I® 5.w

MVWHUCTEPCTBO OBPA3OBAHNA PECIMYBJ/INKN BEJTIAPYCb
YO «BUTEBCKWUIN TOCYAAPCTBEHHbIN TEXHOMTOTMYECKNA YHUBEPCUTET»

YAK 621.356
Howmep roc. per.£2£*v" ri

COI'MACOBAHO: BEP>XXOAHO:
Hayu4Hbll oon y4HOi paboTe YO
"HaHomaT» Oonorun™
BiTasb C.M. InToBCKUM
2004 . 2004 r.

OTYET O HAYYHO-UCC/NEAOBATE/IbCKON
PABOTE

""Pa3pabotatb Mojenb M ONTUMU3NPOBATL NPOLLECC KarnebHO-BO34YLLIHOIo rnepeHoca
HaHOAMCNEPCHbIX YacTuUL, N NX pacnpegesieHns no ob6bemy opmmpyemoro matepmuana'

9tan 1 "PaspaboTatb MOfefb M ONTUMU3MPOBATL MPOLECC KanesbHO-BO3A4YLLIHOrO nepeHoca
HaHOAMCMNEPCHbIX YacTuL, 1 UX pacrnpeseneHus no obbemy opmmupyemoro marepuana ™
322004 .

3agaHue Ne 5.40

MO®U "HaHomaTepuanbl U HaHOTeXHoOMOTNK"

(MpoMeXyTOoYHbIIA)

OKnepT no pasgeny PykoBoaunTenb 3agaHuns
A.T>H,yfipor 4.7.7% npoc
s A.®. NnbloLWeHKOB C.C. KnumeHkoB
2004 . ekabps 2004 .

MwnHck 2004



CMNCOK UCMOJITHUTESIEN

PykoBoauTenb TemMbl

4. T.H., npogyeccop, r.H.C. KNTMMEHKOB C.C.(BBegeHue, 3ak/ouyeHmne)

noanuce,, garta

VicnonHUTenn Tembl

[.7T.H., npodeccop, B.H.C. / ] / KYNPUAHOB W.J1. (pa3gen 2)

noanuc” garta

K.T.H., 4OUEHT, B.H.C. /IC.Tcu XOAbKOB B.M. (pa3gen 3)

noanuck, garta

acCUCTEHT, C.H.C. vV * HOBWKOB A.K.(pa3gen 1, pasgen 4)

noanuck, garta

NHXeHep ,0,204 .MATBEEBA H.H. (pa3gen 1)

noanuce, gata

HopmoKoHTponep K713 ,MATBEEBA H.H.

noanucb, gata



CopgepxaHue

CMUNCOK UCTIOTTHUTEIIEM ...ttt en e en e 2
P E D E P AT et e oo e e et e e et e e e e e e e e e e e e reee s 4
BB B HUI .. e et e e e ee e e e e et b et e e at e e e e eeanaas 5

1 MpoBecTu nuTtepaTypHbIi 0630p crnoco6oB dhopmuposaHus
KOMMO3MLUNOHHbIX MNOKPbITUA W MaTepuasioB Ha OCHOBE HAaHOMOPOLUKOB.
MpoBecT nAuTepaTypHblil M MNATEHTHbIA  CPaBHUTESNIbHbLIA  aHan3
COBPEMEHHOIO 3apybGexHOro ”n OTe4YeCTBEHHOro o06opyaoBaHuMs A/
pacnbiIEHNS MOPOLUKOBBIX MATEPUAIOB......cuuvveeeeeeiitirreeeeeesatraeeeesaasssseeesssasssaeesesaasssseesesanns 6
2. TlpoBecTn aHanM3 CyLWEeCTBYWLWUX T[MAPOAMHAMUYECKUX MoAenel
ABWXEHUSA noToka  AUCMEepPrupoBaHHON  XWOKOCTW. Paspa6oTtaTtb
pekoMeHgauMM Mo COBEPLIEHCTBOBAHMIO  CYLLECTBYHOLWMUX CXEM MU
CMOCOOG0B HAHECEHMNST HAHOMOPOLUKOBBIX HACTULL...ccvvvrieeeeeesiirieeeeeeesinneeeaeessannnesseesssnsneneans 19
3. Onpegenutb 3aBUCUMOCTU, CBSA3bIBAlOLWIME XapaKTepUCTUKU U CBOMNCTBA
HaHoyacTuy, TEexXHO/orM4yeckne  napamMeTpbl  KanesbHO-BO34YLUIHOMO
pacnbiIeHNs 1 reoMeTpuyeckne napameTpbl pacnbiNawmx POpPCYyHOK C
npoyeccamm MexdgasHoro B3aMMOAENCTBMA W B3aMMOAeWcTBUA C
BHELLHEN cpefoi NnoToka ANCNEPTUPYEMOTO MATEPUAMA...cccurereeeeeiiiieieeeeeeitieeeeeessnnaeeeas 30
4. PaspaboTaTb TEXHOJZIOTMYECKYD CXeMy npouecca ¢opmuMpoBaHus

