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cpedenpo.fibie afioDflffeBue cn ats'r cficre]r Al Cu-
Nq Mn, p$yrirarsr rtrrororerHrrr rrcor{orar xxonnlT
3ftCn4aTarryr K('rcpnm noxasa]I ll] Bbrcorsro 3@r1BErlcI
c Toitrcr spelnrq conpolB'reHr'Iycl-aloclr r yoroBn4 lllrsIr-
qec(oro pacrsxeEEs rI Er3KOri cxopocln pocra ]-pe[qEr6r
ycxarocTn. B aleMelrrax KoHcrp)4cEjrr cr,\rojrero!, Krr (rpire
rpet ryqe{rBerfiio pa6manrr B cr{{lToM cI)cmfln r4 HaD{o&Tr
]Illtpoxoe rlp],IMefi l}Hue B6]coxol4oqHHe c[r]:rBbl cltcTcr{m
Al Zn Mg Cu.

3. Heo6xoqavocm nonulrerros seQerrr-rrrrrocrtr corpe-
Memsi:rnaccanslpcfid nlpaHc]IcprsDtcrrvo'reroB lbBlll3acr
lorp6Hocr6 s Eo!!r:r 6orce coBep[eHE6D{ rlarepfia]-rax &ir_.l

lleraneii maxepzl Be4rrcrr pa6oTll IIo y4qxeHuro np]Nense
M ( pa3pa6or(e n rryxMeHeHl&) HoBrx a"!rcrMHuetsHx
arr%!oB, aT :rc(e rfirepnar.ta CI4AII, noroprfr o6JnAaer 6rcc
BBrc.rr<)ilcrojtoci6roucor4)orlBr,,r€Mocllxr]rrroBfJe}4(]llav

!1 3riall1rer'r6tio rfeHirtD||rlr ckopocrarM pocra Tpelxj4r vcm
jrocrr, npr'r y/pBi,ierBopxreirblrort xoppo3fiolnroii c]oii]{ocrn

4.I]epfie(IrrlIs drr,rarepr.a,ia\n{ArrBlrcoRo}*nplri{:n-
Ht]]t aeTalet rr JBnoB ca\I('Ieroa, B T.rr uaca4 c Altr{Iel]}rs[\{
peqrpcoM an*o1crBr,Iltr)rcnpl{srecBlpuBae\1}rer.ftlHoEEre
crrrraBll rf abrco(onpogxlre Maprcno l{o-crapercLlrr crull

5. Marepuanu, rpr.LvenseMHe Arr rrrrirrepa (a!ro!cra,
Aojtrflsl o6rralaTblocrnTolnlo nErco(ojii q)ogxoflab, rMelb,
xopo tr,le ycrarocrr.Hbre xapamepsclxxr! B6rcoRyro Koppo_
:floE{rrocroi,l{ocrExolx)rneec.rqxm,ElrteHuenorpe,r!{etuE\4

Ipli\fenelnreBsrcokorpolrHr,xrMarepnai{oBfisBoiaqel cesr{r}
Bec xoHcTplrclut4 !o r!&onL cq^n'rr nots!rcrT6 H44ex}loclb
11 aorrroBelrHoc1! aleveHroB Koftcrp]ftqufi 3a cqer BbrcoKrr
gkcnq/ararr4oHHbnr xapar.reprox& orBegarcnlD! 1?e6ora_

HIrtM Ir ycjlotsuqM 3(crrryaTarlr4r4, Ilclror,r63oBaTt HoEnIe

rexHo,'rofi{tiecKte pcueHm, HarrprMep, caaprg7 AeTalefi x
FirrcB ruraH€pa ca.voreroB, ctscp&nacTn +rl'Io OopMoBr.y fi
!p. re\Borcnrtlecxae pe eruE
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)K4auoe JI. A.
HalqroHaErsDi rexrrqecK{il l&BepcureT yrlpamllr <I&reBcKd nofirre)ofi.{ecllld ltrrcrlny>. yKpalfia, I(ueB

ME'TAJL{}?II4qECKOE BJIII'IH'IE IIIJTAROB C IIOBbIIIIEHHbIM CIAEPXAHIMM OKCII4OB
TI{rArr{ r4 MAfHr{r rrA META.L'r rrrBA lrpr{ srrBKTpoAyfoBoii ioalre no4 o,uocolr
] (ctrcTEMA TiO,-SiO,-Al?O3-MgO)

Cfipyonlwui aqtLlti3 po3rLraei6 u,\akis, uqo 6iAHo-
ctmbcs do cu.mLuu nO,-SiO 

"-Al,q-MgO, 
npoqeAaruii

ra oaloqi iafioi meopi noeBas. ojq,asiont, npoz1lo3lJ -
aaHts aMicmg MrcHtu a ntemani usa s 3&EegrcHocmi siA
d{n&A! uua A fipu ssaposa4rifiiA Qruocov. Bmunroc-
netn, u|o otclrcnmqaahHa sAarmlicm1, orcuAg mnnala 6
uuahV 3.ue$cumb sia xo\4eqmpa4ii ox&Ay Kpe Hm.
On$.1\tt!o e\opry"MaatuLvtti ro,lewl1xmi taaqwqa\iil
nKato e nm@Li wea sid s.ui(W s Hbo.ra! k?ejrHin na
ruEnaao. Botttwoarcn, upnlaat u. aulni&sa s!at)-
?MEag &Ai Hz,flaflati,atqc st{tao4ar6H4 ooa6i or.aais
*pe Hito. Safiponofiosata zinonzesg, eilnoeidrc 0o axoi
,tiJ!. Mp jath\tlq mnet! Enao s .a.josin eari i t{irflrf-

6n vg a irmi Mmn4 s ttntLIi ue iovt tEfl a rara{Hionb.
ycnlanete4o, ulo QophgB.n'lt xi i,a$/o cKrrady wg
wea eid6!6acmbci niA 6n wsort l.uosoi, lvaqJr"\oi tM
utaxoa rn *.u^o ni p eaatjiauh oqu 3 a qp o uaa$.

Abstutt

Tfu structure aftalgsii ofmetts ofscorias concerfting
t.o sqst"ln TiO"-SiO?-AI.O.-MgO, tead ona base ofthe
tonr( theory, U6 shozrrn an oppothnlity olforccastine of
th? contenLt oJ oxAgm in netal ofajurcate in dzpen-
.le ce on a slag analgsiA at a @ddinE under llux. tt is
establish?tl, &at t h e oxidarion pouer ol otie o! nh -
nium in scoria depenils oh concehtration of a silicorr
oide, Etpennental dependences of concetrations of
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' oa\gn ifl netal of ajuncfiire fram the contank in it of
siltciuft and nanganese ale recci.ed. It is establi.she.t,

that owgminnetal ofafunctureis as nonmetallics on a
base ofsilinn oxtdes. The lrypothesis a(a i gtou)hich
betaeatJiactianalpressure of oqgen tu a gas phase and
thetenni ating content ofotcggetlinnEtal ofaju chue

therc is a direct relation is offered. It is establbhed, thot

formation chemical comp ositioh of metal of a juncture

descmb under itltuence gas, netal a d slag anololihg
rcaction zone ofa aeuing.

BBeAerfie

I4r:rou,almrrlre Qffocos m orrore orc44os rrraH4 MarfiIlt

nrea\c r r roore4ree Bperrr naro,ryr nar 6o.'nuee npl,ve-

neHre rnr cBapru fi HannaR(I{ [1 5]. Csr3aHo 3ro c
xopom,'i!trr cBapor*ro rexronofiFrecKn\flr cBorrc1Ba\ni Tar{]r!

drrrccoB [3 5]. OHr o6ecneqn]a(Jr rapaHrrpolaHHyro

da6l16Hocrbqaqec1BoEaIx'',4{'oBomp:L3pq4\y,T ffe's,.tlle

Ooprfiap)rcn{fie cuor::icTua rllraKoB, or,rn{rfi+']o orAeiElvocr!

uaxoBori ltopr(x, cpaBHuTenbHo rl1r{J.ro oxnc,.Illrer1nHFr

mocrSHocft fi or{'elornnHe nler^ryqecrBa c rortrsr 3pr]nu

Mera,airj?r]fi cBapxn noA O,rocoir B.]acTlrocrrf, Bo3Mox-

Hocrr Mrtr{porrernpoBaHr.n verurra lnBa rnraxoM 12,61 n

cHrrxeH e xrrreHcr,lBHocrrJ {pe\ne n rfaPraInle BocclaHoBll-

rE"'r,ln,L rpoqcc{oB.

