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1 BBEQEHWUE K PABOYEN NMPOrPAMME OUCLUMNIUHBI

1.1 Uenb aucumnnuubl: CdopmupoBaTb komneTeHuun obyyatowerocd B obnactm mMetogoB U ocobeHHocTeln
MoaMmKaLnmnm NOBEPXHOCTM NONMMEPHBLIX MaTepUasnos.

1.2 3agauv QUCUMUNSIUHBI:

» PackpbiTb OCHOBHblEe MPUHLUUMbLI PasHOobpasHbIX CMocoGOB MOAUMUKALMU MOBEPXHOCTU MOMUMEPHbIX
maTtepuanos

* PaccmoTpeTb OCHOBHbIE 0CcobeHHOCTH CTPYKTYpPbI U CBOMCTB MOBEPXHOCTHO-MOANPULIMPOBAHHBIX NONIMMEPOB
N nNonnMmepHbIX maTtepumnanos

« CcdopmMmupoBaTe NpeacTaBrneHusi O TEHOEHUMSIX PasBUTUSE HOBbLIX MOBEPXHOCTHO-MOAWPULIMPOBAHHbBIX
NONMMEepOoB 1 NOMMMEPHLIX MaTep1anos

1.3 Tpe6oBaHuA K NnpeaBapuTeNbHOW NOArOTOBKE OOyyYaroLerocs:

MpenBapuTenbHasi NOArOTOBKA Npeanonaraet co3gaHue OCHOBbI Ans (hOPMUPOBAHUS KOMMNETEHLMIA, YKa3aHHbIX
B M. 2, NPU U3YMEHUN OUCLUMIUNH:

MeToabl nccrnefoBaHvsa NONMMEPHbBIX KOMMO3ULIMOHHBIX 1 HAHOKOMMO3WULIMOHHBLIX MaTepuanos

da3zoBble NpeBpaLLeHns B NONIMMEPHbLIX cUcTeMax

PUBNKO-XUMUA HAHOCTPYKTYPHBIX HAaNONHUTENen Ans NoNMMepPHbIX KOMNO3ULMOHHBIX MaTepmanos

Mpouecchl macconepeHoca B cucteMax ¢ ydactueM TBepaon hasbl

TexHonormsa nony4eHns NoNMMepPHbIX KOMNO3ULIMOHHBLIX U1 HAHOKOMNO3ULIMOHHBLIX MaTepunarnos
PUINKO-XUMNYECKME OCHOBLI MOMYYEHNSA NONMMEPHbBIX KOMMO3ULIMOHHBIX U HAHOKOMMO3ULMOHHBLIX MaTepuanos

2 KOMMETEHUUM OBYYAIOLLErOCA, ®OPMUPYEMbIE B PE3YJIbTATE OCBOEHUA OUCLUMININHDbI

MK-3: CnocobeH opraHn3oBbIBaTb ONbITHO-KOHCTPYKTOPCKME U BHeApPeH4Yeckne paboTbl B 06nacTu TexHOnorum
NOIMMEPHbIX KOMMNO3ULMOHHbIX U HAHOKOMMNO3ULMOHHbIX MaTepuanoB

3HaTb: (PyHOaMeHTanbHble MPUHLMMBLI OCHOBHBLIX MPOLLECCOB MoaMduKaLMn MOIMMEpPHbLIX MaTepuarnos, B TOM 4Yucre

HaHOMaTepuanoB U/Mnn ¢ NOMOLLbI HAHOMAaTeEpPMaoB

YMeTb: nnaHMpoBaTb U NPOBOAUTL IKCMEPUMEHT, a Takke nonyyaTb MoaMULMpoBaHHbIE NONMMepPLI B nabopatopun u

MacLITabupoBaTtb TEXHONOMMN MoaNUKaLMIA B ONbITHO-NPOMbILUNEHHLIE NPON3BOACTBA

BnapeTb: HaBblkamu paboTbl B 0Gnactu mMoaMdukauum NOBEPXHOCTM W UCCRedoBaHUSI CBOWCTB MONMMMEPOB B
nabopaTopum 1 Ha OMNbITHO-NPOMbILLIIEHHOM NPOU3BOACTBE

