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AHuoTamnus

HucuuiuinHa «TeopeTrnueckue OCHOBbI HAHOJUArHOCTUKW» BXOJUT B 00pa30BaTENIbHYIO
poTrpaMMy BBICIIETO 00pa3oBaHUs — NpOrpaMMy OakaliaBpHara 10 HaIlpaBJICHUIO MOATOTOBKU/
crnenunanbHocTd 27.03.01 «CrangapTusanus U METpPOJIOTUS» HampaBieHHOCTH «MeTrposorus,
CTaHJapTU3aIys, cepTudukanysy». Jucuummna peanusyercs kadeapoir «Ne6y.

JlucuuiuinHa HaiesleHa Ha JOpMHPOBAHKE Y BBIITYCKHUKA CIEIYIOUIMX KOMIIETCHIIMII:

IIK-1 «CrnocobeH MpoBOIUTH aHAIU3 COCTOSIHUS METPOJIOTMYECKOro obOecreueHus! B
HOJPa3/IeIEHUN METPOJIOTNYECKOH 1y KObl OpraHU3aLum

IIK-3 «CnocoOeH oOCyIIeCTBIATh pPa0OOTBl IO BBIABICHUIO M  IPEIOTBPAILCHUIO
HECOOTBETCTBUM IMPOAYKUUH MpeaAbsABIseMbIM TpeOoBaHUAM»ColepKaHue JUCLUILUIMHBIL
OXBAaTBHIBAET KPYI BOIIPOCOB, CBSI3aHHBIX C METOJAMH JHATHOCTHKU (PH3HUECKUX, (U3UKO-
XUMHYECKMX M TEOMETPUYECKHX [apaMETpOB M  XapaKTEPUCTHK TBEPAOTEIbHBIX U
MOJIEKYJISIPHBIX CTPYKTYp. Cpeln MHOXKECTBa METOAOB MCCIEAOBAHUN, METO/Ibl CKaHUPYIOLIEH
30H10BoH MuKpockonuu (C3M) sBisttoTcst HanOosiee pacnpocTpaHeHHbBIMU. OHHU TO3BOJISIOT
MOJIYyYUTh BBICOKOE pa3pelIeHHE, pealbHO 00ECIeUnBalOT BU3yaIN3allui0 CTPYKTYpPbl OOBEKTOB
MCCJIEOBAHMs C aTOMHBIM pa3pelieHHueM. B Hacrosiuee BpeMs HCIOJIb3YETCsS ONPEIEICHHBIN
KOMIUIEKC METOJIOB HCCIIEIOBAaHUSI MUKPO U HAHOCTPYKTYp, CPEAH KOTOPBIX MOKHO BBIIACIUTH
OCHOBHBIE TPYIIIBI METONOB: 3JEKTPOHHAs MHUKDPOCKONMS BBICOKOIO pa3pelleHus; METObI
CKaHUPYIOLEH AJIEKTPOHHOW MMKPOCKONMH; CKaHUPYIOLAs TYHHEIbHAs MUKPOCKOIIUS;
pEeHTreHOAU(PaKIIMOHHBIE METOABl C HCIOJb30BaHMEM 3(ddekra BBICOKOH CBETMMOCTU
CUHXPOTPOHHBIX HMCTOYHHKOB; METOJAbl 3JIEKTPOHHON CIEKTPOCKONUU JUISI XUMHUYECKOIO
aHaJIn3a.

[IperoaBanrie MUCHMIUIMHBI TPEAYCMaTPUBAET ClieAylomue (HOpMBI OpraHU3alUN
y4eOHOro npolecca: JeKIUH, TPAaKTUUYECKUE 3aHIATUs, CAMOCTOATEIbHAs paboTa 00yJaromerocs.

[IporpamMMoil AMCHMIUIMHBI MPEAYCMOTPEHBI CIEAYIOIIME BHUABI KOHTPOJS: TEKYLIUN
KOHTPOJIb YCIIEBAEMOCTH, IPOMEXKYTOUHAs aTTecTalus B hopMme 3aueTa.

OO0miasi TpyI0€MKOCTh OCBOEHHMS JUCIHMIUIMHBI COCTaBISET 2 3a4€THBIX €IWHHULBI, 72
qaca.

SA3bIK 00yUYeHUs 10 AUCIHUIUIMHE «PYCCKUN»



1. TlepedeHb IIaHUPYEMBIX PE3yJIbTATOB O0YyUYCHUS MO TUCLUILIHMHE

1.1. llenpto  mpenojaBaHUsl ~ AWCHMIUIMHBI  SABJISIETCS  TIOJIydEHHE  CTYIEHTaMH
HEOOXO/JUMBIX  3HAHUH chepe BBICOKMX TEXHOJIOTMH CBA3aHHBIX C TMPUKIATHBIMU
UCCIECOBAaHUSAMH KOHCTPYUPOBAaHWEM M TPAKTUYECKUM HCIIOJIb30BAHHEM MATEPUAIOB H
BEIIECTB HA aTOMHOM M MOJIEKYJSIPHOM YPOBHSAX, a TaKkKe CpPEACTBAX, METOAOB U METOIUK
UCCIEOBAaHUA (U3UYCCKUX, (UIUKO-XMMHYECKHMX M TEOMETPHYECKHX I1apaMeTpoOB |
XapaKTEPUCTHK TBEPIOTENbHBIX M MOJEKYIApHBIX 00BekTOB. [Ipu 3TOM OC000€ BHUMaHHE
yIOCNEHO  M3Yy4YEHHUIO  OCOOCHHOCTEH  BBICOKOPA3pEIIAIONIMX  METOJOB  HCCIIEIOBAHUM
MOJICKYJISIPHBIX OOBEKTOB, O0OECIIEUMBAIONIMX TOTy4YeHHEe Hambosee MoaHoW wH(opMarmu o0
OCHOBHBIX CBOWCTBAX M XapaKTEePUCTUKAX U IMPOTEKAIOIINX B HUX MPOIEccax.

1.2. JlucumnnuHa BXOAMT B  COCTaB  4YacTH, (HOpMUPYEeMOHl  y4acCTHHUKAMH
00pa3oBaTeNbHBIX OTHOIICHHH, 00pa30BaTEeNBLHOI MPOrpaMMBbl BBICILIET0 00Opa3oBaHMs (Janee —
OIl1 BO).

1.3. IlepeueHp IIaHUPYEMBIX PE3YIBTATOB O0YUEHHS IO JUCLUILINHE, COOTHECCHHBIX C
IUTaHUpYyeMbIMH pe3ynbTratamu ocBoeHust OI1 BO.

B pesynbrare m3ydeHus TUCHMIUIMHBI OOyYaroOLIUics TOJDKEH 00MajaTh CieqyIoIuMH
KOMIIETSHIIMSIMUA WJTH WX 9acTsAMH. KoMIeTeHIIMu M WHAMKATOPHI UX JOCTHKCHHS TPUBEICHBI B
Tabimue 1.

Tabmuna 1 — [lepeyeHp KOMIIETEHIIMI U HHIUKATOPOB MX JOCTHKCHHS

Konu
Kareropus (rpynna) Kon n HanMeHOBaHHME UHIUKATOPA JOCTHIKCHHUS
HaMEHOBaHUE
KOMIIETEHIINHU KOMIIETEHIINHU
KOMIIETEHIIUHA
I1K-1 Criocoben
IIPOBOJINUTEL aHAIN3
POBOZL I1K-1.3.3 3HaTh 001aCTh MPUMEHEHHUS METOJIOB
COCTOSIHUSI
U3MEPECHUS
METPOJIOTUYECKOTO
[Ipodeccuonanbubie 06ECICUCHIS B [1K-1.3.4 3HaTh KOHCTPYKTHUBHBIE OCOOEHHOCTH U
KOMIIETEHIINHU MIPUHIUIIBI pa0OTHI CPEJICTB U3MEPEHUS,
nopa3aeieHun
o TEXHOJIOTHYECKHE BO3MOKHOCTH B 00J1aCcTH
METPOJIOTUUECKOU
MIPUMEHEHUS CPEACTB U3MEPEHUS
CITYKOBI
OpraHu3aln
I1K-3 Criocoben
OCYLIECTBIIATh I1K-3.3.3 3HaTh ¢u3nvecKkrue NpUHIMIBI padoThI,
paboThI MO BO3MOKHOCTH ¥ 00JIaCTH MPUMEHEHUSI METO/IOB U
BBIABIIEHUIO U CpEICTB U3MEpPEHUN
[Tpodeccuonanbuble
KOMITETEHIIH MPEIOTBPALICHHUIO [1K-3.VY.3 ymeTs BoIOUpaTh U pa3padaThiBaTh
HECOOTBETCTBUHI METO/Ibl U CPEICTBA KOHTPOJISI TEXHOJIOTUYECKOTO
MPOTYKIIUH mpoiiecca, TEXHOJIOTHYECKOM oreparuu,
MPEABSIBISIEMbIM pa3pabaThIBaTh CXE€Mbl U3MEPEHUI 1 KOHTPOJISI
TpeOOBAHUSIM

— Maremarnka. MateMaTHYeCKUI aHAIN3,

2. Mecro nuctuIuIMHEL B cTpykType OI1
JluctuminHa MoXKeT 0a3upoBaThCS HA 3HAHUSX, paHee MPUOOPETEHHBIX 00yUYaIONTUMUCS
MIPY U3YYECHUH CIEAYIONIUX AUCUUTUIAH:

— Maremartuxka. TCOpI/ISI BCpOﬂTHOCTCﬁ M MaTeMaTHYeCKasl CTaTUCTHUKA,

— MHudopmatuxka,

— Merposnorus. OGmmas Teopus U3MEpeHuii;

— Mertponorus. ObecrieueHUE €TUHCTBA U3MEPEHUIA;
— OCHOBBI TEXHOJIOTUH TTPOU3BO/ICTBA;
— Teopus u pacuer U3MEpPUTENBHBIX IpeoOpazoBaTenel u NpubdopoB.




3HaHMs, MOJIyYEHHBbIE IPU HU3YYEHUM MaTepuaja AAHHOM JHUCLUUIUIMHBI, HMMEIOT Kak
CaMOCTOSITEJIBHOE 3HA4Y€HUE, TAK M MOTYT HCIIONb30BATbCS IIPH H3YYEHHH JPYTUX

JTUCLUTLINH:
— udposbie MeTOABI U CPEACTBA U3MEPEHUH;

— IIpousBoacTBeHHas TEXHOJIOrMYECKasi (IPOU3BOICTBEHHO-TEXHOJIOTNYECKas ) IPAKTUKA;

- HpOI/I3BO[[CTBeHHaSI npeaauIiIOMHas MpaKTUKa.

3. O0BeM U TPYIOEMKOCTh JTUCIUILIAHBI
JHannaple 00 o0meM oO0beMe MUCIUILUIMHBI, TPYIOEMKOCTH OTICIBHBIX BHUJIOB Y4eOHOM
paboThI MO TUCHUIUIHHE (M pactpeeieHue ITO TPYT0EMKOCTH 110 CEMECTPaM) MPEICTABICHbI B

Tabnuiie 2.

Ta6ymma 2 — O6beM U TPYJ0EMKOCTh JUCITUTIINHBI

TpynoemMKocTs 110

Bun yuebnoit pabotsl Bcero ceMecTpam
Ne6
1 2 3
Oowan mpyooemKkocmp OUCUUNIUHDL, 3/ 108 3/ 108
3E/ (uac)
U3 Hux uacoe npaKxmuyecKkoil no020moeKu 34 34
AyoumopHhuie 3anamus, BCETO vac. o1 o1
B TOM YHCIIC:
nexuuu (JI), (gac) 24 24
npakTudeckue/cemunapckue 3anatus (I13),
27 27
(dac)
9K3aMeH, (Jac) 36 36
Camocmoamenvnan paboma, Bcero (4ac) 21 21
Buo npomesxcymounoit ammecmayuu:. 3a4er,
mubd. 3ager, sk3amed (3auer, dudd. 3auy, OK3. OK3.

Dk3.**)

*k
HpI/IMe‘IaHI/IeZ KaHAUJATCKHUU 3K3aMCH

4. ConepxaHue JUCITUTUTHHBI

4.1. PacnpeneneHue TPyJI0EMKOCTH JUCIUILTHHBI MO pa3JesiaM U BUAAM 3aHITHIA.

Pa3Z[€J'II>I, TEMBI JUCHUIIJIMHBI U X TPYAOCMKOCTh IIPUBCACHLI B Ta6n1/1ue 3.

Tabnuna 3 — Pa3aensl, TeMbl AUCIUILIUHBL, UX TPYAOEMKOCTh

Paznensl, TeMbI IUCIUITITHHBL Jlexuma | 113 (C3) - JIP KII CPC
(dac) (dac) (uac) (dac) (Jac)
Cewmectp 6
Paznen 1. O6mue cBenenust 06 00beKTax
MCCIIEIOBaHUS B 00J1aCTH HAHOTEXHOJIOTHH. Buibl ) 4 2
HaHOCTPYKTYp, Ha3HauUCHHE, OCHOBHBIE
onpeeNeHus, KIacCupuKaIms 00beKTOB
Paznen 2. CtpykTypa, CBOWCTBA, METOIBI TOTYUCHHUS U ) 4 4
0c00EHHOCTH IPUMEHEHHsI HAHOCTPYKTYP
Paznen 3. XapakreprcTiKa KOHIEITUH MOJIEKYIISIPHBIX 2
HAHOTEXHOJOTHH
Paznen 4. O0rmast xapakTepuCTHKA METOJIOB ) 4 5
UCCIIeIOBaHUH 00BEKTOB MUKPO U HAHOCTPYKTYP
Paznen 5. OcHOBHBIE T€TEPOTEHHBIE TTPOIIECCHI 2
(dbopMHpOBaHNsI HAHOCTPYKTYPHUPOBAHHBIX OOBEKTOB
Paznen 6. MeToap! ucciie1oBaHui U U3y4eHUsT PU3UKO- 2 6 4
XUMUYECKHX CBOMCTB HAHOOOBEKTOB M CUCTEM




Paznen 7. duznueckne NpUHIUNIBI TOCTPOSHUS 2
TEXHUYECKUX CPECTB HCCIENOBAaHMsI HAHOCTPYKTYP

Paznen 8. Dnexrponnas Mukpockomnus. OCHOBHBIC ) 6 6
METO/IbI CKaHUPYIOIIEH 30HJ0BOI MUKPOCKOITUH

Paznen 9. TynnenbHbii 3QdexT 1 ckaHUpyOLIas 2

TYHHEJIbHasi MUKPOCKOIHS

Paznen 10 OcHOBBI MEXaHUKHU M KOHCTPYKITUH CPE/ICTB ) 3

M3MEpeHNH HAaHOCTPYKTYPHPOBAaHHBIX 00BEKTOB

Paznen 11. OcobeHHOCTH PabOTHI C 3MEKTPOHHBIM 2

MHKPOCKOIIOM

Paznen 12 bezonacHOCTh HAHOTEXHOJIOTHI M IPOOIEMBI 2
OKpYKaroIIeH cpeJibl

HUroro B cemectpe: 24 27 21

Hroro 24 27 0 0 21

IIpakThueckass IOATNOTOBKA 3aKIIOYAETCAd B  HENOCPEICTBEHHOM  BBIIIOJIHEHUU
Oo0y4JaromMMHUCS ~ OMNpENEeNeHHBIX  TPYIOBBIX  (YHKIMH,  CBSA3aHHBIX C  Oya;ymiei
npodeCcCHOHATIBHOMN 1€ TETbHOCTBIO.

4.2. CopnepxaHue pa3/iejoB U TEM JICKIIMOHHBIX 3aHSATHI.
ConeprkaHue pas/iesioB U TEM JICKITMOHHBIX 3aHATHI PUBEACHO B Ta0uIE 4.

Ta6mmma 4 — ConepxaHue pa3esioB U TeM JEKIIMOHHOTO IUKJIa

HOMep pasaciia Hazpanue u COACPIKAHUC Pa3acCIOB U TEM JICKIHMOHHBIX 3aHATHH

Pazgen 1 OO6mue cBeneHnst 00 00BEKTAX HCCIeTOBAaHUSI HAHOCTPYKTYP.
Haznauenwue, onpenesnenusi, KiaccupuKays
Tema 1.1 Beenerne B HaHOMUP. OCOOCHHOCTH TEXHOJOTHI «CBEPXY BHH3» H
TEXHOJIOTHH «CHHU3Y BBEPX).
B Hacrosimee BpeMsi IPOUCXOJIST KOPEHHBIE M3MEHEHHS B c(epe BBICOKHX
TEXHOJIOTHH, MHKPOMEXaHWKH W JAPYIHX O0O0JacTsIX  4YeloBEeYeCKOi
JIeITEIIbHOCTH, CBSI3aHHBIX C  (yHAaMEHTAJBHBIMA M TPHUKJIAIHBIMH
UCCJIEJIOBAaHUSAMH, KOHCTPYHUPOBAaHMEM M MPAKTHYECKUM HCIIOJIb30BaHHEM
MaTepHalloB, YCTPOUCTB U CPEJCTB U3MEPEHUH 0OBEKTOB, DJIEMEHTHI KOTOPBIX
umeroT pasmeps! Mmeree 100 HM.
Tema 1.2 MHCTpyMEHTHI HAHOTEXHOJIOTHHI
CoBpeMeHHbIE METOZbI MCCJIEOBaHMS, NMPUMEHSEMble B HAaHOTEXHOJOTHUSX
CTalM BO3MOXHBI, KOraga ObutM pa3paboTaHbl M HHCTPYMEHTAIBHO
MOATBEPXK/ICHBI OCHOBHBIE MIEH aTOMHO-MOJICKYJISIPHOM TEOPHUH W TIOJTyYEHBI
MIepBbIC PEHTI€HOBCKHE TU(PPAKIMOHHBIC H300paKeHUS! KPUCTATMYECKUX
CTPYKTYp. BaXXHBIM cOOBITHEM B HCTOPHMHM HAHOHYKH CTalo H300peTeHHe
MPOCBEYNBAIONIEH 3JIEKTPOHHOH MHKPOCKONHUH, TO3BOJISIONIEH IOIYyYUTh
n300pakeHHe  HAHOPA3MEPHBIX  CTIPYKTYp, a Takke H300peTeHHe
CKaHUPYIOLIEro TYHHEJIFHOTO MUKPOCKOIIA.
Tema 1.3 MccnenoBanne 00beKTOB HAHOTEXHOJIOTHIA
[IpeaMeToM HAaHOTEXHOJIOTHIT SIBJISETCS HOBBIE OOBEKThI — HAHOCTPYKTYPHI,
KOTOpBIE UMEIOT CYOMUKPOHHBII pa3Mep B OJHOM K3 HalPaBICHUIl, KOTOPbIE
B COIO OYepelb, Hy>KAAI0TCs B KilacCU(HUKalKU. B 0CHOBY Kitaccudukanim
TIOJIO’KEHBI CTPYKTYpa, COCTaB, a TAKXKe MX (PU3NKO-XMMHUUECKHE CBOICTBA.

