MuHHCTEpPCTBO HAYKH U BbIcLIero oopa3osanusi PO
DenepanbHOE roCyJapCcTBeHHOE 0K0I:KeTHOE 00pa30oBaTe/IbHOE YUpPeKIeHNEe
BbICIIET0 00Pa30BaAHUA
«HanuoHanbHBIN HccIeI0BaTeIbCKUN yHUBepcuTeT « MIU»

Hanpagienne noaroroBku/cnenuaibHocTh: 14.03.01 AnepHas 3HepreTuka u Temjiogpu3nka
HaumeHnoBanune o6pa3zoBaTejbHOI nporpaMMbl: HaHOTeXHOJI0TMH H HAHOMAaTepH AJIbI B JHEPreTUKe
YpoBeHb 00pa3oBaHusi: BbiciIee 00pa3oBaHue - faKkajaBpuaT

®opma o0yuenusi: Ounas

Pabouass nporpaMma QM CHUILIHHBI
NPOLECCHI HHOJYYEHUSA HAHOYACTHUIL U HAHOMATEPUAJIOB

biaok:

Baok 1 «/Iucuuniunsl (MoxyJim)»

Yactb 00pa3oBaTesbHOM
NPOrpamMMblI:

YacTb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBIX OTHONIEH Ui

Ne IMCHUIIJIMHBI 0 YYeOHOMY
IJIaHy:

b1.4.13

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

8 cemecTp - 5;

Yacos (Bcero) no yueoHomy
IJIAHY:

180 yacoB

Jexknun

8 cemecTp - 28 yaca;

HpaKTuquKne 3aHATHA

8 cemecTp - 42 yaca;

JlabopaTopHbie pa6oThI

8 cemecTp - 14 yacos;

KoncyabTanum

8 cemecTp - 2 yaca;

CamocrosiTesibHasi padoTa

8 cemecTp - 93,5 yaca;

B ToM unciae Ha KII/KP

He MPeyCMOTPEHO YUeOHBIM MJIAHOM

HNnasi koHTaKkTHas padoTa

MPOBOJIUTCHA B paMKaX 4YaCoB ay/IUTOPHbIX 3aHSATHH

BKJIIOYAS:
IlepexpecTHbIii onpoc
KontpoabHas padora

IIpome:kyTouHast aTTecTALUS:

IK3aMeH

8 cemecTp - 0,5 yaca;

MockBa 2025




NPOI'PAMMY COCTABMUJI:
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My3uHa KO.10.

WpeHTudukatop

Re86e9a56-Puzina-4d2acadl

10.10. Ily3uHna




1. EJIX 1 3AJAYHN OCBOEHMUSA JUCIIUITJIMHbI

Ilesb ocBOeHMS AMCHMILIMHBI. COCTOMT B M3Y4YEHHUU IPOLIECCOB XMMHUYECKUX, (QU3NYECKUX U
OMOJIOrMYECKUX METOJ]aX CHUHTE3a HAHOYACTHIl U HAHOMATEpHAJIOB, O ClI0co0ax KOHTPOJIUPYEMOTO POCTa
JUI MIOJyYeHHsl HaHO4YacTULl TpedyeMoro pasmepa U (opMbl, O METOJaX CHUHTE3a IUICHOK U MOKPBITUH,
MaCCHUBHBIX HAaHOCTPYKTYPHPOBAHHBIX W MHUKPOIIOPUCTHIX MAaTEPHUAIOB, O CTAOWIM3ALUHN AUCIEPCUI
HAaHOYACTHUI] B TOJSIPHBIX M HENOJSPHBIX CpeAax M CaMOOPraHW3alMd HAHOYACTUI[ B IUIEHKaX MU
00BEMHBIX CTPYKTYypax.

3agaum JUCHMIIUHBI

- U3y4eHue 0COOEHHOCTEH METOA0B U IPUOOPOB IS UCCIICOBAHUS, aHATIM3A U TUATHOCTUKU

HaHOYaCTHI] U HAHOMATEPHAJIOB;

- IOJTy4eHHEe 00yJaroIMMUCS HH(OPMAIIK O METO/]aX UCCIIeI0OBaHHUs COCTaBa U CBOWCTB
HAHOYACTHI] U JPYTUX HAHOOOBEKTOB;
- IOJIy4eHHE 00YJaIOIUMHUCS HABBIKOB 00OOCHOBBIBAHHSI BHIOOP METOJOB UCCIICIOBAHUS CBOWMCTB

HAaHOOOBEKTOB;

- UI3YUCHUC OCHOBHBIX MOHSATHH O (bI/I?;I/IKO-XI/IMI/I'-IeCKI/IX METOAax HCCJIGI[OBaHHﬁ, PA3INYHBIX
THUIIaX MUKPOCKOIIUH U CBOMCTBAX HaHOYaCTHI[ U HAHOMATCPHUAJIOB.

CDOpMI/IpyeMLIe y 06yqafomeroc>1 KOMIICTCHIUHU U 3allJTAaHUPOBAHHLIC PE3yJibTaTbl Oﬁy‘IEHHﬂ 10
JUCHUIITIMHE, COOTHCCCHHBIC C HHANKATOPAMHU JOCTUKCHUA KOMIIeTEeHIIMIi:

Koa n HanmMeHoBaHue
KOMIIeTeHIINH

Koa u HamMeHOBaHHe
HHIMKATOPA T0CTHXKEHUS
KOMIIETEeHIIUH

3amiaHNpPOBaHHbIE Pe3yJbTAThI 00yUeHHus

I1K-2 I'oToB K pacueTHo-
AKCIIEPUMEHTAILHOMY
aHaJIU3y 0COOCHHOCTEH
IIPOLIECCOB B
HAaHOpa3MEPHBIX CHCTEMaX

N/1-3nk-2 Bmageer
AKCIEPUMEHTAIbHBIMU
METO/IaMH HCCIIEJOBAHUSA
MPOLECCOB M CBOMCTB
HaHOPAa3MEPHBIX MaTEpPHAIIOB

3HATh:
- TEXHOJIOTUH TMOJIyYSHHsI HAHOYACTHI] U
HAHOMAaTEePHUAJIOB.

