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AHHoTanus

Hucuunnuna «TeopeTudyeckrie OCHOBbI HAHOJUATHOCTUKUY» BXOIUT B 00pa30BaTEIbHYIO
poTrpaMMy BBICIIETO 00pa3oBaHUsl — MPOrpaMMy OakallaBpHara 10 HaIpaBICHUIO MOJATOTOBKH/
crenuanbHocTH 27.03.01 «CranmapTusammst ¥ MeETpoJiorus» HampaBieHHocTH «l{udposas
METPOJIOTHSI M CTaHAapTH3anus». Juciuminaa peanmusyercs kadempoid «Neby.

JlucuuniuHa HalejaeHa Ha GOpMUPOBAHKE Y BBITYCKHUKA CJIETYIOIIUX KOMIIETEHIIUH:

[MIK-1 «CrocobeH TpOBOAUTH AHAU3 COCTOSIHUS METPOJIOTMYECKOTO O0ecredyeHus B
MOJIpa3/IeIEHUU METPOJIOTUYECKOM CITy>KObI OpraHU3aIII»

IIK-3 «CrnocobeH oOCyIIeCTBIATh pPAaOOTHI 1O BBIABICHUIO M  IPEIOTBPAILCHUIO
HECOOTBETCTBUI MPOAYKLUU IPEIBABIIEMBIM TPEOOBAHUIM

Conepxanve JUCHUIUIMHBI OXBaThIBAET KPYr BOIMPOCOB, CBSI3aHHBIX C METOJAMHU
uccienoBanusl  (GU3NYECKUX, (PUIUKO-XUMUYECKUX M TEOMETPUYECKUX TMapaMeTpoB U
XapaKTEPUCTUK TBEPJOTEIbHBIX M MOJEKYJSPHBIX CTPYKTYyp. Cpend MHOXKECTBA METOJIOB
WCCJIEIOBAaHMM, METOABl CKaHUpyIoulel 30H7A0BON Mukpockonuu (C3M) sBiustoTcss Hambomee
pactipoctpaHeHHbIMA. OHHM  TO3BOJISIIOT ~ TOJIYYUTh  BBICOKOE  paspelieHue, peasbHo
o0ecreynBaroT BU3YAIH3AIMI0 CTPYKTYpPbl OOBEKTOB UCCIIEOBAHUS C AaTOMHBIM pPa3peIICHUEM.
B nacrosiee BpeMsi UCIIONIB3YETCsl OMPEICTICHHBIM KOMIUIEKC METOJIOB MCCIICIOBAHUSI MUKPO U
HAHOCTPYKTYp, CPEAH KOTOPBIX MOXKHO BBIJEIUTH OCHOBHBIC I'PYIIBI METOAOB: 3JEKTPOHHAsS
MHUKPOCKOITUSI BBICOKOTO pa3pelieHusi; METOJAbl CKaHUPYIOUIEH 3JIEKTPOHHONH MHUKPOCKOIHUU;
CKaHUPYIOIIas TyHHEJIbHAs MUKPOCKOIIHS,; peHTreHoAu(ppakiuOHHBIE METOIbI
cUCToNb30BaHueM d((]eKkTa BBICOKOH CBETUMOCTH CHHXPOTPOHHBIX HMCTOYHUKOB;, METOBI
ANIEKTPOHHON CHEKTPOCKOMUM ISl XMMHYECKOro aHalu3a. BKIIIOYeHbl OTHelbHBbIE JIEMEHTHI
HMCKYCCTBEHHOTO MHTEIJICKTa, KOTOpPbIE BCE OOJBIINE CTAHOBITCS HEOTHEMJIEMON YacThlO
00pa30BaTeNbHOTO MpoIiecca, CYIIECTBEHHO MOBBIIIAIOIIETO €ro KaueCTBO U 3(h(HEeKTUBHOCTS.

[IpenogaBanue AUCHUILIMHBI IPEAyCMATPUBACT CICAYIONME (OPMBI OpTraHU3ANHA
y4eOHOTO Mpoliecca: JIEKIHH, MTPAKTHUYECKUE 3aHITHUS CAMOCTOSITENIbHAsA paboTa 00yJaromerocs.

[IporpammMoit AMCHUIUTHMHBI TPEAYCMOTPEHBI CIEAYIOIINE BHUIBI KOHTPOJIS: TEKYIIHI
KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUHAs aTTecTalus B popMe IK3aMeHa.

OO6m1ast TpyA0€MKOCTh OCBOCHUS TUCIUTUTMHBI COCTABIISACT 3 3a4ETHBIX eAUHUIIBI, 108

4acoB.

SA3bIk 00yUeHUs M0 AUCIUTUIMHE «PYCCKUI



1. IlepedeHb IIAaHUPYEMBIX PE3YJIBTATOB O0YUEHHS 110 JUCLUILIMHE
1.1. Tlenu npenogaBaHusi JUCIUTUTUHBI

[lenplo mpenojgaBaHMs AUCLUIUIMHBI SIBJISETCS IOJIYYEHHE CTYJIEHTAMHU HEOOXOJUMBIX
3HaHUH cdepe BBICOKUX TEXHOJOTMH CBS3aHHBIX C TPHUKIATHBIMH  HCCIEIOBAaHUAMU
KOHCTPYUPOBAHUEM U NPAKTHUUYECKUM MCIIOJIb30BAaHMEM MaTEepUalIOB M BEILECTB HAa aTOMHOM U
MOJICKYJISIPHOM YPOBHSIX, @ TaK)KE CPEACTBAX, METOAOB M METOIMK MCCIIEOBAHUS (PH3HUUECKUX,
(GU3UKO-XMMHUYECKMX U TE€OMETPUUYECKHX MapaMeTpOB M XapaKTePUCTUK TBEPAOTEIbHBIX U
MOJICKYJISIPHBIX 00BEKTOB. Ilpum 3TOM 0co00€ BHHMMaHHE YAEICHO H3YYEHHUIO OCOOEHHOCTEH
BBICOKOpa3pelIatoIiiX METOJ0B MCCIEJOBAHUN MOJEKYJISIPHBIX OOBEKTOB, 00ECHEUMBAIOLINX
nojydyeHue HambOosee MmoysHoW MH(opManmuu 00 OCHOBHBIX CBOWMCTBAX M XapaKTEPUCTUKAX U
IPOTEKAIOIUX B HUX IIpolieccax.

1.2. JlucumnnuHa BXOAUT B  COCTaB  4YacTH, (HOpMUPYeMOH  y4acCTHUKAMH
00pa30oBaTeNbHBIX OTHOIIEHUH, 00pa30BaTeNbHOM MporpaMMbl BICHIEr0 00pa3oBaHus (Jajee —
OII BO).

1.3. TIlepeueHb mIaHUPYEMBIX PE3yJIbTATOB O0yUEHUS 10 AUCLUILUINHE, COOTHECEHHBIX C
IUTaHUpYEeMbIMU pe3yibTatamu ocBoeHus OI1 BO.

B pesynbrare u3yuyeHHs AUCUUILUIMHBI OO0YyYarolIUiics NODKEH 00J1alaTh CIelyroIUMU
KOMIIETEHIIMSIMU WJTH WX 9acTsAMH. KoMIeTeHIIMu 1 WHAMKATOPHI UX JOCTHKCHHS TPUBEICHBI B
Tabimue 1.

Tabmuna 1 — [lepeyeHb KOMIETEHIIMNA U HHINKATOPOB MX JOCTHKCHHS

Konu
Kareropus (rpymnmna) Kon 1 HanMeHOBaHHME WHIUKATOPA JOCTHKECHHUS
HanMEHOBAaHUE
KOMIIETEHIINHU KOMIIETEHIIUH
KOMIIETEHIIUHA
I1K-1 Criocoben
IIPOBOJINUTEL aHAIN3
POBOZL I1K-1.3.3 3HaTh 001aCTh MPUMEHEHHUS METOJIOB
COCTOSIHUSI
U3MEPECHUS
METPOJIOTUYECKOTO
[TpodeccuonanpHble O6CCTICUCHIS B [1K-1.3.4 3HaTh KOHCTPYKTHUBHBIE OCOOEHHOCTH U
KOMIIETEHIINHU MIPUHITUITBI pa0OTHI CPEICTB U3MEPEHUS,
nopa3aeieHun
o TEXHOJIOTHYECKHE BO3MOKHOCTH B 00J1aCcTH
METPOJIOTUUECKOU
MIPUMEHEHUS CPEACTB U3MEPEHUS
CITYKOBI
OpraHu3aluu
ITK-3 Criocoben
OCYILECTBIIATh I1K-3.3.3 3HaTh ¢u3nvecKrue NpUHIMIIBI padoThI,
paboThI MO BO3MOKHOCTH ¥ 00JIaCTH MPUMEHEHUSI METO/IOB U
BBIABIIEHUIO U CpEICTB U3MEpPEHUN
[Tpodeccuonanbuble
KOMITETEHIIH MPEIOTBPALICHHUIO [TK-3.VY.3 ymeTs BeIOUpaTh U pa3padaThiBaTh
HECOOTBETCTBUH METO/Ibl U CPEICTBA KOHTPOJISI TEXHOJIOTUYECKOTO
MIPOIYKIIH mpoiiecca, TEXHOJIOTHYECKOM orepanuu,
MPEAbSIBISIEMbIM pa3pabaThiBaTh CXEMbI U3MEPEHUI M KOHTPOJIS
TpeOOBaAHUSIM

2. Mecrto mucuuminHb B cTpykType OI1

JucuumimHa MOXKeT 0a3upoBaThCS HA 3HAHUSX, paHee MPUOOPETEHHBIX 00yUYaIONTUMUCS
MIPU U3YYCHUH CIICTYIONTUX TUCIUILUINH:

