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JIMCT aKkTyaJm3anuu

Buzuposanue PIIJI nns ucnonHenusi B ouepeHOM y4eOHOM roay

IIpencemarens MK
20 r.

Pabouas nporpamma nepecMoTpeHa, 00CyKIeHa U 0100peHa IS
ucronHenns B 2022-2023 yyeOHOM roay Ha 3aceIaHuu Kaheaphl

IIpoTokonm oT ___ 20 . N
3aB. xadenpoii

Busuposanue PII/{ nJisi MCIIOJIHEHHMS B OUepeHOM Y4eOHOM roay

IIpencenarens MK
20 r.

Pabouas nmporpamma nepecMoTpeHa, o0cykieHa u ogo0peHa ass
ucnonaeHus B 20 -20  vueOHOM ronv Ha 3acenaHuu kabempbl

IIpotokom ot 20 . Ne
3aB. kadeapoit

Busuposanue PII/] nJ1s1 MCIIOJIHEHHMSI B OUepPeHOM Y4eOHOM roay

IIpencenatens MK
20 T.

Pabouas mporpamMmma nepecMoTpeHa, 00CyXaeHa U 0JJoOpeHa Jis
ucnionaenust B 20 -20  vueOHOM ronv Ha 3acemaHuu kabempbl

IIpotokomor 20 1. Ne
3aB. kadeapoit

Busuposanue PIL/I nist ncnoJiHeHHsI B 04epeiHOM y4eOHOM roay

TIpencenarens MK
20 T.

Pabouas mporpamMmMa nepecMoTpeHa, 00CyXIeHa U 0JJ00peHa s
ucnionaenust B 20 -20  vueOHOM ronv Ha 3acemaHuu Kabemnbl

IIpoTokom ot __ 20 1. Ne
3aB. kadeapoii



1. Mecto aucunmimasl B ctpykrype OITIOII

Hucnunnuna «BBeneHne B XMMHUI0O HAaHOMATEpUaOB)» OTHOCUTCA K 4acTH, (GOpMHUPYEMOit
ydacTHUKaMu oOpa3oBaTelbHbIX oTHOmIeHW bmoka 1 OIIOIl mo HampaBlIeHHIO TOITOTOBKHU
04.05.01 «®ynnamentanbHas u npuknaanas xumus» (b1.B.03.J1B.03.02), sBisercs o0s3aTebHON
JUISE OCBOCHHUS CTYJICHTaMH OYHOH (OpMbI OOYYECHHS HA YETBEPTOM TOAY OOydYeHHUS B BOCHMOM
cemecTpe.

s oCBOEHMS TUCUUIUIMHBI CTYAEHTHI UCIIOJIb3YIOT 3HAHUS, YMEHUS U BUJIbI AEATEIbHOCTH,
c(hOpMHUPOBAHHBIE B MPOIECCEe M3YUCHUS AMCHUILTUH «XUMUYECKash TEXHOJIOTUS», «Du3ndeckue
METOJIbl HcciienoBaHus», «Heopranumueckas xumusa», «Opranuyeckas Xumusa», «Duznyeckas
xumusy, «duszukay. Jucuumimba «BBeaeHre B XMMUIO HAHOMATEPUAJIOB) SIBJISIETCS OCHOBOM IS
M3y4YeHUs TaKUX 00JIacTel 3HAHUS KaK MaTepUaIOBEICHHE, HAHOAJICKTPOHUKA, MEUITNHA, OMOJIOTHS.
OcBoeHne JaHHOM JUCHUIUIMHBI HEOOXOAMMO Kak MpEIIIeCTBYIOLIee NpU JajJbHEHIIen
MPAaKTUYECKOU JIEATESIbHOCTH B paMKaX BBIMOJIHEHUS KBATH(PUKAIIMOHHBIX padoT.

Kypc oTrBeuaeT OCHOBHBIM TpeOOBAaHMSAM B IUIAHE PELICHMS 3a/la4M [0 COBEPILEHCTBOBAHUIO
o0y4eHHs1 B BBICIICH IIKOJIE. DTOT KypC NAeT MIMPOKWE 3HAHUS (YHIAAMEHTAJBHBIX MOJI0KEHHHA
HAyKH, KOTOpble HEOOXOIUMBI KaK Il HENOCPEIACTBEHHOM PabOThl MO CIEUUATBbHOCTH, TaK U IS
ITIOHUMAaHHs ITIaBHBIX HAIPaBICHUN XMMUYECKOU HAYKU U €€ Pa3BUTHS.

Leasimu ocBOeHHS AUCHUILIMHBI «BBeAeHre B XHMHUI0 HAHOMATEPHAI0B» ABJIAIOTCH
® CHCTEMHOE OCBOCHHE OCHOBHBIX TEOPETHYECKHUX ITOJIOKEHHH HAHOXUMHUHU HAa COBPEMEHHOM
YPOBHE pa3BUTHsA HAYKHM, DKCIEPUMEHTAJIbHOM TEXHMKH M JOCTH)KEHMM IPOMBIIUIEHHOIO
IIPOU3BOCTBA,
e puoOpeTeHne NPAKTUUECKUX HABBIKOB IIPOBEIEHUS UCCIEA0BaHUN B 001acTH
HAHOTEXHOJIOTUH KaK (pyHAaMEHTaIbHONW HAyKH.

3agaum AUMCHMILIMHEBL:
®  K3yYeHHE B3aUMOCBSI3U MEX]y CTPOSHHUEM M CBOWCTBAMU BEIIECTB ISl PEIICHUS
TEOPETUYECKUX U MPAKTHUUYECKUX 3a7a4 M0 CO3JaHUI0 HOBBIX MaTEpUasoB;
L] I/I?:yLICHI/IC CBOI\/’ICTB HaHOMaTepI/IaJ'IOB U METOJI0B UX HOHy‘IGHI/Iﬂ;
e (hopMHUPOBaHHE TEOPETUUECKUX MPEICTABICHUN O CTPOSHUU HAaHOMATEPHAJIOB U METO/IOB
HCCIIEN0BaHUA.

2. Ilnmanupyemble pe3yabTaThl 00y4eHHUsI MO JUCHUIINHE, COOTHECEHHbIE ¢ IUIAHNPYEeMBbIMH
pe3yJbTaTaMH OCBOEHHs 00pa30BaTe/ILHOI NPOrpaMMbl (KOMIETEHIMAMH U HHIAMKATOPaAMHU
AOCTHIKEHHUS] KOMIIETEeHIIHiA)

IInanupyemble pe3yJbTaThl 00yUeHHUsI IO THCIUTIINHE HaumeHnoBaHnue

(Moay10), B COOTBETCTBHH C HHIMKATOPOM TOCTUKEHHS OII€HOYHOT 0
Popmupyembie KOMIIETEHIINH cpeacTBa
KOMneTeHIuM (k0% Nupukarop PesynbTatel 00yyeHus
concpxanue JOCTHKEHHU S o AMCUMILTHHE™*
KOMITICTCHITHH) KOMIETEeHIUN™

(xom, comepxkaHme
WHINKaTOpa)




IIK-1-n.

CrocobeH
IJIAHUPOBATh
paboTy u BHIOUPATH
aJICKBATHEIC
METO/IbI PEIICHUS
Hay4HO-
HCCIEI0BATENLCKUX
3a7a4 B o0yacTu
OpraHN4ecKou U
MEIUIIMHCKON
XAMHUHU W/UIN
CMEXXHBIX C XUMHEH

NK-1-u-2.
BriOupaer
SKCIEPUMEHTAIbHBIC
Y PacyeTHO-
TEOpETUYECKHUE
METO/IbI PEIICHUS
MMOCTaBJICHHOMN
3a1a4d UCXOJs U3
AMCIOIIHXCS
MaTepHaIbHBIX U
BPEMEHHBIX PECYPCOB

Braoems memooamu pewenus
IKCNEPUMEHMATIbHBIX 3A0at XUMUU
HAHOMAMEPUAios

Yuems npumenamo mamemamuyeckue
MoOdenu 015 06pabomKuy pe3yibmamos
U3y4eHus CEOUCME NPoyeccos

3uame pacuemno-meopemuieckue cnocoovi
pewierus 3a0ay 6 001acmu Xumuu
HAHOMAMEPUANO8