YMETB:

- CaMOCTOSITEIbHO IIPOBOAUTH PACYETHI
IIPOLIECCOB MMOJIYyYEHUsI HAHOYACTHUL] U
HaHOMAaTEPHUAJIOB, COMIOCTABIIATH C
JTAHHBIMU JPYTUX aBTOPOB.

[TK-3 CniocobeH k
pa3paboTke
HAHOPa3MEPHBIX
MaTepHaioB U YCTPOKMCTB

N 1-4nk-3 Ciocoben
AQHAIN3UPOBATh MEXaHUYECKHE,
AIIEKTPOMarHuTHBIE U
TEII0(pU3NIECKUE CBOICTBA B
HU3KOPA3MEPHBIX MaTepHalIax
U yCTPOMCTBAX

3HATh.

- MaTCpHraJibl, IPUMCHACMBIC B ITPOLECCAX
MOJIYYCHH S HAHOYACTULL U
HaHOMATCPHAJIOB, 3HATH UX
KJ'IaCCI/I(l)I/II(aI_[I/II-O U MapKHUpPOBKY.

YMETB:

- CAMOCTOSITEIBHO MPOBOAUTH U3MEPEHUS
OTZEIIBHBIX XapaKTEPUCTUK CUCTEM
MTOJIy4EHUSI HAHOYACTHI] U
HaHOMAaTepHaJioB, MPAaBUIBHO MOAOUPATH
MaTepHuabl U apameTpsl
JIUCIIEPTUPOBAHUSL.

2. MECTO JUCIUILIMHBI B CTPYKTYPE OBPA30OBATEJBHOM ITPOT'PAMMBI BO

JlucuuruiiHa OTHOCHTCS K OCHOBHOM IpogecCHOHANbHONW —00pa3oBaTeNbHON mporpamme
Hanotexnonoruu u Hanomarepuansl B 3Hepretuke (nanee — OITOIT), nanpasnenust moarorosku 14.03.01
SnepHas sHepreTHka u TeroQusrka, ypoBeHb 00pa30BaHUs: BbICIIee 0Opa3oBaHUe - OaKanaBpHar.

Tpe60BaHI/I5[ K BXO/JHBIM 3HAHUAM U YMCHHAM:




- 3HaTh (pusmKa (0O1Iast)

- 3HATh XUMHUS

- 3HaTh MaTeMaTHKa

- 3HATh JICKTPOTEXHHUKA U JJICKTPOHHUKA

- 3HaTh KBAaHTOBAs MEXaHHUKA

- 3HaTh MPUKJIaTHAs PU3HKa

- 3HaTh KBAHTOBAS U ONMTHUYECKAs JICKTPOHHUKA

Pe3ynbraTel 00yueHuUs, MOTydEHHBIE IPH OCBOCHUH JUCLHUITIMHBIL, HEOOXOANMBI TIPH BHITTOJTHEHUH
BBIITYCKHON KBaTM(PHUKAIMOHHON pabOoTHI.



3. CTPYKTYPA U COAEPKAHUE JUCHUIIJINHbI

3.1 CTpyKTypa THCHUNIHHBI
OO01as TpyJI0eMKOCTh JUCHUTUTMHBI COCTABIISIET S 3a4eTHBIX eauHuIl, 180 9acoB.

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
aTTeCTAINH 8| © | Jlex JIab | Ip — - VKK | TK A CeMECTDE aTTeCTalluu
/M P /KOHTPOJTB
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 Knaccuduxkarus 26 8 6 - 8 - - - - - 12 - Camocmoamesibhoe uzyuenue
METOJIOB TIOJTyYECHUS meopemuueckozo mamepuana: Visyaenue
HaHOMaTePHaJIOB JIOTIOJTHUTEJIBHOTO MaTepHaia o pasjieny
11 3HAaKOMCTBO C 13 3 - 4 - - - - - 6 - "Kiraccuukanus METOI0B MOTy4YEHHS
METOJlaMHU HaHOMaTepHajoB"
HAHOTEXHOJIOTUYECKOT0 H3yuenue mamepuanog iumepamypnolx
CUHTE3a UCHOYHUKOG:
1.2 [TpuHIUITB 13 3 - 4 - - - - - 6 - [1], 11-30
kiaccudukanmu [2], 166-260
[3], 7-17
[4], 60-80
2 dmsmueckoe 30 6 4 8 - - - - - 12 - CamocmosamensbHnoe usyuenue
JICTIEpTUPOBAHUE meopemuueckozo mamepuana: Visyuaenue
2.1 MeTomab! PU3HUECKOrO 9 2 4 - - - - - - 3 - JIOTIOJTHUTEIFHOTO MaTepuana 1o pa3aeny
JUCTIEPTUPOBAHUS "®usnueckoe AucHeprupoanue”
2.2 MeTo/1bl pacbUICHUS 6 1 - 2 - - - - - 3 - H3yuenue mamepuanioe 1umepamyphulx
2.3 Mertobl, OCHOBaHHBIC 5 1 - 2 - - - - - 2 - UCHIOYHUKOG:
Ha mpoleccax [1], 171-213
UCTapeHus- [3], 37-53
KOHJICHCALIUH
2.4 Baxyym- 5 1 - 2 - - - - - 2 -
CyOIUMAaIMOHHBIE
METOJIbI
2.5 | Merozp! mpeBparieHui 5 1 - 2 - - - - - 2 -
B TBEPJIOM COCTOSIHUH
3 MexaHunueckoe 30 6 4 8 - - - - - 12 - Camocmoamenvnoe usyuenue
JIMCTIEPrUPOBaHHe meopemuueckozo mamepuana: VIsyaenve
3.1 Metoasl 11 2 4 2 - - - - - 3 - JIOTIOJIHUTEABHOTO MaTepuaa o pazjaery
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MEXaHUYECKOIO "MexaHuueckoe Aucneprupopanue”
JIMCTIEPTUPOBAHUS H3yuenue mamepuanog 1umepamypHsix
3.2 Metoast 7 2 3 UCIMOYHUKOG:
MEXaHUYECKOTO [1], 248-259
HU3MEBYEHHS [3], 20-37
3.3 MeTo1bpI ”HTEHCUBHOM 6 2 3
TIACTHYECKON
nedopManuu
3.4 Meronast 6 2 3
MEXaHNYECKOTO
BO3EHCTBUSA
Pa3INYHBIX Cpex
4 Xumudaeckoe 28 8 12 CamocmosamensHoe usyuenue
JICTIEPTUPOBAHUE meopemuueckozo mamepuana: 3ydenne
4.1 MeTo/1bl XUMUYECKOTO 10 2 3 JIOTIOJTHUTETIFHOTO MaTepuana Mo pa3aeny
JUCTIEPTUPOBAHUS "Xummuueckoe Aucneprupopasue”
4.2 MeToasl Ha OCHOBE 6 2 3 H3yuenue mamepuanog 1umepamypruvlx
MIPOBECHUS UCHIOUHUKOB:
XUMHUUYECKHX PEaKIMi [1], 95-129
4.3 DIEKTPOXUMUICCKUE 6 2 3 [3], 53-73
METOJIbI
4.4 MeTo/Ib1, COUETAIOIIHE 6 2 3
XUMHUUYECKHE U
¢dusndeckue
TIpeBpaIleHHs
5 IIpomeccrr "cBepxy- 30 10 12 CamocmosamensbHnoe usyuenue
BHM3" U "CHU3Y-BBEpX" meopemuyueckozo mamepuana: Nzyuenue
5.1 | OcHOBHBEIC XHUMHYECKHE 11 4 3 JIOTIOJTHUTENBHOTO MaTepraa o pasjaeiry
peakuuu, NpuBOAsILIKE "ITpoueccel "cBepxy-BHU3" U "cHU3y-BBEepX""
K CHHTE3Y HaHOYaCTHII H3yuenue mamepuanog 1umepamypHbix
B )KUJKHX Cpeax UCIMOYHUKOG:
5.2 [Monyuenne 9 4 3 [1], 213-247
YIJIEPOIHBIX [3], 88-105
HaHOMaTepPHaJIOoB
5.3 OcobeHHoCcTH 5 1 3
HEKOTOPBIX
KOHKPETHBIX HPOLIECCOB
CHHTE3a
5.4 buosnoruueckue 5 1 3




