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AHHOTaUA

JucuurumHa «MeTobl HCCIIEOBAaHUS C HWCIOJIb30BAHWEM CKAHUPYIOMIEH 30HIO0BON
MUKPOCKOIIUW» BXOJHUT B 00pa30BaTEIbHYIO MPOrPaMMy BBICIIETO O0Opa30BaHUS — MPOTPaMMY
OakanaBpuaTa 1O HampaBleHUIO MOAroToBKH/ creruanbHocTH 27.03.01 «Cranmaptusanus u
MeTpoJiorHs» HampaBieHHocTH «L{udpoBas merposnorus u craHmaptuzanms». JlucuuroimHa
peanusyetcs kadeapoit «Ne6y.

JlucuuiuinHa HaresieHa Ha ()OPMHUPOBAHUE Y BBITYCKHUKA CIEIYIONIMX KOMITCTCHIIHN:

IIK-1 «CrnocobeH MpoBOIUTH aHAIU3 COCTOSIHUS METPOJIOTUYECKOTO OOECIeYeHHs B
MOJIPa3JICIICHUN METPOJIOTUYECKOM CITyKObI OpraHU3aInum»

IIK-3 «CnocoOeH oOCyIIeCTBIATh pPa0OThl IO BBIABICHUIO M  IPEIOTBPAILCHUIO
HECOOTBETCTBHIA MPOAYKIIUH MPEIbSIBISIEMbIM TPEOOBAHUSIM

ConepxaHue AMCUUIUIMHBI OXBAaTHIBAET KPYT BOIMPOCOB, CBSI3aHHBIX C METOJAMH
uccieoBaHuss  (PU3MUECKUX, (UIUKO-XUMHUYECKMX W TEOMETPUYECKHX MapaMeTpoB U
XapaKTEPUCTHK TBEPAOTEIBHBIX M MOJEKYJISPHBIX CTPYKTYp. OTH METOIBl W CpEICTBa
JIMarHOCTUKY IIMPOKO BXOMST B NMPAKTHKY UCCIICIOBAHUS U U3yYCHHSI HAHOOOBEKTOB, 00J1a/Iat0T
BBICOKUM  pa3pelieHHeM, TIO03TOMY pPEaJbHO  TIO3BOJISIIOT  MPOBOIUTH  HCCIEIOBAHUS
HaHOOOBEKTOB HA AaTOMAapPHOM YPOBHE, BIUIOTh JI0 BU3YaJIM3aIllUU CAMOW CTPYKTYPbl OOBEKTOB.

[IperoaBanye TUCHMIUIMHBI TPEIYCMAaTPUBACT ClieAylomme (OpMBI OpraHU3alUN
y4eOHOTO  Tpolecca: JIeKyuu, NpaKmuyeckue 3aHsamusi CamMoCmosmenvHas paboma
obyuarowe2ocs.

[TporpaMMo#l TUCHMILIMHBI MPEIyCMOTPEHBI CJCIYIOIIUE BHIBI KOHTPOJIS: TEKYIIUH
KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHAs aTTecTalus B popme 3auera.

OOmiasi TPyAOEMKOCTh OCBOCHHS JAMCUHUIUIMHBI COCTABJISACT 3 3a4eTHhIX eauHuilpl, 108
4acoB.

SI3pIK 00yU€HUS 110 TUCIMITIIMHE «PYCCKUHN »



1. TlepedeHb MIaHUPYEMBIX PE3YIbTATOB OOYUCHHSI IO AUCIUILTAHE
1.1. Tlenu npenomaBaHus JUCITUTUTHHBI
[enpro mpernogaBaHus TUCIUILTAHBI SBIISCTCS TOMYyYEHUE CTYACHTAMU HEOOXOIUMBIX
3HaHUW cdepe BBICOKMX TEXHOJIOTMH CBSI3aHHBIX C NPHKIATHBIMA HCCIICIOBAHUSIMHU
KOHCTPYHPOBAHUEM U MPAKTHYECKUM HCIIOJIb30BAHUEM MAaTEPHUAIOB M BEIIECTB HA aTOMHOM U

MOJICKYJISIPHOM ~ YPOBHSIX,

bu3nueckux,

a TaKXKe CpelCcTBax,
(U3UKO-XMMUYECKMX M TEOMETPUYECKHX IapaMeTpoOB M XapaKTEPUCTHK

MCETOAOB MW MCETOJHMK HCCICIOBAaHUA

TBEPJOTENbHBIX U MOJIEKYJIAPHBIX 00beKTOB. [Ip1 3TOM 0c000€ BHUMaHKE yJIE€IEHO U3YUECHUIO
0COOCHHOCTEH BBICOKOpA3pPEIIAOIINX METOJ0B HCCIEIOBAHUM MOJIEKYISIPHBIX OOBEKTOB,
o0ecreunBarOIUX MOIy4eHHue Haubojiee MONHOM MHPOpManuu 00 OCHOBHBIX CBOWCTBAaxX U
XapaKTEpUCTHKAX U MPOTEKAIOLIUX B HUX MPOIIECCaX.

1.2. JucumminHa

BXOAUT B

CcoCTaB

yactd, (QopMuUpyeMOl  Y4aCTHUKaMH

00pa30BaTeNbHbIX OTHOIIEHUH, 00pa30BaTEIbHON MpOrpaMMbl BhICILIETO0 00pa3oBaHus (nanee —

OI1 BO).

1.3. TlepeueHp mIaHUPYEMBIX PE3yJIbTATOB O0YUEHHUS 110 AUCIUILINHE, COOTHECEHHBIX C
IUTaHUpYyeMbIMU pesynbratamu ocsoenus OIT BO.

B pesynbrare M3ydeHus NUCHUILIMHBI OOYYalOUIMicS AODKEH 00JalaTh CIIeTyIOIUMHU
KOMIIETCHIIMSIMY WM UX 4acTAMHU. KoMIeTeHIMY U MHAUKATOPbl UX JOCTHKEHUS IIPUBEIICHBI B

Tabymune 1.

Ta6ymmma 1 — [lepeyeHb KOMITETCHIIMA W HHAUKATOPOB UX JIOCTHKCHUS

Kareropwus (rpymra) Konn Kox 1 HanMeHOBaHWE HHIMKATOPA AOCTHIKEHHS
HalMEHOBaHUE
KOMIIETEHIH KOMIIETEHIIUU
KOMIIETEHINH
ITIK-1 Cnocoben
IPOBOJIUTH aHAJIN3
POBO I1K-1.3.3 3HaTh 001aCTh MPUMEHEHUS METO/I0B
COCTOSIHUS
U3MEpEeHus
METPOJIOTHYECKOTO
[TpodeccuonanbHble O6ECIICUCHIS B [1K-1.3.4 3HaTh KOHCTPYKTHUBHBIE OCOOEHHOCTH U
KOMITETEHIIMH IPUHIUIBI paOOTHI CPEICTB U3MEPEHMUS,
NOJpa3/ieIeHu!
. TEXHOJIOTUYECKHE BO3MOKHOCTH B 001acTH
METPOJIOTHYECKOM
IPUMEHEHUS CPEJCTB U3MEPEHUs
CITYKObI
OpraHu3aIiu
I1K-3 Criocoben
OCYILIECTBIIATh I1K-3.3.3 3Hath (pusnueckue NpUHLUIBI paboTHI,
paboThI 10 BO3MOYKHOCTH U 00JIaCTH IPUMEHEHUS METOJIOB U
BBISIBIICHUIO H CpPEeICTB N3MEPEHUI
[TpodeccronanbHbIe
KOMITETEHIIIH IPEJOTBPALICHUIO [1K-3.VY.3 ymeTsb BbIOUpaTh U pa3pabdaTbIBaTh
HECOOTBETCTBHM METO/BI M CPEJICTBA KOHTPOJISI TEXHOIOTUIECKOTO
IPOAYKIUH npoliecca, TeXHOJIOTHYECKOH onepanuu,
MPEIbSBIISIEMBIM pa3padaTbIBaTh CXeMbI H3MEPEHUH 1 KOHTPOJIIS
TpeOOBaHUSIM

2. Mecro nucuumianHsl B cTpykType OI1
JucnurnnuHa MokeT 6a3upoBaThCsl Ha 3HAHUSAX, PaHee MPUOOPETEHHBIX 00YJarOITUMUCS
MIPU U3YYECHHUH CIIETYIOUIUX TUCIUIUINH:
HucnurnnuHa MoxkeT 6a3upoBaThCs Ha 3HAHUSIX, paHEe TPUOOPETEHHBIX 00YJarOITUMUCS
MIPU U3YYECHHUH CIIETYIOUIUX TUCIUIUINH:
— «lludposas merposorusy,

— «DJIEKTPOHUKAY,
— «MartepHaJioBeJICHUEY,

«DPuzukay

«XUMHUY.




— «IIpuknaaHas METPIIOTHS,

— «MeTpoJiorudecKas SKCISPTH3A

3HaHUs, MOJYYEHHbIE MPU H3YYCHHM MaTepuaja JaHHOW JUCHMIUIMHBI, MUMEIT Kak
CaMOCTOATEJIbHOE 3HAYECHUE, TAK U MOT'YT UCIIOJIb30BaThCS IIPU U3YUEHUH IPYTUX TUCLUIUINH:

— « IIpon3BoaCTBEHHAS IPEAAUIIOMHAS IPAKTUKAY,

— «[HA»

3. OO0BEM U TPYJOEMKOCTh JUCIUILTAHBI
JlanHbie 00 00mIEeM O0BeMe JUCIUILIMHBI, TPYJOEMKOCTH OT/ACIBHBIX BHJOB Y4eOHOMH
paboThI 1O TUCIUILIMHE (M paclpeieieHue 3TOH TPYAOEMKOCTH 110 CEMeCTpam) IPeACTaBICHbI B
Tadymue 2.