— «lIndpoBasg METPOJIOTHUI»,

— «DJEKTPOHHUKAY,

— _«MarepualioBeICHHEY,

— «Duszuxay

«XuMus

3HaHUs, TOJYYCHHBIC TPH M3YyUYEHWH MaTepuaia JaHHOW JUCIUIUIMHBI, UMEIOT Kak

CaMOCTOSITEJIbHOE 3HAUE€HHE, TaK U MOTYT UCIIOIb30BATHCS MPU U3YUYEHUHU APYTUX JUCHUILIUH:




— « IIpousBoacTBeHHAsd IPEIAUIIOMHAS 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
Ne8
1 2 3

Oowan mpyooemkKocmep OuUCYUNJIUHDL, 3/ 108 3/ 108
3E/ (1ac)
U3 Hux uacoe npakmuueckoii n002Z0MO6KU 10 10
AyoumopHuie 3aHamus, BCEro Jac. 20 20
B TOM YHCIIC:

nekiuu (JI), (dac) 10 10

1('IpaI()TI/I‘{eCKI/Ie/CeMI/IHapCKI/Ie sanatus  (I13), 10 10

qac

nabopaTtopHbie paboTs (JIP), (uac)

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

9K3aMeH, (Jac)

Camocmoamenvnan paboma, Bcero (dac) 88 88
Buo npomesxcymounoit ammecmayuu:. 3a4er,

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

*k
IIpumedanue: kaHaUAATCKHI SK3aMeH

4. CoaeprkaHue TUCHUTUIMHBI
4.1. PacnpeneneHue TPyJ0OEMKOCTH JUCHUIUIMHBI IO pa3/ieiaM U BUJaM 3aHATUH.
Paznernbl, TeMbI TUCIMIUIMHBI H UX TPYAOEMKOCTh TIPUBEICHBI B TabwmIIe 3.
Tabnuua 3 — Pazfesnbl, TeMbl TUCHMILINHBI, UX TPYAOEMKOCTh

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

(qac) (4ac) (4ac) (4ac) | (vac)

Cemectp 8

Paznen 1. CtpykTypa, CBOMCTBA METO/IbI
MIOJTYYEeHUST 1 OCOOCHHOCTH MPUMEHEHUS 2 1 11
HaHOCTPYKTYP
Paznen 2. XapakTepucTrka METOIOB 3 2 17
UCCIIEIOBaHUH 00BEKTOB MUKPO U HAHOCTPYKTYP
Paznen 3. MeTozp! HccineJ0BaHU CTPYKTYPHBIX
U(HU3UKO-XUMUYECKIX CBOMCTB HAHOOOHEKTOB U 1 3 20
CHCTEM
Paznen 4. IIpuHIMITBI HOCTPOCHUS TEXHUUECKUX 3 3 0 0 20
CPECTB HCCIeIOBAHNS HAHOCTPYKTYP
Paznien 5. OCHOBBI MEXaHUKH U KOHCTPYKIHH
CPEeICTB M3MEPEHUI HAHOCTPYKTYPHPOBAHHBIX 1 1 20
00BEKTOB
Hroro B cemectpe: 10 10 88




Hrtoro 10 10 0 0 88

[IpakTuyeckas MOArOTOBKA 3aKIIOYAETCS B  HEMOCPEJICTBEHHOM  BBINOJIHEHUH
0o0y4JalolUMHUCS  OMNpeNeJeHHBIX  TPYIAOBBIX  (YHKUMH,  CBSI3aHHBIX ¢ Oyn;ymieit
npodeCCHOHATIBHOMN 1S TETbHOCTBIO.

4.2. CopnepskaHue pa3/ieioB U TEM JICKIIMOHHBIX 3aHITHH.
Copepxanne pa3esioB U TeM JICKIIMOHHBIX 3aHITHIA MIPUBEICHO B Ta0HIIE 4.

Tabmuua 4 — Copeprkanue pa3esioB U TEM JICKIMOHHOTO IIHMKJIA

Howmep paznena

HazBanwne u COACPNKKAHUE pa3aC]IOB U TEM JICKIMOHHBIX 3aHATHH

Paznen 1. Ctpykrypa,
CBOWCTBa METO/IbI
MOJTy4eHUs: 1 0COOEHHOCTHU
MPUMEHEHHUS HAaHOCTPYKTYP

Tema 1.1

HccnenoBanue 00bEKTOB HaHOTeXHOJIOTUH  COBpeMEHHbIE
METO/bI UCCIIEJOBAHUS, IPUMEHSIEMbIE B

HAHOTEXHOJIOTUSAX CTAaJX BO3MOXKHBI, KOrja ObulM pa3paboTaHbl
U MHCTPYMEHTAJIbHO IOJATBEPXAE€Hbl OCHOBHBIE MJIEM aTOMHO-
MOJIEKYJISIPHOM TEOpPUM U IOJIyYEHbI IEpPBbIE PEHTT€HOBCKUE
JU(PPaKLMOHHBIE HM300paXEeHUs KPUCTAIMUECKUX CTPYKTYP.
BaxHbIM COOBITHEM B MCTOPUM HAHOHAYKHU CTAJIO M300pETCHHE
IIPOCBEYMBAIOLIEH AJIEKTPOHHOW MHKPOCKOIIMH, ITO3BOJIAIOIIEH
HOJYYUTh HM300paK€HHE HAHOPA3MEPHBIX CTPYKTYp, a TaKKe
M300peTeHne CKaHUPYIOIIETr0 TYHHEIbHOTO MUKPOCKOIIA.
[IpenmeToM HaHOTEXHOJIOTUH SBJISETCS HOBbIE OOBEKTHI —
HAHOCTPYKTYpPBI, KOTOpblE HMMEIT CyOMUKpPOHHBIH pa3Mep B
OJIHOM U3 HaIIPaBJICHUH, KOTOPbIE B COI0 OUEPEe/lb, HYKJIAIOTCS B
kinaccuukanuu. B OCHOBY  KiacCUPUKAIMKM  TIOJIOKEHBI
CTPYKTYpa, COCTaB, a TAK)KE UX PU3UKO-XMMHUYECKHE CBOMCTBA.
Tema 1.2

CrpykTypa, CBOWCTBa, METOJbl IOJY4YEHUS U OCOOEHHOCTH
IPUMEHEHHUS HAHOCTPYKTYD.

B o0Onactu BBICOKMX TEXHOJOIMH IIMPOKO HCHOJIb3YETCs
KJIacCU(UKaLUs AUCIIEPCHBIX CUCTEM IO JAUCIEPCHOCTH, T.€. 1O
pasMepaM U YJEJNbHOM IUIOIIAAU ITOBEPXHOCTH JUCIEPCHOU
¢da3pl. B mepBoM mpUOTMKEHUM  JTUCTIEPCHBIE  CHUCTEMBI
HOJPA3JeNAOTCs Ha IpyOOIUCHepCHBIE U TOHKOAMCIIEPCHBIE,
TaK Ha3bIBa€MbI€ KOJIOMIHBIE CUCTEMBI.

VYriaepoaHbsle CTPYKTYpbl - YIJIepoj, sBJsieTcss Haubosee
pacnpoCTpaHEHHBIM 3JIEMEHTOM B MPUPOJIE, OH CYLIECTBYET B
TBEpIOH (a3e M HECKONBKMX MOJUPHUKAIMAX C Pa3TUUHBIMU
(GU3UKO-XMMHUYECKUMU CBOMCTBaMU: TIpadut, anmas, KapOuH,
rpadeH. Baxwneiimel 0coOEHHOCTBIO YIJIepoAa  SIBISIETCS
crocobHocTh 00pa3oBbiBaTh 1enouku —C —C — C-, KoTopskle
IPUPOJIa UCHIOJB3YET IS CO3JJaHUs OMOIOTHYECKUX TOJIMMEPOB,
a 4YeloBeK i1 TPOU3BOACTBA PA3NUYHBIX CHHTETHYECKHX
MaTepUasoB.

B koHue mpouuioro cronerus ObUTM  OTKPBITHI HOBBIE
yIJIepoaHble  COCAMHEHHUs, CpeAM  KOTOpBIX  (yJUIEpEH,
oOnanaromun YHUKaIbHBIMU CBOMCTBaMH. dysnepeH
UMEET

KapKacHYI0 CTPYKTYpY, KOTOpasi COCTOMT M3 3aIIaTOK MATH- U
mecTuyroinbHoil ¢opmel. B 1990 r. 6bu1 paszpaboTaH MeTO[




nonyyenus  ¢ymiepera. B 1991 1. B mpoxykrax
AJIEKTPOAYIOBOro HcnapeHus rpadura ObUIM OOHAPYKEHbI

OWIMHIPUYECKUE  YTIIEPOIHBIE KOHCTPYKLUH,
HOJTy4HBIINE Ha3BaHUS
«HAHOTPYOKHUY. HanorpyOxa IIPEJICTaBIISIET coboit

MPOTSDKCHHBIC [WJIMHIPUYECKUE CTPYKTYpPhl JTHAaMETPOM OT
OJIHOTO JI0 HECKOJIbKUX JECSITKOB HAHOMETPOB M JUIMHOM [0
HECKOJIbKMX CaHTHUMETpoB. [lo cymiecTBy Takas HaHOTpyOka
MPEJICTaBISIET COOO0M OJJHY MOJIEKYITy, COCTOSIIYIO U3 MUJUTMOHA
atoMoB yriepoma. B obmem cinyuae, YHT oGmanator
YHUKQJIbHBIMU AIIEKTPUUECKUMH, MEXaHUYECKUMH "
XHMHUYECKHMMHU CBOMCTBAMH.