Cvnraerca, uro xnrrnucc(],rii cocrar u cBapo.rHsre

cBoilcrBa 4rlto(:a !o ;rHorcN onpqlelr]rror l<arrecrDo cBaprsD{

rtsoB [4. lt"|t'ralrr' r,.,l'r rJ |rperFJurrca B '{r!..oi utln
KoTop|]t noKpbrBael noaepxHoc'fb Merl[.ra x ocraerct
re44{n\f erqe He(mopoe Epenr [oc!e ror!, fia{ Mcrau] y{e
3aT8epnen. no rfilarnlro He(orop6n aEropoB rDrcr{ro lxil;l(
Ha rpa,.nqc ]rrarx-Me1aJl4 or{srBaer orpeaea(lloq€e Bnr{tmre

Ha Kone\Hr,rii cocraB Mcrarara !a [ 1 ,2]. Ha ocnone 3roro
qrq'lnoloxe.trlm o3a+rb1 c\€rd llraocrom€rlll]{ qr'TrroB ro
ocHoBH(rrn rtnn alalrsHocT}r 4ur,x.L Heo6xo.qxo onrmr!
riro, ro rnretnlo Ap)TJA r.rccreAoBare,rciii, oqcH{a B.rrtrltitJ'

cocraBa +rrcca Ha rNr.rec(nii cocrats reratri,la IIrBa

Hceosroffra 6€ wcra ncex Barnroaeiicrryrolqtx !br:, n
, r^6.r+n E?.a^ii;rr!!r tR 1 lt

O.roB tbrp pcr,{j0i rc nlun por'tnlor ugrontoto:
3oHc cB.lpra! 31D orcr(],Errern]srcn o(lrcrl]rlelrr,llo Boccrafio

Brrecrsrc pearqflr B pBvrsr.irc an r peaKqri rponcxonar'

ocruc IIeft Lri-lln l]lBa KIDMe rmrq
pev,'rbraroM B3ar'nf oA€rcrBnj1 Ha rpaHr{4e rurnK r{err-r1,'I

eTannc rntsa HeMelilmrttrecKfi

orcrwGDi B]rrro.r€Infil, fioropbre E aalllHer'i e\ ro }tHororr

onpeAelqmT Mex nrtlecKre cBor'icrEa rfcTa"aria rrts:l-

B noc. r.nr." gt-1|p ro{Br,r {h orrnHb c,1- Lodi.,{11:.

riomp,rc IIoK:31'lt:IOrBo3MonGlOc-11, HarlJ lrtt rlparmcmom

ln,rerioa xljAKoro Inral{a Ha/t crapoqHur{ rlBon ]rocrle

nprcr:Lnrrtarrrrr'r csafor{Hoj,i BrxHH [12, 13]. Sror OaRr
lroxer orcr36Bilri clu{ecrBeHHoe R,nrq cHa@pnlr@tsalflte

ftpexo$rorc cnot MerI'{y Lua(o}{ n Merarri1ou 3 Pcayjbrale
qcrc Bo3Moxxo o6pa3oBal e rl'IieJreri , 

rrro. coorlcrcr-

Ba.nro, ao:l;*rro Bfirsrb Ha or4cmrocir-6 lrr,rrxoRori xoprsl B

ro n(e BpeMs, Hanritfie raKoro [rcii4u xuJKor:o nljIaxa ]r:l

noBeplifi oc'Iu 3aql{cr:!Lrrlr3oBaa erocr trIerauja He \f oxer

Br'IiJII! Ha 4DputpotsaHne rni\jlfieckom orfflna rer.Urm xrra

xo,, noxeT o(a3l1BaTr onpe;leieHuoe tsJllrtHlre Ha elo

clpyI(TJpy.

llprEeEeHnsre ,qaInsre l1ox:!3l,rra1or, .lro Omlrlto )catrI-

'reclsrc cBoricTEa PacrrraEoB rrtrram MorlT oriarrrarr, q{qccr-

Bernire B,trnnae Ha @prtr4nBaln{c KoHeirHom c.c1ala r,relaam

uBr.B"Bo o'pfe r". 4)rLrhro-\r"v "p.r k-"Aor( Bl

pacnauoB rnralcL orirr,Ie'larorcr cro6enncrrafi lr:r crp<rrrlrs.

IlocragoB(a 3ale.ft

Oco6effiocffcrpoer q rnrrcalx
nar-rrrcr, MHorr\m r.rcc.reAolare.rj{Mn [14-17]. O$taKo,

6oJbrxuHcirBo fa6or nocrrDteHo crpl4crypHo\{raHarru3y

L ,lal'odJl\ pd l.ld!\rbnir r' -Ol<IjOd^c. -ir'lqa1B rrM.]
oxcnrots rr:mrpn, arrotrnrul4 rraprn$lla rr reerrrfltt CBjBaHo

3 rl) c re\ qro rilruie pacffn'ri nrlporio xcrllojrb3yorct lrpll

mrbrots"lelxxl cruxl xmr Hexo'irpne aaxHre no crpoc]nrlo

urlldxotsnx orclrrM colepr{alurxtloBt]IreHHr.]e l{)Hllen4):rl]{,1

oxcrloB maxa x rranrnr lmercrcr r .'xrrcpatpe 11, 16, 181,

qeIxTHou I(apnl}Ir'] rcaeaerfltq

31[\ olcrrqoB B pacrnaBc rflaru. Ilo3rorly rryencrarrser

onleaeres]1t,l]l lxr'lep:f 4xrllqle.I]Ie cxevarlqecKom aIl:rrntra

ro3MoxHlrn coe.:rlrreHnr 1r r?y]lrxrpom4 Foropble MorlT

o6pa:oBiiBarr,cn ! Il|'laxo3oM pacn",]aBe c rroBlImeHHbI]1

coaqr{irfirlei\r oxorir{oBrrnaHa v rl,r,{. TaK;e qercodla3Ho

lolBrraTncs cI4oIHGr4oBaTb Br'II,LIHIie c{)lrrala lra]toBoro

pacr ana Ha rrporexaHre rrcInrjlplrrqccrsx{ npolr(--.coa r11rrr

csap(c noa O.rlocoiv, (oropHe Moryr 6!1r! orreceHbl x
paccMrpEacrori mrarioBoir cllfl eMe

3,1enrer!6r ro}n{oijl TeopBr crpoelnr' pacrlrrxoB rEmrtoB

He BH3HRaer covHeHfir,:r, .rro 6o,ree rorHo npoqecci,r,

nporercrIorqne B paffii1,ne rl]]al{Z, ominB.:rorcs c noroli io

rcr*loiircoprdranrnrponmrrccrcii4rsiorql rnr\rl\liqecldxt
coerlulleHxii. B o6rueM c:rt''i:Le r r r.ionorcr pacnrille Mor]'r

npficvrcrlolalJ, r{:l'r. orr,r Ca'', Mn''. Fe:_. ]lg , axrroHr,r

Si.o,t . (TiO){, (TiO)6. pojr, Sr, FeOj , A1o" r cEo6o/:r'

rrlre ir:rtor*r lulc,ropona 01 (prc. 1), nrHnnr rrcro.nlllxoM

KoropbDi j]lrrrll)rcr ocHoBHHe oxcrA CaO. llgo, X'InO.

FeO.

I43nec[io,.fi o c1Fners 3"IeK4]],T,mfi eciioir xrccorqnqfl ,r

cBo6o4rom oxcula re\r 6o,'r6llle, qeM Bb Ie eKpoorpurlL

Te.nrHoc fb 3.reMeHTa, cocTaBrsFrqero oKcrJ_]. T.e. cTellcr{b

a,rexrporrrnr.recrcii ll]{ccorqraqrar CaO 6r,.rer 60.* rc, .r€,u

I"O. -1" 1" rp}n, !6"0{,ol, Bo,\r '.r' oir , e\to 0" Ho 
. 
uii

aficcoqriarlun ocHo]rHEre ol(cr'rabr Mo]KHo paclro"roxrri:, ts

-r".Qnor'. ! raie^\-..rO.\f"O.V O. I.O IT,rna" -
STOfq )rIUIlOe ol.lltrue ]rrrlaKjq I (OTop,ra o(Cllrl Ki]"'l6LII,1s

\iar'r ||,.o ro. B oH c+i. ro: .-rFml
,.iprtn4 u6 .,:Al,.. tiat_ 'to.HoBto.oo.L.l:lD

pacflr e. AaHHoe 3arnrc.rernre noAmeDrtlaercs reM, {ro,
cor"'racHo uol{doi{ 1eoplj]r3.rera]po,.[n]fi ecKoii iorccortrar[d{
xLI\M\€cK x coe4neHrdi (co.'reii u cro6o.4nr,u orcnlor)
3uepru{ $awo{circr;rr nonon r ncpaorr rpu6.alNerrr
Mo]rcr 6bn b oqeHeHa ro 3rra.ra{no o6o6rqeEroro rroileHra

(aneh'rp(Ennrrrsrxoro fioreH4{:lrarorlroHou), rq)e4d:Ra'Io-

Lqero co6ori orfionefirre 3aprt1oB n pqrlriycaM oHon l19l-
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Bcrercm e HcpaneufiBa nocrqmDi, 3Haqenle :lrexrpocra
TJrqecKoro rrorcrn!fi-{a rlarrjoHoB loopacraer I llocrrcloBa
renr,Hocrfi Ca?-, [,1n:', fd', I,I8,-. no3rorrv lota]r narfi
oHoB c 6o.r6unar nol€tnltrr".rorr (N{9, ,Fd.) rpffIl,1pFrrcq
q)er^t{qecfteHro cr.%Hblej ro rlarsre no la3rq).a\r aulorsr
U' - 1 poiuo3AKrrc aHfiorlr,r SjO,r rr,rr c"re6ue aHroHr,r S: ,

.ftoi,Aiq +vrxn4r,rclcr noqrlr. nar.r&r;ree cra6rx raru-
ouo! Car' (pnc. 2). B p$y.j6rare l pacrllanq corcpelLelr
rctlrionnr rruxns. riouqecrgo clo6r.ur,u :mronor rotc,ropola
5lter::uncemorrcuroxnoc nprc.oc$fira.ff,r'arjtoHorr
NIg:- rlp\.na cnrrEHr,r anraonoB, orHtrrjr rl3 l'orql|\ jsJrs
xrTci{ :IluoHnt rrTaHa,

