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JIMCT aKkTyaJm3anuu

Buzuposanue PIIJI nns ucnonnennsi B ouepeHOM y4eOHOM roay

IIpencemarens MK
_4 _ wioHd 2021r.

Pabouas nporpamma nepecMoTpeHa, 00CyKIeHa U 0100peHa IS
ncronHenns B 2021-2022 y4yeOGHOM roay Ha 3aceIaHuu Kaheaphl

[Iporokomor 20 1. Ne
3aB. xadenpoii

Busuposanue PII/{ nJis1 MCIIOJIHEHHS B 0UepPeHOM 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/{ nJis1 MCIIOJIHEHHMS B OYepeHOM Y4eOHOM roay

IIpencenarens MK
20 T.

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

IIpotokomor 20 1. Ne
3aB. kadeapoii

Buzuposanue PIIJ] nis ucnmoiHeHus1 B 04epeHOM Y4eOHOM IOy

IIpencenatens MK
20 T.

Pabouas mporpamMmMa nepecMoTpeHa, 00CyXIeHa U 0JJoOpeHa Jis
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 HAHOMATEpUaIOB)» OTHOCUTCA K 4acTH, GOpMHUPYEMOit
ydacTHUKaMH 00pa3zoBaTenbHBIX oTHOmeHuH broka 1 OIIOIl mo HampaBlIeHWIO MOATOTOBKU
04.05.01 «®ynnamentanbHas u npukiaanas xumus» (b1.B.03.J1B.03.02), sisercs oOs3aTebHON
JUISE OCBOCHHUS CTYJICHTaMH OYHON (OpMbI OOYYEHHS HA HYETBEPTOM TOAY OOydYeHUS B BOCHMOM
ceMecTpe.

s oCBOEHMS TUCUUIUIMHBI CTYIAEHTHI UCIOJIB3YIOT 3HAHUS, YMEHUS U BUJIbI AEATEIbHOCTH,
chOpMUPOBAHHBIE B MPOILECCE M3YyUCHUS JAUCIUILTUH «XUMUYECKas TEXHOJIOTUS», «Du3ndeckue
METOJIbl HcciienoBaHus», «Heopranumueckas xumusa», «Opranuyeckas Xumus», «DPuznyeckas
xumus», «duszukay. JucuumimHa «BBeeHne B XMMUIO HAHOMATEPUAJIOB) SIBJISIETCS OCHOBOM IS
M3y4YeHUs TaKUX 00JIacTel 3HAHUS KaK MaTepUaIOBEICHHE, HAHOAJICKTPOHHUKA, MEUITNHA, OMOJIOTHS.
OcBoeHne JaHHOM JUCHUIUIMHBI HEOOXOIMMO Kak MpPEIIIEeCTBYIOLIee NpU JajbHEUIIen
MPaKTUYECKOU JIEATESILHOCTH B paMKaX BBIMOJTHEHUS KBATU(PUKAIIMOHHBIX padoT.

Kypc oTBedaeT OCHOBHBIM TpeOOBAaHMSM B IUIAHE PEIICHUS 33Jaud 10 COBEPUICHCTBOBAHUIO
o0y4eHHs1 B BBICIICH IIKOJIE. DTOT KypC NAeT MIMPOKWE 3HAHUS (YHIAMEHTAJIBHBIX TOJI0KECHHHA
HAyKH, KOTOpble HEOOXOIUMBI KaK JJIsi HEHNOCPEACTBEHHOM PabOThl MO CIEUUATbHOCTH, TaK U IS
[TIOHUMAaHHs IT1aBHBIX HAIIPaBICHUN XMMUYECKOU HAYKU U €€ Pa3BUTHS.

Leasimu ocBOeHHS AUCHUILIMHBI «BBeAeHre B XHMHUI0 HAHOMATEPHAI0B» ABJIAIOTCH
® CHCTEMHOE OCBOCHHE OCHOBHBIX TEOPETHYECKHUX ITOJIOKEHHH HAHOXUMHUHU Ha COBPEMEHHOM
YPOBHE pa3BUTHsA HAYKHM, SKCIIEPUMEHTAJIbHOM TEXHMKHM W JOCTH)KCHHMM NPOMBIIUIEHHOIO
IIPOU3BOCTBA,
e puoOpeTeHne NPAKTUUECKUX HABBIKOB IIPOBEIEHUS UCCIEA0BaHUN B 001acTH
HAHOTEXHOJIOTHH KaK (pyHIaMEHTaIbHON HAyKH.

3agaum AUCHMILIMHEBL:
®  U3y4YCHHE B3aUMOCBSI3M MEXJy CTPOCHHEM M CBOHCTBAMH BEILECTB ISl PEIICHUS
TEOPETUYECKUX U MPAKTHYECKUX 3aa4 MO CO3JaHUI0 HOBBIX MaTEpUasOB;
L] I/I?:yLICHI/IC CBOI\/’ICTB HaHOMaTepI/IaHOB U METOJI0B UX HOHy‘IGHI/Iﬂ;
e (hopMHUPOBaHHE TEOPETUUECKUX MPEICTABICHUN O CTPOSHUU HAaHOMATEPHAJIOB U METO/IOB
HCCIIEN0BaHUA.

2. Tlnmanupyemble pe3yabTaThl 00y4eHHUsI MO JUCHUIJINHE, COOTHECEHHbIE ¢ IUIAHNPYEMbIMH
pe3yJabTaTaMH OCBOEHHS 00pa30BaTeILHOI NPOrpaMMbl (KOMIETEHIMAMH U HHAMKATOPaAMHU
AOCTHIKEHHUSI KOMIIeTEHIIHiA)

Inanupyembie Pe3yJibTAThI 00yUeHHS 10 TUCHUIIHHE HaumeHnoBaHue

(Mo/1yJI10), B COOTBETCTBHH C MHIMKATOPOM J0CTHKEHHS OIIEHOYHOT0
Popmupyembie KOMIETEHIMT cpeacTBa
KOMIeTeHIuH (K01, HNugukarop Pe3yabTatnbl 00y4yeHus
COZICPKAHNC JMOCTHKEHHSI M0 JUCIMILTHHE*
KOMITICTCHITHH) KOMIEeTeHIUUu™

(xom, comeprxanue
WHINKaTOpa)




IIK-1-n.

