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npH HCCneAOBaHHH aneMeHTapHbiX "!aCTHU MeTOAOM TOnCTOCnOHHbiX 51Aep

HbiX cpOT08MynbCHH npHXOAHTC51 Y"'HTbiBaTb pa3nH"'HOro pOAa HCKa)l{eHH51, B03-

HHKa!OlllHe B 8MynbCHOHHbiX Cn051X. 0AHOH H3 OCHOBHbiX pa3HOBHAHOCTeH HCKa

)l{eHHll 51Bn51eTC51 "06111a51" AHCTOpCH51 (HnH MaKpO,UHCTOpCH51), o6ycnosneHH851 

paBHOMepHbiM HnH .UHcpcpepeHUH8nbHbiM CABHrOM (AecpopMaUHeH) 3Ha"'HTenbHbiX 

y"laCTKOB aMynbCHH OT paGnH"!HhiX npH"'HH /1 ,2 /. B enH"'HHy MaKpOAHCTopcHii: 

npaKTH"leCKH yao6Ho oueHHBaTh no cTeneHH HCKpHsneHH51 KPYTbiX npHMOnHHeii:-

Hb!X cneAOB 3ap51)1{eHHbiX "laCTHU B 8MynhCHfl, . B351Tb!X B Ka"leCTBe TeCTOBbiX, 

paCCMaTpHBa51 H H3Mep5151 aneMeHTbl HX npoeKUHH B none 3peHH51 MHKpOCKOna. 

Yl3BeCTHhie CnOC06bi KOnH"leCTBeHHOH XapaKTepHCTHKH MaKpOAHCTOpCHH, OCHO

BaHHbie Ha 8TOM npHHUHne /3-6 /, He CB060AHbl OT cyweCTBeHHbiX HeAOCTaT

KOB: a) orpaHH"leHHe noneM 3peHH51 MHKpOCKOTI8 npoeKUHOHHOH anHHbl H3Me

p51eMbiX cneaos , 6) TpyaoeMKOCTb npoueayphi nony?eHHH HHcjlopMaUHH o pac-

npeaeneHHH HCKa)l{eHHH no nnowaAH. 

HaMH pa3pa6oTaH npOCTOH H OpHrHHanhHbiH cnoco6 Ka"leCTBeHHOH H KOnH"leCT

BeHHOH xapaKTepHCTHKH ypOBH51 MaKpOAHCTOpCHH no sceii nnoma.rm H3Mep51eMOH 

nnaCTHHKH, He. Tpe6y!Oll1Hll npHMeHeHH51 MHKpOCKOna. Cnoco6 TaK)I{e OCHOBaH H8 HC

nonb30BaHHH BCnOMOraTenbHOrO ( "TeCTOBOro") o6ny"!eHH51 8MynbCHOHHOrO Cn051 

ny"'KOM 3ap51)1{eHHbiX "l8CTHU B nepneH.UHKyn51pHOM HanpasneHHH K nnOCKOCTH 

cnoH. B o6weM cny"!ae o6ny"!eHHe MO)I{eT 6hiTh nposeaeHO noa nJ06biM yrnoM, 

ecnH yrnosoe pacxo)l{aeHHe ny"!Ka He3H8"'HTenbHO HnH xopomo H3BeCTHo. 

CTeneHb HCKpHsneHH51 cneaos "TecTosoro" o6ny"!eHH51, xapaKTepH3yiO

lll851 yposeHb aecpopMaUHH B aMynhCHH , ycTaHasnHsaeTC51 no H3MeHeHHIO yrna 

HaKnOHa (HCKpHBneHH!O) rpynnhi O.UHOpO,UHbiX Cneaos "TeCTa" B HCcneayeMOH 

30He cnoH. CneAhi scnoMoraTenhHoro o6ny"leHH51 o6pa3yJOT B cnoe csoeo6pa3-

HhiH p a c T p, Ha6nJOaaeMbiH no a¢¢eKTY oTpa)l{eHH51 Hesoopy)l{eHHhiM rna-

30M npH paccMaTpHBaHHH nnacTHHKH s napannenbHOM ny"!Ke cseTa noa onpe-
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aeneHHbiM y rnoM ( pH c .1 ) • H MeiOumecH noKallbHbie a e<llopMa UHH B 3 MY1lbCHOH

