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Annotation

Monuments of mettalurgical industry exposed by archaeological excavations on the territory
of Georgia and studied by complex methods have been considered which are associated with
the multicentury chronicle of forefathers of Georgians, Tubal Kains, ,hammer smiths, iron and
bronze farriers“, which preserve traces of their creative work till now.

Ancient metallurgical centers functioning in the IV-I millenium B.C. made high-quality
copper-bronze and iron-steel hand-made objects and created highly artistic masterpieces of
precious metals by working of local copper, arsenic, antimony, iron, silver, gold and polymetal
ores.

Historical picture of the the process of formation of separate metallurgical hearths and
amalgamated metallurgical centers of the South Caucasus region is offered at each stage of
development of local cultures of bronze-iron and antique era, which became possible by
scientific-experimental analysis of labor organization and technical-technological
characteristics of the studied objects.

Interdisciplinary study of ancient metallurgical industry proved full compliance of the
results of material-cultural monuments with the data of currently available written sources.
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Ag0Ombol  amgdsdo o3y  3bmdowsh  hobl,  mmdgamo Lo gbd-d@obyxomls
(o®dmgdsdoz ygmgoms ©obgermgbgdygmo. @mam®E  og@meo  dgbodbogl, 003560,
0Mo5g0 s dnbmb god@mdebgb dgb dm@ols Lyagdbs gogmobs ©o &u®dganbo
@gogolobo Jobbgl Logokdme dgbps™ (dgbsgddy, TV, 22). @bmdbogro bgds, @m3
Joomggan  Ig@omydams  bobgansgo, @go@ol  bofo@do  Logok®me  sbamdgenr s
dna gy J394690Tdo powomes (xogobodgoano, 1960, ag. 24; sgojodg, 1970, ag. 731).
>0bodbyeo gomsmgds dgJdbogno 3OmEyY]@ol dgoobsiools s dggero dbmgeomls
Logok®m  g@moghnmdsms  Jlgando  mogobo  gymgbogro  swyomol  ©odggo@gdsls
3ob5300Mdgos.  L3gosgol@gdol  sb@om,  Sbydygmo  Fyo®mgbols  Godogool
B005Mgbgdbmab  ao030390s  oox gMgdgmos.  obggg,  Bodomol  gdoygbanmdsdo



Jodmyammo  Imadol  Godo@mgbgdol  gOm  gdopagbgan  bofomow  Fo®Impgbs
sliodggdos (Menukumsuny, 1959. o3. 76).

POnggee  Hodms J@Homgtaooby  ges@gson gaOem  gOEgwo  3bmdgdo  sfzm
bg®dgb  o30™MMgdL, @mdmgdo  Lodb@gm-s@dmbsgamgm  dogobmgolidodgmls dggbgde.
9o @y Amdmoyob of mbiMg@d e domomgdygmos bogrodgdo (bogngdo) s
dmboboggdo, GmAgmmegsb  3oMggebo  @gobol, bmenm  dgm@gbo - L3oangbdols
Fomdmgdodo  gmggoansb @obganmgbgdbymo. bogodgdols s dmboboggdols dglobgd
3bmdgdo  dggbgds  doom  Logbmg@oll, Ebmgagdol  {gll, UL3ogrgbdol s @ gobols
dgBogydyosls s @ommbrsdydsggdsdo dom @odlobyy®gdsl.

3. glans@ds  dogmoms  gagmbols >ybols  Jggybgdol  Igu@bgmdsdo  bognody@o
®30bol o 3609gbgemdsbg s s@bodbs, MM Pmensol dg@dbymo Lobganm@gds
»bogog i bagnodms Lo@mdm Lobgeowsb 9bws ogml (o®Imdpasmo (Yenap, 1881, a3
293-312; Memukumsunm, 1959. a5, 227).

bognodms  dglobgd  9dggamgl @odg@s@ydge  3bmdsl dmdg@mbols ,omos@sdo™
3300byg@mdm:  ,,meombo s  g3olG®m3mbo dmydewmebyb  se0dmbgdl, dm@gyeno
S0dgesb,  Lowsi  o®ol gg@baroll  Lodsm™  LE®@sdmbo o3 3bmdslomsb
53533009500 50b0dbogl, A®I 350 9fob gadgom seodgdo bognodgdols bogensm®.
03539 Aol gbmdogmos ol godBos, @™  dmdgdmbol  sarodgdo  Lsdb@gm
‘d530bwgolido®gmdo Jmbobagmdwbgb (Homer, Iliada, 11, 856; Strabo, XI1I, 3, 20).