CrocobeH
IJIAHUPOBATh
paboTy u BBIOUPATH
aJICKBATHEIC
METO/IbI PEIICHUS
Hay4HO-
HCCIIEN0BATENbCKUX
3a7a4 B o0yacTu
OpraHN4ecKou U
MEIULIMHCKON
XAMUHU W/UIH
CMEXKHBIX C XUMHUEH

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

Braoemv memoodamu pewenus
IKCNEPUMEHMATIbHBIX 3A0at XUMUU
HAHOMAMEPUAios

Yuems npumenamo mamemamuyeckue
MoOdenu 015 06pabomKuy pe3yibmamos
U3y4eHus CEOUCME NPoyeccos

3name 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 uH(pOpMALIH B 06we20 nomoxa
oOractu UH(POPMALMOHHBIX
OpraHUYECKOit u 0a3ax JaHHbIX 3name o enasuvix 3a0auvax u 0ovekmax
MEIMIIHCKOR UCCeA08AHUS HAHOXUMULU KAK HAYKU, ee
AL MEANCOUCYUNTIUHAPHBIX CEA3[X, O COCMABE,
XUMUHU n/umm

CMEXXHBIX C XUMHUEN
HayKax.

cmpoeHuu u ceolicmeax Hanomamepuailos, o
npuryunax u npuemax cunmesa
Hanomamepuauios, o Memooax ucciedo8ams
Hanomamepuauloe

MK-3-H.
Cnocoben Ha
OCHOBE
KPUTUYECKOTO
aHanu3a
pesyiabratoB  HUP
OLICHUBATh
MEePCIEKTUBBl  HX
MPaKTUYECKOTrO
MIPUMEHEHUS u
MIPOJIOJKEHUS
pabor B obOmactu
OpraHv4eCKOn 51
MEIUITNHCKON
XUMHUH W/AIn

CMEXHBIX C XUMHUEN
HayKax.

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

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

Ymems cucmemamusuposams ungopmayuio,
NOIYUEHHYIO 8 X00e UCCIe008aHUS

JIATEPATyPHBIMH HAHOMAMepuaios, AHaIU3UpO8aAms ee U
HaHHBIMH conocmaeisem ¢ AumepamypHolMu OGHHbIMU
3nams memoouxu mooeruposanus 6
COBDEMEHHBIX CUHME3AX C UCNOAb308AHUEM
KOHYenyuu « CmpyKkmypa-ceoucmea.
IIK-3-u-2. Braoemv nasvixamu nianuposanus
Onpenenser danvhelue2o HanpasieHus pabomoi
BO3MOXXHBIE
Ymemo npoznosuposamu guszuueckue,
HampaBJICHUSA Xumu4eckue u CHeKmpanbHble C80UCMBa

pa3BUTUA pa60T u
TMEPCIICKTHUBLI
MMPAKTUYCCKOT'O
IMPUMCHCHUA
TMMOJTYYCHHBIX

Hanomamepuanloe, Ha Ux OCHoee onpeaeﬂﬂmb
nepcneKkmuebl UX npaxkmu4ieckoco
NPpUMEHEeHU

3namw ocnosHble akmyajibHvle Hanpaeilerusl
NPpUMEHEeHUs PA3TIUYHBbIX cPpYynn mMamepuaililos

CobecenoBanue,
KOHTPOJIbHAS
pabota, F3K3aMeH




pe3ynbTaTOB

3. CTpyKTypa U coaep:kaHue TUCHUITUHBI

3.1 TpyaoeMKOCTb JUCHUNJIMHBI

o4yHas popma
o0y4eHust
OO0masi Tpy10eMKOCTh )
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 QUCHUILIUHBI

Bcero

B TOM YHCJIC

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

«
U3 HUX g
(uachbi) S
J¥-]
ol
g5
= e
HaumeHoBaHuUe 1 o A 5
KPaTKoe CoJep:KaHue e = E g
pa3aesaoB H TeM = g = % g g
JIUCHUIILTHHBI = g = g 4 g
¥ S = E = ) s 5
=g E = S E 5 & 2
= £ = s 2= > O3
0N = = M g = [=a]
2 g g g 2
= es) = = e
=N 3 =N =N o
o o @) @) o
Beeneune. Dramsl | 25 8 9 17 8
pa3BHUTHS
HaHOTEXHOJIOTHH.
OcCHOBHEIE THUIIBI
HAHOOOBLEKTOB u
HAHOCHUCTEMBI Ha HUX
OCHOBE.
Metonasl cuHresa | 29 10 11 21 8




HAaHOKPUCTAITNYECK
ux MOPOILIKOB.
[Tonyuenue
HaHOKPHUCTAJUTMUECK
UX MaTepHaoB.

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

3 dexTs B (HUMKO-
XUMHUYECKHX
CBOMCTBAx
MaTepUaoB.

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

METO/IbI aHAJIH3A.

Htoro 108 36 38 74 34

Texymuii KOHTPOJIb YCIICBAEMOCTH pealin3yeTcs B (hopMe BOIIPOCOB U 3aJaHU HA CEMHUHAPCKHUX
3aHSATUSAX W BBIOJTHEHUH KOHTPOJILHOW padoThl. [IpoMeXyTOUHBIN KOHTPOIb OCYIECTBISETCA MpPU
MPOBEJICHUH DK3aMEHa.