Tabmuna 2 — O0beM U TPYAOEMKOCTh JUCIUILITUHBI

TpynoeMkocTh Mo

Bun yuebnoit paboTbl Bcero ceMecTpam
No7
1 2 3
Oowan mpyooemKkocmp OuCyUnIUHDL, 3/ 108 3/ 108
3E/ (uac)
U3 nux yacoe npakmuyeckoii 0020MoeKu 8 8
AyoumopHhuie 3anamus, BCEro 4ac. 16 16
B TOM YHCJIC:
nexmun (JI), (gac) 8 8
npakTuueckue/cemunapckue 3anatus  (I13), 8 8
(dac)

nabopaTtopHbie paboTs (JIP), (uac)

KypcoBoi nmpoekt (padota) (KII, KP), (qac)

HK3aMeH, (4Jac)

Camocmosmenvnas paboma, Bcero (dac) 92 92
Buo npomesxcymounoi ammecmayuu’ 3auer,

mudd. 3auger, sx3amen (3auer, udd. 3au, | 3auer 3auer
DK3.%*%*)

*k
[IpuMeuaHue:  kaHAMAATCKHI SK3aMeH

4. ConepxaHue JUCITUTUTIHBI
4.1. PacnpeneneHue TPyJI0EMKOCTH JUCIUILTHHBI MO pa3esiaM U BUAAM 3aHITHIA.
Paznensl, TeMBI TUCIUTIIMHBI U UX TPYAOEMKOCTh TIPUBEICHBI B TAOIHUIIE 3.

Tabnuna 3 — Pa3aensl, TeMbl AUCHUILTUHBL, UX TPYIOEMKOCTh

PaBZLeJ’IBI TEMBI JUCITUITIIMHBI HeKHHH I13 (C3) 1P KII CPC
’ (gac) (gac) (dac) (gac) (dac)
Cemectp 7

Pazpen 1. XapaKvTepHcha KOHIIEIIHAH 5 9 20
HaHOTEXHOJIOTH
Pasznen 2. MeToap! McciaeqoBaHus HAHOOOHEKTOB 2 2 22
Pa3znen 3. OCHOBHBIE T€TEPOre€HHBIE NTPOLECCHI
(opMHpOBaHUS HAHOCTPYKTYPUPOBAHHBIX 2 2 18
00BEKTOB




Paznen 4. [TpuHIIUTIBI TOCTPOCHHS

TEXHUYECKUXCPEACTB UCCIICIOBAHUS 1 1 15

HAHOCTPYKTYP

Paznen 5 Ckanupyromiasi TyHHeJIbHAs 1 1 17

MUKPOCKOTIHS

Hroro B cemecTpe: 8 8 92
Utoro 8 8 0 0 92

[IpakTuyeckas MOArOTOBKA 3aKIIOYAETCS B  HEMOCPEJICTBEHHOM  BBINOJIHEHUH
OoOy4JarlolUMUCS  OMNpEeNeJIeHHbIX  TPYAOBBIX  (YHKUIWH,  CBSI3aHHBIX ¢ Oya;yulei
npo¢eCCHOHATIBHOMN 1S TETbHOCTBIO.

4.2. CopnepskaHue pa3/ieloB U TEM JICKIIMOHHBIX 3aHITHH.
Conepxanue pa3esioB M TeM JICKITMOHHBIX 3aHITHIA IPUBEICHO B Ta0HIIC 4.

Tabmuna 4 — ConeprkaHue pa3esioB U TEM JICKIIMOHHOTO ITUKJIA

Howmep pazaena

Hazpanue u COACPIKAHUC Pa3aCIIOB U TCM JICKIHMOHHBIX 3aHATHH

Paznen 1. Xapakrepucruka
KOHIIENIINI HAHOTEXHOJIOT U

Tema 1.1 XapakrepucTuka KOHLENUMH HAHOCTPYKTYPHBIX U
MOJIEKYJISIPHBIX HAHOTEXHOJIOT Ui

Wnero o ToM, 4TO BO3MOYKHO CO3/1aBaTh HY’KHbIE HaM yCTPOWCTBA
U Apyrue oOBeKThl, coOupas ux "MoOJeKyja 3a MOJIeKylou" W,
maxe, "aroM 3a aroMoM'" OOBIYHO BO3BOIAT K 3HAMEHHUTOH
JEKIMU OJIHOro 3 KpynHedmmx ¢usukoB XX Beka Puuapma
@eiinmana «TaM BHU3y — MHOro MecTa». JTa JieKuus OblLia
npountaHa UM B 1959 roay; GOJBIIMHCTBO COBPEMEHHUKOB
BOCTIPUHSJIN €€ KaK ()aHTACTUKY WU LIYTKY.

CoBpeMEHHBI  BUJA HIEM MOJIEKYISPHOM HAHOTEXHOJIOTMH
Havyaim npuodperath B 80-e¢ rompl XX Beka B pe3ysibrare padbot
K. 3. [Ipekcnepa, KOTOpbIE TaK)Ke CHa4yajla BOCIPUHUMAJINCh KaKk
HayyHas ¢anTacTuka. [Ipu atom pyHnameHTanbHas MoHoOrpadust
"HanocucreMbl. MonekynspHas TEXHHKA, IPOU3BOACTBO U
BBIUMCJICHHSA"  MMEET, HECOMHEHHO, OCHOBOIIOJIAraromee
3HaueHue. CaM TEpMUH HAHOTEXHOJIOTHUSA CTal IONYJISPEH
MMEHHO TIOCJIe BhIXOJIa B CBET 3HAMEHUTOW KHUTH J. Jlpekciepa
"MamuHbl TBOpEHMS" M IOCIENOBAaBLIEH 3a 3TUM JUCKYCCHH.
[Tozxxke Jlpekciep B CBUX HAyYHBIX pabOTax CTas UCIOJIb30BAThH
TEpPMUH MoJieKynsgpHast HaHoTexHonorust (MHT) nns paznuuenus
MpEeJIaraeMbIX UM PELICHUM.

Tema 1.2 Pabots! pekciepa

OneHky mapaMeTpoB HAaHOMEXAHUYECKUX YCTPOICTB M MAIlUH -
B cBOMX paborax 3. JIpekciep U ero rnocieaoBaTead OLeHUBAIN
rapaMeTpbl B OCHOBHOM MEXaHUYECKHUX YCTPOUCTB, KOTOPbIE OHU
Mord Obl UMETh NpU NPUOTMKEHHHM pa3Mepa KOMIIOHEHT K
MOJIEKYJISIpHOMY MaciiTaly. 9To 00yCIOBJIEHO HE T€M, YTO OHU
HEJ0OLICHUBAIOT BAKHOCTh 3JIEKTPUUYECKUX, ONTUYECKUX U T. 1.
3¢ (heKToB, a TeM, YTO MEXaHWYECKHE KOHCTPYKIMH Tropaso
npolle U A0CToBepHee MaciTadupyrotes. [Ipu aTom ocozHaercs,
YTO JJIEeKTpUYeCKWe U mpouyue dPQPeKTl MOryT JaTh
3HAYUTENIbHBIE JIOTIOJIHUTEIbHBIE BO3MOXKHOCTH. IIponssens
COOTBETCTByIOIlEe  MaciiTabupoBaHue Jlpekciep moOIydui
CJIEIYIOIINE YHCIEHHBIE OLICHKU:




-MIO3UIIMOHUPOBAHNUE PEATUPYIOIIUX MOJIEKYJ ¢ TOYHOCTHIO ~0.1
HM;

-MEXaHOCHHTE3 C MPOU3BOAUTENBHOCTRIO ~106 omep/cex Ha
CTPOMNCTBO;

-MOJIeKyJIsIpHas cOopka oObekTa Maccoit 1 kr 3a ~104 cek;
-paboTa HAHOMEXaHHYECKOTO YCTPOHCTBA ¢ 4acToTol ~109 I'm.
JpyruM Ba)KHBIM HaIpaBJICHUEM H3YYEHHUS SBISIOTCA OOBEKTHI
HAHOMOJIEKYJIIPOHOM TEXHOJIOIMH - MCCIIEN0BAaHUs 10 BOIPOCAM
BO3MOXKHOTO  (YHKIIMOHUPOBaHUsI  paboTel  "ycTporicTBa"
AHAJIOTMYHOTO Macmtaba B JKMBBIX OpraHm3Max. B kadecTBe
npuMepa Ienecoo0pa3HO PacCMOTPETh PAaOOTy MpeICTaBUTEIS
*KuBOro opranm3Ma AT®d-cuHTa3a SBASIONIETO (HEPMEHTOM,
peoOpas3yoUM Pa3HOCTh KOHLIEHTPALUNA MPOTOHOB 10 pa3HbIe
CTOPOHBI MEMOpaHBl B HHEPIUI0, 3aMaceHHYI0 B MOJIEKYyJaxX
agenosuntpudochara (ATD). Ilocneanee  ucmoIb3yeTcs
MPaKTUYECKH BCEMU MEXaHW3MaMH KJIETKM B KadyeCcTBE

yHHUBEpcagbHOro  Hocutenss  sHepruu. AT®d-  cuHTasza
IPUCYTCTBYET B "DHEPreTUYECKUX CTAHLUAX"' PACTUTEIbHBIX U
JKUBOTHBIX KJIETOK - XJIOpPOIUIACTaX W MUTOXOHJPHUSIX U

npeaACTaBJIACT coOoi HAOBOJIBHO CJIOKHYHO KOHCTPYKIHIO U3
HCCKOJIBKHUX THIIOB CAUHUIL — OEIIKOBBIX MOJICKYJIL.

