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HawoHa,,rlllr,tll rexrtrrqecrrrii ]'rtrBepcrner ylllaltr{br <I{rtr3cr.Itri roJllllexlll,I,rcclr]di mrcrr]"D. yripaltra, r, KxcB

I,ICCJETOBAHIIE KPUCTA-TJ'II'T3AIIUI4 TIPHIIO' CIICTEMbI PB-SN_BI

tIDr 3aro'rne cBcp.ranLr6paHHr,n'ra rrJ.JlllOoB rbrrr,Ilor

ripyraMr.r NroxHo rJ3Melrrlr, ycrrHoRhy ocrr np\.,roB. rol]rrb
Il3vernl! t'.rorr ! x 3a t.rt,r cror o norlrars pa:lroo6pasuue

r covl'llt4t'cl{xo nal)ilucTbr pox\'r rlrt ahcfl{ c!cp"r'?!

BEBoA6r

PerreHa4ra.i .lq)\lo(6p:3oB:urrrn 3.?.!n[ noErp\ir.!]rcii
cnt4l!.rbHbrl.uep.Jr crlcpexoillrjrr{rrlFrq'rllkMl{ q)1)Nrr(LNrH

iL8\xrt kol|rrqccr{n! rrufudrwlr|r rr,llln rqrt ravr, t criu,ron

r'rerrll,r\lli rr2 o](jrolt 0.rj.

AHona4ta

npo4ec qrucntLri3atltinln anlHi e oAHLy 3 raiistlr!,:-
nuliwut ,. utdro-xLnbnlwnpo4edc, u1o cuata,ue e (nza-

nnx aunuilr,ar .uo,n-nuaiorb rWsoHHs mryrymgporc i
Nut rucoct ttL''at 4m3,u{ognsopt otn us atnnLro1a1q-
ltlLt. Brc'@t!.' i Aocdlr$et la 4bo2o tluolEc.ll ?oq)lLvffito-
6u\tu.tLct alL tu lo,raaa. po/no"ycanum aoroi\Hi
)tapLucthpu npou?r! nrrKu nru du?onoa.tpMi MrHux
aupo6ic a pbHtl,t ro1!.mputqituMc ttanepi@ilL Oryn-
,rui ttptt tpoa41 Aani )oscdt|tlromb euigos ahu otut|.tru
npu oic, peucu a i A,\tocu naaata ata niAoat4eHH:t
exollrliahaqiitlue rapatmepachuY na$ Da &oJtgt.

Abs,ad

The crystallisation pmcess i4 souering b one ofthe
nost important phlJsicochemical processes, uhich in
nany ca*s defws the dW to .onhd the sba.tute and
properties ofphases, Tahich form ift soldered joittts.
tusearchand studg oJthis zroeess bg estirulte nethods
auott lo Wje.i k(htu logica! parcwkrs of Ltp sod ing
process <ohen making soldered ttens from diferent
con:trudional nutsials. The data rccreiz,ellftn t]rb aum.)
ta change the contnt ofsolderc, moiles and conditions
of souering to enhance operuting pefomww of nldercd

Bcrl-ItnelJlr
I{prcr:rrrrruuur nprr r rainr. nporcracr B t.rx) fr#t-llrnr

c ocHolJ rrriNrr :a(oxorrepuoc'rJn\rrr 3.ilirepjrerlnq \{eTanoB rr

ropr,rc oco6erxocrrr. r.ol.opLre
cH'l3aHr,r c cncqrrou(ori npoqccc;r flariK , raxrrMn, KaH
riantFn r," ftrloBori no.(rror r. r.(lrlopor:i o\']rllr nolepxtoc]}
n;ur.\(rfo l\rer:lrlr,! r(ornarmJl)yloxrrrclrrdLrrarovrprfi ror,
rla n ii ot Frr FcrlraJra r4)r,trft)q n c5opo.nror,r lnrortc r{ (,(o&,

urll)cnerern,r ratrllerylr y"l.<u roBr(r cts(,]).{a o rro(rrre.nN n
urn4G;r6trBrx q]l'r-on, l|x pi$llrepbr rr nonor.cH e. (moix)e
o{x{netrjna{{ obpal}m$ 3:!lIxE noB.lrrio(1tii {: Tp.{vorLr
\',.r.i lr,o\1c4nrrrec .r\lr napaMrpa\u p.xvq.il qa(l u.

Jl{reparypa

1.IipuuonaHa H..\., Padtlaa L I/. I eorrerpr.ra :4rr1rl!
notscprHr)crdi curt).,r u cn(ro6rr ur {roprrdr6pa:onrrU:r
K.: tshnrta uno,.ra, 1 982.