[TpomexxyTouHasi aTTecTalusi IPOXOAUT B BHUJE KOMIUIEKCHOTO 9K3aMeHa B YCTHOH ¢opMme B
BUJIC OTBETA 00YYArOMIETroCs Ha TEOPETHICCKHUE BOMPOCH! Kypca (C TMpeBapUTEILHOM MO OTOBKOW).
CobecenoBanue IpoBOIUTCS B (popMe BOIIPOCOB, HA KOTOPHIE CTYJIEHT JOJIKEH AaTh KPATKUNA OTBET

Coneprkanue pa3iesioB JUCITUTUTHHBI:

1. Beenenuwe. Ortambl pa3BUTHSA HAHOTEXHOJOTHHA. OCHOBHBIE THIIBI HAHOOOBEKTOB W
HaHOCHCTEMBI HA UX OCHOBE.

Otanbl pa3BUTUS HAHOTEXHOJIOTWH. [IpuMeHeHne HaHOTEXHOJIOTUH B cdepax uenoBede-CKOU
JeSTEIbHOCTH M IPOMBILUIEHHOTO pon3BoACcTBa. [Ipon3BoacTBo MarepuanoB. Hanoanek-TpoHuka u
BBIUMCJIMTENbHA TEXHMKAa. MeaunuHa | 31paBoOXpaHEHHE. ADPOHABTHMKA M KOCMH-UECKHE
uccnenoBanus. Okpyxaromas cpefa M sHepreTuka. IIpobirembl HalMOHAIBHOM 0€3-OMacTHOCTH.
Hayka u oOpa3oBanue. Kiactepsl. OObenuHeHHas KiaccUpUKAMs OOBEKTOB HAHOXHMUHU.
KBaHTOBBIE TOUKH, KBaHTOBbIE HUTH (IIPOBOJIOKH), KBAHTOBbIE AMbl. OCHOBHBIE THUIIBI HAHOOOBEKTOB
U HaHOCHCTEeMBbl Ha MX OcHOBe. DysiepeHbl. CTpyKTypHbIE CBOMCTBa (yn-iepeHOB. DyIepUTHI.
OHpo3apanbHble coeanHeHus. «Hekmaccuueckue» 3HI0QYIUIEpEHBl. YT-JI€pOJHbIE HAHOTPYOKH.
Crtpyktypa HaHOTpyOOK. XwupanbHocTb. MHaekcwl xupanbHOcTU. Kiac-cudukanus HaHOTPYOOK.
MHorocnoiiHpie  HaHOTPYOKH. OOBEKTHI  CympamoJieKyJsipHo — xumuu.  KykypOutypwur.
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Heoprannueckrne HaHOMaTepuaibl. BUCKephl 1 X CBOMCTBA. MaHTaHHUTHI — COETUHEHHS C 2P (HEKTOM
TMTAaHTCKOTO ~ MarHeTOCOINPOTHBIICHUS. BbICOKOTeMmepaTrypHble  CBEPXIpPOBOIHUKU. ekt
Meiicuepa. @oronnblii kpuctami. Kiaccudukanus QOTOHHBIX KpHCTALIOB. «CymepauH3b».
buokepamuka. Anmazouasl. Anamantan (C10H16), nuamantan (C14H20) u tpuamantan (C18H24).
HanopoOoT, BBIMONHEHHBIM #3 anmazouja. la3oBble ruaparel (kiarpatbl). Kpucrammmdeckue
Moaudukanuu razoruaparon. Kimacrepsl B razax.

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

Metoabl cuHTE3a HAHOKPUCTAJUIMYECKUX MOPOIIKOB. ['a3odasublii cuHTE3 (KOHIEHCAIUS
napoB). OCHOBHBIMH 3aKOHOMEPHOCTSMHU OOpa30BaHHMS HAHOKPHCTAIMYECKUX YACTHII METOJIOM
ucnapeHus M KoHzeHcauuu. lDmasmoxumuueckuii cuHTe3. OCHOBHBIMH YCIIOBUSIMHU IIOJYYECHHS
BBICOKOJIMCIIEPCHBIX IOPOLIKOB IIa3MOXMMUYECKMM MeToaoM. Ilnasmorpon. JlazepHast abisius.
OcaxxieHue U3 KOJUIOMAHBIX pacTBOpoB. CxemMa KpHOXMMHUUYECKON TEXHOJIOTMH. TEeMIUIaTHBIM CUHTE3
me3onopucroro SiO2. CxeMa CHHTE3a ME30IMOPHCTOr0 OKCHA KpeMHHs. TepMHUYecKoe pa3ioKeHHe
1 BoccTaHoBJIeHHE. CXeMa yCTaHOBKU KaTaIUTUYECKOrO MUPOJIU3a YIIIEeBOAOPOI0B. MeXaHOCHHTES.
Mexanocunte3 ¢ nomonisio ACM. JleToHallMOHHBIM CHHTE3 M 3JEKTPOB3pbIB. CxemMa cUHTE3a
HAHOYACTHUI] C TIIOMOLIBIO 3JIEKTpOB3pbIBa. [lonyueHHe HAHOKPUCTAIUIMYECKUX MaTepHalloB.
KomnaktupoBanue nopomkoB. JluHaMudeckue napameTpbl MarHUTHO-UMIIYJIbCHOTO IPECCOBAHUS
HaHOKpHUcTaumueckoro okcuaa Al203. MaruuTHO- UMITYJIBCHBIM METO mpeccoBanus. OcaxieHne
Ha MOJUIOKKY. Omnutakcus. Tumel snutakcuu. MoiekynsipHo-nyukoBas snutakcus (MIID) wumm
MOJICKYJIsIpHO-Ty4yeBass snuTakcuss (MJID). TexHomoruss MOJEKYJISPHO-TYy4eBOM SHUTAKCHU.
[IpeumymectBa U HemocTatku Merona. l'azodasnas smutakcus. OCHOBHBIE METOJbI IMOJYYEHUS
SMUTAKCUAIBHBIX IUIEHOK KpeMHHUsA. Onurakcus u3 >xuakoi ¢asel. Tomoxumusa. CVD-mpouecc
(xmaccuduranms 1o jgaBieHuto, Knaccupukamuss mo (Qu3MYECKHMM XapaKTepHCTUKaM Tapa).
[1nazmennsle Metoabl. HanbuieHne koHieHcalue u3 naposoii (razoBoii) ¢assl (PVD). Cxema PVD
nporecca. Kpucramnmuzamus amopHbix criiaBoB. CrniH-HUHTOBaHME. VIHTEHCHBHAs TJIacTHYECKas
nepopMmanusi. UHTEHCUBHAs IJIacTHuYeckas aedopma-livsi Kpyuye€HUEM I0J BBICOKMM JaBJIEHHUEM.
WHTeHcuBHAs Iu1acTUdeckas Jedopmalus paBHOKa-HAIbHO-YIJIOBBIM IpeccoBaHueM. JluTorpagus.
Cxema nporiecca GpoToauTorpaduu.

