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OEPAEOTKA CI,ITHAJIOB AKYCTI,IIIECKOIZ 9MITCCIII
IIPI4 TPEH}II,I NOBEPXHOCTEii I43 KOMIIOSI{III4OHHbIX MATEPI4A,'IOB

AHoma4in

Paccntontpe*br p*gtumawt uccrcloeaaus
cuzaatoa aKycm 4ecro, entucc u, 3apezucnpupo-

ne t\rs adaubLt npu mpetuu ,roaeprtTocmen o6pa34os u3

PancoB ro no3u4uoltto2o 4mepuana. IoKa3aHo, amo c
IHoop- ao3pacnaHue ctcopocmu apa4enut nap. mpeEua

rpaHc- npoucxoAum 6o3pacmafiLe cpeanezo gpoerltt

71-74. pcaynbnuplttoulc.o cuznana axgcmuaecxoit sNuc-
cuu, a male yrc ezo A cnE crn u cnaudapmnozo

roiicrBe ommoHeHua. Onpeiebeuo, qmo ma6oe sBpocma-
brlt(oli, flue afi rr1t3upye 6oc tTapamenpoe npoucxoaum no
qmrque nu4eiHontg saEo y.

AHOtna4itt

Ihe results of inz,estigation of aco stic enis-
BAaHI'IG sio sigtals uhich rcgistercd atfiction of surfaces

frorn composite mateial is relieaed. Is shoun,
th6t the sscending of rotation rate offtiction pair
Iead to ascending atu aaerage leziel of refllting
acoustic emission signal, and ik dispersions and
standard ileoiations. Is detetmined, that flch
ascending of parsed patameters ilescends uniler
the linear laro.

flocranonxa npo6nenrH

Texxfiqecr.ar IrtuHocrxfia rpn6ocucreu oxla
rbtlaer mrpol(I.rii I<pyr BorpocoB, cB{3aHHbrx c reo
perltrccRnMrr r 9(c[cp]rMeHranhHbrM[ fccre4oBa-
H're^'x )3,108 rpa ff B cc,lp/loFaHrlri

,exar MeroAlr, Ilo3Bonrmtq]4e pe rcrplrpoBaT6 
''o6pa6arHEarb pa3"'tx.rHyro rH+opMarrurc. OltHa(o

Han6ofib ufi r'rHrepec flpcacraBrr{ror Mero1hr, 6a3t
pyroqrccf Ha rBr'rerMrx, rpor€rcauqux B c.rpy(rype
varepr:rnoE rpx 

^etcrBnr 
MexaHqtrecftrrx HarpFoK,

rcli||cparvpor, a m( x- paJrlrrrrHnn nlupo/lN fonet.
Oaumr r: rarrlx Merorol rBnj{ercj{ Mero^ atcyc,ur-

vecrorli aurzccln (AD).
Konr'r.rec,lo pa6or, nocBsrler r6rx uccleaoBa-

nurc A3 I]p rexl{, HcfipepbrBHo n6pacTaer. Dro
o6ycxoBreHo reM, rlro pcffcrpnpyeMoe aKycTrrre-
cKoe r8nyqeHr,re nopo)r\AacTcr BH)"rpeHHr,tNfr{ tlpotlec
caMtl, npore(amuuMfi B crpyr(rype Ma,rep{:Lra fie
roJrb(o Ha Mar(po, rro II Mxr{po ]I cy6M (po ypoB

Ir'x, Taxa-q qyBcTBureqrHocTt MeroAa no3Borrer
flo;lyqar! 3HaqrleJrlnue o6reusr lrfiQopMaqft!,

aocToBepHM xHTepfipcraql{ noropot rBjrreTct
o.HoBofi B p:rpaiun,r 

^refonoB 
1c\H qp.koil -her-

riocrrrxlr y3jroB rpeH]rr. Cnery€T orNrernrb, qro npo-
6:reua rnrepuperaqur r rlgenrrl|llrarlull A3
nHQopMaQrfi ycrroxHsercjl HanntirreM praa ]]r rro-
qrx QamopoB - Harplur,r Ha rapy lpeHrr, cl(o'
pocrb BpauLerixr, reMnepaTypa) cocraB cN63Kr1 r.t

apyf]{M , a raK xe cfieElr(bfiKoft crpoeHwr Marepna
rloB, ]{cfioJl53yeMLl-{ B napax rpe]inq - ,\larepra)1j'l c

rpaAxqxouroii crpyKrypoii, noMrfir(rrolrflL,rx Marc-
pranbr, Marepxil,rli c norynlrnsMn Lr apyl.lte. c raH-
Hoiji ror{rn 3peHls, reoperrrtrecHie x 3KcnepxMeH-

riurbHrre rccleaoBaHls A3 npx rpemu npercra!-
,'rsmr sHaqxre,rrHHii rHrepec. B repByto o,{epell},
3TO OTHOCXTC' K COnOCTaBireHr,rIo TeOpeTXqeCKnX ll
3l|cn€plrMexraribHrrx pe3yrrbraroB. TaKoe coxocrats-
rleHlre no3loleer He 10,16]{0 noryqarh 3a(orroMepxo-
crr.r xsMenerrnr al{ycTrqec(oro ]BrlrqeHnr B rrpo4ec-
ce rpeHDr npr aeiicrBn pa3rrqHbrx iba(ropoB, ro r.l

nosbrclrTb IocToBepHocri pa3pa6alHsaeMLlx Mero-

Aou AA Aranrocrxr.Ii

Anaalr:, nocre4trD. ncoreAoBafinil fi ry6flncarrxii
B Hacronqee BpeMr B yllra{ Tpexns nclo,'r}3y-

ercq lnrpol{Irii cfieRrp Marepra,']on, rcorop]re noE6 -

pamrcr ncxoa-s n ycjloBriii pa6orr,r

rpr6ocucleM. A3, perucrpr'ryyeMas xpr rco'rcAoBa-
Hrilr rp]r6oc[cTcM, o6yc"roBreHa npoileccz&fl! pa3Blr-

narcq]lMncr B noBepxHocrHbrx cjroex MarepfianoE,

xoTopHe BcAyr ( r'rx pa3pyrlletruro, Be3ycroBHo, .IIo

llaHHbre rpoqeccbr onpe/IeJirtorcs cneq]rQul{oft
cT poenur Marcpr{aroB, ricrror'rb3yeMldx B Fnax Tpe-