MCTOAblI CUHTC3a
HaHO4YaCTHull U

HaHOMATCpHaJIoB
DK3aMeH 36.0 - - - - 2 - - 0.5 - 33.5
Bcero 3a cemecTp 180.0 28 14 42 - 2 - - 0.5 60 335
HToro 3a cemecTp 180.0 28 14 42 2 - 0.5 93.5

Ipumeuanue: Jlex — nexuuu; JIab — naboparopusie padoTsl; [Ip — npaktudeckue 3ausatust; KIIP — aynuTopHble KOHCYIBTAUU IO KYPCOBBIM
npoektam/padboram; MKKII — unauBuayansHbie KOHCYIbTAIIMU 0 KYpPCOBBIM IpoekTam/padoram; ['K- rpymnoBsie KOHCYIbTAIUU 110 pa3aesaam
muctuiuinaer, CP — camocrositennbHas pabota crynenrta; MKP — unast konraktHas padota; TK — Texynuit koHTpoiis; [TA — npoMexyrodHas

aTTcCcTanuAa



3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Knaccughuxayus memooos nonyyenuss HaHomMamepuaios

1.1. 3HaKOMCTBO C METOAaMH HAHOTCXHOJIOTHYCCKOI'O CMHTE3a
OcHOBHBIC TpCGOBaHI/ISI, MNPpCABABISACMBIC K METOJaM MOJIYyYCHUA HaHO4YaCTHI] u
HaHOMAaTCpHUaAJIOB. PaznuuHbIe CITIOCOOBI KJ'IaCCI/I(i)I/IKaI_[I/II/I MCTOHOB IIOJTYUYCHHUS HAHOMATCPHUAIOB.

1.2. [TpuHIMIBL KITACCUPUKAITUU

Pasnenenre MeromoB mo Tuny (asoBoro mepexona. PasnerieHne METOIOB IO MPUHIIUIY
CUHTE3a: «CBEPXYy-BHH3» M «CHHU3Y-BBEpX». PazneneHne MeToN0B MO JaIbHEUIIEMY MPUMEHEHHUIO
MOJIy4aeMOro MpojayKTa. Pa3neiieHne MeTOI0B 1O THIy OCHOBHOTO mporiecca cuHTe3a. OCHOBHBIE
OTJINYHSI METOJIOB MEXAaHUYECKOTO, (PU3UIECKOTO U XUMUYECKOTO TUCTIEPTUPOBAHUSI.

2. Qusuyeckoe oucnep2uposanue

2.1. Metoabl pU3HUECKOTO AUCTIEPTHPOBAHUS
OCHOBHBIE OCOOEHHOCTHU. XapaKTEePHbIE pa3Mephl. 00JIACTH IPUMEHEHHS [T0Jy4aeMbIX YaCTHII.

2.2. Meronpl pacubliIeHUS
pacnbUIEHHE CTPYH pacIijiaBa >KUAKOCTBIO WIIM Ta30M. JBOWHOE pacIbLICHUE. HEHTPOOEKHOE
pacrbuieHHe. CTHHHUHTOBaHHE.

2.3. MeToibl, OCHOBaHHbIE Ha MPOLIECCaxX UCIAapEeHUs-KOHICHCALUU
IUIa3MEHHAsl TEXHOJIOTHUS. JIA3€PHBIM HArpeB. JIEKTPOJYrOBOE PACILIABICHUE. IEKTPHUUECKUIL
B3pBIB [IPOBOJIHUKOB. PE3UCTUBHBINA METOA. HOHHBIN CIIOCO0.