CobecenoBanue,
KOHTPOJIbHAS
pabora, SK3aMeH

HayKax
NK-2-H. NK-2-u-1. Braoemw nasvikamu noucka ungopmayuu no | CobeceroBaHue,
Criocoben 3A0AHHBIM KPUMEPUSIM COCMABA U CEOCME KOHTPOJIbHAs
TPOBOMIHTH T[IpOBOIHT MIOKMCK uccaedyemplx Mamepuaios paboTa, SK3aMeH
CIIeLIMaIN3UPOBAHHON
MH(POPMALIHOHHBIC 1 p Vmems omceusamo yennyio ungopmayuio us
HUCCIIEIOBAHUS B HHpOpMALUH B 06we20 nomoxa
oOractu UH(POPMALMOHHBIX
OpraHUYECKOit u 0a3ax JaHHBIX 3name o enasuvix 3a0auvax u 0dvekmax
MEIMIIHCKOR UCCeA08AHUS HAHOXUMULU KAK HAYKU, ee
AL MEANCOUCYUNTUHAPHBIX CEA3[X, 0 COCMABE,
XUMHUH W/

CMEXXHBIX C XUMHUEN
HayKax.

cmpoeHuu u ceolicmeax Hanomamepuailos, o
npuryunax u npuemax cunmesa
Hanomamepuaulos, o Memooax ucciedo8ans
Hanomamepuauloe

MK-3-H.
Cnocoben Ha
OCHOBE
KPUTUYECKOTO
aHanu3a
pesyiabratoB  HUP
OLICHUBATh
MEePCHEKTUBBl  HX
MPaKTUYECKOTO
MIPUMEHEHUS u
MPOJIOJKEHUS
pabor B oOmactu
OpraHu4eCcKOn 51
MEIUITNHCKON
XUMHUH W/AIn

CMEXHBIX C XUMHUEN
HayKax.

MK-3-n-1.
CucremaTusupyer
nH(pOPMAITHIO,
HOJIyYeHHYIO B X0J1€
HUP, ananuzupyer ee
U COTIOCTABIISIET C

Brademw nasvikamu npoenozupoganus
QuzUYeCcKUX U XUMUYECKUX CBOUCME
HAHOMAMePUANos, onpeodeneHust huzuKo-
XUMUYECKUX XAPAKMEPUCTNUK
HAHOMAmMepuanos

Ymems cucmemamusuposams ungopmayuio,
NOIYUEHHYIO 8 X00e UCCIe008aHUS

JIATEPATyPHBIMH HAHOMAmMepuanos, analusupoeams ee u
JaHHBIMH conocmaeisiem ¢ iumepamypHoIMu OAHHbLMU
3name memoouxu mooeruposanus 6
COBPEMEHHBIX CUHINE3AX C UCNONB308ANHUEM
KOHYenyuu « Cmpykmypa-ceoucmea.
IIK-3-u-2. Bradembv Hasvikamu naaHupo8aHus
Onpegenser danvhelue2o HanpasieHus pabomoi
BO3MOXXHBIE
Ymemo npoznosuposamu gusuueckue,
HalpaBJICHUA Xumu4eckue u CHeKmpanbHble C80UCMBa

pa3BUTUA pa60T u
TMEPCIICKTHUBLI
MPaKTUYCCKOI O
MMPUMCHCHUA
ITOJIYYCHHBIX

Hanomamepuanloe, Ha Ux OCHoee onpeaeﬂﬂmb
nepcneKkmuebl UX npaxkmu4ieckoco
NPpUMEHEeHU

3namw ocnosHble aKmydajibHble HanpaejleHusl
NpUMEHEeHUs PA3TIUYHbIX cPpYynn mMamepuaililos

CobecenoBanue,
KOHTPOJIbHAS
pabota, F3K3aMeH




pe3ynbTaTOB

3. CTpyKTypa U coaep:kaHue TUCHUNTIUHBI

3.1 TpyaoeMKOCTb JUCHUIJIMHBI

o4yHas popma
o0y4eHust
OO0masi Tpy10eMKOCTh 5
YacoB no yuedOHOMY IIAHY 180
B TOM 4HCJIe
ay/IMTOPHbIE 3aHATHUS (KOHTAKTHAS
padora):
- 3aHATHA JeKIMOHHOI0 THIIA 36
- 3aHSITHSI CEMHUHAPCKOI0 THIA 38
caMoCTosITeJIbHAs padoTa 70
[IpomexyTouHasi aTTecTALMA — 36
IK3aMeH

3.2. Conepxanue TUCIHUIIUHBI

Bcero

B TOM YHCJIC

KonTakTHas pa6ora (padora Bo
B3aHMO/IEHiCTBHH C MPENOAABATEIEM), YACHI

«
W3 HUX B
(4acel) S
v-]
[=T5)
]
E S
HaumeHoBaHMe U o = 5
KPaTKoe CoJep:KaHue = 5 @ §
Pa3/ielIoB U TeM = g = £ E g
JIUCHUIILTHHBI = g = & 2 g
= = = = =] =
& ] = ] =] s
2 25 2= E = =R
s % = < = = 3 <
mEE ~ YR 3 (ORN
(F]
= = =] =] =
< < < < <
e} es) e} e} e
3 3 3 3 3
Beeneune. Dramsl | 25 8 9 17 8
pa3BUTHUS
HaHOTEXHOJIOTHH.
OcCHOBHEIE THUIIBI
HAHOOOBLEKTOB u
HAHOCHUCTEMEBI Ha HUX
OCHOBE.
MeTtoabl cunresa | 29 10 11 21 8




HAaHOKPUCTAITNYECK
ux MOPOILIKOB.
[Tonyuenue
HaHOKPHUCTAJUTMUECK
UX MaTepHaoB.

CaolicTBa 27 9 9 18 9
M30JIMPOBAHHBIX
HAHOYACTHII u
HAHOKPUCTANINYECK
ux MOPOIIKOB.
Pa3mepHbIe

3 dexTs B (HUMKO-
XUMHUYECKHX
CBOMCTBAx
MaTepUaoB.

MeTto bl 27 9 9 18 9
UCCIIEIOBaHHE
HAHOCTPYKTYP
(HaHOMATEpPHAJIOB).
Mukpockonuueckue
METOIBl  (METOAbI
BU3YaIM3aI1N).
dusuko-
XUMHUYECKHE

METO/IbI aHAJIH3A.

Htoro 108 36 38 74 34

Texkymuit KOHTPOJIb YCTIEBAEMOCTH peaTn3yeTcsi B (popMe BOMPOCOB U 3aJaHUN HA CEMUHAPCKHUX
3aHSATUSAX W BBIOJTHEHUH KOHTPOJILHOW padoThl. [IpoMeXyTOUHBIN KOHTPOIb OCYIECTBISETCA MpPU
MPOBEJICHUH DK3aMEHa.

[TpomexxyTouHasi aTTecTamusi IPOXOAUT B BHUJE KOMIUIEKCHOTO 9K3aMeHa B YCTHOH ¢opme B
BUJIC OTBETA 00YYAIOMIErocs Ha TEOPETUIESCKHUE BOMPOCH! Kypca (C TpeBapUTEILHOM MO OTOBKOW).
CobecenoBanue IpoBOIUTCS B (popMe BOIIPOCOB, HA KOTOPHIE CTYJIEHT JOJIKEH AaTh KPATKUNA OTBET

Coneprkanue pa3iesioB JUCITUTUTHHBI:

