MMHOBPHAYKN POCCUA
®ENEPAINBHOE NrOCYAAPCTBEHHOE BIO[PKETHOE OBPA3OBATEJTbHOE YYPEXXOEHVE
BbICLLEIMO O5PA30OBAHUA

«BOPOHEXXCKWUN rOCYOAPCTBEHHbIA YHUBEPCUTET»
(Preoy BO «Bl'Y»)

YTBEP>XJAKO

3aeedyrowut kagpedpol

@usuku meepdo2o mersia U HaHOCMPYKMyp
(I.B.CepeduH)

31.08.2022e.

PABOYASA NPOrPAMMA YYEEHOW OUCLUUMNNUHbBI
B1.B.[1B.04.01TexHonorua u aHanus matepuarioB MMKpPO- U HAHO3STEKTPOHUKHU

1. Koag ¥ HauMeHOBaHMe HanpaBlieHUs1 NnoAroToBku/cneymnanbHOCTH:
11.03.04 3r1iekKmpoHUKa U HaHO3/1eEKMPOHUKa

2. Mpodunb nogroroBku/cneymanmnsauua:
NHmezpanbHasi 351eKmpoHUKa U HAHO3IEKMPOHUKA

3. KBanudmkauumsa BbinyckHuka: bakanasp

4. dopma obpasoBaHusa: QuHas

5. Kachegpa, oTBevarowan 3a peanmsaumio AUCLUUNINHDbI:
Kaghedpa ¢busuku meepOo20 mesia U HaHOCMpPyKmMyp

6. CoctaBuTenu nporpammbl:FOpakos KOpul Anekceesuy,
O0KmMop ¢pu3.-mam. HayK, cm. Hay4YHbllU COMpPYOHUK

7. PekomeHnpgoBaHa: HMC ¢pusuyeckozo ¢pakyribmema ripomokosi Ne6 om 14.06.2022

8. YueOHbIN roa: 2025-2026 CewmecTp: 6



9.llenu n 3apaum y4e6HON ANCLUMUNIIUHDI

Llensimu oceoeHusi y4ebHoU OucyurniuHbl 6115 MCS:

dopMUpoOBaHNE 3HAHMI YMEHUIN HABbIKOB, HeobxoauMmbIX Ans Bblibopa u peanusaumm
METOLOB NOSTyYEHNS TOHKOMNNEHOYHbIX CTPYKTYP Pas3nNMYyHOro Ha3HavyeHus.

3adayu y4yebHoOU OuCyUMIUHBbI:

- cchopmupoBaTtb 1 yrnybutb 3HaHNA 06 0COBEHHOCTAX TOHKOMNNEHOYHOIO COCTOSHUSA
MaTepuarnos;

- OBNageTb OCHOBHLIMU NPEACTaBMEHNSIMU O 3aKOHOMEPHOCTAX 0Opa3oBaHUS TOHKUX
NIEHOK;

- U3y4nTb (pM3MYeckme OCHOBbI PasfnNYHbIX METOAOB MOSTyYEHUSA TOHKMX CIOEB;

- OCBOUTb BO3MOXXHOCTU MPUMEHEHUS METOLO0B MNOSMy4YEHUA TOHKUX CNOeB

ANa NonyyYeHns maTepmanos C pasnnyHbiMU (U3NYECKUMU U XUMNYECKUMN
CBOMUCTBaMMW.

10. MecTo yye6HOM aucumnnuHbl B cTpyktype OIOIM: yacTb, hopmmnpyemas yHacTHUKaMM
obpasoBaTtesibHbIX OTHOLWEHUI, Bnok B1.

B pesynbTaTe npoxoxaeHna gaHHON ANCUMNINHBI 00YyYaroLWNNCa AOMKEH NpMobpecTn 3HaHuS,
YMEHUHA, HaBblkM NpPOoeccMoHarnbHbIX KOMMETeHUM, HeobxoauMmbix Ana obecneyeHus
TPYOOBbIX PYHKUMN NPpOdIeCcCUoHanbHbiX CTaHAAPTOB:

40.035 VHxXeHep-KOHCTPYKTOP aHasoroBbiX CIOXHO-YHKUMOHamNbHbIX 6nokos (CP-6nokoB);
40.058 UHxeHep-TexHONOr NO NPOU3BOACTBY U3AENUNA MUKPOINEKTPOHUKN.

ﬂpm n3ydyeHnn gucuunniinHbl o6yqarou.|,vu7|c;| 3aKkpenndaeTr 3HaHud, YMeHUA WU HaBbIKU,
nony4vyeHHble nNpu wnU3y4eHMNn matTemMaTudecCknx wu O6Ll.l,el'lp0q)eCCI/IOHaJ'lebIX ancumnimH un
nosiyqaeT 3HaHUd, YMEHUA N HaBblKWU, Heobxoaumble npu ndyvyeHnn cneumarnbHbIX ANCUUNITNH.

11. MnaHupyembie pe3ynbTaTbl OOy4YeHUs NO AucuUuninHe/mMoayniko (3HaHUA, YMeHus,
HaBblKK), COOTHECEHHbIe CNNaHUpyeMbiMU pe3yribTaTaMM OCBOEHUsi obpa3oBaTesibHOMU

nporpamMmmbli (KOMHeTeHLIMFIMVI)VI MHOUKaToOpaMM X OOCTUXKEeHUA.

Kog HasaHue Koa(bl) NnaukaTop(bl) MnaHnpyemble pesynbTaThbl
KOMMeTeHL MM 06yyeHus
MK-3 | CnocobeH BbINOMHATD MK-3.1 Bbibupaet 3HaTb: cnocobbiBbIbOpa
paboTbl MO TEXHOO- KOHCTPYKLMOHHbIE KOHCTPYKLMOHHBIX MaTep1aros U
rMYecKor NoaroToBke maTtepuarnbl 1 onpeaeneHnsITuNopasveos
Npon3BOACTBa MaTe- onpegenset 3aroTOBOK AN U3genun
pvanoB v n3genumn TMNopa3mepbl 3aroTOBOK | MUKPO3MEKTPOHUKM
3NEKTPOHHOWN TEXHUKN ONs u3genui YMeTb:NpoBOANTLBLIGOP
MWKPO3MNEKTPOHMKM KOHCTPYKLMOHHBIX MaTepraros U
onpeaerneHne Tunopasmepos
3aroTOBOK AN U3fenun
MWKPO3MEKTPOHMKM
BnapeTb:HaBblkaM1NPOBEAEHNSABbI
6opa KOHCTPYKLMOHHbIX
mMaTepuanoB 1 onpeaeneHuns
TMNOpa3mMepoB 3aroToBOK A4S
N34ENMMN MUKPOINEKTPOHNKM
MK-3.2 OnpepenseT coctas 3HaTb: cocTaB cpeacTB
cpencTB TexHornormye- TEXHOMNOrMYECKOro OCHaLLeHUs Ans
CKOrO OCHalLLeHUs Ans paspabaTbiBaeMbIX MPOLECCOB
paspabaTtbiBaeMbIx Npou3BoACTBa M3genui
NpOoLEeCcCOB NPON3BOACTBA | MUKPOIEKTPOHUKU
nsgenui YmeTb:onpegenutb cocTaB
MWKPOIMEKTPOHMKM CpPeAcTB TEXHONMOIMYeCckoro




