUHITUIIBI u OCHOBHBIE DJIEMEHTEI I11IK-3.3.3
HCKYCCTBEHHOI'O MHTEJJIEKTa

17 | Onwummre Gpu3nyecKre TPUHIUIBI JTyda MUKPOCKOIA I1K-1.3.4

18 | OnumuTe huznyecKre MPUHIUIBI IEHCTBHS METOIOB U CPEICTB Macc- [IK-1.3.4
CIIEKTPOMETPUH

19 | OnumuTe puzmyeckyro CYILIIHOCTb TyHHenbHOTO 3¢dekra B | [IK-1.3.4
Palu03JIEKTPOHUKHU

20 | OnumuTe OCHOBHBIE MOHSATHSI U ONIpeiesIeHHs] B 00J1aCTH HAaHOTEXHOJIOTUI I1K-1.3.4

21 | [Ipoananu3upyiTe, 4eM HAHOCTPYKTYHPOBAHHBIE MATEPHAIIBI OTIINYAIOTCS [K-3.¥.3
OTKJIACCUYECKHX MaTepHaaoB?

22 | OnumuTe OCHOBHBIE 0COOEHHOCTH HAaHOPAa3MEPHBIX BEITMYMH, UX [IK-1.3.4
KOJIMYECTBEHHOE 3HAUCHHUE.

23 | OnumuTe eqUHAUIBI U3MEPEHUST M HANMEHOBAHUS B 00J1aCTH [IK-1.3.4
HAHOTEXHOJIOTHii

24 | [Ipoananu3upyiTe THHEHHBIE pa3Mepbl 0CO0EH KUBOTHOTO MUpPA U [K-3.¥.3
HCKYCCTBEHHBIX O0BEKTOB B CPABHUTEJIbHBIX 3HAUYCHUSIX HAHOTEXHOJIOTUI

26 | OnummTe MOAXOAbl K HAYYHOMY ONpEICTICHUI0 TepMuHa «HaHoTexHonorus | [1K-1.3.4

27 | OnumuTe OCHOBHBIE Haeu 3. [Ipekciepa o posie HAHOTEXHOJIOTHIA B [IK-1.3.4
Pa3BUTHUH COBPEMEHHOT'O O0IIECTBA, U3JI0KEHHbIE B KHUTe « MaluHbl
CO3MJIAHMS»

28 | [IpoananusupyiiTe OKuAaeMble HapaMeTpbl HAHOMEXaHUYECKHX [IK-3.¥.3
YCTPOWCTB.

29 | OnumuTe NpUHIMI paboThl HAHOYCTPOMCTBA BXKUBBIX OpraHu3Max (Ha [IK-1.3.4
npumepe Mosekybl «AT® Cuntazay).

30 | OnumuMre yriepoa B MPUpPOJIe, B YEM 3aKIIIOYAETCs ero 0cobasi poiib? I1K-1.3.4

31 | IIpoananu3upyiTe BO3MOKHBIC ITyTH MPAMEHEHHSI TPHUOOPOB U MAIITHH [IK-3.¥.3
MHT

32 | OnumuTe MPUHIMITEI CAMOCOOPKH, TIPUCYIIHE Hanboee [IK-1.3.4
pacrpocTpaHEeHHbIM 00BEKTaM HAHOTEXHOJIOTHH

33 | [Ipoananmsupyiite ncnoib3oBanne camoopranuzanuu B HT. OcHoBHBIE IK-3.Y.3
CBOMCTBA CAMOOPTraHU3YIOUINXCS CUCTEM

34 | Ilpoananu3upyiTe HAaHOMaTepUaAJIbl, HANMEHOBAHMS, Ha3HAYCHHUE, I[IK-3.¥.3




‘ OCHOBHBIC OTpEeIeTICHNs, KaKUe 00BEKThl K HUIM OTHOCSTCS? ‘

[lepeyenp TeMm Ui KypCOBOTO IPOEKTUPOBAHUS/BBINOIHEHUS KypCOBOH pabOTHhI
MpeACTaBICHBI B TabmwmIe 17.
Tabmuua 17 — IlepeueHp TeM Jjisi KYPCOBOTO MPOSKTUPOBAHMSI/BHIIIOIHEHHUSI KYPCOBOH paboThI

[TpumepHBIii TepeueHb TeM ISl KypCOBOTO MIPOEKTUPOBAHUS/BBINOIHEHUS

Ne n/mt .
KypCOBOM paboThI
VY4eOHbBIM IIJIAHOM HE IPEeyCMOTPEHO
Bonpocsl 1 npoBeneHHs IIPOMEXYTOYHOM aTTecTallMd B BHJAE TECTHUPOBAHUSA

npezcTaBieHsl B Tabmuie 18.

