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' OAO <@3Ar. YI{parHa, r. XapbnoB

'? HHII <XOTI>. YKpalrIIa, r. xapbltoB

'IEXHOJIOTIqHI CXEMII OOPMYBAHH' BAIATOIIIAPOBI4X

IIOI(PIITTIB <AVINIT>.

CyqacHi locriArKeHxt B rllly3i crBopeHHt

iroBrix lrarepiMiB 3 pexoparotMt xapa(leplr.rtKlMlr
no uop.|{ocrr. ,oo.orfiiihocr'. \io}cllxnofli np rro

naTli B eficrpeManbHlx yMoBax noB''3aEi 3 HarlptM-

rcoM Hanorex ororill, uo lo3Borqlorn QopMyBarr
6araror.oMrorreHrHi LoMxo3nqii i3 flpjmrlDrllrMr

eKi vairrb fo,M'P sia achirrbko\

.oreHb ,o orMH!4rrb HarroMPlpis. Ta,{i varepir'n'a

nopiBnrHU iJ vrrFpiard\.I raKoro ,r' .r{,1an) 
'3 3Rr'

qaiiHoro crpymypo]ir Moxyrb Marr E aexljlbRa pa31B

BxII BiAnoBi,rri yapaFf.p/.fr4r.,4 no p/6o,1orr'rrr M

'ra tfl rnxM Riracr'lRocTtM.

Ayxe aKryaniHa l4o6"1eMa crBopeHE{ HoBrx

MarepiariB urs arperaro6yaynannq ra asfiryHo6ygy

BrHHt. nepcriJ no e'po6nnrrna HoBnr r.oH'lDJhuiii

i a"pFmfiB oroe6y..yn. sofo ni4BxlleHne HaJ,fi

Hocri i pcclpcy qr,rx c[crell, qo nerlontanso 6ea

crRopeHHr HoBnx Marepianir i3 3Ha'rHo fliaB]jlllell

M/ xapahr.pnfiu|{aMH. rcDlx 3a BrP. rpr6o"ro ivnr

MX BJlaCTllBOCT,IMl{.

Haii6irbff ycxi'lllre BIrpiltreHlr.' qrx rpo6neM

ga6eglleqlmTb rexro"lorii MoarOi1()'BaHHt IIoBepxHe-

Bnx lxapiB r(oHralcryIo.]xx Ma-repia{iB i HaHeceHne

rHoco.riiiKa\ ra aIt QpxK{iiir'x\ noKp,it'iB a e

noKpaueHHs rpu6orexHiqH[x xapaKrepucrtR flap

repT,{.

CepeA MeroaiB tIaHeceHIIe [oKplimiB oco6m{Be

\rirua 3aiiva|orL vcroa QopMJBrHHt noKpxlfiB J

'oHiJoBirH \ alovaprr"\ 1a vune(ynqpHlt\ noror{iB

Mo)rsrr,rtsicrb 3MiHrcBa-r-,,l eHeprio iorlboBantx qacroR

norofty (ofiAeHcoBaHol peqoBnr r B nlfipoRtx Mexax

(Bia orurixrr6 ao corerfi rucjrtr eB) Io3Bont€ eQeK-

rnBHo Birrr{Barlr Ha 6ifffficrb B v'IuBI{x y llPal(Tn'r-

Ho}Iy BirrIoLneHHi xapa(TeplrcrxK noKpIrrrtu (rqinr-

Hicrr, aare3iRr, crpylrypy rouo) i 3aaAtl(x qroMy

Aocrrarfi llncoxxx 3xaqeH6 qux no(a3Hfilti!.

IlorepeAHi Hami AocriAlreHxt [1 4] ro(a3]'lorr''
qo Ha]16i,'rt' nepcreRrlrsrflrii HanptMoK - po3po6-

rroeMi HaMtI KoMr"relccHl MeroaE Har]eceHlrt noltpfir-

riB (rrna3MoxiMi.rHi CVD, Bal$r'I-flra3Mod PVD

(Ba(WM-ayro8i, Mar erpoHHi), rpoqsclt roHHoro

Hacr.reHrr ra ioHHoi o6po6M noBepxHi) o6'€IHaHi B

oAnoMy r€xHororiqlroMy qrl.ri. Ui MeroAu Aa]orr'

Jvor) cnpqv).Bafx o.llour i3)ctrn.L,] ea drop\r]'BaHHi

HaHo- ra ld(pomapoBnx 6araloKoM[oHeHrHlx

roEpxrriB j{K Haii6tul1ll nepclre(rrilHrD. a"'lt AocqF

neHnq rreo6xlanux OyfiKqioHanbflllx xapalc]epxcrlrx.

atoma4ta

Cabop gnl'oeaHi suito?u ao,nefinnozii ompu-

Nawu 6azamouapoawc noEpummis 6 3atefi.'ttocmi

eil i* fuax4ionanmozo np staqelltts, 3o$penta'

0.M snh$rcm"tux, *admeepdtt, 3ltococmiriKua i
annnQputt4iiauc norpnnmi a.

,Qttst Qopnyeau*n 6azamouapoeu'x 6azamo-

KomnoHcHmHux no(vumnis ranponoHosarti ocHoa-

Hi mercnono2i'rui cxentu ma ii gapiaqii 3 3srectcno-

ani sia muny fliAkiaAu m. (lgro a a6o uewm-
ma), c4laAg 6a2amouapoaur ma fiqHolaspoaut

6azamoxowouenmaus no$pnnmi| ma oco6aueo-

cmei 3acmoaltla Ht 4rLlt cJcent 3 gpatlgaHtu t

ewoz qo1o ea6esnetema ueo6*ii)uus: eaacnuao-

crflei noh?unmis s sanet$Hocmi siA bc Qltl{qio'
Hunttozo npuSna4ett ttt-

3 auropucma$trs- 3anporlo oeatturc fierLlnao-

ei4q x cxent onp atd 6a2a ouapoei noElmmrnl

<Atinit> pi3tloeo dcnaAy i 6gAo6u AM Aoutidttce4'

lttt iJc rnacmulocrnei, sorcpeNa, mpu6otoeiuan*

,apagmepuctuulc 6 pbnlllc tuapa-r mepms ma 3kcg'
samrs moatcnueocmei it 3acnocgaaltlttt ! trtaocml

r4oco(miitxur( na a4nuhpuK4iiHux no(pummia

atls nap tuepfir npe4u:ii*tr s# s azpezamo6!-

6geaux* na Aeuzguo6gfu eauut,

Abstract

The requircmeth to technolog! of muhilager

coatings, depflding on *eirJunttional puryosc, in
particular for the rcinforcement hardctrirtg, @ear'

proof und antificnonal coatings.
Basic technolosical s(hcmas and lheir oaria-

tions uere propose.rt for obtaining of nultilayeted
multitorrrponent coatiflgs tahilg in sccourtt sub-

strate tgpe Onooittg or ststic), muhilagered multi-

component (oatings composiion coating and pe(u-

liantics of such shemas tilaation fro obtoining

necessary coatings propefties upon their function.
Utiliz ing p rcp o s e d te c hno lo gic al s c h e n a s Qt ere

obtained muhilageted coatings <Atinit> of diffe-
rent conposition anil sbacture fot their ptoperties

inaes@ation in pafticular tnbological propefties

in different tribological pairs and clarification
possi'itilies of their applicatioh as aeatproof and

otifrictional coatings for tribological matches of
precision pairs of untis of nachinebuilding.

O CalaroBrr.r O.B-, I(onosuxin O B., IloIIoB B B., Ayanir C.O., CaranoBla'i B B'
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Har{orapoBi HanotsoMno3rqirini uo(prrrr (npa(
rrruo : 6yar,-xlr/x creMeHriB, r.yrol1,raB]{l oKcrrlr.!
hartii '1 I. n . !, ra In\'.pa\,. ri "u\rn.J uii Ha

ocHoli rvrorl.'laBl(nx Mcr:LjriB i oncrrir) rrar16 tse{F
hr; r'u np|r' r.rbup,HHi \rr1pt,. iB-JH .:r . .-
\. , ij.tr.llo, r.Io, ,, u 13P1,.ti, u
rriqHi(irro, riMi.rHoro cra6irhlicrxr_ Hr3r,KxM K)eqnqr-
€HroNr rcpfr ra BrcoKorc 3fiococriti[icrrc 3aDIrKu
rror.rtrBocri crrotriy{eHHr }, pi3HoMarirHxri (or6iHa,
uirx pi3Hrx Marepia",i! i Bapjrots:ulH'] ro8xruHlr
napits.