Hr,r-s - rpaIl1ll]roHHbre Nra,eprrar'bl lr
HettTHble xnv xoMllo3lrql,loHtibte MaTepraJrtt.

Peay,nrraru reoperfiqecKnx rccneAoBaHlii AD
npfi T pelrr{l1 rroBepxHocrHb]x c.roeB r€ MaTcplanoB c

rp4{I{qloHHoft crp}Trypoi:i paccMorpeHH B pa6orlr.

[1 3]. B ocnose nocrpoenm Moaeln pe3yrrbrrpyrc

ruerc cl1rHa{a ,{3 6!]rfi lrojroxeHrr MoAerlr.r ]rMrry,'r6

cnbrx crrHanoB A3, Koropbre Bo3HlrHaror npr{ pa3py

tllerolx BropEtrnbrx crpynyp I Ir II rnra, rcloplle
paccuorpeau r pa6ore [4]. Marenar]'.]ecxoe onr.rca

rue p*ynrrnpymqerc cunara A3 flo3Boflrro npo
IlecTx Mole-nrrpoBaHr,re cxr'rra{oB rlpu AetcrBl.rn pa3

r{'{fittx iDa(ropoB - c(opocrr,t Bpz|nIcHlI{ noBepxHo

cret rpeHrs, BHenHeii xpuxo]lteHHoft Harpy3ro.r,

o6reMa Marepn ra rc'rylr Bllrero B rnacr].rqecrryft)

O Or,ror:enxo C.O., KocMa.r A.II., Koc[qRae T.H. 29
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aealopMaqurc. IIpr oroM 66lrtr onpeacrenH ocHorl

D e 3al{oHoMeprocr[ t3MeHcHxq napaMerpoB

p$yrrbrrrpyxrqer'o cl{rHara Ha cralllrfi HopNanbHoru

x GracrpodrlqecKoro rcHaIn Barlrlr' Ebu]o nol{:l3a

rro, t{ro fip Bo3pacraH[[ nerlr'rruIbl BHcLu eii oce

roii ]larpy3Krl, IeiicrEyloqeii Ha rrapy rpenrs, npo

cxoalr r$pacraHxe cpeAHcro ypoBrrrl pe3ynt'rtr

pyR)rlero cxl.rtana ,{3 x Berlt'rxnnl ee pa;6poca. B

TOXe Bpcrlt, Ro3pacraflfle cKopocrx tspalqcH]It

xoBepxHocrci OpuRqroHlroro (ornal{ra rp Boaxr

11116(<l Ic cxarmo pe3"v,'rrrlrpyroriero clrrnara A3 m
BpeMeHL 6ca x3MeHeHun cperHero sHat{erllrj{ cro

aMl .rryabr ]{ rcrrttr]rHn ee pae6poca. Tan rxe nona

3allo,.rro r1pn flpeo6raAaor{err MexaHBMe p;L3py e

rM, ftoBepxHocrtlblx crroeB BGpacTaH[c Jlcc]rryara

utroHHoro Hafpy3Kfi He BI ter Ha xapa(rep tr3rf'rre

!rr{ p$yftrrpylolqero clrrHana Ae oaHaKo c yee

IUgeHrreM cr{opoc'r]'r BpaIqeH[-{ xporrcxo.qxT nGpac

rarrue cpe4Hcro ypoBHA p$yrbrxpyrcqcro crlrH:ura

A3 x yMelr;rrcHlre neruvurrsr ec par6poca

MoAerb pBynsr pfoqem clrrllana A3, OopMIr-

pyeMoro rPIr Tpent{lt noBcpxHocrl nx crrocB lra ocHo_

!e l{oMnosxllllorrrmlx MareptatrroB, paccNlol?eHa B

pa6ore [5]. B oclroRe rocrpoerflrt Mo e,rr peryrllrx-

pyrontero clr rara A3 rcrorrl';roBaHa noAcnr tlMnyn}-

cHol.o cmHara, ibopMnp)'cMoro rpr pa3plrrern l{oNr

flo3rlrlrionHom Maleptrana no Aetcre eM fionepet]Hol

ctr]1rr [6 8]. npu roclpoeHrr Moac,ret ncnorr63oBaHa

HoHllcxqrt paspylrleHru{ FBM [9 11] x Kulrerr\eq{xc

3axoHouepnocrr.I pa3py euua [12, 13]

