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(IOIDKHOCTB, Y. CTETICHB, 3BAaHUE) (monmucek, nara) (MHULMATEL, GaMuIIHs)



AHHoTanus

Hucuunnuna «MeTonbl HCCIeIOBaHUS C HMCIOJIb30BAaHUEM CKAaHUPYIOUIEH 30HII0BOM
MUKPOCKOIIUW» BXOJUT B 00pa3oBaTelbHYIO MPOTPAMMY BBICHIETO 0Opa30BaHUS — MPOTPAMMY
OakanaBpuaTa IO HaIpaBJICHHIO MOATOTOBKM/ crnenuanbHOocTH 27.03.01 «Cranpmaptuzanus u
MeTpoJsiorush» HampasieHHocTH «L{udpoBas merponorus u craHmapTu3anus». JucuurumHa
peanmu3zyetcs kKadeapoit «Neby.

JlucuuminHa HareneHa Ha (GOPMHUPOBAHKE Y BBITYCKHUKA CIICTYFOIINX KOMITETCHIUH:

[IK-1 «CriocobeH mpoBOAUTH aHANU3 COCTOSIHUS METPOJIOTMYECKOro oOecredyeHus B
MO/pa3/ieIEeHUd METPOJIOTMUECKOM CITy>KObI OpraHUu3aIMI

[IK-3 «Cnocoben ocyuiecTBiasTh pabOThl IO BBIBICHUIO U  MPEIOTBPALLECHUIO
HECOOTBETCTBUI MPOAYKIIUU IPEIBABIIEMBIM TPEOOBAHHSIM)

CopepxaHue IUCHMIUIMHBI OXBAaThIBAET KPYT BOIPOCOB, CBS3aHHBIX C METOJAMU
UCCIIeOBaHMsT  (U3HUYECKUX, (PUIUKO-XUMHUYECKUX M TEOMETPUUYCCKUX TapaMeTpoB U
XapaKTePUCTHK TBEPAOTENbHBIX W MOJICKYJSPHBIX CTPYKTYp. OTH METOABl U CpPEICTBa
JTUArHOCTUKY IIUPOKO BXOJSAT B MPAKTUKY MCCIICTOBAHUSA M U3YYEHUSI HAHOOOBEKTOB, 00JIadat0T
BBICOKMM  pa3pelieHHeM, [03TOMY pealbHO IMO3BOJISIIOT  NPOBOJAUTH  HCCIEIOBaHUS
HAHOOOBEKTOB HA ATOMAPHOM YPOBHE, BILIOTH JI0 BU3yaJIU3aI[MH CAMOW CTPYKTYpPhl OOBbEKTOB.

[IpenogaBanne AMCHUIUIMHBI MpEeAycMaTpuUBaeT ciexyrompe ¢GopMbl OpraHu3aluu
y4eOHOro IMpolecca: JeKyuu, NpaKkmuyeckue 3aHAMUs — camMocmosmenvhas paboma
obyuarowe2ocs.

[IporpammMoit AMCHUIUIMHBI TPEAYCMOTPEHBI CIEAYIOIINE BHUIbI KOHTPOJIS: TEKYIIHI
KOHTPOJIb YCIIEBAEMOCTH, IIPOMEKYTOUYHAs aTTecTaus B opMe 3a4era.

OO0mast TpyA0eMKOCTh OCBOSHUS AWCIMILIMHBI COCTaBIseT 3 3adeTHhIX eawHmibl, 108
YacoB.

SA3bIK 00yUYeHHUS 110 AUCIHUIUINHE «PYCCKUH »



1. TlepeueHb MIIAHUPYEMBIX PE3YyJIBTATOB O0YUYEHUS MO TUCIUILINHE
1.1. Tlenu npenogaBaHusi JUCIUTUTUHBI
[enpro mpenogaBaHus TUCHUTIINHBI SIBJISETCS MOJYYCHHE CTYJIEHTaMU HEOOXOIUMBIX
3HaHMA cdepe BBICOKMX TEXHOJOTHH CBS3aHHBIX C MPHUKIAJHBIMA HCCIEIOBAHUSIMU
KOHCTPYMPOBAHUEM M MIPAKTUYECKUM HCIIOJIB30BAaHUEM MAaTEPHAIOB M BEIIECTB HA aTOMHOM H

MOJIEKYJISIPHOM ~ YPOBHSIX,

bu3HYECKuX,

a TaKXKe CpCACTBaAX,
(1)I/I3I/IKO'XI/IMI/ILIGCKI/IX U TCOMETPHUYCCKUX IMApaMETPOB HU XaApaKTCPHUCTUK

METOAOB HW MCTOJUK HCCICIOBAHUA

TBEPJOTEIBHBIX U MOJIEKYJIIPHBIX 00beKTOB. [IpH 3TOM 0c000€ BHUMaHHE yIEIEHO U3YUCHHUIO
0COOCHHOCTEH BBICOKOPA3PEIIAIOIINX METOAOB HCCIEIOBAHUA MOJICKYISPHBIX OOBEKTOB,
o0ecreynBaIIUX MOIy4eHue Haubolee MONMHON MHPOpMAanMU 00 OCHOBHBIX CBOMCTBAaX WU
XapaKTEePUCTHKAX U MPOTEKAIONINX B HUX IPOLECcCax.

1.2. JucummiuHa

BXOIUT B

cocCTaB

gactd, (QOpMHpPYEeMOW  y4YaCTHUKAMHU

00pa3oBaTeNbHbIX OTHOIICHUH, 00pa30BaTEeNIbHOI MpOrpaMMbl BhICIIET0 00pazoBaHus (nanee —

OI1 BO).

1.3. IlepeueHb IIaHUPYEMBIX PE3YJIBTATOB OOYUEHHS IO JUCLUILIMHE, COOTHECEHHBIX C
IUTaHUpYEeMbIMH pe3yibTatamu ocBoeHust OIT BO.

B pesynbpTare m3yueHMs NUCHMIUIMHBI OOyYaroIIUiics NOJDKEH 00iajarh CieqyOUMH
KOMIIETEHIIMSIMU WJTH WX 9acTsAMH. KoMIeTeHIIMu 1 WHAMKATOPHI UX JOCTHKCHHS TPUBEICHBI B

Tabimue 1.

Tabmuna 1 — [lepeyeHb KOMIETEHIIMNA U HHINKATOPOB MX JOCTHKCHHS

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

2. Mecro nuctuIuIHHbEL B cTpykType OI1
JucuumimHa MOXKeT 0a3upoBaThCS HA 3HAHUSX, paHee MPUOOPETEHHBIX 00yUYaIONTUMUCS
MIPU U3YYCHUH CIICTYIONTUX TUCIUILUINH:
JuctumimHa MoKeT 6a3upoBaThCS Ha 3HAHUSX, paHee MPHUOOPETEHHBIX 00yUYaIOITUMUCS
MIPU U3YYCHHUH CIICTYIONTUX TUCIIUIUINH:
— «lludposas Merposiorus»,

— «DJEKTPOHHUKAY,
— «MartepHalioBeJIcHHEY,

— «DPusukay

«XUMHUIY.




— «IIpuknagHas METPIIOTH,

— «MeTpoJiornyeckast SKCISPTH3a»

3HaHus, MOJYyYECHHbIE NPU M3YyUYEHUU Marepuaia JaHHOW JUCIHHUIUIMHBL, HUMEIOT Kak
CaMOCTOATEJIbHOE 3HAUYCHHUE, TAK U MOTYT HCIIOJIb30BATHCS IPU U3YUYECHUH IPYTUX TUCIUILINH:

— « IIpon3BoACTBEHHAS IPEAAUIIIOMHAS IPAKTHKA),

— «[HA»

3. O0BeM U TPYJ0EMKOCTh JUCIUTUINHBI
JHannaple 006 o0meM oO0beMe MUCIUILUIMHBI, TPYIOSMKOCTH OTACIBHBIX BHJIOB y4eOHOM
paboThI 1O TUCIUILTHHE (M paclpeielieHue 3TOH TPYA0EMKOCTH TI0 CeMecTpam) IPeACTaBICHbI B
Tabnuie 2.

Tabauna 2 — O6beM U TPYJA0EMKOCTh AUCHUILIUHBI

TpynoemMKoCTh 110

Bun yuebnoit paboTbl Bcero ceMecTpam
Ne7
1 2 3
Oowan mpyooemKocmo OUCHUUNIUHDL, 3/ 108 3/ 108
3E/ (1ac)
U3 Hux uacoe npaKmuyecKkoil no020moeKu 8 8
AyoumopHhusie 3anamus, BCETo vac. 16 16
B TOM YHCIIC:
nekimu (JI), (dac) 8 8
npaktuyeckue/cemunapckue 3aastus  (113), 8 8
(gac)

naboparopusie padbots (JIP), (dac)

KypcoBo#t mpoekT (pabota) (KII, KP), (4ac)

9K3aMeH, (Jac)

Camocmoamenvnas paboma, Bcero (dac) 92 92
Buo npomesxcymounoit ammecmayuu:. 3a4er,

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

*k
[IpuMeuaHue:  kaHIUAATCKHI SK3aMeH

4. CoaepskaHue TUCHUTUTHHBI
4.1. Pacnpezenenue Tpy10€MKOCTH TUCIUTUIMHEI IO pa3ieiaM 1 BUAaM 3aHATHMN.
Pa3nensl, TeMbl AUCHUIIIMHBI U UX TPYAOEMKOCTh MPUBEIEHBI B TabmuIe 3.