2. PoAtH II. P. O'.:',t:tr,t t4\)t)\ftxf)p:r3o}. nI' r()uel)r ro{"r(,ii

t)e3ar iprr. K.: ItriuR rilro.,ra, 1977.

feoucrprjanpocrrorhu pacrn ra3amq)ncRnt)r(cro\r(jftLlna.
xo]{)piru{ lxrjrltl]llllor \J{ rn[: IBrrI' noBep\rocrerrr.l nx!,:(otu
ucm:r.ra r luu'rrre6o.rnrlrororn(r1Lr\ij orrpc.jrdrrr,\ryrr
l|Jlr.naroji |&)p ).n rorl ..x3opa B fllu rrtc0 xpLrcr:n ufiuuur
n|rHbni c|)r'-&nleHr|r r.ir\x{{ r(,cro Hnr p:rBrr(lrr rLri.i (rno1 xj nil
lJ H:rr'lpaHi'cH"r ||:urcr'loro rjcTarna. o-rc\,,11.1 8\cr lfp(,rlxrD
Dn.nHla! soHccirurrH(,Hrrr, r r r?l( 11\ qaryrL pao L,rta
! nporlccc{ naiirrji 6.1 irKa r{ reurrpa.fvpc H:r,{irra cro
:Jarrep,\elr r. IJpoqorc riprlcr:ur.rruira4a

i{ellj{rrtjr Hqu! orrHhr!' u I ry)x.)!.rr (' axri brrri cKo}xx-r r,Jl )

urr,{ro npoqrc. r{pncraurfiur{u rroxtr 6r,, r r orurir
,loBr rrnr Jo torrHo, rilJr.r lr(lio,ilxrb m Lp{,/]n( rr||),lrc}nr, 0 r LLrI|lIr Il
prsrioRccHLrx vc"!i,Br" 1ra rjoRcp\H(xr.tr par,rc",Jt oa3 E

rpoq{rc..: pocnL $rcrlrroR llu4 palHon{{r t(Jii ftpl.:rarxr.r
3iulnr ll noq ILcpcriojt l13 ,{r'tt.ofo I rR[,p:]roc coclnrfi fie
r4lll do,llrr npn (tc(orrc.nrrl rJi!r,L\ {riot)ocrj o\,rrc(rrxrr
u onu(rnBaercr paBHoBccHoi Juarp:LvMor.i.ocrorH e.
.n ,,. r$ra a , .r .,, ,,,r r ,., , .8
crr"rnBoB B vcjtoBxrripaBHolecur. oiolaROj Bcrxr/lcrnlrc
flpc\'l]l(:r'r1' rcp\llr'rr.rH:L\r'rqccr.r.r c,p.$LroE.\.Hhr\ cu(acrj (
paB'rou.cl'lro, no.rLHar])arlrjc c0.rorrruq i|or{{Ho c!..l rb o
H:,rt)aB.ror n pa3} rry RoHraffiHblx 4nHdrcvrrr.r,r(r\xx
npoqeccoB Ha rpaHr{rLc rrarevor.o ve ra.rr.r:r rl npr.firorl !

nprBc rHHricts patiortpatrr:mr fi:rparrcporrpnr:ra.r-
ri13rlilur.r lri3rrclerixcpalypnor.o rrprnor cr.rrr ou ptr
Srr Ili :rrr JrcK4x)\tu n:L.j(Hon nartur rrcr4nr.,ro !(ihrry
rc,lerlr, ocHoB?x{lr Hn Oyll'rl\rcur:ur,rrur pa6or:d II :ll,
R I{cr1jp!l\ Kar{flAc\rHo lr 

^urrf]{l'ltsc,HHo 
or ruc<$6r r4rorr(cLr

3a l|]cp;Il'trar ljl]a r{{Li;(i{o!:i QasH B rirRxcrntocfr.t t),r rc co([]sa
n ) crrocr.Ili :urrqreuannq.

Ilor:raro&ca 3a7.Ia.nr lrreoperrlrcu<rIe o6o6qenru
Ipx pacqcrax rrpou(fca qrrcra.n!3aq rj rrpxnor.

K)-fopLrrr qBucrcr{ rpoirH .o(fan:r 22%pl,
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iD pacqcaa napaM-loR (ptcr:lxnn3arrtt cnlaBa ctcrevH Pb Sr Bi

co!eD,+rfre rerr L(r, C ."" 22 /27
roHucHlPauu {ovr&HcHrur b rPnrrus,

Bec. %/ ar. %:
co/repxaH e orloBa, C.,,sn :t5 / 35

.UICP'(AHJTC BBCM\TTT, C 53/38

.o/,l"pxaH ccB Hur C.'' 32/32
^unq6rl4D ^u-v!1uxcn ' 

uD D r1!r4u!

eercwure, eccos. 76/n .'l: corepxaH c oroBa, C.s" 16/22
.ua.t xzHJre Br,fcMvra, cl,le " 52/46

KoHqeHrpaqut KoMroHeHroB B ABoi:iHoii c r,,rclxa n rre o:rora, C.5' B] 42/57
e etrnxe, secog. %/ar. %: coaepxanu" "runua, 

C"r'L 
Br

Tevneparypa nraBreH jr, "C

TcuneDalyDa rraanetrrlq luuua. T". " 327,3

rcMneparyDa nnaBaeHm o.rr"ea, T".s" 23r,9

rucrirvra. T u' 271.0

rrDnrue. 1. -rh 
$ rj 120.0

.ererrlrru l-rb' I 96,0

re^rneoarvDa IrtagncHuq anrer<rur<u T. 
ph r' 123.0

reMnrDrr!Dr n,rnBneHrd :ere(rul(t,r T"s" n' 137,0

reurs)rrvDr rrrLBneurl:r :arexruror To rh s^ 183.3

3HaqeHns renrrorbl 1{plicrannx3arlrIu, AH,
(Ax/Monr

rrnrora Rp .ra.qnurnuur .BrH (a,4HrL 4,77 2

renioTa (Dr,rcraJrJrfi3arlxl.l oros:r' AHs" -7.07

renrora RDr{crar&r3arlr1r'r BxcMvra,dHEi 10.9

25%Sn-53%Bi u nocne Kp{crarrrn3alr n IIMeer

oaro@a:nyo, anlxQamyo x rpexQa3H]'Io crpy(]],P]', lr3

!rraq)a,\rM6r cocronir-te c creMbl Pb Sn Bi x cnpaBo'nbx

MaTepua-roB onPeaenrloTct xapaltTepucTrl{tl, I{oroprie

neo6xonnu an' pacverou (ra6r. 1, pul:. 1).

