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BBICIIIEro 00pa3oBaHus 1o HanpasieHuro noarotoBku 03.03.02 ®dusuka, yrBepKIEHHOTO pUKa-
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JlMcuuIuinHa BXOJUT B 4acTh, OPMUPYEMYIO YYaCTHUKAMU 00pa30BaTeIbHbIX OTHOILIE-
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1. INTAHUPYEMBIE PE3YJIbTATBI OBYUYEHMUSA
1.1. lean 1 3axa4y JUCHUILIHHBI

Henun qucuuniannbl «Beeaenne B GU3NKY HAHOTEXHOJIOTMM»: O3HAKOMIICHHUE CTYJICHTOB
C KOHLENTYaJIbHBIMU OCHOBaMHM AMCLUIUIMHBI «BBenenue B GpU3MKy HAaHOTEXHOJOTHM» KaK CO-
BPEMEHHOW KOMILJICKCHON (yHIaMEeHTaIbHONH HaykH; (OpPMHpPOBAHUE €CTECTBEHHOHAYYHOTO
MHUPOBO33PEHUSI HA OCHOBE 3HAHMSA OCOOCHHOCTEH, OCHOBHBIX IMPHUHIUIIOB U 3aKOHOMEPHOCTEN
pPa3BUTHUS HAHOMATEPHUAJIOB; UHTEIUICKTYAJIbHOE Pa3BUTHE CTYJAEHTOB 4Yepe3 CUCTEMY KJIacCHUe-
CKHX M COBPEMEHHBIX €CTECTBCHHOHAYUYHBIX KOHILICTILIUMN.

3agayM AMCUUILUIMHBI. 03HAKOMUTH CTYJIECHTOB C OCHOBHBIMH IpOOJIeMaMu, 3aKOHOMEPHO-
CTSIMM, MCTOpUEH U TEHJCHUMAMHU Pa3BUTUS HAHOTEXHOJOIWHU, B KOTOPBIX PacKpbIBatOTCA (QyH-
JTAMEHTAJIbHBIE HaY4HbIE MPOOJIEMBbl COBPEMEHHOW HayKu; c()OpMUpPOBATh MOHUMAHHUE MPUHIU-
IIOB IIPEEMCTBEHHOCTH, COOTBETCTBUS U HENPEPBIBHOCTH B U3YYEHUU NPUPOABI; 1ATh NPEICTAB-
JICHUE O PEBOJIIOIUAX B HAHOTEXHOJOTHMH M CMEHE HAy4YHBIX MHUPOBO33PEHUM KaK KIIFOYEBBIX
JTanax pa3BUTHS €CTECTBO3HAHMS;, C(OPMHPOBATH MMOHMMAHUE CYIIHOCTH (DyHIaMEHTaJIbHBIX
3aKOHOB TIPUPOJIBI, OTPEASISIOMUX O0JIMK COBPEMEHHOTO €CTECTBO3HAHUS, K KOTOPBIM CBOJIUT-
Cs1 MHOKECTBO 3aKOHOB HAaHOTEXHOJIOTUH; C(HOPMUPOBATh 3HAHMSI, HEOOXOUMBIE Ul U3yUEeHUs
CMEXHBIX TUCIHIUIMH; PACHIMPUTH KPYro3op, copMupoBaTh Hay4yHOE MBIIIICHHE M HAYyYHOE
MHUPOBO33PEHUE, OCHOBAHHOE Ha CUHTE3€ €CTECTBEHHOHAYUHbIX U TYMaHUTAPHBIX KOHLICTILIAH.

1.2. Ilsianupyemblie pe3yJibTaThl 00y4YeHUsA

B pe3ynbrare 0cBOGHUSI TAHHOHM MCIMILIMHBI Y 00ydJaronmxcst (GOpMUPYIOTCS CIIEYIOIIHE KOMITe-
TCHIHH:

HIIK-1 - CriocoGeH MoHMMaTh M UCTIONB30BaTh HA MPAKTUKE TEOPETHUYECKHUE OCHOBBI OpraHU3allly 1
IUTAHUPOBAHMS MCCIIEIOBAHMI B 0071aCTH (PUBHKH.

JIIK-2. CriocobeH OCBOMTH COBPEMEHHBIE KOHIIETIIIMH, TEOPHH, 3aKOHBI K METOIbI B 00JIACTH (DHBUKH,
MaTeMaTuKy 1 UH(OPMATHKH, OBJIa/IETh OCHOBHBIMU METO/IAMH PEILICHHs 3a71a4, CHOpMYITHPOBAHHBIMH B
paMKax IaHHBIX TIPEMETHBIX 00JIACTEeH, M MPUMEHHTH MX B IPOPECCHOHATHLHOMN AESTETTEHOCTH.

2. MECTO JUCIUILINHBI B CTPYKTYPE OFPA3OBATEJIBHOM ITPOT'PAMMBI
JlMcuuIuinHa BXOJIUT B 4acTh, OPMUPYEMYIO YYACTHUKAMU 00pa30BaTeIbHBIX OTHOIIE-
Hult brioka 1 «/lucuuniauasl (MOIYIN)», U SBISIETCS 3IEKTUBHOW JTUCIUILTMHOM.

JucuumnnHa «BBeneHne B (M3HMKY HAHOTEXHOJIOTMH» BXOJAUT B 4YacTh, (HhOpMUPYEMYIO
y4acTHUKaMU 00pa30BaTeNbHbIX OTHOIIEHUHN U SBIISETCS 3JEKTUBHON TUCHUIUIMHON, COAEPKUT
U3JI0’KEHNE OCHOBHBIX METOJIOB HAHOTEXHOJOIMYECKHX HMCCIEJOBAHUM, MPUBEAIUX K (OpMHU-
POBAHUIO COBPEMEHHBIX MPEACTABICHUN O CTPOCHUH M MaTepHalloB. B mporpamme kypca nsina-
raioTcs Cleyrole HeoOX0AMMble OCHOBBI OOIIel HAaHOTEXHOJOTHH: UCTOPHS U ATaIlbl pa3BU-
TUS HAHOTEXHOJIOTMM, 3aKOH Mypa A MHTETpajJbHBIX MHKPOCXEM, pa3MepHble 3(P(PEeKThl U
YCIIOBUS UX TNPOSBICHUS, KBAaHTOBbIE 3((eKThl (TYHHETUPOBAHUE), CBEPXITPOBOIUMOCTD, yrie-
POl ¥ €r0 aJJIOTPOIIHBIE COCTOSIHUS, IOPUCTHIA KPEMHUN, HAHOCTPYKTYpUPOBAaHHbIE HAHOMATe-
pHajbl, HU3KOpa3MepHbIE CUCTEMBI, (PM3MKAa HAHOYACTUIl M HAHOKPHCTANIMYECKUX MaTepHaJIOB,
HaHO-3JIEKTPOMEXaHUYECKNE YCTpOoWcTBa, coBpeMeHHble nojeBble MOII Tpan3ucTopsl, HaHO-
TE€XHOJIOTMM ¥ HaHOMAaTepUalbl B MAIMHOCTPOEHUH, TPAHCIIOPTE, aBHAllMM, KOCMUYECKOW TeX-
HUKE, JJIEKTPOHUKE, MH(OPMALMOHHBIX TEXHOJIOTUAX, BOCHHOM JIele, a TaKXe COLMaJbHO-
HKOHOMHYECKHUE TOCIIEICTBUS BHEPEHUSI HAHOTEXHOJIOT M B OTAEIbHBIE Cephl )KUZHEACATEN b-
HOCTH Y€JIOBEKA.

3HaHUEe COBPEMEHHBIX (YyHIAMEHTAIBHBIX HAYYHBIX MOJOKEHUH €CTECTBO3HAHUS, €r0 MHU-
POBO33PEHUECKUX M METOA0JIOTMYECKUX BBIBOJOB SIBJIAETCS HEOOXOAMMBIM 3JIEMEHTOM MOATrO-
TOBKH CIICIIHATIUCTOB B JIIO00H 00JIACTH JEeSTEIBHOCTH.

3HAHMS U HaBBIKH, ITOJYYCHHBIE ITPH U3YYCHUN NUCLUIUIMHBI, JaayT BO3MOXHOCTD CTYICH-
TaM OCBAaMBAaTh TAaKWEe TUCLUIUIMHBI yueOHOro TuiaHa Kak «Pusndeckas 3JIeKTpoHHKa», «TexHo-
JIOTHsI MTOJIyTIPOBOIHUKOBBIX MaTepuanoBy», «KBaHTOBas Teopus» Ha KaueCTBEHHO OoJiee BBICO-
KOM YpOBHE.



