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8 1959 rOilY o6uapy>KeHO, 'ITO OCKOnKR aeneHHR Rllep npoR3BOilRT B CniOile/1/ R TOHKRX 
. /2/ 

Dn9HK8X U0
2 

HapyweHHR CTpyi<Typb1 0 BHilHMble B anei<TpoHHblll MHKpOCKOD. 3TH HapyWeHHH 

CTpyKTypbl HMeiOT <jlopMy TeMHbiX TpeKOB B cnyqae CnlOilbl H nyCTOTenbiX KBHHnOB B cnyqae U0 2 

wnpHJJOll • 100.A u anuuoA nopRilKa uecKonbKHX MHKpou. 06paaoaauRe TaKui< cneaoa B TBep

llbiX .cpeLtax o6ycnoaneuo 6on·bWHMH yJlenhHhiMH noTepBMH aaeprua ocxonKoB oT .neneHHR snep. 

Cne.nyeT OTM9THTb1 'ITO DH.aHMLI9 B aneKTpoHHbiD: MHKpocKOU TpeKH OCKOnKOB .QBDBHHH BMeJOT 

.anuuy, M9HbWYIO "19M npo6erH OCKOnKOB B 3THX cpeLJ.aX. J ]opor perHCTp8UUH OCKODKOB .nene-

1000 Uo /3/ 
HHR COCT811 DSI9T .. aneKTpOHOBOnbT Ha aurcTpeM LIDSI 2 • 

L!aCTHUbl,, HMBJOlllHB y.aenbHbl9 fiOTepu aueprHH M9HbUJe 3TOR aenK ... HHbJ, ue MoryT 6N.Tb 

aaperHCTpHpOB8HhJ C fiOMOlUbiO L18HHOrO MBTO.l18. 3TO 06CTOSITBnbCTBO ll03BonBBT 11poH3BOllHTb 

pernCTp8UHIO. OCKOnKOB llBDBHHSI "st.aep B ycnOBHJIX O'IBHb 6onbUloro ·cj>oua y -ny'leii, HBATpOHOB, 

npoTOHOB 1 a, {3 -1.JOCTHU. 

npaB.QIOKOM H ronBHOBbJM/ 4 •51 
6binH npoae,neHb1 6onee no,npo6Hble HCCB9ll0B8.HHSI Mexa

HH3M8'Bo3neACTBHSI OCKOnKOB ll~neHHB H8 TOHKH9·DDeHKH MeTannOB, H3rOTOBneHHble DO UeTOny 

xa.noTHoro pacnblneuuSJ. Enaro.naps 3TOMY, 6blnn naMepeHbt .llHSMeTpbl xauanos ua paa.Hhlx 

yt~acTxax TpaexTopna ocxonxoa a paann'IHhJX cpenax, a Tax>Ke y.nanocb .llHCKpHMHHHponaTb TH

>KenblA u nerxua ocxonxu. 

Ba>KHbJM peaynbTSTOM, nony'lfeHHbtM aaTopaMa
14

•
51

, HBH1!0Cb ycTauosneane cJ>aKTa o6pa

aoaauus nycTOTenblX KSHanOB B 8MOp~HblX H KpHCTannnqeCKHX CBOSIX C nHaMeTpOM 3epea NeHb

We 50 K. ABTOpbl OTM9"'18JOT, qTo Taxue ~ xauanbl ue' ua6nJO.aanHCh B cnosx MeTannoB c paaMe

paMH KpHCTannOB CBbiWe 100 ~ • 

I-1T8K, 6LinO DOK83llHO, qTo B03MO)KH8 uenocpellCTBeHHSSI perHCTpanH.R OCKOBKOB lle.JieHHB 

s.nep no uapyweHHHM CTPYKTYPhl, npOH3BO.llHMbiM B· TOHKHX uneuatax. O.anaKO TPYLlOOMKOCTb npo

CMOTpa no nnowa.nu ua sneKTpoHHOM MHttpoc'xone, a TSKJKe aeo6xo.auMOC:Tb npuMeueuuSI TOu-

xux cnoea BewecTBa orpaHH'IHBaJOT B03NO)KHOCTH nauuoA MeTO.auxu .anSJ SJLlepaux accne.aoaa

nnA. 

npaac H YoKep
16

•
7

' B 1962 roay npeano>KRnR ycRnHB8Tb Tpei<H, o6pa30B8HHble OCI<OJIJ<S

NH .aeneBHH B CnJJ.ae. C DOMOlllbiO TpaoneHB.R B, paCTBOp4X nnaBHKOBOA KHCn0TLI. 