Paznen 2 CtpyKTypa, CBOMCTBA, METOBI TTOTYISHHUS M OCOOCHHOCTH
IIPUMEHEHNS HAHOCTPYKTYP.

Tema 2.1 ®U3NKO-XMMHUYECKHE CBOWCTBA HAHOCTPPYKTYP

B oOmacTi BBICOKMX TEXHOJOTHH INHUPOKO HCIIONB3YyeTCS KIacCHpUKAINI




JUCHEPCHBIX CHCTEM II0 AWCIIEPCHOCTH, T.€. MO pa3MepaM H YICIbHOU
IUIOIIa TOBEPXHOCTH AMCHEepcHOW (aspl. B mepBom mpubmmkeHnn
JUCIEPCHBIE  CHCTEMBI  IOJPA3ZCIAIOTCS HA  IPyOOAUCIIEPCHBIE  H
TOHKOVICIIEPCHBIE, TAaK Ha3bIBAEMBIC KOJUIOMJHBIE CHCTEMBI.

Tema 2.2 VYrmepomHsle CTPYKTYpHl - VyIJIepond SBJISAETCS Hamboiee
pacnpocTpaHeHHBIM JIEMEHTOM B IIPHPOJE, OH CYLIECTBYET B TBEpAOH (ase u
HECKOJIbKUX ~ MOAM(PHKALUAX C  Pa3IMYHBIMH  (DPU3UKO-XMMHYECKUMHU
cBolicTBamH: rpadur, anmas, kapOuH, rpadeH. BaxHelimell 0coOEHHOCTEIO
yriepona SBISETCs CHOCOOHOCTH oOpasoBeiBaTh nenouku —C —C — C-,
KOTOpBIE NPUPOJAa MCHOJIB3YET Ul CO3JaHUsl OMOJIOTMYEeCKUX IOJMMEpPOB, a
YeJIOBEK JUIA PON3BOCTBA PA3IMUHBIX CHHTETHUECKIX MaTEPHAIOB.

Tema 2.3. B xoHIle IPONILTIOTO CTOJIETHA OBUIM OTKPHITHI HOBBIC YTIIEPOIHEIC
COCAMHEHUS, CpeIW KOTOPHIX (QymIepeH, oOmajaromuid yHUKAIbHBIMH
cBoiictBamu. DyiiepeH UMeeT KapKacHyI0 CTPYKTYpy, KOTOpas COCTOUT U3
3aIIIaTOK IATH- U MecTHyToNbHON opMer. B 1990 1. Op11 pa3paboTan MeTox
MOJy4YeHUs PyIuiepeHa.

Tema 2.4. B 1991 r. B npoiyKTax 3J€KTpOILyroBOro ucnapeHus rpadura Obuiu
0OHapyKeHbI LMITHHIPUYECKHE YTIIIEPOAHbIE KOHCTPYKIUH, TOTY4HBIINE
Ha3BaHUs «HaHOTPYOKW». HaHOTpyOKa npencraiser co0oi MpOTsHKEHHbIE
MUIUHAPUYCCKUEC CTPYKTYPhI JUAMETPOM OT OAHOTO 1O HECKOJBKUX NACCATKOB
HAaHOMETPOB M JUTMHOW 10 HECKOIBKUX CaHTUMETPOB. [1o cymiecTBy Takas
HAHOTPYOKa MpeCTaBIsAeT COOO0H OHY MOJICKYITY, COCTOSIIYIO 3 MIJUIMOHA
aToMoB yriepozna. B obmewm ciygae, YHT obnamatoT yHUKaTbHBEIMA
NIEKTPUUCCKUMH, MEXaHNIECKIMHU M XUMHIECKUMH CBOHCTBAMH.

Paznen 3

XapaKkTepuCTUKA KOHLENLIUNA MOJIEKYJISIPHBIX HAHOTEXHOJIOTHIA
Tema 3.1. UcTopus pa3BUTHS HAHOTEXHOJIOTUH

Hzero o ToM, 4TO BO3MOKHO CO3[aBaTh HY>KHbIE HaM YCTPOWCTBAa M APYrHe
00BEKTHI, cOOMpas UX ""MOJIeKyIla 3a MOJIeKyJoi" u, maxe, "aToM 3a aToMOM"
0OBIYHO BO3BOZAT K 3HAMEHHUTOH JIEKIIMM OJHOTO M3 KPYIMHEHIINX (H3HKOB
XX Beka Puuapna ®eitnmana «Tam BHH3Y — MHOTO MeCTay. DTa JIEKIUS
Obuta mpountaHa uM B 1959 roay; G0JIBIIMHCTBO COBPEMEHHHKOB BOCIIPHHSIIN
e€ Kak (haHTACTUKY WJIH IIYTKY.

CoBpeMEHHBI BUA HIEH MOJEKYISIPHOM HAHOTEXHOIOTUH HadajH
npuobperath B 80-¢ rogsl XX Beka B pe3ynbrare padbor K. D. JIpekcrnepa,
KOTOpBIC TaKkKe CHayaja BOCIPHHUMAINCh Kak HaydHas (aHracTuka. [Ipm
9TOM (QyHAaMeHTanbHass MoHorpadus "Harocucrembl. MonekynspHas
TEXHUKA, MPOU3BOJICTBO M  BBIUUCICHHA"  HMMEET, HECOMHEHHO,
OCHOBomojararomee 3HaueHHe. CaM TepMHH HAHOTEXHOJIOTHS  CTal
MOIYJISIPEH MMEHHO TI0CJIe BBIXOJa B CBET 3HAMEHHMTOW KHUTH O. [Ipekciepa
"MamuHsl TBOpeHHS" W TIOCHEIOBaBIIeH 3a 3TuM Juckyccud. Ilo3zxe
Jlpekciep B CBHX HaydHbBIX paboTax CTal MCHOJb30BaTh TEPMHUH
MoJeKyisipHas HaHoTexHojorust (MHT) mist pasmudeHus mpeayaraeMbIx UM
pELICHUMN.

Tema 3.2. OcoOeHHOCTH TBEPAOTENbHBIX HAHOCTPYKTYP.

OneHkH napaMeTpoB HAHOMEXAHMYECKHX YCTPOHCTB M MallMH - B CBOMX
paborax D. /[lpekciep M €ro mocjieioBaTeln OLEHUBAIM IIapaMeTphl B
OCHOBHOM MEXaHHMYECKHX YCTPOMCTB, KOTOpbIE OHM MOTJIM OBl MMETH INpH
NpUOIMKEHNH pa3Mepa KOMIIOHEHT K MOJISKYJsIpHOMY Macmrtaly. 3To
00yCIOBJICHO HE TEM, YTO OHM HEJOOLEHHWBAIOT BAXKHOCTH AIIEKTPUYECKHX,
ONTHYECKUX U T. A. 3(deKToB, a TeMm, 4TO MeXaHHUECKHE KOHCTPYKIIUHU
ropaszio Mpolie 1 JoCToBepHee MacmTadbupyrorcs. [Ipu 3Tom oco3Haércs, 4To
JNEeKTpUYEeCKHe ©  Tpoude  3PPEeKTsl MOTyT JaTh  3HAYUTEIBHBIC
JIOTIOTHUTEbHBIE BO3MOKHOCTH. IIpownssens COOTBETCTBYIOILEE
MacurrabupoBanue J{pexciep Moxydu clieyone YUCISHHbIE OLICHKH:

- IO3UIIMOHUPOBAHUE PEATUPYIOIUX MOJIEKYT ¢ TOYHOCTBIO ~0.1 HM;




- MEXaHOCHHTE3 C TIPOU3BOIUTEIHHOCTHIO ~106 onep/cek Ha yCTPOUCTBO;

- MOJIEKyJIsIpHas cOopka o0bekTa Maccoit 1 kr 3a ~104 cex;

- paboTa HAHOMEXaHHYECKOTO yCTpoiicTBa ¢ 4acToToit ~109 I'm.

Tema 3.3. O0BeKTH HAHOMOJIEKYISIPOHOH TEXHOJIOTHH
bt mpoBemeHBI  WCCIENOBAHUS MO BONPOCAaM  BO3MOXKHOTO
(yHKIMOHMpOBaHUST pPaboOTHl "ycTpoiicTBa" aHaJOrM4HOro MacmrTaba B
JKMBBIX OpraHm3Max. B kauecTBe mnpumepa IielecooOpa3HO paccMOTpPETh
paboty mpencraBurens kuBoro oprannimMa AT®d-cuHTaza SBISIOLIETO
(hepMeHTOM, TIPEOOPa3yIOIIMM Pa3HOCTh KOHIIEHTPANUii IPOTOHOB 10 pa3HbIE
CTOpPOHBI ~ MeMOpaHbl B  OJHEpPruio, 3amacéHHYIO B  MOJEKyJax
anenosuHTpHpOCchara (ATD). [TocnenHee UcIONB3yeTCs MPAKTHUECKNA BCEMHU
MEXaHU3MaMH KJIETKU B KaUeCTBE YHUBEpPcaabHOro Hocutens 3Heprun. ATd-
CHHTa3a IIPUCYTCTBYEeT B "JHEPreTHYECKUX CTAHIMAX' PACTHTEIBHBIX H
JKHUBOTHBIX KJIETOK - XJIOPOIUIACTaX ¥ MHUTOXOHAPHAX M MPEACTABISIET COOOM
JIOBOJIBHO CJIOXKHYIO KOHCTPYKIIUIO M3 HECKOJNBKHX THIIOB €JMHUII - OEIIKOBBIX
MOJICKYJI.

Tema 3.4. Yraepon B mpupoje

Bcé xuBoe Ha 3emiie COCTOMT U3 COENMHEHUH yriepoaa. 3HaueHHE 3TOTO
JJIeMEHTa  TPYAHO  mepeolleHuTh. OHO  ompenenseTcs  OrPOMHBIM
pasHooOpa3ueM ero (opM B COEAMHEHHSX. YTJIEPOJHbIE IENOYKH MOTYT
00pa3oBbIBATh JIMHEHHBIH CKEIET MOJEKYJ, IHMKIMYECKHe U CIIOXHBIC
00BEMHBIEC CKEJICTHBIE CTPYKTYPHI; YIIIEPO MPEACTaBIISET OTPOMHBIN HHTEPEC
Y B YHCTOM BHJE, IPUHAMAS PA3IMIHbIC (JOPMBI OT aJIMa3a JI0 MOJIEKYIISPHBIX
BOJIOKOH W HaHOTpyOOk. KoBaneHTHas CBSI3p YIWIEpOJ-YIIEPOA SBISIETCS
HanOonee NMPOYHON M3 M3BECTHBIX. J[0 CPaBHHUTEIHHO HEIAaBHETO BPEMEHH
HU3BECTHHI OBLIM TOJBKO JABC PA3HOBUIHOCTHU YIOPAAOYECHHOI'0 YHCTOI'O
yriepona - anmas u rpagur. [lotom ObuM OOHApPYKEHBI U JIpyrHe - cHavyaia
ObLTH CUHTE3UPOBAaHbl MOJICKYJISIPHBIE BOJIOKHA, 3aTCM OTKPLITHI IIOJIBIC
chepruyeckre MOJEKYIbl - (yJUIEPEHBI;, MpH MOUCKe 3(PPEKTUBHBIX METOIOB
CHHTE3a IMOCIEeTHUX ObUIM OOHApyKeHBI YIIIepoAHbIe HAaHOTPYOkH. IMeHHO
Marepuagsl Ha OCHOBe yriiepoja JIpekciep paccMaTpuBaeT B KadecTBe
OCHOBHBIX KaH/IUJIaTOB JUISl U3TOTOBJIEHUSI KOHCTPYKINI HAHOMEXaHU3MOB.

Pasnen 4

OO01mas XxapakTeprUCTHKA METOI0B UCCIIE0OBaHNH 00BEKTOB MUKPO U
HAaHOCTPYKTYp

Tema 4.1.McTpyMeHThl HAHOTEXHOJOTUH
OnHUMH U3 NEPBBIX MHCTPYMEHTOB, KOTOPBIE MOMOIJIM MHUIIMHAPOBATH UJIEH
HAHOTEXHOJIOTHH, ObUTM TaK Ha3bIBa€Mble CKaHHPYIOIIME 30HIBI. Bce THIThI
CKaHMPYIOIINX 30HA0B OblM pa3paboransl B L{fopuxe B Havasne 80-X romos.
Cama uzmed OdYeHb MPOCTa: €CIH, K MPHMEPY, HPOBECTH MaibleM IO
MOBEPXHOCTH, TO JIETKO OTJIMYHMTH OapXaT OT CTallk WM AepeBa. B gaHHOM
SKCIEPUMEHTE MaJyel] ACHCTBYET KaK CTPYKTypa M3MepeHHs cuibl. JlaHHas
uzes M MOJIOKEHa B OCHOBY PabOTHI CKaHUPYIOUIETO MUKPOCKOIA, OJHOTO W3
PacTpoOCTpaHEHHBIX CKAaHUPYIOMUX 30HI0B. CKaHHUPYIOUMHA 30HA TIpH
U3MEPEHUH CKOJIB3UT M0 MOBEPXHOCTH TaK XK€, KaK 3TO AENIar0T Malblbl. 30HT
MMeeT HaHOCKOITMUYECKHH pa3Mep (4acTo Bcero oauH atom). Ilpm aBmkeHun
OH MOXKET OIPEJENIATh HECKOJIBKO PA3JIUYHBIX CBOICTB, KaXJ0€ U3 KOTOPBIX
COOTBETCTBYET MHOMY U3MEPEHHUIO.
Tema 4.2. ATOMHO-CHIJIOBOI MUKPOCKOII
B aToMHO-CHIIOBOM MHKPOCKOIE 3JIEKTPOHUKA HCIIOIB3YETCS IS U3MEPEHUs
CHJIBI BBOJMMOI KOHYHKOM 30HJAA MPH €ro ABIKEHHH BIOJH IOBEPXHOCTH
HCCIIelyeMOro 00BheKTa.
Tema 4.3. TyHHETBHBII MUKPOCKOTI.
B TyHHENPHOM MHKpOCKONE H3MEpSeTCS BEIHMYMHA SJIEKTPHUECKOrO TOKa,




IPOXOSIIEro MEXAY CKaHUPYIOLIUM 30HIOM M IOBEPXHOCTHIO. TyHHeNbHas
MHKPOCKOIIUS — 3TO NMPAKTHYECKH NEePBBIi pa3paboTaHHBIH METOJ 30HIOBOTO
CKaHUPOBAHUs, HAIIEIIEr0 IIMPOKOe IPUMEHEHHE.
Tema 4.4. MarHUTHO-CHIIOBOX MUKPOCKOIT
B MarHUTHO-CHIIOBOM MHKPOCKOIIE 30H[, CKAHUPYIOLIHI TOBEPXHOCTB,
SIBJISIETCSI MArHUTHBIM, OH TT03BOJISIET TOYYBCTBOBATh HA TIOBEPXHOCTH
JIOKJIbHYIO MarHUTHYIO CTPYKTYpPY. 30H]] MarHUTHO-CHJIOBOTO MHUKPOCKOTIA
paboTaeT Mo J0OHO CUNUTHIBAIOLIEH TOJOBKY BUHYECTEPA I MarHUTO(OoHa.
CkaHHUPYIOIINE MUKPOCKOIIBI [TO3BOJIMIIN BIIEPBbIC YBUIETH OOBEKTHI
pa3MepoM ¢ aTOM.

Paznen 5

OcHOBHEBIE reTeporeHHbIE IPOLIECCHI (hopmupoBaHus
HAaHOCTPYKTYPHUPOBAaHHBIX OOHEKTOB

Tema 5.1. OcoGEeHHOCTH TeTepOTEHHBIX IPOIIECCOB.

ITox reTeporeHHBIMH IIPOLECCAMHU TMOHMMAIOT TEXHOJIOTHYECKHE IPOIIECCHI,
NPOUCXOJAINE Ha TpaHHule paszgena (a3 U (GopMHpPYIOLIME TeTepOreHHbIC
CHCTeMBI. ['eTeporeHHas cuctema MpecTaBisieT cCo00i TepMOAMHAMHUYECKYIO
CHCTEMY, COCTOSILIYI0 W3 Pa3IM4YHBIX MO (HU3MYECKUM U XHUMHUUYECKHM
cBolicTBaM uacteil wiam (a3, KOTOpble OTHENeHBl Jpyr OT JApyra
MOBEPXHOCTAMH pasena. Kaxnas u3 (a3 mpu 5ToM roMoreHHa ¥ ee MoBeJIeHUE
MOAYMHACTCS 3aKOHAM TEPMOANHAMUKH.

Tema 5.2. XuUMHYECKIE T€TEPOTeHHBIE TPOLIECCHI.

