MMHUCTEPCTBO HAYKHU U BRICHIEI'O OBPA30OBAHUS POCCHUICKOM
OEAEPALINN
(benepanbHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEIKICHNUE BBICIIETO
o00pa3zoBaHUs
"CAHKT-TIETEPBYPI'CKUI1 TOCYJIAPCTBEHHbBI YHUBEPCUTET
ADPOKOCMMYECKOI'O ITPUBOPOCTPOEHUA"

Kadenpa Ne 6

YTBEPXIAIO
PykoBonuTens HanpaBiieHUS

1.3.H.,1Ipo .

(OIKHOCTB, Y4. CTEIICHb, 3BaHNE)

B.B. OxpenunoB

(VHUIMAIBL, (aMUITHIS)

W/

(moxnuce)

«22» uronsa 2023 r

PABOYAS ITPOTPAMMA JJMUCLTATTJIMHBI

((TeopeTI/ILICCKI/Ie OCHOBBI HAHOAHMAarHOCTUKH»
(HanmeHOBaHMe JUCIUILINHEI)

Ko HamrpaBiieHus TTOATOTOBKH/
/L Hatip a 27.03.01
CIIELINATIHLHOCTH
HanmeHnoBanue HanpaBieHHs Mertponoruueckoe odecrieueHue BOOPYKEHHSI 1 BOSHHOM
HOJITOTOBKHM/ CIIEIIUAITBHOCTH TEXHUKA
HanmenoBanue
MeTtponoruueckoe odecreueHue KOCMHUUECKUX CPECTB
HaIpaBJICHHOCTH
®opma 00yueHus OouHas

Cankr-IlerepOypr— 2023




JIuct cornacoBanus paboueil mporpaMMbl AUCHUTUINHBL

[Iporpammy cocraBui (a)

JIOII.,K.T.H. M 22.06.23 K.B. Enudanren

(IOMKHOCTD, y4. CTENEHb, (monmuce, nata) (MHULMATBL, (haMUITHS)
3BaHUC)

[Tporpamma omoOpeHa Ha 3aceqanuu kadeapsl Ne 6

«22» nrons 2023 1, npotokoa Ne 14

3aBenytromnuii kageapoit Ne 6

J1.3.H.,11po¢. i 22.06.23 B.B. Oxpenmuios

(yd4. cTerneHb, 3BaHHE) (monmuck, nata) (vHUIMATBL, (HhaMUITHS)

OterctBennbiii 3a OI1 BO 27.05.02(04)

JIOIL., K.T.H. i 22.06.23 P.H.Ilenmc

(IOIKHOCTD, Y. CTENICHD, 3BAHHUE) (moamuce, nata) (MHUIMATEL, (aMUITHs)

3amectutens qupektopa uHeruryra @IITU no metoauueckoit padore

ey —
Jo11.,K.G.-M.H. g 22.06.23 HO.A. HoBukoBa

(OIKHOCTD, Y. CTENICHB, 3BAHHUE) (moamuce, nata) (MHUTMANTEL, (aMUITHs)



AHHOTaNINA

Huctumummna «TeopeTndeckne OCHOBBI HAHOJIMATHOCTUKMY» BXOJIUT B 00pa30BaTEIbHYIO
IporpaMMy BbICIIEr0 00pa30BaHUs — MPOrpaMMy CIEHUAINTETA 10 HAIIPABICHUIO NOJATOTOBKH/
cnenuanbHocTu 27.05.02 «Metponorudeckoe o0ecriedeHre BOOPYKEHUSI U BOCHHON TEXHMKI
HanpaBlIeHHOCTH «MeTrponoruyeckoe obOecledeHne KOCMHUYECKHUX cpelacTBy. JlucuuminHa
peanuzyetcs kaheapoit «Neb6y.

JlucuuiuinHa HauesieHa Ha GOpMHUPOBAHKE Y BBIITYCKHUKA CIEIYIOLUIMX KOMIIETEHIIUH:

IIK-1 «CrnocobeH NpoBOIUTH aHAIU3 COCTOSIHUS METPOJIOTUYECKOTO OOECIeYeHHs B
HOJPa3/IeIEHUN METPOJIOTNYECKOH 1y KObl OpraHU3aLum

IIK-3 «CnocoOeH oOCyIIECTBIATh pPAaOOTHI IO BBISBICHHIO M TMPEAOTBPAIICHUIO
HECOOTBETCTBUH MPOAYKILIUH MPEBABISIEMBbIM TPEOOBAHUSIM

ConepxaHue AMCUUIUIMHBI OXBAaThIBAET KPYT BOINPOCOB, CBSI3aHHBIX C METOJAMH
UccleIoBaHus  (pU3MUECKUX, (U3UKO-XMMMUYECKMX UM TEeOMETPUYECKMX MapaMeTpoB U
XapaKTEPUCTHK TBEPIOTENBHBIX M MOJEKYISIPHBIX CTPYKTyp. Cpenum MHOXECTBa METOIOB
UCCIICIOBAaHUM, METOJbl CKaHUpYIoled 30HI0BON Mukpockonuu (C3M) sBisitorcss Haubosee
pacnpocTpaHeHHbIMU. OHH  TO3BOJISIIOT  IOJYYUTh  BBICOKOE  pa3pellieHue, peaabHO
o0ecrneynBaroT BU3yalIU3alui0 CTPYKTYpPbl OOBEKTOB MCCIIEOBAHUS C aTOMHBIM Pa3pelIeHUEM.
B Hacrosiimee BpeMsi HCIIONB3YETCsl OMPENeSICHHBI KOMIUIEKC METOI0B MCCIEOBAHUS MUKDPO U
HaHOCTPYKTYP, CPEIH KOTOPBIX MOYKHO BBIIEIUTH OCHOBHBIE TPYIIBI METOJOB: 3JIEKTPOHHAs
MHUKPOCKOIIHS BBICOKOTO Pa3pEIICHHs; METOABl CKaHUPYIOIIEH SJIEKTPOHHOW MHKPOCKOIINH;
CKaHUPYOLIas TYHHEJbHas MHUKPOCKOIHS; PEHTreHOAN(DPAKIIMOHHBIE METO/IbI
cucronb3oBaHeM 3(@dekTa BBHICOKOH CBETHUMOCTH CHHXPOTPOHHBIX HCTOYHHMKOB; METOJIBI
JJIEKTPOHHON CIIEKTPOCKOMMU JJIsi XMMHMUYECKOI'0 aHajau3a. BKIIIOUEHBI OTNENbHBIE 3JIEMEHTHI
UCKYCCTBEHHOTO HWHTEIUIEKTa, KOTOpBIE BCE OOJIBIIE CTAHOBITCSA HEOTHEMIIEMOW YacCThIO
00pa30BaTENLHOIO MPOLECCa, CYIIECTBEHHO MOBBILIAIONIETO €0 KaYeCTBO U APPEKTUBHOCTD.

[IperoaBanrie MUCHMIUIMHBI TPEIyCMaTPUBAET ClieAylomue (OPMBI OpraHU3aALUN
y4eOHOT0 Ipolecca: JEKIUH, MPAaKTHUYECKUe 3aHATHS CaMOCTOsTeNIbHAs paboTa 00ydaroLerocs.

[IporpamMMoil AMCHUIUIMHBI MPEAYCMOTPEHBI CIEAYIOIIME BUIBI KOHTPOJIS: TEKYIIMI
KOHTPOJIb YCIIEBAEMOCTH, IPOMEXKYTOUHAs aTTeCTalus B (hopMe dK3aMeHa.

OO6m1ast TpyI0€MKOCTh OCBOCHHUSI TUCIUIUIMHBI COCTABIIAET 3 3a4€THBIX eUHUIIBI, 108

9acoB.

SA3bIK 00y4YeHUs 1O JUCITUTUTHHE «PYCCKUM»



1. TlepedeHb IIaHUPYEMBIX PE3yJIbTATOB O0YyUYCHUS MO TUCLUILIHMHE
1.1. Tlenu npenomaBaHus JUCITUTUTHHBI

Llenpio mpenogaBaHus AWUCHUILIUHBI SBISETCS IOJIYYEHHE CTYJEHTaMH HEOOXOIMMBIX
3HaHUM c@epe BBICOKMX TEXHOJOIMH CBA3aHHBIX C MPUKIAAHBIMU  MCCIEJOBAHUAMU
KOHCTPYMPOBAaHUEM U MPAKTUYECKUM HCIIOJIb30BAaHUEM MAaTEPUAIOB M BEIIECTB HA aTOMHOM M
MOJIEKYJISIPHOM YPOBHSIX, a TaK)K€ CPEACTBAX, METOAOB M METOJMK MCCIEIOBAHUSA (PU3UUECKUX,
(U3UKO-XMMUYECKMX W TEOMETPUUYECKUX MapaMeTpOB M XapaKTEPHCTUK TBEPIOTEIbHBIX U
MOJIEKYJISIPHBIX 00BEKTOB. Ilpum 3TOM 0co00€ BHHMMaHHE YAEIEHO H3YyYEHHMIO OCOOCHHOCTEN
BBICOKOPA3pEIAIOIINX METOJ0B MCCIIEOBAHUI MOJEKYISIPHBIX OOBEKTOB, 00ECIEUHBAOLINX
HoJydeHue Haubosiee MoJHOW MH(opManuu 00 OCHOBHBIX CBOWCTBaX M XapaKTEPUCTUKAX U
IPOTEKAIOIIUX B HUX MPOLECCAX.

1.2. JlucuuniauHa BXOAMT B  COCTaB  4YacTH, (HOpPMUPYEMOH  y4aCTHHUKaMH
00pa30BaTeNbHbIX OTHOIIEHUH, 00pa30BaTEIbHON MpOrpaMMbl BhICILIETO0 00pa3oBaHus (nanee —
OIl BO).

1.3. TlepeueHp mIaHUPYEMBIX PE3yJIbTATOB O0YUEHHUS 110 AUCIUILINHE, COOTHECEHHBIX C
IUIaHUpyeMbIMH pe3yibratamu ocBoeHust OI1 BO.

B pesynbrare M3ydeHus NUCHUILIMHBI OOYYalOUIMicS AODKEH 00JalaTh CIIeTyIOIUMHU
KOMIIETEHIIMSIMU MM UX YacTsAMH. KoMmneTeHIMu 1 HHAMKATOPhl UX JOCTHKEHUS IPUBEIEHBI B
tabune 1.