H OM C llOe llei'KO 06Hapy*HBaiOT CSI no Hapy weHHIO p e ryll5!pHOCTH paCTpa (no 

yrn y ), T . e . no n OSIBileHHIO 3~KTa OTp a * e HHSI C BeTa OT paCTpa npH p a 3-

H bl X yrnax nOBOpOTa nllaCTHHKH C nOCTOSIHHbiMH Y CIIOBHSIMH paCCMaTpHBaHHSl. 

w3~KT OTpa* eHHSI ' Ha61liOJ1ae T CSl Y*e npH nllOTHOCTH BCnOMOI'aTellbHOI'O o6-

ny'ie HHSl oKono 2-5.104 'iaC T HUI c M
2 

• T a Kasr nnoTHOCTb wTecTa "' He Mewa -

eT 06bi'iHbiM H3Me peHHSIM. 

3aBHCHMOCTb y rna BX0./18 C lle.llOB 'iaCTHU B CIIOA ( )' ) OT yrna llOBOpOT8 

nllaCTHHKH .110 llOSlBileHHSl " 3 ¢qleKTa OT pa*eHHSl"' ( {3) noKa3 8H8 Ha pHC.2. nnsr H3 -

MepeHHii HCIT01lb3yeTCSl npOCTOe y r llOMepHOe yCTpOii.CTBO ( p u c.3) ,n03B01ISlWee H3-

MepSlTb YI'Ilbl llOBOpOT a n naCTHHKH BO B3aHMHo-rrepneHJ1HKY1l5JPHbiX llOIIO*eHHSlX. 

flHM6 H3MepHTellbHOI'O ycTpOi!.CTBa MO*eT 6b!Tb rpaayHpOBaH Henocpe.llCTBeH

H O B 3Ha'ieHusrx yrna y • H3Mepsrsr yrnbi y .111151 B3aHMHo-neprreH.11HKY IIHP

HbiX nOIIO*eHHii rrllaCTHHKH (T.e., B CYWHOCTH, npOeKUHOHH ble yrnbi y H y ) , 
" y 

H OTMe'iaSl y'iaCTKH n11~CTHHKH, I'.lle B03HHKaeT w 3~KT OTpa*eHHSI" n pH pa3-

11H'iHblX llOBOpOTaX n118CTHHKH, MO*HO 6biCTpO no11y'iHTb KapTHHy pacnpeae-

lleHHSI Y,. H 'y
7 

no aceA nllOW8.11H n11aCTHHKH. 3~eKT, Ha61110.11aeM biA I) 

3THX Cnyqagx, MO*eT 6b!Tb C4lOTOI'pa4lHpOB8H 06bi'iHbiMH MeTOJ18MH (pHC.4). 

CymecTBYIOWaH 3aBHCHMOCTb Me*.llY y Y,. y ., Ys ( puc.5): 

tg y - · ...; tg 2 >' . + tg 2 >' " ., H tg y - tg y I tg y 
s " y 

MO*eT 6 b iTb Bbipa*eHa rpa<llH'IeCKHM cnoco6oM ( aanpHMep, puc.6) .111151 scex 

yrno s, 'IT O c ymecTBeHHO ynpomaeT pac'leTbi. 

