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Pabouass nporpaMma QM CHUILIHHBI
XUMUA HAHOCTPYKTYP

biaok:
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YacTsb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBIX OTHOIIEH Uil

Ne IMCHUIIJIMHBI 0 YYeOHOMY
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TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

6 cemecTp - 2;

Yacos (Bcero) no yueoHomy
IJIAHY:

72 gyaca

Jexknun

6 cemectp - 28 yaca;

HpaKTuquKne 3aHATHA

6 cemecTp - 14 yacos;

JlabopaTopHbie pa6oThI

He NMPeyCMOTPEeHO YUeOHbIM IIAHOM

KoncyabTanum

MPOBOJIUTCHA B paMKaX 4YaCoB ay/IMTOPHbIX 3aHSATHH

CamocrosiTesibHasi padoTa

6 cemecTp - 29,7 yaca;

B ToM unciae Ha KII/KP

He MPeyCMOTPEHO YUeOHBIM MJIAHOM

HNnasi koHTaKkTHas padoTa

MPOBOJIUTCHA B paMKaX 4YaCoB ay/IUTOPHbIX 3aHSATHH

BKJIIOYasi:
KosnokBuym
KontpoabHas padora

IIpome:kyTouHast aTTecTALUS:

3ayer ¢ OLEeHKOM

6 cemectp - 0,3 yaca;
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10.10. Ily3uHna




1. HEJIU U 3AJIAYU OCBOEHUA JUCHHUTIIJINHbI
Leab ocBOeHMSI TUCHUIIMHBI. TEOPETHYECKOE W MPAKTHYCCKOE M3yUeHUE (HU3UKO-XUMHUYCCKUX
CBOWCTB HAHOCTPYKTYPHPOBAHHBIX MaTepUAIIOB Ha 0a3e 3HAHUH O XHWMHYECKOH CBS3U, O
MEKMOJICKYJISIPHOM B3aUMOJICCTBUM B KOHJECHCHUPOBAHHBIX Te€laX M METOJIOB KBAaHTOBOW XHMHUHU s
BEJICHUS MH)KECHEPHOU, HAYYHO-HUCCIIEI0BATENBCKOM U PACUETHO-AaHAIIMTUYECKON JIEATEIbHOCTH
3agaum AMCHMIIHMHBI
- OCBOCHHUE (h)YH/IaMEHTATBHBIX MPUHITUIIOB U UACH, JISKAIINX B OCHOBE XUMUU HAHOCTPYKTYPHBIX
MaTepuaJioB;
- U3Y4YEHUE COBPEMEHHBIX METOAO0B MOJIYYEHHUS U UCCIEAOBAHUS CBOMCTB HAHOMATEPHUAJIOB;
- O3HAKOMJICHUE C KBAaHTOBO-XMMHUYECKUMHU pacyeTaMy U METOJIAMHU KPUCTALITIOXUMUHM JJI5
MOJEIUPOBAHUS HAHOCTPYKTYD;
- 00yueHHe HOBEUIITUM METOIaM MCCIIeIOBaHUS (PU3UKO-XUMHUUYECKHX MTPOIIECCOB B
HAaHOCTPYKTYPHBIX MaTepurasax.

dopmupyembie y 00yJaronerocs KOMNeTeHIMH U 3alJIaHUPOBAHHBIC Pe3yJbTaThl 00yYeHHs TI0
JUCITUILIMHE, COOTHECEHHBIE C HHAMKATOPAMH A0CTUKEHUs KOMIIeTeHIIUIi

Kox v HaumeHoBaHue Koa u HaumeHoBaHue 3amiaHNpPOBaHHbIE Pe3yJbTAThI 00yUeHHus
KOMIICTCHIIUU HHAUKATOPA TJOCTUKCHUS
KOMIICETCHINH
ITK-2 T'0oTOB K pacueTHO- N/1-3nk-2 Bnaneer 3HATb!
9KCIIEPUMEHTAILHOMY AKCIIEPUMEHTAIbHBIMU - KIACCU(UKALMIO ¥ METO/bI IOy YCHIS
aHaJIN3y 0COOCHHOCTEM METO/IaMH HCCIICIOBAHUS HaHOKJIACTEPOB ¥ HAHOCTPYKTYP,
IIPOIIECCOB B MIPOIIECCOB U CBOWCTB - 3aKOHBI M NIPUHITAITBI XUMHUH

HAaHOpa3MEpHBIX CUCTEMaX | HAaHOpPa3MEPHBIX MAaTEPHUAJIOB IIPUMEHHUTEIPHO K HAHOCTPYKTYpaM.

YMETB!
- UCIOJIb30BATh COBPEMEHHOE
000pyI0BaHuUE JUIsl aHAJIU3a CTPYKTYPBI,
COCTOSIHUS U 17151 GOPMUPOBaHUS pabOUnX
XapaKTEPUCTHK MaTepuaa;

- CBSI3BIBATh (PU3MUECKHE U XUMHUECKHE
CBOICTBAa MAaTE€pPHAIIOB C UX CTPYKTYpPOH U
COCTOSIHUEM, aHAJIU3UPOBATh OCOOCHHOCTH
(bu3nYeCKUX U XUMHUYECKUX CBOICTB
HAHOCTPYKTYPHBIX MaTEPHAJIOB.

ITK-3 CriocoGeH k N-4nk-3 Cnocoben 3HATh:
pa3paboTke aHAJIM3UPOBATh MeXaHu4eckue, | - IPUHIHIIBI CTPYKTYPHOU OpraHH3aLuy 1
HaHOpa3MEPHBIX 3JIEKTPOMATHUTHBIE N CBOICTBAa HAHOOOBEKTOB U
MaTepUaJIOB U YCTPONCTB TerIopu3nIecKue cBoiictea B | HAHOMATCHAJIOB,
HU3KOpa3MEPHBIX MaTepuanax | - METOIbI pacueTa, MOICIMPOBAHHS 1
u YCTpOﬁCTBaX IIPOTrHO3UPOBAHUA CBOMCTB

HAaHOMAaTEePHUAJIOB M HAHOCHCTEM, a TaKKe
H3}1€J’II/II>1 Ha UX OCHOBC IMPUMCHUTECIIBHO K
SHEpPreTHKE.