MHoTHEe TeTeporeHHbIE MTPOIIECCHl HE CBA3aHBI ¢ XNMUUECKUMH PEaKIUAMH U
OCHOBaHBI TOJBKO Ha (U3MKO-XMMUYECKUX SIBICHHUAX. XHMHUYECKHC
TeTepOreHHbBIE TPOIECCH] BKIIIOYAIOT B KAYECTBE 3Tala XMMUYECKHE PeaKivy,
KOTOpBIC MAYT B OAHOW U3 (a3 mociie nepemMenieHus TyJja peareHToB WM Ha
MOBEpXHOCTH pa3nena (a3. Ha rereporeHHble paBHOBECHS  BIUSIOT
TeMIepaTypa, JaBJICHHE, KOHIEHTPAllUHd PEareHTOB U TMPOIYKTOB PEaKLUH.
PaBHOBecHE  TE€TEPOTEHHBIX  IPOIECCOB  OMpEAeNnsieTcss  KOHCTaHTOH
PaBHOBECHS] XMMHUYECKHX PEaKIHid, 3aKOHOM pAacIpeesieHHs] KOMIIOHEHTOB
Mexay ¢dasamu u npaBwioM (as. PaBHOBECHBIE KOHIIEHTpAIMK KOMIOHEHTOB
B CONpHUKAacalomuxcss (a3ax ONpeneNsioTcs 3aKOHOM — pacIpeieseHus
BEIIECTBA, KOTOPBIM YCTAHABIMBAET MOCTOSIHHOE COOTHOIICHHE MEXIY
PaBHOBECHBIMHM KOHIIEHTpAIMsIMH BellecTBa B JABYX (pasaX CHCTEMBI NpH
orpeziesIeHHO Temiieparype. I'eTeporeHHbIe IpoLecch

Tema 5.3 CBoiicTBa reTeporeHHbIX MPOIIECCOB

MexaHU3M TeTEepPOreHHBIX IPOIECCOB CIOXHEE TOMOTEHHBIX, TaK Kak
B3aMMO/JICHICTBHIO PEareHTOB, HAXOSIIIUXCSA B pa3HBIX (a3ax, MPeAIeCTBYeT
WX JI0OCTaBKa K TOBEPXHOCTH pazniena (a3 m maccooOMeH Mexay ¢azamu.
[TooTOMy CKOpOCTH T€TEPOreHHBIX HEKATAINTHYECKUX MPOIECCOB, Kak
MPaBHJIO, MEHBIIE CKOPOCTH TOMOTEHHBIX IPOIECCOB. MaccooOMeH MexXIy
(azamMm  ocymiecTBIsIETCST C TMOMOLIBIO JAUPPY3UH U XapaKTepU3yeTcs
kodpduumeHToM maccoodmena rae D — xodadpdumment auddysuu, o -
TOJIIMHA IOrpaHW4HOro cios. Jlist  pacuera [, KOTOPBIH  CITYKHT
OIUCATENILHOM XapaKTePUCTHKOM u Juiss Oojiee CIIOKHBIX MEXaHH3MOB
MepeHoca, HUCIONB3YIOT KpPHUTEpHaJIbHbIE ypaBHeHHsA. B = D /8 B mepmon
MIPOTEKAHUS TeTEPOTEHHOTO MPOoIecca.

Pazgen 6

MeToapl uCCIeOBaHUN M W3YyYeHUS (U3UKO-XUMUYECKHUX CBOWCTB
HAaHOOOBEKTOB U CUCTEM

Tema 6.1. Haznauenue u coctaB

ITox rereporeHHBIMH MpOIECCAMH MOHHUMAIOT TEXHOJOTHYECKUE IPOLECCHI,
MPOUCXOJAIINE HA TpaHWIe pasgena (a3 u (GopMHPYIOUINE TeTepOreHHBIC
CHUCTEMBI. ['eTeporeHHas cucTeMa MpeAcTaBisieT COO0H TepMOIMHAMIYECKYIO
CHUCTEMY, COCTOSIIIYI0O W3 Pa3IUYHbIX MO0 (GU3NIECKUM W XUMHYECKUM




cBOMCTBaM dYacTed wnmm (a3, KOTOphIE OTHENECHBI Jpyr OT JApyra
MOBEPXHOCTSMH pazena. Kaxnas u3 (a3 mpu 3ToM roMOreHHa U €€ TIOBEJCHHUE
MOAYMHACTCS 3aKOHAM TEPMOANHAMUKH.

Tema 6.2. MonekymnsapHo-rydeBas snutakcus (MJID).

MJID — TEeXHOJNOTHYECKUI MPOILECC MUTAKCHAIHHOTO BRIPAIIUBAHHS CIIOEB,
KpHUCTaJINuecKasi pelieTka KOTOPBIX IMOBTOPSIET pelIeTKy Moanoxku. C
MOMOIIBI0 TexHoJoruun MIJID BBIpaliuBalOT TeTEPOCTPYKTYPH 3aJaHHOI
TOJIIMHBI ¢ MOHOQTOMHOTJIAJIKUMH T'€TepOrpaHUIaMU M 3aJaHHBIM MPOQIIH
nerupoBaHud. ClieyeT OTMETHUTh, YTO SMHUTAKCUSA — 3TO OJUH U3 BaXXHEHUIINX
TEXHOJIOTUUECKUX MPOIIECCOB MPU CO31aHIUU MUKPO- U HAHOCTPYKTYP.

Tema 6.3. @opMupoBaHUE CTPYKTYP HAa OCHOBE KOJUIOMIHBIX PACTBOPOB
Kosutonanble pacTBOPHI WM 30JIM HPEICTABISIIOT COOOH JKMIKHE CHCTEMBI C
YacTHIAMH JUCHEPCHOW (a3l WIM MHNOEIIAMH  II€PEMEIINBAIOIINMH
cBOOOTHO W HE3aBHCHUMO B IIpoliecce OpOYHOBCKOTO MABIKEHHA. Paszmep
gacTh4 JIeKUT B mpenenax 10 — 100 HM, caMH 9acTHIBI MOTYT PacIioiaraThCs
OTHOCUTEJIBHO JIpyr Jpyra OJmke, 4eM Ha JAMaMeTp dacTHlbel. Metox
(hopMUpOBaHHS  YMOPSAAOYCHHBIX HAHOCTPYKTYP HEMOCPEACTBECHHO W3
HaHO4YaCTHll, Cq)OpMI/IpOBaHHLIX B KOJIJIOMJJHBIX pacTBOpax, Jact
BO3MOKHOCTh B IIMPOKUX IIpelesiaX BapbHUpPOBAaTh pa3Mephl YacTHUI], a TAKKe
HU3MCHATDH 3JICKTPOHHBIC CBOMCTBA qacTull.

Tema 6.4. 30b-renb-TEXHOIOT U

30/1b-TeNb-TEXHONOTUSI — TPEICTABIACT cOOOH TEXHOJOTMYECKUI IpoIecc
MONYyYCHHUSI MAaTepHajoB, C OIPEACICHHBIMA XUMHYECKUMH U (HU3HKO-
XMUMHUYECKHIMHU CBOMCTBAMH, BKIIFOUAIOIIUH MOITyYCHHE 30111 U MEPEBOJ €ro B
renb. B oOmem ciydae, 30/1b-T€Nb-TEXHOJOTHS Ha CBOWCTBE 301 HIIH
KOJUIOMJIHOTO PacTBopa U MPEICTaBISIOT COOOH CTPYKTypHpOBaHHBIC
CHUCTEMBI C XHJIKOH IUCIIEPCHOHHOW Cpemoil. OTUM METOIOM MOTYT OBITh
CHUHTE3MPOBaHBI HaHOKOMIIO3UTHI Ha OCHOBE KepaMUKU
reTepoMeTaITNUECKOTO THIA U JIp.

Paznen 7

@u3NYeCKUe  MPUHIMUIBI  MOCTPOEHUS  TEXHUYECKUX  CPEJCTB
HCCIIENOBAaHUA HAHOCTPYKTYP
Tema 7.1. OcoOGeHHOCTH ITPUMEHEHHS CPEJICTB AUATHOCTHKN HAHOCTPYKTYP
CoBpeMeHHOE pa3BUTHE (GU3MKM M TEXHOJOIMH TBEPAOTEIBHBIX
HAHOCTPYKTYp, TPOSBISIIOIIEECS B HENPEPHIBHOM IEPEXO0Jie TOMOJIOTHH
9JIEMEHTOB JJIEKTPOHHOM TEXHHKM OT CYOMHMKPOHHBIX K HaHOMETPOBBIM
pasMepaM, mOTpeOOBaIO Pa3pabOTKy HOBBIX U COBEPLICHCTBOBAHUE YK
CYIIECTBYIOIIUX CPEJCTB U METOOB JUAarHOCTHKH, a TAKXKE CO3/1aHKHe 00pa30B
00opyioBaHUs Ul aHaJIM3a CBOMCTB U MPOLECCOB B HAaHOcHcTeMax. CeronHs
CYIIECTBYET OTPOMHOE KOJIMYECTBO TUIIOB M BUJIOB CPEJCTB TUArHOCTHKH J[ns
WCCIIEIOBaHNSI HAaHOCTPKYTYp, NOYYEHHS HaHOpPa3MEPHBIX CHCTEM M HOBBI3
HAHOCTPYKTYPHBIX MaTE€pHalIOB C 3aJJaHHBIMH CBOWCTBaMH, HEOOXOIMMO IIO-
HOBOMY pelaTh 3aJa4y MCCIIeI0BaHUsI HAHOCTPYKTYpIo [lyist aToro Tpedyercs
U3MEHEHHE TPAJUIMOHHBIX METOJOB, a TAaKXKE CO3JaHUE U pa3BUTHE
COBEpIIEHHO HOBBIX CPEJICTB M METOIOB, NMPOLIECCOB NMPUCYIINX OOBEKTaM
HaHOMETPOBOTO MacIiTaba.
Tema 7.2. MeToJIBI 3JIEKTPOHHOM CIIEKTPOCKOITNT
st XUMHUYECKOI0 aHanusa (hOTO3EKTPOHHON MUKPOCKOIIUH,
(hOTOMIOMUHECTICHITIH, KOTOPBIE B HBACTSIIIEE BPEMsI aKTHBHO Pa3BUBAIOTCSA C
MEPCHEeKTHBAMH CYIIECTBEHHOTO IOBBIIICHHUS pPa3peIIaloniel CIoCOOHOCTH
UCTIONb3YEMBIX CpeACTB. VI3BECTHO, 4YTO 4YeJNOBEK CIOCOOEH pasrisiieTh
00bekThl pazmMepoM npuoimsuTensHo 0.1 MM. C TOYkM 3peHUs GU3HOJIOTHH
rjla3 3TO mpocras onrtuyeckas cucrema. B 1873 r. Obuio cdopmynupoBaHo
MPaBUJIO ONTHUYECKUX CHCTEM, COTJIACHO KOTOPOMY MHUHHMMAJbHBIE pa3Mephl
pasiMuaeMbIX AeTalieidl paccMaTpuBaeMoOro 00beKTa, He MOTYT OBITh MEHBIIIE,




geM jymHa BoJHBI cBeta (400 HM). Paspermaromas crmocoOHOCTh ONITHYECKUX
MHUKPOCKOTIOB cocTaBisier mnpuoimsutendo 200 wm. I[losTomMy BO3HHKIA
HEOOOIMMOCTE B CO3IJaHWM CHCTEM C 0Ooiee BBICOKOW pa3pelIaronei
CHOCOOHOCTBIO, a CJENOBATENbHO C BHICOCHCTEMAaMH, HCIIONb3YEMBIX
MEHBIIHNE JUTWH BOJH, YTO U IIPUBEIIO K CO3/IaHUIO SJICKTPOHHBIX MUKPOCKOIIOB
Tema 7.3. CpencTBa 21eKTpOHHONH MUKPOCKOIIMU

B HacTosiiee BpeMsi HCIOJB3YIOTCSl ONpPENENCHHBIH KOMIUIEKC METOJI0B
JIMarHOCTHUKH HaHOCTPYKTYp, CPEN HUX LIENecO00pa3HO BBIICIUTH Hanbosee
pacnpocTpaHeHHbIE — BCE  Pa3HOBUAHOCTH  CPEICTB  DIEKTPOHHOM
MHUKPOCKOIIUH BBICOKOTO pa3pelieHHs. JTO MCTOPUYECKH IEPBBIA MpUOOp U
METOJ PeaNbHO OO0CCIICYNBAIONINA BHU3yaTH3aLlUI0 CTPYKTYPHl OOBEKTOB C
ATOMHBIM pa3pemieHHEM.

Tema 7.4 HazHaueHuWe U CBOHCTBAa CKAHUPYIOIIUN IEKTPOHHOTO MUKPOCKOTIA
CKaHHPYIOIIHHA  DJIEKTPOHHOTO  MHKPOCKONA  KOTOPHI  BIUIOTHYIO
NpuOIMKaeTCsl 1O  pa3pelieHHI0 K  aTOMHOMY — YPOBHIO,  COXpaHSs
BO3MOXXHOCTb ~ IOJy4€HHs HMHPOpPMAlMd O (PU3NYECKUX, XUMHYECKUX
ANIEKTPUYCCKHX U JP. CBOMCTBAX UCCIICAYEMbIX HAHOOOBKTOB.

Pazgen 8

OneKTpoHHasT MUKpockonusi. OCHOBHBIE METOABl CKAHHPYIOIIEH
30HI0BOIl MUKPOCKOIIHH

Tema 8.1 OcHOBHBIE XapakTepucTUKH OM [l u3yyeHus CBOWCTB
HaHOOOBEKTOB YYEHBIC HCIONB3YIOT JJIEKTPOHHBIE MHKPOCKOIBI Pa3HBIX
THIOB. DJIEKTPOHHBIII MHKPOCKOIl JaeT BO3MOMKHOCTH IIOJy4aTh CHIIBHO
yBeIMYCHUE  M300pakeHHEe  OOBEKTOB, s OCBELICHHS  KOTOPBIX
UCTIONB3YIOTCSL  3JEeKTPOHBL.  HekoToprle  3JEKTPOHHBIE  MHKPOCKOIIBI
MO3BOJISIIOT yBEJIMYMBaTh M300pakeHHs J0 2 MiH. pa3. B oOmewm ciyuae
3IIEKTPOHHbBIE MUKPOCKOIIBI pa3/ie/I0TCS Ha ABa OOJBIIMX KJIacca 0 METOLY
IIPUMEHEHHUSA: MPOCBEUMBAIOIIME AJIEKTPOHHbIE MHuKpockonsl (IIOM) u
CKaHMPYIOIIME 3JIEKTPOHHbIE MHKpockorbsl (COM), Takke OTIAEIbHBIM
KJIaCCOM TIPEZCTaBJICHbl CKaHUPYIOUINE 30HAOBBIE MHUKpockombl (C3M) wu

JpyTHe.
Tema 8.2. OcHOBHbBIE IPEUMYIIECTBA HIEKTPOHHBIX MUKPOCKOIIOB.

K OCHOBHBIM CBOMCTBaM MHKPOCKOIIOB, TPEXJe BCEro OTHOCATCS:
YBenuueHue MHUKPOCKOIIa — 3TO BEJIMYMHA, KOTOPas YKa3bIBa€T, BO CKOJIBKO
pa3 OoJbIe BHIMIIIUT W300paKeHHE M3Y4aeMoro 00beKTa M0 CPaBHEHMIO C
€ro pealbHBIM pa3MepoM. Paspemenne — criocoOHOCTh ONTHYECKOro mpubopa
M3MEpSTh PACCTOSIHUE WM Yrojl Mexay Onu3kumu oobexTamu. dororpaduro
MOXKHO YBEIIMYUTh C IIOMOIIBI YPE3BBIYAilHO MOIIHBIX JIMH3, HO HOBBIX
Jerajell Ha Hell OOHApYXXUTh He ynacTcs. Jeno B TOM, 4TO YBEIHYCHHE YKe
HOJIy4EHHOT'0 H300payKEHUS HE IPUBOAMT K YBEITMYCHHIO pa3perieHHs.

Tema 8.3 Cucrema knaccudukarmn M

OCHOBBI KJTaCCU(HUKAIMK 3ITEKTPOHHBIX MHKpPOCKONOB - [l m3ydeHus
CBOMCTB HAaHOOOBEKTOB YUYEHBIC HCHOJIB3YIOT HIICKTPOHHBIE MHKPOCKOIIBI
Pa3HBIX THIIOB: - B 00IIEM ciTydae, 3JEKTPOHHBIE MUKPOCKOIIBI Pa3IesiOTCs
Ha JABa OOJBIIMX KJacca 10 METOAY TNPHUMEHEHHS: IPOCBEYHBAIOIINE
JNeKTpOHHbIE  MHUKpockombl ([IDM) wm  ckaHHpYIOIIME  BJICKTPOHHBIC
MuKpockorel  (COM), Takke  OTHENbHBIM  KJIACCOM  IIPEACTABIICHBI
CKaHMpyromue 30HAOBble Mukpockonbl (C3M) u napyrue. OCHOBHBIE
pasnuuMs MeXIy 3TUMM TUIAMH MHKPOCKOIOB 3aKIII0YaeTcsl B TOM, YTO B
I[IODM »neKTpOHHBIM My4OK MPOMYCKAeTCsd Yepe3 OYeHb TOHKHE CIIOH
uccuegyeMoro obpasma, ¢ TONMHUHOW MeHee | MKM (kKak ObI mpocBedHBas
CIIOM HACKBO3b). B CKaHHMpYIONMX MHKPOCKONAX 3JEKTPOHHBIH Iy4YOK
MOCJIEIOBATENILHO  OTPAKAETCSI OT MAICHBKUX YYacTKOB IOBEPXHOCTH.




CTpyKTypa MOBEPXHOCTH U €€ XapaKTepHbIE O0COOEHHOCTH MOTYT OBITH TIPH
3TOM OTNpPENEICHBl PETHCTPAlNell OTPAKCHHBIX WIN BTOPUYHBIX JIEKTPOHOB,
BO3HMKAIOIIUX TP B3aUMO/AEHCTBUH IIy4Ka C TOBEPXHOCTBIO.

