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trgg0,rm Sgtlfagqleegqx.rc tlsdnfftg$qtldl $gso3grio g$off,t q5ff5ob

jo8ogtio ggjboqro6oobr p Og$sqrgn+igttolt grggqr$C$ob

joOoptbo qr booqngogf,o $gFr'Egrt$tSob qgSutO,$AC6Oo

br0g66og6o bgq8dqgrbgq'o: St6oggbertvto ag@t6;b Jf>Wogn

thgC8bc06g0o:

Q!$gf 8c(Q6s0.! 2018 $Elob 
$..-,..n -r.rhrrr...rr.r, r,a..-r.. b$$rttfuc

bs$u6oggq'ob ggj6o3gtto gFo$Ifitql$Ool, $o8ctgt9o Osf6oqrar$ootn e$

@rq'"Jo6oob grggq'11ny,b brynbgQ}qoo b$$tnb bb{m0NtC,

SnrttrEgbo '---, tgqpo$fidt6e aAra'l-s"b',

0ob$rt6cno: 0175, oDoq'ol-to, gobgegsb 77,

qobCtq6ruootr p66<'rbo 0g@6b t*d#ru69qrob gffiggrkr g6o0Cf,bq500cttt

bobqrooorggrBo, boqro rg6otsgggdrgob - EtJUcpOCOob ggb-mgdrqgbg

boqobgO6$6ot'r bo6$mle Sqpogs6o Eirhtrg, S, ggqxx$ryw



6r06o0ob to6rpo qrrbcbororgOr

orgSob oigg.:qrobr: CEI,CC06o$6$6ogg6o qubo86gqgbotr Ssboqr,ror

Eo0r6cngbr8o, 0lcno 0t6r3rq'bcbgobsorr r6bgbobob 6r60tnbqg6CElo gsjgodro -

ggbj6ocnbrqg6o qgr6o06gq,gb,:u, t4.rg ft09.:6 or3obgbccn,> g6oxnbqrogcrboco

Oooq$ggr. CqCC66oggj6o3g6o 6lbrqg0ob 6r6o66gbob bgdotr 6rbtttqgr6rgb:

CqCC$6o6rSgr6erbr, $obrqrnbob gg03g6c636gqo 3rnggo6og6go, grnql$-

r0Sgitrgqro 0sbcbororgbqrgbo E! lrbgu Olll:qruor CqpCdo6o0cbtbotogbqpblr

tsc'r6ob $109316o CqlCC$6cn$o6.:qcnbob $gAJg6c$U6Uqo JoCEoOoCEgor (a. ).

66oboqroc, tioO qnoro6gsho a,' > 0, bggos 6rb36rr6p06ufurb8o ar e0, boqprr)

06r3rqr6ogbcn3rb Egbrqrberbgb8o, gg6o6gbgq' 6rb6r66c0got6gb8o, 396$o318o

qru r0er6ggqr 0obctso ar-lt 06o8g6gqmSu Sgodqgbr ogob t6o6o66 qroqrgbooro,

rbCaC Ar6gcngooro boqroqg. O,:b.:qrlor 0oggr6oq'o Br0o6,:orgq'oblorgob a, -tl

6ots6ob qrr lroqroqrolt St6cn66otoFtgbs 0ggdqghE os q)i5 oOogcnO g$b,3gt6o0g6-

$gqlo 6boor qprqpbCbstr Oooobogb,

b,:$o6rn ar-lr 0jo69 Cep9Co6cnggjSo3g6o qg.r6o86gq,gbob OrbrqrX0ob

Sobrqgbrqr b0ortrcqr 0o0r6ortgg6 tn6ogr0oo Soqrqtqrg8ggt4o CSpC6056oli (6u,

Mn, Ni qrr bbgr) erjboqggt6o 6rg6cngbotr 0,:qrq'gg03g6r6g6Uq E36bcnbtb, 6ob

BCspgOrqp Sooqgbo g.$. ojboqgdo 3grtio0o6l, tio8qroqt6,r6 ggtl0obgotigbo,

5.t00,:6or3gqCbo er bbg,: qQ$o66gq,5bob 6r33cnc"rbt 0boqgsggbr. 0g6bobotl

bg6boor Ooq3bgqr rbgcn O$tq'gbli olr orogobgbg6gbr rb,tLrooorgbb, 6c'r0 Orcn0o

0gg-6r3q,gbo 6roqrgEoboor godgbob,r6bgbobc qt Ooomr6 qr3ca8o6gbgq'o

6r3q'er3rbgbgbo go jbo6q6b.:.

0b6rgbo ogobgbgbob 8t$u+lgbgqto, 8t6ttro0 r6.:gqr6ogqpbe gotrrg$otr

u68jo69 CqpCC66cqggj6o3g6o S,lbsqgbob cbor6go0g6gob 6cgr6omgbob 6ob-

6oor, tsggbb 0o96 qrro6g60r qru Egbrigqe! gdtl0e(noOg6gcqrgtgo bsboooot, bsOg-

ts.rer, 6ar6qrob 6rbbo66ogqrgbob SCSgCbrSg 0gbrdqrgbXqro 6rbqgr b6rboq'grio



Cq9d66.0rbrbocorgbq'gbob Ajo6g Oulrrqrgbob Ooqgbr 0o6ob qt 0o6o36olrgl-

qpg6o Brb,>q,gbob ggjbarqo6olCIo uibgbgqo 0oqgoOgboor - 0o6ob br68goo qps

ttlodogbob 890ob3610o 0oqgbgqo 6rttq50ob bJg6ouqrydro oryt66gqo

qrr0g0r3gboor.

br0g8rob 0ots6o: fug6b 0ogtt B,tll.:6r6gbgq'o JgqpCaotr 6obc6tr $c60o-

rqg6gbqp gjb3X6o0g6ogqo 5boor, Joq,o3rq,g6gg6o cnjboqrgbob 0g06gqn

6sq6obgboqr6, 6o6ob gg$Boqo6ostso Soqsnqfo bgflbCbc,o,, So6ggqo

$er6ggq,- 36obgrqU6o, gr6oxn gg0Jg6$gU6gq o6gg63rq8o bg$oqg6o

CqpgC$do0.rb,rbooorgbqrgboo 0$o6B0gqto 0qpCd$droggj6o3g6o 0obcqrgbo.

$q,Cgol, dodroorrqro rOog$gbol

qgrqg6obqrgb 0o6olr $s60o$06,llrcn.:6 0o0r6orgbr8o lr$$boE Udrobocn

6r0c.rtiBggqo CICaQbC6oqobgbo Cu rO - MnO -BrO, qr CUO - MnO * BrOt

bobgg0gb8o qgr 0gg*qmtr Orcn g$c0Xbtso 0o0qrobr6g goico3g6-jo0og6o

S6o6gltgbo;

6r6obrirqg6erb boborybob 0CSgC6rsg 0oqSbgqo r0o6ggq'o q)r

rCIr'rtgggqr-3ttobgrqrgt+ro Ell*En$ot' So6gqmbooo q)s tgqrr0ofigqro

Csp3C$6c'r$obrqobc gr6om ggdJgFrs6U6Uq (20-3000C) o6gg6gsqtso qps

bo066qg;

- CIpgctrqggb Sgqr6g6oqrobob bt0{tC6r boBogtodg&gqo 8,rb.rqrg6o! ('b 8,}alo

Oobbarbttrogo org60gqro qrrOg0rggbocn (450 - 7000C) floqgbgqo

,3tlmqqSjggbotr CqpCd$doogottg0gbbg, oCt4$Cqr 6,rg.:6amgbttg eb

ttOd,UCOU6Uq Ocn$gcnbcbg;

qrsqr6o6qpgb bgo8oqlgtio 0WO*56on8ob$ro.rog0qpbotr 0jo6g 8o6o8ob,:-

q'3bob Ooqgbob,3o6rnbXbo.