Puc. 1. CeccEqe rraDrMun cocroqnaa crcrcud P6 .t rt: roc(a o orR.vi.r ryrnob .ocrnBa: Pl):22 Be.% (27

ar%)i SD:25 Be.1" (35 ar%)i Bi 53 Bcc.% (:lil ar9';)i T,jj:120'C Toq&1 Ij orrecaer cocraBy rponron 38re(tu!u !
c'creMe P, S, 3t: C.i:16% SD, (22 ar% Sn)i C,^-32% Pb, (32 ar% Pb); C.^:52% Bi, (46 ar% Bi); Tnj:S6'C

tr4HoroKo\flor lerm 6re 6unsrr, Kani Ir.qD(ornroHemH,re

Moq.. o6F 3oBt tB:rrb irrocrstfi 4rporrr l.pxcrdafl,€allrt, e.ir,r

rpaA eHT rerrneparypbr Ha OpoHTe KpxcTa"'rrx3a! u

au:rxo*rc (r,,*rmri, a cxolxrlr, lxrla kpugr'.r-LrroB \4r,ra Ars
elrx cnaaaoa uoryr 6urb rrpr'rMeneHlr Karc q)r{repuu

a d" l\\-".7 -vlF,
- -v\-v7 )

-.'- ( l'l--t-",r-rI
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r/2oo662iffi
Iloulexrpall]roHrroro fiePeo]anax.qcHxq, rara u Teopuq
croiilcocrfi QpoHra Rpricra-{r]r,l3arlllu, Irar. sro cle.lar{o B

pa6ore [3] J/Is rpex$iunoHe]flrrbu cnnaBoB.

KPurepuii (oHlterrrpaqroHHoro nepeox.rruqerlut
fima63o&ltr&iJroflx(lHfirnpoqarL?E)uc1i"',rrBar!'tr{r4rrftt

cficreMbr Pb-Sn Bi. I(ax u raa Aayrxovrlorrenruur
cnJftLBoB, VC-'loBhecrolli(ocr]j nxoc(oro rlPoHTa(pxcrar-

on. ".r,r n,rr.m e.J.rF. ,aoii ., jlsrp

|ilrwu Hr r^BFl r{.um4 /r..]], r r .',re -TFl,luii ,1 :,rsi-o,oi

Oa3 MoIrcr 6br'tr paBHbt\I ]lxu 5onbnMM rpa,t cHra
relnepaTjrpbr .{ri(Bu4rc, ro ecn)

G, 
> 

p(c,, c",) _s(c,,-c",)
V Du, D,r,

HekmopHMu 3arpyEierl,lA&r np]l pacq(T:la rq!d;!r1u-
3arl r 11rfltr(or{n{Jxe]{THoro cnnaaa gB,rrqeTcg Hanl{que ua
442rpAMrre cocro*ll4r rloBepxHocru rlrlh.B Arc) a Hc rfirrrrr
,Er^aq 9.. h Bo3\{u^r.o. fb r'r,!O) - .Jr u BJir. v.,_^ i" I Br,,l
pacmopeHrtblr. (oMnorremoB

JI,:s o*tulrmra,x ryrcr.r'rnrq,roxlr-{cra ouanoj.y(.JroBHc
croiik(nx ruroa(orc Opo an?ncra,,r.rur:aqr'r tronrer6rir,

G, 
> 

pc",lt k,, )
kuD-

!.."ar lcfterr,rcr gy*{r"Hc nl-qercs cep,-emru 6aprepou

/-Ir'It Poc.ra I{p craDr.Iaj -ro6oii c.mrae aroii crrcrerd Moxer
q)troalrfioaariqco6paroBaflevr o.roDrbpoHr:Lquc,to

O?!r, (oropble o6pa3),roru ]]p]r (prcrarnr3arlurj paBxo
rlrory oa3. oxpeletrrreMoMy rrrocnocr6o paBHoB€cxoro

cdu{ca laintorD cJUraBa
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rne Dr\ x Dob Ko3OOrq eJlrr,r auQoy3nx pacrBo-

peHnbrx ts pacnraBe ,neMcuroa, D,\t u Dn,, nepercpecr-

rlbre R{Jro+nnreHru rpr{po),3r.u, cBrl3arnjlre c Brarrvorcr.rcr-
aueM (omoHeHrots A x B, Koropr,rc ,uoo)Hlwpyror; ItA x
I(,, - panuorer:nr,rc xo:rlr!,iuueHru pacnpelerienrlq 4{ll
lxcrtsop€Hn6rx sner€HroB A(Pb) x B(Sn). onpeJcneHH e
r:anrrrr Ne o6par;orr, ruut r 4u itlt:d{o\moHeHllbl\ c[nanoB,