OCHalleHus ons
pa3pabaTtbiBaeMbiX MPOLLECCOB
Npoun3BoACTBa M34enNun
MUKPOINEKTPOHUKN

BnageTb:HaBblkamuonpeaeneHms
COCTaBa CcpeacTB TexXHosorn4e-
CKOro ocHaileHuna onsa
pa3pabaTbiBaeMbix NPOLLECCOB
npov3BoACTBa n3aenui
MUWKPO3NEKTPOHUKN

MK-4

oTOB OpraHM30BbI-
BaTbMeTposiornye-
ckoe obecrnevyeHune
npons3BoaCcTBa MaTe-
puanoB v nsgenuin
3MNEKTPOHHOM TEXHUKM

MK-4.2

BbisiBNsieT NpUYnHbI
Opaka 1 npubnmkeHus
napamMeTpoB K NpeaeribHO
AO0MYyCTUMbBIM NPU U3ro-
TOBNEHUN U3Oennn
MUWKPO3IEKTPOHMKN

3HaTb: cnocobbl BLISIBMEHUS
NPUYKUHBI Opaka n NpuonmxeHnst
napamMeTpoB K NpeAenbHO
AONYCTUMbIM NPY U3rOTOBNEHUN
n3genunii MUKPO3NEKTPOHMKHM

YMeTb:BbISBNSATE NPUYMHBI Bpaka 1
NpUGNIKEHUS NapamMeTPOB K
npeaensHO A0NYCTUMBIM NPU U3ro-
TOBMNEHWUM N3aenuii
MUKPOSNEKTPOHUKN

BnapeTb:HaBbIkaMVBbISBAEHMWS
NpuyuHbl Bpaka u NpubnumxeHns
napameTpoB K npeaernbHO
O0MYyCTUMbIM NPU U3rOTOBIIEHUN
N34ENMMN MUKPOINEKTPOHNKM

MK-7

CnocobeH npoBoauTb
TexXHornorm4yeckme
npoLiecchbl NPon3BOa-
CTBa MaTepuarnos 1
N3genun aneKkTpoH-
HOWM TEXHUKN

MK-7.1

BbibupaeTt Heobxogmmbie
napameTpbl Tex-
HOMOrMYECKUX NPOLLECCOB
nNpoun3BoACTBa M34enNun
MUWKPO3IITEKTPOHMKN

3HaTb: cnocobbl Bbibopa
HeobxoOMMbIX NapameTpoB TEX-
HOMNOrMYECKUX NPOLLECCOB
nNpoun3BoACTBa M34eNun
MUKPOIIEKTPOHMKN

YMeTb: BbibupaTh HeobxoamMmble
napameTpbl TEXHONTOMMYECKMX
NpoLIeccoB Npon3BoACTBa U3aAenui
MUKPOINEKTPOHMKN

BnageTb:HaBblkamuBLIOOpa
Heo6XoauMbIX NapamMeTpPoOB TEX-
HOJTOrMYECKMX NPOLLECCOB
npoun3BoACTBa M34enNun

MUKPO3MEKTPOHMKM
12. O6bem gucunnnuHbl B 3a4eTHbIX eanHuuax/yac.— 2/72.
Popma NpoMeXyTOYHON aTTecTaumm_3ayeT
13. TpypoemMkocTb No Buaam y4yebHomn paboTbl
TpyaoemMKoCTb
Bug yyebHomn paboTbl Bcero Mo cemecTpam
6cemecTp Ne cemecTpa
AyONTOPHbIE 3aHATNS 34 34
nekumu
B TOM YumCrne: npakTuyeckme
naboparopHble 34 34
CamocTosaTenbHas paboTa 38 38
B TOM 4mucne: KypcoBasi paboTa (npoekT)
dopma npomMexyTo4HOM aTTecTaumm —
3a4eT
UToro: 72 72




13.1. CopepxaHue QUCLUMNIUHDI

n/n Peannsauus
pasgena

HaumeHoBaHve pa3gena AONCLUUNINHBI C

CopepxaHue pasnena aucUuUnnHb

OVNCLUUNIUHBI NOMOLLbIO
OHNaWnH-Kypca,
OYMK *
1. Nlekuyun
1.1
1.2
1.3

2. llTabopaTopHbie paboTbl

2.1 JlTabopaTopHasi paboTta 1. lNony4yeHne TOHKMUX MIIEHOK
METOAOM TEPMUYECKOTro UCnapeHusi

JlTabopaTopHasi pabota 2. lNony4yeHne TOHKMUX MIEHOK
MeToabl NONy4YeHUst TOHKUX | METOAOM MarHeTPOHHOIO pachblfieHNs

NIeHOK JlabopatopHasa pabota 3. [NonyyeHne TOHKNX NNEHOK
METOAOM XMMUYECKOTO OCaXXAEHUS U3 ra3oBom dasbl.
JlabopaTopHas paboTta 4.[Tony4yeHne TOHKMX MeHOK
METOAOM 30Jb-Tefb TEXHONMOrNn

2.2 JTabopaTopHas pabota 5. OnpegeneHne TONWMUHbI
TOHKOWN NNEHKN MHTEPdEPEHLNOHHBIMMETOLOM
JlabopatopHas pabota 6. OnpegeneHne aneMeHTHOro
COCTaBa M MUKPOCTPYKTYPbI TOHKOW MIIEHKN METOA0M
MeTogbl KOHTPONS 1 MUKpOaHanu3a u CKaHMpyoLen anekTpoHHOM
aHanmn3a TOHKUX MIIEHOK MUWKPOCKOMUU