Paznen 2. Xapakrepucruka
METOJIOB MCCIIEIOBAaHUN
00BEKTOB MUKPO U
HAHOCTPYKTYD

Tewma 2.1.McTpyMeHTBI HCCIIEIOBAHUNA HAHOTEXHOJIOTUI
OaHuMH U3 TEpPBBIX HHCTPYMEHTOB, KOTOPHIE ITOMOTJIH
WHUIIMUPOBATH UJICH HAHOTEXHOJIOTHH, OBLIIM TaK Ha3bIBAEMbIC
CKaHUpYIOIIKe 30HIbl. Bce TUIIBI CKaHUPYIOMIMX 30HA0B ObLIH
paspabotansl B I{ropuxe B Havane 80-x romoB. Cama wupes
OUeHb MPOCTA: €CIIM, K MPUMEpPYy, MPOBECTH MAaJbIEM IO
MIOBEPXHOCTU, TO JIETKO OTJIMYUTH Oapxar OT CTalu WIH
nepeBa. B gaHHOM SKCHepuMEHTE Tajiel JAEeWCTBYeT Kak
CTpYyKTypa u3MepeHus cuibl. [laHHas uaes M MOJOXKEeHa B
OCHOBY pa0OThl CKaHUPYIOLIETO MHUKPOCKOMA, OJHOIO U3
pacnpoCTpaHEHHBIX CKAHUPYIOMIKX 30HAO0B. CKaHUpYOLIUil
30H]] MIPH U3MEPEHHUH CKOJIB3UT IO MOBEPXHOCTU TaK XKe, Kak
9TO JeJaroT Najiblbl. 30HJ MMEET HAaHOCKOIMYECKUH pa3zMep
(uacto Bcero oauH arom). [Ipy JBUKEHHMM OH MOXKET
ONpEENATh HECKOJbKO pa3IMYHBIX CBOMCTB, KaXJ0€ U3
KOTOPBIX COOTBETCTBYET MHOMY MU3MEPEHUIO.

Tema 2.2 ATOMHO-CHITOBOI MUKPOCKOTI.

B aTOMHO-CHJIOBOM MHMKPOCKOIIE€ 3JIEKTPOHUKA HCIOJIb3YETCS
JUIL. U3MEPEHHUs CUJIbl BBOJMMOM KOHYMKOM 30HJAa IpPU €ro
JIBMDKEHUH BJIOJIBIIOBEPXHOCTHU MCCIIEyEMOro 00OBEKTa.

Tema 2.3. TyHHENBHBI MUKPOCKOTL.

B TyHHenbHOM  MHUKpPOCKONE  HM3MEpSeTCs  BEIUYHHA
NMEKTPUYECKOTO0 TOKA, MPOXOIALIETO MEXAY CKaHUPYIOLIMM
30HJIOM U TOBEPXHOCThIO. TyHHEIbHAs MHKPOCKOIUS — 3TO
MPAKTUYECKH TEPBBIA pa3paOOTaHHBIA METOJ 30HIOBOTO
CKaHMPOBAaHHMS, HaLIEAIIEro IIUPOKOe NpuMeHeHue. B
MarHUTHO-CWJIOBOM ~ MHUKPOCKOINE€  30HJ, CKaHHUPYIOLIUH
MOBEPXHOCTh,  SBJSIETCS ~ MarHUTHBIM, OH  TO3BOJISIET
MOYYBCTBOBaTh Ha TOBEPXHOCTH JIOKAJIbHYI) MArHUTHYIO
CTPYKTYpy. 30HJ MarHUTHO-CHJIOBOTO MHUKpOCKoOMa paboTaer
MOJOOHO  CUMTHIBAIONIEW  TOJIOBKM  BUHYECTEpa  WIH
MarautopoHa. CkKaHUpYIOIIME MHUKPOCKOIBI  MO3BOJMIH
BIIEPBBIC YBUIETh OOBEKTHI PA3MEPOM C ATOM.

Pazgen 3. MeToasl
HCCJIEIOBAHUM CTPYKTYPHBIX
U(HU3UKO-XUMHYECKHUX
CBOICTB HAHOOOBEKTOB U
CHCTEM

Tema 3.1 Metoasl wuccneqoBaHUN W M3ydeHUs (puU3MKoO-
XUMHYECKIX CBOWCTB HAHOOOBEKTOB M CUCTEM

ITon reTepOreHHbIMU poreccaMu MOHUMAIOT
TEXHOJIOTUYECKHE TIPOIIECCHl, TPOUCXOMAANINE Ha TPAHHUIE
paznena a3 u (opMHUpyIOIIME TETEePOTreHHBIE CHUCTEMBI.
['eTreporenHas cucTemMa IPEACTaBIISACT coboif
TEPMOJAMHAMHYECKYIO CHCTEMY, COCTOSIIYIO M3 Pa3lUYHBIX I10




¢u3nUecKUM M XUMHUYECKMM CBOMCTBaM dYacTed wuiau a3,
KOTOpBIE OTJAENEHBI JIPYr OT Jpyra MOBEPXHOCTAMHU pajena.
Kaxngas w3 ¢a3 mpu 3TOM TOMOreHHAa H €€ TIOBEICHUE
MOIYUHSIETCS 3aKOHAM TEPMOIUHAMUKHU.
MonekynsipHo-nyueBass  snutakcus  (MJID). MIJID -
TEXHOJOTMYECKHM MPOIECC AMUTAKCHUAIBHOTO BbIPAIUBAHUS
CJIO€B, KpHUCTAJLIMYECKas peHIeTKa KOTOPBIX TMOBTOPSET
pemietky nomioxkku. C  momonipto  TexHosiorun  MIJID
BBIPAIIUBAIOT TE€TEPOCTPYKTYPhl ~ 3aJaHHOM  TOJILUHBI €
MOHOAQTOMHOITIAKUMU ~ TeTeporpaHUlaMl W 33JaHHBIM
npodunu nerupoBanus. CieayeT OTMETUTh, YTO DIHUTAKCHUS —
3TO OJMH W3 BaXKHEUIIMX TEXHOJIOTMYECKHX MPOILECCOB IpHU
CO3JJaHUU MUKPO- U HAHOCTPYKTYD.

Tema 3.2. dopmupoBaHuEe CTPYKTYp Ha OCHOBE KOJUIOMIHBIX
pacTBOpOB

Konmounnele pacTBOphl WM 30JM MPEACTABISAIOT cO00
KUJKUE CHCTEMbl C YaCTUIAMU JIUCIIEPCHOW (a3bl WU
MUILIEIUIAMH TIEPEMEIINBAIONIMMUA CBOOOJHO M HE3aBUCHUMO B
npouecce OPOYHOBCKOTO JABMKEHHUA. Pa3mep yacTuy JIeKHUT B
npenenax 10 — 100 HM, caMu YacTHIIBI MOTYT PacHojaraTbCs
OTHOCHUTEIIBHO Jpyr Apyra Oiike, 4eM Ha JAUAaMeTp YacTHIIBL.
Merox  QopmupoBaHUsT  YNOPSJOYEHHBIX  HAHOCTPYKTYP
HEMOCPEJACTBEHHO W3 HAHOYACTHI, C(HOPMUPOBAHHBIX B
KOJUIOUJIHBIX PacTBOpPAax, JaeT BO3MOXXHOCTh B IIMPOKHX
mpenenax BapbUpPOBaTh pa3Mephbl YacTHUIl, a TaKKe H3MEHSTh
AJIEKTPOHHBIE CBOMCTBA YaCTHII.

Tema 3.3 301b-T€Nb-TEXHOJIOTHSL.

30J1b-TeNIb-TEXHOJIOTHS TIPEICTABIAET COO0M TEXHOJIOTUYECKUM
Mpolecc  MOJYYeHUS  MAaTepuajgoB, C  OINPEACICHHBIMU
XUMUYECKUMH W (PU3UKO- XMMHUYECKUMH  CBOWCTBaMH,
BKITIOUAIOIIUI TOTy4YeHHe 30715 ¥ TIEPeBOJI €ro B relib. B 001em
cly4yae, 30Jb-TENb-TEXHOJOTHSI Ha CBOWCTBE 30JI1 WIH
KOJUIOUTHOTO pacTBopa u MPEACTABIISIOT co0oif
CTPYKTYpUPOBAHHBIE CHUCTEMBl C JKHUJKOW JTUCTIEPCHOHHOU
cpemoil. OTUM  METOAOM MOTYT OBITh CHHTE3MPOBAHBI
HAaHOKOMITO3UTHI Ha OCHOBE KEPAMUKHU TE€TEPOMETAIITMIECKOTO
TUIIA U JIp.

Paznen 4. Ilpunnunsl
MOCTPOEHHUS TEXHUYECKUX
CPEZCTB HCCIIEI0BaHMS
HAHOCTPYKTYDp

Tema 4.1 [IpyHUMIIBI pa3BUTHSI HAHOCTPYKTYP

CoBpeMeHHOe pa3BUTHE (PU3UKH U TEXHOJIOTHH

TBEPIOTEITBHBIX HAHOCTPYKTYP, TIPOSTBIISTFOTIICECST

B HEMpPEPbIBHOM  MEpexXoAe  TOMOJIOTUM  DJIEMEHTOB
DIIEKTPOHHON TEXHUKH OT CYOMHKPOHHBIX K HAHOMETPOBBIM
pa3Mepam, notpedoBajo pa3paboTKy HOBBIX u
COBEpILICHCTBOBAHHUE YK€ CYIIECTBYIOIIUX CPEICTB M METOJIOB
JMarHOCTUKHU, a TakXe co3/laHue o0pa3oB 00OpYyAOBaHUS IS
aHaJM3a CBOMCTB M IIPOLECCOB B HaHocuctemax. Ceronss
CYLIECTBYET OIPOMHOE KOJHMYECTBO THUIIOB U BHJOB CPEJICTB
MVarHOCTUKU J[st WccrieioBaHUsl HaHOCTPKYTYp, TOYYCHUS
HaHOPAa3MEpPHBIX ~ CUCTEM M  HOBBI3  HAHOCTPYKTYPHBIX
MaTepHajioB C 3aJaHHBIMH CBOWCTBAMH, HEOOXOIUMO TIO-
HOBOMY pelIaTh 33Jayd MCCIIEOBAHUS HAHOCTPYKTypro Jlims
3TOro TpedyeTcs U3MEHEHHE TPAJUIMOHHBIX METOJIOB, a TaKXKe