B raHiii po6ori ocHollla ylara 3occpe/rrrerra Ha
po ,.,4 p\ .u. ^ 1 rHh\ n.uJ rs., ,ir ire\Ho-urif
Hxx cxc\r orpnrrarxr 6araronovrrouenrrux 6ar.aro-
npotsxr. noxprrriB.

Texnonori. Ji cxeim afopuparna 6ararouapo-

TcxHoJori.rHi cxcNir OopMyranH, 5ararolrapo
Bxx oaral.o(oNrrrorrcHrHr.rx roKprrriB B /taHoMlr
Brrnarny cxia po3rrraa1.jl rK cy(ynHicrr, aiii ra
pens^riB po6orr.r o5:raAnaunr, ed Mornyrr, 3a6ca
nequrr qiopMyBaHlir 6ararorxaposxx ra Harlolllapo-
Brx rronpr'friB 3 ypaxlBaixrflr c euroiqHrx ,rMor
ao llol{pi.rrriB. IIe rxraHu 6y1eMo po:rrralaru :
npurh3Koro .qo xapa(repricrrr( rexHor,rotjrrlroro
o6,ra,1nanna <,.\ztni>, HauercHxx y po6ori [5].

. 
Oopr ) d. r 6ar. rrrr ,posr

BrloyBarrrcr pl3'llrfi4 nurxaMr r 3atrrerorocri BiA
x./.,r, Bn.'.!i .6hJHa- 

'r. 
ch ra J o\1-!r., | 

"p,BlrHhoi rocxiroBHocri, po3MipiB, nepiory norjropmBa
Hocrr aoo rcrRxx imnnx cnerudriqHrx nn^ror ao

O.qHa 3 Harirpocrirurx (xeNr Oopi,ryBaHrJfl HaHo
ualoBr\ Io(o11r ,. rhi its.rrnf.,u6oo nn,.riroB

' i.tb - o. r'o.o\tno ,. Hri\ -x,l,t,r J
ro excMeHfv, norpe6y€ o6rarHarurr, rl{e roBrHHo
va, ri... rb ra p.. Ili jpr |' BiA o,rJ u rn
I{irE(ocri pi3Hr.rx encvel.r.iE, 3 rRxx eopMymrnca
oftpeni Ha|lo rapr, i cxeMy rcpl,BaHHr ix po6ororo 3
3aAarrorc rroc,' /IoBHicrro ra ifi-repBa.rraMfi qxK,ry
<pooora nay3a), crHxpoli3oBaHoro Mt( co6oro y
.raci. B radii cxerd po3paxyHftoBa roErur.rHa oirpcMo
ro ruapy 6y,rc Br3naqarxc' criilrBirHo errjrM yli 

,

r€ vr - urrKicrr, pocry uo(pl'll"|rr npn po6ori i,ro
rxepe"ra rianrreHrH, ti iHreprar po6orr ur,oro
r.t(FD,.ra. IUB (r..1 p4.r\ nnKl ,a B..r rF,r Ho.ri

lrn rrny /Lxc'pena HaruirerHr, nilcraHi uit Axcpera
Ao irRrarriHx ra iHrrrxx rapaMcrpi! Nrac urpoio
Mexi csoix 3Ha.{err' EiA orllHn{! ro coreHr, MKry'roJI.
B n ,LBiA-o ruBUr Ir!1 .Iuu Ft,. -5 H.'. !r.i ,p,aB,

rjrrbcr u eHcnepr rcH-riurl,Hr.rx locrriln(erlllrx no
HaHorapoBxrr ror.pxrrsM i j1(Irn Mo)ffia J !c!H!^r
Io]IvcKoni po3r"rqJlarn ]r{e rx MoHoMarepiaJ, MiHi
im,Ihrrr:i .Jac po6orr 4:u OopNl,BaHHq naHo]Ilapy

UP Bi. i i. vO^ .t.,l:Lt:t r' Biq
0,1 Io 10 cen.

IIpn 4ropNryuaxHi roKpxrriB 3a o[xcaHoro cxc-
Moro Ha o6.'raIHaHH, trloxv,L H:t(J1a/tafric,1 /ro/larr{o-
Bj riuMorx tlolo npocropororo po3l"ri leHHr: llxepex
HarrrrcHHq ts 3ar'relirrocri Bin roro, pyxa€rbcjr (o5ep_
ra€rbcr) nilK{arrHKa a6o HepyxoMa.

tl{rqo i,rnr4rr|xxa o6epLaerru, ro AxepeJra
Hc ()6()8 r' .odu po..r'u r B. |l, d udHi ; 

' ,ro u , o
ril{HourcHHro ro notscpxHi rrilr.raltlr]rxu a6o, I
ItpaJ1rll,onr)' !rina{l{y, B ceRropi 3 (y.roM < 180,C, ,il{
IIe rorpi6no B pa3j xcpyxoMoi nirK-,rarrH(r. pa3oM

3 ulrr npr o6epra|ri rj4]{.rrarrHnr rpe6a apaxory-
na qa. o \ o6F,rib i , {pr, i. " . ,H". i0 repl_
p.,, ,r pn6nruro .rpc\, r r'(pt,. . O6F1ra-Hfl . h-
na/:tuHnn caMo no co6i rer( Nroxc posr-.rrjuarrJc, 

'Ifinrx,r ir .friiu\iju.,'Luro.ao.rri O^fvrBd rrlluBi
roryrlrrr. .g(Lqo Haronapr xpcrcra!.'rrror! co6orc
6araroKoMnoHcHrH|ii Marepiatrr, ro ryr Morlryrr,
u|(opxcrouyBarr.rc, jlcKi,rbr.a cxclr'ix OopMyDarn,
r 3arc)(Hocri si/r cnoco6y AocsrHerlH 3irrLanoro
.rrrlnr Hi uualft IIou r, .oprr r , Br\iJ hr\
Marepiarju (rdnreleri) B 

^xepc.rax 
rranrrr're [rj ruo

n r oEu:InrL t\ a o u"p,B. .,"Id
ra ! ilro ,r do crc.r.cMrl rcepyBaHHe o5:rqlralrnu
dot r'JB"H,r) HrHnurDiB n ,L"u\r\ " na{J .. di r
pi3|rorscr Bir BnllarrKy .fopirt'laHH, orHoKo^rrro-
Herrnrx Haxo apin. Ta(riJ crroci6 Ma€ prl o3rr-
T rRnux pnc, nne rjll rorpe6ye Bxrororr,rcHHr (aro_

IjR qr Mi eHcii ui4rroBiAHor.o cMaA/, i np rDorc-
llenHi, Ha[p[Rrra/.1, Ioc,riA)Ker{r, 3:rrTexHocri xapa(rc-
prcrmr noKprlrrrn tsu cllraAt' HaHonupiB rte uorpc-
oy€ HanlHocri r{jloro psl.ly MinleHeii phHoro cKna-
lLy. Iunau o6vexeuru\r nr(oprrcraHrrr ra(ofo cno,
.{)6r . peroxr r.' b veraJpriri rIl i i LIr\i
rpriiHrrHr'rM cnoco6oM Br.rroroBrirj{ (aro.q (irirrcH6)
3 3zl4aHrv BtrricroNr (onnoHenr ra uilno3iAHoi ,lrc-
cfi, rn y Brrafty, Hanpn(nar, Nre.r.a.rr,or.cxrHllxJ