JlabopaTopHas pabota 7.0npegenenne ¢asoBoro
COCTaBa TOHKOW MMEHKM METOAOM PEHTTEHOBCKON
aundpakumm

2. MpakTnyecknesaHaTUA

3.1

3.2

3.3

13.2. Tembl (paspenbl) AUCUUNINNHBI U BUAbI 3aHATUN

Buabl 3aHATUIA (KONMYECTBO YacoB)
Ne HanmeHoBaHue TeMbl CaMoCToSTeNnbhas
n/n (pasgena) gucumnnuHbl | Jlekummn MpakTtnyeckne | JlabopaTopHble pabora Bcero
1 MeToabl nonyyeHus 22 20 42
TOHKWUX NINEHOK
2 MeTogbl KOHTPONS 1 12 18 30
aHanm3a TOHKMX MIeHOK
3
UToro: 34 38 72

14. MeTogM4yeckne yKkasaHusa Ans o6y4alowmxcs No 0OCBOEHUIO AUCLUNIIUHbI

M3yyeHne auncumnnuHbl  «TexHONormss MartepuanoB MUKPO- UM HAHO3INMEKTPOHUKM»
npegycMmatpuBaeT OCyLleCTBreHne Yy4yebHOW [esATEenbHOCTU COCTOsWEN W3 [BYX 4YacTew:
o0y4YeHnsa CTyaAeHTOB npenogasaTenemM n CamocToAaTeNbHON y4ebHOM AeaTenbHOCTU CTYLEHTOB
Mo N3YyYEHUIO ANCUUNIINHBI.

OucumnnuHa «TexHonorma matepuanoB MUKPO- M HAHOJIMEKTPOHWKM» peanu3yetca  C
NPUMEHEHNEM 3NEKTPOHHOIO 0ByYeHNs 1 ANCTAHUNOHHbBIX 0Bpa3oBaTenbHbIX TEXHOSTOMMN.

B yuebHOM npouecce wncnonb3yTca criegyowme obpasoBaTenibHble TexHonoruu. [lo
obpasoBaTenbHbIM opMaM: UHAuBMAOYanbHble 3aHATUA. 1o npeobnagawowmm meTogam wu
npuemam oby4deHusi: 06bACHUTENBHO-UNMIOCTPATMBHbIE (06bSCHEHME, NOKa3—4eMOHCTpauns
y4yebHoOro matepuana v gp.); akTuBHble (aHann3 y4ebHOM U Hay4yHOM NuTepaTypbl, COCTaBNeHne




CXeM W Ap.) U MHTEpaKkTUBHbIE, B TOM 4YuCNe W rpynnoBblie (B3aumMHoe obyyeHune B ¢hopme
NoAroTOBKN M OBCYKAEHNSA OOKNaAo0B); MHAPOPMALMNOHHbIE; KOMMbIOTEPHbIE; MYNbTUMEANNHbIE
(pabota c canTamMym akageMudeckux CTPYKTYp, Hay4yHO-UCCrnenoBaTenbCKUX OpraHuM3auunm,
3MEKTPOHHbIX OMbnnoTek n ap., paspaboTka npe3eHTaunn, coodLLeHnn n goknagos, paboTa ¢
3NEKTPOHHBIMK OByyatowmmMm nporpaMmmamm 1 T.n.).

CamocTosaTenbHas paboTta oby4yalolmMxcss Hapsay ¢ ayauTopHoOW npeacraBnseT OaHy u3
dopm y4ebHOro npouecca M SABMASETCHA CYLIECTBEHHOM €€ 4YacTbilo, 4TO Hambonee SpKo
npeacTaBneHo B npouecce nogrotoBku 6akanaepoB. [locnegHee o06ycnoBrneHO TeM, 4YTO
camocToaTenbHas paboTa npegHasHayvyeHa AN POPMUPOBAHUS HABbIKOB CaMOCTOSITENbHOW
paboTbl Kak BooOLLe, Tak U B y4eBHOW, HAy4YHON AEATENLHOCTU, (POPMUPOBAHNE U pa3BUTUE
CMOCOBHOCTN NpuMHMMAaTb Ha cebs OTBETCTBEHHOCTb, CaMOCTOATENbHO pelaTtb npobnemy,
HaxXOANTb KOHCTPYKTMBHbIE PELLUEHUS, BbIXOA N3 KPU3UCHOW CUTyauun 1 T.4.

CamocTosaTenbHas pabota hopMupyeT CaMOCTOATENBHOCTb HE TOMBbKO Kak COBOKYMHOCTb
YMEHMI N HaBbLIKOB, HO U KaK YepTy XapakTepa, UrpatrLlyto CyLECTBEHHYIO POSflb B CTPYKType
NNYHOCTU COBPEMEHHOrO cneuuanucta Bbiclwen kBanudukaumn. OHa BOCMUTLIBAET
CaMOCTOATENbHOCTL KaK 4epTy Xapaktepa. Hukakume 3HaHWSA, MONyYeHHble Ha YpPOBHE
NMacCMBHOIO BOCMPUSATUS, HE CTaBLUMe OObEKTOM COOCTBEHHOW YMCTBEHHOW UNN NPaKTU4ECKOM
paboTbl, HE MOrYT CYUTATBLCA NOASIMHHBIM LOCTOSAHUEM YErloBeEKa.

[aBass BO3MOXHOCTb pacwmpatb M oborawiatb 3HaHUSA, YMEHUS MO WHAUBMAYANbHbIM
HanpaBieHusM, camocTodaTenbHas pabota  obyvatouierocs nosBosiieT  cosgatb
Pa3HOCTOPOHHMX creumanuctoB. B npouecce camoctoaTenbHon paboTbl pasBuBaloT
TBOpPYECKME BO3MOXHOCTW Obyyatolierocs, npu 3TOM CamMOCTodATeNbHaA paboTa 3aBepluaeT
3agayv Bcex B1aoB yyebHon paboTbl.