3. ObbEM U COIEPKXAHUE JUCIHHUITJIUHBbI
3.1. O0LEM TUCHUMIITIHHBI

IToka3aTenp 00bEMa TUCHUIIIINHDI

Ounas ¢popma o0ydeHus

OO0BEM NUCIUAIUIMHEI B 3a4ETHBIX €IMHUALIAX 4
O0BEM DUCIUILUIMHLI B Yacax 144
KonraktHas pabora: 90,2
Jlexkun 30
JlaboparopHble 3aHATHUS 60
U3 HUX, B pOpMe NPAaKTUUECKOM MMOATOTOBKH 60
KoHTaKkTHBIC Yachl HA MPOMEKYTOYHYIO aTTECTALUIO 0,2
3auér 0,2
CamocrosiTenpHas padora 46
Kontpons 7,8

DopMoii TPOMEKYTOUHOM aTTeCTaINH SIBISIFOTCS: 3a4€T B 6 ceMecTpe.

3.2. Conep:kaHue THCIHMIINHBI

HaumeHoBaHue pa3ie/ioB (TeM)
AUCHMIUIMHBI ¢ KPATKUM CO/lepsKaHueM

KoaundecTBo yacoB

Jlekuuun

JlabopaTopHble 3aHATHSA

Oo1ee
KO0JI-BO

U3 HHX, B (hopme
NMPAaKTHYEeCKOMI
MOAr0OTOBKH

Tema 1. BBenenne B nmpeamMer HAHOTEXHOJIOTHHM M
HAHOOMOTEXHOJIOT U

OcHoBHbIE IOHATHA U TEpMUHBL. VIcTOpHS U 2Tansl
Pa3sBUTHUA HAHOTCXHOJIOT'NH. 3akoH Mypa JJIA UHTC-
T'PaJIbHBIX MUKPOCXEM

Tema 2. ®dusnyecKkue 0CHOBbI HAHOTEXHOJIOTHA
Pasmepubie 2(dekThl U YCIOBUA UX MPOSBICHUS.
KBanrtoBbie 3¢ dexTsl (TyHHenupoBaHue). CBepxmpo-
BOJAUMOCTb. YTJIEpOAd. AJIOTPONHBIE COCTOSIHUS YT-
nepoga. Kpemuuii. I[lopucteiii kpeMHUN

Tema 3. HanomaTepuaJibl 1 MeTOAbI HX MOJIYyYCHUS
HaHocTpykTypupoBaHHblE HaHOMAaTEpHAIIbl, HU3KO-
pasMmepHble cucTeMbl. PU3MKa HAHOYACTUIl U HAHO-
KPUCTaJINYECKUX MaTepHaoB. Hanosnekrpo-
MeXaHH4Yeckue ycTtpoicTBa. COBpEMEHHBIE IOJIEBBIE
MOII Tpan3ucropsl. HaHoTexHONOrMM M HaHOMaTe-
puansl B MAIIMHOCTPOCHWH, TPAHCIIOPTE, aBHUAlLlUH,
KOCMHUYECKON TEXHHUKE, JIEKTPOHHUKE, UHPOPMAIOH-
HBIX TEXHOJIOTHX, BOCHHOM Jeine. Hanopermkaro-
pBL. «YMHBIE» MaTepHaIIbI

Tema 4. CoBpeMeHHOe 000py0BaHHEe M NPUHIMI
ero padoTnl

MeToab! 1 IPUHIUIBI pAaOOTHl H3MEPUTENBHBIX MPH-
60poB. CKkaHUPYIOIME 30HJOBbIE U aTOMHO—CHJIOBBIE
MUKPOCKOIIBI. JIa3epHbIi TUHIET. BEICOKOBaKyyMHas
YCTaHOBKA MarHETPOHHOrO HanbleHus. [Ipenusnon-
HOE€ ¥ METPOJIOTHYECKOE 000PYI0BaHHE IJIsi HAHOTEX-
HOJIOTHH




Tema 5. CoBpeMeHHbI€e MOAXO0AbI K UCCJIEIOBAHUIO
HAHOMATEPHUaJI0B

MeTtoapl uccnenoBaHus MOBepXHOCTH. JludnekTpuue-
CKasi M aKycTudeckas crekrpockonus. doroHuka u
ONTUYECKHUE METOJbl HCCIENOBaHUSI. JIEKTPOHHO-
MOHHas crekTpockonus. IlmazmMoxumuueckoe oca-
JKJeHue u3 razoBoil ¢aspl. PamanoBckas u ¢iayopec-
HCHTHAsA MUKPOCKOIINA

Tema 6. buonHkeHepyMH Ha COBPEMEHHOM JTale
pa3sBUTHA

CoBpeMeHHbIE pe3yabTaThl pa3BUTHSI HAHOOUOTEXHO-
noruil. AnpecHas qoctaBka JekapcTB. HaHoknamassl.
Knetka, crpykrypa u cBoiictea JJHK u PHK. buocusn-
Te3 OernKa

Tema 7. buogapmMmakosiorusi — COCTOSIHME U Tep-
CIIEKTUBbI PA3BUTHS

[IpuMeHeHre HAaHOYACTHII KaK JIEKAPCTBEHHBIX (OPM.
I'enerrka u opranuyeckas XMUMusi BBICOKOMOJIEKYJISIp-
HBIX coeAuHEeHUU. [IpoMbIlIIEeHHO MOJdy4YeHue Ouo-
Macchl. ['eHeTHdeckne TpaHcHOPMHUPOBAHHBIC CEIb-
CKOXO3SMCTBEHHBbIE PACTEHUS] U KUBOTHbIE. Menu-
IIMHCKUE HAHOPOOOTHI

Tema 8. ConnajJbHO-9)KOHOMHYECKHE MOCIeACTBUA
U pa3BUTHE HAHOTEXHOJIOTMH M HAHOOHOTEXHOJIO-
rui B Poccun u B Mmupe

CounanbHO-2KOHOMHYECKHUE TIOCTIEICTBUS BHEIPEHUS
HAHOTEXHOJIOTUH B OTAeNbHbIE Chephl KUIHEAC-
TeNbHOCTH yesoBeka. [Ipobnembl koMmMepnanu3anuu
HaHOTeXHOJOrui. COBpEMEHHOE COCTOSIHUE U MPO-
THO3bI PA3BUTHSI HAHOTEXHOJIOTMK B Poccuu n B mupe

Hroro

30

60

60

IMPAKTUYECKASA IOATI'OTOBKA

Tema
Ky

3a11aH1/1e Ha NPAKTHY€CKYIO MOAT0TOB-

KOJIU4Y€CTBO YaC0B

Tema 1. Benenue B npeamer

OCHOBHBIE TOHATHS U TEPMUHBI. HcTO-
pHs U 3Tanbl pa3BUTUS HAHOTEXHOJIOTHUH.

HAHOTEXHOJIOTUM W HaHOOMO- 8
. 3akoH Mypa /1 HHTETpalbHBIX MUKPO-
TEXHOJIOTHI1
CXEM
Pasmephbie 3¢ (eKThI U yCI0BUS UX MPO-
aBiieHus. KBaHToBbIE 23 (EKTHI (TYyHHE-
Tema 2. ®uznueckue OCHOBBI b (TyH
N nupoBaHue). CBEpXIpOBOANMOCTh. YT- 8
HAaHOTEXHOJIOTUI
JepoA. AJIIOTPOIHBIE COCTOSIHUS YIile-
pona. Kpemunii. [lopucTsiii KpeMHMI
HaHocTpyKTypHpOBaHHbBIE HAHOMATEPH-
aJbl, HU3KOpa3MepHble cucTteMbl. Pu3nka
HAHOYACTHI] U HAHOKPUCTAINYECKUX Ma-
Tema 3. HanomaTtepuaisl 1 TepuasioB. HaHoanekTpo-mexaHnyeckue 8

MCTOJbI UX MOJYUCHUA

ycTpoiictBa. COBpeMEHHBIE MOJIEBbIC
MOII Tpan3uctopsl. HaHOTEXHOMOTHH 1
HaHOMaTEepHaJIbl B MAITUHOCTPOEHUH,
TPaAHCIIOPTE, aBUAIIUU, KOCMUYECKOM