Merurr'r-HrrpirrHrrx I r.r. Eoruo3rqii:irl,1x MarepturiB.
OopMysarr[n ro].prrriB 3 raRxr koMro3jlrrirtiHrlx
ruarcpralri 3HatrHo npocrinre pcari3]'rarx 3 3ary.rcH
rl,M nr'ra3MoniMiruux cnoco5iB npu p€aK{iiiHovy
croco6i HaHcceH r ro(prrriB. D lbony,uxall(J
&lcrclfa (ept'Ba Is nponecoM +op^ryBaHHr HaHo
ro(prlrrin noBrrxa 3a6e3rrc.rrrn cl{op roBaHy y
'iaci po6ory r( /e{epcr rraxrneHHr, rax i cucrcMr
l|anvcl{y o/lHoro a6o Ael.i-rrhl{ox ra3r'! Io 3a4aHoro
pitsnr r cny 3 repioA]1.rHicrro ra tracoNr y nutroBrA
rtocri 4() 3po6re[ux BnrLe oqiHot npx po3r,rsAr
cxeMra qropNryBanxr onHokoMnoHenrHxx nrapiB. Tyr
rpc6a:rraru Ha ytsari ri.lllll{]r rori OaKr, !ro, !KI{o
i , c r{ B Ba .. r \ | H i i | ,{p\rp,r \ull{p1 -6,,r"u , J tiBHr
10110' Ua, HaltpnKr.]altj Ans nanyyM rlyroBoro
rreroly HalrrerJ|fi olHol<oMrloHetrH x MerareB]rx
...o ||in. ,a pib,r H1 2-3 rot,ra. 6;.rbunro,

xapa(reprroro /tl,lr peaKrnBHor-o Harl[neHHrj

^rorfiHa 
3a ttac < 0,1 ceq ro /trrr no[ollehfl,

rrcxt' Ao rro.ran oBol ne"'ru.rrHn llorpj6rro 3BaeHo
6i,rr,tre .racy, axrlti 6yae snsrraqarlrcrr o6'eMoM
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nakyyMHoi naMcpr ra noryxflicrlo 3aco6jt uil(a'r

-lt=VLIV
" p.l

p r r. Birha rh r. .pt. 1 "6. \r ,:rrla.|lru

(:NfePx, po rxc( /'(o Hanyc() peaKqrurJoro ra3y,

p ttrc( ricjLt Hanyc(y pea(qii:iHoro ra3y t ra

Itf,yMH], r{aNrcpy, y Br1rRicrr' ui4l|a'Il|rL uaRyvMlrol

Tory, t(I]lo e norpe6a rlptt OopMyxzlr'Fi F,no

crpynrypHrx nol|pr frtB yHlrRlry'rr MD( ruapa\frr npo

I rl{iB iJ -r:. oo ro ..H'Dr . n BH", ri r.( !
r/. I B BarJr!1' ; r(. \r'l'i rJUPnl .or'. o rPr " ri

ur'r'rprrrrFarr rarexiHy nay3y B po6od Prcper

'. n . HHa npr ,,ctp\^- B n '. a dr.or' "rr "1 ,i l

o^Horo nnpy ro irrrloro.

Pa3oM 3 rx,{, RHacriro( nrQy3iiirrdx npoueciu

Mi)K olrperlxMn uarrot apaMlr, ral( 'rlr ilurt e 6yne

repeirinHa 3oHa 3 riaBH M rp:r{i€HroNl (oHl{cHrpa

uo ,{o t .o "l laAl lr1 InuaDiB

Po3Mip qi€i 3oflr 5y,re ru:narartca I'MOEnrIr Oop
l3 \'f'rc'4'i B 'o'P '''

L'ryararrii ra(]Ix roKirrr-riB rrqry3iiiHa |r3a€rlorlt

Mix HaHo aparru e oIHxM i3 Qal{ropl!, rfio rlo,tle

iv \1far,p,r, |I|. 4ht, r,). I v) uu6 |rBrrurl

".ta6.tbHi, -. rri ra uu'l iooi:\ nu|{l ulliB r'

prrLi rnnal(iB, 6axalo Jli,-IecnprlMonaHo crtopnBarx

Mix!'apoui nponapKx 3 rrafiepcr 3a{aH[r{[ (oHI{eHr-

p ." r rlat"erux .lra D Lr'"uii
raFoi (oHcrpynii HarrorrrapoBxx rrol{pllrriB clrcrcMa

aeroMarntlHoro ncpyaaru19 po6orom o6Ja,'IHaHHn

<t{"iti6 no3Bo.n€ (epymru He rirbRr 'racoM ra

Iu'.I o,Hi.1 o po6"rr ".o
cni$ilflolteHHtrl )r ilr|elrcfiBHocli aroMapnxx [oro-
Ki! rir urx Arncpcil, onperloraHllx na dft.'ra 1rHny

I.rr Dar.yyNr a).roBoro Mero{y HarnreHHt qe roctra-
€rlcxi 3a pixyHolt (cpysdrlri{ nor},xrricrro po3pj{Ay,

Bc.rx'rxfir errel{TporlarHirlroro nort
.ln.ra'hoBu.u lr. u 'ruro \iolj ', ri' ro

crxnri-'ry (epynaHHt po6ororo roro ux lnuoro /:rxepe-

IIpu rrasnHocri ralux r\Iornrxrocreil .tcrerflr
ncpyrarrrr:r o6",raananruu uo;nna Qopuynarn 6araro-

hu\fl,o i r HaH.LpuBi r.r.p''r,r -.1r rr'f;- o-

NraHirrMiJ criruinHolncHH,lM e.{cNlcnr jr, Lqo Bxo,lqrb

ro cRr:ul' rrapiu i 6ca Bx(op craHn, 6araro|oMno-

HcHrHr,lx Mirtelleji, ro6ro rara crcreua ncpyuanux

va r^i u t, | / 4ioprr) ,ir, I Hr, o r||r

poBnx no(plr'|-riu pi3Horo cffia!,v ra (oHcrpyKlLii I,

Hanpndrui, flpriillarcqx no yBarn roiii oal.l, rro
caMc Nror!.rnBicrb B BaKyyM nra3r\roBfix nporLecax

ncpl'Baru elrepri€xr ioHits Ao3BoiFe

rrnpoKllx nrexari Ha npoqecn 3apo/r(oyrB0peHHt,

po r) 'rutst iiot. tt,t' trPr I nP

BHl,rpirurix uanpp(cHl' ra rHnIr xapaKrcprcr l{r'

Crcrcra (epyuaHHir o6;ralnaus;ru <Aoinit> l!',
HaHcccHur HaHo apoErx no4rrriE 3a6ca|eqy€

I'or'.I Ei, \iy P hrr\ J\:,rr",trI
'n rd rrHr r' tsi ro

BirHocri ,'to sn6panoro a.rropur y 4rop;uysaHHt
HaHouapouoL crpyl{]yp'.1 rrol{p]Irrr.

TexHonoriqHi cxeMx OopNIyBaHflt rBeparx ra

HAATECPAI{X rIOKPITTTIIT

flpri HaHeccHHi rnep[ r ra Haartepaltx ror{p r-
riB Ha oc(oni OopMyBa Ht \roHouapoB]Ix telepo-

aa,H|| . r. Inl
(a c:rc pea.ri3aqii 4r'oro npouccy n 3arrc)(xocn B1,1

Bu rFj n,i. JHd I I ra r'o\P l'
roBcpxrii, Ha 

'lKy 
rra ocrrbct rroI(plrrrt LlP

H:L.rBrroc1.l ri,rr,Rn o/]lroro lxcpc.I]a rtaalrtrrcturt AjIt

OopMyEaHHs HaHoHoMIlo3nrHoro xor<prrrt noDi6Ho

Nrarr Mi|reH5 (Karoa) 3 Hancpcl 3a!a url cxnrsrilHo-

cHHrrl (oNfnoHcHr, xpfi s(oMy \Ioxnmc locrrHelr
HjI cqrcKfy HaArBcproc fi 

^aHoi 

(oMrro3 qii MiJrieHb

3 3araHrM cniBBirHoue

roErrrxc, pi3Hlr\ln trlera".lypriliHrNltl Meroaauu, a6o

n:uxou rlopuyranm toirno3lrliliHoro (uo3alqrroro)

