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AHHOTaNINA

JuctunauHa «MeToasl MCCIICIOBAaHUS C HCIOJIb30BAaHUEM CKAHHMPYIOMIEH 30HI0BOM
MUKPOCKOIIUU» BXOJIUT B 00pa30oBaTEeNbHYIO MPOTPAMMY BBICIIETO OOpa30BaHUS — MPOTPAMMY
OakanaBpuaTa IO HaIpaBJICHHIO MOATOTOBKHW/ crenuanbHocTH 27.03.01 «Cranmaptuzanus u
MeTposiorus» HampasiieHHOcTH «l{udpoBas merponorus u crapmapTuzanus». JlucruruimnHa
peanmu3zyetcs kadenpoit «Neby.

JlucuurmnHa HareneHa Ha (GOPMHUPOBAHKE Y BBITYCKHUKA CIICTYIOIINX KOMITETCHITUH:

[IK-1 «CnocoGeH mpoBOAWTH aHAIW3 COCTOSHHS METPOJIOTHYECKOTO OOCCICYCHHS B
MOIpa3/IeICHUU METPOJIOTUYECKOM CITY OBl OPTaHU3AIHID)

IIK-3 «Cnoco0GeH oCyIIeCTBIAT, pabdOThl MO BBIABICHUIO U IMPEIOTBPAIICHUIO
HECOOTBETCTBHUI MPOAYKIIUU TPEIBSIBISIEMBIM TPEOOBAHUSIM))

ConepkaHue JUCHMIUIMHBI OXBaThIBA€T KPYI BOIMPOCOB, CBS3aHHBIX C METOAaMH
uccieoBaHusl  (QUBHUYECKUX, (PUIUKO-XUMHUYECKUX M TEOMETPUUYCCKUX TapaMeTpoB U
XapaKTEPUCTUK TBEPAOTENBHBIX W MOJEKYISPHBIX CTPYKTYp. OTH METOABI M CPEICTBA
JTUArHOCTUKY IIUPOKO BXOJSAT B MPAKTUKY MCCICIOBAHUS M U3YYCHHUSI HAHOOOBEKTOB, 00JIadat0T
BBICOKMM  pa3pelieHHeM, [03TOMY peajdbHO TMO3BOJSIOT MPOBOAMTH  HMCCIEIOBaHUS
HaHOOOBEKTOB HAa aTOMapHOM ypPOBHE, BIUIOTH /10 BU3YaJIH3allUU CAMOW CTPYKTYPhl OOBEKTOB.
[IpenogaBanue MUCHUIUIMHBI TMPOU3BOIUTCS B CeMECTpe 7 U IpeayCMaTpUBaeT CIlEAYIOIIne
dbopMbl OpraHu3aMK Y4eOHOTro Ipoliecca: JIEKIIUU, MPAKTHYECKUE 3aHSTHs, CAaMOCTOSITEIbHAs
paboTa o0y4aromnerocs.

[IporpammMoit AMCHUIUIMHBI MPEAYCMOTPEHBI CIEAYIONINE BHUIbI KOHTPOJIS: TEKYIIHI
KOHTPOJIb YCIIEBAEMOCTH, IIPOMEKYTOUYHAsI aTTecTalus B opMe 3a4era.

OO0mast TpyA0eMKOCTh OCBOSHUS JAMCIMILIMHBI COCTaBIseT 3 3adeTHhIX eawnHmibl, 108
YacoB.

SA3bIK 00yUYeHUs M0 AUCIHUILUIMHE «PYCCKUN»



1. TlepedeHb IUIAHUPYEMBIX PE3yJIbTATOB O0YUYECHHUS MO TUCIUILIHHE

1.1. llenpto  mpemojaBaHusi  JUCIHMIUIMHBI  SBJISETCS  MOJYYCHHE  CTyJICHTaAMH
HEOOXOUMBIX 3HAHUI chepe BBICOKMX TEXHOJIOTMH CBA3aHHBIX C TMPUKIATHBIMU
UCCIICIOBAaHUSIMH KOHCTPYUPOBAHUEM M TMPAKTUYECKAM HCIOJb30BAHHEM MATECPUAIOB |
BCIICCTB HA ATOMHOM M MOJICKYJIAPHOM YPOBHAX, a4 TAKXKC CpCACTBAX, METOAOB U MCTOIAHUK
ucciaenoBanus  (QU3UYECKUX, (DUBUKO-XUMHUUECKMX M T'€OMETPHUYCCKHX IapaMeTpoB |
XapaKTEPUCTHK TBEPIOTENbHBIX M MOJEKYIApHBIX 00BekTOB. [Ipu 3TOM OC000€ BHUMaHHE
yIOCNEHO  M3YYCHHI0  OCOOCHHOCTEH  BBICOKOPA3pEHIAIONIMX  METOMOB  HCCIICIOBAHUM
MOJICKYJISIPHBIX OOBEKTOB, OOCCIIEUUBAIONIUX TOJTy4YeHHEe Hambosee moiaHoW uH(opmammu o0
OCHOBHBIX CBOWCTBAX M XapaKTEPUCTHKAX U MPOTEKAIOIINX B HUX MPOIECCcax.

1.2. JlucuuminmHa  BXOOUT B  COCTaB  4YacTH, (OPMUPYEMOH  y4aCTHHKAMHU
00pa3oBaTe/IbHBIX OTHOIICHH, 00pa30BaTEILHOI MPOrpaMMbl BBICIIIETO 00pa3oBaHUs (Iajee —

OI1 BO).

1.3. IlepeueHp IIaHUPYEMBIX PE3YIBTATOB O0YUEHHS IO JUCLUILINHE, COOTHECCHHBIX C
IUIaHUpYyeMbIMU pe3ynbratamu ocBoeHus OIT BO.

B pesynbrare m3ydeHus ITUCHMIUIMHBI OOyYaroIIUics NOJDKEH 00iajarh CieqyIoIuMH
KOMIIETEHIIMSIMUA WJTH WX 9acTsAMH. KoMIeTeHIIMM 1 WHAWKATOPBI UX JTOCTUIKECHUS TIPUBEICHBI B

Tabimue 1.

Tabmuna 1 — [lepeyeHp KOMIIETEHIIMNA U MHUKATOPOB MX JTOCTHIKCHUS

Konu
Kareropus (rpynna) Kon v HanMeHoBaHNE HHIUKATOPA JOCTUKCHHUS
HAaUMEHOBAaHUE
KOMIIETEHIIUH KOMIETEHIINU
KOMIETCHIINH
[TK-1 Cnocoben
IIPOBOAMTDH aHAIN3
POBOZL I1K-1.3.3 3HaTh 001aCTh MPUMEHEHHUS METOJIOB
COCTOSTHUS
U3MEpEHUS
METPOJIOTMYECKOT0
[Tpodeccuonanpubie 06ECICUCHIS B [1K-1.3.4 3HaTh KOHCTPYKTHUBHBIE OCOOEHHOCTH U
KOMITETCHIINH IPUHLIMIIBI pa0OThI CPEICTB U3MEPEHUS,
10/Ipa3/IeJIeHuU
. TEXHOJIOTUYECKHE BO3MOKHOCTH B 00J1aCcTH
METPOJIOTHYECKOI
IIPUMEHEHHUS CPEJICTB UBMEPEHUS
CITYKOBI
OpraHu3aln
ITK-3 Cnocoben
OCYLIECTBIIATh I1K-3.3.3 3Hath ¢u3nveckrue NpUHIMIBI paboThI,
paboTHI 11O BO3MO>XHOCTH M 00JIaCTH IPUMEHEHUS] METOI0B U
BBISIBIICHUIO U CPEJICTB U3MEPEHMI
[Tpodeccuonanbuble
KOMITETEHIIH IIPEAOTBPALIEHUIO [1K-3.Y.3 ymeTs BBIOUpATh U pa3pabaTbIBaTh
HECOOTBETCTBUI METO/Ibl U CPEJCTBA KOHTPOJIS TEXHOJIOTMUECKOTO
IPOJYKIIMH npolecca, TEXHOJIOTHYECKON onepalyi,
MPEABSIBISIEMbIM pa3pabaThIBaTh CXEeMbl U3MEPEHUI 1 KOHTPOJISI
TpeOOBAHUSIM

« JucumiuimHa

2. Mecro nucnuruinHb B cTpykType OI1
JucuunimHa MoKeT 6a3upoBaThCS Ha 3HAHUSX, paHee MPHUOOPETEHHBIX 00yUYaIOITUMUCS
MIPY U3YYECHUH CIEAYIONIUX AUCUUTUIAH:

MOXCT

6a3upoBaTbCs Ha

3HAHUAX, PpPaHCC HpI/IO6p CTCHHBIX

06y‘I2&OH.[HMHCSI IIpH U3YUYCHUU CICAYIOINX AUCHUIIIINH:
- (I)I/I3I/I"ICCKI/IC OCHOBBI I/I3MepeHI/Iﬁ U 3TAJIOHBI CAWHUILL,
— MCTOJbBI U CPCACTBA I/I3MepeHI/II71, HUCIIBITAaHUN U KOHTPOJIA,

— OCHOBBI I/IH(I)OpMaTI/BaI_II/II/I H3MepeHHﬁ;

— OCHOBBI JICKTPOTCXHUKU U PATUOTCXHHUKHU,
— OCHOBBI MOACIIMPOBAHUEC CUCTCM U IPOLCCCOB;
— I[pUKIagHad U 3aKOHOAATCIIbHAasA METPOJIOTUs;




— o0mas Teopusi U3MEpEHUt
3HaHUs, MOJNYYCHHbIC NPU HW3YYCHHH MarepHaia NaHHOH JUCHUIUIMHBI, MMEIOT Kak
CaMOCTOSTENILHOE 3HAYCHHUE, TAK U MOTYT MCIIOJIb30BATHCS IPU M3YUCHHUH JAPYTUX JUCIHILIHH!
— - qudpoBbIe METOIBI U CPEICTBA U3MEPEHHIA;
— - IPOU3BOJICTBCHHAs IPAKTHKA,;
— - IPOW3BOJICTBEHHAs NPEIINIIOMHAsS TPAKTHKA.
3HaHUs, MOJYYCHHBbIC NPU W3YYCHHH MarepHaia NaHHOH JUCHUIUIMHBI, MMEIOT Kak
CaMOCTOSTENIFHOE 3HAYCHHUE, TAK U MOTYT MCIIOJIb30BATHCS IPU M3YUCHHUH JAPYTUX JUCIHILIHH:
3HaHUs, MOJNYYCHHbIC NPU HM3YYCHHH MarepHana NaHHOH JUCHUIUIMHBI, MMEIOT Kak
CaMOCTOSATENIFHOE 3HAYCHUE, TAK U MOT'YT UCIIOJIB30BATHCS IPU U3YYCHUH JAPYTUX JUCIUILIHH:
— 1udpoBBIC METOABI U CPEICTBA H3MEPEHHUH;
— TPOU3BOJCTBCHHAS IPAKTHKA,;
— TPOW3BOJICTBEHHAs MPEIIUILIOMHAS [TPAKTHKA.

3. O0BeM U TPYIOEMKOCTb JTUCITUTLIAHBI
Jannapie 00 o0meM o0beMe TUCIUIUIMHBI, TPYIOSMKOCTH OTACIBHBIX BHUIOB Y4EOHOM
paboThI 1O TUCIUILTHNHE (M paclpeieieHue 3TOH TPYJAOEMKOCTH 110 CEMECTpaM) MPEICTaBICHBI B
Tabauie 2.