6




TEeXHHKE, 3JICKTPOHUKE, HHPOPMAIIUOH-
HBIX TEXHOJIOTHIX, BOGHHOM jeiie. Hano-
PEIUIMKATOPBL. «Y MHBIE» MaTepHaJIbI

Tema 4. CoBpeMeHHOE 000pY-
JIOBAHHE U MPUHIIMIT €ro pado-
ThI

MeTo/ bl ¥ TPUHIIUTIBEI pAOOTHI U3MEPH-
TeNbHBIX MPUOOPOB. CKaHUPYIOIIHNE 30H-
JIOBbI€ U aTOMHO—CHJIOBBIE MUKPOCKOIIBI.
JlazepHslil nuHLEeT. BhICOKOBaKyymHas
YCTaHOBKA MarHETPOHHOT'O HAIBLJICHUSI.
[IpeunsnoHHOE U METPOJIOrHIEcKoe 000-
pYAOBaHUE JIJIsl HAHOTEXHOJIOTHI

Tema 5. CoBpeMeHHBIE [T0IXO0-
JIbI K HCCIICIOBAHUIO HAHOMa-
TEpUAIOB

MeTo/b1 MccieI0BaHMS TOBEPXHOCTH.
JysnexTpudeckas M akyCTHYECKast CIIeK-
Tpockonus. @OTOHHKA U ONTUYECKUE Me-
TOJIBI MCCIICIOBAHMSL. DJICKTPOHHO-
MOHHas criekTpockomnusd. [Tnazmoxumu-
YeCKOE OCAKICHUE U3 Ta30BOM (hazbl.
PamanoBcKkast u ¢uryopeciieHTHass MUKpO-
CKOTIHSA

Tema 6. buounxenepun Ha
COBPEMEHHOM JTaIle Pa3BUTHS

CoBpeMeHHbIE PE3YNIbTAThl PA3BUTHS
HAaHOOMOTEXHOJIOTHI. AJlpecHast JOCTaB-
ka nekapctB. Hanoknanansl. Knetka,
crpykrypa u corictBa JIHK u PHK.
buocunTes 6enka

Tema 7. buodapmakonorus —
COCTOSIHUE U MePCIIEKTUBBI
pa3sBUTUA

[IpyMeHeHre HaHOYACTHIL KaK JieKap-
CTBEHHBIX (opM. ['eHeTHKa 1 opranuye-
CKasl XMMHS BBICOKOMOJIEKYJISIPHBIX CO-
enuHeHui. [IpombInuIeHHO ONy4YeHne
ouomaccsl. ['eneTnueckue Tpancpopmu-
POBaHHBIE CEIBLCKOXO3SI1ICTBEHHBIE pac-
TEHUS U )KUBOTHBIE. MeIMIIMHCKHE
HaHOPOOOTHI

Tema 8. CoumajpHo-
SKOHOMHYECKHUE TOCIEICTBUSI
Y pa3BUTHE HAHOTEXHOJIOTUN U
HaHoOnoTexHonorui B Poccun
U B MHUpE

ConuanbHO-35KOHOMUYECKHE MTOCIIE-
CTBHUSI BHEAPEHUSI HAHOTEXHOJIOT U1 B OT-
JielbHBIE CPephl )KU3HEIEATETLHOCTH Ye-
noseka. [IpobGiemMbl KoMMepLIHATH3aAIuU
HaHOTEXHOJOTHIl. COBpEMEHHOE COCTOSI-
HUE€ U TPOTHO3bI pa3BUTHUSI HAHOTEXHOJIO-
ruii B Poccuu u B mupe

4. YYEBHO-METOJUYECKOE OBECIIEYEHUE CAMOCTOSATEJBbHOM PABOTBI

OBYUAIOLIUXCHA
Tembl a5 ca- Koumnue- ®opmbl ca- | Meroanue- | ®@opmbl
H3yuyaemsbie BO- .
MOCTOSITE/Ib- DOCKE CTBO Ya- | MOCTOAITeIb- | CKHe odec- OTYET-
HOT'0 U3Y4YCHUS p COB HOI pad0THI nevYeHus HOCTH
OCHOBHEIE TIOHATHA Kou-
Pabora ¢ mu-

BBenenue B 1 TepMuHbl. Mcro- TePATVDOI Pexomenny- CIIEKT,
MpPEIMET HAaHO- | PHUS U 3Talbl pa3BU- ceTrio I}/IIII){ Te’ eMas JINTe- | KypcoBas
TEXHOJIOTHHU U THS HAHOTEXHOJO- 6 P parypa. Pe- pabora,

HET, KOHCYJIb- ..
HAaHOOHOTEXHO- ruu. 3akoH Mypa TalH, pelle cypesl Un- peén-
JIOTHUH JUTSL THTETPaIbHbIX P TEPHET HEIE 3a-
HHeE 3a1a4
MHKPOCXEM ayn
duznyeckue Pazmepusbie 3¢ dek- 6 Pabora c iu- | Pekomenny- Kon-




OCHOBBI HaHO- ThI U YCJIOBUS X TepaTypoH, emas JiuTe- CIIEKT,
TEXHOJIOTHI nposiBieHusi. Kan- cerbto HTEP- | patypa. Pe- | kypcoBas
TOBBIC 3P HEKTHI HET, KOHCYNIb- | cypcel UH- | paborTa,
(TyHHETTMpOBaHUE). Taluu, pele- TEpHET peLéHn-
CBepxnpoBou- HUE 3a7a4 HBIC 3a-
MOCTb. YTJIEpO.. Jayu
AJITOTPOIHBIE CO-
CTOSIHUSI YTJIEPO/Ia.
Kpewmnuii. [Topu-
CTBIM KPEMHUHI
Hanoctpykrypupo-
BaHHbIE HAHOMATe-
pHaJIbl, HU3KOpa3-
MEpHbIE CUCTEMBI.
®du3uka HaHOYACTHII
Y HaHOKpHUCTaInye-
CKHX MaTepHaloB.
Hanosnekrpomexa-
HUYECKHUE YCTPO-
Kon-
ctBa. CoBpeMEHHbIE Pab6ora c nu-
. Pekomennay- | cmexr,
nonesbie MOII TepaTypou,
Hanomarepua- emasi IuTe- | KypcoBas
TPaH3UCTOPHI. ceTbto MuTep-
JIbI ¥ METOJIBI parypa. Pe- | palora,
Hanotexnonoruu u HET, KOHCYJIb- .
WX TIOJyYEHUS cypcsl UH- | pemén-
HaHOMAaTepHalibl B Taluy, perie-
TEpHET HBIE 3a-
MaIlIMHOCTPOEHHUH, HUE 3a/1a4 -
TpaHCIIOpTE, aBUa-
WU, KOCMUYECKOU
TEXHHKE, dJIEKTPO-
HUKe, UH(OopMaIu-
OHHBIX TEXHOJIOTH-
AX, BOGHHOM JIeJI€.
HanoperumxkaTtopsl.
«YMHBIE» MaTepHa-
JIBI
MeTo/b1 ¥ IPUHIIN-
bl paboThI U3MEPH-
TEJIbHBIX PHOOPOB.
Cxanupyronime 30H-
JIOBbIE U AaTOMHO — Kon-
Pa6ora c nu-
CUJIOBbIE MUKPO- . Pexomennay- | cmexr,
CoBpemenHoe . TepaTypoH,
ckonsl. JIazepHbIit emasi JIuTe- | KypcoBas
obopynoBaHue ceTrto MaTED-
nuHIeT. BeicokoBa- patypa. Pe- | pabora,
Y TIPUHIUI €r0 HET, KOHCYJIb- .
KyyMHasl yCTaHOBKa cypcel UH- | peméHn-
paboThI Taluu, perie-
MarHeTpOHHOTO TEpHET HBIE 3a-
HUE 3a/1a4
Hanbuienus. [Ipenn- nauu
3UOHHOE U METPO-
JOoTH4ecKoe 00opy-
JIOBaHUE JIsl HAHO-
TEXHOJIOTHI
CoBpeMeHHbIE MeTtongs! uccieno- Pabora c mu- | Pekomenny- Kou-
MOAXObI K HC- | BaHHS IOBEPXHOCTH. TepaTypou, eMasi JIuTe- CIIEKT,
CJI€OBAHUIO JusnexkTpudeckas u cerbto HTEp- | patypa. Pe- | kypcoBas




