MuHMCTEPCTBO Haykn 1 BbicLlero obpasoBaHusa Poccuiickon ®enepaunm
depepanbHoe rocyaapcTBeHHoe GroaxeTHoe obpasoBaTternbHoe yvpexaeHue
BbiCLLEro obpasoBaHus

«CaHkT-lNeTepbyprckmin rocygapCTBEHHbLIN YHUBEPCUTET MPOMBILLIIEHHBLIX TEXHONOMMA U gMu3anHay
(cneryntn)

YTBEPXOAIO

[NepBbii NpoOpeKTop, NPOPEKTOP
no YP

A.E. PyauH

Paboyasa nporpamma AUCLUNNNHDI

| 51.B.06

Y4yeOHbIN nnaH:

Kadeapa:

| ®n3MKO-XMMUS HAHOCTPYKTYPHBIX MOMMMEPHBIX MaTepuUanos

2025-2026 18.03.01 NMXn3 HKnb OO Ne1-1-93.plx

HaHOCTPYKTYPHbIX BONTOKHUCTbIX Y KOMMO3WLMOHHbLIX MaTepUanos UM.
A.N.Meoca

HanpaBneHune noaroToBku:
(cneumanbHOCTb)

Mpodmnb noaroTtoBku:
(cneunanusaums)

YpoBeHb 0bpasoBaHus:

®opma 06y4eHus:

MnaH y4ye6GHoro npouecca

18.03.01 Xumunyeckasa TexHonorus

HaHOVIH)KeHepVIH, KOMMO3UTbI U 6V|omaTepv|anb|

OakanaBspuaT

O4Had

KoHTakTHas paboTta T j o

CeMeCTp ofvyamnxea Cam. KOHTpOJ‘Ib, pyooe opma }

MKOCTb, NMPOMEXYTOHYHOU

(kype Ansa 3A0) | o 3252;(;;4 pa6ora yac. ST P
v 17 34 56,75 0,25 3
6 3avet
PMra 17 34 56,75 0,25 3
YT 17 34 56,75 0,25 3
Utoro

PMna 17 34 56,75 0,25 3

CaHkT-lNeTepbypr
2025



Pabouas nporpamma AUCLMNIIMHBI COCTaBIEHA B COOTBETCTBMU C dheeparibHbIM rocyaapCTBEHHbIM 06pa3oBaTernbHbIM
CTaH4apTOM BbicLlero o6pasoBaHus no HanpasneHuto nogrotoekn 18.03.01 Xumunyeckas TexHonorns, yTeepaéHHbIM

npvkaszom MuHobpHaykm Poccum ot 07.08.2020 r. Ne 922

CocrtaButens (1):
KaHauaaT TexHu4eckux Hayk, Mpodeccop

cTapLumi npenogasaTesib
Ot kadeapbl cocTaBUTENS:

3aBeaytowmi kadegpon HaHOCTPYKTYPHbBIX BOJTOKHUCTbIX
N KOMMO3ULIMOHHBIX MaTepuarnos UM. a.u.meoca

Ot BbINycKatoLen kadeapbi:
3asegyowmn kagenpom

MeToaunyeckuin otaoen:

AcTalkmnHa Onbra
BnagnmupoBHa

mapyHoBa Onbra NropesHa

AcTalkmHa Onbra
BnagnmupoBHa

AcTalkmnHa Onbra
BnagnmupoBHa



1 BBEAEHUE K PABOYEW NPOrPAMME OUCLUMNIIUHBI

1.1 Uenb aucuunnuubl: CdopmmupoBatb KomneTeHuuu obyyarowerocs B obnactm xumum u  puUsnko-xmmum
HAHOCTPYKTYPHbIX NOIMMEPOB - yHAAMEHTaNbHON AUCUMNINHBI, HA KOTOPOWN 6a3npyoTcs HAHOTEXHOMOMMU BOJTOKOH, NIEHOK,
KOMMO3MUTOB;

Pa3BnTb cCaMOCTOATENBHbIV TBOPYECKNIA NOAX0S K U3YHEHWNIO OUCLIMINITUHBI U PELLEHUIO

3Konormyeckmx npobnem coBpeMeHHOM TEXHONOMMU HAaHOMNONTMMEPOB.

1.2 3apaum AUCUUNIIUHBI:

PackpbITb NPUHLMMLI 3aKOHOB M KAaTEropuin B HOBOM HanpaBneHUn NofMMepHoON Haykn. PaccMoTpeTb NpeacTaBneHns
O B3aMMOCBSI3M METOAOB CMHTE3a W MNpeBpalleHMt B MNonuMmMepax Ha HaHOYpOBHE CO CBOWCTBaAMM MONUMEPHbIX
HaAHOCTPYKTYPMPOBaHHbIX MaTepunanos. NokaszaTb 0COGEHHOCTU HOBENLLIMX OCTUXKEHWIA MONMMMEPHON HAYKN B HAHOTEXHOMOMNN.

