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uUhJUPUu 

bpl{pwpwumraJntU£! tfwpiJ:l{ntJaJWU£! hwJmup huwqntJu q}tmntraJmu
fllip}lg illiqu t L. b"umfu}. t wnlit l[wq WU9.JWtnnf: 

'"1linL.u UJWtlint}lrannf tfwpiJ:pq hwl[wpmtf L. l{1DJU111wumtf tpu mwp
J!IIplit npn2 l{wpb"p WUJWPUlip m tfpulipwtulip' tuwtgllqnu, hwutq}ln; u}l
t}lgwpwp, opulul}lwu L. WJtu: UJu utfm2ulip£! h}luuwl{urumtf oqmwqnpb"mtf 
t}lu qliUplip tqWt.npwut.nlitm hunfwp: lJwpnqwumtf tpu uwL. hw£tpWJPU 
2plippg umwuUIJ. wq, }luq 2PliPI! oqmwqnpb"lit' pnu:twquru UUJUIUlw"\JUlipnlf: 
"'wqwpunfjwqulip liU uruglit WJU oplippg, lipp UUipiJ:£! uitulig c:\nttlit L. 
oqmwqnpb"lit npn2 tflimwqubp, WJUmhlimL.' hunfwc:\nql[wb-pulip: 

"'wlfwuwpmp tfwpiJ:qntJaJWUU tt wlflit}l l[wq hlimmpppplit liu ppliug 
2P2wl{wJpmtf qwmwplfnq puwqwu U(IUlgliuulip£!, L. nW,u~ ~hwuquruwtnlf 
WJll liplmtJraulippg, qmpc:\mtf tpu mwt tflil{llwpurumraJmuulip m pwgwm
pntJaJmuulip, npnup hpuuwl{wumtf 2wm hlimn tpu ppwqmfmtraJmupg: 
.PUwquruwpwp qpurugpg n~ illiqu tt w tqWhUJWUlflil ul(wpwqpwquru 
liquruwq a}lulitm UIUruu:iwnnl[: UJll U[lUnlJJaUU[lp ul(wpwqptfuru illiq 
hwuwb- WDlli2PU hlt2Wt.nWl(ntJaJDlUUlip£! mpl[wb" nu Utlpc:\wl[np UphlitPlt 
lipl(pulipp UilimntraJmuulipp l{wlfli uwt}ll{lllipp wpc:\urumqpntraJmuulipnttf L. 
h}lu rppt}lunr}lwulipp L. q}tmuwquruulip}l w2luwtnntraJmuullpnttf: 

U . Ja. W. 3-4 bwq. t.nwpp WDW2 UJWI.nJlWUUllfWb" !uligbqnpb"wl(WU 
wnwplJ:wulipp, upurug uuwgn{lllul:i:fllt hwJmuwplipnnf£!, pntpqlip£!, huw
qntJu puwqwl[WJplipp wlflipwl(ul:i:p£! lfl{WjntU liU, np hliUg W)ll mwppuli(lpu 
wpqliu tfwpiJ:pq oqmwqnpb"mtf tpu Wllf!. qwl[£!, 2ltuwpwp£! L. wJl oqmw
qwp hwuwb"nulip: U}lu~L. tfllp oplip£! UlWhUfWulflit liU huwqntJU pwqtfw
ralttl ttinuwJpu qmpl[wb-puhp, npnup WUlWgmgmtf nu, np hfuutf tfwpiJ:pq 
oqmlit liU }ltfuruwt hwupWUJDlJatlpp f!W2tulfwu L. upwug mwpwb"tfuru 
wnmuc:\uwhwml{mraJmuutlp}l L. oppuw~wr}lntraJmuutlpp tfwu}lu: ~tJU mw
Ilwuqwl[np r}lltt}lunr}lw L. q}tmuwquru Uppumnmlim (384-322 tf. Ja. w.) 
qmpc:\tlt t pwgwmplit llpl(pw2wp<tlip}1 wnw2wgtfuru tqWt.ntiwnulipf!, qwq
tfllt t upulipwtulipp wnw211u qwuwqwpqnttf£!, uqwpwqptlt t up 2UIJ1P lipl(
pwpwuwqwu tlplmtJraulip: 'trw qmumtf tp, np t1pqpw2wp<tlip£! hwowtu 
t.ntl11P nu muliUmtf WJUt.nliq, npmllq qw& otlqplip nt pwpuruc:\wl[UIIp, mp I 

hWJUllfnnf nu oqu nt 2DlPI! L. npnup WDW2 nu plipmtf IIpqpW2UIJld"r!: Cum 
lmtJU qpm&qwu Uppumnmlitp hwJpliUwqpg b.fUIIIqnlttliup (490-430 tf. Ja. 
w.) W2!uWJ1hi! qDJDlJaJDlU mup hwl[np<t L. pwqqwgwb- t ~npu tlmtuUilllUJlc:\ 
wqqnq mwplippulippg' hnq, oq., 2mp L.ltJlwq: Ulflitlt m2 Umpwpnu£! liUraw
IJPIIt t , np bpi.J:pp tfwqli[lhntJJaP pwpc:\pwgmuulipp L. P.2ligmuutlpp tqtmnow-
11[! lipltJlw2wpdlll:i:[lu l:i:u: 'trw I.J:wpb"nttf tp, np U}lgpt}lw l(qqjtu wnw2wglit t 
T:}auw b[lwpmtult dWJJaptfwu UJntJalippg: utfwu mliuwqlitn mulip uwL. 
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hrmtlUwgjl qjlmuwl{wu fllt}Ju{uuu Ulfwq[l (23-79 JaJa.), np[l qnht!Ut t 
t{liqml(p dmJraptfwu c:twtfwuwl{: 
. tLwTJ, tfP2J'!u L m2 tfP2'Uwq.wpmtf pntnJl illia tfmwb-nt]ulip[l' qpmuw-

lfwuuiiJl, $J'!tllunt}lw'UIIf1, uruUli!wqlimu!Ip, w4Iuw[lhwqlimulip, jlulf WJum
hlimL l!wlt tllnUWJpU qnpajl htfnn:n tfuruuwqtimullp qw{lqwgtfwu unp uru
mJu'iwl!p pwpapwgpllgjlu lif11fpwl1wumraJnt'U'U m tlinuwJp'U qnpau: 

bliplfwJmtfu WJU qpmntJajntUU flll !1WqUUIJafll{ OJntflUpnl{ qwplm
pWqnljU q.IIp t l{llru)wpnuf mwpplip lip4Jiulipjl mumliunt[aJWU t.IU2: 

«C&qhw&mp lipl{pwJ!WUntraJntU» UWJpli&p tliq4n4 qplfwa mumtf
&wqwu Mnluupl{u wnw2pu t}mpou t: flmtn]l hlltW.&wl{[1 2lmp1uuqtutm
JaJWtfp quqmu]l oqmwqwp q.pmnqmraJn~~ulipu m wnw2wpqm[aJmuulip[1: 

Ltruon~rasntu 

bp~pwpwfinLpJwli wnwp~wli lL · tuliqflplibpn 

bpl{pwpwumraJntUU qflmntJajntU t bplfp]l UJnt[<lwl{wu qwqup, l{w
mngl{wapp, qwpqrugtfruu OflpUWj_mt}lnl[<IJfllUU!Ipp h upw !Ipll[lwpw'Umlfwu 
UJUIUlUnt[<IJlllU tfwupu: UJ'U hiiUlfmu t UlU{WPU!Ipp u tiplJ:JlwlJ:llllllP mumtf
uwujlpnt[<IJntuullflp tfilw, oqtnt{tl[nlf WUUliJWqJnnot[<IJWU, ~pqpl{Wjp, pp
upWjp, lflruuwpwumraJmU, W2futnphwqpntJdJmU h WJL q}tumt[<IJntUUliflp 
JilllDfl huwprulfnfl L UWU11.liiP illi[<Ill1}Ulif1pg: 

bp4:JtJli! PWJU1 UJnt[<IWljwu U1UJ1upu t, npn qmulfmtf t wunfupl1i2 
qw{lqwgtfwu, l{ll{lwohwl{n{ltfurti UjJlilgliumtf u tfmfuutf t U{lllqwl(bwJpU 
hwtfwl{IUflQP IJruqup illi2: · 

bplJpwpw'UmraJm'Un «qllntnqpw» hmuwpllli J!WllP rawpqtfwumra
Jnt'U'U t, npu umw2wgliL t «qlln>> bpqjl{l, «/DlJ110> mutfmup pumli{l}lg: 

UJU hwtftutltp qpmnt[<IJntU{! PWillJwgwc} t up 2UlJlP hlnfuwpwp h 
lJ:flilwnwljm'U ntt]IJnt[<IJnt'U'Uliii!tg' up'Ub{lWtnq}lw, tqbmpnq{lw:)>}lw, Lltrantn
qpw, ll{llj{lwp}lupw, tqmtlln'Umntnqflw h WJ{U: 

bpiwwpruumraJw& IJwpLnpwqnlJU OlflfJntJaJmuuli{l]lg tfbljn li{llJpw
lJ:lll]Ljl UJntJdW'Imu ljwqup munttfuWUp{lflt[<ljntUUU{lU nu, Oilfl4 qpWI]lfnttf liU 
ll{llj{lwpptijlwqm'U ; gpqllt qpumt[<IJntUUII{l{!: IJlliUlfUlqp~pm'U mumtfUw
uppnttf t bp'!Jpwlftiilui! qwqtfnq UIUfUIPUU{l£!: U}luliilWtnq}lmJ!t mumuuw
uflptfw'U OJ!Jlll£uln upullpWtUli{lU llu, puwl{m'U ppupwljwu upwgnt[<ljnlUUli
Ili!' wtqtUpulipjl PWiltuqPP1. tfwutiPJr ~Jntiltiilwq}lumt[<IJmuu m PJmp!lz]wpjl
tfPwu qptnntzaJmuubp nu llplfPwiJtirtun l[wqtfnq tfPullpwt'Ullillt PJiltiltlflullpjl 
tfwuitu: bplfflwpptijlwu mumtfuwultilfltU t plttfPwljwu mwp{lllpp tqwmtfm
J<IJntUD. &pwug pw2tutfwu oplt&w!unlmtJdJOtUUliiln L t!]uy.uugjlw& li{lljpw
qliqlinuf: 
. cfwtfm'Uwl[wl{]lg lipl{{lwpw'UntJaJWU ljwpLnpwqntJU ntl]l]ntJaJnt'U&li-

p}lg llu mwpwpUntJJd !Ipljpwpltuplfm'U tq{lflglruuhpjl mumtfuuruftpnt[<1Jntu
&url[1, npnup J:!Upw&nttf bu Pll1.1ll!IU bpl{pp funppmtf (tuqnqliU Ituni funppw
jp&), WJUtqtlu tt bpl{[lp tfwl{llpllupu (tqqnq!Iu qwtf tfwl{b{lbuwJpu): bpqpw
pwumqwu Uf[lilglluull[llt hOm bu l{UIUJtJwcr uwL llfllfpwl{III]IJft, mlil{mnuw
qwu zwpdmuutlpJ:!, hpwp/Uwl[wfuttpJmU{!, tlpqpwzwpdlip£!: UJu ntl]Ilnt
JaJm&ullpntJ qpwfJ4nttf IIfl bri4PP tfwupu mwppllp qptnnt[<IJnt'U'Uli{l: bpljpw
mtllJ:mnu}lljwu h UIDilfltltUlDtJlWJpU hpl[pwpWUnt[<ljntU{!, mumuumuftpnttf liU 
rutqW[lUuflp tnuqwqptfuzu UfWJtfw&ulipl), upwug q.lL'pnptfwgjlw&lip& L llpl{
pwljtlltlt}l umpntl{mntpurullpp t}lnl}mfuntJ<IJntuuhp}l tqlUU16wnulip£!: 

~pwJ!IuwqltmntJaJntUJ:! mutfmup t hpwpmtuullpp qn{lant&IInttaJuru 
t(UpwJ!lipJWt, uhJutfnrnq}twu' llpl{pw2wpc:ttipp tfwupu q}lmnt[<IJntli t : 
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UnrnuouwhtuU1Dtq mllq t qpwqmu qtlntfnp:Pntnq}luru, npf! b)ll{pw
pw'itm.raJw'it Ll wztuwphwqpnt}aJWU tfP2u uwhtfwuwJpu q}lumtraJm& t u 
mumuuwu.}lpnttf t bpqp}t nlilltlL'PD> UflW wnw2wgmtfU m qwpqwgrittfn: 

lwq hwjtn'U}l t UfllJlltupWUnt[aJwU pwqtfwqnqtf qWUJ£! wzfuwphw
qpnt[aJWU hlim b{lqpp tfwqli11tiupu nu~ttwgnq bflqpwpuruwqwu UJpngtluuti
PP oppuw~unpntpJm'Uullpp }ltfwgmpJwU hwtf~: b{lqpwpwl.inttaJntUI! 
oqml{nnf t mwppllp ~uwqw4umulipp • qtlttfwJtuq}ltnnt.(dJWU, gtutfwp}l hJul
JlDtnqprnJp, wziuwphtuqpnlpJWU L. otfll:pwUnuwq}ltnntpjtuU mttJwt'Uliilpg: 
UJu ntllllntldJntUUlipf! qwplmp liU llplulwpwfuupJWU tfli2 uumqrnitpwqru
mwqtfwu pwpq UJilDgbuullpJt UfWilqwpwuuw'it hunfwp: 

Uwnglllllrnzmllll.P till4:f1rnpuruwqwu -'lDilbntunntraJm'UJ:! tqWUll{lillrng
ulitm hwtfwp-oqmqmtf bU qtrngJ:tntnqpWJP mttJrntulip}lg: 

bpqpwpwfunpJWU qwpLnpwqntJU lippnJUl nti)llnt.(djntUJ:! lipqpw
ljliqu}l wnrn2wgtfrnu L qw11qwgtfuru olllt'itw2.unJtnttaJmuulipp UJWUlUntJd
Jmuu t' b'wquw'U UfUihpg tf}lu!L tftl11 oplipn: UJu mqqmraJtu'Uu lJU tqWUlqw
l.inttf unqrnpullp}l qmmwquwu hw2nf111wl{wfult.raJw'it L uflwug hwurnqp 
npnztfrnu munttfuwuppnt.(dJWU~ qpwllt.JDil umpwmpqp~puru (2lipmw
qpntraJm'U), DJli! qpmwpqmtf t b{lqpp tfwlJ:llllLntJ.(dp :p}lqpqw-wztuwphw
qpwqw'U UJWJtltu'Uutlp}l tfmtfm!unt.(dJntUUiip{! lipqpWI!WUwqw'U tqUI1J1Unt
ldJtuU nupwgpmtf: 

'llwtlinrnzlurnphrnqpntraJntun qJtmwpqmtf t bp4IlP uwqliiluntJtaP :PP
q}lqrnwzfurnphwqpwqwu utmJl.fwuullpp tfmtfmtwu.raJmuullpJ:! bpqpwpw
uml{tu'U utUIUltfnttaJtuU J:!U}awgpmu: 'llwtllnmlil{mnupqrub mwntfllrnuppnttf 
t lipqpwl{Urtu}l umpntl{mntpw'Ulip}l tl{numg]1wu: brll{pwqllrtu!t qrnpqwg
tfwuopf.t'il__wtunJtnt~ttJmU'ittipp u U{WlllUntpJWU puwgnt[aJWU hwuw11 4Wllti
tlnll uzrnuwqntpJmu mup UJtuttlnumntnqprnu, opqwu}lqtfUtlp}l ~pwbn tfuw
gnf111ullpp tfurultli q}lumtraJmun: · fiUllllmtnqprnqrnu bplt:llWI!tufultraJmuu 
nuinttfllrnuppnttf t wtqtupulipp tfll2 nUII],J:tnwqmptf U1Wllf1tlpp qnJnttaJntUu m 
mpnlnnun, Dlli! h'UWilwtlnJUuraJntU t lllwtltu n}lnzlilm UJLqrup'ittlp}l pwgwp-
owq hwuwqn: ' . ' : . 

Ullwu<\pu ntqQnttaJmu t nliqlmuwr IIpirJlWI!tuUnt[aJnt'Uu, npu mumu
uwu}lpmtf t lunznp ntiqlmu~bpll ti{lftPWI!Wuwl{wu l{wmugtfwitpu nt qwp
qtugtfwu tqUilJlUntpJntU£!: 1.flip2pu tmuuuwuJwqutipntU <\Lw\}nlltllll t nti
qlmuwt tipl{flWI!Wllnt[aJWU Unp 6jntq' otfl{pwul).\lWJ!lU upqpWI!UIUntpjntU£!, 
n11u }lpwl{wuwgfulttf t hlimwqnumtpJmuulip ntl'\lltlw~· bnl.ftip}l L otlllpw
fuluull!l}l ctwurnuwqrnl{llg uuml!wb-putip}l uqwprnqptfruun, Ullwug hwmw-
qp ntil}ltl:pJtu m umpntljumtpurutlp}lu: . 

bpqpmprnuwqw'U q}ttnnt}ajntUUlippg 2Pwlipq(lwpwtmt}aJDtUU 
munullnuu}lpnu.f t utnnllqlimuJW 2fltlll11 }ludllUtl[lWJpU tlplJpwpwumraJm'Uu 
m qpntumwq}lmnt}aJOtUI! mumtfUwu}lpmtf liu UIUJWI1Ulllllt hrnmqm.raJm'Uuli
JlJ:!t.nwp~bp l{wnntJg&bpnttf oqmrnqnpb'tfwu h'UWilrntlnpnt}aJtuU mlluwul[jm-
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upg,f PU2_lqtlU uwL mnnpqtlmUJW PWilgprnhwtf 2fl'llpp npnunttf£! tutfhtm L 
mtlfuupqwqwu 2pwtfwmwqwpwptfuru tufut.ppulipp tm1nfwu, nnnqtfmu, 
hJul.rmmutuupqwlJ:wu L urflllJm'itwptlpwqwu qmnmJg'itlipp, zpuwpwrmt
raJwu, pucttlullpwllfl4:flmpwuwqwu hptfUuufnptfuru hwtfwp: 

Oqmwqwp hwuw<ffiutlflp hwupuufurJpllpp tjtlpwptlflJWl qpmnqa
Jmuu munttfUuru}lpmtf t tlflllflwlJ:llttLmtf mllttl.Ullfltlwb' hmupwt.JurJfllipD, 
'UflWUg IDUI)WI!WZtutfwu L obwt.jnptfuru oppUW2_UitfunpJmUullpu L t.nUIUlU 
nrmutfwu lflitatlil'illiflp u zwhwqnpWwu mliuwqwu h}ltfmupulilln: 

Pwqtfuqa}ltl unmglluutlp, npnup nupwfuutf llU ll11(Ulwql:iqmtf (tfwq
tfmm~qtf, bpl[pwl.{lii)up zwpdmtfUllp., tflitnurl)WjpU hurupw\ftujptlp~ tunW-

2tugmtfUllp) {ttuUJl{wb llU lunllPWJpU UJPngtluubpp hl:im, npnug huruqtubw
tm hwtfWil qwpunp uzuruwqnt}ajntU mup llllltll~Pqpqwu: 

Cuqlipp}l }ltfwgm}aJntUD liWillmpwqntJU qlip t JurnJlwglil tfwpqqm}d
Jwu qwpqwgtfwu tqUI1J1Unt}aJWu t11I2, hWUll{WUJllu wJch.f, lipp tflib' mlllt t 
tnlltlmtf D2. w1.fwuqwlJwu hmtfppu u uwJuqpumtf PP2. qwtf f!UqhWUilWUJliU 
ldtpwmnpJWU uruUJUIJlliq 2_qmwb' p}lU}lwl{wu mwpptipJ:tu: 

bpq11}1 wn2u ()wnwgwb' pwqtflUJdptl fufulppulip.}l tmb'tfwu hwtfwp 
qwplm11 t lipl[pwpwuwqwu q}nnnt}ajWU qWilqWgmtfD, DPD Utlb' uzrnuw
qnt}ajntU mup mumtluntpjWU IDWilUip'imtjp hwpgtlll.ft tntWwu qnpb'mu: 
5wulJwgwb' lqtltnnt}aJWU mumlluwqw'U hqnpnt}aJntU£! UfUIJUuruwtlnptlwb' t 
tmlJwl bpl[11}1 [IUillippp hWilutnnt}aJmu}lg, WJU UJ}11lJntuwtlllm oqmwqnllb'nt
tfpg, npwl[Jw1 liJllfPWI!WUwl.{wu b'wnwjnt}ajnt'itpg: bp{tpWI!WUnt}ajntU[I 
mup uwu Ulib' }ltfwgWI!WUwqwu uztubwl{nt}ajntU,np£! lfwflllll t WUJWhntllit 
h pwgWUlpUl puwqwu tlptUmtJ}aUllll}l wzfuwphn Pll UJWUlUwqw'U qwp
qwgtfwu [IU}awgp}l tfll2: 

~wllwnnm Ulb'l.b~nLpJnLIHibp l:ip~p~ 
(iJnLpwl.fwli l.fwqll~ llwu~[i 

Uwpqm l{Dl)U}lg wuup2wljwu munn.ffiuru}l11tfwu llU~ttrnqw t Dllq
pwl{tltthP tfP'ittu 16-20 ![if }unpmpJmuulipD, npD U}ltuwu tfllb'nt~ttJmu . t 
bp.qp}l zwnwtll)}l hunftltfWUl (637lfttl): 

bpqpp qwqtfn u ljwnmgtlwb'p£! mumtfUwu}tpnttf llU tf}l ZWJlP tili~ttnq
ulipnt.j, qpwup liu' lunPI! hwupwtunpzb(l}l, bnpUIUlm'Ugpbpp hwfmtf[/1 
(l{tlnup) u hwupwhnplip}l, l!uwqw& tftipljwgmtfUbpp l!wqtfwqnt}tfw'it}l hb
mwqnumt~ttJm'itulill[l: "'wupwhnplipp Iunpnt}aJmuulip[l hwqtlUlllliUJ liU qli
pwqwugmtf 3-3,5 ![if funpnt}ajntuutipD, wt\1i'Uwfunl1I! hnpUIUlwUgPl) ({pltw 
~ttliflwl.{qqp) 12,5 l[u IunpntpJntU mu}t. puwqrub illlpqrngmtfUlipf! u llp}lmw
uwpq tlinuwJ}lu hwtf rnqrnpqbp}l qwliJnuubll[l mulJU 1,5-2,5 l[zf IunllDtraJmu
ulip J:!UUI DU]l)WhwjWgp: UurfuqpU UlllfJlWI!WUWqwu drutfwuwqwzll2WU
Uupnttf wnw2rngwb' tlin'ilwJlt'it hwuwqwpqlilli! lipqwpUIUlu hm}tfwhwptfwu 
h1Imuwupnl{ Ulipqwglil tiu, pwgl{llt tiU upwug h}lupv qwqtftlil h}lu hwuwq}l 
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tull{wpulipt:), npnup hlimwqw tlinuw~wquw~w~ ll{pngtluutlpp htlmLwupmJ 
pwp6pwglil Uu 15-20 l[if JunpnttaJmliutlppg~ UJull{pumf, wuup£tu~wu 
mumuuwuppnttaJm&utlpp UtltallJ}.liliJUlt.{ uwpqmu hwuwlilitP. t 16-20 l[if 
tlp~ptu~tlqLp funpnttaJmuulipt:): bt.{ \fpUIJU hptuf!futuJpli uwpqtlpntu uwquw
JP WJUnthlimL L tut.{tuJp t.fP2ngnt.{ bp~pp uw~tlpLnLJta tlu qmpu J:!tl[tt.{mu 
funfli2UIJpU UJnttaP. ~wpap ptl~nputlp' putiUntpmutlp, npnugm.[ ~wpli[p t 
~wp<}pp ~wqUtlt tP.tan~llptuJp 50-H>O l[if funpnttaJntuutlp]l UJntfop ppupw
~tuu ~wqt.fP t.{llpWJ:!lipJwr 

bpl[pu4ftqftf[wf[wfi UlifiHliJEi/Jpfi mutiU ~wpLnp lizwutu~nttaJntU 
lip~pw~liil.LP. L bp~pp. tunPD lmp]lqnuuli(lp puwgmtaJuru hwuwp: 

Ulijutf}1l[ (hmu. ul!Juifnu' gugmu, lip~pwzwpd) UlifiJ111Jp hpuut.{w<} t 
wDwaqm~tl.lli tu[pputlpp mwpw<}uwu wpwqmtaJmuulipp mumuuwu]lp
umu t.{ptU, DJUlUp WlltU2WUntU tlu tip~pw~liil.LP. UllliJlJ:!UJl funpnttaJntUUlipntU 
qmut.fllll tip~pwzwpdtipp o2wiulitlpntu ~wu wphl:i:umw~wu utruJtaligmuuti
pnt.{: Ut.llpullpp mtupw<}uwu wpwqnttaJntuutlpnt.{ ~wpli[p t qunntit tipl{Jltu
~l:i:qLp IunPI! hnppqnuulipp ~ummgt.{wap!I L UJmrap t.{p6w~]1 uwupu: 

bp~pw~llqL]l ~ummgt.{w<}pp mumuuwuppuwu liutunntu~mi liuraw
~l:i:qLtuJ!Iu tawqwutap t(tip]lu lmppqnumu (ll{tumJm&) ppw~wuwgt[mu t 
ul:i:Juup~ qnfu}wl(npuwli UtlJ.dllJ}.D' h!Ilffit.{w<} wphliumw~wu U[WJtallgmuul:i:
PP l(pw: 1.{lip2puu wnw2wgumu t umw6qw~wu mtP.pul:i:p, npnup qpwug
t.{mu l:i:u htumnt~ Utuppl:i:pnt.{: <\,tuumwmt.{w<} t np b{i~ppu mup tatuqtuu
ldlliJ]lU, zl:i:pmwl(np ~wmugt.{w<}p: 

Ulijuup~ tut.llpulipt:' tip~m mpll{p liu' lip~WJUW~tuu WtPpUl:i:pu WJlll
jntUp l:i:u npll{liu llP2tut.fruJp]1 awt.{wtp t}mt}mfunttaJruu ntiw~gpruJp L mw
pw<}t.{mu tlU U[pliq m hlif)nt~ llP2tut.ftuJplipntU L pumrawqpt.{mu llu wUtluw
Utla wpwqmtaJntuullpnt.{: ltuJUtu~wu tu!PpulipD 6L]1 quu}mfuntJ.dJWU t.{pw 
llP2tut.ftuJJ1P nllw~gpwJP. lUJlilJntup liu L mwpwat.{mu tiU llPWJU ll{puq 
uwpupuutlpmu: 

UlijuU]l~ wtflpuhpp mwpw/}lfwu wpwqnttaJmuullp[! mwppll[t w
ll{tuputipmu mwpJ:!lip tlu L ~wfut.{tua tiU upwug umw6qw~wu htumqmraJmu
utlppg L fummtaJmliullppg: ilJ112ruu tijl2tut.fruJJlt! IuP.m t L wnw6qw~lilltmJa
Jmuu Utla' WJUIJWU tu[flputlpp mwpwauwu wptuqnttaJmUu tut.{li[tuumu t: 

UWEiproJwT/lluf[wfJ (qpwt.{PUtlmpur~wu) clliJiH111p hpuut.{wa t hw
ll1Ilt~ qnpappullpnt.{ bp~pp uw~tlpLntJtapu <}wupnttaJwU mctp mtiqwpwzlu
uwu mumuuwu]lpuwu t.{pw: iltumuuwuppmpJm&utlpnt.{ ll{tupqwpwlit.{llt t 
bp~pp tiwqtipllup t.{ptu mwpptlp ~tlmlipntu bwupnt.fdJWU mctp unpUtut Utl
bnt.(dJntlipg ztiqnnffitip: Ujq z.l:iqmuutippu wut.{wumu tiU i}wflpntfo]Wfi mdft 
lufinifwlftwfillp ~wu' qpwifjJUJwgjmfJ wfinifwlftw&llp, npnup gmJg tiu 
uttu!Pu llp~pwqllqLmu qurliqt.{wbutipp wuhwt.{wuwpw~un.P ptuzfuuwu L 
llpqpwpwuwqwu ~wmngt.{tubpp umwuauwhunnqnttaJntliul:i:pu: trwupnt
fdJtuu mctft qpw~wu wumitutptuulipn t.{qtuJntu l:i:u Dliqtippmu tiqwb wnrut.{llt 

Jupm qwuqt.{w<}ul:i:pp qDJill.fdJWU[), ptugwuwqwuu' l}mp[t fumnttaJntU mul:i:
gnq qwuqt[w<}utlpu: UJu Utltanqu l:i:p~pwpwuw~wu tuJl UtltallJ}.lil:i:pp hl:i:m 
U]lwuftu ~ppwm.Imu t uwL Utlmtuqtuj}lU, WJJlt.lllfJ L WJl oqmwl{wp hwuw
bnul:i:pp hwuptut.{tujptlpp npnutfwu htutftup: 

UflJnwwil 1. Ubjuon~ WLil£!Ub!11l W(lWqmpjmGGb(ltJ, Ujntpl:ip~ tummpJWU 1.. 
6uzuwu pwztumll(} (}Ulll tunrmpJmfifib!'ltJ 

~ I lliUUI!JaJD l- auznufn, s IunpntJaJntUf!, Vp v, 
fO'wrtWUJa(l e. un. ql uu1 l!nwn 

;:= ftu 0 lid' ltlnl! 
bp(j[ltu· 

A 
0-40 UWJpgwtfwp 5,5-7,0 I 3,2-4,3 2,4-2,9 10 

l!!inh 5-12 ol!li~wunu (7,2) 
lfntunf1n4Ptl!t~ uwhtfwu 
1-}lu tiwnq"fi l!wduiumtf 

8 40/ 12-420 8,0-9,0 4,5-5,0 3,3-3,5 140 
t(ufl~u c 410-1000 9,0-11,4 5,0-5,4 4,5 350 
UjWtnjWU q.ntlt-

gl:lu!J) 
11-fi!J. [jwpqlt nwduiumtf 

Uumfi~U D 1000-2700 11 ,4-13,6 5,4-7,3 5,6 1360 
U/lllU1JUJU D1 2700-2900 13 6 7,3 

I-ltu 4wf1qlt pwduiumtf 
Uptnwp!Ju E 2900-4980 8, 1-10,4 - 10,0 3200 uh9ntli F 4980-5120 10,4-9,5 -
uupp!Ju 
tflt9m~ G 5120-6370 11,2-11,3 - 12,5 3610 

lfroqfifturojrorpwf[wfi cllijiH11)Ei mumuuwuppntli I; bpi.(Jlp uwl{tipli
upu uwqupuw~wu qwzmp. t}mt}mfuntpJntuul:i:p£!: UJu npnzt[mu t l:i:p~pw
~l:i:qLmu mtuppl:i:p utuquputu~wu hunnl{ntpJntliutip mullgnq quruqt.{wbutlp]l 
pwzfuntunt.{: 

<\,tuJm&p. 1;, np l:i:pqpwqllqhmu qmut.{nq mwppllp unqwpul:i:pu 
octmt.{tub l:i:u uwqupuwguwu mwppl:i:p mutul{mpJtuUp L ~wpnqliU uml:i:q<}llt 
pptlug Jntpwhwutm~ qwzmu: UJlillmupmu uml:i:qa4mu l:i:U uwqu]luw~wu 
tuunUtutPwlilip, tujupupu JutuJuut4otU t uwquputu~tuu qwzmp[wpt.{wbnt
JdJWU t(til.fmnp£! unpUtuL wpctl:i:ppg, OJl£! huwpwt.{npnt.(djntU t tntu[pU qtuml:i:
[nt bp.~pp lunPD hnppqnuulipntU WJU l{wu WJU tull{tup)l tftUU[nt uwupu: 
bpl{ftpu l{wqUDf) WU[tuputlpp wuhwuwul:i:rml.(djWUI! tiU U[WJUWUWl(npt.{w<} 
tfwqupuwl{wu wuhwuwul:innttaJntUUUJ1D: UJU Utl.(dlli}.£! UjntU li(ll{ptupwuw
l{tuu Ulipnqul:i:pp hl:i:m ttuJ&npl:i:u ~}lpwrn[mu t oqmw~wp hwuwbnul:i:pp, 
hunn~tull{UU llp~W.(dp htuupwt.{tujpl:i:pp npnutfwu qnpbmu: 

l;p{ffiropwplipft ( t.f!JUJ!lnpftwfillpft, hnt u. tfllwllnpnu' tfpunt npmtuJpU 
L l:i:pl{lituJpli l:i:pumJpullp) mumuuwuppnt.(dJntliutlp£! ~wpti!P t t.{llptuqp~l 
tlp£Iptu~l:i:qLp mumuliwu!Ipuwu n~ wliUJt2tu\{tuu UtlrallJ}.lillp]lu: UJU huw~ 
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{lWl[npnt[<IJntU t j!Uauunnf qutmtit bpq{llt [unpj! hnpltqnuutlplt l{wqtflt uw
u!tu: bpl{uwpwptiplt WllW2WguWU UWUpU l{w upqm mtluwl{UUl. 
1) tlpl{uwpwptipn' wp.tlqwquwJ!tU hwuwl{wpqlt tlpl{UwJpU uwptf}tuullpp 

i!ti4:nputip nu, 
2) liplruwpwpupn bpl{plt 4Pw tlU uul{umu WJL hwuwut.ntlqnt[<ljntUUtlppg: 

Cum pptfug l.{wqtflt llpl{uwpwpllpD i!Wdwul{mu llu llptlp tuu!!P· 
1) bpl{W[<IWJltU-ulultlppmullp llpl.{W[<Ip h li!tl{tiJlt hwuwonql[wap :Pnu.'Pnpp h 

l{n!!wtmp muuzwu tuumumJlll.ulipnl[: 
2) b[ll{WJ:dw.-pwpwJ!tu l{wu ulultipnlltmullp.' l{wqtfl[wo llu tlpl{WJ:dpg h u)1Jlt

l{lUUlwJp& tfltullpwtutip)1g: 
3) ~UIJpU-wtpntJ:tmutlp, qwqul[wo tlU tipl{W[<Inl[ h uwqutlqpmunl[ hw

pnmm u)1t}ll{wmwJpU tf}tuupwtlilippg h u)1l{lilWJpU lipl{WJ:dp uupt}lwl{mu
Ufi{lllg: 

IhupWJpU tlpl{uwpwpllpp l{wquu unm t npnz UIU[Ul}lutlpp l{wqtf}tu, 
npnup wnw2wumu uu uptlti.JwmwJpU hwtngputlppg: bpquwpwpbJllt qwuq
l[woutipD mwppup. tiU h mwmU!Ul[mu nu qmzm hwmpl{}lg tfltlith tunznp up 
pwup mnuuw ltztm mulignqullp[l: 

tp~f1wqlil').~ ntn(lutWJ~G ~wnmgl(wo~o t.. hwuw~o 

UliJutflti.J m4Jwtlitlp}1 hpuwu tfpw umU!Uouwgtjmu nu ltpwppg 
humwi.JnptlU uumpwpw<twul[wo tipqpwquqp llpllp qtluwtfnp ntllllmutlp, 
npnugmu utl:Jutflti.J wlltputip)1 mwpwouwli wpwqntraJmuutipu tuP.um tlm
tlmtul[mu tiU [Vp h Vs](tiq. 1, 2): 
1. bpqp.wqtlqu (A zllpm), mwpwbl.lmu t ol[4:)1wunuullp.p mwl{ tflt2ltli hwz

l[nl[ 5-10 (12) l[tf [unpnt[<IJmuutiili!. tfltlith 30-40 l[tf un~np.uullpp 
mwq u l.fP.lith 60-70 ~if ltln&wzllJ:dwUtlpp mwq: 

2. bpqpwquqp wpmwp)1li 'U{WmJwU (ltwqul[wo B, C, D zllpmllp.pg), npu 
lnl!IJlWOl.lmu t lipqpwl.{lirth)1g tf}tui_h 2900 l[tf [unpnt.J:dJDlUUllpD: 

3. bpqpwqliqp tfli2nt4:' 2900-6371 l[U: Up,wumu umwuouwgl[mu liU. wp
mwppu tflt2mlt (E zllpui), wugmuwJpU ttlpm (F) h utlpppu lfP2m4 (G): 
UliJuupi.J wJltputip}l t.nwpwouwu wpwqnt[clJmliullp.p qmqm[unt[<IJmuuhpu 
lftlq zlipmpg UJmupu U!Uquwu <twtfwuuil{, UJDl.J:dP luUlllt.J:dJWU u ouzuwu 
qmqm]unt.J:dJmUullllD ptl{ll[wo lnr wry. 1-mli: bpl{p.t.Ul{lii\hpq qtlU{p t.lhllPU 
tlwU.fclpW WUgUWU mliqmif um{npwp,wp qpml(nitl t WtltpUtipp lnUlpWO
tlwU l{ulpntl{ .J:dllPiP h luU111t.fc1JwU ·qmqmlilnt.J:dJntU: UJq uwhtiwliu hwJm
uwplirmi\}1 wumunl[ U!Utjwlitjmu t 'UnJunpnt//11/JlP (M) uwhuwti : 

'tl,tlp)1u U{WUlJWUp B zli.pmmti qpml[mtf t ltllJUWI{wu Utljuupl{ WlPP
utipp wpwqnt.J:dJmuutip)1 ul[urqmti; s0-1io l[tf-pg tfltuth 200-250 !pi uwJp
gwtiwpullplt mwl{ h 50-60 l[tf-)1g tfltlith 300-400 l[tf ol[lt}lwunuullpp mwl{ 
\mpnl.J:djntUUtl{lmu: UpwqntpjntUUtlp)1 ul[wqtiwU WJq zllpmpu wlitjwumu 
JU LUUUI!Ifmu.fJ!Jpcu(hmu. <<,[<lntJl ztlpul))) (wry. 2, til[. J): 
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1000 :?000 3000 4000 5000 6000 6370 
~IIIJUlltaJiliU, [flf 

uljwp 1. Ubjullt'J4 W[f'!J?libpt'J (P lAS) U1Wj1w6tlw(J wpwqmraJryLlilibpfl q6w
lJ.lWlll4bfl[! bp4pwqlillf1 uwhllwlilibpnlll [!Ulll ('-l. U. lfwqut'lg4m) 

sooo 

4000 

i'. 3000 

i 
i 
! .. 
i. 2000 

•:S t~S 2 i.S 3 3.5 ' .4.5 5 .................. "'. -· 
U(jWf12. b!14flj'l libpQj'lli 20flt1WUlJlf16Wlij1 !.llmtmfunLJC!jnLCJ[l WI2W2WQilW(J 

lJ.lWht'Jg (To) llt'Jli!IA t1t11 dwllwliw4£Jbp[! (T>4,5 ilt[lll UlWflfl), [!Ulll 
b. U. LJmpflllnt{wJfl 
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~ fO'wljW~fdll Iunpnt[<)Jnt~~l:ipll tlP2wl!wJp1J, luumt[<lJnt~UI:ip!ltfli£WqmJilTh 
tru alwfl 

bp(jpml.jliiJL (A) 0-33 2,7-3,0 
(B) 33 - 400 3,32 - 3 65 

'llWlliJWU (C) 400 - 1000 3,65-4,68 
____ _ill) 1000 - 2900 4,68-5,69 

(E) 2900-5000 9 30 - 11,5 
Ult2ntlt (F) 5000 - 5100 11,5-120 

(G) 5100-6371 12,0 12,3 

6-80 

6370 

l.t/tWf13. Ul:ijull!ly Wlt'I.QGbpt'l mwpwMwG wpwqnq:ljntGGbpp hpllwG t1,pw 
wnwGO£iwgt1,w6 bf1ltf1wquq)'l f)W'l.wCipGbp[! 

Uumli&nu:ptipwu mwppupt{mtf t }lptrul,lg t{tlp L tj"urp qmuynl) zlipmli
ppg liP qmpp uwi'l"mgl,ll{nt[OJWtfp, tftii'l" Ultttruml,ll{nt}aJWtfp L qpmwpqt{mtf t 
npllltlu uw'Uta}lurljw'U UJnttaP wnwtflit zwpdntu ):lpwt{}lllwqpzlipm: 

bpl{pwquqp tunru hnppqnuuupp qwqtfP L UJmpp ):lpwt{P!lwljp ptfw
gmtaJtuu hwuwp ljwplmp uzuruwljmraJm& muuu lS.&znttf(! L 2liptfwump
awuu, npnup uum lunpnt{3JWU wllmtf l:iu: lunpppg liljlll) tfP~pu 2tiptfwJpU 
hnup~ quwhunnt{mtf t l.5·l0-6 ljUlllut.F Cum b. U . lJmpptfwtj"wJP. mt[]rnt
'Utip~ qllntatlptfPlj qpwqpli&mt:~ wpwq wllmtf t tfp'U~L 1500 f[t.f IunrmttaJm&
'Utip(}. rnJumlill 2liptfwumMwui! htiru'Umu t 4000°C : U\{tith tunru lmp}lqnu
t!tlruntf 2tlptfwum):l6w&p. pwpopwgmui! mtii\P t m'Uti'Umtf qw'Uqwq L 'Utip
;-~u tip~mlfnuf WJ'U ~):l qtipmqw'Ugmtf 4500-5000°C: 

burawqptj"nuf t, np wumti'Unu:}>upwJntU UJntldi! qm'Utj"mu t uwu'Uw
ldmpti'U hwttj"wi'l tj")1ciwqmu L pwql{wgwi'l" t tq}l'Uq L htlqml{ :pwqlip}lg: 

~tip}l'U U(WtnJWU}lUl}l'Uq tj"llpwumtlunu:ptlpwjpU zupmu lipqpwqtii\LP 
hum upwupU WUtj"WUntU tiU fftjiJnU.'jJlJpw(hm'U. fftjiJnU' pwp): 

bpl{pwquq}l ntnrmutip}l pwctwuuwu l(lipwptlpJWI l{mu murp.pllp 
qwpi'l"}lp'Utip L liurawqptj"mu t, np Ulip lfntnpwl{}l umlil:li'l"uwu hwuwp wnw2-
'UwJ}l'U &Jntl3I! UlWht.qW'Utj"wi'l" t umnp}lu UfUIUlJWUmu: 

burawqptj"nnf t uwL, np utip.p}lu U}12ntl.ti! qwqutj"wi'l" t tipqUI{3}lg L 
upl{tilJtg (7-10%) L npnz ~unpntj" i'l"i'l"up}lg L uplJtgJnutfPg: Upmwppu U}l~ntl.{J:! 
pwl)qwgwi'l" t «tl1imwl)wl{wuwgt{wi'l"» uptpl{wmulippg: 

bp{Jph hmum!Jb t{lipwptlpJWI uwtuqpumu Ul)Ul tiu mwpptip tifl{3W
qpnt{3JntUutip, l{wpi'l"pputip: 

llJu qwpLnpwqntJU hwpgJ:! tmi'l"titm hwuwp munnffiwnlttltfhl liu 
tipqpwquqp uwqtiptiup huwqntJU wtqwputipp qwuqt{1ui'l"uti:p{!: lljqU(pup 
WU(rnp'Utip Ulipqwumu llu UumwpqmpqmJmu L OtunmP. tfP2UWJpu qwuq
tj"wi'l"nnf L tiP zwpp WJI tfmJplipntu: 'Upwug hwuwqu npnztj"wi'l t pqnturm
uwqwt.qWprnJ}l'U Uliranqntl (t. ~- UnpnumtiJn L WJtU) unmwt{npWUlUU 4000 
tft&. mwpl1: lf. I- . ~ntnpntL[!, U. I-. Q}lljnt{u, b. I-. Umnnqupljn<j'w'U UntJU 
tftiranqntl npnztit uu buputiJp Ptrwzwp}l tllimwunp:J>wJpfJ WU(wpubpp hw
uwljJ:! 4200 tft'U. mwp}l: 

bpljuwpwptipp pwgwpowq hwuwlj):l wnwtlbtwqntJU hwuwl{J:!, 
npnup mwutf&urup}lptflit tiu uwtul{}lu luU",U" hwtfwUfUIUlwutuwu pup,npw
mnppw&llpnttf L wpmumwhtfw'Umtf, mwt}lu tiu 4500-4700 lft&. mwpp: 

~up J:!Urpn&titntf WJU htimwqnmnraJm&uupp W[li]JntUpuupJ:! l{tuplitlt 
t uurawqplit, np Upllqwljuwj):lU hwtfwljwpq}l tfntnpwljuhp{! WJil ratfmu 
uurL tlpljpurqnt&qJ:! WDW2W9Ul t 4500-4700 UJU. mwp}l UinW2: 

fipllltiu bpljp}l urnwtflitwqntJU huruwq t11t zurpp hlimurqnmnl)ulip 
UIDW2wpljnn[ tiu [!Uqntulit i'lw&p Durqpnurljm}lt{ llP2ntlj'Ullp):l UIDW2W<JtlUIU 
ctwuwuwlj[!, npnup hwztfwpl{t{wi'l liu lipljpwljlil:llmtu ljWUJwpp, mpw&}l L 
upw&g pqnumll(Ulip}l purztuuwu mt[]wt&llpnt{: llJq hwztfwpljulipJ:! UntJU(UU 
gntJ<J tiu murt}lu tfnmwt{npWUJuu 4.5-4.7 lftpq. mwpl,l: Ujutqpunt{ t{tlpJ:! 
[Ot{Wpljt{wi'l" pntnp mt(]wtutlp}l huruwOWJU tftlp tlpl{pwqntUq{! WDW2W<Jilt t 
4.5-4.7 UUU1. murp):l (hwtj"wuwpwp5 utpq. mwp):l) wnw2: 
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Uwu I 

urt.bruLnqru 
lfltulipwt~llpD' p~wqw~ p]lupwqwu tfpwgnt}aJntuulip liu pwqqw

gwa hwql{wqliut tfllq, wnwt{lltWUJliu' up pwu]l pptfpwqwu mwpplipp 
urumuulippg: Cum wqpliqwmwJJ:tu tfpnwq):t upulipwt~liPD t]l&ntu li~ Ul]luq., 
htiJtmlJ L qwqwJ}lu: .Alm:raJwu tfll~ qlipwiumutf tru UlJ:tuq upulipwtulip[!: 

lJPullpwtullpp wnw2wqtfw~, Upwug hwmqnt[<lJmuUup]l, qwqlijl m 
qwnmgtfwc}pp nmmuuwu):tptfwu tfwupu qptnnl[<ljntll~ wutfw&t.Imtf t 
tf]1fJlipwfnqftw: 

lJputipwt~tlp):t ntunttfUwupp.nlJaJWU!l qJ!Wlltftll tru t.fwq orutfwuwq
~tippg, WJU hw~qpuwglit t p~wq}ltnntJaJWU huwqntJU 6Jmqtlp):tg tflll£D: 
lJPulipwt J!WDD c}wqlit t twm. «tf]JfJlipw> pwn):t wptfwmpg, np£! JaWpqtfw
Uwpwp ~zwuwlJmtf t hw~pwpwp: 

"'lpuq upullpwtullppg qtipwq,2mntf tiu pJmptiqwJpu wnw2wgmtfUti
PI!= UJq UfWU16umntl UU[WUlwqwhwptfwp t c}w~n:rawuwt pJmptlqwq):t
tnnlJaJWU np.nzwqp h]lum~putlp):t: 

qLmfu I 

st~t~nt~sntuutr Psntrt~uq~snt~sntu~s 

PJnqtbrtWJ~(i (iJnLPI1 1£ (iflW ~wnmg4wog11 

"'l):tuq upulipwt~liPD untfnpwpwp pJmplifJWJP~ UJntJatlp till, npnug 
urumuulip£! qwuwt.fnpt.fwa liu op.puw~w¢: .PJmptlllwJpU uputipwtulip£! 
wupqnmpnUJ ~JntJatlp liu, pwup np upwug :p]lqplJwqwu hwuiqntJaJntuuti
flt:! tlmtutfmu tlli lJwtul{w~ pJmpli:quli[l):t mqqmJaJmuulip):tg, pwgwnntJaJWtfp 
luo[lWllWpl].WjpU upuqnupWJ~ upuli[lWtUtipp: 

"'lpuq tfJ:tutipwtutipp tiP ¢.npp tfwuD wtfnp:p t: U(lwug urumtfllli[lp 
qwuwtfnptfwantJaJntU£! pwnuwJpU t, mump L qmpl[ u~ !!Jntptli'JWJP~ l{w
nmgtfwc}ppg: UJuUJpup u~m:ralippu wul{wumtf li~ ftqncnpnrif fiJDLJOlip, 
npnugmtf pntnp mqqmJaJmuutipntl .'l>pq):tqwqwu hwml[m)dJm~ulip£! umJu 
ti~ : Uunp.'l> UJmJ.dbp£! wnw2wumu nu hpuuwqwumtf hpwhtiqmq hwtngp
utipp wpwq uwnllgtfw~ htimLwupnl{: 

.PJmptiqwJ]lu UJntJap uupppu qwnmgtfwc}pp oppuw~w¢ntJaJmuutlp£! 
U{WJUwuwt.fnpt.fwc} tiu upw wpmwp):t~ 6Lnt.f: .Pjmpll!Jf! l[w'Unuwtfnp puw
qwu pwqtfw&pum]l 6u muligiUJ !!JntpUfJWqptnwqwu UJnt[<l t: lltumtfUw
u_~JUllf3JwU hwtfWU[WUlwutuwu uwppup ~t}tutltm UfWU16wnntJ tipqwp. c:tw
u wuwq huwpwtfn(l W tl!tlit UJWilqlitm UJntf<lt:! qwqtfDfJ tfwuu~lfulip):t pumJ
rac U.Ulruwmwpplip wut.fwumuutip. liu tnptJtlt WJll uwupwqntjU tfwuupq-

~lipp~ (op., tfntliitntt-PJntplifJ~llp): tAl upwJ~ t{. q. fill~mqtrup. pwgwhwJ
mwa (1895 Ja.) X 6umwqWJ}a~lipntl h~wp.wtJntllii]Wtf UJWilqlitnt pjntptiJtw
JP~ ~JntJalip.nnf wumtfulipp ppwqw~ mtiJtwpwztumUD: Uju 6wnwqWJJa~li
PP w\llpulipp tipqwpnt}ajW~D unm t pjntplifJWjpU qw~gp lfP2UWqWJlllwqw
JPU hllnwtfnp.ntJaJmuullp):t~: '1-w JantJl mtftig U. T..wmtpu (1912 Ja.) wnw2J:t~D 
hllmwqnmlit pJmptiJtwq):tmwqwu UJntf<lD ntiumqli~JWU 6wnwqwJJa~tlpntf h 
munufuwupptit• pwpwTJI:t pJntplit]wqpmwqw& qwnmqtfwb"pD: ctwuwuwqp 
~Jawgpmu nlillmqlniJWU 6wnwqwJ}aUIIpntf PJntptiqwJJ:tu UJntJaP munuffiw
uppnlJaJntUD wtJtlt}t qwmwplltwqnpGl{tlg h WJOU hrutfmpl{niu t nti~mqlllln
umpntl{tnntpWJPU mumuuwu):tpuwu.Uti:ranq.utip):tq wtflniwqwmmpJwt&llppg 
illiiiD: UntlllJnqulip):tg qwqul{wa pJmpbqullpD lipqpwqbqu}l qwqtfnnf tw
qwu qllp ~tru tuwiJmu· p):t~ tiu: 

UJu mwppllp}l wmnuullpu m ):tnu~llpJ1 npnup m~tiu ):tpllllg zwnw
tf]lqulip):t~ tfnm tfllantJaJmuulip, qwpniJ llu mliqwqwtllt tflllJD tfJmu):tu: b{ali 
UJm:rau m~p tfpwm}llll pptfpwqwu qwqtf h wJ~ qwqtfiUJ pnu~liPD pJmpll
:qwJ}lu gwugmtf tfnm ~Wl}ltip, wtqW wJq &Jm:raliPD qwpn:q liu wnw2wgulit 
tuwnD pjntpllt]wq]ltnwqwu Utnpntl{tnntpwulip: UjU llplmtj}all wut{w~l{mtf 
t ftqnunp.'jJ}lqu (hmu. ftqnu' hwl{wuwp, unp.'jJli. 6u), }luq WJll Ujnt[<llipD 
tfJ:ttfJwuq uqwmtfwtfp ):tqntfnp.1> llll: . . , , 

AlmJaJWU tfti2 pqntfnp:p}lqtfD pwl{wqwu~~unp mwpwat{w~ tipll
tfmJJa t h pwqtfwra}ll{ tf}tutipwtutip J:tqntfnp..'l> ).uwnumpqi!l;lp till: Op):tuwq 
ot}tl{}lu uputipwm· ~mpumtipptnD tfwquliqnufwJpu uPt}tlJwm}l (MgSi04) u 
tipqwrawJ}lu .'l>wJwt}tmp (FeSi04) }lqmfnp:t> tuwnumpq.u t: . . · 

lJ}lulipwtJ:t qwjwgtfw~ hwtfwp z.unn qwp.Lnp llu wpmmp):tu .'l>}lq}l
qwppupwqwu h Jaliptfnq.}lutmfpqwqw~ UIWJUW~~lipD: Ujl} UJWJtfwuullp}l 
qmqmtuntJaJWU wqqtl.9t;ll}a]WU mwq upuUntJ~ pwqwqpntJaJWUJ! . ~JntJaD 
qwpniJ t wnw2wgulit mwpplip umpntqmmpw~tip: UJu tiplmtJJaD ·wul{w&
tfmtf t U[D/}JUnp.'jJftqu (hm~. Ufi!lfiilnp.'jJnu· pwquw6lmtJaJmu): 

').llnuu 200 mwpp. wnur2 qpmt{llt t, . np tmantJJaP9 wu2wmtfwa 
aatfp}l pJmpliqutipB U[WUll{lpumtf lni op[cliUllltfpwJ}lu ~}luqn&J:twJJ:tU. }lul[ 
upw hwtngp}lg' PJntPllqwqwb"D' tfn&nqt}tuwJpU u}luqnUpWJpU~ Uw }lqntfnp
.'l>}lqup !lwtfi.ul[wupu mwpwatfwa liplmtJJa t, pu~UJliu puwl[wU, wJUUJllu tt 
wphliumwl[w~ wnw2wgmtfllupnttf: SwJtnntU oppuwl[ t wa).uwaup U{Dt}t
tfnp.'l> tfnq.p.'l>pqwgpwUlipD: Uttfwumu m 'qpw:pptn[! pwql[wgwa 1lli tfwpmp 
watuwau~g, uwqwJU muliu mwpplip pJmPlillwp}lt!]lwqwu umpntl{tnntpw
ullp: UU'lfl,'tflltipp umwu6uwhwmntl[ tnlit]wqptfwu wpllJntllpnttf WlUWUUlD 
bpqpp tiD~ hWJl11Up wtflluwqwpap UJDLf<lll t, pjrttpliqw£mttf t tunpwump
qwJpU upuqn~]lWJntU, JaWl}lwug]lq t h ntUp 3,5 q I uu

3 mlluwqwpwpl£2ltn: 
q.pw:p}lmD .2unn ¢w¢ntq t, DlUP humwq hllp6mtf, pJmptiJtwumtf t hllpuw
qnuwJJ:i'U u):tuqnupwJmtf, uh qntJUP t h m&p hwtflluwmwpwp qmpp mlluw-
qwpuipltllm 2,2 qluu3

: • 
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U~Gb(lWLGb(l~ ~L.wpwGnLpjnLGQ (linp~ntnq~wG) 

lfputipwtutipp unp:Pntnqpwu uputipurtnqpwjp WJU qttuw4np pw
dpuutippg t, npu qpwq4mtf t tfPutipwtutipp ruJlmwppft al.ttipn4 : <>;urul.jwuw
tP t, np WJUmuq ul.jwmp tiu wnu4nnf ll{puq uputipwtutipu, pwup np qwqw
JPU l.t htiqmq wqp.tiqwmwJ)lu t{pl'iwqmj hwftquu tiqnq uputipwtutipu au 
~muliu : 

'llpftq tfpullpwtilll[l£! pumraJmu illl2 hwuqpll{mu tiu upwJuwl[ pJm
ptiqulipn4, PJntJlllqutipp hwJluromtfuuJllltJ u wqJ1liqwmulipn4, num nJlmu 
tJtlp2puulipu mutlu wtfliuwtflia mwpwamuu: 

tJpullpwtullpp wpmwppu al.tllp[! ulipmnpllu l{Wil{4Wa Uu ullpppu 
qwnmg4wapp hlim. upwup pjntpllqp umpml{mntpwjpu wpmwgntmtfu llu: 

<>;llmwqnmntraJmuullpJ:l gmJg llu m4llt, np urnwuapu uputlpurtulipp 
tfnm DJ1fi,2Wl{p aullp l{J1l{u4mtf liu, npnz 6l.tllp uqwm4mtf Uu mtlJwt upull
JlWLP pn{np pJmpllqt!tlpmtf: UJUII{pup aulipu upulipwtulipp. hwuwp allnp 
liu pllpnttf owuw~nqwl{wu uzwuwqmraJmu: 

P JnLpbi'I.IHi(l~ lln(l~nLnq~wG 

.PJmptlt]u uJmpp oppuwgmfmpllu al.tw4nptJ:wa mlluwl{ t , npu 
ochntJ:wa t pp uurullpp' upumllpp, qnrjtlpp u wutumuullpp qwunuw4np 
l{pl{utlijmt}dJWUp: .Pjntptlrtutlpp pwquwqwu al.ttlpl), npnup hwuwJ:uuptjmu 
liu Jnra upuqnu}lwutipmu u 32 qurutipmu qwu hwuw~wlJ:mtraJm'Uutipmu, 
mumtfuurupJltJ:nn[ uu pJmptlqwqpmntraJwu quruuurawgmu: Uwl{wJu pJm
p'tiqU.lipp unp:Pntnqpwu qwpi.Jnp t U}lulipw{nqpruJntU l.t ll{wpqwpwumu t 
upwug WTIW2wguwu ll{WJUWUUll]l\'!: 

.PJmpUq~lipp wpmwppu aullll\! UliaWII{liu qwJ:u4wa liU U.wl.t mtlJwt 
qwmug~wapmu wtfliuwtflia wpctlipp ~Wil{lipp mqqmraJmU.ulippg ' 4til{mnp
ulippg: '4_lip2puulippu uqwmuwup I}.WUwtJ:npnt[<)JWU pUntJ[<)pg qwJ:u4wa, 
mwpplipnttf llu liplip mpll{p J!JntpliqwJpu u!lmnlip' hwpra, urumpl'iwUwJp'U, 
wUhwpra: Unw2pu mptq{! pumrawqptJ:mu ~ upumlipp qmqwhlinwqw~mt
raJwtfp lipl{m tJ:tll{mnpuup}l ul{wmuwup, Uplfimflll.u' Uln.uJu illll{ 4til{mnpp 
uqwmuwup: UUhwpra tnpll{p qtlll{pmu qmqwhtinwqwUn.traJmuu upumtlpp 
l.t tJ:tlqmnpulipp tfP2u pWglpl{WJntU t : 

.Pjntpuqutipp UDJl:PD{DqpWJp hptfpntU l)Ul{WO t ll{Wpq i>IJp huruqwgn
qnt[<)jntUI): 'llwpq auu uput!lllpp wupnq2mraJmuu t , npnup ppmp htlm l.jw
ll{WI.jg4wa liu hwuw~wljmqaJWU mwpptlpn4; tJpulipwtU.lipp qtipwqznnq 
UfUJPG al.tu npnzmu t UJlW wptnwppu al.tu' hwppmnmu (twm. hwpjunmu' 
wpmwppu mtlup, wpmwppYlu): 3mpwpwilDntJ1 upuqnupwJp tfllutipwtuti
JlPU hwmntl{ liu npnzwl.jp hwppmnmuliJ1: 

UUbUwtflia hwuw~wljmt[<)JWUJ! oamtJ:wa tiu J:unJlWUwpqwJpU upu
qnupwJp pJmptiqU.Upu, npnug qwnntgtJ:wapmu, l[wll{4wa pJmptiqwqpmw
qwu hurumunnmuutipp hwtjwuwpnt[<)JWU hUm (a=b=c, a=~=y, qnJmraJmu 
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muliu hw4uruwp L ljmJ:umqqurhWJWg mqqmraJmUullp, pU~Il{liU u llplip hw-
4uruwp L ljmJ:umqqwhwJwg pptfl'twqwu l{wll{liJl: 

lunJ1WUWflll.WJPU upuqnupwjp upullpwtullp{l mwtpu llu pqmftlmppl.j 
J:!Jntptlqutlp (J:!ntnp mqqnt[<)jntuulipn4 hwuwpJW hw4uruwp ~tutlJ.tlp mutl
gnq), npnup hwuqtlu tlu qwtlm J:unpwuwflll.[l, ol[mwtJ}.Jlp, nnupwjp'U I}.DI}.U
I.jwtqpp U mtltnpruqnU-IDJlpOl[mrutJ}.pp aulipn4 qurtf tfP pwUp auli(lp l.jntfpp
UWgpwulipn4: 

fi.nupnt.l}.pwJpu, mlimpwqnuwJpu u htlpuwqnU.wJpU upuqnupwullpp 
pJmpliqullpp punpnz pJmpliqwqpmwl{wu hwti.munnntuulipu liu' a=lm:: 
~pupwl{wu l{wll{p u mppz hwml.jwupzutlpp mtluwl{limpg C mqqmJOJmuu 
J:upum tnwppllptJ:mut UJntU mqqmraJmuutlppg: '1-pw hwuwp uz4wa upuqn
upwutlpp pJmptlquti(lp'U tftla uuruwup hmmml{ tlu wupqntnpnll{ l{wnntg-
4waputlpu (rallp[<)WJpU qwu 2IlJOWJWI.jwu, aq4wa m wrumuwuuwu ol.tllpu): 
Cuq.tWJUWl{wu l{tnptJ:wapulipnnf mlltnptuqnuwjpU uphqnupWJP pjntpllqull
PI! umjnpwpwp mutlu pwnwlpuup au, puq hlipumqnuwJpu u mupnt.l}.pwJp'U 
upuqnupwJp pJnt[lllquliptf aq4wa hlipuwqnuwJpu h mppqnuwJp'U al.tllp: 

O[lranmttfJ:!ruJpu, ununl{tpilwJpu u mppl[{puwJpu upuqnupwulipp 
pjntpliqutlruuu UOtJUII{liU qupwqzmuu liu wupqnmpnll{ Utnpntl[tnntpwutlpu' 
ralip[<)WJpU, .2IlJOWJWl{wU u qwpl{lUUWJpu: O[l[<)nmtUpWJpu upuqnupWJp pjnt
pliqulipu Ulia uuruwup ll{ppquwmpl.j tlu, ununl.jtpuwJpu upuqnupwJp PJnt
pliqullp[!Uuwu tru ll{[lpquwmpl{ aLlippu, pwJg ramJt hwuw~wlJ:mtraJwup nu 
octm4wa, mppl[{puurJpu upuqnu)lurJp pJmpllqutipu ~w¢.wqwug uuwu llu 
ununl.jtpuwJpupu, pwjg upwup untJull{llu mwppllp4mtf liu qmpp hwuw~w
lJ:mtraJmtfp: 

.P.Jmpllqullpp 6l.ti! l{wJ:u4wa t n~ tfPwJu hwuwrunfuuraJmupg, WJL 
uwu WUW2wgtfwu ll{WJUWUUUJlpg: .P'Unt[<)JWU tfli2 hwq4wqllll{ t ll{WIDW
hmtf, nJl pJmpllqp pntnp upumllpu qwpqwuwu hw4uruwpm~un}l: UJq. 
ll{WIDl'iWDI14 wnur4titWII{liU qnJwumu liu lywmwpJrut}lg Junmn(ltJ:wa' wqw-
4wq4wa aulip: f!Jmpliqutipp aulipp lJ:mlJ:mfuuwu tfli2 una qup l:iv fuwqmu 
up zw(lp qnpanuutip' 2lipuurumpowuu, 6uzmuu, tman•JraP l{wu hwtngpp 
qUJ1hwqtig4wantraJm'Uu, tfP2w4WJPP uwantgpl.jmraJmuJ:l, ppupwqwu u Uli
J:uwu}ll.jwl.jwu J:uwn'Umflll.frlipu l.t rnJtfr: 

tJPutipwtulipp pJmpliquttpp al.tw4npulliU urump6wup hwuwp pw
gwnpl.j uzwuwl{mraJmu mftp mwpwantraJmuu: lw4 ol.tw4np4wa pJmp!Iq
ullpu (J:unpwuwf1I1.ullp, ol{mwtqpllp, I}.DI}.lil.jwt.l}.pllp, ll{ppquwullp, mupntq
pup u WJ{U) tfjntU hw4uruwp ll{WJUWUUUJllllU WUW2WUntU tiu upwug w6-
uwu hwuwp wuhpwcttlztn mwpwapp wnl{Wjnt[<)JWU ll{WJUWUUUpntu: Cuq.
hwqwnwlm, lipti upuupw{wwnw2wguwu tfP2w4rnJpnttf mwpwamraJmuu 
J:upum uuqtf t , Wll{W pJlltJlUI')UUJlp urpmruppU auUp{! qwpnq UU wqw4Wf14lil, 
ratil{mqlt upwug ullpppu qwmug4wapp wnwuauwhwml{mraJmuulip[! uumu 
tiu wulJ:mlJ:mtu: 
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Purgft hwpfttnntuftg, hwupwpwumraJwU tfti2 oqtnwqnpbnuf liU uwL 
mtiup hwuqwgmraJmU}1 npJ:! uuuw1 uputipwllt pJntplbW J:!Uqhw\imp mtlupu 
t: StlupJ:! {IJ:tlpUJUlpl!) qwfutlwa t upw\iftg, ratt J!Jntptlrm tiptlp ¢nfumq
qwhwjwg ntqqmraJmuuttpntJ pUtUJftu)l qwpqwgnuf t umwUnuf: Unwud.
uwgtJnuf tiU htitnLJwt qlfuwtJnp m)lUJtlpJ:!' pqntftltnppq, ttpqwpwd.qtlwa, 
munpwqwa: 

l>qmftitnppq mtiupp qtlU{pnuf uputlpwllt pJmptiqutrpn J!Otnp trptrp 
ntqqmraJmuutipntJ qwpqwgwa tiu htmlwuwpwtqttu: '"J:.pw twtl oppuwq tiu 
tfwqutitnpm)l ol[tnwtqptip{!, U{)lpptnp tqqwtqptip}1 unuwpwpft I}llll.tiqwtq
plipJ:! L WJlU: 

bpqwpw&qtJwb mllupp pJmptlqulipp qwpqwgmtfJ:! qunnwptJmtf t 
tftll:( mqqmraJwtfp: Ujq.U{pupu nu U{Ppqtfunnpl:(, UjntUw&L, &nqw&u, wutlq
uw&L PJntptlqutlpJ:!: bpl[urpw&qtJwb mtlupp PJntptlqutipntJ hlliUq.liu 1iU qw
lltu tnntptfwlltuJ:!, hnpupttiUl}.J:!, wl[tnpunl]ltn}1 wlJ:tlmtfwppuJ:! L mJtU: 

Sunpwqwb mtiupp J!Jmptiqutipp qwpqwgnttfJ:! qwmwptfmtf t tftlq 
hurpramraJw\i tfb2, npp U{WUlownntJ upUIUp &qtfwa tiU tipl{m mqqmraJunfp, 
pul[ bppnpq. mqqm:raJunfp tfUmtf liU wfi¢ntlmfu: '"J:.plliUg 2WJlppu bu U{Wtn

qwumu mi1Jmuwou, :rahrallqwJftu, raliprawJ.ftu, .ratrtlmtlJ:wJpu pJmptrqutlpJ:! 
(tfntul{nti}ltn, pfmm)ltn, mmtl[, p(nppmullp, htltfunn)ltn u WJ1U): 

f.'UmraJwU illl2 bpplltfU hwUq.pllpluf tiu uwu WJI mliup)l J!Jntptlquttp · 
utiU{Wllu (wpwqnupm Ca(C03), apwpw&L (u:pliU CaTi[SiO:k), mwl{wnw&L 
{IJ:npm uq. Alz~): 

UntJnpwpmpJmpwpwuiJmp upuhpWJ. mup }lptiU hrutnntl{ mpmwp)lu 
mtrupJ:!, 2.UWJma pJt~ ~nu q.tiUJPhP11 trpp tfltLUntJu tfltutrpwlJt PJntpliqutipu 
mutru Ulwpptlp tntlupllp: 

U}lutipmtuhpp J!Jntphqubp):l. WOUwU nu:rawgpmtf UpwUg qwqUJ}autt
pp, l[nqhp.ft u upumtipp tmatfw\i htltnL!UUpntJ mww t mutiumtf &Ltlp)l 
pwpq.wgmtf, pwu.ft np U2tfwa tfwutlpnttf qilJwUntU tru unp WI2W2Wgnttf
ullp: Oppuwl[, :Pumnp}lm.ft ol[tnwtqp}tl[ pJOtPWW qmquqautlpnttf l{wpnq ttu 
tJllpwnlit nntfpnq.nq.trl[wb}pwJ.ftu J!Jntptiqutip, .12Ill}Dfupnqpmp qnqtlpnf 
l}Il(nuptn: ~Jntptlqp w~hlli4wuwp WOUWU htltnuWUpntJ Utnwg!.Jnttf 'tttJ 
qtfwfupmJpu &uhp, npnup pp'ttUpg uhpl[WJwgumtf liU tfnunpJntptiqutlp: 
Op.ftuwl{' qwqWJaullpntf L qnqtipntf UIOJ:! tn!iqp t mutiUnttf wtJtil]l wpwq, 
pwu u}tumiipntJ: 

UJuUJiluntJ, p,Jmptiquhp}l hwp}ltnntuJ:! L mliupn U{tltnp t tnwpJ!tlptit 
ppwp.ftg: '\wpptnntun mtlJmt tfltulipwtJt hrutnntq tipqpw2.UJtllwl:(wu duu t, 
npn l:fwfutlwb t hwtfw~tmlmt:raJmUpg : '\wppmntuutipp :raPtfl! hwtJwuwp t 
U{wpq 6Ltlpp ratJPu: StiupJ:! l[wU{tJwet t J!Jntpllqp w6tfw\i tqWJtfwuutipp btltn 
u, .ft&2_tqtlu tJtipLmtf uztJtig, l.ftumtf t upwJu IIptip m.fttqp: 

PJmptiiJfJtlpp tur¢.tipn mwmwfJtJmtf liU lWJU uwhtfUIUutipnttf' tfwu
pwqhmm\puJwupg UJtutu up pwup tflitnp: UtfliU.ftg hwnwtu hwuqptl{lll] 

::o 

2.urtP.tiJ1t! 2_tiu wugumtf up pwu}l tfif-.pg: .PwJg ti{lptitfU npnz uputipw(uiip, 
l{w)utJwa .rattptfnqpuwupqwl{wU U{WJUWUUbp.ftg, wnw2wgumtf tiu hul{w 
PJmptrqutrp: . 

UJuUJtru, hw1mup t nu uU{nqntilllup (SiAI[Si206] J!Jmplirt ' 14 tf 
tlpqwpnt[aJWUp L 100 en qzlliltf, IJ:wtfmtup I}W2lnWJPU UU{WtaP (K{Si~Oa]) 
PJntptrq: 10 tf llpl{wpntraJwtfp L 100 en qznntJ, ptlJlPlP (Al2Be3[S~Ou]) J!Jnt
ptlq' 5,5 tf tipqwpntf3JwUJ! L 18 en qznntf, ptJwpg}l (Si02) J!Jntpliq' 2,7 Lf 
!ipl{wpntf3JWtfp, 10 en qznntJ, gppqnup (Zr[Si04]) pJntptiq' 0,3 tf tlpl[wpntra
JWUJ!, 6 f[q qznntJ, J!lmtnpmp (K[Mg,Fe]•3[ShA1010]•[0H2] PJntpliq' 7 if2 

tfwqttptiuntJ u WJ[U: 
PJmptiqutip.ft tfnp:Pntnqpwqwu bunnqwupzullp.ftg 'ttU uwu upwug 

upumbp)l tlJlW hwow)u ul{wmtJnq U(lpwqallp}1 npnup npnz uputlpW(Ubp)l 
hunfwp mutru OwUWiDilWqwu uzwuwl{ntraJmU: 

bppwqalipJ:! l]lumtf liU l{wtf Juputn qmqwhtln, qunf hwmtJmtf 1iU 
npnzwl{ft wul{Jwu tnwl{: Op)luwl{, mmptfwtpuft u f!tlilfltP U{Jl)lqtfmJp u)lumtt
PP tjpw UJlJ!Wqalip{! tipl{UIJUWl{WU llu, }luq ptJmp.g)l U{)lpqUwjp ultutntip.ft 
tjpw ' J:!Ul}.[WJUWl[wu: 

Cum awqtfwu, mwpptlpnttf tru lipqm mtruwl{ll uppwqabr' qntfpp
uwgtmu L 4pqumpJntpliqwJpU (tfwqtwJpu): Unw£lJU tnlluwqp Uppwqatlp{!, 
npnUp wtJtl\ll tfna tnwpwbnttf ntUtlU, umW£WUnttf tlU tnwpptlp UlJumtlp)l 
utliJ 21Ipmtlpp wumlJ6wuw6L htrpramtftnJ:untraJwUf!: UJuU{tru, .to. I> . Gw:}>pw
untful{nt mtlJwtullpntJ, pt(wpglJ UfPlJqtfwm}lq f!Jmpbqubp}l tjpw ul{rutnl{DIJ 
uppwqallp[! htitnLwUp trU WJU f!WUp, np untp nntfpntqptlpp UUq qntliplJ 
hwpram:raJmuutipn wum)16ruUw6L qpqu~mtf tiu · h1Ipraw¢n!utltltnlf U{JlM
tfwJlJ hwpramraJmuulipp htrm: Cum l{ . . I> . l;{tlpuwpq.uqm, ulJuVttlplJ wutnp
owuwqwu bllppmtfln)unt[ajwUJ! qilJWgnq .Uppwqc)JipJ:! qw)utJ:wb liU (ntanLJ· 
pp l{nugJlliUlpWgpWjpg' up qtlU{pnttf fJ,nLJU UpUtnlJl{pW l{WJll1IlliU WTIW2W-
UW( uppwqatlp, }luq UJII,lll q.tlntpnttf~ n~: . . 

l[pquwpJn~ptlqwJlJu uppwqatipJ:! tfwqttfwu wpqJmup tru: bpwup 
umw2wumtf tru hwmqwU{tlu U{nt}lulJu.rattmpq tfwqttf¥Ju hhmuw\ipntJ, npu 
gwJmmu wpmwhwJmtJwa t U{lwqlmlJ:tmqullplJ tfntn: 

UCi~JnLiilibl'l~ hwuuu.tUI1!1LiinLpJWii opbCiJH! 

PJmpllqp hwpram:raJmuutrp}lu lliUtJlliUtJmtf llli fJjJuenhp : U:lJumtrpn 
ppwp htrm hwmi[lltntl l{wqtfmtf llu l{nqtlp: (plrtbpp hwmtfwu qtrmtlpJ:!' 
qwqmraullpu nu: · 

~wqtfwralttl uputrpmtullp pumraJlliU tfb2 hwfuilJllplttf trU mwpw
pumJra f!JntpliqwJpu 6LtipntJ: Sh~Uifl9I! (Si02) qurpnq t hw\iqlJUflll pwtJwqw
ulJu funznp, wtltlllt pwu I tf tflibnt[aJWUp pjntphqullpnl{: qwu upullpwtutlplt 
f!Jntpllqulip, npnUg }.unpllp{! J!Wl{Wl{WUlJU tPnpp tiu' tfif-.lJ hwpjntpbppnpq.w
l{WU gmpllpntJ, wutlquw6L llqtJwa L pqntflitnp.pq, U[Il}lqtfwm)lq u mun}lwl{: 
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bppl.ilffi hwuq.pUJnnf llu mwppllp tf}1ullpmtlillpp pJmpllqullp, npnug 
upumllpp tf}1 tfwuu tmtl2P wpmwhmJmtJ:wa: R\lmpgp mwppllp pJmpllqullpp 
~tmllllpu, Upumllpp aullpu m pwuwqullpu, qwtutJ:rna lliDW2lligUruU UJWJ
t.fwuullppg, qrnPllllliU qun.tmlutlllt: UrnqruJU pJntpllqp w6p punpnz wnrnua
uwhwmqmraJntUU WJU t. np Uplli Upumllpu mllqwzrupd"tJ:mtf llu qmqrnhlln 
ppllup ppllug: UJq UJWtnCirnnntJ: tt pJmpllqullpp tftl2 hwt.fruUJwmwutuwu 
upumllpp rnul{Jmuullpu lffimt.f llu wu¢n
¢nlu: UJU oplllipu hWJUlUWpllpllt t I),lli
Uprugp qpmuwqrnu U. Umtluulluu 
(1669 to-) u qn2tJ:lll t pjmpiiiJwqftcnm
fiJJWfi wowp/Jfi ophfJp: 

. .Pjntpl:iqp Upumllpp tf}12L qwqt.fn-
tJ:mo mul{Jmuullpp 2tmlltfrnu htmfwp oq
mwqnpatJ:mtf t wfil[;mfiw1w¢ (qnlilln
UI.imp) qn2tl:Ill\ qnpappu (fJf[. 4): UtJ:lliP 
ozqppm 2w¢tnuullpp hwtfwp oqmw-
qnpatJ:mtf t rahnq.ntpmwJpU qpquwqp bqwp 4. ~~rwnw4w0 
zp2wqantJ: qnulmt.fllmp: WU4JnLUWj_WLjl 

~JnLPbl'\lHip~ u~llbUlp~w(i 

upt.fli.mplltuU (hmuwpl:illpg rawpqt.fwuwpwp lizwliwqmtf t hwptfn
Upw, hwt.ftu2W1}UUIOJntU) mwpwanttaJUIU tfll2 ~pqmpp qpppp npnzwqp 
oppUw2w¢nttaJmliu t: 

upt.fllmppwu pumraJwU tfll2 zwm mwpmatJ:wa tipLntJIO t , uwqmJU 
wnwtJ:litUIUillu hwuqpurmtf t pJmpllll.ul:'ipntt.f, pwup np WJU pJmpuqpu pun
pnz wnwuouwhWUll{mraJmliullppg t.fllqu t: 

Uwptf}1uu upilllmppq t hwt.fwpiJmtf, titati qwpn11. t pupu pptiu hw
t.fwmtiqtit t.fllq qunf tf}1 pwup wuqpwllwpot.fwu mMJmUpmtf: Uuqpwqwp
omt.futpu wutJ:wlitJmtf liU uftr.Ilicnpftl[ iflipcurjmjunllmlip, puq qtimtipu, qallpu 
L hwpramraJmliutipu, npnup UIUIWlmiJmtf tiu WJil tJ:liPw¢nlumt.fUtipu' 
uftrilicnpftWJft cnwpplip : 

uptftimppwJP. huqiramraJmUu qmwJU hwpramraJmliu t, npnnf ~pqnt
PP wpmwgnt t.fwu I),UUJpntt.f hruUlllUlUll.lJntt.f t pp uw]uuwqwu q.pppp hllm 
(flf[.5): 

PUnttaJWU, WJI}, ratJmtf uwL qtiuqwuwqwli opqwlipqt.fUtipp tfti2, 
pwqtfwralltl ~pqmputip qwu illlq upt.fllmppwJp hwpramraJtmfp: lllwJt.fwuw-
4wlinptiu uputimpptuJp hwpramtaJntUJ:! uzwuwqmtf tiu ltutnplitipliU P mw
rmtJ:: uptflhnpptuJp hwptanttaJmliutipfl pwuwqu wpmwhmJUlllll. taMU qpt{ritt.f 
t P upt.ft{n!llg wnw2: IunpwUwJlllp t{pw qwu 9 upt.fllmppwJp hwpramFJJlllU
lili[1. hllmLwpwp qpt{mtf t 9P (fJl[. 6): 

p 

s£1 ~~a' 
c o c' c' 

p 

u 
bqwp 5. U~llbmf1~WJ~ hwrpnLpJmG[! (U), P - Ll1Wtn4br upllbtnf1~WJ~ WJil 

LnWJ1J1n4. 

Upmwgntmtfu qwp.tlll. t 
ppwqwliwgtJ:llt n2 tf}1tuJU hwp
ramraJmt.fp, WJL uwL qllmp 
tfll2 : {Jump wpmwgntmtfu wu
tJ:wlitJ:mtf t jJEiiflipuftw, hwt.fw
UJWU1tUUlumli upt.fllmppWJP 
mwppu' putJ:llpupwJp qtium
pnu qwt.f upt.ftlmppWJP qtium
pnu, u uzwumqmtf t c mwnntJ: 
(fJl[. 7): 5wuqwgwa pJmpllqp 
tfll2 2P qwPllll ullqpg wtJ:lliP 
upt.fllmppwJp qllumpnu iPlilit: 
{Jwu pJmptiqulip, npnup 2nt
ullu upt.fllmppmJP qllumpnu: 

/J 

A 

/ 
........... ol --- _ .... .,~.._--

I -..., 

I c 

I 
I 

u 

p 

bqwp 6. U~llbtnr~wJ~ hwrpmpJnLuubrt:! 
tunrwr.wrq.~ llb2 

m 

8' 

b/twp 7. U~llbtnf1~WJ~ 4blitnrnun (U) L. u~llbtnr~wJ~ WJillll~u~ LnWf1f1 mul:ignfl 
l.l.IWLn4bfl (P} 
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Uftwfl9. UtnlbtnflllWJil wnwGggubr[! llJnrwGwr'lll tlb2 

Uju U{wpq u)ltftltnpltWJp tnWJ1Illippg {!Wgp l{wu UW!J WlftitP PWJ.lll' 
uwhnq wuqpwqwpdtfwu hwppntpJmuu, u)ltftltnilPWJP U{U1Iltmwi.JwJpu 
wnwugp(! u WJlU: 

nmnuffiuruppntpJmuutlpntf hurumwmtftit au huwpwtfnp u):Iillitnilll
wJp 32 Jutfptlil, npnup ljlUfltit}l t 1ijl.wgullt wtflil}l. tunznil qruuwqwpqtfwu 
upwl[npuhili:I illi2: UJq tfPwl[npnttfUliilu wut{wumtf liu ujJfJqnfJjJcufilip 

24 

(hmu. ujJfj- hwtfunntiq, qnajJw- wul[]mu), [clwpqtfwunt[cljWtlp WJU uzw
uwqmtf t tflnuutfwu wul[]ntUWJUnt[cljntu: 3mpwpwuvmp upuqnupWJnttf 
tfPwl[npl[wb tiu Jutfptlp, npnup ntutlu tftlq qtJuwl[np wnurugp, puq ll]OU WJU 
~qw hwtfwJutfpmtf tiu Jutfpupf! tfp!JuntJu n~ qtJuwl[np wnwugputlpnl[: 

Unwuauwgl[nttf UU btltn!JJWl UpUqnUpWUUJl[! (aft. /0). 
l) JunJlWUWJ.lllWJpU' tip pump qtJuwtfnJl wnwugpUtlJ1 tlp.pnflll qwtf l_DJl-

pnflll qwp.qp, 
2) htlpuwqnuwJpu' tftlq qlJuwt{nJl wnwugp t{tlgtlpnJ.lll qwpqp, 
3) nntfpntqpwJ}lu(mppqnuwJpu) tftlq q[JuwlfnJl wnwugp tippnfllll{~Jlqp, 
4) tntltnJ1WqnuwJltU' tftli.J qtluwl[np wnwugp ~nppnJ.llll{Wpqfl, 
5) op[clnnntfpwJpu' u}nfllmp.pwJp tlpl{pnJ.llli.Jwpq):I tiptlp):Ig n1. wtftit umwugp

ullp, 

lunnwliwni'IWJitli uftliqnlillw 
z 

X 

a"P=y=90°, a=b:c a"P=r90°, a.ob,.c 

SbllliiWqllliwJilli ullliqnlillw 

X 

Unlin~tllriwtWJilri uftliqnlillw 
z 

z 

a=p=y=90°, a=b.oc 

_L.~~::::::::~-Y 
X X 1 

a=y=9Qo,.JJ, ~ a#'j3*f"'90o. a..bo<c 

ulfWfl ta Ullliqn!itJw!ibpll wnwG~/lu lillutnl:ifl[! 1.. PJnLflb'l.wqllUlw~wu 
WI2W!igp!ibp[! 
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6) tinunln.PuwJpU · upl.flHnr/lmJp tftlq wnwugp llrqpnJlil-l{mpq/1, 
7),,~~/llnphwJ/lU ' L1-pg wlfhtP uptftlmrpmJp wnwugpuup ~qwu : 

U]l.uqnupwuupu pwdwu~mti tiu tiptip tm.fpupp: Stuapmljwpq upuqn
upwull{lu, npnup ~mU'tiu qttumt{np uptfb:m{lptuJp wnwugp (mpp{JlpUmJpu, 
tinunljtpuwjpU, O{l[<HUIDtUJ!WJpu, &q. 1 /): 

uqwp 11. 8worw4wrq u~GqnG~wJ~ 1..4Wflq lll..r.bfl[! . 
1) tln!intl'\(1. 2) 1..4~Gw~n~'l· 3) 'l~t'lfll! hwppmpJwG hbU1 , 4) 'l~t'lfll! wnwGgpntt. 5) nru}
pwJrG lljfl~qtlw , 6) nnupwj~G U1bU1[1Wb)ll, 7) rmupWJ~G pm(lq, 8) nnupwJ[lG bflljpmrq: 

• 
l. 

u 

a•6;c 
ex: -~-go• 

T• f20° 

uljwp 12. ~t;puwqnuwj~U urGqnu~wJr WJlw(i{l~(j GruUl[! (P) l..r. 
PJnLflbrtwq~lJ1W4wu WJlwugpGbfl(! (U) 

.Pwpopwljwpq upuqnllpmutipp ljrnpq}lll uu t.qunnqmuntti upillim
PPIDJP tutipttp' tf]1 prnup qtturn~n!l mnwugpuupnt{ (tunprnurnJlil-WJpu upuqn
upw, &q. JJ, 14): 

~ 6 

uqwp13. lunf1WUWfl'1WJ~U U~uqnuW]~ UjW[lq lll..r.bfl(! . 
I. SbU1pWtllfl~ zwpp[!' 1) UlbUlpWt'l(l. 2) U1[l~qnOU1fl~UlbUl(1Wtl'\[l. 3) U1bU1pwqnGU1(1~

. U1bU1JlWtf')fl, 4) UjbOU1wqnOU1fl~U1bU1flWt!lfl (W2). 5) hbpuwU1bU1pWt'lf\. 
II. Oljlllwtllfl~ zwpp[f 1) oljl11wt'lfl , 2) Ulp~qnGU1p~o~mwt'll'l · 3) l11bl11pwqnump~oljU1w

t'lP. 4) Ujb0U1wqnOl11(1~0ljU1Wt'l(1 (W2). 5) hbflUOljU1Wt'l[l . 
Ill. 1) tt.JnrwGWfl'l (hbeuwt'ln). 2) l11bU1pwhbpuwtllfl . 3) nnllpn'ln'lb~wtllfl. 4) 1..4b!il11w

qn0'ln'lbljwt'lfl: 

uljwp 14. U~2~(j utJGqnu~wubfl~ 1..4Wflq lll..r.bfl(! . 
I. "lp~qllw!ibp' 1) U1p~qn0Wj~G . 2) 'l~l11p~qn0WJ~G. 3) l11bl11f1WqnGwj~O. 4) fltlU1bl11f1W· 

qnuwj~G. 5) hbpuwqnGWJ~!i . 6) 'l~hbpuwqnGwJ~O , 
II . PnLpqbp' 1) Ulfl~qnGwJ~u. 2) 'lrU1f1~qn!iwJ~u . 3) l11bU1pwqn!iwJr!i. 4) 'llll11bUlpwqn· 

GwJjlu. 5) hbpuwqnGwJ~G . 6) 'lrhbeuwqn!iwJ~!i . 
Ill. '-ip~!iwpmpqbp' 1) Ulp~qnGwJ~G. 2) ll~Ulfl~qnGwJ~U . 3) LnbU1pwqnOWJjlG, 4) fltlLnbU1· 

pwqnOwJ~O. 5) hbpuwqnGwJ~G. 6) ll~hbpuwqnGwJ~O. 
IV. 1) UlbLnpwqnGWJ~O U1bU1f1Wtflp, 2) nntlpwtrw. 3) U1bU1pwqnGwJ~!i uljwLbOntllfl, 4) 

'l~l11bUl[1Wqn!iwj~U UljWLbGnt'l(1. 5) U1bl11f1WqnGwJ~[j U1flWL4bgnt'lp : 
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'llnL~tlnf1!f>~qtl 

mutuq)lunuf qwpbmtf t)lu, ]ali wuuu tf)l puwqwu p)ltf)lwqwu 
tf)lwgnt)aJntU pJntpl:iqwumtf t npnzwq)l u)ltfUtnJIPWJntU L mu)l ntpntJU 
pJntpiiiJ.WJpU qwnmg4wop: UJqll{pup mtluwqtlm qwpqwgpug hwmqwll{tiu 
wqwuw\{np qpmuwqwu .fl.. cf. "'wJmpu XIX qwp)l uqqpul:ippu: 

Uwl{mJU t. lJpmziiPtPlu~ wll{wgmgtlg, np tf)lLumJU pptf)lwqwu 
qwqtf mul:iglll'\ tf)lutlpwm qwpniJ. t hlliUqtlu qwt mwppl:ip pJmpl:iqrnJpu 
qwnmgt!rnopul:ipn\{: tllwpq41:ig, np tfpL'UmJu UJntJaU p \{p6wqp t mmtm nz 
tf)lwJ'U l:ipqm, wnL w41:it)l pJmpl:iiJ.mJpu qwnmg\{wopul:ip: 

£1ptf)lwqwu tf)lLUntJU pwqwqpntJaJWUp tf)lul:ipwtp mwppl:ip qwnmg
\{woputlp mwtm muwqmJaJntUD qnzt\nuf t Uf1Jtfufnp!j>ftqtf, nPD pwnwg!Jnpl:iu 
uzwuwl{mtf t pwqtfwoLntJaJntU (lunu. UflJtfi' zwm, pwqtfWJaptl, zfnp:pli ' 
oL): tllntptfnp:ppqtf)l gwjU1ntU oppuwqul:ip liu Wttfurum~ L qpw:ppm~ (C), 
qwtgpm~ L wpwqnu)lm~ (CaC03), tiJPppm~ L tfwpqwqpm~ (FeS2), npnup 
mul:iu UntJU pwUw<.\LJ:!, pwJg pJmptlJ1wUmtf liu mwpptlp upucinupwutlpnttf: 
UJUU{llu, mttfurum~ pJntpliJ1wfuutf t funpwuwpqwJp'U upuqnupwJmtf, qpw
:ppmJ:( hlipuwqnuwpuintf, lJ:wtg)lm~' nntfpntqpwJp'Umtf, rnpwqnupm~' lun
pwUwpqw)l'Unnf, tfwpqwq}lm~' op}dnnntfpw)lunnf: 

lJ)lL'UmJU UJmJa)l' mwpptlp qwnmgtfwbpulipntf hwuql:iu qrntm 
muwqmJaJntu~ pwgWUlpt\nnf t wpmwppu :ppqpqwpptf)lwqwu U{WJtfrnuuli
p)l $n$nluntJ:3JWtfp: UJq mlluwql:im}lg wnlliU~uwqp uzwuwqmJaJntU mup 
2tiptfurum}l6wu~: 

nrmz qllll{pl:i~ttf U{lltPtfnp:ppqtf)ll:iplmtJJa~ qWU{t{wo t tJlumtf tf)lul:i
pwtll qwnmgtfwc}pp lliUuzw'U llmllmtuntJaJWU hbm: Oppuwq, l[wpnJ1 l:iu mli
IlP muli'Uwt umpm:qmmpwJP.u tf)lwt{npulipp. mliJ1wzwpdtip: U.Jqll{)luP. t!Jn
$nlumJ:3Jllt'Uulip ul[wml{mtf liu a pl{wpg)lg 13 pl{wpgp. wugtfwu dwtfwuwq: 

llpL'UmJU uj.i'LJaP U{lltPUDJl:P mtluwqulip~ wul{w'Unttf liu zf11l)/1!}>ftl[w
gftwfillp : U)lwup p.pwp]ig. WJUpwU liU mwppbJltlnttf, nJl umwglit liu hw
uunl[ rnumu'UliJ:l (mttfurum L qpw:pp.m, U{ilJ:lpm L tfwpqwq}lm, nntm}lt, ppnt
qpm L wuwmwq L WJLU): tllntpUnJ:l:P tfnq)l:P)ll[wg)lwulipl} uzwurnl[tltm 
hwtfwp 'lJ:pJ:lWnnttf liU uwL hpt'Uwpliu a, 13. y L UIJL mrnnl:ip (op.' a oomtfp, 13 
ob'nnfp, a pl{wpg, 13 ptl~pg (fil[. 15) L ~Jt'U) : 

sa 
:s 

Swppl:ip tf)luliJ:1Wt'Ulip muliu mwpplip pwUUll{nt]aJWU tfnqp.:ppl{w
q}lwutlp' l:ipl{m, liplip L wtllitP· FeS2' 2, S' 6, SiOz' 9 L WJt'U: Uwl{WJU pum-
13JWU tfl:is> mwpwol{wo t qptfnp:ppqu~· tlpqm tfnqlt:p)ll[wgpwulip}1 qlill{p~: 
bpplitfU wtfliu tf)1 tfnqp:ppqwg}lw mwtpu t pJ:l }lqntfnp:P zwpp~. nJ:l~ l{nzl{mtf 
1: ftq11lJftzfnp!J>ftqzf . oJ:l)luwq, nntfpnb}.J:lWJpu l[wJ:lpnuwmuup~ (tfwquuq}lm, 
u:pl:ipnqnpmtmpm, upqlipput, utf)lmunu}lm, nnqn[upnqpm, omwt!}lut, qwt
qpm) L oJ:lJannntfpwJ)lu qwppnuwmulip~ (wprnqnupm, umpnugpwu)lm, gb
Jmm}lm, t!}lmlip}lm): 

tllnt}ltfnJ:l:P tfnq)l:p)ll[rug)lwuliJ:lD wnw2wumtf llU npnzwq}l :Ppqpqwp)l
•f)lrnqwu U{tnjtfwuulipnttf: Uwqw)U mwJ:lpUJ:l tf)luliJ:lmtutip)l tfnqlt:p)lqw
q)lwulip~ qwJmu nu 2liJ:ltfurum)16wu)l L nuzuw'U llmllmtuntJaJmuulip)l 
tf}lw'UqrntfwJ'U mwppliJ:l uwhtfw'U'Utlpnuf: Op)luwq, tl]ab ootfp)l U{ll\lltfnp:p 
tfnqlt:p}lqwg)lwutiJ:l)lmugmtfU'bJ:l~ qwmwpl{mtf llu wpmrup)lu qnpbnuulip)l 
t!mt!JntuntJaJm'UullJ:l)l uli11 uruhtfwuulipnttf, wll{l.U wotuwo'U)l tfnq)l:p)lqw
q}lw'UliJ:lp w'UgmtfUI:ip~ mlllllt l:iu m'Uuumtf zwm tWJU uruhtfw'Uullpnttf: 

Swpp'bpnttf tlu 'bJ:1l[nt m'buwq}l U{ntlltfnJ:l:P tfnqlt:p)ll[wgpwu'bJ:l ' qw
Jntu qwtf umwppt L wuqwJmu qwtf twpltt. )lfmmwp)lt, tfl:imwumwp}lt: 
liWJnt'U qnztlmtf 1l'U WJU tfnq)l:t>)llJ:wg)lwullpJ:!, npnup pJ:lli'Ug wnw2wgtfruu~ 
hwtfwU{WUlwutuw'ilill'\ 2llptfwum)16wup L 6uztfwu uwhtfwuul:ipmtf huw
Jlmtlnp zt $nlubt mtlJwt tf)lullJ:lWLP WJL Unr!)l:P}llJ:wg)lw'Ub)lp: U'U'lJ:tnJntU 
tfnqp:ppqwgprnullJ:l~ mtlJwt 2liptf UIUtnp6ruup L 6Uztfwu qllll{pmtf }lupuw
pllpwpwp 4:WPill'\ llU wug'Utlt UjntU tfnqp:ppqwgpw'UllJ:lpU: qwjntU tfnq]l:P}l
l [WgplliUlip~ wu'lJ:Wjnt'Uul:ippg mwpptlpl{mtf l:iu qmpp tmollt!JnttaJWUp L 
ltwttfw'U pwp~p 2liptfurump6ru'Unl{: tllnt]ltfnJ:l:P $ntlmttmtJ:3JmUulip~ l{wtf 
Tlwp~tlt)l nu, qwtf qwmwpl{mtf llU tfl:iq nlJ1J1nt]ajWUp: llnW2PU mliuwq)l 
t\mllmtuntJaJm'Uul:ip~ qnzl{nttf liu tuwucnjmcnpnUf (hnt'U. tuwurnjmu - htl
mwqrnp~ hwqmqwpo, cnpnllflJU- l}ln$n!untf3Jnt'U), }ml[ tlJ:1l[pnJ:lil mliuwq~· 
tfnfmrnpnU[ (hm'U. zfnfm' tfl:il[): 

tllw'Um!Jnutpnll{ tlml.}mtuntJaJmuulip)ltwtl oppuwqullp liU pl{wpgD L 
(;omtfpu: Unl{npwqw'U lluztfwu U{WJtfwuulipnttf u}lt)li!wbnrm mwt)lu t 
blimLJWl tfnr!II:P)llJ:wg}lwulip~' a pl{wpg 0-573°C, 13 pl{wpg 573°C, mp]lqp
tl)lm 870°-1470°C, 'lJ:ppUUITIJ:!WtPID 1470°C-17l0°C. QliplfurumpfiWUp P2U9-
r:w'U ctwtfw'Uwq 'lJ:ppUUITIJ:!WlPUID unp)lg $nlutlmtf t mppq}ltf)lm}l, 4J:iP2PUU' 
fl pl{wpgp, puq 13 pl{WJ:191f a pl{wpg]l : .fl.ntfpUIJpU oonttfp~ 95,5°C tlmlutlmtf 
t tfn'Unl[tlt'UrnJ)l'U oO"tfpp, pwJg 21Iptfwump6wuu ul{wqliguliUm tlliP2Puu 
fnppg llmlul{mtf t nntfpwj)l'U oc}tfp)l: 

toqm1nf1!J>~qtl 

cfwtfw'Uwqwqp.g U{tnUlqti:pwqnttf'UliJlp hwtfw<.\wJ'U, tnUITIUUUJlP L 
fmuulipp l!JntuwqwJ:l<.\ mlillwiiwtnttfD pJmpliJ1wJp'U gwugp hw'UqntJg'Uli
pmtf qnztlmtf t ftqnzfnp!J>ftqz!: Uju lipLmJICm tfllo mwpwbmtf mup lipqpw-
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l{tiqlmnf, np}l WUIW[lUlip}ll{wqunni uwuuwqgnq urtftiuurqtJuurt.!np u}luti
purtl!tip}l qtipwqznnq uwu~' qwzmwj}lU UUIWJaUtlp[!, UIPrmputiuutipQ, wu
:p}l~ntl!tip~ L WJLU }lqmfnp:P Juwnumpqutipu tiu: 

J>qmfnp:p}lqup tipLntJJaU mtiuwqwu L q}lpurnurquru lfwpLnp uzuruur
l{m.raJmU mu}l: UJU huurpurt.!nrmtJaJntU t murllm 6}1zm [!U~nutitm llpl{pur
l{tlqLmu p}lU}lurl{uru murpptip}l ~urquurquru qmqnfllllltJaJmuutiplt urnur2urg
uuru UIUim6urnutip{): UjntU qnqLijJ.g, }lqnunp:p}lqtlp optiuputip}l h}llfuru t.!pur 
qwptit}l t quruJuurqntzurlftit purquur.ra}lt.!, p}l~ mwpurm.[ur<} wpatipurt.!np p}l
U}lurl{uru mwpptip}l Uli(ll{Uijnt.[ajntU~ LUIJU IDUI(lUI<}ntu mutignq U}lill:i(lUI[Uli-
llPlfurqunnf: · 

_l>qnunp:p}lqu (hmu. ftunu' uuuru, unp,JJli' aL) tnti[lupUU urnur2}1u 
uruquru oqmwqn(l<}liL t qli(luwuurg}l p}ltf}lqnu I:. U}lm~lifltPJuQ, 1919 Ja.: 
Ul{qpuurlfuru zp2ur&mti UIJll- mtipU}lu}l murq huruqurgt.!tit t p}lU}ltul{uru 
qurqunt.! unm UJntJalip}l ~JntPllllurJ}l& ou}l urpmurp}l& utfurum.raJntUQ: 

q.flti.rati umJU auruuruurqurU}12ngmti Juw~ ~Jntflliiluliflp mumuuw
uppuwu hptiwu t.!pw hwumurmt.!llg, np ~Jmpti11nuf tlpqm }lqntinp:P UJm
.ratip}l urmmfUtip~ tJ:mJuUII}-urpaw~urp qurpnq tiu mtiqurqur14tll t}mtJ:mJuw
l{wu pwuurqm.raJurUp: 

",timwqurJntU Uitupq4tlg, n(l unnnuutipp l{uru UflUIUg Juu~tip}l }lqn
Unfl:P mtiqwlfurtmtfUli(lQ uputipw1Ullflp pJm[ltiqutl(lmu pwt.!urlfwu}lu mw
llw<}t.!w<} li(lLntJJa tiU: 

l>qnunfl:P almt.! Juwnut(wa UJm.ra}l puruurqnt.[ajlllU~ tipptitfU WJUpWU 
lfti<} t lJ:tUntU, np WJU hwzt(]l t wnut.!mti ~wuwaLp tftl2 : U.JUUibU, O[pt[}lup 
~uruwaLmu' (Mg,Fe)2•[Si04], uurqutiq}lmU}l }lnuutlfl~ mllqurqurttfur<} llu 
tiplfur.ra}l }lnuuli(lnt[, L ilzt.!w<} u}luliflWLD l}lwumnptiu tipqm }lqnunp:p UJm
.rallfl]l (:Pnf1umllp]lm]l L :PurJrntP.m}l) Juwn~ ~Jmpllqullp t : '1-flur huruwp tl 
upUtlflUI[nq]lurJ]l uu2 upurup qn~4!Il tiu Juw~ l{wu pqnunfl:P Juwnumpq
Utl(l: Uwl{wJ& Juwn&l{nq UJntJallpu oppuw~wl}lnpllft UIJfltqtiu tift raurl}lurug
l{ur<} ppurp illi2, np hwuqllu lift qurtlm npUiliu U}lurmurp urnur2wgmu&llfl: 

t-qnunp:p Juurnilnt[ll}-llti£1~ qn~t.!mu tiu uurL tq}l.uq tm<}mJJ.aUtlfl, 
hurzt(p urnulltnt.! UIJU huruqurtiwup{!, np tqpuq J!Jlll[ltlllUIJpU :purq~ Lnt
crntJ.[aUtlflJl ulfuru PWilqurgura t up puru}l p}l.U}lwqur& lf}lurgnt.[ajntuuti(lftg: 

Uqpbqwlll(ibpfl c'll.a.wpw(inLpJnL(i[! (llnp~ntnqhwG) 

.Pllm.raJurU Uti2 U}l&tlflurt&llp& ur4!It.P hw6wJu huruqtiu tiU qurt}lu urq
pllqurmullpnt(, puru up.uiJllurlf pJmptiqutipnt(: ",urztfll urnutitm{ upurug Un(l
:Pntnqpwu, mwp~tirmtu tiu htimLJUil mJl«<Jl urq(lliqurmullflQ' hna, hwmJl
lfwJJlu, qti'UqppmUllfl, qpmqubfl, utilffltlgJlur&llp, qnul{ptigJlur&llp, tiurl{urhnu
lhuu auup u lllJlu: 

~b u hunnJll{ulJJlU mqptiqunnutip{! UinUI2UIUnttl ll'U illlq l[uru illll{Jlg 
urt{bllt U}l'Ullflurt'UlipJl hurmpl{ullflft lfmmurl{tiur'U htimLurupnt(: U}luti(lurtuti-
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p}l qllpurlfznnll tfuruQ hur'Uqllu t qurtJlu hna, hurml{urUitiu hurmftlfurJJlu urq
pl:iqurmutirmt.!: 

'VJq ljn~t.!mu tiu UIJU wqptiqurmUti(lD, nrmug ur'Uhurmutipu mullu 
t}tnpp ~unjltip, tmlf upwUg U}12u uurl{rmulfmqJllf uurhtiuruutipn trntf ~ti'U urp
murhwJmt.!ura: 

~urm}lljurJ}lu urqptiqurmutipu muti'U urtiti'Uuruu<} mwpur<}nttfQ: UJq
UIJluJlu tiu tlplfpurlftlqumu hul{urJurl{uru mwpw<}ntJaJmuutip qpurt(nq Jlum
fllltq}lt.! UitllUiflUUflD. uurL unq:pJlqutip'U u WJl hurupuruJm.ratip: UJu mJltq}l 
wqptiqurmutip}l pum.raurqptiuru hurtiwp ljurplmp uzmuwlfmt~Jnt'U mutiu 
wuhurmullp.p iWtlllip{!: UJq mtiuurqllm}lg murp~tipmti tiu hwt{uruwpurhw
mJlq u urUhwt.!uruwpwhurmpl{ urqptiqurmutip: lfltuumJu mJltqp UitqUipntti 
mwppti(l U}lutlpurtullflp hurmpljutip'U murp~Ufl ~Wtlltip mutiu: U . q. Pntl}-}1-
flUU num pJnt[ltiqurJ]lu wuhurmutlflp ~wl}ltlpp wnwftauwgumti t htimuJUil 
Juupp wqptiqurmuliflD· 
t. Liurm JunznflwhurmJll( lfP2l1U ~url}ltlflD 10 uif-Jlg w4!I1}1llu: 
2. lunznflwhurmplf' lfP2Jlu ~Wtlltlfl~ 5-Jlg U}lu~u 10 uu: 
3. UJ12whurmpl{ ' lfP2J1& ~wl}lllp~ 1-Jlg U}lu~h 5 Lfu: 
4. \Jpphurmpl{UIJJiu' JunznJlWgntjgmu hurqJlt.! uzlfwpt{nq ~wt}tliJ1Jlg upu2.L 

1 uu: 
5. Qwl}1wqwug UflphurmJllfurJJlu (hn<})' JunznpurgmJgnt.! iuztiwpt[nq]lg 

uJ1&2.u uztiwp.t.!nq ~WtttlittD: . , 
U.Jt htiq]ltturqutip hwm}ll{utlflp ~ wl}ltlfl}l h}l.Uwu t.!flw murp~tirmttf nu 

1) Junznflwhurm}l.q urqptiqurm&tlJl, npnug hurm}lqutlp}l 2.url}lti[l~ 5 uU:}lg 
Wtltit.P tiu, 2) lfP2whUIUl}ll{ ' 1-5 utf, 3) UJl~hurmpl{Wj]lU, nrmug hurm]ll{UIJ
Unt.[ajntll~ nrmzt.!mlf t Junzn(lurgmjg]ll{uru UUIU(lUII}-pmurl.{p mwlf: 

<;wm}ll.{wJ}lU wqptiqurmutlJlD J!UntJaurqpt.!mu liU uuru num hurm]lquti
p]l a utiflP- OJl]lUwq, .rapratiqurJ}lU mtiup]l ~JntJlliqutiJl]l qtitqpm u Wq(lliqUIUl
utiJln qn2.t[mu nu fiJUPfiJUIJft& l{urti FJfi¢ml[UIJft& : Util{ ntllllntJaJWlf~, aqt[urb 
mtiupll pJmJll:illutipJlqtiUipmu' anqurah, uru~uurah, .ratltrnJJltt, 4!IP2J:tuutipu 
ownurqWJJaWJ}lU quruwt.!npntJaJWU qliUipntu' nwq}lurt-6urmuqurJJaWJpU: 

Qn(lpnflll- wqptiqurmuurJpU m]lUI~ qnJlc1Uurl.{wumlf ~uqmut[w<} t uru
t.!urutit uwupwhurm]lq: l>u2.tqtiu 4!IJ1Lntu uz4!Ig, tirati uruhurmutipu mu'llU 
t}tnpfl 2. wl}ltip, u unt{n(lurl.{uru urU!n~ UflUIUg uurhUuruutifl~ tqUiflq ~l:iu tipti
t.!mlf, WJI}-tll]lu]lwq[lliqurmutip~ l.{nl.t.!mlf tiu Jmq: "Upurug wUt{wumti tiu 
'UtuL hwuUIU1wpcuq~wtf qcuuqifcuqUIJftu cuqp!Jqwcnu!Jp : 

IJ.llfJIJpftcnul!pf! wpmwp]l&nt.! utiuru llu <}wn]l 6JntllliJlp, Dum nrmtu 
OJllUJlUt.!nfltfwa ahtiJl~ l{wqut.!wa tiu WJUU{]lU}l J!JlllflUillliJPU uruhurmutip]lg, 
n(lllUp hWJ1UI6t{wa tiu qmqwhtin l.{wtf uwlnlfwu 1}-(llllJaJUIU lfll2: UpUIUp 
nrrn2 nUJQm.ra1muulipml pJnl.fltlQutipp wpwq ur6tiuru htimuwup tiu (lilf. 16): 
lwtl wpmwhwJmtJwa qti&qJl]lmutlfl tiu qnjwgumti uwuqwup opuJlquliJlD. 
ll{q]lUa{!, W{IGW[<l{! u UIJl ~Uwa]lu plnf]lwl{wu mwp.ptip: 
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uftwp16. J:2Gw6!1G l4rtGllllflbuflnll- uftwp17. 9LI.wpg!l pJmnbrtGbp!l 
lnWlll. pjnLpbrtGbp[! Jl[lnLq[! 

'J.pntqp upuUntJU upullpwt}l qwtf Utll.:[}lg wljtitlt tfp.&tlpwtullpp pJm
pliqulip}llumtfpu t, npnup ppwp tfp.wgljw~ liu nfu}.hwump hptfpnlj (&If. 17) : 
'1pmq&llp[! tuntu2tuumtf tiu mqwm mwpw®t{OJntUUllpntd' lUUlWfllltipJt 
q.unnwpqmroJmuutipnttf, otlqpljwerp&llpp }unpzllpnttf, npp U{wm6wnn1~ 
umwgljmu till tunznp, qunnwpJWl J!Jmptlqullp: 'l-unnwpqmroJmuutip£! tfl
unuf till mwpJ!llp Uli~L{OJnt uutlpp' tPnPP ~wqmnputlppg upu~ u zwm Ullii 
~wqtllp mutlgili\: 

Cum '1-. "l. q.ppqnpufl u ct-. q., llltftftliJ&p, q.pmqp ouwt{npuwu hw
tfwp qwpunp UztuUwqmpjntU mu!IU J!jntpllqtujpU UWIJUtlpp oulip~. hptfp il 
(umpumpwmp) wqqligmroJmuu WJI} uwqlflipp t{pw u utuf[Utlflp ¢n}uwq
q.llgmroJntUJ:! upwug hllmwqw wotfwu <twtfwuwl.r 

Uliqpllgpwutipu q.wmwpl.:[ntroJmuulip liU nnqwflutlpp tfli2, npnup 
tgtJw~ llu tfp.utlpwtulipnt{: lfPu!IptuttuJpU UJntJap uumagnui~ qwmwpt{nd 
t q.wmwpqmroJw'U tqwmllppg q.ul.l{p qtlumpnu: cDnpp ~w¢.tlpp (ti}l&~lt 
10 . uti) utlqptlg]lwutipf! qn~t{mu llu rJftfiiJlliffl&&llp, puq Uliatlpn' dliill]&lJ(J 

(&If. 18): 
u 

Cwm hwowtu q.wmwpl{mroJwu UJWUlllp}lg q.lluw l{llumpnu ul{wm
\lnni IIU hw2npq.wpwp ¢n}uwugl.{niJ l{nugiiUmppl{ zllpmllp, npnup }lpwpftg 
mwpJ!llpljnnf tru qntJunlj, llpJ!llt.IU' ti}lulipw[WJ}lu T{wqtfnlj: 

cDnpp q.wmw{ll{mroJmuullpn Ul:i~ tfwuwtfJ! tgt.Jw~ IIU tftumtf ti}luli
ftwtulipnlj, npnug l{IIUmpnuwqwu tfurumtf l{wpll!P t mlluullt nwq.}lwt-6w
rwqwJrowJ}lu wqpllqwmUlifl: 

Ull~ ullqpllgpwutl{lp }unnn~ullpnttf hwowtu ul{wmljmtf till U1Wf1J!llp 
tf}lullpw[Ullflp q.pntqullp qwtf uwf.twhnutfwu 6ulip: 

lplul.:[pllgpwuli{l{! quq.w6u qwtf null{lljwl{w6u WllW2tugmt.IUllp IIU, 
npnup qnjwgllt liU U!lut qliUmpnup Znt!l2I! tf}luliptu[WJpU UJmrolt uumligtfwu 
ciwuWU{W[lhnlj, wJU f.tnuU{nutiumuli!llt hwzljpu, npnup utip¢-wlfrul WU{wp

~Lllpnttf qmuljmtf IIU gpljw~ ljpowl.:[mtf: lplul{pllgpwullp hwowtu wnw2wg
hmtf llu llpl.:[wrop u tfwuqtuUp opululutlpn, U{pppml.), tfwpl.:[wqpmn, uptltl.:[w
hrum, l.:[wt gpmti}ll.:[wpJ!nuwmuupn, :Pnu.'fmppmn: lplul.:[ptlgpwutipn qnJwumtf 
tru qt}upntu uumljwapwJpu Wlijmputlpmtf (l.:[mt{tipnttf, wt[wquupnnf), 
tuli{Wputlplt pwJpruJtfwu hni]wJltu UIJlillmuputipmtf: 

qnul.:[pligpwulipu muliu UlwpJ!tlp utlpppu l.:[wmugljw~p' nWij,ptu[
Ciwnwqwj{OWJpU, l.:[nugtiumppl.:[-l.:[tlquwJltu u hwtfwmwpw~: qnul.:[ptlgptuUli
rtlt l.:[lillmpnuwl{wu tfurulipnttf l{WJUUl nu tltutlt q.wmwpl.:[nt{Ojntllullp, npnu
~lntU mliiJwq.pljnnf tlu omwp UJmrotip: 

qnul{pllgpwullpp ~wqttlpn mwmwuljmtf tJU truJu uwhtfwuuhpnuf' 
tCwupwq.pmwl.:[tuJWllpg ti}lu~u ti}l pwup. ti!Imp (liilJ!liUU 30 cf-P,g w4fltft): up. 
pwup tftf mpwtfwqp~ muhgill\ qnuqptigpwullpJ:! qn~ljmtf llu ootficnfillp u 
u:pllpntficnEillp, npnup tlpl{muu tt quq.wolt llu, uwqwJu ppwp)lg mwpJ!tlp
t:mtf tlu ulipppu f.twmugljwb"pnlj: Oolltmullpl} odmljw~ tlu qnugtlllmppq
~liiJh~JpU, }luq u:plipntpmulipJ:!' nwqptu[-6wnwqwJroWJpu l{wnntgljwb"pn\1: 

Ootitmulipu wnw2wumtf nu 2PtuJltu liP2w4wJpnttf: bpwug zliilmli
P[I tfwqwomtf llu npltt qllllmpnup 2nt{12[1, np£! qwpn11 t tP.lilit tutlwq, }ullgm 
ljmnp, UntJupul{ oq.p ~zm}lq u tuJtu: Ootpmulipn, unljnpwpwp, gtiUliUmruUw
n4 t{tip llu W~\.jnttf WU{tupullpp: 

U:ptlpnt}lmullpu wnw2wumtf liU mwpJ!llp ntllllntiOJWUJ! lfrult.!Unpnz
~w~ J!JntpliiJUllp}l }utfptlppg l{wtf ti}lwjuwq J!Jntptlq}l tftuUpwgmtfp.g: Altnp 
pwpwl{, oqljwb" J!JntpliiJuhpn qwp~llu )lpwp till tf}lmumtf tJ:t>llpntltm}l 
lj llllmpnumu: 

lfwl{whnutfwu oi.Liipu wnw2wunuf hu WJu <twtftuUwq, llpJ! &nfl ti}l
~tlpwtruJ}lu UJnt{OU wum)lowuwpwp hnunnf t uw}uDJll} ouwt.Jn!lt.Jtu~ UJnt
F•lip}l tfwqllpUnlJ[cmlj: lfwqwhnutfwu oulippu U{WUll{tufuntf tiu PDf\I!U2tuoh, 
nql.:[mjqw6u, [nqwou wqptlqwmtuj}lu oullpn, }lu~U{tlU uwu oolltmulipu m 
dtinqutip~ :. 

Uwqwhnuuw& wtfliU}lg zwm mwpwalj'w~ ohllppg PDf\I!U2wolt wq
pllqwmullpu n&, npnup WllW2WWllU till uwl.:[tiplluwjpu UfUJJUWUUlipnttf: 
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UjiJ.U{llUP 6Lllpm[ hwnwfu hwuquu uu qwtlm qnpz upl{UIJCWPW(l[!, UW[W
fupmu, uu}lmunufltnD, htiuwmftmu L WJ[U: 

l.Jwqwhnutfwu 6Lupu qllJWUnttf tiu uwL J!Jntpuquupft tfwupwgtfwu 
htlmLwupm[: q.. 'IJ.. q.ppqnpLu tfwtwfupmp up pwup uumzutip.p mumtfuw
u}lpntJdJWU h}ltfwu tfpw gmjg t tntllit. np l{ntU.jp}lmp zuptnl} UW[wfu}ltnp 
u:t>tlpnt}ltnuup.p WOW2wgtfwu hwtfwp OWOWJti[ t D(lU.jUU wligpupnl{ up\?UW
U{Wtn: Ujq wugptip.nl[ wugw<} UW[w(u}ltn}l J!jntptlflu!Ipu qwp6tit tiu unp 
q!Iumpnuu!Ip. u:t>tlpnt}lmubp}l awqtfwu hwtfwp.: UJIJ.U{}lunl[ umwgl[ti1 t tfw
twfu}lm}l J!DQPD\?WOL wqpuqwm: 

3mp.whurumtl{ wqptiqwmwJ}lu o Lup IIU «WU{Wl{Jw qtfuwpl{J:!>>, 
UlnWLUllJtS:Jjlmubpl}, UlnWlWQuptnutlp[!: 

«UU{wtuw qtfuwpl{u» wpmwppu tfwqtlpLmJramtf odml[wa t 
WU{Wluw tfiwnnl[ L punpn2 t: utipp}lu qwnmgl[wapnl[' mup 2UlllWl{f1WJPU L 
upLumJU ctwtfwuwq 2upmwJ}lU l{wnmgl[wb"p: 

Umwtwl{ml!mutlpu L umwtwqupmutipu uputip.w[putipp tmtwJwoL 
wqpuqwmutipu tiU, npnup UlllW2WUntU IIu WU.jwpUup.}l qwmwpl{nt)djntU
ulip.nnf L ul{qJ!Uwl{wu 2P2WUnttf muuumtf tlu ntf111W6}lq qppp: 

Umwtwlfmpmuupu wnw2wumtf tiu upulipwtwJ}lu uJmra}l ~npwg
tfwu qwtf uwntigtfwu hlimLwli12nl[ L l{wful[mtf liU l[tlp.L}lg uup.pL: Umw
tmqt.fjlmutlpu Ullllli2WUnu.f bu ~npwgOfl [ntGnLJ)dUtlppg qwmwpl{m)dJWU 
hwmwqmtf WJUUlUfl, npmtiq [ntb"ntj)dUUp.p 4UIJC.Ptutlp.[! uul{umtf !ill umw
[Wl{m}lm}lg: 

Umwtwlfm}lmuup.u mwpplipl[mtf uu umwtwqt.fjlmutlp.pg tfnp.:t>ntn
q}lwqwu wnwuouwhwmqmraJntUUlipnl{, npnftp lJWUJtfwa uu WUWI?Wgtfwu 
U{WJUWUUtlp}l hlim: Umw[wqmpmuupu oql[wa, wl[li[p J!Wpwq L upqwp. uu, 
puq umwtwqupmubpu' qwpiS m hwum: Umwtwl{mpmuupu 2wm hwmml{ 
tlu tltlfnupmpu, wquppu, lfilwpwptillP.u L WJtu: bpptiillt umw1wqmp.mutipp 
wnwuopu tfurutipu }uwfuml[mtf uu mqqwopq qpnt[aJmul!g, npu qwpLnp 
U2WUWl{m[ajntU mup hwupwt{WJpbp.nttf mtii\ll mubg0f1 U1hf1W2WP.cttipp uw
upu qwmtitm hwtfwp: 

u n (j t; fl w L (j t; l'lil ~ ~ q ~ ~ w ~ w (j h w Ul ~ n L p J nL (j lH:i fl [! 
U)utip.w[uupu octmt[wa bU pwquwraltt.f :t>pqpqwquru hwmqnt)dJntu

uup.nl[, np.nug mtluwqwu L l{)lpwnwqwu uzwuwl{nt)dJntUJ! zwm uua t: 
Upwug oqUnt)djlUUJ! WOWI?PU hli(l)dpU Dfll12D1U uu upuup.ww; 

up zwpp qwplmp )llpqpl{wqwu hwmqwlip2ulip.p zunphPl( tflia rat[ntf 
t.fjluupwtutip oqmwqnp.()tfmtf tiu mtlfuu}ll{wJp mwpJ!llp puwqwtfwnutlpnttf: 
UJUU{uu, flutwuqwl{wli UU{lllidD L :t>umnppmu l{ppwnt[mtf uu oll{lnpqwqwli 
UlU[lpupfJ l.liflilJntUtuptipnt)djwU Uti I?, mnp}luu, zuli[}lmu, :t>umnppUlJ! u lUJ[U' 
tfwqtiputipnttf, turqtiputipnttf, qtiUtipunnnpulipmtf L WJtmp: llinuwJpu J!Jnt-
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pllflpg U{tmnpwummtf tiu U.jpllqnpl[wpgwJpu raltrallqutip, wnwug npp ~11 qw
pnq qnpatit ctwtfwuwqwq/tg UU1DP2PJW uwtfl.UUlDpU[! L WJtU: 

llp.n2 :t>}lqpqwqwu hwmqwup2uhp npnzmu nu t.fjlutipwtutipp qnpa
uwl{wu wp.ctupu: '1-p.wugpg uu oppuwq, qntJU[!, tpWJLD L l{wpapnt)dJnlU[! 
W[UUIUUlp, qtfpntfump, wl{l[wtfwppup, nnqnupmp, tnnll{wqp L WJL rawuq
wp.atip pwp.upp hwtfwp: 

.'b}lqpqwqwu hwml{wup2UUpp up UWU[! wliqbu w~pnt[ uqwmblfl t 
(qntJUD. rawtltwugpl{mraJntU[!, qtWJ[D, hllp.6nnfu, l{nmp.t[wb"pD): UwlfwJU 
pwqtfUIJCptf :t>pqpqwqwu hwmlfmraJmuutip.p npnzmuu U{Whwu2mtf t tfwu
p.wl{pqpm muntuuwuppntraJmu: '1-pwug ra4flu wnw2pu hliprapu U{timp t 
I}.WUU[ OUJUlpl{wl{wu hwmqwupzubp.u, np.nup wmill{li[ uba qtip. tiu fuUII]ntU 
uputip.w[Utipp owuw~tfwu WUU{W[lhqmtf: 

l.Jputipwtubpp :t>flqpl{wl{wu hWUll{mraJmuutlp[! qmut[mtf tiu U{Wtn
cwnwl{wu l{wfut[want)dJWU UU2 upwug ppti}lwqwu qwqupg, ullppftu l{w
nmgt[w(tppg L umw2wgtfuru U{WJUwu&li{lpg: 

l.Jpulipwtlt :t>pqpl{wqwu hwmlfmraJmuutlpp L ppupwl{wu l{wqup 
l{WU{[! gwjmntu tipLmtf t l{wmwpJWl pqntfnp:t> [ntGntJ)dUbpp tfnm: up OWJ· 
pw&qwupg qbll{p UJmu awJpwuqwtfu :t>ltq}lqwqwu hwml{mraJmuuupu 
op.puw~wtfi qbp.U{m[ qmqmful[mtf bu' qwll{t{wa ppupwqwu qwqt.fjl qmqm
tumraJwU htlm: Op}luwl{, urtwqpnq[wqutlp.nttf Wlf!pmpg (Na[Al,Sh08]) qti
UIP wunpra)lm (Ca[AhShOa]) womtf t wfulpra}lmp pwuwl{nt)djntU[!' p 
hw2M W[J!ptnp: '1-pw htlm utlpmnp.tlu l{wll{t{WO wumtus:wuwpwp uuaw
umtf tlu mbuwqwpwp 4zlmu, pbqtfwu gmg}l~utlp.[!, tlpl{J!tll{uwu mctu L UjntU 
hwmqwlipzutlp.u: 

'IJ.twqpnlnwqubpp ppupwqwu qwqup L oUJUlpl{wqwu hwmqwuP.2-
utipp tfP2L l{UIU{U WJUpwu oppuw~wtfi t , np tlUP2PUUbppu oqUnlJaJWUJ! 
pwt{w!Julupu Utia tl2tnnl)dJWUp np.nzmu tiu w[ppm-wfulpmpm pqnunp:t> 
zwppflJmpwpwuDntP wuqwup qwqtfu: 

.'bnpumtlppm (Mg2[Si04]) - :t>wJwlflm (Fe2[Si04]) pqmfnp:t> zwppmtf 
tfwqubqpmt.fjl mtlqwlfwtmtfu tipl{wrantJ mqbl{gt}mtf t ptil{uuru gmgp~utipp, 
upqptlqtfwu map L futnnl)dJWU pwp6p.urgmtfml, pwjg OU{lnpqurqwu 
wnwugp&lip.p qwqtfw& wlil{jwu (2v) qmppwguwtfp: 

Q.pzm hwqwnwq U{mtnqbp.U l; uqwmt{nttf :t>WJlUtPtn-mli.'l>pn)lm 
(Mn2[Si04]) 2W(lpmtf' tlp.l{UIJCft' tfwuqwunt[ mtlqwl{wttfwu ctwtfwuwq: 

.'bpqpqwqwu hwmqmraJm&ubp.p L UUJlllpU qwmugt[w(tpp l{WUJp 
UIUUUWhW2I111 op.puwquupu tlu upUh(lUI[Uup.p. utn!Ptfnp.~ tlDI}.p:t>plfwgpw
utip.u: lJ}lLumJU ppupwqwu qwqtf mutlgl111 t.fjlutip.w(D mw[pu t mwpptip. 
6Lbp' oamt[wa t.fjlwuqwtfwJu mwpptip :t>P.qpl{wqwu hwmqwupzulipnt{, 
npnu12 qupwqwugtull{bU l{WU[t{tua tlu tfnq.p:j>pqwgpuruupp utipppu qummg
l{wapp wnwuouwhwmjnt)djntuutip.p htlm: 
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~llqJlqwqw\1 hwml{mf3Jnt\!l!urtJ1 urunnnumwqw\1 qw!Ulfwbmf3Jml!p 
up\!lipwtl!lirtp uhrtpp\1 qummgtJwappg l{wrtlitp t gmJg mwt 11 ntrtPZ zuru; 
oppuwquhpntJ: UJuurtiu, w&nrtf3Pll1D (Ca[Al2Sh08]) 11 qpnumuwrtp 
(Ca~h[Si04]3) mutiu qrttlf3li upltuntjll ppupwqw\1 J!Wl)WI}pDlf3JlllU!J, J!WJ<J 
ll1WI1J!Up hwmqm'[3Jm\!uup, pw\!p nrt wnw2J1\!n urunnqwunnf t \{Wrtqwuw 
Jpu qummgtJwbpp Up[pqwmuurtpu, puq uplfpnillln' qqqwjpU qwnmgtJwb-
ppu: U'jntU qnqupg, WUDilf3PlllP }!JntilUI)WJpU gw\!gnu.f wumupup lfnnMp· 
\!wglmu I3MD hwlfwuWil t 4-p, llllq qpnumuwpnn.f' 6-p: Uumupup qnnp
qpuwgllnu I3P4D hwmqwuruu wqqnu.f t lfWI1b"pntf3JWu 11 }umntf3JWU tJrtm 
(wunpf3Pmp lfWitb"pntf3Jmun hwlfwuWil t 6, }uumtf3Jmurf 2,76, qpnuntt · 
JWilPUD' bwuwUJUIUlwu}uwuWJ!Wil 7 11 3,53): 

bpqpwqllqumu wtfli\!wmwpwblJwa up\!llpwt&llrtn uptllqwm\!tiph 
II\! Prtlll!g up pw\!p qtluwtJnp mpurp umpntl{umtpw\!llpntJ' qqqpwgwb-, 
ZI[clWJWl{Wu, ztlplllWJpll, lflliillftUUWJpll, npn\!p gmgW}!tlrtntU UU lllWit}!U{l 
:ppqpqwqwu hwmlJ:mf3Jmul!llrt: U.Juurtlu' qqqwJpll l{WililtgtJwapp up[p· 
l{wmutlpu m\!tlU lftla qwp(}pntf3Jnt\!, hwow}u tfmq CVltJ\1, hllrt6mtfn vwgw
lJ:wJmut: 

{J}1\!tlpwtu1Irtp :ppqpqwqw\t hwml{ntf3JDtl!l!llrtn qwltll{wa tiU \!wit 
wmu2wgt.fwu UJWJUwuutlrtpg: l>pqpqwppt.f}lwqw\1 UJWJUW\!utlrtl! wqqnu[ 
tiU upullpwtl!lipp ppupwqwu qwqup 11 qunnnglfwapp t{rtw. npnup llrtliuq 
hlirtf3Pll $n¢nJ.umu tiU :ppqpqwqwu hwml{nt'(3Jm~ulirtn: Op.p\!wq, upullp.w[·· 
utirtp WDW2Wgt.fwu 21lrtt.furump6w\!p P2ligt.fwun . qntq[!U'(3Wg nuqumt.f 1: 
CVltJup pumtluupt[nt'[3Jmun: '1tln t[wqmg U. b . ~lirtut.fwun gmJg t mlflit. n11 

}unppWJpU UJWJUWuutipmt.f PJntflUI)Wgwa upuupw[uuppu punpnz t pwg lr 
UUfpmwq qDlJUUp[!, puq bplJ:JlP uwqtlplmtJf3Pll UJnUI2Wgwa upuupw[\!IIp!lu ' 
umq qntJl!n: '' ,, ' 

UwqtfWlllplf · ~Jlul!tlrtp nuf3wgpmu uqqpnnf J!Jntptlqwumu tih 
WJuurpup up\!llflwtubpu, npnup hwpnmm tru }upntfn:Pnpullpnt[, puq hlill1!1 
qpwug puruwqm}3Jl'i.tl!D 'il~wqmu t , 11 tfliP2ntt.f w\!2Wllll[nq up[pqwmutlrtl~ 
untJnpWJ!Wrt qmpq ll\!}upnl.fl\.'Pn(l lllWitpllppg: '1purunl[ UJlilllp t pwgwmpllj , 
np tfwqUWlllplj: hw[ngpuu{lpg upuliptn[ullrtp WU2Wll1UWU hW2Dili}Wl{wUnt · 
f3Jmuu hwt.fwUJUIUluni}uwunnftq.mJl!llp.p }uUlntf3JwU .fJ2llguwu qwpqp\1: 

lllllqt.fwmpmulirtpg t[lipgpma pt[wp.gp }uumtf3Jmun hwt[wuwp t 2,65, 
pulJ hlulpnf3lirtt.fwt awqt.furuf!' 2;63: ' 

.PJmpliqwJpu lijll!lirtuitbllp.p :pp.qpqwqwu hWllllj:ntf3Jmu&h{lp qli
pwlJzmtq ·t.fwuu qw}utj'wa upumtlp)l mqnmf3JmuuliJlpg UUf3Wrtl{t[mt.f t $11· 
t\mluntf3JWU: •UJqtqJmp hWllll{mraJmulipo {Jn~t[mt.f tlU t[tJqumppwf : UJilUJP· 
upp UU hllpc.\m Uf1, lj'WJlb'pnt'(3jntll(!, UWqUpUWlj:WU 11 ttlllflllJlWlj:WU hwmqm · 
'[3JntUulip[!: lntJUp InWJlW<tt.fwu WI1WqDtf3JDlUD u 2lipuwhwqnpqwqw\!nt'[3-
JntUD UnlJUU\llU $n$n}utj'mu uu, }!Wgwmtt'(3JWt.f}! }uWitWUWJlll.WJpU upuqn
upwjp J!Jmpliqutlpp: 
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.Pntnrt ntiJ.IJ.Dtf3Jnt&ulipntt.f zwm pll~ :ppqpqwl.(wu hwm4ntf3Jm\!uup 
IIu tfum t.f wu$nqm}u. ortpuwq. }utnntf3Jmun, '(3tntftwugplJntf3Jillll£!, tmJup 
tnwut.fwu (\Ilpbwqpgn: uuwu uqwmlitp wupqnmpnurpw ~gmgW}!lipnq 
hwmqnt'(3Jntuu1Ipn lJn~t[mt.f tiU ufrwuWfl : 

q.wqmuW}!jntptiqwjpU,llntpJ! qpuurupullnu upulipW[WJPll WOW2W-
gmt.f\!1Ipntt.f qP,uurupuw1P,l! t.fwu\!pq\!tlpu ppli\!g p\!mf3JwUJ! w\!pqnmpnur 
Ull, J!Wjg [!Uqhw\!mp llntp}! qpuUfllpUWJPll qw\!qtJwb!J gmgW}!tipnttf t htUU1-
l{nt'(3jntllllllpp pqnmpnurpwJp quqb' mUJWtj'npntf3JDtu:· '1w hwm4UJUfllu 4ll
pWJ!tlpntt.f t qwpb"pntf3JWU[!, wnwc.\qwqw\!ntf3JWUfl,lntJUP pllqt.fw\1 llplmtJ-
f3Pll u WJ[U: 

Upl!tirtwtl!tlpp mumtfuwuppntf3Jwll dwuw\!wq zwm lfWitlmP t 
ftpwug :PI1qpqwqwu hunnqm'(3Jmuuli(lp npnzmun: UmqwJu tflt.ulipw([l nw
\!wilitllu WJ'l hWlll'LJ:ntf3Jntl!l!tlppg zwmlipn twqwu l!zwuwl[mf3Jntl! ~mutiU: 

~limwqnmt[lli} upullpwm IPM vumf3Wqpnll wlftluwqwplmp hwm
l{mf3Jmtuutlp\!li\l' l{WrtOpntf3jmun, l}lwJtn. CVl•Jl!n, }uwqp qntJl!n, hlip6mt.fn, 
qnmpt[wapn, tfwqupuwl{wumJaJmun, mliuwqwpw(l lJz}lnn, :rawtftwugp
lJmf3Jmun, IlJmpwhwtmJaJm'Un, qnlitpntJaJmun, tft}upntJaJntU~ ll WJt&: 

{JunWnnt@!ntU. upuupwtp qpt.fwqPilil muwlpnf3Jmuu t wpmwppu 
llmPilil, hqlfrtll, awqlli} L ouzuwu map uqwmt.fwt.fv: UJumtiq t.flia uzw\!w-
4mf3Jmu mutt uwh tflt.uupwtp wt.fpntJaJntUU nt qwJmUnt'(3JntU(!: U}lulipwt
uti{lp qw(lbpntJaJmun qw}utj'wa t UJntf3p tfwuup~uhf1p hwpwqg~qwu nutp 
J!UDtJJapg, npn npnztJntt.f t J!jntptlqWJPU gwugp 611pg, Wjupupu tiL~:fUUpq
ulJpp l{m}uUll}.WPO qwuwt[npntJaJntUpg: t>uwwu t.flla t t.fw'Uu!ll[ulipD qw
lllllil tuhpqlimpq md] Wjupwu t.fll()- t upw l{Wrtb'pnl'(3jntU~: l>u~urliu hWJlllUP 
t , J!JmptiqwJpU UJmJaliPlt qwmugl}wapn mwpJ!llp mqqni.'(3Jmuuupmt.f, mwp
J!Up t , humuwvwp, mwpvtlp t uwu 'U(lwug qw{lb"pnlf3JntUI!: O[lpuwq qpw
\!pm qwt.f qpu'[3liu upulipwl.}l J!Jmpuqp tlpqwpntJaJWt.fp l{wpb"pntJaJmun 4 t, 
ltuq [WJUnt'(3JWt.f}!' 6: . . .. . '"· . 

Cum qwpapntf3JWU uputlpl.JJtl!tl(lD U{lliJtfwuwqw&nptru vwctwut[mt.f 
nu 10 hpt.fUwqwu }ut.fplip.Jl. qpw\!p qwuwt[npt[wa tlU WJUutliu, np hw2nM 
tut.fJ!p JDtJlWpWUlJfl.lP . :JpulJJ.i~l · }uwqp uw}unM tut.fvlt uputlpwtutlppu: 
lJwJlb'pntf3Jmu\! uit'imt.f t 1-jlg upu~u IO: up.utlpwtullpP. l{wpapntJaJWU wJu 
IflliilqJ:I ( 1811 f3 . .)' wntnl>WilPtit t qlirt.fwul.l,lgp uputlpwttiq l>rtlnlPPtu lfnnupu 
(1773-1839 [<l'£3.): .P UfWlll~lJ uptu upUUpWtUtlpp W.Jll ZWPPJ:I qn~l[nttf t 
Unnuftft frutft(}pnifiJJWfi uwfnmwfr :. .. · .. 

1-10 Ja\.{Up(! gntjg UU UlW[jlU liW2DMWfJ:WU qwpq(! U ml{)Wt upulJpW-
lP lfwpbrmrtJOJWU wumpowun: 

UjU UWUlllltulflt qnpauwqwU uzwuwqnt}ajntlll! WJU t, nrt WJll upuli-
pWtUUJlP oqUntJaJUlt.f}!, unmwtj'np 6zmnt'[3JWt.fJ!, llWilllil tlup npnztlt UJntU 
upuliptutullpp \{WrtapnlJOJDlUJJ: O[lpuwq' gwuqwumu liup npnzlit t.fwquli-
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mpm tfp.utlpw[p qwpb"pntJOJntU'(!. upw pJmptlqu }uwqt{mu t opJOnluwqp pJm
pllqn\{, tml{ pupn ~P }uwqmu opranlftwqfi pJmpllqpu, mpl:itfU tj"llp£puu wtltiJlt 
qwpb"p t: cDnpomJtf ll'Up; np u wqullmpmp pJmpliiJ.u w }uwqt[mtf rut.qwmpmp 
PJntplinntl: UJull{}lum[, lfwpnq liup wutit, np tfwqufimpmu num qwp<}p.nt
JaJWu hwtfuul{umtf t wtqwm)mtp L opJOnlttwqp tlb.2L., hlimuwpwp, 'Uptu 
qwp<}p.ntf3JntU[! hwqwuwp t 5,5 (tfnmw\{npwtqllu): 

1. 
2. 
3. 
4. 
5. 
6. 

Swtlf 3Mg0. 4Si02 . H20 { 
q.pUilJ CaS0

4 
• 2H

2
o }uwqqmu llu llqmuqnq 

lrmt gpm CaC03 { 
:Pumnppm CaF

2 
Iuwqtj"mtf llu wt.qwl.[puq 

UU{W111pm [(Cas(FCl) ( P04) 3 )] }uwqqmtf t 11w'Uwqnq 
0pranlttwq KzO. Alz016 Si02 }utuqtlmtf t wnwu6uwhwuunq 

tqllllU{utmn\{ 
7. Ih{wpg SiOz (p\{wpgn· mnt.qruqnt{, 4l:IP2ltuu· qnp.nt'Uqnt{) 
8. Snt.qwq Al2(FOH)Si04 

9. {rnp.nt'UI:l Al20 3 
10. Uttfwum C 

'1-wzmutJpU hl:imwqnmtfwu t.qpwqmpl{wJmtf hp2JWl uwullllwltp 
$n}uwpliU oqmwqnp<}mtf tlU un4ripwqwu pplip, oppuwl[' tPwtPutq uw
mpm. npp qwpb"p.nt£3Jm'U~ unm 1 t : 

tqmuq · « 2-2s 
tllrJu6lt '1Pliltf « 3-4 
Utqtul.[m qump « 5 
q.p~WhWlll « 6 
hnupU1ng « 7 
UJq pptlpn tf)lw'UqwtfmJU J!W\{wpwpmtf tiU wt.fbllunnwpwb"\{w<} 

tf]lutlpwtutlp}l qmpb"p.ntJOJmuu np.nzlitm hwtfwp: 
tJpulipwtulipp l[wpc)pntf3Jm'Uu w4l:It}l op2m np.nzlltm hwuwp 

oqm\{mtf tiU !lllliplltlfft ~ lfwpmliUuft ulftlipmilimp qn~tlllll qnp<}ppullppg: 
Cum qwpc)pntf3JWU tf)Julipwlutlp'[! ~wptl!P t pwd"wUb:t ~npu }utfpjl' 

w) t!Jwrftml[ t/jJfJ!Jpw[fillp. tuJ'U tfp.ullpwt'Utip.u tlu, np.nug \{pw liqmuqu ranq
umtf t plipotlwop, oppuwl.[, mwtlfu, qpw:}>ltmu, qftt.qU[!: UjntU qnntfpg' 
$wl}ltnq tfpul:Ipwtullp~ llll.nt'ilqnt{ htizmntJaJWtfp tltzpt{nnJ UU, tizmumttf 
nu atluphp(l, qp.nttf' raiJ.JOlt t{pw: 

p) l/]JpftEi lfcupc)pnipJwfi t!ftulipw[fllip. l:iqm'Uq'[! pl:Ip<}tlwbp ~P Jallll.umu 
tfp.uiipw!P t{pw, pul[ tfjluiipww l:Iqmuqp \{pw FffillUnttf t ptipb4wb"p (wu
hful.pltq., ltwtgltm. Uin'ilowJpu lfnl~llr!wu): U1J2lt'U qwpc)pntf3JWUJ! upuli
pwJulipD pl:ipbl.Jwb"p ~IIU JOilllUnttf wt.qwqm 4nw: 
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q) ifwprtp t!ftu!Jpwffi/Jp. upwup ptlpb\{wap tlu (Onqunnf tmqwlpu tlJ:lw, 
uwl{WJU tlln'UwjpU pjntptlqp \{pw htlmp ~tlu (Onqunnf, WJflll{pUpp tlu 
ptj"wpg, flW2tnWjpU UUJWldUtlp, crcrupWJpU qn[~llqwu L WJtU: 

q) Urflifft lfwpc)p tfjJfi!JpUJ[uiip. pllpb\{wap (Onq'Umu l:Iu tlln'Uwjp'U J!Jntp.tlqp 
\{pw (tnnll{wq, l.[np.nt'Uq, mttfwum): 

lltm]ln. lntJUp hnupU [!Ul{Ul:Itntl tfltutlpwJ.b \film' UJ1W tflt UWU[! JOW· 
tllw'Ugmu t, tf)1 tfwuu lttm'U4mtf t, tfJmu uwuu muqp.Wl}.wpo4mtf t tf]lutt
pwtlt tfwqllpliupg u umliqcrmtf tPWJtlt tnUJWI{np.ntf3JntU: cilwJJ.b pumbUuMm
JOJntU[! qw}utlw<} t tfjlulipwtlt ptlqtfwu gmgpw tfll<}ntraJm'Upg, nppwu tfl:Ib" t 
WJU, wJ'Upwu nutlin t tllwJtu: upulipwt'Ulipp tPWJlU l{w}ut[wb" ~t qm'Uwtln
p.nttfp.g: 

Swpp,tlp.ntt.f llu tltmJJ.b hlimLJmt mliuwqulipu' 
w) lflimllll!UJlfwfl cplliJf, WJUU{pup tPWJL m'Utlli nuqpu, wpbw}au, U{qp'Uau, 

tfjlul:Ipwt'Ulippg' qwtli'Upmu, w'Umptfn'Upmu, }uwtl{nll{pppmn. t.qppptn[!, 
tfwqullmltmu, tfntppql:Iupmu L WJt'U: 

p) f[ftuwr.flimwflwlfwu cftwJ{ htttfwmpm. qpun\{wp, qmt.qp}lm. Jbtfnupm L 
WJtU : 

q) Utlfwumft cftwJ{ mttfwum. u.'l>mtlip}lm. gtlp.nmpm,l[p'Untlwp L WJtU: 
q) lfwpllfft cplliJf. ratlmtf t, rali tfp.ulipwtll tfwqlipliupu owpt.q t putlwb", opp

uwq' puwapu <}c)nnfp, pt[Ul)1g, 'Uli:ptlt}l'U, mwtl{ L WJt'U: 
l:I) UUflulfm cpwJ!. tfh'Ulipw[p tfwqtlpl:Iuu tPWJtmtf t pu~t.qtlu rut.qwqp: UJu

Ufpup tPWJl mullu JiHUl}lwugpl.[ 2Wtn tfpulipwtulip, oppuwl[ ptJwpg ([tln
UWJPU pJmptin), mnupuq, qpt.qU, pWJ1U!Il, qwzmmJp'U uU[UI(Outlp, pllpp[ L 
WJ{U: 

q) UllllpurjJft cplll)f. tfp.utlpwm $WJ[nttf t p'U~tqtlu uwqun}lp uwq!Ipliuu: 
«llmJtU wt[lil.P gwjtnnt'U t tfp.ulipw{p hli[lOt.fw'U hwpf3lllf3Jnt'U'Ulipp tjpw: 
Oppuwl[' tPWJLWJ1, mwtlf, l[w)gpm u WJt'U: 

t) lfllmwpuft cftwJf. pwgwnwt.ql:iu p'Unp.nz t WJU up'Ullpwtulipp hwtfwp, 
np.n'Up m'Ullli ralltw\fnp l.[wtf wullquwoL l[wmng4wb"p: Oppuwq' wu
pllum, ullttl'Upm, uw[w}upm L tlttfnupmp up pwup mlluwq'Ullp'[! L WJt&: 

Cum tPWJtP pumlluuMmraJwu mwppllp.nttf bU · nutti11. tltmJtm#lp, 
tPWJtnq'Ullp, JantJl tPWJ[IlllUllp, wnl[wj~'Utlp, lfWf3'UtuqntJU l.[Wlf wUtPWJ[ 
tfp.ulipwtun11: 

uputipwm owuw~litm u'Urawgpmtf t.Pwm~ owuw~nqwl[wu ztutn 
qwpl.mp hwmqw'Upz'Ulippg tfnqu t : 

q.m1'Un: P'UmraJuru tfn2 tfp.ulipwt'Ullp~ hwul:lpt.qnttf tiU pwqtfwqwu 
qntj'Ulip.n\{: ll:..WIJ. WUgJWtnttf, lipp uwupwqpmwl{wjpU L pptfjlwl.[wu mll}u
upl[wu qlluLu hwpl.[ l:iqwb" ~tmJ:mtl qwpqwgwb" ~tp, tfp.'Ullpwl[! np.nzlitnt d"w
tfw'Uwq qntJUf! hwtfwptlmtf tp qt}uwt{np hWlllqwupz'Utlppg tfbl{u: Uwl{mJU 
utfwu tfnmllgmtfu opzm ~t. pwup np tfp.ullpwtP qntJUI! qwtf upm qntututln
p.nttfu l[wJmu hwmqw'Upz ~t pntnp uputipwtulipp hwtfwp: twm hwow}u 
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ti}lt.um1u ti}lulipwm hwuqlnqnuf t mwpJ!lip qntJ'Ulipmf, op]l.uwl( :PJmnp]l.mu 
tP.unuf t l{wuw2_, tfwumzwl{wqntJ'U, tfn!upwqntJu, qwpt'UwqmJ'U, qhrijlu, 
lipJ!litiU · wuqntJ'U: qwrg]l.mu wuqntJ'U, utq]l.mwl{, qhiJllu, l{wuw2_, hpl{uw
qntJ'U, tfwumzwl{wqntJ'U, zwqwuwl{wqntJ'U L wuqwtf' uL: '1-wzmwJpu 
utqWiaulipff utq]l.mwl{, qliiJllu, l{wpti}lp, l{wuw2., tfmq-tfnjupwqnp.z : 

tJpuhp.wruhp.]l. WJUUJpup pwqtfwqwu qntJ'Ulip.u hpt!Uwl{wumtf 
l{w!utfwb- UU Up.wug pptf}lwqwu }!W'lUJI}.p.llt{ajntUpg, l{nqtfuwl{p !uwnUntflll
ulip.p wnl{Wjnt{ajnt'Upg,}!jntp.lirijl ulip.umtf wmnt!Uhp.]l. L poulip.]l. lj]'u1wl{pg, 
tf}luhpwr]l. illl2 tmJu]l. nwnwqwJ.ra'Uhp]l. gp.ntti}lg, tmuwJp'U mt]l.pulipp pu
mtip:plip.tlgmti}lg la q]l.:ppwl{gpwJpg: 

Uwl{wJ& l{wu WJUUJpu]l. tf}lulipwJulip., np.nug hwtfwp qntJ'Uu l{wJntu 
hwml{wupz t , op]l.uwl{' tqpp.]l.mu tf}lzm mup UJWJUWn Wp.ntjp.w-qurijlu 
qntJU, tfwJwju]l.mu' l{wuw2_, wqmp]l.mu' l{wurntJm, puwapu nul{pu' nul{li
qliiJllu, puwb-]lu b-amtfpu • qlii'Jllu L mJt&: 

fip.nz qlitqplip.nttf ti}lulip.wJ]l. qntuwtfnp.nttiU wJupwu p&np.nz t, np. 
}!wg]l. upulip.wm nwliw2.litmg, gntJg t mwr]l.u uwL upulipwr]l. hwtftltfunnw
l{wli p]l.tfPwl{wu pwqwq.p.nt.raJm'Uu: Op]luwl{' U{Iluop 2ntP tqWp.ntuwl{nq pn
tnp wqupu l{wuw2. l{wtf l{wufntJmliu, upr]l.l{unnulipu' uL l{wtf l{w'ltwiw$t'U
uL: lJltr]l.l{unnulip]l WJUUJlm]l. qmuwtlnp.nttfu gntJg t mwr]l.u, np up.wug tftl2 
tfuruuwl{gm.raJm'U mutill lipl{w.ra]l. L tfwquliq]lmti}l ti}lwgm.raJmuulipu: 

lJpulipW[UUpp qmuwtfnp.nttfu wtftlupg WDW2 l{wiut{wa t upwug 
ppti}lwl{wu pwqwqpnt.raJm'Upg: tJpulipwr]l. pwqwqp.nt.raJw'U t1112 tfmunq 
Jmpwpw'UiJmp mwpp L JntpwpwliiJmp pptf}lwl{wu ti}lwgm.raJmu upulipw
r]l.u mw[pU t np.nzwl{p L zwm punp.nz qntuwt{np.nttf: IThl'Uop waiuw.ra.ratfw
JPU ti}lwgm.raJm'Uulip tqwp.ntuwl{nq ti}lulipwtulipu umwumtf nu l{wuw2_ 
l{wtf l{WUJlltJm qntJ'U, oppuwl{, tfuqwiupmu' l{w&wt, wqmppmu· l{wurntJm: 
{plp.ntuqu tfwpmp mllupnt{ wuqntJ'U la raunpwligpl{ t, pul{ Cr20 3 Iuwnumpqp 
wnl{WJnt_[aJWtfp olinp t plip.nttf l{wuw2. qntJU. (qtfp.nt!um), pp.ntf (Cr) ttlitftlu
mp Iuwnumpq]l. qhtqpmtf umwumtf t l{wpupp qntJ'U (mup]l.u): bpl{w.rau (Fe) 
L mpmuruu (Ti) l{npmuq.pu mwr]l.u till l{UIUJlltJm qntJ'U (urutq:ppp): bpl{w.rap
opupq tqWp.ntuwl{nq upuupWJullp[l otinp UU plip.nttf l{wpupp, tfmq zwqw
uwl{wqntjU, l{wptfPp-tfmq-zwl{wuwl{wqntJ'U, oJupw-ql:irijlu qntJU, oppuwl{' 
t{wpq.wqntJ& pt{wpg[l, qwpti}lp l:ipl{w.rawpwpu (hlitfunnpm), qnpz l:ipl{w.raw
pwp£1 (r]l.tfnupm): qwpuwr]l.mp, wqw.rap, qwzmwJp'U UUJWJdP l{wpti}lp. L qli
I'Jllu qntJ'Ul:ipn umwgt{mtf liu hlitfunn]l.mp tfwup .ral:it}nnl{ulipp Iuwnuntflllp 
wnl{wJm.raJwtfp: lip pwup ti}lul:ipwJulipp qnt'Utut{np.nttiU wnw2wumtf t 
utqJ:tmwl{ tmJUp gpmti}lg .t. wpmwhwJmt{mtf t lipwuquhpnt{, IuwJmwpqlim 
qntJ'UlipJ:t Iuwqnt{ (ppJ:tqwgpw), opp'Uwl{' l{nt{llr]l.un (CuS), wq&P4 OU{Wl£! 

(Si02•nH20), twppwqnp[!, uwt{rap $wn[! ~pp tfwquptiuJ:t t{pw la WJ\U: 
Cum w{p.uqlitf}ll{nu U . b. ~liputfwup, qntuwtfnptfwu wnw~wgtfwu 

tqUIU16wnulipp mliuwl{lim]lg upulipwtulipn l{wplir]l. t pwctwutitl:iplip !utfpp. 
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w) 1-q}mppntfmmpq (hmu. fuJ.jmu' uli$wl{wu), WJU jutfp]l ti}lutipwt'Utipn 
hwuq]ltqmtf liu J:tpliug uli$wl{wu qntuwt{nptfwtfp, npu l{w!ut{wa t hliug 
pp.hu' ti}lulip.w\]1u qntuwt{nJlilll 'UJntJapg, op]luwl{ ' aamtfpu, qpw:ppmu, 
puwcrpu tftlmwqutipu,hlitfunnpmu,tfwtwiuP.mn: up pwup WJl ti}luhpwt
utlpp qntuwtfnp.nttfu l{w!utfwa t pjntptiiJll l{wnmgt{wapp wnwuouw
hunnl{nt_[ajntUutippg, oppuwl{ ' tmqmppmu, unq.wr]l.mu L WJt'U: 

p) Utnprmtfmmpq (hmu. wffnu' omwp), WJU Iutfp]l ti}lutipwtulipp qntuw
t{npnttfn l{rutqt{wb' t oi:nwp (qnqtiUwl{p)Iuwn'UmPJlul:ipp hum (qntuw
t{npt{wb- uputipwtulip), np.nup tlmiut{mtf tiu nt tf}lwJu qnt'Uwt{nJlilll 
uJm.rap pumJ.ra]lg, mJtL 'UJm.raP. 4pnwl{]lg, tfuruupl{utip]l tftlant.raJmupg, 
gpt{want_[ajnt'Upg, pwuwqJ:tg, oppuwq' .rawul{wpcttip pwptipu (qnp.ntllq., 
mmptfwJpu, tnntquiq, ztqputit) hwuqptqmtf liu l{wpti}lp, l{wtqmJm, qti
I'Jllu la l{wuw2. qntuwt{npnttfnt{: 

q) llluhqnppntflll11$'4 (l{liqa qntuwt{np), ti}lulipwtlt qntuwt{npnttf[l qwiut{wcr 
t wpliqwl[p lntJUP gpntupg L [ntjUWJpU W[pputipp pumup:t>uptiug]lwjpg 
nt qp:ppwl[g]lwjpg: tJputipwtulip[l liplamtf till IuwJmWpqtlm qntj'Uhpp 
Upwuqutipnt{, oppuwl[' OtqW\U, l[nt{lir]l.U[), [Wppwqnp{!: 

<\,wtfwowJ'U ~tiputipp quruwl[wpqtfwu, tfPulipwt'Ulipp hwtfwp pUn-

p.nz tiu m.ra ql}uwtfnp qntJutip. 
1. Utqpmwl{ (oJmuurutqpmwl{)' tfwptfwp: 
2. '1-lirijlu (r]l.tfnuwqliiJ]lu)' wmptqJ:tqtftiUm: 
3. qwpti}lp (qwp2_uwl{iup.ti}lp)' nmpp'U, ztqputit: 
4. l.Jw'Uwi (qtfpntiumwl{wliwi)' qtfp.nt!um, tfwtwiupm: 
5. qwtqntJm (ptinr]l.'UJWU l{wtqntJm)' urutq:ppp: 
6. q.npz (tfnjupwqnpz)' Iumtgliqn'U: 
7. Cwl{wuwl{wqntJ'U (tftuq-zwl{wuwl{wqntJ'U)' hurutqpu: 
8. Uta (raw4zuruL)' opupqpwu: 
UJuUJJ:tunt{, qwzmmJp'U tqWJtfuruullp.nttf tfPutlpwtutipp npnutfwu t. 

htimwqnmtfwu ctwtfwuwl[ li.tali pwgwl[WJmtf till hwtfrutqunnuruJuwu uwp
pwtlnp.ntt!Uhp[!, hwpl{ t r]l.'Umtf oqmtflit, tfPulipwt'Ulipp qntJupg, pwJg WJU

mliq tqmhwu~t{mtf t tftlcr qqntzm.raJm'U: 

Iumgb AAl!UD- ti}lulipwt'Ulip£! npnzlitm ctwtfwuwl{ nwuw}.IliJWl{wu 
l{mplmp hwml{wupzulippg tftll[n hwuqpuwumtf t tfjluttpwr]l. Iuwqp t)mzm 
qntJ'Uu: tfp'Ulipm[p puml{uru {{tnnpp qntJU!! la upm Iumqpg umwgtfwa qmzm 
qmj'un l:ipplitfu Iupum mwpplip liu t. wJu.wnwuauwhunnl{m.raJm'Uu np.nzwl{p 
'Uzw'Uwl{m.raJmU m'Up upulipw\l! npnzlitm qnpanttf: , 

<l>npowpl[tfwu liu.rawlJw ti}lulipwtlt qmzpu umwuwtnt . hwtfwp 
oqmtfmtf li'U zwm huruwpwlJ ti}12ngpg: ~lipgumtf liU i$WJtligp,~a «Iunp
llntf!rrpq» tfwl{lipliu muttgnq nliulliiilwlJJw .rap.rauq (wt{l1r]1l[wpap pw'U ti}l
utipwm) la tf}luupW\U _[antJL ullrttfnttfnt{ pumtf till WJil _[ap_[aUIJP tfwl{upuupu, 
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£\7 

)J.mqqtiQ :f>qnqqbmJl ·Jlmjlby 1!!1 dqqtlq Jlffi}]. mtlp qdmln qml].mnqqbmJl qq 
Jlltrlrbm d1lmlu 'iltlqqlmtlq'1IfJ1 qfm J!Il Jllll}llul]. qml].mnqqbmJlmtlmlJ., 

:Tfrl!]!JlmrlJ]fJt/Jl lJml]mncflJbmpmcfiJ '1 lJml]mn 
-cffJbmpmrlmln , IfdJlnlmlJ.tlq lqqmpmd ~ qlQtlml]. iltlQqlmtinqtlJl tlulud f>qm 
~ql].mnnm t[tlQJlJllufehul].mmq qml].mnqqbmJl ·qmlclluqriil}mnqqbmJl 

:qlfm '1 (6'8) ilyqqllln qq.Qmqd '(z'8) iltlm}luqql} 
'(~'L) ilmtlJlmtltf;lu}l '(~'L) umqqnlmb !!Il f>tJ:tlQqlmllQ'ltlJl U'lm.Q tflQ}ln 

:qlfm '1 (gt~) ilmtfmmJlnq '(z'~ ) ilmtJ:m 
-nqbmJl '(o'~) ilmqtlt.{tn '(z't) ihnqtinlm<l;n qq qtlnqlmtlnqt\Jl tlJ!DlJl 

:qlfm '1 (~9'Z) uf>tlmpd '(09'l·9~'l) illln'lelmlnn 
~qfmmZmu '(~'Z) ilnlnqb '(vl'l) umqlmq !!Il ~tlqqlmtlqqt{Jl 'J.eiQ.QJ 

:tlqqlmtinqtlJl 

tlqm.Q qlnl.1m '1 tlqm.Q ''1e1Qt?I , 1!!1 JllutlJ:Idtlmm qnllJ. tlmtlml].mnqm mnl) 
:illmtinqtlJllnlmqm!;l qq Jlmqmlrutlml]. jlulqqm 

'lelqel m tlqm.Q }luduqy l].qWmJl dJlmfelmljltlmp .QQJl qdqmll} :~ Zqqml].mmq 
qfmbmtlu'ltlml]. ilulfZq tlmtlml].mnqm lJ.mqmJlmp qmJlZmlu '(mlfJlmtlcf;luJl 
'mqmutlqf> 'mqtlmd) IftinqlmtlqqlfJl Zmlu qdnqm qqdnnntlm mnl) 

:udmp ,ilunqlmtl!.JqlfJllrulJ.mq 
-mtlmln {Jllutltlmmq 'Jllutllmq 'qtlJlmflm) tlqtltlmm '1e1Qel 'uqZl} tlmtlml:J.mn 
-qm .QilJl qnqm qtlnqlmuqqt{JllrulJ.mqlutlmln (JllutJ:Ilmd 'J1mti¢1uJl 'tlmlnml].) 
tlqtltlmm tlqll\Q :(JllutJ:bmlmln 'JlmlfinJtlq) o'£z-o' 1 z 'llqlfJl (mqtlqdnbo 'dm~ 
'elpmq) 0'1-9'0 ,Jllutl!lq'!mJlqmn qfml ~ J11Upqntmmm ilulfZI:t tlmtlml:].mn 
-qm qtlqqlmtlqqtlrl :f>qqmfelmmnlqmJlnjZmd qtlqqjlumm 'l f>qqmfellutlilmli 
-md qml].mtlJlqd mtlq ~ .QmpnlmlJ. ilmfll:J. dmtlml}mnnm IflmtlnqtfJ1 

:m[llj rlmrlmljmnJ]lll ~ JllUplulJ. qqmfel 
-tmlqdmdmq Iflmpm.Q '1 qnll:]. qehnfq_ :~ quqll:]. dmdmlJ.mnnm mtlq illJ.QJl 
f>qtlqqqmfelmlJ.uunq qfmbmtlu'J.tlml]. qlmtlqqlfJl ·tnJZll ilmililillmnns 

:mnJl qmqndud '1 qqqlumlJ.lJ.mqqtlo nqlnlqq 'JluZmfl 
tlqmJl .Qmpl]..Qm.Q 'l ~ mmlfmtfl ilnqunlJ.mJl qd.QmJltlmul]. ·qmpqmlm). (u 

:ilqtftlnq 
-llmmQJ1 qlqnlJ. nmfJl 'l ilqqelm.Qdm 'ilqtf9qllln qq.Qmqd ,l].mqqtlo nqln?qq 
'pmlQJ!J!ffiln"Q}J. UJlffiJl 1 .Qffip}J..Qffi.Q ilnquqqmJl qd.Qmptlmuq 'J!IDJlJ!lllillllJ. (b 

:iluqqld 
-qtluq 'ilJllutii'>Iflqn 'ilmnqdnm qqqm d.Qm}ltlmuq qnqtnufm 'llqZtfl mmb 
-mm{q tlqmp rm qlqmmqq mup Iftlqqnquql].mp qd.QmJltlmuq ·qmpn,mZcll (d 

:muJl qqtrlrQI'>lmnj 'l{lmlno 'qqmqinJndo 'l{f>tlmpd 
,nqlnlqq '1 qmJln, qnqtlqlJ.mJl qqdtlqq mf>qnj ild.Qmrtlmuq ·n,rnJlqmf>qOJ (m 

·iJuqqqmnnm 
lmfl)tniiq l{d.QmJltlmul]. rm Zutluqd tlmpmq J!lllJlZmlu l{uqn,lmtlqn,tln 

:tlmJlmq qunn, 
-lmtlnqtlJllru6QJl1U JllUl]dQq tlmmmqqm ~ ql{lntlm nnlnmn,l}qmum nn,qotlQP. 

:ilelfmqd qd.Qmpumuq lQmm.mrunq 1 tlmppb Jlmdqfm '1 lmftlmmml]. qmd 
-tlu qjlllll}tiqq tllmunn,tln : lf{Jmftrlmul] 1 pmJlluq iltlu 'tlqJlnnunlJ.mJl eltlmq 
-qm Jlmq 'dJlmfelmlilnu JlffiJll;>tl}lq 'lil JllUJldllQSJ dqmtlq duq 'llQJl'llUfelmel 
-umq lJtllilu pmq n,n JllU}lf>mmn l}mJlmJlmp qmJll1hQ9 tltlQqlmtlnqtl.n. 