Tabnuna 2 — O0beM U TPYAOEMKOCTh AUCIUIIITNHBI

TpynoemMKkocTs 1o

Bun yuebnoit paboTbl Bcero ceMecTpam
Ne7
1 2 3
Oobwan mpyooemKkocmp OUCYUNIUHDL, 3/ 108 3/ 108
3E/ (uac)
U3 nux yacoe npakmuyeckoii 0020MoeKu 8 8
AyoumopHhuie 3auamus, BCEro vac. 16 16
B TOM YHCJIC:
nexuuu (JI), (dac) 8 8
npakTuyeckue/cemuHapckue 3anstus  (I13), 8 8
(dac)

naboparopusie pabotsl (JIP), (dac)

KypcoBoil npoekT (padota) (KII, KP), (yac)

HK3aMeH, (4Jac)

Camocmosmenvnas paboma, Bcero (dac) 92 92
Buo npomexcymounoi ammecmayuu: 3auer,

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

[puMeyanue: *~ KaHIUAATCKUN DK3aMEH

4. CopneprxaHue JUCHUIUINHBI
4.1. PacnpeneneHue TpyI0EMKOCTH JUCLUIUIMHBI [0 pa3jenaM U BUIaM 3aHSITHIM.
Paznenbl, TeMbl TUCHMITIIMHBI U UX TPYIOEMKOCTh MPUBEIEHBI B Ta0nuue 3.

Ta6muma 3 — Pa3nensl, TeMbI TUCIUIUIAHBI, KX TPYJT0EMKOCTh

Jlexnu 113 JIP KII CPC

Pa3nensl, TEMBI TUCIIATUIMHEI (1ac) (C3) (1ac) (wac) | (1ac)

Cemectp 7

Paznen 1. XapakTepucTika KOHIIEOIINI
HAHOTEXHOJIOTHHA 2 2 20
Tema 1.1. XapakTepucTuka KOHIIEOIUI




HAHOCTPYKTYPHBIX U MOJIEKYJISIPHBIX
HAHOTEXHOJIOTUI

Pasznen 2. MeToap! uccienoBaHusl HAHOOOHEKTOB
Tema 2.1. O0Owmue cBegeHud 00 00bEKTaX 2 2
HCCJIEIOBaHUs B 00JIaCTH HAHOTEXHOJIOTHUI

40

Pa3nen 3. OCHOBHBIE reTEPOTrE€HHBIE ITPOLIECCHI
(bopMUPOBAHUS HAHOCTPYKTYPHUPOBAHHBIX
00BEKTOB 2 2
Tema 3.1 XapakTepucTuka, CBOMCTBA, TPOLIECCHI
(dbopMHpOBaHUs HAHOCTPYKTYP

20

Paznen 4. [IpuHIUIIBI TOCTPOCHUS TEXHUYECKUX
CPEJ/ICTB MCCIIEIOBAHUS HAHOCTPYKTYP 5 2
4.1 OcHOBBI MEXaHUKH U KOHCTPYKIIUIA CPENICTB

WCCJICTOBAHMSI HAHOCTPYKTYPUPOBAHHBIX 00BEKTOB

12

Uroro B cemectpe:

8 8 92

Hroro 8 8 0 0 92

[IpakTnueckas

IMOoATOTOBKA  3aKJIIO4YacTCA B HCIIOCPCACTBCHHOM  BBIIIOJIHCHUHN

OoOydJarlolMMUCS  OMNpENeJeHHBIX  TPYAOBBIX  (YHKIUH,  CBSI3aHHBIX ¢  Oya;yulei
PO ECCUOHAIBHON JEATEIHHOCTHIO.

4.2. CopnepxaHue pa3/ieJiOB U TEM JICKIIMOHHBIX 3aHSATHH.
ConeprkaHue pas/iesioB U TEM JICKITMOHHBIX 3aHATHI MPUBEICHO B TaOIHIE 4.

Ta6mmma 4 — ComepxaHue pa3aesioB U TeM JEKIIMOHHOTO UK

Howmep pazaena

Hazpanue u COACPIKAHUC Pa3acCIOB U TEM JICKIHMOHHBIX 3aHATHH

Pazmen 1

Tema 1.1 XapakTepucTUKa KOHLENIMM HAHOCTPYKTYPHBIX H
MOJIEKYJIIPHBIX HAHOTEXHOJIOT Uil

Hnero o ToM, 4TO BO3MOXHO CO3/1aBaThb HYXHBIE HaM YCTPONCTBA H
Ipyrue oOBEKTHI, coOMpas WX "MOJIeKysa 3a MOJEKyJIon" H, maxke, "aTtoM 3a
aToMOM" OOBIYHO BO3BOAAT K 3HAMEHHWTOW JIEKIIMM OJHOTO W3 KPYITHEHIINX
¢u3nkoB XX Beka Pruapna @Pelinmana «TaMm BHM3Yy — MHOTO MecTa». OTa
nekuusi Obula mpouutaHa uM B 1959 rony; OGOJBLIIMHCTBO COBPEMEHHHKOB
BOCIPUHSIIH €€ KaK ()aHTaCTHKY HJIH IIYTKY.

CoBpeMEHHBIM BUA HIEH MOJEKYJIIPHOM HAHOTEXHOJOTHH HadajH
npuobperath B 80-e ronsl XX Beka B pesynbrare pador K. D. Jpekcnepa,
KOTOpBIC TaKkKe CHayaja BOCIPHHUMAINCh Kak HaydHas (aHTracTuka. [Ipm
9TOM (QyHAaMeHTanbHas MoHorpadus "Hanocumcrembl. MomnekynspHas
TEXHUKA,  MPOU3BOJICTBO M  BBIUUCICHHA"  HMEET, HECOMHEHHO,
OCHOBomojaratomee 3HaueHue. CamM TepMHH HAHOTEXHOJIOTHS — CTal
HOITyJIIPEH UMEHHO I10CIIE BBIXOJa B CBET 3HAMEHHTOW KHUTH O. [Ipekciepa
"MamuHsl TBOpeHHS" W TIOCHENOBaBIIEW 3a 3TUM JucKyccuu. Ilozxe
Jllpekciep B CBHX HaydHBIX paboTax cCTal WCHOJb30BaTh TEPMHUH
MoJeKyisipHas HaHoTexHojorus (MHT) mis pasmudeHus mpeayaraeMbIx UM
pELICHUMN.

O1eHKH TapaMeTpOB HAHOMEXaHHMYECKUX YCTPONCTB M MAIIMH - B CBOUX
paborax D. /[lpekciep M €ro IocjeoBaTeld OLEHUBAIM IapaMeTphl B
OCHOBHOM MEXaHHMYECKHX YCTPOMCTB, KOTOpbIE OHM MOTJIM OBl MMETH INpH
NpUOIMKEHNH pa3Mepa KOMIIOHEHT K MOJISKYIIIPHOMY MaciuTtaldy. 3To
00yCIJIOBJIEHO HE TEM, YTO OHM HEJOOLEHHMBAIOT BAYKHOCTH ICKTPHUYECKHUX,
ONTHYECKUX M T. 1. dPQPEKTOB, a TeM, YTO MEXaHMYECKHE KOHCTPYKILUH
ropaszio Mpole 1 JOCToBepHee MacmTadbupyrorcs. [Ipu aTom oco3Haércs, 4To
IeKTpUYeckne ©  npoune  d(PQeKTel  MOryT AaTh  3HAYHTENbHBIC




JOTIOTHUTENBHBIE BO3MOXKHOCTH. [Ipoussens COOTBETCTBYIOIIEE
Macmtabuposanue Jlpekciaep MoIydu cle yomne YHCICHHBIE OLCHKH:
- MO3UIIMOHUPOBAHNE PEATHPYIOIINX MOJICKYI C TOUHOCTHIO ~0.1 HM;
- MEXaHOCHHTE3 C MPOM3BOIUTEIHHOCTRIO ~106 omep/cek Ha yCTPOWCTRO;
- MOJIeKyIIsIpHas cOopka o0bpeKTa Maccoii 1 kr 3a ~104 cex;
- pab0Ta HAHOMEXaHHYECKOTO YCTpOoiicTBa ¢ yacToToit ~109 I'm.

JlpyruM  BaKHBIM  HampaBlCHUEM M3YYEHHs SIBISIOTCS  OOBEKTHI
HAHOMOJIEKYJISIPOHOI TEXHOJOTUH - MCCIIEIOBAHUS IT0 BOIPOCAM BO3MOYKHOTO
(yHKIIMOHMpOBaHUS PabOTHl "ycTpoiicTBa" aHAJIOTMYHOTO Macmrada B
JKMBBIX OpraHm3Max. B kauecTBe mnpumepa IieiecooOpa3HO paccMOTpPETh
paboTy mpencraBuTens KHBOro oprannsmMa AT®d-cuHTa3a SBISIOIIETO
(hepMeHTOM, TIPEOOPA3YIONIMM Pa3HOCTh KOHIIEHTPANHUil IPOTOHOB IO Pa3HbIE
CTOPOHBI ~ MEMOpaHBI B  JHEPIHIO, 3amacHHYIO B  MOJIEKyNax
aneHosuHTpHpOchara (ATD). [TocnenHee UcoONB3yeTCs MPAKTHIECKNA BCEMHU
MEXaHU3MaMU KJIETKU B KaUeCTBE YHUBEPCAIBLHOrO Hocutess sHepruu. ATO-
CHHTa3a IpPUCYTICTBYeT B "JPHEPreTHYECKUX CTAHIUAX" PACTUTENIBHBIX HU
JKUBOTHBIX KJICTOK - XJIOpOIIaCTaX MU MHUTOXOHAPUAX U MPEACTABIIACT C060ﬁ
JIOBOJIBHO CJIOKHYIO KOHCTPYKIIMIO M3 HECKOJIBKMX THUIIOB €IUHUIL - OEIKOBBIX
MOJIEKYJI.

Paznen 2

. MeTonp! uccaeaoBanns HAHOOOHLEKTOB
Tema 2.1. O0mue cBeaeHuss 00 00BEKTaX UCCIACAOBAHUS B 00JACTH
HAHOTCXHOJIOT Uit
OfHUMHU U3 MEPBBIX MHCTPYMEHTOB, KOTOPHIC MOMOIIM WHUIIMAPOBATH HICH
HaHOTEXHOJIOTHH, OBUTH TaK Ha3bIBacMbIC CKaHHPYIOIIHE 30HIBL. Bce THITHI
CKaHUPYIOIUX 30HA0B ObUTH pa3paboTansl B Llopuxe B Havame 80-X TOHO0B.
CamMa wumes OYEHb MPOCTA: €CIH, K MPHMEPY, NPOBECTH MANbIEM IIO
MTOBEPXHOCTH, TO JIETKO OTJIMYUTH OapxaT OT CTajlW WIH AepeBa. B maHHOM
SKCIICPUMEHTE TaJel] NeHCTBYEeT KaK CTPYKTypa M3MepeHHs cwibl. JlaHHas
Uzes U MOJIOKCHAa B OCHOBY pabOThl CKaHUPYIOIIETO MUKPOCKOIA, OJHOTO U3
pPacIpOCTpaHEHHBIX CKAHUPYIOMMX 30HA0B. CKaHUPYIOUIMH 30HA MpH
M3MEpPEHUH CKOJIB3HT MO MOBEPXHOCTHU TaK K€, KaK ATO JIENAr0T MalbIbl. 30H]
HMeeT HAaHOCKOIMYECKHH pa3Mep (4acTo BCero ofuH arom). IIpu IBMOKEHHU
OH MOXeET OTPEeNsATh HECKOJILKO Pa3UYHBIX CBOHCTB, KXKJ0€ U3 KOTOPBIX
COOTBETCTBYET HHOMY H3MEPEHHIO.