3. CBoiicTBa M30JMPOBAHHBIX HAHOYACTHI] U HAHOKPUCTAJUIMYECKHUX MOPOLIKOB. PazMepHbie
3¢ deKTh B PU3UKO-XMMUYECKHX CBOHCTBAX MaTepHasoB.

TepmoauHaMuueckoe paBHoBecue. MexaHnueckoe paBHOBecue. Buabl paBHOBecHs. YcioBue
MEXaHUYECKOro paBHOBecusi HaHoyacTulbl. @opmyna Jlammaca. VYcinoBue MaTepuaib-HOIO
paBHOBECHs] HAHOYACTHUIIBI C OKpY»Karolied cpenoil. I mOpuaHblii TepMOAMHAMUYECKUHN MOTEHIUAI.
CrpykTypHble U (a3oBble npeBparieHus. [[puunHpl U3MEHEeHUs Nepro/ia peIeTKH MaJIbIX YacTHI] 10
CPaBHEHHIO C MacCHBHBIM BemlecTBOM. ®PpuneneBckue ocuuisinuu. @DOHOHHBI CHEKTp H
TEIUIOEMKOCTh. MarHuTtHele cBoMcTBa. MarHuTHas BocnpuuMuuBocTh. Ilapamarnetusm I[laynm.
3akon Krwopu —  Beiica. AHOManuM  MarHUTHOM  BOCHPHUMMYUBOCTH  HAHOYACTHII.
CyneprnapamMarauTHoe COCTOSIHUE. Kospuutusnas CHJIA. MarauTHO-XECTKHE
(BBICOKOKO?PIUTUBHBIE) MaTepuaibl. MarHuTHO-Msirkue Marepuansl. Oynkuus Jlamxesena. Touka
Kropu. OnTtnueckue cBoiictBa. PaccesHue u MOIJOIIEHHE CBETa HAHOYACTUIIAMU IO CPaBHEHUS C
MaKpOCKOIIMYECKUM TBEPAbIM TeioM. Teopuss Mu. DKCUTOH — BOJOPOIONOA00HAs KBa3MYaCTHIIA,
NPEJCTaBIAIOMAs COOON DIEKTPOHHOE BO30OYXKAEHHWE B JUDJIEKTPUKE WM TOJXYIPOBOJHHKE,
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MUTPUPYIOLIEE MO KPUCTAIIy U HE CBSI3aHHOE C IEPEHOCOM 3JEKTPUUYECKOIo 3apsiia U MAaccChl.
MUKpOCTPYKTYpa KOMITAKTHBIX HAHOKPHCTAJUIMYECKUX MaTepUalioB. [ 'paHWIBI pa3znena B
KOMITAKTUPOBAaHHBIX ~HaHOMaTepuaynax. OCOOEHHOCTH CTPYKTYphl CYOMHKPOKPHCTAIITMYECKUX
MeTaJlJI0B. BiusiHue pasmepa 3epeH U IpaHul] pa3jiela Ha CBOMCTBA KOMIIAKTHBIX HAaHOMATEpPHAJIOB.
AHOManuu MexaHu4eckoro mnoBeaeHus. 3akoHy Xomuia-lIletua. Meton Bukkepca. TBEpaocTs.
Metoasl u3mepenusi TBEpAocTU. Metoasl u3mepenust TBEpaoctu. Ilpounocts. Knaccuduxanms
npovyHocTd. Teruiopusndeckue u dJeKTpuueckrue cBoicTBa. MaruutHele cBoiicTBa. Kanmwmsp-ubie
ABJIEHUS. 3aBHCHUMOCThH JABJICHUS Iapa OT KpPUBHM3HBI IMOBEPXHOCTU >KuAKocTH. Kamusisp-nas
KOHJICHCAllUs. 3aBUCUMOCTb PAaCTBOPUMOCTH OT KPUBHU3HBI MOBEPXHOCTH PACTBOPSIOUINXCSA YaCTHIL
(3axoH ['m60ca - OctBanbaa - Opeitnanuxa).

4. Meroabl ucCleIOBaHHE HAHOCTPYKTYp (HaHOMaTepuasaoB). MUKPOCKOIHUYECKHUE METOJIbI
(Meroabl Buzyanusanun). GU3uKo-XUMUYECKUE METObI aHAIIN3A.

MeToapl BU3yanH3allud MHKPOCTPYKTYpbl MarepuanoB. Ontuueckas Mukpockomus (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-CUJIOBasi MHUKPOCKONHUS. binKHenospHas ONTHYECKas MMKPOCKOIMS.
[IpuHnunsl paboThl CKAaHUPYIOIIMX 30HIOBBIX MUKPOCKOMNOB. CKaHUPYIOLIUE 3JIEMEHTHI (CKaHEpHI)
30H/IOBBIX MHUKPOCKOIIOB. YpaBHEHHE OOpaTHOTO mbe30d(dexra. TpexKoopauHaTHBIE CKaHEPHI.
Henunelinocts nbe3okepamuku. Kpun nbe3okepaMuku. ['McTepe3uc nbe3okepamMukh. Y CTpOMCTBa
JUTSL IPEIM3UOHHBIX TepeMelleHnud 3081a U oopasua. llaroseie anekrpoasuratenu. opmupoBanue
u obpaborka C3M wuzobOpaxenuil. ®opmyna Daynepa-Hopareiima. 30HABI 17 TyHHEIBHBIX
MHUKpPOCKOIIOB. M3MepeHne BOJbT-aMIIEPHBIX XapaKTEPUCTHK TYHHEJIBHOIO KOHTakTa. [loreHuman
Jlennappa-/IxoHca. 30HA0BbIE JATYMKH aTOMHO-CUJIOBBIX MUKpPOCKOIOB. KanTunesep. 3aBUCUMOCTh
CHJIBI OT PACCTOSTHUS MEX]ly 30HJIOBBIM JaTUUKOM U oOpa3iom. KBazucratnueckue Mmeronuku MCM.
Cy6BonHOBBIe auadparmbel. 3oHA51 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