3 PE3YIJIbTATbI OBYYEHUA MO ANCLUUIMIIUHE

KoHTakTHas
paboTa

cp MHHoBaL, dopma

dopmsbl TekyLiero
(faiil) (HZEI'DI) (Hacel) | o ansTuin KOHTpONSt

HavmeHoBaHWe 1 copepxaHue pasgernos,
TeM U y4ebHbIX 3aHATUIA

Cemectp
(xypc anst 3A0)

Pasgen 1. Knaccndmkauma metomoB
MoamdmrKauum nonMMmepos

Tema 1. OcHOBHbIE CnNoOCOObI hranyeckom
MoamdmKauum NonMmepos.

Mpaktuyeckoe 3aHsTMe: OcobeHHOCTU
HanbINeHns, 06paboTkn NNasmomn, oTxura u
apyrmx METOL0B dmsnyeckon
NOBEPXHOCTHOW MoANMMKaALMKN NOSIMMEPOB.
Tema 2. OcHOBHblEe CMOCOOLI XMMUYECKON
MoamdmrKauum NonMmepos 3
MpakTnyeckoe 3aHATHE;
®PyHKUMOHaNM3aumns, nNpUBMBKA, CLUMBKA,
OKUCneHue, XMMmn4deckas obpaboTka
NMOBEPXHOCTU MOIMMEPHbIX MaTepuanos
Tema 3. KombuHMpoBaHHbIE MeTOAbI
MoandmKaLmm.

Mpaktuyeckoe  3aHaATME:  [lpumeHeHune
KOMOWHMPOBaHHbLIX METOL,0B MoAMMMKaLnm
MOBEPXHOCTU MOMMMEPOB U MOMMMEPHbIX
HaHoMaTepuarnos.




Pasgen 2. CTpyKkTypHble OCOBGEHHOCTM MU
CTabunbHOCTb MoaMdULUMPOBAHHOIO
nonvmepa

Tema 4. MexaHndyeckaa akTusauums
nonMmepos.
MpakTuyeckoe 3aHATME: KuHeTuka M
anemMeHTapHble CTaanmn MexaHOXMMUYECKNX
npeBpaLLeHuin.

mn

Tema 5. TepMOYCTOMYMBOCTb MNOMMMEPOB.
MpakTnyeckoe 3aHaTHe: Buabi
TEPMOOOPaboTOK U PEXNUMOB OXNaXKOEHUS.
OcobeHHOCTM NPOLECCOoB.

nn

Tema 6. YcTon4nBocTb
MOANPULNPOBAHHbIX nonMmepoB K
BHELLHUM BO3JENCTBUSAM

MNpakTnyeckoe 3aHAaTHE: Brninaume
TemnepaTtypbl " BHELIHMX  GIN3UKO-
MeXaHN4ecKnx BO34ENCTBUN Ha
MOANULNPOBaHHbIE nonMmepHble
mMarepuansl.

nn

Paspen 3. CsoWictBa u  obnactu
NPUMEHEHMS MOANOULIMPOBAHHbBIX
nonMMepoB

Tema 7. CmaumBaemMoCTb MONMMEPOB
xungkoctsimn. NpoHnuaemocTts, anddyauns
n copbuus HU3KOMOSEKYNSIPHBLIX
COeMHEHUN.

MpakTnyeckoe 3aHATHeE; BnusiHue
MOONULNPYHOLLINX 06paboTok Ha
BEMNUYUHY NMOBEPXHOCTHON aHeprun
nonnmepa

nn

Tema 8. Tpubonornyeckue
XapaKkTepuctukn. AAre3noHHble CBOWCTBA.
BuocTonkocTs. [wvanekTpuyeckue
cBoncTBa. MexaHun4veckne n peonorndeckune
CcBOWMCTBA

MpakTtuyeckoe 3aHsTME:  AAre3noHHble
CBOWCTBA NOBEPXHOCTYU
MOANULNMPOBAHHbBIX NONIMMEPOB

nn

Tema 9. Ob6nactu NpUMeHeHUs
MoanULMpPOBaHHbIX NONMMEPHBIX
MaTepu1arnos.