Tabnuua 1 — IlepeyeHp KOMIETEHIIMHA U MHIMKATOPOB UX JOCTHXKEHMSI

Kareropus (rpynna) Konn Koza v HanMeHoBaHME HHIUKATOPA JOCTHKEHUS
HauMEHOBAaHHE
KOMIIETEHIINH KOMIIETCHIINH
KOMIIETEHIINH
[1K-1.3.2 3HaTh NpUHIUIBI HOPMUPOBAHUS
TOYHOCTH U3MEPEHUS
I1K-1.3.3 3HaTh 00J1aCTh MPUMEHEHUS METOJIOB
U3MEpEHUS
[1K-1.3.4 3HaTh KOHCTPYKTUBHBIE OCOOEHHOCTH U
HPUHIUIBI pabOTHI CPEICTB U3MEPEHHUS
ITK-1 Cnocoben PHHI P Pen P ’
TE€XHOJOTMYECKHE BOZMOKHOCTH B 00J1aCTH
IIPOBOAMTD aHAJIN3
IPUMEHEHUS CPEJICTB U3MEPEHHUS
COCTOSTHUS
[IK-1.Y.1 ymets onpenensite HEOOXOAUMOCTh
METPOJIOTHUECKOTO
[TpodeccronanbHbIe pa3paboOTKN HOPMATUBHBIX JOKYMEHTOB,
KOMIIETEHIIUU obecneuenns B erJIaMEeHTHPYIOIIMUX PadOTHI IO
NOJIpa3IeJICHNN p PYIo P
. METPOJIOTHYECKOMY 00eCTIeueHUI0
METPOJIOrMYECKOI
VKO [IK-1.B.1 BnaneTs HaBbIKAMU aHAJIN3a COCTOSHUSA
Y CPEICTB U3MEPEHUI, ITATIOHOB, TOBEPOYHBIX
OpraHu3aluu
CXEM, HOpPMaTUBHBIX JTOKYMEHTOB,
peraaMeHTHPYIOMMX padoThI O
METPOJIOTHYECKOMY 00€CTIeYeHUIO
TIK-1.B.3 BnameTs HaBBIKAMH BBISIBJICHUS U
OLIEHKH TIOTPEIIHOCTEN U3MEPEHHS U OLIMOOK
KOHTPOJISI.
[1K-3 Cnocoben [1IK-3.3.2 3HaTh JOKYMEHTHI IO CTAHIAPTU3ALINHI
OCYIIECTBIISATh U METOJUYECKHE TOKYMEHTHI,
paboThI 11O perJaMeHTHPYIOIINE BOIPOCH! YIIPaBICHUS
BBISIBIICHUIO U KaueCTBOM, BOIIPOCHI JEIONPOU3BO/ICTBA
lpodeccuonanprnie MPEIOTBPALICHUIO KauecTBa n’ 0 . un HKaqecI;Ba CI)IHIJ{ K,aquTBa
KOMIIETEHIIUN pEAOTBpaLll o POAYKITHH, pb,
HECOOTBETCTBUI MaTEpUAJIOB.
IIPOTYKIIHH [1K-3.3.3 3nath pusnueckue NpUHIMIIBI padOThI,
IIPEIbABIAEMBIM BO3MOKHOCTH U 00J1aCTH IPUMEHEHUS] METOJI0B U
TpeOOBaHUSIM CPEJCTB U3MEPEHUI




[TIK-3.VY.3 ymeTs BoIOMpaTh U pa3pabaTbiBaTh
METObI U CPEACTBA KOHTPOJISI TEXHOJIOTUUECKOTO
npolecca, TeXHOJIOTHYECKON orepalui,
pa3pabarbiBaTh CXEMbI U3MEPEHUI 1 KOHTPOJIS
[1K-3.B.3 BnageTh HaBBIKaMH pa3pabOTKH
MPEIIOKEHUN IO MPETYIPEKICHUIO U
yCTpaHEHHIO Opaka U3JIeHil.

2. Mecro nucuurnHbl B cTpykType OI1

JucnurmuHa MokeT 6a3upoBaThCsl Ha 3HAHUIX, PaHee MPUOOPETEHHBIX 00YJarOITUMUCS
[IPY U3YYECHUH CIEAYIOIUX AUCUUIUINH:

— «MareMaTuka. AHAIUTHYECKAsI TEOMETPHUS U JIMHEHHAS anredpay;

— «Marematuka. TeopHsi BEpOsITHOCTEH M MaTeMaTHUecKas CTATUCTHKA

— «MmxeHepHas M KOMOBIOTEpHAS rpaduKay;

— «Mertpostorug. O0uias Teopusi U3MEPEHUN,

— «DPuszukay

— «MeTponorus M CTaHAaAPTU3AIINSY),

— «MexaHukay

— «MarepuanoBeAcHHE

3HaHuUs, TOJYYCHHbIE NPU M3YyYEHWU Marepuana JTaHHOW JMCIUIIIMHBI, UMEIOT Kak
CaMOCTOSTEJIbHOE 3HAUYEHHE, TAK U MOT'YT HUCIIO0JIb30BATHCS IPU NU3YYEHUHU APYTUX JUCLHUILINH:

— «IIpon3BoACTBEHHAS IPESJUIUIIIOMHASA IPAKTHKA),

— «I'A»

— «MubopMallMOHHAs MOJJAEPKKA KM3HEHHOIO IHMKJIA BOOPY)KCHUS U BOCHHOM
TEXHUKW))

3. OO0BEM ¥ TPYJTOEMKOCTh JUCIIUILTAHBI
JlanHbple 00 o01ieM oO0beMe AUCHUIUIMHBI, TPYJOEMKOCTH OT/AEIbHBIX BHUJOB Y4eOHOMH
paboTHI 110 AUCUHUIUIMHE (M paclpeieseHle 3TON TPYyI0EMKOCTH M0 CEMECTpaM) NMPEACTaBIEHBI B
tabnure 2.

Ta6muia 2 — O0beM U TPYJ0EMKOCTh JUCITUTUITNHBI

TpynoemkocTs 1o

Bun yuebnoii paboThl Bcero CeMeCTpam
Ne7
1 2 3

Oowan mpyooemKocmp OUCYUNIUHDL, 3/ 108 3/ 108
3E/ (uac)
U3 nux yacoe npaxmuueckoil n0020moeKu 17 17
Ayoumopnule 3anamus, BCEro vac. 34 34
B TOM YHCIIE:

nexiuu (JI), (dac) 17 17

lgpaI;TquCKHe/CCMI/IHapCKI/IC saastus  (I13), 17 17

qac

naboparopusie pabotsl (JIP), (dac)

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

HK3aMeH, (Jac)

CamocmosamenvHnas paboma, Bcero (Jac) 74 74
Buo npomesxcymounoit ammecmayuu’ 3auer,
mudd. 3auger, sx3amen (3auer, Judd. 3ag, | 3Bauer 3auer

DK3.%*%*)




*k
Ilpumeuanue:  kaHIUAATCKHUI SK3aMEH

4. CopepxaHue JUCIUTUTUHBI

4.1. Pacnpeznenenue TpyI0€MKOCTH JTUCHIUTLIAHEI 110 pa3/ieiaM | BUAAM 3aHATHH.

Pa3Z[eJ'IBI, TEMbI JUCHUIJIMHBI U UX TPYAOCMKOCTD IIPUBCACHBI B Ta6HI/H_[e 3.

Ta6ymma 3 — Pa3nensl, TeMbI TUCIUIUIMHBI, KX TPYI0EMKOCTh

P Jlexmmnm | 113 (C3)| JIP KII CPC
a37eJIbl, TEMBI JUCIUTIIMHEI

(uac) (uac) (gac) (uac) (gac)

Cemectp 7
Paznen 1. CtpykTypa, CBOMCTBA METOIbI
MOJTYYCHHUST 1 OCOOCHHOCTH MMPUMEHEHHS 4 4 10
HAHOCTPYKTYP
Paznen 2. XapakTepucTrka METOIOB 3 3 24
WCCJICIOBAHHI 00bEKTOB MUKPO M HAHOCTPYKTYP
Paznen 3. MeTobl ucciieIoOBaHUM CTPYKTYPHBIX
U(U3NKO-XUMHUECKUX CBOWCTB HAHOOOBEKTOB U 4 4 10
CUCTEM
Paznen 4. IIpuHIMITBEI TOCTPOCHUS TEXHUUECKUX 3 3 0 0 15
CPEJICTB HCCIIEI0BAaHUs HAHOCTPYKTYP
Paznen 5. OcHOBBI MEXaHUKU U KOHCTPYKLIUN
CPEACTB U3MEPEHUI HAHOCTPYKTYPUPOBAHHBIX 3 3 15
00BEKTOB
Uroro B cemectpe: 17 17 74
Htoro 17 17 0 0 74

[IpakTnueckass MOATOTOBKA 3aKJIOYAeTCsl B  HEMOCPEICTBEHHOM  BBIIIOJHEHUU
OoOyJarolMMHUCST  OMNpENEeNEeHHBIX  TPYIOBBIX  (YHKUMH,  CBA3aHHBIX C  Oy;yumei
npoQeCCUOHATBHON J1EATEIbHOCTBIO.

4.2. CopnepxaHue pa3/ieJoB U TEM JIEKIIMOHHBIX 3aHSATHI.
Coneprxkanue pa3iesoB U TEM JICKITMOHHBIX 3aHATHI PUBEACHO B TaOIuIE 4.

Ta6muia 4 — ConepxaHue pa3zesioB U TeM JEKIIMOHHOTO UK

Howmep pasnena

HazBanue u COACPIKAHUC PA3ACIIOB U TCM JICKITHOHHBIX 3aHATHH

Paznen 1. Crpykrypa,
CBOMCTBa METOJIbI
MOJIy4eHUSI U OCOOEHHOCTH
MPUMEHEHHUSI HAHOCTPYKTYP

Tema 1.1

HccnenoBanne 00BEKTOB HaHOTexHoOJorui CoBpeMeHHbIE
METO/Ibl CCIIEI0OBAaHUS, IPUMEHSIEMbBIE B

HAHOTEXHOJIOTHSX CTalld BO3MOXKHBI, KOT/Ia ObUIM pa3paboTaHbl
U MHCTPYMEHTAJIBHO MOJATBEP)K/IEHbl OCHOBHBIE HJEU aTOMHO-
MOJIEKYJISIPHOM TEOPUM U IOJIy4EHBbl IIE€PBbIE PEHTTEHOBCKUE
TU(GpaKIUOHHbIE H300paKEHUSI KPHUCTAJUIMYECKUX CTPYKTYD.
BaxHbIM COOBITHEM B MCTOPUH HAHOHAYKU CTaJl0 U300peTeHHe
IIPOCBEYMBAIOIIEH AJIEKTPOHHOW MHKPOCKOIIMH, ITO3BOJIIOIIEH
MOJYyYUTh HM300paK€HHE HAHOPA3MEPHBIX CTPYKTYp, a TaKKe
n300peTeHne CKaHUPYIOIIETO TYHHEIbHOTO MUKPOCKOIA.
[IpenmMeToM HaHOTEXHOJIOTUH SIBISETCS HOBBIE OOBEKTHI —
HAHOCTPYKTYpPbI, KOTOpPbIE HMEIT CYOMUKpPOHHBIH pa3Mep B
OJIHOM U3 HaIlpaBJIEHUH, KOTOPBIE B COI0 O4YEpEb, HYKAAIOTCS B
knaccuukanmmu. B OCHOBY  KiaccuUKAIMM  TOJOKEHBI
CTPYKTYpa, COCTaB, a TAK)KE X (PU3UKO-XMMHUYECKHE CBOMCTBA.




Tema 1.2

CrtpyKkTypa, CBOMCTBa, METOJbI IOJYYEHHUS U OCOOEHHOCTH
MPUMEHEHUS HAHOCTPYKTYD.

B oOnactu BBICOKMX TEXHOJOTMH IIMPOKO HCHOIB3YyeTCs
KJ1acCU(UKalKs AUCIIEPCHBIX CUCTEM MO JAMCIEPCHOCTH, T.€. IO
pa3MepaM U YJEeNbHOM IUIOIIAAU IOBEPXHOCTH JUCIIEPCHOU
dazpl. B  mepBoM NpUOIMKEHUH JIUCIEPCHBIE  CHCTEMBI
MOJPA3NENAIOTCA Ha TpyOOTUCTIEPCHBIE U TOHKOAMCIIEPCHBIE,
TaK Ha3bIBa€MbIE KOJUIOMIHBIEC CUCTEMBI.

VYraeponHele CTPYKTYpBl - yIJIepoJ sBJIsieTcss HambOosee
pacnpoCTpaHEHHBIM 3JIEMEHTOM B MPUPOJIE, OH CYIIECTBYET B
TBEpIOW (ase M HECKOIBKHX MOJU(PHUKAIMAX C Pa3TUUYHBIMU
(bU3UKO-XMMHYECKUMU CBOMCTBaMU: Trpadur, anmas, KapOuH,
rpadeH. Baxwneiimeii 0coOEHHOCTBIO YIiEpoAa  SBISIETCS
crocobHocTh 00pa3oBbiBaTh 1Hemnoyku —C —C — C-, KoTopsble
IPUPOJIA UCTIONB3YET IS CO3JaHHUS OMOJIOTHYECKHX TOJIMMEPOB,
a 4YeloBeK i1 TNPOU3BOACTBA PA3NIUYHBIX CHHTETHYECKHX
MaTepUasoB.