YMETh:
- paboTaTh Ha COBPEMEHHOM
AKCIIEPUMEHTATHFHOM U
HCCIIEIOBATEIILCKOM 000PY/IOBaHUH;

- ACIIOJIb30BATh CIEIUAIN3UPOBAHHBIC
3HAHUS B 00JIaCTH HAHOTEXHOJIOTUH U
HAHOMATEPHAJIOB B DHEPTETUKE IS




Koa u HaumeHoBaHue
KOMIIETCHIINH

Koa u HaumeHoBaHMe
HHAUKATOpa JOCTHKCHUSA
KOMIICTCHIIUHA

3amiaHupoBaHHbIE Pe3YabTATHI 00yYeHUsI

pPEIICHUA NPAKTHYCCKUX 3a7a4.

2. MECTO JJUCHUILIMHBI B CTPYKTYPE OBPA3OBATEJIbLHOM NPOI'PAMMBI BO

JluciunianHa OTHOCHTCS K OCHOBHOM TNpO(eCCHOHAIBHONM —00pa3oBaTeNbHON —Iporpamme
Hanorexnonorun u HanoMmaTtepuaisl B sHepretuke (ganee — OIIOIT), nanpasnenust moarorosku 14.03.01
SInepHast SHEpPreTHKa M TEII0(U3NKa, YpOBEHb 00pa30BaHMs: BhICIIee 0Opa3oBaHue - OaKkataBpHarT.

Tp660BaHI/I5I K BXOIHBIM 3HAaHUAM U YMCHUAM:

- 3HaTh XUMHUsI (00111as1)

- 3HaTh MaTeMaTuka

- 3HaTh Pusnka (od1ras)
- 3HaTh KBaHTOBass MEeXaHHUKa

- 3HaThb KOMHBIOTepHLIG TCXHOJIOTHUH B HAYKC U 06p8.30BaHI/II/I

PesynbTarel 00yueHus, MOTYICHHBIE TIPU OCBOSHUH JTUCIUTUIHHBI, HEOOXOIUMBI IPU BBIMTOJTHCHUN
BBIMTYCKHOM KBaTU(UKALMOHHON PabOTHI.




3. CTPYKTYPA U COAEPKAHUE JUCHUIIJINHbI

3.1 CTpyKTypa THCHUNIHHBI
OO1as TpyI0eMKOCTh JUCHUILTMHBI COCTABIISET 2 3a4€THBIX eMHHUIIBL, 72 yaca.

PacnpenencHue TpyoeMKocTH pasjena (B 4acax) Mo BHUIAM YIeOHOH paboThI

Pasesb1/TeMbl 8| a
Ne JTUCIUTUTAHBL/ (D OPMBI § % § KonrakTHas pa6ora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i IPOMEXYTOTHOM o &| 3 Koncyubraums UKP PaGora s | LOATOTOBKA K METONYECKUE YKa3aHHsI
aTTeCTAIH 8 g | © |Jlex | Jlab | Ip — - VKK | TK A cemectpe | ATTECTALMH
m P /KOHTPOJTB
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 CtpoeHue BellecTna, 8 6 4 - 2 - - - - - 2 - Camocmoamenvroe uzyuenue
XMMHUUECKasi CBSI3b meopemuueckozo mamepuana: Visyaenue
11 Xumust 4 2 - 1 - - - - - 1 - JIONOJIHUTENILHOTO MaTepuaia o pas3ieny
HaHOCTPYKTYPHUPOBAHH "CTpoeHue BellecTBa, XUMHUUECKast CBSI3b"
BIX MaTEPHAJIOB KaK H3yuenue mamepuanog 1umepamypnoix
peaMET U3y4YeHUsI UCIOYHUKOB:
1.2 ATOMBI, MOJICKYJIBI, 4 2 - 1 - - - - - 1 - [1], 35-62
HAHOCTPYKTYPbI [2], 9-185
[4], 5-26
2 OCHOBBI KBaHTOBOH 8 4 - 2 - - - - - 2 - CamocmosamensbHoe usyuenue
XUMHHU meopemuueckozo mamepuana: VIzyuenue
2.1 3aKOHBI KBAHTOBOM 4 2 - 1 - - - - - 1 - JIOTIOJTHUTENBHOTO MaTepraa o pasjaeiry
MEXaHUKA "OCHOBBI KBAaHTOBOW XUMHUH"
MIPUMEHUTENBHO K H3yuenue mamepuanog 1umepamypHsix
aToMaM M MOJIEKYJIaM UCHMOYHUKOG:
2.2 DJeKTpOHHbBIE 4 2 - 1 - - - - - 1 - [1], 12-27
KOH(pUIypaLUU U [2], 365-494
TEPMBbI aTOMOB
3 Kpucrammoxumus 6 2 - 2 - - - - - 2 - Camocmosamenvhoe usyuenue
HAHOCTPYKTYP meopemuyueckoz0 mamepuana: zydenue
3.1 Tunsl cummeTpun 3 1 - 1 - - - - - 1 - JIOTIOJTHUTEIFHOTO MaTepuana 1o pa3aeny
KPUCTAJIMYECKHUX "Kpucrannoxumus HaHOCTPYKTyp"
peneTox H3yuenue mamepuanog 1umepamyprbix
3.2 Knacrepsl, 3 1 - 1 - - - - - 1 - UCHIOUHUKOB:
HAHOYACTULIBL, [1], 74-99
HAHOCTPYKTYPBI [6], 39-59
4 VYrneponHsie 12 6 - 4 - - - - - 2 - Camocmoamenvroe usyyenue
HaHOMATEPHAJIBL. meopemuueckozo mamepuana: Vsyaenue
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Yrnepoansie
KapKacHbIE CTPYKTYPBI