Oco6eurosnr noBeAemr{ aHroHoB lrrrana R pacrr],ralax

TxraH eB,{rerc, pa3HoB?llcHrH6r\1 3.r(,!ehro}l ryr
HarrD\lir,i (o-.oporo ! pacn,laBe \ror\,1. o6pa3oBnrB?rr,c,
accortr'r:nllnr, |e crqec rRyroqrre ts rreplor cocrorrm.r, rax

\ nal{ rxirar I{prcra,!-l1|{ccxor'i pclll€rKft tcqcaaer "ri6opa:HoaprJE6(e accor]1iiwff u.rtuafi o lrorfl erlct4r\Iro-| oJHa
jlp],t-a{o. Ilooror!, Hec\rorpr Ha roj qro:!re,ql,! crpoelrlel
:{trIlJior o x rBe!,loro cocrom{jr c,yucmnler roJo6ire [20], a
(pxcl all.lttrqecxar crpvKrvpa t ijl3lrrlrx oKcu4oB rnra,ta,
rnporen. xan rt 6o.rrloruHcrra croncrnx
ocHorrto$ rq-.Do$ra nr:rrcrre]n'dprsr\ oioi?AoB Tjq 1211,

o
il

o= Fe-o-ca _o_ F€=o
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Prc. 1. []n^'epd ,neMenroR iuxa(oBlrx pacnrauo!:

\Igr i 6 arororrbr ucrolo;ra O,; a a!!o!Er rlranx TjO,, tiO';
, rnlonbr rp$rr!, SiO,i, Si,O,l

r pacnra* ao:rro,xt:o o6p:BolaHre !pvl.r.L\ cr?),lc)plrrr

O6rlerrprrurn m cunaerca m:rro+crocn o6puorar:nr
I pacrrl]:lne llrr]:xa xor\fi{e(cnoro onr:Lrlptq.cKoro :lJJr joHa

(TiOi)d 118,211, ocHoBy Horoporo cocr:B_uer rrcldpe\s,L

"ri,r .i ".r 'lo ..',, e s..1.,tu+" q.. ,, "'
BoBfi Br, qro fi cKrolaer pa:winre n:rafi Molcricl.Blr.r rlcra,l,r
ucra:rr. Br,rconiu, npr6_,rrxarorrnrcr rro rellLrlHc K

rrcral].rflrqcctsorj'rpoBonrr{ocrn rnraHoBlrx pacl].ilaBoB

yxrL3brBrel Ha Bo:riroxHocrr, c.ylllccruolar{ir accotuiuxrit
iraTrloHxoJ o Trdra, D koTopbDi cBr3! rreT;Ljr.1,rrcTar].rr qr]flto

nrp;uricH:'. IoNnrio iroro 4r{ c.{vqar prruoBa.r,3HrHbJx

Iial]ro|oB Trrdru. coc\rrlel'trl']onl1rx B pacnrTar€, Bo3\f olrro
fiosBr]etll1c amturol! riorirrre(coB, rcr'f(olsr tsolopr,x rlor-17
i)r,rr! cBr3aH6r vej{qry co6ori, Hanpn'ep (T!O)r 1211. B
Jr{r e!aT\,De olrc!?erc, rirnrie nc}lrncrocrL c.}rllefi Bon:t|ni,
aHnoHoB (Io,)r I22l (pnc. 1, 6) u (rio3)r l1l. AxIloH],,
TITIaHa rrBlrflOrcr cnrrnHlnvr,t arnrot ta}j4 a r{lTnOH mran:! ]l
o5rnert c-,r"rag lroxer paccra4nrr;.lr.x;t rran pal;pplarer$j a
He o6l);l3oBa:'!]r |cnerkrr | 181 n no fcpMo,,rlHir.trneoLorfl,
no&/LeHijro orr 6orce ocHotsHoii" qey, Har{nr\Fp, xoH Ai: .

T {oe roBerefir1enfi ra i,clljnBael(', qrr Halrl!fi,tr1loftm
Hoar1:|ernHlr^ vc,{oBrfl-r E pacrrtatre, ,(al{ n { cpolcrBo r]oHa
Tii' ri (lic'rofoil1, 3Haqnre'bno rerure, qerr rom Ti1' [23].
IloJlo-vy npr rlc1lcH r.r e crr-rnlial.Hrr€ crrcrerlbi rxraH

o
II

)

Ca-OIIo-!'-g
.l
O-Ca

Prc. 2. tsor\loxnlre e-!trnxloBk! (a1!onoB ra,r'4rE c a'!onaN! xe..t$a (a) r, reeNm, (6)
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fta:pyurao pelrenl, u noB rner xoflrqecrso cro6osrbfi

riouor rcnropoaa l1B]. B roxe Bp€ JI LEBecrHo, t1"ro Barli.n{e

oKcrfaoB TmaHa B paclllaBe o(a3llaaeT HcoaHo3tiatiHoe

sjnrqnrc na Or'3rrro-xDnr",€c1€Ie caoiicrBapacrrnaBalU"lara

[1, 2, 6]- Pa.3rn {HHe acrcxrH roBe{eHnJ{ Tiq B rtnxr-x
uoryr 6lnr o6r,acnemr or:mrauqa.oca or'6"rarog:r4+l< m:or
(oHollllpalll"ii in"KToHHoro od,nra ll e"t.oxoi r o,l'Dr-
3yeMocruo r.aTl4oEa Tia*,

I{oI{Hoe BanMoAefi crBxe ftoMnoseFroB pacnraBa

trI,raxoBofi cucrelbr TiO,-Siq-4q-I4SO
IfuB€crHo, .rro o(cry (TerIHt{' B pacnnalax c}cnoHeH

o6pa3oBnBar! rpoclpaHclBelll{ jro riaFacHFr crpytrlTJy,

B ocHoBe noropon,reiflfir aH]fotl SiO.o. Ha prcysKe 1, z

rp.n.rcB eHb soJvo^Hb.r,l-v Klb lrroii haD^a "ol
crpy(ryp6r aHlroHH Si,O76 u Siorr'. B MHoroKoMro

HenrHbD{ paclrn2Bar riapxaaro[ clp]4qrp6l He c]q€crByer

rla 3a 6o,rl oro xo:rn.]ecrra ao6aa"reunnx oxcrlror n
k?eMTreKfiolopoa]rnre aIn.ro]r6r Halio;r/slcs t Br,rae oraejbH],x

Terpagapor. C l'Re-'rlr.ieHr.reM coEepi{aEllt Ao6:B.reHHdx

o(culloB nr'rr yMeHlrrreHteM RoHqeETpar{ldr (peMH{t

crpyxrypa aHroHoB yrpoqaercr ao SiO,'[21]. B 3rtx
rerpaaAu.r sGnoxslo o6p:BoBar ec@l'}€Hr,rii Io.rcnopolla c

aBoiiHoii cBs3bro: Si-O-Si (rerpa3rp fia ocHoB€ aH]rolia

Si,O,6 ), Ti-O-Si (rerpaarp na ocnoae annona SlO,')

@ c. 1, z: pu..3, a), a a{r(e coeAnHeHrii ErcjropoAa c

onrapHoii cBr3;ro Si-O, Al-O, Ti O (pirc. 3, 6).

Ilorrrnro, .rro aDq o6pasoBaHnr coegfieHrdi Klrqopora c

oarfHapHon cBr3rlo B pacnr'rale AonxeH 11p]'Icln.ruoaal b

r -6r r r ur. ., ro,o a ruc-ropoAa a o" 0 o-"H.ir\' " oE 0]apnoii

cB*I)rc lrpolle repexoAlrfi,Ir3 pacn,{aBa t]r]2]ta B pacr r:rn

Mer:l'jrra, r.x. oH1.r IrMelrT MeHblxnt paarryc aIll,Io a, qert

co€A!trieHliq rcroropoIa c.@oi.iltoii cBssLIo, BRIIro,tam qle B

c6q o6nruro Hecrlortlfio KauoltoB, Heo6xonrvo tto[repal,rq
lrro raxoro poaa anaogbl Jlato npeo6pa:yorca r m.:oo6pa:_

H) ro vor' $ D nffr SO. T'O. AlO. 3ru qo,.. ic-B,. L;iHo

BaxeH /!rJI 3rrej$poAm3ot cBaplc{, Eo):/Ia oAfi\tri ur @claB

tlTi-O
tl
=si= -Ti

"'r,]rort!d( 
m3oBoii !Da3r,r i$nrrdrc, npoAtlT5l xdrapeHx& 3

roM qnc.re (o}moHerffoB (bfi}ra- O6btclrterct 3ro re'v, qm,

no r1HeHitrc He(oropnlx l4cc,reaorare"nejii, [8 11]fiveHHo

raroB:r Cta! u|orbFaer o,.pn-,1flo u€c &Ba.'}n," ra 
''oHA+lId

xi\nrq€crorii cocnr Me.Tr,-rna rEa IIpIa aon ee +)pMI4oBa-
Itrie qponcxoAfr B pe3yJlT;ne rpoqe.coB l4cfiapernt oclror

HOiO r npuca,qotnsfr MalupnuoB, Ilpoqccco! a{ccolPmrEl]{ rt

olc,tdllflejrnHo Brxcl:lHoar'neJbutxle2rtr{l]i.