1. Beenenmwe. Ortambl pa3BUTHSA HaHOTeXHOJOTHH. OCHOBHBIE THIBI HAHOOOBEKTOB H
HaHOCHCTEMBI HA UX OCHOBE.

Otanbl pa3BUTUs HaHOTeXHONOTWH. [IpuMeHeHne HaHOTEXHONIOIUM B cdepax uernoBeye-CKOi
JeSITeTHHOCTH M MPOMBIIIUIEHHOTO TTPOU3BOICTBA. [Ipon3BoacTBO MaTtepuanoB. HaHoAmek-TpoHuKa 1
BBIUMCIUTENbHAS TEeXHUKA. MeaunuHa © 30paBoOXpaHeHUE. ADPOHABTHKA M KOCMH-YECKHE
uccnenoBanus. Okpyxaromas cpefa M sHepreTuka. IIpobirembl HalMOHAIBHOM 0€3-OMacTHOCTH.
Hayka u oOpa3oBanue. Kiactepsl. OObenuHeHHas KiaccUpUKAMs OOBEKTOB HAHOXHMUHU.
KBaHTOBBIE TOUKH, KBaHTOBBIE HUTH (IIPOBOJIOKH), KBAHTOBBIE SMbI. OCHOBHBIE THITHI HAHOOOBEKTOB
¥ HAHOCHCTEMBI Ha MX OcHOBe. DymiepeHbl. CTpyKTypHBIE CBOWCTBa (hyi-iepeHoB. DyiiepuTs.
DHposapaneHble coenuHeHus. «Hekmaccudeckne» SHAOQYIUIEPEHBI. YT-JIEpOJHbIE HaHOTPYOKH.
CtpykTypa HaHOTPYOOK. XupanbHOCTh. MHAEKCH xupampHOCcTH. Kitac-cudukammss HaHOTPYOOK.
Mmuorocmnoitapie  HaHOTPYOKH.  OOBEKTHI  CympamoJieKyJIsipHOM  xuMuu.  KyKypOuTypwur.
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Heoprannueckrne HaHOMaTepuassl. Buckepsl 1 ux cBoiicTBa. MaHTaHUTHI — COSTMHEHUS C 3P HEeKTOM
THTAaHTCKOTO  MarHeTOCOINPOTHBIICHUS.  BbIcOKOTeMnepaTrypHble  CBEPXIPOBOTHHUKH. D(QeKt
Meiicuepa. ®oronnblii kpuctami. Kiaccudukamus QOTOHHBIX KpHCTAWIOB. «CymepauH3b».
buokepamuka. Anmazouasl. Anamantan (C10H16), nuamantan (C14H20) u tpuamantan (C18H24).
Hanopo0OoT, BBINOJMHEHHBI W3 anMaszoujaa. la3zoBwle TuapaThl (Kmarpartsl). Kpucrammmueckue
MoubuKauu ra3oruaparos. Kiacreps! B razax.

2. Meroabl cMHTE3a HAaHOKPUCTAJUIMYECKUX NOPOLIKOB. [loslyueHne HaHOKpHUCTANI-TMUYECKUX
MaTepHualoB.

Metoabl cuHTE3a HAHOKPUCTAJUIMYECKUX MOPOIIKOB. ['a3odasublii cuHTE3 (KOHIEHCAIUS
napoB). OCHOBHBIMHM 3aKOHOMEPHOCTSIMM 00pa30BaHUS HAHOKPUCTAIIIMYECKMX YAaCTHL METOI0M
ucnapeHus M KoHzeHcauuu. Ilmasmoxumuueckuii cuHTe3. OCHOBHBIMU YCIIOBUSIMU IOJIyYEHHUS
BBICOKOJIMCIIEPCHBIX MOPOLIKOB IIa3MOXMMHUYECKMM MeToaoM. Ilnasmorpon. JlazepHast aGmsius.
OcaxxieHue U3 KOJUIOMAHBIX pacTBOPoB. CxemMa KpHOXMMHUYECKON TEXHOJIOTUU. TeMIUIaTHBIN CUHTE3
me3onopucroro SiO2. CxeMa CHHTE3a ME30IMOPHCTOr0 OKCHIA KpeMHHs. TepMHUYecKoe pa3iiokKeHHe
1 BoccTaHoBiIeHHE. CXeMa yCTaHOBKU KaTaJIUTUYECKOrO MUPOJIU3a YIIIeBOAOPOI0B. MeXaHOCHHTES.
Mexanocunte3 ¢ nomonipto ACM. JleToHalMOHHBIM CHUHTE3 M 3JEKTPOB3phIB. (CxemMa CHHTE3a
HAaHOYACTHUI[ C IIOMOIIBIO DJIEKTPOB3pbIBA. [loydeHHEe HAHOKPUCTAUIMYECKUX MAaTEepHANIOB.
KomnaktupoBanue nopomkoB. JlnHaMudeckue MnapameTpbl MarHUTHO-UMIIYJIbCHOTO IPECCOBAHUS
HaHOKpHCTaUIMYecKoro okcuaa Al203. MarHuTHO- UMIYJIBCHBIA MeTOJ npeccoBanus. OcaxIeHue
Ha MOJUIOKKY. Omnutakcus. Tumel snutakcuu. MousekylsipHO-iyukoBas snutakcus (MIID) wumm
MOJIEKYJIsIpHO-Ty4yeBast snutakcuss (MJID). TexHomoruss MOJEKYJISIPHO-Ty4eBOW SHMUTAKCHUU.
IIpeumymiectBa U HeAocTaTku Merona. lazodasnas smutTakcus. OCHOBHBIE METOJIbI IMOJNYYSHMS
SMUTAKCUAIBHBIX IUIEHOK KpeMHHA. OnuTakcus u3 sxkuakoi ¢asel. Tomoxumms. CVD-mpouecc
(xnaccuduxamus no ngaeneHuto, Kiaccudukanus no (U3MUECKUM XapaKTEpUCTUKaM I1apa).
[Tna3zmennsie meTonpl. Hamblnenue koHaeHcamue u3 maposoit (razosoit) ¢aszer (PVD). Cxema PVD
nporecca. Kpucramnmuzamuss amoppHbix criiaBoB. CnimH-HUHTOBaHME. VIHTEHCHBHAs TIacTUYECKas
nepopManusl. MHTEHCUBHAs IJIacTHuYecKas jaedopma-Iivsi Kpyuye€HUEM I10J BBICOKMM JaBJIEHHUEM.
WHTeHcuBHas IuiacTudeckas Jedopmanns paBHOKa-HAIbHO-YIJIOBBIM IpeccoBaHueM. JluTorpagus.
Cxema nporiecca pOToIUTOTrpauH.

3. CBoiicTBa M30JMPOBAHHBIX HAHOYACTHI] U HAHOKPUCTAJUIMYECKHUX MOPOLIKOB. PazMepHbie
3¢ deKTh B PU3NKO-XMMUYECKHX CBOMCTBAX MaTepHasoB.

TepmoamHaMuueckoe paBHOBecue. MexaHNUueckoe paBHOBecHe. Buabl paBHOBecHs. YcioBue
MEXaHUYECKOr0 paBHOBecus HaHoyacTulbl. Popmyna Jlammaca. VYcnoBue wmaTepuaib-HOTO
paBHOBECHs] HAHOYACTHUIIBI C OKpY»Karolel cpenoil. ' mOpuaHblii TepMOAMHAMUYECKUN MMOTEHIUAI.
CrpykTypHbIe U (a3oBble npeBpatieHus. [[puunHbl U3MEHEHUs Tepruo/ia pPeIeTKH MaJIbIX YacTHI] 10
CPaBHEHHIO C MAacCHBHBIM BelecTBOM. ®PpuneneBckue ocuwiassuuu. @OOHOHHBIA CHEKTP H
TEIUIOEMKOCTb. MarHuTHble cBOMcTBa. MarHuTHas BocnpuuMuMBOCTh. llapamarnernsm Ilaymm.
3akon Krmopu —  Beiica. AHOManuM  MarHUTHOM  BOCHPHUMMYHUBOCTH  HAHOYACTHII.
CynepnapamMarauTHoe COCTOSIHUE. Kospuutusnas CHJIA. MarauTHO-KECTKHE
(BBICOKOKO3PIUTHUBHBIE) MaTepHaibl. MarHuTHO-Msirkue Marepuansl. Oynkuus Jlamxesena. Touka
Kropu. OnTtuueckue cpoiictBa. PaccessHne ¥ MOTJIONIEHWE CBETA HAHOYACTHIAMH MO CPABHEHHS C
MaKpOCKOIIMYECKUM TBEPAbIM TeioM. Teopuss Mu. DKCUTOH — BOJOPOIONOA00OHAs KBa3MYaCTHIIA,
NPEJCTABIAIONIas COOOW DIEKTPOHHOE BO30OYXKACHHWE B IUDICKTPUKE WM TOJXYHIPOBOJHHKE,
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MUTPUPYIOLIEE MO KPUCTAIIy U HE CBSI3aHHOE C IEPEHOCOM 3JEKTPUUYECKOIo 3apsiia U MAaccChl.
MuUkKpoCcTpyKTypa KOMIAKTHBIX HAHOKPUCTAIUIMYECKUX MaTepuayioB. ['panuibsl  paszznena B
KOMITAKTUPOBAaHHBIX ~HaHOMaTepuanax. OCOOEHHOCTH CTPYKTYphl CYOMHKPOKPHCTALITMYECKUX
MeTaJlJI0B. BiusiHue pasmepa 3epeH U IpaHul] pa3jiela Ha CBOMCTBA KOMIIAKTHBIX HAaHOMATEpPHAJIOB.
AHOManuu MexaHu4eckoro mnoBeaeHus. 3akoHy Xomuia-lIletua. Meton Bukkepca. TBEpaocTs.
Metoasl u3mepenusi TBEpAocTU. Metoasl uamepenus TBEpmoctu. IIpounocts. Krnaccuduxarms
npovyHocTd. Teruiopusndeckue u dJeKTpuueckrue cBoicTBa. MaruutHele cBoiicTBa. Kanmwmsp-ubie
ABJIEHUS. 3aBHCHUMOCThH JABJICHUS Iapa OT KpPUBHM3HBI IMOBEPXHOCTU >KuAKocTH. Kamusisp-nas
KOHJICHCAllUsA. 3aBUCUMOCTb PAaCTBOPUMOCTH OT KPHUBH3HBI MOBEPXHOCTU PACTBOPSIOLIMXCS YaCTHUI]
(3axoH ['m60ca - OctBanbaa - Opeitnanuxa).