Tabnuna 3 — Pa3aensl, TeMbl AUCUUIIIUHBL, X TPYAOEMKOCTh

Pa3nesnsl, TeMBI TUCITATIITNHEI Hewrm | 113 (C3) JIP KII CPC
’ (qac) (qac) (qac) (qac) (qac)
Cemectp 7

Paznen 1. XapaKuTepI/ICTI/IKa KOHIIEIIINI 2 2 20
HAHOTEXHOJIOT M
Paznen 2. MeToabl HcclieIoBaHUS HAHOOOBEKTOB 2 2 22
Pa3znen 3. OCHOBHBIE r€TEPOTEHHBIE TPOLIECCHI
(bopMUPOBaHUS HAHOCTPYKTYPUPOBAHHBIX 2 2 18
00BEKTOB




Pasznen 4. [lpuHuuns! nocTpoeHus

TEXHUYECKUXCPEICTB MCCIICIOBAHUS 1 1 15

HAHOCTPYKTYP

Paznen 5 Ckanupyromiasi TYHHEJIbHAS 1 1 17

MUKPOCKOITHSI

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

IIpakTnyeckass MOATOTOBKA 3aKIIOYAcTC B HENOCPEACTBEHHOM  BBIIIOJHEHUU
Oo0y4aromMMHUCs ~ OMNpENEeNeHHBIX  TPYNOBBIX  (YHKUMH,  CBSI3aHHBIX C  Oy;ymei
npo¢eCCHOHATIBHON 1€ TEIbHOCTBIO.

4.2. CopnepxaHue pa3/ieJoB U TEM JICKIIMOHHBIX 3aHSATHI.
CopepxaHue pa3/ieiioB U TeM JICKIIMOHHBIX 3aHATHI IPUBEICHO B Ta0HIIE 4.

Tabnuna 4 — ConeprkaHue pa3aesioB U TeM JEKIMOHHOTO [IUKIIa

Howmep paznena

HaszBanue u conep:kanue pa3iesioB U TEM JICKIIMOHHBIX 3aHATHI

Paznen 1. Xapakrepuctuka
KOHIICTIIIM HAHOTEXHOJIOT U

Tema 1.1 XapakTepucTHKa KOHUENLUHUA HAHOCTPYKTYPHBIX H
MOJIEKYJISIPHBIX HAHOTEXHOJIOT Ui

Wnero 0 ToM, 4TO BO3MOKHO CO3/1aBaTh HYXKHbIE HAM yCTPOICTBA
U JIpyrue oOBEeKThI, coOupas ux "MoOJeKyna 3a MOJeKynou" u,
naxke, "atoM 3a aTtoMoM'" OOBIYHO BO3BOIAT K 3HAMEHHUTOM
JEeKUUU OJHOro u3 KpynHenmmx ¢usukoB XX Beka Puuapaa
@eitnmana «TamM BHM3y — MHOrO MecTay». JTa JeKuus ObLia
npounTaHa UM B 1959 roamy; OONBIIMHCTBO COBPEMEHHUKOB
BOCIIPHHSUITN €€ KaK (DaHTACTUKY WM LIYTKY.

CoBpeMeHHBI BUJA HWIEHM MOJIEKYJISPHOH HAHOTEXHOJIOTHH
Hauvanu npuobperath B 80-e rogsl XX Beka B pe3ynbraTe padoT
K. 3. lpekcnepa, KOTOpbIE TaKkKe CHaYaa BOCIPHUHUMAINCH KaK
Hay4Has (anTactuka. [lpu sToM dyHIameHnTanbHas MOHorpadus
"Hanocucrembl. MonekynspHas TeXHHKa, IMPOU3BOJACTBO U
BBIUMCJICHUS'  MMEET, HECOMHEHHO,  OCHOBOIIOJIArarouiee
3HaueHne. CaM TEpMUH HAHOTEXHOJIOTUS CTaj MOMYJSpeH
MMEHHO TI0CJIE BBIXOJAa B CBET 3HAMEHHUTON KHUIHU J. [Ipekciepa
"MamuHbl TBOpeHHUS" W TOCIEA0BaBIIEH 3a 3TUM JUCKYCCHH.
[To3xe Jlpekciep B CBUX HayyHBIX pabOTax CcTasl UCIOIb30BATh
TepMHH MoJieKyJsipHast HaHoTexHosorus (MHT) ans paznuuenus
IIpeIaraéMblX UM pELICHHUH.

Tema 1.2 Pabots! Jlpekciepa

OneHky napaMeTpoB HAaHOMEXAHUYECKUX YCTPOMCTB M MAILUH -
B CBOMX paborax 3. J[pekciep u ero mocieoBaTeIn OIEHUBAIN
IapaMeTpsl B OCHOBHOM MEXaHUYECKHUX YCTPONUCTB, KOTOPBIE OHU
MOTJM Obl MMETh NpU NPUOIMKEHUH pa3Mepa KOMIIOHEHT K
MOJIEKYJIIPHOMY MactITady. 1o 00yCIOBICHO HE TE€M, YTO OHHU
HEJOOIEHUBAIOT BAYKHOCTh 3JIEKTPUUECKUX, ONTUYECKUX U T. 1.
3peKToB, a TeM, YTO MEXaHWYECKHe KOHCTPYKIMU TOpa3o
MIPOIIe U TOCTOBEpHEe MacimTabupytorces. [Ipu aTom oco3Haercs,
4TO DdJEeKTpudyeckue U mnpouue d(p¢deKkTel MOryT JaTh
3HAYUTENIbHbIE JOTOJIHUTEIbHBIE BO3MOXKHOCTH. [IpounsBens
COOTBETCTByIOIlee  MacuTabupoBanue JIpekciaep momyuui
CJEIYIOIINE YUCICHHBIE OLIEHKU:




-[I03ULIMOHUPOBAHUE PEATHPYIOIINUX MOJIEKYJ ¢ TOYHOCThIO ~0.1
HM;

-MEXaHOCHHTE3 C NPOM3BOAUTENBHOCThIO ~106 omep/cex Ha
CTPOMCTBO;

-MOJIeKyJIsipHas cOopka o0bekTa maccoit 1 kr 3a ~104 cek;
-paboTa HAHOMEXaHWYECKOT0 YCTpOoHcTBa ¢ yacToToi ~109 '
Jpyrum Ba)KHBIM HAaIpaBJICHUEM H3YYEHUS SIBIISIOTCS OOBEKTHI
HAHOMOJIEKYJISIPOHOI TEXHOJOTHH - UCCIIEI0OBAaHUs 10 BOPOCAM
BO3MOXHOTO  (YHKIIMOHMpPOBaHUS ~ paboTel  "ycTpoiicTBa"
aHAJIOTMYHOrO Macmitaba B JKMBBIX OpraHu3max. B kadectse
puMepa Lenecoo0pasHo paccMOTPETh PabOTy IpenCTaBUTEINS
*KuBoro opranuzmMa AT®-cuHTaza sBISOHIET0 (HEPMEHTOM,
IpeoOpa3yroLUM pa3HOCTh KOHLEHTPALUi POTOHOB 110 pa3HbIe
CTOPOHBI MEMOpaHbl B JHEPrUi0, 3aMacCHHYI0 B MOJEKYJax
anenosuntpudochara (ATD). TlocnemHee  HCMONB3yeTCS
MPAKTUYECKH BCEMH MEXaHM3MaMHU KIETKH B  KadyecTBe

YHUBEpPCAIBHOTO  HocuTesnss  3Hepruu.  AT®-  cuHTasza
IPUCYTCTBYET B "PHEPreTUUYECKUX CTAHLHUAX"' PACTUTENbHBIX U
JKUBOTHBIX KJIETOK - XJIOPOIUIACTaX M MUTOXOHIPHUIX U

IPEJICTaBISIET COOOW JIOBOJIBHO CIIOKHYIO KOHCTPYKIMIO U3
HECKOJIbKUX TUIIOB €IUHUI] — OCJIIKOBBIX MOJIEKYJL.

Pasgen 2. Mertoubl
HUCCIIEIOBAHUS
HAHOOOBEKTOB

Tema 2.1. OOmme cBenenust 00 0OBEKTaX HCCIENOBAHUSA B
00J1aCTH HAHOTEXHOJIOTUI

OgHuMH W3 TEpBBIX HHCTPYMEHTOB, KOTOpBIE IOMOTJIH
WHULIMUPOBATh MJIEM HAHOTEXHOJOTWH, ObUIM TaK Ha3bIBa€MbIC
CKaHUPYIOIIME 30HAbl. Bce THMBI CKAaHUPYIOMIMX 30HIIOB ObUIH
paspabortansl B [{ropuxe B Havane 80-x ronoB. Cama ujes oueHb
MPOCTa: €CIId, K IPUMEPY, MPOBECTH MaJIbLEM [0 MOBEPXHOCTH,
TO JIETKO OTJIMYUTH OapXaT OT CTaju WM JepeBa. B nanHom
JKCIIEPUMEHTE Tayel] JACHCTBYeT KaK CTPYKTypa H3MEpeHus
cunbl. JlaHHass wWaes W TOJOXKEHAa B  OCHOBY pPabOThI
CKaHMPYIOIIET0 MHUKPOCKOIA, OJHOI0 M3 PacHpOCTPaHEHHBIX
CKaHUPYIOMUX 30HA0B. CKaHUPYIOIMUNA 30HJ MPU H3MEPEHUU
CKOJIB3UT IO TIOBEPXHOCTH TaK >K€, KaK 3TO AENAlOT MHabIIbI.
30H] IMEET HAHOCKOMMMYECKUH pa3mep (4acTo BCETO OJMH aToM).
[Ipu nBMKEHHH OH MOXET OMPENENsATh HECKOIBKO Pa3IMYHBIX
CBOMCTB, KaXJI0€ M3 KOTOPBIX COOTBETCTBYET HHOMY
HU3MEPEHHUIO.

Tema 2.2 ATOMHO-CHIIOBOI1 MUKPOCKOI

B aroMHO-CHIIOBOM MHUKPOCKOIE 3JIEKTPOHUKA HCIIOIb3YEeTCs
JUTSE U3MEPEHHs] CHJIBI BBOJAMMOW KOHYMKOM 30HAA TPHU €ro
JIBIDKCHUH BJIOJIb TTIOBEPXHOCTH MCCIIETyEeMOT0 OOBEKTA.

Tema 2.3 TyHHEIBHBIA MUKPOCKOIL.

B TyHHeNBHOM  MHKpPOCKONE  H3MEpsieTCs  BEJIWYWHA
ANEKTPUUYECKOTO TOKa, MPOXOISIIET0 MEXAY CKaHUPYIOUUM
30HJIOM U TIOBEPXHOCTHIO. TyHHEIbHAss MHUKPOCKOMHUS — 3TO
MPAKTUYECKH TEPBBIA  pa3paOOTaHHBIA METOJ 30HIIOBOTO
CKaHMPOBAHMSI, HAIIICIIIETO IIMPOKOE TPUMEHEHHE.