I4cno,.B3oua..rre remepr,r,: koHlerrry)iuirioHrr{Io nqreor&DR

IcHJria Kpulr]prrr ! i'foilr c.r]nrae 6ruee c"roxno, rar rer rtrlrl
oq)e+re,,1eHlrr HGdguq{enro! IracrQelexeH[q no4&u]an{sle
cocroanrr uco6xoTn$ro ucrlo]tb3{rBarb EoHoa6t. a {Ir],t
onp€,qe-reHbr ro,Efio &'cq lle6o"Blxorb gxcrra cxclEM. OIHaxir,
ccrfi nonepxHocrr,r Illll.BfiIyc n co.rlxllyc rlroc(ocrx,
cBs3rrrHbr€ KoHo!:Lvr.r, no.ro@urjemu pacqraerenu,s tr, u
fi6, a rar{j{e xall:loHbt Jlllrxn rta(Br,rl{yc p i s nocroqfiul,l
,.rom6h 6unpclerr , ,J .^o I s{r . dyturlax lBu HLt\

!ll,ra4)a\,sr cl)ctorn{rq.

sc""(1- k")

k,D 
uo

tr&orefvx.t€(K.r (rtr]el Me srarparftGr co(ToeH r crlcft,Mbr
Pb Sn Bi npn T:100"C nplrBcreHo Ha puc. 2.

Cmras cocram Pb=22 lec.%; Sn:25 tsec.%t Bj:53 Bcc.%
(ro.fita O) |aqnraeT. 3arBcpneBarb c o6pasoBanre! d-rp:|jrr

rBep;Ioro pacmop.l orroBa Ha oclJo3e Bhcr{rra, C)6omrIeH
lfiqBfi(lrl.ro\1 M||1{Qncxn-njnnrl'nsrrltrBocrb ne|)(,r1elllaer(9
no \f epe 3aBepleBaxr_s nlu6ru3(re.rrrHo p:LTft rrbHo c.ool!
Ber{TB€r{Ho or'roB'HHoro'r yna jr,1!rr.p:L\rMbr j xanplrnnrr{!
no rTmr!fi Kpficriuunl3;q]ru. Korla.r,1lllrfi q cra,rffi&runl
neFceMcr trTrHrro EoiiHoii 3BreK 1K},! ]]pr4 ilocx]rKeHl]n
ro!.I.u 1:)1, Ha,r rlun ErE, naanrHaer.ri Epxcr:Ll|rnl3alnq u
pocr rBoiil{oii eultKru .i Sn Bi (q+ll);cocraB M{(o(:rx
nepeverq.lcrc.q no xpnBoi:i qE Bro",ft ftnrix nts]xd:BHoro
p B opei , r ? ru'.h. L u.r .. ,,6 ,,,ronaqrrr po nud

Sn, ln=232 "t

19 %Sn

6A

, ""8,
58 %8t

6A

Bt. fn=Z 7t.l "t 2A
22 %Pb

PD. rn.J2 7.)'t40'. 6C
44 %Pb

(T=100'C),qua.pa)uMEPrc. 2. horepMiqecroe ceq€lnc cocrorrxr crcreMB Pb-SD Bi

5'
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rrreKr!4rar reu relrrepar,pe 96'C . Ilplr 3roii reM epaT?e

ocraBrfl aqcq xlr&(ocr! 3ar!€ptreBaer c o6pa3oraHlleM

{JoiiHoii 3Brerflrltx.

CacmB ralrroii Oa3!I u ro.trre E ro.nrc o6pa:oman-a

rpoiiHoil 3Brcnl'(rJ ral{oli: Pb:32 Bec.%; Sn:16 Bec %;

Bi:52 rcc.%. B rroi:i ro.ffe np]{ rtocrotrHHoii reMnePaTp€

sar{aratrEacrcjrKpricrarTrTrmrue, CmrrB, fimoP i orue'raer

?BTe(rfirrcc(oMy cocraBy, Hall6oree nerl{onrarRfiIi,

1elmeParJ,pa Harra-l]a x (oHrla k?r1claul]I3arEnl rroro crlrl2na

T-:96'C. TpoiiH.l-.i aBre(rll(a c-p+6 cocroxr {3 rpex
T Beprbrx pacrBopoB; rBoiiHaJI 3BreKrxl(a cocroxr rls !E\x
rleprbrx pacrBopoB d+p. B npoqecce (pxc1a-rT.rrcaqx

Me)lr{prlcra"ururHaq }cxrrocrr qarqe rcero o6orarqaercg

PacrBopeHxl,flu BeulecrBolll Io Tel noP, nor(a ee cocraB lte

E(rrrrfl er MuEaqA4a Hanotsep:llocrll,.Il''l{ts /Tcr }ranp!\lep

cocrara rpoiiuoii aarenux . B o6rqeM c'Ilnlae cHaud-'ra

o6paq'er ca onHa 0a3a, u no il€pe ee Poc]a co{an pacn.ru.B^

ri rerficparlpa mMelrslorcs, otlpt,nensq rer{ caMblr{ t73mD

ryarmawBa4tuHarcBcprrlocrt.{lrG1'rrryc, fo€crbrl]41 ro

rrMdrcHrrr xuMli.re${om cocraBatq44(oii tbr3bl Ha,4l?r}}a\tve

cocrosH r. Korla era r rr t Aocrr.Ilxer ruHla .r8oiirtoi:i

emcxuxlr, uaunercr o6pa3oBaH q Bropoii Oa3H Iyrb
Kpricmtr1n{3aqtl{ rcBnaqacr c rl lHueri lEoii] loii 3BrcKrxK'I

Io ro.tr{u rpoiifloii our€rrul,:u.