KOMNO3UNLMOHHOTO SJIEKTPOXNMUNYECKOTO NOKPbITUA npun KanesibHO-

BO34YLLUHOM MepeHoce HaHOYaCTUL, K MOBEPXHOCTU KATOLB . ..cccuueeuuueeeereeeinaeeereennnnneeaanens 33
G- U 1o L T=Y 1 = PP 47
D1 =T o 1= 1Y 1= PR TPPPPRPPPPPI 50



PEDEPAT

OTtyetr 50 ¢, 17 puc., 4 Tabnuubl, 11 UCTOYHUKOB.

HAHOMATEPWANbI, SNEKTPOINSG, HAHOIMOPOLWKOBbIE
KOMMNO3NUMOHHBIE 3/IEKTPOXUMWYECKWE TMOKPbLITUA, TMHEBMATUYECKOE
PACIIbINEHNE, SNEKTPOCTATUYECKOE PACIbIJIEHUVE

O6BbEKTOM uccNefoBaHWin ABASSETCA MNpouecc 06pasoBaHMSA KOMMO3ULMOHHOMO
3/1IEKTPOXMMNYECKOTO TMOKPbITUSA Ha OCHOBE HAHOMOPOLWKOB MNpU WX KanefbHo-
BO3[YLLHOM NepeHoce K MNOBEPXHOCT M KaToja.

Lenb - nccnegoBaHve  rMAPOAMHAMMKM  KanesibHO-BO34YLWHOrO  nepeHoca
HaHo4yacTuL, K MNOBEPXHOCTWM u3[enns, Ha OCHOBe (PEeHOMEHONOrM4yeckoro nogxoga K
N3yYEHND TUAPOAMHAMUKN AWCNEPCHbIX cpen, NyTeM pas3paboTkm mopenen ABUXKEHUS
HaHo4YacTuL, B MHOrogpasHbiX [AUCNEPCHbIX CUCTEMax, a TakKke pa3paboTkm Teopun
B3aMMOENCTBNUA  HaHo4yacTul, C 3/1eKTPOXMMUYECKMM  ocajkoM U obpa3oBaHus
KOMMNO3ULMOHHbIX HAHOMOKPbITUI C Y4€TOM CBOMCTB OCaxgaeMbliX Matepunanos.

B xone BbINoO/IHEHNA 3TanoB paboThl 6bI1 NpoBeAeH NnuTepatypHbiin 0630p cnocobos
bopMUpOBaHMS KOMMNO3ULMOHHbLIX MOKPLITUA M MaTepuMasioB Ha OCHOBE HaHOMOPOLUKOB
nnTepaTypHbIi M NaTEHTHbIA CpaBHUTE/NIbHbLIA aHannM3 COBPEMEHHOro 3apybexHoro wu
OTe4yeCTBEHHOro 060pyAoBaHus O/ pacnblieHUss MOPOLIKOBbLIX MaTepuanos. [poBefeH
aHanm3 CYLLEeCTBYIOLLMX rMapoanHamMmmyecKmnx mMogaenei OBVXEHNS noToka
ONCNEPTrMpoOBaHHOM XMAKOCTW, pa3paboTaHbl pekoMeHAauum Mo COBEPLUEHCTBOBAHUIO
CYLLEeCTBYHOLNX CXEM N CNOCOOGOB HaHECEeHUs HaHOMOPOLUKOBbLIX NOKPbITUIA, pa3paboTaHa
TexHoornyeckas cxema npouecca dhopmumpoBaHus KOMNO3MLVMOHHOIO
3N1EeKTPOXMMUYECKOTO NMOKPLITUA HA OCHOBE HaHO4YacTuL,.

OCHOBHble nokasaTenun: MNpoBeAEHHble UWCCNefOoBaHUA MNO3BOSIUAN  OMNpPeaenunTb
KOHCTPYKLMM pacnbi/IMTeNbHbIX YCTPOWCTB, oOb6ecneymMBalwLmMx Hauy4llee KavyecTBO
pacnblieHns npu paboTte € CycrneH3UssMM Ha OCHOBE MOPOLLKOB; BblAEeNNTb B KavyecTBe
6a30BbIX TMAPOAMHAMUYECKUX MOAesnel ABMKEHUS NMOTOKA AUCNEPrMPOBAHHON XNOKOCTH,
MoAenn  oAMHOYHOro  cBob6ogHOro  (pakena M ras’oXuakocTHoro  (pakena ¢
orpaHnyYMBaoLLnMNn CTEHKaMW, onpeaennTb TEXHO/TI0TMYECKYHO cxemy
3/1eKTPOCTaTUUYECKOro meToAa nermpoBaHus 3/1EKTPOXUMUYECKNX 0cajKoB

HaHOMOpPOLWKaMun.