394509 doggmgeols (d3. {. VI gmbgdgdgmo  @3bmds  dmgdmggds  bogodms
Logbmg@olol dglobgd, dog@ed 5@ox9aOL oddmdl dom Logdosbmdoby. dogg @™
dogngmgamol  mobsdgedmggl,  G®spogml  gbJoengl  (d3. §. VL) ,d0xedgoee
30mdgmgdo* domomgdygao 53l ,,03060L s3Iy doggdbgero bognodgdo® (Hecat, y3. 195-
196; BAU, N1, 1947, a3. 301).

93003009L  (d3. §. VL) @Ospgoos omi3glBowsdo”  domomgdygmos 03060
bognodms  J3ggebodo®, gobdod@gdygemos ,,bogodgdo bogbos 3mb@mdo, Lowsis oMol
®30bols do@o®mgdo® (JlaTemmes, 1947. o g. 288, 292).

bogod-dgB o g@ams  dglobgd  30Mggeo  3mbi@gRgeo  3bmds  dmgdygaos
JUgbmrmbB gl ,,0b505bolido”, Lowsi dg. §. V Loyggybol dofydgeols dpamds@gmdss
sbobyyano.  dmbobogms  Jggybols  9g009@9L  ©obsgangm  bofogdo  Jlgbmamb@g
sobBYMgdl  dJmboboggdol  Jg9dg3@mmdo  bogodgdols  s@OlLgdbmdsol:  ,,bognodgdo
d0mgmoibmgsbo s dmboboggdol J39dgg@omdgdo o@osb; 3bmgdmdgh 93o®s@gbow
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@30bol dm3mggdoms s wodydoggdom®. (Xenoph, Anabas, V, 5. 1-2; dodgersdg, 1967, a3.
106).

300390 s@OLgdygmo  3bmds  @3obs-gmesmol  sdbowgdol  bogmody®o  Fglols
gbobgd Jmodmggds glggom s@olFmE gl (dg. §. IV 1) b5d@®ITo ,,LomEs® bdoms
dglobgd™. ,200dma339996 bogrody@o ©s sdobydo @gobol LOYmos mogolgdy®
Fo®dmdoganmdbdoby, opo  dJmbsmb®mdmns  dobgogom,  doowgds  dpobs®ols  dog®
hodm@oboano Jgodobogeb. o3 Jgodol, godmag9dgb geimbo, yod®omme @g3boggb o
>©bmdgh,  boge  dge@gms  dobgegom,  godgebgol  gdwgy  wobomgdl  gowgy
Godrgbxgady Gaeboggb o Fgdege. BeGYdIb @e GyGbeyeddmy Jgob. @mdjmog
393005 o3 J399obsdo, sbmdbgb. sLgmo ®g0bs bgg@oe xmol Lbggdl s opo ™I
900 Jgedo o  oyml  godmdpbomo, 35Tob, Sendsm, sOsPGOom  godmo®bgms
3903beologsb. dbmgme o0yo, goedmzgdol dobgogom, o ogobygds, dsa®sd dolio
dm3mggds 9dbodgbgerm mgbmdom begds* (Jlatemues, 1947. o3. 327).

ALggm s@MoLEAMAIglbomsh wosEygmo 3bmdols dobgwgom dg. §. IV Loyznbgdo
boenodgdo  (bogngdo) 03Ebmdebgb  dogbodydo  Jgodolopash  ¢gobasgo  gmenswols
domgdol  Fgll, @o3 bogodgddo @jgobols  Fomdmgdol  F@swoiools  Lodggergby
doygmomgdl.