Tabmmua 18 — IIpumepHbIii epeueHb BOIIPOCOB ISl TECTOB

Ne
n/o

Kon

[IpumepHBIii IepeueHb BOIPOCOB sl TECTOB
WHJUKATOpa

1 | Hccreoosanue mukpo- u HaHOCMPYKmMyp. . [IK-3.¥.3

[Tpoananu3upyiite ,Kakue METObI TUATHOCTUKU HanboJIee pacpoCTPpaHCHBI
IUT UCCeI0BaHMs (DU3MYECKHX ITAPAMETPOB M XapaKTEPUCTHK
HAHOOOBEKTOB:

-3JIEKTPOHHAs MHKPOCKOITHS BBICOKOTO Pa3peIlIeHUS;

-OTpakaTeJIbHas 3JICKTPOHHAS MUKPOCKOIIHS

-MHKPOCKOITUS MEUIEHHBIX JIEKTPOHOB. ;

-OIITHUYCCKaAa MI/IKpOCKOHI/IfL

2 Baoicnetiwue mexnonocuueckue — 0ocmudicenuss 60 6Mopoil HOI08UHE [IK-3.¥.3

-CO31aHUC

08a0yamo2o cmoemus.

[Ipoananusupyiite, 4To CIOCOOCTBOBAJIO, B HAUOOJIBIICH CTEIICHH,
WHTEHCUBHOMY Pa3BUTHIO HAHOTEXHOJIOTHH B CTPaHE U 3a pyOekoM?
-TeXHOJIOTHUS CO3aHUS AIEKTPOBAKYYMHBIX IPUOOPOB;

-CO3JIaHUEe MUKPOMO/IYJTHHBIX 3JICMCHTOB;

-CO3/IaHUE UHTETPANbHBIX NIEUYaTHBIX TUIAT;

MMOJIYITPOBOAHHUKOBBIX DJICMCHTOB 3J'IGKTpOHHOI71 TEXHUKU.

3 Qusuueckas cywnocms 3akona I opoona Mypa. [IK-3.¥.3

Mypa?

DJICMCHTA;

[Ipoananusupyiite, B 4eM 3aKIIOYAETCSI CMBICI YMIUPUYECKOTO 3aKOHA

-00BSICHAT MPUHIIMII [TOJIy4YE€HUS YepHO-0€e10r0 n300pakeHust Kajapa
TEJIEBU30DA;
-3aKOH OOBSICHSAET MMPUHIIAIT q)YHKIII/IOHI/IPOBaHI/HI OIITOBOJIOKOHHOI'O

-TIpeIeTbHbIE TPAHUTIBI OBICTPOJEHCTBUS KOMITBIOTEPA;
-IIPEAEIBHOE YUCIIO PA3MELIEHUS TPAH3UCTOPOB HA IEYATHOM TU1aTe
KOMIBIOTEPA.

4 | Cpeocmea uzmepeHus 0Jist UCCIEO08AHUSL HAHOCIPYKMYD. IK-1.3.4

[Ipoananu3upyiiTe, B 4eM 3aKJIFOYAETCSI OCHOBHBIE IOCTOMHCTBA
ANEKTPOHHOT'O MUKpOCKoOTa?

-YJIy4IICHBI BECOBBIC U Ta0APUTHBIC XapaKTEPUCTUKH TPUOOPOB,
-BO3MOXKHOCTBIIM(PPOBOTO  TPEICTABICHUS pe3yJIbTaTOB aHANN3a;
-001ee coBepleHHas1, TT0 CPAaBHEHHUIO C ONMTHYECKUM MUKPOCKOIIOM, CUCTEMA
MOJTy4EHUS N300paKeHMsI HA0II0AaeMOT0 OOBEKTA;

-BO3MOXXHOCTH MOJyUeHUs 0oJjiee pa3HOOOpa3HOM HHPpopMauu 00 00BEKTE;
-TIpe/ieIibl YBEIMUCHUS UCCIIEyeMOT0 O0BEKTa.