Tema 8.4. XapakTepuUCTHKa CKaHUPYIOIIETO JIEKTPOHHBIN MuKpockor (COM)
B ckaHmpyromeM 3JIEKTpOHHOM MHKPOCKONE (HOKYCHpPOBaHHBIH ITydOK
AJIEKTPOHOB HCIOJB3YEeTCsl Ul CKAHUPOBAaHHMS IIOBEPXHOCTH TOHKHX H
TOJICTHIX 00pasioB. [lomydeHHbIe CHUMKH JAI0T BU3yaJbHOE IPEJICTABICHHE O
TPEXMEpHOH CTPYKType H3ydaeMoro oObekTa. MroroBoe wu3zobpaxeHue
CKJIaJbIBaCTCd M3 TOYEK, IOJYYEHHBIX OJylaromapsi IocjeJoBaTeIbHOMY
CKaHMPOBAHUIO MHOTHX MECT IOBEPXHOCTH H3ydaemoro ooObekta. COM
obecieumBaer yBenmmyenne oT 10 mo 100 OOO, d9ro mo3BONSAET
paccMaTtpuBaTh JAeTanm oOBekTa BemmumHOW 10 5-10 HM. M300paxeHue
HCCIIeIyeMoTo o0BeKTa Ha 3KpaHax MoHHTOpoB COM mpexacraBisercs B
yepHo-OenoM 1BeTe. [Ipm 3TOoM, OoJee cBeTible MecTa HaOIIOIaeMOTO
00BEKTa COOTBETCTBYIOT OOJBIIEMY KOJMYECTBY OTPAKECHHBIX HJICKTPOHOB, a
MeHee CBeTJIble — MeHblIeMy. OObIYHO 00pa3ubl ¢ moMouipio COM n3yyaror
B yCJIOBHAX BakyyMma. OmHako, 4ToObl OHM HE CKMMAJIUCh M HE HM3MEHSIIH
¢dopmy mnox jeiicTBMEM BakKyyMa, HMX HYKXHO TIIAQT€JIbHO HOATOTOBUTH
CHenHanbHBIM 00pa3oM.

Tema 8.5. IIpocBeunBaromuil 3I€KTPOHHBINH MUKPOCKOI

B omimane or COM, KOTOpHIN CIOCOOSH aHAIM3UPOBATH TONBKO IOBEPXHOCTh
o0pekTa, [IOM MokeT 3arisiHyTh BHYTpPh oOpasma. llupokwmii mydok
3JIEKTPOHOB TPOXOAWT CKBO3b TOHKHMH oOpaszer; m oOpasyeT KapTHHKY €ro
BHYTpeHHETO cTpoeHus. Ilydok osmektpoHoB B I[IDOM dokycupyercs c
MOMOIIBI0 MAarHUTHBIX JIMH3, Kak CBET B ONTHYECKOM MHKPOCKOIE
(hoKycupyeTCs ¢ MOMOIIBIO CTCKISHHBIX JHH3. [IOM moxox Ha OOBIYHBIN
ONTHYECKUH MHKPOCKOII, TIOCKOJIBKY OH MOXET IIPOCBEUMBATH TOJIBKO OYCHb
TOHKHE 00pasubl. [IpHueM Ha MOJYYCHHOM H300pakeHHH Oo0Jiee TEMHBIC
MECTa COOTBETCTBYIOT OOJIbIIEMY MOTJIOIIEHHUIO AJICKTPOHOB, 8 MEHEE TEMHBIE
— MeHbIIeMy. MHorue 61uoorndeckue 00BbEKThI COCTOST U3 YIIIepoa, a30Ta,
KHCIIOPOAa W BOJOpoja. IIIOTHOCTP WX KOMIIOHEHTOB HE HAaCTOJBKO
OTIIMYACTCs, YTOOBI UX MOXHO OBUIO pa3nu4uth ¢ momormpio [IOM. B takux
cily4asx OHOJIOTH € TIOMONIbIO CHEHUAJIbHBIX XHMHYECKHX IPOLEAYD
J00aBISIIOT B 00paser; KpacKy C aToOMaMH TSDKENBIX METaJUIOB, KOTOpBIE
CBSI3BIBAIOTCS C ONPEJICICHHBIMU aTOMaMH 1 MOJICKYJIaMH B 00pa3yroT 4eTKoe
n300pa’keHue.

IIpu stoM, ¢ momomeio [I9M MoxHO paccMmaTpuBaTh 00bekThl, B 1000 pa3
MEHbBIIIE, YeM OOBEKTHI, J[JOCTYNHBIE U1 MPOCMOTpa C IOMOIIBIO
onTu4eckoro Mukpockomna, u B 500 000 pa3 mMeHblINe, 4eM HEBOOPYKEHHBIM
rna3zoM. Paspemenne I11OM paBro npumepHo 0,1—0,2 M. MIMeHHO Ha TakoM
PacCTOSHUU JPYT OT APYra HAXOAATCS aTOMBI B TBEP/BIX TeJax.

Pa3znen 9

TynuenbHbIN 3Q(EKT U CKaHUPYFOIIast TYHHEIbHAsS MUKPOCKOITUS
Tema 9.1. @u3nuecKkuil CMBICT TyHHENBHOTO 3¢ deKTa

@dusnyecknii CMBICT TYHHEIBHOTO 3((eKTa3akIroyaeTcsi B IPOXOXKICHUE
gepe3 NOTeHINANBHBIA Oaphep MeKTpoHa (MUKPOYACTHIIBI), SHEPTUS KOTOPO
MeHbIIle, 4eM BbicoTa Oapbepa. Ctporoe oObsicHeHHe 3Toro 3¢ dexra maer
KBaHTOBasg  MeXaHWKa (MCXONIS W3  HEONPENENeHHOCTH  HMMITyJbCca
MHKpodacTHIbI B obOmactu Oapwsepa). Eme B XVII B. W. Hsroton
chopMyIHpOBaT 3aKOHBI KJIACCHYECKOW MEXaHHKH, YTO CTajO BEJIHKHM
COOBITHEM B HCTOPHHM (HU3UKH. DTO OOBICHACTCS «BOJHOBOW TIPHPOION»
JJEKTPOHOB, & CaMO HAa3BaHUE BO3HUKIIO M3-32 TOTO, YTO, C TOYKH 3PEHUS
BHEIIHEro HabOmronaTenst Kiaccuueckoil ¢usnmku (M 3apaBoro cmbicnal),
3¢ eKT BBITTISANT COBEPLIEHHO HETOHSATHBIM M HAaIllOMHMHAET CHTYAIHIO, TIPH
KOTOPOH DJIEKTPOH Kak Obl HaxXOJUT B CTEHE KaKOW-TO «TYHHEJIb» W




MPOCKAKUBACT Yepe3 Hero (B KAYECTBE CTCHBI BBICTYIIACT IEKTPOCTATUICCKUI
MTOTEHIIHAM SIpa).

Tema 9.2. [IpakTHyeckoe NpUMeHEHNE TyHHEIbHOTO 3ddexta

TynuenbHbId 3 dekT yke 1aBHO BecbMa d3(PEKTUBHO HCIOIb3YETCS B HAyKe
U TeXHHUKe. B yacTHOCTH, Ha HEM OCHOBaH MNPUHIUI JEHCTBHUSA HM3BECTHBIX
TYHHEJIbHBIX JTUOJI0B MU MHOTHX JIPYTMX IOJIYIPOBOIHUKOBBIX NpHOOpoB. B
Hacrosiiiee BpeMsi 3(PQEKT IIHMPOKO NMPUMEHSETCS B CBEPXUYBCTBUTEIBHBIX
3aMKCBHIBAIOIIMX T'OJIOBKAX MAarHUTHBIX JHCKOB, CKaHMPYIOIIUX TYHHEJIBHBIX
MHKpOCKOIax, npubdopax sipepHoi ¢pusuku u T.1. [Ipouiecc HOCUT cydaiiHbIH
XapakTep, HO €ro BEPOSTHOCTh MOXKET OBITh BBIYHCICHA II0 3aKOHAM
KBaHTOBOH MEXaHWKH COBEpPIIEHHO TOYHO (IPH 3TOM  3JEKTPOH
paccMaTpuBaeTCsl OZHOBPEMEHHO M B KauecTBE BOJHBI, M B KadeCTBE
yacTHnbl). VIMEHHO BOJIHOBBIE XapaKTEPHCTHKH IOBEACHHS 3JICKTPOHA
MO3BOJIIIOT €My TPEOoJ0eBaTh JHEpreTudeckuii Oapbep. Ilpm OGosbimom
KOJIMYECTBE TAKUX 3JIEKTPOHOB MOKHO, ECTECTBEHHO, TOBOPHUTH O TYHHETBHOM
TOKE.

Tema 9.3. B TyHHENbHOM MHKPOCKONE H3MEPSAETCS BEIUYMHA
3JIEKTPUYECKOTO TOKA, IPOXOAAIIEIO MEXKAY CKAaHHPYIOUIMM 30HIOM H
MOBEPXHOCThIO. B 3aBHCHMMOCTH OT TOrOo, Kak IIPOBOJSTCS HM3MEPEHUs,
MHUKPOCKOII MO>KHO HCIIOJIB30BaTh JINOO I MIPOBEPKH JIOKAIBHON FreOMETpHH
(HacKOJIBKO MIOBEPXHOCTD JIOKAJILHO BBICTYIAET BIEPEN), JIMOO0 Ui H3MEPEHHS
JIOKAJbHBIX XapaKTEePUCTHK JIEKTPONPOBOAHOCTU. TyHHEIbHAsE MUKPOCKOIIHS
— 3TO0. TI0 CYTH, IIEPBbIil pa3paObOTaHHBIH METO/ 30HI0BOTO CKAHHUPOBAHMUS, U
3a ero oTtkpeite I. Bunnur (G. Binnig) u I. Popep (H. Rohrer) 8 1986 t.
noxydmn HoGeneBekyto mpeMuro.

Paznen 10

OCHOBBI ~ MEXaHMKM W  KOHCTPYKIHUH  CpEeICTB  H3MEpeHHi
HAaHOCTPYKTYPHUPOBAaHHBIX OOHEKTOB

Tema 10.1. O6nacTh NprUMeHEHHSI HAHOCTPYKTYPHPOBAaHHBIX 00BEKTOB
Pa3zmepsr HaHOOOBEKTOB HaxomsTcs B quamnazone oT 0,1 mo 100 HM. DtoT
JMana3oH MNPUHATO Ha3bIBaTh Hanomacuimabom. COTIIACHO TPOEKTY
Texunueckor  cneumduxanuu ISO/DTS 12805 mnpowusBeneHHbIe
HAHOOOBEKTHI Pa3JICISIIOT 110 MPU3HAKY T€OMETPUYECKOH (OPMBI Ha TPH
KaTeropuy: 4acTHUIIBI - 00BEKTHI, NMEIOIINE TPU pa3Mepa B HaHOMacIITabe;
BOJIOKHA - 00BEKTHI, HMEIOIIME /IBAa pa3Mepa B HaHOMAcIITabe; IIaCTHHEI
- 00BEKTHI, IMEIOIINE OJIUH pa3Mep B HaHOMacITabe.

BosibMHCTBO HAHOOOBEKTOB HMEET YIJIEpOAHYIO OCHOBY. J[loirue
roJpl CUNUTAIOCh, YTO YIJIEPOA MOKET 00pa3oBHIBAaTH TOJBKO JIBE
QUIOTPOIHbIE KPUCTAJUIMYECKHE CTPYKTYpHl - aiMa3 M rpadur.
AnnoTponus - CyIIECTBOBaHME OJHOTO W TOTO JK€ XHMHUYECKOTO
JJIEMEHTa B HECXOXHX (opmax. OnHaKo B MOCIEAHUE TOAbI OBUIH
oOHapyXeHBI eIe IBe a/UIOTPONHBIE (OPMBI YTiepoja, HMEIOIIHe

OOJBIIYIO TIEPCTIEKTUBY UCIIOJIL30BaHUS B HAHOTEXHOJIOTHSX .

Tema 10.2. CBoiicTBa OCTPUIHOTO 30HI0BOTO JIaTYMKA.

OnHUM M3 0OBEKTOB HAHOMETPOJIOTHH SBISIETCS OCTPUHHBIN 30H/I0BBIH
JIaTYUK, MCIOJB3YyEMBIM B CKaHUPYIOIIEH 30HI0BOM MHUKPOCKONUU AJIS
WCCJIEJIOBAaHMSI pasMEpPOB M CBOMCTB ITOBEPXHOCTH HAaHOOOBEKTOB.
JlaTunK COCTOWT M3 TOJYNPOBOJHHUKOBOTO KpHCTayIa (YWIa), THOKOH
KOHCONX (COOCTBEHHO KaHTHIIEBEpa) M TBEPIOTEIHHOTO 30HIA (WIJIBI).
OOBIYHO ATOT TaTYMK HA3BIBAIOT KAHTHIICBEPOM.

l'eoMeTpuueckn 30HI MPEACTABISET COOOW WIITy KOHMYECKOW WIH
npu3MaTudeckoi Gopmsl ¢ yriaom npu BeprmHe 20 - 25° u BBICOTOH
okono 10 mxm. Hambornee BakHast XapaKTepPHCTHKA 30HAA - PaIHyC
3aKPYIJICHHUsT OCTPHS I, 3HAYCHHE KOTOPOTro 00bIyHO He Oosiee 1 - 25
HM. Benmmuuna pammyca ¢ BiamMseT Ha pa3Mepbl 00JacTH IPEAeTbHO
JocTikuMoro  paspemeHus.  CIO0XKHOCTb — M3TOTOBIEHUS  30HJA




CYLIECTBEHHO YBEIWYMBAETCS C YMEHBIIEHUEM PaJnyca OCTpUsl.
Tema 10.3. Texaudeckue XapaKTHPUCTUKH JaTINKA HAHOTIEPEMEICHII
B kadecTBe W3MEpHTENBHBIX NpeoOpa3oBaTesneil B HAHOTEXHOJIOTUH
WCTIONB3YyeTCsT NaTYMK HAHOIIEPEMEUICHWH, MpPEeICTaBIAIOMUN coOoit
COBOKYITHOCTb MEXaHUIECKOTO 3JIEMEHTa u TpaH3HCTOPA.
MexaHn4ecKIM 3JIEMEHTOM SIBIISIETCSI Opycoxk
(HaHORPNMEKTPOMEXAaHNYECKast ~ MEpeMbIUKa) W3  apCeHuAa  TaJuind,
3aKpeIlUIeHHBIH ¢ 00oMX KOHIOB. Pa3mepsl Opycka: miMHa 3 MKM,
mmpuHa 250 HM, TommuHa 200 HM. JleTekTop mepeMelleHus -
OJTHOZJIEKTPOHHBIN TPAaH3UCTOP - PACIHOI0KEH Ha paccTosHuH 250 HM OT
Opycka. TpaH3HCTOp NMEKTPUUECKH COEANHEH C OPYCKOM Yepe3 eMKOCTb.
BHemHee HampsokeHHe, TPWIOKEHHOE K OpYyCKy, 3acTaBisieT €ro
BuOpupoBars. Ilpum mnepemerneHnn Opycka OTHOCHTEIBHO JETEKTOpa
M3MEHSETCS TOK, MPOTEKAIONINH Yepe3 TPAH3NUCTOpP.

Tema 10.4. Ha3zHauenne maTynKa CHIIBI 1 MacChl

B narumke cmibl M Macchl B KadeCTBE IMEPBHYHOTO H3MEPUTEIHHOTO
npeoOpa3oBaTeNs MCHONb30BaHA OJHOCIONHAS yIJIepoaHas HAaHOTPyOKa
guamerpoM 1 - 4 HM, pacmoiioXeHHas MEXIy IBYMS 30J0TBHIMH
anekTpogaMu. Pa3smepsl KaHaBKHM, depe3 KOTOPYIO  MPOTSIHYyTa
HaHOTpyOKa: mupuna 500 HM, mimHa 1,5 MxM. Bonbluas ynpyrocts
YIJIEPONHONH HAHOTPYOKHM TI03BOJSIET i  KoyebaThess B HIMPOKOM
nmuanazoHe 4actoT (ot 3 mo 200 MI'm). OHa MOXeT Takke paboTath B
KagecTBE TPaH3UCTOpa, UTO IIO3BOJSET OIpEAEsATh YacTOTy ee
KoJe0aHUN U CMEIllEeHUE OTHOCUTEIHHO TMOJIOKEHUS MOKOsI. Y CTPOHCTBO
paboTaeT B BakyyMe, ITOCKOJIBKY Ha BO3IyXe OOJBIIOE YHCIO MOJEKYI
OyZzeT CTamKUBaThCs ¢ HAHOTPYOKOI HiTH axke abcopOMpoBaThCS Ha HEll.
B 3aBucumocTtd OT BO3AEHCTBHS BHEIIHEH CUJIBI Ha HW3MEPUTENBHBIN
npeoOpazoBaTtelb OH  HM3MEHSeT cBoe IosokeHue. JlocTurHyras
YyBCTBUTEJIBHOCTh YCTPONCTBA MO3BOISIET N3MEPSITh cMetieHne B 0,5HM.
Tema 10.5. Haznauenue u cepa mpUMEHEHHUS 30HIOBOTO JTaTIHKa
30HJOBBIA  JAaTUYMK  YCTPOHCTBO,  BKJIIOYAIOIIEEe  TBEPAOTENbHBII
OCTPUIHBIA 30HJ, TMOKYIO NPYXUHHYIO KOHCOJIb - KaHTHJIEBEp (aHIJI.
cantilever - KOHCONb) W KpHcTaul (AepkaTens). B mmreparype 3T0
YCTPOHCTBO HEPEAKO HAa3bIBAIOT MPOCTO «KaHTHIEBepom». M3rubd
KaHTWJIEBEpa C 30HJIOM pPETHCTPUPYETCS OOBIYHO C  [OMOIIBIO
OTP@OKEHHOTO  JIA3epHOTO0  Iy4ka CcBeTa W (POTOIpHEMHHKA.
Pazpematomast criocoOHOCTh CKaHMPYIONIIMX 30HAOBBIX MHKPOCKOIIOB
ompezienseTcss CIEIYIOIIMMH  IIapaMeTpaMd  KaHTWJIEBEpa:  pajuyc
3aKpYTJIIEHUs. OCTPHUSl WIJIBI; BBICOTA WIJBI, ACIEKTHOE COOTHOIIECHHUE
Wb, XapaKTepHU3yeMoe YIJIOM KOHyca; y HamOoiee COBEPIICHHBIX
KaHTHJIEBEPOB aCIEKTHOE COOTHOLIEHHUE JocThraeT BenuanHbl 15:1. s
W3TOTOBJICHUS KAHTWUJIEBEPOB  HCIIONB3YIOTCS  IOIYHPOBOJHHUKOBBIE
rwiactubl (Hanpumep, KJIB-12: kpemuuii p-tuna opuentauuu {100}).
Ponb n3onmupytoriero cios BeIonHseT Anokeua kpemuus SiOz. Koncorb
KaHTWiIeBepa (QopMmHupyeTcs 3JEKTPOXMMHYECKUM  TpaBICHHEM B
nojorperoM pactBope menoun KOH. B npomnecce TpaBieHus 3aroToBKa
MEIJICHHO TIOJAHMMAeTCs U3 pacTBopa IIEJIOYM [UId IONydeHHUS
KOHMYECKOHN (MJIIM MIPU3MATHIECKO) ()OPMBI UIIIBI C OCTPHIM KOHIIOM.