Pa3nen 2. Metonanl
HCCIIEIOBAHUS
HAHOOOBEKTOB

Tema 2.1. OOmme cBeneHuss 00 OOBEKTaX HCCIEIOBaHUS B
00JacTH HAHOTEXHOJIOTUH

OgHuMM U3  NEpBBIX HMHCTPYMEHTOB, KOTOpbIE IOMOIJIH
WHUIUUPOBATh HUJEH HAHOTEXHOJOTHUH, OBUIM TaK Ha3bIBaeMbIe
CKaHUPYIOIIUE 30HIbl. Bce THIBI CKaHUPYIOMINX 30HIO0B OBUIH
pa3paboTtanbl B Lltopuxe B Hauane 80-x romoB. Cama ujues 04eHb
IIPOCTA: €CIIA, K IPUMEPY, IPOBECTH NAIBLEM II0 OBEPXHOCTH,
TO JIETKO OTJIMYMUTH OapxaT OT CTaJId WK AepeBa. B nanHOM
SKCIIEPUMEHTE TMajel] JAEWCTBYeT Kak CTPYKTypa H3MEpEeHMUs
cuibl. JlaHHas wAed W TOJOXKEHa B OCHOBY pabOThI
CKAaHMPYIOLIEr0O MMKPOCKOIA, OJHOIO H3 pPACHPOCTPAHEHHBIX
CKaHMpYIOIUX 30HA0B. CKaHUPYIOIIUN 30HJ NpPU HU3MEPEHHUU
CKOJIB3UT M0 ITOBEPXHOCTH TaK K€, KaK 3TO JENArT IaJbIbl.
30H/1 UMEEeT HAaHOCKOMMMYECKHH pa3mep (4acTo BCETO OJIUH aToM).
IIpy ABM)KEHMH OH MOXKET OIPENENATh HECKOJIBKO Pa3IM4HbIX
CBOMCTB, KaXJ0€ M3 KOTOPbIX COOTBETCTBYET HHOMY
U3MEPEHMUIO.

Tema 2.2 ATOMHO-CHIIOBOIT MUKPOCKOTT

B aTOMHO-CHJIOBOM MHMKpPOCKOIIE 3JEKTPOHUKA HCIOJIb3YETCA
JUISL U3MEPEHMs] CHJIBI BBOAMMOW KOHYMKOM 30HAA IpPU €ro
JIBMDKEHUH BJIOJIb TIOBEPXHOCTH UCCIIEAYEMOT0 00BEKTA.

Tewma 2.3 TyHHENbHBIA MUKPOCKOIL.

B TyHHENPHOM  MMKPOCKONE  M3MEpSETCd  BEIUYMHA
AIIEKTPUYECKOTO TOKA, MPOXOISAIIET0 MEXAY CKaHUPYIOIIUM
30HIOM M TOBEPXHOCTHbIO. TyHHENbHAasT MHKPOCKONHUS — 3TO
MPAKTUUYECKH TMEpBBIA  pa3pabOTaHHBIM  METOJ  30HJIIOBOTO
CKaHHMPOBAHMSI, HAIIEIIIETO IIUPOKOE IPUMEHEHHUE.

Tema 2.4 MarauTHO-CHJIOBOM MUKPOCKOI

B MarHuTHO-CHJIOBOM MMKPOCKONE 30HJ, CKaHUPYHOIIHM
MOBEPXHOCTh,  SIBJISIETCS ~ MAarHUTHBIM, OH  IIO3BOJISIET
IIOYYBCTBOBATh HAa TOBEPXHOCTH JIOKAJIbHYIO MAarHUTHYIO




CTPYKTYpY. 30HJ MarHMTHO-CHJIOBOTO MHKpPOCKONa paboTaer
HOIIOGHO C‘-IHTBIB&IOIL[Cﬁ T'OJIOBKH BHUHYCCTCPA HIIN
MarauTooHa. CkaHUpPYIOIINE MUKPOCKOIIbI TO3BOJIMIIN BIIEPBbIE
YBUAETHh 00BEKTHI pA3MEPOM C aTOM.

Paznen 3. OcHOBHBIE
TeTePOTEHHBIC MTPOIIECCHI
dbopMHUpOBaHHS
HAHOCTPYKTYPHPOBAHHBIX
00BEKTOB

Tema 3.1 CpoiicTBa nporieccoB GOPMUPOBAHUS HAHOCTPYKTY]P

B ofmem cimyyae moJ reTepOoreHHBIMH MPOLECCAMU MTOHUMAOT
TEXHOJIOTUYECKHE IPOLECChl, MPOMCXOJAIINE Ha TpaHULe
paznena ¢a3 u (HOPMUPYIOIIHUE TETEPOTCHHBIE CHUCTEMBI.
['ereporenHas cuctema IpeCcTaBisieT co0o0it
TEPMOJUHAMHYECKYI0 CUCTEMY, COCTOSILIYIO M3 Pa3IMYHbIX I10
Gu3n4eckUM U XUMHYECKUM CBOMCTBaM wyacTed win a3,
KOTOpBIE OTAEJIEHbl ApPYr OT JApyra IMOBEPXHOCTSMHU pajena.
Kaxnas wu3 ¢a3 npu 3TOM TOMOreHHa M €€ IIOBEJCHHE
MOTYHUHSCTCS 3aKOHAM TEPMOJANHAMUKHY.

Tema 3.2 Xumuueckue reTeporeHHble MpoLEeCChI.

MHorue reTeporeHHbIe MPOLECCH HE CBSI3aHBl ¢ XMMUYECKHUMU
peakuMsIMU M OCHOBaHbl TOJIBKO Ha (HU3UKO- XMMHUYECKHUX
SBIICHUAX. XUMHUYECKHE T€TEPOTeHHBIE MPOIECCHl BKIIOYAIOT B
Ka4yecTBe 3Tana XUMHUYECKHEe PeaKLui, KOTOpbIE UYT B OJTHOW U3
(a3 mocie nepeMelieHus TyJa peareHTOB MM Ha MOBEPXHOCTH
pasmena ¢a3. Ha rereporeHHble  paBHOBECUS  BIMSIOT
TEMIIEpATypa, AaBJIEHUE, KOHLIEHTPAIIUY PEareHTOB U

IPOAYKTOB peakiuu. PaBHOBecHe TI'€TEpPOreHHBIX IPOLECCOB
ONPEIEACTC KOHCTAHTOW PABHOBECUS XMMMYECKUX DPEAKLUU,
3aKOHOM pacIpelesieHUs] KOMIIOHEHTOB Mexay (asamu H
npaBuwioM (a3. PaBHOBeCHbIE KOHIIEHTPAaUH KOMIIOHEHTOB B
COIPHUKACAIOLIUXCS dazax OIPEIEIIAIOTCS 3aKOHOM
pacrpeziesieHus BEeIleCTBa, KOTOPbIN YCTaHABIMBAET MOCTOSIHHOE
COOTHOIIIEHHE  MEXJy  paBHOBECHBIMH  KOHLEHTpAIHUSIMU
BeuiecTBa B JBYX (a3ax CHUCTeMbl TpU  OINpeAeSIEHHOU
Temueparype. I'ereporeHHble nporecchl

Tema 3.3 CBolicTBa reTepOoreHHbIX MPOIECCOB.

MexaHU3M reTeporeHHbIX MPOLIECCOB CI0XKHEE TOMOTE€HHBIX, TaK
KaK B3aMMOJIEHCTBUIO PEareHTOB, HAXOAIIUXCA B pa3HbIX (azax,
OpeJIIecTByeT MX JOCTaBKa K IOBEPXHOCTU paznena (a3 u
MaccooOMeH Mexny (asamu. [1o3TOMy CKOpPOCTH reTepOreHHbIX
HEKaTaJIUTUYECKUX MPOIIECCOB, KaK MPaBUJIO, MEHbIIE CKOPOCTH
TOMOI'€HHBIX  TpolueccoB. MaccoodMen Mexay (asamu
OCYIIECTBIISIETCS € MOMOLIbI0 Tuh(dy3un U XapaKTepu3yercs
kodpduureHTom MaccooOMeHa rae D —  koapduuueHt
mubdy3uun, d - TONIMIMHA MOrpaHUYHOro cios. s pacuera f3,
KOTOPBII CIYXKHUT ONMHUCATENbHONW XapaKTepUCTUKOM U i Oonee
CJIOKHBIX MEXaHHU3MOB MEPEHOCa, UCIOJIb3YIOT KpUTEpHAIbHbBIE
ypaBHeHus. B = D /0 B meproa nmpoTexaHus

TeTepOreHHOro npoiecca.

Paznen 4. IlpuHuumme!
MOCTPOCHHS TEXHUIECKUX
CpPEZCTB UCCIIEI0BaHUSA

HAHOCTPYKTYP

4.1 OCHOBBI MEXaHUKH U KOHCTPYKIUI CPEICTB UCCIETOBAHUS
OO6nacTbl0  NMPUMEHEHUS HAHOCTPYKTYPUPOBAHHBIX
00BEKTOB SABJISIETCS HAaHOOOBEKTHI, pa3mepsbl
KOTOpBIX Haxoxaarca B auanaszoHe ot 0,1 go 100 M. Ortor
JMana3oH NPUHATO HAa3bIBaTh HAHOMACIITAOOM.

Paznen 5 Ckanupyromas
TYHHEJIbHAsi MUKPOCKOTIHUS

Tema 5.1. TynnenbHbIl 3¢ (deKT U CKaHUpYOLIAs TyHHENIbHas
MUKpockonus. PU3NYecKuil CMbICI TYHHEIBHOTO 3 deKTa




duznueckuii CMBICT TYHHETHHOTO dddeKTazakimoyaeTcss B
NPOXOXKJICHHE uepe3 NOTEHIMAJIbHBI Oaphep 3JIEKTpOHA
(MMKpOYacTULIbI), JHEPrusi KOTOPOHl MEHbIE, YeM BbBICOTA
6aprepa. Ctporoe oObsicHeHHE ATOro d((dexTa JaeT KBaHTOBAS
MexaHuka  (MCXOAs M3  HEONPEJENIEHHOCTH  UMIyJbca
MHUKpoYacTuilsl B o0nactu 6apeepa). Eme B XVII B. M. HetoTon
chopMyJIMpOBall 3aKOHBI KJIACCMYECKONM MEXaHHWKH, YTO CTaJo
BEJIMKUM COOBITUEM B UCTOPHUU (PU3UKU. DTO OOBACHSAETCA
«BOJIHOBOW IPUPOJIOI» 3IEKTPOHOB, & CAMO HAa3BaHHME BO3HHUKIIO
u3-32 TOrO, YTO, C TOYKM 3pEHHs] BHEUIHEro HaOIromaTess
KJaccuueckor Gusnku (1 3apaBoro cmbicial), 3¢pGeKT BBITIAIAT
COBEPILICHHO HEMOHATHBIM M HAIOMHHAET CHUTYaIUIo, MpU
KOTOPOM 3JIEKTPOH KakK Obl HAXOJIUT B CTEHE KaKOW-TO «TYHHEIb)»
U TPOCKaKUBAeT 4epe3 Hero (B KauyecTBE CTEHBI BBICTYMAET
AIIEKTPOCTATUYECKUH MOTEHINAI Spa).

