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BneAeH11e 

IlpOII3BOACTBO cyfarnKpOHHbIX 061,eKTOB 51BmieTC51 OAHOH II3 

npirnJieKaTeJihHbIX CTOpOH MIIKpOTeXHOJIOI1III, KOTOpM peumTeJibHO 

fIOJiaraeTC5I Ha npOII3BO.[(CTBO MeTaJIJIII'IeCKIIX peTTJIIIK (MP), HanpIIMep B 

o6nacnr MnKpoMexaHHKH, rJ.J.e BhlCOKHe 3ua11euH5I nonepe11ttoro K 

npO,l..\OJlbHOMY pa3Mepy 5IBJI5IIOTC51 onpe,l..\eJI5IIOlI.).lIMII. PeTTJIIIKII C TpaBJieHbIX 

TpeKOB TTYTeM faJibBaHIIlJeCKOfO oca)K,UeHH5I B HIIX MeTaJIJIOB 5IBJI5IIOTC51 

nepBbIM waroM .[(ml pa3BHTH5I TaKOH MIIKpOTeXUOJIOI1III ua 6a3e TpeKOBbIX 

MeM6pan. 

B nocJie.[(uee BpeM5I TpeKOBM TeXHIIKa C IICTTOJib30BaHIIeM 

ycKOpHTeJiett BbICOKO::HiepreTH'IHbIX T5I)KeJibIX IIOHOB [ 1] 5IBIUiaCh Ha'IaJIOM 

MeTO)..\IIKII faJibBc).HIIlJeCKOro oca)K,UeHH5I MeTaJIJia KaK cpe.[(CTBO 

mroTOBJieHII51 uanocTPYKTYP Ha 6oJibllIIIX TTJIOW.M~X no11Trr II)..(eHTII'IHOro 

pa3Mepa. 

Texm1Ka TpaBJieBbIX TpeKOB - 3TO YHIIKaJibHblH IIHCTpyMeHT .[(Jl51 

npOII3B0,l..\CTBa CTaTIICTII'IeCKH pacnpe)..(eJieHHbIX ornepCTIIH B TTOJIIIMepHbIX 

MaTepIIanax ua 3a)..(aHHOH TTJIOW.a)..(II II TTJIOTHOCTII. Ha11aJibHblH )..(llaMeTp 

nop OKOJIO 10 HM II yBeJIIIlJIIBaeTC51 mrnettHO co BpeMeHe.M TpaBJieHH5I. 

,Djrnna nop 3aBIICiiT TOJibKO OT TOJII.l(Illlbl HCTTOJib3YeMbIX TTOJIHMepHbIX 

rmeHOK H COCTaBJI5IeT OT e)..\IIHHU. )..(0 100 MKM. B Ka'leCTBe nomrMepHbIX 

MaTepuanoB uaII60Jibrnee npm,1eue11ue naWJIII 

TTOJIII3TIUieHTepeqJTaJiaTOBble (TTT<l>) TTJieHKH TOJIW.IIHOH 10-20 MKM. 

rem.teTpHlleCKHe cpopMbl TpaBJieHbIX KallaJIOB MOfYT 6bITb Ca.MhIMH 

~moroo6pa3HbIMH, uanpIIMep U.IUIHHJlpH11eCKHMII, KOHH'leCKHMII, 

6YTbIJIK006pa3HblMH II T.n., H 3aBHC51T He TOJlbKO OT ycJIOBIIH o6nyqemrn, 

HO II TeXHOJIOI1IH TpaBJieHH51 [ 2 ]. 
faJibBaHHlJeCKOe OCa)K)..(eHHe .MeTaJIJIOB B 11aJIOMeTplI'IeCKHe KaHaJibl 

TpeKOBbIX MeM6pan, ecTecrneHHO, CB513aHO C onpe,l..\eJieUHbIMH npo6Jie.MaMII 

3apO)K)..(eHH51 II poem MOHOKpIICTaJIJIIIlJeCKOro OCaJ_.\Ka. Cpemr HIIX TaKIIe 

npo6JieMbl, KaK cnoco6HOCTb 3anoJIHemrn TpeKOBb!X KaHaJIOB 

3JieKTpOJIIITOM, CTeIIeHb o6MeHa 3JieKTpomrTa B MHKpoo6JraCTH 

oca)K,UeHII51, oco6emIOCTII IIOBe)..(emrn ra3006pa3llb!X npOAYKTOB 

3JieKTpOXIIMHlJeCKOH peaKU.HH, a TaK:lKe poJib Hanp51)KeHHOCTH 

3JieKTpII11eCKOro IIOJI5I B KaHanax. 