ATOMHO-CUIIOBOI1 MHUKPOCKOI
B aToMHO-CHIIOBOM MHKPOCKOIIE JIEKTPOHHKA HCIIOIB3YETCs IS U3MEPEHUSI
CHIJIBI BBOJMIMOIM KOHYMKOM 30HJa MPH €ro ABIKCHHH BIOJH IOBEPXHOCTH
HCCIIEAYeMOTO 00bEKTa.

TyHHEIBHBI MUKPOCKOIL.
B TyHHENBHOM MHKpPOCKOTE H3MEpSIeTCS BEIMYMHA JJIEKTPUYECKOTO TOKa,
MIPOXOJSIIIETO MEXYy CKAaHHPYIOIIMM 30HJIOM M MOBEPXHOCTHIO. TyHHENbHAS
MHUKPOCKOIHUS — 3TO MPAKTUYCCKH TIEPBBINA pa3pabOTaHHBIA METO. 30HI0BOTO
CKaHHMPOBAHMSI, HAIIEIIETO MHUPOKOE MPUMEHEHHE.

MarHuTHO-CUII0BOM MUKPOCKOI
B MarHWTHO-CHMIIOBOM MHKPOCKOIIE 30HJ, CKaHHUPYIOIIMHA IOBEPXHOCTS,
SIBIISICTCST MArHHUTHBIM, OH TIO3BOJISIET ITOYYBCTBOBATh HAa MOBEPXHOCTH
JIOKAJbHYI0 MAarHUTHYIO CTPYKTYpY. 30HJ MarHUTHO-CHIIOBOTO MHKPOCKOIIA
paboTaeT MOAOOHO CUMTHIBAIOIICH TOJOBKM BHHYECTEpa WIM MarHUTO(OHA.
CKaHUPYIOIIME MHKPOCKOIBI IMO3BOJHIIM BIIEPBBIC YBHICTH OOBEKTHI
pa3MepoM C aTOM.

Paznen 3

Tema 3.1 CBoiicTBa npoueccoB GopMUPOBaHUS HAHOCTPYKTYD

B 06III€M Cllyda€e moAa TICTEPOrcHHbIMU MpoHeccaMu IOHHUMArT
TEXHOJIOTHYECKHE IPOIECChl, MPOUCXOAIINE Ha TpaHulle pazaena (a3 u
dbopmupyomue  reTeporeHHbIC CHCTEMBI. I'eteporennas  cucrtema




MpPEACTaBIIECT CO0OH TEPMOAMHAMHUYECKYIO CHCTEMY, COCTOSINYIO W3
pasnUUHBIX MO (U3MYECKMM W XHMHYECKHM CBOMCTBaM dHacTed wim a3,
KOTOpBIE OTAENEHBI APYTr OT APYyra MoBepXHOCTAMH pazena. Kaxnas uz ¢as
IIPY 3TOM FOMOTEHHA U €€ MOBEACHHE MOAINHACTCS 3aKOHAM TEPMOJHMHAMHUKH.
a) XWMHYECKHE TeTEPOTCHHBIE TPOLIECCHI.

MHoOrue TeTeporeHHble NpOLECChl HE CBSI3aHbl C  XUMHYECKUMH
peakuusiMA W OCHOBaHBI TOJBKO Ha (U3UKO-XUMHYECKUX SIBICHUSIX.
XUMHUYECKUE TeTepPOreHHBbIC MPOLECChl BKIIOYAIOT B KauecTBE OdTara
XMMHUYECKHE PEaKIMM, KOTOpbIe WAYT B OAHOW U3 (a3 mocie nepeMerieHus
TyJa pearcHTOB WJIM Ha MOBEPXHOCTH pasjena ¢a3. Ha rereporeHHsle
paBHOBECHs BIUSIOT TEMIlEpaTypa, AaBJICHHE, KOHIIEHTPAIUU PEAarcHTOB U
MPOIYKTOB peakiuu. PaBHOBecHE TETEPOTEHHBIX IPOIECCOB OMPENENSETCS
KOHCTAHTOI paBHOBECHS! XHMHYECKHX PEAKIUil, 3aKOHOM pacIpeaeiIeHHs
KOMITOHEHTOB MeX1y (pazamu U mpaBuioM (a3. PaBHOBECHbIE KOHICHTPAIINN
KOMIIOHEHTOB B  CONpHKAacamommxcs (azax  ONpPEAeIioTCsT  3aKOHOM
pacmpesienieHuss  BELIECTBAa,  KOTOPBIH  yCTaHABIMBAeT  IOCTOSHHOE
COOTHOIICHHE MEXKIY DPaBHOBECHBIMH KOHIICHTpAIMSMH BEIECTBA B JBYX
(hazax cucTeMbl IIpH OIPEAEICHHOI TeMIieparype. ['eTeporeHHbIe poLecch
6) CBoiicTBa reTepOreHHBIX MPOIECCOB

MexaHu3M TeTepOreHHbIX IPOIECCOB CIOXKHEE T'OMOTEHHBIX, TaK Kak
B3aUMO/ICHCTBUIO PEareHTOB, HAXOAAMINXCSA B Pa3HBIX (pazax, MpeAIIeCTBYET
MX JOCTaBKa K IOBEPXHOCTH pasznena (a3 m MaccooOMeH Mexnay (azamm.
[TosTOMy CKOpPOCTH TETEpOTCHHBIX HEKATAIUTHUECKUX IPOIECCOB, Kak
MPaBMJIO, MEHBINE CKOPOCTH TOMOTEHHBIX IPOIECCOB. MaccooOMeH MexXIy
(hazaMm  ocymiecTBIETCS C MOMOWIBIO AUGQPY3UH U XapaKTepU3yeTcs
ko3 duimeHToM maccoobmena rae D — koaddumument auddysuu, o -
TOJIMHA IOrpaHu4HOro cios. Jlus pacdera [, KOTOPBIH — CIIYKHUT
OIUCATENILHOM XapaKTepUCTHKOM H Jyuisi Oojiee CIIOKHBIX MEXaHH3MOB
MepeHoca, MCIOJIb3YIOT KpUTepHalbHble ypaBHeHus. B = D /0 B mepuon
MPOTEKaHUs TeTePOreHHOTO TpoLecca.

Paspgen 4.

4.1 OcHOBBI MEXaHUKHU U KOHCTPYKIIMH CPEJICTB HCCIIeI0BAaHM

a) OOsacTpi0 TNPUMEHEHHS HaHOCTPYKTYPHUPOBAHHBIX OOBEKTOB
SIBJISIETCS. HAHOOOBEKTHI, pa3Mepbl KOTOPIX HaxosTcs B quanasone ot 0,1
no 100 HM. DTOT aWama3oH MPHUHATO HA3BIBATh HAHOMACULIMADOM.
CornacHo mpoekty Texamueckoit cremudukammn ISO/DTS 12805
MPOM3BEACHHbIE HAHOOOBEKTHI PA3EISIIOT IO MPU3HAKY T€OMETPHUUIECKOM
(hopMBI Ha TP KaTErOPUH: YaCTHUIIBI - OOBEKTHI, UMEIOIINE TPU pa3Mepa B
HaHOMacIiTabe; BOJIOKHAa - OOBEKTH, HMEIOIIMe JBa pa3Mepa B
HaHOMacmTabe; IUIACTHHBI - OOBEKTHI, HMEIOUINE OJIMH pa3Mep B
HaHOMacIITabe.

BoJIbIIMHCTBO HAHOOOBEKTOB HMEET YIJIEpOJHYI OcHOBY. Jloirue
rOAbl CYUTANOCh, YTO YIJEpOJ MOXET 00pa3oBbIBATH TOJIBKO [BE
IUIOTPOIHBIE KPUCTAUIMYECKHUE CTPYKTYphl - ajMa3 M rpadur.
AnnoTponusi - CYIIECTBOBAaHHE OJHOIO W TOTO JK€ XHMHYECKOTrO
JJIEMEHTa B HECXOXHX (opmax. OnHaKo B MOCIEAHUE TOAbI OBUIH
oOHapy)XeHbI elle [BE aUIOTpONHbIE (OpMBI yriepoaa, HMEIOIIUe

6OJ'IBIHyIO MEPCHCKTHUBY UCIIOJIb30BAHUA B HAHOTCXHOJIOTUAX .

6) CaolicTBa OCTPUITHOTO 30HIOBOTO AaTYHKA.

OmHnuM #3 OOBEKTOB HAHOMETPOJIOTHH SIBIISETCS  OCTPHHHBIN
30HJOBBIA  JATUMK, UCIHOJb3YEMBII B CKAaHHUPYIOLIEH 30HI0BOI
MHUKPOCKOTIMU [UIS WCCIEIOBAaHUS Pa3MEpPOB M CBOICTB IOBEPXHOCTH
HaHOOOBEKTOB. J[aTYMK COCTOMT W3 MOJYHIPOBOJHHKOBOTO KpHCTallIa
(umma), ruOKoi KOHCONM (COOCTBEHHO KaHTWIICBEPa) U TBEPJOTEIHLHOTO
30H7a (Uriisl). OOBIYHO ATOT AATYMK HA3BIBAIOT KAHTHIIEBEPOM.
Il'eomeTpuueckn 30HJ TPeNCTaBIsieT OO0 WITy KOHWYECKOH WIIH




npu3MaTHdeckoi Gopmel ¢ yriiom mpu Bepumue 20 - 25° W BbICOTOM
okono 10 mxM. HanbGosiee BaxkHasi XapakTEepUCTHKAa 30HAA - paluyc
3aKpyIJIEHUs] OCTpHUs I, 3HAaYEHHE KOTOpPOro oObiuHO He Oomee 1 - 25
HM. BemmumnHa paamyca ¢ BIOMsAeT Ha pa3Mepbl OOJIaCTH TIPEIEIHHO
JOCTHXHUMOTO  paspemieHus.  CIOXHOCT — M3TOTOBJICHUS  30HIA
CYIIECTBEHHO YBEIMUNBACTCA C yMEHBIICHUEM PaJinyca OCTPHSI.
B) TEXHMYECKNE XapaKTUPUCTHUKH JaTIHKA HAHOTIEPEMEIICHUH