MpakTnyeckoe 3aHATUE: Mpumepsbl
NCNosb30BaHUs MoanULMpPOBaHHbIX
NONMMEPHBIX MaTepraros.

Wtoro B cemecTtpe (Ha kypce anst 3A0)

2,75

nn

KoHcynbTaumm 1 npomexxyTodHast
artectauus (3ader)

17

17

37,75

0,25

Bcero koHTakTHasa padota n CP no
AUCUMNIINHe

34,25

37,75

4 KYPCOBOE NPOEKTUPOBAHUE

KypcoBoe npoekTpoBaHne y4ebHbIM NIiaHOM He NpeayCcMOTPEHO




5. ®OH[, OLIEHOYHbIX CPEACTB AN MPOBEQEHUA MPOMEXYTOYHOW ATTECTALMU
5.1 OnucaHue nokasareneun, KpUTepMes M CUCTEMbI OLLEHUBaAHUA pe3yNbTaToB 06yyYeHun

5.1.1 MNokasaTtenun oueHNBaHus

Kon HanmeHoBaHue OL,eHOYHOrO
lMokasaTenu oueHMBaHNS pe3ynbTaTtoB 0by4yeHus
KOMMNeTeHLnN
MepeuncnsieT ocHoBHble 6a3bl Novcka MHdopMaunm o MoanMdMKauum
NMOBEPXHOCTM NOMIMMEPHbIX MaTepMarnos, aprymeHTupoBaHo nogbvpaet
OCHOBHblE MeTOoAbl M MPOoLEeCcCh MoauduKauum NONMMEPOB C LieNbto
NpUAaHNSa UM 3a4aHHbIX CBOMCTB. Bonpocel YCTHOro
MK-3 Mpepnaraet nopsagok OENCTBMIA MO MPOBELEHUIO SKCNepuMeHTa c|cobecenoBaHus

OaHHbIX.

MoaGupaeT TexHonmorMi U Heobxogumoe oGopydoBaHve Ans
nony4eHns MoaMMULMPOBAaHHbLIX NONMUMEPHBLIX MaTepuarnos.

JOCTMXKEHUEM 3aaHHbIX nokasarenen u obpabatbiBaeT nonydeHHble|NpakTMko-opMeHTUPOBaHHLIE
pe3ynbTaTbl, aHanM3npyeT U OCMBICIIMBAET NX C YHETOM MMEILLMXCS|3adaHuns

5.1.2 Cuctema u Kputepum oueHMBaHUA

Kputepumn oueHnBaHms chopMmMpoOBaHHOCTU KOMMNETEHLUN

LWkana oueHnBaHns
YcTHoe cobecenoBaHme

MucbmeHHas pabota

Ob6y4atoLwmiics nokasblBaeT  3HaHWA
OCHOBHOro yvyebHoro wmaTepuana B
MUHUManbHOM o6bemMe, HeobxooMmMoMm
ans JanbHenwen yyebbl; nmbo
[OCTaTOuYHbIN YpOBEHb 3HaHNN B
npegenax OCHOBHOMO Yy4eBGHOro Kypca;
nnbo BCECTOPOHHEE CUCTEMAaTU4YECKOE U

rnybokoe 3HaHue OCHOBHOIO n

OONonHUTENbHOro y4ebHoro matepuana.

Cnpasnsietcs c OTBETOM Ha
3auTeHo NnocTaBneHHbIe BOMpPOCHI,

npedycMoTpeHHble  nporpammon, 6e3
owwunbok, nubo pgonyckas npu  ITOM

HEeKoTopoe KOJ1M4ecTBO
HenpuHunnmnanbHbIX owmnbok nnn
HeCyLeCTBEHHbIX NorpeLLIHoCTen.