JgqlCgob <'rboXjgo. tsgb$ogqt.,b m$og$6,:qp Eg6Bggqp ojbs cn6o d-gq,gOg-

6gob ojboqggbob qt cqrgoqrqQ6oSrEo 8o6ob $cr$8o0j06Ceob - 8ot$ob.r63optio-

qgob tsCOOgCq br03o03cnbg6gorb CurO- MnO - B2O3 q,b CuO- MnO- BrO,



bob6g0rtso er c'r6 6rbbb3.:gbgq' 6g0Jg6rggr6rbg (1000 qt 110CIC)

tro6ogbot6Cb3epo r0c,r6ggqro (So6obgrbrno) q,r u8o6ggq,-36obgsqrgtio

(0o6,:36obgq,gt6o) Orbrq3bo.

Jgq'mob Ogomqggbo: Btguigbgqo g$tr0g6o0g6goqtg6o bolroocnotr bc0g-

Sco0o 6r6ogg6gb3qo oj6r gggqrt ob dot6oosq)o 8oq6o0gbo, 6*0eCbo0 6oqC-

bgqror 0o6olr qrc 0obca6obg.:qg6o Oobrqgbob 0oqgbob sgb Jgqmob lrtjOg8o.

0rq,rq,6g03C6r63dlgqro tro6ogtod, OoqClCSf 8o6,r0rboq5bb 6$6tnbggdro

0g0qr6o or3obgbXbo: gq,gjg6cn$obrqobr gr6oxn gg03gtlrgUdrUq o6gg6grqtso,

tto066qg, lroa$gt$o 6rgu+r<noC6l, bcrEm grb8g$So qrr 6o6$oboqrg&0o, Sooo

org60gq'o qp$g0oggbobrb 0o0qnbr6g J6rn6gbgboli tsgg$gbr8o, 6r0<'rggbgbugo

oj6o cngt60gepo qpc 6g6gb66rrbdd,gd0g6gqto rbrq,oirob 0goroqpgbo.

6r06r'r0ott 0g66og63qro borbqtg: qQrqQ6o6qrt 0o6ob $r60rn0j06gqro qrr o0

or3oco36obgrqrq6blqro brqgbrnbgboli 0gqp6g6oqrcnbgbo, t6cn0qpbo6 bg$oqg-

tSrqQ 6$09o6gbrqg 8CcgCAtr odq6go,l6. JCddrqe, CaO- MnO-B,O, lrotrgg0r0o

0o6ob $r68arj06gq 00qUlboq'obrorr s6g Sg0oobtbqg6gb.: 40, 50 qgr 60 6oqr. 0/o

B,o,'ob 0g06gq'o 8gqr6g6oqo0C0,ro' OnrBqgbBo6 Mno <+ cuo 8,:6qgEgbo l0

- 40 Oeq'.o/o irqg6gb8o bqmbs. Curo-MnO-,Bro, bob6g0ctso 0o6ob ft<60cn0-

C06Cqr Egqr6gboqrobror l6t9 gg6rn 6Oo,1Co qn CIgSoogorrr6qrgrbc 40 qrl 50 Ooqr, %

B2o3-t6 qrr 20 0.9.o/o-0qgg CUO):6g0gggqrerbocn. Egq6gboq'cnbgb8o 20 0oq'.o/o-

bg OCrlo Curo -tt 0g06ggqrm8obutt $rto0tn6$Sbg8,l 6o66trgbdro brqrbtvrbgbo,

6o0qrgbo6 bbq)s6ogCbollrb ogoo"r6gbgt6sqg 36ob6sqrqggbor6, r6o6ggqr-

36olrgrqrg6o Orbrq'gbob $l60rn$06our, qr,:qr6obqrr br6Bgob gg03g6cgg6otr

6rgq,gbr 0oqgbgqro Oofubob e$ Fo6s8ubrqrgbob orgobgbgbbg bepCd06o-

$obrqerb.r, bo066o3g). org60gqro er 6g6g6gbcngrbg6o rbcq'6boor 6rflrn-

gqro6qpr Cu ro(Cuo) - MnO - BrO, bott$g6pb8n Soqgrbgqro Sobrqrg0ob o0o'r6ggqr

- 36obgrqlu6o bgbgbr q'r OrcoBo qgogg6gft3o6gbgqro lrOdrUCOU6gcp.

Oo$gobob 8gb$qrg0q'obr. q)tq,bo6(rl, €xq$ flot$obtsqrqr tsl6ut+rgbgqro



orgt60gqro qrr0gtsrgbr 06gox6tqg 6gE ot br6qggq'o 6o0g8gbotr 0o6gqroboor eb

bgqr.:Jo6gq, CqCC66o6r6go6obrtl, bmqpm $Ccp$ 0g0obg6o8o bsoqrg6dotr

arjboqrgbob (I, il) 3er66g6g6r6oob b6qgr MnOts bu62gbg 6obcSo6rnbgbtr

0qfCd06o$o6rqobotr 0g06otigblb, qug6o$qr, 6o0 CqCd$6o0rbrtrooogbqrgbob

b$bboEUtioboor brboccnqrgborb CurO- MnO- B2O3 bobggOolr ob Sgqgb36o-

qrarbgbo, 6cr0qpb0og Oooq$gga; Veeal0 / o/oMno E 1,5 .

6rtst6o0ob S6rjgo3gqo qodCbgqgb,l: CurO(CuO) - MnO - BrO, bob6g-

Ortso 0oqgbgq'ot Oobgbo qgo 0o6,r0oboqrgbo, 6er0q'gbo6 brboccnqggbocb qrbtqro

$gogu6ootr gfutt6oot (AEtO,ICB), EOotlC gu$grogooro gq'Cdgd,o$o6oqobolr

g983Xt6gU6ggo JrnCgogoC6gob (La, x0,5. l0-2K-') Ar CcpCC$r6ogobrqo-

b*rro b6uboqlg6oboor grttruro Og8tC,1!$gltrpqf ofugrfu rqr0o. olCdq3qro q$&U.