CO37IaHME U Pa3BUTHE COBEPIICHHO HOBBIX CPEICTB U METOMAOB,
MIPOLIECCOB MPUCYLIUX 00BEKTaM HAHOMETPOBOI'O MacITada.
Tema 4.2. MeTozbl 2JIEKTPOHHON CHEKTPOCKOIIUU

Jns xumuyeckoro axanuza (HOTOIIEKTPOHHOW MHUKPOCKOIUH,
(OTOMOMUHECHIEHIINH, KOTOpPBhIE B HBACTAILIEE BPEMS aKTHBHO
pa3BUBAIOTCSl C TMEPCHEKTUBAMU CYIIECTBEHHOTO TOBBIIICHUS
paspemameii  cnocoOHOCTH — HCIOJIB3YEMBIX  CPEACTB.
H3BecTHO, 4YTO 4YeJNOBEK CHOCOOEH pasrisiieTb OOBEKTHI
pasmepom mpubam3utenbHo 0.1 mm. C  TOYKM 3peHHS
(U3HOJIOTHH TJIa3 - ATO MPOCTasi onTHYeckas cucrema. B 1873 1.
06110 chOpMyITMPOBAHO MPABUIIO ONTUYECKHX CHCTEM, COTIACHO
KOTOPOMY MUHUMAJIbHBIE  pa3Mepbl pa3jnyaeMbIX JeTanen
paccMaTpuBaeMoro oObeKTa, HE MOTYT ObITh MEHbIIE, YeM
nnuHa BodHBI cBeta (400 HM). Pa3zpemaromias crocoOHOCTH
ONTUYECKUX MUKPOCKOIOB COCTaBIsieT npuOam3uTenso 200 HM.
[ToaToMy BO3HHKIJIa HEOOOIMMOCTh B CO3JJaHUM CHUCTEM C Oolee
BBICOKOM pas3peliaronieil crnocoOHOCTbIO, a CJIEA0BaTENIbHO C
BUJICOCHCTEMAMH, HUCIIOJIb3YEMbIX MEHBILINE JJIMH BOJH, YTO U
MIPUBEJIO K CO3/IaHUIO AIEKTPOHHBIX MUKPOCKOTIOB.

Tema 4.3. CpencrBa 31€KTPOHHOW MUKPOCKOIIUU

B nHacrosimiee BpeMs HCHONB3YIOTCS ONPEACICHHBIA KOMILIEKC
METOJI0OB  JAMArHOCTUKH HAHOCTPYKTYD, cpeau  HUX
1[e1ecOo00pa3HO BBIACNUTH Hanboyiee paclpoCTpaHEHHBIE — BCE
Pa3HOBUAHOCTH CPEICTB 3JIEKTPOHHONM MUKPOCKOIIUU BBICOKOTO
paspeiieHusi. DTO HMCTOPUYECKH TMEpBbIM mpubop U MeTon
peaibHO  OOECneuuBalOIMi  BU3YyaIM3alMI0  CTPYKTYpHI
00BEKTOB C AaTOMHBIM Pa3peIIeHUEM.

CkaHupylOIMi  2JIEKTPOHHBIH ~ MHKpPOCKONAa  IO3BOJISET
BIUIOTHYIO TMPHUOIMKATBCS MO PAa3pelIeHHuI0 K aTOMHOMY
YPOBHIO, COXpaHsSsi BO3MOXHOCTH IOJIYYEHHUs] HH(POpPMAIUH O
(GU3NYeCKNX, XUMHUYECKUX OHIIEKTPUUYECKHUX M Jp. CBOMCTBaX
HCCJIETyEMbIX HAaHOOOBKTOB.

Paznen 5. OcHOBBI MEXaHUKHU
U KOHCTPYKLUHI

CPEICTB U3MEPEHUN
HAaHOCTPYKTYPHUPOBAHHBIX
00BEKTOB

Tema 5.1 OO6nactb mNpPUMEHEHHMS] HAHOCTPYKTYpPHUPOBAHHBIX
00BEKTOB

Pa3zmepbl HAaHOOOBEKTOB HaxoAATcs B 1uanasone ot 0,1 10

100 HM. DTOT nMana3oH MPHUHITO Ha3bIBaTh HAHOMACILTAOOM.
CornacHo mnpoekTy TexHuueckoil cneuugukanuun ISO/DTS
12805 nmpousBeneHHbIE HAHOOOBEKTHI Pa3IeAioT MO MPHU3HAKY
reoMeTpHuecKoi (hOpMBbI Ha TPH KaTErOPUU:

-4aCTHIIbI - 0OBEKTHI, UMEIOIIIKE TPU pa3Mepa B HaHOMacIITaoe;
-BOJIOKHA-00bEKThI, UMEIOILIME JIBA pa3Mepa B HaHOMacIITale;

-IJTAaCTHHBI - OOBEKTH, HMCIIIWE OJWH  pasMep B
HaHOMacIITabe.

BonapmmHCTBO HAHOOOBEKTOB HWMEET YIJIEPOAHYIO OCHOBY.
AmnoTponusi -  CyIIECTBOBaHHE OJHOTO H  TOrO K€
XHMHYECKOTO 3JIEMEHTAa B HECXOKHUX dbopmax. OmHako B
MOCNEAHNE TOABl OBLTH OOHApY)KEHBI €lle JBE aUIOTPOIHBIC
dbopmBI yraeposa, UMEIoIre OOoJbIIyIo MEPCIIEKTHBY

MCIIOJIb30BAaHUS B HAHOTEXHOJIOTUSIX.
Tema 5.2 Ha3naueHue, CBOWMCTBA, OCTPUHMHOIO 30HIOBOIO
JATYUKA.

OnauM W3 OOBEKTOB HAHOMETPOJIOTHHU SIBIISCTCS OCTPHIHBINA




30HJIOBBIM JATYUK, UCIIOJIB3YEMBIM B CKaHUPYIOLIEH 30HIOBOU
MUKPOCKOIIUM  JUI1  MCCIIEJOBAaHUS pPa3MEpPOB U  CBOWCTB
[IOBEPXHOCTHU HAaHOOOBEKTOB. Jatuuk COCTOMT u3
MOJyIPOBOJIHUKOBOTO KpucTaimia (yumna), THOKOH KOHCOJIU
(cOOCTBEHHO KaHTHJIEBEPa) M TBEPAOTEIBHOTO 30HJA (WIJIBI).
OOBIYHO ATOT AATYUK HA3BIBAIOT KAHTHUIIEBEPOM.
['eomeTpuyecKu 30H/1 MIPEICTABISAET COO0M UTTy  KOHUYECKOM
WM TPU3MAaTHYECKOW (GopMbl ¢ yriioM mpu BepmuHe 20 -
BaYKHAsl XapaKTEPUCTHUKA 30H/a - PaJInyC 3aKpyIJIEHUsI OCTPUS T,
3HaYEHHE KOTOpPOro oObuHO He Oosee 1 - 25 um. B kadectBe
MU3MEPUTENBHBIX  NpeoOpa3oBareneld B~ HAHOTEXHOJIOTUU
UCIIOJIB3YETCSl JAaTYMK HAHONEPEMEIICHUH, MNpeICTaBIISIOIINMA
c000#1 COBOKYITHOCTh MEXaHUYECKOI'O AJIEMEHTAa U TPAH3UCTOPA.
Mexanunueckum 3JIEMEHTOM ABIISIETCS Opycok
(HaHORJIEKTpOMEXAaHUYECKas MEepeMbIUKa) U3 apCeHuJa rauius,
3aKpeIyIeHHBIN ¢ 000MX KOHIIOB. Pa3Mepnl Opycka: ninuHa 3 MKM,
mupuHa 250 HM, TonmuHa 200 HM. JleTekTop nmepeMenieHus -
OJIHORJIEKTPOHHBII TPaH3UCTOP - PACIOJIOKEH HA PACCTOSHUU
250 uM ot Opycka. TpaH3UCTOp AJIEKTPUYECKH COEAMHEH C
OpycKoM yepe3 eMKOCTh. BHemiHee HanpsbkeHue, NpUIIoKEeHHOe
K Opycky, 3acTaBisger ero BuOpupoBarh. llpu mepememieHun
Opycka  OTHOCHUTEIBHO  JETEKTOpa  M3MEHSIeTCsl  TOK,
MPOTEKAIOLUI Yepe3 TPaH3UCTOP.

Tema 5.2.1 Ha3HaueHue gaTymka CHIIbI U MacChl

B gpatuuke cuibl M Macchl B KAQ4eCTBE IEPBUYHOIO
M3MEPUTENIBHOTO MpeoOpa3oBaress UCOIb30BaHa OJHOCIONHAs
yriaepojHas HaHOTpyOKa auameTpoM 1 - 4 HM, pacnooKeHHas
MEXIy JABYMs 30JIOTBIMU JJIEKTpoAaMu. Pa3meprl kaHaBKH,
yepe3 KOTOPYIo NPOTSIHyTa HaHOTpyOKka: mupuHa 500 HM, yIHHA
1,5 wmxM. bonbmias ynopyrocte yriaepoaHONM HaHOTPYOKH
MO3BOJISIET el KoyebaThesi B HIMPOKOM JMara3zoHe 4actoT (0T 3
qo 200 MIm). Ona Moxer Takke paboTaTh B KadyecTBe
TPaH3MCTOPA, YTO MO3BOJISIET ONPENAEIATh YacTOTy €€ KoieOaHui
U CMEIIEHHUE OTHOCHUTENIBHO IIOJIOKEHUs IOKOsA. Y CTPOMCTBO
paboTaeT B BaKyyMme, MOCKOJbKY Ha BO3JyXe OOJIBIIOE YHCIO
MOJIEKyJ]l OyJeT CTaJKuBaTbCsl C HAHOTPYOKOM WM Jaxe
abcopbupoBatbcss Ha Hed. B 3aBucuMMOCTH OT BO3AEHCTBUS
BHEIIHEW CHJIBI Ha W3MEPUTENBbHBI TMpeoOpa3oBaTesib OH
U3MEHSAET CBOE MOJOXeHUe. [locTurHyras 4yBCTBUTEIBHOCTH
YCTPOKCTBA MO3BOJISIET U3MEPATH cMenieHue B 0,5 HM.

