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0up8A8118HB8 pa60T!ol BbiXOAa 'IBCTbiX DOB8pXJIOCT811 Kp8MBIIll C &n81tTpoiiBOII H llblpO'l

ROII DpoBOABMOCTbJ00 a TaltJK8 88 1!3M8H8BBll Dpll Bbll18plKIIBaHIIII DOB8pXJIOCT81 B p831IR'lBbiX 
/1+8/ 

rasOBbiX cpeAaX Dp8ACTaBllli8T 60llbWOII T80p8TR'l8CitBA I!BTepec, 0ARaltO C TO'lltll Spe-

BIIII TaKOII upaltTR'l8CKOII upo()neMY1 11:811: ltOBCTp;yllpOB8BII8 ltp8MBII8Bb1X ,11110AOB0 B8COMB8RB00 

D01183BO R3M8p8HR8 pa60Thl BhlXOAa peallbRhlX DOB8pXBOCT81 1!p8MKI!ll, 

HssecTso, 'ITO uapaMeTphl 6on&mRBCTBa nonynpoBOABRKOBhlX npR6opos cymecTBesao sa

BHCliT OT COCTOIISRll IIX DOB8pXJIOCTH, qaCTO aa611~88M08 yxyAW8SR8 X8p811:T8piiCTIIII: nony

DpoBOAKI!ItOBhlX np1160p0B CO Bp8M8H8M CBHSaBO C R3M8B8BH8M RX DOB8pXHOCTII B peallbBbiX 

yCliOBHBX 811:CDllyaTaDRR, CsolcTBa pean&SOA nosepXBOCTR ltpeMBHH saBIICIIT OT CBOICTB rRD-
/4/ 

paTRpOBaBBOII OltRCSOII Dli8BitR R XRMR'l8CII:Oro COCTaBa OltpyJKaJOmell cpen~o~, Pa6oTa BbiXO-

Aa 81181tTpOBa peallbBOI DOB8pXBOCTR ODp8A811118TCll B OCBOBSOM CRCT8MOA 6~o~cTpbiX H M8A-

118HShlX COCTOBBBA II DOTOMY 11BliB8TCB OASOI 83 BalKBbiX DOB8pXBQCTBhlX X8p41tT8pRCTIIK. 

HaCToBmee Rccnenosas•e saxnJO'laeTcR s onpeAeneaRa asMeaesRA pa6oTbl s~o~xot~a pa

an&soll DOB8pXBOCTB ltpeMBRll DOCp8ACTBOM R3M8p8BI!ll ltOBTaltTSOA pa3HOCTH DOT8SDBaliOB 

(KPn) C D8llbl0 ycTaBOB118BBH R3M8S8SRI COCTOliSRll DOB8pXBOCTB DOC118 T8XB0110rll'l8CKRX 

onepanall, DpHM8Sli8MhlX B DpOD8CC8 R3roTOB118BRll A8T8KTOpOB RA8pBhlX H31IY'l8SRII. 

J, 31tCD8pRM8BTallbB8ll YCTaBOBita R M8TOA RSMepaSIIB 

/5 6/ 
HcDOllb30B81ICB M8TOD aa6panaoasoro ltOHA8BCaTOpa • • npaananaan&sas cxeMa ycTa-

HOBKR npeACTasnesa sa pRcyaxe I. Carsan oT sa6panaossoro ltOSAescaTOpa K nocTynan 

'lepea s~o~co~:ooMsoe conpoTaBlleaae R sa yCRliRT8nb ":( II perBCTpBpoBaliCR Ra OCDI!ll-

norpa4jle 0. C noMom&JO nOTemaoMeTpa n sa K nonasanoc& o6paTsoe sanpBJKesae AliH ltOM

nescauRa carsana, ltOTOpoe OTC'IBT~o~sanoc& no son&TMeTpy. B Jta'lecTse STanosaoro aneJtT-
/7.;.111 

poAa cnyJKBno aonoTo, pa6oTa BhlXOAa ltOTOporo npBBRManac& </>Au .. 4,8 es • Kax 

B3BeCTBO' 
1 I 

KPn(s) .. q (</>Au -<f>s1 l • 

rue q -aapsu aneltTposa, a KPn > 0, Jtorna </>Au > </> 81 • TaltaM o6paaoM, ysenR'l&SBJO pa-

