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Yactb 00pa3oBaTesbHOM
NPOrpamMMblI:

Yacrsb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBIX OTHOIIEHUTH

Ne IMCHUIIJIMHBI 0 YYeOHOMY
IJIaHy:

b1.4.06

TpynoeMKOCTh B 3a4eTHBIX
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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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1. IEJIX 1 3AJTAYU OCBOEHUA TN CHUITJIMHBI
Ileab ocBOeHMSI JMCHUIIMHBI. TEOPETHUECKOE M MPAKTUYECKOE U3YydCHHE (PU3UKO-XUMHUYECKUX

CBOWCTB

HAaHOCTPYKTYPUPOBAHHBIX MaTEPHUAIOB

Ha Oasze

3HAaHUM O XHUMHWYSCKOM CBSI3H, O

MEKMOJICKYJISIPHOM B3aUMOJICCTBUM B KOHJCHCHUPOBAHHBIX Te€JlaX W METOJOB KBAHTOBOW XUMHUHM IS
BEJICHUS MH)KCHEPHOM, HAYYHO-HUCCIIEI0BATENBCKOM U pACUETHO-AHAIMTUYECKOU JIEATEIBHOCTH.

3agauu AMCHMIIINHBI

- OCBOCHHC (l)yHI[aMCHTaHBHBIX IIPUHIMIIOB U Hﬂeﬁ, JIC)KAIUX B OCHOBC XUMHWH HAHOCTPYKTYPHBIX

MaTCpHraIOB,

- U3y4YEHHE COBPEMEHHBIX METOJIOB MOJIYYEHUS U UCCIIEI0BAaHUS CBOWCTB HAHOMATEPHAJIOB;

- 03HaKOMJICHHME C KBAHTOBO-XMMHUYECKMMH pacueTaMy U METOAAMH KPUCTAITIOXUMUU JIJISL
MOJIEIMPOBAaHUS HAHOCTPYKTYP;

- 00yueHHre HOBEHIIMM METOAAaM UCCIIeI0BaHUsl (PU3UKO-XUMUYECKUX ITPOLIECCOB B
HAHOCTPYKTYPHBIX MaTepHasax.

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

Koa n HanmMeHoBaHue
KOMIIETeHI{UH

Koa u HamMeHOBaHHe
HHAUKATOPA JOCTHKEHUSI
KOMIEeTeHIHHI

3amiaHNpPOBaHHbIE Pe3yJbTAThI 00yUeHHus

[IK-2 I'oToB k pacuyeTHO-
9KCIIEPUMEHTAILHOMY
aHaJIN3y 0COOCHHOCTEM
MIPOLIECCOB B
HAaHOPa3MEPHBIX CHCTEMaX

N-3nk-2 Brageer
SKCIIEPUMEHTAILHBIMU
METOJIaMH UCCIIE0BAHMS
IPOLIECCOB M CBOMCTB
HAHOPa3MEPHBIX MaTEPUAIOB

3HaThb.

- 3aKOHBI 1 IPUHIHIIBI XUMHUN
MMPUMCHHUTCIIBHO K HAHOCTPYKTYpaM;

- KJIaCCI/I(bI/IKaIII/IIO N MCTOJBI ITOJTYUCHUA
HAaHOKJIAaCTECPOB U HAHOCTPYKTYDP.

YMETB!
- CBSI3BIBATh (PU3MUECKHUE U XUMHUECKUE
CBOICTBAa MAaTe€pPHAJIOB C UX CTPYKTYpPOH U
COCTOSIHUEM, aHAJIU3UPOBATh OCOOCHHOCTH
(bU3NYEeCKUX U XMMUYECKUX CBOMCTB
HAHOCTPYKTYPHBIX MaTE€pHAaJIOB;

- ACII0JIB30BAaTh COBPEMEHHOE
000pyI0BaHUE JUIsl aHAJIN3A CTPYKTYPBI,
COCTOSIHUSA U JUTs (YOpMUPOBaHUS PabOUNX
XapaKTEepUCTHK MaTepuaa.