Ilpo6ne~rn cpopMnpoBa1rn51 u.elnpa 3apo)K,Uemrn MP B KanaJie TpeKOBOH 

MeM6pauu pewaeTC51 HYTeM, uanpmtep, BaKyyMuoro nanhIJieHH51 ua OAHY 
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II3 ee CTOpOH TOHKOro (J.J.eCUKH HM) Me'faJIJIH'IeCKOro CJIO.s!. 6onee Toro, 

cyw.ecTBeHHOH 5IBJI5IeTC51 npo6neMa 3apo)KJ];eHH51 MP Ha MaCCHBHOH 

MeTaJIJIII'IeCK.oci noJ.J.JIO)Kl(e. Il~Bepxm:icrna» MHKpocrpyicrypa rpeKoBoii 

MeM6pattbl II MeTaJIJIH'IeCK.OH nO)]..)lO)Kl(Il 3arpy.rurnIOT npouecc 

OAHOBpeMeHHOfO 3apo)KJl;eHH51 . MP no BCeii noBepxHocm MeM6pattbl. 

KpoMe Toro, Heo6XOAIIMO o6ecne'IHTh BaK.)'YMHO-IIJIOTHbIH KOHTaK.T Me:xo:zy ; 

noBepXHOCT5IMH MeM6paHbl H nO)]..)lO)Kl(H. 

TeM He Mettee TeXHOJIOflI51 cpopMHpoBaHH5I MeTaJIJIHlJeCKHX peIIJIHK. C 

rpeKOBblX MeM6paH pa3BHBaeTC51 H }')Ke HaxO.[(HT npaK.TH1IeCK.Oe 

npnMeHeHIIe. 

B [3] HCTTOJib30BaJIH rpeKOB}'IO MeM6patty )]..)15I CHHTe3HpOBaHH5I Ha ee 

OCHOBe pe3oHaHCHbIX ryHHeJibHbIX AHO,l..\OB nyTeM 3JieK.rpOXHMH'IeCK.Oro 

oca)K)];eHH5I B Kattanax nop · Cu-Se. ranhBattnqecKoe cHHTe3HpoBaHHe B 

HaHonopbI rpeKOBOH MeM6paHbl M}'JlbTHCJIOeB HaHOMerpH1IecKHX TOJilI.J.HH, 

HanpHMep Cu-Co [4], OTKpbmaeT nyn K cpopMHpoBaHHIO HOBbIX mnoB 

cpeppoMarHHTHbIX KOMn03HTHbIX MaTepHaJIOB, o6na.n:aroIUHX scpcpeKTOM 

rnraHTCKOro MarnHTHOfO conpOTHBJieHH5I. KpoMe Toro, reTeporeHHble 

HaHonpOBOJIOlJKII MOfYT 6hITb HCnOJib30BaHbl )]..)15I IICCJie,UOBaHHH 

MOH03JieKrpOHHblX TYffHeJibHbIX 5IBJieHHH [ 5 ]. 
HeAaBHO aBTOpbI pa6oT [ 6,7 ] pa3BHJIII MeTOJ.J.HKY CIIHTe3HpOBaHH5I 

noJIIIMepHbIX II MeTaJIJilI'IeCKIIX MHKporpy6oqeK Ha OCHOBe 

MIIKponopIICTbIX MeM6paH B Kaqecrne rna6110Ha. Heo6XOJJ:HMbIM YCJIOBHeM 

npIICTeHOlJHOro OCa)K)];eHH5I MeTaJIJia B KaHaJiax MeM6pattbI 5IBJI5IeTC51 

HCnOJib3OBaHHe T.H. ''MoJieKyJI5IpHoro 3aK.peIIHTeJI5I". TeM He Mettee aBTOpbI 

He CMOrJIII o6ecnelJIITb ycJIOBH5I CIIHTe3IIpOBaHH5I MHK.porpy6oqeK no BCeii 

BbICOTe KaHaJia. 