B xonme mpomuioro crojieTds ObUIM  OTKPBITHI  HOBBIE
VIJAEpOAHbIE  COCNMHEHHUS, CpeAu  KOTOpBIX  (ymepex,
oOnanaromun YHUKAIbHBIMU CBOMCTBaMH. Dyinepen
uMeeT

KapKacHYI0 CTPYKTYpPY, KOTOpasi COCTOUT M3 3aIUIaTOK IATH- U
mectuyroibHol gopmel. B 1990 r. 6w paszpabotan MeTon
nomyueHuss  ¢ymiepera. B 1991 r. B mpomykrax
AIIEKTPOAYTrOBOrO ucmapeHusi rpadura ObUTH OOHAPYKEHBI

HUJIMHAPHUYCCKUC  YIIJICPOJIHBIC KOHCTPYKIIHH,
MOJTYYHBIITHE Ha3BaHUS
«HAHOTPYOKM». Hanotpy0Oka MIPEACTABISET coboit

MPOTSDKEHHBIE LMJIMHIPUYECKUE CTPYKTYpPbl JIHUAMETPOM OT
OJHOTO /10 HECKOJBKUX JECATKOB HAaHOMETPOB W JIMHOW O
HECKOJIbKUX caHTUMeTpoB. [lo cymiecTBy Takas HaHOTpYyOKa
MIpEJICTaBIsIeT COOON OJJHY MOJIEKYJYy, COCTOSIIYIO U3 MUJIJIMOHA
aToMOB yriepona. B oOmem cnydae, YHT oOGmnanator
YHUKaJIbHBIMU AIEKTPUYECKUMH, MEXaHHUYECKUMH u
XUMHUYECKUMU CBOMCTBAMHU.

Paznen 2. Xapakrepuctuka
METOJIOB UCCIIEOBAaHUN
00BEKTOB MUKPO U

HAHOCTPYKTYp

Tewma 2.1.McTpyMeHTBI HCCIIEIOBAHUN HAHOTEXHOJIOTUI
OnHuMHM U3 TEpPBBIX HHCTPYMEHTOB, KOTOPbIE IOMOTJIHN
WHUIIMMPOBATH UJIEM HAHOTEXHOJIOTHH, ObUTM TaK HAa3bIBAEMbIC
CKaHUPYIOIIUE 30H/bl. BCce TUIBI CKAaHUPYIOMIUX 30HI0B ObLTH
paspabotansl B Iltopuxe B Hauane 80-x romoB. Cama wumes
OYEHb MPOCTA: €CIU, K NpPUMEpPY, MPOBECTH NaIbIEM IO
MOBEPXHOCTHU, TO JIETKO OTJIWYUTh Oapxar OT CTald WU
nepeBa. B nmaHHOM 53KcnepuMEHTE maliell JEMCTBYeT Kak
CTPYKTypa u3MepeHus cwibl. JlaHHas waes W TOJIOKEHA B
OCHOBY pa0OThl CKaHUPYIOLIETO MHUKPOCKOMA, OJHOTO U3
pactpoCTpaHEHHBIX CKAaHUPYIONUX 30HI0B. CKaHHPYIOUTUH
30H]1 IPU U3MEPEHUM CKOJIB3UT IO MOBEPXHOCTU TaK K€, KaK
3TO JeJaroT Naiblbl. 30H MMEeT HAaHOCKOIMYECKUH pa3Mep
(wacto Bcero oauH arom). [Ipm JBUKEHHM OH MOXKET
OTIPENIeIATh HECKOJIBKO PA3JIMYHBIX CBOMCTB, KaXI0€ W3
KOTOPBIX COOTBETCTBYET MHOMY M3MEPEHHIO.




Tema 2.2 ATOMHO-CHUIIOBOH MUKPOCKOII.

B aTOMHO-CHIIOBOM MUKPOCKOIIE 3JIEKTPOHUKA HCIOIB3YeTCS
JUIET U3MEPEHUsl CHIIbI BBOJUMON KOHYMKOM 30HJA IPHU €ro
JIBUKCHHH BJIOJIBIIOBEPXHOCTH UCCIIEIYEMOT0 00BEKTA.

Tewma 2.3. TyHHENbHBI MUKPOCKOIL.

B TyHHENTbHOM  MUKPOCKONE  HM3MEpPSETCS  BEIWYHHA
AJIEKTPUYECKOTO TOKA, MPOXOMASAIIET0 MEXKAY CKaHUPYIOIIMM
30HJIOM W TIOBEPXHOCTHIO. TyHHEIbHAs MHKPOCKOIUS — 3TO
MPAaKTUYECKH TIEpBbI  pa3pabOTaHHBIA METOJl 30HIOBOTO
CKaHUPOBAaHHUS, HANIEAIIETO IMUPOKOE TNpHUMEHeHue. B
MarHUTHO-CHJIOBOM  MHKDPOCKOIIE  30HJ,  CKaHHUPYIOIIHN
MMOBEPXHOCTh,  SBJSICTCS ~ MarHUTHBIM, OH  IIO3BOJISICT
MOYYBCTBOBaTh HAa TIOBEPXHOCTH JIOKAIBHYIO MAarHUTHYIO
CTPYKTYpy. 30HJ MarHUTHO-CHJIOBOTO MHUKpOCKoma paboTaer
noMo0OHO  CUUTHIBAIONICH  TOJIOBKM  BHUHYECTEpa  WIH
MarautooHa. CKaHUPYIONUE  MHUKPOCKOIBI  TIO3BOJIMIIH
BIICPBBIC YBUJICTh OOBEKTHI PA3MEPOM C ATOM.

Paznen 3. Metozs!
UCCIIEJOBAaHUN CTPYKTYPHBIX
U(U3UKO-XUMHUECKUX
CBOMCTB HAHOOOBEKTOB U
CHCTEM

Tema 3.1 Meroasl wuccnenOoBaHUN W HM3ydeHUs (puU3HKO-
XMMUYECKUX CBOMCTB HAHOOOBEKTOB U CHCTEM

[MTon reTepOreHHBIMU nporeccamMu MOHUMAIOT
TEXHOJIOTUYECKUE TIPOLIECChl, IPOUCXOASIINE Ha TIpaHULE
paznena a3 u (opMHUpYIOIIME TETEPOTEHHBIE CHCTEMBI.
['eTeporenHas cucreMa IPEJCTaBISET coboit
TEPMOJIMHAMHUYECKYIO CHCTEMY, COCTOSIIYIO U3 Pa3IMYHBIX I10
¢u3nueckuM M XUMHUYECKUM CBOMCTBaM dYacTed uiau (a3,
KOTOpBIE OTAEJCHBI JAPYr OT Apyra MOBEPXHOCTSMH pajena.
Kaxnas u3 ¢a3 mpu 3TOM TOMOreHHa M €€ IIOBeJeHHE
MOTYUHSETCS 3aKOHAM TePMOJINHAMUKH.
MornekynspHo-nydeBas  snurakcus  (MJID). MIID -
TEXHOJIOTUYECKUN TPOIECC SMUTAKCHAIBHOTO BBIPAIINBAHUS
CJIOEB, KpHUCTAIJIMUECKas pelieTka KOTOPbIX IOBTOpSIET
pemietky mnoiokku. C  momompio  TexHojoruu  MJID
BBIPAIMBAIOT ~ TE€TEPOCTPYKTYpPhl  3aJ@aHHOM  TONIIUHBI C
MOHOAQTOMHOTJTIQJIKUMHA ~ TeTePOTpaHUIlAMA W 3aJIaHHBIM
npodwin nerupoBanus. Ciaenyer OTMETUTh, YTO SMUTAKCUS —
3TO OJUH W3 BAXKHEMIIMX TEXHOJOTHUYECKUX IPOIECCOB MPHU
CO3JIaHUHM MUKPO- M HAHOCTPYKTYP.

Tema 3.2. dopMupoBaHHe CTPYKTYp Ha OCHOBE KOJUIOMIHBIX
pacTBOpOB

Komnouanele pacTBOphl WM 30JIM HPEACTABISIOT  cO00i
KHUJIKAE CHCTEeMBl C YacTHIIAMH JUCTIEPCHON (a3pl HITH
MUIIEJUIAMU  TIEPEMELINBAIOIIUMI CBOOOJHO U HE3aBHUCHMO B
nporiecce OPOYHOBCKOTO NIBMKCHHS. Pa3Mep 4acTHd JICKUT B
npenenax 10 — 100 HM, caMM YacTHIIBI MOTYT pacHojaraTbcs
OTHOCHTEJIBHO JAPYT Apyra OJmXKe, 4eM Ha JMAMETpP YaCTHIIBI.
Merton  QopMupoBaHUS ~ YHNOPSAAOYEHHBIX  HAHOCTPYKTYP
HETOCPEJCTBEHHO W3 HAHOYACTHI, CHOPMUPOBAHHBIX B
KOJJIOWJHBIX pAcTBOPax, JaeT BO3MOXKHOCTh B IIHUPOKUX
npejenax BapbUPOBaTh pa3Mephbl YacTHI], a TaKKe HU3MEHSThH
AIIEKTPOHHBIE CBOMCTBA YACTHII.

Tema 3.3 301b-reNb-TEXHOIOTHSL.

301b-TeIb-TEXHOJIOTUSl TPEACTABISIET COOON TEXHOJOTHYECKUI




Ipolecc  IOJY4YeHHs  MaTepuajgoB, C  OINPEACICHHBIMU
XUMHYECKUMA U (U3UKO- XUMHUYECKUMH  CBOWCTBAMHU,
BKJIIOUAIOLIUH MOJy4YeHHe 307151 ¥ IIepeBO/I €ro B relib. B o0miem
Cly4ae, 30Jb-TEIb-TEXHOJOTHs Ha CBOMCTBE 30JI1 WIH
KOJUIOUTHOTO pacTBopa u MIPEACTABIISIIOT co0oii
CTPYKTYPUPOBAHHBIE CHCTEMBI C JKUAKOW JHUCIEPCUOHHON
cpemoil. OTUM  METOAOM MOTYT OBITh  CHHTE3MPOBAHbI
HAHOKOMITO3UThI HA OCHOBE KEPAMUKHU I'€TEPOMETAILINYECKOTO
TUIIA U JP.

Pasznen 4. Ilpunuunel
HOCTPOCHMSI TEXHUUECKUX
CPEICTB UCCIEN0BaHUS

HAHOCTPYKTYP

Tema 4.1 [IpuHUMIIBI pa3BUTHSI HAHOCTPYKTYP

CoBpeMeHHOe pa3BUTHE (PU3UKH U TEXHOJIOTHH

TBEPAOTENIbHBIX HaHOCTPYKTYD, IIPOSIBIISIOLLEECS

B HENpEepbIBHOM  IIepeX0ji€  TOMNOJIOTMM  DJIEMEHTOB
AIIEKTPOHHON TEXHUKH OT CYOMHKPOHHBIX K HAHOMETPOBBIM
pasmepawm, noTpedoBajo pa3paboTKy HOBBIX u
COBEPUICHCTBOBAHUE YK€ CYILECTBYIOIIMX CPEJICTB U METOJOB
JMAarHOCTUKHU, a TakXe co3JaHue oO0pa3oB 00OpynOBaHMS s
aHaJM3a CBOMCTB M IpoleccoB B HaHocuctemax. CeronHs
CYLIECTBYET OIpPOMHOE KOJIMYECTBO THUIIOB U BHJOB CPEJICTB
quarHocTuku s ucciieoBaHMsT HAHOCTPKYTYp, MOYYEHUs
HaHOPAa3MEpPHBIX  CUCTEM M  HOBBI3  HAHOCTPYKTYPHBIX
MaTepuajoB C 3aJaHHBIMU CBOMCTBaMH, HEOOXOAUMO IIO-
HOBOMY pelIaTh 33Jayd MCCIEJOBAHUS HAHOCTPYKTypro /[l
3TOrO TpedyeTcs W3MEHEHHE TPAIUIMOHHBIX METOJIOB, 8 TaKXKe
CO3/1aHUE M Pa3BUTUE COBEPLICHHO HOBBIX CPEJICTB U METOMOB,
IIPOLIECCOB NMPUCYUINX 00BEKTaM HAHOMETPOBOI'O Macirada.
Tema 4.2. MeToabl 3JIEKTPOHHON CIIEKTPOCKOIIUU