Tema 5.2 ToHHENBbHBIA MUKPOCOKOIT

B wacTHOCTH, HA HEM OCHOBAaH MPUHIMN JEUCTBUS W3BECTHBIX
TYHHEJIBHBIX JHOJOB M MHOTHX JPYTHUX HOJYIMPOBOJIHUKOBBIX
npubopoB. B Hacrosmee BpeMs 3h(HeKT mUpoKo MpUMEHSIETCS B
CBEPXUYYBCTBUTEIBHBIX 3aMUCHIBAIOIINX TOJIOBKAX MAarHUTHBIX
JIVICKOB, CKaHUPYIOIIUX TYHHEIBHBIX MHKPOCKOIMAX, MpHOOpax
anepHoi ¢uszuku u T.4. [Iporecc HOCUT cimydalHBII XapakTep,
HO €ro BEpOATHOCTh MOXKET OBITh BBIYMCICHA II0 3aKOHAM
KBAaHTOBOI MEXaHHKHU COBEPILIEHHO TOYHO (IIPH 3TOM AJIEKTPOH
paccMaTpuBaeTCs OJHOBPEMEHHO W B KAaueCTBE BOJIHBI, U B
KauecTBe YacTUIpl). LVIMEHHO BOJHOBBIE XapaKTEPUCTUKH
MOBEJCHUS  DJIGKTPOHA  IO3BOJIAIOT €My  IIPEO0J0JIeBaTh
sHepretuueckuil Oaprep. Ilpu OonbIIOM KOIMYECTBE TaKHX
AIIEKTPOHOB MOKHO, ECTECTBEHHO, TOBOPUTH O TYHHEITbHOM TOKE.
B TyHHenpHOM  MHKpOCKONE  HM3MepsieTcs  BeIWYHHA
DIIEKTPHUYECKOTO TOKA, MPOXOMAALIETO MEXAY CKaHUPYIOIINM
30HZIOM M TIOBEPXHOCThIO. B 3aBUcMMOCTH OT TOro, Kak
MPOBOJISITCSI U3MEPEHUS, MUKPOCKOT MOKHO HCIIONIb30BaTh JTHOO
JUIS TIPOBEPKHU JIOKAJIbHOM IeOMEeTpUH (HACKOJIBKO MOBEPXHOCTD
JIOKaJbHO BBICTYMAET BIIEPEN), JTUOO I U3MEPEHHS JIOKATbHBIX
XapaKTepUCTHK JIEKTPOIIPOBOIHOCTH. TyHHenpHas
MHUKPOCKOIIHUS — 3TO. MO CYTH, NEPBBIA pa3paObOTaHHBIA METOA
30H/IOBOIO CKaHHUPOBaHMs, U 3a ero otkpeltue I'. bunnur (G.
Binnig) u I'. Popep (H. Rohrer) B 1986 r. nomyumnu
HoGeneBckyro npemuio.

4.3. Ilpaktuyeckue (ceMUHAPCKUE) 3aHATUSL
Tembl mpakTUUECKUX 3aHATHI U UX TPYJOEMKOCTh IPUBEIEHBI B TAOIHILIE 5.

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

N3 nux Ne
dopmsbl .
Ne . TpynoemMKOCTb, | TpaKTHUYECKOH | pa3aena
TeMbl MPaKTHYECKUX 3aHATHH | TMPAKTHYECKUX
n/m . (gac) MIOATOTOBKH, | JUCLUIT
3aHATHI
(dac) JIUHBI
Cemectp 8
1 | OcHOBHBIE UEPTHI pelieHne 1 3 2
coBpeMeHHBIX IT. CUTYalLlMOHHBIX




CTpyKTypupOBaHHOCTh
CTaHJapTOB
nudpoBoro oomMeHa
JAHHBIMU aJITCOPUTMOB.

3a1a4

AHayu3 ¥ OlLIeHKa
pecypcos,
HEOOXOUMBIX TSI
yIIPaBICHUS
nHopmarnmen

perieHue 2
CUTYaIIHOHHBIX
3a1a4

HccnenoBanue MOBEPXHOCTU
METOAOM aTOMHO-CHJIOBOM
MUKPOCKOIIHH.

perieHue 2
CUTYaIIHOHHBIX
3a1a4

[ToaroroBka 3JIEKTPOHHOTO
MHUKPOCKOTIIa "
(GYHKIMOHATIBHBIX 0JI0KOB
(y31moB) Kk paboTe B OCHOBHBIX
pabounx pexumax.

perieHue 2
CUTYaIIHOHHBIX
3a1a4

[Topsinok nmpoBeneHus MOBEPKU
TYHHEJIBHOTO U CKaHUPYIOIIETO
MHUKPOCKOIIOB

perieHue 1
CUTYaIlMOHHBIX
3a1a4

Bcero

4.4, JlabopaTopHbIC 3aHATHS

Tembl 1a00paTOPHBIX 3aHATHIA U X TPYJOEMKOCTb IPUBEICHBI B TaOIUIIE 6.

Tabnuna 6 — JlabopaTopHble 3aHATHS U UX TPYJOEMKOCTh

No

o/

HaumenoBaHue 1a60paTopHBIX paboT

TpynoemMKocCTs,
(dac)

N3 Hux
[IPaKTUYECKON
MOJAITOTOBKH,
(gac)

Ne
paszzaena
JIACITATT

JINHBI

VY4eOHbIM MJIaHOM HE IPEAYCMOTPEHO

Bcero

4.5. KypcoBoe nmpoeKkTHpoBaHHe/ BHITOTHEHUE KyPCOBOU PabOTHI
VY4eOHBIM MJIaHOM HE MPEAYyCMOTPEHO

4.6. CamocrosTenbHas paboTa 00yJaroIxcs
Bunsl camoctosTensHON paboOThI M €€ TPYIOEMKOCTh MPUBEIEHBI B Ta0nuLe 7.

Tabmuna 7 — Bunbel camocTosTenbHON pabOThI M €€ TPYA0EMKOCTh

. Bcero, | Cemectp 8,
Bun camocrositensHO# paboTh
qac qac
1 2 3

W3ydeHue TeopeTHuecKoro MmaTepuania

28 28
qucuuriaHbl (TO)
KypcoBoe npoextuposanue (KII, KP)
PacuetHo-rpaduueckue 3ananus (PI'3)
Brimonnenue pedepara (P)
[ToaroToBka K TeKymeMy KOHTPOJIIO 22 22




ycnieBaemocTH (TKY)

Jomamnee 3aganue (/13)

Kontposbabie paboTsl 3a09HnkoB (KP3) 20 20
IToaroroBka K MpoMeXyTOYHOU 22 22
arrectaruu (I1A)

Bcero: 92 92

5. IlepedyeHnb yueOHO-METOUYECKOTO 00ECTICUCHUS
JUISL CAMOCTOSITENIbHON PabOoThl 00y4aroIuUXCs MO JUCUUTUIHHE (MOJTYJIIO)
Y4eOHO-METOIMYEeCKUE MaTepHalbl Ui CaMOCTOSITEIIbHONH Pa0OThl OOYYAIONIMXCSl YKa3aHbl B

n.a. /-11.

6. IlepeueHb MEUATHBIX W YICKTPOHHBIX YICOHBIX U3TaHUI
[lepeuenp mevaTHBIX U SJIEKTPOHHBIX YY4EOHBIX U3/IaHUH TIpUBeieH B Tabmulle 8.
Tabmuna 8— [lepedeHb NMEYaTHBIX U MJICKTPOHHBIX YUCOHBIX M3IaHHMA

[udp/
URL agpec

bubnuorpaduueckas
CCBUIKA

KommuectBo
9K3EMILISPOB B
OMOINOTEKE
(xpome
3JICKTPOHHBIX
9K3EMILISPOB)

https://znanium.com/catalog/product/1060845
(mata obpamenus: 07.09.2021). — Pexxum
A0CTYyIIa: I1O ITOAIINCKE.

Opnunnos, b. E. Moaenn u
poOIeMbI
UHTEIJICKTyaIbHBIX
cucreM : MoHorpadus /
B.E. Ogunnos. — Mocksa
: UTHOPA-M, 2020. —
219 c¢. — (HayuHnas
MbIcib). — DOI
10.12737/1060845. - ISBN
978-5-16-015839-6.

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

dusnueckue OCHOBBI
MHKPO- u
HAHODJIEKTPOHUKH,

HypuakoB A.A., /yueGHOE
nocobue/, Yp®YVY, 2020, -
252 c.

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

PactpoBasgs  anexTpoHHas

MHUKPOCKOIIHS s
HAHOTEXHOJIOTUH. MeTOoabl
u IIPUMEHEHUE

MoHorpadus / moxa pen. V.
Ky, XK. JI. Yanra, T. IL
Kamunackoit. - 4-e wusm. -
MockBa : JlaGoparopus
sHanui, 2021. - 601 c. -
ISBN 978-5-00101-142-2.
- TeKCT : 2IeKTPOHHBIH.



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

https://znanium.com/catalog/product/1894131 OHUITUMOHOB, B. E.
(mata oOpamenus: 22.08.2023). — Pexum | MHKpPOCKOTUYECKHIA
JIOCTYIIA: 110 MOJAIMMCKE. aHaIu3 JUCIIEPCHOTO
cocTaBa  IOPOIIKOB
yaeOHoe mocobue / B. E.
®unumonos, A. B. Mopos.
- Momkap-Ona
[ToBomxkcKui
roCcyJapCTBEHHBII
TEXHOJOTHYECKHUI
yHuBepcutet, 2020. - 76 c.
- ISBN 978-5-8158-2167-
5. - TekcT : ANeKTPOHHBIH.

https://fs.quap.ru/science/patents/2021612957.pdf | CeunerenscTBo 0
roCyJapCTBEHHOMN
PETHCTPALIUK  MTPOTPAMMBI
it OBM Ne 2021612957
Hom kadectBa «QFD»

7. IlepeyeHb IMEKTPOHHBIX 00OpPa30BaATEIBHBIX PECYPCOB
nH(}OPMaLIMOHHO-TEIIEKOMMYHUKAIIMOHHOM ceTu « IHTepHeT»
[lepeuens AIIEKTPOHHBIX 00pa3oBaTEeNbHBIX pecypcoB MH(}OpPMaLOHHO-
TEJIEeKOMMYHUKAaMOHHONW ceTu «HTepHeT», HEOOXOOUMBIX MJii OCBOCHHS JUCIUILIAHBI
npuBezieH B Tabnuue 9.