AfixoHtI Epe\rnnqBpacllraBe narcavollr o5pa-joBbmar6

coeluaerlrrr c MgO (pnc. 3, d). Ipx 3-roM (arxoH M8"
pamcrnmercs pjraoM c (pe\fliersrc'.Iopoasiu TeTpz.3apoi4, a

aHuofi KucrropoAa Btirroqaelct t rerpa3Ap [24] tr pasMcpu

reeu{eKrcropoaHom reea3/.paBo3paclaror. Ilo-rta!,r\[oMy,

aHa{omaGlre coeafiHeHfie MgO voxeT o6pasorrrearr u c

amrcna,rcr LLra.na B pacnrarg rae ecr:o(o\{r e(cm,leanuoHsr

Sioii x l{a'r]1orfi,I NI8", rlrran 3?Meltqer He I{a rori 4)a\I-
ur.r4 a rppir,I MgO. B pey:rsrare ao3;vox(Ho o6pa3oBaHre

npylHbDr K&BuHeiiirpanbHHr Moxeq"'I (pnc. 3, z). Taronl

o6paaor,! ovenugto, 'no xomfiango c;o6onHom Krcnopo,!4 !
Paclr]IaBe rrrul{a IoJrrKHo BGlacraeT npfi }IBerftqeHfift B

cocrare Q,rloca TiO2. Pocr co4epNanua MgO cnr'*aer
norffqcrrsr c!o6o/T{oro rarc'ropola B plcnrra3e r{]_3a no}flDl€Ir-

Hoii crercrll ttrrccotul:nlmr arom onclrrta- Vreurqcl e SiO,

Bodmolr rpnr.,E K .61$roE", oto hur,-Lr"kcrsDi cc"-0i.l"ron:

BrsrIo lo[('x kafi1oisl MS], Tia. (pr.Ic.3, d z).Ilpr]l1a3-

IroM co/tep{crfiff SiO, tso O"lloce lme,ErtnB:erct 
tn'ruIo coe-

A]rerim1 rAe lJrc.ropoa r^teer o,ryEapq.'Io cts,3h (pIrc 3, 6)

+LanL0 p. r B u1,0,1,lF qri,ff. o rr uob Hrrt '.r-l?d D0.r

cocTrB rfi.ra(oBor'o pacn"rr:rBa Moxxo cHa3aT!, t]To o(ctrta

:rnolfirmra o6pa:ryeT r pacnnarc arr&n AlO; 4 ro-Bt',rytMo

ry, uoxcr :a6uparu na ce6x .racn' xmuonos Mg:-, cnoco6

',Bl,Punrr.' uhaL rr. Ilu o ,\ vB".lll\"",'c { o B

cocr.rBe 4r.n'rca-qo'finro cnooo6cBoBar6areKrpo"'llIl1rqccrcl1

Anccoqna4trr pacmasa M8O, r ]tsefl{qlB.?1r, con€Pxar re

arxroHoB Hrrcrropola u pacnraBe 
'Ia,{a, 

rorj{ x B ropa3ao

McH rcrl crexeHx, qeM TiO' Oxcl4 vapnurra o6pa;:yel s

paclnatse xarIIoHsI Mr" u ts oT cyrcrlne Karlroxo! Ca",

At=o Mg:OIil
Si=o Ti-Orll

6

n 
li*

=si=ft-ri
gMg

6

Mr

I
-ot?

ll
M

Ti

Pnc. 3. Bo3MoxnNe rlynnrpoBr! ! rrjra(oBo'r pacnnaRe c'crerN SiO, Al"Or MgO NlIo-Feo
a coernnenn alltoHoB I{peMnnt r n)rnn. ('l!orinn' cgsgr no Hioopo.qy); 6 coeltnenlq (leMrrti rlranai

arnMrnrr c o,lunapHori cBn6D no rt.ioloAy Ir voreryra tlaDl,tti i, coeametnt antronoB rpertnjt c I{gOi

. z nna:;merlrpusri:t Morekyra iia ocnoBe ar{uonoB (peilr'n, rrra'a r tpvnnxloBo( I4gO

)1,)
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Ao&ra{r.r lp)IrtrrlrpoBarr Bo4p}.T c€6ir al{lolrli Si,Oy: . B croM
c[J,qae, B cooD€rcrHnr c rIpeac]'anrerrHoii cxe,\ro]i B(rcl:a_
HO&]leHneKr{o'Iopo]1arfryavllvrr]BpaclrnaBa rnar.4aojxHo
HaoJIIoAaTHrr BoccmHoRrer e napraru4 9ro coirTsercTsyet

'qalrrIlnr 1):6mbr [25, 26], rAe rprcoll.trcs npflro nlJolrcprqro-
EiIrr,HaJr 3aBxcrfMocT! Irerllq/ KoHleFrpaqneii KpeMrir4r i,t

Ifapr?flIa B MeT:i-4ne [rra:

tsil :r tMnF (1)
r,{e [Si], [Mn] - KoHqenrpaqnr4 npeMHm n Map|arua !
r\re|an]Ie nBa, 1( - rc3olbmurem fponopr[4on:urEocTlt.

B To xe Bpe\rs lrpoBeA€rrr*re;lamlieitrrare ucorcAoru
noxa3atri rrTo atrrs M:ipmlll{a l:u{a,q caeMa BocoaHoRrrer t
pa&)1:rerqa,rel{onesceuar3asr.rcr rocl1(1)Hets'trro'.nrsercr.

Alla"rtrr3 aA€KBamocE npElroxeHHoil MoAelnr l'Horo
BSarIMOAeqCIBnr XOMfiOHeIIIOB ItrraKOBOrOpaouraBa

. Axarr8 rrlla{ost Di paqnanoB c[cTeMrr TiOr-SiOr-
AlrO3 MgO c ro.rKr 3peHr.ra r.roHHoi:i reopr4r{ cipoeiu,
uDnKoB lro(a3ar'r, lnb cHrrn€Il'le @AepraH]l]r Siq Bo Ono.r
Ion)(Ho yBe-rfitrrBarn q cJto coeluHeHlxri ftncjropola c
olqfimpHot cBslro B lrrxe, Ko,nr:.rernr cno6ogom zucno-

F)Aa ! pacnnaBe lrnar{a ao]Dl!1ro llxpacra1l' rpfi }BernHeHr,tx
B cocraBe orrrcca Tio2 u ],xfeisrnaTrc, trpu JrBerrr{lreHrrr
coaep;omrr \,IgO. Oncr44 rqermu, fioc(rcrE],I rojtrn{eplr-
3a1l}i]{ [raKoBoro pacrlJ1a!4 crn'.(aer ypoBer$ lrrfiErfis
cnorHornlH]4t orc4{oB TuruIa II vaffljI]ra ]{,nfl.teclsdt cocraB

uer:uraa nma, K cox:r-aennll)j B J,repaq,?e orcyTcrB),Tor
3xc[ep[\{cman!}6reaann}rc lro kor rreficHorfy ar1r,r'lrruo

I?rHHrD( oficqqoB Ea )oi!fl,I.lecxrdt cooaB Mera,rna IrBa [p]r
ncrlorlbiloBarrur (prrlomB, (oToptre Moryr 6!116 orTleceHrn K
paccMarpr$aeMoillIrrru(oBoii cxcreMe. B ro )rc Bpevs An,
npelBapuTelr,Hoa oqeHrsl cnpareAnj4locTn rulBm{rrm{
Kon1{elnldi qe"recoo6pa3Ho rpoaH:Lln,r3r4poBar! peryJblard
r4coleloBarn'tr.I no Birwtrlmo oficrl4a Tlfl"lm Ea orarcnnetrbl{,,Io
cnrco6Hocx6 rnaEoB [1, 26].

B"I{{fie oKclAa RpeMIrIls ll fl{rasa ]ra Merajrr'qpflr-
qecRrle xapalll€ptrcrllllr rtrraxa

Pe3yJI'ra 16r raccqeroraHl &nrqErrq 4eppoff nxqr.Is,
BBo&rMoro ,iep€ (eparn.recKrrii 

QJIIoc (55% CaF2, 40%
TiO- i% \"'1SOI Hroh c r.,lDHbr '' oreHuruln oN.rl,r]
ruralra [1,26] noraaluaror, lrro 

l,tsc.rntrernlo co]lcprjr,rr.@

nepexoanrreror6orocarQaenrrcooBercrsyerEoBbna e
I Meraine Ba Tl,fmHa" tr{acaoSajl Aorrr sMloqelu 1{iua
fipn 3mv aoBorrbHo p€t{o crir6'rc1erc4 a ryeunrr, Hao6opor,

]tse&r,n,saercq. cllaracxcq T.rorc I' coaep]€Ere Mcnopoaa
B Mera,are rBa (Ta6n. 1).

O6bircHa&eM 3.rorry Moxer cnJ, ,rrrr rrornivep,13i]]luJr

llrnaKosorc pacma!4 xoropa_q qpor.rcxo&fr fioa BJnrJrr s\I
asrouor Epercata, o6pa4ror4,rxc-s B pacnrTase rrram npr{
yBenll.]eErdr B cocraBe Qrrroca oeppoc]rn'1lqre. Ilpr{ 3roM
.Hr,N{<ar .a 

'{oE 
rie.TBo coen ,Et-Hd:i ( oopona . oa-fl],lpHoil

c&qJbto. B ,ra.T"on Ti O. rr:-ra o6pr,roBan4, (oe.tlotaHrli

IMoropoAa c portHofi cr'3bro: Si O Si (re1parlp Ha ocHoBe

aHr,roHa 5i2076) { Ti O Si (reTpasAp ria ocHoBe al roHa
SiO44 ), 'rro Ir nprlroAr4r x cHrrneHr.rlo cotrcpxaHu,
I(Ircrolrcla B MsEL,arc IIrBa n eqe{rBe}nio weHnlrle}{4o c6qoD
(oirxqecrBa BKr'rnqeHr.ri:i (ra6,r.1). IIpuscrr, npr
Maxd {a6norf (tr)aEDrattrrr qxpliocnjtrtrqrr B cocrue +,Toca
o6rqee I.oitrI.recrBo BroDoqel{ri:i cloDraercs nor.M na 552., a
roicaopoga rm 70%.