MIIKporpy6olJKH crporo cpHKCHpOBaHHOro .UIIaMerpa II )]..)1HHbl II, 

ecTeCTBeHHO, npII BbICOKOM 3HalJeHHH BeJIH'IIIHbl IIX OTHOlIIeHH5I Moryr 

HaHTII lIIIIpOK.Oe rrpIIMeHeHIIe )]..)15I npoII3BOACTBa pa31IH1IHbIX CeHCOpHblX 

ycrpoiicTB II MIIKpOKOHTeiiHepoB )]..)15I MHKpOJJ:O3IIpOBaHH5I 

COOTBeTCTB}'IOW.IIX nperrapa:roB, BKJIIOlJM 6IIOJIOrIIlJeCKHe II 

pa,n:IIOaK.TIIBHbie, a Ta.IOKe Moryr CJI}')KHTb KOMnOHeHTaMII B 3JleKrpOHHblX 

H OIITO3JieKrpOHHblX npII6opax [8]. HattoMerpHlleCK.He MeTaJIJilllleCKHe 

npOBOJIOlJKH crporo cpHKCIIpOBaHHbIX pa3MepOB Moryr 61,1Tb HCIIOJib3OBaHbI 

B KalJeCTBe 3aIIOJIHHTeJieii pa31IH1IHbIX KOMIIO3HTHLIX CHCTeM, a Ta.IOKe B 

BH)le Cblpb51 )]..)15I npeUH3IIOHHOH nopOlIIKOBOH MeTaJIJIYPmH [ 9 ]. 
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PHc.I. Il:9M-H3o6pruKeHHe "rpH6KOB", o6pa3yIOIUHXC.SI B K0HUe 

npouecca ram,BaHWiecKoro ocax.a;eHH.SI Me.nu B KaHanax TpeK0B0H 

MeM6paHLI Ha ee Il0BepXH0CTH 

r;:-~ 

~b()cfl}<)ljpo,'(~ 

PHc.2. CxeMa raJlbBaHH'lecKoii .s1qeihrn AJlll aJieKTp0XHMWleCK0ro 

CHHTe3Hp0BaHH.SI HH.I(HBHJzyaJibHbIX MeTaJIJIWleCKHX HaH0ilp0B0JioqeK. 

1- Kopnyc, 2- MeTaJIJIWleCK0e K0Jlbl.{0 (KaTO,IJ;), 

3 - Ham,IJieHHLIH CU-CJIOH, 4 - TpeK0Ba.SI MeM6paHa, 5 - aJieKTpOJIHT, 

6 - MeTaJIJIWleCKHH l.{lIJIHH.IJ;p (aHO.IJ;), 7 - 0ilTWleCKHH MHKp0CK0il 
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Pttc.3. Il3M-tt3o6pruKeHtte npocpIIJ1eii HaHonpoBonoqeK : 

a,6 - l.{lIJIHH.IJ;pttqecKHe, B - K0HHqeCKHe, r - 6yrLIJIK006pa3Hbie 
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OcHOBHasi: npo6neMa cpopMupoBamrn MP Ha MaccuBHOH no,!LTIO)KKe -

3TO He06XO,UHMOCTh o6ecneqemrn ycJIOBHH BaKYYMHO-IIJIOTHOfO npH)KaTIUI 

noBepXHOCTH MeM6paHhl K noBepXHOCTH nO,!LTIO)KKif. 