HaHOMaTepua- | aKyCTHYecKas CIIeK- HeT, KOHCYNb- | cypcel MH- | palora,
JI0B Tpockonus. Poro- TalWy, pelle- TEPHET pelén-
HUKA U ONITUYECKUE HUE 3a/1a4 HBIE 3a-
METO/Ibl HCCIIEI0BA- Ja4u
HHS. DIEKTPOHHO-
HMOHHAs CIIEKTPO-
ckonus. [Ima3zmoxu-
MHUYECKOE OCaXKIe-
HUeE U3 ra3zoBou (a-
3bpl. PamaHoBCKas u
bayopeciieHTHas
MHUKPOCKOTIHS
CoBpeMeHHbIE pe-
3yJbTaThl PA3BUTHS
Kon-
HAaHOOMOTEXHOJIIO- Pa6ora c nu-
N . Pexomenny- CIIEKT,
buonnxxenepuun | ruil. AnpecHas 1o- Teparypoi,
emas JIUTe- | KypcoBas
Ha COBPEMEH- CTaBKa JIEKapCTB. ceTbto MHTep-
patypa. Pe- | pabora,
HOM 3Tarne pas- Hanoxnanassl. HET, KOHCYJIb- N
cypcesl Un- peeH-
BUTHS Kietka, cTpykTypa TallKH, pelie-
. TEpHET HBIE 3a-
u crorictBa JJHK u HUE 3a71a4 aum
PHK. buocunres
Oenka
[IpumeneHue HaHO-
YaCcTHII KaK JIeKap-
CTBEHHBIX (OpM.
I'eneruka u opra-
HUYECKast XUMHUS
Kon-
BBICOKOMOJIEKYJISIP- Pa6ora c nu-
buodapmaxo- o . Pexomenny- CIIEKT,
HBIX COEMHEHUH. TepaTypou,
JI0THs — COCTO- emasi JIUTe- | KypcoBas
[IpomsIneHHO Mo- ceTpro MHTEp-
STHUE U TIep- patypa. Pe- | pabora,
myyeHue OMoMacchl. HET, KOHCYJIb- n
CIIEKTHBBI pa3- cypcel H- | pemén-
I'enernueckue TalH, perie-
BUTHS TEpHET HBIE 3a-
TpaHcGOpMHUPOBaH- HUE 3a/1a4 -
HBIE CEJIbCKOXO03511-
CTBEHHBIE PACTEHUS
Y )KUBOTHBIE. Me-
JULMHCKUE HAHOPO-
00ThI
CoruaibHo-
SKOHOMMYECKHUE TI0-
CJIE/ICTBUS BHEpE-
ConuanbHo- HUS HAHOTEXHOJIO- Kom
SKOHOMHUYECKUE | THUU B OTACIIbHbIC PaGora c nu-
N Pexomenny- CIIEKT,
MOCNEACTBUSI U | cdephl )Ku3Heaes - TepaTypoH,
emasi IuTe- | KypcoBas
pa3BUTHE HAHO- | TEJIbHOCTHU YEJIOBE- ceTbto MHTEp-
. parypa. Pe- | pabora,
TEX-HOJIOTHH U ka. [IpoGnembr HET, KOHCYJIb- "
cypesl Un- peén-
HAHOOMOTEXHO- | KOMMEpIHUATH3aIuU Talllu, peliie-
. N TEpHET HBIE 3a-
noruii B Poccun | HaHOTEXHOJIOTHA. HUE 3a/1a4 -
U B MHpE CoBpemeHHOE Cco-

CTOSTHUE ¥ TIPOTHO-
3bI paBBI/ITI/ISI HaAHO-
TexHoyorui B Poc-




CUH U B MHUpE

UTOoro 46

5. ®OHJ] OIEHOYHBIX CPEJICTB JJIsI MPOBEJEHUS TEKYIIEA U ITIPOME-

’KYTOUHOM ATTECTAIIMH IO JACIUILIMHE

5.1. Hepeqeﬂb KOMIIeTEHIIHIi C YKa3aHueEM 3TaloB ux (l)OpMI/IPOBaHI/Iﬂ B IIpouecce ocBoce-

HHUsA 00pa30BaTeIbHOI MPOrpaMMbl

Kon 1 HanMeHOBaHNE KOMIETEHINH Otansl GOpMUPOBAHUS
HIIK-1. Ciocoben moHuMaTh U UCIIOIh30BaTh Ha 1. PaboTa Ha y4eOHBIX 3aHITHAX
IIPAKTUKE TEOPETUUECKNE OCHOBBI OpraHU3aluu U 2. CamocrostenpHas paborta

IIJIAHWUPOBAHU S I/ICCJ'ICIIOBaHI/Iﬁ B o0JiacTu (bl/ISI/IKI/I

HIIK-2. CriocobeH OCBOMTH COBpeMEHHBbIC KoHIIET- | 1. PaboTa Ha y4eOHBIX 3aHATHSIX

IIUH, TEOPUH, 3aKOHBI U METOIbI B obnactu ¢u3uky, | 2. CamocTosTensHas paboTa

MaTeMaTHUKUd M UH()OPMATHKH, OBJIAJETh OCHOBHBIMHU
METOJaMHU pelIeHUs! 3a/1a4, CHOPMYIHPOBAHHBIMU B
paMKax JaHHBIX IPEAMETHBIX 00JIacTel, U MPUMEHUTh
UX B IPOEeCCHOHATBHON NESTETLHOCTH.

5.2. Onucanue nokasartejei u KPUTEPUEB ONCHUBAHUS KOMIIETEHIIMH Ha Pa3JIHYHBIX 3Ta-

nax ux popMuUpoOBaHUs, ONUCAHME IIKAJ OLIEHUBAHUS

OnenuBa- | YpoBeHb chop- | Oram popmu- | Onucanme nmokazare- | Kpurepum | Illkama
eMble MHUPOBAHHOCTH pOoBaHMUS nei OLICHUBA- | OIICHHU-
KOMIIe- HUS BaHUs
TEHIUU
AIIK-1 [Toporossiii 1. Pabora Ha 3HaTh OCHOBHBIE (DU~ | 3a7a4H, mKaia
y4eOHBIX 3aHs- | 3UYECKHUE SBJICHUS U | Tabopa- OLICHU-
THSAX 3aKOHBI MEXaHUKH, TOPHBIC BaHUs
ANEKTPOTEXHUKH U UX | pabOTHI, nabopa-
2. CamocTos- MaTeMaTHYecKoe JIOMalIHssl | TOPHOMN
TeJIbHAs paboTa | ONMCAaHUE; OCHOBHBIE | paboTa paboThl,
TTOHSTHS © METOJIBI IIKana
JUHEHHOM anreOphl, OIlCHHU-
g depeHInaIbHOTO BaHUs
Y UHTETPATBLHOTO HC- JOMalll-
YHCIIEHUS], METOIBI HEW pa-
pelnieHus anredpau- OOTBI

yeckux U quddepen-
[UATBHBIX YpaBHE-
HHI1; COAEpIKAHUE U
CIOCOOBI UCTIONB30-
BaHUS KOMITBIOTEP-
HBIX TEXHOJIOTHIA;
YMeTb NpUMEHATH
H3y4YEHHbIE MaTeMa-
TUYECKHE METO/IbI
MIpU CO3JaHUU U
MPaKTUYECKOM pea-
JU3aIUU MaTeMaTu-
YEeCKHX MOJEIICH;
MIPUMEHSTH KOMITBIO-
TEPHYIO TEXHUKY B
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npodecCuoHaTbHON
NeSTeIbHOCTH,
Bnaners MeTomamu
aHaM3a (PU3UIECKUX
SIBJIGHUH, 10CTaTOY-
HBIM 00bEMOM MaTe-
MaTHYECKHUX 3HAaHUHN
Y METOJIOB JIJIS pe-
HICHUS 3a/1a4 B CBOEH
IpeIMETHON 001a-
CTH.