Oruc"rxr€rlnue cBoricrla oxc4qa rrnaua, ! aanloM
crryrlae, fipofirureT(r' To]t6no &rq ]Tr'repol2_ 

ysorxtteH4e B

cod"ne O,noca qeppocItitr{lrs HlE'enpyer ni. CB,jfuo 3io,
no-Bn{urrcMy, c aHcorir,i\{ colepn aFneM 3 cocTaBe lprnoca
coreri 4ropa r orc]"rrrBreM B peal{IllroHHoii 3oHe cBaprca

9,reMemoa llpetn4,llleclBeHHo ol(kcJrrofignrcr In rpalflrqe
Irual{- er:lrrr He3HaluTeil'Hoe ox'rcteH]{e JrDTepoIa npfi
orc'".crBxr oeppocl'rq]{ (7%) Morcr 6brrn o6bscHeHo

oi&,r-ro-nor.osxorYocl? I,uv-'re' e,rEvo 0dla$4.ea,{ot
aIlTrBHocTs lTrrepo]la or r€vrepaqlpn] u o6pa3oBaxneM B

p$yrbrare peaxqtu ero ra3oo6pa:Horo oKc4{a (CO).
CHraxeHue BHropaflfi, yrrrepola rr3 tlpoBoJro(u, xp!
yBerxtieH{r Qeppoc['lfi qxil, c!q3a]ro c o6pa3oBarfi eM

firioo6pa3Hori Monexyftr SiO, sro lio}] r{aer llaplg,La]l5Eoe

AaBrreHrre ftr.rcflopoaa B ra3oBoii Qa3e. nproprremocrb
ol.xc.reHr'rr yrr'repola ra3oBoii oa3oji roaTBepxaaercjl
olcynrT!{eM 3asr,rcrTMocEr 3Toro npoqecta oT octoBllocrll
O""roca [27, 28].

Orcrg ntrarm npomllrler cc6x IraK crd'rlrstr! orcloftTe,rr,
npr olclTcrBtl r cocmre oftrlra rpernrn o6pr6orr<a mn-
HEiX, rrpr'BeAenHlDr s m6rrlul\ 2, 3 noxa3brBaeT (pltc, 4),
trTo lle3aBncnlo oT xoHr{eriTpaqfifi SIeIreHq B npoBojlo(e
MaKdn\aftHo orucrHercrr kpe,\nndi (ao 70%). oMc-neHre

)

Ta6rnqa 1
N{accoBnr ronr 3rerenroB, conep)Karrre Mcrolo,xrj o5qee(orrqecrBo B&rro,re'rrl r rx \raccoB& lorn r cocraBe

crcreMbr CaF,-TiO! I,IgO 11,261

O66eu ntu€xora{lt
M.ccoBar /lonr oreMdro! B rldmre

rBa,li,
ItlaccoBac Aoe BknDsenrn or

o6uoo (onqe@., %"

c si Ti fiou sio, Ie0
0.08 0.3 0.003 0.005 23.14 1,83

yBdr'{ee Err B cocraDe

qnoca Qeppocnuqlt

0,075 0.29 0,06 0,096 0,059 71,9 5,9

0,077 1,02 0,11 0.072 0.0{8 68.0 6.9 0.5
0 07n 1.82 0.16 0,054 0,043 60.d 10.2 0.8
0,07! 0,03 t),027 54,4 13,8 4,4

%sarnoc, B o.cFoBqo!, Bmqe,rE, ALq

5t



(epaM'eecr{nx O,rrocoB ma(oBoft c'cre}Gr caE Tiol-M8o [1,26]

Ma@Ra ADnr srdredroB B Mdetrc
uBa. %*

CoAepx.nrie rHDssnn TiOl
E Moamc dBAi %r'

c si Ti

CB-o8IC 0_08 0,8 0,01 CB-08I2C

HaMaBneflflbrii Merd,r 20 0.08 0.5 1.6 0,13 0.04 0.06

Hanna,rxcHHbrii Merau 30 0.075 0,4 0.1 0.03 0.07

Han laBnennbri Merur 40 0.065 0.3 1.2 4,014 008 01r

H.mMerqsii Merun 60 0 0c5 0.25 0.85 0.061 0.12 -0.1;

E+/zooo

70

60

50

40

30

20

10

0

Ta6tMqa 2

MaccoBa"li Aon r oreMeHroB o.{epxdtrq TlOr Orloce Art

llrrrcrl !t oDorokr 3 w, ('o"pHo.rL o6parnar), lexla, cBap{t: I.,:320 350 A, U,=35 38 B v,,=20 r,/jrc

.4navdp dpoBoroM 3 w, @orrpHocr. o6parEd), pcxx! curpru:

'1"": 500 550 A, U,=35 36 B, V",:25 M/saci " I"": 320 350 A, U,-35 38 B, V.,=20 v/cac

Ta6nlqa 3

MrccoBar aon,l 3neMeHroB orep*r rr ra TiO? O,ltoce alq
' (epaM'erclllx OnorcB raa(oBoii c'creld CaE TiO,-ltIgO [1,26i

lTrepoe! nP'I paccMrTpeltrllxr l{or4et{paqtt'r-x, nP1I( qedor

He 3a3ncxr or colcPrmHxr nefupyrolqlrx 3neneHToB B

Irpoiono(e r cocraBnqer npuMepHo 20%, a (onu'{ecrBo

ororueEroro lapraHqa clnirLaellJl Irplr IroiB'IeHrIl{ B cocTaBe

fipoBorolilr Erdi&iJt n ryoMa c 55 Ao 30%.

I&6{pare'rbHbrii xapamep oKnc"reHr'It rerrjptBlqrd
srreMelr.roB [pr.r ]BMeHeHrdr coAepx,aHrrr oxcnga TlITaaa B

c,:x]rare Suaa voNer 6mr o6ucue,r: po:rm*roii rep'uot'wra

Mnqec(oir aETr'rBHocTbn 3T tx 9r'ieifeHToB B pa3Hlx qadfit

pe.uquoHfioil 3onr'I cBapx{, ?lo nol{ailBaer, qro /!aq I+)ofiro-

Jtfp orr0 n ulirrftq cor:n:r qlrn{t n $t\orue(1{11" co.TaBs

Mera"rra uBa Heo6xoanMo fipoBecrrl crp]'(r)?I€aqurc
oKtoareJlbHo-BdrTarrcBrfle'r6lsr{peaxruinoBqofiEoc I

ljx lporercrHfir B Tori r,']1{ Inloii peara4roHHoti 3oHe cBapKx.

T!€r,{urylmfio oarfiv r'B ocHoBrsri roq)ocoB Irplr arefit
po,\,rcBoii cBapxe rx,'rsercs uexrmru l xapar.rep o6paa*a-

Hmr Ha\rer_rutrilrecxn\ Brlroqerl{i B Merar"lc rna. 9Kcneprr-

MeHT:lJrltbre,ql-rtltble noro3r,rE:ror, Tfo colcpxal e oxotssr{
Bx.lnoq€lldinprrtBe.rllrelx r cocr:lc Qnoca 11O, m:pac-

1aer (ra6rt. 2), .tro, B cra"rae ri:{ 3H.qoreHHol'o \'rexaH]ftMa

o6p:lroBafir,r{,AoD{crocao1BerfiBoBalr, llP€Jrfie}nl}o r{,rcIopo

Aa s pacnaBe reraL-|1. OF:u{o otlHoBpe\reHHoe cHrxeHne

BocflaHoBrlcltrrorc m 4Djoca nfi:rHa no]cr3lBaer, lrrn oq)eA€-

,rcrfioc B,.trr$nre Ha 31m npoqecc oKa3rB:ror Qu3rrLo ra flr-
vecrcre Goiicrra drnr4 rcroFrt no-BrulwoMy, lfiMeItsmre

npn neperoae s H€ro rpo4rRroB ol{rr(lrelitrq q)a\fixl'L B 3m)"r

crvr.. H:rps.q/ con uh.f{]11v. . .rnl i rr i o rnaoHot

cBs3bro (Ti O) rorB",rrrorct coen HeH s Nrc.ropo/Ia c

ABoiiHoii cBs3lro Ti O-Si, ,rro x 3arpyaHjrer nepexon

Tr|rn]]:L KocBe..nsff fioarBepnqe${s\t np]Be{eHrorc o6'r"qc

HeHrqsBrsercrro, qro cr xeurte rclr{enrp !a{ (pelfirfis

B mcrrne nloBorroror Hxuur'rpyer !n or rpoqecc (rd6rl. 3)-

I]pr'BeAeEsriiarar6no(;rel'rBae|rp6B raino Bax'Hoe

3nntreure o(crtqa (pevgr;r ra$ r,revern4 tmoprii cntro&:r

ryer norrnMepx3arlu[ rxr]a(oBoro pacfinaBa 1r aar(e l]prl

rP{"r!4{r4 trrsD\ ho 0. rrk ! 4\ v aqfl). '1 
q B!x\ro.'t

crBr' KarroHo! ]l aHtoHoB B pacfiJ]aBe. OxcIrA TxraHa

nporBlntel cBofi orsfc-'trrrerrlrsre csoiicBa rosontHo m6]apa-

rcJrbHo r,r B 3asxclLvocTu oT KoHr{eHrpa4{x "1e]oplryo4]fr
u,r 3oHe crlL . H Bb -dbJF'