~eT0./1 aaeT B03MO*HOCTb Ka'leCTBeHHOii OUeHKH ypOBH.H .11e4lopM8UHH 

0 L1 H 0 B p e M e H H 0 no BCeA n11aCTHHKe, T.K. 3~eKT OTP8*eHH51 B03-

HHK8eT H a BCeii nllOW8.11H C11051. 3TO IT03B01151eT HCIT01lb30B8Tb MeT0./1 B Ka

'leCTBe CBOeo6pa3HOA ae<lleKTOCKOilHH, aaeT B03MO*HOCTb 6bJCTpO Bbi.HBHTb 

y'laCTKH C 60ilbWHMH JlHCTOpCHSIMH, yqacTKH, CB060.11Hble OT HCKa*eHHii H T.n. 

AHa110I'H'iHa5! pa6oTa, BblrronHeHHa51 o6bJ'IHbiMH H3BeCTHblMH MeToaaMH, n oTpe-

6oaa11a 6bi MHOI'O BpeMeHH H Tpyaa /4/. 
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3Kcne pHMeHT bi, npoaeae HHbJe H a pa3 Hoo6pa3HblX 3 M y.r. 

11e H C y M e Hb We HHblM CO.Ilep*aHH e M I'8 1IOH.11HOI'O Cepe 6 pa) 

HOCTb HCn01lb3 0BaHH 51 'a~eKTa OTpa*eHHSl"' B MeTO.Ile OUE 

3 M Y 11bCHOHHblX C1105!X Bn110Tb .110 TOIIWHHbl 1200 MHKpOH. 

To'iHOCTb H3 MepeHH51 3 aBHCHT OT co61liO.IleHHSl cneay10u 

llOe HIIH H3BeCTHOe YI'IlOBOe paCXO*.IleHH e ny'!Ka ' TeCTOBbl : 

HOCTb MeXaHH3Ma o n peaeneHHSl yrna nOBOpOTa nllaCTHHKH, 

1IOBH51 Ha61liO.IleHHSl. 

KoHCTPYKUH51 yrnoMepHoro ycTpoAcTBa c H3MepuTe111: 

:\((eTpOM 150 MM, HCn01lb30BaHHaSl 8BTOpOMJ n03B01151eT H3Me 

y r110Bbie oTKiloHeHHSl ansr rpynn c11eaos .110 0,3-0,5 rpaaycc 

ayeT paBHOMepHoMy casury 3 MY11bCHH 1-1,5 MHKpoHa. Ec11H 

HSI51 BellH'iHHa BeKTOpa C.llBHI'a .111151 06bi'IHblX 3MY11bCHA C C 

MHKpOH /5/, TO O'ieBH.IlHO, 'ITO TO'iHOCTb H3MepeHHA OllHC8f. 

*eT 6b1Tb JlOCTaTO'iHO BbiCOKOA. 

~eTO.Il rrpaKTH'IeCKH CB06oaeH OT KaKHX-1lH60 OI'paHH'I 

HOA .llllHHe H3Mep.HeMbiX cneaos, aaecb npuroaHbl 11I06bie • 

TeCTOBbiX, c yrnoM norpy*eHH51 OT 0 .110 180 rpaaycos. B 

TO.Il OC06eHHO none3eH .111151 6biCTpOI'O H TO'IHOI'O H3MepeHHS: 

aeneHHA B ny'IK8X 3apSI*eHHblX '18CTHU Ha ll11aCTHHK8X C t.. 

~eT0./1 6blll TaK*e npOMO.Ile11HpOB8H H8 ll110CKHX ll11a• 

KOHHQ-OilTH'ieCKHX aeTa11eA /7/ C TOpUeBbiM pacno110*eHHeM 

pOM 4-5 MHKpOH) IIO.Il pa31lH'IHbiMH yr11aMH H ll0K83a11 COB! 

TaTbl. 

OrrHcaHHbiA Bblwe crroco6 onpeae11eHHSl ypoBHSI ae<llopMB 

HbiX C110HX MO*eT 6b!Tb 3~eKTHBHO HCil01lb30B8H B pa3111i 

3 KCIIepHMeHTaX, B TOM 'iHCile IIpH 0611y'leHH51X 3MY1lbCHH B 

( oco6eHHO .111151 rrepneHJ1HKY115!pHblX 0611y'leHHA), .111151 YI'110Bbl 

H3MepeHH51 HCKpHB11eHHA IIOBepXHOCTH 3MY1lbCHOHHbiX C110eE 

'leHHSI H T.II. 