[Ipoxsunyteiii | 1. PaGora Ha 3HaTh OCHOBHBIC (hU- | 3a/1a4H, nKaiza
y4eOHBIX 3aHs- | 3UYECKHUE SBJICHHUS U | Tabopa- OLICHU-
THSX 3aKOHBI MCXaHUKH, TOPHBIC BaHUs
2. CamocTosi- ANEKTPOTEXHUKU U UX | pabOTHI, nabopa-
TeJabHas paboTa | MaTeMaTHYECKOE JOMAIIHsS | TOPHOM

OIMCaHUe; OCHOBHBIE | paboTa, paboThl,
TIOHSITHSI 1 METO/TBI MpaKTU4e- | IIKaja
JUHEHHON anreOppl, | CKas MOJ- | OLICHU-
G hepeHIMATBFHOTO | TOTOBKA BaHUs
U UHTETPAILHOTO HC- JOMalll-
YHCJIEHUS], METOJIBI HEW pa-
pEIICHUS aredpan- 00TBI
yeckux U qudepen- [MIxana
IIUATBHBIX YpaBHE- OLICHU-
HHI; COAEpIKAHUE U BaHUS
COCOOBI UCTIONB30- IPaKTH-
BAHMS KOMITBIOTED- YECKOH
HBIX TEXHOJIOTHUH; MOATrO-
YMeTh NpUMEHSTh TOBKH
U3y4eHHbIE MaTeMa-
TUYECKUE METO/IbI
IpU CO3JaHHUH U
MIPaKTUYECKOU pea-
JU3aluu MaTeMaTu-
YECKUX MOJIEIIEH;
MPUMEHSTH KOMITBFO-
TEPHYIO TEXHUKY B
npodecCuoHaATBHON
NeSITeNIbHOCTH,
Bnanetrs MeTomamu
aHanm3a (pU3NIeCKuxX
SIBIICHUH, IOCTaTOY-
HBIM 00bEMOM Marte-
MAaTUYECKHX 3HAHHUI
Y METOJIOB JUJIS pe-
IICHU 3a1a4 B CBOEH
MpeIMeTHOM 001a-
CTH.

HIIK-2 [Toporogsrii 1. PabGora na | 3HaTh OCHOBHBIC PU- | 3a/mayw, IKasa

y4eOHBIX 3aHs- | 3UUECKUE SBJICHUS U | Tabopa- OLICHU-

3aKOHBI MEXaHUKH, TOpPHBIE BaHUs
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THSAX AJIEKTPOTEXHUKHU U UX | PabOTHI, nabopa-

MaTeMaTHU4eCKOe JIOMAIIHSS | TOPHOMU
2. Camocrosi- | onMcaHue; OCHOBHbIE | paboTa paboThl,
TeNbHast paboTa | HOHITUS U METO/IBI IKanza

JMHEHHOH alreOphl, OILICHU-

Qg depeHInaIbHOro BaHUS

U UHTETPAJILHOTO HC- JOMal-

YHCJIEHUS], METOIBI HEW pa-

pereHus anredpau- 00TBI

4ecKux 1 quddepen-

UAIbHBIX YpaBHe-

HH; COAEPKAHUE U

CHOCOOBI UCTIOIB30-

BaHUS KOMIIBIOTEP-

HBIX TEXHOJIOTHU;

YMeTb NpUMEHSATH

U3y4eHHbIE MaTeMa-

TUYECKHE METOIBI

IIPU CO3IaHHUH U

PaKTHYECKOH pea-

JU3alMi MaTeMaTH-

YECKUX MOJeNeH;

PUMEHSTH KOMITBIO-

TEPHYIO TEXHUKY B

npodecCuoHaTbHON

JeSATEIbHOCTH;

Bmagere  metomamm

aHanm3a (PU3NYECKUX

SIBJICHMH, JOCTaTOY-

HBIM 00BEMOM MaTe-

MAaTUYECKUX 3HAHHI

U METOJOB ISl pe-

IMEHUS 3aJ1ad B CBOSH

npeaMeTHol — obma-

CTH.

[Iponsunyteiii | 1. PaGota Ha | 3HaTh COBpeMEHHBIC | 3a/1a4H, IKana
y4eOHBIX 3aHs- | KOHIENIIUN, TEOpUH, | Jlabopa- OLIEHU-
THUSAX 3aKOHBI M1 METO/IBI B | TOPHBIC BaHUs
2. Camoctos- | obnactu pu3MKHU, Ma- | pabOTHI, nabopa-
TenbHast paboTa | TeMaTHKU M UH(OP- | TOMAIIHAS | TOPHOM

MaTHUKH. pabora, paboThl,
YMeTh NpUMEHATh MpaKTU4e- | IIKana
OCHOBHBIEC METO/IbI CKas MOJ- | OIEHHU-
penieHus 3anad, rOTOBKA BaHUs

chopMyTupOBaHHBI- JIoMaII-
MU B paMKax (hU3HKH, Hel pa-
MaTeMaTHKU U UH- 00THI

(dbopmaTukH. [xana
Bnagetrs ocHOBHBIMU OLICHU-
METOJIaMU PELICHHS BaHUs

3a1a4, chopMyIUpo- MpaKTH-
BAHHBIMU B paMKax YECKON
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(bu3KUKM, MaTeMaTUKN MOJro-
1 MH(pOPMaTHKH, U TOBKHU
IPUMEHUTH UX B
npodeccrnoHaIbHOM
JIeSITENIbHOCTH.
IlIkania u KpuTEepuu OlLleHUBAHUS JIA0OOPATOPHBIX PadOT
YpoBHH OLICHUBAHUSA Kpurepuu oneHnBaHus bajbl
Buicoxuti( omnuuno) Ecnu crynent permn 71-90% ot Becex 1abopaTopHBIX 8-10
pabor
Onmumanovusiii( xopowo) | Ecnu ctynent pemni 51-70% ot Beex 1abopaTOpHBIX S5-7
pabor
Yooesnemeopumenvhutii Ecnu crynent permn 31-50% ot Beex 1abopaTopHBIX 2-4
pabort
Heyoosnemsopumenvnuiii | Ecnu crynent pemmi 0-30% ot Bcex gaboparopubix pa- | 0-1
60T
IIIkajia 1 KPpUTEPHH ONIEHUBAHMS PellleHHs 32124
YpoBHU OLlCHUBAHUSA Kpurepun onueHnBanus babl
Buicoxuii( omauuno) Ecmu crynent permn 81-100% oT Bcex 3amaq 8-10
Onmumanvusiii( xopowo) | Ecnu crynent pemmi 61-80% ot Bcex 3amau S5-7
Yooenemseopumenvnuiii Ecmu crynent pemmn 41-60% ot Beex 3amau 2-4
Heyoosenemseopumenvusiii | Ecnu ctynent pemmn 0-40% oT Bcex 3a1a4 0-1
IIkajia u KpuTEpUM OLCHUBAHMS JOMAalIHell padoThI
YpoBHH OLICHHUBAHUSA Kpurtepun onenuBanus bansl
Buicoxuti( omnuuno) Ecmu crynent Bemosaun 71-90% ot Bcex qomamntHux pa- | 8-10
60T
Onmumanvusiii( xopowo) | Ecnu ctynent BoimonamI 51-70% ot Bcex qomamrHux pa- | 5-7
60T
Yoosenemeopumenvnuiii Ecmu crynenT Bemosann 31-50% oT Bcex gjoManiHux pa- | 2-4
60T
Heyoosnemeopumenvuuiii | Ecnu crynent Beimonaui 0-30% ot Beex nomamnux pa- | 0-1
00T
IIIka/1a oueHMBAHUsI NPAKTHYECKON OATOTOBKHU
Kpurepun onienuBanus bamisl
BBICOKAsl aKTUBHOCTh Ha MPAKTUYECKOU MOATOTOBKE, BHITIOTHEH(bI) 3a/1a4H 5
/ KOHTPOJBbHBIE PaOOTHI / OTpabOTaH aJTOPUTM PEIICHUS 3a7a4 M0 KaXKI0u
TeMe
CpEIHsIsl aKTUBHOCTh Ha MPAKTUYECKON MOATOTOBKE, BBITIOJHEH(bI) 3a/1a49u / 2
KOHTPOJIbHBIE pabOTHI / HE TIOJIHOCTHIO OTPAOOTAH AITOPUTM PELICHHUS 3a-
JIad 110 KaXKJIou TeMe
HU3Kasl aKTUBHOCTh Ha MPAKTHUYECKOM MOATOTOBKE, 3a/1a4H / KOHTPOJIbHBIC 0

paboThl / HE OTPAOOTAH AITOPUTM PEIICHUS 33724 110 KaKJI0 TeMe.
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5.3. TunoBbie KOHTPOJIbHbIE 32IaHUS UJIH HHbIe MAaTEePHUAJIbI, HEOOXOAUMBbIE VISl OLlEHKH
3HAHMi, YMEHUI1, HABBIKOB U (HJIH) ONBITA AeATEJbHOCTH, XapAKTEPU3YIOIIHUX ITanbl (hop-
MHUPOBAHMS KOMIIETEHIIUI B Ipolecce 0CBOEHUs 00pa30BaTeIbHOI MPOrpaMMbl

IIpuMepbl JOMAIIHUX 3aJaHUT

1.