[TK-3 CnocobeH k
pa3paboTke
HAHOPa3MEPHBIX
MaTepHaioB U YCTPOKWCTB

N 1-4nk-3 Ciocoben
AHAIN3UPOBATh MEXaHUYECKHE,
AIIEKTPOMarHuTHBIE U
TEII0(pU3NUECKUE CBOICTBA B
HU3KOPAa3MEPHBIX MaTepHalIax
U yCTPOMCTBAX

3HATh:
- METOJIbI pacyeTa, MOJEITUPOBAHUS U
MIPOTHO3UPOBAHUS CBOWCTB
HAaHOMAaTEPHAJIOB U HAHOCUCTEM, a TAKKE
W3/IeNIMi Ha UX OCHOBE MMPUMEHUTEIBHO K
OHEPTETHUKE;

- IPUHLIUIBI CTPYKTYPHOUM OpraHu3aluu u
CBOICTBA HAHOOOBHLEKTOB U
HaHOMAaTeuaJIoB.

YMETB!
- UCTIOJIH30BATh CIECIUAIN3HUPOBAHHBIC
3HaHUS B 00J1aCTH HAHOTEXHOJIOTHHA U
HAaHOMATCPUAJIOB B DOHCPI'CTUKE JIA
peLIeHHsI MPaKTUYECKUX 3a/1a4;

- paboTaTh Ha COBPEMEHHOM
HKCIEPUMEHTAIBHOM U




Koa u HaumeHoBaHue
KOMIIETCHIINH

Koa u HaumeHoBaHMe 3am1almp013am{ue PeE3yJabTaThI OﬁyquI/lfl
HHAUKATOpa JOCTHKCHUSA
KOMIICTCHIUHA

HCCICI0BATCIIBCKOM 060py,I[OBaHI/II/I.

2. MECTO JUCHHUILIMHBI B CTPYKTYPE OBPA3OBATEJIbLHOM NPOT'PAMMBI BO

I[I/ICHI/IHJ'H/IHa OTHOCHUTCA

K OCHOBHOI mpodeccnoHalbHON 00pa3oBaTENbHON Mporpamme

Hanorexunonoruu u Hanomarepuaisl B sHepreruke (nanee — OIIOII), nanpasnenust noarorosku 14.03.01
SnepHas sHepreTrka u Teropusnka, ypoBeHb 00pa3oBaHUs: BbICIIee 00pa3oBaHue - OaKkagaBpHar.

Tp660BaHI/I5I K BXOJHBIM 3HAHUAM U YMCHHAM:

- 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
BBIMYCKHOHN KBaTU(UKAIMOHHON paOOTHI.




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 KBaHTOBOH XUMHH"
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, kiaccu(UKanus, COOTHOIICHUS MEXIy XUMHEH, (U3MKOH, Ouosoruen u
HaHoTexHoJorued. CamocOOpka M C€aMOOpPraHM3alUs Kak BaXHbI IOAXOJ K IOJyYEHHUIO
HAaHOMATEpPHAJIOB,  OCHOBHBIE  THUIIBI WM  HEpapXusi  HAHOCTPYKTYpP,  3aKOHOMEPHOCTH
B3aMMOOTHOLIEHUH CTPYKTYpbl M CBOWCTB HaHomarepuanoB. 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. Camocbopka 1 caMOOpraHu3alys — BaXKHbIA MOJIX0/] K OJyYEHUI0 HAHOMAaTepHUaJIoB,
OCHOBHBIE THIIBI U UEPAPXHSI HAHOCTPYKTYP, 3aKOHOMEPHOCTU B3aUMOOTHOILIEHUN CTPYKTYpPBI
U CBOMCTB HaHOMaTepHuaioB. HaHOOOBEKThI B TBEPAOM BEUIECTBE, B AKHUAKOCTAX U B razax;
2. Ypasuenue lllpeaunrepa 1y aToMOB U MOJIEKYJI. DJIEKTPOHHAS IUIOTHOCTD U €€
M3MEHEHUs IPU Mepexo/ie OT pa3esIeHHbIX aTOMOB K MoJieKyJie. KBaHTOBas TOMOJIOTHS
AJIEKTPOHHOM IJIOTHOCTH U «aTOMBI B MoJieKyJie». [locTpoeHne npuOImKeHHbIX pelieHui
AIIEKTPOHHOI'O YPaBHEHUSI HA OCHOBE BapUallMOHHOI0 NpHuHIMIA. OTHOAIEKTPOHHOE
npubnmxenue. Meroa Xaptpu—Poka;
3. Opb6utanu u opbutanpHbie 3HEpruu. [Ipencrapnenrne MOIEKYJISIPHBIX OpOUTANIel B BUJIE
JIKAO. Oneparop I'aMuiabTOHa AJ11 aTOMHBIX U MOJIEKYJIIPHBIX CUCTEM Ha MpUMeEpax.
[TocTpoeHue »51eKTPOHHON BOJIHOBOUM (PYHKIINU;
4. TUnbl CHMMETPUH KPUCTAJUIMYECKUX PEIIeTOK. TpaHCIAMOHHAS CUMMETPUS B
KpHUCTaJIJIaX ¥ OJJHOMEPHBIX cucteMax. Posib cuMMeTpun B pOpMUPOBAHUM CBOWCTB TBEP.IBIX
Ten. PeanbHble TBEpbIe Tena U HaHOYAcTHIBL. Hymb-, 04HO-, BY- U TpEXMEpPHBIE
cTyKTypHbIe nedexTsl. Crenuduka aTOMHON CTPYKTYphl HAHOKJIACTEPOB U HAHOYACTHII;
5. MeTtozpl uccienoBanusi HAHOOOBEKTOB. ATOMHas cuiioBast MUKpockornusi (ACM) u
TOTOJIOTUS IOBEPXHOCTH;
6. MeTo/1bl OJTyYEeHHUS U UCCIIEIOBAHUS (PU3UKO-XMMUYECKHX CBOMUCTB YTIIEPOTHBIX
HaHOTPYOOK;
7. IlomyueHue KOJIJION10B HAHOYACTHUL M X XUMHUYECKUI aHAIIN3.