4. Meroabl ucCleIOBaHHE HAHOCTPYKTYp (HaHOMaTepuasaoB). MUKPOCKOIHUYECKHUE METOJIbI
(Metoabl Buzyanusanun). GU3uK0-XUMHUYECKUE METObI aHAIIN3A.

Mertonbl BHU3yallM3allud MUKPOCTPYKTYpbl MarepuanoB. Ontuueckass Mukpockonus (OM).
DNeKTpOHHBIM MUKpockor. PactpoBas snektponHas wmukpockomnus (POM). IIpocBeunBa-tomnas
anekTpoHHast  Mukpockonust (IIOM). Meronpl  ckaHHMpyrOmIed 30HIOBOM  MHKPOCKOIIMH.
Ckanupyromas TyHHEIbHasT MUKPOCKONHUS. ATOMHO-CHUJIOBAasi MHUKPOCKOMHUS. OJIEKTPOCHIIOBAs
MUKpOCKONHUA. MarHuTHO-CUJIOBass MUKPOCKONHMs. binkHenospHash onTHYecKas MHMKPOCKOIMS.
[IpuHnunsl paboThl CKAaHUPYIOIIMX 30HIOBBIX MUKPOCKOMNOB. CKaHUPYIOLIUE 3JIEMEHTHI (CKaHEpHI)
30H/IOBBIX MHUKPOCKOIIOB. YpaBHEHHE OOpaTHOTO mbe30d3ddexra. TpexKkoopauHATHBIE CKaHEPHI.
Henuneiinocts nbe3okepamuku. Kpun nee3okepamuku. ['mcrepesnc npe3okepaMuKU. Y CTpOMCTBA
JUIs TIPELIU3UOHHBIX NepeMeleHni 30u1a 1 obpasua. [laroseie snexrpoasurarenu. @opMupoBaHue
u oOpaborka C3M wuszoOpaxenuit. Popmyna Daynepa-Hopareiima. 30HABI A5 TYHHEIbHBIX
MHUKPOCKOIIOB. [3MepeHHne BOJIbT-aMIEPHBIX XapaKTEPUCTUK TYHHEJIBHOTO KOHTakTa. lloreHnman
Jlennappaa-/IxoHca. 30HA0BbIE JATYMKH aTOMHO-CUJIOBBIX MUKpOCKOMNOB. KanTunesep. 3aBUCUMOCTh
CHJIBI OT PACCTOSTHUS MEX]ly 30HJIOBBIM JaTUUKOM U oOpa3iom. KBazucratnueckue Mmeronuku MCM.
Cy6BonHOBBIe auadparmbel. 30051 BOM Ha ocHoBe omruueckoro BoJjiokHa. "Shear-force" merton
KOHTPOJISI  PAacCTOSTHUSL  30HJI-TIOBEPXHOCTh B OJM)KHENOJIBHOM — ONTHYECKOM  MHKPOCKOIIE.
Kondurypaunun bOM.

4. Y4eOHO-MeTOAMUYECKOE O0ecleueHHe CAaMOCTOATEIbHOI PadoThl 00y4aKIUXCS

CamocrosiTenbHasi paboTa CTYIEHTOB BKJIKOYAaeT padOTy B YUTAJIbHOM 3aie OHOIMOTEKH, B
yueOHBIX KaOuHeTax (J1abopaTtopusx) U B JOMAITHUX YCIOBHSX, C JIOCTYIOM K pecypcam MHTepHET
JUTSI TIOATOTOBKH K COOECETIOBAaHUIO M KOHTPOJIBHBIM paboTaMm.

K d)ODMaM TCKYIICTO KOHTPOJIA YCIICBAEMOCTHU TUCHUIITIMHBI OTHOCUTCA CICAYIOIICC:

e (CobOecenoBanne
e KonrtponwsHas paborta

[TpomMexxyTouHast aTTecTalus [0 UTOTaM OCBOCHUS JUCIHUILTUHBI TPOXOTUT B JopMe IK3aMeHa.
K sk3ameny B 8-om cemectpe ouHOW (popMBI OOyUEHHsS JOIYCKAIOTCS BCe OOydaromuecs,
BBITIOJTHUBIIIFE KOHTPOJIBHYIO padoTy.

Bonpocs! 1 3ananus i npoBeaeHns TEKYIIEr0 KOHTPOJISA ¥ IIPOMEKYTOYHON aTTECTAIMH 10
WUTOTaM OCBOEHUS TUCIUTIINHBI IPUBEACHBI B 11. 6.2.



5. ®oHJ OI[EHOYHBIX CPEJACTB /IJIsi IPOMEKYTOUYHON ATTECTAIMM 10 TUCHHUILIHHE (MOTYJII0),
BKJIFOYAIOIINN:

5.1.

