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!_HHOTAUHH 

Hsn&raroTCB pesy~bT8TH HCnHTaHKH ~epHHX ~TpOB1 HSrOTOBHeH

HHX C llOMOIIO)ID T.Bllt6JWX HOEIOB HS TOHKIDC ~aBCaHOBI:lX IIJl6HOKtB npHMe

H6IDm K OCB6TJieHHIO H CTajWJ:HSaumi BHH. llponyCKHM H <.l>H.7I.DTpyiOO{asi 

CllOC06HOCTH 3THX ~bTpOB SHaq:£iT6~HO BHme, qeM y ac6ecTo-Kap

TOHHiiX ~TpoB, HCflOJll)S,yiOOUDCCB ce:Ktrac B BHHOA6~mt. 

llo.eyl!eH.HHe .ztamme y:i\aSr:malOT Ha nepcneKTHBHOCTb WHpORoro 

npHMeHeHRSI ~epBl:DC ~T:;>OB Ha paSJ!HlUil:Dr aTanax npoHSBO.ztCTBa 



~epaue ~TPHt HaroTo~eBHNe nyTeM ~ecxoa o6pa6oTKH 

( Tpa.BJieHRf.[) OOJiy'C!eHHOR TJDKeJII:lMH HOHa.MH TOHKOH ( ~ IO MK) JiaBCa

HOBOH ITJI6HKH~ xapaKTepHSYIDTCH BHCOKOM CTeneHDD O~OpO~OCTH 

~:DTpy~ nop, IT03BQnij~6H ~OCTaTO'C!HO TO'C!HO OT~e~:D 'C!aCT~ 

s~a.HH:IiX pasMepoB, HMeDr 6oJI:omym nponycKHYIO cnoco6HocT:&I sHa'tlli

TeJIDHy1o M6Xa.HHti6CKYIO np::>'IHOCT:D t XIIIMHTJeCKYIO CTOHKOCT:D, Oim eep

THH B 6:HOJIOrKti6CKOM OTH::>WeHD, KX MOJIUIO no~epraT:& XHMHtr6CKOK 

H TepMHll6CROH CTepHaJIHS:3.I:tlm, MHOrOKpaTHOH pereHepa,rum [I-3]. 
3TH xaqeCTBa ~epHHX ~[bTpoB ~eJiaDT HX BeC:DMa nepcneRTHBBHMH 

" 
~ HCITOJID30BaHHSI B fimitt3BOH IIpOMl:llDJieHHOCTHt B TJaCTHOCTHt npH 

llpOKSBO~CTBe BHHt r~e Hl:lO,l.UIORpaTHO npHMeHSIJOTCH npo~eCCH rpy6oit 

H 'l'OBKOI OlUtCTRH. 

PaCCMOTpemm HeKOTOpHX. nepcneKTBBHNX HanpaBJiemdi: BOSMOJIHOrO 

npHMeHeHM ~epBH.X KWI:D~~pOB B BHHO~eJ.Um H ITOCB.fiU.leHa ,II;a.HHBJI pa6oTa, 

BmiOJIHeHHaa: COBMeCTHO COTpy;rum:Ita.MR 06':Le.ltiDieHHOrO EHCTHTyTa 

sutepHiiX HCCJie~o:aa.mm H I4o;ma:scxoa ~eAmeii Hayx Ha 6ase KpH

RoBcxoro BHHO~eJIDqecxoro OO':Le.ltiDieHRH COBX030B-3aBO~OB MCCP. 

O,IUia HS Tpy;IUiOCTeH~' C KOTOpoii IIpKXO~TCH 6opoT:DCH BHHO~eJiaM, 

COCTOHT B ITOMYTHemni B:Wlt OCOOeHHO 6eJIHX., BCJie~CTBD CJIOKH'HX 

OHO.:x:HMH'!eCRHX npo~eCCOBt· npoHCXO,ITJD.ltiDC B 6eJIK8X, ITOJIHCB.Xap~ 

H ~yrwc BHCOKOMOJieKyJ.Uip!WX coe.mmemtaX, B 3Hatn!TeJlD.HHx: KOJIH"qe

CTBBX CO~epzamHXCH B B:Wle. B 'C!aCTHOCTH, eCJIH He HCITOJIDSOBaT:D 

CITelij!8JIDHHX xm.mqecKHX )(OOaBOK, TO pas.MHOJteHHe ,Iij)OUeBHx: KJieTOK 

B OyTHJIO'C!HOM BHHe, KaK npaBiJJIO, y'Jle qepes H6CKOJIDKO Mec.sneB npH

BO~ R BHnaAeHHD OC~. H cymeCTB6HHO CHHEaeT TOBapBHe Ra'C!eCTBa 

BHHa. 