fl?.U06Hble ycJIOBIUI HaMH peaJIU30BaHbl B pa6oTe [10] B cnyqae 

IlO,UfOTOBKH 061,eKTOB )lJUI. IT3M-nopoMeTpuu (IT3M- npocBe'IUBaIOI.l.{asl 

3JieKTpOHHa51 MHKpOCKOnllil) HaHOMeTpH'IeCKHX TpaBJieHblX KaHaJIOB B 

TpeKOBhIX MeM6paHaX. O,uHaKO 3TH YCJIOBIDI 6b1Jm peanmoBaHbl TOJibKO 

Ha MaJihIX IIJIOI.l.{a.i:uIX ccpepuqecKoro npoq:>H.Jrn. 

flpo6JieMa cpopMHpoBaHml MP Ha 6oJihlIIHX IIJIOI.l.{a,I:UIX HaMH 

peanmoBaHa no pa3pa6oTaHHOH MeTO,UUKe, KOTopasi: BKJIIO'!aeT 

npe,uBapuTeJibHOe BaKYYMHOe HanhIJieHue TOHKOro MeTaJIJIU'IeCKoro CJIOH 

Ha O.UHY m noBepXHOCTeH MeM6pattbI. 3aTeM no cxeMe, npe,UCTaBJieHHOH 

Ha puc.4, MeM6paHa c HanhIJieHHhIM MeTaJIJIH'IeCKHM CJIOeM 

HaKJia,uhrnaeTCH Ha IlOBepXHOCTb MeTaJIJIU'IeCKOH (IDIH 

MeTaJIJIH3HpOBaHHOH) MaCCHBHOH nO,!LTIO)KKif If 3a C'IeT C03,UaHIDI 

COOTBeTCTBYIOI.l.{ero pa3pH)KeHllil Me)K,lly HHMH o6ecne'IUBaIOT BaKYYMHO­

IIJIOTHOe B3aUMHOe npu)KaTue. B ycJIOBllilX ne6oJihlIIOro pa3pH)KeHIDI 

o6beM Me)K,lly noBepXHOCTHMH MeM6paHbl If nO,!LTIO)KKif 3anoJIHHeTCH 

3JieKTpOJIHTOM, o6ecne'IUBa51 oca)K,lleHue Ha HUX MeTaJIJia, 'ITO If Bhl3hIBaeT 

na,ue)KHOe "cKJieUBaHue" MeTaJIJIH3HpOBaHHOH noBepXHOCTH MeM6paHbl c 

noBepXHOCTbIO nO,!LTIO)KKif. 

O,uHaKO HaJIH'!He TeKCTypupoBaHHOH MHKpOIIIepoxoBaTOCTH 

noBepxHOCTeii: MeM6paHbl If no,!LTIO)KKif BCe )Ke He 06ecne1IUBaeT ycJIOBllil 

e,UHHOBpeMeHHOro Ha'IaJia raJihBaHH'IeCKOro oca)K,lleHIDI MeTaJIJia B ofo,eMe 

KaHaJI0B TpeKOBOH MeM6paHhl. C ueJibIO peanmau;uu 6naronpIDITHbIX 

YCJIOBHH MH BblpaBHHBaHllil pa3Mepa MeTaJIJIU'IeCKOro oca,uKa no ,!LTIHHe 

Kanana MeM6paHbl ucnOJih3yeTCH nepuo,uuqecKasi: nepenoJIIOCHpOBKa 

noTeHQifaJIOB . Ha aHO,Ue If KaTO,Ue, oco6eHHO Ha Ha'IaJibHhIX CTa.llllilX 

cpopMupoBaHllil MP. 

Ha puc.5 npuBe,ueHo xapaKTepHoe P3M-mo6pa)KeHue 

MHKpoMeTpH'IeCKHX Me,UHbIX npOBOJIO'IeK Ha MaCCHBHOH Me,UHOH 

IlO,!LTIO)KKe. 