Onucanue mKan OLICHUBAHUA PC3YJIbTATOB OGY‘-IGHI/ISI 110 JUCHMITIIMHE

Yposennb Ixana ouennBanus chopMUPOBAHHOCTH KOMIIETEHIUI
copmupoBan
MJ10X0 04eHb X0POLIO
HocTH HEY/J0BJIETBO | YIOBJIETBOPH P
i Xopo1o OTJINYHO
KOMIIETEHINH PUTEJBLHO TeJbHO P
(WHaMKaTOpa NPEeBOCX0HO
JOCTHKEHUS T
. € 3aUTCHO
KOMIIeTeHITHi1) 3a4TEHO
OTtcytcTBHE YpoBeHb
3HAHUN 3HaHUH B
YpoBeHb
TEOPETUIECKO N o0beme,
YpoBeHb MuHuManeHO | 3HaHUH B YpoBeHb
ro Marepuana. . o COOTBETCTBYIOLI] o
3HAHUH HWXKE | JIOMYCTHUMBIN o0beme, 3HaHUII B YVpoBeHb
eM IIporpaMmme 6 p
MUHHMAJIEHBI OBEHb COOTBETCTB obnreme &
Heso3mosxHoc yp N yrom HOITOTOBKH. ’ 3HaHUU B
X 3HAHUH. €M IporpaMme COOTBETCTB
3HaHuA Th OLCHHTD ; § porp JonymeHo YI0 | o6neme,
TpeOOBaHUH. OITyIIIEHO MOATOTOBKH. eM
HOJIHOTY I/f Loy . HECKOJIBKO B TIpCBRILIAIONIC
N MEJId MECTO | MHOTO OITYIIICHO mporpaMme
SHaHHH 6 6 Alomym HECYIIECTBEHH porp M Iporpammy
rpyobIe HE BIX HECKOJIBKO MOATOTOBKH
BCIIEJICTBHE 14 2 BIX OIIHGOK A > | MOATOTOBKH.
OIINOKH. OIINOKH. HETpyOBIX 0e3 ommoOOK.
OTKa3a
ounboK
00y4Jaroneroc
s OT OTBETa
OTtcyrcTBHE n [Iponemonctpu | Ilpopemoncrpu | IIpopemonctp | IIpoaemoncTp
0/IEMOHC
MUHAMAJTBHBI P P pOBaHHI Bce pOBaHEI Bce HpOBaHbI BCE HpOBaHEI BCE
. HPOBaHbI
X YMCHHUIA . [pu perreHnn P OCHOBHBIE OCHOBHBIE OCHOBHEIE OCHOBHEIE
OCHOBHBIE
HeBo3MOXHOC | cTanzapTHBIX S YMEHHUS. YMEHWUSL. YMEHHUS,pelie | yMEHHS,.
Tb OLIEHUTh 3a/maq He P ) Pemens! Bce Pemens! Bce HBI BCE Pemens! Bce
CILCHBI
HaJM4ne MIPOJAEMOHCTP OCHOBHBIE OCHOBHBIE OCHOBHBIE OCHOBHBIE
. TUIIOBBIE
YMEHUH UPOBAHEI 3a7a4u ¢ 3a1aud . 3a7a4u ¢ 3a1a4i.
Ymenus 3aa4U C
BCJIEZICTBUE OCHOBHBIC 5 HErpyObIMI BEImosHeHBI Bce | OTAENBHBIMH BeimonHeHsI
HE BIMHU
OTKa3a YMEHHUS. rpg omnOKaMH. 3aJaHus, B HECYILECTBEH | BCe 3allaHus,
OIIUOKAMH.
o0ydaromieroc BeimonHeHs! Bce | MOMHOM HBIM B TIOJTHOM
BoinonHeHst
s OT OTBETa Nwmenu mecto 3ajaHusl, B o0Beme, HO HeoueTamy,
BCE 3a/IaHUs
rpyObIe MIOJTHOM HEKOTOpBIE C BBIITOJTHEHBI obbeme 6e3
HO HE B
OLNOKH. 00BeME, HO HEI0YETaMU. Bce 3aJaHus B | HENAOYCTOB
MIOJTHOM
HEKOTOPBIE C MTOJTHOM
obneme.
HEJJ0YeTaMH. obObeme.
OTtcyrcTBHE [Ipu pemenun | Umeercs I Iponemonctpu | TMponemonctp | IIponemonctp
0JIEMOHCTPH
BJIQJICHUS CTaHIAPTHBIX MUHUMAaJIbHBI P P POBaHbI HUPOBaHBI UpOBaH
. OBaHbI .
MaTepHAIOM. 3aJa4 He i 2 0a3oBBIC HABBIKA TBOPYECKHUI
a30BBIC
Heso3mosxHoC | mpomeMoHCTp HaBBIKA MOJIXOJT K
HaBBbIKH
Tb OIIEHUTH HPOBaHbI Habop MpHU pEIICHUHN peLIeHUI0
HaJIn4yue 0a30BEIC HaBBIKOB JUIA TIpHU pelICHUU HECTaHJapTH HECTaHJapTH
Happikn TIpU PelIeHnH P Aap
HaBBIKOB HAaBbIKH. pemeHus CTAHAPTHBIX CTaHAaPTHBIX BIX 33124 Oe3 BIX 33724
BCJIEJICTBHE CTaHAAaPTHBIX samad ¢ 3aga4d 0e3 OMINO0OK 1
OTKa3a Wmenn mecto | 3amad ¢ omuboK U HE/I0UETOB.
6 HEKOTOPBIMHU
rpyobie HEKOTOPBIMU HEJI0YETOB.
oOyyaromeroc | I'PY! P HeIOMeTaMHE
S OT OTBETa OIIUOKH. HeIoYeTaMu




[Ipu n3yyenun nucuuIuinHbl «BBeleHNEe B XUMHUIO HAHOMATEPHUATIOB) CTYIEHThI OJy4ar0T
CJIeIyIOIINE 3HAHUS, YMECHUS U BIaJieHUs B pamkax ocBoeHus komrereHwii IK-1-n, TK-2-u, ITK-
3-H:

IIK-1-u-2. BpiOupaet sKcriepuMeHTaIbHbIE U PACYETHO-TEOPETUUECKHUE METO/IbI PEILICHUS
MOCTaBJICHHOM 3a/1a4¥l UCXO/IS U3 UMEIOUINXCS MaTepUaIbHbIX U BPEMEHHBIX PECYpPCOB.

IK-2-n-1. [IpoBOIUT MOKCK CHEIMATHU3UPOBAHHON HH(pOpMAIMK B HHPOPMAITMOHHBIX 0a3ax
JTAHHBIX.

IIK-3-n-1. Cucremarusupyer uHPOpMaNHIO, ToJydeHHYO B xoae HIUP, anamusupyer ee u
COTIOCTABJISIET C JINTEPATYPHBIMU JTAHHBIMHU.

IIK-3-1-2. Onpexaensier BO3MOXKHbIE HANPABICHHUS Pa3BUTHs pabOT M MEPCIEKTUBHI MPAKTHYECKOTO
PUMEHEHHS TIOTYYCHHBIX Pe3yJIbTaTOB.

HpOMe)I(YTOLIHBIfI KOHTPOJIb Ka4YCCTBAa YCBOCHHA CTYACHTAMHU COACPKAHWUA JUCHUIIJIMHBI
IMPOBOAUTCA B BUJAC KOMIIJICKCHOI'O 9K3aMCHA, HA KOTOPOM OIIPCACIIACTCA:
® YPOBCHL YCBOCHUA CTYACHTAMU OCHOBHOI'O y‘~IC6HOFO Marepuraia 1nmo JUCHUITIIINHE,
¢ YPOBCHL NOHUMAHUWA CTYACHTAMU U3YUCHHOTO MaTCpHUaJIa.

Dk3aMeH B 8 cemecTpe A 04HOM (opMbl OOyUeHUSI U MPOBOJUTCS B YCTHOU dopMe B BUEC
oTBeTa O0YyYaromerocsi Ha TEOPETUYECKHE BONPOCH Kypca (C MpeaBapUTEIbHON MOATOTOBKOM) M
MOCIEAYIOUUM coOeceloBaHuEM B paMKax TeMaTuku Kypca. CobecenoBanue mpoBoauTcs B Gopme
BOIIPOCOB, HA KOTOPBIE CTYJEHT IOJKEH J1aTh KPAaTKUH OTBET.

Jlisi mpoBeleHUs] NPOMEKYTOYHOr0 KOHTPOJS C(GOPMHUPOBAHHOCTH KOMIETEHIIUH
HCIOJb3YyeTCsl OTBET M0 OMJIeTy Ha IK3aMeHe.

IlIxana oueHKH NPHU MPOMEKYTOYHON aTTeCTalluH

Onenka YpoBeHb NOATOTOBKHU

3a4YTCHO

[TpeBocxoHO Bce xoMneTeHM (YacTv KOMIIETEHIHI), Ha pOpMUpPOBaHUE
KOTOPBIX HallpaBJeHa AUCLMIUIMHA, CHOPMHUPOBAHBI HA YPOBHE HE
HUKE «IIPEBOCXOTHO»

OTIU4HO Bce xkommereHmmu (Y4acTH KOMIIETEHIWI), Ha ¢GOpMHUpPOBaHHE
KOTOPBIX HarpaBjieHa TUCIMILIMHA, C(HOPMUPOBAHBI HA YPOBHE HE
HUKE «OTIMYHO», TPU O3TOM XOTA OBl OJHA KOMIICTEHIIHS
chopmMupoBaHa Ha YPOBHE KOTIIMIHOY

Ouenb xopo1Io Bce kommereHuumu (YacTW KOMIIETEHLHWH), Ha (HOpPMHpPOBaHHE
KOTOPBIX HampaBlieHa JUCIHIUIMHA, CPOPMUPOBAHBI HA YPOBHE HE
HIDKE «OYEHBb XOPOIIO», HPU ITOM XOTS Obl OJHA KOMIICTEHLHS
chopMHpOBaHa HA YPOBHE «OUEHb XOPOIIO»

Xoporio Bce xommereHiuu (4acTM KOMIETEHUWH), Ha (HOpMHpOBaHHUE
KOTOPBIX HampaBiieHa JUCLUUILIMHA, COPMHUPOBAHBI Ha ypOBHE HE
HIDKE «XOpOIIO», TpPW OTOM XOTA OBl OJHA KOMIIETEHIIHS
chopMHpOBaHa HA YPOBHE «XOPOLIO»