Tabmuia 9 — IlepedeHb DICKTPOHHBIX O00pPA30BATENBHBIX PECYPCOB HH(DOPMAIMOHHO-
TEJIEKOMMYHUKAIIMOHHOU ceTn «HTepHEeT»
URL agpec HanmenoBanue
http://science.guap.ru Hayunas u uHHOBaIMOHHAs AesTenbHOCTh ['Y ATT
http://www.consultant.ru | CnpaBouno-nipaBoBast cuctema «Koucysaprant [Lmrocy
http://www.garant.ru Wudopmarmonno-npasooii noptan «CAPAHT»
http://list-of-lit.ru CHHCOK JTUTEePaTypPhl [0 HAHOTEXHOJIOTHH

/nano/nnotechnologii

8. Ilepeuens MHGOPMAITMOHHBIX TEXHOIOTHMA
8.1. [lepevyeHp MPOrpaMMHOTO OOECIIEUCHHMsSI, HCIIOIB3YeMOTO TIPH OCYIIECTBICHUH
00pa30BaTeNbHOTO MpoIiecca Mo TUCIUTUINHE.
[TepeueHs UCTIOIB3YEMOT0 MPOTPAMMHOTO OOECTICUeHUs TTpeicTaBicH B Tadsmite 10.

Tabmuua 10— Ilepedyens nporpaMMHOro o0ecrieyeH s

Ne i/ HanmeHnoBanue

He npenycmorpeno

8.2. Ilepeuenp MH(OPMALIMOHHO-CITPABOYHBIX CUCTEM,HCII0JIb3yEeMbIX npu
OCYIIIECTBIICHUU 00Pa30BaTEIHLHOTO MPOoIiecca 1Mo JUCIUILTHHE

[lepeuenpr uCHONB3yeMBIX HHPOPMAIIMOHHO-CIIPABOYHBIX CHCTEM TMPEICTaBICH B
Tabauie 11.

Tabnuua 11— Ilepeyens HHPOPMALMOHHO-CITPABOYHBIX CHCTEM

‘ Ne i/ ‘ HanmeHnoBanue



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

‘ He mpenycmorpeno

9. MarepuanbpHO-TeXHUYECKast 6a3a
CocrtaB  MaTepUAIbHO-TEXHUYECKOH 0a3bl, HEOOXOMUMOW Ui  OCYIIECTBIICHUS
00pa30BaTeNLHOTO MpoIiecca Mo TUCIUTUIMHE, IPEICTaBICH B Tabmuiel 2.

Ta6mmma 12 — CoctaB MaTepuaibHO-TEXHHUECKOM 0a3bl

No HanmenoBanue coctaBHOM 4acTu Howmep ayautopuu
n/n MaTepHabHO-TEXHUUECKOU 0a3bl (pu HEOOXOMMOCTH)
1 JIaboparopus HICKyCCTBEHHOTO HHTEIUICKTA U 13-13
1M (POBBIX TEXHOJOTUH B METPOJIOTUU

10. OueHouHbIE CpeACTBA ISl POBEICHUS TPOMEKYTOUHOUN aTTECTAIINH
10.1. CoctaB OLEHOYHBIX CpPEACTBAJIA MPOBEIACHHUS TMPOMEKYTOYHOW aTTecTaluu
00yJaromuxcs 1Mo JUCHUTUINHE MPUBEACH B Tadymie 13.
Tabnuna 13 — CoctaB OIEHOYHBIX CPEACTB JJIsk IPOBEICHHSI IPOMEKYTOYHOM aTTeCTAIlUH

Bua npomexyTo4HON arTecTanuu [lepedyeHp OLICHOUHBIX CPEACTB

3auer Cnucok BOIpPOCOB;
TecTtsr;
3agaun.

10.2. B kayecTBe KpUTEpPHEB OIEHKA YPOBHS C(HOPMUPOBAHHOCTH (OCBOCHUSA)
KOMIIETEHIMI OOYJaloUIMMHCS MPUMEHSETCS S5-0ajuibHasi MIKajla OLEHKU C(HOPMHUPOBAHHOCTU
KOMIICTEHIIHI, KOTopas puBecHa B Tadumie 14. B TeueHune cemMecTpa MOXKET HCIOIB30BaThCS
100-6annpHast ~ mKajma ~ MOAYJIBHO-PEUTHHTOBOW  CHCTEMBI ~ YHUBEPCUTETa,  IpaBHiIa
UCIIOJIb30BaHUSI KOTOPOW, YCTAaHOBJIEHBl COOTBETCTBYIOIIUM JIOKAJbHBIM HOPMATHUBHBIM aKTOM
['YAIL
Tabmuua 14 —Kpurepuu olieHKH YpoBHS c(hOPMHUPOBAHHOCTH KOMIETEHIUH

Or11eHKa KOMITETEHIUI

Xapakrepuctrka chOpMUPOBAHHBIX KOMIIETEHIIN
5-0ayutpHad mIKama paKTep (bopep

— oOyyaromuiicss TIyOOKO M BCECTOPOHHE YCBOWJ MPOTPAMMHBIN
MaTtepuai;

— YBEPEHHO, JIOTUYHO, MOCJIEI0BATEILHO ¥ TPAMOTHO €TI0 U3JIaraeT;

— OMUPasiCh HAa 3HAHWSI OCHOBHOM W JIOMOJIHUTEIBLHOW JIUTEpaTyphl,
TECHO MPUBS3bIBAET YCBOCHHBIE HAYUHBIE MOJIOKEHUS C MPAKTUYECKOM
JIeATEITbHOCTBIO HAIIPaBIICHUS;

— yMesio 000CHOBBIBAET U apTyYMEHTUPYET BBIJIBUTAEMBIE UM HJICH,

— JIeJaeT BBIBOJBI M 0000IIEHHS;

— cBOOOJIHO BJIAJICET CUCTEMOM ClelnaTIN3uPOBAHHBIX TOHSITUH.

«OTIIMYHO»
GaduTCHO»

— oOyyaroluiicss TBEPI0 YCBOWI MPOTPaMMHBINA MaTepHal, TPaMOTHO U
[0 CYIIECTBY W3JIaraeT ero, ONupasch Ha 3HAHUS OCHOBHOU
JTUTEPATYPHI;

— HE JIOMYCKAaeT CYIECTBEHHBIX HETOYHOCTEH;

— YBSI3BIBAa€T YCBOCHHBIE 3HAaHUS C MPAKTHUYECKON AESITeThHOCTHIO
HaIPaBIICHUS;

— apryMEHTUPYET HayIHBIC TTOJIOKEHUS;

— JIeJIaeT BBIBOALI H 000OIIEHHUS;

— BJIAJICET CHCTEMOM CIeUaTN3UPOBAHHBIX TOHSITHH.

(XOPOLIO»
(Ga4uTCHO»




OI1reHKa KOMIIETEHITN

5-0ayuipHad IIKaIa

XapaxrepucTrka chopMUPOBAHHBIX KOMIIETEHIUI

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

JUTEPaTypPhI;
— JIOTMyCKaeT HECYIIECTBEHHBIC OMMOKN M HETOYHOCTH;

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

— HE MOKET apryMEHTHPOBATh HAYYHBIC MTOJIOKEHUS,
— He (hOPMYTUPYET BEIBOJOB M 0000IIEHHUH.

— UCHBITBIBACT TPYAHOCTHU B IPAKTUYCCKOM IIPUMCHCHUHN 3H8,HPII>1;

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

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

Ne /it Ilepedyenb BonpocoB (3afau) Ui FK3aMeHa Koz
MHIMKATOpa
Y4eOHbIM [IJIAHOM HE IPETyCMOTPEHO
Bormpocsr (3amaun) nis 3avera / qudd. 3adera npeacTaBieHsl B Tadauie 16.

Tabmuna 16 — Bonpocs! (3agaun) mis 3adera / qudd. 3adgera

Ne Kon

i [Tepeuens BompocoB (3a1a4) amns 3a4deta / audd. 3adera HHKaTOpa

1 Onumure OCHOBHBIE WU U MOHSATHS HAHOTEXHOJOTHH maHHble B padorax | [1K-1.3.4
H. Tanuryum.

2 | Pacckaxure, B Kakoi 00JIaCTH MPOMBILIUIEHHOTO IIPOU3BO/ICTBA BIIEPBbIE [IK-3.V.3
CTaJIM PeaJTN30BbIBATh W€ HAHOTEXHOJIOTUI

3 | Omummwmre unero nekmun J. Hlpeauarepa «Urto Takoe ku3Hb ¢ Touku 3peHus | [1K-3.Y.3
buzuKn»?

4 | Onumure Ha3HaYeHHE U YCTPONCTBO U CBOMCTBA MCTOYHHUKA DJIEKTPOHOB [1K-1.3.3

5 | Ha3oBuTE KOHCTPYKTUBHbBIE OCOOEHHOCTH CUCTEMBI OCBeleHusT DM IT1K-1.3.3

6 | OnummTe yCTpOHCTBO CHCTEMBI KOPPEKIMH acCTUTMaTu3Ma B OM [1K-3.3.3

7 OnuimmMre OCHOBHBIE INOJIOKEHUS JIEKIUH, TpounTaHHoi P. ®eitnmanom B | [1K-3.3.3
1959 .

8 | OnumuTe OCHOBHBIE OHATHS U ONpe/IeeHus B 00J1acTh [1IK-3.3.3
HAaHOTEXHOJOTHH

9 | Pacckakure ueM HAHOCTPYKTYHMpOBaHHbIE MaTepuanbl oriauyatorces ot | [1K-3.3.3
KJIACCUYECKUX MaTepUagoB?

10 | OnumuTe OCHOBHBIE OCOOCHHOCTH HaHOpa3MepHbIX BemwumH, ux | [1K-1.3.3
KOJIMYECTBEHHOE 3HAUCHUE.