Corxacto Moaelu pe:yxi,T lrPyrcxrero ctfHara

^1. 
+op\rut)eMoru rI , rrro.F nuBcp\HocrFn 3

(o!\nro:r(nonnoro Mal€praaa, n pa6ore [5] npogele_

HO UccnellonaHne 3aKolloMcpHocTet ]l3MeHeHIfi ero

rrapaMerpou rpr aeiicrunx pa3mr'rHltx lpaxlopoB
Ilo(a3aflo, sro rlpll rpeHnx l{oMno3lrqlroHHoro Mare-

pua{a qroprvr py€rct xenpcp iHllii cxrH,n A3 c

H€Koroprd cpeaHqM 3HarrcHneM aMnJT ryEbr II

nen{.rnHoii ee par6poca. Ilpr nocro'IHHoil eRcnjlya

rarlroHHoii naryFl{e n xocrotHHot nroxrarlu Pa3py

nleHnr BcpacraHte c(opocrlr spalqeHxt napH rpe

rrns fipxBoalrr I{ Bo3pacraHlrr{] cpeEHefo ]?otsrlj{

aMruxryal'r pe3y.,Irrxpyloq€tu crrHara A3 u yre

rritreHr'no Eeruqr.rHH ee pa36poca. Ecrr Mor{anb pa3

py eHxr 3ner{eHroB IroMIrGIrqtoHHoro Marepn;Lrla

oxBaTbrgacT qacTl rlj1oxla^Kll KOlIramHOro Bsirxrlo

IeiiicrB[r, To llp n3McHeHII]r ec Mecra orro}tc'Hnt

nporicxoaxr Bo3pacraHlre cpeaHcrrr ypoBnt aMnrr1y

ru pe3y,'Irrrrpyroqero cu*rana A3, a rax Ne rou'ttr_

rr;r ee pa:6poca. OopMnpi'eMbli crirHar A9 rMeer

,fpe3aHHyrc qropw- Ec", ].racHr,jllaercjl (orlrFrccrrro

pa3plTraer$L{ rr''IeM9HroB,',ro npoficxoallr yMeHtrLe

rrre cpeaHcro ypouHt aMxr'Ilrryau pe3"vntrrplrcqero

c rHana AA 1r yBerlrt{cHre roru''mrr ee pa:6poca

C rHar AD 1alc xe xMeer Il3pesaHHyrc OopMy.

Ilolcaiago, .rro raxue 3aKogoMepHocrlt u3rregerl t
naparrerpoB pe3yr'i6rrpynnlero clrllrara Aa r lr3pe

:annoct nx tpoprt'r o6)'c,rosrerfl't yc"roe qulr nepe

rtpsnlrr uvny:tcurlx cmnanon A3-

3aAa. ficcneAoBamrt

B pa6ore 6yler paccMorpelrbr p$yrl6, arRr 3r{c'ne

pIMcHrarTbHbDr xccne oBaHxu p6y,'Ibrxplmuxx c r
naaon A3, Qopn4yeNlblx xpn rpcHirx x 

'3noce
fioEcpxrlocreii y3xoB T 

PeHli,l c Har]rraBxeBfieNt KoMIIo-

3r4rlloflrroro Mareprllna. Eyaer no(a3aHo, ']ro pe3yr!

rr.rpyor! e clim:u$t A3 
"ercq 

HeflpepLlBrrjrNrr

cnma{aMr c HeRorop M cpcaHllM ypoirlei{ aMrnuTy

Abr r oflpeAercHnoi:i ne:rnvruroii ee pa:6poca.

Ooprr4yerorii culrra'r A3 IIMeer r$pe3.r|iHlto droprry-

EvAcr npoueAelra crarTrcrlr.l.rcl(at obpaoorfia pern

crpnpyeMlr. cfimrrloB 43. Tar xe 6yaer nocr:ano,
qro np]r nocroffnroi:i 3Rcl1-qyaralvoHloft HarpFRe

]'Berx'reHre cKopocrrr BParqcHrt fapbr rpeHru rp,ruo

anr K Bo3pacranno cpelHero ypoEHrl arfnnxrynbl

pery.rr,rupylf)rlero cxfnana A3, yriemrq€nurc Bcnx'

Har ec rr4cnepclr]I x craHAaprHo]o orlfloHeHlr'I 'l'a(

xe 6yacr loxa:ano, uro rlo3pacralrle anajrtlrpycMbrx

napaMcTpos rpoxcxoAr'f no rllrxexlroNry 3a(oHy-

MeroArrl€ nccneAoBalfl rii

.4re rpoBeacHx, uccjreaosarr ii cxNanoB Aa

npu rperuu 6u:ru u:rroroBrclru o6pa3rlr,r 13 anirMn

H eBoro cr IaBa 416 c 'mepAocluaBHbrNl nor{pilrxeM

u crarr 30X|CA. O6pa3qH rpercra3xt"'rfl co6oii

Bryrnn (puc. 1) c nepeMerHoli rnouaabrc floBepxHo-

crlr l{oHra(rrloro E3auMolleiicrsw{. IoBepxEocrr'

(onlar{rHoro !3alrMoaeiicrBfiq a,rt o6pa3r{oB Ir3

crzuru 3OXICA oxBarr'IBa",ra BcIo llx T oPqetsyrc rrr1o-

ur:urb. ,4r;r o6pa3qoB x3 atrrrllltnuenoro cr,'Iala c

ohtrrrup\4 llofi Pp\Hocl L r{oH l aK l r'orn BJ'lrvoA'x-

crert 6ura lrepeMeHlroii OHa xapamcpmoBanacl

xo:)OorqrcHroM rePc4lrrr{n K? (or}rollrel e ror-
Hort aroqaElr rroBep:rHocrr'l It nrronlaAx RolrraLrx_

pycNloii noBcpxnocrr), BeJtrfiuHa (oroporo II3M€H'-

rrao ! ll ara3olre 3na'rcHlrii or 0,25 Ao 1'0 3ro

o6ecne'Jtrnarocl lleaenxcNl coorBercr!)'rouxx I4)o_

p€cii raT opqcBnx noBepxHocltr o6pa3LIoB (prc 1)

bn6op uarepualor, r3roro!,leHHblx o6paaqoti 6ur

o6yoromren rx ntponuM xcnor'MolarJterI B Tpanc_

Mnccxrx aBroMo6xireii.