Jns xumuyeckoro aHanusza (OTOINEKTPOHHOW MMKPOCKOIHH,
(OTOMOMUHECLIEHIINH, KOTOpbIE B HBACTALIEEC BPEMS AaKTHBHO
pa3BUBAIOTCSl C MEPCHEKTUBAMU CYIIECTBEHHOTO TOBBIIICHUS
paspemiaronef  CnocoOHOCTH — MCIMOJIB3YeMbIX  CPEZCTB.
N3BecTHO, dYTO YENOBEK CIOCOOEH pasriisiieTh OOBEKTHI
pazmepoM mpubam3utensHo 0.1 mm. C  TOYKM  3peHHUs
¢uznonoruu rias - 3To Mpocras onrtuyeckas cucrema. B 1873 r.
06110 chOpPMyYITMPOBAHO MPABUIIO ONTUYECKUX CHCTEM, COTIACHO
KOTOPOMY MUHUMAJIBHBIE ~ pa3Mepbl pa3iMvaeMbIX JeTaneu
paccMaTpuBaeMoro OOBEKTa, HE MOTYT OBITb MEHBIIE, YeM
mHa BonHBL cBeta (400 HM). Paspemaromas crmocoOHOCTH
ONTUYECKUX MHUKPOCKOMOB cocTaBisieT npubnusurentHo 200 HM.
[TosTOMy BO3HUKJIa HEOOOJUMOCTh B CO3/IaHUM CUCTEM C Ooiee
BBICOKOM paszpelaronieil crnocoOHOCThbIO, a CIEI0BaTENbHO C
BUJICOCUCTEMAMH, HMCIIOJIb3YEMbIX MEHBIIWE JJIUH BOJH, YTO U
MIPUBEJIO K CO3/IaHUIO AIEKTPOHHBIX MUKPOCKOIIOB.

Tema 4.3. CpencrBa 2J1€KTPOHHOW MUKPOCKOIIUN

B HacTosiiee Bpemsl HCHOJB3YIOTCS ONPENEICHHBIN KOMILIEKC
METOJOB ~ JMArHOCTUKH  HAHOCTPYKTYP, cCpeiu  HHUX
1eecoo0pa3Ho BbLACTUTH Hanbosiee paclpoCTpaHEHHbIE — BCE
Pa3HOBUAHOCTH CPEICTB JIEKTPOHHON MHUKPOCKOIIMU BBICOKOTO
paspemieHusi. OTO MCTOPUYECKH TMEpBbI NpubOp U MeTon
pearbHO  00ECNEeYMBAIOUIMM  BU3YaTM3alMIO  CTPYKTYpPHI
00BEKTOB C ATOMHBIM Pa3pELICHUEM.

CKaHUpYIOIIMM  DJIEKTPOHHBIH ~ MHKPOCKONA  TO3BOJIET




BIUIOTHYIO TNPUONMXKATHCS IO Pa3pelIeHUI0 K aTOMHOMY
YPOBHIO, COXpaHss BO3MOXKHOCTH IOJy4eHHS HH(OpMaIruu o
bu3NYECKUX, XUMHUYECKUX DJICKTPUUECKUX M JAp. CBOWMCTBAX
UCCIIETyeMbIX HAHOOOBKTOB.

Pasznen 5. OcHOBBI MEXaHUKHU
U KOHCTPYKLUHI

CPE/ICTB U3MEPCHUI
HaHOCTPYKTYPUPOBAHHBIX
00BEKTOB

Tema 5.1 OO6nacTte NPUMEHEHHS HAHOCTPYKTYPUPOBAHHBIX
00BEKTOB

Pa3mepnl HaHOOOBEKTOB Haxo AT B Auanaszone ot 0,1 1o

100 HM. DTOT nMama3oH MPUHATO HA3bIBaTh HAHOMACIITAOOM.
CormacHo mpoekTy TexHudecko crenudukanun ISO/DTS
12805 mpowusBeneHHbIE HAHOOOBEKTHI PA3IEIAIOT MO MPU3HAKY
reoMeTpUYECKOil POPMBI HA TPU KATETOPHUHU:

-4aCTHUIIBI - 0OBEKTHI, UMEIOIIME TPHU pa3Mepa B HaHOMacIuTaoe;
-BOJIOKHA-00bEKTHI, HMEIOIINE J[BA pa3Mepa B HAHOMAcCIITaoe;

-IJIACTHHBI -  OOBEKTH, HMEKIIWE OJWH pasMep B
HaHOMacIuTabe.

BoNbIIMHCTBO HAHOOOBEKTOB HMEET YIJICPOJHYIO OCHOBY.
AnmoTponusi - CyIIECTBOBaHHE OJHOTO W TOTO  JKe
XUMHUYECKOTO JIEMEHTA B HECXOKHUX ¢dopmax. OmHako B
MOCJICTHUE TOJbI ObUTM OOHApPYXKEHBI €Ile JBE AIOTPOITHBIC
(dbopmbI yraepoja, UMEIoIue O0JbIIYIO MEPCIEKTUBY

WCII0JIb30BAaHUsI B HAHOTEXHOJIOTUSIX.
Tema 5.2 HazHauenue, CBOWMCTBA, OCTPUHHOTO 30HIOBOTO
JlaTYNKA.

OaHuM 13 OOBEKTOB HAHOMETPOJIOTHH SIBISETCS OCTPUIHBIN
30HJOBBII JAaTUUK, UCIIOJIB3YEMBbI B CKAaHHUPYIOIIEH 30HIOBOM
MUKpPOCKOIIUM  JUIsI MCCJIENOBAaHUS pa3MEpOB U  CBOMCTB
IIOBEPXHOCTHU HaHOOOBEKTOB. Jatuuk COCTOMT u3
MOJIYIPOBOJJHUKOBOTO KpUcTayula (4yumna), THOKOH KOHCONIU
(coOCTBEHHO KaHTHJIEBEpa) U TBEPAOTEIBHOTO 30HIA (UIJIBI).
OOBIYHO ATOT AATYMK HA3BIBAIOT KAHTHUIIEBEPOM.

["'eomeTpuyecKy 30H PEICTABISAET COOOH UITy  KOHHYECKOMH
WIM Tpu3MaTtuyecko Qopmel ¢ yriaoMm npu BepmuHe 20 -
Ba)KHAsl XapaKTEPUCTHKA 30H[A - PaJInyC 3aKpYIJIEHUS OCTPHUA T,
3Ha4YE€HHE KOTOporo oOpryHO He Oonee 1 - 25 um. B kauecte
U3MEPUTENIbHBIX ~ IpeoOpa3oBarened B~ HAHOTEXHOJIOTUH
UCIIOJIB3YETCSl TaTYMK HAHOINEPEMEIEHUM, NPEACTaBIAIOIUN
€000l COBOKYITHOCTh MEXaHMYECKOI'O AJIEMEHTAa U TPAH3UCTOPA.
MexaHnueckum JJIEMEHTOM ABIIAETCS Opycox
(HaHORJIEKTpOMEXAaHUYECKasl TepeMbIUKa) U3 apCceHua rajius,
3aKperIeHHbIH ¢ 000uX KOHIOB. Pazmepsl Opycka: uMHa 3 MKM,
mupuHa 250 HM, TommuHa 200 HM. [leTexTop mepemenieHus -
OJIHODJIEKTPOHHBIN TPaH3UCTOP - PACIOJIOKEH HA PACCTOSHHUU
250 BM oT Opycka. TpaH3HCTOp DSJEKTPUYECKH COEAMHEH C
OpyckoM yepe3 eMKOCTh. BHelltHee HampsiKeHue, MPUI0KEHHOEe
K Opycky, 3actaBiser ero BuOpupoBarh. llpu mnepememieHun
Opycka  OTHOCHUTENBHO  JIeTeKTOpa  HM3MEHseTcs  TOK,
MPOTEKAIOLINNA Yepe3 TPAHZUCTOP.

Tema 5.2.1 Ha3HaueHne gaTumka CUIIbI U MAaCChI

B nmarumke cuibl M Macchl B KauecTBE IEPBUYHOIO
U3MEPUTENIBHOTO MTPpeoOpa3oBaTelis UCIOJIb30BaHa OJHOCIOWHAs
yriaepoaHas HaHOTpyOka auamerpoM | - 4 HM, pacroyioKeHHas
MEXIY JABYMs 30JIOTBIMU 3JIEKTpoaaMu. Pa3meprl KaHaBKH,




4yepe3 KOTOPYIo MPOTsAHyTa HaHOTpyOKa: mupuHa 500 HM, TIrMHA
1,5 w™kMm. bompiias ynpyrocte YriepoAHOM HaHOTPYOKH
MO3BOJIAET el KojebaThCs B IIMPOKOM Juama3zoHe yacToT (oT 3
no 200 MIm). Ona MoxeT Takxe paboTaTh B KadyecTBE
TPaH3UCTOPA, YTO MO3BOJISIET OMPENEATh YaCTOTY ee KoJleOaHui
U CMEUIEHUE OTHOCHUTEJIBHO IIOJOKEHUS IOKOS. Y CTPOMCTBO
paboTaer B BakyyMe, IOCKOJBKY Ha BO3JyXe OOJIbIIOE YHCIIO
MOJIEKYJl OyAeT CTaJKUBAaThCS C HAHOTPYOKOM WM Jaxe
abcopOupoBatbcs Ha Hel. B 3aBucMMOCTH OT BO3IEHCTBUS
BHEITHEW CHJIBI Ha W3MEPUTENBHBIA TpeoOpa3oBaTelib OH
U3MEHSET CBOE IosiokeHue. JlocTUrHyTass 4yBCTBUTEIBHOCTD
yCTpOICTBA MMO3BOJISIET U3MEPATH cMmelieHue B 0,5 HM.

Tema 5.2.2 Hasnauenue u cdepa NpUMEHEHUS 30HIOBOTO
JlaTYnKa

30HIOBBII JTaTYMK YCTPOMCTBO, BKJIKOYAIOLIEE TBEPAOTEIbHBIN
OCTPUIHBIN 30H]I, THOKYIO MPYXUHHYIO KOHCOJIb - KaHTUJIEBEP
(amrn. cantilever - koHCONB) W KpucTamun (aepxkarenb). B
JUTEpaType dTO YCTPOMCTBO HEPEAKO Ha3bIBAIOT IPOCTO

«KaHTUIIEBEPOM. N3ru6 KaHTUJIEBEpa C 30HI0M
PErUCTPUPYETCss OOBIYHO C MOMOILBIO OTPAXKEHHOTO JIa3epHOI0
my4Ka cBeTa M (poTornpreMHUKa. Pazpemaronias

CIIOCOOHOCTh ~ CKAHUPYIOIIUX  30HJOBBIX  MHUKPOCKOIIOB
omnpezensercs CIEAyIOIIMMHU  IapaMeTpaMu  KaHTUJIEeBepa:
paauyc 3aKpyri€Husi OCTPUSI WIJIbl, BBICOTA WIJIbI, ACIIEKTHOE
COOTHOILEHUE WIJIbI, XapaKTepU3yeMoe yIJIoM KOHyca; Y
Hauboee COBEPILIEHHBIX KaHTHUJIEBEPOB aCIEeKTHOE
COOTHOIIEHUE aocTturaer BenuuuHbl 15:1. J{ns msrotoBiieHus
KaHTWJIEBEPOB HCIOJIb3YIOTCS MOJYNPOBOAHUKOBBIE IJIACTHUHBI
(manpumep, KJIb-12: kpeMHuil p-TUma BBINOJIHSIET JUOKCH]
kpemuusi  SiO2. KoHconp  kanTuieBepa  (GopMmupyercs
AIIEKTPOXMMHUYECKUM TPaBICHUEM B IOJOTPETOM pacTBOpe
menoun KOH. B mponecce TpaBieHHs 3aroToBKa MEIJIEHHO
MOJIHUMAETCS U3 PACTBOPA IEIOYH I MOTYyYEHHUs] KOHUYECKON
(v mpU3MaTHUYeCKON) QOpPMBI HUIIIBI C OCTPHIM KOHIIOM.
ITpOMBIIIIEHHOCTEIO OCBOEHBI B  CEPUMHOM MPOU3BOJICTBE
JIECATKHU BUJOB KOHCTPYKIMU KaHTHIIEBEPOB. OHU BBIMYCKAIOTCA
C OJHOM, OBYMsI, TpeMsl WJIM YeTbIpbMsl KoHcojsiMu. KoHcoib
MOKET OBITh B IUIAHE MPSMOYTOJBHOW WM TPEYroJIbHOM,
JUIMHHOM WJIM KOPOTKOM, C IOKPBITHEM WU 0€3 MOKPBITHUSI.
Panunyc 3akpyrienus urisl 30812 - ot 1 10 25 HM.