Rarory 3 errerteHriB, rlo rrxoAtrb ro (Knary rlol{pfir

rr. IIpr r(r'oMy OoptrlyBarHt rBcp.4rx Qa3 B rroQrir
ri Moxe sil6y3arrcn 3a paxyHo( rqe oIHi€i tiorino_

HcHrrL flrra He Bxorlirr, /'(o cRrla,qy NIitUeHi, qKruo irpo

Ei LU, B:r' rh.t e a vu, c'" P"r .' ii

Horo ra3y. llprncraAoM Moxe cr,vrlBarx flPoqcc Qop

MyBaHHr ]ta|locrfy(T]?rrr nonp rrlrr lr: o'Jroul

Hirp4qiB rxrarry ra KpeMriro. y pa3i OoPrryBat'rrj{
HaHocrp](rypHoro nonprl'ft, j1Rc criirala€rr'cr' I
TBepAoi i trfr{oi 4ra3r, 3ac r ocyBaHHt crerlr 3 narrtr

rreHHi{M B Cepelolurqi pea(IliiiHoro l:uy rfor lxrr-a

.r nle !,,rr (ovro3rrriii, B ,rtirx rl't(a l|ornoHcHra rre

yrBopro€ 3'€r(rlaH6, a6o rlrep{trn po3q,lrrru 3 Ro\J.o

neHraMn pcal.r (iiiiHoro ra3y.

flpu HarBrocri aeRj,T'xox tu{eper H:rMreln q I pcr

MillleHln{ Tdx, xLo /liary:Ntrr crrpj{roBancx:i rlra3rlotslix

'ro o|(in \ia,rrfl-, r, I H}ol ar? rr rr. .lLn0{i lri.r' l1D0l- h

rene"nncdi rq"r rroorbtt co6oro (prc. 1), rmn!trine mcroq

,afiru{ 6i6nl flLv!rci cx€rflr OopNtftatnrt Harronornl.xrxtr

rroro no(plrrr8 t(a llo3Bo.rt€ t rreoHllx rlciliiD( 3\iRrBard

critssi/IHo c..+ur KoMnoHarff 6f3 3rviHx i{aroid'i 3 jxcxr t/(e

Iar ,ra-Irrr. B ro\1y q c,ri i rfu !:tc Harxtrclnlj{ Uc.qcrt
'r.r ts r :: pdl 'o( n tnop , ' rrrrIi'trshr'n B , -

,finx Ma€ c]|ra4 n(o niAnoBi.qa€ rQLrGnl3Ho rrclloBrffiroMy

3r6.leHrm Bi4rorrerftrt ocHoBrtor rcnfloHcrll}r ro rcIlrro

nernfi, nro Rrio.ulr'r /1o \dx3L'purroro npolnapl$' B HaIc)

''1{r | .fHo\'v nu|.]rrr L i ro,1 . rr\ nr.futs'.ffnriu
rar ocHoBHa l|oiirlr()re}Tla.

Llp radii creMi (illuen'ri cK.ruv( noRpn t
61 ' nrr.:na'rrr' r 'r\ h ^ni. o'ri
orlroqacHo ilparlrcmql1x ll)]repen HanxrleHHjl, t(e
nrorie 3MiHlo'aluc, B rocu16 itlrporux M€xax Ha

ral{oM!' rpxlt4]1ni MoxHa 6yrlyBarlr cxei\rlr 3 BrKoptr

crai'HrNr 5ii[,rroro qrc.rla o^Hot]acHo nparixrrc\fix
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Pnc. 1. CxeMa pcnirtlenx, llxepej uaxrx.lu np! 4,opMyBexi
loHor df.,r^ rar ncpr.) H, o..p.r 'r ,\ nnrl.r,.ib
I ntllsar{He, 2 js.peno nanrxL.lM, 3 tr(b 

^ur?d1.1Dr.u'ro.ri , .r)||, u \r,r ,

Axepex Anr 6inu croraluux xoN{no3rrLiii_ Anc rpr
IIboMy Ece )K raEr rlpalcltrqHo HeMo]lcrrrlBo o6ijirr,rcb
T inLEn oaHol<orrnoHeHTxtrMr,r RaTo/{aMr! 3 yparyBaH
Htrr pcan6Hoi Eirnrocri lr(€pen, rl.e ts]rEopr1croly
err,u a o6"'rarnari :t.rr Hanecelxr no(prlrrBj
ocdfl;fix sa paxyHo( 3[riHx fioryxtocri npn oAHo

vacHiii po6o,i rxepe,'r rannreHHe rre Mo) ra 3a6e3

re.rrrn onlxM:r,rtHi cxiBBitHonrenrl,r EoMxoHeH]
octroBEoi 4)a3r i noMnoneHr MD(3eperurrx rpo rap
iB, Lqo Marrr, 6]"rr.r rra piBHi ulr\ 5 ao 15 % Ao

ocltoEHor rcoluloHeHTrJ.

IIpr 3acroc).saH|i 6araronroAnoi cxcMr QopNy
tsaH]I rrorro[apoB].rx rercpoQa3rn [aHo(oMno3r,rriB

'..14 \ia-x ,d JrBa'i. uu no,{pt,t r. B JirncAHo"tt qi..

xrollli, BilcraHi Ao /{xepelra uanu,relrn ra po6o.ux
rlpar 'Fn'r.r, r{ Lr.r{ nxr},1. 6yne Mrf B.Botii ,rro
lrxHi nerHy ncoAHopirricrr, no cr,rary. fL{ o6crarrt
xa E rerlrrlx Bnna{(ax Mo;rc 6yra Emxaqauuoro fipri
Br.r6opi riei .Ix in oi cxerM QopMyBa I, MoHouapo
lux r€repo{pzBHrax HalloKoMrlo3rJ.rits.

Po3r,l'rryri cxeMx MoxHa 3acrocoEyBarr,r npfi
IaHr.eHHr uhD m'BrKHr,,1o.ti,,py\ovi 4i.tc
llxH(Ir, T a( i niARiaIuHKr.r, qo o6eprarcrr,cfi HaB(o
xo cBo€i Bici. B ocrarrurony urlnarKy, nprr 3acrocy
lanHi 6aDro(aroAHoi cxewr po3MilrreHHjl o(peMrx
lxcp€r Harrnr'rcHHj{, xoBuHHi 3aIoBolbHrrlcs BI'rMo

I uono (\ ta \t'x ui, rN r lta pJv , npr\toBaHn.ti
ux{ axPl,c.r rl , niBnaniHHjr

ixltix rieHlpie Ha rici o6epraftt, ni.qK,,rarnHxri.

Lll"ao sr6oo, pexrMiB Ha F.a Ir noKpxr.iB ro
ryr B (Ko i, c(opiue Hcrfoxrnllo, cqropNlyrI.)Barr.r
y3ararrHroro,{i npantlxa, fiKi 6 crocyBirlllcs rjr],K[
qropNryuariri-s MoHourapoBxx rerepooa3Hu,x Haxol(ort
no3rriB. 3 qloro nprHo.(y, Mon(Jlulo, crrir 3!€pH]"rx

JdaD d ntaB,,1bHr," Bh6ip 1e\r,.,parlpx ninKft
/unxx, slta uae 61u, a ornoro 6oxy, aocrarHbom
lul'l 3a6$re{eHHr yMon npori(aruH criHolanbHor()
p$nary ! i1o(prrri, r(uiii, rr. Braxa€-$cs, ,rc,nrxr! B

oclloBi MexartfuMy lDopMyBannr re.repoiba3H[x HaHo

rcMro3ariu [6, 7], a 3 irltlroro 6orcy, [e 4ocufi, n co

(oto, rqo6 3aro6imn OopMyEanHro rercpooa3Hoi
crpyr.rypr'r 3 6inr, rlrna po3MipaMr, npx , rxx He

cnpauboB]lirrb Mexanhrfl.r, BirnoEiAanbHi 3a rocrr-
Hc'lr, HaA-nepnofii noht,v Ir TTa r!.rlBi aa I. j\,

npnBeAeHr u po6orax 3 q;oro np[Bo4y, Ue]l dana-
3on reMrcparyp p 6iqr ocri DunaAdB nouufleH 6yrr
B Mexax - 200 500'C [6-9].