CamocrosiTennbHasi paboTa CTYJEHTOB BKJIIOYAET padOTy B YHUTAILHOM 3ajie OMOIMOTEKU, B
yueOHBIX KaOuHeTax (J1abopaTtopusx) U B JOMAITHUX YCIOBHSX, C JIOCTYIOM K pecypcam MHTepHET
JUTSI TIOATOTOBKH K COOECEeTOBAaHUIO M KOHTPOJIBHBIM paboTaMm.

K d)ODMaM TCKYHICTO KOHTPOJIA YCIICBAEMOCTU TUCHUIIJIMHBI OTHOCUTCA CICAYIOIICEC:

e (CobOecenoBanne
e KonrtponrsHas pabota

[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.

BOHpOCLI " 3aJaHud JJId TPOBCACHUA TCKYIICTO KOHTPOJIA U HpOMe)KYTOQHOﬁ arTeCTaluu 110
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5. ®oHJ OI[EHOYHBIX CPEJACTB /IJIsi IPOMEKYTOUYHON ATTECTAIMM 10 TUCHHUILIHHE (MOTYJII0),
BKJIFOYAIOIIINN:

5.1.

Onucanue mKan OLICHUBAHUWA PC3YJIbTATOB 06yT-IeHI/ISI 10 JUCHUITIIMHE

Yposennb Ixana ouennBanus chopMUPOBAHHOCTH KOMIIETEHIUI
copmupoBan
MJ10X0 O4YeHb XOPOIIo
HocTH HeY/0BJIeTBO | Y/IOBJIETBOPH P
i X0pouIo OTJIMYHO
KOMIIETEHIIMH PHTEJILHO TeJbHO P
(WHaMKaTOpa NPEeBOCX0HO
JAOCTHKEHUS T
" € 3a4TeHO
KOMIIeTeHITHi1) 3a4TEHO
OTtcytcTBHE YpoBeHb
3HAHUN 3HaHUH B
YpoBeHb
TEOPETUIECKO N o0beme,
YpoBeHb MuHumaneHO | 3HaHUH B YpoBeHb
TO MaTepHaia. N N COOTBETCTBYIOLI] N
3HAHUI HIDKE | JIONMYCTUMBIH | oObeme, 3HaHUII B VpoBeHs
MHHUMAaJIbHBI 0BEHb cootBercTBytom | O MPOTPAMME o0beme
Heso3smozxHOC P N Y HOITOTOBKH. ’ 3HaHHH B
X 3HAHUH. €M IporpaMme COOTBETCTB
SLELE Th OLIEHHUTB s . porp Tlonymero Y0 | o6beme,
TpeOOBaHUH. OITyIIIEHO HOATOTOBKH. eM
HOJIHOTY I/f Loy 8 HECKOJIBKO n TIPCBBILIAIOLC
N MEJM MECTO | MHOTO OITYIIICHO porpaMme
SHaHHH 6 6 Alomym HECYIIECTBEHH porp M Iporpammy
rpyobIe HETpyOBIX HECKOJIBKO MOATOTOBKH
BCIIEJICTBHE 14 Py BIX OIIHGOK A > | MOATOTOBKH.
OIINOKH. OIINOKH. HETpyOBIX 0e3 ommoOOK.
OTKa3a
ournboK
00y4Jaroneroc
s OT OTBETA
OtcyrcTBHE n IIponemonctpu | Ilponemonctpu | Ilpomemoncrp | IlpomemoHcTp
0JIEMOHC
MHHHUMAJIbHBI P B POBaHBI Bce POBaHEI Bce HpPOBaHbI BCE HpPOBaHbI BCE
. HPOBaHBI
X YMEHUH . [pu perreHnn P OCHOBHBIE OCHOBHEIE OCHOBHEIE OCHOBHEIE
OCHOBHEIC
HeBo3MOXHOC | cTanaapTHBIX - YMEHHSI. YMEHHSI. YMEHHs,pele | YMEHHS,.
Tb OLICHUTh 3a/aq He P ) Pemenst Bce Pewens! Bce HBI BCe Pemens! Bce
CILCHBI
HaJM4ne MIPOJEMOHCTP OCHOBHBIE OCHOBHEIE OCHOBHEIE OCHOBHEIE
. THUIIOBBIE
yMeHuit UPOBAHEI 3a1a4u ¢ 3a7a4u . 3ama4u ¢ 3a1a4n.
Ymenus 3a/1a44 ¢
BCIICJICTBHE OCHOBHBIC 5 HerpyObIMI BEImoHEHBI Bce | OTASTBHBIMH BemonHeHs!
HE BIMH
OTKa3a YMEHHUS. rpg OITHOKAMH. 3a7aHus, B HECYIIECTBEH | BCE 3a/aHM,
OIIHOKAMH.
o0yJaromieroc BeImonHeHs! Bce | MOTHOM HBIM B TIOJTHOM
BoinonHeHst
s OT OTBETa Nwmenu mecto 3aJaHus, B o0Beme, HO HEJ0YeTaMH,
BCE 33/IaHUS
rpyObIe MIOJTHOM HEKOTOpBIE C BBIITOJTHEHBI obbeme 6e3
HO HE B
OLNOKH. 00BeEME, HO HEI0YETaMU. Bce 3aJaHus B | HENAOYCTOB
TIOJTHOM
HEKOTOpBIE C MIOJTHOM
obneme.
HeJJ0YeTaMH. obObeme.
OTtcyrcTBHE [Ipu pemenun | Umeercs I Iponemonctpu | TMponemonctp | IIponemonctp
0JIEMOHCTPU
BIIAJICHUS CTaHJApPTHBIX | MUHHUMAJIBHBI P P POBaHbI HPOBaHbI HpOBaH
N OBaHbI N
MaTepHAaIOM. 3amaq He i Z 6a30BEIe HaBbIKH TBOPUYECKUH
a30BbIE
HeBo3moxHOC | TPOIEMOHCTP HaBBIKH MOAXOA K
HaBBIKH
Tb OIIEHUTH HUPOBaHbI Habop IIpU PCIICHUN | pEIICHUIO
HaJMIne 6azoBble HaBBbIKOB UL ITpH peIICHUH HECTaHAApTH HECTaHAAPTH
Hagpiku TIpA PELICHHH P Hap
HaBBIKOB HaBBIKH. pemeHus CTAHIAPTHBIX CTaHAAPTHBIX BIX 3a7a4 0e3 bIX 3a7a4
BCIIEICTBUE CTaHJAPTHBIX sanan ¢ 3aga4 Oe3 OIIHOOK U
OTKaza HWmenn mecto 3a1a4 C OLINO0K U HEJIOYETOB.
6 HEKOTOPBIMH
rpyObie HEKOTOPBIMU HEJIOUETOB.
oOyyaromeroc | I'PY! P HeIOMeTaMH
s OT OTBETA OIIHOKH. HeJ[09eTaMI