4.3. Ilpaktuyeckue (ceMUHAPCKUE) 3aHATUS
Tembl mpakTUUECKUX 3aHATHI U UX TPYJOEMKOCTb IIPUBEICHBI B TAOIHIIE .

Ta6m/1ua 5-— HpaKTI/I‘-ICCKI/IC 3aHATUSA U UX TPYAOCMKOCTDb

N3 nux Ne

®opmsbl .

Ne o TpynoemMKocCTh, |TpaKTHUYECKOH | pa3aena

Tembl IpakTUUECKUX 3aHATHI | MPaKTHYECKUX

n/m . (gac) MMOATOTOBKH, | JUCLUIT

3aHATHN
(dac) JIUHBI

Cemectp 7

1 ‘ Hccnenosanue

| uMuTaronHbIe | 4 ’ 2 | 3




MMOBEPXHOCTH METOJIOM
aTOMHO-CHJIOBOM
Mukpockonuu. [Iposenenue
BHEILIHETO OCMOTpa M
noanroroBka C3M
pabote B peXHME
aTOMHO-CHJIOBO
MHKPOCKOIIHI

3aHATUSA

HccnenoBanue noBepXHOCTH
METOJIOM aTOMHO-

CHJIOBOI MUKPOCKOITHH.
[IpoBeneHue BHEIHETO
ocMmoTpa u noaroroka C3M
K paboTe, MoATroTOBKA 00pasia
K HCCJIe/IOBAaHUIO

AMUTAIIUOHHEIE 4
3aHATUSA

HccenenoBanue noBEpXHOCTH
METOJIOM aTOMHO-

CUJIOBOW MUKPOCKOIIHH.
O0paboTka pe3yabTaToB
HccIe0BaHus 00pasia

U aHaJHu3 pe3ylbTaToB
HU3MEpEHUIt

UMUTALMOHHEIE 4
3aHATUSA

[ToxroToBka 3JIEKTPOHHOTO
MHUKPOCKOTIa U
(GyHKIMOHATBHBIX OJIOKOB
(y310B) K paboTe B OCHOBHBIX
pabouunx pexxumax. [lopsiiok u
MOCJIeIOBATEIILHOCTD

BKJIFOUYCHHUA U BBIKJIFOUYCHU A
C3M moxa.Solver PRO-M

HUMUTAllMOHHBIC 2
3aHATUA

Opranu3zanus npoBeIeHUs
MTOBEPKH CKaHUPYIOITHX
30H/I0BBIX MUKPOCKOIIOB.
[Topsimok npoBeneHust
MOBEPKH 3JI. MUKPOCKOTIA MO/,
Solver PRO-M

UMUTAIIMOHHBIE 2
3aHATUSA

Bcero
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4.4. JlabopaTtopHble 3aHATUS

Tembl 1a00paTOPHBIX 3aHATHH U UX TPYJOEMKOCTb IPUBE/ICHBI B TaOIUIIE 6.

Tabnuna 6 — JlabopaTtopHble 3aHATHS U UX TPYJOEMKOCTb

Ne
/o

HaunmenoBanue 1a60paTopHbIX paboT

TpynoemMkocTsb,
(gac)

N3 Hux
MPaKTUYECKOU
MIOATOTOBKH,
(dac)

Ne
pasnena
JIACITATT

JINHBI

Y4eOHBIM MJIaHOM HE PEAYCMOTPEHO

Bcero

4.5. KypcoBoe mpoeKTHpOBaHHE/ BHITIOTHEHUE KypCOBOU PabOTHI
VY4eOHBIM MJIaHOM HE TPETyCMOTPEHO

4.6. CamocrosTenpHas padoTa 00yJaroIIXCs




Bunsl camocTosTensHON paboOThI U €€ TPYI0EMKOCTh MPUBEIECHBI B Ta0nuLe 7.

Ta6ymmma 7 — Bugbsl caMOCTOSTENBHOM pabOTHI M €€ TPYAO0EMKOCTh

. Bcero, | Cemectp 8,
Bun camocrostensHoi paboThl
qac qac
1 2 3
W3yueHne TeOpeTHIecKoro Marepuaia
20 20
nucuuriabl (TO)
KypcoBoe npoextupoanue (KII, KP)
Pacuetno-rpaduueckue 3aganus (PI'3)
Brimonnenue pedeparta (P)
[ToaroroBka K TeKyIieMy KOHTPOJIIO 20 20
ycneBaemoctu (TKY)
Jowmamrnee 3ananue (J13)
KonTponbusie pabotsl 3a0unnkoB (KP3)
IToaroToBka K MpoOMeXyTOYHOU
34 34
arrectanuu (I1A)
Bcero: 74 74

5. IlepeueHn yu4eOHO-METOANUECKOTO OOECTIeUeHHUs
JUTSL CAMOCTOSITEIBHON paOOThI 00YYArOIIMXCs IO TUCITUTUINHE (MOIYITIO)
Y4eOHO-METOIUYEeCKUE MaTepHalbl JUISI CaMOCTOSITEIIbHONH Pa0OThl OOYYAIOLIMXCS YKa3aHbl B

n.a. /-11.

6. IlepeueHb MEYATHBIX M ANEKTPOHHBIX YUCOHBIX U3TaHUN
[lepedyeHb nevaTHBIX U SJIEKTPOHHBIX Y4eOHBIX M3/IaHUH MpHUBeieH B Tabaule 8.
Tabmuna 8— [lepeyeHp MeYaTHBIX U DJIEKTPOHHBIX YUEOHBIX M3TaHUI

MTudp/
URL agpec

bubnuorpaduueckas
CCBIITKA

KonmuectBo
AK3EMILUISIPOB B
OHOIMOTEKE
(kpome
ANIEKTPOHHBIX
IK3EMIUISIPOB)

https://znanium.com/catalog/product/1060845

(mara obpamenus: 07.09.2021). — Pexxum
JOCTYTIA: MO MOIHCKE.

Opnunnos, b. E. Monenu n
POOJIEMBI
MHTEJJIEKTYaTbHBIX CUCTEM :
moHorpadus / B.E. Onunnos.
— Mocksa

: UHOPA-M, 2020. —

219 c. — (Hayunas MbICIb).
— DOl

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

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

dusnueckue OCHOBBI MUKPO-
Y HAHODJIEKTPOHHKH,
HypnakoB A.A., /yueOHoe
nocobue/, Yp®V, 2020, -
252 c.

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

PactpoBas anexTpoHHas
MUKPOCKONHS JIIsI



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

HAHOTEXHOJOTuU. MeToabl
Y IPUMEHEHHUE :
MoHorpadus / o pen. Y.
Ky, XK. JI. Yanra, T. I1.
Kamuuckoii. - 4-e usg. -
Mockga : JIabopaTtopus
3Hauui, 2021. - 601 c. -
ISBN 978-5-00101-142-2. -
TeKCT : 3JIEeKTPOHHBIN.

https://znanium.com/catalog/product/1894131 | ®unumonos, B. E.

(mara obpamenus: 22.08.2023). — Pexxum MUKpPOCKOIIMUECKHI aHaIIN3
JIOCTYTIA: TI0 TOATIHCKE. JIMCTIEPCHOTO COCTaBa
MOPOIIIKOB : y4eOHOe
nocobue / B. E.
®unumoHoB, A. B. Mopos. -
Momkap-Oia :
[ToBomxckuit
roCyJapCTBEHHBIN
TEXHOJOTHYECKUIA
yausepcurtet, 2020. - 76 c. -
ISBN 978-5-8158-2167-5. -

TeKCT : 2IEeKTPOHHBIN.

7. IlepeueHb 3JEKTPOHHBIX 00Pa30BaTENbHBIX PECYPCOB
MH(}OPMaLIMOHHO-TEIIEKOMM YHUKAIIMOHHOH cetu «IHTepHEeT»
Ilepeuens AIIEKTPOHHBIX 00pa3oBaTeNbHbIX pecypcoB MH(pOPMaIMOHHO-
TEJIEeKOMMYHUKAMOHHON cetu «MHTepHeT», HEOOXOAUMBIX JJii OCBOCHHS JUCLUILIMHBI
npuBeseH B Tabmuie 9.

Tabmuma 9 — IlepedeHb SIEKTPOHHBIX OOpA30BATEIBHBIX PECYpPCOB HH(POPMAIMOHHO-
TEJICKOMMYHHUKAIIMOHHON ceTH «/HTepHeT»
URL anpec HaumenoBanue
http://science.quap.ru Hayunas u unHOBamonHas aesitensHocTh ['Y AT
http://www.consultant.ru | CnpaBouno-nipaBoBast cuctema «KoncynpranT [1arocy
http://www.garant.ru Wudopmannonno-npasooii noptan «"APAHT»
http://list-of-lit.ru CHuCOK JTUTEpaTyphl IO HAHOTEXHOJIOTUU
/nano/nnotechnologii

8. Ilepeuenr MHPOPMAITMOHHBIX TEXHOJIOTUI
8.1. [lepeyeHp mpPOrpaMMHOrO O0OECHEUEHUs, HCIOJIb3YEMOTO0 TMpPH OCYIIECTBICHUU
00pa30BaTeNILHOTrO MpoIecca MO0 AUCLUIINHE.
[lepedyeHp UCONB3yeMOro MPOrpaMMHOr0 obecrieueHus npejacranieH B Tabuuie 10.

Tabmumna 10— [TepeueHs mporpaMMHOT0 00€CIICUCHIS

Ne /1t HaunmenoBanue

He npenycmorpeno

8.2. IlepeucHb WH()OPMAITMOHHO-CITPABOYHBIX CHUCTEM,HCITOJIb3yEeMBIX pu
OCYIIECTBIIEHUU 00pa30BaTEIHLHOTO MPoIiecca Mo AUCIUILTUHE

[lepedens WCHOMB3yeMBIX HH(POPMAIIMOHHO-CIIPABOYHBIX CHCTEM IIPEJICTABICH B
Tabmmie 11.



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/

Tabmuua 11— Ilepedyens HHPOPMALTMOHHO-CITPABOYHBIX CHCTEM

Ne i/t HaumenoBanue

He npenycmorpeno

9. MarepuaiabHO-TeXHHUYECKas O0a3a
CoctaB  MaTepuabHO-TEXHUYECKOH 0a3bl, HEOOXOIUMOW Ui  OCYIIECTBICHUS
00pa3oBaTeNFHOrO MpoIiecca Mo AUCHUIIMHE, ITPEACTaBIeH B Tabuuel 2.