Ob6napgaeT HeobXoAMMbIMU 3HAHUAMU ONS
NX YCTPaHEHUS CaMOCTOATENbHO Unn nog
pPYKOBOACTBOM MpenogaBarens.
3HaKkoM C OCHOBHOW  nuTepaTypown,
pekoMeHO0BaHHON NporpamMmmon

O6y4atowmiica obHapyxnBaeT npobensl B
3HaHMAX OCHOBHOIO y4ebHOro matepuana,
[onyckaeT npuHUMnManbHele ownbkn B
BbINONMTHEHUN nNpeayCcMOTPEHHbIX
nporpaMMon 3agaHunh, He 3HaKoOM C
pekoMeHO0BaHHON nitepaTtypon, He
crnocobeH  uvcnpaBnsaATb  AONYLEHHbIE
OLLNOKN.

He 3auteHo

5.2 TunoBble KOHTPOMbHbLIE 3aA4aHUsA UMK UHble MaTepuanbl, Heo6xoauMbie AN OLEHKN 3HaHUI, YMEHU,

HaBbIKOB U (UNK) onbiTa AeATENbHOCTHU
5.2.1 NepeyeHb KOHTPOJIbHbIX BONPOCOB

Ne n/n I $PopmMynMpoBKM BOMPOCOB

Cemectp 3

Knaccudmkaums metofoB MoanurkaLmm noBepxHOCTU NONIMMEPHLIX MaTepuaros.

Ocob6eHHOCTM NnasMeHHon 06paboTkn NONMMEPHbBIX MaTepMaros.

PagvaunoHHoe n Y® obnyyeHne noBepXHOCTHOIO Crosi NonMMepHoro marepuana. lNpenmyuiectsa MeToaoB.

lMoBepxHOCTHas 06pa60TKa XUMUYECKMMU peareHTamMmum noJinMepHbIX MaTtepuanos.

NMOBEPXHOCTb NOMMMEPHOro MaTtepuana.

CoBMeECTHOE unu nocriegoBaTenbHoe BO34ENCTBUE XMMNYECKMU peareHTamMun 1 (*)VI3VI‘-IeCKVIM nonem Ha

I'IonyHeHme NONMMMEpPHbIX HAHOCTPYKTYPHbIX MeM6paH npyv NOMOLLIM NOBEPXHOCTHOM MOoAUUKaLUN.

lMoBepxHOCTHasA MoguduKaLnsa NoNMMMepPOB Yepes MexaHNYeckoe BO3aencTBMe.

Tepmunyeckas yCTOMYMBOCTb MOANMDULMPOBAHHBIX NONIMMEPHBIX MaTepUaros.

© |O|IN|O] O |h|WIN|~

MpuBecTn npumepsi.

lMpraaHWe HOBbIX CBOMNCTB MOMMMEPHbLIM MaTepuanaMm npyv NOMOLUM MOBEPXHOCTHON MoaumKaunm.




10 TeopeTuyeckne 060cHOBaHUSA BbiGOpa KOHKPETHOrO NonnMMepa U MeToaa ero NoBepXHOCTHON MoandUKaLnK.

11 MoBEepXHOCTHbIE MaKPO- U HAHOCTPYKTYPbI.

BrnsiHne noBepxHOCTHOM Mogndukaumy NoNMMeEpHOro MmaTepuana Ha ero ruapodunsHble (rMapodobHbIe)

12 o
CBOWCTBA.

13 BrmsiHme noBepxHOCTHOM MoanduKaLuumy NoNMMepPHOro MaTepuana Ha CopoLMOHHbIE XapaKTEPUCTUKU
nonvMepa.

14 Tpubonoruyeckne xapakTepUCTUKN MOBEPXHOCTHO-MOANPULIMPOBAHHBLIX MONMMEPOB.

15 AAre3noHHble CBOMCTBA NOBEPXHOCTHO-MOAN (PMLIMPOBAHHBLIX MOMMMEPOB.

16  |BnusiHMe NoBEpPXHOCTHON MoaMdUKaLUM NONMMEPHOro MaTepuarna Ha ero GUoCTONKOCTb.