HayunTb NOHMMaHWIO BaXXHOCTM HaHOPA3MEPHLIX MaTEPUanoB Ansi SKOHOMMKM U MX 3HAYMMOCTM Cpeau OpYrux
NnonMMepHbLIX MaTepuarioB; BBECTM B KYPC HOBEMLUMX OOCTUXKEHWUA MONMMEPHOW Hayku M Npov3BOACTBa, MPUBWUTL YMEHMUE
NpaBUMbHO OLEHMBATb SKOHOMMYHOCTb M TEXHOJOMMYHOCTb MPOLIECCOB; CNOCOOCTBOBAaTL PA3BUTUIO CAMOCTOATENLHOCTU U
TBOPYECKOro noaxoaa npv U3yuYeHun AUCUUNINUHGL;; NPUBUTL YMEHMEe paboTaTb CO cneunanbHON NMTepaTypoi; 03HAKOMUTbL C
TPYAaMU BblAAIOLLMXCS YHEHBIX MO NOSIMMEPHON XMMKUM B 06N1aCTU HAHOTEXHOSOMMNA.

1.3 Tpe6oBaHusA k NpeaBapuUTeNbLHOM NOAroToBKe 06yyatroLlerocs:
MpenBapuTenbHas NOAroToBka NpeanonaraeT co3fgaHne 0CHOBbI A1 DOPMUPOBaHNSI KOMMETEHLUWIA, yKa3aHHbIX B M. 2,
NPV N3y4EHUN OUCLMMINH;

dursmnka u XMMUS NOJNIMMEPOB, CUHTES, CTPYKTYPa U CBOWCTBA BbICOKOMOSIEKYISIPHBIX COEAMHEHNI
dusmyeckas Xumms

MeTponorus, cTaHaapTUsauus 1 cepTudmkaums

AHanuTuyeckas Xumusi  usnKo-XMMUYeckne MeToabl aHanmsa

2 KOMMNETEHUNUN OBYYAIOWEIoCsd, ®OPMUPYEMBbIE B PE3YJIbTATE OCBOEHUA OUCLIUMNIIUHBI

MK-1: Cnoco6eH ocyLecTBNATbL CO0OP M CUCTEMATM3aLMIO HayYHO-TEXHUYECKOM MHPOpMaLIMM O CyLLeCTBYHLMNX
HAHOCTPYKTYPUPOBAHHbLIX KOMMNO3ULIMOHHbLIX MaTepuanax

3HaTb: PU3NKO-XMMUYECKNE OCHOBbI MOMYyYEHUS HAHOCTPYKTYPHbBIX MONMMEPHbBIX MaTepManoB kak OCHOBY Ans noucka, coopa u
06paboTkm nHdopmauun

YMeTb: UCMOSb30BaTh 3HaHMS OCHOB (OM3VMKOXUMUM MPY MOUCKE HaYy4YHO-TEXHUYECKON MH(OPMAaLIMKN O TEXHOMOTUAX NOMyYeHus
HaHOCTPYKTYPHbIX NONMMEPHbLIX MaTepuarnos.

BnapeTb: HaBblkamu cbopa MHPOPMaUUN O CTPYKType, CBOMCTBAX U criocobax MonyvyeHusi HaHOCTPYKTYPHbIX MONMMEPHbIX
MaTepuarnos.

MNK-2: Cnoco6eH pa3pabaTbiBaTb ONbITHbIE 06pa3Lbl HAHOCTPYKTYPUPOBAHHBLIX KOMMNO3ULIMOHHLIX MaTepuanos

3HaTb: KJ'IaCCVI(.bVIKaLWIIO NOJNTMMEPHbIX HaAHOOOBHEKTOB, 3aKOHbI (ba3OBbIX ﬂpeBpaLIJ,eHVIVI B NOJIMMEPHbIX CTPYKTYPHbIX CUCTEMAX,
NOHATUA O XUOKOKPUCTANNIMYECKMX HAHOCTPYKTYpax

YmeTb: CpaBHMBATb U CONOCTaBNATb pa3finiyHble BapUaHThbI 06pa3OBaHI/IFI HaHOCTPYKTYpP B NOJIMMEPHbIX CUCTeMaX; AOKa3bliBaTb
NnpaBOMEpPHOCTb Q)I/I3I/IK0-XVIMI/ILIGCKVIX npoueccoB npu O6pa3OBaHI/II/I HaHOCTPYKTYPUPOBaAHHbLIX MNONIMMEpPOB; WUCMNOJ1b30BaATb
3HaHUA OCHOB (bVISVIKOXVIMVII/I npu Bbl60pe TEeXHO10rmm nony4vyeHna HaHOCTPYKTYPHbIX MOJIMMEPHbIX MaTepunanos

BnapeTtb: HaBbIKaMu OLEHKN CTPYKTYpbI U CBOWCTB HaHOCTPYKTYPHbIX NOJIMMEPHbIX MaTtepunanoB




3 PE3YNIbTATbI OBYYEHUA NO AUCUUNNUHE

HaumeHoBaHWe 1 cogepxaHue pasgernos,
TeM U y4ebHbIX 3aHATUI

CemecTp
(kypc ans
3A0)

KoHTakTHas
paboTa

Tlexk.
(4achbl)

Mp.