JIOTIOJIHUTEIBHOTO MaTepuaa o pasjaery
"VYraepoHble HAHOMaTepUabl. YTIEpPOIHbIE

4.1 AnnoTponuueckue 6 3 - 2 - 1 - KapKacHbIE CTPYKTYphI"
¢$opmsl yriiepoaa H3yuenue mamepuanog 1umepamypHbix
4.2 OpnHoMepHbIe U 6 3 - 2 - 1 - UCMOYUHUKOS:
JIBYMEpPHBIC [3], 16-153
YIIIEPOIHBIC [4], 27-44
CTPYKTYPBHI: [5], 26-69
HaHOTPYOKM U TpadeH [7], 18-39
[8], 46-82
5 VYabTpagucnepcHsie 14 8 - 4 - 2 - Camocmoamenvnoe uzyuenue
cucrembl. CUHTE3 U meopemuueckozo mamepuana: N3ydenne
CTabMIM3aLust JIOTIOJTHUTEJIBHOTO MaTepHaia o pasjieny
HAHOYaCTUll B "VnpTpangucnepcHslie cucteMbl. CHHTE3 U
pacTBopax CTaOMJIM3alUsl HAHOYACTHIL B pacTBOpax"
5.1 ITonarue o 14 8 - 4 - 2 - H3syuenue mamepuanog numepamypHslx
JICIIEPCHBIX CUCTEMAX UCIOYHUKOG:
[2], 141-185
[3], 16-37, 115-134
6 [Ipumenenne 6 4 - - - 2 - CamocmosamensHoe usyuenue
HAHOCTPYKTYp JUIsl meopemuyueckoz0 mamepuana: Vzyaenne
CO3/JJaHUS JJIIEMEHTOB JIOTIOJTHUTENBHOTO MaTepHaa o paszierny
MpUOOPHBIX YCTPOHCTB "[IpuMeHeHre HAaHOCTPYKTYP IJIS CO3TaHUsS
6.1 Hanowacturis!, 6 4 - - - 2 - 3JIEMEHTOB NPUOOPHBIX YCTPOHCTB"
HAHOCTPYKTYPBI U H3yuenue mamepuanog 1umepamypHbix
HaHOMAaTepHaJbl B UCIMOYHUKOG:
HAayKe M TEXHUKE [5], 314-337
[7], 198-231
[8], 248-262
3adeT ¢ OLIEHKOMI 18.0 - - - 0.3 - 17.7
Bcero 3a cemectp 72.0 28 - 14 0.3 12 17.7
Hroro 3a cemecTp 72.0 28 - 14 - - 0.3 29.7

IIpumeuanue: Jlex — nexiun; JIab — nabopatopusie padotsl; [1p — npaktuueckue 3ausatust; KIIP — ayautopHble KOHCYAbTAIMH 110 KYPCOBBIM
npoekTtam/padotam; MKKII — nnauButyanbHble KOHCYIBTALIUH 110 KypCOBBIM IpoekTam/padotam; I'K- rpymnmnoBsie KOHCYIbTallMK O pa3ienaM
mucturuael; CP — camoctosarensHas padorta cryaenta; MKP — nnas konraktHas padota; TK — Texkymmii KoHTposb; [TA — mpomexyTouHas
aTTecTanus




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Cmpoenue sewecmsa, Xumuyeckas ces3b

1.1. Xumust HAHOCTPYKTYPUPOBAHHBIX MaTEPUAIIOB KaK IPEIMET U3yUCHMUS

Onpenenenus, kiaccuukanus, COOTHOIICHUS MEXIy XUMHEH, (U3MKOH, Ouomorue wu
HaHoTexHoJorued. CamocOOpka M C€aMOOpPraHM3alUs Kak BaXHbI IOAXOJ K IOJyYEHHUIO
HAaHOMATEpPHAJIOB,  OCHOBHBIE  THUIIBI WM  HEpapXusi  HAHOCTPYKTYpP,  3aKOHOMEPHOCTH
B3aMMOOTHOLIEHUH CTPYKTYpbl M CBOWCTB HaHoMmarepuanoB. Kiaccupukanuun HaHOOOBEKTOB: IO
pasMepy, pa3MEpHOCTH, IO CcrHoco0aM TOJY4eHHUs, IO XapakTepy  MEeXKIaCTEePHBIX
B3aUMOJICUCTBUIA.

1.2. ATOMBI, MOJIEKYJIbI, HAHOCTPYKTYpBI

Krnacrepsr u kinactepHpie MaTepuaibl. [IpUHIUIIBI CTPYKTYpPHOH OpraHU3allid HaHOOOBEKTOB.
Buapel xumuueckod cBsA3W. B3auMonencTBUsS MEXAY MOJEKyJaMH. B3anMOIENCTBUS MEXKIY
YaCTHIIAMHU BEIICCTB B PA3JIMYHBIX arperaTHBIX COCTOSIHUSAX M CBOMCTBA BemecTB. HaHOOOBEKTHI B
TBEPJIOM BEUIECTBE, B )KUIKOCTIX U B Ta3ax.

2. Ocr1ogvl Keanmogou Xumuu

2.1. 3akoHBI KBAHTOBOM MEXaHUKU IPUMEHUTEIBHO K aTOMAaM U MOJIEKYJIaM

Vpasuenue UlpenuHrepa 11 aTOMOB U MOJEKYJ. JJIEKTPOHHAs INIOTHOCTb U €€ M3MEHEHUs
IIPH TIEPEXOAEC OT pa3JEICHHBIX aTOMOB K MoJjekyine. KBaHTOBas TONOJOrHs 3JIEKTPOHHOU
IUIOTHOCTU U «aToMbl B Mojekyiae». IlocTpoeHne npuOIMKEHHBIX PEIIeHUH 3JIeKTPOHHOIO
YpaBHEHHS Ha OCHOBE BapUalMOHHOro mnpuHiuna. OaHORIEKTpOHHOE NpuOImkeHue. Merton
Xaptpu—Doka (camocoryiiacoBaHHoro noss). Opouranu 1 opoutanbHsle sHepruu. [lonHas sHeprus
KBaHTOBO-XMMHUYECKOW yacTullbl. Meroa pyHKunoHaa m10THOCTU. CBsI3b KOHIENIUN KBAHTOBOM
XUMHHU C COBPEMEHHBIMH HAIIPABICHUAMU XUMUH, (PU3UKHU U HAHOTEXHOJIOTUH.