:n,lfm 'l ilbqmtlul]. 'ilmtltlqln 'ilf> 
-tlm}ld 'ilmqtlqmqnml]. 'ilmqmmlnm ,qmqqtiQ :}lutiQqnnunl}mJl JlUD)lll].qm 
qd.Qmptlmuq 1 .Qmpl}mtflmqmJlqmn ilnmJl .QllJl qtlQqtluqnd .Qm}lf>mmn 
qmqmpmp qmJldl!n9 tflmtlqqqJl :ptmlQqtlul}nd t{}mtlqqtlJl lQllmq$ 
1 dmnln qfm 'dJlmfehudmltPu 1 Jlmruqdmqmfmq ·pmvdqq dm~n (u 

:qlfm 'l ilmqtlumfl¢ 'ilbqnldqtluq 'iltlqqelmlnn qqr 
-mmlmb l!IlJ!lll jllUl}U!l.'il qnqlnurn :iltlnqd.Qm}\tlmuq llmrun}lmqqm nei '1 
iltlq~qmfelmeldmq qmJ19tiQq qel qQ Jlm}lmqu btlmln OQJl flqmlu 'tlqqtlul} 
-nd 'l!l J11Upf>mmn l].mqmJlmp qmJldllQ9 mllL1_ :pmlqqqmfelmlilim qml]. 
-mqmmmln '1 lfmel 1 J11Uptlmmml} ilJllU911Qq t{\mdqqt\]l ·pmvdqq ll'lOW (b 

:(mqtlqlm<l;n 
'limtlmd 'mtlf>lml].) dJlmfelmlilim dntlq 'l (tlnqelmlnn n,qfmmlmu) dJlmf 
-ehulilim mlJ.tln '(bmlnum) dJlmfelmlilim qQJ1 lq}ltlmmmq 1lrutlmlJ. ilJ1lll9 
-llnq lmfilmmmq tlltllJ11'1llo f>l{tlQqlmtlqqtlrl :putlqqqmfelmeltlmq qmJl 
-9tlQq J!!l .Qrnpl}mtflmqrnJlqmn dqutlo 'tltlnqtlul].qd ql{Qn,mum ~ pmptiZ$ 
illmunqlfJl Jlmdlnqu q.Qmlttlmq .Qmf>ml].qmfl tf9tlluJ1 ·pmvtlqq lmfdmm.m.l], (d 

:ilnlmfb 'iluqqtlmlfmtftllQI!lll Jlllll}tlqq l{nqlnufn 
:tlqqqmfelmeltlmq JlffiJ19t1Qq runntJnlJ.mJl qmlfmtfl m eltlmq 1!Q Jlmr 
-f>mmn 11 'qtlqqllqelqel JlmlJ. qtiQql].~eltlqel l].mtlmd ~ J11Upqmpmd dJUllf 
-ehmnZnq dJlmfelmlilim qqmZmlu illmtlQqlfJl 'JllU\JIIQl{ lmfdmtnmli umt{rq (m 

,qm9~mnm ntlu? qmJ19tiQq n,q JllmlQdtlms 
:mnq qd.Qmltf>mu 

-mq qqdtlqq mtlq 1 .Qmplnml]. nQ_lnmumflmd ilJlmvunq tiJ.mtinqtln. : p1upcl!]q 
1 Jlmftlul} ilqmrelmqmqm mlQ}ldliQ9ltmlqn,n,mfelmeldmq dJlmfeltulilim qqmZ 
-mlu qtlnrYJ.qmmq qqfmlinumfd '1 ~tlnqiiQtlmfd ·{!Qmf\Umlll} '1 pmvilii.S: 

:qlfm 'l mfmlnmq ,ilqqmqllmbml ''1n ,ilqqmqmnqbmJl 
'(lltlJluml].) 4 qqfmq ilqfmb mZmp llq 'l qumpuqql} .ltmqtJtJo :mnq qqfmb 
Iflmtlqqt{J11 pmqqqilJlmq iln,fmb mZmp Jlmq Ifbmnl JllutiQdlnqb dtlmZ IfJl 
:tlmJlmq qtlqqlmtiQ'ltlJl tlnlud 11 umqmqbqil qelflll'lQtiQ nfm qfmqmn 

:lmqmqmtlul}qnl,ilbmnl '1\mqml} ilmqnlmlmJ1 :qtl\Ill.u-mllnlo ,ilbmnl 
'1 qfmbml}mqmbmZ-mn,liQu Jlml} qfmbml).mqmbmZ ilmqquJllf1 :tltlJldmq 
-m lmd , n,qZmp Jlffil]. ilbmnl mtlq ·~ tltlJltlmq-mq ltlmu 'Ztlubmtnmlntmln 
''1n ilmlfmmJln'> :pubqmtlq lmqmq lfmel 'TJ.n iln,fmb mZm{l qnt.{ '1!!$llu-mll 
-f1mlm um.Qfmln ilmtltltlln ,lJ.mqqtiQ :f>qqfmb tllmtlqqt{Jl1 JllllJltiQdtlmm qfmJl 
-mbn,mtlJl ilqfmb tlu '1 JllU'\UQ btlmln qqZmp Jlml} ilbmnj JlulQtnlf'L 

:qqZmp qlmtlrtn, 
-IfJl 4 J11UJlJ1 mUJl Iflrnell{el qnq 'bmnj Zutluqd ~ Jlmq6m6mum mtiJl qlmtiuqlfJl 



tfwqubmtnnu {puwqwu tfwqu}mwpwpu), u}l'IJbtmJ}lU bp'IJWJa[!, ur}lpnm}lu}l 
ootfpmi WllPwm mwppbpwqu, :pllnnurtuim}lu}l npn2 mwppbpwqubpu: 
UwquJ:Im}lmu hli2IDnlfCJWUp }lpbu t 6qnnf bpqwra}l rali$mq&liJ1[!, quqwubq
&liJlU, tftltuliJl[!: Uw'IJWJU urbmp t ll2llt, DJl tfwqu}luwqwu hwm'IJnti<tJntU 
m&bgnq tf}l&IIJlmt&IIp}l ra}lt.fu 2wm Pitt t: 

U}lubp.mtlt tfwqu}luwqwu hwmqmraJmuu npn2lltm hwtfwp. oqmtimtf 
llu tfwqu}luwqwU utwp}lg, npu mtJrtwqptiwo t wubqp untJl OWJJllt t.Ip.w: 
U}lubpwlJt tfwup lJmnJl&bp}l u pbqnp.ubp}l tfwqu}luwqwlllltraJmuu npn2lltm 
hwtfwp 2wm hwptfwp t oqmt.{tlt nt titio U{WJmmutfwu tfwqu}lu}lg l{wtf 
qpurwu}l qwuwl{}lg, npf! tf}lwd'wtfwuwq ownwJmtf t tf}lubp.mt&tlp.}ll{wp.o
JllltraJm&u nJin2tltm hwtfwp.: 

l.lp.utlpmt&tlp}l tfwqu}luwqwu hunnqmraJm&u mup qnpouwl{wu 
qwp.hnp u2wuwqntraJm& hwupw&Jmrabp.}l hwp.umwgtfwU u tf}lubp.mtmJ}l& 
tuwnumJlilutlp.u m tltluJIDtU WU{wputlp.u qwmtltm qnp.Omtf: 

EtnrtQm&ghl):m@Jmu. tf}lubp.wt&llp.}l raw¢wug}l'IJmraJm&u npn2timtf t 
tmJup raw¢wugtfwu uqwmtfwtfp mubgwo hwml{mraJwtfp: 

<,wtfwp.Jm pntnp. tf}lubpmt&llp.u WJU qwtf WJU twtltn4 raun}lwug}ll[ 
bu, pwjg nt bnc} qwuqttwoubp.u: Oppuwl{' puwo}lu nul[pu qumpntl wuraw
tltwug t, }luq upw pwp.wl{ ra}l:rallqu mug t l{wgumtf qw&wt 6wnwqwJra&tip: 
.lihmPwUg}ll{ l[nttimtf liU mJ& tf}lullpmt&llp.u, nJlDUg pwp.wl[ ral:traliqullp.p 
tflt2nti qwp.lit}l t 'IJWJl'lmt murwqjlp. mumbpu: qwu uwu WJUUJ}lup tf}lub
pmt&bp, nJlD&g raJ:tratlqutlp.p tf}12ntl huwpwtlnp. tt lJWJl'lmt mwnlipu, pmJg 
upwug tf}12ntl uqwmbt}l l[liJlUJDtl wugumtf t tntJU[!: Up.wup UntJUUfbU 
hwtfwptlmtf bU raw¢wugpl[ tf}lubp.mt&bp: .Pwqlfwralt4 mumtfllwupJlDtra
Jm&ullp.u t.qUipqbt llu, DJl pwgwp6wl[ wuraun}lwUgpl[ tlWJltf}lU qnjnt}CjntU 
tm&p: l>&tUJbu uwu qnJmraJm& tm&p pwgmJl6ml[ raun}lwugpl[ &Jmrawqwu 
tf}12wtlmJp.: 

Aqnp tf}luliJlmt&tipu f!UUl rannpwUg}l'IJmraJm& wum}16wU}l (lun2n11 
pJmpliq&liJ1Dttf) pwctwuttmtf tlu liJllip tutfpp' 
w) Etunttmugpq tf}l&bJlmt&bp ' ttinUwJ}lU pJmptJrtu, }lutm&qwl[wu uUJwrau, 

umurwqD L mpp2ulip: 
p) qpumramtltm&g}lq tf}lutlpwt&bp' qtfJllltlumf!, u:t>mtllp}lmf!, qp&ntlwpu h 

mp}12utJp: . 
q) Uuramtltm&g}lq tfpubpwt&lip · UJ}lp}lmf!, tfwqullmpmf!, qpw:ppmu u 2wm 

mpp2uli{l:. . 

$mJnnf. tf}luupmtlt hmttfmu npn2mlf{! qmUJtlmo t pwp6p 2liptfwu
mp6wup uqwmtfwtfp llJlW hmtntUWI{nt}CJWU wump6wu}l hum: U}luupw[p 
hW[tlW~ $np6t] l[unnwpbtnt hwtfwp $np.6wpqtlnq tf}luupw!Pg UWluWUilJU 
UfWIDJlWUumttf liU 1 tftf hwumntfCJwtlp h 4-5 lit! tlJ1l{wpntJaJwtlp, ump 
OWJpntl Dl tftlc} tf}1 l[mnp, DJl{! tfltwUqwtfwj'U quJlO urlimp t t}lu}l qnqtf'Uwl[}l 
tuwnumJlil'UliJl}lg, pwup np qJlm'Up ({mJlDq ti'U tltnlutit tPnJ16}1 WJllllnt'Upu: 

44 

llt&titlln4 pn&lltntl tPnJ16wpqtlnq lfumpiJ UJlW ump OWJpU wpwqnp.liU 
tfmgumtf tiu png}l qnup wtitiuwpwp6p2liJ1umraJw& I[bmp tfll2 L lipl[wp.w
mh raniiunttf 2ltl[w&wtm hwtfwp: 

UJUU{}lu}l UIWJUmuuliJ1Dttl DJ1ll2 UJnt}Cli!l nt tf}1 hlimp tlifl ranqumtf. 
I}JlWUp l[nt4mtf till gfuJm!Eilip qwtf CUJpifnq U]lEilipwfEilip : Op}luwl[ oomtf
PU, nbmtqwpu, wmJlltUiltqtlbUmu h ruJt&: qwu h tUJUUJpup tf}lubpmt&liJl, 
DJlDUP $np6p d'wtfwuwl[ gmgwpliJltntf ti& tPP4 I[wJmumraJmU h t till bu
rawpl[tlmtf nput tlmtlmtumraJw&: Opp&wl[' ptlwpgu, tltmJtwp&llp{!: l!wl[wJ& 
tf}luliJlmtutipp titio tfwun pngp pumtluup4 qnumtf uqunttf t hwtt{llt tlmtuti
tml Ufi\Uf2tUlJ&tlJ1lt u tlp.plltfll tt UJPUq wUiwlJm: U}luliJ1wt&tl[1pg tf}1 pw&puu 
gmgwpliJ1Dttf tlu mJUpwu tultum llJDtJlmhmtmraJm&,np Irtnpw&mtf tiu 
upwug llqpwqollp[) wuqwtf tfntflt pngp tlpw mwpwgulitm qliUJpmtf: 

<,Dqwutfwu I[wnmgttwop mutlgnq l{wtf tP2P41111 I[wtf I[pwl{p t.lp.w 
6wp6pt.fnii tf}luliJlmt&tipp hmtntlfD DJ102lltm hwtfwp UJtlmp t qpwug 
qwp.6utlt tlm2lt u t.{tl112lt&u mwpwgutlt wotup t.fpw. tiratJ UJmrau tf}lw&mtf h 
l[wqtfmtf t tf}l wtfpnq2 qwuqtiwo, WUIW u2wuwl[mtf t , np. WJU mf1p hwtm
uwqmraJmU: 

UJuUJpuntl, {!Uqhwup.wgutltntl, UJump t u2li1, nJl t.{tlpnhp2Jmt :P}lq}l
l[wqwu hwmqmraJmuutip}lg tf}1 pwu}mt~ tf}lutipwm DJ1ll2btm ctwtfwuwl[ 
tflt2m tt, nJl hw&qllu llu qmtJ:tu npUiliu punpn2lJWJmU hurml[m(aJm&: ln.fwu 
qliUIPUJlDttf Ufllmp t DJ1D2llt tf}l&tlJlmtl:t tfJmu' mtlbtP l[wJm& hwml{mraJm&
UtiJl[), wnwu6UwUJuu l[wp.c}JllltraJntllf!, hliJ16ntlfD u pJntJltlqmJ}lU 6u{!: 

li~IH;rtWLiibrt~ qwuw~wrtqnu1[! 

U}l&liJ1mt&li11}1 qwuwl[wpqtfwu hwtfwp. q}lmuwl{wuutipu wnm2m
'lflllt llu mwJlpbJl uqll(!mup&liJl' pjJU]lwl[mEi, p;mpliiJwpjJU]lwl[wEi, qliEili
znftf[wl[mEi, lUfllJ.IllllllUp/ipwl[wii_ wzJuwp}Jwqpml[wEi u WJIU: 

llftU]lwf[wEi qwuwl[wp.qtfwu ul[qpmupu wnw2wqflllt t wtfliJl}lltJwu 
q}lmuwl[wu '1-. '1-wuwu 1837 ra. : u1u qwuwl[wpqtfwu h}ltfpmtf [!&l{wo t 
tfltubp.mt}l p}ltf}lwl[wu pwqWI}JlDlJaJntllf!, nJllltl U{WJUlUUWtlnJ14WO till upw 
UJntU hwmqmraJm&uliJli!: 

Cum p}ltf}lwl[wu qwuwl{wpqtfwu, tf}lulipwt&lipf! pwd'w&tlmtf tiu 
hbmhJWl tutfptlp}l' 

I. .Puwo}lu mw11p.bp v . lrwppn&wm&llp 
II. Unq:p}lqullp VI. Umt:Pmmutip 
III. Opu}lquup VII. U}lt}llJwm&bp 
IV. <,w1npq&tlp. VIII. l>nu:pwmullp 

..PJntfltJrtmpjltf}lwqm& qwuwl{wpqnttfD h}ltffitlmtf t tf}lullpwt&tipp 
PJntP.li'lWJPU I[wnmgtlwc)-p}l, p}ltf}lwl{wu pwqwqJlDlfCJWU h upwug pntnp 
hwmqmraJmu&bp.}l $ntuwqwJ16 l[wUJ}l mumtfuwu}lpntJaJWU mtlJmt&liJlp 
tlp.w: 
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q.lJllllm}ll{ml{mll qwuml[mpqnnfu titllnnf t tf}lutipmtul:ip}l(!uml[m'i:t 
WIJW2Wgtfmu UjWJtlWUUup}lg : Cum WJI}. ul[qpmup}l upmup qmuml[mpq
tj"mtf llu ' tfwqtfmmpl[, llumtfmapmJpU, tftlmmtfnp:j>mJpU g}ll[tllp}l mnm-
2tugtfmu: 

UllllJmum~llpmqwu qmuwqmpqtfmu h}ltfpmtf tfpullpmtullpp oq
mmqnpatfmu pllmqmtfmnutlpp ul[qpmupu t: 

U2).umphmqpmqmu quruwqmpqntlfD U!WJtlmumtfnptfmb t oqmm
l[mp htulllUOUUUpp Wl}.umphmqpml[mll muqmpmltulfmll ul[qpmupntf: 

Upuupmtutipp qmuml[mpqtfml! tftipnhpnmt ul[q(!muplltippg mtfti
umhmptfmpD L hmtfDuflhmuntpD pln.ijlml[mu qmumqmpqnttfU t: 

urutrULutrr u4uruqrn~~antuQ 
u. Pl.JUC>I'u surrtr 

bpl[pml[llqumtf mqmm tfln1ml[mtf hmJmup llu tfnm 40 mmpp.hp 
(~u~p.u pmuml{nt)dJmulltipntf): .Pltmapll pntnp tftimmqllllpll octmtfmb llu 
tt tiqmpm2tiptfmhmqnfU1.tul[munt)djtutlp, mutil! tftib mtiumqmpmp qzpn, 
tftimmqmqmll tltmJt, pl!npn2 l{mJmll qntJll , mu)dmqtmug till, htiponu.f 
~muhu u l[nhtf1 tiu: 

PUnt)dJWU tfti2 pllmbpll mmpptipp zmppmtf mnmuoumqp IDUI] t 
qpmtj"mtf wqup.tf tftimwi\llhpp ).umtfp[)' nmmtiupmtf (Ru), nruJJmui (Rh), 
tqmtmqpmtf (Pd), mpblU)d (Ag), outf}lmtf (Os), }lplullnutf (Ir), ll!LlUUl}lll 
(Pt), nul[p (Au): .Putlpm qmqtlpp ).utfppg' hlltpmtfn (He), mpqnlln (Ar), 
l[plnqtnnun (Kr), putiunlln (Xe), nwqnlln (Rn): 

nu~fl [Au] 

llul[}lll tftuflll.lltll hmJmup. t humqmpJmu ctmtfmuml[ut!ppg: 
Umpmp mtiupntf nuqpU.hmliqptqmtf t zmm hmqtfmqtitq: 
Untfnpwpwp upw hhm ).uwnumpqntf hwuq}ltqnttf t WpOW{d: b]dh 

nul[m tlu2 mpbm)d}lll!Wpntuml[nt)dJntUfl hmuumtf t 15-50%-p, mtqm WJIJ.
tq}lu}l mpalU)dm).umnu nul[}lu ljn~tfmtf t tih!icnpmt.f : Iumnlimpqutlp}l oLntf 
qmpnq llu hmuqptqllt umL tqqpuon, tipl[W)d{!, npn2 qlltqpllpmtf' tqmtmqp
nttf{!, pppqpmtfn, ll!tmmpuD: UJU mmpptlp{! nul[m hum mnm2mgllmtf llu 
mmuuap.u, }lllpumpntJll tf}lwgnt]dJntuutip, npnup utipl[mJmgumtf llu tqpuq 
tmcrntJfclUllp}lzwpp: Cuq npmtf, mwpptlpnttf tlu UjiJUa mJpu nul[}l (Au, Cu), 
llltrum}llimJ}lll nul[}l (Au, Pt, Ag), }lp}lq}lmtfmJpu (Au, Ir, Pt): 

iluqpli pjnt[lliiJmumtf t ).unpmllWflll.WJpU upl!qnupWjnttl: 
Pllnt)dJWU tftl2 hmliqptqmtf t mul[munu hmmpqutlpntf, fcltlp[apl{'Uti

pntf, )dtiqtmqutipn{j h qtiutwpmullpll oLmf: 5pn~tlltipmtf upm p'Uml[umpllti
PD tlllimtf ti'U mmppllp tftibnt)dJmtfp: fl.mumqmu mtftium).unznp pumqmn
p[), npn qmutfllt t 1842 Jd. '\mpmtfmJpu lltprutmtf (U}lmuuqp 2P2W'Up 
gpnl!'Ullpmtf), Lt2nmtf t 36 qq: UJll tfpu~L WJcttf tqmhtj"mtf t Umuqm
"ltimhppmpqp ltinumJ}lu puumpmmutp )dtu'Uqmpm'Umtf: Uz).umphmtf nu
qm mtftlum).unznp p'Uml{mnputlp{! qm'Utftit tiu Utfumpmt}1WJmtf' 59,67 qq 
(1858 fcl.), 68,08 qq (1869 Jd.) L 275 qq (1872 ra.) : 

!bpqpqmqw'U bUIUll{Dl)dJDlUul:i.p{!. l[mpbpnt)dJUlUt!' 2,5-3,0, mttum
l[mpmp l[z}lon' 15,6-19,3: lltu}l tftlmmiJml[m'U tltmJt , nuqllqllq]lli qntJu, 
J:umq}l qntJUI!. qliiJuml[m'Um~ : '\tlpamtf ~mup: Umpntp nul[m hruttfm'U 
21Iptfmumu1wul!' 1063°C. T.rnllt}l t, l[mptj"mtf t qmuml{ntf: lmbtj"mtf t mp
pWJW2pnttf (3HCl+HN03) L mnm2mg'Umtf AuC13: UJntU fcl)dnt'Ullpmtf ~}1 
tmbtj"mtf: 
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Unm2mgnnfD: Cum mnm2wguwu UJWJumuuupp mwppupmu uu 
nul[m upl[m m)lU[p hwupwlfmJpup ' wpuwmwl[wu u gpnUWJpU: Upuw
mw~wu m)lUIP hwupwlfmJptipmu nuqm qwuqlfwa)l tflib· tfwuu wnw2w
umu t hJ:ulpnf<lupuwt tmb"ntJ[<!Utiplt-g u quuumlt-l[np.uu ~wUJlfwa t hp.WJPU 
:raf<lm wUJWP&lip.)l (qpwu)lm&up)l) )l&mpntq)lw&lip)l hum: bppul.ffi hw&q)l
upnu t uwh h)lupwj)lU WUJWflUUpntu: Ujumliq nul[)lu WU2wmlfutm{ h)lq
pn[<!UflUW( tmantJf<lUlip)lg' UJ)lp)lmp, wpuuunUJ)lp)lmp, lumt qnUJpppmp, 
qwtuuptnp, u.'pw(upptn)l hum tf)lwu}lu uummu t pl{wpgwj)lu upwquupmu, 
uppuuu' pwpptnp, :Punmppm)l qwu l{wt gptnfl upwquupmu: 

O.uqm gpnuuupn UIDW2WUntU uu untt:PJ:ulWJpU WJlUWIDwqwu 
m)lUJ)l hmnpwlfmJplip)l hnquwhwJlumu UJpngliuuup)l UIJlllJm&pmu: fluqm 
hwmpl[uupn hnunq 2JlUJlP U)12ngm{ mliqwmwpl{mu uu u z&nph)llf upw 
uua muuwqwpWJl l.tzn)l nt ppupwqwu pwpap l{WjntUnt[<lJWU, mwp.puup)l 
l}U[<lWgpnnf qmmwql{mu liu qlimlipp m upwug l{mwqullJlfl hmuupmu' 
wl{wqulipp uu2 wnw2wgulitnlf nuqm gpnuuuJln: UJu owliWUJwphnlf u& 
wnw2wglitllluw u Utqmu qumllp)lwl{wqwuulipmu nuqm hwJmu)l hwu
pwlfwJpllflrF 

"mupmtfmJp.lip.n. fluqm hwlipwlfwJplip qwu hwumpJW pntnp 
upl.{pulip.nttf: fi.muwumwlinuf nuqm h [<Ill gpnu u f<lli wptiwmwqwu m)lUJp 
hwfJpWl{Wjpbp[! pwqtfw[<!Itlf nu, qpwug}lg zwmlip[! hwjtnUp nu Otp.Wtmti 
u Upuliuwu m '\)mutm-Upuliuwu U}lp)lpntu: '1-wpwumuuqp hwupwlfwJ
pntti (UuqppmJqmt). nuq)lu qtluwlfnpWUJliu l.{WUJlfwa t wpuliunUJpppmp 
hUm: PwtliJul[}l hwupwlfwJpntti (UuqppwJlfrut) nuq)lu pwpwq ¢nzm 
mliupnl{ q}lml{mti t pl{wpgWJpu qwuql{waulipntti: '1-tijlmppuuq)l hwlipw
lfwJpntti (Upulluwu UuqppWJ4wtnnf). nuqllu qmul{mti t mmptfwt!J&m{ 
hwpnmm pl{wpgWJPU llJlwlfullpntti mllqwqpl{wa untt:PJ:ulwJpu wungpw
g)lwlillpp tfti2: btiwuwm)lUJ llu lliuwJ)l u U(qwup (8wtpnm)lw), lf)lwu)l u 
lpl~qwpp hwupwl{wJplipn ("wpwlfwJ}lU lltpwtmti): 

louqm hwupwt.{mJplip qwu UuawJwli lipqpwlfwumu, 'l.wqwtuumw
umti' «Umli~JWlfD>>, lllwU)lpntti, 'l.pqqumwumti, Uump qllm}l t.{mw~u
pnufu WJL trttlftllpnt ti: , 

:' '' ~'\-niti qwu U)1 pwu)l nuqm bwupwlfmJptlp' Un[<lp]1, l.flii1Pwanp]1, 
lP.tPt.{tuq-Iti-liJ}l, Uptfwu]1u}l u WJtu: 

· ' " ' ·nuqm tuwzwpwqntJU hw&pw!fwJplippg 1:: "wpwt.{ l.J..1lpp4.Jw& "wu
pWUJilUlDtJaJWU l.{llml{wmlipupw&q)l hwupwl{wJp[) (Spwuut.{wmt]1w), npu 
mwt}m t nul[m hwtiwztuwithwJ]1U hwumJra)140 %: UJumllq nuq)lu qmut.{mti 
t Ulimwtfnp:ppqU)l uu:rawpl.{t{wa qnuqtnuupwmullp)l lfli2: fluqm hwupw
t.{wJplip qwu &wu uuwul(wJmtf (Spuq4)1l), lJw!P:Pnpu)lwJmtf (U)llipw
buwqw), Ut.{umpw!PwJmtf, "uqqwumw&mti, qwuwqwJmti, "wpwlfwJ]1u 
UtitlppqmJnttf, l.ftlpu)lqmJnttf, fi-lll1liq)lmJmtf u WJlliplfpullpntti: 
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q.npauw!Jwu uzwumqntpJntU[!. PU}.UJUU hmJtnU]1 t ,nuq}lu hptfuw- . 
qwumti oqmwqnpamti li& np.UJuu nuqliwpdmJra u qpwtfwJ)lu tflimwq: 
Oqmwqnpat.{nui t qwpqup}l UJWmpwumuwu hwtiwp, npUJuu UJupow&pp, 
1>]1q}ll(urqwu u p]1U)lw4w& uwppup]1 wnwpl.{wuup)l UJwmpwumtiwu, 
wmwuuwmlituu}llfwJ]1 tfli2, tflimwq&upp nuquqoatiwu wztummwup&ll
[lnttf, pwqtiwf<1)14 u pwqtiwp&mJra pwpq mlituu}llfwJmu, m}lliqupwqwu 
wppw&Jwlt&li{lmti h WJL p&wqwt{wnutiunnf: 

' 
Cum qntJUp u tPWJLP UJtmmpu£1 hpzligumti t urpoWJOn: Pflnt[<}JWU 

Lill2 tiwpmp mliupmf hwuq)lUJmu t hwql{wqtillj: IuwnumJUl&lipmti UJLW
n)lu)lu mqliqgnq tf)lulipmt&tipu liu' UpqWJOu. outf)lmtin, U[W(Wqpmtfn, 
hppqj1nnfr~: UJu mwpptipn UJtwmpup hUm wnw2wgumti uu ppU)lwitwu 
·JpwgmraJm&ulip: 'lltwm)luu pJntp.Uqwumtf t lunpwuwJUlWJpU u)luqnupw
.Jnttf: .PUmraJw& tfli2 hw&qpUJOttf t hUIUlplt&li!lJt, f<llipf<l)llf&llpp, ralltlmil{uti
Jlll aunt{, lipplltiu tt mwpptip uuantraJwup puwltUJDpulipmj: 

PUwa)lu U[(Wtnpuu WDW2PU wuqwti hwjmuwpllp4bt t fltp.Wtmti, 
1819 ra. : Uztuwphnuf upw wtftiuwfunznp puwttmnpu qmu!flit bp<tu)l 
Swqlttmti (gpnuuliplt uu2) 9,62 f[q (1843 :ra.): l.fliq mp)lz puwttmnp 

. qm&tfl:It t fltpw[mtf, Jlu)l qlim)l wtltpu, 8 qq (1904 ra.): 

ll)lqpqwqmu hmmqmpJmliullp£1: qwpapm[<!Jnt&tf 4-5, mlluwqw
JlWp 4z)ln[)· 15-19 ( ouU)lmtfjl u ppJ:ul}lmU)l urwpmuwl{mraJm& qliUJpmu' 
n,46): fltu)l uumwqwqwu tPWJ(, UUJpmwlt, UfiUJUJWUlWuntupmqntjU, 
wpOWJOWuUJpmwq qntJ&: "lipannf 2_m&]1: "wttiwu 2liptiwum}10wuu· 
l775°C 'lltmmpu£1 uppul.ffi tfwqupuwqwli t : lmal{nuf t wppWJ1D2pmti, 
•fJmu mdliiJ. !3tant&llpnnf (HF, HC1, HN03, H2S04) tPtntcrtJmti: Qnql{mti t 
q~&4~. l[wutwp~, wuwq~. tqqua~, nultm, wpaw:ra~ u wn tflimwqulip)l 
htim: Swppupl{mu t UJmu puwapu mwpptlppg Ulia muuwquiJlwp qznm{ h 
L[wpapmraJwtfp: 

Umn2mgmtf£1: 'lltwm~u}l wnw2wgmtin IJwUJl{wa t: tiwqu1Dlll)1l{ 
tqpnglluullp~ hum: Unw2wlimti t wptiwmwqwu u gpn&mJll& m}lut}l 
hwupwt{wJplipntu: Unw2pu mpUJp hwupwlfmJptlpntti' ppnU)lm}llJ ppnti-
2:UJPlilitl1 mqtlqgnt[<lJwtfp: ~w&qpUJmti t uwu qllph}ltfpmJ~U (qmupm, utl:i
ft)lqnmpm, Uj)lpnpuuu~m) h h~upwJpU (qwppn, qpwpwq) WUJwputipmti: 
I~m WUJwp&IIpntu hwqt{wqllur t : Uwl.{UJJU UJtwm)lup WJUl.Jmuwhwu
tfwu hPtfuwqwu WIJ.PJntp&tlp[) wl{wqwgpn&&tlpu nU: 

~wupwlfmJPllpn: fi.muwumw&mti UJtwm)lu)l hwuwztuwphwJ)lu 
ftzwliwqnt[<lJwtfp hwupw!fwJplipu hwJm&)l li& \JmupuwJ)lu u lfP2)1& 
Lltpmt)l wputiuuru tw&2lipntu, U)lp)lpntti (TJpwuflnJwpuqp llpqpwtiw
cmtf' lmp)l(uq)l hwupwl{mJp[!, bupuliJ~ umnp)lu hnuwupmti): "WJWU-
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mwunnf unwm)1u)1 wnwuopu hwm)1l[ullp hwJmUwJ:!IIptflltiiU Uuwuw p:'ip 
hJmu)1u-wpulluwu unlt)1'U (Cnp<truJp IIf1l[wp-ppnU)1m)1 hwupmt!ruJflntu), 
oowpwpllpnttf (ullpUJII'Um)1u)1mullpmu): 

<:,wJmu)11Iu uwu qwuwqruJmtf {UJI1I}-J:!Ilp)1 hwupwt!wJpu), <:,wpw
t!wJpu lJ.:pp)1l[wJmtf (Spwuutiwwt)1 hwupwt!wJp[!), <:,wpwt!wJpu Utf1Ip)1-
l[ruJmtf (lpltnttfJ:!pw), UlJu-mu (Uuwul[w), bJant!UJPWJnttf u wnu: 

llltwmpu llu wfU1Jmuwhwumu' fimuurumwu[!, qwuwqwu, <:,w
pwt!-lJ.1>p}ll[jwu 'iwupwUJuumtpJntU[!: 

llltwmpuu wpi)Jmuwhwul{mu t l[nlfUJtllpuwjpu llrtwuwl[nl{, upw 
Juup)1 uumwrtutlpp (Pt, Os, Ir, Pd, Rd, Ru) htim upuru)1u: 

lJ)1uth 1913 p . unwm}lu}l hwuwzJuwphwJ)1u hwumJratt 95 % mw
t)1u tp Dtpww, uuwgwa£! l.Jntmtfppwu: 1926 pl{pg tllia uzwuwl[nt[<}Jntu t 
umwglli 'iwpwlfrnJpU lJ:pppl[wu (Anz$ti)JWU l[nlfUJ11Ipu£!) L tfUP2PU 
mwp}lutlpmu' l):wuwqwu: 'i'i-mu unwm}lu}l hwJmuwpllpl{wa hwupw
tlwJpllp tlJ:wu: U1wu-Uuuru)1wJ)1 qnumnf l[wu up pwu}l tlpLwl[muullp: 

q.npaum[fmu uzmuml{nt}aJDlU[!: Cbnph)1t! upw Pfdt!Wl[WJntU hwm
qmpJWU lt hwttftuu pwpop 2tipuwum}lomu}l, oqmwqnpal{mu t p}lupwl[mu 
WfU1JntumplipntJaJWU tlli2 (quqaumutlp, nllumpmullp, m}lqlltullp UJtum
purumtitm hmuwp): tttii[mpwmtlJuupqwJmtf (tthl[mJ1llllullp)1), p<tzqntpJWU 
tll:i2 (mquwqn11awl[wu pflhpp hmuwp) L pntnfl tipl[IIuhpnttf' npUJtlu tlwum
mtuJp'U uummrt: llltwmflupg mnm2pu mpqum UJwmpwumllt nu .'bp.wuupm
Jmtf 1874 p .: 

Up6wp [Ag] 

.PuntpJWU illi2 puwapu WflGWJd[! U)1zm tt np hwuqpU[nttf t Utu
pntp l{potul{mu, npUJOU Juumumpqutip upru htim hruuqtiu IIu qtutfJu Di uua 
pwuwqmpJmuullrml{' nul[p, UJrtfJuo, l[wUJWp, UJtrum)1u, uuqfJir .PUmpJruu 
tftl2 hwuqpUJnttf t qlluqp.pmullpntl, tWflWJPU qwtf uwqwjpu hwpwomu
utipnl{, ,auquul[utlllnlf, hwmfJl[ulipnl{ L hna l[mmtuqmuutlpnl{: i>IItiJptip
qnttf (Umpunupw) 300 r.f Junpnt,aJtuU l{pw qmutfllt t (1875 p .) WIIGtuJaP 
wuuutuJunznp. hnrtrulJnzm puwl{mnp. 5000 f[q : QfJtpmu ('iwpwtlruJfJu 
U.t.fllp.}lqw) qmutlht, t puma}lu wpaw,ap ,alip,apquliiilt tilt huqruJmqmu 
qwuql{tua' unm 1420 l[q : 

!bflq}tlfwlfwu hunnqmpJmuulip[!: l):wpapntJ.aJntU£!. 2,5-3, mnuwqw
pwp l[z)1n[! ' I 0-11: Dtup tll:imWrtwl[wu lflwJL, wpaWJdwuUJpmwl[, tfnJupw
tjmu l[mu ult <ramrtwu,anl{) qntJu, pwp6p tttll[mpmhwlln[ll).wl[wum,aJmu: 
lmatlmtf t wpprnJtu2ruitu u run m<tti11 hwupruJpu ,a,amulipnttf: '\wttlmtf t 
tlltrnqp I!ngmtf: <:,tlpantuu mul[wmmp t : 

l.J.mn2W9DlU[!: .Puwapu tupGllfld[! illla UWUWtfi! WDtu2WUnttf t unq
:Pll!lwJpU hwupruuJm,allpfJ opu)1qwgtfmu qnmmu, hiimltJrut uJuntfruJnl{' 
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Ag2S + 202 + HzO --. Ag2S04 + HzO , 
Ag2S04 + FezS04 --. 2Ag + Fez (S04)2 : 

UJu wnm2wumu t uwlt tlliqnraliiitfwt (tf)1~)1u ~II11tfwum)16wu)1) 
qnuwJmtf h)1qpnptip1fwt tmantJrautip)1g: Hpnz pmuwqmpJmtfp. bpl[p)1 
uwl[tiiihumu' tupcrl.UJd U[Wllntutul[nrt qwtllupmp hnrttfwhwlltfwu UJpngllup 
<twtf wuml[: 

-;;muprm{mJptlpn: f!Umapu wpauqap hmupw~ruJpliiiD umfnflmptup 
qnpauwqwu uzwuwqntpjntU tmutru, qptuup uhiilJWJtugumu liU tiltrnJU 
upuliptutnqpwqwu htimwppppntpJmu: fimuwummumtf puwapu wpauqa 
qw UtraruJp tipqiitutfurumtf (Q)1pJwunt!ul[p, Qwl{nq)1uul[)1, Qtftlpunqnpul[)1, 
QtiptiU[tuum{uqp pmquwtfUmtullWJfJu hwuptipntU), fl..wqwJuumwUmlf' 
(Qllql[wqqwu)1 hwupmU), Sw2)1l[umwumu (qmuul[fJ hwupnnl), '\Jmu}luw
JfJu l.Jnt{l[ruumtf (Uwl).Du)1 hwupmtf), DtiitutfJ tilt pwufJ zp~wuutipnttf, 
Uuqpl[nt{l[urumu (QppwqfJ Qnll) lt l..JnptfllqpruJmtf (lpluquptipqp hwupw
tlruJp£!), qwuwqwJmtf, UlJU-mu (-t(tippu lOP zp~wumtf), ultwqwJmtf, 
lJtipufJl[ruJmtf (ruJumlirtl[wu wpauqap U)1 pwu}l hwpnJUm hwupwlfruJptlp): 
'i<:,-mtf hWJmUp liu fl..tuqtftuJfJ L Uqwmtil[fJ ({(ruJng Qnp), UJurawtruJp, 
'iwupwonp)1 hmupmtlwJPhp£! (lnnfJ): 

~paum[fmu uzmuml{ntpJntU{!: Upauqau oqmwqnflal{mtf t !J.IIW
tftuhwmtftuu, zpmuzwuutipp, uuqwtutlpp, hnptiumumqwu qpmuullpfJ 
UJWillptuumuwu htuuwp, qw!lllhP U[wmpwumlltnt lt uumrurtWJfJU )1pllp)1 
ruparufdwll(wmuruu hruuwp, titlil[mpwmttJuupl[ruJmtf: 

IJlq~Gil [Cu] 

PUwa)1u UJrtPUO£! hwowJu t hw&qpUJDttf tfwpmp l{llowl[mu (Cu' 
99 %): Iuurnunt[ll).utlpnttf uptu ntllllqfJgutlpu liU. wphtup£!, tipquqaD, nul[}lu, 
uuqpl[[!: lJw[ll).qnt(aJWU[! UJqjlu6[! hwjmufJ t qtm tlWil WUq]W[fJg lt lWJUnptlu 
oqmwqnpa$t t uwpmp l{P6wqmu nt hunfwomtlfwaputlpnttf (ppnuqp 

. qw11): ..Pjmp.hllwumu t JuniituuwpqtuJpu u}luqnufJwJmtf: Pllwapu UJrtfJu6}1 
hwtftup punpnz tiu qtluqp.fJmruJpu qnJrugmuullp.[! L ~ 
,alip,awJpu hna qwuqlfwaun£1D (al[. 19): SmpfJutiii ~ ~ (~1 ~ tffJ .. 0 
wnm2 fl..wqwJuumwUnttf hruJmUutptlptllit t UJI1Uop tilt @~jJ(~~i.L~:;} -~ 
una J:!UWI{mnp' 0,5 en qtuuqt!wanl{ lt WJq I!Wgtunpq v;~.;·r.:A-,;.;:'(\) 
Utfntz[! upulu WJUtf U[Whl{nttf t lJnul[l{Wjnttf, Jipl{pw- .dJ~~~~~ 
pwuwl[ruu hlimwJumqwl{mu puumflmmmp upuU(lw- ~,.:;~~ ~ 
tnqpwl[wu ,awuqmpwUmu: '\JmupuruJpu Utf1Ip)1l[w- bflwpt9. Puwo~u 
Jmu, {(li[lpu t6fl zp2wumtf, qmulftlt t puwa)1u UJqop LllrtGoll 11bo1111ptnub11 
JunznpwqntJu J:!uwl[umll · 1000 en l[zml{: 

!bpq}t[fml{mu hmmlplt}aJotUulip[!: l):wiiapntJ.aJDlu[!' 2,5-3, mliuwqm
pwp l[zpn£!· 8: Dtu)1 tll:imru11wl[wu tflWJl, UJIJ.U6wqwpd)p qntJ~: <.wttfruu 
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2hpuwmnpowurf 1080-1398°C : .fhup pwpop tthljmpwhwiJnpqwqwumra· 
JntU: quu[)l t : '\llzuuHtaJWUp [ntcrl{mu t wqnmwqmu tatatlntu: lD~wq]l rm· 
gmu hwttlmu t uumwqwljwu quq]lqlt muupntl: 

Unw2wgnn.f{!: ~uwcr]lu U[quop wnw2wguwu UfWJuwuuhpu tuflum 
mwpptip hu: I.Jpw npnzwljp pwuwqmraJmuutlpu wnw2wumu tiu hltqpn· 
raupUW[ [ntOntJtaUtip]lg uwquwmltq WU[WpUtl{lp tlliP!tU uwutipmu: '\WU· 
qpU[ntU t uwL uumtiwopwjpU WU[WpUupntu, U[qpUO U[Wpmuwljni] tf]luti 
pW[Utlplt 4llpwqwuquuwu nuwl:fgpwuhplt humLwupntl, opqwuwl.jwh 
UJmratip!t uwuuwl.jgmtaJWUp: 'Upw h]luuwl.jwu nti]tll.j]lgutipu tiu' UW[W· 
tultmu, wqmp]lmu L l:fntUfpltu1u: llhP2ltuutlpu utlpl.jwjwgunnf tiu puwoph 
UJilUo P u wqhptluwJ!tU tlmtlmlumraJmuuhp]l tlpqpnpqWJPU wpqwupputlpu: 

'\wupmtlmJptlpu: ~uwoltu U[qpuo qw .fhpwtnnf (Smpltuuqlt, Alqn· 
utntluljp L q.mt.fwzLuqp hwuptipmtf): Qtluwpltuuqlt uwpqmu (UnJununtiu 
qp hwupmtf), fltqptiqumwumu, rtwqwtuumwumu, ~wJwumwfumf 
(U.twtlbiUlnt hwuptlpmu), Uqppu2wumu (q.tiqwptiqmu) u Ulfu-mu· 
llllppu [tip ZP2WUntu (ntu]l hwuwztuwphwJpU hwupwtl), L AltlttiPWJmu: 
Ulfu-lt WJIJ: pwgwnltl:f hwupwtlwJpntu U[quop wnwuapu puwl.jmnputlpp 
U{Wpmuwqmu tiu 300 m - pg mtllltP uwpmp. Uirtflua : '\'\-mu puwcrp~; 
U{IlUo}l. hwupwtlWJptlp hWJmuwphptlwcr lhu: 

q.npMiwqwu Uzwuwl{mtaJntUI!: Oqmwqnpcrtlmu t t[ tiqmpWWJlil]nt · 
UwptlpnttaJWU, tftlpuuwzpumtaJlliU, tl tlqmpmhmqnpl\.u wu qcrtlpp, ppupm
qwu WMJntUwptipnttaJWU (ranpuwu l.jUIJauwutip, uwnuwpwuuup, U[W· 
pntjp&tlp, tunqntlwl{uup), uwtiwzpunttaJWU uu2, pu~U(bu uwL qpwuwhunn
tfwu (hwuwonqt{wcrp Ni hum) L l.(tiUgwqwJpu uU[unnwquhpp hwt.fwp: 
Oqmwqnpffi.{ntu .t uwL w&wqlt L wumt.fpup (ppnuq), g)luqp L upqutp, m 
gpul.(p (wpntJp) hwt.fw~mltlwaputlpmu: 

, .. ULilWUUl [C] 
'\muwptiu «wqwuuru)J' pwnpg ' wuhw11rawhwpu[]l (pu~ U[llu tl{lLnuf 

t, uqwmp t wnutiwo upw uucr qwpb'pnttaJntU[! L :ppqpqmqmu u ppupw ~ 
qwu qnpbnuutipp uljwmuwup niutlgwo I.(WJntUnttaJntU[!): 

Swppbpntu uu upw htimUJWl mtiuwljuh!lu' w) pnplll, utipl:fWJWg
unnf t muljm&nu aLp hwpwtinnfutip L quqwuumu timnwqmJtaWI\nJl 
wqpllqwmuh{l, p) fr.UiflpnfJUIIJil (uL mbuwl.(u)' umpp hwmltl.(wt\np crwl.jnm
l.(tlu wqptlqunnutlp: 

UuqmJU mwpptlpwljuupu qwqutlwo tlu uwpmp wotuwcrupg, ltult 
.. ~·uwl(np L wuraur$wug mwppllpwl.jutlplt UU2 hWJUlUWptipl(wo hu ' 

S102. MgO, CsO, FeO, Fe203, Ah03 L Ti02: Uttfwumutlpp uu2 hwnw~l 
utipt{lwqmuuupp muupnl{ uqwml(mu t qpw:ppm: f!jntphqwumu t tunpw
UUIPlJ:WjpU ultuqnupWjntU: 
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'\wuqpU[mu t wnwualtu n~ t.ftlo pJmphiJ&hpnl(: 

!bpqwl!wl.jmu hwml!nttaJmuuhpl): qwpb-pnttaJntU[!' 10, mtluwqw
pwp ljzpnu' 3,5: fltup jntpop]luwq nuttlq t{lwJt: lpumu t wuqntjU, npnz 
qhU[ptlpnnf' UU[pmwq, qtlquwl{mu, ljwpupp, ljwU(ntJm, hpljuwqwU(mJm, 
uL: fltujl ljwmwpJWl htlpamu: Qp hwtlfmu: Jit[clmuhppg L hpuphpjlg ~P 
wqqt{mu: Cpl:fwgullt)m (wnwug raratlwou]l) ¢ntutimu t qpm:Pflm[l: Il-hum
qh&Jw& tiwnwqWJtaUhpp hwuwp raunpwugplj t : 

Unw2wgmt.fu: Utuwump hwupwt\wJphpu tltumu tlu' wpuwmw
ljwu L gpnuwJflu mpU[p: Upuwmwljwu hwupwl(wJpup[! qtiutlu\pljnphu 
ljwurtiwo llu tunPPWJit& qtiph}tupwJit& (Ufup]lqnu]lmutip, lj]lupbp[pmuup) 
u hpt.fpwJ]lu (qpwpwqutlp) wUJwpuhpp htlm: Utlfwump pJmptiqwgmuu 
UIJil wUJwputipntu qwmwpl(mu t wtllltfl uuo tunpn•JaJmuutlpntu pwpop 
~hpuwumptiwup L tl1ia tiuzuwu UJWJuwuutlpntu: Utuurum[! hwqt\wqhU[ 
hwuqpU{ntu t uwL U[&LuwumtflmwJpu tlpwljuhpntu, qumtt{wcr raram 
UIU[wpuhpp hllm: Utuwump gpn&wJfl'U mpU[p hwupwl(WJ{lupu, tl.(qnqllu 
UIWJUWUU!Ipntu ljwjntU hu, WOW2WUr1lU llu W[uwum U[Wpntuwqnq 
mU[wpuh[lp hnquwhwpuwu L tlfwguwu hwzl(flu: '1-pwup hwJmup tiu 
Ppwqp[pWJmu, '\ul:fwumwumu L '\wpwl{wJpu 'U.:pppl:fwJp tipqpulipntu: 

'\mupmtlmJplipu: Utuwump wpt.fwmwqwu L gpnUwJpu UtPUIP 
(hwuwztuwphwJpu uzwuwljmraJmu mutlgnq) tunznpwqntJU hwupwt{tuJ
jttlp[! qmutlmu llu '\wpwtlwJflu L qtiumpnuwqwu U'pppqwJmu, Il-'1--mt.f L 
nJ[ hpljputlpntu: 

Utuwump wtftluwtunznp hwupwt{WJPI:! hwJmuwptiplftlt t 1867ra. 
·:,wuphpthJ pWIJwpp t.fnm ('\wpwt{wJp& u:}>ppqw): qpuphpthJp hwupwtlwJ
Jlhpntu wtuwump ljmmwl:fmuutlp[! hwliqpU[mt.f hu WJUU(uu l:fn~tiwcr U[WJFl
l.fwu tunqntlwljutlpntu, npnup awqwpwoL tunpw&ntu llu qliU[p bplj{lp funp
p[!: Ujq awqwputlp[! [gt{wcr uu W[U1UUUlWUlUI{l ljwU[ntjUl Wll{UJ}Ult{, np[! 
Uiut{wutimu t lfjnfpllpt.ftm : 'tl_tip2puu U[unnl{wumu t hpwptuwJ}l& ppul(
;:P.wuhpp l:fwu mm:ptlpp m)lU[pu: U.Jumtiq thn'UwJp'U tllnpt{woputipu hwu
\lmu tlu 1000 U-pg w4tr[]l }unpntraJmuuhpp: U1Iq }unpwuwr.q uump Wll{Ul

Jmtu wtuwump 1IP2P.u U(wpllt&wqmraJm&oljwqumu t 0,07ljwpwm (ll[w
Jtwmu hwtluruwp t 0,2q t): 

li)luptlp[hJP hwupwtlwJpntt.f 
qmutlht t (1905 ra.) wz}uwphmu wlltl
\Jwtunznp wtuurumu, npo ljn~4tll t 
<<lplt[puwu» (&If. 20): UJU qznht t 3106 
l(wpwm qwu 621 ,2 q : U}lw tlpljwpnt
J3JntU[! huruht t 10 uti, huruumtraJm&u' 
ti uti, [WJUntpJmuu' 5 uzf : «qnqjluw-
~ ~}lg» U[Wtnpwumll[ tiu ~npu' [!Uln uu- uftwp20. «4nqr(iw(l)) WLilWUlll[) 
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bntpjw& W2PP J:!&lt&Iill wq.wuw&q.&ti:p u zwm hwtftiuuruunpwp qmpp 
wqwuw&q.&ti:p: lfti:~ wqwuw&qn 1tn2tflit t «u.'pp)1l{rnJ)1 urumq I-)1fm u 
l{zmnu t 516 1

/ 2 l{wpwm: 
~wpwt{wJ)1& u.'p(1)1l{wJmu' 3wctli(lu:pn&mti:J&)1 qmpt{w~p&tipmu 

ctm&t.Jti:t t (1903 p .) «tpugti:tu}mp>> WUntU[! l{(lnq, [!UID tfti~nt)aJtuU tipl{(lnpq. 
WtUWUID{!, D(l[! qzntit t 971 3

/4 qwpwt.n qwu 194 q: UpW upqwpnt:[ajntll{! 
llttllt t 8 uti, tmJ~mtraJm&n u hwummraJm&n' 4 uti: 

~wpw!JwJpU U1>ppl{tujntu ctt.n&!Jlit t (1934 ra.) «2n&l{lip>) l{n2t{nq 
wtlfwumn' 726 l{wpwm l{unf 145,2 q pwznt{: '1-(lw&pg U(wmpwumti:tll& 
12 wqwuw&q' 2 u1&. l}llllU(l nuJlhwump wpdn:qntpJWUp (hpu ct&ti:pnt{): 

"\tmfwzJuwphwJpu zml{w wpmwhwuynq wupnq2 wtlfwump Uti~ 
uwun mwtJtu t U'pppqw&: Utlfwumnt{ hwpmum ti:& &wu fl.'l-, .Ppwqlt1lt
wu, ~uql{wumw&n, Ut{umJlwt}lwu u WJ1 ti:pqp&tip: 

fl.muwumwumu' fltpwtP. nuqm hw&pwtlwJ(lti(lnuf hwqt{wqti:U{ 
hw&qpUflltU tru tutlfwum&llp: fltpwtmlf 100 mwp.t{w n&pwgpmu ctt.n&l{w~ 
t 200 mtlfwum: '1-Jlw&g}lg wlftruwtfti~ l{znmu t 2,5 qwpwm: lfnm 50 
IDWJlP wnw2 qwpw(lUIUqWJntU (rtwqwJuumw&) hwJmbwpllpt{tit ti:u W1-
uwum}l' UI(lllJntuwph(lwqwu &zwuwqm:raJm& m&ugnqqmmwqmU'Uli(l: ",~
mu tutlfwump hwlipwt{Wjpllp bmjln~llUptlptftu~ ~!ill: 

q.npbuwftmu &zw&wl{m:raJmun: lfwpmp u :rawl}lwug}lq muuwl{ul:i:
PI! hwumptfnnf ti:& wnm2)1& qw(lqp :raw&qwpdllp pWJ11lp, w&punpw&g u 
Unt(l mlluwq&ti:(ln O(llOW'lfip~t{mu llu npU(llU hql{}12, tfnt:PPunfP, unt}lpqtl
&p, tqq&6p :ralitli(l pwznq pwp u 6zct(l}ltn uw(lpti:p}l tfti2: qwppn&wqn& u 
pnpm& oqmwqnpomu tiU hnpwmuwu, WU(wq}l qmpl:i:tm, tqnqU(wm u 2nt
qnt& bwqlltm, qmzm tnti:upntf pw&qwpctlip pwplip hrtltlitnt bWUlUJl u WJl 
puwqwt{wn&lipm u: 

Qpw~~Ul [C] 

btlplfwJwgum.u t p&wbpu wb"Juw~up U(nt.Punp:J> mlluwq[): ~w6wJu 
U(wp.muwqmu t upulip.wturJpU UJmzali(lp UliJuw&pqw~w& Juwn&mpq&llp: 
q.pw:Jl}lm wumuu mnws.>wglll t hmuwpli& «qpw:Jln))' ctp.ntu liU pwnpg: 
bpw' UI(lllJm&wptipmqw& uzwuwqmJ.aJm& mulign11 hwupm&Jm:ra}l Uti2 
w~Juw~u}l UfWpmuwqm:[ajntU(I mwmwutfmu t 10-pg up&~u 90 % uwh
tfwuulipmu: .PJntpllqwfultu t hlipuwqnuwJ.Pu upuqn&}lwJmu: .Pum.raJwu 
Uti2 bw&t],J:ttqmu t ralitluuqullpnt{, rati:p.ppquti:Jlnt{ u hwmpqwt[np hn~ , 
qwuqtfw~&llpnt{: 

, :bpqpl{tul{w& hunnl{ntraJm&&lipn: qmpcrpntraJmun' 1, mlluurqwpwp 
qz~ 2,23: fit&p Utimwqwqw& tPWJt , up.nm mliuwq&llp& WUtPUIJL li&: 
q.mJ&n' UfnllUfwmunfnJupwqntJupg tf}tu~u llplJw.ralt uu: ",ti:p6mtfn qwmwp
Jmt t hpupnt{ (Ullq mqqmpjwup): fit&p plUJ16p. ttlil{mpwhwqnp.qwqw-
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&mraJm&: Cllwqmtl{ t , znzunpl:i:1)1u upnumnf t 6llnptip[!, (lpntu t raruapl{pw: 
I<tram&lipntu lfttm~mu, 4I2wlJ:P. pngmu 2ft hmttfmu: 

Umu2wgmlf[!: q.pw:p)1m}t wnw2mgmun hpuuwqw&mu qwU(t{wb t 
lfwctlfwmpq U(pngliu&ti:(lp hl:i:m: q.pw:ppmp Junznp qmmwqmuullpn wnw-
2W&mu liu pUIDpntqltt{ WU(WpU!ipntU WUI{WUOU Ull(ll}ltuqmlf&llpp tnUU
pnt{, uwu qnumwqmwJ)1u tftlmwunp:p}tqU}t U(WJU'wu&llpnnf' pJm(lliqWJp& 
.rallp.rawpwptip}l, uwpUWJlullpp u ct&liJullpp lfli2: 

"'w&pwtfwJpllpn: fi.muwumw&mu qpw:tJpmp UipqJnt&wpllpwqw& 
uzw&wqm:raJm& muugn:q hwupwtfwJpll(ll) qm&ymu li&' Uputltw-U}lpppw
qwu lipqpwuwumu' Utltpti:pnt{uqp hw&pwt{mJPI! (Sm&qp&Jwu tllnutl
pnnf) WJuml:i:q qpw:tJ}tmn zmnp&tlpp mllupm( mllqwqpt{w~ t uplllipmullp}l 
lfli2: Upwup hwuwpt[nuf llu wuuuwtwtf npwqp qptu:ppm&ll(lpg Ubqn, 
nppg U(WUl(lWUUlntU II& uwmpmullp: {rrtWUUnjwpuqp llpqpwuwumu 
(Upulluw& U}lp}tp)' qmpllJqm ctti:mp unltllpp& (b&puliJlt w2 t{mwq): 
UJumtlq ctPw:Ppmp qw&cttfw~&llpn wnw2wgtlt ll& pWJlw~Jup tftimwunp
.t>ltqU}t hllmuw&pntf: 

fhq(lwp&wJmu hwJm&}t t ~pu rtp}ttf}t hwupwtfwJp[!, np& n&qw~ t 
OuptqtlUqn pwqwp}lg qllU[}l bjmu}J.U u Qwt{wuw bw&pwtfmJPI!' IJ}lzpt{n
tfwJult pwqmppg quU(p bJmu}J.U-WJlhU'mmp: UJq hw&pwt{wJplipntU qpw
~ptn{! hw&qpUfntU t ct&tlJu&llp}l, pJmptlqwJp& rallppwpwpllpp u uwpuwp
~tllpp lfli2: 

Sti:nnu qqqmu (mti:qwqpt{w~ t ct&ti:Ju&li(lp Ub2 ctPw:tJltmn bw&qp
qnnf t Junznp pJmpliijutlpp u llpwq&llp.p mliupntf), lfwqwctwuqwpnttf 
(mti:qwqpt{wb t pJmpuqwJpu rallppuq:iwpllpntu, tunznp rallqunq&llpp mllu
nnt{), qnpliwJmu (wunp:p ctpw:ppm), Ulf'l.J-mu u QliJultwJmU': 

fl.muwumw&n ctPtu:Ppmp wPIJJm&whw&uunfp tuzJuwphmu wnw-
2PU mllqmu t , WJ&mhllmh' qnpti:w&, l:Jpp lwuqw&, Ulf'l.J-n u lfwqwctwu
iJwp.n: ".".-mu ctPw:tJJtm}t bwupwtlwJp.llp hwJm&wpti:pt{wb !ll&: 

q.npbuwlfw& uzmuwqntpjntU[!: lWJU qppwnmpjnt& ntup qwuw
qw& p&wqwtfwn&lipntu: bpw&pg U(Wtnpwumntu ti&' hpwqwJm& mltctllt
&lip, ttlilJm(ll1I}utip, uwmpm&llp, ulipqb:p, pumqullp h WJl UJnt:rallp.: 

Obnulp [S] 

.P&w~p& Mmlfp{! hw6wJu bw&t],pU{mU t uwpmp tf}l6wqmu, PWJg 
untfnpwpwp Ufwp.muwqmu t qwt{wJp& qwu opqwuwqw& uJmraupp Uli
Juw&pqwqw& Juwn&mp.q&llp, uwt{rap 4w.ralttulip. u ctruqti:p: 'LTpw npnz 
mwJlwmlluwq&li(lntu )1qnunp:P Juwn&mJUl&lip.u liu ' ulitli&{l h ralltntpn: 
U~tuw2pw~p&&up)1 U(Wpnt&wqm:raJw& qllurpmu bbmupn alinp t plipmu 
qnpz qwu wuqwu ull qm&wt[npntu: . ' 
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trannfp[! UintJnfnp:p Ujnt{O 1:: utlpl{tujntlfU hwjmu)l tlu aatfp)l 20-)lg 
mqut)l mmpunntluwqul:i:p, npnug tfM· tfwuu hwuq)lUimtf 1: Uiltliq t.J)l6w
qmtf, tfp pwup mwpwmliuwqulipu' hllqmq L qwqwJ}lu :pwqllpnttf: QJm
ptiqwumtf 1: nntfpwJ)lli L tfnunl{tlluwJpli uputfqnupwullpmtf: QwJg wlfllt)l 
l{WJntU 1: nntfpwjpU auu: l_pumtf t uwu wtfnp,'p: QumraJWU Ul:i2 hwuqp
Uinttf 1: rollrol:Iqpl{ul:Ipp, l{pquwpJmpl:iqullpp, qmqwhl:i:n hwpwomtfullpp, 
tfwup u tunznp J!Jntpl:iqutlpp, qpmqullpp L umw[wqmpmullpjl aunt.J L 
llppl:Iuu up pwujl hwpJntp mnuuw qwuqt.Jwautlpnt.J: 

!bpqpqml{mu hUIUll.{nttaJmu~il:ipf!: {rwp.apntraJmun' l-2, tP-tupmu t : 
~llpannf ~mu)l: Slluwqwpwp qzltnv' 2,05-2,08: lltumtf t qliqpu, qwp~uw
qmJ'U, qw'Uw~_wt.Jm'U L tfntup.wt.Jm'U qntjUtlpnt.J: upumtlpp t.Jpw m'Up W[

tfwum)l, l{nmpt.Jwapnnf' nwpUip tP.mJt: ttbl{mpwqw'UmraJiuU L 21Iptfm
JdJWU t.Juun hwqnllllll~ t: ~wttfwu 21Iptfwump6w'Uv' ll2,8°C : !ll.1_wl{)l u 
tmgqm pngmtf WJpt.Jnnf 1: htizmntraJwtfp' l:ipquwqmJU pngnt.J, L wu2wmti
tntl punpnz ful:i:qqnq ump. hnmnt{ aatfpmJ\lu qwq (S02): C$1It\m l:tlil{mJ.lw
l{wuwumtf 1: pwgUIUwl{wu tltgpm{: 10)amutipmtf .1.P tmat.Jmtf, tmat.Jmtf t · 
tfPwJu ul{)lUipqwp}l (CS2) u p.l:i:uqpujl tfticz : 

to mwpptipntraJmu UJmu puwa)lu mwpptip)l, mup tfntl:il{mtwJpu 
tn}lutlt gwug, npnt.J L UIWJtfwuwtfnp.l{wa llu upw gwap l{wpapnt{OjntU[!, 
tP.~tpmumraJntUI! L wnu: 

Unm2mgnnin: Pliwb)lu bbtfpp wnw2wgmtfn l{wUil{wb t mwppllp 
UlJ.lllgtluutipp hum: Uwl{wJU uptu hptffiwl{mu qwuqt.Jwauttpu wnw2wumtf 
llu hpwpmtuutipp dtuJraptfwu dwtfwuwl{ u bpl{pp tfwl{liJ.ltlumtf' q1tuwt.Jn- . 
PWUII:iu UI.PJl)lmp m qptqU)l mwp{lwtmbmtf)lg: ! 

~pwpfuuupu dwJrapmtffitip}l <twtfwuwl{ humh11wptuwJpU qmqmtf 
glii}lUl qwqwJp'U UJntf3lip.pg. batfpw2pwa)luu {H2S) uwL abtfpwJpU qwqu 
Uupwpl{\{lltntl ump!PtfwgpwJ)l WU2lffilltlmtf t bam up, n{l£! uummtf t tuwn- . 
hW{lWUp UlWmlip)l \{}lUI m WUIW{lUU{l}lolirwllpnttf: 

, . , . , ~H~S :+. 2,0 = 2H20 + 2S qwtf H2S + S02 = H20 + 2S: 
. lfllmJ:Uilll:'J}lV oqmwl{,mp hwuwanlill{l}l hwupwt.JwJ{lli{lp uu11ppu 

UUIUI:ipnttf aatfpwj}lU tfjlwgnt{djlllUUU{l)l, qtJuwl{n)lWUitlU UIPilltmlt PWJ
pwjntupg wnw2wumtf t aamtfp: llJUUitlU' FeS2 + 202 = FeS04 + S: 

q.ptqUp PWJPWJ11Hfpg abtfp}l wnw2wgtfwu UipngliuUii)l[! l{WUlW)l-
l.{mtf l:iu hlitnLJWt l{li{lUI' 

CaS04 . 2H20 + 2C = CaS + 2C02 + 2H20 , 
2CaS + 2CO~+.H20 = 2H2S + 2Ca03 , 

. . H2S + 0 = S+ H20 : 

, q.ltll{Up hl:im UIWpUiqliullm}ll{nptiu l{wtqt.Jwa llu up zwllP tfltlili{lwt
uli{l q}lll{Uf!, UIPllll L hllqmq p}lmmtffili{lf! (wu,'pUI[Ul, uwt.Jra), l{ntn}lqwjpU 
l{wt.Ju, wuhfuwJum 4wtgltm!1 pw{lwqf! L zwm WJl UJmrati11: 
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tramtfp WOW2WUntU t uwL hllllpnrattptfwt [ntOnlJ{dUllpjlg, aaupw-
2PWUU}l L rutl{wtwJ}lu tflimwqullp}l MtfpwJpU tfPwgnt{dJntUUUJlP mwppw
tmanttf\tg: utfwu WOU12Wgmuul:Ip hWJUlUp l:Iu UUu-mtf' :tolitnmumnUJwU 
U.JWpl{jl u PU[WUI}.PWJP qlijqlipulipp lltpli)l)l ZP2WllJUIUlp uuml{wb'p'Ullpnttf: 

'l,wupwt{mJplipu: .Qltwb'pu abnttfJ!u IWJUnpliu mwp.tual{wa t U]12!1li 
UupWJP tipl{{lUllpnttf: lljumtiq W{li]JntlltupU)lWl{wu uzwuwqnt{djrtlU mutiU' 
l[Uipw-lputf WUWUiwmjl hwupwt.JwJill! (litmpptftiujlw), Uzqwpwq pwqw
ppg 250 qtf hl:i:nwt.JnpnttaJWUp, ll{lmtlq qnpbmtf t aatfpjl qn)lawpwU[!: 
~t-wmflll:wl{p hwupwt.JwJI11! (Sw9}ll[umwu), Cnp-Um hwupwt.JmJJl£! (l>ti{lqw-' 
uwJ}l hm.Jmmtf Otqplil[umwu, Qwuqppmwzp hwupwl{mJ{l£! ((J}l{l@q}lw): 
'lrumt.JwapWJpU awqtfwu Ul:ia hwupwt.Jwjpl:ip qwu 'llnt.Jntdtljnttl {UwUW{lW 
pwqwpp 2112wumtf): PUwa}lu Mtfp}l n-1_ tftia hwupwt.JwJpli{l qmu' litl.uraw
ppwJmtf (SI:imJmz), '1-wqumwumtf (qtu\imm), 'l..{l}ltfmtf (Qnl{m{l-qnJwz), 
fhpwtmtf (q}lzmlttf, Qti{ltiqnt.Juq), qwtf~wml{wJmtf (h{lwpJuwJpU awqtfwu) 
L WJ[U: 

lJuml.{wapwJpU awqtfwu Junzn{l hwupwl{wj{ltlp qwu UUu-mtf 
C .. mpqpwuwJmtf, Slipuwunuf) u :tomw[pWJnnf {lJbgp[pw): 'l,pwpJuwJpU 
bwqtfwu hwupwt.JwJpti{l hwJmu)l l:iu lS.wtqn'U)lwJmtf u Qjlt}lmtf: '1,~-mtf 
puwa}1u aatfp}l qmmwqmtfUti{l l{wu Upwqw() tllnwu tuwnuwpwu}l 
UIUjwpUIIp}l UU2: 

q.n11buwl{mu uzmuml{nt"taJDlUf!: tramtfpl! Uti() l{ppwnmraJmli mup 
ppupwl{wu WfllllntUwptipnt{dJWU Ul:i2 ' Mtfpwl{wu pram umwuwtm L 
l{wm.1_ml{p nllm}luwgtfmu, nwqtfwl{wu wpil.JntUwpti{lnt{dJWU tfn2' t.Jwnnl}. 
L ramuwt.Jnp UJnt{dllp UIUilllpUIUmtitm hwtfwp, qjntqwmumtiunt[c}JWU Ul:if 
t.JuwuwmmUti{l}l qbtf UlWJpW{ltitnt u ztiuptipp wtumwhwutfw\i hwtfwp, 
Jilllfcl)l, tmgqm, utipl{UJ1p wpmWJ}.pmraJwU m pdzl{mpJwu tfli2: 

P. untL!bt~'luhr 

lljU jutfppU liU UJWUll{WUnttf mWpJ!tlp tflimWqUU{lp U tfnmwtn}ll}.
Utipp aatfpWJPU tf}lwgnt{djntUUI:ip£!, npnup mullu PWflll pptfPwqwu pwqw
q(llll{dJDlU u qwnmgt.Jwb-p: Cum pwuwqjl II{lqwqtlqumtf u}l[pqwmutipJ:tg 
htimn, ti{ll{pnPI}. mlirm qpw~mtf l:iu umt:t>ltqUtlJl£!' tfnm 0,15%: · 

Unq:}lpquliilu hwtfwpl{mtf IIu l{wpunp oqmwqwp hwuwb'nutt11 L 
mutiu W{lil.JntUwpllpwqwu Junznp uzwuwqm}djntu: '1-pwug}lg zwmtlpf! 
urJU qwtf WJU tllimwqliti{l umwliwtm hwtfw{l hjltffiwl{wu hwupwuJmrattp 
n·u: 

Unq:p}ll}.uliJlU ww)l liu uul{umtf tftimwqwqw& $mJtn1.f, wuraw
tf wugu[pnt}djWUJ!, tfmq l{wtf uu qntjUliJ.llltf, qqwl.P mtiuwl{W{lW{ll{zmn{ u 
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nl ~a qwpapnttaJmtfp (pwgwnmtaJmtfp urhrtl1Ulhg' 6-6,5 h wpuuunurhrtlt
m}lg 5,5-6): 

Umt:Phq.uup}l wnm£mgmtfu hhtfuwqwumtf urmJtfmuwt{npt{wa t 
tfmqtfmmpq tqpnguuuupp hum, h UpmUg tflla UtUU[! WOW£WUnttf t hpqpn
:puptfmt tmantJ:putip}lg' hhUintaliptfmt, tftlqn:ptlptfmt h turp:ptlptfmt }lup
tfwumpnwuuupmtf: bpqpp tfwqupuumtf aatfpmJpU tf}lwgm}aJntUuupu 
w'Ul:JmJntu u'U, 2PP h oq.p ratatlma'Up wqqlignttaJmtfp 'Upw'Up wumpnw'Uw
p,wp opupqw'Umtf u'U u qwqtfmtmat{mtf, wnm£wg'Uutnt.I upl:[pnpqwqw'U 
tf}luupmt WJpU WDW2Wgnttfuup: 

ITJ~fl~Ul [FeS2 (Fe' 46,6 %, S' 53,4 %)] 

' U'atfp,mJ}lu qwtf u{lqlUJCmJ}lu l:Jnt~uq.wu : 'llp{lptn w'Um'U'U wnm2w
glit t hmu. «tqJtpnU>> pwn}lg' qpwl:[: Ujq muntU[! l:[wurl}wa t tqpppmp WJU 
hwmlfntf.)JWU htlm, np hwptJwalitlm IrmJb" t mwtlm qwtf lfwUJtfwa t UflW 
tPWJlP hl:Im: 'llp[lpln[! hw!Sw:tu tqwpnt'Urul:[mtf t 
zwm PP2 pwurul{nt}aJWUp, qnpwtmJl, u}llftltp, 
WflulJ'U }lnt tf}l, utit tl'U Jt, uwp}l{l]l, li{lptltfU tqq'U6 }1, 
nuqm, wpu'llifc)p fuwnttm[lq'Ulip: .PJmpliqwumtf t 
funpw'UwpqmJ.Jt'U u}l'Uqn'UpmJmtf: fit'U}l }unpw
'Uwpqp h tqli'Umwqn'U q.nqlll:[wtqpp tmt.I qwpqw
gwa pJmpuq'Utl{l : .PUm:pJm'U tfli2 hw'Uqptqnttf t 
qpl:['UwpJmpliq'UlipnlJ, hna hwm}lqwl}np qw'Uq-
l}wa'Ul:Ipny, lipplitf'U quqw6 L wqpl:Iqwmulipny uqwp21. 'llj1pj1t.n 
(fil[. 21): 

ll.Jtctpi:Jwlfwu hunnl{nt[<tJnt'Ufllip[!: qm[lapntJdJntU[!' 6-6,5, mliuwl{w
pwp 4zlmu 4,9-5,2: fitu}l tfllmwqwqwu nutnq tjlWJl. pwg mpntJ[lm-qllrW.u 
qntJ'U, :tuwq}l qntJ'U[!' uu: ~lip6mtf ~m'Up: fipnz mliuwq'Ulip[! tltfupm'U ll'U: 

Unw2mgnu.fu: tlpqpwqliqLnuf wtfli'Uwmwpwaywa umt:PPilWJPU 
tf}l'Ulipmtu t: Unw2w'Unnf t tlpqpwpwuwqwu mwpp,l:Ip urmJtfm'U'Uupnttf 
m !JwUJlJtua t tfwqtfun:n}lq, 'UumL[wapmJ}lU l..r tfl:Imwtfnp:PmJpU tf]l'Ul:Ipmt~ 
wnw2wgtfwfl U(pngtiuulipp hlim: 

'llp{lpmu wnw2wumu t tfwqtfwm}lq WU(mpul:Ipp t11I2 t.fwupwqntJU 
uhptjlwqmtfullpp mtiupnl}, qnumwqmuhpntt.f, U(llqtfwm}lmullpmtf, urul..r
tfwmnL]lm'UIIpnt tf l..r hpiJ.pnptlptfmtiipwq'UIIpmtf' tfJntU umt:PPllWJpu t.f]l'UII
pmt\ilipp hum lfpwupu: UmlfmJu 'Upw wnmtllitmqntJu pw'UwqmpJm'UJ:l 
wmu2w'Umtf t hpq[ln]dtlptfmt tmantJta'Ulippg' tfliqn[<tliplfmt llpwl:['UIJpmtf u 
tur}lratiptfmt 'Uumt{wap'Utip}l tfll2: 

Uumt{wb-pUIJpU awqtfwu WtqWpulipnttf h hwupmpW[lli[lnttf tq}l
pptn[! hwuq}ltqnttf t qn'Uqptlgpwul:Ipnt{, wnml{tltmuruu wt{wqw-qruywJpU 
'Uuml[wap'UIIpmtf, wu):up, IIpqUI}dp, tfw'Uqwup u pnpupmutlpjl hwupwlJmJ-
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pupmtf: Ujq WtqWpUlipnttf h hwupmt{WJpUpnttf Ufilpfluth WUW}'Wgnttfl} 
qwtqt{wa t 2PWJp'U wt{wqw'U'Utlp}l mlftltP :tunp mtlqwtfwutlpmtf, opqwuw
qwu tfuwgnpq'Uupp pmJprnJtfmu hum, wnw'Ug mqwm :rarat{waup tfmmpp: 
UJuurpu}l urmJtfm'U'Utlpmtf tqpppmp hum tqwpwqu'Utitn}lq wung}lwgpmJ}l 
tfll2 uu tfmumtf tfwpl{wqpm[!, upqupJtmu h mJt tf}lutipmt'Uup: 

UwqtipuumJpu urmJtfmuutipmtf upqw:pp aatfp'llifc):pt{mJpu wqupp 
ytlpwl:[wuqutfwu htlmuwupny, 2PP u wa:tuwbup tfwuuwl.Jgm:pJmtfp, 
WDW2WUnttf t tqpppm: 

l\whpa'Uupp, t61lpp u npnz ant{l:ipp (UL any) hwmwqmtf, uumug
tfw'U nw'Uwtqwphnt{, UntJUUfUU WDW2WUnttf t tqppptn: 

'llpppmu tipp,lltf'U hw'Uqptq}umtf t 'UwL Ullmwtfnp:PmJ}l'U amqtfw'U 
wtqmjl'Utipmtf' q'UtiJuUtipmtf h ptn[lpinmJp'U :ptlp:pwpwptipnttf: 

bpllflp tfwl{ti(lllumtf tqpp}lm'U w'Ul:JmJm'U t , htizmm:pJrntfp ll'Urawpl:[
tlmtf t p}ltf}lmqw'U hnqtfwhwptfw'U, np}l htimhwupnt{ wnw2urumtf t t}ltfn
upm (qnpz tl[lqlliJCmpmp): 

",wupwt{mJplipn: Q..muwumwumtf tqpppmnt{ hwpmum hw'Upw
l{mJptip[! qmul{nu.f llu fitpwtmlf, {rwtmm}l'Uuq]l' (uLJuruuqp 2rt2uru), 
'1tiqmJmpul.Jp (uputi£1ul.J}l 2P2WU), qwpwpwzul.J]l (q]lzmptf}l zp£mu), 
.Pumyp'Uul:[p (Ql:[wtntlp 2£12W'U): 'llp{lptnp hwupwt{wJill:Jw Uq{lp1I2wunu.f' 
Qppmq}l6n{lp hw'UpwymJ{l (q.w'U6wl.J), ",wJmumwumtf (I.nnm Uw{lqnttf), 
PUlUfUU uwh tq]lp}lmp hwuwzJuwphwjpu 'Uzw'Uwl:[nt:pjntU in'Uilgnq hwu
pm4WJP t f.uurwupmJp Q..}ln-Sjlumn hwupwt{mJp[!, n{lp II{lqwpnttaJntU[! 
hwuunuf t 160 l[lf, lWJ'Um:pJntU[!' 21 f[l.f : 'll.Jtpjlm}l hwupwt{mJpti{l l:[wu 
bnpl{tlq}lwJmtf, f.mmtJtmJmtf, UUu-mtf, Qtiiunutnt.Iwl.JpmJntU, llpwuu]l
mJmtf l..r WJL Dpqpul:ipmtf: ",~-mtf tqpp}lm qw qpuJdti pn[np hwupwlJmJptl
pr,ttf: Swu6mm}l, ",wupw6npp, Utml{tlpqm l..r qwurw'Ult hurupun[mJptipJt 
J:mfplipnttf tqpppmp Ulla qw'Uqywa'Ulip qw'U: 

q.npaumlfwu uzw'UmlJmtaJntuu: UIUlJmuwptipntJdJWU t11I2 aatfpw
qtuu lfnu_liqwuu awnwJmU t ]lpuuwlfwu hmtfp aatfpwl.Jwu {dtant umw
uwtm hwtfwp: luwn'Umpq urwpm'Uwqnq mliuwlfullppg qmmtf liu tqq]lu6, 
g]1Uq, lip{!litffi nuqp, ul:i:tli\i, l:[npmtm u WJI mwpptip: 

luWLlfnut~fl~Ul [CuFeS2 (Cu' 34,57%, Fe' 30,54%, S' 34,9 %)] 

luw!l.Jntqp{l}lm l:[wtf tqq'U6p qnt~uqw'U: ",ntu. «JuwtlfnU>> pwnjlg' 
tqqjlu6, «Uf}lpnU>>' qpwq: Dpurliu fuwn'Umpq.ulip, 2u~}lu pw'Uwqm:pJmUp, 
wnl:[w tl'U wpb"'llifc)[! L nuq}lu: .PJmpliqwunnf t mumfiwqnuwJ}lu upuqn
upmJmtf: .P'UnttaJrnu tfll2 hw'Uq}ltqmtf t hna qwuqt{w6-ulipnt{, mlimpwqn
urnJp'U hwm}lquupp wuqw\mu uliptjlwqnttf'Utipnt{, lipptitfu qpquwpJntpliq
uupntJ:, IJppqwtfwutfw'U h nqqntjqw'Utfw'U 6htlpnt{: .PJmpuq'Ulip[! hwqt{w
qtltq tiu: 
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~pqlll.{ml.{w& hwml.{mpJmu&tip.i!: qwpc}pntpJmurf 3-4: ~wl{wl.{w· 
illlu tlltup.mu t : Slluwl.fwpwp l.jzpnrf 4,1 -4,3: Dtup tflimwqwl.{wu mctlir; 
tPWJt, WpDtjpW-qtliJ.pU qDlJU, hw6wiu' tfntq quqpu l.{wtf iuWJIDWpf\OU'c 
qntJillip.p tuwqn~: ",tlp6nttf ~m&jl : 

Unm2mgmtfn: lll!lppmjlg hllmn, ob"upwJ}l& upwgmpJm&ulipp~l 
wtfli&wtWJu mwpw<}l{wb" tfpullpwtu t : ",wuqpU{mlf t UJqullwJp& hw&pw· 
UJmplltt UJWf1Dtuwl.{ni1 hwl.fwpJW pn[np hwupwl{WJpiipnnf: Unw2wunuf t: 
tfwqtfwJp PJntptiiJ.mgtfw& UJpngtl.uutipp ctwuwuwl.{ hwmjlq&tlpp ounl{ 
q.l}uwt}np qw&qt}wb"&upn wnw2w&mtf tlU hpqpnptl.JltfWl tlJlwlfutiruntf .. 
hpWJp& U_&umywb"pwJPU WUJwp&IIpp qnumwqmutl{lnttf' UIPilPmp, U{ppn· 
m}l&p, tfn[ppqh&pmp, u:pw(tlp}lmp, uwqullmpm}l, htltfwmpmp, pl{wpgb 
hum tfpwu}l&: .Pwgp qpw&pg, pp~ pw&wl.{mpJWUp IuwtlfnU{pJl}lm wnw·· 
2w&mu t uuml{wopwJpU UIU{wpulillfittf («UIIJ.U6WJpU wl{wqtupwp») . 
UJilU6WJ}1U .tf}lwgmpJntUullpnt{ hwpmum uwl.{llplluwj}l& 2Jltippg: 

bplfpp tfw"l.jtl.Jlllumtf tumtl.{nUJppllmn l{mJmu it, uw hllz.umtJaJWUp 
ti&pwpl.{l{mtf t ppupwl.{uru hnf!uwhwptfw& u wnw2wg&mtf ti.pl.{IlfiPI].WJptt 
tfpullpwtilllll, pu~U{tlu oppuwlf tfwtwiupm, wqmppm, Iuwtqnqjl&, l.{m{ti · 
[p&, l.{ntUJ{lpm, llltfn&pm u WJtu: 

"\m&pwtfmJplipn: fi.muwumw&mtf tumtl.{nUJltp.pmp Iunznp hwuptu·· 
l{wjptlpi! qmul{mu hu Dtpwtnuf (qW{lUintzp&u"l.jp, l.h)1!up&u"l.jp, Smppuul.{p, 
q.mtflizuul.{p; lftlqunnnt!].UJW~ml.{ll, .Pi wqnqwm}l hw&pw4WJpt1pt}), Qtluw·· 
p!luuq}l · uwpqmu (qpzmpup) 1"\..wqmtuumwumtf (Qllqqwqqw&p, l{nnt&·· 
{lW!].p hw&pwtlwJpllpti), qpWUUDJWJlUl.{p lipqpmtfwumtf (UnllPlUl.{p hWU · 
pml{WJPD), lf}12pu UupWJnttf (U.ttfwl}lqp hwupwl{tlwJfli!), "\WJwumtn·· 
umlf' qwU{wup, Utwl{li:pqnt hui&pwl{Wjpllpp Iulfpupl!, ",wupwllnp h 
wJt&: · 

Iumtl.{nU{ppllmJt hw&pwl{wJptlp hiiiJm&p ll& Ulfu-mtf (.PJntm, 
~pupp), PUU{WUpWJntU (fi.pu-Sil'innn, q.mtittJw), 'lmpl{llqpwJmU (Um · 
tPt!llttfw), q.tiptfw&pwJmtf (U'w&u:Ptitq), qw&wqmJntU, Qp[pmtf, 6.wU{n· 
&pwJmtf, U.l{umpwtpmJmU h wnupqp&upmtf: 

\ 

q.npbuwqm& uzm&wlpltpJm&n: "\Ptf&wqw& hw&pwpwp& t UJrtll&<, 
UlnWUWtnL hwtfwp: 

···· ·. 
llnL~pqbQ~Ul [MoS2 (Mo' 60%, s· 40 %)] 

<,m&. «untftJ111.hfi» pmnpg' lfwU{Wp: "\Pu d"wtfwuwq&lip.mtf hntJUtlph 
WJ!]. w&l{wu mwq hwuqwgtit liu Dl tfPwJU qtuU{wp, WJtL qpw:ppm h tfntltP· 
qtlu}lm: lfnt}lpqn&pmu mmpli:I}wunnf t hli:pumq.nuwJp& u}luq.nupwJmtf: 
~tpJWU illl2 hwll!].liU{!ltU t plltllml.{Utl.pnl{ u hnb" qw&qt{wb&li:pnl{: 
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~pqllqmqmu bmml.{ntpJmuutipi!: Upmwppu muupn~ utfwu 1: qpw
:ppmp\1, p,wJg UJntU hwml.fntJ3JlllUUtl.pn~ ll pptijnuqwtl pwqwq~mpJWU~ 
Iupum mwpJ!llp t: qwpb"pmpjntili!' 1-1 ,5: Suuwl.{wpwp l.{zJ.mi! 4,7-5,0. 
llJWtPntl.{ t, znzwtlllltpu p~DlU t pl:i 6wpU{D1Jl t , UpniDOlU t 6l:inpl:ipl), 
6tJ.qpl{nttf t 6l.{ntU J!wpWl.{ pppliqulipp: q.pw:j>pmp UUUIU qpnttf t pqpp 
~pm: Dtup tflimwqwl.{wu tPWJl, qntJUi!' qwU{Wpwqnpz: "\llpllnttf[) l.{w-

mwpJwt t : 
Unm2mgmtfn l.{wUII{w<} 1: ppm p&m{lmqp~ mU[wp&llflp, Qttuw~n

flWU{llu qpwupm&llflp u qpwunqpuppm&llpp htlm: Unw2wumu t Uiliquw
mpmwJ\1& upwquli}lmtf: Uwl.{Wjll U{UIZlUPPIDliuwl.{llmpg, WJU mputp hw&
pwi{WJilllfl{! ~mull& qnp.b"&wl.{wu &zwuwl.{mpJm&: 

lfnl}lpqli&llmll wJU1Jm&wptlllwl.{w& &zw&wqmpJm& ~t&llgnq hwu~ 
pWUJntPUilll wnw2w~mttf u& hlulpnplllltfwt tm<}ntJpUllll\19 pt{wpgwJll 
lipwqullpmtf: UJuiDllfl &pw& mi}lll.{gilttf llu l.{urupmt111l1mn (w&wqwpwpti), 
l{nt:PllUillP1ll(!, zlilltPIDI), UIPilP1lll}, UlflUtlUDUIPilPUll}, Iuwtl.{nUIPilPUlt! u Ulj[U: 

"\mupmt{mJpupn: lll.11&6wtfnl}lpqtl&wJpil hw&pwt{wJp.llpD hwJm&p 
tl& "\WJwumw&mtf (.Pw'i>WflUIU, Uqwp.wl.{, '1-wumwl{IIpm, "\wupwl{w& u 
wnu), "\)mupuwj}l& qnl{l{wumtf (Spll&pwmq), 1"\..wqwtuumw&nnf, fitq
ptlqumw&nnf, fi.'l-, .U.&!].IlJ!WJ4mtmtf (q.ntmmJul{ll), "\llnwt}n{l U.flhlltpmtf 
(fittfmtmll&ul.{ll hwupw~WJilt!), UuawJnttf, qwtf~wml.{wJnnf, -Q_pwumw
&mtf (l.ptflwpll), qppqpq}lmJmu, U.UU-mu' l{twJtfmpup h ~ll&htiup hw&
pwt{wJpllpD: litWJUwpun mllqwqpl{wb" 1: cfwJnnm tti.nulipll2PPWd"w&lt mll
qw&pmtf 3700 U pmll6IlfitpjUIU l{pw: ",wUpwl{WJili! z~hwqnp<)l{nt~ t 
1917 p .-pg: Plluhlitiji hw&pwl{wJJ1P uriJ.&6p UIWZWPI! hulfwJmqw& t 7 
tft&. m, tfntppqliup UIWZWP.I!, 200000m : ",IInwuqwpwJpU Iunznll hwupw
t}WJpllp. qwu Q}luuiumwumtf, <;wpUJ.tlutwtfpjmti; l'p.w~nnf, Dl tflib" UIW· 
zwpullp.' Ul{um{lWWWJnttf, .Uwpnl.{lfnjntU, fi.mupupwjntU, ",ntuwumw
umtf, Etntp.pllwJmtf, l{wu{uqwJmtf, tt{Uqllw;mu u mJt&: "\<;-nuf ~ 
qm&l{mtf mwpwb"mzrtiuiup uitfll&wtunznp. £hn2wpwup hwupwtJwJP.D· 
",wJmuwphp.l{wb" Uu &wh ",wupwt}w&p, f).wumwl.{llp.mlt, Uqwpwl{P, 

!ittlf!mmp u tfjlz wp.p WJt hwupwl{wJpiip: . , 

q.np.b"umqmu uzmumqmpJmun: . '\ptf&wqw& hwupwuJntP' tfntpJ1· 
qtiu umw&wtm. hwuwp: UtJtitwg&mu tl& tlfllfmpp& u UJW1llllWUumttf 
mwppllp mliuwqp J!Uipopnpwl{ UJDilUiwm&tlp: lfntpJ!!].tlUwJpu pllt tip& oq
mwqnpbl{nn{ II& tttil.{mpwmtiiuupl.{mJnttf, upw up pw&p upwgntpJmuull
P.t!' p!lupwqw& u ulipl.{IIp}l wpmwqpDlJ3JWU uucr 

61 



ClWLb(j~lll [PbS (Pb. 86,6 %, S' 13,4 %)] 

lwm. «qwtii'Uw» pwn~g · lJwUIWflp hwl!purUJmro: ilflU{liu tuwn
umpqutip U{urpntl!wqmu t ' Ag, Cu, Zn, Se, Fe, As, Sb, hwqt.Iwqjnttn qiiUI
piipnttf ' Mn, U: .PJmptiqwumti t: lunflWUWflllWJpU u~uqnl!pwJmtf: .P~mqa
JUIU tfll9. hwuq~U{mu t wnwl!O.pu I!Jntptiqulipnt.l, hwmpqwynp, hna 
q wuqy waulipnt.l : 

.bpq}ll:[wl{w'U hunnl:[nrpjnt'U'UlipD: qwp()pnrraJntliD' 2-3, mhuurqw
pwp 4zltnn' 7,4-7,6: fltl!p illlmurtlurlfwu \jlwJL, l{wU{UipwuL qntJ'U: '<.lipom
un l{wtnW(lJWl t tunpwuwpqlt ultutnupntl: '<,uztnntJdJWUp tmb-4nttf t 
WIJ\UldJdtlnuf: 

Unm9.wgnufn: q.wtuu~mlt h~t.fuwl{wu qwuqt.Iwauupn wnw9.mumt.f 
uu ,~pqpnJdbptfwt tmbmJra'Uuppg' wU{Wpuupp 6u11pupmt.f upwquupp muu
pnt:{: UJU t.f}lzm hwfu],pll{ntt.f t: ~wttittltmlt hum t.fltwupu: UJmu upuupwt
utlppq upur hum tpl!nnf ti'U · UiltPPtnD, JuwtlJnlllltfllttnn, wpuuunt.qpppmn, 
wpaUJidp, gp'UlJlt, umt:Pnwqupn: fl~ tflltnwflWJp'U upl!upwt'Uuppg' P4Wflg!J, 
lJwppnuwm'UlipD, pmppmn, :PumnppmJ:!: ~P~ pwuwl{mraJwtfp urn wnw9.w
'Umt.f t 'UwL 'Uumt.IwapwJpU wt.qurpuupnuf qwt.qwpwaaupurJltU tfpwgm[<I-
JntUUliflp tmb"mJra'Utippg: . 

Uurquptluwjp'U 1qlllJUlli:u'Uupnnf qwtti'Ujlm t.qwpnt'Uwqnq wU{wp
utiplt hnqt.furhw~uwu U{pngliuulipp hlimLwupntl wnw9.wumu u'U qwU{w
pp lipqpnpqWJpU tfP'Utipwtllhp, oplt'Uwq' ql:i:pntupin (PbC03) , w'Uqthqltm 
(PbS04); quiu(wplt otupw (PbO), umpltlJ (Pb304) L wnu: 

~m'Upwl{mJpllpn: fi.fl.-mt.f l{w[lLnp hw'Upw4wJptlpn qm'Utlnnf u'U' 
'\]ntUpUWJp'U qnl.{l{wumu (Uwqnu), UlJdWJnuf {fl.ltqqlifl, Qtfll}lunqnpulJ, 
QltpJw'Unt.Iuq, Ptitnnrunqul:[, QupuU{wunt.Iul{), UpLuuwu UuqppwJlJrntmt.f 
(ullp~ltlluqp ZP9.UIU), \ml{nuppltpulj:p t.fwpqmu (Uwtwpp), '<,unwl{np wpii
t.llluwu uplfriwllwumu (SumJm}uti), qwpw-Swm ttinuupntt.f (Smptw'UulJ) 
Iihltppillluumw'Unuf, l.JP2ltu UupwJmu (qwpwt.fwqwplt tlln'Utip): q.wtii
'Upmp hw'Upw'UJntJdtlp lJ:}U'U 'UwL UUu-mu (Ullumpp L lJntnpurqn uw
hwuq'Uupmu), UtlpuplfmJmt.f, l>mqw'UpwJmtf, Ut.IumpwtpwJntu, q.l:i:(luw
upwJmu !bpllJptlpqlt huwq.!1tJU hw'UpwywJptlpn), 1mpl.{tlqpwJntu (qnbqu
ptlpq) u run tlpqpuupnttf: '<,'<,-mt.f hwJm'Uwptl(lywa liu UturamtwJlt, 'llpPt.lnt
'UnJu, 'tmquw, Uqunnul:[, Upt.fwllltu, CwhnttfJw'U L WJl qwttiUpm urwpnt
uwlJnfl hw'Upwl{wjpUjl: 

q.npabml{w'U bzwuwqmpJ~tun: qwphnp hwupw'UJmra • lJwUIWP 
uu1w'Uwtm hwtfwp: 
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U~wLbfl~lll [ZnS (Zn' 67,1 %, s· 32,9%)) 

'<,m'U. «u.J>wlliJiftll1>> pwnpg' tuwpqw'Up: bpqwp ctwuwfJwl{ qpuru~g 
~uu l{wpn11wgut l{npqllt n~ up tfllmw11, llflW hwllwfl t:L UflWU hwupwUJntld 
21Iu hurtfwpllr "<.wnw}u npU[uu }uwnl!m[lqUIIfl U{wpmuwl{mu t tlfll{wra 
(upu2L 20%), l{wqu}lmu, puq~mt.f, U{qltl!O., t.fwuqwu, qwt.qrup L wnu: 
.PjntpUflWUntt.f t tunpulliWJllllliJ~U ult'Uqnl!pwjntU: PUntJOJWU tfll9. hwuq~
U[ntt.f t hwmpl{l!lipnt.l L hna qwl!qywautlpny: 

!bpq}lqml{wu hwmqntJaJmuulipD: qwpapnt[dJml!n' 3-4, muuwqw
pwp qz}lnn' 3,9-4,2: fitup tfllmwf1wlfwu, wtt.fwumjl, wurwqm t}lwn: 
Unl{npwpwp tp'Umt.f t qnpz, qwp~uwqntJU, uL, hwql{wqiiU[' qlillpll, l{urp
upp L qwuw2wt.lm'U qntuwl{npmtf'Uupny, tlflplitf'U' wuqmJU {raw\jlw'Ugpq 
muuwl{n): '<,upO.nttfD tupum l{wmwpJWl t nntfpwJp'U qnqul{wtqfllt uj1umu
pn4: lmal{mu t wqnmwl{wu taral{mt.f: ID2wl{p {!ngmu 2lt hwtl{mtf: 

Unw9.wgmtfD: '<,ptf'Uwqwu qwuqywaulipn wnw9.wumt.f tiu hpqpn
ratlpllwt tmantj(dUUppg (hlttqn-tfllqnplipt.f WL Uflwlfutipnuf) qwtu'Ultmlt hum 
t.fpwupu: tl{qnqh'U UlWJUwU'Utlpmu wnw9.wUmu t zwm hwqt.lwtllitq: 
U:Pwttlppm hwl!qpll{ntu t watup tf}l zwpp hwupwywjplipntt.f: 

~wupwl{mJpllpn: SII'u qwtti'Upmn (uwL '<,'<,-mu): 

q.npa'Umqmu 'Uzwuml{ntJ.aJmun: q.ttuwt.Inp hwupmUJmra t gpul{ 
umwUWLnt hwt.fwp: 11pw'Ultg qnpqmu nu qwqu]unu, pbqpmu L WJL Uti
U1W!J.Utlp, tqwmpwutnntu 'Utlplflifl, l{wmwpmt.f gpul{wll{wmmu: ldtpwn
t.Imt.f t pwqt.fwpP4 WJt p'Uwqwl{wn'Uhpntt.f: 

U(lqb(illl~lll [Ag2S (Ag· 87 ,1 %, s· 12,9 %)] 

lwm. «wpqliummu» pwn]1g' wpalliP: PJntpliflwUnnf t tunpwuwp
qwJpU upuqn'Upwjntu: .PuntJdJWU tfll9. bwuqpt.qntt.f t wuqwun'U P,Jntptill
ulipny (IJ:npwgmb", ant.fnl{wa), utlpt}lwlft.Iwa umpp bwmpqulipnl{ L .bna 
qwuql{wb"utlpny, qtiuqppqulipnl{: · 

!bpq}ll{wl{w'U hwtnl(nt{ajntubtlpJ:!: qwpapntpJntUJ:!' 2-3, mtiuwl:[w
pwp l:[zltnn' 7,2-7,4: Etwpu l{nmpl{wapmu t}lwnl'! illltnlliflwlfwu t: q.mJ'UIJ' 
l:[wtqwpwqnrzpg tf}lu~L upl:(wpwuL: '<,tipomtf'U wbnpnz t : '<,uzmnt{aJwup · 
l{mrt.Imu t qw'Uwl{nl{, qnut]1 t : lmal{mu t wqnmwl:[w'U ppl{mu: "<.wtt.Imu 
t ¢.~wl{]1 pngmu: 

Unm9.mgnttfD: Unw9.wumu t hpqpnralipuwt tntGntjpUuppg illlqn
ptlpt.fwt tlpwqulipmu: 'llwpwqtlutim]1lJ wungpwgpmJp illi9. t btimLJWt ~
ulipwtutipp blim' qwttiupm, u:Pwtlippm, U{pppm, Iuwtqntqpp~m, pl{wpg, 
l{wtgltm: 
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",urupw\fmJplipn: fl-muwumwunuf' UuawJmtf (QUlipunqnpu~, Qlipti
t.qwunl{u~, QppJwum.Ju~). Upuliuwu UuqppwJ~Wtmtf (utip~puu~p zp2wu), 
!ltpmtmtf (Smppuu~p hwupwJpu lipw~utipmtf, 3wqmmpwJmtf), UlJu
mtf, bnpl{liqpwJmtf {lpluqplipq), lJttpupqmJmU, UwpunupwJmU, fmhli
upmJmU 1.t WJtU: ",",-mtf wpqliumpmp hwupmUJmra hmJmuwpliptJ:wa llu 
lJwpgpqlimp, ll..wqtfwJp, Uqwmliqp, LiwhmUJWUp u WJl hwupwt(wJpli
pmtf: 

q.npb"uml{mu uzwuml[ntpJntU[I: UpoUIJd umwuwtm hptfuwqwu 
hwupwuJmrau t: 

'-I~Qm.{wp (HgS (Hg' 86,2 %, s· 13,8 %)) 

",n.tu. «lfft&&npwpplll> pwopg, np[l uzwuwqmu t ljwpupp utipq, 
«t.JPzwt.qp WpjntU)). zunphpt.{ uputtpwtfl punpnz qwpupp qnt]Up: .Pjntpti
qwumtf t htipuwqnuwJpU upuqnuftwJmtf: ",wnwfu t.qwpmuwqmtf t 
l[wtjmJpU, lipqwrawJpU u opqwuwqwu UJmralipp illiJuwupl[wqwu Juwn
umpqutip: .Punt[c}JWU illi2 hwuqpt.qmtf t mwppllp t\up tmt.J qwpqwgwa 
tfwup PJntpllqulipnt.{, utipt}lwqmuullpnt.J, hno qwuql.{woullpnt.{ u lipptiuu 
hnqwfutunu mtiupnt.{: 

$pqpl[wl{mu bUIUll{ntpJmuulipf!: {JwpapntfOJntU[I' 2-2,5, mtiuwqw
pwp qzpnu· 8-8,25: lllwJl[l· mttfwumpg tfpu~l.tillimwqwJpU, qntJuu· qwp
upp, lipptiUu l[wt.qwpwqnpz lipwuqnt.{: ",tipt\nnfu t.qwpq ~t : lmot.{mu t 
wppWJW2pmu· mwpwgulitftu (uwnu t.qWJUmuullpmtf ~fttmot.{nuf) : 

Unw2mgmU£!: .Pwgummt.qllu urnw2wumtf t hflllpnrallptfmttmOntJIO
utippg gwap 2tiptfwump6wuwjpU t.qWJUmuullpmtf (tl.I{praliptfwt hwupw
t.fwJplipnuf), uwu bpqpp tfwqtiptiupg qmpu bl[wo mtltmtmJpU mwp lnt
OntJ[c}Ulippg, op. · UmptfJ:!nm (uuwqw) u Uwt:Pnp-~llul[ CTIW1P:Pnpupw, 
UUl..T) wqpJmpuliflfllitptipp tfnm: UJumtiql[punt.{wpp hlim t.qwpwqllutimpq 
upullpwtulippg hwliqpt.qnttf till wumptfnuput£!, t.qpppUl£!, hwqt.{wqlit.q' wp
ulfunt.q}lppUl£!, oliwtqwp£1, tipptiuu • u.'J>wt tippm[l, Juwtl.JnUJpp}lut[l: !li illimw
qwJftU uputipwtulippg · 'pt.{wpg£!. ljwtgpmf! u WJl uputipwtulip: 

-<,mupml{mJpllpn: !ltqpwpuwJmtf t qmut.{mtf williuwfunznp hwu
pwt.fwJpl1{1pg (illilj[l up~pmnt.{ljwjp hwupwt.fwJpu): ",wupwt.{wjplip ~wu 
lJp2}Iu UuftwJmtf (Iuwjqwpl[w), fl-'1 U{luUutJWU Uppppmtf (Ul.Jutwz), 
!ltpmtmtf (nul.Jliptip wt.{iuqwgpnuulipp zp2wumtf), U&q{lpwJlfmtmtf, 
'1wqumwumu: 

",WJIDUfl nu PUt.qWUpWJP (UttfwqliU[I) u PtnWlPWJP (f>qppw u 
Un&mti-Utfpwmw bwupwt.JwJplip£1): UUU-p' qwtft:l>npupwJmtf, uuw
qmJmtf, 'lltipntjt hwupwt.fwJplipu: ",",-mtf ljpunt.{wpll tipuwqmtflltlp tiU 
hwJmuwpli{lt.{Wo Ul.twuw t6it wp4tluwu ZP2wuutiruntf: 

64 

bpl[pwl[liqup l{lippu tfwulipmtf l{punt[wp[l pwt[wqwupu qwJmU t, 
hwuwpJw w tiurawpl[t.{mu pwJpmJtfwu u WJil t.qwmnwnnt.{ t1 WJU hwnwJu 
hwuflpt.qmtf t wt.{wqwgpnuuttpmtf, npnup zwm qlit.qplipmtf hwuqjmwumu 
till wpcttlpwt.{np hwupWUJmralip uuqpl[ UIDWUW!nt hwtfwp: 

q.npauwl[wu uzmuml[nt[c}JntU£!: lr]lunt.{Wp[l upwl[ hwupwpwpu t 
UUqpl[ UIDWUWlnt hwtfwp: .Pwgp qpwuflg,t.qwmpwummtf OU l[wpupp 
utipq, np[l illiowtfwuwtfp oqmwqnpot.{mtf t ul[wp~nt[c}JWU Ut12: 

UpubQnUj~fl~lll [FeAsS (Fe. 34,3 %, As. 46,0 %, s· 19,7 %)] 
' I , ' 

lwm. «wpulififtl[nllf» · tfl.Juql1q: Iuwn&mpqulip[l' .ult4lit (up~~u 5 %), 
~npwtm, owppp, t.qttltut\, nullfl : .PJmpliqwumtf t ununl[t}tf.HIUJ}lta. ujtuqn
ujtmJmtf: <(,wnwJu hwuqpt.qmtf t tmt.J wpmwhwJml{wo lp,up(i \YJlpquw
mfll£ u mwt}lwq pjntptiqutipntJ:, hwmpqutipnt.J }Jhnoqwuqt.{woullpnt.J: 

!bfJ,qftllwl{wu bUIUll:(mpJmuuh[l£!: {Jwpb"pntraJm&[l· 5,5-6,' utlluwqw~ · 
pwp qz}lnD' 5,9-6,2: !ltull UtimwqwJp& t}lwn, wuwqwut.qpmwq, wpow
rawut.qpmwq, t.qnqt.qwmwqnpz qmJu: ",llpt\nttf£1 lfP21l& t: f:itlllltllu wpt\w
qmtf t ufumnpp lmm: lmot.{mtf t wqnmwl{wu rarat.Jmtf: 

Unw2mgmtf£!: lllwmqwumu t hflllpnrattptfwt G-wquwu tfputlpwt&li
Pil rat.{pU, UW~WJU WDW2WUntU t urnwt.fhtwt.qtlu hpt.qnptlptfwt qmqmtf 
t.Jnt:Ppwtfpmll, tfn!PpiJ.tlli}lmp, :Pumnppmp u plifllttP htiut upwupu: UputiUn
t.qpppmu wnw2wumtf t uwu t.qtlqtfwmpmwJ}l& m lt(uutftinnnt]tmwJjtu 
n11wqullpnttf: 

'<,wupwt.fmJ[ltlpf!: fl-muwumwumtf hwJmUp tlli Htpwtmtf {lplilju'i~ 
pp, Qtimpqwpp hwupti.nJmJptlp[l), Upulluwu· UJll!lizmttf ('1rupurumu, Qw
t.qnqpnt.{ul[), lJf12flu UtiflwJmU (!lti-PUiwlr~ Si:ul{ti(ji), 'l..mqwJuumwunnf 
(.Ppp~tfnqw), ~wumwunitf, Uqppti2wuriti.f (1-Ui:t.plruwu), UUU-mtf, 
lJllpuftl.JwJmtf, Lit.JtlqftmJnttf, q.n:puwupwJmtf ,L. WJl li,Plw&llpmtf: <(,'<,-mtf 
hwJmu}I nu uplilut\-Ul[u11!¥1wJpu hw&pwu1mpl1pnl{ U:lio Qnp, Uwtt.JWPil 
hwlipwt.fwJptlp[): · · . : · 

q.npb"uwl{mu uzwumqmpJm&£!: Ullmwqwljwu tfqllt).tlq umwuwtm 
hptfuwl.Jwu hwl.tpwpwpu t: bpw tfpwgm{aJiuuul:ip[l tmJUnpli& oqmw
qnpot.{mu liu qJmqwmumlluntraJm& tfll2, nplifllu ramuwppupl[wm · hnqtipp 
!J pmJutlpp t.{l.twuwuunulipfl qtltf UJWJplli{llltm hwtfwp, pdzl{mraJmU wu
t.qwpttqmtf, pptfP,wl{wl.t wpmwqpntpJm&mu, ullpl[wqnpant[c}JWU u qwzli
qnpomraJmU, wt.qwqm wpmwqpmraJwu·un2 (npt.qtlu unqwl[pulip[l qmuw
rawlJlnq &Jmra), uwqtfwqwu qnpanttf u wJtU: 
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Uulllfulnu~lll [Sb2S3] 

UumJnfnupm (um]lpu]lm) qwu awp]lpp IPWJt: Uumpunupm' wu
mpunu)1mu mwppp wumu)1g, um)1p~tpm ' «um)1p)1» qwu <rum)1UU)1» hmu. 
pwn]1g, np &zwuwqmu t «&tlpq wpmhwumupullp)1 hwuwp», umpuw 
(awp)1p)' ppwuwqwu pwn)1g, qwplljW[ UntjU &zwuwqmroJWUp: UJU u)1-
utlpw[)1 WpWJ!wqwu hpu wUntU[! liqtl[ t W[qw
hnt' utlpq, UntJUtqtlu wpmuwumupulipp u hnuptl
PP hwuwp.: Up2pu UupmJ]1 u l.rnl{l{wup mtlqw
qwu ttlnugp puwq~mroJntU[! hw6w}u ump.uw t 
wu~wumu r-nLnp upntnnq uu U]1utlpwtulip.pu: 

.PJmp.tlqwumu t nnupwj)1u upuqnupwjmU: 
~wowtu hwuqptqmu t tm~ qwpqwgwa tqp]1qtfw
m)1q pJmptlqutlpn~: .PJmpliqutlpu \ll&mtf tiU pw~w
qwupu J!wpwq, qnpwgwa, ntnp~wa: '1-pmqwj)1u 
6utlp.[!' $tlmp.w6ll qwtf 6wnwqwJrowuuwu qnJm-
gmtfUlifmli ( ul[. 22): .Pjntpbqutlpp tlp.qwpnt.fdJntUf! lJq1Uf7 22. U!implln!itu.n 
lipputfU hwuumu t 6,5 ulf-pg U]1u~lll If: 

!bpq}tl{ml{mu hlinnl{ntJdJntnubpTI: {Iwpb-pntroJmuu· 2, $_1upnt& t, 
mliuwqwpwp 4zlml!' 4,5-4,6: ~llpamU[! tupum qwmwpJWL t tftiq mqqmro
JWUp: Ot&p Utimwqwqwu gwJmmu t}lwJr q.mJ&u' l[wtqmwun_lupwqmJ&: 
Iuwqp qmzm qnrJ&r!' bwtfwpJw ull: ~qtfwhwp.~wa mbuwl[ullpu w~LP 
Untq tlu U t}lWJL ~mullU: "'W[l{ntU t tfnup pngmtf: 

Unm2wgnu.fTI: ~jltfuwqwu qwuql[wautlpu wnw2wumu nu hlnlpn
.rotl!ltiwt tmUntJ{OUllp.pg tUilt.fdtlp.tfwt tlpwqubpp ~ppu uwutlpntU u hwu
qptqntU t qpunl[wpp, qw[tlUpmp, u:t>wttlppmp, pliwpgp, pwppmp u l[wp
pnuunnwJpU tfp&llpwtullp]l htlm U)1wupu: Unw2wumu t uwu hpwp_luw
JpU tqpngtluutlpp <hutfwumq, umptptiwgpwJp owuwtqwphnl[: 

~tuUpWl}WjpOpfl: fl.ntUWUlllWUntU WUmpunupmp hwupwl[WJ!lh{l[! 
hwJmu\l tlu' Ut{tipq[n~u4_p utupqni.tf (Uptfmzllul[p), l.rJtwu&nJwpuqp uwp.
qmtf (fl.wqqn[upuul[p), U'tfmpp tfwpqmtf (.Pnqm~wu), l.{pwumwumu 
(fl.w~w), qtlumpnuwl[wu '1.wqwtuumwumtf (SmpqwJul[p), qppqpqpw
Jmtf (qwqwU2WJ ll !JwnttlwJul[): 

Uztuwphmtf wtftiuwJunznp hwupwl[wJptlpu hwJm&p nu· Q{luw
umwumtf, npu mwt{lu t awpppp mwpllqwu hwuwzJuwphmJpu wpllJm
uwhwutfwu, tfnmwl[npWU{tlu 50%, Pn[{ll(pWJnttf' 30%, Utipupl[WjntU, 
!bpwuupwJmtf, Utdppmu, "'wpmlfutwlfpmJmtf, lS.wtqnupwJmU u mJL 
tlpl[puupmu: ~"'-mu hmJmu{l nu Uqwmtll[{l, Uuwu{lmJ{l hwupml[mJptlpu: 

q.npM!wqwu uzm&mqnt}djntUn: Uumpunu{lmu UWDIUjntU t DJllqtiu 
q[tuwl(np hwupwpwp awppp UlllWUW\nt hwuwp: U'wpppp U)1wgm{O-
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Jnttt&llpu oqmwqnpat.jmu tl~t utlpl[hpp, nllmpup, tmgqm, nwquwuJmrotlpp 
wpmwqpnt{OJWU U1I2 u WJL puwqwl[wnutlpntU: 

flliwtqW(1 [AsS] 

Uul[wu wnwS?wgmul! qwU{t.jwa t wpwpwqwu «nwJ-m[qwp» 
pwnp hum, np. &zw&wqmu t «pwp.p qwu hw&pwliwJpp l[wnmp>: 

.PJmptiqwumu t tfnun4tJl&wJpu u{luqn&pwJmtf: .PUmroJwu U1I2 
hwuq)1tqmtf t l[wpo 6nqw6u pJmp.tlqubpnl[ h hunn{ll[wl[np hna qwuq
l[wautipnl[: l.rp.w l}mzbutfwu mtluwl[utipu hwow}u hwuqpU(mtf tru l[pw
pwpbp]1, tftip.qbt&tlpp u rotlp.rowpwptlpp 6bqpl[waputlpnttf: 

q.mJuu· uwpu2wqwpu)1p, $mJm· 6Jmrapg upu~u rutqw4Jw: qwp.a
pntJaJntUI!' 1,5-2, mtluwl[wpwp lrzlmu' 3,5: 

Unw2wumtf t hpqpnratlptfwt tmbntJra&IIppg, ttq{lratlp.tfwt tipwl[uti
p]1 l(tlp.pu tfwutlpmtf, wumptfnupmp u wmp.pU(pqUlium{l httm upwupu, 
pu~U(tiu uwu hp.wJ!JuWJpU tqpngtluulipp dwuwuwl[: 

lCl'}dl[waup ulipqnp.am.roJmUJ! nllwtqwp.[! l}mJut.jmu t wntppU{]1qtftiu
mpmp (As2S3): 

fl.muwumwumu nllw[qwpp hwupw~wJptlp qwu '\)mu)1uuwJpU 
t.rnl{l{wumu, iltpmtmtf, llpwumwumu (fl.m~w), qppqpqpwJmU (Qwm
l(wJu4{1), Uqppll2wumu (Qnq:t>w), .lltntpppwJmtf (qwqql[wu), Uwqtlqn
upwJntU (Uttuwp): ~~-mtf nllwtqwpp hwupwjp& l[mmwqnttfUtlp. hwjm
uwpllpl[wa ~bU: 

fl.IIwtqwp.pg umwumu liu wputru}untf: 

Umrttu.J.t~qllb(illl [As2S3) 

Ujl} wumuu WllW2Wgtlt t [UWl. «WntpntU». nul[p u «U({lqtfUum». 
ullpq pwnlippg: Upubpw[u mup nuqtlqbqpu qllqllgpl[ qntJU: 

.PJmptiqwumu t nnUJ!WJpu upuqnupwJmtf: Cwm hwqliWIJ.IIU( t 
hwuqpU(mtf J!Jntpllqullpnl[, unl[npwpwp [}l&mu t rauprawutfwu, hUWlpq
ulipnl[ u hnqw}uwnu qwuql[waubpp mllupnl[: 

qwpb"pntraJmuu· 1,5, mbuwqwpwp 4zltnu' 3,5: q.mJuu' nuqtlqbrt}tu: 
1()-wptf qnmpl[wapmtf mup uwqw¢p mcttiq I}lWJ[: Ullq mqqntJaJWUp ' 
mw[pu t l[wmwpJWl hllp6mtf: Umponl[ hwp.l[wabtpu' pwdwul[mtf t pw
p.wl[, oqmu rotipropl{ullp.]1: 

Unm2wumtf t n1Iwtqwpp hum upwupu tU(pJaiiptfwt hwupwliwJp.tl
p.)1l(tlp.pu tfwu1Ip.mtf: U&<;?wml[mtf t mwp wqpJmpubp]1g, hpwpmJuulipp 
dWJ{OpUmu ctwuwuwq, guqnq qwqllppg: Unw2wumtf t WQWJPU qUpiiro
utlpntU, uwl{row2p1Ipp utipqnp.amraJWUJ!, llpplluu' ntiw1qwpp u mnt:t>)1I}w
JpU wqupp PWJPWJntU]:lg: 

fi.muwumwumtf f1pw hwupwl{wJplip£! hwJmu]1liu BwqmmpWJntU, 
'\)nmpuw.JpU qnl{l{wumtf, l.{pwumwumtf, qppqpq}lWJnttf, Uqppli2wumu 
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(Qnq,<pm), '\)mupumJpU .Ppmunuf, ll.'p!JmUummunnf, 10-ntppplUJntu 
(l}:mi]qymu), Umqtiq.nupmJmtf(Ut}ump), fl.mupu}lmJnnf (4:mUJupli) L m11 
!Iplwutipnnf: ~~-mtf rnntppUJpqtlbum)l hmupmJpu qmmmqmlfuiip hmJm
uw!!liptfwo iliu: 

. fl.tlwtqmp[l L wmppUJpqtlbum[l oqmwqnpaynuJ tru tfiJuqti!Jp Ufllu-
UJrupmmutlJl UIWlllpwumhtm hmtfwp: UmppUJpqtfb.umpg UJWlllpurumnui 
hu qlirJ}lu utipq, npu oqmwqnpaymtf t qlii]wuqwpintfaJUIU tftl2, L ramuw
ppupqWlllutlp' tfuuruwmmutlpp qtitf urw1pwptltm hwurup L w11 J!f.lwqw-
tfwnuiipmtf: · 

'l. Os;!Ut"tflutif' 

Opuiulub:pjl tutfpjlu llu ltlwmqwumtf tfllmwquiipjl L tftlmwtniulutlpp 
raratfwauwJpU tfpwgmraJmuulipf!: 

bflqpwl{IIqltmtf opu)lquUpf! l{wqtfmtf tiU tfnm 17,0% (uum qznjl), 
UflwJU up[pgjtmtf}l opuf:tqutlpu' 12,6% (J:!um pwzf:t), tlp4WJ3lt 2PWJpu op
u)lqullpf!' 3,9%: 

Ulitnwq,wl{tuu tPWJ[ ntuiign!] opupqwjpU upuii(lWtutipu btuup tlu, Di 
Ullmwqwl{wun J3llraL: Utlmwqwqwu t)lrnJt mungnq uputipw1utip}l qntJU[I 
l{WJntU t, ni UIImwqwl{wuu' wuqwJmU: Opu)lqmJpU nflllz upullpw1unp 
ppllug wpmwp}lu up pwup hwmljwuf:tzutipny (qntjU, tPWJl) h]lztigumtf tiU 
qwppnuwmutlp[! L umt.'l>wmutlpn, pwJg 4lif12fluubppg }u)lum murpptJpymtf 
tiU tftlo l{wpapntJaJWtfl! h htlp6tfwu pwgwl{wJmraJwtfp: uu2mp opuiululipu 
mutru pJntflbqwJpU wtfmp qwnmgtfwap, pwu}l np tflimwqulipu raratfwou)l 
uqwmtfwup mutiU pptfjlwqw& ntdlii] fu&wtfwqgmraJnt&: UJq urwmnwnntf 
tt Upwup p}ltfPwurbu qWJntu liu L qdt{wpwhwr Qp.mJf:tu opuiuluiipu muliU 
l!JlltflUfJWJPU ztipmwtfnp qwnmgtjwop L Di tftla 4WflGpnlfajntU: 

OpululwJ)lu upuiipw[uiippg zwm!Ipu hwuqf:tuwumtf tiU.l[wpLn{l oq
mwqwp hwuwanulip, Dflllugpg umwumtf nu WJU qwtf WJU uumwqubp(! 
(wnwu6uwllfllu IIpqwya): 

Uju tutfpnttf qwpLnp t!U' tlpqWJap, tfwuqwu)l, wumtfPup, wuwqp, 
ppntf]l, up[}lgflnufp raratfr.uauwJpu upwgmraJmuulipu: 

UlJQ!lJ>.I' Will'). bbi' 

Uwqfibtn~tn {Fe30 4 ~wll FeO · Fe20 3] 

0 
lfwqubm)lm qwtf \fwqu]luwJ}lu bpqW]dwpwp (Fe' 72,4%, Q' 

27,6%): UJU upulipwtp WUntU[! l{wurtjw<) t upw tfwqupuwqwu hwmqnt[cr 
jntUullpf:t hlim: Uwqubm)ltn wutjwunufu WOW2W9U[ t hntu. «UUiqfilitn/Jlb> 
pwnpg, np uzwuwqmtf t «tfwqu}lu» qwtf «tfwqupuwl[wu pwp»: «Uwq
u}lum wpmwhWjlllDlfaJlllU[:! qwllm t zwm ywq WUgjW[pg: ~WJlllUp t, D{l 
ifluwgpulip[! tfiip faYWf14ntfajntUpg q!In 1100 UlWJlp WDW2 owunra Utt tiqli[ 
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tfwqupuwqmu UllUPP hum: buraurqpymtf t , np «umqupm» !!WD[! {tWUJ mup 
«UwquiiU» hnl{jlyp wutfwu h!Im, npu Pi!fl WUW2PUU t qthii[ WJil uwqupuw
qmu pWp[!: UUI ul{Wlllh[ t , np WJq plUp[! 6qmtf t )lp qnzpqp tfn}ul:ip[! L 6tin
uunflmjmp IIJllfWJaJW OWJPf:!: 

· Pwgp qpwupg, uwqupuwqwu tlflLntJraulipp tfurupu hpzwmwqymu 
t UpLII[pp UJWllluwqfllltJgutlpmu L wtfwuq.nt:raJmuuiipmtf: 

Uwquiim}lmu pJmpliqwfuutf t }unpwuwPilUIJPU uf:tuqnupwJmtf: 
PuntfaJWU tftl2 hwuqJtllfllttf t oqmwtqp pJntpliqubpp, qpl{uwpJmJltlqubpp, 
hwmpl{ulipp, hna qwuqtfwaubpp L W:Jt 6Lbfllltf: 

!b}lqm[[mqwu 'hunmpuiaJm&ubpn: qwpapntfaJmf.l[!' 5,5-6,5, mliuw
qrupmfllfllmD' 4,9-5,2: Otup tftlmwfiWJPU l{wtf }uwtfrup tftwn, IIJ14wrawuL 
qntJu: lutuqp qntJUD' uL: ~tip6nn!U wul{wmwp t: Ckhntfwo t tfwqupuwqwu 
hWUllJ:lliJdJWUp: 575°C- mtf tfwqulimpm[! l{nJlgUntU t Pfl uwqujlUwqmu 
hwml:fmJaJntU[!, puq uwnitltfiu WJU Unflpg ybpwqwuquymtf t : Cl>i wlJ:}l pngmtf 
~P hwttfmu, tmbymtf t wqwraratlnitf (4bfl2Pli}lu mwpmgubtmqiiUfpnnf): 

Unm2mgnnfn: lfwqulim}lmjl qttumtfnfl qruuqtfmouOp)l mnu2wgm
tf[! 4wur4wo t tfwqtfwm)lq, qnumwl{m-tfnmwuntfwmpl{ L tfnmwunp:Pw
JPU UJPngb:uutlpp hb:m.: . ,. 

bflqpwl{bqLp }unflpWJPU qnuwulipnttf upw huqwjwl{wu qwuq
ywoulipu wu2wmtfmtf nu hjlupmJpu tfwqtfwJ)lg lt, umlnJlW!!WJl, hwuqjl
ll{mu nu qwppnull;pnnf. m UJpflllpuiiujlmubfllltu, lipJ!litfu' raram L tfP2)1u 
tfwqlfWlllpq wll{wp,utlpmtf: . 

q.pwujlmtuJ}lu, ujliiujlmwJjlu tfwqtfwJ]l m .qpwpwplipjl qnumwl{
mwJpu qnuwJmtf wnw2wgwo tfwqutim)lmf:t qwuqtfwoubflu munu wtul
Jmliw!!IIJ1wl{wu uno uzwuwl{m:raJmu: 

UwqlipiiuwJjlu awqtfwu lifll{WJ3WJpu upwgmraJmuullp[l, 
hwJmutfUtntf ~r4Pwl{UqLp }unppbpnttf, uno. Ciuzut,Uu m pWf16fl 2liptfuru
mp6wup urwnfwuulifllltU, UU:fdll,IJ14tfmu nu tftlmwtfnp:p)lqup, WDW2Wg
unnf' tf wquliqtjnn: 

Uwqutlmjlm]l L hlitfwmjlmp ·nflllz qwuqtfwautlfl wnw2wunttf tlu 
hlulflllratlptfwt lntOntJrautipjlg, hpurnraliptfwt L tftlqnraliptfwt hwupwJpu 
tlpwqutlflllttf: · · · 

Uwl[IIptiuwJflu UJWJtfwuuiipmtf tfwqutlmpm[l pwtfwl[wujlu !JwJmu 
t L qpw hWUWfl tt tfwqubm)lm urwpntUWHUfJ WutWflUbpp pWJpWJUUIU 
htimLwupntf upw hwm)lqutlp[! l{mmwqtfmtf tiu gpnuutlpnttf: 

<;wupwtfmwtirn: Uwquliui.pm)l UIJlllJmtliuptipw~~~ .~,Ziir uzwut,rf
qni.faJmu mubgnq hWUpWtfWJfltlflpg hruj~~r tlfi ~ fl.'1 1}:tJllifiP, (lJwqup0-
UWJW, Ptwqnqwm, lljlun!JwJw tlinutiprinJ, qnumw~-tftiU1_l;uuntfwm)\q 
btuqtfwu), qmpuqjt tfwqupuWJpU urum.fwtf:tWJP hillUpwfwntf(![!, np[! 
l{wqtf\jwb- t tfPuiplitfppJWU hwuwl{jl ~fn.ltnquig~wJfl li tftlmwtfn~:p~qup 
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uu.rawpl{tj'wa wtqwpulippg: UJumliqiipl{UIJdtuJpu hwUptuuJm.ralipp zlipmlipp 
hqnpnttaJmUJ:! huruumu t up pwup tflimppg upu~u muruuJmlt tfllmpllpp: UJu 
hwupwJUintfJ:!'Q hwJm~twpliptj'l:it t 1784 .ra.-pu, wqwqliU}lqnu .Pun]unqgup 
ItniJtfPg: Uwl{wJu wfultfmtpwJlt tqwm6wnulip'Q lipqwp <twtfwuwq tfUmtf 
tpu wuhtujtn: up. ]umtfp Upqpwpwuuiip u :Pl1qpqnuullp, wqwqlitijlqnuuup 
U. '1. Up]uwuqlltul{m, I'> . lJ. q.mpqpup u fll. fll. lwqwpup qtJ:uwtj'npnt
.taJWUp, tqwpqlltllu, np 100-300iflunpnt.[aJwU tj'pw qmutj'mtf tlu tfwqupuw
qwu !Ipl{U!Jdwpwpp tfllb' qtuUqtj'wb'utip, npnugntj' u tqWJtfwuwtj'nptj'wb' t 
tfwqupuwjpU wuntfwij1wu: UuntfwtltwJp wqq.tlgnt.[aJWU ntnpm[! [llll}.qpq
tj'mtf t 25p l[u IIpqwpnt.raJmU u 3-5 l[cf lWJUnt[aJntU mul:ignq mwpwbnt
.raJmu: UJuUipupuu t, op. · UqpJ:!li2wunni 'l-wzplluwup qwumwlJtnmJpU 
awqtfwu hwupwtj'wJp'Q (q..wUowq pmiJwpp zp2wumtf), fitqpwpuwJP. 
1}rl.P4nyf1nqp (tflimwtfnp:PwJpu awquwu bwupwtj'tuJplipn): 

Uwqullmpmp qwphnp hwupwtj'tuJplippg t qnmpuuqp.. (Q!IuwJ!puu-
4.P tfwp:q), fllllptj'nmpwtul{pu, Uuqwpw qllmp tlpqm qnqtfllpnttf "QUqwb' 
Uuqwpw-ptp.tfp hpqpn.ral:iptfwtlipwqwJltU mptq}l hwupwtj'wJplipp ]umUJ:![I 
(Upunuwu U}lppp), Stltpllu"Q, IO'tlupp-Swmu (llinuwJpu tnppw), Upwl{w
U'Q (Up'Unmpuul{p qnqwtj'npnt.raJmumtf) fl.'l-: 

UPIJJntlltuJ!lipwqwu hnttfptuJpu uzwuwl{nt.taJntU mul:ignq lipqw
rawJpU htuUptuUjnt.[alipp tqWzwpulip till htujtnlltuJ:!liptj'wb' uwu "<,tuJurumw
umtf (l.JnmtuJpp, UJmUppp u lnnm tfwpql:ipmtf, qwtqmmwup, ~pwq
qwup, "<,wupw'-(w~1p, Utj'wpwUgp, "<,wqwpb'up u mJt hwupwtJ'tuJptlp): 

Uwqulimpmp hwtiwz]uwphwJpU uzwuwqmpJmu mullgnq hwu
pwtj'iuJppg tfliq~ qmutj'mtf t '\)mupumJpu Cit.{tlq.pwJmU (lrJlpntumtj'wpwu): 
~wuptutj'WJPD qwqtftj'tub' t upu~plitfppJWU hwuwqp ztipmw]utfptlppg: 
"<,wupmJpU uwptfup hqnpnt.taJntU[I mwmwutj'mtf t 34zf-pg u}lu~u 150zf-p, 
·puq t1P2rut:!' 90 u uwhuwuullpnttf: 

~mupuwJpu ttj'bqpwJmtf tfwqutlmpmp hwupwtj'wJptipp .raltt.J'D hwu
umu t 30-p: '1-pwugpg tupqjntUWJ:!lipwl{wu tunznp uzwut.UtJmtaJntU muliU 
uwu lJmnuuwtJ:wpwu, "<,litW.tJ'wpwu, ~muputuJpu UtftippqmJmtf' ~llppu 
lclP hwupwt{tujp£! (tfllmwU:np:PtuJpU awqUwU) u WJl hwupwtj'Wjplip: 

q.npb"uwqwu uzwuui4m:raJmUn: bpqw:ra UtntuUWtm tutfliuwhw
pmum hwupwpwpu t: 

~bllwlll~Ul · [Fe203] 

"<,tllfunnpm qwtf qwpupp llpqwpwpwp (Fe' 70%, o· 30%): "Lrpw 
qwqtfnui umj'npwqwu ]uwnum(lil~iupu IIu' Ti02, FeO, Si02: UJq wumuu 
WDW2tug1It t hntU. «qlitfwmpqnU>> J:!WDpg, np UZWUtuqmtf t <<tupjntUDID»: 
bu.rawqptj'mtf t np WJ!p.qpup wutj'wumU"Q 4tulllt.J'tua t upullptul}l. ¢nzm 
btuUtutllunntuu]uwu qntJUp hUm:. 
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PJmpiiqwunui t hiipuwqnumJpu upuqnupmJmtf: .Pum.raJwu Ull2 p 
hwJm t qmtpu l wtj' qwpqwgwa J:!JmplitJUIIpntj', J:!wptul{ .ralt.rallqullpntj', .rali
¢ntl{utipntj', awal{mJ:!Jmpliqutipntj', hna qwuqtj'wauupntj', hwmpl{ulipntJ:, 
ootpmwJpU u hnqmJpU qwuqtj'wauiipntj', hnuplipntj' (umwtwl{mpmullpp 
mliupntj'): 

PUnt.[aJWU lfli2 hwuqpupuu liu upw hb'muJWl IDWPI~IIpwqulip[!. 
1. bpl[W]dfl IftUIJf • UIIpqtujtugUntU t .[ap.[ahr\Ullpntj' U munpwq )unznp pjnt· 

ptlqullpntj' hliUwmpm, np[! tj'wqmg hwJmup t l.fP.2lipqpwJpu b"ntj'p ttpw 
qqqmg: 

2. bpl[UIJdft IftUIJJWp/Jl[' tatlp.rawutfwu, tatltflntl{wutfwu tlpqw.rap rpwJtntJ' 
hlluwmpm: 

3. Ucupmftm · hliU wmpmp tqUhqmfnp:pnq [I (l{IIqa au[!) J:!Um u wqu!Impmp: 
4. lJwptfjJp ofupm' hnqwutfwu, tflnzuutfwu, qwpupp qntJUp hlltfwmpm: 
5. bpl[UIJdft ullp ' umpJ!, tfwup .ratiiitmqutipntj' hlitfwmpm, znzw¢.1Itpu 

.rat.J'mtf t 6wptllnm, .raii.rau: 
6. bpl[UIJdft ifmfllJ' tlpl{wrap rpwJlp raltratlqwutfwu J:!JntpliiJutlpp ulipmw-

6muulip, np"Q hpzllgumtf t t{UIJlll."Q: 
7. qmptfjJp UIU[WllJUI qJfumpl[' rptuJtntU tfwqwhnutfwu aulipntj' hlltftu

mpm, zwnwtj'qw6wnwqwJ.rawou uiipppu l{wnmgtj'wapmj': 

~pqpqwqwu bW111lJ:m.raJmuubp[!: lp.upapnt.[aJntU[I' 5-6,5, mlluwqw
pwp 4zlmn' 5-5,3: fltup UllmmiJwJpupg upu~u Wtlltulum rpwJt, UJmu 
mwpJ:!lipwqulipp tfnm rpwJtD J:!wgml{wJmU t : q..ntJU[I ' J:!Wttuqwpupp, UJllll
tqwmwqnpz, tlplJ:UIJduruu: "<,tlpomU[I htuqptj' uqwmtltp t: <ll~wqp J:!ngmtf ~}1. 
hmtt.J'mtf: @'.ramutlpp tfh2 tmb"t.J'mtf t qwuqwqnpl:Iu: 

Unm2wgmtf[!: Unw2wumu t mtupJ:!lip UJilllgliuulipp htimuwupntj': 
UPIJJntUtui!l:ipwqwu uzwuwqm.raJmU mullgnq hwupwtj'wjpl:ipp tflla tfuruu 
mup tfnmwtfnp:PtuJpu awqnttf: bpqpwqliiJup Junp qnuwu!Ipmtf, tflia 
6uzuwu lJ pwpop 2lipuurum}16wup tqwJtfmuuutlpmu, t.Ptfnultmt:! t.}ln]u
tj'mu t hl:itfwmpmp' 2Fe203 · 3H20 -+ 2Fe20 3 + 3H20 : 

UJu mptqp hwupwtj'wJplipnttf hlltfwmpm[l hwuqptqnttf t' ptj'wp
gpmuh!llt. pJmpliqwJpu :raliprawpwpliflp, uwpuwpubpp 1lll2: 

"<,na qwuqtj'waul:ipntj' u gwu!Ipp ml:iupntj' wnw2wumtf t hpwJpu . 
tutqwpullpp (qpwUpm., qltnppm., upllupm) lJ qpwpwptipp qnumwqmwJpU 
qnuwJnttf, mwp 2PWJpu tmbntJ.raulipp m qpwpwptlpp tfln]uwqq.tigmraJwUJ:!: 

"<,ptqn.[aliptfwt u tfllqnraliptfwt lipwqulipmtf upw npnz qwuq-
tj'wau!Ipu wu2wmt{mu nu hpqpn.ratiptiwt tmamJ.rautippg: · 

bpqpp uwql:iptiupu npnz pwuwl{nt.[ajtuUp hlltfwmpm WDW2WUntU t 
qliphptfpmJpu wtqWpulipp u hwqtj'wqlitq' tfwquiimpmp p}lupwqwu hnq
tfwhwpuwu tqpngtiuulipp awtfwuwq: bpplluu qnJtuUnttf t hpwpm]uullpp 
d'wJ.rapuwu <twuwuwl{: UJu uummu t ]uwnuwpwu}l Uitutnlip}l qwu 
ltutJ'tuJp tj'pw: 
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ll}:ppnumq}nnu WD1U21UUnnf t UlUU hruupru41UJ[lllp]1 tfll[lpU uwull
ruuu, tfruuqwu UfWpm&wqm] up&llpW[Ull[lp ppupwqwu h-qiJ]UWhwptfw& 
rqp.ngtlu&llpp ctwtf wuwlr 

«;ni&pun(wjpll[l{!: Iunzn[lWqmJ& hw&pwtlwJ[lllp& tl& • Qpwuuup.]l& 
(l:{p.wumwu) u 'lrltqnrqnw {ntqp.wlt&w): Uju hw&pwtiwJp.llpnttf uw&qw
UWJpU hwupruUJnt[c)liP.E mliJ]WI}.Iltfwb" l:iu &umtfw~pWJpU WUlwpullpritu: 
~wupwtlwJpllp qw& uwu IV1 fitpru[nttf lt Up.lnfmJru& U}lp}l[llltU 
(llmp&uqlt lt lJwqmtu!flt), ~&q.qwumwunnf, UphUmJw& ~ppqruJntU 
(fiul:[ll 'UI$) u OtltutnuJntU (llltWlllllu): ~~-mu Suu.{mz}l lftli}lqp 'twtw~ux, 
lJ4ptup, U~ut2ntp, Uwp.pCiJntJ], l.{wjng Qnpp lJwpm]1pnu, ~PWllPU, 
trWiltfpwzllu hw&pwtfmJpttpn: 

. j . 
C),.npMtmlJlu& uzmumlfnt.[ajDlUI!= Uj& um&qwU UtntiDJwtnt qwplm

[lUiqnlJU hw&pwpwp t . u oqmutqn"(lbi:{nnf t ttlll{tnputl{wU ~np uwpm[{ng
uU~p wptntUI}jlp.t.raJm&inu, unitullfllqnpbnt.raJmu tfli2 • quruw~ UIU[UJqpullpp 
qm&lll}aunlJ.'tturu;·. p~U}iwquru U[[llltlfUIIlunn&llp)l UfWUlpwumUtm hwtf wp, 
npn&p . oqmwqnpeh{~tu bU pctzqwl{wU U[prul[utplfwJmu, htuuuuq hwl{w
qwqb:pp ut[lmwqprltpJm&' w<)-}u:uqa.ram qwqflg rqwzmU[WUtfb:tnt bunfwp, 
&llpqllpft wptnwq[lllt~Jru& tfll2, (muuruqwp~WJpu wz}utmnw&piJllpnttf, oJlt
:pp, JDtiJlt, unup wptnwq[lllt[c)JDt&&llpnnf; Izwztiqnp<}nt[c)JwU tfn2: Augft 
q.p.w&ftg uu tftimwtmp.qllwJntU tqtli\UfWUlD u llp.qmran tfw&qw&ft hllm 
upw!Jg'-1\lllm 6tlnp tiU pl:ipnuf qUQm& u qntiJlt hwml{nt[c)Jnt&&llp: <\,urupw
&Jnt[c)p anquw& ctwuw&wq um l:[wmmpmu t tipqw.rawJp& opulu}.&tlpp 
l{lipwlj:uruq&nq q.ll"(l, &upnuuumf t llpqw.rapg urugw&[j:wtlJ. Iuwnbnt[lll&bp{! 
(:pnu:pwm, b~mup, uplJlgimn!) hllnwg&lltm& u WJtn: 

lfnpndiq (AI203 (AI' 53%, a· 47 %)] 

U]l&bpwtp& WJI}. wbntun mptfw<) t hp& h&q.l:[mqw& <<curund» pw
nflg: .PJntfliittw&mu t hiipuwqn&wJp& up&qn&flmJmtf: .P&npnz bU mmqw
nw&uw& u p[pqw6u pjntptlrt&llpn, hwuq]ltqmu t uwlt hwmpq&llpnt.J Dl 

hnb qwuqtfwbul:ipm}: · 

l>}lqlilpnlpu& hlDllllfntJaJDt&&llpn: qwpbpnt[c)JntUif 9, mlluwqwp 
qz}ln[J' 3,9-4,1: fit&]l urtqmlzm t}l.WJI= lp&mu t mwppllp qntJ&bp}l' lipl(Uw
qntJU-qnp2, ql:iq&wt{m&-qnpz, qmU{ntJm, qwpupp, tflUJlllruqntJfl, ht:uql{w
q.llU{' q.tl'qpu, qwuw~, tfw&mzwlJwqntJu: <\,llpamtf ~mu}l: <D~wq}l pngmtf ~}1 
hmttlmu, hwtuw& 2llpuwumpnw&r!' 2000°C: 

lJ:npm&qlt qituwtinp mwpUitnlluwqullpn. 
I. Untfnpwl[wfl f[npmfJii pJmp.IIqwJpU wu.raWl}lwugpq mlluwqn lJwUJUiw

l!m&, qnpz qwtf q.llquwqnpz qmJ& mup: 
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qpwqp tfwpqnu.f' Ubtf!:tq-Anqnt ttinu: UJumlliJ. qnpmuqu mliiJ.wqptJ:wa t 
lipq.pnPflwJpu pt{wpgpmull:pmtf, nuUJUJwqulipp u . tfwuwtfp ~mnpub:pp 
mllupntJ:: 0.'1-nnf Bwqmmpwjnttf' Owjupmp, puq Dtpw[nttf' uwc:tqwqp 
hwupwtJ:wJplipu: lplpmuq qw r-ttfi:IuJwu tlinulipnttf, UwtfwpwJ}l tfwp
qmtf lintmwz cumiJ.}l tfnui, npmliiJ. hwJmu}lliu ummwqu u zwi!J.JntiJ.ruu:. 

Ummwqp u zwi!J.JntrJWJP (wptfwmwqwu, qnumwqmwJpU, gpnuw
JPU mpUJp) hwtfwztuwphwJpu uzwuwqntiOJntu muligm] hwupwtJ:wJplipu 
qmutJ:mtf liu P}lptfUljnttf, "-tiql[wummUnttf, 5liJtnumtf: uwquriu ltiJ.qnttf 
(II>npp Uupw) hwJmup t uwc:tqwqfl gpnuwJpu mptiJP, "-wpwtJ:wJpu lJ..'l>pp
qmJnttf (SpwuutJ:wwtintf)' llpruqmjflu tnpUJp, qwuwqwJmtf' tfwqtfwm}lq 
owqtfwu hwupwtJ:wJplip: UJutnliiJ. qnpntuqfl qwuqtJ:w()n utliiJ.wqptJ:wo t 
uli:PlitpuwJ}lu upb:upmullpp if!I2 u U{tiqtf'unn}lmwJpu b:pwqub:pnl.tf: ~..,_-mtf 
qnpntuq}l hwupwtJ:wJplip hwJmuwpliptJ:wo 1.liu: · 

q.npauml[wu uzmumlfnt}i}J~tU{!: CUnphptJ: tftlo l[wpcrpntJOJWU u pp
tipwqwu qw3mumf.iJwu, qnpntuqu m hiJ.qwpwJiu tmJu qppwnntiOJntu 
mub:U pwphwmtfwu' wzfuwmwupub:pnttf, }luq l)mzni tnllupntJ:' JOWUqmp
c:tb:p pwpll:p, tftlmwqulip u otqtit}ll[wqwu WUJWltpulip hiJ4lltm hwtftiJp: 
lplpntllijpg qwqtftJ:wa · WUJWp&b:p}l wqwgwa gliilllumruuJntiO}lg UJWtn
pwumnttf tlu hiJ.qnq hwumngullp}lzp21.UUwqulip: · 

!!wu}l np wztuwphmtf qnpntuq}l illla t.qtirzwpub:p tirmu, wtqW 
pnpupmub:ppg, ttliqmpwhmttfwu llqwuwqntJ:, uul.wumtf lift wphb:umw
qwu l[npntUij l[wtf WlntUij, fl[li) l)mftiwppUnttf t pUWqtiJU l[npntUijpU: 

Ummwqu nt 2wiPJntqwu WTIW2PU qmpq}l rawul[wpc:tllp pwpb:p b:U, 
oqmwqnpomtf tiu uwu c:twtfwgmJgutip}l tftltuwu}lqtffib:pnttf, nptiJliu hb:Um
pwpb:p, ttiii{mpwqwu hwzlJfl~uiipnnf u qlin:}>}lq}lqwl{wu uwpplipmtf: 

utipi{wJmtfu ummwqu m zwiPJDtiJ.wu umwunnf llu wphb:umwq1.UU 
nwuwtiJwphn4' hptffitJ:wo tfwpmp qwtJ:whmt}l (Ah03) hwttfw& l{pw, 
IOJ04woup png}11800°C-mtf: UmwgtJ:wo hwtfwulln. qwuqtJ:wou }lp :P}lq}l
l[wl{w& hwmfrntJaJntU&IIpnlJ hwtfmpJw tlt mwppiiptJ:nnf puwqwu qnpntu
q}lg: Ujq ntiJ.IlntJaJwtfp wnw2}lu t}mp6lipu qwmwplJlit liu qlin 1837 Ja.: 
1fltuuntjU c:twtfwuwq tfwupwq}lmwi{wjpU Unttnwqu WTIW2}1U wuqwtf 
umwglit t :}>pwuu}lwqwu p}ltf}tqnu q.n.quuu: .R}lt mz uwu · .2wiPJntiJ.wu: 
1877 Ja. lJptltf}lu h lJruJiflu hw2DIJ.®l t umwuwt PJntpllqwJ}lu l[npmuq: 
1900 Ja . .hpwuu}lwJmtf UI}U}liU hwJUIUp tp wphllumwqwu ummwl[p h tfw
uwtfp zwi!J.JmqmJp ummgtfwu wpmwqpntJOJWU liquiuwtm: 

~WU~Ull:ip~l/1 (wuwqwewp) (Sn02 {Sn' 78,8%, 0'. 21,2 %)] 

Uumuu w11w2wglit t hmu. «l[cuuujunhpnU>> pwn}lg ' «wfiwq»: 
Unqnpwqwu tuwnumPilulipu tlu' Fe203, Ti02, Si02, Ta203: PJntpliqwumtf 
t mlimpwqnuwJpu u}luqnu}lmJnttf, tmlJ wpmwhruJmtJ:wa pJntpliiJ.ulipntJ:, 
q[fuwtJ:npwUJliu UJppqtfwuliJlfl h ppUfppwtfPqwJp mllupnl.{: "-wuqptiJnttf t 
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uwi.J punpnz qpqUW{!Jntp.tlllutipnt[, wnwu6}1u pJntplillutlpnt[, hnb', hwm}l
qwt[np qwuqt[wb'uhpnt[: 

.!bltqpl{wqwu hwml{ntpJntuuti:pn: {Jwpb"pntJitJnt'Ut:!' 6-7, mtiuwqw
p.wp ltzlmu' 6,8-7: !llwnu' mtlfwum}lg U}lu~u Ulimw11wJ~u (uu mtiuwquti
P.D): q.ntJUD' uu qwlf IlUIJl~UwqntJU, hwqt[tllllliU{' 11lir)llu, qnpz: ~updntlfll 
wuqWtnwp t : !ll~wqp. pngmlf ~}1 hwtt[mlf, raramutipnttl ~~ tmb't[mlf: . 

Umn'j!mgmtl[!: Unw2wumlf t U{liqtlWtnP,mwJ}lU u U{UhlfwmntlJ.
mwJpU llpwqutipmlf, wuwq}l pwnw:pmnp.UIJ~U U}lwgmJaJwU m 2PWJPU 
ctntnpz}luUpp ' $n}uwqlltigntJaJWtlp' npnz qwuqt[wb"uUp Wll2UJU1t[ntlf liu 
hlulpnratiplfwt tmb"ntJJaUlip}lg, h}lUJn-illiqnratiplfwt tlpwqullpmlf pt[wpg}l 
hum U}l~}lu: Otllli\{gnll U}lutlpwtullpu uu· :Punmp}:lmu, WU{Wtn}:lmu, 
utntqlliq{!, mntplfwtlJ.un I.J untt:}>}lqwJ}lU U}lutipwtutipu: 

bp.qp}l lfwqtiptiumlf hwnw}u hwUq}lU{nttf t gpnuutlpnttf, npu mu}l 
WJlllJntUwptlp.wqwu illlb' uzwuwqntJajnt u: 

~mupmlfmJptlpn: lpuu}:lmtip}lmP. qlluwt[np hw'Upwl[wJpllpu qmut[mlf 
till fl.'). Uuqppwtl{mtmlf (fu~lipwUqw, Dtlptnt[w tlint:!), 3wqmm~WJnttl 
(tqU-IuwJw), Up}unmtl-UJ.ltunl!lf (U}luwuwuuqp), Upunuwu fl..wqwtuumw
umlf (!JtlJlilDJWiplqp,~wpwt[wJ}lll Uillip}ll{wjntU (.Po.J.ltt(Pw), Uwtw\{w rall
p.wl{Ilqntlf u .Pwql{w Ir11qnuf (~Uql{wwu): ~wuwztuwphwJP.u zmqw wp
mwhwut[llll wuwqwpwp~ tftlb' uwuu umwgt[mlf t t[Up2~u tlpqm hwupw
l[wJptlpP,g ( gfllluutJP.u mP,udt). UuqJ.ltwJmlf (4nn'Untnt), q.npuwuP.wJmlf 
(hwupwJ}lu (bnulipmlf' Utmnuptipq, 5f!.ut[wtq, q.pwntU{lill hwupunfwJpli
PlD: ~~-nttl mwpwb'pnnf wuwq}l hwUpwl[wjptlp hWJUlUwptipt[wb' ~lill: 
UUw'UP, wt[wqwumtf hmJmu}l bu U}l pwuf!. hwupwJP.'U llpi.Jwqmtflltip: 

q.npb'umqwu 'Uzmumqnrpputin: U.uwq umw'Uwtm U}lwq hwupw
pwpu t: · 

9!101l~Ul (~llnLlWJ~(j bn4WPWJ2Wil) [FeO•Cr203] 

UfJ.ulipw\lJ. tftl2 Cr20 3-}1 urwpnt~wqntJaJP.tUI! mwmwut[mlf t 40-
65% uwhlfwuullpntlf, FeO' 18%: UUwgurc} lfwuu qwqlfmlf tlu tfwquti-
q)lntU}l u wumtl}lu}l tuwnuntJll).'Utlp{!: . . ' 

PJmplirJ.wu\utf t lunpwuwpqwJ}l'U u}luqn~}lmJmtl, qt}uwt[npwUJliu 
oqmwtllp}l dl.Jnt[: ~wnwtu hwuqf!.Ointlf t hnc}, hWtnP,qwt[np. qwuqt[wc}uli-
pntlf,tlp.ptilfll ' gpnuulipntlf: · 

qwpb"p.mJaJntU{!' 4,5-5,5: Stluwqwpwp qz}liZ[!' 4,3-4,5: q.mJUI! llp
qwrawuh: lllwnn· qpuwtftlmwllWJ}:l'UfJ.g lijlu~h tfllmwllt.,UJpu: lll~wq}l pngmlf 
~}1 hwlt[ntlf, rapmutlp{! ttl'U wqqmtf: . 

Unw2wumlf t lfwqtlwJP. q}l:Plip.tluglfwu UJpngtiuutip}l dwlfwuwq h 
tfliztn hwuq}lUJntlf t qliph}ltfpwJpu WU{wputipnttf (qmupmulipntlf, UJlip.P,-
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qmn{nnulipm lf, utlpU{tlum}lu}unutipnuf), tipptilfu · h}llfpwJ}lU WUIWPUtlpnt 1f 
(qw~pnulipmlf), zmnputlp}l, putlp}l L zt}lputlp}l mtlupml: 

Cum Cr203-}1 U{WpmuwqmraJwu, lilmpptlpntlf tiu hwpntum (illlmw
tmpq}lwqwu) L WllPUJUl (p}lU}lwqwu) ppnU}lmutip.: 

.RpnU}lm}l )unznp hwupwl[wJpllpu qmut[mlf liU fi.fl. fitpwtmlf 
(Uurp.wunt[uq}l, UtmU{wL.uqp), '\)mu}luwJ}lU.fl..wqw}uumwumlf (~wpwt[
qtllftt;llpUwJu\{}1): .Rpntf}lm}l hwupwl[wjptlp qwu uwu ~WJtuumwumlf 
(Uhw'Uw til~ hwpwt[-wpuliuwu w¢mlf' DnpdwJ}l hwupwt[wJptD, 
~UI).qwumwumlf, ~wpwl[wJ}lU fi.Ili],tlq}lwJmtf, \mp lJwtlll).nuwjmlf, ~n
uwumw&mlf, .lihnp.p}lwjnttl U WJl tlpqputlp.mlf: ~~-m1f hwjmU}l liU 
Dnp.dwJ}l }utfp}l, Q}lt}l hwupwt[wJplip{!, .Pwpw2wu}l, fl.wpwJ}lh wn hwu
pmJ}lU tlp.hwqmlfutlp: 

q.npb'uml{mu uzmumlpltpjntun: ~wpntum ppntf}lmulip.u oqmm
qnpat[nul nu tflimWilWJ}lU ppntl L hwlfwdnttt[wb'pulip UUlWUwtnt hw
lfwp, }luq WllPWtn mtiuwqutipn· p}ltf}lwqwu WM.Jm'UwptipntfclJWU illi2 · 
pp.Ilup wllliP umwuwtm u illimwtmpq}lwJmlf' npU{llu hpwqwJntu UJmra: 

9qwpg [Si02] 

Ih[wpg wut[wu b'wqntU{! U{wpq tt, UUJatllllPtlntlf t, np WJq wlllllU[! 
WUW2Wglit t tUhWqUIU «lnr{W]11Jp> pwnfJ.g' «qwpop pwp» UzWUWqm
f1JWtlp: 

Iupmumwt (pJmplill)' hmu. l[p.ftucnw[nu' uwnntJg (Eif[. 26): 
UUIImP,um (hmu. wUIIcnftucnnu' tlulfllil), · hf!.u hntJ'Utlpu oqmwqnp

b'm U t}lu Wl qnhnt}lqup qtilf npll{UU qw}uWJlll.WUp ( Eif[. 27): 

Swpptipmlf llu pt[wpg}l tlpqnt U{nllttlnp:}> mtiuwq~tip' a u p:a 
pt[wpg{! hwlfwpt[nnf t gwb"p 2liplfwum}lnwu}l (0-571°C) pt[wpg: .PJmpti
Ilwumlf t mp}lqnuwJ}l'U upuqnu}lwJiitlf: p pwpd11 2liplfurumP,nwup (575-
8700 C) pqwpg l: .PJniptlllwUnnf t htipuwqn'UwJ}lU uf!.~qnu}lwJnnf: 

I ' ' 
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UJU llpqm mwppllpwq&llp]l. pjntpllq&lip& ww]l.ll& nul{&nuf tqp]l.quw
m]l.q hllpuwqn&wJ}lU hwp}ltnntUWJPU 6LllpmJ:, :q.pri.tqmJ]l.U tmtl qwpqwgw~ 
pJmpllqullpmf, llpqwpwtfmu, urullquw6L pJmpllqullpntf, qpq&wpJntP.llfluU
pntf, qnuqpllg)l.wulipnq, hnb, pwpuqwb pJntpllqmJ(lU qWU.qqwMlllpm[: 
.Rqwpgp pJmpllqullpp tftl~tpJlltU£! mwmwuqnnf t tfwupw:q.}lmwl{wJpu}lg 
tf}lu~L Ullq tflltnp}l uwhuwuullpmu: 

PUntpJwu tfll2 pqwpgu wtfliUwmmpwbqwb U}lutipmtU.llp}lg illlqu 
t L qwqtfni.tf t uwquwm}lq ppm u.rtl{ulpullp}l (qpwu}lm, t}lll{wp}ltn, pt(wp
gwJpU ll{Ilp~}lp, pt(wpgmJ}lu :q.}lnp}lm) pmqqwgmg}l~ lfwu[!: ifluLuu.nnnt}l
mwJ}lU L b1uJpnpliplfmt llpwqullp£! qwqtft(wa bu pl}wpg}lg: Utilumu tiU 
uwL tfllmwtfnp~mJpU mll{wpullpp nt ll{uqtfwmpmuupp qwqup illl2: 

!bltqllqml:[mU hmmlpnpjnt&ullp[!: trwJtbpntpJntU[!' 7, mlluwqwprup 
lulm£!' 2,65: ""llp6nttf ~nt&p, lplmpt(wbpu wuhwt(wump t : ~Jl[!' Wll{W

qm, lplmpqwbpmtf limpll{p: q.ntJU[!' wuqntJU, Ull{}lmwq, qripzwqmu, 
atum9lltJU, uL; t{rup:q.wqntJU, uwumzwqwqritJ&, qwuw~: (J)~iliqp pngmu w 
hmtt(mtf: ~wttfmu t zwnw~nq qwqp pngmu: EJ-pmullpnitf mU.tmb"uJ.p t, 
pwg}l ~tnnJ1W2JlW~uwqw& ppt(pg: 

Cum qntJUP lt mwppllp UJntpliJ:i}l &tipt}lwqtfwu, mwppllpnttf ti& 
pqwpgp hllmLJWl mwpwmlluwq&llp[!' 
1. lhouw;ftu pJmplirT' pwt}lwugpq qwtf 2Pti:IJaw¢.tiiugpq wuqntJU mwppli

pwqn (ul[. 26): 
2. Unt{npurl[wu pt{urpq' wupwt}lwug qwtf l{fmul[cnm}n:uug Ull{(ltnwq qwtf 

l{wp&wull{ltmwq mlluwqu: bpqwpwJliU }Ututt&ntf'lliullpp qllll{pmt.f 6linp 
t pllpnttf :q.llfJ&tut(m& qmuwqnpnnf: ll&ntpJUIU 1.l:fui htu&q.pupuu t zwm 
hwliw~: . 

3. Utllimftum' uw~mzwl{wqntJu mlluwlmtfi!t:TJ~'ln~1;fu)mtf mu}l Q}l&wu
. mmfuut.f: '1pWU.}lg . UJWU1pwilmmu llu~thl~IJlwqwu qWU.wqwu 

tfwup pp"bJ:i(uq. 27}: 
4. 'O]uUI(jllljfipt{urpq qwtf oiimijuli111U[Uif/!>O u.fttit!~ih& UJ11ll3upnt( qnt-

utut(npqwb" UU~DlU tnlluwtm: Cum :" .·' .. ': lfg&mu t tnnll{Wq[!, 
pWJg upw hliYt n~.,up [!UqhJUUtllp qwtq tp;t :)48): :i ,. . 

5. UU pt{urpq l{nttf tfnpjmu' JIWpm$wU.gJ'!lt~· · .. uu qntJ&p mwppllpw-
' [{£!: ~wupui:t(mJpllpmu unijnpwpwp h ,. :' , . ':;t ~tuwqntJU pt(wpgp 
· htlm .n.wu"u: .. · · .:· :·:! • ' · · · · '' · ' ' · 

.... J', .•. --~- .. . . . " 
6. r.[cupiJUIQJJIJU pr{urpq' ullpqwjwgumu t lm,b uwupwpjntpllllWJpU qwq-

umpJWUp &mpp t(mpl}.wqntJU tntiuwq[!: CffitJUD qw~qwa t llpqwpp L 
tfw&qm&p up pwup opult:q.&llpp ~u~pu tuwnuntflll&lippg (uq. 29) : 

Umu2mgnttf[!: !hlmpgu wUtf}12wtqllu WU2Wtntfmut ppm uwquw
JP9 L qwqumu t pumpmqpt( wtqwp&tipp (qpwu}nnutlpp, qpwuDlltmPltm
ullpp, pt(wpgmJ}lU :q.}lnpptn&tipp) · qwuqt{wautip}l h}luuwqWU. pwqqwgm
g}l~ UUIUI!: 
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J!PlltqWUUlp u ntiqnuWUUlp: ltin&wJ}l& PJntpllruf. nu4lip~w4wu u qlil\WP
t{timnw4w'U ppli:pp wpmwq.pnttaJWb illi2, 41lll1IliJgbllpnni u 6wuwU{wp-
hwz}l'Uwpwqw'U wzJ:uWUlwbpbtipnui: . 