BnarOLlSPSJ TSKOA npoue.aype, HN y.aanocb .no6aTLCH ysenutteun.H .naaNeTpoB cne.ttou oc

KOBKOB .neneuag no MHKpoua npu .nnune LlO ns:JTH MHKpoH. Taxne cnellbl MO>KBO ner&o aa6n.:r 

.naTb B 06LI'IHHA: ODTB"'lecKHii M:H&pocx.on. • 

C031l8HH8H npaAcoM H YoKepoM MeTOilHI<8 O'J"nH'J8eTCR 60Jiblli0A npocTOTOA B llOCTYDHo

CTbiO, He'IJBCTBHTenblla K <jloHJ nerJCHX 38pR>KeHHLIX 'IBCTRU/
7
/. 0l1H8JCO RpBMeHeHBO Upilpoll

HOI cnJO.OLI B aaqecrne .neTeKTopa orpauaqeuo ee co6cTBeHHbiM tPoaoM, o6ycnoBJJ&HH.LIM cnou

T&HHLIM neneuueu ypMa aa reonoraqecKue npoMemyTK.a opeueua. 3TOT lfJou o6b11UIO panuae-r

CR • 100 cneaoa cM
2 

H ae 6b1Bae..- aame 10 cnellOB ua c .. 
2• 

UenbJO uacTOHlUBX ODHTOB 6Lino pac~up&Tb o6nacTb npaMeHeBHSI &TOA weTn.aaxa sa 

3 



8MOp¢HbiB Cpe.Q.bl, CO.llep>K8IUH9 Si0 2 , TBICHB 1 K8K CTeKna, cf:>apcfJOpb1 1 Kep8MHKK• MKHepanw. 

0CKOIIKK .neneHHH npoH3BO.QHT B TBKHX cpenax paapyweuu:e XHMH'l9CKKX CBH3BA: H o6paaOB8.HHB 

K8.H81IOB BllOIIb Tp8.9KTOpuJl. 

06nytteHHoie ocxonKaMu: .aeneHHH ?Mopclmwe cpenhl no.aaepranHCb TpaaneuHJO B pacTaopax 

OII8.BHKOBOJ1 KHCIIOTbl. 

B peaynbTaTe Taxoro TpaaneuHH ua noaepxHOCTHX acex HCnbiTBHHhlx o6paauos nogsngnu:cb 

yrnyfineHHSI KOHH'l9CKOA cpopMhJ C 'l9TKO BblpB.>KeHHblMH aepWHHSMHi HX rny6HH8 .llOCTHrana 

4-6. MK. 

Ha pu:c. 1 nao5pa>KeHhJ KOHH'Iecxue yrny6nenu:s, o6paaoaauable aa o6nyqeauoa ocxonKaMH 

fiOBepXHOCTH 06hP.IHOrO CT9KII8 llpH TpB.BIIBHHH B 5-npOUBHTHOM paCTBOpe lliiBBHKOBOA: KHCIIOTbl B 

TeqeHHe 10 MHH npH TeMnepaType !8°C. 

Kouu:tteCKHe yrny6neHHH BbiTHHYTOA cPopMbl .cooTBeTCTByJOT MBIIbiM yrnaM norpy)f{eHHH oc

xonxoa a cpe.rxe. Bonee TeMHbie xpyrnwe yrny6neHHH cooTBeTCTByiOT yrnaM norpy>Keuu:sr, 6naa

KHM K 90°. 

npu: OpO.llOII)f{BHHH Tp8BII9HHH KOHH"'9CKHB yrny6neHIUl nepeXO,QSIT B "19tt9BHUB06pa3Hbi9, 8. HX 

.D.HBMBTp B03pBCT89T .QO ,QBCSITKOB MHKpOH. nocKO{IbKf CT9KIIO HMBeT BMOPci:>HfiO CTPYKTYPY 1 O.O.HO""" 

apeMeHHO c o6paaoaauHeM KOHHttecxu:x yrny6neHH~ H.aeT npouecc Tpaaneau:sr aceil noaepxuocTH 

CTBKIIB. 