2.4. BakyyM-CcyOJIUMaIIMOHHBIE METO/IbI
MCIIApUTEIbHOE 3aMOPAKUBAHUE. KOHTAKTHAS KPUCTAJIN3ALINSL.

2.5. Meronpl npeBpallieHuii B TBEPIOM COCTOSHUU

KOHTPOJIMpyeMasi KPUCTAJUIM3ALUsA U3 aMOP(HOro COCTOSHUS. LMKJINYECKHE IpeBpalleHus.
YIOPSAOYMBAHUE HECTEXUOMETPUUYECKUX COECIUHEHHM. OOIy4eHHE BBICOKOIHEPIeTUYECKUMU
YaCTULIAMHU.

3. Mexanuueckoe oucnep2uposarue

3.1. MeTo1bl MEXaHMYECKOTO JUCTIEPIrUPOBaHUS
OCHOBHBIE 0COOEHHOCTHU. XapaKTEPHbIE pa3Mephl. 00JaCTH MPUMEHEHHUS [TOJIy4aeMbIX YaCTHULI.

3.2. MeTo1bl MEXaHUYECKOTIO U3MEIbYECHHUSI
HIapoBble, IUIAHETApHbIE, BUOPAIMOHHBIC, BUXPEBBIC, T'MPOCKOMHYECKUE M TMp. MEJIbHUIIBI.
aTTPUTOPHBIE YCTPOICTBA.

3.3. MeTo/1bl UHTEHCUBHOM IJIacCTUYECKOH nedopmanuu

Kpy4YEHHUE TOJI BBICOKMM JaBICHHEM. PaBHOKAHAJIBHOE YIJIOBOE IIPECCOBAHUE. BCECTOPOHHSA
KOBKAa. paBHOKaHaJbHasi yIJjoBas BBITSDKKA. «IIECOYHbIE 4Yachl». HWHTEHCHUBHOE TpEHUE
CKOJIbJKEHUEM.

3.4. MeTo bl MEXaHUYECKOTO BO3JEHCTBUS PA3JIMUHBIX CPEL



KaBUTAIIMOHHO-TUAPOIMHAMUYECKHIA. BUOPAIIMOHHBIA METOMABI. yIapHas BOJIHA. YJIbTPa3BYK.
J€TOHALU.

4. Xumuueckoe oucnep2uposanue

4.1. MeTobpl XUMHYECKOTO IUCIIEPTUPOBAHUS
OCHOBHBIE OCOOEHHOCTHU. XapaKTEPHBIE pa3Mephbl. 00JACTH MPUMEHEHHSI TOTyIaeMbIX YaCTHII.

4.2. MeTo/ipl Ha OCHOBE MPOBEACHUS XUMUYECKUX PEaKIni

METOJIBI OCAXACHHS. TeTepodasHoe B3aUMOJCHCTBUE. 30Jb-TEIBHBIA METOA. KPHOTCHHAS
TEXHOJIOTHS HCIIapeHUS PacTBOPHUTEIISA. cyOIuMaInoHHast CyIIIKa. HCIIapUTEIHHOE
TEPMOPA3IIOKEHHUE.

4.3. DAEKTPOXUMHYECKHUE METOIbI
METOJT JICKTPOOCAKICHHUS. IICKTPOPIOTAIMOHHBI METOMA. CIOCO0 YKHIKOMETALTUIECKOTO
KaToJ1a. JIEKTPOXUMUYCCKUNA CUHTE3.

4.4. MeTozpl, COUCTAIOIINE XUMUYECKUE U (PU3UYECKHIE TPEBPAILICHHS
Ja3epHasi TEXHOJIOTUs. 3JIEKTPOYTOBOM pa3psil. MIIa3MEHHbIN c110co0.

5. Ilpoueccwt "ceepxy-enuz"” u "cnuzy-esepx”

5.1. OcHOBHBIC XUMHYECKUE PEAKIINH, TPUBO/SIINE K CHHTE3y HAHOYACTHIL B )KUAKHX Cpeaax
OcobenHoctr (OpMUPOBAHHUS KOJUIOUAHBIX pacTBOPOB. O0IaCTH X MPUMEHEHUSI.

5.2. [lony4eHue yriepoaHbIX HAHOMATEPUAIOB
CuHTe3 HaHOMPOBOJIOK M HAHOCTEp)KHEH MeTauioB. MeToapl MOIY4YeHHs] YTJIepOJIHbIX
HaHoMmaTtepHaioB. JIazepHO-TepMHUECKHUIl cITOCOO MOTyYeHHSs YTIIEPOAHBIX HAHOTPYOOK.

5.3. Oco0eHHOCTH HEKOTOPHIX KOHKPETHBIX MPOIIECCOB CUHTE3a

Knaccudukanus CVD u PVD mporieccoB Mo JaBiIeHHIO U CIIOcOO0aM BBEACHUS MPEKYPCOPOB.
[Muponutruueckue crnocoObl. MeToabl TNIa3MOXUMHUYECKOTO OCAXKIEHUSI B 3aBUCUMOCTH OT CIToco0a
oOpa3zoBanus mia3Mbl. OCOOEHHOCTH OCaX/IEHUS B TUTa3ME U JTa3€PHOM JIyde.

