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AnHoranus

Hucuunnuna «CpencTtBa ¥ METO/Ibl U3MEPEHUN B MUKPO U HAHORJIEKTPOHUKE)» BXOJUT B
00pa3oBaTeNbHYI0 MPOTPaMMy BBICIIETO OOpa30BaHHS — MPOrPaMMy CICHUAIUTETa TIO0
HaIpaBJCHUIO TOATOTOBKHM/ crenuainbHocTH 27.05.02 «Metposiorudeckoe oOecreueHue
BOOPY)KEHUSI M BOCHHON TEXHHKHW» HAMpaBICHHOCTH «MeTpolorudeckoe oOecredeHne
KOCMHYECKHX CpeACTBY». Jucuumimna peanmsyercs kadenpoit «Neby.

JlucuurminHa HareneHa Ha (GOPMHUPOBAHKE Y BBITYCKHUKA CIICTYIOIINX KOMITETSHITUH:

[IK-1 «CrnocobeH npoBOAUTH aHAIU3 COCTOSHUS METPOJIOTMYECKOro oOecredyeHus B
MOIpa3IeICHUU METPOJIOTUYECKOM CITYKOBI OPTaHU3AIHID)

IIK-3 «Cnoco0GeH oCymIecTBIATh pabdOThl IO BBIIBICHUIO UM IMPEJOTBPAIICHUIO
HECOOTBETCTBHUI MPOAYKIIUU TPEIBSIBISIEMBIM TPEOOBAHUSIM))

CopepxaHue NUCUUIUIMHBI OXBAaThIBAET KPYI BOMPOCOB, CBS3aHHBIX C MPUMEHEHHEM
CPEICTB U METOJOB M3MEPEHUU B MUKPO M HAHODJIEKTPOHUKE, a TAKXKE C MCCIIEIOBAHUEM HX
busznuecknx, GUIMKO-XUMHUYECKUX U TEOMETPUYECKMX TapaMeTpoB M  XapaKTEPUCTHK
TBEPJOTEIIbHBIX U MOJICKYJSPHBIX CTPYKTYpP. DTH METOJBI U CPEACTBA JUATHOCTUKHU IIHUPOKO
BXOJAT B TMPAKTHUKy UCCIEJOBaHMUS U H3Y4YCHHS HAHOOOBEKTOB, O0ONAJalOT BBICOKUM
paspelieHueM, IMO3TOMY pPeajbHO IO3BOJISIOT TPOBOJIUTH HCCIEIOBAHUS HAHOOOBEKTOB Ha
aTOMapHOM YpOBHE, BIUIOTH JI0 BU3yaJIU3allUU CaMOW CTPYKTYpPbI OOBbEKTOB.

JlpenogaBanue AMCHUIUIMHBI TPEAyCMaTpUBaeT cieayromue (HopmMbl OpraHuzanuu
yueOHOro Mpoliecca: JeKIUH, IPAKTUYECKHUE 3aHITHSI, CAMOCTOSTENIbHAS paboTa 00yJarommuXcs.

JlporpaMMoit NUCHMIUIMHBI TPETYCMOTPEHBI CIACAYIOIMIME BUIbI KOHTPOJIS: TEKYIIUN
KOHTPOJIb YCIIEBAEMOCTH, MPOMEKYTOUHAsI aTTecTaus B opme AudhepeHInpOBaHHOTO 3a4eTa.

OO0mast TpyA0eMKOCTh OCBOSHUS JHUCUUILIMHBI COCTaBISACT S5 3adeTHBIX enuHuil, 180
YacoB.

SA3bIK 00yUYeHUs 10 AUCIHUIUINHE «PYCCKUH »



1. TlepedeHb MIaHUPYEMBIX PE3yAbTATOB OOYUCHHUS 11O AUCIUTLTHHE
1.1. Tlenu npenomaBaHus JUCITUTUTHHBI

[lenpro mpenonaBaHus AWCIMILIAHBI SBISETCS TONMYYCHHE CTYJSHTAMH HEOOXO0IUMBIX
3HaHWK cdepe BBICOKUX TEXHOJOTHH CBSI3aHHBIX C C MPUMEHEHHEM CPEICTB M METOJIOB
WU3MEpPEHUI B MUKPO M HAHODJICKTPOHUKE, a TAKXKE C UCCICIOBAHUEM UX (PU3NYCCKUX, (PU3HKO-
XUMHYECKHMX W TEOMETPUYECCKHX MapaMETPOB MOJCKYJSPHBIX CTPYKTYP HPHKIAIHBIMH
WCCJICIOBAHMSIMA  KOHCTPYHUPOBAaHUEM U TIPAKTHYECKUM KCIIOJIH30BAHHEM MAaTepUAIOB U
BCIIECTB HA aTOMHOM M MOJICKYJSIPHOM YPOBHSX, a TaKXKe CpPEICTBAaX, METOJOB U METOJIUK
uccienoBaHusl  (QU3HUYECKUX, (PUIUKO-XUMHUYECKUX M TEOMETPUUYCCKUX TapaMeTpoB U
XapaKTEPUCTHK TBEPIOTENBHBIX M MOJEKYISIPHBIX 00BekTOB. [Ipr 3TOM 0C000OC BHUMaHHE
YIEIEHO W3YYCHHUI0 CPEICTB M METOJOB H3MEPEHUH, a TakkKe METOJIOB HCCIeIOBAHMIA
MOJIEKYJIIPHBIX OOBEKTOB, 00ECIEUHBAIOIIMX TOJyYCHHE HanOoJyiee MOoJHOM HH(popManuu o0
OCHOBHBIX CBOMCTBaX U XapaKTEPUCTUKAX M MPOTEKAOIINX B HUX MPOIECccax.

1.2. JlucummiamHa BXOAMT B  COCTaB  4YacTH, (HOpPMUPYEeMOH  y4aCTHUKAMH
00pa3oBaTeNbHBIX OTHOIICHUH, 00pa30BaTEIbHON MPOTrpaMMBbl BBICIIETO 0Opa30BaHUs (l1ajee —
OI1 BO).

1.3. TlepeuyeHb IUTAHUPYEMBIX PE3YJITATOB OOYUEHUS IO JUCIUTUIINHE, COOTHECCHHBIX C
IUIaHupyeMbIMH pesynbratamu ocBoenust OIT BO.

B pesynbraTe m3ydeHUs AUCHUILIMHBI OOYYAIONIUICS IOJDKEH O0JanaTh CIEAYIONTUMU
KOMIICTCHIIMSIMUA WJTH UX 9acTsAMU. KOMIeTeHIIMM M WHAMKATOPHI UX JOCTHKCHHS TIPUBEICHBI B
tabnuue 1.

Tabnuna 1 — [lepeyeHb KOMIIETEHIMI U HHIUKATOPOB MX JOCTHIKCHHS

Kareropus (rpynna) Konn Koza v HanMeHoBaHME HHIUKATOPA JOCTHIKEHUS
KOMIIETEHIH HAMMEHOBATHC KOMIIETEHINH
KOMIIETEHIIUH
[1K-1.3.1 3HaTh HOPMATHUBHBIE U METOIUYECKUE
JIOKYMEHTBI, perJIaMEeHTUPYIOLIHE PaboThI 110
METPOJIOTHYECKOMY 00€CTIEYEHUIO
I1K-1.3.2 3HaTh NpUHLIMIIBI HOPMUPOBAHUS
TOYHOCTH U3MEPEHUS
I1K-1.3.3 3HaTh 00;1aCTh NPUMEHEHUS METOJIOB
U3MepeHus
I1K-1.3.4 3HaTh KOHCTPYKTUBHBIE OCOOEHHOCTH U
ITK-1 Cnocoben MIPUHLIMIIBI padOThI CPEICTB U3MEPEHUS,
IIPOBOAMTD aHAJIN3 TEXHOJIOTUYECKHE BO3MOKHOCTH B 00JIACTH
COCTOSIHUS IPUMEHEHUS CPEJICTB U3MEPEHHUS
TpodeccHoHaNbHbE METPOJIOTMYECKOTO [IK-1.Y.2 ymeTs onpenensith nor]gv)e6H00TL
KOMITETEHITHH oOecrieueHus B HOJJpa3/IeJIeHUs] METPOJIOTNYECKOI c1yKObI B
nopa3aeieHun o0opyI0BaHUU
METPOJIOTMUECKOI [IK-1.Y.3 ymeTp ycTaHaBIMBaTh ONTUMAJIbHbBIE
CITYKOBbI HOPMBbI TOYHOCTH U3MEPEHUHN U I0OCTOBEPHOCTHU
OpraHu3aluu KOHTPOJIS C yueToM ommbok 1-ro u 2-ro pona.
TIK-1.B.1 BnameThs HaBBLIKAMHU aHAJIW3a COCTOSTHUS
CPEICTB U3MEPEHM, ITAIOHOB, TOBEPOYHBIX
CXEM, HOpPMATUBHBIX JTOKYMEHTOB,
periIaMeHTHPYIOMUX padoThI 1O
METPOJIOTHYECKOMY 00€CTIEYEHUIO
TIK-1.B.3 BnameTh HaBLIKAMHU BBISIBICHUSI U
OLIEHKH MOTPEIIHOCTEN U3MEPEHNUs U OLINOOK
KOHTPOJISL.
[Tpodeccuonansusie | [1IK-3 Cnocoben [1K-3.3.1 3HaTh OCHOBHBIE MOHATHUS B chepe
KOMIETEHIINU OCYIIECTBIISATh yIpaBJIeHUs] KAYECTBOM




paboThI IO [1K-3.3.2 3HaTh TOKYMEHTHI 10 CTaHAAPTU3ALNHI

BBISIBJICHUIO U 1 METOANYECKUE JOKYMEHTHI,
MPEAOTBPAIIECHHUIO perIaMeHTHPYIOIITHE BOIIPOCHI YIIPABICHUS
HECOOTBETCTBUM KaueCTBOM, BOITPOCHI JEIONPOU3BO/ICTBA,
MIPOTYKIIUH KauecTBa MPOAYKIIMH, KAYeCTBa ChIPhS, KaueCcTBa
MPEAbSIBISIEMbBIM MaTepHUaoB.

TpeOOBaHUAM T1K-3.3.5 3HaTh HalMOHAJILHEIE,

MEXTOCYJapCTBEH-HbIE, MEX1YHAPOAHbIE
CTaHJapThl U HOPMATUBHO-IIPABOBBIE AKTHI
[1K-3.3.6 3HaTh MeXAyHAPOAHbIE TEXHUYECKUE
peraaMeHThl

[IK-3.Y.1 yMeTp NpUMEHATh METO/Ibl aHAIN3a
IIPOU3BOJCTBEHHOMU ACATEIbHOCTU

[IK-3.Y.2 ymeTh NpUMEHATh KOHTPOJIBHBIE KapThl
aHaJIM3a [1apaMeTPOB TEXHOJOTUYECKUX
IIPOLIECCOB

[IK-3.Y.5 ymeTp NpUMEHATb HUHCTPYMEHTHI
KOHTPOJISI U yIIPaBJIEHUsI KAU€CTBOM

[1K-3.B.1 BnageTh HaBbIKaMU OpraHU3aIuU
KOHTPOJISI, MEHEP)KMEHTa KaueCTBa
TEXHOJIOTMYECKON LIETIOYKH

2. Mecro nucuuminHbl B cTpykType OI1
JucuuminHa MOXeT 0a3supoBaThCS HAa 3HAHUAX, paHee MPUOOPETEHHBIX 00yUYarOUUMUCS
IIPYU U3YYECHHUHU CIEAYIOINX AUCLUIIINH:
JucuummHa MOKeT 0a3upoBaThCsl HAa 3HAHUAX, paHee MPUOOPETEHHBIX 00YYarOIIUMUCS
IIPYU U3YYECHHUHU CIIEAYIOIINX AUCLUIIINH:
— (u3NYecKre OCHOBBI U3MEPEHUN U 3TAJOHbI €IUHUIL;
— METOJbl U CPEJCTBA U3MEPEHUMN, UCTIBITAHUI U KOHTPOJIS,
— OCHOBBI HH(pOpMaTHU3AIH U3MEPEHUH;
— OCHOBBI JIEKTPOTEXHUKH U PATUOTEXHUKU;
— OCHOBBI MOJIETUPOBAHNE CUCTEM U MIPOLIECCOB;
— TpUKJIaTHAs U 3aKOHOJATEIbHasi METPOJIOTHS;
— o0mas reopusi U3MEpEHUH
3HaHMs, TOJYyYEHHBIE NPU W3YYEHUU MaTepuala AaHHOM IHUCLUUIUIMHBI, HMEIOT Kak
CaMOCTOSITENIbHOE 3HAUE€HUE, TAK U MOTYT MCIIOJIb30BaThCsl IPU U3YYEHUU IPYTUX JUCIUILINH!
— - IUQpPOBBIE METOJIBI U CPEICTBA U3MEPEHMIA;
— - IPOU3BOJICTBEHHAS IIPAKTHKA;
— - IPOU3BOJCTBEHHAS PEIIUILIOMHAs IIPAKTUKA.
3HaHMs, TOJYyYEHHBIE NPU W3YYEHUU MaTepuala AaHHOM IWCLUUIUIMHBI, MMEIOT Kak
CaMOCTOSITENIbHOE 3HAUE€HUE, TaK U MOT'YT HCIIOIb30BaThCS MPU U3YUEHUU JAPYTUX TUCLUIUIINH:
3HaHMs, TOJYyYEHHBbIE NPU W3YYEHUU MaTepuala AaHHOM IHWCLUUIUIMHBI, MMEIOT Kak
CaMOCTOSITENIbHOE 3HAUE€HUE, TAK U MOTYT MCIIOJIb30BaThCS MPU U3YYEHUU IPYTUX JUCIUILINH!
— 1udpoBbIe METOBI M CPEJICTBA U3MEPEHUH;
— TIPOM3BOJCTBEHHAs PAKTUKA;
— TPOU3BOJCTBEHHAsI MPEATUIIIIOMHAs MTPAKTHKA.