11 | OnumuTe eAWHMIBI U3MEpeHUss W HauMeHoBaHuss B obOmactu | [1K-1.3.3
HaHOTEXHOJIOTHH

12 | OnumuTe TUHEHHBIE pa3Mepsl 0co0el KUBOTHOTO MHpa U McKyccTBeHHBIX | [1K-1.3.3
00BEKTOB B CPAaBHUTEJIbHBIX 3HAYCHUSX HAHOTEXHOJIOTUI

13 | OnumuTe OCHOBHBIE COOBITHS HCTOPHH PA3BUTHS HAHOTEXHOJIOTHIA B I1K-1.3.3
nepuof ¢ 400 r. go H.3. 1o 1959 r.




14 | OnumuTte COOBITHS UCTOPUU Pa3BUTHS HaHOTeXHOJorui B mepuon ¢ 1959 | I1K-3.3.3
10 H/B.

15 | Pa3HbIe MOIXO/IbI K HAYYHOMY OIPEACIICHUIO TEPMHHA I1K-3.3.3
«HAHOTEXHOJIOTHUS

16 | OnumurTe TPUHITUTIBI u OCHOBHBIE AJICMEHTHI I1K-3.3.3
HCKYCCTBEHHOT'O MHTEJJIEKTa

17 | Onummre Gpu3nyecKre TPUHIUIBI JTyda MUKPOCKOIIA I1K-1.3.4

18 | OnumuTe huznyeckre MPUHIMUIBI IEHCTBUS METOJOB U CPEICTB Macc- [IK-1.3.4
CIIEKTPOMETPUH

19 | Onumure puznyeckyro CYILIIHOCTb TyHHenbHOro  3ddexra B | [IK-1.3.4
pasn03JIeKTPOHUKH

20 | OnumuTe OCHOBHBIC MMOHSATHS U OTIPEICTICHUS B 00J1aCTH HAHOTEXHOJIOTUI I[IK-1.3.4

21 | [Ipoananu3upyiite, 4eM HAHOCTPYKTYHPOBAHHBIE MATEPHAJIBl OTIINYAIOTCS IK-3.Y.3
OTKJIACCUYECKHX MaTepHaoB?

22 | OnumuTe OCHOBHBIE 0COOEHHOCTH HAaHOPAa3MEPHBIX BEITHYUH, UX [IK-1.3.4
KOJINYECTBEHHOE 3HAUEHHE.

23 | OnumuTe eqUHAULBI U3MEPEHUS 1 HANMEHOBAHUS B 00J1aCTH [IK-1.3.4
HaHOTEXHOJIOT Uil

24 | IIpoananu3upyiiTe TMHEHHBIE pa3Mepbl 0CO0EH KHUBOTHOTO MUPA [IK-3.¥.3
HCKYCCTBEHHBIX 00BEKTOB B CPABHUTEJIbHBIX 3HAUYCHUSIX HAHOTEXHOJIOTUI

25 | OnumuTe OCHOBHBIC COOBITHS HICTOPHH PAa3BUTHSI HAHOTEXHOJIOTUH B [IK-1.3.4
nepuoa ¢ 400 r. non.s. mo 1959 .

26 | OnummMTe OCHOBHBIE COOBITHS HCTOPHH PA3BUTHSI HAHOTEXHOJIOTUH B [IK-1.3.4
niepuos ¢ 1959 mo u/B.

27 | Onumure NOaXoAbl K HAYYHOMY ONpeIeIeHHI0 TepMiHa «HaHotexHojorus» | [1K-1.3.4

28 | Kakoii BBIBOJ MOXHO cenath o pabotax XK.M. Andeposa B obnactu [IK-3.¥.3
HAHOTEXHOJIOT Uil

29 | OnummTe ocHOBHBIE Haen J. Jpekciepa o pojie HAHOTEXHOJIOTHIA B [IK-1.3.4
Pa3BUTHH COBPEMEHHOT'0 OOIIECTBA, U3JI0’KEHHBIE B KHUTE «MaIlIUHBI
CO3HMJIaHUS»

30 | IIpoananu3upyiite OXHUJaeMble TapaMeTpbl HAHOMEXaHUYECKUX [IK-3.V.3
YCTPOMCTB.

31 | OnumwMre NpuHIKI pabOTHl HAHOYCTPOUCTBA BKUBBIX OpraHu3Max (Ha I1K-1.3.4
npumepe Mosekyibl «AT® Cunrazay).

32 | OnumuMre yriaepoa B IPUpPOJIE, B YEM 3aKIIIOYAETCs ero 0cobast poiib? I1K-1.3.4

33 | Onummre npocTeiimme KOHCTPYKIUKA TPUOOPOB H y3JIOB OTIEIBHBIX [IK-1.3.4
pa3IUYHBIX HAHOYCTPOICTB

34 | Ilpoananu3upyiTe BO3MOKHBIE ITYTH TPUMEHEHHs TPUOOPOB U MaIIMH [IK-3.V.3
MHT

35 | OnummMre NPUHIMITEI CAMOOPTaHU3ALUH, IPUCYIIIE Hauboee [IK-3.¥.3
pacnpocTpaHeHHbIM 00bE€KTaM HaHOTEXHOJIOTUIl

36 | OnummTe NPUHIMITEI CAMOCOOPKH, IPUCYILITHE Hanboee [IK-1.3.4
pacnpocTpaHeHHbIM O0BEKTaM HaHOTEXHOJIOTUHN

37 | Ilpoananusupyiite nucnoiab3zoBanue camoopranuzanuu B HT. OcHoBHBIE [IK-3.¥.3
CBOMCTBA CAMOOPTaHU3YIOIIMXCSI CUCTEM

38 | IIpoananu3upyiiTe HaHOMaTepuallbl, HANMEHOBAHUS, Ha3HAYCHUE, [IK-3.¥.3
OCHOBHBI€ ONPEJIENICHNs, KaKie 00bEKThI K HUIM OTHOCSITCS?

39 | IIpoananu3upyiiTe OCHOBHBIE TUITbI HAHOMATEPUAJIOB, pa3eiIeHHe 1O [IK-3.¥.3

MIpU3HAKaM U3MEPEHUI U Pa3MEPHOCTH




[lepeyenp TeM Ui KypCOBOTO IPOEKTHPOBAHUS/BBINOIHEHUS KYpCOBOH pabOTHhI
MpeACTaBICHBI B TabmwmIe 17.
Tabmuua 17 — IlepeueHb TeM 151 KypCOBOTO MPOEKTUPOBAHMS/BHIIOJTHEHUSI KYPCOBOM pabOThI

[TpuMepHBIii IepedeHb TeM Il KYpPCOBOTO MPOEKTUPOBAHUS/BBIITOIHEHHS

Ne n/mn .
KypCOBOH paboThI
Y4eOHBIM IIaHOM HE MPEAYCMOTPEHO
Bonpocsl s mpoBeneHHS MPOMEXYTOYHOM aTTeCTallMM B BHJAE TECTHPOBAHUS

MpeACTaBICHBI B Tabnwmie 18.

Ta6ymmia 18 — [IpumepHsIii mepedeHb BOPOCOB ISl TECTOB

Ne
/o

Kon

IIpuMepHBIii IEpeYeHb BOIIPOCOB ISl TECTOB
MHIMKATOpa

1 Pacckaxute, Kakue COCTaBISIONINE MUKPOCKOTA 00pa3yIOT ONTUYECKYIO [IK-3.¥.3

4acCThb:

CTOJIMK

- 3epKaJio, KOHJEHCOP, Tuadparma upuc

- ITATHUB, KpeMajibepa, TyOyc, peBOJIbBEp, MPEAMETHBIH CTOJHK,
MHKPOBUHT, 3CPKAJIO

- OKYJISIP, MAKPOBHHT, TYOYC, HpUCOBast Auadparma, mTaTuB, MPeAMETHBIH

- OKYJIAp, OOBEKTHUB.

2 | [louemy uMMepcHOHHas cpelia YIydllaeT yCIOBUs OCBEIIEHUS 00bEKTOB? [IK-3.V.3

[Toromy uTo —

-MMEET OJJMHAKOBYIO INIOTHOCTh C MPEIMETHBIM CTEKIIOM, MPENATCTBYET
JIBOMHOMY JIy4ENPEIIOMIICHUIO MPU MPOXO0KICHUU ITy4YKa CBETA;

- IMEeT Pa3HYyIO IJIOTHOCTh C MPEIMETHBIM CTEKIIOM, CIIOCOOCTBYET
JIBOMHOMY JIy4ENPEIIOMIICHUIO MPU MPOXO0KICHUHU MTyYKa CBETA;

- IMEeeT OJJUHAKOBYIO IIOTHOCTH C MPEAMETHBIM CTEKIIOM, CITIOCOOCTBYET
JIBOMHOMY JIY4ENPEIIOMIICHUIO MPU MPOXO0KICHUYU MTyYKa CBETA;

- UMEET Pa3HYIo IIOTHOCTH C MPEIMETHBIM CTEKJIOM, IIPEISTCTBYET
JIBOMHOMY JIYYEPEIOMIICHUIO MPU MPOXO0KJACHUY MTy4YKa CBETa

3 | Pacckaxwure, 1715 4ero UCMOJIb3YETCSl BOTHYTAs OBEPXHOCTh 3epKaja: [IK-3.V.3

- IPU OTCYTCTBUH OCBEILEHUS

- IPY CUJILHOM M PaBHOMEPHOM OCBEIICHUHU
- IIpH CJ1a00M OCBEIIEHUHU

- Ipy paboTe CO CENUAIBHBIM OCBETUTEIIEM.

[Ipoananusupyire, B 4€M 3aKJIFOYAECTCS OCHOBHBIE JOCTOMHCTBA I1K-1.3.4
3JIEKTPOHHOTO MUKpPOCKOMNa?