2.2. DneKTpoHHbIE KOHPUTYypalluu U TEPMbI aTOMOB

CnoxeHue MOMEHTOB aisi atoMoB. llpaBuna XyHpma. DJIeKTPOHHOE CTPOEHHE AaTOMOB M
nepuonnueckas cucrema anemeHtoB JI.M. Menneneesa. IlpencraBienne MOJNEKYJISPHBIX
opb6uTtaneit (MO) B Buze nuHeHON koMOuHamu aToMHbIx opouraneit (JIKAO). Merox CCIT MO
JIKAO. CumMmeTpust U CBOMCTBA MOJIEKYJI.

3. Kpucmanioxumusa Hanocmpykmyp

3.1. Tunbl CHMMETPUH KPUCTAITIMYECKUX PELIETOK

TpaHCIAMOHHAs CUMMETPUS B KpUCTAJUIaX M OJHOMEpPHBIX cucrteMax. Ilpsmas m oOparHas
pemerka. 3oHa bpuiitosHa. 30HHAs TeOpHUs KpUCTAIIMYECKOW perieTkd. Ponb cummerpuu B
(bopMHpPOBaHUN CBOWCTB TBEP/BIX TEII.

3.2. KnacTepsl, HAHOYACTHUILIBI, HAHOCTPYKTYPbI

BnusiHue HaHOpa3sMeEpOB Ha CTPYKTYpPHBIE CBOMCTBA. PeanbHble TBEpAbIE T€Ia U HAHOYACTUILIBI.
Hynp-, onmHo-, 1By- U TpexmepHble CTYKTypHble JnedekTol. WX ponb B ¢opMupoBaHuu
CTPYKTYPOUYBCTBUTEIbHBIX  CBOMCTB  TBepAbix Ten. Crhenuduka aTOMHOM  CTPYKTYpBI
HAHOKJIACTEPOB M HaHoyacTull. MWneanbHas U peanbHass KPHUCTAUIMYECKUE CTPYKTYpBI
HaHOpa3MEPHBIX MATEPHAJIOB.

4. yZJl@DOdele HaHomamepuaiwvl. YZJZQDOOHble KApPKAcCHble CmMpYyKmypbl




4.1. Annorpornuueckue GopMbl yriaepoaa

CBA3b MEXIy CTPYKTYpOMl M CBOMCTBaMHU YIJEpOJHBIX MaTepuaioB. HoBwie yriepoaHbie
CTpykTypbl. Homenknmatypa u wmexaHu3Mbl (GopMHpOBaHUS (YUIEPEHOB. 3aKOHOMEPHOCTHU
MOJICKYJISIPHOTO CTPOCHMsI CTaOWIbHBIX (ymnepeHoB. Xumuueckue U (uU3Mdeckre CBONCTBA
GyiepeHoB u rerepodyuIepeHOB.

4.2. OnHOMEpHBIE U JBYMEPHBIE YTIEPOAHbIE CTPYKTYPhl: HAHOTPYOKH U rpadeH
Mertonsl cuHTe3a W (U3UKO-XMMHYECKHE CBOWCTBA YIIIEPOAHBIX HaHOTPYOOK. Ilopucteie
MaTepHuabl, HAHOKOMIIO3UThI U UX CBOMCTBA.

S, Yﬂbml?aaucn€DCHbl€ cucmemwvt. Cunmes u cma6wzu3auuﬂ HaHo4Ydacmuy 6 pacmeopax

5.1. [loHnaTtue o IMCHIEPCHBIX CUCTEMAxX

TepMoaMHAMHUYECKHE  3aKOHOMEPHOCTH  OOpa30BaHHsI  BBICOKOJUCIEPCHBIX  CHUCTEM.
Knaccudukanust nucnepcHbix cucteM. COCTOSIHHE BEIIeCTBa Ha TpaHuIle pasneia ¢as. MeToss
MOJIYYSHHUS! HAHOJUCIIEPCHBIX yacTull. OpraHu3anus 1 COMOOPraHU3ALMS KOJUIOUTHBIX CTPYKTYP.
[Tepexon OT HAHOCTPYKTYpP K HAHOMAaTepUaIaM U KOMITO3UTaM.

6. Ilpumenenue HaHocCMpyKmyp O/151 CO30AHUSL DTIEMEHNOE l’lDZ/l6ODHblx VCI’I’IDOZZCH’IS

6.1. HanouacTuipl, HAHOCTPYKTYpPbI 1 HAHOMATEpUaJIbl B HAYKE U TEXHUKE

Juonel. TpaH3uctopsl. XUMHYECKHE CEHCOPBI. JIEKTPOHHBIE JIOTMUECKHUE 3JIEMEHThl Ha
HaHOTpyOKkax. CBeroanoabl. HaHoTpyOKku B sMHCCHOHHBIX npubopax. HaHOTpyOKM A1 aTOMHBIX
CUJIOBBIX MUKPOCKOIIOB.