Pe3yrr'rard pac'r€roB

Pacnpeae.'renue ILoMnoHcIifoB B rPoiiul,Ix cnraBax

paccuarpr'rsacrc:r nolo6Ho roNlv, LaK 3ro ollltcano n.rt

CHa.rara pacc,{ rlrsarcr 3Ha\eH elto3oqr q]reHroB

/fidr4rrlrr pa.rpeaereinrbx (onrnorlemoB I.rs cxcleM Pb

Bi, Pb Sn n Sn-Bl no OopMy.le D,-DocxpCq/RT):

Crcpocrb pocra q) crturnoB Bep.qercqcri 6a3br rpn
patsnoB€cHoji Kpr'rcrl,r.r 3arvu MoxHo onpererxrr, no

dJopNryrre, np Be.re1nroji u St4qaMeHr:mHon pa6ore [3]:

'r,,'''c;",,it 
t"oy r,"'c'oo1t-,try

"%

,, I0,9 , ,^:cv
4.2',7t.3 c

PmHo!€{r$Ifi I{{I)OO!x!le}n pacnperererrrs pacraop€H-

Horo ItormoHcma Ha rparlxlte Oa3:

" 
n,' LH'/ | l.5J) r 1.7-'r -'' |.t r12- r' l0

:1 0,02:0,98

AH' ( l.ool ( 7.07)

Y t"'. r2J2' r I l0

:1 0,02:0,98
Kpllrepuii roHueHrpaquoHHoro nepeolr {.qerut,

lt(rlopr,rii onleAerqer {lll)ito(rjr, llrIocl{om Qpona xpxcr-'rrtl

3.1LpM, pa&qr6rBaercs B Hallarc nporlecca rQucnrl!ftautrfi

u rrpn :erexrureoroi:i xpucftL'l,rr 3arluli:

",, .r

D'o u ,.r.,.,0 
",,o, 

-- 1!l1 t.82o.t0' 8.lL4 l7l

D, . ,2-97 ILJ e\D{ _L , 2.oo2.16'8,1i4.i71

D s 2 {rl l0 cro, !1, 2.56; 16 
(:"

8, i 14 i-j
SRcreplrurrqr.!8,'sre .qffnsre, upnne'lertsrc a F{,olt [3],

carIeftjl64]Blrrrur o He(mopor4 B3iu4MoleiifiBri]{ Rorfi oHal_

roB:Bzlxrs filMo[rr or€]rirr!€nepcR?€flnNeK(xi'Fbl{rrerr

mr au$$yarn D,, u Do,;Bo3ilor.rro raxrke,'rto Ko3OO''I

quer pac,npere,rreHurr, o6lrc"1oBjrefiHblcHatpaBreHxeNl

r.ofloA &aricsr m cocftrB:l pacll.rlala.

HardoH noBe){rcrj rt(Br4\'c o,r}x'lenelolre no 4q}wne
n,: 

^T/ 
C 

e.,".

^ + 
-,-= 4orocaoo

- 7^i \r ?ri |17 )ito

' c;' s7

- Ttr n Tfi t)1, )?l
n _ ' .-----):--, J.J6 r-a-.

0.98 1,83 10 5 0,98.2,6.10'
:1,84 1or'Cc/c

IIp I{p cra,'tnrcalxx rpexrba3xlix crl"raBoB cocra3

r{!$ocrn Ha OpoHre npr6iM3ureft,Ho patsell 3BreRr _

.r€rxroMv ( C", r C"!). noororry ycroBnr cmii}(xl 11 ,,l]le :t oro

c"ryraq Mo,riHo noxvrlxrl' x3 npeilbl/:ryuelo ypaBHeH[s,

3a,veH B cocraB xurKocrl.l Ha {ppoHrc Rpxc]ra.fitl3alllru

JBTEKTXq€CM\I COCTABOI{:

u 
'? 

(' 
"-,.lb/ 

4 (rs"-,os\
V D b1l

rye q /,, x C:r - irornrellrpael'I KoNrrroxenloB A (Pb)
x B (Sn) u rpoiiHoiii aBrekTr.rl(e coorBefcBeHHo

v - Dbb D B'

( 1.61 /r2 2-) r t.661 rzl r<) , ." ," .-
1.82,r r0 ' 2.60t t0 '

-4,63.27.0 0,98) 1,66 3s.0 0,98)

Cn,,raD!I, cocrauH Korop 6rr3(r.re ( rporiHoii
rBfel{Tnlre, nerKo llroryr o6pa3oBbrlarb rn(l[Irlrii OpoHr
Kpl4{:rarrJ1lJ3al{uu, €(,1u orpaHrqerlxt, Koropbleco3laloTcr{