5.4. buonorudeckue MeToIbl CHHTE3a HaHOYACTHUI] 1 HAHOMAaTEepUaJIOB

3.3. TeMbl NIPaAKTHYECKUX 3aHATHI
1. AHanu3 MEeTO/I0B MOJIYYEHUs YTIepOIHBIX HAHOMATEPUAJIOB; aHAIN3 MMUPOIUTUIECKUX
CIOCO00B, METO/IOB TNIA3MOXUMHUYECKOTO OCAXKICHHUS B 3aBUCHMOCTH OT CTI0C00a
o0pa3oBaHus MIa3Mbl. AHaIM3 OCOOCHHOCTH OCAX/IEHUS B IJIa3Me U JIa3ePHOM JTyye.
JlazepHo-TepMuyeckuii crioco0 MoayuyeHus yriiepoIHbIX HAHOTPYOOK;
2. AHanu3 MeTo/10B MEXaHMUYECKOT0 U3MEJIbYeHUS — [IIapOBbIE, TIaHETapHBIE,
BUOpAIOHHBIE, BUXPEBbIC, THPOCKOIMMYECKHE U TIP. MEITHHHUIIBI,
3. CpaBHEHUE pa3IMYHBIX BUJOB KiIacCU(UKALUU METOIOB JUCTIEPTUPOBAHMS — 110 TUITY
¢dazoBoro nepexona; mo «prrocohpun» MpPOU3BOACTBA — «CBEPXY BHHU3»/ «CHU3Y BBEPX», IO
IPUHIUITY IPOU3BOJICTBA, TI0 THITY OCHOBHOTO MIPOIIECcCa CUHTE3a;
4. OnpeneneHre Ka4eCTBEHHBIX OTINYHN MEXKAY Pa3IHIHBIMU TPOIIECCAMH
JMCTIEPTUPOBAHMS — XapaKTEPHBIE Pa3Mephl YaCTHII, IPUKJIIAIbIBAEMbIE YCUIIHS,



5. AHanu3 npoueccoB UCIapeHUs-KOHACHC AU — IJIa3MEHHAas TEXHOJIOT U, JIa3EPHBIN
Harpes, JIEKTPOAYTOBOE PACIUIABICHHE, JICKTPUYECKUH B3pBIB IPOBOIHUKOB, PE3UCTUBHBIN
METO/I, HOHHEBII CII0CO0;

6. AHaiIM3 METOJI0B MHTEHCUBHOM IIACTUYECKOM JeopMaluy — KpydeHue 1o/ BBICOKUM
JIaBJIEHUEM, PABHOKAHAJILHOE YIJI0BOE IIPECCOBAHUE, BCECTOPOHHSS KOBKA, PABHOKAHAJIbHAS
yIJI0Bast BBITSDKKA U TIP.;

7. AHanIM3 METOJI0OB XUMHUYECKOTO AUCTIEPTHPOBAHUS — METOJIbl OCAXKICHHS, TeTepodazHoe
B3aUMO/ICICTBHE, 30JIb-TEIIbHBIA METO/, KPHOT'€HHAsl TEXHOJIOTUS UCIIAPEHUSI pPACTBOPUTEIIS,
cyOnMManoHHas CyIiKa | Ip.;

8. AHanM3 METOJ0B IIPEBPAILEHUI B TBEPIOM COCTOSHUU — KOHTPOJIHpyeMas
KPUCTATU3AIHS U3 aMOP(GHOTO COCTOSIHUS, IUKIMYECKUE MTPEBPAILCHUS, YIIOPSII0UYNBaHHIE
HECTEXMOMETPUUECKUX COEMHEHUH, 00y4eHrEe BBICOKOIHEPI€TUUECKUMHU YaCTULIAMU;

9. AHann3 METO10B MEXAaHUUYECKOTO BO3AEUCTBUS Pa3IMUHbIX CPEJl — KABUTALIUOHHO-
TUJIPOAMHAMUYECKUH, BUOPALIMOHHBIA METO/IbI, ylapHas BOJIHA, YIbTPa3BYK, I€TOHALIMS;

10. AHanu3 31eKTPOXUMUYECKUX METO/I0B — METO/1 MIEKTPOOCAKICHNUS,
3NEeKTPO(IOTAIMOHHBIN METOI, CIIOCO0 KUJIKOMETANINYECKOT0 KaTo/1a, JEKTPOXUMHUECKUI
CUHTE3;

11. AHaiu3 MeTOJI0B, COUYETAIOIINX XUMHUECKUE U (PU3NYECKHEe IPEBPALCHHs — Jla3epHas
TEXHOJIOTHS, AIEKTPOIYTOBOM pas3psi, MIIa3MEHHBINA CIIOCO0;

12. AHanu3 BakyyM-CyOJIMMaIllMOHHON TEXHUKH — UCIIAPUTENILHOE 3aMOpaKUBaHUE,
KOHTAaKTHasi KpUCTAJUIU3all1s;

13. AHaJIn3 OCHOBHBIX XMMHUYECKHUX PEaKLUi, IPUBOAALINX K CHHTE3y HAaHOYACTHUI B )KUAKHX
cpenax. DopMupoBaHUE 30JI€H - KOJUTOUIHBIE PACTBOPHI;

14. AHann3 METOJI0B PACIBIICHUS — PacllblIEHHE CTPYH PACILIaBa )KUIKOCTBIO WIIH T'a30M,
JIBOITHOE pacIbUIeHUE, LIECHTPOOEKHOE pacIblIEHUE, CIIMHHUHTOBAHUE;

15. AHanu3 cuHTE3a HAHOIIPOBOJIOKH U HAHOCTEp)KHEH MeTaiioB. CUHTE3 MarHUTHBIX
HAHOYACTHI] B MOJISIPHBIX U HETIOJISIPHBIX Cpeax.

3.4. Tembl 1a60paTOPHBIX PadoT

1. MccnenoBanne METOI0B KOHTPOJIIMPYEMOM KPUCTAJUIA3ALINH;

2. UccnenoBanue qucneprupoBaHus TBEPAbIX TEJI METOJJaMU MEXaHUYECKOTO BO3/IEHCTBUS
pa3IMYHBIX CPEL;

3. 3ydeHune 351eKTpOXUMUYECKOTO CHHTE3a HAaHOMAaTEPHAJIOB;

4. Nzyuenue mpoueccoB GOpMHUPOBAHUS 30JI€H U KOJJIOUIAHBIX PACTBOPOB.

3.5 KoncyabTanuu

arwN

Ipynnoewie koncyremauuu no paszoeaam oucyuniunsl (I°'K)

OO6cyxneHue MaTepualioB mo keiicam pazgena "Knaccudukanms MeToJOB MOTy4eHUS
HaHOMaTepHuaJoB"