3.3. Tembl NpaKTHYECKUX 3AHATHI
1. I[TosryueHue KOJIJIOUI0B HAHOYACTHUL U X XUMUUYECKUHN aHaIIU3;
2. Metoibl OTy4eHHs U Mcciael0BaHus (PU3NKO-XUMHUECKUX CBOMCTB YIIIEPOIHBIX
HaHOTPYOOK;
3. MeTtozp! uccnenoBanusi HAHOOOBEKTOB. ATOMHas cuiioBasi MUKpockornusi (ACM) u
TOTMOJIOTUS IOBEPXHOCTH;
4. Tumel CHMMETPUH KPUCTAJTIMYECKUX PEIIETOK. TpaHCISMOHHAs CUMMETPHS B
KpUCTaJIJIaX ¥ OJJHOMEPHBIX cucteMax. Poib cuMMeTpun B pOpMUPOBAHUM CBOWCTB TBEPIBIX
Ten. PeanbHble TBEpAbIE Tena U HaHOYACTUIBL. Hymb-, 01HO-, IBY- U TpEXMEPHBIE
CTYKTypHbI€ edexTsl. Crenuuka aTOMHON CTPYKTYpbl HAHOKJIACTEPOB U HAHOYACTHII;
5. Opb6uranu u opOutansHble 3Heprun. [IpencrapneHne MoaeKyIsIpHBIX OpOUTalIel B BUje
JIKAO. Onepatop I"'amMuiabTOHa AJ11 aTOMHBIX U MOJIEKYJIIPHBIX CUCTEM Ha IpHUMepax.
[TocTpoeHue 311eKTPOHHOM BOJIHOBOM (DyHKIIMH;
6. YpaBuenue lllpenunrepa ais aTOMOB ¥ MOJIEKYJI. DJIEKTPOHHAs! INIOTHOCTh U €€
M3MEHEHUs IIPU NIEPEXO0/IE OT Pa3AeICHHBIX aTOMOB K MoJieKyJie. KBaHTOBas TOMOJIOTHS
AIIEKTPOHHOM IUIOTHOCTHU U «aTOMBI B MoJieKyJiey». [locTpoeHre npuOIuKeHHbIX peleHnit
JIEKTPOHHOI'O YPaBHEHUS HA OCHOBE BapUALlMOHHOTO NpuHIHUNA. OIHOJIEKTPOHHOE
npubmkenue. Meron Xaptpu—Doka;
7. Camocbopka U caMOOpTraHU3aIMsl — BaKHBIA OJX0/1 K MOJYYEHUIO0 HAHOMATEePHAaJIOB,
OCHOBHBIE TUIIbI U UEPAPXHSI HAHOCTPYKTYP, 3aKOHOMEPHOCTH B3aUMOOTHOILIEHUN CTPYKTYPHI
U CBOMCTB HaHOMaTepuasioB. HAHOOOBEKTHI B TBEPAOM BEILIECTBE, B )KUAKOCTAX U B Tazax.

3.4. TeMbl 1a00paTOPHBIX padoT
HE MIPEAYCMOTPEHO



3.5 Koncyabranumn

AN s

Ipynnoewle koncyremavuuu no pazoeaam oucyuniunsl (I'K)

OO6cyxneHre MaTepuaoB Mo keiicam pasnena "CTpoeHue BEmecTBa, XuMUIecKkas CBs3b"
OO6cyxaeHrne MaTepualoB 1o keiicam paszaena "OCHOBBI KBAHTOBOW XUMUH'"

OO0cyxeHre MaTepuaioB Mo Keiicam paznena "KpucramioxuMust HAaHOCTPYKTYp"
OOcyxneHne MaTepualioB 1O Keiicam pasnena "YTIIepoaHble HaHOMATEpPUAIbI.
VYrinepoaHblie KapKacHbIE CTPYKTYphI"

OO6cyxaeHrne mMaTepHalioB 10 Keicam pasnena "YiabTpaaucnepcHble cuctembl. CUHTE3 U
CTa0MIIN3alUs HAHOYACTHUIL B pacTBOpax"

OO6cyxaeHrne MaTepuasoB 1o keiicam pazaena "l[IpuMeHeHrne HaHOCTPYKTYP JJIsS CO3IaHUS
3JIEMEHTOB MPUOOPHBIX YCTPOHCTB"