Tema 5.2.2 Hasnauenue u cdepa NpUMEHEHHs 30HIOBOTO
JaT4yrKa

30HJO0BBIM JTaTYMK YCTPOMCTBO, BKJIHOYAIOIIEE TBEPAOTEIbHBIN
OCTPUIHBINA 30H]I, THOKYIO MPY>KUHHYIO KOHCOJIb - KaHTUJIEBEP
(anrm. cantilever - koHCONB) W KpucTain (Aepkarens). B
JUTEpaType d3TO YCTPOMCTBO HEPEAKO Ha3bIBAlOT IPOCTO

«KaHTUJIEBEPOM). Nzru6 KaHTUJIEBEpPA c 30HI0M
PETUCTPUPYETCS OOBIYHO C MOMOILBIO OTPAXKEHHOTO JIa3epHOI0
nmyyka cBera u otonpuemHuka.  Paspemaromas

CITIOCOOHOCTh ~ CKaHUPYIOIIMX  30HJOBBIX  MHKPOCKOIIOB
omnpenensieTcs  CIAEAYIOINIMMHU  [apaMeTpaMH  KaHTHIIEBepa:
pasnyc 3aKpYIJIEHHs] OCTPHUsSl WUIJIbI, BBICOTA WIJIbl, ACHEKTHOE




COOTHOUIEHUE WIJIbl, XapaKTepU3yeMoe YIrjoM KOHYycCa; Yy
Haubosee COBEPILIECHHBIX KaHTHJIEBEPOB aCIEKTHOE
COOTHOIIEHUE JocThraer BeduuuHbl 15:1. Jlns u3roroBieHus
KaHTWJIEBEPOB HCIOJIb3YIOTCS MOJIYIPOBOJHUKOBBIE IJIACTUHBI
(manpumep, KJIb-12: kpeMHuil p-THma BBINOJIHSIET JUOKCH]
kpemanst  SiO2.  KonHconmp  kanTuieBepa  (opmupyercs
ANEKTPOXUMUUYECKUM TPABJIEHUEM B IMOJOTPETOM pPacTBOpE
menoun KOH. B mporecce TpaBieHus 3arotroBka MeEIJICHHO
MOJAHUMAETCS] U3 PACTBOPA IICJIOUH ISl TTOJYYEHUSI KOHUYECKOM
(umu  mpU3MaTHUYECKON) (QOPMBI HUIJIBI C OCTPHIM KOHIIOM.
[IpOMBIIIIEHHOCTEEO OCBOEHBI B  CEPUMHOM IPOU3BOJICTBE
JIECATKH BUJOB KOHCTPYKINU KaHTUJIEBEPOB. OHU BBIILYCKAIOTCS
C OJHOM, MBYMs, TpeMsl WJIU YeThIpbMs KOHcoJsiMU. KoHCOIb
MOKET OBITh B IUIaHE MPSAMOYTOJbHOW WM TPEYrOJIbHOM,

JUTMHHOM WJIM KOPOTKOM, C TOKPHITHEM HIIH 0€3 MOKPBITHSI.
Panuyc 3akpyrieHust Uriisl 30H1a - oT 1 10 25 HM.

4.3. IlpakTtuueckue (CEMHUHAPCKHUE) 3aHATHS
Tembl IpakTHYECKUX 3aHATHH U UX TPYTOSMKOCTH ITPUBE/ICHBI B TAOJIHIIC 5.

Ta6n1z1ua 5-— HpaKTI/IquKI/IC 3aHATUS U UX TPYAOCMKOCTb

No
/o

TeMmbl IPAKTUICCKUX 3aHATHH

Dopmsbl
MPAKTUYECKUX
3aHATHN

TpynoeMKoCTs,
(gac)

N3 Hux
MPaKTUYECKOU
MOATOTOBKH,
("ac)

No
paszeina
TIACIIAII

JIAHEI

Cemectp 8

HccnenoBanue
MOBEPXHOCTH METOJIOM
aTOMHO-CHUJIOBOM
MuKpockonuu. [IpoBeaenue
BHEILIHETO OCMOTpa M
noaroroeka C3M kK
pabore B peXHUME
aTOMHO-CHUJIOBOM
MMKPOCKOIIHH

UMUTAIlMOHHBIC
3aHATUA

2

HccnepoBanue NoBepXHOCTH
METOJI0OM aTOMHO-

CHJIOBOM MUKPOCKOTIHH.
[IpoBeneHune BHEIIHETO
ocMmoTpa u noaroroska C3M
K paboTe, MOATOTOBKa 0Opasiia
K MCCJICJIOBAHUIO

UMUTAIlMOHHBIC
3aHATUA

HccnenoBanue NoBEpXHOCTH
METOJIOM aTOMHO-

CUJIOBOW MUKPOCKOIIHH.
O06paboTka pe3yabTaToB
HCcCce0BaHus 00pasia

U aHaJIU3 Pe3yJIbTaTOB
U3MEPEHUI

HUMHUTAIIlUOHHBIC
3aHATUA

[ToaroToBka 351€KTPOHHOTO
MHUKPOCKOTIa U
(YHKIMOHATBHBIX OJIOKOB
(y3110B) K paboTe B OCHOBHBIX

HUMHUTAIlMOHHBIC
3aHATUA




pabouux pexxumax. [lopsmok u
MOCIIEI0BATEILHOCTh
BKJIFOUCHUS U BBIKJTFOUCHUS
C3M moxn.Solver PRO-M

5 | Opranu3auust npoBeIeHus
MMOBEPKU CKAaHUPYIOIINX
30H/I0BBIX MHUKPOCKOIIOB.
[Topsinok npoBeneHus
MOBEPKHU 3J1. MUKPOCKOTIa MOJI.
Solver PRO-M

HUMUTAllMOHHBIC
3aHATUA

Bcero

10

4.4, JlabopaTopHbIEC 3aHATHS

Tembl 1a00paTOPHBIX 3aHATHIA U UX TPYTOEMKOCTb IPUBECHBI B TaOIUIIE 6.

Tabnuua 6 — JIabopaTopHble 3aHATHUS U UX TPYLOEMKOCTb

No
n/o

HaumenoBanue nabopatopHbix paboT

TpynoeMkocTs,

(gac)

N3 Hux
MPaKTUYECKOU
MOATOTOBKH,
(dac)

Ne
paszzena
JIACIIMIT

JINHBI

Y4eOHBIM MJIaHOM HE MPEAYCMOTPEHO

Bcero

4.5. KypcoBoe nmpoeKTHpOBaHKE/ BBHITIOJHEHUE KyPCOBOU PabOTHI
Y4eOHBIM MJIaHOM HE MPEAyCMOTPEHO

4.6. CamocrodTenbHas paboTa 00y4aroLUIXcs
Bunbl camocTosiTenbHON paboThI U €€ TPYAO0EMKOCTh IPUBEJIEHBI B TabuLe 7.

Tabnuna 7 — Buabsl caMmocTosTenbHON paboThl U €€ TPYA0EMKOCTh

. Bcero, | Cemectp 8,
Bun camocrositensHOM paboTh
qac qac
1 2 3
M3y4eHne TeopeTHIeCcKOro MaTepuana 99 99
nucturinHel (TO)
Kypcosoe npoektupoanue (KII, KP)
PacuetHo-rpaduueckue 3aganus (PI'3)
Boinonnenue pedepara (P)
[ToaroToBka K TeKyuemMy KOHTPOJIIO 29 29
ycneBaemoctu (TKVY)
Jomamrnee 3ananue ([13)
KonTponbubie pabotel 3a04HIKOB (KP3)
IToaroroBka K MpoOMeXyTOYHOMU
44 44
atrectrauuu (ITA)
Bcero: 88 88

5. [lepedyens yueOHO-METOIUIECKOTO 00ECTICUCHUS
JUTSL CAMOCTOSITEIBHON pabOThI 00YUYaIONINXCS MO TUCITUTUINHE (MOIYIIIO)




Y4eOHO-MeTOAMYECKE MaTepHasbl Il CaMOCTOSITEIbHON paboThl OOyYaromMXCsl yKa3aHbl B
.. /-11.

6. IlepeueHb MEYaTHBIX M ANEKTPOHHBIX YUEOHBIX W3aHUN
IlepedyeHpb neyaTHBIX U 3JIEKTPOHHBIX YUEOHBIX U3/1aHUI NpHUBeeH B Tabaule 8.
Tabmuua 8— IlepeyeHp MevyaTHBIX U JICKTPOHHBIX YUEOHBIX H3AaHUI

Komuectso
9K3EMILTIPOB B
Hludp/ bubnuorpaduyeckas oubnmoTexe
URL anpec CChIIKa (kpome
ANIEKTPOHHBIX
IK3EMILISIPOB)
https://znanium.com/catalog/product/1060845 | Oxunrios, b. E. Moxenu u
(mara obpamenus: 07.09.2021). — Pexxum POOJIEMBI
JOCTYTIA: 10 TOIHCKE. WHTEJUICKTYyJIbHBIX CUCTEM :
moHorpadwus / b.E. OnuHiios.
— Mockaa

: UHOPA-M, 2020. —

219 c. — (Hayunas mbIcib).
— DOl

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

https://www.booktech.ru/books/nanotehnologii | ®u3nueckre OCHOBBI MUKPO-
W HAHOQJICKTPOHUKMH,
HypHakoB A.A., /yae0HOE
nocobue/, YpdV, 2020, -
252 c.

https://znanium.com/catalog/product/1984948 | PactpoBas 3jeKTpOHHasI
MUKPOCKOTIHSI JITISt
HaHOTEXHOJIOTUI. MeTobl
Y TIPUMEHEHUE :
MoHorpadus / oz pen. Y.
Ky, XK. JI. Vanra, T. IL.
Kamunckoii. - 4-e uzn. -
Mockga : JIabopaTtopust
3HaHui, 2021. - 601 c. -
ISBN 978-5-00101-142-2. -
TeKcT : 31eKTPOHHBIN.