CIlggboor Oooqgbr 0el6gqrcnb,:Bo oboqrr$cn63qro (flocn Scnt6ob qrrbtqtgrflorfio) qrc

bpqr.rSo6gcprsQ 6$gg.:66.:006(to Oobqtgbo, t+ran8qrgbog b,:boro4Bgbor6 Soqsqro

gg0Sg6rgg6r0gqpg6oboor (69go1 75SC). rybo8bgq,o EgbrdqCbgcpb 6rbqrob

Ooqgbgq,o Ocbsq,gbob 6r0oggbgBob 0Q0dr$Oerggj6o3ob obgcn bgg6ogb0o, bsqrug

Socrrbcn3brqror 0gbrbc0ob d,sb,:tto,rogb3cpb o6obgbrort 0r6rt6CbCqpo

6gbobgo63q'., 0rlrq'gbo.

l.ru0g0,:otr 0r6gqoSr qo ttgttgr$$gdur qnbg6g,:6o,: 0amgoglr 132 66gdrqilr,

13 6b6oqb qgr 40 6sbricb. qrobgdt$.t6o,t egq6gb.: SgbrgqroLrr6,:6, qro6gdu6g6ob

Bo0oboq6ob,r6r6, 9jblgdlo8660ryUiln 6$oqrobr6r6 (gjgbo jggolgo), qntr6g6olr

qQr 6!0oggbgbgq,o q,ogg6rgg6ob 6gbbobr5c6.
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E o6C6r6g6ob 0o0cnboq6r 6oo6rgb CCgb CgCcncatr qrr 0rbbo $l60oqgm6o-
qror gttr6gqro 0rb.:qrr 0$6.rbg0ob, tr8oqrgbdob qrt bo6ob cnjboqggbob, r6cn6rn66

0o6ob ggjboqo6or8o 6o6og06c6ob osmbrbc, sbcac 8o6u6g0gbo 0roo So6r$o-

qrgoboor Egqg66oq'o bob6g6gbob 0qr6o6,r6gobrorr qgor66$gbolr, Egbrbs0ob 6o-

srtlgqr - b$go0,3obg6gor6 bobgg0$o Co6otr $ctl8ojo6ubor6 qugca0o660oor qo

bbgo br3oorborr 6t60g0rn.

0oggc6oq,or 0s66r6g0ob ql b8oqtg6dotr 6o0o66gbob bgg6ogbo 0o6olr ggj-

6oq'ot6or6o, ttrrn0gq'or.r6.:6 $r06.:6n * 8.:oro gr6on 6$cnggbgbu 6rbbbg.rgCbgqpo
ggdob 0obgbob, $ojg6gbob sg.: Eo6o6j6gbob 0gggrfuob br3oorbgb8o. 6rbbo-
qp3qlo$ o6o93 d-gq'30g6gotl 6rqr6nbgb8o grqp3$Og6o Lrcbgq$q'oqrg$s, Soan

tsgq6gboq'rnboqpb qrr bobcngjcol.r 6r6g0cnqrrb 6o0cn0qrobr6g. 6r0rnogcn ls3oorbgbo,

ttm0qrg08o6 $c60oq6C6oqpoo 0o6o6oUqrObott StryOboU OC00Cd,o6g6otr bsggpsf

liEoq,gbdob q)b 0r66rbg0otr grgon6Sbob 0gb$q,o bobg6gq,oq,gbotg. sb0g0

glEoboqrgbl Eoqrogrqrg6$gdn gqtg8g6ggbob g6orog6or6ogqr66c, 0,roo

p.lgrb6gqrobob 6o6bgoqs6 6.l0o8po6r6g. 6repJC Lrcaoorbtqr 6t0r'rogo

0.l66rbg0ob qgr bSoq,Xbdob 0rn6,:$oqgobocn gg6.rqro Jo60g6ggbob, b0rq'6gbott

qrr Boboogob Ooqgbob Sgbrdqr6bqtt'tbs qs sb6g Srom 6rSogpSgbob t63oobgbo

ggj6o3gt6o qr$o06gqrgbob 0rbrqrgbolr 0obrqgbrqr. 3g6dcnqr, .:qobo0b.r

0r6gc6g8ob crjboqrg0ob grdroro g$oUCBCbs $q,CIoq'bqlqr6r"bsqp qr,: $o8ogtbqr

0qg56rqr 0obrbjt69b8., CqCC$6cnCIgqggqgboboorgob 6r0ogg6gb3ql Eql3bgb8o,

6oqrou6oob 0oCIot4or 06rtrd6obo,l6g (0,$, qobo0gq)6ngqp) 0o6gb8o e$ bb3,

6.:Bg6gbor, 6cn0 0r66;6g0ob qpb tr8oqrgbdolr rnjboqgbob 0g06gqro troq,o3,:gg6o

ggdob 0o63bo 6gob$4qgboqr 0.rol8o 0oboq,oqr60ql. bgqr,3ot6gqo gqgjg6o-

6c06r6obolr qrb cqpcdodo6gboo qg66sqisgr6otr SBjr6ot6otr drgrqrobo6ootr

0gbrdqgbqretboqgtb 6$r'r0qgobr6g.

ObclJC CACo,rgrep rr6otr $rt8rneg6tqro &nt$ob sb3oqrgoqnb 6c0ogg6gbl



bbgcqrrbgs qrrboCIbgcpCbo olrgoo boqno3qgg6o ggdolr 0o6c0sticqrgbotr doqgbob

brj8g8o, 6o6o6o6u qr$rq,o 6rgr6oogbob JoCtsogoC$gob 0jo6g 0obr6j6gbo,

$ojgdrgbo qrr Oobgbo (C.S. ,,go.lcn6o") Eo bbgt. olrgcno 0obgboqr6, 6cn0qgb0o6

bo6ob.:63oqr6oqro do6oorsqg 0o6ott $stS0o8j86C(oor, 0ogg.l6oqor 6gog6o6gbotr

0corbcnjO3qo qgr t6g6g6g6ob bbqgbob 0o0r6co 5r0$o6grqp (BeGl: tsgOOg0qo)

0obpbo c'r3go3p6o 0o6gbo ("RO ql Lap0l t'rdtnqgbol$ gdrouqr), oqp3oqpe6obqn

tsgb$Boq'o Oobgbo qrr 0obr36ob6rqry6o Orbrq,gbo qrr bbg.r.

q'ogC6f6g6gqr Oo0oboqrgo0o sbggg 6c6boqgqoc br8g66oC6o Orlo0gbo

qrr b46arb;6c'r 0cnbr6g0gbo Oo6go6g0ob, b,Joq'g6dob qrc brn6ob cnjboqpbob Orn-

bo$oqpcnboor tsgqr6g6oqr bott$g66tboo6 Eo0stiogbrflo. $rBggbgbot, t6o6 8gq,t6g-

boo 3,:66rqgu: Egtrgrgqroqro 6q6m8$gob,lor qor66.:8c MnO -BrQ botrggO.:0o,

berqm 6r3qgbcqr CUO - Br4 s$ 0oor ggt6ct CuO - MnO bobgg0ob.lcngolr.

r56gcn6 6r6boqryqor 0o6olt ft68ojd6ob Eglgrgq'ob SgqQXbCbo bSoqrg6dob pr

0r66r6g0ob cnjboqgbo$ cn6- qll lrs03o03obg6go$ bcn6.:6gqr bobgg0gb0o qgr

oqo6o8tu, 6m8 3d-gq,g0g6goo njtroqgbob 09g.16r bo6rggqr 8o6988o gs6b8o"

6c.rbgbb 0.:or orgobgblcnr orr3oltgbg6gbclr, 6,:6 0ron cnqggbcnbob ic6qroor 6r0cn$gg-

gqr b,rdobbrnb6ogo 0rfug6gbqrg0ob dqnglqpgd 6CIqloqrCbgb8o 6r6ooJ00ar!,

q,ogg6rgg6ob 0cnbl(Jg0gbtg qtug6Ebmboor 6rbboqrgq,or q)ocDsr6o-9,:6-

gbrqro (Mn-O, qrrCa -Or) 0ebtt€sFtgobxnr qror6t6c0gbo, 6g03g6r6g6ob

mqroq'Cbgboor 6rEcr$3ggq'o U8oqrgBdotl.: pr 0$6rbg0ob ojtroqpgSotr 6rdqs-

j06roro 0gj.:6oir0o, rbCgC bcn6olr, 0;66rbi10ob qrr l$oggbdob rnjboqryr6 btgticrrorr

gobo3g6- joOogt+ro orgobgbgbo,

q,ogg6tggfirtso r6bgbgq,o Oltrq'gbolr 36ogo3gq,o 0ggrbgbolr qrc 6rbb-

golr buggd3Cspto 6u6olutq86i.loqf$ott 0gt$tt0gjoqccpo 0otudogqrgbor 5o6bo-

66.CqsgClr cn6o d-gq'gEg66ob - b3oq66dob qr 0r66rbg6ob cnjboqQgbob 0C0O3C-

qro bo6rguepo 0o6gbob lroEolgto Qs .tg$pogs, 6fino qr,:q6o6qrgb 0ooro 1396.



tr8gjgogq,c.r0c, gq,gl66nl$C$oJgnlo qru6offiUqrCbofr qr Srbolm$CbCqp 0sttro.