IIpOMBIIIIEHHOCTBIO OCBOEHBI B CEPUIHOM IPOU3BOJACTBE JECITKH
BHJOB KOHCTPYKINHU KaHTHIEeBEpOB. OHM BBITYCKAIOTCS C OJHOM, IBYMS,
TpeMs WM YeTBIPbMs KOHCOISIMH. KOHCONMb MOXXeT OBITh B IUIaHE
OpSMOYTONBHOM WM TPEYroJbHOM, IIMHHOM WM KOPOTKOH, C
MOKPBITHEM WJIH 0€3 MOKPBITHA. Pajnyc 3akpyrieHus Uil 30H1a - OoT 1
70 25 HM..

Pasnen 11x

OcobeHHOoCTH pabOTHI C 3JIEKTPOHHBIM MUKPOCKOIIOM

Tema 11.1. Ilpumenenne [1OM

Hammane nake caMbIX HE3HAUWTENBHBIX 3arps3HEHHH MOTYT CYIIECTBEHHO
UCKa3UTh Pe3ynbTaThl. (1 NMPOCBEYMBAIOLIETO AJIEKTPOHHOIO MHKPOCKOIA
00BEKT NMPHUTOTOBIISETCS B BUJE TOHKMX IUICHOK, B KQUECTBE KOTOPHIX MOTYT
CIIy>)KUTh Pa3AMYHOIO POJAA JIAKU, IJICHKH METAJUIOB U IOJYNPOBOJHUKOB,
YIBTPATOHKNE CPEe3bl OMOJOTMYecKUX mnpemnaparoB. Kpome toro, oobexramu




WCCIIEIOBAaHMST MOTYT OBITh TOHKO W3MeENbUeHHBIE (IMCIIEPTHPOBAHHBIC)
COBOKYMHOCTH dacTum. OOBYHO B MPOCBEYMBAIOIINX MHKPOCKOIIAX,
paboratommx npu HampspkeHusX 50-100 kB, TommuHA OOBEKTOB HE MOXKET
npeBbimate 200 A°(manms HeopraHmdeckmx BemectB) w1000 A°  (mms
OpPTaHUYECKHX).

Tema 11.2. Pabora ¢ 6momornaeckuMiu 00beKTaMH

Bruomornmueckne  OOBEKTHI B OOJBIIMHCTBE  CIIyYaeB  IPUXOTUTCS
KOHTPAacTUPOBATh, T.€. “‘OKpAIINBATh (COJSIMH TSKEJBIX METAIIIOB), OTTEHATh
HaIBUICHUEM METaJUIOB (TUTATHHOM, MaJUIagdeM W Jp.) W WCIONB30BaTh P
JIpyrux mpuemMoB. HeoOXoAMMOCTh KOHTpacTUPOBaHHS BBI3BaHA TEM, 4YTO
OOJIBIIMHCTBO OMOJIOTMYECKNX 00BEKTOB COJEPIKUT aTOMBI JIETKUX JIEMEHTOB
(c MaJyBIM aTOMHBIM HOMEPOM) - BOJOPO/I, YIIIEpO, a30T, KHUCIOpo, Ghocdop
U T.J. B TO )K€ BpeMs TOJIIMHA OOBEKTOB, MHTEPECHBIX IJISI OMOJIOTMU U
MEUIUHEI, COCTaBIsSIeT BeIMUUHY nopsiaka 50 A°.

Tema 11.3. MeTo/p!I HiCCIEIOBAHUS BIAXKHBIX 00BEKTOB

[Tpn HaOMOAEHUH BIIEKTPOHHO-MUKPOCKOIMMYECKUMH METOAaMH BIIQYKHBIX
00BEKTOB (B TOM 4YHCIE JKHMBBIX KIIETOK) HCIIOJIB3YIOTCS BaKyyMHO-
N30JIUPOBAaHHBIC Tra30BbIC MUKPOKaMCPhbI. O6T)GKTI)I HucciaeaoBaHuA
MOMEIIAIOTCS B AJEKTPOHHBIX MHKPOCKONAaX Ha TOHYAMIINE IUICHKH -
TIOJUTOKKH, KOTOpPBIE KPEmsaTcs Ha CIHEeNHaIbHBIX CETKAaX, HM3TOTOBIIEMBIX
OOBIYHO W3 MEIH SJCKTPOIUTHUCCKUM CIIOCOOOM. OTH IUICHKH JTOJDKHBI
VIOBIETBOPATh LEIOMY POy TpeOOBaHWIA, TOCKOJIBKY OTHOCHTEIBHO
OoxpmIas TONMIMHA WX, a TaKKE CHIHHOE PACCESTHHE MMH DIICKTPOHOB TIPH-
BOJAIT K PE3KOMY YXyIIICHHIO KayecTBa n3o0paxxeHus oowvekra. Kpome Toro,
Marepual TakuX IUICHOK JIOJDKeH 00J1alaTh XOpOoLIel TEIUIONPOBOAHOCTHIO U
BBICOKOM CTOHKOCTBIO K 3JIEKTPOHHOH O0MOapIHpOBKeE.

Tema 11.4. O6nacts npumenenus C3M u [IOM

B obmem cinyuyae, METOABI CKaHUPYIOMIEH 30HIOBOM M  MPOCBEUYHBAIOIICH
3JEKTPOHHONH MUKPOCKOITUH TI03BOJISIET U3yJaTh IIOBEPXHOCTh M BHYTPEHHIOIO
CTPYKTYpY HCCIeQyeMbIX o00BekToB. K mpmmMepy, ompemensats THI U
mapaMeTpsl KPHUCTAIUIMYECKOH pEIIeTKH MaTpuisl U (a3, ompenensith
OpUCHTAIIMOHHBIC COOTHOIICHUS MEXKAy (a3od W MaTpulei, H3ydaTh
CTPOCHHE TpaHWII M ONPEIENATh KPHUCTALIOrPApUUSCKYI0 OPHCHTAIIHIO
OTACJIbHBIX YaCTHI]

Paznen 12

bezonacHOCT, HAHOTEXHOJOTMH W HPOOIEMBI OXpaHBl OKPYKaIOIIECH
cpeabl

Tema 12.1. YcnoBus mpuMeHeHHsT 00BEKTOB HAHOTEXHOJIOT U

Bomnpocs! 6e30macHOCTH IPUMEHEHHUsT HAHOTEXHOJIOTHH M BO3JEHCTBHE HX Ha
COCTOSHAE  OKpY’Kafolled cpelbl  €CTECTBEHHO BechbMa  aKTyallbHBI,
MPE/ICTABISIIOT MHTEPEC Ul YUYEHBIX W CIICIMAINCTOB, B HACTOSAIIEE BPEMs
cnabo wu3ydeHbl. VMeromuiics B HacTosiee BpeMs OIBIT Pa3BHTHSA
HAaHOTEXHOJIOTMHA TIOKa3aj, YTO OHM MOTYT MPEICTABIIATH OMACHOCTH IS
94elloBeKa W OKPYXKAaIoImleW cpelnsl, MpHYeM OIAaCHOCTh 3Ta  9acTo
CBOEBPEMEHHO HE BBIABIECTCA. [IprMepoM TOMy MOTYT OBITH H3MEHEHHE
YPOBHS paJualiyd 10 CPAaBHEHHWIO C TPHUPOIHBIM YPOBHEM, ITOBBIIICHHAs
TOKCUYHOCTh TMOAO0OHasi MpuMeHeHHto acbecta wmnu cpeactBa JJAT, wmm
KOHILIEHTpalysl HAHOYaCTHYl] B BO3JyXe, KOIJa HOPMHUpYETCS BecoBas
KOHLIEHTPAIHS IIPH OTIpezieJIeHHOM (oHe.

Tema 12.2. XapakTepucTUKa HAHOYACTHUI]

Hanomatepuansl B OKpyXarolled cpele, CBOAKA AKTYAIbHBIX IPOOJeM:
WUCTOYHMKM M CTOKM HAHOYACTHUI], CBOOOIHBIC M CBSI3aHHBIC MCKYCCTBEHHBIC
HaHOYACTHUIIbI, B3aUMOAECUCTBUE HAHOUYACTHI[ C HMPUPOIHBIMHM MaTepUalaMH,
HaHOYACTHIIBI KaK 3aTPs3HUTEIHN OKPY)KAIOIIeH Cpebl, HIEpeHOC HAaHOYACTHI B
MPUPOAHBIX YCIOBUAX, HAHOYACTHIIBI KaK IEPEHOCYHKH 3arPSI3HATEIICH.

Tema 12.3. Pe3ynpTaThl MPEBBIIICHHUS KOHIICHTPAIINH

ITpu 3HAUNTETFHOM HOBBIIICHAH KOHIIEHTPAIIMA MUKPOYACTHI] B BO3JyX€




HaOJFOIaeTCs YBEIUUCHHE:

- CMEPTHOCTH OT HECHELU(PUIECCKUX TIPHIHH;

- IPUCTYTIOB aCTMBI U UCTIOJIb30BAHMS IPOTHBOACTMATHUECKHUX JICKAPCTB,

- CMEPTHOCTH NAIMEHTOB, CTPAAAIOIINX XPOHUIECKUMH 3a00JICBAHUSIMU
JIETKHX;

- OCJIO)KHEHHH B TEUCHNE XPOHUUECKHUX 3a00JICBaHMI JICTKHX,

- CMEPTHOCTH OT CEPJICYHO - COCYAUCTHIX 3a007€BaHUH 1 TOCTIMTAIH3AINHN TI0
MOBOAY MOCIEAHUX.

Tema 12.4. Metonbl cHkeHne 3(PQEKTUBHOCTH BO3AEHCTBHSA NMPUMEHEHHS
HaHOYAaCTHIL

OCHOBHBIE METO/IbI, HEOOXOAMMBIE JUIsl CHHIKEHHSI BO3JICHCTBUS HA 9KOJIOTHIO
TIPUHITUIIB MPeOCTOPOKHOCTH, o0s3aTenbHOe CreLualIbHOe
periiaMeHTHpOBaHNE HAHOTEXHOJIOTMH, OXpaHa 3[0pOBbsi U 0OE€3011aCHOCTH
HacelleHWs W pabdouMX, MPOW3BONINX HaHOMarepuanbl 11 pa3paboTku
pETJIaMEHTHPYIOIINX ~ JAOKYMEHTOB 110  3KOJOTMYECKHM  Ipobiemam
WCTIONIb30BAHMUSA ~ HAHOTEXHOJOTMH M HAHOMATEPHAIOB  HEOOXOIMMBI
CHCTEMaTHYECKHE  HCCIIEJOBAHUS IO  OIEHKE  JKU3HEHHOTO  IHKJA
HaHOMATEPHAJIOB, BKJTIOYAs nx pa3paboTKy, TIPOM3BOACTBO,
TPAaHCIIOPTUPOBKY, NPUMEHEHHE W3ACIHMH, NepepadOTKy W YTHIH3AIHIO:
nepeA  NPOJBIKEHHEM TMPOAYKTAa Ha PBIHOK HEOOXOJUMO  OLICHUTH
BO3CHCTBHE MMOJHOTO KU3HEHHOTO IIUKJIa HAHOMATEePHAaJIOB Ha OKPYXKAIOIIYIO
cpeny, 310pOBbe U 6€30IaCHOCTB JIFOICH.

Tema 12.5. Bo3zaeiicTBre HAHOUACTHI] HA OKPYKAIOIIYIO CPEeay
HanoTexHONMOrMM MOTYT OKa3bIBaThb Kak [MOJOXKHUTEIbHOE, TaK W
OTPHIATEIFHOE BO3JCHCTBHE HAa OKPYKAIOILIYIO CPELy U 37J0POBHE HACEICHHS,
MOATOMY MApPAUIETBHO C CO3/aHMEM HOBBIX KJIACCOB HAHOMATEPHAIOB H
M3y4EHHEM HX CBOWCTBA TPOUCXOANUT (OPMUPOBAHUE TOCYIapCTBEHHOM
MOJIMTHKH B chepe HAHOTEXHOJIOTUH M CTPaTeTHH MX NaJbHEHIIETO Pa3BUTHS
B MHUpE B LIEJIOM M B KaKAOW OTIENBHOM cTpaHe B OTAeIbHOCTH. OnaceHus
OTHOCHTEJIbHO TOKCHYHOCTH HAHOMATEPHAIOB HANpsIMyIO CBSI3aHBI C HX
pa3mepamy, OOYCIIOBIMBAIOIIMMHU BBICOKYI0 XMMHYECKYI0 AKTUBHOCTb U
BBICOKYIO ~CHOCOOHOCTh IPOHMKHOBEHHMsI B OpraHusMm. HaHowacTHIbl
HACTOJIBKO MaJbl, YTO JIETKO TPAHCHOPTHUPYIOTCS KaK B YEJIOBEUYECKOE TEIo,
Tak U B OKpYy)Karollylo cpexy. Hampumep, HEKOTOpBIE HAHOYACTHIBI (THIA
Menu unM  cepebpa) MOryT OBITh BPEIHBIMH 7SI BOJHOW  CPEIBI.
WccnenoBatenyu npoaHaTu3upoOBaU MPOOBI, B3SAThIE M3 MOYB U BOJOEMOB
I'epmannu n [lBenun, oOpatnB ocoboe BHUMaHHME B IEPBYIO OYepenb Ha
TYMHHOBBIE BEIIECTBA, COCTOSIIME M3 HAHOMETPOBBIX YAaCTHIl, a TaKXKe
HAaHOYACTHUIIbl OKcuaa xkene3a pasMepoM oT 1 g0 40 HM. VYueHsle
OOHAPYXKWJIM, YTO 3TH JKEJIE3UCTBIC YACTUIBI WIPAIOT YISl CBHHIA POJIb
cBoeoOpasHoro «rakcm». [lo yTBepkaeHHio aBropureTHOro >xypHana The
Economist, kax/plii 4eqoBeKk BapixaeT 106 HaHOYACTHI] B MUHYTY.

Tema 12.6. Mepbl, TpUMEHsEMble B IIENAX CHUXEHHS HETaTHUBHOTO
BO3/ICMCTBUS HA Cpely

Pan wmccienoBaHmii TOKa3bIBaeT, YTO HAHOYACTHIIE, MOITYYAIOUIHECS IPH
cropanuu (combustion-derived nanoparticles, CDNP), umeror criocoOHOCTB
HAKaIUIMBaThCd B HOCOBBIX IyTSIX, YTO MOXKET BBl - 3BaTh pa3IHYHBIC
3abosieBaHns. HaHouacTHIbl NMPOHMKAIOT B OPraHU3M Yepe3 JbIXaTesIbHbIC
MYTH, JKETYyJOYHO-KHIIEYHbIH TpakT W KOXy. HamOousblnyio omacHOCTb
MPEJCTABISIIOT HAHOUYACTUIbI, MPOHMUKAIOIIUNE B OPraHU3M IPU BIbIXaHUH.
HecomHeHHO, ¢ HaHOYACTULAMM JIOJU CTAIKUBAJIUCH 33J0JT0 IO MOSBICHUS
HAHOTEXHOJOTUH: JIbIM, B TOM 4Hcie Taba4dHelid, cMor ¥ T.n. CHinKo3,
BO3HMKAIOIIMKA BCJICACTBUE BJBIXaHMS YTOJBHOW IBUIM, PaK JIETKUX IpH
KOHTaKTe ¢ acOecToOM - JaBHO OTKPBIThIE OOBEKTHI KJIETKH. OUeHb BasKHBIM
SBISIETCS JIO3MMETPHsI HAHOYACTHI[ B JKMBBIX OpraHM3Max, 4YTo Tpedyer
CHENMANbHBIX TPENW3UOHHBIX TPHOOPOB W CHEHHAIBHBIX  METOJHK.
[TockonbKy MposiBIEHHE CHENN(UIECKAX, B TOM YHCIE M TOKCHIOTHYECKHX,
CBOWMCTB HAHOYACTHIIAMH CBSI3aHO C WX XapaKTepPHbIM s HHUX OYCHb
BBICOKAM COOTHOIIEHHEM TIIOBEPXHOCTH K 0O0BeMy WIM Macce, TO JTa
BennunHA S/V 9acTo MPHUHUMAETCA 3a (PU3MUYECKYI0 Mepy MOTCHIHATHHOTO
BO3ZCUCTBUS HA JKHBYIO CHCTEMY, KOHEYHO, OYEHb BAKHO XHMHYECKOE
CTPOEHHE, TEOMETPHSI YACTHIL, paclpe/ieieHHe UX 110 pazMepam.