Ha PHC. 2 H306pa>Keua aaBHCHMOCTb npouecca TpasneHHSI ,lln<l <PoTOCTeKna ( rOCT 683-52) 

OT. apeMeHH H KOHUBHTPBUHK fiiiB~HKOBOit KHCIIOThi DpK T9Mll9p8Type 't9°C. 

3H8LJ:KOM f/ 0603H8LJ:9Hhl KpHBbiB B03p8CT8HHSI ,QH8M9TpOB KOHHtteCKHX yrny6neHHif, 3Haq

KOM tJ. - KpliBhiB H3MBH9HHSI TOIIlUHHbJ CII09B 1 ycTp8HSIBMbJX C noaepXHOCTH npu: Tp8.BIIBHHH. 

Yfa 3THX KpHBbiX BH.O.H0 1 ttt:O CKOpOCTH fB9JlH"'9HRSI ,QHB.MBTpOB yrny6neHHl1 H CKOpOCTH Tpas

neHHSI noaepxaocTeil npHMepuo coana.aa10T. 

HaH60nee 6narorrpHSITHbiM B OTHOW9HHH cl:JopMbl KOHHLJ:eCKHX yrny6neuu:l1 H Bp9M9HH 06pa6oT

KH SJB;ISJBTCH p9JKHM o6pa6oTKH B 2,5-npOU9HTHOJ1 OIIBBHKOBOA KHCJlOTe. 

PaaMepbi KOHH"'ecKHX yrny6neau:H: npu: 9TOil xoaueuTpauu:u: .anH y.ao6cTaa aa6niO.O.eHHH cne

.oyeT .llOBO.llHTb .llO 7-8 MKo 

· AuanorHttHasr KBpTHHa aa6niO.o.aeTCst ua xaapueaoM cTeKne, ¢ap¢ope. E.a.uHCTBeHHhiM ycno-:

aHeM .anSI perHCTp8UHH OCKOJlKOB OT ,oeneHHSI sr,oep C llOMOlUbiO 8.MOpQluoll cpe,nbl HBJlSIBTCSI HBIIH

que rna.O.KOH noaepXHOCTH (c uepOBHOCTSIMH OOpSIAK8 ,QOIIelt MHKpoaa) 6ea OOCTOpOHHHX BKJliQqe

HHii:, UH8';19 TpaaneHHe npHBQ.O,HT K o6paaOB8HHIO CTpyKTyp, M9W8101UHX H8.61II0.0BHHIO KOHHLJ:BCKHX 

yrny6neHHii. nanyqeHHbl9 llpH TpBBJleH~H 8MOp¢HhiX Cpe.n KOHH"'9CKH9 yrny6neHHH y.no6HO .Ha6mo

Ll.8Tb C llOMOUlbiO 06WLJ:HhiX 6HOJ10rHqeCKHX HJlH M9T81IIIOrpa¢HtteCKHX MHKpo'CKOflOB ( uanpHMep, 

MEH-3 HnH MHM-7). 

Bnaro.a.apst 6oJlbWHM pa3MepaM aTHX yrny6neuu:a, · npn npocMoTpe no nnoma.o.H MO)KHO 

HCfi01Ib30B8Tb yaenu:qetiu:st 100-200X, liTO B HBCKOJlbKO paa fCKOpH:eT OOHCKH BKTOB CDOHTBHHOrO 

.o.eneHHH sr.o.ep no cpaaueuu:I6 c srll.epHbiMH ¢oTos-MynbCHSIMH. 