3.6 TemaTnka KypcoBBIX IPOEKTOB/KYPCOBBIX padoT
KypcoBoii mpoekT/ pabota He MpeayCMOTPEHBI



3.7. CooTBeTCTBHE Pa3/1eJIOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEHIIU

3amiaHupOBaHHbIE PE3YIbTAaThl 00Y4YEHNUS 110

Howmep paznena

O11eHOYHOE CPEACTBO

Kopbr JUCLUIUINHEI (B (TUII ¥ HAUMEHOBAHUE)
JTUCIUILINHE
(8 cooTBETCTEHH ¢ pasnenom 1) WH/INKAaTOPOB | COOTBETCTBUU C 11.3.1)
1/2]3]4]|5]6
3HaTh:
3aKOHBI ¥ IPUHIMIIBI XUMUU TPUMEHUTEIBHO K Komnoksuym/Buibl XUMHUECKO CBSA3U, 00bEMHBIE U
HAaHOCTPYKTYypam N /I-3mk-2 + MOBEPXHOCTHBIE CBOMCTBA Tell. KomokBuym «MeToasl
[10JIy4YEHUs] HAHOMATEPHAJIOB)
KJIAaCCU(UKALIUIO U METOJIbI MTOTyUEHUS KonnokBuym/Busl xumudeckoi cBsizu, 00beMHbIC U
HAHOKJIACTEPOB U HAHOCTPYKTYP N-3rk-2 + IIOBEPXHOCTHBIE cBOMicTBa Tel. KomnokBuym «Mertobl
MOJIy4eHHUs] HAHOMAaTEPHAJIOBY
MIPUHLIMIIBI CTPYKTYPHOU OpraHU3aluu U KonrponsHas pabora/«BnusHue TemnepaTypbl
CBOMCTBa HAHOOOHEKTOB U HAHOMATEUAJIOB W/ T-4rics + MOBEPXHOCTU Ha CKOPOCTh MCHAPEHUS Kalelb KUIKOCTH
’ KOJUTOUTHBIX KuakocTeiy. KonrponbHas padota
«XUMUS TOBEPXHOCTHBIX SBICHUI
METO/IbI pacueTa, MOACIMPOBAHUS U KonnokBuym/B3anmoaeiicTBHIO Kanenb )KUAKOCTU C
IIPOrHO3UPOBAHUS CBOMCTB HaHOMaTepHasloB 1 VT-Arics + |+ ME30CKONMYECKMMH U HAHOCTPYKTYPUPOBAaHHBIMU
HAaHOCHCTEM, a TaK)K€ U3JIEINI Ha UX OCHOBE oBepxXHOCTAMHU. PacueTHoe 3a1anue
IIPUMEHHUTEIIBHO K YHEPIETHKE
YMersb:
CBSI3bIBATh (PM3MUYECKHE U XUMUYECKHE CBOMCTBA Konnokuym/«Ilonydenne KoaIon10B HAHOYACTHIL U UX
MaTEPUAJIOB C UX CTPYKTYPOH U COCTOSIHUEM, XUMHUYECKHN aHann3». Komnoksuym «Yriepoansie
aHAJIM3UPOBATh OCOOEHHOCTU (PU3UUYECKUX U NJ-3rk-2 + MaTepuaibl U HAHOCTPYKTYPbI»
XMMHUYECKHUX CBOMCTB HAHOCTPYKTYPHBIX
MaTepUajoB
HCMOJIb30BAaTh COBPEMEHHOE 000PYI0BaHUE JIS Komnoksuym/B3anmoieiicTBHIO Karenb dKUIKOCTH C
aHaJln3a CTPYKTYPbI, COCTOSIHUS U IS V-3 4+ | ME30CKOIMYECKUMH 1 HAHOCTPYKTYPHPOBAHHBIMH
(dbopmHpoBaHUs PAOOUYNX XapPAKTEPUCTUK MOBEpXHOCTAMHU. PacueTHoe 3a1anne
MaTepuasia
HCIIONb30BATh CTELUATH3HPOBAHHbIE SHAHNA B VT-Arics + KonrponbHas pabora/«BnusHue remnepaTypbl
00J1acTH HAHOTEXHOJIOTUI ¥ HAHOMATEepHAJIOB B MTOBEPXHOCTU HA CKOPOCTh MCMAPEHHUs Kalelb )KUJIKOCTH
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OHEPICTUKE IJI1 PCHICHUA ITPAKTUYCCKHUX 3aaa4d

KOJIJIOUIHBIX XkKuaKkocTei». KoHTponbHas padora
«X¥UMHS TOBEPXHOCTHBIX SABJICHUI

Komnnoksuym/«llonydyenne KoaIona0B HAHOYACTHIL U UX
XUMHYECKUW aHanu3». KoanokBuym «YriaepoaHbie
MaTepualibl 1 HAHOCTPYKTYPbD)

paboTaTh Ha COBPEMEHHOM JKCIIEPUMEHTATEHOM
1 UCCIIEZIOBATEILCKOM 000pYy10BaHUHI

N-4nk-3

KonnokBuym/B3anMoaeiCTBHIO KameNb KUIKOCTH C
ME30CKONMYECKUMU U HAHOCTPYKTYPHUPOBAHHBIMU
OBEepXHOCTAMU. PacueTHoe 3aaHne
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
6 cemecTp

Dopma peanuszauuu: IlpoBepka 3aganus
1. «BnusiHMe TeMneparypbl IOBEPXHOCTH Ha CKOPOCTh MUCIIAPEHUS Kalelb HKUAKOCTU
KOJIJIOUAHBIX JkuJKocTei». KonTposbHas pabota « XMMHUs IOBEPXHOCTHBIX SBICHUI»
(KontpomnwsHas pabota)
2. «[lomyueHue KOIJIOU0B HAHOYACTHI U X XUMUYECKUH aHanu3». KouiokBuym
«YrnepoJiHble MaTepUalibl U HAHOCTPYKTYpb» (KomnokBuym)

®dopma peanmsainuu: Y cTHas popma
1. B3aumoeiicTBHIO Karienb )KUAKOCTH ¢ ME30CKOMMUYECKUMU U HAHOCTPYKTYPUPOBAHHBIMU
nosepxHocTsaMU. PacuetHoe 3ananue (KoanokBuym)
2. Bupl XUMUYECKOM CBS3H, 00BEMHBIC U IOBEPXHOCTHBIE CBOMCTBA Tel. KommokBruym
«MeTtozpl ony4yeHus: HaHomarepuaiaoBy» (Kosnoksuym)

bamibHO-pedTUHIOBasA CTPYKTYpa AUCLUILINHBI SABISETCS NPUIOKEHUEM A.

4.2 TIpoMe:KyTOYHAsI ATTECTAIUSA MO AUCHUIJINHE

3auem ¢ oyeuxoii (Cemecmp Neb)
HToroBasi olieHKa MO KypCy BBICTABJISICTCS Ha OCHOBE OIICHKH 3a IMPOMEXYTOUYHYIO aTTECTAIHIO.
Bo3moxeH cirydaid, Korga B CHIY 3HAYMTEIHHO OTIMYAIOMICHCS TEKyIIeHd OIEHKA MOXET OBITh
IPUMEHEH MOBBIIAOIIMHA WM MOHMKAIOIINUN KOPPUITUSHT

B numiom BeICTaBIsIETCS OIICHKA 32 6 CEMECTp.

IIpumeuyanue: OLeHOYHBIE MAaTEPUAIbI 110 TUCIUIIIMHE IPUBECHBI B (DOH/IE OLIEHOYHBIX
matepuaios OITOII.