17 MepcnekTuBbl UCNONL30BaHUS MOANMULMPOBAHHbLIX NOSIMMEPOB U NONMMMEPHLIX HaHOMAaTepnanos.

18 MpumMepsbl ncnonb3oBaHUs MOANMULNPOBAHHbBIX MOIMMEPOB U NOMIMMEPHbLIX HAHOMAaTepunarnos.

5.2.2 TunoBble TeCTOBbIE 3a4aHUA

He npeaycMoTpeHsl
5.2.3 TunoBble NPaKTUKO-OPUEHTUPOBAHHbIE 3aA4aHNA (3agaun, Kenchbl)

Mpumep nNpakTuyeckoro 3agaHus: [late passepHyToe npeacTaBneHne o ToM, 3a4em TpebyeTcs NoBepXHOCTHas
MoamMdurKaunsa NONMMEPHbIX MaTeprarnos, B TOM YUCNEe HaHOCTPYKTYPHbIX.

MpumepHbI oTBeT: [pKn MCnonb3oBaHWM NOAMMEPOB A5 U3rOTOBMEHUSA TEX UNN UHbIX U3AENUN ero matepuan
JomkeH obnagatb psigoMm cBonctB. OAHM U3 HUX sBNAlOTCA 6e3ycrioBHO HeOoOXOAMMbIMW, HO, Kak MpaBuIio,
HepgocTaTovHbiMU. W oveHb yacTo nonumep, obnajas HeoGXOAMMbIMWM CBOWCTBaMM, He MOXET YAOBNEeTBOPUTL
OOMNOMHUTEmNbHLIM CBOMCTBaM, 6€3 KOTOpbIX 3KCNfyaTaums AaHHOro m3genus cTaHoBUTCS NGO HeBO3MOXHOW, Nnbo
TpebyeT pa3paboTkM AOMOMHUTENbHBLIX TEXHONMOMMYECKMX METOAOB AN NpuAaHus Matepuany HefoCTalLMX KadyecTs.
PaccmoTpuM HECKONMbKO KOHKPETHBLIX MPUMEPOB M3 pa3nnyHbiX obnacTten NpUMeHeH1s NoNMMepoB.

BonokHa 13 Taknx matepuanoB, Kak MOMUITUMAEH U NONUTETPadTOP3TUIEH, UMEKT BbICOKME MPOYHOCTU Y
MOAYNW YNPYroctTn, 4YTo AdenaeT WX MNEepCneKkTUBHbIMWM ANA UCMOfIb30BaHUA B KOMMO3WLUMOHHLIX MmaTepuanax. Ho
cAepXuBaloLWmMm hakTopoM SBNSETCA OTHOCUMTENbHO HW3Kas MPOYHOCTb CUENneHus (aaresnst) 3TMX BOMOKOH K
NONMMeEpPHLIM MaTpuLam.

MHorve Buabl TKaHen ABMAIOTCA "CMeCcOoBbIMW", TO eCTb CodepXaT Kak HaTyparbHble BOIOKHA, Tak W
CuMHTeTMYeckue. Takol komOnHauuer yoaeTcs COBMECTUTb NPpenMMyLLeCcTBa TEX U APYrMX MaTepmnanos U KOMNEHCUPOBaTb
X HepgocTaTku. Tak, XJIONKonaBCaHOBble TKAaHW CoYeTalT (POPMOYCTOMYMBOCTL flaBcaHa (M3genue nocre rhaxku
coxpaHsieT opMy) U opraHonenTU4eckne OLLYLLEHUS XIONKOBOro BoMokHa. OAHaKo 3aknoyuTenbHas oTAenka Takux
TKaHel BCTpeYyaeTCd C HEeKOTOpbIMW TPYAHOCTAMMU. W3-3a BBLICOKOAW XMMWUYECKOW WHEPTHOCTU MNonnacunpHoOn
COCTaBnALLEe OHa OKpalMBaETCs He TaK XOPOLLO Kak XMOMOK U KpacuTernb Ha Hell yaepXuBaeTCcs MeHee NPoYHO. OTH
npobnemMbl ABNAOTCA CNEACTBUEM HU3KOW MOBEPXHOCTHOW 3HEPrMM NONMMEpPOB, KOTOpas 0OYCrNoOBMMBAET MX MIIOXYH
CMadynBaeMoCTb B NEepBOM Clyvae MaTepuanom matpuubl, 8 BO BTOPOM - peakTUBamm, UCMorb3yemMbIMnU Npy OTAErKe.