~wpgp qwqtnbWJ!JntPlillWJpb, talitwtJnp 4wu zUiputl.}llqw6wnw
qwJrawt{np m u.}lllpntlitnwJpb qwnmgt{wc)pnt{ mwpWU\Ilutuqn 4n~t{nui t 
juw[gllrjnu (IIJnpp Uu}lwjntu Qwqqllq.nb pwqwpp wumn~g): UJb unt{n
pwpwp t)l'Umu t qripi, qwU{Ulwt{m'U, q.wp~'Uwq.ti$'U qntJ&p: Unw2wumu 
t hfulpnraliptiwt tmbntJra'Uuppg u opranl:ftwqp ppt.f}lwqw'U lntquwhwpuw'i1 
U{Jl)lgllu'Utipp hbtnhtU'Upnt{: .' 

fuwtgllq.n'Up · qntwt{np, PlUJlil. 'UwJ:uzbpnt{ mwppllp.w'm · qn1,t{mu t 
wqwrn (hm'U. cuqwp' qwp()p) (fil[. 30): qwpti}tp qntJbp J:uwtgllq.n'Un' u!Jp
IJlllftpu (fil[. 31): Iuwtgtillfl'U}l, OU{UllP, l{wl.{ll, l{mtgpmP, pt{Uipgp U{qtnnp 
J:uwnumrun! l{pntti t lfwJ(}pwp w'Umun: Iuwtglil}n'Up 'Umpp !ppqpqwl{w'U 
J:u~bntpq.n UWUpWhWUlpq pt{wpg}l, qwt{wllnrlP, WOJ:uWJpU bJq_iraupp, 
lllll{wrap m uwuqwbp u}nngntraJntbbllpp ~~m qn~~nnf t hwuU[}w : . 

u/iUI{I3D. Uqwp 

Iuwtglltpluu: oqmwqnpbl{ntu t npll{llu hqlfwUJmra, , }lui{ wqllNln' 
wphtiumwqnpbwqw~dl puwqntJU pwp: 'lpwupq tqUIUlpmumntu lib hm
~wuquli:p: ~uruUJpuu oqmwqnpbl{mu t OilUJliu mphliumurqnilc7wqurit u 
pbWqillJU pmp Dl tlpliUUJWUlUWU bJmra: . 

fuwtgluplup hwjmup hwupwt{wJPD qm'Ut{mu t ~iliumwunnf 
(UJ:uutt g}uwJp zp2wu) fl.'l UJ12lt'U-U}lpppwqwu ,uwp\Uhwprantti (mpwUI
'UliilP. tfti2), ~WJ1UlJIWJp'i1 fltpW:tntti (OJtuq}l hwupwijwjpn) $wnurpUI'Utfmu 
tru huruuum}l ; qhtt~gpq mwpplipwl{utipn: Up.iu qfi\uwt1n11 mlluwl{uli11n 
hWJtnUp tlu UtJawJp bpqilwuuruntU: . . . ' 
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srusl"u oeul"'lutr 
OLqWL [Si02 nH20] 

lwm. «DU[Wfnll.l», hmb. «DU[Wf}mU>> pwntl11P.g' uUJpmwq pw11, 
tatlpl.m UWUUl{p.tnnwl{WU «DlUJWlW» pwo}lg ' }aWfll:{wp<Jtip pwp: «D\.qWp> 
pwnp hmuwptiu rawpquw'UnttaJWU puwumu t «zztillgunll W~p» l{wu 
«l{m)um[lll.p~ mhunqmraJm 'lm: 

Qp.p U{Wllllt'Uwl{mraJmun mwmw'Ut{mu t 0,4-21 ,o% u UIJU PUIJlllwg
umti t UpW ppupwl{wu [fwnmg~wopn: ~w6w)u tltumu liu llpqwra}l 2PW
JPU opu]lq.utipp )uwnfuupq.'Utlp u l:(wtgltmup wqlip: Uunp:t> tf}t'Ullpwt t: 
~mraJw'U ill12 hw'Uq.pU{ntU t nql{mJqwllh umwtUil{mpm'Utip.p, hnqw-wum
pwuuwu t}l(upmu qwuqt{moulipp, wump qmmwqnuffitip.p u tuhdwuuwu 
qmuqt{woutlp.p tnbupnt{: illwjl[!' UUJI}.WtPWUUWU, WU{WqtlUUWU, llWpUJW
bUWb: ~tipllmu ~mu)l: qwpb'i1nttaJm'Urf 5,6-6,5: Stiuwl[wpwp 4zlmn' 1,9-
2,5: ~w'Uq.pU\lltti t mwpptip qntj'Ullpn~· w'UqntJ'U, ull{!lmwq, q.llqpu, zwqw
uwqwqntJ'U, qwpt1)11, qwuw~, tlpl{uwqntJb, un)upmqntJU, l{tliU{UlWtlmu, 
opurowup: Cpl{wg'Ulitpu qnmpwmt{mu t, pwJg iP hwttfmu: Qwgp :t>mnpw-
2Pwbuwqwu Jatal.}llg WJl JaiantUllpnnf W tmot{mu: 

C}.l}umt{np mmppliilmltUliill!· 
1. Uqilftt{ ourwt pum.raJurU till2 hwufl-P.U{Iltu t hwql{wq.tlut u huruwp.t~mu 

t .raurul{urpdtip purp: Dtup bpurawuwjjl'i! qntJ'illiph )uwq, urnurtJtitwUitlu 
l{w'Uur~, uw'Um2url{wqntJU u lip.quwqntJU: 

2. {[wpfiwuU[ftcnwl[ oU[W( l{ltmn}dunpwugpq, Iturra'ilwuU{ptnwl{ t : 6.tiuw
UJWl:ftiUuuruu qn~l}mu t f[wfuntnfiq, UJQmnp, tuwt(wp mnuwinf hfuJpn
,Pwfr. UJu pntnP mwpptipwqulipD t!l'ilmu tiu t}lm(up, bwqnmqtiu qwq
umraJmup ( fif[. 3Z): 

3. ~pwqnljfi OU(w( rawtltwuq~q qwu tmuw'Ugpq t : q.ntJU[f qwpt.f}lp, q}l
Ulllltiqltu ( ulf. JJ): 

ul{Wp32. UU. O~Wl vf/Wp33. ~pwqnLJU OUJWL 
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4. "'pwfptn' Qp.W[cHU1}1WUgpq lnUUWIJ:D qn~t{nnf t hpWfptn qwtf Upfp
qjmllfWjpll wllfwlfjJ: UumliD awqut t hmu. «qwfnlb> pwnpg, wtqwqp: 
Unw£wlimu t mwp wqpJmpuuppg ' u:ptipn[pmuupp, umwtwlJ:mpmutipp 
muupnt{: ~WJUlU}l t l'i.mtqnUpwjntU: 

5. "!wullfpUW]pfl l[wtf f[jJuwoll[W{ zlinph)14 qwt{p, qpwpwpp L upqlU[<Ip 
}uwnUntJlilUupp, 6tinp t purmttf tqqmnp L }uwt{wp mtiup: Unt{npwpwp 
tfllimtf t wuJaunpwugpq: Unw£wumu t qwnt}lup, pnpupmp, p[nppmp 
pwJpmJtfwu tqpngliuutipp <twtfwuwq: ~wuqptqmtf t mwpptip qmuwt{n
pmuutipnt{: Uju mmpptipwq[I[WJU mwpwamu ntlip U[JdWJntU (fl-'1): 

6. tJ)wJtnWfltfwfJ Oll[Wf l[wtf pwpwqwft ljJ.WJtn' utip{j:WJWgUntU t OUJW[p 
tqULqmfnp:pnqu Dum 1}1wJmp: 

7. 9-l!JqlipjJm' qmJapwpWJpU mnt:p, qwJb"pwpwjpli qwt.f t.fwpqwpmJW 
uumt{wap (pw¢.): Otqw[p WJU }umt.fp[l mwp WIWJntpUlippg up[p-
9uqafdntUupp wU£wmt.fwu mflllJmUp t , npn tflia t.fwuwt.fp qwtqt{wa t 
qujqtiputipp UnpwqmJU Uumt{waputipp hum: ~WJU1Up tiu '\JntupuwjpU 
Ut.fllppl{tUJntt.f, PU[WUflpWjntU L WJ[ntp: 

8. 'J.jJwtfnfJjJw u mplill[li{ otqwtlilipp opqwuwqwu b"tuqt.fwu mwpptipwq
utip llu (pu:pmqnpmJpU hnq qwt.f qpqti[qntp): lplintt.f uu 1}1}upmu l{wt.f 
hmlmJpli qwuqt{wautipnt{, utqpmwq, qtiqpu, qnpz, wuqwt.f uL qrttJup: 
'1-pwug wnw2mgmun l{wuNma t gwapwqwpq opqwupqt.futipp (qpw
umt.fpmutipp, ownwqwJrawt{nputipp) l{tiuuiuqnpamuiimraJwu hum: u311 
t.fwup opqwupqt.futipp t.fwupwqpmwqwJpli qpwhutipD qwqut{wa uu 
2PWJpu l{wJapwpwhni\llg: Unt{tipp L o41J:pwlinuu!Ipp hwmwl{mu, ztip
mtipp 6Lnt{, qpwugpg wnw2wlimtf tiu hul{wjwl{wu uumt{waputlp: 

'1-punnnupm[l L mptitqli[[ItWJU l{ppwnnt[<}Jntu mutiu zpuwujntJalipp 
wpmruqpmraJwli t.fli2: Oqmruqnpat{mu llu t.fllmruqubpfl hJlqt.fruu, UJruJram
gplJ: UJntfdlipp tqrumpruumt.fruu hwt.fmp: 

Unw£wgmtfn: Ourmwwnm£mlimt.f t hlimhpwp}umJ}l.U tqpngtiuuti
PP <twuwuruq, t.fwqt.fwmpq o2w}uuuppg bpqpp t.fwqtip!Iu wpmwhnuwa 
2PWJpU tmbntJ[<}Utippg, npJ:! qmmwqt{ntt.f t qwmwpq mmpwbnt[<}JntUUu
pmt.f nt [Wt{WJP 6liJ1pupp tfli2, hprufl}uWJpU ZP2illUuurmtt.f ' qtiJqtiputipp 
litplipp t.fnm, fluq bnt{w}unpztipmtf' gwt.fruppg qtimtipp Uft£ngnt{ ptipt{rua 
l{WjCtpwpruhnqp tfn}uppUupp }umrugtfwU tqpnguup <Jmt.fmuwq: 

bpqpp uwqtlptiumtf OUJlU[U wumttnwuwpwp t}ln}ut{mtf t }uw[gtiqn-
up L pt{rupgp: I 

Uqultt{ L hpwjpU btuqtfwu OUJW[Ubp{! rawuqwpcttip pruptip tlu: 
~WJmlip tiu l.Jtip~ltuJlUU ZJ:l2Wlintt.f (UuqpflWJljWI) fl-'1-, cfltumtfltplt 

L 4:fJ.Llt uwpqtipmu (fitqprupUm): ~~-mt.f OtqlU[p hruupwt{lUJJ:lUJ:l hlUjUl
. u \lll'!:tlJltfma ~ uu: 
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'l. ~uLnl"'lt.tr 

~mtnltllruJftli uputipmtlilip uu· urumppmup, l{wt}tnttflt, l{wtq)m~tflt 
t.fwqutiqpnnflt L WJl mwppi:Ipp p[nJ:lWJpU, :pmnpmJpU, ppilt.fmJpfl; JflllWJpU 
upwqm[<}JntlilitipD: PuntJaJmli tfti2 wnw~lit tWJU mmpw(tt{wa tiu p[npw- · 
JPU L :PmnprnJpU UftruqmraJmliutip[!,npnup t.flia l{ppwnm[<}JntU mutiu wnop:.. 
JW l{Jruupmu: 

. ~wtnpqwJpU uprugmpJmliutipp qqwtlt t.funin wniu2w~nilr (uwl{tf. 
ptiumJpU UJWJUWUUtipntlf, . ltiriuhfht uiu(fiu . ant{tlpp' L'. (otlpp ' hliruluiqritif, ·' 
}lupuwuumtigu wu awuuiurwrilint{; npujuu' ppi.f}lwqwu u'umt{waputlp: ' 

Unwt{tit mwpruat{wa hwtnlitlwJpU upwgntJaJntliutlpu ruw}l llu · 
DlilJ:umu n~ t.flia qwparmt[<}JWUp, 1}1npp mutiwqwpwp qznnt{ L mtq1iiJ:uw 
tPWJtntf: lfmpmp t{powqmt.f tfllimu tiu litqpmwq, ·}uwnlimMUupp qtitq
pmu t.fn}upwqntJU, qliiJUuit{ntu, qrupupwt{mu, qmtqntjtn, upptit.fu uwlt uh:. 

~wtn)1qmJltU upullpmtlitip)1g t.fp pruuflun' h:uqpm[l, u)1tt{ftun, qwp..: 
liwt}lmu 2pmu tnu}t{nn( tru htizumtpJwt.fp, ·:Pumnp}l.mu (CaF2) ; ·Wlt{npw
qwu UJWJt.fwuutipntt.f 2PP Uti£' mlitmalltlt t: lnumplunup WIJllp[l hmJmup 
nu zwm h)1u ctmifwuwqutip)1g: 

lftimWJllUqwu UwmppntUU wnw2pU riiUqwtf umwgu[ t '1-LpU, 
1807 ra. : 

Cum wqruqtiupqnu U . b . .'bupuuwup hwJmup tiU zmp2 140 Uwmpnt
tfwJ}lli tfltulipmtlitip, np]lg hmtn]lqlitip · 10, tfuwgwafJIIp[l' u}1t}lqwmutip, 
qwppnuwmutip untt:Pwmlitip, :pnu:pwmutip L WJl upwgmJaJmtiutip tiU: 

l.JlUUlppntup WJ1Upp mumtluwqwu uzwtiwl{ntraJntU[I t.flia t : l.Jwm
ppntup p[np]lql}, pwqp hruumpwl{wqwu uuuqp Wflil]ntUUIJ!UpntpjntUpg, 
[lUJU l{ppwnntraJntU mup ppt.fpwqwu WJ:lllJO!UU(!UpntfdjtUU UlillflflUP Ojnt
ll.UJ:lntt.f' UI111W, urumppmt.f)1 h]lqpnpu)1q L untt:PlUUl, PlDJ:l, lUJlW[<}fdnt umw
UW[nt hmt.fwp: 

~WL~Ul (EWPWrt) [NaCI (Na' 39,4 %, Cl' 60,6 %)] 

~lltU . hWJnu' ant{ll. WJl : ~lUOW}u tqWpntUmqnttf t Di tftia plUUWqnt
IOJWUp KCI, CaS04, MnS04, nptql:iu t.fli}uwu)1l{wl{wu }uwnUntJlil • F~03-n 
(t{illMWqDlJU WJl): 

PJmpl:illwumu t ltznpwlirnMrnJpU u}luqnu]lmJmt.f: PJmptiquupn 
l:ipptiUu t.flia ~w1}1tip}l tiu hwuumu: PlintiOJWU UU2 hwliqlttqnttf t hna 
hmmttl{wt{np, Jupm, JahpJamliuwu, JdUlwuuwu qwuqt{wautipnt{, umwtwlJ:
mpmutipp mliupnt{, hwqt{wqtltq wnw2wgumu t qpmqutip: 

1lJlq]IqwqmU bwml{:mpjntUU.hp[l: l.rwp<}pm[<}JntU[I' 2,5: Stiuwqw
pwp l{zpn[l' 2,1 : ~tip6nttf[l qwmwpJWl t }unpwuwpq)1 upuml:ipnt{: 'l-ntJU[!' 
wuqntjU, Utqpmwq, t.fn}upwqntjU, flUI]UWt{ntU, t{mpqwqntjU, 4wpt.f)1p, 
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UJ1lJ:'UwqnlJU, lj:wulntJm: !llwm!' wtqwlj:m: ~lizumlpJwtfp tmbl(nnf t 2J1nttf : 
fhup wqp hwu: ~wttfwu !:[limn· 80°C, lim.fwu !:[limn' 1440°C 

U.Dw2wgnnf1!: q..J]uwl(np qwuql{wbuhpu wuw2rnunnf tiU bnl{upnnf 
h tolipnuf: Ch{ltnwqwuql{wbulillp, zumpuli11p l{wu qtfplirauu11p mllupm( 
mliqwq11l{wb liu uuml{witpwJp'U wtqwpulipnttf (l:[rnl{lipmtf, tflipqU['Uli
pnnf), h qpwrtl:i:g&mtf llu tflib mwpwbntpJntUUlip: ~wnwtu qpwug hwu
tnnt}dJDlU[! hwuunuf t 1000-pg wl{1Itlt tflimpl:i:pp: Ump[puwmullpp ml:i:upnl{ 
wnw~nuunnf t hpwpmtuulipp dWJJ.3ptfwu ctwtfwuwl:[: ilpnz pwuwqm
f<lJUitf~ pwpwq l:[mmwl:[l{mtf t wq)l wqpJmp.ul:i:pp IItpllpp unm: Swtp.wu
mw'UwJpU h wUWlllWtnUIJpU l{wJplipmtf hnr\ll tfwlj:lipliup l{pw 
WUW2WUnttf liU qmuwpunp w11lip: 

· ~wupwt{wJplipf!: .Uwpwqp hwupwl{wjpl:i:p[! pwqtfwpp~ tiu' flFl· 
Untlll:[wtfulj:-.Pllpliq'Upl:[ntlul{p (Ulip&mpwt), l>t1Igqp (Ql{wtnl{}l uwpq), 
Uuwt(wuw-Upumtfnt{uqp (il1l{pw}luw), il1un[{l (topl{nltnUq pwqwpp 
untn), ~WjtnUp liu uwh ~umqmu~wq, "ttum'U ttitip[l (ll_ntqnqpwqp uwpq), 
U.phumJw'U U{l~pp{l 1li1l.P t61Ip[J, Uwqu{l tMI:! ('lp}ltf), un11aqwuuuwu 
tutf!!ll tntlp[! ('lwqwtuumwu), \rw}u}l2hwu{l hwupwl{wJp£! (Uqppli2wu): 

~~-mu hWJtnUp t illlp6Uphwujw'U wrtmplip wl{wqwU{!, npp t(pw 
qnpbmu t Ul(wup wqp hwupwl{wJp{!: 

UUU&wJ.\l,nznp hwupwl(wJptlp)lg hwJmu{l li& UU'\J-mu ((rwuqwu, 
StiJ:uwu, Olnwhnuw U.rnhwuqullpmu, Uqp UUb tP6n), q..lipuwupwJmtf 
(Umwuu~mpm), llihummwUmu (ll_litp~qw), U.Uq[pWJnttf (QlizWJ{l, 
fllpntqzWJfl), ~wuupWJnttf{t:tqwu-ln[<lwppuqpw), l>utqw'UpwJntU (lplp
qm{w), liwtqnupwJmtf: U~mp.w[pWJntu (~qmnppw tP6n), I>pwumtf 
(Swpppu tlt6D) u wJl hwupwt{mJplip: 

q.nJllmwqwu 'Uzw'Uwqn:tpJntUf!: .Uwpwqp wpiJJm'Uwplipwl{wu 
'Uzwuwl{nt{dJnt'Uu wpmwqwpq illlo t : .Uptfpwl{wu WllllJmUwllliJlm{dJWU 
tfll2 pwpwr\llg UUlWUntU tru wqW}d[<lnt, p[np, Uwtnppmup hpqpnpupq, 
unqw, uunnppmup unq~wm, ptnpwl{ltp: lwJU qpJlllinill[c}JmU mup uuuqp 
WllllJm'UwpllpmraJWU, l{wzliqnpbnt[c}JWU~ illitnlUilwqnpomraJwU }uligliqnp
bmraJwU h pazl{mraJw'u U1I2: .UwflWfiD tf).lwdwtfwuwq hwupwpw11 t tfli
mwllwl{wu Urutn[lpmtf umw'Uwtm hwuwp: 

lflimwqwqwu Ullltnp\mnfu oqmwqnpb\(mtf t hwuw6mtl{wopulip. 
umwuwtm hwuwp, tflitnw[mpq{lwJmtf nptqliu l{1Ipwqwuqun11 u1mra, op
qmuwqwu upwgmraJmuutip.}l wpmwqpnt{dJWU U1I2 ' l{wmw[pqwump, 
tt1Il{mpwwPIJJmUwplipnl{dJWU tfli2' hwqnpqwt wplip. tqunnpwumlitm wz
):ullltnw'Up'Ulipntu (uwmppmuwJpU «lipwl{'Ulip», npn&p awol{tlmtf l:iu 
UlrtU6p [c}WqUlU[c}nl{) h, l{lip2wtqtlu, U{lllptqp~ ttlil:[tnpwl:[wu twtftqlipp hw
uwp: 
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UI1Lq~(j [KCI (K' 52.4 %, cr 47,6 %)] 

UJu tfpUli{lW\P wumun qrntql(wb t hntwuqwgp ppupqnu u pdpzl:[ 
DPL4PW '1-liuw ~wzp (1614-1672rara.) wul{wu hUm, D{l[! hwjtnUWpli{lli[ t 

Wjq WilD: · 
\rwtn{lpmtf ptnp}lq)l tuwnUntJlll.[! u}ltl{{l&pu mwt{lu t tqqtnnll mliup: 

Uju q1Ill{pmtf upullpwtllu wul{wumu II& uftJtfftujun : 
PJntpliqwumtf t tunpwUWJlll.WJpU u{luqnupwJmtf: f!UmraJwU illl2 

htu'Uqptqnttf t hno, hwm)lljwl{np, J:uptn, rallfl[OWUUWU qwuql{woulipnl{, 
lipp;titfU' wnwuo}l'U J!JOl[ltiq'Ulip.nl( u l}Jlntq'Ullp.nl(: 

!IJllq}il:rwl{tau hwtnl{ntraJmuulipJ!: qwf1CtJlllt[c}JntU[! · 2-2,5: Sbuwl:[w
pwp l{zlmr!' 2,0: q..mJ'Un' tfwpmp ~powl{mu wuqntJU, tuwnunlpqulip{l 
qlitqpmtf' l{wrauwuUJ}lmwl:[, lipptitfu ' l{wpqwqnlJU, l:[wptfpw~mu (llpl{wra 
opupqp tqtU[lllt&wl{mraJwU qlltqpmu), l{wtl{Ulllll{mu: !llwJlD' wtqwqm: 
~lizumttaJwtfp; tmol{mu t 2rmtu: ~wtft:!' qwnu wqlt: 

Unw21IJUnUf t UntJU tqwJuwUUtipmtf, pu~ np pwpwqn: 

~wupwl{UIJJllipf!: ~wuwztuwphwjp'U 'Uzwuwljm[aJntU mulignq Jun
zn{lwqnl]U hw'Upwl{WJPl! qmul{mu t fi'). iltp.wtmu (Untpl:{wtful:[nttf' 
ll_liptuul:il{wtfuljp hwupwl{WJPI!), npl} hUIJUlUwptlpl{ll[ t 1925 J.3.: Ujutnlit1 
uptl{J:t'Uptnp ullpppu hnppqnU[! mlli)WI}.f1l{WO t 150-300 u J:unpnt[c}JWU lff1W: 
~wupwl{WJPI! ll{lllltflt bwuwl:[p t: UJu hwupwl(wJPP pwqwJlt t(pw 
umllqbl{mb t p}lupwqwu J:unznpwqmJU qntfpll'Uwm, npmliiJ. uzwql{nnf liu 
qwtltmlfP wqlipn: 4:wtluuup wqllp qwu lflipal:[wuuuwu wqp quplirautlpp· 

211
2wumu, Dtqplil{umwujl u l!tmpptfli'UpwJp hwupwtqllumtraJmuulipntu: 

~w1mup nu uwu Umwuu~mp.mp (q.li[ltfw'Upw), U{lipup hwuwljp, 
npn uno mwpw<}m}djntll t qpw~mtf '\)mupuqlipuwuwl:[w'U gwbpnt}.3jnt
Unttf h ttqwup (:bpwuu)lw), lippnpqwl{wu hwuwqp hwupwl{wJpllpn: 
qw[pmtfp U{wzwp.'Ulip.nl{ wz}uwphnltf wnw2pu mliqD qpwl{mtf t fimuwu
mwun, llpl{flOPll£!' l>pwuupwU: ~~-mtf upp.[p'Up hwupwl{wjplip hWjtnUW-

p.lipl{wit ~liu : 
q.nJlOUUII{tab U2UIUtDl{nt[c}JDtUl!: qwtpmtfpwl{wu wqtl[l[l \WJU ljp

pwnnt}djlllU mullu qJntqUIUlUtnl:i:UOt}dJWU h ppupwl:[wu WPIJJDlUWpllJlllt}d
JWll illi2: bl:i{lljWjntUU upw wqlipp 95 %, nptql:iu ll{WflWJ.llnWUJnt[c}lifl, oq
mwqnpol{mu liu uzwljwpntjUlipp' zwpwpp nwl{Uquqp, wpUUIUlllltl{tnntq
'Ulipp, ljwpmn~}lLP• qw{lnt, otuwtunmp, wpuwowqljp, ljw'Ulitp.p, qwl{w~p 
plif1pwm4mtaJUlU pwp4p..wgtfwu hwtfwp: . . 

4:wuunup mwpplip tfpwgnt{dJnt'U'Ulipn (KOH, KzC03, KN03, 
KC10

3
, KMn0

4
, KCN, KBr, KJ) oqmwqn[lbl{mtf llu' pdzqnt[c}JwU, obwuli

LPPlllipp wp.mwqpmraJw'U, hpwmtituupl{wJp, tmuwuqW}l~mraJm'Umtf, 
ppqtiquujl uwp11uwu hwuwp, ranralt, wll{wl{m, twpp, uupl{lt u WJ\ wpmw-

qpntraJmu&lipmtf: 
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l>untnll~lll [CaF2 (ca· 51,2 %, F' 48,8 %)] 

«.1lumnp]1m>> wllntll(lliU[<)WllPtlnnf t, np l.[WU{ mu]1 «fluom mtiptf]1ll]1 
hlim (wllqt. Ouon"ne), np litlpnurwl.[wu ttiqmlllipnnf llzwllwl.[nnf t :pmnp (F): 
Lwm. «:Pumnpniti)> ~wn]1g' :pmnp: 

"<,wow[u q)lmtlnnf t :Pumnp)1m)1 mwp~tip mwp~lipwl.[Utip, npnllg)lg 
tf]1 pwu)luD p)lupwUJliu tfwpmp till, tfJmuutipD UfUilliltllwl.[mtf llu [uwn
llntiUllltlp. CaCh, Ca3(P04)2, F~03: 

gjntpliflWUnttf t [unpw
llwPilWJpll u]1llqnllpJmtf: ~m
JdJWU tfli~ hwl1q)1urnttf t l{nul.[pu
g)1wullp)1, hna, tu)lm qwuql[wallll
Pll mthipntl, lip~utf'U · hnrtw[uwnu 
wqpliqwmulipnttf: \:rpw wnwu-
6]1u ~Jmpu11ubpf! up~liuu una l_w-
tltttp)lliu hurullm tf ( &fi. 34): bf/wf134. :buntnn~tn 

!bp.qplfml{mll hmml{nt[<)Jmulllipn: l.p.upapntJdJntUD' 4, mtluwl.[wpwp 
4zl.mn' 3-3,5: <llWJL[! WUJWI.[nt: q.ntJUD' wllqntjU, uur]1mwl.[, lltiq]lu, l.[wllw2, 
lipl.[llwqntJU, tfwumzwl.[wqntJU, tip~liuu' tfwumzwl.[w-uh: "<,lipomtfu l.[w
mwpJWl t ol.[mwtqpntl: 

1J.mu~wgnn1n: q.Ltuwtlnp qwliqtlwaulipJ:!, lipwl.[Ulipll ohml, wnw~w
umtf liu hPI1pnJdtipuwt Ujpngtiullup]1 ctwtfwllwl.[: Ujumuq llpw'U mqlil.[gmtf 
tni tftlmwqwJpU tf]llllipwtulip.u' qwtliupmD, u:t>wttippmu, tuwtl.rnUJpppmu h 
ntppiuupn: Unw~wumtf t llwh UJuqtfmm)lmwJpU h Ujllhtfwmni)1mwJpU 
lipwl.[lllipnttf ~tlp]ltll, mntptfwt]1ll]1, mnurwq]1, l.[uru]1mlip]lm]l h WJL tf]lllti
pwtlllip]l hlim upurupu: "<,wllq]1uputf t tf]1 2Wf1P llumtlwbpwjpll WU{Wp
ulipnttf (nl. ulib·l.[mmwl.[nufulipntl): Unw~wllmtf t llwh hpw~[uwjpll UWJ{d
pmuulipp dwuwllrnl.[' guq.tlll :PmnpwJpU upwgmroJmlllllip]lg: 

~wupwtJwJplipn: \:rpm [unznp hwllprntlrnJplipn qmul[mtf till U]l~]lll 
UuprnJnttf h Ullqp~rnJI.[rntmtf: "<,wUqpU[nttf t uwh Unul.[tlrnJp (fl-wmnl[l.[]l 
qlimrnl.[]l un.)llipnnf), qrntllll]lu}l (Oumq qum}l w~ rntltnnf) urnpqtipnttf 
Uuqt}lrnJmtf (qmtf~liptlillqn), UULr-mtf (qlillmntl.[]luu), q.nptfwllprnJmtf h 
rnJt upl.[pullpnttf: -<,~~mtf :Punm(lltm)l hwupwlfrnJptip hwJmu~upl[wa 1_uu: 

q.npMtwl{mu uzwuwl{nttaJntU{l: .lluntn{lpmp tfnm 70% oqmwqnpb
l[mtf t tftlmrntmpq]luqmtf, npUJliu :Pumu (tlpl{wro)l h WJL hwuprnpwpup}l 
hrnttfrnll ~tiptfurump6wuu p~ugllnq UJntJd): ~puprnl.[wll WIU1Jntllrn~li{llltta
Jrnll Uti2 ll{lrnllpg umiullmtf till :t>mnprn~pwbllrnJ]1ll rorom h :pmnprnJpll 
rnqtlp: UJuurtiu, op. • w[lhtiumwl.[rnll liqwllwl.[nl[ umwgwa li!llmlPIDD 
(Na,0.1F6) oqmwqnpat!mtf t wumtf]1ll]1 ttlll{mpnt]1q)1 hwuwp: q.mllwl[n{l 
mtluwl.[lllipn rnl.[llrnqnpawl.[rnll pwplip tiU: UllqntJU rowtflrnugpl.[ mliurnqlltl
Ptf Otqulpl{Wjnttf, UUJtil.[mpnul[nUjlltip Ujllim[lUIUmtltnt hrntfrnp: 
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b. '-IUPPnuUSubP 

UJu tutf~]1ll till urwml.[wllnnf Ulimwqulip]1 watuwroJdl{lliJpU (H2C03) 
tfpwgmraJntulllipu: PumroJrnll Uti~ l{w(l~nllwmwJpll tf]1utlpwtlltipu mlltill 
LWJll IDlli[lllibnttf h t[tt() llU[l mlllill hpl{[lrnl{llqhp l{wnmgtlrnbpmtf: qrnppn
llrnmtujpll wqti[lD llmntlrnbpwjpll h Ulimwtfnp:PwJpll rnurwp l.[rnqtfnll tf]1-
llliJ1WLUU[1 till: U.JI1 mliuwlllumllpg wnwl(tltrnurliu llil.PP t ulll{llmu l{rntgp
mu: Pllnt[<)JWll tftl~ rnJll wnrn~wgllmu t wnwuo)lll tf)lllli[lrntrnJpll mrnpw
mliuwl.[lltlp · l.[rntl)16, l.[prnprnp, wprnqnllpm: Prngp llPtullpg l.[wtg}lmn 
turum twl{wu qti[l t tuwqmtf zwm o[lqrnll)lqtflllip)ll{tfw[uprnJpll tfurutl[lp 
rntfp.wUJllqtf wll, plll. UjtiU llwh :Pn[lllillpll)l:pliputi[lp, $rn¢.l.[rntf wptf]1lllllip)1 
[ulig)lutip}l h tf wp~wullti[lp, tltzrntfn[lrallp )1, uurmuqllti[lp m anl(rnJ]lll WJL 
opqwupqtflltl[1)1l{tfw[uplltl[1)1 h qprnhlllip]1l{rnJmllrngtfwll qnpanttf: Uuru
llwl{gmroJmu mlluu llwh ~murnl.[wll awqmtf mlltlgnq opqrnll]1qtffillpnttf 
(l.[prnprn[lWJpll 2PP.tfmnlltl[1): 

qwp~nuwmllllpll mllllll htimhJrnt ~unpnz rnnwllollwhwml.[m)dJntll
llllpD · n1. tftlmwqwl{rnll tflrnJt ( tftla tf uruwtf J! rnUJrnl{m ), tfr2P.ll l.[w(lapnt[<)
JnLU, mtiurnl{wprn[l l{z)lnn mwmwul(mu t 2, 7-4 uwhtfrnlllltipnttf, tf]lrnJll 
utfpJdunll)lmn (4,5) h gtipnw)lmn (6,6) rn1_p)1 till t)lll{llmtf Ulia mtiuwl.[rn[lrnp 
l{znnl(: ~tn[ll{rnpJ!nllmmlltipll rnqwroratiP 'Uti[lqn(lbntraJrntfJ! urum)16rnllw
J!WP pWJPWJl{mtf till, h wu2wml[mtf t rnb[urnJdram qrnq: 

qwp~nuwmlltipu hrntflitfwmrnJ!W[l htizm till tmal[mtf ~pmu (wa
[urn[<)Jdl{ptu11l{rnJntJdJWU qtiurpmtf), l{wpf!nuwmutipp J!Jntptifllltip)l hrntfrn[l 
wt!tit}l ~llnpnz ahu hwllq)lulliUmtf t nntf]:!ntqpu (mp.]1qnuuiJPll u)lllqnllpw): 

Cum p)1tf]1rnl{wll ~wqrnq[llltJdJWll mwpf!tlpnttf tiu wfl£mp h 2PWJpll 
l.[rnp~nuwmuti[l: Uu~mp l.[w[l(muwmull(lp qntJUD urulfwJntU t, pul.[ ~PlliJP
un · l{rnJm&: 

UlJQflil.f' bUf'PfibUSbbf' 

'-IWLQ~lll [CaC03 (CaO' 56%, C02' 44 %)] 

«{p.utgpm» lliUntUU llii1W~WgtitJ: «CalciUim> mrnppp WUntUpg, l.[rnlf 
« va/ciS>> • «l{pp», «l.[prnJp'U prn[l» wul[wumtf)lg: 

lJ:rntgpm l.[wtf l.[pwJpU UUfWJd, pptfprnlqtiu tfrnpmp tlp6rnl.[mtf hwu
qpU{nttf t zwm hwql[mqliUJ: Iuumumpq'Utip.n' Mg, Fe, Mn, Zn L rnJLu: 

gjntp.tiqw'Umtf t ID[lpqnUWJpU upuqnupllijntU: fl-ntfJ!ntq[lp upumti
P.P tip.up ntqnt[<)JWUJ! mwwu t l{wmrnpJWl hup.omtf: Untp.6ntl hwrl(wati
LPU • hwm]1l{rnl[n[l mtiuwl.[utipn qnmprnmt!mtf liu n[lnzwqp ntflflnLJdJlUUJ! L 
umwgl(mtf llu ~til{npullp · nntfJ!nl:qpp muupnl(: gumroJrnU tfli~ hwuq)lurmtf 
t hnb, hwmpl{rntlnp, Iu)lm hnupti(lp, $timpwuuwu, hnflrnturnnu, Jdtlpraw
utfwu, ldlltw&tfrnu, wul111rnutf wu, zwnwl[]1qw-ownrnqrnJJdWUtf wu qwuq
l[wauti[lntl, ll[l~tiuu' wnwuopu ~Jntptillullpntl L qpmqutipntl: 

87 



.ilpq}il{mqm& hunnqntpjnt&&IIpl}: l.}wpet[lnt{djnt'Ut:!' 3, mlluw\tm[ltu[l 
l.{zlmt:!' 2,6-2,8: !l'lwJw· wtqw\tm, hllp6tfwu hwpramraJwu tJ11w· uwqw¢.p: 
q.mJlitf Ubet tfwuwup wuqmJ& l.{wtf l.{wrauwutqpmwq, tuwnumpquiiflp 
qlitqpmtf' qtiqp&, tJwpqwqntJli, ttwpupp, tfmq-zwqwuwl.{wqnLJu, uu, ll[l\t
&wqmJ& u WJtll: Uqwrapm& u pwgwtu£! niiwqgpwJp tlli2 II& tfmumtf 
lJwtgpmp hlim: 

l.J:wtgpmp uwpmp raunltwugpq mliuwq[! qn2_ynttf t ftufUJ[JJ)Ull{Ulu 
uUfWFJ : UJ'U hwJm'UwptiptJI:it t Upul:iuwu l>utw'UqpwJp hwupwtJwJJlmtf 
(tuJUU1tll')}1g tt UpW UlUntUD): 1669 [0. up qpmwqwu UlJ12WtJwtutfpp \tnt:j
upg WUW2PU wuqwu, WJU pl:iptJlit t bl[pmqw u ranq'UtJlit l.Jntqli'Uhwqli
unni: UJumliq upw raw$wugpq qllqllgpq pJntpllqullpD qpwtJlitli'U zwmllpp 
nt2WllJ.Ullf3JnLUJ:!: lp1tqiiuhwqiiup hwtfwtuwpwup tqpn:ptiunp, :ppqpqnu 
t:p.wqu f!WJimnt}l'U hiimwqnmtit t WJll pJmptiquiipu li hwJm'UwpiiJ:llit up 
hpwuwtp IIpumJra' uwup wnwpqwuiipp tqwmqiipulipn upw J!Jntpliqulipp 
up2ml lipumu IIu l.{pl.{uwl{p, lnLJUp 6wnwqtujpUUpp lipl{plil{uwu zunph]ltJ: 

~timwqwJmtf, ownwqwJra'Utipp llpl{piil{uwu mutfmupu hl:imlmqw
l{wunpliu qwpqwgpiit t Rppum}lwu '\Jmqtiuuu: J"!utwuqwttwu UUJUildP 
WJil hpwuwtp hwmqnt{dJWU zunphptJ WJU tWJU qpptunnt{djntU mup otq
mpqWJntU: 

4:wtgpmp UJntU mwpunnliuwqutl(lpg tlu' l{plliJftu UCifUIFJf!-untfnpw
l[wu lfwfgftcnB (wu.rawittwug]lq mtiuwqill, l[pwpwpuyftu cnm.]Jlipg Lfwptfw
pp(hunn}l\twtJnp\tpwpwp.), rnpwtjlipcnftfiE ifftt!wqpwl[wu pLLqJp(umpp hw
mpl{wtlnp mtlmuq[!): tJ)_unnwhmu t uwu ucnwtwlfcnftrnMpft, ucnw[wqliflcn
ulipft !J ootftcnulipft (uputlnwpwp) 6ulipntJ: 

Unw2wgmun: Uu2wmtJmtf t tnwp u uwnu 2P.WJpU tmCtntJ.[dUtippg 
UIIqnratip.tfwt li tUJp.raiip.uwt UJWJuw&&IIpmu, IIp.wl{&tipp mtiupntJ: "ll:llp.-
2Puutipu hwowtu utwpmuwl{mu II& mwppllp tfl:imwq&IIpp etetupwJp& 
upwgm.raJm&&llp (PbS, ZnS, FeS2, CuFeS2): 

bpl{pp uwl{tipiiumu wnw2w&mu t l{ptuJp& wqpjntp&IIJ1p titpliJ1p 
unm u qwzmwJpll UULW}C)Ullpp ppupwl{wu hnquwhwp.uw& utpnglluutipp 
dwuwuwq: UntJllpp hwmwl{mu uwhwgwet l{tiuqwup&tipp l{pWJpU fuligll
utlJlD U l{tfwfupullp[!,l{nttnllil{lJtltntJ WUW2WgllntU UU \tpwpwptipll hu\tw
JUllj:WU ztlpmwfuuptip, npn&p hpuuwl{w&mtf qwqtftJwet tiu Itwtgpmpg: 

~wupmtJwJpllp[!: 4:wtg)1tnl} pwywqwupu mwpw<)-tJwet U]lutlpwt t: 
nmuurumlliUmu putw'Uqwqwu UUfUlldp hwupwtJwJp.tlp.u qmutfmu nu 
SwqmmpwJmu (1.l:PUntJ . qtlmp hntftnmu, np.mllq WJU mtiqwqp.tJwet t pw
qwtmulipp u mpwut'Ullrilt oliqpllpnttf li qunnwpqm.raJmuutipmtf: f!wquw
pptJ, n2_ tfl:i<)-, hwupwtJwJptlp qwu U]12pu UupwJmu: l.Jntll!uruntu pntwu
qwqwu UU{UJJdl} hw'Uqputmu t l{}lwpwptipp Ull2 u mup hpqpn.[dUJlUWt etw
qmtf: I>utwuwqw\twu ull(wpp (unznpwqntJ'U hwupwtJmJJlD qmutfmu t 
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:flutwuqpwJmu: UJumllq wj'u m~qwqp.l.Jwet t pwqwtm'Utipn~u .u qwtJ6p zllp-
miipnttf: . . : ... ·.· 

1.l:}1tfwqpwl{wu pwpQ. hwu~~wm qw lpltil{,wumtf (Utqtiumqp 
hmupwtJwJp) fi'1, luupuqp.wqp uwpqmu, fitl.[pwpuwJmtf: 

Uwptfwpp hwupwtlwJplipn hwJmup nu fitJ11llp:nu (fit.'l>mtliJuqp, 
Qtwmnmumul{p u WJl zp2wuullpntU), qwplitlt~mu, UuqppwJitmtmu, 
fit\tp.tuJluW ('l.,ppumU), ~WJUIUtnWUntu, "ll:puruin.wuniu: . 

f!wp6!IDP.lUq uwptfwpullpp hwupwtJwjp.IIp. l{wu PtnWtPWJntU (qw
pwp.WJP hlliUpwtJWJP.D' q.numtq utiqmgp wputiuwu wtltntU) u ~muwu
mw'Untu, pul{ ypuwqp,wl{wu pwpp hwupwtJwJp. q.tip.umujlm Aut{wp}itu 
(2ntliuqn:ptrup tfnm): · · · 

>j. : 

q.npbuml:[wu .uzmuwitnttaJmun; :flutmflnwl{wu utl£Ullan qnpbw~
tJmu t oll{Ulpl{wqwu wllllJm'UwpliiiDt.PJWU tlli2 Uflltntlt ULPltquwutip 
U{WUlpmutnlitnt hwuwp, npnup qppwnymu tin pullnwgfuut uwupwqp
tnwqulipntu, utnuwpptfl:implipnttf, l{ntnp}ufllmpti:pnnJ. u wJiu: 

Uwpmp qpwpwpllpu oqmwqnphlfmu liu. p}nfl:iwl{wu wjuumuwpll
pnt.raJw~ tftl2 l{pp umw'Umtnt hutUwp, zwpwp.p, unqwjp, uunnp}mtup 
hpqp.npuful, ptnpwqpp wp.mwqpntfclJWU tfli2, .'l>nu.'l>npntJ u bbupn~ wqpunn 
qp.wpwpiipu' tflitnwtmpqpwq!UfL WllllJntUwpiipn,lfclJWU Ubf hwupwuJnt· 
ptip.p hwttfwu dwuwuwq nr.cqtlu .t>un~u. giitfl:iump mwppiip mtiuwqullpp 
(utnpmtwuq glllftlum, nmi!UU-glltftlum) U[unnp.urumlltm hwuwp L WJL 
pumqw4wnutipmu: . 

~l{lfwet miiupny ;iwpuwpu oqmwqnpcn{nttf ~ nptijtiu zjlfluro)llt@ · 
zuuptip.p utlpppu ~p liptlmqunnuwu hwuwp, pwfu}wljwqnpetwqwu 
wztuwmw'Upuh:pmu, t!illJmpunnlituupl{wjntti (pwz.tu}lt l{wburuutlp u WJlU): 

lpntJlt6D ~bymlf t npU[tJu: qptitnt, ub:pqlitnt;' llql{litm UJntfcl, 
giitfl:iump wptnJU'l}pntfclJWU tlli2, tllipw-ubpl{p, Ufwp.'l>JmillippwJ}l (unnwtf
uw¢nzp), nuu:pup (tgunq)1 ~muwpllpntfclJWU UU2 U,Wjl puwqwyum-
uupmti: · · · · 

UwqObq~ut[MgC03 (MgO' 47,6%, C02' 52,4%)] · 
.·j . . ( 

.. U.umftu Wlllll2W91It t . Uwqullq}lw (~t'Uwumuij,l) ~UxJPP w'Untupg, 
npmtiq WJU hWJUlU}ll; qlln ZtiiU1 tJwq urug.Jw[}lg: . · .... , . . . 

· Unynp.wl{uru {uumumpqulipu nu · FeC03, CaC03, ldDC03: 
~JmpliqwJpu l{wmug~w~u uuwu t qwtgJ:tmpu: PJmptiqm'Unui t 

Ul[lpqnuwJp'U up'UqnupWJntU u mw[}lu t nmfpw6u PJntpUtlulip: f.l'UntfclJwU 
tfti2 hwuqpU[ntU l: uwptiwpwutfwu qwuqtJwetulipp tntiupn~. D{l[! qwqu(l
lfwet t h:pqwpwymu pJmpll:qutippg (p mwpptiiiDtfclJnLU tiwptfwpp u l}ntmfl:i
mp), oliuWU(wl{llfiuwu .tupm qnJwgmuuh:jmtJ, hnqw.tuuinu wqpliqunnutipn~ 
uwnu: · · · · · · · · 
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!b}lqb.l{ml{mu honnlpnp.JlltuullpJ:!: qwpopmpJntUJ:!' 3,5-4,5: snuwqw
p.wp lizlmlf 2,9-3,1: ~llponnfu qunnUlpJWl t mnf(!wb],p}l u}lumliJIDl[ (llptlp 
ntqqnipjUnf(!): .Pjntpl:utWJ}lU tnlluwqullpu mu\lU tmqqnt qtWJL, tfuwgwauli
PI!' ~~wp uu: 'l-ntJUt!' utqpmwq, oJmb.wutqpmwq, Ill:utuwl[mu, qnp2, zw· 
qwYftnl@qntJU, tfntupwqntJ'U: Etpmullpmtf tmm[mtf t tf}lwJ'U mwpwgunwu: 
l.plmpl[wopu w'Uhwl[wuwp t, tul:igwJ}lU: Cllitll\Ul pngmtf ow¢I!Pl[nnf t, 
(!WJg lit hwtl[nuf: 

Uuw2mgmtfl!: 1Jwqu1Iq}lmu umw2wnnnr ~. hlulpnpllptfwt U[WJUwu
ulipnttf L bpl{p}l uwl(tipl:iunnf: 

~pnpl:iplfwt m}lU(}l hwupwl[wJplipJ:! tumU2\UUntU llU tipqm owuw
U{wphm{. 
ui) 1Jwqlfunn}lq o2wtu}lg l:il(nq mmp uwqullq}luq tntbntjfclUl:ip}l I(pwpwptl· 

.• plt'qtiqg}lmtf}l L qritinlpmul:ip}l uwqullqtuntf}l Ulltn\UUiluunn}ll( tnl:iqw
' t(crquw£t 6wu~t{: UJutnllq uwqullq}lm}l um~wguw£t U{Pllgtluu 
l{wtnwpl[mu t WJtiriiliu' · · •. 

· · ·. · CaC03 + Mgc03= CaC03•MgC03 
• ' ' [JruupW{l uwq~lkllttuL lpltm.lp.ut 

tntbnL][C) 

CaC03•MgC03 + MgC03 =2MgC03+ CaC03 
. l}htnlfPut uwqu):l.qllwt . . uwquliUtm 

IntbnLJ[C) 

Cl[llJgwp}lwJmU' UtUJlip (titn}lpnuf), l'uU[Wu}lw.)Jlttf '\fwqutiq}lmJ:! 
tf}lzm qmut{mu t I}.Dtntf}lmullp}l L l{pwpwpllp}l Ul:i2: 

·:··_t_:,.,; ;. . ' . 

p.) 0\lltfilUt .. B.JWpntuwlim\ ql:iph}lupwJ}lu uwquunnpq_ tmqwpul:ip~ (U(tlp}l· 
qntnlnri.u'tlp, I}.Dtu}lmullp) l[pw wa}uwraral[wj}lu hlulpnpllpUllp}l (uupU(tiU
m}lultqwg}lwj}l U(llllgllu) tlllmwlfnp:P}lqwgfuu) wql}.tigD,LJdJWU(!' 

2(Mg,Fe)2Si04 + H204 + C02 = 3Mg0•2Si02 + MgC03 
o!P\ftl~ ullptq~ilop~ uwq~tiqpm 

Uju 6w£tunqwphnl[ UinW2WgwO uwqul:iq}lmu wunp:p t : 
bpqp}l uwqtlptluntu ulipU(tlUm}lu UflUilD.LUWltmt qliph}lupwJpU uwq· 

uunn}lq wu{Wpullp{! p}ltf}lwqwu hnqlfwbwpuwu, tiUJ.atUp{(tfl:itnt{ UinW2W
UntU t uwqullq}lui, DPI! uwqliplfuWJ}lU 2PUP}l tf}l2ngntf tilwpl{mu t I}.tiU(}l 
ulipp}lu hnp}lqnuullpu 1.t tiiJumllq umw2wgumu tlpwl(ullp., (!utlp L tuwttip.: 
lfl.pngliuJ:! qunnwpt{mu t mJuU(tlu' ,. 

3Mg0•2Si02•2H20 + H20+C02 = 3MgC03 + 2Si02•3H20 
ulil)tqti'iltllpU UwqUtiq):I.Ul OUj\lll 

<..mupwtfw.niliprr. ~pnJalip.UWl bwqtfw'U PJntpllqUIJpU uwq'Uliqpmp 
wlfiiUwtunznp. hw£tpwtfwJpJ:! qmul[mu t ~wpwtfmJ}lu Dtpwllt wpLUmJwu 
LWU2ntu' Uunnq}luul(}l hwupwt{WJPD (Qtwumntum pwqwp}lg 50qlf I}.liU(}l 
hwpwt{-wpulfntmp): utfwu hwupwl[wjplip hWJU1Up liu uwu ~l:inwl[np 
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UJ1Ltltpmtf: UtfnJl.'p tfwqutlq}lm}l tf}l zwpp hwupw\(wJplip qw£t 'l..wqwtuu
mwumtf, '\Jmu}lu-Uputiuw£t Q}luwumwUn.ttf, QU}u}lwmtf, Ul[umppWJntU L 
WJt Upqpullpmtf: ~~-mtf tfwqullq}lm UJwpmuwqDll tmqwpulipJ:! mwpwo
tfwa llu UUwuw t6}1 wpLtiuw£t tfwulipntu: 

Cl-npauwl{mu uzm£tmqntpJDtUJ:!: lJwqullqpmu oqmmqnpc)tfmu t U1I
mu.-·qwuzwl(uwu UIJIIl)nt'UwptipmpJwu, UJDpmtwlll}.gliUliUm}l L aaupmJ}l'U 
wpmWI}.pntfclJWU U1I2' hpwqwJntU L aaupuqaratfil wpmtllllpntpJwU tfll2, 
hpw~WJntU tuqjntuullp U(UIUlpwutnlitnt hwlfwp, npnup I}.}l.UwUntU llu tf}luiL 
3000 C 21IpUntfclJwU: 

Qui}. npntU uwqutiq}ltnu WJptfmu t 1700°C 21IpuntpjwU mwq: 
UJptfwa tfll6wqmu uwqullq}lmu oqmwqnpm{mu t unpntu gtllfliUm (wpmq 
lfuliDil glilfliUm) tqunnpwumlltm hwlfwp: Cwpwp}l, nllm}lu}l, fclllld}l, qlil{tn
pwUl:i:I(mu}llutip}l wpmWI}.pntraJmuutlpmu, p}lt[}lwqwu WJliJJmuwplip.nt
raJw'U tfii2, wqplium}l hlitn hp.wqwJntU }uwnUn.tM'Ulip U(Uitnpwumlltm UU[W
tnwl(n\(: bqll[wb' tnliupmJ oqmwqnpc)tfntlf t wphllumwl(wU UwpUwp UtnW· 
UWlnt hwlfwp L WJLU: 

'lnLml~m [CaMg(C03)2 (CaC03' 54,35%, MgC03' 45,65%)] 

~ptqliu tu~Un.tMullp lJwiml\ t ll{Wpntuwl{ttt FeC03, ZnC03, 

lip11liuu CoC03, N1C03: . 
Uutfw'U umw2wgmuu l{umNwa t' WJI}. tf}lutlpwW. hwJmumpllllJUllt 

.'ppw£tu}lwgp p}ltf}llplu 1.t tf}lul:ipwtnq '1-ntmlli}l w'Utfw'U hlltn: 
.Pjntpliqwumu t mp}lqnuwj}lU u}luqn&}lwjmu: QjDtpllqutlpu muuu 

nnupnb],p}l ou: .PfultJ.aJWU UU2 hwUI}.}ltl{ntu t hnb', htmn}lqwl[np, uwpuw
. pw£tuuru qwu lu}ltn qw£tqt{waulip}l,llpp1Iuu nnupw£tuwu mqpliqunnulip}l 
mliupny: 

!b}lqlilpnl{mu hmmqntpJDt'Uullpn: l!wPOJilliraJm&n' 3,5-4, mtluwl(w
pwp qzJ:mi!' 1,8-2,9: ~bpontUfl l{WtnwpJWl t nnlfptnl:q.p}l Upumbpnl[' tlpbp 
mqqntfclJntuuliJIDtu: CllwJLI!' WU{WI(m, hllpouw'U hwp:rampJmuutlp}l tfpm' 
uwl}.w$}1: q.mJ'Uif qnpzwymu-utqpmwq, llpptluu' I}.llq'Uwtfmu, qnpzwt{mu, 
l{wUWllll\(ntu upptlpuruqullpntf: '1-n\ntf}lmu \ntb'qmu t tf}lmJU tnwp 
wqurpJa\(ntu: bpw qtnz}lu «limuu t» Unup wqwpM}l wql}.ligDtJdJWUp: 

Urzm2mgmlf[!: '1-ntntf}ltnJ:! wnw2w£tmu t bnl[mJ}lu wt{mqwuutlpntu 
qpwpwptlp}l tflimwtfnp.'ppqtf}l (qntntf}ltnpqwgpw) htlmuw£tpntf, aaupw· 
raratlwJp& qwlf uwquliqJmui}l p[npJulp tmbmJra&lipp utipqnp~tpJwlfp: 

fi.liwqg}lwU UUJ.aWllntU t WJUUJliU' 
2CaC03 + MgS04 = CaC03• MgC03 + CaS04, 

{jpUIJ2W{l flJltnU)l.m 
l{unf' 2CaC03 + MgCh = CaC03•MgCO + CaCh: 

[{(1UIJ2W{l lpl[nuput 
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trm{wJpU lflt2WtfWJpnttf I}lltnt.fltmn WilW2WUntU t aalll!WFfOtfwJ11U 
uwqutiqJ:mufP (MgS04) h qpwpwpp (CaC03) t.Jpw C02 uupqnpcmtJ.aJl.wli! 
(C02 wU2wtntfmu t opqwuwl{wu UJmratipp untumt.fltg): ~ptf}1wl{wu 
uumt{w<)pp mnupnt{ WJU WilU12wUnlU . t fupum wqp tltwlf 2PWtfwqwuun-
pntU (crntfw}unpztipnttf, tm,qntuurunpnuf): .. 

'1-ntntfltm UIDW2WUntU t uwh uwquuqpuq tritbntJ}dUtipnt{ qtiphpu
pWJPU L h}ltfpwJpU uwquwmpq wupi!punpp uumwunp:ppqwgpwJp ctw
uwuwq: UJU .qutqpmu I}lltnt.fltmpu pmpnz Dltltil{pgunpu llu' UUpUJlWUlpmn; 
wqptiumu, mwtlfn: '1-ntnt.fltm l{Ulpnll t wu2unntfbt L . bpq_pnfdl!ptfmt 
tmcmtJfOUlippg tlp.wquupp mllupnt{: ll,tip2UIUJ1Iu, qntmfPm l{Ulpnll t wnw-
2WUW1 lfpwpwptlppg, uwqutiqpmt.flt WllllP UJUIIUllUUilfnll, hfulpnrallptfwt 
2PliPlt utipqnpantraJwtfp: · ..• 

~mujnmlto.Jllliiin: · '1-ntnt.fltmp qwuqt{wauttpn (WJU mwpwb:t{wa tru 
n'l- fitpm!P wphumJuru h wphtiuuru twu2ti:pntu: UphtfmJwu twli2P. hwu
pwtfwJFti:pu niunu antfwJ}lu enuqntu: UJumull IpltmiPmn mllf!u'Il-Ptiwa t 
lfpwpwptlpp, wuhfulpfulutlpp, pwpwqp h lfwtlmttfwl{unl Ulllllpp tlli2: 
UpLlluwu twU2P hwupwtfwJpupn uumwunp:PtnJpU awqntu muuu: '1-n~•
pwumu hWJUlUp t Upmtitfnt{uqp hwupwt{WJPI! (Ctnt{WjpU awquwu): UJU
Ul~ qntnt.fPmn mtlfJw.qpt{wa t l{pwpwptlp}l, qpUJUti:pp h pwpmqp 1lti2: UIIa 
hlimwppppnt}dJntU tru utlpl{wjwgumu I}lltnt.fPmwqnJwguwu ctwuwuw
l{wlfpg unmglluullpn' Auttuwz tO]l hunnwl{nu.f ('1.wqwfuumwu): UJU uruu
pwuwuunpnu munufuwuppllt t wqw.qtiti}lqnu b. U . UmllwJuntfn: trmfw
JPU awquwu Ipltnt.fPmutill qwu UphumJWU UtUJtipnttf uq..n(luwlil1WJntU: 
~"'-mu hwJmup liU Upqwqwup, lntt,lwanFlt (P2hwu) hwupwtfwJilUP!J: 

q.npbftml{wu uzmumlfntJaJDLU{!:·'l-ntnt.fltmu oqmwqnpm.{mu t nptquu 
hFwlfwJmu UJmra L :Pumu (uumwllwqnpbntfOJWU uu2), gtluuump h 
pptf}twl{wu W(li)Jnt&urplipnt}dJw& uu,2, wqpuump ]uumump.qp htim ti}lwu}lu 
IqUIUlptuummu nu ' 2tlpuwuuqmuwgmgp~uup, hwqt{w.qliu( umL DPUJUU 
U{WFWFIDIUUJmra: . . 

U~fJbJl~Ul {FeCQ3 (FeO' 62,1 %, C02. 37,9 %)] 

"-'nu. «u}uj'lipnlh> pwnpg' tlplflll}d: U}l.qtippmp uu2 unt{npwlfwu Iuwn
ump..qutipu nu. CaC03, MgCOJ, MnC03 h WJtU: 

PJntPnllwJpU gwugn hpzllgumu t lfwtgfl.mlt gwugn: PJntlllitlwumu t 
mllpqnuwJpU upuqnupwJnttf: PJntpliilulillU muuu nnupnti}-pp au: .Plint}dJWU 
llli2 hwuq.pUJDttf t ·hna hwm}ll{wtfnll, liWFuwpwuuwu, tu}lm, hnupupp, 
hnqwtuumu, quq.wuuwu, zwnwt{Julw-ownwqwJraw&L (ulipppu lfwnmg
tfw<)pnuf) qwuqt{UIOUUpp IDUUpnt{, tlpptltf& tunUI2WgUntU t WDWUapU pjnt
pUfJUUp lfwu .qpntq&tlp: 
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l>fl.qlll{wl{wh hunnlfntraJmhhllpn: qwpbpntraJmun' 3,5-4,5: Suuwlfw
pwp lfzltnn' 9: PJntplitlWJPb ufultippmh mup WtqUilpn tPWJL, hnllwfuwnh 
mlluwlm' tuwtfwp: q..ntJ&n' q.litlum-unfupwqnLJU, qnpz, zwquruwl{w-lfwp
ti}lp: fi.nul!nti}-pp upumtlpnt{ pJmptlqwJpU ufulllFJlmn mwl.Pu t l{unnwpjwt 
hupamu: Uwnu llllllll}dra4}1 wqq.ligmraJwtfp ranLJt <<llnmu t», mwp 
WI'IUI}dfOtflt q.llUJpnttf' pumi!Uuptf: lll~wlf}l pngmu w hwttfmu: 

Umu2wgnnf[!: U}u],up}lm[! wnw2wfuuu t hfulpnrattptfwt h uumt{wa
pwJpU owuWUJWilhullpntf: 

~pnratlptftut hwupwtfWJFUpntU wnw2wfutttf t hwUlltfunnwpWil 
gw<)p 2tipuwum}lowu}l UJUIJtfuruutipnttf: b(llflll}dli lunFPWJpu tmbntJraunlll:!. 
hwlfwqq.Utntf lfpwpwplipli t.Jpw, liplflll}di! qntpu t u11mu lfwtgpmpu, tiuw 
hum'Uwupnt{ wnw2wumu t ufultllltim. 

CaC03 + FeS04 = FeC03 + CaS04 : 
4llwpwp II!l4Ulfcl uJulll!ll:lln wUhJ:nlpptn 

~pnralllltfwt m}luijl hwupwtfwJiltipntu ufultlppmn ntlltll{gt{mu t UJ}t
p}lmp, IuW14nUJPI1Pmlt. qwtiiU!ImP, u:puqtlppmp .h WJl · 
ti}lutipwtuliFP hllm: , . · 

\rumt{w<)pwJpU owuunqwphnt{ ,ufullippmn 
wnw2U1Umu t bntlwtunpztlpp h tmqntuurutlp}l · wn
tmPUJW Iunll2PJW mtlqwuwutlpnttf, tlplflll}dP wa
fulll}d}dt{WJliU tmbntJra~dlpp t.Jpw 'opqwuwl{wu UJnt
ratipp wqqtigntpJwtfp, raptfwoup I!wgwl{w1mraJwu · 
UJWJuwuulipnttf: ' 

bplfpp uwl{b:ptiupu uJilltiFltmn opufulurunnf L 
tlmtutfmu t tlttfnupmp (qnpz uplfwrawpwpp) (fif[.J5): 

4FeC03 + 3H20 + 20 = 2F~03•3H20 + 4C02 bftwp35. L~lln{i~UJ 
uJ:ulllppm lJnfnujnn . 

~wupwt{q;JJplip.n: ~pnrali(lUWt bluqntu mutigtlll wUlluwhwJmUp 
hUIUpwtfw.Jiltfhwli'tupt{mu t AlllJwtuqpu (fitFWtnnf), npu nulfwa t !2tWU1D
mum PWilWPlig 85f[tf hwpwt{-wpLummp: u:pnpnufulliFP.mp hmupUIUjnt'
}dUil qwu SnttWJp, Swupn4}1, lJwtmqwJli ZP2WUU'tipnttf fi.'l- h qupw 
(fltl{pwl!uw) qnpz tlpqlll}dwpwpp hwupwt{wjpnttf: ll,ll[12PUU mup .. 
uutJJ.lltuapwJpu b-wqnttf: 

lJltq.ll(lptnp hurupwtlwJilUP lfw& UtUJllpnttf (rimppnnf), PuU{l.tlll.ftm
J~lP (Ppul{WJWU bngp tmp.llpnnf}, q..tJptfwupwJntU (Qpqtru}l unm), tmntwu-
4ftwJmu, Uuqt}lwJnttf ("'wpwtiwJpU flttitunnf): ~~-mu ufulllp}lm}l burupw
'tfwJ(lUil hruJmUwpllptJwa ~tru : 

q.npouml{wu ilzmuml{ntraJmui!: "'UIUpwUJmra t pwpapnllwlf tlplflll}d 
umw&w1m hwuwp: 
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U(lwq.nO~Ul [CaC03] 

Uut{wumun' Upwqnupw tJwJp.p wumu}lg 
(:f\utqWUpw), nptnlli} WOW2PU wuqwu hwjtnUwpllp-
tllit t WJil upUU[lWl[! (Eiq. 36): ' 

.PJmpuiJwumu t nnupwJ}lu upuqnu}lwJmu: 
PUmraJwU tftl~ hwuqpuptuf t Jupm hnupllpp, tqppq
uwm}ll[, WUUIJUWOU pjntplliJullpp qwuqt{i.ub'ullpp 
mllupntJ, llp}!lltfu' ool.}1mwJpU qnJwgmuullpntl: 

!bflqpl[wl[wu hunnlpura.Puuutipn: qmpb'pm
raJmurf 3,5-4: Slluwqwpwp l[2lmn' 2,9-3: lllwmf 
WlQWl[m: q.mJU"£!' utqpmwl[, qlliJuwtJniu, 'unJupw- ltqwp36. Upwqn-
qntJU, l{wuw~wtJmu: -<,llpomu lmup (p tnwpphpm- ' u~111~ oot~l11Gbp 
ldJntU l[wtg}lmp): · 

Umu2mgnnfn: Uu2wmt{mu t mwp u uwnn WIJJ!Jmpullppg ( op. · 
l.Jwlltntfp-"tl_wpntlf, QllJu~w): Unw2wumu t gwbp 2h11uwum}lc:iwU}1 hpq
pnrah!lllllll U{!lllglluull!l}l dunfwuwl[: Uwl{wJu UflW qtJuwtfnfl qwuqtfwb'
uhp.n itinw2wumu llu mwp}!llp tl{qnqllu tqpnghuutlpp hllmuwupntJ, tfwq
utiq}lwt WIJllp}ltmbntj~llll!l}l tftuuuwl[gnt{dJWUp: 

Cwnwt{IJwnwnwqwJjaui6u n\ hnupll11lt mllupntf tWJU mwpwb'tlwb' 
tiu uwqullqpntUWJpU qllphlnfpUijpU WUlWJ1Utipp hniJUWhW!lUWU l[lliJUnlU, 
IlDtnlfPmp, qpll{Up u l[wt{wJpU UJmralip[l h1Jm tijlwupu: 

U(lwqnu[lm}l qwuqt{wb'uti[ln mw[ltubllmlf llu fltpwtmlf, Otq}!til[w
mwumu, "\WJWUIDWUnnf, PutqwUpWjntli (lJ.flwqnupw), QllJupwjntU 
({rwptupwq), U}lg}llltwJntU (~mwtJ'tw): "\"\-lil.u hwJmup till Upwpwm}l 
wpwqnu}lmp qmmwl[m UUD(l[!: 

U11wqnupmp qlii}llg~l{ muuwl[uli[l[! qlllpill.UVWillip uu: 
Qf'U.S~ u- uUPf!nu-usubf' 

I- mwf1plipntraJmu wu2mp l[wpJ!nuwmullp.p 2PWJltti qwl\J!nuwmuu
Pn mwpwgulllltu 1,UU21UUUltU tiu 2mp: 

Uwtwfu~lll (~llOO~J~U ~WUW!) 
[CuC03•Cu(OH)2] 

fiptqllu Ul1Jut¢i~l[wl[wu JuwnfuuPil
ullp. l{WJ11111 liu t.Pulit eaco), Fe203, Si02 u 
mp}12ulip: Uut{tnumun hntu. «ifiuJwjull)) 
pwn}lg · ¢.p¢.llp{d (l[wuwl l!filJU t) ( Eiq. 37): 

.PJntplliJ.wfuuu t ununl{t.PulliJ}lu u}lu
qnupwJmlf: PUmraJwU tfll2 hwuqpupttlf t 
umwt wl[m}lmullpp, zwnwtl}liJw-nwnwqwJ
rawoU, hwuwl[tlum!lllu-l:flliJLwUuwU, Jupm u 
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hniJwJuwnu qwuqtJwb'uhp~ mhupntJ: .PJmptir]uhpn hwqtJWJ:],bu( t~unuf hu 
wuhiJuwou, llp~l[wuwoh: 

!bflqpl[wl[wu hUIUll{nt[i)Jntuullpn: l.Jwp()pntraJmtin' 3,5-4,1 : Slluwl[w
pwp qzJ.mrf 3,9-4,1: «llwJtn' wtqWl[m, tftlmwpup: q.ntJU"£!' tJwn l[wuw~, Jun
m~-l[wuw~: 1mup WIJwraral.{l.l wqqhgmraJwUJ! llnmu t : 

Umo2wgnnf{!: Unw2wUntlf t upl[pw4liiJu~ t{tippu uwullpmu, opu~
qwguwU qnuwJmu, l.I{1l}lu6 UfWPntuwl[niJ upuupwttitlpp (Juwtl[ntqpppm) 
ppupwl[wu hnrjuwhwpuwu humuwupntJ, wb'Juwraratllt. 2PP u raratJwM!p 
wqqllgntldJWU}!: 

IT}Jlilu6 tqwpntUWl[DI( unq:pluluupU ul[q}!nlll $nJutJmlf llU UDll:Putm
ullpp, WJUnthllmu wb'JuwraratJwjpU tinilntJldUUpp wqqhgmraJwUP lfwtwJu~
mp: 

~wuptm{wwllpn: UtftlUwJunznp hwupwt{wJpllpJ1 npnup mutrit hunf
wzJuwphwJpU uzwUwl[mraJmu, qmutJmu llU fltpwtmlf (Utlqunnmq
UJwuul[p u q.nuf}l2utJul[p hwupwtJwJpupn): 1836 ld· Otpwtnu.f qmui[liL t 
lfwtwJu}lmp tf}l hul[wJwl[wu qwUqtJwb' ' 250 en qwuqt{wb'nt{: fltpwtlt WJU 
hwupwtJwJptipJ! hwJmup llu XVIII qwp~ tlliP.2ltg: 

lfwtwJu~tn l[w uwu fltl[pwpUwJnlU 1.! lJ4lrlpl[jwU U}l zwpp llpl[p.ull
p.mu: ~-<,-mu lfwtwJu}lmp hwupwtJwJpllp hwJmfnupllpt{wb' lliU: 

q.npMiml[wU U2mumlpnraJntUIF fu~m mlluwl[utipu oqmwqnp()t{mu 
liU nptqllu hUI[ll}wpwup~ wpdlipwt{np pwp (uJmutipp, bptlu1Q1UIDlfwU, 
uqwhwl[ullp}l, uuiJwuutipp, qUI[ll}lUUUlt¢.llp tQWtnpmumulliU hwuwp): lwt{ 
hwupWUJntld t l.I{1l}lu6l{npqlltnt u l[wuw~ ullpl{ umwuwtm hwlfwp: 

Uqm(l~lll (~'l(iawJ~O Lwqm11) [2CuC03•Cu(OHh] 

Uumuu wnw2wgllt t :ppwuullpliU 
«wqmpll» pumpg' twqmp, llpl[uwqntJU, 
l[wtqtJwb' (!Unpn2 l[lUUtJltJtn qntJUp hum 
(Eil[. 38): 

QJmpliiJruumu t ununl[l.}1uwJpU 
u}luqnu}lwJmu: Plint{dJtnU uu2 hwUq}l
upttu t Ju}ltn, ownwqWJJdWUUWU, hniJW-
JurunU qwuqt{wb'ull!llltJ, hwqtJwqlltq ltqU1f138. Uqmp~tn 
wnw2wgumu t qp.mqullp, pjntpliiJulip: 

:D[lqpl[wqwu hunnl{nttaJntuulipn: lrwp()pntraJmutf -3,5-4: Slluwl[w
pwp lrzPni!' 3,7-3,9: .PjntJlUI}WjpU mlluwl[u mu~ 1111QWl[m tPWJl, hnrjwJuw
nu' tPWJtwm: q.ntJUD' l{lUUtJltJtn, ti:pl[UwqntJU: 

Umo2mgmun: Unw2wumu t tqiJltuo tQWpmuwl{UIJ tf}lUli!lWtUll[l}l 
pltU}lwl{wu hwquwhwpuwu hllmuwupmf, lfwtwJu}lmpu hwulliUutnU U{WJ-
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uwuutlpnnf: b}ll[p~ uwl[tlptlumu wqm(l~mu wum~OwUWpW[l $nlUttmu t 
uwtwtu~m~: 

- Uqm[l~IDt:! hwuil-~U{ntU t tqqu&wJ~U wtJ:wqwpW(ltlpntu' Ot(lWl~ 
wpliumJwU tw&~mu, UifcJW)mu L 11tllJlwpu_wJnnf: <;<;-mu wqmppmp hw&
pwtJ:wJ(ltl[l hwJmUwpliptJ:wcr ~hu: 

Uqnt[lpmt:! UwnWJnq.f . t n(ltquu hwUpWUJDlJO U{qpU6 L l[wupltJm 
utlpl[ umw&wtnt hwtfwp: ,, 

fl. Untl!bUSubr 

Untt:t>wm&tl[lt:! crWpwl[wu IOIOtJI!. (H2S04) 1UIJ.tlpu liU, n(lDUp tWJUn
ptlu mwpwmtw<)- tlu li[ll[pw~llqLnnf L hwtfwptJ:nnf tiU wpdtipunlnJl oq
mw~wp hwuwOn&li[l: 

Unw2wumu tlu Ontfllpntu, ttltl(lnttf, nptl{liu p~tfltwl[wu uumtJ:wcrp
UD[l, pu~tqtlu uwL ll[lq(ltu~llqLp hm}t.fwhwpuwu qn&wJmtf, unq:t>~q&uJlp L 
puwcrpu crcrupp opuJul.wgtfwu hllmLwupntJ:: f!w(lpiDt:! D[ltqliu Il-<:h(W[lW
lntJb- tfltUll[lWt, WU2wmtJ:nuf l; h~l1[1DJOll[ltfWt tntOntjJOUtl(lpg WDW2WgUtJ
tml t.fliqnJOli[ltfWt ll(lwq&ll[l: 

Umt:t>wm&upu mutJU n~ t.flimwqwqwu tPWJl (wutW!rnt, UW11wtPP 
l[wtf tuwtJ:w(l), wul[wJntU qntJU, n~ tfticr mlluwl[wpwp l[zJm, tflt21tu l[wpcr
[lntFIJntU qwtf $unlmtl[ tlu: tunn qutqpupmtf J:!Um qwp<)-[lDtJOJWU L tfp 
pw&jl WJl ~u&uwhunnl[mraJm&ullplt (tltwJt, qntJu, hlip&mtf, wq[lli
qwm) hP.zligumir nu l[wppnuwmuhppu: QliU wqqtJ:mt.f WIJ.WJOIOlJ:ltg (lt 
mwppb(lnttaJntU l[wppnuwmullpp): .Pntn[l umt:t>wmullpn _mwtP.u llu utl{p
mwq plipcrtJ:wcrp: 

Swpptipntu liu wu2mp h 2PWJftu umt:t>wmulip: 

q~L4U [CaS04•2H20] 

UutJ:wumut! wnw2wgtlt t hmu. «q}JllfU11u» pwnpg' qwt{fl.o, ~UJU: 
bUJOW11PlJ:mtf t;,' np WJ11 pwnn $ntuwnutJ:w<)- t wpwpwqwu «qlipum» 
pwnpg' utqpmwq, un{u(lwqnp2_: 

.PJnt[luqwumu t un&nqllt&wJpu upuqnupWJntU: .PUntJOJWU tfli2 hwu
qJn.qnttf t IOPJOllqulipp, uw.flquwmpq, q[lq&wpJnt(lllquliJlp, nutquJwq&tipp 
mtiupntJ:, pu~U{liU uwL [<Jllpraplfull[lp, IOlltw&uwu, hwmpqwtJ:nJl, hn<)- !J 
qm2_liUuwu qmuqqw<)-uli(lntJ:: 

Cum qpUJUp mwppll(lllqwuwquli(lD4 wnw~wgtfwu, mwp.ptl[lDtU llu 
htimLJwt mwpwmlluwqull(ll~' 
1. Unifnpwl[wfl p;mpll!Jwj}lfl q/JllfU ( fll[. J9w): 
2. «Uwp}lfm Ulll[Ull[}l»' JOtlpJOplfwqnp ~U{ll : 
3. U.tlipww:np' hwmp~tJ:np, tfw&pwpJntp.tiqwJpU ~UIU: 
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w p q 
ul[wf139. q~UJu. 

w) PJnL(lbflub(l, p) «LnLUGWl)W(l» ; q) «UuwlJ.IWllllt t.twllrv> pbtflnL4w4_n(l 6L. 

4. Ulitllfi}lcn' JOtltwtJ:np. q}ltl{U: lunn. <Whthflll» pwnpg' tntupu: UJu UlUI[lpli
p.wqu J:!UID tPWJtP hpzllgumu t lntUUp tPWJl[!, qpw hwuwp. WJU wutJ:w
umt.fhu «tntUUWpUI[l» (fll[. 39p): 

5 . .fiJticjJml[unftpcft.pwifnp q}JllfU ( fll[. J9q): 

llpqpi{wi{wu hwmlfntJOJntUullpf!: qwpb-(lntraJntUt!' 2, mlluwqwpwp. 
lfllmt!' 2,3: lllrnJm' wtl{Wlfnt, uwqw$)1: q..ntJUTI' w&qntJU, UU{pmwq, qn(l2.W-
4mu, qtlquwtJ:mu, 4Wf111WqDtJU, l[w[lupp, qWU{ntJm: lm<)-lJ:mt.f t crcrtfpwqwu 
IOJ04nttf: 

Unm2wgml.f[!: q.PUIUI:! qtluw~npWU{llu wnw~w&ntu t ~m{U(lntU L 
t6ti[1Dttf D[ltl{IIU pptfltw~wu uum~w<)-p, PW[lWqp L wuhlul(lpmp htlm upw
upu: .Pwgp 11[1Wupg, qpUIUt:! WDW~WUntU t wUhful.[lpm upUtl[lWtP hful.[lW
mwgtfwu hlimLwupntJ:, umnp.liflltP.JW uwn£! ~[llip.p wqqllgmraJwup' 

CaS04 + 2H20 = CaS04•2H20 
wuhJuwJun £ntp q~UJU 

<;wowtu wnw~wumu t crcrtfpwJpu qn~liqwu (FeS2) U{W(lntuwl{Illl 
l{(lwpw(lliJ.lp !J t.ftip.q1Itull[lp pptf}lwlfwu hnquwhw[luwu <twuwuwl( 

CaC01 + FeS2 + 9H20 + 70 = CaS04•lH20 + FeSO + 7H20 + C02 
[Jpwprup q~UJU 

,{:!p~ pwuwl{ntJOJWUp q}lUJU WDW2wUntu t; uwL uwl[li[lliUWJ}l.U mwp 
2[11lppg: 

"<;wupmqWJ[ltlpf!: q..PUJUP qt}uwtJ:np hw&pwqwJ[lli[lt:! qmutJ:mu tlu 
llt[lWtP W[1LU"U1Jwu twu2mtf, '1ln'-{ntdliJmu, '1-nupummu (Upmtluquqp 
hwupwlJ:wJp.£!), 11tqpllqumunnw&nttf illl[lq,wuwJmtf (tn[l-Um), O~w qlimp 
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wt}wqwunuf, fl..p}ufnnf, '<,wJurumwunu.f (bphwup q}i.U{Up hwupwt}wJp), 
npp pwqwJb t{pw qnpanuf liu qtir2b qnp~wpwuulip{!: 

q.npbumqmu uzmum[pltJ.aJntu~ lWJU l{}ipwnntJ.aJDlU mu}ll'iwpmw
flWUJilmwqwu u pwuqwl{wqnpbwl{wu wziuwmwupulipnuf, pdzl{mJ.aJWu 
tfll2, qJntqwmuml:iuntJ.aJwU UU£ npUJI:iu UJwpwpmwuJntJ.a, ~~tfpwl{wu 
JaJ.atfll, gl:itfllum}l, l;tfwi.P, uupl{lipp wpmwqpntjaJWU tfll2: Iihutpwugpl{ 
q}lUJUU oqmwqnpbqmtf t OU{tn}ll{WjntU: Utl:ipwumpD h ul:i(tru}lm{! uwh 
wl{uwqnpbwl{wu pwpllp nu: 

IJ~f1WP~L~P (qLwmpbpJW£i Wfl) [Na2S04•10H20] · 

lwm. «c!ftptupfttftlh> pwn}ig' qwptfuruwth: UJq wumu{! l{wtqtJw~ t 
XVll qwpp qliptfwuwqwu pdpzq U Wij)pupl{nu q.lUintplipp WUqwU bum: 

f!Jmpllqwumtf t tfn\Jnl{l.PuwJpu u}iuqnu)lwJmtf: f!'UmJ.aJwu tfl:i£ 
hwUUliUJDttf t wuliquurutfwu l{wpl'i pJmpliqutip)l mliupntJ, hn~, hwm)ll{w
tJnp qwuqtJw~ul:ipntJ: 

.iJ}iqllqmqmu hllWll{ntJ.aJmuulipn: 4:mpbpntraJmuD' 1,5-2: Sl.i:uwl{w
pwp l{z}lnt!' 1,5, tPWJli!' WU{wl{m, qntJU£!' utq}imwl[, pJmnliqwJpU mliuwl[I!' 
uruqntJU: '<,uponttfD l{wmwpJWl I; tfllq mqqnt{aJWup: '<,liztnnt{aJWUp lnt~qmtf 
t 2pDttf: '<,WUD qumu UIIJlt 1;: Oqmtf l[npgumtf t £D1PD h mu~l[qmtf Utqpmwl{ 
¢nzm .Pwnn4 m hl:izmn•raJwtfp .PzptJmtf: 

Umu2wgnnf[!: Unw2wumtf I; uwmp}inttfnt{ htuqligw~ tul1fl tl'ilipnttf, 
gw~ 2liptfwum}ll'iwu}l (5,5-6°C) UJWJuuruulipnttf: UtfumtJw mwp wtf}lu
ulip}iu tmbqmtf t tl'ilipnttf, otflll1{!, uumligtfwu l'iwuwtqwphntJ, l[mmwl[qmtf 
upwug hwmwl{mtf: 

'<,mupmt{mJplip£!: U}lpwp}itlirali hwuwziuwphtuJpu uzuruwl{mraJmu 
mulignq hwupwtJWJp[! bwtfwpt}nttf I; 4:mflw-Alqtuq-q.JDl{! (~upptfllllpw) : 
.Pwt{wpwp pwutul[nt{ajWUp UJWztupulip l[wu utuu up pwup WJl wl1fl 
tl'il:ipnttf, op.' 1T}idu}i 'llwtJntdli tl'imtf, .Pwmtuttqwz}iuul{p tl'imtf (~mu}i
UWJpu lpltl\lwu), lltitllq}iuul{p, 4:Uipwuul{p, Utqwuul[P tl'ilipnttf (UuqppwJ
l{wt), Upulluwu U}lpppnttf, Ubqpl[nt(IIwunuf, ~mupuwJpu u '<,wpwtJtuJpu 
Uilllp}il{wulipnttf, '<,wpwqtuJpu tJ..'l>p}il{wJmtf: '<,'<,-mtf tf}lpwpfli.Pralt hwupw
tlwJpllp hwJmuwpl:iptJw~ ~l:iu : 

q.np~umqmu uzmuml[mJ.aJDtUD: U}ipwp}ll.Pmu oqmwqnp~qmtf I; p)l
tf}ltul{wu WJlil)DlUWpl:ipntfOJWU tfll£ unqw umwuwtm hwtfwp, }lu~tqbu uwh 
WU{Wl{m wpmwqpntfOJWU m pdzl{mraJwu tfti2: 
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t . Ut>LI"'l!USubr 

f!'UmJ.aJWU tfti2 u}i.I.Pl{wmulipu wtfl:illwtwJu mwpw~t}w() tf}lulipwt
ul:ipu llll: bpl{pwl{l:iqu}l qwuqt{wap 85 %-[! upt}lquimul:ipu till: 1TI:ipl{WJD1UU 
hwJmup pntnp tf}lullptutul:ip}l tftiq l:ippnJ:Ul.D ubtbl{wmul:ipu llu: 

U}li.Pl{wmul:ipu WU[Uifl l{wqtfnq l{wplmp upuupwtul:ipu UU, npnup 
hwml{unql:iu ql:ipwlumutf liu hpwJ}lu h tfllmwtfnp.1>tuJ}lu unqwpullpmtf: 

U}ll.Pl{wmul.i:p{! wumtf till ' l{WUWl_Wt{mu-uh, l{urutul_, uu: Ul_pp liu 
{!Ul{umtf Dl_ tfl:i~ muuwqwpwp qznml (2,5-4,3) h hwtflltfwmwpwp una 
qwpbpntJ.aJtuup: a>uiJtif nl_ tfllmwqwl{wu: Swppl:ipnttf l:iu WU2DIP h 2PWJ}lu 
u}it}ll{wmul.i:p: .. 

U}ll.Pl{wmul.i:p}i Uti~ UUIU{! IunPPWJpU ~wqnttf mutill: Uwl{lipliUWJPU 
UJWJUWuulipnttf qpwup wul{WjntU llll, liurawpl{41.i:tntJ pptf}lwl{wu hnqtfw
hwptfwu' wnw2wgumtf llll unp tf}lulipwtulip, npnup tu41.i:tP l{WJntU llll: 

Ul{wql:itf}ll{nu ll._. 1-.ll.,lipuwqul{}iu Uti~ wziuwmwup t l{wmwplit u)l
t}ll{wmulip}l mumtfUuru}lpntJ.aJWU mqqmJ.aJWup h umliq~l:it t wunnfnu}ltli
qwmulip}i qwnmgqw~p}i ml:iunt{aJD1UJ1 np}i 41.i:pwpl:ipJWl upw wzluwtnnt}a-
JD1UD hpwmwpwl{41.i:l t 1891 ra.: , · 

uw }ip hlimwqnmntraJmuulipmtf gmJg t mtllit, np u}il.Pl{wmulipmtf 
wumtf}lu{! l{wPIUJ. t mullllwt WjUtq)lu)l uzwuwl{nt{ajntU, pUl_tqpu}iu mu}i 
upi.Pg}inuf{!, u Wjijtqpup upwgnt{aJDlUUUfl(! UW wuqwul:it I; WUnttfnup
t}ll{wmulip: ll.,lip£)1uulipu ul:ipl{wJgumtf l.i:U wumtfnu}il.Pg}inttfwJ)lu Jaramuti-
p}l H2~Si202, H2AhS40t2, H2Ah S40t6 wql.i:p: . 

U}1tlil{wmul:ipJ1 nptqliu u}ii.Pg}inufwJ}lu raratfli wqlip, qwuwl{wpqqmtf 
l.i:U lipl:ip Iutfp}i' 1) OpfiJ11ufttftl[Uill1flllp' opjanu}ll.Pl{wl{uru ta~i.fit (H2Si04) 
wql:ip, 2) tflimUiujJtftqlllll1flllp' tftimwu}il.Pl{wqwu raJ.atfli · CH2Si01) wqtlp, 
3) li[Il[}lufttftl[lllll1flllp' UJDI.Pulil.Pltwl{wu Jaratfll CH2Si30s) wqllp: 

fl.l:illqtruwtftimpwqwu munttfllwuppntraJmuul.i:p}l tfP2ngnq hwu
mwmt{wa t; np ufltflltwmuupu DUm l[wnntgt{wapp ul.i:pl[wjwgumtf nu tnwp
pllp Iutfpup: 
1. lp]qt11Jft& ufttftl[lllll1flllp ( ot}i4}iu, mntqwq, fuluwpwpl:ip): 
2. 0I7UifrWJftfi ufttftfrlllli1Eillp (pllp}it, mntptfw!.Pu, utt-1>lit}iu): 
3. U.f/FJUIJUilfUIU ufttftfrlllli1Ullp (UJ)lpnpullupmul:ip): 
4. cfUIU[Uit{lJfl Wjpfi ujJ[}lqlllll1filJp ( wtf.1>ppnt UUfl); 
5. ClipmWJft& ufttftfratmfilip (tfmul{ntfllm, -l>tnqnUJpm, p}inmpm, mwtl{, PlD

ppmuup, ullptquum}iu)lmm, l{wtnflu): 
6. [flUpfrUIUWJ/1& ufttftl[lllll1flllp qwtf Uiymtfnufttftqlllll1fillp (opranl{twq, tf}ll[r 

pnlttbu, wtp}im, wUnpra}im, ull-l>lii.Pu): 
lJrlq}lwJ)lu u}il.Pl[wmul:ipu {!Utn pptf}lwqwu pwqwqpntraJuru tqruml{w

umtf liu opranu)li.Pl[wmul:ip}l Iutfp}lu: UJU !utfp)l tf}lulipwtulipu ww)ll:ill J:!Ul{
umtf ppl.i:Ug Uti~ l{wpbpntJ.aJwUP (6,5-8), tfl:i~ ml:iuwl{wpwp IunntJ, mdliq 
¢ruJtntJ, hwttfwu pwp6p 2liptfwum)ll'iwunt{: Unw2wumtf l:iu tfwqtfwJli pJm
pliqwgtfuru ul{qpuwl{wu ¢nttmtf, pwp6p 2liptfwum}il'iwu}i UJWJuuruullpmtf: 
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OLttl!ttfi (~t:ippq.mn) [(Mg,Fe)2Si04) 

OtMP.'U!!' :}>npumtippmp (Mg2Si04) u :PwJm\llmlt (Fe2SiO,) pqm.fnp:p 
tuwn'Um£Ul'U t: UU{wp qwqunq mpU{pq upu1lpwt t: 

Olftifftu WUntlll! mpt{wo t 2~mphpt{ upw 6ppwU{Ullllt qwuw~ qntjUp: 
lfJ.lip/1IJI1Ul wut{wUntU!! WDW2Wqtit t wpwpwqwu wqwt{wqt{wa «.'/Jnp}l
IJUiliV> p,wnpg, np u2wuwqmu t pwuqwpc:ttip l:jwuw~ pwp: 0\lltfilUp uwpmp 
pw1)uu1tgpl:j, nuqii tipwuqnt{ qntuwt{n[lt{wa mliuwlm l{n~t{mu t jup}lqnlftm : 
UJil wumlil! awqlit t hmu. IIpl:jm J!wnpg. jup}lqnu' nuqp, Jftpnu' pwp, nuqti 
ptup: .. 

O\llt{lllip tuupp upuiipwtullpl! (:}>npumlippm, :PwJwtltm, ol}lt{ltu) 
pJmpuqwumu nu mup,wJp'U upuqnupwJmu: PUmpJwli t.fti2 h~pU{mu tru 
hna, hUIUlpl:jwtJn[l qwuqt{woutipntJ, gpt{wa lUU{wputiplt t.fti2: Otltt{lt'Uit 
p,Jmpllqutipf! unt{npwpwp tP.'Umu !Ill uwP.quwmltl:j u unumuwou m1lupntJ: 

~pq}:t[Jw[Jwu hmmlpupJmuullpn: l.pupapntpJnt'U!!' 6,5-7: SIIuwl{w
[lwp \ulm!!' 3-3,5: ~1Ip6nu.f'U w'Ul:jwmwp t qw\.f wpmwhwJmtJmu t 2~ 
pntJt: q.ntJU!!' oppwU{Ullllt qw'Uur~, Iltiquurl{wuw~. umq-qur'Uw~, uu: tl>wn!! 
UIUlWqnt, t:pmqM urU[Uip'Utipntu' npn2wl:j)1 6wpU{)1: ~UI{UWU 2lipu
urum)16UIU!!' 13l0-l445°C. 

Umn2mgmun: Dtlt4ltli!! mltU{Itq uurquUIUlpq U)1'Utipwt t : l.fwqt.fwJp 
qp:ptipuugtfwu U{pngti.u'Utipntu wnw2pu htipppu wu2urm4nq up'Uupwt
utip)l.g t.ftlq'U t u qurqumt.f t quphpt.fpwjpu (qmupm, uttipjlqnm\lm) h h)1tfpur
J\1U (qwppn, pwqur{m, qpurp,wq) urtl{Wll&llpp h)1tfUwl{wu quruqt{urautip]l. 

PUIIlWllPP~ UUIU[I: 
Unur2wumtf t uuru qnumwqmuiJpU hurupunlurJpupmu, npmllq uur 

hur~\lU{mt.f t unuurpwpup)l., qntnt.fltmlt u J!pltnm\lmlt hum: 
lunppurJp'U 'U{UIJt.fw'Uutipmt.f, t.furqt.fwmpl:j o2wfuutlflpg lll{nq mwp 

2flUIJpU tmantjputipp urqqtigmpJurUJ!, otltt{lt'U!! qmtutJmt.f t ullpU{li'Ump'Uit 
l:jurt.f murtltlt: bpqpp t.furqtiptiuntt.f otltt{ltU!! trupurpqt{titnt{ ppt.flturl{wu hnll
tfurhm[lt.f wU' UIDUI2illgumtf t ulJpU{tiUrnpU, t.furq'Uuqpm, tPUUUpU1 U UlUitlF 

Otlt4lt'U!! qnpautuqtuu n~ up u2w'UurqmpJm'U ~m'Up, upurJ'U 'Upur raur
l)lU!Ugpq nul(l:iqtiqutu4m'U mliuurl:jl! (lup)l.qntltm!!) purul{wpc:tllp pwp t: 

SnUJwq [AI2(F ,OH)2Si0,] 

Uut{urumtfl! umurglit t SnU{urqnu 
l{qqm urumupg (qmpupp amlnttf), n{lmliq]:lg 
hpu c:turtfwuwqulipntt.f wlllllmuwhwunnf tpu 
w1q. uputt11wm ( ufr. 40): 

~Jntfllit}w'Umt.f t nnuJ!WJpU upuqnupw
Jnttf: Unt{nflurp,W[l hrn~\lU(nttf t tmt{ 6uw
t{npt{uro pJmptiqulif104, q.pmquli{lllt{ h Uflplitfu 
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b/{w(140. Snlljwq 

mnw2wgumtf t hnb, hwmpqwtJnp u Jupm qwuqtJwbulip: 

.'Ditq}:tlfw[Jw'U bWllll{ntpJnt'U'Utip!!: qurpc}pnt[<IJnt'U!!' 8, npntJ q1t2mtf t 
•fltwJ'U l{n{lllt'Uqpu h mtt.fwumttu: q.mJU!!' qpuli-qtiq]:lu, uU{Itmurl{, l{wuw
i wtfmu, t.fnJupwtJmu, tJwpqurqntJ'U, tipl{uwqntJU, qurpupp, tipplltfu' w'U
qntJ'U: ~tip6ntt.f{! l{UIU1WpJurt t up mqqm:raJwtfp: Dt'Up UIUJUII{nt, ltul{ 
htipouuru hwpramraJw'U t{pur' uwqurljlp l)lwn: ~JmpiiiJ'Uupl! l.flt2m pwljlwu
qpq II'U: SlluurqurpUifl lu]l.n!!" 3,4~3,6 : ~muii{lllttf W tmb"\fmtf, pwgp 
iratfpwqwu rara4P.g, 4bfl2lt'Upu t.fti2 pwJpmJ4nttf t pp~ ~urljl'l:ipm!: 

Umn2mgmtfn: q.tl_uurt{npwU{IIu urnur2w'Umtf t tfwqt.fwJp tfuurgnp
qwJpU hwtngp'Uuppg, U{uqtfwmpmw-U{'UutfUIUlntpmwJpu U{pngtiu'Utitlb. c:tur
tfwuurq: bpp'l:itfu uuru h]l.qpnptiptfwt li{lurl{'Ulipnttf: Cftnphpt{ t.ftla l{wpa
fllltpJur'U h ppupwl:juru ltwJmumpJw'U, urUJUiputipp ppupwl{wu hnlltfur
hur[ltfwu awtfwuwq l{mmwl{tJmtf t gpnuutipnttf: 

~mupwt{mJ[lllpn: SnUJUiqlt hw'Upurt{urJflU[ll! qmut{mt.f tru ~w[lwt{ur
J~U Dtpwtmu (l>tt.fti'UJurU tiinutipnttf, qurtibuqw u Uwuwpl{ur qlimtipp 
2P2WUnttf), Dtl{purpUurJntU (c:J-pmnuppp tfwpqmt.f' lllpuwpul:jw cumq]:l 
tinm}, 'l..wqwtuumwumt.f (lllul{titfw qtimfl· tJIIppu hnuurupmtf), ~wqptltw
pttf, q.'l:iptfwu)l.urJmtl, U'l:ipupl{wJmtf u WJl 'l:ipl{flulipntu: ~~-mt.f mnU{urq)l. 
l:urupurt{w.Jpiip hurJrnUUI}!tipt{wa ~!Ill: 

q.npouw[Jwu u2wuwqmp]muu: lihnl)lwugpl{ u tfurpmp mnururqu 
pwuqwpc:t'l:ip purp t, qppurnt{mtf t o2qppm uwppti{lllttf' hiiuwpwptip: 

lJn(jwpwpbflp tunulp 

lUIUl. qpwuUIUlJJu' hUIU1pl{wut.furu: q.JlwUUIUl WUntUJ:! Ul[lt{ura t 
l}UUl unuru hUIUlpqutip\1 qntjUp UUUIUnt.[aJWU: 

1m'Uurpwpjl tumt.fpu uuqq[ll{ntt.f t t.fnm 32 wnw'U!\pu tfpuliJlWlUIJpU 
utliuurqutip, pwJg qpwugpg mtlbtlt ZUIU1 mwpurat{wb" h twt{ muntt.fllwupp
t{uro tiu htimhJurt tfputipwtl!li[l(l: 

q.pnumump (Ca~2[S4012])' J!Uig quruw~ qntJUp, (ur'Unt'U!! mptlurb t 
l!um hwqwp2 hUIU1UIUfUU1.!1 qmJup): UJu tfputip,wtl! l790p. hurJm'Uurp,tiplit t 
Uil:jurqiiupqnu I:. lwl{utfuru{!, "4JlumJ qtimp hnt{mntt.f (Uphiiuuru Upppp): 

lll)l.pm:q (Mg~[S40t2])' t.fmq wpJuru-l{urJlupp qntJ'Up (hmu, llfftpn
Uf11u· qpwqurutfuru): 

Uttfwfulllu (Fe~h[S40t2])' tfmq-l{urpup(l, 2urquruwqw-l{wpupJ1, 
l{rnt.f uu qntJUp (Uturpuruq 4mJPP wqurtJwqt{uro urumupg): 

Ut:qtiumpmpu (Mg~h[S4012])' qtiquwtJm'Uur-l[urptfp\lg up'U~h 
q LUflUpUI-2urqur'Uurl:jurqntj'U: ~urt{wp\lUIJntU Uurtiuuur[liD t{UIJPP m'Um'Upg: 

Uuqp~pm (Ca3Fe2[S4012])' t.fmq-zwqwuwl{urqntJ'U, uu, qwuur~-
2lllquruurqurqntJU tipwuqntJ, qliiJUwqw'Uwt, qtfflOtJumjl qwuurr ~wJm'Uw
g'Ipt{tit t U{npmntqwturg)l. tijlutipurtnq '1-. Uuqpwq\llt!'!Ill.fltg: 
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flufmpmflnn (Ca3Cr2IS4012])' qupmtumw-qwuw~ qntJUp (p U{WU1j1tj 
fimuurumwup uwtuwpwp fluJwpntfll): lljU t[}luliprutn hWJU1UW{!llptJll[ t 
fltpw1mu (ulf. 41): 

"lmuwpwp)l tuul!J:t I!ntnrt 
up~tipru[~hpu pJmpllqw~mu liU 
{unptmHUJll}.WJ)lu u)luqnu)lwjnn.f: 
~mzaJruu uti~ hwuq)lt.qnu.f liu 
nnupwjpu lpll).llltrub}plip}l, mpw
tqtignb}ptip)l, hna, hwmpltwi{np 
qruYJqi{waullpp mbupni{: 

lpupc}pmzaJmut:f 6,5-7,5: 
Sliuwltwpwp Iulmn' 4,3: cDWJl!:f 
nwpU{}1 Itwu wt.qwqm: ~llr&nufu 
wuqwmwp t: lpum\f ti~ mwpplip Utwf141. nu.twpmUllnfl pJmpbnubpp 
qntJutipni{: rwmq 

"lmuwpwpuru m.J:tut:J:tlJ Itnu-
mwl{tnruJ}1u awqtfwu tipull!lwtutip tiu, ti[lptiuu wnw~w~nnf ti~ ut:tiq\fw
mpmwJJ:tu lipwqutipm\f: 

Ullmwtfnp:PmJpu WUJ:wp Itwql.filil upuUpwtuUp llu, tftia tfwmmfl! 
tlJumu tiu qrutJWJpU, tPWJ[WpWJpU, tnrutltruJpu, wu:p}1pntlJtnruJpU zalir
(aWpwpl:ipntu: 

"lmuwpwptipu truJ~ mwpwbtJwo !Iu Ot[lWlP mwpl!II!l zw2wuuli
pnttf: ~~-m\f unuwpruptip)l hwupullJWJpiip. hrujtnUWptip.tJwb ~tru : 

q..n[lb'Uruqw~ illlo uzwuwitmraJmu ~mutlli : U4Ut}1 uwpntfl L raw
t}lwugpq, qllqligpq L qmuwt.j'np m.huwl[ul:iJ.lt! oqmwqnpotJml.f IIU nul.y!Ip~mra-
JWU Uli£, npt.q!Iu qpuwzaU1UltwpcJllp pwpii[l: 

Pbp~L (8e3AI2[Sis01a]) 

UutJwumun qwt.qtJrua t pllp}lt1untf (Be) tt llUUUm}l htim: <<Pllppt» 
pwnu wnw2wgtit t hntu. <<pwqgJP> pwn}lg: bqwmjl t wnutJwo, np. pll[lp
tllmtflt Zl.UU1 wqlJp mullli pwt]gp hwu: IuwnumPIJ.ulipu IIu' Na20 , K20 , LizO, 
FeO, Cr203: .Plipptli qwuw~ qntJUU pwgunnptJmtf t ppntf]l tfwuuwqgmra-
JWup: 

..Pjmpli11ruumtf t hllpuwqnuWJpU ujl~qnupwJmu: PUnt{OJWU tfll£ 
hwui).pU{ntli t UJntUruau qwu U!PP.quwmpq twtj qwpqwgwb rJmpiilluiipntJ, 
npnug llplJwpntJCJmuu lipplit.ffi hwuumu t \fpu~L UlilJ Uhmpp: lpum\f t uwL 
qpntqwJJ:tu aLllpntJ L hnb qw~qtJwb~IIpni.J: 

lrruultlwo qntJuP. L zaunpwugpqmzaJtuU wum}16wu}l hum, mwppll
pntl.f tiu pl:ipp[p htimLJWL muuwquupu: 
l. Unifnpwf[wfi ptipft{ qiiiJ}lu qwu I).tl11uwl{muwqwuw2_: Unl{npwpwp wu

rawt}lwug t : 
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2. Uqifwt!wpftfi Itwuw~wtJmuwiipquruqntJU , trum. «aqua marina>> {!Wnpg ' 
«bntJp ~mp», upuUp.w[u mu}l <7mJp2JlP qntJU ( flq. 42): 

3. !ltfpmjum' mu}:l zawuap Itwuw~ qntJu (&q. 43): 
4. r[npnpJnc.fftm' t.lUIJUl.WqnlJU plipp[: 

.'b}lqpl.pul{w&. hunnlpupJm&.&.IIpf!: qwpapnt(aJm~u· 7,5-8, q}l£mli t 
Itnpmuqpu L wtl.fwumpu: SIIuwitwpwp ItzJ:tnt!' 2,63-2,91: CllwJti!' WUJ:Wqm: 
q..mJ~n· qwuw~, qtfpnt{umwqwuw~, qpullqtii\llu, lJWU£U1w-llpit~wqntJu, 
I).IIquwtJmu-qwuw~: qnmptjwopu wuhwtJwuwp t : @"ram~!Ipn ~tiU wqqmu: 
..Plipp[pmu lilitnlU!liJ 1,5 uruqw\f zaii[<lL t wuml.fPupg: ~W[U ill~ £U(lU UIU

mpolliUtf 1285°C 

llmn£wgmtfn: ~jllffiwqwunnf wnw~wunnf t U[Uu\fwum[pmruJp'U 
uumgiiuuhpjl hiimLwupntJ u hwuqpuwumtf t mptq}lq t.qllquwm}1mruJ}1'U 
IIpwi.JruJpil t[}lutipru[ : UJqiipwl[ulipmu pupp[u m11lllJgtJnnf t pl{wpgp, qwz
mwJ}1u UUfW]OUIIpp, tPWJ[rupUIIpp, tnnt.qwq}:l, gppqnup, tnnlfltlWt}lUp, WU{W
m}lmp hllm: ..Pwgp qpwupg, rnn hwuqjmpn\f t pJmptiqruJpu p!Iprowpw
ptipnuf: 

flp.t.qtiu pjl\fpWtqiiu {{WJntU \fputipwt, wptfwmwqwu m}ltq}l hwupw
tJruJpiip}l hntttfwhwpl.fwu owtfwuwq ptlppl!J tlmtutJm\f t gpnuu!It* 

~wupuu.JmJPtlp[!: .2tfp.mfum WJllllmuwhwutjmu t fltpwtlJ, Ull!lppruJ
lJwt.P, UtrarnJ}l hwupunlmfltJwopulipjlg (fl.'1-): ..Ptip}l[}l tunznp. hwupwtJruJ
piipn qmutJml.f tlu UUU-mtf, UIJUtnl!:q O[pllu}l hwupwlj'wjpnltl (UUu uw
hwuq) hruJmuwpllp\jllt t p!Ipjlt}l huqruJrulJwu UliantraJrnliJ! pJntPli11uliJ.1 (5 tf 
IIpqwpnt)aJWtlp, 1,5 tf ' lWJUnLfclJWtlp) 16m qwuqtjwbntJ: ~wpwtjwJpu 
UlilipplJruJmli (l.pltmlif!pw-UmqnJP. qlipnt{umulipp hn~wlJwtJnp hwupw
lj'ruJ[l[!), ..Ppwqp[pwJmli, ~uqqmumwum\f, Unflt.JIIqpwJnnf Ulllllwqwuqw
pnttf, ~wpwtJwJ{lU lJ..'l>!lllltwJntU (SflWUutJrurutnnf): ~~-nnf pllp}lt}l bwupw
I.JruJpllp hwJmuwptiptJwo ~!Iu: 
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q.nru)uwlfwu £.2wuwqmraJmuu: Qtfpm]umu L wqt!wtfwppu[! nptqllu 
:rawuqmpdup pwpup oqmwqnpbtlmtf uu nul.[uplntJdJWU tfti2 : ~llpptJmnf tfti
mwllu wumlfPup u tfwuqw'Up hum wnw2mg'Umtf t :rau:raL m qpumgl.[mu 
hmtfwomp.Jwb"p, tlliP2lluu 2WU1 l.[wplmp t pupuw:rapnw2pum:raJm'U L 
mpw'Uutqnpmp Wfllllnt'Uwpupm:raJw'U hwtfwp: ~upptJmttfWJp'U Wll.Ufl(! l.[p
pwntlmtf u'U Wfllllnt'UwpupntJdJWU mwppup tiJntll.Upnttf L pd2lfntJdJWU UU£: 

U nw~ml~lll [K20•3AI203~6Si02•2H20] 
Uumuu wnw2wgllt t hpu pmwtllpllu l.Jnml[w' l.Jmul[ntlltw pwl'}wpp 

w'Umupg: l.JP2pu qwpllpnttf upw tftib" :ralt:raliiJ.utip[Jl.Jnul[lJ:wJpg mwptlttt ll'U 
qliUJ!t wpLUIDJWU upl.[pullpu' «l.Jnul.[nl{]wu WUJwl.[lt•• wulJ:wu mwl.[: 

lp.utJmttfwqwu UUJpmwq rpWJlWP t , npu qLJuwlJ:npwtqllu hwuqp
utmtf t qpwupmuupnttf, :rallp:rawpmnllpnttf, upw tun2np pJmplli'}'Utipu' UJliq
tfwmpmwJpu ll{lwl[ullpnttf: l.Jmul[n4ltmp £pntl hwpmum, tfw'Ufl :rall¢ml[w
tlnp mlluwl.[t:! l.[ntlJ:mtf t u/Jp]lg]lcn (hmu. ulJp]lf[nu' Utimwpu, rpWJLP UJlliUl-
6wnmD: 

qwpb"pnlJdjntU{!' 2-3 : snuwl.[wpw[li.[zltnrf 2,7-3,1: CllWJU:!' WUJWI.[nt L 
uwqw¢.p: q.mJ'Uu' utqpmwq, UIU{Ull[llutfwu, qllll.'Uwtim'U, l.[w'UwtwlJ:mu, 
tlmpqwqntJ'U: -<,tipomuu' ]upum l{WUlwpJwr 

t'UnphM U[ltu pwpop Util.[muwg'Un11 hlliUll.[m:raJwu tWJU l.[p[lwnntra
JDLU m'Ult ttlll.[mfllliUlll]uupl.[wJmtf' Util.[muptullpp, ttlll.[mpwtwtfutll[lp, 
q'Uqwou UJWPUJPl'Ullpp, tuun.pniJ'Ullpp, qpuwtfntftipl:IUw'Ull[lp, ntinumlliUluli
pp, l.fnuqnuuunnn[luupp hwtfwp: l.Jtimwt1wtf2wqtfwu u ppupwl.[wu WM
Jnt'UwpllpmraJmu UU2 upw raltrauiJUUpU oqmwqnpb"llnttf llu tlwnW[lWUUllpp 
tmuwtfmm'Utipp hwtfwp: CllwJtwplt tfw'Upntpullpu oqmwqn[lb"lJ:mtf ll'U 
nptqllu b"wb"qngwJpu UJmrall[l (mnt tqlliUlpwumlltm hwuwp): 

l.Jmul.[mfitmp hwupwlJ:wJpllp'U qmulJ:mtf llu Upulluwu lJltpppnttf 
(1-pqmmuqp tfwpq, 4:Imru'UnJwpuqp llpqpwtfwu), qwptitwl.fwu hwupWUJli
UllllJdJnt'Umtf, Otpwtmtf, Otqpwp'UwJmtf, "<,'Uql.[wumwumtf, Ul.Jl.T-mtf, 
P[lwqp1PmJnttf, qw'UwqwJmtf u WJl tipl.[pullpnnf: . 

P~nlll~lll [K2•6(Mg.Fe) O•AI203So6Si0•2H20] 

Uumut:! ID[llJ:wb" t p UJwmplJ:.'ppwuupwqwu .'ppqpl.[nu ~Jmmp: 
l.Tllpl{WjtUgumtf t uwquuqJmttfw-tipqw:rawJpU tPWJLwp: Iupum LWJU 

mwpwb"lJ:wb" tfpullpwt t: .~JmpuiJwumtf t tfnunl.[tp&wJpu upuqnupWJmtf: 
~Jnt[lllqullpu tfl'Unnf ll'U m11Jmuwou, uJm'UwoL, pm[lqwutfwu: ~mraJwu 
tfti2 hwuqptqmtf t :rafl:rallll.w-:rall¢ml{wlJ:np wqpllqlliUlullpnlJ:: 

lp.upb"pntJdJntUJf 2,5-3: Slluwl.[wpwp 1.[2Jm1f 3-3,12: q.ntJUif uL, 
qnp2, llpplltf'U' UW[lU2WqntJU, l[t.uptfpwlJ:m'U, l{wuwlwtlnt'U uppllpwuquli
pnlJ:: CllwJm' wUJwl.J:m, hllpouwu hwp:ram:raJw'U tlflw' uwqw¢.p: 
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Unw2wumtf t uwqtfwJp pjntplll'}wgtfwu ctwtfwuwq L umumtf t 
qpwupmullpp, upllupmullpp, qJmppmutipp, tfllllwppmullpp, mpw]upmullpp 
trwqup tfti2, nuq[111uwt tftimwtfnp.'ppqup humLw'Upm[l.[wqtfmtf t q'Utiju'Uupp 
m ¢.mJtWf1WJpu :raup:rawpwpupp pwl'}l.[wgmgpl tfwuu: l.Jwuwtfp wnw2w
hmtf t tququlliUlpmwJp'U tlpwl.[uupnttf, ptlwpgp, qm2mwJpu u1lJUlla~lUflP 
hum upwupu: 

q.npb"uwl.[wu u2w'Uwl.[m:raJmu tmlip: Utqwfl l.[wqtfn11 upuupwt t : 
~)wpwb"lJ:wb" t wtfti'Umpllp: 

SLUL~ [3Mg0•4Si02•H20] 

"<,pu wpwpwl.[wu :rawtl.[ pwnpg: ~Jm
ttlll'}wumtf t tfnunl.[tpliwJpu upuqn'UpwJmtf: 
f~jntpUI'}UUfli! hw6w]u LJ1umtf llU W11JntUwoL: 
ClliUl punpnz uu upw :raup:rawlJ:np u :rau¢ml.[w
t[np wqpuqWUl'Uupu (&ft. 44): "<,w6w]u hwuqp-
lqnttf t ]upm qwuqlJ:wanlJ:, npu l.[nttlmtf t bqw(144. Swl~ 
um/Jwrn]lcn l.[wtf lfcupU[Wpcup : 

Swtl.[lt qwpapm:raJm'Utf 1: Suuwl.[m-
IlWfl 1.[2!mU' 2,7-2,8: q.ntJ'Utf pwg-qw'Uwt l.[wtf utqpmwl.[ qui'}'UwlJ:mu, 
qnp2wt1mu, l{w'Uwlwtimu upwuqnlJ:: CllwJtu' 6mptqp, uwqwrpp: 

"<,up6ntU{!' jupum l.fWU1Wf1JWt: QunpnlJ: 2ll2W$UtpU JdlJ:ntU t OWp
tqnm t : .(1)-llp:raltl.[ullp[l 6l.[mu tiu, pwJg wnw6qwl.[wu ttiu: Qllpum:raJwu u 
ttlll.[mpml.[wum:raJwu lJ:wm hwl'}llflllPt t : 

UnW2WUntU t uwquuqJmttfntl hwpntum qllphpupWJPU WtqmpUUpp 
hlulpnrallptfwt qmqm]um:raJmuuupp humLwupnlJ:, mJt l.[llptq wuwb", Uti
mwtfnp.'pwJp'U b"wqtfmu upullpwt t: Up.w hw'UpwlJ:wJf1upu l.[wll{tlwb" uu 
L1imwtfnp.'pwJpu wtqmpullpp htlm: Qrlpuwl.[' mwppllpmtf Uu mwlqw
~tWJlWflWJpu Wtqwpullp U WJtU: 

Swtl.[t:! u mwti.[WJp'U wtqwpullpt:! mwpwb"lJ:wb" u'U Otpwtp 2wm 
2[12Wuullpmtf, qwputllwJmtf u WJL mllqupnttf: 

q.tJuwlJ:npWUJtiu qm2m mllupntl L tfwuwtfp qmnpullpp 6um[, mmtl.[(! 
tutJU l.[ppwnntraJntU ntup JdfJlap, nllmpup, tftimwpup, ullpl.[p, uuuqp (hpnt2W
l.J:p), l.[nutftimpqwl.[w'U Wfllllnt'UwpllpntJdJWU 

0
u pdzl.[m:raJwu tfti2: Swti.[WJpu 

UIUJwpullpu tlill hwtlJ:mtf lfPulu 1300-1400 C uwhtfmuullpnttf: 'l-pw hw
uwp tt oqmwqnpb"lJ:nttf l1U nptqtiu hpwl.[wjntu L :ra:ralJ:wl.[wjntU UJntra: 

C. !bnU!bUSubP 

Cum ppupml{wu J!WllwqpntJdJWU WJU qwupu till tqtUUll.[wumtf up
'UllpwtmJpu mwppllfl mlluwl[ullp, pwjg llpl{pwl{tii]Lnnf qpwug VPnD 
mJ'Upw'U tt tftlb" tt: j)nu.'pnpwJp'U upullpwt'Ull[lpg wtllJIP l.[wpunp u qnpb"'Uw-
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lfwu uzwuwlfntfujntU mutiU' WUJlUUlpm{! u ~nu.1>nppm{!: '1-pwup OWUW]ntU 
liU ~nu.1>npWJfJU UJwpwpmWUjnt[<ltip UIDWUW[nt hwuwp: 

!bnu.'!mp)l tfjJ.wgntJajntUUtip£! uwprpuu hWjtn'UfJ tiu I}.Un 4miJ WU9JW
[pg: !bn~n(l wlimu~ ljwtl{tfwcr t upm [ntUmpowqtfmu hwmlfmJdJWU hlim: 
~tll. «:}nu:}nfUJll>> pmu)lg, uzuruwljmu t [muwplip: $nu.1>np U{W(lnlUWljni] 
tfbuurmtulipfJ pwuml{£! hwzt.{nu.f tiu t.fnm 170: Cum wlfWI}.litilll{nu 
u. b. iltiputfwu)l, tfbuurmtlitiplt WJil- tat.lbg t.f!lmJu 5 %-Q umw2w~mttf t 
uwquw1pg, 20%-D' UJuquwmfJmlilip.Jl 1fU2, 25%-rf htnl(lnJaliptfuqlipwlfuu
(lnttf, 50%-tftfmqliptiuwJfJ'U hpUJlipqtru uumguuuupfJg: 

U~wlll~Ul [Cas(F ,CI) (P04)3] 

~tu. «EUUflllll1lU11>> pumfJg' }uwpmtf titf: ",}lu <twtfwuwq'Uti(lnttf hw
nwtu up.wu ~uq.mumu tpu ptlwpg}l, pliflltth, lllmUIUlnlll, mmpuw[}l'U}l ¢n
}uwptlll (!umpt.{mtf tltu): 

UU{WU1pm~ optan~n~np.wljwu tatat{ll (2HJ'04) qw(glJmtfwqwu 
WTtU t: Cum pptfbwqwu pwqUll}[lniJdJWU mwpptipmtf liu • ~mnp.-WU{WUlfJm 
[Cas (P04)3F] u p(np.-WUJlUUlpm [Cas(P04)3CI]: .P'UnttaJWU t1U2 ~mnp
WUJt.Utnpmu wtltiLfl [WJU mmpwcrmu mup, pmU p[np-WU{ttrmptn{!: Unw2p
up Utl2 P20 5 ljwqtfmu t 42,3 %: 

Uli{UIUlptn[! pJmp.liqwunuf t htipuwqn'UwJ}l'U ufJuqnupwJmtf: PJm
p.tiiJlilip.£! t}lumu tiu 4tigwu}lum UJppqtfwutl:p.p u wutiiJuwou mtiupmf: 
P'UntpJmu tfti2 hwuqfJUJOnf t hna, hurmfJl{wtlnp qwuqttwa'Utl:[lnlf, umw'U
opu pJmptiiJ'Uhpm.j u qpntqutirmlf: 

l.p.upapntJaJmun' 5, mhuwlfwpwp 4zlmif 3,2: q.ntJUI!' pwg lfwuw~, 
tipquwqntJ'U qwuw~, lfWUJmwtfmu qwuw~, uUJfJmwq, tfn}upwqntJu, qnpz, 
UWUnt2_Wl{WqnlJU: lllmJ[f!' Wtql.Uqm, qnmzulmbpp tfwqlipllu'Uti{l}l tlllm' nwp
tqfJ: <,tip.omtfu tamt t : 

UU{urm}lm[! umw2umtf t tfwqtfmJ}l Il-P~tip.trugtfwu htimuwupntf u 
flUID WDW2WgtfruU qUIU.(t.{WO t tfwqtfwmJlq W[qW[WJfJU WUJWpuupfJ (utQ>ti
[fJUWJpU ufJli:ufJmuli:flll) hum: <,wullltUJntU t taldnt u W[l:{ill[UIJfJ'U Wll{Ulpullp.p 
tqliqtfwmpmuli(lnttf, qnumwqmw-tfUmwuntfwmpl[ qnjwgmtflllip.mtf, hfJil-
JlDtatip.tfwt uflwlfwJ}l'U mptq}l Ub pw'Up hwupwtfwJplipnttf u 4liP2WUJliu 
wnw2wumtf t ~nu.1>np.ntl hwp.nmm qpwpmp.lip.}l hnr]uwhwp.tfwu U{(lngliu
utlyilJ DllJawgpmtf m anlj'WJpU uumlj'wb'pwj~U WUJwpulip.nttf: 

Uz}uwphmtf uiu{wm)lmp .tunznrmqntJU hwupwtfmJp£! qmulfnnf t 
fl.fl.. Iuppp'UJW'U tllnullp.nttf (qn[w-tatirwqqqp), nru hwJmuwqnpcrtit t wqw
qlltfltl{nu U. b . $up.utfw'UD (1924 Jd.): ~w'UpwtlwJJl[l zwhwqnralfmtf t 
1929 Jd.-pg: UUJurmpmp hwupWtlWJpli[l qwu' fltJlW[nttf (PttftiUJwU ttlnuu
p.nttf), AuJltrnt t6P. tfmn (Uumqwul{w qlimp tip.l{wpnttaJmtfp), Up.hliuwu 
tJpp}l(lnttf (lfwtfli qllm}l tlppqwpntJdJWtfp), 'tmp.tltiq}lwJmtf, Ct.{liqpwjnttf 
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(qppnt'Uwtfwpw), qwliwi}.WJnttf ({p.jtl!1lil{, O'Umwp.pn) u WJL tlmJp.tlpmu: <,<,
nnf WUiwmfJmp hwupwtlwJplip hwJmuwptiptlwa ~till : 

UU{wmfJm'U oqmwqnpcrtlmtf t'UJwpwpmm'UJmta umwlimtm, pptfbw
lfwu lllJlllJm'Uwpli(lntJdJm'Unnf ~n~np h ~n~npwlfwu taldnt umwuwtm 
hwtfwr, )luq 4tiP2fJuulipu oqmwqnpatfmtf bu [mgljm wpmUll}pntpJw'U, 
nwqtfwl{luu qnpbmtf, p<tzl{ntJdJW'U tfli2 u WJL puwqwtlwnutipmtf: 

!bnu.1»nfl~Ul [Ca5(P04)J(CI,F)] 

litu[gpmtfwJpU ~n~nJlpm~ pptfp.wl{wu pwqurq[lnttaJw'U mtiuwl{ti
m}lg tfnm t UlUJlUUlpm}lu, tfbwJli murp.pllptlmtf t CaC03-11. qun{ll u WJL UJm
pllpp !uwnumpqulipnlj' UJmu qnqtfbg P20s-n upm t1U2 mwmtu'Utlmtf t L5-
30~lt uwhtfwuuliJ10ttf: 

.'bnu.'l>nppmu wtfnp:p t: CllmJttum qwtf l}lwJtm'U t: l):wpapntraJmun' 5-
6: Stiuwqwpwp lu}lnn' 3,2: <,nqmtuwnu ~n~npfJmv l}lm¢ntq t : q.nlJun' 
tfmq Jn{up.wqntJ'U, uh, zmqwuwqwqnlJU, qnJlz-tfniuJlmqntJU (til[. 45): 

u g 
b/tW(145. 4nliljpbgpwJI1 llWilPWL-~wnwqWJPWJPU (U) u 4nligbulllflP~-

4bllL.WJPU (P) 4wnmgijw6.Q 

$nu:pnpptn£! wnw2wumtf t crmjtiplJ crtu'Ucrwq tfwutipmtf, quuumpp
tfbwl:{w'U U{(lngliuullpll htlmhwupntf: ",wul}.}ltqmtf t qpwpwpllp.nu.f, wtlwq
'UtiJ10ttf, mlj'wqwpwptipnnf, JallpJatupwplip.nttf: ilnu.'l>nppmp hwtfwp J!UnJlDZ 
liU qn'UqJlligprn'Uli{l[l, qf.tqwutfwu ohlirn: ll.llfl2P'Uilu uli{lppu l{wnmgtfwb"pl) 
Zwt1Wt.{pqw-nwnwqwJtaWJjl'U t : 

a,nu:pnp.pm}l u{lqm ~nil lfumputipfJ zl}ltftu'U ctwtfmuwq qqwglfmtf t 
Jmpmhullllml{ hnm, np£! hj12_ligunn.f t WJ!ltua nulfnlllt hnmn: UJu hwuqw
tfwup£! hnt]uUJliu hwumwmmu t ~nu.1>nJlpmp OJlqwuwqtu'U ~wqtfwu l}lwu
tn£!: 

$nu.'pnp.pmfJ hmupwtlwJptip.[) J!wqtfWtaft4liu: Ut.flluwtunznp hwupw
tfwJpQ qm'Utfmtf t 'l.wqw}uumwumtf (l.p.upurmwru tlln'Ulip.nttf), WJl hwupm-
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lfwu II 

bplJP}l Uup~WJPU wpmwp}lu mtlup[l lllllgjllll}l l:ip~!lWJ!WUW~WU 
J1Wf1Il. urpngtiuul:ip}l t}mJuhwpwJ1tlpntf3Jmuutip}l WflllJmup t : 

bp~plllJ1WUW~UJU lJ WJL htimwqmnnt'(3JlllllUUpml urwpqWJ1WUl{wo t, 
np bp~p}l tip~pWJ1WUw~wU qwpqwgtfwu urwmtfmpJWU [1Uf3Wgpmtf 
11wqtfpgu t}mJul{tii tlu :p}lq}l~w-wzJuwphwqJlw~wu urwJtfwuuupu: f1purtiu 
WJI}- t}mtJ:m}unt'(3jntUUup}l WJllllntllp mll$ tiU mutigtit opqwuwqwu wzJuwp
h}l unpwgnufUtipu, npnup hwtfuu~l:il tiu hqnp thnuw~wqtfwqwu zwpdmtf
ullJl}l hllm: ~llJ12pllpU UjWIDOWn llu hwuqpuwgu{ llplJJlwquqlJp }unJlpWjpU 
pl:i~l)"wb'pulip}l, uuml)"wb'pwjftU Wl.l.fWPllUJlP OW{pwl{nJlUwU, tf1ImwUnJl:Pftq
tf}l, hpwpJuwqwumroJwu lJ U}lzwpp WJL UfilJlglluutipu: 

bpqllwlfti~tLP 4tl!1PU tfwullpnttf hwJmul)"wa ~trUI}-wuftulipft ppwan 
tfllwgnflllUllp UfWJlDtUwl{nll uuml)"wapwJpU WUjWJlUupp zll[Imtlpu, fODtJL IIu 
mwtlm JunJlhtitm, np mti.Jwt tJwJP.tlpnttf uwJu~pumtf llqiiL t ant{wJ}lft wtlw
qwu lJ np[l qw(lDil t UmJU mi:Iqmtf Lftlilit UfW(lJ!llpwJ!wp: 

bpftmwuwflll tlinuwJftu hwtf w~wp.qupu · Ut urllpu, lpttll{wuu, {Iwp
urunnuupu wnw2wglitliU }unp[l 2JllllJpU wtlwqwuuupp_ mtli]mtf: llJttlinuw
JPU hwtfwl{wpqllp[l uupwpqt{mtf tiU hwtfwhwpraligtfwu, lliiill1Wtfwztfwu 
211ft, pwtfm L wJt qnponuutrpp_ hiimLwupmf: 

flntnp lipl{pWJ1wuwquru UfJlDgliuullpu tulipqllwJ}l mwppllp WIJPJmp
ullpft WJllllntUp uu: ~lipqllwJP. npnz WllJ!Jntpullp qtullftlwa uu WJU mdup}l 
hum, npnup lllnW2Wllnttf till bpqpp_ Junpptlpmtf L wul[wul[mtf hllpa)lu ljwtf 
tui}-Oqliu Ufpngi:Iuu!Ip: '1-purug rotJ)lu llu qurutlmtf tfwqtfwm)lqtfu, wurwpu!I
Pll tfUunutfnp:ppqtfu, I:Ipqpwl{llqL)l mwpp!Ip zwpctmtfulipJ1 npnup wnw2wg
umtf liu l:ipqpwqiiqL)l mwpplip hwmlJwcrutip)l qwU.1w11 pwpopwgnufutr!l m 
lt21Igmtfulip, tllnuwqwqtfwqwu urpngtiuulip[l, upqpwzwpdupu L WJLU: 

'llpngliuull!lll tfllq WJl Jumtfp hwuquu nu qwLflu llp~pwquq)l tfwq
li!lLDtJrapu L{wtf tt lipqpwlfuqL)l tJllp)lu hwmlfwcr'Ulipnttf u l{UIU{lfwa tnt 
mwpptlp wpmwppu qnpanu'illip}lwqqtigmroJmuulip)l hum (wpL., tfrountnpm, 
2JlDtnpm, qliuuntnpm L WJtU) : lljq urpngl:iuulip[l wul[wumtf l:iu wpmwp)lu 
qp_uwtf}llfwJ}l qwtf tqqnquu (wpmwaP.u) l.l.fJlDgl:iuulip: '1p1Ullg rolf)lu llU 
U{wmqwumtf hnqtfwhwpnttf£!, tfwqtiptiuwJpU hnlllll11J uum!ltlJ14PJW 2PliJ1lt, 
uwngwqwzmlip}l, amf}l, pwtfm qnpantulimraJmuutipu: 

Upmwp}lu qnpanuuhp}l pwJpWJP~ qnpantulintfOJWU hhmLwUpntJ 
hulfwJwlfwu pwuwlJmroJwtfJ! ptlqnpwJP.tt UJmralip nu wnw2wumtf, npnup 
mllfJwzwpcttlmtf liu mwppup tiwuwUjWphullpntl: llUjwpUliplt pwJpWJiiwu 
lJ PWJPWJl)"w()" UJmraP. mliqwmw!ltfillu U[[lJlgliu'UIIf1p wtfpnq2ntfaJntUU wu
tj"wutlmtf t J]lJ&mJ]wqftw (tmm. J]liflml}wqftw' tf1Ip[fwgmtf): 
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btlllllP \lli\lppu mdlilll.~ "bplijlp uwqtlpuntJtaP'U umti.qcmtu ti.\1 pwquw
taPtl tun}U}.lltpn}U}.llttaJmuutiil, pul{ wpmwppu mdtl{lu wztuwmmu liU WJq 
tun}U}.lltpn}U}.llttaJmuullfll! hwuwhw{lraugulltm mqqmraJwUp: 

"bpl{pwq}luwupl{ l:i{lUntJtaUI:i{lfl~ u tq{lflg1Iuu1I{lfl~ t UJWJUWUw~n{l
~wa li{ll{wl{tiqup, bpl{{lp u wqti{lhntJtaP lluw~n{lflnllili{l[!, wnw~wgnn!Uli{ll! 
IDW{l]1U{l awquwu tull{WflUUflp l{wquw~n{lflttlUli{l[!: 

bp.l{{lwl{liquJ:! l{wqunq wll{Ull1uti11I! mw{lpti{l upulillmtmJ}lu wq{lli
qwmutlp llli u t]UID owquwu t}lumu tiu' 1) uumt]"wc)pwjpU, 2) b{lWJpU, 
3) ¢ntuwl{li{ltqUIJpU l{wu UtimwUn{l:j>WJpu: UtqUI{lUli{lp WJU qliUlimpl{ 
mptqti{li! UtillTI UJmupg mW{lpli{lt]"mu tiu p{lliug wnw~wguwu tqUIJUwuuli
Ilfl~, mtiqwq{llfwu 6uli{lfl~, um{lfltl{mnt{lwUlillfl~, mtipumnt{lWUli{lflt]": 
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QlnLtu II 

UUQUUSr~U b~ UUQUUSr~ U~Urubr 

Uwquwm}lqlfD' tuqnqtiu l{w{lun{lmqntJu ll{{lflgliuutlp}lg t, n11I! una 
qli{l t tuwqwglitli{ll{{lwl{tiqu}l lluw~n{lUwU qnpamu: «UwqtflUU1/Jql1>> mu{l
tfPui! Pll Uti~ UU{lwnntU t up zwpp upl{{lwpwuwl{wu tq{lflgUUUU{l ul{uwa 
uwqlfwJp lluw~nllfltupg, wnw~wgmupg (u{ll{{lwl{llqup lunlll! hn{lpqnuuu{lp, 
t]"U{lpU UWUtapWJp uwhUWUUU{lpg) zwpdntupg, tfPUiU bpl{pp uwl{li{lUntJJa 
qnt{lU qwm: 

Uwquwu (pwn[! awqtlt t hntu. tfwqtfw' tuun{l, tu}lm pump) pW[Ub 
b}lt!Uwl{wumu qwqlillfltl hwqugwa upl}Il{wmwJpu uwurapwJp l{wu ti{ll{{lw
l{liqhruJpu uJmJap bflwhwtngp t: ctwuwuwl{wl{}lg h{lwplumJ}lu qn{lcmtuu
ntJaJWU u utlJuupl{ mtppUullfl~ l{wmwp~wa btimwqnmntJaJntUUti{l[! tqUI{lqtit 
tiu, n11 uwquwu wnw~wumu t mwpptip }un{lfltJaJmuutl{lfltU, p{lwppg uru
~wm o~wtuull{lfltU: 02wtuuupp wu~wm l}tulitl! tqUIJUruuwt]"n{lt]"wa t U{lq
{lWpwuwqwu UJWJUwUuti{lp ni upwmlluwqmraJmUp: Iunpptl{lfltlf' tfwquw
mpl{ o~wtuull{lfltU l{wquwt]"n{lt]"Wa Uwquwu .ZW{l<h{ntU t qutqp bpq{lp 
uwl{ti{lUntj)a: up qtltqpmu WJU tqunrumtU t U{lqpWl{llqh[! u dWJ)apntU, UJntU 
qlltqpmu' mwppu{l }un{lfltJaJmuuti{lp tlllw t!Umtf 1I{lqpwququ}l Uti~ : 

Unwulluwgt]"mu ttu tl{lqnt mptq}l uwquwm}lqu. 
1) l:.]Jluqftif (twm. t.Jmtqftw' mwpwhnutfwup UlW{lw(}t]"Ut) uwquwm}lqu 

l{wu hpwpfuwqwfi.ntpJnt u ( tlnttl{urupqU): 
2) ]lumpntqftl{ (twm. ftumpmqftw' utipq{lfltU) uwquwm}lqu l{wu llflntln/1-

uftqtf (hmu. "lfntlni1U ' Umn{lli{lq{lJW pwqun{n{lfll)aJWU wumtJw~: Uju 
qtltqpmu h{lwpluwqwunt)aJntU[! qW{llilP t wu~wullt JamputJwa h{lw
pluwqwumraJmu: 

t~nLq~t.l. llwq.llwtn~qll 

t:j>mqpt]" h{lwpluwl{wUnt)aJDtU[! wpmwbwjmtJmlf t umq.tf WJp l.[ru]
upg li{ll:fllwqtiqup UlWtJUlilttfml u brtl:fllP tfwqti{lhntJta W{lmW4}1dtltmi: 

bpp uwquwu qmut]"mu t ll{lq{lwqtiqup lunllPUilfltU pmpll{l 6Uzuwu 
mwl{, U{lWUmtf tiqw(} pntn{l qwqwJpU pwqwq{lwtfwutlp[! tnt~wa \{116m- · 
l{mu llu: Uwquwmpl{ 02WluU1I{lpg tfwqUWJp qliUJp bpl:fllp uwqti{lUnlJJa 
zwpdtfwu nurawgpmu 6Uzmul! wum}l6urumpwp tlmPilmfunu t , npft 
bllmuwupn~ qwqlipn ul{umu liU wnwu6uwumt h bftl:flllt uwl{li{lUnt]Ja 
dWJJapm(} Uwqlfwu qwqtfntJ mwppupt]"mtf t uwtuuwl{uru UwqUWJftg: 
U{lmWtfildwa uwqtfWJftU wu~urumu ttu flUI{lU (}lmwt. fWifw' httqtlqtlt): 

".IlwptuwJftu wpmwtfilduuru UIJlilgtlu[! l:fnitlntlf t l:pnuqmftlf qnp
umflllntp1mfr. '\,{lwpmtuutlfllt dwJraptfuru ll{{lflgttuutlpJ:! upuruuwu illli : Uft 
qtltqpmtf UWJJapntU[! [!UJaWUnttf t zwm qwUqwq, hwUqwpm, qwqli{l[! 
wu~wm~mu tiu umwug tun.zn11 tqUij)ajntUUtl{lft u hllqmq tmt]"uru Iplt{lU t 
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ctWJJapnttf bpl!PP uwl.{nplmtJJa L hnupnpp mnupm{ fuwnuwpwupg hnumu t 
gwa: Un qntqpmu ctwJzapmuu tltumu t zwm pmnu, mqn4gtJlitmi hqnp 
qwqwjpU lqWJJaJntUunpm{: una pwpapnt}OjntUunp nu unmljmu LW4WJP 
hul.{WjWI.{WU qwuqljwaunp, npnup WJUnthtimu bpl.{pp tfwl.{npUntjJap t(pw nu 
rawttu{mu mwppnp pnl.{npwJpU uuruupl.{unpp aunpnt{: una uwbmgpl.{mra
Jntu mutlgnq[wljwunpu hwtflluwmwpwp qwuqwq nu himmu: Ilpn2 hpw
pmtuunpp ctWJJapntllU I]UJaWUntU t upWJU hul.{wjwawt{w[ qwqWjpU lqWJJa
JmUunpnt{: "lWJJaJlllUp WfllllntUpmu qmpu tru ztqpmt{mu qwqtlpp L 2PWJpU 
qn[npzjlulipp tflla qwuqt{wautlp: 

",plJ.lPmtuutlp liU wut{wumu l.{n
uwaL tllnutlpp l.{wu quptlzawaL pwpa
pntJaJmllutrpjl mliupnlj npl.{pwpwuw
l.{wu wnw2wgmuunpu: lnnunpp qw
qwrautlpnttf wnw2wumu t qwtfwraw
uuwu l.{wu awqmpwJpU funpwgmu
unp, npnup l.{n~ljmu liU julllOfilUJlUift 
(hntu. l[pUIUlhp' qwlji.II}O): Iuumuwpw
upg l:ipl.{pwl.{l:iqLp funpp& t qumu hpw
pmfup l.{nl.{npqu, npu mqqwapq l.{tmf 
unm mqqw6pqllu qmpu ptlpt{nq ¢nqu 
t, npnt{ uwquwu zwpctt{nnf t funpppg 
qtltqp bpl.{pp tf wl.{l:ipLmJra ( &q. 46): 

bppl:iuu hpWJilltiuutlpp wpmw
ppu aLu hlt2llgunttf l:iu n~ roll l.{nul:ip, WJL 
ranp t{whwuunp, l{wtqt{wa liU [Wt{WJP 
tfuiamgp4mraJwU L l.{wqtip hum: 

3 I 
I I 
I I 

I \ 
_/ ' ,*"_... .... -- ·- ...... , 

/ ' 
u{jwf7 46. ,flwpmtult ljwnmg

qw6J21t utubuwu. 
1) tuwn!iwruu!i, 2) ~n(j (~nOw~!. 
~wtll{whw!iw~t. Lim), 3) ~n~n(ll) 
~wll h(lwptu~ ll11w!igp, 4) llwcplw

Ul~~ 02Wfu 

SnumlumihU ctmuaotfmu U!ntJC)tinn pwctruut{mu liU. I) htiqml.{, 2) qw
qwutfwu, 3) l.{wp~p futfptlpp: 

cfmual)tfmu h'bnmq UJnt@tlnn' ~ lwt{wutipu uum pptlug ppll}lw
lfwu qwqup [pfimtf liu tnwppup, npu wpmwhwJmt{mtf t SiOrJt tqwpntuw
lfmzaJwtfp: Cum Si02 tqt.u:pmuwl.{mJaJWU [W~WUU[l~ u hpWJpU awquwu 
wtqwpuupu umnpwpwctwu~mtf tiu. 
I) .lO"yam' LfitqwppmwJpU (nlmtJtmwJpU) u qwg}lmwJpU (Si0y65 %): 
2) Ult2Jtu' wUquqpmwJJtu (Si02, 65-52%): 
3) "'ptfpwJpU-pwqw[ mmJJtU' (Si02, 52-45 %): 
4) q.tiphptfpwJpU-tqtlpjlqnmpmwJpU (Si02<45 %): 

<;,ptfpwJpu L qliphpupwJjlu 1 wl[wuupu wl[lltlt atUUp liU, hwpnmm 
l.{wtglmttfwJpu u llp4wra-tfwqutlqtmttfwJpU upwgmJaJmuutipnl[ u pwpap 
S?tlptfurumjlnwuwJpu liU +1200-1300°C: 

10'Jam u lfP2pu 4wqtip ttut{wuupu wtflitlt zaliJau liu, tqrupntuwl.{mtf !Iu 
pwqtfwraPt{ zatlzau W[~W[WjpU pwqwqpwtfurutlp U S?liptfwumpnwuutipJ:! 
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mwmwUt{mu nu 700-1000°C uwhllwuul:ipntll m w~pp liU uul.{umu 11Wf16p 
uwamgjll.{ntJaJWUp L t{mpp zwpctmuwl.{ntJaJWUp: 

C}.wqmJb& nmnmg.nwtfmulilll! zwm l.{wpLnp ql:ip l:iu tuwqmu hpw
pmtuullpp ctwJzapuwu ctwuwuwl.{ u wtqwhnt{mu liU twlJwJp zwpctmuw
l.{mzaJmuu m uwamgpl.{ntJaJntUU: d-WJJaptfwu mltUIU l.{wtul[wa t pu~tqnu 
uwqliwjp pjlupwl.{wu l.{wqupg Wjlltqliu tt qwqwjpU pwqwqpwuurutlpjlg: 

Swp hpwp!uwJpU qwqlipp zftzal:ipjlu wut{wumtf l:iu :pmliwpntutlp 
(twm. :pmtfai amtu): ~pwpfuwJpll qwql:ipnttf wnw4Ut uzwuwl.{mraJmll L 
mwpwat{wbnt}OJntlt mutlu 2pwapuu, zarat{wapuu, watuwapUD, abnttfpu, 
npnltp l.{wtut{wa 2tiptfurump6wuul:ippg l.{wpnq lJU WDW2WgUlit WJU l.{wtf 
WJU upwgmraJmllutipu: .Pwgp t{tipnhpnwt qwqtippg wnl.{w tlu uwu ptnp, 
pnp, :pmnp, wqnm, mpqnu u upwug upwgntraJmuutipu: .Pntnp qlitqptipmu 
hpwhw[ngpmu wnl.{w t 2inpu, npu pwp6p S?lipuurumjlnwuutlpnttf qjlung
t{mtf t H u OH pwqwqpuitfurutipp u l.{wqtfnnf qwqwuuwu UJntJatipp 60 pul.{ 
upptiuu tt • 90% : 

trwtul[wa :Pmtfwpntlltlpp S?llptfurumjlnwuutlpllg qwqtlpjl l.{wqtfu u 
upwUg wnw2wgwa tipwgmzaJmllutipu ¢n¢ntut{mu l:iu: 

.Pwpap S?llptfurumpnwuwJplt ( +500-700° C) :Pmtfwpntllhpmtf wnl.{w 
tiu ptnpw-aatfpw-watuwrazatfwJpu qwqnpu (HCl, HF, NIL., CI, S02, co, 
C02, B, H2), p[npwJp& upwgmzaJmuutip (Fe, K, Na) u wnu: 

Unt:PwmwpmJpU (pmw[. unt.JmnnlUJl«i MupwJpU hwup), qwqtip 
(aatfpwJpU :pmtfwpntutlp): Upwug tfll2 l.{wpnr[ uu [pUl:it aatfpwui~~ 
!uwrarat{wJpU (S02, H2S, CO, C02; H 2, HzQ, N) wnwS?wgmlffitip, npnup 
mu!Iu l00-180°C pumzawqpp~ 2llptfurumpnwuutip L aatfpwS?pwauw-wa
IuwrazalJwJpU (H2S, C02, CIJ.; N, H20) 100°C m wl[lltlt gwbp S?liptfurump
nwu&l:ipnt{: 

lrn:pliwlliJft& qwqtfp 4i.uu tfn.'pliwftlip (w~IuwrazatfwJpU :Pmtfwpn[
ul:ip, upnup mulllt 100°'Cpg gw~p 2liptfurump6wuu1i:p U upwug tfll2 
qtlpwl.{znmtf t C02: · . , . . . 

q.wqw qn[npzi.u:JpU wqnihw-watuwzazatfwJplt wuS?wtnnttfUtlp (H20, 
N, wuu2wu C02 tui.u:numpqnt{): 

",pwp!up ctWJJaptfWU ctwtfWUWI.{ qwqwjplt Utfmzwpl.{nttf l.{wmwptill! 
l.{wtqt{wa t pwt{wl.{wupu qctt{wpmzaJmuutipjl htim: UJq tqwmnwnnl[ tt 
qwqwJpU utfm2wpl.{tfwu hwuwp hwptfwp t oqm4Ut hpwptuwJpU t.u:nwu
a]lu nnqp!Ippg IpllpU tfl]l[lliJ qwq!Ippg 4wtf ppwqwuwgynttf ' 2wpctt{nq [W
t{Wjp tfwl.{tJpUnlJJapg: 

Unmunlhcttfmu wJUm pmnmnnmumu!Inn: ~pwpmtuu!Ipp qwqwJpU 
wpmwt{pctmuul:ipu mql:il.{gt{mtf l:iu uwL hpwhwtlfwa, hpwpti4npwJpU UJnt
zaupp Ipltpu u!Imnttfnt{, npnup tipu~u q!Impu zawtlt4Um hurugumtf IIu 
lfnpgutit ]lptiug ulfqpuwqwu S?lipuurum[u:iwu}l tip tfuruu: .PntnP UIPUq pw
lJWqpwtfurunpu, npnup wnw2w&mtf liU hpwptuwJjlu wpmwt(}lctmtfUtlpp 
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ctwuwuwl.j wutfwumu nu urftfllllftUJUmwJftfi (hmu. urftp' l.jJlwl.j, lftUJUmft
lfnu' tP2Jltfwo, UWU{lwgtfwb), l.jwu mll:PJlW (hmu. mll.J>pw' untuPJl): 

lllpuq PWllWllJlWtfurullJlD J:!UID PJlllUg ~un.llllJlp qwuwl.jwJlqtfnuf llu 
hllmlaJwt mputllJlp. 

1. 'VJwpfuurJftfi cfnjujlp' 0,1-0,25 cfcf t}lnpJl: 
2. 'VJcupfuUIJ}lfi cmfurq' 0,25-2 cfcf: 
3. l.urll{/11 (pmwt. [Uill{/1/]J' tfwUJlWPWJl)' upu~la 1,5-3 ucf: 
4. 'VJcupfuUIJftfi lli1tupllp' 10 uU-pg upu~la 1 cf la wl.{titll ~un.llllJllltf: 
hmznp UlWJidJntUUWJPU W{lmw\fllctntlfullJlp (OWJidPDttfUllJlp) ctwuw-

uwl.j hJlwptuwJpU tfntuPJlD mlliJw¢n.tutfmtf t pwtfwl.jwupu hllmu mwJlwbp
bllJlla raw¢.t{tltn4 WDW2wgumtf tru untuJlP 2UJ1UlUJl: 

Unwl.{ti[ lunzOJl UlJlWUW~wt}lp J!WIJUiij.JlwUUIUUJl[! zUn{lhplf owu
JllllldJWU map raw¢.tfmu llU h{lwpnttup tuwnUW{lwUpu tfnm: 

Ont{lwhwuuul.j au u mllup mullu hJlWPtuWJPU nmtfpUJlD, D{lllUp l.jw
JliUlliU tpbllt fl.tlll.jwoL, mtm!owoL: 

~pwpnLtu(jbpll llll"tl4bfl(! L. (jpw(jg 
d"WJP91lw(j p(jnLpwqttpn 

~tupmtuUllJlp qwuwl.jW{lqnttf[! l.jwmWJ14mtf t qtluwtfnJlwutllu Dum 
dwJraptfwu pumrawqJlfl. h hJlWJ!tuwjfl.u LUU{WJ1wmp l.jwnmg4wopp (fiq. 47): 

qwll{tfwo twt{WJP zwJlchnuwqmraJwU hum, hJ1WJ!mtuullJ1p ctmJra-
pmtfD WJlmwhwJmtfmu t llJ1llp qtlutmlnJl U{JlllglluullJ1114: 

1. l:,:Pntqjlur' twtfwJp aWJidPnttf b{ll{pp tfwqll{llmtJid: 
2. l:puunnqftur' qwqwJpU utWJidJntU: 
3. tpumpntq{lw' 6tftlltn4, PP~ zWJldmuwq, tfwomgpl.j tfwqtfwmpl.j 

UJntldP bpliJlp tfwqll{lllu qntJlU Ulltltntf: 
UjU tqpnglluullJlD l!WJliUl tru J.!UidWUW[ wnwuupu-wntm!llpu, ll{lplluu 

tfllqp qllJlwltwJmraJwtfp, l.[wu tt llJlp up tqpngllupu hw2DJlililttf t tfJmuJ:! 
awtfwuwl.[p u mwJlwbp.tldJWU tfll2: CuqhwUJlLUUfliu ~l.[w up hJlwpmtu 
D{lntU uzmwtqllu hwuqllu qw qnpomullntldJWU upuUntJU mputn: Ujq U{UIUl

ownm{ tt hpwpmtuullJlp gwul.[wgwc} qwuwqw{lqmu mup npnzwl.jp 
UJWJtfwuwl.[wu pbmJra: 

~WJ!tuWJPU OWJidPntUUllJlfl. tfll2 wnwuouwgtfmu nu. 
1. qllUmJlDUWI.[tm! mputp (twJrapmUUllJl, n{lDUg qllU{pmtf h{lwpmtup U{)Il

tm!gp[! Iunrtntfwl.jwola t, pul.j OWJidptfwu UJntldllJ1D4 l.jwnmgtfwc} 
h{lwptuwJ!J.U WU[lUJllUUlJ] mup. l.[[nJlWtfmu, l.[nuwllh l.jwtf lfwhwuwllu 
mllup: 

2. fihiJPWJP.U, llJll! dwJrapnu.fu l.[wmWJltfmu t IIJ1l.[J1wl.[llrth~ nJlllzwl.[P. 6llrtpP. 
ll{lyWJUpnlf: • 

3. Uf11IwtwJpu, llflp ollllPP tltll.[WJUpnlf druJrapmun l.jwmwptfmu t npnzwl.[p 
UWI.[lJ{ltiUnlf: 
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u 

q. 

b 

t 

~ 

~1-41¥--©F 
~2 r·.· .. ~)s 
~3~6 

u1wp47. LwijwJ~ ~wqll~g u dwJpllllwli plimJpnij L4WJilwliwijnpijwo llpwpfuuJJ~Ii 
Ull4Wj1WU11ibp~ ~wnnLgijWOlll! . 

U) lj_whwliw~u hflwpnLtu pwr,.~wgwo h~llpwJjlli lWijwlibfljlg, P) l41lfln~twuU1~~ ~nli, 
~) hpwptuwJjlli ~llpl:ip, 'l) uUlpwUlnhpwpmtu L4WPWqj\U1WJj\Ci ltnCibpnij (w), b) dwllwliw

ljwljjlg hpwpnttu (p) hjlli hflwptuwJ~Ii tuwnliw[lwlintll (~). !:l) llww[lbfl, t) dbiU!WJj\li 
h[1WPI1JWJj\li tW4.WJ~Ii OwO[jnglib[l, 1) ppijWJj\li u llj\2~(j 4wqll~ UWfiWOlWijW, 2) W[IU1W-

4_jlctllwli 4wf16p PWil.WilPWilwubp, 3) h~ll!:IWJ~Ci ~wqll~ uwnw6 LW4.w. 4) h~Ci 4nCi~ 
llCiwgnpqlib(l, 5) UlWJpllwli p(lb~!~Wiib(l, 6) llWJ(lW~Wii WL4Wp!ib(l, 7) 20l(l 

l.Jllumpnuwl.[wu mltlliP hJ1wpmtuullJ1n PJlllug huJlrapu utr.nJ1wpw
awu4mtf tru' w) U[IJ/]Jqll& (hmu. ll{n/]J' pwqtfw), p) cfn&nqll& (hmu. cfnfm' 
tflll.j): llnW2PUUll{lt! OWJidplllU tlu J!WqtfwraM uruqwUUbJl, pul.[ liJllumMt:! 
upWJU tflil[ wuqwtf: 

"lmhqbfi hnw[!nLtufibn 

I. l::}>mqptf qwtf tm\fwJpU hJlmpm}uulip: U{ltm!g qttuwtfnp umwulluwhwm
l.[mraJmuullJlD tunlWJ!J. hwuqW{lm WJlUlWhnUpU t, wnwug twl[wu 
qwqwJP.U UlWJidJntUUllpp: UJqutpup OWJldJlUtml oJlpUwl.jUtlJl tlu '\wtfw
JWU l.jf!qpUllpp, UwtfnwJP., l>utwuqp.wjp u up 2WJ1P WJl llJ1l.[J1UllJ1P. mw
JlWOpUll{llltU qmut1n11 hJ1wpmtuullJ1t!: 
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dwu;wtl"wG =iWtJW!Wu mhw 

~wlfwJwu l{qqputlpnnf tmtiwqmJuu munnfuwuflpt!wlt tlu tlpl{m 
hpwpmfuullpp qnp1tmullntJ3JntUD: tJwmuw-f..nw, npD fuwqwq otll{)1wunu)1 
tfwqwpi].Wl{pg tJllp t funJWUnttf 4168 If, )1uq Wqll[p pwu 9000 If qmuymu 
t 2PP tnwlr l.rfttwmuw hpwpfuwJpu fuwnuwpwuD mup 1200 If otll{pwun
upg pwpap IJ.PPPWIJ.pnttf (Fif[. 4K): 

Uju qnpbnq 
hpuqmtfuullpn duiJJO
pmu till hpupw1pu 
lJ:wqU)l tmlfw unmw
tJnp unqliu 1200-1250° C 
2tiptfwumpl'iwunl(, 
hpwhli:qmq, 11Jntpw
zwpd h}luuwl{wilnttf 
pwqWjlnUIJpU ~wqup: 
tJwquwu pwpapw-
ilwtnlf UtJWUgpnti 
tgt{mu t fuumuwpwilp 
t.fl:I2, wpmwtfqtJlltmi 
hnunttf t li:pptluu 
umJupuq lOOqtf Uju 
hpwpmfuullp}lg qwqtt
PD IJ.ntpu li:u qwtlm 
hWUIJ.Wflln wnwug 
U{WJramuuiipp, uw-
lJ:wJu tlppli:uu umw-
2wgum tf till l wlfwJpu 
zwmptJwuulip: 

Uju hpWf!fuw-
JPU WU{Wpwmuli:pu 
ntlllill l(whUJUUJQU qw- 1 

u 
'l 

u 

n 
u 

u 
0 251j<l 

bftwp 48. lu..ujwJfl(j hnu.ebno (ut.. Q.nLJfill) 1wtlw
Jfl 41J.qnul (1wljwJwu 41J.qflubp): 
ICli!bfl[! gnLJg bCi l11WLhU dwjJ~puwli L11W(lb
Ptlbp[! ([!UIJl U. 1nLlluh) 

nplJttiJ m!Iup, pwqqwgwb- tmlj'wulipp pwqUWJOPtl hnupllp]1g, mli.I'JlliilPtlwbuulm UJntU}ltJpw: 

tfwqtfwmpq 02Wfupg tf!Ia awlJW[p UWqUWJp Wptnw4}1dtfwu 
h!Imuwupm.! hpwpmfup 4li:Plt~. uwuD li:pqpwi.Jliqup oquwu U!wmnwnnlj' tPnll 
t qwtfl.u: Unw2wumu !Iu funznp lt2l}w1tpullfl, npnug willj'wumu till qwtlJII
pw&!Jp(Fif[. 49): qW[I].II[lWUIIfl qwpn.I'J liu WllW2WUW[ uwu duiJJ3puwu WJ[ 
hwmlJ:UIU{liu funznp U!WJ[amtfllwJ)lu dWJJ3pmuullf1}1 awuwuwq, upp U!WJJ3~ 
JntuntfiJ.ntpu tiu 2U!Ptntfmu hul{wJurlfwu pwilwiJ:ntf qwilqtfwltuup: 
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f.4wp49. 4wpf'llljwCi hpwpntjlJD' w) hCiwqnLJCi 4WLI'}OJ1WU, p) bpt'ILnWUUif"'ll 
4WL'lbrwu, q) LWl!WJil(j hnu.e (Ci4wn Y.. U. UU!nn'lm!~) 

II l:puunnqlttJ: (qwqW-U!WJJ3ntUUWJPU u l:pUU!Jnq}1tl tpumpmqltt!wJpU wp
mwtfqmtfwJ}lU bpwpm(uu!Ip): 

lljU lnPU!P hpwpmfuullpp UWJJ3pUWU wnwuauwhwmqnt}OjntllD l[w
JIIUntU t upwumu, np qwqwjpU U!WJJ3ntUUllp{l ~till mqlilJ:gtJ:mu twtJ:WJp 
upmwhnupmf, WJtlipplluu qlilJllll1liU umw2wuwt tpumpmq}lwuup: 

'lllitliJWU dWJJOPUWu tn}lU!{I l].}ltnwpl{t!IIL u uqwpwqptJllt t ll>npp 
Uum}luwu l(qq}lulippg tJwpm}1u}1l[w1}1 tJ:pw qmut[nq Unumwu-'lltitli hpw
pmfu}l duiJJ3puwu <twuwuwq: 

UJu hpwpmfulttwtJ:wul1pD IOJOnt qwqu mullu, illia uwamg}llJntJOJntU 
u ctw11312uwu ctwuwuwlJ l[nJanqullpp l[wtf qupli:rauup}l uuwu tJllp nu 
funJwumu, llppliuu hwuulitntl plllllwlJ:wu}lu tflla pwpapntJOJmuutip}l: lw
tJ:wu l{wpapwumu u Jugwumu t hpWf!mJup l{nqnPIJ.f!. npu tt l{1UJ1IU1 t 
U!Wtnllum hwlll].}mwuwt Unp U!WJ}OjntUp: llzj!Itnw1}1 dWJJOpntU t tntiq}l 
muliglit 1902 }3. !Ipp hqnp tqWJJOJlltUU upq}lup t ulimlit hulJ:WJWlJwu pwuw
qntjOJWUp pwpofl 2lipuurum}uituUU!JpU z}lqwgwlt tmtJ:w: l.wtJ:wJ}l bnupJ! 
(unmwtJ:npwU!liu 700°C 2tipuurum}lnwunt[) Juumumpwu}l tmil2nt1 150-
160 qtf/d wpwqnt:raJwtfp zwpdtlllt t qliU!P 30 hwq. puwqp~ muugtt1J UUu
'llptin pwqwm npD qmul{mu tp DUIJ.mUUuJJ hpwpm)upg 10 qtf htlnwtJ:npm
pJuru tJ:pw: ~upwJpU 1wt!wJ}l Wf1tnwtJ}lauwuu htlmullt t uwamg}lq :raJOm 
1WtJ:mJp otfttfwup l].lltpu tfqntUI), wnw2wgl.illtnt! up pwup hwpntp tfllmp 
purp6pntJ3JlltU ml.iligtt1J qn}Onq: 1903 p. WJU WUJ!tt1J2ntfPu pWJPWJtftll lt gwlt 
t JOUtl}ltlllt: 1929 }3. tnuq}l t mul1gllt UnlJU pUntj}Oplipl{pnflll dWJJOplltUI): 

'lllitliJWU tnltU!P dWJJ3ptfwu hpwpfuwJ}lu WUIWPwmilllp£1lJ:wqutJ:w1t 
li:u 1Znfup}lg, fuwpwlf)lg lt tpumpntqlttl qupllJ3l.ilipp ptil{n{lulip}lg: llltltliJmU 
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dwJrapuwu mpU{pu unm t UuurulfwJmU qmu\fnq lp.umuwJ hpw~mJu[l: 
1912 ra. mllrtll t mullglltlunznp. qwqw-U{WJtaJntUUWJPU dwJrapmu: lltqqn}111-
\fwb" mwp qwqw-hp.wrlllfnp.wJpu Juwnnnt}111lillp.p qwuq\fwb], tgp.tit t 23 f(tf 
hllnw\fnp.nttaJWU tlp.w qtnu\fi1Il hmjptn[l: bp.qwp. mwp.puup. WJI}. hnuppg wu-
2wmtJmu tiU pwp.op. 2llptfwumpnwuwJP.u qwqwJpu upwgmraJmuutip: UJI}. 
tqwmO:wnntJ lt hntJmp WJI}. UWUJ:! l[w~tJnnf t «mum hwqwp b-Jup hn~tn»: 

lp.umtfwJp dwJraptfwu htimuwupmj wnw2wgtit t tunznplfwtqllp.w 
4,3x3 f(t.f ~Wtflupn\f: 

qpwl[wmwmp dWJfclPUwU tnpU{[! wnwu6uwgt}Utcr t QnullJwU 
utiqmgp tip.l[m l[nqillipnnf qmutJnq ~wtJw u Unnfwmp.w l[I'Jqputip.p lfl12u 
[IUl{wb- {nlwl[wmwm l[qqm wlltJwumupg: 

tDuruumptiu WJfl lfrtqflu llpllp ullpmwnwb" hp.wpm~ullp. ,tpu, npnup 
qmut~Ut au hulfw p2tJwapp · l[wtqtip.~~ illi2: UrJ.llmwtP. ~qmqw-UJwJraJmtf
uwJP.u dWJ@pntU'(! tnllrtll t ,mhtigllt l88Jra. oqnu~~p 27-pu, np.p htimuwu
pntJ l[qqm 213 ZU{fltntltil t upqpup U WDW2W9Ul Uillll{12flJ1U 6,4•7,2 f(ti' 
~Wtfltip.ntJ l[wtqtip.w: 

fllwJraJmup htimuwllpmj qwqw-tfnJup.wJpU WUU{[I J!wpop.wgtit t 
tnUIUUJWl[ l.Jfltnillimp.llp., pul[ U{WJ@JntUp OWJU£! tU4lll t 4000-SOOOf(t.f hlinw
ljnp.nttaJwU ljp.w: '1mpu t ZUIP.tntltit w4lltP pwll 18 f(tf 3 rlll[np.wJpu l[wp.b"p. 
UJntfcl, lml[ U{WJ@Jmup tutip.qpwl! quwhwm4ll1 t 1026 tp.q: fllWJ@JntU[I wnw-
2wgp.tit t uwu gmuwup, np.p hul[wJwl[wll wl}l.pullp.J:! whwljnp wqllm tlU 
ptip.tit ~wljw u Umtfwmp.w l[qqm puwl[p~utip.pu: Qnhljtlt t wljtlt}l pwu 3'6 
hwq. tfw{li}.: 

{nlwl[wmwmp hp.wpJuwJpU qnp.b"muhnttaJntUti ljtlp.u'lfu4llt t 44 mw
p.p wug, tipp l[wtqllp.WJP illi2 tltip t lunJW9lll pwqw[tnUup.pg u wuqtiqpmn
pwqw[mullp.pg l[wqtfljwa unp. hp.wpJuWJPU qnu: Stiqwpuwqutip[l WJU wU
ljwulltllu Uuwl[-{nlwl[wmwm (wuwl[-llp.llJuw): 

q..wqW-U{WJtaJmUUwJflu Jmp.whwmml[ dwJtatmttf t wpownwqp.4!IJ 
1883@ . .PwUI}.WJ hp.wpmJup tfnm: UhnllJ.P mctp qwqWJPU U{WJ@JntUnlj tllJp t 
ZU{fltn4!It hp.wJ!mJup 4!lp.}lu tfwun u up.w J!WpopnttaJntU[I ut{wqll[ t 6401f-nlj: 
. fll.WJ@JntU[! mllrtll t mullgllt tfwl[llptiupg ullp.ramtflwugwb" uump.-

llp.qp.JW ~pllp.p, qn[np.zm u qwqllp.p 4llPWI!mtutfwll m l[mmwl[tfwu UJWtn
O:wnnlj: 

ill. Cpuunnq}mu-t!pntqpt{ (qwqW-U{WJ[c)JntUWJPU-twtJwJpU) hp.wpmJuullp.: 
UJI}. l[wpqp hpwpmJuutip}lu tiu t~Upwqp.tJmtf I>mwl}l.wJ}l hwJmup 

pn[np hp.wpmJuullp[l f:rauwu, ll_llqmtJ:u, ll_nql[wllnu, Umpntf~nl}l.u, tputf
~wml[wJp, {pltp.!luwu, ~wU{nuwl[wu WJ:lZPUJlltwqp, ~wp.wtJwJpU Utftlpp
l[wJ}l u WJtllpqpullp.}l pwqtfuqo}ltJ hp.wpmJuullp.: UJu hp.wpmtuullp.}l wpmw
~dtJwb- tw4wll mwp.pllp. l[wqillip.p t' hptfpwJpupg up.u~u rara4wJpl! 
(W.Uiwp.flmuap.): 

UJU l[wp.qp illi2 wnwuouwgtJmtf tiu up pwu}l tnpU{p dWJ[clpntuutip. : 
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Ulllonopmhh dwu~powG lllhLY 

UutJwutJmtf t hwuwumu hp.wpmJu}l wUmuntJ, np.[l Ull2llp.l[p.wl[tuu 
b"n~ uwl{WPI}.Wl{}lg pwpop. t tfntn 900 t.f: UJU hp.wpmJuu r-wqqwgwb- t 
llp.tip utip.mwO:wb" hp.wrmtu'Utip.}lg, np.n'Up qmutJm u llU hul[w P2tlw()-p}l' 
lfwtqtip.wJ}l illi2: Iuwnuwp.wu[l qwqtft{wb- t hp.wpJuwJpU UJmraflg' nnttfptip, 
tWU{ptullp., Juwp.wuullp., twtJwJP. UIIllll2WqwtJnp ptil[np.ullp. u pp~ pwUw
l{mraJwtfp hp.wpJuwJpU tfnJu}lp.: UJu hp.wpntJup wp.mw~dwb" tmtJ:wntip.n 
hwtJmJWU tnpU{p OWJtaPUWU tmtJwullp.pg tnwp.pllp.tJmtf liU up.wUntJ, np. 
wtlhl}l uwb"ntgpl[ tiu u pp~ zwp.dmuwl[: UJq UJWtnO:wnntJ tt Juwnuwp.wllpg 
hnuwb" tmtlwJpU hnupllp.n hwillitfwmwpurp l[wp.O: I:IU: lwljWJPU wp.mw~
dmuutip.u tip.plluu mqtil[gt{mtf llu qwqwJpU UJWJ@JntUullp.ntJ u tltiP llu 
zU{!lmtJmtf hul[wJml[wu pwuwlfmraJwtfp hp.wrlllfnp. UJmratirt: 

'-lnL!LJWG!wG L. tpGw-'-lbgnLLl!wG dwu:~powG lllht.y 

up.gfltflw lri'Jqm tlp.w qmutJnq trauw, lpU{Wp.Jwu l[qqputip.pg illil[}l 
ljp.w qmutJIUJ ll_nql[urun u utiWU{llt pWflwpp tfnm qmutJnq ll_tiqmtJ hp.w
rmJuullp.n u up.wug l[wp.qpu tqwml[wunq lJwtf~ wml[wjp, {pltp.fluwu, 
~WUJllUWqwU hp.wpmJuullp.p wp.mwlj}ldtJwcr twtJwl!tip.t! wnwllduwfunu llU 
pptiug tfwb"ntgpl[nttaJwUJ!, qmpp. zwp.dmuwl[nttaJUIUJ! u qwqtip.ntJ hwqtig
tJwb"nt[clJWUp: lw4WJPU hnupllp.[ll[wp.O: tiu m hqnp.: cfwJrapntUf! uljutJmtf t 
mdq}lu U{WJ[c)JmuntJ, u hp.wptil[np. UJntfclp illib- pwuwl[p wp.mwutimtfunfp: 

UJU hpwpntJuutip.p wnwuouwhwtnl[nttaJntUt! qWJWUnttf t up.wumtf, 
np. hpuuwl[wu dWJ[clptfwu tfmtl}l.g pwg}l hp.wpJuwJ}lu WUJWp.wmp ljp.w 
wnw2wumtf tiu pwqtfwrafl4 U{Wp.wqpmmJpU l[nutip.,np.nug}lg dwJrapntlfD 
l[wp.nq t l[wmwp.4llt upwctwuwuwl[: 

1938 ra. lmm~uulfwJw UnUJlfw (lrwu~wmqw) hp.wpmtuP. wp.ulluwu 
[WU2tippg 1800-1900 rf pwp.op.nt[c)JntUUup.p tJp.w 7 f(rf tip.l[WJUpntJ WllW2W
gtit tiu 5 411IlWJPU Juwnuwp.wuutip., np.nugpg hpUJUntftimp.}ll[ pwp.6p. 
qmutJnqutippg tnUtW tp. mutiumu UJWJ@JntUUllp., pul[ uump.}luutip.pg-twtJruJfl 
wp.mwhnup: llp.nz dwtfwuwl[ wug qnp.b-nttf tp. upWJU williuwuumppu 
hwmtJwb-nttf qmutJI1Il JuwnUwp.WUI!, np£! qnpb"llt t 390 op., u upwUpg wp
tnwhnutit t 240 tftu. zF trutJw: 

UJU tnpU{p dwJrapmtfn mup npnzmqp tfmllWJUnttaJnLU: Utltitl:t tJwq' 
tpUUJ[nqltnu U mz t!pmqptJ: ~WJ!JuWJpU WUJWpWilll) Uup.qWJWgt.{wb- t 
Juwnuwp.wuwjpU qnullp.p tntiupnt{, np.nup llp.J!huu muliUmtf llU 30-40° h 
w4!ItP ratipnt@JWUJ! tWU2tip.: lwtJwutipu mutiu ztip.tnWJPU l[wnntgtJwb-p u 
wutJwumtf tiu ucnpllll1111hpwpntjufi!Jp (twm. ucnpliiii111ttf' zllp.m) u uuu:ptip.}l 
ztipmup.J:! hllp.rawtfm.tu4mtf au t wtJwJfl WUJUIPUup.p zllp.mtip.ntJ: 

u 1u mpU{}l hp.wpmJuullppu punp.nz llu uwu tunznp. lfwtqllp.wutip., 
np.nup J:!Uqqp.l[mtf till tipptnWUW}111qnutip.: 
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qmlJ1.l:ip.rnullp]l2_tu$l:ip.u munnruut{nuf llu up prnull qif-]lg upu2_u 10-
15 qtf: "'pu flnul:ip.p uurugnp.qul:ip.u Uinill2mgunnf l1U oqrn[[ [[rutf q]lurnoqrnq, 
np.nug WUt{rnUntU l:iu untfw : Unmt{llt Iun2np. qWLl}.Upruullp.Q mul:iu (rjntUjnt 

qqqm u hJntupurnJp'i.t SruuqwupmJp hp.urpnt}uullp.u: 

. Ununqbli hpwpmtuutm. 6bopwrhG l.t wobwrwrhG ctwu:wmuGbo 

lfnunqtlu (upwa~u) hpwpm}uullp~u liU U{unnqwumtf qllump.nuw
qwu tnpll{p hp.wpm}uutlp{!, npnup qwqw-U{WJ[cljntUWJpU dwj[clpntuutlp llu, 
u qwf1IU1 hu mqliqg4ti1 t:}lmqpt{ qwtf tpumpntqpt{ unmgtluutlpnt{: UJllllntU
pmtf' tfwqtip.lmtJ[clp'i.t llp.ptltffi wnw2wumu tlu n~ tllia }uwpwtfwJpU l[wtf 
}uwp.wtfw-twtfwJpU qnutip wr}lul:iillUtfwu qwtf qwt{WJaillUtfwu }uwnuwp.w
UwJpU P2tfwapul:ip.nt{: UJ!lll{PUP pwqtfUI}d]lt{ tfnunqllu hp.wpm}uul:ip. qwu 
}unznp UJnthqliU hp.wpm}uutlp.]l tWU2tippu flwtf umnpnmullpmtf: lnm2_uuqw
Jm Unll{qw hpurp}up uwhtfwuul:ipnttf qmut{mtf liU w4tit]1 pwu 300 WJI}.U{p
up }uwpwtfwJpU qnullp, np.nup qpwqtigumtf liU 40x90qtf tfwfltiptiu: q.l:ip.
tfwupwJnttf, .'bpwuupwJnttf qwqWUlWJtamuuwJpu hp.wpm}uul:ip]l }uumuw
pwuulip.D hwow}u tgtfwa liU tltumtf 2pntf (tlmpppl[ tO:wflulip), ml:iqurpuwfl
ullpn wut{wumtf llu tfUIUIJ1up : 

UJu hpwpm}uutippu tiU t{llpwpllpmtf uwu UfiUJ[cltfwu tuniJntfwflulipu, 
npnup Iun2np lf!nqwplipillU qwqwJpU hqnp U{lUJ[clJntUp WJllllntUp tiU m 
tfwfllipllumtf wpmwhwJmt{wa l:iu n~ tftla }uumumpw'i.twJ~U wnw2wgmuuti
pnt{ (filr 50): UJu l}.liU{pmtf trntfwJp wpmwhnup w t}lumtf, wnw2wumtf tiu 
2P2Wflwnmttf qmpppq U[WUlt{wputip, npnup lUJllllntUp tlu U{WJ[clJntUp 
hllmuwupnt{l}.Iltpu ZU{Ptnt{wa UJntfclp: 

fflillt 
[vvv j2 

~3 
flo()( ... 14 

~5 
[I]e 

u/tUJ{150. 4popbf1LplllwJil0 «Upp» tun'lmlw~p b!1~!1WPWUW~WO l4LWUD u 
~lllplj_w6l1D ((!UUl U. '11. ~np(1~u~i~ I. nL(1~2 . ) . 