Jlo xakoro mpenena MOKHO HM3MEJIbYUTh BEIECTBO TaK, YTOObI OHO €HIE COXPaHsIIO
cBoiicTBa (pa3pl? B kauecTBe MOAEIN PACCMOTPUM YaCTHUIlY BEIIECTBA, UMEIOILIYI0 POopMY
KyOa ¢ JuHoii pedpa a. [Ipennonoxum, 4To pacCTOSTHUE MEXKTY IIEHTPAMU MOJIEKYJ CO-
craBisier 0,3 HM (pasmep Mosekynbl Boabsl 0,28 HMm). CTouT 0OpaTUTh BHUMAaHHE HA TO,
4T00BI MOJIEKYJIBI Ha 12 p€Opax u 8 BepmmHax Ky0a ObUTH YYTE€HBI TOJIBKO OJIMH pas3.
HmeroTcs ABa HaHOMAaTepuaga OAHOTO U TOTO e XUMUYECKOT0 COCTaBa, COCTOSIINE U3
gactul chepudeckoit popmel. Cpennuii pannyc yactun nepsoro Matepuana — 200 HM, a
BTOporo — 40 uM. Kakoiif u3 1Byx MaTepuanoB UMeeT OOJbIIYIO YACIbHYIO IIOBEPXHOCTh
Y BO CKOJIBKO pa3?

[Topomiok nuoKcuAa THUTaHA UMEET YAEIbHYI0 MoBepxHOCTh 110 m?/r. CuuTas, 4To I0-
POILIOK COCTOUT U3 C(EPUUECKUX YACTHI] OJHOTO U TOTO XKE pa3Mepa, pacCUUTalTe HUX
paauyc. CKOJIbKO aTOMOB THUTaHa M KUCJIOPOJAa BXOJIAT B COCTaB OJHOM HAHOYACTUIIBI?
[TnotHOCTh TiO; paBHa 3.6 r/ems.

Paccuuraiite maccy rpadgeHoBoro kBaapara pasmepom 10x10 mm. [l HaCBIIIEHUS CBO-
OOJIHBIX BAJIGHTHOCTEHN yriiepoa B rpadeHe crnocobeH oOpa3oBbIBaTh CBSI3M € Ta3000pa3-
HBIMU BellecTBaMu. YeMy paBHO MaKCHMalIbHOE YKCIO aTOMOB BOJOPOJIa, KOTOPHIE MO-
JKET MPUCOCTUHUTH YKa3aHHBIN BBIIIE Tpad)eHOBBIN KBaapatT?

Temnepatypa kunenus 6enzona npu ctanaapTHoM nasieHuu (1 6ap) Ty = 353.3 K.
TemnepaTypHasi 3aBUCUMOCTh JaBJICHUSI HACBIIIEHHOrO Mapa OeH30J1a BOIM3U TemIepa-
TYpbI KUTICHHSI TaETCs BBIPAXKEHUEM

AH

Inp(T) = —ﬁ + const.

rne AHyen = 30720 [Ix/Monb — sHTanenus ucnapenus 6ensona. Paccuuraiite Temnepary-

py KurieHusi 6eH30J1a, HaXOIAIIErocs B BUJIE Karelsb paguycoM 5.0 HM, IpU CTaHIapTHOM

nasienuu. [ToBepxHocTHOE HaTshKeHHe OeH3ona 0.029 I[)K/MZ, mnotHocTh 0.890 /e,

IIpuMepbl BADHAHTOB pelieHus 3a1a4

Bapmuanr 1

[Tpy kakoM MUHHUMAIBHOM N pa3Mepe 4yacTHIlbl Fe, MokeT momacTh B HAaHOAWAIMA30H?
Panuyc atoma xene3za — 132 mm.

OreHuTe YMCIIO aTOMOB B HAHOYACTHUIIE 30JI0Ta quameTrpom 3 HM. Pagumyc atoma Au co-
craBisieT 0.144 um. Ouennte, kakast 101 (B %) aTOMOB 30J10Ta HAXOAUT HA IMMOBEPXHO-
CTH HAHOYACTHUIIBI 30JI0TA.

CKOJBKO aTOMOB YIJIEPOJIa BXOAUT B COCTaB HaHoanMasza nuamerpom 5.0 um? Kakoi
MPOIEHT OT 00IIero o0béMa anmMasa 3aHUMArOT aToMbI yriepona? Heobxonumas uadop-
Malys: KOBaJIGHTHBIN paanyc aroma yriepoaa coctarisieT 0.077 HM (TOJOBUHA JITTUHBI
cBsa3u C-C). [notHOCTh anmasa 3.52 r/em®.

HmeroTcs ABa HaHOMaTepUaga OAHOTO U TOTO e XUMHUYECKOTO0 COCTaBa, COCTOSIINE U3
yacTull cepuueckoit popmbl. Cpennuil paguyc yactull nepsoro marepuaia — 200 um, a
BTOporo — 40 am. Kakoit U3 1ByX MaTrepuanioB UMeeT OOJBIIYI0 YACIbHYIO TOBEPXHOCTh
Y BO CKOJIBKO pa3?

[Topomok TUOKCHIA TUTaHA UMEET YIEIbHYIO MOBEpPXHOCTH 110 m?/r. Cuurasi, 4TO I0-
POIIIOK COCTOUT W3 CHEPUUECKUX YACTHIl OJJHOTO M TOTO KE pa3Mepa, paCCUUTAUTE UX
paauyc. CKOJIbKO aTOMOB TUTaHAa M KUCIOPOJia BXOAST B COCTaB OJIHOM HAHOYACTHUIIbI?

14



ITnorrocts TiO, pasHa 3.6 r/em’.

Bapmuanr 2
VnenbHas MOBEPXHOCTb OTKPBITBIX OJHOCTEHHBIX YIVIEPOAHBIX HAHOTPYOOK paBHA
1000 m?/r, a mioTHOCTH cocTapmsieT 1.3 r/cm’. Cunras, 9TO y BCEro MaTepHaia OTHOIIC-
HHUe 00bEMa K IIOBEPXHOCTH — TAKOE K€, KaK U 'y OJIHOM TpYOKH, OLICHUTE UaMeTp HAHO-
TPYOKH.
HaiinuTe paccrosiHre MexXay LEHTpaMH COCETHUX MOJIEKYJ (yiiepeHa B ero HU3KOTeM-
nepaTypHoil MoguduKayy (MI0THOCTH 1.7 F/CMS), KOTOpasi UMEET NPUMUTUBHYIO KyOu-
YECKYI0 PELETKY, IJIe MOJEKYJbl HaXOAATCSA TOJIbKO B BEpIIMHAX KyOMUYECKOW 31eMeH-
TAPHOU SYEHKH.
Kakue sneMeHThl U3 NEpPEeUUCIIEHHBIX HUXKE MOTIYT 00pa3oBbIBaTh HAHOYACTULBl IpPU
0OBIYHBIX ycroBHAX? [loueMy HElb3st MOTyYUTh HAHOYACTHUIIH U3 OCTAIBHBIX 3JIEMEHTOB.
DJeMeHTHI: a30T, cepa, U0, MOJIMO/IeH, IIaTHHA.
Omnpenenute Gopmyiny HaHOYACTUIBI 3070Ta AU, KoTopas B 344 pasa Tspkenee aroma
CepBl.

Cxonbko HaHovacTull Alss TEOPETUYECKA MOXKHO MONy4duTh u3 1.0 Hr xjopuaa 3o010Ta
AuCl3?

IIpumepHbIe TeMBI J1a00PATOPHBIX PadOT

1.
2.
3.

Omnpenenenue BI3KOCTH MTOJIMMEPHOTO pacTBOpa MpHU MOMOIIY BUCKO3UMETpa
HccnenoBanue MUKpocgep nojauMepa B €CTECTBEHHOM U MOJIIPU3aLlMOHHOM CBETE

Nzyuenue ctpykrypsl sueek KK B ciekrpodoromerpe.

IIpumepHbIe Bonpockl HA 3a4éTe

CoNoOARWNE

NNNNRRPRRRRERRRERER
NFPOOWO~NOOUOMAWNEO

HcTopus u 3Tamnsl pa3BUTUS HAHOTEXHOJIOTHH.

3akoH Mypa /111 UHTETrpaJIbHbIX MUKPOCXEM.