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

(mata obpamenus: 22.08.2023). — Pexxum MHUKpPOCKOIIMYECKUN aHAIU3
JOCTyTA: 10 MOJITUCKE. JUCIIEPCHOTO COCTaBa
MIOPOIIKOB : yueOHoe
nocobue / B. E.
®unumonos, A. B. Mopos. -
Momkap-Oua :
[ToBomxkckui
roCyJapCTBEHHBIN
TEXHOJIOTMYECKU I
yHuBepcurer, 2020. - 76 c. -
ISBN 978-5-8158-2167-5. -

TekcT : ANEeKTPOHHBIN.



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

7. TlepedyeHb IEKTPOHHBIX 00pPa30BaTEIBLHBIX PECYPCOB
UH(POPMALMOHHO-TEIEKOMMYHHUKAITMOHHON ceTn «IHTepHeT»
[lepeuens AIIEKTPOHHBIX o0pa3oBaTeNbHbIX pecypcos nH(OPMAaLILOHHO-
TEJIEKOMMYHUKALIMOHHON cetu «VHTepHeT», HEOOXOAMMBIX I OCBOEHHUS JUCLUIUIMHBI
npuBe/ieH B Tadsmie 9.

Tabmuua 9 — IlepedyeHb 3IEKTPOHHBIX OOpa30BATEIbHBIX PECYPCOB HH(POPMALMOHHO-
TEJIICKOMMYHHUKAIIMOHHON ceTH «HTepHeT)
URL agpec HaumenoBanue
http://science.quap.ru Hayunas u nnHOBanmoHHas aesteabHocTh 'Y AIL
http://www.consultant.ru | CnpaBouno-npaBoBas cucrema «Koncynsrant I[Taroc»
http://www.garant.ru Hubopmanronno-npasoBoi moprain «TAPAHT»
http://list-of-lit.ru Criucok nuTeparypsl IO HAHOTEXHOJIOTHU
/nano/nnotechnologii

8. Ilepeuenp MHPOPMAITMOHHBIX TEXHOJIOTUI
8.1. IlepeyeHp TPOrpaMMHOTO OOECHEYCHHMS, MCHOJIB3YEMOI0 IpPHU OCYLIECTBICHUU
00pa30BaTENILHOTO MpOoIecca M0 JUCIUIIIHHE.
[Tepeuenp KUCTIONIB3yEMOr0 IPOrPaMMHOTO oOecTieueHHs peacTaBieH B Tabuuie 10.

Tabmuna 10— [TepeueHr mporpaMMHOT0 00€CTICUCHIS

Ne i/ HaunmeHnoBaHue

He npenycmorpeno

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

[lepeyeHp WCMONB3yeMBIX WH(POPMALMOHHO-CIIPABOYHBIX CHCTEM TMPEJCTABICH B
tabmure 11.

Tabauna 11— Ilepeuenb MHGOPMAIIMOHHO-CIIPABOYHBIX CUCTEM

Ne m/m HanmenoBanue

He npenycmorpeno

9. MarepuanbHO-TeXHUYECKas 6a3a
CocrtaB  MaTepUMAIbHO-TEXHUYECKOH 0a3bl, HEOOXOMUMOW Ui  OCYIIECTBICHUS
00pa3oBaTeNbHOTrO Mpoliecca Mo AUCHUILINHE, IpecTaBieH B Tabiauuel 2.

Tabmumna 12 — CoctaB MaTepHaIbHO-TEXHHUYECKON 0a3bl

Ne HanmeHnoBaHMe cOCTaBHON 4acTH Howmep aynutopun
/1 MaTepUaTbHO-TEXHHUECKOH 0a3bl (TIpu HEOOXOMMOCTH)
1 JlaGopaTopust ICKYCCTBEHHOTO MHTEIIIIEKTa M IU(PPOBBIX 13-13
TEXHOJIOTUI B METPOJIOTHUHI

10. Omnenounble cpeacTBa AJIs MPOBEIEHHS IPOMEXYTOUHOM aTTeCTaIllH
10.1. CocTaB OIICHOYHBIX CPEICTB/JIS TPOBEACHUS IPOMEKYTOUYHOW aTTeCTaIlluu
o0yyaromuxcs Mo JTUCIUIUIMHE IpuBeeH B Tabnuue 13.
Tabmuna 13 — CocTaB OIEHOYHBIX CPEJCTB JIJIS IPOBEACHHSI IPOMEKYTOTHON aTTeCTaIlUN

Bug HpOMC)KyTO‘-IHOﬁ aTrTeCTalnuun HCpC‘-ICHB OIICHOYHLIX CPCIACTB

3auer Crrcox BOMpPOCOB;
TecTtsr;
3amaun.
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10.2. B kayectBe KpUTEpUEB OICHKH YPOBHA C(HOPMUPOBAHHOCTH (OCBOCHUS)
KOMIIETEHIIMH 00y4YarolMMHCs MPUMEHseTCsl 5-0ayulpHas IIKaja OLEHKU C(HOPMHUPOBAHHOCTU
KOMIIETEHIINI, KOTopas mpuBeaeHa B Tabuuie 14. B TeueHne cemecTpa MOXKET UCIOIB30BAThCS
100-6amtpbHast ~ mIKajga ~— MOAYJIBHO-PEUTHHTOBOM  CHCTEMBl  YHUBEpPCUTETa,  IIpaBUja
UCTIOJIb30BaHUSI KOTOPOM, YCTAHOBJIEHBI COOTBETCTBYIOIIMM JIOKAJIBHBIM HOPMATUBHBIM aKTOM
['VAIL
Tabmuua 14 —Kpurepuu oLieHKH YPOBHSI CPOPMHUPOBAHHOCTH KOMIIETSHIIUI

OI11eHKa KOMITETEHIUN

XapakreprucTika chOpMUPOBAHHBIX KOMIIETEHIIMIA
5-0ayubHas mKana PaKTep (bopmp

— oOyyaromuiicss TIyOOKO M BCECTOPOHHE YCBOWJI IPOTrPaMMHBIN
MaTepua;

— YBEpPEHHO, JIOTHYHO, ITOCIIEIOBATEIHFHO U TPAMOTHO €T0 M3JIaracr;

— ONUPAsCh HA 3HAHUS OCHOBHON W JIOTIOJHHUTEIBHOHN JIUTEPATYpHI,
TECHO MPHBS3BIBACT YCBOCHHBIC HAYYHBIC MOJOKCHHS C IPAKTUYCCKOM
JESITSIIbHOCTHIO HAIPABJICHHS;

— yMeJ0 000CHOBBIBAET U ApTYMEHTUPYET BBIIBUTACMEBIC UM H/JICH;

— JIeJIaeT BBIBOALI H 000OIIECHHS;

— cBOOOJIHO BJIAJIEET CUCTEMOM CIIENHMATN3HPOBAHHBIX MOHITHIA.

«OTIIMYHO»
(GavTCHO»

— 00yJaromuics TBEPIO YCBOWII MPOTPAMMHBIN MaTepHa, TPaMOTHO H
[0 CyIIeCTBY H3JIaracT €ro, ONUpasCh Ha 3HAHUS OCHOBHOU
JUTEPaTyphl,

— HE JIONYCKAEeT CYIIECTBEHHBIX HETOYHOCTEH;

— YBSI3BIBACT YCBOCHHBIC 3HAaHUS C NPAKTHYCCKOH JESITEIHHOCTHIO
HAIPABIICHUS;

— apryMEHTUPYET HAy4YHbIE ITOJIOKEHUS;

— JIeJIaeT BBIBOALI H 000OIIECHHS;

— BJIAJCCT CHCTEMOM CIICIIMAIM3UPOBAHHBIX TOHSITHH.

«XOpOoLIO»
(GavTCHO»

— o0yyarouuiicss yCBOMWJI TOJBKO OCHOBHOW IpPOrpaMMHBIM MaTepual,
[0 CYLIECTBY H3JAracT €ro, ONHUpasCh Ha 3HAHMUS TOJBKO OCHOBHOWU
JUTEPATYPHI;

— JIOIyCKaeT HeCYIIECTBEHHbIE OLIMOKN 1 HETOUHOCTH;

— ACTIBITHIBAET 3aTPYAHEHHS B MPAKTUYECKOM IMPUMEHECHHH 3HAHMI
HallpaBJICHUS;

— c1abo apryMeHTHPYeT HayuHbIe MOJI0KEHHUS,

— 3aTpyAHseTcs B GOPMYJIUPOBAHUHU BBHIBOJOB U 000OIICHUH;

— YAaCTUYHO BJIAJICET CUCTEMOM CNEIMATU3UPOBAHHBIX HOHSITHH.

«y/IOBIIETBOPUTEITHHO
«3a4TCHO»

— oOyyaromuiicss HE YCBOWJ 3HAYUTENBHOH 4YacTH MPOrpPaMMHOTO
MaTepuana;

— JIONyCKaeT  CYIICCTBCHHBIE  OIMMMOKA W  HETOYHOCTH  IPH
paccMOTpEeHHH MTPOOJIEM B KOHKPETHOM HAPaBIICHUY;

— UCTIBITHIBAET TPYJHOCTH B MPAKTUYECKOM MPUMEHEHUH 3HAHMIA,

— HE MOXET apryMEHTHPOBATh HAYYHBIE MTOJOKEHHUS;

— He GOopMYJIHPYET BBIBOJIOB H 0000IICHUA.

«HCYOOBJICTBOPUTCIILHOY
«HE 3a4TCHO»

10.3. TunoBble KOHTPOJILHBIE 3a/IaHUS WM UHBIE MaTEPHAIIBI.
Bomnpocsr (3amaun) nist sKk3ameHa mpeIcTaBlieHbl B Tadimie 15.