OO6cyxaeHne MarepuaioB 1o Keiicam paszzena "dusznueckoe aucnepruponanue”
OO6cyxnenre MaTepualioB 1Mo Keiicam pasjaena "MexaHudeckoe aucreprupoBanme”
OO6cyxaeHne MaTepuaioB o Kelicam paszzaena "XuMuyeckoe aucnepruponanue”
OO6cyxnenne MarepuanioB mo keiicam pasnmena "lIporeccer "cBepxy-BHU3" W "CHH3Y-

nn

BBEpX

3.6 TemaTnka KypcoBBIX MPOEKTOB/KYPCOBBIX padoT
KypcoBoii npoekt/ paboTa HEe IPeayCMOTPEHBI
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3.7. CooTBeTCTBHE Pa3/1eJIOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEHIIU

3armaHupOBaHHBIC PE3YAbTAThl 00YUCHUS IO TUCITUTUINHE
(B COOTBETCTBHH C pazjaesioM 1)

Konnl
WHJIUKAaTOPOB

Howmep paznena
JTUCIUIUTUHBEI (B
COOTBETCTBHUU C 11.3.1)

1]2]3]4]5

O1neHO4HOE CPEICTBO
(T ¥ HAUMEHOBAHUE)

3HATE:

TCXHOJIOTHHU MMOJTYYCHHA HAHOYACTUIl U HAHOMATCPUAJIOB

N 1-3nk-2

[TepexpectHsiii onpoc/Knaccudukanus
CIOCOOOB MOJTyYSHHSI HAHOMATEPHAJIOB

[TepexpectHbIit orrpoc/MeTo bl
MEXaHUYECKOTO U XUMUYECKOTO
TUCTICPTHPOBAHUS

[TepekpectHbIit onpoc/MeTo bl
(hM3HYECKOTO TUCTICPTUPOBAHUS

Kontponbnas padota/lIlpomecchr
MIOJTyYEHUS] HAHOMATEPHAJIOB

MaTepuasbl, IPUMEHSAEMbIE B IIPOLIECCAX MTOIYYCHUSA HAHOYACTHIL U
HAaHOMATEpPHaJIOB, 3HATh UX KJIACCUPHUKALUIO U MApPKUPOBKY

NJ1-4nk-3

[epexpecthslii onpoc/Knaccupukanus
CIIOCOOO0B MOJTyIEHUSI HAHOMATEPUAJIOB

[TepexpectHblit ompoc/MeTo b1
MEXaHUYECKOTO U XUMUYECKOTO
JUCTIEPTUPOBAHUS

[TepexpectHsrit onpoc/MeToab
(hM3MUECKOTO AUCTIEPTUPOBAHUS

Kontponbnas padota/llpoieccs
TIOJIY4eHUsI HAHOMATEePHAJIOB

YMeTh:

CaMOCTOSITEIILHO NPOBOJUTH Pacy€eThl POLIECCOB MOTyUEHUS
HAHOYACTHI] U HAHOMATEPHAJIOB, COMIOCTABIIATh C JAHHBIMU JPYTUX
aBTOpOB

W/1-3nk-2

[epexpecthslii onpoc/Knaccupukanus
CITIOCOOO0B MOTyYEHUSI HAHOMATEPHUAIIOB

[TepexpectHbIit onpoc/MeTo bl
MEXAHUYECKOTO M XMMUYECKOTO
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JUCIICPIrUupOBaHUA

[TepexpectHbIit onpoc/MeTo bl
(hbU3MUECKOTo AUCTIEPTUPOBAHUS

KonTponbHas padota/IIporieccs
NOJTyYCHHs HAHOMATEPHAIOB

CaMOCTOATEIILHO IIPOBOJUTE U3MEPEHUS OTIAEIbHBIX
XapaKTEPUCTUK CUCTEM IOJIyYCHHUS HAHOYACTHULL U
HaHOMAaTEpHaJIOB, IPABUIBHO MTOI0MPATh MaTEpUaibl U apaMeTpbl
JUCIIEPTUPOBAHUS

NI-4nk-3

[TepexpectHsiii onpoc/Knaccudukanus
CIOCOOOB MOJTyYSHHSI HAHOMATEPHAJIOB

[TepexpecTHbIit orrpoc/MeTo bl
MEXaHUYECKOTO U XUMUYECKOTO
TUCTICPTHPOBAHUS

[TepexpectHbIit onpoc/MeTo bl
(hM3HYECKOTO JTUCTICPTUPOBAHUS

Kontponbnas padota/llpomecchr
MIOJTyYEHUS] HAHOMATEPHAJIOB
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHUS 11O JUCIUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
8 cemecTtp

®dopma peanuzanuu: buneTsl (MUCEMEHHBIN OTIPOC)
1. ITpoueccrl monmydenus HaHomarepuanoB (KoHTpoiabpHas pabora)

®dopma peanmszainuu: YcTHas Gpopma
1. Knnaccudukanus cnoco6oB nonmyuenus Hanomarepuaiio (I[lepekpecTHblil ompoc)
2. MeTopl MEXaHHUECKOTo U XuMudeckoro nucneprupoBanus (IlepexkpectHsiii onpoc)
3. Metoas! ¢pusmueckoro aucreprupobanus (IlepekpecTHsIil 0mpoc)

BaHHLHO-peﬁTHHFOBaﬂ CTPYKTYpa JUCHUIUINHBI SABJIACTCA ITPUITOKCHUCM A.

4.2 Ilpome:KyTOYHAS aTTeCTALMS 10 JUCHUIIMHE

Oxzamen (Cemecmp NeS)
Wrorosasi oreHka 1Mo Kypcy BBICTaBISIETCS HAa OCHOBE OIIEHKH 32 MPOMEKYTOUHYIO aTTECTAIUIO.
Bo3moxkeHn ciydaid, Korja B CHJIy 3HAQUUTEIbHO OTIMYAIOLICICS TEKyIleld OIEHKH MOXKET ObITh
MIPUMEHEH MOBBIIIAONIMA WM MIOHMKAOIINN KOAPPUITUSHT

B nunnoM BeICTaBIsETCS OICHKA 3a 8 CEMCCTD.

Ipumeuyanue: ONieHOYHBIC MAaTEPUAITHI TI0 JUCIUILINHE TPUBEICHBI B (DOH/IEC OIICHOYHBIX
marepuasioB OIIOII.