5. YYEBHO-METOJUYECKOE OBECIIEYEHHUE JUCHUIIJIMHBI

5.1 IleyaTHbIE H 3JIEKTPOHHbIE H3IAHNS

1. Koposun, H. B. O0mias xumus : ydeOHHK /17151 By30B 110 TEXHUYECKHM HaAIPaBJICHUSAM U
cnernmanibHOCTSIM / H. B. KopoBuH . — 13-¢ u3a. nepepad. u jgon . — M. : Axanemus, 2011 . — 496 c.
— (Boiciiee npodeccronansHoe oOpasoBanue . bakanaspuar) . - ISBN 978-5-7695-8015-4 .;

2. ®uznyeckas xumus: B 2 ka. Ku.1. Ctpoenue BemectBa. TepmoannaMmuka : Y4eOHUK JJI BY30B /
K. C. KpacHos, u ap. — 3-e u3a., uctp . — M. : Beicmas mkona, 2001 . — 512 c. - ISBN 5-06-
004025-9 .;

3. Cy3zpnanes, 1. I1. HanotexHonorusa. ®U3nKo-XUMHUsl HAHOKJIACTEPOB, HAHOCTPYKTYP U
Hanomarepuainos / W. I1. Cy3znanes . — 2-e u3., uctp . — M. : Dauropuan YPCC, 2009 . — 592 ¢c. —
(Cunepretuka: ot npouuioro k oyaymemy) . - ISBN 978-5-397-00217-2 .;

4. Imutpues, A. C. ®u3nKo-xuMusi HAHOCTPYKTYp : yueObHoe nocodue o kypcam "OU3NKo-XUMHUS
HAHOYACTHI] U HaHOMaTepHuasioB", "TernnoBble mporeccsl B HAHOCTPYKTypax", " Xumus
HaHOCTPYKTYp. YacTh 2" no HampaBiieHuto" S iepHas sHepreTrka 1 Teriodusmnka” no npopuio
"HanoTtexHonoruu u HanoMmarepuansl 1y sHepretuku” / A. C. lmutpues, 1. A. Muxaiinosa, Har.
uccnen. yu-t "MOUN" . — M. : Uzn-Bo MOU, 2013 . — 240 c. - ISBN 978-5-7046-1356-5 .
http://elib.mpei.ru/elib/view.php?id=5631,
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5. Pakos, O. I'. HanoTpyOku u ¢ysiepeHsl : yuebHoe ocodue 1o crnenuanbHoctu 210602
"Hanomarepuanst" / 3. I'. PakoB . — M. : Jloroc, 2006 . — 376 c. — (HoBas ynus. 6-ka) . - ISBN 5-
9869900-9-9 .;

6. bpannon, /1. MukpocTpykTypa MaTepuanoB. MeTo1bl UCCIIEIOBaHUS K KOHTPOJIS : YUeOHOe
nocoOue JuIst By30B 10 Harnpasienuio "lIpukianusie Marematuka u ¢pusuka” : mep. ¢ auri. / 1.
bpannon, V. Kamutan . — M. : Texnocdepa, 2004 . — 384 c. — (Mup MarepraioB ¥ TEXHOJIOTHH) . -
ISBN 5-948360-18-0 .;

7. Oesiukos, I1. H. Yraneponusie HaHOTpYyOKH. CTpoeHue, cBoiicTBa, mpuMmeHeHus / I1. H. JpsukoB .
— M. : BUHOM. Jla6opatopwus 3nanuii, 2006 . — 293 c. + CD-ROM . — (Hanotexuonorumn) . - ISBN
5-947743-41-8 .,

8. Crapoctun B. B.- "Marepuansl u MeTObl HAaHOTEXHOJIOTUI", (4-€ u3 . (311.)), U3narenbcTBo:
"U3narensctBO "JIaboparopus 3Hanmii"", Mockga, 2015 - (434 ¢.)
http://e.lanbook.com/books/element.php?pll_id=66203.

5.2 JIuueH3MoHHOE U CBOOOIHO pacnpocTpaHsieMoe MPOrpaMMHoe odecneyeHue:
1. Windows / OnieparinonHas cuctema cemerictsa Linux.

5.3 UnTepHeT-pecypcsl, BKJIOYas NpodeccuoHAIbHBIE 0a3bI JaHHBIX U HH(POPMAIIHOHHO-
CIIpaBOYHbIE CHCTEMbI:

1. 9BC Jlaus - https://e.lanbook.com/

. Hayunasi 3;iekTpoHHas 6ubauoreka - https://elibrary.ru/

. ba3za nannbix Web of Science - http://webofscience.com/

. Baza nannbix Scopus - http://www.scopus.com

. HammonanbHas ynekTponHas 6udamoreka - https://rusneb.ru/

. DaexkTponHasi 6udsmoreka MIU (36 MIH) - http://elib.mpei.ru/login.php

. ITopTan oTKpwITHIX JaHHBIX Poccuiickoii ®exepanuu - https://data.gov.ru

8. ba3za oTKpBITHIX JaHHBIX MUHHCTEPCTBA TPYAA U COUMAIBHOI 3a1uThI PD -
https://rosmintrud.ru/opendata

9. Ba3a OTKpPBITBIX JaHHBIX MPO(ecCHOHATBHBIX CTAHAAPTOB MHUHHCTEPCTBA TPyAa U
conuaabHoi 3aumthl P® - http://profstandart.rosmintrud.ru/obshchiy-informatsionnyy-
blok/natsionalnyy-reestr-professionalnykh-standartov/

10. ba3a OoTKpBITHIX JaHHBIX MHHHCTEPCTBA IKOHOMHYECKOTro pa3Butus P® -
http://www.economy.gov.ru

11. Ba3a oTKpbITHIX 1aHHBIX PocuamonuTopunra - http://www.fedsfm.ru/opendata

12. DnexTpoHHasi oTkpbITast 6a3a naHHbIX '"'Polpred.com O630p CMHU" -
https://www.polpred.com

13. HaumoHaIbHBII NOPTAJ OHJIAITH 00yueHns1 «OTKpbITOE 06pa3oBanue» - https://openedu.ru
14. Opuunanbublii caiT @e1epaibHOr0 areHTCTBA M0 TEXHNYECKOMY PeryJMpoOBaHHUIO U
MmeTposoruu - http://protect.gost.ru/