[Tpu n3yuenuu aucuuIuinHel «BBeieHNe B XMMHIO HAHOMATEPHATIOBY CTYACHTHI OIY4atoT
CJICAYIOIINE 3HAHUS, YMEHUS U BIIaIeHus B pamkax ocBoeHust komnerenimii IK-1-u, IIK-2-n, 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
IPUMEHEHHS IOJTYYECHHBIX Pe3yJIbTaTOB.

HpOMe)KYTO‘IHHﬁ KOHTPOJIb Ka4YCCTBAa YCBOCHHUA CTYACHTAMU COICPKAHUA 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
HCIOJIb3yeTCs OTBET M0 OUJIeTy Ha IK3aMeHe.

Ikana oueHKN NPU MPOMEKYTOYHOM aTTeCTALUN

Onenka YpoBeHb NOATOTOBKHU

3a4TCHO

[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
HIUKE «OTIIMYHO», TIPU OTOM XOTA OBl OJHA KOMITCTEHIIHS
c(hopMUpOBaHa Ha YPOBHE «OTIHYHOY

OdeHpb X0po1IIOo Bce kommereHumu (YacTh KOMIETEHLHMH), Ha (OPMHPOBaHHE
KOTOPBIX HalpaBlieHa JWCIMIUIMHA, CPOPMUPOBAHBI HAa YPOBHE HE
HIDKE «OYEHb 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»

VYnoBierBoputenbHo | Bce  KoMmereHumu (4acTM  KOMIETEHIMH), Ha (OpMUpOBaHUE
KOTOPBIX HampaBiieHa JUCLUUILIMHA, COPMHUPOBAHBI Ha ypOBHE HE
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HUKE «yJIOBJICTBOPUTEIILHOY, TIPU STOM XOTS OBbI OJJHA KOMITCTEHITHS
chopMrpoBaHa Ha YPOBHE «YIOBIECTBOPUTEIHHO

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

HC
3a4TCHO

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

6.2. TumoBble KOHTPOJIbHBIE 3aJaHUsI WM HHbIE MATepPHAJIbl, HEOOXOAMMBIE /Js OIEHKH
pe3yJbTaToB 00y4eHHUs.

6.2.1 KoHTpoJibHBIE BONPOCHI
80NpOCHL Koo ¢popmupyemori komnemenyuu

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

2. OynnepeHbl.  DHIO3ApanbHbIE  COCOUHEHUS.  YTIIEPOIHBIC
HaHOTPYOKH. MHIekchl xupanpbHOCTH. OOBEKTH CyNpaMOJEKyISIPHON
XHMUH (CYTIEPMOJIEKYJIBI, CYITPaMOJIEKy IsIpHbIEC aHCaMOIIHn).

3. Heoprannueckue HaHomarepuaibl (BUCKEpPBl, MaHTAHUTBHI IS
CIMHTPOHUKH, BBICOKOTEMIIEPATYPHBIE CBEPXIIPOBOJHHUKH).

4. Heopranmueckne HaHomarepuanbl ((GOTOHHBIE  KPHUCTAILIHL,
OHMoKepaMuKa, aIMa30HIbl, TCHIPUMEDPHI).

5. I"azoBeie ruapaTs (kmatpatel). Kiacreps! B razax.

6. Metonpl uccnemoBaHus HaHOOOBEKTOB. MeTOmbl CKaHUPYIOIIEH
30H10BOM MUKpocKonuu. CKaHHpPYIOIIasi TYHHEIbHAs MUKPOCKOIIHSL.

7. Mertonpl  HCCIENOBaHUS  HAHOOOBEKTOB.  ATOMHO-CHIOBAs
MHUKPOCKONUS.  DJEKTPOCHJIOBas ~ MHUKPOCKONHMA. MarHuTHO-CHIIOBas
MHUKPOCKOTIHSL.

8. MeTtoanl HCCIIECIOBAHMS HAHOOOBEKTOB. bimmxuenonnHas
OIITHYECKast MHUKPOCKOTIHSL. OJeKTpoHHas MHKPOCKOITHSL.
[IpocBeunBaromias >MEKTPOHHAs MHUKPOCKONMA. PacTpoBasi 3ieKTpoHHas
MHUKPOCKOTIHSL.