1) pb(1nL4Gb(1, 2) ~n~ntuqwo 4~llpllf1L~Ln (llllfl~G), 3) ~n~ntulj_wo 4~llpll(1L~U1 (l~wGwi). 
4) (lwnl~Gwglj_wO (l~ilpb(l~Ln. 5) UU10(1~G O(lfln~4~ (lwppnGWLnWj~G WUjW(10b(l, 

6) hn(lWLni.J}0gpb(1 
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"'WJtnup llu "'U"'-wu U{lUJfclUwu turulnt{wqullpu: Upwug wut{wumtf 
lru qlHmnplitfulip, np.nup wttfwumwpllp uu: 

"l.WJ[clUrnU }unqnt{wqullpp mpwtfwqpau mwmwut{mtf t 25-pg 800 tf 
llwhtfwu'i.ttip.nttf, np.nUp [gt{wa liU ppuqww'i.ttfwu WU{WpUupnt{' qptfplip
;jlmulip.nt{ ("'U"'-wu lWtfpliptp pwqrnpp wumuml): utfwu U{WJtatfrnu }un
qnt{wqullp hmJmuwplipt{w<t IIu mwpptlp t{Uljpllpnuf uwuuw!Jnpwtqtlu 
!3wqmm~wJmlf (fl.'1-) "UwupppwJmtf, UuqntrnJmtf u WJt tipqputipntlf: 

~tiqprnJpu dwJfclpmt.futipD qwll{t{wa tiu tipqpwqtiqup }un2np ptiq-
1lwaputipp htim, npnup WJu llliU{pmtf l{unnwpnttf tiu ctw1rapurnu t.{mqlipp 
'ltip: Upmwl(pdntuutlp.I! qwpnq tiu l{WU1wp4Jlt wlfpnq2 ntlqpp tipl[mJUpnq 
IJWU tt upw rnnwuopu hWU1l(waulipntJ, mliqwtfmulipnl(: "'IImwqwjnttf 
tl"tiqpp np.n2 tnliqwtftuutip l}lwqt{mtf llu u O:tlqpWJpU hpwpntfui! 4hp t wa-
1lnttf ppwp lfnm qmut{nq hpwpJuwJpU qtiUmp.nuutipp }utfpllpp: 

Upmw!Jpawa tmlfrnJizu qwuql(wautipn wnw2wgfuutf tiu mwppllp 
; w¢1Ipp twtfmJpU crw<tl[ngullp: Ujl}.U!l1Up awaflngub:p tiu UinW2Wgptit 
l:'ULWUl}.pWjntU, "'WJWUtnruumtf, fl.'l-mtf tnwpplip lipqpmpruuwqruu dw
tfwuwflm2P2WUUup.nttf qnparna O:tiqpruJpU hpwpm}uulipD: 

cfrnJraplfwu wpliwtwJpU tnpll{I! ppwp 2WU1 tfmn qmutfnq pwqtfUI}d}lt{ 
tfnunqllu hpwpJumJpu qtiumpnuutippg dwJraptfwu tfpwdwtfillUwlJ:Jw 
!lflpantulimfclJW'i.t htimuwup t : <fwJraptfwu lj:tiumpnuutipn hwnwJu hwtfD'i.t4-
hmtf liu tfwup O:liqptippu qwtf upwug hunntfwu qtiump.nuutippu: q.npant
hlimraJw'i.t uurawgpmtf D{ln2 qtiumpnuulip ¢wqtfmu IIU, qwqwptigfuutf [W
l{LUJpU wpmwl(pdntt.fullpn, upwdwtfillUwfi lllnW2WUnttf liU unptipn: Upllw-
1 mJpU dwJraptf wu tnpll{{! tipplit.fu {!Uqqpflm tf t huqwJwqwu J wqlipliuulip, 
Jm4 wpmw4Pdwa twtfwulipn wnw2wgumtf liu huqw1wqwu ~w¢tipntf 
fwtfwJ}lu up pwu}l hwpJmp tfllmp hqnpnlfclJWtfp <twa4ngutip: 

Utfwpmlitntf dwJ.raptfwu mpll{upp pumrarnqp.nttfD hwpq t u2ti1 
~tpwug l}.tuuwqwpqtfwu U{WJUwuwqmUntfclJntU{!: lrntfwJ{l qwqtfi! dmJrap
tfwu nurawgpmtf qwpnq t lf!nJut{llr f\U~U{liU U2nttf t W2Juwphwhn~wq 
hpwpJuwqllm q. . .ID'wqpug Umpntfpntp qnpanq hpwpntJu[] mutigtit t utfw
hunnpll{ dwJrapmtffitip, tlpp tmtfwJp qwqtfn wumpnwuwpwp tlmJut{mtf t 
hptfpwJ}1upg ' tfJI2pu qwqup: 

~bl.llhflWpfuwJtJ(j bpL.nt)pfibp 

Uqmplf hprupJumJpU qnpcrmulimraJwU w!Jwpmpg htimn tipqwp ctw
tfwuwq I}.ptnt{mtf IIu tlpuntJ[clUtip, npnup w'tttfl12wqwu qWUJ mutiu WJq 
lqpnglluutipp hum u gmJg tiu mwtpu, np hpwp}uwJpU qnpant'i.tlimraJmU{! 
nn{rupml(w<t ~t: UJq uphntJ[clUtlppg liU qwqwjpU WU2tmnnttffitip{! (.J;mtfcu
JWffillp), qliJqllputipn, gllJuwJp'i.t hpwpmJuullpu m hlulpnfcltiptfllpn: 

SJJ.wplumJhu qmqtip: Pmu hpwp}uwJpu qnpantulim[clJntupg htimn 
r,tinLu l:ipq10p dwtfwuwq qpmt{mtf t qwqwutfwu UJntratipp wu2WU1n1tf-
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utlp, PU!UjUU Juumumpmupg WJUUjUU tt 6tiqpllJ1pg m zpl.{wgmb" UWTI!Dil 
tmtlwJpU hnupllJlllg: 

q.wqllJll! pJ1UUg l[wqunti ZWUl unm nu WJlUlWtlpdUtuu nurawgpmu 
dmJtapnq qmqllJ1)1U h utipqmJwgt{wb" li:u hwtnful&IIJ1Ut{, b"b"tf¥p, mb"]um
JaiOtlfl tl}lwgmroJmuuli:Jlilt{, 2PWJPU qn[nJlzpuli:pmi: Uwl[wJu ![[w upwuuw
qw& qmqmJpU I.{wqu, DJlU ¥'ilmrowqJ1p hli:mhpwp{umJpU qwqwJpu wpmw
tlPdnnffitipu: SW{lJltip mllll!P WJ1U1Wtlpdnufuuf1pU hW2DJ1I}.tuU b:u humhJlW
~tuWJPU mwp¥llJlqwqU}l qmqwJp& mJlmwtflldnttfunw 1912 ro. Uumuqw
JP qwmuwJ hpmpmlup dmJropuw'U[! hw2n(Ulu[ t hwqwpwt.{np qwqwJpu 
hnupuJlp wpmwtlPdnttfUllJ1600°-650°C, nJlil&g tfli2 qupwluntit t HC1, HF, 
i!DflW}a{3ntll, H2S, C02 qwqllpu: 

"<,IImhpmJlluWJflu qwqlipp qwqU[! mwp(!Ufl hprupm{uutipp unm 
mmpJllip t : up quuu:mttf I.{wpnq t dWJIOPIIL hw[n}lqmJp& qwqlip (mmu 
bwqwp b"{up hmi}lm[! Uuwul.{wJmu) U'Jmuutipntu' WJl I.{wqtfmroJwup 
qwqllp: 

q.nJqlln&lin: -<,pwpiuwJpu 2P2wuutipmu JlUitfwl.{wupu mwJlwb"t.{wb" 
li:pl.mtJIO&llp liu npurllu U[WJ1JlUJ1mpwp qnpmtq 2f1Wqn[npzwJp& zwmpt{wu
&lip: Uut.{wunttf[! l{WU(t{wb" t PU[WUqpwJp qllJqhp WIIJ!Jntpp wut~wu hum, 
npmuq WOW2PU wuqwu qpmlflit h uqwpwqp~{lil t: q.tiJqtiputipn mwpwb"
t{wb" tiu uwu olitnmumnuJWU wqqwjp'U U[wpl.{nu.f (UUU), lmp QII(wu
qpwjntU, qwtf!wm4wJmlf (fll}.) L WJtmp: 1941 ra. tipl.{prupwu S. ft. 
1lmmpunt.{wJp qnq\fllg qwtf2wm4mJntlf hwJm&wpllptllll t (!wquwroptl 
Ub:b" u t}mpp qtt1qllp&tipn4 hwJm&p qiiJqtipuiipp hml}lm~:~: 

Unt.{npwpwp jntpmpWU2Jnl{l qbjqup I.{UIU{t.{Wb" t tflii.{ 4tnJ1 wugpp 
IUJ'Umhtimu qp}l:}>nup hUm, npn lJmJlilll t tP.&tit mwpplip !un}:llipp: '1-llllf}l 
llpl[pwqllqup {unppllpn qlijqlip}l mqpu wugunnf t mtiqmnuwqmu 6bqpll
ppu u [gt.{mb" t mwp 2pnt.{: q.pp:}>nup Ull2 2flP 2liptfwumpowun [{WJlllii t 
hwuutit 90-98°C, WJU qiiurpmu, lipp JunpptiJ1UtU' 2Pll 2tipuwum}lowut:! 
z'ilnJlhPtl pwpap 'uzuwu hwuumu t + 125-150° c u wt}lit}l: 

1lJ1UzmlJ}l urwhlip}lu, timph}ltl )unpplippg pUiflr.\pwgtlll wt.{b!P pwpr.\p 
2liptfwuml16w&wJp& S!Plip}l ulJutimu t pumllllu}ltl qntnpzwnw2wgmtf, npp 
WJUlJntUpnuf qp}l:}>nu}l2plip}l tfmlJUIJlllwlJn uqunnf t pwpopw&wt: ~wqw
&mpUIJl 2PP JDlf1Wpl:UU2Jmp uwuu}lq hWJmutJmu t wtllltP qmpp 6uzuwu 
uwpqmu, ulpuuu t bnwt, Wb2WU1t.{nttf t tfli(t pwuwl{nlfctJWUp qntnpzp, 
6llzmun pmpopw&mtf t m mtil]}l t mutiflmu mpmwulimnttf 2PP zWU1pt.{m&p 
mllupnt{: liflznu1Utipp hwt{wuwJ1Ut{3Jntflllg qwququuu t 2PP zurmpt{wflmut:! 
h qwflwm wumpowflWJlwp tgtlmlf t flnp (tfwuUIUJlzwmptJwflwb") 2fllipntl: 

q.nJqllpflbpp 2PliPn ppllflg U!I2 tmb"tlwb" t.{}lowl[mu Ufwpntuwqnn.f 
llu UlWp(!llp upfltlpUI[WJpb Upwgnt[ajntbutip hwmlJWUjllu' uptplJwhnq: 
q.hjqlipp dWJ{3pntUfluppg [ntb"t.{wb" lijtwgnt{3Jntflflupn qmmwl[t.{mu bu 
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qpp:pnu}lllqpmJpU umullpntu, WntU2Wgutltml Uitqwpullp: '1-pwflg wfl~w
Unt u llfl q/Jjqllp/Jrnullp : 

SJmruuabntflin: cfwumuwqwqpg hprupJumJpu uwpqllpntu ({Jwu
!Wtnqm, lpnppuwu qqqpulip h lllJtfl) qliJqllpfllipp hbm hwuwmllq tmJfl 
UlWpWb"ntlf mutiu ll2U1UIUfDU qnpimll Ullllp lliiJPJOtpUllp[!, npnflg wutJwflmu 
llu hfulJ1Upliptl1lp qwu rotipu llll UII'JJ!Jntpuup; fiJ1UZ rotiptflipp 2flliPg 2tiptf wu
mpnwuullpn JlWtlllll{lllupfl pUipop tiu u lJlliflllll tJU hwuutit +80-90 C : 

SliJuwJbU hpwpm!ufliip (ucujqllp): UJU wnw2mgmUUllJ1I! lJlllUft.{wb" 
bu ~unplipnt{ n~ lflib" lllpmmplipumu w&gplipp hbm, npnup [gt.{wb" li& 
pmpop 2lipuwump6wuwjjlb gl.i{untl: ll:liP2ftuu pwjpWJtiWb" WU{uqt&lipp, 
umnpqllm&Jw 2f1Uflp, qntnpzm u qwqlipp Iuwnum!Ul t: IJluqtpupwJlwp 
mllqp till mfl!Iflmu gliiu{l qmpu 2U!Pmntu, runw2mgull[n~ n! pwpap lfn
ullp. Iuwnuwpwflntl: StiiumJpU hpwpm{uullpn hWJUlbp llu D2 upWJb 
hp.wp{uwJpU uwpqbpntu lllJI umu pwqtftiJiapt.{ uwt.{row-qwqwptip 2P2lllfl
fltipmtf: UJu qllUjpiipmu gliJuwJpfl hpmpm{uullp[! opqwflwqwfl b"wquwtfp 
mb"luW2flWGUlllJpU qlllqlip}l qnpb"mutinttaJlllU WJUl)ntUp llu: . 

=lpwpnLflJObp~ wzfuwphwqf1W~W(j UlWflW6nuln 

UJdu bpqpp uwquplmtJIOP tiJlw bwzt.{mu till U}l pwflp hwqwp hwu
qwb" h qnpimll hpwJlmiuuhp: fimu lJ.pwp{uwqhm t..{. I-. tJ.tnqntllJgp mtlJwt
flllpnt{ wziuwphmu hmJmup uu wtfllllt pwfl 800 qnpbtu] hpwpm}uullp,wJq 
rotJ:nuf fluru unt~wmw11w1pu tfmttmlf qmut.{nq&upu: UtfbliwJfl hwtJ:wflwqw
umroJwup WJU ralltln Iuflum utJ:ruqtigt{wo t: "'lllUW2IulllphwjpU OtJllpmunup 
hlllJmup hiimwqnUlili! q., fit. lfiiuwpqp mtl.Jmtflllpnt.{ upwJb luwtllllil ot.{
q}lwflnup hwmwl[mu qw ml{Ulll pwfl 10000 hpwpmiu u tiflrowqptJmu t, np 
Jllltnp uumf12PJW ttinullpn hpmpm{uulipll UlJlllJmup llfl: "<.pwpm{uutipp mm
pmauwu tfli2l{w npnzmlfp opj:Ium~Wl}mtroJm&: l.Jpwflp p&nJlilz till llpl[pm~ 
qlil}hp zwpdntfl mtiqwtfwulJppfl, tippU1WUWJll1 tlJnflWJpb hun.fW([uqtqllJlllb 
junppwJp'il pblJtlwb"pfltlppu, npn&p hwuflmu lifl upu~u t{tippu tfwflropw: 
CWUl qlill!plipnnf hpwpm{uuhp[! 2llJdlllJUioh qurumt.{npt.{tub" bu ph1lt[wbputl
pp bpqwJ&pnt.{: bpqp}l umql.ipllupu mnwflaulllgtlmu 1lU tfP pwflp hpwpiuw
Jpfl qnm}lulip: 

!uamum O!fl.rhm&nu1mfl qnmb: q.npbnJl qwtf n~ tlw11mg hwuqwb" 
hpwpm]uullpp qllpwqznq UUIU{! qmut.{nttf liU WJU qnmn~u u oqtlmlf luwlltwl 
otit~flwunup unpwUllpr.\ tlpl[wJ&pn~, wm.u2wg'Utitn~ ~llllill otllJpwflnuJWb 
"<,ph oqwq[!: UjU qnmpu wugflmu t qwu2uiu1lfwjnt.{, qntppuwu l.Jqqpfltlpnt.{, 
liWUfOuwl.{wu, SwJtlwUp, l>pt}lur}lflJwU, lmp q.qpfllllll, '\mp filpmw&pw, 
UI111nunf1Jw'U, '\mp "<.llpplul.Jwu, 1m11 Qlltmflqltm qqq}lfltlpntl qtlurp Ufl
mwplJmfulw: UJ~mthliml.a WJU qnmpfl pp illi2 t n&qqpl.{mu ""wpwt{-Uump[
Jwfl umnp2f1JW ttinfllllzllJdw& ("<,wpmtJwJp'U Cnmtmuq.wl[mu, "<,wpwyw]p& 
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Uwuq!lp~wu , ",wpw!lwJp'U q..tinpq}tw) u wugnnf hwpwt[wJpu UillltllllJwJ]l 
wpUtfmJwu tmJ"!willlpa qnmpu: UJumliq pwquurrapt[ hpwpm)uullp qmut[nnf 
liU lirtP.muruwP'l Uuqllpp tlinuwzruawJmu: I>umuuupt[ hpwp)uwJpu qnpbm 
ulimrdJwup wwp t uul{Umu qliUmpnuwqwu Uilllppqwu, hwmqwtqllu '\]m
upuwJpU u ",wpwt[wJpU Ulfllppqwlillpu upwgfuut ullq qnmpu: UJu qnuw
JPU llu unmllumu t}mpp Uumpuwu hpwp)uwJpu qqqpuupu: '\]mupmuJph 
Uilllppl{wJlt trnP'lPtltlipJwu hwuwqwpqntu qnpbnq hpwpm)uullpo pp~ llu, 
mul{wJU lippmWUWfl'l, hqnp t wt[wjpu hnupllpu u pwJpWJt{wc} qnullp[! gmJq 
llu muqpu n~ t[wq WUgjW(p hqnp hpwp)uwjpU qnpbnt'Ubnt~JWU uwupu: 
UJu qnuwu w!lwpmt[mu t UtllntmJwu qqqpullpp hpwpm]uullpnt[: Iuwqw11 
ot[l{pwlinup illl2 qmut[nq pwquLUJapt{ qqqpullp u lfqqw]uupllp mutlu wl{mpt( 
qnpc}nq hpwpm)uubp (".wt{wJwfl l{qqpullp): 

IDwlinlmmbnthm-~unnuliqhm!nnfl qmnb: llJu qnuuuu wnwt[ht wlf
mpt[ hpwp)uwqwum~Jmu t qpulmpt[mu 1-mwtllwJmtf-l:.{liqm!ln il .1lttiqpll 
JWU q.wzmlipn' gwuwpmu, bllrmUiwJp willllitiq!wpup hpuipnt)u{! f:rauwh 
pp pwqtfLUJapt[ U{wpWqpmwJpU l{nullpn!l upgplltwJmU, SpplililljwU bnt[nnf 
qmut[nq lptqwp.Jwli l{qqpullpp hptupm)uubpn (l:.{nqlfwunn, Umpnupntlt l1 
rnJtu): UJu qnmmu llu t[llptuptipmu uwu t:qllJwu bnt[mu qmli!lnrt Spp lfqqm 
hp.wpm)uullpn: 

UJu qnmmu hw2nP'l umwt[llt pumlluup!l hp.wp]uwlfwum~Jmu t wp.
awuwq[lt.(mu 1-ul}llullqllwqwu tiu~wqnmmu: UJuml.iq qnpbntlf tiu pwq
ULUJapt[ hp.wpm]uullp. lJIIo- L !llnpp QnullJmu qqqpullpntu: UpLI:itpmu WJll 
bu~wqnmpu unmliUmu t luwqwq ot[l{pwunuJWU qnmmu: lfP2llplfpwbn
t[wjpU il I>uq.nullqpwqwu IIu~wqnmpul:ipp lfP2L qnpc}nq hpwpm]uul:itt 
~qwu, uwlfwJ& hmJmup llu pwquurraltt[ hwuqwo- )unznp hpwpm]uul:ip (l.Jllir 
L lllnpp Upwpwmullpn, qppnmJ1 qwqpl:ilm, .lihupppwJp, 1-pwup, 
U'l>qwuumwup n~ t[wl'\mq huruqwo- hpwpm)uul:ip.D): . 

UutnJmumJmu qnmb: UJu qnuuu hpwpm]uullpn hpuuwl{wunuf 
lfwtqt[wo- llu UmtmumJWU ot[l{pwunup umnp2P.JW tllnuwzq~WJP hl:im: 
'l-pwup 3wu l.Jwjllu, l>utwuqpw, UqnpJwu, ",wupwpouwu, Sppumwu
'l-w-qmuJw, q.n:p u hwpwt[mu qmut[nrt ~mt[ll qqqpullpp hpwpm)uul:iph 
l:iu: 

Uump.S?pJw ttin~W2@WJpg q.ntpu qmut[mu 1IU hptiq!JuwJpu lJWfll.iJ
pw, qwuwpJwu, 4:wflw~ ",pt[wuqwup u WJl hpwpm]uullp, pul{ Umtwum
JWU ot[l{pwunup wpuummpmu' <llnpp Uumpuwu l{qqpullpp hpwpm)uul:ip[t: 

Sunyw{Jmu mllJhwlinub qnmb: <fwuwuwlfmqpg qnpbnq u t.}llp2llrm 
hwuqwa hptiq!m)uullpn qmut[mu tiu l.Jwqwqwulfwp, qnunpJwfl, fi.l:iJmu 
Jn'U , qlipqlittiu u utJt'U qqqjlullpp t{p.w, jlu~tqllu uwu UumwpqmpqwJmtf: 

.Pwgp ul.j:wrtwqpt[wa qnmjlul:ippg pumlluupt[ hpwp)uwJpli qnpbnt 
utimraJmU t wpawuwqpt[mu Upulltm-Ut>ppltJwu np:{JmwJpu hwuwqwp -
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qmu (np:Pmt:f l:ipqpwl{tiqhp pllqt{wbpullpnt[ P2Wb ul:iq qnmpullpu l:iu), 
npnugmu qmut[mu l:iu Swuqwupl{w, lJnpmmn-UI:iull-UI:iqn, l'oqp-Uupu
'1-wqm, qpt{m u WJlt61:ip: 

UJu mwpwc}pul:ipmu qmut[mu llu pwquw~pt{ hpwpm]uullp, upmug 
tili2 hWJIDUp t lJI:ipnt hpwpm)un pp l{w(q.tipwjnt{ u unuwjnt{ u Ul>ppl{Wjntll 
t iJUliuwprupap lrlttltlfwu2wpn (5895 tf) hpwp)uwjpu qnfll}: 

up pwup qnpblu} hpwpm]uullp hwJmup llu qwpupp bnt{mu u up.ut 
rJl}lwlltipa qnmmu: ll:pppl{wJp wpuummpmu t qmut[mu lp.uilllpmu 
r utpannnhpwpm]un: 

I"'OUlflnLQ~t.l llwqllwUl~qll 

fl~ pntnp ql:itqpl:ipntU t, np uwqtfwu l{w{Ulqwuntlf t hW@Whwptit 
nt ol:iqpl:it l:ipl{pwqtiqh[! u q.ntpu dwJ~ptir "-wtfwuwpwp wt{lltlt zwm liU 
l]:litqpl:ip{!, tipp uwquwu uumu t llpqpwql:iqlunu mwppllp )unpnt~jmuullpp 
~pw L qwuqwqnpllu uwn~lltnt[ PJDLJlllqwumu: lJwqlflllJp lillPflpuwu 
u:nmgtlu[t l:ipl{pwqbqup tftt2 wut{wut[mu t pumpntqpt{WjpU, pul{ WJil 
6wuwtqwphnt[ wnwS?wgwc} uwpupuullppu' pumpntq}lt[ uwpupuul:ip qwu 
ntqqwlJp pumpmqpwullp: Pllwlfwuwpwp pumpmqpwutlpp, upwl!.g qw
nmgt[wapp uwupu lfwpl:i(p t qwmnqnt~jm'Uulip qwmwpl:it 2Unphltt[ tl{qn
ql:iu tqpngl:iuutlpp, npnup PWJIJWjntU l:iu uwquwmpq uwpupuutipu m 
l!pwug bwbl{nq wtqwputipn: UJdtl pwquurraltt{ t!wJptipntlf pumpntqPt! 
UilqWflUUp UU tftlpqwgwa, npnup l}lllflU UU qwJpU bpqpp lfwqbpl:iu: 

I"'OUlomgpwObnh hhllOw~wo llL.bnn 

.12wup np P,umpmq]lt[ uwpupuuUpn mtiqwqpt[mu Uu llpqpwqbqup 
npnzwqp )unpm~Jmuutipntlf, puwqwuwpwp upwug mliqllltlpmun u ullp
qtwl{nq Wtqwpullpp hUm t}mJuhwpwpbpm~jmuutipu qwpnq llu t]lul:it utip
qwz'Uwq u wu&bpqwzuwlf: ul:ipqwzuwl{ l:iu WJU pumpntqpwutlp[!, npnup 
ul:iptltwl{nq Wtqwputipp hum muuu ml:iqwqpuwu UntjUnt~jntUUI:ip : ullp
qwzuwlt p.umpmqpt.( uwpupuul:ippu l:iu t[ti[lwqpl{mu UPlUPt:! (zl:ipiDWJPU 
piimpmqpwul:ip), twl.fntltmullp[t, tntqntP.mulipn, :Pwl{ntP.mul:ipn (ul{. 51): 
Uuul:irtqmzuwl{ P.umpntqpwlitipp rat{mu llu' qwJl{wullpn, &l:ipll(l£!, zump
u!Ip~, pLUJantpmutlpn: 

ul:innwzumTJ humnmqbmulin: llftflipf! wnw2wumu l:iu hpuuwqw
umu uumt[wc}pwjpu wtqwpul:ipp. llll2 hpupwJp'U uwquwJp ul:ipqpuwu ow
umtqwphnt[ zllpmwt[npuwu uwql:ipunLJiaUI:ipp mqqntJOJWUp n~ Ulla )unpnt
{dJntuuUpp t[ptu h t.(l:ipwpl:ipt{mu l:iu n~ h/lU[lUf!flUUif (hmu. h/JUflJ' t{llp). nt 
wP.t!. wptmuw(-w'Uqmuql rouhwmwq) qwmUqnppwjp'U: UjU llinW2Wgmu
u ilpll utiPflpt[mu tru uumt[wapwJpU zUpml:ipp llll2 unmwt[npwtql:iu hnppqn
u ml{wu qpppm[: 
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. . . uttwp 51. Lbr'lwzliw~ PliUll'lnLqpwlitn . 
U)~ Ulllhfl, P) LUJ~nl~l11, Cl) llwqllwl11jl~ flilwlllllfl, 'l) LWlllOLiltn. b) ~W~OLPl11 

. UpuUntJU upl{Pwpwuwqwu lfmp\}wbpnuf \fJl22lif1IDWJ}lU }lUtn{lnt
qpw&liflb qw{lnq liu tJ:t&litliquzqp u pwquwq}l: 

. lwt[ hw)mUp tlu UppppJWU unwtn:pnp.tflt up[tlp.~, np.nup hlip.raw-
t}mju!fmtf Uu mppuru}l u U{tlp.tf}t hwuwqp Wtqwp.utlp.nt[: 

. ' lJ.jU hbprawqmjunt{aJWUIJ tfwuuwqgnuf hu uwh t!pmqpt{ awb"qng
uiip(?, nrmup wnw2wgllt llu · ollzu1wJ}l& hpwpm}uullp}l qnpamullmraJwu 
W(lll)ntUpnnf' wnw2wg&IItmi hqnp., WJUU{liu 4nltltub" UlflWU{WJPU :Pnp.tfw
gpwu (CI1jlwU[fdiplJ' un~nrui1Ipp t[pw mwpw<}tfwa hpurwppuwt, qp
uwjunppwJpU hptfpwjpU <}wqtfwu t:Pmqpl{ WU{UlpUIIpft uuqhwump wu-
tJwunnffi t: · 

: ba{JnJbinullv. tl}l pwup 100 If 21.II¢.h{lnt[ uuqwutfwu l{wtf pnpnuw
UUliJU pumpritqpt[ tfwptfltuulip au: bppuuu upwup hwuumtf llu 1fP pwuft 
(5-6) qtf 2tinfitipp ( fiq. 52): U{lwug t{tlppu tfwqllphnlJraD mmugpq f uum
flll&if PP2 ra!r zunn mwtltwl{, np}lu tfnmllumtf t u!ipqptfwu m:qpu: UJU 
pumf1m4}14 tfwPJlhuu!Illlt wnw£wgtfwuu tfwuuwqgnnf bu raram h tfp£}1& 
l{wqtflt, tipphtfU tt wtl{wtwJpu tfwqtfwu!Ipu: UwaqlliJ. Wtqwpub:pp zh[1-
mllpn lfUjuwupqnphu juw}umt[mtf liu, l{ti112Puuupu amlmtf uu, uurpuulltnt[ 
trulJ:ntflmullp.}l punrmz mptiwqalipD: lwqn[flm&IIp}l mwpwm!Iuwl{&IIflpg 
!iu tfwqtfwm}ll[ q}l~urpflulip£! (hmu. lJPlUllfftpn' olinplit), npnup lfurralttP . 
mhup nt&tiU: Dpnz' qpmuwl{tffit&!I(lp l{WJH}}lpnt[ '\JmupuwJpU qnl{qwup h 
'l.p}ltfh. ·pwqtfwra}lt[ }lumrmtq}lt[Utlp lfllpwqplfmu !Iu Lfwquwmpq q.pwurpp
uli!lflu: 
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uttwp 52. Ltwutnbttw~ntllLn!:! ('lrtllu) 

I_ntqmbmutln (hmu. fnUjlJu' qwt[uqa qwtf munlJ.wq unlJu!I) . . htulllw
l[w&nui hptfpwJ}l& lliU{wpullppg qwqut[w<}, mtlJutiwutfwu \fJlntipmwJp& 
}l.umpmqjl\1 UUIJlUpUUllp tiU: Sllq-mb:q WJU wnw£wgnnllllipn hwuumtf tru 
huqwJmqwu turtlthpp: <,wpw!fwJpu Ul>JlpqruJmtf Anzt[tltq.lt qwuqt{mbu 
mup. mtfUtll plliU 300 qtf llpqwpnrtaJmu: 

~m[JnJbmulin (hmu . .pwqnu' nuUJ) hwilliummwpUlp n~ tftia 2nrtP~ 
hpLfpWJPU qwqlflt tfwpupuutip tlu, npnup umw£w&niu tlli awtpllp.p 
wnwugpwjpU tfwullpmtf: UJU WOlli2WgmLfutipu nutqui:fitfwu, puq 
qmpt{wbpmu LfwuqmJlWUUwU oh mubu: . 

U£ilil:innwz0w!J 4wll 4Lnnnn 
lrlighn (w&qt. &lip ' UJwpwung 

pwnpg) qwtf hp.wptuwJpU qmqwpllpwu, 
npnup hwuqftuwumtf II& hft& h[lwp!uw
Jp& wtqwpunnutipp up tf wun: ~pwpmjup 
ctwJrapLfwtfp L tmtfwJp wpmwhnupu 
w~wp.m~titmg hliUlll ¢nqwpli[1WUIJ 
{ugwut[nLLf t uwnwb tfwqLfmJnt{: 1rtlptl
PP mpwtfwqpb'D 41UJ111Il. t hwuuiit up 
pwup tftimppg up.u~ h I ,0-1 ,5 qtf (&.{f. 53): 

'1-wJkwub:p. (znmtw&qwlpnu flWJ
qw· UJWln pwnpg) 6111"\PWJPU ll&mrmLqpw
uUp bu, npnup umW£WUrUU tlu tipq

b/ttup 53. 3mnwJ~ hwuw~~ 
hpwpmtup u~Q ~Jntupuwj~u 

lfmlljwu (liljwrlU. q .Lml/lqb/1) 

pwqtinLp mnqwopq qwtf .ratip O:llr[plipnttf tfwqLfurJp ulipqlltfwu UIJUllntU
pmLf (flf{. 54) : '1-Wjl{WUU{l UU UIOW£WgUmU pn[np qruq\fjl UWqUWUllp[!: 
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'1-pwug hqnpntJaJntU{! mwmwul{nuf t 
JWJU uwhuwuullpnu.f up pwup uwump
Ulimp)lg' 4lltnlllimpllp: VntJU[! l{tlpwpup
mu t upl[wpnt]ajWU[!' up pwup IDUIUUJWl[ 
Ulimppg upu~u mwu'UJw4, hwql{wquUJ 
upu~u hwpJmpwl{np 4lltmflimpup: Utqw
up (3wl[mmpw) l{whwup uwhuwuuu
pmu ul[wpwqpl{wa t f!Wjl[W, npp JWJUOt
)ajntU[! 250 If t, pul[ lipl[wpntJaJntU£! 
wt.Jllt}lpwu 100 ftt!: 

~wJmlip qmJl[wuuppg wtfliuw
tlllb"£! Qpupwpl{up lfua fl-nquqwl[wu 
'1-wJl[wu t, npu mup 540 fttl upl[wpm
JaJntU u 3-13 qlf l WJUOl]ajntU: '1WJ4WUII
PI! hwowtu hwuqpUJnnf uu tuupupnl{: 

.Pwgp mqqwapq mwpwatfnll 
qmJqwuuppg qwu uwh oqwl[wllu qmJ
qwuup, npnup auwl{nptfmu liu 

,W 21» >I 3~ 4[L)5g! 

l.Jqw{l 54. UGGb(11lWzGwl.j 
~Gtnnmq~lt tlwnll~GGbn . 

U) pw~nLL~I./1, P) zlllnQ, 
q) l'lWJ4W, 1) qpwu~U1Ubfl, 

2) UlW[lpbp 4wqllp ~ul.l1flnLqpq 
wl.4wflubp , 3) RubunLflUl!ibp (uar
t.flw4Ltnfl Wl4Wf1Ubpfl pb4npubp). 
4) WU!O:jlpq!ib[l (l:ijOLI'\WqO[lOLll
(jtJp), 5) !ibrt.flw4nfl w1.4wruap 

hpwptumJpU WUJW{lWUlp uquppnl{, l[wu tt pumpntqpl{ uwptfpuuup]l 
ZP2Wi{WJpnuf: 

lwJU mwpwamu muuu uwu mwppup aruutfUiipnl{, 6Jntllwtfnpnnf
uupnl{, urul[WJntU hqnpnt]aJWup 6uqpWJpU pumpntqpwuupJ:!, npnug wul{w
unnf trU !IpwqfJ!Ip: l.nfwuwmpUJ lipwl[uupnttf hwuqpUJntll uu mwppup, 
ummtflitWUJUU hpupwjpU 4wqtfp WUJwpUup: Swppup pumpmqpl{ uwpupu
uuppg pntnp upwqwuuwu OJntqwl{npnttfUiipu wlil{wul{mu uu WUJn.'l>pqUUJl 
(hmu. UillfJ1:Pftq' OJntfl pwnpg): 

ljuuwulln[! wul[wunu aup umnwl{npwUJuu hwl{wuwpw~w¢. uwq
uwmpq pUmpmqpl{ tfwpupUuup UU U WDW2WUntU UU WnWl{Ul 6uqpw
l{npl{wa ztlpmwtuupupntu, mwppup mqqmraJmUutlpnl{ 6llr]pup)l hwmuw'it 
hwliqntJgUupmu: 

I>U!UJllu u UJhtu pumpmqpl{ uwptfpuuupf! zmnpuupf! UntJUUJuu 
ntUUU mwppup [W$up' mpwuwqanl{ IDWUUJWl[ qptntflimpup: 

UJU pumpntqpl{ uwplijluutlpp umwulluwhwml[nt]ajntU{! WJU t , Ofl 
zmnpulipn tuwtummu uu, qti:pnpuwgumu uup¢.wqnq WtqUipuuppu: qwq
um{ l.Jwpnq uu Jpliut raraqwJp'Upq Ulluiu quphpupwjpU: 

Aiqamhmullnn (hmu. pwpnu' tunpntJaJmu) wtlliuwtunznp pumpm· 
qpl{ uwp.tfpuutlpu uu tipqmpwgl{ma otfwtmau qwtf pqmfumppq auupnd 
(flq. 54): Unwtftlt hwawtu qpwup hwuqptiJmtf tiU awtpwl{np tfwpqupb 
qUumpnuwqwu tfWUUJlnttf : Pwrantpmuuppu pUnJinz liU up zwpp wowull
uwhwml{nt]aJmuutip, npnugnl{ tt mrupptipl{mtf uu tfJmu pumpntqpl{ wnw-
2Wgm tfullppg: 

128 

L) qutllltfwa 11~• tUohw-b"wtpwl{np qwnntJgliupp l[uumpnuwqwu pwpllp.w
gmuutlpp hum: 

2) Dtuuu una lunptip: bp.qwpwgl{wa llup qliUlpnttf tlqt.!mtf uu mwuuJwl{, 
hWJlJntpwl{np u wl{tltp l[ptnlllimpup: 

3) qwqtfwt.!np.t.!mtf uu hwt.ftluwmwpwp tflla tunpntJaJntliuupnttf: 
4) uup¢.wqnq WUJWpUupp hum qnumwl[muupj} npnz pWJantPIDUupp tfnm 

uupqwzuwl[ t, zwmupp unm l[mpnq, hwowtu tt upuUntJU pwrant}lmp 
unm l[wpn.,uu lPllUl mwppup: 

5) utlp.¢.w4flll WUJW)lUUpp l{ptu qqWLP t.ftltuwupl[wl[wu wqqugnt]aJWU 
pwgwqwJmraJm'Un, nppu l[wputlt t UUJwutit WJqUJpup tunznp pumpnt
qpl{ uwptfpuulipp IDUilWilPtfWU awuwuwl[: 

6) JO"rat.!WJPU l[wqup hpwj]lU urUJwpuupp qupwl{znntUJ:! (umwtflitWUJUU 
qJiwli]lmliuJI l[wu qpwunqlmppmulip): 

7) .PwrantpmuliJI]l t.Jbp]lu uwl[upuntJJai! punpnzl{nuf t qtfpurawJpu pwquw
ra]ll{ pwpapwqmtfliuJintf, npnup uuwu uu zmnputlpp: 

uwtul[]lumu l[wpa]lp l[wp, np pwrant]lmuupu wuhwmwq pump.m
q~l{ uwpupuuuJl IIu, npnup qmpnttf uu wtfpn112 upl[pw4li'luD, uwl[wJu 
ti[lqp.w.'l>pqpqwl[wu m4Jwtlilip[! ~wJmu uu, np upwug ntllllwhwJmg lw

tl•liPD 5-l 0 fttl uu: 
.PWJaOtPLnUiipp WDW2WgUWU l{lipwplipJWl l{WU pwqtfuqapl{ IDU-

U LUI{umuup, npnup l{p6utP. Uu: 

UwqtlwUl~~ 02wltJlHifl 

~wu~wgnrtnLPJnLO llwqllWJ~ 'l~~bflbOgtlw(j llwu~(j 

lfwqtfwu pwJlll hmtfwqwpq t , mu]l upJpqtUtnwJpU qwqtf ' 2PP u 
g'1qnq pwqwqpwtfwulip]l UJWpmuwl{ntJaJwUP u oaml{wa t hliqml[ UJmrali
p~1U hwmmq zwp.amuwl[mraJwtfp: 1Twtul[ltumu l{wpamtf tpu, np bp.l[p}l 
~npptipmtf qnjnt(ajntU mup tfwqUWJP ztirnn, WJatl bpqpw:ppqpqwqwu 
u:l{]wtuupm.jlUUJWgmgl{wa t , np qnJnt"[3JntU mutiu uwquwm}lq mliqwl[wu 
(tnl{wt) 02WfuUlip, npnup qmul{mu tiU upqpwl[unup mwq: ~wl{WJWU 
l{lN}lulipmtf L qwtf~wml{wJmtf tfwqtfwmpq o2wtuutipn qmul{mtf tiu 50-
61) qtf tunpn•raJmuuup]l l{pw: bqpwJpu l[wu tfp2wu4Jw1 o2wtuutipn 
qmul{nnf tiu wt.JlltP t.P.npp tunpmraJmuulipp l{pw (5-6 !ttl tT_liqmlfll mwl.J, 8-
10 l[tf ~w4mJw'U hprnpm]ufllip]l mwlj): ~wqwuurpurp qwli uwL ]lupfuu
JllllJU o2wtuutlp, npnup br4PP uwqtlphntJIOP9 l0-15 !ttl funpmraJm'Uutlpp 
411w nu qmul{mu: 

lfp.ulu XX-pq qwp}l 30-wllwu ral{wl{wuutlp[! qwpannf t}lu, np 
<plJntJaJntU mu}l Uliq uqqpuwl[wu pwqwtmwJ}lU qwqup uwquw, nppg tt 
wow2wgllt nu pntnp hpwJpu WUJwpliup.}l mwpwmuuwl{utipu: UJ'Umhlimu 
Zft2lUUWnnt]aJWU llli2 t qpt.ilit WJl mliuwqlitn, ]ali jntpwpwuvmp WUJWP. 
mup }lp. uti¢.wqwu tfwqtfuru: UjaU hllmwqnuml'\UUJl[! WUJWgmgtit nu liplip 
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ulJqpuwqwu tfwqtfwub:pjl q.nJm.raJmun' urllplup1mjlmwJpu, pwqwJtnWJpu, 
qpwupmwJpu: UwqtfruJp umw2wgtfwu tunrmt.raJmuullpp tfwupu qw t.ftla 
mwpwqwpmu.raJmu • WJU t 50-500 f[lf \fl12w4ruJpmf: 

UwqtfwmplJ wUfwpullp}l pmqtfwqwumraJmuD pwgwmptfnnf t 
tfwqtfmJ!t qp~UpUugtfwup, n11}1 2un!1P!HI tfwqtfruJp upwmwpp qwbqtlw~TD 
pwdw'Utimu l: qwqtfm{ mwppll[l tftuull{lp: UwqtfwJp qp:Pll!ll:i:bgmtf£1 l{wrmq 
t qwmwptfllt tfwqtfwtnp{J O£W{unttf, }lUiU{liU uru\.t b!lqpru\itlq\.tp llUp.p'U 
hnppqnuullrmttf uliMPtfbtmg h!Ium: 

SW{lpllrmttf l:i:U qp:plipUugtfwu llpqm hptfuwqwu mtiuwqllmul:i:p. 
1) tfwqtfunn!tlt qwtf tfltuwJmpllrtruJ}lu, 2) pJmpllJ1wJ}lu: 

U}uwJntpbqtujp\i q}l.1llJpll\ignuffi mtlzW t muti'iuutf tfPulu tfwqtfruJp 
tfti2 mmpllqwgu wu Ufilllgllup ulfut!Um' qtJurutJnpunqllu I.PlJ4wgpruJp 
hbmltwupn4: 

l./Jlrl{cuqpwfi ruJU liplmtJ.rau t , lipp 2ti!ltfwumpawu}l }l~ugtfwu 
htimuwupny tfwqtfuru mwpwpw<twui.Jmtf t liJ1l{nt, llJlwp w.nunutinll hw
tngpullpp: t}lqtfwg}lruJfl hulUJlwtfnrmtraJmuu [!uqmunt hu 3m. tlltf}luunu
tllupuqu m n.. '1-IItflU: 

lP!Jtlwgpwu mtlqp t mullumtf hptfuwqwumtf bpqm UJtmnownnf 
w) 2li11tfwumjlowu}l J12tigtfwu <twtfwuwq t}lnp!lwfuutf l:i:U UJmtallPlttmall
tl:mt.raJmUI}, p) lt!lWJl ituwnutfnq tipl{m hrutngputl!l£1 qwqtfwa tlu murpplip 
mtiuw!Jwpwp 4zlm muugllt\ J!UiflWllPPl.Ull!lJtg: 

PJmplliJWJflU r~fl~lipUUgmtfU uqutJnnf t tfwqUWJP hw[ngplt uwnU
gmupg, }lul.fl hllmLwupmf wnw2wfuntf liU ur}luq :}>wqJt upubpwtullp£1: u3u 
mtiunt{dJntUJ:! tfwu!lwl{pqpm tf2w1Ttlbt t U. Pmnllu}l It1111tfltg: ..Pwqlfw.ra}llf 
tlmpalip. gmJg Uu m4Ut, np u}1tJtl{wmruJ}lu hwtngputip}lg tlpullprutullpD pJm
pliqwfumf bu n.1_ ph tf}lw<tmtfwuwq, WJI nrm2wit1t hw2npqwqmumpJurtfp, 
npJ! hwlfwUfUJUlwufuwumtf t ntlwqgfmu 2WJlPlll1!1u: ...;!lwJ}lu UIU{W{lullpnttf 
tfpwupu hwuqlnqmu liU PJntplliJwgtfwu tfnm 21Iptfwum}1tiwuullp mullgnq 
tfPuUpmtullp.[!: U):lullprutubpjl J!Jmpllz]wgmtfJ! hptfpwJ}lu lfruqtfwJfJg mtii")}l t 
muliumtf Pnmtru}l hWU!lWhWjtn nllwl{glmu ututitfWJOlJ", npQ U2Wifqwa t up 
2wpp hti'1.Puwquupp ItniJtflJ.g. 
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Ot~ttllli 
! 

Mg-Fe-Lljpfnl>utiGGbfl 

Mg-Ca-Llj~fnEub(ifib[l 

wtl~~Pntfib(l 
:). 

p!lnUl!lUl 
.J. 

K-11wzUlwJt1u uiJ.lwp -7 

u . Qnntllujl ututltfwJp hwtfwllwJu, L{tlpumtf mliiJmqptlwb' wtftiu up 
\fllullp.Wt WU2rutnymtf t Utnn!lfJufJg WOW}', npQ aLrutJ"n!ltfnnf t WOW2}1Up 
qm}uwqqllgmpJmupg (nllwlrgpwJpg) tffiwgnpqWJ!lu hwtngpp hllm: ~w 
pwgwmntlmtf t upwumf, D{1 WU2WUllJrua tfP.ull!lWID aqumttf t hwqmuw
pwlwmtpJWU qrut hwtngp}l hllm, L npurlluqp }'tiplfurumJtowup Jt2Ugtfwu 
UJWJtfwuutlflilttl urwhUJUiutf}l WJfl bUiqwuwpwl[znnt{dJntU£1: PJmpuqwgwa 
upullprutull[ll} uwtu nUwiJgnuf !lfJ tiwqr.fWJ/1 htM u rJmlumr.f ]lpli:fJg 4wqr.f[!; 

..Pllp4wa ututilfwJp aw}u tfwun uli!lltWJmgtiwa t nliwqglmu f2Uqhw
ump 2Wppn4, pwUp np up mtluwl{p tfpUll{1W[Utip[! tlm!utlnnf llu J!JnL!11IrtW
JPU l{wm1lg4wap mullgniJ WJI upullprutullpp: Op}luwq, otlliTI:tU£1 ltWJlDl\ t 
tlmtulfbt hptqllpumllup, Jtul( wtlqJtm£1· hnnliptlluqp; Upub{1rutlilip!l w2 nli
wlJg]mu 2illppu wunuqhurm t, npn mwunu.f t qllrqp tjmt}lnfuw{Imu qwqup 
upullpW[WJpU mtiuwquhpp runw2rugmtf{!' ruunppptnpg tfputu W[pptn: 

lJwquwmJtq hwtngppg pJmpllquhp}l wu}'WUlUruu qtJuw~np qnp
anuutit:t).lg tftiqQ awupnt{dJWU m<tp ruqqligmpJwtfp qwmwptj"nq qpwl)]l
mwglmu q}l:}>tipliUgmtfU t : 

lllnpallp£1 gmJg nu mwJ.Pu, np ultlpl{WUlwJpu hwtngputip}l umnllglfwu 
ctmtfwuwq awup upullprututipn umqtJmtf u uutnmtf l:i:U tjmp6wun.ralt hw
mwqmtf: umJu tiplmtJfdl! ul{wmljmtf t uwu pumpJtuU tfll2' PUlJlii.llll:Php.llU
gqwa pumruuqpwulipJt umnpJtu tfwullrmttf mliiJwqpljwc} llu wJuurttu!l 
ruUJurpuup, npnup qwqtf4wa tru lfwqtfwJp uqqpuwqwu pJmplll}mgtfuru 
crwup tf}lullpw[ullpJtg: 

Sw{1pllp qruqup lfwqtfwullpltg u U{lWug qp:}>uJlliUgmupg WDW2W
umtf liu mwp.pllp p}ltf{lwqwu u tf}lullprutwJpu qwqup tmqwpulip' qliph}ltf
pruJ}lu, hjltfpwjjlli, tfP2Jtu pptJm.raJruu, ppl{ruJpU u rutl{WLWJpu: 

q.IIp.hpupwJpU wtqwpull{11J pum.ramqp.4mtf tlU Si02-}l wtftrunnpnpp 
pwuwlJm.raJruup (45 %-jlg gwbp)' Mg0-}1 L Fe0-).1 pwp.6p urmpntuwqm
PJmuulip.nti: 

~tfpruJpu unqwpullp.mtf SiOr£1 mwmwut.Jmtf t 45-52%: UJq 
wU{Urpullll£! hwpnmm llu Ah03, Ca0-n4, pwJg hwtflltfunnwpwp wqpunn 
au MgO, FeO-ntf: 

lfft2J.1u p.ratfm.raJruu wtqwpulipmtf pwp.ap.mumu t SiOz-lt (55-65%) 
u rutlfrutflutipp pwumqmpJmuv. pwJg tjmppwumtf t CaO, MgO, FeO UfW
fliltliwqmpJmuutipn: 

LiT[<ltlwJltli WUfW!lUliJllJ tfJmuuiipp hwtflitfwmntpJwtfp rut!UtP hw
JlDLUtn llu Si02-ntf (65 .%-pg pwJla!l) L wtltrut}llillJ1D4, pwJg wtflll]l WJlPWtn 
llu MgO, FeO, CaO-nti: 

UtltmtWJpu wurmputlpQ punrm24"mtf liu NaP, KzO L A}zOJ-P wtftl
uwtfb:a U{Wpmuwl{nt{dJWUp: 

Uwqtfwut}llt awqtfwu tftltnllillWJpU hwupw4WJ{1bpp WOW2Wgnttfb 
41.Ull.l4wa t qlip.hPtfpruJpu L hptfpwJpu WUJwpullp}l hlim: UJqUJpu}lu nu · 
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p[lntf}1, unwm}1u}1 tutfpp tlbmwquup.p, u}llftit}l, qn(!wtmft, llplJWJdp, mpmw
up, ll{JlU0}1 L WJl UUUlllilJUU[lP hwuprntlwJ[lU[l!]: UtltrntWJPU Wll{W[lUllpnd 
6Lwtlnptlmtf llu hwqtlwCiJmm hnqllpp L n( illlmwqwJ}1U oqmwl:{w[1 
hwuwcrnullflp, :jlnu:jln[lp (wtqwm}lm), wumtfP.u}1 (uti:plltpu) u WJl hwupw
tlWJflU[l(}: 

.Pum}dJrnu illi2 huwpwtlnp t II[ll:{m mwp(!Up qwqtfp' h}1tfpWJpu Ll 
JdJdnt tfwqtfwullllP turnnumpq.n, n11n umJUUJliu mwumtf t q.lill{}1 puwl.Jw'il 
upuupwtmJ}lu wung}lwg}lwulip}l' WU{wpuup}l pwqtfwqwum}dJWU wnw-
2wguwun:,UJq tipLntJ}dU qwpnq t muqp ntUUUWl UIJU dwtfwuwq, lip~ 
upqm hwtngputlpu WllW2Uigli{ uu u}1uUntJU tfwqtfwjpg q.p:pupuugtfw'1 
l{wu wJJ. owuwutwflhntl: 

UwquwJp IlJntflllflwguwu ctwtfwuwq qmplmptlmtf t upw l:{nqtflq 
omwp U Jnt}dli[lp' ullplflwqnq UIU{Wpuupp Jm pwgu urn U{[lllgliU{!, llfl[! l.Jn:-
4ntu t wu}1U}luwg}1w: UJu tipLntJJdPU hwmqwurllu flutwumnttf uu tfwq
tfwJp 2llpuwJpu tulipqpwJh tfM· utwzwlln, tfwqtfmJP L uufltflmqnt] wU{wp
flhflp ppupwqwu mwpwpuniJJd t}mjuwpqmuulipjl mwppll[llliJdJmu[J L guqntJ 
{!WJlUIQ.[lWUUIUU[l[!: 

Uu}lupuwgpwJp humuwupntl tltnlfln!utlmtf t tfwqtfwJ}llJwqtfl}, np[) 
U{UimOliln 't qwnum U unp WU{Ul(lUU(lp UIOW2WgUWU[!: 

i'flliqllWlll~UlWj~G tli1WL4 

UwquwJp · q.}1:j>upuuguwu humuwupntl tlUP2mu uumu. t uuwgnp
Q.UIJ}1u u}lwqwmwJpu hwtngpn, npn punqawqptlmu t u}ltpgwhnziP, mtlfw
lftuupjl, hwqtlwcunnn mwppupp L, np zwm qmplmp t, gui)IU\ pwqwq.p}l~
uu£1}1 {!Ul(lO[l U{Ul[lntUUil.{nt}djUIUp: Cum u. b. !bl:i[lUUWUp, UIJQ.UIPUP tlllll2-
uwqwu hwtngpn guq.nq pwqwq.p}1~ull[lp6uzuwtfp uupq.ptlmu t pumpmqpl ~ 
uwpupuuup}l tlli[lpU uwuuruutf qmU" ull(l$ml.{nq UIU{Ulpulip}l illi2 L, 61ItU:l-
4wapuupmu PJnt(luqwuwtntl, wnw2wgumu t UJuqunnnpmuup (fil[. 55): 

UUtiuwl.lba mtppwamu muliu q(lWflpmWJpU U{llquwmpmulip[i, 
ll[lllUp uwupwq[lqpm munn1Uwupp4Utllu U . b . .i>lipuuwup lflUlU}lg: bp.u1 
pun£lllzuwup q(lwupmmJpu U{IIqunnnpmn II(lmqmJpu tfwpU}lu t' P£1 hpu
pntl upwgwb uwquwmpl{ qpwupmullpp h!Im, ll(li! pum}dwqpt{nnf t pjmpu-
11WJPU illUhwmuiipp junznp ~wifl.u£llltl, upwug U}lwdunfwuwl{jw pJnt[lti
qwguwuJ1, guq.tuJ L zwpdmu pwllllillllwuwuliJlp Ubcr pwuwqm}dJWup It 
uuwgnflll.UIJpu hwtngpp gptlwa mwppupp qmmwquwtfp: 

Um{n(lwpwp, U{llquunnpmuup.n uup.l{WjWgtlwa uu lip.wl:{WJpU UW(l
upuull[llltl: bp.wup mllqrnq.p.tlmtf !Iu q.wmwpl{m}dJmuuli(llltU, n(lllup umw-
2wumtf IIu qf1WupmrnJpu qwuqtlrnaullpp uwnuguwu U{UMilwnntl qtrnf 
utlplflwqnq UIU{Ul[luup}l muqmnuwqwu 6urwii[llltU: 6li1:JP!I(l qUI[lllll u\1 
wnw2wuwt uwL pum[llltqprnuliflp mllqwqpuwu ctwtfwuwtr 