q .. ,., -

~ CTa6RHH3anHH Bim K IIOMYTHeHHD H OCBeTReHHD yxe llOMYTHeB

IIIHX BHH npHMeHJieTCSI BeCH\ta Tpy;u;oeMIGiii H ,ItOpOrOCTO.sllU4i KOMIIJieKC 

TeXHOJIOrlfCieCKOi o6pa60Tl:B, KOTOpaa:, O,ItHa.KO, He BCer,Ita ,ItaeT EeJLa

e.MHi pesyJ.IDTaT [ 4, 5J• 
Boo6nte rOBOPSit MOJtHO 6W!O 6H YCTpamtT:& BCe TpY.lUIOCTH, CBS

samme C IIOMyTHeiDieM BHE, eMH C llOMOliP)IO sutep.HbiX qlwi&TpOB, HMe
. 0 

mtKX nopbl c:! IOOA, BH,Item:T:& H3 BHHa 6eJIOK B ,Iij)yrHe BHCOKO.MOJieKy-

~BHe KOMnOHeHTH, BHSH!8mmHe fiO.MyTHeHHe H CJIYxam:He nBTaTeJI:&HOH 

cpe~ol ~ ,Iij)OEEeBHX KJie10K. 0.r.tH8KO, OCTaeTCH llOKa He COBCeM 

.R:CHJ:nf, HaCKOJ.IDKO cymecT:E.eHHO Ta.Ka.a: onepa.J::tWI CKaJJteTCSI Ha BKyco

BHX Kal!eCTBBX BHHa. oTO'! BOnpoc Tpe6 yeT ,ItOllOJIHHTeJ.IDHOrO HSyqeHWI. 

B HacTo~ee BpeM.a: npe.r.tCTaBJI.a:eTca oonee onpaB,ItaHHHM npHMeHe

HHe sutepHI:Dt ~TpoB Ha ~yx aTanax: 
;II 

Bo-nepBHX:, ,11..1UI 3a.M€Hii qi:wi:&TpOB, HCITOJI:&Sye.MHX ,ItJIJI OliHCTKH 

BHH B npo~ecce HX xpaaeHKH (oTel!eCTBeHHbiX ac6ecTo-KapTOHHbiX 

~TPOB :wm, HanpHMep, npoeHJie.MHX ceiiqac B KpHROBCKOM oCS~>e.IUl

HeHHH npOnHTaHHHX ,ItHaTONHTOM HMnOpTBHX ac6eCTo-KapTOHHHX ~T

poB q,HpMH "3eiiT~"); 

-Bo-BTop:wc, AJIJl .n;o.nroBpeMeHHoi cTaCSBJmsrunm, a B CJ.cyl!ae 

HeOOXO,ItHMOCTH H ,11..1UI llOJIHOi! 6HOJIOrlfCieCKOi CTepHnHSauHH BHH npH 

pasmme me B CSyrrwmH. 

ITOCKOJ.IDKY eMKOCTH, B KOTOpHX: XpaHJITCH BHHOMaTepHB.1.W, YJJ.e 

ca.MH no ce6e HMeiOT ,ItpoueBoe sapaJJteHHe, nOJIHoro OT.r.teJieHWI .I{POX

xeBNX KJieTOK Ha nepBOM HS YR838HHNX BHme STaiTOB He Tpe6yeTCSit 

,ItOCTaToqao ~ CHHEeHHR HX l!HCJia, npHT~eM pesKoro, l!TO ll03BOHHT 

YJIY'tlllmT:& YCJIOBKH H yBeJmr{HT:D cpoKH xpaaeHWI BHHo.MaTepHaJia. Pas

Mepu ,I{POU6BHX KJieTOR H .MOJIOT!HHX 6a.KTepd, BHSlmaKJIU{X .MOJioqao

KHCJIOe 6poxteHHe, He 6HBaeT MeHDme 0,5 .MK, IIOSTOMY ,11..1UI IDwz:&Tp~ 
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BIIOJIHe ,140CTaTOlllibt ~epHHu <PM:&TpH c ,ItHaMerrspoM nop 