B kauecTBe mM3MEpHUTENBHBIX NMpeoOpa3oBaTeneii B HAHOTEXHOJIOTUH
UCTIONB3YyeTCsT NaTYMK HAaHOIIEPEMENICHWH, MpPEeICTaBIAIOMUN coOoit
COBOKYIIHOCTb MEXaHUYECKOTro JJIeMeHTa u TpaH3UCTOpA.
MexaHHYeCcKUM 3I€MEHTOM SIBIIsETCA Opycok
(HaHODNIEKTPOMEXAHWYECKasl ~ NMEpeMbIuKa) U3  apCceHuaa  Trajuius,
3aKpeIlUIeHHBIH ¢ 00oMX KOHIOB. Pa3mepbl Opycka: miMHa 3 MKM,
mupuHa 250 HM, TommuHa 200 HM. JleTekTop mepeMeleHus -
OJIHORJIEKTPOHHBIN TPaH3UCTOP - PACIIONOXKEH Ha paccTostHUU 250 HM OT
Opycka. TpaH3HCTOP 3MEKTPUUECKH COEANHEH C OPYCKOM 4epe3 eMKOCTb.
BHemHee HampspKkeHHE, TPHIOKEHHOE K OpYycKy, 3acTaBisieT €ro
BuOpupoBate. Ilpm mnepemermieHnn Opycka OTHOCHTENBHO JETEKTOpa
M3MEHSETCS TOK, MPOTEKAIONINH Yepe3 TPaH3UCTOpP.
r) Ha3naueHne naTumka CHIIBI B Macchl

B nmaTtumke cuibl U Macchl B KauyecTBE IMEPBUYHOTO H3MEPHUTEIBHOTO
npeoOpa3oBaTeNs MCHOJIB30BaHA OJHOCIONHASI yriiepoiHas HaHOTpyOKa
quamerpoM | - 4 HM, pacmosio)keHHas MeXAy JIBYMS 30J0TBIMHU
anekTpomaMu. Pa3Mmepsl  KaHaBKH, dYepe3 KOTOPYI  IPOTAHyTa
HaHOTpyOKa: mupuna 500 HM, amuHa 1,5 mMxM. Bojpmias ympyrocts
YIJIEPONHONH HAHOTPYOKHM TI03BOJSIET i  KoyebaThCss B HIMPOKOM
muamazoHe 9actoT (ot 3 mo 200 MI'mm). OHa MoXeT Takke paboTath B
Ka4yecTBE TPAH3UCTOpA, YTO IIO3BOISAET OIPEACTATh YaCTOTYy €€
KoNeOaHNH M CMEIIEHHE OTHOCHUTEIHHO MON0XKEHHS TOKOsL. Y CTPOHCTBO
paboTaer B BakyyMe, ITOCKOJIBKY Ha BO31yXe OOJBIIOE YHCIO MOJEKYI
OyZzeT CTamKUBaThCs ¢ HAHOTPYOKOI MiTH axke abcopOMpoBaThCS Ha HEll.
B 3aBucumoctd OT BO3AEHMCTBHSI BHEIIHEH CUJIBI Ha H3MEPUTENBHBIN
npeobpazoBaTens OH U3MEHSET CBoe MoJokeHue. JlocTurHyTas
YyBCTBUTEIBHOCTh YCTPOMCTBA MO3BOJIIET M3MEPSTh cMettenue B 0,5HMm.
1) Cdepa npuMeHESHUsI 30HOBOTO TaTUHKA

30HIOBBIA JaTYMK YCTPOWCTBO, BKIIIOUAIONIEE TBEPAOTEIbHBIN
OCTPUMHBIA 30HA, THOKYIO NMPYXXMHHYIO KOHCOJb - KaHTHIEBEp (aHTII.
cantilever - KOHCONb) W KpHCTaIDT (Aep)katens). B mmreparype 3T0
YCTPOMCTBO HEPEAKO HAa3bIBAIOT MPOCTO «KaHTHIEeBepom». M3rub
KaHTWIEBEpa C 30HJOM pPETHCTPUPYETCS OOBIYHO C ITOMOIIBIO
OTPaXEHHOTO  JIa3epHOrO  Mydka cBeta W (OTONpPHEMHHKA.
Pazpematomast criocoOHOCTh CKaHMPYIOIIMX 30HAOBBIX MHKPOCKOIIOB
ompeziensieTcsl  CISIYIOIIMMH  IlapaMeTpaMd  KaHTWIIEBEpa:  pajuyc
3aKPYTJIEHUS OCTPUS WIJIBI; BBICOTA WIJIBI, ACIEKTHOE COOTHOIICHHE
UITIBI, XapakTepu3yeMoe YIJIOM KOHyca; y Hauboyiee COBEpIIEHHBIX
KaHTUJIEBEPOB aCTIEKTHOE COOTHOIICHHE JOCTUraeT BenuuuHbl 15:1. J{ms
W3TOTOBJICHUS KAHTWUJIEBEPOB  HCIIOJB3YIOTCS  IHOJIYHPOBOJHHKOBBIE
rwiactubl (Hanpumep, KJIB-12: kpemuuii p-tuna opuentanuu {100}).
Ponb n3onmupytoriero ciost BeIonHseT Anokena kpemuus SiOz. Koncob
KaHTWieBepa (QopMmupyeTcs 3JEKTPOXMMHYECKUM  TpaBICHHEM B
noporperoM pactope mesnourn KOH. B nponecce tpaBienus 3aroroBka
MEIUIEHHO TOJHMMAETCsl W3 pacTBOpa INENOYM ISl  TOJy4eHHS
KOHWYECKOH (MJIM MTPU3MATH4YeCKON) (POPMBI UITIBI C OCTPHIM KOHIIOM.
ITpOMBIIIIIEHHOCTBIO OCBOEHBI B CEPUHHOM IIPOM3BOJCTBE AECATKH BHIOB
KOHCTPYKIMHU KaHTHIIEBepOB. OHH BBITYCKAIOTCS C OJHOH, ABYMS, TpeMs U
9eTBIppMS KOHCOSIMU. KOHCOJIB MOXXET OBITh B IIAHE MPSMOYTOJIBHON WIIH
TPEyroNbHON, JAJMHHONH WM KOPOTKOH, C TOKPHITHEM WM O€3 IOKpPBITHSL.

Panuyc 3akpyrieHus uriasl 30H4a - ot 1 10 25 HM..

4.3. Tlpaktuyeckue (ceMUHAPCKUE) 3aHATHUSL
Tembl mpakTUUECKUX 3aHATHI U UX TPYJOEMKOCTh IPUBEIECHBI B TAOIHILIE 5.




Tabmuna 5 — [Ipaktudeckue (CeMUHAPCKHE) 3aHITHS U UX TPYJOEMKOCTh

N3 Hux Ne
Ne | Tewmsl npaktudeckux | @opmel IpakTU4EeCKuX | TpynoeMKOCTh, |IIPAaKTHUYECKOM |pasnena
/1 3aHSATUN 3aHATUN (uac) MMOATOTOBKH, | THUCITHIT
(dac) JIUHBI
Cemectp 7
1 OCHOBHBIE YePTHI AHanu3 ¥ OlLleHKa PECypCoB, 2 1 1
coBpeMeHHBIX I T. HEOOXOIUMBIX IS
CTpYKTYpUpPOBaHHOCTH ynpasieHus: HHQopManue,
CTaHAAPTOB LU(PPOBOTO [10, HeoOxoauMoe At
oOMmenHa JaHHBIMH CO3/J1aHusl, XpaHCHUH,
AIIT'OPpUTMOB yrpaBJi€Hus, n€peaainu u
MOWCKa HH(pOpMALIH
HccnenoBanue [IpoBeneHue BHEMIHETO 2 1 2
HOBerHOCTI/I METOA0M OCMOTpa U MOATOTOBKa C3M k
ATOMHO-CHIIOBOI paborte, moarotoBka odpasua K
MHKPOCKOTTHH HCCIICI0BAHUIO
Hccnenoranne O6paboTka pe3ybTaToB 2 1 7
IMOBEPXHOCTH METOOM HCCIIeI0BaHMs 0Opasia 1
ATOMHO-CHJIOBOM aHajms pesybTaTos
MHKPOCKOITHI H3MEPCHITH
IloaroroBka [opsinox n 2 1 11
AJIEKTPOHHOTO MOCJIE/I0OBATENILHOCTD
MHKPOCKOTIA BKITFOYCHUS M BBIKJTFOUCHHS
(yHKIIMOHATIBHBIX C3M wmoa. Solver PRO-M
6J10K0B (y3710B) K pabote
B OCHOBHBIX pabouux
pexIMax
Bcero 8
4.4. JlabopatopHble 3aHATUS
Tembl 1a00OpaTOPHBIX 3aHATUHN U UX TPYIOEMKOCTh IPUBEACHBI B TabHIIE .
Tabnuna 6 — JlabopatopHble 3aHATHS U UX TPYJOEMKOCTh
N3 Hux No
No TpynoeMKocTb, | TPaKTUYECKOW | pa3aena
HaumenoBaHue 1a60paTopHBIX paboT Py - | P P
/1 (gac) IMOATOTOBKH, | DUCIIHAI
(gac) JIMHBI

VY4eOHbIM MJIaHOM HE MPEAYCMOTPEHO

Bcero

4.5. KypcoBoe nmpoeKkTHpoBaHHe/ BHITOTHEHUE KypCOBOU PabOTHI
Y4eOHBIM MJIaHOM HE IPETyCMOTPEHO

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

Tabnuna 7 — Bunbel caMmocTosTenbHON pabOThI M €€ TPYAOEMKOCTh

. Bceero, | Cemectp 7,
Bun camocrositensHO# paboTh
qac qac
1 2 3
W3yueHne TeOpeTHIecKoro MaTepuasia 8 8
qucturiaHbl (TO)
KypcoBoe npoextuposanue (KII, KP)




Pacuetno-rpaduueckue 3aganus (PI'3)

Brimonnenue pedepata (P)

[ToaroroBka K TeKyIieMy KOHTPOJIIO
ycneBaemoctu (TKY)

Homamnee 3amganue (/13) 80 80
Konrtpomnbusie pabotsl 3a04nnkoB (KP3) 4 4
[ToaroroBka K MpOMEKYTOUHOM
arrectaiuu (I1A)

Bcero: 92 92

5. IlepeueHnb y4eOHO-METOAMYECKOTO OOECTICUCHUS
JUTSL CAMOCTOSTEILHON PabOThI 00YUAIONMIMXCS TT0 TUCIUIUIMHE (MOTYITIO)
Y4eOHO-METOIMUECKNE MaTePHAIbl JIJII CAMOCTOSITEIIbHON PabOThl OOYYArOMIMXCSl YKa3aHbI B

ma. 7-11.

6. IlepeueHb MeYaTHBIX U ANEKTPOHHBIX YUEOHBIX U3TAHUN
[lepedyeHpb neUaTHBIX U DJCKTPOHHBIX Y4eOHBIX M3/IaHUH MPUBEIEH B TaOIUIE 8.

Tabnuna 8— [lepedeHb MeYaTHBIX U JIEKTPOHHBIX YUEOHBIX U3TAHHIMA

Tudp/
URL agpec

bubnuorpaduyeckas ccpuika

Kc

OK3

. https://docs.cntd.ru/document/1200114756

I'OCT P UCO/TC 80004-1—
2014. Hanorexnomnoruu.
TepMuHbl M oOmpeneIeHUSL.
OCHOBHBIE TEPMHUHBL. —
Texkcr : aaekTpoHHBIH [/
Crangaptuadopm

https://www.iso.org/standard/68058.html

Nanotechnologies — Vocabulary —
Part 1: Core vocabulary. — Teker :
anexktpornslii // 1SO : [caiir]. — :

https://docs.cntd.ru/document/1200114757

I'OCT P UCO/TC 80004-2—-2014.
Hanorexnonoruu. TepmMunsl u
onpexaeneHus. HoHOOOBEKThI. —
TeKCT : 3NMEeKTPOHHBIH //
Crannaptuadopm : [caiit].