132 

) , . ~ , 

~~~~~~~~~~~~ 
B,E321:;~N5J.tBsf2ms.71l)·a;EI9E31Cl.·· · : "· 

u{fw{155. 'IJtiquwll1tu.nwJft£i ~rmgtiu~ qwrqwguwC. .uJ:vbilw(U ... U1wf1ptip ll1P~~ 
~t;quwLn~mC.tirp LtmtuhwrwptipnL~JmC.Q. (I!UII) ,~. ,U .) o.lLwunq~) . 

1) llwupwhwlll~4 qpwu~lll. 2) tunznpwhwll1~4 qpwu~l.ll . ~) qp4JJ~9 h q,r~u~l.llWJ~u 
ulllpnd.jlllOlf1WJ~ Ull:iqllwlllllln, 4) Ulbqllwlll~lll tun2nflllltrolu]~ll qrtw£l~U1mll, 
5) llr4rn4l~ur. oLrqntuwqr u uUln'llltllbu~ qnliw. 7) Lnbflw4w[Uull:i qnuw. 

8) hwq4Wq)ntlll !lblllLUflUbflr ll~ubf1WLUb[1~ pjOL[lbl\ubp, 9) limu4n4tun•f!l\.lllpg
WlP~lllW)~U qnuw, 10) libp4Jw4nflWIJ.lWplibr. HV' UlbqllwLOplllutlp~ wfll.!jhp[! 

'llllquwmjltnullp urnW2lli9U11Il hwtngpullp[! uwquwj}l q.p:pupliugtfwu 
hwtflltfurUHu{lwp JdliJdL Ul{Ul)niupuli:pu uu L U{Ul[llltuwlfmu liu tfticr pwuw
qm131wup guqnq pwqwq.p}l~uup, n(lllup J1W[l6pwgumtf uu upwu:<J zwpctm
uwqm}dJmun: Uju ufllJnt hwuqwuwupullp.n4 utllmp t (!Wgwmptil, np U{Uq
uwmjlmuup[! mllqwq.p4nnf llu pum(llltqflt{ qwuqt{wcrullflp tjU{ljlu . tfwuu-

[llltli: 
'llliqtfwmpmWJpU upwqullpp ~wlflupn mwmwutlmu llu tWJU uwb-

tfwuullpmtf' hqn[lllt}dJntUfl u}1 pwup uwumptfllmppg upu~L 30 ~ IIpl{w
pnt}dJntUI! tfp pwu}l tf1Ilh[l}1g tfl1u2.L up pwup hwpJhtp tftimp: 

'llliqtfwmpmuli{l}l p&n[lll2 wnwuouwhwml!ntJdJniUUU[l)lg tftiqu 'tl WJU 
t, np upuuflmtullrlt J1Jmpuqul'ipn J1Um}dwqp4mtf llu tunznp 2.wifJ.ti£llltl, pwu}l 
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np. pjntphqwgmlfD muil}l t muliUmu hwuqjmtn tqWJUWUUUp.mu, g'UI}rul 
pwqwqp.p~uupp 'Ullpl{wjnt}djWUp: Op.p'Uwl( hWJUlU]'lliu 100 m qwuqt!wbnt[ 
qwtlnnlfP q.wzmwJ]1u UtqW@p, 18 m qw'Uqt!UIOnt! pllpp[p, 14 Ullmpwun~1 
UU{ll.l1J1llfllU)1, l:ipl[m Ullmpwung otuwtfwb- pljw}lgp u WJ[ J!jntptlqullp: 

'llllqtfUIUlpmulip.pu 2UIUl hurumtt1 t uwu, WJUI.lltlu l[n~ljwo qpwJ]'l~ t 
umpmqtnmpwu' l}.WZUlWJPU UUIWraP u pt}w[lgp oppuwltutll uhpw6ntU{!, 
np.D umwgljmu t WJq. hpl{m upulipwtlillflp upwdruuwuwl[jw pJmphqwg · 
uw'U hlimhwupml (hpti:wpwp.): 

Cum U. 1.J. Qwljwppgl{m U{liqt.fwmpm'Ullfli! 6hwtjnpljmt.f llu tll.UJJI 
pumpntqplj Ulllf!.upullpp (qp.wupmutipp, 'Utl-1>litlt'UwJpU uptlupmutlp.p, qwp·· 
pnutipp L mp.}lzul:ipp) tJlip.wpJmphqwgtfwu hhmuwupnt} tfwqt.fwJpg wu-
2wml!wo qwqwJ}lu tmbmJra'Utlpp wqq.ligmraJwU mwl[: 11l.pngtluu I)UJOWUnni 
t wpmwppu t.ftlo ouzt.fwu wnlfwJOtJUJWU U{tUJUwuuhpntt.f' tflwl{ hwuw-
l[wp.qntt.f: 

"lllqt.fUIUlpmuhp.u muliY! Utlo qpp.wnwl[wu uzruurul{mraJmu: 
l.Jpwug hllm hu itWUil!wcr zwm JdW'Ul[wpdhp pwflhpp, tPtUJtmp.uhp.P,, q.wz· 
mwJ]1u ul.llwra'Utlpp hwuprutjwJptlpu: C}.pwupmuhpjl u wtlJ:wttuJp'U w~.qwp · 
'Ullflp U{hqtfwmpmulipn hwpmum llu uwh hruqljwqJmm mwppllpnt!. npnUI! 
6linp tlu pupntt.f Wpq.jntUwplipwqwu uzwY!wl[mpjmu: 

1buulwq.llwm~4 tmw~ 

•TI(iL.IlwmntltmwJitO-hltfllmpbflllWL ~rmgbulibp u 
O(lwOg hbll\ ~w1.4ttwo ll~Ob(lWLWJitO wnw2wgnLilfibp 

UjU tmwum ul{UlJnu.f t uwqliwjp pjntphqwguwY! U{pnghup wtjwp · 
mjl,g hlium: UJYi un4nflwpwp pwdm'Utjmu t utl1htfuruml}lmwJpU h htnlpn· 
[aUflUW[ UtnUI11PWUhp]1: Uwl{WJU upwup WJUpwu UUfllllD.pliu llu ]1pUI)l 
l{gtjwo, np zwm qlltqpllpnttf qpurug uwhuwuwqurumtlf{) Ullo q!hlwpmra· 
Jnt'U t ullplfwJwgumu: 

~tlmuwquwmpl{ tmWUimli qhpw4lmuu tlu tfwqlfwJp guJlllii pw· 
l'lWJlPP~utlpu' H20, C02, CO, HCl, HF, H2S, S02, N2, ~. H3B03, H3P04: 
Jlu~ti{llu gntjg t mtJlit D_. U. l.Jplfntwuu, uwqtfwJ]1 pJmptlqwguwu [IU[aWg· 
pmu tlllw t hwuumtf up WJ'Uuijmp owuwuwl{, llpp gUIJilll pwqwqpp~ullpJt 
U{WPnlUWqnt[ajntU{! q.wnumu t W4titgmqwjpY!, ll Upwup uqutjmtf llu wU· 
2wm4lit qwqwJP.U :pwqmtf; 'l-w hwtfwUiwmwutuurumu t utl1htfurumtlt· 
mWJpU tltnUI11PWJpU: 

~limn qwqhp[l rattJtllwugmtf llu tuU.{wp'UhpD, tlmtuwqq.llgmraJwYt UU\' 
Umfuutf upwug hum u UWni_ll[ntj tlmlutjmtf qti[lmWpwgwO 2PWJpU tntbntj[a· 
ulipp, npnup qnltjmu llu htnlpnrallflUtlp (hmuwptru hPIJilfl' 2ntP u rallpilll' 
mwpnt[ajntU pwntlppg): <\,tnlpn[aliplfwt tntbnlJ[aUllp{! qwpnq llu WUW2WUW[ 
uwu hwtngpp pJmpllqwgmupg hllmn uuwgwo qwqwJ]1U ~wqp untjnpw· 
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~wu uwnllguwu 6w'UwUIWflhn4: t.ltlp2]1uY!llpjm hllm l{WUit!wo tlphntJ[aUlipD 
bwlfwU[UIUlurutuwumtf liU hpqpnJ.dllplfwt umwq.pwJpY!: 

C}.wqwJpU :pwqY! uqqpmu ochnt!wo t Jdfclnl nliwl{gpwJntj, J!WN zwp
dtjhtn4 uwquwmpq O£wtupg q.lll.ll]14tip I)Ul{wo uwu!JpD, tumwfuuu u l{llp t 
nOt!mlf raram tntmttJra!l: UJU zwpntuwqmu t zwpdtjtlt qnqwJp'U WUIWP
Lllpntj h, ll1all 4liP2lt'Uullpu mY!llumu tiU wtl{mtwJpu hwml{mraJmYiY!llp, lllqn
r·wumu t, pul{ lflip£mtf llbnp t pllpntu mtlJ:wtwJpU hUIUll{mraJm'Uullp: 

11l.UUUWU1DJhU1WJhU ummnbw: Uju umwqpWJntU WDW2wUntU liU 
lTJuhwywqftw&lip (wu2unnnnfullp) u uqwnullp: 

tpuhwuwgpwutlp{) hwtfwJltjmu tiU pmu U.UutfWUlil.l}lmullpn u 
wnw£w'Umu tiY! hpwptuwJ}lU qnpbnt'UllmJaJWU I)UJawgpmtf: Smp.plipmu tiU 
tiwqllplluwJp'U u tunppwJpU tpuhwuwg}lwUhp: Unw21tu q.llll{pmtf qwqwJpU 
~~wqu WU2UIUllJnttf t bpl{flp tfwqllpliu wpunmt}lowo uwqUWjpg, puq 
tlpl{pnpq. q.liUipnttf' npnz ltmpntJUJWU tlflw qmutjDll uwqUUIUlpl{ hwtngppg: 

<\,pwptuwJpu tpuqwuwgpurulipp htlmuwupnlj upullpwt'Ulipn lJ:WfliUl 
tlu wnw£wYlwt mwppllp 6ullpnlj' w) wYttfP2wl{w'U qwqllppg' upw'Ug uw
['hgt.fwu qliU{Pmtf, p) qwqllppg' ppwp hum t}mtuwqq.llgnqaJWU q.liUIPDtt.f, 
q) hpwptuwJpY! qwqtlpp u t.frauntnpmp qwqllp]1 tfmtuwqq.tJ:gmraJm'Upg, 
rl) qwqllpp h Ytllptflwl{nq WlllW[lUtlpp tlmtuwqq.llgmraJm'Upg, tl) qwqllpp u 
wnw2pu llhnt! qnjwgwo upullpwt'Ullpp t}mjuwqq.llgmpJntUpg: 

Auu l.ll'Uht.fwwmwJP.u upullpwtullpu wnw2wYtmt.f llu tmbntJraullpp 
qwqwJpU :t>wqpg u pumrawqpljmu liu g'UJlllii UJmrallpp (t.fpullpwl}lqunnnp
hllpp) qqwtlt pwuwl{mraJm'Uullpnlj: Auu utl1LtfurumtpmwJp'U h pwpap 
~:llpuwump6w'UwJpY! h}lqpnrallptfwt owqt.fw'U t.fpullpWJullpp wnlll'Uo'Uwgm
tf{) qWU(ljwo t Utlo q.dljwpntpjntUUtlpp hllm: 

Ul{wn'UwJpU lllflDgl:iuullpu Duraw'Unttf llu pumpntqltt! wUIWP'Ulipp 
L[nUmwqmWJpU uwullpmlf, npmtlq WUW£WUntU l:iu l{w[gpmup, uwquli
qpmup, lip.qwrap L WJL mwpfllipp up\llqUIUlWJpYi upullflwt'Ulippg pwqqw
qwo wlllwpullp, npnup qn~ljmu tnt uqwnullp: 

Ul{wnutlp{! nllwl{glm'U Utlmwunt.fUIUlpqup wpq.Jnt'Up UU, Cflp llplpu 
tlflllwputi:pp qnumwqmmu tnllllP t muliUmu pUll.llUU UJntpllpp uhpupllpmu 
h IJiltpu pllpntlf, WJUI.lltlu tJ. qnumwqml[wqunqll[lqm WUJwpuhpp 'UJmrahpp 
t[mtuuruwqmraJmU: '1-pwunlj Uihmp t pwgwmp.llt, np uqwn'UwJpU Ul[lDgtlu
hhpu wut~wumt.f llU uwu qnumwqm-Utlmwunt.fwmpl{: 

Ut.ftrupg hw6rutu ul{wnul:ip£! l{WUiljwo llu qpwupmwJpu pumpnt
qpwuhpp L l{wppnuwmwJp'U wUIWp.'Ulip.p (l{pwpwpllp.}l, IJiltntfltmuhpp) 
l[numwl{muhpp hllm, np.mtiq ul[UIUltjmtf t:Iu mwpptlp. uputlpwtUIJ\:l'U l{wqup 
nliwl[gJ.mu qnmputlp: D_llp2puuupu wnw£wUmu tlU upwJU htlmtfwquunnpl{ 
rmbntJ[clUlip.p wqq.tlgntJaJWU ntnpmmt.f, np.mliq tlmtuwqiJilll WU[Wp.Ulip.p 
tflt£u mtlllP t m'UUgllt q.]1:pmqJ:mu tlmtuwuwqmu, npnz pwqwqp}lluhpp 
I!Dtflu php.mu h ullp.umOntt.f: 
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UJuU[)mn~, uqwnutipu wnw2wunnf tiu pu~U[tiu l{ni'JWJpu (lrwp)1n
uwmwJpu) WU[Wputippg, WJUU[tiU t[ putnpmqp~ (qpwupmutipp L WJl, 
upL}1qunntujpU) WU[Wputipp hwzlfilu: UnW2Pll I}.IIU[pnuf upwup qn~~mu tlu 
tqqnuqwnu!Ip, Jmtr lipqpnJlll1lttf' tuiJ.flulfwnulip: 

Ul{wnu!Jp]l qtfuw~np upu!Jpw[Utip[! u!JplfWJWg~wa !Ju l{w[g)mttf
tiplfUIJdWjpU L uwqutiqfuuu-tipqlll}dWJpU u]l.L}1qwmutipn~, npnug tlli2 tn)l
pwU{titnmtf au llnuwpwpu L U[]lpnpuuuu: bpwug htim hwnwtu uu hwuiJ.J:t
U[mtf tipquqa)l, ~nt:Ppwlfp, tfnt.PPIJ.llu)l, utl'Jlla)l, gpuq)l tunznp hwupw~wJ
ptip: 

$bnnn@llntfmt uununhm: UJu utnWIJ.PWJmtf qwmwp~mtf llu pwlliJ. 
., J!UWl{wu UflUlgtiuutip, npnug zunph)ltf oLwtfnp~mu tiU qmuun!np, hwq~w

·. q]nttn L zuitn mp)lz wp<ttipwtfnp uputipw[utip)l )wlznp hwupwtfwJpllp: 
UjUOfl tt lfilotitp uu h)ll}.pnratiptfwt hwupwtfwjptip}l awqUWU[! tfllpw

)1lifll1Il WJUU{)lu)lqwpLnp hwpgtip, )lu~U[Jm)lp tiu' hwupwJ)lu tmantJrauiip)l 
WI'JPJntpiJ, 4liP2ltuutip)lu qwquu m pun1Jra!1 tmantJrautip]lzwp<ttfwu owuw
UIWPhutipu, upwug}lg U"pun11wtutip}l wu2wmuwu qnpanuutlp!J L WJtll: 

UJu tmantJrauhpu, npnug]lg aLwlfnptflll uu h)ll}.pnrahptfwt hwupw
tfwJptlp!J, wnwtflltwutllu tir)lit tiu tfllp J!wpllpwgfll'J: UJIJ. tfwupu t lfl{wJmtf 
hwml{wuttiu WJU l}lwumD, npzwm hlulpnrauptfwt hmupwtfwJpllp wnwS?w
gtit IIu awqnmqliu WU[wpulipmtf (wtfwqwpwpiip, qpwpwptip L WJ[U)' 
211wunpct WUfwputipp mwq: 

. Qqwt}l tunpntraJmuuiip}lg pwpapwgn11 tmantJrauiipu, wuzmztn, lii'JIIl 
till J!tutfwqwu}lu mwp: 'llwpq t, np }luwwli una lunpntraJmuuiipnttf IIU 
wnwS?wgllt h}ll}.pnraiiptfwt hwupwtfmJpiipD, mJupwu mwp tiu III'Jllt tmantJfd
uupu: Cul}.fltul{wa t, np hlliJ.pnraiiptfwt UflUlgliuutipu qwpqwumu llu 400°C 
(2PP qppm}lqwqwu 2liptfwum}l6wu}lg) upu2.L 50°C : '1-pwu}lg IIt&IItntl 
mwppllpnttf IIu liptip tuup}l h}ll}.pnratiptfwt hwupwlfwJptlp' hpUfProtiptfwt 
(pwp6 p 2liptf wum}lnwuwJpU ), unqnratiptf wt ( tf)12}1u S?IIptf wum}lowuwJ}lu) 
L tUI}lrotiptfwt (gwapS?liptfwum}lowuwJ)lu): 

~)lzunnwqtfwa liptip tuupp hwupwtfwJptipu, oLwlfnptflltml tnwpptip 
:ppqpqwppupwqwu U(WJUwuullpnttf, }lpwppg mwppllptfmu IIu pugqtiu 
ouWJ1wuwqwu wnwl!a~whwmqmraJmuutipntf, WJUU{liu tt tf)luliflWLWJ)lu 
qwqtfnl{: 
. twm IIu h}ll}.pnrotiptfwttntanlJrouiip}l uwquwmnq!IU awquwu lffli'Ju
uwqpgutipu: ~WJIDUp UU h)ll}.pn[diiptfwt hwupwlfwjplipp u tfwqtfwtnplf 
WU[WpUUflp qWU(p zwm Ofl]luwqutip: l2}ltf)lwqwu tnW{lpiipp }lqnmnU{utip)l 
(hwmqwuttiu lfwUfwpp) mtimuuwu)lpntroJmuuliflU hwupwJpU IIpwqutipnuf 
u tunflpWJPU WU[WpUU{lflllf WJdU huwpwtfnpnl{OJntU nu ul!olinl!nnf 
hwJtnllWJ1liptit hwl!pwJuwgtfwl! )1wqtfwut)lu]l l{WU{upu pumpntq)lwuliflp 
htitn: 
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U. U. Utf)l{lumjp U[nt[uwg)lnu tntiunt[<l]WU hwuwOWJll, uwquunnpq 
02Wtu)l IJ.P:Pliplll!gu Wll uurawgpmtf tntil'JP t mutiumtf tnllipptip qwqtf)l 
gl!IJ.PI'J .{>wqp U[mtuwg)lnu wli2wmnttf, uum npnttf wunu up U[nttuwgpw 
mwt]m t npnzwq]l qwqup hlulpnraliptfwt tmantJra: 

« ..;}u]pnJQliplfcur» mllflupuu WJuop oqmwqnp{ttfmtf t WJIJ. pwnfrpmu 
]ltfwumntf' mwp S?ntp: UJIJ. mlluwqlim]lg WJU wtflitP LWJU hwuqwglll'Jmra
Jntll t L WJ[UU ]lp UU2 ~]1 U[Wpmuwqmu WJIJ. 2PUPP awquwu quil'Jnnpwpu: 

1!_lip2pu mwp)lutipu qwmwptfwa t}mp6lip1J hwumwmmu ·nu mwp 
2Pllpp L WU[Wfll!lipp t}mtuwql}.tigmraJmupg hPIJ.pnrotlflUWl tmantJrauiiflp 
umwgtfwu huwflwtJnpntJaJmuu: 

Iunp hn{lwmwugpiip)l llii2ngnl{ bflliflP pwqtfwra)ltl tfwJplipnttf hwJm
uwpllfltllil ~u pwpop '~uptftirumpnwuwJpu hwl!pwJpu S?Plifl, npnl!p n~ up 
qwu1 ~mulil! uwqtflU111PIJ·qnpomutin.t(dJWU h!Itn: 

<;;PIJ.pnlipqpwpwuulipf!'Wli(Wgmgiit til!, np tfwqllptiuwJ)lu owqtfwtfp 
S?PIIPIJ l{wflPll !Iu 1I2uht uno tunpntraJmuuiip L IJ.wnuwt hPIJ.pnralipuw1 
tmantJrauiip: 

Pwgp IJ.pwu}lg, uno pw~nnl{mraJwtfp 2mp t mlillunfmtutfmu WJU 
<twtfwl!wq, tipp mliqmnl!wqwu zwp<tmtfulip)l wql}.llgmroJwl! mwq WU(wp
uhpu tunpwumqtJmu Ill! Upqpwlf'tli'Jup qqwL}1 )unpnt(dJml!l!IIflu: ~wuqwuwt)l 
t, n11 WJUIDtil'J lllDW2Pll hli!lra)lu tunup[! tflipWJ1tipnttf t 2Pfltl hwpnmm 
uumtJwapwjpll WU[W!lllU!lpU: 

uumtJwopwJ)ll! WU(wpulip)l tfti2 qlipwqznmu 1IU qwtJIIpiJ L qwtJw
Jpl! ratiprowpwplipu, npnl!p U[wpntuwqmtf tiU qqwL}1 pwuwl{nt{OjwUp 2ntll: 
ll.Juutliu, qwlllliiP qwtfllpnttf 2PP pwuwqmraJmuu 7,04% t , UUl.J-}1 
1l_wzpuqmnup uwhwuqp uuwgnlliJ.WJpU qwtfllpnttf' 11%, U}luumpppiJ.plU~ 
uutnllwJ}ll! l{wtlllflPtu' 13,J'Z %; . Ou.tnJ}l qwtfwJpl! roiiprawpwpiipnttf' 8 %: 
1.romtJwapwJ}lu rnutwpulipu Uii2}1u hwztfntJ U[wpmuwlfmu IIu 5% 2ntp: 

qwtfllpu, Pll2.U[UU uwL 2PlP U[Wpmuwl{ni} UJPlU uumtJwopwjpU 
owqtfwl! WU{wpuupu m hwl!pwUJmrotipu, Jun!lwumqtflitnlf uno )unpnt
[dJmuutip, hurawpql{mtf tiu IJ.pwqhutim)llf u unmwtfn!l:PwJ}ll! tlhPtmlmtum
raJml!l!II!l)l, npnup mwumtf tlu l}.liU(p tfllmwtfnp.{>Wjpll WU{Wpulipp (ratip(dW
PWflllpp u U(wpwquliJutip)l) wnw2wgmtf u hulfwJwlfwu pwuwlfmraJwu 2flP 
WU2WlJUllU: 

Unmwlfnp hwzlfmuullp[l gmJg tiU mwL}1u, np I f[lf3 uumlfwopwJpll 
WU(W!1Utipp Ullmwtfnfl.{>pqupg lfwpni'J t wu2wmtlll1 100 tftu. m 2mp: Iunp
pmtf lUDW2Wgwo WJUU{pUp 2PUP[I' oamtfwo liu pwp6p 2liptfwumpowunlf 
u, hllmuwpwp, [ntOII[)lnt{OJWU Ullo muwqnt{OJWUp, wugumtf llu WU[wpull
pntf U hwpUIDWUntU pwqtfwroptf ppupwqwu IDW{lpupnlf: bpp UpWUp hw
qliunttf tiU p)lupwqwu mwpptipnlJ, ulfUt!mtf t uputipwtwwnwS?wgtfwu 
U[pnglluu, Pp[! UW({WJU tnul'JP t PlUUllntU upwug owqtfwu up2WtfWJppg 
pwlfwqwli)lu htimu: 
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'U-zt]w() l'iw~nml{wp.hnt} wnw2wgwb tmbntJra&lip[! q}lulllnnf l:iu 
npll{liu hlulpnralipillip, pwup np ppliug hwmqmpJmU.ulipntl n~u~ntl ~liu mwp.
pup.t{nnf tfwqtfunnnqliu bwqtfwu utfwu tmbntJtaU.IIpltg: 'U-p.wup &mJ~nqliu 
l!1UJUlll II& llpqpwqllqup tlllpflu tfwulip.n pwpllp.w&wt owqnmpullpntl u 
tiliqpt]wbpuhpnt} u llhwtlnp.llt hpwqwJ}lu m mppz hwupwJflu tfwptfPuuhp., 
npnup ppwqwunuf muUu illimwtfnp~wJpu ()wqnuf u n~ tflt qwtq ~mull& 
tfwqtfunnpq hwtngpulip)l hum: 

Ujutqpunt}, qnJnttaJDLU muli'U hlulp.nrallptfwt [ntbnlJJOUlip}l wnW2Wg
tfwu hwuwp tfPwuqwtl"wJU mwppbp 6WU.UI1lfUII1hulip: 

~pnj<Jllplfwt hwupwt}Wj[lhppu ~00[102 tftimwqull[lD ulipqWjUig
t}wa till Juwtl!n~Pl mw[lp.llpnt}, pul( punpnz hwtipwJpu tf):luli(lwt&Up.t!' 
umt~lululipntf, n[lllug tmcrUtlmtJ.aJwU qn[lbwqpgulipn puwl(wu 2PWJPU 
tmbntJrauti:pnnf.!t.rnPwqwug tfmpp tru: 'l-pw hwtfwp mpwtfwpwuwl(wu t 
ti:urawqpllt, np tfti:mwqutipp mllqwqmJuntpJmun hpqpnpl:i[ltlWl tmbntJrauti:-
pmlf )lpwqwtiwgt}mu t tmmfllll tfj:twgmpJmuulip}l ll'luni: -

·~lulpnJal:ipUWL uumgliuulipp hti:muwupnt\ LWJU ratrnh nu umwumtf 
&li[lqtW{j:tliJ WU{wpullp)l $n$n)umraJmuul:ip~ npnup unt\npUIJ!wp l{pnnf llu 
unp wnw2wgnq tfltuUpw\.):1 wumun: "\wmqwtqliu pwqtlWU{pup qmqmJum[<t
jntUUllp ti:U mlii[}l mul:llnutf tfP2)1u 2tlptfwumtulwuwJ)lU hlulpnraliptfwt hwu
plifllWJ(llipttllulifllnrtfwu qlluwmtf' plfwpgwgmtf, qpliJqtiuwgmlf: ~wpllp-
2upuwum}l6wuwJ)lu ~umlululipp h!Iut qwt.qt\Wb- Uu uqwnuwgmu~, qp.lijqD
uwgnufu, puq gwbp 2liptfwump6WUWjpuulip}l hlim' t.q[lllllfP\.)lmwgmuu, 
l:jwnijluwgnnfu LJ WJlU: 

<Jui_pn[o)tip.tiwt tqp.nguuuti:p.p hllmuwupnt\ wnw2wumu till uuatu{apt\ 
wp<tlipwt\np Uhmwqullpp, )lu1_t.qliu uwu putwuqwqwu ut.qwra}l, uqmupmp, 
pwppm)l u WJt tfPuti:pwtuti:pp )unznp hwupwtJwJpup: 
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QLntfu Ill 

u~utruLutr~ PuU4Uu uuns~us~uutre 

lJ}lulipw[ulip.{llipl:jpwl(liqumu hwuqpt.qmu liu npnzwl:jp )uuplipntf: 
lJP.ulipw[ulip}l hwuwmliq qnJlll}aJntUt), npt) t.qWJUwuwt}nptfwu t upwug 
uwquwu t\1lwuumzaJwtfp, l:jn~tlmtf t wungpwg}lw l.Jwtf t.qwpwqbutiq)lu: 
up&tipwt&lip)l wung)lwg)lWU.li[lu op)luw!wtlm!lll'U l{pl{ul.{mtf tlu awtfw
uwl:jp 1J mWpWUnl}aJWU tfti2: 

Uftulipwt&lipp U)lwmllq qmut.£1Itm op.)luw~wt{tntpJwu qwqtmflwpn 
li[lhwu t lil[ti:t uwpql{nt[o)JWU' tllnuwjpu qnpop, oqmwl[Wp hwuwanullp)l 
npnutfwu u hlimw)umqm[o)JWu qwpwtJnp qn[lbntulint[o)JwU hUmhwupntJ: 
'\wml.Jwtqllu hpzwmwqtfwu W[ldwu}l ti:U qwpli[l}l [IUJOwgponf hwupwqm
pD[lpl{nqtf}lg umwgt}wb- pwqtfwra}ltl hti:mwp[lp}lp tftwumlip[!: 

bpqpwpwuwl{wu q[lWl.j:wUmJdJwU lfll2 tf}luUpWl'ilUpp puw~WU. 
{uuptip.ft O[lftuwgm{UJl[c}jwU qwqw$wpU wnw2{lu wuqwu llhwqllpU(lit t 
~· lf. UUlipq}lun (1778 ra.), WJumhllmu' .PflUJmhwmll{IDn (1849 ra.): 
~lip2}1uu tqW[lwqliuliq~u mliptfPu}l hUq}luwl[u t : UJu wut.qw[lUqmtf qqwtp 
wztuwmwup liu l:jwmurpti:t ~· I> . ~U[luwfu!ulfftu L u. b . l>ll[lutfw&n: 

d'wtfwuwl:jwl[pg tqWmqlipwgnufulip)l hwtfwllwJU, U)lullp.wt&li[lp 
U{W[1Wqliuliq)1uu l:jwtf, tfPul:lpwlWJp'il wung}lwgpwU oppuw1_wqm[1liu wnw-
2W'ilmtf t tftll{ tqpngllup QU[c}Wgpnttf, ilp[! mlJq}l t muJrumu npnzwl:jp :}>pqp
l:jwpJnfpWqWU tqWjtlwtiuti:pnttf: "limltwpwp, wtfti:U tfP tf):lullpw\WJpU wun
g}lwg}lw hwtfwt.qwmwu{uwumtf t tf}luti:pwijlqwgtfwu npnzwlfp umw
q}lwJ}l: 

lJ}lulipw['ulip.}l wung}lwg}lwUliilD L tf)1ulipwtwwnw2wguwu UlWJ
tfwuullp)l hwtfwmti:q mumtfuwu}lpntraJm&utl{l(l huwpwtfnpnt}dJntu bu nu-
6tmumtf l:jwqtfti:tm ~}lq}llfwp}ltf):lwqwu qltwq[lwlllilip, npnup hwuq}mw
umtf nu '1-. U. qnp<t}luuqm utwp.wqliulimpl:jwqwu tfhrailllP h}ltfpn: UJq illl
ranqft hptfwu tlJlw qwu)uwqntzwl{tlt tiu ZW11l tfP'ilti[1Wtuli[1p, WJll [<tl{nttf u 
hwupwtfwjplipp ulipl.J:WJnl[o)JDlU(I WJU l:jwtf WJU l{wjpnttf, hwumwml{lit liU 
tfP&Upw['illipp urpqUtlfwu tqwpwqlruUqpuullp (wungpwg)lwtillp) L WJt&: 
UjUlqUU, hpWJ}lU WtqWpUti:pmtf urpqlitlfwa llu hlimLJWl qntJqU(l(l. ouuj}lu u 
plfwpg, u~lit)lu u pl.{urpg, hWU.ptm1Jmralipmtf' l.J:ntlfit}l& u uijlpnm}lu, U)ltti
p}lm u l{ntl!wUPin u WJtu: 

l11W[1Wqlillllq}lup npnzuw& hiuuwp l:jurphn{l uzwuw{fnt}djntu mup 
tfPullpw[uhpp wnw2wgtfwu hW2D{ll1Wl{wUntJOJnlUU: U)Utl(lW[Ull(lf! l.J:WJ:lllll 
liU wu2wml{llt qwu tf}lwawtfwuwl:j, {fwu npnzwq}l hw2npqwT.fwumraJwtfp; .. 

Cwm hwupwl.{wJplipnttf tfPhumJu U)l'illi[lwtu wu2wmtJmtf t tf)1uti:
pwtwnw2wgtfwu mwppli[l t.qwhllp}lu: untJU(I ul{wmlfmu t hpwjpu Wtqwp

utipnttf: Swppup awuwuwl{ulipnttf tfPu&mJu tf}lulip.wtlt wu2unnnttf'illip& 
l}'ilqmut}wo t wutiwulit qli&II[lwgpw: SW[lplip qti:Uupwgpw&lipp qnJwguwu 
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'UJUIJUW~~Ufl(! ~ntJ~[! ~l:i:~, WJfl Ujunn6wnm{ ~flW~p pflWflpg IDWfli~Ufllfnttf 
l:i:~ nrm2 hW1n~w~pz~l:i:rm4 ' pptf)lw~w~ ~wqunlf, J:!Jntfll:i:Il~l:i:flp ~wtf.l:Irm4 u 
6ul:i:rm4. qntJ~l:i:rm4 u mJt~: , -

lfp~Ui,lWt~l:i:flp p~w~w~ unmg)lwg)lw~l:i:flD, DfUl~P p~nqawqrmttf l:i:~ 
WUJUifl~liflD. hw~pW~Jmral:i:fll]' u WJl tf)l~l:i:flWlWJp~ ~ntfUJtlipu~l:i:fl!!, wnw2w
~mtf tnt tf)1~l:i:flwtwnw2wgtfw~ Uj}ingl:i:u~l:i:flp hl:i:muw~pnlf: UJq UJrmgl:Iu~l:i:
flP hwutmlflU'U1wulu~ ~WIDWfllfntu t tf)l~liflWt~U}l)l p~wqw~ unmgpw
gp~l:i:flp Ufl~flwpw~w~~ qwuw~wflqnttf[l: Unw~6~wglfmu tnt ~l:i:fl(}p~. 
Wf1mw(})1~ u tfUmwtfnp:PwJp~ UJfUlgliu~Uflp unmg)lwg)lw~Up: lf)luUpuq~U
p)l wungpwg)lw~lifl[l hlimwqw Ji-wuwqwpqnttfD qunnwf14mtf t (!UID tf)1~li
pwtwnw2wgtfw~ uumgliu'Ul:i:p)l tmwllj'Ul:i:p)l, umwq)1w'Ul:i:f1)1 u u1l{l:i:l)1 ¢npp 
umnf1wpwctw'UnnfuUp)1: 

lJ~OI:inwLlil:in~ wung~wg~wOI:inl! 
Ol:ino~o ~nngl:iuul:inmll 

lf)1~Upw[wnw2wgtfw~ ~Ufl(}p~ UjflflgUu~Upu (!UJOW~nttf U~ UpUp 
qtluwlfnfl tmwUJ~lirm4' tfwqtfunn)l~, tqtlqtfwm)lmwJp'U u hlimtfwqtfwm)lq: 
'}.p~ hwUWUflU'U1WUluW~ wn~6~wglfnnf ti~ tfwqtfwmpq, UjUqtfunnp
mWJp~ u hUmtfwqtfunn)lq tmurtl{Ulip)l tf)l~lipwtmJp~ wung)lwg)l~Urt : 
bpqpw~lillhnttf wtlll~wu~qwpc\wq mwpwoottf . m~liu tfwqtfwm)lq tmwUJp 
wung)lwgpw~lip[l: l..Jp~p )lpli~g hlipra)lu [lUm Si02 UJWfUlt~wl{mraJwu 
umnpwpwctw'Ulfmu Uu qUph)ltfpwjpU, h)ltfpwjpU, tf)12)1U u raram WUjwp'Uli
p)l tf)lulipw[WJPU wung)lwg)lwulip)l: Swpplirmttf liu qpwu)lmwJ)l'U u mt~w
LWJp'U UJliqtfwmpmulip)l tfttutipwtulip)l wung)lwg)lwulip: "Umtfwqtfwm)lq 
tmlUUfllttf qnJwumtf liU U{ltutfunnnt}lmwJp'U L h)li}rmraUptfwt umwq)lwuUp)l 
tf)lulipwt WJPU wung)1wg)1wulif1[!: 

lJwq.llwUljl~ tUlw~~ tl~OI:inwLWJ~u wung~wg~wul:in 

1. Q.bphfHlJ:?WjpG l.a. hpUJ:?WJ~U WUjWplil:ipp wungpwg~wubp: 

q..liph)ltfpwJpu WUJWp'UUpJ:! SiOrnt( WllPWUl ( 45 % gwc)p), pwJg 
MgO, Fe0-n4 hWflfltUID wupupulifl liU: lfp~Upwt~lip)l wung)lwg)lwulip)lg 
lit'Ulitnt(, mwpplirmttf till t()lzwpp qtluwt(np WUJwpulipp mpUJlip · 01p4!Ju)1m
~Up, qntupmulip, UJtlp)lqnm}lm~lifl, UJprmpuliupmulip, UJpl{ppmulip, q}ltf
pliJllpmulip u wnu: 

Ol_}ll{)lu]1m~lip~ L qnt~pm~Up~ l{wqtfl{wb liu qplirali ot)lt{pupg u ppw
p)lg mwppl:iflt{nttf li~ wpgliunp tf)luUpwt~tipp UJWflflL~tul{mraJm'U~lif1Dl{ : 
Dt}ltl}l'Upm'Uuf1Dtu ot)lt{}l'Up hllm hwuqllu t qwt}lu tfwq~timpmJ:!, }luq qntu}lm
~l:i:flflttf ' ppntf)lmu: l{lip2)1~~lip)1u hUm hwliqpUJDttf t 2UJP~lir fl.mu)lm~li
flDtU ~qunnt{mtf U~ pf1Dtf)1mwJp~ zt)lputip, DflDUgnttf !Jwf1Dq t t}l'Ulit p~w
bp'U UJtnnn)lu: Dtpl{llu)lm~lipmtf h qnt'U)lmutipmtf, hlimwqw ¢ntlmlum-
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raJm~~lip)l hlim qwUJlfw(}, wnw2w~mtf li~ l:i:p~fUlMW~w~ (}wqtfw~ tf)l~li
pwt'Ulip ' ul:i:pUJli'Um)l'Upm, ¢nzli~tfw~ tfwq~lim)lm, ~wppn~wm~lip, mpl:i:tfn
lPUl, mwtq u WJt~: 

lillip)lqnm)lm~l:i:p~ qwqulfw(} l:i:~ ot)14}1~)1g u UJpflflputnt~l:i:p)lg: lill:i:p)l
qnm}lm~tlrmttf qtluwlfnp tf)l~lipwt~tlp)l hllm wung)lwgpwjp tfli2 u~ tfum
~mtf ~wu nrmz wpgliunp tf)l~Upwt'UUp' tfwqulim)lmu, prmtf)lmJ:! u 2UJ)1utlm: 

bpqrmpqwq~ (}wqtfwu tf)l~UflwtuUp~ u~· ulipUJliUm)lu)lmu, mwt
l{u, mplitfnt)lmD, mpwt)lm[!, ~Wflpnuunn~Uflu u wn~: 

=tnwJ~li w~wnul:in~ 11wuw~wnq.nul[! La. wOL[wlimll[! 

"pwJp'U WUJwpulip)l qwuw~wflquwu u w~lfwutfwu hwtfwp mwp
plip ctwtfwuw~~llrmttf L mwf1pUf1 hlill)l~wq~Up wnw2wpqU1 Uu mwpplip 
ujul:i:tfwulip: ,Pntnp WJIJ ujul:i:tfwul:i:p)l h]1tfpmtf [!Ul{wb t wtqwpuUp]1 UJnt
raw~wu qwqtf[!: fl.tinuu 1811 f3. lllwp)lq)l pUWUJunntfwqwu rawuqwpwup 
lfwp)l~ "uiJm)lu tfmw®ttf tp WUJwpuUp[! qwuwqwpql:i:L J:!UID ~pwug tf)l
uUpwtmJpU qwqtfmraJw~: 

UUJwputip)l pntnp mliuwq)l qwuwqwpqnttfUtlp[! huwpwlfnp qwp
owu tf)lwJu XIX-pq qwp)llipl{rmpq qliu)lu, lipp phtinwguDil tf)1l{rmulJnUJ]1 
qJmm)lg hlimn (1858 ra.) huwpwlfnp qwpowlf WUJUIIlUlip)l pwqtfwqnqtfw
u)l mumuuwu)lpmraJntU!!: S)lpl{lit'U WUjWpUlipu qwuwqwpqli[pU wtfUupg 
wnw2 hptfp tp J:!UJlllt~nttf WJU qwtf WJ~ qwphnp tf)lul:i:pWlP UUpl{WJDl{OJDt· 
UJ:! L qwzmwjpU UUJWIOUlip)l pUDtJf3{!, wnwug, uwlfWJU, hwzt[ll wnutltm 
tf)lulipwtulip)l pwuwl{wl{wu hWflWJ:!lipntraJmu~lipJ:!: 

1900 ra. hpWUJwpwq lil.fw4 :ppwuu)lwqwu UJUtnflflqpw.'P)lwqwu 
hwu6uwctnqm{)1 qnqtf)lg wnw2wp!Jlfnq qwuwqwpqnttfJ1 np[! puuwpqljllg 
•ftt2wqqwJ)1'U lip~pwpw'Uwqwu ~nuqpliuulipnuf: UJI} p~uwpqmuulif1)1 ctw
tfwuw~ }lpliug wnw2wpl.fmraJm'U~Upn4 L qnpbmu tfwuuw~gntraJwtfp ~w
pLnp qlip juwqwgpu i>. 3m. lLpuun~-lUuup'UqJ:! (tfU(} qwpLnpntJaJDtU tp 
mwt}lu wtqwp'Ulipp pptf)lwqwu pwqllfi}flfltf3JWUI!), b. U. i>JDl}llfUllfi! 
(uliqqbmtf tp tf)l'UliflWlUIJpU qwqtf)l qwf1LnpntJOJntU[!): U. ITJ.. qwpUJpuuqp~ 
zlizmnttf tp mliqwqptfwu UjWJUWU~tipp WUhflwctlizmntraJnlUJ:!, qpw hUm 
tf)lwu)lu hwz4!J umulitnl{ uwL pptf)lwqwu pwqwqrmtJaJnt'UI! L tf)lulipwt w
JP~ qwqtfmraJmuu: 

1890-1898 rara. i>. 3m. lL)luunu-lliuu}l~qu L 1900-1903 rara. wtfli
p}lqwg)luUpJ:!' l.nmuu)l, f.qp'Uqup, ITJ.)lpun'Up L l{wz)luqmnup (CJPW) ~niJ
tfpg WDW2Wfl!Jl{l:i:g)1~ WUjWflUlif1)1qwuwqwf1qUW~ utulitfw~tlp ' {!Um pp
tfpw~w'U PWI1Wllfllllf3JWU: UJUnthlimL 1910-1923 IOIO· UpLwu Uqwl{ 
fl.nqli~pmz)l L 1935 Ja. SpJnqUpp Unfl qwuwl{wflqnttf{!, puq 1933 ra.' 
:ppw'Uupwg)llw~pmWJP wnw2wpql{wb qwuwl{wf1qnttf{!: 
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<,pwJpU wtqwpulipp qwumqwpqnttfu num tfltullpwtwJp'U pwuw
lj:wlj:wu qwqtfmraJwU, tfzwl{IIg}lu Litluq£! ( 1927 ra. ), "'nt tfuo ( 1920 ra.J, 
:Pnhwuuuuo (1931 Fl·) L upqq[pu (1931 ra. ): 

UU{wputlpp wulfwutfwu hwtfwp WDW2W(l{{~wa t znt(l2 600 
w'Umu, pwjg tqpwqmp{{ qnpb"nt'Utint[<)JWU dwtfw'Uwq upw'Ugpg oqmw
qnpb"~nttf t tfnmwt.J:npwtqbu hwpjntp{!: 

1flWJ~(j Wl4WJl(jbp~ 'lWUW~Wpqnul[! 'lW2tnnul 

~wJp'U unqwputlpp munttfuwuppnt[clJntU(! ul[mlnttf t qwzumttf, 
nppu hw2nJlllDuf t; UIU[WI1Utlpp tfwupwqpmwl{wJpU, WJUmbtlmu • pptfpw
l[1UU iuuuq}lq'[!: '1wzumttf WU{wp(! UUlWUnttf t tfp nput WUntU, ll(l(! tfwU
pwqpmwl{WjpU ntunttfuwuppnt[clJntUpg htlum wuhpwclizm t tpfuutf ¢m1m
J:utlt qwtf tizmtlt WJfl wfunU[! u tftiP2UIUitlu upw p}:u.f}lwl[wu J!WfJUlJlpnt[clJWU 
mumtfuwu}lpntraJntU(! unp tpwgmgp! ¢n¢n)unt:raJwU UIWh~U2 t qumtf: 
fitUmp buniqwuww t , np wUiwpUtipp npLt tftll{ qwuwl{wpqmtf tipplip !P 
l.fWJIDlllPM L wU[<)llp!I wunr 

UUiwpUlipp tipzm 1UU~wutf1UU hwtfwp wnw2uwl{wpq uzwuwl{mra
JUtU ntUp Upwug tfttutlpwtWJpU l{wqtf)l u umpntl{mnt(lWJp npnzmtfo: 
'1-mupmutippu, wUopranqpmutippu L Uiltpnpublipmutippu hwtfWUiwmwu
}uwU tfnuntfttutlpwt wpmwt.J:pewb" WUfUII1Utlp hwJmu}l 2_tiu: :Pumpntqpt.J: 
WU{UIIlUtipp qwqtfnu.f2_tilt bwuqpuputf WJUtqpup tf}iutlpwtutip, npn~·p l{w
JmU liU pwpop 2tiptfwUmpowup L gwb"p 6Uztfwu UlWJtfwuutlpnttf, pU2_tqllu, 
op.' uwUpqpUD. tllJg}lml1>mppqlnfpm() L WUIWl{}lu: UltU!qlln tfmul[nt.J:Pmn, 
umtptfwtllUD. l[wuqppupmtJ; tfpl[pnl[tP.uo L mppz tf)lulipwt'Ulip, npnup urmu-
2wumtf tiu gwb"p 2llptfwuuiptiwumtf u pwpop 6Uztfwu mwq, 2.t1u hwUJlp
U{Ilttf l{wtf hwqt.J:wq.liUilill uipmunfllewb- unqurpulipnttf: 

UJ'U tip.ullpwtwJp'U tuwnum(lllUtlpn. npnup hlimn tlurawpq~mtf liu 
mpnhtfwu, op.' Uillpmpmutlpt.n~unpnz tlu J:unppWJpU unqurputlpp hwtfwp: 
~pnpup{ ].utfptlp UIWpntuwqnq ,npnz tfputipwtutlp l{WJntU tlu hpwJpU 
J:unppWjpU WUlW(lUUpnttf, puq pwjptilj~nttf nu wp.mwt.J:Pcwb" WUlW(lUtl
pnttf' pwpop 2llptfwump6wup u giub"p 6Uztf1UU UlWJtfwuutipmtf: '1.-w t 
tqwm6wnn, np bnpuptti~n m ptmmpm'[! unt.J:np.wpwp pwJpWJt.J:Wb" liu wp
mwt.J:pcwb" WUiwp'Utlpmtf L rawptf tlu UIWhUiwut.J:mtf hpwp].uwJpU WUIW
qn~ hwpmum wpwq uwnwit npttz wtqwputiruntf ( op. · "'wJwumwup hpw
tnWUJlliqpmutipnnf): lunppwJpU UIWJtfwuutipnttf hwuqpum L qwuqwfJ 
pJmpbfJwgnf\ WUiwpullpmtf· ·wJq tfpullpwtullp.t! l{uttuwppu~mtf llli opup
qwg~wb" qnpz hnpupttluqnt.J:, U{ppnputiun~ u hwupwJpu tfputipwt'Ullrmt.J:: 

Upmwt.J:pcwb" wtqwputlpmtf pt.J:wpgp hunnpquupu mutlu hpwpJ:uw
JpU WU(Wl{nt utlp$wqmtfutlp, tfpU2_qtln Wjq·llplmtj[<)() !P uqwmt.J:mtf J:unp
PWJpU WUlW(lUUpnttf: bnpwqntjU htlmwqnumt[<)JntU'Ulip(! gmjg nu UlW\(lU, 
np pptlug Oll{Ulpqwl{wu wnwuouwhwmlttnt[cljntU'Ulipnt.J: L Si-p nt Al-p 
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qwuw~npnt[<)Jwtfp mwpwb"w2_w$wl[wu gwugmtf' pptlug lj:wpqw~np~w
b"mraJwtfp pp.wp.pg mwpptip~mtf tlu wpmw~pcwa WU(wp'Ubpp u tunppw
JpU wUiwputlp.p l[wqtfmtf hw'UqpUIDfJ U({wqpnl[twqutlpo: 

'1wzmmJp'U hlimwqnmntraJm'Uutlpp ewt.fwuwl[ t.fwupwhwmp{{ hnb
twt.J:wutlpo, npnup UIWPDtUwqmtf II'U tf}lu2_u 20 % tfmq tf)lulipwtutip, qn2_
~mtf tiU ~li[qjJcn'iJlip: bul[ hpwp}uWJpU wUIWl{mg pwfJlj:wgwb" wpmunflt
dmtffitlpn' opufuljJw'iJ&llt! Uw'Upwhunnp{{ tfmq qntJUp tmt.J:wJpU UIU{UlflUti
PD. npnup U{Wftnt'Uwl{mtf nu tf)lu2_u 40% tfmq tf)lutlpwtutlp, unt.J:npwpwp 
Itn2.t.J:mtf tilt pUiqUI[cn'iJlip, wfn)liqJJcn&lip l{wu cnpwU[&lip: q.pwu}lmutlpntt.f u 
qpwupmwJpU qwqtf)l WJl WU{UI(lUtlpnttf W\l{WtWJpU JlWZUlWJPU UU{WfdUtl
pp' opranl{twqp, tf)ll{pnqtllup, oiPqnl{twqp u W\ppmp UlWPfitUwl{nt[<)JntU{! 
hwuumt.f t tf}lu2.L 67 %: !hlwpgwJp'U tfnugnupmulipnttf UntJU Jlwzmw1pu 
UUIW[clUDpp htlm, npnug t!UJlhwump qnttfwp{! hwuumtf t; 33-67%' ulipqw t 
wuqllq]lu)lg wt{liUt hptfpwJpu tqtwq}ml[twqn: 

q.pwUtuqlmppmutlpnttf qwzmwjpU Utqlll}aUtlpp nul}hwump pwuw
l[mraJntU{! 5-33 %-{! W\lfWtWJpU JlWlUlWJpU UtqW}aUtlpU tl'U, lml[ tffiwgwb"{! 
tfp2]1u hptfpwJumraJw'U Ul\W<ilmlt:twqo: .P\lwpgwJp'U qpoppmulipnttf wt
l{wtwJpu I),WlUlWJpU Utqlll}aulipp pwuwqnt[cljntU{! 5%-pg W w'UgUmtf: 

Unwug qwzmwJpU UUJW!d'Utlpp tfltqpnul{nU{!Iwqwu umntqtfwu, 
unuq qwzmwJpU, tfwuwtfp huwpwt.J:np npnznuffttlpn~ pwt.J:wpwptftitllu qw
plitp t ppwp htlm z¢nratlt )ml[wqwu upliupm'UllpD. tfnugnupmutlpn L upli
'U}lmwqpoppmutlpo: lmtJU olmt.J: JlWZUlWJp'U qpmwpqnttfubpp CWt.fwuwq 
ztlmraliiP nu nimwmutlp, qwgpmubp(! u nluulwgpmullpu m wUllliqpmutlp{!: 
!hlwpgp, otpt.J:PU)l u opranUI}lpnpulillutlpp ulipqwjnt[clJntUI! UIU{Ul(lUtlpnttf 
wuquu wwn~ qc~wp t npnztlt: flptnti11Pg tt qc~wp t tf}ltfJWUgpg tnwppli
ptlt qw(lpnutlp[!, otllt.J:PuwJpU qw(lpnUlip(!, ~wpgWJpu qwppnutipn u qUI}!
(lllllPnflPUlUupl}, ooppmutlp£! u wpmwt.J:Pcwb" mwpptlpwquupn: 

'1wzmwJ}lu Jlpmwpqmtfutlpp hpt.fwu ~pw l[wmwp~DfJ UIUiwputlpp 
JlWUWl{wpqnttf(!, np t{llpgt.J:mb- t Iu. Umpjuwmqp qpppg, btimuJWl U{WID

lj:upu m'Up (mll'u UIIlJ· 3): 

1(\WJ~(j Wl4W(\(jbp~ qwuw4wpqnul(j 
[!Utn e~ll~w4w(j J!W'l.Wil(lnLpjW(j 

UUlW(lUllpp qwuwl{wpqntt.fu num pptfltml{w'U pwfJtuqpnt[<)JWU 
wtlliiP U(Wqwu qwmwpJWI t , pwu UpwUg tf}lutlpwtwJpu lfwqtfnt}dJwU tfpw 
hptf'Ut.J:wb JliDUWl{wpqnttf{!: Uwl{WJU flUUl pptfpwqwU ptuqwqpnt[clJWU qui
uwqwpqndu tt mup npnz umwt{lltnt[<)Jntuuup: 

UtqWpp twpnpwmnp 1UUwtpqutlppg umwgt.J:wit opupqutljip pwuui
{{wqwu wpmwhwJumt}dJntU'UIIppg wtftiUpg qwplmpo uptltirw:rarat.IP pnruw
l[mraJm'Uu t , npn hpwJpU U!UlW(l'Utlpnttf mwmwut.J:mtf t 35-80 %-p uwhtfwu
utlpnnf: btulltnt.J: Si02 L tfJntu opupqutlpp p1UUwqnt[<)JntUutlppg, l{tunmg-
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12\lmpglJ pwq qDlJUP 
LfPulipwtulipp 5 r~ 

ha wtftil t 
qpwu\lmmJpu 

mutwpulln 
pl{IUJlgWJ~U Ufllp-

:P\Jp, lit!· :pn;:~-
rawili_u utn 

t!Jutwppm 

ptjurp.qwJpu 
ntmiihm 

ptjwpgwJpU tqnp-
:j>pp. \.ttl :j>li[llUil!lU· 

J<l\U1PU imln:~>llP 
11wgpm 

ptjwpgWJPU qwppn 

p<!wpgwJpu 
i,}1.q_ 

pqwJigwJpU 
JIWQWIUl 

tqppnpuliUptn, 
hnpUp[ truqpm 

• utllJl!ulnm!Jm 

~wpglJ pwg qnlJUp 
u-punpmtulip!J 5 %-

\J.q ULWliUlU t 
upliUpmWJ]lu 
w~qwnulip 

:plit qulqUif3lU JpU 
Ufllp:\Jpp 

mpw)upm 

q)mppUl 

:j>tl.[!lUU(UI13WJjlu 
utmp:j>pp, UfllP:P\1-

·ntwt 
wullllqpm 

qwpr.n 

qpwpwq 

pwqwtm 

uti:plil]1fl1J pwg 
qntJUP up'Uiipmtuti-
-p~ 5 %-\J.q w1.[li1 t 

uu:plitJ1.uwJpU 
wutmnuli[l_ 

:pnunW.m 

u~tlt}luwJpU 
n,;;nhm 

uti:pl:it}lUwJpU 
uifuinqllm 

mlipwt}lm 

mli[IWl}J.UI 

pwqw~hm 

SiOrnt{ hwqtigwo ~tiu WJU tf)lutipwt&upl}, npnup hpwJ)lu UllllWP.'illi
:mttf pt{wpg)l hum hwtfwmuq ~tiu WDW2WUnttf, rtpwttp liu' ultplitpul}, lUJ

·~)lm(} L tfJmu :f>litq.uUlwranful&Up[!, w&wtg)ltfl}, :pnpumtip)lmwJpu otJ:ttUtuu, 
t.ftitw&J:tu11 UlJ:tpnum tfl:ilJ:ttJ:tmu, l(npntuqu, l(wtgJ:tmu L zlll)lutim: 

U)lt)lqw{3[<Hj"pg hilum W\llwpp p)ltf)lwqwu f!WI1.WllJ1P~ utip)lg ltwpti
{np uzwuwl[nt{3jntU muliu Ah03-[! L Wtt{Wtltulip[}' NazO, KzO, WJUllt
:ltiUIL' CaO-[!: .{i)-l:i' qwzmwJpU U\llW{3UUpnttf, jail' u~ut)lumtf L (Ujgpumttf 
Ah03:(NazO+K20+CaO) hwt{wuwp t 1:1: fitum)l Alz03 wt{tltgmlm tfwq
:Jwjmtf wuqpwqwnumtf t tfmq tfpuurwtuhp)l pumJraJ:t t{pw: l).pwupg 
1Ituutnt{ tt lJIIuq[! WDW2W)lqnttf t pptfhwqwu pWI)WJl)lllt{3jWtlp )lpwp)lg 
1nwp.pup. hp.Wjp'U WUlWJ1UUJ1)1 htlmUJWl ~llJlU }utfplip.[!. 
l. q..!Jpwumrfft&mJftfl f[wtf wumrfftfim/ qli[Jhwqligwa wUfUip&lip, npnugmtf' 

AhOy{NazO+K20+CaO): UJq.U{)lu)l wU{UJp.utipnttf Ah03 wl{lltgmqn 
tfwuuwqgmtf t tfmul(ntl)lm)l, p)lnmpm)l, qnpntuq.)l, mmqwqp, mmp.tfw
tllu)l l(wtf lipt{wra-tfwqutiq)lnttfwJpu unuwpwpup.p wnw2wgtfwuD: 
Ujumtiq!Jn&q[! qmfuntf t, np wumtfltunt{ qiiphwqugwo tru qttuwt{np.w
U!tiu WJU WU!llipUUp[!, npnup hwpmum II& uwL SiOrnt{, hwtfl:itfwmw
purp. gurap 2UJ1tfwum)16urunnf PJntfltlrtwgilll (unf1pwJ)lu wUlwp.utip. tlu L 
U{uqtf wm)lmutip.: 

:!. Uunu.lp&jmt{ hcuqliqcua WllflUpfilip np.nugnnf' (Na20+K20)<Al203< 
(Na20+K20+CaO): Uju mpU!)l UIU{UIJ1ullp.nttf AhOr)l npnz J)wUwqmro
JntU tfwuuwqgmtf t wtf:f>ppntulip.)l pJmJliiiJwgtfwu, pUlU{liu u tUJlulnm)l 
m wn tfputip.wtullp.)l wnw2wgtfwu Ul{llgtluutip)lu: UJu m)lll{p wutWp.uti~ 
pnttf tfpwu}l~' l(wp.niJ uu hwuqpU{lit Ah01 U{UJpntuwt{niJ L up.wu)lg 
qmp.q tfputipwtuup, op.' p)lnmpmD u otpt{puD hwtfwmlii): UJu }utfpp 
lUU[Ulp.'illipJ:! pwql(tugwo liu hwtfl:itfun.hwpwp gw(}p 2lip.tfwumpnwumtf 
L 2PP utiplfwJmtaJwtfp pJmp.IIqwglli)tl]lutip.wtutip}lg: 

~:. Uumrfft&fmt/ [cJliphwqligcua mU[UipfJlip, np.nugmtf' qwzmwJpU UUlW[<lUtl
P.P L :f>tltqul.l(UIIdnfuluiipp pJmp.l:iqwgmtfPg htlum A]z03-p wtfiitgmq qpti:
rati w tfUmtf: UJq. }utfpp UIU{wpul:ip.nttf tfmq U}luiipwtulip.D uiip.ljwJwg
t{wa ti:u otJ:tt{)lunt{, op.Janll{pp.npuliuul:ipnt{ L lllmUJUlulntl: Up.wup pJm
p.l:iqwumtf tiU 2pwqmp.lj tfwqtfw&tip.)lg, pUIJ1op 2liptfwum)lnwumtf: 

4. Utf[cut/Jtilipmf qliphcuqliqwa UIUfUIJ1fllip, npnugmtf' Al20 3<{Na20+K,P): , 
UJU jutfp)l UIU{WJlUUJl[! hwpntum tiu WtlfWtWJpU tfputip.wtutipnt{' Wtljm
lWJpU U{pp.nputiuul:ip.nt{ u wtf:f>)lpntul:ipntf: Up.wup PJntJll:i.IJWunttf tiu Wl
l(WtWJ):lU tttitfllumul:ipnt{ hurp.umwgnll tfUwgn[UlWJ)lU tfwqtfwutlp)lg, 
tfwqtfwmplj l)lnumgpmJp mz tmwU{llttf: 

l:l_lip{! hpzwmwt{tfwo ~npu tumtfp WUlWJ1UUllt:! mwppl:iptfmtf tlu uwL 
[iUm pp.tiug UIOUI2Wgtfwu hW2np.qwqWUnt)aJUIU: <\,wjmUp t, np. tfwqtfw]p 
pJmpliiJwgmtfu uqut{mtf t otpt{punt{ L UlPflllpuuuutip.nt{, npnup ntiwqgpw
J]l tfl:i2 tfmulitntf tfwqtfwJp hum, htimwqwJnptf t{tipwot{mtf uu wtf:f>):lpnt-
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UliJl)l u ptmm)lmp: Un qlipU[ UIUWO, uwqUWJP pjntplifjwgmuu tiurawpq
lJ:mU t .PnntliUll u}uUUWJ}lU: Alz0rn4 Wf\pwm uwqUWJP pjntp!IfjWguwu 
lJ:liP2PU tmwutmlf hnn.wtliWtWJPU U[ppnpuliuutipu u mu:pppnt&lipu W[qw
lWJPU pUntJIC liu umwumu: 

.. 

1f1WJ~IJ wc.qwrlibp~ flWUW~wpq.nuHi (!ULil 
t1J'l(jbflWLWJ~(j ~wqt1nt~jWCi 

UJq quruwqwpqntlfD uzwqlitli& up zwpp hlimwqnmnn.ulip' ttiurm, 
J>nqwuuliul), R U. lpuuttlimuqpu, i>. 3m. lh}lullll&-lliuu}lflqn, U. h Qw

l{wppgq)lu u m(l)lzulip: 
<\,pwJ}lu wutWp&lipn pwn.lfwgwo lifl mwpplip upul:ipwt&lip)l hwuw-

qligmra1muuli(lpg: 3m(lmpwu~m[1 wutwp}l, }l&~tllliu h WJI]. unqw[lu runw-
2wgulll1 uwqlfwJ}l pUntJ[<lU m l::t{numg}lwu hwul:{w&wtm hwuwp qwpun
pwqntJU uzwuwl:{mj'djnttl mu)l WJU qwu WJU tlpUU[lWUt pwuwqnt[<ljntUD 
mtiJwt WU{Wpmu: UU{wpp u}lutipWtWJPU pumrawqp[lD W[lmWgntmlf t n~ 
tlpWJU upw p}lupwqwu pwt]_Wl}pllllCJUlU{!, WJth pjntplin.wguwu utWJUWU
ullpu, pU~U{liU u pn[np WJU t.Pnt.PntumraJntUutipu, npnflg uw l:IUrawplfl{nuf t 
hlimwqWJmU: 

UU[W[l qwqun11 upflli(lwtfllip& f!Um ]lpliflg pwuwqmpJWU h Ulwuw-
qnt[<lJWU, pw<twul{mu tiu htimhJwt }uuptipp. 

q./JuUit{np qn~l{ntU ll& WJU upulipwtlilipu, npnug uliplfWJUl[<ljnLUD 
.wUhpwcJ-l:izm t UltUWl WU{Wpp WUt.{WU hwlfwp, }lU~tqliU, pl{wpgpuu' qpw
upuumf, qwu bpupwJpU uuwq}ml:{twqu' qwJ!pnJmU: 

bplgmflllcul[cufJ qn~t.{mu 1:Iu uuwgw~ pntnp upulipwt&lipl!: 
.PW]g uplfrmpqwqwu upulipW[Utip}lg up pwu}luu' npnup qqwtlt pw

uwlfntiCJntU tlu qwqumu Wutwpntu, l:{n~l{mu liu pfJnpnz uputlpwttth[l h 
U[lWUg urumul! wpmwgntt.{nnf t WU{wpu wul{wu!Il}tu, op.' tnntplfwtpuw-

JPU q[lWUpm: 
bJali tiplfpnMwl:[wu U)lulipwt}l pwuwqntlCJntUI! 5 %-}lg ~}1 wugumu, 

WJ!].U[}lub. uputipwlt! l:{n~t.{nttf t wf[gliunp upulipwt: Uqgtiunp uputi(lwtulip}l 
qttuwl{np &ll[ll:{WJWgmg)l~uli(lu liu unqliiUl)lmu, u:pliuu, g)lpl:{nun u hwupw-
JPU upullpwt&lipl!: . . 

Utqurpulipb. Jmpwpwu~mp }uupmu hwuq)lutmtf liu u(lw t0lfn
f[pUIU1, L!lJqnl[punn h L!lJ[cufJnf[plUW mliuwqfJI:ip]!: bJali tliJlfnqpwmnni m!I
PWllllimmu 1:Iu pwg qntjtlp lf!Ittli[lWtfltipl}, WU{W Uliqnlf[lwmntU umq h pwg 
qntJUb. up&II[1Wtulipb. pwuw4ntf<lJntUD unmwl{n(lwt.qtiu hwt.{wuwp t , put{ 
illitw&nq(lwmntu m)l[lmutlimmu tiu umq upul:ipwtutipu: 

Uutmp&liflp quruwqw(lqmuu DUm upuli[1WtWJPU l:{wqup wnw2W[1-
4tit tiu qUnuu fl.nqliupmzD h 5}1pl:{!Im: <\,limwqwJmU qJlwup pwquUlJd}lt.{ 
hliilP&wl:[ulip}l lfniJupg liurawplfl{Ut tiu tpwgmuulip)l, ntiJIJntUUlip}l h t.Pn$1-
JuntraJm&utipp: Ujq qwuwl{W[lqnttffilipfl hpupmu uuqwa liu WJUutlm!J up-
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utipwtulipp ulipqWJlll[<lJntUD qwu pwgwqWJllllCJntUD, pu~ur}lupp !Iu plJ:wp
gu, o[_M)luu, ull:plll.}tul), qwzmwjpU UUfW1dulipu u WJtU: 

OtMllun h uti:}>lit)lun plJ:wpgp hum upwupu ~tru hwU!].)lurmu: 
bJali plJ:wpgu ~P hwuq)lUilltlf :pnpumllppm-ot}ltfilu)l hum, wurw :pw

JWt)lm-ot}ltfilu}l hum plJ:wpg)l hwuq}lutlitu WJupwu tt hwqlJ:WI].liut ~t: UJu h 
uuwu U[Wpwqwulipu UntJuurliu q<tlJ:wpwglintlf till WU(UljiUlip)l qwuwqwp
qnuffi DUm upulipwtWJPU qwqup: 

U\llmpu!Ipp upuliJlwtwJ)lu qwuwqwpquwu <twuwuwq qwpunp 
uzwuwqmraJntU t mpl{mu qlluwl{np WU(wp qwqUI111 upulipwt'ulippu, 
uwuwup tt hwzl{}l liu umul{mu qm}uwp)lu1111 punpnz upulipwtulipu: 

Swppl:ip U)lul:ipwtullp hpwJ)lu unqwpulipntu mwppl:ip ql:iulimpq 
uzwuwqnt[<lJntu mull&: UJq }uuplipu liu. 
w) Ul[qpucul[cufi lfcuqlilDWftf[ t/flfihpcufuhp: Upwup pJmpbrtwumu llu uwn

~1111 h utUqwg1111 UwqUwjpg, up UWUI] qllipnf\ t WOW2WUWtmg hliUlO 
UUWt wu¢.mlmtu, up uuruu tt nliwqglitnlf uuwgnpqWJPU uwqUWJp 
hum' lPP4 qwu uuruwup wuhl:imwuwt, mliq}I mwtnlf unp upulipwtulipp 
WOW2WgUWUD (op.' otltl{}lup wugntUl} ut}lpnputruul:ipp): 

P) bl[ftlicuqt!UIUJftf[ (U(Uhuwmnt.PmwJpu upulipwt&lip): UwqlfwJ)l U(Uqw
gnufllg hilum upu1Irwtmnw2wguwu U[pngtiuullpu zwpntuwql{mu tnt: 
f!Jmpllqwqnq tfwqUWJpq wu2wuutwa qwqlipu m tmb-ntJICUll{li! hw6w)u 
tUnW2WgUmU liU Unp uputipW[UUp' qwlf upul WJq WOW2Wgwa upuli
flW[UUpp Utimurunuwmpq ¢.nqm}unt[<lJwU hwztfilu, qwu upw&g qw
mwpqnt[<lJntUulipntU: UjqU[pup uputipwt&lip)lg liu ullputllum)luu, p[n
(lptnutlpu, wuwtg}luu, tut}npn.nn, gnpq)lmu, uqwutn[pUll) h WJlU: 

q) ~ftcuql!fj/Icnftlf t/fluhpcuffil!p: Uutwp qwqu1111 U)luli[1Wtlilipu pjnt[lllqW
uwtmg humn qmulJ:titnlJ: ppuug WDW2Wgnuf)lg U1wppuplfi111 :ppqpqwpp
tf)lwqwu WJt utmJlfwuulipntlf, liurawpql{mu tlu llpltlttfnp:p ¢.nqmJum
ldJm&ulipp qwu mtiq}I liu mutiumu tll)luq tmomJraullpp mpnhuw& lipli
·~mJra&lip : <PnqmfuntraJmuuli(l)l WJq utpngliuu ulful{mu t t.f}tutipwt)l pJm
plifJwgmU)lg wuup2Wutliu hlimn u zwpntuwql{mu t zwm 1:Ipqwp: Ujq 
qwpqp qmtJmJuntiCJntUUu(l!I O[lp&wq lifJ mp)lq!IUllm!I wflgntU!) pl{wpgp, 
uplfpnutlipm!Imfllip)l wnw2wgmuu h uwfl)lq}lu)lmugmun o(lrantnwq!I: 

Ut.ftlfl)lg zwm mwpwotJwo 1:Iu pwquwU)lulipwt (li[ltlp)lg wl{tltlt), 
wu-1w· li[lquputipwt h hwqtJwqliut tifl Uti!:{ upullpwl}tg pwn.qwg'wo ururwp" 
&lit1D: q.ptirali tlpWJU pl{wpg]lg tiu pwn.qwgwo unpu:plitqPUID h wp!Iqnu!Imn, 
uu wq}mq[wqpg' wflnpranqnmuupu, ununqtltlimJ!IU h, O[lrannnupwjpU ut.P
pnpulifl!Ig ' U{ppnputlu!Imu, hnp&ptliUqpg' hn[lUJlth&qpmn, mtppmpg' wtp!I
mj1mu, O[ptfpupg' I}JHU}lm{!, Uti:}>litpupg' uu:ptJ[pfJnpUlt], tliJgpmpg' pU1Wl.pl.l1{! 
m, Uwqfllimpm}lg' uwqfJlimptnWjpfJ hwupWJ!IU qmmwqmuub:pn: 
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qtnLtu IV 

u~~truLunu~usuu~ ursuo~~ ~rnstu~tre 

Upmwb"pu l.llpnglluutipu Durawumtf tiu tfllp tfntnpwqp tfwl.(tipl.mlJ· 
ramu, npmliq utlpb"pu tllpnglluuup)l. hwtftitfwumtraJwtfp wqq.mtf tiu mtlllllt 
tfll<} ralfm{ qnpb"nuutlp: 'l-pwug ralflt& liu uttmnl{wumtf 2liptfwump6WU[!, 
6uzmuD, 2pm<}Up pa'Uutip}:t qnugllumpmgpwu, rara4w<}UP, lllnmllugl:J.mtiJ, 
UJmratipp. lJntn}lq.wJ!lU tlp6wl:f[!, opqwu)lqtfUlip[! h wnu: ~npnz t umlt 
UljU, nJ.l WJI}. qnJ.l<}n'UutiJ.l'U wpwq ¢.rnlmtutlnq tlu: 

Utlb" pwuwl{mraJwtfp qnpoouutlpp qmqwqgmraJmuutipu utWJtfw
uwlfnJ.14noi tlu WJ.1U1Wb"P,u tllJ.1ngllu'UIIJ.1p pruqtfwqw&nt{djntUD: Uwqwjh 
upwug J:uupw4nplitn4 qw}ltitlt t pwawulit lipl.(m qttuwt{np m!:J.tqlipp. 
l) hnquwhwptfwu tqpnqtiuuli}l L 2) uum4mapwJ!lU tqpnglluutlp: 

1nmlwhwr!llw(i wnngbu(il:m 

Uwqtfw1npl{ wutwp&tlp[!, qpwup qwqtfnq uputlpwtlitlpu h WJl 
uti11apu qnJwqmtf&tiJ.lu bpl{J.lp tfruqll}ltiumtf, upwuqwtfruJli WJL !p}lqpqw
ppupwqwu tllWJtfwuutiJ.1mtf, npnup Iupum qtiputnlf mwpptipt{mtf tih 
!lpliug wnw2wgtfwu uturJtfwuutippg, 11-wuunttf llu wuqwJmli !J llurdwpq
t{mtf ¢nqmJuntraJmliutipl:J.: U.Jq. ¢n¢ntumraJm'Uulip)1 wtfpll1}2nt[c)Jm&u qn~ -
4mtf t hn17tfwhU1[111llf: ~qtfwhwpnttfn pwdwut{mtf t tipl{m (utfp)l. ' :PP.q}l-

l:fml{wu L pptfprul{wu: 
l>pql:J.ljwl{wu hnqtfwhwptfwu U{pngtiumtf mtiqp t muuumtf tuqn -

qtiu UJnt:ra}l tfliJ:uwuP,l{wqwu uwupwgmtf, np)l. qtJ:uwt{np qnpanuutipu tiu . 
2tiptfwumP,6wuP. mwmwumtfD, wUiwplitlJ.1lt h hwupwuJmralipjl 2tipuw
hwqnpqwqwumraJmuu, pwqwqp}l~ tf}l&lipwt'Ulipp. b"wt{wtwJP.li Duq.wp 
llwqtfwu mwJ.lplip qnpb"wqpgutipu L ruJtli: 

!b}lqpqwl{wu hnqtfwhwptfwu dwtfw'Uwq wnw2wumu llu t}mpft 
titiiWtlwapulip, mp l{wpnq t ratmltwuglit 2mru L 2liptfwumP,6ruup l:fmpmlt 
t}ml}l.nJuntraJmuulipP. q.l:iutpmu dwU'ruuwl:fwtlnpllltlll:iu uum~llt: '1-pw hlimb · 
t~wupntl tfll<)wumtf t 6ll'lPP b"wt{wm nPD tfll~hu liutmummtf t wtl{wp 
~~llp}l tftuu'UUIUltfruuu: U 3q. t UJUIU16wnu, np !ppq!ll:fwqwu hnqtfwhrupmtf'it 
wlfut]l tflla ratmlmlf t l{wmwpt{nttf hjntUP,umtf, WUWU{WUlUlipnttf h tlinuw-

Jl:J.U pwpll}lWI}.Pil tfwul:ipmtf: 
U.UJwpuupl:J. :ppq)l.l.(wl!WU hnqtfwhwptfwu dwtfwuwq unp upuli· 

PWtulip 2_tiu wntn2wumtf: 
.Rlltfpwqwu hnqtfwhwpmtfu wpmwhwJmt{mtf t utipapu liJmratiplt 

pWJPWJtfrutfp !J unp tfpulipwtulipp qn_1wgurutfp: '1-pw qtJ:uwt.{np qop<}nu·
utipu tiu 2ntPIJ, raratiwaltliD, watuwraramu, opqwuwl{wu raramulipD '-' WJtli: 
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l>)lqpqwqwu h p)ltl}lwqwli hnqtfwhwptfwu hnmhwupnt{ wlllwrtull
P ~ l.t hwlipwt{Wjpllpp lfpw WUW2WUntl.f t , WJUU{ll.U qn~lfwb", hlli}tfWhWp
UWU qllql.t, ufut. npnttf, qw):ut{wb" upw llhwtj"npuwu dwtfwuwl{pg wnwull
uwgt{nnf llu hpu"' dwuwuwqwqpg hlli}uwhwptfwu qllqh: 

"'uwqmJu hnqtfwhwpuwu UJPnglluullpu mllqp llu mullgllt qpllraii 
unftlu up hwutm{wb"pp llhwtlnpnnfpg hllmn, llpp [!UI}.tfP2nttfUllpp dwtfw
uwq upwup qtnulflltllu bpqp}l uwqllpllumtf: 

~tfwhwptfwu lllPnglluuupn qwpnq llu nuqqp.l{bt IIpl{pwl{IIqL}l 
pan{Wqwupu Junp tfwu!Ip[!' UWqbpllupg hwztlwb" hWpjntpwlfnp tfllmpup: 
Uud-tWJU dwtfwuwlrwl{pg hnl)uwhwpuwu l{llqL[! wnwt}litwl.llbu mf!}l 
mlfhtp tfmpp J:unpnt[c}JntU: 

~qtfwhwptfwu qllqhp. hqnpntraJwu tfll~mguwun liUiwuumttf llu 
hr.uprabglfwb" gwtfwp[!, mwp h J:unuwt{ 4tP.tfwJwl{wu UIWJtfwuullp[!, mlll{
lll.lluwqwu zwpdmtfUtipl:J. pwgwl.{Wjnt[<)jntUJ!, [<)ntJt wpmWhWJtntlwb" l:pn
q]lWU, hllzm pWJpWJlfnq WlJlUlpuup[! l.t WJtu: 

"'nqtfwhwptfwu l{llqup. l!Lwlfnpuwu qnpb"mtf tfllb" t 2PP. q.u11u: 
Cuq.hwupwl.llUU wnwug 2PP. pl:J.tfpwqwu hili}tfruhuqmttf[! qwtf I}.WIJWfllltU 
t, qwtf ZWID q.wuq.wq t uurawumtf: 

UullpuwJI:J.U u uwqllpuuwJI:J.u 2PUPU octmt{w!} liU tmbrut L opu}lq.wg
unq tfti<} muwl{nt.(3JWUp, pwup np Upwup tm!}lfw!} $6wqmu U{Wpmuw
qmtf llu raratlwb"pu, wb"J:uwraram !J wJt qwqbp: '1-pwlip P2illltn4 tl}lu~h 
q]mtUIDWJpU 2PliPI:J. uwhtfwu(l, wum]leiwuWJ!wp qnpgumtf llu )l.puug opu]l
q.wgtfmu muwqmraJmun, pwu]l np raratlwb"]luu 6wliwll{Wphpu b"w).um{nu.f t 
OJlu}lq.wgtfwu, h]l.q.pwmwgtfwu h l{wppnuwmwgtfwu nllwqgpurullflllttf: 
li1"{at{wb"u}l tfllb" qnpmum hwm4wl.llllu mtltt]1 t mull&nnf umt:PlulmJpu hwu
pun.{mJpbpnttf: 

"'PWJP.u h tftimwunp:PwJpu unqwpullpjl opu]l.q.wgtfwu q.liU{pnuf 
tl)tql.Il}C/1 [!Utnwul:J.p)l. ppupwqwu IDWpplip[! gw!}p Uipdllpwl:fwunt{djntUpg 
l}ln).uwq.ptlmtf llu pwpllp wpdbpwqw&mtaJWU pnuu1Ipp: '1-pru hllm ltml.ll
t{wb" pWjpWJtlmtf t tfputipwtullpp pjntpliqWJpU l:fwnmgtlwbp[!, L upwug 
h1Uz$u wnw2wumtf tiu unp t.f]l.ullpwt&llp: 

~wJpli L tftimwunp:PmJ}lu Wl.llWPUtip]l p}lt.f]l.wl{wu hn.qtfwhwpmuu 
l:ftmnwlltlnttf t ~n11u h}luuwl:fwu umWIJpWJml' 1) oputupz;gmtf, 2) hl:lq.pw- , 
mwgnni, 3) zW}lctmuwl{ l.{tmn}lnuuup/1 q.mpu pllpnttf (uunnp}lmtf, l:furuuutf, 
l}lra}lntu, l{wtgpmtf, tfwquuq]lnnf), 4) Si02, Al~3, Fe20 3 l:fmmwl{nttf: 

~tfwhmptfw& lfuqLu p&npnztlmtf t up&llpwtullpp wpmwl:fwpq 
ptuqtfwqwlimraJwtfp: UJumllq hwuq]ll.llmtf ti&' 1) hili}tfwhruptfw& qnpoou
uli}lp uqwtnuwtfp l.{wjntu uqqpuwqw& tf)l.ullpwtlilip (ptlwpg, mm)lt, tfwq
ullm!lm"' WJIU), 2) q.lin ~hnqtfwhwpt{wb" tl]l&tipwtlitip, 3) tlb2w&liJrut t.f]l.uli
ptut&tip, npnup l:J.pliug qwqtfu qqw\.lmptlu qmqmJ:ullt tiu, pwjg UlWhtl{wumtf 
tih pJmpliqwJ]l.u l{wnmgt{w(}pn (h]l.q.rtmpWJtwplitip, hl:lq.pnptnpl:lq.utip 1.t 

149 



WJltl), 4) uqqpuwl:[wu tf}lutipwt'Utipp pWJPWJUWU 4liP2UWI{WU W!lll.Jntllp
UO(l{!' ulJtlJinuhni1P, l[wl{whnl1P L uplfWf<'P opu}ll}p qlittipu, 5) mtl.[tutWJPU lt 
hm)wtl:rmtwJpU illlmWIJ.UU11P WIJ.liPTI u lllJt'U: 

.P. P. "lwtp'Umlu hnqtfwhwpuwu lll(li)Jnt'Uputipf! J!Wctlll'Untu t upl.[m 
(uup)l' w) tffiwgnpqwJpU, npnup tfumtf nu mll11mtf, p) zwpdmuwl.[, npnup 
liu.rawpi{lJ:nnf tiu tmuplllb"wl.[lllU mtiqwtflntutfw'U: <fwtfwuwqwl[pg hniJ.Ufli! 
t.fjluupWLWJpU l:[wqtfnlJ: hwUWUfWUlWufuw'Umtf UU tfuwgnpqWJPU hnl]UW
hwptfwu l[uiJ.I.tlJu: 

-.;uqt.fwhw11uwtt Ufpngliu'Ulipp ul{wmtflllt.fp mw(lplip upuupwt'Ullp 
gmgwplipmtf liU qwJmUntJaJWU mwpplip wump6w'U: 

~tfwhwptfwu U[flllgliu'Ull[lp qw[lqwgtfw& f!UJaW9PI! qm'UlJ:mtf t 
UfWU16umwlfwU lfwtu1.JwootpjwU tfti241!1lfmJWI{wu UfUIJUillUUlippg u nlitfl· 
n;p}lg; ,'}.pwug.hpuwu 4Pw umwua'UwglJmtf liu hnr!tfwhwptfwu qliqllp 'Ull(l
PnPP2JU.Il In}ltf WJWI{WU m)ltqUp£!' 1) pui{n[lWJ)lU, O[lU WDW2WUOl tf t U.pl[
mplJWJlllU, pwp6p tlln'UwJpU 2P2WUUliruuu .'p}lqpl{wlfwu hni)tfwhwptfwu 
hliml!w'Upm{, 2) pJulpntfmulfnl{llmwJp'U, np£! punpnz t hwtflitfwmwpwp 
gmpm zn2wu'Ulip}l'U, 3) tfnumtfnp}lunupmwJp'U, np[! allwlJ:nplJ:mtf t mw
rpwumw'UwJ}tU LJ lf}luwmwt}lwumwuwJp'U ZP2wu'UllJ1111.1.f mwp LJ tPnPP 
tunuwlJ:ntJaJUIU ln}ltfUIJUiljwU UJU1JUWUtltlJ111tU, 4) lpunt}l'UpmwJpU, np.u hw
mml{ t wqm}lq ppupwl{wu hnl]tfwhwpt.fwu mwp ZP2wuutippu, 5) LlUUltipp
UlWJpU, .np{! qnJwttmtf t znq LJ tunuwlJ: lrt!ltfrnJrnl{wu UJUIJUmuullpntt.f' pU
mlluuPt{ p!ltfPwl[wu hnqtfwhwpt.fwu qlill{pmt.f, 6) hwtmwqpml.llJPU (l:rw[ltf
pwhnnwJpU), D(l{! uqwml[mtf t t.ftipawpl!wqwp6WJPU L! wplJUJI}.W(16WjpU 
Zfl2WUUupmtf; 7) unumpnubmrnJltU (Ofu[lUIJjlU), DPI! WDW2WllntU t tlpl{UJI3jl 
hpqpopuful.'UIIp}l40p.}lu hn[lpqnu'UliJ111ttf: 

Qjltf}lwl:[wu uumlJ:wopwj}lU hwupwlJ:wjplipu WDU12WUntU liu crnlJ:li
pnuf, t6liJ111tU, 6whpciullpmtf L! qlimtipmtf' tmb-tlwo UJntJalipp 'Uumllgt.fwu 
hlimLwupm{: 

tmbntJfOUtlp}lg wqup}l uumlignnf£! I{wmwpl{mtf t npnzwqp hw~mp
qwi{wUntfOJWUp, np~ hwt.f{!Uq'Unttf t upwug tmolitpmpJWU lt2tigt.fwu qwp
q}l hum: lmb"ntJfOUIIPJJ qwnumtf ti:u hwqtigwo, llpp 2PwlJ:wqwuulip rcnutfl-
4011 2[10£111 pwuwi{m_rajntUJJ hwlJwuwp t l{wtf tPnPP 'Upw qntnrzwgmtf}lg: 
Umtwb-ngtipntu lOP I!t}ltf WJwi{wu UfUlJUwuutipnttf qmmwl(t{mtf liu WI)liflp 
uumlfwb-pulip, OJ111tlg hmumntpjnt.Ul} l{wtul{wo t tqpngliu]1li[lq1.UplUU1L!ntJa
JOlllpg L bnl[jl tunJ1!1tfOJntUpg: 

""QUWhW(lUWU tq[lDgliuulipu [!Uqq[ll{nttf li'U 'Uwl! oqmwl{W[l hwuw-
bn~tip}l hwupwl{WJplipu: -.;wmqwtqliu fun£1 tlm$nluntJ3Jm'Uutip till I{w
mwp1.Jmtf umt.\!JulWJpU hwupwl{WJ[lll[lmtf, n(lUlUlJ opuM:wgtfwu ntiwq
gjlwtttipn huruunnf till WOW~truqntJU lWtPU(l~: 

trw:up tftimwl)~llpp qlipwlizill111 uuro}l hwtfw(l umt:t>WUlWJp'U umw
qpwu 2P. qwpnq LPUUL lJ:lifl2UWI{WU, pwu!l n(l untL.'pWUlUU(lU mullu tmb-ti-
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LltntiOJwU 2wtflwqwug illlo qnpawq]lyutip: U.J'U opufulwgtfw'U tnlf utm(lmtu
I).PP wumfuSwu t: U.Jumlu] pwgwnntJaJntU t I{wtqwpp unq:Pwmn' w'Uqttiq}l
mn (PbS04), Ofl£! willruwqchlwpwtmJG untt:Pwmu t u q[lw hwtflll[l tffimtf t 
opu}ll}wgt{niJ qwtll'U~mp hum: 

trw:un t.ftimwnuli(l~ unq."PlUUlutlp[!, nptqtlu o(lulip, hlimwqwJmtf 
tlm!ulJ:mtf llu wtillt}l I{WJntU t.fpwgmJaJntU'Ulipp' l{w[lJYlUWmulipp, opuful
'Ulip}l u WJtU: LmtJ'Upuq qwtqwpp unq.'pwmu waJuwta.ralf}l wnqwJntfOJWU 
UJWJUw'Uutipnnf rpn(uwpl{l.]nnf t wlJ:tiL~ l}mpp tmbtlt}lnlJaJWUp lft.uppnuw
mjl' gli(l(lntu}lmp (PbC03): 

bpqw.rau wnw40twqntJU pw~wqm{OJWUJ! (Jmmwl(l{mtf t wt{ljlg Dl 
htinm, hwml{wtqllu qtlmwptlpwu'Uti(lnttf: 'Upw uumtigt.fwu~ ~tqwumnttf t 
wpl!wqw(laWJpU u t.ftip&W(lUWIJ.W(l&WJP~ l{tpt.fwu: '\)mupUlllJPU 2P2lllU
utipnltf mlllJ!l t mutiumtf t6w6wh6WJpU uumt{wb-pulip}l u hw'UpwUJntJali
flP WIJW2Uigntti, npnup D[lD2 ·~w$nt{ mrnppu{lt{mt.f nu unl{npwqwu (?nt{w
JPU UntJUWmptq WilW2rngmtffilippg: 

Uumtf}lup hwupwUjm{O[! utipqWJWqlJwb t q}lurutqnpnlf, pJntfltmnt{, 
hpiml1mnt{: U.tillt~ pwquwmliuwq upuli(lwtullp liu tfuruuwl{gmtf qmuw
t{np tftimwquti:pjl :}ln(lt.fwgpwJntU~ qwtliu}lm, u.'pwttlp.Jtm, uiijlmunu}lm, gtt~ 
{lntupm, luwtqnq}l~, fuwtlJntqlJ.[1pm, pnpuP,m, l{uitgJtm, :lfwlwtfbu LJ WJtU: 
bpl{pn(l'lwl{wu tf}l'Uti[lwt'Uli(l}lg hwuqptqmtf liu UJJlflpUt, t.fwpl{wqflm, wp.-
qllumpm u WJt'U: · · · · ,. 

\mmi{mbpwJpu qlillu~ppufun~u hmupmqmJpllp}l wnw~?wgiuu JJ 
I{Wtqt{Wa t opqwupqtfutipp qn(lbntUlint(aJWU hum: i:iwm O[lqwupqlffitlp 
n(lll{liu qwmwtftqurum[l'Uli£1 utqwumnttf liu tnumtJfa'Uli(ljlg ilpn2 · t.Cputlpw(
utip}l w'U2WU1tfwun: Unw~tit l.m ,upuwp una· uiwuwlJmJ3Jmu tiu &llnp 
ptlJ111ttf n(luttiu UJmrati£l}lljmmwqllll'Uli£l' tfb2wlJwJp}lg l{bpg&n1tf llu tflnpp 
mw(lwb"nttf mulignq pP,tf}lwi{mu mwp[ltlp[! u ppllug tuiu~p}l [!U.P!-1J9Pnttf 
qwtf tfwhw'Uwtmg htium wnw2wguiuu upuliplllt'Ullp: · . . · .. 

.Pntnp opqwupqt.fUupu · lllw:rili~·&wqnnf lin 0, H, ¢, N, Ca: flpnt op
qwuj1qtfullpmt.f tfwuuwqgmtf tlu :N, Al, Fe, Si, Mg, Ba, I, Sr, P, Mn, Cl, 
Zn, Br, Cu, V, K, Na: lrtt{wo pptl]lwl[wu mlll£lfltlp}l ~tuwqnt'~Jzhuu 
mwmwul{mtf t LWJU uwhtfwuutlpmtf' 1-10%: 

qtiuuwpln1]1wqwu awqntt.f mullu :Pnu:}Jn(lP,mulipp, puw~pu abt.fp}l, 
t{wuwqwm~l:ip.p u qp.lllpwpl:ip.p hwupwt\mJplip}l qllpwqinn~ tfwu[!: qpw~ 
pwpllpD lj:wqut{wa liu ool{wJ]lU I{liuqwlift'Ullp]1 qtfwtuputlp~g: qliuuwp}l
uf!wqwu tqpngliu'UliflD D(lOZWq]lqup liU ltJW!1W<JUl U!lqWJa]l u t.fwuqwup 
tf}l zw[lp hw'Upwt{wjpli[lf! <\uwt{n(ltfwu qn[lb"nnf: 

qliuuwp}ltf}lwqw'U uumlJ:waputip}lu UfUIUll(wumtf llu uwu qltlUUln
tf}lmutlp[! u qwmumnp}lntpmutlp[!: Untu2puullpD hj1tfuwqwumtf qwqtfl{wo 
liu qjnuumtffilipp ufttpgjuutfwJftu l{tfw!up'Utl(l!Ig: l.fwmumnpltntltm'Uu!lu 
wnw~wumtf liu wnw40trnutllu pmuwl{wu u npnz iunPnY l{ti:uqwttwqwu 
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opqwu}lquulirP. hwzt{p.u: '1-rwup liu PWflWOOl):ut), Wjptjnq rabfl)dlllplll{lbpu, 
urnl{ra-o, WJfltlniJ. qwqti[iu, UJP.li11 ppmmuubru la rnJtU. : 

Umn):uutipp u WJptjnq ptlppwpwpl:iptJ wnw2wguwu hwuwp zwm 
ull{urumwtjnp tlu antjliflP. la t6tlpp Ulip6unpUJW uwutlp[) la tfP2LUnUWJllU 
P2tlwapulippu. npmtlq qwpqwumu tiu mnp:PWJpU nwhpnulip la l{wuqmu 
2pwtjwqwuutlp: 

Ub'm):uutipp 6lawtJnpurnu U{flDgtluu pwtjwl{wupu prnf111 t : ~tu 
mlitlll t ntutlumu upwuq ul{qpuwl{wu UJntiOP qmmwqnmu, $mnnf[lla l{tr•l
uwppupwqwu uumgtluubpp wqJ1ligmpJwu mwl{ J!muwqwu uuwgnf111uhr.tp 
qmt}mJ:umpJmuutiru: UJumhlimla wa):uwJpu UJntJdD muaqtjmu t uumtjw,)
pwJpu UJllUUilubpntj: UJI1 tqwhpg ul{utjmtf t wa):uwgmuu' pwp6pwlinuf t 
wa):u}lt.qwpmuwqmpJntUD, pwjg t.lmPpwumu t pptjwaup la 2J1Wb"U}l pm: 
urnl{miaJmuu (wanttuutipp ul{qpuwqwti UJmJap q\lUwtjnp pwqlUtlPPlullpQ 
guunqnqwu la tltqupU"Q qwqutjwa tiU watuwaupg, Jd)dlfwa~pg, 2pwaupg L 
luwu pwuwqmpJWUJ! rnqnmpg): 

\Jwtlrau qwqutfwa t q\lUwtjnpWU{liu wa):urnaupg (80-87%) h 2Pwit-
upg ( 11-14 %): !!p! pwuwqmpJWUp uwuuw4gmu bU aanttfp"Q (0, 1-5 ~~. 
uiqnm[) (mnqnup tfurubpntj,pwgp Df1D2 Uwlfiabppg), tmatjwa qwqbp[) (hlnf
uwltfuUnttf waJ:uW2PW~-puubpl}, upU!h 4 %): 'l.Jwtjra}l tftla tfurup WllW2UUJ· 
J}lU UJtiqap uumbgmuu mb$ t mullgllt antjmu: bUfclWllPtlnnf t ,np UIJU Uu]t
l{wJwgtlwa t until uunqpnll{lltn'-\,npu hbmwqwJntU bUrawpl{'-\nt t lfP. zwpp 
qtluuwpptf.ll_wl{llJ:u _- h wuopqwuwqwu ppU}lwl{wti U{flDgbuubpp: Urnunm
U{titutipu wnW2wUnllf till :ppmnll{twul{mnupg, llpp ubqnuwjpU Uwhrnguwu 
bllmh1IIUPntl WJU P2~I1~ll t hunnw.q: Opqwuwqwu UJlllJaft wugmtf-o uwt!Ia-p 
ppwqwuwgtl_mu t P,W\uwralttl qnpanuutlpp rnqqtigmpJwu mwq: 

UJUU{tnuu{- h,nquwhwpnttf t wut{wutjmu bpqpp uwqbpbu!lu l1llllit
pbp qnp/)nuubp~~,wqqtigmpJWUp, wztuwphwqpwqwu up£WtjiliJJ1P U(W.J
lfrnuutipnnf wll{w(itbpp tjtlpw$nlmfwu :ppqpqwqwu, ppupwl{rnu u :Pltqlt
qwplllfPwqwu U{Png~uubpp uuqhwupm[<}Jmuu: 

Dpll{tiuqp hnnuwhUIJ1nnfu mwppbptJp pwum qunnwpwa wzJ:um
mwupllg U . b . .!btipuuwuul922 [<}. wnw£wpl{tit t WU{W)l.Ulipp h uptitipw ~
utipp bpqpp tfwqllplantJ[<}pu tjtlpwqmtumuutipu wutfwutit h}llq!JpqliEi!J·q 
(bmu. hftUfllp -:c .1-{pw, l{tiplapg): . 

Unwtj'Ut,hqnp tum'-lP.wt hnqtfwhwpuwu qtiqla t WllW2wgtit tftlqn-
qnJWU tpwjmtf: · : 
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Q.Ln Lfu V 

usnrq.tsusu ~rtr~ tr~ruPuuu~uu 

q.n rontutntrasn n_,~ 

b!lltrlt uwl{upLmJrapg gwa qmutjnq 2ptippu wutjrnutjmu nu uump
q!ImEiJw pp!Jp, npnup J!Dtnp uuwgwl) 2J10{lp (tfJaUntnpm}l, £pntnpmp) hbm 
tfwuuwl{gmtf tiu 2flP nUqhwttntfl2P2WU{U111tJmpu: 

UmnpqtimuJw 2J1UflP awquwu L oqmwqnpatfwu tuuqpputii1ntl 
qpwqtjtlt nu tjwq ctwtfrnuwqubrpg: 

Uumng.l:nn(iiW pnbnb owqnuln 

XIX J1Wpnttf 6Lwtjnptjtlgpu WJU U{unnqtipwgmuubpn. np umnp
qtimUJW 2J1llpn umw2wunnf tiu hpuuwqwumtf llrl{m owliWU{Wpbntj. pu
:Plltmpwglmu L qnliqtiuuwgpnu: 

UumpqtimuJw 2ptipp ltll:t>lttmpwgpuu owuWU{wphntj umw2wuw[m 
uwupu t tjl{wjnnf WJU t}J.WUUl[!, llfl mllqnuffilippg hilum ~plmputipmtf 2PP 
tfwl{Wf111Wl1[! wuhwtflltfwm wpwq u zwm t pwp6{lwUntU, puq wlfnunt"Q la 
llpwzmp ctwtfwuwq WJU P2UntU t : 'l.JwJ:uqpu U{llqntU[!, rail llll:t>lttiDflWgpw
j}l htimuwupntl /)ntfp ~flbpu wligumtf bU tlfll{pwqtiqla u wqwqpl{tjtitn~ wnw-
2wgumtf umnpqtlmuJw 2PUI1 qpmm4wu hpuplippg lflPtl qmpq t: bpqpp 
tlJ.ul{tiplmtJfclP WJU tjwJplipmtf npmliq mtiqmuulirlt puruwl{u zwm PP! t l{wu 
Cl tlWgwl{WJDtU t uumpqtimUJW 2flUPD UIDW2WUntU nu 2f1WJPU qntnpzpuli
PP l{nuquuuwguwu hbmhwupntl' WU{Wplibpp l'ilillPbpnttf L bulqnmpub
pntu: 

Qntpn qntnpzm 6lmtf qmutjnnf t pU).U{tiu tfpuntnpumttf, WJUU{tiu tt 
WJU oqmtf, npu tglinuf t 1uuUt u WU{WPUtip}lJ1wmwpl{mraJmuubru m bui
qnmputiru: Unw6qwqwumpJwu lmwppllpnt[<IJmuutipp htimhwupntj qnln11-
zpu mtlrJunlmtutlmlf t mlif[}lg mlfil pUIJ16p wnw6qwl{wumraJwu tjwJp}lg 
qliU{p gw/)p WllW6qwqw£mtpJWU tjwJp: Oqmtf mwpwgwa 2PWJp.ft qnlnP
zputip[! hWJUlUtjtltntj wtjtltll gw/)p 2llpuurump6wUwJpU U{WJUWUUtlpnttf 
(unqw{lutipp tilillPIIP h awqnmpulip.), wutflt2WU{llu uwn!nttf, tumwlinnf llu 
h qntnJlzpu tjlipunpnJ:u~mu t 2Pll: '\rutjwuwpwp IlPID hum t l{WU{tjwb · 
jntpWpWUlJDlJl IDWflp wuunqwmullpnttf UIDlli2Wgnq pwqgpwhwtf 2P'!-llJPU 
null{llJwl{utirn w$ 2plipp t{pw: 

.Pwgp pu:Pptmpwgpnu u qnl!J1lluwgpnu-£ptip}lg unqwp,~~111utf hwu
ll-PU!nttf bU uwla antlwJpu l)wqtfwu tfUwgnJlllWJpU 2Itllp: Dil\lWJpU awq
tf UIU 2f10)1[! uwJ:uuwqwU 6lmtf tqWhUfWUl\ntt[ IIU, tipp tltill2PUUtl}lU 
awaqtjmtf llu hqnp. wli2Pwraunltwug WUIWP.litip.p zllpmtipntj: UJuuijlup 2}ll:i
ppu wutjwumu tlu pwqtjwb 2f1Up: Attnp uumpqtimUJW £pup.[!, npnup 2J12W
UWllDtpJntU bu qwmurpmtf llpqpmqllr]laJJ tjtip.pu tfwumtf L uuruuwl{gmtf llU 
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!!lllllJdJWU illi2 2PUPP Dill).hwump 2P2WU{UUltJlllpU wut~wunnf !Iu tlurqnqw
JPU (tWlll. cfWlJllqmu' n~ lunPD, erwuerwq): 

1902 Jd· Qjmuup 4I1Ilt.f}lg wnw2 t pwztltit WJU tlwpqwb], np Ulllllp
qtimuJW 2pupp up uurup b-wqmuu (npnup muuu !!Wpap 2ttpuwumpowu, 
qwqwJpu pwqwqpwuwuttp l.J tf}lwgmJaJntuu!Ip, npnup punpnz ~!Iu uw[j
tipllntJJaWJpu qnuwu!Ippu), qWUltlWb- t uwqUWjpg WU2wmtlwb- l.J qnuq!IU
uwgtlwb- qntnpz}luup}l hum: UJillllPUP 2Plippu WUtlwUtit nu jntl[UU}lt 2Plip: 
<:,ttwwqw muntl.fUwuppntJaJmuulipD gmJg liu mtlwt, np l.fwpmp Jnttltiu[ll 
2ptip qnJntJaJntU ~mutiu, pwup np tfwq!IplmtJJaP9 utipMtlwa u oliiWIIpnlf 
utippl.J quwgiU\ 2PUPU }uumut~mu ttu tfwqtfwJruljwu 2pllp.pu l.t l.fwqtiptiu till 
qmpu qw!lm wpqtiu }uumulfwb- lf}lowqmtf: 

Uwwplitmh 90W9wthwligh!Jmprmlip 

UlllllpqtimUJW 2pup}l wnw2wgtfwu hwtfwp qwplmp UzwUwqmp
JntU muliu wutwpulipp 2ntP pwg Janq&titnt, wugqwgulitm muwqntJaJntUU 
l{wtf 2PWJdmtPWligpl{mJaJntU!1: UJU U{WJtfwuwtlnptlwb t wutwp}l ¢1upmu, 
hwm}14wtlnp t}lli!Itntl (op.' wtlwqu) 4wtf tt liJati qwuqtlwb"ruJpu L g!Iilliu
mwgtlwa WUfWputipu (qpwu}nn, qpwpwp, tfwptfwp l.t WJtn) owpoptlwb-, 
ollrwwtlnptlw{) tiU: UJu pntnp q!Iuwmtf 2ntPU hwuqwplllllp'IIU utipb-()tlmtf t 
1.t zwpct4nu.f Wlllwpu!Ipp b-w[jmnputipnt{ tfP.2hWl11}14wJ}lu wwpwb-putipn4 
qwtf ttottqpupntf: 

Cum 2PWJdw¢wug}lqmJaJWU wumpollillp llllqUI{lutipu pw<twut{mtf 
nu ttptip tuup}l: 
1) Qpwrcnu¢.wug WU{Wpul.Ip' tmJ:wqu!Ip, }uowpwplip, tfwupwtuotip' qtw

pw!l!Ip, olirwwt{npt{wb- wt{wqwpwpup, [jpwpwplip, qntm11nnutifl lfnuq
tnillipWlllutip l.t wnu: 

2) qpuw2PWJdrutPWug' 4wtfruJpu wt{wqutip, JaliJal.t wt{wqw[jwl[llp, unutip, 
~pWJPWJt{Wb" lllllp:p: . 

3) UU2PlliJdwtPWUg qwtf 2Punibpa WUlWpulip' qwl[llp, awup qwt{wqwq
utip, ~OtillPwtfnplfwb- qwuqt{ru~ruJpU pjntpliqwj}lu l.t glit.fhumwgtlwb
}upm uumtiwapWJPU WU(wpUlipu: 

c:D]upmu WU{UlpUliflp awqnwqtiUntJajntUU llllUlllWUt{nuf t' q{wpwpti
pp tfnm 20 %-]1, Jmlf lfwt{ttp}l tfnm 50 %-}1 uwhtf wuutipnt tf: flppwu $}upntu 
unqwp lJwqtfnq hwmpqulipp ~wtpllpu illib- !IU, WJUpwu upw 2PlliJdw¢wu
gntJaJntUU tftlbwunu.f t: UJU ljwtltipu, npnup mutiU 50% bwlfnmljtlllntJaJntU 
U(pwl{m}lljnptiu wU2PWfcHO$wug till, pllillp np owqnmputipu WJUpwu 
tfwup tiu, np 2ntP(I tf}lljpnlJwll(}lUwputippg w wugumtf zunph}ltl uwbq()tlnq 
tfwl{tiplmlJJalliJpU twptlwb"ntJaJWU: 

UU[wpUtipp 2PlliJdru¢WugpqntJaJWU wumpowuu uuqntut{wb- t wp
mwhwjmtit :PlttmpwgpruJ}l quitf 2PWJdW$wUgpqmJaJwU qnpb-wqgnl[: UJU 
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wpmwhwJtruutf t 2PP zwpcttfwu wpwqntJaJmuu qwtf, JdtlpntJdJWU qliUI
pmtf' uUinpquw&Jw 2Plipp utiptaw¢.wugmtfu, npu hwt{wuwp t illllj}l: 

qw}ul[wb- ut:ru1pq!ImuJw 2Pilp}1 wutrupu!Ipnt{ zwp<ttfwu owuw
Ulwphulippg qpwup q.wuw[jwpql(mtf liu. 
w) awljnwqti:UruJpu' llpp 2PUP[12WPcttimu liu ¢m}up wlllwpullp}l bwqnwp

ulipnt{, 
p) ouqpwJpu' lipp 2Plipu zwp<tt{mtf !Iu qwpap wutwpullp}l otuwlipnt{: 

bJdti olirwllppg pwgp WUlwpUlipnttf hwuq.pUllllll nu uwl.t qwpumw
JpU l}.lUllllli]lqntJajntuulip, WU(W WJU wutJwutJmtf t olizwwJ}lU-lJwpumwjpU 
qwtf mqqwqp qwpumwJpU: 

c:D}upntu WU(Wpulipp qwqtf}lg t qw}ut{w<) upwug lunuwtimuwqm
JdjntUU' pp tftl2 2PP npnzwq}l pwuwljp mtiqwt{npuwu l.t UlWhUfwutfwu 
ntuwqntJOjntU[) l.t WllWl{lltWqDlJU l.fntllqmtmJpU ]unuwt{muwqntJajntUD, np{! 
gmjg t mwum tfntii4mtWJPU zwqqwUftJtuo m<tlipnt{, WU{Wpulipnnf Ultuh
tlwb- 2PP pwuwlff!: 

UU[wpulipnttf 2PP ]1pwtl}tow4u muntl.fUwupptit t u: .'h. lliptlql.Ju l.t 
WilW2WPlflit t uum 2PP :p}lq}lqw[jwu tl}towq}l WllWUduwgutit htimLJtut 
mliuwqulipo. · 
1. q.ntnpzm }lpwt{}lowqnt{ 2mp, npu qpwqligumtf t unqurpulip}l pntnp otiq

ptip£! l.t bwqnm}luttpo: 
2. ~pqpnuqnUJ:p4 2ntp' wU{Wputipp tfwuu}lljutip£! U(wmt{nnf bu tftiq tfntti

[jmuwp umpp JaWIJWUJant{ L wtfmp U[wht{mtf liU tfw~ttpLntJJdP t{pw: 
3. IChrrqwUJdWJpU 2ntp. WllW2WUnttf t WUilUPUtip}l l.fwuupqulipp 2ntP2U 

h}lqpnuljnUJ:}14 2ptipp t{pw wtftit}l hwum JaWIJWUJdnt{' tf}l pwu}l tfntlilfm
tWJpu hwut:rultJaJWU!!: bJdti JdWIJWUJdUlip[l muttu llllUPI!llP hwumm
[<Jjntuulip, tuU{W 2mpn hwu!ll tlwJpllp}lg hnunttf t pwpwq [<lWIJWJOlilipp 
nliJIJOIJaJwUJ! tf}lu~h htutlWU{llJll[li![!: 

4. 1.fwqwlintaWJpU 2ntp. npJ:l Uwuwtfp qwu wtfplliJ2ntlJlu {gumtf t tfwqw
UOJaWjpU bUiqnmq}lulipn: 

5. 4toJq}ltwhliqmqwJPu (wqunn) qpwtl}lmwgJmu 2mp . npu tgumtf t 
WU(WpUtip~ pntnp olirwllp£! nt b-inlJnlll[j}lUlip[! l.J wqwmzwp<ttlmtf t awu
pnlJdJWU mdp wqqtigm{aJwU mwlr 

6. 'llpuq qwtf uwngli tl}lowqmtf qmut{nq 2Plip. npnup hwUqpll(mtf tiu tip[j
pw[jllqhmtf pwqtfwqrupJwli uumwantJaJWU qnm}lutipmtf qmuqniJ 
WU{Wputtp}l Uti2: 

Ulllnpqtumw 2pl:mh zwndnulp 

UlllllpqlimuJw 2PliP£! w&[!uqhwm zwpcttfwu un2 nn: UwupntJOJWu 
mctp optiuppu hwtfw6wJu upwup zwp<tt{mtf !Iu qtimwhnl(}lmulipp, 6npwq
uup}l, ant{wJ}lU wtlwqwuulipp l.t ntit}lti:pp WJt gw<)pntJajntulitipp mqqm
JdJWUp l.t qmpu tiu qtut~u tuqpjntputipp qwtf WJL litpttp~ almtl: Ulllllp-
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cttimuJm '?Jltipp titpp tftupqtippu wu4wumtf tiu J!tin'UW[<)wl}l.tfwu tfwpqtip 
qwtf q.ptiuwd"wJpU (:ppuruu. qph&wd · hnup) tfWJlqllp: UlllilpqlimuJW '?PUPI! 
npUJtiu qw'Unu w•.11wputipp IStiqptlpnlj h l>'wqnmhutlpn4 zwpoljmtf tlu tupum 
qmqwhtin ump.p 2JlWZPIOutipp mtiupnlj: U.JlllliPUP zwpdtfwu mtluwliD wu
tlwutlmtf t fwUft&UIJ1 : 

UJumliil pwgunnH:taJmU tiU qwqtfmtf ~wpumwJpu pwpwuawl}utipnl( 
ZU1Jld"4Dll hwtfntfwmlliJ!wp tflia '?Jlwhnuptip'(}, npmli11 UJlwup qwnumtf tlu 
pmnu tfppqruJ}lu (mntppmtliUmwJltu), np[! utfwu t qllmllymttf '?PP hnupllppu: 
UmnpqtimuJW 2[lliplt zwpdtfwu wpwqntJ.aJDlUI! qwtul{wa t :t>lltmpwgpwJp 
qnpawqgpg, nJlD gmJg t utwl}lu Wlqwplt '?PUIJCw¢.wugpl{mrdJntuD L qwtu-
4w~>' t umnpqtimUJW 2ptipp hwJlitm tfwqtiphntJJ.aP plipmpJmupg: 

U"wup.whunnltq wtlwqutiymttf umnp.qlim&Jw 2J1lipp zU1J1dtfwu wpw
qnt]aJmuJ:! 1-5 If t tfliq opnttf, tunznpwhWUlpq qntqptiubpnttf 15-20 u ltuq 
}unznJ.l cttuipW]lllpnttf u l{WJlUIDWgljwa 'llWPWJlU)lntU' Wt{tl[p pwu 100 If: 

lhnnngbmlirw onbnh nwuw!Jwngnuln L. 
.wnwliab(j UJhwbnh p(jmpwqhrm 

UumpqllmuJw 2J1tlpp hwtfunqwpl}l.wq qwuwqwpqmtf upu1 WJdtf tP 
uzwqljma: Cum mlliJ.WilPUWU U{WJtfwuutip.h u hlulpwljtllq hunnllwupzulipp 
wuurUauwgljmtf tiu umnpqtim'UJw '?Jltip.p hli:muJwt mpU{liJlD· t{tlpuw2pli[l 
(wtp.wg}lwJp qnu,w), qp.ntUUlWJpU 2J1UJ1, tfP'?ztipmwJ}lu wuouzmti h lfP2-
ztiJlU1WJllu 6UzmtlwJpU qwtf wpmtiq]UIU '?JlUJl (fiq. 56): 

<lwlcbpl.nLPUJI~Ii 
. 2f1WJ!wdwli , ' ' . qpnLiiU\Wj~li 2Pbfl~ 

dzUlwlcwli qnp6ntt ~pwpwdwli 
2flhnp lcwll hnpwmwligp 

-·-·-· 
uflwfl56. Vfl2QbU1wJpCi q~..uuqqw6mu q(lmlilllWJPCi 2f1b(lp Ulb'1wfl(luwCi L. 

zwpctuw(j utubuw(j . 1) w4_wq, 2) ~w4_whn'l . 3) qpm0111Wjp0 l?fibpp 
G4wqwqmJ!i llu•(1wpnw~l!. 4) qpnllilllWJpli l?llbllP wnw4bLwqnqu 
ilW4WJ1flW4!! . . 

ylipuUl2Plli1!J wnw"?urumtf uu wtp.wgpwJp (oqw¢.ntutfwu) qnmmtf 
'?PWUlUip WUJWputipp tlpw, ni illia nuutUJWquiip.jl ahntl u muiiU utuhtfwuw-
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l}l.wlj mwpwbnuf: Qpwhwqtigwa WU£UII1Utlpp hqnpntJ.aJnlUJ) munnwutinnf t 
0,3-3 U-p uwhtfwuutipnnf: 1.{tip'Uw'?J1UJ1I! dwtfwuwqwljnp ljmmwqtfwu 
'?J10]1 llu h mnmtllitWUiliU llmtuljwlt tiu hunnllmU{tiU qwpumUWJpU auhwi.P 
'?Jltipp htlm: Llpnz mtl11tipnttf ljUpuW'?JlUJlD oqmwqnpbnnf tlu pnllitm uUJw
mwljnlj: 

q.pmumwJb'U 9ntipp qmu~mtf au wnw'?pu '?J1Willipd ztipmp ljp.w: 
Qpwillipct wnurumwl"\ll J!WgwllwJntJ.aJWUJ! t UJWJtfwuwljnpt{~cr mwpwcr
tfwu WUJ!Illl'? tfwqtiphntj]anl( uumtf{!: 

<+pnt'UmiUJPU '?Jltip.p tfn'? wnwuauwgljmtf tru. quppu tfwl:{tiphmJIO 
llwtf 2PP tfwqui}lllwq, nppu wutlmumtf au hwJtilP llwtf ut}umg h 2J1Willip.d 
hptfp: Qpwhwqllgwcr WUfWilUtlp)lu w'Utlw'Unuf uu '?JlWUlUIJl ztlpm: Qpw
UlWJl hnppqnup hqnpntJ.aJntUI! npnzl{mtf t ctpntumwJpU '?Jlllp.p hwJtltmg 
upu1_h 2J1WUUJ1d ztlp.ut[!: UJU '?PUPJ:! wuouzmti till: Qphnp, hnp.WUlwugp 
l}l.np.titpu WJU '?Jltipp tltlppu tfwqUI}U}.wl{D hwuwU{WUlurutuw'Umtf t WUfWJl· 
uup.)l illl'? '?Pll tfwqw}lllwqpu, wnwug J.{tlp. pwpaflWUUJ[nl: q.pntuutwJpU 
'?PUJ1P9 t{llp mlin.UlllPlfwa t qunqpuwp pwpopwgtfwu qnuwu: UJu '?JlUJlP 
uudptf[} npnz!Jmtf t l{l}ltlwjwqwu U[llljUWUUtipnlj h hwml{WU{UU U]aUD
tnp.UlWJPU mtiijmtfUIIpnt}: Qpwzunn mwppulippu qpmumwJpu '?Jlllpjl tfw
qWJlil,wqu wUlumfthfWUl pwpayuuunn.f t , DJ.ll! qUIJliiil t piiJ.lti[ npwqp l}l.nl}l.n
tumJ.aJWu' 2PPliwgtfwu qwtf pwJ1gJ1whwtfwgtfwu: Qpp tfmliWMwllll mw
mwumtfUliJ.ln tiyiptitfll huruumtf UU l.f}i ·pwup tfllm{lp; D]l{! tipptitfU pllpnttf t 
2J1WUlWJ1 WU{Wpuupp 2J1Whwuctligtfwuri, up.J!li.UU iDJlWgtfwu{!: .. 

bytl{pp tfwl{hphntJJ.apg lfPuiu '?Jlt~nftlp~ tfwhptiD wnw'Uauwgljmtf till 
htimuJWl qnuwutlp'(}. 1) wtpwgpwJp qn~w,. 2) UJWPptipwqwu qwtf l}l.nl}l.n
tuwqwu bwqllgtfwu qnmp, mtlqwrwtlwa UIDn).lqUtnUJW '?Jlli)lp utlwqwqnLJU 
tfwljw}lllwqp l(pw, DJli! hwtfunqU,fltlwutuwumtf t 2PWZWUl h lipwzmp 
mwpputipp '?Jllip.J:t tfwqwpqwl{ulip.p mwp.J!uJlD.tJ.aJWUl}, 3) lJlPtl h tizmwllwu 
hwqligtfwu qnmp, D]l{! qmul{mtf t uljwqWqillJU tfwl{W[UlW\IP h '?Jlunftlpd 
ztipmp lfP'?U: . . . . . 

Qpwtfwmwqwpwrnfwu .•hwtfwp Ull{Wmwqwhwptfwp · t: octmtlbt 
tizmwqwu hwqtigtfwu qnmm '?Jltippg: ttiUpllp.p u zpuntJ.aJmuutip.p hptfptiJlp 
qwnmgmtf'[} uqull[mg wnw2 wuhpwdtizm t ptfwbwt 2PP tfwqw}lllw~p 
wnmljli[mqntJU J!wp6pwgmtf I!: 

UbntinmwJbu wunuzmti 2n1Ipn mwpptlp.ljnnf tlu qpmutnwJp'U 2Pll
pjlg, npnup qm&qmtf .l:iU llpqm 2J1illtllipct zupmtlp.}l illl2: U.ju '?JlUJlh uumgm
tl{! hpwqwuwgljmtf t upWJU '?Jlunnuip WU{Wp.Ulipp bytl(pp tfwlltiphmJJ.a 
rpnpu uqwa titptipn4: UUtfwu tlWJpllpnttf WUW'?WUDltl nu unljnpwqwu, 
qpmfl\11WJPU '?Jlllp, WJUmhumh upwup zuipchltitntl bWJUlUljniU till 2J1WtlliJld 
wnwumwflll mwq h tlUP nu waljmtf tf)l'?ztiJlmWJp'U ~w.li:pp : UlintlpmwJpU 
wuCl'Uzmu 2J1UJ1{! iUU [gumtf DJ12 2J1UnnWfl zhp.l:nu, npp zunphlltl tt U[lWUp 
wuouzmti tlu: . 
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lfh9?ti'nmwJhu tiumufUwJhu 2nlinhu lippliuu wut.(wunnf uu urulJ 
wpmliqJWU 2[10[1 .'bpWUU~WJ~ .li[llnlllW qwt.(wn~ wumu~g, npmliq llllllll2~\l 
wuqwtf pwgtlhl uu 2[1hnp~ lfP.2ngnt.( L 2PliPD ~upuwhnu qntttu uu lil{lit 
b[lqp~ tfwqliptlu (til[. 57): 

w 

II 

1Jqwp57. UntLflWOu (I) u tlnGntnpCiwLWJpCi (II) Wll.JWJ1Cil:lptl ml:lrtwflruwup 
WQUlbCtJwCi wtlwqwGp l.jtnfltlWO.Q . w) u!illwu llw[lq, p) ti!izllwli 
llw[lq. q) pbn!iwpwlflllw!i llw[lq, h, t. h2' tiuzntll, M) W[IUll:iqJwli zh[1U1fl 
hqn[1nLp)ntU[1, 1) !1J1WU1W[I WL4WJllihp, 2) 2[1Wllh[1d Wl4WJllib(l, 
3) L4JbqnllbU1[1flljllwljw[lflWII 

lfp2zllpmmJpU tiUznttfmJpu 2Ptl{t~ llinlll2Wgtfwu hwtfwp wuhpm
dllzm t 
w) tipqm 2PWtftipct zllpmllp~ tfP.2lt 2PWUltup zllflm~ wnqmJmtaJnt'U, 
p) qrnt.(wpwou qwtf ~mtqmc:\u (qli[ltf. tfm[lJ.li · mwzmwq pum~g) tfP.wpbp 

qwtf tfnunl{llt'Umt (hntu. tfnfmu' tfliq, l[lftfm' f<lllpmtf titf) WU{lllputip~ mli
qwqpnttf, 

q) £punnwp hnppqnu'Uli!lP umqmJnt[dJntu illicr mwpwcrpull!lp t.I!lw, mllllur
J~'U qptiUwdwJpu mqqtlgntf<lJWu ntnptnutlp~g qntpu (qllm, 6n!lm4: lt wn 
lt2tJtuapullp): 

lflt2ztlptnwjp'U 2[11Ipp uutfwu tfwpq t hwil11~uwumtf 211wmwp 
unqwpuhp}l. b[lqp}l. tfwqllptl$ tlpmJp uwupn, npnup hlnqwnftim[lpq pwt.(m
qmu~u pwpapwq~p nht~ll:pp mllt]mtfmuhp uu: Qmpu mum}l.nwumpwp 
l9t.(litnlf 2pwmwp zlipmp tfti2 f<lllpntpJmtfp zwpdt.(mtf t l1 tgilmtf zllptn{! 
lltlnp puptitnlJ hJulpnumwmpq nuzmtf: 

<;pqpnumwmpq tiUztfwu tflib-ntpJUtUf! mq}tq qm}ut.(mb'nt[dJWU tfll2 t 
uutfwu tiwpq}lg: flppwu pwpop t uutfwil tfwpq~. mJ'Upwu nuzmtf~ tflla t: 
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UJuiDlifl, npmlifl 2pwmwp zlipmn qntpu t qwwu tfwqtlpLmJp, ntlllttl:t>~ gwet
Plll!lPP tfwulipmtf, ouzmtfmJp'U 2PUP£! qpuuwdp liu trupwpqt.(nnf qwtf 
plinulll}dunpt.(mtf liu (UIIlJ!Jmpulipp mttupnt.(): Uutfwu lt ):!linUUIJdunptfwil 
tfwpqlip~ ~2L nul{wet tfwqliplmtJJ.al! wut.(wut.(mtf t nuztfwu tfwpq: b{ah 
~mpt.(wb-pp t.(pw millul qb-nt.( tfP.wgullUp uutfwu lt plinillll}du:nlttfmu tfwpqlip~ 
211~ tfwl{lUJlllwl{ulipn, 1lillllli q~b-n gmJg l[mw pti ~u~ tfmlJ:Uiflllwqp t.(pw 
~pwpopwuw 2ntPD qmpt.(wb 2pbnp~ qwtf hnpwmwugp~ tfn2: U.Jq tfmqwp
IJ.wltn wut.(wut.(mtf t uuuqntflimp~q tfmqwpqmq (hntu. u:uuqn' tiUzmtf lfu) L 
~ntJg t mwwu ouztfmu ti1Ib-ntpJntilD' tflimptlpnt.(: 

Upmliqjmu mt.(mqwilutlp ttu wut.[wilmtf junznp tipqpwpwuwqwu 
umpntl{mmpwilllp£!, npnup qpwqllgumtf llu qqwtp tfwqlipliuulip u D'Uqqp
~mtf liu 2f11UU1rup tiUzmtlUmJpil up. pwil~ hnp~qnuulip: Dtt~uurq' lfnuqnt.(
JJ.Iu wpmliq_Jwu wt.(wqwul! qunqt.(wb t pwpwo}uwJ~U U{liplmq.~ qpwpwpli
P~ hlim lt mil~ lipllp tiUzmtfilwJ~il 2pwmwp hnp~qnu: lflip hwilpunqli
DmtpJw'U hwtfwp rnnmt.(lit qwplmp t U.pwpwmJwu wpmliqjwu wt.(wqwuu: 

Ungmtnutln: Umnpqtim'UJw 2PUP£! qm.pu liu qwlltu b[lqp~ tfwqtiptiu 
cn11wqutlpnttf, qtlmwhn~mutlpmtf u nlit~n:p~ WJl gwapwqp[l tfwpqtlpmtf 
UifJPJnt[liltlpp mllupm{: UJu mqpJntpulipu,npnup uul}nttf llU qpmumwJpu u 
tlft2zlipmwJ~U wunuzmtf 2plip~g wut.(wumtf liU grub ~2Uilll (t.(wp[!upwg) 
UIJU~Upu b[lqp~ tfwqtipl:i:u tru qmpu qwt~U tlhph~g ul:i:pplt: UJU llliU{pnttf, 
tpp tmil21IPTI UfUIUlt.(wb l:i:u wil2PUIJdnniiwug qwtf ramJl glltfliumwgt.(U!b 
unqwpul:i:pnt.( 2P~ qntpu qwm plUJlll m q<tt.(wp t u 2P~ tfnmpqmpJmun 
qqwgt.(mtf t tfPwJu 1wu2~ }u~um junuwt.(wgtfwup: lJ.ru!Jmpullpp 2PP bw}u
t:f! (qtlp~m) qwjut.(mb t unqwpul:Ip~ 2PUIJdunllmugpqmpJwu wumpowu~g u 
r:1wmwul}mtf t 0,5-10 tltfpl[ uwhtfwuulipmtf: Qqwzp tflib- b-wjuu muliu 
~lllpUUlWJ~U pwpwuc:\wl}utip~ Wf)pjntp'Utip!!, U}lflUg~g upplitf'U uqpqp liU 
nmumtf qlimlip: 

U.JU Wqpjntp'Ulip[!, npnup u'Ut.(mtf nu 6uzmtfwJpU 2[1Uppg mut.[wu
L:nttf liu t.(lipnupwg, pwpc:\pwgnq UIIlJ!Jmputip: Upwup hwowtu hw'Uqtiu liU 
c.w1~u nuzmum1~u hnppqnuutipp o2wJu'Utip~ plinuUIJdunptfwu t.(wJplipmtf u 
ntiqwqpt.(wo llu mllqmnuwqmu pllqt.(wcrputipp qnuwullpnttf: 1- mwpptipnt
pjntU t.(rup[!U[c}Wg UI11J!jntpullf1p t.(tlpi)U[dWg WI1JlJUtf1Ulipp nlidptf[! hmillitfw
L1Wpwp l{wJmu t : hmznp mtil{mnuwqmu !!tii.rlfwbp'UIIpp lipqwJupnt.( hw
C:w}u b(lqp~ tfwquptiu tiu I}lll[lU qWtPU Ulllip UlqpjntpUU[l!]: 

Umn[lqhmuJm 2PUPD, wqpJmpulipn qmpun(lmqntJU oqmml{mp hw
~ twb'nutip liU lt oqmwqnpbt.(mtf nu pntn[l tlpqpulipnttf: 

UtnnnqlnnfiJw smbnh Qhtlhw4wu ~wgtln 

b[lqpmqliqumtf qtnut.(nq umnpqllmuJW 2PUPJ:! w'U!!fulhunn tlmJumq
~-ugmpJm'U tfli2 llu qmut.(mtf ulip¢.w1t1111 UIU(UIIlillipp hum, np~ zunphltt.( tl 
tmjut.(mtf t upwug p~upwqwu qwqtfn: UmnpqtimuJtu 2ptipp pptfP.wqwu 
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qwqut! l{wllll!tua t uwu 'Upwug owqnufpg L 2Puntmtuwuw\:juwu urum]low
upg: qwtul{wb tntalfwo UJnt.[O]l pwuwq]lg urnnpqtltn'U]tu 2PUPt! mwp~tip-
4ntU till. htuUWpJW ranpwa 2PP9 t[llu21J WflW2ntp: Utll]U)luq qtln bp.l{p]l 
tfwl{tiptiu 2hwuwo tfra'Untnptnwjp'U mtlqmtf'Ull[l{! hwpumw&nnf tiU mwp~llp 
wqtipmj": Oppuwl( l[llL}l ZP2WUntU 1 ftli2 mwpwop}l l{pw mwptiqwu fcHmp- · 
4mtf.t wlflillt pwu 2,5 UJ wq: 

. lmo4wa UJmratipp wtf~nrt2 U{tupmuwl{mraJntUt! {!Uqmu4wo t w'U-
4wutit {!'ilqhwuntp uputiptutwgmtf, npu wpmwhwJm4mtf t un4npw~wp 

· lfq/{ l{wu q/f : 
~wqwu 2PP :t>ltq]ll{wl{wu hwmqmraJmuullpD npnzlJmtf llu 2liptfwu

m]16w'Un4, qnt]'Un4, raw¢.wugpqnt.[OJWU~, hwtfn4, hnmml: 
UmnpqtimuJw 2ptipmtf wumlflit I{wpLnp pnuutip tiu hwuqpuwumtf 

Cl', SO,", HC03', C03", Na', K', Ca", Mg": Upwug U{wpmuwl{mraJm'Ut! 
wpmwhtuJm4nnf t lfq/f, lfq/lfr L hwtfwpcttipp Ullll{nuu!Ipml: 

UJu tf}JwgmraJmuullp}l L mwppllp}l U{wpmuwqmraJmuutipmi t ll{lUJ
tfwuwtinpl{wa 2PP h}ltfUwqwu hwmqw'U}lzulipt!' mtlJmtlunraJmUI), qnz
mnt.[OJntUD. wiJlmt.[OjntU{!: 

l!nzUlllt[dJWu tfliq wumpt'iwut! hwtflUU{wmwutuwumtf t l q 2rmttf 
10 lfq CaO l{wtf 7,2 tfq MgO ll{Uipnt'UwqmraJtu'Un: 

Umnpqtim&Jru 2P.hp}l l{wqtf}J qwp!Jnp ~unpnz}lm pH 2PtuaflmJpU 
pnuuliJip l{nugtlumpwg}lwu t (2pwa'UmJ]l'U pnuutl(l]l' pw'Uwlm illiq tJ:nnp]l 
2pnttf hwtfwpcttipn4 wpmwhwJm4wo qnugliumpwg}lmJ}l tnqwpp[atli.J, 
lfliJlgpwo hwqwmul{ uzw'Unl{): Qtlqnp 2PP hmtftu!l pH=7-}1 raram 2!ltutm
bntJ[dphwtfwp' <7-}lg, puq h}ltfUwJp'Up hwtfwp' >7-}lg: 

Umnpqtim&Jm 2PliPlt qtuuwqwpqnttfD uum }lpliug pptf}Jwqwu qwq
up wnm4lltwU{tiu qwmwp4mtf t 2pntti qtipwl{znnq wupnuutipn4 L qwm}l
nuutipnlJ: Unwuauwgl{mtf tiu wnmtJllt mwpwo4wo qwpqllpu . 
l) hjlq.pnqwp~uwmtuJ}lU 2Plip (HC03 '> 25% hwuwpcttip), 
2) umt:flwmwJ}lU 2J1llp (S04">25%hwtfwpcttlp), 
3) ptnpJnl.tuJpU 2ptip (Cl'> 25% hwtfwp.cttip), 
4) ~WM qwqup 2PUJ1' Ptnpful.wJft'U-hJulpnl:fwp~nuwmruJftu, umt:J>wmw

hpqpnqwp~nuunnmJpU, ptnp}lmw-umt~tummJ}lu L w4lll}l ~WM qwq
tfmraJwtf~ 2J11lp: 

Cum l:fwm!lnuullp]l hwpruJ!tlpwqgmraJw'U upwup qwpnq uu tll'Ullt 
uwmpftnttfmJ]lU, l{tutg}lnttfwJpU, tfwqullqlmttftuJllU qwtf tl tuwnu· I{tutglt
mtf-tfwqutiq}untftuJ]lU, uwmplmttf-lJ:wtglmttftuj]lU L WJtU: 

fipnz wpmucuwu ru4wqwuullpmtf uqwmt!mtf t tmtl wptnwhwjtn
tlmo mqqwhmjtug qnUUIJWl{tu'Unt]aJntU: tl_llp.pu 2P.WU1tup hnppqnuullpnttf 
mwpwotjwo till hpqpnljwppnuwmmJ]lU 2PliPD. wt{tlt]l gmb'p' tuwOD. WJUnt
hllmL umt:J>lUUltuJpu, ]luq wt{lltlt gwo pwpd(l U]Iuhpwfwg4wa Ptnp.]lqwJlt'U 
2PUP{!: 
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~wuptujp'U 2Ph!l£! l{wpnq tlu t}lullt mwp~ll!l upullpwtwgtfwu, 
Utul{WJU WJl umnpqlitnlljtu 2PUPP9 mwp~upl{mtf uti tfJt ZUI[lp wnwuduw
hlUUll{nt(djnttiutlpnl{ lt qttuml{n[ltuU{tlu ~tctwqwu hwmqmpJmuullpntl: 
Unw'UduwhwmlJmraJmuullpu npnz4mtf llu 2liptfwum}16wun4, ppupwqwu 
mwpplip]l U{tupntuwLtmraJm'Uulipnl{ uhpwnJtul nmqJ:mwlJtn}lt.! mwppllpD, op
qwuwljwu tfjlwgmraJm'Uutlpn4, mwppll(l qwqlipntl, npnup ~mctp~ hwmqnt
JaJnt'U'Uti[l mutiU tfwprpn opqwupqup hwtfwp: 

Cum 2liptfwumbt'iwup hwupwJltu 211liPD pwdwul{mtf tl&' 1) uumtf 
20°Cpg gwbp 2liptfwum}16wuuUpnl{, 2) qnt' 20-37°C, 3) mwp' 37-42°C: 
4) zwm mwp' 42°Cpg pwpap: 

Unwt!Ut mwpwb'4mo liu hwupwJp'U 2ptlp):l hhmhJwt mlluwq'Ull!lD . · 
l) wotutUJara4mJlt'U. 2PUJ1 (ujlum qwqwgl{w<t wotuwrara4nl{ ({Wutn4nquqp, 

{rurntmiJt t{wplt) ll WJl 2PU[l, 
2) oOtf~tu2PWOUtuJ]lU qwtf umt:J>J:ul.ruJ}lu 2(111p (UwgtJ:umw, Swtq}l, Ullp-

qpLJWU) 1.! WJLU, 
3) fi-UUlJ:mwlJtnlttl 2plip, npnup U{W[lllt'Uwl{nnf llU ntul}.}lnttf}l ownwqmJroUtl[l 

L wul{w'Utlnttf tlU DWI}.DUWJ]lU (5tuUIJ.tnntJ!ll, ~lltnlJnt[llttuw) !J WJtU: 

4wnumwJ~(j uu1ngbu(jbn 

UU{wputipp Pll•fltwl{wu hnquwhwptfwu qtfuml{np qn(lc)nuuh:p}lg 
tftllm 2mpu t: .Qp]l qn(lant'UtimraJwtfp llU UIWJtfw'Umtlnptlwa l{wpumruJPU 
WJU t tmOtlnq, ollqpw4np WU{tuputipp tmotfwu qunf wtl:fmtmgtfw'U tqpn
gliuullPI! u upwug htim l{wU{tltub' bplJp]l tfwqllpLntJJaP tllltu ntitll~lt jntptu
htutnntl{ o!Jlipll, tunppmtf qwmwpl{nt[dJntu'UU:pp, pW(lwuaw4UIIpp, qwU{-
mill:tul:ipp WUlU2lllgnttf{!: . . 

qwpum ~Wnt:! wntu£mglil t ~wpwutwl{lltujp Spphum ~uwqwtlmJPP 
tfnm l{pwpwpwJpU uwpwhwpra}l wumuj:lg, npmllq utfwuop}luwq lipli-
4ntJra'UlipD umwt.lht qwpqwgwo till: . 

hllzm tmol{nq rntqtupuliphg tiU wnllnu, qpll{Ut!, qpwpwpD, I}OtntfPmt!, 
tfwuwtfp illipqllm: qw}ul{mo tmal{nq UJmra}l qwqtfPg wnwuaumg4mtf llu 
wqmJpU, q]:Ill{UWJ}l'U, qwppnumtntuJpU l{wtf qpwpwpWJPU l{wputntlp: ~U[l{! 
hw'Uqpuwuwtntl puwqtu'U pWPI}. tmc)ntj[d ullpraunltrnuglltntj WU{tup'Uttpp 
t'ihqpllpp illi£ tmc)nttf t unqwpulip{! !J WU{!UqhlUUl n'Wlwpdwqlitmi otlqpllp[! 
lfliP2 }1 tjlip2n pl:ipnltf t ljwpummJltU nliiPh:pp auwtjnptftuU{!: 

lJtuqu11LmpwJpu qwpumwJpu aLl:IpD tmotlwo tuU{wpubp]l hwz4}1u 
mwpplip tunpntJOJnt'UutJ:p}l wqnuuli[l, wmlwl{utip, 6llqpllp, wugpllp llu tfj1 
pwu):l uif-ltg tf}Ju2L up tfllm!l tunpn•raJmtfp: U]uUillup tunpnt[aJmuullppu 
mul{wumtf till l[wppllp (Eil[. 58), }luq upwug ttuJU mwpwo4mo qctl{wpwu
gwutit}l l{mJpli(lpU' ftcuppwJftft IJUIZUJUfT. Q.llztpl:ipp hlUUltfmu mtiqlipnttf 
wnw2wumtf till tunPI! 2phnf1wutfwu LJwu oliqpuruuwu l!Llip: Upw'Ug tfli2 
hnunq tfwqtipLntJIOWJ):l'U 2Pllflr! q\innf 1lli quUJp tunppllp{!: llJqU[pu]:l 2PW-
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lnwup~ otlqptlp.pu wuywunnf till U{lJfinpfilip (fil[. 59): UnwtJUt mwp.w~yw~ 
l{wpumwJpu 6lillp.rf l[wpumwJ}lfi owqwpfilipfi tlu, npnup mwp.w~tJw~ tlu 
fl.p.punnf, qntll{urumu, fltp.wtml.f, U}lpppntu u mJtmp.: Up.wug mp.wuwqp
~1! mwp.w~ymu t 1-50 tf, hwqywqtlu( 100 tf, tunpnt[<)JWU{!, 15-20 tf 
llp.plluu wtJUtp uwhuwuutlpntu: l.pup.uiDWJPU 6wqwp.ullp.p hwmwl{mu 
llp.pliuu qpmtJmu llu 2PwlJ:twup~ UJnunpullp h &wqwp.p uu2 tm~w~ 2PliPu 
UJUUnputlJliltJ qumu tiU tunp.ptlpf!: b[<}ll l{wp.umruJpU 6wqwp.utlp.u mullu 
q~WJpU mwpur~mu, WUJW wnw2wgunnf till l{wpUIDWJpU tpnqlmu 6np.wl{
uup: 

bftwp 58. 4wpp.bp bftwp 59. 4wp.p.b(ll! L.1..4nunp.ul::ip.1J 
~WIIll'lll-'lWflnlll ('lp.tul) 
(fi~WJl ~ . u. UUl[lnl)lltl,p) 

Uifli'ij~tu~znp l{WpUIDWJpU 6hlip.I) qwpUUlllljflfi . qnqwt{npnlfiJJIJLfi
fihpfJ h 1Jl1J2U1hpfi tnl: '1.-p.wup t]Uqwp6rul{ UJWpt}lrul{yw~ P2tJw~pUUp UU pp~ 
ratl zwm hwp[<} hwmwl{utlpny, l{mpntl{ tWU2lipntJ, mliiUUJWlJ: Untjupul{ 
hwpjntpwynpuump pwp.6nt[<}JWUp: ~UipUIUlWYPWJntU hWJIDUp l}lynuJWU . . ' 2 . . . 
qwzml! , mup 379 qu . uwl{tlptlu: Unwu6uwgynnf till uwh l{wpumwjpU 
2phnputlp.D, hwupwhnptlpu h wuqmuqutlpf1 npnup wnw2wumu llu otiqpli
pp tmJuwguwu hwztl}lu, huruunnf tiU up pwUp hwpJmp Ullmp tunpntraJwu 
h huwpwynp ~. np upwgw~ t}luuu umnpqllm'UJW pwpwU6wyutlp}lu: 

{]:wp,u,mwJpu UJPDgtluullpf! Uti~ wqqtlgmraJmU mullu tfwl{tlpwnraw
Jpu hnupll \hlw: twm, tJuiJptlpntu qumllpn l{wu upwug lmupll up uuruu 
l{np~nnf t l{u,rpumwJpU pwpwu6wt[Utlpp uu2, htlmn l{wpnq t up WJl qwJ
pnnf qmp.u qwt tfwl{tlphntj[<}: UJUUJpum[ l{wpumwJpU pwpq 6hlip.p wnw-
2Wgmun UJWJtfwuwt{npt{w~ t tfwl{llphnt[<}WJPU h u~pqtlmuJw 2ptlpp hw
tfwmtlq tm~uwU h ttfwgtfwu qnp~urauigullpnt{: 

. flpnz tfwl{tlp.hm.[<HllJpU l{wp.UUlWJpU 6htlp WOW2WUntU llu unt.Jm .. 
q}lwJft (twm. unt.J>.Pnqjm' mwlJ:n pwuqlit, t}lnplit), npp mwl{ hurul{wgymu t 
tflituwu}ll{wl{wu rpnpu plipntu l{wtf umnpq1ImuJw 2pllpnt{ ttfwgmu (pwJ
pmJtJw~ WUJWpullpp tfwup m U,rupp tfuruupl{ullpp qmpu ptipnttf): ~wowiu 
l{wp.umwgynq WUJWp.ullpu ~w~l{t{w~ tiU wywqwl{mtJwJ}lu uumyw~puli-
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pntJ, pul{ l{wpumwguwu utpngtluutlpl} D'ilpwumu tiU tunppmu: l.fwl{liptlupg 
ulip~~nq 2PliP!! wywqwlJ:wtJwJpu uumtJtu~ulippg qmpu tlu plipntu umpp 
h uwuppl{ Ujnt[<}liP.l! nt tlpl{wp.wmu um:pnqpwjp Wprl)ntUpntU t}ltup.ligl[wa 
wnurumwqn l{wtf tlltl[mu t l{wu uumntu wnw2wgulltnl[ l{wp.umurum:Pnqp-. . 

nu 6wqwputlp.: . 
Umnpqllm'UJW l{wp.UIDWJPU 6htlpf! wprumup llU l{wpumwJpU tl.pti

l{ntJ[<}Utlplt h bpl{p}i ~ uwl{tiphmJldl19 gw~ umw2wgumu nu l{wpumwJpu 
pwp.wu6url[ullp m mwpwp'UmJra tupwtfntil}lutlp: UJu &htlpn wnw2wumtf tiU 
tunznp ollqpllpp llplJ:wJupnl[, npnugnl[ zrupchlmtf tiU umnpqllmuJW 2PU{lf!: 
Qp.llpp zwp<hfwu uuc) wp.wqnt[<}Jmuullpp qtlUJpmu pwp.wu6wt[Ullpp tWJ
uwguwu l[pw uzwuwl{wtlig qllp t tuwqmu nqnqmtf{! h l{wtfwp.ullpp tPllll
qmuu, npnug WP£)Jnt'Upmu UinW2WUnttf liu tunznp pwp.Wjp.Uup: 

UJuutpunl[ l{wpumu uwl{llp.LntJ[<)lliU h tunppmu upuruuwl{wu t}lntu
lJ:wutwlJ:gl[wb pwpq utpngllu t : Anquwralll[ pwpuru&wl[ulipnttf l{wu umnp
qlim'UJW t61lp, tf}t pwUpunl[ hnumtf till umnpqllmuJw qtimllJl: Vp.wugmu 
mwp.w~l[w~ llu Jntpwhwmntl{ :pwmuw m :Ptnpw, pul{ mtlq-mllq hwJmU'w
pllptJUt tiU huwqwpjwU uwp.qnt puiul{nt[<}jwU htlmpllp: up zuqtp pwpwu-
6wyullpnnf hwJmuwpllpl[littiU uwngll pwp.wJpullp, lfJmuullpnttf upullpwt
ulipp tfwl{whnutfwu 6htlp: . 

Rwpwu6wt[Ullpp ni.untuuuruppuwup qpwql[nq qpmnt[<}JntUD wul[w-
1mtu uu UUJUtlin{nqpw h l{WJ1UU1Wqpmnt[<}jntu: ... · 

Umnpqtlm'UJW 2PliPU ~~ uptnJU pWJpUIJntU llu WUJWp.ulipu h mllqw
t}lntunttf tm~w~ UJnt[<}UP.fl WJl uwh l{wmrupntu llU umllq~wqnp~ wztuw
mwup: Qp.tlp.p hum tJ.u lJ:WUJl[W~ pWqUW[<}pl[ UWlj:WhnUUWU WDW2Wgntl.f
utlp: qlilp.pnuwmwJ]1u WUJWp.utlpnl[ zwpctl[nq 2ntP.l! unl[npwpwp PP UU2 
UJWpntuwl{mu t zwm tm~l[w~ w~tuwraram qwq (COz): lm~tltnl[ l{pwpw
ptlpf! WJU hwqliwutf t w~tuwraral[wJpu lJ:wtglmtunl[ ppl{wp.pnuwmp mtiu
pnl[ [Ca(HC03) 2] : bpp WJilUJPUP 2ntPI! ~pwugmu t pwpwu&wyp umuru
mwrtl1g h UJWUlUppg, WJUU1Uq t ranqumtf w~tuwrarotfll up tfuruu, np.pg h 
tuwtuml[nnf t .hwl[uruwpwl{znntraJmun' ppqwppnuwmn qtlpw~mu t l{wt
glmtup qwp.pnUWUlp, UJl{! UUIUWUJ! UUmntlJ" t UUtnl[w~p 6hnl[' WOW2Wg
UUtnl[ tfwl{whnutfwu mwp.ptlp. .;&htip, tlpptluu tt wp.murunl[nJl 6hup: 
Rwp.wu6wqp wnuruinwtW.g l{wtut[w~ 2PP IJ:wraptlig q.ti.UJp gw~ womtf t . 
qw1gpmp tfwl{wlmutfwu wntu2wgmu, np.pu wut{wumtf llu umwtwl{mpm
ullp.: 1.{_lip2pUUUpU mutlu mwp.WpUntj[<} qtlqugpl{' qW}tWqntp.ru6h l{WU 
ump.p tunqwl[wl{ullpp, uumgwtnttwullpp, ctwulil{wqwpq6hllp (fil[. 60): 

upwctwuwuwl{ pwp.wu&wl[utlp.}l hUIU1wl{pu rawt}ll[nq 2PP IJ:wralit
utlp.pg WU2WU1l[mu bu lJ:wtglmtup l{wp.pnuUIU1p uuwgnp.qu~p.D, np.p Uipq
JlltUpntU ullp.phpg UntJUUillU womu llU uwl{mhnuuwu Ujnt'Uw6u junqnl[w
l{w6h, qnuw6u h WJt &hllpp wnw2wgmuubp., npnug wul[wunnf tlu umw-
1wqupmulip.: bpplluu umwtwlJ:mpmulipu u umwtwqupmullp.u upwgl[mu llu 
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b/iwp 60. Umwtml!mtunGbnCi m umwLwqllpmGbno Uwgnfuw 
~WflUJCi6wlj_nu:i (:]btupw) 

uulm UJDLUp hum wnW2Wgftti(nt{ tfPW<aJWt UJDLUup: UJilllll1UP tfwqwhnu
UwU dLI:ipnnf hwflq}luputf till !Ipqlll)a]l hful.pnopululftlip (tpt.fn&pm, cunraltm), 
oll{Ult, qpUJU h WJl tf}l&tipwtftup: E2mpwuomt{t.llp}l hurmwqpu, uzmmtip}lu, 
wnwummqubpj1u wnw2mgw<) JmpwhwumLlt ouhp}lg ~mg}l, pmpwuawt{-
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Uupnu.f ZP~UIU{UllllJUl l{UWlWpru] ~plip]J ppliug hum fllllflU !Iu pupnnf qwppn
UWUlWjpU tfltwgmraJmflutip h f.!umllgftlltml UI!2UI2WqumU: hqnp qmmwl}nnf
uup, npnug wul{wf.!nnf till l[purpwpWJftfl cnm:plip: Uw~WJU pwqtfwraptf 
umnpqumf.!Jw pliptfw1 2pup, npnup [JWU{lfrna llli upqpwl{tirthll w4Uilt tunp[! 
hnp)lqnuulipp hlim qmpu till plipnttf tflicr pwuwqmpJUIUJ! 2flWJpU upl!lgw
hnq, npu tt uumlilntf tfwqtiplmtJr<mnf titplipp tfnm umw2wgunnf tfu ufttftgcu-
Jfift cnnc,fllip: '1-m hrumqunql:iu pUD]l112 t quJqlipf.!llppu: · · · · 

qwpummJpU owqwpf.!li[lp illi2 l{pwpW[1tlpj1 tfwl{llplmtJppu· mllq
mllq uqlllUll{nttf t qrn{lU[lUiqntjb qwlfrnJpft Wfllli2Wgnuffi!I[lb qrutnu14niu
'Ulip, npn'Up hwpnmm till IIplpnJap u wunnfltup opulul~llp}:l htulPurinuli{intf: 
UjU uumt{wap'Uli[lpU UIU~wUmtf uu Slippw-Pnuw (tjwptfJt[l hnq): i).pwup 
nmcrt{wa qwp!!n'UUIUlrnJpU wtqwpullpp amat}wa uJmrallp tru: Rwpwuowlf
f.!llp}l hwtnwqmtf llpplitfu uumnnf tiu qtlmmJ}lf.! uumlfwapflli[l, npnf.!p h}12lig
umtf llu tfwqtiplmtj}an~ bnunq q!Imtl(lj1 uumt}wapf.!llp}:lu: 

Clt'Uw[lwpmqwu L. WJl J:uf.!qppullpp lnt<)tfwf.! dwulliUwq wuhpw
dll2m t mhqwf.!pp tfwf.!pwl{pqpm hlimwqnumtraJmuuh[l /lb2UJllu tfwlttipli
lfmJ}OWJpb, WJutqiJu tt umnpqtimuJW {fwpumwwnw2wgmtfUtl[1p hmJmuw
ptirufwu hwtfwp: '\,mJmup tiu ztillpllpp, li[lquqaqatlpj1 tqtnUmumuhp}l pmq
UWf3pt{ hwuqlll(l<)wqp tbtmqnnfullp: ",J:ulpnmliJ:uujlqwqwu 2/luwpuq:uura
JWU uw}uwqatfwu ctwtfwuwq qwpump hrnt4Jl 2Wl2Ulll[l \twpnrt t: pllplll 
lunznp tfiawpuliilP u 2(1Wtfpwpbg 2PP hnupp: 

l[wpumu qwplmp uzwuwqmraJmU mup oqmwqwp hwuwanullplt 
hwupwt{Wjptipp uzwqtflliU, zamuli[Ullpp qwnmgtfwu hwtfwp uqwmp mull
&rntntJ WUfUIIltlllp]l ollqpwlfnplfwamzaJm&uiip[! L upwUilnf 61II]pmlfwpu
mmJpu 2Pilpp tfti<) hnupllpp huwpwt{np utl(lrallll}lwugtfwu hllmuwupt.tip[!: 
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qLnLfu VI 

UU4bPb~n~~USPu ~nun~ ~PbPp 
bP4PUPUuU4Uu qnr~n~ubn~~an~u~ 

bp.qp)l tfwqtipumJra]l tfwqll:pllu]l 4PwJn4 hnunq J!ntnp. ~;!pllp[! 41I
pwqp.tfmtf l:iu tfwl(Dp.tiuwJ]lu hnuilll 2£1ll:p)lu: '1pw'Ug .ratf)lu tiu UJUIUll{wumtf 
U]_aUntnpiDWJPU ml:iqnnfutip)lg, auwhwtngp)lg WDW£Wgwlt qmpp)lq £[1Wj)l'U 
z)lraUp{! u hqnp qumwj)lu hwtfwqwpqup)l hnupup{!: lfwqupUnl[<}Wj)l'U hnunq 
2£1l:ip)l llplutwpwuwqwu wztuunnwupn pwqqwgwlt t nqnqnu.fpg, nqnqw
mwpntupg qwtf nqnqwtfwzmupg, nqnqtfwa UJmrap mliqwtlmlumupg qwtf 
nqniJIDWpntupg, UUtnUgmupg qwtf WqnttfntUWgpWjpg' WlqillpUtlpp pWJ
pWJtfWa u1mra.P muiJunnwpnttfPg: 

fi.ht)ll:L1>)1 auwtfnptfwu 4Pw tftla 'UzwuwqntraJmu !lt'U)l ql:imllpp 
upqpwpwuwqwu wztuunnwupf!, np)lu lipJ!l:iUU wutfwumtf llu 2P.WJp'U ql:i
umqwg)lw: Cum U. Ill. lpu]lg)lup mtl.Jwt'Ullpp Jmpwpwu~mp mwpp wz
tuwphi1 qtimllpp qw11b"p hnup[! qwqtfmtf t 18,53 UUUl. m u w4ULP pwu 3,2 
tflllil. m tmGtlwa 'UJmratill: 

UwlJbnL.nL9W!h(j hnuph L. dwllwfiwlJwllnn 
hndiwhnupbnh qnn6m(jbmpmtlin 

lJwqlipLntrawJ]lu hnup[! qn11ltmtf t wpwq u qwp6wdwuqlim 
WUapup wlfwptnpg qwtf auhwt)lg hllmn: .Pwpwq ~qp:pupuuglfwa £[1WhnU
plJ:p~ zwpdtllltntf tfwqupUntJran4 muwq ll:u OWUWU{Wph]lu hwlll],)lll{wa 
¢.lupntu, wnw4UtWU{llu tPnPllW~w$ UJntraUllD mllqwtlmlulit tm'U~;!Ilpntf qli
UIP gwa: 

lw'U~;!p h)ltfp)l tfnm rati
pnt]_ajntuulillD qmppwumtf liu, 
n11P. z'Unphpt{ tt ttu'U£n4 gwa 
hnunq 211Whnupll11]1 \llllillqnt
raJmuullpJ:! utfwqmtf nu, puq 
pllpt!Ill\ Ujlll[<}UllD WllWqnt]_aJWU 
tPnPllwgtfwu tqunn6mtmtf qm
mwqtfmu: UJqU{pup tfwqllpli
tlmJrawJpu nqnqtfwu tqpliglluu, 
n11u ppwqwuwgtfwa t wuallli
tfwJpu qwtf tt auhwt)l 2£1lipntl 
wutfwutfmu t qliumt!P.wt (twm. 
IJllunm' nqnqnnf), puq aLwtfnp

3 
bqwp61. '1-l::iunut~~ wnw2wgliwu utub

llwG . 1) LWU2~ uljqp0w4w!i 
ilw4brunLJ~[!. 2) tW02~ 4.b!l20w-
4w0 ilw4bf1unLJP(! ilUJ4b[lunLJ· 
pwJ~U ttl.wgtlw!i W[lllJnL!iJ?mil, 
3) 11bumtl.~ 

tfwa uumtfwaputip[! umwghtll'U qliumtfpulip WUntU[! ( f.Jq. 61): 

166 

'1-llumtUnut 'immt{witpullpD mllqlllllplfnnf llu qwnpqnq uumtfwapw
¢.uiupp. muupm{, muli'Uwtntf wnwtllitwqntJU hqnpnt@Jm'U tW'U~;!p hptfpp 
tfnm: '1-uumtfpp hqnpmraJnt'U[! qwpnrJ t hwu'Utit 15-20 L wtlll\11, }1Uq lWJ
umraJnt'U[! ' hwpjntpwtfnp utimpl:ip)l ( uq. 62): 

lWii!lllilfiR)I!U!. Rfll! dmnblinu1 t 
pw!flltwbRil hwtlwuwpW~2RntpJWiil! 

bftwp62 UUjWf1Wpwlf!tj_w6p~ pbpmpjwu qwf1qwgllw(j L. 
WUjWf1W!)Wijltj_w6p~ 2LI:iJ:P~ ~wnmgtj_w6_p~ uf\JI:illwu ((!UUl b. ~- CwGgb(l~) . 

U) LW02~ tlWJfiW4WO qwGqtl.wO'Q, 1-3) WUlWf1Wpwtfl4.wO'QObfl~ u 0[1w0g 4nunw411w0 
hbrpw4w0 lflnqbro 

Qwn)lqnq nqnqtfwu wqqlignt)aJWUp lWU2llpp ralipntraJmuulipu wu
ouqhunn ¢nppwumtf liu L J:!uqmumtf uwhnt'U mptfwqitllll: 

'1-liumtfpwt ztliJ:PD (uumtfwltpw$1Izup.D) upwulin ~liu: lrumtfwapw
cptizp qmqwramtf mliiJWllP.4nttf liU hwutitfunnlUJ!wp qnU{tnwpliqnll' wtjw
qwJpU, puq mllq-mhq 'UmJupuq tfwupwtunwpwpwJpU UJmral:ip[!, puq 
'ttumtfwaplffillllz)l 41IP2nttf' umpp qmzllutfwu L qwtjwJpu tfwuupqullpJ:!: 
lwu2p ratipnt[<}jntuutipp tPnPilwgtfwuD qmqJ:!urawg qmppwumtf liu uwu 
'2£1Whnupp wpwqntJaJmuulip[!, hllmLwJ!wp nqniJt!mtf L 4l:ipwuuml1gtfmu nu 
LU4l:it)l m w4UtP. umpJ! tfwuupqulipJ:!: 

~wprawtjwJpWJpu mwpwapu!Ipnttf qllunn{pp l{wqtfmtf qwp.qwumtf 
ll'U wnwtllltrutqllu wtfwqwlfw4l:ipJ:! L qwtjwtjwqullp[!: Utllltlt qnU{Ulwptiqnp · 
')umtfwapullpJ:! qwtf wtfpnq£ntfpu pwgwl{wjntU llU qwtf tt mutiU wuuzwu 
pwuwqmraJmu: '1-IIumtillwt tqpngllup wnwtjlitwqntJU J!wpuull{WUm U{WJ
l.fw'Uullp muliu tfliqtf mlffillwumwuwjpu 2P.2w'U'Ullp[! lltftipawpLwqwp6w
~ pu, qnmpu!Ipu m ~np uwttwuuw'Ulip[!, npmllq qwpowmL wua!lLWJpu uli
qnuuuppu qwtf tt auhwtp dwtfwuwq tfwqupuupg ttfwgtfmu till hili\UW
hwptfwu ¢.1upntu 'UJmrallflD: 

UUWUJUIU1Wj]l'U qnmpuupnttf a uwtfnptjmtf \lu pwpwralffilltlwapullpJ:! 
(qpwtjpmwgJtnu uumtlwb-pullp' lfnumcfft): 
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lwu2tlppg t\fwliwtml umpp hnf]WJpU UJmraupu, wuapuwJpU u hw
tngpp 2PliPD umlif]bnttf tlu huwpw\fnpnlfCJnlU WJI}. UJmratlppu utlprannpwu
gl:itm tunwpwpp Ul:I2 : Cuq.hwupwuillu, pwpap tllnuwJpU 2P2wuullpnnf mp-
1l!Plr IJ.uunufinut uum\fwapuli:p ~l[w'il, WJt tuwJJ{! mpUjp II:u u auw\fnp\fnttf llu 
mwppli:p qnpbnuuli:pp' awupntfCJWU map, tfwl[tipli:uwJpU t\fwgtfwu, qaw
JPU t\fwgtfwu zunphM: 

bppli:tfU qlium~p tfl:i:2 utuwttfwtfp tfmg\fmtf t uwu mpU[pl[ untp
:Puml[gpnu lpumwl[mtfUlipu, npu wnw\flit punpnz t wU[wpulipp pwqtfwtf
JmuwnwbntfCJWU 2P2WUUII:ppu: 

U~iP:Puml[gpwJp U[pngliup hptfpmtf uul[wa t 2PWhwqligwa qpntu
mp zwm q.wuq.wq zwpdmtfn uwnwa zli:pmp tiJlwJn\f: Qmpu uli:paa\flitn4 
w\flitwgumtf t wl[mp\f zli:pmp qwuq\fwau u l}mppwgumtf uli:pppu zl}mttf Q, 

pul[ 2ntPD funpn utlp{3nnj1wugtlt ~p l[wpnf], pwup np q.puru wpqli:twl[mtf t 
uwnwa zli:pmn: '-l_II:ppu zli:pmp zwpcttfwu zunphp\f umtiqa\fmtf II:u hnutfwu 
aulip, npnup muliU l[liqa q.wpw\fwuq.utlpp mliup: 

<fwtfwuwl[wynn hntliwhnugl:i:nh gnnam
ulim@Jntlin: Upwug tfl:i:2 wnwuauwg\fnttf liU 
hwpraw\fwJpWJpU tnwpuropulipp anpwl[ulipp 
ctwtfwuwl[wtfnp hnupl:ipn u tli:nUwJpU ctwtfwuw
l[w\fnp hnupupn ( &f[. 63): bpl[muu tt n~ tfl:i:_a 
qtlmwJ}lu tfnqlitutip l:iu: UJu hnuptlpnttf l[wplitp t 
mumtfUwu}lpli:t qtlmtlp}l qnpbntuli:mraJmun qlUUj
\fwa pli:l[npwJpU UJmra}l tpnqpwJp, mtlqun{mtu
tfwu u wqmtfmuwgpwJp qwmwptfwu hli:m: 

Qnpwquli:p}l wnw2wgtfwu, qwpqwgtfwu 
hli:mwqnmntraJmuuli:p}l hwpgllpn\f qpwq\fliL II:u 
'-l_. q_. '1-nqm~wuu, U. "1. "lw\ftn\fn, U. U. Unpn
tLD u WJtU: 

U . U . Unpntun wnwuouwgpli:t t O.npwl[
wnw2wgtfwu u l[wJutgtfwu ~npu l}mq: Unw2}lu 
l}mqmtf tWU2P tiJlw wnw2wumtf liu }uwuqwq
uli:p u niJ.niJ.w¢nuli:p (fif[. 64), npnup funpn ~nu, 
lJwpnll tlu thwuullt uwu twu2}1 tlqtipppu: "'ti
mwqwJmtf nqnqunpnunu.f w\flit}l m w\flit}l zwm 

bftwp63. ctwuwGwl.jw
llnn tbnGwJjlG hnu.~jl 

utubuwG (UJLWG!ll[nw) . 
1) 2(lhwll.w!1 wqwqw!i, 

2) hnu11~ WUQnlll.~ . 3) Lbll· 
UWJ~Ci hnu11~ CiwtuwLbnCiw
J~Ii hwppwlj_WJP llfllllU QW· 

LnLg WflW2WQWO W(lLnW· 
pbrnlw!i ~n!i 

II:u hw\fwp\fmtf tfrauntnpmwJpU mli:qmuutlp}l 2p1Ipu, w\flitwguli:tn\f tpn
qpwu, npu pllpnttf t }uWfiiJ.wl[}l' tWU2ntl qli:U[}l4l:i:p u gwa anpwl[p tfllawg
tfwun: bpp mJU huruumtf t tmli2}11Iqp}lu (qliU[p 2ppwctwu) wnw2wumtf t 
qwqwramJpU 2pwuqmtf l[wtf qwpw¢nq: Uuapu}lg hli:mn qwqwramJpu 
qwpun{mqp \fpw umw2wumtf liu 2P\flictuli:p, 2mpu nqnqmtf t qwpun{mllu u 
WJU pwuqtJmtf t: UJUU[pun\f anpwlJu zwpntuwqmtf t wnli:t }lp qwqwran4 
qliU[p 2ppwctwup }unpplipn: 3mpwpwutjntp mwpp anpwl[ulipu tlpqwpnnf 
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II:u hnupp ntqf]nt{CJWtfp IJ.UU[p tJlip: Qnpwl[p WJUU[pup qwpqwgmtfu wu\fwu
\fmtf t r.tiqpliup\f qwtf uwhwu2ni1, II:muurawg tpnqpw: l:pnqpnu utpngli:uu 
r!'1rawumtf t uwu IJ.II:iqp gwa tfpu~L upw II:turugpu hwuup qli:mpu, tnpu, 
ant{}lu u WJtU: 

q.nmp l[wtf nput WJL w\fwqwup tfwl[wJlllwl[u, np}l tfli2 q.mpu t 
qrntJm onpu qn~\fmtf t tpnqpnu pwqpu: 

Qnpwl[p qwpqwgtfwu tlppnJllll}mtm uqutJmtf t WJU U[rnhpg, II:pp WJU 
hrnuumtf t pp tpnq}lnu pwq}lupu: UJu uurawgpmtf tpnq}lnu [unppwJpU 
mztuwmwupu \flipwgumtf t hntu}l pntnp wuhwpramraJmuuli:pu: 

Qnpwq}l II:plJwJuwqwu qmp\fwapn mup qnqwtfnp qnp}l ml:i:up: 
QnppnJllltlmttmtf U[ml[wumtf t tunppmJpU tpnqpwu, nqnpq\fmtf II:u qrnn}l
rcnnp qwqwrauli:pn: bpptltfU tpnq}lnu wztuwmwupu l[wpali:u rau 4Upwl[liU
quruwumtf t, npu wpmwhwJmtJmtf t II:ppmwuwJlll unp O.npwquli:pp wnw-
2rngtfwtfp hu}l tfii2 (&f[. 65): Qnplipfl hwmwlJu qm[lilil t P2li1It tfpu~u 
qpntUtntujpU 2plip}l tfwqwJlllml.ro u UIU{Whn\flit uzmwqwu 2PWhnup,np[! 
pti:pnttf t onpwl[p hlimwqw qwpqwgtfwli[!, npU[II:u n~ tfl:i:a qli:mwhntJ}lm: 

Qnpwquli:pu qwpqwumtf liU tfl:i:a wpwqntraJwup pwu}l, np 2PliPD 
hti:zmnptlu mti11tutnwptfwu nu nurawplJmtf tlttupntu, pmJpruJtfma ilJmrau: 

Qnpwqulipn tfl:i:a \fuwu liu U[rutn6wnmtf qjntqwmuml:iuwqwu uurw
mwqulipn\f oqmwqnpat[nq hnql:i:p}lu ( fil[. 66): ilpUjli:uqp u\fwqli:g\fp onpwq
uti:pp WllW2WgntUQ qwt[ tt UpWUg UjWtnUtunWO t(Uwuu, ppwqwuwgtJmtf 
liu up zwpp llp2ngwnmtfUtlp' ratlttlp}l awntlpp muqmtfuli:pp, pli:mnupg 
2:llmJlllmUulipp U[Wtnpwumnttf O.npwquli:p}l qL}uwtfwumtf u WJtU: 

<fwtf wuwywt.Jnn 1 bnUwJhU hnuptln: Qnptlpp II:pqpwpwuwl[wu qnp
amuli:mraJmUpg PP~ t mwppl:ip\fmtf tltupp}lq anpwqulipn\f zwpcttfnq ctwtfw
uwqw\fnp ttlnUwJpU hnuptlpp qnpbmullnt}CJntUU: Upwug 4Upuwtfwulipu 
prnpap ttlnuwJ}lu zp2wuulipmtf qmu\fmtf nu 2PPwctwuuli:p}lg gwa tllnuw
ttuli2lippu U UupqWJWg\fwa liU nqnqun{mulipit, hl:i:qliiJ.WtnUlipp hwtfwqwp-
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qtip.ntj", tl}lurupu l{wqUlitmi 2pwhwl[wp wl[wqwu: Qpwhwtj"wp wtjwqwupg 
lwU2n4 gw<) 2ntPD hnumtf t Uliq tfjJwuuwlJwu hnt&nt{: crwtfwuw{fwt{np 
tlln&wJ}lu hnupp rnJq mtiqwuwuu wut.{w£!t.{mu t hnupli umm L mll11mtf'Uupp 
m ouhwtll ctwtfwuwq WUJ!Dll2 hllqllllwmD [gt.{mu t 2[1Dt.{, npu Uti<) wpw
qnt[djWU(! [Wll2ntl utwumu t gw<) P!l hum mwulltnt.{ hnlllfwhwpl[wa 
urtfpn112 ftJntJaD: bpp WJil qwuqt{wau qmpu t qw[Jtu uw}uw[llnllwJpll hwp
[dnt}aJntU, hnupp wpwqntJaJntlli! qmppurumtf t, g11tlmlf hnt.{hwpp ohn4 L 
pl.ipt.{w<) UJntraD mtiqwqpt.{mtf t [Wll2UP.P umnp.nmnttf: 

b/twp 65. ~~li ~nrw~~ llb2 wijblfl 
b!'l~UlWUW[lfl Onpw[tfl 
WnW2WQnlll[! 

b/tWf1 66 :;)npw~· QJnL'lWLnu •uu•uuu•u 

utqwUlwljubrml. oq.Ulw
qn[l6Ll.n'l hn11b11~ llb'2 

UJuutliu liu wnw2wum tf wpmwptiptf wu l[nullpu ( fiq. 6?), npnup 
mullu lj:puwzp2WUWOL mtiup: UpllllWJpU tfwpqlip.ntU Di. tfPWJU dwuwfJW
qwt{np WJL uwL uzmwqwu hnupU{l[l P2llU[Dt.{ ttinul:ippg qnp~mu tiu WULU
U{WIDUllpnttf: UIU1Jmupmu WUJ!lll12 pl.il{npwJ]lu UJntJatipu mti11wqp'-Imtf nu 
wpmwpllptfwu l{nutip.p mllupn'-1 L qn~4mtf'1np lJlitmm&llp: Uplllwptiptfwu 
qnuupnui l{mmrul{t{wb" 'UJmJa[1 mwppupuzqtJw<) t L tiqpl.ippg qliutp qruqWJau, 
um[lp UJntldD qnuw[ l[wmugl[wapny lflniuwp.jlut.{nu.f t mt{llw qmquuuhm
mpl{ fJJntJalipnt.{ (wt.{wqutip[1, l[mywywquti!1[1lflnJuwp}lu4mtf uu )u6w-q[m
pwpwJpU UJnt[dny): Upmw-
pliptfwu qnutip]l l:iqpwuwuli
pmtf qmmwl{t.{mu t zwm 
umpp ¢nzliuuwu UJDL[<)l · np[1 
umw2wgunni t Jmpwhwuunlj: 
WU{W}lUiip. ynu: !Jnuu l{WJ111I1 
t lftUli[ uwL UIJ[ awqtfmu: 
UpfulrnJpU l{[pUtuJurl[wu qn
mnni wpmwpllptf w& !{nulip}l 
uumt{tub"pulipu hwtfurp.4mtf uu 

wnwuo}lu quuli:m!llJ mpll{ L h/twp67. dwowuw4wtlnr tbnuwJru 
Wutlmuntlf UU Ui[lDUnttfil hnuj?~ WflUlWpbflllwu l.jnU[! 
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([UlUl. UfJIIlUn' Jt{w\imt( Uti): 'llpnumt{P.[l wut{rnu mwlj U{UU1p t hwuqwuwJ 
wpunuptipuwu ljnuliflp qwqWJautlpp qntqUtwpliljnp UJntJalippg tipu~L umpp 
unuwuuwu tiqpwJp'U uumt.{wapul:ipu: 

Qnp qlltmwutipu mwppll[ll{nttf llU chutfwuwqwt{n[l JllnuwJpli hnupu
pjl wpmwptipuwu qnuuppg, qwqWJaWJpU tfwuttplt tunznp qtwpwpwJpU 
uumtJwapullp}l uztllltP hzlqtJuzbnt}aJUIUp L nllnpl{uwup, wnlll'Uo}lu qnuwuu
p}l wt{!It}l trntl wpmwhwJmtJwbntJaJWUp L UqpwtfwuwJ}lU qnuwutipmu 
qJnquwl{w[w<), wqwl{w[wc}, 6wh6wwqmmwJliU !{nnnwl{muullrmtl L t6w
Jpll uumt.{wopuupm.{, npnup qwU{t.{wb" uu wuopuutipp, ouhwt\1 2pl:ipm.[ 
Ujwpplipwpwp hliqmtfUllpli hllm: 

UUnmlutin: LllnurnJ}lu Zf12Wuutipmtf hwnwiu umw2wumtf liu pnmu 
gtilurnpwp.Wjpll hnuptip, D[lDUjl zrnp.chfnuf liU 2Ullll tfU<) wp.tuqnl[dJWtlp: 
U.JqUJ]m}l hnuplrpl) tqwpmuw{fmtf llu pptiug <)wt{wJp tfliui.L 75-80 %ptiqn
flWJpU UJnt[d L qw rpurumnp.tJU 2P.WJPU hnup ~t. WJL gl.ifuwJpll, np.}l Ull2 I)Uq
qfll{t.{mu liu mwpptip ~unlll.ip.}ll.ipptiuu 1 U-pg wt.{lil.P tunlltip.nt.{ WUjwp&upp 
Ulib"wpti!{npulip tip pwu}l Ullluuw qwuqywantJ: UJqUjjlup glifuw-pwpwJp& 
hnupllpu lplyqwumu l1 Ult2!1u UupwJmtf wuyrnunnf llU uli[wl[Uup, l!ul{ 
Uttqlip.nttf' J.fmplip. Ulitwyulip qw[lDil uu wnw2lll'Uw[ OJWU, uwngp wpwq, 
{{mpmq hwtnnf}lg, l{wp6wmL zWU1 hnpq wuof1Llllippg: UJilUil!up ulitwtJ:ullp. 
tir]llt tlu Uttfw-UrarnJnttf 1921 Ja., np[! mqlll{gtlll! t tfwpql{wJpll qnhllpnt.{, 
1946 Ja. bphwunu.f q.nmWilli l[uzpwptfuzu ctwtfwuwl{, PWIIWPP tlmzlngulipfl 
tgt.{lit tp glifuw-pwptuJpu qwuqt.{wautip.nt.{: Ulltwl{uhp.pg U{UIZmU{Uiuyu(m 
hwuwp ppwl{lll'Uwgl{mu uu hwl{ruutit wt.{wJpu tf]l2nguzmuU'Ulip, npnug 
utqwmwl{{! 2ntPD L gll)uw-pwpwJpU UJntJaD hunfti:tfunnwpurp. ppwpltg pw
ctwumtf t l[t!p2pu}m uumligmtfn4: fl..w ppwl[wuwgtlmtf t qumli:pp tJ!i:IIlili 
hnuwuputipmu UjUJmtJwpullpp l{ummgmtfmf, wumWI!wmul{mtfllpnt.{ L 
WJ[U: 
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qtnLtu VII 

qbsbr~ br4rUPUuU4Uu qnrontubnt0antue 

q.nmlipD qwmwpmtf tiu tpnqpuu, mtiqw¢.njutfwu h wl.[mtfmuunnplj' 
hul.[wJuu}wt{uq wz)uwmwup, t{lipw¢.nJ:ulitnt{ bpl.jplt tfwqlipLmJraP nlitlt~l': 
q.timp wzluwmwup qunnwplltm muwl{mraJntUD wutlwlit!mtf t qtit.np tuur:
qjlw qwtf l{tiuqwu}l met (K): lJwlutlw(} qlimp l{IIu:qwup mctp, qtimnt! mllqm
¢n!ut{nq p~qn{lWJpU UJmrap l{znWJpU (L) hUipwptipwqgmraJmUpg tlmlut{nnf 
tiu qllmtipp wzluunnwupp WJllllntUwt{limntraJmUu m ntrtlltfwbnt[dJntU[): Op(! 
K>L qtlpwqznmtf tiu tpnqpuu UJllllgliuUllp, K=L' tpnqpwJp L wqmtfmuu:
gpwJP .. tflt2l.t hwumunntlmtf t hwt.{wuUipml.[znnt[dJntU L lipp K<L' qtipur
l{znnttf tmqmtfmuwgpwu: 

q.tlmh ljmghnu wz!uunnwu~m: SUipplipnttf IIu hwmwl{wJpU qwLf 
lunflPWJlJU tpnqpw, npu mqqt.{w(} t hnupp tflt2ngnt1 hntU(II.[wqtfnll Wll{Wft

utlplt uttpl{t.nptfwuD: "'unnwl.jwJltU h l.[nllWJpu tpnqpwutipp ¢nluhwpwpti
pnt[dJmU.ulipD ¢nlut{mtf tiu l{wlut{wa qtlmwhnt{mp qWJ1qwgtfuru mwpptip 
¢nqtippg: . Dqqpuwqwu ¢nqmtf qlipwl{zmutf t lunppwJltli tpnqpwu, tipp 
2PWJpU bnUPD tflupot{tltm{ wtqwpulipp tfn2 oqmnttf t tfzwl{Ut pp Upl{wJUm
qwu llfilJl:t>pm, npu WJU ¢nttmtf tltlinuf t zwm wuhWJ1ra, hntU.mtf wnl{w ti'U 
pwqtftuppt.{ uwhwupulip: 

Ujut.ntlq qwpnq t qtlp mutluwt pU~U{UU lUU{Wf1Ulipp l.jwqtf[! WjUtqtlu 
tt tnUipwapp mlii.[mnuwl{wli zwpctmtfUUpn: UuhUlflramraJmuutipp zlinphlttl 
WOW2WUnttf liU uwL 2flWJltU hnupp zwpcttfwu mwppllp wpwqnt[dJntUUU{t: 
Swuqwgwa qlim l.jUipaliu gwul.jwumtf t mqqtit, hUlfltatlt lipl{wJliwl{w'U 
UJflll·'l>Ptlt lunpqntpnflllllttaJmuutip[), npLt 2flunlwqwup uqunntfwtfp, mp 
raw¢.t!mtf t qlimu: "'IIUg WJll wt.{wqmuu tt npnzmtf t qlimwJ!Iu hnuplt tpn
q}lwJp ]unpnt[dJntUn, npu tt wut{wut.{nuf t tpnqpwJp pwqpu: UJU nu:qhUI
ump t wtfJ!"I12 qtitnWJPU hwtfwqUipqp hllltfUip: 

f UumpowuwpWf1 qlitnD nlllqmtf t ppliplfwJliwl.[wu ll{(ll$lttlt mqqnqa
JWtfp hwuqpU{"ll pntnp wuhwp[dnt[djntUUupn, tUOW2WgUIItntl tJIIfl2Uwl{wu 
uwhntu U[fl11:j>pt, nppu wut.{munnf tiu mqqt{w(} tpnqjmfi finp qtmf qliu:/J 
hwifwuwpwfipmtp]Wfi ll{f1l1.'}JftJ ( fiJr. 68): q.tlmp hunlwuUipwl{znnt[dJWU 
ll{lli11>ltllt tfzwqtfwu hlim qmqwhtln 
¢nppurumtf t hunnwl{wJltli tpnqltwu h 
lizwuwl{wtltg tftiawumtf' li"llwJltli tpn
qpwu, npu ntrtllt.Iwa t hmlmlt tWJUwg
tfwun: q.nmmhmlinttf 2PP tipqwJuwqp 
zUlfldtfwu(l qmqnurawg, (twqnttf liu 
uwL lWJUWl{wu 2flWU{tnnlJU1Utip, hunn
l{wtqliu t{WJ1wpnttfh1Ipp 2fl2WUmtf, qli
mp mqqwqpa mtiqllltfurutlpnttf hnuplt 
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bqw{l 68. qbtntJ hw4wuwpw-
4znmpJWU lllll"~Plt:! 
([IUlll U. 'TJ . ITJwthn~~) 

.fP2ml.[p tfurutir:umf, nrnntiq puwl.[wu t , np Wf1Wqnt[dJmuuUp[! wnunllltw
qntJUU liu h htiug WJumUq tt tmtl wpmwhwJm~mtf t 2Plt mmppnqtium 
;~wp<ttfwu pumrawqltpu (wul.[wunu, 2flWU{Ullltmwl.[wJltu hnupp Jntpwpwu~
_mp l.jtimmtf 2PP zwp<ttfwu wptuqnt[dJDlU[l qmt:}m~.It!nttf t tfMmraJwtfp h 
mqqtlwbnt[dJWtfp): 9ntp(llt2linttf t hunnwl.j, WJUnthtit.nh WJUt.nli$g hunnm
l{ntl zwp<tlj'mtf :qtitqp w¢.Upu: UJu IU!JUWI{wu 2fl2WU{UlntJin£! Utqunnnmtf t 
hwmwl.[lt ttlwgtfwuu L :qlitqp w¢.tipu ptiqnpwJ!IU UJmralt qmpu ptiptfwuu, 
npt.nliil tt WJU uut.ntitntl UIDW2Wgumtf t hntUWJPU (}wu(}wllntU1Ullp: 

b[<lti qtlt.n[! Pfl zwpcttfwu OWUWtqwphpu hwu:qptqmtf t l{t.npmq mq
llWOpq uwullitwtfwu:quliplt ntllllWhwJwg qwtf tfnmwlj'npWtqllu mqqwhw
JWg UJUIU1Upnt{, Wll{W WOW2WUnttf UU 2Pt{tictutip (fil[. 69): Iittuqlt{nq 2PP 
; ~pralip[l nqnqt{mtf liU qlim!I hunnwl{u L "llnrtlitntl pwuqmtf uwlillitunlwli:q[!, 
npu urumpowuwpwp pwuqt{tltnt{ «zWJ1ctlj'mtf t» qtlmp hntunt{ qlitqlt t{tlp: 
Uwullitwtlwliqlt pwuqt{tltm Wf1IDqnt[dJntU[! l{wimim(} t 2PP pwuwqpg h 
mtqWpUlipp qwqtfltg (Eifi. 70): 

bltwfl 70 qbUltJ awh6tJ nrtnrtnt
tl!! 1.. !1fl4bdfl UWii'l'lW
tlwfi'ltJ b!i!)WltlWgnttl[! 

UpWqUipWJp 2flt{tict[) 1842 [d.-pg tfltu~l.t 1911 [d. qunnUipt.{w(} ntUnttf
huntp[Ult[djntUUlipp tnt[)WlUtipnt.{ uwhwu2mtf t tnUipliqwu 1,2 u Uipwqnt
PJWtfp: 

Slinunlmtumtf l.t wl{mtfmuwghw (lfmmwqnnf): q.tit.nD tpnqJmu wz" 
}11unnwuppu qmqDurawg zwpcttfwu Dlirawgpmtf t{tlpgumtf t pwJpWJt{wa 
tutqWpuliplt UJnt[dUfl£! (hn!JUwhUIJ1UWfl qwtf l:pnqjmfi) L t.ntillwtltn}umtf: 
Swpplip plil{npuUp' w) qllmlt hunnwtlntl zwp<tlitntl, p) l{w{utlwa t!Powqmtf 
mliqun.Jmlulitntl, q) rmat.{wa t!Powqmtf mtiqw¢.n}utitntJ, qwqtfmtf liu mli-
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rJ.urtlmtutiili'\ wlfrili'\2 UJnt:?I:J: <\,WUtwl{n4 qtnptJnq h l{wtutJwa 4lt6wqnu.f 
mtiqun}mtu4Ili'\ uumtJwaputipj:lu [!fupuutJwa t wutJw'Utit qtimp qwpap lump: 

Uin'UwjpU qtimtipnuf mj:lpwurlitnnuf t qwpap hnup[!, hWUtqwurliu 
l.fwluntJraD h ·w:j:!:q""0,86:6,8: I : '\;WUtwqm{ qtnpt{nq llJnt:?D ulipqwJwgtfmu t 
wnwt{IItwurliu 6wtwpwp.tlrmtl llflplitf'U tt tunznp qtwpwplipntJ, lml! I.rwtuntJ
rami m!Iqmtfmlmtmtf !I'll wt{wqwJp'U h wi.{!It}l tfwup tfruuupqulip[!: <\,w[lraw
lJwJpwJpu qllm!Ipnttf hwpwplipwqgmraJntll[! u!Ipqwjwgl.{nuf t w:r:q'=" 
0,05:0,56:1 h.limLwpwp WJumliq mppWUflitnnttf t tmatiwa 'UJmralipp hnupu: 
tpnq!IWJP hmlillunpnfuuw'U hbm qmq[!UJawg mlirJ.!I t mullllnnf m!Iqwl}mtu
t{nq 'UJmrap uumlignuf: 

·· QpwJp'U hnupp qnpamubntraJw'U UIJllllm'Upmtf qlimwhnt{j:lmu!Ipnuf 
qmmmqtJwa rntnp uuml.{wapu!Ipu wul.{wutJmtf liU wum4J:!wt 'Uuml.{wapu!Ip 
qwtf WUnt4J:! (LWUl. wynu[jui 2f1Wplipntq, OfJ.I1f\1UpUpntq): 

q.limwhnl.{m!I h wunn{}lp oLwlJnptfwu qnpomtf illla qbp liu tuwqmtf 
qlimwqwtwp'Ulip[!, pwup np hwqWI].pp w¢.llpnttf qlitn[l qWUtwpnttf t 
tnW[lplip wztuWUtwup: q.nqwt{np unp[) OrJ.OfJ.I.{ntU t , I].IDnUDllf qwpunfmttW
jpU h ruumpow'Uwpw(l uwhw'U21Itn4 wt{!Itwgumtf t b"ntlwapp qnpntraJmuu: 
q.timwhnl.{mlt LWJUDl[<lJWUJ! hnupj:l wnwugprnJltU t.fruunnf 2nt[l[! lt2'Unttf t 
hwmwlJ uliqui.{Utn4 qnqwl.{np wtltli'U, rnJumliq wnw2wgumu .· liu 2PW
UfUliltJmulip, h trnJuwqwu hlUUlwqwtflip.o hnuwupulip • mqql{wa qtlurlt 
hwqwqpp ri.tnmgpq unp m t.fwlj'lipLntJ[awjp'U zbpmtlpnl.{ qpqpu t{!Iruullwn
umt.f t wniuugppu: UJq hlUUlwqwilllpo hnuwupulip[l ppli'Ug hlitn l.{lipgumt.f 
li'U wtJwq[l; lJnurltOD. 6wtwpwp[1 L mliqunpntuntt.f nunugpq unpwtflipo qn
mp, npmlill qlimwhnuplipp wpwqnt)aJmuulip[l ¢nppwumt.f liU h mbfl.li t 
muliumt.f uumligmtf: UJUUfUU uu wnw2wumt.f wl.{wqwjpu, lipplitf'U wl.{w
qw-6wt~PWflWJpu qlitnWJpU awuaWfJnttn'UlipD, npnup wt.fwnwjp'U Zfl2W
umt.f tipputf'U illlpqwumt.f tiu: 

q.nqwl.{np t.fruup w'U[!UqhlUUl tunpwgnnf[! h wunu!liwt uuml.{wbp'UII
pp numtgplJ. Wtt'lltu mllfJWI].pmtf[l umw2 t pllpntt.f qmpntlJ qwtwputipp wnw-
2Wgnuf, npn'Up w'Ulfwul.{mt.f uu lfliwfil]plip (lllnp[l UupwJp lfliwuqp qlimp 
w'Umupg): bpplit.fu illlpohm'UwJp'U aw'UaWfJnttnulip[l hwu'Umtf tiu uqWUtlitP 
~wtlttipp; npnug up t.fruuu, npnup hnt'Upg pwl.{wqwupu h!Inwgwa uu wumtf 
2[1Wawaql.{mt.f nu, uwqWJU llPWJU l.{wpwpnttf'Ullpp ctwlfwuwlr UjUUfUU tlu 
wnw2wumt.f h qwpqwumt.f qlimtlppiUJIUJWUtlltlp[l qwt.f tt qlimlippiUJDfJW
mwJp'U, t.fwpqwqlim'UwJpu h qwuw~ qwptm{w'Uqulip[!: 

fliJniJUIU1[! qllmwhmu]1g t{!Ip rwpopwgwa qumwhnl.{mp tfwuu t, 
np& wuuu mwp}l qwt.f t.f!Iq wuqwtf tfJ1 pwup mwpl{w [IUJawgpmt.f l.{wpw
pnn.fu!Ip}l c.twtfwuwq raw11tJmtf t 2PP mwlJ: bflrlluu lipl.fm qrntwplitip}l 
qwqwrautip[l WJUPWU till t.fntntiunnf ppwp, np. upwug llP2h tf'Umt.f t ZWUl 
qmpp urwpw'Ung, puq l.ijll.{wpwptfw'U ctwtfw'Uwq qtim]1qlluqwup mctp hll[l
JaWqwu UUaWgUwU hlltnlJwupnlJ 2nt[l[l OUilpntt.f t UfW[lwUOg[l 1J hnumtf 
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ntllllWqpa, Dllnlllitn4 hntU[I, puq qmpl{wa qwtwpnttf tfllmtf t h}lu hntUD, 
nppu wutJw'Unn.f llu ucnwpftgw(h'Uwhmu): 

lunznfl qbm!Ipp hnl.{}lmu!I[lp lWJUWgtfw'U[I h wuhwtfw~w¢ntJaJWU[! 
UUJWummtf t uwh bpqpp UfUliltJtn[l: Cum lJnfllmLPUP op!Iupp JntflW
pwuDntfl tfwpupu, Ofl[l zwpdt{mtf t hnp}lqnuwqwu ntllfJlllJaJWt.fp bplJpp 
t.fwqliphmJra}lu tfnm wuqwtu zwpdtfwu ntllllntldJnt'Upg hJmuh~JIIJPU qpuw
quqmtf zllll\.fntt.f t qllUJ.P W2, puq huxpwt{WJpll qpuwqUllDlli ,I].UUfp owtu, 
npnl.{ tt UfwJtfwuwl{npl.{wa t q!Imwhnt{}lmu!Ipp tw'U21Ipp ruuptfnl.flppw'U: 

Q.btiiWJh(i WI mu.lhh wnwpwgnuln t... 1Jwnm9ll.w6RP 
Uumt{}lp 6hwtlnpntU[I uqul.{mt.f t hntUWJPU lliJDrJ.WUtlllipp Uinw2wg~ 

t.fw'U urwhpg 2PP tmJuwl.fp ZP2WUfUliltJmWJpu zwpctmuu!Ip}t wprJJm'Upmt.f: 
<\,ntuw2plipntJ ohwl.{npl.{wa uutnt{waputippu w'UtJw'UI.{nttf . tro-. hiu&CUJftFi 
wynu{ft, npnup hwprawl{WJflWJpu qtlmtipntt.f ullpl.fwjtilgl{wa tru tnwp(1U[l 
hWUt}lqwJUntJaJwu tl.fwgwa wtlwqu!Ipnl.{, hpt.fpmu· tunznpwhWUt.P4·wl{wq
ulip, l'iwtwpwplip, qtwpwplip: ~ntUWJpU ~IUmt{wapulipu unl.{n[ltupWp WWP 
liu t:~lilJmtf zli11lJwt.f zli11w'UI!Jmu zlipmwJumraJwt.fp (til[. 71): 

l0 o
0
o

0 /1 j::.:·:·~·:.::·,·j2 CSJ3 ~4 jC:) fs 1- Is 
bl{Wfl 71. U~mumuwgt'IWJ!l ubflibplilwJilG LjlnLL/1 ufubuwG 

(QUill b. 4. CwOgbp~) . U) hmO, I=!) Dlll,1'1.whmq, H) 2!1WDWlTlnLf)JW0 ilw4wp~w4 . 
h) uw4wLtw2!1nLf)JWO ilw4wp~w4, M),4J.unuUlfl OnpUWLhqnpnLf)JDLUQ, I) hwlTlw4ntl 
qlnpqnq pbpm40bp~ qnlTlfJ (1 -7 hwlTlwliwJIJO ' wumtl~ll hbpf)W4wQmpJwtlp WDW2W
gw6 zbplTlbp), II) 4wtutJ.w6 pbpm4Qb!l~ [io\iibgtlw[i qnlil~. 1) 4i'IUllT1WhWlTlfJ4 uitJ.wq
(jtp. qLWpwptp, tut5wpwpbp, 2) llw0f1 L. !imf1p hwln~4WJIJO w~wqQbp , 3) lTlqtlwJfJO 

zb!llT1~40bp, 4) ni'J.nqwhmOwjfJO WUnLtl~. 5) hnL(j~ llbl! qblTl~ · lWJ0w4w(j hnuw[ip[jl:;p~ 
2fl2WUllTlnLJlT10bflQ, 6) hmUwJfJO qnqwtlnflnL~JWO L.fJnl.jmtumf)JW(j mqqm~JnL!iQ 

<\,ntup tiqpp tnllllwzwpd[l h hntUWJPU awuawqmm]1 illlawgntUD 
(1Upnuf t hntUWJpU wumt{pp WDW2UiqUWU{!, ll{l[l ¢m{mt.f LWJU hnl{mp 
wtfpn112 hrnmrnimlJ: .<\,nt{mp u'Uwgwa t.fwun ni]nqunn t , np[ltgtj'mt.f t 2flD4 
t{wpwpnttf'Ullpl\ iJwftw&wq: tl_wpwpwo 2[1lipn pptillg hlim mlifJwtltntumt.f 
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llu qwfutfwa umpp uwuu)lqutip, np)l zunylhjltl hwmwqmtf UUUill\U till ruttlt
p)lmWJpU u qwtfruJp'U, hwqtlwqliut' uwhpwhunnl1q w\{wqruJ\1U tfwu'U\11-
ullp: Ujutqllu ' hnt~Hllj}l'U wum\fil)l tfwqtlplmtjpjl tlpw llinW2WUDl.U Uu qu:
t{wt{wquhp, wt{wqwqw\{Up, tipptiuu tl tfwupwhuunjlq qwtfmJP.u w\{wc; 
utlpp lfP2UW2Upmtlp.ntf: lli}nqruhntujl WjUt.qjlujl qrutfwt{wqwjpU, qwt{Wjp'u 
b'wb'wljmJ"(a[! WU\{ruutfmu t fll]lll]WlnlUJftfl Wljnit/ft : 

flilnqwhmup uwhtfwuulip.nttf tnwqp t{lipwb-t{wb- huwhmup tfll~ 
tn'fiflll. t muhuntlf UU'lntfruoputi{lp JDt{lUibWliUUq qntmwqmuuli{l qruqlftfru() ' 
umq qDl.J'Up, tippti~t wnw\{Utru\qhu ut. mqtfwuuwu wt{wqwqw\{Upjlg ~ 
qwtfwqullflpg, np.nup brup.nlUUl liU OJlqWuWI.[Wu uuwgniUlUtip.nt{ U WUt{WU
t{nnf t hf.twhmuwJft& wymt/ft: 

U.Jut.qpuntf nllnqwhmup ljummgtfwapmtf humwljnpuu ljwp'tilll t 
wnwuouwgullt wum4)1p up lip mwp.unnl:iuwquh{l. 
I. 'ij!ufiUIJftfl wynu[/J' nqnqwhntup l{tn)ltfwap\1 umnp.pu tfwup ql}uwtfn)l pw

qwqpwi.furuo: 
2. !l!]lll]whmolllJftfi wumt/ft' mtlqwqpt{wo hmuwJpup 4Pw: 
3. UUwgnJ11lm;ftfJ wumt/ft' npJ:ltgumu t huwhntilD: 

~rupJarutfruJp.UIJPU qhmtip.nnf wumt{}lp [!Uqhwump hqnp.ntJaJDlUf! 10-
15 tipplluu tt 30 L wlftit}1 tfllmp t : 

lllnuruJ}lu qtimhpp wum\filuhpJ:l humwqnpllU mwp.puptfmu till hwp
rawt{wJpruJpu qllmllp~ wumt{puh)l}lg: ltinuwJpu qtimllpJ:l wpwqwhnu tlu, 
rwqtfWJaptl mh'Q.llp.ntu mullu 2PWU{UllltJmutlp, n[lllilg ctwtfwuwq wtfwqw
JPU L l.twt!ruJpU o.wuqt{wouhp[! ~llu uutnmtf hwmwqmtf WJl ljwfut{wir 
\{}lnwqmtf hwuumtf \lu qllmurpllpwilulip}lu: q.nmwhn\{}ltnutlpmu uuumu[ 
till UpWJU funzllpwptlqnp l'iW[WpUIJ1liPD, qtwpwpllpJ:!,np.nug Pm20P owl{nmp· 
utlp[! t<Jl.lmu nu w4Ut}l U:Uillp tfwuu}lljutlpnl{: 

ClbU1whmlhtnlibnh Ulhll!brm. liowOg gwnqwgllwli 
nLQ!ll)WOOL!)!{ll(i(j nl qhlf!W!liOLP!OLli!l 

q.lJtnruhn\filtn~lip[! muliU ntm2wq~ qwpqwguwu mqqtfwOntJdJmu lt 
hW2lliUlWljWUDl[<lJDl.U' wugnnf t.flllj ¢nqpg Lfjntuflu m UUIU gpqtWJUDlJa·· 
Jmu: PUwl{wuwpwp wnw2pu l}lmm \{Upmptlpmtf t tunPPWJpu tp.nqpwJpu lt 
wut{will{nnf t . tfnp.Jmtnqftwf[wfl /Jpftcnruu1Uf1JJ11rfoJWU rfmrr. U.JU tlmtlntli~ 
tf2wq4mtf tiu tunPt:! qtlmwhntfi1mullp, ljmp.ntlj, hwtfW{lJW ljwfu\{wo lWU2li .. 
p.nl{: Cum tmJuwl{UIU: l{mpt{wb'p}l unm.'l>)ltfl wll.Uiuouwgtfmu liu l.{ruuJnu . 
l[~pn L V -waL hntf\ltnullp (&l{. 72): 'l-pwug punp.nz umwuauwhunnqm .. 
JaJmUJ:l WJU t , np qtlmwhntu~ qpwqtlglinuf t wtfpn.q2 qwtf tt qptlrall mw 
hn\filmo: U.JUUipup hntl}lmutlpp lun[llltfdJntUJ:l 2UIU1 wbqwtf qtlpwqwugmtf t 
upwug lWJUD1JaJWU{l: . 

bpljp.nflll tlmtl[l qlinql{w,a t hUIU1ruljWjpu tp.nqpwj}l ut{wqtfwup L 
qm.}WJ~U l;pnqpwJP. qqwt)l wqmpl{wgtfwup, npp J:lUJawgpmu twJuruumtf t 
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hmlpU1J:l U ouwynpynttf t ni'}lli]WhnttrQ: U.JU tlmttJ:l w~u.fwuynnf t ifnp.Jmtn
qf11.IIf[mfJ hwumflwgifwfl cftmr 

SwtfwpJ1 l;pnqtmu 
1.huuuunntf wu, qlimwhn- · 
~pmullpp qwpqwgtfwu 
t{[lW tfllb- wqqllgntJajntU 
muliu Upqpwl{llflLp 2Ulp.
onnfutlpJ1 n[lllup wP.mw
hwJmt{mtf tlu tf2mwuttlu, 
unftlump h mutlu mwp.
J!UJl WJlWqmraJmuullp m 
D1IJnttaJmuutlp ctwLfwuw-
4 '~ nt UlwpWOlll.JaJWU illi2: 
"trnl.JU qtimjl mwp.pup 
hllm\{wb-UtlpmLf U)lwdru
tf wuwq l{wp tlt}l t mtluutlt 

bftwp 72. 4WUlntlll2ntll qbtn~ V-w~ll hm.Ulln(} 
~W2WflWG~ Llnlll (rillwrt L. u. !lnhrtWPJWri~) 

U!lp~ntnq}lwuttlu hwumu hwppwhwmmq qli:mwhn\filmuhl1}1 oullll u UlUqW
u wutlp, npmtlq nqni]Whntli{l pwgw({ruJmtf t h qhm{l lunPD ufup.ll\{tll t tf WJ
pUil{wu WU{Wpullp}l tfti2: U.Jll tunPD tfnp..'l>ntnq}lwqmu hn~mp llppmwuwllll 
h•mn\{wb-utlp[! 4ruutt{w<) tiu \{tlp[!uJarug mtiqmnuwqwu pwp.6pwgnnffitipp 
hltm, npmtlq funppWJpu tpnq}lw'U hwtfw~wl}l t pwp.opwgmuutipp mpwqm
~iWU hUm: U.Jqut}lu)l hn4}1mutip}1u w~u.fmumtf tiu wf.tcnllqllq.!JfJcn hm{llm
ul:ip: 

4.tm nnnn whnLliw!hli nwnwt.JwGnlil:mG L. 
Onwliq UlbUlbnn 

q.ump lunllPWJ}lu L qnqwJP.u tp.nqpwullpp hum U{W{lplipurpwp. tlmtu
t!mtf tlu qllmp tipljwJuwljwu t.qpn.'l>PlP ptipnt[<)Jntuutip[l: ~wp.rawhuunwq 
lUll{ tfzwljyruo hny}lmullpmtf l{Wp.nf] 'liu p hWJUl qrut tlpptnWUWIUl, tpnqjlnu 
Ujupo\{w<) v wah hm}pmutip: Shflfl t mulillnnf qtimwhnl{tnp tlpptnUIUUI]1-
I1l.Ugnttf, npp WJUlJmupmtf Wt(tllp gwOp. hptquntflltnppl{ tfw4mllllw4P l{pw 
Ul[Uynttf t auw\{np\{tlt unp DIJD!lWhntu: "l.nujuljpu Ilf\OI1.whntU{l hrup.~_a mw
pm<)pp aunt{ qtimwhntup tipljwjupnl{ uumtf t UWJ{lWl{WU tWU2P l{p.w L unp 
nqniJlllhntu}l hUm qwtqynnf t uwfuJrlwl}lnqntJ:: 

~timwqw mtiljumuwqwu zruttd'muutlpJ:l ptip.nlli tru linp hlllmwljruJpu 
W,!Unthllmu l{DflWJ}lU tp.nqpwjp L Wjl}t.qtlu zwp.ntuwq uwful[jlu nqnqwhnt
ut p{l uum tf tlu hm u}lg pwpop UP2P l{p.w: 

UJut.qpuntf qllmwhnt{pmutipntu runlll2wumtf liU qwpwl{wUqullpp 
W'Jm}lnwuullp ' tfllljo tfJmup tfpw \{Up pwpO.pwuwtntl ( flli- 73): U.Jq wnw-
2u1gmuutlppu wutfwumu llu \{Upnqnqwhmuwjpu qwp.wt{wuqullp: .Puw
qmuwpW{l hptquwtfhmp}ll} mtllllP. pW{lO.p qmu~nq qwpwtfwuqu w\{Ut}1 hpu 
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[-:::::·:11 ~2 
bi/Wfl73. --tbrmf1.nf1.whntuwJtru qblilWJtru flwnwtJ.wuflubntr utubllwu . 

~) hnLii, n) llflllflWhnLii, I) WllW2~(j 4bflllflllflWhm(jwjp(j 'lWflW4W(j'l, II) bp~flllfl'l 
4bpnflnflwhm(iwJp(j 'lWf1w4w(jfl. w-w, t.. p-p,· qbum4 ~Ulfllllttwo (iwfu~r(j 

llflllflwhmlibfl, 1) WUnLl{p, 2) llWJflW~W(j W~Wfl 

3mpwpwuvmp qwpwlfwuqp wumtJ'Pwt uumlj"wapulipp hptfpmtf 
t1P2m qmulj"mlf t tfwJpwl[wu Wiqwp.ulippg l[wqtflj"wa gnl[nm: Cum gnl[n!P 
qpppp pwpapntpJWU ll wum\fPp hqnpntpJWU wnwuauwgtj'mtf uu q.wp.w
tj'wuquupp tip up mP.UitiP . 
I) t:pnqftnu l[wtf Iqwmtj'wllqwuwJpU, npmttf) wtfpnq2 qwpwtj'wuqwuuwu 

hpunqwpwl[u ll uwfup}tm}mtt£! l[wqtflj"wa liu tfwJpwl[wu wiqwpuuppg ll 
upWJU hwm m l[uum muqup uu, mp tqmhiqwul}til liu liwtwpwpupp 
t}mpp hqnpntfOJWUp wunnQtw[ uumlj"wbpulip, np[l tll[wjntU t mlil[mnuw
qwu 2WfldnttfUtipp. wp.wqntpJwu uwup.u: 

2) Ul[mlfmuwm]l4, npnttf qwp.wlfwuqwlitfwli hpwll{wpwqu 1.t uwl!qqw
¢ntm wUpnq2ntJ'Pu l[wqtflj"wb tiu wumtj'pw[ uumtj'wapuuppg, pul[ UWJ
pwl[wu w1qwputippg l[wqlftj'wa gnl[nl[l t1P2m hpiqUwtftimppl[ gwbp t 
qlimp tfwl[wpqwl[pg u lippup iP tllipl[wumtf: UJqiqpult l[wnntgtj'wapu 
tll[WjntU t WJU tfwupu,np qlitn[! wugli[ t qwpqwgtfwu pn[np $ll[Up[!, 
}unppwJpU tpnqpwJpg tfJlutll nqnqwhntup allwtj'npnttf£! 1.t wum4Jtft 
l[mmwl[mtf[l: 

3) q.timuwtuwp.P.utuwJP.u l[wlf }uwll£!' tpnq}tnu wqmumuwmptj': 
Upwup punpn24ntlf llu upwunlj", np UWUrp:]tm}mt!P umnppu tfwumtf, 

tfwl[liptiu tru I}.ntpu qwtP,u gnl[nm, pul[ uwlirp:]unpnttft l}tippu UWU£! l.t hpw
IqWpWl[£! {[wqutj'wa llU WUnttJ'PW[ Ulltn\fwapuuppg: 

q.nmwhntjmmtf tfP qwp.wtj'wuqp uwhtfwuullpnttf huwpwlfnp t wu
gmtf up mp1qpg UJmupu, np[l pwgwmplj"mtf t mlll[mnuwl{wu 2wpdnttfUiipp 
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wlihw\.{uruwpw~unpntJdJWU{! ll ql:Imft mwp{!II£1 hwm\.{wolil:Iruutf mwp.{!II£1 
mqqlfwamfOJWU{!: 

q.IJmft qpliwupq hwlj"wuwpwq2nntjdJWU Iuwiummtf~ hliwpwlj"np t 
hl:ImuJWt Uipngliulil:Ipnlf. 
1) tp.nqftnli {!Wqpup ft21Igtfwtf{!, 
2) ql:Imft l}tip.ftli hnuwlipul:Ipnttf gwtfwpft {!Wp.apwgtfwtf{!, 
3) l{tlttfwJwl{wu tqWJUwulltip.p qurtflntuuwtf{!: 

UJumlifJ q[}uwtj'np ql:Ip[) UfWUll{wumtf t mtiqumliwqwu 2WfldnttfUti-
p.ftll: 

upwliqwtfwJu UIJt l[tlp1q tiU qwp.qwfuutf qtimlip.ft uump.ftu hnuwup
lilipp hwmtj'waul:Ip.~, U£11! 4bP.2P.lilitip.u liufOwpl[lfmu tiu mtiqumliwl[wu P.2li
gmuuup.p qwtf tpnqftnu I!wq}tup pwp.ap.wgmuutipp: UJu q.ti1qpmtf qtimw-
2PliP[1 tgtj'mtf tiu uumppu hnuwliputlp[l umw2wgulitntl t]11.fwfl qtimwl!lipw
up tUIJUWgnttf, np.[) l}tipwotj'mtf t qtimw}unp2p: f!mu qtimwptip.wU[I 2Wfld
lj"mtf t qliiqp tP.tfwllft qwqlll[<t, jdlipntjdjntUutip.~ t}mpp.wlimtf till, mdl:Iqw
umtf t wl[mumuwgp.wu 11 nliqptiuM allml mwp.wbl.lmtf qllmwhn4Pmmi 
qtiiqp 41Jp: . . 

q.IJmwJpu q.wp.wlfwuqulipp mumuuwuppntJdJntUU muft qftmwl[wli u 
qnp.auwl[wu hu{[WJWl{wU U2WUWl{ntpjntU: UjU pntJt t mwum qwmlit lin
pwqntJU mtiqmnuwqwu 2UIJ1dnttfUtipp., tipl[pwlftlrM• 2Wfldntuutipp rumJtaP. 
ll mqlltj'wOntJdJWU, l[!PtfwJwl[wu t}m¢n}un•JdJmliutipp h WJtUP tfurup'U: . 

UumlfPwt uumtj'wapulipft hlim tru {[wiqtj'wo gpnuwjpU UlW[l{!IIp oq
mwqwp hwuwanul:Ipp hwupwtj'wJptipu: Bpnfifillp tiu l[nttJ'mtf {!liqnpwJpU 
UJntJdlipp WJU qmmwl[muulipu, npnup Iqwpntuwqmtf liu wp.dtipwtj'np l[w
Jm'U, Utia mliuwqwpwp. {[2nntj' tijl'Utipwtul:Ip: U2wl[tj'mtf tiu nul[m, UitwmP.uft 
m q.pwug tutfrP. mwp.ptipp, l[wupmuppmft, tj'nt:Ppwtijl, tfnuwgpmp, mwu
mwtpmp, Irntmtfp}nnp, gppqnu}l, wtlfwump gpnuulipu: SpnuwJP.u hwupw
tj'wJplip uu 2whwqnpatj'mtf pwqtfWJaP.tl tipl[pulipnttf WJlJ. JdtJ'nttf fl.'1, UU1..J, 
U'-{umpwwwJmtf: Ilul[pu gpnuutipnttf qmutj'mtf t ¢npp ppptlttutipp. mliu
pntj', upptiuu t 1 3-Sl[q qwuqtj'w®tj': Utlliuwtllia qmwanft (~p. Iltpwt) 
qwuqlfwau 35l[q t : 

~wUw2tuUiphwjpU hn~wl[ mutlu Uw[wqw J3lipwl[11qnttf qmutj'nq 
l[wupmtippmp, ~· U,'pppl[wjp W[Uurump, upqllppWJp, Qwppp, {pl[ntU~pw
JP u WJl Upl[pullpp hwupwtj'wJpllpn: 

ql:imwpbnwfifibn 

Swpplipnttf tiu upqm mp1qp qumwptipwuutip' !Jlltcnwfillp ll tucnm

wpfillp: 
'J.litcnwfiliptf mwl}lwpwq gwapwq.pp hwp.pwlfwJplip uu pwlj"w-

qwupu tfliqUWJOUP ntTJfJntpJwtfp IJ.UUIP antj'n ll muuu tinwul{jmu muup' 
qwqwpnlf q.liiqft qlim~: '11itmWJP uwhtfwuutipnttf qumu pwdw'Ulj"mtf t 
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J!Wqtfwpptf pwqml{utipp L tfP2wql:imwl{utipp: UJIJ.Ufpup ISJmqwl{npmtfQ 
J!Unpnz t WUnttfpwt-IJ.l:ittnWjpu hillflldWtfWjptippu: q.tit.ntipp tfP2ngntl t.nli
qwt}J,nlulfnll Ujntpp up UWUD uummu t w$wtl1Ip6 qnmmu IDnW2ill9Utitn~ 
ut.nnf12PJW wpmwJ!l:ipuwu l{nu' qwqw.rantf ntllll4wa qllUIP qtimu: 

Um{npWJ!Wfl qtitmwullp.u wnw2wunnf tiu am{p n~ tftia tunp.ntpJmu
utipp IJ.OUfpnttf, ptil{npwjpU Ujntpp WUWt.nnl.(OJWU u tfwl{[!upwgnt.(Ojntuutip)l 
L mtillunntfm.raJmuul:ipp, w¢.mtl1Ip6 mal:i11 hnuuruputipJl J!wgwlfwJm.raJuru lJ 
bwtftiuunnwJ!wp qwuqwq mtil{t.nnuwl{wu zwpdnnffitipp qUU{pnttf: 

'1-tlttnWJPU 'Uuml{waputipnnf hwuqpurnnf tiu mwpptlp l{wqtfp lJ 
awqtfwu U\ltnl{wap\.Ltip. 1) wuml.\):1wt hmtLwJp'U hnuptlp}l uum'-fwapullp , 
utipl{wJUigqwb" wtlwqulJpnq nt l{wl{tlpm[ hwprawtfwJpWJPU qtlmUpnnf h 
wtftltft~tunznzmhunnpl{' 1 tinuwJpu qtimtipnttf, 2) tiSWJPU uuml{waputiJl , 
npnup wnw2wumtf b:u tftiqmuwgqwb" 2PWtfwqwuutlpnttf, 3) awh6wJph 
uumtfwapulifl ' mnp:pwqmmwl{, npnup wnw2w'Unnf tiu pmuwqwumra
JWUp wnwm ttillpp mllqllpmtf, 4) antfwJpu uumtfwb"pullp, npnup wnw2w
umtf tiu rnttllfnb"nt{ajUIU, UWl{[!UpwgntpjUIU dwuwuwq: 

Uju pntnp uumtfwb"p'Uti[l[! !}tun hqnpnt)dJWU u bnppqnuwl{w\1 ntll· 
llnl.(OJUIUp tltntfmtutfmu tlu, zunph):14 hmuwhnuptlpp hwnwtuwlJp tltntltn
!untiOJUIU, npp hum tt l{wurqwa tlU hmuwJpu uuml{waputipp mtlqillllm · 
}unttf[! u l{mmwl{mUJ!: 

'1-titmwutlpmtf uumnttf tiu qtimtipnl{ mtinwt!tntutfnq tmantJra'UUppq 
lfntnlul tf)lUigntraJmuutip (Fe, Mn, A1 u UIJLU): Um[WJpU WllP 2pllpp wqqtJ .. 
gnt)dJWtfJ!. mUq}l t mutlumtf l{nwqntuwgpw (tunn. frnurqnzuurq.ftui UW· 
lfwllllmtf) u hlP'Ullfrnuttiu tfwpwpntU'Utlp)l awtfwuwq, tlpp qtimw2ptipn 
2llJ11lllllltnnP Uu: . , . . 
· , '1lltt.nUtJpU . uumtfwb"putlpp hqnpntraJnt'U[! mwpp.tip qtimtipnttf mwp·· 

pti[l t . \,1 lfwpnl\ t . hwu,\.Ltit up pmu ft 100 tftimpllplt (UltuuttultutP 600 tf) : 
Cuq npnuf ·. qti~mmutipp oqtfwu ~ uumtfwapwqmmwl{tfwu wpwqntpJmu .. 
utip[! hwl{muwp,tl~ : ' ' 

~uwqntJU uttip}mqutlpft l:ipqpwp.illUwqwu l{t.npl{wb'putipp mumU'Uw· 
uppmraJmuutlpntf hWJt.nUWJ!tlpqwa tiu UIWtiinqtlmtlplt qtitmillUtlp, npiluqnnf 
llpp.tllfu hw~q}mpmf au oqmwl{wp hillUw<ffiutipp gpnuuti~: 

l:uliJ!lzwpFlllpJj 6wqwpwutfwu }unpztip tiu, npnup tunPP. utlpraw· 
¢.wugnuf tlu qtimwhntfpt.n'Utlflll Ull2: tumntwp'Uup[! zwm twl{ wpmw
hwjt.ntfurb" tlu Uliuw, ttp.w, lO"titfqw h WJl qtlmtlpnnf: 

Lut.nnlUipUtlpp ~UW2W9UWU hUIUUlJl p.wptiuutWUUl llu WJU UlWJ· 
tfmuutip[!, npt.ntlrt mdqftu tiU W[lt.nWhWjt.ntfwa tfwqnurawgnt{ajntUutipu L 
mtinwmtfmraJmuutipu m Wl)lwtl1Ip6 u umnp2f1JW hnuwuputip[!: '1pwug 
wnw2wgtfwui! liutwumnnf tiu tlpl{pwlfllrthP wt!twtl1Ip6 qnmnt ol{muull
PD: 
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Uwl{{llipwgntpjmuutipft dwtfwuwlj antfp 2PllPD !unPJ:! tftupotfmu tiu 
qtimwptipwuutipu, mtiqunntfmpjntUlitipp dwtfwuwl{ anl{p 2ntPU qtiuiw2pti
pp htim hwtfwmtiqwnw2wgumtf tru hqnp hnup, np[! zwpdtfmu t tftia wpw
qmpJWUJ! L pp htim mtiqun}mtunnf nq2 ptiljnpwjpu UJnt.(O[! L tftipgtftitntf 
w¢.wtftlp6 hnuwupullpp ljnqupg mllqunimtutfmu antfP }unppllpu: 

b.tmntwputippu 6Lntf 2unn utfwu tiu 1J:1tfwuutipr! tmJuwgtfwa qll
mwptipwuullp{!, np.nup rawqtfwb tiu b"nl{P 2fltlflp mwl{ h ~mutiU tfwlmutaw
gm[o}Jmuutlp h mtlqWUltfmraJm'Uullp h qwplltit tiU tunpztip: Upwug umw-
2wgtfurun 'UUJUIUmmtf tru qtimwp.tlpwuutlp.nnf tlpqpwqtlqhp 6qinU'Utipu: 

Unl\w0g[ibl1 

Unqwup t l{n2.1.fnnf wutwputlpp tftia qwuqtfwbp, bwupntraJwU map 
wqqtigm.(OJWU mwq, IJ.WUflWll qwtf rupwq mtiqwzwpcJn IJ.llutP nlltPlLl>P 
gmapWflPP mtlrtwtfumllp{l qwuttfwa tfwqtlpliuwjpU m . umnpqumUJW 
2Jltipp qnpamu tf wuuwqgnt[ctJWU htlm ( Fll[. 74): . 

' uftWfl 74. Unqwfij;!WJ~U Ulbqwllwu 

Unqwup'Ulipp mputtiPt:! qwtutfwa tiu qpwup wnw2wg'Unq p.uwqw'U 
qnpanuuti{lpg h utunn6wnullppg: \Jpwug tfti2 wnwuouwgqmtf tiu. . 
1) Uwup mtiqwzw{ldtlp qwtf htiqtiqwtltttfwaputip, npu wynnwhwJm'-fnnl t 

hnqwJpu zllpmp tuftum qtip}unuwl{wgtfwtfp u tfwuwtfp. tt gwuwpp 
hnqtfwhtiiptfwa wutwputlpp twu2tipnl{ gwa mtlqwqmtutfwup (Flfr. 75): 

2) Iunznp mtiqwzwpdtlp l{wtf pmfl unqwflputip: Upwup [!'Uqqpqnnf tiu 
trnli21IP qwqtfnq mwpwp.UmJra wutwpflllp u mwpwatfmtf tiu tftic} tun
pmpJmu'Utip)l 411w: UnqwupwJpU t wu2tlpnttf qm}u4mtf llu w$wtl1Ip6 
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mwptucrp&tlpp 6Ll1Ilfl L 4hP2lt&&tlpu umwumu tiu qwpwtfwuqurJpu 
wumpcwuwl{upU{, Ji7Upw6L uwl{tlpLmJ.taP 6Ltip: 

Iunznp unqwupul:ippg hlimn mtlqtipntu uumu llu tllicr qpuwqpqtiu
utlp: "'wuqptqmu tiu uwL pWJUl, pwquwhwpq Uili\WUpUllp:,UjqU[pUp un
qwUpUUJllllU untfnpwpwp upwhJmutfmu ll'U qtiuwUIUWJPU (twm. IJliUlllllf 
unw· wuqmu, uwhmu pwnpg) L qlimJllltGWJpU (tml,n. f)lirnpmq}lcu' hpmu, 
purtunnf) mtinwzwpollpp mpU[tlp: bp.ptluu unqwupwJpU qwuqtfwcr&tlpp 
6uzntU(! WJUpuru uucr t tlt'Umu, np U{lWUg WD21.mtu WDW2WUntU llu 
pwp6pwgwcr _raupllp, npntu wU[wp&tip{! O:U'ntatfmu tlu awwupp mtiupntf: 

Unqw&p&llpp Jntpwhwmntq mlttq t bnriwJpU qw&qtfwcrutlpp mtl
qwzwpO[I, l(wu unqwuputipp (lt1Im~tlp1UJPU m}ltqri: '1w 2Pwhwqllgtfura, 
hniJuwhwptfllicr tfllupntu qw&qt{wcrutipp unqpu t: Sliluwluumt:! 4}lnwqmu 
LUIU2ntf upwup qwu~wq zwpdl.{mu tlu qtlU(p gwcr, UIDW2WgUlitm{ hnu
plip: 

Unqwup&tlpp wnur2wguwu qnpcJ{!U}OWgmu qwpLnp qlip Uu luw
QntU umnpqtlmUJW 2p1Ipn: !O"tlp tW&21IJllltu WtqUIJlUllpp npnzzl:ipmlip hwu
q}luwunnf li& 2pwtflipa hnp}1qnuutip, npn&g uwqliplmtJJi7nt{ tpupu liu qwtltu 
umnpqlimUJW 2ptipp lltplipf!, pptl&g hum qmpu ptiplitm{ wtqmp.&llpp ztipmll
PI! upupwug l{WU{Illl UwUp uwu&pq&lip[! (unt,Pnq}lui) : '}.w pllrunu t 2PW
mwp zlipmlt fuwpfutuwut:! L lipp l{wpcrtiu Ji7li pw'ilql{mu t IWU2fl, mti$ t 
mullumu turU2P tflippu qw&qtfwa&tlpp hnup qlltq}l gwa ( fiq. 76): Unqw&p
utip[! ptlpntu liu lWU2lipp qmpml{ qwnlt_rawt}mt[t7JWU£!: 

~wO:wfuwl{p unnw&p&tlpp tqwmO:wn t qwnumu qtimtipp, t 6liflP., 
crntflipp unpwtftlpo qnm}l&lipp p&mli&uptf ttlwgmun: 
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Unf!w&p&llp}l wnw2wguwu, qwpqwguwu tfpw Ulicr wqqllgnt[t7JmU 
tlu Ji7llf!Umu UJi7~mtnpmwJ}lil mllf!muutlp£! h wnw2wgwcr 2pwhnuplipjl up 
uwut:! &tlpaatflim4 hwuumu t 2PWillipo ztlpmjlu, um~nqpWJP hlimuw&pntf 
2PWIDWP L 2PWUUpO ztlpmtlpp Up2L WDW2UIUnnf II& uwhpp uwl{lipLm.Jra
utip L tftlppU zupmtlp[! 2PWUUpo ztlpmp 4PWJn4 uwhmu tlu tUIU2D4 qUtqjl 
gwcr: 

Unqw&p&tlpp wnw2wguwu tqwm6wn qwpnq t qum'Uwt 'itwL 
uwprpu mumtiuwqw'U wuJunhliU qnpcrm'Ul:inttaJntU{!, qurtqt{wcr tWU2tlpp 
WUmwnwhwmuwu qwu lWU2lipmu tpwgmgp~ ptinut{wcrpUtlfl WDW2Wg
Uiltm 6wuwtqwphm{: 

Unqw&gp&tip{! tflia tfUwu l:iu UJU1U16wnmu mumllumtaJw'iii! (fJq. 
77cu): 'l-pw qtlu UIWJpwptltm hwuwp q}lpwmJmu tiu mwpurpUntJta hwqw
ullilw&pwJpU Ult2ngumnnfulip: 'l-pw'ilgpg up pw&jlu[!' turU2bpp l(WJntUW
gmumu, nnnquwu uwhUwuunpwl(muullp, awnwmuqmuutlp, hnpwmwug
ptlpmu ptimnup uflul{muullp, htl&wUJl.UUlhilP. qwnmgmuutlp tnt L WJt&: 

Unf!wUp&tlpp hbm qmqwhtln pwpop tllnUwJpU ZP2WUUUJllltU mllqp 
li& mutlumu uw&p m Ulicr tfltmqmuutlp, npn&p li{lplluu qwtqtfwcr liu llpq
pwztupoupp hum ( flq. 77): 

bftUJ{J 76. UnflWG.QWJ~(j 
LWU2P ufubliw(i . 1) LWii2~ 

u~qpliw~wli ll~fll?[J. 
2) ~Juwtuuul_w6 LWU2[J. 3) un
rtw0J2WJ~Ii liwpli~li. 4) uwhJ2~ 
liw~l:ipumJJ}. 5) J}~~nL(iJ2wJ~Ii 

l!wfl, 6) tl_l:ipuni'J.wlij2wJil(i 
UWUilrtWL(Wiil}, 7) UOI'J.W(i1211 

WrlWUUlWI'J.[J, 8) W'lPJnL[l 

w p 

bqUJ{J 77. w) UllllWG.QWJ~U lflLntqnuUib!l, 
p) «~wppw6» wulllwn[! lr. O:bll.PLI.w6 

own(! un11wu_pwJpG 1_wup~ Ll.nw (UnulfLI.w 
qblll~ W2 wlfl) 
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Q.LnLfu VIII 

uunsu 'lUCSb rr · tr~..trUI:!uuu '-!Uu q.n rontubntraamue 

Uwngwqwzmtipt: umw2wumu b:u aJmU qmmwqmuutlpp L htl~w
qw ~Pwtlmfunnf'lttip~ nwumlllwphn~ OJWU hw~puwqwu qopg ~upL : lll-w 
mb:rt}l t muuumu mwpb:qwu up2pu 2b:puwum}11lwupg gwap L wnunn 
qwpap mllqnnllillpp qtlll{pmu: 

QJliiU ' owoqngp .uumppu uwhuwuu, qwu uwlfWJlll.mlfu, mp mllqw
gwo L hmtwo OJWU .pwuwqullpu ppwp hw~wuwp llu mutlmut!mtf t d;cufi 
ucahtfcuu qwu d;wu lftfn!WJcul[cufi q/10: UJu uwhuwuu npnzwqpupllu 
qwfutJwo t lttltlfmJpg: · 

Sllrtmgwb" aJritu[! wumpllwuwpwp ~pw¢nfu4mtf t uwngp up zwpp 
qnpbnuuftpp zunphptJ: U.unwuu wpL}l llwnwqmJ(dUuppg mwpwuwtntl 
OJWU tfwqb:pb:u(l npnz .1.unlmti hwumu t, OJUru tPW[dPtllllp[! amtt!mtf UU, puq 
q}lzllpub:pu uwn.1. b:tn4 Ollnp llu ptlpnttf hunnpqub:pp mllup: "'w1tfwu hllmll
tfwupml WllW2Wgwo 2PUPP up UWU[! ullpraun}lwugb:In4 wt}ll[p funpf! UntJU
UJUU am[ntU liU OJWU t}lW[dp[ulip[!: UJUUlb:u, wum}lllwuwpwp, 41-wtlmtq 
aJntU[! ~P t wb"t!mtf w~IP fupm qwl!qt}wb"p' .'pjlpfijl: 

UpL}l ownwqmJ[aUtlp}l hllmwqw wqqligmraJwtfp umptP-tfmg}lmJ}l 
(qntnpzwgmu uwng]lg L hwqwnwq[l) zunphpt} WU2unntfwa mwpnt[dJWUp 
ouw-uwngwJ}lu qwuqtfwb"pg wum}lomliwpwp qmpu t tfrttJmu uuwgwb" 
oq[!: 1-pwp tlu upwumtf uumgti umwliapu pJmpb:f1uup[1 L wnw2wumu 
mt[tl!P tunznp uumgtl pliqnputlp: Qjwu htlmwqw mb:Ilmuub:pp pwd}luullpp 
hwztjpu ouzuwu illimuguwl! zunphJ:t4 :pppuu w~IP t }umwumu, qmpu 
tfllb:tntJ oqp uuwgwa uwuu: UJU pntnp qnpbnuutipp wqqtigmraJwtfp mrnq 
:pppuu ~pw¢n}utJmu t :pppUWJpU uwngp, puq tJliP2PUU tl uwpmp, UlllP
mwq q[tlut.1_lipmJpu uwngp, u ~P2ntlf _[cnmpwugpq q[limtb:pmJpu uwngp: 

QJmupg qtb:mtb:pmJpu uumgp umw2wgwa u}ub:uwu mup htimLJmt 
mllup[l. liJmu ~ :pppu ~ :pppUmJpu uwnntJg ~ q(timtb:pmJpu uumntJg: 

Uwngwqwzmtlpp williuwgwap q}lpp[! hwlfWUlUIU1wu}uwumu t 
bpqpwquq}l tftlpopLtinmJ}lu ZP2muutlppu L wum}lowurupwp pwpapwuw
tmf williuwpwpap IJ.PPPI! qpwtfmu t illipohwuwpwqwomJpu ZP2wuub:
rmttf, np}lg hilum wumpowuwpmp P2UlltntJ pLb:nwillipo ZP2wliutlpnttf hw
tJwumptJmu t otJqpwlinup tfwqwpqwq}lu: l.JP2P.u lWJUntfclJntuub:pnttf 
OJwU uwhuwuu qw}ut}wb" t uwL ttuu2b:pp qpppwqpnttfpg: qntJqwuJmu 
ttlnumzllfclWJntU OJWU uwhuwun t}ln}ut}mu t 2744 zf wpi.Jummpmtf, upu.1_L 
3780 u· wpuu1pmu: 

cfwuwuwqwqpg ui.ungwqwzmupn qpwqtiglinttf liu tlpqpp uwqpliup 
ll % L qwqumu tlu 16 tf[u. l[tf 2

: Uwngwqwzmlipu qwpqwglit liu qpti_rati 
pn[np ttlnUmJ]l.u tipqpulipp mwpplip lf!PtfmJmqwl! qnm]lutipnttf, npml111 qm
qwqgmu llu gwap 2llpuwumpowuut1pu m qwpap mliilmuullpu: Uwngw-
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qwzmb:pu qpwqb:gunnf b:u tfwJpgwtfwpub:p, qqqpub:p: Uilliuwillia 
Uumwpqmpqwqwu uwngmJpU owoqngu qpwqb:gumu t wupnr12 UWJpgw
uwpp 95% L hwpwqrg qqqpub:pu' 13,9 U[U. 1ft! 2

, q.ptJUtwuqpw qqqm 
90% qwu 1,8 U[U. f[tf UJunn~wo t uwngwqwzmllpn~ : lllnumJpU uwngw
qwzmtlpu qpwqtlglmttf llu 0,5 u t u. l[tf2 uwqtlpllu: 

UwngwnwzUllmh Ulhwbnn 

Uwngwqwzmtlp[! liptlp mpll{p b:u. 
l) tb:numJpU, 2) UWJpgwtfwpmJpU, 3) U}l2-
wu4Jwr Upwup upUJmugpg mwpptiptJmu liU 
uuumu lllWJUmuulipp, bnupp u uwuumtJn
PWUIUU uump uwngwqwzmmJpU OfclJml{}l nb:
[ptl:pp wnwuauwhwmqmpJmuulipntJ: 

Cum unp:PntnqpmJp thnumJpu uwngw
qwzmllp[! pwquwqwu liU: bppmwuwpq tlln
UWJpU hwuwqwpqtipnttf' UtUitlp, qntJqwu, 
"'}luwtmJUb:p, mwpwb"t}wb" llu hntJmmJpU qwu 
m[UJpwqwu mpll{p uwngwqwzmtlp[l: 

UJu uwngwqmzmllpp hwuwp pl!npnz t 
hwumtq wpmwhWJmtJma UUUWU tfwpq[!, 
npnup hmowtu tllnuwhntj}lmub:pp ~pup uw