3. O0beM U TPYJ0EeMKOCTh JUCIUIUIUHBI
Jlanable 00 o0meM oO6beMe TUCIUILUIMHBI, TPYJOEMKOCTH OTAENbHBIX BHUJIOB yueOHOMU
paboThI 1O TUCIUIINHE (M paclpeielieHne 3TOH TPYA0EMKOCTH 110 CeMecTpaM) IpeACTaBICHbI B
tabnure 2.




Tabmuua 2 — O6beM U TPYI0EMKOCTh AUCIUTUINHBI

. TpymoeMKOCTh IO ceMecTpam
By yueOnol paboThl Bcero Neg NeO
1 2 3 4
Oowasn mpyooemKochib OuUCYUNIUHBL, 5/ 180 2/ 72 3/ 108
3E/ (uac)
U3 Hux uacoe npakmuueckoi no020moeKu 34 17 17
AyoumopHhuie 3anamus, BCETO vac. 68 34 34
B TOM YHCJIE:
nexuun (JI), (gac) 34 17 17
npakTudeckue/cemunapckue 3ansatus  (113), 17
34 17
(gac)
naboparopusie padbotsl (JIP), (dac)
KypcoBoii poekT (padota) (KII, KP), (uac)
9K3aMeH, (Jac)
CamocmoamenvHnas paboma, Bcero (4ac) 112 38 74
Buo npomesicymounoin ammecmayuu: 3a4et, | 3ayer, Hudod. 3au.
madd. 3ager, sk3amen (3ager, dudd. 3au, | Hdudd. 3auer
DK3.%*%*) 3auy.

*k
IIpumedanue: kaHaUAATCKHI SK3aMeH

4, ConepmaHI/Ie AUCHUITIIMHBI

4.1. Pacnpeznenenue Tpy10€MKOCTH JTUCHUILIMHEI 110 pa3ieiaM U BUAaM 3aHATUMN.

Pa3nensbl, TeMbl AUCHUIIIMHBL U UX TPYAOEMKOCTh MPUBEIEHBI B TabmuIe 3.

Tabnuua 3 — Paznesnbl, TeMbl TUCIHUILINHBI, UX TPYAOEMKOCTh

Pazgensl, TeMBI TUCITUTIIMHEL Hexrm | 113 (C3) P KII CPC
(dac) (qac) (qac) (qac) (qac)
Cemectp 8
Paznen 1.001mas xapakTepucTuka CpeacTB U
METOJI0B U3MEPEHNUN TPUMEHAEMBIX B MUKPO U
HAHORJIEKTPOHUKE. 2 2 10
1.1 CrpyxTtypa, cBOIiCTBa, 0COOEHHOCTH PAOOTHI C
MHUKPO- U HAHOCTPYKTYPHBIMH OObEKTAMHU
Pa3nen 2. XapakTepucTrka METOA0B UCCIIEI0BAaHUI 4 4 8
00BEKTOB MUKPO U HAHOCTPYKTYP
Pa3znen 3 Metoap! ucciiejoOBaHUN CTPYKTYPHBIX U
(U3UKO-XMIMHYECKIX CBOWCTB HAHOOOBEKTOB U 8 8 10
CUCTEM
Paznen 4 [IpyHUIMIIBI TOCTPOSHUS TEXHUYECKUX 3 6
CPEJCTB U3MEPEHNH B HAHOIMAIIa30HE
Htoro B cemectpe: 17 17 38
Cemectp 9
Paznen 1 TyHHenbHBIN apdexT B
pPaZvoOdJIEKTPOHHUKE, MIPUHIINI paboThl
TYHHEJIBHOTO CKaHMPYIOIIET0 MUKPOCKONa 2 2 8
1.1. MeToapl  HWCCIENOBAaHUA  YIJIEPOJHBIX|
HaHOOOBEKTOB
Pasnen 2 IIpHHIATIBI TOCTPOCHUS TEXHUIECKHX 4 4 28
CPEJICTB UCCIENOBAHNS HAHOCTPYKTYP




Paznen 3. OCHOBBI MEXaHUKH M KOHCTPYKIIHMA

CPEICTB U3MEPEHUI HAHOCTPYKTYPHUPOBAHHBIX 8 8 30
00BEKTOB

Pasnen 4. BoapTamnepHble XapaKTepUCTHKU 3 3 8
HU3KOPa3MEPHBIX CTPYKTYP.

Htoo0 B cemectpe 17 17 74

[IpakTnueckass 1o.
00yyJarouMucs

OIIPEIETICHHBIX

JATOTOBKA 3aKI4YacTCd B HCEIMOCPEACTBEHHOM  BBIIIOJIHCHUN

TPYZOBBIX  (YHKIMH,  CBA3aHHBIX C  Oya;ymei

pohecCuoHaNBHOM JesTeNbHOCTDIO.

4.2. CopnepxaHue pa3/ieJoB U TEM JICKIIMOHHBIX 3aHSATHI.
ConepxaHue pa3zesioB M TeM JICKIIMOHHBIX 3aHITHI IIPUBEICHO B Ta0OHIIE 4.

Ta6mmma 4 — ComepxaHue pa3aesioB U TeM JEKIIMOHHOTO UK

Howmep pazaena

Hazpanue u COACPIKAHUC Pa3acCIOB U TEM JICKIHMOHHbBIX 3aHATHH

Paznen 1

OO01mmas xapakTeprucTHuKa
CpEICTB U METOJIOB U3MEPEHUI
MIPUMEHSIEMBIX B MUKPO U
HAHODJIEKTPOHHKE.

1.1  CrpykTtypa, CBOWCTBa,
0COOCHHOCTH PabdOTHI C MUKPO-
u HaHOCTPYKTYPHBIMHU
00BEKTaMHU.

Tema 1.1 UccnenoBanme 00bEKTOB HAHOTEXHOJIOTHIA
CoBpeMeHHEIE METO/IBI
HAHOTEXHOJIOTUSX  CTaId

HCCIIeIOBaHMS, NpUMEHSEMbIE B
Korga ObuM  pa3paboTaHbl |
MHCTPYMEHTAJILHO IOJTBEP)KACHBI OCHOBHBIC HJCH aTOMHO-MOJICKYJISPHOM
TCOPUH U IMOJYYCHBI IIEPBBIC PEHTTCHOBCKUE AM(PPAKIMOHHBIC H300paKeHUs

BO3MOKHBI,

KPHUCTAJUTMUECKUX CTPYKTYP. BakHBIM COOBITHEM B HCTOPUU HAHOHYKH CTAJIO
n300peTeHre NPOCBEUMBAIONICH 3JIEKTPOHHOW MHKPOCKOIUH, TO3BOJIIOLIECH
MOJYYUTh M300pakeHHEe HAHOPa3MEPHBIX CTPYKTYp, a TaKKe H300peTeHue
CKaHUPYIOILLEr0 TYHHEIbHOIO MUKPOCKOIIA.

[IpeaMeToM HAaHOTEXHOJIOTHII SIBJISIETCS HOBBIE OOBEKTHI — HAHOCTPYKTYPHI,
KOTOpBIC UMEIOT CYOMUKPOHHBII pa3Mep B OJHOM M3 HalpaBIICHUH, KOTOPbIE
B COIO OYepelb, Hy>KAaI0TCs B Kilaccupukanui. B ocHOBY kitaccuduxannm
TMIOJIO’KEHBI CTPYKTYpa, COCTaB, a TAKXKe MX (PU3NKO-XMMHUUECKHE CBOICTRA.
Tema 1.2 Crpykrypa, CBOWHCTBAa, METOABI TOJNYYEHHS U OCOOCHHOCTH

IMPUMEHEHUS] HAHOCTPYKTYP.

B 00nacTy BBICOKMX TEXHOJIOTHI HIMPOKO HCIIOJIB3YETCs KiacCupUKaius
JUCIEPCHBIX CHCTEM II0 JUCIEPCHOCTH, T.€. IO pa3MepaM M YAEIbHOU
(assl.
MOJIPA3AENAIOTCA  Ha

IUIOWAA IIOBEPXHOCTH JUCIIEPCHO B nmepBom mnpuOmmxeHHH

JUCTIEPCHBIE  CHCTEMBI rpy0onuciepcHble |
TOHKOAMCIIEPCHBIE, TAaK HAa3bIBAEMBbIE KOJUIOUIHBIE CUCTEMBI.
YriaepoaHsle CTPYKTYPHI - YIJIEpoA SBISETCS Hauboiee pacupoCTpaHEHHBIM
3JIEMEHTOM B MPHUPOJIE, OH CYIIECTBYeT B TBEpHOH (a3e M HECKOIBKHX
MOIU(UKAIMAX C PasINIHBIMHA (PU3NKO-XMMHYECKUMH CBOicTBaMu: rpadur,
anma3, kapOuH, rpadeH. BaxHeimell 0COOEHHOCTBIO yriepoia SBIsSETCS
cniocobHocTh 0OpazoBeiBath menoukn —C —C — C-, KOTOphle NpHPOAA
UCTIONB3YeT JUIS CO3/AaHUS OWOJOTHYECKHX MOJIMMEPOB, a YeNOBEK JUIA
MIPOM3BOJICTBA PA3IMIHBIX CHHTETHIECKUX MaTEPHAIOB.
B KkoHme mnpommioro crojeTuss OBUIM OTKPBITHI HOBBIE YIJICPOJIHBIC
COEIMHEHHUS, CpeAM KOTOPHIX (YJUIepEeH,

cBoiictBamu. DyJuiepeH UMEeT KapKacHyI0 CTPYKTYpY, KOTOpas COCTOUT U3

oOnamaomuil  YHUKaIbHBIMH

3aIUIaTOK ISITH- M IEeCTUYToibHOM Gopmbl. B 1990 1. 6611 pazpaboTan MeTon
noyuenus gyiuiepeHa. B 1991 r. B npoayKTax 3JIeKTPOJYrOBOIO UCTIApEHHs
rpadura OblIM  OOHApyXEHBI LIIMHIAPUYECKHE YTIICPOJHbIE KOHCTPYKIINH,
MOJYYUBIIME Ha3BaHUs «HAHOTPYOkw». HaHoTpyOka mnpezacraBnsier coOoi
HNPOTSDKEHHBIE LWIMHAPUYECKUE CTPYKTYphl AHAMETPOM OT OJHOTO 10
HECKOJBKUX JIECSITKOB HAHOMETPOB U JUIMHOW IO HECKOIBKHX CAHTHMETPOB.
ITo cymecTBy Takas HaHOTpyOKa MpeACTaBIseT cO0OH OXHY MONEKYIy,
COCTOSIIIYI0O W3 MHJUTMOHAa aToMoOB yrieponma. B obmem cmywsae, YHT




0071a1af0T YHUKATGHBIMH JJIEKTPUICCKUMH, MEXaHHUECKAMU U XUMHUICCKAMH
CBOMCTBaMH.

Pazpen 2
.XapakTepucTrKa METOJIOB
HCCIIEOBAHNHA 00BEKTOB

MHUKpPO U HAHOCTPYKTYP

B koHIEe mpomutoro croneTHss OBIIM OTKPHITEI HOBBIE YIJIEPOJHBIC
cpean KOTOphIX (yiuiepeH, oOiagaromMid  yHUKAJIbHBIMU
cBoiicTBamu. DynuepeH UMeeT KapKacHYI0 CTPYKTYpy, KOTOpas COCTOMUT M3
3aIUIaTOK ISTH- M IECTUYToNbHOM GopMbl. B 1990 1. 6611 pazpabotan MeTon
nonyuenus: pysuepena. B 1991 r. B npoayKTax 3JIeKTPOJYTOBOIO UCTIApEHHS
rpajura ObIM OOHApYXKEHBI LIIHHIPUYECKHE YTIICPOJHbIE KOHCTPYKIIWH,

COEIMHEHHUS,

MOJyYHBIINE HA3BaHUS «HAHOTPYOKm». HaHoTpyOka mpezacraBiser coOoit
NPOTSDKEHHBIE IMIMHAPHIECKUE CTPYKTYPBl JHAMETPOM OT OIHOTO JI0
HECKOJIBKUX JECATKOB HAaHOMETPOB M JUIMHON N0 HECKOJIBKUX CAaHTUMETPOB.
ITo cymecTBy Takas HaHOTPyOKa TpencTaBiseT coOOH OAHY MOJEKYIy,
COCTOSIIYI0O W3 MHJUIMOHA aTOMOB yriepoma. B obmem cmyuae, YHT
0011a/1a10T YHUKAJIbHBIMHU JJIEKTPHYECKUMH, MEXaHHYECKUMH 1 XUMUYECKUMHU
CBOMICTBaMH.