I4cnrrrarl r o6pa3qos Ha lraHoc oc)'qccrBrltrr c

rcroxn3olanucM r.otcrpyrruBnoii cxe^6r scaivoqeli-

crBr.n <l1ricl(-axc(> Ha MolepirrcfipoBaHHorl rcnsr

rarsrl,noii Ma rxHe CMT-1. B coorBercrBxlr co cxe

i{orl rcll'rraHxii (puc. 2), oalrx rJ3 o6pa3IIoB 3 flap

rperlr;r 6 :r uenoaerrrHllNl, a apyroli o6pa3€q 2 ycra

rfiBnueil-rlcjl B ftrrpoH, pasMelrleHHbrii Ha IlnllllAerle

1 MamrHbI Tpclxrt, 1I Bparq:L,rct c 3aEaRaeMot llocro

rHHoii cl{opocrr'ro. C(opocrb RpaqcHut noaBxxHoro

o6pa3qa lr3McHtlracb B ti ana3oHe

500 Mffi' ro 900 MnH' c rptpa leHreM no 100 rfliE'

n 3a.4irBaraG fipx aoMolqu 3rreKrpoflplrroAa 11 MaIIIn

r*r CMT 1. ynpallllel c axeKrpolplrBoAoM A1 ocy
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Prc. 1. O6qrn Br! ofua3{a c noklklcr (a) ! ccprL.x (6) o6paqo! are lcnlrramr !a msoc
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,\toAea{ nlecl-Br'rrl{ocn cficfior]foraHucrr xoMr6ror€pHotdrc-

rcnrr reMbr ynlaBreHxr 5 (prc. 2). IIpr rpoBeAeHtrr aKcne

co cxe puMeHroB I{ nape rpertlrr rrprf]r{a&lBanacl oceBae Ha

3 xapbr rpFKa, sHaqeHre (olDpoii lrc mMeHqroc!. OHa co3Aa

2 ycra BMacr, Ilplr noMo]ru cfieqwurbHoro r{exaHr8na BecoBo

ftrrlere ro nrna 4, x Bo3lleiicrtsoBana na HenoABr.urH6rii o6pa

rocro 3eU 3. Bc. tqnHa oc€Roii uarplsru cocran:rnra 450 H.

nxHoro 3]Ia'leHxc BecoBor:i rarpy3r.n 3a{aBanoG flpfi noMoru,

L'1H or srTeKporpxBoAa /1, Ma nIrnl rpeHE{ CMT 1.

)0uur' Vnpaa"rcrue 3reKrporprrBoroM rrpor43loAr'rr'rocb c

Ltira flr- Ircnoll]3oiafilreM (oMnLrorepHot cncrerfbr ]ruparJre

L. o.l Hrr 5. B haqp.rnc .^ral.BaioLe cJlF.4br n' nlo

Ptc, 2. CrpyKtrDtre cxcNa crcsra arq rlouenelrr rcn6nanrii o6lErro. sa mloc c pcrxcrpaqr€ii cxraqoB aaycrrceGon sMuccrr:
I unnHAdE MarrBtr rpL.lmj 2, 3 .oornercruenrc, nonurxBrii x He nonnlxHlln o6puud napd rpeH6; 4
nary)xeHrr uecorofo ular 5 - roMr6rorepra crcreMa ynlaMenrr ,5 aMr udpyxcMr o6pmqoq 6 rarq( ar.yculec(on 3!nc-
c!!i 7 - ycqmrerbtrln rpam crruou akycrFecrcii .Nr..r4 8 arycro !M!cc!oH!dn axamocrrcecarii (ovnre(ci 9 cneu!-
abEoe nporyaMM,oe Mar.MarlcecKoe ooectreselre; /I1 !.rekTlorlmon 3a,{atu, cKopocl lpa'Ienr noaurriForc o6p8ra; ll2
trcmponpntron lmlaercHlr Mexdr3Mo na|I)yxdn@

BeaeHfilr SrcnepuMerfoB Mac!'ro Trna
M10f2K [14]. PacxoA Macaa cocramar 1,2 tr/sac.

B npollecce nporc4cucs ]Icrrlrranrit o6paaloB rn
rpeHne ocyqecrEmracb perr4crparvrr u o6pa6orn
crrHanoB A3. Inr 3roro Ha HeroABrxnoM o6pasqe 3

Orc. 2) ycruralrrBancr aalrr'trc 6 A3. Ero ncilepx-
Hocr! cMa3llla{acl alqrcro llpdparflIot cMa3lor]i rtrna
<paNFaji>. Cxflran c B6DroAa Aarqqr.a ycxnnDa{c-s B

ycLrxrerbHoM rpamc 7 Ir nocT}'Iian ! arrycro-3Mxc-
cnolrnbrii rrairHocrnqccnlaii noMnJlelcc B (AEIK).
O6pa6orlca x aHarrle perrcrprpyeM6rx crnranoB A3
oc)'4ecTBJr.[racL c I'lcnojrffioBaHueM cfleqx:urrHoro

3I
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nporpaMMHoro MaLeMarqtrcc(oro o6ecncqelrt{q 9

Ilpolpa,vMroe Mafer{arrqecKoe o6ecne'rcHre AEAK

no-BU.rt' r .rponorLlb xparprrrF DPrx' rpfp\F\rojl
nxoopMarrxf c aHanxsoM oGroBHtIx rnparlelpoB clrr-