5. YYEBHO-METOANYECKOE OBECIHHEYHEHUE JUCLHUIIJINHBI

5.1 ITeyaTHbIE U IJIEKTPOHHbIE H3IAHNS

1. CrapoctuH, B. B. Marepuansl 1 MeTO1pl HAHOTEXHOJIOTUY : yueOHoe rnocobue / B. B. CtapocTtun
; O6m. pex. JI. H. ITarpukees. — M. : BUHOM. Jlabopatopust 3Hanuii, 2008. —431 c. —
(Hanorexnomnorum). — ISBN 978-5-947747-27-0.;

2. Pamouan, H. I'. ®usnyeckre U XuMu4eckrue ocCHOBEI HaHoTexHonoruii / H. I'. PamOuau, A. B.
bepeskun. — M. : ®usmatiut, 2009. — 456 ¢. — ISBN 978-5-9221-0988-8.;

3. Peoxonkos, /. . Hanomarepuans! : yue6Hoe nocobue / /1. Y. Peokonkos, B. B. JleBuna, 2. JI.
J3unsurypu. — 2-¢ u3a. — M. : BUHOM. JlaGopatopwus 3nanuii, 2013. — 365 c. —
(Hanorexnonorun). — ISBN 978-5-9963-0345-8.;

4. Imutpues A. C.- "Beenenue B HaHoTemmodpusuky", (2-e usn.), M3aarenscro: "Jlaboparopus
3Hanui", Mocksa, 2020 - (793 c.)

https://e.lanbook.com/book/135485.

5.2 JIunieH3MO0HHOE ¥ CBOOOHO pacnpocTpaHseMoe NPOrpaMMHoe odecrnedeHue:
1. Office / Poccuiickuii makeT 0(UCHBIX IPOTrpamm;
2. Windows / OniepaniionHasi cuctema cemeiicta Linux.

5.3 UuTepHeT-pecypcesl, BKJIIOYast NpodecCHOHAIbHBIE 0a3bI JaHHBIX 1 HH(POPMAILIMOHHO-
CIIPaBOYHBIC CUCTEMBI:
1. 9BC Jlaus - https://e.lanbook.com/
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2. Hayunas sJekTpoHHasi 6udamorexa - https://elibrary.ru/

3. basza nannbix Web of Science - http://webofscience.com/

4. ba3a nanabIx Scopus - http://www.scopus.com

5. HanmoHanbHas 3JIeKTPOHHAs 0udamoTeKa - https://rusneb.ru/

6. Dnexkrponnas 6udmoreka MOU (36 MOMH) - http://elib.mpei.ru/login.php

7. IlopTan oTKpbITHIX AaHHBbIX Poccuiickoii ®exepanuu - https://data.gov.ru

8. ba3za OTKpPBITHIX JaHHBIX MUHHCTEPCTBA TPY/AA H COUMAILHOI 3a1IUThI PD -
https://rosmintrud.ru/opendata

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

10. ba3a oTKPBITHIX JaHHBIX MUHHCTEPCTBA IKOHOMHUYECKOT0 pa3BuTus PP -
http://www.economy.gov.ru

11. ba3a oTKpbITHIX JaHHBbIX Pochuumonnropunra - http://www.fedsfm.ru/opendata
12. DnexTpoHHasi oTKpbITast 6a3a naHHbIX '"'Polpred.com O630p CMHU" -
https://www.polpred.com

13. HauuoHaIbHBII MOpPTAaJI OHJIAH 00yueHusi «OTKpbITOE 0O6pa3oBanue» - https://openedu.ru
14. O¢puunanbublii caiiT @eaepajbHOr0 areHTCTBA M0 TEXHUYECKOMY PeryJHpPOBAHUIO H
MeTpoJioruu - http://protect.gost.ru/

15. OTkpbiTas ynuBepcuterckas nngpopmaunontas cucrema «POCCHUSD -
https://uisrussia.msu.ru

6. MATEPUAJIBHO-TEXHUYECKOE OBECHHEYEHUE JUCHUITVIMHBI

Tun nomemeHus Homep ayauropumn, OcHaleHue
HaAaMMCHOBaHHE
Y4eOHble ayIUTOPUU AJIs M-409/2, Ayautopust CTOJI IIpenoaaBaresis, CToJ, J0CKa
IIPOBEICHUS JICKIIMOHHBIX kad. "HT" MEJI0Basi, MyJbTUMEIUWHBIA IPOEKTOP
3aHATUN U TEKYLIETO M-422/4, Yuebnas CTOJI, CTYJI, MyJIbTUMEAUNHBIN
KOHTPOJIS nabopaTopus IIPOEKTOP
KpUOPHU3UKH
M-412, YueOHas CTEeJUIaX ISl XpaHEHUSI KHUT, CTOJL,
ayAuTOpHUs CTYJI, MyJIbTUMEIUMHBIA ITPOEKTOP,
JIOCKAa MapKepHasl
K-120, MamuHHbIH 3a1 cepBep, KOHIUIMOHEP
MBI
VY4eOHble ayAUTOpUH IS M-409/2, Ayautopust CTOJI ITPENOAABATEIS, CTOJM, TOCKA
IIPOBEJIEHUS TIPAKTUUECKUX kag. "HT" MEJIOBas, MyJbTUMENUHHBIN IPOEKTOP
3aastuii, KP u KII M-422/4, YuebHas CTOJI, CTYJI, MYJIbTUMETUIHBII
nabopaTopus IIPOEKTOP
KpUOPHU3UKH
M-412, YueOHas CTEeJUIaX IS XpaHEHUsI KHUT, CTOJL,
ayAUTOpHUS CTYJI, MyJIbTUMEIUMHBINA ITPOEKTOP,
JIOCKa MapKepHasl
2K-120, MammHHBIM 3a1 cepBep, KOHAUIMOHEP
MBI
VYyeOHble ayIUTOPHH IS M-425/1, Yuebnas CTOJI, JTaOOPAaTOPHBINA CTEH]
MIPOBEICHHUS JTAOOPATOPHBIX nabopaTopust
3aHATHN TETIOPU3UKI
HAHOCTPYKTYP
M-425/2, JJabopatopus CTOJ1, 000pyI0BaHUE NS
UCCIIETOBaHMS ME30- U 9KCIIEPEMEHTOB, 3allacHbIe
HAHOCTPYKTYP KOMIUIEKTYIOIIHE U1 000pyI0BaHUS
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K-120, MamuaHBIN 321