CamocTosaTenbHasa paboTa - aTo nnaHupyemas paboTta obyvaroLmxcs, BbINOSHAEMas no
3a[aH1o 1 NpU MEeToAMYECKOM PYKOBOACTBE npenogasaTens, HO 6e3 ero HenocpeacTBEHHOrO
yyacTtus. [lNpenogaBsatenb, BeAywMA 3aHATUA, OpraHU3yeT, HanpaBnsieT CaMOCTOATENbHYH
paboTy oby4valrmxcs 1 okasbiBaeT UM Heobxogmmyro nomoulb. OgHako CaMOCTOATENbHOCTb
obyyalomnxcs JoSmkHa npeBbilwatb 06bem paboTbl, KOHTPONMPYEMOW npenogaBaTenem
paboTbl, U UMETb B CBOEN OCHOBE MHANBUAYANbHYH MOTUBaLMIO 0ByyaroLwerocsa no nosy4eHuto
3HaHW, HeobxoaMMbIX M OOCTaTOuHbIX ANnd Oyaywen npodeccroHanbHOW AeATenbHOCTN B
n3dbpaHHon cdpepe. lNpenogaBaTtenb nNpu HEOOXOAMMOCTM MOXET OKa3biBaTb COAENCTBME B
BblpaboTke M  KOppeKkuMM [OaHHOW MOTMBALMM, Jexawen B OCHOBE MOCTPOEHUS
CaMOCTOATENbHON AeATEeNbHOCTM Oby4valowerocss N0 WU3YYEeHU AUCUUNMAWHBI, MNOMYyYEHUIo
Heob6X0aMMbIX 3HAHUI U HaBbIKOB.

MonyyeHne obGpasoBaHus npegnonaraeT oObOydeHWe pelleHnto 3adad  onpeaesieHHoN
chepbl geatenbHocTn. OgHako kak Obl xopowo He obydanuch obydatowmecsa cnocobam
pelweHns 3agjady B ayamTopuu, copmMmpoBaTb CpencTBa MNPaKTUYECKOW OeATEeNbHOCTU He
yAacTCs, Tak KaK Kaabl Cryyam nNpakTuku ocobbin 1 Ansa ero peweHns cnegyet Bbipabotatb
0Co0bIN NPOdECCNOHANbHbBIN CTUMb MbILLUNEHUS.

OcHoBOM camMOCTOATENBHOM PabOTbl CAYXUT Hay4YHO-TEOPETUYECKMI KYPC, KOMIMMEKC
nosly4eHHbIX obyyatommes 3HaHnin. OCHOBHON, Hanbonee 3KOHOMUYHOW POPMON MOMYyYEHNS K
YCBOEHUS MHAOPMaLMK, TEOpPeTUYEeCKMX 3HaHWMW B BYy3e SABMSETCS NeKuus, no3Bonstowias
BOCMPUHATb 3HAYUTENBHYIO CYMMY OCHOBHbIX 3HAHWUA 1 MOTOMY CNOCOOCTBYHOLAst NOBbLILLEHUIO
NpoAYyKTUBHOCTU BCeX Apyrmx bopm yd4ebHoro tpyaa.

Pesynbtatr 00y4eHnsas u camocToATeNnbHOW paboTbl obyvaroueroca npeagnonaraet
Hanu4ne cregyLwmx COCTaBASAOLWMX:

- MOHUMaHWe METOAOSIOMMYECKMX OCHOB NOCTPOEHUS N3YyYaEMbIX 3HAHWUM;

- BblAeeHMe rmaBHbIX CTPYKTYp y4ebHOro Kypca;

- hopmupoBaHune CpeacTB BblpaXkeHusi B 4aHHOM obnacTy;

- MOCTPOEHME METOANK PELLEHNS 3a4a4 U OpMeHTauumn B npobnemax (cutyaumsx).

CamocToaTenbHasa paboTta obyyalowmxcs npu MU3ydeHUn OUCUUNIIMHBLL « TexHonorns
MaTepuanoB MUKPO- U HAHOINEKTPOHMKUY BKIKOYAEeT B cebs M3yvyeHne TeopeTU4ecKkom 4actu



Kypca, noaroToBKy K BbIMOMAHEHMIO nabopaTopHbiX paboT, HanucaHune OT4eTOoB
nabopaTtopHbiM paboTam:

n3y4yeHne TeopeTMYEeCKon YacTm Kypca — 12 yacos;

NoAroTOBKY K TabopaTopHbIM 3aHATMSIM — 10 Yacos;

HanucaHne otyeToB No NabopaTtopHbiM paboTtam — 16 yacos ;

NTOoro

— 38 yacos

no

15.MepeyeHb OCHOBHOM W AOMNONHUTENLHOW nNUTepaTypbl, PECypCcoOB MHTEPHeT,
Heob6XoAUMbIX ANsi OCBOEHUSI AUCLUMNIIUHbI

a) OCHOBHas

nuTepaTypa:

Ne n/n

MNcTOYHMK

CopokuH, B. C. MaTepuanbl 1 aneMeHTbl 3NeKTPOHHOM TEXHUKN. AKTUBHbIE OUSNEKTPUKN, MarHUTHbIE
MaTepuarbl, 3NIEMEHTbI ANTEKTPOHHOM TEXHUKM [AnekTpoHHbI pecypc] / CopokuH B. C., AHTunos b. J1,,
INasapea H. . — 2-e u3g., ncnp. — CaHkt-MNeTepObypr: JlaHb, 2016 .— 384 c. — PekomengosaHo YMO
By30B P® no obpa3oBaHuto B 06nacTv pagMoTEXHWUKU, ANIEKTPOHMKN, BUOMEONLMHCKON TEXHUKUN 1
aBToOMaTM3aumMKn B Ka4ecTBe y4ebHMKa AN CTYAEHTOB By30B, 06y4atoLmxcs no HanpasneHnsm
«ONEeKTPOHUKa N HAHO3MEKTPOHUKa» U «KOHCTpynpoBaHMe 1 TEXHONOrUsS SNEKTPOHHbIX CpeacTB» .— KHura
13 konnekumm Naxb - Pusumka .— ISBN 978-5-8114-2002-5 .—
<URL:http://e.lanbook.com/books/element.php?pll_id=71735>.

Bnagumupos, I'. . ®usmka noBepxHOCTU TBepAbIX Ten [ONekTpoHHbI pecypc] / Bnagumupos M. . — 1-e
n3g. — CankT-lNeTepbypr: JlaHb, 2016 .— 352 ¢. — PekomeHOoBaHO Y4ye-biM coBeTOM CaHKT-
MeTepbyprckoro rocyaapCTBEHHOIO YHUBEPCUMTETA B Ka4ecTBe y4ebHOro nocobus anst CTyaeHToB
HanpaBneHui noarotoBkn «dusmnka», «MpuknagHble matemMaTtuka u dusmka», «Pagnodpuanka».— Kaura ns
konnekumm Jlanb - dnsmka .— ISBN 978-5-8114-1997-5 .—
<URL:http://e.lanbook.com/books/element.php?pll_id=71707>.