1. Mertonbl CUHTE3a HAaHOKPUCTANINYECKUX nopomkoB. | IK-2-u
lazodasneiii cunTe3 (KoHIeHcamus napos). [I1a3sMoxuMHUUECKU CHHTE3
(mazepHast abmsust). OcaxkiaeHne U3 KOJUIOUIHBIX PACTBOPOB (peakiuu B

Muneiiax, OMYJIbCUAX nu ACHApUMEpax, HAaHOPCAKTOPHI,
KpI/IOXI/IMI/I‘IeCKI/Iﬁ CHHTEC3, 30JIb-T'CJIb — TeXHOHOFI/IH).
2. MeTOI[BI CHHTEC3a HAHOKPUCTAIIIINYICCKUX MMOPOLIKOB.

Tepmuueckoe pasiokeHHE U BOCCTaHOBIICHHE (TUPOJIN3). MeXaHOCHHTES.
CamMopacnpoCTpaHSIOMIMIACA BEICOKOTEMIIEPATYPHBII CHHTES.

3. JleTOHallMOHHBI CHHTE3 W  DIIEKTPOB3PHIB.  YTIOpsIOYEHHE
HECTEXNOMETPHUUECKUX COEINHEHUI.

ITonyuenue KOMITaKTHBIX HaHOKPHUCTAININYECKUX MaTepHUaIoB.
KomnaktupoBanme mopomkoB. OcaxaeHHe Ha TOIOKKY (dMHUTaKcus,
CVD u PVD).

4. [lomyueHne KOMITAKTHBIX HAHOKPHCTAJUIMYECKHX MAaTEpHAJIOB.
Kpucrammzamust amopdHbeIXx  crutaBoB. MHTEHCHBHAs —IUIacTHYECKas
nedopmarus. Jlurorpadusi.
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5. Bnusaue pasmepHbix 3¢QQeKTOB Ha CTPYKTypHBIE U (PHU3HKO-
XMUMUYEeCKHe CBoiicTBa  MartepuasioB. CTpykTypHble U (pa30BbIe
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. MexaHudeckue cBodcTBa. 3akoH Xoia-lIlerda. Metossl
u3ydeHus TBepocTH. MarHuTHele cBoicTBa. KospuutuHas cuna.

8. JlocTikeHns: HAHOTEXHOJIOTHH.

6.2.2. TunoBble 3aaHUs/32a4 1 1JI51 OLEHKH ChOPMHUPOBAHHOCTH KOMIMETEHIUH

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
30JI0Ta HAXOAUTCS Ha MOBEPXHOCTH HaHO4YacTulbl AU? Pagnyc atoma Au coctaBusier 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
dbynnepena — 0,7 HM.

3. Urto Takoe SHTAIINs 00pa30BaHMs OJHOCTEHHON yriepoaHoi HaHoTpyOoku 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. KnaCTepr C 38.I(OHLICHHOI71, perﬂﬂpHOﬁ BHEIITHEHN
FeOMCTpHeﬁ HAa3bIBAKOT «MAarndyc€CKuMmu», WUJIMU KiIlaCTepaMu C 3aIIOJTHEHHONW 00OJIOYKOM. I[OKa)KI/ITC,
4qTo 0611_[66 YHCJI0 aTOMOB METaja Yy, coaep:xameecs B n-oit 060.]'[0‘{1(6, paBHO:

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

5. 3agaya MocBsIEeHa CHHTE3Y CYIPAMOJIEKYJIIPHOTO (POTOXUMHUYECKOTO CEHCOpa.

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

a) K pasbaBmeHHOMY pacTBOpYy BelmecTBa A 100aBHIM 3KBHBAJICHTHOE KOJUYECTBO alleTara
mienoyHoro  meramia. Ilocme  go0aBieHHMsT Kakoro M3 alleTaTOB  MHTEHCHUBHOCTH
dyopecteHIn OyneT MaKCUMaTbHON?
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a) Anerat HaTpus,

0) arerar KaJus,

B) aleTaT Ie3Husl;

T') alleTaThl BCEX METAJIOB BBI3BIBAIOT OJMHAKOBYIO (DIIyOPECIICHITHIO.

0) K pasbaBnenHsIM pacTtBopam BemiecTB A U B m1o0aBwiM SKBHBAJIGHTHBIC KOJIHYECTBA
arierara kanmus. s Kakoro W3 BEHIECTB MHTEHCUBHOCTH (DIyopecleHIMH OyneT MOocjie 3TOro
MaKCUMaIbHOM?

6. B wHcKkycCTBEHHBIX (DOTOCHHTETHUECKHMX YCTPOHCTBaX pOJb (POTOAHTEHH HIPAIOT
CYNEPMOJICKYJIbI-ICHAPUMEDPDI, HMEIOIINE HEepapXUUecKyl0 CTpYKTypy. PaccMorpum oauH u3
KJIaCCOB JICHAPUMEPOB. MOJIEKYJIbl 3TOT0O KJlacca COCTOST M3 OJIHOTrO peakuuoHHoro 1eHtpa (PLI) u
HEKOTOPOTO KOJIMYECTBA MUTMEHTOB, mpuueM PI[ coenuHeH ¢ OByMs NHTMEHTaMH, a KaXJIbIi
MUTMEHT (KpOME BHEIIHHX) — C TPEMs COCESIMU (PUCYHOK).

a) CKOJBbKO IMMIMEHTOB BKJIIOYACT JCHIPUMEP N-TO MOKOJICHHS?