Pa3zmepHbie 3¢ (GEeKThI U YCIOBUS UX MPOSBICHHUS.
KBanrtoBbie 3¢ (pexTs! (TyHHETUPOBAHUE).

VYriepoa. ANIOTPOITHBIE COCTOSIHUS YIJIEPOJIA.

@®u3rKa HAaHOYACTUI] U HAHOKPHUCTAINUYECKUX MaTepHAIOB.
HaHno-31ekTpoMexaHnuecKrue yCTponcTBa.

Cospemennsle nosiesbie MOII TpaH3uCTOpHI.
HanopennukaTtopsl.

. CkaHMpyIOIIKe 30H0BbIE 1 ATOMHO — CHJIOBBIE MUKPOCKOTIHI.

. IIperi3anoHHOE U METPOJIOTHYECKOE 000PYIOBaHHE JJIi HAHOTEXHOJIOTHH.
. MeTozp! uccienoBaHusi MIOBEPXHOCTH.

. JluanexTpuueckas U akyCTUYECKasi CIIEKTPOCKOIIHSI.

. @OTOHMKA ¥ ONTHYECKHE METO/IbI UCCIIEI0OBAHUSI.

. DNEKTPOHHO-UOHHAs CIIEKTPOCKOIHS.

. [Inasmoxumuyeckoe ocakeHne U3 ra3oBoi (passl.

. PamaHoBcKkas u (hiyopeciieHTHasi MUKPOCKOITHSL.

. AZlpecHasi JoCTaBKa JICKapCTB.

. Knerka, crpykrypa u cBoiictea JIHK u PHK. buocunres Genka.

. 'eHeTHKa U OpraHnyecKasl XUMHsI BHICOKOMOJIEKYJISIPHBIX COEIMHEHUH.

. 'enetnyeckue Tpanc(OpMHUPOBAHHBIEC CEIbCKOX03HCTBEHHBIE PACTCHHSL.
. ConnanbHO-3KOHOMUYECKHE TIOCIIEACTBHS BHEAPCHHSI HAHOTEXHOJIOTHI B OTJENIbHBIE

cepbl )KU3HEACATSTLHOCTH YeTIOBEKa.
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3aoanue na npaKkmuueckyo no020mogKy

1. BeinonHeHue u3MepeHuii Ha 1ab0paTOPHOM 000PYAOBAaHHH.
2. BricTyIUIeHHE C JOKJIAI0M 10 HCCIIEyeMON TeMaTUKe.
3. YyacTtue B 3KCIEpUMEHTAIbHOI paboTe COBMECTHO C COTPYAHUKAMHU J1ab0paTOpHUil.

5.4. MeTonnueckue MaTepuaJbl, onpeaessilolme nNpouexypbl OLeHUBAHUS 3HAHU, yMe-
HUIil, HABBIKOB U (MJIM) ONBITA JeATEJIbHOCTH, XapaKTePHU3YIOIUX dTanbl GopMUpPOBaHMS
KOMIIeTEeHM i

ConocTtaBUMOCTh PEUTHHIOBBIX IOKa3zaTele CTydeHTa MO pPa3HbIM AUCHUIUIMHAM U
bamibHO-peHTHHTOBOI CUCTEMBI OIICHKH YCIIEBAEMOCTH CTYJEHTOB 00ECIICUNBACTCS PUHSATUEM
€MHOI0 MEXaHH3Ma OLIEHKH 3HAHUIl CTYJCHTOB, BBIPaXXEHHOI'O B 0auliax, COIVIaCHO KOTOPOMY
100 6anIoB — 3TO MOJHOE YCBOCHUE 3HAHMM MO y4eOHOM NUCIMIUIMHE, COOTBETCTBYIOIIEE TPE-
OOBaHUAM y4eOHOW MPOTPAMMBI.

MaxkcuMaabHBIA PE3yNIbTAT, KOTOPBI MOXKET OBITH JOCTHUTHYT CTYICHTOM IO KKIOMY
u3 biokoB peliTnHroBoii onenku — 100 6amos.

[Ixayia COOTBETCTBHS PEUTHHTOBBIX OIICHOK MATHOAIIFHBIM OIICHKAM:

100 — 81 6amnoB — «otauuHo» (5); 80 — 61 H6amnoB — «xopomo» (4); 60 — 41 H6amnoB — «yAOBIeE-
TBOpUTEILHOY (3); 10 40 0asIOB — «HEYAOBIETBOPUTEIHHOY.

OTtBeT obOyuaromierocs Ha 3auéTe OlleHHBaeTCa B 0ayuiax ¢ y4y€TOM IIKaJIbl COOTBETCTBUS

PEUTHUHTOBBIX OLIEHOK

B SaqéTHO'3K3aM€HaHHOHHYIO BEAOMOCTh U SaLIéTHYIO KHUKKY BBICTABJIAIOTCA OLICHKU
10 TATHOAIIEHOM IIKaje U peﬁTHHFOBBIe OLICHKHU B Oamax.

[Ipu nonyyeHUH CTyAE€HTOM Ha 3a4€Te HEeYAOBIETBOPUTEIBHOMN OLIEHKH B BEJOMOCTH BbI-
CTaBJIsieTCs peHTHHIOBas OolleHKa B O6ayuiax (<40 6aymuioB), COOTBETCTBYIOIIAsA (PAKTUYECKUM 3HA-
HUSM (OTBETY) CTYyJEHTA.

Kpurtepun oneHkH 3HAHHUH CTYAEHTOB B paMKax KakJ0H yueOHOW AMCUMIUIMHBI WU
TPy JUCHMIUIMH BhIpaOaThIBAIOTCS MpenoJaBaTesiMi COrNIaCOBaHHO Ha Kadenpax YHHUBepCu-
TeTa UCXO0Is U3 TpeOOBaHUN 00pa30BaTEIIHLHBIX CTAHIAPTOB.

[IIxana oneHNBaHUA 3a4YeTa

Kpurtepun oneHnBanus baubl

[TonHble ¥ TOYHBIE OTBETHI Ha Bce Bompochl. CBOOOHOE
BJIaJICHHE OCHOBHBIMH TE€PMHHAMHM U TMOHSTHIMH Kypca,
MIOCJIEZI0BATENbHOE M JIOTUYHOE M3JI0KEHUE MaTrepuasa 8-20
Kypca; 3aKOHYEHHbIE BBIBOJIBI U OOOOIIEHHS MO T€ME BO-
IIPOCOB; MCUEPIIBIBAIOIIME OTBETHI HA BOIPOCHI.

OTBeT Ha MEHee MOJIOBUHBI BOITPOCOB. 0-7
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HToropas mkaja BbICTABJICHHS OLEHKH 10 TUCIHHUILINHE

Ouenka Bbaan
3a4yTeHo 41-100
He 3aureno 0-40

6. YYHEBHO-METOAUYECKOE U PECYPCHOE OBECIIHEYEHHUE JUCIU-
IJIMHbI
6.1. OcHoBHasi JIUTepaTypa
1. BBeneHue B HAaHOTEXHOJOTHIO: yuyeOHUK it By30B / Mapromun B.W.[u ap.]. - CII6. :
Jlanb, 2019. - 464c. — TeKcT: HEMOCPEICTBEHHBIH.
2. aswigos, C.1O. DieMeHnTapHOe BBEIEHHE B TEOPUIO HAHOCUCTEM: yuel.mocobue Jist BY-
30B / C. 1O. JlaBeizioB, A. A. Jlebenes, O. B. Ilocpennuk. - 2-¢ uzn.,gom. - CIIO. : Jlans, 2019. -
192c. — Tekcr: HEnOCpPEeACTBEHHBII.

3. OcnoBsl Ha"HoTexHONOTHK: yueOHUK / H.T. Ky3nernos, B.M. HoBotopues, B.A. XKabpes,
B.H. Maproaun - M. : JlabopaTopus 3Hanu#i, 2017. - 400 c. (Y4eOHHK 1JIs BBICIICH IIIKOJIBI) -
ISBN 978-5-00101-476-8 - URL.: http://www.studentlibrary.ru/book/ISBN9785001014768.html
(mata obpamenus: 31.07.2019). — Pexum goctymna: ans aBTOpU3. MOJIb30BaTeNeld DIEKTPOHHO-
oubmoreynas cucrema «KoHCYnbTaHT cTyeHTa». — TEeKCT : JIeKTPOHHBIH.