5 OcHosHble napamempbl U XapaKmepucmuKu MUKPOCKONO8 [IK-1.3.4
HazoBute npeneiabHble 3HAYEHUS XapaKTEPUCTHUKU YBEITUUCHHUS
OINITUYECKOT0 MUKPOCKOTA:

- 100 pas3;
- 200 pas;
- 400 pas3;
- 700 pas;
- 1000 pas3;
- 1500 pa3

6 OcHogHble napamempwl U XapaKmepucmuku MUKPOCKONOS. I1K-1.3.4
YcranoBuTe NpeAeabHblE  3HAUYCHUS YBEITUYEHUS 3JICKTPOHHOTO
MHUKPOCKOTIA:

- 1000 pas3;
- 2000 pas;
- 5000 pas3;
- 8000 pas;
-1muH. pas;
-2 MJIH. pa3

7 OcHosHbie napamempbl U XapaKmepucmuKu MUKpOCKONOS. [IK-3.¥.3
[Ipoananuzupyiite, yem OTIpeIIISITCS pa3peliaroas CiocOOHOCTh
ONITUYECKOTO MUKPOCKOTA:

- YPOBHEM OCBEIIIEHHOCTU padoueil JIMH3BL;
- BEJIMYMHOHN (POKYCHOTO PacCTOSIHUS;

- COBEPIICHCTBOM OTKJIOHSIOLIEH CHCTEMBI;
- JUIMHOW BOJIHBI CBETA.

8 OcHosHble napamempbl U XapaKmepucmuKu MUKpOCKONOS. [IK-3.¥.3
[Ipoananu3upyiite, uem OTIpEIeIIIETCS pa3periamas CrrocoOHOCTh
3JIEKTPOHHOT'O MUKPOCKOTIA:

- KOHCTPYKIIHEH CHCTEMBI H300paKeHUs MUKPOCKOIIA;

- YCTPONCTBOM 3JIEKTPOHHOH MYIIKH,

- CUCTEMOM CUUTBHIBAHUS Pe3yibTaTOB 00pabOTKN U3MEPEHMUI;
- paccTosiHUEM TpoJieTa HIEKTPOHA;

- CKOPOCTBIO IIPOJIETA IEKTPOHA.

9 | llpeumywecmsa 31eKmpoHH020 MUKPOCKONA. [IK-3.¥.3
[Ipoananusupyiite, yeM 0OBICHIETCS BHICOKAS pa3peliaroiias CliocOOHOCTh
3JIEKTPOHHOT'O MUKPOCKOTIA:

-T€OMETPUIECKIMHU pa3MepaMu pabodei 30HBbI;
-HMCII0JIb30BaHUEM DJIEKTPOHHOI'O MIOTOKAa BMECTO CBETOBOI'O IMOTOKA;
-JJIMHOM BOJIHBI JJIEKTPOHA.

10 | 11. IIpoananu3upyiite, Kakas cepusi CTaHIapTOB B HACTOSILEE BpPEMs [IK-3.¥.3
SIBJISIETCSI OCHOBHOM JIsl CTaHAapTOB U3 oomactu UT?

a. cepus 25000;
b. cepus 9000;
C. cepus 14000;
d. cepusi 16000.
11 | 12.  VYcraHoBuTE JBa OCHOBHBIX cTaHnaprta B oonactu UT. a. 12207:1995; | I1K-1.3.4
b. 19760:2003;
c. 16326:1999;
d. 90003:2004;
e.15288:2002.
12 | 13.  VYcraHoBuTe aOOpeBUATYPYy MEXITYHAPOIHOTO COro3a tekrpocesizu: | [1K-1.3.4

a. IEEE;




b. IEC;
ITU;
d. ISO.

o

[lepeyeHb TeM KOHTPOJBHBIX PabOT MO AMCLUMUIUIMHE OOYYAIOUIMXCS 3a04HON (HOpPMBI
00yueHus1, IpeIcTaBiIeHbI B Ta0ymie 19.