6oTh! Bhrxoua KpeMBBst </> 81 
coOTseTcTsyeT yMes&weaKe KPn a sarR6 asepreTR'lecxax aoa 

BBepx. TaK ~:aK npiiSRMaeTcst, 'ITO </>Au .. oout , see ssMeseaRst B KPn upoRCXOART 
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BcnencTBRe aaMeaemdl B t/ls1 • 3aax KPn yCTaaaanaBancH no aanpaBneaaro aaMeaeaaH 

KPn cucT9Mbl aonoTo-amoMBRRll. MaBeCTHo, 'ITo B nponecce oxucneHBH pa6oTa Bbixona an:ro-
11 I, 12/ 

MRHRH aaaqaTenbao yBenaqHB&eTCH • B aamxx H3Mepeausx nns cse~ecpeaaaaoll noBepx-

aocTH aniOMHHRH nony'l8110 3118'1811R6 KPnlpaBIIOe 1,3 B, KOTOpoe nocne naCCHB8DHB Ha 

B03AYX8 yMeHbmanOCb no 0,8 B. ~aii:CRManbllaH 'IYBCTBBTenbiiOCTb H3MepeaBH rrony'lanacb 

npB pe30H&HCHOll '18CTOT9 135 rn R COCT&BnHna .:t5 MB. MaMepeiiBII DpOBOnBnBCb aa Boanyxe 

npR XOMII&TBOJI TeMnep&Type B TeMIIOTOo 

2. 3xcnepRMei!Tanhl!ble peayllbT&Tbi 

Mccne.!IOBanacb noBepXIIOCTb ( 111) xpeMHROBbiX o6paanoB p- , n- R I - Tuna 

paaMepaMB 1,5 x 1,5 x 0,5 CM. Ha pllcyue 2 rpacjluqecxa npencTaanellbi nacrropT!Ible aaa11e-

HHH ynen&noro conpoTasneaaB p B BpOMei!H lKil3HB no nnaae CDHTK& nnll Kp8MHHB 

p- TBDa. Ynenbaoe CODpOTHBneaHe Kp&MBHII n -THDa MOHHnOCb no nnaae CnRTKa OT 

-4 -4 
1,17 JlO 1,56 ON M, a .r:tnHHa JlHtP¢Y3BOHHOrO npo6era- OT 3.10 JlO 4.10 M. 8 K8'19CTB9 i-

KpeMHHB HCDOnB30BBrrCB KOMDeHCHpOBSIIBblil nRTR8M p -xpeMnHll, nony'leHHhlll comna,Pos-

Roll p - o6nacTR p- 1- n Kp9MHB9BbiX .!leTeKTOpOB. 

a) KPn mnBcpoBaaaoA noBepxnocTR 

Ha pucynxe 3 rpacjluqecxa npencT&Bnena KPn nHTH o6paa:a:oB n --rana ( n 1 , n 2 • 

na n 4 R n8 ) R BOCbMR o6pa3DOB p -TIIlla ( P 2 • P a • P 4 • P ~ • P9 • P IO' P II H 

p 1 ~ } cpaay nocne mnucpOBKR MHKpODOpOWKOM ~-14 R npOMbJBKH B neaORH3HpOB&HROlt Bo

ne. MaMepeHBH npoBOIIRrrRCb B pa3RbJX y'laCTKaX nByx nnocxocTOA (111) xa~oro o6paana 

nnH ycTaHoBn&IIHH MaxcuMan&aoro paa6poca B aaa'leaua KPn. 