Tabmuna 12 — CoctaB MaTepHaIbHO-TEXHHUYECKON 0a3bl

No HanmenoBanue coctaBHOM 4acTu Howmep ayautopuu
n/n MaTepHaATbHO-TEXHUUECKOU Oa3bl (pu HEOOXOMMOCTH)
1 JIaGoparTopus UCKYCCTBEHHOT'O MHTEJUIEKTA U HU(POBBIX 13-13
TEXHOJIOTMI B METPOJIOTHH

10. OueHouHble cpeACTBa Uil IPOBEICHUS TPOMEKYTOUHOM aTTEeCTAIlH
10.1. CocTaB OIICHOYHBIX CPEICTBIJS TPOBEACHUS IPOMEKYTOYHOW aTTeCTAllUU
oOyJaronuxcs Mo AUCUUIUINHE MPUBEAeH B Tabnuue 13.
Tabmuna 13 — CocTaB OIEHOYHBIX CPEJCTB JJIsl IPOBEACHUS MPOMEKYTOYHON aTTeCTAIluU

Bun HpOMC)KYTOQHOﬁ aTTeCTalnu Hepequb OICHOYHLIX CPCACTB

3auer Cnucok BOIpOCOB;
TecTtsr;
3agaun.

10.2. B kayecTBe KpUTEpPHEB OIEHKH YPOBHS C(HOPMUPOBAHHOCTH (OCBOCHUS)
KOMIIETEHIINI OOYJaloUIMMHCS MPUMEHSETCS S5-0ajuibHasi MIKajia OLEHKU C(HOPMHUPOBAHHOCTU
KOMIIETEeHIINH, KoTopasi mpuBejeHa B Tabuune 14. B TeueHne cemecTpa MOXKET UCIOIb30BaThCS
100-6annpHast ~ mKajma ~ MOXYJBHO-PEUTHHTOBOW  CHCTEMBl ~ YHUBEPCUTETa,  IpaBHIA
UCIIOJIb30BaHUSI KOTOPOW, YCTAHOBJIEHBl COOTBETCTBYIOIIUM JIOKAJbHBIM HOPMATHUBHBIM aKTOM
'YAIL
Tabmuua 14 —Kpurepuu olieHKH YpoBHS c(hOPMHUPOBAHHOCTH KOMIETEHIIHUIH

Or11eHKa KOMITETEHIUI

Xapakreprucrrka chOpMUPOBAHHBIX KOMIIETEHIIAI
5-0ayutpHad mIKana P P bopvp

— oOyyaromuiicss TIyOOKO M BCECTOPOHHE YCBOWJ MPOTPAMMHBIN
MaTepHa;

— YBEpPEHHO, JIOTHYHO, ITOCIICI0BATEIIFHO U TPAMOTHO €T'0 M3JIaracr;

— ONMHUpasiCh Ha 3HAHHWS OCHOBHOW W JOMOJHUTEIHHOU IUTEPATYpHI,
TECHO MPUBS3LIBAECT YCBOCHHBIC HAYYHBIE MOJOKEHUS C MPAKTUYECKOM
JESITEIIbHOCTHIO HAIPABJICHYS;

— yMeJ0 000CHOBBIBAET U apT'YMEHTHUPYET BBIJIBUTACMBIC M HJICH;

— JIeJIaeT BBIBOALI H 000OIIEHHUS;

— cBOOOJIHO BJIAJICET CUCTEMOM ClelUaTIN3uPOBAHHBIX TOHSITUH.

«OTIIMYHO»
GaduTCHO»

— o0yyJarouiicss TBEPI0 YCBOWI MPOTPaMMHBINA MaTepHal, TPaMOTHO U
[0 CYIIECTBY W3JIaraeT €ro, ONupasch Ha 3HAHUS OCHOBHOU
JTUTEPATYPHI;

— HE JIOMYCKAaeT CYIECTBEHHBIX HETOYHOCTEH;

— YBSI3bIBA€T YCBOCHHBIE 3HAaHUS C MPAKTHUYECKON AESITeThHOCTHIO
HaIPaBIICHUS;

— apryMEHTUPYET HayIHBIC TTOJIOKEHUS;

— JIEJIAaeT BBIBOJBI U 0000IIEHNS;

— BJIQJICET CHCTEMOMH CIIeMaTN3NPOBAHHBIX TTOHSITHH.

(XOPOLIO»
(Ga4uTCHO»




OI1reHKa KOMIIETEHITN

5-0ayuipHad IIKaIa

XapaxrepucTrka chopMUPOBAHHBIX KOMIIETEHIUI

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

— JIONyCKaeT HeCYIECTBEHHbIE OIMOKN U HETOYHOCTH;

«yJIOBJIETBOPUTEIILHO) o
GAITCHOY — WCTBITHIBAET 3aTPYAHEHHUS B MPAKTUYECKOM IMPUMEHECHHHM 3HAHMM
HaIpaBJICHUS;
— c1abo apryMeHTHPYET HayIHbIC MTOJI0KEHNS,
— 3aTpyAHsieTcs B (OpMyITUPOBaHUN BBIBOJIOB M 000OIICHUI;
— YAaCTHUYHO BJIAJICET CUCTEMOM CIELIMATIN3UPOBAHHBIX OHSITUH.
— o0OyJaromuiicss HE YCBOWJ 3HAYUTEILHOM 4YacTH MPOrPaMMHOTO
Marepuaa;
— JIOIyCKAaeT  CYIIECTBEHHbIE  OMMUOKKM W  HETOYHOCTH  IIPH
«HEYIOBJIETBOPUTEIILHOY .
paccMOTpEeHHH MPOOJIeM B KOHKPETHOM HANPaBIICHUY;
«HE 3aYTEHOY

— UCTIBITHIBACT TPYAHOCTH B MPAKTHYECKOM IMPUMEHCHUH 3HAHHMIA,
— HE MOXET apryMEHTHPOBATh HAYYHBIC MTOJIOKEHHS,
— He (hOPMYTUPYET BEIBOJOB M 0000IIEHHUH.

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

Ta6muma 15 — Borpocs! (3agaun) 115 2K3aMeHa

Ne n/m Ilepedyenb BonpocoB (3afau) Ui FK3aMeHa Koz
WH/IMKaTOpa
Y4eOHbIM [IJIAHOM HE IPETyCMOTPEHO
Bormpocsr (3amaun) nis 3avera / qudd. 3adera npeacTaBieHsl B Tadauie 16.
Tabmuna 16 — Bonpocs! (3agaun) mis 3adera / qudd. 3adera
Ne Kon
[Tepeuens BompocoB (3amau) amns 3adyera / Audd. 3auera
/o VHJIUKaToOpa
1 Onummre (pU3NYeCcKUi CMBICI XpoMaTHYecKol abeppanuu I1K-1.3.4
2 [Tpoananusupyiite B 4eM pa3iuyuue XapaKTepUCTHK pa3pelieHus [K-3.¥.3
ONTUYECKOT0 MAJIEKTPOHHOTO MUKPOCKOIIOB
3 | Ilpoananu3upyiiTe XapakTepUCTHKY pa3pelaroniei cnocoonoctu M IT1K-3.V.3
4 | Onumure Ha3HaYeHHE U YCTPOMCTBO U CBOMCTBA MCTOYHHUKA DJIEKTPOHOB [1K-1.3.3
5 | Ha3oBuTe KOHCTPYKTUBHbBIE OCOOEHHOCTH CUCTEMBI OCBeleHUusT DM IT1K-1.3.3
6 | OnummTe yCTpOWCTBO CHCTEMBI KOPPEKIMH acCTUrMaTu3Ma B OM [1K-3.3.3
7 | OnumuTe NpuHIKN paboThl MU YCTPONCTBO cUCTEMBI H300paxeHus OM I1K-3.3.3
8 | OnummTe G10K-cXeMy U PUHIHUI padboThl MuKpockora BCOM [1K-3.3.3
9 Onumure 6J10K-cXeMy U pUHIKN JeicTBUst Oxke-CeKTpoMeTpa I1K-3.3.3
10 | OnumuTe MUKPOCKOM, OJIOK- CXeMY, IPUHIUN JeHCTBUS I1K-1.3.3
11 | OnumuTe GOTOIEKTPOHHYIO PEHTIC€HOBCKYIO CIIEKTPOCKOINIO, OJIOK- I1K-1.3.3
CXeMy, IPUHIMII JeHCTBUS
12 | OnumuTe mpuHIUMI pabOThl PaMaHOBCKON CIIEKTPOCKOIHH, OJOK-CXEMBI I1K-1.3.3
IIpoLecca U3MEPEHUM.
13 | OnummTe Ha3HAYECHUE OPUHLIMI  J1eHCTBUS (POTOTIOMUHECLIEHTHON I1K-1.3.3
CIIEKTPOCKOITUH
14 | OnumunTe MHPOPMAIIMOHHBIE TEXHOJIOTMH B U3MEPUTEIBHBIX CHCTEMax I1K-3.3.3
15 | OnumuTe nHpOPMAIIMOHHBIE TEXHOJIOTHH B HAHOTEXHOJIOTHSIX I1K-3.3.3
16 | OnumuTe NPUHLIUIIBI " OCHOBHBIE DJIEMEHTBI [1IK-3.3.3
MCKYCCTBEHHOTO HHTEJIJICKTA
17 | Onumure Gpu3nuecKue TPUHIMIBI JTy4a MUKPOCKOIA I1K-1.3.4
18 | OnmmuTe hu3nyecKre MPUHINIIBI TEHCTBHS METOJIOB U CPEIICTB Macc- [1K-1.3.4




CTIIEKTPOMETPUH

19 | Onumure puznyeckyro CYILIIHOCTb TyHHenbHOrO  3ddexra B | [IK-1.3.4
PaMOAIIEKTPOHUKHU

20 | OnumuTe OCHOBHBIC MOHSTHS U ONIPEeNICHHsI B 00JIaCTH HAHOTEXHOJIOTUI [1K-1.3.4

21 | IIpoananu3upyiite, 4eM HAHOCTPYKTYHMPOBAHHBIC MATEPHAIIBI OTINYAIOTCS IIK-3.V.3
OTKJIACCUYECKUX MaTepHaJIOB?

22 | OnumuTe OCHOBHBIE 0COOCHHOCTH HAaHOPAa3MEPHBIX BEIUYHH, UX I1K-1.3.4
KOJIMYECTBEHHOE 3HAUCHUE.

23 | OnumuTe eTUHUIIBI K3MEPEHHUS 1 HAMMEHOBAHUS B 00J1aCTH I[IK-1.3.4
HAHOTEXHOJIOTUI

24 | [lpoananu3upyiiTe TMHEHHBIC pa3Mepbl 0CO0ei KHUBOTHOTO MUPA [IK-3.¥.3

HNCKYCCTBCHHBIX 00BEKTOB B CpaBHHUTCJIbHBIX 3HAUYCHUAX HAHOTEXHOJIOT Uil

26 | OnumuTe MoAX0/bl K HAYYHOMY ONpEIEICHUI0 TepMuHa «HanotexHonorus» | [1K-1.3.4

27 | Onummrte oCHOBHBIC Hieu . J[pekciepa o pojie HAHOTEXHOJIOTHH B I1K-1.3.4
Pa3BUTHUH COBPEMEHHOT'O 00ILECTBA, U3JI0KEHHbIE B KHUTe «MalluHbl
CO3HMIaHUS»

28 | [IpoananusupyiiTe OXuAaeMble HapaMeTpbl HAHOMEXaHHUECKUX [IK-3.¥.3
YCTPOMCTB.

29 | OnumuTe NpuUHIMT paboThl HAHOYCTPOHCTBA BXKUBBIX OpraHu3Max (Ha [IK-1.3.4
npumepe MoJekynbsl «ATO Cunrazay).