15. OTkpbITas yHuBepcuterckas nnpopmaunonnas cucrema «POCCHUS» -
https://uisrussia.msu.ru

~NOoO Ok, WN

6. MATEPUAJIBHO-TEXHUYECKOE OBECIHEYEHUE JUCHUIIJIMHBI

Tun nomemeHus Homep aynuropun, OcHamenue
HauMCHOBaHue
Y4eOHbIC ayIUTOPHH TS M-409/2, CTOJI TIPEITOIaBaTeIs, CTOJI, JJOCKA
MPOBEICHUS JICKIIUOHHBIX Aynuropus kad. MEJIOBasi, MyJIbTUMEIUIHBINA IPOEKTOP
3aHATUHN U TEKYILETO KOHTPOJISA "HT"
K-120, MammHHbII cepBep, KOHIULMOHEP
3an MBI]
Y4eOHbIC ayUTOPHH IS M-409/2, CTOJI TIPEITIOIaBaTes, CTOJI, JIOCKA
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IMPOBEACHUA IMTPAKTUYCCKUX

Aynutopus kad.

MeJIOBasi, MyJIbTUMEIUIHBIN TPOCKTOP

3ansatuii, KP u KII "HT"
K-120, MamuHHbIA cepBep, KOHAUIMOHEP
3an MBI]
Y4eOHbIC ayAUTOPUH IS M-409/2, CTOJI MPEMNoaaBaTelIsi, CTOJM, TOCKa
IIPOBEICHUS IIPOMEKYTOYHON Aymutopus kad. MeJI0Basi, MyJIbTUMEIUMHBIA IPOEKTOP
aTTecTalluu "HT"
K-120, MamuHHbI cepBep, KOHAUIUOHED
3an MBI
ITomemenus s M-411/1, CTOJ, CTYJI, JOCKa MEJIOBasl,
CaMOCTOSATEIILHON PabOThI KomnbrorepHblit MYJIbTUMEAUNHBINA TPOEKTOP, KOMITBIOTEP
KJ1acc IIEPCOHAJIBHBIN
[Nomewmenus mist M-423/1, CTYJI, CTOJI TUCbMEHHBIN
KOHCYJIbTUPOBAHUS Aynuropus kad.
HHTH

[TomereHus Tt XpaHEHHsI
o0opynoBaHus U y4eOHOTO
WHBEHTAPs

M-407/1, Knagosas

CTCJIAX IJIA XPaHCHUS MHBCHTAPA,
CTCJIIAXK IJIA XPAaHCHUS KHUT', MTHBCHTAPb
CHCHH&HH3HpOBaHHBIﬁ
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

XUMHST HAHOCTPYKTYP

(Ha3BaHME AUCIMILIMHBI)

6 cemecTp

HepequL KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:

KM-1

KM-2

KM-3

KM-4

Buael xumudeckoit cBsi3u, 00beMHbIE U TIOBEPXHOCTHBIE CBOMCTBA Ten. KomnokBuym «MeTobl
nostydeHus: HanomatepuanioBy (Kosmokuym)

B3aumopeiicTBuo Karemnb JKUIKOCTH ¢ ME30CKOMMYECKUMU U HAHOCTPYKTYPUPOBAHHBIMU
noBepxHocTsAMHU. PacuetHoe 3ananue (Komnoksuym)

«BnusHue TemnepaTypbl MOBEPXHOCTH Ha CKOPOCTh UCTIAPEHUS KaIellb AKUIKOCTH KOJJIOUTHBIX
xunkoctei». KonrponpHas pabora «XuMusl MOBEpXHOCTHBIX siBJIeHU» (KoHTpobpHas paboTa)
«TonydyeHne KOJIIJIONA0B HAHOYACTHUI] M UX XUMUYECKUU aHanu3». KomiokBuym «YriiepoaHbie
MaTepuaibl 1 HaHOCTPYKTYpb» (KosmokBuym)

Bujx npome:xyTo4HOI aTTecTanMu — 3a4eT C OLIEHKOM.

Wnpexc KM- | KM- | KM- | KM-
Homep Pa3gen muciumminHbl KM: 1 2 3 4
paznena Henens 4 8 12 16
KM:

1 CrpoeHue BeliecTBa, XUMUYECKast CBA3b
11 XuMUS HAHOCTPYKTYPHPOBAHHBIX MaT€pPHAJIOB KaK +

' npeaMeT U3yUeHHsI
1.2 ATOMBI, MOJIEKYJIbI, HAHOCTPYKTYPBI +

2 OCHOBBI KBAHTOBOW XUMUHU
21 3aKOHBI KBAHTOBON MEXaHUKH MIPUMEHHUTEIBHO K aTOMaM U +

' MOJICKYJIaM
2.2 ONEeKTPOHHbIE KOH(UTYypauu U TEPMBbI aTOMOB +

3 Kpucrammoxumust HAHOCTPYKTYP
3.1 Tunbl cCHMMETPUH KPUCTAIUIMYECKUX PEIIETOK +
3.2 Knacrepbl, HaHOYACTUIIBI, HAHOCTPYKTYPBI +

4 VYraeponHbele HAHOMaTepHaibl. YTIIEPOAHbIE KAPKACHBIE

CTPYKTYPHI

4.1 Annorponuueckue GopMbl yrieposa + +
49 OpmHOMEpHBIE B IByMEPHBIC YTIEPOTHBIE CTPYKTYPHI: 4

] HaHOTPYOKHU U rpaden

5 VYasTpaaucnepcHbie cucteMbl. CHHTE3 U CTa0MIH3AIUS

HaHOYACTHI] B paCTBOpax
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5.1

[TonsiTHE O AUCTIEPCHBIX CHCTEMAX +
6 [TprMeHeHrne HAHOCTPYKTYp AJIS CO3JJaHUs IIEMEHTOB
npUOOPHBIX YCTPOHCTB
6.1 HanouvacTuiisl, HAHOCTPYKTYpbl 1 HAHOMAaTEpUaJIbl B HAyKe +
U TEXHUKE
Bec KM, %: | 25 25 25 25
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