Paznen 3 Mertoast
UCCIICIOBAHNN CTPYKTYPHBIX U
(hU3UKO-XUMUYECKHX CBOWCTB

HAHOOOBLEKTOB U CHUCTEM

B 00nacTy BBICOKMX TEXHOJIOTHI HIMPOKO HUCIIOJIB3YETCs KiIacCU(pUKaLs

JIICTICPCHBIX CHCTEM IO JAUCIEPCHOCTH, T.e. MO pa3MepaM U YyAeIbHOM
IUIOLIaIM TOBEPXHOCTH AucrepcHod (a3pl. B mepBoM  mpubnmkeHnn
JIICTICPCHBIE  CHCTEMbl  MOIPA3JCNSIOTCS HAa  IPYOOAMCIEpCHBIE |
TOHKOJIUCIICPCHBIC, TAK HA3bIBAEMBIE KOJIOMTHBIC CHCTEMBI.
VYriaepoaHsle CTPYKTYPBI - YIIEPOA SIBISICTCS Haubojee pacnpocTpaHeHHBIM
9JIEMEHTOM B TPHUPOJE, OH CYLIECTBYET B TBEpIOW (a3e U HECKOIbKUX
MoJU(DUKALMAK C Pa3TUYHBIMU (PU3UKO-XMMHYECKUMH CBOiicTBaMu: rpadur,
anMas, kapOuH, rpadeH. Baxueiimeil 0COOCHHOCTBIO yTiepoja SBISCTCS
crocoOHocTh 0OpazoBeiBath 1menoukn —C —C — C-, koTopble Mpupona
UCIIONb3YeT JUISi CO3/aHMsl OWOJIOTMYECKHX IOJMMEPOB, a 4YeJOBeK JUIs
MPOU3BOJICTBA PA3IMYHBIX CHHTETUYECKUX MATEPHAJIOB.

Pasznen 4 ITpuHIUIEl
MOCTPOCHUS TEXHUYECKUX
CpeicTB H3MEpeHUH B
HaHO/AMAIa30He

Tema 41. cTpyMeHTHI UCCIICIOBaHUH HAHOTEXHOJIOTHH

OnmHNMHU W3 TEpBBIX MHCTPYMEHTOB, KOTOpPbIE MOMOTIIM WHHUIMHPOBATH
UeH HAaHOTEXHOJIOTHH, OBUIM TaK Ha3bIBacMble CKaHMpPYIOIIME 30HABI. Bce
TUIBI CKAaHMPYIOIIMX 30HAOB ObLTH pa3paboransl B L{fopuxe B Hadane 80-x
rogoB. Cama uzies O4eHb IPOCTA: €CIH, K MPUMEPY, MPOBECTH MAJBLEM IO
MOBEPXHOCTH, TO JIETKO OTJIMYHMTH OapXaT OT CTaju WM AepeBa. B naHHOM
SKCIEPUMEHTE MaJsel] ACHCTBYeT KaK CTPYKTypa M3MepeHus cuibl. JlaHHas
uziesl U TOJIOXKEHa B OCHOBY pabOTHI CKaHUPYIOIIEI0 MUKPOCKOIIA, OHOTO U3
pachpoCTpaHEHHbIX CKaHUPYIOUINX CkaHUpYIOIIMH 30HA TIpU
M3MEPEHNH CKOJIB3UT I10 MIOBEPXHOCTHU TAK K€, KaK 3TO JIEJAIOT NaJIbIBI. 30HA
MMeeT HaHOCKOITMYECKHH pa3Mep (J4acTo Bcero oauH atom). Ilpm aBmxeHun
OH MOXET OIPEJENIATh HECKOJIBKO PAa3JIMYHBbIX CBOMCTB, KaXJ0€ U3 KOTOPBIX

30H/IOB.

COOTBETCTBYET NHOMY U3MEPCHUIO.

ATOMHO-CWJIOBOII ~ MHKPOCKOII. B arOMHO-CHMJIOBOM  MHUKpPOCKOIIE
9JIEKTPOHUKA UCTOJIb3YETCS ISl U3MEPEHUS CUIIbl BBOJUMONW KOHYMKOM 30H[1a
IIPH €T0 JBMKEHUH BJOJH TOBEPXHOCTH HCCIETYEMOTo 00BEKTa.

Tewma 2.2. TyHHEIBHBIH MUKPOCKON. B TYHHETFHOM MHKPOCKOIIE U3MEPSETCS
IPOXOMIIET0 MEXAY CKaHUPYIOLIUM
30HIOM M MOBEPXHOCThIO. TyHHEIbHAas MHUKPOCKONHS — 3TO MNPAKTHUECKU

HepBHﬁ pa3pa6OTaHHLIﬁ METOA 30HAOBOTO CKAaHHUPOBAHU, HAICAUICTO

BCJIMYMHA DJJICKTPUYCCKOTO TOKa,

HIMPOKOC NPUMECHCHHUC.
. B MarauTHO-cHIIOBOM MUKPOCKOII€ 30HI, CKaHI/IpyIOIlII/Iﬁ IMOBEPXHOCTD,
SABJIICTCA MArHuTHBIM, OH TIIO3BOJIACT IIOYYBCTBOBATb Ha TMOBEPXHOCTH

JIOKAJbHYI0 MarHUTHYIO CTPYKTYpy. 30HA MarHWTHO-CHJIOBOTO MHKpPOCKOIIA




paboTaeT TOMOOHO CUMTHIBAIOIICH TOJIOBKM BHHYECTEpA WIIM MarHUTOQOHA.
CKkaHHUPYIOIIME MHKPOCKOIBI [O3BOJIMIIM  BIEPBBIE YBUIETh OOBEKTHI
pa3mMepoMm ¢ atom.

Pazmen 1 (5 Pasgen 1
TynneneHpid 3¢ ¢dexr B
PaIHOdIICKTPOHUKE, MPUHIIHIY
paboThI TYHHEJIBHOTO
CKaHUPYIOIIEr0 MUKPOCKOIa

1.1. MeTopl uccae0BaHUM
YIJIEPOJHBIX HaHOOOBEKTOB

TyHHenbHBIE  3PQPEeKT — 3T0  NPOXOXKACHHE  4Yepes
MOTEHIUANBHBIA Oapbep MUKPOYACTHIIBI, SHEPIUs KOTOPOl MEHBIIE,
gyeM BbIcOTa Oaphepa. Crtporoe oOBsicHeHHe 3Toro dddexra maer
KBaHTOBash MeXaHWKa (UCXOIs U3 HEONPEIeIICHHOCTH HMITYJbca
MUKPOYACTHIIEI B 00J1acTH Oaphepa).

Eme B XVII B. U. HrooToH cdopmyiarpoBan 3aKOHBI
KJIACCHYECKOW MEXaHHMKH, YTO CTal0 BEIUKUM COOBITHEM B HCTOPHHU
¢usuku. OnmHako ob6nmacte HT oTHOCATCS K COBEpIICHHO HWHOMY,
MHUKPOCKOIIMYECKOMY  MHpY, 3aKOHBl KOTOPOIO  ONPEAENSIOTCS
MEXaHUKOH aTOMOB M MOJICKYIL.

Hanpumep, cuutas 31€KTpOH MSYMKOM WM INAPUKOM, MBI
MOKE€M MHOTJa HaOI0aTh CTpaHHBIN A (EKT, TPH KOTOPOM «MSIUK
MPOH3aeT CTEHKY. JTO HEOOBIYHOE KBAHTOBOE SBICHHE MOIYYMIO
Ha3BaHHUE MIYHHENAbHO20 IPheKma N HE UMEeT HUKAKHX aHaJOrOB B
MHUpE KIJIACCHYECKOH (HM3MKH, OJHAKO OHO SBISETCS COBEPIICHHO
€CTECTBCHHBIM U IOHATHBIM B PaMKaX KBAaHTOBOW MEXaHHKH aTOMOB,
pa3BuToi B Hayaie XX B.

Teopetnuecku 3¢dexkt ObLT mpeackazan eme B 1928 T.
n3BeCTHBIM (u3UKOM . 'aMMOBBIM, KOTOPHBIH BBEN MpECTaBICHUE 00
aToM 3¢ddekre s 00BICHEHHs Tak Ha3bIBAEMOTO ajb(a-pacnana B
sanepHoit Qusmke. [laHHOE sBIIeHWE HAONIONAETCS TMPH CONMMKEHUH
aTOMOB M CBOJAUTCS K TOMY, YTO 3JICKTPOHBI B TaKOM CIydae MOTYT
MOKHUIaTh CBOM 000JIOUKH, He 00J1ajasl JOCTaTOYHOU SHEPTrUeH.

310 00BSICHAETCA «BOJHOBOM MPUPOIOI» JIEKTPOHOB, a CAMO
Ha3BaHHWE BO3HUKJIO H3-3a TOrO, YTO, C TOYKH 3PEHUS BHEIIHETO
HaOroaTens: Kiaccudeckoi ¢usuku (1 3apaBoro cmbicnal), addexr
BBITJIAJUT COBEPIICHHO HEMOHSATHBIM W HAIlOMHHAET CUTYalHIO, MpU
KOTOPO# 3JIEKTPOH Kak OBl HaXOAWT B CTEHE KaKOK-TO «TYHHENb» U
NPOCKaKMBaeT 4epe3 Hero (B  KadyecTBE CTEHbl  BBICTYIAET
AIEKTPOCTATUICCKUHN TTOTCHIINAT SI/IPpa).

IIpouecc HOCUT Ciiy4yallHBIA XapakTep, HO €ro BEPOSTHOCThb
MOXET OBITh BBIYMCICHA [0 3aKOHAM KBAaHTOBOM MEXaHHMKH
COBEpUIEHHO TOYHO (NP 3TOM OJJIGKTPOH  pPaccMaTpUBAETCS
OJITHOBPEMEHHO U B Ka4eCTBE BOJHBI, M B KauecTBE YacTHUIbl). IMeHHO
BOJIHOBBIE XapaKTEPUCTHKHM IOBEIEHMS DJEKTPOHA MO3BOJAIOT €My
MIPEeoIoNIeBaTh dHepreTudeckuii Oapnep. Ilpm OGONBIIOM KOJUYECTBE
TaKUX JJIEKTPOHOB MOKHO, €CTECTBEHHO, TOBOPHUTH O TYHHEJIHHOM
TOKE.

TynnenvHbli 3¢dekr yxke nmaBHO BecbMa 3(PdeKTHBHO
UCIIONB3yeTCd B HayKe M TEXHHMKE. B dacTHOCTHM, Ha HEM OCHOBaH
IIPUHIHAIT IIeI‘/'ICTBI/ISI HN3BCCTHBIX TYHHCJIbHBIX AUOA0B 1 MHOT'UX APYTUX
MOJYIPOBOAHUKOBBIX TNpuOopoB. B HacTosimee Bpemst sddekr
IMIUPOKO TMPUMECHACTCA B CBEPXUYBCTBUTCIBHBIX 3allMChIBAIOIINX
TOJIOBKax MAarHuTHBIX JAHUCKOB, CKaHUPYIOIIUX TYHHCJIBHBIX
MHUKPOCKOIIaX, NpruOopax siiepHO GU3UKH H T.1I.




1 (5)MonexynsipHo-nyueBas osmurakcus (MJID). MJID —
TEXHOJIOTHYECKUH TIPOIECC SMUTAKCHAIBHOTO BBIPAIIMBAHUS CIOEB,
KpHUCTAIUIMYECKas PEHIeTKa KOTOPBIX MOBTOPSET PELICTKY MOJIOKKH.
C momompro TexHOMOTHH MJID  BBIpAIIMBAIOT TETEPOCTPYKTYPHI
3aaHHON TOJIIMHBEI C MOHOATOMHOIJIAJKUMH T€TepOTPaHUIAMH H
3aJaHHBIM NPOGUIIN JerupoBaHusi. CleayeT OTMETUTD, YTO SIUTAKCHUS
— 9TO OAWMH W3 BAXKHEHIINX TEXHOJOTHYECKUX IIPOIECCOB TIPH
CO3JIaHMH MHUKPO- © HAHOCTPYKTYP.