CocraB xulKoii Qr-ibr npri yc"rroBfir{ paBHorecr'rr Ha

rpaH qc pa3rc-ra rBcproii n xcrA]tor:i $a3 onpeAe,rqerct

norcPx1rocrll rfi rLurn)'. Ha ;ruarpa\fMe
cocrorHus. OnpcAcnscM (oHqeHrparu,rKr KoMnoHeHra-

pacrBop re,.rr B PacnrraBc B Hatrane l{Pucrr_rlnrr3arrr.rr'rj ro
ec!r, llpr o$ra^xeruu or T:120'C:

c,rN

cr,,1'
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-::F:--- 
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r/2C,06ffiffi
,.^ | ?.^

c;" eV.:: -r.:,') ----. tt2o- 2j t) _ 44,s4an6 d}i
-J.J6

KoHqeHTpaq s KoMfoHeHral)acrBop[reffi fiprr
3aTe(rr,fieaxotpeal(llljrltse {rrBaerc{

cl" =f 
" 

(f), r.i,)- ^r.1eo 211)= s2,uaa,nu oBl_J,J6

CpeAnrtfi cocraB TBepAoi:i Oa3H sanxcr{T or Ber,mrMflll
ornoneura Gn/V, coorsercrBeHHo RoHqeHrpaufis
KoMnofleHroB B TBcp4oii 0a3e:

-," - .D"^' c" ^^ 2,6.10 .t.84.10'

" --'--;ji-" - 
(-r,16)

= 22 - 2,88 = 19,12an%Sn

c:=c.*D",' c"=rr+2.6 10- 4.15 10
' ft." v (-1,66J

= 22 - 6,80 = ls,2an%Sn

.n -.D"" g ," l,8l.1o'.4,35.10,DP6 
u).c

( 4,63)

3arBep{eH@rj npuqeM rqr{ rtoruerrpar1tll ,60rr, nrx C,,*,_,
na-tur6tr uroB Brrercq pyxoa3rsrM.

TpoiiHHe cII,IaBbr, rioropbre B pesyjnjrare paBHoBecHo,

Kprcrarjrr3aq{u oKa3HBarorcs,qByxeasrbrM{, TaKr(e
r{orJ,"r oop.r3oBbrBarr, rrrr(Jcruril drDoll|, ec",r.r BE1oJrreercs
lrpltrepxfi croiixocrrl.

_ 
Parcuorpemrui rr,rn trp]rcrarrnfi3illxn rlprso/lur K

o6puomar,uo npucra'uoB noalni olHopoaHoro cocraBa
no acelr ,4rrufiq {poMe Harrarr,Hr,rx u KoHern6rx nepexolqtblc

)qaclxo!. Ha.{a,r6nbr'i nepexo/xmri }uacr.orc oE)ae),erca
a To1 fiepllo,L KorIa coaepxaH[e pacTBopeHHoro
(oMno[€HTa B rIOfpaHr{lIHOM C].rOe erqe IIe locTt{r
M:rr(ctnvalrbHo'i BeJrInqXH6rj (mol)a.l{ mseqaer noc]IorHHoMy
(cra4roHapHoMy) pexxMy (prc. 3).

, 
flpu orflorxeH lr Go/ V, roropoe HeAocrarorrro

oorbllloe Ars coxpaHeHnq cToi;Koclr? nrocxoro (ppoHTq

'rllet 
Ky h"'flr aph_Il i l ot o-qJuii,1!j A!,,'X +a. npoprc-ab I

or qtD0Hra B )alARucr!,
B 6o-'rlurtrcrsa peur,lr;rx cryqacB rrt){ pocre

(/xcrar,4oB B xrrKo; Oarc B onpFr,jF Ho vepc
Halanolaercs KoHBeRurs lr LMeer Mecro coo,rBelcB],rorqee
nePepacfipelenefiue pacTBoperrHbrx KoMlloHeHToB.
Ilpelnoraraercr, qro cyqecrByer .axOey3lrtri
norpaHr.r.rHhrii croii ro,lxlrHoii 6, anFpu ruoporo
nepePcrpeaeJrer[re rcnmoltemoB oclrl€crnJrj{er(a rr].rIlxo
arCpoiH-reii, a BHe 3roro c,{oe cocraB r{uaKoii {bajll
no,1:cp4{lraa. cs o.uol,oar 

"n, 6,rarolap, kuH sexur.rr. B
c-n)tra. otcHb t,{}.|} Lo-u o6herr" ah-,nul diLbr .o.raB
xulrrocrri xpaKrrfiecrr{ fie usuerurerc-s npu o6p.r:omrurl
TBepaox Qa3!r ,r KoHqeHrpaq Io rLar(noro pacrBopenHoro
r(oMnoHeHTa B ]n4llrocTlt Moj{cHo crruTaTb nocforllfiofi ],r

parHoii Ha.ra"bHori RoHqeHrpaqrM C.
O(olr.rareriHar MnKpocrp),r.rypa drnaBa ocrour lr3

rpex dpa3: c1 p, 6. @a?a dcocral.{rer ocxoBHyb Maccy B
Mrtreoclp]r"r}?e, npuqeM,20% arori Oa3br npsrcraBrser
nepBFrFbre Rpucra,rJrst, apFan t{acT6 3aTBepAeBaeT B
cocraBe aBT€(T{k (p[c, 4).