3.

Wesnes., B.M. ToHkne nneHKn HeopraHM4eckux MaTepmnanos: MexaHuam pocta u cTpyktypa / B.M. Mesnes.
— BopoHex: UML| BI'Y, 2008. — 496 c.

4,

BepnuH E.B. MoHHO-NNasMeHHbIe NpoLecchl B TOHKOMIEHOYHoM TexHonorum / E.B. Bepnvh, J1.A. CerngmaH.
— M: TexHocdepa, 2010. — 528 c.

6) gononHWTenbHaa nuTeparypa:

Ne n/n McTOYHUK
5 ABposiH, N.A. ®r3nyeckme 0CHOBbI INEKTPOHHOM 1 MOHHOW TexHomnorum / U.A. AbposiH, A.H. AHapoHoB,
) AWN. TutoB. — M.: Bbicw. wk., 1984. — 320 c.
6 CospeMeHHas kpuctannorpacus. T.3 / Mopg pea. B.K. BanHwTtenHa, A.A. YepHosa, J1.A. LLlysanosa. - M.:
) Hayka, 1980. - 407 c.
7 TexHoMnormsa TOHKMX NAeHOK / nep. ¢ aHrmn. noa pea. M.U. EnuHcona, I'.I. Cmonko. — M. : Co.. paguo, 1977.
) -T.1.-776c.
TexHonornsa ToHknx nneHok: CnpasoyHuk / MNoga ped. 1. Maiccena, P. naHra; MNep. ¢ aHrn. noa pea. M.
8. EnuHcoHa, I'.I'. Cmonko.— M.: CoseTtckoe pagmo, 1977-.
T.2.— 1977 — 767 c.
9 YucTakos, FO.[l. PU3nko-xMMmmnyeckmne 0CHOBbI TEXHONOMUMN MUKPO3neKkTpoHukm / KO.[. YucTakos, HO.IM.
) PanHoBa. — M.: MeTtannyprus, 1979. — 408 c.
10 HukuTtnH, M.M. TexHonorus n o6opyanoBaHme BakyyMHoOro Hanbinexnus / M.M. HUKUTuH. — M.:
) MeTtannyprus, 1992. — 112 c.
11. YepHsieB B.H. ®dusnko-xummyeckne npoueccol B nponssoactee POA. M.: Boicwas wkona,1987. 376 c.
B)MH(pOpMaLIMOHHbIE SNEKTPOHHO-06pa3oBaTerbHble pecypchl (ouLnansHblie pecypebl UHTEPHET)*:
Ne n/n Pecypc
12. http://www.lib.vsu.ru— 3oHanbHasi Hay4yHas bubnmoTteka BI'Y
13. http://www.moodle.vsu.ru
14. https://elibrary.ru — HayyHasi anektpoHHas bubnvoteka
15. https://lanbook.com — 3BC «JlaHb»
16. https://biblioclub.ru — 3B5C «YHuBepcuteTckasi 6nbnmoreka oHnanH»
17. www.iprbookshop.ru — 36C «IPRbooks»
18. | https://edu.vsu.ru— ObpaszoeamesibHbIl nopman "dnekmpoHHbIU yHUsepcumem BI'Y"

16. NepeyeHb y4eOHO-MeTOANYECKOrO o6ecneyeHust Ans CamoCcToATeNIbHON paboThbl

Ne n/n MCTOYHMK
KOpakoB KO.A.PeHTreHoBckas oudpakToMeTpusiHaHOKpUCTannoB: y4iebHoe nocobne
18. /HO.A.Opakog, C.HO.Typuwes, O.A.YyBeHkoBa, C.A.VBkoB, B.B. Jloraués//BopoHex:
M3partenbcknn gom BI'Y, 2019. - 61 c.



https://elibrary.ru/
https://lanbook.com/
https://biblioclub.ru/
http://www.iprbookshop.ru/
https://edu.vsu.ru/

KOpakoBlO.A. ViccnenoBaHne HAHOCTPYKTYPUPOBAHHbBIX MaTepuarioB METO4OM pacTpOBON

19. 3NEKTPOHHON MUKPOCKOMMUUK:y4ebHO-MeToanyeckoe nocobue ans sysos /KO.A.KOpakos, A.C.
JleHbLumH, IMN.B. CepeauH. — BopoHex: BopoHexckuirocyaapcTBeHHbIn yHuBepenteT, 2014, - 13
C.

FO.A. KOpakoB. MNony4eHne TOHKUX MIEHOK COXHOMO COCTaBa METOAOM UCMAPEHUS U
KOHAeHcauun B Bakyyme: yuebHo-meToanyeckoe nocobue ansa sysos /HO.A. KOpakos.—
Boponex: LML, BlI'Y, 2008 .— 16 c.: un.— bubnwuorp.: c.16 .—
<URL:http://www.lib.vsu.ru/elib/texts/method/vsu/m08-169.pdf>.

20.

17. OOGpasoBaTtefibHble TEXHOJNIOTMWU, UCNONb3yeMble MNpU peanu3auum Yy4yebOHOWM
OUCUMNNUHBLI, BKIMOYaA [AUCTaAHUMOHHble obpa3oBaTenibHble TexHonorum (OOT),
3neKTpoHHoe obyyeHue (30), cmewaHHoOe obGy4eHue):

B ydyebHOM npouecce wucnonb3ylTca cnegylowme obpasoBaTenbHble TexHonormu. [lo
obpasoBaTenbHbIM hopMam: MHOMBMAYyanbHble 3aHsaATUSA. 1o npeobnagawwmnm metogam wu
npuemam oby4deHusi: 0ObSACHUTENBHO-UNMIOCTPATMBHbIE (06bSCHEHME, NOKa3—4eMOHCTpauns
y4yebHOro matepuana v gp.); akTuBHble (aHann3 y4ebHOM U Hay4yHOW NuTepaTypbl, COCTaBNeHne
CXeM W Ap.) U MHTEpakTUBHbIE, B TOM 4YuCfe W rpynnoBbie (B3aumHoe obyyeHune B ¢hopme
MOArOTOBKM M OBCYXAEHMA LOKNAA0B); MHPOPMALMOHHBIE; KOMMbIOTEPHbIE; MYTbTUMEANNHbIE
(pabota c canTamMm akageMudeckux CTPYKTYp, Hay4yHO-UCCrnenoBaTenbCKUX OpraHu3auunm,
3MEKTPOHHbIX OMbnnoTek n ap., paspaboTka npe3eHTaunin, coodLieHnn n goknagos, paboTa ¢
3NEKTPOHHBIMK OBy4atowmmMm nporpaMmmamm 1 T.n.).