4. HaHOTEXHOJIOTHH W CHEIHAbHbIC MaTepHalbl: Y4ueOHoe mocodue it By30B / CoHIICB
FO.I1., ITpsxun E.N., Bonorxxanuna C.A., IletkoBa A.Il. - 2-¢ u3a., crepeotur. - CII6. : XMM-
N3IAT, 2017. - http://www.studentlibrary.ru/book/ISBN9785938082960.html.

6.2. lonotHUTEIbHAS JTUTEPATYPA

1. Xaptmann VY., OuapoBanue HaHoTexHojoruu / Y. Xaptmanu - M. : JlabopaTopus 3Ha-
vuit, 2017. - 176 c. (Hanorexnomormmu) - ISBN 978-5-00101-477-5 - URL:
http://www.studentlibrary.ru/book/ISBN9785001014775.html. (mara oGpamenus: 31.07.2019).
— Pexxum noctyna: st aBTOpU3. Mosib30BaTeneil DneKTpoHHo-0nbaroTeuHas cucrema «KoH-
CYJIbTAHT CTYAEHTa». — TEKCT : 3JIEKTPOHHBII

2. Cyznanes W.II. Hanortexomorus. DPU3MKO-XUMHS HAHOKJIACTEPOB, HAHOCTPYKTYp U
HaHoMarepuanooB. — M.: JIubpokom, 2017. — 592 c.

3. Peokonkos /.M. Hanomarepuanst / JI.W. Penkonkos, B.B. JIésuna, 3.J1. J3umsurypu. —
M.: BUHOM. JlaGopatopus 3uanuii, 2017. - 368 c.

4. Poros, B. A. TexHOJOTHsI KOHCTPYKIIHOHHBIX MaTepHaaoB. HaHOTEXHOIOTHH : yIeOHUK
1utst By30B / B. A. PoroB. — 2-e u3g., mepepab. u jorn. — Mocksa : UznarensctBo FOpaiit, 2019.
— 190 c. — (ABropckuii yueOnuk). — ISBN 978-5-534-00528-8. —URL.: https://biblio-
online.ru/bcode/434532 (mara obOparmtenus: 31.07.2019). — Pexum gocryma: s aBTOPH3.
nosib30BaTesell DIeKTpOHHO-OnOIHoTeuHas cuctema «FOpaiiT». — TeKCT @ AIEeKTPOHHBIN

5. Ky V. PactpoBas »nekTpoHHass MUKPOCKOMHS ISl HAHOTEXHOJIOTUH. MeToIbl U TIpuMe-
Henus / Y. XKy, U.JI. Ban; pen. C.A. Usanos, K.U. lomkun. — M.: bunom. Jlabopatopus 3Ha-
uuii, 2018. — 600 c.

6. PoroB B.A. TexHOJOTHsI KOHCTPYKIIMOHHBIX MaTtepuanoB. HanotexHnomoruu. Y4eOHUK. —
M.: ¥Opaiir, 2017. - 192 c.

7. Urnato, A.H. Harosnexktponuka. CocTosTHUE U TIEPCTIICKTUBBI Pa3BUTHS : y4eb. mocodue
/ A.H. UrnaroB. — 2-e u3sn., crep. — Mocksa : ®JIMHTA, 2017. — 360 c. - ISBN 978-5-9765-
1619-9. - URL.: http://znanium.com/catalog/product/1032533 (mgara ob6pamienus: 31.07.2019). —
Pexxum noctyma: st aBTOpU3. IMOJIB30BaTeNed DIIEKTPOHHO-OMONIMOTEUHast cucTema «Znani-
um.comy. — TeKCT : 3JEeKTPOHHBIN

8. Anpt™man 1O. BoeHnHbie HAaHOTEXHOJIOTHH. BO3MOXHOCTH MPUMEHEHUS M TTPEBEHTUBHOTO
KOHTpOJIsl BoopykeHuit / Anpt™man 1O. - M3nanue 2-e, 1OMONHEHHOE U HCHpaBieHHOE. - M. :
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http://www.studentlibrary.ru/book/ISBN9785001014775.html
https://biblio-online.ru/bcode/434532
https://biblio-online.ru/bcode/434532
http://znanium.com/catalog/product/1032533

Texuocdepa, 2016. — URL: http://www.studentlibrary.ru/book/ISBN9785948361758.html. (nata
obpamienns: 31.07.2019). — Pexum gocTyma: Uiss aBTOPH3. IOJb30BaTejei DIEKTPOHHO-
o6ubmmoreynas cucrema «KOHCYIBTaHT cTyeHTa». — TeKCT : 2IeKTPOHHBIN

9. zunzurypu, 3.JI1. Ilpoueccel momyuyeHus HAHOYACTHIl U HaHOMaTepuanoB. HaHorexHo-
JIOTUH : HAHOTEXHOJ0THH : yueO. mocodue / D.JI. [3um3urypu, E.H. Cunoposa. - M. : 13a. lom
MUCuC, 2012. - 71 c¢. — URL: http://www.studentlibrary.ru/book/ISBN9785876236050.html
(mara obopamenus: 31.07.2019). — Pexxum poctyna: 1jis aBTOPHU3. TOJIb30BaTeNield DJIEKTPOHHO-
6ubmmoreynas cucrema «KOHCYIBTaHT cTyeHTa». — TeKCT : SeKTPOHHBIN

6.3. Pecypchbl nHGOPMALMOHHO-TEJIEKOMMYHUKAMOHHOM ceTH «HTepHeT»

1. http://mgou.ru/index.php?option=com_content&task=view&id=48&Itemid=614
2. Hayunas snextponnas 6ubiaunoreka http://elibrary.ru

7. METOAUYECKHUE YKA3AHUSA 110 OCBOEHUIO JUCIUIIJINHbI

1. Meroandeckue peKOMEHIAIMH 10 MTOJATOTOBKE K MPAKTUYECKUM 3aHITUSAM.
2. Mertoanyeckre peKOMEHIAIUH 110 OPTaHU3alUN CAMOCTOSITEIbHON pabOTHI IO AUCIHU-
IIJIMHAM.

8. HTHOOPMALIMOHHBIE TEXHOJIOI'MX AJIS1 OCYHWECTBJIEHUS OBPA3OBA-
TEJBHOI'O NPOLECCA IO AMCIHUIIVIMHE

JInneH3M0HHOe MporpaMMHoe odecrevyeHue:
Microsoft Windows

Microsoft Office

Kaspersky Endpoint Security

HNudopmannonnbie cipaBoYHbIe CHCTEMBI:
Cucrema TAPAHT
Cuctema «Koncynsrantllnrocy

[MpodeccronansHbie 6a3bl TaHHBIX
fgosvo.ru — ITopran PefepanbHbIX TOCYAAPCTBEHHBIX 00PA30BATEIbHBIX CTAHAAPTOB BBICIIEr0 00pa30BAHMS

pravo.gov.ru - OGunmasbHEII HHTEPHET-MOPTAI IPABOBOY HHPOPMAIIUU

www.edu.ru — dexepanbHbiii moptan Poccuiickoe oO6pa3oBanue

CB00OHO pacnpocTpaHseMOe IIPOrpaMMHOE 00ecIieYeHNE, B TOM YHCIIe OTEYECTBEHHOTO IPOM3BOCTBA
OMC Ilneep (u1s Bocpon3BeAeHHs JINEKTPOHHBIX Y4ueOHbIX Motysei)

7-zip

Google Chrome

9. MATEPUAJIBHO-TEXHUYECKOE OBECIHHEYEHUE JUCHUIIJIMHbI

MatepuanbHO-TEXHHYECKOE o0ecIieueHHe JUCIUIUINHBI BKIII0YaeT B ce0st:

- y4eOHbIe ayTUTOPHHN IS IPOBEJCHNS YICOHBIX 3aHATHH, OCHAIIEHHBIE 000pYIOBAHNEM M TEXHHYECKUMH
cpencTBaMu oOydeHus: y4deOHOH Mebenbro, JOCKOH, TeMOHCTPAIIMOHHBIM 000pyI0BaHHEM, IEPCOHATBHBIMUA KOM-
MbIOTEPAMH, TIPOEKTOPOM;

- TIOMELIEHHs Ul CaMOCTOSATENIbHOM paboThl, OCHAIIEHHbIE KOMIIBIOTEPHON TEXHHUKOW C BO3MOXKHOCTHIO
HOAKIIIOUYEHHEM K ceT «HTepHeT» 1 obecriedeHueM JIOCTyIa K AJIEKTPOHHOM MH(OPMAIIOHHO-00pa30BaTeIbHON
cpere.
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