q)opMyiaHHr fiarrBeplux fiaxofiapoBr.lx ro-
I(pnl'IiB B 3arrex|ocri BiA crcraly rapiB Nroxe BiA6y-
rra, rc, rH 3a HaJrtsHocri oAHoro axcpera llaxxneHHt
TaIC r Acnr6(ox Axeper rra l.lrcHHja (r( MiHiMyM

IBox Arrcperr HarrrncHHq)- flpn HaHeceHHi roryxrrs
i3 -Fr{irr,ho\ &rFpci Ha Hp/JroNy F,rnc(r ni,rh,la-
thI(J a^Flcra annneHHq oB/, : 6yru puJviur-
Hi ral{, rH i y nuragry {ropMyeannx r{oHorrapoBux
rerepoqja3H x HarroKorlrno3ri,riB, Illo6 3necnt llo MiHi-
MyMy B nnoqr{Hl xol{pfirar Heo/rHopilHicrb rro roB-
rq Hi Ko}{Horo 3 MoHouapiB. IlolxapoBe ]rarreceHHt
^o^f,,fl r J l,iJ,rxr K4foniB uu6tBa, fbcr rj itfl,J,1r,-
cHoMy pc)(xMrj TotsrqxHa j{rcfix 3alaertce Beu{iruHoro
nolyxHocri ra lpuB:rnicrro iuul.,rmt no6ottt tu.u r"
irrrrror.o AxeperTa rranxrreHHr. OopMyBaHHr xalrBep-
/{r'rx fiaEonaponnx rol.prTrin Moxc Bi46yrarxc.s 6e3

J'rcri p.a { l iilrr r",iB.,i(uru.ao.h-rrr) hn,udiB
n\o.,/ - B.' (oviruHFnflr no(p/nr. a50 /.. ,^ : )
Blrna^Ky, rqo po3rrrlaBcs Bll qe lrjl qropMyBarrl.fi

voHo uirpoB'1\ rcrpooQa.rH'1! aHU{ovro, iB, Ja
ytlacri rar{nx ra3i!. A{c npr 3acrocyBaHHi peaKriii-
''l) rariB E,fol,v1ea Hr ou:,poB \ ohp,r.riB
cxeM[ peari3alii ra rx npoqeciB uoxyrr, 6yrr
6irbrr pi3HoMarirHrrff, Hix y BnnaEXy OopMyuaHui
rer-epod)a3Hr,ix Ba[o(oM[o3]r,f iB.

Haii6irbnr npocra cx€Ma 3 3acrocyBaHr[iM pealr-

, ;Io.u ra3v pcarirr, ,b.jr y Exnaag (o ru ohprMi
nrapr iboprryorbcr tu rBepnnx 3'€aHaHb oarroro
runy, uanpnxm , xirpnriB, a6o i3 rlcpAoro 3'€arran-
H9 r MrKoro rlapy, flpr yrloii, lIIo RoNlronejrrlr
ocTalr[oro He !3a€MoAircT! 3 peafiqiiHrM ra3oM_
'lla(a cxcMa Hi.ruM Hc BiApi3[r€rbcr Bi/I oxxcaHoi
luqe 6ca yqacri pcaEqii:iHoto ra3y, ro6ro lpo]1cc
Eelerncr fipfl nocriiiHo]ry rr.tcl(y ra3oBoro cepelloBx-
qa, rl{rllo ni^ ocraHHiNr po3yMirx cepeAolxrllc
3UrtlrxKoBxx ra3its, a6o pea(UiiiHoro ra3y, 

'I(rqoo .pcMi uatr +ooMJ |lrfb.e r r rjapal]r\ J.nr i L piJ-
Horoi rriny, Hanpffsqar, Hirprni9 i Kap6irju, ro
noroi6rru Befl Ilou.c - . H\ooHi3a .i o tvr.).rb-
clloi po6orr.r Axeper ra cr4cre[rt HanycKy ]rlllxotsrl-
Ir\ ppar Liiq ! ritJ;8. flf rLboMJ. 4r1r -r6eJ A.rpr,-

Irt OopMlTaHru .rir(oi Mixoa3Hoi rpattrur Mr,tr

o(peMnMrr l]rapaMu fipoi]paMa (epytaHHr ra(xM npo-
rtecoM noBlrHHa lepeA6at{artr nay3n B po6ori Ixepex
IrIr.,rIH'r rr .rcrF\rH Hrn).^) p,dhuiii||rr r13iB

vrx ,LxLra14!1 rfoprrve:.nnn o|(peM r aHor,raJiB Jril
qi.. rocrafHiil ur ui4ndql'EaHHe o,Ho o lpa o :r,o-

ro ra3y i HanycKy iH oro Io po6o.{oro rncr(y.
Heo6xiAHicr6 raKoi nay3 lrin( t!,lKqaMx HannJenre
HaHOrLrapD rfo}Ite ycruaaHroBarf (DopMJBaHHr axo-
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]llapoBoi (oMno3xuii 3 ,locrarHtolo Role3ielll fioMix
o(pcrlxrrr nlaparrl.

flxran e ,roc$HeHHt Aocrarnl'oi irixlnapoloi
Kore3ii Bararj e r 6ararbox srmaaxirx loclrrt a(Ty

-rr .rL O-r'rr r, rp\Hn.rirHr) frrlo$iB. rr .
rro^, 61 rrr rrcrn'^nr i, y p" ".4\ 4Ho, ri ....2

norjllrerlrt xore3ji E ,qaHoNly lxrra/lRy, sBoI rrjct
ro rora,lj ra no.rar(y xoNnoro urrc'ry po6oru axe
pcra rarx"rrer{rr Ha letIrxlI lrac nuB]nqenoro

rorenqialy 3^lirrteHHt Ha li,lruIajrxrfl(y, Aocrarrrr,
uru .lt :unllo rr. 1J\,nnolo

pu, rutsLi . u|ct.I fnrf ir.r. Juo')\ri.r.. In
3ariu[,na rporparta fiepyBaHHt ra(ftNr npoqecoM

nonurtra ru5lparrca ; lpax,vBaHnrM aa6eancqerrrrjt

Hco6xilrlrolo reMfl eparypHoro pe)nuMy Qopi\lyiarrIIj{
Iuhpxrrr. rlo 

' 6Ha .'e!" r" r, r'.o. or',rHi nprrna

rll1 riirxolr]5 i rpr 4JopNlyBirlrrj HaHollrapoBfix

(oMro3x4iri i3 rueploro 3'€aHarln'l i rft(oro apy

i pi!. r hr ru \o!r oHPHT acfdHrr 'oro f a \udior '

3 pea(uiiinxM ra3oM. BoHa rerqo cnpo4y€rrrct
[opiBH,rHo 3 xorepe/]Hho po3r.rtltyroi cxcNlorc 3a

paxyxo( ror'0, |lo qfiIol HaHccerxF n'i{(oro lrlapy

uc rrorpe6l'e BlereHHj{ iH oro peaKLiiiHoro ra3y, a

ri,'rrKrr BiaKa'r(l.r HajruHoro, npr uborrl, Hco6xir

nicrr, B ray3ax itinr po6orom axeperr 
^.ri{ 

aoctrrteH
nr eir|toi MixlDa3Hoi rpaHrqi Mix o]tpeMlrMli ruaPa

y pa3i, 
'ln{o 

Io c(ra,qy rBcprofo rrapy Bxoarrb

I |of o' - r'.jr J. oi\J rro { B a, \luri J

pca iiirMM ra3oM, a M'r](Ilii lnap OopM)'€rlct rra

ocHoBi Ti€i x MerareBoi rcoNfioHcHrn, rrlo Bxorlrrl' tLo

rBcproro ll]apt', ro)(i uilln4qa€ Hco6xilrricr! y apyrorty

rxeperd xa.uurerrrt, :r're nllMora ao teeleHltrr nay3r1 B

po5ori ll){epeJla r'afirireHHt nplr rcpexoni Bir OopMy

Baxn, onroro rrapy lto iHrroro 3:urrtraerbcja

llpu riareceHlri no(prrriB Ha rrillt,ra4lrH(y, rrlo

pyxaerr,ca (o6epraerrcx), QopNlyEalrrrt HaHouapo

Bxx crp)'(ryp Ma€ cRoi oco6nxEocri. Ile noB't3:rro 3

ruu, rIIo o6epraurrn nirrrirarlrHrur iloxe 6]"rx cano

ro co6i npx xeBrrxx yMonan 3aco6oM OopNlyBarrit
HaHorraporux rol(ptlrrrR r Po3r,'InIarrci{ sR oann r3