Tekcr | HenmoCcpeCTBEHHBIN.

IInerHes, M. IO.
Hanouactuiesl B MeauIuHe
. CBOICTBa, OHMOJIOTHYECKOE
JnencTBue, 0€30IacHOCTh /
M. 1O. [IlmermeB. —
Mocksa : Menuiuna, 2021.
—320c.

Tekcr : HenmocpeCTBEHHBIN.

Caxapos, H. B. OcHoBBI
pacTpoBOM 3IEKTPOHHOM
MHUKPOCKOIIUH : yuyeOHOoe rocodue
/ H. B. CaxapoB. — HwxHuit
Hosropog, 2021. — 90 c.

Tekcr : HenmoCcpeCTBEHHBIN.

baxmatos, I1. B. PactpoBas
3NEKTPOHHAS MUKPOCKOIHUS KaK
WHCTPYMEHT pelIeHus



https://docs.cntd.ru/document/1200114756
https://www.iso.org/standard/68058.html
https://docs.cntd.ru/document/1200114757

WHXCHEPHBIX 3a/1a4 B CBApKeE :
yuebHoe nocodue / I1. B.
baxmaros, B. B. I'puropses, A. A.
Kanyruna. — Mocksa ; Bosorga :
WNudpa-Umxenepus, 2024., 148 c.

TeKCT : HEenmoCPEICTBEHHBIM.

Mopozosa, K. H. OcnoBbl
3JIEKTPOHHONW MHUKPOCKOIUHN

ygeOHOe Toco0ue IS
By3oB / K. H. Mopo3oBa. —
2-e ma. — Mocksa
WznatensctBo HOpaiit, 2022,
84c.

https://www.gost.ru/portal/gost/home/activity/standardization/tk

TK 441 «HanorexHonorumy. /
Poccranmapr : [caitT].

https://docs.cntd.ru/document/1200093608

I'OCT P 8.774-2011.
lNocynapcTBenHas cucrema
o0ecrieyeHus: €qUHCTBA
n3Mmepenuil. HanomaTtepuansl.
Mertponorudeckoe obecriedeHue
U3MEPEHUN XapaKTEPUCTUK
HaHOYaCTHL. — TeKCT :
anekTpoHHbIi // CTranmapTHHGOPM
: [caidt].

https://www.iso.org/committee/381983.html

ISO/TC 229 Nanotechnologies.
— Tekcr : anextponusiii // 1SO
. [caidt].

CchUika Ha dJICKTPOHHBIH Katanor bubmuorexu 'Y AIT

HaumenoBanue 3JIEKTPOHHOT'O
y4eOHOTO U3aHHUS

Ko
JK?

https://lib.guap.ru/jirbis2/index.php?option=com_irbis&view=irbis&ltemid=108

IlyTuiaoBa
Hapexna BaragumupoBHa.
CoBpeMEHHBIC PEISIIHOHHBIC 0a3bI

JAHHBIX :  y4eOHO-METOIMYECKOE
nocobue / H. B. Ilyrunosa, M. B.
Benmuko ; C.-Iletep6. roc. yH-T

a3pPOKOCM.  MPUOOPOCTPOCHHS. -
ONEeKTPOH. TeKCTOBbIe naH. - CaHKT-
[etepOypr : U3n-so I'YAIIL, 2023. -
92 c. - Cucrem.
tpeboBanus: ACROBAT READER
5.X. - b. 1. - TeKCT : 2MEeKTPOHHBIH.

7. IlepeueHb 37IEKTPOHHBIX 00pa30BaTENbHBIX PECYPCOB
MH(POPMALIMOHHO-TEIEKOMMYHUKAIIMOHHOHN ceTn «HTepHeT»
Ilepeuenn JJIEKTPOHHBIX o0pa30BaTeNbHbIX pecypcosB MH(}OpPMaLOHHO-
TEJIEKOMMYHHUKAIIMOHHON ceTn «MHTepHeT», HEOOXOOUMBIX JUIsI OCBOCHHUS JTUCIMILIMHBI

npuBeieH B Tabmuie 9.

Tabmuma 9 - IlepedyeHb DIEKTPOHHBIX O0pa30BaTENbHBIX PECYpPCOB HMH(POPMAIIMOHHO-
TEJIEKOMMYHUKAIIMOHHOU ceTH «HTepHEeT»

URL anpec HaumenoBanue
http://science.quap.ru Hayunast 1 vHHOBaMOHHas aesTeapHOCTh ['Y ATl
http://www.consultant.ru CmpaBouno-mipaBoBas cuctema «Koucynsrant ITmrocy
http://www.garant.ru UndopmanmonHo-npasoBoii noptan «I'’APAHT»
http://list-of-lit.ru Crucok uTeparypsl 0 HAHOTEXHOJIOTHH
/nano/nnotechnologii



https://www.gost.ru/portal/gost/home/activity/standardization/tk
https://docs.cntd.ru/document/1200093608
https://www.iso.org/committee/381983.html
https://lib.guap.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=108
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/

8. Ilepeuens nHDOPMAITMOHHBIX TEXHOJIOTUN
8.1. [lepeuenp mMPOrpaMMHOTO OOECIIEUCHHMsSI, HCIIOIB3yeMOTO TPH OCYIIECTBICHUH
00pa30oBaTeNLHOTO MpOoIiecca MO AUCIUILTHHE.
[lepedeHp UCIONB3yEeMOTr0 MPOrPaMMHOT0 obecnieueHus npejacrasieH B Tabuuie 10.

Ta6ymma 10— [Tepeyers mporpaMmMHOTO oOecrieueHus

Ne i/t Haumenosanue

He npenycmorpeno

8.2. IlepeucHb HH()OPMAIMOHHO-CIIPABOYHBIX CHUCTEM,HCIT0JIb3yEeMBIX pH
OCYIIECTBIIEHUU 00pa30BaTEIHLHOTO MPOIIecca MO UCIUILTUHE

[lepeyeHb UCHOAB3yeMBIX HH(POPMAIIMOHHO-CIIPABOYHBIX CHCTEM IIPEJICTaBICH B
Tabauie 11.

Tabnuna 11— [lepeuens nHGOPMAITMOHHO-CIIPABOYHBIX CUCTEM

Ne i/m HanmeHnoBaHue

He npenycmotpeno

9. MarepuanbpHO-TeXHHYECKast 6a3a
CoctaB  MaTepUAILHO-TEXHUYECKOH 0a3bl, HEOOXOMUMOW Ui  OCYIIECTBIICHUS
00pa30BaTeILHOTO MpoIiecca MO TUCIUIUIHHE, IPEICTaBICH B Tabmuiel 2.

Ta6mmma 12 — CoctaB MaTepualibHO-TEXHHUECKOM 0a3bl

Ne HanmeHnoBaHue cocTaBHOM yacTu Homep aynutopun
n/n MaTepHATbHO-TEXHUYECKOH Oa3bl (mpu HEOOXOMMOCTH )
1 | MynpTuMenuiiHas JeKUUOHHAs ay IUTOPUS 52-51

10. Onenounble cpeacTBa AJs MPOBEIEHUS TPOMEXKYTOUHOM aTTecTaIllu
10.1. CocTaB OIICHOYHBIX CPEICTBAJS TPOBEACHUS TPOMEKYTOYHOH aTTeCTAI[UH
oOyyaromuxcst o JUCUUIUIMHE puBeAeH B Tabnuue 13.
Tabmuua 13 — CocTaB OLIEHOUYHBIX CPEACTB Il IPOBEJICHHsI TPOMEXYTOUYHOM aTTecTaliu

Bug HpOMe)KYTOQHOﬁ aTTeCTallun Hepequb OILICHOYHLIX CPCACTB

3auer IlepeueHp BONpOCOB;
[TpumepHas TeMaTHKa /17151 TECTUPOBAHUS

10.2. B kadectBe KpUTEpUEB OICHKH YpOBHSA C(HOPMHUPOBAHHOCTH (OCBOCHUS)
KOMIIETEHIIMH 00ydJarouMMHcs MpUMEHseTcsl 5-0ajuibHas IIKaja OLEHKU C(HOPMHUPOBAHHOCTU
KOMIIETEHIIMH, KOTopas nmpuBeaeHa B Tabnuie 14. B Teyenune cemecTpa MOXKET UCIOJIB30BATHCS
100-0annpHast ~ mKajma ~ MOAYJBHO-PEUTHMHTOBOM  CHUCTEMbl ~ YHUBEpPCUTETa,  IpaBHUIIa
HCIIOJIb30BaHUsI KOTOPOW, YCTAHOBJIEHBI COOTBETCTBYIOLIMM JIOKAJIbHBIM HOPMAaTHUBHBIM aKTOM
I'VAIL
Tabnuna 14 —Kpurtepuu onieHKH ypoBHS c()OPMHUPOBAHHOCTH KOMITETEHIIUHN

Or1eHKa KOMITETEHITUH

XapakTeprcTrka COpMUPOBAHHBIX KOMITCTECHITHIA

5-0ayupHas mKana




OI1reHKa KOMIIETEHITN

5-0aiubHas mKana

XapaxrepucTrka chopMUPOBAHHBIX KOMIIETEHIUI

— o0yyvaromuiics TJIyOOKO ¥ BCECTOPOHHE YCBOMJ IPOTPaMMHBIN
MaTepHa;

— YBEPEHHO, JIOTHYHO, TI0CIICJOBATEIbHO M TPAMOTHO €ro U3JIaracr;

— OIrpasACh Ha 3HAHUA OCHOBHOH n HOHOHHHTGHBHOﬁ JINTCPATYypBhbI,

OTIIMYHON o
GatTeHOY TECHO MPUBS3LIBACT YCBOCHHBIC HAYYHBIC MOJIOXKEHUS C MPAKTUYECKOM
JIESITCIIBHOCTBIO HAIPABJICHHS;
— yMeJI0 000CHOBBIBAET U apI'YMEHTUPYET BBIIBUTACMBIC UM HJICH;
— JIeJIaeT BBIBOJIBI U 000O0IIEHMS;
— cBOOOJIHO BJIAJICET CHCTEMOM CIIeUaTN3UPOBAHHBIX TOHSTHH.
— 00yJaromuics TBEPI0 YCBOWII MPOTPaMMHBIA MaTepHall, TPaMOTHO U
[0 CYIIECTBY H3JIaraeT €ro, ONupasch Ha 3HAHUS OCHOBHOMU
JUTEPATYPBI;
ODOLLION — HE JIOMYCKAeT CYIECTBEHHBIX HETOYHOCTEH;
P — YBSI3BIBACT YCBOCHHBIE 3HAaHUS C MPAKTHYECKON JESITEITBbHOCTHIO
«3auTEHOY .
HaIPaBJICHUS;
— apryMEHTUPYET HAy4YHbIC TOJIOKCHUS;
— JIeJIaeT BBIBOJIBI U 0000IIEHMS;
— BJIQJICET CHCTEMOM CIeNMaIN3UPOBAHHBIX TOHITHH.
— 00y4YaroNuiicss YCBOMJI TOJIBKO OCHOBHOHM MPOrpaMMHBIN MaTepuall,
[0 CYIIECTBY H3JIaraeT €ro, OMUPAasCh HA 3HAHHUS TOJIBKO OCHOBHOMU
JTUTEPATYPHI;
— JIOMyCKaeT HECYNIECTBEHHBIC OIMUOKN U HETOYHOCTH,
«Yy/IOBJIETBOPUTEITHLHOY .
— WCIIBITBIBACT 3aTPYJHCHHSI B IMPAKTHUYECCKOM NPUMEHCHUU 3HAHUH
«3AUTEHOY
HaIPaBJICHUS;
— cJ1abo apryMEHTHPYET HaydHBIC ITOJIOKCHHS,
— 3aTpyAHseTcs B (OPMYyITUPOBAHUN BBIBOJIOB M 000OIICHUI;
— YaCTUYHO BJIQJICET CUCTEMOM CICIMATU3UPOBAHHBIX TOHSITHIA.
— O0ydJaromuiicss HE YCBOWJI 3HAYUTEIBHOM 4YacTH MPOrPaMMHOTO
MaTepuana,
— JIONyCKaeT  CYIIECTBCHHBIE  OIMMMOKA W  HETOYHOCTH  IIPH
«HEYNIOBJICTBOPUTEIILHO) ’
paccMOTpEeHHH MPOoOJIeM B KOHKPETHOM HalpaBlIeHUY;
«HE 3a4TCHOY

— MCIIBITHIBAET TPYIHOCTH B MPAKTUYECKOM PUMEHEHNHN 3HAHUM;
— HE MOXET apryMEHTHPOBATh HAYYHbIE MTOJIOKCHHS,
— He QOpMYJIHMPYET BHIBOJAOB U 000OLICHHIA.