(4achbl)

CP
(4acebl)

MHHoBaL.

dopMbl
3aHATUN

dopma
TeKyLero
KOHTpONnA

Pasgen 1. HaHocTpykTypupoBaHue
NoNMMEpPOB 1 NONMMEPHbBIX MaTepunanos

Tema 1. Knaccudukauunsa nosiMMepHbIX
HaHOOOBEKTOB, NX PUNYECKME, XUMUYECKNE
n Buonornyeckme cBoncTBa

MpakTuyeckne 3aHATUSA. BO3MOXHOCTM
nonumepusaunm Ang CUHTE3a XMMNYECKU
perynsipHbix MONMMepoB

Tema 2. TlonumepHble pa3BeTBIIEHHbIE,
rpebHeobpasHble, AeHAPVMMEPHbIE
HaHOCTPYKTypbl. [pouecckl camocbopkm 1
CamMoopraHn3aumm B CUHTETUYECKMX U
NPUPOAHBLIX MAKPOMOMEKYMNSPHbIX
MpakTuyeckne 3aHsATUSA. [IpOCTpaHCTBEHHbIE
NONUMEPHbIE CTPYKTYPbI.

Tema 3. daszoBble NpeBpaLLeHus
HaHOCTPYKTYPHbIX MONIMMEPHbIX COCTABOB.
paHnupbl pasgena das, mexdasHble
B3aUMOOENCTBUS

MpakTnyeckne 3aHATUS.
HaHocTpykTypupoBaHue NIMHENHBIX U
pasBeTBreHHbIX 6610K-cononMMepoB

Pasgen 2. HaHoTexHoNorMs nonMMepos 1
MeToAbl ee peanusauun

Tewma 4. Kpuctannusauus npm
HOpPMMPOBaHUN HAHOCTPYKTYP.
CamoopraHusauusi B MOHOMOIMNEKYSPHbIX
cnosx nonumepos. MNMpakTnyeckme 3aHATUS.
CamoopraHusaums B Lensx nonnmepoB

Tema 5. Bnokcononumepsbl, Nx
CTPYKTYpUpOBaHUe, perynupoBaHme
norMMepHo HaHOCTPYKTYpbI. MpakTndeckue
3aHaTUSA. CynpamMonekynsipHble noriMMepHble

CTPYKTYPbI

Tema 6. PacTtBopbl 1 pacnnasbl NONMMEPOB,
WX HAHOCTPYKTypupoBaHue 4yepes hasoBble
npespatlieHus. NpakTuieckne 3aHaTus.
HaHocTpykTypupoBaHue
BOJTOKHOOGPa3yroLLMX NONMMeEpPOB.

Pasgen 3. CTpykTypa 1 cBOnCTBa
NONMMepHbIX HAHOMaTepunasnos

Tema 7. XKngkokpuctannuieckmue
HaHOCTPYKTYpbl, MX (hopMMpOBaHNE U
cBouncTBa. NpakTnyeckmne 3aHaTus.
lMonvmepHble HAHOKOMMO3UTbI.

Tema 8. MeToapbl U3y4YeHUs CTPYKTYpbI 1
CBOWCTB HaHOMONMUMEPHLIX MaTepuarnos.
MpakTnyeckne 3aHATUSA. IHCTpyMeHTanbHble
MeTOoAbl UCCregoBaHUSA CTPYKTYpb
HaHOMoMMEepOB.

WUtoro B cemecTpe (Ha kypce anga 3A0)

KoHcynbTaumm n npoMexyTovHasa atrecrtaums
(3auer)

nn

nn

7,75

nn

17

34

56,75

0,25

Bcero koHTakTHas pab6ota u CP no
AUCLMNNUHe

51,25

56,75




4 KYPCOBOE NPOEKTUPOBAHUE
KypcoBoe npoekTupoBaHue y4ebHbIM NaHoM He npeaycMOTPeHo

5. ®OHA OLIEHOYHbIX CPEACTB AN NPOBEQEHUSA NPOMEXYTOYHOW ATTECTALMU

5.1 OnucaHue nokasaTteneun, KpUTepMeB U CUCTEMbI OLLEHUBAHUS pPe3ynbTaToB 00y4YeHus
5.1.1 NMokasaTtenu oueHUBaHUA

Kopg HanmeHoBaHWe oueHOYHOro
Moka3aTtenu oueHnBaHns pe3ynbTaToB 0byveHus
KoMneTeHunm cpencrtea

XapakTepuayeT npovcxogsiume B npouecce nosyyeHus Bompock! At YCTHOMO
HaAHOCTPYKTYPHbIX NONMMEPHbLIX MaTepunanos MU3NKO-XMMU4eCKme coBecenoBaHus
ABMNEHNS.

AK-1 Jlornyeckn o606LwWaeT n aHanM3npyeT Hay4HY 1 NpodeccuoHanbHyro Bonpoch! ANS TECTUPOBAHMS
nuTepaTypy 0 cnocobax nony4YeHusi NONMMEpPHbIX HAHOMaTEPNanoB.
CocTaBnsieT 0630p 1 AaeT OLEHKY MeToAam Nony4eHnst n
HaAHOCTPYKTYPHbIX NONIMMEPHBLIX MaTepnanos, UX CBONCTBaM U PaKTMKO-OPMEHTUPOBAHHDBIE
aKkTyanbHbIM 0611aCTAM UCNONB30BaHMS. sahahms
MepeuncngaeT 3akoHbl (ha3oBbIX NPeBpaLLeHnii B NONMMEPHbIX
HaHOCTPYKTYPHbIX CUCTEMAX, PacKpbiBaTb OCHOBbI NOSTyYEHMUS Bonpocbl gns yctHoro
XNOKOKPUCTaNMMYecknx HaHOCTPYKTYP. cobecenoBaHus
AHanuampyeT pasnuyHble Cnocobbl CUHTE3a MNONIMMEPHbBIX HAHOCTPYKTYP