0,4- 0~5 ~). 
~ ~O~OBpeMeHHOH eTa6RHHS~ BHHa Tpe6yeTCS IIQnHOe 

oqmqemte ero OT ,IIl)ODeBH:C KJieTOK. lfcnon:&SOBa.HHe SI,I4ep:amc <PW!:&TPOB 

C pasMepOM IIOp 1)~ 0.2 J4K IIOSBQnSeT QqHCTHT:& BRHO He Ton:&KO OT 

~zxei, HO H OT BCeX 6~ITep:d:. 

JIJrsr. ouemm BOSMOJKHOiJTeii npHMeHemm SI,I4epmn c,pwr:&rrpoB M.fi 

QqKCTKH BHHOnpO~TOB B :Ipon;ecce HX xpaHeHHH HaMH HCITanDSOBanHC:& 

IIJieHim C ,ItH:aMeTpoM nop ''D ~ 0,4 Mit H IIOJ>HCTOCT:&TO p = 6%. llOJIHaSI 

nnom~ pa6oqei IIOBepXHO~TH ~Tpa COCT~a 30,0 C~. B Ka

qeCTBe Bep.xHeii H HHZHeH ITO~OEeK RCIIO~SOB~HC:& MeT~ecKHe 

~aCTRHKH C qacTOi ce~ol ~eTpOBHX OTBepCTHA. ~ yBe~nqe

Im.R: nponyCKHOH CITOC06HOCTH MeJK,Dy 3TRMI! IIJiaCTmmaMl! H ~'l'pYJJQel 

IL7!eiUtoii rrpOKJIBJ4lffiaJiaC:& RaiipOHOBrut CeTKa [ 2,31. 
" 

,lJ.o nponyCKaHII.Lf! CKBOS:& ~Tp KOHTpon:&HHe BmiOMaTep~) 
noc~e n;eHTP~YrHPOBaHRa co~epmanH B none speHHH MHKpocKona 

40-50 KPYIIliHX .14J?ODeBHX HJ.Ie'l'oK (He ctm:Trut 6onee Me.1IIUDC ,Iij>ODe

BHX KJieTOK), I:tpHCTaJ.IJ.IH E:WWOrO K8.MHSI lii 60JI:&moe KOJmqeCTBO MeJIKlDC 

BKJIIO"{emfii (qaCTH pas~~:BillHXC.fi RJieTOK, II1:l.7IRHIW H T.~.) • 

JE) llo-BH.IJ;HMOMy, MOXHO 6l;IteT HCIIO~:&SOBaT:& qMJI:&Tpll C 6o~ee Itpyn

HHMH nopa.ME:, IIOCK0.1IDKY ,r;poueBbte KJieTKH HMeiOT pasMepbt pI MK. 

O~aKO, B HaCTO.Fimee BpeA~ TeXR~OrH.FI RSrOTO~eHH.FI 3THX ~TpoB 

BpeMeHHO TaKOBa, qTQ BO!::M02ltlm nepeK:pbt'l'HJI HeKOTOporo tniMa <PHJ.Il)Tpy• 

Ill.IUDC KaHaJioB, npno.wmuw K a~KTHBHOMY YBeJnNemm ~TPYuqBX 

OTBepC'l'D [3,6]. lJJur T0l 10t 't!T06bt CBeCTH K MmmMYMY BJI:wnm:e aToro 

a@leRTa~ Mht HCIIO~:&SOBaJIUC ~TpH C JtHSMe'l'pOM nop 0~,4 MK~ 

HanoMHHM, qTQ nopHGTOCT:&IO .fO,l;epHOrO WM:&Tpa Has:biBaeTCS 

cyMNapHa.a: IIJIOIItBJU, Q}wl:&~~PY100UIX OTBepCT:d: Ha I cAiZ IIOBepxHOCTR 

~Tpa: P = 1/fj(JJ /4 , r;:te AI - tmMO rrop aa I c,? • 

• iS) <JmJI:&TpOB~OC:& 6e~03 BmlO MapKH "J.1nHO" • 
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AliaJ.IOrHtnme npOCiH, BSHTHe llOCJie nponyCKaHWl BHHOMaTeplffiJia. 