Jlng uerioro pst.aa 38,Q8lJ: 1 H8llpHM9p flOHCKOB 0'19Hb pe.aKHX C06biTidt, HB06XO.O.HMO HM9Tb 

4 

I 
n( :1 
I. 

' 

! :'1' I i 
I 

npe.acTaaneau:e o co6cTBeHHOM ¢oae MeTana. C STOlt uenhiO HBMH 6bin npe.anpu:HHT npocMoTp 

10
3 

cM
2 

noaepxHOCTH CTexna, o5pa6oTauaoro yxaaaHHblM Bhtwe cnoco5oM. Ha 3TOA nnoma.aH 

He 6wno o6aapymeuo cnenoa, o6paaoaaHHLIX ocxonKaMH aT .aeneau:sr sr.o.ep. 

Peru:cTpBUHID BKTOB cnoHTBHHor~ .a.eneau:H aeo6xo.ou:Mo npou:aao.o.RTb a ycnOBHHX cf:Joaa Ten

nOBhiX u: 6hiCTPhiX aeATpoaoa. C 3TOA uenbJo Mhi npou:aaenu: o6nyqeuu:e .o.ayx o5paauoa no 10 cM
2 

OOTOKOM T9JJIIOBbiX H 6hiCTpbiX HBATpOHOB COOTB8TCTBBHHO 10
9 

H 10
10 

HeATp./cM
2• Ha STHX 

o6p83U8X T8K)K8 HB 6biiiO H8A:,aeHO CII9.0.0B OT OCKOnKOB .o,eneHHH1 LJ:TO COOTB9TCTByeT CO.O.Bp)Ka-
. 3 

HHIO ypaaa MeHee 0,5 MHKpOrp8MM8. H8 ~ CM CT9KJ18. 

Taxu:M o6paaoM, .o.auaast MeTo.QHKa o6na.aaeT oLJ:eHb ManhiM ¢oaoM. HaMH accne.o.oaanocb 

TBKme anHRHHe aarpeaaau:s CTeKna ua cnoco6uocTb cneaoa OT ocxonKoB .aeneHHR K npoganeau:ro 

npH Tp8BIIBHHH. CTeKIISlHHBSI flll8CTHHK8 1 o6nyLJ:eHH8Sl OCKOIIK8MH ll9J19HHSI U :US paape38.Jl8Cb HB 

' lf:BCTH 1 KOTOphle no.naepranHCh aarpeay pa3nH'IHott npo.llOII)KHTeiibHOCTH. OnHa qaCTb ocTaansrnacb 

B K8li9CTBB 'KOHTpOIIbHOrO npenap8T8 DpH KOMH8THOti TeMnepaType. nonylleHHbl9 peaynhT8Tbl npH

ae.QeHbJ a Ta6nuue N2 I. 

3TH Ll8.HHbi9 fiOK83biB810T 1 'ITO DpHM9HS19MbiJ:i H8MH COpT CTeKJ18 MO:meT fibiTb HCfiO.ilb30B8H 

,QIISI perHCTp8UHH OCKOIIKOB ,lleneHHH npH TBMnepaType .00 200° t5e3 CflUBCTB9HHOrO fXf,llW9HHSI 

s-¢¢eKTHBHOCTH perHCTp8UHH H p831IHIIHMOCTH CIIB.llOB. npH 6onee BbiCOKHX TeMnepaTypax perH

CTp8UHSI CT8HOBHTCSI ManoacfJQ:leKTHBHOli 1 a H3MepeHHe ManhlX aQJ¢eKTOB - M8JlOHa.QeJKHbiM. B 3TOM 

cnyqae yrny6neuu:st, nonyqaeMbJe npu: Tpaaneau:u:, no aenHliH.He H cf:>opMe Mano oTnHLJ:BIOTCsr OT 

CTpyKTypHbiX o5pa30B8HHil HB noaepXHOCTH TpaaneHHOrO CT9KII8 H OT ¢opMbi lJ:BCTHU aarpS13H9HHii:. 

n.nst H3yqeHH~ BIIHHHHH OKpJ>KBIOIUBJ:i Cp9.llbl H8 K8H8.1IhJ OT OCKOnKOB .0.91I9HHSI o6nyqeHH09 