Tema 2.4 MarauTHO-CUIIOBON MUKPOCKOIT

B MarHuTHO-CHJIOBOM MHKPOCKOIE 30HJ, CKaHUPYIOUUH
MOBEPXHOCTh,  SBJISIETCS  MAarHUTHBIM, OH  IIO3BOJISET
MOYYBCTBOBATh HAa TOBEPXHOCTH JIOKAJIbHYIO MAarHUTHYIO




CTPYKTYpY. 30HJ MarHUTHO-CHJIOBOTO MHKpPOCKOMa paboTaer
MoJOOHO  CUMTHIBAIOIIEH  TOJIOBKM  BUHYECTEpa  WIH
MarauTo(oHa. CKkaHUPYIOIINE MUKPOCKOITBI TO3BOJIHIIN BIIEPBBIC
YBUAETh OOBEKTHI Pa3MEPOM C aTOM.

Paznen 3. OcHOBHEIE
IeTePOreHHBIC MPOLIECCHI
(dbopMupoBaHUs
HAHOCTPYKTYPHPOBAHHBIX
00BEKTOB

Tema 3.1 CpoiicTBa mporeccoB GOpMHUPOBAHUS HAHOCTPYKTYP

B oO0meM ciyuyae moj reTeporeHHbIMH MPOLECCAMU MOHMMAIOT
TEXHOJOTMYECKHE IIPOLECCHl, MPOUCXOAAIIME HAa TIpaHULE
pasngena ¢a3 u  (QopMupyIOIIME T'ETEPOr€HHbIE CHUCTEMBI.
I'ereporennas cucrema npecTaBisieT co0oit
TEPMOJMHAMHUYECKYIO CHCTEMY, COCTOSILYI0 W3 pa3jIM4YHBIX IO
¢u3nUeckKUM W XUMHUYECKMM CBOWCTBaM wyacted wimn a3,
KOTOpbIE OTAENEHbl APYr OT Jpyra IMOBEPXHOCTSMM pajena.
Kaxnas w3 ¢a3 mnpm 3TOM TOMOreHHa M €€ IIOBEJCHHE
HOJYHUHAETCS 3aKOHAM TePMOANHAMUKHY.

Tema 3.2 XuMuueckue reTreporeHHbIe MPOIECChI.

MHorue rereporeHHble MpOLECcChl HE CBS3aHbl C XMMUYECKHUMHU
peaknIMsIMA ¥ OCHOBAHBI TOJNBKO Ha (HU3UKO- XUMHUYECKHUX
ABJICHUAX. XMMUYECKHE I'eTepOreHHbIE MPOLECChl BKIIOYAIOT B
KauyecTBE 3Talla XMMUYECKHUE PEaKUU, KOTOPbIE UIYT B OJHOU U3
¢a3 nmocne nepeMenieHNs TyJla PeareHTOB WJIM Ha IMOBEPXHOCTHU
paznena ¢a3. Ha rereporeHHble  paBHOBECHUS  BIIMSIIOT
TeMIeparypa, 1aBjieHne, KOHLEHTPAIlM1 PeareHToOB U

IPOAYKTOB peakuuu. PaBHOBecHe TIeTEpOreHHbIX HPOLIECCOB
OIIpeieNIAeTCs] KOHCTAaHTOM PaBHOBECHsSI XMMHUYECKUX peaklui,
3aKOHOM paclpeiesieHUus KOMIIOHEHTOB Mexay ¢(azamMu WU
npaBuioM (a3. PaBHOBeCHblE KOHIIEHTPAaLUM KOMIIOHEHTOB B
COTIPUKACAIOLIUXCS ¢azax OnpeensoTcs 3aKOHOM
pacripesie/IeHUs BEIIeCcTBa, KOTOPBIN yCTaHABIMBAET MOCTOSIHHOE
COOTHOIIEHHWE  MEXIy  paBHOBECHBIMH  KOHIEHTPAIHSIMHU
BelleCTBA B JABYX (ha3ax CHCTeMbl NpHU  OIpeJeeHHON
Temneparype. I'ereporeHHble mpoIecchl

Tema 3.3 CBolicTBa reTepOreHHBIX IPOLECCOB.

MexaHn3M reTeporeHHbIX IPOLECCOB CI0KHEE TOMOT€HHBIX, TaK
KaK B3aMMO/ICHCTBHIO pEareHTOB, HaXOAIMXCS B pa3HbIX (a3ax,
OpeIIecTByeT HMX JOCTaBKa K MOBEPXHOCTH pasznena (a3 u
MaccooOMeH Mexay (asamu. [IoaTOMy CKOpOCTh reTepOreHHbIX
HEKaTAJIMTUYECKUX MPOLIECCOB, KaK MPAaBUJIO, MEHBIIE CKOPOCTU
TOMOTEHHBIX  mporeccoB. MaccooOMeHn wmexay  (azamu
OCYILECTBIIICTCSI C TMOMOIIbI0 TUGPY3UH U XapaKTepu3yercs
koap¢unmenTom Maccooomena rae D —  kosddunuent
muddy3un, § - TONIIMHA HOrpaHuYHOro cios. J[ns pacuera f3,
KOTOPBIN CIY>KUT ONHUCATEIbHON XapaKTEepUCTUKON U 1Js Ooee
CJIO)KHBIX MEXaHHM3MOB MEPEHOCAa, UCIOJb3YIOT KpUTepUalIbHbIE
ypaBHeHus. f = D /0 B mepuoa mpoTeKaHust

TETEPOreHHOr0 Mpolecca.

Paznen 4. [puntumnb:
MOCTPOEHUS TEXHUYECKUX
CPENICTB HCCIIEIOBAHUS
HaHOCTPYKTYP

4.1 OcHOBBI MEXaHUKH U KOHCTPYKLUI CPEICTB UCCIIEN0BaHUS
OO6sacTpl0  NPUMEHEHUS HAHOCTPYKTYPHUPOBAHHBIX
00BEKTOB ABIIAETCS HaHOOOBEKTHI, pa3zMepsl
KOTOpBIX HaxomaTcs B nuamasone ot 0,1 mo 100 HM. Otor
JIMarna3oH NPUHSITO Ha3bIBaTh HAHOMACIITA0OM.

Paznen 5 Cxanupytomas
TYHHCJIbHASI MUKPOCKOIIUS

Tema 5.1. TynHenbHbIl 3Q(eKT U CKaHUpYIOLIAs TyHHEJIbHas
MHUKpocKonus. Ou3nueckuii CMbICI TYHHEIBHOTO 3 dekra




@u3nuecKkuil CMBICI TYHHEIBHOTO 3¢¢eKTazaKiodacTcs B
MPOXOXKACHUE 4Yepe3 MOTCHUUANbHBIH Oaphep AJIEKTPOHA
(MMKpOYacTULIbI), 3HEPrusi KOTOPOM MEHbIIE, YEM BbBICOTA
O0apbepa. Ctporoe o0OBsicHeHHE ATOro 3ddeKra JaeT KBAaHTOBAs
MeXaHUKa  (MCXOIs W3  HEONPEACICHHOCTH  HMITYJbCa
MHUKpOYacTHIsl B 0obsactu O6apbepa). Eme B XVII B. 1. HproToH
chopMyIHpOBaT 3aKOHBI KJIACCHYECKON MEXaHHMKH, YTO CTajlo
BEJIUKUM COOBITHEM B UCTOPUH (PU3UKH. DTO OOBICHACTCS
«BOJIHOBOW HPUPOAOI» IEKTPOHOB, a CAMO Ha3BaHHE BO3HHUKIIO
u3-3a TOTO, 4YTO, C TOYKH 3PEHHs] BHEIIHEro HalOIoaTeNs
KJ1accu4eckoit ¢pusuku (1 3apaBoro cMeicial), 3pPeKT BHITISAUT
COBEpUICHHO HEMOHATHBIM U HAOMUHAET CHUTYallUI0, MpH
KOTOPOH 3JIEKTPOH KaK Obl HAXOAUT B CTEHE KAKOW-TO «TYHHEIIb)
U MPOCKAKUBAET 4Yepe3 Hero (B KadyecTBE CTEHbI BBICTYMAeT
AIIEKTPOCTATUYECCKHUI TOTECHIINAT SIPa).

Tema 5.2 ToHHETBHBIA MUKPOCOKOIT

B wactHOCTH, Ha HEM OCHOBaH MPHUHIIMII JCHCTBUS M3BECTHBIX
TYHHEJBHBIX JHOJOB M MHOTHX JPYTHX HOJYIPOBOJIHUKOBBIX
npubopoB. B HacTosmiee Bpems 3G (HeKT MHUPOKO MPUMEHSETCS B
CBEPXUYYBCTBHUTEIIBHBIX 3aIMCHIBAIOIINX TOJOBKAaX MarHUTHBIX
JUCKOB, CKaHUPYIOIIUX TYHHEJIBbHBIX MHKPOCKOMax, Mpudopax
anepHod ¢usuku U T.4. Ilponecc HOCUT ciayyaliHBIM Xapakrep,
HO €ro BEpOSITHOCTh MOXET OBbITh BBIYMCIIEHA IO 3aKOHAM
KBAaHTOBOM MEXAaHUKH COBEPUICHHO TOYHO (TIPH 3TOM 3JIEKTPOH
paccMaTpuBaeTCcsl OJHOBPEMEHHO U B KAayecTBE BOJHBL, U B
KadecTBE 4dacTHIbl). LVIMEHHO BOJHOBBIE XapaKTEPUCTUKU
NOBEJCHUS  JIEKTPOHA  MO3BOJIAIOT €My  IpeoJojieBaTh
sHepreTuueckuit Oapwep. [lpu OONBIIOM KOJIMYECTBE TaKUX
3JIEKTPOHOB MOKHO, €ECTECTBEHHO, TOBOPUTH O TYHHEIIbHOM TOKE.
B TyHHenmpHOM ~ MHKpPOCKOIIE  HM3MEpsieTCs  BEJIMYHMHA
ANIEKTPUUYECKOTO TOKA, MHPOXOMALIETO MEXAY CKaHUPYIOIIUM
30HZIOM ¥ TIOBEPXHOCTHIO. B 3aBHCHMMOCTH OT TOro, Kak
MPOBOJIATCS. U3MEPEHUS, MUKPOCKOI MOKHO HCIIOJIb30BaTh JIUO0
JUTS TIPOBEPKHU JIOKAJILHON Te€OMETpPHH (HACKOJIBKO MOBEPXHOCTD
JIOKAJIbHO BBICTYIACT BIIEPEN), TUOO JUIsl M3MEPEHUs JIOKATbHBIX
XapaKTePUCTHK AJIEKTPOITPOBOTHOCTH. TynHensHas
MHUKPOCKONHUSA — 3TO. IO CyTH, MEPBBINA pa3paOOTaHHbBI METOx
30HJ0OBOTO CKaHHpOBaHMs, U 3a ero oTkpbiTue I'. bunnur (G.
Binnig) u I'. Popep (H. Rohrer) B 1986 r. mnomyumin
HobeneBckyto mpemuto.