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

7. YueOHO-MeTOqHYEeCKOe M MHPOPMAIMOHHOE o0ecTieueHne THCIUIIIHHBI
a) OCHOBHas JTUTEpaTypa:

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

nocobue. — Hwmxuuit Hosropon: Hwmkeropoackuit 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., nepepab. u gon. — M. : U3narensctBo FOpaiit, 2017. — 190 c.
— (ABropckuii yueobnnk). — ISBN 978-5-534-00528-8. https://biblio-online.ru/book/DO1BA5SDD-
AA3D-49CF-A067-C6351CB24814

3. JlaBpumena, E. M. TexHonorHsi MpOrpaMMHPOBAaHUSI M TPOTPAMMHAs HHXCHEPHS !
yueOHuk mis By3oB / E. M. JlaBpumea. — M. : M3parensctBo HOpaiit, 2017. — 432 ¢. —
(YuuBepcutetrsl 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 !
y4aeOHHK 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-B7TEB045ED169
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0) TOTOJIHUTEIbHAS JTUTEPATypa:

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

B) nporpammHoe obecriedenne u MaTepHeT-pecypchl (B COOTBETCTBUU C COACPHKAHUEM TUCIUTUINHBI)

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'yceB A.W., Pemniens A.A. Hanokpucrammueckue marepuaibl. — 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  TOCYJapCTBEHHBIX  OpraHoOB, IIpernojaBaTesied  BEAYIIMX BY30B  CTpaHbI,
BBICOKOKBTM()MIIMPOBAHHBIX CIEIHMAINCTOB B pa3inyHbIX chepax OumsHeca. Donp OubIMoTexn
cOpMHPOBaH C YYETOM BCEX M3MEHEHHH 00pa30BaTEeNbHBIX CTAHAAPTOB M BKIIOYACT YYCOHHKH,
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-MeToIMYecKas JUTeparypa il JaHHON AUCHUIUIMHBI UMEETCs B HAJTMYUU B JIEKTPOHHO-
6ubnuoreuynoit cucreme MznarenscrBa "JlaHp", 1ocTynm K KOTOPO# Takye MPEIOCTaBIEH CTYAECHTaM.
OBC WM3natensctBa "JlaHbp" BKIO4WaeT B ceOs HJIEKTPOHHBIE BEpCUU KHUT H3naTenscTBa "JlaHp" U
JPYTUX BEAYIIHMX WU3AaTENbCTB YU€OHOW JINTEpaTyphl, a TAKXKE AJIEKTPOHHBIE BEPCUU MEPUOIUYECKUX
U3JIaHUI IO €CTECTBEHHBIM, TEXHWYECKMM U TrymaHuTapHbiM HaykaM. OBbC W3znartensctBa "Jlanp"
o0OecnieunBaeT JIOCTYN K Hay4yHOW, y4eOHOH iuTeparype M HayYHbIM MEPUOJUYECKUM H3JIaHUSM I10
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
0o0Opy/lOBaHWEM M TEXHMYECKUMHU CpeACTBAaMH OOYYEHHS: MEpPEHOCHBIM MYJIbTUMEAUNHBIM
IPOEKTOPOM, HOYTOYKOM U BBIXOJIOM B ceTh MHTepHeT, JOoCKOi u menoM (Ui pa3dopa YacTHBIX
BOIIPOCOB U JETAJIN3aLUN TEOPETUUECKUX ACHEKTOB TUCLUIUIMHBI, @ TAK)KE PELICHUS MPAKTUYECKUX
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3amau). Ayautopusi Ui npoBeAeHUst ceMuHapckux 3aHsatuil (140 xopm. 2) Takke OCHaIlleHa
HEOOXOIMMBIM 00OpYIOBaHUEM. CTAIlMIOHAPHBIM MYJIbTUMEAUNHBIM MPOEKTOPOM, HOYTOYKOM C
BBIXOJIOM B C€Th VIHTEpHET, TOCKOW U MEJIOM.

HaumenoBanue
CrenuAJbLHBIX*
MOMeEIeHnH H
noMeleHui aJis
CaMoOCTOSITeJILHOM
padoThl

OcHaleHHOCTh CIIeHHATbHBIX
NOMeIleHU B TIoMeleHUi 1J1s1
CaMOCTOSITeIbHOI padoThI

IlepeyeHb JMLIEH3UOHHOTO IPOTPAMMHOI0O
odecmeyeHus.
PexBU3MTBI NOATBEPKAAOIIET0 JOKYMEHTAa

ITomenienue TS
CaMOCTOSTEITHLHOM 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;
cepeepHas nuieHsus MS SQL Server
JInnensus Ne 65097676, nata BeIgaun
23.04.2015 r.

YyeOHast ayauTopusi Jyis
MIPOBEACHHUS 3aHATHI
JICKIIMOHHOTO ~THIa 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

JInunensus Ne 43178981, nata Bergaun
12.12.2007 r.

YueOHast aymuTopusi i
MPOBEACHUSA 3aHATUN
JIEKLMOHHOTO THIIA

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

KommiekT ciennanu3npoBaHHOM
Me0eIIr; TEXHUIECKHE CPEICTBA:
MyJIbTUMEIUHHBIN TpoekTop Beng
MP610, noytoyk Acer Aspire 5315-
301GO08 , nepeHocHOi
npoeknuoHHbIH 3kpan DRAPER
DIPLOMAT 60x60 MW BlackCase
HUMEETCs BBIXO/ B MHTEPHET

* Microsoft Windows XP Professional Russian
Upgrade Academic Open No Level,
JInnensus Ne 15988873, nara Beigaun
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
TEXHUKOM € BO3MOXKHOCTBIO MOJKIIOUEeHUS K ceTu "MHTepHer" M oOecreuyeHbl JIOCTYIIOM B
ANIEKTPOHHYIO HH(OPMALIMOHHO-00pa3oBaTesibHyt0 cpeny (205 kopm. 1).

[Tporpamma coctaieHna B coorBeTcTBuM ¢ TpeboBanussmu OC BO HHI'Y. ITpuka3z HHI'Y or
13.05.2020r. Ne 275-OJ] «O BBeaeHuu B JelcTBUE 0Opa30BaTENBbHOIO CTAHAAPTa BBICIIETO

oOpazoBanust — crneuuanuter no cnenuanbHocTH 04.05.01 «DyHnameHTanbHas M NPUKIAAHAS

XUMUSA»

ABTOD (BI)

1.X.H., Ipod.

A.B. Kusses

K.X.H.

A.C. lununosa
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