Tema 3.1 Meroapl wccnenoOBaHUN W W3yYeHUS (UUKO-
XUMHYECKUX CBOMCTB HAHOOOBEKTOB U CHCTEM

[lox reTeporeHHBIMH MpPOIECCAMH TOHUMAIOT TEXHOJIOTHUYECKUE
MPOIIECCHI, MPOUCXOISINNE HA TPaHUIE pa3jiesia Ga3 U GOPMUPYIOIIHE
TeTepPOreHHBIC CUCTEMBI. [ eTeporeHHasi cucreMa mpeacTaBisieT co0oit
TEPMOJMHAMHYECKYIO CHCTEMY, COCTOAIIYI0 U3 PAa3IUYHBIX IO
(U3MYECKUM M XUMHYECKUM CBOWMCTBaM 4YacTel Wiu (a3, KOTOpbIe
OTJIEJICHBI APYT OT JApyra MoBepXHOCTAMU panena. Kaxmas u3 dha3 npu
5TOM TOMOT€HHa ¥ €€ TIOBEJCHHWE IOAYMHICTCS 3aKOHAM
TEPMOMHAMUKH.

Tema 3.2. ®@opMHpOBaHUE CTPYKTYp HA OCHOBE KOJUIOMAHBIX
pacTBOpOB

KomnmonnHeie pacTBOpbI WM 307 MPEACTABISIOT COOOM JKHIKHE
CHUCTEeMBl C 4YaCTHIIaMHd JUCHepCHOW (a3pl WIM MHUIEITIAMH
MEPeMEIINBAIOIIMMYA  CBOOOJHO M HE3aBUCHMMO B  Ipollecce
OpoyHOBCKOTO ABIKeHUS. Pazmep dactud nexxut B npenenax 10 — 100
HM, CaMH YaCTHI[bI MOTYT PacIloiiaraTbCsi OTHOCHUTEIBHO JPYT JIpyra
Onmke, dYeM Ha JguamMeTp dacTuibl. Meton  (opmupoBaHus
YHOPSIOYEHHBIX HAHOCTPYKTYP HETOCPEJCTBEHHO W3 HAaHOYACTHII,
c(hOpMUPOBaHHBIX B KOJUIOMIHBIX PacTBOpax, JaeT BO3MOXHOCTh B
MIMPOKUX TpefieNiaX BapbHPOBATh Pa3MePhl YaCTHI], a TAKIKE H3MEHSTh
3JIEKTPOHHBIE CBOMCTBA YaCTHII.

307b-TeNb-TEXHONOTHS. 30JIb-TEIb-TEXHOJIOTHS — TIPEJCTaBISAET
co00i1 TEXHOJOTHMYECKUH TpoIiece MOJTy4eHUs] MaTepualioB, ¢
OTIpe/ICICHHBIMU XUMHUECKUMHU U (PU3UKO-XUMHUECKUMHU CBOWCTBAMH,
BKITIOUAIONIVI TIOJMyYeHHe 30JI1 M TIEPEeBOJ €ro B Telnb. B olbmem
ClIy4ae, 30J1b-TeJIb-TEXHOJOTHSI Ha CBONCTBE 30JI1 WM KOJUIOMTHOTO
pacTBOpa W MPEACTaBJISIOT CO00M CTPYKTYpHUPOBAaHHBIE CHCTEMBI C
JKUAKOW JWCIIEPCHOHHOW Cpefoi. OTHM METOJOM MOTYT OBITh
CHUHTE3UPOBaHbI HaHOKOMITO3HUTHI Ha OCHOBE KepaMUKH
TreTepOMETaNTNYECKOTO THITA U JIp.

Paznen 2 (6)
TIpunmunet MMOCTPOCHUS
TEXHUYECKUX CpEICTB

UCCIJIEJOBAHNS HAHOCTPYKTYP

Tema 2 (6) CoBpeMeHHOe pa3BUTHE (QU3UKH W  TEXHOJOTUH
TBEPIOTEIBHBIX HAHOCTPYKTYP, HPOSIBIISIONICECS B HEMPEPHIBHOM IEPEX0/e
TOMOJIOTHH  3JICMEHTOB 3JICKTPOHHOW TEXHHKH OT CYOMHKPOHHBIX K
HAaHOMETPOBBIM  pasMepaMm, MOTpeOOBasi0  pa3pabOTKy  HOBBIX |
COBEpPIIICHCTBOBAHME YK€ CYIICCTBYIOUINX CPEACTB U METOJIOB TUATHOCTHKH,
a TarKKe co3/aHue 00pa3oB 000PYIOBaHUS I aHAIN3A CBOWCTB U MPOIECCOB
B HaHocucTemax. CerofgHs CymIeCTBYeT OTPOMHOE KOJHYECTBO THUIIOB H
BUIOB CPEICTB IUArHOCTHKH J[Js WCCIEIOBaHHS HAHOCTPKYTYp, HMOYYCHHS
HAaHOPAa3MEPHBIX CHUCTEM U HOBBI3 HAHOCTPYKTYPHBIX MAaTEPHAIIOB C
3aaHHBIMM  CBOWCTBAMHM, HEOOXOAMMO II0-HOBOMY pellaTh  3afadd




HCCIICIOBaHNS  HAHOCTPYKTypro [l storo  TpebyeTcs  W3MEHEHHE
TPaIUIIMOHHBIX METO/IOB, a TAKKE CO3JaHHE M Pa3BUTHE COBEPIIECHHO HOBBIX
CPEICTB M METOJOB, MPOIECCOB TPUCYIIHUX OOBEKTaM HAHOMETPOBOTO
Macirada.

Tema 4.2. MeToIBI SIIEKTPOHHOM CIIEKTPOCKOIIHN

Hans XHUMHYECKOTO aHaM3a (OTOANEKTPOHHOM MHKPOCKOITUH,
(hOoTOMIOMUHECIICHITNH, KOTOPBIE B HBACTSILEE BPEMsI aKTUBHO Pa3BHBAIOTCS C
MEepPCIEKTHBaMH CYIIECTBEHHOTO MOBBIIICHHS pa3pellaroieil crnocoOHOCTH
UCTIONb3YEMBIX CpeACTB. VI3BECTHO, 4YTO 4YEJOBEK CIOCOOEH pasriigeTh
00BeKTHI pazMepoM npudam3uTeapHo 0.1 MM. C ToukH 3peHUs (HU3HOIOTHH
Il1a3 3TO mpocTas omrTuueckas cucrema. B 1873 1. O6puto copmymupoBaro
MPaBUJIO ONTHYECKUX CHCTEM, COTIACHO KOTOPOMY MHHHMAJIBHBIC Pa3Mephl
pa3IrIaeMbIX JeTajiel paccMaTpruBaeMoro o0bEeKTa, He MOTYT OBITh MEHBIIIE,
yeM [urHa BOJHEI cBeTa (400 HM). Paspemaromast cliocOOHOCTh ONTHYECKHUX
MHKpPOCKOTIOB cocTaBisieT npuommurenso 200 vM. IlodToMy BO3HHKIA
HEOOOMMMOCTh, B CO3JaHMM CHCTEM C 0OoJjiee BBICOKOI pa3pelaromen
CHOCOOHOCTBIO, a CJIeOBAaTelNbHO C BHIACGOCHCTEMAaMH, HCIIONb3YEMBIX
MCHbIIME [JJIUH BOJIH, 4YTO U TMPHUBEJIO K CO3JaHUIO DBJICKTPOHHBIX
MHKPOCKOTIOB.

Paznen 3 (7).
OCHOBBI MEXaHUKH U
KOHCTPYKLUI CPEACTB
U3MEpPECHUN
HaHOCTPYKTYPHUPOBAaHHBIX
00BEKTOB

CerofHsa CyIIECTBYST OTPOMHOE KOJIMYECTBO THUIIOB M BHIOB CPE/ICTB
MUAarHOCTUKHU I WCCeIOBaHUs HAHOCTPKYTYP, MOYYCHUS HAHOPA3MEPHBIX
CHCTEM W HOBBI3 HAHOCTPYKTYPHBIX MAaTEpPHaJOB C 3aJaHHBIMU CBOICTBaMH,
HEOOXOIMMO TI0-HOBOMY peIIaTh 3a/1a4d MCCICTOBAHUS HAHOCTPYKTYpIo Jlis
3TOro Tpedyercsi U3MEHEHHE TPAAUIMOHHBIX METOOB, a TaKKe CO3IaHUE U
pa3BUTHE COBEPIIEHHO HOBBIX CPEACTB U METOIOB, MPOIECCOB MPHUCYIIHUX
00BEKTaM HAHOMETPOBOTO MaciiTada.

OmanM W3 OOBEKTOB HAHOMETPOJOTHH SIBIISICTCS OCTPHUITHBINA
30HIOBBIA  JaTYMK, MCHOJb3YEMbIH B CKaHUPYIOLIEH 30HA0BOI
MHUKPOCKOIIMN [UIS HCCIEIOBAaHUS Pa3MEPOB M CBOMCTB TOBEPXHOCTH
HaHOOOBEKTOB. J[aTYMK COCTOUT W3 MOIYIPOBOJHHKOBOTO KpPHCTAILIA
(unma), THOKOM KOHCOIH (COOCTBEHHO KaHTWIEBEPa) U TBEPIOTEIHHOTO
30H7a (UrJibl). OOBIYHO ATOT AATYUK HA3bIBAIOT KAHTHUIIEBEPOM.
l'eomeTpuueckn 30HI TMPEACTaBISET COOOW WMy KOHMYECKOW WIH
npu3MaTudeckoir Gopmer ¢ yriaom mpu Bepumae 20 - 25° W BBICOTOI
okoio 10 mxm. Hambornee BakHast XapaKTepHCTHKA 30HAA - PaIHUyC
3aKpyrJieHHus OCTpHs I, 3HaYeHHE KOTOpOro oObIYHO He Oosee 1 - 25
HM. BenmmumHa pammyca I' BiIMAeT Ha pa3Mepsl OONACTH IPEJENIBHO
JOCTIDKUMOTro  paspemeHus.  CIOXKHOCTb — W3TOTOBICHHS  30HJA
CYIIECTBEHHO YBEIMYUBACTCS C YMEHBIIICHUEM Palnyca OCTPHSI.

TexHUYECKHE XapaKTUPUCTHKH JATIHKA HAHOTIEPEMEIICHIH
B xadecTBe W3MEpHTENBHEIX NpeoOpa3oBaTeNicii B HAHOTEXHOJIOTHH
WCTIONB3YeTCsT NaTYUK HAHOIIEPEMEUICHWH, MPEICTaBISAIOMUNA CcoOo0it
COBOKYITHOCTb MEXaHU4YeCKOTO 3JIEMEHTa u TpaH3HCTOPA.
MexaHUYECKIM 3JIEMEHTOM SIBIISIETCA Opycok
(HaHOZJEKTpOMEXaHWYeCKas IepeMblYKa) W3  apCeHHWia  Tajlusd,
3aKpeIUIeHHBI ¢ 000MX KOHIOB. Pa3mepsl Opycka: mumHa 3 MKM,
mmprHa 250 HM, TommmHa 200 HM. J[leTekTop mepeMemeHus -
OJTHORJIEKTPOHHBIN TPAH3UCTOP - PACIIONOKEH Ha paccTostHUM 250 HM OT
Opycka. TpaH3UCTOP IITEKTPHUECKH COSANHEH C OPYCKOM 4epe3 eMKOCTb.
BHemHee HampspkeHHe, TNPHIOKEHHOE K OpycKy, 3acTaBisieT ero
BuOpupoBars. Ilpum nepememieHHn Opycka OTHOCHTENBHO JI€TEKTOPA
U3MEHSETCS TOK, IPOTEKAIOIIUI Yepe3 TPAH3UCTOP.

Haznadenue naTymka CHIIBI B MACCHI

Pasnen 4 (8) . BonpTammnepusie

CornacHo mpoexty TexHudeckoi cnermudukanuu ISO/DTS 12805
NPOM3BEACHHbIE HAHOOOBEKTHI PA3/ICISIIOT 10 MPU3HAKY T€OMETPHYECKOM




XapaKTePUCTHKHU
HU3KOPa3MEPHBIX CTPYKTYD.

(hopMBI Ha TPU KATErOPUU: YACTHIIBI - OOBCKTHI, HIMCIOIIIE TPU pa3Mepa B
HaHoMacmTabe; BOJIOKHA - OOBEKTHI, HWMEIOIIME JBa pa3Mepa B
HAaHOMACIITAa0e; TIUIACTHHBI - OOBEKTHI, HMEIOUIME OIUH pa3Mep B
HaHOMacIITaoe.