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 MaTepraioB 1o Keicam pasjaena "OCHOBbI KBAHTOBOW XHUMHUH'"

OO0cyxeHre MaTepuaioB Mo Keiicam paznena "KpucramioxuMust HAaHOCTPYKTYp"
OOcykxneHue MaTepualioB 1O Keiicam pazaena "YTiepoaHble HaHOMAaTepHAb.
VYrinepoaHblie KapKacHbIE CTPYKTYphI"

OO6cyxaeHrue mMaTepHalioB 10 Keiicam pasnena "YibTpanucrepcHble cuctembl. CHHTE3 U
CTa0MIIN3alUs HAHOYACTHUIL B pacTBOpax"

OO6cyxaeHrne MaTepuasoB 1o keiicam pasaena "l[IpuMeHeHne HaHOCTPYKTYP JUIsl CO3JaHus
3JIEMEHTOB MPUOOPHBIX YCTPOHCTB"

3.6 TemaTnka KypcoBBIX IPOEKTOB/KYPCOBBIX padoT
KypcoBoii mpoekT/ paboTta 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)
TUCIUILTNHE
(8 cooTBETCTEHH ¢ pasnenom 1) WH/INKAaTOPOB | COOTBETCTBUU C 11.3.1)
1/2]3]4]|5]6
3HaTth:
KJ1acCU()UKALMIO M METO/IbI IOTYYECHUS KonnmokBuym/Buisl Xumudeckoi cBsizu, 00beMHBIC U
HAHOKJIACTEPOB U HAHOCTPYKTYP N /I-3mk-2 + MOBEPXHOCTHBIE CBOMCTBA Tell. KomokBuym «MeToasl
[10JIy4YEHUs] HAHOMATEPHAJIOB)
3aKOHBI ¥ IPUHIIUITBI XUMUU TPUMEHUTEIBHO K KonnokBuym/Busl xumudeckoi cBsizu, 00beMHbIC U
HaHOCTPYKTYypam N-3rk-2 + MMOBEPXHOCTHBIE CBOMCTBA Tel. KomnokBuym «MeTosl
MOJIy4eHHUs] HAHOMAaTEPHAJIOBY
MIPUHIUIIBI CTPYKTYPHOU OpraHu3aIuu 1 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
MIPOTHO3UPOBAHUSI CBOMCTB HaHOMaTepHasloB 1 VT-Arics + |+ ME30CKOMMYECKUMHU U HAHOCTPYKTYPHUPOBAHHBIMU
HAaHOCHCTEM, a TaK)K€ U3JIEINI Ha UX OCHOBE oBepxXHOCTAMHU. PacueTHoe 3a1anue
MIPUMEHUTEIBHO K YHEPTreTUKE
YMersb:
WCII0JIK30BaTh COBPEMEHHOE 000PYI0BaHUE IS Konnoksuym/B3anMoaeiicTBHIO Kamemb KUIKOCTH C
aHaIM3a CTPYKTYPhI, COCTOSIHUS U JJIs V-3 4+ | ME30CKONHMYECKMMHU U HAHOCTPYKTYPHUPOBAHHBIMH
dhopmupoBaHUs pabOUNX XapaKTEPUCTUK MOBEPXHOCTSIMU. PacueTHoe 3a1aHue
Marepuaia
CBSI3bIBATh (PM3MUYECKHE U XUMUYECKHE CBOMCTBA Konnoksuym/«Ilonydenne KoaIon10B HAHOYACTHIL U UX
MaTepHUaloB C UX CTPYKTYPOM U COCTOSTHUEM, XUMu4ecKkuil ananuz». KomiokBuym «YTiiepoaHbie