Tabmuna 19 — IlepedeHp KOHTPOJIBHBIX PadOT

Ne

W [lepeyeHb KOHTPOJBHBIX PAOOT

HepeqnanTe BHUIbI MUKPOCKOIINH

PacckaxxuTe yCcTpoHCTBO CBETOBOTr0 MHKpockona MBP-2

Packpoiite npunimn padboTs! (Ha30BO-KOHTPACTHOIO YCTPOMCTBA

yKa}KI/ITe, B UCM 3aKJIH0YaCTCA CYTh pa6OTBI JJFIOMUHECHCHTHOI'O MUKPOCKOIIa

Pacckaxute 0COOEHHOCTH JIEKTPOHHON MHUKPOCKOTIHH.

HccnenoBanne MUKPO- M HAHOCTPYKTYP.

N[OOI WIN(F

Baxneiiiime TEXHOJIOTHYECKUE JIOCTMKEHHUSI BO BTOPOM MOJIOBHHE JBALIATOrO
CTOJIETHSL.

oo

dusnyeckas CynHocTh 3aKkoHa ['opsiona Mypa.

©

CpenctBa u3MepeHusi AJisi UCCIIEJOBAHMSI HAHOCTPYKTYP.

10.4. MeTtoauueckre  MaTepuaibl,  ONPEACNSIONUE  HPOUEAYpPhl  OLCHUBAHUS
WHIMKATOPOB, XapaKTePU3YIOIMUX J3Tanbl (OPMUPOBAHHUS KOMIICTCHIIUN, COJEPKATCS B
JIOKAJIbHBIX HOpMAaTUBHBIX akTax [YAIL, pernmameHTHpPYIOIIMX MOPSAIOK U MPOLEAYPY
MIPOBEJICHUS TEKYIIETO KOHTPOJIS yCIIEBAEMOCTH M MTPOMEXKYTOYHOHN aTTECTAI[MH O0YYarOIIIXCs
'VAIL

11. Meroanueckue yKazaHus Ui 00yJarOIIUXCs 0 OCBOSHUIO JUCIUILTHHBI

11.1. MeTtoauueckre yKa3zaHus [N OOYYarOIIMXCS 1O OCBOCHHMIO JICKIIMOHHOTO
MaTepuaia

OcHOBHOE Ha3HAY€HHE JIEKIIMOHHOTO MaTepuana — JIOTUYECKH CTPOHHOE, CHCTEMHOE,
nIyOOKOe M SICHOE HW3JIOKEeHWEe ydeOHoro marepuana. HasHaueHue COBPEMEHHOU JICKITUH B
paMKax JUCIHIUIMHBI HE B TOM, YTOOBI MOJYYUTh BCIO MH(OPMAIMIO MO TeME, a B OCBOCHUU
dyHIaMEHTAIBHBIX TPOOJIEM JUCIHIUIMHBI, METOJOB HAYYHOTO IIO3HAHUS, HOBEHIINX
JOCTHIKEHUI HaydyHOW MbICTU. B yueOHOM mpoliecce JEKIUsS BBIMOIHSAET METOJ0JIOTHUECKYIO,
OpTaHHW3AIMOHHYI0 U WHPOpMAIMOHHYIO (QyHKIMU. JIEKIHs pacKphiBaeT MOHATHHHBIN ammapat
KOHKpPETHOW oO0jacTu 3HaHUA, €€ MpoOIEeMBbl, JaeT IEeNbHOE MPEJCTaBICHHUE O TUCIUILINHE,
MOKA3bIBACT B3aUMOCBS3b C JIPYTUMHU JUCIATLTTHAMH.

[TnanupyeMble pe3yJIbTaThl IPH OCBOCHUU 00YYAOIIUMHUCS JICKIIMOHHOTO MaTepraa;

— TIONyYeHUE COBPEMEHHBIX, IEJOCTHBIX, B3aMMOCBS3aHHBIX 3HAHUU, YpPOBEHBb
KOTOPBIX OINPEENSIETCS EIEBOM YCTAHOBKOW K Ka)K/10M KOHKPETHON TEME;

— TIOJyYEHHE OIBITa TBOPUYECKOUN paObOThI COBMECTHO C MPEIO/IaBaTelIeM,

— pa3BuTHE TNPO(PEeCCHOHATBHO-IEIOBBIX  KAadecTB, JIIOOBH K  TPEeaMETy |
CaMOCTOSITEILHOTO TBOPYECKOT'O MBIIITICHHS.