MK-2 1 nponcxoasilimne npy aTom huamko-xmumudeckmne npouecchl. Noabupaet Bonpockl Ans TecTupoBaHns
ONTMMAIbHYH TEXHOMOIMIO MOJTYYEHUSA HAHOMOMNMMEPHBIX MaTeEpPUanos,
mcxoas u3 Tpebyemblx (3agaHHbIX) CBONCTB. [MpakTuko-OpneEHTUPOBaHHLIE
MporHo3mpyeT 1 JaeT OLEHKY SKCMEePUMEHTaNbHOW CTPYKTYpE U 3agaHus
CBOMNCTBaM NOMy4aeMbIX NOSIMMEPHbIX HAHOCTPYKTYP.

5.1.2 Cuctema u KpuTepum oLueHMBaHUSA

Kputepun oueHnBaHUA CHOPMUPOBAHHOCTY KOMMNETEHLMIA

LLikana oueHmBaHu4
YcTHoe cobecenoBaHme MncbmeHHas paboTta

OTBET NOMHbINA, OCHOBAHHLIN Ha
npopaboTke Bcex 00si3aTernbHbIX
WCTOYHMKOB MH(pOpMaLMK, CTaHgapTHbIR, B
LLeSIOM Ka4yeCTBEHHbIN

3ayTeHo

OTBeT AEMOHCTPUPYET HEMOHVMaHVe
3ajaHHOro Bonpoca, HecrnocoGHOCTb
cchopMynupoBaTh XoTs Gbl OTAENbHbIE
KOHLLeNUMU AUCUMNAKHLL. MonbiTka
CNUCbIBaHMS, UCMOMNb30BaHMUS
Hepa3speLleHHbIX TEXHUYECKUX YCTPOWCTB
WK NONb30BaHWs NOACKa3Kon Apyroro
yeroBeka

He 3auTteHo

5.2 TunoBble KOHTPOJbHbIE 3aaHUA UMK UHbIE MaTepuanbl, Heo6xoAnMbIe ANl OLLeHKU 3HaHUW, YMEHUN,
HaBbIKOB U (UNK) onbiTa AEATENbLHOCTU
5.2.1 MNepeyeHb KOHTPOSbHbLIX BONPOCOB

Ne n/n | PopMynnpoBKM BONPOCOB

Cemectp 6

3HayeHne HaHOCTPYKTYKPHbIX MaTepuanoB Ans 9KOHOMUKM CTpaHbl. 3ag4ayun No pasBUTUIO HAHOTEXHOMOTUIA 1
NX BIUSIHWE Ha TEXHUYECKUIA Nporpecc.

MeToapbl CMHTE3a NONIMMEPOB KOHTPONMPYEMOM CTPYKTYPbI.

BoamoxHocTun CBO60,D,H0-paLI,MKaﬂbHOIZ nonunMepusaunn ana cCMHTe3a XuMmn4eckn oaHopoaHbIX NOJIMMEPHbIX
CTPYKTYP.

MeToabl NOHHON nonuMmepusaunm npu CUHTE3E «KUBYLLNX» MaKpoueneVl.

MMmMoBunusaums HaHOCTPYKTYP B NONIMMEPHOM MaTpuLe.

MeToabl cuHTEe3a 6J'IOK-COI'IOﬂVIMepOB N NX BO3SMOXHOCTU B O6p830BaHI/IVI HU3KOpa3MepPHbIX perynapHbIX
CTPYKTYD.

~N| o |oalh~] W N P

TepMOLI,MHaMVIKa o6paaoBaH|/|;| NoNMMMEpPHbIX HAHOKOMMNO3UTOB.




8 HaHOCTpyKTypMpOBaHWE FMHENHbIX U pa3BETBIIEHHbIX OITOK-CONONMMEPOB.

9 KnHeTnyeckme acnekTbl MOBEPXHOCTHbIX SIBIIEHUI B MONTUMEPHbBIX KOMMO3ULIMOHHBLIX HAHOCKUCTEMAX.
10 MukpodasHoe paccrnoeHne 6510K-CononMmMepoB.

11 CTpyKTypHble 0COBEHHOCTN HAHOMOPUCTBIX KOMMO3UTOB.

12 MwuuennoobpasoBaHue B pactBopax AMGI0K-CONONMMEPOB.

13 [MoBEPXOCTHbIE ABMNEHMSA B MONIMMEPHbBIX HAHOKOMMO3MTax.

14 MpuBuTan cononumepusaums Kak MeTo CUHTe3a NOSIMMEPHbLIX HAHOCTPYKTYP.
15 CamMoopraHunsaunsi CUHTETUYECKUX MaKpOMOIEKYI1.

16 MonyyeHne w1 CBOMCTBA COMOSIMMEPHBIX CTPYKTYP CTEPXKEHb -KIyOOK.

17 HaHokpuctannusauus opraHMyYeckux CoeaMHEHU U B NONIMMEpPaXx C TI-CBA3bHO.
18 CamoopraHusaums oubnok-cononmmepos.

19 da3zoBble NpeBpaLLeHnsi B NOSIMMEPHBIX HAHOKOMMO3NTaX.