CKBOSn ac6ecTo-KapTOHHHH nponHTaHHHH ~TOMHTOM WHJIDTP ~HPMH 

"Sebn", co.n;ePJKSJ!H B nOJI e spemm: MRKpocKona oT I ll.O 4 MeJIKHX 

n ope~ ~oxzeBHX RJieToK, HHor.n;a nonalJ,aJlRcn KpynHHe ~oEEeBae 

RJieTKH, a TaKEe C~eCR .MepTBHe H qacT~O y~e paSJIOEHBWHeCH 

.n;poueBae KJieTKH, 6WIH Bftf,IUW MeJIKHe, a mmr.n;a .n;oBOJil)HO :rq>yiUnie 

KpHCT8JIJ1Ii BHHHOrO K8MHSi Jii 60JIDIIIOe q1fCJIO MeJliWX BRJlJOqelntii. 

B OTOCipaHHHX H npOCMOTpeHBHX ~0 TeM ze npaBKHaM npo6ax BRHo

MaTepHaJia noCJie ~epHoro ~Tpa He o6Hapy~eHo EHBHX ~eBHX 

RJieTOK, Ciwm saMeqemt CJimmmec.a: MepTBH6 .Iij)OD6BH6 RJieTKH, OCKOJI

IOI BHHHOrO KaMIUI R Otrem MeJIKHe BKJiroqeHH.a: BHSya.m>HO B SHatmTen

HO MeHDmeM KO~eCTBe, ~eM noCJie ~RHDTPOB "3eiTn"• 

11pH BXO,ItHOM ~eimH f
1 

= I aTM. H BHXO.n;HOM .n;a.BJieHD 

'f2.. = 0,8-0, 7 aTM. (peDM OTRaRIGl) CKOpOCT:& <PunTPatnm trepes 

SI.n;eplmi (j)HJlbTp yxasamw::x BHIIIe pasMepOB COCT8DJIJJJia OKOJIO JmTpa/ 

MKHYTY• 

CneiJ,HBJlbHO CTeneHD sa6HBrum.a: ~:wu,Tpa He HSM6pHJ.IaC:&, O,IUia.KO 

noCJie npox~emm OKOJIO 100 c.u3 4?RHDTIJY6MOH JtH,7.UtOCTH B pactreTe 

Ha I CM2 UOBepxHOCTR ~»Tpa ero nponycKHaa CUOCOCiHOCT:& 3aM6THO 

He HSM6Wt1IaCn. 

EoJiee .n;eTaJibHO 6WIC HsyqeHO ~TpOBaHH6 BKHOMaTep~a 

trepes ~ep:w:di cl>WI:&Tp c ,I;Ha.MeTpoM nop 0,15 .MK. Ha pHc.I noRa.SaHO 

HsMeHe.HHe nponycKHoi cnc,co6HocTH Trutoro qMJI:&Tpa ( ero sac>namte) 

B saaRCRMOCTR oT BpeMeHi: ~Tp~~ B KaqecTBe WHJI:&Tpo.n;epzaTeJI.a: 

HCUOJl:b80BaHC8 ~~Tpo,I1;6J&aTexD C UHO~D pa6oqel fiOBepxHOCTH 

~Tpa 3,8 cr.}, np&erumiiiJ4iica paaee ,lJ,.1IJt ~Tpa:wm rasoB [ 2,3 J• 
~:&TpyTCJqaJI nJieHKa no.MentaJiaC:& MeJt.DY ,IJ;BYMf! KaiipOHOBHMH C6TK8Am. 

KaK BH,I(Ho, nponycruca.a: cnoco6HocT:& <».wn;TPa pesKo na.n;aeT sa 

nepBHe 3()-4() MKHYT R B ,r;a;u,HemneM yMeH:&maeTCSl ,Il;OBOJlbHO Me,IJ,7leHHo. 
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B rrpo6ax ~~TpOBaiDioro BHHa rroc~e neHTPHWYrMpOBaHRH, OT06-

Pa.Hl:IliX TeM lite crroco6oM, 'ITO :vr B rrpe~ c~y't!aax, He 6HJio o6-

HapyXteno MepTBliX wm mmux .zwoueBHX: KJieToK; B no~e apelmJl Mmtpo

CKona npocMaTpHB~OCb oT 0 ~o 6 o't!ellb Me~KHX, na rrpe~e~e paape

meHIDI mntpoOXOna, BKJIID't!elntii*), HHOr~ ITOIT3J];8JUICb RYCO'UtH BWIHOro 

lloo~e ~TPauHH CK303b ~epHHe ~HHbTpR BHHO npH06peT~O 

KpHCTaJI.7mtiecrufii 6JieCK 6ea HapymeHHSI KaKMX-~H60 BKYCOBHX KatieCTB. 