4.3. Tlpaktudeckue (CeMUHAPCKUE) 3aHATHUS
TeMmbl MpakTUUECKUX 3aHATHIA U UX TPYJOEMKOCTb IPUBE/ICHBI B TAOIUIIE 5.

Tabmuna 5 — [IpakTuueckue 3aHsITHs U UX TPYJI0EMKOCTh

3 aux No
Dopmsbl .
Ne . TpyaoeMKOCTb, | IpaKTUYECKOH | pa3aerna
Tembl IPaKTHYECKUX 3aHATUN | MPAKTHYECKHX
/1 " (gac) MMOATOTOBKH, | AUCIIHAIL
3aHATHH
(dac) JIUHBI
Cewmectp 8
1 | OcHOBHBIE UEPTHI pelieHne 1 3 2
coBpeMeHHBIX IT. CUTYaIlMOHHBIX




CTpyKTypHpOBaHHOCTb
CTaHJapTOB
ugpoBoro ooMeHa
JAHHBIMU QJIFOPUTMOB.

3a1a4

AHanus3 1 olieHKa
pecypcos,
HEOOXOIUMBIX JUIS
YIPaBIICHUS
nHopmaruen

perieHue 2
CUTYallUOHHBIX
3ama4

HccnenoBanue mNOBEPXHOCTH
METOI0M aTOMHO-CUJIOBOU
MHKPOCKOIIHH.

perieHue 2
CUTYallUOHHBIX
3a1a4

IToaroroska AJIEKTPOHHOTO
MHUKPOCKOIIa u
(GyHKIIMOHATBHBIX 0JIOKOB
(y310B) K paboTe B OCHOBHBIX
paboYMX peKUMAaX.

perieHue 2
CUTYallUOHHBIX
3ama4

[Topsinok mpoBeneHus NOBEPKH
TYHHEJIBHOTO M CKaHUPYIOLIETO
MHKPOCKOIIOB

peleHne 1
CUTYalIMOHHBIX
3aj1a4

Bcero

4.4. JlabopaTopHble 3aHATUS

Tembl 1aGOpaTOPHBIX 3aHATUHN U UX TPYAOEMKOCTh IPUBEACHBI B TabmMIIE .

Tabauna 6 — JlabopaTtopHble 3aHITHS U UX TPYJIOEMKOCTh

Ne
/o

HaumenoBanue nabopatopHbix paboT

TpynoemMkocTsb,
(uac)

N3 Hux
MPAKTUYECKOU
MOATOTOBKH,
(dac)

Ne
paszena
JIACITUTT

JINHBI

Y4eOHBIM MJIaHOM HE MPEayCMOTPEHO

Bcero

4.5. KypcoBoe npoeKkTUupoBaHUE/ BHIIOTHEHUE KyPCOBON PabOThI
Y4eOHBIM MJIaHOM HE MPEAYCMOTPEHO

4.6. CamocrodTenbHas paboTa 00y4aroUXcs
Buapl camocTosiTennbHON paboThI B €€ TPYIO0EMKOCTh MPUBEICHBI B Ta0HIIE /.

Tabnuna 7 — Buabl caMmocTosTenbHON pabOThI M €€ TPYA0EMKOCTh

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

W3yueHne TeopeTuyecKoro Marepuasia

28 28
quciuminiel (TO)
Kypcosoe npoektuposanue (KII, KP)
PacuetHo-rpaduueckue 3ananus (PI'3)
Brimosnnenue pegepata (P)
ITonroToBKa K TEKyLIEMY KOHTPOJIIO 22 22




ycneBaemoctu (TKY)

Jomamnee 3amganue (/13)

Kontponsusie pabotsl 3a04nukoB (KP3) 20 20
[ToaroroBka Kk mMpoOMEXKYyTOUHOM 29 29
arrectanuu (I1A)

Bcero: 92 92

5. IlepeueHnb y4eOHO-METOAMYECKOTO OOECTICUCHUS
JUISL CAMOCTOSITEIILHON PabOThl 00YUYaOIIUXCS 110 TUCIUIUTMHE (MOIYJTIO)
Y4eOHO-METOIMUECKUE MaTePHAaIbl JIJII CAMOCTOSITEIIbHON PabOThl OOYYArOIIMXCSl YKa3aHbI B

ma. 7-11.

6. IlepeueHb MeyaTHBIX U AIEKTPOHHBIX YUEOHBIX U3TAHUIN
[TepeueHb eYaTHBIX U 3JCKTPOHHBIX YUSOHBIX M3IaHUI TIpUBEICH B TabmuIe 8.
Tabnuna 8— IlepedeHb MeYaTHBIX U JIEKTPOHHBIX YUEOHBIX H3TAHHIMA

HIudp/
URL anpec

bubnuorpaduueckas
CCBUIKA

KomnnuectBo
9K3EMIUISIPOB B
oubMoTeKe
(kpome
AIEKTPOHHBIX
9K3EMILISPOB)

https://znanium.com/catalog/product/1060845
(mara o6pamenus: 07.09.2021). — Pexxum
A0CTyma: 1o MOoAIIrCKE.

Opnunnos, b. E. Moaenu u
POOIEMBI
WHTEIICKTYJIbHBIX
cucteM : MoHorpapus /
Bb.E. OnunuioB. — Mocksa
: UHOPA-M, 2020. —
219 c¢. — (Hayunas
MbIcib). — DO
10.12737/1060845. - ISBN
978-5-16-015839-6.

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

duznueckue OCHOBBEI
MHKpPO- Hu
HAHOXJIEKTPOHUKH,

HypHakoB A.A., /ydeOHOe
nocobue/, Yp®dV, 2020, -
252 c.

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

PaCTpOBaH QJICKTPOHHAA

MHKPOCKOTHS IS
HaHOTEXHOJIOTUH. MeTOoab!
" MPUMEHEHNE

MoHorpadus / moj pen. VY.
Ky, XK. JI. YVanra, T. IL
Kamunackoin. - 4-e wusm. -
MockBa : JlabGoparopus
smanmii, 2021. - 601 c. -
ISBN 978-5-00101-142-2.

- TekcT : 3JIeKTPOHHBII.



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

https://znanium.com/catalog/product/1894131 OWIMMOHOB, B. E.
(mara oOpamenus: 22.08.2023). — Pexum | MUKpOCKOITMUECKHI
JOCTyIa: 1O HOJIHUCKE. aHaJIN3 JUCIIEPCHOTO
cocTaBa  IOPOIIKOB
yuebHoe mocodue / B. E.
®unumoHoB, A. B. Mopos.
- Momkap-Oma
[ToBomxckuit
roCyJapCTBEHHBIN
TEXHOJIOTMYECKU I
yHuBepcutet, 2020. - 76 c.
- ISBN 978-5-8158-2167-
9. - TekcT : 2JIeKTPOHHBII.

https://fs.guap.ru/science/patents/2021612957.pdf | CBunerenscTBo 0
l"OC}’I[ElpCTBCHHOfI
perucTpanuu  IMporpamMMsbl
mst OBM Ne 2021612957
Jom kagectBa «QFD»

7. TlepedeHb 3IEKTPOHHBIX 00Pa30BaTEIBLHBIX PECYPCOB
WH(OPMAIIMOHHO-TEIICKOMMYHHUKAITMOHHON ceTh «HTepHET»
[Tepeuenn AJIEKTPOHHBIX o0pa3oBaTeIbHBIX pecypcoB UH(OPMAIOHHO-
TEJICKOMMYHUKAIMOHHONW ceTn «WHTepHeT», HEOOXOAMMBIX JJII OCBOCHHUS JTUCIUILIAHBI
npuBe/ieH B Tadymie 9.

Tabmuma 9 — IlepedyeHb SIEKTPOHHBIX OOpPa30BATEIBHBIX PECYPCOB HH(POPMALMOHHO-
TEJICKOMMYHHUKAMOHHOU ceTn «VHTepHeT»
URL anpec HanmenoBanue
http://science.quap.ru Hayunas u nHHOBannoHHas nestenbHocTh 'Y AIT
http://www.consultant.ru | CnpaBouno-npaBoBas cuctema «Koncynprant [Timocy
http://www.garant.ru WNndopmannonno-npasooii nopran «I'”APAHT»
http://list-of-lit.ru Criucok nuTeparypsl 0 HAHOTEXHOJIOTUH

/nano/nnotechnologii

8. Ilepedenr MHPOPMAITMOHHBIX TEXHOJIOTUI
8.1. [lepeyenp mpoOrpaMMHOr0 0O€CHEeueHUs,, HCIOJIb3yEMOI0 MpH OCYLIECTBICHUU
00pa30BaTENILHOrO Mpolecca M0 AUCLHUIINHE.
[lepeueHpb ucnonbp3yeMoro NporpaMMHOro odbecredeHus npejacrasieH B Taduuue 10.