— TOsBIIEHHWE HEOOXOAMMOT0 HHTEpeca, HEOOXOAUMOTO AJIsi CAMOCTOSITENILHOM paOoTHI,

— TIONy4YeHUE 3HAHUW O COBPEMEHHOM YpOBHE pAa3BUTHUS HAYKH U TEXHHUKU U O
MIPOTHO3E WX PAa3BUTHS HA OJIMKAKNIIINE TOIBI;

— HAYYUTHCS METOJIUYECKH 00padaThiBaTh MaTepwall (BBIACIATH TJIaBHBIC MBICITH U
MOJIOKCHUS, TIPUXOJUTh K KOHKPETHBIM BBIBOJIaM, IIOBTOPSATH WX B Pa3IMYHBIX
bopMyIIHpOBKax);

—  TIOJy4YeHHE TOYHOTO MOHUMAHUS BCEX HEOOXOAMMBIX TEPMHUHOB M TIOHSTHIA.




JIeKUMOHHBIA MaTepuall MOXKET COMNPOBOXKIATHCA JAEMOHCTpPALMEl  CIAliIoB U
UCIIOJIb30BAaHUEM pa3aTOYHOrO MaTepuajga IMpH MPOBEICHUU KOPOTKUX JHCKYyCcCUH 00
OCOOEHHOCTSIX MPUMEHEHHS OTICTBHBIX TEMATHK 110 JUCITUTIIIMHE.

CTpykTypa IpeoCTaBICHMS JCKIIMOHHOTI0 MaTepHaia:

— JIGKIIMH COTJIACHO pa3zaernam (Ttadi.3) u temam (Tabdin.4).

Y4eOHoe mocoOue Mo 0CBOSHUIO JIEKIIMOHHOTO MaTepuaia UMEETCsl B U3JaHHOM BUJIE

PactpoBas 31eKTpOHHAs MUKPOCKOIHNS Il HAHOTEXHOJIOTUKA. MeToabl U IPUMEHEHHE :
moHorpadus / mox pen. Y. Ky, XK. JI. Yanra, T. II. Kamunckoit. - 4-e uszn. - Mocksa
Jlaboparopus 3nanwmii, 2021. - 601 c. - ISBN 978-5-00101-142-2.

11.2. Metoau4ieckue yka3zaHUs Uisi OOyYalOIMUXCS O TPOXOXKICHUIO MPAKTHUECKUX
3aHATUN

CrpykTtypa u (hopMa oTyeTa 0 IPAKTHIECKON paboTe

OT4er 0 BBHIMOJIHEHHON paboTe AOKEH COJAEPKATh: THUTYJIbHBIN JIMCT, OCHOBHYIO 4acCTh,
BBIBO/JIbI 110 pe3yJIbTaTaM UCCIIEJOBAHUH .

Ha tutynpbHOM nucTe AODKHBI OBITH yKa3aHbl: Ha3BaHHE TUCIUIUIMHBI, Ha3BaHUE
naboparopHoi paboOThl, (GamMwivsg W WHUIMATB TpenojaaBaress, (aMuiusd W WHHUIHAIGI
CTYyJI€HTa, HOMEP €ro y4eOHOM! I'pyMIIbl U J1aTa 3alUThl paOOTHI.

OcHoBHasi d4acTh [JOJDKHA COJEp)KaTh 3aJlaHue, pe3yJbTaThl HKCIEPUMEHTaIbHO-
NPaKTUYECKOH paboThI, paCUeTHO-aHAIUTUIECKHE MaTePHaIbl, TUCTUHT KOAA/CKPUH dKpaHa.

BoeiBogbl mo mpojenaHHo paboTe TOKHBI COJEP’KaTh OCHOBHBIE PE3yJbTaThl IO
pabore.