0gg6gbot b6rboq'96<'rbocn 6$rn6Bggqro 0rbrqrgbotr Ooqgbolr cn3.>q,bb6oboco.

o)580 II. 0ittrJ060806t$01, 8CRC60}0 RJ 8J0)0
0J5tK5

$qlCgob Sgooqro3r. rg$gdoqor 3cb0ott Sgr8rqa3bqlrsQ 6r6ogg6g0gqro

0rbrqrgbob 6.:cnbr, 0rcno .r$a.r6gotr e)r 3rbOob s6g6ob cnlgobgbgdgbrEo,

0CqpbC6oqobrorr bs68gr-$o0g6qg$ntt qs 6o0gCIgotr 8ofus - So8toqrg$olr,ltr

6r0cngXbgb3go Ocn$gcnboqrerbr qt Ogoxnqrgbo. rq$g6oqros 0o6ob bo03g6ogob Sgr-

qggbob, qloq,sgt'r8fr)drogqlo Surt$ggtlpbotl Soqgbotr, Oq,CdSrlo$o6oqrobotl

6r6b,lbqg6ob qEr OrbrlrorcnSbCqo Esdrdgg6gbotr 6ro6qrob Qt6bgbo qr 0goro-

Q0bo.
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dOCSo,boqro 800-93SC o66grtgqt0o - 0dqp$gr$o p6to3gCd6o, dr'r8gqrog o60C-

lrogeBoor 6r0cn6Bggcp CbqgcoCgCC$CIo 6rqrsqgob. TG-06gqrotr Oobgqggoor $tn6ob

0ujbo0rqry6o 3q,pbr 75-20CpC o8ggdgoqbg Ooqrolr, 616 guieO0o BrO, -olt 090-
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rnt6o 6$bb34gbgq,o bg6oob, CurO sE CuO tsg06ggq,o) flobgbob flobbgr-

bdqsqr 6cbbo{66oCcpCb3q"o otC6&Cq1ro g$gtsrgg$ocr, OoqCbgq6 oC6! 8o6s6u-

bsqtgbo, 6rn0gq,cnr 36ob$sqrobr6oob St6oqggj$ors B1r16ob ffibgbobb 6o6o66
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boqrcnbolr O.:b.:q'3bob cng60gq,o qrcOgbr3gbob 0g0qrg6 $u60cnj06oq, 36obgrqn-
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qr0g0rggbob CIgqpmrqr 0oog$Sl Urggggo 0o6s0ob,tqgbob t6dpJC$grn"Jq,o

Oo$gobob ggq'oqCbr, t6r6 ogobgb.los Sgggqob bs$o6qrdo Ugodq,gbo gogo-

qoUcn. rq6oCI6gq'o 6r0or3q'obr og60gqo qg$g8rgCbocrr 6r0cn$g3gq'0c, 6<n-

bo60 8o6gq,obooro, cbggS bsqdothUqp CqcC0dxn$obrqobrorr ci8qnqgbrS

qgr boo$g6o 6rgr6oxngbob 0gqrr6gbool0r Egb$ogqllA. gEl3jg6<'r$o6.:qobrcnr

So6xtrogbr0o 0ob6oaoo0tcp B!$lOSgqOu Sttogtlo0g6gr0c Omoo0o Cuo Eb CilrO

tsg063gq'o tsgqg0c6oq'c'rbgbo, $drdoqr 50 0c"rq,. o/o Bror-ob tsoOo8gqlo bg6ogbo.

xCuO .(5 - x)MnO .58203 trprloog$ 8godfi$ $qgrigqro, 10 qpr 40 0oqr. % Cuo.lt

tsgOgggq'o, tscqgbcboq'obgbo, obttB0 $6oqrotr, 0166o0 curo'ot\

xCur} ,(5 - x)Mno.5BrA3 trgr6o$o' Ax2O 'tt 6oneC6m$r 10, 20, 30 qro 40

Brb.6. olct60gq'o qgraU8$ggboli 990$gt6qlg6"lr 0pgspc6$ l0(l) qqr 40(2) 0sxq'.96 Cuo-b
6g06gryro Oobgbob tgEo8rtttgaq' CqgCO6o$cfirqobrlrg

*
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Otql. o/o 0pq6gbqgr. o6ttr0gq'o qgsOg0rggboor 6c0rn$gggcgo CcgCCg6cn$obr-

qobcoro ggqlot cOtr$gqro gdb8gdo0C$OuqS+ro 8c[oq'r $rttflarqQbg6oqr65 6ob, 6

qgr 6rb. 7-bC, bc'rqrrn booBg6o 6rgt6oxngbtbcncb 0o0c6orgbc8o r6bgbUqo

0b6,rgtrobob.r er 6cqn3oqrgrio gqroqrgbob sObobggqro 0gq66gbo $srb8o-

qffiboqror 6b6. 3-0o.

xC&CIf 5:xlMnO'3FrOl

9
' t ' 8
,d
i{. -

6

)

*

t)

6ob. 7. 45@C (r) er 70@C (b) ogd$grqt o e$p6lg0gqro xdu 2 O . ( 5 - x) MnO, 5 B 20.-
bxtioob 0o6ebob bsqe$.)odsq'. *:$ffiir|;1:eco,r ooet$ gs0gt6r6srbrborb

rqdo8g6gbor 1- 10 Ooqr.% eu ,O; I = l0 0nql,96 eu tQi B = il$ gnqi.% Cu 2O1
4-108oqr.% CurO

0gbobrOobo ,, Al * t " E)oqt&6n00$6gqto 06gqpgbolr o$oq,oiboor floqgbgqo

eb 0b6. 3-CIo $c60cnqr6g6oq,o 0t'l6u6g0gbo Eg0qg96o bo6oqro qrdl3g$gbob

6r33cngbob br0grqpbrlr odq'ggr:

o Sgqr5gboqra"rbgbBo MnOb B.l6qgqrgbs CurO -on c06ortgbtr 6,:9,:6oo-

gbob bricrnb6ogo JsrCgo6oCbgob (cr) b:Egtqrer 06o036gqxnbgbb qr 50 Ocnqr. o/o

xf,ufif$'xlMn0'5Sr0r
7000C(6tlcrl)
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BrO, EglggCqpo bg6oobro6olr, d.tt ;El,6bCIlt gg6qpg6ool, rObsbggqro 6o6o 0COqpC-