umu 2PWhwtJwp awqwpub:pp [WJUWgnttfUb:p 
(npnug wl!tJwumu b:u :PftpfiWJftfi wt{wqcuu
fillp) L qomJpU oqtJwa hnupp uwpqlip tiu: 
~4mwJpU uwngwqmzmlipn num ppliUg 
wnwuauwhwmqntpjnt&ub:pp pwuwtu{mtf li& 
tqwpq L pwpq qwu lllDlpupu_ratlmpq mwpw
mtluwqullpp: 

'llwpq uwngwqwzmb:pn wli2wm-wu-
2wm pupumpntJU uuuwu L hnuplt uwpqb:p 
mub:gnll uwngwqwzmb:p liu, npnflgpg jntpm
pWUiJntpU m&p pp uuuwu k hnupp tfwpqn 
(fil[. 70): 

Pwpq uwngwqurzmllpJ! J!Wlll{wgwc) nu 
up pwup uwngwqwzmmJp& hnupb:ppg, npnup 
uutJmtf h& mwpplip UUUwU Umpqtlppg, W]Unt
htlmu U}lmhJmutJmu h&: UJIJ.UJpup uwngw
qwzm}l op}luUiq t 77 l[zf b:pqtiJpntJaJmtfp ~
tllulfnJ}l uwngwqwzmn'llwtf}Ipnttf (&![. 79): 

Unwit6&wgtJmu tiU uwu hJmut}urb" 
uwngwqmzmtip(l, npnup mutlu illiq uutfuru 

lJI{rUp 78. LbnliwJ~Ii uwn
gwflW2Ul . w) ulillwli 
llwflq, p) hnu!!~ llw11q 

ul;wp 79. Utl pwlitl uwn
gwi"}W2U1WJtlu Lbql[w~!ib

rtlg pw11.4wgwo pwr11 
LbnuwJtlli uwngwi"}W2Ul: 
UwngWJlWZlll~ llw4hlll..nl]~~ 
l{flWJ~ ul.. q6b!1[! ll~2UWJ~Ii 

llnllb(ilihflli b(i: 

185 



tfwpq, uwlfwJu t llqtfwlfutipu zwpdl{m tf tiu mwppllp mqqmraJmuutipnl{ 
(wtuuwu mpur): .Pwgp uwngwqwzmwJpU WJU tfti(} mpurtlppg hwuqpU{llttf 
llu uwlt tfwup uwngwqwzmtip. 
l) gwpw;ftfl uumgUIIJ-w2cnlip. hwtftitfwmwpmp qmpp, tftil{muwgtjw(} [c)Up

qwpqwgw(} ntll.]llfmwJpU (tlUUl. nlitlifrliJJ1u' tfuwgw~, ranqul{w(}) uwngw
qwzmllp llu, nrmup ~mutiu hnupp tlw{lqllp: 

2) gwfuz{ruu UlUllgUIIJW2tnlip[J lfwflWJpUp htlm hwillltflUUlw(}, ttlnUWLWU-
2tlp.p nt tftio )unpntr<tJmuutl:p (gpwu uwngwqwzmtlp) tlu, npnugpg qmpu 
tlu qwtP.u tfwup ttlqtjwl{utlp: '1-pwup lfwtul{mtf tru lt lfwpnq tru Ullllft{tltntl 
raunfttUU ,UJI?w2wgulit~4 uwngwratm}ltlp: 

U~J~qmtfwuwJhU ywtf (}w(}yngwJbU uwngwqwzmtlpn p uuupptl
pnt[c)Jmu (IInuwJpUp, zunn tunznp tlu u ~(}qmlfl:iu tlwJpgwlfwp u tunznp 
lfllGP.utlp: Upwug lfwl{tipumJtaU hwpra-ninmgplf t h hpztigumtf t l{whwuu: 
UwJpgwtf wpwJpU uwngwqwzmtlp[l zwpdl{m tf . tru hutupwl{np rmtnp mq
qmraJmuutlpnl{: UumwpqmpqwJ}l uwngwqwzmp hqnpnt[c)JDIU[I hwuumtf t 
Ub.u~u 4frU-p., Jmq q.ptruturuqpwJpU[1'},4frri: 
,_: , .Pllwqwuwpwp llqpwtfuni!Ipmlf · UWllgWllwzm!Ipp hqnpnt[c)JntU[I 

utjwqnttf t·l,t upwug tib.2P9 tlppl:itfU !Ipltmtl t tjtip )unjwgw(} dWJTIUJlp qw
mwputiit;JlrUtflg mtlqwpuruq tulfnunuutlp[l wul{wumtf tlu fmtflwcnwqfllip : 
UtfJYUi2 U:timgiuJpU qwuqtjmU(I rwqt.Uutjmtf t (ttlnuwgputipnnf) Wllwu~pu 
uwngUIJpU-,4wuq~~~llpp, npnup, 0li·.I).-tntli\ .tfumtJumtf tlu tm}lpu, P2Unttf 
otjl{}lwunup tfti2, wflit(i:hlltnu 2:ww!tUll!lll uHhqp qumtf WJurtipqutipp wnw-
2Wgtfurun (wuqt. uj.foj}ripq' ut\pJg~il~llullp): UJuptlpqutlpn tnqwtntl hwu
umtf tru upu~u tf.b2hu {)llJUlll[c)Jp~pu~p.n,,ppl:ni<J htlm mwulitntJ hul{wJwlfwu 
puruwlun.uurwpul:i~}l ~hl{nputlv..:·. , _ ; . .'. : .• 

: UwJpgWlf'itiptuJpti· uwm]i.irii/4?~~,PP mwq puwqwuwpwp. qdl{wp t 
U{UIU'il{\Ipwg'Utit uwngwqwzmtiJ1p b,w,mwl{p nlitltll:pn, uwl{WJU wquhwJm t, 
np mtlq~mtiq WJU qwap t otjl{}lurunup uwqwpqwqpg: 

lfh2wuyJwJ umngwnwzmlinnrpnliug tftl2 [IUqqpqmtf tru tlln'UwJpU u 

tfwJpgwufup.~Jp'U ti~·:<~:::,~::=::~i;;~~~:~i mtlpp mwpplip~_. Upwup uwpw.•:: · 
htup{CwJpU u uwJumtlpl'Uwjpu. 
uwngwqwzmtlp llfi¥~PRUP lfwpnil 

tiu uw(}l{tit up p~u~~.--... • ·_. _,' lfl qrf~ ; 
mU[IUqhUIUl owuqn~, 1': · · · 

UJu u~g~~~zmtipn . 
ztupdt{tltml pwdw~4nW nu 
Wllwu6}lu hnuptip}l u -z.wpdl{mtf 
ttiqtjwl.(Utipntj' gw(} (op.' 1 Ulfwu-
q}luwl{}lwJmtf, flq. 80): ' u{jUJf7 80. UwngW'lW2ltlb!l~· Ll:iq_LJ.w4-

(jb!l[l CUJ~gpbrqbG L!rtqmu ~~umo bG 
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6nLJ.fl ~b~ (lil!wr 4. PnLltlmunLJ.~) 

n~ l{Wll WUCJJWtP hpwrtuwJpU qnpumutlm.taJWU l{Wjptipmtf hwuqp
U{nttf tiu qltumpqwutfwu uwngwqwzmtip, npnup ltwuqnnf tiu hpmJ1tumJpU 
lfnutipu, P2Ulitn4 twu2tipntj qliurp gw(} (ttFfllllU, l.Jwqpliq, Upmpwm u 
WJLU): 

l.JwtuwtllnuwJpU uongwqwzmllp[l auwtjnptjmtf tiu )}WJlap, 
qmpml{w(} ttinutipnnf, :pppUwJpU wtjwqwuutipp wnwm uutfwu dwtfwuwq: 
Upwup zwpd\{tltntj tlinuwhntjpmullpntj qmpu liu qwJpu uwtuwttlnUmJpU 
hwpramraJmuutlp, npmtlq tfP.wtuWllU~tntl wnw2wgumtf tlu hn(} uwngw
qwzmwJpU (}w(}qng-uwtuwttinumJpU uwngw.qwzm: 

UJqU{pu}l uwngwqwzmtlp lfuru Uuwul{wJmtf: 

Uwngumwzmlinh zwndmun urwJtfwuwl{nptjw(} t util}lwlfwu qwuq
l{w(}p tiuztfwtfg, npp z'Unphpl{ uwtmtJq[l tunppnnf atinp t )}tlpnttf uuwumplf 
hlUUll{nttaJntU u uqumtf t mtiqwzwpch(tit: lllnuwJpU uwngwqwzmtlpn}l 
zwpdtfwu wpwqnt[c)JlllUUtlp{! wuhrutftilfwm tfll(} tru pwu UWJpgwtlwpw
jpUUtippU(I: UJU U{WJtfwuwt(nptjwu t uwupnt[c)JUIU md}l ti1I(}wgtfwu qwlf 
qpwtjpmwgtmu qnp@unl{: Uurngwqwzmtipp zwpdtfwfl W}lWqnl[c)JlllU[I qm
tlmtul{mtf t 02-04 tf-pg U}lu~u 20 rf u w\{tltp tftlq opmlf: bp)}tltfU uwngw
qwzmp zwpcJtfwu wpwqrnraJmU[I qtupnq t tfllawuwr Op}luwq' 'llwll}lpnttf 
Utiqt{tldp uwngwqwzm[11963 ld· ul[utit t zwpch{tit50 rf/op wpwqnt[c)JWUp: 

'\,qnp tlwJpgwtfwpwJpU uwngw.qwzmlipmtl zwporutfn qunnwpt(mlf 
t zwnwt(Pqw~u hutupwl{np pnJnp nlililnttaJmuutipnl{' qlrumpnupq qtiur}l 
tlqJ1tlpu: i'Jwpdtfwu UJ:unnO:wn(l qtrumpnupg qtlur}l tiqptipn hqnpnt[c)JWU ¢np
pwgnuffi t, np[l u gtipnttf t ti&zmtiUtipp mwpptipnt[c)JUIU: 

UwngwqwzmwJpU tjwhwu}l zwpdtfwu qpuwll}lqmu [IUUl i'Jmugtlpp 
(fiq. 81) ullplfWJWgtjmtf t UUtllUU qllumpnumqwu tfwpqtlp}lg qtiU[p tiqptip[!: 
i'Jwpdt{tltltu wpuwgpwti wl{tltwumtf t, np£! gtlpnttf t tlqpurtfwutipnttf hqn
pnl[c)JntUUtipp qmppwgtfmuu: UJ'U tfwpq[l, npmti11 ~JWU hwu_mtf[l qtipw
qwugmtf t hnupp mpwqnt[c)jWU[! wul{mumtf tlu wpljwgftCUJ/1 tflliJlq: 

ull 
I f f 

Up 

@1 E---!2 83 
uqWf7 81. UwngWilW2U1WJ~U LJ.whw(i~ llflliwu~L!WJ~ utubUw(j 

((lum t. 4. Cw!igbrfl). U~) uwngwflW2lllll u(j!lw(j uwJ1q, Up) wpuwgtJwJIJ uwJ1q, 
t;,) tljqWJ1WQPWJP q.n1.11p, U4) 'JWI'lQWflWZlllWJp(j wljnulmuwgpWJil q.n1.11p, h.) uwngw
flWllllP wnwttbLWQ.nLJ(j hqn]1nL~JnL(j[], OJ1P flbUU>OLU h0WJ1WltnJ1 t hpu(jwljwu lln]1b(j~ 
ObJ111 UlllOJ1UWI'lQWflWZlllWJP(j ljnLI.IlW[jnLU[], 1) l.llbflnUl(jb]1 ~Jw(j l.llbUf!Oll.. 2) uwljb]11::i-

lj_mJ~WJp(j hWilOLll, 3) UWI'lQWflW2lnPZW]1dmu[] 
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4:wtu4wa uwngwqwzml:ipp uuowu h wpuwgpwjp owpql:ipp l:iqpw
JPU owul:ip]l nl:ictpop tp.ntupmhwpl:ipntpJmuul:ippg wnwuauwgl{nnf l:iu. 
1) "',wumwmmu, 1111PPl! npnztjmo t upwuntj, np wopml2 uwngp hnup[! Wjq

mtlq htut1_nt0 t : 
2) "',wpawlfmo l(wo tunw2 zwpctmo.l:ipp qpwlfwu hwztlli4z:trn t: 
3) uwhwu2' l:ipp pwguwl[wu hwztlli4zlrn t : 

!hllu]l np uwngwqwzml:ip]l tWJ'Uwlfwu l[mptjwapntj zwp.ctmlfD wu
hwtjwuwpw1_w¢. t, lUUJUl qw pl:ipnto t twpmtfUI:ipp, mwppl:ip owpl:ipp L. 
al:iqpl:ip]l tunm2tugowuJ:1: ~wttjtua 2PIIPJ:1 tgtlmlf l:iu ol:iqpl:ipp tlll2 h zunn 
Ol:ia wpwqntpJwOp zwpcttjmo: UJqUJI:iu l:iu wnw2w'Umo tllipuwngtuqwz
mwJpU 2JlWUgpul:ip[), npnup l:ippl:iou mul:iumo l:iu Ol:ia }unpnlJaJntU'Ul:ip: UJq 
2pw'Ugp'Ul:ip£! tlt'Umo flU 'Uwh 'Ul:iputungwqwzmwJp'U h umnpuwngwqwzmw
Jp'U pmul:itlil:ip]l alm4, npnto 2ntPJ:1 qmutlmlf t zwm Ol:ia 6UzmtiUI:ip]l mwq: 

~nrmnonw~w(i uwnqwwwumu1Gto 

bpqpwpwuwlfwu 1_nppnJ:lllwqwu dwowuwl[wzp2wumo btipnUJWJP 
hJnmpupg, '\]mupuwJpU Utfl:ip]ll.ftuJp mwpwapullppg ql:iUJp hwpwtj llu 
zwpcttllit hul[wJwl[wu uwngwqwzml:ip: "',ul[wJwl{wu 1_w¢.llpp l:iu hmullt 
uwh tl:inuwJpu uwngwqwzml:ip{!: Uwngwqwzml:ipp qpwql:igpwa uuqhw
ump mwpwapJ:IlfwqOtit t wtlliw pwu 45 lftu. f[u2 qwo tt J:luqhwump mw
pwapp 30%: lljq UWilgWU{UI111ntOUI:ipp Owupu qmu lfl:ia ptjn4 ntunttfUW
UppntpjntUUI:ip: 

bt!pnUJWI{wu uwngWU{wmntoul:ip]l ql:iumpnu t hwuqpuwgl:it Ulfwu
qruwtlPwu, npml:iq uwngwqwzml:ip)l hqnpntpJntUJ:I l(tuqOI:it t wtiUw pwu 
3 lfu: Utlliw tp.npp hqnpntpJw'U uwngwqwzml:ipp ql:iumpnu t hwuqpuwgl:it 
\mp bpqpp[!, '\]mu)luwJpu fltpww; Uph.Omw-U)lp)lpwqwu hwppw4WJPJ:I 
'1-ul:iUJPJWU uwngwUJwtnlfwu ctwowuwl[wzp2wumo awal{tllil t wtiUtP. 
tPnPP hqnpntfclJWU uwngwqwzml:ipnl{: 

QnppnJ:lllwqwu uwngwtqwmntoulip£! hulfwJwqwu mwpwapul:ip tiu 
qpwqtlgpl:it '\]mu)luwJ}l'U UOI:Ippl[wJmO, npml:iq uwngwqwzmwJ}lu awaqn
g{l qwqotjwa t l:iqlit qplip uwngwqwzmwJpu tjwhwuul:ippg' <l-pl:iutwuqw
qwu, lmppwqnpp-lwtjpl:iumwqwu h 4:nJ:llllttltl:ipwuJwu: 

UwngwnwzUltoh qnoomGbnu~mLfi[l 

Uwngwqwzml:ip]l ,!ipl{pwpwuwqwu qnpamul:impJntUJ:I qwqotjwa t 
PWJPWJDil, ml:iqwtp.ntull11 h wqmomuunn}ltl qnpanuul:ip]lg: 

Uwngwqw?mtlph ~WJ~wmn qnpantul:int@Jntlin ul(utjmo t uwngw
qwzm)l zwpctowu dwtfwuwlf umnpuwngwqwzmwJpu opJwq)l 4pw wnw-
2tugpwa hulfwJwl[wu ouztfwu hl:imhwupntj, np)l U{wmownntj wtflitP hl:izm 
l:iu PWJPWJI{nto uwngwqwzmllp)l 0V.2ngntj mtlqwmwptjn11 hnllowhwptjwa, 
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owpopwa h uuuulmapwJpU awqowu UIUJtupul:ip£!, wtllitP qctl{wp' hpwJpU 
WU{Wpul:ip£!: Umngwqwzml:ip£! ppl:iug zwpctowu OWUWU{wphpu hwuqpll{l:i
tntl ggl{wa ctwJnllpp, l:itmumul:ipp, l[mpmo h hmpJal:igumo l:iu qpwug, wnw-
2wgutitntJ jntpwhwmml[ npnz 1.wtlmtj aqtjwa wupill.Imppl[ ahup, WJUUJUU 
l[n1_tjwa funJ/1 owf[unnf.Jap h qwfiqmp dUI]rilip: 

bpptitfU uwngwqwzml:ip£! UJn
l[mo, l[mpntlf tlu WU{wpul:ipp }unznp 
pl:il[npul:ip h ml:iqwtlm}umo tfl:ia mw
pwampJmuul:ip, npp I!UJawgpmo pl:i
qnpwJp'U UJmpi:Ip£1 t.ftilm OJmupu 1.t 
hwmwl[pu putllitml owupwgtjmo, 
nqnpl[mo m UJwm4mlf l:iU um4wpw
qal:ipn4: 

ll:in'UwJpU ZP2tuuutlpntlf uwn
gwqwzml:ipp h OJWU qnpamul:im
fclJWOp wntu2WUnt0 l:iu nl:ilD.ti:}>p jnt
pwhwmml[ ahtip, npnug :ra4Pu flU 
U{wtnl[wumo l[rnpl:ip£!, wo:}>ppwmpnu 
hpzl:igUnz} uwngwqwzmwJpU qpl[l:iu-
ul:ip£! ( fil[. 82), h uwngwqwzmwJpU u[fwp 82 Uwnguii}UJZUlWJ~G 
hnl{pmul:ip£!: UJIJUJpup mqqnJ:lll4Wa 4r4twuhr 4.wr1JhG~ufllhnuh(1nlli 
qnpamul:imfdJWU hl:imuwupn4 l[wpl:ip£1 
wtiUw m wtiUw l:iu [!Uqwpawqtlmlf h }unp.wumo: 

Uwngwqwzml:ip£! hpouwqwl!mo zwp<:h.fmo tiu uw}uqpu ~tpnqp.nu 
hn4pmutlpn4, h qqw1Pnpl:iu tllipwtlm}unto, WJU qwpaulltn4 uwngwqwzmw
JPU hn4Pmul:ip qwo WJlllqfilip (ql:ipo. WJlllq' mwzmwq): 

SpnqwjpU lm4Pmul:ipp l:ipl[WJUwl[p tqpn:}>pm }upum wuhwtlwuwp t : 
"',wuqpUJntO l:iu lWJUWlfp pwqtfwpPtl UWUiliJWtjwl!ql:ip, npnug wutjwumo 
l:iu dwJnwll[Uilllfilitfihp h hhplfuwfi wwtwwlflihp : 

Uwngwqwzml:ipp PWJPWJI111 qnpamutintpjntUJ:I hwotu}u wutjwumo 
l:iu tftqwpwgjJw (twm. tf(qwpwgjm' hllpqmo): · · . · t 

UwnqwnwzUlbpmJ Ullin wll'mtullno pli4fiQW!hfi . Gmwn . . 
Uwngwqwzml:ip£1 )lptlug hum ml:illwtlm!llihfiifi'hul{wJiii:qruu pwuw

l[p mwpwpuntJfcl UJntp' owup qwtjwJpU owuu)lqul:ip)lg 0)1u1_h huqwJwqwu 
ctwJnmpl:iqnpul:ip.[!: Sl:iqwtlmtutlnq UJntfd[l Ollawowuwop pwqqwgwa t hl:iug 
uwngwqwzmlip)l l[nitO)lg pwJpWJtjwa wUJwpuu~hiJ ' U nprii 1. wtlm4 uump
uwngwqwzmwJpU h tllipuwngwqwzmwJpU hll11tfwh1Jli1Ilttfpg wnw2wgwa 
UJntptlp)lg: 

Uwngwqwzmtlpntj ml:iqwtlmtutlnq WJU WOPI1112 WU{wputlpp qwuq
tjwapu wutjwumo tlu unplififilip ( fil[. 83): 
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1 2 

IJ/twp 83. UwngWflW2UlP LWJGw~wG ~mpttwo~p Llflw llnphGGhflp 
UJbll.WflflllWG utubuwG. 1) l4LWiinul. 2) Llnntlilib(l, U) ~n'lWJ~Ii . 
P) ll~2UWJ~1i. q) UbflQ~G. '1) hwlflw~WJ~Ii. t) 4,b[l21iWJ)1G 

Unwuouwg~nnf liU zWild~niJ. u uumwcr unp!ruutlp: lllnuwhmlmrn· 
JpU. uwngwq.wzmllpmu zwpdt{ni} qwlf mlbtw¢nlut{I1Il unptluullpf! (!Um uwn
gwqwzm}l illl2 Pllllug qpwt{tuo q}lpp}l l}lumu . llu. uwqllpUnlJaWJpU' 
qmqut{wcr t{tlpuumgwqwzmwJ}lu WU{W}lullp}l hmttfwhwpt{wcr qwuqt{w
cr}lg: l.JwqllplmlJaWJ}lu tfl}plluullpp illl2 wnwuauwg~mu llu llqpwJp'U 
unp!lliutlp npnup uwngwqwzm}l thqt{wqp hqphpnlU WDID2Wgumtf ti'U 
U{UUilt{Uipuhp qwu WU{W{lll(l}l JaUpwzwpptlp, U]J.2UWJPU unphuuhp, npnup 
UlllJUU{UU U{WUlt{wputlp}l aunt{ mlliJ.WllPtlWo liU uwngw1hqt{wq}l lfP2!1'U 
uwumtf m WDW2WUnuf Jru tlpl{m tlqpwjpu tfnphuuliplJ. upwhjmunui'jlg: 
1JtlpplJ.U tfnptluutlp[! UIDW2Wlllllll tlu U :PlJ.pUWJpU wt{wqwup UWhUWUUtl
pmtf u hnupp uwpqmtf: ~wmwqwJpU unpuuuupu ~uwqwuwpwp uwngw
qwzmllp}l hwmwlputf llu u wnw2wunnf llu uwngwqwzmwJpu tqqwpw
g}lwJ}l humuwupnt{: , 

l.JwJpgwuwpwJpU uwngwqwzmlipp tfnm tfwl{lipliuwJp'U unp!ruullp}l 
wnw21.Ugtfwu hwtfwp WIJPJnlP qnJmJaJmU ~mu}l: UJumlbt q!luwt{npu hw
mwl{wJp'U u uhpppu tfnplluuhpu Jru: btl pwup np. UWJp.gwtfwpwJltU uwn
gtuqmzmllp[! mutlu zwm tftlcr hqnpnl{aJm'U, upmug umnp. uwngwqwzmwJp'U 
OJaJwl{mu wnw2wumu ti'U huqwJwl{tuU uwngwqwzmwJpU tl{qwpwgltn'U 
hnt{tJ.mulip: 

Uwngwnwz111bnh wllmtlnq!wlllh!.l annom(jbmpJnL(jQ 

Uwngwql1Izmllpnt{ muqun}mlut{nq hul[wJwlJ:wu ~uqnpwJpU. UJmJaU 
mliiJ.w¢nJ:uuwu hum tf}lwdwlfwuwl{ uur.:twpl{tlmlf t uumllguwu l{wt.f 
wqmumuwgpwJp: UJumliiJ. wnwuouwgtlmtf uu hptfuwqwu u t{llp2UWJp'U 
tfnplluullp c fil[. 84): 
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~ :.••.~;_.: /i~ ~-~::!_:" •• ! 1-~~~:~:n~::-o't~~~>,·•~ •.~• :• '!,•i_•, '..:~4:.: f •: 
dWJ,WlJUJO WUfWfllibl"' 

lUpuwgtlniJ dnrtbriGbp~ 

;'~ .... ~ .... ~::..!":•H.f',./'f.;'~~~"'9 ~~";;~"g .. ~.·-.P 1:-~~.;·.t:.~ 
~-::~:-~;;~~:-;~~ :;;:.uunw4WJf\Ci a,,bO[;bft···.;-.'1: ~.;. :~.~ .. ~~ 

dwnu.ul.lwG wu,wpOb('l 

1Jftw(184. ~jll!Gw~w(i 1.. wpuwgpnu unpbGGbpp WOW2WQ11LU[! 
((!UUl fl. !b. !bLjlGUlp). U) UWI'lQWf1WZlfll'l zwnal.lwli awl.lwliw~ wnW2WQWO ulfln[lUWI'l
gWI')WZlflWJI'lli hfll.lliwl.jwli Lln[lblilib(l, P) ZWJlUilli.lQ f1WI')WJlbQflWO UWI'lQWI')WZlflt'll(pw 

llwl.jbJlt.m1pwJ!'l!i linntuubp wnw2wgntlln. q) htulflw~wJI'l!i llnpbuGtn~ tjpw wpuwgt'lnu 
linpbGiibflt'l2b!llflt'l Wl'lW2WQnLLl[! 

'\ptfuwqwu tfnpuuullpu wnw2wumtf hu uwngwqwzmtlpnt{ mtliJ.rn .. 
¢-n}ut{nq plll[npwJpU UJmJapq: UinuWJpU. uwngwqwzmllpmu hpuuwqwu 
tfnptluullp[! ~WIJ.l{WgiUO Ull ~ntnp zwpdt{niJ. Unpuuutlppg: 

l.JwjpgwtfwpwJ}lU. uwngwqwzmllpnltf 
hP,tfuwl[wu tfnpllun wnw2wumu t hwmwl[w
JPU L uupppu tfnplluullppg: Uwngwqwzmp hwt
t{lltm awu wuwq uwngwqwzmp illl2 qmul{nq 
J!liqnpwJpU UJlllJa[! wump6tullw~wp uumnuf t u 
t{llptul}ptlmtf hwmwl[wJ}lu hpuuwl[wu unpllu)l 
t{pw n~ illlo hqnpnl{3JWU~ hnppqnup mtlupnt{ 
np}lu fl. . .b. l>tpump (1963 Ja.) wnw2wPit1ntl 
wut{wllht till wpywqfmu rfnp{ifi[J{Ip: 

l.{llp2pu (~nppnilllwqwu) uwngun.qw
mmuuup)l htimum'Up t hwtfUIJltlmtf nfu}hwpawq 
JalllJl Wlppwtlnil, ~l{lwt{llm hUIJlJaWL{WJpllp[!' 
r1pnltftp'Ul.UJ}lu qwzmllp}l (1Jpntr!lftufihp' tftlpo
tmJ'Uwqwu, ot{WlWOU ptmputlp) WUW2WgmU[!: 

l.{lip2UWJpU unptfuullpu ( fJl[. 85) wnw-
2tullmu l:iu lip~ uwngwqwzmu llpqwpwmL 
l[wuq t wnumtf wJu}lupu zwpdtfwu wpwqnt
JaJm'Uu hwtfnul{umtf t hwtt{lltm wpwqntJaJlllU 

1Jftwf185. UwngWflW2-
lll~ 4tif121! uUJnpuwngw
'1W2lflWJpG pntGbLntll. 
L!hfl2UlUJpG unpbGntl 
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hum u WJU quuwnni uwnqw[uqtfw~p Um2l.i ';lllJwf.mni tru pupup, U{UII1ltfwp
'Uup, wpqn1wrouptlp : '1-pw'Up pwqqwgwa u'U mwpptlp ptlqnpwJp'U 'UJmroii
ppg' zwpdtfllll pn[np unptru'Ullpj1g, n~'Ug u w'Utfw'Umu II'U r{llppflwJftfi qwu 
tJqpw1pu unpliflfllip : {(tip2'ilwJj1~ Jlnpllu'Uupp W11w2wgmuu qunqljwa t 
uwngwqwzmllpj1 ~w'Uqump hum: ~ · . 

'lrumtfwbpwJfi'U pntnp unptnt'Uupu pwqqwgwa l:iu w'Uhwtfwutln L 
~mlluw~wtfnptfwb UJmpuppg, uw'Up qwtfl:ip, wtfwqw~wtftip l{wtfwtfwq
'Ul:ip, 6wtwpwpl:ip, }utiwpwpl:ip L dwJnwptlqnp'Utlp, q[wpwpl:ip 1J WJt'U: 

~!lw-uwngwnwzl.llw!hO llwli l!unuJhnquwghwl 
fi ul.ll LJ w 6 e mm 

Uwngwqwzmp mwppup uwu!Ip}lzwpctuw'U mwppup wpwqntpJm'U
uupp qwtf WJl U{wtntiumuupnlj WllW2WgWCt QUI)pl:ipmu U umnpuwngw
qwzmwjpH rom'Utltul:ipmu L wugmllltul:ipmu UWllgwqwzmtlpp hwunni]lg 
WnW2WUnnf uU bqnJl 2JlUIJltU hnupl:iJl, npnup zwpcf4mu lill tfl:ia wpwqnt
fOJWUp: ltfwgtfw'U uurowgpmtf tftip2}luul:ipu uumllgumu liu tfnplillwJPU 
Ujnt{3[! pU~UlliU zwpctllwu uupwgpmu WJUU{UU tt uwngwqwzmp tfP.2ltg 

qmpu qw[mg hl:imn: 
u1u pntnr wqmumuunnplj wnw2wgmtfutlpu, npnup qwqtfljwcr l:iu 

2Pw-uwngwqwzmwJPU hnupllpp qnpcrmuumpJWU htim w'Uljw'Umu llu 
:Punu[fmqiJwgftwf (twm. :PIJmcflmu' qum, q[WJgfmu' uumgwjpU) (fll[. 86): 
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uqwp86. Uwngw'lW2UlWJflfi t. Pllwuwngw'lwzUlwJflu 6U.b!1fl 
tflnfuhW!1WPil!1nLJ}JnLUUb!1fl ufubUwu 

.'hunnlltnquwgpW[ uumljwcrputlpu WllW2Wgumti tru UUlfiu:Pp Jmpw
hunnntq autlp ' qw'Uqpl:ip, oql:ip, l{wtfl:ip: 

9wfiiJpliptf (qwu}lllpuu qwfiiJplip' wljwq) l{wtf qwuqpw1pu qwzmu
PD ml:iqwqpljmtf llu 41IP2UWJPU tfnpll'Uuupp l:iqptlppg hllmn: 

UJU uumljwbpullpu WllW2W~mtu tlu uumgwrpuzml:ippg IpllpU Uqllll 
hqnp 2Pwhnupl:ipntf rpnpu pllptfnq pllqnpwJp'U UJntptlpp hwzljltu: "'wmqw
utl:iu (unznp qwuqpl:ip tl'U wnw2wgl:it ~nppnJU1wqwu uwngWUlunnnniUuplt 
ctwuw'Uw~ : . 

lljlipp 'UI:iq U{wmljwpul:ipp L pup.wzwpllpp muupnlj plil{npwJpu UJm
taP qmmw4mtful:ip tlu mllqwqwJljwa uwngwqwzmp zwpctuwu mqqm
taJWtfp (flf{. 87): Utfl:iuWJU hwljwuwqWUntfOJWUp. upwup wnw2wgll[ uu 
umnp.uwngWIJ-WzmwJpU u ul:ipuumgwqwzmwJpu 2rwugmllltullpnttf u uwn
gwqwzmj1 uwhWU2P9 blimp uumlilimtll:it uu umnpuwngwqwztnwjp'U UWJ
~wqwu oroJwqp l{tuu tt h}itf&wl{wu tfnJlliu'Utipp ljpw: UJt mltutlt oql:ipp 
wnw2wgmuD qunqt[wb t, }unznp umnpuumgwqwzmwJp'U hnuplipp l:itpp 
al:im, npu uwngWIJ-wzmp l:iqppu umw2wgunnf t uliq ql:itmw: Oqupu qmuq
)l:ipp uuwu ~nppnpqwqwu uumgunqunnntll'Utlpp tfwpqlipmtf tWJU mwpw6-
'~WOntf3JntU mutlu: .: 

uqwp87. nuvtwqfl6 oq 

qwtflipjl WDW2Wgtiwu U{WJUWUUI:ipl} twU{tiu mwpptipljmu liu oqti
rP L qwuqpl:ipp wnw2wguwu U{WJuwuul:ippg: qwtftiplf U]12puu IO- I21f 
pwpapntpJwtfv wuqwunu vtmputlp l:iu, l{wqtf4wa mwpvl:ip wJlwqulipn4, 
bpf1liUU (utiwpwp1Ipn4 u qtwpwpllpnlj, umpf1 qwt{tipn4 L 6w[wpwp!Ipn4 
( fll[. 88): 

Ujutqltup mwpwpUntJIO l1 wuhwtfwulin qwqtfD, z!IpmwJlnpljwanqa
JntU[! L umpp ctwU{wljiiuwau qwt{tip}l wnl{UlJntfaJntU[! tll{WJntU tru, np qw-
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illipp wnw£wgnttf(! UJUIJI.fwuwt(npt(wa t qwuquwa uwngWilwzmlipnt(: 
l.rumt(waputlp[! qmmwlJ:t(tlt tlu uwngwqwzmp mwq li.qwa mwpptlp P2-
t(waputlpnttf, mp hwtngpwJpU 2PhPD plipiit liU wuhwtfwulln ptilj:npwJpU 
UJntJaD: Uwngwqwzmp wuhtimwuwtmg htimn t(tlpuwngwqwzmwJpU tO:w
JpU uumt(wapulipD tqpnlilJ:mt(lit liU hpt!?wlJ:wU tfnp.tiuuupp tfwqtiptiup t(pw 
wuqwunu ptntputlp.p mtlupnt(: 

b/tW{188. ~wllbp 1JOLU~UWJ~U ~WPbL~WJnlll (li4wf1 Q. U. Ppuljb) 

lO:w-uwngwg.wzmwJhu ywtf Jhtfllnquwghw! (Jwm. thrf&lt 1M} 
uumtfwgpulion: l0:w-uwngWI}W2IDWjpU uumt(wbpulip.p jntp.tuhwmmq mptq 
t, np.u wnw£wUnttf t illip.o uwngWI}wzmwJpU tntlpnttf, tlp.p uwngwqwzmp 
ttlqtJwl{pu uuqwnw2 tlu qumtf qtlmtlpu u pp.tlug 2Pt1P.D rawqmtf uwngWI}wz
mp mwq: Unw2wUmtf IIu umnpuwngWI}WZIDWJPU pwqgpwhwtf tntlp.: UJU 
uumt(wap\Jtlp[! pwqqwgwb tnt wt(wqutlpp u qwt(lipp \Jmpp qmmwqml.fUII
pp hlipraw¢.nltmttflltippg: lJwtllipp L wt(wqtllipp Jmp.wpwtll.Jmp qmJq hwtf
uulftlmtf t illiq mwpt(w ctwtfw\Jwqpu: Utfnwtlu, lip.p uwngwqwzmu wt(lilJ1 
}lumtiuu}ltJ t h!.UJ1mtf u q1Imw£ptlp\J tt l{wlut(wa t(}lnwqmtf illib pwuwqm
JaJWI.fp UJntJa tlu mtl:qun}mtumtf qtltq}l tP.n qwtJ}l u wt(wqp dUIUJWt(liu}l 
('Uumt(wbp}l) hqnpntJajnttl[! illia t 1]1umtf, }lul{ Otfnwu[! tfPWJU umpp qwtJ!Ipp 
WOW£WgJ1Wb ctunqwt(liuuupu uu, u qwtq\.{wb nu qwfut(wb UJntra}l tfmmpp 
qp6wmnttfullp.p hum: UjutqpuntJ wtfnWU[! Uumnttf uu wt{wqulipp u qwt{li
pp, puq OtfnwuD tfpwJu qwtJtiilP uumtJwbptlllJl, npnup utfwtl tlu oqtJwb 
ctunqwt(liuullpp u WJ!l tqunn6wnnt( tt w\Jt(w\Jmtf lit. dwU[wt{litilU]}lfl ftw
t{lip : crwtqwt(liu\JIIp}l rat(ntl qwJllltp t npnztlt upw\Jg qmmwqtfwu mwp}l
ullp}l raMD: UWU{tut(liuwll u qwt(lip[! zwm lit. mwpwat{wb ~nppnJlll.WqWU 
uwngunqwmnulUllpp 2P£WUnt tf: 
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!Jnp.pnJlll.wqwu tqtlplmtlp tfwJp.gwtfwpwjpU hqnp uwngWtqWUlllttf
ulip[! huqwjwl{wu wqqtlgnt{ajntU liu Janrtlit zp£wqw mwpwapp lJ:tPI.fmJp 
t(pw, llfl(! wut(wut(lit t U[lipftquwgjmti : 

UJIJ. uwhtfwuutipnttf lJUrawgtit tiu Jntp.op.puwl{ unmgtiuutlp, hwt(lip
ctwqwu uwnwm.{wantraJwu qnmpuup.p wnw£wgmtf qwtqt(wa 2PP utipraw
¢-wugtfwu L uwntitm hum, WtqUipUtip.p illi2 ltmP.D O:liiiptip.p wnw£wgmtf, 
qpntumutlp.p nrtlliltfwu unmgtluutlp, unlft:Pumftg}lw (qpntumutlp.p hnup) L 
WJtU: 

UwngwtqWUlllttfUtlp[! tlqtlt tlu n~ tfPWJU ~npp.nJlll.wqwu, wn uwu 
I.Jwq ctwtfwuwqwzp.2wuulipnttf: f}.p.w tmt(wqntJU t(!JwJntJaJntUD hpu 
lumwgtJwa tfnp.liuulip.U uu· mftl!ftmti/Jp[}, tO:w-uwngWI}WZIDWJpU dlmqwt(tl
Uwou l{wt(tlp.[! L mJtu: 

<;wumunntJwb t, np. WOWUOUUIU{UU nutliq uwngUIUJWIDnttfUtlp. tnt 
tlqtlt mz tqpnmtlpliqnJmtf u mz UJUitlinqnJmtf: 
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qLnLtu IX 

~uun~ tr4rUPUuU4Uu qnrontutn~~sn~u~ 

SwtfwpwJp& qhllwgwglJwJti qnpanuutipllg tfhqu t1 pwlfltu t : 
Rwum wqqtigmraJmuu wtJl:Itlt mctq}lu t urpmwhwJm~mu wuWU{W

murJpu L I{pUlUUWUjUMWJPU uwpqtlpntU, npnup qpwqugumtf hu gwtfwpp 
tfwqt\ptiuti 20%-n: Rwtfm wnw2wguwuD ut.qwuumttf nu 2tipuwumpowu
utipti opwqwu mwmwunnfutl{l{!, qntnpzwgmtfn, npnup pwquwrapt[ wu
qwuuli:p qti[lwqwugmu 'ti:u tfpuntnpmurJp& mli:Ilntlllitipp pw&wqn, J:!muw
qwu owaqng}l unupnt@JntU[! l{wu llllt.qurn pwgwqurJntPJntU[I L WJtU: Rw
um wl{tnM qnpantuumraJmun ul:jwmtil}l t npn2 antJllpll u qumupp pmuw
owoq_mJ.rallg qmpq wl.}lwtfhp6 qnmtiullpnttf: Uju pntnp U{pnguu&tl[l[l, npnup 
U{WJUWUWtlnp~wo uu pwtfm qnpbmuti.nt@jWUp wutfwut{mtf tlu /:nfUijftfi 
(t:nl hpu hmuwl{wu qpgwpw&ntpjnt&mtf pwtfm wuman wumun): 

CnlWJpu li:U uwL gwtfwpwjpu uumtfwopuupn, npnup ·wnw2wumtf 
li:u hmttfwJpu wqnufmuwgpwJp hhmuwugntf u hwlfwU{wmwuJuwu nlitflti
:PP. dutlpJ:! (I!wpJuwuulip, .Il.Jmutip, raupw2wpn11 u wJt&): 

.Qwum tlpl{pWJ!w&wqw& qnpomullm.raJm&n pUIIJI{wgwo t up zwpp 
qnpbnuutlpllg' IJIJ:Pycugftw (t}l~mu h gpnuf), !pmwqftw (hqqnnf), miJqunjm
Jumtf L wf[nttfmywgftw (ljmmwqmtf): 

UjU pntnp qnpbnuullp[! upwutiu pwpq WUP11I\2W4wU uwngtlu tiu: 
ilpnz tlwJptlpnttf qpuunpt[mtf trU pwtfm qnpbntuli:m:raJwu uuq, pul{ uuq WJl 
tfwJptipmu u1mu qnpbnuutipJ:! (aft. 89, 90): 

u"wp89. ,rwq11wu q.btnfl hml.Ulnt~ 
P2utt qjmq_p ~ntn pwqWLUlUI:l11fl hnll.~W
hwpaw[i 6L.bp (Ei4wn =u-~ .qwpnttl:iuwutt) 

u"UJ{190. Qnppu J?Wil.WJJP untn 
hrwptuwop[i-pb~npwJp[i hwutn4,w6-
,gma hni'\.WJpu pmpq.brl! ~ JJWpwG-
6wtJ.[ibp(! (Ci4wl' L. u. ~nhnwp.JWOfl) 

'll:illi!Wqhw 

'1-ll,Powgftwfi (1unn. IJll.jJJuggjm' ¢imtf, htinwgmtf) WJU tlpumJ.rau t, 
hpp pwun~ qwu pwtl1nupii}ntf qmpu t pl:iptJmtf w~wqurJll& umpp L uwu
pwhwmtiq UJmran: 
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UUUIU{U!UlUIJpU Uurpqtiruuu purupu utiptumchuu t Uill{Wpuhp.p 
f!DlDP Ouqphpu nt urugptip{! u UIJUmul1ltg l.}l~urtfurppnttf, qmpu ptipnnf 
hnrltfurhurptlwb l.}l}upntu UJnrratipn: 'l-w t U{U!UlDUIIZJ:!, np urtqurpuupp ollq
ptipu WJumbq purgt[wo hu: Iunpwpwg ohqpupp wnqurJntJaJmun utquruumttf 
t -l>llqpl:jwl:jwu hru:Jtfwhwptfuru UijUlghuulip!l wl{tnpt[wgtfuruu, nJlu lftiJ121lu 
hwzt[m{ phpmtf t onoi.{Illl cturJntipp. urnur2wgtfwun: 

Qwnpraw¢. 1Wu2hpmtf, li:ph lftiP2PU· 
'l!tipu 4wqut[wo tiU mwppup UIUJUiputippg 
:nli:qp t mutuuntf hru]tfwhwptfwu u llll1>uw
'JPWJP numpnt[}l wziuwmwup (ul[. 91): 
~wtfhUunnWJ!urp l.}l}upntu liiU{wpuhp[! hnll
Jwhwpt[mtf qntJlU hu phpnttf, puq qwpcrptl
!1TI lfumtf uu: Rwtfm WJI1UIP.uP. wz}uunnwu
pp qli:tqpmtf WllUI2WUntU tlu liiU{wpuhppg 
li1mumuli:p u Iunpz!Ip: 

'l-trl>Iwgpnu U{pnghuullpn hwtfuuw
mwptup mctqllu II& wpmwhurJmtfmu hpq
JlWq&qti pmuurowoqmJppg qmpq tfurpqll
Jmttf, npnup qwqtftlwo tiU mmpptlJl awq
tfwu t}l}upntu UJntfcltlpltg: Rwupu pp htlm 
t(lipgumtf t mJq l.}lJupnt& &JmratipJtg tfwup 
tfuruup4utip u miiilwtlmiumtf pp zwpctrluru u"UJ{191. ,nrtllwhwpllw[i "' 
mqqmpJWUp: l..r.Jmpp pwtfhurptfwu[! L tJll- 4'l~~wu Wl1'lJnL[iJ?ml. wnw-
Jtwpwtfhwptfwun uUjUIUmmu II& wuwu(W- 2wgwo UlW(1P:I1 nru[iw-
tnwJpU tfwpqupp tfwqlipLntJPP wuhwpram- tunrz 11 
pJmuuli:pn: UuwiQUIU1uhppu hppl:itffi wut~wumu l:iu qnqwhn\filmutlpfl hWJ
tttiUP.p, pwup np WJUml:iq mwpwbt{nnf hU pwquwraptf una m l.}lnpp P2-
t(wapullp: '1-w npnz hli:mwqnUIIUJ.uliplt l{wpotiPntlqtrl>uwgpnu tqpnglluuhpll 
Hlfllllmup t: tJ}1 zwpp wuwUfUlllluhpntu lwtfwaputipn hwrlwzJuwphwJlJu 
otll{tnuunup uwlj:wf111wqpg pwtfwqwupu gwcrp II&: UJq qnqwhnt[pmuhpll 
hwmwqwJtiu tfwutipnttf q}imt[mtf t wqtlpp qmmwqmtfUtip, npnup umw2w
~tmtf hU unqurputip}l bwqmnputipmtf qpntumwJ}l& 2PUPP pwpapwguuiu, 
lrlUilWIJ.pUWU m qnlnpzwguwu WPil.JlllUpmtf: ~timwqWjntU WI\IIp[! J!Jntnti
rtWUntU l:iu u t}lJupl:igumtf lllU{urpuhp.J:!: UplulwJP.& lutitfwJwqwu tfwpql:I
r:nnf wnw2wumtf nu l.}l}upnt&, l.}lnz!Iuuwu huzm pwtfhwptfnq wllmmwJlJu 
bnplJqnuuhp.: Cnq, wuhnllu opuptiu wqnnnuupp tfpw WUW2UntU tiU hqnp 
t1mppmtllum hnuwupuhp' tqUlmwt2pwuuwu uppqwujmuuhp, npnup 
~1~mu hhnwgumu n& hmtlfwhw[lt[wb t}lJupntu &Jni.f.,li:pn~ UJq hllu1.qupu!Ip}l 
UUW2Wgtfwu U{WU10Wll{! upqpp tfwqtlpLntj[clp mwppupp wubun.fwuwp 
InwpwgpttfU t : UJlillmupmtf mwptlg-mwpp qnqwhmipmuliplJ }unpntpJm&-t~ 
ut[li:l}l t illlbwumu: UwhwpwJmrl WJI1uttiuJl li:pqwpwtfmu hntfmwutfwu 
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qnqwtlnpnt[c)Jmuuhppu wutlwumtf uu tfwwl).}lfilip : '\,wp"tl t uzlit, np upwug 
uwiuwwntu2wgtfwu tqUlulOtun[l WjUntWilliUWJU}llj qwtqt}w~ t 2PP t4wg
tfwu hum, npp ypw WJUmhtimL 4bPWl}Ptllit t tntwJpu qwuqtj"wb-[1: 

Sl:iqwiflntunul u ~nnwq~w 
lllinll pwtfPu hil hum mll11Wllm!umtf t wt}wqp u tlmzm uwuupquupn 

hwpJntpwt}np, UntJUpuq hwqwpw!.J:np q}ltmftimptlp: ShqwqmJunf\ UJntJ.dD 
pwtfm up~>ngn4 mliilwmwplJnnf t pu~UJtiu oqmtf qwJUtfwb' qpnwqntl, 
WJUUJliU tt qtimfuni q[n[ltltntl L WJU qutqpmtf muqtmlmJutlilll tfwuupquupp 
m{lwtf~wtltt! qwju!.J:wa t pwtfm wpwqmpJm'Upg: b}.du pwtfm wpwqnt
J.dJtllUf! 6,5 tflt{pl[ t, lUUJlU WJU mliqunlmlumtf t tf}lu~L 0,25 clef iwtfl1Ipn4 
tlmzlt u lfwupwhwmltq wlJwq, 10 tf/t{pl[ qliUJpnttf' tf}luiu 1 eft!, 20 eflt[pl[ 
qiiUJpnttf' 4-5 efef tftuuupq'Uti[l tiu mtiqunjmfumu: 

cDnranp}lquiipll duitfwuwit oqntl llwflllilii'U tn1IIlwtlmJu4bt tfuruil pw
pUIJ!IIqnpuiip: Sliqw$nJutfwu hlinwtlnpntraJm'Uuiiiln IDUIJli!liP. Uu L qwJulJwb' 
llu punfm wpwqntraJwu tfmtlm}untJ3JmuutipJlg: l..T.:PJl}lltwJ}l wuunqwmu'hillt 
tlmzpu tPillil UfUIUuwmuupp lfnqupg tn'hllwtlmJunnf t 2000-2500 l[tf, np.n 
qqwtp qwuqt}wa t UmtwUIDJWU otl4pmunup uumt}wapuupp illi2: 

l(pzocuqftwfi (twm. lpmcuqftn' hqlpmf IItf) pmtfml mullw¢nJu4nll 
mqwqwhunn(lquli[l(l hwptlwa&li{lpg dwJnlipn lfwqtfnf\ WUJUIPUlipp t}pw 
qwmw(l\}wa tlmtlmJuntJ3Jmuulipu U.u ( fil[. 91): 

.P'Uwqw'Uwpwp pwtfn4 muqwtlmJutfnll umwtfUt }unzn[lwhwmpq 
tfwuupqullpn 2UIJ1Chfmu Uu qbmuwuupa oqp zupmllpntl l-2ef qllmu(lg 
plU)16p: "'-liug WJU zlipmmtf tt tntii}}l t muuumtf wnwtfUttuqDtjU qnppwqp
wu: Dtdq{lu, hw6w}uwqp hwp.tfwau1lpn uwzmu llu dwJnlip.(l h}ltfpbpn, np.p 
Wpt).Jm'Upmtf wnw2wumtf tlu tfUwgnJlil.wJp'U duiJnlip Jmp.whwmmlf mp
tlwqalipntl 4bphntlf' }WJU, hpup}l tfntn f!W]1Wq L utb}, npnup hpzbgumtf uu 
uuqtlpp huug WJqU{tlll tt wUtlwUntU tlu' U/lllUU[lUUJUij}lfJ u[JqlJp ( llq. 9Z): 

·'\,wtflltfwmwl!WJ1 illilf ntlllllllPJlllUI! rp~nq pwtl}lutipp qlltqpmtf wnw-
2tu'Umtf till qnppwqtmu q~uwgtmu n{ltf'UwJunpzliil, n! uua pwp.wJutip., 
Jugllp: lpuJntu, tftlq ~uqqmJ3JWUp ¢inrt pwtf}lulipp qlltqpmtf, wtiwqmJp'U 
2PtaliJ1'[! Wfllll2Wgunnf uu wnwuapu wqnuutlp qwtf ¢ruwwqulip (l-2 
IIpptitfUtt 6 ef }unpnlJ3Jilltlp), npnup tijnfpwug(lg wnwuauwgywa IIU wu
qwunu qn.:quihtln qwmwpulipny: Q}luwumwumtf qpwup hwJm'Up tiu Jcup
Ipufiqfihp w\Jmunti: Swpf!tlp qwpOpnlJOJWU tf}lutipwt'Ulippg qwqtfywa wu
hmtfwui:In WU{Wpulipnttf oqp mmppm[liUm, urmmwqw'U ZlUJldmlf'Ulipp 
zunph}ltl unlwqwhwutpq&llp(l hwp.tfwaulipJlg «zwntutfttlmtf» IIU gut}llipntl 
n! illib h qmpp. JunpntJ.dJWUp P2l12'Utip, npnup qwqtfmtf uu !!22WtJ"n[l dwJnlip 
h h(lzligfmttf llu tilif\mutip(l illif\]1wp2l12'U1Ip Uli~wgtfwa ~un(lllpntl (fJl[. 9.1): 

4:nnwq}lwJ!l hllmuwupntf wnw2wumtf tiu llnw&(lum qwtf pwqtfw
upum hwpra rpWJttlgpwa tfwqupuntJtaUtipntf ump qllf\tlpn'-( tntWJ{lU hf\qlfw~ 
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uqwp 92. 4nllwqtJwJI1 
uGI.fwlillwli ~u 

UtUJP 93. 12wllnL qnpOnLutmL~JWilp L. 
hnf\llWhWflllWilp WllW2WQWO 

P22Wt!np llwl.f~J1L.rlLJP mm~bpfl qpw 

WUJUIP'Utlp: lpmwq}lwu wp.mwhwJtntfmu t uwu wU,WU{UJUl&tlpp hnppqn
uwlJwu mti11wqptfwuJ! lJuniwJ!l'U tfwqtlphntJJ.d'Ulip(ltlJlw: 

tn11wO wlmulmuwghw u tmw1hO OuuuJwbpOI:i!1 

'1-n:}>uwgpwJJl hlltn upwctwtfwuwq mtii}}l t mullumtf uwu uumllgmtf 
lfwuil!ma pwtfm wp.wqntJ3JWU $nppwgtf w'U bllm: UJu qlltqpmtf umw2w
umtftl'U gwtfwpwJp'U tntwJ)l'U uumtfwapulippJmpwbunnmlf tn{lUJllp, npnup 
tqWJtfwuwqw'Unpli'U qUiptl[}1 t pwctw'Ullt llplfm Juup(l' wt{wqutlp L unmup 
( ulf. 94, 9.5): . 

tnuwu wtiwqutlp[l [1Um awqtfw'U llWJlllll lift !Jt&tit :ppqplfwlfw'U hniJ
tfwhwptfwu hllmhwupntf wnw2wgtfwu, npi.qbu qtlmlipJl, t6tlpp, anlJllp}l 
uumlJwap'Utl[l{l 4lJpwpunfblU]1tfw'U UIJlillntftp: tntwJpu wl!wqwJ(lu 
Uutntj"waputlp[l mliqWq[ltlnttf tJu qtl.'t>tWJgltwJft tfwpqllp~g O! zwut htJnm: 
U.tTI:ItP hllmn uu mlirlwtfmJ:utlnnf L mliqwqpl[rntf tfw&[l, tlmzll&tfwu 'UJmrati
Pt!' WUWUJWtnullp}l tlqpllpmtf, upwug l{ltg mwtflwumuruuupnttf h [tln'Uw
}lDU2tlppu: UJqurpu}l tfwupwhwm}lq upupliJllt qmmwqmuullp[! umwgliL lnt 
uou wutfwunnfn: 

{Jnuhpf! utipmwynpt}wa, pwg qlillP'U qwtf qli11uwymu qntJ'U{l tfwm
utipm{ htlzm mpnptllll'\ WUJwpUtip IIU, npnug tfli2 tfnmw1.(nf1UIU{Du 50 %-[1 
qwqtfmtf IIU 0,05-0,0 I eft! tlmzm tfuru&}lquup(l: lJnullp}l wlll!lll12 hqnpmra
Jwtlp, pwJq n~ zwpnt'Uwl{wJ!urp., pwpa(lw'Umtf liu Iunf\nt}wqwau awqnmq(l
ulip(l hwtfwqwpqllp, npnup W[ll]Jllt'Up Uu pntJUllp(l rpmwa wpt.fwmutlp}l 
hi:Imptlplt lJnulipn Ju(lum qw(lpnuwmwgtfwa tfu, qpwplUJllipp qwuqtfwauli
PU Upf!tlUU WDW2wgumtf tiu aqt.Iwa hpwzwqlir), qllqtlg(lq ahtip, npn'Ug w&-
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..;;··n -._.r._... 
.,'\' ' , .. , _ .. 
. -· 

uljwp 95. LJnubppg pwn.4wgw6 
mn.n.wllpq flWflWttlnLLGbp 

(li~wn q,, '11. qti1121lnlt~l 
:.:\. ~, 

t[wumtf nu l{nmuqullp: ·. UJu 
wll[urp'Ull£1n 21Ul.IJ tlu mwpwb'
t{wa tfl:t2P.'U lJ.upuiJmtf, Qp'Uwu
mwfuutf, fitl,ww)l'UwJmtf u WJL 
tfurJpiipnttf: lJnuU(l)l hqnpntra-

:uqui/7 94.tJbp4wgw6 wttwqGbpml Jnt'U'Ullp£! huruumtf tiU > 100 u 
nbLtJb~p hpllGw4wG llubpp qwnqwgllwG wl{lit)l tfiimpii[l)l: 

utul:iOwG {[!uLn P. U. llJn~npnLt~M . lf)lu2_ tUJdu unullpp 
1) pwntuwliwJ~Ii PLN~ . 2) tllpn!mliwJ~Ii wnw2wgtfwu •• l{li[lW{!llflJWl 

pW(1f\JWii, 3) bfl!'ILnWUW(1~ pwpfuwli, 4) ~~UW- ~"wU . ,(hWUZwUWlr nwgwm-
· lnLUiiWj~li .pW[li\Jwli, 5) qnljq pWflt'uWii, L't "P 't r 

6) pwpf\J!JJ{iw}fJCi zru~w. 7) tunznn hw~wtiJil . pnt[3JntU'Utip.: LJnulip)l tnttUJpU 
PWIJfuWiii,.Uj~Q 2f1PW, 8) r.ulpwjpli pwpf\Jwli, b'WqtlWU h)lll[n{dllq UinW2 t 

"lliJ bp~w)liwl.!wti ·i2_wllnL r)buu~nul wligliritl'i t pwztit tJ.. u. Oppntthu: ; 
pwrtu.uuwJ~Ii 2rtPUi}fi, 9) pwpfu.uliwJ~Ci bn- J:!wqtfu""'h.t .Thalip 'nu 
~WJiiw~w[i PliiW2W(1Q wli4JnLiiwqow)~li \jn- - 1-l''t 't ... 
fll:ipnq, 10) tunzn[ll:i[I~WJUW\jwli PLilWZWI'Q UIDW2WgUmtf fitl{pwpUWJp 

wli\umliwqowJ~!i ~nflbpr h~llwt~llnlt mwpwapp unuUp.n, npnup mw-
. . . . .. pwb't[wb' tlU qllmlipp 2f1PW-

dw'Uutlpnttf, tWll2UflP ~w! . . hpu qllmwJp'U qurrwt{wuqullpnttf u m&ll'U 
muoqngtujp'U p'UmJra: twm. humwqnmnq'Uup qpwug ourqntlf[! pwgwm.pmtf 
li'U pwtfm qn,llb'nt'UllmraJwtf{!: J:!wqtfwra)lt[ unuurJp'U ~uint[urap'Utipnttf hinu
llPUfmtf tlU wl{lit)l tunznp.whiumpq UJmratip, lip{!lltlU t1 wt[wqullpp 
nuUf'UJwl{utip zllpmwt[npnl{dJWU uqurtnll'[p btimpll(l: UJU williUu t{ljWJllltf 
llll, np unuii(l)l UIDW2W9UWU[! Ull[tuumllt ~ 2PWJpU tfP2w!JwJp[!: . 

. UJI} UftUUltlUI1lllt.{ tt WDW2 tfu pwzt{m.tf unu1Ip.)ltimw2Wgtfwu qllum-
4Pwt~ wuntt[purt, 2PtU-uwngwq1UzmmJp'U, hni')wJp'U ~iiiP.'4wa'UUpu: Cum 
llpn2 hllmwqnmnq'Utipp dwtfw'Uwquil{pg unuliJit! u unuw'Uuwt uumt[w'Gp
ullpu ~np. \{'[)ltftUJWl{WU qnm)l'Uilpnttf qwpni') tJU tnnW2Wgwb' tb'Uilt lUtJOl
.\fuWtWJpU, quumt{pWLWJpU u gwtfwpWJPU WJ{ uumt[wapullpj'lg hnqtfw
huxptfw)I, hlli')wnw2wgtfwv u WJl utpngiiu'UIIp.p htimuwupnt{: 
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q.LnLfu X 

Lutr~ nt uu~~uutr~ tr~ruPuuu~uu 
q.n ro ntut ntrasntu~ 

L!Shnh hn!,mwpwGwljw(j nhnn: 

llflip IIu wutJwutJnnf IIpl{pp uwqiip!.mtJJ.OP 2IIDtll9tfVlb' qnqwt[npm
aJmuuiipn, npnup Itwurt[wb' 2_tlu b'nt[}l htlm: l6tlp}l hwlflUU{Wpr}lwl{ htimw
qnumtraJmuutlpm{ q{!wqt[nnf t tJ:nffintnqpwu l:gmf t6mq}lmntraJmu1r "'wtftl
.iwm.wo b'ntl}l u qtlmllp}l llpl{purpwuw'l[wu qnpbmullmraJmu hllm t61Ip}l 
!lpqpwpwUwlpnu qnpb'ntutintraJmuu uzwuwl{wtlmflllu l)mpp t: lnllpn llpq
Jlp tfwl{tiphntJraP t[pw q{!wqtigumtf tlu qnttfwpmJp'U 2,7 tftl!. qt!2 qwtf gm-
1iwpp 1,8%-u: l61Ipp tunpntJ:3Jm'UJ1 mwpwb't[mtf t IWJU uwhtfwu'Ullpnttf 
ftttnnU' 0,8 tf, J:!Wjl{Wl' 1620 tf): 

Iunznp ttiiippu w'UtJwUmtf llu amflip (op.' qunnqpg, Upwuwu): 
L6mJ}l'U qnqwtJnpnt[3Jnt'U'Utlpu ~m b'wqtfwu tll'Umtf uu' 
.~ ) S!Jqlii!Jfnoqwfi ( op.' AuJltmt, lThwu, Swuqum)ll{w, bJuruuw), 
.. ) ')pwpjuWj/Jfi, npn'Up UIDW2W9tlt tlU hwuqwb' hpUI{!juUtip)l juurn'Uwpw'U

utlpnt u u ll[WJrau wu tunqnt[wl{utl.pntu, 
::) UamgwlJllllUlll!J/Jfi, npnup wnw2wgtr1 IIu uwngUII].mzmtip)l hllpl{uwu 

l{wtf wl{mtfmuwm)lt[ qnpb'nt'UIImJdJWU lUpi)Jmupmtf: UltwUqp'Uwt[)lw
Jmtf, {Jntm Jdllpwl{qqmtf u qwptlt)lUIJntU zwm II'U mwpwot[wb' 2_nppnp
qwqwu ul1111ql01JwtmWJftfl ttillpu: 

'~) lliJnl/comwJ/Jfi u IJUfUlWJ/Jfl tifllpf! qlimwhnt[m}lg qmpu tfuwgwa huw
hmullp, lli')lli')tUUlWJpU u qlltutWJpU wnw'Uap'U q1Imwpwqm4'Ullp llu, 
npnup l{lipwl)mtulflit tiu ttillp}l: 

~) gcopumWJ/lfl, p!Jpt!nqcopumwJ/1&, npnup tunznp 6wqwp'Ulip l{wtf tmb'
t[wa Wll[Ulp.UUp)l tfwqlipumJramtf qnqurt[npmraJm'U'Ulip tl'U: LO"IIptfn4wpu
mwJ)l'U utpnglluuiipu tWJU qwpqwgwa II'U hwl{lipawqwu uwnmb'ntJ:3JWU 
qnmp'UIIpnttf l{Wll[tJwa uurng)l mlir]-miiq hwttfwu hlitn, np)l hlimhw'Upm{ 
miiillt II'U m'UII'Umtf $tmqmtfUlip: \rumligtfwuu l{wtf $tniquw'il(~ ·'Ull[WU
mmtf t uwll um:PnqpurJp hp.umJJaU (tfwup tftuuupl{ulipp illituw'Upl{w4w'U 
qnt[lu {!lip.mtfu tmbt[wa ~tiwljmtf): 

~) f/Jtmqmt!ll!Jftb, npn'U12 UIDW2WUnttf tlU tiin'Ulipnttf qttmqmtfllttp.p hlltnl:i
lfw'Upnt(: Opp'Uw'l[ ' lfm[lqurp ('llwup(l) ctllmp 4£1w Uw(lllqp t6p WDW2W
gnttf£! l{wurt[wa t 191Ira. ll[lqpwzwpdp blim: bpp qllmp hmlJtmu rawq
t[mtf t $tmqnnlUIIpnt{, LWt{WJpU bnuplipnt[, lflip2\:nuJ)lU tfn[ltl'U'Utlpnt[ wu
\{wumtf II'U copqlitwU[wcn&!J,2WJft& trfllp: Upw'Ug rat{ltu liU l{lipwqpt[mtf 
'Uwu wphllumwl{wu wtf{!wptnwljuiipu: 

PwqtfwraPtJ LlltUJpU qnqwt[npntraJm'U'UIIJl )l[lli'Ug muqtfwtfp ll{Wil

utwtfnJl tlu tf}l pwup qnpb'nuullp)lt.f}lurltwtfwuwlr ltitlpp hlulpntnqpwl{wu 
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nlldfnf{) (~pp. wlj"litwgnnf{) L u~wqnni{)) mwppllp t ' U[WJUWUwtjnp~w<) t 
2P2WUP, lJt}lUWJWlJwu wnwuaumhwmlJntpjmuulipntj: '\mtflul.mJP,U (lun
urutl) lJl}ltfWJWlJillU tfwpqtlpnnf qmu~nttf tfu ql}uill~OpWU[ti.U pwqgpruhwtf 
hnup muti.gllllt6tlpp: Upwup uu~mu ti.u qti.mllpn~ L qntnpzwgtfwuu qmqru
htin 2PP up uillll() I}lltpu t pti.p~mtf qti.mti.pn~ L up uillllu tt mwtlm ti.u umnp-
2PJill hnupP,u: qmu tCiti.p, npnup mutlu upWJU umnpqti.mujru hnup: 
UptnlWJpU (tnP) L uti.upwplulmJpU (~npWJUntJOJillU) lJtpuwjwlJuru qnmP,uti.
pnttf mwpw~~w<) till ruqruJP.li wUhnup tCilip[),pulJ ~pllpn ~ruJuu~mu tlu qn
tnpzruglfwu hmuwp: 

lCilipP, ~pti.p}l qruuq~ru<)P, Uti~ Utuu[! runw~rufuuu t lfpuntnpmwJpu 
tnllqmtffitlppg, pUtU[ti.u uzmrulJru'U, WJUU[tlu tt U[illppupwlfw'U 2J11Ujpll hnu
pti.pP, hwztllt'U: qm'U tfUwgn[ll}mJpli t6ti.p, npn'Up illJlllJnt'Up till uwJuqp.u <}n
~mJP.'U uufruqwuuti.pp.: lpnuU[P,g <)mf-tr6D tfnm hwpJntP hwqwp mwpp 
mnw2 uprugru~ t llqti.t Uqnt! <)nt.jp hti.mU'wuP.tll hnt!mnt!: 

leiti.pp. ~pti.pp. qruqun L wqtmtraJmuu npnzt!mlf t pwqlfWJOfit! qnp<)nu
uti.pntf, npnugpg Uti.~ uzru'UwqmraJmu m'Uti.u 'Uti.puminfllll qti.mruJp'U L 
qpntutnruJpu 211ti.pu m 4trtfmJwl{wu U[illJuru'Uuti.pu: qmJutfw~ qpruupg 
tjmJutfmu t uwL up'Ulipm!PqwgP,wJP. illUmP,Cimuu (wqpntf<lJntuf!) L ppupw
l{ruu qmqlfD: Ilpnz qllurphpntlf hwztllt t wnutfmu WU[WJllihpp qruqun, 
npn'Up qwqumu hu teimJP.'U qnqw~npntraJm'Uu: '\nttflulwJP.'U uwpqllpp t6ti.
pnttf ~ mrupw<)ntlf mutiu pruqgpwhmtf, pntJl up'Ullpwtmgtfwb' 2pllp, 
npnugmu qllpwqznmu llu HC03- L Ca2

+ tmuuti.p[!, WJU qliU[pnttf, ti.pp wpp.
J}.WJPU L ullupwpP'lmJp'U qnuw'Uhpntlf hmuJ}.pU[ntU liU mqjlt6ti.p L UmJ'Upuq 
JuP.um mrt}l, hwqllgw~ tm<}ntJpu!Ip mt!lltP. pruu 250 q/[ upullpwtwgtfmup 
Cttmn'U, qnttwli L mnu): SwpJ!lip t L 2Pllpp. ruqmJpU qruqtftf hP'lpnl{ruppn
uwm-lJwtg!mttfwJp'UP,g upu~u mnplulw-'UWtnp!mtlfwJpu: '\P.tffimqwu pw
qruqpmtfillUuppu qmqruhtrn puwqruu ~pllpp tfii2 (HC03-, col-, sol-. cr, 
ci+, Mg2+, K+ L Na) Uilllluwlrgllll, t6mJpU 2Pllpnttf hruuq}lurmu ti.u npnz 
!unlmtl ~nu.l>npp, uptP,gP,mup, lfruuwup lipl{WJOp uprugmpJm'Uullp: Qp.tipntU 
wnqmll'U 'Umu tm<)Qw~ qruqllp (02, N2, C02 L WJt'U), opqruuwqwu uprugm
IOJntuu!Ip L upruug PillJPWJUillU illfUlJntup'Ullp[!: 

Cum tm<)tfw~ UJmplipP, qwqtip. wnw'Uaumglj"mu ti.u wqp t6ti.pp. 
hlitnLJWt tnP,U[lip[! . 
I) U11IJWJftfi qruu l[cappnfiUIInWJftfi' Na2C03, NaHC03, NaCI, Na2S04 U[W

pnt'UmqmpJmuuhpmf: 
2) .U!JWJftfi qruu pfnpfuJWJftfi (ttmn'U, Pilllll{ntlitwl{, I>'Uqllp L Uti.p6qruuur

JWU P.2t!W~pp. illJlt6lip): 
3) '1-Ulll[!-WIJlUJflU l:jruu unif:}JcamcaJftfi (qnttmuqpUJWU up 2illflp t6llp, 

Punn.wtrpwzwJp tlt6D {plt{l{illllmlf) U[Wpntuwqmtf liU Na2S04, MgS04, 
CaS04 L NaCI, MgCh: 
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lotipp llpl{pwpwuwqwu qnp<)mubmJ.aJntUD zwm utfwu t ~mfruJpu 
wtfmqwu'Utipp qwp<}ntutlmpJwuu L pp tf!I~ uuqqpl{mtf t tm}IruJp'U umuJ}.
qrutfwuqulip, tm}Iwtfti.po 2Pwtfruqwup hunn.ml{p, mhqunlmJutfwu, ptll:jnpm
JPU 'UJntJOp mti.uwl:jmt!nptfmu L wtfwqwup t1112 tmb'tfru<) UJmp)l mllqw
qpu wu L uumtjwb'puti.pp lJmtnruqtf wu UJpngti.uulipn: 

l6ti.pp PWJPillJiliJ ruzJuwmruupulipntU Uti.~ t wwputi.p)l J}.ti.p[!, npnug 
pmJPWJnll md[) tfti.bwumtf t mdllq pwuputi.pp qti.U[pmu: .RwJpruJtfmu L mli
IJunlmtuuwu wzJuwmruupulippu uUfUIUmntlf t mwpwpwzmlitf ~PP pwp6-
pwglj"rub wLflpulipp qliU[pnttf 2PP uwlfwMW4D mwmUJ'Ulj"ni.tf t 1-2 If. 
l6lipp lipqpWJ!Wllilll{illll WZ}ulUtnillllp[l 6pzU1 UJWUlqUpillgUlitm hwlfwp 
U[limp t qj1mwpl.rli1 wp.hllumwqruu ~pwuprupulip}l tutflllpjl L tutflruUtlpo 
qnmp~tupp pmJpWJntUD m PWJPWJ~Wo llJnt(ap mbqunlm!tmtUI): Iltumu
llillllppntJOJlllllllUJl[) gmJg liu mlj"llt, np up pw'Up mwpntlf tutflb:p[) qmpwm
~mu till tfPut L 50 tf llntJ'Upul{ 110-115 tf mpwqnt(aJWUp: 

lnwJpu uumtjru<)putipp qwqtf[! qwju~wa t l:jtplfwJwlJw'U UfillJUuru
ulip)lg, nutP,ll:p)lg, 2PWhW~Wp wlfruquru)l lipl:jpWJ!WUWqwu qwnmg~wb- 
p}lg, J6p hnumum(CJWU illlltnp6wu}lg u upru wqfint(aJntu}lg: 

l6ruj)1U utim~wopuupP, Ut12 [)Utn l:jwqup u qll'UlimP,l:j l:jwujuw'Uzuru
'Ullpp wnwu6uwglj"nitf tru 3 tnP,U[p uum~w<)pullp. 
1) Slipftqlifi ( tmm. mlippw' hn:q) qwlf p!Jl[npwJftfi, npnup grutf wp}lg qti.mllpP, 

tflt2ngn~ mti.qunlmJulfuru WJlilJm'Up llli: _ 
2) Pftcf}1wl[cafi qwu ju!Jtfnqtifi, npnup wnm2wumtf till ~PP tfli2 tminJw~ 

wqti.pjlqwu qnnnPiluti.pjlutimti.guwtfp: 
3) Opqcafiw[fwfi qwu pjmqiJfi, npnup wnw~wllrittf llu t6WJP.u l[llliqwuw

l:jwu opqwupquuti.p}l quw)uputipp. h pmuruqwu opqwuruqw'U uJmrati.flp 
qmmwquwu hwztUtu: 

Sti.pjlqliu umn~w~pulipp. qmmwl:jmlf[) uU[WUmunfnp t w~wqw gw
uwp{lqmpm~wb tlinu'wJ}lu nti.!Pll:pp qti.U[pntu: q.nmti.pntf mliiJlrnlmltlt.{nq pti.
qnpwJ}lu UJnt{C[! uum mpwtfW!unPP mliquiqptfmu t t6}1 tnWpJ!hp Junpnqa
Jntuullpmu: Uqtwtfti.p6 qnmmu qhp-wqznmu tru wt!lltll IunznpWJ!IIqnp, IInur
mwpti.qnp, qliumpn'Uwqwu Uillllti.pnttf' umpp qwtflip[! qwu Juwn£! mllp}lqti.u
opqwuwl:jwu Irwlf mti.ppqti.u-p}ltip.wl:jwuqwqtfp fmm~wb'puti.p[!: lllnpp t6h
pntlf IIliJUUIJpU uumtfw<)puti.p[! ulJmimlf lill w'UtfP2UIU[hu unjljlg~ 

'\nttflulwJp'U liL!JliwJmqmu qnmpuhpp pwqgpwhwtf Junznp t61Ipnttf 
qti.prul.rznmtf ti.u tntlpP,quu umnqtub'puup[!, UWqWJll uzwuwqwtpg qllp ti.u 
Juwqmtf opqruuwop'U[!, hwqtfwqhU[ pjlupwqwun: UpuwqwpllwJpU u 
tfti{lllWpuwqWflllWJpU uwpqllptnlf, hqnp hnqtfwhwplfwu qllqh}l Wnl:jWjntJO
JWUp 16wJp'U uum~w<)putipntu oot!JmmJJiu llpl[WJOWJ{l& hmupwuJmpti.plJ 
h!Im UUtnntU ti.u uwL wumupup. opululuti.pD' pnpulul'Ulipn: 

!?wqgpwhmtf t6ti.pnttf tf}lzwpp qllU[plipnttf hwuqpUJmtf ti.u uruupw
qntJ'U upwp2{12 u)lt}lgw3pu Juhgpuullpnt! q{lwmntfwJp'U 2PlJtfmnuhflp opqm-
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uwqmu uuuniwcrpulip.p qnnnwl.[nnllillp., npnug wut(wtlnui liU IJ}llummf]lm
[j!Jp qwu IJfllUl!JJ1tflUJ}lu mp/Jllfii!&IIp : '1pWUUluwJ}lU mpqilli{l[! illib' uwq
up.uu llu qpUfl}tlgfunu UUwum tt'imu: 

~mtflulwJpU qnmp'U'I:ip.p pwqg{lmhwu tftu{lqtl{lDlU llp.ruuu tt ~np 
uwpqup.p lUQWJpU [Oupmu mwpruot(wo t UWU{pntl{Ul[! (hntu. UWll[J111U' Utl
tuwcr, llftunu' mpqtf): UJu umw2munu.f t hW{lDtUtn ujtqpnuqmqpl.[ utwp
qwqntJU uttwuqmnu (hmu. llftw&cnn& · fclurtllwnnll) qtluqwtlpuup lJ pnmw
l.[wu OJ1qwupqtfUtlp utwpntuwl{IU} tt'illpnttf: lJtlo uzwuruqnt[cljntU mup 
{>pmn~twuqmnun (bmu . .Pftcnn& · pmuwqwumfclJntu), nm1 utm{lpli{lwpwp 
pumlluupt(nptiu p·wquwumu t: ~wml{WU{uu w{lwq tlu pwquwumu l{wuw~ 
h lJwutmwqwtlwt~Pltlfmnull:!ll:! wnw2wgulltnt( WUJutliu qn~t(wb' qmfJwr[np 
pp!Jp: Altnp opqwuwqwu uuwgnpq.utlp[! nl14IJlf4Utnt( mpqup tfti2 wnwug 
fclfclt(waup (wuwtpn~) pwJptuJt(nttf uu, nppu 'Uuttuumnttf uu wuwtpnp 
UWU{ltUU{l{!: ll:_llp2fl'uutipu zu~titm hwtfwp oqmwqnpl)nttf uu O{lqwuwqwu 
'UJmraupn~l;f ppu}n~uttiu lituuttfwcr rarat(wcrflun: Upwug qn{iantullm.fclJwll 
IUJlllJDLUpnttf llip~2~nttf liu wotuw2p.tub"}luuti{l l.J mliqp t ntUUUntu O{lqW
Uwl{wu UJnt.fclp ppt~¥In.l'wgnui: 

. ;{,.~tl!Jpu l!miuJwoputlpnttf uwutJllluttltp lJmmwquwun qmqwhlln 
mtiiJll t mutlumu UpwUg tumwgnnin: ll:_up.2ltUUupu WU{lWUntU liU h t(lipwcr
t(nq!,-f#PliJ!Wllfiilftm qn~t(nq pwpwatup mtiuwqp: 

UptulwJpU l{tptfwJwl{wU utWJUWUUll{lDtU qmut(nq tt'itlpp 2PUJll} 
PWilOP:.tflt'Uti{lWtPqwgt(wo b:u zunphpt( qtlmupti{lllt( mtlqunpnlut(nq wqmm 
hnrttipp qwuqt(wa'Uti[lp: ilHiqpfJ qntn{lzwgnnin wnw2 t p!I}lllttf tmantJra}l 
hwqtlgnnf .1.J uqut(mu t wqup.p uumtlgn~tft~: UJqutpupu 'tlU Uti{lal{wuuuwu 
wt(mqwu}l ~wuqmulwl{, ttmnll, l>uqlip tt'itlp[!, npnugmu mppwurliumttf t 
qtlpwqpp wq{!: · · 

UJutqJmnt(, t6ti}lllni qmmwqt(mtf liU mwpptip uumt(wcrpl!tiJl, WJil 
.fcltfrittf uwh up zwpp oqmwl{wll hwuwanulip, mwpwp'UntJ.fcl w 11up, uJli.[UI.fclp 
hwupwpwptip, .. p,npupm'UtiJl, uwutpnutlilltmllup: Ppmmtfubpnt( hwpntum 
Uumt(woputlp.[! oqUlUlqnpb"t(nn.f uu DPUlUU tqwpwpmWUJDt.fclUp, pm(Jwl.[wu 
gtJ:tutlJl l.J WJl llUlWUlWl{uupnt(: 

tlwhhtSGbnh bnlmwpw(jwlJw(j nbnrt. 

bpqp}l u wqti:pbup hw4lJuwt tunuwt(m~J~~P Jmpwhwmntq pmuw
qwu h qb'Uquruwqwu wz(uwphnt( punpnzt(IU[ mllqiuuwuUppu wut{wumu 
tru lfwh}liff!!Jp : Qum LT. 3m . . lrUtgp mtlJUttUllpp uiztuwphmti 6whpoutiplt 
qpwqllgprua mUtpwopn qwqumu t 175 .lftu. hw: iiwh,poulipp wnw2wguw
uu UU{Wlllr.IUU nu bplfpp uwl[upuupu t(nm ~p.wtftipd zupmup}l wnl[WJDt.fcl
JDtUI}, npn tuwuqW{lDtu t q{lDt&mwJpu 2PIIP!t qptiuruct~u lt uwnwo hnqw-
qpmumlipn: · 
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iiwhpnullpn mwpwcrt(wa liu gwuwpp mwpplip tfwJptl{lDttf, 
wnwt}luJw lt2tfwaputlp}lg tijJ.u~ lJ l!tip tfwJpgwuwpwJpu mtJrtwuwuupn: 
Cum uutfwu utWJuwuulipp, pmuwqwu owol.[ntJ.fclP pUntJ.fclP, tfwl.[llplmtJiop 
ahp uwJpguniwpwJpu nwhpnutlp[! pwctwut(mu tiu lt2tfwopwJpu, 4tip.pu 
hnuwuputlpp h wugDllltli mptqtlpp: P2tfw()"pwJpU ciwhpciulipn mtiqwqpt(wa 
tiu ntitjtti:pp gwapwqpp uwpqti{lllttf h Upwug uumun tf.fcl~ln\DpUltuJpU mtl
qnnfutrppg pwgp qUWiwpt(mu t uwlt qpmumwJpU 2PhpmJ u pUnpnzt(mu tlu 
uuuqwpwp upuupwttuJpU UJnt{dhpp tqWpntUwl[nt.fclJwUp: UJq tqwm6wnnt( 
wJuUltiiJ qwpqwumu tiu wJuuttlu qn~t(wa wr{llll1cnpn.PWJft& (hntu. WIJlcnnu' 
pupuw, mpn!pll ' qtlp) pmuwl{wum.fclJntU[!: 

ll:_tippu hnuwllputipp tiwhpnullp£! qpwqtigumu uU qtlmllpp 2PPWdur
UWJ}lU muqwuwutlpD, npmuq q{lDtUIDWJPU 2[1U!11} zwm tunPfl uu, lm4 
tunllwt(ntJ.dJmUu WflillntUp t tf.fcl'UntnpmwJp'U mliqnniUIIpp, npnug uputipw
lJ:lqwgpwu wrwwmpq t U WJU ciwhpciUUpntU qwpqWUfilU tlfl ot}lqnmpn
:j>WJpU (hntu. olftqnu' pp~) pmuwl{wumraJmun: UJu pmuUJU:!.tiuwqutlp[! PP~ 
utWhWU2W[liJ mutiu ppllug wcip hwtfwp uu'Uqwpwp Ujnt).dllpp utwpmuw-
l.[nt.fclJWU ul.[wmtfwup: · . • 

Uugnqp!J mltutP ciwhpciuupn p'Unpnzt~mu tiu tftlqnmpn:PwJpu 
(tflt2wuluwt) pnwwqwUnt.fclJwtfp, n{lDUg wop hwuwp utwhwU2ntti liU 02 
Utio pwuwqp uuuqwpwp UJnt.fclllp: ~ · 

lJupa aot~w¢.uJw ciwhpciuupu pun{lDZ tlU wpuwq~ppowjpU L tibpo
wphwqwpaWJPU qnmpullppu u uwl{J:!urawgmraJm&utip}l ctwuwllwq U{lliP

ptipwpwp awaqt(mti liu 2pnt(: UJu m}lutlt owh}lciuupu mwpwat(wcr tiu ~m
upUWJpU Utibrtltl[wJp hwpwt(wjpU uwullpnttf, f\uqnutiqpwqwu l.[qqpuli
pnttf u WJ! tfwJpllpmtf: q.npwqzmutf tiu wumwnwJlt& 6whpnullpD, npmti11 
OWflWjpYI pmuwl{Wllllt.fclJnlll[! hwpuwpt(lit t 2PP mwq upqwpwmu qn
JWUlutltnt'U: Uurnupp wpuwmutlp[! mwpwat(wo tiu mwppup ntllQntfclJntU
utipnt(, auqwolt annttfutipnt( pupg t(lip au pwpap.wumu hwJm'Utllltntf 2PP 
tiwl{wflllwl.[}lg pwp6p, npnt( lt z'Ui.ntlf tlu: UJq oqwJ}lU «zu~wnwqwu wp
uwmuliptl» oq liu UUWlWl{wpuqmttf UUI0{12PJW wptfwmutl:p}lu: btf pwu}l np. 
wpuwmutipu mwpwat(wa uu pntnp mqqnt@JntUUtl{lDt( htiug Upwup tt 
b'wnwJmif liu nputllu htiuwqutip awn}l hwt(muwpwqznmraJmun ll{Whtl{W
'Ulltm hwuwp: 

li.wMwJpu uumt~wopullp[! hpuuwqwumu opqwuwqwu liU u D{102 
lw¢nt( ppupwopu: .Qpti}lwo}lu uumt(wopullppg llu ciwMwJpU lJPPD !Jwu 
owht'iWJPU illipqtim pU~uttlU uwL 6wh6wjpU !Jwu OUWJpU tipqW.fclp hwu
pwpwp[!, npl! uup.!Jwjwgt[wo t qmpp}l!J quqplfu!Ipp m!Iup}l uluJIIppmnt( 
(FeC03) : U}lquJlpmu oqpu hwuqpll{lltpu mtll\ll t mutiumtf opuluJwgmtf u 
umw2wumti IIpqwJ<lP htulpnputul quni qnpz tlplJUI.fclwpwp: iiwhpt'iUtipnttf 
wnw2wumu t t[p.t(pwujlm uputlpwtu' tlpl{UI.fclP :pnu:pnpwJp'U upwgnt.fclJntUD 
[Fe3(P04)sH20): 
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6.whpoullrmnf opqwunqllu UjlwgmyaJmilullppg wtftiuwl.[wplmp[l 
ump:pu t, npu wnw2wunnf t owhOmJpU pmuwawal.[mJJdP (pwpwpnuullpp, 
tunmllpp, yaqmnnullpp m aumllpp) mwppllp uuwgnPilullpp l.[mmwl.[nufull
ppg: Snp:pp WDWl'tugtfwu hwtfwp tllla uzwuwl.[ntyajntU mullu pntjullpp 
watuwapu, l'flwapu, yayatfwa)1u u WJL mwppllp UJWpntuwl.[nq Pl'l'WUJmyall
Jl[l: l.Twiuuwl.[wu UJntyap t.(tipW1.)1nlunttf[! [!Uyawunnf t umwug yaratfwaup, 
zwm qwuqwqnpllu u uillUptullp)1 U]ll'ngntf, zwm qwuqwq opqwuwl.[wu 
UJntJdp pwJpWJnttfntl m t.(tipW1.)1nlunttfntJ: !huJpWJUWU dwtfwuwl.[ mliqjl t 
mullumtf rucrtuwau)1 UJwpntuwl.[ntyajwu tlllinugnttf tf)1u2u 57-59%: Ptuuw
l{wu UJntyallpp pWJPWJUWu hllm Ujlwdwuwuwl.[ wnw2illUmtf t hmtfmuw
JPU UJmya: l:J.JUUJpuntf, ump:PJ:! zwqwuwl.[wqntJU, qnpz l.[wu hwtfmpJw uu 
q.DtJUnlfl.[)1uwpwjpWJtfWa tfwhwgwa pntuwl.[wu lfuwgniUlUUflUU: 

Snp:Pilp[l mwppllptfmu nu l]UUl WJU WDW2wgunq hpuuwl.[wU pntuw
inub"l.[ngp: PwquwpumJra ump:p t WUW2WUntU uwtul.[pu [OWJPU mwpwap
ul:ipnttf: l).w UJWJUwuwtfnptfwa t [6)1 ~npwgtfwu [!Uyawgpmu pmuwcrwa
l.[ntjyap qul¢nluntJaJwUp: utfwu mliiJllpnttf mnp:pllp)1 zl:ipml:ipp hwumntraJnt
Uf! 10 u wt.(titp tftimp t: 

Snp:Pf! l.[wpl.uip UJpwl.[m)11.[ uzwuwl.[ntyaJntU mu)1: Pwqtfwraptf tftia m 
¢npp hqnpntJdJWU ttlll.[mpwl.[wJwuullp wztuwmmtf llu ump:PwJ)1U tfwnll
tbpntf: Snp:p)1g umwumtf llu UUJ)1pm, :PilUn[, UJwpw:ppu u WJ[U: q.Jntl)W
mumtiuntraJWU UU2 WJU l{wphnpwqntjU UJwpWpU1WUjntJd t, )1ul.[ zpuwpw
fllllJdJWU tlll2 Upwu)1g UJwtnpwuumttf llu 2Uptfwtflii.[mu)1~ UW[llp: 
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<lLnLtu XI 

on'-!1"' t:;r~ruPuuu~uu qnrontLt:;ntra3ntL~ 

'\wuwztuwphwJpu otll{pwunun qpwqllgumu t bpl.[pp lfwl.[llpllu)1361 
tftu. qif2 mwpwcrp[l l.[wtf 70,8 %-n: Qpp [IUqhwump awtfwl[l tfnmwtfnpw
UJUU 1,4 tftP..T ![if t, npu wunut}hwm zwpdtfwu illi£ t qmutfmu u puwl.[w
uwpwp ¢ntuwqqllgntyajwu tlll2 t hwmwl{p u Wlflwtlllp<'l qnumt WUJwpull
p)1 hllm, l.[wtnwplltntf hul.[WJWI.[tuU j:!WjpWJDI) U Wl.[nttfntUwtn)14 wziuW
UlWUp: 

q.nmllpp, uwngwqwzmllpp, pwtfm wztuwmwupullpp zunphptf gw
tfwppg wtfllu mwpp hulfwJwl.[wu pwuwl{ntf tmcrtfwa, l.[wtutfwcr, pl:iltnpw
JPU UJmJd t mllqW1.)1n!u4mtf otll{pwunu: UJU wtfliU!1u qmtfwptfmu t uwu otf
l.[pwunup PWJPWJP~ wztuwmwupp zunphptf WDW2Wgwa Ujntyallp[l, npnup p 
tftlPl'n uummu liU otll{pwunup hwmwl.[pu: trnt{tlpp, otll.[pwunuullpp l.[tiuqw
uwl.[wu u pmuwl.[wu wztuwphp tftia yatfntf ullpl.[wjwgmgp~ullpu ppli'Ug uw
hpg hilum hwjmutfmu liU hwmwl.[mtf, npp zunphptf npnz mliqllpmtf l.[m
mwl{tJmtf tiu l.[tiuuwapu hqnp uumtfwaputip: 

bpl{pp lipl.[pwpwuwl.[wu qwpqwgtfwu UJwtnUntJdjwU Dl12 uuyawg
pmtf llpl.[p)1 tfwl{llpuntJJd(! UJwppllpwpwp wtfpnq2WUJUU awal.[t.(tiL t 2fllltf, 
np)1 tf)1 uwun hilum mqwmtfUt 2flP9 (mpwuuqpliupw u nllqptiupw): 

Spwuuqpllu)1wjp Ulflil.)ntUpnttf WDW2WUntU nu ~mmtfwapWJPU 
WUJWputip)1 ztipmtip, npnugntf UJWJUWUwtfnptfwil" llu pwqtfwrahtl uumtfwa
pwjpU awqtfwu oqmwl{wp hwuwanullpp hwupwtfwJpllp[l: 

trnt.(tipp u otll{pwunuullpp l.[wmwpwa llpl{pwpwuwl.[wu wztuw
mwUp[ll.[wiutfwa t Uj1 zwpp qnpanuullppg. hwmwl.[p nllt)1ll:ppg, 2PP 2llpu
wump6wupg u wq)1mraJmupg, qwqwJpu nlldptfjlg, llpl.[pwl{llqup zwpdm
uwl.[mraJmu)1g, ant{tlpp opqwuwl.[wu wz!uwphpg, 2PP zwpdnuffitippg, l.[Llt
tfwJpg u WJtU: 

04l.[pwunuutipp u antfllpp hwmwl.[)1 nlllltll:pmtf wnwu<'luwgtfmu nu 
Lfp pwup tunznp qtintfnp:Pntnqpwl.[wu mwppllp. 
1) Uwjpgwuwpullpp UU1Ilfl2PJW llqpwuwutip' zliJ:P qwu UWjpgwtfwpwjpU 

awuawqmm 0-200 if lunfllltiOJWUp: 
2) swuwpwJpu l{wu tfwJpgwuwpwJpu twil2' tf)1u2u 2500 iflunpntyaJwtfp: . 
3) SwtfwpwJpU uumpnm tf)1u2u 3000 if lunpntJdJWUp: 
4) '\wtfwztuwphrnJpu otll.[pwunup tfwhp6 3500-6000if lunpntJdJWUp: 
5) lunp2flJW ¢nqpwl.[ullp 8000-11000 if lunpntJdJWUp: 
6) Up2wqpp otll{pwunuwJpu tllnilwzqyaw 60000 ![if lipl.[wr-mraJwtfp: UJu 

tunznp mwpptippg JntpwpwilDntP£! pwql.[wgwo t nlltllll:t> l.[wqtfnl] wt{tltlt 
uwup mmppllppg: Ult2ltu otll{pwunuwJpu tllnuwzruawJh l.[tiUmpnuwl.[wu 
tfwullpntf <'lqtfmu t tunznp qllUJPUUpW, np[l uwhtfwuWlflwl.[tfwa t lunp-
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ptuJpu pllqtJwcrpullpmJ l.t wutJwuynnf liU nft.jJmwJft& hnt.ffunu{Jp (wuqt. 
njJ.jJm' fJllq, 6liJwtJwap): 

Swtfwpullp.pg qllutp otJ4pwunu wnwuouwgymtf llu llpqm wugm
uwJpu qnmltullp.. l) Umtwumjwu, npmu q!lm\{mu t urum!l6wuwqwu wu
gmu ihtiJpgwuwpullpll umnJ12J1JW tiqpwuuruhppg qllutll otJllpwunuwJpli 
uwhpli~ 2) Iu'ul~WI] o\{qpwunUjWU, npmllq UWJpgwuwpullpp L o\{qpwun
UWJPU ;i.fw'hpop tflt2L mllnwqpywa llu llqpwjpU an\{llpl} (O.tunmp, 6 wutnuw
!J:wu, '1-tlqpu L mnu), !J:qqwntrnullpf! L lunP2PJW tlmllllwqullpp-tJ}lhllpf!: 

I>u~uttlu trqpwjpu, mJuuttlu tt ullpuwjpgwuwpwJpu an\flipJ:! pw<twu
tJnuf liU qnmwhntlmWJpU, npnup qmuynnf llu zwpdmu qnmpullpnnf (O.tun
mp, u"lllUtn~nulj:wu, <,wpwy-Qpuwlj:wu, ll1t2liP!J:Pw4ru'U, Ult) L munpwlj:w
ymfJ 2PWtltuqwuullp ('\)mupuwJpU, ~wua}lq, Uutpmwq) n~ illia funpm
raJmuullpntJ, npnug wu\{wutJmu till tCif]Jl{nflmjJ&lifimw[ : UJU bn\{llpp hw
mwq{! ant.fp mwq wugwa gwuwpwJ}lu upqpwqllqhp mbi]wuurullp l:Iu: 

O@hwlinulibnh L. omltmh ontnh wnhnu?lmlili nL 
phllhwlJwli lJwg llo 

Uiufllpp 1J o4l{pwunuullpp 2flllpp I}Uqhw&mp ruflllm:raJmu~ liLwtinp
l!mtf t pntnp tmb'lJwa UJnttatlpp hwupwqnttfwpntl L wpmwhwJml!mtf t %. 
U!JlDtfPttipnl! (mnqnult mUruun!Ulwqwu tfurul}): OtJilpw'ilnuutiplt L tiqpWJpU 
an\{llpp 2PP t11IpMwqliphmrawJp& ztipmnttf 2PP willmtraJmun 32-37%. qwtf 
3,2-3 ,7 % t: -<;;wtfwzJuwphwJpu o\{qpwunup 2PliJ1p tfP2pu wf\lmtraJntU£! 
35%. t : ·. 

utiptfuiJpgwtfwpwJp& tm\{llpp 2f1lipp wq}lnt[<JJntUI! pwtJwqwupu 
gwap t, pwup np upwup hwuwzfuwpbmJpu otJ4pwunupu upwgwcr liU utiq 
uliqmguupntJ, 24W 2PP [WJU t.ImJuwuwqmu l.t WJU qwqtfmu t 17-18%1 Ult 
anl!mu, 13-14%. quruU{pg bn\{mu: Swp \ttltliWJW!J:wu qnmntu qmutJill1 
qwptfpp an\{11 WrUmt[<}jntU{! 41-43 %. t : Cwm pwpop WIJPnliaJntU muliu 
qW}lw-Alqruq-q·Jnm. Ull11JWL anl!I! u WJ[U: 

04l!:pwunuulipp u anlJllplt 2J1llpp plttfltwqwu qwqtfl} Jupum pwquw
qwu t : Qp.tipn UfWpntu"ijlqmtf till tfnmwl!npwU{llu p]lupwqru'U pn[np mwp
pllpn: Unw\{llt mwpwatfwa llu Na\ Mg2

+, Ca2
\ K\ cr, SOl, HC03·, cot 

j1nuutip[!: <\,wtfwz}uwphwjpU o\{qpwunup 2J10p{! utWpntuwqmtf II& uwL S2
·, 

Br-, s - h WJ[U: UuiqwJli nt pn[np }lnuullpu m &Jmraupu uu hwtJuruwpwtunll 
pwzJul!wcr, wnw\flit qtlpwltznnq t NaCI (tfnmwtJnpwU{liu 78 %), tlplfpnflll 
mllqntu Unl[:}ltmnullpu llu, fmq uuwgwaullppU prudpu t l}Uqunttf {!UqWtfliU{! 
0,5%: 

OOJhmfutuullnh IJ an@nh 9nlinh qmqmJhfl ntidhtfn: OtJqpwunuutipp L 
bn\{llpp 2flllPI! wu{!uqhunn zwp<tl.fwu tfli2 tiu: <,nppqnuwqwu L mqqwollq 
2J12WU{UllltJmul:Ipp utunnownntl 2PP illi2 t.Cpzm wnqw tru wqwm raral!wapu£!, 
lllitUIIIu uwu waJuwraram qwqn: 
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.ID'{d\{wapuf! L waJuwraram qwqp pwuwqmraJmuullpf! qwpqwtJnp
tJmu liU 2PWI.Jtuqwup 2liptfwump6wumJ!lu nMpuntJ: UJU qwqlip(} wuhpw
dllzm tru 2JlWJpu qliUqwuwqwu L pmuwqwu wzJuwphp qtruuwqnpant
ullntraJwuf! mutwhn\{ll[m hwuwp: Qp.p 2upuurumpnwupg qwJutJwcr [ntb"
tJUia qwqupJl pwuwqf! tlmtlmJutlmu t : Ilppwu gwap t 2phpp 2llptfwumJl-
6wuullpn, WJUPWU [ntch{wa qwqtipp pwuwqn illia t , npu tt jlp hll!l[<JPU 
wqqmtf t ppupwqwu upwgmraJmuullpp tmatfwuf! L uumllgtfwun: liP 
zwpp 2Pw\fwqru'Uu1Ipntu, npmuq 2PW\}mJuwuwqmraJmun qw\lqwtmurawg 
t (uiipppu an\{llp) an\{llpp 2PIIPD ziipmwtJnptJmu uu num wnflmraJwu wump
·6wult: uu anymtf 150-17 5 tf }unpntraJmuul:Ipltg uquywa 2JlUJlD ywpwqywa 
liU aaupW2J1Wb"untl L wqpwm liU raratJwaumJ: UaupW2J1WGUp wnW2Wgnt
U[! utWJUWuwtJnpywa t wuwtpnp pwqmuppwuiip}l qnpamuhnt[<JjWup: 

Oyllhwlinufilmh La. onytmh IAblinwliw!Jw!i wztuwnhn 
Un\{llpf! L otJllpwunuullpn hwpmum llu mwpwpumJra pmuwqwu L 

qlluqwuwqwu wzJuwphntJ: Opqwupquullpjl qllpwqzlm uuruu Wutpntu t 
unpuw[ wq}lnt[clJWU UfWJUwuullpntu: Ujq mputp qtiUqwuwqwu Juupllppu 
wutfwumu llu uma&nhw!Pft (hruu. umlifmu' ullq, hwlflnu-wqWJltu): UUw
gwa opqwupquullpn, npnup umJUU{llu PPi itiu, 4WJl11Il till qpllt 2PP wqfuu
JaJWU qml}mJuntJCJntUullpD L qnjwmLtit: UJqutlllllt qliUqtuuwqwu JutfpllpJlu 
wutfwumtf llu /;lfpfthWfflU (hmu. /;lfpftu' [Wj£1): 

UmlifJnhcufPfi qliUfl.WUwqwu Juupiip.pg liU tfwp2wuu1Ipl}, an\{wJpU 
zmzwuuupf1 hwmwl{wJttu -lJnpwtf}lup:}lllpullpt:!, munmwuttullpf! L WJ[u: 
l:\{p)lhw[p& liU' oq'iitip[!, npnz 2Plnfm®up, ratlprawJunpqwynpulipD, tltunll-
qwuwpupuul:Ip{! L WJ[U: . 

Cum puwtJmJPP L 2wpctuwu I!uqntuwqmraJntuullpp bntJwJpU opqw
upqliUliJli! quruwqwpqymtf liu lip lip Juupllpp. 1) p{JfJpnu (ptiUranu OJlqW
utiquuup), 2) .llffw&l{mnft (Uitru'Ul{mnu opqwupquuup), 3) M[[mn& (ulll{mnu 
opqwuJ:tquullp): 

· f!{J[Jpnu opqwupquullpf! (hntu. p{J[Jpnu' hwmwqmJpli) wujpmu tiU 
2J1WtlwqwuullpJ:t hwmwqll"lippu: Upwug illl2 wnwuouwgtJmtf liU uumwa 
puuranu opqwuttquullp, npnup ppllug tfwpliUnyl{ulwa liU hwmwqpu qwtf 
U{wnqwa IJ zwpctmu puuranu' lipp opqwupquulipf! zwpcttlmtf tru hwmwqp 
tJpwJntJ: 

. u 1u qtiuqwuJlulipi! tmuwullp nu L qw t U{Wtn6wun,upwug qqwtll 
uuru~ W11tJ1DlU bu zllt-lJWJpll qnmntu, npmllq pwgp LntJUpg wnwm t uwl.t 
l{tlp[! u qwu pwpbliU{UIUmutWJUWUlilip: 

- UJumbq mWJlwm{rucr tru tfwtfnwqllpU{bp~ nJllltlpt], ut.qntu'lull{l~ 
Jullgwutfwuullp}l ulipqWJWgmgtt&tip, munmwupulip, UWJ12WUUUJ1, pwq
uwrapl! ¢Un}lqwtfwpupuuup u WJtU: AltjUtlp}lg ptluranu till wnwtllltunqllu 
'2Plltfmnullpu: 

14 U U. Uncup liuwfi 209 



'TJ.twfif[t:nnfi opqwupquutlp£! ~mutlu 2PP Jt12 zwpauwu pupumpntJb 
WtqWpunn L zwpctt[mu tlu 2PWJpU hnuwuputlpntfh wwputlpnt[: 

llltwuqmnu opqwupquutlppg tlu UJWpqwqntJU upWJ!2P2 opqwtlpqu
ullp£!, npnug wut[wumu lib qnnulfwfif[cnnfi : UjU qtlnqwtlwqwu tuupllpp 
quwtuputlpn qwqut{wa uu wnwt{Utwtqtlu qpwJpu upwgmraJmtlutippg lJ 
uwhwuwwu WOW2W9UD.lU jntpwhwmntl{ ant{wjpU uumt[waputlp: UtlhiP 
uwuppq, upqpnuqnulplf nwqltnuwppwutlp mul:IU uptpgwJpu tutlgp: Auuw
qwu UJtwulfmnupu (:J?pmnunwul{mnu) tlu t[Upwqpntu upwp2!12 upqpn
ul.Jntqpl.J qpwmnupmwJpU 2Plllimnullpf!, npntlp tqwptftwl.Jt[wa tlu upLitgw
Jpu 4lilthb uu2: lll.twulfmnu opqwupquutipp hulfwJwl{wu lfmmwl.Jmuutlp llU 
l{tiUmpnuwgt}wa hwuwztuwphwJpu CA{l{pwunup upu~L 200 tf tunpntraJmu
ullpntli: 

ullf[t:nnfi opqwupquullpf! (hmu. fllll[t:nnfi' tnTJWgnTJ) wqunn \llTJntU 
uu 2Pllpntu: Upwug rat{Pu tiu tqunnl.Jwumu ant[wJpu nTJuwzwpwt[np.utlp£!, 
pul{ . wu1111uwzwpwt[npullppg mwpwat}wa tiU qttunmwup ~wtlil.Jwuwp-
upuullp[!: . 

utlqmnu L unwulfmnu opqwupquullp£! ppwp hllm wnt[wumu tlu 
U{Ufwqftft : 

Cllqhwupwtqtlu wquhwJm t l{llUqwuwl.Jwu lJ pmuwqwu opqw
upquutlp)l hul{WJWl{wu qllpn, hwuwzfuwphwjpU otlllpmunumu [!U{aUignTJ 
tqpngtluullpntu: Opqmupqtfullpn 2ppg t[Upgumu nu pptiug qtiuuwqnpant
utimpJmu wtqwhnt{uwu hWUwP .wuhpwcttlzm upullpwtwJpU J!WllWilPW
uwuup, lwlt UwhU{~wmt[ WJU uNUUI! qmmwqt[mu t 2PWt{wqwuullpp hw-
mwqmu: · ' 

Om.lh RWIRW!b1 1.& mtmwlbntunn wztuwmwCien 

Qpwt[wqwuullpp w¢.llp£! L hunnwlJD wli[!uqhunn tiurawpltl{mu tit! 
2pllpp · wqqtigm}dJWtl£! h pwJpWJt{mu, npu . ppwl.Jwtlwgt[mu t. 1) ruttll{n
antraJwup, 2) uwlJDtlrawgmraJwUp h mllllunnt[mraJwlip, 3) ant{wJf.tl hn
uwuputlpnt[: UjU bntJ~ qnpantlutlpnt} mliij):l t Iitutrumu uumt[waptujpb tljnt-
[op mwpwamli£! L mwpptlpwqmli[!: · 

Unt[p PWJPWJP~ wztuwmwupn wnwt{Ut wl.Jmpt[ nt~rawtlmu h qpm
t[mu t w¢.wUtlpt\ qnmp.tlllpntu lJ 2pwt[wqwup hwmwqp w¢.wUllfil:. qn
mntu: Utftwuupo qnmnt pWJPWJp~ wztuunnwtlpp uu2 zwm qwpLnp u2w
uwqmraJmu mutiU wtllptiltumraJmun, npu wnw2wumu t mctliTJ pwupuli).p 
hlimLwupm{ mt[tlllt tflnpp uwl{DurawgmraJmuutipu m mllllunnt[mraJmtltlllpr: 

fltctli11 wtlll{nantraJmuutipp ctwuwuwl{ 2PP hulJwJwl{wtl wi.Pputim 
hul{wJwl{wu mdnt[ hwpt[wamu tiU wt.PD l{wqullll wtqwputlppu m wum~
nwuwpwp PWJPWJntU tiu qpwUp, npp htlmhwupm{ wtPI! uqumu t uwhw~-
2Ut: Unt[p PWJPWJPt wztuunnwupn wut[wumu tlu wppwqftw (tunn. 
wppliilJ11' pllpntU): ~wuuuwmwJ!wp wpwq tiu pwJpWJt{mu tlumt[wapwJpU 
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wtqwptltlppg qwqut[wa w$llp£! L wt[lltp qctt[wp uwquunnpq awquwu 
wtqwputlp[!: 

una rallpnt[ajntb mbugnTJ 
wtliliP.D L upwug qpg umnp2PJw 
umnpnmuup[! uurawpqt[mu uti wp
pwqpwjp, puq wnwt{UtwqntJb£! qw
mwpt[mu t tWU2P hpupmu npmtlTJ 
wwpuupp hwpt[wapg tflnpt[mu t 
WlUPWlunt{ajWU tunPZD (&ft. 96): 

Uu[!uqhunn uuawgnTJ, tunpw
gnTJ npuuwtunpz[! ptlpnt u t upwu, np 
qwtut[wa hul.JwJwlfwtl wtqwpuup.p 
qwuqt[w!J[! tflpliwuwtnt[ awupntfa- bqwp96. ULI:ipwtuowCr tun112 
JWU mctpu t.Ptt[mu t, nppg htimn (u4wl1 q_ U. qnLml.wujl) 
wnw2wtlmu t ntTJTJWt\pq qwpw$mt, 
nppu wut[wumu uu fttft.P (qupu. ftlft:p:ji qwpw$nq pwnpg): Utllpwtuntra
JWU humLwupm{ wnw2wgwa tunpztlpp pwquwrapt[ l.Jplfumtfuuppg humn 
4t]l:Pfl wutn]lOwfiwpwp flwhwfl2nuf t, ]lp titnL]lg JdniJUU[nt( qliU(]l c)nt((J 

illiTJliwraup wppwq}mu qwpwt[wuq (pllut): UtnnP2PJW qwpwt[wnqp L 
w$willlpo qwpunpmtp Ult2h wnw2wtlmu t tuont[, qtwpwpllpnt[ lJ wt[Ulp 
tunznpwhwmpl.J plll.Jnpuupnt[ UllTJ qnmp, nppu wut[wumu tlu /O!Jlurft : UjU 
qnmpu wttlpwtuntraJwu, uwl.JDurawgmraJmuutipp ctunfwuwl.J awal.Jt[mu t 
2pnt[ lJ 2PP jntpwpWUtjntp uwhWU2P qutqpmu WJfl UJnttallp.)l up UWU[! 
mliTJwt.Pntut[mu t 2pwt[wqwtl L l.Jmmwlft{Utnt[ wnw2wgumu umnp2PJW 
wqmumuunnpt[ qwpwt[wnq: 

.PtlqnpwjpU Ujnt{a(! ant.flt wtPwUUJlt\ qnmntg 2Pllpp lllt2ngnt[ UlllTJW
tltntut[mu t qtltqp wt{wqwun lJ WJq tipLntj{a(! l{wtut[wa t !;)ll wwpullp[! Plll 
wumpawup mwl.J tlu hwpt[wamu unp.pu: 

Utppullpp w¢.pu ntTJilwhwJwg hwpt[wauum w¢.wuupa qnmntu 
WOW2WUOtt[ llu tnllw¢.llp: Ut{Utll hwawtu Wtppullp[! w¢.pu llu unmllumu 
WJU qmu WJU wul{jwU mmq: UjU qlltqpntu WTIW2WUntU UU tlpl.Jwjuwl.Jp 
w¢.unfti:po nTJO!Jml.JntJmllp: qwtut[wa w¢.p mpt[wqapg (hpt{wuqtuu, ant[w
tunpz L WJJtl) wnw2wumu llu wl.Jmumuwmpt[ l.Jmmwl.Juwu gwuwpwtllq
t[wl.Jtltlp (llpJ! WtpPtlllp[! hwpt[wamu uti 45° mwq), mnl.fpntn l.Jwu tqllplljUUi' 
(w¢.p lJ l.JTJqm Ult2h) lJ pwpllp, npnup aqt[mu tiU w¢.p tlpl.fwJlipnt[: 

OmJw1hCi QuuuJwoeCibnh w4nulm!!wghw(i 
hwllwztuwphw!hQ mJyhwCinuh mwnobn gn(iw(ibnnul 

.Pwgp wppwqpwJpg L UJmraft mllllwzrnpctpg otfllpwunuwJpu 2ptipnt[ 
qunnwpt[mu tiu hul{wJwl{wu umtlqawqnpa wztuwmwup' tuJU t 
uumt[waputlp)l wqmumuwg)lw (&umt[wapwqmmwqmU): 
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1.ruml!wapwqmuuuqtfwu rw!lll tqpngtlu[l !J:nll!mtf t ulii]jufljflmw
gftw (twm. ulb].jJtiliflU111uf' uuml!wap) lj:wtf ulb].jJtiliflU111qliflliq : trnl!llpnttf 
u oli!J:pwunuullpnttf rwgp ulll}lwl.[wu wz}uwmwuppg umw~wgwa UJmrati
ppg mtlrjwl}ln}ul!mtf u uummtf tlu qtlmtlpnl!, uwngUJI).wzmtlpnl! rupl!wap
utlp[!, tntrnJpu mwpwrumJta uuml!waputlp[l, npnug qmuwpwJpu pwuwl.[[l 
25,33 tfUUl. m t ([lum U.lll. lpupgpup, 1974 ra.): 

q.nmupp l.[wpap hnup' 18,53 tfUUl. m: 
UumgUJI).wzmwJpU hnup' 1,5 UUUl. m : 
I:ntrnJp& UJmra tfnm' 1,6 tfl!lll. m : 
Ul}lp u hwmwl.[wJp& wrpwqpw tfnm' 0,5 tfl!lll. m: 
lnt'm.j"wa UJm.rotlp}l hnup tfnm' 3,2 tft!lll· m: 
UJu rntnppu qmtfwpl!mtf t uwu an4tlpp m oli!J:}lwuuullpp l.[tluqw

uwl.[wu U plltUWI.[WU wz}uwphullpp tfwhwgwa WUhlliUlUUp[!, hwml.[wtqliU' 
unwul.[mnuu h rtluranu opqwupquullpr)' zllt:PrnJpu qnmmtf: 

Uupllfl~ UJnt[c)[l ol!l.[pwunuutlpnttf u anl!tlpnttf wugumtf t mtluwl.[w
l!nptfwu zwm pwpq u tlpl.[wpwmu t.qpngllu, npu ppwl.[tu&wgl!mtf t ~PP 
mwppllp zwpdmuutlp}l htlmi.Jwupnl!, }lultqllu uwu ~prnJ}lu tf}l~wl!rnJp}l 
:pp.qpl.[wl.[wu u p}ltf}lw!J:wu hwml.[wupzullp}l zunph}ll!: Cum awqtfwu 
umwu6uwgl!mtf tlU anl!WJ}lU uuml!wapullp}l hllmUJW[ m}ltqtlp[l. 
1) Slipftqlifl (twm. mlippw' hllf!) uuml!waputlp, npnup wnw~wumtf llu gw

tfwp}l wtqUiputip}l pwJpWJtfwu u ~PWJPU wl!wqwu mllqwl}ln}utfwu 
hwzqpu: 

2) PjJLiflwt}jJfl, npnup anl{ll hwmwl.[pu uummtf tlu p}ltf}lwl.[wu t'iwuwtqWp
hnl!: 

3) Opqwflnq/JfJ l.[wtf l[lifJucuo-jJfJ, npnup wnw~w&nttf tiu anl!tlpnttf u ol!l.[pw
&nuullpnttf Wtqpnrj opqwupquullpp hwzl!pu: Uptu&g Uti~ mwppllpl!mtf 
lfu l.[pwpwpwJp& u up[pgwJ}lu lj:uw}uputlpnl! opqwupquulipp qmmw
qmiffillp: 

4) fJ]nlftq!IfJ, npnup UIUW2Untu OU pwqtfWJO}ll! qnpanuubp}l hwupwqnuJw
pnttf: 

5) VJcupjuwt}jJfl, npnu~ wnw~tu&mtf llu pultqllu umnp~pJw, WJUtqtlu tt 
lltiP2PJW hpwrm}uutlp}l qnpantullm.roJw& hllm: 

trwqtfwtfp mwpptlp uuml!wapullpp hwpwrupwl.[gmraJmuu anl!w
Jp& wl!wqwup mwpptlp tfwpqllpnttf tf}lwm1Iuwq lt u l.[w}ul!wa t up zwpp 
qnp.anuullppg. I) l.[[}luwjWI.[wu qnUWJWI.[WUnt[c)jntu}lg, 2) mqqw6pq qnuw
JW\tWUnt[c)JDtUpg, l.[wtql!wb- hwtfwz}uwphwJpU ol!l.[pwunup hwmwl.[p nti
l}Ib:pp qmqm}unt[c)Jmuutlppg u }unpnt[c)Jm&ul:ippg, 3) gppl.[mtf gwtfwpwJpU 
qnuwJwqwumraJmupg (hl:inwl!npnt[c)JDtU[I uwJpgwtfwpullppg), npu npnz
l{mtf t ~pwl!wqwuu1Ipp mwppbp tfurullpnttf uuml!wapwJpu UJnt[c)p u1Ip
tfmatfwu pumlluupl!mraJmupg: 
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trnl!tlpnttf u ol!l.[pwunuullpnttf wnwuouwgl!mtf tlu tf}1 pwup tfwp
q1Ip., npnup upuJwugpg mwppllp.l!mtf tlu uumtiwapwlj:mmwqtfwu mwpptlp. 
tqWJU wu u tlpnl!. 
1) lftfonpwf (twm .. lftfonpwlfzu' tmfl) qwtf tu1}lwtf1Ip6 : UJU qnmpu ~pw

awa!J:l!mtf t tfwl.[uurawgmraJm&ullpp u wqwml!mtf mllqwml!mraJmuutlpp 
ctwtf wu wlj:: 

2) 'tru!MwiJ l.[wtf unzplftfonpftwt (ullp}lmwJpU), np[l hptfuwl.[wumtf hwtfw
tqwmwu}uwumtf t ztlt:PwJp& qnmntu: 

3) limpppJwl.[wu PlllfiJflW/ (hntu. pWJOnu' }unp[l), np[l hwuWtqWmwu}uw
umtf t ~p.wl!wqwuullp}l tfwJpgwtfwpwJ}lu tw&~}lu u oli!J:pwunurnJ}l& 
tfwht'ipu hwpnq tfwullppu: 

4) UowtfliflUQllljll junpppjlU l.[wtf UipflUUif (hmu. U!ppunu' WUhwmwq), Dp[l 
hwtfwtqwmwu}uwumtf t hwtfwz}uwphwJpU ol!l.[pwunup tfwht'ipu: 3m
pwpw&l]ntp tfwpqpu hwuwtqwmwu}uwumtf t opqwupquullp}l Jmpw
hwmntq hwtfwl.[lignt[c)JntU, hwtfwtqWmwu}uwu tqWJUWUUlipnl!, npu 
!J:nll!mtf t pftnq!Jng/Jfmq : 

Unlillh.uJm [Jmtf JluannmJ tfmnqh uumt]'m()-pullnn wnw~wumtf tlu 
UIJU qnmnttf, npmtlq mwpwap[l tqWppllpwrwp awal.[l!mtf t ~pnl!, }lui.[ 
hllmn' wqwml!mtf ~p}lg: UJumllq nutq}lu w[tlpw}unt[c)JWU, w[lll.[nant[c)JWU, 
uwi.[[IU[c)Wgnt[c)JWU, mllqwml!ntJajtuU htlmutu&pnl!l.[mmwl.[l!mtf llu hptfuw
l.[wumu l.[nzm, illiuwrtll.[np hql.[l!wa q[wpwptlp, mwpp!Jp mp.wtfwltmflP 
wl!wqullp: {rrlqllill.Oflutlpnl! tqwzmtqwul!wa mwpwapulipnttf' }unpzlipnttf 
mnw~wumtf tlu uwu hnquwJpU uuml!waputlp: Ul}lwtf1Ip6 raupllpp llmu}l 
p~l!wapul:ipnttf qwpnq llu wnw~wuwt t'iwht'iwtqWUl mwpwapullp u tnnp
:PrnJltu qmmwl.[mill,Jtlp: Uju tfwpqmtf htu&q}ltqnttf nu uwu ~wpqnml!wa, 
l}lzpl!wa }ulig}lulip}l uuwgnpqullp}l lj:mmwl.[mtfuiip: bppliuu w\}lwJpU 
tqWUll!wpn wupllfl2n$u \t1Uqtft{wa t tll&nttf 2P.lttfmnutlppg: 

UmmJuannmJ (U'tlPhmwJbu tfwnqh) uumywapuun: UJU tfwpqu qlitq}l 
tmfl l.[}lg t · tltr.mpw[ tfwpqpu, }lui.[ qtltq}l }unpp[l wr}luuw[ uwpqpli: UjU 
qnuwjntu [IU[c)WUnttf llu mlluw!J:wl!npuwU qnpa[IU[c)WQ&ap' mllp}lqtlu 
uuml!waputlp}l qtlpwl.[zntf wtf r: 

Stlppqtlu UJmrallp[! [!UUl mpwtfwltmflP UUlD[llli{!WChuul!mtf tlu 4 
}utfp}l. I) I:{ntqmwptllj:np. uumqwapullp' l}luti:ppmuup. (q[wpwp.llp., tfliawrti
I.[np.ullp, 't'iW[Wptup, qntqpt'i), 2) wl!wqwjpU uuml!waputip, t}luwtf}lmu!Ip, 
3) W[tit{p}lmwjpU uuml!uiaputlp' ui[l:il{ppmuli[l, 4) !J:wl!WJpU uuml!waputip:' 
tqtl[pmullp: . · · ···. · 

"'Ult'iw}u 2PWl!wqwuu1Ipp }lunnwqmtf q}lml!mtf t Ulttn:l{waputlpp 
hllpraw¢n}untraJmu, tunznpwhWUlpl.[ uumt~wapuupu ullppumu u ~lltllP 
tfwupwhwm}lq[l' 4tlphmtf u 1Iqpw¢.wl.[mtf tlu rnt1Il!p}lmwJpU ml1qillip[1 tqtl
t}lmutlpnl! u opqwuwa}lu uum!Jwapulipnq: 
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. Stlppqtlu uuuufw~putlpp hum UnLJ!tPJanPWt uwpqmu mtlq-mtlq 
uummu liU tutlgw~qtimppmwjpU (twm. qlJcnpftcnmu' mpnp~w~) wl{wquup, 
{!Wqlj:wgw~ opqwupqtffitJpp qtfwtupuupp UtuUppq tfwutlppg U tutJgtJ{!tJqnp
UUppg: UwJpgwuwpwJpu 1WU2P uwhuwuutlpnttf l{wpnq tlu hwliflP.llltlt 
. tutlgwjpU uum\fw~utlp (lutlgwpwpupf!) pwqlj:wgw~ wUJ!0112WlJ:wu h qnm
pwmt]W~ opqwupqtffitlpp tutlgputlppg: UJumtlq, ~wpw~-Uphtluwu Uupw
Jp, ~wpw\fwJpU UUbpplJ:wJP h TJ..'llpplJ:wJit qttmtlpf! ppuug htlm ptlpnttf uu 
hul{wJwlJ:wu pwuwlj:mpJwUp 1Jll1UWJPU UJmptlp: UJq ll!wm6wrm\f t1 
qtlmwpllrnuuutlplt unttwtftlpo uwutlpnttf oq~mu tlu l{w\fwJitli uum~w~putl
PP lWJU qnmputlp: · 

Qnamumb"hu l[wu yliUumb"hu uuulllw~ulinn Uti~ uwuwu11 wnw2w
fuuu till hwinwlJ:wJl_lU opqwupqtffitlpp hwz~pu, npnup ppliUg quwtuputlpn 
qwrmtgnui uu 2PP9 ~pgpw~ wb"tuWJOJO~WJpU qwtglmnfp hwz~u: UJq 
uum~w~putlp{! hwJmUp tlu tfwppcuuuljftu jump/Ip wu~wup, - npnug wnw-
2W9UWUJ:! tfwuuwqgmtf tlU uwh 2Ptlppg umJU watuWJOf<l~WJPU lJ:wtglmttf 
Ittwuwa 2Plttfnmutlpf!: Uwp2wliutlpf! h 2PP.tfmnutlpn l{wrmtgmu tlu tumptl
PP lj:wmnjg{!, nppu tfuruuwlj:gmtf uu uwh WJl opqwupqtffitlp' :Pnpwtfpup
:ptipullp, tfwunwl{lipll!tlp, urutitluwuwzlJ:w~npullp, lflunltl{wtfwptfpuutlp h 
WJlU: lJwp2WUWjpU luntpllp wnw2wgtlt liU tlpl{p}:t tlpqpwpwuwqwu qwp
qwguwu U[UIUlUntJOJwu mwpptlp UJ:tlp}:tru].utlpnnf: 

cfwtfwuwlj:wlj:pg UW[12WUWJpU }umptlpf! mwpwb~wb tlu Umtwum
JWU, ~liql{wqwu, Iuwqwq o~}:twunuutlpp wphwqwpllwJpU L UbpowpLw
qwpw:\wJpu· hwtfwU[UIUlurutuwu qnmputlpnttf: Upwug mwpw~mun uwh
umullll}lwq t , pwup np WJU qtluqwliwqwu luUJ!UPJ:! mwpwb~ntU h Wll!· 
pnttf liU Jmpwhtuuunq UJ:WJtfwliutlpnttf: Qpp 2tiptfwump6wun +18-19°C 
~ll!timp t gw()p \Jlu}:t (tw~wqntJUI! tflt2pu mwptllj:wu +24-25°C), tfwpmp 
punltwugpq, unptfwt qwtf. tfnm unptfwtpu wqpnt]OJWU UJ:WJUwuutlpnttf, 
hwqtlgwa pp~wbfut~ h lj:pn~, h 70-80 tf-pg nt tftl() tunpntpJmuutlpnttf: 

. . lJwp2WUWJPU IumptlpQ. J:!UUl ppuug ohp tltunnf tlu' I) mtPWJpU qwtf 
ZP2wlflWl[lli\, WJU luntJOUPI! l{wp~tlu pu w$}:1 U1IlnP2PJW zwpntuwl{nt]OJntU{! 
!Pup, 2) wpqtltwll!wmUtlzwJ}:tU, npnup oq~mu tlu wlfl}:t tlplj:WJUpn~ L w$}:tg 
J!WdwU~nttf UU UUq ()wuawq lunpzupn~, 3) W[<lO\UUp l{wtf OllWlj:WOU Iunt
pllp, npnUp bwml{Wll!UU ,~wptq_~WG UU ~Uqlj:Wlj:WU U fuwllWll O~pwUOU
UUpntU: Oqwqwoh Iuntpp utlpUQLU D{lll!UU qw&nu qmu~mtf t awucrwll 
2PWJpU w~wqwli' an~WlOWq, D[lU On~ htlm lJ:w11Nwcr t UUllntgn~ : Upwug 
wnw2wguwli ll!wm6wn lJ:WJlD.Il t tlllitit lj:qqmu l{UJ:Wcr oqwlj:woh }unt[<lli[lp 
WOW2Wgnnffitlpf!, Up{! qqqpu tlpqp.wqtl11hp zwp.ctmuutlp.p htlmhwupn~ P2Ul 
t < ulf. 97): . 

,Qpupwcrpu uumtfwbputlp.{! wnw2u4!mtf tlu upwjU GWU~Wll an~w
JPU w~wqwflutlpnttf mwp lj:tJ:ttfwJwl{wu qntpputipnttf, np.mtlq antfwJpu 
2ntP.f! tfpu2_h hwmwlJ:I! tw~ mwpwumtf t : UJumtlqp wnwm pmuwlj:wum:ro-
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JntUf! lJ:twumtf t Ubcr pwuwl{mroJwtfp 
C02, npf! ptlpnnf t lj:wppnuwmwJpu 
J!Uwlj:wu hwtfwuwpwqznnt[<lJWU 
tuw}umuwuf!: Utfwqwun hwqtlumu 
t lJ:wtgluntfp lj:wp.pnuwmntf, np{! 
U[UIU16wn t hwuqpuwumu ~P2llupu 
uumtlguwun h UWU[l quqplj:wtfnp 
(ootpmutip.) wnw2wgmuutlp.p wu-
2wmuwli{!: trwucrwq L utlp.Uwjpgw
uwpwJpU an~pnttf mup.pqliU h qwp
pnuwmwJpu uum~w~utlpnttf hwli
qpU{IltU tlu tl[ll{UI[<l-UWuqwuwJpU 
qnuqp.tlgpmutlp.: bpqW]Op h uwliqw
up utlptfntantU(! qwmwptfnn[ t qtl
UlWJpU h umnpqtlmUJW 2p.tlpp tfP2n
gntf: 

uqw{l 97. UpnLI'l WllW2WgtlwG 
utul:itlwG (oultl 'J . 'lwf11{11li~. 1936) 

Au@bmJ tfwngh uutmlm~ulinn: UJU uwpqmu mwpw~mu uu 
mtippqtiU, quwgpwt antfwJpll, opqwuwbpu 'Uumtfwbpulip.n: StlppqtiU 
uumtfwbputlpu mutlu wtttJtJ:t uwup.whwmplj: lj:wqu, pwu zlit:PWJpU qnmnt 
uumtfwcrpulip.{!: UwlJ:wJU tlp.ptluu hwuq}:tll!ntU liU wtftllp lJ:WUJ:UlWhW'.nplj: ' 
w~wqmJpU uum1{w~utlp.: lJwJp.gwuwpwJpu tWU2P utuhtfwh'Utipmu mw
pw~wb UU l{Wll!ntJUl qwtf Untq mpqtfbp{!, npnug tftl2 tfltzm Wnlj:w UU 
qpwJpU }uug}:tutipntf opqwupqtflltl[lp tffiwgnp.qutlp.f!: Uphwqw[loWJPU ump
qtlpnttf mw[lw~tfwb tlu qwp.tfpp. qw~pf!, npnug WflllJmup tlu qwpupw
hrnl.tipp h qtlquwhnqtl[lp hnquwhwpuwu qtiqhutipp qliumqwgpwutip.p h 
mtlqwqm}uuwu: 

Cl-uwgpwt antfWJPU qwu WJUJ!UpqWJ}:tU uumtfwcrputlpn WJU uwp
qmu mwpwbtfwcr ttu wumwpqmpqwqwu o~pwunumJitu (Iumqwq, ~nuq
l{wqwu, UumtWUUlJWU) 2[ltlpp uwhtfwliullpnttf: UJU uumtfwbpullp.u oqw
qwoh ZP2WUJ:WUllltU till Uumwpl{mlulw tfmJpgwuwpn 300-1200 l[tf lWJ
umroJwtfp: 

Opqwuwcrpu qpwpwpwJpu miuttftiP.I! utlp.lJ:wJwgtfwb tiU UJ:wpqw-. 
qntJU opqwupquutlp.p' :pnpwtfpu}:t:ptlp.ubp}:t, ll!lWuqmnu 2P.J:ttfmnutip}:t, UJ:W
u}:ttf tnqwgnq lfllUl}:tlj:wtfw[lupUUtip}:t uuwgnp.qutlpntf: Opqwuwb}:tu UUUl{!
tfw()puti[lpU mptfmu t qtipwlj:zrmq o[lqwuJ:tq·JUtip}:t wumu{!: lJtipophllnwJ}:t& 
zp2wuutlpnnf w~ll:t mwpw~wcr tiU u):ttJ:tgwJ}:til opqwuwb}:tu uumtfwaputl
Pn' utlpqWJWgl{wcr qlmmntfltmwJ}:tU 2P.J:ttfnmutlpntf: 

UJUU!pUntf pWJOPWl uwpq}:t hwuwp plinpnz tiU mtip}:tqliU h opqwun
qtiu mpqtftip{!: Upwug tftl2 mwp 2ptlpnttf qtlpwqznnttf llu qpwpwpmJJ:tu 
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mpqillipu pwql(wgw<} 1>npwU}lup:ptlputlpp tlpptluu tt UTUlhpnuJlll1-Uup)l,pul( 
uwnu 211tipnnf uptJtgwJ)lu q]lwmnU}lmutipp uuwgnpqutip)lg: 

Unhuw! tfmnqh uumtlw~ U.Ju tfwpqmtf wnw4tltUIUfhu mw
pw<}tlw<} tiu opqwuw<})lu L UIJltltqhu uumtlw<}putipu: Opqwuw<}]lu uump
tlw<}putipu utipl(wjwgtlw<} tiu 1>npwtfllup:ptipwJpU L q[nppqlip)lumJpU 
UHwUlftnnU opqwupqtfullpp lffiwgnpqutippg l(wqtftlw<} mlultfllppg: lJ.jU 
uumtlw<}putlpu IDW}tW<}tiw<} Uu 2000-3000 if U}lu~L 4500-4700 if tunpnt
{OjntUUtlpu: lJP.tpgwJpU opqwuw<}]lu mlulillipu utlpl(WJWgtlw<} tiU qpwmn
uwJpU L nurqpwt pwpwJpu uuwgnpquhpntl: b{atl :}>npwt.l]lup:ptipwJpU mlul
tfllpu ql}uwtlnpwU{liu mwp 2Phpnttf tlu, WUJW q]lwmnuwJpU mpqillipu mw
pwatlw<} tiU ~uql(wl(wu Ot{l(]lwunu]l hwpwtlwJpU tfwutipnttf L U.umwpl(
mpqw tfwJpgwtfwpp Wl{lwillip6 qnmputipmtf wnw2wgutltntl 900-1200 if 
tunpntraJmU tfpw qmutlnq t.l]l qnmp: '1-punnntfwJpu mpqtftipp mwpwMwu 
Upl(pnpq qnmpu luwi'\WQ Otll(pwunup hjntUpUWJpU uwutipnttf tiu L hunwtln
pwrLUuwu bmflipu: D-wq}1nuwpwJpU mpqtfu pp tftl2 utirwnmtf t uwL 
umpp l(wtfwJpU tfwuupl(UUp, npnup UJWpmuwl(mtf tiU 10-30 % uptb.qwhni'\: 

U.Ju uumtfw<}puUpu mwrw<}tiwa tiu wpLwqwpllwJpU L tfllp6wpLw
qwp6wJ}lU qnmpulipnttf L tiurawpl(lfmu tiU humwl( wpmwhwJmtfwa lftlt
uwJwlfwu L mqqwll}lq qnmpwl(wumraJwU: 

'llntpqtlu uumtfwapUli}l[! l(wtf l(wpU}lp otll(pwunumJpU l(w4UrU lWJ
unpuu mwpw<}tlwa tlu otll(pmunuwjpU tunPU qnqwlfnpnt{Ojntuutipnttf: U.ju 
qw4Upu ururpntuwl(mtf tlu qmpp pwuwl(mraJwtfp tfwuquru L !Irlftura (0,2-
0,5% tfwuqwu, L ur4tlt]1 pwu 5% tipqwra ): 

l.rwrtfl1P otllfpurunuwJpU l{ur4tlpu pwql{wgura tiU. I) mtippqbu UJnt
ra]lg (wnur4tltmU{liU l{wtfwJpU), npn'itp pliptfmu tiU qtimtlpntl), 2) :pnpwU}l
up:ptlputlpp amatfnq uuwgnpquti{l]lg, 3) tntrnJpU qmzmg, 4) tfbmtlnpwJpU 
t.}mzmg, 5) hpwpiuWJPU WfllOWtl}ldntuulipp UJntrallppg, 6) opquruwapu 
amatfnq tfuwgnpqutlp]lg (zuwomqp wmwuu!Ippg,qlimlip]l wqWU2WJpU nu
l{npu!Ippg L WJ1U: Iunpu otllfpwunuwJpu wtfwqwumtf qurpt.l]lp otllf]lwunuw
JPU l{w4tlp}1 tfpur trnJu mwpuramtf mutiU tipl{urra tfwuqwuurJpU mwpptlp 
~Wl{ltlpp qnul{ptlg]lwut\p[!, npnugmtf UJurpmuwqtfmu Uu U}luiL 30 ppU}lw
l{m'it mwpptlp: Up.wug UU2 WDW2UUIJpU uzwuwl(nt{OjntU mutiu Fe, Mn, Ni, 
Co, Cu: Cum nmu qpmuwl(lliUubp U. U . Ul{npUJwl{ntfurJp L U. l. Qtlul(L}1w 
(196lra.) Iuwqwq otllfpwllnup tfurhop tfwq!IpLntrawJpU tfwuqwup qnl.lqptl
gpwutlpp U{UIZWPUli(l[! qwqtfnnf tlu 90 UlPll. en L tfmn 1 tftPil· en l(npwtmp 
qnul(ptlgplliUtipp U{Ulzwp~Jtlp : Cmn q., fit. UtiUUl{lllp w4tltP mz mtfwa 
quwhunnwl{wup Mn-}1 h Co-}1 l{n&l{ptig}lwutipp U{Ulzwp&tlpu U}l pwup 
wuqwtf qtipwqw&gmtf tiU 4tlPt! utipl{wJwgtfwa ra4UPltli : 

.Pliptfwa ratllippg UpLnttf t rati nppwu hulfWJWqwu hwputnnt{OJntU
utip tlu U{Wpnt&urqtfmu hwuwzjuwphwjpU otllfpwunumu: ~wpjuwapu 
uumtfwapullp{) qwU{tfwa bu dwtfuruwqwqpg hpwpmju'ittipp qnpamutlmra-
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JWU hum: Unw4Ut lWJU mwpwamtf mutiu WJU &umtfwaputipu Iuwqwq 
otlllpwunup Uqpwtfwullpp h :t-uqnutlqwqwu an4tlpmtf, Iuwqwq, ~uqqw
lrwu L UmtwUtnJWU otllfpwunuutlpp l{tlumrnuwqwu tfwullrnttf 4liP2PJW h 
ntnnP2PJW hpwpmjuutipp mwpwatfwu zp£wuullrnttf: 

UtnnP2PJW u1111wupullpu uuqpl{mtf tru hul(ulJWlfwu pwuwqmraJwtfp 
l[wtfwJpU uumlfwaputip u mllqwzwpdlfmu qliliiP tWU2P umnpnm: U.JUl.Jmu
umtf lWU2P Utnn}llltnnttf l(mmwqtfmu Uu wuhwillitfwm wtftltlt tftl<} hqnrnt
JitJWUp, 6tfpratfwa, upptilffi tt ¢npp GW[ptlpp UUWU WDW2Wgntuutlp: 
lJpwug tfwqtlpLntJ{O[!, l(mmwl(nnfullpp UIP'lJntUpnttf, mup PlPWtfnr-wu
hwp.ra mtiup: 

'llllmnp hnuw'itputlpu wnur4tlt hqnp qnpanuutlp nu pwu umnp2pJw 
lmuwupuupu: Upwug tipptitfu wutfwumtf tiU umL UDlUUflifjqjmfi hnuwfip
l'ilip : Utnn(12(1JW unqwuputlpp utfwu U{qmnp hnuwuputipu tt WDW2wUnttf 
liu tfwJpgwtfwpwJpu tWU2P uwhtfwuutirnttf h mwpwatfwa li111UWJpu 
~mmtfw<}pullpnttf: bpp lWU2P lfpw muq}l t mutiUmtf illi!uwupqwqwu wq
r~UgmraJntU (wij1putlpp hwptfwa) li111UWJPU uumtfwap'Uupu 2PPlfwumtf Uu L 
CIUWbjntUptipp utfwu w4UtWUW1n4 zwp<f4mu gwa: 1JWjpgwtfwpwjpU 
JWU2P. lfpw wnw4Ut illia wqqtigmraJmU tlu ranqumtf gmuwU}l]l mtllPutipu, 
nppg wnw2wgwa Ujqmnp hnuwupullpu zurpdtfmtf tiU hwmwqntl ~juumutlb
tntl antfil 2PP htim iilnph]ltl pp tftla mlluurlfwpwp II2n}1 mwpuratfmu Uu 
huqmJml{wu mwpwap.uurp tfpw (w4tllP pwu 100-wtfnp lilttnillimplip): U.Ju 
hnuwupuupu qwmUI}lllttf tiu uzlliUwqurlltg tpnqtmu wz!uwmwuputip: 
UwjpgwtfwpwjpU lWU2liPU qmpnq UtnnP2PJW qpp6tlp[!, nrnup Uppbuu tt 
bwuumtf nu 3000-4000 if L pptiUg wnur2urgtfurtfp ltUIUftlwa nu tqqmnp hn
uuruputipp hum: '1-pwug qnpantUUnt{OjWU wpqjntUpmtf WtlitfpptnWjpU, 
t:.ntJUpuq wtfwqwJpu uumtfwapuUpu, nrnup punpnz tlu n~ lunP!!, UntJUpuq 
~wuawq antfil hwtfwp, hurJmutfmu Uu tflia tunrnttaJmllulipnttf: 'llllmnp 
bnuwuputipp uumtfuropullppu wlltfwumtf tiu cnntppju)'iJlip: 

lurqntuwutipp uumtfwaputlp[! jntpwhwmntq tiu h wnwulluwgtfmu 
liu tlpqm mpUJlir. 1) l wqmuwuliflp U}l tfwup 2p.tip\1 wqlmt{OJlllUf! qhpwqwl!
gmtf t hwuwz!uwphWJpU otllf]l.wlinu]l 2ptip]l wq}mt{OJmuu up pwu]l wu
qwtf, 2) pw11.gpwhwtf 2Pllrn4 tmqntuwutip: u.qp twqmuwutipmtf mtiq}lbu 
mutiumtf pumUuu]ltl qntnpzwgtfwu Ufllilguuutip h pptf]lwqwu uumtlgtfwu 
OWUUIU{Wphntf WDW2UntU tiU qpUjU, uruhpqppq, uppurp)l.tpm, hwlltm L 
opqwuwqwu tfUwgnpquupp uumlfwapUli}llltf mpll.UWJ)l.U WDW2Wgmuutip: 
l.[Gnl-WQWJltU tmqntUWJll op]luwqullp tiu U}!.tfwzu lfwu ulijuwa antfD. np[! 
UpwpW{OJWU 6qtfwapntf pwdwutfmu t Uqntfp b"ntfilg, l.rwpw-Au}wq
q..Jnl[!, npu qwuUjpg antf]lg WU2wmtfw<} t tlpl{m gwtfwpwttlqlfwqulirntl: 

P-urqgpwhwtf, 2ptipntl twqntUWJp oppuwq t Pwualt4 antllt Wl{l]lu 
l.rlitfwu qtimjl qlimwptip.wup 4ntP2P angu, np.p umw41I1wqntJu tunpntraJmliu 
155 t , tipqw}lllt[c)JntU[! 93 f[tf, lWJUnt{OjntUI! 44 f[if : lwqntUwUtl}lp uumtfmap-
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uiipp illi2 qtipwiumuti IIu w~wquiipn ("'51%), opqwuwl{wu mwppiipp tfuw
gnflllutlpn~ hwpntum mpiJillipn: 

· > -I>paug J!UntJ[<m~ pwqgpwhwtf twqmuwutlppu tfnm tru tltifwuutipD, 
npnup bn~wJpu ~:~ptipn~ awal{~wa qtlmwhm{pmutlpp umnppu hnuptlp tiu: 

·· ~puwl{' f1.utiUfPp, .Pmqp, ~ti11tiqwup t]luuruutlpD: 

: Omlwthfi fiuuuJw6.efibnh nhwnbfibgn ~ 
hbt11 nhwqbfiblllhl! LhmhntumPtm(i(ibno 

·-UmftuJpU tuntu2UtuJpU uum{[waputipD 2W111 rpfupntu au,hwqtlgwo 
2pn4 lt 2unn lipqwp. ctwtfwuwq qpnttf Uu unupJ!lip. $n$nlmu101muutlp. Lt p 
l{fip2n tlliP 1IU UJOtlmif uum~waptuJpU tutqwpulipp: 

lrum~waptujpU tutqtuputipp tuntu2tugnuf(l wu~wumtf liu !J/JWqli
ulf{((hi)iu~ IJfiwqliul!qjJu' 4tipmaumuq): Untu2UWJpU bn{[tuJpU uum~wap
ullpt} rrum }lritiu9 qwqup fuputn pwqtfwpunlJto au, npp U(WU16urnn4 tt 
Wl'ltuUOpu (!tuQiuqpwtfwutlpp tflt2lt wutflt2tutqtlu ulfu~mtf t !fmfuqnpOnijm
fOJmuutlpD . qiiutP hw{[WUWJ1tu42nntfOJWU unp ...,pqpl{w-ppupwqwu uttuJ
ifwuulipp hutumwmntifD: Cum "Lr. u. Umpwfun4P 2pn~ hwqtlgwa rpfupmu 
uum~waputlpmtf qlJwqlruliqp unmgtlu[! (IUfOtuUntif t hllmltJtul qtlput. 
1) uum~wapulipllq hwtiUtfwmWJ!wp wuqwJmU upulipmtutipp tmbnttf Lt 
htiuwgmtf, 2) unp upUII[ltutulipp tuntu2tugmtf !J htuUtutqWtnwufuuruwgmtf 
unp ~pqpqw-plJupwquru U[WJUwUUliplJu, 3) Ujntf0lipj1 4liPtu$nfumti !J qnu
qptlgtJwulipp WUW2tugmtf, 4) fumwgmtf !J UJntfOp funUtu~DlfOJWU utlwqti
gmtf, 5) 4Urttul!Jnt[lliiJwgmti, gliuuumwgmti !J wJr 

Cum "Lr. U. Umpwfun4lt UUjUtuJpU uumtlwapulippg uumtlwaptuJftU 
muttup~llipp t{IIpwrpnfuuwu l:jwp!JnpwqntJu utmJtfwuulipu liu tflla funuw-
4mtoJDlU(I: UJU rpnrpnfu{[mu t uum~wapft l:jwqupu hwtfwunmnwufuwu, 
np[l UJtuJUtuumt[npt[wa t uum~wap}l t[tippu tfwumtf utwptupUntJIO tfwupt
u!Ipft wnurutntfOJlUUp !J qpntumwJpu qwtf UUjUtuJpu tmbntJtoutip[! tnnqn[lD'l 
upwgmtoJntUulipp bn4lt 2Plipnttf wuhwillitfWtn J!tuJlllp [!Uqhwump upuli
ptu[pqwgpwJntJ: UJu qnpbnuuliJlft hlim nu qw~wo pwpq plJupwl:jwu 
nliwqgpurulip[l, UJmraj1l{UptuJ!tu2funtifD u unp upuUpmtutipp tuntu2tugntif(l: 

Ul{tn}ltl qtlumpnu'Utlpft 2ntP2D l}UfOtuUmtf liu UJnttolJ 4tiPtuJ!tu2}umtf, 
np[! J!lipntU t l[nuqptlgpwutlpft Wllill2tugtfurun: {plul:jptlgpwulipp ~wrplipn 
l:jwpn11 nu hwuulit 0,5-1 If u llqtJtlt tfj1 pwuft illimp (null{l!Jwl{lullh uwpupu
utip): Upwug un2 hwflq.PUJO•if au l[wpJ!nuWtnwJlJu, oUJwtw1p.u, Juw1gu
qnuwJftu, ~nu:pnpwJftu, qpll{UtuJlJu, lip!Jwra-uwuqwuwJftu, lip!(wrawJpu u 
WJl !(nul{ptigpwulip: bpJ!litiU nputliu pumliuuPtJ ppupwl{wu nliwl:jgpwulipj1 
o2wfuulipp l{tillmpnuulip huiuqliu II'U qw[}lu opqwuwqwu uuwgnflllulipn: 
'lrum{[wapuiip{l mwpwpumJto tfwuupqutipp IIpl:jwpWUlu tfj1u1wug up2ta 
t}mfuwqqligntfOJWU utpngtiuullp(l, pu~uttiu uwu wunuqhWUl wt[ti[tugDQ 
6u2mtin (unp wnw2mgn11 uum~wapulippg) J!lipnttf liu UJntfOp nuqhwump 
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fumwgtfwut!' pwpwgtfwut! (tllrall~pl{wgpw) : lumwgtfwu ctwtfwuwq uumr_r 
~wapD l{npgumtf t 2ntPD lt ulfu~mu qtihpqpunnwgpwJp (upulipwtutipp 
2pwqpl{nn1) tqpngtiuD lt {[tiptuJ;!JntptinwgmtiD: UJu ppw4lteiwqmtf wtiUuw
l{w[lltnp qtlpD tqunnl{wumtf t gtluuumpu: !lptqtiu gliilliumwgun11 UJmra 
hwuqtiu Uu qw[pu up[pqunnutipD, tipqwrap opupqutipD, qwpJ!nuWtnutlp[l lt 
WJ[U: 

StitfllumwguniJ UJntfOt! tgumtf t uum{[wapp lt upw uwuupquupp 
owqnmpub:pn lt wtfpwgumtf WJU: Slltfliump J!WIJWqpmfOJntU[! wpmw
hwJm~mti t wtqwpp wu~wtiJ! : Oppuwq' tlpqwrawJpu wtlwqwpwp, qpw
pwpwJpu w~wqwpwp: "lrum~waputipp mwpJ!tip hwm~wautipmti ([!Um 
funpntfOJWU) [!UfOwumtf liu tntupJ!tl:p t.qpngliuullp: 

1Jullltlw6pwth(i www[!Cibnh hbt11 nhwab(iblllh!J 
lhmhntumpmLCifib[![! 

Untu2tugmupg htlmn uumtJwaptujpU WuttuputlpD l{wfu~wo Upqpw
qlinLmti L IIplfPp if wqiipiiupu nu:rauxgnl] UJpnghuulip}lg tiUrawJlqtJmtf tiU 
htlmwqw t}mrpnfum:raJmuullpft: Slll{mnuw~wfl 2wpctnuffitlpft htlmuwupn~ 
Dpll2W4P funpnt[djntUUtipntU hwjmu~wo uumtJwaptujpU WU[Wputipp t[pw 
m4Utwunnf t nu2mtin, pwp~ptitumtf 2liptfwump6wu~: UJu utmJifwuuli
pmti utiiiJp t mutJumti WU{Wllul:ipp fuuturgnltf (op.'I{tulfliPD t[tipwln[mti till 
wpq}ll.Pmft): '1-}lwqliullq}l !J UlimwunJl~pqtfj1 qnumJpg qn1pu WJUU[pu}l rpn
rpnfunlfOJmuuupn qtutqtJwo 2tiptfwum}16wu}l u 0:U2tfw'U J;!wpllpwgnnffiliplJ 
hUm wu~urumu liu f[unnwqhuliq (hntu. f[unnui ullppftu): 6.u2uuru u 2UJ1U
wumpnwup hlimwqw J!Wp~pwgnuffiiip(l ptirmtti II& unp,. wtVJl]l funp~ rpn
!fmfunlfOJntUUlipp (tuJU hwtfwtqtumwufuwumu t illimwtfnp~pqtfj1 ul{qJ!UW
l{wu rpnq}lu), npu wu~wuqmti t tf/Jmwqbfillq (hntu. tf/Jmw' hlimn): 

UJUut}lun~, uum{[waptujpU wtqwpulipp WilW2tugmupg hlimn ~UfOW
gnl] rpn!fmfuntfOjntUUtlp~ l:jwpli[}l t uliplftujtugfltit hiimhJtul htu2ofllltul:jw
umzaJtuUp: "lrum{[waputipft !(mmwqmtf (utJllfttitl&mwgpw qwtf utlqptftiU
mnqtilltlq) ~ uumt[wapulipft qllpunpntumu uumt[wapWJPU WUJWpUtlpp 
(q}lwqliullq) ~ uum~wapwjpU WUJWpUlip}ltftlpwrpnfuntU num funrm•raJWU 
q}lwqliullqp u tftlmwtfnp~pqtfp qnuwJ~g qntpu {l{Wtnwqtiuliq) ~ uum~wa
PWJ}lu tuuttupulipft mtllitP funpn rltnrltnfun•toJmuulip, np(l hwtftutqw
mwufuwumu t UUmwtfnp~}lqup u!(qJ!uwl:jwu rltn•tftu (illimwqaul:iq): 

UJUutpuft nl!J.I]llflll~Wb unmgiiU(I gwuqwgwa U[Whp qwpnl] t [!Uq
hwm4Ut mtlqmnuw!(wu 2wp.ctnttiUIIpp 2~mphpt[: UJu qliutpmtf, lipp 
uum~waptujpU Wuttuputlp[!, ufulitiwjp nput hunn~wbmtf, miil{tnnuw~uiu 
zwpctnttfulip}l 2unphft~ hwJmu~ritti till tfwqliphntJzamti, tlttonu..'t>liptuJ}l 
iftoflntnpmp u £pn[npmp rpnfuqnp<~mulimtoJtuU qn&tuJmU upwup qpnttf au 
pwqtfwralttl tlmtlmfun•:raJmuubp l{nnq~wo hrnJ.tfwhwptfwu urpngtiuulip}l 
hum: UJU tqpngliuD, npu wu~wut[mtf t h/JU[lipqlifiliq 2IlJaWU J!lipntU t unp 
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mtiupp: Ullfl.pUllumnql:iuti.q ~ J1pwqti.uuq ~ hpU{llp.qti'Utiq: 1.mm\.fwapruJp~ t 
UIU{W]1UUp.p tltipunJtntutfwu wupn!}2 U{pngtiuu w'Ul(w'U4mti t tutftqll&lla 
(hmu. tutft' hllmn): 

1wuywgm9!nLfi 6mJw1hCi l>wghwCib[!h llwuhfi 
trn4}1 jntpwpruuvmp qnmmu punpnz llu jntpn4}1 uuml.jwaputip. , 

htimLW¥tuP uwL uumtiwaplUJpU WU{Wputip: UpLUntJU d-ruuwuwlj mwp·· 
pup UJUlJU UIUUUJUltU lfwililll tiu uumtit mwp.wp'Untj}d uumtiwopul:ip 
~umLwpwp, pumraJu,ru Uil2 qnJnt}dJntu mu}l uuml(urapwqmmwquwu l: 
I.IP2w4wJp.p I.IP2h uti.p.m u pwqt.fwl.fn11uwup I.JwU{: fitunttfuwupplltm! 
uum4waplibpp p'UntJ}d[l, l!purug ljwquu, tfwi.JupuuwJp'U mll11WJ1Wztumun 
upwumu utip$wljl.jwa opqwuwqwu ul!wgnflll'Utlp[1 l{wpti1P t tltipwqw'Uq· 
'Utit uum4wapwljmmwljtiwu UltlW2Wgmtiu L U{UIJUUIUUUp[l: 

UpL'UmJ'U hwuwljp wtltitP hpu anl(wJpU uum\.fwbpuupp w'Uwt}lqt. 
qUU{pnttl qWJl.UlP t UljUIUlU\ hnppqnuWljWU ntiJllntJdJWtlp uum4waplUjplL 
wU{Wpullpp ljwqi.IP qmt.fm]untraJmuutipp: UpLumJ'U huruwl{p, uwljwJh 
qwqunl( L :pwm'UtuJp p'UntJJdn4 pp.wp.pg mwppuptlnq uumtiwaputip.p hw· 
tiwp ZllUJgwpwgp llp.ljpwpwu U. q.puuutp'U runw£rup41it t :pwgpw (turm. 
~wqftllu' tiptiu, mbup, mwpphpp~) mtipi.IP'U[!: 

UJd"t.f htimwqnmnqullpp l.lP uwup ljwpappntf' :pwg]lwu wU{wpu t 
(qwlf uuml.jwOp[!), npu mup npnzwljp quullmplj qw'Ufuwllzwuutlp (lp}dntn· 
qpwl{wu l{wqtf, mtlpumntp.w, :Pwm'UwJp m :Ptnp.wJp tfuwgnflll'Ullp, npnu~ 
wpmwgn[ntU bu uumt~wapp tunW£urguwu U{WJUWltullpl! nt llpw qmmw
ljmtfuupn): 

UUUHJ WO.QW I hfi Wll!W[l fib[! 

~wu}l, np omfWJpU uuunfwaputip}l uuunfwb-pwljmmwljmtfutip[) 
mti$ Uu mutiunnf 'l:l.lllW\(npwU{tiu illlfuw'Upljwljuru, ppi.IPwljwu L ljllliuw
pwuwljw'U owuWU{Uillhutipntl, qpwu)lg ti['Utitnt{ t[ uumtlwapwj)l'U lUU{Wp.
utipu Ilwd-wutlnnf tiu Utituwu(lljmljwu, ppi.IPwapu L opqwuwapu tuuJ1tipp: 
UJU pwd-wumuu fupmn U{WJUW'Uwqwu t : uup.qtu)ntUu uurntlwcrpwjpU 
WU{wpulipD tuuJ1wtlnptlmu nu uum pptiug qwqi.IP' ptiljnpwjpU, ljwtlwJ]lU L 
ljti'UuW(!wfunljwu m ppi.IPwljwu U{Pngtiuutipp wJllllm'Upmu wnw2wgwa 
wU{wputip)l: UJu tuuJ1wtlnpmuu 'UmJ'UU{tiu tllWJuuruwljwu t : 

UwljwJ'U nptlltiu urztuunnwupwJpu utulitfw uurntiwapwJp'U WtllWP
ul:ipp 4tlp[1 uztiura tiptip tuup}l pur<twumu[l hwpuwp. t: 

1.mmtlwb-pwjpu UltllWJlUtipp q_tip[! tipljpwljlirJLnnf zunn hwtftlurn t , 
WJU qwqunnf t tipqp.mq\i11ll]l f!lltliDUti'Ut:! 8 %, np)lg ll 1,7 % (!llqnpurJpU 
wU{urpu!Ipu nu, lfwt~w1)lu ratiprawpwptippu nu L qwtltip[lu pw<tpu t hwu
unnf 4,2 %, pulj opqwuwapu u p)li.IPwcrpu UltilUlll'Ulippu' 2 %: 
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1.mm4urapuiJpu wU{wpul:ipp hptfuwljwu qwuqtfurb-1} qtlumpnuwg
llura t UWJpgwtfurputipnttf ll upur UIDn£12PJUI tiqpwuwutipp J.lpur: 

1.mmtfurapwjpU lUU{Wputipu mutiu IDWptU¥Untj}d ljwnmgtfw<)p, 
l:tpwug Jntpurhurmmlj tiu ztipmWJUnt}dJnt'U[!, uwljruJu npnz utU{Wp'Utip qmplj 
llu ztlpmwJ'Unt}dJnt'Upg (op.' ljnpurtruJ}lu qpwpwptip): 

uuuuJwo.ew1hfi wwwofib[!h UlhU!brm 
~ti{JnnmJhu unmon'Ulip: UJu lllU{ruputip[! qurqtfmu till uumtfurbpw

Jp'U UIU{Wpul:ip}l qur'Uqtlw<)}l 20 %-[!: Upwup UIDnJ1tU¥Wd-urutimtf nu [1UU1 
]tptiug qurqtfilll ?1Iltnputlpp ~unptipp L utiplJ:wJurgtfmu l:iu u{t.lll1>}1mwJ}lu, 
lqumi.IPmwJ}l'U, wtllp.pmWJpU u ljwl.{wJp'U qwmugtiwaputipnl.{: lJnUllnmpll
IInP qwtf l}lull:p)lm'UwJp'U (hmu. llfUll~mi pwpwptiqnp) ptiljnpullp, npnup 
mutiu 1 l.flf-pg W'-lti!P ~unptip: Utiwqwj)lU qwu ll{Uuri.IPmwjpU hunnpqutip 
lhmu. UfUwifunu' wtfwq)' 1,0-0,1 uu ~unptipn4, w[ti\jp]lmurJpu hunnpqutip 
thmu. rutllrfpmi wump)' 0,1-0,01 uu ~unptiymtl: 0,01 l.fU:pg qmpp. ~unptip 
mutigniJ UltilUlPUUpntU nuq.qpljtlmu tiu umpp IlPUU{tipu WU{wpullpp tuupllpp 
1fti2: Unw'Uouurgtimu tiu uwL U{tit}1mwJp'U uwuu)lljullpp tumup (hmu. utll
inu' qrutl), nymug tiwuupqullpp ~unptlp.~ 0,001-0,005 uu tipu~ll 0,01 uu llu: 

l.p.uU{tlura Uumtfwapwljmmwl{uuru (!Wflll U{}lllgl:iuutipp htirn pwg)l 
Jrutl mtiuruljwtlnptfura unqurp.ul:ippg huruqpU{mti llu uuru tuurnD quru pwq
lfwhwm]llj WU{wputip, npnug illl2 qtipwljzi1Ilnf tiu WJU qwu WJU ptiljnpw1pu 
~unptiym4 uwuupljutip[1: UJutllpup WUfUIIlutippu mptlmu 1IU ljpl{uwqp, bnw
l[p urumuullp (op.' l{wtlwJpu wt~wqubp, ljwtlmwtlll@pmruJpu mtlwqwpw
[tbp): 

1.mmtlwapwJpu lUU{wp.utip.u umnpmpmd-w'Ul[nnf llu uwll glltftiump 
tunljwJmraJwtlp l{wu pmgwljwJmraJwup' $Jupntu L gtiilliUmwgtfwa: 

llltupntu WU{WpUUp.[l (!WIJljwgwa tiu 1-2 UU tftlb-nt{ajWtfp {!lii{nputi
flpg, npnug wul(wutinnf llu wt{wq&llp, pul{ glltftlumwg~wautippu' mtlwqw
pwpti!l: Pplif[dJwulip llu wut~wunnf l.fntlliDUI{!!Iljnp WU{Ulpullp[!, npnup 
I!W11\fwgwa uu gliUilumwgtiwa umpwu4Jmu ptiljnputip)lg: [pl&qtncflipWlll
lillp llu wut~wunnf hql{tlwo wuwu4Jmuwt{np, 4tnpwtlmu {!tiljnpullpntl 
9titiliumwgl.jwa \UU.l1llp.'Ullp~: Cum ptiqnp.wJ]l'U tiwup l{wqt.f\1 wl(wqullp'U m 
tutiwqwpwptipu umnpW(!wd-w'Utfmti tlu ' tinuni.IP'UtipwtmJpU (untlnpwpwp 
~!t{wpgwJp'U), o\llqntfltl.fmwJp'U (pt{wpgwJpu, qwzmwJpu Utqtll[<lu!Ipp Iuurn
~mtflllnt{) L U{nlPt.fPI.fmwJp'U: ~fllp2puullp.pu lfli2 wnwu&uwgtlmu 1IU wp.qnq
~ttlp, npnup pw!}l{wgwb" tiu qw\llnnf}l q_wzmwJpu utllWra'Utip.p L p4wpgp 
I~tiqnpul:ip.pg L qpwmtlwi.Juup' qwqtfl[wa hptfpwjp'U t:pmqpw'Ullp.p, unw
ctJmljtwqutipp, wu:pppntttllpp tll}lpnputi.uutipp ll WJl ptiqnputippg: 

~tiqnputipll L gtitfnumwgun11 'UJmratip}l IJmtuhwpwptipnt}dJnt'Upg 
tlt'Ulltml urnwuouwg\.fnnf uu gtitftlump wnwt{11t mwpwb-4wb- mtiuwljutlp.u. 
pwqtutWJpU, awl{nmljllUwjpU, }dWI}WU}dUIJpU L ljnumwl{mwjpU: ~til{npw-
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JPU WU{W(lUllpp gliUllum[! mwppllptfnnf t uwu ~wquntf: Unw41It mwpwcr
tfwb" Uu IIp~uqap opuJuluUppg (cunppUl, hlitfWUlpm) qpUJUpg, ~w[gpmpg, 
~wppnuWUlUllppg pw11~wgwb" gUUllumulip[!: 

.Pli~npwJp& tmqwpullpp ill12 qtipwltznmtf liu wtfwqullp[!, wtfwqw
pwpUpu IJ wtfwqwpwpw-wtllt{ppmmJpU wU[Wll&Upu: 

lrulllW!hU unqmnutlnn uumtfwb"pWJPU WOW2Wgntuullpp illl2 willl
UWUlwpwb"tfwb"u UU u ~wqtfmtf tnt pn[np uumtfwb-pwJpu tmqmpullplt 
qwuqtfwb"p 50%-u: UJu tutfpp tfli2 tfmumtf llli 0,001 tflf-pg qmpp 2.w$tlp 
muligllll qwtfwJpU upu!Ipwtullp[! u UntJU upullpwt&IIpp tfwup tfuruupquU
ppg pw11lJwgwb" mtlitfitpmuUpu: 

qw4Jipu pwc:twutfmu nu [!UUl umpp qJmUJllpumJ]l& upuUpwt&IIp]l 
l{wqup: 

Unw&6uwgtfmu tlu l{wnt}luwJpu, hwtmwq]lmmJ]lu hJulpmpmJtW· 
pwJpu, tfnumtfnp]lunu]lmwJpU u WJl mtiuwqp qw4Jip: 

qwtfmJp& upu!Ipwt&Upp qntJUU tlmJutfmu t l{wJutfwb" WJU l{wqtfllll 
upu!Ipwtutipp qwtf JuwnumpquUpp qntJ&pg: qwnt}lupmuttpo u hwtm
wqpmulip[! UUJpmwl{ qru4Jip Uu, l{wuw2_ qntJUU UJUIJUWuwtfnptfwb" t Ptn
p]lmu!Ip]l qwtf unumpnupmutlp]l, qwpupp qntJU[!' IIplJuqa]l hpqpnpuJululip]l 
wnlj"WjntpjWUp: 

qwmwq!Iu!Iqp UJpngllup wpqjntupmtf tumwgtfwb" qw4Jippu wutfm
umtf tiU wpqftlftcntilip : 

qw4Jipu muliu zwm [WJU qppwnmtf: ",JulpntftWJlW(lWJpU qw4Jippg 
UJWUlpunnnmtf liu WllJlltUUU(l, zpuwpwpwqwu pp!Ip, Iumlntfwqu!Ip u WJ[U: 

lJnumtfnppnnupmwJpu l{w4Jipu q]lpwnmtf Uu ppupwl{wu u m!Ipu
mpt WilllJntUtupllpmpJwU tfli2, npUJIIu wqunppllumulip: qwnt}lu]lmruJ}lU 
l{wqllprf hpwl{wJmu UJntplipp u hwJuntmqml{p-ntiuwUJWlJm mpmwqpmp
JWU, PU2_U{UU um!J pqrap W[UlJntUWJ!llpntpjWU illi2: 

{punnnuunnmJhu lliUIUIJ1ullpn pwlj'wqwupu mwpwcrtlwb- liU u l{wq
tfmtf liU uumlj'wb"pruJpu WUJwpUIIpp qwuqlj'wb-}1 20 %-u: qwpJIDUWUlU!Ipp 
illl2 wnwu6uwgtJmtf liU f[pwpUif1lip, npnup qwqtflj'wb" tiU qtJuwlj'npWUJUU 
lfwl gpmpg, lJlltnt!ftcn{ilip m t!ftpwtifywtlJllfnt!ftcnw;ftti m qpliiplliJ1WJftEi l)ll
tnt!ftmEillp: '1-n[nupmwJp& WU[WllUIIpn wnw2wumtf IIU qw[gpmp q.n[nt.flt
mm[ Ubmuruntfwmpl{ mtlllwltwttfwu nwuW11Jwphnlj' qpwq!Iutlqp u qwmw
qllu!Iqp UJpngliuuUpp c:twtfwuwl{: 25-50% l{wqllp UJwpDtuwlfnlll{(lwpwpU
PI! w&,[w'imnf nu tflipqlittilip' LtwtfwJ]lu tfwuu}ll{ullp}l tlmPP pwuwl{u!Ipp 
qliUJpnnf wutJw&mtf tru• tf!Jpqli[lii)/lti f[pwpwplip, puq wqll[]lp qliUJpmtf' 
f[pwpwpw;ftti f[wifllp : 

{n1wpwp!Ipp tfli2 wnwu6uwgtfmu II& pU~npwJpu, ppt.fltwapu u op
qwuwb-]1& wl.l{wputip: 4Pwpwptip]l Jntpwhwmmlt mwpWUltiuwlJ qw4Jtno, 
tftwtftmlJ, tftjupnt& WUJWP t, np& WOW2WUntU t UJUI(lqwqntju UJlWUl{mnu 
opqw&pquutlpp qtfwJupulip]l qmmwqmuullp]lg: 
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{n1wpwp!Ip]1 qntJuu ttltw4Jipp qntJ&]l utfwu mwppllp tnt u l{wjutfwcr 
t tuwnumpqullp]lg: qtuJUlllli& llt&Ut u!J qntJ&]lg tfj1u2_u qwptf]lp: 

qtuppnuWUlWJPU WUJwpullpo WOW2Wgumtf IIu hqnp uumt[wb"ptuj]lU 
zllpmwJp& lJmmwlJmuutlp L l[}lpwntfmu tlu z]luwpwpntpJwu, glltfllum]l u 
WJl l{wUJUilJgl111 UJntplipp wpmwqpntpJWU tfli2, uwu tflimwtmpq]lwJmU' 
npUJllu :Pumu: 

j,nu.1>rumwJhu UIUJWJlUllnhu Uu 4Jipwpllpt[mtf :Pnu.'l>np]lmutlpo: l>nu
:Pntl}lmullp]l wnw2wgmtfo mlirW. t mullumtf qllmwJpU bnupllpntf b"nt[WJPU 
wtiwqw& mllqlUl}lntut[wb- :Pnu.'l>npp hwztJPu: -Q.lip2]1uu b-n4Jipmtf lJtw&t[mtf 
t opqwupqtfulipp lt1111tfltg u upwug tfwhpg hllmn pwpq ntiwqgpwullpp 
zunJ1hlt4 mlirW. t m&Uumtf lJwtg}uut.flt t.fltwgmtfn :Pnu.'l>WUl }mujlu L wu-
2wml[mtf t qw[g}mtt.flt :Pnu.'l>WUl[!: ",IImwqw qjlwq!Iullmp~ tlmtftnJuntpJm&
ullpp WMJm&pmtf wnw2wumtf llu qwiJmuwpJmpllr!wJ}l& qwtf nwqpw[
nwnwqwJJaWJ]lu wnw2wgmuullp: 

lJnu:pnppmwj]lu WUJUipulipu [pUntU nu Upltm mliuwlJ]l' l{nulJpUg]lw
ullpp mllupnlj' u zllput!Ipnlj': lpluqpllg]lwullpp 2_unpllpn unlj'npWJ!W(l tftnpp tlu 
t.flt pwu]l ulf-pg tfj1u2_u up pw&p l)U: CitipmwJpU :Pnu.'l>nppmutipo tfmq qntJUP 
llu hwtfwpjw uu u l{wqtfnnf llU hwtfwztuwJ1hmJ}lU UJUizwp&llp]l 98%-D 
(pwgp uwtult]lu luU",lJ-jlg): llnu:pWUlWJpU bwUpWUjntpllp[! qwplmpwqnvft 
uzwuw~mpJnt& mu!Iu, pwup np hwuqpuwunttf li.u hmtfp :pnu:pnpJz u 
:pnu:pnpwJpU ppt[lt umwgtfwu hwtfwp., npp wqtipo LWJU qppwnmtf ntullli 
qJntllWUlumUuntpJWU puwqwt[wnmtf, npUJtiu U[Wllw}itnwUJmpbft: l>ou:pn
p[!, qwLJ1mtf u wqnm mwppllpjl hllm hniJllpp pllppltmpJWU puipapwgtfwu 
mwpp t : 

llou:pnpwj}lU tfjlwgnt_lajntUUllpo q]lpiUin.lmtf tiU J].liJwqnpb"nt.JaJWU 
tfli2 L npUJUu pmuwpptf}ll{WUlUtip' qJntllWUlUmlluni.taJum uruUJWpliqmtf: 

Uhlhgm]hU mwumUlin: btiplJwjwgl[u;~ liU qtJuwtfnpuni{Uu p}lt!Pw
lj"wu qwtf l{tluuwpwuwl{wU b:wqtfwu ou.natnlf, npu mup up pwup mwpw-
mtiuwq: · . 

Unwttllt mwpwb"lj'wcr tiu oUJ!ll{bllp[!, qwqtflj'wb" wtfnp:P OUJW[WJ]lu 
qwuqlj'wb-pg, Upptiuu opqwuwJ.rruu uuwgnpqutipp utiptftwl{mtfUIIpnlj': 
",wplj'wb"lllpu WJU WUJWpullp[! UJl16wqmtf lfu J!Un[lDZ qpUqntu OWJU: . 

'1-}lwmnt.fltmulipo l{wqtfqwb" Uu IlftwmnuwJlt& 2nlttfmnulipp OUJUILW
Jpu qwtfwtupullppg: Upwup ~wl{nmqtru tnt L 2~ tftlupntu: 

U]ltpg]lutuUp[! OUftut-lumtgtiqnUWJpU wnw2wgmuullp llu, punpnz 
lJpwpwpwjpU hwmntfwcrpullppu, npmllll upwup WOW2Wllntlf IIu .qpwqliuU
q]l L tUJpqUuUqp llfiUlgliuulipp <turtfwuwl{: 

SwtnqlnimJhU unqwnUflnn WOW2WllntU nu zunphpt[ qn[npzwgtfwu 
Jumwgmuullpp L hlizm tmb-lj'niJ t.fltullpw[ullp}l hllmwqw pJmpllllwgmuutlpp: 
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UjUUjlmp WUjWflUI:i:flp WDW2Wglfwu hwUWfl wUI:i:uwwuhflWdl:i:zm UjWJUW-
h[! wpJulwJp'U 4tP.lfwu t: . 

Uju juU{!p wlll:i:l!wmwpwa\{wa WtqwpUUflU l:i:u qpUjUU nt wuhluwP.-
1111 npnup 4wpnql:i:u wnw2wguU1 hqnfl zUflmUp h nuUj'UJw4uUp: UJu juupp 
wtqwpuUpu WflW2WUntU Uu WJU 4P.uw¢.w4 2f1Wt{wqwuuUpntU, npnup 
UlwprUpwrwp wu2wmt{mu l:i:u UWJP 2f1Wt{wqwupg, P.iltUllmP.u WJUOflt{w 
qwpw-AuJ.wq-q.Jntu t : 

q.pU{UU llt WUh}u}p}u}{! }l{lWfl hl:i:m qmut{ntU UU tqwpwqUul:i:m}14 urun
gpwg}lwj}l Ul:i:2 h lWJU 4P.pwnniu muuu zpuwpwpnlJOJWU WflllllltUW{!Ufllll-
JOJWU uruUJuipuqmu: . 

J..J.Ju }uu{!)l l.fwf1hnf1wqntJu U]luUflwtuUp}lg tiU hwtP.mu, uP.ttf}luu, 
lfwfluw[}lmi! h WJlu, nflllup wnw2wgumu Uu qqwt)l qmmw4mU'UUfl, )lu4 
hwupwt{wJpUflu zwhwqnpat{mu Uu zwmUfll.fwp ctwuw'Uw4: 

Uql:i:pp, q)lUjUI:i:p}l hwupwt{wjpUfl qwu uwh Ul:i:p hWUflwtqUmntJOJnt
umu' UflWflWIDJWU qwzmp, bqt{UIJ111.p h qnmwJp)l uwpwt{wuq'UUflp uwh
uwuuup:mu: 

uuuuJw6pw1hG 6wq!lw(j llblllwn W!hli hw!ipwtJwmiin 

Swuwppg qUtqp bnt{wJpu wt{wqw'U mwpplifl 6wuwtqwphuliflll4 
mtk1unimJutlma ppll)lw4wu l!OwpflUflu JllJOnqliUUqp UIJillguup uuJOwgpmu 
UuJOwpqt{mu bU junflu qp:t>Uflli'Uguwu: uumt{wc)-pwJpu hwupmqnJwguwu 
hwuwp I!wpliUUJUIUm tlwJpUpu wnw¢.uJw L zUt:t>mJ}lu qnmpuUf1u Uu: 

"lrumt{!pb-pwJ]lu Upl.fWJO}l hwupwt{wJf1Upu unt{npW{!wp qwtqt{wa Uu 
wt{wqw-4wt{wJ]lu m}lrtlll:i:tll14wu wtlitlflP.mn-4wt{wJ]lu uumt{wc)-puUflp hUm: 

bpl.fWJOp.:.uuruu}14'UliflD h)lUII:i:flqliUUqp Wfllllmupmu qmpu tiU {!lip
t{mu wtqwpul:ipitg u ~t{wqwu ul:i:pumat{l:itmg htlmn UuJOwpqt{mu uuml:ig
uwu, wunp:tJ . ~J.lm\fwi'rpp,. ~~pnpupqp ml:iupnt{: Unwm JOJOt{wi'rup UIWJ
uwuul:ipmu WJil uumi{tuaputi~'hg WflW2WUntU tiu hlulpnq]nJOpm L hpqpn
hl:iUwmllm: J.itrat{waup nimz U[luqiuup qtiUipmu wnw2wumu l:iu upql:ifllJ.mp 
h tlplfWJOrnJpu ptnpp~lt (zwunqpm!l) qmmwqmuutip: "<,timwqwJmU IIpl:(w
FIP U)1 UUfUU opuJ:ulw'Uwtntl · ~~pwc}tjnu.f t qnpz Upl.flliJOwpwpp: bplfWJOP 
uumt{wapwjp'U hwupwnw2':ll9nlUD l.fWlli4¥,Ia t hnquwhwpuwu unmgl:iuul:i
pp hUm, uquwi'r llp4pwpw'Uwqw'U hpu .. m'U9Jw!Pir "<,wuwzjuwphwJpu 
uumt{wapwJpu Upl.fWJOwhw'Uptipp 68 % U]l'Utplllfl!PPJW'U hwuwqp l:iu, 10% 
UJW[IlnqnJWU, 19%-D Ul:i:qnqnJWU h 3%l.fWJUnqnJwu: 

Mn-p hwupw~WJptipp illla uwuu mup 'Uumt{wapwJpU awqntu 
(lili. 98): Ujqtq)lup hwupwt{Wjpl:ipp oppuwq liU upqnUjn[p hwupwt{WJPI! 
fitl.fflwp'UwJmu, QP,wmntpWJP hwupwtJmJflr! q_p.urumw'Umu: 

.Pnpupm'UI:i:[l)l hwupwt{mJpl:ipp qqm[p 'uuruu mu}l 'UntJUUjl:iu uumt{wa
pwjp'U awqntu: U[1wup pwqqwgwc)- l:iu qwt{uijp'U tijl'Ul:iflWtUtlppg L tlfllfw
JOP hpqflopupquuppg, npnup ppu'Ug u'1l2 qqw[p pwuw4ntJOJWUF wumU]l'Up 
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UpUI:i:flW[UUflUU UjWfllllUW4mu: "<,wUI:i:uwmwpWflUflpmuruUIJl!l uumljwi'rp
U~flP Ul:i:2 qUflwlfznntu t hpqflwflqlllpmu, pu4 huuf1mu' hJulfltUflq]lt)lm)l hUm 
'U uf1lfm l:i:u pl:i:U)lmu h q)luruUinflu: .PnputlUluUf1}14mu1wqmuuUf1u mutiu zl:ifl
U:~I:i:fl)l qwu nuUI'UJw4u)16h: Unw2P.u w'Uqwu {!npupmul:i:flu munuiuuru}lpt{Ut 
U1l>pwuupwJp .Pn mUqwupniu, nf1mUqpg h awqli[ t wumuu: ' . 

P,Ca, Fe ----'--....;_ ____ _ 

Mn------~------

Mn,O~·H,b 
lmu~n11tnnGI:ifl 

Om~ll 

1 E§il)2 ~3 .... 4 

uf/wp 98. Ujl0b[1WtOtnp Ulbf'lWPW2tunul[! ilwuqwO~ OutntJ.wa~WI~O 
hwO~wtl.wJ11mu . 1) l4!lrmunlq!lll11l hwGpwfiJnl~. 2) llwGqwuwJ!lG hwGp~GJm~. 

3) 4wrpnGwli1WJtlG hwGpwGJnLFI, 4) ~nu~nfl!llllGbp .. 

UJU U)luupww mwpwot{wo t uwh <.muqwppwjnllf UW~lqpu "<,wpm
t{lqwt{pWJlllU, "<,muurumwumu, "<,wpmt{mJp'U UUI:i:pplfmJmU, <,Uip.wt{-Upli
t~iuwu UullWJmtf, fimuwumwumu, fl.wqwjuumwumtf, lQ>ppluuru U)1 
zwpp upl:(pul:ipnn[ L WJ[ t{wjpupmu: 

l!wmuUlnphn! hlllribp 

lJ.ut{WUnlU{! hntU. J0wpqtfw'Ump1U[1 uzwuwqmtf t. ljwntutnnu' Wjp
t{nq, pjmu' l:fJwup, tftpnu' pwp: UJU juurp illl2 uu tfm'Umtf WJP'lllll oqmw
qwp bwuwanul:ipu, npnup umnpwpwctwut{mtf u'U pwpwi'rjuwJllu h ppmnt
tftuJ~u WUIWpUI:i:pp zwpptlpp: 

.Rwpwi'rlumJpU WUJwpUl:ip~ ZWflPI! \Ut:lW2w'Umtf t J!Wfl0[1Wqwpq 
i!l1lJUUpp uwhmgwc)- UJnlJOUppg: '1[1WUI} hnttfmuWJ~U WUfW11Ul:ipu l:iu, 
ll}lllUIJ qwpu[p t uupl.fWJWgullt htimhJWl 2wppnt{ ' mnp:p --+ qn[lz wam}u --+ 
pupwantju --+ wum[lmgpm: 

UJu ZllJOWU gmJg t mw!Pu op.qwuw4mu UJnlJOUfl)l pwJpWJUwU h 
t{bp.un}m}utfwu mwflrlip wum)16wuul:ipu: 

Snp:tJwhru'Upl:i:pp mumuuuruppntJOJm'U)lg UfW11\lUIP-WUt{llJ t, llfl wt{l:i
lP junflu 't{l:iptmlmjut{wa h wajuwb'unt{ hwpm.'lwgt{wa t)lm}mjuntJOJntuuup 
l:(pmu l:i:u rmuwqwu opqwuw4w'U uuwgnJl!l'Uupp 4mmw4mtful:i:p)1 umnppu 
zupmu[l{!, llflD UJWJUwuwt{n[lt{Wa t t{llpunttf qmut{nrt uumt{wapul:ipp 
nuzuwur, 2llfluwumpnwunt{, rwl.fmllppwt wqqtigntJ3Jwtfp w'Uwtpnl! utt-
2Utt{ruJpntu (wnwug JOJatlmat~p tfmmpp): UJu qn[lan'Uul:iflp '4m'4mJuntraJwup 
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t U{UIJtfwuwt.Jnpt.Jwa mwpptlp wamJuullpp wnw2wgmtf[1: q.npz womtu
ullpu mu!IU wtftluw¢npp waJuwJUntJOJntU[I u ullpl:[wjwgt.Jwa llu upplltfU 
hnl}wJuwnu, lfmtJup qnpz qntJUp mwppupwl:[ulipml, IIpplitfU Jupm liu u tfn
mwt.JnpWU[liu uu qn1JUp: UJu wamJuuli[lp tfli2 hwuqptqmtf liu tqmhtqwu
t.Jwa waJuwgwa ¢.wJmtuUJmrop wnwlldpu l:[um(lulip: 

.RwpwbmJuulipn punpnzt.Jnnf tiu wt.Jttw pwp6p waJuwJumro1wtfp u 
p[lliUgpg uupl:[tujtugumtf IIu unfmp, Iullm WtqtupUIIp, waiuwaup tftla U{Ul
pntUWl:[nlJOJWUp: .Rtuptuant!uutipu wnw2wumu tiu qqtu[p funpntJOJntUUupp 
t.Jpw, pw~wl:[wu]lu f!WJ16p6Uzuwu tqWJtfwuuiipmu: 

Uumpwgpmutip[l w~pp tiu nul:[umtf zunn wt.Jtitp pwp6p waiuwJUntJO
Jtutfp: Upwl!p wt.Jttllt awup, !upm Wtqrupullp llu u wnw2wgl:i( llu wt.Jttllt 
pwp6[16Uztfwu u 2l:iptfwumpowup tqWJtfwuulipmtf: 

bpl:[pwql:iqup zwpctmu qnmpul:ipmu mlil{umuwqwu zwpctmtfUIIpft 
hl:imuwupmu wamJuuu!ln hmJmt.Jmu l:iu Junpn hnppqnuulipnttf u t.JtlptmJmJu
t.Jtlrmf WllW2WUnttf UU pwp6p wb-JuwJUnlJOJWtfp wantJuU!ip: 'iJ.(wm:j>nptf
Ul:ipmtf, npml:iq ml:il{umuwl:[wu zwpctnnffitipp wlpnPt.Jmro1muu wt.Jtlw IfmP!l 
t, WllWS?tuttmtf l:iu gwbp wb-JuwJUntJOJWU, qnpz wantJuUupl:[WU[t.Jtub- Ifmpp 
funpntJOJm&ul:ipp hl:im: 

l.:Jwpbp l:[wmumwp{lnwmul:ipft hwmntl:[ funttfp tiu wnw2wgumu 
UWU[pntqUtPUlUOp[l, npnup WUlll9.W9Ul l:iu lUJl U(WUJnqaupftg' wb-JuwS?pW
b-puulip u owptqlip tqmpntuml{lltJ opqwuwl:[wu tfuwgnpqulippg' tqwpqw
qntJU l:[ll&qwupulippg u pmuwl:[wu tqtwul:[umu opqw&pqtfUI:ipj1g: Uwurpn
tql:i[pmuupp tfti2 wnwu6uwgt.Jmu uu pnqhl:iqulipu (wantJu&up, npnup wnw
S?wglii tiu qt]uwl{npWU[liu l{wtqmw-l:[wuw~ 2PJltfnwulipp l:[mmwqmtfuli
ppg): {rliulitulip[l ppliug tfli2 tqmpntuwl:[mtf tru wt.Jtltlt zwm utqnpulip: {rwu 
uwu Iuwnu pnq.h!Iq-qliuli[ulip: UWU[pntqli[ftmwJpU wb-Iuwhwuwanu!Ipu 
wwp liu uul:[umtf 2Ptuaup pwp6p' u hwtftluwmwpwp ¢.npp wb-Juwb-up 
U{WpntUtul:[ntJOJWUp: bpp UUIU{[lllU{U{pUlUU[lpU juwzzUl{nttf UU UWU lU[U~[lp
UlW-qWt.JWJpU tfruuupl:[ulipwnwS?wttnttf uU WJpt.Jnq JOU[lJOlllpwpl:ip(l: 

lli]uwJpU w~wqwuulipu @ltn ppliug Wlllll2Wgtfw& ~tuJpp r.ftumu ti~ 
tqrnpw[p~wJp& (hntu. UflllPUiffmu' tftlpoan~wJp&) pwpwatuw1pu w~wqwu 
lll:ip, npnup wnw2wumu liu Utipoanl{unpl!Jtu owhOwJftU qnqw~npntJOJntU 
&lipnttf lipp 4ttP2PUUlipu U{Ulppl:ipwpwp (gtlmu uu 2pnt.J: UJumllq wb-JuwJp\ 
zl:ipmlipp ro.Plfn lfwpniJ t tJtf.IIIt wtllJ[]l pwu 1 00-[1, ]luq uuqhwump hqnpnt 
}i)Jm&u up pwup l:[ptntftlmp: Opnz wl{wqwuulipmtf ('1nupwu) qpml{mu 1 

ppwan opqw&ftqtfUlipnl{ wtJwqwpwplipft, l(pwpwplip}l, qwl{llpp u wb-Juw 
zlipmlipp pwqtfturoltl{ hllf1rotmlmfunttfUlip, npnup gmJq II& mwlJlu lipqpw· 
!J:liqu}l mlii{umuwqwu zuipctntu&lip}l mwmwunqwqwu pUmJrou: An& uwJp 
gwtfwpwJpU mwpuu)pulipnttf wnw2wgwb- wb-JuwJpU wt.JwqwuuliJlu wu. 
t.Jwumtf liu [fitlft}lf[wf[wfi : UaJuwplip hwumt.JwapuliJl[l mliqtuqpt.Jmtf tit 
pwqgpmhwtf uuml{wb-pullpp tftl2 (wuml{pw[, (OWJpU, owMwjpU u Wj[U) 
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UJu uumt.Jwapulip[l pumrowqpt.Jmtf liu n~ tflla hqnpntJOJmuulipnt.J 
(mwul!Jwl:[, hwqtlwqlltq hwpJmpwt.Jnp tftlmplip): UaJuwJ}lU l:[mmwlj:mtf
ulipu wt.Jlirp hwowtu nutqUJwl:[wou uu, npnug pwuw(Tulipu tt zunn ~llu 
(tfllpo lfnul{m{Jwu wtlwqwu): Uwl{tuJU, lipplitfU pwpwb]uwJpU zlipmlipu 
mutiumu tiu tflla hqnpntJOJmuuup wt.Jttllt pwu 5-8 U, pu~tqpupu l.:Jwuu(T
U~puu(Tp wt.Jwqwuu t: 

~hmnttfmJhll zmJWh UI1IJWJ1&lin: Upwug rotfil.u l:iu tqwm(Twumu pp
umttfmtqwpmuw(T wtqwpul:ip[], uwt.fiau u tqpUq ppumttfUI:ip(l: 

~pmmtfunqwpm&wl:[ WJpt.Jnq JdU[lJOwpwpl:ip[ll:[wt.JwJpU l:[wu Utipqli
lWJpU ppumttfnt.J ul:ipMt.Jwa rolipJOwpwptujpU WtqW[lUtipu tiu: 

btutiJOu puwl:[wu WJpt.Jnq hliqm(T t u pwqllwgwb- t tftlrowuwJp&, 
uwtiJOl1liwJpu u wpntfwmpl:[ zwpplipp hliqml{ wbJuw2pw(}puulip.flg l{mtf tt 
upwug qmqnpqmtfUlippg {tflirowun-&wtiJOI:i&wJpu, uwl{rouuw-wpntfwmpq): 
'lrwtiJOlip.fl u wb-Juw2pwaumJ.fl& puwqwli qwql:ip.fl umw2wguwu t.Jttpwpl:ip
JW[l:[w l:ipl:[m ml:iuwl:[l:im: 

~limwqnmnq&IIp.fltfli(}wtfwuumraJmuu qmumut, np &ztJw()- WJplfnq 
UjntJOU[lU mull& opqw&wb-}1& b-tuqnttf u WUU12WUnttf l:iu gpl{wb- opqwuw
l:[wu upwgmroJmlluiipp mqtftlp.fl uu2 rowiJtfwu u hl:imwqw tllJpWl}mfunttfUli
PP wruumupmu: ~WJm&p t, np [tuqnt&wlilipnttf' ®t.Jllpnttf u tol:ipnttf wnw
S?Wgw(} fmml.[wb'pwJpU Wlllwpul:ip}l qqwr}l tfwun tqwpmuw(Tmu tru gpt.Jwb
I.[Powqnuf opqwuwl:[wu tfUwgnpqulip: Opnz wb-Juw2pwb-&wJpU upwgm
JOJntuulip gpl{wo- tfllowl:[mtf (upl:[pnuwtiJOlipu) ul:[umtf liu wnw2wuwrqlllluu 
wt.Jwqwup hwmwl:[p uumt.Jw()-pullpp tfll2 u pnlJUUpp u l:[truqwu]l&Op}l tfUw
gnpqulip}l JOWI]UWU m upwug hllmwqw qftwqliuliq)l [IUJOwgpnttf: 

bmtiJOp u qwqp umw2wgtfwu hwtfwp qwp.hP{t ftzwuw(TmroJmU 
mull& uwu rowqt.Jwb- opquruwl:[wu tfUwgnpqulipnl{ uvt(nq pwqtfwroplf tfltll
pnopqwupqtfUlip[l: Upruup hwpnmm liu owrnqlipnl( lt owptqWliuwu upw
gmroJmllulipnt.J, npnug hwztfil.u wnw2wunu£ liu upqpnuwtiJOp ([ltugmgp~ 
pwctpuulip: Uuuupg 2wm tfP.lfpnuwtiJO t nmw2wumu ·t{llpwqw&qutfwu u 
uWU[pntqlilJlmwJpn UJmrolipp urwpmurul[ntJOJWU tfJ12w~wJplipmtf: 

ilppwu zwm t UWtq[lDU[IIlJlmwJflU UJlllJO[I u upqpnuurtiJO& unqwpuli
pp uu2 WJUpwu Uti"' t pmu uwl{Jdp wnw2mguwu hwtiwuwqw&mroJmun: 
UJU WtqUtpulipu, npnup UfU!pmflw4mtf liu hwpumwgtJw()- opqw&w(Tw& 
upwgmJOJntUUup wul.[wfJmtf ti& fJliil{pwuU/jpqwuUipUij}lfi : Unwt{llt mw
pw(}l{wb- uwtfiawtlwjpgwtfwpwjp& wtqWpUlip liU qwl{wjpU, W[ut.Jpptnw
l:[wt.JmjpU (t,wpllllliU w&lit tfllpqlitulip) upwgntJOJmu&lipu u WJtll: 

uwtiJOp ]unznp l:[nunwqmtf&lipU WllW2WUnttf uU upqpwququ}l npn
zwqp hwmt.Jwb-p qqw[p ol:[muuliph, )12ugmuuupp ll hqnp uumt.Jwb-pulipp 
WUW2W9UWU tnlii]upnttf, npnUp b-tub-lfm tf UU UWJul:[pU Uutnl.[w(}pUup[!: 

2-4 {[II tunpntJOJmuulipnttf 2lipuwumpowu[l qwpnq t humulit 100°± 
40° C u hwuUIU{WlllruuJuwu ouzu wu tqWJU wuulipnttf uqul.[m tf t upl:[pnuw4-
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~p ul:[qJ!&wl:[wu upqpwgpwu. upw wu-
2WU'llltUJJ opqwuwl:[wu lfUwgnJlil.wJpU 
UJnqatippg: UJIJ.Ufpup WUfWpUITflD qwn
unilf tiU uwtfiawpmwqflilll: UWtflaD 
tuUfWpulipp bwl:[nmpuli[ll14 ul:[unuf t 
upqpwgpwu, upu~L 2flww&~un.flwug 
UIUfWpulipJt& huruqpUJlitD <&if. 99): 

~lllfltlliUfwum UJWJtfuruuli[ll1ttf 
qpwug mwl:[ ul:[ut.Imtf t uw\fiap l:[mmw
l:[ntlfiJ, wnw2wgulitnt.I hwupwl:[mmw
l:[mtfltlip: UJU 2PWIOnn\lwug liiUJWp
ulip[] n[ll1ugn4 mww t muliumtf &wlfiop 
upqpwgpwu u WOW2tuUnttf UU uwlfiop 
hwupwl:[mmwl:[mtfltlipu wut.Imut.Imtf 
tru lfnlliftcnnpw;pfi (twm. f[nuliftcnnp' 
hwl{wplltl): bw\fiap l:[mmwl:[mtfu I:rnt
ttilpnn{lulipmtf l:[wiul{wb t up pwup 
qnpbnvulippg. w) upw 2PWhwqligl{w
bnt]ajnt&}lg · lt . qpuwupl:[wJpg; p) qw
nntgl{wcrppg, q) · llltantnqpwl:[wu ·· w-
nwuouwhwml:[mJ.aJnt'l!ulippg· . 

, .. 'l..nutfialip}l l:[mmwquwu l{wJpli
ppkwul{urumtf nu Uni1Jwl[fihp, rtppup 
DWJl · ohp -L·.qtwtlqp.up. l:[w[ll111 nu tJtulit 
up pwu}l mliuwl:[: · · .· . 

II ,.. -------:::----- -fiii*- ---~ ~.::·::-;_- .,... ---
-- Ill 

uqwp 99. LUJLj_f'}w-LL qwqwom .. 
I'J.Wl.f£ibflp llp pw£ij1 U1PL4br . 

1) w4_wqw!1W('l, 2) 4w4., 3) lllb4umGllr
.4wG tuwtulllnullib(l, 4) Ulll(lWtn~q(lLU 

~~w4wG LUGGb(li'J.LUZGLU4nt~jntG. 
5) Gwl@~ 20Jllll, 6) W6fuW2JlLUO~(i(jt; . 
11~ zwpdmil[! 4nLb4tnnp~ ilh2. 7) qwct 

Ua}uru2pwauwJpu J!Uwl{wu qwqlipJJ -.• UntJ&UJliu tunw2w&mtf tnt 
uuml{wapubpnuf ~uml{ma OJlqwuwl:[wu UJntroliJlpg: I).Jlwug ouwt.Inpmtfr! 
uw}unJlil.fittf, ntl)uqgnu.f·.,u · ;UJ.tlwpmmtf t uwtfiap. wnw2wgtfwuu: q.wqliJlJ! 
UntJUU{tiu· uwl{pp. Ww'U· ' lijl4[1wgt.!mtf tru u l:[mmwl:[l{nttf bntqwq&li[111ttf: 
ll{lU{UU qmilllu ' ul:tj.mnl{niu >t . qwqp, Uw\fiap, . 2PP OJlp~UI~ un.fl mrrqwl!pcl 
P.tu2Junttff!, hwtfwoutfo &p.wug Iumrtt)aJmuun11p.: .. 

rJtnplipftU?ff (bntU. oqp' hnm lltf WJ1l!wlpntf, phpftm!!' lfntf) h wu
/JW/Ulf! (lmtu. wu,Pio[rnnu' OJntJ.a)' l:[wp;ap::p}luuutflttlpdlu u' pptlligpg uliJl· 
l:rwJwgunnf tru uwl{rap opuflrlwgtfwu ut'JUUntupmtf wnw2wgwa &JntiOliJl: 
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qLnLtu XII 

U~ubrULUnU~USUUu UbSUUnr~U3~u 
"lrnsbUubrc 

lfpulipwtuliJlD qi.uJntU liu jipliug wnw2wgtfwu UflUJUWUUliJuittf u 
'.[liJ12puulippu ¢n¢n}untJ.aJWU qlitqpnttf qwnumtf liU wuqwJm& nt l!qmnttf 
du hwptfwJltllit &nJl utroJtfwuuliJlpU: UJq tqwm6wunl{ UJlwup uurawpl{l{nuf 
L ·:U 4tiJlw¢nfurit~Jniuuttpp.; npnup l:rWflilll tru mliq}l muliuwt n~ upillJU hlltl
v·whwJ1tfwu l:[liql.mttf;' WJl uwl.J. upwupg gwb' bpl{Jlp &liJ1Pp& tuliJlqpWJp 
1 Jw24ltu: ITlwJU'wuulipp ¢n¢nlun•raJmuuliJ1D l{urmwJll{mtf nu 'mlilrmnuw
l.rwu, tfwqlfwmpqwl:f1.n'U I.J WJt qnJlbnuubpp wqqlignt~Jwu uiwl( UJuUfliu, 
·:nuljumuwl:[wu qnpbnuulipp 2unphpl{ wurwpulipu qwu tunJlwwitql{mtf liu, 
Umtf PWJll!pwumtf' nul:[Ulitnl{ mwpplip 2liptfwumpoiuup ; !'J ou2tfwu UJWJ
L·wuulipp tfli2 : l.(lip pwpl!pwgnq tfwqtfwmP.l{ hwtngpuutiu • ppliug hlim 
J! ilJllutf l.lu tflia pwuwl{mraJwtff! 2liptfmraJmu lt wqmpl{ pptfpw'q.wu &JntJ.alip, 
1 i.[ll1Up wqqmtf liu UJWptJlwqnq WU(Wfl.UUJlp t.!pw lJ funJt tlmtlmluntiOJntu~trpp 
: llirawpqmtf upwug: . ' 

tliqnqtlu L tqqnqli& upubJiwtwJJt& wnw2wgmtfllliJ1P. 4UJ1UI1}ln.furttvr
J1 !tu&liJ1P. U{[ll1gliu&liJ1&, n[111&p nurawunnf liu hlltltfwhwptfwu IrfiiloM ulip
pL , 2urtfwumpowup, ou2tfwu l.J. ppupwqwu wqmP4 UJnt~liJlp wqqligiitf.r
Jll u mw4, lJ'n2.t.Imtf liu lflimwunp,Pw;]lfi, pul:[ liJ1ltntJ~lf zf!Jcnwunp,JJJ}qu: 

lJllmwtfnp~wJ}lu Uf[ll1gliuullpp <twtfwuwq upuliJtmt&liJlp u' lll1ijl:uJ1-
u1 1J1}l ¢n¢nfuntJaJntuutipn qwmwJll{nitf b'il Ufpuq tl}lowl:[mtf: PurgumhtraJmu 
t WJUUJtlu qn~l{wo qliplflimcaunp,JJ]lqlff!, npp qllurpmtf m011P. t rit&liumtf 
·:.lJ:qJ!Uwqwu WUJwp}l tfwuuwq}l hwtmtf: ' 

fitlqp.n&wt tllimwtfnJl:)>J:itltfn, nJt& wtfb'ilwmwpwat.~wou t ; lltWJtfw
uwt.!nptlwa t tipqJtwlJ'lillLP. 2tuJ1dntu qnmp&liJtp htim: UJu gWJUUtiu ru.l1nw
hwJm4nttf t opnqliu qnuriJulipnttf, npp U{unnllwuntl . npn2 h'tr@uwq~lip 
WUW2WJllJ'Ut ITU WJU WUl{lii~Ul c(opnqiJEi zf!Jcnwlfnp,JJ]lqtfi>: , . , . 

l!In&wl:[wqtfwqwU 'ur[ll1gtiuuli!lp, hlitri~~~pn4 qlinupul{wuiut&lipmtf 
qmmwljl{wa uuml{waptuJpU u hJtwp.}uw)p& tutqUip&lipJJ tunJlwumqtlmtf liu 
qqwLP. Iun[ll1t:£aJntullbJ1, npmllrl qrijth~j'ntfJ i·nrfrll~{ wtllitP. pwpoJl 2liptf~ 
urum}lowu lt ou2nt'tf: ~wul:[w&wtP. Cnd '~hq}ip~uir'lfnmwtfnp.'f>pqup jl.uui.tiu~ 
uPt.ImraJmUJJ qw}\il{wa lJ'tP.&P. funpunllitqtfw'U JUD[111iiaJmupg, pwu}l np 2liJttf
wumpowun l:[wurl{wa t bpqp}l ullpppu 2Uf1UntJ.aJWU hum, puq OU2nttfu' 
4liPD l11UI}WIJ.J14Wa WUfWpUllJlp ow~pntjaJWU hum: .. 

q.nnpwpwJP.u qpwqp.liumn up2~u· ' hilizt.In~ ' hwl{wuwJl t 27·106 

'1Jll!.llfu : q.nnplipupq q(ltm1pliumn mwinwutimtft JJUI).wJ16wl:[ uwhtfwuuli
pnttf' 10-pg up1Qlt 100 wumftiftufillflf, uum npnnf <twuwuwqwl{pg o[ll1qliu 
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qnmpuli:pnttf' 35-50, UTtwtn:Pnpuuli:pnttf' 15-35 u l(whwuutl.pnttf' 10-15 wu
wft6wfi I f[t.f: 

Uju )Ol(li:[lU gntjg li:u tnWt}lu, np WUTWpuli:pp funpwumqmuu. wnwug 
uwquwjp wqqli:gmraJUIU, qwpnq t WUTWhnl{li:t WUTwpUli:pntU :ppqpqwpp
upwl{wu hwl(wuwpwl{znnt)OJWU Iuwfumnttf[! h UU{Wlltnwl(np U{WJUwuuli:p 
umli:qbtit upwug tf}lutl.pwtWJpU qwqtf}l h umpntl{tnmpwJpU hunnqwupzuli:
pp t!Jnt!Jntutfwu hwuwp, npnup, wUJ!nq£ntJOJWUJ! l(li:pgl(wc}, hwmntlt tiU nli:
q}ln'Uwt tfllmwtfnp:ppqupu: UJU funpnt)OJmuuli:p[! qwpli:[p t [!Uqnt'Uli:t npUTllu 
unptfwt tfllmwtfnp:PwJpU U{pngli:uutipp umnppu uwhtfwu, npmliq &Jmraupp 
hwtmtfu J!Wgwl{ruJmtf t: l.rzl(wc} IunpntJOJm'Uuli(lpg gwc}p t qmul(mu qtip
tfllmwtfne:Pllqup qnm}lu: fl.tiq}ln&rut tfllmwtfnp:ppquu up£pu hwzl(nl( 
uuqpl{mtf t tipl{pwqliqhp upuzh 25-30 f[t.f funpntJOJmuulipu: 

bpqpp ulipppu tutipqpWJP bpuuwl{w& W11J!Jnt!l[! nwqlmqliu £Up
Unt)OjntUU t,npp pwuwl{ntroJmuu h}lli li:pl{pwJ!wliwl{wu dwtf:wuwl{ullpnttf 
tlfllit t wt{lltlt zunn: O(lpliwq, tipli:p tf}tlPWPll mwpp wnw2 nwqpnqtiU £up
tfol)OJmuu tfnmwl(npmuttiu tipqm wuqwu zwm t UilUL, pwu WjdU: Uw hpup 
t mwt}lu uurowqptitm, np tfllmwunp:PwJpu U{pngtiuuupu huwqntJli tipqpw
J!WUwqwu dwuwliwqwzp£w&ulipnttf qunnwpl(li:L tiU wl(li:tp tflic} uwuz
tnW]!Utipnl( h ntiq}lnliwt qtiptfllmwtfnp:ppquu uurowgtl.t t wuhwtflluwm 
WP funpntJOJmuutipp l(pw: · 

Uli:mwunp:PwJpu WUTwplitip}l J!UntJJOU qwful(wc} ~t upwJ& £llpuwu
mp6wupg h tilizmtf}lg: UJumtl.Il tfllc} qtl.p tiu tuwlJ.mtf Utimwunp:ppqup tiU
rowplJ:l(nrt ul{q]!uwqwu wUTwputip}l uputipwtrnJpU l{wqtfu, u(lwlig umpntl{
mntpwJpli umwli6uwhwmqmraJmuutipu. }lli~U{liu uwu zwpdmuwq l{ntft•.tn
utiumutipu: PU~UTllU uuml(wc}pwjpU, WJUU{tiU tl uwquwmpq WU{WpUli:pl} 
qwpnq UU tlml(}lu tltiPWJ!JntpliilWUWl u qqwtlm!lliU t}lnfulit ppllug uputipw
lWJPU qwqtfD: UJq 11{1UU\6wnnl( uqqpuwqwu wUTwpp npnzuwu Iu'UllP!lD 
J!rnl(wqw&}lu J!UlJUl t: Uliqwu WJU lllill{pnttf, llpJ! g&qnq J!Wqwqppzutipu 
mutwputl.pmtf uwuuwqgmu .. tiu ppz pwuwqmroJrntfJ!, J!WJg u WJUU{tiu 
lipwup tflimwtfnp:PwJp& U{pngtiulitl.pu wpwqwgumtf li:u: l.Tpwup tmbnltf h 
mtiqwt}ln!unttf nu UJmroupu ppupwqwu nli:wqg}lwuli:pnttf, J!Jmpllqwguwu h 
WJL U{pngl:Iuullpnttf qunnwt}lqwmnputip tiu, wl{mpl( uwuuwqgnt]OjntU till 
muli&nltf U}lutipwtwnw£wguwu uumguuuli:pnttf h wnu: 

Il-uqtmuwt illlmwunp:p}lqup dwuwuwl{ wnw£wlimu llli quli:1uullp, 
J!JntpliqwJpU ]Ollprawpwptip, tflimwunp:pwjpU rouprawpwptip, npnup J!Unt
rowqpl(mtf tiU qtfuwl(np, upuli:pwt'Utipp .wungpwgputl.p}l l{wqup uzmwl{w
umraJWU]!: 

'-mGlllW~UlWJ~(j tlblllwllnp~~q t1 

qnumwqmWJpU tfllmwtfnp:ppqtfu utWJUWUwl(npl(wc} t uwqtfunnpl{ 
qnpootuli:mroJrntfJ!: J.umpmqpl( qwuql(wc}uli:pp £li:pumro1wu wqqugmro-
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JWUJ! upulipwtWJpU hwl(wuwptul{znnt)OjntUU uli:pl!Jwl{nq Wutwpulipmu 
tuwtuml(mu t' liutWUmli:tnl! qpwug l(li:prnJ!Jntpliqwguwuu: 

J.umpntqpl( uwpupuulipp zmp£U lUDW£WUntU UU,WJUutli:U ltnzl(wc}, 
tf[qnf[nfiwwfrcnWJftfl qnflwfJ/Jp, npnug LWJUntJOJmuu munnwul(mu t up pw
up tflltnppg upuzh hwpJmpwl(np tfllmpli:p: ~ptfpwJpU l{wqup pumpntqpw
uli:pu tnWtpu li:u uliq l{numwqmwjpU qnmpulip: l.rlipl!Jwqnq WutwpUtlpnttf 
IunP t!Jnt!Jn!umroJmuuli:p tlu mtiT[]l mutiUmu qpwuptnnMWJ}l.U pumpntqpw
utlpp ahwl(nptfwu ctwuuruwl{, npnug zmp£Q ul{wml(mu liu uuqwpamq tl{
qnqnumwqmwJp& qnuwulip: qnumwqmwJpU illlmwtfnp:ppqup qwpqwg
tfwu pumli:uu}ll(ntJOJntUU qwful(wc} t nz 11'ltWJU uli:Pllpl(nq tfwqtfunnpq hw
tngpp J!Unlj)Opg, WJL uwh ulip$wl{nrt wutwpulipp l{wqupg: 

l:qqnqnumwqtnwjpU qnuwutlpnttf utipt!Jwqnq Wutwputlpp l(Upw
J!JlllpUflWgmupg umw2wumu UU tnWpJ!lip l{wqup WutWpullp, npnug wu
l(wumu tiu llq21Ipwpwp/Jp : 

qnumwqmwJpu tfllmwunp:ppquu uuqqpqmu t uwh pumpmqpl( 
tfwpupuutlpp c}wJpwuwuwJ}lu qnuwuli:p, npmli:q hpuuwqwumu wuplfPt
JWg}lwJp hli:m l{mutl(wc} mli:Tt]1liu muliumtf l{wqup qqwt}l t!Jnt!Jnfunt)OjntU
uli:p: UJq qnuwuupu qn~l(mu llu tfll)flf[nflmwl[cnfl/Jp: 

lplumwqmwJpU tfllmwunp:Ppqup dwtfwuwq qwphnp qtip li:u tuw
Ilnttf g&I}llll J!Wilwqpp~uupu h tmbntJJOUtlpu, npnup odml(wc} li:u nli:wqg}lwJp 
tfllc} muwqnt]OJWUJ!: UpWUp tnli:flpp UU tnWtPU, WJUU{li:U l{ntl(wc}, tflimwun
UWUUJqjJfJ: 

Utimwunuunnnqu WJU U{pngli:uu t, npp uurowgpmu tf}luli:pw[Uli:pu 
tnli:Ilwl{wtl(mtf li:u WJL pptf}lwqwu qwqup upuli:pwt'Uli:pnl(, uuq npnttf hpu 
upuli:pwt&li:pp tmoottfu h unp upullpwtutipp uumtigmtfu qwmwpl(mu t 
upwdwtfwuwq: Stiqjl t muli:umu uwh J!wqwqpp1_uli:pp wpmwhnup h unp 
J!Wqwqppz&Upp uli:phnup, npu ppwqwuwgl(mu t hli:qml{ qwu qwqwJpU tm
OntJJOUli:pp lfP2ngnl(: 

Uli:muruntfwmpq U{pngli:uullpp pumli:uupl(mroJmuu tfllc}wUTli:u lllillJ
uwuwl(npl(wc} t wutwpuli:pp U{li:Ulpnqpw:ppwqwu qwqtfnl(: U1Imwunuw
mnqp wqqligmroJwuu zunn hli:zmntraJrnUJ! li:urowpql(mtf li:u qpmpwpupu h 
qntntfltmuli:pu. wtflluwtftib l{wJmumroJmuu gmgW]!tipnttf till pl(wpgpmuhpu 
h qwl(wJpU roli:prowpwptl.pu: 

Utl.muruntfwmnqp uurowgpmu tf}luhpwt&li:pp pwJpWJmtfu qwmwp-· 
l(mtf t hli:mhJWL hw£npqwqwumroJrntfJ!' tl.pl{wro-uwquli:qpmtfwJpu u}ltll
qwmutl.p, uttwq}lnlnwqutl.p, l{wl}lmtf}l qwzmwJp& ulllWJO&tl.p h rnJ.P}lm: 
Unq:PP'lutl.pu mli:qwl{wtl(mu li:u WJUU{pup hw£npqwqwumraJWUJ!' tq}lppm, 
u:t>wttl.ppm, tuwpqpm, J!npupm, Iuwtl{nll{pppm, qwtli:&pm: ~unnqwuzwl{wh ·· 
t, np zwppp jntprupwu~mp unp tf}lutl.pwt p l(p6wq}l t mli:qwl{wtli:tm hpu 
tfPuli:pwt}l: 
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Cuqhwu{lwtqllu illlmwuntfunnpl{ mllqwlfwtnuffill{lu mqlll{gtfmtf nil 
mlir]mlfurttfnq tfPullflmtutlflp hunnpl{ullflp Jun.2n{lwgtfwtfp: O{lpuwl{, lfflw
pwflllflp pt[w{lgwgtfwu l{wtf hwupwjuwglfwu i:twuwuwl{ wugtfwu qnuw
JntU WOW\?WUnnf llu lfwtg}nnp illlb" ~tm}l}l pjnt{llli'[Ull{l: 

lli:Hnwlln(l:J>LUgttwo l.t tlbmwtln!l:J>WJ~£i hw£i.ewtlwJill:ifl 
lJtlmwtfn{l~WJpU tq{lngliuuU[l}l chutflliUwl{ uwful{jlumtf qnJntFJJntU 

mutlgwb" oqmwl{W[l hwfJwb"nuU[lp hwupwt[mJ[lU[l[! IIupW[ll{ymtf bu nflllz 
lflmlmJuntpJmuutlflp, pmJg Uflwug l{wquu, tiraii hwztijl ~wnutlup 2mpn L 
wb"Iuwraramu, liumtf liu wulflm}m}u: UJqtqpup hwupwtJmJ[ltl[lf! l{n~t[nttf Uu 
Lfllcnwtfnp.'jJwgt{wf7: '1-{lWUg ptJPu ll{UIUll{wumlf UU illlmwlin{l~Wgtjwb" b[l
l{wpmJpU hwupmuJmrajl L illlmwtfn[l~mgtJwb- nul{IIpl:Ifllfnuqtnilll[lunnutl[lp 
~n{ltfwg}lruutl[l[! : 

~wuqjltqmli till uwL illlmwtfn{l~WJPU hwupwtJmJ[lllfl, nymup wnw
S!Wgllt bu tfl:Imwtfn{l~wJ}lu lllf1Ilgliuuli[l}l uurawgpmtf: UJqtq}lupp llU q[lW
~}lm}l, qpwU}lm}l, tftu{lUru[lp hwupwtJmJ[ltl[lf! u mttq}lruqwu m}ltqp Uf1m4-
ub[lf! (wnwl?}lu wuqwlf munttfUwupf14JllliU U[tqb{lnttf): 

UtU(J'twqwu m}lU(}l U{lwqutlpu l{mU(ywb" lili b"mtpmynp ZI12tuuullf1p 
illlmwtfnfl~WJ}lu rallflpwpW[lliflllttf, qutljuullf1Ilttf, ptJW[lg}lmutlflllttf L qpw
u}lmu1If1Ilttf ul{tumt[ni'[ 6liiWtJwb-puU{lp hl:Im, D[lDUp untJn[lWJ!lllfl qwuwt[n[l
tJnnf tlu tUlqiDflUtlflp pllflpWJUnL[<}JtuUU lllflllWhWJwg: l_,ptuugmli hlliUq}l
tqntU Uu ttlnUWJpU J!JntfllirW L WJ[ tfPuU{lW[Ubflp upwU~Ut}l Il{lntqUU{l: 

Uttqptul{wu m}lur}lll{lwquli[lu wnwl?wgtltllU utl{ltjlwqn11 tflimwtfn{l
~wJpU UIIIIWflUtlflp UJmpliflp hwzt[pu: Ujq tfwu}lu t t.flrruJmtf WJU tjlwumu, 
Dfl Dflllzwl{p illlmwtfn{l~WJpU mpU[p Ulliilli{1nttf II{lwl{u mutlumtf t D[lnzwl{}l 
tf}lubflWlUIJ}lU l{wqtf, L pwgp q{lwu}lg, cliilPt!wb"p}l tfP&Uf1mtlibf1p nf1rulfw-
4t.Uu pjltfpw(fwu l{wqtft:! illlb" tfwuwlip hwtfwU(WUlwufuwumtf t utl{ltjlw
l{flll WU[WflP lfwqtfltu: 

UJq Ufltuquliflllttf pJntpllqwgmtfU uurawumu t wqunn funf1zli[1Dttf, 
nfll! L urwJtfwuwt[n[lmtf t gmJmntu W[lmwhwJmt!wb" upua11w 1unf1p wu
l?rumli wu hwl?nlll}.wqwfJmraJntU!!: upull[lmt ull[li! WJumtlq ullfllftuJwgtJwb" 
liu Junznfl ~wlfltl[l}l hurtJ~mrt qwmw[lJWt pJm{llii'[UU{lnt[: 

UU!Wflfibflll tlbmwtlnfl:J>~qtl[! 

bplJflP uliflppu tulipqpwJ}l hwzt[}lu, mlll{mnuwqwu 2w 11amtf&li[1Dt[ 
wnw2 ptipt!nl'J q~n[ltftugjlwuliflllt!, tfwqlimJ}l L U[lW gul}IUl J.!Wlltuqpwtfw
ulip}ltipqpwlfUllL ullflraunltwugmtfnt! L tfp .2wpp wJt qn{lb"nuuli[lntf t tqruJ
tfwuwtJnptjwa illlmwlin{l:]J}lqtfP U[flllgliuullflr!= lJUmwtfnp~}lqtf mllptfpup 
mwl{ hwul{wgtfmtf t tmqUip.ulip.}l JunPI! tlmtlmJuntraJmuullp.u m t!tiP.rulfln
funtraJmuulipu, llflllUP mlii'[P Uu mutlumu tuqnqUU mwp.ptip Ufllilgliuulip.}l 
wqqlignt[<}JWUp: 

232 

UU(Wputlpp tfiimwtfnfl~pqtfP qtJuwtfnp qnflb"nuuUflpg bu. I) l?llp.tf
wumpawuu, 2) pwqtfwqfllltf 6Uzmuullp{!, 3) tfPwlfnllli 6u,2mtfultf1b,' '4) pp
tfPwurllu wl{mptJ :PumpqUUfll:) L qwqll}il:); UflllUP wu~uruitlntu ' llu Ullflllfltlnt] 
tfwqtfmJ}lg L pw[lc:'lpwunnf Uu raltlfung}l tfbb" Junpntpjntuullp.}lg: UJU: ctflll
b"nuuiiil}lg pntnflu tt l{tnpLnp liu L fl[lwug mwflpllp. qmqutl{gnttltillp.}lg 
WU[Wp.Utlflp t!tillwlflnJunttfUUpl:) IDW[lWJ!UntJld llU: UJU qUtqpnttf;' 'tr[ip p}l
tfpwurllu wl{m}lt[ UJnt(<}liflp uli{ltfmb"mtf qwtf mW[lp mliiW ' ~!{ ntullUmtf, 
wUfWp.ullpp qwqtfD qflllldll [.in w tlmJut!mtf l{wtf lflhfutlmtf t tuuuzwu '~wlflll
fllltl: UJu qUU[pnttf, Upp tftimwtfn{l:)JpqtfU ntlllllfgt[mtf t uztuui.ulplltpg ulifl
tfmb-mtfntl l{wtf U1W[lpntj tnllrW t ntfltlfuntf pumtluupt( Ullmwuntfiricnnq, illlq 
tfpullp.wt}l mlii'[wfJmtmtfD UJntuntf L puwl{wuwpwfl un[l qwqtfp illlmwtfn[l
:}JtuJpu WU[UI!llltl[lp WOllii?Wgnttfnt{: UjUU[pUp Ullmuitfnfl:}Jpqtf[! qri~tjhttf t 
Lfllcnwunilllllllftlr: · · · · · . • · 

llbmwtlnnl>hgllh · mhwbntJ 
Ubmwtlnnl>w!h£i uuywrl£ib[! 

qwfutftub" tfti~~UD[l~pqtf}t WJU ~:tutf WJU qnp.bnUp qti[lwl.J2Uql~9 u 
hwtfWU(WU1tuufuwJI.lip.wugpg wnwl?wgl:(l~ WUfwpUll[lpg umwuMiwgtfmtf 
nu tibmwtfnp.t>}lqtfli tf}lpwu}l mpU[lip: , c . ' -· ~ .- •• • ~· '·· .. -· ',· :· 

'1-puwtfmfllmmtfnr.t>!lqtfu mli!lP t mu.~&J?-ttf ;~Jitunu4~ij~;4Ui1~& 'irw
uliflllttf h}ltfllwl{wu~t.tl tl}twl{nqtf 6Uznuf]1g: 'l,tl}lll.lt .. Pnrh~if~zht.lff! L l?li[llf
wumpnwuri _ p~pjitu llli n[lllzwq}l tfputi~wt iliJpU qitif:{IDf ''tjlp.qiD}um~Jlitt, 
wnw2wumtf tru pJmp.liqwJpU raliprawtJn[lllt~)iitu : .·: ;,·. = ;~~ ' :'.~·- · .' ' . . . ·· '·. · 

. Utfmnilllmwtfnp:]Jpqtfu (hmu. wt{ciln' pupupuj'uf.ipwuiit~. t :.uwqtfw-
JP jlum[llltqptJ qwuqt[wbullpjl U{llqwgtfwu awtfum'U!lfw~~#htluib-nt\.f L 
uurawumtf t htiug pum[llltqjlt[ qliluqt[wb"p illll?. ~pw jj)ntptlq~gtfuih . L 
U{llqtigliwu arutfwUml{: qnuliliiti{mmJp\J illlmwtfn[l~pqu{f I{~tqqlii~ lbp.l{-
pwl{liqLmtf tfwqtfwJp u~fiil.ptfwu hUm: . . ' . .. ' " ·.. . . 

PUtn[llltqPtJ tftuptfpuu uli[ltjltulfnrt WU[W[lUU[lp tpni}lq}ti#t@Jfti~tti[l[! 
qn~t[mtf liU tfrqnt{nticnwf[cnwjftti tf/Jcnwtfnp.jJftqif, puq pJ1i.u pfililtiPtq}lwJ]l 
IIq[lwtfwulliUitti uurarugwb" tlmtlmlumraJmuuu~n · · tfllJilf[nuciJW,f#niu;ftli tf/J
cnwtfnp$Jiqtf: quumwlfmtuJpu tftimwtfn[l:}>pqt.f]l qnumi \ui]filnr.lJmuri' untJn
ptupw[l aqt[mtf t mwuuJmlJ t.lb:mp.llfllltl u qw.JytJwb" t }lutrirmiqpq qwuqt[w
ap ~tinp.Up}lg, tfwqtftuJp, uiiplflwl{nq Uitqw[lfill[lp.' ijtriqiftp~g ; upwug mli-
11WI1Ptfwu U(WJUmuulippg h'lln~mwl{m~ pUntjp}igt': <. · .. ' .. , . 

. fl.liqltnumt (twm. nhqjmtiwtftq' tritupW()P~Jpu) .t1Pm.~tfnr:t>Jl9lfU 
tmJUnp.liu mwpwatfwb L tfbmwtfr;tp,:}>pqtf}t ~wpLnp mtiuwquup.pg t: UJu 
DUI!qpqmtf t tflla ~w¢1I[llltl ui~pwb"i)upp. ~ hlll(w~uop:p 'liqnp hwitmtfwbp
~ttp. : UJu ~ urt}lwuj12ull[1Dt[ wJ\J tuiqwun[lUU mwppllptfmtf i: · litimwtfn[l~pq~ 
tip pnLnp. mpU[IIppg: qwfutJwb" · l?li[llfwumpawuuiip,pg L cuzmuuiippg 
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wnwu6uwgl!nnf tlu tfl:imwtfnp:ppqU}t mwpptlp qnuwutlp, pptlug pl.tnpn2 
WU[Wp qwqtfnq U}tutlpwtl.tllpp wungpwg~wullpnl!: 

fl.uqlml.twt tfl:imwtfnp:ppqtf[! Wll!npwpwp hwpmtf t mwpptlp 
hwuwqp ~wtpwtlnp tfwpqtlppl.t: Unwl!liL funP!! ntlqlml.twt tfl:imwtfnp:pwg-
4w~ WU[wpl.ttlp mwpw~4w~ llu huwqntJU tlwhwuullpp uwhtfwuulipnttf 
.Pwuapwlfwu, Otlfpwpuwqwu, U.tqwup h mJtl.t: 

q.lJpt!limwlinp:pftqli[! nuqtmuwt tfl:imwtfnp:ppqup jntpwhunnmq liq
PWJpU $nttl.t t, npu uu~wl.tnttf t qlinupl.tlftPUWLWJpU tfwpqtlpp tunp[! qn
uwuliruutf: q.nptfl:imwtfnp:Pt'lqU}t hwtfwp pUDJlll2 t WUIWpUtip}l LPPll qwtf 
tfwuuwqp hwtmtfJ:!, U[UI[}JflqlifJ!Jq (hmu. U[UI[}Jfl' lim [!U~wg) qunf wflw
mlipuftu. (hmu. wflw' 4llp, pwpop wum}1fiwu}1, m!Jpuftu' hwunnf): q.nptfl:i
mwtfnp:ppqup OWUWUWq WDW2Wgnq hwtngpulip[l l.tllp~wtPWUgmtf UU 
Ullptltw£inq lUU[UlpUtipp tfti2, ullpwpqmtfttlipp l.ttfwu, np[! LUDW2UWgumtf t 
tuwnutlw~ WU[wpulip, npnug wl.ttlwumtf liu uwu fllipwpf[tfwfl tflimwtfnp
:Pftqtl: Upwug hlim tlu qWU[mtf tun2np p~nl}lmulipp wnw2wgmtf[!: 

fl.liqpliuptl Lfllmwtfnp:P}lqtf(l qwtf qftw.jxnnpllq£! (hmu. qftcu:puwpw' 
P1UJPWJmtf) U[WJtfw'UwtlnplJ:w~ t ~liptfnqpuwupqwqwu U[WJtfwuulipntl' 
CiU2uwu u 2lipuwumpfiwu}l wuqtfwtfp: UIU)Jnt'Upmtf tunW2WUnttf liU up
uupwtl.ttlpp l.tnp urungpwgpwulip, npnup plln[Ul2 liU unp ratJptfwqpuwU}t
qwl{wu U{WJUwuulippU: 

. . U1itnwtfnp:ppqU}t WJU qwtf WJU mpU[pu pl.tnpn2 liU npn2wlt}l tfl:imw
tfnp:PwJ)lu WU[Wputlp: I> mwpplipntraJmu hpmjpu upulipwtwnm2wgtfw'UJ:!, 
npnttf upulipwt'Utlpp wnw2wgmtfu qunnwptlmtf t hw2nPJlwpwp, tfl:imw
tfn!l:t>wJp'U U}t&llpmt'Utlp[! wnw~wumtf nu U}twawtfwuwq: Unml!lit mw
pw~w~ pwp6p 2llp.tfwumpfiwuwJ\lU tUimwtfnp:PwJpU WU[wputip[! qflfi;u
filipfi tiu, npnl.tp J!Dtnp tfttmwtfnp:PWJpU WU[Wpulipp tfnm qtJuu liu: b{ali 
quliju'Uupu uinw2wgli1 llU hpwJpU lUU[WI\utlpp Lfllmunfnp:ppqup hlimhuiU
pntl, lDU[W l.tpwug ml.ttlwl.tnttf llU oppnqfilJ;uflllp . puq l.tumtlw~WJpU 
UlU{UIIlUllppg UIDlli2W9W~ qulijUUuppu wutlw'Umtf lfu U[UipUiqfllijuullp : 

q.'UtJJuullp)l ill!~ tfurujlqwqtf[l tfnm t qpwu)lmutlllP.lfwqU}tu: 
q.p.wumunnuli}lu wnw2wumtf tlu tfwup.whunn}lq pt)\U{I.gp, qw2mw

J)lu mqwrautlpphru2~ltu, L mullu qnLwlJ:np m dWU[rulJ:ll'Uw6u mtlpuUlmpw: 
f!JmpliqruJpu ratlprawpwpllpu mutiu mwpwpumJra qwqu,npp bpuwu 

l[1ur tt umnpwpwaw&lJ:mtf Uu PPntnptnwjpu, tfmuqnll}lutwjpu, liplJtll\UJLWP 
tnpU[lipp: UJu wU[wpulip£! pwqqwgw~ nu ¢.wJLwpuUp)lg m plJ:wpg)lg, qw
Jlllil liU UWUUWqgtit UWU UDUWpW{lU{l(!, UUlWtlJllllPLn[l, WUflWlntqptn[!, UWq
Utitnptn[!, qpw:pptnt), qpuraaul!: 

Utf:pppntltmulipu wnw2wl.tmtf liu U}t2}lu u hptfpwJ}ll.t qwqup wp
mwll}law~ WU[wpUtlpp tfl:imwtfnp:ppqtf)l bllmLwupntl, PUtU[liu uwL UUUl[!
t{w~WJpU U}lullpwtullp)l, qpwpwpwJp& qw4tlp)l hw24}lu: ~wpg)lm&liJllt 
qwqtfnnf qtlpwlf2muu au plJ:wpg)l hwm)lqulip[!. }luq uwtuuwl{wu U}t&lipwt-
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ulip)lg' lipqWJap opupql.tlipp tunqWJlllJaJWUp WDW2Umtf liu tfwql.tumpmw
JPU ptlwpgpml.tlip[!: 9tfwpgpmuUpu tunw2wl.tmtf liu uumtlw~pwjpl.t wtlw
qwpwpwjpl.t wU[wpl.tlipp tfl:immtfnp:ppqtf}lg : 

Uwptfwpl.tliPIJ l{pwpwplip~ L qntnU}tmutipp l!lipwpJmptiqwgtfwu 
W(UlJntUp llu: b[clu uumtJ:w~pwj}lU WU[WpUUp(l hwpnlUUl llu wumU}lu)l 
opupql.tl!pnlJ:, WU[W lllDW2WUmtf au qnpmuqwjpU l{rutf qtfnu)lutWjpU 
WU[wpl.tllp: 

qwlJ:wJ)lU L Wl lltfitpmwJ)ll.t wtqUJpl.tlip)l Lfllmwtfnp:p)lqupg tunW2-
l.tmtf li& WLPPtn·ptnp)lmwjpU u tU[fulntn·ptnpptnllijpU rallprawpwpup: 

!b)llt.Pmullp£! tfl:imwtfnp.'l>wJ)lu urt.qurputlp llU L qwqtftJ:w~ llu ptJ:wpg)l 