IIpumeuanue:

HpOBCﬂCHI/Ie BCCX JICKIIMOHHBIX 3aHATHH BO3MOJXKHO B I/IHTepaKTHBHOﬁ (bopMe

JIEMOHCTpPALMU CIaii10B KIOYEBBIX MOJOKEHUHN KaXK10M JIEKLUH

4.3. TlpakTtuueckue (CEMHUHAPCKHUE) 3aHATHS
Tembl IpakTHUECKUX 3aHATHH U UX TPYJOEMKOCTh IPUBEICHBI B TAOJIHIIC 5.

Ta6ymma 5 — [IpakTudeckue 3aHsITHSI U KX TPYJ0EMKOCTh

N3 aux Ne
Ne | Tewmsl npaktudeckux | @opmel IpakTU4EeCKUX | TpynoeMKOCTh, |IIPAKTHUYECKOM |pasnena
/1 3aHSTUN 3aHATUN (dac) MMOATOTOBKH, | JUCITHII
(gac) JIVHBI
Cewmectp 6
1 | [IpoBeneHue anaymza | V3ydeHue u aHamu3 2 1 1
HaHOOBEKTOB, BHEIIIHEH CTPYKTYPhI
MOJIYYE€HHBIX C HAHOOOBEKTOB U
MTOMOIIBIO noArotroska DM k
TEXHOJIOTHH «CBEpXy paboTe B pexume
BHU3» ONTUYECKOMN
perucrpamnuu
IIOCPEJCTBOM
CKaHHUPOBAHUS
2 | [IpoBenenue ananu3a | M3ydyeHue u aHaIU3 2 1 1
HaHOOBEKTOB, BHEIIHEH CTPYKTYpPbI
MIOJIYYE€HHBIX C HAaHOOOBEKTOB U
MOMOIIBIO MoAroToBKa DM Kk
TEXHOJIOTHI «CHU3Y paboTe B pexume
BBEPX» ONTHYECKOU
perucTpanuu
IIOCPEICTBOM
CKaHHPOBAHUSI
3 | UccnenoBanue [IpoBenenue 4 2 2
MMOBEPXHOCTHU BHEIIHETO OCMOTpa U
METOJIOM aToMHO- | moarotoka C3M  «
CHJIOBOM paboTte B  pexuMe
MHUKPOCKOIIHH aTOMHO-CHUJIOBOM
MHUKPOCKOITUH
4 | UccnenoBanue [IpoBenenue 4 2 4
MMOBEPXHOCTH BHEIIHETO OCMOTpa U
METOJIOM aToMHO- | moarotoeka ACM k
CHJIOBOM pabote B  pexuMe
MHUKPOCKOTIHH aTOMHO-CHUJIOBOM
MHUKPOCKOITUH
5 | UccnenoBanue [IpoBenenue 6 4 6
MMOBEPXHOCTH BHEIIHET0 OCMOTpa U
METOJIOM TYyHeNbHO- | moaroroBka TCM k
CHJIOBOM pabote B  pexuMe
MHUKPOCKOTIHH aTOMHO-CHUJIOBOM
MHUKPOCKOITUH
6 | Uccnenoanue ITpoBenenue 6 4 8
MMOBEPXHOCTH BHEIIHET0 OCMOTpa U
METOJIOM TyHeNbHO- | noaroroBka TCM k




CUJIOBOM pabore B  pexume
MUKPOCKOITHH MarHUTHO-CHJIOBOU
MUKPOCKOIIHHU
7 | UccnenoBanue O06paboTtka 3 2 4
MTOBEPXHOCTHU pe3yJbTaTOB
METOZOM  aTOMHO- | UCCIIeZIOBaHMs 00pasia
CHJIOBOM u U aHaium3
MUKPOCKOITHH pe3yiIbTaToB
WM3MEpPEHUI
Bcero 27 16
4.4, JlabopaTopHBbIEC 3aHATHS
Tembl 1a00paTOPHBIX 3aHATHIA U UX TPYJOEMKOCTb IPUBEICHBI B TaOIUIIE 6.
Ta6ymia 6 — JlabopaTopHbIe 3aHIATHS U MX TPYJOEMKOCTh
N3 Hux Ne
Ne HaumenoBanue nabopatopHbix padboT TpyaOEMKOCT®, | MPAKTHHIECKOH | pasaeiia
/11 (gac) MOJATOTOBKH, | JUCITHII
(dac) JINHBI

Y4eOHBIM MJIaHOM HE MPEAYyCMOTPEHO

Bcero

4.5. KypcoBoe npoeKkTHpoBaHHe/ BHIIOTHEHUE KypCOBOU PabOTHI
Y4eOHBIM MJIAHOM HE IPEIYyCMOTPEHO

4.6. CamocrosrenbHas padoTa 00yJaronxcs
Bunbl camocTosiTenbHON paboThI U €€ TPYJA0EMKOCTh ITPUBEICHBI B TabIHIe 7.

Tabnuna 7 — Bunbel camocTosTenbHON paboThI M €€ TPYAO0EMKOCTh

. Bceero, | Cemectp 6,
Bua camocrositensHOM paboThI
4ac 4ac
2 3
N3yueHune TeopeTnyeckoro Marepuania
10 10
nucturuHel (TO)
[ToaroToBKa K TEKyIIEMY KOHTPOJIIIO 4 4
ycneBaemoctu (TKVY)
Homamnraee 3aganue (/[3) 4 4
IToaroToBKa K MpOMEXyTOYHOU 3 3
arrectanuu (I1A)
Bcero: 21 21

5. IlepeueHb yueOHO-METOINYECKOTO OOECTICUeHUS

JUISL CAMOCTOSITETTEHOM PabOThI 00YUAIONIUXCS TTO TUCIUIUIUHE (MOJTYITIO)
Y4eOHO-METOAMUECKNE MaTepHalbl ISl CAaMOCTOSITENILHON pabOThl OOYYaroMIMXCS YKa3aHbI B
. 7-11.

6. IlepeueHb MEYATHBIX M ANEKTPOHHBIX YUCOHBIX U3TaHUN

HepequL NEYATHBIX U 3JICKTPOHHBIX y‘le6HBIX U3IaHui IMPUBCJICH B Ta6JII/II_[e 8.

Tabmuna 8— [lepedeHb NMEYaTHBIX U MJICKTPOHHBIX YUCOHBIX M3IaHHMA

Tudp/

| Bubnmorpaduueckas cchuika

| Komuectso




URL anpec AK3EMILISIPOB B
OnoIMoTEKE
(KpoMe AIIEKTPOHHBIX
AK3EMILISIPOB)
https://www.booktech.ru/books/nanotehnologii | dusuueckue 0cHOBEI MEKPO- 1
HaHOIEKTPOHUKH, [lypHakoB A.A.,
/yaebHoe mocobue/, Ypd@Y, 2020, -252
c.
https://obuchalka.org/knigi-po- ®dusnyeckrue OCHOBBI HAHOTEXHOJOTHI 1
nanotehnologiyam HaHoMatepuaisl, CMupHOB B.1.
lyaebHoe mocobue/, YiabsHoBck, Yl TV,
2017, 240 c.
https://obuchalka.org/knigi-po- ba3oBble TEXHOJIOTUH MUKPO- U
nanotehnologiyam HAHOD2JICKTpOHUKU: BopotsiHues B.M.,
Ckynos B. /1., -M, , IIpocnekr, 2017, -
519c.
https://obuchalka.org/knigi-po- Marepwuasbl ¥ METO bl HAHOTEXHOJIOTHH,
nanotehnologiyam CrapoctuH B.B. /yae6H0€ mocobue/, -M,
bunom, 2016, -431c.
https://obuchalka.org/knigi-po- Hanomarepuansl: yuebHoe ocobue/,
nanotehnologiyam J.W. Peoxonkos, B.B. JIésuna, 3.J1.
Hzumsurypu, -M, bunowm, 2017, -343 c.
https://obuchalka.org/knigi-po- BrluncnuTenbsHble HAHOTEXHOJIOTUY,
nanotehnologiyam IMomoe A.M., /yue6Hoe mocobue/, Kuo-
Pyc, 2017, -126 c.

7. IlepeyeHb IMEKTPOHHBIX 00pa30BaATEIBHBIX PECYPCOB
nH(OPMaLIMOHHO-TEIIEKOMMYHUKAITMOHHON ceTu « IHTepHeT»
[Tepeuenn AIIEKTPOHHBIX o0pa3oBaTenbHbIX pecypcoB nH(pOpPMaIUOHHO-
TEJIEeKOMMYHUKAaIIMOHHONW ceTn «HTepHeT», HEOOXOAMMBIX MJii OCBOCHHUS TUCIUILIAHBI
npuBeieH B Tabmuie 9.

Tabmuuna 9 — IlepeyeHb 3JIEKTPOHHBIX OOpa30BaTEIbHBIX PECYpPcOB HHGPOPMALMOHHO-
TEJIEKOMMYHUKAIIMOHHON ceTn «HTepHEeT»

URL anpec Haumenosanue
http://science.quap.ru HayuHast u nHHOBanMOHHas iesTenbHocTh ['Y ATl

http://www.consultant.ru | CrnpaBouno-nipaBoBas cucrema «Koncynprant [lnrocy

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

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

8. Ilepedens MHPOPMAITMOHHBIX TEXHOJIOTHUI
8.1. [lepeyeHp mpOrpaMMHOTO 0OECHEUEHUs, HCIOJIb3YEMOT0 TMpPH OCYIIECTBICHUU
00pa30BaTeNILHOTrO MpoIecca MO0 AUCLUIINHE.
[lepedyeHp UCONIB3yeMOro MPOrpaMMHOro odecrieueHus npejacranieH B Taduuie 10.

Tabmumna 10— [TepeueHs mporpaMMHOT0 00€CIICUCHIS

Ne /1t HaunmenoBanue

He npenycmorpeno

8.2. [lepeuenn HMH(}OPMALIOHHO-CIIPABOYHBIX CHCTEM,CITONIb3YEMBIX pu
OCYILECTBIIEHMH 00pa30BaTEIbHOTO MPOLEcca MO AUCHUIUINHE



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/

[lepeyenp HCMONB3yeMbIX HH(POPMALMOHHO-CIIPABOYHBIX CHCTEM IPEJCTAaBICH B
Tabymue 11.

Tabmuua 11— Ilepedyens HHPOPMALIMOHHO-CITPABOYHBIX CHCTEM

Ne i/t HaumenoBsanue

He npenycmorpeno

9. MarepuaiabHO-TeXHUYECKas Oa3a
CoctaB  MaTepUaIbHO-TEXHUYECKOH 0a3bl, HEOOXOIUMOW Ui  OCYIIECTBICHUS
00pa30BaTEeNBFHOTO MpoIiecca Mo AUCHUITIMHE, MTPEACTaBIIeH B Tabuuiel 2.

Tabmuna 12 — CoctaB MaTepralibHO-TEXHUYECKON 0a3bl

Ne HanmeHnoBaHue cocTaBHON 4acTH Homep aynuropun
/T MaTepUaIbHO-TEXHUYECKON Oa3bl (ipu HEOOXOTUMOCTH)

1 MynpTUMeaUHAS JICKUUOHHAS ayIUTOPHUS

CrneunanusupoBanHas abopatopus «Jlaboparopus Teppurtopuss PbY
HCCHC[{OBaHl/Iﬁ HaHOMAaTCpPHUaJIOB)) «TecT - C._HeTep6ypr»

10. OueHouHble cpeACTBa Uil IPOBEICHUS TPOMEKYTOUHOM aTTEeCTAIlH
10.1. CocTaB OIICHOYHBIX CPEICTB/IJIS TPOBEACHUS IPOMEKYTOUYHOW aTTECTAllUU
oOyJaromuxcs Mo AUCUUIUINHE MPUBEAeH B Tadbnuue 13.
Tabmuna 13 — CocTaB OIEHOYHBIX CPEJCTB JJIsl IPOBEACHUS MPOMEKYTOUHON aTTeCTAIluU

Buj npomMexxyTo4Hoil arTectalun IlepedyeHb OLIEHOUHBIX CPEJICTB
OK3aMeH Crrcok BONpPOCOB K 3K3aMEHY;
DK3aMeHalMOHHbIE OUJIETHI;
3amaun;
TecTsl.

10.2. B kayecTBe KpuUTEpUEB OIEHKH YpPOBHSA C(HOPMUPOBAHHOCTH (OCBOEHUS)
KOMIIETEHIII O00YJaloUIMMHCS TPUMEHSETCsl S-0ajulbHasi MIKajla OIEHKH C(HOPMUPOBAHHOCTH
KOMIIETEHIINH, KoTopas mpuBejeHa B Tabuune 14. B TeueHne cemecTpa MOXKET UCIOIb30BaThCS
100-6amnpHast ~ mKajma ~ MOXYJBHO-PEUTHHTOBOW  CHCTEMBl ~ YHUBEPCUTETa,  IpaBHIA
UCIIOJIb30BaHUSI KOTOPOW, YCTAHOBJIEHBl COOTBETCTBYIOIIUM JIOKAJbHBIM HOPMATHUBHBIM aKTOM
['YAIL

Tabnuna 14 —Kpurtepun onieHKH ypoBHS c()OPMHUPOBAHHOCTH KOMIIETEHIIUI

Or11eHKa KOMITETEHITUH

XapakTeprcThKa C(hOPMUPOBAHHBIX KOMIIETEHLUIA
5-0ayupHas mKana P P (bop

— oOyyaromuiicss TIyOOKO M BCECTOPOHHE YCBOWJI IPOTPAMMHBIN
MaTepHa;

— YBEpPEHHO, JIOTHYHO, MTOCIIE0BATEIHHO U TPAMOTHO €T0 M3JIaraer;

— ONMUpasiCh Ha 3HAHWS OCHOBHOW W JOMOJHUTEIHHOU IUTEPATYpPHI,
TECHO TPHBS3BIBACT YCBOCHHBIC HAYYHBIC ITOJIOKCHHSI C MPAKTHICCKON
JIESITEIIbHOCTHIO HAIPABJICHHS;

— yMeno 000CHOBBIBAET U apTYMEHTUPYET BBIIBUTAEMBIE UM UJIEH;

— JIeJIaeT BBIBOALI H 000OIIECHMU;

— cBOOOJTHO BIIQJICET CHCTEMOM CIIeMaTN3NPOBAHHBIX TTOHSITHH.

«OTIIMYHO»
(Ga4uTCHO»




OI1reHKa KOMIIETEHITN

5-0ayuipHad IIKaIa

XapaxrepucTrka chopMUPOBAHHBIX KOMIIETEHIUI

(XOPOLIO»
(Ga4TCHO»

— o0yJaromuiics TBEPI0 YCBOWII MPOTPAMMHBIN MaTepua, TPaMOTHO H
[0 CYIIECTBY H3JIaraeT €ro, ONUpasch Ha 3HAHUSA OCHOBHOMU
JUTEPATYPBI;

— HE JIOMYCKAeT CYIMECTBEHHBIX HETOYHOCTEH;

— YBSI3BIBACT YCBOCHHBIC 3HAaHUS C MPAKTHYECKON AESITEIHbHOCTHIO
HaIPaBJICHUS;

— apryMEHTUPYET Hay4YHbIC TOJIOKEHUS,

— JIeJIaeT BBIBOJIBI U 000O0IIEHMS;

— BJIAJICET CHCTEMOH CIIeMaTN3UPOBAHHBIX TOHSITHH.

«YJIOBJICTBOPUTEIIHHOY
«3aYTCHO»

— 00y4Jaromuiicss yCBOMJI TOJIBKO OCHOBHOM NMPOrpPaMMHBIN MaTepual,
II0 CYHIECTBY M3JIaracT €ro, ONMpasch HA 3HAHUSA TOJIBKO OCHOBHOMU
JUTEPATYPBI;

— JIONIyCKaeT HeCYIIECTBEHHBIE OIIMOKU U HETOYHOCTH;

— UCIIBITBIBACT 3aTPYAHEHUS B IIPAKTUYECKOM IIPUMEHEHUU 3HAHWUU
HaIpaBJICHUS;

— ci1ab0 apryMeHTUpPYeT Hay4dHbIE MTOJIOKEHMUS;

— 3aTpyaHseTcs B (GOPMYIMPOBAHUN BHIBOJOB M 000OIICHMIA;

— 4aCTUYHO BJIAJIeET CUCTEMOH CIELMAIN3UPOBAHHBIX TOHITHH.

HCYIOBJICTBOPUTCIILHO»
<HC 3a4YTCHO»

— oOyyaromuiics He YCBOMJ 3HAUUTEIbHOW YacTH MPOTrPaMMHOTO
Marepuana;

— JIOMYCKaeT  CYIIECTBEHHbIE  OIMMOKM W  HETOYHOCTH  TpHU
paccMOTpeHHH po0JIeM B KOHKPETHOM HalpaBJICHUH,

— MCHBITHIBACT TPYAHOCTH B MIPAKTUUECKOM IIPHUMEHEHUH 3HAHHIA;

— HE MOXKET apryMEHTUPOBATh Hay4YHbIC TIOJI0KEHUS,;

— He QOpPMYIUPYET BHIBOAOB U 000OLICHUIA.

10.3. TunoBble KOHTPOJIbHBIC 3a/IaHUS WM UHBIC MaTEPHAIIBI.
Bomnpocsr (3agaun) ans sK3aMeHa mpeicTaBieHsl B Tabmauie 15.

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

Kon
No /it [Tepedens BOmpoCOB (3a71a4) TSl SK3aMeHa
HHAUKATOpa
1 OcHOBHBIE U/IeH U TIOHSHATHS HAHOTEXHOJIOTUH NaHHbIe B paboTax H. TIK-1.3.3
Tanuryuu.
2 B kakoil o0iacTh NPOMBINIIEHHOTO Ipou3BoacTBa BrepBele cranmu | [K-1.3.3
peatn30BBIBATh HAECH HAHOTEXHOJIOTUH
3 Wnes nekuuu J. peaunrepa «YTo Takoe KU3Hb ¢ TOUKU 3pEHUS I1K-1.3.3
¢bu3ukn?»
4 OCHOBHBIE TTOJIOKEHUS JIEKINH, TIpounTanHON P. deitnmanoM B 1959 1. I1IK-1.3.3
5 OCHOBHBIE TTOHSTHS U OTIPE/IENICHNs B 00J1aCTH HAHOTEXHOJIOTHH T1IK-1.3.3
6 UeM HaHOCTPYKTYHPOBAHHBIE MaTepHaibl OTIINYAIOTCS OT KJIACCHUECKUX IIK-1.3.3
MaTepuaaoB?
7 OcHOBHBIE 0COOCHHOCTH HAHOPAa3MEPHBIX BEIMUNH, UX KOJTHMUYESCTBEHHOE IIK-1.3.3
3Ha4YeHUeE.
8 Enunauie: n3smMepeHns 1 HAMMEHOBAHUS B 00JIACTH HAHOTEXHOJIOTHIA TIK-1.3.3
9 JIuneiinble pa3Mepbl ocoOeil )KUBOTHOTO MUPA M HCKycCTBeHHBIX 00bekToB | I1K-1.3.3
B CPABHUTENbHBIX 3HAYCHUSIX HAHOTEXHOJIOTHHI
10 OcHOBHBIE COOBITHSI HCTOPUH PA3BUTHSI HAHOTEXHOJIOTHH B nepuox ¢ 400 IIK-1.3.3
r.moH.s.mo 1959 .
11 OcHOBHBIE COOBITHSI ICTOPHH Pa3BUTHS HAHOTEXHOJIOTHH B iepuon ¢ 1959 | TIK-1.3.3
110 H/B.