VYnaoBierBoputenbHo | Bce  kKoMmeTeHumM (YacTHM  KOMIETEHIMH), Ha (OpMHUpOBaHUE
KOTOPBIX HampaBiieHa JUCLUUILINHA, COPMHUPOBAHBI Ha ypOBHE HE
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HUKE «yJIOBJICTBOPUTEIILHOY, TIPU STOM XOTS OBbI OJJHA KOMITCTEHITHS
chopMrpoBaHa Ha YPOBHE «YIOBIETBOPUTEIHHOY

HeynoBnerBopurenp- | Xora ©Obl ogHa KOMIETEHIMs C(OpPMHpPOBaHA Ha  YPOBHE
HO «HEYNOBJIETBOPHUTENBHO», HH OJHA W3 KOMIIETCHIHHA  HE
c(hopMUpOBaHa Ha YPOBHE ILTIOXOY

HE
3a4TCHO

[Tnoxo XoTs ObI 01Ha KOMIETEHITNS CPOPMHUPOBAHA HA YPOBHE «IIJIOX0»

6.2. TumoBble KOHTPOJIbHBIE 3aJaHUsI WM HHbIE MATepPHAJIbl, HEOOXOAMMBIE /Js OIEHKH
pe3yJabTaToB 00y4eHHUs.

6.2.1 KoHTpoJibHBIE BONPOCHI
80NpOCHI Koo ¢popmupyemori komnemenyuu

1. Ilonarne nHaHoTexHOnoruu. Ilpmmenenune HanoTexHosmormu B | IIK-1-n
cdepax 4eIOBEUECKOH ACATEIBHOCTH U MPOMBIIUIEHHOTO IPOU3BOACTBA.
Knaccudukaius 00beKTOB HAHOXUMUH.

2. OynnepeHbl.  DHIO3ApanbHbIE  COCOUHEHUS.  YTIIEPOIHBIC
HaHOTPYOKH. MHIekch xupanbHOCTH. OOBEKTHI CyNpaMOJEKYISIPHON
XUMUH (CYTIEPMOJIEKYJIBI, CYITPaMOJIeKy IsIpHbIe aHCaMOIIn).

3. Heoprannyeckue HaHoMaTepuaibl (BUCKEpBI, MAHTAHHUTBI JUIS
CIMHTPOHHKH, BBICOKOTEMIIEPATYPHBIE CBEPXIIPOBOJHHUKH).

4. Heopranmueckne HaHomarepuanbl ((GOTOHHBIE  KPHUCTAILIHL,
OHoKepaMuKa, AIMAa30HIbI, TICHIPUMEDPHI).

5. I"azoBeIe ruapaTs (knarpatel). Kiacreps! B razax.

6. Meronpl uccienoBaHus HAHOOOBEKTOB. METONbI CKaHUPYOLIEH
30HJJ0BOW MUKpocKkonuy. CKaHUPYIOIAs TyHHEIbHAs MUKPOCKOIIHSI.

7. MerTonpl  MCCIENOBaHUS  HAHOOOBEKTOB.  ATOMHO-CHIOBas
MHUKPOCKONUS.  DJEKTPOCHJIOBAas ~MHUKPOCKONMA. MarHuTHO-CHIIOBas
MHUKPOCKOTIHSL.

8. Meronpl  WccneoBaHHS ~— HAHOOOBEKTOB.  BiMKHemonbHas
OIITHYECKast MHUKPOCKOTIHSL. OneKTpoHHas MHKPOCKOITHSL.
[IpocBeunBaromas >MEKTPOHHAs MHUKPOCKONMA. PacTpoBasi 3ieKTpoHHas
MHUKPOCKOTIHSL.

1. Mertoapt CHHTE3a HaHOKPUCTAJUIMYECKUX nopomkoB. | IK-2-n
lazodaznpiii cuaTe3 (KoHACHCANus mapoB). [IMa3sMOXUMHUYECKUH CHHTE3
(nmazepHast abisinus). OcakaeHne U3 KOJUIOUIHBIX PACTBOPOB (peakiuu B

MHUIIEIUIAX, SMYIIbCHUX u JIEHIIpUMEpax, HaHOPEAaKTOPBHI,
KPUOXUMHUYECKUI CUHTE3, 30JIb-T€JIb — TEXHOJIOTH).
2. Mertobl CHUHTE3a HaHOKPUCTAIIIMYECKUX MTOPOILKOB.

Tepmuueckoe pasiokeHUE U BOCCTaHOBIICHHE (TUPOIN3). MeXaHOCHHTES.
CamMopacipoCTpaHSIOIIHICS BEBICOKOTEMIIEPATYPHBII CHHTES.

3. JleTOHaIlMOHHBI CHHTE3 W  DIIEKTPOB3PHIB.  YTIOpsIOYEHHE
HECTEXNOMETPHUUECKUX COEMHEHUH.

[omyuenue KOMIIaKTHBIX HAaHOKPUCTAIMYECKUX MaTepUaJIoB.
KomnaktupoBanue mnopomkoB. OcaxaeHHe Ha TOJIOKKY (3MHUTaKcus,
CVD u PVD).

4. [lomyueHne KOMIIAKTHBIX HAHOKPHUCTAJUIMYECKHX MAaTEepHAJIOB.
Kpucrammsamms  amMopdHbIX  cIutaBoB. VIHTEHCHBHaAs —IutacTHUYECKas
nedopmarus. Jlurorpabus.
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5. Bnusaue pasmepHbix 3¢QQeKTOB Ha CTPYKTypHBIE U (PHU3HKO-
XUMHAYEeCKHe CBoiicTBa MarepuanoB. CTpyKTypHble ©  (a30oBbIe
npeBpaileHus. V3MeHeHne mnapaMeTpoB pPEHIeTKH. TepMoIuHaMHYeCKue
CBOICTBA.

6. Bmusiare pasmepHbIx d(G(EeKTOB Ha CTPYKTYpHBIE U (PH3HKO-
XUMHYECKHE CBOMCTBAa MaTepuanioB. OnTudeckue cBoicTBa. Teopus Mu.
OnekTpodu3nIECcKre CBOMCTBA.

7. Bnusaue pasmepHbix 3(QQeKTOB Ha CTPYKTYpHBIE U (PHU3HKO-
XIMAYECKHE CBOWCTBa MarepuaioB. Kiaccel HaHOCTPYKTYpHUPOBaHHBIX
MaTepuanoB. MexaHudyeckue cBokcTBa. 3akoH Xoia-lIlerda. Metombt
u3ydeHus TBepocTH. MarHuTHele cBoicTBa. KospuutuHas cuna.

8. JlocTikeHns: HAHOTEXHOJIOTHH.

6.2.2. TunoBbIe 3aaHNUs/3aa49H1 1JI51 OLEHKH ¢hOPMHUPOBAHHOCTH KOMIETEeHIUH

Ilpumepnsie 6onpocovt (KOHmMpoabHAA padoma) 01 OUEHKU CHOPMUPOGAHHOCMU 3HAHU
kKomnemenyuu IIK-3-u:

1. OuennTe 4KnCiIO aTOMOB B HAHOYACTHIIE 30J10Ta AuameTpoM 3 HM. Kakas moms (B %) aTomoB
30J10Ta HAXOAMUTCS Ha MOBEPXHOCTH HaHO4YacTulbl AU? Pagnyc atoma Au coctasusier 0,144 M.

2. Ecniu 661 B Hanomupe B pyrOoa urpanu 6akMUHCTEP(YIUIEPEHOM, TO C KAKOTO PACCTOSHHS
npobuBaics Obl neHanbTH? JlJIMHA OKpYXKHOCTU (yTOOIBHOrO MsAya — 70 cM, TUaMETp MOJIEKYJIbI
¢dynnepena — 0,7 HM.

3. Urto Takoe SHTAIINS 00pa30BaHMs OJHOCTEHHON yriiepoaHoi HaHoTpyOku AfH°(OT)?
Hanummure ypaBHeHue peakuuu, sHTaIbnus Kotopoit pasHa Af H°(OT).
Kakoii 3Hak OyaeTr uMeTh 3Ta BeJIMUNHA, OJOKUTEIbHBIN UITH OTpULIATEIbHbII?

[IpennoxxuTe Mo BO3MOXKHOCTH Haubosiee MPOCTOM SKCIEpUMEHTAIbHBIN MeToJl onpenenenus AfH°
YTJIEpOJHON HAHOTPYOKHU.