IIpn Merauorpa4, qecKl\ cfieroBalxl'x kprstiurn{
Jauhx.t..anr(!4.revu ph-S" Btir-arroo,r.no rro np r

IoBorGHo borburlt\ 3Ha ter.u{{ Cp \ nrxe aar ,.,,.,.soe,

= 32 -1,'72 = 3A,28an%p b

flo Mel)e ryoreRar{rr nporlecra Kpl{cra_ntr,f3arlr{x colel}
)r€Hrre pac iopeHHoro KoMnoHcHTn B 

,lBeploi:i 
Oa3e nocre-

neHHo noBbr raer.e 40 3rraqeHr.re (c./ c.) : 1,.no
oEetraeT paaHorecHoMy pacrrpe eJreHrfio pacTropeHHoro

KoHe.rHlEi ,"racroK (p cTaL{rBaqlrr fiasrloro rBa (To
ecTr, cepetfiHa uBa) BHaqnrenbHo Menr, re ua.janl,noi,
rlocxonbxy orra Bo3nuxaer B pesy"rrrare 6ncrporo

noc,,reaHeii nopurx pacnnaBa, crtrlbHo
ooorauleHHot pacruoDeHH6rM ftoMnoHeHToM. TaRrM
o6ploM, Ilffprfta 3roro yt{afi.ro onpeleuercs BernlrutHoii
xapaKTepucrtiqecKoro paccrorHug (paBliepa)
norpaHrrHoro crros, lrr]r,r orHolreH[eM Ko3oofi!fiema
Atqrqry3r.rn K cRopocrr pocra KpLrcratna DplV.
Lonepxax[e pac,r.BopeHHoro (oMnoHema Ha KoHeq-
noy v\a.r(i nofl-(ncirho ],€r|lflorB3efc, o. ( k Crp n!,x

M&ryocrDyffj?n narEoro rBa, x6400, yrosEu
!emqla

Pr{c. 3.

3oEa), x8400, i.ronlHas penxufta
Puc. 4.
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l(l 1 /q(\(\A
I

ag I r.oropu. cy{ecrBeHHbrv o6pa3oM ornx'ralorc, or reMneparyp},I nr'r(Btayc He(oropHe rpyaHocrn npu

fr | asrerrurecrcrx. 6uru no4rq€Hbr crp)4rr'?H, noao6rsle paceerax cBt3aHLI c rlrarpaMMe

[\l aarerr,].recKl{r'{. TaKoe tB]reHte BlIJIBneEo nJrrl Bcex cocrotHur noBePxHocrx xxlcBnayc, a rte Jtr4lll,lu

Rl 
"nnuron. "u 

,.-aven[ev 6:rriarux K asre(rlrsecxrlM; Jrl'Ixstayc auooy3Horo
Sl1 

^n* 
tnn"* cflraBoB yrK€ rlrarbre 3HaqeHI'It Gp/V BauMoaeicrBts pacrBopel{dhlx ftoMnoHenroB.

11 o6ecneqasanr croiirocr! nnocrcoro Opoflra 2 O(onqarefi'Ha, rurgrcl'pl'Krlpa cnilala cotrorfl Ir3

€l *pr.-uruu:aqno. TPex Qasi d, p, 6 @a3a d cocraBrser ocHoBH'.Io Maccy B

9l Koraa nrocr.Hri drpl,Hr Kpucrarrn3allx rtrrypocrpJ,Krype, nptr,{eM -20% sroii Oa3br [peAcraRnseT

d I l"yrQu"r"t" cn!'raBoB Hapyuaerce, o6Pa3ymrct repBr'rqHrle Rpxcrarlrlbl, .lpyrat eacrt' 3arBepaesaer B

ff | ,l*n.u"tut 
" 

oatoiba3nble .s.reiltri. Xorq Ha Ha'il{ruofi cocrale 3memre(

ffil "raer, 
apyurenur n,rocr.o.o $PoH ra Kaxnat u3 Oal

E I Moxer o6pa:oeusar6 lbrcrynu, rorrlxo oanooa3lriie Jtneparypa

Ql r,r.nxu AeHApr{rbr Morj,"r npoprcrarb B xLIAKocrb l. )hr,eu M., Aabepno K. C:rpy<r,r'pa.@ofirox cn.nason

!] ua 6.r.ltLur.re paccrorHr.fi or r43orepMr{secKoro Opollra r.1, r.2. I. MeranJ1)lprrr3lar, 1962. 1488 c.

F 1 l.pficrarjIrcaqlrlr. 2. fllnaes A.n. MerannoBe.4eHr.r€, 4 mI. -M,
3l "o6opoHrn3",1963 460 c

U I BhBo&I 3 (DtwaatzcM llwueca;3amepaeBartg nep camn

Hl L flpr onucaruu npoqecca Kpucrarrlr3alrulr - M, Mup 1977 424 c.

6l 
'rorno"-.r.t."ot 

Pb-Sn Bi yc.roene croiixocrrl 4.Jlaplu<as llH.,I4&tules BJz Ar+Qv3rs B MerarrrIa-r

9 J 
"nua*uau 

dDonra kDr.Icrarn r3auux cocrollr B T or{, u cnrlaBax Cnpano.Ilrrtrc AH yCCP l4Hcrur}"r Meraulo_

! otu .p"ar"nt gaitnvecxofi reMneparypri Ha Olr3rrRrr - KueB- Hay'rHas Mblcnb 1987. - 509 c.