Tabmuna 10— [TepeueHs mporpaMMHOT0 00€CIICUCHHS

Ne i/ HanmeHnoBanue

He npenycmorpeno

8.2. IlepeucHb MH()OPMAITMOHHO-CITPABOYHBIX CUCTEM,HCITOJIb3yEMBIX pH
OCYIIECTBIIEHUU 00pa30BaTEIHLHOTO MPOoIIecca MO AUCIUILTHHE

[Tepeuens WMCTHOMB3yeMBIX HH(POPMAIIMOHHO-CIIPABOYHBIX CHCTEM TIPEJCTABICH B
Tabmmuie 11.

Tabauna 11— Iepeuenb HHGOPMAIIMOHHO-CIIPABOYHBIX CUCTEM

‘ 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 mpengycmorpeno

9. MarepuaiabHO-TeXHHUYECKas 0a3a
CoctaB  MaTepUAIbHO-TEXHUYECKOH 0a3bl, HEOOXOIUMOW Ui  OCYIIECTBICHUS
00pa30BaTeNBFHOrO MpoIiecca Mo AUCHUIINHE, TPEACTaBIIeH B Tabuuiel 2.

Tabmmua 12 — CoctaB MaTepuaIbHO-TEXHHUYECKON 0a3bl

Ne HanmeHnoBanue coCcTaBHOM 4acTH Howmep aynuropuun
/T MaTepUaIbHO-TEXHUYECKON Oa3bl (ipu HEOOXOTUMOCTH)
1 JlaGoparopus UICKyCCTBEHHOT'O MHTEJUIEKTa U 13-13
1M (POBBIX TEXHOJOTHUH B METPOJIOTUU

10. Onenounble cpencTBa s MPOBEACHUS TPOMEKYTOUHOHN aTTeCTAIIMN
10.1. CocTaB OIICHOYHBIX CPEICTBAJIS MPOBEACHUS IPOMEXKYTOYHOM aTTeCTAIlUH
oOy4aromuxcs Mo AUCUUIUINHE MPUBEAeH B Tadbnuue 13.
Tabmuna 13 — CocTaB OIEHOYHBIX CPEJCTB JIJIsl IPOBEACHHMSI IPOMEKYTOYHON aTTeCTalluU

Bun HpOMe)KYTOqHOﬁ aTTCCTallun Hepequb OICHOYHBIX CPCACTB

3auer Crircox BOIpOCOB;
Tectsr;
3anauu.

10.2. B kayectBe KpUTEpUEB OICHKH YPOBHA C(HOPMUPOBAHHOCTH (OCBOCHUS)
KOMIIETEHIIMH 00y4YarolMMHcs MpUMEHseTcsl 5-0ayuipHas IIKaja OLEHKU C(HOPMHUPOBAHHOCTU
KOMIIETEHIIMM, KOTopas npuBeaeHa B Tabnuie 14. B TeueHue cemecTpa MOXKET MCIOJIB30BATHCS
100-0annpHast ~ mKajma ~ MOJIYJIBHO-PEUTHMHIOBOM  CHUCTEMbl  YHUBEpCUTETa,  IpaBHIa
HCIIOJIb30BaHUsl KOTOPOW, YCTAHOBJIEHBI COOTBETCTBYIOLIUM JIOKaJIbHBIM HOPMAaTHUBHBIM aKTOM
['VAIL
Tabauna 14 —Kputepuu ouieHKH ypoBHS ¢hOPMHUPOBAHHOCTH KOMIETEHUUN

Or11eHKa KOMITETEHITUH

Xapakreprucrrka chOpMUPOBAHHBIX KOMIIETEHIIAI
5-0ayutbHas mIKana P P (bopmp

— oOyuaromuiics TiayOOKO M BCECTOPOHHE YCBOWJI IPOTPAMMHBIN
MaTepHa;

— YBEpEHHO, JIOTHYHO, ITOCIIE0BATEIHLHO U TPAMOTHO €T0 U3JIaraer;

— ONMHpasiCh Ha 3HAHHWS OCHOBHOM W JOMOJHUTEIHHOU IUTEPATYypHI,
TECHO TPHUBS3LIBACT YCBOCHHBIC HAYYHBIC IMOJOXKCHHS C MPAKTHICCKON
JESITEIIbHOCTHIO HAIPABJICHUS;

— yMeno 000CHOBBIBAET U apTYMEHTUPYET BBIIBUTAaEMbIE UM HJIEH;

— JIeJIaeT BBIBOALI H 000OIIEHHUS;

— CBOOOJIHO BJIQJIEET CHCTEMOM CITENMATN3HPOBAHHBIX MOHITHIA.

COTIIMYHO»
(GauTCHO»

— oOyyJaronuics TBEpI0 YCBOMII MMPOTPAMMHBIN MaTepuai, TPaMOTHO H
M0 CYILIECTBY WU3JlaraeT €ro, ONUpasChb Ha 3HAHUS OCHOBHOM
JUTEPATYPHI;

— HE JIOMYCKAeT CYIIECTBEHHBIX HETOYHOCTEHH;

— YBSI3BIBACT YCBOCHHBIC 3HAHUS C MPAKTHUYECKOW NEATEIbHOCTHIO
HaIlpaBJICHUS;

— apryMEHTUPYET HayUYHbIE MOJIO0KEHHUS;

— JIeJIaeT BBIBOALI M 00OOIICHHS;

— BIIaJICET CUCTEMOM CIICIIUATN3UPOBAHHBIX TTOHSATHH.

«XOpOLLIO»
«3aUTEHO




Or11eHKa KOMITETEHITUH

5-0ayubHas mKana

XapakreprcTrka ChOpMUPOBAHHBIX KOMITCTECHITHIA

— o0yyaroluiicss yCBOWJI TOJBKO OCHOBHOW MpPOrpaMMHBIN MaTepua,
[0 CYILIECTBY M3JaraeT €ro, ONMpasch Ha 3HAHUS TOJIBKO OCHOBHOM

JUTEPaTYpHI;
— JIONyCKaeT HECYIECTBEHHbIE OIINOKU U HETOYHOCTH;

«yIOBJIETBOPUTEIIHHO .
— UCTIBITHIBACT 3aTPYJHEHHUS B MPAKTUYECKOM IPUMEHEHUU 3HAHHMA
«3aUTEHO i
HaIlpaBJICHUS,
— cnabo apryMeHTUPYET Hay4YHbIE TTOJI0KEHUS;
— 3aTpyaHseTcs B JOPMYITUPOBAHUU BBIBOJIOB H 0000ILIEHUI;
— YaCTUYHO BJIaJIeeT CUCTEMOM CelIMaTu3UPOBAHHBIX MTOHSITHA.
— oOyyaroluiicss He YCBOWJ 3HAYUTENIbHOM 4YacTh MPOrpaMMHOIO
MaTepuana;
— JIOMyCKaeT  CYIICCTBCHHBIE  OIMMMOKA W  HETOYHOCTH  IPH
«HEYIOBJIETBOPUTEIIHHO .
paccMOTpEeHHUH MPo0JieM B KOHKPETHOM HalpaBlICHUY;
«HE 3a4TEHO»

— HE MOXXET apryMEHTUPOBATh HAyYHbIC MTOJIOKEHNUS,
— He GOPMYJIUPYET BBIBOJIOB M 0000IIEHUI.

— UCHBITBIBACT TPYAHOCTHU B MIPAKTUYICCKOM IPUMCHCHU N 3HaHHI>i;

10.3. TunoBble KOHTPOJILHBIC 3a/IaHUS WM UHBIC MaTSPHAIIBI.
Bompocsr (3amaun) nis sK3aMeHa IpeIcTaBlIeHbl B Tadimie 15.

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

Ne i/m [lepeuens BompocoB (3aa4) AJsl IK3aMeHa Kox
UHIMKaTopa
Y4eOHBIM IJIAHOM HE IPELYCMOTPEHO
Bompocsr (3amaun) aiist 3aueta / mudd. 3auera npepcraBieHsl B Tabmuie 16.

Tabnuna 16 — Bonpocs! (3agaun) nms 3auera / audd. 3agera

Ne Kon

W [Tepeuens BonpocoB (3a7a4) ais 3a4era / audd. 3auera HHKATOPA

1 OnuiuTe OCHOBHBIE UACH W TOHSATUS HAHOTEXHOJOTUM JaHHbIe B padotax | [1K-1.3.4
H. Tanuryuu.

2 | Pacckaxure, B Kakoi 00JIACTH MPOMBIIIIEHHOTO TIPOU3BO/ICTBA BIIEPBHIE [IK-3.¥.3
CTaJIM PEAJIM30BbIBATH NJEH HAHOTEXHOJIOTUI

3 Onummre uzaero nexkuuu O. lpenunrepa «4Yro Takoe xku3Hb ¢ Touku 3peHus | [1K-3.V.3
¢buzukn»?

4 OnuimmMre Ha3HAYEHHUE U YCTPOMCTBO U CBOMCTBA MCTOYHHMKA DJIEKTPOHOB IK-1.3.3

5 | Ha3zoBuTe KOHCTPYKTHBHBIE OCOOEHHOCTH CUCTEMBI OcBeleHus: OM IK-1.3.3

6 Onummre ycTpolcTBO CUCTEMBI KOPPEKIIMH acTUrMaru3ma B OM I1K-3.3.3

7 Onumure OCHOBHBIE MOJIOKEHUS JIEKIMH, pounTaHHoil P. ®eitnmanom B | [1K-3.3.3
1959 .

8 | OnmummTe OCHOBHBIC IOHSATHS M OTIPENIEICHUs B 00JIaCTH [IK-3.3.3
HAaHOTEXHOJIOTUMI

9 | Pacckakure YeM HAHOCTPYKTYHpOBaHHBIE Matepuanbl otrimdatorcst ot | [1K-3.3.3
KJIACCUYECKHX MaTepUaioB?

10 | OnumuTe OCHOBHBIE OCOOCHHOCTH HaHOpa3MepHbIX BenuuuH, ux | [1K-1.3.3
KOJMYECTBEHHOE 3HaUCHHUE.