Ha,roB Ae ycpeAHeHHoii aMnrIIIryar.I r cHeprxx,

cyMMapron tHeprI4I,I, HaKolrr'IeHflj{ ycpearleHEon ]{

cyMroproii oHepflrr r apyrue. IIo pcy.'Irrarau o6pa'

6orKr, lo3NroxGo oclnlccrlrtrh BtrBoI Ha 3lpalr

rroHllropa npoBoAIIrL aHa-'x,3 rpa+rcecl<l,lx 3aBxcr-

Mocrci ruMereH t napaMcrpoe A3 Bo BpeMefl{, a rax

)(c rpanclrpoBarh no-'I] reHH e llaHHllc B OopNarr'I
MarcMarx'recwrx npuoxcHrd noA Windows, 'rro
nco6xoanuo /lns Aanls€iii ero crarlrcrlfiecl(oro aHa-

nx3a ronyqerrtoii llHq)opMarrx n.

Pe3ym,Tarr,r xccrrcAoBaHufi

B rpo{ecce rpoBeacHxt cftcneprrrenrou p€ rcr-
paqrr curtanoB -^3 ocyqecrBr*racL lra craaxx

HOpII:LIrL,HOIO fi3HaIIIITBaHI4S nOCJIe OKoHqallt'J{ 3TarH

npupa6orru l1ap rpeHlr{- IIo"'ryreHHHc pe3y.rlrrarlr

nohai:Mr. q.o 'pu 34iaHHL.r rHr\eHrar o.FBorl

HarpysHr x c(opocrr.r Bpa4entt rlapH rpeflx.{ Perx-
crpxp),rLri p",y ".r,t) r.'Lxx; r.na AJ np,-r-

craa,rscr co6oii rreflpep6lBHl'Iii o{.Harr c HeKoT oprlM

.p^rHx\r lporj eN av'r rJ-o I BFJlu'rh rox pF pd-
6poca (puc. 3). OopMa pcayrrb, pyrcnrcro crfH:l,ra

AS rBrncrcn u3pe3aHHoii.

O6pa6orra AD Hl|opMaqui oq/qccrBrt!'Iacb c

ycpeanen!.icrr. BpeMr ycpeAncnrt cocraBrtro 15 Mc

BBeAeHne BpcMeHx ycpelHemrt o6yc",roBrcHo 3rra'ff

rejllssrMx o6rcuaur ucxoAlroii lrlroopNlaqlrlr, perr

crpnpy€Moii B npoqecce rpeHrr o6pa3qoB, Roropl,lo

ueo6xolruo coxpaxefl, B BIrIc OaiirouHx crpyK,yp.

Ta\ ry]r sanncn xHibopMal{nx Ha Omr{'recRoM ]'po
BHe fiocrPocHl1r ycTpotcrBa 3axoNfl'rHaH]rt lepco

HanrHoro l{oNmr,rcrepa (xecrI$ri A{cK) c rHrcpruoM

Ar.rcq)ermar{nr 10 MXc x BpeMcHcM 3arrcr ropr.lll(a

5 ulrr, ro o6r,en perucrpupyeMorl lrlroopi{aiuu coc-

r:,B,leer C\10- 6ain. { J'relov r.o.rn e"ror o6p.-

6arr,rraelllx napaucrpoa .r(anunii o6rc'u yre,rrura-
erca u 4 r 6orce pa". Eeryoronno, .rTo rarore o6r,clrr,r

xnoopitaryn rpr npoQaNNrHbIx orparl]Iqetsrn rra :-':

o6reur,r onnospeuello o6pa6arblBaeMl'Ix Aa]rHbIx

(M K6irir na uaccur) rpe6tmr rrcrcrul ycperucura,

Bbr6op ftoroporo (15 Mc) ocHoBax na c.re]I}'lolqcM.

Ta( Kar., perxcrpnpleMar A9,$rterct c,'tea_

cr![er\r BHyrpeHHrx O 3IHecRIrx npoqeccoB, npo-

lcxo{t l]rx B Marcptiurax flpfi ]tx HalpyxeFnt Hr -.
cy6M|reo, Mxryo- MaeoypoBlrtx, ro ycpeAlrcHre

(cruDnflBanrc aaHHbr) He Aorr](Ho nrl|r{T ! lrifli BrIIl-

rrr, c r{uHlrrfarrr,H'lMr1 florepj{Mfi Ha BKraA cocr:lB-

Ieml]t x rporcxaftIqux flpoqeccoE B pe3yr-Irrxpyrc- .
rq ii crirHan. Io3roMy 6turn npo3c,aeflbl r{ccrrcroBa-

rur rrJII sHm rHrepBa-{a ycpeaHeHre na napaNlcrplt

p$yr'rbrnpyrorqcro cmHana ,^3. Ipu npore,qcHrx

l1ccJre/{oraH]rl:r nHrcpBan 
^ficl(perl€a]irln 

lJ3]ieFqnr:q

Bi r , flr or J vc an ji \r. c r .pB:!-

noM nprparreHnr 1 Mc. PaccMorprM pe3"vtr-Irrarr'I :
xocne oBaHrii Inr pe3yrrr,Mplmnlero cxrHana A9,

3apei'r{crp poBaHHoro fipr cxopocrn upaucHlit
napr,r rpeu[a 500 mun' ! re'IeHre 45 c.