6 noe"pvnocrr pa.npere,aeH t rBrpaoii 1 x .lKoil Qar

Hl "u*"t 
6nrs paenuu tllr'r 6orburnM rpaatenra

ct
: I vaK 621.73.002.5

Ei
fr1 KpusAa JLT., rowin C.n.

a 1 HaqioHarbrod re.od{trd }l,IiBepclner 
yryaii{r "Itrircblofi to'lirexni{trd iHcrrqr". VKpaiHa' M. ItxiB

^11

Cl qucroBl4fi poBPAxlrIoK EEgrPAl{cMIcIIlHoro ocIIHrrtroPA

Hl rIPEcv.4''It lIrrAMrrvBArIHt oE(orIEHHtM

UI(rl
s I At{rmaqs po3po6oR, B nepuy qepry no!'t3aHr'di 3 o6MexeHolo

: | \lrhRl.rrir cncuia"lbH \ fial,onlecoBv\ ycrrhoBoR nrq

EI B (mamniHascAmitmowsi npo6tte un$' aHiJ p"ariJanii npuue{.v Ha pr.rHKv r{oBarr}cbro llrn rnr}ts@cnor u

\t ryoa.nvsaunueQenws o?oMMAHadxuawrulny_ o6,1aara,{{e (liulo). Haii6r,nuu vec0aor,-r nlono:mrico,
E; aav*tl o6(o4ctltttLr,t ma HadaHo onu( npo2p-afiu ow raut np""ts a,rr UJO e.pvfi SCHMID voa,,reii T200.

AI 'ac,@6o.opo,tpdt!rw ocHoa&u- aparv(mwoerftpat- Ta00 iT630l Il. *ri varoft -i{a"o{i noKa-n+n F)crdluFlorLo

>;l iaicihto?o oq -,tarflopa, l lpoaedam a 4.n3ottlpu a&u-t 
Molu,{BocrFfi 4n s loloB.rprtr{, uffpot{ol m o1Janfl$o4 i

\Al p8grbr@m' nn 3pot)r4n drhnaltwl6uo@al{u. po3MipaMu aera,,'eii. Ar€ ars Bir.{.r3Hanoro rrpo6nuxa
E | lar.-u{tso$ xapaKrephclraom no6oro o6raararrrrt, B rorqT

i * . cni i &lg IIIO, € iioro Ba1:l icrh Irrni rrl>orro3Iarii lra pnnqt

I Inthe afttctz.lefionstratedpmbbns contEctcdto the KIIIO Hocsrb 6inru By3b(nii 3a rexHorori'rHllMfi

I designing efectioe equipmmtfor die rochingprocesf, Moxn]lBocreMlr xapaKrep 3a qiuoBl'B'fl'l npon()3lllri-fl'flr BorI1,I

I and dpsrriptions ofpro+ranJor calalaions basic pa- 6L'n'u nowa6nni i Br'D(unfl-b B o{'lioBHuw sil po'iicbtot{

I ,a eto" ofless-*nsmissio" ostilldor. Cond.ibi s anaq- Btpo6HxKir, 
'tr{i 

3a,qoBG'rbHttrorb cBiii i puroK o6ra,ryraffrji

I sis oIruci4edrc$ts @d made anerytd;4conchtsions. 6runxH"ofo rapyci)rc(g ra al(TtrBr3!'rorb mt,lbt,i..b csor:r

I HaykoBDiB B rrbuvt Hanpflt4i [2.3].

I n.ry" 3 l+trxo nopo. m,mmo{er+d oilo'an*r-om mpii+rom

i M"-nu -ooo*nuto o6-e^trroro aeooprq,'rallr{ Mera.riB, Blrpo6Hxlrrsa odrasraanq &rq IO BxMara€ Blrpirrrel{He

I s rorrywrori i uravryeaxHs o6(o.reHnsM (IIIO), Marorb flpo6neM oisancltsalnlt ra cT3op€IrHs si.uroBi.ufltrr€troro-

] tt""t v .r.p.sar nepe,q rpr,qrqiilHrM{. A-{e qacrl(a raKur riqna.ralrioHclp}'h"rop.H{-x.po:poSoxna6a:inaxonr'semry

l rexro.noriila:ar:umor5,o6cnyq%cHoiMemnodpo6KrH€ HaFoBux sHaH! ra.qocBiAy OcraHH€ rportroM ocraHHix

I :naqra, qe crocyerBcs qr sir.fisH-firor_o Br,rpo6H rlTBarar.i poKiB3ymixoMBtlpix4€GcakaoeapoloMaxaEiIarnnac,l.r_

i:apy6i4tnoro.Tarori:inepeKicHeHaKoprc'n,ffrarrrytsarnq nocri M"repia{b m pecpco*eFirarc.nd.npoqecb MexariKo

o6xoqenlrsv. oxuiu semcranrhoi ri-rrbnocri rexroiTori.trrr{( MarMHo6yaiBHoro ftc,Tlrryry HaqioHalbHoro le)ciqHoro

'B

@ Kpr.rBna ./I.T., @ Ioxiii C.II.