cepBep, KOHIUITUOHED

HBI]
Y4eOHbIC ayAUTOPUH IS M-409/2, Aynutopus CTOJI IIpenoaaBaresis, CToJ, J0CKa
IIPOBEICHUS IIPOMEKYTOYHOMN kag. "HT" MeJI0Bas1, MyJIbTUMEIUIHBIA IPOEKTOP
aTTecTaluu M-422/4, YuebHas CTOJI, CTYJ1, MYJIbTUMEIUMHBII
naboparopus MIPOEKTOP
KpUODU3UKH

M-412, YueOHas CTeJUIaX IS XpaHEHUsI KHUT, CTOJL,
ayIUTOPUS CTYJI, MYJIbTUMEIUHUHBINA TPOCKTOP,

JOCKa MapKepHast

K-120, MammHHBIN 3a71
MBI

cepBep, KOHIUIIUOHEP

IMTomenenus misa
CaMOCTOSITENIbHOW PabOTHI

M-411/1,
KommnbrorepHslii knacc

CTOJI, CTYJI, JOCKA MEJIOBas,
MYJIbTUMEAUNHBIN IIPOEKTOD,
KOMIIBIOTEP NIEPCOHATIbHBIN

ITomemnienus mis
KOHCYJIbTHPOBaHUS

M-423/1, Ayautopust
kad. "HT"

CTYyJL, CTOJ MNHUCHMEHHBIN

[TomerieHus 1JIst XpaHESHHSI
o0opymoBaHus U Y4eOHOTO
WHBEHTAps

M-407/1, Knagosas

CTCJIAX IJIA XPpaHCHUS MHBCHTAPA,
CTCJUIAX MU XpaHCHHUA KHUT,
HHBCHTAPb CHGHI/IaHI/ISPIpOBaHHLIﬁ
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

HpOHCCCI)I IMOJIYYCHNA HAHOYACTHUL 1 HAHOMATCPHUAJTIOB

(Ha3BaHME AUCIMILIMHBI)
8 cemecTp

IlepeyeHb KOHTPOJIbHBIX MEPONPUATHII TEKYIIIEr0 KOHTPOJS YCIIeBAeMOCTH 10 JTHCIUILIMHE:
KM-1 Knaccudukamus crioco6oB nosrydeHuss Hanomatepuanos (IlepexpecTHsiit orpoc)

KM-2 Meroas! pusnueckoro aucneprupoBanus (IlepexpecTHslii ompoc)

KM-3 Metoabl MEXaHUYECKOTO M XUMHUYECKOro aucnieprupoBanus (IlepekpecTHblil onpoc)
KM-4 Tlponeccel nonyuenus Hanomatepuanos (KontponbHas pabota)

Bujx npome:xyTo4HOI aTTecTalMu — JK3aMeH.

Nunexc KM- | KM- | KM- | KM-
Homep Pa3en muciumminHbl KM: 1 2 3 4
paznena Henens 4 8 12 16
KM:
1 Knaccudukanus MeTo10B MOTy4eHHUs] HAHOMATEPUAIOB
1.1 3HAKOMCTBO C METOJAMU HAHOTEXHOJIOTMYECKOTO CUHTE3a + + + +
1.2 [TpuHIMIEI KTaccuuKamm + + + +
2 ®du3nyecKoe TUCTIEPTUPOBaAHNE
2.1 MeTto1bl pU3NUECKOTO AUCTIEPIUPOBAHUS + + + +
2.2 Mertoasl pactiblUIeHUS + + + +
Metoabl, OCHOBaHHEIE HA IT aX UCIIapeHUs-
23 €TOJIbI, OCHO e pouecc criape + + + +
KOHIEHCallNH
2.4 BakyyMm-cyOnumanoHHbIE METO/IbI + + + +
2.5 MeTtoabl HpeBpaH_[eHI/Iﬁ B TBEPJIOM COCTOSTHHMM + + + +
3 Mexanuveckoe AuceprupoBaHue
3.1 MeTtoapl MEXaHUYECKOTO JUCTICPTUPOBAHU: + + + +
3.2 MeToap MEXaHHYECKOTO H3METbYCHMS + + + +
3.3 MeTo/1bI THTEHCUBHOM MIACTUYECKON e opMaliuu + + + +
3.4 MeTo1b1 MEXaHUYECKOTO BO3JEHCTBUS PA3IMUHBIX CPEL + + + +
4 XUMHYECKOE TUCTIEPTUPOBAHUE
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4.1 MeTo1bl XUMHUYECKOTO JUCTIEPTUPOBAHUS + + + +
4.2 Mertozabl Ha OCHOBE IPOBEICHUS XUMUYECKUX PEAKIIUN + + + +
4.3 DIIEKTPOXUMHUIECKHUE METO/IbI + + + +
44 MeTo/p1, coueTaromme XuMruIeckue u Gu3nIecKue + + + +
' IIPEBPAIICHHUS
5 ITpoueccol "cBepxy-BHU3" U "CHU3Y-BBEpX"
51 OCHOBHBIE XUMUYECKUE PEAKIIUU, TPUBOISIINE K CHHTE3Y + + + +
' HAaHOYACTHI] B )KMJIKMX Cpeax
5.2 [Tonydenue yrnepoaHbIX HAHOMAaTEPUAIOB + + + +
5.3 Oco0eHHOCTH HEKOTOPBIX KOHKPETHBIX MPOIECCOB CUHTE3a + + + +
buosiornueckue MeTopl CUHTE3a HAHOYACTHUIL U
5.4 a I + + + +
HaHOMaTEPHAJIOB
Bec KM, %: | 25 25 25 25
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