dgBogydyo  BAmdols boenodgdols  dOmdol  300m9dbg  3bmdsl  ago(gwols
S3m@mboml dmembgmo (dg. §. I L.). ,,003mb53803530% gzombygemdo: ,,q39esby
9d909@0, 2odAxg bomodgdo, dobrggeh Go 3obol ©odydoggdsl, Jmwmgsb s
30093 dofobg dmlobergmdgb.. olobo oA Jofols od9doggdgb bodgdom, O3 Mo0dy
B30 bogmazo dmysgm, @3 om0 xmagdo dmgl 65dosh Lodmgmgdbg. mb@osh @o
®30bols d9dig9en 3dodg dofol, olobo g@osh s (M3065L) LobOOMDY. s@obmgls
g0 domo  sgmombo  sbogno  ao@xol  aomMgdy.  dog  dgo@Bmls o  demanTdo
SOy gdgb olobo mogosbom ddodg Lodydsml* (Apol. Rodos., Argonaut., 2).

bognodms dglobgd Loob@g@glbem o0bgm@dsiosl ggofgeols LE®sdmbo (dg. §. 63 —
ob. §. 23 (7)) ,,gbaobpgearo bognwgbo [oboo bogodgdew ofmwgdmobgb. 9a®m sdsm
dn@ol  dEgds®mgmdl goMbogos,  @mdgambsi  (9®mo  dbMog)  begowsh o3l
dgdmbogogo — 3geodogdols gMologsh... bogm (3gmeg dbMog) ol dofosb (o@gdl)
@ommbgdl, gbas @3obsl, beam ¢gfob ggoEbambsg. Log@ome o3 swpowgddo
bobododm  dgBobdgBoe gofOms, Gowysb odgg bgdmem seds@mygeos @ommbgdom
Logly o @yosbo dmgdo; dgdmedobggdo mogh 0dhgbgb wommbols (dm3mggdom)™
(Strabo, XII, 3,19).
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LA®odmbol o3  (3bmdoTo  yydowwgdsl  0d3ggl  domomgds, @md  bogrodgdo
(bogrgdo) @30bol Jo@o@MESb odm@Gobogro dobologsb 0mgdbobgb. ogo s®oxgOL
53dmdl dogb9B0B M0 Jgodol gowsdydsggools dglobged.

bognodyg®o  G3obs s dmbobogy®o  Ldogngbdo  gagmbol  begol  Jg99b696do
9J3m@HL  Lopobo  oym,  sdpgbs  olbobo  Lomobswme  solobs  sb@ogy®
0B gAs@Y@sTdo.  bogrodms  ©s  Jmbobogms  aodEs, dgger  goabgmdo  0943bgb
dgBomydaosdo  obgamgbgdyemo  Lbgs  BH®Igdoz,  OMIgmms  bodmemgs{emo
M Jgmemyoygdo asmb@gdom odbs Fomdmhgbogno.

35885b0o-Fobs  sbool  Fg@odmmosby  gdggaglo  dg@ogydaoygmo  3gdgdols
5OLgdmdol, godmgmgbol s JgbFogerols 3GOMdangds oas x 90 gowgy XIX Loygnbols
dggeggo®ms  {obodg.  domo  gOmo  bofoemols  dmbsgdgdom,  goggobos  dggee
Jbmgaomdo @gobols dg@ogy@aool ghm-gom 3gdow s®ol dohbgyero (J.de Morgan,
1889. a3. 36-40; I'. Abux, 1950. p3. 316; H. Quiring, 1938. a3. 129-131; Cl. Schaeffer, 1948. a3.
436-437).

XX Logyggmbol  olofgoldo wowo  yydopegds dogdae @omggnee  gmbogy®
2090005bgdoms  @go{emols [o@dmbgbols Logombl, dggen dlmgmomdo sdmygbgdyeno
@ommbgdol, doom dm@ol ggeOEberol, L3ogrgbdol s @3obol smgolgdol ULsgdgdo.
Lo0bBgPglm, I@sgsemag@mgsbo b3gd®ol Jm3Eggeo 0bgm@dsioss Fo@dmwygbogno
3bmdogno  ggdm3gero  3g3bogdgdol,  IgBoeydyools  obGm@ools  L3giEosgoliGms
65dOmdgddo, OmIgandoi mogdmydogmos dggengbo Lodmsdoswbm, dgBomy®aoygeo ©s
0mmbesdydsggdol sdbobggeno dobogrgdo. asbbogoayaos Jbmganom dgGoydaools
obBmEAos holobgol 3g@omosb, Lowsi ©odlbobydgdyemo spoeo ofgl dohgbogno
Fobs 5bos-3o835L00l Gg@o@m@osby dabmgagdo dg@ommydyo Hmdgdol dgdmJdgogdsl
(@. geo@dlo, 3. gmaasbo, a. gohobmbo, 3. @oho@Lmbo, 0. Mojodo s bbg.).