BBegeHue

Peanusaumnsa crpaTerMyeckn BaXKHbIX HAyYHO-TEXHUYECKUX [AOCTVKEHUA Hawero
BpemMeHn 1 0603pMmoro 6yayuiero cesizaHa ¢ npob6a1emoit co3gaHns HOBbIX MaTepuasioB
HaHoaucnepcHble MOPOLKM SABAAKTCA OCHOBOW A1 CO34aHUS MPUHLMNMANbLHO HOBOTO
NMOKOJSIEHUA MaTepuasioB U TEXHO/OrMii. Bce 60Nbluee KONMYeCTBO BeAyLMX KOMMNaHui
Mupa ydyactByeT B pas3paboTke TexHONOrMin  Npou3BOACTBA  HAHOAUCNEPCHbIX
KOMMO3ULMOHHBIX MaTepuasioB U OCBOEHUM Oyayuimx obnactei ux MPOMbIWIEHHOrO
MCNO/Ib30BaHUA.

B nocnepnHee pecAatuneTve B MPOMbIWIEHHO Pa3BUTbIX CTpaHax cgopmmpoBanoch
HOBOE Hay4YHO-TexHuyeckoe HanpasJsieHue "HaHouacTtuybl, HaHomaTepuassbl,
HaHOTEXHO/10MMKn", KOTOPOE CTAaHOBUTCA OAHUM M3 caMblX ObICTpOpacTyWmX Mo 06bemy
(buHaHcupoBaHua (npubnusntensHo 500 maH. gonnapos CLWA B 2000 domvHaHCOBOM
rogy). B CWLIA, AnoHun, dpaHumn, NepmaHum, Benunkobputanun, Lseuun, Knutae, VHaun
cthopMupoBaHbl  HaUWOHasbHble MporpaMMbl MO  WUCCNEfOBaHUK U MPUMEHEHUIO
HaHoMmaTepuanos. Bepgyuwuecsa pa3paboTkm CBUAETENLCTBYHOT O HeEOrpaHWYeHHOM
noteHuvane npuUMeHeHUss HaHOMopOoLWKoB. [lIporHo3upyemMble MOTPEOHOCTU MUPOBOM
NMPOMbILLINIEHHOCTM B 21 Beke COCTaBNAT HECKO/IbKO ThbiCAY TOHH B roA. o 3adaBneHusam
3apyb6exHoit neyatn K 2010 rogy HaHOAMCNEPCHbIE MOPOLWIKMA CTAHYT OAHUM U3 OCHOBHbIX
no NPUMeEHAEMOCTN.

[o HacToAlWwero BpemMeHW LWNPOKOe NPOMbILLNIEHHOEe MNPUMEHEHWEe HaHOMOPOLLKOB
COAEPXMBa/IOCb  HE3I(MAEKTUBHOCTbID U HU3KOW  MPOU3BOAUTENILHOCTBIO  M3BECTHbIX
CcnocoboB WX MNOSyYEeHUA W, Kak CneacTteue, WX BbICOKOMW CTOMMOCTbIO. OpfHako B
nocnefHue rofAbl CTOMMOCTb [MOJIyYEHUA HAHOAUCMNEPCHbIX MOPOLWKOB 3HAUYUTESIBHO
CHM3UNacb, 4TO TMO3BO/IMIO  YYEHbIM YCKOPUTb MNOWUCK obnactein nNpuMeHeHus
HaHOMOPOLUKOB, B TOM YMUC/ieé UCMNOMb30BaTb WX B MPOMbIW/IEHHOCTN A/1A ANCNEPCHOro
YyNPOYHEHNS MOBEPXHOCTEN AeTanei u MHCTpyMeHTa. [pobnema Ha CerogHsWHUA OeHb
3akn4yaeTca B OTCYTCTBUM (PyHAAMEHTasIbHbIX UCCMef0BaHWn npoueccoB o6pa3oBaHus
KOMMNO3ULMOHHBLIX MaTepuasioB Ha OCHOBE HAHOMOPOLWKOB. YHWUKa/IbHble CBOWCTBa
HaHOMOPOLUKOB, OTAMYawLwmecs OT CBOWCTB 3TUX Xe MaTepuasoB B MaCCMBHOM
COCTOSAHUWN, MO3BOJIN/IN YYEeHbIM onpefesinTb Hanpas/ieHUs NPUMEHEHUS HaHOMOPOLLKOB,
HO pa3paboTka Teopum K TEeXHONOrMu MONYyYEeHUA HaHOKOMMO3UTOB BCe elle ABNAeTCH
aKTyanbHOW 3afjadveir. [JaHHaa HaydyHas paboTa nocBsweHa pa3paboTke TeopeTUuvecKmnx

OCHOB apMunpoBaHuna 3/TEKTPOXNMUNYECKNX I'IOKprTI/IVI HaHOMopOLWKaMNn.
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