11 | OnumuTe eAWHWIBI W3MEpeHUuss W HauMeHoBanmss B obOmactu | [1K-1.3.3
HaHOTEXHOJOTHH

12 | OnumuTe MUHENHBIE pa3Mepsl 0coOel KUBOTHOTO MHUpa U HcKyccTBeHHbIX | [1K-1.3.3
00BEKTOB B CPAaBHUTEIbHBIX 3HAUCHUSIX HAHOTEXHOJIOTHA

13 | OnumuTe OCHOBHBIE COOBITHS UCTOPUU PA3BUTUSI HAHOTEXHOJIOTUH B [IK-1.3.3
nepuoj ¢ 400 r. 10 H.3. 10 1959 1.




14 | OnumuTe COOBITHS UCTOPUM PA3BUTHUS HAHOTEXHOJOrWi B mepuon ¢ 1959 | I1K-3.3.3
10 H/B.

15 | Pa3Hble MoaX0/1bl K HAYYHOMY OIPEJEIICHNUIO TEPMUHA [IK-3.3.3
«HAaHOTEXHOJIOTUS»

16 | OnumuTe NPUHLIUIIBI u OCHOBHBIE 3JIEMEHTHI [IK-3.3.3
HCKYCCTBEHHOI'O MHTEJJICKTA

17 | Onumure Gu3MUEcKUue TPUHIMIBI JTy4a MUKPOCKOIA IK-1.3.4

18 | Onumure hU3NYECKUe MPUHIMIBI ICHUCTBUS METOJIOB M CPEACTB Macc- I[IK-1.3.4
CHEKTPOMETPUHU

19 | Onumure GU3NIECKYIO CYIIIHOCTh TyHHeapHOTO 3ddekra B | [IK-1.3.4
PaMOIEKTPOHUKHI

20 | OnumuTe OCHOBHBIC MOHSTHS U ONIPEeNICHHsI B 00JIaCTH HAHOTEXHOJIOTUI IK-1.3.4

21 | IIpoananu3upyite, 4eM HAHOCTPYKTYHPOBAHHBIC MATEPHAIIBI OTINYAIOTCS IIK-3.V.3
OTKJIACCUYECKUX MaTepHaJioB?

22 | OnuimuTe OCHOBHBIE 0COOCHHOCTH HAaHOPAa3MEPHBIX BEIMYHH, UX [IK-1.3.4
KOJIMYECTBEHHOE 3HAUCHHUE.

23 | OnuimuTe eTUHUIIBI K3MEPEHUS 1 HAMMEHOBAHUS B 00J1aCTH I11IK-1.3.4
HAaHOTEXHOJOTUH

24 | Ilpoananu3upyiite TUHEHHbBIE pa3Mepbl 0COOEH JKUBOTHOTO MHUpPA U [IK-3.¥.3
HCKYCCTBEHHBIX OOBEKTOB B CPABHUTENIbHBIX 3HAUYECHUSIX HAHOTEXHOJIOT UM

25 | OnumuTe OCHOBHBIE COOBITHSI HCTOPUU PAa3BUTHS HAHOTEXHOJOTHUH B [IK-1.3.4
nepuon ¢ 400r. tou.s. mo 1959 .

26 | OnuimuMTe OCHOBHBIC COOBITHS UCTOPHH PAa3BUTHS HAHOTEXHOJIOTHH B [IK-1.3.4
nepuon ¢ 1959 no u/B.

27 | OnumuTe MoaX0Apl K HAYYHOMY ONpeIeICHUI0 TepMuHa «HaHotexHonorus» | [1K-1.3.4

28 | Kakoii BeIBOJ MOXHO caenath o pabotax XK.M. Andeposa B obnactu [IK-3.¥.3
HaHOTEXHOJOTHH

29 | OnumuTe OCHOBHBIE Heu 3. [Ipekciepa o posie HAHOTEXHOJIOTHiA B [IK-1.3.4
Pa3BUTHUH COBPEMEHHOT'O 00IECTBA, U3JI0KEHHbIE B KHUTe « MalIuHbl
CO3HUJIaHUS»

30 | [Ipoananu3upyiiTe OXXHJaeMbIe TapaMeTPbl HAHOMEXAHUIECKUX [K-3.¥.3
YCTPOMCTB.

31 | Onumwure npuHOKT pabOTH HAHOYCTPOWCTBA BXKUBBIX OpraHu3Max (Ha [IK-1.3.4
npumMepe Mosekyisl «KAT® Cunrazay).

32 | Onumwte yriiepoa B IPUPOJIE, B YeM 3aKIIIOYAETCs ero 0cobasi poiib? [IK-1.3.4

33 | Onumwmre npocreiine KOHCTPYKIMU IPUOOPOB U y3JI0B OTIEIbHBIX [IK-1.3.4
pa3JIMYHBIX HAHOYCTPOMCTB

34 | Ilpoananu3upyiTe BOZMOKHBIC Ty TH IPAMEHEHHS TPUOOPOB ¥ MAIIHH [K-3.¥.3
MHT

35 | OnummmTe TPHHIIUITE CAMOOPTAHU3AIINH, TTPUCYIIIHE HauboJee IIK-3.¥.3
pacrpocTpaHEeHHBIM 00BEKTaM HaHOTEXHOJIOTUI

36 | OnummuTe MPUHIMITEI CAMOCOOPKH, TIPHUCYIIHE Hanboee [IK-1.3.4
pacrpocTpaHEeHHbIM 00BEKTaM HAHOTEXHOJIOTHH

37 | Ilpoananu3upyiite ncnoibp3oBanne camoopranuzanuu B HT. OcHoBHBIE [IK-3.¥.3
CBOMCTBA CAMOOPTraHU3YIOUINXCS CUCTEM

38 | [Ipoananu3upyiiTe HAaHOMaTepHaIIbl, HANMEHOBAHHS, Ha3HAYCHHE, [IK-3.¥.3
OCHOBHBIE ONpeIeTIeHNs, KaKue 00bEKThl K HUIM OTHOCSTCS?

39 | I[Ipoananm3upyiTe OCHOBHBIC THITHI HAHOMATEPUAIIOB, pa3AeieHHE IO [K-3.¥.3

IIpHU3HAKaM I/I3MepeHI/Iﬁ 1 pasMCpPHOCTHU




[lepeuenr TeM ISt KypcOBOTO TPOEKTHPOBAHUS/BBIIONHEHHUS KYpPCOBOM pabOTHI
Mpe/ICTaBIeHbI B Tabuie 17.
Tabmuna 17 — Ilepeyern TeM Juisi KYpPCOBOT'O MPOEKTUPOBAHMSI/BBIIOJIHEHUSI KYPCOBOI pabOThI

[TpumepHBIii TepeueHb TeM ISl KypCOBOTO MTPOEKTUPOBAHUS/BBINOIHEHUS

Ne n/mt .
KYpCOBOM pabOThI
VY4eOHbBIM IIJIAHOM HE IPeLyCMOTPEHO
Bonpocsl 1 mpoBeneHHs IMPOMEXYTOYHOM aTTecTallud B BHJAE TECTHUPOBAHUSA

npezcTaBieHsl B Tabmuie 18.

Tabmuna 18 — IIpumepHbIi IEpeYeHb BOMPOCOB JJIsI TECTOB

Ne
/o

Kon

[IpumepHBIii nepeueHb BOMPOCOB ISl TECTOB
WHJUKATOpa

1 Pacckaxute, Kakue COCTaBISAIONIME MUKPOCKOTA 00Pa3yOT ONTHYECKYO IIK-3.V.3

4acCThb:

CTOJIMK

- 3epKaJio, KOHJEHCOp, nuadparma upuc

- IITaTUB, KpeMasbepa, TyOyc, peBOJIbBED, IPEIMETHBIN CTOJHUK,
MHUKPOBHHT, 3€pKajo

- OKYJISIp, MAKpOBHUHT, TYOYC, HpHCOBas 1uadparma, ITaTUB, IPEIMETHBINA

- OKYJISIp, OOBEKTUB.

2 | [louemy uMMepCcHOHHAs cpejia YIIyqIlaeT yCIOBUS OCBEUICHUsI 00BEKTOB? [IK-3.¥.3

[Toromy uto —

-MMEET OJJMHAKOBYIO IUIOTHOCTH C IPEIMETHBIM CTEKIIOM, PEIATCTBYET
JBOMHOMY JIy4€IPEJOMIICHUIO IIPU ITPOXOKICHHUH ITydKa CBETA;

- IMEET Pa3HYyIo IJIOTHOCTh C IPEIMETHBIM CTEKIOM, CIOCOOCTBYET
JBOMHOMY JIy4€eNIPEIOMIICHUIO IIPU ITPOX0XKACHHUHU ITyYKa CBETA;

- IM€EeT OJJMHAKOBYIO TNIOTHOCTh C MPEAMETHBIM CTEKIJIOM, CIIOCOOCTBYET
JBOMHOMY JIy4€eNIPEIOMIICHUIO IIPU ITPOXO0XKACHHUU ITyYKa CBETA;

- UIMEET Pa3HYI0 IUIOTHOCTh C MPEIMETHBIM CTEKIIOM, MPEMIATCTBYET
JBOMHOMY JIy4ENPEIOMIICHUIO TIPU IPOXO0XKACHUM ITyYKa CBETA

3 | Pacckaxwure, 1715l 4ETO UCIIONB3YETCSl BOTHYTAs TIOBEPXHOCTH 3epKaja: [K-3.¥.3

- IIPpHU OTCYTCTBUH OCBCIICHUA

- IPU CUJILHOM U PAaBHOMEPHOM OCBEIIICHUU
- pu ¢1a00M OCBEIIEHUHN

- IPU paboTe CO CHEIHAIBHBIM OCBETUTENIEM.

[Ipoananmsupyiire, B 4eM 3aKJIHOYAETCS] OCHOBHBIE JJOCTOMHCTBA [IK-1.3.4
ANEKTPOHHOTO MUKPOCKoOTa?

-YJIy4IICHBI BECOBBIC U Ta0apUTHBIC XapaKTEPUCTUKH TPUOOPOB,
-BO3MOXKHOCTBIIM(PPOBOTO  TPEICTABICHUS pe3yJIbTaTOB aHANN3a;
-00JIee COBEpIICHHAS, TT0 CPAaBHEHUIO C ONTHYCCKHM MHKPOCKOTIOM, CUCTEMa
MOJTy4EHHUS N300paKeHMsI HA0TI0aeMOT0 OOBEKTA;

-BO3MOXXHOCTH MOJTydeHUs 0oyiee pa3HO0Opa3HOM HHpopManu 00 00BEKTE;
-TIpeielibl YBEIHUEHUS UCCIIETyeMOTo OOBEKTa.