(l)MHernrr rrrriqH €o(f4408 h?a\lHmfi TlflnHamcoaeltl{{:u e

xficJropola B lfera-rrll€ rnE4 oaHaxo [\lelrxuecJ{ AaErbIe He

flo3lo.rflololllloll qHo or€Hlrlb 3To RnxrrHlte u B3a[MocBtBt

c coAcpxftnlelr o(c!!4mrx Br:no.reHd'i r rrcIn-Jne llI&L Ec,-]l,r

npoqeir o6pmomnna nevaanrnuec(I''t Br1:ino.]o'ndl Hocttr

iHAora-nftil:{apaKcp, io uo4ty colept(a-rff(r4 Krcrropola B

I{ET:L]LiIE llllA 
'{ 

BOCCTAfiOBTEHHIIMX h?ENi]1!ICIJ J{ T]{IAIIOM

Ct{src G-08X19H10I28

PEc. 4. 1tu3{l Ouuenr AroparLr, (/id, r') nln cBapxe

toB^ ro1-!r,, B 081. | .806)19-lr0I2f.
noa OnrocoM unaKoBoii cncre br CaF,-TiOr NlgO

. conepxa'rnrl60% rio,

llaccoBs 
^orr 

Jre{eHroa s NqurL uBa, ";"

c 5i Ni Ti

CB-08X19H1012D 0,075 0.3 2,ll 1,37 19,7

HauaBreHsEii Me@r 20 0.075 0.29 1.8 1,30 19.1 0.02

HannaMeHHbrii Meranx 30 0.07 0.19 1.7 1.22 19.0 0.25

HdraMeHHbli Mctuu 40 0.069 0.18 1,55 7,2 18.7 0.04

HarrraMcnnbrir Melnr 60 0.062 0,1i3 tl; I S.4 0.06

n
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:lb,thHa Ha6.uorarhcr np n-,r 3a&rcrrrocrr,. Uj'rcs]ilrlcot
nponnoFi {tg xor&L c J'rejtrllla.nrev B vetlr'rrre xrtsa rpcrmr,t
xo! naelct co4eptulrrt nrlaIr4 a klrcrropol crrnr.lcrcr, a
.nn fr,o tc. . ! .oo bi .- 8. r vqe r. r.
BllTJo'{effdi reenrjl'.{ r cttrm{eHne r !fllxla (Ta6,1 1, 2), }a{:136r

u.rD"n. tjnur.ii "x Ela{ o oi
ioEe cBapr{J, ero n]rB{ L.rser npeillcLroxrrr4 q"ro Ha co,riED|n

Itrl€ tsrcllilgetl],lri 11 lxi cocl'J! or,a3n1n"1n,}T B.llrir}nre te Tojlt,Ko

pc:rrilft Ea rpanmle r!Jr:rx- erarln 14 n pac]llraBe !:lllld, a r{

-J]lrb " ,l. rr .- . x . Bon,--31'fl

ITIJiUoB j Harrplr\1cp j 3ra\Bar \trkpoqa-1rr( Il]".rar{-1 pacmraB-

.rreHrl! lu no|or\a,\ff rfet:uJt! Horopble B ArrT6Hetr1lle\r volyf
c:1|{ff6 3apoibnm,\trr nln1ro{$ffii

Kolrmrelrcrroe Hrfir$rc oxcrnoB rura{a fi rftrrurrq Ha

Mcra,arrJT,E{trccKre cBolicrBa ffiar(oB

I.u cueunr xow,rrexcnoro l.rrrJj{Hrr orcljlo! lnraHa rr

aEnrr a trrcTalqproLlsrlr.tc cBoiicTRa nrr-rarctsoro pacr rala
cncrevu TiO"-SiO2, Al"Or-XIgO iJa r 6r,Lro onpc-

IeIeHO cortcpr6ffnre rleffp\,rcnllri cJellerrloB n l{uo.ropo4t B

llelarljc rBa npn Harrr'r:ltsxc nol cr1e{lIillrhuo rl3loroRrrc]lHn ff
nnaBreHr,L\tri Q.x{a:n\,r (la6. 4). 3nr .fm(rr,r laptlKrcpl]rtalrr-
(],q, flpt +qlc Bcelq p:ii.rl1'1rnsnr c.orlo|rerore oKclrloB nn i:r
II rar]Ilfi. Kporle ororo, oco6ennocrarn : urx cocraeos
iBrrercq 'lr), \.Io 4ff,rchr i\6 3 r 4 r r€ror ]n'3noe oju?x;u o€

oKcllla rperHr,lj1 (11%), dr.,rloc'] 1,5, 7 rorbureHH e

(23 26%)- corepxanre npylxx oxoi.soB Ha:roArrca !
crel(yrorri{x np€re.ra:r: Al,O. 15 J7i;, MnO 8 12%,

CaO 1,5 4,5. FeO 1,5 3%.
Hau-:m;lr o5puaor rn Cr 3 q)ol:oltrJ-'racr, s rrqrl crrocB.

B nDr!ol crcq l;rrq r,rr:crro{crum Rnrrqmllr ixuo* ioro -{1a l4
I'Iilarlmr-locri ro qenDe B:uffi:r c ncpc^pbmle\r 1/3. Pe:trul
crapXu c.nerNrol]lei:rol{ (1.") 160...180 4 norrsfHocrn -
o6parn:-r, naq],Ncunc,5n1J (U,) 26 B, chopocT6 cBapxr
(v,,) 28 r/qac.

Afiar lrfiorrvqenHbrx/]lirHr+ fiolcl;rnrner,lno.,Ljnru13Ko-

qrcrfinlcrr,L\ Qtrircor r4iri,r 
'rHa 

coolxoff€r]{Nl or{crrloB ,tu1nJu

!i rl|I]nx] | c:(x'LBc 4!.tr..r:l ora3Hacr on|qe.r,cmq€e tunnrflre

. " ,nr IIr.
]tsc,rl.rerJt 1ts cofl:n€ O-flo(a oric4ra h?crnnlq t)n"T[.f,rnre

HClr((IrnkO CHITIaCTCj].

Ilo",]}"reru$re 3(cficpNem:rnbHbre illxHrrc nor]Hocrlm
cooT8erclrrltj| uperr-Jroxe}nloiii Ka'{e0 tsernroii I{oHqa.nnni ro
RrrrrrH]no okdr,rloB 1rlrur4 rrrrrfi, r kTrcrl1nrq m colep,f\r]{{c
cBo6onoro (ricropola r pacnjrare ]Irrraxa. Ilpra Hr.l3(orr

colepr].\aHrur o(cr4qa reerftrm r pactrlnBe (Onbc lG3, 4)
(o.rrIccrtso rorfi"lel{cHl,ta alxloHoB Si.O,, orpaH reHo. B
pe]y,,1rlrarc reqrLrnFr yrpou:ffcr Io SiO,n no'r.rrrolct
.o- re rl, ..0 i dL1.t rrr.orrHdp-. o u"
yBern.{efir1e TiO, B:roM c"rvqae nprBoAnr ( pcatsoi\rv

laaf acrallIrro Ko,rutrecrBacBo6oJrr,L\ n1oHoB rorcrropo,qi 3a

cver o5p:r:ouur'ra xovL-'tr:KcHnl\ coeArfireHrii, B raor opr,ry

aJ oH rorcrlopor-Iaaa\Jerrrcrcs {aoHox flrrilil B pe$rur e
corlcpx nre Rr'rcropolla ts rcratrrrre rrr4 \1arc1,L\larltiHor') lr&.(e

B cnlqae nforexaHlr o(rrc",rfire.nrJtl,ll pcaxu ri. Ilpr,t

l,ts{l,rfilieHx}1 olicr4a aftrj{ n codare oj]}oc: colcp}.,a1lxc

cBo6olHofo fixc.lopo.qa cHfxaercJr, m{ (m aHnoHlt O1

yrcpxnnabrcj{ xarlioHa\u \fgr'. Ipyln4orrri l,ig O
Hc rfonrr rreperiorlrllr B ]l€rri-.r cnaphoto lrBa ]13€a Hcpacr-

Bopl rocrrl rlarxlrr B xerare. 31oT cry.raili coorBercrBycr
rtrlltrN:r.nnlol1]i co:lcpxa{fio Rxc-rrolrrlla ts Mfi:trr,re rrBi.

Heo5xoilnuo onrcrrm, .,"ro n t:,,,lnrac rporenrrlrs Bodn-
HoBrnerbnnd !*Lr{lrri (ryouorora Ce-08A) corcp^axrc
rutrropo.la B }l|Talrrlc IlBa rhnrler qev rpfi orllc.trrrcjrbHnr\
pcanurir\ (npoloioNa 30XfC,\). 3ro, B npr.rHqxrc.
coorBc cruver o6n ter rprrHrrror:i (oHuent 

L'| r 3r,,1oi cd r 1or !
rap:wrcpa o6pr.:oarmra oxcujHr,Di BR.noqetn.ri B \lerl!"re n nriL

O5paqacr rn ce6;r rnnraure o6rui r,ap,*rep :runcr.r

rlocnr colep,n:aHlr{ Mcropo,u or r!?crtrnrq B ver:Larc rrEa
IIp]r ryrnr(unrrlrlaHo p:r-3",]I{qHhN raoqccca\ (pirc.5). Ilpri
3ror Heo6xo/Lnro \..ffrbBarr. vro 4ur lpoaorrox Ca-08A
Ktci\rHrrr'i Bo.claraBj[4Bacrcr m q)j]roca. Alr ripoBo.,roKrl

30XfC oKrcaqercjr qlrlocorr llo.rt qeHHnre :ratlrc,l( )crr r

riorj r 6r,ft omrc:nnr n.)3lac]:xorurr\l lqacfto\r n(rrr1rxo\trr

H:LrlHOii :*rtsllcri\rocrr olHoro'fi 1 |U:

rprl cBap(e npo8oio(ori CB 084

(rl= 19.6 x J.tzl' 11,2rl.tlr+2,2:l-tl 006 (2)

flpl] crapxc rpoB(a,ror(ori 3OXfCA

Pl= 3s: Iq3 77il$1,+52:lsrl 11,65 (3)

OrnHalioBr,rii )iapaRrep iaBncxnocrcri B cr{v'jac
soccraxoErnerlfir]xxorn.tc-Einerb]n tpollcccoq irco]nril

rt

rri

,a

i=q

H
a
a2

!i
tl
t+l

a'a
l=
I
=E

E
,a

a
5
'|.