20 MonumepHble MeTanncoaepaline HaHOKOMMO3UTbI, X CTPYKTYpa W NOMyYeHue.
21 Bronornyeckne HaHOCTPYKTYpbI., MX 06pa3oBaHNE U MPUMEHEHNE.

22 CamoopraHusaums B Liensix NofiMMepoB.

23 Xpomodhbopcoaepkalime HaHOMoNMMMEpbI.

24 MoHoMmonekynsipHble NONIMMEPHbIE MIEHKM.

25 da3zoBble NpeobpasoBaHMs B HAHOKOMIOMAAxX CONOSIMMEpPOB.

5.2.2 TunoBble TeCTOBbLbIE 3af4aHnA

1. CynpamonekynsipHas camocbopka HE npoxoguT B CMOHTaHHOM accoumaumu.
A) ogHoro,

b) noByx

B) Tpex koMnoHeHTOB

2. K xonectepuyeckneK asymepHbiM HaHoo6bekTaM (2D) MOXXHO OTHECTU:
A) KBaHTOBbIE TOYKM

B) HaHOBOMOKHa

B) nonumepHbIe HAHOMNMEHKN, HAHOMOPOLLIKK

3. O6pa3oBaHNe CrOXKHbIX HAHOCTPYKTYP B 3aKPbITbIX CUCTEMAX NPOXOaUT
A) 3a c4eT MMHUMM3auun cBOBOAHONM 3HEpPrnn

B) xuMmunuecknx BzanmoaencTeuin

B) BcneacTeue BHelHero nogsoga aHeprm

4. Kakown n3 npmeeaeHHbIX napamMmeTpoB HE okasbiBaeT CyLleCTBEHHOro BIriMAHNA Ha CcnocobHOCTb nonunmepa K

HaHOCTPYKTYPUPOBAHUIO?

A) HeobxoaMmasn BenuYMHaA MONEKYNSIPHOW Maccehbl

B) cTpykTypHas popma makpomornekyn

B) aMana3oH MonekynsipHO-MaccoBOro pacnpeneneHus

IN) kapbouenHoe nnu reTepoLenHoe CTPOEHNE OCHOBOW LieNyM MaKpOMOSIEKY bl

5.K MexaH13my nonyyeHust HaHomaTepuanoB «CHuU3y BBepx» HE oTHocutcs:
A) ucnapeHue B aneKkTpmyeckon gyre

B) marHuTHOE pacnblfnieHne

B) mexaHnyeckuin nomon

") nasepHoe ucnapeHue

6.HaHomaTtepuanbl B hopMe NONMMEPHbIX «LLETOK» C MyYLLMM KOMMIEKCOM CBOMCTB MOSy4aroT NyTem
A) dmKcaumm Ha NOBEPXHOCTU N3 PACTBOPOB MOSIMMEPOB C MOMOLLbI PU3UHECKUX  XUMUYECKMX

B3aMMOencTBUMN

B) npoBoas nonvmepusaLmio, MHULUMPOBAaHHY Ha NMOBEPXHOCTYU

7. CucTeMmbl, B KOTOPbIX ECTECTBEHHLIM 06pa3oM npeobnagaeT MexaHu3M camocB6opku:
A) cuHTEeTUYeckme
B) uckycctBeHHble
B) 6uonornyeckue

8. C nomouwbto meToaa JleHrmiopa-bnogxeTt MoxHO nony4arhb:
A) HaHOBOMNOKHa

B) muuennel

B) HaHonNeHkn

") HaHONOpPOLLKM

9. MNepeyncnuTb CTPYKTYpHbIe (DOPMbl MaKPOMOSIEKYS1, CMOCOBHBLIX K HAHOCTPYKTYPUPOBaHUIO.




A) JlnHenHble,

B) rpebHeobpasHble,
B) cetyathble,

") makpoumknuyeckme,
[1) necTHWYHbIE,

10. lNepeyncnmTb OCHOBHbIE PUUKO-XMMUYECKUE MPOLECChl, MPOUCXO4SALLME B MONIMMEPHbIX COCTaBax Mnpu
NonyYeHUn HaHOCTPYKTYPUPOBAHHbLIX MaTeEpPUanos.

A) ®aszoBhi pacnag (da3oBoe npeBpaLleHme).

Bb) edopmaums cnctemMbl Ha pasHbix aTanax ee GoOpMUPOBaHUS.

B) OTBepxaeHve Yyepes yaaneHue xuakon asbl TEM UK MHbIM CNOCcOBOoM, B TOM YnCrie, UCNONb3Ysi CUHEPE3NC
CUCTEM C HE3aBEPLUUBLUNMMCS pacCrioeHMEM.

N Oedopmauus, KoTopasi CONpoBOXAAETCA penakcaumnen.