CT9KIIO .0.0 Tpa~II9_!JHSI C0Xp8HSJnOCb npH K'?~H8THOJ:i TeMnepaType H OTHOCHTBIIbHOA BII ~>KHOCTH 

= 70% 3,5 Mecgua. 3aTeM CTeKno o6pa5aThiBanocb a 2,5-rrpoueHTHOM HF DpH 20°C 23 MHHy-

Tbi H npocMaTpu:aanocb no.n MHKpOCKOJJOM. HaMepeHHH noxaaanH, 'ITO aa .o.aaaoe apeMsr HHKa-

KHX H3MBHBHHfi K8K flO KOJ1HLJ:9CTBY 1 T8K H flO K8lJBCTBf JlyHOK He npOH30lUJlO. 

.llnH BC9B03MQ)KHbiX KOIIH'IeCTBBHHblX HaMepeHHll He06XO.llHMO .. 3H8Th. s-cf:>ciJeKTHBHOCTb peru:

CTpBU u:·ii aKTOB ..o.enem-s:H sr.rxep c noMOlUbiO .aaauoro MeTo.o.a. 3Ta a¢¢eKTHBHOCTh 6bma onpe.,ae

neaa C IIOMOI.UbiD H..O.BpHbiX cjJOT03MfllbCHit. K u:M:eaWBMYCSI B HBWeM paCIIOpSI>KeHHH TOHKOMy 

npenapaTy KIOpHSI IIOM9lU8.1IHCb HB onpe.neneHH09 apeMH cjJOTOJJII8CTHHKH H CT8KII8. • 3aT9M 1 ll0CII9 

COOTBBTCTBYIOlliBA o6pa60TKH 1 HB cl:JOT0fill8CTHHK8X H CTeKnaX npOH3BO.OHncSJ nO.O.C'IeT <tii{CJ18. 

CII8.0.0B OCKOIIKOB. 

Ha ¢oTonnacTHHKax 6biiiO aaperu:cTpifpoaaao aa 1 ttac 485 cne.aoa ocxonKoa • .ScfxPeKTHa

uocTb per~cTpauu:u: BKTOB .a.eneHH~ ¢oToaMynbCHHMH .anst .naaaoro npenapaTa paaHHnacb 

(50:!:,10)~ • Ha cTeKne aa To JKe apeMH 6bmo HaA.neuo 385. cneaoa, T.e. OKano 80% aT ttu:c-

na, aaperu:cTpu:poaaauoro c nOMOIUhro ¢oT03MfllbCHll. 

TaKHM o6paaoM, at:P4>eKTHBHOCTb perHCTpauu:u: .neneHRH st.a.ep c nOMOlUbiO .aaauoro MeTo.na 

.llOCTHraeT (40~10)% OT fiOJlHOrO lJHCna BKTOB CnOHT8HHOrO ,aeiiBHHH ,QIISI TOHKoro n~napaTa 

..aenHmerocs aemecTaa. 

HacToSIIUBH MeTo.aaKa · oTnu:qaeTcH HelJ:yacTBHTBJlbHOCTbJO K ¢oHy aapst>KeHHblx qaCTHU 

annOTb . .llO '18.CTHU C ynenbHbiMH fiOTepSIMH 2,5 Msa/MK .a.na cTexna. 
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OcHOBHhiM npenMymecTBOM MeTo.auxu perncTpauuu .o.eneHHSI sr.aep c noMOillbJO aMopcPuhlx 

cpe.a, co.a.epmawnx Si0 2 • no cpanueHnJO co cnJOLUIHhiMH .neTexTopaMn smnHeTcll npaxTnqecxn 

OOJl HOe • OTCyTCTBH9 <flo a a. 