18. MaTepuanbHO-TeXHU4YecKkoe obecneyeHme AUCLUUNIINHbI:

INekumoHHasa aygutopua kadegpbl PTTUHC: HoyTOyk ToshibaSatellite A200-1M5, npoekTtop
InFocus LP70+; MicrosoftWindows 7, gorosop 3010-15/207-19 ot 30.04.2019.

JTabopaTopus y4yebHoro npaktukyma (ayq. 129): nabopaTopHbIn CTEHA ANS NOMAYyYEHUA TOHKNX
NMEHOK W HAHOCTPYKTYp MeTodamMu XUMWUYECKOro OCaXAdeHus w3 ra3oBov asbl w
ANEKTPOXMMMYECKMMN MeTodamMu - 1 WT.; BakyyMHasd TEXHOMOrMyeckas YyCTaHOBKa Afis
MarHeTPOHHOrO N TEPMUYECKOr0 HaHECEHUS METarfIM4YeCcKNX N OUINEKTPUYECKUX NMEHOK - 1
wT.; anektponeyb [1TK-1,4-40 c KOHTponupyemowm atmocdepon U aBTOMaTU3IMPOBAHHLIM
yrnpasneHnemM ans nofnyyYeHnss Mmatepmanos C 3a4aHHbIMW CTEXMOMETpUEN - 1 LWT.

Ayantopusa ana camocToaTernbHOM paboTbl CTy4EHTOB: cepBep Ha Base 2-x npoueccopoB Xeon
E5-2620 v3. - 1 wrt.; komnbtoTepol HP ProDesk 400 G6 SFF - 9 wr,;
komnbtoTepbiPentiumDualCore - 2 wWT.; NoaknioYeHHble K ceTn VIHTepHeT n ¢ obecnevyeHmnem
AOCTyna K 3neKTPOHHOW MHopMaunoHHo-obpasoBaTensHon cpeae BIY; MicrosoftWindows 7,
porosop 3010-15/207-19 ot 30.04.2019.

YyebHaa ayguTtopua Ona  NpOBEAEHUS  3aHATUA  NEKUMOHHOrO  Tuna:CTauMOHapHbIN
MynbTUMeannHbIN NnpoekTop Acer X125H — 1 wT.; HOyT6yk emachines €510 — 1 wT.
Peanusauua gucumnivHbl C MNPUMEHEHWEM 3NEKTPOHHOMO OOYYEeHUA W OUCTaHLUMOHHbIX
obpasoBaTenbHbIX  TEXHOMOMMN  OCYLLECTBRsieTCA 4yepe3 obpasoBaTefibHbI  nopTan
"ONeKTPOHHbLIN YHBepcuTeT BIY".

19. OueHo4HbIe cpeacTBa ANA NpoBeAEeHNA TEKYLEeNn N NPOMEXYTOYHOWN aTTecTaummn

MopsaoK OLEHKM 0CBOEHMS oby4Yatommmncs y4ebHoro matepuana onpeaensieTcs
coaepkaHneMm crneayoLwmx pasgenos AUCUMNINHBIL

NHankatop(bl)
KomneTteHums(n) DOCTUXEHUSA OueHouHblecpeacTsa
KOMMNeTeHLMn

1. | MeTogbl nony4yeHnsa TOHKUX MK-3 MK-3.1 JlabopaTopHble paboTbl 1 - 4

Ne HanmeHoBaHue pasgena
n/n ancumnnuHel (Mogyns)




MMeHoK MNK-3.2
MK-7 MK-7.1
2. M)il?ﬂﬂﬁg:;ﬁom Vi ananisa MNK-4 MNK-4.2 NaBopatopHble paboTsl 5 - 7
3.

M pomMeXxyTovHaa aTtrectauna

MNepeyeHb BonpocoB
dopMa KOHTpoOns —3a4eT P P

20 TuvnoBble OLEHO4YHbIe cpeAcTBAa M MeToAMYECKUMe MaTepuanbl, onpegensioLwme
npoueaypbl OLueHUBaHUA

20.1 TeKywMin KOHTPOINb yCNeBaemMocCcTun

TekylniA KOHTPONb YCNeBaeMOCTU MO AUCUMNIIMHE OCYLLECTBMSIeTCS C MOMOLLbI  CreayrLmx
OLIEHOYHbIX CPEACTB: OTYETHI O BbINOMHEHUN NaGopaTopHbIX paboT.

MepeyeHb Tem nabopatopHbIX pabdoT
JlabopaTopHas paboTta 1. [NonydeHne TOHKMX NIEHOK METOAOM TEPMUYECKOrO MCMapeHus.
JTabopatopHas paboTa 2. [Nony4yeHne TOHKMUX NfIEHOK METO40M MarHETPOHHOIO pacnblfieHNs.

JTabopatopHas pabota 3. [Nony4yeHne TOHKMX MIIEHOK METOOOM XMMUYECKOTO OCaXOEHNS N3 ra30BON
dasbl.

JTabopatopHas paboTa 4. [Nony4yeHne TOHKMUX NAIEHOK MEeTOL0M 30J51b-refib TEXHOSOIMMW.
JTabopatopHas pabota 5. OnpegeneHme TonwmMHbl TOHKOW NAEHKN NHTepdepEHLMOHHBIMMETOL0M.

JTabopaTtopHas paboTta 6. OnpegeneHme aneMeHTHOro coctaBa 1 MUKPOCTPYKTYPbl TOHKON NITEHKK
MEeTO4O0M MUKPOAHanu3a u CKaHUpyoLwen aNeKTPOHHOM MUKPOCKOMUMN.

JlabopatopHas pabota 7. OnpegeneHvne asoBOro coctaBa TOHKON NAEHKM METOAOM PEHTIeHOBCKOM
andpakuuu.