tfwup hwmpl{utip)lg L utippg)lm)l ~liqmtqutip)lg : 

'<,wtfwawJU U. f!. fl.nun4]1 u U . U. Bwpnt2Luqm tipqpwqliqLp tfnm 
30 ~[I pwqqwgw~ t tftimwtfnp:PmJpU WU[wpUtlp)lg, )luq WJJl 30 ~[I ullp
qwjwgtJ:w~ t 65 % qutiJul.ttip)lg, 17% urtf:p)lpnwmutip)lg, 15% pJmpllqwJ}ll.t 
rauprawpwpllppg, 2,5% tfwptf wp&tippg: 

UU[wp&tipp tfl:imwtfnp:p)lqup awtfw&wq ohwtlnptJ:mtf llu oqmwqwp 
hwuw~utip)l hw&pwtlwJpUp: f!wpop 2llptfwumltfitu&wJpu w~ttu&tipu 
llliPunPnlutlmu llu qpw:p)lm)l 2llpmup)l (bu)luliJp umnp)l& hnuwupulipnttf' 
lpupliJWU hw&pwlJ:wJp]}): 

qwmwqllullq)l u tftlmwtfnp:pjlqtf}l hum llU qwU[l{w~ nuqm u mpwu)l 
tun2npwqntJU hw&pwtlwJpup[! ('<,U'<,), Otpwtmtf U[I}}l&o-lfnutiqwl.twj)ll.t, 
pwqtf~)14 upquqawhwupwj)lU, pwquwtftitnwqwj)l& L WJl hw&pun{wjpll
p)l tunlli2WgntU[!: 
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Uwu Ill 

... . qLnLfu XIII 

SUSULn~U~UL Sb~SnLU~UL CUrdntULbr 

. bpqp!l uqpp!lu qpln,utfl1lj:wJ!l (tuqnquu) UJpngliuutippg till tiplj:pw-
lj:tlflltp lt upl{p!l wtJtiw ltmP[I hpp!lqnuulipntu lj:wmmptJiliJ zwpdmuulip[!, 
npnug ~utJw4nuf ~u mhf[cnnflwf[wfl ;wpdmtfflllp : UJu zwpdnttflltipu t{ln
tumu tiu tiplj:pwqtlflltp qwillltgtJmrrp[!, tuwtummti unqmputip!l mti:Ilwqpuwu 
uqqpuwqlQU ,,6lJtipr, WDW2WgUntU pmpq amtptip, aW(pmtJnpnttfllup, upq
pwqtifllt[l pwdwumu wnwua!lu I!Llll{Utipp, IDUflwzwpdmu juqntUWJ!lU qn
m!lutipntJ lt WJ(U: . 

$ti{[utQ.,uUJq~u ZWJ1dnttflllip[1 pumrawqptJmu uu mmpurpllntJ[<l ntfl
IltlwantJaJWUJ! , u·. pumtiuuMntraJwup murpwantJaJWU lt dwuwuwq!l titi2 : 
Cum zmpduwu p&mJralll..(. b. IuwJuu (1973 Ja.) wnw&auwgptit t. 1) m!lpw
UJtimDfl ntllQW.hWJ.wg (nmq}m;q), 2) m]lpunqtimnll hnp!lqnuwlj:wu (mntuqliu
gpwt), 3) umhntu .(wJq ratJiuu wwpwtJnp lt aw(pwtJnp) lt 4) juqmtfllmJpu 
(tunznptupuqnpwJ!lu, p(nl{wJpu), 5) ntflflwhwJwg (wuzp2tit]1), 6) mwmwun
IJWl{mu (ZP2titll), 7) tJtipuurawg Lt tJwpuurawg (miJIJWapq zwpdnttflltipp hw
uurp), 8) pumtiuu)14 (Ilti(]ltl:p WDW2WglllliJ, ttinlimqwqlfmqwu), 9) JantJt: 

fltflijWhWJWg zwpdnttflluppu WUt/WUntU tiu UWlJ WUJmUJfuutUJf[UJfJ 
tipputiU tt turll]pnqhfl (hntu. turll]pnu' gwuwp) ;wpdnu!fJllp: 

Sulj:mnuwqwu zurpdnttfllupp tlti:P[I ratJwplj:tJwa mtiuwlj:uupu utipm 
lj:tipUJOtJ4:tUUJtJwa tiu tftllj:[! UJmup htim lt wnmt[ll[tw4 tiu wpmwhwJmtJmu 
upqpwl{tiiJhll zurpdmu qnmputipntu: 

Utiti&mJu hwtJmuwqwumraJmup mtilj:mnuwqw& zwpdnttflltip[! 
hw&qtiu till til{tit tipqp]l mnm2mguwu tJwiJ Ifmttlip!lg ul{uwa, uwl{wJu tf11 
zwpp UJwmnwnulipntJ humu uurawgwa zmpdnttflltip!l mumtfllwup
pntJaJmuutipo pmpq t' m qcttJwp, mJq puq ll{UIU16wmttJ oum hwuqtiu qmtm 
dmumuwqp lt tftlranqpl{mJp, mliqmnuwqwu zwpdntt.flltipu umnpmpwdwu
tlmu tiu dmuwuwqml{!lg, unpwqntJu lt huwqntJU lipqpwpwuwqwu tqupp
nqutipntu [IUJamgwa zurpdnttfllupp: 

dwllw[iwllwyhg 2Wndmll[ibn 

UJu mtiqmnuwqw& zmpdnttflltip[l [IUJawglitllll tqwmuwqtuu dwtfw
uwqwzp2mumu, lfurpqnt hpzniJntJaJWU tftl2 tiu lt zwpmumqtJnnf liu umL 
WJdu: ctmuwuwqmqpg zmpdnttfuup[ll{mPiliJ liu []llllit qwuqwll (qwpwtJnp) 
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lt wpwq (ranll2PWJpU) qunqtJwa upqpwzwpdupp hum: '1-wurpufl dwtfwuw
qwqpg zwpdntt.fllup!l wnwuauwhwmqntJaJntU[I upwug q!l:}>uugtJwa pUntJJaU 
t: U'pwdwtfw&wq till muflwuwu pmpapw&mti t, tftlq WJL mtlflwtiwu 
112umti: ctwtfwuwqwqpg ~tw&q!lwJ!l mwpwap[l U(UIUltfwqwu dwtfwuw
qwztl2wumti 112Ul t wt[llijl pwu 15 tf lt an4!1 wijlpuup!l gwtfwp uuptuntd
tfwuo mpqutwlJmti t wu[luqhwm pmpapwgtJiliJ mpqtitwUfUIUlutiz(l: Sw
pwap!l pwpapwgtfwu LW4 op!lliwq t Almu!lqwqwu ang!l '\)mu!luwJ!lU 
C4tiq!lwJI1 Lt ll!llitwliq!lwJp hwpwq!lg mwpwapuupu, npnup pmpopwumti 
uu lt pwqtftural14 uwtJwhwuqllumuup tfllwgut uu ant.[llg pwtJwqwu!lu hlinm: 

CuqhwupWUJUU lt tiwuuwtJnpWUJUU dwtfwuwqwq!lg zmpdnttfutipu 
muuu mwmwunflwlJwu J!lllllj[<l: l..(up pwpapwglliJ mmpwapuupu dw-
tfwuwq!l [lll[<lWgpmtf till[<lwpqtJnttf UU gwa 112ugtfwu Ufllilguu!lu: . 

ctwtfwuwqwq!lg zmpdntt.fllupu mumtfllwu!lptJmti uu UJwmtiwqwu, 
qtlntfnp:}>ntnqllwqwu lt qunquq!lwqw& tftlranquupntJ: 

'llmmtfmbmu tiii@nnD h!ltflltJwa t an4!1 WDtmPUJW tfwuupnttf qm
mugtJwa UfUIU1Uw-6wpmwpunqumwqwu hntzmpawuuup!l L wJL qwillltJg
uup!l mtiflWflilPPil t{lnt{lnluntJaJWU tJpw 2PWtJwqwuuupp wtftwqa!l uqwm
uwup: b[<lu [IUJaWUntU till upqpw~tlflltp 6qtfw& tqpnguuuup, WUJW WJfl qw
Illltjgutip[l hwJmutJmu till 2PP titi2 lj:wu 2Pil mwq, hwlj:wnwq qutqpmtf' 
w$wqpU(I hlinwumu t: Oppuwq' Umjumtfl1 angmti 2PWUOtN till tlfllit 
~tumqwu '1-!lnul{mp!lll qwilntJap qmnntJg&tip[l, AlttJ:lmpwlj:wu Altpqwup 
tfnm' hnntftlwqmu dwtf wuwqwzp2WU!l lj:Willltjgulip[!, puq U'urputiw tfnm 
U'112upqpwqw& antJmtf 6 u tunpnt[<lJWU tJp.w hwjmumptip.tJwa tiu Jlu pw
flWpp $twmwquup[1: 

q.nnun~mnnhmi:rmll tiii~annn hpt.flltJwa t uwl{tipltntJJaP nlitP.tl.'pll titi2 
dwtfwuwlj:wlj:pg zwp.dnttfllupp urpmwgnttiwu mumtfllwu!lpnt[<lJWU tJpw: 

trnt[llp.!l WDtmPUJW uwpqtip.!ltJlip. purpap.wguwu dwuwuiulj: 2P.Pg 
wqwmtJmu Lt gwuwp till qwnumu wpp.mq!lnu lt wqmumuwml14 dwum
uwqwl{!lg qurp.wtJw&quup.(l, WLU!!WltmtJajWU junpztip.[l, w$wtitlp.o wpqu
LWJaUpup.u: Sp.wapulip.p P2Ugumu qutqpntu 2IJ.WU01Jq uu wumu tmPWJ!lU 
urp.qlitmralfplip.u lt q.mp.wtJmuquup.[!, tpuwuwJpu mpUJp qumwplip.wuutip.[!, 
Lt mJt&: ctwuwuwlj:mqpg zurpdnttflltipp qp:pliptlugtJwantJaJmuu urpmw
hwJmtJmu t uwlt qtimupp upl{mJ&mqwu UJpn:}>!ltll tJpw, npp mwpplip hwm
tJwauupmu wnwuauwgtJmu tiu zwm lj:wu PPt ratipntJaJWUp WUOUW( mli
J:lWUWUtlp: bpqpwlj:tlflltll pmpapwguwu hum UJWlj:wunuf t qlimp ntnpwJ
umraJntU[I, !lul{ ~uwu qti:UjpntU mt[lltw&mti tiu qumwqw(urp.Utip[! lt LWJ
uwumu t hntJ!lm[l: 

QnmHmhm{Jwu nhuuunlputfllllnb tftl[<lDq[l h!ltflltJwa t antJw$uppU 
mtlflwqp.tJma pupuwq!lp uwpplipntJ (antJwqllp) antlll uwlj:mpqml{!l $nlfm
tumraJmUUupp qpmuguwu tJpw: 
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UflillntUpuliflp mumtfUwuppnlfClJWtfp l[wput]l t liqrwl[wgutlt <)n4lt 
tfwqwpqwqp wuhwtJ:wuwpWiwtP $n$nluntJaJntUullpp, mwmwumuuupp 
wtftqtllmntqwJP. L ctwtfwuwqp npnzwqp hunntJ:wbnttf ZW{l(huuutipp wpw
qntraJm'Uullpp tfwupli: 

t:ml.Jumlrtnu l'i2unbm ubYIDhnmgtfm~ uuranqu hP,uutJ:wa t npnzwl[P. 
U{Pn:PP.tuU{lll4 qpt!llib uzmurl[wu ntiU[UpuUpp uP.tJ:UtP.Putgtfwu tJ:pw L IDW[pU 
t qP,mwpl[mtfuUpP, ctwtfuruwl[ zwpdmtfuupp puruwl[wl[wu quwhwulwl{w
Ul): Pwl@pl[ L UL bn4fi{lllttf qUp6zqppm uP,tJ:titP.Pwgtfwu 2PWiwtP1lll[tuu 
mumuuuruppntJaJntuuUpu hptfp IIU hwuqpuwgut l[wqtftitm Upl{pwl[UqLp. 
ctwtfwuwqwl[pg zwpctmtfUUpp p1UpmUquUpu, npnug 4Ilw gmJg Uu mptJ:Ut 
P2Ugntti:Yttipu L !11UpOpwgmtfUUp{! uul[ mwptJ:w uurawgpmtf: 

cfwtfwuwl[wl[pg hnpP,qnullil[wu mul{mnuwqwu zwpdmuutlp[l npnz
tJ:mtf Uu mplliUqntuwgtmu qpl[uwqp tfUranqntJ:: UplliUntJ: mqqwqp ~tm\Imtf 
liu huuwl[umlipp qppp[l uul{u UJntUp ul[unntfwtfp: Qun}uutfulipn4 U{W{lq4fit 
t, n{l Sw2P.Irumwumtf "lumpnu lln1ll2P'illl tlinuwztlrawu mUqwzwpcrtJ:mtf t 
qliU[p hJntupu mlllpliqwu 16-18 uu wpwqntJaJllitfp' upwctwtfwullll{ pmpo
{lwgmtfn4: 

unnwqnuli 2wndnullibn 
ll{lt.qtlu unpwqntJU zwpcttfwu ctwtfwuwl[whwmtJ:wa J:lUqmutJ:mtf t 

utinquu-inppnp.qwqwu qwtf otllqngliU-inppnp.qwl[wu <twtfwuwqu, npu hw
tftnU{WUlwutuwitmtf t 25 qwtf 40 tftu. mwptJ:wuu: UJu zwpctmuuupntJ: t 
U{WJUwUwtJ:nl14wa tii14IlP ctwtfwuwl[wl[pg ntit]llL'}>p L Un{lwqntJU umpntq
mnt{lwUU{lp oLwtJ:npnttft): 

llppwu zwpctmuuupu pumtluuptJ: II'U,WJUpWU upwup gWJUllltU 11U 
llipt.nWhWJIDtJ:nttf nutllti:pp 4{1W: '}.w twtJ: t W{liDllihWJIDtJ:wb hunnl[WU{tiU 
tlin'UwJP.u hwtfwl[wpqupmtf: 

Op}luwl[' Sjwu-Cwup, UtraWJp, UWJWUulipp tlinuwztlraw'Ulipl) wnw-
2W9lit tiU UnplliqotJ'U' tmwuputf hllipJawtJ:mJpti{lp l[wtf tt.qpl[numpuUumwt 
im$p.p mtlqlipnttf: 

Ujumtiq humwl[nptiu wpmwhwjmtJ:wb' ttinuwztlrawuupn hwtfWU[W
murutuwumtf liu pwpopwgtfwu, P,ul[ tfP2tUnuwJP.u P.24wb'puullu' 6l[tfwu 
qnuwuti{lpU: lJnmwtJ:nputt.quu UntJUU t U{Uil.lll[upu trntll[wumtf, n{lmUq uua 
L t.p.npp 'lrntJ:ltwuP. ttinUwJpU pmpo{lwgmtfUtipu pJ1uugpg utiJ14wJwgumtf liu 
awtpur-ptil{npwl{np tlpl{pwl{tiqL}l J!mpopwgtfwu tfwpqtip, npnup pwctwu
tJ:wa Uu fl-p.nup. L 'lrntpP, P.2tJ:wapuupnq, L unpwqntJU tmtmqnttf tmq)ltit tlu 
uzwuwl[wtllg 6qmtfutip.: 

Cum q. I>. q.nptiU~ml[P. fl-muwl[wu t.qtUIUl.'pnptfP qttuwtJ:np qummJlt'U 
huitfwl{w{lqlipu mliiJ.uirwtfw<) liu un{lwqntJu 6l[tfwu qnuwutipmtf, P,uq 
2PPWUWUUUJ1D hwtfwt.qWmwutuwutit IIU unpwqntjU J!WJlOpwgtfwu tfwp
qii{lpU: 'lm{luJqntJu miii[mnuwl[wu zwpctmtfulipt) twtJ:wqntJ'Uu wpmw-
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hwjt.ntJwa uu uwL <)mftlpp 
hwmwquupnnf: '1-pw hUm 
upwctwtfwuw4 u4wmtJ:mtf t 
\)mupuwjpU bntJ:P hwmw-
4ru IO"litfqw, Ul:iuw L WJt 
qumllpp hntJ:Pmuupp umnp-
2PJW zwpntuwl{mraJm'Uutipt) 
(fJl[. 10(/): trn\ijl wtllwtfUpo 
qnmpullpnttf mUq-mUq qpm
tJ:mtf Uu mwppllp hwuwqp 
<)ntJ:wJpU qwpwtJ:wl!quUpp 
uuppwUUp, npnup pwpopw
umtf 11U tfUl{{!-UJmup uqwm
tfwtfF: .P'Uw4wuwpwp, 
qp.wl!p qwpnq tpu wnw-
2wuwt gwtfwpp un{lwqntJ'U 
mul{mnuwqwu pwpO{lW
gmtfUU{lplliflil)nt.Upmtf l{llitf 
tt upwctwtfwuw4 uuqp L 
tfJmuP, hwuqUu qwtm hUm: 
t:Iplllcrwtfwullll{ wnw21ll
gwb Upqm qwpwtJ:wuquUp.P, 
mumtfuwuppnt]ajnt.uutipP,g 
tqwpqtJ:tit t, ll{l upwug 

ul{qJ!uwqwu tfwqli{lLntJfd[l [IIJ 9w~w1111 ppwowlltl- - w1uoM:u 9w~el! mtiq-mtiq mllqmnuwqwu otwo ~"!! 

ZW{lcrnttfuU{lll4 qti:pnptfwg- vl[W(1100. Onll.nll. 2f1WOWO~ijwo hjmutlU-
l{wb t, bntlwif tJUil 41lltf WfllaUlllJWU bq[lnU[Wjj1 hWflpWijWjflj1 
l{1Ufl: UJillllliUP,u 11U qwu- zwpmuwl.jmpJmG[! 
U[pg bntJ:p huwqntJU bntJ:w- . 
.1P.u q1llpwl{wuqullpJ:1 UUJ2IIpnl1J1llu JaU{lwl{qqm uwhtfwuuUpnttf, np.nup 
·uqwmtitlmllUu pwpo{llllgtJ:wa tiu, pul{ mUq-mUq Jawqwb Uu bnl{p 2IlP 
·uu{ll{WJPU tfwqwp.qwqp mllll{, pu~p lllflillntupmtf zw{lctmtfuU{lt! mllippup. · 
ntqqntJaJmuuiip L wuhwtJ:wuwpntJaJntU muiiU: 

q.nmwhntJ:P,muUpP, UplfwJUpntJ: qumwJpU nqnqwmullppg t]lip qmul{nq 
·~limWJPU qwpwl{wuquupp mumuuwupp.nt]aJntU{! UntJUU[Uu p hwJm t pu
mttf upwug tfwl{ti{lLnt.JJaUUpp qll.'pnptfwgtJ:m<) t]lutiw, npnugpg l{wpU[p t 
wu2wmtit JaU pw{lopwgtlwa L JaU P.2wa mUqwtfurutittJ:l: 

b[ll{pWf1WUw-qllntfnfl:t>ntnqpwl[wu tfU]anq'illi{lp hptfpnttf uul{w<) Uu 
qtimwJP.U qwp1UtJ:wl!quupp 4umntgtJ:wapp mumtfuwuppmJaJm'UutipJ:l: UJu 
1wpwtJ:wuqUtl{llltU tllll[wu t WJU l[wqtfntl uumtJ:w<)puupp l{uzqtfu L mum-
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l{lllt mwpptip :}lwgttwutiplt tlmtuhwpwptipntzaJm&Q, ttutU{tiu &wL qtim&wtuw
pltutult (gnqn\ll) qpppQ: b{dti mtiiJwtfwun ti&pwpqtfllt t &npwqntJU pwpo
pwguw& WU{w qwpqwgwa ti& tpnqtmft qwu gnqntwJ]l& qwpun.{w&q&tipTI, 
]1uq mwpwbp]1 ]12tiguuru qliuwmu qwpqurumu ti& wqmumuwm]lt.J qwpw
t.Jwfu!&IIpu: Uwp2WUWJPU Iumzal:ip]1 munuffiwu]1pnt{OJnt&&1Ipn U{Wpqtit li& 
&purug npnz mllrll:i.pnttf 2Pltg tfllp pwpopwgt.Jwa \ll&l:i.m lmlt npnz mllrllipntu 
zunn tunpu mliqtipnttf hw&q]1U{IIW U]l&lL' 1000 if tunpntzaJm&&l:i.p.[!: 

'Lrumt.Jwap&l:i.p.p :pwgpw&tip]1 L hqnpntzaJm&&tip.p w&w!Pqn gmJg II& 
mW!Pu &np.wqntJ& ml:i.qmn&wqw& zwpdmu&tip.p qp:ptip.tlligt.JwantzaJm&n: 
Uju tJllp.tmantzaJm&'Uhp.n qpp.rnmimtf ti& &wL U{Wtlln&mntnqpwqw& w&rn
tpq&tiJtp qtiuwmu: 

U(jg1w1 h bn4nwow(jw!.Jw(j nwnwznpw(j(jbnh 
rnl:i!Hlln(jw!Jw(j zwn<tnulfil:inn 

U&gjwt}:l. tip.qpwpw&wqw& qwpwzr2w&&tip]1 munnw&lllJmqw& 
mtiqmn&wqw& zwpdntU&tip.p uwu}l& tml{wqntJ& U{unnqllpwgnnfutip. ti& 
mmwu &uml{wapwJ]1& WU{l1lpu1Ip}l :}lwgpw&tlpp, hqnpntraJm&&lipP, L 
ump.unnpqpw:}lpwqw& [!&qU]12mU&llpp l{pw h]1u&t.Jwa l:ipl.Jpwpw&wqw& 
Utlranq&tipnl{ mumU&wuP,pntraJm&&llp[l: 

llmmU&wuppntraJm&&tip]1 qrnp.LnpwqntJ& 'unranq&tippg Ulllrn :pw
gP,w&tipp wumwqu t: bpqp.p. lipqpwpw&wqw& qwpqwgtfw& U{WUlumza
JW& nurawgpmt.f pmqU]lgu l}lntu\{l:i.t li& anl{ll L gwurnp]1 uwhUw'U&lip.n, 
wl}lwqap t}uufmtuntzaJm&&lip li& liiJlit, npn&p p&wqw&wpwp qwU{l{wo li& 
tlpqpmqllrlLp mwmm&nt'jmqwu zwpdntti&tlpp hl:im: 

bpp gwtiwpn p2&mtf t, anl{n &liptumdnttf t ]12wa mwpwap&lipJ:! 
(anl{wJ}l& mpw&uqp1Iupw-wnw2wgtuw11wgmt.f): "'wqwnwq qnpO[!&rawg11 
lipp mwpwapn pwpapw&mtf t, anl{[! p&wqw&wpwp &whw&2mu t (n1Iqp1I
u}lw-&whw&2): UJumtiilllg htimLnttf t , np wl}lwqap mllrlun}mtuntraJm&&lip[l 
pl:ipnnf li& :}lwg]lurutip}l ml:iqwzwpdtipp: Unt{]l mpw'UuqptiuprnJp dwuw
&wq &uml{wap&lipP, miJllwopq qmpl{w<)pmtf 111tmt.Jmt.f t &hppuP,g \{l:i.pu 
hlimuJWl hlip.raunlmtuntraJm&&tlp[l, qn&qtnUl:ipwm&lip, rnl{wq&tlp, qw\{l:i.p m 
qpwpwptrp: UJU uhppw& qnltlnttf t wU{wp&hpp mpzu&uqpllu}Jt/ ullpjuu: UJl 
t U{UPnqlipl} ntlqptlupWJP qliU{pnttf: UJumiill tipqpwpw&wqw& ntl]qwopq 
qmpl{wopmt.f w\{l:i.ijl &mpp tfwu&p.q&lip[l qm&l{mu ti& &tlpphnnf, w\{II!P 
tunznp&tipn' \{l:i.pL.nnf: . 

bppliU& h&wpwt{np t hw&q}lU{tlt mp.w&uqp!Iu]1l{ L ntiqptiuP,l{ ullpP,w
&lip~ pwpq hlipraun}mtunttf&lipp, np[! gmJg t mwtpu wl}lwqa]1 pwqU]lgu 
mliqwzwpctlip'(l qwt.f tt hwtfwztuwphwJ~U o4l.J]1w&nu]1 tfwqwpqwqp t~
umunn]lq zwpdntU&llpt1 lippliU& tt mwmw&nqwqw& zwpdmU&IIp[l' qwU{
l{wa :pp.qp.qn-wztuwphwqpwqw& U{WJUwuulip~ tlmtlmtumraJmu&IIp~ hlim 
CtunpntraJmu&IIp, wqtmtraJm&, 21Ip.uwumP,nw&): 
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U.UJUI]l&linh hgnnnnamt&&tinh dmUmJunt@JD.t&&IInh m&w1hgn zamJt t 
lflW(pU flWtnUl UlWUlWUOilWI{WU zwp.dnttffil:iplt wp;rnqnt{OjntUUUpp UWUpU: 

C'Uqm&t.Jwa t WU{wpUI:i.plt nUqhw&mp hqnpntzaJntU[! npnztit tm{lmt 
'nliqwuwup lipqpwqliqLp cquwup: qWU[t.Jwo mwmwhnt'jwqw& zwpdmu
'1tlpp wpmqnt{OJWU L mnqt.Jwant{OJWU htim qwpLnp t puw'Uwt uuiqtipLmJ
Jap t.Jpw U]lL'UmJ& hwurnqp wU[Wp&tip]1 hqnpntzaJm&&lip.p pwztuuw& op]1-
·~wl unpntzaJm&&tipn: 

UJu UU{unnwqnt.J qwqut.Jnnf ti& pwpmtiq&lip, npmtf gmJg II'U IDTI[l

· ~mtf hqnpntzaJm'U'Ulipn' qnpl:i.pnt.J QJ.qnU{Wtupm'Ullp): 
~wuwqplitm{ mwpplip umpunnpqpw:}lpwqm& U]lw\{np&lipp pqnU{W

upm&1Ip]1 pwpmllq'Ulipt1 qwpli!P t &qunntit zwpdnttf&tlp]1 ntiJq\{want{Ojnt
'itn, p&mti&u]1t.JmzaJmun L lipqpwpw&wqw& U{wmumzaJw& u&zawgpmtf 
'itpw&g tlmtlmtumzaJm&&l:ip[!: UJu Ul:izanqn uzwqtit L hpU&wt.Jnplit t 
4_. 't{ . .Ptitnmunt.Jn: 

l.rumt.Jwop&llpp L :}lwgpw&l:i.p]1 L hqnpnt{OJm&&lip]1 w&mtltqn zamJt 
1& mwwu ll{WUlqlipwgnnf qwqUl:it tipqpwqliqL]1 qnnfwpmJp'U (]12liguw&) 
<Sqtfw& wUU{tpmntqWJP L hwUl:itfunnwpwp m\{II!P zamJt mwmw&lllJwqw& 
.~wpdnttf&lipp uwup&, npn&p \{l:i.pwqp\{l:i.tli& Ciquw& nilllbw&mp :Pn&p t.Jpw: 
Op.p&wl( fl..n&tigqp waturnJ}lU wt.Jwqw&mtf WJllllntUW\{l:i.m rnatutll!!liP 
hwumt.Jwcrp[!, npn Cz qwu C3 hwuwqp t L m&}l unmwt.JnpwU{tiu lOqifhqn
)11lldJll1U: 

U}lwdwtfw&rnq WJJ1 huqwJwqw& hwumt{wapn pwqqwgwo t 
a}lrat!P.lt ppwp hllrraunlmtunll mwpptip ztlpmwtuuptlppg, npn&p &lipqwJwg
~wo- ti& qpwpwptipnt.J, wpqp!Pm&tlpnt{, wt{wqwpwptlpn\{ L pwpwanttu
'utlpml: Ut.Jwqmpwptlpi1 qun.{wjp& raliprawpwplipl} L qpwpwplipl}, npn&p 
pwpwanttu ti& &lipl}lwqmu ]1ptl&g U1I2 m'Uti& &wL blu&awl] 2PWJp&, anl{w

.IPU :pwm&w, npnt{ tt qwpti!P t qwmtlt, np WJq &uml{wap&tip& wnw2wglit 
tru n~ una tunrmtzaJm&&tipmtf, Imlt wt{wqrnpwplipn h&wpwl{np t &wL' gw
urnpwJ]l'U U{lliJUwu&tipnttf: Uju ztipmwtuuptipn prnqU]lgu htipraunpntutitnl{ 
tijltfJrn&g L &prn&mtf wl{tl!P prn& 200 watuwJpU ztipmtip}:l wnqwjnt{OJntUl} 
LfllmJmtf ti&, np mqqwhwJwg zwpdntu&tipn D&rarngtit ti& \{lip L t.Jrnp nl Utla 
ruuU{!PmntJ1w'Utipnt{, np.n hwt{w&wpwp w qtip.wqw&gtit 100 If-n: UJq mrn
lllmunqwqw& zwpdnttf&tlp[! hwtfmJ1ptJlit ti& llpqpwq1I11LP tunznp Ciqthn& . 
nfu}hw&mp mqqmraJntUUUpp&, npP, WJUllntUpU t mwuq11tnU1Impurung wo
tuwptip. hwumt.Jwbp&tip.[!: C&q npnttf mwpwb'J:!}l ]12tigmtfp rnunuqhUIUl 
qmJuhwmmgl{mu t &uml{wap&l:i.p.}l qmmwquw& wpwqnttaJWUp: 

C!fnl.tl112mU&linh m&mJh9h Utlwnnn tmJ&np.ti& q]lprnrn{ntu t mrnmw
UlllJwqw'U zwpdnnf&lip.p ntumU&wu}lpnttaJWU dwuw&wq: 

Swpptip tipqpwpw&wqwu qmpl{wapulip.]l mumuuwuppnt{OJWU dw
uw&wq lipptiU& &qunnl{mtf n& zlipmlip}l &npt.fmt htippun}mtumuulip}l 
tuwtumntUUUp, upwugmtf U{WqWUntU UU WJU qwtf WJU dwtfw'Uwqwhwm-
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Sb~Ulnriw~wCi tuwtuLnnu1Cibp L. 
WU4Wf1Cibp~ Ulb'l.W'lflllWG (IL.bp[! 

eCiqhurumn Lnb'l.b~mpJmriCibfl Ulb'l.W'lflllwri 
6L.bp~ llwu~G 

bplrPwl{uqLn qwqtfnq t.nwppup qtlutlq):tu):t WU{wp~upu mutlu mwp
plip mliqruq{lliruu oLIIp: Upwl!g lill2 wnwuo~wgt{mlf tl~ mtlqumuwl[w~ 
zwpdmtf~tlpnt{ ~tuwtumt{rua (fi/t. 102) L tuwtumt{wa ohtlp.: luwtumt{wa ohli
PD ZW1l1 twt{ tlu wpmwhWJmt{mtf ztlpmwt{np ~ut.ntJwapwJ)l~ mtqwputipnttl, 
npn~p UIDW2Wllnttl II~ hrutflltfWUlwpwp hwp:ra ant{WJpU wt{wqwuutlpp 
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hWUlw4~tlpnnf, wtflltl:t PPt gwlfw
PWJP~ qnqt.mfnpntJajnL~~tlpntlf, w
otlp):t u hmllnn~up):t hW1llwl{):t~ : 

UJu qtltqptlpmlf ~mm{wa-
PWJ]ll! WU{UJJllllip):t umw2UWJI1l! u[fwp 102. UU4wf1Gbpl't IUJb'lw-
t.nlirJWI).pliwu OU[l bnp):tqnuwqwl! t fuwfutn4w6 lllb'lUlflllllWG aL.t;p . 

U) hnp~qnCiw~wCi llll:iiJ.Wfll'lnul. 
l{wlf bnp]lqnuwl{wu):tu lfnm: P) llnCin~L~CiwLWJ~Ci lllbiJ.wqrmLil, 

Ctipm t lJnttlmlf l!umt{wa- Q) -11Lbl1umpw 
pwJJ:tl! WU£UII1l!llp):t lilla aqt{wam-
:raJwli~, tfllpu):tg u uuppu):tg hut.nwq uwhlfw~unpwqt{wa qmqwhlln lfwq
tlp.IJmJ:rallllpnt{ lfwptf]ll![!: Cupm)l uumpllll uwhUw~£! l{ntt{nnf t hwmwl[, 
tfllp):tl![l' UlllUIUUJUilf. Ctlpm):t uump)lu u t{llp):tu uwhlfwul!b:p£! ):tpwp U]lwg&llfJ 
wlilll!wqwpo hbnwt{npntJaJnLUJ:! w&t{wl!t{nnf t · zlipmft hqnpntp]ntfi qwtf 
hUIUcnntpjntfi (]lpwqw&): Cllp.m)l hqnpntJaJnLUJ:! tlmtfmllll{nnf t U]l pw&)l utf
):tg U]lllth U]l pwl!):t, &mJl!J:tuq t.nWUUJwq tfllt.npb:p: Ctipt.nll hwtfwullnntJaJDlUJ:! 
npnzt{nnf t upw qntJUnt{, qwqtfnt{, mtipummpuiJnt{ u WJl hwt.nl{wu]lzl!llpnt{: 

lrumt{wc}pwJ)l& unqwpullp):t uqq~uwqwu bnp]lqnuwqwl! mliitw
qpntlilltip£! tuwtumt{mtf bu mliiJumuwqwu zwpdnulllllp):t zl!nph):tt{ u qlJ.1>np
tfwgt{lltnt{ ollnp till ~b:pmtf mwpptip zatipntJaJntUlltlp, qwplli]llU 6tfttlllt. GWL
pwt{npt{llt qwtf tuqtfllt, wJu]lupu q]lutnlfwgtfllt (:}>pwuu. lJftutnl[wqjmfift' 
tuwtuumttf): Cum tlliP21:t&)l wtqWp&tipn ~wdwut{mlf till tlpqm tuu~):t' 
1) l{WU[Wqgt{wa qwtf wnwoqwqwl! tqtwum):tq, 2) tqnqmtlUwJpU qunf 
tltlupnt&: 

4wwwl!gtJw6 LnblunnQwl4wG tuwtuLnnumbo .. 
qwupuqgt{wa mtii{t.nnuwl{wu tuwtummlilltip£! hwfutllu tiu qwL]m 

ztlpt.nwt{np WU{Wp.Utlpnttf mwp~llp. amuliUtipnt{, UIDWUQ {uwtut.ntltm upw&g 
bnant:raJmun: Upurug tfli~ wnwuauwgt{mtf bU U]1 putflp umpntquuupwJpU 
aLtip: 

lfntinltJhtiwthti (Jwtl zhomtmh she mtmwnomtl 

Ctlp.mtlp)l WJUtqpup mlirJWI].pnnffitlpn pfmpnztlmtf tru unqwputip]l 
:ratipt{wantzaJwtl~, lillq mqqm:raJwtfp, hwumUl11UltU w&£uw& mwq, npn&g 
Wllt{WUntU UU lfnfinf{[jJfiUI[ : Qwnpl{lli] tunzvp tfnun4t}lllWtllUp[! WOWUOUW
hWlJlntq llu un~nptfwJpU tfwpqllpp\1, Jmq wt{lit}l qwn}l:raunp' npnz tlm
uw3pu hwtfwl{wpqllp]lg U{LWt.n.'pnptffitippU wuglfwu qnm)lutippl!: 

lrumt{w()pwJpU wtqwpulipp mtiqWI].plfwu mwpptipn- twt{ wpmw
hwJmt{mtf till tfnl!nqt}lllwt&tlpvtlf: UJq mwpptlpl! Ill! zlipm)lmwpwantlf{!, 
wuqmlfn L wuqlfwu wu£umurr: 

10'1Ipm:raJmu muligilll zlipmp mwpwanttf wut{w~mtf till upw llPPPI! 
tipqpp qnqtfllp]l llqW1lltfwtfp: Swpwalfwu q]lc}J:! zb:pmp lfwqup.lmtJJaP h hn-
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ppqn~1WI.[WU htuppntpjWll hunmfwu qpD"U t l.[wtf WJl l.[lipUj zliptnp tfwl.[· 
liplm•Jpnttf gw'UI.[wgwb- hnppqn'Uwqw'U q]lau: 

Clipmp mwp.wb-tfw'U wqptfnttn{! mwpwb-uw'U qb-ml u tfp2opliwqw· 
'Uml qwqtftlwb- w'UltJm'U'U t, npn qwpnq t tlmtlmtutftll dwtfwgmjgp u[wp~ 
mqqntpjWUJ! 0°-pg 360°: Uj'U qlUp1111 t urpmwhWJU1tllil upqm wp.dhp'Uhpntl. 
npn'Up tf]1tfJwllg]1g mwp.pliptlmtf hu 180°-ml, pwup nil mwp.wb-tfw'U Jntlltu· 
pwu~mp q]la mufl ppwp hwi.[WIJ.ftp lipqm mqqntpjnt'U'Ulip (op.' hwp.wtl· 
wpul[m1wu mqqmp1mu 225° 1.! hwqwqpp · hJmupu-wphuuwu 45°): 

Clip.m\1 w'Ul.[mtf{! hnppqn'UJ:'t hwp.pmpJWU 'UqunntfwtfJ:! UllW qpppu t: 
Uuqtfwu qpa[l wJ'U qpau t, npn [!uqwb- t pup zlipmp tfwqtipumJpp'U mqqw
hwJwg: 

U'Uqtfwu w'UltJm'Uu, w'Uqtfw'U qap 1.! hnppqnfnuqw'U hwpramtaJW~ 
tlJlw up.w UjpnuqgpWJp t.fJ12h qwqtftlwb- w'UltJm'U'U t: Uj'U tlmlJmtutlmtf t 0 
tfP'Uth 90°: 

Uuqtfwu wqptfmmn hnptJ.qnuwl.[wu hwpramtaJWU tlJlW wuqtfwu 
qeip tqpnuqgpwJp L wztuwp.hwqp.wqwu tfP2optiwqwup hJmupuwJpu mq
qmpJwU hhm qwqtftlwa wultJmuu t: {ftutut~wa zupmp qppppg wuqtfwu 
wqptfmmn qwpnq t ¢mlmtulfllt 0°-pg 360° h p mwpJ:!llpntpJmu mwpwatfwu 
wqptfnnnp mutJ. tf}lWJU tftlq UI~tl:hp : UJU pn[np tW$nttfUUp{! qtumwptlmtf 
tiu tl:inuwJ)lu qntfUjtuUp tfP2nghtl: 

.1Jtlipumpwfi (lj:p.q'UwqnimttaJmu) zlipmwtlnp. hwumtlwap'Utiplt allqw
ah bnnttf'Utipp umpmqmmpWJpU dh'U t: Unn1tfutipp wultJmu'Ulip[l qwpnq tiu 
wulit qwnpqnq, l.[mpntl.[ h UntJupul.[ mqqwhwjwg: ~ttipumpw'Utip.J:! qwpnq 
tni 1P'Ullt mwppl:ip tWl}ltipp 1.! zunn U'U mwpat~wa ununn.'j>np.tffiupnttf: Iunznp 
qwnplJ:nn Onn.ttfUhp.u punpnz tru Uittutn.l>npirutippu: bpw'Ug wtfU{wmmqwu 
tlmlmftutfl tf{lrJ;!w'Ult qU:ltg tfb.uth 10 h wlfliw qif-tip, pul:[ tWJUnttaJmu'Ullp[l 
hwpJntpUiilhp. unlJu)mq 1000 qt.!& wtllit]l: Iunznp 6qtlwapuupu mutiu JantJl 
aqtfwa otfww l.[wtf lJ:tnp.wtlmu all h Uj[wut:pnptfUlip)l tlp.w up.wup ltnttlmtf 
li'U uftfiliqtftqfilip, puq pwp.ap.wgmtfUtip.p' wfim/Jql.ftqfi!Ip. Uphlit w-b\j'pn
UjWqwu qwtf fl.muwl.[wu Uj[WUl:f>np.tf]l tiPw lfnulj:nt{Jwu up'Uhq[pqwJlt rati
pnttaJntUUhpu qhumpn'Ujig liqphpu qwqtfmtf t pntqti'Ulip, )mq mpwtfwq)lau 
wt{tit]l pwu 1000 qt.! r· 

owtpbon u unwoqiunn:PntnahwlJwu· ·whwbM 

PwqtfWJa}ltf ttinutuJpu l.[tOnmJgllupnttf uutntltu~tuJ}l'U tuUjWp'Ulipfi 
6tft4Wa Ull mwppull !Wt{tup}l J:!Wlill b'~WUJl\1 tftl2: U.Uw'Uautugt{mtf tiu 
wf.JmftqtftficutcuJftfl 1.! uftflqJ.ftflcutuTJftfi 'b'mtptip: U'Um}ll.[t]1'Uwt'Ullpnnf zllp
tntipp bnmtfu mqqt{wa t mnntgpq ltriillfntl 4llp.L L upw'Ug qu'Umpnuwqwu 
tfwuupnttf tftlpqwumtf ll'U mtluw hlt'U hwuwqp WU{wpulip pw~ rahupnttf: 

· '. 
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Up'Ul.[[pUWL awtplipnttf zliptntip)l Onn.ttfl} mqqt{wb- t 'Ulipph l.t 'Upw 
'Uup.p)lu tfwull[Ulttf tntiqwqptlwa ll'U wtftlt)llippmwuwpq WUjtnp.'Ulill: 3mpw
pw'U~mp awu:~ pwql.[wgwat npnzwl{ti wnwlla'Uwgtfnn mwp.p.tlppg (fiq./03). 
I l f/lcuf(wfi zl:iptntJ. amfw'U mllqu: 
21 ./il'uplip' awtptip)lliqpwJltu tfwulipu: 
31 l./]1fntq ' b-tutplipp utlpptJ.'U tf wuu, npu hwpnt tf t ¢wqm'UtJ.u: 
41 l.lflfuntfi • wnw2mUn.ttf t amtplt pLplip\1 tfwqtlpLmJtalltlpp zmpnt'Umqm

.raJmultg: 
5.1 YuJ.wf[wt.q' awtp qwqtfnq gw'Uqwgwb- zupmp <mtfwu wnwtflitwqntJ'U 

qlitnhpntl w'Ugunq qpa: 
61 Uowf.Jl]pliiJftU t.f'wq/ip/mljjii aww wnw2wgunq zupmlipp wnwlfli[tuqntjU 
. antfwu qumlipntl wugunq tfwqliphmJta: 

7 1 Urutplipft romuuqp' awtp}l wnw'UgpwJ}l'U tfwl.[uphmJta\1 hnp\1qnuwqwu 
· hwp.ramra1wu hum hmtntfwu qpb-fi: 'Uwtp}l umwuap'U llPP.PI! npnztlmtf t 

mwpwatfwu wq}ltfmmnti: 

OUUibl"'l' SUI"'I"'bl"'~ 

WDW~9pu!J~6 
dOI~tp~nLJP 

u "' 
"'6'"~~tJo6wtl1 

lj\w~wU (~wdwp) 
-c:-

OWfPbnh n.wuwiJwngnufn 

I. trwtplinu qwuwqwpqtlmtf hu I!utn ppllug hwmqwupzul:ip.p ( fiq. 104). 
1) fh11611 uptflitnp}lq awtplip' wnwugptuJ}lu hwJlpntpJntU{) mqqwa)lq t 1.! 

raLpupp raupmra1muuup.n' tf]lwutfwu: 
2) .((ttiptlwa (ztiq) amtpllp.' wnmugpwJ}l'U hwppntpJntUJ:! raupt~wo- t rahpu

PP wlll.[mtffitlp{! hwqwq}lp. nu, tfP phpp wuqntU{) wi.flit)l qtnpntl{ t pW~l 
UjntU{I: 
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·· llft.1Un 104. 0wt.Phf1~ Ul~UJbp!J DUlll wnwGgQ~ Ou~ u pl..Qbfl~ 
ljlntuhwpwpbpnl~JnLG . UJ) 4lnf1UJ4mli, p) Uj'lUJOUJJj'l , q) ~qn4L~IiUJL, ll) hm[hwpwOt., 

b) Unl!i!l"LljUJ(jllUJ[j ljUJil LnnL~UJiillUJ[j 

3) l:112l}wa awtpllp' wnwugpwJpU hwp.[<tnt.[<tJlllUIJ uzwuwqwt}lg .(Ctupl}wa 
t u .[<thplipi! wuqmu tlu up ntllllnt.[CtJWU 4pw: up JOUJl[! qmut.~mu t 
UJnlUp mwq: 

4) lllwnqwa b-mtpllp' wnwugpwJpf.t tfwlfliphntJFti! hnppqnuwqwu t qwtf 
hnppqn&wqwf.tp& tfnm: 

5) Umq411Il qwtf zmn llqwa awtpllp' wnwugpwJpf.t u wqllphmJroi! l}j_m
l}wa t hwtflltflliUlwpwp ntlli\Wopq qpppp ul{WU1UWUJ! 90°-pg wtlUtP 
w&Iumf.tn4: 

ll. Uwtpll{lp oui! uum rauptipp u $wljwu}l pf.tntJJ.OP t}lnJuhwpwptipntJOJwU 
tltflmtf uu fmptfwt (unl}npwqwu) untp L lftnpwtfmu, pqnljt}lliwt' qmqw
hlin rahupn4, hn4lnupwoL, unt&qmqwol.t' hwp.[<t $wl{wnnl} u qmpntl{ 
.[<thtlpntf: 

m. Cum J.Oullpnttf u 1{1wlfwupmu zupmlip}l hqnpnt.[<tJntf.tuupp t}lnJuhwpwpu
pnt.[<tJmf.tuiipp wnw&ouwgl}mu liU b'wtpll{lp lipqm mptlll:I{l' qnugt!Umppq 
zupmupp hwl}wuwp hqnpntJOJmuutipntJ wnui&qpmtf L $wl{wumtf, h 
upwuuw& · Fthll{lmU t}lnppwgt{wa hqnpntraJm&ulipn4: 

Uwtpllpi! mwppllpnnf bu uwh J!UU1 oql}WOnl.[CtJWU u (WJUnltaJWll : 
UJu wnwf.tauwhwmljm]OJntUUllpnl.{ wnwuaurugl.{mu llu qihuJpU awtpllp, 
npnup 6q4wa llu llpljwpnl]OJWUp L ub11 llu, p{lWJup ihutptlp qwu qru{lOW
gwa, npnuq tipqwpntJ.OJnLUD 2-5 wuqwtf t ql:ipwqwugmtf tmJfmt.[<tJUIUf!: 
UJUUllill wnwuouwgt{nnf l:Iu p{lwJupwumpljt}lliwtlill{l h (!{lWJupupulf
tPUWtUli{l: qwu uwh qtf(!liJOWJpU h tfntti}WJpU, pqntfllmpplf b-wtpti{l: <1-tf(!b
J.OWOu awtpu Ittnpwt{mu, nmmgplf aw1pu t, tfnqqwu' qnqwtfn{l: 

owmwt/nommm titiliob U7bwliaa 

bpq[lwlfiiilhll mwpJ!llp umpntquuupruJpf.t qnuw&upnttf mwpwal}wa 
IIu WJU lfrutf WJU b-wtplipp WUpiUJ.2nL]OJntU£!,nppu urut{wumtf liu ifWfPWifn
fllli]CJJiliU : Cum awtpl:i:pp ohp h t}ln!uhwpwJ!lipnt.[<tJmf.tuiipp bpqpp uwqtipli-
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up tfrnu L &umtfwapnuf wnw&a&wgtfnuf II& awwwtfnpnt.[<tJntf.tuiipp IIpqm 

mptllii[l. 
1) [pftif qwlf qiJWjftfi iJwtpwifnpl1l]CJjlll fi, D[l{! mllrtt.UJ}fl4Wb- t b-W(pW\j'n[l 

UW[lqlipnnf: UJu awwwt.Inpnt.[<tJm&[! J!Unpn24mtf t WUJ!IUJ.2 mwpwapp 
arntplipnt.l tgmunt.I: q.()u}Jpf.t b-wLpwtfnpnt.[<tJmf.tliliJlp orl.Puwq t wf.tm}lin}l
&wtf.tllpp u upuqt}luwt&IIpp ulfwuWU1ptll6hlipn4 m ! unlllipn4 u upu&mJ& 
mwpwatfwtf(! awtpllpJ!: UJUUlpup bultpwl}npntJ.OJntlif.tllppf.t w&4f!mu lif.t 
uwu uu.q.hw&mp 6tft tfwu lfwu UlliJUUWU aw(pWI.{npnt]OjntUUlip: UjU 
awtpwtfnpnt]djntU{! qwUJtJWa t uw!J WUPIUJ.2 zllpmtlp}l hn[lpqnumlfwu 
un11uuutu hllm: \rpmumu wnw&opu w&mftin.ftuwt II u]l&In.ftuwr awtpi1-
PD juupwl}npl.{nttf tlu mtlUtP J!UI[lll umpmltmntpWJp& oi.JIIpft Ut12' wf.tmp
InpunppmtfUIIp L upuinpunppmuulip (&1[. 104), puq WJU umpntl{mmpw
ullpp qmqwqgmtfUUp[! wnw2wg~m1tf II& tllnf.twbulJPWI.{np ljumntjg&llp 
tfllqwwumplup~mppuufutlp (hmu. tfliqw' tflla), op.' una lpltll\:lUUU, 

UttlliiPD l.t WJtU: 
2) CfujlumnifnlJ ifwtpwifapmp;m&, npn hwuqpUlfitU t hpuuwqwumu 

UlllliUl:t>nptfUUpp uwhtfwliuiipntU, npm1I11 wnqw tru ppwppg wU21UUl, 
mwpplip amtplip: f1.pwup II&' ppwfuftifwtphp, qtfphp&IJp h tfmfiJCUfliip, 
!p[hpumpcufihp, tfnfml[Ift&w[fillp h tftla 6q4wb-m]OJwUP wpq/J[W]iJtfphp: 

.Pwgp li2tJwa IIplfm mptllii[lpg 1:{. 1:{. ~IItnmun'-fn umw&auwg&mu t 
uwu awww4npntJ.OJmf.tulipp tflt2w&Iuwt mpum, npu (!Unpnz t tlltwm:t>npu
utlppg awtprn4np uwpqtlppu w&guwu qnmpulippu: 

UU/Wplibp/1 /1JqnuJliwJ/1li mbftumliwftwli /lJw/llmiwJlilipJ! 

UUlWpullpp JuqmtfUWJpU JuwJummtfUIIpn uumptupw<fwfttfmtf Uu 
tipqm JutfpjJ.. 6llllPllP-Juqmuullp wnw&g qwu wu&zw& tnllqwzwpctllpp: bpq
pwqllrthmu 6llllPliPD pwquwraptf lif.t h uum awqtfwu pwctwutfmu liU b:pljm 
tfllc) Jutf(!II[lp' mUitmnuwltwU L D! mUipnnf.lwqtiDi: n~ miiqumuwqwu 6llll
p1IpjJ.u nu 4Qpwqpl}mtf WnW2UWJpU qwtf qpwqtrullmplj 6llllPli[lU, PU!UlliU 
uwh tfwqtflliUlpq wtqW[llillp}l UWIJ,!Il(nt u quqWpWUWtm qllUJpnlU UII2W-
2Wgwa nllllPllPU (uw1wah, uJmfitUah u WJt urti2wumttfUIIp): Upw&g Ft\{llu 
llU 4Qpwq{ll.{nttf hniJUWhWJIUwU ctwuwuwlj wnw2W9IUJ., UIUlwTIPUllpntf 
ll{WJU wuwtfnptfwa L qtimwhmlJtm&llpp u onpwlfoll{lp l:Iqpli{lp 6l:Iqpti{ln: 
· Sllltmnuwqwu 6litlPl:IPu mm{lJ!l:I{ltfmu ll& n~ mtll{utnf.twqwf.tpg tflla 
oqtfwOnl.(CtJWU(! L qwjr.tUm]OjWU(!: UjU 6llllPtlPr! 4WUJtfWa nu mliitmnuw
ljuru ttuptfwbnt.(Ctjnt&Wppg wnw2wguia zwpDn.ttfUli{lpg: O.lillPDPP .[<tlipnt[cl
JwU wuiumuu mtUVllitfmu t 1-90° uwhtfuruulipnnf: O.tlllPliPll uU.q.hw&pnt
J.OJmuu wf.t4wli4nui t lffiiu;Jwifnpifwmup;m&, npp mumuuwuppntJOJnt&pg 
huwpw4np t UlWJl".littlU[ltJWOntJ.OJntUlillpp ntll!lnlJOJlllUUD{lf!: 
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/uqnuJ01:J{1 WU/W{101:J{1ft U1/:JI]W2Wf1Unt/ 

luqmUUwJp'U mul.{mnuwqwu zwpdntUUtipu wnwu6!1u ptnl.{utip}l 
lfP.UJw'Ug uljwmuwup mtit1wzwpdu t : Unuru6uwg\lmtf tiu \lwputlmp{!, mtl
JlWZWpd[!, tflipuUU1p[!, \lpwzwpd[!, l{n.Jlwzwpd[! u owaqngutip qwtf zwplt
wctutip[! (lift. 105): luqmUUwJpu WJU JuwJumntlflllip}lg JmpwpwulJmpnuf 
wnwu6uwg\lnnf nu npnzurl.{p mwpptip, npnup punpnz llu pntnp Juqnnfuti
p]1u : Iuquwu hwppntpJntUI! npn\1 l.{wtnwp\lmtf tiu mliilwzwpcttipu wu\lwt<
tlmtf uu WUIJUI2Ulfldft! : liJ"upllp liu qnl_\lnttf mliqwzwpctJ:tw tlpl.{m 4lllltftl
pntU qm\:1\lnf\ mUJlwzwpd\1 lihJawpq\lwa UJUIUip'Ulip\1 qw'Uq\lwautip.u: iO'tip 
mliilwzwpc:tplJ:t qtitqpmtf :raLpu, np{! qmu\fmu t mtiqwzwpc:tpillg \flip wL
\fwulfrittf t lfwfuifwo, utippLruu~ UfUIOlfwo ( al[. 1 05): sn11wzwp.ctp uuanq<.
Jnt'U[! WU\IWU\Inttf t UIUUl/pUlDll)UI, llp[! l[wpnq t tPUUl nlJlllillhWJUig u 
hnppqnuwl.{wu: 

w p 

.I / 

bqwp 105. tuqnttluwJ~'(i tuwtuumulUh(l L. upwug lllWflfllifl[! . w) lj_wpubmp~ 
ljmptJ.wOp{!, p) hnp~qn(iwljw(i \IlbflWf\("lllWilp zbpmhpnul lj_wpCitHl1p~ utubllwu, q) ph~ 

\TlbflW!lf1llwl1p zbp111bpml1 qwpub\111!):1. utuMwii, 'l) qwpubl!ll!, b) tl,("lWZWflO, \" ljwtlJ
qwO pl..J!, U' UjWnljwO pL.11, tr,· .\IlbllW2UJ{lO, w,· ~nbnwzwro~ ~rw4wii wll~L~lllnL!lWCi . 

W2. lnbflW2Wf10tJ nLflflWhW)Wg'tuilu@'i11m'lWfi, W3. \IlbflW2W!10~ hnr~qniiW~W(i 
Willlj[~lnmqwli, w4 \IlbflWZWflO~ UirlflWln~qllW:jl~wljw(i WU~[~\IlnL'lWU 

" •o'. • 

{(wpullmpu (fll[. 106) JuqmU'UwJ]1'U fi:iwJumnnf t , npp ~tfwuwl1 
l.Jwtu\fwa :raLp[! ]1~wo t, ]1ul.{ tqurnl.{wo[!· hwpwptipwquru pwp6pwg\lwo: 
Stiqwzwpct]1w :ratip\lwo t qtitq]1 112wa wU{UIJlutip.J:t qnquu: {(wpulimpulip·J 
wnw~wumtf uu tiplumrql:iqL]1 tqpqmlfllllp}lg: IuqmlfllwJp'U JuwJuunuuulipt} 
l.{wpnq tiu Jutfpw\lnp\ltit L wnw~wgullt pwpq urumpowuwl.{uru lfwp'Ullmptip · 

{(tiputimpf! Juqnnf'UwJ]1u Juwtuuuutf t, npp Itwlllljwa l.{nqlfD :ratip mli · 
rttuzwpctpln\1 purp6pwglfwo t, ]1ul.{ lt{wol{w() qnrm' 112wa: SUqwzwpctpm 
ptip\lmO' t tftip pWJ16pwg\fwa Wlt{Ulpullpjl \tllJlUI!: ·. 

q.pwptlfl&llpf! (qtipu. qpwplif/ tupurlfmqp) tipl[pwl[l:ii'JLp gwo }l2wir 
mtiqwuwutip. liu, uwhuwuun{lwq\lwo ywpulimptipn\1, hwq\lwqtilt{ \!tip.. 
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uumptipmf: f,npumllpf! tftiputi.mptipn\1 u \lwputimpti.JliDl uwhuwuunpwl.{\lwb-
bwuuuwmwpwp pwp6pwg\lwa l{wnntJgutipu tiu: · 

Slll1wzwpcttipu ( lil[. 107) JuqmUUwJ}lu hnp}lqnuwl.{wu JuwJummu
utipu UU lltrJI)\IWcr I),UUiil UlUI)Wzwpdfllf!: lpu}wzwpdllp[! }uqUWU pLllpp 
lnp}lqnuwl.{wu mllqwzwpcttipn\1 Juqmuullpu tili: qnqwzwpctp tmJftmpJmuu 
lf[1 pwu}l uif-]1g l.{wpnq t hwuullt tf]1 pwu]1l[U-]1: ~wzwpcttlpu WJh Juqnnf
u lpu u\:1, npn\:tg qwJu\lwcr rauu pwp6pwg\lwcr t tftipu, }luluttiu tftiputimp]1 
ctwlfwuwl.{, UUiljWJU mtiqwzwpc:t}lll:t wul.{ntU[! Utiqlfwraup t' 60°-pg U{W

I.{·liU, mllq-mllq hmJ'U]1ul.{ hnppqnuwl.{wu: 
Sti{fumuwl.{wu awal.{nguupu l.{wu 

zmppwctutipu uua hnp!J.qnuwl.{wu mlltlw
zmpdn\1 \lpwzwpctup. UU U1WUUJUII.{ 
UntJUpuq htup.jntpwt{nfl l[rf wtfu{lpmnt
rruJn\1: UJrp.tjpuJ:t awoqngullp mwpwa
\lllla uu Uttqlipntlf, lJwp.UfWU1utipnnf u 
WJttllnliwJJ:!.'U hwtfwqwpqtipntlf: 

{(tipuumpupu, \lpwzwpc:ttip{!, zw
p]lwduupu urnw~wumtf till lipl.{pwl.{llqLJ:t 
ulltll:llfwu tqUIJUUiuulipntU: 

q 

uqwp 107. Sbrtwzwr<t~ lllWfl
plif1 6l.tbfl · W) nLfli']_WhWJWQ, 

p) f}hl!. q) hnr~qnl:iwljw!i 

lunflJJWJ/10 plif/t/wffpObfl 

bpl.{pwl.{tlqunnf tuqmtfuwJpU JuwJuunuuutlp]1 hum Utiqmllq znnn Utio 
u;•muwl.{m:raJm'U muliu tunppwJJ:!.u pl:il.{\lwcrpuupn: Upwup punpnz\fmu tili 
ztLIUl uua Junpnt:raJmuutipn\1' l[liqLwJ):lu, JunppwJ]1u' 60-300 l[tf L Junpu 300-
700 l[cf, tfti() 6qt{wantJaJWUp ('Um]'Upuq 1000-w\fnp. l[U-tlp), qwpq,wgtfwll 
tirtl.{wpwmLmraJwU{! ('UmJ'U]1uq lllJUl· L w\flit]1 mwp]1): 
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UJuUf)mjl )unppwJpu ptlqtjwb-putlpu tlpqpwqbqul! pwctwunuf tiu 
wnwuojlu Ptnqutlpjl, npnup tnwpphp ntl]l]ntJaJntuutlpny mhl[umuwqwu 
zwpdnnfutlpp wqqhgnt[cljWUJ! IDUfJWZUIJlch.Jnttf hu tftlq[l UJntUp uqwm
tfwtfp, wnw2wguhtnt! )unppwJpu, tltlp~tlmptlp, tjwpuhtnphp, owoqngutlp, 
qnlJwzwpcthp, mhlJwzwpcttlp: hmppmJp& ptlqywb-putlpjl opjl&wq t tf{121lli
otjqpwunuwJpu ttlnuwmrawJp qnt]wzmpctlipu,{[wt.MmpupwJmtf Uwu-Uuq
pllwu tnUflWZUIJldt! !J WJ[u: 

.. hmPPtuJpu ptlqt!wapullpjl hum tlu 4Wtlftlwa pwqtfwra{ll[ hpqpwzwp
cttlp u hpwpmju&hp: 

UU{wp/Jbp/1 liDf11JW21iWft b 
wli/Jiipqw;liwq mli1JWIJI1nuf/Jiip 

1rumtlw<)pwqmmwqtfwu Ufpnglluutlpu nurawumtf llu b-ntjwj pu 
wtjwqwup hunnwqmtf, npn tfpzm l.P np hwpra t , WJUpupu uumtjwb-ptujpu 
WU{UIJlUllp[) qurpniJ llu ntl!liuwz uwjuuwqwu WUqnttfUup: 

brati uumtjm<)pwqmmwqtfwu Ufpnghuullpn nurawfuntf hU tlpl[pwpw
uwqwu tftlb- dwtfwuwqwzp2WUnttf umurug t!llqllp2nttfUbpp, WU{W Wl!W-
2WUnttf hU )lpwp tfpw IJ-UIJlUtjw<) zllpmllpp hqnp utlppwullp (fil[ 102): Uju
Ufpup uhppwlillpnttf jntpwpwu,ump zllpm tnlll}wqptlmtf t ullpqwzuwq rah' 
tjllppu, rail' Utnnpu zllpmp uqwmtfwtfp: Cllpmllpp WJUUfpUp I).WUtutjnpl}tub-nt
[cljntUD wuyurumtf llu Wll{UI]lfilipft UUJ11JW2UWf[ WW,UI!]pnitffJlip (fil[ 101): 
Utul[WJU llpplltfU l[tnpt.{w<)ppg l[wpnqllu pwgwl[wjll[ WJU l[wtf WJU zupmw
qpwqwu hnppqnuulipn, np[) tjt{wjmtf t uumtjwb-pwqmmwqtfwu [)ul).hunn
tfwu tfwupu : C&qtlJt2mtfUllpf1 4UlJ1Illl li& lll&llt /lu}_Ufuu qwpowmu, WJUUfuu 
t[llpqwpunnu: UJU qlltl{pnttf, llrali mwppllp hwuwqullpp WUftupullp[! IDUl]tu
l).pl}wb- hu qmqwhllu tftllm UJntUp tlpw, WUfW WJUUJpu)1 zllpmwqplll[cljnLUf1 
WUt{urumtf hu wfifilif11)W2UWf[: utfwu WUUbJll).tuzuwqmrawuu wutfurumtf 
n& qmqwhlio : 

q.nJnt[clJntU ntup uwu urul[jm&wjpu uruutlJll).wzuwqm[clJntu, llpJ! 
wnqw t umnpp& u awatriiiJ ztipmhpp mwpphp rahpmraJmu&llp: UJuUJpup 
Ufpnghu&hpp hllprawqwumraJmlin wtfhUwJ& hwt.IwuwquruntraJwtfJ! 
hllmuJmt& t. 

1) bpqpwl{lllJup oqnnf L uumtlwapwl[mmwqmtf' l[mptlwapp umnppu ztlp
mllpp wnw2wgmtf: 

2) Umnppu ztipmllpp 6tftmtf, UW[phpp UIUUI2tugmtf u aw[ptujpU ntldptf}t 
wquruuutf: 

3) I>umlluupl}qtlumqwgpw !J nlil/lll1>b hwtfwhwpzahgmtf: 
4) bplwwqlll]u/1 unp 6qmtf, b-ntl/1 mpwuuqphupw, unp uumtlwb-puupp qm

mwqmtf uwjuqpu tfwl[liphntJraP tlpw: 

bpqpwpwuwqwu tfJt qmptjwapmtf hwuqpUJmtf hu wJUUJpup tfp 
pwup ouqtfJt2nttfullp u wul[jm&wJpu wuullpqwzuwqmraJmuuhp: 
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Q.LnLtu XIV 

tifl4flUCUfldt:;fl 

tlii).Oqbu lipqpmpw&wl[tuu U(pllgbuuhpp UIJlllltuhtujtntfwu ouhppg 
tftlqo hpqpwzwpctllpu hu, npnup hpqpwl[ht]uP. wpwq L qmpntq g&gmtfUhp& 
wpmurhtuJIDOl] liphntJrauhp hu: bpqpwzwpdlip}l dwtfwuwl[ urqwmtlmtf t 
uno- ptuuwq)l tuhpqptu: 

bpl[pwzwpdupu munttfUWUpJ1011 qptnnt[clJWU[) wutjwunttf bu ullju
tfn{nq/Jw : bpqpwzwpdlipn [pum tf hU hpqm mpt1fP · hpwpjuwJpu u mlll[tnn
uwqwu: Shqmnumqwu llpqpwzUIJldt! l{wtlftlwa t hpqpwqhqumtf {[Uitf 
tjllppu tfwurapwJmtf umm2wgnl] twptltub-ntraJmuutipp htlm, npnup plipnttf 
hU juqtfwu u mquraUIJlJaUIJpu t.ilhflwzwpcthpp' ntf1I1Wopq u hnppqnuml[wu 
zwpdnttfUtipp mtiupntl: 

Dtdhq hpqpwzwpcthpp ctwtfuruwq llpqp}l tfUiqhpliu}l& umw2wumtf 
hU hpqwpwapq 0Uf1PUJ1, UiliJlUUpuhp, t}l[mqmtfUhp, npnug WJlil.JntUpmtf 
llpqpp nh[h:p[l jupum t}lnt}lnjutjmtf t : 

bpl[pwzwpobp[! pUntJaJWU whllq llphn1Jrauur}lg hu u pphllg qnpb-w
&Uipwp qnpb-ntuhntJaJUitfp tfpzm wh m uwriuwt}l hu UJWmounnutf tfUlJll).-
l[wug: , 

tinlmwzwrdtnb hlilnt;(iuhtlmp!mlir 

bpqpwzurpohpp pumlluu}ltlmraJmuu quwhunnt{mtf 1: 12 pw[wung 
uwfup]wqntj, npmllq hwztf.lt hu umutjmtf mwpphp mpU(fl zjlUnt[clJmuullpp 
t{uwuywb-ntraJwu wumpowun, hpqpp tfwl[liphntJP/J qllt>nptfwgtfwu pumJ
raC!: 

1 pmtwfmg llpl[pwzwpctn tflUPI).D 1." qqmtf, WJ& wpc1wuwqpt!mtf t 
tf}twJu uwppmtjnpnttfUbpntj: . . · 

2 pw{wfing bpl{pwzmpd"J:! zwrn ramJt t u upwJu zwm qqwJmu tfwp
qpq hu qqnttf: 

3 pw{wflng hpl[pwzrupdr! [clnt.Jt t: uqwmlj"mtf t [ntuwtft}lnt}l&hpp, 
ttutfUJhp}l zwpdmtf, p,wg IJ-llftllpp utwmwumtf: UJu qqnttf hU ·tfltwJu hwu-
qjlum tlp6wqmtf qmfitfiiiJ tfwpq}ll[: · · .·· · · 

4 pmtwfing llpqpwzwpd() qqwtfJ t : lDmlngmtf WJU· n}_ Imtnpu hu 
qqmtf, Jmq mullpnttf' pn[np[!: U}_pp t nul[Unttf wtfwuliqhup u [ntUwtfmmp 
WUJWqp&hpfJ fillllJl qpuqngntl, IJ-l!&hpp, UJWUUlthmuulipp, hunnwl[p ononn-
~¢ . -

5 pwflufmg lipl[JLwzwpctu pwt{wl[wup& m<tht] t : Rqwglj"mtf t wz
juwmwtfwJpnttf, t}lnl}ngmtf: Cwpdtlmtf hu ppllpn, 2J104 lP wtfwlihl]liupg 
2nLJ1D raw¢.t{mtf t , [clntJl u lJ"rawpwJpU ztiUplipnttf q)nnt{mtf bu wnwulapu 
lj"uwu~ruapullp: 
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6 pwtwf.mg liplfpwzwpdl) mdlii:J t , qqwgtjnnf t pntnpplfDI:Jupg: Cw 
mlipl) qmpu uu qw[pu $nl:]ng: 

7 pwtwflng li[llfpwzwpdl) zwm ntauq t: fltltti!:] mwmwtn{mt.f llh 
}lpli[lQ, lfwhntJp~ . mtiqwzwpdt{mt.f t, zliupn!lD qqwt}l t{llwut[w<tpllup u'it 
umwUmt.f, lllfwmtjntt.f till UDI]ptlp: 

. 8 pw{wfiliq ll:plfpwztu{llf[! WtjU[l}l~ t, Junznp, pwqt.fwhwpq z!i&pll[l]! 
Llll[l2 I.J&wuyw<tpllli[l lill mnwlimt.f, t.f}1 tfwu[!' pwllqymt.f, t.fw[lil}ll{ hwq}lt[ 
!iu qwt~umt.f nmp}l tlJlw: 

.. ~ · 9 piqf~~n!J. li[ll{[lwztup.lt[! tu}lum tutJU[lp~ t: Ut.fpwqwuntJg zllupll{lfl t;;r ~tinll(w.<tpuli[lliU umwumt.f, tllnllll[lmu mliqp till mllhumt.f t}l[mqmt.f: 

J', .. 10 J!W[wfmg llpl{~WZW[llf{! qn[l<ttuUW[lW[l t, ztiupU[l{! ptu[llltpwuq 
tiu llllimt.f, Junqm[wl{Uhp.u U{WJ{antt.f tlu, 6wliwU{Wphuti11ttu q.wpm$nuu11 tih 
hwJmutJmt.f: bptwtt tfwlfblllmtJf<iltu wnw2wumt.f lill Junzn11 6tirwi.Jw~plltip ( J 
L tutlptp t.fOtn[l LWJUni.faJwUp, llmJufmq q}l[nt.fOmrli[l dqtflllllifll{wpnlfaJWUp: 
Qwpqnmymt.f liu <twnUp[!: · 

. f Ilwfw[nu; li{ll{{ltu2tuf1d[! wqtimwt}l t: Pntnp pwpwzlill qwnntJ<J. 
utlp~ pwuq.tfnnf ~u! . wt{llrtfmt.I, ll[li{wJaqatl{l}l ntitull!li! ant.fnqmt.f tiu, wnw·· 
2untn:lt.f lill tunznp uiuij)U{l L tlttmqnnffitlp: 

12 flWfUI[mg tlpllflWZW{ld{! 
w!lllhu t.fO~ Wf!lim t: lplp<twut{nr.t.f 
liu pntnp ztlllptipu ni 2~umiCJmuuh
Pt:!= l:;pqpwqtiqL[! qwqunq WU{Ul[l

ull{lJ! ll&zaW[1!Jtfnur. bU ntl]f!tud}lq L 
hnppqnuwJrwll · · mllltwzwpdliplt 
tlpl{[llt uwlfUpLntJ{altU WDW2wUntU 
till lunznp }uqtjwapubp: .. 

UU{Wgmgtfw~ t, np U{ll{{ltu- l.Jqwp108. t>qnubJUinbfl[! gm)g 
zwllctn ul[utfmu t tiP Jrli'Um[lllultg, · ~nLI.nq u GrwGg lflntuhwrwpbrmt-
n{lD qmutfmu t lipqp}l uwqii{lLntj- f}Jntuu tl!l~4bumpn(i~(j u bfl4f1W2WI1· 
fciltg 0 {1nZtUl{lt fun[llltfciJwU tf{lw, d~ odwfu~g !Swnw'+WJJJWOu flnLJlU 
n11ttu wlitfwUnnf tiu h/1U[11l[liumpnu b4n'l WL~QCibflp nLI'J.pubr!'l wuguwG 
Qunpptuj}lu qliumpnu) qunf 02W}u, PLn4-'lPW<+Ilw~w(i. latlbll[} QnLJ9 bG 
uwL hrl{pwzw11afl :pnqmu (&[f. ~nwL~u bfl4rwii.urdj1 j'lG~nbGupttm-
108): ~U{nl{tlumpn&[! l{W{lni:J t pJmGn pwLbflnt! 

qmlltftit mwppUp }un[llltJaJmuuii{lp tfpw: ~UftlJruum~uhg mwpw~tf111J 
WtltpUU{l[! wugumt.f liU mwpptip Jrwqt.fnt[cijtutfp WU{urplltlplt zll{lmmtutfpu
pntf L umm2 ptl[lllttf mwpphp .gllgnnffili[l: bp!Jpwzw!ldlt dwuwuwl{ 02w
fumt.f umw2wllmtf bu wnwllqwlfwu mwmw'Unnfulip}l qwu uliJ\ltl}lq wt}lp
utlplt tlpl{nt mlttqhp, tlpl{WJUtul{wu L LWJUtulj'wll: bpl{WJUWI{wu Wtppuhp[!, 
uzw'Uwl{tfmu tlU twmltuwl{wu P (twm. primae· umw2pu) mwnm{, nu:mi.Jw<t 
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till uUjut.I}lJr 6umwqWJfcilt hpqwjUpm{ L tup.mwgn[mtf till UJntfcilt $n$n!utul{lt 
uhqt.fmtf[! L unupwgmt.fu qwt.f tt UJntfap <twt{wt}l tlmtlmtut.fwu 4Ptu ti}12m-
4tuJpp nliwlfgptuJP wpmwhWJU!DtiCJntUU t: · · 

u1u wtpputiplt W[ltuqnt{aJntllu wtftiuwt.fOO'u t L u{lwup mwpwm.{mtf 
tiu utltllq., htiqmlf L qwqwJpU tfP2wtJtuJphpntt.f: · , 

lmJ'Uwlfwu wt}lpuli{lv, llzwUwl{t{mt.f llu S mwuntf (twm; secundae 
u£11f{ln!1Ilwiiwu): l).p.wup t.fwuuttl{uli!llt zwpamt.f tiu utiJutl}lq nwn;uqwJf<ill 
lWJllpm[, tfll2wtfurJplt n!Iwl{gpwu dLp tlmtlmtumraJwll tfpw m .mtu{ltum.{mtf 
uu tfllwJU utltuJl t.fw{lti}1lillh[1Utt.f: Upwllg wp.wqnt{aJm'Ufth{lJ:! wtJUtP tPnPP 
till, pwll hp!JwJllwl{lliU wtltp'Uli[llt wpwqmpJm'Ulllip'{!: bpl{wJuwl{wu L 
[Wjlltul{WU tul}lplltlp[! uwl{tiptlumtf UIOUIS!wgumtf tiu u~lf!JptmtjJdWJltll 
wwpuli{lJ!, D{l[} uzwuwqmt.f t ttum. L (longaf ' hp!Jwp) tirumm.[: U[lwUp 
wtftlllwti{ll{tup wt}lpllhpu hu L mutill UlWUltulltfwu uzwllwl{wt}l wuunlt
umlJlWllh[l, uwlftuJU mwpwm.{nuf b& LWJUwlj:wu wtf1puUp}l wpwqnt{aJmU
ulip}lg tiJlWUq.WI]: 

uu1uunw1PpliUilu mwpwatfmu till tutltlfliumpnlllt zntP2 pntnpn: 
~rutfuruwp ptu[WJUntfciJntU wpmwhtuJtnnl] qlimii[lE }lpwp. U}lwgfuu] q<tltu 
wut{wumt.f tlll }Iqnul!Jucn : 1-qnutljuuttlp£! wpmwhWjtnt{ntu UU tunmnptfw~ 
q~lt mtlupnt{: bpl{pwzw!ldlt wtlbllwhqnp mdl! w{lmwhwJmtfnnf t ' ~U{p
q!Illmpnumu: ~wptJwap man wJumliq tfPzm t}lumu t mJ1Ifwt\ftq t 'mahll 
gllgm U}lg tllliillP t.f wl{llpLntJfciltli qmlltJnq wnwp!Jwulip[! {an~ hili · n~ qtlutlt 
tflip.: flppwu htlnwumt.f llllp ttqp!Jli'Umpnllltg, tl{ll{pwzwpaJi ·m~u :wJllpw& 
{ant[wumu t L hutp.t{w<tp mqqm{aJntUI! qWDumu t hn{l}lqnuwqw~pu t.fnm: 

Cum 02w}ult mliqwqpuwu funpntpJw'U Upqpwzwpdbfi.t! p~dwlltfmt.I 
l:IU' - ~; = ~ .' ~ i: ,: · : i;l -

1) lJwqtipumptuJpU (uwl(b[1LntJfciP9 tl}1u2_L I Oqif funpntJCljntuulipntf 02tu!u-
uhp: 

2) 'l:mp.utu[ (10-60 ([if tun{lnt{aJWUp): 
3) lflt2wutuwtlfwt.I Iunpo (60-30 l[1f IunpntraJwtfp): 
4) Unwt{ll[ }unpE qwtf Junp[! :pnqmutujpU (300-700 l[zf Junpnt[ciJntU'Uli{lntf): 

bpq{lwzwpdtl[l[ftuUtlllltg zlinn qWU{tfw<tliU WDW2PU U{li{nt UlpU{lip.fl 
htlm L gftgmtf&tiilD uuqq{llfmt.I tiU 2wm uu~ mwpw~pulip: bpl{{lwl{liqLn L 
tfti11ltu U{tumJWUI! tfllwuttu wut{wllt{nu.f t mhl[cnnfJnuJJlipur : 

bpl{pwzwpdtip.lt mumtfUwult{lntfciJntftuupv qunnwpt{mt.f tlu hwmntl{ 
uu1uupl{ qwJurllu!Ipntu, npnup. uwwwtfnp.tfwc} till mwp.ph{l uliJut.fnqpw:p
ulipntf: UJU uwpptlpE qpwtgmt.f. liU bplfpp uwJrhpLntJfciP gugmtfUtlp[!, 
npnup WDW2WUnlU lift b{lq~wzwpdtlppg : 

Bmpwpw&trntll lfwjuiUntu umutfmqu hphp uhJutfnqptu:p uthmp t l.P
ult, npltg upl{nlU{l !Jwtut(w~ tnhrl.Wll{lnlupg qpwllgnttf t pptup. $1Junt!:]I:]W
htu]Wg ntl]l:]ntfciJDtlilllipp gugmt.flltipu, tm4 tlp[lflpq.[! qptuugmt.f t tfllwJu mq
I]WhwJwg gugmuutipn ( Eif[. 109): UUJut.fnqptu:plt qpwugw~ tlpqpwztull0t:! 
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wtu.Jwu~nnf t ufl;utfn
qpwtftfw, npu mup WLP
pw~np qollpp mllup: 
3mpwpwuDntP mdllll 
llpl{(lwzwp.d umw~w
unnf t llpl:rpp }unppll
pnnf mtil{mnuwl{wu tuq
uwu IIpl{wJupn~ w
UJWiluiipp wl{urawp.raw
Jpu miiiJwzwp.dlf wu 
wtnlJmupmu: 

Uwqiipum.JraP 
~w uii]uunqliu tuqmu

u 
c 

x, 

x, 

bqwp 109. U) bflbE ubJulltJ4 4wJwuubrmt 
bfl4f"lW2Wf"ldtJ tL4tJ4bul11flnutJ nrnzmlln, 

P) ubJulltJ4 WLtJEtl nuvlt.twontpJm!in 'll:illltJ 
tlll~4blil11[ln!i (IJUlll P. :b . Pn!i~~mlu~nL) 

ullp.p IIp.l{wpm[<tJnttaullpu wpmwhwJm~mu IIu up pwup uif-pg upu~u 
hwpJmpw~np qU:IIp.: 1966 ra. Swzpllump IIpqpwzwpdp dwlfi.uuwq 8 qtf, 
U.ztump,Uli}.p 1948 ra. IIpqpwzwp.dp dwuwuwq mwuuJwlJ lJlltnUIImpiip, 
L960 J.q. !JpiPp IIpqpwzwpdp dwuwuwl{ hwpJmpw~np lJp1nUIImp1Ip, 1957 fct· 
q.op,pwl{wu UuawJntU wnw~wgti[ t tuqmuullpp up wupnq~ zwp.p 100qtf 
Tita!lhwtamp IIpl{wJupm\: bz~wb" ~P£PU tipl.jpwzwpdp dwtfwuwq tuqmtf
ullpp mllqwzwpau uum ntlliJWapqp l{wqUII[ t 9,2 tf, puq hnppqnuwl{wu mq
flOlfctJWUp,' 8,85 if: 

· SmpwpwtaDntP mdliiJ IIpl{pwzwpd ql}uw~np hwp~wb"pg hllmn 
miJIIqg~mu t . pwquwrap~ l{p.l{uwl.jwu gugnnfullpn~ · w:t>mllp znl{IIpn~ : 
Upwug pwuwl{{l u pumlluup~nt[<tJntU{l dwuwuwl{p J:!urawgpmu u~wqmu t , 
uwlfmJU lfwflllll t zwpntuwl.j~lil wupuubp L mwppullp: 

D..i>l':lllp.znl{uf1p wnl{mJmraJmu{l o2w1umtf uumgnJlllWJPU twp~wb"m
fctJWU wnl{mJntfctJWU ql{mJnttaJmuu t : Uwl{wJu IIp.p,IIuu wnw2pu hwp~wb"pu 
(rw~wlfwupu moq}lu) hllmumu 1;. tt w~L}l mdiiiJ gugntlfUIIp. (op.' 1948 ra. 
Sw2pqumwup llpl{pwzwpd{!): 

tnlmi.uzwn<th t£ibnqhw£i 1.& ilwq£ihtnmnw(i 
Swtal{wgwo IIpl{p.wzwp.ctp Dlirawgpmu wu2wmtJmu t WJU qmtf WJU 

pwuwl{p tullpq}lw, np[! urnwi[llt tflio t WIJlimwiP tipl{pwzwpct):l ctwuwuwq: 
Uwlj:mJU q~wp t wtalfP2wU[llu npnzht wu2wm~wo tutlpq}lwJp pwtawl{[!: 
Uilllppl{jwu hwJmup uuJuUn[nquup Q. fl.lttumllp[! u P. ~tmllupllpq{l wnw
~wp4tit UU 02wtup ttilipq}lwJft t}mfuwpbU npn2tit upw U[WJUWtawlfwu hwu
wpctllp{l WJU wu~wuhtnt{ tfurqfiftcnnUJ.ur : UwquftmntqwJp npnzuwu hpu
pmu {lta4wb" t luujp. uwuupqutlpp mfiqwzwpctp WUU[tPU10lllWJP ~w¢muu1I
PD: flpnzumli hwlfwp tu.lltl{ti'Umpnupg npnzwl{p htinwtfnpntfctJwU t.Jpw utiJu
unqpwulfwJp t.Jpw quwhunnttmu t hniJwJpu uwuupqullpp mllqwzwpdp. 
wn~tmqntJU wuun}lmntqwU (A, upl{pn'Uutlpntl) mtlJwtiiplfpwzwpdp hw-
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uwp L hwUIIuwm~mu t zwm tantJ[ lipl{p.wzwpdp wuunpmntqmJp hllm (Ao), 
np[! ~pg~mu t npU[IIu tmmtnu l{wu umwtaqwpm (huwp.w~np t qpwugqp 
um{npwl{wu uiiJuunqpw:pn~ 100 qtf tU[pl{IIumpnupg hllnw~npntfctJWU ~pw l 
upl{pnu tuUU[tpmntqmJn~) : A h Ao hwp.mpiipntfctJntU[! ramJt t mwL}lu hunfll
uwmllt Wjqllpl.jpwzwpdllpl} ppwp. hllm: 'll.p.wlfmpl.jWJntU l.jpp.Uilll{nnf t WJll 
hwpwp,tipntfctJWU [nqtuppfctU{l M=lgA/Ao: QUwqwta U[WJUwuuiipntu uwqup
mntqwu quu}mtu~mu t wUIIuunlmpp llpqpwzwp.ctp qiiU[pmlf 0-}1g upu~L 
8,7-8,8 unflluunudiiiJ l{np.owUwpwp.IIpl{pwzwpctllpp qiiU[pmlf: bp.qp.wzwp.
ctllpp WJU uwqupmntqWjp UWUI}IlWq{l WU~Wu~mU t £1.ftjucnlipft UUlfn)IJWif, 

npp z'itnphp~ huwpw~np t qunnwpii[ WUgntU 02Wlup Ulljut.f}llf tullp.qpwjp 
quwhwmuwu[!: bp.lfpwzwpctllpp pumtrUuMmraJmtaD (pmtllpntl) J, uwqup
mntqwJp h tutipqpUIJP lfmtuhwplll(!tipntJaJm'U'U tiu L wp.mwhwJm~mu li'U. 
SwzptrUmp tip.lfpwzmpd' 1966 ra. J=8 p,wt, M=5,3, E=3·I013 2nnt[ (10 U[u. 
lt~mlct tutip.q}lw), Uzfu.Ul(!UlllP tipqpwzwp.d' 1948ra.' J=IO ptut, E=IOOO wu
qwu w~lP pwu Swzptrump tipl{pUizwpau: !Jjltlip (1%0 ra.) tipl{pwzwpdp 
ctwuwuwl.j, lpulll(!nup (1756 ra.), UuwulfwJP (1964 ra.r 1=11-12 p,rut, 
M=8,5-8,6, E=l017 2nntt (unm30 U1Jlll. q~mld tutipqpw): 

3mpwpwuDntfl mwpp wztuw{lhp p,wquwraptl ~tuJphpntu mllll11 tiu 
mutiumtf lfP2pu hwztlntl illlq-tipqm J=ll-12 pwt qnpoUiuwpwp tl.pl{pw
zwpct, 10 p,mtwung 3-5 hunn, 9 Pwtwfutg' 10-15, 8 {!W[WUng ' 100-500, 7 
J!WlWUng ' 300-500 hunn: Al[nppg zunn mtlqp tlu muti.UntU 4-5 p,w[wung 
tipl.jpwzwpdllp: 

.Rwup np IIpqpp uwqiipLntJfctP unmw~npwU[tiu 3
/ 4-{1 qpmiJIIgumtf t 

hwuwztuUip.hwJpu otll{pwunu{l, puwqwuwpwp tipqpwzwpcttip b'U qunnwp
tlmlf umh otll{pwunuutipp u b"ntlllpp mwq: UjUIDIIIj UUJUllpl{ W[ppuup{l IPran
u:t>tipwjpg wugumu tiu 2PWJpta up2w~wJppu u huruutitntl tfwl{tiphmJrapu 
umtiiJb"ntu ti'U b"nt}wzwpctp t:t>lll.jm ( qm fiurt/ft) : 

5llguwu u o~pwtanuft hwmwqp mU.,wtfwutipp hwulfwpOwqp mti
IJUizwpctllp{l ptipntu tiu hul{wJwl{wta 2PWJpU qwtaq~wb"utipp zwpctp u wnw-
2wumu tiu hul{wjwl{wu pwpapntJaJWU wtliptatip,npnug wu~wtamtf Uu qm
fiurt/ft : Upwug zwpctuwu wpwqntfctJntU{l 400-800 qtilct IIu u qwpn11 uu 
qmp.u[ otll{pwUOUl} up OWJppg UJOlU{l u rllttlmu Uu unflllpll tlpw WDW2 piipii
lOtl illlo w~ptl_wb"ntraJmuuhp u UWJllll{mJpU qnhtip: UJqU{pup wiJtimww , 
gmuwupullp p,wquwrap~ wuqwuutip uiJIIt IIu llwU[ntapwJmu, 1pup]luwu 
l{qqp'UIIpntU, luwijWij oqqpwunup Wl}luppU: <\,ul{WJWL{WU nu:tn~ gmuwupu 
2004 ra. qul{mtilfptipp 26-pu «hwp.amq~g» I-uqnuuqpwJ}l, 5IIJtnlip, litwJ
tmuq}l, ",uqlfurumwuft L wphlluwu U.'ppftl{wJP up 2WJ1P IIpl{putip.p t.Jpw, 
npft WJlllJntUpmu qnhtltJt t ~lP pwu 400000 UIUJUl., pwqtfWJaltll UWJlllpl{ 
hwuwptfmu Uu wuhllm l{npwo: Smuwuputip[! Uti() t{Uuru tl.u U[Wll16ummu 
uwh UIDOP2PJW :t>wntUWJP L :t>tnpwjftli, pul{ ~p~puubpu p,wtfwqwupu 
UliiJumu tiu w[ppp hwptfwc)p nut[!: 
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",pwpjuwjpU lip~pwzwpdlip~ mull& mliqwjpU pUntJ:ra u U{WJUWUW
tfnplfwo II& w{jmptf hpwpJuwJpU qnpom&llm:raJWU hlim: bpplitffi lip{j:pw
zwp~~ llP.t«PJuWJpu dwJ:raptfwu tfmutimpqu t: 

. . -_ bD4nwzwnctbnh wztuwnhwqnwl.!w(i Ulwnw6nuio 
<< _ 1.& Ub!Uilh!J znpw(iwqnul[! 

bpqpwzwpdtip]l mwpwotfwu tfwpqtip~ IrWUJtfwo llU tipqpml[tiqL]l 
urnwtJtit zwp<h_lt& ~m]l&IIpp, tlin&wJ)l& hwtfwl[wpqlip)l L &pw&gmu Junp
pWJpU ptll[tfwaputlp)l htlm: bpqpwzwpdlip)l tfnm 80% l{WUJtfwa t Iuwqwq
ot{lr]lw&nuJwU zwpdmu qnmm' tip{jm un}mnlbpo mwpwap&llp)l L pm& otf
q)lurunu)l hwmwl[)l hllm: l.JwtflW11l~w, UtlimmJw&, lpup)luwu, uwll{nuw
l[wu, l.mp Qlltwuq)lw, .'b)ltlnqpuJwu l[qqpullp, 4nlllllltllpw&Jwu, u&qllp]l 
Uumwpl[tnlnlwJp u Ot[l[pwupwJ!I WJL qqq]lutlp)l hhm: bp_l[pwzwpdtlp)l unm 
15% pwdp& t ~u~&nttf Ult21Ipl[pwantfw-I>&qnullq]lwl[wu qnmm' Umtw
u]l, 'll]lpli&IIJWU, Utll{llpp, Ull{ll&puJwU Autl[wUJwU, lrwpll{WUluup)l, ¢npp 
UupWJP ttin&wJpu hwtfwqwp<W, Ulio qntll[wu)l, fl.p)ltf)l, l.pnqllmqwr[]l, 
'(,lt&q]lqmzp, ".)ltfwtwJulip)l, P)lptfwJ)l ttin&wJpU hwtfwl[wpqllp)l u 1-&qn
ullq)lwqwu qqqwJ)lu wqliqulip)l hllm: Cwm wfJtnM IIpl[pwzwpdtuJpU qnp
antulintraJntU t wpouruwqptfwo Sjwu-Cw&nttf, U'nuqn[pWJp, Q)luwumuru)l, 
UlipliJ!WJlJwt]l tlinflwJ)lu hwtf wl{wpqupm u, u:pp)lqw-Upwpwqw& n)l:p.. 
mmJ]lu qnmmu, ]l&ltqllu &wu U)12h& o4l{pwunumJ]lu tlinuwzqrawubpmtf: 

bpl[pwzwpdtipi! hw6wJu tqwm6wn llu qurnumtf hulfmJwqwu wtJtip
tfwamraJmu&up)l u tfwpql{wJ]lu qnhlip)l: 1923 ra. SnlJJ!nJ]llipl{pwzwpct]l ctw
tfuruwt{ qnhtJtiL t 150 hwq. tfwpq, I tftu. tfmflJl. tl)lpwtfnptJtiL t, wtJtiptJti

1
' 

650 hwq. zliUpllp: 1973 Ja. u)lt{wpwqntwj)lllpqpwzwpd}lg U'wuwqntWJntU 
70 hwq. zllup}lg 60 hwq.-I! wtJtiptJtil t m qnhtJtit t 10 hwq. tfwpq: 1988 :ra 
qllqmlitfphp}l 7-)1 Ull{pmwt{}l upt{pwzwpct)l hlimuw&pntJ 25 hwq. uwpq t 
qnhtJtii, pwquw:ra)14 tfwpq)lt{ tl)lpwtfnptJtit llu, wtJtiptJtit llu mwuuJwt{ hw
qwpwtfnp zliUpllp, z)lum:raJmuutip, 58 qJntq lPPtl wtJtiptJtil tp: u-1m:rawfrwu 
tJUwuullp£1 quwhwmtfmu t mwuu1wq U)lt}lwpq I}ll[wputipntJ: 

.Pwqtfw:raj14 tipl[pulipnttf WJI} :ratlmtf uwL tlbp llpl[pnttf t{wmwptJtit 
tlu mwpwapuhp)l uliJutf)lq tfmwuqu!Ip}l mumtffiwu}lpntraJmuulip ]luq 
upw&g h)ltfwu tfpw tt ~wqtib[ ulijuupt{ ZP2wUWgUwU pwpmtiqullp: ' 
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qLnLfu XV 

br~ru~b~b4~ ~~uuu~uu ~unnta4uoeua~u 
SUPPbPC b4 ~PUu8 ~urquantU~ 

bp_~wl[tlqL)1 t{wmugtfwapwJpu mwpplip.u hpt{pwl[tlqu}l wnwuo}lu 
hwmtfwa&IIpu ll&, npnup tf)ltfJwugpg mwppliptJmtf llu WtqWputip}ll[wq
tfmj", mlllJ.UlllPlfwu UJWJUwuulipntJ u l[wqtf)l qmqwl[gmtfUIIpntJ: 

bp_l[pwt{IIqL}l wnw2]1& l[wpq]ll[wnmgl(wapwJ}lU mwpptip~ UWJpgw
tfwpulipu m ol(q}lw&nuu!Ipu llU: UJu qwm:ug!JwapwJ}l& mwpp!Ip)l tfli2 
wnwuouwg!Jmtf llU llpl[pnfll1 l[wpq]l mwpptlp, npnup wnwuouw&mtf llU 
lipl[pwt{IIllLP. mwpphp m)ltqp t{wmugtfwapnl(, mtil[mnuwl[uru wl[m)ll(mra
JWUp: '1-pwup II&' qlinujluln}luwtwJpu qnmjlu!Ipl). opnqliu qnm]lulipD u 
unwm.'}>nplffihp~: 

br'!~r'IW~brt.l.&fl !4wqllfi OL ~WDOLgqw6~(! .

bp_l{p.wl{~Illuf? J!WI}l[wgwc} t uumtfwapwj}lu, pjntp~IllmJpU (tfwqtfw
m}lt{ L UIImwtfnp.'}>wJ}lu) ·wUJWPulip}lg L tJtip}lu U{WUIJW&}lg pwdurutfmu t 
U'njunpntl)lww (U'nfunJp) uwhtfwfmtf: 

bpl[pwl[II11L.fl lfwqtfmtf wnl[w llU tipllp zlipmlip. fiuwt{wt}plUJftfi, 
qpwfiftcnw;jJfi, pwqWflnCUJftEi : Chpmhp}l WJU wutfw&ntlffillpu npnzwq]ln
pllU UJWJUWuwt{wu llU L wnwuouwg!Jwo nu uiijuU}lt{ W[}lpulip}l wpwqm
}aJDIUUllp]l mwpwauwu mumuuwu}lpntraJmu&IIri~ h}ltfwu tfpw: bpt{wJuw
l[}l w[}lpullpjl wpwqnt:raJmuullpf? IIplfpwl[IIqumtf mullll hliutLJWl UJWU1l{tlpt.f 
uuml(wapwj]lu. zllpmp tfll2 3-Sqdltlplf, qpw~}lmwJ}l,u zllpmoni 5-6 .(\lllutL 
6,5) qultlfll[, pwqw1mmJ}lu 21Ipm}l t1112 6,5-7,2 (upulL. 7,4) qdltlfll[: . 

bpl[pwl{II11un l[wqullll zhpm~pu munu ~¢nftill;'.~wu)lqnrnt:raJmu
ullp: ullpl{WjntUu iUnwuouwgtj"mtf llU llpqpwl[~ujl up pmu~ t.O-].:llqll(l, h}ltf
&wl[wu .IIP.l[tu' u WJpgwtf wi?~IJ}l& L otll[lnu,iu~uwjpu m , uP2t1J~Iuwt IIuraw
ol(t{)lwunmuJ)l& L ll&:rawtfwwgwtfUIPl¥JP~, tlpl[pudfllllLuiiflp m}ltqllp: 

' "bnknmkllnlah tfmmgmtf11J1rtYtltu .•mbtq: UJO m}lll{}l IIpl[pwl[IIIILmtf 
um!Jm hfi tltiPD :ratfwpqtfwa llpllp 2upmlipD, pwgwnm:raJwtfp tfwhwuullp}l, 
npmllrr uwumtfwapwJ}lu zllpmu pwgwl[wJntU t L llpt{p}l tf wt{llpflu llU qmpu 
qwt]lu huwqntJfL··tfwqtfwmjlq _L UIImmtfnp.'}>wJpu mtqwpullpu: q.pwu}lmw
JPU h pwqwtmmJ)lu zlipmlip}l U)12u wugumtf t qnupUlll}l uwhtfwuu: U'wJp
gwlfwpwJp& hplfpwl[llllL}l hqnpntraJntUI! mwmw&lj"mtf t 20-70qlfuwhtfw&
uupnttf: U'tujpgwtfwpwJpU hwp:rawtfwJplip]l mwl[ IIplJpwlJllqla{! mu}l 30-
40qlf hqnpm:raJntU: Ujumllll &umtfwOpWJpU zllpml) mu)1 0-5qlf, Junznp 
6l[qwapullpnttf 8-IOqU, qpwu)lmwJpU 2hpm{) tjm¢njutfmu t I0-20qlf, mllll
mllq 25qu uwhtfwuullpnttf, pwqwtmwJ}lu zhpm}l hqnpnt:raJntUJ! 10-l5qu 
tfP.u~L 25-JOqlfuwhtfwuullpmtf: lllnuwJpb 2P2wUu!Ipnttf qol(t{wu, Sjwu-
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twu L WJlU llpl{pwl{tiqhp hqnpnt.(ClJntU~ qwqtfnnf t 50-60 upu~h 70fru : 
U'm{tlpp, mi'-Ittwunuullpp <nuu~wq qn'i!wullpmtf, zllt:t>wJpU qmnpullpnttf 
qwpqwgw~ t tfwJpgwtfwpwJpu tlpl{ruuqtlqhp mpum; 

OtJ!JbmimumJbu mbUJh ybnhn ~unpnz t pntnp o\{l:[pwunuullpp tfw
hp6Utippu h l{mpntl{ mwp~tipl}mtf t qwtfwpwJpU llpl{pwqtlqhp mptqpg, put
urtlu hqnpn\ld]unfp, UlJUU{UU 1::1 qwqtfnl}: Ujumtiq q'tlqhu mup 5-10 upu~h 
12l{tf hqnpnt.(ClJDlU h pwql{wgwb" t uuml}wb'pwjpu h pwqwtmwjpu ztipmti
ppg: Q\lllpwunuutipp tfwJpgwtfwpwJpu tWU2P uwhtfwuulipnttf qpwupmw
JPU zllpin~ ullU{Wah l{tlp2wfuntf t: 

A.ugp UWJpgwtfwpwJpU h otll{pwunuwJpu lipl{pwq'tlqhp mpU{lippg 
wnwuoumgl}mtf tiU uwh liu.(Clwtfwjpgwtfwpwjpu h tiu.[i1W04l{Pwunuwjpu 
qttqhuttp: · 

b'iirawol{l:{pwfuluwJpu qtlqhn l{wnntq\{wb}m\{ zwm unm t otll{}llliUn
uwJpu l{llqhpu h mwppllpl}mtf t wl{titfl tftJ~ hqnpnt.(ClJunfp, UUUll}wc}pmJpli 
zlipmp uzwuwl{wtPg hurutnm.(ilJWU}l: Uju tn}lU{}l mwpwWlliU tfwpqllpu tfu 
}unznp tiqpwtfuruwj}lU h ulip UWjpgwtfwpwjpU ~l.{lipp hunnwqutipn 
(2000tf-.}lg tunPTI. Ul.&, lf'P2llpqpwl{lliU, 6WUlnuwl{w'U, O}unmp, qwpppJWU h 
UlJ\U): 

bp.qpwl{tlqh}l WJU mptqp ~uqhwump hqnpnt.[ClJDlUD l{wqtfnnf t wt{llllt 
pwu 20qtf U1Uq-U1Uq 25f{Lf: bp.l{pwl{Uqht! UljUtqpup l{wmug4wb'p ntUp UWU 
gwtfwpmtf: Oppuwl{' Ullplll{WUU{JWU P24W~pnttf uuml}wc}pwjpU zhpmp 
hurutnnt.[ClJmun qliJlwqwugmtf t 20l{tf-n: 

burawtfwJpgwtfwpwJpu IIpl{pwl{tiqhD qwpqwgw~ t tfwJpgunfwpuli
ppliqpwtfurutlpnttf l{qqwqlillullpnttf (U.tlintmJw'U, qntppuw'U, 6unqnuwl{w'U 
u WJ\U): Cuml{t.qmug\{w(}pp WJU mpU{D hwtfWU{WUluru}uw'Umtf t tfwJpgw
tfwpwjpupu, UWlpuJU upw hqnpnt.(iljntUTI U{Wl{WU t (20-30l{ll): bp.lulwl{tlqh}:l 
liUrawtf\4JpgwtfwptpJ]lu l{tlflhp wnuru6uwhwml{nt.(ClJntun l{wJmUnttf t qpw
upmwJpu h puiqwitnWjpU ztlpmtlpp WU2WU1UwU n~ humwl{ wuhm. Ubl{ 
z!Ipmpg UJntUpu .urumpfimUwpwp mUgnttfD h UnJunJp q~pg gw~ tipl{WJUW
l{wu Ulljuupl{ w\Ppulip\1 UlUI[lwWwu Ulpwqill.[ilJwU ul}wqmtfD: 

· "'wtftltfwmtltn4 UmtWUUlJWU u luwqwq o~wUnUJUlU lipqpwl[hqhp 
mptqtlp(!·urug1lllPl{ qnmpullpnn[ uqwmqmtf t, np UmtwUUlJWU o4l{Pwunup 
l}.tltqpmtf llpl{pwl{llqup U).lljpgwtfwpwjpU UlpU{D zwpntuwl{i(mtf t UWjpgw
uwpullpp UmhP2PJW liqpwtfurulipnuf (zllt~P h UWjpgunfwpWJpU lWll2P 
uwhUw'Uutipnttf): -.;hug WJumttq tt qpwupmw-qutlJuw1pu zlipmn hqnpnt
FIJWUp U{Wl{urumu t h ulltqi(mtf m uqwmt{mtf t lfntunJP uwhuwup pwpo
pwgmtf: 

UJ1 t tqwmq'tlp~ tlpl{pwqllqhp luwqwq ol[l{llwUnuJwU wugmtfw.ipu 
qnmputipnnf, npnup wwft llu nul{Umtf wuunl}np mttl{mnuwqwu wqmft4nlld
JUltf~ : UJu qnumtfl punpnz till . 1) DII\flWo}lq zwpdmtflltipp tftla wtfunJtuun
I}.WU, npu umtlqamtf 1:: l{mpurtn\{wa ntitl1ti:t>, 2) <twtfwuwqwl{pg }lumhllu}ll} 
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llpqpwzwpctllp~. 3) hqnp hpw~JuwJpU wpmwl[pctmtfllllpD, 4) qpwt{lJtnw
g}mu l}.wzm}l mctqpu JunmnpnttfllllpD: 

bp{{J:lwl{tiqhp Jntpwhwmnt{{ qummgl[wc}p ntullu tflt2pu o\{l:[pwunuw-
JpU 1nnuwzruawutipD,npnup aql}mu nu 60000 fru Dlit}hwump liJ:tl{wpnt.[Cl
JWU~, np}lg 15000 qu lf'P2}lu-UtntWUU1JWU tl:inuwzruawu t: '1-llU{p tfPs>ftu
o\{l:[pwunuwJpli tllnuwzruawJp wnwugp Jupum U{Wl.jwunttf 1:: ot{l:[pwunuw
J}lu qtlqhp UJ:lpDPI}. zllptnD, WJU UntjUpul{ UUU{t{nttf t: Unwugpwj}lU qnUWJP 
uwhtfwuullpntu llpl{pn{ll}. otll{pw'UnuwJpu zllpmp mwl{ Dul{w(} t llpl{wJuw
qwu Wtpputlp}l 7,4-7,7 f{tili(pl{ mwpwb'tfwu WpWCVJ.l.[ilJWUp up ztlput h llu
.(ilWI}.{li(nttf t, OJ:l qw l.{lippu UfUllllJWUP up hunnt{w~p. fumwgtj'w() tfwuu 1:: 
l.!_tirtpli U{WUlJWUpu punJ:lOZ \m{ltfWl wpWCVJ.l.(ClJntuutip~ 8,0-8,2 l{til\{pl.j l.lu, 
pul.j lfnfunJp uwhtfwuD wJumllq wpowuwqpi(mu t 25 l{Lf }unpnt.(ClJWU i(pw: 

tipLtpwLtbqlL~ ~~ll~wLtwfi Ltwqll~ ll~ ~wfi~ 
{!C. llhw(i ntfl OJl ~GW!Wlf! ntpj n L£i Gb (l 

upullpwtutip}l pmUwl.jm.(ClJntUD m ~wqtfwqwumraJmu~ l{wtut{wb" t 
tlpqpwl{llqumtf pptfp.wl.jwu mwpplipp mwf1php U[W111ltuwlpn.[ClJntliutip}lg: 

u1umtlq qwphnp llU WJU U{Iiitglluullpn, nJ:lOug nu.(Clwgpmtf wnw2w
umtf llu upullpwtullpD: UJI}.U{}:l.Up hwzt{wpl{utip t l{unnwpllt hWJUlU}l upull

pn\nq b . q. l.wqwpll'Ul{nu: 
-.;wuwawJu WJI}. mumtfuuruppnt.[ClJmuullp}l wtfllu}lg zunn' 40 % tflt-

~upw1uup wnw2wumu nu h}lll{upqllUllq}lup uumgtiup Ulpl}Jntupmu, htim
tfwquwmltlt U{uuunmntP.mwJpu-hJul.pn.[CltiJ:ttfwt tqpngliuutipp hUm tiu qWU{
tJ:wa 30 % tl}lullJ:tWllllDW2WgntUUlipD: Pmu tfwqtfwm}ll.j, U{liqtfwm}ltnWJPU 
tqpnglluutlp}l, unmwtfnp:t>pqtf}l h \P.(Clnqtiullqp ctwtfwuwq wnw2wumtf uu 
Fl4n4 wtllltP. pp~ tfltulipwtutlp: UJu mnqnuutlpD gmJg till mwtpu,np hpU{up
quullq}l h U{Uutfnmn\Pmn-hJul.pn.(Clllpuwt U(pnglluullpD qwmwpt{mtf tiU 
Iupum $1$l}uwl.jwu U(WJUwuutlpmtf h punpnzi(nuf tiu upullpwtwnw2wg
\fwu mwpwpuntj.[il up2wtfWJpntf: "'wzi(wp~\{wb" 1:: uwh llpl{pwqtitlhnttf up
utlpwtullpp mwpwb'tfwU oppuw~w$ntFIJmuutip[! lllm l{wpqUpp: 

· QUwJwb" bwzt{wJ:tqt{wb" .(Cll.{lipp npnzwl{P. mw{lptlpnt.[ClJmuullp\lu 
wquhwJm t , np wnwl.{litwqntJU pwuwqp uputtpwtutlpnt{ llu ullpqwJwgqwb" 
up.1p.qwmullptJ uputlpmtutip}l pwquwpmUwqm.(ClJmun U{WJUwU ~t. np WJfl; 
upullpwtutipD l{wqtftlu tipl.jpwl{tlqhp qqwllt tfUlUn, ~uwJwb" up upJ.Pqwmull
PP U(WpwqwJmtf I}.W WJI}.U{liu t : Ury. 4-pg tqwpqnpnz tlflhmu t, np uP.tP.
l.junnullpD, opuJul.utipp u hltl}.popuJul.utipp hllm qwqtfmtf llu llpl.jpwqllqhp 
qqwtp tfuruD: Cum b . q. lwqwpllul.jnJP. mtlJwtutiph umt.'j>}ll}.wJ}lli l{wpq}l 
upullpw1uup}l qqwt\l tfurut:! wnw2wumtf tiu t.qUhtfwmntP.mwJ}lu-hJul.pn.[CltiJ:t-

tfwt U{pnglluutip}l U1pll.Jntupnnf: 
Auu tlpl{J:twl{ttqhp wnw2wgmtl:[1 ~wi(wl.jwupu pWJ:ll}. m tlpl{wpunnh 

U{ltnghuutlpp wprumup t u $1J:t6wpwf1wl{wu hllmwqnumtraJmliutipnt{ $lp-

17* 
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ali{lliU wplJliL pwgwhwjmlitm li{lq{lwqliqhp qwqtiwtfn{ltfwu tfwupu tiiwm
qli{lwgnnfull{li!: Ujq wztuwmwupullpp W[lilJntUpmtf tizwq\fliL t UIWmJw
upg li{lq{lwqliiJh}l UJmp}l qnmwJ}lU hwttfwu tfwupu mllumpJntU[I: 

Uf}Jnwwft 4. Uj11il:i!lWLiil:ipj1 wnwli~pli 4wpql:i!ll'l uj12l.. 4'Jntuhwpwpl:ipmpJmli
lil:i!l[1l.. lipwlig UJWpmliw4mpJmli£il:i!l[l l:i!l4Pw4bi"J.l..mu 

ut-ubf'Ul u bf' 
c unhwllnt(l 'llW[!DlUW\jmjilJDLUU!I-

UJ:lullnwrutipp ljwpq[! .Qwuw!m tiputinwru!lpp 
u~wunlwtfp, .% 

fll! llpljpwljllijl.muf, % 

r• II** I II I II 
P'Uw()pu mwnnlin 50 90 3,3 4,2 010 0,10 
Umt:P!ullilln1 utfwuwmpUl 

I t.fl;.wgmtaJmuulln 195 200 13,00 9,4 1,15 0,25 
'\wtnql:illulip 86 100 5,70 4,7 0,50 WUU7WU 
Oou!mulin 1 hlmnnoulmulin 187 200 12 5 9,4 17,00 17,00 
, U]l[]'ll[wmulip 375 800 25 00 37,4 75 00 80,00 
Unl[:)>wmullp 135 260 9,00 12,2 0,50 0,!0 
j:mu.'l>wm'Uli(l, W[lUUUWlllllU(l, 
tJ:wuwnwmulin 266 350 17,7 16,4 0,70 0,70 
l!wpl'fiUWUlUup 67 80 4,50 3,7 I 70 1,70 
Alnwmullp 42 40 2 8 1,9 wuuzwu 
tl_n[:j>pwtfwmu!lp L Lfn\Pp-

14 15 
n.wmulln 

1,00 0,7 1,7 (((( 

l11runf WUlulin 5 0,30 3 35 (((( 

unmnWUluun 8 }h hw1"J. 05 lh hw11I. (((( 

I Opqwuwltwu Lf]'lwqmraJmuullp 70 4,7 

I• [!Utn b . {{. lwqwpllllljnJfl, 1971 Jil., 
n•• J:!UUl u . P . Uw:)>pnuntJ:n 1 R U. q.w\jpmu1pl]l, 1968 Jil.: 

{(tlppu UilliillJWUp UJntfOp tfwupu qwplllli t qlliUlhL np:PmrnJpu qn
mputipp tftlpqwgmtfUlipp munttfUwupf1lltpJmuutippg, puliunwmuhppg, J!W
qrntmruJptl hnupti[ll'tg u ruttflUUmrnplip qptfptiptpmwJpU J:urulntfwq&tlpp 
WUilllP.Ulipp qwqtfpg: 

",wtfwowJu munttfuwuppnrraJmu&tlpp, \flippu UJwmJwun pw11qw
grnb" t qtlphlttfpwJpu lllUIWputippg: b{lqpp ppqungp qrnqtfn tfnm t prnpwJpU 
bpqurnpwplipp qwqtflt\1 (Jun&qp}lmulip): Iun&qppmutlpp munttfuwupf1lltp
Jmupg Uitu{lq\fliL t , np upwugmtf UJW{llltUwqL{mtf liU npnz pptfltwqw& 
mwpplifl, np.nup wnrn2rngumtf liU 11Jntpwhwt tfltrngmpJmuutip urnu mwp
ptip, n{lllup tfmumtf tiu qwqtip}l u 2PP qwqtflt illl2 ( cwv . .5): 

lJwupprnJp UJmron hwtfwutin t, hntfnqtlu u qmutfmtf t qwp<)-p L{}l-
6wqmtf hwL{wuwpwqznmpJwU tfli2, pwp6p 2tiptfwump6wup u nuztfwu 
UilliJtlwuuti{lllttl: ",wL{wurn(lwl{znntpjntU[I qwpnq t turnJum\flit, tiptl tpnju
t{tiu wpmrnppu UIWJtlWUUUp{), oppuwq' 6uzmtfn: 
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Uf}Jnwwft 5. ~j1uj1w4wli lllWppl:ipp lll12111i UJWpmliw4m~Jmuul:i(l[l hj1uliw4wu 
WUjWplil:i(lOLU, PW!lWJj11i l:ip4£iWPW!ll:i!lnLU, % 

PW(lWJflU illlum- tJ.llnpu UlWlllJWUfl bnlmwltlln1]1 wwwnullnn 
Swn- nflmullp WUlW(lUU(l (l].ntUplllUU(l, qpwupum!ullil\n (!lip nununnhmul:in) wl:inhnnmhmulin 1 wnu) 

pwqwtmullp 

0 35,0 42,5 43 5 48 7 

Si 18,0 19,0 24,0 32,3 

AI 1,3 0,45 8 76 7,7 

Ca 1,4 0 7 6 72 1,58 

K 0,085 0,03 0,83 3,34 

Na 0,7 0,57 1,94 2,77 

F 0,0028 001 0,037 0,08 --
Cl om 0,005 0005 0,024 

Mg !4,0 25,9 4,5 0 56 

Fe 25,0 9 85 8 56 2,7 

s 2,0 002 003 0,04 

b{lq{lWqllqhp WllW2WgtfwU hwtfwp WllWUOUWhwmmq qw{lhll{llltfO
JlltU t ull{ll{WjWgumtf tfllmwquli{lp pwztunttf[l: fi{lllZ tfllmWilull{l}l pwUru
l{ntpjntU{) ll{ll{{lwqllqhmtf tfillUppwJp hllm hwtflltfwmwo- qw{lllll t tlJullt 
wlflit}l, n{lllz tfllmwqulip}lun· p}l~ : b{lq{lwqliqh}l uJmro}l hwttfwu uupwgpmtf 
tfwuppWJnttf qwullg\fliL t llpqwpp JutfJ!}l tfllmWilUll{l{)' u}lqllt, qnpwtm, 
Pfllltl, n{lllz ~rnqmtf tfwuqwuu: '1-w t Uilllill6Wn{), np upqliLJ'! pillUwqmpjntU{! 
li[lq[lwqliqhmtf mwuUJWq wuqwtf pp~ t tfillUppwJp hlim hwtflltfwmwa, 
tfnm 100 wuqwtf UilliqWU t p{llltl{) h qnpwtm[l: b{lqpwqliqup hwttfWU 
ll!{lllgti:umtf Uilliflwullt llu uwu uuq}lqp,tiiLwm}lup JutfJ!p mwp[lli[lp, nuqm 
UIW{llllUWqntpjntUUllp[l: 

lJllmwquti:pn, n{lllug UilliplltuwqmpJmuullp[l li[lq[lwqllr}I.Jnttf w\fli-
trnumtf tlu, wtiiwpuli(lp tftl2 prnzjul{wa liu n~ tfltwmlluwq: lrruu tftlmWilull~ 
!lP Jutfpli[l, n{lllup zrnm liu tfwwgwtfwpwJpU li[lqpwqliqumtf: Qrlpuwq. 
gp(ll{nupmtf, J!ill[lPnttf, wuwq, l{lllllilUP, nt(llUU: lfP WJL tumtfp tftlmrnquli(l 
mpmwu, tfwuwqtinuf, UIIlPU~, gpuq jumrngl{wo- llli prnqrntmrnJ}lU lUUillifl· 
uli{lllttf: lJwupprnJp UJntfOP hwttfwu hum qmquuprng mliq}l t muligliL 
qrnqli{l}l rnu2rnmnttfuli{l: lJrnuppWJP qti:qwqrngprnJ}l UI[li)Jntupmtf lllllW-
2rnglit li& lfll{l tfntn{lwl{p qwqwJpU u 2PWJpU ntnpmullpn: Cum hwzl{wpq
ulipp WUIWgmgL{wb" t , np tfnm 5 tlUUl. mwpl{rn l)Upwgpmtf qmpu t pbp\fliL 
tfwuppmJ}l qrnqtip}l tfnm 10%-n: Jluq [IUID U . 'll.1{llflnqpwqnl{P tfwupprn
Jmtf 2P.P prnuwqmpJmuu qrnqtfllt t 210

22qq, }luq upw nuqhwunt(l pillUrn
qmpJmun 2f1lltnpmnnf u tfpuntnpmnttf 1,5·10

21 
qq: 

upu~u WJUU b{lqpp[l mptiqti[lppg umrnumtf t m}ttiqlipwqwu $Jtzlt u 
ll[lq&wpwptip, wtflltl mwpp mwuUJWl{ hrnqwpwt{np mnu&w qwuql{wo-ntf: 
UJiltiitmp qmmwqmtf&tip{) qtu[lltll tp ptlptiL UJmpp qmmrnqtfrnu qliUm
pnuutlpp umtiqatfillUu: 
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Uf/JntUIU/j 6. n(lnz hwqttwq)nLlO L... g(lqw6 lOW(l(lbf'l~ qb(lwpwztunul[! 
b(lljf1W4brtlA.~ WllW2WQUWU L4(111gbumu (1x10-3 %) 

Swpptip l?wpWJtlU t(tlptlu uwurapwJp bp(jpwlltlnL!J wll{wnutlnn 
llpquwpwpl:ip wll{wputlp qmut~m-

ul:in, ll{tinhnn~hmul:ip !!WqW[UIUtl[! qpwu~tnnMul:ip 

<l-nwuhmullnh Uti9 lumwgwb uuuppl:ip 
Ba 0,6 0,1 30 83 
Zn 3 J \0 20 
Pb 0,02 O.D\ 0,8 2 

-~ 00015 0,007 005 0 35 

f!wqwttnul:inh illi9 lutnwqwb tnwpnlin 
Ti 50 30 900 230 
v 7 4 20 4 

Cu 10 2 20 2 
Zn 5 3 13 6 

Swnnlln, n~ UJWpntuwl!ntlillntUulipn tlpqpwqlir]\mu.f ll{w[Jwunnf l:iU 

--~ 1350 200 160 0,8 
Co 80 20 4,5 0,5 
Cr 250 200 90 2,5 
Hi! 0,3 0,001 0,009 0,008 
Pt 0,2 0,02 O,QJ -
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Qlntfu XVI 

tP4PU4b~b~~ Sb4SnuU4Uu 4Unnt38ubPP 
t~nL3nt8PUu 

ql:inUI"u4LN_.uLLtr. ornql:ilJLI:ir l:i4 uruus ~urqusntuc 

bpqpwqhqhp h 'Upw wnw'U6p'U tfurutlp~ qwpqwgtfw'U tlli2 'Uqunn
l{mtf ti'U npnzwqp qpq'Unt[<}jnt'U'Uhp qwtf 2P2W$ntttlp, qunql{wcr GWtl.2wtlnp 
tfwpqhpp 6hwtlnptfw'U, crntJtlpp mpw'Uuqphupw'Uhpp, nhqptlupw'Uhpp, 
~Uilll{WOpWqntiDWqUwU U WJl U{l111gtJu'UtJpp htim: 

UwqwJU WJU 2.P2unPnllWJUnt[<}jntUU U{Wjtfw'Uwqw'U t, pw'Up np 
hplmtJra'Uhpu qwmwpJWl q{lq'UmraJm'U'Uhp ~m'Utru: 

q_tJnup'Uql}l'Uwt'Uhp{! h qtinup'Uqt}l'UwtWJpU qnmp'Uhp[! hpqpwqtlqhp 
qwplmpmqntJU qwnmgl{wbpwJp'U mwpJ1hppg tru, npn'Up hptfp'U hu h, npjl 
l{Jlw wnmS;~w'Umtf h'U UJmU qwmngl{wop'Uhp'U' opnqlR1'Utlpu, U{tunn:t>nptf'Uh
pu: q_nnup'Uqt}l'Uwt'Uhpjl qwpqwgmtf{! uhpmnph'U qunql{wcr t )unppwJpU 
phqt{woputtpjl hhm: bpqJljl hpl{pWf!wuwl{wu qwpqwgtfw'U U{W111UntJ3JwU 
uurawgpnnf qhnup'Uqt}l'Uwtuhp{! wnwS;~wghl h'U, qurpqwght, mwpphJl tll{n
tuwulipnttf wl{wpmlit ppli:ug qwpqwgnufu: bpw'Ug mtlqtipnttf wnw2wgt11 
hu thnUwJpU hwtfwqwpqhp, }mq WJUmhttmh' U{tunn:t>nptftip: q_ttnup'Uqtlt
uwtuhpv tiJlqpwl{hqhjl wnwtftltzwpdm'U IDWJllUpUllljJ3 mhl{mnuwqwu 2_Uip

dmtfUhpnl{, jl'Umtlliupl{ntJ3JWUJ!, mqql{wcrnt[<}JWUJ!, qnumpwumWJUnlJdJWUJ! 
mhqwtfwuhp till: q.nnup'Ul{tpliwttlliJ1V p,Unpnzl{mtf li:u htlmuJwt qwutuw
'Uzwu'Uttpnl{_ 
1) DtQf)WhWJWg zwpdmtf'Utlpp tfticr WUU{\lnnmqwjnl{: C'Uq npnttf up hunn

l{wcrnttf qunnwpl{mtf h'U lt2hgtfw'U, up tfwumtf pwpdpwgtfw'U 2.WP
dmtf'Uttp: 

2) 1ruml{wcrpwJpU WU{WpUhpp tllia hqnpntJdJm'Uuhpnl{ 10-15 qcf, tfwpup
tfmtf 20-25 qtf hpqwpunnh 6qtfwu qn'Uw'Uhpnttf: 

3) Uwqtfunnpq unmgttu'Uhp{l lWJU qwpqwgtfwtfp,, UliJll{WJWgt{wa pU~U{tiU 
t:Pmq{ll{, WJUU{hu tl jlumpntqltl{ tfwqtfunnpqtfnl{: 

4) U.U{wpuhpjl p'Umhuu)ll{ tllimwtfnp:pjlqtfnl{: U.Jumhq hw'UIJ,hu tlu qwt}lu 
tllimwtfnp:p{lqtfP ]!DlDfl mpll{lipn: 

5) Uwqtfwjp h 'Upw wawugjWl qwqtipp 'UtiMptfw'U zUnphpl{ hw'UpWjpU ' 
qmmwqmtf'Utipp wnw2wgtfwtf]!: 

6) I>'Umiiuu}ll{ lipqpwzwp<tiipnl{: 
. 7) Pwpdp qhnJatipuplt qpwqptiumnl{ (qtlnratlJltfPlt wum{lnwuv 30 U-pg P2-

'Umtf t 15): 
8) J>uml:iuupl{ [!UI].hwUmp awtpwl{nptfwtf]! h Upw htim l{WU{~Wa }uqmtf-

UWJpU tuwtumnttf'Utipjl hwtfwqwpqtipp wnwS;~wguwtf]!: 
9) !hnptfwgpwuUpp Jmpwhwmntl{ l{wqun~ : 
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lO)C},.tlnujluin)lliwtlt wt{wpmmu tlmttnnf lipw lizwliwl{wlltg pwpopmgnu.f
Ull)lnt{ ( o)lfiquuuq): 

C},.tinupul{r)luwrullpp qwpqwgnufn nurawunnf t tfh pwup tlmttliJlfit{ 
( fJlf. II 0): 

d1~2@A3~~4~5~6~78s~g~w 

1Jqwp110. Utlj lllbljlllnuwljwG g~4LnLU qt:mu~G4L~UWL~ QWI"'QWguwG 
uljqpmGpwJ~u ututuwG (IJUlll '-1. b . luwJG~) . 1) htulg, 2) ljnCiqLmlbflWLil, 3) wt!w

qwpwpbp u WLUfl~lllCibp, 4) l!wt!bfl, 5) ~flWI?Wflbfl, 6) !IJL~z, 7) ~nljnlllUWJtlCi tuwtulllmll
[itlfl , 8) htlllPWJ~Ci W~WflUbfl~ hnupbfl u zbfll!lWJ~Ci tlCilllflnLqtlwCibfl, 9) qflWU~UlCibfl u 
~lwqtlnqflwCi~l!lCibfl , 10) hflwptuwJ~Ci wflw~wgmllubfl : ULWI?Cibrn gnLJQ bCi lllWL~u 

hnuwl!lWfli.lWCi hWflWpl:iflWljWCi ~Cillll:iCiu~t!nLPJOLU[l u nLI'l."l,OlpJnLU[l: 

uw}uuwl{wu I}mqmu lUJU b"nt{Wj~U }un{lt] h LWJU 6l{t.!wap t , npnttf 
l[mmwqt{mu liu qlitnli)lnt{ pliptlnil hqnp mlip]lqliu qwtJrnJpU, wt{wqw-l[w
t{rnJpu uumtJwb"puh{l: bumtJw()pw[fmmwl{uwu uurawgpmtf qwp6jlli[ qli
{lWlizDntU hu llfll{pwl{llqh]lal{uwu U{Jlnghuullpu h pwtJwl{wu~u }unfln hnflp· 
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qnuliliJlfitu hwJtnUt.iw(} uumt{w(}plillpiJ llurawpl{t{mu tlu Utlmwunp:p)lqtfh, 
l[llpwbt:(tltntll{wpapl{wt.!wJpu rallprawpwpllpp: 

q.UllU~Ul{{pUW{UUpp oltwt{npUWU Ulli}uUllil{WU qmqp hum t l{WU{
t{'.U(} qtlph)lupwJpu, h)lupwJpu, pumJlntq)lt{ qwuqt.!w(}utlp)l uliMJlntlfn h 
tfliP2ltli)lu hqnp hpwp}urnJpU wpmwt{pdnuffitlpn: q.nphpuprnJpu lUU{wputlpu 
u:rnw2wgumu llu o:PflntptnWJpU :pnpuwgpwu: 

bpl{Jlnllll hwu:mu qmqnnf zwpntuw{tt{nnf tlu 6l{uwu U{)lfigtluutlp!J 
UJll{pwl{tlqh)l q,p:ptlptlugt{w(} mllqumuwl{wu hllmwqw zwpdntlllillpnt{: q.tin
ujtul{tltliwtrnJpu qnmpu pwawut{mu t pwp6pwgmlllihpp h P2tfwb"pullp]l 
qnuwuhpjl, npnup tfhuJrnugjlg pwawut{mu hu funznp phl{t{wb"puh)lnt{: 
fo~tlwb"puhpntu l{mmwl{t{nnf hu jntpop]luwl{ hqnp uumt{wb"puhp' :P!ftlfillp, 
rrJmup t.fj1 pwup )lpwp wunuq,hunn hhp.raunlmturuJ uumt.!waprnJ~U lUU{Wp
ulflp q,mpuwzh{ltnh{l uu: 

UJu qmqnnf qllnu]lul{t)1liwtrnJpU qnmjluhflu npnz lunlmtl nfu!hwp-
6wl{tlmu tlu U{twm:t>nplllihp~ hqpunfwuhp}l bwzt.!]lu: ~pwp}uwJ~u qnpant
uiJnttaJmumu ul{WU1t{nttf t wtllltlt raratfwJ~U l{wqtfh' wuq,UqfnnwJ~u, wliq,ti
qjtmwpwqwttntuJpu trntfwuhp~ wpmwhnup: 

Ul{ut{mu t ohwt.!nJltllll gwuwpwJ~U tn~U{p llpl{pwl{llqh: UJU $nttmu 
LHIJU U1Wfllli0nlU nu umwumu l{wppnuunnrnJ~U wtqwpUh{liJ, llfliJ l{lUU{t{llib" 
t ant{~ U1[1WUuqptlu~WJrrtf hwpwl{pg U{{wm:pnpuutip~ t{pw: hpl{pnllll $nttU 
u::ut{wut{mu t ifwlJ ofliJqlifJ h tlmtutfmu t qllnupul{t~liwtrnJpU tfwpq}l qw.p
q .ugu wu mqqnt)dJntUIJ: 

bJati wnw2~u tipl{m tlmttllpnttf m~plUU{hmmu t]lu al{uwu U{Jlngllu
u11f11J, WU{lli WJU qmqmu qll{lwl{zmuu llU Ullli)lWOpuhpp pwpopwguwU 
u::rmguuullpn, n{lU wnw~p& huflrapu n&q,qpl{mu t qtlnu]l'U.l{t]llimtlt l{humpn
tr.ul{w'U. uwun: UJUnthllmh pwp6pwguwu t.fjlmmuutlp[! ullqqpl{mtf tiU wtf
pnq~ qllnupul{t)1liwtrnJ]lu qnm}lu h t.fjlwJU WflPit mllrtwuwullp hu tfUntu 
q:Inl.tu 2Jlntf awb"l{t{wb": ~uug WJU U1pll{]l tflll{muwgt{wb" bntfwt6WljUll)lfitU 
t1 ul{utimu t w(}}uwpllfl :Pnf1U wg]lwlil1[1]16hwtfnJlnLUIJ: 

uupqpt{mu nu tunznp }lumpntq~tf qwliqt{wMth{l[f pwranr)lmuuf1n: 
U~u tlmttmtf ul{qpuwl{wu qllnupul{wuwtrnJ~u al{t{wb"p}l mliqmu wnw2w
umu hu pwpq b"wtpwt{np pwp6[1Wgmlllitip, WJU~UpU mllqp t muhumu 
nti[]ltijl~ mlll{mn&wl{wu }llitltlpupw (uum 't]"_. 't]"_ . .Plltnmuntl}l): 

!JnflJlfiM (mz o)lnqhu) tlmttmlf wtflifunp qlipwl{znmu tlU pwp6[1wg
tf.uu qnpb"nurawguhpu, npnup pli)lfitll h& tunznp l{wtfwpwuh pwp,6pwgmtf
ullf1p, ttinliwzil)dwlillp~ wnw2wguwuu, t.f}12thnlirnJ}lu .t?4tlw~utip]l wpw
qmgt{wb" funfllUUntqnufuhpnt{: 't]"_h)l2pUUtipU tgt{ntU UU hqnp UUU1t{Wb"pUll
[lllt{: llinurnzi1JdwUlip~ pwpoflwguwu awtfwuwl{ qlipml{liuq,wuwumtf liu 
l{mtf w nw2wumu unfl }un{lpWJpU plil[tlwb"puli{l: ~pwp}urnJ)lli wpmmtl}l
dmuuUpu rntJlit)l zWU1 wuqliq~mwnflnt~tnrnJ)lu l{wqt.fjl hu: 

265 



q.tmup&~tp&wt& wtlwJ1mnnf t Pll qw{lqwgtfw& llJ1~WJ1unnL glt~t{l L 
4lillunlmJu4mtf plUfU1 ttin&wawtpmtlnJ1 tfm{lq}l' tu{pqllnup&~tlt&mtmJpU 
O{lllqti& qnmm: 

UJUUJpuntl, tunznJ1 6~4mc}p&liJ1p L o~pw&numJpU ~llqLp mtiqli{llltU 
wnw2w&mtf t tfwJJ1gwtfmpmJp& mltUIP 50-70 frt! hqn{llltJdJmtfp liJ1~J1m
~tiq L: UJUUipup tnPUIP qllnup&~tp&mt mJp& o{lllqti& qnmp&liJ1pg ll& lftia 
lpl~wuTI, lltJ1llllTI. UtUIUJ1TI. lJwJ1UIU!tnUllJ1U, U&qliJ1TI. 4nMPl l1J1WUJU!U 
tlin&mzllldmUll{l{l L WJtU, n{lDUg m&4m&mtf ti& r.!liqwwfimftfrlftfmpjmuiLlip 
(hm&. r.!liqw' JunznJ1), pw&p nJ1 UJ1WUp pJ1tiUg tfti2 UJU!{lllt&w~mtf ll& w&mp
~tPUnJ1}lnttf&ll{lpg L uptl~tPUnJ1}lnttf&ti{lpg PUIJ}~wgma hu~mJw~m& t tin-
UmJpU pwJ16J1wgmtf&ti{l L lt2tigmtf&ti{l: . 

bp.~J1P llJ1~J1wpw&m~m& qlll{lqwgtfm& UJU!tnUntJdJU!U u&Jamgpmtf 
ll{l~{luiqtiqLp tnlll{lpll{l tfwuti{llltU mnw2wgtlt ti& pmqUWJdPtl qtinup&~tp
&mt&llJ1, D{lDUg 6Lm4nJ1tfm& tnlll{lpUJ1 ¢nttliJ1p htlm li& ~WUI4ma pmqtfm
ldP4 oqmm~Ul{l hm&wan&liJ1p hm&pwtlmJJ1liJ1p wnm2mgmtfu: Unm2pu 
¢nttl1J1p tfmqtfllltnpqup htim ti& ~WUitlwa p{lDupm&llJ1p, UJtmmp&npq&liJ1p, 
mpmm&nu mq&timpm&tipp, pmquwtftimmq&liJ1p h mJt oqmw~wll hmum
an&liJ1p hmupwtlmJJ1liJ1p wnm2wgmuu: I>&4UJ1u}lnu o{lllqtill tmrmqmu· 
~numm~-tftimwunuunnp~, tq&tiUmmntltmnh}ll}.{lDJdliJ1Umt h mJt tnpUiliJlp 
UJqu6p, lfntppqtiup, 4nt:PJ1mup, mumqp, nu~m, ntJ1mup, amllPllP h mJt 
IDWJ1J1UJ1P hut&pmtltuJ{lU{l: 

Owu~w~tnrulw[j t... Lbn(jw4wqllw4w(j 
b!1411WPWGw4w(j tflnLLb!l nL ttnwL4(jb11 

bplwll tlp~pwpmuw~wu qlll{lqmgumu UIU!tntlntJdJwUI! pun{lllz nu up 
ZU!{lP pumtl&up4 amtpmtlnJ1UtuU L tllnuml[mquml[mu tmwtq&tlp: Uwtpw
tln{lllttf&upu l{unnmJ14Ut ti& umL upu~pti:Up{l}lntU, DJ1U L pUJ1llt t Ul{liuUJP L 
UJ{llltnli{lllqnJp UIUJUlPUIIJ1p tftimtutfn{l:}>pqupu L wtl!ffi112Wl[tuu ¢nt}lnlum
JdJm&utlJ1pu: lfpuwlilfpJ1pp 4lill2PU hmJtnUp awww4nJ1UruU ¢nttD pmJl[mt
JWU awtpmtln{lllt}aJntU t, DJ1I! u[futJllt t UJ{llltnll{lllqnJp 4UP2nttl nt ptlUpp}lnttf 
w4Ul{lm4Ut: UJu tmunqmu ti& 6Lw4nf14Ut b&puliJw& ptJ1WZU!{lPI1 U{lLIIt
JWU UmJw&uliJ1D L AuJl[mt-'Tl.wmnlfJwu tllnuwzJuWJ1hD L mJtU: 

ll_wq UIWtlit'lqnJntU Ul{ltnWhU!JtntlUt t lJwtliqnUJWU amtptutln{lDt
JdJlltUJ:!, Pll up pwUp tltnttli{llltl 1

: lltz UIWtllnqnjntU muqp t mullgllt hllpgpu
JtuU awtpmtln{lDt"[djntUq. DJ1U uuqq{ll[lit t b4J1DUIU!Jp, 'l.wqwJuummup Ul{lU-
4litPI1 lfP21tu Uupwu : lfllqnqnJmu tpmJntU mliqp t muligllt l[ptftiJ1liJmu 

' UJIJ. ounfw'Uw[j 6Lw4n!l4Jil trU Uljw'U!j.jl'UwtlJw'U, lJ.[lLliuwu q.!lti'Ulw'UIJ.pwJp, Onmtw'UIJ.!JwJ!l, 
iltli(up, qntq'Ulig[jp U{wmwmp, lJ.[lLtfmJrn'U Uwjtu'U'Uli[lp, Sjw'U.Cw'Up hJnlllpUWJp'U wqlirj'Uli
!lPtlin'Utuz@wUti:(liJ: 

2 '\ll(lgp'UJruU btu[llrn4npnt!'lJlllU hllmli'U [jruUJ4wb ilt(lWUtu'U, Qm'Uqw(lJWU U[WUlwmp, 
U[!qwJp, SJw'U.Cru'Up hwmw[jwJp'U lUI]lirj'Uli(lp L WJl bwupw4n!l [{wrmtJguli(l: 
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amtpmtlnJ1tfmu tmwUI{I 3
: qmJ&nqnJm& tmwUimtf mtlqp t m&llgllt Utuumu 

mti~&m~m& tmWUIJ:! 4
: 

q.tinup&~tp&wt&llJ1p mtllll{ltntfw& qmqpg htitnn UJ1m&g qJ1mtlura 
mmJ1mapullJ1I! tUinJumJpg tu{nJum wUJ:!Uqhllltn ¢npJ1mgllt t: 

cfmtfm&m~m~pg qllnup&~tp&wtmJpU qnmpull{lll& hmtflll{ltlnttf Iuw
qwq Ot!llllmunup unpiutftiJ16 qnumul1J1u, n{lD&p pJ1liug tfl12 (IUqqp~mtf till 
pntnJ1 Uq{llUJPU an4UJ1U m JunJ12J1JUl qmqpw~UU{l(l: SUimtln{lllt"[djntUU WJU
UIPUPU t, nJ1 pu4Upupm tiu lUUJ{lllttf qwtflllltn~w-lpltppumu ~qqp&lipTI. 
6.WUJD&m~mu qqqmqtiqulipu, pu~ JunJ12J1Jlll tlmiJilm~ulipu 6~4ma qnum&tlp 
ti&: UJumtiq zunn mqm}l4 hJ1wpJum~muntJaJwU L llJ1~J1lllZU!{lctlipp qnmp t, 
mJupupu mmJ1mapu mli~umUJliu m~M t: WmuunnP.UI UJU!tn~lill t 
uwh qnmm U!Jl ZJ12tuUUli{llltU: 

'TILWLn~n!lllGb!l(j t... ll!lWGg qwpq.wgnul[! 

lfltwtn:}>n{ltf&li{lu llJ1l[J1m~tlqhp hptf&wl[wu l[wnmgtlwc}pmJpU tnlll{l
J1UJ1pg tftil[u llu: '1-{lw&p J:!Uqhlll{l6wl[, tftia tfwuwtfp li{l~{lwl[llqLp hlll{lld 
mliqwtfwulip liu h hwtiwJu mutiU pwqtfw&IIJwu 6L, DJ1U liqpwjpU JunznJ1 
plil[4wap&liJ1p UIJUlJntup t: 'lltmtn:pn{ltf&llpp l[wnmgtlwapmu wnwu6uwg-
4nnf liu li{ll[m qtJuw4nJ1 qwnmgtlwc}pwJpU hwpl[llp' umnppu h 4Uppu: 
Umnppu hWJ1ltliJ1D 6hw4nJ14Ut llu pJ1llug qllnupulnpuwtmJpu qlll{lqwguwu 
tmWU{Dttf lJ ptuql[wgwa UU Jupum amtpmtlnptlwc}, tftltnwtfn{l:}>Wgtlwa 
WUIWJ1UtlJ1pg, n{lllup UJW11111l{wa tiu pum{llltqpwhli{lll4 L JunllD ptll[tlwaputi
{llltl; UJU wutlwutlmtf t hftt!p, uwtpcuz[np hftlijJ ~wtf Uftunn:Pnptf]l gnfrnt : 

tJ.liJ1pU hW{ll[I! UJtwtn:l>DJ1UWJpU awc}l[ngu t pwql[wgwa uumtlma
pwjpU WUIWJ1Utlflpg: Stiq-mtlq awal[ngn pwgwl[wjnttf t h hptfi/I! tfti{ll[W
umtf t : UJqUipup hunn4wauliJ1pU wfttlw&mtf tiU t{whwfifilip. UJU mw
J1wc}pullJ1u, D{ltntlq hptfpu zunn t }un{lwuntqtlwc} L tftic} t uumtlwc}pWJPU 
awal[ngp hqnrmtJdJntU{I' wutlwftmtf liU UcU[lip : 

lflt llltn:}>n{ltf&li{lllttf, liJ11{J1iul[tlttLp JdDtJt h qwuqwq tfmPll unfUitlt
mntqw&li{llltl munnwunquzqwu mqqwhmJmg zWJ1anttf&tiJ1 tiu l[unnWJ14mtf: 
'lltunn:t>nJ1U&liJ1p WJqUiltult munnw&nqwl[mu ZU!{lctnttf&tiJ1p htim tiu ~WUJ
tlwa an4UJ1P mJ1w&uqp.tiupw&liJ1u m nllqptiupw&tiJ1{1: up pwup mWJ1map
uliJ1 WJcttf tt tn{lWUUQlltlUpUIJntl awal[tlwa llU tu{pl[numputlumwt Un4ti{lll4' 
AulJdpl[, QU!{ltiUg}I, ~mupUWJpU an4UJ1 L WJtU: 

3 UJu bw[pw4n(luw'U tmwll!nttf 6Lw4n!l4Jil liU ~mupu-U(lLliuwu U]1pp(lp, {j_li(ltunJw'Un
QJ.lll1nmJ\UU uru\).q\l, trnul\U\\U.O\untnJWU (\nlnm, U\1.\unmu-U.t\l'U\l u WJ\ brntplll<lntJ. UllltJ.qUtJ.U 
m tllnuwzl]l<lwutl(l!J: 

4 UJu tmwll!ntlf aLw4n!l4Jil liU Utli!llJlp, Uli!liU]luJillu, {Julpll!lllUlJlliu, lpl4l!wup, qnujllmiJ.ru
qp, IT!wtf!Jflp, '\pUUJLWJUll(lp, U'U!j.li[lp, qn[llj.Jl[ll(lWUJLUU L WJttlin'UwZllFiw'Ullp: 
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'lltwm.'J?nptfutlpnuf uum~wopwJpU owol{ngp hqnpntJdJntUf! 2-4 l[tf t 
h tipqwp mwpwbpp tjpw U{WhU{wu~nnf t uum~wapwJpU WUJWpUtipp tl']:L
oppuwl{mrctJntU{!:• 

SpwuuqptiupwJp dwtfwuwl{ ·UJtwm.'J?nptfutipnnf wnw2wumtf tlu 
l{wppnuwmui•qwtJuiJpU, tfllpqtltmJpU, w~wqw-qw~wJpU uum~wapliti[l, 
pul{ nti<}IltiupwJfl dwtfuruwl{ ' t6WJpU, wtmtJPwt, 6wh6WJpU, puq wplulur
JPU lJtPtfWJP UJWJtftuuutipnttf' tntWJpU h tmqmuwjpU umn~woputip: 

\rum~wapwJpU owal{ngp ztlpmtipp llPPPD lmppqnuwl{uru t l{wu 
hnppqnuwl{wupu tfnui.: twm tfbqtf ztlpmtipp wuqnnfntl .pqntfbmppq tlp 
pwub.hwpJiitp, fultJUpuq hwqwp lfrtntftimp: tlpl{wJupn~ qnqwtJnpnt:raJm'iiuli
ppu wu~urumtf tiu uftfllll[/]Jqflllp : Unul{n~uru uputil{[pq{! hjntUpupg-hm
JlW~ mup l300 l[tf tipl{wpntJdjntU, 2-2,5 tf!l[tf ztlpmtipp uruqmtfn~: hmzn[l 
tftiqtfwraup unwm.')?nptfwJpU pwpapwgmtfutippu wu~wumtf tiu wflrnlll[/]Jq
fillp: 'lltwm.'J?nptfutipnttf hmuq.pU{nttf tiu uwh ¢rulpwqwutfwu mtiqmnum
qwu P2~Waputip, npnug wu~wumtf tiu wzffUII[nqlifJfJllp: . fuq~woputipn~ 
u~htfm~W$tulf~wa, lipptitfu 200 l[tf tipl{wj'iipn~ WJU mwpwoputipu W~IJP 
tiu nul.j'u~.tif pwpap uUJutfP.q wl{mMm:raJwtfp h uum~wbpullpp tftia hqn
pnt:raJwtfp: t:Pmqptj IJ pumpmqp~ tfwqtfwmpqtfu UJtwm:Pnptffil.ipmtf Wil
mwhwJmtJwa t tfP.wJu iunznri mtil{uinuwqwu ntiqptipp tipqwJ'iipntf: UJI}lqliu 
tiu wnw2wgtit (ntiqp~J]l.u wpmwtJPdrutfUtip) U!twm.'J?nptfUtipp tfpw hpm
pJuwJpU amal{ngutipu in U{luJJdUWU Junqntjwqutip{!: U\lmtfwopwJpU ow(r
qngp tfti2 2WUl hwnmtu ·~~ Up[llp[l: IJltwm.')?nptfutipnttf qwpqwgwc} hptfpm
JPU qwqtfP. hpwpJuwJp'ii wtqwpulippu wutfwumtf Uu rnpwurfillp : 

'lltwm:pnptfuhpp hwuwql) npnztfmtf t owu>wtfnp hptfpp hwuwqp L 
uumtfwapwjpU awoqngp tlmluhwpwptipnlJdJWUp: Cum OW[pwtfnp hptf~p 
U!t wm:Pnptfutipu pwctwutfmtf hu' hpu h tippmwuwpq. U!l wm:pnptfutip]t: 
..;;ulip}l :ratJPu tiu U.JWUll{wumtf fi.ntl.J.m~u (UJlhlitw-btJpnUJwlfwu), U}lp]l
JlWl{wu, '\]mupu-UtftippltJwu, <;,wp~47.UUUppl{Jwu, ll:pppl{jwu h wJt'ii: UJu 
UJtwtn.:pllptflltitJP h}ltfpn ahwtfnJltfl1t t ,LI}IuwlitfpJlJW'ii dwtfmuwqutipnuf: 
u . U. twmuqpu WDW2lUJllflit t tfpuz.ptitfppJWU U!twm.'J?nptfUliJlpU wutfwulit 
hpupp hwuwqnt{ turft- (hntu. turft' htimn, t.Jlip). uwJuwamugntf: UJu q.tiur
pmtf unwm.')?nptfu qn~tfnnf t.tU[/JU[J111rnlipnqn;wf/: 

bppmuruwpq. unwm.')?nplfutipp~ till t.ftipwqptfmtf .Pwjl{wuwu, ".llrl
gpujWU qwtf l.Jwttiqn'iiJwu awtpwtfnp hptfpntf uni:mn:pnptfutipn: bpwup 
hwtfwUJwmwuJuwumpwp qn~tfmtf till turftplliJlfwuuJfl, turftlfwfliiJnfl;wfJ h 
tcqjlhlipgftfJ;wfJ U[fwcn.J>nptffilip: ·· 

q,nnupul{l}luwtwJ}l'ii tfwpqtipp qwpqwgtfwu wtfwpmpg hlimn, ow[
pw~np tfwpqtipnttf uu:rawumtf tiu pumliuup~ q.tillmq.wg}lnu UJpngtiu'iititJ, 
npnup urumpnwuwpwp plipnttf tiu ntitJtti:pp hwtfwhwp:ratigtfwun: 

.Pmu UJtwm:pnptfP qwpqwgnnfn I!u:rawumu t Jmpwpuiu~mp mlilr
umuwqwu 2P2unlmttmtf U!twm.')?nptf}l Ql{tfwtfp, npu ptipnnf t antfwJpu 
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npwuuqpliupwjp h puwl{wuwpwp uumtfwopullpp qmmwlrtftiili{!: ",ptfpu 
nJlllhtfmtf t wnw'iiapu ptnlfulipp, wnw2wumtf liu u}lulilJt}lqullpf!: UJ'iim
ltimh rlmJutfmtf t mtil{mnuwl{wu zwpdmtfutipp mqqtfwant:raJmu11 mwpwo
JD wqwmtfmtf t 2Prg (nllqpliupw), wnw2wumtf liu Junpztip; angtlp, npnu
}mtf l{nunwqtjmtf liu waJuwptip uumtf~oputip (junuw~ qt}ltfwJp U{lUJtfwu
Jllpnttf), wqwJpU qmmwl{nu:ffitip (~np qtJttfwJp UJWJtfwuuupnttf): .3mpw
}wu~mp mtil{mnuwqwu 2P2unJtnttmtf untum:pnptfu liurowpqqmtf t uuq.hw
mtp pwpapwgtfwu; npu tt plipnttf t upw LPM ~npwgtfwuu: 
• Uphlltw-bllpnUJwqwu qwtf fi.muwl{uru UJtwm.')?nptf}ll{pw uuq.hw
.mtp pwpopwgnttf[! mtiqp t muliglltq.titfnup uqqpmtf (l{w[Uqn'iiJtuU g}lqtltg 
hlimn), mppwumtf (htipgpUJWU gplftltg htimn), ulinqtiumtf (WlU!JWU gpq-
lnttf): . . . 

bpqpp tipl{pwpwuwl{wu qwpqwgtfwu U{WUlUntJOJW.u IJUJOwgpmtf 
J!WqtfwroM wuqwtfullp qmJut.ftit liu UJtwm:PnptfUllpp h qtinup'iil{tpllwtlltipp 
qppptip{!: {Jwpapp qw, np wpJuliJnt.tf U{[wm.')?nptfulip ~liU tiqtJ[ i.t UUpqWjpU 
:rwJpgwtfwputipp wtfpnq2 tfwqtiphntJIOI! wuunl{np zwpamu qlinupuln}l
•twt'iilipnl{ t awal{l{wa liqlit, npmtiq I!urowgllt till wl{mpy mtii{mnuwqwu 
;~wpdmtfutip, mdtiq tflimwtfnp:ppqu (twJU tfwqtfwmpl{ qnpbmulimroJmu): 
<Minup'iil{tpllwtulipu wumpnwuwpwp t{tipunpnJut[llt till gwtfwpp owww
rllnuwtfnp qnuwutipp, m l{npglltitntf ppliug wl{mptfmroJm'iiD. tiurowplft.Jlit nu 
Jtumtiuuptf ttlwgmtfUtipp' hwprotigtflit h l{lipwOtJlitliU UJtwm:pnptflltipp: UJu 
CiWUWUJWphny tiu tfpu~ptitfpJlJWU dwtfurumqulipntU wnw2wgti[ UfiWUl
~mptfutlpf!: UJumhtimL upwup iunznpwglit till p hwz}ll{ unp qllnupuqLJtumt
hllpp ¢.wqtfwu: 
• Oqmwl{wp hwuwanulip}lg mwpwol{wo tiu' tipl{wra}l, tfwuqwup., 
~mu:pnpllUlutipp, pnpupmulipp hwupw~wJpOpf!: 

bn4nw4b~~~ w4~~~wg~wo qnGwfibp~ 

",limU{t ~nptf WJpU tnllqumuwqmu qwpqwgtf wu wnwua uwhw
tmtl{ mpUJ t tfP ZlUJlP ttinuwJ}lU hwtfwl{wpqtipp runw2wgmtfn: qliumpn
~~wqwu UupwJmtf qmutfnq SJwu-twu}l, UtromJJl, UwJwuulipp plJlpap 1un
~~wzl1ldwulipp aLwl{npnttf[! i{WU{l{wa t n~ roti unl{npwqwu qlinupuqtltliwtw
pu qwpqwgtfwu nt tJ!wqtfwu, WJ[ UfiWUL')?npup wl{m}llJwgtftuUh1Jtn: utip
lwjpu ttinuwzl110wulipp lfwJpllpnltf UJWttinqnJp t.Jli[12mtf mwpwopn qwp
' :mglit t npUJliu U!twtn:l>nptf L hlimwqwjmtf q.liumq.wgfn:UJnlf ntith:pi! hw
t.whruprotigt[ll[ t: Uwl{WJU ulinqliup L ~nppnpq.wqwu U{Opftiululipnttf lUJU 
tppmwuwpq. UJlwm:pnptfP. qpwqllgpwa mwpwapmtf ul{uilJit L f!Urowgtitliu 
zwm wlfmM mlll{mnuw4wu w4mMwgtfwu zwpamuulip; npriup tfwl{llpli
t:mtf wpmwhwJmtJlit liu lip4pwqtiqhp J!Wpapwgmtfulipny L nl{mtfullpnl{: 
llju clWUWUJWphUtlpntf llu WnW2Wgtit SjWU-twup pwpapmplipa nll[pti:p{!, 
tpmtiq tlinuwzlliOwulipf! htl:prolllllmJutJmtf liu JunP:I! tflt2tlin'iiwJpU P2tfwapuli-
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pmJ qwu I].UU[pliupw~llpntJ: fltQrtUI6pq mtlqmn~mqm~ zwpdm~tlpp [WJ
UnlJJaD qwqumu t UnmwtJnpwUjuu 9-10 l[tf : ltln~wqwmwp~tlpp~ lllllih
tqUI~tfllt tru hwpJallgtJwb mliqwuwullp, npn~p wnw2wglltllfl qwpqwguwu 
uttwm:Pnp.UwJp~ tmmtqmu: UJq uwqlipumJJaUllpt] qwuwpwou bmlwb tru 
ttin~llp.p pwpopwguw~ c:twutclimq L upwc:twumuwq t[P.2tlln~wJP.& P.2-
tJwbp~llpntlf bmfwb' II~ hwqwnwq mqqmJaJUIUJ! · up&q[p&wtwuum~ tiu: 

IunppwJp~ J!llqtJwbpullpp hwt.fwqwpqt], hwmqWUjllu ttin~W2QJaWUli
p)l P21Jw()pullp.p uwhuwuullpmU qmutJnn (!llqtJwbp&llpt], llpl{pwl{tlr)un (!W
c:twumu tru wnw&o)lu UtiawJ!lilfnp.utipp, npnup mwppllp wpwqntJaJm&&ti
pntJ zwpc:ttJmu ti& l{wt.f U)lu~mJ& l{wu mwppup. mqqmJaJm&utipntJ: U.tppw
tJnp. tiqtJwc)putip.p qmqwqqmU[! plll{npwjpU zwp.c:tnt~llpp hllm WDW2Wg
UntU uu SJw&-Cwup. Jmpwhmmntq qwnmgtJwbpn, nppu w~tJ~mu tru &wu 
plilfnpw-wlftpwifnp ftU/Ill1l}g: I> mwpplipntJaJm& SJwu-Cmu)l, UuawJ)lttln
UwJpu tfwpqmu qup.mfr2mutf liu UliawplilfnpmJ)l& qumntgtJmapulipn: 

Ujutq)luntJtlln&wJ)l& lfurmugtJmbpulipD num )lpiiUg umpmlfmmp~li
p}l 4lUJU1IIIIU t}l&llt b'urtpwtJnp, tllibulplilfnp-wt}lpwJ}lu \J Ulibulpliqnp.wJp~: 

.Rwu}l np tlliP.D JatlwplttJwa tlln&wJp& qumntJg&llpD wnm2wgtit IIU n2 
Jall qtlnu}lulft}l&wt&lippg WJl tq[UJtn:pnp~llp)lg, mumtfUwu}lpnq~llp.n mnw-
2wpqmtf tru (tJ.. U.. Oppnt2L) wutJw~llt tJtlpwa~tJwa, }lui[ tJ.. tJ.. Plltnmunlfp 
4nnupg WDU12wp4tJllt t' wl[cnjufwgt[wb Uflliili1.Jmptf&lJp : 't.Tllpl[wJmtfu tWJU 
lfppwnntU mu}l &wu tli[ftliffWm.jJnptflU)ftfi mut{wumtfn: 

OLI.Lt~w(inufilip~ hWUlWI.t~ UUlpnLI.tUlnLpwfilip[! 

UnwtJllt qc:tt{wp t otJllpw&nu&llpp umpntqmmpwUtlp}l munttffiwup
pntJaJnt~&llpn, pm&)l np IlJntp)l~ 2t ~pw~g uwu}lu liplfpmpwuwqwu mtl.Jwt
~llp}l hWJJaWJJantUt]: fi.llt}lll:p}l \J llplfpw:p)lq)lqwqwu tntfJUI[Ulipp mumU
uruu]lpntJajntUUllppq wmu~ouwqtJmu liu llpl{m hlnffiwqwu qrnmugtJwbpw
JPU mptqup. 
l) otllfpwunuwJp& uttwm:t>nplfutlp • pwflliWJl[plllll1l1fJ&lip (hmu. pwull/WJ· 

antf), 
2) ulipotJll}lwunuwJpU zwp.c:tnt& qnuwulip: 

Ehrqwunlfrmnnnp&llpn qpwqlig&nttf llu otll{}lwlln.uwJp& hunnwlfp 
qqw[p lfwun u \Ip.UJw&gpg pwc:twutJmu IIU wpqll[WJaUplipntf: q.nqwtfnpnt
JaJnt&&tipu m wpqh[WJaUplip~ P.&2 np up wum}ltiwup qwpn:q tru hwtfurqpli
tP t}l&llt tf wJpgwtiwpullp}l wum}llft}lqulip)lu u uputq[pq&lip}lu: 

't.TlipotJlipwunu~;xu}lu zmpc:tnt& qnmpulipn mp.mwhwJmtJma IIU tfP2w
IlPP otJllpw&nuwjp& tlln&W21lJaWUhpntJ, npnup qmpntu II& pntnp otfllputimu
ulipn: <\,wtftluunnwpwp twtJ t mum~wupp.tJwa tf]:i2}lu UmtwUtnJWU thn
&wzllJawU, np.p tWU2UPD pwpt].bgtfwb' uu tJllp.ulimpUIJp& tuwtumntlf&tipmJ: 
Upwup tt ppllug hlip.JapU WDUl2WgUntU u& uwuqmqpwoL DU[pll:p, puq 
qtrumpnumtf 2 f[tf funpntJaJWUp P2tfutbp t (qpwplifi) wnw2wgwb [unppw
JPU plil{tfwapulipmf: 
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U}l2UlllPP otJllpw&nuwJpU pn[np. tlln&W2QJaUIUhp.p qntUWitWJpU tip
qwpntJaJntUD wtJtltP. pwu 60 hmq. l[tf t, puq tWJUntJaJm&ullp.[) mwmwul[mu 
II& 2000-3000 l[tf uwhtfwuu!Ipntu: ltinuwzf!Idw&tip}l wnwull}lu qwqwJa&llp 
2P.P9 l).lltpu llu qwt}lu qqq}lullp.p muupnl[: 

Up2wq}lp. otll{}lwunuwJp& t tinumzllJamUllllu mull& hllmuJUll wnwuo-
uwhmml[ntJaJm&uhllD· 
l) Stlqmnuwl[wu zwllc:tmtfUilp.}l pwp611 hwl[wqpntJaJm&n: 
2) ~wpoll2llpUWJPU hnupu: 
3) I>umlluuPtf uwquwm{lquu: 
4) <\,w6w[uwl[p tipqpwzwp.c:tlip£!: 

OtJl[pwunuutipp wnw2wquwu \J qwpqmguwu uwup.u pmqtfWJalltf 
l[wpb'pp&up l[w~: ~IlUlUlUiuqpulillP. qlin~u gmJq t mtJllt, n11 ",&qqwqmu L 
UtntWUlllJUIU otll{pmunu&upp hwmwl[u mu)l nt2 jntp.WJP hwuwq, qlltqp tfP-
2UllJPU otJlipwflnuJWU ttlnuw2ruawu UIUfUlp&upu wtlUtll bu llp!lmruuwpqw
&mu: Upm&pg qwplltP. t llqpml[tug&IIt, np Umtw&mJm& u \uqqml{wu otf
l[pwunuullp.£! hwUliU"UlUlwpwp llppmwump.t]. tru: 't.TntJU hnpunntfwtfJ! 
tqwpqtJllt t uwu Iuwqwq otll[purunup mwq UntJU tJllpp& BmpwJ!l hwmul[!l 
wtqwpullp.u tiu, uwqwJU npnz WJt mtfJwt&llpntJ Iuwqwq otll{pw&nuu wtlll!P 
~t ' 

tp~.tpwpwfiw~wfi dw~wfiwl.t~ uwfiq~w~o 

bpl{pwpuruntJaJntU£! tJllpwl{wuquntU t tipl[[lwl{l1rtL!l ouwtJn[ltfuru L 
qwp.qwgtfwu, upw t{p.wl{Jmupp lJmJwguwu uuiawgpmtf llpqpwpuruwl[uru 
ppwqwpomJaJnt~ullpp c:twt.fw~wqwqpntJaJWUf!: lllwmtfwl{wu hpuuwquru 
«t}lruumWJallJallpn» npn&gntf llpqpwpwU&llpn qUipllilttf !I& bpqp)l tqUIUltfm
JaJntuu· WtqUipUUp.U liU \J Upw~g tfll2 qlJuquruwqw~ nt pmuwqwU W2tuwp
h\ilipp Ulipl{WJU19ntgp~ulipp ppWOn lf&wgnp.t].ullpu: bpl{p.wpUIUWqwU hli
mwqntnntJajlllUUUpp qwp.LnpmqntJU hwmt{wauup}lg tftlqn llpqpwl{II.qLJ:! 
qwqunq wtqmp.&IIp.p hurumqp npnznnfli t, npn&g hwtfwp q~ tiP zwp.p tfti
Janq.&llp.: 

UcnpwcnftqpUL'pftwl[wfJ (tUlt.n. Ull1fl1Ul11111U 2llp.m) tllifiJI1IJ[J hptfUn
tJwcr t &umtJwbpUIJ!l& Wtqwp&IIpp zuJlmwlJnpntJaJntUUli[lll hw2n)1Ilwqw
UnlJaJm&&llp.p hllmwqntnntJaJW~ t{p.w: bzaii anlJtmlJ!Ipnttf L qlimli[l!l wt}lw
tfllpo qnmpullp.p hwmwl{wJp& uuruntlf l[p.wpwpllp. IIU, !lulf tJllp.lmn[ wtfw
qwpwplill, mutw p&wqwuwpwp qpmpwpiipu wtJll!P hpu tru pmu wtJwqw
pwpll[l£!: U.jutqpunl[, umpU1tnpqpu$!lwl{mu UliJalll].llt{ l[wp!ItP t npnzllt 
zllp.tnll(lp WDW2WgU~ hw2np.qurl{WUntJajntUD L UlU{W{lUllpp burpwpllp.w" 
l{wu hruuwqn: fi.lltflll:pll WJU tfWJpllpt], npmllq npnzmq}l mwpwb'plt t{p.m 
llpuntU II& mtqlUil&lip.p zllpmlip.n, pwg tflttiwqmu wut{urunttf liU lipl[pwpai

fiwl[wfi tfllpl[wgmtffilip : 

271 



bpl.[ptlq1m'Uml.[wu l{mptlwaputrpu upt.fJm'Ug htim hwilllt.fUIU1hlm hw
t.fmp oqmwqnpomt.f tru tftpn[nqfnol[wfi lilipniJ-!J, npu hpt.f'Utiwa t umgup
'Utrpu uum pptiug l.[wqtijl. hwlltrt.fUIUllllm t}pw: UJu UUJ.dllilD huwpwtlnp t. 
l.[ppwnllt upWJU l.[wpo mwpwapmt.f Utrpl.[wgmt.flltipp hwt.fwp, pwup nr 
Umjta l.[wqt.fP uuml{wapwj]lll WU{Ulptati:p l{wpnq uta WflW2WllWl mwppti:p 
llpl{pwpwUml{wll U{WJUWllllllpmt.f: UJumti:q oqUntjdJWU t qw!lm Cifllltli·· 
nfiumtnqftwl[wfl (hlltuq1w'Uwl.[lliU) lilipniJ-!J, npu mumt.fllwuti1.ntt.f l 
lluml{wapwJ]lll zbpmtipll illl2 l{li:Uqwll]l opqwutiqt.fullpli u pmJullp]l t.fllw· 
gnflllllhp]l m hllmpllp!I wnl{WJntjdJntlll}: 

·~wumUIUll{ma t, np opqwllwqmll wztuwphl.a llpl.[pwpwuwl.[w'U 
ll{UlUlUntJ.dJWU DllJ.d11Igpnttf l.[pllt t qqwtp tlmtlmtuntJ.dJntllllup L zllpmlipt 
tijJ.L'Ull!tJll htiiuwl.[p qntfU{tllpu'UIIpmtf &mJU t.fllipqp uwhtfmu'Ullpmtf U{mpm· 
uwqfutf'llli upu'UmJ'U hpu opqwuwl.[wu pwpwgml.[ (ppwan) t.fllmgnflll'Uhp: 

UJU · wnwuO.&whmml.[mJ.dJntU'Uhpu t1 q11Iphnp hpt.fp hw'Uqpuwgw'U 
'Uuuu{wapwJp'U WUJUIP'Ullp'U uum pplllig h11Iptlq1lipwl{Ul'U hUIUwl{ti umnpw
pwchuutfwu hwtfwp: 

,Swpptlp IIpl(pulipp liplfpwpwulllipp 2wYtptipntJ: umpUIU1pqpuz.1>!Im· 
l{wll\:i ;U{tUttinl!mntnqpwl{wll UUJ.dlll1Ullpp hpt.fwu 4P11I umllqOtJ:ht t tijl.wu
uwqwu UU1pUIU1pqpuz.'l>pwl{Ulll uwuqqwl{, npntt.f IIpl{pwl{llquu qwqtfnq );!D

tnp 11IU{U1p'Ulipu gmJg tru mpl{wa npnzwl{p hU12nJUlwl{mUntJ.dJWUJ1 'Upwllg 
hwpwpl:Ipwqwu hwuwqpu hwtfmU{UIUlUlUtuwu ( UlllJ. 7) : Uw'Uqqwqnnf 
Ulntu'UO.~ptg\fwa IIu hlimuJmt umpUIUlpqpw:ppwqwYt tijJ.wl{nplltipu. 
1) ".Ultfil;lJlmJJ(lhp}t;tutfplipu, npnllp ,'Utipwmutf llli up pwllp h11Itfmqwpqlip: 
2) ~unfwlbuP:qlJp pmql.[wgwb: tijJ. pwup pwdpuulippg: 
3) .Pwdptttrp;.iiPWw &hpwnmtf till tijl.p11I'Up hllipqhp: 
4) ""wpqtip u ur4Qt_}l t.f mull :umnp~wdw'Umt.flltrp: 

Un~tquwgl{ma zn{lUlWQpwqWU tijJ.ml{npulJppU hmt.fWtqUIUllliU· 
tuwu uzml{\fht.t b11Ipl1Ipl:Ip~~wu llpl.[pwdmtfwllwqruqpwl{wu uw'Uqqwl.[u: 
Uwuqqwqmtf' dUluw'inul{u DJW:Hf ouml{np~l tiu hwtfml{Ulpql:ipp tut.fptlpu 
qn1_l{mtf t l:pw, hw~mqtupqpft hmtflUU{UIUlUlUluwllnq ctwtfwuwl{u' utlipft· 
IJI). pwdupu· tutnfi.uu, hllipqhli: IJUIP: bpl{pp !Ipl{pwpwutul{ruu U{WUlt.fmra
Jm'U Utr2 runwl16l!ipgl.{wa t 5 'qi-.p· 1) Up}uliJwU (hmu. wpjuli ' uqpqp, 
qnftl[nu' lijw'UJ!) tpw, 2) "l[inml:ipnqhJWU (hmu. UfJ1I1cnlipnu' wnm2pli) tpw, 
3) UJUit1IniznJ(ll'U (hmu. Cifllltlinu' huwq_ntJ'U) tpru, urwtl:inqnJmu hwtfml{mp
qp }umtfp, '4) UtrqnqnJtilU (hnt'U. lfllqnu' t.f]121Iu) tpw, UtrqnqnJWU hwtfm
qwpq_ll ~t~p, 5) _ l{mJ'UnqnJWU (hntu. l[liijfinu' unp) tpw, qmJUnqnJWU hm
t.fmqwpq.p . tunt:!-fp: tpwullp)1 L hmtfuiqwpq.lip]l tutfplip)1 wuttmumtfutrpu 
ptur\qmgwcr hihuwqmu pwnliJlli qmqnp1pmfpg, 11Ipmwgntmtf l:iu opqtu
urnqw& lt.Jw'Upp aUnt'Uqu m qllipqmgntt.f[!: 

4Jwupp ul{]lqpu l[lliU{llttf II& rnnw'Lftlr h]lu WJl}uliJmll l;p.mJp hum, 
ul{qpuwqwu 4Jw'Upp tpwu U{pnmtipnqnJm'U tp.wu t , huwqntJuu' lllWtlinqn
JWU, llP2Plltf UtiqnqnJWU u unpmqntJU l{jwupp tp.wu' l.[mJ'UnqnJm'U: 
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t pw, Sltnl)m- ::> 

'll.tip~ 
Q. 

~ !<~JntU , -'=' Auct~u ~wpq tunuff! ~ 
,J..J (u~umtiuw) ~lU - mwpl "" ~ ... . 

ctwtf u.iu wqwl!11g 
I hn[ngtiU uumtlwb'putin I 

I 
:Jnppnf1IJ.Wlfwu 1,5-2 Q {mz I t{unh& m '~~n ml wu 

ti lll\l!JU- tfll2~U lllh9hu )imnnnnwl!wu 

;:r tnngliU . tl~n tl!mn m11!111TUlUJI.iwu 

j 26 N 
I Uj[tingliUJWU N2 5 huml 

j 
ulinqtw1wu I ujmqtlurw'U N, 6hwn 

O\~qnqtiU 2htu]l --
'1J W [UnQ /JfljW fJ 41 p l;ngli'U 4hUJn 

llllwrlinqliu 2 hwn 

70 K 
ltltiphu 5 hwnll 

~ 
l[wrf6ft utnnp)lu 4hwn4 

tltinhu 4hwl!!l ---
.;1 BntpWJft 60 J Uh9hu 3 hwp(J 
8 Utnn(lpU 4 hwnll CD Q' 

~ ~ ~ 11./tinhb 3~ 

~ Spftwuft 45 T I tfhs>!Ju 2 hwcll 
c.. UU11111hU 2 huipl.i 
~ p tlllnh'il 3 hwnl.i 

~ ITJliplift 45 UUlii(lhU 4 huiTl4 
tftiphu 2 hwnli 

PwpwtYjuWJft& 70 c Uh9hu 3hwnl! 
uumnhu 3 hwnli 

~ tj:tiphu 2 hwnl! 

"" 'J.lirfn&/1 70 D illlslhu 2hwnl! 
8 UUliifi~U 2hwnl! 
Q' ltllinhu 2 hwnl! a- s ~ llftfntp/1 30 uumnhu 2hWJ:!~ 
8 ltllln\1& 2huml.i 
E' 

0 11'\ls>hb 2hwnll (}piJnrfft{fft 60 
utnnnhu 2 hwnl! 
t\tinhu wnw'U&uwqtlwb' ,nu 

.Plicfppftft 90 b tUh9hu 2 hwnl! 
uumphu 2 hwn~ 
t{IIUn 

b fll2 U{Pntnli[111qn} ilh:Pill R 

~ ~It 680 
J:J.;~ 

U"ftpft& Ptl 
til ~§. U/!1ntnl!f1[JqnJ 
E' r..{/.IIIf 1000 Pt, t E' umncnllf1[JqnJ 
,::r 

Up.JuliJWU Ar >2500 

Iumtfp, upum!Itf, pwdpu, Jwpnm L hwtfwtqUIUlwutuwu ctwuwuw
ltmJp'U umnJlmpwctmumtf'UlipD nl_ tf)lzm t h'i!wpw4np npnzlit pntnp pwpw
'JWO opqw'inul[wu t.fllwgnflllllllpntl, pwup nJl l{li'Uqw'Up'Ulip)1 npnz mliuwq-
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lillp qnJwmhU[ Ill! Upl{wp Upl{pwpwliwl{wli dwtfwliwl{whtmmlwbnnf h 
¢mlml.utllll till 2wm qwliqwrr l..rumt.{wb"prnJpll UIUfWilUlipp umnpwpwdwu
tfwu hwtfwp qwpL.np U2WUWqnt{ajntU mul:JU qhqwt{wpnq llPWbnuhp~, 

npnug mtiuwq~ h Utill{! wpwq till ¢nqmlutj"mtf h mutill [WJU hnppqnuwqwu 
mtupwbnttf: 

'ltiqwtj"wpnq ppwb"n mtiuwqutipp (:Ptnp.w h :pwmuw) wpwq ¢n¢n
luntJdJntUIJ pupnnf t up.wu, np Jmp.wpwunmp. 2lip.mp, I.Jwtf 2Up.mlipp tut.fph
p.pu pwdpu t Dlii.Jumt.f }lp.Uu 11unpn2 pwpwgwb" ppwanlillp.~: 

'1.1Iqwtj"tupnr] :PwntliwJp h :Ptnp.WJp qpmwpqt.fwt.fp qpwqtj"mt.f till 
U{Wttinumntnqpuru h tl{WUltfwqwu llpqpwpurumraJmuu: 

··l.{wq h t.fwuwt.fp tfP2Jtu tqw[tinqnJWU dwtfwuwqw2p2wuullpnttf 
(pUtfppp, opqnt.{pq, up[mp) nptqtiu I\hqwtj"wp.nq ppwan hwuqhu hu lli.Jht 
tfwhwgwb" pwqtfwralt4 wUnquw2wp. qhuqwupullpp I).WUllp, npnup tfnm llu 
}ullgqllmuwutfwuullp}lu' mpp[nppmuhpn: UJt2}lu h nt2 tqrntllnqnJmt.f mpp
tnJ!ptnuuppu nptqtlu qlll{ult}tupnr] ppwanuulip qm}uwp.]lullt nu munmwu]l 
¢.unltqwt.fwpupuullp.D: UliqnqnJWU t'p.WJP hwtfwp ihpmwqp.wquru tfho 
u2wuwqmra1mli mutlU qi.Junmwu}l ¢.unpqwtfwptf]luuhp.D· wtftfnupmuhpu u 
ptltUtfPmutlp.n: l.JwJunqnJwu tpwJp hwtfwp np.tqllu qtil{w4wp.nq pp.wan 
6ullp hwuqhu tru lil{ht ralip.rawtunltl{ul4np.ulip~ qmpnmwlip ¢.unpqwtfwp
up%hp.u h WJt'U: 'lltu[IInqnjnttf mbq]l t mubgll[ gwtfwpwjpu l{jwupp 
b"Umuq m qwpqwgmtf~: qwpL.np f.tpwqwpamraJmU t bpi.JllP tqunntfmraJwu 
tfh2 UflUtlinqnJp tlbP2nttf unqmuullp.]l wnw2wgmtf~: Utfpnq2 tfhqnqnJf.t ~u
)dwgpmtf gwtfwpwjf.tu nquwzwpwt.{np quuqwu}lutlpn m)l!lmtqhtnli:t nu gw
tfwpmtf: Upwup muhght tiu huqw tur¢hp' 25-30 u llpl{rnpntraJmu, lO u 
J!wp6pnt)dJntU: UllqnqnJrnu t'prnJmtf bplfp.)l tj"pw hwJmtitlht Uu oqwJflu 
wt{wqwuu qpwtj"nqulip.n' JdDtllfl unqmuutipu (tflll\huullp.D) m JOnimuullp[l m 
b"ntJ"wJpu wnw2]1u unqmuullpJf aquwtfnqtiuullp.£! (lt!utnflnqwtj"p.u!Ipu m 
tqtllqfmqwtj"pullp~), npnug uwjuu}lullp.D hwtj"wuwpwp l:iqlitllu gwtfwpwJpu 
unqmuullp.D: UJ1WUp hWJltfwptlht hu b"ntj"wjpU tfP2wt.frnJp.Jlu: Uju UntJU 
dwtfwuwi.J hw~tqllu IIu IIqtit uwu wnw2pu IIwrauurumuu!Ipu: UllqnqnJwl! 
tpwJp tltJp£mtf wt.fpnq£ntJ"ltu tfwhwumtf UU pntnJl q}lqwum unqmuuupu J.dh 
b"ntj"mtf, rall oqmtf, [<lll gwtfwpmtf: 

l.JwJunqnJWU tpw]nttf wtfhuw[WJu mwpwb"nttfU m qwpqwgnnffi hu 
wtqpnttf I.JWf<luwumu qlluqwu}lullp~: Cum tntf<lJWU wJu tpwJmtf quuqw
uwl{wu W2JuWJlhi' <Hlnp t ptipnttf dwtfwuwqwqJlg mtlup lJ mtiqp t mutiumtf 
tfhb"wqntjU ljwp.hnpnt[<}jwu ppwqwp6nt[<ljntU' huruq!Iu t qW[pu tlWJlllU 
(tfntn 2 tf[u. mWJlp wnw2): UlJUllltitfPqnu U. 'lJ. . '1lw4tn4D wnW£WJ11.Jht t 
tfurJlqnt ltJmup}l hwuq!Iu qwm rnutj"wuht wfJppnUfnqlifJ (hmu. wflppnupJU' 
tfwJlll): 
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U238 ~ 8He4 + Pb
206

, 

U235 ~ 7He4 + Pb207
, 

Th232 ~ 6He4 + Pb208 : 
Utqrn!lulipJl hwuwl{}l npnztfwu hwtfwp wuhpwdllzm t npnzht mpw

u}l, ranppmtf]l, nwq}lnqllu qwtqwp}l h upur }lqntnntqrnJpu qwqtf}l, puttqhu 
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Q.Ln Ltu XVII 

br~rP b4 br~ru~b~b4P Sb~snuu~uu 
~UrQ.UfrUUu 4UP~UOubr 

UJdu bfll{pp u upl{pwl{til.luP. wnw2tuquwti;'muq\i'muwl{wu qwpqwg
uwu tfllpWJ!I:ipJmt wnw2wpl{tj'wa l:iu J:!wqifwraM l{wp.l{wautip: l{wpl{wa
utipp WJUU{pUp wnunnntJOJnLU[) gntjg t tnU:qlni, np tfll~ ql:witrwpul:ip[) bflqpp 
uwu]lu )upum uwhuwuun}nuq l:iu: '11:inLu Utnntjq UflliPCJarPUiUtj'wa ~t 
Pll2_U{UU t m]lliqtipwqwu tulipqjlwu wqqrittf mti!{timflwqwu·•iQim:glluulipp 
t{pw, ullllutfmou JOll' uuqwpowqtj'mu t lipqpwqntuq'if, pt~uiJmpfrliu bflqpp 
)unpu hnp}lqnuullpp 21:ipuwumpowuuttpD, l'UllfluriutJflp ' qwquu;·· tfwJpgw
uwpullpD hnpjlqnuwqwu illi:a ml1i'Jw2uipdllp qwtnwpmtf' tit~ t<lti iif L J:!Wq
tfwra]ltf WJL Juuqflpullp: tl.Ju L mJt pwqtfwralttf htupgtipjl tmb'tj'wcr hP.utim 
[dntJ( iUU mwtlm ullpqwjntt!u umtiqCl'ti[ tipl{piuquqp WDW2WgUUIU u qwp-
qwguwu t.fpwuuwl[wumtiimtraJmu: · 

UwqwJu qwu up 2wpp tfwpqwaul:ip, npnug ntllllnLJOJWUp w21Util-
mwuputip tiU qwmwpymtf uwL WJdU: . . 

l.plumpwqglmu tj'wpl[wb-D wnwl{tit hpu mtiuntJOJmuutippg uul{u t u 
qWU{ywa t wptiqwquwjpU bwuwqwpqjl un[npwqutipp 2fllfwgwa ifjl~wUW" 
amraJmuullpflg lllTlW2wgtfwu lwU{[wup l[nuunqnuP,wQiuu t{wpqwct~ hUm: 
Cum IUJU tj'wpqwajl uw)uuwqwu 2P4wgwa llpqpwqntflilb' t.tiump6wui.Uptup 
uwn~nnf t wnw2wguli[ny l[n2m lipl{pwl[liqL: burawqptj'Il'ti.f t, tlji'iri.Unimtfl) 
[llirawumu t upu~ WJdU: b1.{ pwu}l, np tipl[pwqlll.lLu .l{n2tH· qiumuj~{t, WJU 
hum t tfUmu ullpppu uwulipp awywllt uliqtfmtffitippu L qp6urtnnttffitlpjlu: 

~wptftupt{titn4 lipl{pwq&qp &lipppu aw!Jwtli ·.qmppwqifwtri tipqptiJ~ 
qtiqLu JunruuumqtJmtf t L qtq>nptfwgtJmu: Unw2tufiniif 'tt~i '6l{tJt®"pul1jid L 
hwpwptiilwlfwl! pwp<'lpwgmtfutipu: lflib' [tupywani[.ijriiuftlip}i · 'i}:l'iujl)lntf 
ml:il.l]l lll! mutiUmu qnmpwmmtf'Utip L wnwl!opu p[nqulit1li '.ftfitritrtni}ly P2U-
gmtffihp: . · · 

UJu rtnl{ullrD qnpamu llu utltqllpp uuwu L wnw2uigbntu· tnt liqpw
JPll OU2nttf'Ulip, npnl!p WU{W}1llUpjll! hUJOwpqmu Ull awwwl{nflriiJOjl1tllllUpp, 
wnw2wgulltntltlinuwJjll! hwuwqwpqllp: UJu ywpqwb'[l uuqntutflii. t 2unnll
pjJ. qnqtfjJ.g L mjlpun.qUmtit unm qtlu qwp: lflttuJU 1906 fd. '0. UtfU{~tipllp[l 
puuwqwmtit t WJU, npjlg hl:imn tfwpqtub"l) wum}lotuuwpwp qnpgpllt t hlitll
lllllfdjntU[!: 

UJu ywpl[wap rallpntraJml!u WJ& t , np iP pwgwmpmtf aw[pwtfn
pntfdJWll UfwpplipwqwumraJmuu, ntllllwhwJwg pwpopwgnnfulipu m P.S?II
gmtfu!Ipu, mJujlupu l:ipqpwl[!IqL}l murmwfull.lwqwl! 2wp<tnttfUI:ipu: 

0. Sm. Otflnl.mjl IrillltfPg llillW2WJ1lrtltub" !Ipqpwquqp «UtuDI])) wnw-
2Wgtfwu tj'wpqwb'[ltfup2uwl[wuwUJtiu qmpu tfqtig qnumpwqglmu mtiumra
Jm&u: Cum unp tfwpqw()p bflqjlpu WDWS?Wgllt t UWDD tfwupwqntJU tfwu-
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Upl{llupp ppwp unuuoylitm 6wuwtqwphny L lfpwJU upqpwquqp 6Lwynp-
4fitmg huum upw uupunuf uquynnf t l{nnnwl{Yfit nwq}mquu 2lipUntfaJntU{): 

UuqJwt qwpp 70-wl{wu fatlwl{wuulippg l{numpwl{g}mu mliuntfaJWU 
uptnPD Unp Yfipwc)umuq t WLLLPlit: bpl{pwquqp uhrjumun lt"WlllntU tpu upw 
c)wywtlt qmppwguwu hlim' It"Wllltlwc) qpw4ltmwg}mu }umwgmuulipp L 
uwuuwynpwtquu liufawl{hrjLwJpU UJntfap tqnlltunp:p Yfipwqm}unnfUup~ 
hum: Ujqtqpup oppuwl{ t c)wnWJntU Otpypl!p wugmU[! ztqpUlitP.. npp ull
faWgpmu tnuqp t OlUUUntU upuup.wtp c)wyWtP qmppwgmU 10-15%; bpqp~ 
zwn~yqp qmp(lwguwu tqlUU16wn t uzlfmu UJLUUlJWUp UJmfap qp:plipliu
gnnlu: trnum(lwl{gJ:mu llnp mwpplipwl{p mliuntfaJWU It"Illltffiwqpgubppg bb 
U.. S. UutmUJWUl), q._ f).. lMqpppu L mppzubp: 

Uwl{LUJU UlUUlltfaJWU unp mwppbpwl{u tt mubp up 2WJ1P pwgfan
rtmtffibp L faUpntfaJntUUlip, uwuuwynpwtqliu q<.tywp l{wu ralJpp t pwglUUlp
ymu YfiitP.u fapl{futgp m lipl{pwl{firthp ulipm l{l.UUJU m qwpqwgmuu, lP pw
gwmpntu tfwqULUUlpl{ 02W}uUu[1p WUW2WgOLU[! L uwquwmpl{ pwpq. tqpn
glluubpu, olfl{pwunuwJpU h uwJpgwuwpwJpU l{lirtLulipp qwmugywc)pubp~ 
mwpplipntfaJmuubpu: <\,wz4lt W wnumu lipl{pwquqp mwpwgntU[!, ~P [!Uqp
l{mu mpliqlipwl{wu tubpqpmJp WrtPJmpulipn 1.1 wnu: 

'llnquwg}mu lfwpqwc)n 1920 fa. wnw2wplt"Yfit t {[. Au}ulip~: U.Ju 
mnumfaJmuu [!Uqmumu t l{numpwqgJ:mu mliumfaJWU hjnffiwl{wu qpntJta
ubpu l(UllllYWc) lipiwwqu.qp UlifiUUwlt hbtn: '\lirtltllwl{u qmp6mu t WlqW
gmgtl[ np lipl{pmlJllrtl.tp UlifiUUWlt qwpW2[12wUltU[ll) hli[lfawtPn}ulfmu lib 
lWJuwguwl! I}.UIPW2[12WUUllpn\f: bpl{pwl{tlrtLp 6quwu qlitqpmu l{lirtU[I 
pwpwl{mu t h 6l{ynuf wnw2wgull[ny qtlnuplll{tpuwtuli(l h olfl{pwunuwJpb 
qnqwlfnpnlfaJOLUuup, pul{ UUfiUUWU qtltqpmu uumywc)putlpnlf [gywb 
6l{L{wc)putlpntu 6hwlfnpymu tlu c)mwupu, UWJ(lgwuwpubpp h olfl{pwfulu
ulipp tunzn[l Ulic)wplil{n(lulip[! Ulil{[! UJmup. ttl{LUUluwup tnlirtwzwp<.tlfmu lib 
h hwpuwpymu l{p6wml{wc) lipl{pwl{lirtup uwl{bplmtJfaP.u: An}utlpp ywp
qw~ w pwguMpmu utlrttftfwu hwunuqhwump ohlip[!, npnup hlipfatmlm
Iuntu UU 6quwu tlmtttlppu: trwwwwnw2wguwu Uli}uwupquu uuwu t 
qnumpwl{g:tmu ywpqwc)P, wnw2wpl{wb" Uli}uwupqupu: 'llnquwg}mu mlium
faJWU Ul{UIUlUWUp wulfutnwhntfajnLUU WUUUWJU hwywuwl{wUntfaJWUp 
upw littfmu qpntJfaUtlpp huwgwc) [pUb[U t, uwul!wlfnpWU(tlu tlpqpwquq~ 
uw}uuwl{wU zpqwgwb" L{p6wl{mu wuum: 

\Jl{wpwqp\fwb" WJU lipl{m tntluntfaJOLUUup[! hbUlfmu nu tlpl{pwl{lirtL~ 
qw(lqwguwu qnpb"mu bpl{(lp utlpppu tuli(lqpWJP WOW2WU1W[l I}.U(lp lf[lw: 
UJu ywpl{wbttli[l{! Yfiflwplipntu bU :pppupqup ywpqwc)ulipp }uuppu, 
WJUpUpU lnu l{unqmu tnlll{umuwqwu zwp<.tmuullp{! UWJ(lgwuwpulipp hn
[lP,qnuwl{wU qqmtfl mlirtmzwp<.ttlpp. htlm: 

bufawll[ll{pwl{lirthwJpU l{nulflll{g:tmu hnuwupulipp lfwpl{w~ npnz 
lWl}mY Untn t l{nutnpwl{glmu ywpqwc)pu, uwl{mJU [!Uqmumu t, np uwu-
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JcPWJntU qtlJnlfaJntU mubu qwuqwq hnppqnuwl{wu L mqrtmhwjwg l{nu
IPil{g}mu hnuwupulip (fil[. II f) : UJq hnuwupulipp mwplil{wll up2pu wpw
qmfaJntU£! 3utft (U. funtuu, l:. 1nwmu, f).. q.ppqu L WJLU), np{! lipl{pwl{lirtti
l{mu wnw2 t plipntu mlil{umuwl{wu zwp<.tnttffilip' pwpopwgnuffilipp, P2-
1{wc)pulipp l{wu uwhpp 6Llipny, UWjpgwuwpl!lipp qwu upwug wnwu6pu 
hlUUlywbulipp mlirtmzwp<.tlip: trnuYfil{gJ:mu hnuwupulipu lipl{pwl{n11Llt L 
o4IJ:pwunuulipp mwq UWUfapWU tnwpwgumu tiu n~ upLUU1UUUtl{, np{) qlinp~ 
llP uwl{llplmtJfaP9 upLumJu uwl{wpq.wl{p 4Pw 2lipuwump6wuulipp tnwp
plip tpubtu t: CLUU1 mwpwgwc) mliqwuwulipntu wnw2w~nnf tiu t{tlp[!Ufawg 
lmuwupulip, npnup lipl{pwl{hrjLp mwl{ 6Jmrtw4npymu tru L uqp.qp qumu 
tllip[!UfaWg hnuwupulippu: liJntfap tnbrtmzwpd[! tnt~$ t mutlfuttu l}lwl{ 
;•p2wqc)lipp hwuwl{wpqp mliupnlf: q.linupul{tltumtulip[! bwqntu tru ywpuu
Ji~mg hnuwupulipp lipl{m 6Jmrtbpp l{guwll qnmpulipmu, pul{ pwp6pwgmu
ltlipu' 4fipf!UfaW9 hnuwupulipp tnwpWU2LUU1UWU tnlirtUpntU: lS.l{ntU[! 
turtlil{gymu t ulirttfmuny, pul{ pwp6pwgmtffilip[!' 6qntuny }uqywc)pulipp h 
Nnl{ulipp mliqwzwp<.tmuny qbtqp mwpplipl{nrtUlip: UJu 6lmy t pwgwmp
t(mu up2wqpp otjl{pwunuwJpU tlinumzrtramulipp wnw2wgmun: 

trnut{til{g}mu hnuwupubpp \fwpqwc)n mup up zwpp wnmYfitntfaJntU
~\lip l{numpwl{g}mu mbuntfaJWU ul{LUUluwup: UJu ywpl{w~ hu w pwgw
L1pntu mtll{umuwl{wu pwpq. hwuwl{wpqbpp zwp<.tmuullpp mwppllp uzillU
Lbpu h WUtqtpumtqwU m uwqUWUlpqup tlplmLJfalt. tntll[tnnuwl[wu zwp
dmtffilipp hw2npqwl{wumfaJntU[!: bpl{pwl{lirthlt uumppu uwutipntu b"w~ 
Ijnu4fil{g:tmu hnuwupunpu pupupu lnu l{w}lllJJ mlil{umuwl{wu zwp<.tmtffitlpp 
U.{UIU16wn hwUq.puwUw[: Uzmwl{wu l{wu lipl{wpw<.tmUl{llm lntfawl{lirthm
J]lu l{nu4fil{g}mu hnuwuputlpp qrJJDLfaJmuu tlm4ltu WlqWgrngywa lt: 

UwJpgwuwpulipp hnppqnuwqwu mliqwzwp<.tmuullpp. ywpl{w~ 

dwtfwfJwqwq]lg muupm[ npnz 1wrlmtl mwpp!Jpt[mtf t U. tliiqlrulip]l ~· il. 
.li~"llJtnpp ul{qpuwl{wu mwpplipwl{ubpflg: tJ:llqllUtlpi! 1912 fa· liu.rawqpnnf tp, 
np tlpl{pwqntuqu ul{qpuwtqliu c)wc)qywc) t firtllt upw!Plt qliqhfl pwpwq ztip
umy: bufawl{firtLwjpU tqtmumpl{ qnumtU c)w~ uwqnu.rawgwjpU m<.tiipu 
uuqqpqnuf liu tipl{pwquqp uwl{tlptlup ypw wplJlltppg WflhUnttnp qtnu411Il 
pntnp mwppllpu h 6uzmu wnw2wgunrtl{liuUl(llluw}umJu m<.ttipu nntrttllitliu 
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pllllnul:ippg qlltqp hwuwflwl.fwet L u 
umptqlit nu pwpwq Iitirtllpu UjW
tllnqnjntU hwtfwptfl:it illiq illic j!ln
qp Ut:I2 · "lwuqtiw upwuuwqwu 
UWJ{lgwtfwp}l tfll2 (Eiq. 112): 
lJI:iqnqnJntU tfwqJ:lurawgmJpU m
dlip£1 WJu tfwJpgwtfwpJ:l pwdwul:i
gpu wnwu<\}lu tfurul:ip}l L Utfll- · 
pplfwu ml:iqwqmfutfttt t btfimti.jW
Jpg 1.! ~ppfiwJpg qlitqp UIJlllummp 
m UflW mllqmtf wnw2wglit t Um
l wutll.Jwu otltfpwuilu£1: lJ..'Pppqwu, 
Uumwpl{tnpq.wu 1.! Utfumpw\}lwu 
tqnl{tfllt liU Uupwjpg 1.! mliqw-
2WPdtJllt UlWflplip ntqqnt[c)JntUub
flDtf: UpLtfntmp 2wpcttfwu ctunfw
uwlf Utfllppl.fjwu lip.ijpwqllq Lu 
hwuqptql:it t untpumrnamp qpuw
l).flDL[c)JWUJ:l, 6Uttfllt CW[plipp' Uu
ql:ipp L llnMlt\lllipwuuliflp wnw-

u .1 11 li bftwrr 112 UwJpgwuwgubn~ 
2wgm n ... : Ptl.j u Wtl.jWgmJg pup- zwpctnul[! J:lUlll --tbqbubp~ h~Ujn~bq~ . 
tJllt hu qbnq!Iqpwqwu mtl.JwtulipD U) ll~fll!C! 300 llLii. lllWfl~ wnw~ (l{bp~(i 
(Uilp ctwtfwuwl:[uliflDtu }lppll 4wppnu), P) rWfll!l! 50 tlLii. lllWfl~ wnw~ 
q.pliutwuqpwJp bnp}lqnuwlfwu (tngtu), Q) 'l~fll!!! 1 llLCi. lllWfl~ wnw~ 
mlJqW2WfldUWU) l:[liUI).WUpUb[lp (l{WfllnflnflflW~W(i) 

w2fuwphwqpntJaJWU (upuz tftiqnqnJWU -l>IDPWJP L :PwmuwJp utfwumraJm
Ull hwpmtfwJpU tfwJpguHfwpuliflOttf), huwlf\}luw1wqpmntraJmu11 puztqbu 
uwL {J;tfUp}lqwjp wpL!iuwu wrpwqetli{lp L lipl:[pwpwuwqwu UID{lDtqmm
flWUbpp U,UWUnt}<lJntUD btfflOUjWJp wpLtfmmpp !J lJ..'Pp]ll:[wJ]l UUlflDtl:[tnm
pwuhpfJ.u 4 wrpwqotlppu: 1lflD2 ctwuwuwl:[ WJU tfwpqwcn hwuuul}.hwump 
uuqmutfbtntg hbmn un[l rpwumlipp au2uwu mwl{ wtfpruwml}lu qpw)up 
liurawpl:[tfllg; UUI:Iurn wzp]l uul:[uiUJ wnwpl:[nt[c)Jntuulippg liU' 1) UWJflgW
Utupp l:[li'f\uJ:l w l{wPIUJ LD'f\Wl tfwurapwJ}l tflltuJntf, 2) qcttfwfl tiu pwgwmp
tfnuf UlWUlWUD'f\Uiqwu 2W[ldnuffili[lll h Jun[ll} :pnqmuwjpu hp.l:[p.W2Wpdlipll 
li[ll:[pwl:[liq!Jp mwl:[pg tf}luzh 700 lft! lunflOt[c)Jmuulifl£1, 3) hfllfpwlfhqL}l 
au2tfwu 1.! crwtplipp wnw2wgtfwu wUhwtlwUwlfwumJaJntUD, pwup nil 
tfwpl{wCJ:l tiurawqflDtU t, np b]lupn wtfll[]l tq[wum}llf t, pwu bfllfpwl{uqL(l, 
4) hw2lfll ~~ wnutlmtf UWjpgwtfwpulip}l tfwqtfwmpqllp qw{lqwgntU(l, 
pu.s.tqbu uwl.t pwqmu WJL qnpetnuulip: 

3mpwpul.Jmp tfwpqwc dwtfwuwlfp t!Ufc!Wgpmu nf102Wltfl \.{lipwllm
lunttfulip}l t UU[c)wpl:[tfmu illfpq}lu ulimtfmu WUUjWpllq: Uji}.Ujpu}l [IU[c)tugp t 
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umwglit uwl! tfnpp[pqup tfwpl{wou: UJu tlwfll{wetfl qJluwtfnfl rpwumlU[ll{[l 
UWJpgwtfwpuli[l)l hwqlUI}.p[l UJ$wqolip)1 utfwunt}<lJntUU t : lwtl pwgwm{l
t{mu t uw!J '\,wpwt{wJpU Uillippl{wJp, '\wprutfwJpU lJ..'PppqwJP, '\UI}.qwu
mwup 1.! Uumwplfmlrrl.wJp m2 UjW[linqnJWU uwngunqwmnttffitipD, n{lDug 
ql:iUmflDUJ:l qmutfllt t WJU tfwJpgwtfmpulip)l qgtlwb'pp t{WJflDtU: Cum 
q_. l.{ . .Ptitrununtfp 1.! l.T. lJ. Umpw)untflt uwngunqunnmtffilipl} liWflllll tpu 
qplit tlinuwJ}lu pUntJJa, }luq tqtuttintfwqupuwqwu ml{)wtulip£1 hwtfwum}l 
tputil ~tru qW{lDq: 

lJnp}ltliqtfP dwtfwUwqwlf}lg miiuntJaJWU qnqtlUwlf}lgulipJ:l (t. tww
mu, fl.. lJwwq, u. fl.}lulfnpu) tftuJ(lgwtfwpulip}l tfwuuwmtfwu m mliiJW-
2WPdtfwu tqwm6umutlp IIU hwtfwpmtf liuJawllhllllwJ!lu bnuwupulipu qwtf 
b[ll{pwquqp J:lUqhUIUntp J:lUqWp<\wlftfllll!: . 

fl.nmwgfmu tlwplfwetft qJluwtfnp ntQI]nt}<lJntUJ:l tlplf£lmlftirtLp qwp
qwgtfwu illi2 mp.t{mtf tp. l.muup, Up!Iqwlfp wqqhgmraJm~luhppg bpqpp 
UjUlmUwu wpwqnt[c)JWU L UflW <\Lp qmqm{unt[c)JUIU hwztfntl: UJU t{wpqw
etfl hlillltuwqD· Q. 'l-wptlpuu t: UJumhtiml!Jtu.s,tqtiu UJntu tlwplJwCflllpn rnJu
tqtiu tt WJU t{wpqwol! umwglit t qwpqwgmtffillp mwpphp mwpptlpwq-
ulipnt{: · 

Cum nntU qpmuwlfwu lJ.l.{. Umntfwuft · · . 
1) bpl{plt ltP. wnwugplt ZntP2 U(UllltJIDD qwUI}.urqmtf t tfwl{nUJatugnt}<ljntU

utipp ctwtfwuwlf lfwtqtlwet Upllp m l.otUup tfnmtlgmtfU!I[lp hlim, 
2) "lmntJm)l wul.fjntf!tuJpU wpwqnt}<lJWU qmqmluntJaJOLUJ:l wqqmtf t hplfp)l 

<\lip tlmtlmluntJOJWU t{pw, 
3) l.Jl1plfmJmtfu tqUllltJtnp 1,6-2,4 tfplf qwuqWI]Iigtfwu ql1tqpmtf 100 hwq. 

mwptlw tlli2 tqump t tllietwuw f!lltlllnuijpu 2umw4MD, 4llfl2PU~ UJilmp t 
mqbqgt{P put{tiDwJpU tfwp.qli{lDtU lipqpwqllql.tp pwpapwgtfwtfp L upw
dwtfwuwlf hwumpwlfwCWJpU u~qtl{lDtU' liplJilrulflii]Lp P2l1gtfwtfp: 
bpqm qnmpu!Ipp pwdwutfwu uilihtfwuu hJntiipuwJ]lu l.t hwpwtlwJpU 
[WJUntj[c)JWU 35° qmqwhllnwl{wuutipu uu, n{mug wutfwunttf tni ftpjunft-
lfwqwfi qnupiihllowqwfifi/Jp: · · . 

4) bpqpwq&qp aLfll}uilfmtuuwu cfiutftuUwl{ upqpwqllqLnnf WI2W2WUntU uu 
n.s, upwjU mqqwhwjtug, WJL uwl.t hnp}lqnuwlfw& ttuptftumtt[c)jntUUI:ip, 
DflDUP pti{lDtU hu upw uUrttftfwUI! l{wtf J:lUI).wyiflwl{tfwUu: 2-2,5 UlJlll. 
mwptfw J:lUj<>wgpmtf hwuwpwqwetft uplJWf1Dt[c)JntUJ:l tqwqwuht t 19 fttl, 
flulf tfP2optiwqwuft tip£rWf10traJmuu ptit{tinutip}lg hJmuftuwJpU tmJumraJwu 
u hwpwtfiuJ)lU [WJUnt[c)JWU 62° tfP2L rutllitwgtit t 9,2 qzf-nt{: l.wfttnp
qwqwu tWJUnt[c)Jmuul:iflDttf [wptfw®tJaJWU ntqrtntfc!JntU{! tlmlunttf t lipq
pwlfUrtLft mtlJwt hWU1tfW~)1 Ujnt[c)p etwt{ww !J WDlU2wUntU bU Ujnt[UUJ
g~wulip qwtqt{w~ liplf£lp wnwUgpft I}.PllPP mwmurunuffibpp hl1m: UJu 
wtlliuD tqwm6wn t qwnumtf lunppwJltU pulftfwepuhflp, pwpap uliJutf)1-
lfmra1wu il uhqqtfwu qnm}lu!Ipnttf owtpwtfnflDtraJmuul:ipp wnw2wg
tfwuu: 
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5) Stll[umuwqwu 2Wpdnu.f'Utlpp tqwp:ptlpwqw'UntJdJnlUIJ qwtqtlwa t tlpqpw
qtlqup 2WfUllltmfwu wqmptl L hwtllitfwmw:ptup hw'Uqwpm qwpw-
2P2WU'Utlpp htlpJdun}mlutf tutf:p: 

UJu tlwpqwau ¢npamtf t :pwgwmptlt tlpqpwquqp. L tlpqpwqtlqup. 
qtupqwgtfwu pntnp hpuuwqwu oppuw~un}mtJdJnt'U'Utipu: Cum luurJ'Up 
(1964Jd.) UIJu lJwpqwau Llmtfll'U w pwgwmpmtf tlpqpwqtlqLp 2tupdnt'U qn
mputlpp UfWUltlnLJdJUIU llll2 J!UIIJllllLJdJnt'U'Ullpn. hmmqwtqtlu tfwqtfwmlJ.q 
qnpant'UtlntJdJntuu: llJll tqwm6wm1t1 mmwgp.nu mtluntJdJmuu ~P. qwplilll 
hwtftuptlt hwtfwqnqtfwup: 

IUnppwJp'U qpwlfllmwgp.nu qp.:ptiptl'Ugtfwl1 lJtupqwau hwtftuplJmtf t 
umwt!tlt umw2UII}-htf L owtfwuwqwqpg: UJ'U w'Ugjwtq.tupp tipqpnPll qtlupu 
wtf:pnq2ntfll'U L hpuuwlJnptlwa wnw2 t pw2t!tl1 l:{. l.{. Ptltnmunt!P l{nqtfp.g: 
Cuq.m'Utltntl . ul[q:p'Uwqwu uwnu tlpqpwq&q.p. qnugtltqgpw'U (0. Gtfp.qm, 
l:{. l>tlutluqml) PlltnmunlJp tlpqpp lunPI! hnppqnuutlpp :ptupap 2liptfwump-
6wuutipu qunqmtf t nUII}-p.nwqmptl mtupptlpp mpnlnfwu hlimLwupntl wu-
2mmtlwa 2lirnfmJdJUIU hUm: Swpwgmtfu 'UtqUIUmlit t uqq:puwqwu hUilfw
ulin lipqpwqfu},p qpwtfllmwgp.nu 2lipmwt[nptfwuu tupmwppu L utipplJ.'U tfp.-
2ntl{'UliplJ., UjtumJUIUlJ. nt lipqpwqliqulJ. WllUI2UigtlUIU[!, UIJUpUpU hUI2DPllUI
:ptup llllt"'lltP ldlildL UIJtmwppu JdUIQUIUJdUlippg qllUflt L umwt!tlt awup tfP2nt-
4u: GlipmlUl{nptfwu hltllUwqwu tqwmown t hwtfwpt[nnf mwpwgmtfu, qn-

. mlJ.wqw'U hwtmtfu, qpwlfllmwglJ.UI'U L lipl{plJ. U{UlllLJmu pp umw'Ugpp 2ntP2u: 
l}.p:J>lipliugtfwu wpi);)nt'Upnuf uqq:puwqw'U hUilfwulln llpqpwqmuqn. npp 
qwqtfu tfnm tp ptupUIJp'U lipq'Uwptuptlpp qwqtfp.u, :pwOUI'Ut!tlt liu llpl{UI)a-
upl{lit UIJpU tijl2ntl{lJ., lipl{UI}d-upl{liL-tf wq 'Uliql1nt tf UIJpU tupmwptJ.u up2ntl{lJ., 
li~l{UIJO-tf wquliqluntf "Ultlllglw tf UIJlJ.'U tf UIUJdltUIJp L wumtfnuP.tP.l{wmwJlt'U 
tipqpwq1iJlhp: 

"',llmwq11umq'Utinlt tllia tfwuu qmumtf t , np lipqpwqllqhu hwtt{llt t 
t{llppu UIUIIDJUI'Upg tlpqpp . lipqpuqnuuwqw'U qtupqwgtfwu nq2 tqWmtfmp
JUIU ri'UJdwgpmtf: l}.w t tqwmoumu, np tqWmJUIUp muntllUuruppntJdJUIU£! 
tllia mliq t hwmqtugt[mtf: 'llwmJUIU£! qwqtft[wa t B, c, D qnm}lullptJ.g, 
npnup tfPtl"Jw'UglJ.g mtup:pliptlnuf tiU luumtJdJUitl:p, 2llptfurump6w'Unt1, tfw
(}mgtJ.qmlaJwtf:p, ullJutfPq wtlJ.p'Uliplt mtupwatfwu tupwqnLJdJUitlp, UJntJdUI
qwu qwqtfnt!, hqnpntJdJwUp, wqpll<!UimUIJlt'U m :pwqwJlt'U lJ.pwt!Powqnt[: 

bpliJlwqtlqhtJ. mwl{ltg (UnlunJlt uwbtfwu) tfp.u~h 400qtf lunpntJdJlllU
utipu L c qnmtJ.u ('l-nlllg}l'Ult 2lipm) 400-900l[tf qwqtfmtf nu t{llptJ.u UjUIIDJUI
uu: qwu :pwqtfUIJdltt( t}lurumllp t!tlp}lu tqwmJw'UtJ. fuz'UwptupUIJlt'U tqlipp.q.n
mpmtJ.g pwqqwgwa lll'Ulitm tfurulJ.u: B qnmmtf ml:iqwq.pt[wa t mtlJ.pmmwpu 
l{w1.f wuml:i'Unu:plipwu: Ot{l{}lwunu'Ullpp mwq UIJU qm'Ut[mtf t 50-400qtf lun
pnLJdJnt'U'Ullp}l, tlUIJpgwtfwp'Ulipnttf' 100-200 l[tf lunpntJdjnt'U'UliptJ. t(pw: 
'llwmJw'Ult UJntldU hwt~mtf t uhppupg tllipL mwpwgtfwu qtupqnlJ m qw
mwptllit t qdt[tupwhwt m I)Jntpwhmt pwdwutfwtfp: "',wtngpu qwnumtf t 
UI'UqwJmu, ul{ut!mtf t qnu~qgp.nu wt!tlw I)Jntptuhwt, hli2m guqnq :pwqwq-
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pwtfwulipp qlitqp t!tiP mliqUI2UIJ1dnt( (Si, Al, K, Ca, U, Th L UIJlU), npn'Up 
hwtllg'Unttf liu wumliunu:plipwJlt umurumuntlt UIU[Wp'Ulipu: UtPiw qdt(tupw
hwt pwqwqpwtfwulip[! (Fe, Ni, Cr, Co, Mg L UIJLU) 'Uummtf liu qnmm uum
ptJ.u uwulipnttf nt l!Jntpliqw'Unttf DUm uwnliguwu: l.{wpqwalt hliqpuwqu 
qmpwqw'Uwtqliu hlippmtf t tlUIJpgwuwpuliplt hnppqnuwqwu mliqw2UIJ1dli
Plt hutupwlJnpnLJdJm'Uu: 

Cum l.{. l.{. Plitnmunt!P, 3m. U . GliJUtlw'Ult L UIJtng lipqpwqliqLu 
wnw2wgli1 t t!tlplt'U UfUIU1Jw'UlJ. hwttfwu hw2t!ltli L lipqtup owtfw'Uwlr hwu
llltuwglit t gwtfwpwJlJ.'U mtJ.tqlJ.: UJu tqwmqlipwgmuulipnt[ tfp.u1_L tqUI{lin
qnJlt tlUP2I! ot[l{pw'Unu W liqlit: upwug mliqmtf liqlit llU aw'Uawq ant[wJp'U 
wt(wqwuulip, npnug htlmuwupntl UIOUI2wglit liu awuawq 2J1UIJlJ.U tfP2UI
lJwjppU :p'Unpn2 uumtJwapwJpU Wtqtup'Utlp: 

Ul{uwa tftlqnqnJUIU tpwjpg tlUIJpgwtfwpwJp'U mptqp hpqpwqllrjup 
t(tipUitl2wqnu.f}lg ot(l{pUIUllUUIJpU mptqp l{liqup UIOUI2Uigtlwtf:p ohwt(npt(nttf 
tlu ot(l{pUIUDUUlip[!, UIJUpUpU m1Jqp t ntUtlglit ot(l{pwUnuwgUUIU Ujpngliu' 
ot[l{pwunuuliplt mtupwapulip}l wtimtfu tfwJpgwtfwpulipp hw2t!P'U: UJumti
qpg tt' ot[qlJ.wunuulipu hwtllitf wmwptup liplJ.mwuUIJlll wnw2wgmuulip ll'U: 

Cum l.{. U. Uwq'UlJ.gqm L wJlng ot[l{pwunumJlJ.'U mptqlJ. lipqpwqliquu 
UIOUI2UUIJPU WllUI2Uigtfwu t L uuhwqwnwl{u' tlUijpgwtfwpwjpU mptqp 
lipqpwqliquu t wnw2wglit ot[l{}lwunuwJlt'U lipqpwqhqL}lg: Cum wJil lJtup
qwa}l tfwJpgwtfwputipu womtf tiU ot{l{}lwunuulip}l hw2lfl1'U: 

UJumliqpg hlimLmtf t , np mliqumqliuliqp PUIJlll tqpngliuutlpu L lipq
pwqliqu}l qtupqwgtfwu op}luw~un}mtJdJnt'U'Ulipu DUm t[tupqwautipp tfnmli
gmuulip}l tu}lum mtupplip tl'U: LmtJ'Upuq WJUUjpup qtnpwt htupglip p'U1_tqpu}lu 
ot[l{}lwunuutipp, upw'Ug qwtf tfwJpgwtfwpulipp lipliJlwqliqL'Ulip}l m}ltqllpp 
tfurupu tu}lum mtup:plip liu m hwquruwqwu: C:wm t[tupqwaullp tqwpnt'Uw
qmtf liu }lpliug tfti2 :pwqtfUIJd}lt[ nwgp.n&wt qpmJJdUlip, uwl{UIJU 1_ti'U qul}m
qwumlf pwgwmplit lipqpwqtlqLp umw2wgtfwu m qtupqwgtfuru wtfl!DI12 
pwpq.ntJdJnlU[!: '}.pw U{UIU16tun'U wtlli'UwJU hlUlJw'Uwl{UIUnLJdJUitlp llpqpw
qliqup uumppu 2lipmlipp L tllippu tfwutapwJp Wtqtup'Ulipp tfuru}lu wu:pwt[w
ptup qpmlit}lpulipu UU: Uwl{UIJU tfw'UJdpUIJP UJntJdp qp:plipli~tgtfuru tfurupu 
tqwmqlipwgmuulipu nptqliu lunppwJpU tqpngliuutlp}l qlluwt[np qnttanu}l, 
npu wnw2wgumtf t mlil{umuwqwu 2wpdntuulip L tfwqtfwm}lqtf (l.{. l.{. 
Plitnmuntl, U. ttl. l.{}l'UnqpwqnlJ, l.{. U. UwGoli}lgqp L UIJtnp) wnw~t hw-' 
t[urumlt tiu: 
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UIJ.jnwwft 1. Uqpllmmliblllt. nmllpb11 
(CnyrH~K noneaoro reonora-HeQ>rRH~Ka, 1954) 

QCJ 
I:. ..<:..<o -"' 

3~ Q 
LpJnl. wlit.J.wlimun 4p6wm c--= l.JPI!wqqwjftli s 

wlit.J.wlimun 0'3 
wlit.J.wlimlin c 3Q '0 .,3 "§l .. 5'~ ::1 

~jnlU/JUUJJ/Ifi ~u. N 'unnn o !!wu 360° ~ Jntuhu-hmwhu-wnL.hJJwQ ~u. hu.-wm. NNE t.nnn-finnn-oum 1-29° -{,mUilu-wpL.buwQ ~U.-WJll. NE t.nnn-oum 30-59° 
UpL.hJJwfi-h Jmuhu-wnL.huwfi UJll.-hu.-wm. ENE Oum-finpn-oum 60-89° 
Up/.Ji/Jwli Um. E Oum 90° 
UnL.hJltufi-hwpwll-wnL.hJJWfi Um.-hll~-wm . ESE Oum-a mtm-oum 90-119° 
~wnwti-UnL.htJwfi ~Will· SE QmtJn-oum 120-!49" 
l.wpwq-hwpwq-wpL.buwu ~tl.-hl[.-wp). SSE Qjntjq-qjmJq-oum 150-179" 
=iUJJ7Uit/UJJhli ~ll. s .2mun 180° 
~wnwtl-hwnw~-LUJ!L.Utnl_wfi -~11.-hll.-wnu . ssw QJntln-<t 1m m-il-hum 18l~ 
~wnwtl-t~UtnjwQ <tf.-wJllt. sw ·Qmun-llhum 210-239" UnL.lintmo-hwpw-;f-wnL.tintlilp Upu.-htl.-wnu. WSW 4.bum-<nmm-tlbum 240-269° 
Upl.tlU1JUJii Upu. w 4.bum 270° Upt..limmp-hjntupu-

Upli.-hu.-w11U. WNW 4.bum-fin£l.ll-tl.hutn 271-299° wnt..ummo 
~.Jmutlu-wnt..um 1wG ~u.-wnu. NW 'unnn-tlbum 300-329° 
~.Jmultu-h Jmuhu-wnt..LimJwQ ~u .-hu .-wnli. NNW t.nnn-finnn-tl bum 330-359° 

UIJ.jnwwq 2. !l11nJw~wli llPI!O!lbwl.jwliliblltJ ll'r121.t. utW!1Phllmf}Jntli0b!1[! 
(CnyrHMK noneeoro reonora-HeQ>fRHM~. 1954) 

~bnn Q.nhfitlh,- <I>wnl\a- lllnuuntln 
~hnn 0 +17°39'46" +20° +47°59'25" 

q_nhfilliU -17°~9'46" 0 +2°20'14" +30°19'39" 
<l>wnha -20° -2°20'14" 0 +27°59'25" 

lllnultn\ln -47°59'25" -30°19'39" -27°59'25" 0 

Uf/jnwwft 3. Ot!~pwlinulibll (.li3C, T. 17, 1953) 

Ulillwfinuifihnn Uiuuhnbun. u1U. litf2 
UntutlhJtuumJii iunnmsJm!ip, If 

f--. NW!JW!J 179 679 11022 
---Utn]WUtnJWfi 93,363 92!9 

~Unl!wllwU 74 917 7450 
<!.JmultuwJhfi UwnntQJWJ 13,100 4975 

Cunwuhun 361,000 
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UIJ.jnwwft 4. b!1411wqlil)p llwupli 4wlllt.nllwqnLJii mbflbl.jmp]mlilibll 
(CnyrH~K noneaoro reonora-HeQ>rRH~Ka, 1954) 

Ub9wauwJhli u:t>hnnlm Phuhlh u~lmnhn 
t.fw~hphun 510100914lttf2 509950714qtf2 

lJnllnwqlinh b"wllwm 1083319,7•106tf3 l082841,3•1of'tf1 

l.JP2opb.w\jwlip 114 10002288 tf 10000856 tf 
hnllwnm~Jmfin 
..:,wuwpw\jwb"ft 
Zf12Wq~ft 114 10019148 tf 10017592 tf 
hpltwpntJ}Jntlin 
0° LWJiintpjntlinui jO 
tiJt2ophwqwlip 110575 tf 110564 tf 
b.nllwnmJ}Jntlin 
45° twJiimpJmlimu 
I 0 tift2ophwqwlip 111135 tf 111119 tf 
hnuwpmemtlin 
90° LWJfintpJmfimu 
I 0 lilt2Df1hwqwlift 111700 tf 111680 tf 
hnuwrmmmtfin 

UM zwnwt.J.jtq (R hwuwpwqwb") .. . 6378,388 [Jtf 
<l>n(1p zwnwt.J.jtq (R Uft2of1b.wljwli) .. . 6356,911 [Jtf 

Uhqunuin . .. I : 297 
IvmmpJmfin .. . 5,52 

lwutpliw4wli 1... hntliw(fwli WJI!nLPlililililll! 
(CnyrH~K noneaoro reonora-HeQ>rRH~<~Ka, 1954) 

Lwmft6w[Jw6 WJpDLpli6 <m6tu[Jw6 WJpntpli6 
--

--

=-=- 0 CJ =-=- tl>e~ =-=-
, · -,-

<=JCJ =-=- tl>e~ 
.s::.."" 3': .s::.."" 3': 
""= .s::..= ""= .s::..= 3 3 c<::s 3 3 ='= as 3 3 as 3 = Vl-;::r Vl-;::r 

.s::.."" 3'S -§:.a 3'9 
""= .s::.. = 3 = .s::..= 3 3 = 3 3" 3 <::I as = 3 3-::r ens 3-;::r 

Vl --~-
A a lU Nn tQ 
Bb ph Oo 0 

A a WJ:J>W Nv Uh. _u..l!!!..._ 
BJJ 'vhmw :::T PUh 

Cc lOb Pp llllb 
Dd nt Qq I mm --

..!:.1__ qwuw . Oo ouhbnnQ 
Ao I nh[!l!!!l 07f tuh 

Ee b, t Rr tn Et: tlllU!IJnQ Po lwn 
Ff t:P Ss tu -- zc ~w I:o uhuuw 
Gg lqt, all Tt tnh HTJ ttnw T-r IJ!Wnt 
Hh I tuw (hwll_ Uu m 

t-.1 i III Vv l tlb 
Jj l 1nm (ah) Ww lnmmtlb 

06 I mbmw_ Yll I tnuuhmfi 
It I JUIDW - ·ell ql i:J>h 
KK llltu!l1W Xy I lull 

Kk I ~w Xx ~- AI. luw~ 'Pill I thuh 
L1 tJ Yv I hunhb M11 li)1 !lro oubqlll 

Mm tu Zz I uhm (a bmw 
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WI'J.JOLUW4(! 

'llbll~"lllibfl 
SUf'f'bf'l" luUPbf'l:! I 

I II Ill I IV I v --
H I 

SUf'f'bf'l" tuUPbf'l:! 
'llbll~"lllibp VI L VII VIII 

2 He 
I 1,00795 I 4,002602 

Qnwallfi .(.hlhntu 

Li 3 Be 4 B 5 c 6N 7 
II 6,9412 9,01218 10,812 12,0108 14,0067 

Lh9hnui Ptnllltmui Pnn uaruwallfi Uqmn 

Na II Mg 12 Al 13 Si 14 p 15 
Ill 22,98977 24,305 26,98154 28,086 30,97376 

l.wmph_nui lfwqfihq]lnui Uumu!lu Ull!ll!lhntll lmu:jlnp 

. . K 19 Ca 20 Sc 21 Ti 22 v 23 
39,0983 40,08 44,9559 47,90 50,9415 

IV liWlhnLU liw1gJmtU Uljwfilll!ntti Sh_mwfi '-l.wfiwqh_mu 

Cu 29 Zn 30 Ga 31 Ge 32 As 33 
63,546 65,38 69,72 72,59 74,9216 
"lnllfi6 5ttull Q.wi}lmu <l-hpuwfi]!mu Ultfintq 

Rb 37 Sr 38 y 39 Zr 40 Nb 41 
85,4678 87,62 88,9059 91,22 92,9064 

v O.mpl'tq)J.mu UtnJUlfigl'tnui I>mnttmu 5hJtiJ.nfijlrltu "t.lmptJmu 

Ag 47 Cd 48 In 49 Sn 50 Sb 51 
107,868 112,41 114,82 118,69 121,75 
Unaw9 4wnuttmu f>ull]lmu Ufiwq_ 15wpjtp 

Cs 55 Ba 56 La 57 Hf 72 Ta 73 
132,9054 137,33 138,9 178,49 180,9479 

VI 5hqjmLu Pwp.h_mu Lwfi!}w(i .:.w.'l>rillmu Swfitnwt 

Au 79 Hg 80 Tl 81 Pb 82 Bi 83 
196,9665 200,59 204,37 207,2 208,9 

fiullll Ufillltll fihtt1hmu liW\l.lUl!l flttuumm 

Fr 87 Ra 88 Ac 89 Rf 104 Db 105 
223 226,0 227 261 262 

VII :bnwfiulmtu O.w!l]lntti Uljm]lfiJmui O.hq hplJnJlnttmu '1-mpfi]lmu 

Rg Ill 112 114 

272 285 289 

0 sF 9 10 Ne 

II 15,9994 18,99840 20,179 

~l!wal!_fi :bmnn l.hnfi 

s 16 Cl 17 18 Ar 
Ill 32,06 35,453 39,948 

15amup J!Jn]l Unqnu 

Cr 24 Mn 25 Fe 26 Co 21 Ni 28 

51,996 54,9380 55,847 58,9332 58,70 

J!nnu !Jwfiqw!i b-pljw9 linPWIUl vhllt' 
IV 

Se Br 35 36 Kr 34 
78,96 79,904 83,80 

Uh1hU Pnnu l!nttutmnfi 
Pd 

Mo 42 Tc 43 Ru 44 Rh 45 46 

95,94 98,9062 101 ,07 102,9055 106,4 

lJmltJ.!IlhU StfuUttgttmu O.mmhfihntti O.nllhnui <llwtwnnmu 
v 

Te 52 I 53 54 Xe 

127,60 126,9045 131,30 
fc)-b(ntfl 5n!l J!ubfin(i 

w 74 Re 75 Os 76 Ir 77 Pt 78 

183,85 186,207 190,2 192,22 195,09 

'-l.n!:PflWU o.tlittmu Ouuhmu I>nltll!lmu <llJWtnltfi 
VI 

Po At 85 86 Rn 84 
209 210 222 

"ln1nfi1tmu Uumwm O.w!Ulfi 

Sg Bh 107 Hs 108 Mt 109 Ds 110 
106 

269 269 268 271 
266 lfwJtnfihpjtmti '1-WilUJLnWUl]lnlli 

VII UjJ.pnnq]lmu Pnn]lntti ~wuhnui 

O.t!imq_h'filtmu 

Luusuunt-rn..l:ir LU 
Lu 

Tb Dy Ho 67 Er 68 Tm. 69 Yb 70 71 
65 66 

162,5 164,9 167,3 168,9 173,0 174,9 
158,9 t•mlippjJ.mu Lmm hg Juuu 

ShppjJ.mu '1-pU\l.lPllqjt- ~ntliltmu tpppmu fc)-mll'tmu 

mu 

Ce 58 Pr 59 Nd 60 Pm. 61 Sm 62 Eu 63 Gd 64 
140,1 140,9 144,2 145 150,4 151,9 157,3 

5lipjlmu <llpwqhnqpu . l.hnqpu "lpnuli!lJimu Uwuwpfmtu bl{pnui}lnul <l-wi}ILI}lujJ-
mu 

ULtSt-unt-'lU 
Lr 

Bk Cf Es 99 Fm 100 Md 101 No 102 103 
97 98 

252 257 258 259 262 
247 251 l.npliL]lntU Lnmplifiup-

Plipljll'tmu liwll't:Pnp- tJ!izmhJfilt- :blipupmu Ubfiqlithtilt-
nui 

ailmu nni nni 

Th 90 Pa 91 u 92 Np 93 Pu 94 Am 95 Cm 96 
232,0 231,0 238,0 237 244 243 247 

fc)-nppnt u "lpnmwlj- fitpwli l.hutmmfip- "ltmmnlip- Uuhppgpmu 4 Jmppmu 

'---- mjtfijmui mu mu 

288 19 u u.. U.mapuucufl 
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4wmjmfifibp 

Ufijmfilitip + 
;!; ;!; ;!;t>ll + + ;!; ;!; i + + M= M= ;!; .l; ;!; + ~ 

.. t>ll .. .. 
~ 

..., 
..Q "' "' ::;: = z z < = u N u = =- "" "" 

OH" L L L - L [<} [<} 0 0 - 0 0 0 0 
NoJ· L L l L l L l L L L L L l L L 
cr L L L L 0 L L ~ L L L [<} L L L 
s•· L L L L 0 L - - 0 0 0 0 0 0 -
So/· L L L L [<} [<} [<} L [<} - - 0 [<} - -

so,.z· L L L L to- 0 it" L L L - [<} L L l 
co/· ·· l l L l 0 0 0 0 0 - 0 0 0 - -

SiO/" 0 - L L 0 0 0 0 0 - - 0 0 - -
PO/. !- t L L 0 0 0 0 0 0 0 0 0 0 0 
cHJcoo· L L L L L l L L L L L l l L L 

L ·tnttnflliJ. ( >lq·l!· IOOq j!pntti), to- - flDLJLLntmflliJ. (O,OOI-1q-1!· IOOq j!pmti), 
H- ~tmbtJ.IlJl (< O,OOiq-1!' IOOq j!pntti), "-" - j!pntJ.pwJptuJtl.mti t , lj_wti qmJDLflJmfi ~mfi!I 

ilf]JflLUUJ/j 6. Uztuwnhnul Ull,JnQWilW2lllb[lj1 qpwrtbQ(lWO uwljbnbuubn£! 
(CnyrH~K no11eaoro reollora-Hec:tJTRH~Ka, 1954) 

Cpi!WfiJ! I UwngWipUzmJ:t 
l1wl!bpbu11. 11112 Cpi!WfiJ! I UwngwiJWzmlt 

11wl!bpbull. 11112 

Upl!w.lll!tu I 
q.phfitw'lflw I 802 600 Sjwfi-Cwfi u "lwupp 20375 
4wfiwiJWijw(i 155 000 ~J:tfiljflljmz , 4wpwljnpmti 57 285 
wpzfm!hLwq u .(.JltitutWJfihp 
CutlJgphpqhu 58000 Sjlpbp 32 150 
o wu-lJwjbfi 117 
f'>.utwfiljflw 11 785 
'Unp t;pljJlp 23 900 ~nmJtuwJJtfi UdhpJtqw 113 967 
:bpwfig f'>.nuJt:PJl 14 360 UuwuiJ.w 52000 
bpljJlp :'. 

~JDLU!IUWJ!Ifi bpiJ.!Ip 16 908 lJwjpgwtiwpwjjlfi 15 000 
4wGWJlW 

UpiJ.tn!IIJ.WJ!I WJL 
' 

768 um, h Ul:lpu!IIJ.w 661 
IJ.qq}Ifibp 

.. 2 083 438 67661 
·bl(rm\llW .:.wpw!lwJJlfi UdbpJtqw 25 000 

"lflphfihj fihp 30 ll1>PJ:tltw 23 
UtUJhp 3 600 
Uljwuljflfiwljjlw 5 000 O!lltJtwlijtw 
fitptut 25 'Unp q.ljjlfihw 15 

8655 'Unp ~htwliljflw I 000 
Uujtw I 015 

4ntj_IJ.wu I 800 UfimwpqmltiJW 
UJlpjlp 477 UfimwpiJ.mtulw 13 200 000 
4wti~wtnljw 866 4qq}IIibp 4000 
U!JlWJ h UWJWUUb(l 914 13 204 000 
f'>.pwfi h <l>npp Uu~w 100 ClillwdhliJ! 15503759 
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lJllulipWJWJPll ljwqlf~ 
(qttuwtlnp WlljW(l\jwqLfllll 

tf]lllli(IW\Ulip) 

I!Jmlllllln, 
hnpllj![liilq, 

Ujppnpulillulip 

hnrilPt lifu!, 
pJmlllpUl, 

Ul}:1pnpulill
ulip 

""' .., 
c 
3 
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3 
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U11Jnwwq 8. s;!tJ!ltJw~wu lllWflflbntJ utJ2/lu l4Wflntuw~ntf:1JntuubflD 
L/lf)nu.)bnwJmil !.. WJu ~wqllniJ. wl4wnubnmll, ~211WJ/lu %-mJ. 

(Cnpaso~HI1K no reOXI1M11~eCK11M nOI1CKaM none3Hb1X 11CKOnaeMbiX, 1990) 
' Cl ...... 

~ ... g: k ... k ... ... ""' :a.z ... k ... k '5: :[1;6 .., 
!l ... 

~ 
j I 3 ,g 3 ... "' J J :E,k 

~ §'o:.o:. 3z 9"' 9 
i~ ,go.:a 3 !lo 

... 
""'"" 0 6'~ 6' 3 ~~ 

3 l 30:.~ gf 1 ~3£' 
J ~ .,..§.,.. [ ... "' 

.., 
~~~ ~ :73 ... l !l 3~ ~3 ~ d' [ ~ ,.!! 3 
E: !l s 