10.3. TunoBbie KOHTPOJIbHBIC 33aHUS WIIK MHBIE MaTePUAIIBI.
Bormpocs! (3agaun) nms sKk3ameHa mpeicTaBlieHbl B Tadnmie 15.

Tabmuma 15 — Borpocs! (3agaun) 115 9K3aMeHa

Ko
Ne i/m [Tepeuens BompocoB (3a1a4) AJisl DK3aMEHa A
HHJUKATOpa
Y4eOHBIM MJIAHOM HE PEIYyCMOTPEHO
Bompocsr (3amaun) s 3aueta / qudd. 3auera npejpacraBieHsl B Tadbmuie 16.
Tabnuua 16 — Borpocs! (3a1aun) ams 3aueta / qudd. 3auera
Ko
No mi/mm [Tepeuens BompocoB (3a1a4v) 1yist 3adeta / nudd. 3auera A
HHAUKATOpa
1 OCHOBHBIE MOJIOKEHUS TEKIUH, TpounTaHHOU P. @eitnmManoM B 1959 . TIK-1.3.3
2 I'e u B Kakoif 00JaCTH MPOMBIIUIEHHOTO IIPOU3BOCTBA BIICPBEIC CTAIN TIK-1.3.4
pEaIN30BBIBAT UICH HAHOTEXHOJIOTHA?
3 Oco6eHHOCTH HaHOPa3MEPHBIX BETTHYUH U UX KOJIMYECTBCHHbBIC 3HAYCHUS. T1K-3.3.3
4 Pabotsr akanemuka JK.U. AndepoBa B 061acTv HAHOTEXHOIOTUH T1IK-3.V .3
5 B kakoii 0651acTi NPOMBIIJIEHHOTO TIPOU3BOICTBA BIIEPBEIE CTAIN IK-1.3.3
pEaNn30BBIBATh UJICH HAHOTEXHOJIOIHH?
6 Wnes nexkmum J. [lpeaunrepa «UTo Takoe KU3HD ¢ TOYKU 3pEHUS IK-1.3.3..




bu3MKI»?

7 OCHOBHBIE TIOJIOKEHUS JICKITUH, TpounTaHHoi P. detinmanom B 1959 r. TIK-1.3.3

8 OCHOBHBIE MOHATHS U ONIPEENICHUS B 00JIaCTH HAHOTEXHOJIOTHIA [1K-1.3.3

9 YeM HaHOCTPYKTYHPOBaHHBIE MAaTepUAJIbl OTIMYAIOTCS OT KIACCHYECKUX I1K-1.3.3
MaTepHuaaoB?

10 OCHOBHBIE 0OCOOCHHOCTH HAHOPa3MEPHBIX BETHYHH, UX KOJHYECTBEHHOE [1K-1.3.4

3Ha4YeHUeE.

11 EnuHume! m3sMepeHns 1 HAaMMEHOBAHHS B 00J1aCTH HAHOTEXHOJIOTHIA T1K-1.3.4

12 Jluneiinble pa3mMepsl 0cOOEi JKMBOTHOIO MHpPa M UCKYCCTBEHHBIX 00bekToB | [1K-1.3.4
B CPaBHUTEJbHBIX 3HAUEHHUSIX HAHOTEXHOJIOTUH

13 OcHOBHBIE COOBITHSI HICTOPUU PA3BUTHSI HAHOTEXHOJIoruH B epuox ¢ 400 r. | TIK-1.3.3
JoHa. Mo 1959 T.

14 OcHOBHBIE COOBITHSI ICTOPUY PA3BUTHSI HAHOTEXHOJIOrHH B repuox ¢ 1959 | TIK-1.3.3
110 H/B.

15 PazHble Moaxo/p! K HAYYHOMY OIpEJETICHUI0 TepMHUHa «HaHoTexHomorus» | [1K-1.3.3

16 O pabotax XK.W. Andeposa B 001acTH HAHOTEXHOJIOT Ui IK-1.3.3

17 OcHoBHbIE uaen J. Jlpekcinepa o pojie HAHOTEXHOJIOTUN B Pa3BUTUHU I1K-3.33
COBPEMEHHOTO 00IIeCTBa, H3JI0KEHHbIE B KHUre «MalliuHbl CO3MIaHus

18 OCHOBHBIE OIICHKH OXHAAEMbIX TMapamMeTpoB HaHoMmexanuueckux | [1K-3.Y.3

YCTpPOMCTB.

19 XapakTepHuCTHKa ¥ NPUHIUI PabOThl HAHOYCTPONCTBA B KHBBIX I1K-3.3.3
opraanzMax (Ha npumepe Monekyisl «AT® Cunrazay).

20 VYraepon B pUpo/ie, B YeM 3aKIFOUACTCsI ero ocobast poJib? [K-1.3.4

21 [pocTeiimme KOHCTPYKIIUH MTPHOOPOB U Y3JI0B OTACIHHBIX PA3INIHBIX [K-1.3.4
HaHOYCTPONCTB

22 BosMosxHBIE TyTH TpUMEHEeHUS TIprOopoB u Mamud MHT [1K-1.3.4

23 TIpUHIUITBI CAaMOOPTaHU3AIIMH, TPUCYIIIHE HAOOJIee PacIpPOCTPAHSHHBIM I1K-3.3.3
00beKTaM HaHOTEXHOJIOTHIA

24 [puHIUITE caMOCcOOPKH, IPUCYIIIE HAaHOO0IIee PacTIPOCTPAHCHHBIM I1K-3.3.3
00bEeKTaM HaHOTEXHOJIOTHH

25 Ucnons3oBanne camoopranmsaiuu B HT. OcHoBHble cBoiictBa | I1K-6.3.1
CaMOOPTaHN3YIOIIUXCS CHCTEM

26 Hanomatepuansl, HaMEHOBaHHWs, Ha3HaueHHWE, OCHOBHEIC ompeneneHus, | [1K-1.3.4
Kakue 00BEKThI K HUM OTHOCSTCA?

27 OCHOBHBIC THITBI HAHOMATEPHAJIOB, pa3feieHue no mpusHakam m3mepenuit | I1K-1.3.3
U pa3MEpPHOCTH

28 OCHOBBI KJITaCCH()UKALINHU U THITBI CTPYKTYP HAaHOMAaTEPHAJIOB I1K-3.3.3

29 OCHOBHBIE KaTerOpUH HAHOMATEPHUaIoB [K-3.V.3

30 OCco0OeHHOCTH CBOWCTB HAHOMATEPHAIIOB, HAMPaBIeHUs ux ucnoab3opanus | [1K-1.3.4

31 OcHOBHBIE 007aCTH IPUMEHEHHUS] 0OBEKTOB HAHOCTPYKTYPHBIX OOBKTOB I1K-1.3.4

32 Kparkasi xapakTepuCTHKa KOHCTPYKIMOHHBIX, HWHCTpymeHTanbHbix u | [1K-3.3.3
N3HOCOCTOMKHMX MaTepHasIoB

33 Hcnonp3oBaHne HAHOMATEPUAIIOB B AJIEKTPOHHOM TEXHUKE I1K-1.3.4




HasHaquI/Ie, KpaTKasg XapakKTECpUCTUKA DJICKTPOHHOI'0O MUKPOCKOIa

34 dusnyeckuid  cMbicn  cBoMictB  OM:  yBemmuenue, pasperuenue, | [1K-1.3.3
pasperarnas CrocCoOHOCTb.

35 YcnoBust GopMHUPOBaHHUS M CBOMCTBA AJIEKTPOHHOT'O JIy4a MUKPOCKOIA [K-3.¥.3
36 OU3HYECKII CMBICIT XpOMaTHIECKOH abeppariin IK-1.3.3
37 B uyem pasnumume XapakTepUCTHUK  paspemienus onrtudeckoro wu | 11K-1.3.4

SJICKTPOHHOT'O MUKPOCKOIIOB

38 XapaKTepHCTHKa pa3penramnei cnocooroctn M [IK-1.3.4
39 Hasnadyenue u ycTpoiiCTBO U CBOICTBA HCTOYHHKA AJIEKTPOHOB IK-3.3.3
40 KoHCTpyKTHBHBIE 0COOCHHOCTH CHCTEMBI OCBeleHnsT DM I1K-1.3.4
41 Y CTpoHCTBO CHCTEMBI KOPPEKIIMU acTUTMaTH3Ma B OM [K-3.3.3
42 [Ipuniun paboThl U YCTPOMCTBO cUCTEMBI n300paxkeHust M [1K-1.3.4
43 . brok-cxema u mpuHIIT padoTel MuKpockona bCOM [IK-3.3.3
44 bnok-cxema u npuHIun aeiAcTBusi Oxe-CreKTpoMeTpa IK-3.3.3
45 @DOTONEKTPOHHAsT PEHTIEHOBCKasl —CHeKTpockomus, Oiok-cxema, | I1K-3.3.3

MIPUHIIUAIT ,I[eﬁCTBPISI

[lepeuens TeM JIsi KypCOBOTO TPOCKTHPOBAHUS/BBITIONHEHUS KYPCOBOW pPabOTHI
MpeICTaBICHBI B Ta0mwmIe 17.
Tabmuna 17 — IlepedeHn TeM JUIsi KypCOBOTO IPOSKTHPOBAHMSI/BBITIOJTHCHUST KYPCOBOM paOOTHI

No 1/ [TpuMepHBIii IepedeHb TeM I KypCOBOI'O IMPOEKTUPOBAHUS/BBIIOIHEHHS
B KypCcOBOi1 pabOThI

Y4eOHBIM IUTAHOM HE MMpEaAYCMOTPCHO

Bompocsl 111 mpoBeeHHsT TPOMEXKYTOYHOM arTecTalli B BHUJIE TECTUPOBAHUS
IpeJICTaBICHBI B Ta0wmie 18.