I
,n

"r.li9e

C..htsd nponoJor: Cu 0lA C

30xfc1 c

'la6B|l.a 4

orrocor ,r corepaame rre Er nfr tranjar(e npoloro(on
CD 084 n il0xfc,,\

0.10 Si 0 olj i!l| 010j Cr 0.12.

0,30i Si 0,9i ljn 1,0; Cr 1.0

Tioz Irgo sio: l{gO 30xltcr\

Si \1n o Si Nh C. Ti

4 2.56 t.37 0.18 1l.tl0 0,8I fr.20 0.6,1 0.005 0.130

30 29 1l I 0.07 0 a 1.03 0.7i 0.001 0.0,16

I 27 _-!6 2C t.i 0 1]t 0.i37 L11 4.7 0.00i 0.0i1
1 23 l.l 0.18 0.0 87 0,67 0.72 a.7l '1.001! 0.0;3
j 1i 2t) 25 0.85 020 0.68 0,0!0 0,76 0,66 0.69 !!!i? r 99Q!

---{
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0,19

0,14

0,04

rpr.r caapre rporo,,toxoii 30XIC

[Ol = 0,057 
"lMn] 

o as (s)

o o,z oA 0,6 o,s si'%

Pnc.5. t'bireHense ! Mer rne rnBa coaepxa!'q (llcropo,L,

B 3aBrclirocr! or ronqenrpa{tl4 I{l)eMlrte

Be"rdramtaAocrolePIrocrrl arrrpo(cti\lat{rr{ (0,99) uxapanep

paffi o".loxc]nrs h?r6;D{ noxa3iBaer Tecl{/}o B3a'^focat3l

npoq€ccoB B3ar.rMoaeiicr3r{r KpeMnllt c KtrcriopoEoM.

Bo€McDxHocr; r.a.recrBa.fi om o6r:,rcrcrus anrslrr ccrua

O]nooe]ramAep}€r e lgic"'IopoAa ! Merdrr'Ie lEaa Iia oc]1ro!e

noHHo]{ reopxx cTpoeH].rr fiaxo! roBopt{r o roi{ rrro) no

ftpafiH€ii Mepe, coAepxaHne Rr{c.ropola B Mera-rTrle lnBa

HarprMlrc csffaro c QlBr.r€crflnuu cBoi:icrBa,vi{ Lrlr1axa It
peaI([rn\dr]laryelfi{{e r,xalt-Me1a r,r. 3ro xopoEo noAqacrcq

o6u cnruaoc ,ovorr6,o B"r-@rc1'roii }",nuerrnol Bra[\!r. cn-

clBrrr aHroHoB h?ermre, raLlopoa4 fi riafioHoB r{afii]t& a

'r:I{ irte pa3rio!€reHnrcm rarafia n rplmnrpoBox rm Ir mnoBe.

Xapardep pacno,roxelMe A?rBba (pfic. 5) nor.a3liBaer, .rro

AaHHrrr cr,rcTevacTperMrcrKonpeAer€rnroMyTepMoAl4nr\flt-
qecaols/paB,.loBeclfi:\xorq)oeoq)eaerser,srcHllellryor4roH-

rsdfir ycrToBr{r\trr B perrclrornrofi 3oHe cBaplsi,

Tloquer*rar o6par-nax:aurcruocn Me,rq\ycoA€pxffnrev

Io.rorcpoAa n Mapruqa B Mcra,a{e flta (p{c 6) nol{arrBaer,
qro qpo4eccH BoccraHoBJreHD.{ Mapr,Irlla Hc Mot-al 6r'lT|

o6brcHenl,r c roqKrr 3peH[r q:leA.roxeHHo]i EoHuenlr'fi]r fi
Boo6rqe peaKrlrdi E roHAercr4)oBanHnx{ Oa3:r-x n"rr,I Ha IDr

ryarxqar llpl,litrtrloii srorc MoNer 6rI|, norr,nller*na,rery-
trefir, r|mPm}nnr 4 xaI{ cnelcrBne, Boo,v(,tcrocr6 npoxoa4eljltt

oKrcrrnrernHo-soccraHoBr{rejr}ri6fi peararai B ra3Goii Oa:e

ra Ha ee Me'rtQa3r*Ir ryalxqax.
.4aHHbre saB{crrMocrr{ (oHllesrpal{Il]{ ftlrcnopo{a or

MapraHla Moryr 6br-5 ortrrcalsr tp€iHeHl&\flr:
rpfi cBapHe rpo3ojloxori CB-08A

Crefla'{rofi xapaKr€p ]paBHe}ttli noxa3nBaer lttcoxyo
B3nrivocBs3b Mer4q, coa€pxarlreM NtapmHq:I x rrcropoaa B

MeTa"Lle [rBa rorrbno IIp]4 ofipeae-leHl{tx Ko}r{e] Pauutx.
yer1r6B:rr, .Im creneInr B )?aBH€rxnDi (4) ra (5) orplnrare"ll'-

Hlre - 3TO }rl'sKarl KOHIIeH-rpaq]{q rmpraH]ra Il nF.oR.e

Kxc"lopoAa B rreraJlre uBa (pc 6). C roltru epeuu cocram

Ornoc4 sror[, cTqaro moreeroByef noB6nftHHoe corep]*ia

Brena[flrrBHu orq)ev] drruodoazr{(ra6[4)-TcpMo4{_

na\flr.reclfl.'n afiaul3 peaIallri:i c ] rac1reM Maplal{rl4 MaIr s
fi rtr{ oKcrino! nokl3tlBaeT, llto r4alrffrell Mot{er BoocTa]]aBltr]I-

Barncn Mannrci{ lrl,lIxo qeper ntos}'Io qra3y [29]. O6parsni

xrp {rep3rofi3aB cruoc nol€j]trpaer, !"ro lFpMrpoBaHre
I:3oBoii {a36r rp]I csaprc noa (huocroM nporcrioa,,T tm oc}roBe

msE Ilplrn!fioB, rreM mcLlllleHtte \Iera"'rlla IIBa l],Iolopolo\r

B ro xe Bpe'\s B3anMocrrBr, nolqry irlnlrfi Irpoqeccl\{fi

c]'rq€c1-Bver. Ecm aoflycmrt qro tm 3i$].rctiuoc1] rpri\daq,

r.e. rroBbflra.lror{rmplEra,nnolryra&lelrrrc lcrcnopo.aa (P")

B rr3oBoii qla3e cooTaerclByer tblcoxoe (rnrornioc cojepxa

nfie Krcnopoaa B Meraue nma, ro garrrsre ra6.ntrEr 4 no,ua

rorcq yaoarenopre'rbuouy o6!,qaretlro. B ca,voM riene, rpn

BLrcoKoM P" MaPI"ne{ olaror-aer(){ (Ortroc lQ4), nplr srl3rcM

- BoccrrxaBrnBaerct (Orloc )$4)- IlocneAHee cB*aHo c

rav, .rro IIp HurxoM P aorxnll rllrcHcrjoxq loBartct
rpo{ec.br repMoarJia}ffrre.Kori,urccoqfia4l'l{ oKcIl4oB I! B

qacrlroc'f r.r, o(cl{Aa M:LpraHrra- B peryttfare ]Iap4rar1lHoe

Iasrerflre MapraInla (P,i,) B m]roloii qi3e ltse'.nr.{Baen:t tr,

yffrbrB:rs aoBorrr:bHo BHcoIqIto paosop[MocT6 r4apra']qa B

cTr]{! npmeKacr BoccranoB[rerlEH6u fipoqe{c

IlprBc.qcHHbre pacclD&teHfij{ [oRa35rBa]or, qro cocral

Onrcca oKa3brBaer B,![rH!re He rorrblto Ha co.IlepxaHrle

Kr{c,lopo]Ia B r{er:Lrrne rBa, Ho r Ha napi[J:LrtbHoe Aanrle]{te

K.rc"ropoAir B l:r3osoii dTe npu cnapxe rolt Snocorr B ro xe
Blerfq, a,aq qromon@laHfit lrofierHoM.rnaa Menlua u!4
o6br.fio Heo6:rc.qiruoyqnrbrBal],I{orqelfrp:lr{4ol{s1eyctoBus

na Mcx6a31l'x( I?artria\ c&q3,Itr$Ie c r'fnwficIci\r c(rtaBoM

rrpr,rca4o!trtorlJ fi (rHoBHoInrlfel:u|ioB

BrB0l!6r

1. B peyrllafe reoperlr.rec(oili crpynyprfia4rn
r[J]axoB]Lx paclrhBoE Ha 6a3e orcnAoB r[raxa. tr?eMHlrs,

:-rnorsr{rJl .. ruft /r. Tn+.re/ n nqao oB. rroHnurl rd)D 0i

c'IpoeHfir lrr7ra(ots u ari;Lntf3a c(clrepu,\{a]r1allbHbd naH]s]x
y-m]'oB r.r'o'