s@Jgmamyoyg@o  dobsgnols ©o  gansbogy®o  3g@omeols  sgdmems  (36mdgdby
4OEbmdom, M. BmOdlo 5©b0odbogl, @mMI 3MbAML Msombo, Lowsi Lobammdobyb
bognodgdo,  0gdsgngdo,  dmboboggdo, @g@oo  @ommbols s @3obs-gmenswols
Fo®dmgools Loddmdaoms (Forbes, 1964, y3. 93).

@.  geo®dlol  sb@om, @gobol  sdmhgbols  (39b@Mo©  dgodargds  goggobiools
domosbgmo  dogohbomm  (Forbes, 1950, gg. 415-420), Uosowobsi dolbo  ©odydoggdols
A9dbmmmaos  bbgs  ®gaombgddo  ao3dgers.  gomswols  domgbol  bgamgbgds
©05353'd0Mgoge0s  bogrod-bosangdmsb, bgmgdol @3obol Fo®Imgdol Gsombdo, di30mg
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sbools Bg@modm@osby (Forbes, 1950, ag. 421; 1955. ag. 595). o ®30bols dg@oemyg@aos
Lomoaggl owgdls dg. §. XII Logysybgdo (Forbes, 1964, ag. 179, 203).

3. 3maesbl doshbos, @M sberm s@dmlsgamgmo omgargds dgB o y@aools s dobo
Fo®dmgdols  ¢dggergl  @gpombow. @ 3obol  9ydgagdo o3  @o0mbowsb  do@sgno
30bLAOYJogmo  gobgomedgdols  gengdgb@dgdl  dgooglb.  Abmgwoml @ gobols
dgBoey@yools obBm@oymo asbgoms®gdol 3@miEgLl byl 9fymodes d3o®gsboydo
dAmb dow{gggdo. dolo os@OLgombdols o dggamo @gobol Fo®dmgbol asbgoms®gdols
bomgelogmeo  Lako@ms  dmdsgogro  os@dmbgbgdo, dg@o  dsbognols  dg3bog@geno
aodmggemggs (Coghlan, 1956. a3. 70, 86).

3. gmgeobols dmbs393gdom, 5d0g@gogsolools @gaombdo @3obols bogmgdo 33Ebmdos
dg. §. 1200 (erodg. bogomddom 360dgbgermdols dmgangbsl — ggmansols smadmhgbsls,
sbodsdo dogis 3mbEBML M50mbTo, LowsE, G300l Jg@omyu@dyoslmsb ©sjz53d0Mgdom,
Jbmgaom 360dgbgemdols obEm@oygmo 3Omdagdss yowsfygg@oeo (Coghlan, 1956. o3.
77).

.  gobobmbo  goJOmdl, ©md dgdomydaoygmo  3OmEglgdol  swdmbgbgdo  ©s
Logomme  dgBogygdaos,  sbapem  s@dmbsgangmosb  g30m3sTdo  aog@M(3gm©o.
bognodgddo, bgmgdol gOm-gHom 3G™M306305d0, wobsbl Bemdebgb @ j0bs-gmanswools
domagdol  dmbm3menosl, Gmdgeoi dgdwgy  ImbmEgbGGYmo  mgm@ool 3G0bEodom
2o30(3gmes bbgs Jggybgddo (Aitchison, 1960. yg. 84-85, 101). go. gobolmbo L3ogngbd-
d@0bxomlb dgHomy@aool [o@mdmdmbdobmsb ©sjzo5domgdom  Lsgombol aobboangolsls
@. gmAdbol  03m 33 g396Loi  ggObmds, 5@ do@Fm  L3oagbdol, o®sdge  Lbgs
QgOoo  @ommbgdol  Fo@mdmgbol  dow{gggdls o  Igmmegdbby by gamdolsl
dJogosbo  0bos®gdl ol mgm@oge s 3@sJBoguse  w©sliggbgdl.  ggdEberols
539353900l 3OMdagdoliosb  dodo@mgdsdo  GoJOmdl, @md  ggdEbaol  dowgdols
G530mbogy®o bgdbo, j93geodgdol abom, 30@ggemse hoolobs o aobbm@ogmws
bgmgdmsb, dgBorydaoygemo Gmdgdol — bognodgdols dog® (Aitchison, 1960. 3. 67).