r"p"\r-rpiB \Io Inf ' .t\ .\. \ B rorrrer.l 4alluro

po3r,reay. ToMy.no .IHo po3rJta rrox.,IllBxx rcxrto

nori'r]1]1x cxeM iDopNrJ'uaHHr HaHouapoBIIn crpyH:yp

y rulaary o6epranna riAlr,ra,rxHo]. noqarr cave 3

Br3naqenrui rapaNrerpi!, i{d Bnxtllarcrb Ha Bn6ip

ri€i 'irl iltrtlol cxeMn.

Oftrl1lr b napanterpiB, BiA Jtltoro 3ancxu ft
Bx6ip xofl(perxoi cxeM OopNlyeaHx, IlaHonaposrx

rol|prrriB y nur4(Ky pyxy nilKraaxl'(lJ, e, sBx'iati

Ho, nepior ii o6epranrr, a:re He caM no co5i, a y
cniBBilnoue ri 3i rruxnl(icrro pocry rro(plrrrt. llrJt
6iirburoi 3p),,rrocli rr noaarb oNry po3frj{,qi oco6rrn

Bu, 'i d q,opvv 1 ,HoLdtud t ro{D'rr iB \
s]1xalKy pyxy flilI(JIaArHRr nBeaeiro napaMerp A,

axuii 5yae r:uona.rarfi criBBirHouetrra rlitR Bunr.i

crro pocry i rolo japy norynrrt i rrun/r(icrlo o6ep

xrBrrnnlcrb pocry rroro lapy noRpnrrjl B rriBo\f.r-
pax u o,qrHnqro uacy, ro .rbKicrL o6c?riu B o.ar-

nqro .racy, ro6ro e, e roB rrHa i-roro :Lpy no(prr-
rs B HaHoMcrpax, r(o HaHoclrrbct Ha miLiinan HK,v 3a

oaun o6cpr.

Po3rrrrne^ro lrrnarots, Irorln 3iuraHa roBIIurra

HaHo apiB &, < A Il€ o3Haqa€, xro 3a 
"ac 

OopNry

BaHHr orHoro trrorrolllapy niaKtrra,unKa rroBepra€rLct

? h)] aB.u.rodicr o6Flra t/ ,i6\ rFnooiB o

Barn Bc,ruqllld 360" (.hi/et), ro6ro raHo ap rre

nht Ea ,uB I L,.r'l I rl

qboMy lnna]rKy rte r\foxHa cQopMlrBinr no roB4xln
rroRprirrrr crpyr.rypy 3 roc.riroBHo() 3\nHom Farro

nraprB saIaHolo cKna;Iy 3 roBrllrHorc rr.
y BxnarKy, Lan hi>ei, Mo) a cQopvyEar't

crpy(rypy 3 3:vlaHom ro3turHolo i-roro HaHonapy 3

3ar)'rrcHHrr ircix cxeM QopMyBaHH, riaHolxapolrx

noxprrriE, rKr po3rlrrJ{,Ilarnct Bxlrrc ili, HePyxor{t1x

nia(raarHoK IIpJI (r,or{' axc nc Mae o6ucNcrrr,

u ilo lo3v u'

Nr BnMoratrni ao riar?a\f crptMoBaHocri flrasMoBxx

Inro i:B ur { -epc | \.'p i , B. i rr, rplr")ieHe. t. i

rpe6a uaru na yoarl ryIJ Roprcr]'BaHrli rlrMr cxcMa

lr1r. IIo ncp e, rarcuii ruap :a no6y.rororo 6vac uarrr

Er rrr cnip:r,li 3 rIIaroM piEHrNl d,. 3au,rsxu ur'ony

npri ncpcxori ljn o^Horo apy ao irjrloro 3a pax]

non o6pnny ui€i cnipari 6yrc yrBopouarfict cxo

A HI{a Brcoroo 9,/2. flo Apyrc, 3a paxyHo]t ncpio-

AnqHoi 3MiHn yrrou pocry napy npr o6epmHHi rirK-
,raAr.rHnn (3MiHn u]lr^(ocri pocry, crniBtilHonl€HHt

Ooprry€rbcil roryr]]!, ra rHuc)

rauouap 61.ae r1a1x fleBHy HeorHopiurjcrb ro roB-

rrlrHi- Bn".Il,rB qrx OaLTopiB Ha HiHrreBi xapaRrcpx-

cruKr coopvoBartxx nalocrpyl{ryp-
Hnx no(pxrris rax(o npomo3yrarx.

Po3rJIjIHeMo ra(on( Bfinaro(, Ko.lll ni-o,. Ucn
lnra4oR qiRaBuii rrJrr, r{o rlornHa 3acrocylarlr ao-

'o pocrv " , orapo,or .1D.h-

r)fu orD r : , .r J. Ir\\ o{ 06, p lr ni rh-

raAnHKr 5ca Hco6r locri Marr cxcrcMy (epyBaHHt

l.;.rnhr u.p..r r . FHH,r,a H. a\' hv,,p1r.uii o-

ro rasy 3 Hacryi3xoro cnHxpoHtuaqi€rc ii po5ori ,Y

qaci. Tary cxcMy Moxna 3acrocyBarr xpn oAHoqac'

dri po6ori rBox axepe.n Hanlr,rcHHt, tkj po3NdrqcHi

Ha3ycrpi.r o.are o/:[{oMy y B na!Ka:r, rrillo QopMy'
BaHHo Ha. o Lap d :, 1i,dr\ !a , p'a.riB Nror{H:r ,4 r -

cHroBarn B orHorly cepe/toBlllqi (3 pca(ujiimrM a6o

6* peaHririHoro ra3y). Aire npr qbor1y, I.rx na6ca-

ne.reHHi{ doprryBaHn, .ri'fItoi rrer(i Ndx xaHornapa-

rfli, norpi6Ho, rqo6 po3niPrr nil(.rarunxr (rttpo6y).

I]lo nonpriBa€rl'cr, ra li po3rlirqcHHt 6),rrri ranrrlri,
rqo6 ue 6yro reoMerputrnoro ncpcrcpnrLr ;on dop-
r{vBaHHr noxprlrl, Brll pr3H x &(cpe]I i';rntrxeHHt

(pnc. 2) 3 ypaxyRarlHj{rf roBrqlrHx .rre6aaBcbKoro

uap\ B n aJ\i I-r(o-o 4(.aL Hhx r flnlFhLi.-
roM 3MirqcHHr U, ltatrHicrb srioro npx3Bo/llrrb ro

:
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prc. 2. Cxcra 4,or!,aia'r,, HrrrrBep.qn ranonnro.,n noklm x

na ni{ir:rl!n\- t o6cpransqrt hi:o,.. 1 xianaaAn,ha,

2 ,1aeP.,1o H!!!reHHr, 3 ladlHa ma3MoBorc norory, Illo
nona,'lle !a xi;r{raxtrrry, 4 ae6a€.cbnn uap Ear(.m

po3rlr'n,r iuexi reorre.rpr.uroi riHi Bi.d .qx€p€,ra

Te\Honod,tr{i cxevr {oprry,Baror-.r 3Hococ fiiixJd
ra aHrropll] qiinnD. 6ararouapoBrD. roI(pIIIIiB.

px OopMlRaHrri 3llococriiiRr.rx ra aHrrop lrrrjii
HLlx ro(prrriB Mo)l(ra 3aorocoBlBarrr 6irbrricr6 i3

po3r'uxyr[a cre\r /Urri Oopr"^.!aH]rq Halrrep nx
noI{purrtB 3 rej{Itr'rrrr xonp.1BmrllI,
oco6rrBocrjrvu ix OvrllruioHa-rbHoro npra3Har{€HHj{.