11.Camonpoun3BoribHoe obpa3oBaHme ynopsao4eHHbIX MPOCTPAHCTBEHHbIX UMM BPEMEHHbLIX CTPYKTYpP B
YCNOBUSIX HENPEPbLIBHBIX MOTOKOB 3HEPIMM U BELLECTBA B CUITbHO HEPABHOBECHbIX OTKPbITbIX CUCTEMAX - 3TO

A) KpucTannusaums

B) dhopmoBaHue

Bb) ocaxaeHwne

) camoopraHusaums

12. Obpa3oBaHue HaHOpa3MepHbIX CTPYKTYP B OrIOK-CONONMMepe OCYLLECTBISIETCH 3a CYET:
A) Kpuctannusaumm

B) mukpocdpasHoro paccnoeHus

B) ocaxaeHus

13. CnoucTble HAHOKOMMO3UTbI NOSy4alT HA OCHOBE
A) ABYX pasHOTUMHbIX NOSIMMEPOB
B) nonnmepoB 1 kepamukn

14. Kakne nonnumepbl o6nagatoT 6onee BbICOKON TeMnepaTypon NnaBneHnsa n xXyalwen pacTBOPUMOCTbLIO?
A) HeperynsipHble
B) perynspHble

15. Kak BnusieT xummu4deckas npupoga (Hanvume nonsipHbiX rpynn B MakpoMoriekyne) Ha TemnepaTypy
nnaeneHus nonumepa?

A) yBenu4yeHme KonmyecTBa NonsipHbIX rpynn cnocobCcTBYET NOBLILLEHUIO TEMMEPATYPbI NaBMNeHUs

B) yBenu4yeHne KonnyecTsa NonsipHbIX rpynn  CnocoBGCTBYET NMOHMXKEHUIO TEMMepaTypbl NaBneHns

16. Kak BnusieT 60nbLuoe KOnM4ecTBO PyHKUMOHAMNBHbBIX IPYMM B MakpoOMOIieKyre Ha CnocobHOCTb nonnmepa K
pacTBOpeHuo?

A) byHKUMOHaNbHbIE rpynnbl yryyLwaT CNOCOBHOCTb K pacTBOPEHUIO

B) dyHKUMOHaNbHbIE rpynnbl HE BAUSIOT Ha CNOCOBHOCTL K pacTBOPEHUIO

B) doyHKUMOHaNbHbIE rpynnbl yXyALWwatT CNOCOOHOCTL K paCTBOPEHUIO

17. Kak BNusieT NoNMAnCnepCHOCTL NOfIMMepa Ha ero CnocoOOHOCTb K HAHOCTPYKTYPUPOBaHUIO?
A) 4yem BblILLE MONUANCTIEPCHOCTb, TEM DbICTPEE U Nerye NpoTekaeT NpoLecc

B) nonmaucnepcHoCTb He OKa3bIiBAET BMMSIHUSA Ha NpoLecc

B) HM3Kas nonuamncnepcHOCTb CNOCOBCTBYET HAHOCTPYKTYPUPOBAHMIO

18. K nonumepHbIM HAHOKOMMNO3UTaM MOXHO OTHECTH:

A) yrnepogHble HaHOTPYOKu

B) neHgpumepsl

B) nonnamug-6, HanoNMHEHHbIN 3KCHONMMPOBAHHON FIINHOM
") yrnepogHbie HaHOBOJMOKHA

19. MNepeuncnunTb, TUMNbI XUAKUX NOSIUMEPHbIX KPUCTanoB
A) cmekTu4eckme,

B) HemaTuyeckne

B) xonHcTepuyeckne

5.2.3 TunoBble NPaKTUKO-OPUEHTUPOBaHHbIe 3aAaHuA (3aga4vm, Keuchbl)

1. OnnwmnTe NogpobHO TEXHOMOINI0 MONMYYEHNA HaHOpa3mepHoW 6enkoBor (KonmareHoBOW ) NIEHKMU.

O6yyatowmiica o6bACHAET B BUAE nocrneaoBaTteribHbIX , NO3TanHbIX CTaguii TEXHONOTUI0, NMPUBOAS
KOHKPETHbIE YCIOBMWS NMPOBEAEHMUS KaX a0 CTaanu.

2. PaccunTanTe TOnwuHy HaHOpa3MepHOW NNeHKN nonumepa (Ha npumepe pecTpyKTypPUPOBAHHOIO KomnareHa),
Nony4YeHHON NyTEM UCMAPEHUsI PacTBOPUTENST Ha TBepAoKn cybdase dopmyna ans pacyeta

0 =P/pS

P - macca nonumMepa B pacTBope, ©

P — cpusmueckas nnoTHoOCTL nonumepa, r/icmM3



'S — nnowaapk NNEHKM NOCne OTBEPXKAEHUS, CM2

3. OnuwmnTe TexHonorno opMMpPOBaHNS HAHOYACTUL, CTONBYATON CTPYKTYPbI MPU OCaXaeHUn dTanoumMaHmHa
13 pacTBopa CepHOM KUCMOTHI.

Ob6yuyatowmiica obbACHAET B Buae nocrneaoBaTteribHbIX , N03TanHbIX CTaguii TEXHONOMMI0, NMPUBOAS KOHKpPETHbIe
napameTpbl U YCNOBUSA NPOBEAEHNS KaXaow cTaguu.