Omam@3  dgbsddgms  Foabdo  ogm  os@bodbymo, mydogo  @gogrols  Idgwgero
3o05©  03bmdes  L3ogrgbdols gyydgby S@obxombs ©s momd@ol dowgdol  §gll.
dmboboggools aoblsgym@gdgeo bo@olboll momdgdo, Ggdbmermaoyg®o mgolgdgdom,
dogen dggee Lodgo@mdo 0gm (3bmdogno.

@. goadlbol  sbAom, womd@ols [o@mdmgdsdo  aoesdfyggdo @mao  mygmools
omdmhgbod  dgolidyas,  Gmdgamoi  agbgegds  Bygool,  ggoOibeol,  Ldogngbdol,
5bmodmbols ©o oM0dbbols Jobgbmsb gOmow, bmaxg®  mddgglbol  Loboms.
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HE00Mby®o  mgmos, — [gab @, gm@dbo, doowmgds dgdogao  Fgboo: 3odggesw
099000L 3o©bologob odmobmdgh Mmool 3o®dmbo@l, dgdpgy sewagbomo bmdom
0909 mdgb  @omnmby®  mygmosl. sSbgmo 3OmEgbom  Momdgdl 0wgdebgb 3mbGML
@50mbdo  dzbmgdgdo dg@ogydyo Gmdgdbo — dJmboboggdo™. dom dogd  Loyizgmgliom
bo@olbols momd@ol (o@dmgdols obslodygmgdans dmdgegl RlLggom-s@oli@m@ g gl
3bmdogro s g@ommbs. dmboboggdo momd@ols dobowgdo  L3oagbddo  9Mg30bgb
»139300@@  dofsl . gl ,,d0(o" dofosbo mygmools 3o@dmbs@o bws gmgogrogm. o3
M®030bog @ s@dmhgbsl ogo dg. (. 1T soolfagymol @olofgoboon smos@owgdls
(Forbes, 1950, a3. 279).

@.  ge®dlo  sebodbogl, ©md  @Ebmdbogro  3gengzedgdo  —  oba@olgmo 3.
3503963 g0 ©s dmermbgano 9. 39g3m@lgo Jmboboigdl mgeosh dggen dbmgeomdo
dooo  bodolbol momd@ol 3o®ggen  sdmgolgdangdee (Forbes, 1950, gag. 219). @.
QmAoLo oliggg oslR®gdl ag®dsbgeno dgEbog®d @. go@bmgol Jmbsb@gosl, ®m3
Lb3ogngbdols  dgBoeydposl  Logydggero  hHoygysdgl 3mbGmL  @s0mbdo  I3bmg®gdds
dgemommby Bmdgdds — bogodgdds s G0domgbgdds (Forbes, 1964, a3. 93).

0. gobobmbo  d3goMg  Sbosls o gybdyer  3303@mlby  sedmbgboano
5@ Jgmema 0o L3ogrgbd-d@0byomls dolosgnols ‘dgomgdols Log3ndggen by
(Bo3m@maoy®d-Jodog@o  sbogmobo) 03 ©olygbsdwyg  dool, Om3  3ybdya by
doggergyao  d@obyxoml  bogmgdo  d3odg  Sboowsh  godmlbyga  dg@omgdams
bobganogo ¢bws oyml, @mIangddsi dg. §. III smslfagye@o 33030mbbg Logydggero
homgo®gl gg@domo @mommbgdols [omdmgdsls (Aitchison, 1960, gg. 64-67). 53 Logombmsb
©s353doMgdom, @. Fm@dlol sbGom, I300g sboowsbh 3goddmbols abomn g30m3s5do
dgBomydyogemo  Jom{gggool dgBobs ©o aog3M g gds LOYmose ©slsdggdos. @.
QoAOLL  3mbml  @sombo s dogobwgoldodgmo  gg@@baolbs  ©@s  Gygool
dgbobmdms  s@dmbgbgdol  3Gom@oRgH e  @gaombos  doshbos, @53 gbmddog
dmbo39390mob  gPmo, SO Jgommpog@o,  dgmm@eyogdo @ Gadboggdo
>M29939b@gd0m oL yMwgds (Forbes, 1950, g3. 175).