BoNbIIMHCTBO HAHOOOBEKTOB HMEET YIIEPOAHYI OcHOBY. Jloirue
roJbl CYUTANOCH, YTO YIJIEPOA MOXKET O0Opa3oBBIBATh TOJBKO [1BE
AIUIOTPOIHBIE KPUCTAUIMYECKHE CTPYKTYphl - ajMa3 ©  rpadur.
AnmoTponusl - CYIIECTBOBaHHE OJHOTO M TOTO JK€ XHMHYECKOTO
ayeMeHTa B Hecxoxkux (opmax. OQHAKO B TMOCICHHUE TOJBI OBLIH
OOHApyKEHBI eIlle JBEC aUIOTPONMHBIC (OPMBI Yriepona, HMEIOIIHE

6O0JIBIITYFO IEPCTIEKTHBY UCIIOJIB30BAHMUS B HAHOTEXHOIOTHSIX.
Tema 5.2 Ha3naueHue, CBONCTBA, OCTPUITHOTO 30HAOBOTO JaT4YHKA.
OmHMM W3 OOBEKTOB HAaHOMETPOJIOTHUM SIBISAETCS OCTPUIHBINA
30HJOBBIH  JaT4MK, HCIOJB3YyEeMBIi B CKaHUpPYIOLIEH 30HIOBOM
MHUKPOCKOIIUY JUISI HMCCIIEIOBAaHUS pa3MEpPOB M CBOMCTB IOBEPXHOCTH
HaHOOOBEKTOB. JlaT4MK COCTOMT W3 MOJTYNPOBOJHHKOBOTO KpHCTaNa
(unmna), THOKOM KOHCOIH (COOCTBEHHO KaHTWIEBEPA) W TBEPIOTEIHHOTO
30H7a (urJisl). OOBIYHO ATOT AATYMK HA3BIBAIOT KAHTHIICBEPOM.
I'eomeTpuyeckn 30HI TPeNCTaBIseT coOOW WITy KOHHWYECKOH WIIH
npusMaruueckoil Gpopmsel ¢ yriom npu BepiimHe 20 - 25° u BBICOTOH
okono 10 mxM. HambGosee BakHas XapaKTepUCTHKa 30HAA - paliyc
3aKpYTJICHUA OCTpHUs I, 3HAUCHHE KOTOporo oObraHO He Oomee 1 - 25
HM. Bemuuuna paauyca ¢ BiMseT Ha pa3Mepbl 00JIaCTH IPEAETbHO

JIOCTIXKUMOTO  pasperieHuss.  CIOXHOCTh  HM3TOTOBJIEHUS  30HJA
CYIIECTBEHHO YBEJIMUYUBAETCS C YMEHBIICHUEM PaJNyCca OCTPHUSL.
4.3. IlpakTtuueckue (CEMHUHAPCKHUE) 3aHATHS
Tembl IpakTUUECKUX 3aHATHI U UX TPYJOEMKOCTh IPUBE/IEHBI B TAOJIHNLIE S.
Tabmuua 5 — [IpakTHyeckue 3aHATHs U UX TPYJOEMKOCTb
N3 aux Ne
Ne | Temsl npaktuyeckux | POpMbI IPAKTUUECKHUX | TpPyJOEMKOCTb, |IPAKTHYECKOM |pa3zena
/1 3aHATHI 3aHATHI (dac) MMOATOTOBKH, | JUCIIHAIL
(qac) JIMHBI
Cemectp 8
1 OCHOBHBIE 4ePTHI AHanus3 U OLEHKa PEeCypCoB, 4 1 1
coBpeMeHHBIX IT. HEOOXOIUMBIX JUTs YIIPaBICHHUS
CTpyKTYpUPOBaHHOCTh nHpopmarnueii, 10,
CTaHIapTOB LU(PPOBOro HEOOXOIUMOE JUIsl CO3JIaHUS,
0OMeHa TaHHBIMU XpaHEeHWsI, yIPaBICHUsI, TIEPeadn
ATOPUTMOB 1 noncka uHbopMaIun
2 OCHOBHEBIE YePTHI AHanm3 1 OLIEHKA PECYPCOB, 4 3 2
coBpeMeHHBIX IT. HEOOXOIUMBIX JUTs YIIPaBICHHUS
CTpyKTYpUPOBaHHOCTh nHpopmarnueii, 10,
CTaHAapTOB LU(PPOBOro HEOOXOMMOE JIJIsl CO3aHMs,
oOMeHa JTaHHBIMHU XpaHeHMsl, yIpaBJIeHuUs, Iepeiadn
ATOPUTMOB 1 moucka uHhOopMaIuu
3 HccnenoBanue O6paboTKa pe3ynbTaToB 4 3 3
IOBEPXHOCTH METOJIOM HcCIeIoBaHms 00pasia U aHau3
ATOMHO-CHIIOBOM Pe3yIbTATOB U3MEPEHHIA
MHKPOCKOITNH
4 IToaroroBka Iopsinok u 5 4 5
3JIEKTPOHHOT'O MOCIIEIOBATENHHOCTD
MHKpOCKONa 1 BKJIFOUEHUSI Y BBIKJIIFOUEHHUS
(hyHKIIMOHATTHHBIX C3M mox. Solver PRO-M
61510k0B (y3710B) K pabote
B OCHOBHBIX pa009mx
pexuMax

Cemectp 9




1 ITopsimok mpoBeaeHust [TocnenoBarenbHOCTH 4 3 1 (5)
TIOBEPKHU TYHHEIHHOTO H TIPOBEICHUS TIOBEPKH 1.
1 CKaHUPYIOIIETO MEKpOcKoma Mo, Solver
MHKPOCKOIIOB PRO-M
2 OcobeHHOCTH H AHanu3 1 OlIEHKa PECYPCOB, 4 4 2 (6)
PasHOBUIHOCTHU HCO6XO}_II/IMI>IX JJIA yIIpaBJICHUS
coBpeMeHHBIX IT. nHpopmarmei, [10,
HopmartuBHble 1OKYMEHTBI Heo0XoauMoe IS CO3TaHMs,
uudpoBoro ooMeHa XpaHEeHUsl, yIpaBlIeHUs, Iepeaadn
JIAHHBIMU AJITOPUTMOB Y TIOMCKa HH(popManuu
3 IIpenMymIecTBa METOIOB OGpaboTKa pe3ysIbTaToB 4 4 3(7)
OM aTOMHO-CHJIOBOM UccleoBaHus 00pasiia i aHalu3
MI/IKPOCKOHI/H/I PE3YIBTATOB U3MEPECHUUN
4 ITocnenoBarenbHOCTD Iopsinok u 5 4 4 (8)
ornepanui npu MOCJIEI0BATENBHOCTh
MOArOTOBKE K pabore DM BKJIFOUCHHS ¥ BBIKJIFOUCHHUS
1 6a30BBIX OJIOKOB C3M wmoa. Solver PRO-M
(y310B) k padore B
OCHOBHBIX pabounXx
pexuMax
Bcero 34

4.4, JlabopaTopHbIC 3aHATHS
Tewmbl JTabopaTOPHBIX 3aHATHH U UX TPYIOSMKOCTh IPUBEACHBI B Ta0HIIC .

Tabnuna 6 — JlaboparopHble 3aHATHS U UX TPYJOEMKOCTh

Ne
/o

HaumenoBanue nabopatopHbix padboT

TpynoemMkocTsb,

(gac)

N3 Hux Ne
IIPAaKTUYECKOHU | paszena
HOJrOTOBKH, | JAUCLHUII
(gac) JIMHBI

V4eOHBIM IIAaHOM HE npeaycMOTpCHO

Bcero

4.5. KypcoBoe nmpoeKkTHpoBaHHe/ BHITOTHEHUE KypCOBOU PabOTHI
VY4eOHBIM MJIaHOM HE IPETYyCMOTPEHO

4.6. CamocrodTenbHas paboTa 00yJaroUxcs
Bunel camoctosiTenbHON paboThI U €€ TPYAOEMKOCTh IPUBEIEHBI B TabuLe 7.

Tabnuna 7 — Bunbl caMmocTosTenbHON paboThl M €€ TPYAO0EMKOCTh

Bux camocrositensHOM paboThI BSIZI;O’ Cewmectp 8, uac Cemectp 9, uac
1 2 3 4
N3yuenue TeopeTnyeckoro Marepuania
12 12 8
qucrumingel (TO)
[ToaroToBKa K TEKyIIeMYy KOHTPOJIIO 8 8 28
ycneBaemoctu (TKVY)
Jomarraee 3amganue (/13) 10 10 30
IToaroroBka kK MpoOMEXKYTOUHOU 8 8
atrectrauuu (ITA)
Beero: | 112 38 74




5. IlepeueHsb y4eOHO-METOAMUYECKOTO 0OECIICUCHHUS
JUISL CAMOCTOSTEITLHOM PabOThI 00YUAIONMIUXCS TTO TUCIUIUIMHE (MOTYITIO)
Y4eOHO-METOIMUECKNE MaTePHAIbl JIJII CAMOCTOSITEIIbHONH pabOThl OOYYArOIIMXCSl YKa3aHbI B

ma. 7-11.

6. IlepeueHb MeyaTHBIX U FIEKTPOHHBIX YUEOHBIX U3TAHUI
[lepedeHpb nevaTHBIX U SJIEKTPOHHBIX y4eOHBIX M3IaHUH MpHUBEIeH B TadIuIe 8.
Tabnuna 8— IlepedeHb MeYaTHBIX U JIEKTPOHHBIX YUEOHBIX U3JaHHM

Iudp/
URL agpec

bubnuorpaduyeckas ccpuika

KomuectBo

SK3EMILTSIPOB
B OMOJIMOTEKE

(kpome
AIIEKTPOHHBIX

HK3EMILISIPOB)

ISBN 978-5-9963-0028-4

ITosry4eHue 1 MCCIIeIOBaHIE HAHOCTPYKTYD.

JlaGopaTopHEIH MPAaKTHKYM 110 HAHOTEXHOJIOTUSIM
/EBnoxumoB A.A. u np./; nox pen. A.C. Curoa. —
M,: BUHOM. Jlabopatopwust 3Hanmii, 2010. — 146

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

duznvecKkue 0OCHOBBI MUKPO- U
HaHO3JIEKTPOHUKH, JlypHakoB A.A.,
/yaebnoe mocobue/, Yp®@VY, 2020, -252 c.

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

dusnyeckre 0CHOBBI HAHOTEXHOJIOTHH U
HaHomarepuainsl, CmupaoB B.1. /yue6Hoe
nocobue/, Yiuesaosck, YnlI'TVY, 2017, 240 c.

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

ba3oBble TEXHOJIOTUU MUKPO- U
HAHO2JIEKTpOHUKU: BopoteiHies B.M.,
Ckynos B. /1., -M, , IIpocnekr, 2017, -519 c.

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

Matepuanbsl 1 METObI HAHOTEXHOJIOTHIA,
CrapoctuH B.B. /yae6H0€ mocobue/, -M,
Bbunowm, 2016, -431c.

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

Hanomarepuansi: yue6Hoe nmocobue/, JI.1.
Peoxonkos, B.B. JIésuna, 3.J1. [I3ua3urypu,
-M, Bunowm, 2017, -343 c.

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

BrrunciuTensHbIE HAHOTEXHOJIOTHH, ITommoB
A.M., /yae6HOe Tocobue/, Kuno-Pyc, 2017, -
126 c.

https://znanium.com/catalog/product/1032129
(mara obpamenus: 07.09.2021). — Pexum
JA0cCTyna: 1mo nmoanumcKe.

HUcaes, C.B. HTe1eKTya bHbIE CUCTEMBI :

yue0. nocobue / C.B. Ucaes, O.C. Hcaesa. -
Kpacuosipck : Cub. penep. yu-1, 2017. - 120
c. - ISBN 978-5-7638-3781-0.

https://znanium.com/catalog/product/1060845
(mara obpamenus: 07.09.2021). — Pexxum
A0CTyna: Mo MnMoAnrcKe.

Onunios, b. E. Monenu u npoGieMbl
HHTEJUICKTYaJbHBIX CHCTEM : MOHOTpadus /
b.E. OguanoB. — Mocksa : UHOPA-M,
2020. — 219 c. — (Hayunas mbIcib). —
DOI 10.12737/1060845. - ISBN 978-5-16-
015839-6.

https://fs.quap.ru/science/patents/2021612957.pdf

CBuJ1 — BO O TOC. PErUCTPALIUH [IPOTPAMMBI
s OBM Ne 2021612957

Jlom kadectBa «QFD»

[IpaBoobGnangarens: PI'AOY BO
«Cankr-TleTepOyprckuii rocy1apCcTBEHHBIH
YHHBEPCHUTET

a’pokocMuueckoro npudopocrpoeHus» (RU)



https://fs.guap.ru/science/patents/2021612957.pdf

ABTop: Yabanenko Anexcanap BamepreBud
(RU)

7. IlepeueHb 3IEKTPOHHBIX 00Pa30BaTENbHBIX PECYPCOB
MH(POPMALMOHHO-TEIIEKOMMYHHUKAIIMOHHOHU ceTn « HTepHeT»
Ilepeuens DIIEKTPOHHBIX 00pa3oBaTeNbHbIX pecypcoB MH(pOpPMaIMOHHO-
TEJIEKOMMYHUKAaMOHHON ceTtu «/HTepHeT», HEOOXOAUMBIX JJIi OCBOCHHUS JIUCLUIUIMHBI
npuBe/ieH B Tabsmie 9.