30 | OnummwmTe yriepo B IPUPOJIe, B U€M 3aKIIFOYACTCS €ro 0cobasi poiib? I1K-1.3.4

31 | [Ipoananu3upyiiTe BO3MOXHbBIE TyTH IPUMEHEHUs TPUOOPOB U MAIIHH [IK-3.¥.3
MHT

32 | OnumuTe MPUHIMITEI CAMOCOOPKH, IPUCYIITHE Hanboee [IK-1.3.4

PacCIpoCTpaHCHHBIM 00BEKTaM HAHOTEXHOJIOTHM

33 | [Ipoananusupyiite ncnoianp3oBanue camoopranuzanuu B HT. OcHoBHBIE [K-3.Y.3

CBOMCTBa CaAMOOPIraHM3YHOIHUXCA CUCTEM

34 | Onenute, Kakue BUJIBI 1e(DEKTOB B HAHOMATEepHAJIaX HMEIOT MECTO OBITH? T1K-3.B.3

[lepeuenp TeM [ KypCOBOTO MPOEKTHUPOBAHUS/BBIIIOJHEHUSI KYypCOBOM pabOThI
MpeJICTaBIeHbI B Ta0nuie 17.
Tabnuna 17 — Ilepeyens TeM Juisi KypcOBOTO IPOEKTUPOBAHMSI/BBIIIOIHEHUSI KYPCOBOM pabOThI

[TpuMepHBIii IepedeHb TeM Il KypCOBOIO MPOEKTUPOBAHUS/BBITTOIHEHHS

Ne n/mt .
KypcOBOIl pabOThI
Y4eOHbBIM MJIAHOM HE IPETYCMOTPEHO
Bompocel i1 mpoBeneHUsT NPOMEXYTOYHOM aTTECTallMM B BHJE TECTUPOBAHMUS

IpeJICTaBICHBI B Ta0wmie 18.

Tabmuma 18 — [IpumepHBIii IepedeHb BOITPOCOB TSI TECTOB

Ne . Kon
[IpumepHBIii IepeueHb BOIPOCOB ISl TECTOB

n/n WHAMKATOpa

1 Hccneoosanue muxpo- u HaHOCMpPYKmyp. . IK-3.V.3

[Ipoananu3upyiiTe ,kaKue METOAbl AMATHOCTUKH HanOoJee pacpOCTPaHEHBI
JUTSL ICCIIeTOBaHUS (PU3NICCKUX ITapaMETPOB H XapaKTEPUCTHK
HAHOOOBEKTOB:

-E)J'IGKTpOHHaSI MI/IKpOCKOHI/IH BBICOKOI'O paspemeHHﬂ;

-OTpaKaTeNbHAs AIEKTPOHHAS MUKPOCKOMHS;

-MI/IKPOCKOHI/HI MCIJICHHBIX SHCKTPOHOB.;

-ONTUYECKas] MUKPOCKOTIHSI.




Baowcnetiwuue mexnonocuveckue — oocmudicenusi 80 6mMopou NoJI0SUHe IIK-3.V.3
08a0yamo2o cmoyiemusl.

[Ipoananuzupyiite, 4TO CIOCOOCTBOBAJIO, B HAMOOJIBIIEH CTEIICHH,

WHTEHCUBHOMY Pa3BUTHIO HAHOTEXHOJIOTUHN B CTpaHe U 3a pyOekom?

-TEXHOJIOTUS CO3aHMUSI AJIEKTPOBAKYYMHBIX IPUOOPOB;

-CO3/IaHUE MUKPOMO/YJIbHBIX 3JIEMEHTOB;

-CO3/IaHUE UHTETPAJbHBIX NIEYaTHBIX IUIAT;

-CO3/IJaHuE€  IOJYIPOBOJAHHUKOBBIX DJIEMEHTOB  3JIEKTPOHHOM TEXHMKH.

Quzuueckas cywnocms 3axkona I opoona Mypa. IIK-3.V.3
[Ipoananusupyire, B 4e€M 3aKJIH0YACTCS CMBICI SMIIMPUYECKOTO 3aKOHA

Mypa?

-00BSACHAT NPUHLIUI TTOIyYEHHs YepHO-0€JI0r0 n300paskeHus Kaipa

TEJIEeBU30DA;

-3aKOH OOBSICHSICT  MPHUHIUII (YHKIIMOHUPOBAHUS ONTOBOJIOKOHHOTO

AJIEMEHTA;

-IpeIeJIbHbIE TPAHUIIbI OBICTPOJEHCTBUS KOMITBIOTEPA;

-TpeAeNIbHOE YUCIIO pa3MelleHUs] TPAaH3UCTOPOB Ha IMeYaTHOM IaTe

KOMIIBIOTEpA.

Cpeocmea usmepenusi 01 Uccie008aHUus HaHOCMPYKMYp. [1K-1.3.4
[IpoananusupyiiTe, B 4eM 3aKJIFOYAETCS OCHOBHBIE JIOCTOMHCTBA

ANEKTPOHHOTO0 MUKpOCKoIa?

-yJy4IlIeHbl BECOBBIC U Ta0apUTHBIC XapaKTEPUCTUKU TPUOOPOB,
-BO3MOXKHOCTBLIM(POBOTO  MPEJCTABICHUS pe3yNbTaTOB aHAN3a;

-0oJiee COBEpIIEHHAs], [T0 CPABHEHUIO C ONITUYECKMM MUKPOCKOIIOM, CUCTEMA
MOJIy4eHUsI U300paxeHusi Ha0II01aeMOT0 OOBEKTA;

-BO3MOXKHOCTb MOJTy4eHus 0oJiee pa3Ho0Opa3HoM nHPpopMaluu 00 00BEKTE;

-TIpeieIibl YBEIHUEHUS UCCIIEyeMOT0 OOBEKTa.

OcHosHbie napamempsbl U XapakmepucmuKy MUKPOCKONO8 IIK-1.3.4
HazoBute npeneibHble 3HAYCHUS XapaKTEPUCTHUKU YBETUYCHUS

ONTUYECKOT0 MUKPOCKOIA:

- 100 pas3;

- 200 pas;

- 400 pas3;

- 700 pas;

- 1000 pa3;

- 1500 pa3

OcHogHbie napamempybl u Xapakmepucmuku MUKPOCKONO8. I1K-1.3.4
VYcTaHoBUTE NIpesiebHbBIE  3HAUEHUS YBEJIMYEHUS 3JIEKTPOHHOTO

MHUKPOCKOIIA:

- 1000 pas;

- 2000 pas3;

- 5000 pas;

- 8000 pas3;

-1muH. pas;

-2 MJIH. pa3

OcnogHuvle napamempsl U XapaKmepucmuku MUKPOCKONOS. IK-3.V.3
[Ipoananuzupyiite, yem OTIpeJIeNIAeTCs pa3periaonas ciocoOHOCTh

ONTUYECKOTO MUKPOCKOIA:
- YPOBHEM OCBEIICHHOCTH paboyeil JINH3bI,
- BEJIMUYMHON (JOKYCHOTO PacCcTOSHUS;




- COBEPILICHCTBOM OTKJIOHSIIOILIEH CHCTEMBI;
- JUIMHOM BOJIHEBI CBETA.

8 OcHogHble napamempwl U XapaKmepucmuku MUKPOCKONOS. IIK-3.V.3
[Ipoananusupyiite, yem OTIpeJIeNIAETCS pa3perIaoas CiocoOHOCTh
ANEKTPOHHOTO MUKPOCKOTIA:

- KOHCTPYKLUEN CUCTEMbI M300pa)keHNsI MUKPOCKOIIA;

- YCTPOMCTBOM 3JIEKTPOHHOM MYIIIKH,

- CHCTEMOM CUMTBIBAHUS PE3yJIbTAaTOB 00paOOTKU N3MEPEHHIA;

- paccTosTHUEM MPOoJIeTa IIEKTPOHA;

- CKOPOCTBIO IPOJIETA AIEKTPOHA.

9 | Ilpeumywecmesa 31eKkmpoHHO20 MUKPOCKONA. IIK-3.V.3
[Tpoananu3upyiite, ueM 0OBACHAETCS BBICOKAs pa3pelaronas CiocoOHOCTh
NEKTPOHHOTO MUKPOCKOIIA:

-T€OMETPUYECKUMHU pa3MepaMu paboyeil 30HbI;

-MCII0JIb30BAaHUEM 3JIEKTPOHHOI'O IIOTOKA BMECTO CBETOBOT'O ITOTOKA;
-JJINHOM BOJIHBI JJIEKTPOHA.

10 | 11. [Ipoananu3upyiite, Kakasi cepus CTAaHAAPTOB B HACTOSIIEE BPEMs [IK-3.¥.3
SIBJISIETCSI OCHOBHOM JUIsl CTaHAapTOB U3 oomactu UT?
a. cepus 25000;

b. cepus 9000;

C. cepus 14000;

d. cepus 16000.

11 | 12. VYcraHoBUTE J1Ba OCHOBHBIX cTaHaapTa B oonactu UT. a. 12207:1995; | I1K-1.3.4
b. 19760:2003;
c. 16326:1999;
d. 90003:2004;
e.15288:2002.

12 | 13.  VYcranoBute abOpeBUATYpy MEXKITYHAPOIHOTO Coro3a tekrpocssizu: | [1K-1.3.4

a. IEEE;
b. IEC;
C. ITU;
d. I1SO.

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

Tabmuna 19 — [lepedeHb KOHTPOJIBHBIX PadOT

Ne n/mt IlepeyeHb KOHTPOJIBHBIX PadOT

He npenycmorpeno

10.4. Metoauueckue  Marepuaibl,  ONpPEACNAIONIME  HPOLEIyphl  OLIEHUBAHHA
WHAUKATOPOB, XapaKTEpU3YIOLUX JTanbl (OpPMUPOBAHUS KOMIETEHIMH, coaepxarcs B
JOKAJIBHBIX HOpMaTuBHbIX akTax [YAIIL, pernameHTHpyOIIMX NOPSAAOK M MPOLEAYPY
MIPOBEJICHUS TEKYIIEr0 KOHTPOJIS YCIIEBAEMOCTH U MPOMEXKYTOUHOM aTTecTalli 00yJaromuxcs
I'VAIL

11. Meroauveckue yKazaHus i1 00y4JarOmUXCsl IO OCBOSHUIO TUCIIUTLIMHBI

11.1. Meroauyeckue yKazaHuss s OOYYAOIIMXCS 10 OCBOCHUIO JIEKIITHOHHOTO
Marepuana

OcHOBHOE Ha3zHauY€HWE JICKIIMOHHOTO MaTepuaja — JOTHYECKH CTPOMHOE, CHCTEMHOE,
rIyOOKOe W SCHOE W3NOKeHHEe ydeOHoro marepuana. HasHaueHUE COBPEMEHHOW JIEKIIMH B




paMKax JUCIUIUTUHBI HE B TOM, YTOOBI MOJYYHUTh BCIO MH(POPMALMIO TIO TEME, & B OCBOCHHU
(GyHAaMEHTaIbHBIX NpOOJEeM JUCHMIUIMHBI, METOJOB HAy4yHOrO IIO3HaHMs, HOBEHIIMX
JOCTIDKEHUI Hay4HOH MbIciu. B yueOHOM mporecce JEKIUs BBIMOIHAET METO0JIOTHYECKYIO,
OpPraHU3alMOHHYI0 U MHPOPMALMOHHYIO (YHKUMU. JIeKIUs packpbIBaeT MOHATUHHBINA anmapar
KOHKPETHOW o0yacTu 3HaHUs, €€ MpoOieMbl, AaeT IEeTbHOE MPEACTaBICHUE O AUCIHILIMHE,
IIOKa3bIBAaeT B3aMMOCBS3b C IPYTUMHU JAUCLHUILIMHAMU.

[lnanupyemMble pe3yabTaThl IPH OCBOSHUH 00yYalOMKUMUCS JIGKIIMOHHOTO MaTepuaa;

— T[IOJIyYE€HHE COBPEMEHHBIX, LEJIOCTHBIX, B3aMMOCBSI3aHHBIX 3HAHUH, YPOBEHb
KOTOPBIX OIPEIEIISIETCS LEIEBOM YCTAHOBKOM K Ka)K10M KOHKPETHOM TEME;

— TOJIy4€HHE OIbITa TBOPYECKOI pabOThl COBMECTHO C IPENOJaBaTEIEM;

— pa3BuTHE HIPOPECCHOHATBHO-IENOBBIX  KauecTB, JIIOOBM K IpeAMETy H
CaMOCTOSITEJIbHOTO TBOPYECKOTO MBIIIICHHUS.