Tabmmna 18 — [IpumepHBbIii TepedeHb BOITPOCOB JJIsI TECTOB

. Koz
Ne n/mt IIpuMepHBIii IEpeYeHb BOIIPOCOB ISl TECTOB
HHJAUKATOpa
1.. UccnenoBanue MUKpPO- U HAHOCTPYKTYP. . [1K-1.3.3,

Hauano Bompoca: Kakue MeTOAB! JMarHOCTHKA Hamboliee pacmpoCTpaHeHbl Wi | [TK-1.3.4
uccie0BaHus pU3NYECKUX MapaMeTPOB U XapaKTEPUCTHK HAHOOOBEKTOB!

- 3JIEKTPOHHAsI MUKPOCKOIIHS BEICOKOTO pPa3peIIeHus;

- OTpa)kaTeJIbHas 3JIEKTPOHHAS MUKPOCKOIIHS;

- MUKPOCKOIIHA MCIJICHHBIX 3JICKTPOHOB.;

- ONTHYECKass MUKPOCKOIIHS.

2. Baxnelmue TEXHOJIOTHYECKHE OCTIKEHHS BO BTOPOW TMOJOBHHE JBAIATOTO
CTOJIETHSL.

Hauano Bompoca: Uro cnocoGcTBoBano, B HauOOJbIIEH CTENEHH, WHTCHCUBHOMY
Pa3BUTHIO HAHOTEXHOJIOTHI B CTpaHe U 3a pyoexom?

Hauano Bompoca:

- TEXHOJIOTHSI CO3/JaHMS AIEKTPOBAKYYMHBIX TPHOOPOB;

- CO3JJTaHNE MUKPOMOAYJIBHBIX DJICMCHTOB,

- CO3JITaHNE MHTCTPAJIBHBIX IEYATHBIX IJIAT,

- CO3aHHUE TTOYTIPOBOTHUKOBBIX HJIEMEHTOB 3JIEKTPOHHOW TEXHUKH.

3. ®usnyeckas CynHOCTh 3akoHa ["'opoHa Mypa.

Havarno Bompoca: B uem 3akirogaercsi CMBICT AIMIUPUIECKOT0 3aKkoHa Mypa?

- OOBSACHST MPUHIHII OTYICHUS YepPHO-0eI0ro n300paskeHus Kaapa TeIeBU30pa;

- 3aKOH OOBSCHSCT MPHUHIUI (DYHKIIMOHHPOBAHUS ONTOBOJIIOKOHHOTO 3JICMEHTA,




- IIpeAEIbHBIC TPAHUIBI OBICTPOJCHCTBUS KOMIIBIOTEDPA;
- IPEAEIbHOE YUCIIO pa3MELICHNs TPaH3UCTOPOB HA IIEYaTHOH IUIaTe KOMIBIOTEPA.
4. CpencTBa H3MEPEHHUS ISl HCCIIEIOBAHUS HAHOCTPYKTYD.
Hagano Bompoca: B ueMm 3akimodaeTcss OCHOBHBIE JOCTOMHCTBA 3JIEKTPOHHOTO
MHUKpOCKoTa?
- yIy4IIeHbI BECOBBIE U rabapUTHBIC XapaKTEPUCTHKU IPHOOPOB,
- BO3MOXKHOCTbH IIU()POBOTO NPEICTABICHNS PE3yIbTaTOB aHAIN3A;
- Oojee coBeplICHHAas, 10 CPaBHEHHIO C ONTHYECKUM MHKPOCKOIIOM, CHCTEMa
MOJTy4eHHs] 1300paXkeHUs Ha0JII0JaeMoro 00 BEKTa;
- BO3MOXHOCTb MOJIyYeHUsI O0Jiee pa3sHOOOpa3HO HHPOpMALUU 00 00BEKTE;
- IPe/eIbl YBEIMYCHUSI NCCIIeTyeMOTo 00beKTa.
5. OcHOBHBIE TapaMeTPBl U XapaKTEPUCTUKH MUKPOCKOIIOB.
Hauano Bompoca: HaszoBure mnpenenbHble 3HAUCHMS XapaKTEPUCTHKH yBEIMYCHUS
ONITHYECKOTO MUKPOCKOTIA:
- 100 pas;
- 200 pas;
- 400 pa3;
- 700 pas;
- 1000 pas3;
- 1500 pa3
6. OcHOBHBIE MTapamMempbl U XapaKTEPUCTUKA MUKPOCKOTIOB.
Hauano Bonpoca: [IpenenbHblie 3Ha4eHUS YBETHMUYCHUS AIEKTPOHHOTO MUKPOCKOTIA:
- 1000 pasz;
- 2000 pas;
- 5000 pas3;
- 8000 pas3;
- 1myH. pa3z;
- 2 MJIH. pa3
7. OcHOBHBIE TTapaMempbl U XapaKTEPUCTUKH MUKPOCKOTIOB.
Hauano Bompoca: Yem ompenensiercst paspemuaromas CHOCOOHOCTh ONTHYECKOTO
MHKPOCKOTIa:
- YPOBHEM OCBEILIEHHOCTH paboueil JIMH3BI;
- BEJIMYMHOMN (POKYCHOTO PacCTOSIHUS;
- COBEpPLICHCTBOM OTKJIOHSIOLICH CUCTEMBI;
- JUIMHOH BOJIHBI CBETA.
8.OCHOBHBIE TApaMEeTPhI U XapaKTEePUCTUKHA MHUKPOCKOIIOB.
Hauano Bompoca: Uem ompexenseTcs paspeniaromas CIOCOOHOCTb 3JIEKTPOHHOTO
MHKPOCKOTIA:
- KOHCTPYKINEH CHCTEMBI H300pa)kKeHNsI MUKPOCKOTIa;
- YCTPOMCTBOM 3JEKTPOHHOM MYILKH,
- CHCTEMOH CUNTHIBaHUS PE3yJIbTaTOB 00pabOTKN U3MEPEHHH;
- PacCTOsIHMEM IPOJIeTa IEKTPOHA;
- CKOPOCTBIO MIPOJIETA ANEKTPOHA.
9. Ilpeumy1iecTBa 3J€KTPOHHOTO MHUKPOCKOTIA.
Hauano Bomnpoca: UeMm 00BsiCHsIETCS BRICOKAsI pa3peniaonias criocoOHOCTh
ANIEKTPOHHOTO MHKPOCKOTIA:
- FEOMETPUYECKHMU pa3MepaMu pabodei 30Hbl;
- UCTIOJIL30BAHHEM 3JIEKTPOHHOTO TIOTOKA BMECTO CBETOBOT'O ITOTOKA;
- JUTMHOM BOJIHBI HJIEKTPOHA.
10. OcHOBHBIE TApaMETPHI U XapaKTEPUCTHKH 3JIEKTPOHHBIX MUKPOCKOTIOB.
Hauaio Borpoca: Ot 4ero 3aBUCHT BEJIMUIHHA BOJIHBI SJIEKTPOHHOTO ITOTOKA B
MHKPOCKOTIE:
- rabapuThl paboueii 30HbI;
- BEJIMYMHOM HAIPSDKEHHST Ha aHOJIE;
- KOHCTPYKIIMEH CHCTEeMbI H300paKeHHsI MUKPOCKOIIA;
- aPXUTEKTYPbI OTKJIOHSIOIIEH CHCTEMBI MUKPOCKOIIA
11. Kakas cepust CTaHIapTOB B HACTOSIIEE BPEMsI SBISIETCSI OCHOBHOM JUIst
craHnaptoB u3 odmactu UT?
a. cepust 25000;
b. cepust 9000;

c. cepust 14000,
d. cepus 16000.




12. Beigenure aBa OCHOBHBIX cTaHmapTa B obmactu UT.
a. 12207:1995;
b. 19760:2003;
c. 16326:1999;

d. 90003:2004;
.€.15288:2002.

13.HazoBure ab0peBHATYpy MEKIYHAPOIHOTO COI03a HICKTPOCBSI3H:
a. IEEE;
b. IEC;

c. ITU;
d. 1SO.

[lepeyeHb TeM KOHTPOJBHBIX PabOT MO AMCHUIUIMHE OOYYAIONIMXCS 3a04HOU (HOPMBI
o0OydeHus1, IpeICTaBIeHbI B Ta0mie 19.

Ta6ymma 19 — [lepeyeHb KOHTPOJIBHBIX PadbOT

Ne /i ITepeueHb KOHTPOJIBHBIX PabOT

V4eOHBIM IJIAaHOM HE MpeaAyCMOTPCHO

10.4. Meroauueckue  Marepuaibl,  ONpPEACISAIOIIMEe  HPOLEIypbl  OLIEHUBAHMS
WH/IMKATOPOB, XapaKTEpU3YIOMIUX dSTanbl (HOPMUPOBAHMS KOMIIETCHLIMH, COAEpKaTcs B
JOKAJIBHBIX HOpMaTuBHBIX akTax [YAII, pernameHTHpyOIIMX NOPSAAOK M IPOLEAYPY
NPOBEICHUS TEKYIEro KOHTPOJISI YCIIEBAEMOCTH M MIPOMEKYTOUYHON aTTeCTaluy 00yJaroIIuXCs
I'VAIL

11. Mertoauueckue yKazaHus Uit 00YJarOIIUXCsl IO OCBOCHUIO TUCIUTINHBI

11.1. Meroauueckue yKazaHus JUis OOy4arolIMXcs IO OCBOEHHUIO JIEKIIMOHHOTO
Marepuaia

11.2. OcHOBHOE Ha3HA4YCHHE JICKIIMOHHOIO MaTepHalia — JIOTUYECKH CTPOMHOE,
CHUCTEMHOE, TTyOOKOe M SICHOE M3JI0KeHHE yueOHoro marepuana. Ha3znaueHue coBpeMeHHOMU
JIEKIMU B paMKax JUCHUIUIMHBI HE B TOM, YTOOBI MOJYYUTh BCIO MH(GOpPMAIMIO MO TEME, a B
OCBOCHHUH (PyHJIaMEHTAJIbHBIX MPOOJIEM TUCIUILTUHBEI, METOI0B HAYYHOTO MO3HAHUS, HOBEHIIINX
JTOCTHIKEHUI HaydyHOUW MBICTH. B yueOHOM mpoliecce JIEeKIHs BBITOIHSET METOI0JIOTHYECKYIO,
OpraHU3AIMOHHYI0 U MHPOPMAIIMOHHYI0 (YHKIWU. JIeKIHs pacKpbiBaeT MOHATUMHBIN armapaT
KOHKpPETHOU oO0jacTu 3HaHUA, €€ MpoOJIEeMBbl, JaeT IEeNbHOE MPEJCTaBICHHUE O TUCIUILINHE,
MOKAa3bIBa€T B3aUMOCBS3b C JPYTUMU AUCIUIUIMHAMM.

[TnmanupyeMble pe3yJIbTaThl IPH OCBOCHUN 00YUYAOIIMMHUCS JICKIIMOHHOTO MaTepraa;

— TIOJIYYEeHUE COBPEMEHHBIX, LEJIOCTHBIX, B3aUMOCBS3aHHBIX 3HAHUW, YPOBEHb
KOTOPBIX OIPEIEISIETCS LEIEBOM YCTAHOBKOM K Ka)K/10M KOHKPETHOU TEME;

— TIOTy4YeHHE OMBITa TBOPUYECKOM pabOTHI COBMECTHO C MPEMO/IaBaTEIIEM;

— pa3BuTHE MNpOodecCHOHANBHO-IETOBBIX  KAauecTB, JIOOBU K  TpeaMeTy U
CaMOCTOSTEJIbHOTO TBOPUYECKOTO MBIIIJIEHUSI.