<l>opMHpOBaHHe MeTaJIJill'leCKHX MHKpoTpy6oqeK. OcHOBHOH 

npo6neMott cpopMupoBaHIDI MeTannuqecKux MHKPOTPy601IeK HBJIHeTCH 

06ecne1IeHue npo,uoJI)KHTeJibHOro no BpeMeHu ycnoBIDI 

npeHMyll.{ecrnenHoro npucTeHO'IHOro oca)K,lleHllil MeTaJIJia B KaHanax 
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Puc.4. CxeMa cpopMnpoBaIIllil MeTaJIJIHl:leCKOtt perrmnm Ha 

MaCCHBHOH MeTaJIJIHl:leCKOH II0)llI0)KKe: 

1 - Koprryc, 2 - MaCCHBHruI IIO)llIO)KKa (KaTO.A), 3 - HaIIbIJieHHhIH 

Cu-CJIOH, 4 - TJ)eKOBruI ~eMOpalla, 5 - yruIOTHHTeJILHOe KOJILI.\O, 

6 - MeTannwi:ecKHH I.\IDIHHJJ.P (aJio.z:t), 7 .: sneKTPOJIHT, 

8 - eMKOCTL c sneKTPOJIHTOM, 9 - OJIOK rreperromocHpOBKH, 

10 - c6opHHK SJieKTPOJIHTa, 11 - pa3p.sxeHHe 
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Pllc.5. P3M (a) H Il3M (6) H3o6pIDKeHIDI MeTaJIJIH1IecKoii: 
peIIJIHKH c TJ)eKOBOH MeM6paH1,I Ha MaCCHBHOH Il0,IOI0XKe 
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MeM6paHbl. C 3TOH u:eJihlO aBTOpbI [7] HCIIOJib30BaJIH T.H. ''MoJieKyJI51pHbIH 

3aKpeIIHTeJih", KOTOpbIH CB513bIBaeTC51 He TOJibKO C IIOBepXHOCThIO KaHaJia 

MeM6paHbI, HO H C OCa)K,UaeMbIM MeTaJIJIOM 3a CtJeT XHMa6cop6u:1rn. 

HecMoTp51 Ha 3TO, HM He y,nanocb o6ecnetJHTh ycnoBH51 cpopMIWOBaHIUI 

MHKpOTpy6otJeK IIO BCeii MHHe KaHaJia. Eonee Toro, JJ:OCTaTOlJHO CJIO)KHO 

HaiiTH THII ''MoJieKyJI51pHoro 3aKpeqHTeJI51" JJ:JI51 IIIHpOKOro KJiacca 

MeTaJIJIOB. 

HaMH npeJJ:JIO)KeH HHoii no,nxo.n K peanmau:HH ycnoBHii nonyqeHH51 

MHKpoTpy6otJeK H3 pa3JIHlJHhIX MeTaJIJIOB MHHOH, no KpaiiHeii Mepe', 

conOCTaBHMOH c TOJIIUHHOH TpeKOBOH MeM6paHbl. 

C 3Toii u:eJihIO npe:lK,Ue Bcero Heo6xo,nnMo co3,naTh ycnonne 

npHCTeHOlJHOro 3apo:lK,UeH~ MeTaJIJIHtJeCKOro oca.TJ;Ka. 3TO ycJIOBHe 

o6ecnetJIIBaeTC51 BaKYYMHbIM HanhIJieHIIeM MeTaJIJIIItJeCKOro CJI051 

nepneH,nHKYJI51pHO nonepxHOCTII TpeKOBOH MeM6paHbI, Kor.na HanhIJieHHM 

IlJieHKa MeTaJIJia o6pa3yeTC51 He TOJihKO no noBepXH0CTH MeM6paHbI, HO H 

BHYTPII BXOJJ:HOii nonepxHOCTH KaHana. 

EcJIH Tenepb o6ecnetJIITh ycJI0BH51 npIIHYJJ:HTeJihHOfO JJ:BII)KeHH51 qepe3 

KaHaJihl MeM6paHhl HOHOB MeTaJIJia BMeCTe C 3JieKTpOJIIITOM, T? 

B03MO)KH0 B03HHKH0BeHne OTpHU:aTeJihH0ro nOTeHU:HaJia Ha nonepXH0CTH 

KaHana [11], a cne,nonaTeJihH0, npncTeHOtJHoro 3aKpenJieHH51 oca)K.UeHHoro 

MeTaJIJia. 