[Ipoananu3upyiite, 4TO TaKoe pasperaronias cnocoOHOCTh MUKPOCKOIIA?

- OGH.ICC YBCIIMYCHUC MHUKPOCKOIIa

- MUHUMAJIbBHOC PaCCTOAHUE MCXKIY JABYMS TOYKaMU, BUAUMBIMU Pa3aCiIbHO
B OITUYCCKYIO CUCTEMY

- YABOCHHOC ITPOU3BCACHUC CTEIIeHEH YBCIUUYCHUA OKYJIsIpa 1 00BEeKTHBA

- OGH.ICC YMCHBIICHHUC MUKPOCKOIIA

[IK-1.3.4

VYcraHoBuTe NpeAebHbIE  3HAUYEHUS YBEJIUYEHUS 3JIEKTPOHHOTO
MHUKpOCKOIIA:

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

I1K-1.3.4

[Ipoananuzupyiitre, yem OTIpeIeNIACTCS pa3pemIaonas crocoOHOCTh
ONTUYECKOTO MUKPOCKOTA:

- YPOBHEM OCBEIIIEHHOCTU paboueil JINH3BL;
- BEJIMYMHOUN (JOKYCHOTO PaCCTOSHUS;

- COBEPIICHCTBOM OTKJIOHSIOIIEH CUCTEMBI;
- JUTHHOM BOJIHEI CBETA.

[IK-3.¥.3

[Ipoananuzupyiite, yem OTIpeIeIISIeTCS pa3peliaoias CiocOOHOCTh
AJEKTPOHHOTO MUKPOCKOIIA:

- KOHCTPYKLHEN CUCTEMbI H300pakeHNs MUKPOCKOIIA;

- YCTPOMCTBOM JIEKTPOHHOM IYIIKH,

- CUCTEMOM CUUTBHIBAHUS Pe3yIbTaTOB 00pabOTKN U3MEPEHMUIA;
- paccTOSTHUEM TIPOJIETA DIIEKTPOHA;

- CKOPOCTBIO IIPOJIETA HIEKTPOHA.

[IK-3.¥.3

[Tpoananu3upyiite, 4eM 0OBICHAETCS BBICOKAs pa3pellarolias CriocoOOHOCTh
ANIEKTPOHHOT'O MUKPOCKOIIA!

-T€OMETPUYECKUMHU pa3zMepaMu paboueil 30HBI;
-MCIIOJIb30BAaHUEM BJIEKTPOHHOTO ITOTOKA BMECTO CBETOBOT'O IIOTOKA;
-JJIMHOM BOJIHBI 3JIEKTPOHA.

[IK-3.¥.3

10

11. Tlpoananu3upyiite, Kakas cepusi CTaHAAPTOB B HACTOSIIIEE BPEMS
SIBJISIETCSI OCHOBHOM JIsl CTaHAapTOB U3 oomactu UT?

cepus 25000;
cepus 9000;

cepus 14000;
cepusi 16000.

pooTe

[IK-3.¥.3

11

12. YcTaHOBUTE OCHOBHOW CTaHIAPT Ha MHUKPOCKOIIBI

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

[IK-1.3.4

12

13.  VYcranoBure aOOpeBHATYPY CUCTEMbI TEXHOJIOTUYECKOM

I1K-1.3.4




l[OKyMeHTaLII/II/IZ
a. ECTH;
b. ECIIA;
C. ECK/;
d ECTIIII.

[lepeyeHbp TeM KOHTPOJBHBIX PabOT MO AMCLUUIUIMHE OOYYAIOUIMXCS 3a04HON (HOpPMBI
00y4eHus1, mpeIcTaBiIeHbI B Ta0ymie 19.

Tabnuna 19 — IlepedeHb KOHTPOJIBHBIX PadOT

Ne i/t [TepeyeHb KOHTPOJIBHBIX PAOOT

CrenuanpHble BHJIBI ONITHYECKON MUKpockonnu. KoHdokaabHas MUKPOCKOHUS

CaeToBas MUKPOCKOITH. Hosrie HaITpaBJICHUA

[Mudpossie MuKpocokonsl. [IpuHnun paboTs

[Topsimok KanuOPOBKU M3MEPUTEITHHOTO MUKPOCOKOTIA

OB WIN|F-

Kak amrumntyia paccesiHus CBsi3aHa ¢ MHTEHCUBHOCTBIO PACCESTHHOTO JTy4a, KOTOPBIH
MBI Ha0JIF0/1aeéM B MUKPOCKOTIE?

6 KakoBbl Tunimunbie bperropckue yribl paccessHus B IPOCBEUUBAOIICH HIICKTPOHHON
MHUKpPOCKONUU?

7 B uem ¢pynnamentansubie oTinums noaxoaos Jlays u bperra k qudpaxkinum u B uem
CXO0XKECTH?

8 KakoBo cooTHoIIeHNE MEKIY aTOMHBIM (hakTopoM paccessHus f(0) u cTpyKTypHBIM
dakropom paccesiaus F(0)?

9 [Touemy yripyroe 3jeKTpo-3JIEKTPOHHOE B3aUMOJICHCTBUE TPOSIBIIICTCS B PACCETHUH
Ha MaJIbIe YTJIbI, 8 B3AUMOJCHCTBHE JICKTPOHA C SIPAMH ITPUBOJIUT K PACCESHUIO HA
OOoJIbINE YTIIBI?

10 HazoBuTe 0OCHOBHBIE KOMITIOHEHTHI MATHUTHOW JIMH3bI U ONUIIUTE UX (QYHKIIHH.

11. Meronuyeckue ykazaHus A7 00yUYarolUXcs M0 OCBOCHHUIO AUCIUTIITMHBI

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

OcHOBHOE Ha3HAYeHHE JIEKIIMOHHOTO MaTepuana — JIOTUYECKH CTPOHHOE, CHCTEMHOE,
nIyOOKOe M SICHOE W3JIOKEeHWEe ydeOHoro marepuana. HasHaueHue COBPEMEHHOU JICKITUH B
paMKax JUCIHIUIMHBI HE B TOM, YTOOBI MOJYYUTh BCIO MH(OPMAIMIO MO TeMEe, a B OCBOCHUU
(dyHIaMEHTAIBHBIX TPOOJIEM AWCIMILIAHBI, METOJOB HAyYHOTO I[IO3HAHUS, HOBEHIINX
JOCTHIKEHUI HaydyHOW MbICTU. B yueOHOM mpoliecce JEKIHsS BBIMOIHSAET METOJ0JIOTHYECKYIO,
OpTaHHW3AIMOHHYI0 U WHPOpMAIMOHHYI0 (QyHKIMU. JIeKIHs pacKphiBaeT MOHATHHHBIN ammapat
KOHKpPETHOW oO0jacTu 3HaHUA, €€ MpoOIEeMBbl, JaeT IEeNbHOE MPEJCTaBICHHUE O TUCIUILINHE,
MOKA3bIBACT B3aUMOCBS3b C JIPYTUMU JUCIATLTTHAMH.

[TnanupyeMble pe3yJIbTaThl IPH OCBOCHUU 00YUYAOIIMMHUCS JICKIIMOHHOTO MaTepUaa.

— TIONyYeHUE COBPEMEHHBIX, IIEJOCTHBIX, B3aMMOCBS3aHHBIX 3HAHUU, YpPOBEHBb
KOTOPBIX OINPEENSIETCS EIEBOM YCTAHOBKOW K Ka)K/10M KOHKPETHOU TEME;

— TIOJyYEHHE OIBITa TBOPUYECKON pabOThI COBMECTHO C TPEI0IaBaTelIeM,

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

— TOsIBIIEHHWE HEOOXOAMMOT0 HHTEpeca, HEOOXOAUMOTO AJIsi CAMOCTOSTENLHOM paOoTHI,

— TIONy4YeHUE 3HAHUW O COBPEMEHHOM YpOBHE pAa3BUTHUS HAYKH U TEXHUKU U O
MIPOTHO3€E WX Pa3BUTHS HA OJIMKAKNIIINAE TOIBL;




— HAY4YUTHCS METOAMYECKH 00pabaThiBaTh MaTepwal (BBIACIATH TJIaBHBIE MBICTU U
MOJIOKEHHUS, TPHUXOJAUTh K KOHKPETHBIM BBIBOJIaM, TMOBTOPSATH WX B Pa3IMYHBIX
(bopMyITUPOBKax);

—  MOJIy4Y€HHE TOYHOT'O IOHUMAHHUS BCEX HEOOXOIUMBIX TEPMUHOB U TIOHSITHIA.

JIeKIMOHHBI MaTepuad MOXET COMPOBOXKAATHCS JEMOHCTpAIllMed  CIaliIoB U
UCTIOJIP30BAHUEM PAa3laTOYHOTO MaTepualia MpH TPOBEICHHUH KOPOTKHX JHCKYCCHH 00
OCOOCHHOCTSIX MPUMEHEHHSI OT/ICTBHBIX TEMATHK I10 TUCIUTUIHHE.

CTpyKTypa npeiocTaBiIeHUs JCKIIMOHHOTO MaTepraa:

— JISKIIMH COTJIACHO pa3zenam (Tadi.3) u remam (1abm.4).

Y4eOHoe mocoOue Mo 0OCBOSHUIO JIEKIIMOHHOTO MaTepuaia UMEETCsl B U3JaHHOM BUJIE

PactpoBas 31eKTpoOHHAs MUKPOCKOIHNS Il HAHOTEXHOJIOTUKA. MeToabl U IPUMEHEHHE :
moHorpadus / mox pen. Y. Ky, XK. JI. Yanra, T. II. Kamunckoit. - 4-e uzn. - Mocksa
Jlaboparopus 3nanwmii, 2021. - 601 c. - ISBN 978-5-00101-142-2.