[nsa Tekywero KOHTPOnsi ycneBaeMoCTM UCMNOMb3yeTcs YCTHLIN onpoc, cobecegoBaHme, OTYEThI O
Xo4e BbINOJSTHEHMST NabopaTopHbIX paboT, Ha OCHOBE KOTOPLIX BbLICTABMSAETCA NpenBapuTerbHas
oueHkasayem/Hezayem.

YpoBeHb
Wkana
cchopmumpoBaH
y npefBapuTenbHbIX
Kputepun oLeHnBaHNsi KOMMNETEHLMI HOCTM oLLeHOK
KOMMNeTeHLUNN
Obyyaowmnca Bnageetr 4YacTUYHO TeOopeTUYeCKUMM OCHOBaMM Moporobiit
OUCLMNIUHBI, (bparMeHTapHO CcnocobeH BLINOMHATE NlabopaTopHbie DOBEHb 3auem
paboThbl y
HeynoBneTBopuTensHoe BbINOMHEHNE TECTOBbIX 3agaHun.
OOyuvawowmnca  AeMOHCTpUpyeT  OTPbIBOYHbIE,  (hparMeHTapHble B Hesavem
3HaHWSA, JonyckaeT rpydble OWMOKM NpU BbIMOMHEHUM NPAKTUYECKMX
3agad nabopartopHbIx paboT

20.2 NMpomexyToyHasa aTrecTaums



MpomexyToyHas aTTecTaums No AUCUUNNMHE OCYLLECTBMASIETCS C MOMOLLbIO CleayLLmnX
OLEHOYHbIX CpeacTB:
MNepeyeHb BONPOCOB K3a4yeTy

1. Knaccudmkaums MeToaoB nonyyYeHns TOHKUX MieHoK. dnsmyeckme u xmmudeckne MeToabl.
"a3o-, xunako- n TBepaodasHblie Metoabl. CpaBHUTENbHASA XapakTepucTuka MeToA0B.

2. MexaHu3Mmbl 3apoabileobpasoBaHns U pocTa HOBoW hasbl. MexaHn3mbl 3aTBepaeBaHus.
LleHTpbl KpucTannmsauum n CKOpoCTb KpucTannmaaumm (3aTsepaeBaHns).

3. Teopuwu pocTta kpuctannos. Mogenb pocTa naeanbHbIX KpUCTansmoB, 3apoabieobpasoBaHue Ha
NMOBEPXHOCTU pearbHbIX KpUCTarnnos.

4. 3nutakcus. [NpoasneHnsa anuTakcumn. AHM3OTPONUSA rPaHNYHOM SHEPIN N NPOLLECCHI
3apoxgeHunsa. MexaHnambl anutakcun. BrnvsHne temnepatypbl, 4eEKTOB MOAMNOXKM U
nepecbiLEeHNst Ha ANUTAKCUIO.

5. CpegHsasa gnuHa ceoboagHoro npobera Mornekyrn B rase. Yactota CTONKHOBEHWUA MOMEKyn C

noBepxHOCTb. CKOpOCTb ncnapeHus. YpaBHeHuve epua-KHyaceHa.

Auenka KHyaceHa. VICTOUHMKM ToYeYdHble U Manon nnowanun. PacnpegeneHue ncnapeHHbIX

MOJIeKyn Nno HanpasneHusaM. 3aKoH KOCKHYyca.

MCTOYHMKM TOYeYHbIE M Manon nnoLwaaun. 3akoH pacnpeaeneHuns TONWUHbI NOKPbITUR.

MexaHn3Mbl UCNapeHna XUAKOCTEN N TBEPAbIX TEN.

TepmMnyeckoe ncnapeHne pesmcTnMBHbIM TEMMOM ucnaputens. Bugel ncnaputenen.

0. Tepmuyeckoe nucrnapeHme ¢ NOMOLLbIO HarpeBa anekTpoHHOM 6ombapanpoBKkon. PasnnyHele

BMAbl 9NEKTPOHHbIX nyLwek. [lepxxaTtenu BeLecTtsa.

11. CoctaB ncnapeHHoro matepuana. lNMpobnembl ncnapeHnss MHOrOKOMMOHEHTHbIX MaTepuaros.

12. CneunanbHble MeToabl UcnapeHus. PeakTnBHoe ncnapeHue.

13. cnapeHue 13 aByx ncnaputenen.

14. InckpeTHOEe TepMUYECKOE UCNapeHNne.

15. KatogHoe pacnbineHuve. YCnosus CyLLeCTBOBaHUS CaMOCTOATENBLHOIO TNetLLero paspsaa.

16. Pa3psag, nogaepXxuBaeMbli TEPMOISIEKTPOHHON 3MUCCUEN Y MArHUTHBIM MOSIEM, MarHETPOHHOE
pacnbineHuve.

17. BblcOoKOYacTOTHOE pacnblfneHune.

18. PeakTnBHOE pacnblfeHune.

19. PacnbineHne. dnsanyeckmin MeEXaHM3M MOHHOTO pacnbifieHust. [1oporoBble 3HEPTUN MOHHOTO
pacnbiieHns. QHeprns cBsiav aToOMoOB Ha NoBepxHocTu. Teopusa 3urmyHaga. KoadduumeHT
pacnbifieHus.

20. PacnpegeneHue pacnblfieHHbIX YacTuL, N0 HanpaBreHUsaM N 3Hepruam. 3aBUCUMOCTb
koapdpmumeHTa pacnbineHns oT aHeprm 6GombapanpyoLLmMx YacTul, U NOpSAKOBOro HoMepa
aTOMOB MULLIEHMW.

21. PacnblneHne MHOrOKOMMNOHEHTHbIX MaTepuanoB 1 MOHOKPUCTAIOoB.

22. [MonyyeHne TOHKUX MAEHOK C ydacTUEM XMMMNYECKNX peakunn. AnddysnoHHas n kKuHeTndeckas
CTaguun reTeporeHHbIX XMMNYEeCKUX peakumi. BnnaHue aktopoB TemnepaTypbl, KOHLEHTpaUuK,
CKOPOCTW MOTOKa Ha nepexos oT ANAY3NOHHOIO pexnma K KUHETUYECKOMY.