Tabmuma 9 — IlepedyeHb OJIIEKTPOHHBIX O0pPa30BATEIBHBIX PECYPCOB HH(POPMAIIMOHHO-
TEJICKOMMYHUKAIIMOHHOU ceTu « HTepHeT»

URL agpec HaumenoBanue
http://science.quap.ru Hayunas 1 MHHOBAIMOHHAs AesATeabHOCTD I'Y ATT
http://www.consultant.ru CnpaBouHo-1ipaBoBasi cuctema «KoHCyabTaHT

ITmroc»
http://www.garant.ru Wudopmanmonno-npaBosoii moprai «I'APAHT»
http://list-of-lit.ru /nano/nnotechnologii CHmcOK JUTepaTyphl 10 HAHOTEXHOJIOTHH

8. Ilepeuenr HHPOPMATMOHHBIX TEXHOJIOTUI
8.1. IlepeyeHp TPOrpaMMHOTO OOECHEYCHHMS, MCHOJIB3YEeMOTO MpPU OCYIIECTBICHUU
00pa30BaTEILHOTO MPOIEcca M0 JUCIUIIIHHE.
[Tepeuenp UCTIONIB3yEMOTr0 IPOTPAMMHOTO OoOecIieueH s mpeacTasieH B Tabuuie 10.

Tabmuna 10— [TepeueHs mporpaMMHOT0 00€CIICUCHIS

Ne i/t HaumenoBanue

He npenycmotpeno

8.2. IlepeucHb MH()OPMAITMOHHO-CITPABOYHBIX CUCTEM,HCITOJIb3yEeMBIX pu
OCYIIECTBIIEHUU 00pa30BaTEIHLHOTO Mpoliecca Mo AUCIUILITUHE

[lepeuens WCTHONB3yeMBIX HH(POPMAIIMOHHO-CIIPABOYHBIX CHCTEM IIPEICTABICH B
Tabmmite 11.

Tabmuna 11— [lepeuens nHGPOPMAITMOHHO-CIIPABOYHBIX CUCTEM

No /1t HaunmenoBanue

He npenycmorpeno

9. MarepuanbHO-TeXHUYeCKas 6a3a
CocrtaB  MaTepUaIbHO-TEXHUYECKOH 0a3bl, HEOOXOMUMOW Ui  OCYIIECTBICHUS
00pa3oBaTeNbHOTO Mpoliecca Mo AUCHUILINHE, TPpecTaBieH B Tabauuel 2.

Tabmuma 12 — CoctaB MaTepHaIbHO-TEXHIUYECKON 0a3hl

Ne HanmeHnoBaHMe cOCTaBHON 4acTH Howmep aynutopun

n/n MaTepHaIbHO-TEXHUUECKOU Oa3bl (mpu HEOOXOMMOCTH)
MynpTuMeaniiHas JEKIUOHHAS ayIUTOPHUS 13-13
CrnenuanusupoBaHHas aboparopus «JlabopaTopus Teppuropus ®bY
UCCIICIOBAHUA HAHOOOBEKTOB «TecT - C'_HeTep6ypr»

10. OmeHo4HBIE CpeICTBA ISl MPOBEICHUS TPOMEKYTOUHOM aTTECTAIINH
10.1. CoctaB OIIEHOYHBIX CpPEACTBAJII MPOBEIACHHUS TMPOMEKYTOYHOW aTTecTalluu
00yJaromuXxcs 1Mo JUCIUTUINHE MPUBEACH B Tadymie 13.



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/

Tabmuna 13 — CocTaB OIEHOYHBIX CPEACTB Il IPOBEIECHUS IPOMEKYTOUHOM aTTeCTalllH

Buza npomexyTo4HON arTecTaluu IlepedyeHb OLICHOUHBIX CPEACTB

HuddepennmpoBanHbIii 3a4€T Cnucok BOMpOCOB;
TecTtsr;
3amaun.

3auer Crncox BOIpOCOB;
TecTsr;
3anaqu.

10.2. B kayecTBe KpUTEpUEB OIECHKH YPOBHSA C(HOPMUPOBAHHOCTH (OCBOCHUS)
KOMIIETEHIIMH 00ydJarouMMHCs MPUMEHseTCsl 5-0ayulbHas IIKaja OLEHKU C(HOPMHUPOBAHHOCTU
KOMIIETEHIINI, KOTopas mpuBeaeHa B Tabuuie 14. B TeueHne cemecTpa MOXKET UCIOIB30BaThCS
100-6amtpbHast ~ mIKajga ~ MOAYJIbHO-PEUTHMHTOBOM  CHCTEMBl  YHHUBEpPCUTETa,  IpaBuja
UCTIOJIB30BaHUSI KOTOPOW, YCTAHOBJIEHBI COOTBETCTBYIOIIUM JIOKAJILHBIM HOPMATUBHBIM aKTOM
['VAIL
Tabmmna 14 —Kpurepuu onieHKH ypoBHS chOPMHUPOBAHHOCTH KOMIETEHITHI

OlieHKa KOMIIETCHITHH

Xapakreprctuka chOpMUPOBAHHBIX KOMITCTEHITUI
5-0ayuipHad mIKaia paKIep (bopup

— oOyyaromuiicss TiyOOKO M BCECTOPOHHE YCBOWJI IPOTPAMMHBIN
MaTepHa;

— YBEPEHHO, JIOTUYHO, ITOCIIEIOBATEILHO U TPAMOTHO €TI0 M3J1aracr;

— ONUPAsCh HA 3HAHUS OCHOBHON W JIOTIOJHHUTEIBHOHN JIUTEPATYpHI,
TECHO MPUBS3LIBACT YCBOCHHBIC HAYYHBIC IMOJIOKCHHSI C MPAKTUICCKON
JESITSIIbHOCTHIO HAIPABIICHHUS;

— yMeJI0 00OCHOBBIBACT U APTYMEHTUPYET BbIIIBUTAEMbIC UM HICH,

— JIeJIaeT BBIBOALI H 000OIIECHHS;

— cBOOOJTHO BJIAJICET CHCTEMOM CIIeMaTN3UPOBAHHBIX TOHSITHH.

«OTJIIMYHO»
(Ga4YTCHO»

— o0yyJaronuics TBEpI0 YCBOMII MPOTPAMMHBIN MaTepuai, TpaMOTHO U
M0 CYHIECTBY M3Jaraer €ro, ONUpasChb Ha 3HAHUS OCHOBHOM
JTUTEpaTypHl;

— HE JIOMYCKAET CYIIECTBEHHBIX HETOYHOCTEHH;

— YBSI3BIBACT YCBOCHHBIE 3HAHUS C MPAKTHUYECKOW JIE€ATEIbHOCTHIO
HallpaBJICHUS;

— apryMEHTUPYET Hay4YHbIE MTOJ0KEHNUS;

— JIeJaeT BBIBOJBI M 0000IIEHHUS;

— BIIAJICET CUCTEMOM CIEeIMAIM3UPOBAHHBIX TTOHITHH.

«XOPOIIIO)»
«3aYTEHO»

— o0yyJaromuiicss YCBOMJI TOJBKO OCHOBHOW MPOrpaMMHBIN MaTepual,
M0 CYIIECTBY M3JIaraeT €ro, ONHpasch Ha 3HAHUSA TOJbBKO OCHOBHOM
JTUTEPaTypHI,

— JIOMYCKaeT HEeCYIIECTBEHHbIE OIMOKH U HETOYHOCTH;

— UCIIBITHIBACT 3aTPYAHEHUS B MPAKTUYECKOM IPUMEHEHUHM 3HaHUI
HaIlpaBJICHUS;

— cJ1ab0 apryMEeHTHPYET HayuHbI€ MTOJI0KEHHUS,

— 3arpynaHsieTcs: B GOpMYJIUPOBAHUHU BBHIBOJOB U 000OIICHUH;

— YaCTHYHO BJIAJEET CUCTEMON CIIeIMAIM3UPOBAHHBIX MOHSITHIA.

«yZIOBJIETBOPUTEITHHOY
«GAuTEHO

— o0yyJaromuiics He YCBOWJI 3HAYUTENbHONW 4YacTH MPOrpaMMHOIO
MarepHaa;

— JIOTyCKaeT  CYIIECTBEHHbIE  OMMUOKH W  HETOYHOCTH  TIpH
paccMOTpeHHH TIPo0JIeM B KOHKPETHOM HalpaBJICHUH,

— MCIIBITBIBAET TPYIHOCTH B MPAKTUYECKOM PUMEHEHNUHN 3HAHUM;

— HE MOXET apryMEeHTHPOBATh HAY4YHbIE MOJIOKECHHUS;

— He QOpMYJIMPYET BHIBOJAOB U 000OLICHHIA.

«HEYIOBJIETBOPUTEIIHLHO
«HE 3aYTCHO»

10.3. TunoBble KOHTPOJILHBIE 3a/I1aHUS WM UHBIE MaTePHAIIBI.
Bormpocs! (3agaun) nmst sKk3amMeHa mpeIcTaBlieHbl B Tadumie 15.




Tabmuia 15 — Borpocs! (3amaun) 115 2K3amMeHa

Kon
Ne /it [Tepeuyens BonmpocoB (3a1a4) 1S IK3aMeHa
WHIUKATOpa
Y4eOHBIM IIJITAHOM HE MPEyCMOTPEHO
Bormpocsr (3amaun) nis 3avera / qudd. 3auera npeacTaBieHsl B Taduie 16.
Tabmuna 16 — Bonpocs! (3agaun) nns 3adera / qudd. 3adera
Ne Kox
[Tepedens BompocoB (3a1a4) 1yist 3adeta / nudd. 3auera
/1 WHJUKATOpa
1 OcHOBHbIE 0COOCHHOCTU HaHOPA3MEPHBIX BEJINUMH, UX KOJIMYECTBEHHOE 3HAUCHHUE. IIK-1.3.1
2 EnvHnIEl M3MepeHns 1 HaUMEHOBAaHHS B 00/1aCTH HAHOTEXHOJIOTUH T11IK-1.3.2
3 JluHeitHble pa3Mepsl 0coOel JKMBOTHOTO MUPa U HCKYCCTBEHHBIX 00BEKTOB B T1IK-1.3.3
CPaBHUTENIHBIX 3HAYCHUSIX HAHOTEXHOJIOT Ui
4 OCHOBHBIE COOBITHSI HCTOPUU PA3BUTHS HaHOTEXHOJIOTHil B epuos ¢ 400 r. 10 H.3. IO T1IK-1.3.4
1959 r.
5 OcHOBHbIE COOBITHS HCTOPUHU PA3BUTHS HAHOTEXHOJIOTUH B epuos ¢ 1959 mo H/B. TIK-1.V.2
6 Pa3Hble M0AX0Abl K HAYYHOMY OIIPEAEIICHUIO TEPMUHA «HAHOTEXHOJIOT M TIK-1.V.3
7 O pa6otax XK.W. Andepoa B 061acTi HAHOTEXHOIOT Ui TIK-1.B.1
8 OcHoBHble uaen J. Jlpekciepa o pojie HaHOTEXHOJOTHWH B Pa3BUTHH COBPEMEHHOIO TIK-1.B.3
00IIeCTBa, U3I0KEHHbIE B KHUre «MalluHbl CO3HIaHUs»
9 OCHOBHBIE OLICHKU 0’KHUA3aEMbIX TapaMeTPOB HAHOMEXaHUYECKUX YCTPOICTB. T1IK-3.3.1
10 XapakTepHCTHKa U IPUHLUI paOOTh HAHOYCTPOMCTBA B KUBBIX OpraHu3Max (Ha T1K-3.3.2
npumMepe MoJiekyIsl «KAT® CunTazay).
11 VYriepox B mpupoe, B 4eM 3aKIo4aeTcs ero ocodas poiis? T1K-3.3.5
12 IMpocreiimuye KOHCTPYKIUU IPUOOPOB U Y3/10B OTAEIbHBIX PA3INUHBIX HAHOYCTPOUCTB T1K-3.3.6
13 Bo3smoaxxHbIe TyTH IpuMeHeHus pudopoB u Mamuds MHT TIK-3.V.1
14 [TpuHIUIIBI caMOOpPTaHKU3aLMK, IPUCYIIHE HanboJee paclpoCTpaHEHHBIM 00bEKTaM TIK-3.V.2
HAHOTEXHOJIOTUH
15 IMpunnunel caMmocOOpKH, pUCYyLKEe HauboJlee pacIPOCTPAHEHHBIM 00BbEKTaM TIK-3.V.5
HaHOTEXHOJIOTHI
16 Hcnonb3oBanue camoopranusanuu B HT. OcHoBHble cBolicTBa camoopranusyroomuxcs | [TK-3.B.1
CHCTEM
17 Hanomarepuaiisl, HAUMEHOBaHUs, Ha3HaYE€HUE, OCHOBHBIE onpeneneHus, kakue oobektsl | [TK-1.3.1
K HUM OTHOCATCS?
18 OCHOBHBIE THIBI HAaHOMATEPHAJOB, pa3/leleHne 1o mpu3HakaM wm3Mepenunit u | [IK-1.3.2
pa3sMEpHOCTH
19 OcHoBBI K1accU(HUKAUU U TUIIBI CTPYKTYP HAHOMaTEePHUAIIOB T1IK-1.3.3
20 OCHOBHBIE KaTeropuy HAHOMAaTEPHAJIOB TIK-1.3.4
21 Oco0eHHOCTH CBOMCTB HAHOMATEPUAIIOB, HANIPABIICHUS UX UCIIOJIb30BAHUA TIK-1.V.2
22 OCHOBHBIE 00JIACTH IPUMEHEHNST 00BEKTOB HAHOCTPYKTYPHBIX OOBKTOB I1IK-1.V3
23 Kparkass XapakTepuCTHKa KOHCTPYKIIMOHHBIX, HHCTPYMEHTaJIbHBIX M u3HococToiikux | [TK-1.B.1
MaTepHanoB
34 Hcnonp30BaHNE HAHOMATEPUAIIOB B DJIEKTPOHHON TEXHUKE IIK-1.B.3