6) KPn TpaBneaoll noBepxaocTR 

nocne mnHcjloBKII MHKpODOpOWXOM ~-14 o6p&3Dbl TPSBHnHCb onay. MBHYTY B CMOCH 

HF I HNOa - 1:2. nocne MRoroxpaTHOII npOMblBXH B ,!leRoRB3HPOBaRROII Bone onpenenH

nacb KPn. PeaynbTBTbl aaMepenal! npe.!ICTaBneHbi aa pacyaxe 4. B nponecce xpaaeaa11 aa 

Boanyxe KPn yBenii'IRBaeTca, 'ITO cooTB&TCTBYEII' yMenbmeaaro pa6oTbl Bhlxona xpeMHHH 11 

aara6y 8llepreTR'I9CKIIX 30H Ha IIOBOpXHOCTB BIIH3, T.e. o6p&30B8HHIO CnOH 6onee n -THna 

( aa noBepxaocTB n -MaTepuana o6paayeTCH enol n + , a a noBepxaocTH p -enol! p- , Ha 1-

BblcoxooMHhlll n ) • 

Ha pacynxe 5 npe.!lcTaBIIeHbi aaanorH'IHble HaMepenau aa o6paanax, o6pa6oT&S:HbJX noc

ne TPBBrr&IIBB xanaqe!laeM B neaoaaaupoBaaaoll BOne B Teqeaae 25 MRHyT. MaMeaeaae KPn 

llpR Xp8H811HR HMeeT TOT ~e C&Mbil! X&p&KTep. 

MaMepenae KPn na .!IOCBTR nnacTB;nxax as I - ll:p&MIIRB, IIO,!lrOTOBII&BHbJX nnH no-
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BepXIIOCTR0-6&pbapHbJX n&TeKTOpOB Tp&Bne!IReM '- 1 : 2 : f - BF : BN08 1 CB a COOK 

ae noxaaano oTnH'IRA oT p - H n -MaTepuana. Ha pJJcyaxe 6 noxaaaao H3Meaene KPn 

onaolt 1 -nnacTHIIKB co BpeMeaeM B Te'leaae MecBDa. Kax BHIIHO H3 pacyaxa, nepBble 

TPB .!IIIR nocne TpaBneaast na6nronaeTcst yB&nB'Ieaae KPn, a aaTeM aac-rynaeT nacblmai!He. 

CoBepmeaao aaanora'IHbi& KpBBbie 6blnH nonyqeiibl nnH Bcex accnenyeMblX o6paauoB 83 

KpeMHHB. nepeTp&BnRBBHHe o6p&31lOB OHH~aeT· KPn no 3H&'IeHHH, 6naaxoro K nepBOR&'I&Db

IIOMy ( CMo pHCo 6) • 3TO OOCTOHTen&CTBO DOIITBep~aeT Dpennono~eRRe 0 TOM, 'M'O R3MeRe-

IIRH KPn B npouecce Xp8R9HHH o6ycnOBrr9Bbl IIMOHHO IIOB9pXJIOCTb!O Kp9MHBH 0 a ae DOBepx

ROCTb!O aTannoanoro aonoToro anexTpo.!la. 

Bee IIpoBe,!leHHbie R3MepeHHH noK&3biB8IOT HOKOTOpbll! pa36poc B 3H8'19HRHX KPn. npa

'IBROI! aa6nronaeMoro paa6poca, 0'19BIInBO, HBnHOTCH HODOCTOHJICTBO COCTaBa B0311YXa, ero 

Brr&~HOCTR ( 30-40%) R TeMrrepaTypbi ( 18-25°C) • Tax, H3M9p9HRH cpaay IIOCrre R3Brr9'1:911BH 

o6paana H3 axcJJKaTopa noKaaana yBenH'IOIIHe KPn co BpeMeaeM (eM. pacyaox 7). 