5.3 MeTtoouyeckue maTtepuanbl, onpegensioume npoueaypbl OLleHUMBaHUA 3HaHUW, YyMEHUIN, BnageHun
(HaBbIKOB 1 (MUNIN) NPaKTUYECKOro ONbiTa AeATEeNIbHOCTH)

5.3.1 YcnoBusa ponycka o6yuyarolerocs kK npomMexxy TOYHOW aTTecTauum U nopsaoK NMKBUAaLMM akageMmuyeckon
3a40JKEHHOCTH

lMpoBegeHMe NPOMEXYTOYHON aTTecTaumMy perfiameHTMpPOBaHO fOKamnbHbIM HOpMaTuBHbIM aktom CII6MYMTA
«[NonoxeHne 0 NpoBeAEeHNN TEKYLLEro KOHTPOMS YCNEeBaeMOCTH U MPOMEXYTOYHOM aTTecTaumm obydarLwmxcsa»

5.3.2 ®dopma npoBeaeHUA NPOMEXYTOYHOWN aTTecTauum no AUCUMninHe

YcTHas + lNncbMeHHas KomMnbloTepHoe TecTupoBaHue NHasa

5.3.3 Oco6eHHOCTM NpoBeAeHUA NPOMEXYTOUYHON aTTecTauum Nno AUCUUNIINHE

Obyuvatowemycsa npegoctasnserca 30 MUHYT Ha MOATOTOBKY K 0TBETY 1 10 MUHYT Ha OTBET, Takke 0by4aloLmincs
MOXET MOrb30BaTbCs KOHCMNEKTaMU C NEKLUIA.

6. YYHEBHO-METOOUYECKOE N UH®OPMALIMOHHOE OBECNEYEHUE OUCLUUNTIUHBI
6.1 Yye6Hasa nutepatypa

AsTOp 3arnasue | M3paTenbcTBO | log n3gaHus | Ccblinka

6.1.1 OcHoBHas yyebHasa nuTepaTtypa

A. A. JlbiceHko, A. KO.|MeToabl nucenegosaHusa Cankr-MeTep6ypr: http://publish.sutd.ru/

KysHeL 0B HaHo4yactTul, W MOJSIMMEPHbIX cnerynTa ’ 2021 tp_ext_inf_publish.ph
HaHoOMaTepuarnos p?id=2021160

B. A. JlbiceHko TexHonormum Moandmkaumin http://publish.sutd.ru/
nonMvepos " BOJIOKOH. tp_ext_inf_publish.ph
Cnocobbl nony4veHus, CaHkT-leTepbypr: 2021 p?id=2021161
npuHUMNBLI - Moandukaumm wn cnerynta
cBoncTBa NoNMMepHbIX
BOJTOKOH




AcTaluknHa O. B.,|TexHonorus NoNMMEPHbIX http://publish.sutd.ru/
OunankmHa H. B. ,|KOMNO3MLUMOHHBIX tp_ext_inf_publish.ph
JTbiceHko A. A.,|matepuanos. OuncnepcHo- CaHkT-leTepbypr: 2021 p?id=2021162
Wwnpwoea E. . HaMnoJNIHEHHbIe CrerynTtpg
KOMMO3MLMOHHbIE MaTepuarnsbi.
[anasetanHoB, H. P.,|TexHonorns 0bpaboTku KasaHb: KasaHckun http://www.iprbooksh
Tanunoea, [. A.,|maTepuanos: nonumMmepsl HaUMOHanbHbIN op.ru/109617.html
Cadoun, P. P. nccnenoBaTenbCkui 2020
TEXHOSOMMYECKNN
YHMBEpPCUTET
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6.2 MepeyeHb NpodeccuoHanbHbIX 6a3 AaHHbIX U MH(OPMALNOHHO-CMPaBOYHbIX CUCTEM
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