-YIIy4llIeHbl BECOBbIE M rabapUTHBIE XapaKTePUCTUKH IPUOOPOB,
-BO3MOXKHOCTBIIU(POBOTO  TIPEICTABICHUS pe3yIbTaTOB aHAIIN3A,
-0oJee coBepIIeHHAas, 10 CPABHEHUIO C ONTHYECKUM MUKPOCKOIIOM, CHUCTEMa
MOJIy4eHUs1 N300paxKeHusi Ha0II01aeMOT0 O0OBEKTa;

-BO3MOXKHOCTb TOJIy4eHUs1 OoJiee pazHooOpa3Hoii nHpopManuu 00 00BEKTE;
-TIpeNIeNbl YBEIWICHUS UCCIEYEeMOT0 00bEKTa.




[Tpoananu3upyiite, 4TO TaKOE pa3pemaronias cnocoOHOCTh MUKPOCKOTIA?

- o01iee yBeIM4eHUe MUKPOCKOIa

- MUHUMAaJIbHOE PACCTOSIHUE MEXKIY ABYMs TOUKAMH, BUIUMBIMU Pa3eiIbHO
B ONTUYECKYIO CUCTEMY

- YIIBOCHHOE MTPOU3BEICHUE CTETICHEH YBETUUEHUS OKYIIsIpa U 0OHEKTHBA

- o0l1ee yMEHbIIEHHe MUKPOCKOa

[1K-1.3.4

YcranoBute MMpeaAcCIbHBIC 3HaA4YCHUA YBCIMYCHUA 3JICKTPOHHOI'O
MHUKPOCKOIIA:

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

[IK-1.3.4

[Ipoananuzupyiite, yem OTIpeIeIISIeTCS pa3peliaoias CiocOOHOCTh
ONTHYECKOTO MUKPOCKOTA!

- YPOBHEM OCBELIEHHOCTU pabouel JINH3bL;
- BEJIMYMHOI (JOKYCHOTO PacCTOSHUS;

- COBEPILIEHCTBOM OTKJIOHSIOIIECH CUCTEMBI;
- JUTMHOI BOJIHBI CBETA.

[IK-3.¥.3

[Ipoananusupyiite, yem OIIpEeEIsIeTCs pa3pelaonas CIoCOOHOCTh
3JIEKTPOHHOT'O0 MUKPOCKOIIA:

- KOHCTPYKLIMEH cUCTeMbI U300paKeHUsI MUKPOCKOIIA;

- YCTPOWCTBOM 3JIEKTPOHHOMU ITYIIKH,

- CHCTEMOM CUHTBIBAHUS PE3yJIbTaTOB 00pabOTKU U3MEPEHHIA;
- PaccTOSIHUEM TIPOJIETA MIEKTPOHA;

- CKOPOCTBIO IIPOJIETA MIEKTPOHA.

[IK-3.¥.3

[Ipoananusupyiite, yeM 0OBSICHSIETCS BHICOKAs pa3peliarolas CiocoOOHOCTh
3JIEKTPOHHOI'0 MUKPOCKOIIA:

-r’COMECTPUICCKUMHU pasMCpaMu pa6oqe171 30HBI;
-UCIIOJIb30BAHUEM JSJICKTPOHHOI'O ITIOTOKA BMECTO CBETOBOT'O ITIOTOKA;
-IJIMHOM BOJIHBI OJICKTPOHA.

[K-3.¥.3
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11. Ilpoananu3upyiite, Kakas cepus CTaHAAPTOB B HACTOSIIEE BPEMS
SIBJIIETCS. OCHOBHOM sl cTaHaapToB U3 obnactu UT?

cepus 25000;
cepus 9000;

cepus 14000;
cepus 16000.

~o T

[K-3.¥.3
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12. YcTaHoBUTE OCHOBHOW CTaHIApT Ha MHUKPOCKOIIBI

a. 12207:1995;
b. 56169:2014;
c. 16326:1999;
d. 90003:2004;
€.15288:2002.

[IK-1.3.4

12

13.  VcranoBure aOOpeBUATYPY CHCTEMBI TEXHOIOTHYECKON

[1K-1.3.4




JTIOKYMEHTAIUU
a. ECT/;
b.  ECILJ;
c. ECKJI;
d ECTIIIL.

[lepeyeHb TeM KOHTPOJBHBIX Pa0OT MO AMCHUIUIMHE OOYYAIOUIMXCS 3a04HON (HOPMBI
o0OydeHus1, IpeCTaBIeHbI B Ta0mie 19.

Ta6smma 19 — [lepeyeHb KOHTPOJIBHBIX PadbOT

Ne i/mm ITepeueHb KOHTPOIBHBIX PabOT

CHCHI/IaHBHBIC BHUAbBI OITHYECKOM MHUKPOCKOIINU. KOH(bOKaJ'IBHaH MUKPOCKOITUA

CaeroBas MHKPOCKOIHA. Hosrie HaIpaBJICHU A

Iudpossie mukpocokonsl. [Ipuniun paboTsl

HOpﬂI[OK KaJ'II/I6p0BKI/I HN3MCPUTECIIBHOI'O MUKPOCOKOIIA

OB |WIN|F-

Kax AMINIMTYyda pacCCAaHUA CBA3aHa C MHTCHCUBHOCTBIO paCCCAHHOIO JIy4a, KOTOpI)If/'I
MBI Ha6J'IIOI[aCM B MI/IKpOCKOHG?

6 KakoBb!l TMIIM4HBIE bperroBckue yrisl pacCessHUs B IPOCBEYMBAIOIIECH 3JIEKTPOHHOU
MUKPOCKOTTHH?

7 B yem dpynnamenTansHbie oTIIMYMS 10Xx0A0B Jlay? u bperra k qudpaknuu u B 4emMm
CXO0XKECTH?

8 KaxoBo cooTHo1IeHNE MEXKIy aTOMHBIM (akTopoM paccesiHus f(0) u ctpykTypHbIM
(hakTopom paccessaus F(0)?

9 [Touemy ympyroe 31eKTpo-3JIeKTPOHHOE B3aNMOCIHCTBHE IPOSBIISICTCS B PACCESIHUM
Ha MaJble YIJbl, a B3aUMO/ICHCTBHE JIEKTPOHA C SAPaMU MPUBOJIHT K PACCESHHIO Ha
OopIINe yriib?

10 HazoBuTe 0CHOBHBIE KOMITOHEHTHI MATHUTHOM JTHMH3BI U OIMIINTE UX (I)YHKLII/II/I

11. Metoauueckue yka3aHus JUisi 00y4Jaromuxcs M0 OCBOCHUIO JUCITUTUTHHBI

11.1. Metoauueckne yka3zaHus [ OOYYalOIIMXCS 10 OCBOCHMIO JIEKIMOHHOIO
MaTepuana

OcCHOBHOE Ha3HAYCHME JICKIIMOHHOIO MaTepuanga — JIOTMYECKH CTPOWHOE, CUCTEMHOE,
riyOOKoe W SICHOE H3JIoKeHHe ydeOHoro marepuana. Ha3HaueHue cOBpEeMEHHOH JieKIHMU B
paMKax TUCUUIUIMHBI HE B TOM, YTOOBI MOJYYUTh BCIO MH(QOPMAIMIO MO TEME, a B OCBOCHUU
(byHaaMeHTalbHBIX NpoOJeM JUCHMIUIMHBI, METOJOB HAy4YyHOro [O3HaHMS, HOBEHUIIMX
JOCTHKEHUI HayyHOUW MbIcau. B yueOHOM mporecce JeKIUsl BBITOJIHAET METOA0JIOTHYECKYIO,
OpPraHU3alMOHHYI0 U MHPOPMALMOHHYIO (QYHKIMU. JIeKIMs packpbIBaeT MOHATUIHBIN anmapar
KOHKPETHOW o0yiacTH 3HaHus, €€ MpoOseMbl, AAaeT LEeIbHOE NPEACTaBICHUE O AUCLUILINHE,
MOKA3bIBAET B3aUMOCBS3b C IPYTUMU JUCLUIIIIMHAMH.

[InaHupyeMble pe3ynbTaThl IPU OCBOEHUU 00YYaIOIIMMHUCS JEKIIMOHHOTO MaTepuaa;

— TIOJYyYEHHE COBPEMEHHBIX, LEJIOCTHBIX, B3aMMOCBA3aHHBIX 3HAaHUH, YpPOBEHb
KOTOPBIX ONPEAEIAETCS LENEBOM YCTAHOBKON K KayKJJOM KOHKPETHOU TEME;

— TIOJIy4€HHE OIbITa TBOPUYECKOH pabOThI COBMECTHO € IPENOaBaTENEM;

— pa3BuUTHE MNpPO(PECCHOHAIBHO-IEIOBBIX  KauecTB, JIIOOBU K  IpeaMeTy U
CaMOCTOSATEIBHOIO TBOPYECKOTO MBIIIJICHUSI.

— TOsBJIEHUE HEOOXOAMMOro HHTEpeca, HE0OXO0AUMOTO Il CAMOCTOSITENIbHON pabOThI;

— TIOJy4YEHHE 3HAHUH O COBPEMEHHOM YPOBHE pa3BUTHS HAyKM U TEXHUKH U O
MIPOTHO3€ UX Pa3BUTHSI HA ONMKailliye rofbl;




— HAYYHTbCS METOAMYECKH 0OpadaThiBaTh MaTepuan (BBIACIATH TJIaBHBIE MBICTU U
MOJIOXKEHHUS, TPUXOJUTh K KOHKPETHBIM BBIBOJAM, IIOBTOPATh HMX B  Pas3IMYHBIX
dbopmynHupoBKax);

—  TIOJY4YEHHUE TOYHOTO MOHUMAHUS BCEX HEOOXOAMMBIX TEPMHUHOB M TIOHSTHA.

JIeKuMOHHBIA MaTepuall MOXKET COMNPOBOXKIATHCSA JAEMOHCTpalMed ClaiioB U
UCIIOJIb30BAaHUEM pa3aTOYHOTO0 MaTepuajga MpH MPOBEICHUU KOPOTKUX JHUCKYCCUH 00
OCOOEHHOCTSIX MPUMEHEHHS OTJICTBHBIX TEMATHK 110 JUCITUTIIIMHE.

CTpyKTypa OpeA0CTaBICHHS JSKIIMOHHOTO MaTepHaa:

— JISKIIMH COTJIAaCHO pa3zjenam (Tab:n.3) u remam (1abi.4).