Crarucrn.rcc(a-s o6pa6orna rannrx noxaeara,

41' 9cex nccrreaycMl'rx fir]repBaroB ycpe HeHnt pac-

rFAp.rpF14 ).FiH' Drr a\rni r)a AJ npu e'pu-

rrruocrn 0,95 onxctmaercJ{ HopMa[tH M 3a(onorl

pacrpeaeneHrJr. C lrBc,'rx'rerr eM BpeMexr ].cpeAHc-

Hxr npoucxolr.rT Ja4eHl'Ixex{e /Ilrcnepcxu rl, coor-

Bercr;erxio, cranAaprHoro o'LrcrolrcHxt TaKoIi

p.jr'. u ar r .'rer." ahuHospprhrv.,rfu o6y.roB,1.-

Ho yBerrqeHnerf crrr flr9alfit pe3yni,r'Jpymqcrc

clrmalla A9. B roxc BpeMt, aHarr3 3flaqeHlt1

uealanu U,,a (cpelnero 3Haqelrnt arnl,lxry,'{t'r -^3) B

pacr1pelexellfitx IIo(a3a"]I, \To c yBejrtrqeHq.r{

r'rHrepEana ycpeAseHllt t, Ha6rrloAa€Tct c(a'roK B

lI3MeHcHrlII ee nen[.][Hbr (prc. 4).

Prc. 3. P*)nbrnpyDnrrn ctrnaq arycrllec(ot 3N!cc!ti
rp. / !, t 'oacft n rp 11 m|qr tu ' 'o' 6pLLJb /'
crau 30XICA q mraBa,{16 c noqdrn.M B rc rc3xlrnonlo

ro Marcpru! BK 6. c{opocrb DpanI€E t mplr rpentt 500 }txu

'. OccBe na.pFKa ,i50 H. Bp0Nt ycpealeHlt 15 Mc

U.", B

Pnc. !. Ipa+K Blenetvt clenEerc l?oltt !*yrlrlpyrcnlero
crr(ua a{ycrtrscc(on .Mtccrt or lcrlqrEd x!1e!8oa

32

.fltl}



2/2O1r

a6pa-

npo

rpy[)

'cpBa-

1 AD,

faKoii

r\3) B

I& prc. 4 nn ro, qro rpr 3HaqcHlrlr tz:20 Nrc

xporlcxo,4rir ) reHbrrelue U.a Dc seln'ruua coxpa-

ruercr nprr latrirHeiirreM yBerx.rcfin]r l;. TaKoe x3Me-

rerure cpcEHero WoaHr cl'l ftl,ra A3 lpr{ BtseAetur
rx ycpeaHcHrr'l BePorrHo, o6ycrorrerto 'reM, \rlr rrPx

rre(oropoM 3narreHr{x r{Hrepriura ycpeilleln lpo
trcxo/lt{r Orinr,rpaqlrj{ BRraIa yponHr o^Hoii ri3

coclaR,rlJrrounx flpoqecca, pa3nuratonterocr R nonepx

Hocr'll'rx cr'rorx rlapll rpemil{. Ta]a (aI( c(a'roK ri
rl3MelreHrfi cpeAHero ypoBru aMxj trya |e 3xaLrx

rerbnl'rri (pa3Hmla rl 3Harrexxrx Nrelluarr cocra&rrsr'
noprAKa 0,005 B), ro, c v.reroM BHco(oii qyecrrx-
re]rbnocrx rrcro4a l\3, Reporirflo, lro npor.rcxotLlr'r

crraxuBaHnc flpoqeccoBj /.lalorlux BK.inI B pe3yr]rrt1

lyrou{rii cxrHa,r ,{3, Ha locraroqno varoM 4ru3r{ee
cKoM ypoBHc- B roxe uper{r, loryeellr,tii p$yxbral
IIo(a3brraer, trroj c yqeroM neo6xollrlrlocrrl Mfi
HnNrx3ailxx nor€pr or nrqni!'ia cocraErfiroJllux lpore
tralorqrx npoqeccor R p$yrrbrxpyroqldi cllrniu A3,
o6pa6orry perr'rcrpr.rpyeMoii rHoopMal]rri Moxlo
llpoBoanrr c rHrepRa"loM ycpclHexlrr, 3HaqeHxe
(arroporo Haxoafir B oflpelLeleHHorr axa[a3oHe Benx-

'lull or 5 Mc Ao 19 Nc (puc. 4). flpx eroM cxeryer

U.B

yqxrHtsarl, rlro c BGpacraHxeM tHfepna"ta ycpelfie
rrla 6yaer yucnruarrcs Berr4tlrra Ar.rcnepcxr cpe71

rrero ypoBHr pe3yrrbrnpylouero crrra,ra A3.
llnJro\r) npx npuB,a,.ar ...rFnnBI ir a,lfl
cpaBHerue nolyqeHHLrx p$l'rrrraroB o6pa6orxy
RxolHoii uxooprlaqrr Hco6xoArNro npoBoAnrb nprr

oAfiHal'onor 3ra're]rx[ BpcrrcHx ycpeAHeHE{. Pe-

3yrMar6I raKoii o6pa6orKx A,rr pa3Hrr,. cxopocrcr:i

rpaqeH r xapbr r?eHrr npr noKa3aHbr Ha pric. 5 B

IJfiIIC TPAQXITOts UsIIEHL'HII' YCPEAHEHHOII AMMTI{TYAbI

p$yrbrxpyo rllx c]rrHaroB ,{3 Bo nperreflrr. llpn
o6pa6or(e portnr,rxplorqrx cn ra,]or A3 3Ha.reHre

BperreHn ycpe4reHur cocraBff.ro 15 Mc. Koro+r
rueflr rteperyr,rrlr o6pa:qos cocrasrj ] l(p:0,25.