5or: PMB-145 > PMB-235 > PMB-415;

r cDC60Ccpo qrr0g8.rgbr (6000C, 3 bor) bcn6rqrrqr b6qnb cr-b 06o0gbg-

q,obgbb, 616 6$br3gol6g6oo 20 qt 30 8tnqr.% CurO SC0OgCcpo 8gq6g6o-

q'erbgbolr 0g0olb3cg.:tso 6r0cn3qrobqr.:. PMB-235 qr PMB-325 0gqg6g6oqrobob

cngdSgqrcqp qc0g8rg0buqo Bo8gB0bobtogob ilJ$o boqoq;0obo. qgbgqro 400-

8000C o6gg6grqrobro6ob, 2,5-196 rqg8,:$gbr 100-40OC ob$CdgsE So bolgE oE o

cua 06oBgbgq'cnbgbb;

r 0gb$rgqroq' Oo6r6cbrqrgbCIo g.tSobgbob (fr) ec g6r6lgoii0r0ob (4/)

boqroqrgorr 0boB36gq,c'rbgbob olu6bggq6o Olcno bOt6UdOU6Uqo fler$gcnbob

(dodoorqro tr66gjg363eo CduC-UqlCbob 6rot6tr.rbgobs) 0tr6rgbgbob 0gtrsdqrg-

bqre$rjcg Oogoroorgbb, 6rnqrgbt0 0csgbcboqrcnbr qll org60gqro qn0g0.rggbob

,3,:6$366gbo SrorBo $ot68oj66oqo g6obgqrg6o grlcgrbob or6,:g,rdrqnbotr 6$-

0brbqgt6gq,o gojgo6gbo bqpgbr.

og60gq,o qpoag0rgg0oo p8o$gggqo bgrlgiggfu qro 6$qnj66gbo go-

0ogq'obqgt Curo qQr CuGtt 8g060qto 8ot+r0.l66rbg0or6o dobrOctrcq'gboli tgqr-

,3o6gqro gqr6.l0g$obolr CIgb$,:gqtosr, euo - MnO - Br.O, trob6g0ob Oobgborrb 0o-

0r6orgbr6o qg.:qg6obqlr, 6rn6 gg0Jg6lggdrob 6r3q'g6r CE6ar dq'ogt4rqQ ,robsbgbc

bgqgrJo6gqro $obcqerbob boqoqpggbbg; 6r3qgbrqQ ogqd $obrqobrorr

86o836gqrobgbb CuO <+ tuInO gs&dtfli (10 40 Ooq,.%) bqt6g$So 6,l6bo-

66qq'gbgq'o BrbrggqlCbr (6$. 5). CurO-b tsg06pq'o Orbrq,gbo CurO -1,

gn60g666b0o,)s)f b(nqnb 0ottobeb6o !Bqp0S06 bg6pulodgq ffioqobroo 0906o-

6gbob.:qg0o 033gcn<6 0oqQ6g3oEgbrb qg.:brq,gg03g6coU6gqo qgr0g8r3gbotr

qiFrob (4500C), boq,cn tgqo8o6gqto $660embl 6o6q0b$e o6gqrgbr S$qbqr$06'30.

6,:6g6gqro (7000c) qt0g8tgg8ob,lb (60b,, 7).
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Egqg6g6oqtobotl pgqtgEr curo(cuo) - Mno - Bro,
bobgg0gb6o 0oqgbgqro 6o8$sbcqgbob gE Cdgfiogo$sqobrtg Es

ln066oggtg

Oobr0rbrq,gbob CqlCC$6o$obrqobsb3 83sggC6c4pobob 6rgq66ob qrbc-

agbcbrsQ 0gb$rgq,oq,o ojbr 40, 50 q'.) 60 0.9. Vo Bror-ols 0g06gq'o

CurO(CuO) - MnO - BrO, bottgg8ob 0o63Do qrt So$r0rbsqpbo. Sprapgobe.r, 6o8

0o6gq'cnbocD cqcC06o$obcqoBg8bg Sgqr6gboq,obolr 6ogq56r cn60,r6o bslro-

onb.:.:: ob qrr0o3oqggbgq,or 0o6ob $r66ga0j060qpott (BrOr) 6soqrg6o'rbrjcg, 6r6t6r0

do6ootquqr 6r6obricqg6gbr CurO <+ MnO q't CuO +> MnO Bc6o6gq'gbob

pcn6oor. tsgqgbc6oq'obgb8o, 6o0qgbBog trSoqgbdo(Il) crjboqpor $r68oq6g6oqro,

Mno-b tsgO6ggqxnbob CIgE6oi65bl e.) CuGlt 3o666gt4.4oolr t6qpl

gepCC$6o$obrq<nbrcnr O3ggcndr 8g 6(ffid0nb b$rn6b,:icog,r6o b,:lro.:ontr 6ggpo-

qrgbrb (8g06o6gbrtr) ogggb. CurO - MnO - BrO, bob6g0ob Oo6c0cbcq'gb0o, CurO

-b 3o66g6gt6r6oob b6qgr o06o6gbb Ot'lggqcnboon $o6sq<nbob 06o836gq'cnbg0b,

Sotro 20 0oe. 0/o-o16o CI386gqob.r8pg, 6ob 0g0qgg6.r6 gg6qg6ot

tsgbr6Bgbgbgq,or, 0c66$ 6r3q'gbrqg 03ggo6oc (6rb. 8). 0r0Jtqr$9, 0o6olr $s60o-

6j86gqob Bg06gqobotr 6grqg86gob6b iottobobwrgot, CqpCdg6o$o6sgo'tboos

Eg06o6gbr qp$gojbo(6qgs 8r66r6g0ob ojboqnor o6ogg brbolr bJoq'gbdotr

ojlroqpob Brbcggq'gbob Bg0otggglEo, 6t6rrro0 MnO4t CurO -orlo Brbu6gqrgbt

cn3obgbob Ug6cn 06gcn6 63qpoqt5bru o$g$tt. 0oggbgq, BgqggbCb<rlr6 0o0o-

6cogb;tso 6$ercoj0gqtor Ocnbttttgbu, Flafl CurO -b 6rc'rqrg6<qbob ir$qrt flgbgob

grqg.:09,:6 Ca* 3rgoar6orr6 3o669566,:6ooU $6qg$ qQr Ogt rbr0ottqr CqlCC06o-

6,:09,:6arbob b6qgrb Ubqgr o$aOgegOb. Curo-b 0g06gq, lrob6gOgbcnrb 0o0t-

dopbr8o CqrCC66,m6.:Bgsden8ol, $E r 03pOC6cXfob,:tm$ g0grqlqa grgBot60o,:

er dottrootqrrqEr CurO <+ MnO Br643qrgbolr qErcn6oor UbSgr 6c6ob,>irqg6arb.

$o6rb$a'r6cnbob 8s66b6q 6,:qBsb6,l rt$r Srttgo Cur* 3s6oo6gbotr, u6r0gq 6sbos6



$o6rb$cnt4obr8o 0grngo Ca. 3qjoo60botr go06$0|dt$orarr t6(rsbs6 g8ps o$gC.

gACb. o6o brbob bJoqg5dob 3tgoobb 0<n6ob CcpgCo6cnbgbob 0o0o6gqrt0 Sg.)

6lbcrr6 g6or.:qr Cu* Ogbgob bsEfs0$6s8o Oo6s$oqrgob,tS lsQgdlq gqr6l-

0g.r<4obob ic6qgc Abqgr gbdrg6ggq'gcdr.