- oHcl!4 TrfaHa ! cocTaBe Q.rnocoa [oB6InncT, a oKc]t/I

M{xrrq clnr,,rcLer kurnfisrrBo crltrqlHom rororcIr)la B }raclrrr:rBe

lu,ra]€ Il coeArtrrcItrdl l{]{c]opola c o4rHapHori cBj{.3'Io, .flr
coBr,ryaer c laMeHerinen Korr{emparE4ll rficnopola B Me[Lnne

0,25

02

0,15

0,1

0,0s

(4)[d] = 0,07 [Mrz] 
oc'z

\\ I r CB-08A I_-l 
. ronce I

t+- L - !:

o 0,5 1 1,5

Ptrc. 6. I&Merenue c:o!epx:! t ftu(. ropora n MeranJre uBa

! lalrcurtocrn or (onqenrparrm (peMnlt

- oKl'lcjrllr€JbHble csoIrcTBa oxcfiaa rfiTaHa B lruaKe

Hll,r6oree rl(!,fio ryorB"rffnrcr ll!ft rrI,I3I(r1x LoHIeI{rparE <rr

oKr/qa Kpe:fHr.rq, ].Berrr'Fr€Hfie Kolopoll) B cocTaBe nriffia
EtBenfipyeT ra.

- cHlr.rcHfie co epxarru oKcn{a KpeMnrr B pacBraBe

cnoco6cmycr ynpoqeruto aHtJoHoB leeMHlrq, crilrxeuxlo

nojrr'L\repl13arEtrf m,ra{oBoro pacrufiIBa 
'l 

yotr''reindo Rm,mq

)+
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41dnux cocrar:rarorqrrx pac[rraBa Ha MeTanrJrypr4qecfi 4e

rDorleccbr npr cBapxe fioa ornocoM.
2. B,rrrrHrre orcr,r{a RpeMH[r r]a Merar,nJplreccuc

cloficma oKcr44a Tr4IaIa B IlrrIaKOBOM paC]UIaBe Ir I1O.A/t{er{Sre

3ft CleprTMema,'rt Hde aariHbre flolo3llBarcT Bo3MotiHocTb

IlponrcupoBarl''l colep}Iial]Ilr prcrropo4a B Meranre rma Ea

ocHoBelloHlroriTeop]drc4)oel.trItllr al{o!.
3. OKacnerMene rpj,rcnl'rr anqvemo3 IIpIl cBapKe noA

QrtrocoM nocrr r,I36llpareD]r6rii l?paKTep r ollpene.Irrerc'r

cnoxHblvl{cfi{rrlleKcoMBar{\roAe]iqBrdr,RoropnniBKrrolraer

3 ce6t Koln{eHTpr4{cffisre ycnoMr ria Mer(!F$6D( rpalll,Uax,

TepMo4rHa.vr4recrq4oaxTuBfioc.i.r,gre,venmBrpl,rTeMIIera-

:rypax r?par(I€prsx all' per)i{arolrltori 3o}sr cBapra4 oll3rx{o-
xrl\rr4gec(ue caolrcTBa IrJraRoB, fiapquarSaoe nagnerll,le
rc.ruopol@ B rasoxoii iba3€.

4. flor1rqer*r 3Kcnep[MeHmjrrnbre saB]rcui\rocrrt KoH-
qempa4trt n{cropo4a B Mer'.rnre urBa m coaepn{arnre ! HeM

ryelfi{4r u Maprarr.$- .41r ryeMHr4r rra 3aB[c.ri\rocG ](apan-

rep]{]yelcr lo6pacraror4tr\1 rracr(oM rlorlrrl{oMlrHiurbrioro
paBHeHxr T]'IIa [O] 

:ax [S43-rx F4?+ cx [.t4 4 rae
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Crcpadrtt C.A.1 , Eapa4oi H.H'.
I HIIIL,Yxrtu6". YI(pamIa, ItueB.
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IAITX <ApreM'. YR?altrra, ItneB

}aIPyTA-fl AEO0PMAIIIfi PASOIIEfr KIE-I,I KOHCOJIbHT,IX KOBOTIIIbX BAJIbIIOB

,Moruaiig

y oraiani otuswirqr&utat'hple{uE attt'ba.,rb tcon-

conffiua rcgsa,lbqllr 6atrh4is, ulo nprcoaanb Ao 36irbua!-
Htt ntbntan Aosoi 6iAo aii qucoma&po3itipis rarri6-
pi6, w He6xia o spawq!tsatnt rpu pBparyNq lcarli6pig

i auaeden a Qop;ngtu.4rn ataatena "rpgtruaenra"

,4a{i p e4o,\aAat& xo 3acno cg 6 aMlo ! ctuanqq aara
(E earali sarbuF n6o@ Mraiu &arz{anat i &tnaoarsla o
narur dodamcoaao nqetgenao onopao) , up )osaawe
ae6opw6atm3a2ono6rat 66'hwctaaletoltr", niA tqrru
ne{iajetm aaeopuonaan aenang, auaddor #inu*-
Hfl 'atuIa fiepa,;oAiB i suropuoi/$tt HecpamaLt qiafuAis

unaroit E)aao'Es&illtz(eonauot fitrhuom noepealom

nqemoqua aan&funlxa&rounHlttta1t2ofiaafiora
fipobini cE ra la?n ftepeftuq, Aefl.i 6uAu um6mos.ra$
rrolcosole i slaqta fiiAouuturflu npoAgrcnaBllicln1'.

Akbatt :

This article desoibes thercasons ofro cts' spli g
actions" of oberhahging rcll-forging machines, @hich

briig to increasing the cefltel.-to-center distance and
alfitude size calibq, that is hecessary to consider lohik
caliber calcuLiiow andfonala dtliunliott to dctemine

to llct $ "'spfi E actbns ",

Guidelines of e@ipnent (roll-foreingmachi es.r,ith

extendzd rollen and installed ad&)nal nnabb beaing
onthm) apphution are giz*ntu c,zoldchallau) to &fonn
sttck@it*o t "sprilgacfials",tn in aease thenatalus@

factot, ofi ac.ounl ofincreasing ofnumber tra sitions

andusi g daliquaflt drop-oux bg meons ofsturckrolling

ofbiggs uoss-secli.orr to stnaller, to pm&rce thz shapes

oJ cofiple* section directl! on them, some sorts ofdosed

dieforyixrgs and geatb to inoease fi)tuttioil!.

Bo BpeMs sarbqoBn[ samrolol{ :IaBreHI{e Ha BarrKIr,

Boorff{amrqeeBorq4clBlre o4pofllBnerMt }t(t-.!rnaa4opMa-

r{jr! rpr$o,Err r{ ycrpafie}rrir) 3a3opoB u yrp}Toii A@opMa-

rqar pa6oqei KneTv }oHcorst{brx }oBo.trsDi Ba,Bqo!. BcJTe{

c1}I,Iel,nplaDiji a4oprlar+d{ pa6oqeii L{eff na,'trg1 lacxopqrc{
(IIp),irffrJIT), qro nprBo4jT K yBa]nfqeHlrx) MerkqeH'I?oBoro

paccrosHn-s n BlIconbli pa:uepor xattll6poa. Bem.ama

yrplroii r@prfarrur pa6oqeii Kr1efl{ B r+rn6}c dicltne.Ert

3a-Brlcur or xeclxocflr xoBoq]rax B:!,brIoB, crffeinr re&opna

1{rr3arorDBKr.r,Ta\FeparJ?brBail'r{o3lcr u,anfiDr (hxropoB.

3aiop Mexq/ BanHloBoqrlnflr rma,\flravx m ofpeaerslor

r,BMepeHr.rcM npocseraMexAr 61pr:,rnr tn-awror. 3uauerue

ero.{o.rxtro 6r,m, ne venee Berrrl.{dsr "rrp}.{ffire,.nrt Bar(o!

npu namlorxe, roropoe ueo5xo4ruo runmarr rpu pcqere

rcrmr5poa.

Au BbIuoAa lDop'\S,rH3aBlrcrMocrl nppl',fiIteHns

BaJrr{oBmycrrrrrBarrbqorK!paccvolprtrv,E{(p{epernlua"rrl

Hoe )?aB;ierrre u3ofH)'roii ocn BarrFa noa reiiicreleM cInn,

oonponlB,'reHrrA4rcp'\ar{daMexa,1na Pacno,{o)rc {da.lano
(oop$ttaT Ha rltHrrl' Btrxoaa Biua 1'3 xoprryca B To'{ce

rcpeceqernrr oceii r.ua ],t onopbr, puc, 1. I,bnr6ro rldi rmveln'

s ce-renru c a6cqrccofi L X onpeIerl]lM (a1< MoMeHr

paBHoAeilcrB]rorqei:i Bcex BHeItrHnx rr Bn\TpeHdxx cnn,

IericrByronryx fia cucTe\{y,

I43rl,l6annql{ii MoMeHr B rrpon3BorbHof,r cetieHld{ aafi(a

N{.- EJ(d'yldx'): P/2(L x), (1)

rye E _ MotLvrb yflpymcflr &Lna [&'rr ]Tjrepo,4ncron crarx
E : (2,0 2,1)10'? K|/MM l;J - r"rovenr rxepunr, v#;
P yclrrre BarbqoBnr, r; L rtdHa Bana, MM;
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