Iloryrennrc pcatnbrarbr (prc- 5) norta3ann,
qT o c yaerrrrrerrleM cnopocrn sparIeHrs naprr rPe

Hnfi Ha crallrl}r nopMa,'rrHoro rr3HarlrnBaHl'rr npo-
ncxollril nGpacraHrre cpcanero ypoBHj{ pe3"vftrl,
pyloqero crrHarra A9 ee pa36poca. Ha
u.cY r.c r{1r'bx chopo.fr:\ tery rbl fyro r n. l

niur A3 mlccr rcpcaaHHyro OopMy. I]poBerteM aHa

rrx3 itaxrl'lx c rotiKn speHrj{ r{HqropMafl{uHocrri

IrapaN{erpoB pe3yr'rrrlrpylorqrx curHa-,ror A3.

E
F

!4
?l
,=
tl
E

=

U.B

U,B U.B

Ptc. 5, P$yibn|}roll]ne cnNou a{ycrtrcccrcii 3rrcc[', 3ap.r{crllpolartuc rptr rcndre!* Ha mmc rcc.r€nJevoii &p6r Tlennt
rptr pa3qbrx crcrocrrx Bparrcx!,. cnopocE lparreHm: a 500 o6/!rH; 6 600 o6lM!!j B - 700 o6lMnHj r 800 o6lM!! (15 vc)
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Crarncrr.Frecxar o6pa6orra aarlt+x rora:atra,

lfo /!-Ir ucex EccncrycNrlrx c(opocrcn npr HrepBa-

ae alra'rrca 15 rrc aru BeporrHocrx 0,95 pacrlpciae_

rreH r ycpeaHcHHrrx aMnrrrry,q onxcltBarcrcjl Hop

i{anlrrllM 3arroHoM. Arrm rsr6oprur ala nponeacnua

ana,'In3a 6brna Hc[3Menrroii, a Ro]r]IlrecrRo nHrcTtsa

na a;rure mr6opnu 6u;ro parno 3000

Io pesyftrari,\I alt;uru3a tirlnr onpelerreHH 3rave

Hr-{ MeAraH u (cpeaneii a}Inrxryttbl pe3yn}rll
pyroqnx crrHanoB AA) r pacrpcacne{I,I{, a raK xe
r{x Alrcnepclrt{ 61 craHraprHble or(,rorteHfiJl €. TaK

ryx cfropocrn npalrreHnt napH rpeHxt 500 MrIr'
cpeanju alrnrurryaa p$yrT;rlrpyrcrrelo cmna'la A3
paB]da O,ni:1,69824 B, a ArcnepclrJr lr craHraprrloe

coorBercrBeHHoi paBHH: 0'-0,01844 B'

x €:0,13580 B. Aa'blejinr ii ana'Ilr:r lIaHITlIx 6yAeM

npoBoanrr rlo ornoue mo ( cKopocrE 500 MrlH'-
yBernqcHle c(opocrn rpalqcHlrq riapbl rpeHt, B

L2 faJa rno 600 
^rxH 

r.rpfin"a rF1ae,rr.r.r rru t.,,
B 1,24 pa31. (O.a6:2,09844 B). flpr sror' rurcnepcr.q
yuejIlrq Baercr B 1,18 pa3a, a cralrEaprHoe orl{Jlorre

Hne B 1,09 pa3a. flpr ynerrreHlrlr cKopocrlr Bpirule

Hr-s napbr rpcHxr B 1,4 pa3a (Eo 700 NixH') rpoxcxo

Anr Bo3pacraxxe O-d z 1,61 paza (O-a:2,73285 B),

a Ancflcpcxx ]r craxaap'rHoro orrurolreHlrs, coorter
cfBeHHo. B 1.47 pa3r / l.2l pal" [LrbH.]iui, P ync

rntreHre c(opocrx lpa tenl4il ro 800 llt'ttr', r'e. I
1,6 pa3a, rpnBorrr ( tso3pacraHxo O^7r 1,95 paza

(O-as -3,30864 B). Ilpll eroM rxcrepcnt rl crafl

IAPTHOE OTKJIOHCHXC YBe"ryllIIrIAIOTC', COOTRCTCTRCH

Ho, B 1,8 pa3a r 1,33 pira.
Ha pxc. 6 npxBeaeH],I p$ynr'ra1bl o6pa6orsr

rrapaMerPoB cpeaHrx aMnrrrrya pe3yrrbrlrpymr{na

cnrHaroB A3, rom3arHbrx Ha prc. 5, B 3aBxcxMoc, II

or c(opocrn Bpauenut IrapH rpenrrr. I43 prc. 6

BXAHO, IITO C BO3PACTAHIIEM CKOPOCTN BP:UJIEH]'r,{

napbr p.hxa ' o Jir"lsHHov rHaqeH u u.annii

HarpFr{r ryorcxoaxr yteflrqcHxe cpe/IHem ypoRni{

aMnrrtTya, Lrx l]rcflepcxlr n craHAaprlioro orKnor]e

Hnq. -/\.Hanx3 aaHHr,rx (puc. 6) noxa:a'r, uro :aruct't

MOCrn n3MeHcHxc cpeaHxx aNlrrr1lrryA r'rx al4cflepcux
craHAaprHoro orrcronemM xopouo omr.iruabfcs

rrneiiHoii OyH(Illreri BrAa

p orqcaH tr rlor1] {cHHLtx 3alcoHorlepHocret arrrl

rsrle eHrr cperHl1x ar rrnfy , lrx EucJrepcn x
c fanlaprHoro orruoHen t, coorBercrBe Jro, cocr:lB-

nrrcr: p-0,99601; ?:0,99312; p-0,99661.

ar.a, D

(1) 
0.,5

rreP- aHarr6 pyeMHii rapaMerp; d r, xo3oox-

qr.reHrbraflrpo(cl{MupyloqeroBHpaxeHlrs; u cRo-

pocrb BparreHxr nap6r 'rpeHr'I.