4, KJ'IaCTepLI MCTAJJIOB CO3JAI0TCA ITYTEM MOCJIeI0BAaTEIbHOM YIIAaKOBKHU CJIOCB HUJIN 000J104YeK
aTOMOB MCTaJUIa BOKPYTI HCHTPAJIBHOI'O aTroMa. KJ'IaCTCpBI C BaKOquHHOﬁ, perﬂﬂpHOﬁ BHEIITHEM
FCOMCTpHCﬁ Ha3bIBAKOT «MAarndycCKuMmu», WJiIMW KIIaCTCpaMu C 3aII0JTHEHHONU 00O0JIOYKOM. I[OKS.)KI/ITC,
qTo 06].].[66 YHCJIO aTOMOB METaJIIa Y, CoAep Kalicecs B n-oit 06OJ'IO‘-IKC, paBHO:

y=10mn+2(n=1,2,3,...)

5. 3agaya MocBsIEeHa CHHTE3Y CYIPAMOJIEKYJIIPHOTO (POTOXUMHUYECKOTO CEHCOpa.

AzakpayH-3¢upsl A 1 B UMeIOT pa3Hble KOHCTaHTBI YCTOWYMBOCTH ¢ MoHamu Na+, K+ u Cs+ (cm.
TabIuUILy).

a) K pasbaBmeHHOMY pacTBOpy BeimecTBa A 100aBHIM 3KBHBAJICHTHOE KOJIUYECTBO alleTara
IISJI0YHOT O MeTaluia. ITocie IIOGaBJIeHI/IH KaKoro u3 alecTaToB HMHTCHCUBHOCTH
¢yopecueHMM OyAeT MaKCUMaIbHON?
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a) Anerat HaTpus,

0) arerar KaJjus;

B) aleTaT Ie3Hsl;

T') aleTaThl BCEX METAJIOB BBI3BIBAIOT OJMHAKOBYIO (DIIyOPECIICHIINIO.

0) K paszbaBnenHsIM pacTtBopam BemiecTB A U B 100aBwim SKBHBAJICHTHBIC KOJIHYECTBA
arierara kamus. s Kakoro W3 BEHIECTB MHTEHCUBHOCTH (DIyopecleHIMH OyaeT TOocie STOro
MaKCUMaIbHOM?

6. B wHcKkycCTBEHHBIX (DOTOCHHTETHUECKHMX YCTPOHCTBaX pOJb (POTOAHTEHH HIPAIOT
CYNEPMOJICKYJIbI-ICHAPUMEDPDI, HMEIOIINUE HEepapXUUecKylo CTpyKTypy. PaccMmorpum oamH U3
KJIACCOB JIEHAPUMEPOB. MOJIEKYJIbI 3TOr0 Kjlacca COCTOSIT U3 OAHOrO peakiuoHHoro unentpa (PL) u
HEKOTOPOTro KOJHMYECTBA NMUTMEHTOB, mpudeM PL[ coenuHeH ¢ AByMs NHIMEHTaMH, a KaKIbIi
MUTMEHT (KpOME BHEIIHHUX) — C TPEMs COCESIMU (PUCYHOK).

a) CKOJBbKO IMMIMEHTOB BKJIOYACT JCHIPUMEP N-TO MOKOJICHHS?

0) [lpu murpanuu sHEeprum OT murMeHTOoB K PII wacte sHeprum tepsercs. D¢dGHEeKTHBHOCTH
(OTOAHTEHHBI OMPEEIIACTCS TOJICH YHEPTUH, JOMICIIICH OT UCXOAHOTO BO30YKISHHOTO IMUTMEHTA
no PILI. Ilycte nmonst sHepruu, KOTOpas IEpeNaeTcs Ha KaxkJIoM mare, paBHa P. Paccuuraiite
cpenHio 3¢pGEeKTUBHOCTh ACHApPUMEpPA N-TO MOKOJCHUS, CUUTAs, YTO BCE MapUIPYThl MHTPAIUH
SHEPTUH PABHOBEPOSITHBI.

7. YueOHO-MeTOANYECKOE U HH(POPMANIMOHHOE o0ecnieYyeHne TUCIUIIUHbI
a) OCHOBHas JUTEpaTypa:

1. KuszeB A.B., Ky3zuenosa H.}O. Hanoxumusi. nexkTpoHHoe yueOHOE

nocobue. — Hwmwxuuit Hosropon: Hmkeropoackuit rocynusepcurer, 2010. — 102 c.
http://www.unn.ru/pages/e-library/methodmaterial/2010/Knyazev Kuznetsova.pdf

2. Poros, B. A. TexHonorusi KOHCTpPYKIIMOHHBIX MaTepuanaoB. HaHoTexHomoruu : y4yeOHHUK
s By30B / B. A. PoroB. — 2-e u3z., nepepad. u gon. — M. : U3narensctBo FOpaiit, 2017. — 190 c.
— (ABtopckuit yueonuk). — ISBN 978-5-534-00528-8. https://biblio-online.ru/book/D01BA5DD-
AA3D-49CF-A067-C6351CB24814

3. JlaBpumena, E. M. TexHonoruss MporpaMMHpPOBaHUSI M TPOTPAMMHAs HHXCHEPHS :
yuebHuk mius By3oB / E. M. JlaBpumeBa. — M. : M3parensctBo HOpaiit, 2017. — 432 ¢. —
(YuuBepcuretrsl Poccun). — ISBN 978-5-9916-8275-6. https://biblio-online.ru/book/DC92DBFC-
36FA-4397-B521-4753ABFE25D9

4. Crapocenbckuif, B. V. ®usnka moiynpoBOAHUKOBBIX HPUOOPOB MHUKPOIIEKTPOHUKH !
y4eOHHK JyTsl akagemudeckoro OakanaBpuara / B. 1. Crapocensckuit. — M. : U3gatensctBo FOpaiiT,
2016. — 463 c. — (bakamaBp. Akanemudeckuii kypc). — ISBN 978-5-9916-0808-4. https://biblio-
online.ru/book/9A79B4DF-8586-42B6-AF92-B7EB045ED169
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0) TOTOJIHUTEIbHAS JTUTEpATypa:

1. Petbankuua M. Hanorexsosoruu mis Bcex. boinbinoe - B MasioM. WWW.Nanonewsnet.ru

B) mporpammHoe obecriedenne u MaTepHeT-pecypchl (B COOTBETCTBUU C COACPKAHUEM TUCIUIUINHBI)

https://hi-news.ru/tag/nanotexnologii

http://elementy.ru/nauchno-

populyarnaya biblioteka/431265/Nanotekhnologiya nanonauka i_nanoobekty chto znachit_nano
http://transhumanism-russia.ru/content/view/17/20/

') peKOMEeH lyemast TuTeparypa

1. Ceprees I'.b. Hanoxumus: yuebnoe nocodue. — M.: KAIY, 2007.

2. I'yce A.U., Pemnens A.A. Hanokpucrammmyeckue marepuansl. — M.: ®UIMATIIUT,
2001.

3. HanorexHomnorusi B OnrpkaiieM JecsaTHiIeTHU. [IporHO3 HampaBiICHHS HCCICIOBAHUN./
[Tox pen. M.K. Poxko, P.C. Yunssamca, [1. AnuBucatoca. — M.: Mup, 2002.

4. Epemun B,B. Hanoxumus u nanorexnonorus. — [lenarornueckuii ynusepcurer «llepBoe
ceHTsAops», 2009.

YyeOHo-MeTOAMYECKAsT JHUTEepaTypa s JaHHOM JUCHUIUIMHBI HMEETCSs B HaJlWYud B
INeKTpoHHO-OnOmnoreynort cucreme "ZNANIUM.COM", noctym K KOTOpPOW MpenOCTaBleH
crynetam. ObC "ZNANIUM.COM" conepxutT mnpou3BeACHUS KPYMHEHIIMX POCCUHCKHX YYEHBIX,
pYKOBOJUTENEH  TOCYJAapCTBEHHBIX  OpraHOB, IIpernojaBaTelied  BeAYIIMX BY30B  CTpaHbI,
BBICOKOKBJIM(DUIIMPOBAHHBIX CHEIMAIUCTOB B pa3IU4HbIX cdepax OuszHeca. PoHJ OuOIMOTEKU
chOpMUpOBaH C YYETOM BCEX H3MEHEHHH 0Opa3oBaTENbHBIX CTaHAAPTOB W BKIIOYACT YUYEOHUKH,
yuebHble TmocoOusi, MoHorpaduu, aBTopedepaTsl, IUCCEpTAMH, SHUMKIONEAWU, CJIOBAPH U
CIIPAaBOYHMKH, 3aKOHOJATEIILHO-HOPMATUBHBIE JOKYMEHTBI, CIIELIMAIbHBIE NMEPUOAUYECKUE U3/IaHUSA U
U3JIaHus, BBIIYCKAaeMble H3AaTeiabcTBaMM By30B. B Hacrosmee Bpemsa OBC ZNANIUM.COM
COOTBETCTBYET BCEM TpeOOBaHUSAM (peepabHBIX TOCYIapCTBEHHBIX O00pa30BaTEIbHBIX CTAaHIAPTOB
BoIciiero oopazosanus (PI'OC) HOBOTo MOKOIEHHUS.