Hasnauenue, kpaTkas XapaKT€pPUCTHKA 3JIEKTPOHHOIO MUKPOCKONA
25 @usnueckuii  cMBICH  cBoMcTB  OM: yBenuuenue, paspemenue, paspemaromas | [TK-3.3.1

CIIOCOOHOCTB.
26 VYcnosus GopMHPOBaHUS H CBOHCTBA 37EKTPOHHOTO Tyya MUKPOCKOIIA 11K-3.3.2
27 @usuyecKkuii cMbICI XpoMaTHYeCKol abeppanuu T1K-3.3.5
28 B d4eM pasmuume XapakTEpUCTHK paspelleHdss onThdeckoro u  anektpoHHoro | [TK-3.3.6

MHKPOCKOIIOB
29 XapakTepucTuKa paspelaromuieil cnocobnoct OM TIK-3.V.1
30 Hasnauenue u yCTpOICTBO U CBOMCTBA HCTOYHHKA DJIEKTPOHOB [K-3.v.2
31 KoHCTpyKTHBHBIE 0COOEHHOCTH CHCTEMBI OCBelleHnusT DM T1IK-3.V.5
32 VeTpoicTBO cUCTEMBI KOPPEKIMU acTUTMaTH3Ma B OM TIK-3.B.1
33 ITpunnun paboTsl U YCTPOHCTBO CUCTEMBI N300pakeHus OM T1K-3.3.1
34 . biok-cxema n npunImn padoter Mukpockona BCOM T1IK-3.3.2
35 bnok-cxema 1 npuHIUN AekcTBUS OXe-CIEKTPOMETPa T1K-3.3.5
36 DOTO2/1EKTPOHHAs PEHTTEHOBCKAsA CIIEKTPOCKONUs, OJI0K-cXema, mpuHuun aeidcteus | [TK-3.3.6
37 DoTO271EKTPOHHAsI PEHTICHOBCKAs CIEKTPOCKOITHS, OT0K-CXeMa, MPHHIUI IeHCTBHSA T1IK-3.V.1
38 [Tpunnun paboThl paMaHOBCKON CIEKTPOCKOMHIH, OJIOK-CXEMBI Mpoliecca H3MEPEHUN. [K-3.Y.2
39 Hasnauenue npuHuun aeiictBys GoTOIIOMUHECHEHTHON CIIEKTPOCKOIUU TIK-3.V.5
40 HudpopManmoHHBIE TEXHOTIOTHU B U3MEPUTENBHBIX CHCTEMAaX T1K-3.B.1

[lepeuenp TeM s KypCOBOTO MPOEKTHUPOBAHUSA/BBIIIOJHEHUSI KypCOBOM pabOThI
MpeICTaBIeHbI B Ta0nuie 17.
Tabnuna 17 — Ilepeyens TeM Juist KypcOBOTO IPOEKTUPOBAHMSI/BBIIIOIHEHUSI KYPCOBOM pabOThI

Ne i/t

KypCOBOi1 pabOThI

[TpuMepHBIii TepeueHb TeM sl KypCOBOTO MTPOEKTUPOBAHUS/BBINIOIHEHUS

Y4eOHbIM MJIaHOM HE IPETYCMOTPEHO

Bompocer it mpoBeeHUsS TPOMEXKYTOYHOW AaTTECTAllMM B BHJIE TECTUPOBAHHUS
npeJcTaBieHbl B Tabnuie 18.

Tabnuua 18 — [IpumepHbIii epeueHb BOIIPOCOB JJIsi TECTOB

Ne /i1

ITprMepHBIii TepeueHb BOMPOCOB ISl TECTOB

Kon
WHJUKATOpa

1. UccnenoBanue MUKpO- U HAHOCTPYKTYD. .

Hawano Bompoca: Kakume MeTOABl JHArHOCTHKH HawOoOJee pacHpOCTPAaHEHBI IS
uccliefoBaHus (HU3NIECKHUX MMaPaAMETPOB M XapaKTEPUCTUK HAHOOOHEKTOB:

- 9JIEKTPOHHAs! MUKPOCKOIIHUS BBICOKOTO pa3pelIeHHUS;

- OTpaxkaTesibHas 3JIEKTPOHHAsI MUKPOCKOIIHS;

- MUKPOCKOTIUSI MEJIJIEHHBIX 3JIEKTPOHOB.;

- ONTUYECKasi MUKPOCKOITHS.

2. BaxHeimue TEXHOJOTHYECKHE IOCTHIKCHHS BO BTOPOW TOJIOBHMHE JBaJIIATOTO
CTOJICTHS.

Hauwano Bompoca: Uto cmocoOCTBOBano, B HaMOONBIIEH CTENEHH, HHTCHCHUBHOMY
Pa3BUTHIO HAHOTEXHOJIOTHIA B CTPaHe U 3a pyoe:xom?

Hauano Bompoca:




- TEXHOJIOTHSI CO3JJaHUsI AJIEKTPOBAKYyMHBIX ITPHUOOPOB;

- CO3JJaHNE MUKPOMOYJIbHBIX JIEMEHTOB;

- CO3JJaHNE MHTETPAIBHBIX [ICUYATHBIX IUIAT;

- CO3[JaHUE MOJTYPOBOJHUKOBBIX 3JIEMEHTOB IEKTPOHHOH TEXHHUKH.

3. ®usnueckast CymHOCTh 3aKoHa ['opmona Mypa.

Hawuano Bompoca: B uem 3aximrogaeTcsi CMBICT SMINPHUIECKOTO 3aKkoHa Mypa?

- OOBSICHAT MPUHIIHII TOJTYICHUS YepHO-0eIoro n300pakeHust KaJpa TeJIeBH30Da;
- 3aKOH O0BSCHSCT MPUHIMI (YHKINOHUPOBAHHS ONTOBOJIOKOHHOTO JIEMEHTA;

- Ipe/ieNbHbIE TPaHUIBl OBICTPOJCHCTBUS KOMITBIOTEPA;

- Ipe/ieNbHOE YKCII0 pa3MelleH s TPaH3UCTOPOB Ha MeYaTHOW IIJIaTe KOMITBIOTepa.
4. CpezncTBa U3MEpEHUS ISl HCCIIEA0BaHUS HAHOCTPYKTYDP.

Hauano Bompoca: B uem 3akiroyaeTcsi OCHOBHBIE JOCTOMHCTBA 3JIEKTPOHHOIO
MUKpOcKomna?

- YIy4IIEeHBI BECOBBIC U rabapUTHBIE XapaKTEPUCTHKH IIPHOOPOB,

- BO3MOXXHOCTb IIU()POBOTO NMPEACTABICHHS PE3yIbTaTOB aHAIN3A;

- Oomee coBepUIEHHAs, MO CPaBHEHHIO C ONTHYECKAM MHKPOCKOIOM, CHCTEMa
MOyYCHUS N300paKeHNs HabIF01aeMoro 00BEKTa;

- BO3MOKHOCTb TTOJTydeHHs Oosiee pasHooOpa3zHoi HHpopMaIii 00 00beKTe;

- IPEe/IeITbl YBENWIEHHS UCCIEIyeMOT0 00BEKTa.

5. OcHOBHBIE ITApaMeTPbI ¥ XapaKTEPUCTUKH MUKPOCKOTIOB.

Havano Bonpoca: Ha3zoBure mnpenenbHbple 3HAUCHUS XapPaKTEPUCTUKH YBEIUYCHHUS
ONTHYECKOTO MHUKPOCKOTIA!

- 100 pas3;

- 200 pas3;

- 400 pas3;

- 700 pas;

- 1000 pasz;

- 1500 pa3

6. OcHOBHBIE TTapaMempbl U XapaKTEPUCTUKH MUKPOCKOTIOB.

Hauano Bompoca: [IpenenbHble 3HaUCHNS YBETHUCHHUS SIEKTPOHHOTO MUKPOCKOIIA:
- 1000 pas;

- 2000 pas;

- 5000 pas;

- 8000 pas;

- 1muH. pas;

- 2 MJH. pa3

7. OcHOBHBIE MTapaMempbl U XapaKTePUCTUKH MUKPOCKOIIOB.

Hauanmo Bompoca: UYem ompezensercs paspemiaromas CHOCOOHOCTh ONTHYECKOTO
MHKPOCKOTIA!

- YPOBHEM OCBEIIEHHOCTH paboyeil TMH3BI;

- BeJIMYMHOI (POKYCHOTO PAacCTOSIHUS;

- COBEPLICHCTBOM OTKJIOHSIIOLIECH CUCTEMBI;

- JUIMHOU BOJIHBI CBETA.

8.OcHOBHbIE MapaMeTphl U XapaKTEPUCTHKNA MUKPOCKOIIOB.

Hauano Bompoca: Yem ompezensercs paspellaronas ClocoOHOCTb 3JIEKTPOHHOTO
MHUKPOCKOTIA!

- KOHCTPYKIIMEH CUCTEMBbI M300pasKeHNsI MUKPOCKOIIA;

- YCTPOWCTBOM JICKTPOHHOH ITyIIKH,

- CCTEMOM CUMTBHIBAHUS PE3YJIbTATOB 00pabOTKN U3MEPEHHH;

- PacCTOSIHMEM NpOJIeTa JIEKTPOHA;

- CKOPOCTBIO TIPOJIETa HIIEKTPOHA.

9. IIpenmy1iecTBa 3J1€KTPOHHOTO MUKPOCKOTIIA.

Hauaso Bompoca: Uem 00BsiCHsIETCS BRICOKAs! pa3peraronias criocoOHOCTb
ANIEKTPOHHOI'O MHKPOCKOIIA:

- TEOMETPUUYECKHMU pa3MepaMu padoueil 30Hbl;

- UCTIOJIb30BAHHUEM JJIEKTPOHHOIO MIOTOKA BMECTO CBETOBOTO TIOTOKA;

- JUIMHOM BOJIHBI 3JIEKTPOHA.

10. OcHOBHBIE TapaMETPHI U XapaKTEPUCTHKH FIEKTPOHHBIX MUKPOCKOTIOB.
Hauao Bompoca: Ot uero 3aBUCHT BEIMYHMHA BOJIHBI 3JIEKTPOHHOTO IOTOKA B
MHKPOCKOTIE:

- rabapuTsl pabouei 30HBI;

- BEJIMYMHON HANpPsDKEHUS HA aHO/IE;

- KOHCTPYKIIMEH CHCTEMBI H300pa’KeHNs] MUKPOCKOIIA;




- apXUTEKTYPBI OTKIIOHSIOLICH CUCTEMbI MUKPOCKOTIA
11. Kakas cepus CTaHAapTOB B HACTOSIIEE BPEMs SBISCTCS OCHOBHOM JJIst
cTa"mapToB u3 obmacta UT?
a. cepus 25000;
b. cepus 9000;

c. cepus 14000;
d. cepus 16000.

12. BeimenuTe ABa OCHOBHBIX cTranmapta B obnactu UT.
a. 12207:1995;
b. 19760:2003;
. 16326:1999;

d. 90003:2004;
.€.15288:2002.

13.HazoBure ab0peBHaTypy MEXIyHApOIHOTO COI03a 3JIEKTPOCBSI3U:
a. IEEE;

b. IEC;

c.ITU;

[lepeyeHb TeM KOHTPOJBHBIX Pa0OT MO JAMCHUIUIMHE OOYYAIONIMXCS 3a04HON (HOPMBI
0o0ydeHus1, IpeICTaBICHbI B Ta0mie 19.