aHAJIM3UPOBATh OCOOEHHOCTU (PU3HUECKUX U N-3rk-2 + MaTepuasbl U HAHOCTPYKTYPbI»
XUMHUYECKUX CBOMCTB HAHOCTPYKTYPHBIX
MaTepUasoB
paboTaTh Ha COBPEMEHHOM JKCIIEPUMEHTATEHOM VT-Arics + Konnokeuym/B3anMoaeicTBHIO Kamneib )KUAKOCTH C
1 UCCIIEJIOBATEILCKOM 000py10BaHUH ] ME30CKOMMMYECKUMHU U HAHOCTPYKTYPHUPOBAHHBIMU
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ITOBEPXHOCTAMMU. PacuetHoe 3aJaHuec

HCIIOJIb30BATh CIICHUAIM3NUPOBAHHBIC 3HAHU B
00J1aCTH HAHOTEXHOJIOTHH U HaHOMAaTCpUaJIOB B
OHCPICTUKE IJId PCUHICHUA IMTPAKTUYCCKUX 3aa4d

N-4nk-3

Konrponsnas padora/«BiusHue remmnepaTypbl
MTOBEPXHOCTU HA CKOPOCTh UCIIAPEHHUS Kalellb )KUJIKOCTH
KOJUTOMIHBIX X)uaKocTeiy. KonTponbHas padbora
«XHUMUS TOBEPXHOCTHBIX SBJICHUI

KomnnokBuym/«IlonydeHne KOIONI0B HAHOYACTHIT U UX
XUMHUYECKUN aHanu3y». KomnokBuyMm «YriaepoaHblie
MaTepuabl U HAHOCTPYKTYPhD)
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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 yCII€eBAEMOCTH
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. «[lomyuyeHue KOIJIOUIOB HAHOYACTHI U MX XUMHUUYECKUH aHanu3». KomnokBuym
«YrnepoJiHble MaTepUalibl U HAHOCTPYKTYpb» (KomnokBuym)

®dopma peanmsainuu: Y cTHas popma
1. B3aumoeiicTBHIO Karienb )KUAKOCTH ¢ ME30CKOMMUYECKUMU U HAHOCTPYKTYPUPOBAHHBIMU
nosepxHocTsaMU. PacuetHoe 3ananue (Komnoksuym)
2. Bunpl xuMu4eckoi cBs31, 00bEMHBIE U IOBEPXHOCTHBIE cBOMcTBa Ten. KomnokBuym
«MeTtozpl ony4yeHus: HaHomarepuaiaoBy» (Kosnoksuym)

bamibHO-pedTUHIOBasA CTPYKTYpa AUCLUILINHBI SABISETCS NPUIOKEHUEM A.

4.2 TIpoMe:KyTOYHAsI ATTECTAIUSA MO AUCHUIJINHE
3auem ¢ oyenkou (Cemecmp No6)

Nrtorosas oueHKa MO KypCy BBICTABIISIETCS HA OCHOBE OLICHKM 32 IPOMEXYTOUHYIO aTTECTALUIO.
Bo3moxeH cirydaid, Korga B CHIY 3HAYMTEIHHO OTIMYAIOMICHCS TEKyIIeHd OIEHKA MOXET OBITh

NPUMEHEH MOBBIIIAIONINA WM TOHWKAIOIIUN KOAPPUITHESHT
B numiom BeICTaBIsIeTCS OIICHKA 32 6 cEMECTp.