— TIOSIBJIEHHWE HEOOXOAMMOTro HHTEpeca, HEOOXOAMMOTO JIJIsi CAMOCTOSITEIbHONW PabOTHI;

— TIONy4eHHE 3HAHUW O COBPEMEHHOM YPOBHE pa3BUTHA HAYKH W TEXHUKH H O
MIPOTHO3€ WX Pa3BUTHS Ha OJIMKAUIIINE TOJIBI;

— HAY4YUTHCS METOAMYECKH 00pabaThiBaTh MaTepwall (BBIACHATH TJIaBHBIE MBICTU U
MOJIOKEHHUS, TPHUXOAUTh K KOHKPETHBIM BBIBOJIaM, TMOBTOPSATh WX B Pa3IHMYHBIX
bopMynupoBKax);

— TIONy4YeHHE TOYHOTO MOHMMaHUs BCEX HEOOXOJAUMBIX TEPMUHOB U TIOHSTHH.




JIeKUMOHHBIA MaTepuaJl MOXET CONPOBOXKAATHCA JAEMOHCTpPALMEN CIIAIOB U
WCIIOIb30BAaHUEM Pa3[laTOYHOr0 Marepuana TIpUh TPOBEACHHH KOPOTKHUX JHCKYCCHH 00
O0COOEHHOCTSIX MPUMEHEHHS OTIEIbHBIX TEMATHK 110 JUCIUTIIIMHE.

CTpyKTypa OpeIocTaBICHUS JSKIIMOHHOI0 MaTepraia.:

- IPU TPOBEACHUM OYHOTO 3aHATUS MaTepuan H3jaraetcs B YCTHOW (opme, ¢
JIEMOHCTpAIMEN CEpUH CIIAiI0B;

- NpU  TPOBEACHUU 3a0YHOTO 3aHATUS MaTepuasl MPEAOCTaBIACTCS B BHJE
3JIEKTPOHHOTO pPecypca, ¢ Pa3bsICHEHHMEM M NEPEYHEM KOHTPOJBHBIX BOIPOCOB B
LEJISX JIYUIIEro YCBOSHUSI MaTepraia JEKIIHil.

11.3. Meroauyeckue yka3zaHusl JUIsi OOYYaIONIUXCS TO TPOXOXKICHUIO TMPAKTHUYECKHUX
3aHATHH

11.4. TlpakTH4yeckoe 3aHATHE SBJSICTCS OJHOM W3 OCHOBHBIX (DOPM OpraHu3aluu
yue0OHOro Tmporiecca, 3akKIIOYaronasicss B BBIMOJHEHUH OOYYAIONUMUCS TIOJ PYKOBOJCTBOM
MIPETNo1aBaTeliss KOMIUICKCA YIeOHBIX 3aJIaHNi C IEeJIbI0 YCBOCHHS HAYYHO-TEOPETHUYECKUX OCHOB
y4eOHON JUCHUTUINHBI, TPUOOPETEHUSI YMEHUIN U HABBIKOB, OMBITA TBOPUECKOM JIEATEILHOCTH.

[lenpro MpakTHYECKOTO 3aHATHUS ISl 00YYAIOMIErocs SBISICTCS MPUBUTHE O0yYarOIIMMCS
YMEHUS U HaBBIKOB MPAKTHYECKON JIEATEIHOCTH 110 U3y4aeMOM JUCIUIUIMHE.

[Tnanupyemblie pe3yabTaThl MIPU OCBOCHUU 00yUYAIOIUMCS TIPAKTHUECKUX 3aHSATHIL:

— 3aKperuvieHue, yriyOJeHue, pacllMpeHue M AeTaiu3alus 3HAHUWA TPU PElIeHUU
KOHKPETHBIX 337124,

— Ppa3BUTHE IIO3HABATEIIBHBIX CIIOCOOHOCTEH, CaMOCTOSTEIBHOCTH  MBIILICHHUS,
TBOPYECKOI aKTUBHOCTH;

— OBIIQJICHHE HOBBIMH METOJaMH U METOJUKaMU H3Y4YeHHUS KOHKPETHOH y4yeOHOI
JMCIUTIIMHEL,

— BBIpAaOOTKAa CIIOCOOHOCTH JIOTMUECKOTO OCMBICIECHMSI IOJYyYEHHBIX 3HAHUW IS
BBITIOJTHEHMS 3aJJaHHAI;

— ofecrieueHue palMOHAIBLHOTO COYETaHUsl KOJJICKTUBHOM M WHAMBHIYaIbHON (Gopm
o0OyueHusl.

TpeboBaHus K MPOBEACHUIO MPAKTUYCCKUX 3aHITUMN:

MPAKTUYECKHUE 3aHATHS TPOBOJATCS B CICTYIONTUX PopMax:

— MOJICTMPOBaHUE CHUTYyalluid MPUMEHHUTEIbHO K mnpoduito mpodecCHOHATHHON
JESTENIbHOCTH 00YJaroIIuXCs;

— pEIIeHHE CUTYAIlMOHHBIX 3a/1a4

— TPYNIOBasi TUCKYCCHS.

[IpenogaBatens Tpu TPOBEACHUHM 3aHITUN BBIMONHIET (YHKIUIO KOHCYJIbTAHTA,
KOTOPBIN HAMpaBIAET KOJJIEKTUBHYIO PabOTy CTYACHTOB Ha MPHUHSTHE MPABUIBLHOTO PEIICHUSI.
3aHsATHE OCYIIECTBISIETCS] B TUAIOTOBOM PEKHUME, OCHOBHBIMH CyOBEKTaMU KOTOPOTO SIBISIOTCS
CTYJICHTHI.

11.5. Metoauueckue yKazaHus ISl OOYJAIOIIUXCS O MPOXO0KACHUIO CaMOCTOSATEIHHON
paboTsl

B xoze BHIOTHEHHUS CaMOCTOSATENbHONU pabOThI, OOYUYAIOUIUICS BBIMOIHSAET paboTy MO
3a/IaHUI0 M TIPH METOJUYECKOM PYKOBOJICTBE IMpEMNoaaBaTelisi, HO 0€3 ero HemocpeACTBEHHOTO
y4acTHsl.

s oOydarommxcs 1Mo 3a04HOM (opMe 0O0ydeHHs, caMOCTOsTelIbHas padoTa MOXKET
BKJIFOYATh B ce0si KOHTPOJIBHYIO paboTy.B mporiecce BBIOIHEHHUSI CaMOCTOSTEILHON paboThI, y
oOyuaromierocsi gopmMupyetcsi 1enaecoodpazHoe IUIaHHPOBaHHE pabodero BPEMEHH, KOTOpOe
MO3BOJISIET UM Pa3BUBaTh YMEHMsI M HABBIKM B YCBOCHHH M CHCTEMATH3aIlMH MPHOOPETAEMBIX
3HaHWM, OOECNeYrMBaeT BBICOKHMI YpPOBEHb YCIEBAEMOCTH B TiepuOa OOydYeHHs, MOMOTaer
MOJTYYUTh HABBIKU MOBBIICHUS TPO(PECCHOHATIEHOTO YPOBHSI.

MeTtoaudyeckuMi ~ MaTepuaiaMH,  HAMpaBJSIONIMMH  CaAMOCTOSITENbHYIO  paboTy
00yJarONUX CSSBIISFOTCS:




—  yueOHO-METOJUYECKUI MaTepHal 1o AUCIHUILIIHE,

— METOAMYECKHE YKa3aHUS IO BBIMOIHEHUIO KOHTPOJBHBIX paboT (A1 oOydaromuxcs
110 3204HOM (hopme 00yUeHHS).

11.6. Meroauueckue yKazaHus JUIs OOy4aroIIMXCS MO MPOXOXKICHHUIO TEKYIIETO
KOHTPOJI YCIIEBAEMOCTH.

Texkymuil KOHTpPOJIb YCIEBAEMOCTH IIPEIyCMaTpPUBAaET KOHTPOJIb KayecTBa 3HAHUU
00y4aromuxcsi, OCyIIECTBIIEMOT0 B TEYCHHE CEMECTpa C ILIeNIbI0 OILICHMBAHMS X0Jla OCBOCHUS
JUCLUIUINHBI.

11.7. Metoauueckue yka3zaHus Al O0y4arouIuxcs MO MPOXOKICHHUIO MPOMEKYTOUHOMN
aTTeCTaluu.

[Ipomexyrounas  artectauus  OOydalOIIUMXCs ~ MpeAycMaTpUBaeT  OIICHHUBAHHE
IIPOMEXYTOUHBIX U OKOHYATENIbHBIX PE3Yy/IbTATOB 00y4eHMs MO aucuuiuinHe. OHa BKIIIOYAET B
cedst:

— 3aueT — 3To (hopMa OLEHKU 3HAHUH, MMOTYYCHHBIX OOYYaIOUIMMCS B XOJI€ U3yUCHHS
y4€OHOW UMCUUIUIMHBI B LIEJIOM HUJIM IPOMEXYTOUHAs (110 OKOHYaHUU CEMECTpa) OLIEHKa 3HaHUMI
0o0y4aromuMcs 1Mo OTIEIbHBIM pa3fesiaM TUCIUILUIMHBI C aTTECTAllMOHHON OIICHKOWM «3aYTeHO»
WIH «HE 3aU4TEHOY.

— muddepeHunpoBaHHbI 3aueT — 3T0 ¢dopMa ONEHKHA 3HAHWM, MOJyYEeHHBIX
o0y4armuMcsl TPU U3YYCHUU AUCHUILTHHBL, TPU BBIMOTHEHUHU KYPCOBBIX IMPOEKTOB, KYPCOBBIX
paboT, HAYYHO-UCCIEA0BATEIbCKUX PA0OOT U MPOXOKIEHUH MPAKTUK C aTTECTALIMOHHON OLIEHKOU
«OTIUYHOY, «XOPOIIO», KyJAOBIETBOPUTEIBHOY, «KHEYOBIETBOPUTEIBLHO.

Cucrema OLIEHOK IPU MPOBEACHUU TEKYIIETO KOHTPOJIS U IMPOMEXYTOUHOH aTTecTaluu
OCYLIECTBIISIETCS B COOTBETCTBUM C PYKOBOIALIMM JOKyMeHTOM opranuszaimuu PJIO I'VAIL
CMK 3.76 «llonoxeHue o TEKyIeM KOHTPOJIE YCIIEBAEMOCTH U MPOMEKYTOYHOM aTTeCTallUu
oOyuaromuxcst I'YAII, ocBauBaromux oOpa3oBareibHble MPOrPaMMBbI BBICHIETO OOpa30BaHUS)
https://docs.guap.ru/smk/3.76.pdf.



https://docs.guap.ru/smk/3.76.pdf




Jluct BHeceHUsI U3BMEHEHUH B pabouyio MporpaMmy AUCHUILTAHBI

JlaTta BHECEeHUs
N3MEHCHHI 1
JIOTIOTHCHUH.

IToanuce BHECHIETO
A3MEHEHHUS

Coneprxanne N3MEHEHHH W JOTIOTHEHUI

JlaTa 1 Ne

MPOTOKOIA
3aceaHus
Kadeapsl

Ionmuce
3aB.

kadempoit