12 Pa3Hble noaxobl K HAYYHOMY ONPEAEIEHUI0 TepMHUHA «HaHOTexHonorus» | I1K-1.3.3

13 O pabotax XK.U. Andeposa B 06acTi HAHOTEXHOJIOT Ui [IK-1.3.4

14 OcHoBHbIe Haen 3. [lpekciepa o pojie HaHOTEXHOJOTWH B Pa3BUTUH [IK-1.3.3
COBPEMEHHOT'0 00IIeCTBa, M3JIOKEHHbIEC B KHUre «MalluHbl CO3MIaHMsD»

15 OCHOBHBIE OIICHKH OXHIaeMbIX mapamerpoB HaHomexaHmueckux | [1K-1.3.4

YCTpPOMCTB.

16 XapaKTepHuCTHKa U IPUHIHI PabOTH HAHOYCTPOICTBA B )KUBBIX [K-1.3.3
opranmu3Max (Ha npumepe Monekynsl «AT® Cunrazay).

17 Yraepon B mpupo/ie, B YeM 3aKITFOYACTCs €ro ocobast poJjb? I[K-1.3.3

18 [pocTeiimme KOHCTPYKIIUH MTPHOOPOB U Y3J7I0B OTACIHHBIX PA3IHIHBIX [IK-1.3.4
HaHOYCTPONICTB

19 Bo3MmoxHbIe TyTH IpUMeHeHHs TprOopoB 1 maimd MHT [1K-1.3.4

20 [TpuHOMIBI caMoopraHu3aluu, npHucyie Handonee pacnpocrpanenusiM | [1K-1.3.4
00BEKTaM HAHOTEXHOJIOTHUIi

21 [puHIUITE caMOCcOOPKH, MIPUCYIIIE HanOoIIee PacIpOCTPaHECHHBIM [IK-1.3.3
00BbEKTaM HAHOTEXHOJIOTHH

22 Ucnonp3oBanue camoopranmsanmuun B HT. OcnHoBHble cBoiictBa | [1K-1.3.3
CaMOOPIraHU3YIOIINXCS CUCTEM

23 Hanomartepuanbl, HauMeHOBaHUs, Ha3Haue€HUE, OCHOBHbIE ompexaeneHus, | [1K-3.3.3
Kakue 0OBbEeKTBI K HUIM OTHOCATCA?

24 OCHOBHBIE THITHI HAHOMAaTEPHAIIOB, pa3/ieieHue 1o npu3HakaMm mmepennid | [1K-3.3.3
1 pa3MEpHOCTH

25 OcHOBBI K1accu(pHUKaMK ¥ THITBI CTPYKTYP HAaHOMAaTEPHAIOB [IK-3.3.3

26 OCHOBHbBIE KaTerOPHH HAHOMATEPHAJIOB [IK-3.3.3

27 OcobeHHOCTH CBOMCTB HAHOMATEPHAJIOB, HaNpaBJIeHHs UX ncnoib3oBanus | [1K-3.3.3

28 OCHOBHBIE 00JIaCTH IPUMEHEHHUS 00bEKTOB HAHOCTPYKTYPHBIX OOBKTOB [1K-3.3.3

29 Kparkast xapakTepucTHKa KOHCTPYKIMOHHBIX, WHCTpyMeHTanbHbIX u | [1K-3.3.3
N3HOCOCTOMKHMX MaTepraJioB

30 Hcnonb3oBaHre HAHOMATEPUAIIOB B 3JIEKTPOHHOW TEXHUKE [K-3.3.3
Hasnadenue, kxpaTkast XapaKTepHUCTHKA JIEKTPOHHOTO MUKPOCKOTIA

32 Ommueckuii  cMbIc  cBOMCTB  OM:  yBemmueHume, paspemenue, | [1K-3.3.3
paspeniaronas clioCOOHOCTb.

33 YcnoBusi GopMHUPOBaHUS M CBOMCTBA MJIEKTPOHHOTO JIy4a MUKPOCKOIIA IIK-3.3.3

34 OU3HYECKUIT CMBICIT XPOMaTHIECKOH abepparin [IK-3.3.3

35 B yem pa3nuuue XapakTepuUCTHUK paspemienusi onrtudeckoro u | I1K-3.3.3
JIEKTPOHHOT'O MUKPOCKOTIOB

36 XapakTepHuCcTHKa pa3peniamiei cnocodonoctu M I1K-3.3.3

37 Haznadenue u ycTpoicTBO U CBOWCTBA HCTOYHHUKA HIIEKTPOHOB [1K-3.3.3

38 KoHCTpyKTHBHBIE OCOOEHHOCTH CHCTEMBI OCBeIeHusT DM IK-3.3.3

39 Y CTpoHCTBO CHCTEMBI KOPPEKIIMU acTUrMaTu3Ma B OM IK-3.3.3

40 [MpuHIMD paboTs! M YCTPOHCTBO CUCTEMBI n300pakeHus OM [IK-3.V.3




41 . briok-cxema n npunmn padotsl Mukpockona BCOM IIK-3.V.3
42 Bbrok-cxeMa u mpuHIun aeictus Oxe-crieKTpomMerpa [K-3.¥.3
43 ®DoTOdNEKTPOHHAsT PEHTIEeHOBCKasl —CIeKTpockomusi, Oinok-cxema, | [IK-3.Y.3
MIPUHLIMI JEHCTBUS
44 DOTONEKTPOHHAST PEHTIEHOBCKAas CHEKTpockomus, Onok-cxema, | [1K-3.Y.3
NPUHIUI JeUCTBUS
45 . IK-3.V.3
[lpyHIMOD paboTBl pPaMaHOBCKOH CHEKTPOCKONHH, OJOK-CXEMBI
IpoLecca U3MEPEHUH.
46 Haznauenue MPUHITUI JaercTBus ¢doromomunecuentHoit | [1K-3.Y.3
CHEKTPOCKOIINHU
47 Hasnayenne n 0COOCHHOCTH 3IJIEKTPOIIOMUHECHEHTHOH cnekrpockonus | [TK-3.Y.3
(BJIC)
48 ®uznyeckue NPUHLMIBI  JOEHCTBUS MeTONOB U cpenactB  Macc- | [TIK-3.V.3
CIEKTPOMETPUH
49 duznueckas CyIIHOCTh TYHHEIBHOTO 3 (hexTa B painodIeKTPOHUKH [K-3.V.3
50 MK-3.V.3
OcHOBHBIE CBOICTBa OOBEKTOB MOIEKYIsIpHOTO ypoBHA.  CBoiicTBa
«XUMHYECKOTO» MeTONa IPH HPOSKTUPOBAHUH  MOJEKYJSPHBIX
IpuOOpPOB.
Bompocsr (3amaun) s 3aueta / mudd. 3auera npepacrapieHsl B Tabmuie 16.
Tabnuua 16 — Borpocs! (3a1aun) ams 3adeta / qudd. 3auera
Kon
Ne /it [Tepeuens BompocoB (3amav) m1st 3a4deta / nudd. 3auera
HHJUKATOopa

Y4eOHbIM MJIAHOM HE NPEAYCMOTPEHO

[lepeuenp TeM [ KypCOBOTO NPOEKTHPOBAHUS/BBIIIOJHEHUSI KypCOBOM pabOThI
MpeJICTaBIeHbI B Ta0nuie 17.
Tabnuna 17 — Ilepeyens TeM Juisi KypcOBOrO IPOEKTUPOBAHMSI/BBITIOIHEHUS] KYPCOBOM pabOThI

[TpumepHBIii TepeueHb TeM ISl KypCOBOTO MTPOEKTUPOBAHUS/BBINIOIHEHUS

Ne n/mt .
KypCOBOH paboThI
Y4eOHbIM MJIaHOM HE IPEIYCMOTPEHO
Bompockl s mpoBeneHHS MPOMEXKYTOYHOW aTTECTAllMd B BHIE TECTHPOBAHUS

npeJIcTaBIeHbI B Ta0nuie 18.

Tabnuua 18 — IIpumepHbIii IepeueHb BOIIPOCOB JJIsi TECTOB

" Kon
Ne n/m [IpuMepHBIil mepeyeHb BOIIPOCOB ISl TECTOB
HHAUKATOpa

1. PazBuTHe chepbl HAHOTEXHOJIOTHI B CTpaHE U 33 PyOEKOM. IIK-1.3.3
Hauano Bompoca: B kakoil mnepmos BpeMEHHM YeJIOBEYECTBO CTajlO0 IPHUMEHSTh
MIPOJIYKTHl HAHOTEXHOJIOTHHA:
- B IIEPHO/L J10 HAIIeH 3pBbI;
- B0 |l Beke H/3;
-B XVIII B
- B XIX Beke.
2. Haugayo Bonpoca: YTo Mocity»Kuiio IpHOPUTETOM B Pa3BUTHH HAHOTEXHOJIOTHIL: I1K-1.3.3




- CO3JIaHNE NEPUOANYECKON TaOIHMIIBI XUMHYECKUX JJIEMEHTOB;

- OTKPBITHE KBAHTOBOH MEXaHUKH,;

- OTKPBITHE aTOMHOM MOJIETIN CTPOSHHS BEIECTBA,

9KCTIEPUMEHTAILHOE MOATBEPKIACHNE HICH aTOMHO-MOJIEKYJISIPHOM TEOopuH

3.Hauano Bonpoca: Ha30BHTE Pa3MEPHOCTh HAHOMETPOBOTO INANIA30HA!

-103m; - 10° M; - 10 m; - 1010 m; - 107 m; - 10°m

4. Hauvano Bompoca: BemnunHa 1 HM (JUIs HarIsiqHOCTH) BO CKOJIBKO pa3 MEHBILE
TOJIIIMHBI YeJIOBEYECKOT0 BOJIOCA!

- B 1000 pasz;

- B 10 ThIC. pas;

- B 100 TBIC. pas3;

- B 200 TBIC. pa3

5.Hauano Bompoca: UYro Takoe «HaHO». MecTo HaHOpPa3MEPHBIX OOBEKTOB B
OKpYXaIollel cpefie, Kakne HaHOpa3MEpHbIE OOBEKTHI MONAaJal0T B HAHOAWAIA30H U
MIPUMEpPHAsi UX Pa3MEPHOCTb (JUIsl CPaBHEHHUS):

- Pa3MepHOCTh OMOKIIETKH;

- TOJIIIMHA YEeJIOBEUECKOr0 BOJIOCA;

- KMIIIeyHas NajgoyuKa;

- MuH. Pasmep anementa BUC;

- pa3MepHOCTh BUPYCa;

- IMaMeTp aToMa BOJOPOJa.

6. Koro m3 H3BECTHBIX YYEHBIX MOXXHO CYHTaTh OCHOBOIOJOKHHKOM DPa3BHTHS
HOHOTEXHOJIOTHH KaK HayKH

Hayaio Bopoca:

- 0. lllpeaunrep;

- ®.Kaprep;

- H. Tanuryuu;

- O. [Ipexcrnep;

- P. ®eitamasn;

- XK. Andepos

7. VccnenoBaHue MUKPO- U HAHOCTPYKTYP. .

Hauano Bompoca: Kakme MeTombl IMAarHOCTMKM HamOOJiee paclpOCTPaHEHBI LIS
ncciae0BaHus PU3NMIECKNX apaMeTpOB M XapaKTePUCTHK HAHOOOBEKTOB!

- IICKTPOHHAs: MHUKPOCKOITHUSI BRICOKOTO Pa3peleHus;

- OTpaXkaTelbHasl JIEKTPOHHAS MUKPOCKOIIHS;

- MHUKPOCKOTINSI ME/IJICHHBIX 3JIEKTPOHOB.;

- ONTHYECKas MUKPOCKOTIHS.

8. BaxHeiimue TEXHONOTHUECKHE TOCTIIKEHHUS BO BTOPOW TOJOBHHE JBAAIATOTO
CTOJIETHS.

Hauano Bompoca: Uto crnocoOcTBOBano, B HamOOJbINEH CTENEHH, WHTEHCHBHOMY
Pa3BUTHIO HAHOTEXHOJIOTHH B CTpaHe U 3a pyoexxom?

Hauano Bomnpoca:

- TEXHOJIOTHS CO3/IAHUSI MIEKTPOBAKYYMHBIX ITPHOOPOB;

- CO3[JaHNE MUKPOMOJTYJIbHBIX JJIEMEHTOB;

- CO3[JaHNE WHTETPAIBHBIX [IEYATHBIX IUIAT;

- CO3/JaHNE TOJIYIPOBOTHUKOBBIX 3JIEMEHTOB IEKTPOHHOH TEXHHUKH.

9. ®usnyeckas CyuHoOCTh 3akoHa ['opsiona Mypa.

Hauano Bompoca: B uem 3axirogaeTcst CMbICT SMIHPUUECKOTO 3aKkoHa Mypa?

- OOBSICHAT MIPHUHIIMII TTOJTyYEHHUST YePHO-0€I0T0 N300paKeHHsI Kaipa TeJIeBU30Pa;

- 3aKOH OOBSACHSCT NPHUHIHI (HYHKIIMOHUPOBAHUS ONTOBOJIOKOHHOTO 3JIEMEHTA;

- IIpeJesIbHBIE TPAHUIIB OBICTPOACHCTBUS KOMITBIOTEPA;

- IPeJeNIFHOE YNCIIO pa3MeIleHHsI TPAH3UCTOPOB Ha MEYaTHOH IJIaTe KOMITBIOTEPA.

10. CpenctBa uaMepeHus sl UCCIIEOBAHUS HAHOCTPYKTYP.

Havano Bompoca: B dweMm 3akifodaeTcss OCHOBHBIE JOCTOMHCTBA JIIEKTPOHHOTO
MUKpOcKomna?

- yIIy4IIeHbl BECOBBIE U rabapuTHBIE XapaKTEPUCTHKH IPHOOPOB,

- BO3MOXKHOCTb IIU()POBOTO MPECTABICHHS PE3yIbTATOB aHAIN3a;

- Oojee coBepLIEHHas, 10 CPaBHEHUIO C ONTHYECKMM MMKPOCKOIIOM, CHCTEMa
MIOJTy4eHHs] 1300pakeHns1 HabIr0JaeMOro 0OBEKTa;

- BO3MOXKHOCTb HOJTydeHHs1 0oJiee pa3HooOpa3Hoil nHpopMannu 00 0OBEKTE;

- IIpeeIIbl YBETUUEHHUS HCCIIEAYyeMOro OOBEKTa.

11. OcHoOBHBIE TapaMETPHI U XapaKTEPUCTHKH MUKPOCKOTIOB.

Hauano Bompoca: Ha3oBuTe mnpenenbHble 3HAYCHUS] XapaKTEPHCTHKH YBEIMUYCHUS

IK-1.3.3

IK-1.3.3

I1K-1.3.3

I1K-1.3.3

IIK-1.3.4

IIK-1.3.4

IIK-1.3.4

IK-3.3.3




OINITHYECKOTO0 MHUKPOCKOTIA!
- 100 pas3;
- 200 pas;
- 400 pas;
- 700 pas3;
- 1000 pasz;
- 1500 pa3

12. OcHoBHBIE TapaMempsbl U XapaKTEPUCTHUKH MUKPOCKOIIOB. [1IK-3.3.3
Hauaio Bompoca: [IpenenbHble 3HaUSHUS YBETUUESHHUS 3JIEKTPOHHOTO MUKPOCKOTIA!
- 1000 pas;
- 2000 pas;
- 5000 pas;
- 8000 pas;
- 1muH. pas;
- 2 MJIH. pa3

13. OcHOBHBIE TapaMemphl U XapaKTEPUCTHKH MUKPOCKOIIOB. [IK-3.3.3
Hauano Bompoca: UYem ompexensercs paspeniaromas CIIOCOOHOCTh ONTHYECKOTO
MHKPOCKOTIA!
- YPOBHEM OCBEILICHHOCTH paboyeil TUH3BI;
- BEJIMYMHOM (hOKYCHOTO PacCTOSIHUS;

- COBEPIIIEHCTBOM OTKJIOHSIOIIEH CUCTEMBI;

- JUIMHOU BOJIHBI CBETA.

14. OcHOBHBIE TapaMETPhl U XapaKTEPUCTHUKH MUKPOCKOTIOB. IIK-3.V.3
Hauano Bompoca: Yem ompezesseTcs paspellaromas ClocoOHOCTb 3IIEKTPOHHOTO
MHKPOCKOTIA!
- KOHCTPYKIHEH CHUCTEMBI H300pa’KeHNSI MUKPOCKOTIA;
- YCTPOHCTBOM 3JIEKTPOHHON MYLLIKH,
- CHCTEMOM CUUTBHIBAHUS PE3YJIBTATOB 00pabOTKN H3MEPEHHH;
- PacCTOSIHUEM TpOJIeTa ICKTPOHA;
- CKOPOCTBIO TIPOJIETa HIICKTPOHA.

15. IIpenmMyniecTBa 3JIEeKTPOHHOTO MUKPOCKOIIA. IIK-3.V.3
Hauvano Bompoca: YeM 00bscHAETCS BBICOKas pa3peliaronias CioCOOHOCTh
ANEKTPOHHOTO MHKPOCKOIIA:
- TEOMETPHUUECKUMH pa3MepaMu paboueil 30HbI;
- HCIIOJIb30BaHUEM NIEKTPOHHOTO TIOTOKAa BMECTO CBETOBOTO MOTOKA;
- JUIMHOM BOJIHBI 3JIEKTPOHA.