Koadromlxenrn arrpoHcxMupyrcqero B paxe-

Irxr (1) .a'L xccrreAyeM x napaMerpoB AD paBHbI:

,qrs r3MeHeHxt cperHlrx arnxurya a:-1,0931,
b:0,00547; uul t6\reHeHlrt rncrepcrr cpeAHlrx

aMnalrrya a: 0,000675, ,:4,B62 10';,qff n3MeHc-

Hlrr craHAaprloro orlnolrcHllJr cpe HI{x armrMrya -
a:0,0574, b: 1,536 10'. IIpr eroM EcpoJ{:fHocrlr

r,i 6. IF+nru Br.!en{' rornrE cpqrHcn arnn'ryrE (Me,TE

nN) G), a'cncpc!! cpenrcn am,rynll (6) r cmH&rpmo.o

onooleHm cpqqscn &trtn'nd (B) p6yxLltplmtrld o,' HdoB

aq'mstrrct 3Nrccri or cropocn Bptu1elnt

2,/1
J-a

r.inn*
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IIpoBeAeHbr rrccreloBaHrjr pe3ynlrfipyloqnx
dirHaroB A3, pefl{crprpyeMbx rpr rpeHr.rr roBcpx-
Hocreti cofipr](efifir,Ix 9]'reMerrroB c HaruaB(oii n3
KoMr]o3uunoriHoro Mareprrana BK-6 llrr pa3nx.rHbrx

c(opocreii BparqeHnq n3aoroBrefl]$rx o6pa3qoB.
IIony.reHHHe pe3yrrbrarbr nor<a&Lnl,l, q1o peflrcrpn-
pyerrbre pe3yxbrrpylotrIre cnmarl}r AA IrE Bcex

cKopocTer.r BpzuqeHlrs fiaprr Tperdr [Menr crr{rHo
rr3pe3aEEyro QopMy- OHu rpeacraBffror co6ofi
HellpepnBHr,rt cfifHaII c lteKorop}IM 3HaqeHxeM

cpeAneil aMrLn[ryAH r Benrql'Hu ee pa36poca.

O6pa6orxa no:ryrennsrx Aami x florcaaana, qro BDe-

AeHfie ycpeanclfiq, BeAynlee ( cfn&(llBaHfiro pe3ynt-
Tnp]'rc {ero carHa,ra 43, nptBornr IC rorepe nKn44a

cocraBJltlorrln npoq€ccoB, nporer{arcqr1x B no9epx-
HocTHnx clro'x MaTeplrar'roB, B pe3y,rlbTr,lpylouxt

cLIrHa{ A3. IIp]r sroM onpeAereH rurepian BpeMeH

ycpeAHeHxs, nplr rcoTopoM [eo6xoAlMo npoBoA]rrt
o6pa6orKy perrcrprpyeMoii nHOopMaqnr.L Crarnc-
ruvecraa o6pa6orxa 4arrnfix noi{a3alla, qro ArDr tscc!

uccrelyeMbrx cxopocren rQu Br,r6panHoM nHrcpBa{e
aHanll3a Ha ia{axHoii /lnuHe B}r6opRx pacnpeAenc-

lrlrrl ycpeaHeHHrtx aMnrnTyl pemcTpapycMbD. cfir-
Ira{oB AP onlcrBaroTcr HopManbHHM 3a(oHoM-

Ananre no"ry.rennur pmyJrf,Tarog 1163Bon1111 ycrano-
B'ITL,, rrTo c lospacraHueM c(opocTl,r BpaIIeHItt napH
Tpellr,rs flporcxoanr BospacraHle KaK cpeaHero
ypoBHr p€yr6rr.rpyrcrqero cuflrarra A3 (MeAxar$r B

pacrpe.qe.'reHrr), raIC u Be-lrrF[rH ]rx Arcrepc r lr
craHraprrroro orrolorreHur. IoRa3aHo, .rro saBr.rcfi-

Mocrn ]{3MeHeHlr{ cperHeiro lrpoBHr pe3yrrbTlrpyrc-

uero cnrHara A3, ux arcnepcrur x craHAaprrrorc
oT(J,roIIeHrs c irbrco(oii leporTHouam oflEcr,rBarorcq

.rI1He]lH}IMlr Bo3pacrtuorqrMr SyHKqrrMn. ]Ipr
sfoM pcayr'rr,raT]:'r [poBeaeHHbrx 3I(cIIepnMelrToE

lrMex)T xopoflee coBlraaeHrjc c p$yrrbTaraMn reope-
rtt{ecKnx uccrenoBaHrii [5]. nory'veuuue earouo-
MepHocrt rr3MeHefixr pe,3yrrbrr-rpyronllD. crrFanou
A3 raR xe [o(a3HBaror, rrro paccMarp]rBaeMbre

napaMnrpbr vorJ I
xHoopMarrBHux mpaMerpoB npr (oHrpore rpoqec-
coB rpeHlit. B roxe BpeMr, rHrepec rrpeAcraBrqror
nccneaoBaHlrr Hau6onee eMKoro rnpaMeTpa cnrHa-

no9 AD sEeprerut{ecxxx napaMerpoB. It ranrM
napaMcrpail orHocercr ycpeaHeHna-{ r c}a{MapHat

3nepfl{s pe3yrbrfipyll]rqrD( c]rnraioB A3.
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