Orbrqrrorr bo03g6ogotl boq'oq'gos 6gE)s EgE6g6oqrarbrborcb 0o0r6orgb$o

C3oqpu0og6o brborcnob dr6$Xbgqto5, tSsq6s6 0o6ob $l6dtn0j06Ccpol, dUq-

Oog<nbob Eg0cnbgggrtso, MnOI b8oqg6dob cnjboqggOoor B$r6gqpbo o$ggb

Lto866o3got 0o6o6o6gd td,qtrtJ qubqmgboo 3325-qrs6 3600 36/8s-0p9, qr-

qr6o6qrr, ttro0 CurO -b 8gfiffigElo 6o6r8rltq'ob tro8336o3C Cg6t'1 @sqcqror, go-

Ap60 oqig6gg6o 80{r6C6oqnbob, 8t6til8 CUC}b 8g80g0E o fuq6g6oqrnbg-

bobmn3ob r6ob qr.r0;brbo.>orgbgqo - C.o. ob g8g.:q'oqr 6r6obrieqg6gbr 6rbbbgr-

Bcbusto 0ocp$gctg6o $o6ob 0jtt6g d*gqrg0gfigoo 0O8ogCqpoboo fto6696.

$616ooor).

$rar${ftr(})
Mn$

6rb. 8. lBoqp6dob odboqnb lsbgobron 6pSqlCEs
xCurO(CuA)'$ - x)MnO ,58, O, trgr{oott

So6r8rlrs@Cbot, 0qCd60o$o6qolrfu (rtoCAStoo
a.xqg$eo lg pv -bffio6g6gqmbgbo &n6.rboqnr 300G-orgotr)

&
i:
te
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b6rboqryt6o CqCC$dodsbolmoogDqtgboll 0jo6g Oo6r0sbsqrCbott
Ooqgbob Sot6obgbob sg$qgbC6t

o6o Orbcborcngbgqro 3r6$5$6ob - CqrCC06o$o6.lqobob gg0Sgrlr0363q6

JslCgo6oCbgob (Lar) qQr gE6$gr6cnbotr rjgogr6oob gbg66ootr (AE,) boqn-

egors 03(pr, SgqB636oqlob,rtlox6 6o0c6o3boBo,8gtr$s3q'oqo oj6c 40 qgs 50 8oqr.

o/o Bro, Eg0gggqro bg6ogboboorgob, 6oqpbc6 Curo e lt[no qgr Czo e Mno

gtiongdorBr64gqpbr bsgC8oqlr. qrsq6o6qr, 6o8 CurO -b 8g86g6qo

0obl0rbrqrgbo qrcobq'ogbocn 10-ag6 UE6s! qrcbcqro La, e)r Mo 06o-

Sg6gqrarbpboor brbocoqg$oo6, goe60 eguo$ggotro 0gq6g$oE obgbo, 8s66$ du0

b 8g66ggq'o EgqgbCboq'obgbo. o6ogg brbob bJoqrgbdob ojlroqroor MnO4

B$s6gq,gbc ,>0go6gblt Aa, es Su 6$ObOoulgbqrgrbou 0bo8g60E rnbgblr1 0,196o0

6ob. 9. rj6ogr6oolr g6966ootr (Ada ) e$ Cql$O(tu$obrqt'rbob gg8ft(bElg(4pE o
3o99o6o96golr ( Aa, ) dbo8gbgq frbg&t xCu rO . (6 - x) MnO . 4 B 20 3

bgdtttob fu qggoqpobgbotrco6ob
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g6oro ot3obgbg6gbr gojbo6qggbr - CuGlt 0gOolbgggttso 3r6l0gg6gbob 6gcpob

gg6qggor U$$3OoA 3qgbrqrol (ooojSob $trrgogol) CUO e> MnO tst$t6gqgbob

0orgq'o o6gg6grq,obrcr6ob. CurO -b 0g6cDbgmr0o Oobo 6gE6gq'obob t6qrolrub,

Dq,6oE)o rjgb Aa, qrc AEo boqoEgo,r S6o8gbgqrobgbob 3q,gbrb CurO-b 20-30

Boq,.o/o 0g06pqrrnbobcb, t6ob 0g0qpggs6 oq6o0B3cp., drbrbocorgbq'gOob ogqpo'

q'gbcb $e)boq,o 16 rigb,6rq6rb 0,:bobo,rorgbqpbob Obo8gbggrnbgbo b6rboqry6-

eCbb,0.:botroro6bqrg0ob $qroqt18rb lq6oqo 16 rgb (6cb.9).

39o16o $obrqobott (lgp, ) qgr CarOlMnO (CuO/MnO) g.:6qgobcor,r 96oro-

gticnqp$oJospCb3cru0r $orer8oe6CSoqn$ 61b,10"1r9. t8oqrg6dotr (I) qr ttioqpC6-

dob(Il) erjboqrgbob 0g06Xq,o Oobgbo bb3rqg$lrbgo brbob qtOcn3oqrgbgqpbrtr

odqr6gor6. 3g6doqr, CUO-b 8g866gqo 0o6gbotr lgp, Sn6ogo6gtbrqg S6otbqgbc

CuO/MnO gr6qrobob 0,25-qr.:6 3,0 d6o0gbgqrobr0qg qc b6rboqg6qggbr,

6cnqrgb.:6 rq6o0gq,o grt6qmbr 3-b pu 86$ fl$oflg$gqtcob,rb ry$Cgb. flobgbo,

CuaO,&{sO
CUOJM:rO

6rb. 10. Cu2O - MnO - IrOi Ql CaO - MnO * IrO, bob6g&rb Sn6gtotr

Cggdotio$o6sqobrorr qc0tn3opgEUqpCbr 6ro0o CurO(CaO)AvtnO o.l6sgor6qrnbrtS
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6c'r0qgb0o6 bSoq'gbdo 0gg$oqro ojfu Cu rO -ls ttboor, CqlCC6$1'1$o$tqrnbob lrgc-

boqg6obs CurOlMnO go6qro0olt EE{6o Spsbs{p 06o8g63q'obgbbg ry$Cg96 (

CurO/MnO > 1,5). 016610 06o8g6gqtog.:6 6.>6g0ogb.:or Sgodqpbt OoBfugqr oj6rb

ob gcjgo, 6o0 6oqrgbr6 Cn2OlMnO ( I ,5, 8o0ob rq6oqo ,ljgb goBoqobtor

6339o6 gr6qQbsb.

gjlt3g6o0g6gob 0gq66g6ob tsgggg6gbocn Eg0q66o bcn6cqgo sQsbJgbCbo 6o39or-

Qc:

r 50 Ocnq,. o/o BrO, ECOO3Cq OobrOcbrq'gb8o, t6cnqgglr!6 0o66rbg0ob ojbo-

qgbotr 8$s6gqgbo bqpgb baoqt60dott (ll) tqCboqn<rr, AEa qrr Aar.b trgoboqry.