— TOsBJIEHHE HEOOXOAMMOT0 HHTEpEca, HEOOXO0AUMOTO Il CAMOCTOSTENILHON PabOThI;

— TIOJy4YyeHUE 3HAHUNH O COBPEMEHHOM YPOBHE pa3BUTHS HAyKM U TEXHUKU U O
IIPOrHO3€ UX Pa3BUTHsI HA OJIMKalIlIne Tofbl;

— HayuyuTbCsl METOJUYECKH oOpabaTbiBaTh MaTepuan (BBIACIATH TJIaBHBIE MBICIU U
HOJIOKEHUS, NPUXOAUTh K KOHKPETHBIM BBIBOJAM, IIOBTOPATh MX B  Pa3JIMYHbIX
(bopMynupoBKax);

— TOJIyueHHE TOYHOI'O IOHUMAaHHUs BCEX HEOOXOIUMBIX TEPMUHOB U TOHATHH.

JIekuMOHHBI MaTepHal MOXET CONPOBOXKIAATbCA JEMOHCTpauuend CIaioB H
UCIOJIb30BAaHUEM pA3aTOYHOIO MaTepuaja IpU IMPOBEIAEHUM KOPOTKHX JTUCKYCCHH 00
O0COOEHHOCTSIX IPUMEHEHUSI OT/IEIbHBIX TEMATUK 110 IUCHUIUINHE.

CrpyKTypa npefocTaBieHusl JEKIHMOHHOIO MaTepuara:

— JICKIIMH COTJIACHO pa3zzenam (Tabi.3) u remam (1abm.4).

VYuebHoe mocodue Mo OCBOSHHUIO JIEKIIHOHHOTO MaTepHaia HMEeTCsl B M3JaHHOM BUJIE

PacTpoBast a1eKTpoHHAs MUKPOCKOIIHUS /Il HAHOTEXHOJIOTUHA. MeTOo/Ibl M TIPUMEHEHHE :
moHorpadus / nox pen. Y. XKy, XK. JI. Vanra, T. II. Kamunckoil. - 4-e uzn. - Mocksa :
Jlaboparopus 3nanwmii, 2021. - 601 c. - ISBN 978-5-00101-142-2.

11.2. Meroanueckue yka3aHHs UIsI OOYYaroIIUXCS 10 MPOXOXKICHHIO MPAKTHIECKUX
3aHATUN

Crpykrypa u ¢popMa oTyeTa 0 IpaKTHUECKOH paboTte

OTueT 0 BBHIMOJIHEHHOW paboTe JODKEH COAEP)KaTh: TUTYJIbHBIN JHCT, OCHOBHYIO 4acTh,
BBIBOJIBI 110 pe3yJIbTaTaM UCCIIETOBAHHH .

Ha tuTynbHOM mHcTe MOMKHBI OBITh YKa3aHbl: Ha3BaHHE JUCLUIUIMHBL, Ha3BaHUE
NpakTUYeCKOH palboThl, (GamMuiaus W WHUIHUAIBl TpenojaBareis, (amMHiIus W WHUIHAIBI
CTYZIEHTa, HOMEp €ro y4eOHOM IpyIIIbl U 1aTa 3alUThl paOOTHI.

OcHOBHas dYacTh JIOJDKHA CONEpXKaTh 3aJlaHue, pe3yibTaThl dSKCIIEPUMEHTAIBHO-
NPaKTUYECKOH paboThl, paCUeTHO-aHAIUTUYECKHE MaTepHabl, TUCTUHT KOJa/CKpUH SKpaHa.

BeiBogpl MO mponenaHHOW paboTe MOJDKHBI COJEpKAaTh OCHOBHBIE PE3YJIbTATHI IO
pabore.

TpeboBanust k 0hopMIIEHUIO OTYETA O IPAKTUYECKOM paboTe

TuTynpHBIN TUCT OTYETA OJKEH COOTBETCTBOBATH IIAOJIOHY, MPUBEACHHOMY B CEKTOPE
HopMmatuBHOM nokymenraruu ['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 HOpMATUBHOM nokymeHTauuun [YAII
https://quap.ru/standart/doc

IIpu dopmHupoBaHHUU CIHMCKA MCTOYHUKOB CTYAEHTAM HEOOXOIMMO PYKOBOJCTBOBATHCS
tpeboBanusimu crangapra ['OCT 7.0.100-2018. Ilpumeps! odopmieHUst crHucKa HCTOYHUKOB
NpUBENICHBI B CEKTOpe HOpMaTuBHOMU gokymenTtarmu ['Y ATl https://quap.ru/standart/doc

Crpykrypa ¥ ¢dopma oTUETa O IIPAKTHUECKOH paboTe



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

OTuer 0 mpakTHYECKOW paboTe JOKEH CONEpKaTh: TUTYJIBHBINA JINCT, OCHOBHYIO 4acTh,
BBIBOJIBI TI0 pe3yIbTaTaM MCCICIOBAHNH .

Ha mumynvnom naucme NOJKHBI OBITH yKa3aHbL: Ha3BaHWE UCLUILIMHBI, Ha3BaHUE
NpPaKTHYECKOH paboThl, (GaMwinsg W WHHULOUAIBL IpernojaBaress, (amMuins W HMHUIHAIbI
CTY/IEHTa, HOMEp €ro y4eOHOM TPyl U 1aTa 3alUThl paOOTHI.

OcHognas wacmev JIOIDKHA COAEPKaTh 3aJaHHe, pPe3yJbTaThl SKCIEPUMEHTAIBHO-
NPaKTUYECKOH paboThl, paCUETHO-aHATUTHIECKAE MaTEPHAJIBI.

Bvi600b1 0 mIposenaHHON paboTe MOJDKHBI COAEPIKaTh PE3yJbTAaThl dKCIIEPUMEHTOB,
IPOBEICHHBIX CTYACHTAMH Ha CTEHJAX, HUX pe(ICKCHpOBaHHBIE BBIBOABI MO 3HAYUMOCTH
9KCIIEPUMEHTA, aHAJIN3Y BUIOB M MOCIIECTBUI MMOTEHIIMAIBHBIX MTOTPEIIHOCTEH, KOTOPhIE MOTIIN
BIMATHh Ha «YHCTOTY DKCIEpUMEHTa». Takke BBIBOJ JOJDKEH COJAEPKaTh OTBET Ha BOIPOC —
KaKne OCHOBHBIC HaNOOJIEE CIIOXKHBIE SJIEMEHTHI METOAUKH UM OBUIO HEOOXOIMMO BBIIOIHUTH U
C YeM JIaHHas CJIOKHOCTH ObLIA CBA3aHA.

11.3. Meroau4eckue yKazaHus UIsi 0OYJaIOMIMXCS MO MPOXO0XKIESHHIO CAMOCTOSITEIHHOM
paboThI

B Xoze BBITIOTHEHUS CaMOCTOSITEIIEHON pabOThI, 0OYYAIOMIMIACS BBIMOIHICT PaboTy IO
3aJJaHUI0 U TIPU METOAMYECKOM PYKOBOJACTBE IpErojaaBaressi, HO 0e3 ero HemocpeICTBEHHOTO
y4acTusl.

B mporecce BBIMOTHEHHUS CaMOCTOSITENBHON paboThl, Yy oOywarorierocs (GopMupyercs
1enecoo0pa3Hoe IIAHUPOBaHUE PabOUero BpEMEHH, KOTOPOE MO3BOJIET UM pa3BUBAaTh YMEHMUSI
Y HaBBIKM B YCBOGHHMM U CHCTEMAaTH3allMU MPUOOpETaeMbIX 3HAHHI, 00ECIeurnBaeT BBICOKHUI
YPOBEHb YCIEBAEMOCTH B TNepUOJ OOydYeHHUS, IIOMOTAeT TOJXYYUTh HABBIKM IOBBIIICHUS
pohecCHOHANBHOTO YPOBHSL.

MeroauyeckuMH ~ MaTepUallaMH,  HANpaBJSIOIIMMU  CaMOCTOSITENIBHYIO — paloTy
00yyaromuxcst ABISIOTCS: y4eOHO-METOINYECKUN MaTepHal 1o TUCIUIINHE;

METOJAMYECKUE YKa3aHUs MO BBIMOJHEHUIO KOHTPOJBHBIX palboT (i1 0OyJaronuxcs mo
3204HOM (hopMe 00ydeHus).

1. IToaroroBka IEKIMOHHOTO MaTepHalia 1Mo TeMaMm, MpeICTaBIeHHBIM B TabmuIe 3, u 1o
TeMaM, OTMEYEHHBIX * B COOTBETCTBHH C JIUTEPATYPOU, MpeCTaBICHHON B TabmuIie 9.

2. [ToarotoBka K KOHTPOJIBHBIM Pab0OTaM B COOTBETCTBUU C METOAMYECKIUMH YKa3aHUSIMH

B Teuenue cemecTpbl CTyAEHTHI

- 3AIIMIIAIOT MpaKTUYecKue padoThl (5 mIT);

- BBIIIOJIHAIOT TECTUPOBAHUS 110 MaTepuaiam JeKuuu B cpeae LMS.

Jlist TeKyIero KOHTPOJIsl YCIIEBAEMOCTH UCHOJIb3YIOTCS TECThI, IPUBEICHHbBIE B TaOIUIIE
18.

11.4. Metoauueckue yKazaHus [UIsl OOy4aroIMXCS IO MPOXOXKICHHUIO TEKYIIEro
KOHTPOJISI YCIIEBAEMOCTH.

Texkymuil KOHTPOJb YCHEBAEMOCTH NPEIyCMaTpPUBAaET KOHTPOJIb KayecTBa 3HAHUU
00yYaroImuxcsi, OCYIIECTBISIEMOI0 B TEUEHUE CEMecTpa C ILIeJbI0 OLEHMBAHUS XO0Jla OCBOEHUS
JTUCIUTUIAHBI.

B TedeHnue cemecTpa CTyIEHTBI

- pemaroT 3a1aHus B (hpopMare TECTUPOBAHMUS,

- 3aLUIIAIOT MpaKTHUecKue paboTsl (5 mT)

JUis  TeKyliero KOHTPOJSI YCIEeBAaeMOCTH HEOOXOJMMO MpeJICTaBUTh He MeHee |
IpoTOKOJIa 0 paboTe mociue 4-X 4acoB MPOBEJECHHBIX JabopaTOpHBIX padoT. Takke B KauecTBe
3aIUTHI pa0OT MOXKET OBITH



11.5. Metoauueckue yka3zaHus JJisi OOyYaroMIMXCs MO MPOXOXKICHHUIO MPOMEKYTOYHON
aTTeCTallUU.

[Ipomexyrounass  arrectanus  OOydalomUXCsl — MPEAyCMaTpUBAET  OIICHUBAHHE
MIPOMEKYTOUHBIX U OKOHYATEIbHBIX PE3yIbTaTOB 00y4deHMs MO nuciuruiiHe. OHa BKIIIOYAET B
cedst:

— 3a4eT — 3To (opMa OLIEHKH 3HAHUU, NOJYYEHHBIX OOYyYaIOIIUMCS B XO/€ U3yUYCHHS
y4eOHOM UCUUIUIMHBI B LIEJIOM WJIM MIPOMEKYTOUHAs (10 OKOHYAHUU CEMECTpa) OLICHKa 3HAHUMN
00y4aromuMcs 10 OTAEIbHBIM pa3fesiaM TUCHUILUIMHBI C aTTECTAllMOHHON OIICHKOM «3auyTeHO»
WJIU «HE 3aUTEHO».



Jluct BHeceHUs: U3BMEHEHUH B pabouyio MporpaMmy JTUCIUTUIMHBI

JlaTta BHECEeHUs
N3MEHCHHI 1
JIOTIOTHCHUH.

IToanuce BHECHIETO
A3MEHEHHUS

Coneprxanne N3MEHEHHH W JOTIOTHEHUI

JlaTa 1 Ne

MPOTOKOIA
3aceaHusl
Kadeapsl

Ionmuce
3aB.

kadempoit