.:t 
::J s .a d' c:: 

I II Ill IV v VI VII VIII IX X XI XII 
l li 0,10 010 006 009 0 II 012 - 04 0,25 0,09 2 lie 

6•1 o·' uti' !_q_ WJ!L"!JJIIlti 
3 Li 2•10'3 3•10'' 3 8•10' ' 3•10'' _p 5•10' 1,5•!0'' 02•10' 66•10' l 5•10' J 0,5•10' 4 Be 15•104 2 5•10 .. 3 5•10"' j2 5•10"' j_ I 8•10 .. 04•!0 .. 02•10 .. 3•10 .. On•IO .. 5 B 0,7•10"3 

1·10·3 j_ I 5•10'' 12•10'' 09•10'' 05•10' 03•10'' J()oiO'' 3 S•Hr' 2•10'' 6 c 1,7·10·- 3·10·- 2·10·' 1•10'2 
1 2 13 II 7 N 2•10"' 2 6•!0''_1_ 2 7•10"3 j_ 2·10· 3 5•10'' 1•10" 545·~ 13 5•10' ONo· 8 0 4,6 481 48 47 44,5 43,7 49 51 2 49,2 9 F 6•10'2 7 2•10'' 8,Jofo·'j_ 6,3•10-'j_ 5•10'- 4·10·- 1•10"2 7 4•10'' 2 7•10' 3,3 •10'-10 Ne 

7 7•1o·• uti' 19 WUJWrmtti II Na 23 22 266 2 78 26 1,9 018 098 092 0,25 12 M_g_ 2,4 I 2 0,33 II 2,2 4,5 20,5 1,5 0,73 4.6 13 AI 8, 1 8 74 8,6 8,9 85 2,4 8 65 29 096 14 Si 27,7 30,9 34 30 s 27,5 23 20 27 5 34 7 34 IS p 0,1 008 0,06 0,11 0.15 0,05 0,07 0,04 005 16 s 0,03 0,04 .l 0,03 0,01 024 O,Q2 0,12 17 Cl 1·10·· 1,7•10'2 2•10"' 13·10-'j 1•10"1 _j 06•10"2 0,5•10"1 I 8•10"' 0,1•10" 1,5•10'' 18 AI 
2 2·10·> uti' !_q_ ~"!JJIIlll 

19 K 18 27 35 2 52 I 5 0,7 005 27 I 32 _l 028 20 Ca 4,3 2,5 I 12 2,4 4,6 7,3 3,4 2 2,67 l 32,5 21 Sc 2 4•10"3 1, 1•10"3 07•10"3 14•10'3 2·10·) 3•10"3 I 5•10"' I 3·10·3 
0 1•10'' 22 1i 0,6 0,33 0,17 038 06 08 0,35 038 03 J. 012 23 v I 9•10"' 7 6•10"3 44·10·) 8 8•10'3 15•10'3 25•!()'· 4•10"3 13•10'' 2•10'3 24 Cr 12•10'2 0 34•10"1 0,1•10"2 022•10'' 0 55•10'2 1,7•10'2 16•10'2 09•10'' 0,35·10·'1 0 11•10'2 25 Mn 009 007 0,04 007 012 0 I 008 0,04 26 Fe 57 36 \ 1,83 33 55 84 8,7 48 28 0,86 27 Co 3 4•10"3 7 3•10 .. 1•10 .. 1•104 

9·~ 48•10 .. 150•!0"' 19•10 .. 0,3•10 .. 0,1•10 .. 28 Ni 9 5•10'3 2 6·10·' 045•10'3 I 5·10·· 5•10'3 13·10·' 200•10"3 6,8•10'3 
02•!0'3 29 Co 6 5·10·' 2 2·10·' 1•10"' 2,6•10"3 4•10'3 87-Jo·' I·IO· 4,5•10'3 0 1•10"3 0,4·10·' 30 Zn 8 7•10'3 5 1•10'3 3,9•10"3 5,6•10"3 7,5•10" 105•10"3 5•10'3 

9,5•10"' 1,6•10' 2•10"' 31 Ga 1,7•10' 1,9•10"3 
2•10" 1,7·10·' 0,15•10'' 1,9•10"3 I 2·10· 04•10"3 32 Ge I 3·10·' 

15•104 1,6•10 .. 08•10 .. 02•104 33 As I 9•10"" 1,6•10 .. I 5•10 .. _1_ 1,9•10 .. _1_ 2•10 .. 1•10 .. 13•1~ 1•10"' 34 Se 1•10"' _j 14·10·' .JI 3·10·> 0,5•!0'5 s·w·' 0,5·10· J 0,8•1 o·' 35 Br 2•!0 .. j_ 2,2•10"' I,3·10"'J 4·1 o .. 14 5·! o·' J 3,6•10 .. 1•10 .. 4•10"' 1•10"' 62•10 .. 36 Kr 
4 2•10'' UIJ 19 WUjW~ntti 37 Rb 9•10"' 18•10"' 21•10"3 16•10"· 11• 10'' 5·w·' 0,5•10'3 14•10"3 6•10'' 0,3·10··' 38 Sr 3 8•10' 2,3•10'- 1, 1•10'2 44•10"2 4,5•10"2 4,7•10'2 0,1•10'' 3•10"3 0,2•10'2 6,1•10' 39 y 26•10"' 3 6·10·' 4•10"3 3 4•10'1 2,9•10'3 

2, 1•10' n·w·· 2 6·10·' 4•10'' Jo!O' 40 Zr I.Jolo·- I 7·10·' 1,8•10"' 1,6•10"' I 4·10·- 1,1·10·' 0,45•10"2 1,6·10·- 2,2•10'1 0.2•10' 41 Nb 1,9•10'3 2•10"·' 2.1·10·' 2·w·J 1.9•10'3 1,6·10·.1 1,1•10'' n·w·· 0,3•104 
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. U11Jmuwq 8-/12Wf1mliwl(mpjmli 

I II Ill IV v VI VII VIII IX X XI XII 

42 Mo ! ,3•104 12•10 .. 111•10 .. 115•10~ 103•10:'j_.26•JO .. j_02•10 _)_04•10 .. 
43 Te 
44 Ru 111. ~-

45 Rh 
46 Pd n•lo· n·10·• n•Jo· 2-10' 5·10· Ln iutGbn Jl!wa 
47 Ag 9·10- 4 8•10 .. 3,7-lo- 5 1•10- 7•10~ ll•lo- 6·10·· 7·10- n·IO-
48 Cd 19•10'' 1,5·10·' 13•10" I 6•10'' I 8•10., 2,2•10"' · 0 1•10' JoJo· O.n•IO' j_04•10'' 
49 In 2,3•10'' 2,5•10'· 26•10' 2,4•10', 2,2-lO' 0 1•10' I·IO- On•10'' 
50 Sn 19•104 2,7·10- No~ 2 5•10~ 2 6•10~ ll 5•1()'" 0 5•10~ 6•10' O,n•IO 
51 Sb No· .. ' '1-10' 15•10' .n•lo·> j_ 2•10'' 
52 Te 1•10" _Q,_n·IO· . 10•10' 111tlJWIUbJuilwU 
53 I 5•10"' L 5•10' 2,2·10" I 7•10" _ll£10_. 
54 Xc 3 4·10·1 uti IQ UAUJLllJ mii 
55 Cs 2•10 .. 3,8•1 0"' 5•10 .. 2•104 I,5•10 .. 1,1•10"' n•IO 5•10 .. n•IO'' 

56 Ba 4 5•10'' 68•10' 8 4•10'. 4 5·10·· 3 8·10·· 3,3·10·· 0,4•IO 5 8·10·· n•IO'' 1•10" 

57 La 2,5•10'' 4 6•10' 5 5•10' 4•IO'' 3•10"' l;S•ro·· ·n•IO. 9 2•Hr' 3;10-J n•IO"' 

58 Cc 6•10' 8 3•10' 92-10' 8•10"' · 6,5•10"' 4,8•10' n•IO. 5 9•10' 9 2•10"' I 2•10'' 
5 6•Io:'_ 8,8•10:' 1,1•10 .. 6 2•10~ 4 6·10- n·w· 59 Pr 5,7•10 7 9•10 8 8•!.!!:_ 7 S•!Q:_ 

3,7•10"' 4 7•10' 3 3•10' 3,8•10" 3,2-10' 2 7•10" 2•10' n•to· 2,4•1()' 60 Nd 24•10" 
61 Pm -

1•10"' 13•10 7 5•10~ ~·10"' n•IO'' 6,4•10 62 Sm 6,5•10 .. 9•!Q:_ 10•10 .. 85•10 
1•10 .. 1,6•10 .. ~10 .. 1,2·10- 0,8•10~ n•IO'' , 63 Eu 1•10 1,4•10 I 6•!..2:_ 14•10 .. 

6,4•!Q:_ 1•10"' I 3•10 .. 9•10" 10•10~ 8 5•10~ 7 5•!0' 5 3•10 n•IO. 64 Gd 6,5•10 
02•10 0,8•!Q:"_ n•IO' 1•10' 1,6-lQ"' 65 Tb 1•10 1,4•10 I 6•!..2:_ 1,4•10"' 12•10 

' 4,6•10 .. 7,2•10 .. ·o ·g.IO .. 6,5•10 7 2·10- 6,1 ·10- 5,2·10- 3 8•10 n•IO' 66 Dy 4,6•10"' 
1 · 2·10~ 2•10 03010 1,5•10 11•10 n·10· 67 Ho 1.3•10 I 8•10 2•10 1,8•!Q: 

. 2;6•10 4•10 .. 0 S•!Q:"_ 2,6•10-'~ 4•10 .. 3 2•10~ 2 8·10- 2, 1·~ n•IO'' . 68 Er 3,6•10 
69 Tm 0,2•10 0,3·10- 0,2•10 .. n·IO- 0 NO" 03;10 04•10 

70 Yb 2,6•10"' 3,6•10 4•10 3 2•10-'~ 2,8•10 2,1•104 n•IO'' 2,6•10 . , 4•.10: 0 5•10"' 

71 Lu 0,8•10"' 1 1•10 I 2•10"' 1•10 ... 0,8•10 .. 0,6;10'" ri•IO· 0,7•!0' 1._.2·10- 12•10 .. 

72 Hf 2,6•10 .. 3,5•10 3,9·10- 3 2•10"' 2,8•10" 2;2•10 0,5•10 2 8•!Q:'. 3 9•10 ... 0 3•10~ 

73 Ta 1•10 2,1•10 2 5•10 I 8•10 .. I 2-10 0,5•10"' 02•10'' 0,8•10" n•!Q: 
74 w I I•IO.., 1,9•IO"' 2 2•!_([ I 7•IO'' ~~o- 07·10 0,1•10 .. I 8•I.Q:_ 16•10 0 6• I.Q:_ 

75 Re 7•10' 6 7•IO' 7,Jol0' 111. J.. 
76 Os 111 . . 

........ ... 
77 lr 2•10'' 1,5•10"' I·Io· L - 2,2•10'" Ln . 0 

78 Pt 111. ). _L 1•10' 2•10'' \D.). _l 
79 Au 1,7•10' 1 2-10' 0,8•10" 1,2-10' 2 8•10' 36•10" 6·10· n•Jo· 

80 Hg 4 6•10' 66•10 6 7·10- 7 5•10~ 6 5·10- 6,4·10- 66•10"' 7 4· !Q:"_j_ 4,6•10"' 

81 11 07•104 1,8•10 2,3•10 I I 5•10 .. Jo!O"' QJ:Io- 0,6•10' 14•!11: 0 8•10 .. _1_ n·~ 

82 Pb 09•10" I 6·10·' 1,9•10' L I 5•10' 1,2•10'' 0,6•10' 0 1•10' 2•10"' 0 NO''J 0,9-10'' 

83 Ili 0 8•10~ 1•10- 0,8•10- 0,7·10- 0 l•to·· Ln . >-

84 Po 
,. ' .. 

' · 
. ;-", 85 At 

86 Rn 111-~ -

87 Fr 
88 Ra 111. 0 

89 Ac 
7 8•10 ... L I 4•10'11 7•10'' [ 1,2-10'. L 8 5•10 ... I 4•10 1 Ho· 1.2•10'' 1,7•10"' 90 Th 

• _ I 1•10 1 I·IO· t3,7•IO~ I 4,5·10-J.22olo-91 Pa 
92 u 1,5•104 L 2,6•10 .. 1 Jo!O L2 5•10 l 2-tO I --
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n n mpJmCiCihpn4 
.Swpphp .ewliwl{rit-

Swppbp S!wliwl{nt-
f-::- . JJJDtlip,% 

JJJmlip,% Swppbp .ewfiwl{m-
~~wbhfi 47 2 lfwliqwli 009 

IIJDtlip.,% 
U_jljjlgtmu! 27,0 :Dnuinn 

liQmn O,oJ 
4ll.mu!Jii 008 tTln!Jii6 O,oJ l2lliluiP .. 8,4 Pwn!Jnui 0,05 l.pt,t, 5,1 cronu!p 0,05 LIIPhmu 

0,008 
4wig@tti 3,6 .!!Jnn 0 05 5!JCil! 

0,006 
l.wumhmu 2,6 UUJ]lllfiqhmu 0005 
4•~u · 0,04 Ufiw~ 2,6 O.mllhnhmu 0,004 
lfU!<ltihQ!Jntti O,o3! 4DJJW[Ul 2,1 ~Ulnp 0 003 
SjlU!ttJCi 06 5!Jnlml!l!_mu 

0,027 f>UJn!Imu 0,002 
5l!!_wc)!J(j 0 15 

o.oz Q.wJhmu 0,00_1 -.!!nnu 0,02 l.finp!J-mu U~wc)jlfi 0,12 t.l.wliwrJ!unu 0.001 
0,015 Uliwgwc) UJwpnhnn 0,007 

lfwqlip- ' 
Uzluwphnui hpltfiw- '-lwjjl~nplipwjmtl UIDU}lllli lWpdbpJt dJtl!)tli hpltPwlwpdbpJt 

Q.pmlimJt Q.pntlimJt ntd· 
. {!UUJ l'~tl.n I mwpl{w Ujl511tli I'Ptl.l! 100 

mdqjlli gligtiwli qjJiigligtiwfi 
O.J!lt!mbplt nfipwqnntli UlW!lllw i!UJIWIIDDttl 

mL.nqntj}JDLiil!, 2P51WfiJt lWDUI· 
8.0-8.9 I 1/nb llhnn.(/11 
7.0-7.9 IS 

I 30-90 80-160 ·-
6.0-6.9 12 20-50 50-120 140 
5.0-5.9 900 

80 10-30 20-80 
4.0-4.9 8000 

400 2-15 5-30 2000 0-5 0-15 

UI]Jmuwft 11. U2tu h .• 
wp mt. mhrtn_rnlibgwa tun2nrwqmJii br4rw2wrdbnn 

(fMp WaX 1988) I'L.: 

.lo . 
SwphJ!Ittl.!! Cpi'Wfi]! 1'§ ililhbpJt 

'a-a l'fnll! (}wfinJ!DLJ!JDtfi s 
1 2 3 4 5 

"'1250fl. p .b.w. 
.. 

. Uupnq2 LhnJ! mdqpfi g figl{nui tp, hpJ' U~liWJ thn 
U'ntJ.ubuJ! UjWtnpwuml{mti tp tuhtm ; 0 

~pfiwuUJw!i 
llllwuJli!Inwulihnn 

780!}. Jl .b.w . 
Chfiult fiiuh~liq Awqtlw!}jll{ wl{hpl[wbmj}Jm!ilibp --

UpwliiWJho wnL.lintUJI! ' 
373j}. J!.It.w. ~mfiwumwfi UtJ.bptJ.ht tQ.hlltu J!WIJ.WI!f!, nplt ubc) 

f>mwww, <til-
uwup uwhht t b]Jtill uh9 

95p . p.b.w. 
0fl~flW2W[Id]! 2Wfl.mfiwljtJ.bt t 16 UI~;=-

qmlj hpwpmfup pjll.o. wl{wpUIIjbt t 79 j}. oqnumnult 2·!-

- · umnw~wJpmu ltfi '-thqmtlfi dwjj}J!UWUJ!, D[l(! J}Wqht t - tTlntlUJhJil L ~hnl!nqwli!Jnttlp _ ____, 
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UI]Jmuwlf 11-/llWflnLiiwlfnLpJnlli 
------~~----~----2------~3~---4~-r----- 5 

70fl .p.b.W. ~pfiWUUlWU, 

342p. 

365p., hmjjlujl21 

551 p. hntJ!Ju!J 9 
844p., 
UbUjtnbUpbp!J 18 

856p. , qhiJ.UlbUpbp 

893}!. 
1038!}., 
hm!it[wplt 9 
1068!}., UWpU1jll8 
1138j}., 
UbUitnhUpbp!J 8 

Cwliqmli liw
hwli~ 

IJ]l2hflltfiWI{Wfi 
bntlfi wpL.hw 

lltpwfiwfi 

~JDLUjlUWJpfi 
U:j>pjliJ.w L. lfwp
owllnp UpL.hm 
~linl!wutnwli 

~ltfiwumwli, 
Cwfiu)l_!iwhtuliq_ 

7.3 
"lwqbumhfi 

1202p., UWJltUfi 20 lfbpllwl{np 
Upt..hw 

6000 

lfhc) wljhpljwbntpJmliCihp 4phtnh 
50000 l{qqmu : UthpuwfiqpjlWJDLCi gmCiw

ti!J!Jg qnJulhJ t 5000 uwnn 

50000 Uljhpljht t '1-wuwuiJ.nuJ! 

45000 

180000 

32000 

25000 

Uljbpljht hfi finltfijlupg tlfililL. f>pwli 
pwqUWj}jlljpwqwplihp, WJllJ'll[ntU 
fiwL. 'l-tlflfip ' 

lihujJDLWfiltg hjntUltU ptuqUWj}lttl 

~~:~~~~~~~~~~~;lttl qJntqlm__= 

1 ooooo Uljhptlht t ~wthum 

30000 

~~-~~~~~~~~ 
Qqwgtlht hli gfignuilihp2 tltli. qll tlllw: 
oqltUJtnnu, Ultpltw, <l>DI!p Uupw, Up-
9lttltw. ~WJWUUJWii : ~wqnpqwqpm
JlJntlilihpmtl li21jwb t IJ.wtl 120IJ'l.,IJ.wtl 
1202J'l. qnhhpp l'llttl!! hw21jwpqljht t I 
tljli. tlwJU), npp wlihwqiuliwljw[l t 

tiwUjnCipw, 4w- · · --
1293!}., tlwJfiufi 20 liwqwllw uwnQ 30000 lfbc) ljfiwuljwc)pfihp 4wtlwiJ.mpWJmtl 

1303!}., uhUjtnhtl- ~ltCiwuUJwti, 
15000 

UM wljbpljwbntj}Jntlifihp lumliqm:-1 

fit P:..::lh~ntlh~I7:__ ____ -!-'=C"'w"-'fi'-=u..:....::ltli=w:.:.:h=w:.::li::l..fq-
8
_·
0
-+------t-==limu L. tlh[IoWqw mmu 

J455j} ., h oh 
lqhl,tnbtlphpfi 5 .. mwu.w 40000 

1531j}., hmfil{wplt "lnpUJmqwtltw, 
30000 

26 ljluwpn!i 

1556!}., hm!iljwplt :)p!iwutnwli, 
8 

O 
83

0000 tTJwmdntpjtU!i tlh2 UhbwqmJfi 

f:2~6~--~--~~C~h::.:fi:.::ult~!iw~hw~!i::.:J9~--·~-----PPclli=w~fiwqhtn 
!626p., hmtltujl30 f>tnwtltw, 

"l.bWUjD[ 
1668!}., hnttltujl25 ~lt!iwumw!i, 

Cwliqmli 
uwhwfiq 

1668!}., hmtlmjl 5 

1692!}., hmlltufi 7 QwtlwJIJ.W, 
tTJnom-O.nJWJ 

1693j}., UjlgltlltW 

70000 

bwhwfiqnui wl{hpljwbntj}Jmfilihp Uhlt 
8.5 50000 mwpwc)plibpp tJ.pw 

15000 

2000 

60000 

.!!wqwvlt tiM uwuJ! ]!fiiJ.qtitJ.ht t bntlfi 
tlh9 
Ul{bptJ.ht t '-ltnwliltwfi 

MLU~Wfl~t9~~~~--~~-r~~~~+----------------------1 
1695p., tltuJitujll8 ~p!iwumtu!i, 8.0 30000 

Cw!iull !iwhwfiq 
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U'lJnL uwlj 11-/1 2Wf1nLUWijnLpjnL 6 

1 2 3 4 5 
1703p., UWUJnfi!Jw, 8.2 5200 5mfiwt.I!J 
qb.l.Jmhuphnh 30 Snlt~lh-JI19Wfi 
1715~ . li1<thn 20000 Ullb.m1b.1 t li1<thn nwnwlln 
1727p., 

t>pwfi, !ituniJl.!Jq 77000 
finJliUI!b.nh 18 
1730j)., UwUJn(i!Jw, 137000 

I ntllmb.t.ll!hp)l30 I ~nllwmn t.lwpq 
1737p., ~fi'l\jwumw!i, 

30000 
hnllmhupb.p)l 11 llw"J~W~W 
1739 j)., :;>!J(iwumw(i, 

8.0 50000 
hnt(il.tw"nh 3 \,h(iuhw fiwhwfi~ 
1746p ., . - ~ . 

ITI.b.pnt 8.4 5000 
lilfb.pJfw()ntpJm(i(ibp lfit.lwjntt.l, 

hnltmht.lnhnl128 lqm(iwt.lll 

1755p., ._ ITI.npmmqwJl!w, 
f!ntnp uppb.p!J op(!. pwqt.lwp)llf qnhb.p 

8.6 60000 
wlfb.plfw~ b.ljlutb.g!Jfib.pmt.l L. hMb.h{ib.-

finJb.t.lphp!J I · l!Jui.upnii p!J hb.mL.wnpnlf, !J(ilUJb.U fiwL. gmfiw-
uiunl 

1757 j)., Ufig!JL!Jw, 10000 
ounumnuh 6 Uhnw-ltmow 
1759p., hnljmht.l- lfipwfiw(i, 

30000 
lilfb.plfb.t b.u uzwfiw!fnp hpnt.lhwljwfi 

~30 f!wwmhlt mwtiwnfib.n 

1783p., t>mwJl!w, 50000 
Unw\)fJ.fi wfiqwt.l !.!Jnp6 t wplfb.t 

4Jhmpqwp!J 5 llwtwpp!Jw 
q!Jmwljwfinphfi hhmwqnmht 
bp\jpW}Wildn 

1792p., t.lwJ!Ju!J 21 UWUJnti!Jw, 15000 llmtulm-ltnoh 
1797p., 

t\jlj_W'lfip 
lt11tmplJwnh4 

41000 lilfbptJ.ht t llfimnfi 

1811p., 7.5 
I nb.llmht.lntn)1 16 

UU\J, \Jjnt-IJW'l· 
3 Junznp bpljpwzwp<thp!J ubp!Jw, np(! 

1812p., 7.3 pbpht t tWfi'lZw:Jlmfibp!J 4Jn4JnJump-

hmfi~wnh 23 
p)lfJ, U}wmp)l)l JWfi, WllW\)WQht t L!Jti, qhmbp(! 4JnJubt 

1812p., 
fiwhwfiq 

7.8 
bfi )lphfig hntfi(!: 5figmt.lfibp(! qqwg!fht 

llhbmmlwnh 7 
bfi f!numnfimt.l' 1800qli hhnlfmt.l 

1812p., t.lwpmp 25 
'-lbfibumhtw, 

20000 lilfb.plfbt t PWJlWI!(! 
llwnwllwu 

1815p., Pfi'lfllibq)lw, 
10200 finJht.lphnh 27 Pw1h lmah 

1828 j)., UWUJnfi)lw, 6.9 
30000 

U!fhplfw~mpJmfifihp tmpqnJ)l 
I nhllmbt.lpb.nh 18 <.nuumt-ltnoh l7nSJwfimu 
1835p., ti)lt!J, llnfiub.UJ· 8.5 \Jijwpwqptl.ht t ::>. '1-wplfPfi)lljnqt.l)lg : 

llhtm-mlwnh 20 utmfi . Q.pmfimll t.lh~ mhnwJwn<thn, omfiwt.lh 
1837p. U!Jp)lw L. 

'llwnhumhfi 5000 U!J.hplfht hfi '1-wt.lwuljnu(! L. f!hjpntj){! 

1847p., UWJ)lU!J 8 tiwUJnfipw, 7.4 12000 
<.nuu1m ·l.Jnqh 

1 2 3 4 5 

1850p., :;>pfiwumwG, Ufl.- 7.5 21000 
ub.UJmht.lphnll 12 I >mwu fiwhwfiq 

.. 

1855p., tiwUJnfipw, 6.9 7000 IJh~ hp'lhh t'lfi(Snlj)ln) pwqwpmt.l 
finJht.lphpP, 11 -l.nUUlnt-lJI\Q)l 

1857p., 
UU\J, :bnM-Sh- Uwfi-lifi'lPhwu Juq!J.wOV)l tpljwJfipn!J. 
JunG, llwt!J:jlnp- 8.3 1 91f mb.Itwzwp<t 

hmG!J.wpp 9 fi)lwJ)1 Gwhwfiq 

I857p., t>mwt!Jw, 6.5 12000 
I nb.llmht.lphnh 16 l.TbWUJill 
1859~ . hmt!Juh 2 {U!Ilflll)lW 6.1 15000 

1861p., uwpmp 10 
Upqhfim!Jfiw, 7.5 8000 Uqbp!J.ht t IJhfi'lflUW(j 
IJhfiMUW 

!863p .• hmt!Jup 2 
:bpt!Jut!Jfifihp, 10000 
IJwGhlW 

1868p., :;>!JJl! L. ITI.bpm 
8.5 25000 

IJh~ gmfiwt.lpfi ljnpbwfiht t Up!Jijm 

oanumnuh l3 lnwnwlln 

1868p., tlj!J.W'l"P L. 70000 
ounumnuh 16 llnJntt.lpjlw 

UU\J, Ombfiu- UU\J-mt.l wt.lbfiwm<tq!Jfi bpljpwzwp-

I872p., t.lwpm)l 26 '-lwu)l, llw!Jl:j>np- 8.5 27 abp)lg t.lblj(!: linW\)WQhl t 61f pwpo-

filtw'ln fiwhwfiu lllJitlllWUD bmtum 

18759. t.lwJ)lutt 16 llmnulnhw 10000 Ullb.nllhl bfi owat.lw~ttll QJntnhn 

1883p., Pti'lflfibq)lw, 36000 
ounumnutt 27 tiwtlw unah 
1883p., ~mfiwumwfi 15000 
hnumht.lob.nll 15 <.wJmG)l t fiwL. upan-OtJ.wp!J bpljpw-

I89!p., UWUJnfi!Jw, \Jn- 7.9 7300 
zwp<t wnmnn!J.: U!J.bp!J.btb.fi pwqt.lw-

hnljmbt.lpb.p!J 28 p!J hwppwlJ.WJP 
p)1tl. zbfipbp: Q.pm(im!J t.lh~ mb.qwzwp-
otn 

! 893p., ~JntUIJUWJ!J(i !8000 
Gnlbupbp)l 17 I>nwu llm>Wl 

!896p., tiwUJnG!Jw, Uwu 7.5 27000 
IJhll gmuwupu zwp<ttJ.bt t w4J L. 211w-

hmfi)lu)115 I nhiJm w~hunm <)w/)IJbl 7Wl.fi qJOll\hll 

!897p., ~u'lljwumwu, 8.7 1500 
Unw\)wgb.L t !!If pwp&pntpJWUj! 

hmu!Ju)ll2 Uuuwfi htmum 

<.fi'lljwumwu, 
'-lhpwpwgtJ.bt b.G uhb' &qqwb'nt)lJWUp 

!905p., WUJP!J!Jl 4 <l>bu~Jwp-J!wz- 8.6 19000 JuqtJ.wovulip(!: UtJ.bptJ.wllmpJmfifitp 

uhnh 7n9wu llwuqnhnui 

1905p., t>mwt!Jw, 7.9 557 
uhUJmb.Upbp!J 8 llwtui'Pnhw 

1906p., t\jlfW'lflp)l 
Uwppbpntl. qpw(igtj_wll wtThliwm<thq 

8.9 1000 bplj[iwzwpdbp)lg t.lbl.JI!: Cwpntfiwlj!J.bt 
hm(itj_wp!J 31 w4Jwutpcl qnmp 3 nnUihho wtlblll 

1906p., WUJP!J!Jll 8 UU\J, Uwfi-
Uwu-lifi'lPbwu Juqtl.WUVI! qbpwpwg-

:bpwfigfJ.uljn, llw 
tJ.bt t 4~0qlf bpljwpntj)JWUp: .RWJlW!ll! 

L!J:jlnpfifJ.wJ!J 
mmdb.t t hll'lbhubp!Jg 

uwhwtiQ 
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Urunww{f 11-/12Wf1mliw{fntpJmli 

U11Jnwwq 11-/12Wf1mliwqmp;mli 
I 2 3 4 5 

fiwUjnliJlw, Uwli UwpphpntJ. qpwgtJ.wb wllhliwmcthiJ. 
1933~ .• uwpm\13 pjl\jm wl}lwllhp6 8.9 3000 

lnwwlimu 
hp\j[lwzwpcthppg uh\jJ! 

1934~ .• ~liq\jwumwli, 8.4 10700 
PwquwpJltJ. mhiJ.hpmu qpmlimJl 

hmlitJ.wp!t15 flJlhwp I Juincttn ·:'' · 

1935p., WUIP\ltP 21 IOwjtJ.Wii 7.1 3276 
l:;p\jpjl uwl{hpltritpJlli hpl{wpw&Jlq 
l'ihJU!hp 

1935~ .• hmliJluJl I 
"lwl{jlUIDWii, 7.6 25000 U!J.hpl{ht t pWIJ.WPJ! 
l..njhmw 

1939~ .• ::>piP, ::>puwli 8.3 28000 
Ul{hpl{ht t pWIJ.WpJ!: 100000 UW[Ill 

hndhlwnll 24 u!iwghi t wnwlig mwlilt121l 

1939~ .• !Omppjlw, tpqpli 8.0 32700 Ul[hpl{ht hfi pwquwpJltl. qJmiJ.bp: 
I nbumhuntnh 27 [~>_w!i 

1940p., fl.mup!ipw, 7.4 \()()() 
PmjuwphuUlp zhGphpl! \j[lht hli llhb 

!inJhUPhnll 10 '-lnwG~w 2IIl'_Wii I ~Gwu!ihp 

I 2 3 4 5 

1906p., ::>piP, '-LwtUJW-

oqnumnup. 16 pwpunp llhp6w- 8.6 1500 Ul}lwqbp l}lnl}lntum~Jmlilihp 
IJwm 

1907~ .• 
.2WUWji{W hntlil[wpfl 14 6.5 1000 UtJ.hptlht t 4pliqumnliJ! 

1907p., 
Sw21Jitumwli hn(jmhtipbp!l21 8.1 12000 

1908p., t>mwtliw, 
I nhl!mb~hnll28 · UlmhOwih lunnJ 

7.5 58000 UtJ.hpJlht t Uhupliwli 

1909p., t>pwli, 4blimpn-

hmliqwpp 23 
liwl{wli uwup 7.3 5500 
wpht!mmo 

1915p., t>mwtliw, 
hntli~WJliJ. \3 Utjbgqwlin 

7.5 32600 

1942p., iumpppw 7.6 4000 
finihllPhnlt 26 

1917p·., Niqnlihqpw, 
hntfhlwnh 21 Pwtlt IJnqh. 

15000 

1943~ .• 
fiwUJn!ipw, Sn- tUllll{h!impnli(! qmlil{ht t Snmnpp pw-
mnpp h OI{WJW- 7.4 1190 

uhUJmhllphp\110 UWI!lUWJlQ 
IJ.WPP UIIU\ 

1918p., :;lpliwumwli, 
l}lhmptJ.wpp 13 q.mwfiqmli 7.3 10000 

!iwhwfiq 

1944~ .• Upqh!impGw, 7.8 5000 2WIJ.WI!I! l{npbuJfitJ.ht t 
hm!i~wpjl\5 Uwli-lumwli 

1944~ .• fiwt4nlipw, '-lw- 8.3 1000 
~WJmlip t npUJhu SnGwli\jWJ}l tpl{pw-

I nh\JUJliliphnll 7 l!WJWUWJ!l UWJlQ Jwnct: 5mliwllfl 

1945fl., tiwUJnlipw, 7.1 1960 tUlJ!I{hlimpn!in U}ll{wttw Ongmu 
hmlitlwoll\3 lill:lft.UW!l<l. 

1945p., "lwl{puU1Wii, 8.3 4100 5ntGwup 
finJhUptpp._28 wtfltullhpll qnmlt 
1946p., "lhpm, Ulil{wz 7.4 1400 UM UIIIJ.Wiip!ihp 
liniMPhnlllO 
1946~ .• fiwUJnfiJlw, UJ1- 8.4 !360 

./.,wjtnlip t uwlii{WJU11i hpl{pwzwpct 

I nhumhlll!hnh 21 ll!nllm lmqm UnUl w!imlintl. : Uhit gm!iwult 

1948p., hmtliult 28 
fiwUJnli\lw , 5400 

IJltw\j hwJmlilt qtuwli t, hpp qpmlim\1 

l>mlt~ull uwpq 6hnR~ Uh9 t pli(jhi h uwhwQhT uwnn 

1948p., 
7.3 Ullb wtjbplltubmpJmlilihp Uzqwpw-

hn\jUJhUphnlt 6 
iO"mJI!!Uhlipw 19800 :nmu 

1949p., t\jtjwqnp, l{hlim- 6.8 6000 Utttptlht hli pwquwpP!J. qJmqtp 
ognumnult_ 5 Lrrnli 
1950~ .• ~liql{wumwli, 8.7 !50 UnqwGolihplt 2rhtqtq!ihp 
oqnumnu\1 15 wphhuwli Uuuwu 

1952~ .• uwpmp 4 
fiwUJnlipw , ./.,n- 8.3 31 

~WJmliJl t npUjhU 4n\jwmJ1-0I{Jl 

ll!wmn unqfl hO~OWJWOd: 5mliwUh 

1953fl ., uwp.m!J. 18 
!O"nt(lppw, hJm- 7.5 1100 
uhu-wpj.ummp 

1954~ .• UtdltJI, tJ.-Uuliwu 6.8 1240 Ul{hptjht t tt·UuliwUJ! 

ubwmht!phnh 9 

1918p., "lmhpmn-fl.pl{n- 5mfiwllJ1fi llJlpwfip llwpqnt uwhtJ.wfi 
~.!J..mbt!pbplt II .til wnhllnttnR 

7.5 116 
wwm6wn t nwnllh1 

1920~ .• 
Uhpupl{w, 4.h-

hntliqwpp 3 pwl{pmupg W(lh- 7.8 648 
UlllUlR 

1920p., t>mwtliw, fl.h5>n-
uhwmbllpbnll 7 . nlt-4wthnnhw 

1400 iunzn[l tJ.fiwufih(l 

1920p., :;JpGwumwli, Pwquwpptf. unqwlipfibp cnubl{ht bli 
'llhl!tnhllphnh 16 u~liUJW liwhwfiq 

8.6 200000 
llllmnho hi!wnwRfibn 

1923p., UW[Itnp 24 ::>pfiwumwG, Up-
7.3 5000 

I >ntwli fiwhwliu 

1923p., UWJpUJ1 26 
t>pwlip hjntupu-

5.5 2200 
wolthm 

'· ~WJtnlilt t IIJIUJhU 4wlimnp bp\j[lw-
1923p., fiwtllnlipw, 
uhUJmMph(lp I Snl{p.n 8.3 99300 

zw[ld: lThb tf.liwulibp t UJWml'iwnbt 
Sn\jJ1nJJ1fi It 5nl{nqwuwJpli' hpqhhlib-

lontl 

1927p., UWJIUlp 7 fiWUJnliJlw, SwG-
7.8 3020 

Uupmwntl.Jtli wl[tptttt t IJltfihJwuw 
un phnwlmah l!!wnwnn 

\927p., UWjpup 23 ::>J11iwuutwli 
q.w(iuni. <iwhwliq 8.3 41000 

1929p., tlwjpup 1 t>pwGp hjmupu-
5800 

wohtw 
7.2 

1930p., UWJ\!U\1 7 t>pualiJl hjntUpu-
wphllmmD 2510 

1930p., hmtliuJ123 t>mwtliw, 6.5 1425 Ullb quwu t UJWm6wnttht Uppwlin-
4wllww<ihtu l>nll.lhlin mowliltli 

1931p., unp-UhtwGl\}tw, 7.8 225 uhjUJPJlOIU tjliwutf.ht hli pwquwppq 
ltfltmntlwnh 3 lunl{ funnJ libli11hll 
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1 2 3 4 5 
1957p., hmt.flull 28 Ubjlu/Jijw, Q-b-

7.9 68 
lJbfupljn jlWIJWJlDUJ (J00qu' tll!]l-

phiiD f1whwuq ljbf1mpnfi)lg hbnnt l{f1Wul/ht btl pwpa-
196()p., lfwiiDljn, 

lnwhwnlJ Jbf1pbnn) 

~tl!bUif!Y W[!~ 29 Uqwnhn 5.7 12000 Qnht!bt t Uqw!Jl!p[! pGwljtntPJWfi 113 : 
..Qwqwlm wllnnn~>mlllli wtlbntlhJ t 

1960p., UWJ/JU/122 
::J)l[/1, 4nfiubUJ- Bntfiwllp[lg qnht!bt t 61 tfwpq <wttw-
u/lnG/J wtlJwtibpd 8.5 2230 JWli ljqqpfibpnui L 120 tiwM tlWUjn-
qnmp U/JWJntti: ::Jp[/1/Jg nwUln!iP,w gntuw-

1962p., tl'/lfi 22 dwtl'ntu wfiallJ t 18000qtf 

u~mbtl'pbnh 1 P[lWfi, 'l.wqtljlfi 7.3 12200 

Ufi.Jnwwq 11-/l;wpntliwqmp;mli Ufi.Jntuwq 11-ft;wpmliwqmp;mli 
1 2 3 4 5 

l973p., Ubj1upljw, Ow-
Pwqtlwp)ll{ zlif1php/J wl{bpqwbm-

tuwljw fiwhw!i- 7.2 530 oqnumnu/1 28 
l qtt h·muhu PJDIUfihp 

::>pfiwumwfi, 
J974p., tl'WJJ'!UJ'! 11 5mllfiwlillw- 7. l 20000 

hwfiq 
1974p., 

"lhpm, L/ltl'w 7.6 78 
L.flllwJDIU J!lll}hwpt\wlj wtJ.bpl{wOnt-

hn[jtnbU!!b!llt 3 IPJnlUfibtt 
1974p., 

.2wztiJ'!p 6.0 700 Ul{bpl{bt bllllJmqbp 
ntllmtllpbnh 28 

1963p., hntt.flup. 26 <wpwutwt!Pw, 
6.0 10700 <l!iwul/bt bli L J!WUIJI/htpwqtlwpP,l{ Ul{nlllb 

' • I Jb!inhn 

I 964p., UW[1UJfl27 UU'V, Uuwuljw 8.4 131 
<wJmllfl t DJ'lUjbU Uhbq mppwp!J. bplj-

P~~~t~ ~wfip w!J.bptJ.wentpJmf1fibp 
Ufi n mtl !. WJJ!lwnwpllbruutl 

1964p., hm[/lu!J. 16 tlwUjnfifJw, 
7.5 5mfiwutta <zpwmu<)lj t wpbt wl}lw-'Vjl)lqwmw 26 

ubntl unmhO 
1967p., hntl.tlu\1 29 <lblibumhtw. 

6.5 266 4w_pwljtuu <lllwul/bt hfi pwqtlwpfll/ zbf1jlb[l 
1967p., <fiqljwumwfi, 

trrJulwzwpdfl Ujwm6wnl! bqht t 
.qhljmht!php/111 4nJfiw wtlpwp- 6.4 177 I!PWlipwpJl !inptiwJfJ9 zwm I'Pntl 10~\j I rqtlhm 
1968p., f>utw[/lw, 

<mCiqwpJ'! 14-Jlg tiJlfitL tlJbmptJ.wpp. 6-
hmfit!wpfll4 Up!.tl'UIJWfi 6.1 740 I!~~? t mfihghL 17 bp~pwzwpct4. 1-UjlgjtJIJW 

I ho u (i}L. 6.1 uwalihmnU)WJOtl 

1968p., tiWJ/JUJ'! 16 tlWUinGflw, <wJtnfi)l t npUjhu Snljwmp-04/J bplj-

lvwmpfinfub 8.6 48 pwzwpct: 5ntfiwtl'Jlu llbb l{uwu t u1ww-
(iwnht zhlillhJ!/lf1 L. uwqwhwf1qumwJfJfi 

1968p., Upt.buwfi I>pwfi, 
f ljwnntJQfibnhfi 

oqnuumuh 31 lvnrnuuwa 7.3 12100 60000 li'WPIJ tifiwghL t wnwfig mwfit•lllt 
1969p., Pfil)llfihqpw, 

L!hlitnCltlwnh 23 Unuwf/buh lJnoh 6.9 600 

1969p., hm[/lup26 
::Jflfiwumwfi, 
Q-mwliqmfi 5.9 3000 
fiwhwlio 

1970p., tiwnmh 28 ca-mnnhw, Q-bnttll 7.3 1100 Utihtt~hl bli nwqtiw9htl Jhfinhn: ' Up!.O'utJWfi ljpuwq!i!Jl! junznpwqmJG 
1970p., UWjflu/131 'llbpm, 

7.8 67000 
UbJuU)llj wqbmfihp.flg tl'hlj[!: (Jnm 

::>ptl'pmnh 800000 tl'WPIJ tl'fiwg lit t wnw!ig mwfilt-

e-.- pJ'! : Otwuljwpwfi thnwfi unqwf1pJl utwlj 

1972p., WUjJl/J[/110 f>pwfi , ljhllmpn-
'PWntllit t 18000 UW{ll} 

fiw[jw(i tfwu 7.1 5400 Ul{!ipl[bl t 4/Jp j?WIJWJ!l! 
1972p., v)lljwpwqmw, 6.2 5000 Cb(Jpbp/J qqw!.lt wl{bpl{wc}mpJmfi(Jbp lrll!4mbtl'pbl1/J23 lfwf1UJgntw 

l975p., 
::>fJfiwuUIWfi, t;pl{)lwzwpdf! t:wfijuwqmzwljl{ht t, I LtwnfiJlfi !. lvwJ- 7.3 1300 pllwljtntPJDIUJ! tt!wljmwgl{bt' fiwfun-tlJbmpl(wpp4 I >hu fiwhw!iqObp !nnv 

1975p., 
CitntpjlJ'!W, LJ'!jlh 6.7 2370 

L/1\)lijnttl' wl{bptlbl bfi ljwnmjg!ibp/J 
uhUj_Ulbuplinh 6 3/4-n 
!976p., 

Q.l{wmbtl'wtw 7.5 23000 
4wl[wzbfi nwnmJgfibpp l!lll}hwptlwlj 

l lfltmnl(wnh 4 wllbntlwbmp]ntfifibp 

1976)'l ., UWJJ'!u(l6 
t>mw[/lw, .:!>ppm-

6.5 1965 Qfiqhwpdwlj wl{lipl(wOmpJntllfibp 
l1h JJ19Wfi 

1976p., hm!.ltu)l26 'Vnp-Q-tJ./lfibtuJ\1 7.1 6000 Ul{bptlhL bfi llJOUJ.bp. unqwfipfihp 
wnL.tl'mmn 

1976p., hm[/lu/114 
P.fiJ\Ilfihq\lw, 

6.5 560 
Pwih ltnah 
::>Jlfiwuutwfi, lvb-

lvnznp WfU1Jntfiwplipwljwfi ljbfiutflllfil! 
1976p., hm!.ltu/1 28 pbJ L Swfizwfi 7.8 243000 

tJlni\JlG wl( hptl lit t fiwhwfiqubp 
1976p., l>fl[/llll\lfifihp, 8.0 6500 

UbO' l{fiwu(ilip t UIWUIOWn\(hL 
oqnumnuh 17 lfnrm O'nq lllwnnlJqlibp}l!i 
l976p., Uphbuwfi Citnt(l- 7.3 5000 

lJmpwlllth !. QwtllltJlwfi pwqwpub-
finJbtii!htth 24 

1
1lhW I nmtl' tlnmatlbJ b(i pwqtiw~lul Jbllnbn 

l977p., UWJ!tn\1 4 fl.muJ'!fiJlw, 7.2 [570 Pntjuwpbumnui tiJtmqt!lit bfi zwm · 
<t,pwfi>W 2J'l9WU I 1huobn 
Upqhfiut~fiw, 

17.4 
Qfiqhwp6wlj wt!lipl{wentpjntfifibp 1977p., Uw!i-lvmwll, 

70 
finJbtl'pbp/123 4wmubmli !iw- J!WilWjlDitl' 

hwfiufihn 

1978p., hmt.fluJ'! 12 
tlwUjnfiJ!w, 

7.5 27 
Ul{bpl{btlifi dwuwfiwljw4/Jg up pwfi/1 

Ubli!}WJ )Jbfiybp 
1978p., 

l>pwfi, !Uhphu 7.7 15000 !UhphuJ'! 13000 pfiwlj~g qnhtl.ht t 9000 
@llltnhtfpbnh 16 

978p ., Ulipu{lljw, 
7.8 8 4.!iwul(bL hfi pwquwp{ltj zhllpbp; 

filljbUpb.nll 29 o~Juwllw 
..(.wpwutwtlJlw, tll!Jlljbf1utiiDill! qmu\(hL t lriJPflWU!pljfl 

l979p., WUJPfl[/115 ::>bpfinqnp/JWJP 7.0 156 
wtlJwlihJld qnmmti hwnwu. 

1979p., 'Unp-Q-I.{lluhwJ/1 8.1 100 5wll.lhfi \p),qnt tl'nm 
Ul.!.t:t:LlDbUphnh 12 wnt.ummllmli 
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I w. 'fllfJjnt 
2 3 4 

1979J)., linLnttfpjlw, hw- 5 

llflJnLIJlU/t 11-/lllU{InLti * {j 

qh~mhtfphpp 12 pw~-wpL.um;wa 7.9 600 tU{/t~h£lmpnG[! qmu~ht tOn~ nuL lJbo 
wmwubpd unmp gmllwup 

1980v., 
IItd/Jp, q-Uuuwu 200000 tlwpl} ufiwybt hfi wnwfig mw-hn~mhuphpfliO 7.3 5000 

£l(lpjl : AbptJ.wc)pjl hp~wJfivntJ. wnw2w-
1980v .• ~wpwttw;Jlfi I Ulil b(i lun]np tlj_mumCihp 
GllJ..Mphnh 23 PlllWJhw 7.0 3100 U}lJJwlip nutq(lfi gfigmtfuhp 4wtw-
198~, hntJ/lup 1 1 J!Jl!lmn mur 

f>pwa, ~bpuwfi 6.9 3000 Ubi> tlfiwu q.filllw:)lnu.i ~,, hnqhuf!. 28 7.3 2500 litlhmli•J t Uim>_pwnwPn 198Ip.;-
U~IIlhUp!;pjl 12 ~W2U!lp 6.1 212 '-l.uwu~bt tu zwl.ll zbupbp 
I982p., hmwult 7 Ubpujl.~w. G-b-

7.2 U;q Ofll! mbrJ/1 t mfitght t..u tfh4 b(l~-I 11lmn awhw£lq 9 
198~., hnl]/IU/1 J9 Uwulw...!J!II! 7.0 16 

I nwnuf!d 7.0 UUJgfijJI.llnUJWJml : 
Utlb.Jll/bJ bCi qJmnw_(jwfi pfiwllw!lwmtp 

1982p., 
WbG, UwfiwJlg , 

!lb~mbUphpfll3 w 11L.liw 6.0 2800 Ut!hptJ.bt hfi pwquwpfltJ. cunuJ.bp 

1982p., U~qwfiuutwu, 
l}b4lllbUpbpjl. 16 ~wpmJ.Itg 6.8 510 Awqtw£l uwhwuqmu I!fi'lhwp<l.w~ 

1--:--- hmw(lu wl{li.ptJ.wompJmfiGhp -1983p., uwputJ13 1 _4ntmt!ppw 5.5 350 CulJhwp<l.w~ wtlhptJ.wOntp;mfi!ibp ··- ll}nww.Jwlimu 
l983v :, tlwJ!J.up 25 tiwU{nufuu, 

7.7 8m!iwli)l!i 105 UWMfit uwhl{w!i {nliumt llouh 106 
1983p., I wwuu5wn t I)WpdbJ 
hn_!!_mMphpll30 fcl-ntpJijJ.Ul 6.9 2000 .(i}mpp!lwJ)l UJpt..bwnui wtJ.hptJ.ht b(l 

i 1983p., :::Jp!iwumwu, 2Wln!}Jnl1Jbl! .. 
lin;btfphpfl 7 Cw£l!lhtli 5.9 30 

liwhw(lq 
11983\}., U.'J>r/14w, 

6.3 . !lh~m bU£bJ!f!. 22 q.tlhfibw 200 UqbptlllL t 16 qJnt!J. 
1984p., u"wp<n/119 fltqp!iljumwa, 

lf-WQJ}j 7.2 1 tU!PljhfimpnGp qm!itlbt t !----
WliUIUjWUlntU: 

' tuw~bmpnul! qmut/bt t ot/lj]lwunumu: 1985fJ., O:wpmf13 O~llt. lj!lfimpnu 7.6 177 '-I.Gwu~bt bGl':iwliwU{wplibp, 2500 tiP· 
~~~npCihp, I 50000 UW(lll wpwfio mw-
(j . 

1985p., WU{fl)ll!J. 18 O]lfiwLJtnW(i, 
5.9 0:)1 J)UIU/J 

1985p., 
4m!iuhu. uwpn 

Uh.!!J.IIlhtipliJl/1 19 Ubvujtljw 8.2 4500 t~~humpn[j(l ql.ll!ltJ.bt t lvWIILUIJ. 
1985p. Swl?Jlljumw!i, 

ot wlinumu 
h.t!!l.mUUplipp 13 4wmwl!lmur 6.0 up !iwujl UtJ.hp.tJ.bt b(l p!iw~b!.IJ t.. Wp11Jntlilllpb-

uwnn I pw~w!i )hfiphp 
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llflJnwwq 12 bphwGfllJbO 2112wumu qpwCig4w6 bp~rwzwrutbfl[! 
(reonor~~ ApMeH~~ . T. 'Teo¢~a~Ka" , 1968) 

fl.Gmbli-

SwpbpJ:nl.l! 
l!!iwqw- ubtlnt· 15wfinpntpJDifi 

l{wJp PJntfiJ!, 
I J:l.Wlhnml 

I 2 3 4 
8511'1 ., ufl}tm 
85~. <l.Utm 

7.0 bpljplll2WJ1d{! wubliwj!i hwtJ.wliw~w!impjWUp 
86~. ,_g__wpmG '1-tlllli 

mubgbl t GntJU 02W}u(l 
869_1}_. 
893p. 

4pljGI{111J. gugmt!Gbp(! hntl!J.up 12-tJ.u L. hnl{mtu-
1679p., hnttJlU q.wnujl. 

8.0 
pbpfl8-!J.G m!ibgbt bu 7.0 pwllt ~wpq/1 flutnbGu!J.· 
~~ntflJDlU 

1840p., hm1J1up 20 Upwpwu: 
4plj!itJ.nii gGgmulibfll! hntJ/lu!124-Jl!i 7.0-8.0 PWl I (tbn) 

1827p., hnljm!ltlpbp tlw'l.IJw- 6.0-7.0 
6-R 40: C5wqljw6np~g hu. fl.CimbCiu!J.tJ.mp;nt£l(l unm 

dnp 7.0pwJ 
1846p., Upwpwm 

6.0 lipljGI{nq gCigmO:Cihpf! !in;tlipbpfl30-jlfi 5.0 PWl 
hi!!LwbU~hl!f:! 29 I (thn) 

1853p., hnt!iqwpf16 C5nt!w-
7.0 tJntJ.W!UDUl qJnl.l\}llinm 

lqJm~ 
1869p., qb~Ulbtlpb(lfl .2wtlfl2· 6.0-7.0 

lilll.WPWilflg 12/Jif hu .. , .2wtlJ!ztm qJml\Jl tinlll 
26, 1900 

l im I jl(imbliufl.~mpJntCfli. 6.0 PW! __ 

!883p., !inJbliphp/13 
4wplll-

L~ntlnLUJnl 3.0-4.0 40/jlf bpl.wfi)lg hp . 

!888fl. uwlhUill5 3'' 
bpt..w!i . 

5.0 10-15/jlf l:;[l_Lwfih9.hu-wm. 
1901p., UIUIJlji!.IJ 3 057 5.0-6.0 I 0-15 llf b[l_Lw!ijlg hn. 

I 1904p., '1-wl{w-
4.0-5.0 5qlf Uruup.wmpg hp. . I q~mht1ubp!J29 I Jnt 

1905~. hm!i!JUll30 'l-w~wn 5.0 'l-wllwn I!LUTJlllil)l t!mn 
1907p., hnljwblipbpjt 
2. 21 00 upt..wfi 4.0 lOqlf upLlll!ipg hU·W(lU. 

1909p., oqnuumu)l €1>w2w· 
6.0 2/jlf 4ntln pW!J.Wl!P9 €l>wzwphuq qJnUJ}l unm 

20, 13' 6 
lllhGn 

1910p., hmGI{wpJ125, 
l s. bpL.wli 6.0-7.0 25-30/jlf bpLwfipg hp.-hp-wpil. 

191 !E_., hntG!Jujl 8 Upmw- 4.0 5-6~u Unmwzwm~g hu-wm. 
1913p., UWJ1Ul]14, 528 JWI.D 5.0 6-8/;ti UptnW]Wlll!Jq hu. -
19l6!J., hnljmbUpb.pp 

f>qqjt(l 6.0 f"lqqjtppW!J.WJ!P unm 
28 20'8 
~~ 

!925p., qh~mb.lipbJip 
3m~w 5.0-6.0 U[1U!W2Wlflj;!W'l.WJ?flg wpti., 3mqw QJDl'llt umo 4 , 955 

1926p., hn~mhUpbpjt 
U[WQJ~'I. 4.0-5.0 UtWQJnq qJnt!J.fl tlnlll, lihuz.l!lljl ZP2lllfi 22, 16""' 

I 932p ., t!tupw/115, 7""' U~CiwJ.Ito 7.0 
~Wj\Ulbqjll{}lw lUUQ t ljwgqbt qnp()!J.pwjpfi 
unlJW 1 fibpml 
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I 2 3 4 

1935Jl., UWJ!1Up2, 7°1 litWqjnq qjntq}I Unu:: l!pljfit{nl] gfigmufil:ipl) 
5.0 1935~. UWjjlujl3-jlfi' 5.0-6.0 J!WL jlfiu:t(iujlt{m-

1 ~JWU~ 
1935!1., uwnu:lt 14 litwqJnq 4.0 liJW~q qJDllJil Until, JihuJitfilt 1n9Wfi 
19361). llwntnlt 2, 190< 5.0-6.0 IO{Jif liJWQ.Jilll QJDllJPQ hu·WPJ . 
1936fc ·• Ul:illjUII:iUJ!l:ipp 

3.0-4.0 20/pf UtWQJnq Q.Jmq}Ig hp-wpu. 2 18 ° 

1936Jl., UWJpup 8, 737 Uzmw-
5.0 6-8/jtf UzmwpwljJJg hu-wpt. pwij 

1937Jl., <Pwpw-
7.0 <Pwpwpwp Q.Jntq}Ig 10/jtf hp.: t;pJ.wfimu 

hmMwp!t 7, 20 .. l!WJl IIw\JfillD.II q~muUI:in wJI:i1h Pwu 20 wfiqwu 
!937Jl., \flbmpt{wpp 

5.0 Upwqwlt ttmwfi qwqwpwJitfi uwumu 13, 22" 
1937Jl., UtWQJDq 

llflbmpljwpjl28 Utw(}Jnq QJDIIJit unm, Jihu!PfilllPl?tuU 
1938p., UWjjlujll9, 4.0 
1329 lihu!Pfi f<hu!Pfi wt{wfijl UDUI 
1938Jl., finJbUnhpjll4 U!WQJDQ UJwQJnq Q.JnlllJ! tinm, @ullhult m9wfi 
1939p., 

<l.h'lJ! 
4.0-5.0 

<l.h'lJ! wt{wujl tinm hmfillwnlt 23 
1944p., 

6/jtf bpuwfijlg wpt-Llfltmpl!wnlt 17 
1944p., hmwuJ! 20. bpuwfi 4.0 

,~t . 6-7 ljtf bpuwfijlg hu-wpti . 
1945p., l:jnt{w-

6.0-7.0 3/jtf l:jntJ.wvmiJitg wpu. OQDUUlllUp II, gll I qJntiJ 
1946p., WUIJI.Illlt26 t;pl.wfi 4.0 10-!5_9tf l:ip"l..w(iltq WJ!J . 
1949p., hm(ipuj13, 653 f!Jntpw-

7.0 12/jtf f!JmpwljwUjlg hu-wpt. _ltwu 
19491). o~numnu)ll7 ~uwu 3.0-4.0 15-201Jtf lzJluwfiflq WJlJ-hU.-WnJ. 
1950~. OQDUlDDUI:t 6 litw.Jl!G .!iluilltu wljw(ijl tinm 
1951p., 4.0 

20/jtf t;pL.wUJ!g hp-W(ll-llnJ!lli!!hPh 12 
19531}. hntllllwnh 22 \ 

3.0-4.0 18-20{ftf _ t;pL.w@g hu-hu-wpti. 
1957p., 

4.0 20/jtf OpLWfijlg hU-W(lt. _llthtnpljwplt 14, 21j0 

19571}., tiwpm)l3 3.0-4.0 15/jtf t;phwfiflq hp. 
1959p., 

4.0 30/jtf bpuwfijlg hp-wpt. ubwwh>iobplt 6 1456 

1960Jl., Wllj[ljltJ! 18, t;pLwfi 
7j' 20-25/jtf t;puwujlg WflL· 
196lp., uwptnj126, --
ll OJ 15-20/jtf t;pL.wujlg wpti. 
1961p., WUIJII'tW 3, 3.0-4.0 
1247 15-20/jtf t;pL.wGflg hp-wpti . 
1962p., WUIJljltJ! 14, 
II"' 15-20/jtf t;pl.wGjlg wpu-hu.-wpu. 
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' 1 2 3 4 
1962p., 

l'q'lflp 7.0-8.0 8-12/jtf l'q'lJ!pjlg hp. 
uhULtnbtl~ 4 225

' 

1935p., tiw~_l, 10 8.0 5/Jif 'l:hgnpflq (litmpnllw) hp-wpJ . 

1938p., t 10/jtf Upwpu L UjumpJwG qbtnbplt uflwguwfi 
6.0 lllwJ~~g hu-wl!u. GnfMJ!Iipjl 14 '1-flqnp 

10 ~tu '1-hannha (iiTntJll?llW) W[lJ . (J7 

-----
1940p., IUUIJlptJ! 17, 

5.0-6.0 6 lju '1-!tqnpjlg (fi)ntJlllllw) hp-wpu. 10:1<) 

1831p., f!WJW- 20-25\ju Upwpwm tl:injlg hp., f!wJwqhm 
hmu!Jwl!l! 8 I atm lllWl[Wllil Jll9WUDUl Clitn{m~tiW) 
187lp., 

q.JDIW-
6.0-7.0 

llh\jUlbUpbpjlll, q.JntiJ!\)W QJDiq}I UDtn (litDI[ljljiW) 
1645 \1W 

185lJl. 
f!WJW- 5.0 I qtm 

UflJnww/j 13. 'l'l Lnwpw6Jmul hWJU1Gwpbptlw6 ~11 RWGpllt~nwrtutpp 
hwuRwtlwJ11bfl ([!uLn u. t . ~n~wflJWup) · 

Ubmwl] ~wfipwl}wJp 'l-w[lWZfl2Wfi 
lTnmwtJ.np hwuw-

tlwllnpntpJntli 
lm thG. mwnlt 

I 2 3 4 5 
4DIJJ!fl 40-50 SwpJ1IliL l}]:l_tili_l]\_ t 

<.nwanwfilt 35-40 
Pwanufll l:ippnpqwljwu 

ltwuwnwnll (UJWtbnqtu) 
40-45 bp4wp 

<.wnwpltfilt 
Ut!wnwfiqlt 

Upnt{jwfijl bppn[11]W4Wfi 6-7 (fibnqbu) 
U'wUqw(l Uu·l?WP- Uwpjl- ljwljojl 

100 
QJmnlt 

~pnu cnpdwJP, Qllw 
b[l[lD[11]W\jWU 
(~WJbnqbfi) 40 Swr.lll?l! l(jllil:iiJ! t 

Slltnwfi Unaw11wG1t, ::>ufiw111l 11hllp[l/l 550-560 
~w9wnwfitt 

U'n@J!llb(i 
UuwnwlJfl Swnttun llll6bill t 

'1-wumuiiJbpm)l 
bppnpqw4wu 15-20 

<t.wfioLutlwfib 
(fibnql:iu) --

~W9WflWfill 

CWUJDllltl SW[!Nl[l t{lllib!P t 
<llJtl!G6 li1wtll:innm 

'1-ubnll D[l[lll[1'1W4Wfi 40-50 
::>!1fitullll (lllwtbnqbu) 

.l.wu!1w&nnll 
ltwwwfill Swllhi!rr _lj}ltiJ:!tl! t -
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1 2 3 4 5 
Utue-WJWJ!l h(l(UlflJ}wljwfi 
"lnht!nrfimh (uiwJhnqhfi) 40-50 

4WUjW(ll. 
'lwqtiwrh b(l(Ul(li}Wljwfi 15-20 g~filj 
Uowml:i(jJl . Cfihnqbfi) 

Cwhmtirwfip b(l(UlflJ}wljwfi 40-50 Swplll!Plfu6tih t Uumtipfi Ja-hdthn (uiwJhnqhfi) 30-35 
IJwqfihqJr Un11w11wlih nhil;;;;tl 550-560 

mti f>1>LwOh l!wtl6h 100 

CnpdwJp tppnflJlwljwfi 
(uiwJhnqhfi) 40 

.'bt'lJI hppnflJlwljwfi 
15-20 · Cfitnnbfi) Oulj]I .. 

.C:.wtiqw>htiwfih b[I[!DflJ}WijWfi 
IJtnnwonnh (uiwJhnqhfi) 20-30 

Ja-hJ-L)lcp-<twqJr b[![ID(li}WljWfi 
. (tihnntri> 15-20 

Uf/Jnwwq 14. Uztuwphfl tunznpwqmJO hwOJ2wl{wJ11b!1Q 
(Cu, Ni, Co, Pb, Zn, Sn, W, Mo, Sb) 

(CnpaB04HII!K !10 reOXII!M11!4eCKII!M OOII!CKBM none3HbiX II!CKOnaeMbiX, 1990) 

<:I ' .c.= 
r::!i .,-

~!3, 
.:.wUl!WtlWpf! ~5 ~~~ Oll)hll,giiiJ. dhtnlW!Iihpfr 

§'~ 
.§',.,. • tiJr.2M UjW(Ultliwlj_m-(hplj]Ip~, hwupwJGwgtiwu mfrUJ~ <:I 3 E: 

PJOtUiibpf! t.. 3'"" 3'"" ~ 
r:' 8 [<:I lliWZWpfibpf! 

s~ 
l 2 3 4 

lllriltfi4 
_1;]_-SbGbmh (~h.1h , wnhGd-umn:bh.nwJ!J(l) 44,0• 116 Mo 200 hwQ . w, 0,03% ~mbhbwuwmw (~hrh urnhGd-wnnl>hnwrh(i) 35 o• 1,25 Mo 120 hwq _ w, 0 006% 
OLiltiU{)llj 'l-wti (U!J.umpwww, umpwmfrunp:jl) 35,2 1,60 u,o,- 1,32 titfi. Ul, 

Qwtippw/J (Ujl)!iowlllfi wtlwowuwnhn) 
Au 1320 tn 

28,0• 3 10 
Qwllnll (Ujnfidwthli wtlwowuwn.tn) 25,0* 3,58 
AJmp (UIJL, bnw~wl~li) 9,0• 3,50 Ag 30 ... 90 qlw 
il-frn S~timn (t>uUiwGfrw, ljnJi lii}WUwpwquw-

Pb - tifrfi~t. I%, 
--

tihmwnw1hfil 7,0• 0,7-2,5 
Zn uhGil.2% 

't.llbht (un~wJ fi hwfillWfiJmplip) 

Uw1JPhpfr (4wuwqw) 14,3• 0,7-1,5 Cu- 0,8 ... 1,9%, 
Pt 04 4/w 

liwunnrnw {UrJumnwJhw) 3,0 3,2 --
\.pljbt, IJDJ!WIIII (JW9bntlmubnl 

Lnun-"lnJfiJJ Pwrnuq (l>lltllwllGGbp) 2,0 I 1,3 Co 0,12% 
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1 l 2 3 4 
lfwwwn. qJllill 

Ppnljhfi-<.pt (Uttumpwww. ljn(ihqwfiw- 55,0* 12,7 Pb 
Ag-ISOq/w,Cu-0,4% PUIQUWUbUlWf]WJpfi.) Pb+Zn 13 6Zn 

Upu~upU{)l-tJp.untp)l (UIJL,, umrwm)l:jlnpti) 
Pb- 12,0 ti)lfi~L.25% -
Zn-11 Pb+Zn 

fl.hl}-'1-nq (UIJL,, ltnuhqwtiwpwquwuh- Pb-3,9 5,0 Pb 
Ag-8300 w 

mwnw-JilG) Zn 13 0 17,1 Zn 
Ufiwo. 

4nn!imhr (IJtc} tlrlllmw!ipw, hpwuwrhiD I . 3,3* I 0 3-0 8 l 
liWIIWQntW C~mht!hw 11n11Pllbnuwrh(i) 0 53* I 086 I 

<lnr~wd 

lJwu Smfin C4wfiwnw uutunfiwJilfi) 060 1 o96 wo, r 
lJwl!-IJilJwfi "lwu (l{wfiwnw u(jwpfiwrhm l 0 325 I 0,90Wb, 
Uwfinnnfiu C<.n . 4nnhw, u(jwpfiwJpfi) 0 20* 078 wo, Mo 0,02%, Bi 0,046% 

IJ~iihnllhli 
4JWJUW1!U (UIJL,, 1U111Dilhn1JwJI!fi) I 1 8* 0 26 lwo, 003% 
q_bUI)bpunfi (UIJL, 1UllllltllinllwJI!li) 096 I 0 25 

ouliiim 
Unpqmwfizwu (~ct.:., Owppp-upwgwljwr-

1,9* 3,5-4,0 -
onGwmwtllG) 

llbnhrhmd (hw<J. w BeO) 
4)1Gqu-1Jwmli~)lli (UIJL,, UJbquwm~-

mwrhG)- 120,0 0,3 BeO -

fl.hl)u(jflli-CtnnP (UIJL,, nnbtobfiwtllfi> 50,0 1,0Be0 
~mw-<tpumw (~pwqJrww. UJbqtiwm)l-

40,0 
0,2-0,3 -

mwrhG) BeO 

UUJhr-IJwmfippfi (UIJL,, zbpmwJpfi) 38,0 
0,5-0,7 -

BeO 
SwlitnWI lihDI!iintd (hwo. w Ta,O;+Nb20s 

Upwzw (llpwqJrww. ljwppnfiwm)lmwJfrU) 
5600,0 2,0-3 ,5 -
Nb20s Nb Os 

Oljw (4wuwqw, ljwppnGwmfrmwJfrU) 
480,0 

0,5 _Nb10s. 
u,o. 0,02%, 

Nb20s TR?O -0 3% 

Snp LbJ!l (4wfiwqw, UjhqtiwmfrtntUJjlli) 
19,1 Ta,Os 0,03 Ta20s -

060 0 Nb20 04 Nb,Os 
UnOwp(h\:uq. w 

"lnmnu~ (Pnwtt)lw, bpwljwJfrU) 35,0* 
300,0-

Sn-4% 
3000 0 a/w 

4npwtm (4WUWI}W, b(lWljWJfrU, W(lOw(l· 
20,0* upfi~L 5% 

Cotipli1h 8%, 
wnuhfitlnwrllfi) NitihU>lt 14% 

OUtlll-(hwq. w) 

Y.frmtlwmtpupwOq hwtipwj)!G qwzm 75,5° 
10,0- 12,5 u 90hwq. w, 

I r.:.u.:., nulrlmhn \rnUQtntitnwmGtp) a/UJ Ag- 1500 tn 

"lnpltJntUjWJU (4WUWIJW, bpwljWJ~fi) 1,55• 
9,7-15,0 -

Qlw 
4wtqmrw (Uplttii!JwU Uttumrwww. 1,3 6,0 q/tn 
tnw~wit1u> 
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U11Jmuwq 14-/12Wf7ntfiwqntpjntu 

1 2 3 
lunntUUFibJp (Ulfl,, ul. ~bfiFIWPWPWJPU 1,2 

10,0-20,0 

~9.1!&..:_ qlm 
lintWfl (~!lq\jwumwli, bpwllwJit!i) 0,9 IS,O!Jim 

JlpntiJtm!lbp (UIJUJ. 111) 

C\lwpg\jnllj (.(,U<!,, O.jntumbGpmpq) 1,0 
48,0% 
Crz_03 

Ulii'J 'HuJ\jW (.9.}uipwptJ.Ii) 0,4 
48,0-50,0 

Cr203 
3>~np}lmliiJ!i . 1D htull!ltuRW[!} 

Ut.Ln!PW l"llipn_t, !ium~w~w 1 U) - 600,0 I 15,0 P20 s I 
Owlinpn_uumfi. • Uzlj_wi'J b(i Ujwzwp!ilirlf!, npn!ig ub)' hw21j}l t wnutJ.wO Owl. 

wJ11l)mllwhwllmullhpJ! 

4 

-

-

-

-

-

Urymuwq 15. '-lw)'ll..n)1wqnt]!i l:ibtnwllGbJ1~ hwuwzf\JwJ1hWJ~G quwhwun.j_wo 
ntum)'lulibp[!, hwzLtwJ14tl.w6 ~wzwp£ibJ1D u UlWflb~wG Wfl'lJntliwhwliuwli 

ewuwl(ubp[! (wnwfig uwful(~fi ungbpl(plibJ1~ t. tuU~U-~) 
(CnpaB04HI'K no reOXI'MI''feCKI'M nO!'CKaM none3HbiX I'CKOOaeMbiX, 1990) 

-· -

ll[uumfiwhw- O.buntpu-
U1nnWll.fibpn ctlwzWJIIibpn finuiJL fibpJl 

lltfi. m 
ITJ.I\llull 847,_6 6,2 1357 s 
liWUjWfl 187,2 2,35 1580 
8)llilj 296,8 4,82 2100 

Jdl..!@.___ __ 95,0 0,125 21 9,5 
linpW!ID 4,2 0,017 6 24 -UUwq_ 7,56 0 155 27,54 
'-ln Jl>J!.wu J.W011 2,05 0,02 3,87 
T.flllh£!1\lli 11,85 0046 2009 
UwpllJl 1,87 0026 2,17 
~wq!lwq_mun hmtbP (qnuiwpuiJitCi) 87 003 44,5 
L~~]lnu! _(LhO) 134 0,0054 51,3 
'Uimpltmu (NhOs) 15,3 0,0352 2 1,02 

hwq. w 
Swlimw_l_(I'a20s} \ 132,0 0 535 185,4 
PtpltJ!lmu (BeO) 945 0 064 2907,0 
Utillll~ 117,0 3,0 367 0 
Ouljlt 58,2 I 06 75,2 

·-- -
Upi'Jwfl 470,0 _9,76 1070,0 
IT\jwm\lli\ll:uupp mwpptp (~;,muwpwJitU) 18,55 - 77,85 
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Oqmwqnp.ll"tlmb" liU hb:mhjtiil htuW.uwl{ulllllt ul{w{lullp.l] . 

/{n6pooollhCKuu BB., flryw.oea A.tl>.- uq. I, 2 , 4-18,50,51,98- 110 . 

a A"" c.r, 3 46 49 52-54 56-64 67-71 73, 76, 77p-81, 83-88, 9 1-97 , 
/1K}'tu06Q .'P. - u...... ' - , , , ' 

111- 1 12 

Ky3Helf06 c. c. - ul{. 19, 23, 45w, p, 55 

WyMaH B. - u(t. 20-22, 24-29,35, 36, 39,42-44 

Ky11UK06 5 .</J., 5y KaH06 B.B.- ulj. 30-34,37,38,40,41 

<{. lJ. q.wpp/JlivwfJ - u(t. 89 

[. u. QnhpCUp]CUfJ - Ulj. 90 

<{liiJftflcul[cuJftfj - uq. 65 , 66, 69, 72, 74, 75, 77w, 82 
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