Y4ebHoe 1ocoOHe 0 OCBOSHHIO JIGKIIMOHHOTO MaTepHaia UMEETCS B M3/IaHHOM BUJIC

PactpoBast 251eKTpOHHAsT MUKPOCKOIIUS [UIsi HAHOTEXHOJOTUH. MeToIbl M IPUMEHEHHE :
monorpadus / nox pen. Y. XKy, XK. JI. Vanra, T. II. Kamunckoii. - 4-e uza. - Mocksa :
Jlabopatopus 3nanui, 2021. - 601 c. - ISBN 978-5-00101-142-2.

11.2. Meroauueckue ykasaHus JUIsl OOydaroIUXcs 0 HPOXOXKICHHUIO MPAKTHUECKUX
3aHATHI

CrpykTypa u ¢popma oTyeTa 0 MPaKTUUECKON paboTe

OTueT 0 BBINOJIHEHHON pabdoTe JO0JKEH COJAEpKaTh: TUTYJIbHBIN JIUCT, OCHOBHYIO 4acThb,
BBIBOJIbI 110 pe3yJIbTaTaM UCCIIEI0BaHUH .

Ha turynbHOM JMcTe MOJKHBI OBITH yKa3aHbl: Ha3BaHWE JUCLUILIMHBI, Ha3BaHUE
nabopaTopHOil paboThl, (GaMuiaMs M UHULMAIBI IpernojaBaTens, (aMwinsd U HHULUAIBI
CTYJEHTa, HOMEp €ro y4eOHOM I'pYIIIbI U JaTa 3alluThl paboThlI.

OcHOBHast 4acTb JIOJDKHA COJEpXKaTh 3a/JlaHue, pe3yibTaThl SKCIEPUMEHTAIbHO-
NPaKTUYECKOH pabOTHI, paCUeTHO-aHAIUTUIECKHE MaTEPHAIbl, TUCTUHT KOAA/CKPUH dKpaHa.

BbiBoabsl MO mpojienaHHOW paboTe OOJDKHBI COJAEpXkKAaTh OCHOBHBIE PE3YJbTAThl IO
pabore.

TpeboBanus k 0OpMIICHHIO OTYETa O MPAKTHYECKOW paboTre

TUTynbHBIN JUCT OTYETA JOJKEH COOTBETCTBOBATH MIA0JIOHY, IPUBEIEHHOMY B CEKTOPE
HopMmatuBHOM nokymenraruu ['Y AIT https://quap.ru/standart/doc

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

IIpu dopmupoBaHHMU CIIHMCKA MCTOYHUKOB CTYAEHTAM HEOOXOAMMO PYKOBOJICTBOBATHCS
tpeboBanusimu crangapra ['OCT 7.0.100-2018. Ilpumeps! odopmiieHUss crnycKa HCTOYHUKOB
NpUBENICHBI B CEKTOpe HOpMaTtuBHOU HokymenTamu 'Y ATl https://quap.ru/standart/doc

Crpykrypa u dopMa oTUETa O IPAKTHUYECKOH padoTe

Otuer o nabopaTtopHOi paboTe AOIKEH COAEpkKaTh: TUTYIbHBIN JUCT, OCHOBHYIO 4acTh,
BBIBO/IbI 110 pPE3YJIbTaTaM UCCIIEJOBAHUH .

Ha mumynonom nucme NOIKHBI OBITH yKa3aHbl: Ha3BaHUE UCLUIUIMHBL, Ha3BaHHE
nabopaTopHOM pabOThl, (aMUIWg W WHUIMAIBl TpernojaBarenis, GaMWiIdsg W WHHUIHAAJBI
CTY/IEHTa, HOMEp €ro y4eOHOM IpyIIIbl U 1aTa 3alUThl paObOTHI.

OcHognass wacme JOMKHA COJIEp)KaTh 3aJjaHue, pe3yJabTaThl SKCIEPUMEHTATbHO-
NPaKTUYECKON paboThl, paCUeTHO-aHAIUTHYECKHUE MaTepPHAJIbL.

Bvi1600b1 1o mipojieniaHHON paboTe TOJDKHBI COEPXKaTh Pe3yJbTaThl IKCIEPUMEHTOB,
NPOBEICHHBIX CTYACHTAMH Ha CTEHJAaX, MX peQIeKCUPOBAaHHBIE BHIBOJBI MO 3HAYUMOCTH
HKCIIEPUMEHTA, aHAJIN3Y BUJIOB U MOCJIEICTBUI MOTEHIIMAIBHBIX MOTPEIIHOCTEH, KOTOPhIE MOTJIU
BIMATh Ha «YHCTOTY JKCIEpHUMEHTa». Taxke BBIBOJ JOJDKEH COJAEp)KaTh OTBET Ha BOIPOC —
KaKhe OCHOBHBbIE HanOoJiee CI0XKHBIE 3JIEMEHTHI METOIUKH UM OBIJI0O HEOOXOAUMO BBITIOJIHUTH U
C UeM JIaHHas CJI0KHOCTb ObLIa CBsI3aHa.



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

11.3. Metoau4eckue yka3zaHus AJis1 0OyUYaIOUIUXCS MO MPOXOXKISHUIO CaMOCTOSITEIIbHON
paboTHI

B Xxoze BBIIOTHEHUS CaMOCTOSITEIIEHON pabOThI, 0OYYAIOMIMIACS BBIMOIHIET PadoTy IO
3aJ]aHUI0 ¥ TIPU METOJMYECKOM PYKOBOJICTBE IpEIoaBaTelisi, Ho 0e3 ero HermocpeJICTBEHHOTO
YYaCTHA.

B mporiecce BBIMOMHEHHSI CAMOCTOSTEILHOW pabOThI, y 0Oydaromerocss (GopMHpYyeTcs
nenecooOpasHoe MIaHUpoBaHUE pabouero BpEMEeHH, KOTOPOE MO3BOJISIET UM PAa3BUBATh YMEHHS
Y HaBBIKM B YCBOCHMU M CHUCTEMAaTH3allMHM TPUOOpETAcMbIX 3HAHWH, 00ECIIEYMBACT BBICOKUI
YPOBEHb YCIEBAEMOCTH B TMEPHOJ OOYYCHHs, TOMOTaeT TOJYYUTh HABBIKA TTOBBIIICHUS
poEeCCUOHATBHOTO YPOBHSI.

MeTogudyeckuMl ~ MaTepualaMH,  HAMPaBJSIONIMMH  CaMOCTOSITEIbHYIO  paboTy
00y4aromuXCsl BISIOTCS: Y4eOHO-METOINYECKUI MaTepHall 1o TUCIUILTHHE;

METOJIMYCCKUE yKa3aHUs M0 BHITIOJHEHUIO KOHTPOJIBHBIX Pa0oOT (U1 O0yYaromuxcs 1Mo
3a04HOM popMe 00yUCHUS).

1. IToaroToBka JEKIMOHHOTO MaTepuaa Mo TeMam, MpeJCTaBICHHbIM B Ta0nuie 3, U 1o
TeMaM, OTMEYCHHBIX * B COOTBETCTBHH C JIUNTEPATYPOH, IPEJCTABIICHHON B Ta0HIIe 9.

2. [ToaroroBka K KOHTPOJIBHBIM PabOTaM B COOTBETCTBUH C METOJUYECKHUMH YKa3aHUSIMH

B TedeHne ceMecTphl CTYACHTHI

- 3AIUIIAI0T IPAKTHYCCKUE PaboThI (5 1mIT);

- BBITIOJIHSIOT TECTUPOBAHUS 110 MaTepuaiaM Jekuuu B cpene LMS.

Jljig TeKy1ero KOHTPOJIsl YCIIEBaeMOCTH UCTOJIb3YIOTCS TECThI, PUBECHHBIC B TaOIHUIIE
18.

11.4. Metoauueckre yKazaHusl JUIsl OOYyYaroIMXCS IO MPOXOXKICHUIO TEKYLIETro
KOHTPOJISI YCIIEBAEMOCTH.

Texkymuil KOHTPOJIb YCIEBAEMOCTH IIPEIYCMAaTpPUBAET KOHTPOJIb KayecTBa 3HAHUU
00yYaroImuxcsi, OCyIIECTBISEMOrO B TEYEHHUE CEMEeCTpa C IIeJIbI0 OLIEHMBAHUS XO0/a OCBOCHUS
JTUCIUIUIAHBI.

B TedyeHue cemecTpa CTyIEHTBI

- pemaroT 3a1aHus B hopMaTe TECTUPOBAHUS;

- 3aLUIIAIOT MpaKTHUecKue paboTsl (5 1mIT)

JInst  TeKyImero KOHTPOJS YCIEBAEMOCTH HEOOXOJWMO TIPEACTaBUTh HE MeHee |
pOTOKOJIa 0 paboTe mocie 4-X 4acoB MPOBEIEHHBIX JJabopaTopHbIX padoT. Takke B KauecTBe
3aIIUTHl PAOOT MOXKET OBITh

11.5. Meroauyeckue ykazaHus JJsi OOYYArOMIMXCS MO MPOXOXKIECHUIO MPOMEXYTOUHON
aTTeCTalUu.

[IpomexxyTrounast ~ aTrecTamusi  OOy4alolmUXCS  TMPEAYyCMaTpUBaeT  OIEHUBAHUE
MPOMEKYTOUHBIX U OKOHYATEIBHBIX PE3yIbTaTOB 00y4YeHMs MO auciuruiiHe. OHa BKIIOYAEeT B
ceost:

— 3a4eT — 9TO (opMa OLIEHKU 3HAHUH, MOTYyYEHHBIX OOYUYAIOIUMCS B XOJ/I€ U3YUCHHS
yueOHOM TUCIUTUTMHEI B [IEJIOM WJIM IPOMEXYTOUHAas (TI0 OKOHYaHUU CEMECTpa) OlIeHKa 3HAHUH
00ydJaronMcs o OTIAEIBHBIM pa3jienaM JUCIUTUTMHBI C aTTECTAIMOHHOW OIIEHKOW «3a4TeHO»
WJIU «HE 3aUTEHO».



Jluct BHeceHUsI U3BMEHEHUH B pabouyio MporpaMmy AUCHUILTAHBI

JlaTta BHECEeHUs
N3MEHCHHI 1
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