TpeboBanus k 0hopMICHUIO OTYETA O MPAKTUYECKOMN paboTe

TuTynpHBINA TUCT OTYETA TOJDKEH COOTBETCTBOBATH IIAOJIOHY, IPUBEACHHOMY B CEKTOPE
HopMmatuBHOM nokymenrtaruu ['Y AIT https://quap.ru/standart/doc

OdopmieHre OCHOBHOM 4YacTW OT4YeTa JIOJDKHO OBITh O(OPMIIEHO B COOTBETCTBUHU C
['OCT 7.32-2017. TpeOGoBaHus NpHUBEIEHBI B CEKTOpe HOpMAaTWBHOM nokymeHTauuu [YAII
https://quap.ru/standart/doc

IIpu dopmupoBaHMU CIIHMCKA MCTOYHUKOB CTYZEHTAM HEOOXOAMMO PYKOBOJICTBOBATHCS
tpeboBanusimu crangapra ['OCT 7.0.100-2018. Ilpumeps! odopmieHUst crMcKa HCTOYHUKOB
NpUBENICHBI B CEKTOpe HOpMaTuBHOU mokyMenTarmu ['Y Al https://quap.ru/standart/doc

CrpykTypa u hopMa oTyeTa 0 IpakTHUECKON paboTte

OTuer 0 mpakTUYecKOH paboTe JOJIKEH COJepKaTh: TUTYJIbHBIN JUCT, OCHOBHYIO 4acTh,
BBIBO/IbI 110 pe3yJIbTaTaM UCCIIEJOBAHUH .

Ha mumynonom nucme NOIKHBI OBITh yKa3aHbl: Ha3BaHUE [UCIUIUIMHBI, Ha3BaHHE
nabopaTopHOM pabOThl, (aMUIMg W WHUIMAIBl TpernojaBarenis, GaMuiIdsg W WHUIUAJIBI
CTYZ€HTa, HOMEp €ro y4eOHOM IrpymnIbl U AaTa 3aIlluThl paOOTHI.

OcHognass uacmes JODKHA COJIEp)KaTh 3aJaHue, pe3yJbTaThl 3KCIEPUMEHTATbHO-
NPaKTUYECKON paboThl, paCUeTHO-aHAIUTHYECKHUE MaTepPHAJIbL.

Bvi1600b1 1o mipoJienaHHON paboTe JIOJKHBI COEPXKaTh Pe3yJbTaThl IKCIEPUMEHTOB,
NPOBEIEHHBIX CTYJACHTAaMH Ha CTEeHJaX, HUX pe(IeKCHpOBaHHbIE BBIBOABI IO 3HAYUMOCTH
HKCIIEPUMEHTA, aHAJIN3Y BUJOB U MOCJIEICTBUI NOTEHIIMAIBHBIX MOTPEIIHOCTEH, KOTOPhIE MOTIIU
BIMATh Ha «YUCTOTY AIKCIEPUMEHTa». Takke BBIBOJ JOJDKEH COJAEp)KaTh OTBET Ha BOIPOC —
KaKhe OCHOBHBIE HauOoJiee CI0XKHbIE 3JIEMEHTHI METOJIMKH UM ObLII0 HEOOXOIMMO BBIMOJIHUTH U
C YeM JIaHHas CJI0KHOCTb ObLIa CBsI3aHa.

11.3. Meroauueckue ykazaHus JUIsl OOYYaIOIIMXCS 10 MPOXO0XKICHHIO CAMOCTOSITEITHHOM
paboThI


https://guap.ru/standart/doc
https://guap.ru/standart/doc
https://guap.ru/standart/doc

B xone BBIMOSHEHUSI CaMOCTOSITEIBHOW PabOThI, 0OYJArOIIUIICS BBHIMOJIHSAET padOTy IO
3aJ]aHUI0 U TP METOJUYECKOM PYKOBOJICTBE IpENojaBareis, Ho 0e3 ero HemocpeACTBEHHOTO
YYacTHSL.

B mporecce BBIMOTHEHHSI CaMOCTOSITENILHON paboThl, y oOywaromierocst (GhopMupyeTcs
nenecoo0pa3Hoe MmIaHUPOBaHUE pabouero BpEMEHH, KOTOPOE TI03BOJISIET MM Pa3BUBATh YMEHUS
N HABBIKM B YCBOCHHU W CHCTCMATHU3ALIUH HpI/IOGpeTaeMBIX 3HaHI/If/'I, 06CCHCT-II/IBaeT BBICOKHH
YPOBEHb YCIEBAGMOCTH B TIEpUOJ OOydYEHUs, IOMOTaeT IIOJIYYUTh HABBIKH TTOBBINICHHS
npo¢eCCHOHATBLHOTO YPOBHSI.