4. OnucaTb NocTagunHo npouecc opMUpoBaHusA HaHonneHku JleHrmopa-brnogxeTt 13 pactsopos
nonvakpunoHmMTpumna

TexHonorus onuceiBaeTca B BUAE NocnefoBaTernbHblX , CTaaum, MPUBOAATCS KOHKPETHbIE  YCroBUS NpoBeaeHus
KaXkgon cTagum Ha yctaHoBke JleHrmiopa-bnogxeT

.5. OnuwmTte nogpobHO nonyyeHne cynpamonekynsipHoON NOSIMMEPHON CTPYKTYPbl HA OCHOBE AuamMuUHONMpuanHa
n ypauuna

AHcambrib-accoumaTbl CynpamonekynspHbIX CTPYKTYp 06pasytoTcs 3a cHeT hopMrUpoBaHns mUsnyecknx CBa3en
MEeXAY aKTUBHbIMU FPpynnaMmM UCXOLHbIX NPOAYKTOB. AMUHHO rpynmbl AMaMUHONUPUAMHA U KUCINIOPOLHbIE Fpynnbl
ypauuna cnocobHbl co3aaBaTbh CETKY BOAOPOAHbIX CBA3EN, onpeaensaoLmnx NPOYHOCTb NPOCTPaHCTBEHHON cynpa-
CTPYKTYPbl MOMMMepa Ha CTaansix oCaxaeHusi, OTBEPXKAEHUSA U UCMapeHNsT XXMAKOWN hasbl.

6. MprBeanTe OCHOBHbIE NPU3HAKM MOMIMMEPHBIX HAHOYACTWL, U HAHOMaTepMarnos

FeomeTpuyeckne paamepbl HAaHOpPa3MepHbIX YacTuu, CTPykTyp 1-100 HM.,

Kputuueckun pasmep dusmyeckoro acpdekta 100 HM.,

[ons rpaHuy pasgena HaHO-CTPYKTYp B maTepuane 6onee 50%,

[MpocTpaHCTBEHHbIN pa3mep NOSIMMEPHOro BELWEeCcTBa MO OAHOW U3 TPEX KOOPpAUHAT HAaXoaAUTCs B
HaHoguanasoHe,

(meHee 100 Hm)

7. Pa3pbiBHas Harpyska MynbTucnoeBon HaHonneHkn (annHa 100 mm , wpuHa 10 mm, TonwmHa 100 MKkM)
coctasnseT 12 kr. PaccuntaTtb yaenbHy0 NPOYHOCTb HAHOMMEHKM.

dopmyna anga pacyeta

Pyn = Pa/dB

Pyn — yoenbHas npoYHOCTb Kr/Mm2

Pp — paspbiBHasa Harpyska, Kr

0 = TOMLLUNHA, MKM.,

B = wupuHa nneHkun, Mmm

8. Paccuutatb mepy rmbkoctn nonnmepHon cBobogHO couneHeHHon Lenu n obocHoBaTk ee HaHoMacLuTab

dopmyna ans pacyeTa Mmepbl rTMOGKOCTM CBOOOJHOCOUIEHEH-HON NONTMMEPHONM Lienn

R=N1/2- |

N — KONIMYECTBO CTATUCTUYECKUX CErMEHTa

(N <104),

| — BenuuuHa ctatmuctudeckoro cermenTa (I = 1-10 Hm),

R cootBeTcTBYEeT MeHee 100 HMm

9. Paccuutatb BenMyMHy BA3KOCTU pacTBopa NONIMMEPHOro aMMHOAMUAHOIO AeHApUMepa C YMCIIOM reHepaLuni
10-15.

dopmyna ana pacyeTta BA3KOCTU pacTBopa AeHapumepa

n =no (1+ky),

N — BSA3KOCTb pacTBopa AeHapumepa, lMa.c,

n0 -— BA3KOCTbL pacTBopuTens, lNa.c,

k — KOHCTaHTa BMCKO3NMETPA,

¢ — obbemMHas ans nonumepa

10. O6ocHynte TepMogMHamMu4eckme yCcrnoBms pactBopeHnst 4ns obecnevyeHns MOHOMOMEKYNSPHOWN
OMCNepcHOCTU pacTBOPOB HAHOMNOMNMMEPOB

YCcnoBus onncbIBalOTCs B BUAE COOTHOLLEHUI SHTanbnniHbIX (AH) n aHTponuiiHbIX (AS) napameTpos,
NPVBOAATCHA TEKCTOBbIE 0OOCHOBAHMSA BEPOATHOCTU Y YCTOMYMBOCTU  MOSEKYIISPHOIO AMCNEPrMpoBaHus
HaHomnonMmepa.

5.3 MeToauyeckue MaTepuansi, onpegensiolwne npoueaypbl oLeHUBaHUA 3HaHUWA, YMeHUW, BnaaeHU (HaBbIKOB
1 (MNn) NPaKTUYECKOro onbIiTa AEATENIbHOCTH)

5.3.1 YcnoBus gonycka oby4atrolierocsi K npoMexxyTo4Holn atTectaumu U Nopsaok NMKBUAALMM aKaaeMnyeckomn
3a[l0MmKEeHHOCTH

MpoBeaeHe NPOMEXYTOYHOM aTTeCTALMUN PErNAaMEHTUPOBAHO JTOKaNbHbIM HOPMaTUBHBLIM akToM CI6IYMTA
«lMonoxeHue 0 NpoBeAeHUM TEKYLLEro KOHTPOMS YyCNeBaeMOCTU 1 NPOMEXYTOYHOM aTTecTaumm obyyatoLwmxcay»