16. OcHOBHBIE apaMETPbI U XapaKTEPUCTUKU JIEKTPOHHBIX MUKPOCKOIIOB. [IK-3.V.3
Hauaio Bompoca: Ot 4ero 3aBUCHT BEIWYMHA BOJIHBI IEKTPOHHOTO ITOTOKA B
MHKPOCKOTIE:
- rabapuThl paboveil 30HEI,
- BeJIMYMHON HaNpPsDKEHUS HA aHO/IE;
- KOHCTPYKIIMEH CUCTEMBI M300pasKeHNs] MUKPOCKOIIA;
- APXHUTEKTYPBI OTKIOHSIOIIEH CHCTEMBI MUKPOCKOTIA

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

Tabmuna 19 — [lepedeHb KOHTPOJIBHBIX PadOT

Ne n/mt IlepeyeHb KOHTPOJIBHBIX PadOT

He npenycmorpeno

10.4. Meroauueckue  Marepuaibl,  ONpPEACNAIONIMEe  HPOLEIyphl  OLIEHUBAHHA
WHAMKATOPOB, XapaKTEpU3YIOLUX dTanbl (OPMUPOBAHMUS KOMIIETEHIIMM, coaepxarcs B
JOKAJIBHBIX HOpMaTuBHbIX akTax [YAIIL, pernameHTHpyOIIMX NOPSAAOK M MPOLEAYPY
MIPOBEJICHUS TEKYLIEr0 KOHTPOJIS YCIIEBAEMOCTH U MPOMEXYTOUHOM aTTecTaly 00yJaronmxcs
I'VAIL

11. Meroauveckue yKazaHus i1 00y4JaromUXCsl IO OCBOSHUIO TUCIIUTLIMHBI




11.1. Meronuyeckue ykazaHus s OOy4arolUXcs 10 OCBOSHHIO JIEKIIMOHHOTO
mateprana OCHOBHOE Ha3HAYEHME JIEKIIMOHHOTO MaTepuaia — JJOTHYECKH CTPOMHOE, CUCTEMHOE,
riyOOKoe W SICHOE HW3JIOKEHHE ydeOHOoro marepuana. HasHadeHune COBpEMEHHOH JIeKIMU B
paMKax JIUCLMILJIMHBI HE B TOM, YTOOBI MOJIyYUTh BCIO MH(POPMALMIO IO TEME, & B OCBOCHHUH
byHaaMeHTaNbHBIX TpoOJeM JUCHMIUIMHBI, METOJOB HAyYyHOrO IO3HAHMSA, HOBEWUIINX
JOCTMO)KEHUI Hay4yHOH MbIciu. B yueOHOM mporecce JEKIUs BBINOIHAET METO0JI0IMUYECKYIO,
OpPraHU3alMOHHYI0 U MHPOPMALMOHHYIO (PYHKUMHU. JIEKIUs pacKpbIBaeT MOHATHWHBINA ammapar
KOHKPETHOW o0siacTH 3HaHus, €€ mpoOsieMbl, AAaeT LeJbHOE NPEACTaBICHUE O AUCLUILIMHE,
IIOKAa3bIBAET B3aUMOCBS3b C IPYTUMU AUCLUIIIIMHAMH.

IInanupyemMble pe3yabTaThl IPY OCBOEHUH 00y4YaroUMUCS JIGKIIMOHHOTO MaTepuaa;

— TIOJYy4YEHUE COBPEMEHHBIX, LEJIOCTHBIX, B3aUMOCBA3aHHBIX 3HAaHUN, YpPOBEHb
KOTOPBIX OINpeeNIAeTCs LIeJIeBOM YCTAHOBKOM K KaX/10i1 KOHKPETHOM TeMe;

— TIOJIyYEHHE OTIBITa TBOPUECKOI paboThl COBMECTHO € IPENOaBaTEICM;

— pa3BuTHEe TPOPECCHOHATBHO-IENOBBIX  KauyecTB, JIIOOBM K TpeAMETYy H
CaMOCTOSITENIbHOTO TBOPUYECKOI'O MBIILITIEHHUS.

— MOsBJIEHUE HEOOXOAMMOro UHTEpeca, HE0OX0AUMOTO Il CAMOCTOSITENIbHON pabOThI;

— T[OoJIyuyeHHE 3HaHUH O COBPEMEHHOM YpPOBHE pa3BUTHS HAYKH U TEXHUKH U O
IPOTHO3€ UX pa3BUTHs Ha OJMIKaMIINe TO/IbI;

— Hay4YUThCS METOJUYECKH oOpadaThiBaTh MaTepuan (BBIACIATH TJIABHBIE MBICITH H
MIOJIO)KEHUS, MPUXOAUTh K KOHKPETHBIM BbIBOJIAM, MOBTOPSATh HUX B  Pa3iIM4YHBIX
bopMynupoBKax);

—  TOJIy4eHHE TOYHOTO TIOHUMAaHHUS BCEX HEOOXOIUMBIX TEPMUHOB U TIOHSTHA.

JIeKIIMOHHBI  MaTepua’l MOXKET CONpPOBOXKAATHCA JAEMOHCTpauuedl chaiioB
UCIIOJIb30BAaHUEM pa3aTOYHOrO0 MaTepuaja IpU IPOBEIEHUU KOPOTKUX JUCKycCcUl 00
0COOEHHOCTSX MPUMEHEHHUS OTJENIbHBIX TEMATHK 10 JUCLUIUINHE.

CrpyKTypa npenocTaBieHHsI JEKLIMOHHOIO MaTeprara:

— _ Jlexmuu cornacho pazzaenam (ta6i.3) u Temam (tadi. 4).

YyebGHOoe mocobue Mo OCBOSHHIO JIEKIIHOHHOTO MaTepraia UIMEeTCsl B U3/JaHHOM BHJIE:
- Ckanupyromias Mukpockonus: /Yueonoe mocobue/ T.I1. Mumypa, A.I'. I'pabaps , - CIIG.;
['VAII, 2016, - 107 c.

- Hanomatepuassl u TexHosnorun: / Yueonoe nmocodue/ T.I1. Mumrypa, A.I'. I'pabaps , - CII6.;
['VAIL, 2015, - 107 c.

Martepuarsl 4711 OCBOCHUS UMEIOTCS B AJIEKTPOHHOM BUIE

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

11.2. Meroauueckue ykazaHHs ISl OOyYaroIIUXCS IO MPOXOXKICHHIO MPAKTHYECKUX
3aHATUN

[IpakTueckoe 3aHATHE SBISETCS OJHOW M3 OCHOBHBIX (DOPM OpraHu3aluu y4yeOHOIo
npoliecca, 3aKIroyvaroniascs B BBITOJHEHUN 00YJaloLUIMMUCS 10JI pyKOBOJICTBOM ITpeToiaBaTelis
KOMIUIEKCa Y4eOHBIX 3aJaHUil C LEIbl0 YCBOEHUS HAYYHO-TEOPETUUYECKHMX OCHOB YyueOHOMU
JUCLUTUIMHBL, TPUOOPETEeHUs] YMEHUN M HaBBIKOB, OIBITA TBOPUECKON ACATEIHLHOCTH.

enbto mpakTUYECKOT0 3aHATHS ISl 00y4aroIIerocs SBJISETCS MPUBUTHE 00yYarOIIMMCS
YMEHMU U HaBBIKOB MPAKTUYECKOU IEATENBHOCTH 110 U3y4aeMOU JUCIUIUINHE.

[Inanupyemble pe3yabTaThl IPU OCBOEHUHU 00YYAIOLUIUMCS IPAKTHUECKUX 3aHATHIL:

— 3aKperjieHue, yriyOJgeHue, paclIMpeHHe W JleTaau3alys 3HaHUH IpU  pelIeHUH
KOHKPETHBIX 3a/1a4;

— pa3BUTHE  TIO3HABATENBHBIX  CIIOCOOHOCTEH, CaMOCTOSITEILHOCTH  MBIILIECHUS,
TBOPYECKOI aKTUBHOCTH;

— OBJIaJICHUE HOBBIMU METOJAAMHU W METOAMKAMHM H3Y4YEHHUS KOHKPETHOH yueOHOM
JUCIUIINHBI,


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

— BBIpa0OTKAa CIIOCOOHOCTH JIOTMYECKOTO OCMBICIICHUS TMOJNYYCHHBIX 3HAHUU Ui
BBITIOJIHEHMS 3a/1aHUN;

— obecrieueHne paIMOHAIBHOTO COYETAHMS KOJUICKTMBHOM M WHAMBHIYAIbHOH (Gopm
00y4eHusl.

TpeGoBaHust K TPOBEACHUIO IPAKTUYECKUX 3aHITUI

[IpakTrdeckue 3aHATHS MPOBOJIATCS B CIEAYIOMUX Gopmax:

— MOJEIUPOBAaHUE CUTyallM NPUMEHUTEIBPHO K MNpoduiro npodeccuoHanbHOM
NEeSITEIbHOCTH 00YyJaroIuXcs;

— PCIICHUC CUTYAallTMOHHBIX 3a/1a4

— I'PYNIIOBasi JUCKYCCHSL.

[IperonaBaTens NpH TPOBEACHUHM 3aHATHH BBINOMHSACT (YHKIMIO KOHCYJIBTAHTA,
KOTOPBII HanpapJisieT KOJUIEKTUBHYIO pabOTy CTYJICHTOB Ha MPUHATHE MIPABHIILHOTO PEILEHHS.
3aHsarue OCYHICCTBIIAICTCA B AUAJIOTOBOM PEKUME, OCHOBHBIMUA Cy6'b€KTaMI/I KOTOPOI'0 SABJIAIOTCA
CTYJECHTBI.

Ha ocHoBanumn HHIUBUAYAJIBbHOI'O 3alaHUA CTYACHTBI:

— OLICHMBAIOT YCJIOBUS TPYJla HA paboyeM MecCTe;

— JIesIatoT BBIBO/IBI O HEOOXOIUMOCTH pallMOHAIN3AMK paboyero MecTa;

— pa3pabaThIBAlOT TEXHWYECKHE CpEACTBA YIYYIICHHWsS YCIOBHH Tpyaa H OOeCIedYeHHus
0€301acHOCTH TPYIOBOTO IIpoLecca.

IlepeueHp NCXOOHBIX NAHHBIX Ul MHIUBUIYAIbHBIX 33JaHUN CTYACHTaM W CIIPaBOYHBIN
MaTepHal, HeOOXOAUMBIA ISl pEIIeHUs] TPAKTHYECKUX 3aj]ad, IPEACTaBICH B y4eOHOM
0COOUH K BBIIIOJHEHUIO IPAKTUYECKUX padoT.

Tembl npakTHUECKUX padOT IPUBEIEHBI B Ta0JL.5

Martepuansl 111 OCBOEHUS UMEIOTCS B DJIIEKTPOHHOM BUJIE

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

11.3. Meroauueckue yKazaHus JUIsi 0OYyJaIOMIMXCs MO MPOXO0XKIECHHIO CAMOCTOSITEITHHOM
paboThI

B xone BbIMOSHEHUSI CaMOCTOSITEILHOM PabOThI, 00yJarOUIUICs BBITOIHAET paboTy 1O
3aJJaHUI0 ¥ IIPU METOJUYECKOM PYKOBOJCTBE IpENojaBatelis, HoO 06e3 ero HemocpeaCTBEHHOrO
y4acTusl.

Jns oOywaromuxcst mo ouyHoW ¢(opme oOyueHUs, caMocTosITeldbHas paboTa MOXKET
BKJIFOYATh B CEOSI KOHTPOIBHYIO padoTYy.

B mnpouecce BBIMOJHEHHUsSI CaMOCTOSITENbHONW paboThl, y oOydaromierocs (popMHpyeTcs
1enecoo0pa3Hoe IIaHUPOBaHKUE pabovero BpeMeHH, KOTOPOE MO3BOJISET UM Pa3BUBAaTh YMEHUS
U HaBBIKM B YCBOGHHWU U CHUCTEMaTH3allMM MPUOOpeTaeMbIX 3HAHUN, OOECIeYHBAEeT BBICOKHIM
YPOBEHb YCIEBAEMOCTH B IMEpPHOJ OOY4YEHMs, MOMOraeT IOJyYUTh HAaBBIKM IIOBBIIICHUS
npo¢eCcCHOHATBHOIO YPOBHS.

MeTtoauueckumMi ~ MaTepuaiaMM,  HAlpaBSIIOIIMMH  CaMOCTOSITENIbHYIO — paboTy
00y4aromuxcs SBISIOTCS:

— y4eOHO-METOAMYECKH MaTepHall Mo JUCIUILIUHE;

1. IToaroroBKa JEKIMOHHOTO MaTepHaia o TeMaMm, MpeACTaBIeHHBIM B Tabnuue 3, U 1o
Te€MaM, OTMEUYEHHBIX B COOTBETCTBUU C JIUTEPATypOMi, Ipe/ICTaBICHHOM B TabnuIe 9;
2. [ToaroToBKa K KOHTPOJIbHBIM pabOTaM B COOTBETCTBUU C METOAMUYECKUMH YKa3aHUSIMU

11.4. Metoauueckue yKazaHus [UIsI OOYYArOIIMUXCS TIO TPOXOXKACHHUIO TEKYIIETro
KOHTPOJISI YCTIEBAaeMOCTH.

Texymuit KOHTPONb YCIEBAEMOCTH TMpEeAyCMaTpUBAEeT KOHTPOIb KadyecTBa 3HAHUI
00yJarOIIUXCs, OCYIIECTBIIIEMOTO B TEUCHHE CEMeCTpa C ISJIbI0 OIEHUBAHUS XOJa OCBOCHUS
IUCIHATIINHEL

B Teduenue cemecTpa CTyA€HTHI:


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

- 3AIIUIIAIOT MPAKTUYECKUE PaOOTHI;

- BBITIOJTHSIOT TECTUPOBAHUS 110 MaTeprasiaM JeKiuu B cpeae LMS.

I[HSI TCKYIICTO KOHTPOJIA YCIICBACMOCTHU HCIIOJIB3YIOTCA TCCThI, IPUBCICHHBIC B Ta6JII/IL[C
18.

11.5. Meroauueckue ykazaHus i OOY4aroLUXCs M0 MPOXOXKAECHUIO MPOMEXYTOUYHOM
aTTeCTaluu.

IIpomexxyrounass  artecranuss  oOyyaroIluMxcs — IpeAycMaTpuBaeT  OLEHHBAHUE
IIPOMEXYTOUHBIX U OKOHYATEIbHBIX PE3Yy/IbTATOB 00y4YeHMs MO JucuuiuinHe. OHa BKIIIOYAET B
ceos:

— 3a4eT — 3TO (GopMa OICHKH 3HAHWH, MOJYYCHHBIX OOYUYAIOMIMMCS B XOJ€ U3YyUCHHS

y4eOHOH IUCIUIUIMHBI B LIEJIOM MJIM IPOMEXYTOUYHasl (110 OKOHYAHUM CeMecTpa) OLIeHKA 3HAaHUH
00y4aromuMcs 10 OTAEIbHBIM pa3jesiaM JUCLUUIUIMHBI C aTTECTALlMOHHON OLICHKOM «3auyTeHO»
WIH «HE 3a4TEHO».
Cucrema OLEHOK TIpH IMPOBEIECHUU NPOMEKYTOUHOW AaTTeCTAallMd OCYILIECTBISIETCA B
cooTBeTCTBUM C TpeboBaHusiMU [losnokeHuit «O TekyleM KOHTPOJIE YCIIEBAEMOCTH U
IPOMEXYTOUHOM arrectanuu cryneHToB ['YAII, oOywaroumxcs Mo nporpaMmaM BbICIIETO
oOpazoBanHusi» U «O MOAYJIBHO-PEUTHHIOBONM CHCTEME OLICHKM KadecTBa Y4yeOHOH paboThI
crynentoB B 'Y AIy.

11.6. MeTtonuyeckue ykazaHus AJisg 00y4aronuxcs Mo y4acTuio B ceMuHapax OCHOBHOM
HEeNbI0 JUTsi 00ydaromerocs: sIBSIeTCs CUCTeMAaTH3amusi U 00O0OIICHHe 3HAHWKM M0 W3y4aeMOi
TeMe, pasneny, GopMupoBaHHe YMEHHS pPabOTaTh C JOMOJIHUTEIbHBIMU HCTOYHUKAMU
uH(OpMaIMK, COMOCTAaBIATh WU CPABHUBATH TOYKHU 3pPEHUS, KOHCIEKTUPOBATh MPOYUTAHHOE,
BBICKA3bIBaTh CBOIO TOUKY 3pEHHS U T.M. B COOTBETCTBMU C Bemyled NUIAKTUYECKOW IENbI0
COJIep’)KaHUEM CEMUHAPCKUX 3aHSATHH SIBISIFOTCS y3JIOBBIC, HANOOJIee TPYAHbBIC I IOHUMAHUS U
YCBOGHHUS TEMbI, pa3ienbl JUCHUIUIMHBL Crenudukoil gaHHONW (OpMBI 3aHATUN SABISETCS
COBMeECTHas paboTa mpernojaBaTeis U 00yJaronierocs HaJl pelieHueM MOCTaBICHHOM MpOoOJIeMBl,
a TIOMCK BEPHOT'O OTBETA CTPOUTCS HAa OCHOBE UYEpPEIOBaHUS MHIUBUYAIbHOW U KOJUIEKTUBHOM
JIeITEIIbHOCTH.

[Ipy DOArOTOBKE K CEMHHAPCKOMY 3aHATHIO IO TEME MPOCIYIIAHHON JEKUUU
HEOOXOMMO O3HAKOMHUTHCA C IUIAHOM €ro TMPOBEIEHHUS, C JUTEepaTypoll W Hay4YHBIMU
MyOIUKAIUSIMU 10 TEME CEMUHApA.



Jluct BHeceHUsI U3BMEHEHUH B pabouyio MporpaMmy AUCHUILTAHBI
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