6c'rbr 0ooq$6.: 30 qgr 40 0cnq,. o/o CurO (tsgb$r0obrqr, 20 qgr 10 Ocnql. % MnO)

tsg0gggqtobobrl"r;

. obogC 6rcnqrgboboor 0o6ob $a66n0j06gq'ob (BtOr) SCOClgCq 6o6668o,

CuO +> MnO Bslsggq'gbob Sg0orbggEo60, AEa q'$ Aar tl$sboqgt6oboo 6,10o-

6Bggqro 0gqg666oqnobrot gbt6o rt6 6.l66gqrobqs;

o CqlCC$6cn$obrqobob, AE. qr Acr troqgoqpgCbob b6rboqry6<nbr 0oog$93.:

dbc'rqroqr xCurO- MnO- B2O3 bobggOoli 8o600,:boqr0b0o, dc'lqpgt $ CurO I MnO

gr6qrcnbr gqr6ob tb Ogq)o.r 1,5-i5g;

o 6rt6ggggqro sgqr6g6oqm0olt Oo6r0sbrqrgbo, 6o0qrgbo6 161 6u3qgb 30

Org'. o/o CurO -b tsgo6rg6, brboro4Ergborb rjgo34oob g6g66oob (Ma=0,1m) qgr

OqpCdodo$o6rqobotr 6g08gdr$Crigqto EoCgo6o06golr (Aarn -0,5.10r .K)

qgrblq'o 06ofu63qtobgbocn.

CqlCCo6r'r$o6rq'c'rbrors ( lg Ploo ) Qs gcpC*)(tuOo0got6obob S$rgrylcf,

gbgttr6o,:cnc ( Ma ) boqroqQgoru brggdgCslbC Bcgct6gbgq'o 6t6rgoJCgo Dctlq'0-

6ocn qoCg6o6cgr, 6r'110 CurO qt GrGb 0g06ggq,o Eo6c0cltqrg6obxr6ob et0r-

brbo.:ogbgq'o ($r0ffir6o) g6qp,: ogob Cq3CCO(6cnbUspo goEob qw66r0gr6obr,
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0,:6t6.:0 ry6ots6gqob 6grq,obr6oo g96o 0obrq'erqr6gq'or q60r AoEC6C60o-

F,CbUqo tr6fryC$Udlotr 8Co$C CwTO -btftffi{p 0gqbCfioq'obC$0o.

,lq6o06gq'olr ollobrbC Aohd,O,r6or8o 0ogr6oqor br3oorbob 6r6b1gob
0CqQCb5bo qr rt66g8g6godrC0gqn qlUd$eto, rbo8qrgbo6 dt sCfnSC6OoU 0Cq0.

6gbob qu Ooqgbgq'o 0o6r0rt$Ctg8ot tgAg$6gegq'o 0oggobob 8gg$gbs0o

g6obgq,ojo0og6o Aoq6o8g6ott 8966$gqro Egg,rtrg&o<rr b$JCcrrq's,

2l



l, qrbgg6r

o Ooqgbgqrot Oo6gbo qr,t 0o6c6strsq'gbo CurO(CuO)- MnO-,BrO, bobgg-

0r8o, 0ron 100trC qgr l10Cl0C 6g0tgrtl6g6lbg bo6opbo,o, rioOgqroro Bglr$tgqrool

qr4g6obqg,: bc6tsgob g90Jg6rgg6ob 6rgqgtu Olor orgol-rgbgbtg qer bg6gjgg6otr

0gbrdqrcn 0cn$gcnbribg;

o CIgb$rgq,oq)ob,,CcpCC66$o6rqobu - OCAJCd,IOU6I" qr0o3oqpbgqrgbr 40,

50 Qr 50 Ocnq'.o/o BrO, tsC0gggqg bcflo bg6oolr CurO - MnO - BrO, eb

CUO - MnO - BrO, botrggOgbob doBgbobrogotr qrr 6rdogqnbqrr, 6o0 qpoSo-

JoSgCb3qgbob brborcno $6go3oc, bc'rq'rn gqgdg6s)$o6oqrnb.:cnr 06oCIgbgq,ob.:b

gr6om gg0fu6r6g6gq oBggfurqreo (20 - 30OC) 6r6bu$qg6sgtr floqgbgqpo

0rbrq,gbob boborgbob gg08g6sgg6s;

r org60gq,o q)b r966$6g6oglbgFro $sqrobgboen 6$tngqrobqo

CurO(CuO)- MnO - BrO, bott6g0gb8o Soqgbgq,o 0sboqpbob r0o6ggq'-36ob-

grqry6o bgbgbs qEr,: 0ror0o qrogg6g6go6gbgq,o bOtqUCOUr6Uq. 0c"r$gobob

Sgltdqgbq'obr; orgt66gspo qgr0g8rggbs 450-7000C o6gg6grq'8o o$gcstJ 0o6r-

O.:brq,gbob bO6,UCOU6ob 6rqrrhcpr UE6o) q60sqr qroggt6Xbgor6gbgq, 0sgbr-

8,:6gobr0o, 6rbr6 or.:6 rbqrrgb 6o6nnt16 6r66,:6g8ob qt bioqrg6dob bmt6rgg8otl

$r60erj06.:, rbCaC bJoq'g6do( I) cnjboqgob orrgobg gcq'o brboor 6c0ogcngr;.

. @bqQ0obqp;, 6o0 ogdr8Eqo Er8gtsoggbr 0gqrotr Oo6gqrtnboorl eb
icgqg$o6gqo CqCC66o6r0g,r6obob gg6Egr6ogp6ricg qr$ogoqrgbgq'gbob qgr

qroqr$cn8ggt9ogqro 06gqpott bgqroli bobo,rcob, 6s6 6$t63gcn6gboor gqrobqggbr

SrcDo 8rycq,gg0{6.:6g6gqro (600, 7000C) ogd$oqQrflgfis3gbotr Jo$o$obrogob;

rqSoBbgq,o g3rg0o6sQCbr cng60gqn qr$g0rggboor 6o0cn$BCuql bs6q,6 0$r-

E,5olb q60.: 6r6qgrj06rb, drbr6 lbq.:gb Stbsgrqrg,:borbo r0o6ggqrg6ob$sqg.

6o b66gjgg6gbob g,:60cnj06r.
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o Egb$4qroE'or curo(CuU)- MnO- Bro, bol460gb8o Ooqgbgqro 0o66bob

qrr Oobr0rbrqrgbob Bgq6gboq,erbolr 6.lgqpbc 0ror gq'gj66o$o6cqobrsg gr6cno

$90396$C6Cqlo o6gg63rq,ob,:o6ob es qpspbo6qrs, t6<'r0 CurO-ls 8g06ggqro

Orbrq,gbo brlrorcnqrgbor6 996rn prbrqo ccpcCo6<n$o6rqobcorr 06o0g6cqpo-

bgboor, gosp63 oqQg6gg6o tsgqpb06oqtfl8ob, 0c66s0 CuGb 0g06ggq,o 0gqg6C6o-

qrobSbo;

r b.r03rnB8cn6g6gor6 CurO(CuO)- MnO - BrO, bobgg0gb8o MnOb

Br6,:6qgbr bJoqrg6dotr 6gbob6og6o ojboqno, Br?r-otr 3o66g6gdr6oooo 8C.