5.3.2 ®opma npoBefeHUsl NPOMEXYTOUYHOM aTTecTauum No AUCLUUNAnHe

YcTHas + MucbmeHHas KomnbloTepHoe TecTupoBaHue WNHas




5.3.3 Ocob6eHHOCTH NpOoBeAeHUs MPOMEXYTOYHOM aTTecTauum nNo gUcCUUnsIiMHe

|-|pl/| I'IpOMe)KyTO‘-IHOVI artTectauum CTygeHTy npegnaraetca npu yCtTHoOM cobeceoBaHMM OTBETUTL Ha ABa
Bonpoca. .npOﬂ,OJ'I)KVITeJ'IbHOCTb noAroTOBKM M OTBET Ha 3a4eTte -40 MUH.
|-|pl/| OoTBeTe pa3peliaeTca MnoJib30BaTbCA npe3eHTaunamMmm, CoCtaBlieHHbIMU 3apaHee CTyaeHTaMu no TeMmam

OVUCLMMIIUHBI

OTBeThI OLieHNBaOTCA B hopme 3a4eT 6e3 OLEeHKN.

6. YHEBHO-METOAUYECKOE U MH®OPMALIMOHHOE OBECIMEYEHME OAUCLUUIMIIAHBI
6.1 YyebHasa nutepartypa

ABTOp 3arnasuve MN3paTenbcTBO | [Mog uspaHma | Ccblnka
6.1.1 OcHOBHas y4yebOHasa nutepaTtypa
ConHues, 0. I, HaHoTexHonornn u http://www.iprbooksh
Mpsaxun, E. A, creyunanbHble maTepuvarnsl ) op.ru/97818.html
BonorkaHuHa, C. A., Ca;ﬁﬁme;e[f_lypr. 2020
MeTkoBa, A. M., il
ConHueBsa, 0. IM.
Bnecman, A. ., MeToabl uccnenosaHus https://www.iprbooks
[aHblivHa, B. B., HaHoOMaTepuanoB Mockea: An Nun Ap Meana 2023 hop.ru/128969.html
MonoHsaHkuH, 0. A.
CwmupHos, B. . ®unsnyeckue OCHOBbI Mocksa, Bonoraa: WHdpa https://www.iprbooks
HaHOTEXHOMOrMN " -l’/]H>K8HepI/I.$| 2023 hop.ru/133308.html
HaHoMaTepuanbl
6.1.2 lononHuTenbHasa y4ebHasa nutepartypa
TumowuHa, HO. A., BBeaeHue B HaHOTEXHOOMMN KasaHb: KazaHckui http://www.iprbooksh
Bo3HeceHckui, 3. . HaLMOHarbHbIN 0p.ru/109536.html
nccnengoBaTenbCKUi 2019
TEXHOJTOrMYECKUN
yHMBEpCUTET
Esctncpees, E. H., MonvmepHble A http://www.iprbooksh
Kyxxapos, A. A. HaAHOKOMMO3WNLIMOHHbIE CapaTK/lB' Ai T 9p 2018 op.ru/72810.html
mMaTepuansl eava
MyuweHko, A. T, HaHomaTepuans! 1 Camapa: MoBomKcKui http://www.iprbooksh
Mywenko, E. IM. HaHOTEXHOMNOrMn rocyAapCTBEHHBbI op.ru/75388.html
yHuBepcuTeT 2017
TenekoMMyHuKauui u
WHpopmaTukn
Cronspos, P. A., HaHoyrnepogHble Tam6os: TambBoBCKUi http://www.iprbooksh
Bypakoea, L. B., dYyHKUMOHArMbHbIE rocyapCTBEeHHbIN 2018 0p.ru/94354.html
Bypakos, A. E. MaTepuanbl U NOKPbITUSA TexHndecKkun
yHuBepcuteT, O6C ACB

6.2 NMepe4veHb NpodeccnoHanbHbIX 6a3 AaHHbIX U UH(POPMALUMOHHO-CMPABOYHbIX CUCTEM

OnekTpoHHO-6nbnunoteyHas cucrema «IPRbooks» [OnekTpoHHbIV pecypc]. — Pexum goctyna:
http://www.iprbookshop.ru .

OnekTpoHHas 6ubnuoteka CIIYMNTA

[OnekTpoHHbIN pecypc]. — Pexum goctyna:

http://publish.sutd.ru .

eLibrary.ru [OnekTpoHHEIN pecypc]: Hay4Has aneKkTpoHHas bubnunoTeka. — Pexxum goctyna: http://elibrary.ru

6.3 MNepeyveHb NULEH3MOHHOIO U CBOGOAHO pacnpocTpaHseMoro NnporpaMMHoro obecneveHus
MicrosoftOfficeProfessional
Microsoft Windows
1C-Butpukc: BHyTpeHHMI nopTtan yyebHoro 3aBegeHus

6.4 OnucaHue MmaTepuanbHO-TeXHU4YeCKon 6a3bl, HeOGX0AUMON AN ocyLlecTBIeHUA obpa3oBaTesibHOro
npouecca no AMcUUNnHe

AyavTtopus OcHalueHne

MynbTumeauninHoe 060 OBaHue, cneunanuanpoBaHHas mebenb, Jocka
JlekumoHHas y A PYA H P A
ayautopus

YuebHas ayautopusi

CneumnanuavpoBaHHas meGenb, Aocka
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