C u:eJibIO HCKJIIOtJeHH51 npe:lK,UeBpeMeHH0ro ·~aiietJaTbIBaHH51" KaHaJIOB 

H3-3a faJihBaHHtJeCKOro YBeJIHtJeHH51 TOJIIUIIHhI Hanhmerrnoro 

MeTaJIJIIItJeCKOro CJI051, co CT0pOHhl HanhIJieHH0ro CJI051 MeM6paHbI 

BBOJJ:HTC51 ,nonOJIHIITeJihH0 3JieKTp0JIIITIItJeCKM 51tJeiiKa C :;JJieKTPOJJ:0M­

KaTOJJ:OM, KOTOpbIH nepHOJJ:HtJeCKII BKJIIOtJaeTC51 Ha nocJie~Heii CTaJJ:HH 

npou:ecca cpopMHpOBaHH51 MHKpOTpy6otJKH. 3THM JJ:0CTHraeTC51 YBeJIHtJeHiie 

JJ:JIIIHhI MHKpOTpy6otJeK BilJI0Th .no pa3Mepa T0JIIUIIHhl HCnOJih3yeMoii 

TpeKOBOH MeM6paHbI. 

Peanmau:irn BhIIIIeonHcaHHhIX ycJIOBIIH B yCTpoiicTBe, cxeMa KOTOporo 

np1rne.nena Ha pnc.6, n03B0JIHJia HaM cpopMHpOBaTb MeTaJIJIII'IeCKHe 

MHKpOTpy6otJKII Ha 6a3e TpeK0BhIX MeM6paH. 

Ha pnc.7 npHBe,neHO P3M-mo6pa)Keime MeJJ:HhIX MHKpOTpy6otJeK 

JJ:HaMeTpOM 0,8 MKM n JJ:JIIIHOH 7-8 MKM. OTMeTHM, lJTO c U:eJihIO 

JJ:0Ka3aTeJibCTBa HX Tpy6tJaToro CTpoemrn C03JJ:aBcUIHCh ycJIOBH51 M51 HX 

pa3pyruemrn IIp}f c03,nanm1 nonepequoro cetJemrn TpeKonoii MeM6paHhI. 
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PHc.6.CxeMa yc'fl)oikTBa ,wrn cpopMHpoBaHIDI MeTamrnqecKHx 

MHKpOTpy6oqeK Ha 6aJe smepHblX MeM6paH : 

1 II 7 - BepXHHH II Hlf)KHHH, COOTBeTCTBeHH0,061>eMbI 

3JieKTpOXHMHqecKHX 51:qeeK, 2 - 3JieKTJ)OJIHT, 3 - MeTa.JIJil{qeCKaH 

ceTKa - atto.n, 4 - TpeKoBru.i MeM6paHa, 5 ·- ttarrbIJieHHbIH Cu-cnoii:, 
6 - ::meKTPO.U .um1 rreperromocupoBKH, 8 - c6opHHK sneKTPOJIHTa, 
9 - pa3p.SDKeHHe, 10 - 6JIOK rreperromocHpOBKH, 11 - HCTQqHHK Harrp.SI)KeHIDI 
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PHc.7. P3M-H306paxett11e Me,IJ;HblX MHKpoTJ)y6011eK 
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3aKJII011CHHe 

IlpeJ1JIOJKeHHL1e B pa6oTe MeTOJ.lbl ra.JlbBaHH'IeCKOro OCa)KJ.leHIDI 
MenumoB B KaHaJil,l TpeKOBbIX MeM6paH Il03B0JUIIOT cpopMHpoBaTb 
MeTaJIJIH'IeCKHe HaHOMeTpH'IeCKHe npOBOITO'IKH H cy6MHKpOMeTPH'IeCKHe 
TPy60'IKH CTPOro JaJlaHHOro pa3Mepa, 'ITO )'KaJhmaeT ua nepcneKTHBHOCTh 
HCilOITb30BaHIDI TPeKOBbIX MeM6paH B KatieCTBe wa6noHa )l]UI 

npoHJBOJ.lCTBa ,HaHOCTPYKTYPHhIX 061,eKTOB npHMeHHTenbHO K Ja,u;atiaM 
MHKp9TeXHOITOrnH. 
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