Tabmuia 15 — Boripocs! (3amaun) 115 9K3aMeHa

Kon

No /it [Tepedyens BonmpocoB (3a1ad) 115 IK3aMeHa
WHJMKATOpa

Y4eOHBIM IJIAHOM HE MPEAYCMOTPEHO

Bomnpocs! (3agaun) quis 3adera / nug¢. 3auera npencrapieHs! B Tadnuie 16.
Tabmuma 16 — Bonpocsr (3agaun) s 3adera / qudd. 3adera




Ne Kon
[Tepeuens BompocoB (3ama4) 1yist 3adeta / nudd. 3auera

/o WHIUKATOpa

1 | OnumuTe pu3nyecKUil CMBICT XPOMATHUECKOW abeppariu IIK-1.3.4

2 [Ipoananu3upyiiTe B 4eM pa3inyue XapaKTEPUCTUK pa3pelIeHUs IIK-3.V.3
ONITUYECKOT0 MNIEKTPOHHOI'O MUKPOCKOIIOB

3 [Tpoanaym3upyiTe XapakKTEPUCTUKY pa3pemaroiei crocobnoctu 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 OnummuTe yCTpOUCTBO CUCTEMbBI KOPPEKIIMU acTUrMaruama B OM I1K-3.3.3

7 | OnumuTe npuHIUT paboTHl M YCTPOHCTBO CUCTEMBI H300pakeHuss OM I1IK-3.3.3

8 Onumute 6JI0K-CXeMy M PUHIUI paboTel MUKpockorma BCOM I1K-3.3.3

9 | Onumute 010K-cXeMy M IpuHIHI JeiicTBus Oe-crieKTpoMeTpa I1IK-3.3.3

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

11 | Onumute HOTOAIEKTPOHHYIO PEHTTEHOBCKYIO CIIEKTPOCKOIHIO, OJIOK- IIK-1.3.3
CXeMY, IPUHIMI JeHCTBUS

12 | OnumuTe NpuHIUN pabOThl PAMAHOBCKON CHEKTPOCKOMUU, OJIOK-CXEMBbI [IK-1.3.3
IpoLecca U3MEPEHU .

13 | Onumwure Ha3HAYEHHUE NPUHIUI  JIEUCTBUSA (OTOTOMUHECIICHTHOM T1IK-1.3.3
CHEKTPOCKOIIUU

14 | OnumuTe MHPOPMAIIMOHHBIE TEXHOJIOTHH B U3MEPHUTEIBHBIX CHCTEMaX [1K-3.3.3

15 | OnumuTe nHGOPMAIIMOHHBIE TEXHOJIOTHH B HAHOTEXHOJIOTHSIX [IK-3.3.3

16 | OnumurTe TPUHITUIIBI u OCHOBHBIE DJICMEHTHI T1IK-3.3.3
HCKYCCTBEHHOI'O MHTEJJIEKTa

17 | Onumure dhu3nyuecKue NPUHIUIBL JTyda MUKPOCKOIIA I1K-1.3.4

18 | OnmmuTe hu3nyecKre MPUHIUIBI IEHCTBHS METOJOB U CPEICTB Macc- [IK-1.3.4
CIIEKTPOMETPUHU

19 | Onumure puznueckyro CYILIIHOCTb TyHHenbHOro s¢dexra B | [IK-1.3.4
PaZMOIEKTPOHUKHI

20 | OnumuTe OCHOBHBIE MOHSATHSI U ONIpeiesIeHHs] B 00J1aCTH HAaHOTEXHOJIOTUI [1K-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 1 HANMEHOBAHUS B 00J1aCTH [IK-1.3.4
HAHOTEXHOJIOTHil

24 | [IpoaHanu3upyiiTe TUHEHHBIE pa3Mepbl 0CO0EH KUBOTHOTO MUPA U [K-3.¥.3
HCKYCCTBEHHBIX O0BEKTOB B CPABHUTEJIbHBIX 3HAUYCHHUSIX HAHOTEXHOJIOTUI

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

27 | OnummTe ocHOBHBIE Haen J. Jpekciepa o posie HAHOTEXHOJIOTHIA B [IK-1.3.4
Pa3BUTHH COBPEMEHHOT'O OOIIECTBA, U3JI0’KEHHBIE B KHUTE «MaIlIUHBI
CO3HIaHUS»

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 MPUPOJIe, B YEM 3aKIIIOYAETCS ero 0cobasi poiib? I1K-1.3.4

31 | IIpoananu3upyiTe BO3MOKHBIC ITyTH IPAMEHEHHSI TPUOOPOB M MAIITHH [IK-3.¥.3
MHT

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

33 | IIpoananusupyiite ucnosab3zoBanue camoopranuzanuu B HT. OcHoBHBIE I[IK-3.¥.3




CBOMCTBA CAMOOPTraHU3YIOUINXCS CUCTEM

34 | Ilpoananu3upyiiTe HaHOMaTepUasbl, HAUMCHOBAHUS, Ha3HAYCHUE, IIK-3.V.3

OCHOBHBIE ONIpeJIeTICHUs], KAKHE OOBEKThl K HUM OTHOCATCS?

[lepeyenp TeMm Ui KypCOBOTO IPOCKTUPOBAHUS/BBINOIHEHUS KypCOBOH pabOTHI
MpeACTaBICHBI B TabmwmIe 17.
Tabmuua 17 — IlepeueHp TeM Jjisi KYPCOBOTO MPOSKTUPOBAHMSI/BHIIOJTHEHHUSI KYPCOBOM paboThI

[TpumepHBIii TepeueHb TeM ISl KypCOBOTO MIPOEKTHUPOBAHUS/BBINOIHEHUS

Ne n/mn .
KYpCOBOM pabOoThI
VY4eOHbBIM IIJIAHOM HE IPeyCMOTPEHO
Bonpocel 1 mpoBeneHHs IPOMEXYTOYHOM aTTecTallud B BHJE TECTHUPOBAHUSA

npezcTaBieHsl B Tabmuie 18.

Tabmuna 18 — IlpuMepHbIi IepeYeHb BOIPOCOB I TECTOB

Ne
/o

Kon

[IpumepHBIii IepeueHb BOIPOCOB sl TECTOB
UHAMKATOpa

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

[Tpoananu3upyiite ,Kkakue METOJIbI JUATHOCTHKU HanOoJIee pacpOCTPaHCHBI
JUTSL UCCIIETOBaHUS (PU3NICCKUX MTAPAMETPOB U XapaKTEPUCTHK
HaHOOOBEKTOB:

-3JICKTPOHHAsI MUKPOCKOITHS BEICOKOTO Pa3peIieHus;

-OTpaKaTeJIbHAS IEKTPOHHAS MHUKPOCKOIIHS;

-MHKPOCKOIIHUST ME/IJICHHBIX 3JICKTPOHOB. ;

-ONTHYECKAasT MUKPOCKOIIHSI.

2 Baoicnetiwue mexnonocuueckue — 0ocmudicenuss 60 6Mopoil HOI0GUHE [IK-3.¥.3

-CO31aHUC

08a0yamo2co cmoaemus.

[Ipoananu3upyiite, 4TO CIIOCOOCTBOBAIIO, B HAMOOJBIIIEH CTENICHH,
WHTEHCUBHOMY Pa3BUTHIO HAHOTEXHOJIOTHH B CTPaHE U 3a pyOekoM?
-TEXHOJIOTHUS CO3aHUS AIEKTPOBAKYyMHBIX PHUOOPOB;

-CO3JIaHuEe MUKPOMO/IYJIBHBIX 3JICMCHTOB;

-CO3/IaHUE MHTETPANLHBIX NIEUYaTHBIX TUIAT;

MMOJIYITPOBOAHHUKOBBIX 3JICMCHTOB BHGKTpOHHOfI TEXHHUKU.

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

Mypa?

DJICMCHTA;

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

-00BSICHAT MPUHIIMII [TOJIy4YE€HUS YepHO-0€e10r0 n300pakeHust Kajapa
TEJIEBU30DPA;
-3aKOH OOBSICHSAET IMPUHIAIT q)YHKI_[I/IOHI/IpOBaHI/ISI OIITOBOJIOKOHHOI'O

-TIpeIeTTbHbIE TPAHUTIBI OBICTPOECHCTBUS KOMITBIOTEPA;
-IIPEAEIBHOE YUCIIO PA3MELIEHUS TPAH3UCTOPOB HA IEYATHOM I1aTe
KOMIBIOTEPA.




Cpeocmea usmeperus 08 UCCIe008AHUS HAHOCMPYKIMYP.
[Ipoananu3upyiite, B 4eM 3aKIFOUAETCS OCHOBHBIE IOCTOMHCTBA
3JIEKTPOHHOT'O0 MUKPOCKOTIA?

-yJIy4IIIeHbI BECOBBIC M ra0apUTHBIC XapaKTEPUCTUKH TPUOOPOB,
-BO3MOXKHOCTBLU(POBOTO  MPEACTABICHUS pe3yJIbTaTOB aHAIN3A,
-0oJiee COBEpIICHHAs, IT0 CPABHEHHUIO C ONTHYECKUM MUKPOCKOIIOM, CHCTEMa
MOJTyYeHHS N300pakeHHs HabI0AaeMOro 0ObEKTa;

-BO3MOXXHOCTb MOJTy4eHHUs 0oJiee pa3HOOOpa3HOM HHpopMaIuu 00 00BEKTE;
-TIpeJieNbl YBEIWYCHHUS UCCIEyeMOro 00beKTa.