IIpumeuyanue: OLeHOYHBIE MaTEpUAIbI 110 TUCIMITIIMHE IPUBECHBI B (DOH/IE OLIEHOYHBIX
matepuaios OITOII.

5. YYEBHO-METOJUYECKOE OBECIIEYEHHUE JUCHUIIJIMHBI

5.1 IleyaTHbIE H 3JIEKTPOHHbIE H3IAHNS
1. Koposun, H. B. O0mias xumus : yaeOHUK /17151 By30B 110 TEXHUUECKUM HAIPAaBICHUAM U

cnermanbHOCTSIM / H. B. KopoBuH. — 13-¢ u3a. epepad. u gomn. — M. : Akagemus, 2011. —496 ¢. —

(Boiciiee npodeccuonansHoe oopasosanue. bakanaspuat). — ISBN 978-5-7695-8015-4.;

2. ®usnyeckas xumus: B 2 k1. Ku.1. Ctpoenue BemectBa. Tepmoaunamuka : Y4eOHUK Tl BY30B /
K. C. KpacHos, u ap. — 3-e u3f., uctp. — M. : Beicmas mkona, 2001. — 512 ¢. — ISBN 5-06-004025-

9,

3. Cyszpnanes, 1. I1. HanotexHonorusa. ®U3nKo-XUMHUsl HAHOKJIACTEPOB, HAHOCTPYKTYP U
HanomarepuanioB / U. I1. Cy3nanes. — 2-e¢ u3j., ucnp. — M. : Dauropuan YPCC, 2009. — 592 ¢. —
(Cunepretuka: ot npouutoro k oyaymemy). — ISBN 978-5-397-00217-2.,;

4. Imutpues, A. C. ®u3nKo-xuMusi HAHOCTPYKTYp : yueObHoe nocodue o kypcam "OU3NKO-XUMHUS

HAHOYACTHIl U HaHOMaTepHuaioB", "TennoBbIe Mporecchl 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.

uccien. yu-t "MOU". — M. : Uzn-Bo MOU, 2013. — 240 c. — ISBN 978-5-7046-1356-5.
http://elib.mpei.ru/elib/view.php?id=5631,

12



5. Pakos, O. I'. HanoTpyOku u ¢ysiepeHsl : yuebHoe ocodue 1o crnenuanbHoctu 210602
"Hanomarepuanst" / 3. I'. PakoB. — M. : Jloroc, 2006. — 376 c. — (HoBas yauB. 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 marepuanoB U TEXHOJIOTUIN). —
ISBN 5-948360-18-0.;

7. Qesiukos, I1. H. Yraneponusie HaHOTpyOKH. CTpoeHue, cBoiicTBa, mpuMmenenus / I1. H. J{psukoB.
— M. : BUHOM. Jla6opatopus 3nanuii, 2006. — 293 c¢. + CD-ROM. — (Hanorexuomnorun). — ISBN
5-947743-41-8.;

8. Ctapoctut B. B.- "Marepuasbl 1 MeTo bl HaHOTeXHOJIOTHIH", (4-¢ u3a. (3:1.)), U3aarenbcTBo:
"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 / OmnieparrionHast cucrema cemeicTna 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 COUMAILHOI 3a1uThl 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 yHuBepcuteTckas nunpopmaunonnas 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

14




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
noxyueHus HanoMmatepraioy (Komoksuym)

B3anMoneiicTBHIO Kamnemb )KUAKOCTH ¢ ME30CKOIMMYECKUMH U HAHOCTPYKTYPUPOBAaHHBIMU
noBepxHocTsAMHU. PacuetHoe 3ananue (Komnoksuym)

«BnusHMe Temneparypbl IOBEPXHOCTH HA CKOPOCTh UCHIAPEHU Kaleib KUAKOCTH KOJIOUJHBIX
xunkoctei». KonrponpHas pabora «XuMHUsI MOBEPXHOCTHBIX siBieHui» (KonTponsHas paboTa)
«Ilony4yenue KOUIOMA0B HAHOYACTUL] U UX XUMUYECKHH aHanu3». KomiokBuym «YriepogHsie
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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