MeroauyeckuMH ~ MaTepuallaMK,  HANpaBJSIOIIMMU  CAaMOCTOSITENIBHYIO — paboty
00YyYaIOUIMXCS SBISIOTCS: Y4eOHO-METOIUUECKHI MaTeprall 10 TUCIUIUINHE;

METOJMYECKUE YKa3aHUs M0 BBIOJHEHUIO KOHTPOJBHBIX padoT (sl 00yYaromuxcs mo
3209HOU (hopMe 00ydeHus).

1. IToaroroBka JEKIMOHHOTO MaTepHalia 1Mo TeMaM, MPEICTAaBICHHBIM B TabmuIe 3, u 1o
TeMaM, OTMEYEHHBIX * B COOTBETCTBUHU C JIUTEPATypOil, IpeCTaBICHHON B Tabuie 9.

2. HOILFOTOBKa K KOHTPOJIbHBIM pa60TaM B COOTBCTCTBUHU C MECTOJUUCCKMMHU yKa3aHHUAMU

B Tedenue cemecTpsl CTyACHTHI

- 3aILMUIAI0T paKTUYecKue padoTsl (5 wIT);

- BBIIIOJIHAIOT TECTUPOBAHUA 110 MaTepuaiam JeKkuuu B cpene LMS.

I[JI?I TCKYIIECTO KOHTPOJIA YCIICBACMOCTU MCIIOJIBb3YIOTCA TECThI, IPUBCICHHBIC B Ta6JII/IIlC
18.

11.4. Meroauueckue ykazaHus JUIsi OOy4aroIIMXCsl IO HPOXOXKICHHUIO TEKYILEero
KOHTPOJISl YCIIEBAEMOCTH.

Texkymmii KOHTpPOJIb YCIIEBAEMOCTH MpPEIyCMaTPUBACT KOHTPOJIb KadyecTBa 3HAHHM
00yJaromuxcs, OCYIIECTBISIEMOrO B TEYEHHUE CEMECTpa C IIEeJbI0 OIECHHBAHUS XOJla OCBOCHUS
JUCLUTUIMHBL.

B teuenune cemectpa CTyI€HTHI

- pelaroT 3a/laHus B (popMaTe TeCTUPOBAHUS;

- 3aIMUIAI0T JIabopaTopHbIe paboTHI (S 11IT)

JUis TeKyIIero KOHTPOJIA YCIIEBaeMOCTH HEOO0XOAMMO NpPEJACTaBUTh He MeHee |
pPOTOKOJIa 0 paboTre mocie 4-x 4acoB MPOBEAEHHBIX J1abopaTOpHBIX padoT. Takke B KauecTBe
3alIUTHI pabOT MOKET OBITh

11.5. Metoauueckue yka3zaHUs Ui OOYYarOIIUXCS MO MPOXOXKJACHUIO MPOMEKYTOTHOMH
aTTeCTallnun.

[MpomexxyTouHass  arrecrtanuss  OOydarONIMXCsl — NpPEIyCMaTpUBAcT  OLICHUBAHHE
HpOMe)KYTO‘IHI)IX 1 OKOHYATCJIbHBIX peSy,HI)TaTOB 06y‘~IeHI/I5[ 110 AUCIOUIIIINHC. OHa BKJIFOYACT B
ceOs:

— 3aueT — 3To (hopMa OLEHKU 3HAHUH, MOJYUYECHHBIX OOYYAIOUIMMCS B XOJI¢ U3yUCHHUSI
y4eOHOM TMCUUIUIMHBI B LIEJIOM UJIM IPOMEXYTOUHas (110 OKOHYaHUU CEMECTpa) OLIeHKa 3HaHUMN
00yJaromuMCs TI0 OT/ICIBHBIM pa3jieliaM JUCIUIUINHBI ¢ aTTECTAI[MOHHON OIIEHKOH «3a4TeHOY»
WJIH «HE 3a4TEHO».



Jluct BHeceHUs U3MEHEHUH B pabouyto IporpaMMy JTUCIUILINHBI

JlaTta BHECeHUs
N3MEHCHHI 1
JIOTIOTHCHUH.

IToanuce BHECHIETO
W3MEHEHHUS

ConeprxaHne N3MEHEHHH W JOTIOTHEHUI

JlaTa 1 Ne

MPOTOKOJIA
3aceaHusl
Kadeapsl

Iommuce
3aB.
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