A sTop no11b3yeTC51 rrpeacTaBHBweAc51 B03MO*HOCTbiO, "l 

pHTb C.Jtl. fli060MH110Ba 3a llOCTOHHHbiA HHTepec H BHHMaHH 

PYJ:tHHKOB 4loT03MY11bCHOHHoA 11a6opaTopuu OH.HH .3a noMOWb 
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3KCnepHMeHTbl, npOBeAeHHble Ha p83H006p83Hb!X 3MynbCH51X ( B TOM 'IHC

ne H c yMeHbWeHHhiM coaepll<aaeeM ranoeaaoro cepe6pa) noKaaane B03MOlK

HOCTb HCITOnb30B8HH51 N3~eKT8 OTp8ll<eHH51v B MeTOAe OUeHKH Ae¢QpM8UHA B 

3MYnbCHOHHbiX Cn051X BnnoTb AO TOnlllHHbl 1200 MHKpOH. 

To'IHOCTb H3MepeHH51 aaBHCHT OT co6moaeHH51 cneayiOIIlHX ycnoseA: a) Ma

noe HnH H3BeCTHOe yrnOBOe paCXOli<AeHHe ny'IKa •TeCTOBhlXv 'I8CTHU, 6) TO'I

HOCTb MeXaHH3M8 onpeaeneHH51 yrna ITOBOpOTa nnaCTHHKH, B) ITOCT051HHble yc

noBH51 aa6niOAeHH51. 

KoacTpyKUH51 yrnoMepaoro ycTpoAcTBa c H3MepeTenbHbiM nHM6oM aea

:\!eTpoM 150 MM, HCITOnb30B8HH851 8BTOpOMJ IT03BOn51eT H3Mep51Tb MHHHM8nbHble 

yrnOBhie OTKnOHeHH51 An51 rpynn cneAOB AO 0,3-0,5 rpaAyCOB, 'ITO COOTBeTCT

syeT paBHOMepHOMY CABHry 3MynbCHH 1-1,5 MHKpOHa. EcnH y'IeCTb, 'ITO CpeA

H5151 BenH'IHHa BeKTOpa CABHra An51 06hi'IHb!X 3MynbCHA COCTaBnSieT AeC51TKH 

MHKpOH /5/, TO O'IeBHAHO, 'ITO TO"'HOCTb H3MepeHHA OITHC8HHbiM MeTOAOM MQ

ll<eT 6hiTb AOCT8TO'IHO BbiCOKOA. 

MeTOA npaKTH"'eCKH cso6oaea oT KaKHX-ne6o orpaHH'IeHHA B rrpoeKUHOH

aoA aneae H3Mep51eMbiX cneaos, aaecb npHrOAHhl ni06&Ie cnea&I B Ka'leCTBe 

TeCTOBblX, C yrnoM norpyll<eHH51 OT 0 AO 180 rpaAyCOB. B CB513H C 3THM Me

TOA oco6eaao noneaea anSI 6biCTporo H TO"'Horo H3MepeHHSI yrnoshiX pacrrpe

aeneaHA B ny'IK8X 38pSill<eHHblX 'I8CTHU H8 nnacTHHK8X C ManoA AHCTOpceeA. 

MeToA 6&m TBKll<e npoMoaeneposaH Ha nnocKHX nnacTHHKax ea sono

KOHHo-onTH"'eCKHX AeTaneA /7/ C TOpUeBhlM pacnonoll<eHHeM BOnOKOH (AH8MeT

pOM 4-5 MHKpOH) ITOA pa3nH"'HhlMH yrnaMH H UOK838n COBITSA810IIlHe pe3ynb-

T8Tbl. 