VY4ebHO-MeToIMUecKas JUTeparypa il JaHHON AUCHUIUIMHBI UMEETCS B HAJTMYUU B JIEKTPOHHO-
6ubnmuoreunoit cucreme MznarenscrBa "Jlaup", 1ocTynm K KOTOPOH Take MPEIOCTaBIEH CTYACHTaM.
OBC WM3natensctBa "JlaHbp" BKIO4WaeT B ceOs AJIEKTPOHHBIE BEpCHMU KHUT H3natenscTBa "JlaHp" u
JIpYTUX BEAYIIUX WU3AaTeNbCTB YU4eOHOW JIUTEpaTyphl, a TaKXKe AJIEKTPOHHBIE BEPCUU MEPUOTUYECKUX
W3/IaHUM IO E€CTECTBEHHBIM, TEXHHYECKMM M TymaHuTapHbIM HaykaM. OBbC HM3narensctBa "Jlans'
o0OecrieunBaeT JIOCTYN K Hay4yHOW, y4eOHOH iuTeparype M HayYHBIM MEPUOJUYECKUM H3JIaHUSAM IO
MaKCHMaJIbHOMY KOJMYECTBY NPO(MUIbHBIX HAPABICHUN.

8. MaTepuaibHO-TeXHUYECKOE oDecTedeHne TN CIUIIMHBI

[Tomemenns: mpeacTaBisIOT co0ol yueOHbIe ayauTopuu (JIeKIMOHHBIE ¢ BMecTUMOCThI0 200
YeJIOBeK M CEMHMHApCKHE C BMECTHUMOCThIO 40 denoBeK) sl MpOBENEHUs Y4EOHBIX 3aHSITHUM,
PeyCMOTPEHHBIX Tporpammoii. Jlekunonusie ayautropun (308 xoprm. 5, 328 kopm. 2) ocHaIIEHBI
000OpyJOBaHMEM U TEXHHYECKMMHU CPEJICTBAMHU OOYYEHHUS: TEPEHOCHBIM MYJIbTUMEIUHHBIM
IPOEKTOPOM, HOYTOYKOM W BBIXOJIOM B ceThb VHTEpHET, JOCKOM W mMenoM (Ui pa3dopa YacTHBIX
BOIIPOCOB U JETaIN3aLUN TEOPETUUECKUX ACHEKTOB TUCLUIUIMHBI, @ TAKKE PELICHUS MPAKTUYECKUX
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3ama4). Ayautopusi Ui npoBeAeHUst ceMuHapckux 3aHsatuil (140 xopm. 2) Takke oOCHaIlIeHa
HEOOXOIMMBIM O0OpYIOBAaHUEM: CTAIlHIOHAPHBIM MYJIbTUMEAUNHBIM MPOEKTOPOM, HOYTOYKOM C
BBIXOJIOM B C€Th MIHTEpHET, TOCKOW U MEJIOM.

HaumenoBanue
CrenuAJbLHBIX*
MOMeEIeHnH H
noMeleHui aJis
CaMoOCTOSITeJILHOM
padoThl

OcHaleHHOCTh CIIeHHATbHBIX
NOMeIleHU B TIoMeleHUi 1J1s1
CaMOCTOSITeIbHOI padoThI

IlepeyeHb JMLIEH3UOHHOTO IPOTPAMMHOI0O
odecneueHus.
PexBU3MTBI NOATBEPKAAOIIET0 JOKYMEHTAa

ITomenienue s
CaMOCTOSTEITLHOM pabOTHI
np. ["arapuna, 23, kopm. 5,
ayn.308

KommekT ciennanu3npoBaHHOM
Me0eI, IepCOHATbHBIE KOMITBIOTEPHI
, AMEETCS BBIXOJ] B UHTECPHET

» Microsoft Windows Professional 10,
JInnensus Ne 67001233, nara BeIgaun
09.06.2016 r.

» Microsoft Office MS Office Standard 2013;
cepsepHas mmnen3us MS SQL Server
JInmiensus Ne 65097676, nara BeIgaun
23.04.2015 r.

Y4yeOHast ayauTopusi yis
MPOBEACHHUS 3aHATUI
JICKIIMOHHOTO ~THMA  TIp.
larapuna, 23, xopm. 5,
ayn.308

KomMmrmuiexT crienmann3npoBaHHOM
MeOemH; TeXHUUECKHE CPeACTRa:
IIEPEHOCHON ITPOEKIMOHHBII 3KpaH
DRAPER DIPLOMAT 60x60 MW
BlackCase, mynbTrMennitHbIi
mpoektop BenQ MP-512 DLP,
HoyTOyk Acer Extensa 5620Z T2390

* Microsoft Windows XP Professional Russian
Upgrade Academic Open No Level,
JInnensus Ne 15988873, nara Bergaun
15.01.2003 r.

* Microsoft Office 2007 Russian Academic
Open No Level

JInnensus Ne 43178981, nata Bergaun
12.12.2007 r.

YyeOHast ayauTopusi IS
MPOBEJACHUS 3aHATUN
JIEKLIIMOHHOTO THIIA

np. 'arapuna, 23, xopm. 2,
ayn. 140

KommiekT ciennanu3npoBaHHOM
Me0eIIn; TEXHUIECKHE CPEJICTRA:
MyJIBTUMEIUHHBIN TpoekTop Beng
MP610, noyroyk Acer Aspire 5315-
301G08 , nepeHocHOI
npoekinoHHbIH d5kpan DRAPER
DIPLOMAT 60x60 MW BlackCase
HMMEETCS BBIXOJ B HHTEPHET

* Microsoft Windows XP Professional Russian
Upgrade Academic Open No Level,
JIunensus Ne 15988873, nara Beijaun
15.01.2003 r.

* Microsoft Office 2007 Russian Academic
Open No Level

JInnensus Ne 43178981, nara Bergaun
12.12.2007 r.

[Tomemienust [Isi CaMOCTOSITENBHOM pabOThl OOy4aroOUIUMXCs OCHALIEHbl KOMIBbIOTEPHOM
TEXHUKOH ¢ BO3MOXKHOCTBIO MOAKIIOUEeHUS K ceTu "MHTepHer" M oOecneueHsl OCTYIIOM B
ANEKTPOHHYIO HH(OPMALIMOHHO-00pa3oBaTesibHy0 cpeny (205 kopm. 1).

[Tporpamma coctaBiena B coorBercTBuM ¢ TpeboBanusimu OC BO HHI'Y. Ilpuka3z HHI'Y or
13.05.2020r. Ne 275-OJ «O BBeaeHWM B JEUCTBHE 0OpPA30BATENBHOTO CTAHAAPTA BBICHIETO

oOpazoBanusi — crneuuanuter no cnenuanbHocTH 04.05.01 «DyHnameHTanbHas W NPUKIAAHAS

XUMUS»

ABTOp (BI)

1.X.H., Ipod.

A.B. Kusses

K.X.H.

A.C. IIunnnosa
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Peniensent (b1)
K.X.H. c.H.c. ®I'YII "OHIIL]

HUNUC um. 10.E. Cenakosa" A.A. Ca30HOB

3aBenyromnuii kadeapoi,

I.X.H., Ipod. A.B. Kusi3es

HporpaMMa oz[06peHa Ha 3aC€JaHHuHnu MCTOHquCKOﬁ KOMHCCHH XUMHNYCCKOI'O (baKy.]'IBTCTa

OT «__» 20___ ropa, mpotokosa Ne
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