qrOo3obob 3o6o0gb0o, ggCq'r 890ofi36r8o $6o6gbb 0rbrqgbob gqrgCodro-

$obrqobrb qgr qb6q)ob 0ror bo03g6oggtt;

o br33qffi b.:03cn03obg6gor6 ltob6g0gb0o, 6oqgglrc6 Orcn Sgqr6g6oqrobtso

bSoq,gbdob (I) ojttoqro o6olr EC$,l6oqto, 06o0g6gqrogbrqr oggqCbs (3q'gbot,

ggbqgg6or) CcpCCod,cn$o6rqobob boqrtqpggbo 20o6-0gX Curo-b 0g06gqobobclr,

bc'rqxn 30o/o qrs OCOo erqrgbcnboor CurO-\s 0gOorb3ggs8o $obtqcnbob 06oCIg6g-

qrobgbo lr6rboq,g6rq6b.:; erego6er, ttloO b6rboqrydo$otr Sobrqgggre qg$6g-

qro gbqrr ogcnb cncbrgr6qrabu o/oCuro lo/oMnO > 1,5 ;

r 6s6obrbe3dr bc83m6,3obg6gor6o b.loqrg6do (I rB II ) qgr 0r66tbg6ott (il)

erjboqggbob 0gOffigq,o bcn6rggq,o ggdob OoSgbob rn6o flrbrLro.:cngbgqro CcpCC-

$6t'r6gj6o3g6o 0$ggbgbgq'o - $$ogo6oott g6gt$6oo ( AEo) qr Sobcqobob gg80g-

6,>6gt6gq,o 3o99o6o96go (Lar). qrqrgobqrt, <6oE br.lgqgg bob6g0gb8o

0pbrdq,gbgq,or Erbrq,o rigogroottb gbgFt6oob (Afrr0,l 0g ) ar rbcac 06o69

gr6gcrgooro CqCd$6cn$obrqobob $g63gt6cggt6uqpo JcnCgo6oCbgob Brgs6g-

bCep. (La, N0,5. l0-2 K-! ) 0o6$.rtrlqrgbolr Ooqgbr;

r doqgbgqror qr.rbcqro 0u6gqrobooo q$ $gqrcJodgqro $o6,lqobotl

0r6rdrgfuq'o 0rbrq,gbo,6rn6q'gbo6 brborcoqrgbo.:b CqCC$6erggj6o3g6o Orb;bo-

.logbqrgbob b6cboq'gr6c'rboo gorlon OC$C6|OU6Uq oBggtft uqrCIo qrc Sr,qqro



gg03g6rgg6r0gqgg6r'rbocn. 0.:oro 6.:0cnggbgbr BgbrdqrgbCqo oj6gbt CqlCCOdxn-

ggjBogob ottgor ttgg6ogb0o, bcqrr6 Soolbog6spol qsbcqro0orBo qr bg$oqg6o

CqCC$6o0;bcboocngbqgbob Ojcnbg 6gSob6o6Xbo.

qgoltg6g.s6oob do6oorqn 0gqgg6gbo 6s0oCgCg69bUcpor 090qgg6 0t6o0gb8o.
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Absuact

Functional purpose that is attained through the totality of key properties is the
determining factor of existence of diversity related to materials for elecuotechnlcal
pu{poses. Application area of electrotechnical materials is detetmined by their electric
conductivity, temperature coefficient of resistivity, volt-ampere characteristics etc.
Temperature coefficient of electric resistivity ( ar ) is a leading feature among eleeffie

characteristics of materials. It is known that d, 2 0 for metals , dT < 0 for pure

semiconductors, while in numerous alloys, doped semiconductors, ceramlcs and
amorphous glass the value of ay ean be both positive and negative one. Foreeesting of

rign and value of a, for enumerated list of materlals is impossible that is why lt needs
experimental determination.

In order to obtain the materials for electrotechnical purpose with necessary ar
they often turn to high-temperatufe baking of oxlde compounds of some polyralent
elements (Cu, Mn, Ni etc.), as a result of which is received so-called oxide ceramles,
ftom which thermistors (thermotesistors), rectifiers and wares for other putposes are
manufactured. These materials obtained via baking method are characterized by the
feature that existence of pores in more or less quantity and related deficiencies are
registered in them.

The goal of researches to be carried out by us was the receipt by experimental way
of emoqphous crystals and elecuomechanical materials distinguished by stebl€ elecuic
characteristics within wide temperature range, from polyvalent oxide-containing alloys
through methods adopted in glass processing.

Easily melted Cu rA - MnO - BtOt md CuO * MnO *8r0rsyetems, ii1 whi€h the

synthesis of materials was conducted with 40, 50 and 60 mol. 0/o content of glass-
forming 8203, was selected as a research subject. There were obtained amorphous and

antorphous-crystalline materials for two optioru (1000 and 1100'C) of copper oxide and
manganese oxide substituting within 10-500/0 limits and synthesis conditiorrs. The
following properties: volumetric and surface electric resistance within 20-300"C
temperature range, thermal expansion coefficient and density were determined for
obtained materials. Also the values of ternperatute coefficient of electric resistance and
electric conductivity activation enefgy were established. In order to establish the
structural configuration of obtained materials there were used the methods of thermal
and X-Ray phase analysis and those approaches, which are generally accepted in gilieate

materials re$earch, and panicularly in study of glass and glassy-crystalline materlals.
The synthesis of materials of CurO-MnO* BrOr and CuO-MnO-.BrOrsystem was
carried out for conducting the tesearch according the technology adopted in glass
processing and there was established that there ere three sectlons of compoeition ln the
systems, from which the section of glass-forming and self-crystallizing (when cooling)
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alloys is limited by 40-60 mol. % BrOr -containing compo;itlons, Under conditionr of
glass-forming constancy the glasees ere consistently dbteined in CuO*MnO:82O,
system in case of any mutual substituting of CuO and MnO. Glass-forming in
CurO - MnO - BrOt system is possiblea in case of up to 20 mol. % CurO content, whlle

20o/o mol.o/o and more content of CurO gives the alloys, which are arbitrarily
crystallized and form amorphous-crystalline materials. After study of processes running
in the furnace-charge using the methods of thermal and X-Ray phase analysis there is
expressed an assumption that glass materials obtained in surveyed s)rstems are of
differentiated structure, while differentiation level is determined by the ratio of their
borate structural units caused by copper and manganese content.

Targeted processing conducted for surveyed matedale within 430-700"e
temperature range manifested the deeper differentiation of their structures that is
accompanied by formation of copper (I) oxide. Transformation of glass materials caused
bythermal processingwas clearly expressed in drastic reduction of theirvolumetric and
surface electric resistance and in rise of dilatometric characteristics transformation
temperatures. It was established that CurO -containing materials are characterized by
lower values of elecuic reeigtanee, than CtO"eontelnlng mengenese-borate meteriels
wlth identical composition. Substitution of MnO wlth any type of copper oxide ln
three-component surveyed systems reduces material electric resistance and increases
their density.

It was established that in Cu rO - MnO - BrO, system is possible to obtein low-
resistivity materials, volumettic and surface electric resistances of which are p, - 106
fl.m. and ps = 100 Q.m, respectively. Receipt of glass materials with low activation
energy ( AE = 0,1Ev) and tempereture coefficient of electric resistance (
Lar, - 0,5 .10-2 K-l ) is possible in the same systetn. In relation to characteristic electric

and technologieal parameters there was established that the stability of their electric
ehatacterigtics in glass materlall of the ourveycd Bystem (in relation to rise of
temperature) is attained only for such compositions of CurO - MnO - Br2rsystem, for
which the following term is observed o/oCurO lYoMnO> 1,5 .

Practical applieation of obteined meterielo te pocoible in the fotm of special low-
resistivity resistots, in relation to which there is the ceftain requirement - high
temperature stability and low ternperetue coefficient of elecuic resistivity.
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