Ta6ymma 19 — [lepeyeHb KOHTPOJIBHBIX PadbOT

Ne /i ITepeueHb KOHTPOJIBHBIX PAbOT

He npenycmotpeno

10.4. Meroauueckue  Marepuaibl,  ONpPEACIAIOIIME  HPOLEIypbl  OLIEHUBAHMS
WH/IMKATOPOB, XapaKTEpU3YIOMIUX dSTanbl (HOPMUPOBAHMS KOMIIETCHIIMH, COAEp)KaTcs B
JOKAJIBHBIX HOpMaTuBHBIX akTax [YAII, pernameHTHpYyOIIMX NOPSAAOK M MPOLEAYPY
IIPOBEJCHUS TEKYIIEr0 KOHTPOJIS yCIIEBAEMOCTH U MPOMEXYTOUHOM aTTecTali 00yJaromuxcs
I'VAIL

11. Meroauyeckue ykazaHus A1 00y4JaOIIUXCs 0 OCBOCHUIO JUCITUTUTHHBI

11.1. MeTtoauueckre yka3zaHus [ OOYYAIOIIMUXCS 1O OCBOCHHMIO JIEKIIMOHHOTO
Martepuana.

OCHOBHOE Ha3HAauY€HUE JIEKIIMOHHOTO Marepuaja — JOTHYECKH CTPOMHOE, CHCTEMHOE,
rIyOOKOE€ W SICHOE€ M3JIOKeHHE ydeOHOro marepuana. HasnaueHue cOBpeMEHHOUN JEKIMH B
paMKax TUCIUIUIMHBI HE B TOM, YTOOBI MOJYYUTH BCIO MH(OpPMAIMIO 1O TeMEe, a B OCBOCHUU
byHIaMEHTAIBHBIX MPOOJIeM JAUCHUIUIMHBI, METOJIOB HAyYHOTO TO3HAHWSA, HOBEHIIHNX
JTOCTHIKEHUI HaydyHOUW MBICTH. B yueOHOM mporiecce JIEKIHs BBIOTHSET METOI0JIOTHYECKYIO,
OpTaHU3AIMOHHYI0 W MHGOPMAIMOHHYI0 (YHKIMU. JIEKIHs pacKphiBaeT MOHATUMHBIN arrmapaT
KOHKpPETHOW oO0jacTu 3HaHUSA, €€ MpOOJEeMBbI, JaeT IEeIbHOE MPEJCTaBICHHE O NUCIUIUIMHE,
MOKa3bIBACT B3aUMOCBSI3b C APYTUMU JUCITUTUTHHAMM.

[IragupyeMble Pe3YIbTATEI IIPH OCBOSHUH 00YYAIOMIMMHUCS JIEKIIMOHHOIO MaTepHaa;

— TIONYyYEHHE COBPEMEHHBIX, IIEJIOCTHBIX, B3aWMOCBS3aHHBIX 3HAHWUW, YPOBEHBb
KOTOPBIX OIPEEIISIETCS LEJIEBOW YCTAHOBKOM K Ka)K/10M KOHKPETHOM TEME;

— TOTy4YeHHE OMBITa TBOPUYECKOUN pabOThI COBMECTHO C MPEIOIaBaTelIeM;

— pa3BuTHE MNpPOQEeCcCCHOHANBHO-IETIOBBIX  KAauecTB, JIOOBU K  TpeaMeTy U
CaMOCTOSITEIbHOTO TBOPYECKOTO MBIIIJICHUS.

— TOsBIIEHHE HEOOXOAMMOr0o UHTEpeca, HEOOXOAUMOTO /TSl CAMOCTOSITETEHOW padOTHI,

— TOJYyYeHUE 3HAHUM O COBPEMEHHOM YPOBHE pa3BUTHSl HAYKM M TEXHUKH U O
MIPOTHO3€ UX Pa3BUTHS HA ONMKAMIIINE TOIbL;




— HAYYUThCS METOJIUYECKH 00padaThiBaTh Marepuall (BBIICISATH TJIABHBIC MBICIU U
HOJIOKCHUsI, TPUXOIUTh K KOHKPETHBIM BBIBOJIAM, MOBTOPSATH HUX B  Pa3IMYHBIX
dbopmynHupoBKax);

—  TI0Jy4E€HHE TOYHOTO ITOHUMAaHUsI BCEX HEOOXOAUMBIX TEPMHHOB M TIOHSTHIA.

JIeKUMOHHBI MaTepua; MOXET COIPOBOXKIATHCS —JAEMOHCTpAlMed  CIaiIoB U
UCIIOJIb30BAHUEM Pa3/IaTOYHOTO MaTepHhaia IpPH MPOBEACHHUH KOPOTKHX JHUCKYCCHH 00
0COOCHHOCTSIX IIPUMEHEHHS OTISIBHBIX TEMATHK 110 JUCIHILUINHE.

11.2. Meroauueckue ykazaHus ISl OOyYaroIIUXCS 10 MPOXOXKICHHIO TMPAKTHYCCKUX
3aHITHH (eciu nPpedyCMOmpeHo y4eOHbIM NIAHOM N0 OAHHOU OUCYUNTIUHE)

[IpakTHyeckoe 3aHATUE SIBISETCS OAHON W3 OCHOBHBIX (POpPM OpraHu3amuu y4eOHOTO
npoliecca, 3aKII0YaonIascs B BBITOJTHEHUN 00YJalOUIMMHUCS T10/I PYKOBOJICTBOM ITPETO1aBaTels
KOMIUIEKCAa YYEOHBIX 3aJaHMl C LENbI0 YCBOSHHSI HAyYHO-TCOPETUYECKHX OCHOB Yy4eOHOU
JUCLIUTUTMHBL, TPUOOPETEHHs] YMEHUN M HaBBIKOB, OIBITA TBOPYECKON AEATEIBHOCTH.

[esbr0 IpakTUYECKOTo 3aHATHUS ISl 00YUYaroIIerocs SIBISETCS IPUBUTUE OOYUAIOIIMCS
YMEHUH 1 HaBBIKOB MIPAKTUYECKOH IESTETFHOCTH 110 U3y4aeMOU UCHIUTUINHE.

[Tnanupyemble pe3yabTaThl IPH OCBOCHHH 00YUYaIOIIMMCS IPAKTUYCCKUX 3aHATHI:

— 3aKpeIuvIeHue, YriayOJieHHe, pacIIUpeHHe M JIeTalu3alis 3HAHWHA TPH pEIICHUH
KOHKPETHBIX 3a]1a4;

— pa3BUTHE I[I03HABATEJBHBIX CIOCOOHOCTEH, CaMOCTOSITEIBHOCTH  MBIIUICHUS,
TBOPYECKON aKTUBHOCTH;

— OBJaJCHHE HOBBIMH METOJAaMH M METOJIUKAMHU H3y4YCHUsS KOHKPETHOW y4eOHOI
JVICIIATUTAHEI,

— BBIPa0OTKa CIOCOOHOCTH JIOTHYECKOTO OCMBICICHHUS TIOJTYYCHHBIX 3HAHWH JUIs
BBITTOJIHCHYSI 33 IaHHIA;

— ofecrieueHue palMOHAIBLHOIO COYETAaHUsl KOJJIEKTUBHOM M MHAMBHUIYaIbHON (popm
00y4eHwusI.

11.3. Meroauueckue yKazaHus JUIsi OOYJaIOMIMXCS MO MPOXO0XKIECHHIO CAMOCTOSITEITHHOM
paboThI

B xoze BBIIOTHEHUS CaMOCTOSATENbHONU padOThI, OOYUYaIOLIUIICS BBIOJIHAET paboTy MO
3aJJaHUI0 ¥ IPU METOJUUYECKOM PYKOBOJCTBE IperojaBaTelisi, Ho 0e3 ero HernocpeiCTBEHHOIo
y4acTusl.

Jns oOyyaromuxcst mo 3aoyHoi (opme OO0ydeHHs, caMoCTOsITeNbHas paboTa MOXKET
BKJIFOYATh B CEOsI KOHTPOIBHYIO padoTYy.

B mnpouecce BBIMOJHEHHUsSI CaMOCTOSITENbHONW paboThl, y oOydaromierocs (popMHpyeTcs
1enecoo0pa3Hoe IIaHUPOBaHKUE pabovyero BpeMEeHH, KOTOPOE MO3BOJISET UM Pa3BUBAaTh YMEHUs
U HaBbIKM B YCBOGHHMU U CHUCTEMAaTH3allMM MPUOOpETaeMbIX 3HAHUN, OOECIeYHBAEeT BBICOKHIM
YPOBEHb YCIEBAEMOCTH B MEpPHOJ OOY4YEHMs, MOMOraeT IOJyYUTh HAaBBIKA IOBBIIICHUS
po(hecCHOHALHOTO YPOBHSL.

MetoauyeckumMi ~ MaTepuaiaMH,  HalpaBSIIONIMMH  CAMOCTOSATEIBHYIO  paloTy
00y4aromUX CSSIBIISIOTCS:

— y4eOHO-METOAMYECKHU MaTepHal Mo JUCIUILINHE;

— METOJUYECKHE YKa3aHUs MO BBIMOJHEHUIO KOHTPOJIBHBIX paboT (i o0ydaromuxcs
10 3204HOU (hopMe 0OyUeHHs).

11.4. Metoauueckre yKazaHus JUIsl OOYyYaroIIMXCS IO MPOXOXKACHHUIO TEKYIIEro
KOHTPOJI YCIIEBAEMOCTH.

Texkymuii KOHTPOJb YCHEBAEMOCTH NPENYCMAaTpUBAECT KOHTPOJb KayecTBAa 3HAHUU
00yYaroImuxcsi, OCyIIECTBISIEMOI0 B TEUEHUE CEeMecTpa C ILIeJbI0 OLCHMBAHUS X0Jla OCBOEHUS
JTUCIUTUIAHBI.



11.5. Metoauyeckue ykazaHus JJisi OOYYarONIUXCS MO MPOXO0KICHUIO TPOMEXYTOUHOM
arrecraquu.

[IpomexxyTounass  arrecranust  OoOy4arOIIUXCS — NpEAyCMaTphBacT  OlCHHBAHUE
IIPOMEXYTOUHBIX U OKOHYATENIbHBIX PE3Yy/IbTATOB 00y4deHMs MO JucuuiuiiHe. OHa BKIIIOYAET B
cedst:

— 9JK3aMeH — (opma OILEHKH 3HAaHWH, TONYyYEHHBIX OOYYAOIIUMCS B IPOIECCE
U3yUYeHHs BCeW JAMCUMUIUIMHBI WA €€ YacCTH, HaBBIKOB CAMOCTOSATEIBHON paboThI, CIIOCOOHOCTH
MNPUMCHATh UX IJId PCHICHUA MNPAKTHUYCCKUX 3aaad. 3K3aMeH, KakK IIpaBHJIO, IPOBOAUTCA B
NEepUoJl SK3aMCHAIIMOHHOW CECCHHM M 3aBEpIIAeTCS AaTTECTAlMOHHON OIICHKOH «OTIUYHOY,
«XOPOIIIOY», «YAOBIECTBOPUTEIHHOY, «HEYAOBIECTBOPUTEITHHOY.

— 3aueT — 3To (hopMa OLIEHKU 3HAHUH, MOTYYCHHBIX OOYYAIOUIMMCS B XOJI€ U3yUCHHS
y4eOHOM TUCIUILTIHBI B IIEJIOM HITH TIPOMEXYTOYHasK (10 OKOHYAHHH CEMECTpa) OIICHKA 3HAHUHN
00yJarmUMCs 10 OTACIBHBIM pa3feiiaM TUCIUIUIMHEI C aTTECTAIMOHHON OIICHKOW «3auTEHOY
WIN «HE 3a4TEHOY.

— 1uddepeHIpPOBaHHBIM 3a4eT — 93TO (opMa OLEHKM 3HAaHUH, IOJy4YEeHHBIX
06y‘~IaIOHH/IMC$I IIpU U3Yy4CHUU AU CHUILIMHBI, IIPHU BBIIIOJIHCHUH KYPCOBBLIX IIPOCKTOB, KYPCOBBIX
paboT, HAYyYHO-UCCIICAOBATEIILCKUAX PA0OT U MPOXOXKJACHUU MPAKTHK C aTTECTAIIMOHHON OIEHKOM
COTIIMYHOY, «XOPOIIOY, KyIOBICTBOPUTEIHLHOY, KHEYIOBICTBOPUTEIHLHOY.



Jluct BHeceHUsI U3BMEHEHUH B pabouyio MporpaMmy AUCHUILTAHBI

JlaTta BHECEeHUs
N3MEHCHHI 1
JIOTIOTHCHUH.

IToanuce BHECHIETO
A3MEHEHHUS

Coneprxanne N3MEHEHHH W JOTIOTHEHUI

JlaTa 1 Ne

MPOTOKOIA
3aceaHusl
Kadeapsl

Ionmuce
3aB.

kadempoit