Co~ePJK8,IDre KOJIJIOM.IUIHX BeiqeCTB, B TOM tmc~e H 6eJIKa, B BRAe ITOOJle 

H,II;epBIDC ([>WibTpOB OCTaeTC;i Ha TOM lite ypo:SBe :. tiTO H noo~e ero 

WW!bTpa.u;Im c rroMOII.U>ID <J>:wr:;,TpoB "3eiTn", oooTBeTCTBeHHo I600 H 

I580 Mr/JIHTp. 

C noMomPro ~epHoro tpWibTpa 6HJI O't!KmeH TaKEe o6paaeu BHHo

.MaTepn~oB (noo~e nponeo·)a oKJI~HBrum.e:) TaKoii aarpH3HeHHOCTH, 

Ka.Ky10 rrpH HOnOJil)30BaJUIH .l06eCT0-ItapTOHHliX <J>HHbTpOB He y;n;aeTO.S: 

ycTpaHHTb ~aJtte rrYTeM Tpe:~e-'t!eTiipeXJtP8.THoro ~~Ba.HH.S:. 8To 

YKa3HBaeT Ha B03MOEHOCTb HCnOJib30BaHHH H,IJ;epHHX ~HJihTPOB ~ 

Y'CKOpeimJI TeXHOJIOrHtieCKOtl o6pa60TKH BHHOMaTepHaJIOB Ha CT~ 

oKJieii:KH. 

TipoBe~eHHHe OnHTR noKaaRBaiDT 6~ee BRCOKY10 <J>RnbTpy~10 H 

nponyCKHYIO cnooo6HOOTH .a:n;epHliX q>li.7IDTpOB no CpaBHeHHro C HCIIOJID-

3YmmnMC.S: B HacToamee Bpe~ ac6ecTo-rtapTOHlThDI.K ~hTpaMR H nep

oneKTHBHOCTh ~aJihHeiiruEx pa6oT no saMeHe nooJie~ saatiRTeJIDHO 

60Jiee a~eKTHBHHMH (H 6onee ~emeBHMH npM MX MaCOOBOM npOHSBO~

CTBe) JI.ItepJmMH ~Tp&m • 

ft) BoJn:,ma.e: tiaCTb 3Tl1X BKJIIDtiemdi~ no-BHJ:U~MOMy, npe~CTa.BJI.mOT C06oi 

'tlaCTH pasJIO~HXCa KJieTOKj BMeCTe C TeM He HCKJiroqeno, ~0 tiaCTb 

aTmt BMIOtiemm sanecena c noBepxnocTH caMoro WMhTpa; nooKonKy 

3a.:BO~CKaJI TeXHOJIOr:wi HSrOTOBJieHHB: HCnOJIDSyeMOH Ha.MR JiaBCaHOBOH 

nJieHKH ~onycKaeT HeKoTopue aarpH3HelmJ1 ee noBepxHOCTH. 
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MH 6naro~pHH renepan»HOMY ~eKTopy· KpKKoBCKoro BRHo

~enDqecKoro oo~e~eHKS M.~.3opHKa, ero saMeCTHTe~ro no npoMHW

~eHHOCTH B.IT.Tonany H rnaBHOMY MHEeHepy aToro oo~e~eHHH 

H.H.AJmeBy, a Tarate SaBe,Ityl<Jile.My npOMSBO)tCTBOM R SaBe,JU7IOineii 

~a6opaTopHei ~.H.Ko~6oBcKoMy· H K.r.ArpaHoBHq sa no.MomP, 

OOCy~eHRH H neHHHe COBeTH. 
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IJOTiffi\Ckl K PklCYHKAM 

PRe. I. BLlxo,IJ; OT<Jfotn:&TpoBaHHoro BDO.MaTepHaJia B pacqeTe Ha 

e,Il;lmm:r,,y BpeMeiUI .• 
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