TaI., xpr drop\f,l'Bafirii 3nococriiiMx rroHolnapon x
HaHocrpyKTJpHIx no(pxrrrBj rKrrlo Ha M€rr € ;locrr

.ro, ,iBBin n rFHHc \iil. nFf r.ro
r rol|pxrrr ll ra iior o rroAyj1cr nHra 4 uoxyr r 5yrn
xocra6,'rcHi ! ivofx, xoB'ftaHi 3IocarHeHHeM Ma(cr

L| .torvtorr.h., I

Br)Lxo cHHir rlorrro]terff ocHoBHoi O:I3lr 
j (oMnorie|l

lix3!'pcHHrax rporuirpdB ra ii poiMipir. Ue cr{)c!
€rbcr i B vor jto 4ropMyEaHHjr 3Hococririnr Ba|olra
poBux roRprarrill y.racrrHi 3a6$neqeHHj{ qrcMol.a

r rrrl_,v d lvrb^r .uu IH
v pasi 4,opmyrarHr aHrropulrlrfiH'rx rario

crpyKTJTHrx ro{pxrrB Bnr{oHaHHr nr{\rof, Ito po3

' urpr \rdH Hrrr.p' f . ro.l{Irid J

3acrocylaHEev po3r,'rrHt rl{x orerr, Nroxe 6yr.!1 D prri
lxrarRiB !3arali neo6os'j$noru . Ocl(irb(,r rLL
arrxopxRrliriHrx flo(prrriB Hll3lrtrJt? (oeoirLi€rrf

, , | \ 'i "r 'o.r' B. narr is 1ic. p t, h.i ! r,"prj
.,roM rir(oi qr:Lr!, a 3rococriiinicrb rrarepiatrroM riep
Ioi qra3r, ro n"r, ix OopMyBaHns r on\"rb 3acrocoxl,

. '"v. +uDrD 81 ,Hq
'rffploi i rlsrci Oa3, uo po3rrq;I ftc6 Bllrte.

Haneceuna 6ararouapoBux ,|a HafionrapoBrrx

nonpxrriB rra AocniAHi 3paBxr sa pospo6:reuufi
rexHonoriqnnrux cxeMaMx.

TLH,,"Hr , - u fD.( \1, L n..f . r rriii
H. 'Its.u\r, .:ns" orr' o6 rl r rrrrrr

<,{oihr?>, xapaltr'eprcrx oarc /rerturhrro
,, ,rb,..Hi Blo-., [il. nu-..ra l,^rf1f, .,r,n
Pxcr:lHHrrr oaHoraoMlloHcHrH x r{aroJlrn rl cepeltoB(

qi pcaNrifiHoro r'a3y i 6ca Hboro. y i{noclj lra3Mo
yrBoplrllr.rrx varepiiuriB ((aroriB) BnrcprcloBv|r;L,rn
I,Io, Ti, Cu, r\l. pea(rliiinxM raroM cryrvBan a3or.

o,H"BHoo lnx ll(oo ts rJul 61e :.e .. ,veL.
rxoro Hc nepeBr.fl\yuaB 0,04 ar. %. CI{".Iar 3a,r rrftro

Bxx ia3iB i AoNri rolt n peaKriiiHoMy ra3i noHrpo",rn]

tsats( 3a roroMoroill Nlac c|eKrporacrpy MX 7304L
TeMreparypa noBepxHi 3pzi3(i! RoHrporrrrrranacb 3a

roxoMoro$ iHQpa.reprio(oro nipoMcrpv Br.rpo6Hr {rua
<Raytck) i Ha npor,tji e(crcpxMcHriB He neperrnty
E- " 200 2J0'a rl:r. a I HHr B 6i. . ro-l ,II1,
KiB crira,4a! nil o/(ri€i ,ro rpbox roAnH. Ko l?o.jr6

Bcix ocHouHrx (apaMerpiB npoqecy ariecerHt
ruho||r iB... i.Iro,1rj r B itrB o\ra r rHory tFAr!r.

nu'i'lrt rp---rr. JUJv L) Ea,r..,r , rc\iro.o rl
Hin ocHacrrti i jrro|rl( 3riiicHrcBarr pyx, ! 3il.ireroro

cri Eir Br6paHoi rexrro.'rod.rHoi cxeNrr.ij (alKpyrr
cBo€i Eici, pvxa,ircn xaBKo,ro Eici, nto npoxoi(rrh

'.p.J pH , ,a())^.u h,\t lt 1li^ LLri,. ro,:tr,l
mraHcrapHirn pyx 3 o6cpraHHflr oAHotrac|lo lratsl.o,,ra)

.Bo,i B.i . .r..i .. \r,.Dr. 3pa3 | \i1,1u +or\rJ rn, hib

riaNrcrpoM 20 rr\r i rosurHoro 3 MM, a6o uirpa.,reJo

ninray 5x10x20 rurr, BrroroBreHi i3 clir"ri X12O1.
IIoBepnHr, ra nlry HaHocn.rocr noxpurra,6y"ro
Birro,ripouale 40 uop(rxocri ue urx.re 10 r;racy
no r.) In. o rq!. r|.i -i ,r,o.ti
.{II XM3 <OE/l>. (Jcxi,rbKr ro!a",r6rri rLoc"'rj/Lxe!

' rr t;n. o i rrrx . 4r.p rd . -L r
4Ba ^ POduJ t Ha !a I

<po.rnl{ r.,rouxna>, ro [opj]4 i3 3a3Ha.re]utrxMrue
.Ir..{1v uNpIn,l .ri.IruB 'u ir

Ar{cl{r {iaMerpoM 50 M\l i roBrrnHoxr 12 I1I1 ra xy6|
rui h croporroro 10 rNL Ecanocepe/rHr,o lepcll rlalle-
.pHH'r\i ro. ixrr B rpdhr rl.a\iInar crBup.1,i
Hrix po3trrnrr Kax (6cBxH B 70 a5o yaih cxnprr) i

noriM nililara"rxcr y ,rpa3Bl,RoBiri o6po6qi ts po3
.]r1Hi H€I1Tpa]i6rnx rIxro.rxr 3aco6ir. IIicrtJt 4r,orl)
.iia..K rti \rr,aIr, r B nl.rni i nllriri du. i ,

rroaar'rbnrrr\r 3arypcHHrrr B ;lrlcrr-,rhoBaHy tsoay,

lrlaireHfir{rl perxrKu Born nicrq nuny.rexru 3 !lrc-
rltr'l6oraHor !o/Ix ccpBcrRaNln l 3alcrrro(lrfr1 flpor]l"
paHHj{M rosepxni ilparl{a 5arr.rc.rororo cepBe (L)ro,

iuonoxeHoro rierponciiHri\f eojpoM a6o aueroHoM.

Harrecelru nano[rapornx nol{prrfi! Bir5ytsa-

Jroc! 3a faranMft cxcMarrx.

I.re rraxc(cHHr HaHorrapourx loryrrris i3

.,,ep \ J "ar 6r.ro srrr.nl,rrrrrru .di , \ o ru :,,-

a) $o(aroaHa cxerra rpr oano.racHiii po6ori

Lr.o\ L^ p,.rr '.n.eHHjr !r(i ,,u,Iiu,.,ri HaJ\.'p'
or(rre olxo\ry, B cep€noBrflrLj peaKuirriHoro ra3l' 3

u6-t ..II r\r ip2ihi prB|(o o .bo, I Bi, i. p | ,l iil
tsx(ony€rl,cr criBBiAHornerrut r;:e.;

6) .dBonaro.aHa cxeNa pn iMnl'rrlcHijii po6ori

l,oJrl -jr, ]I d3\.lli I

o]l]re orHorry, B c€lelolxrqi pcaKrinHoro ra3y 3

,I
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o6epmnnau 3pa3M HaBrrcro cloei Bici, npr nnin

Bu(oHyerbca crdBBirHonemLn hl 0t

3a raKrMx cxeiraMft 6yrr orprlrvaHi HaHocrpy(

rypni no(pxrrr B cxcrcMi (TiN-A1N).