23. Xumun4yeckme MeTofbl NOoNyYeHNs TOHKUX NAEHOK: MeToAbl XMMUYECKOro TpaHcnopTa.

24. XumMun4yeckme MeTtoAbl NONyYeHUs TOHKUX NNEHOK:MeTOoAbl Pa3fioXXeHNs COeANHEHUN.

25. Xumunyeckme Metoabl NonyyYeHNa TOHKUX NNEHOK:MeToabl XMMNYECKOro CUHTE3a.

26. MeTogbl NONy4eHMsa TOHKUX NNIEHOK M3 pacTBOPOB (30S1b — rerib TexHonoruu). MNonyyeHne TOHKNX
NAEHOK NO MeTOAMKaM NOrpyXeHWs, BpalleHUs, cnuea 1 nyrbsepusauunm.

27. OnpegeneHve TOMWWHbI TOHKMUX MAEHOK NHTepdepeHLMOHHBIMMETOA0M.

28. OnpegeneHne anemMeHTHOro coctaBa U MUKPOCTPYKTYPbl TOHKUX MAEHOK METOA0M
MUKpOaHanu3a u CKaHMpPYIoLLLEN SNEKTPOHHON MUKPOCKOMUM.

29. OnpepgeneHve ha3oBOro CoCTaBa TOHKMX MAEHOK METOAOM PEHTIEHOBCKON ANdpaKL K.

o

B oo~

OnuncaHume TexHonornu npoBeneHunsn npome)KyTquoﬁ aTTecTauunmn

MpomexyToyHas aTtTectauus No AUcCuuninHe — 3ayeT. B npunoxeHue K aunnomy BHOCUTCA
oueHKa 3a4yeT/He3ayem.

OueHKa ypOBHSI OCBOEHUST OUCLMMNINHBI « TEXHONOINS MaTepuanioB MUKPO- U HAHOINEKTPOHMKM»
OCYLLIECTBISIETCA NO CneayroLmnm nokasaTensim:
- KQ4YeCTBO M CBOEBPEMEHHOCTb BbINONMHEHUSA nabopaTopHbIX pabor;



- MOMHOTa OTBETOB Ha BOMPOCHI MO TEME 3a4eTa;
- MONHOTa OTBETOB Ha JOMNOSHUTENbHbIE BOMPOCHI.

Kputepum OUEHKM OCBOEHWUS  OUCUMMAMHBLI  «T€XHOMOrMa  mMatepuanoB  MWUKPO- U
HAHO3NEKTPOHNKM»:

— OLeHKa3ayemsBbICTaBNseTCs B cny4vae, ecnu paboTa CTygeHTa npy 0OCBOEHUU OUCUUNMWHBI He
cooTBeTCTBYeT nbbiM [ABYM U3 nepeducrieHHblx nokasatenen. CoOOTBETCTBYET MOPOroBOMy
(6azoBoMYy) YpPOBHK CHOPMMPOBAHHOCTM KOMMETEHUMNA: KOMNeTeHuun copmupoBaHbl B 0BLLMX
YyepTax, NPOSABMASITCA U UCNONb3YTCA CUTYaTUBHO, YacTUYHO. [laHHbIN ypoBeHb obsi3aTeneH aAns Bcex
OCBaMBalOLLUX OCHOBHYO 0Opa3oBaTesibHyt0 NporpamMmmy;

— OUEeHKa He3ayem BbICTaBNSAETCA B Criydae HeCOOTBETCTBMSA paboTbl CTygeHTa BCeEM
nokasatensiM, ero HeopraHM3oBaHHOCTW, Oe30TBETCTBEHHOCTU M HU3KOro KadectBa paboTbl npu
BbINOSIHEHMM NPAKTUYECKMX paboT, NpeayCMOTPEHHbIX NPOrPaMMON AUCLUMNINHBI.

®akT HeBbINOMHEHMA TpeboBaHWi, NPeabABASEMbIX K CTYAEHTY NPy OCBOEHWUM OUCLMNINHbI
«TexHonorua MaTepuanoB MUKPO- M HAHOINEKTPOHUKM» U OTPAXKEHHbIX B BblENEPEYNCIIEHHBIX
KpUTepusx, ukcupyeTcs B BeJOMOCTU OLEHKOW He3adyem.

Ecnu cTygeHT He ocBamBaeT OUCLMNIMHY B YCTAHOBIIEHHOM MporpammMon o6beme u B CPOKW,
onpegeneHHble rpadnkoM y4ebHOro npouecca, OH He [ONycKkaeTcs K NPOMEXYTOYHOM aTTectauun no
AaHHOMY BuAY y4ebHon paboThbl.



NIUCT COrNMACOBAHUN

PABOYAS MPOrPAMMA YYEBHOW ANCLMNIUHBI

HanpasneHnue: 11. 03.0431eKmpoHUKa U HaHO3/1EKMPOHUKa
wugp U HauMeHoBaHue HarpaeseHus/crneyuasnbHOCmu

Oucumnnuua: b1.B./]B.04.01TexHos02usi U aHaau3 Mmamepuanos MUKPO- U HaHO3IEKMPOHUKU
KOO U HauMeHo8aHue Oucuun/'IUHb/

Mpodumnb NOAroTOBKU: UHMezpanbHas 31eKMpPoHUKa U HaHO3/IeEKMPOHUKa
8 coomeemcmeuu ¢ Y4ebHbIM rnraHom

dopma oby4yeHus: O4yHas

Y4yebHbi rog: 2025-2026

OTBEeTCTBEHHbIN UCTMONHUTENDb -

3as.kaghedpout PTTuHC (I.B. CepeduH ) 31.08.2023
domKkHocmb, nodpasdesnieHue noonucek pacuwughposka nodnucu
WcnonHutenu:
[1pogpeccop kagh. PTTuHC (KO.A.FOpakos) 31.08.2023
domkHocmb, nodpasderneHue noonucek pacwugbposka nodrucu
_._20__

domkHocmb, nodpasdesnieHue noonucek pacwugbposka nodrnucu
COINMACOBAHO:
Kypatop OOl BO
HanpaBnexusa 11.03.04 (I.B. bbikadoposa) 31.08.2023

rnoonucek pacwiughposka nodnucu
3aB.oTgenom
obcnyxunsanuna 3HB (H.B. bennodedosa) 31.08.2023

rnoonucek pacuwughposka nodnucu

PekomeHgosaHa  HMC ¢pusuydeckozo hakynbmema, npomokosn Ne 5 om 25.05.2023
(HaumeHosaHue hakyrnbmema, cmpyKmypHo20 rnodpa3oerieHus)
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