Enaro.a.ap11 STOMY, .aauua11 MeTO.llHKa M01KeT 6b1Tb npnMeueua npu naMepeHHSIX nepuo.aoa 

nonypacna.na cnoHTBHHO .aensrwuxcSI H.aep, npu onpe.aeneuuu ceqeanA .o.enenus BLtep nerxnMH qac

THUBMH, .O.nfl H3M.CpeHHSI nOTOKOB TennOBbiX H 6J;dCTphlX HeATpOHOB H onpe.o.eneHHSI COLiepmBHHH 

MBnblX KOJ11I'I9CTD ypaHS H TOplUI B p83JlH'IHbiX BeWeCTBSX. 

rtpocMOTp CTeKJlSIHHhlX nnaCTHHOK H fiOHCKH KOHH'IeCKHX ·yrny6neHHA, HMeJOll.lHX p83M9pbl 

• 5-)0 MK, CyWeCTBeHHO nerqe1qeM fiOHCKH CJle.QOB OCKOJlKOB neneHHSI B CJJJO.ae
1

H MO>KeT npo

H350.0HTbCSI c 6onbwoA cxopoCThlO npu yaenuqeHuH 100-150 ua o6bt'IHbiX 6uonorH'iecxux MHKpo-

CKOnax. 

B 38Kmoqeuue aeTopbi BbipamaroT rny6oKyJO 6narollapuocTb 'lneuy-KoppecnoHlleHTy AH 

CCCP r.H.<l>nepoay 38 DOMOlUb, DOCTOSIHHOe BHHMBHHe K pa6oTe H noneauble COBeTbi. 

ABTOpbl 6naroll8PRT cTapwero na6opaHT8 T.YI.Pb168KOBy, nblnonHHBWYJO 3H8'1HTenbHyJO 

'IBCTb U3MepeHHH. 

PeJKHM TepMH'IecKoA 
o6pa6oTKH 

TeMne- n pOllofi>KH-
paTypa TenbHOCTb 

oc '18Cbl 

180° 0 

6 

0 

6 

350 0 

1 

3 

8 

650 0 

1 

3 

4 

Ta6nuna No1 

XapaKTep npoganeHHR cnenoa Pe>KHM TPaaneuaa 
TeMnepaTypa 20°C 

CpellHHil 
JlH8M9Tp 

yrny6ne-
HHJ! 

KonuqecTao 
Kouneu
Tpannn % 

7,0 l.{ncno cnelloB 365 

5,2 l.{ucno cnelloB 244; xopowo p83nR'IBM&J 2;5 

9,0 l.{ucno cnelloB 365 

7,0 

6,5 

5,2 

.. ,5 

6,0 

l.{ncno cnelloB 243 2,5 

Llucno cne.nos peaxo nanaeT, 5 
HeCMOTpSI HS 60nhWyiO npoLIOn}I{H
Ten~HoCTb TpaeneunSJ, Cnellbl Tpy llHo 

5 
paanH'IHMLie, nnocxne yrny6neHHB 

CoxpasaJOTCR oT.nenbHhie cne.o.hl, 
llHBMeTp yrny6neuull 1-1,5 11. , 

Do'ITH He p83fiH'IBMbl oT CTpyKTyp
HhlX lj>opM TpaBJJeHHOA noBepxHOCTH 
CTeKna 

6 

5 

BpeMn 
MHH. 

20 

25 

!0 

15 
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PyKonncb nocTynuna a uanaTenbCKHA oTnen 
8 HIOHII 1963 rOllS, 

Poe. 1. Yrny6neunn KOHH.'IecKoA <J>opMw, ol5pa3oeaHHble npu 
Tp8BJl9HHH·06nyqeHHOA OCKOJlK8MH neneHHSI CTeKnHH~ 

BOA noaepXHOCT~_B 5~npoue~THOA DJ18BRKOB0A KHCJlOTe 
B Te'leHHe (0 MHH npH (9 C, 
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15.).1. 

10 

5 

30 60 90 11UU 

Puc. 2. CKopocTH TpaeneHUR noaepxaocTeA ( ~ ) H yaenuqeHHR ~HaMeTpos cneaos OT OCKOnKOB 
.o.eneHHR ( p) B 38BHCHMOCTH OT KOHU9HTp8UHH nnaBHKOBOA: KHCnOTbl npu TeMnepaType J9°C. 