06pa3oBaaue cnoH 6onee n -THDa Ha Tp8Bn9JIOJI IIOBOpXHOCTH p -. n -, H i-

xpeMHRB MO~no o6'bHCRHTb .!leiicTBReM napoB BO.!lhi aa Boanyxa. HBnHBCb noaopnoA IIpRM&Cbro 
/13 14/ 

MoneKyrrbi BOnbi o6paayroT nonolKIIT9nbHbiil DpHllOB9pXIIOCTRbii! 3BPHII ' , KOTOpbllt YM9Hb-

maeT pa6oTy Bb!XOna aneKTpOHOBo 06pa30B8RH9 n -cnoH na 1 -xpeMIIRB npe.!lcTaBnHeT 

6orrbmol! IIRTepec C TO'IKH 3p9HRH cpopMHPOB8RHH 6apbepa 30DOTo-xpeMHBA y UOB9pXROCTH0-

6apbepllb1X ,!l9T9KTOpOB R HBIITCH npe,!lMOTOM ,!lSrrbHeltmHX HBWHX IICCnenoB&HHII. 

B) napannenbHbl9 R3Mepei!JJB KPn H o6pa~Hb1X TOKOB xpeMIIROBhlX 

,!l9T9KTOpOB p-I-n CTpyKTYPhl 

Ha6niO.!l&&Mbie !laMB yBena'l:ei!RH o6paTI!bJX TOKOB xpeMaHeBbiX ,!l&TexTOpo:il c mapoxoll 

-o6rraCTb!O ( W "' 5.;.7 MM) B Dponecce XpaHOHHH nocne TpaBrr9HHH ~ CBH3biB89M C 

o6pa30BSHII9M 118 IIOBepXROCTR neTOKTOpa n -enos. Ha ITHTR neTexTopax 6hiDR npose.!lellbl 

napannenbllhie aaMepeHRH o6paTIIbiX TOXOB a KPn nocne TpaBneHRH B nponecce xpanei!Rll B 

Te'leaae MecHna. KPn uaMepHnacb aa mnucjle neTexTopa aan I -o6nacTbiO C IIOMODib!O 

Ba6pauaoal!oro aonoToro aoa.!la IIH&MeTpoM 2 MM. B nepBbie 3-4 na~ nocne TpaBneaaH KPn 

R o6paTHbi9 TOKB B. OCHOBROM yBOnH'IHBSIOTCH, 8 38TeM HBCTynaeT H8Cbllli9RR9 ( CM. pucy

ROK 8). Kax BIIIIHO H3 piiCYHK&, cpniOKTYBilllll B o6paTHbiX TOKBX B o6naCTII HaCb!DIOHRH BDOrr

Ke COOTBOTCTByiOT H3M9119HRHM KOMRaTROil TeMnepaTypbi, Tor,!la xax 113M9HOIIIIH KPn B STOlt 

~e o6nacTH RMeiOT 6onee cno>KHbiii xapax.Tep. 

3axnroqeaae 

1. MaMepeaa KPn peanbaoll noBepxaocTH xpeMaRH p -, 

WrrllcpOBKR R TpaMOHRSI. 

D - 1 H I -Tana nocne 

2. noxaaaao asMeaeaue KPn npa xpaaei!HR B KOMBaTHbiX ycnoBRHX nocne cooTBeTCT-

BY!ODIHX o6pa60TOII:o 
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3. JloJt838BO, qTO B -reqeHR8 H8CitOm.JtRX AH&ll IXOCIIQ Tp8Bn81llUI H8 IXOB8pXHOCTR o6pa-

ayeTCII enol! 6onae • ll ""'1'RIX8t ltOTOpblil, ItO aameMy MB8HJII00 B03JlB][88T BCII8ACTBR8 A&iiCT-

BRSI Bll&rB BOSllYX&• 

4. 0TMeqeaa B03MOlltii8SI CBSI3Ja M8lii:IIY o6pa30B8JIRQM CIIOSI 6onee " -TJIUa B I -o6-

1J8CTB TOIICThiX P - I - ll 

speMeaeM nocne TpaBneHBH. 