[IK-1.3.4

OcHogHble napamempsbl U Xapakmepucmuky MUKPOCKONO08

HazoBute npeneabHble 3HAYCHHS XapaKTCPUCTUKU yBEITUMUCHHS
ONTUYECKOTO MUKPOCKOIA:

- 100 pas;

- 200 pas3;

- 400 pas;

- 700 pas3;

- 1000 pas3;

- 1500 pa3

I1K-1.3.4

OcHnognbie napamempbl u XapaKkmepucmuky MUKpPOCKONOS.
YcTaHoBuTe npelielbHbIE  3HAUCHUS YBEJIMYEHUS JIEKTPOHHOTO
MHUKPOCKOIIA:

- 1000 pas;

- 2000 pas3;

- 5000 pas;

- 8000 pas3;

-1mutH. pas;

-2 MJIH. pa3

[IK-1.3.4

OcHogHble napamempsl U Xapakmepucmuky MUKPOCKONO8.
[Ipoananusupyiite, uem OTIpeIeIIsIeTCs pa3peliaoias CiocoOHOCTh
ONITUYECKOTO MUKPOCKOIA:

- YPOBHEM OCBELIEHHOCTU paboueil INH3bI;

- BEJIMYMHOHN (POKYCHOTO pacCTOSIHUS;

- COBEPIIEHCTBOM OTKJIOHSIOLIEH CHCTEMBI;

- JUIMHOW BOJIHBI CBETA.

[IK-3.¥.3

OchosHble napamempul u XapaxmepucmuKu MUKpOCKONoa.
[Ipoananusupyiite, uem OTIpeJIeNIAeTCs pa3periaonas ciocoOHOCTh
JIEKTPOHHOTO MUKPOCKOIIA!

- KOHCTPYKLIHEH CHUCTEMbI M300paKeHNsI MUKPOCKOIIA;

- YCTPOWCTBOM 3JIEKTPOHHOM ITyLIKH,

- CHCTEMOM CUHTBIBAHUS PE3yJIbTATOB 00PaOOTKU U3MEPEHHIA;

- pacCTOSHUEM IIPOJIETa HIEKTPOHA;

- CKOPOCTBIO IIPOJIETA MIEKTPOHA.

[K-3.¥.3

IIpeumywecmea 21eKmpOHHO20 MUKPOCKONA.

[Ipoananuzupyiite, yeM 00bACHAETCS BBICOKAs pa3pelaronias CocoOHOCTh
ANEKTPOHHOTO MUKPOCKOTIA:

-T€OMETPUYECKUMHU pa3MepaMu paboyeil 30HbI;

-HCTI0JIb30BaHUEM 3JIEKTPOHHOTO IMTOTOKA BMECTO CBETOBOT'O IMOTOKA;
-JUTMHOM BOJIHBI 3JIEKTPOHA.

[IK-3.¥.3
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11. I[Ipoananu3upyiirte, Kakas CEpHsi CTAHAAPTOB B HACTOSIIEE BPEMS
ABJISICTCS OCHOBHOM /1715 cTaHAapToB u3 obnactu UT?

a. cepus 25000;

b. cepus 9000;

[IK-3.¥.3




C. cepus 14000;
d. cepus 16000.

11 |12.  YcraHoBuTe aBa OCHOBHBIX cTaHmapra B obmactu UT. a. 12207:1995; | TIK-1.3.4
b. 19760:2003;
c. 16326:1999;
d. 90003:2004;
e.15288:2002.

12 | 13.  VYcraHoBute aO0peBUATYpy MEXKIYHAPOIHOIO coro3a dnekTpocBs3u: | [1K-1.3.4
a. IEEE;
b. IEC;
C. ITU;
d. ISO.

[lepeyeHb TeM KOHTPOJBHBIX PabOT MO AMCHUIUIMHE OOYYAIOUIMXCS 3a04HON (HOPMBI
00ydeHus1, IpeICTaBICHbI B Ta0mie 19.

Tabmuna 19 — IlepeyeHb KOHTPOJIBHBIX PAOOT

Ne /i [TepeyeHb KOHTPOJIBHBIX PaOOT

He npeaycmotpeno

10.4. MeTtoauueckre  MaTepuaibl,  ONPEACNSIONUE  MPOUEAYpPhl  OLCHUBAHUS
WHIWKATOPOB, XapaKTEpHU3YIOIIUX JTambl (HOPMHUPOBAHHS KOMIICTSHIIMH, COJEpXKaTcs B
JIOKAJIbHBIX HOpMAaTUBHBIX akTax [YAIL, pernmameHTHpPYIOIIMX MOPSAIOK U MPOLEAYPY
MIPOBEJICHUS TEKYIIETO KOHTPOJIS yCIIEBAEMOCTH M MTPOMEXKYTOYHON aTTECTAI[MH O0YYarOIIIXCs
'VAIL

11. MeTtoanueckue YKa3aHus AJid o6yqa}om1/1xc;1 110 OCBOCHHUIO JHCIHUIIIIMHBI

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

OcHOBHOE Ha3HAY€HHE JIEKIIMOHHOTO MaTepuana — JIOTUYECKH CTPOHHOE, CHCTEMHOE,
nIyOOKOe W SICHOE HW3JIOKEeHWEe ydeOHoro marepuana. HasHaueHue COBPEMEHHOU JICKITUH B
paMKax JUCIHIUIMHBI HE B TOM, YTOOBI MOJYYUTh BCIO HH(POPMAIUIO MO TEME, a B OCBOCHUU
GyHIaMEHTAIBHBIX TPOOJIEM JUCIHIUIMHBI, METOJOB HAYYHOTO IIO3HAHWS, HOBEHIINX
JTOCTHIKEHUI HaydyHOW MbICTU. B yueOHOM mpoliecce JEKIHUS BBIMOIHSAET METOJ0JOTHUECKYIO,
OpPTaHHW3AIMOHHYI0 U WHPOpMAIMOHHYIO (QyHKIMU. JIKIHs pacKphiBaeT MOHATHHHBIN ammapat
KOHKpPETHOW o0jacTu 3HaHUA, €€ MpoOIEeMBbl, JaeT IEeNbHOE MPEJCTaBICHHUE O TUCIUILINHE,
MOKA3bIBACT B3aUMOCBS3b C JIPYTUMU JUCIUTLTTHAMH.

[TnaHupyeMble pe3yJIbTaThl IPH OCBOCHUU 00YUYAOIUMHUCS JICKIIMOHHOTO MaTepraa;

— TIONyYeHUE COBPEMEHHBIX, I[EIOCTHBIX, B3aMMOCBS3aHHBIX 3HAHUH, YpPOBEHBb
KOTOPBIX OINPEESIETCS EIEBOM YCTAHOBKOW K KaK/10M KOHKPETHON TEME;

— TIOJyYEHHE OIBITa TBOPUYECKOM pabOThI COBMECTHO C MPEI0/IaBaTelIeM,

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

— TIOSIBIIEHHWE HEOOXOAMMOT0 HHTEpeca, HEOOXOAUMOTO AJIsi CAMOCTOSITENIbHON paOoTHI,

— TIONy4YeHUE 3HAHUW O COBPEMEHHOM YpOBHE pAa3BUTHS HAYKH U TEXHUKU U O
MIPOTHO3E WX PAa3BUTHS HA OJIMKAKNIIINE TOIBI;

— HAYYUTHCS METOJIUYECKH 00padaThiBaTh MaTepwall (BBIACIATH TJIaBHBIC MBICTH U
MOJIOKCHUS, TPUXOJUTh K KOHKPETHBIM BBIBOJIaM, TIOBTOPSATH WX B Pa3IMUHBIX
bopmyarpoBKax);

— TIONy4YeHUE TOYHOTO MOHUMAaHUS BCEX HEOOXOAUMBIX TEPMUHOB U TIOHSATHH.




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 anexTpoHHas MUKPOCKOIHS JUJIl HAHOTEXHOJIOTUHA. MeToabl U IPUMEHEHHUE :
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

OTueT 0 BBINOJIHEHHON paboTe JOKEH COAEpKaTh: TUTYJIbHBIM JIMCT, OCHOBHYIO 4acTh,
BBIBO/JIbI 110 pe3yJIbTaTaM UCCIIEJOBAHUH .

Ha tuTynapHOM mMcTe MOJKHBI OBITh YKa3aHbl: Ha3BaHHE AMCLUUIUIMHBI, Ha3BaHME
NpaKTUYeCKOH palboThl, (GamMuiaus W WHUIHUAIBl TpenojaBareis, (amMuiIus W HWHUIHAIBI
CTYyJI€HTa, HOMEP €ro y4eOHOM! I'pyMIIbl U J1aTa 3alUThl paOOTHI.

OcHOBHast d4acTb JIOJDKHA COJEpXKaTh 3a/JlaHue, pe3yJbTaThl SKCIEPUMEHTAIbHO-
NPaKTUYECKOH paboThI, paCUeTHO-aHAIUTUIECKHE MaTePHaIbl, TUCTUHT KOAA/CKPUH dKpaHa.

BbiBoabsl 1o mpojenaHHOW paboTe MOJDKHBI COJEpXkaTbh OCHOBHBIE PE3YJIbTAaThl IO
pabore.

TpebGoBanust k 0opopMIICHHIO OTUETA O MPAKTHYECKOW pabore

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 HOpMaTuBHOHU nokymenTtarmu ['Y ATl 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 NOIDKHBI OBITH yKa3aHbl: Ha3BaHUE TUCLMILIMHBI, Ha3BaHHE
IPAKTUYECKOM paboThl, ¢GaMwivs W HMHULMAIBl MpernoaaBarens, (paMuius W HHULUAIbBI
CTYZ€HTa, HOMEp €ro y4eOHOM IrpymnIbl U AaTa 3aIlluThl paOOTHI.

OcHoénass uacmes JODKHA COJIEp)KaTh 3aJaHue, pe3yJbTaThl 3KCHEPUMEHTAJIbHO-
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. MeToauyueckue yka3aHusl JUIsl OOYYArOMIMXCS TI0 TPOXOKACHUIO CAMOCTOSATEIHHON
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 YCIEBAaGMOCTH B TIEpUOJ OOYUYEHHS, IOMOTAeT IOJYYUTh 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 MECTOJUYCCKHNMHU YKA3aHUAMU

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/iaHus B popMaTe TECTUPOBAHUS;

- 3aIMIIAI0T MpaKTUYeCKue paboThl (5 1IT)

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, MOTYUYECHHBIX 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.

kadempoit