OnHcaHH&IA BbiWe cnoco6 onpeaeneHHH ypoBHH ae<j>opMaueA B aMynbcHoH

HhiX Cn051X MOll<eT 6biTb a<!><l>eKTHBHO HCITOnb30B8H B pa3nH'IHbiX <j>H3H'IeCKHX 

3KCnepHMeHT8X, B TOM "'HCne npH o6ny'IeHH51X 3MynbCHH B MarHHTHbiX non51X 

( oco6eHHO An 51 nepneHAHKynHpHbiX o6ny'leHHA), An 51 yrnOBbiX H3MepeHHA, An51 

H3MepeHH51 HCKpHBneHHA ITOBepXHOCTH 3MYnbCHOHHblX cnoeB BO BpeM51 o6ny-

'leHH51 H T.n. 

A sTop nonbayeTCH npeacTaBHBweAcH B03MOlKHOCTbiO, 'IT06bi no6naroaa

pHTb C.l1.ni060MHnOB8 38 nOCT051HHbiA HHTepeC H BHHMBHHe K pa6oTe, COT

PYAHHKOB ¢oT03MYnbceoaaoA na6opaTopHH Ol1Hl1 ,aa noMolllb B pa6oTe, l1.Xa-

5 



I 
y3ep (Y! HCTHTyT ~H3HKH Bb!C OKHX 3HeprHii, r DP) 38 ITOJI83Hb!e o6cy)I{.Q8HH51, 

~.H.E8pCKoro, D.K.C8TT8pOB8 (0ITTH~8CKHH HHCTHTy T) 38 rrpe.QOCT8Bil8HHe 

o6p83UOB BOJlOKOHHO-OITTH~eCKHX 3118M8 HTOB. 
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Pac.l. CxeMa H3MepeHHl! yrna y MeTOAOM oTpa)l(e HHH caeTa oT pacTpa. 

a - nocTOHHHhill yron paccMaTpH88HHHj {3 - yron no8opoTa nnac
THHKH AO fiOH81leHHSI 's¢¢8KT8 OTpa)l(eHHSI*; y - yron 8XOA8 Clle

AOB 'I8CTHU 8 enol!. 
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r-
0 

~ "'Ji 

PHc.2, 3aBHCH MOCTb Me)I(AY yrJIOM 8XOA8 C1leA08 'I8CTHU 8 C110H ( y) H yr-

1IOM fiOBOpOT8 nnaCTHHKH ( {3) • -+ - y r 011 OTpa)l(eHHH CBeT a 

oT pacTpa. 
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PHc.3. 0pH6op Ami H3MepeHHH ae<j>opMaUHll e 3MynhCHH. I - noeopoTHhrll 

C T OnHK C nnaCTHHKOH, 2 - nHM6 C JJ.eneH!HIMH , 3 - BHHT, OI'p8HH

'IHB8101UHH BparueHHe CTOnHKB B OJJ.HOH nnOCKOCTH, 4 - BHHT-38lKHM 

llOBOpOTa C T OnHKB . 5 - OCBeTHTenb, 6 - ynop IJ.n5I paCCM8 TpHB8HHSI 
( "OKyn~<p") , 
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A 

B 
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PBc,4. "31jMjleKT oTpalKeHHH" aa nnaCTHHKe c 6onbiiiHMH ae<j>opMBUHHMH . 4>o
Torpa<j>HH BbinOnHeHbl JJ.nH pa3nH'IHbiX llOnOlKeHHll nnaCTHHKH C HH

TepeanOM 2 rpaayca. A - " s <l>¢eKT oTpalKeHH~<" aa y'laCTKax sMynb

CHH c y e92°. E- "s<j><j>eKT OTpalKeHHH" Ha Y'!BCTKBX 3MynhCHH 

c y xe gf)O • B - "s<l>¢eKT OTpalKeHHH" Ha Y'IBCTKBX 3MynhCHH c 

Yx• 88 0, 
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