A,ra H.Hfrr",., i roruitoB|i\ Ior(t riB .rro

no6yaoerri ir noc,'IiAoBHocri rBepAoro i M'J{I(oro

mapiB 6yno Erxopncrano rald rexHororj.IHi cxcMx:

a) orHoxarolLra cxeMa 3 nenepepnnom po6orom

&\epeJa HanrrreHHs i iMrrynncHorr (nepiontrqHolo)

roAa.reb pear.qiriHoro lasy, npn umuy rona 6y.,ra

pcanboBaHa y atsox irapiaHrax,3 o6ep1alrHsM dr(Jta

lL'lllolt HaBr{orro cBoei Bici, (o,'rn lloRpxtsiuracb Bcn

rroBepxHn Bpa3xa, i 6el o6eprannr, (o,'ilr llo(pxBa

naor, riMr o/tHa cropoHa 3pa?(a,

3a raltl.rNrr.r cxcMaNrr 6yrrtl orprMaHi taHocrpy('
rypHi nonpnrrr B crcreMi (TiN Ti) i (MoN Mo);

6) rrnonaro,qna cxcMa npu iMrrynruiii po6ori

tBo\ nr.p."l Hanx rcrrrrt. tr{i porrriu arri HaJl"rpi'l

ojH. oA U\r). i i\rny,"\.Hnhr nularpo p,ahuiiilnro

Ia3y, cr'rHxpoHhoBaHom y qaci 3 po6orolo Inrcpcrra

Harrrrentr, rqo aa6elevye tfop,uyratttrj{ rBcpaoro

-r:.p1 r o6"1,rrnnat rla3{a HaB(o,1o.Bo'i u:.i rp,

rl(iiji Br'r(oHy€rbcr cniBBianonleHHt rj>e'.

3a ral{olo cxeMoro 5).rr orpxMaHi HaHocrpyE

'fypHi noKpnrrr B crcreMi (MoN Cu).

tr.-g na c,rHtts IaHouapoB!1r . p'r .iB r rU

6ylo 3acrocoBaHo ati rexHoron'rri

a) nEq(aroana cxeMa npr olHo\acHili po6ori

!Bn\ ,^.p.rl Hn....reflHr r ri pur\riup I " -),roi I

o0uF 04'o\r/. B.Frc/nB L; 3;.flxu|{oPr'\ lirr.B 
'

o6e1,ranr.rt Jparh:r ''ar,rn,ln .Bo,i Bi.. nP' rhin

Bfi(onycrbcq cliBBiaxorueHHt ri:0i;
6) ltnoraro,tna cxeMa flpfi iNlry,rrcxiji po6ori

-rHo\ .r,{el,p.r ranx rrrre. rr(i I'o3r'' u.hi r11 ').,p'
urlc onHov). E ., p"rorifrrri .'4,1f uKUbr\ 1-iB J

u6ep r,rrrqrr rlarKa HaBro o .Bo, Bi,i. , ' rr{'

tsnKoxy€'rr'cs cniBBi.qHonlettua hj> 0i.

3a raKob cxcMorc 6yrr orpxMani rraHocrpyE'

rypli xoKp'rrrq B cncreMi (Mo Cu).

IIa prjc. 3 5 nprBcaeni iboro 3pa3RiB 3 roRpxr-

rrMx pi3lloro cK'IaEy, olepxarr nlJ 3a nplrBelleHlrr{lr

BInlc TexfloJrorrliH]llf cxcMaMu.

Ta.,rM ''',ov..'a poJpu6.rFrrrv r \Hu,lorirH

rflr cxcrraMu orp[MaHi fioKpxru 3 HaHouapoBom

crpymlToro pi3noro cKraly i 6yrronlI, ,uJI'l lpone-

Ai Hnt I nu-il nllo\ry Aoc-n lAc rx s,r', roc eii

:o.prr'.. rpr6nrorivnrtr \:rra( pl''.rxh B irrH \
napax rcprr (B 3:tlet{Hocri Bia c(ri!'(y ra cnl,Dr^Ho

lneHHn apits) i MoxrliBocri ix 3aclocyBaHH, ), tl(o
.-' .. oco.riiih|lx | :rH[r+pr { .;h o{t'1r iB.

l,
A)

2\
cxeMa a) cxeua 6)

rteua a) cxcNra 6)

Pnc. 3. Haronoponi ror{prn rrny ?!{!r Mm}
cac$ a) voer Mm (Mo cu)i cxc$ 6) v€ar-Nqa! (NIo cu) Pnc. 4, llaroraloBi ro(purl, h rnelrtx 3€aEitD (TiN r\lN)

P!c. 5. HaqodapoEi rolalrt, tro6y,1oBali tu no.iinoBEoci rn€Pnorc i trcN uapit cxeMa a) r!.pJ!n v'tMi Dap (TiN Ti)i

.xeMa 6) rBepa!'i irMn uap (MoN-lv1o).
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z/zoll ffi
Buctto6Ka

1. Ha ocHoBi 3aftr,rbHoro aH:rd3y Br.rMor ro
OopMyiaHHr HaHocrpyKrypHrx noxpllrrir cQop-
Myr[,oBaHi BuMorr{ Ao rexHonoii orptrMaHHq 6ara1o,

apoBnx 6ar:aroHoM[oleHrH]rx no(pxrriE B sanex-
HocTi Bi.4 ix OyHEqioHafirHoro fipr3uarreHnrj 3orcpe-
!ra. 

^rr 
JviuHrohr,rh:\ HajtB.prrf\ 

'a JHu,ocfiilhux i

aHrr.ropmqii:iHux roKpDrriB.
2 Aff OopMy8arrHr HaHocrpyr{r]?Hv x no-

r{p'11 | iB Ja-po UHoBaHr o, oBHi rFrxu.rori,,, : cxpNx
ra ix lapiarii B sanexHocri ni]l rrry riAruanurlxl.r
(pyxoMa a6o HeplxoMa), cxra{y Haxocrp},r(Typnr{x
floKprlrriB ra oco6rr.tuocreii 3acTocyBzurHt{ rllx cxeM
3 ypa.{yBaHHrrr BEMor rloao 3a6e3rleqcHHq Heo6xil-
H]r\ B,1acfuno.t.; no<pxt iB n raic^Ho.-i nt4 ix
Q}'ltKrioHa{Eloro rpmtnrcHHr.

3, 3 BrraoplcralrmM 3alponorroBaHlx rexHo-
. ori r \ .\e! urpu\ia i HdHnnapodi noKpr'rffl prJ.

Horo cHnaAy i 6y4onu a"rx AocJriAXeHHr ix Bracrl1-
locTe]l, soKpeMa, rp 6onori.tHrfi xapa(TeprcT,lK B

pr.,I r nalar r.Drr 1i) ,r.)sa e vo/r,,r Bo.rcii ir
3acroctrBaHHr{ y rrccri 3Hococriii(rx ra arrrQpnr-
qiiin[x rol(purriB.

4. 3anponoHoBard rcxHororiqHi cxerff OopMy-
Baxnr HaHocrpymyp 3 yprq/BaHHsM Br.rNror ao
roKpl1rriB n Banclrnocri EiA ix OyHriqioHarbHor-o
npr.B[arreHHr ra reoMe,rpii [iArcqaaxHoE 3aRnqqarorb

Obu,{Hi ocHolr p6po6rur rexro,ro ii naHecefilrj{
HoBu-{ 6ararorapoBr.rx 6ararorcounoneurnlx @ynx-
qiort:rnr,nlix roKprrri! ArxE rap reprr npeqrciiiurr
BFxiB arperaro6yAyRaHru ra 71auryno6y41narrrl'.
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