11.2. MeTtoau4ieckue yka3zaHUs JUIsi OOYYalOIMIUXCS IO TPOXOXKICHUIO TPAKTHUYECKUX
3aHATUN

CrpykTypa u (hopMa oTyeTa 0 IPAKTHIECKON paboTre

OT4er 0 BBHIMOJHEHHON paboTe JAOIKEH COJEPKaTh: THUTYJIbHBIN JIUCT, OCHOBHYIO YacTh,
BBIBO/IbI 110 pE3yJIbTaTaM UCCIIEJOBAHUH .

Ha tutynpbHOM nucTe AODKHBI OBITH yKa3aHbl: Ha3BaHHE TUCIUILIMHBI, Ha3BaHUE
naboparopHOi paboOThL, (GamMmwIvg W WHUIUAIB TpenojaBaTess, (aMwinsg W HHUALAAIBI
CTYyJIEHTa, HOMEp ero yueOHOM! IPYMIIbI U J1aTa 3alIUThl paOOTHL.

OcHOBHasi 4acThb [JOJDKHA COJEp)KaTh 3aJlaHue, pe3yJbTaTbl AKCIEPUMEHTAJIbHO-
MPAKTUYECKON pabOThI, pacueTHO-aHATUTUYECKHE MaTepUabl, IMCTUHT KOJa/CKPUH SKpaHa.

BoiBoibl MO mpojenaHHOW paboTe OJIKHBI COJEP’KaTh OCHOBHBIE PE3YJbTaThl IO
pabore.

TpeboBanust k 0hOpMIEHUIO OTYETA O MPAKTUYECKOUN paboTe

TuTynpHBINA TUCT OTYETA TOJIKEH COOTBETCTBOBATH IIAOJIOHY, IPUBEAECHHOMY B CEKTOPE
HopMaTHuBHOM nokymeHTtaru ['Y ATIT https://guap.ru/standart/doc

OdopmiieHre OCHOBHOM 4YacTH OTYeTa JOJKHO OBITh O(OPMIIEHO B COOTBETCTBUHU C
I'OCT 7.32-2017. TpeOoBaHusl NMPHUBEACHBI B CEKTOpe HOpMaTHUBHOW nokymeHTauuu ['YAII
https://guap.ru/standart/doc

[Ipu popmupoBaHUM CIIMCKA UCTOYHUKOB CTYAEHTaM HEOOXOIMMO PYKOBOJCTBOBAThHCS
tpeboBanusmu crangapra ['OCT 7.0.100-2018. IIpumepsl odopmiieHUsl CIUCKAa MCTOYHHKOB
NpUBENICHBI B CEKTOpe HOpMaTuBHOU JokyMenTtarmu ['Y ATl https://quap.ru/standart/doc

Crpykrypa u hopMma oTueTa 0 MPaKTHUECKOW paboTre

Otyet 0 mabopaTopHOU pabOTE MOJKEH COJIEPKaTh: TUTYIBHBIN JTUCT, OCHOBHYIO YacTh,
BBIBOJIbI 110 pe3yJIbTaTaM UCCIEI0BaHUH .

Ha mumynonom nucme nOIXKHBI OBITH yKa3aHbl: Ha3BaHUE JUCUUIUIMHBI, Ha3BaHHE
nabopaTopHOil paboThl, (GaMuiIMs M UHULMATB TpernojaBaTens, (aMWwinsg WU HHULUAIBI
CTYyJI€HTa, HOMEp ero yueOHOM! IpyMIIbl U JlaTa 3alIUThl paOOTHI.

OcHo6nas uacmey JODKHA COJEP)KaTh 3aJaHHue, pPE3yJbTaThl JKCIEPUMEHTAIbHO-
MPAKTUYECKON pabOThI, pacueTHO-aHATUTUYECKHE MaTepUabl.

Bvi600wbr 110 mipojienaHHON paboTe TOJKHBI COAEPKATh PE3yJbTaThl IKCIIEPUMEHTOB,
MIPOBEJICHHBIX CTyJEHTAaMU Ha CTEHJaX, UX peQEeKCHPOBAaHHBIE BBIBOJABI MO 3HAYUMOCTHU
HKCIEPUMEHTA, AaHAINU3Y BUIOB U MOCIEACTBUI MOTEHIIUATBHBIX OTPEIIHOCTEMH, KOTOPbIE MOTJIN
BJIUSATh Ha «YUCTOTY JIKCHEPUMEHTa». Takyke BBIBOJ JIOJKEH COJEp’KaTh OTBET Ha BOMPOC —
KaKhe OCHOBHBIE HanboJiee CIIOKHBIE AIIEMEHTHl METOAMKH UM ObLTO HEOOXOMMO BBINOJIHUTH U
C 4UeM JlaHHasl CJI0KHOCTh Obljia CBsI3aHa.



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

11.3. Meroauyeckue yka3aHus sl O0yYarOIIMXCS M0 MPOXOKIECHUIO CaMOCTOSTEIbHOMN
paboThI

B Xoze BBITIOJHEHUSI CaMOCTOSATENBHON PabOThI, 00OYyYaIONIHMIACS BBITIOJIHIET paboTy IO
3aJJaHUI0 ¥ TIPU METOJUYECKOM PYKOBOJCTBE IPEIOaBaTelis, HO 0e3 ero HermocpeJICTBEHHOIO
YYacTHSL.

B mporiecce BBIMOTHEHHSI CaMOCTOSITENILHON paboThl, y oOywaromierocst (GhopMupyercs
nenecooOpa3Hoe MIaHUPOBaHUE pabouero BpEMEHH, KOTOPOE TI03BOJISIET MM Pa3BUBATh YMEHUS
N HABBIKM B YCBOCHHHU W CHCTCMATH3ALIUH HpI/IOGpeTaeMBIX 3HaHI/If/’I, O6CCHC‘-II/IBaeT BBICOKHH
YPOBEHb YCIEBAaGMOCTH B TIEpUOJ OOydYEHUs, IOMOTaeT IIOJIYYUTh HABBIKH TTOBBINICHHS
npo¢eCCHOHATBHOTO YPOBHSI.

MeroauyeckuMHu ~ MaTepUallaMK,  HANpaBJSIOIIMMU  CAMOCTOSITENIBHYIO — paboty
00yYaroIIUXCs SABISIOTCS: YIeOHO-METONYCCKUN MaTepHaJl 10 TUCIUILIHHE;

METOJMYECKUE YKa3aHUs MO BBITOJHEHUIO KOHTPOJBHBIX padoT (sl 00yYaromuxcs mo
3209HOU (hopMe 00ydeHus).

1. I[ToaroToBKa JIEKIIMOHHOTO MaTepHayia o TeMaM, MPEJCTaBICHHBIM B Tabauie 3, v 1o
TeMaM, OTMEUYEHHBIX * B COOTBETCTBUH C JIUTEPATYPOM, MPECTaBICHHOM B Tabuuiie 9.

2. IloaroroBka K KOHTPOJIBHBIM pabOTaM B COOTBETCTBUU C METOJIMUYECKUMU YKA3aAHUSIMU

B Teuenue cemecTpbl CTyACHTHI

- 3aILMUIAI0T MpaKTUYecKue padoTsl (5 1mT);

- BBIIIOJIHSIIOT TECTUPOBAHUS 110 MaTepuajaM JeKiuu B cpeae LMS.

JI71st TeKyIero KOHTPOJIsl yCIIEBAEMOCTH HUCTIONIB3YIOTCSI T€CThI, IPUBEICHHBIE B TAOJIHIIE
18.

11.4. Meroauueckue ykazaHus JUIsi OOydarOIIMXCs IO MPOXOXKICHHIO TEKYIIEro
KOHTPOJISl YCIIEBAEMOCTH.

Texkymmii KOHTpPOJIb YCIIEBAEMOCTH MpPEIyCMaTpUBACT KOHTPOJIb KadyecTBa 3HAHHM
00yJaromuxcs, OCYIIECTBISIEMOTO B TEYEHHE CEMECTpa C IIeTbI0 OIEHUBAHUS XO0Jla OCBOCHUS
JUCLUTUIMHBL.

B teuenne cemectpa CTyI€HTHI

- pelaroT 3a/iaHus B hopMaTe TECTUPOBAHUS;

- 3aIMIIAI0T MpaKkTUYeCcKue paboTsl (5 1IT)

JUis TeKyIero KOHTPOJIA YCIIEBAaeMOCTH HEOO0XOAMMO NpPEJACTaBUTh He MeHee |
IPOTOKOJIa 0 paboTe mocie 4-x 4acoB MPOBEJEHHBIX J1a0OpaTOPHBIX paboT. Takke B KauecTBe
3alIUTHI pabOT MOKET OBITh

11.5. Mertoauueckue yka3zaHUs JJisi OOYYAIOUIUXCS 1O MPOXOXKICHUIO MPOMEXKYTOUHOM
aTTeCTallnun.

[IpomexxyTounass  arrecranss  OOydyarOIIMXCs — TpPEAyCMaTpUBAaeT  OICHUBAHUE
MIPOMEXKYTOUHBIX U OKOHYATEIbHBIX PE3YyJIbTaTOB 00ydeHMs MO JuciuruinHe. OHa BKIIOYAeT B
ce0st:

— 3aueT — 3To (hopMa OLIEHKU 3HAHUH, MMOJyUYECHHBIX OOYYAIOUIMMCS B XOJIE€ U3yUCHHUSI
y4eOHOM MCUUIUIMHBI B LEJIOM UJIM IPOMEXYTOUHas (110 OKOHYaHUU CEMECTpa) OLIeHKa 3HaHUMN
00yJaromuMCs TI0 OT/CIBHBIM pa3jieliaM JUCIUIUIUHBI ¢ aTTECTAI[MOHHON OLIEHKOW «3a4TCHOY
WJIH «HE 3a4TEHO».



Jluct BHeceHUs U3MEHEHUH B pabouyto IporpaMMy JTUCIUILINHBI

JlaTta BHECeHUs
N3MEHCHHI 1
JIOTIOTHCHUH.

IToanuce BHECHIETO
W3MEHEHHUS

ConeprxaHne N3MEHEHHH W JOTIOTHEHUI

JlaTa 1 Ne

MPOTOKOJIA
3aceaHusl
Kadeapsl

Iommuce
3aB.

kadempoit