JtpeMHB&BhiX Jl8T8JtTOpoB ,R YB&nBqesReM RX o6pa'I'B~ ToltOB c 

6. 3JtCIX&pRM8HT8nlaHO yCT8BOBII8BO COOTBeTCTBRQ M&lii:IIY ~IImltTy81XBSIMR o6paTBhiX TOKOB 

B JtOII&6aBBSIMB ICOMB8TBOI TeMIX&paTyphlo 
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Pac. 1. OpaananaanbaaR cxeMa ycTaHoBKll AnH aaMepeaaR KPn. 3r - asyKosoil reaeparop; 

Jl - llHH8MHK; K - KOHA8HC8TOp C BH6pBpymmeA BepxaeA nnaCTHHKOil; Y - yCHnB-

Tellb; 0 - OCUHIInOrpaq>; 0 - UOT8HUHOM8Tp; 5 I -HCC11etlly8Mblil o6paaeu Kp8MBHII, 
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f, OMM 

8 
r, MK cei'O. 
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7 

6 

5 100 

so 

0 

Puc, 2. nacnopTHbl8 3H8'18BHH Yll8JibBOI'O conpOTHBJI8HHSI p H BpeMeHH lKH3HH r Cm1TK8 
p -KpeMHHH no ero l\JIHB8; pI + pia COOTB8TCTBylOT HOMepaM HCCJI8llY-

eMblX 06pa31lOB. 

KPJ£,~ 

0,8 

0,7 

as 

42 
Ps P,o As 

Puc. s. KPn cBeJKemna<l>oBSHBbiX noBepxaocTei! KpeMHHeBbiX o6paanoB n..., 11 p -'I'Hna. 
Ha rpaojluKe npencTaBJieBbl npenenbBbie aaaqeauH KPn nnH KaJKD.oro o6paana. 
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Puc. 4. KPfl Tp8BlleHiiiX DOBepXHOCTelt Docne DpoMbiBIUI B li&BOIUI3HpoBIUIBOit BOA&: 

cpaay uocne TpSBl!eaaa;--- - - TpJI umr uocne TpaMe~mB; •••...... ABe

aalUlaTh AHeA uocne TpaMeBBB. 
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Q6 

qs 

Pac. 5. KPn TpaBl!eBbiX nosepxsocTelt uocne 25 MHa xsusrqesssr B uesosa:aapoBBHaolt soue: 
cpaay uocn-e TpaBl!eaHSI; - - - - - OABH .nem. nocne Tpasneassr; 

• • • • • • • ceMb nselt nocne TpasneBHSI. 
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Psc. 6. HaMeaease KPn 
BpeMeHeM. 
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-nnaCTHHKH B nponecce xpaaeHHH DpH KOMH8THhlX yC.JIOBHHX CO 
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Psc. 7. Yaens'IEI&He KPn .QByx i -nnaCTHHox nocne H3BIIe'lf8HIU[ Hx xa 811:CUaTOpa 8 aT
Mo~py soanyxa c 40%-aoA B.Jia.SoCTb~ 
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BpeMP,a"u 

Pac. 8. HaMeaeaae KPn (xpHBa!l 1) H o6paTHbiX TOKOB (xpHBa!l 2) co apeMeHeM Ami OA-

aoro xpeMHHeaoro o6paana c rnRpHHOii I -o6naCTJI W = 5,0 MM. 3Ha'leHRsr o6-

paTHbiX TOKOB COOTB9TCTBYIOT H8Dp!llK9HHIO 80 Bo KpRB8!1 3 - H3M9119RJISI B:OMII8THOit 

TeMnepaTypbi. 
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