3. @ohs@ELmbo 5®b0dbogl, @M Lodb®gm-s@dmlsgangm sbools Ggaombds 3900
>go®s  @3obols  (30gogroboool  bogol.  @3obols  sdm@bogrgbols  bganmgbgds
300390 boaodgdds s@dmshobgl. olbobo dggan dbmgeomdo @jgobols s gmanswols
30039 d[o®dmgdemgbdbom omgagdosh (Richardson, 1937, g3. 447).

0. G0goMEols sbAom, @3oboli ©sdydoggdol bgermgbgds o@ dgodengds bognmbols
> 9380580l @odbammdbgddo  dgddbogmogm, ol sbarm  s@dmbsgegmol  dmosb
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9300690 Fomdmodgs. @3060l dowgdol Fgdbmmmaos bgmgdds @osdydoggl (Rickard,
I, 1932, a3. 869-870).

o, 30mbboll  dobgogom:  ,30835L0os  oym  g@o-gOomo  93bodgbgenrmgsbglo
dgBomygdyogmo  396A®M0 s> Jo@FM  dgger  s@dmlsgamgmols, s®edge  Lsg@mme
Fomdmoagbos  9bo®dsbod  IgBomygdaogen  Lobganmlbml.  ofgosb  @onmbms
0539353900 3O 39 oms Abmgmomnl yggmms gymnbgdo — o5Hosdo, sxg@o oLy s
9360m35do“ (I'posueiid, 1940, a3. 17-18).

o. ayg3obo, dggemo  gag03@ol Lobgermlbe (o®dmgdols 3bmdoano L3giEosmoli@o,
5mbodbogl, ®md @goboll  smgolgds s dolbo dgdpymdo ©odydoggds oG oym
98303390 mlbBs@gdoll  s@dmbgbs.  oliodggdos, @md  gago3dgdo  hsdmygsbogno
sbogmo ddgeemgdo sEyommd®og bygemlbgdl obfsgmowbyh @ jobs-gmeswools Lsgdgl
(JIyxac, 1958. 33. 374).

sdgbse,  dg@omydaool  obEm@ool  L3ggosaolBgdols  yabmger  dg3bogHms
9dD53e0gbmds gAmbdo 5005Mgdgb 3oggolools s I30dg sbools dg@omydaool o
o880 gbsl d9390bg, 93303H9bg, 3303OMLDY, AM®IbY, Lodg@dbgmls ws @ologmgm
930m35bg. 53 dbMog, domo SbOom, yggesby wowo sdbobydgds doydwgomn 3mbEMU
50690, 2oblsggm@gdom dobs®g Jognobliols s1bdo Isbmgdgd Bmdgdl — boawgdl,
doboboggols o  mydogrgdl, Gmdgems  dogd  dgJdbogno  @ommbesdydeggdols
bofomdo wo dgdydoggdyemo g@omudaogmo 3mEbs sbsgagmols dods® oy gdbom
dogobgdmos.

abowos, Ladb@gm-s@dmlsgangon  dogodbmgoldodgmo ©s [obs sbool hdwogom
d;m0sbgmo dge00mnmbgmdols >0dm3969d5-25b30moMgdolomgols 4mggedb@og
bganloydganr  ggma@ogoye  swyoml  Fo@dmswagbos.  dgdbogro  oym  dybgd@ogo
3006950 OEAMAO3 @omnmby®o by gymol, olg dobo ©sdydoggdobsmgol Lodko®m
Lofgogo dobogmol dbdog. Go@3 Jmogo®os, o] 9dggerglbo @@Mmowsh hobl dobgyano
Lodowmgdol  godmygbgdols  ddensgdo  boggogmggo,  domo  adydoggools  dwowsmo,
bogmog@o  dohggbgogmgdo  —  Lofo®dmm  Jydgdol o boggdmdsms  bsdmgdo,
dobgymols bomdhgbgdo o Ig@omyg@aoyeo ool oo Momwgbmds s o. G.

Omym03  bgdmon  ogmbodbgem,  aobymo  Loygybol  gibmgmo  3g3bogdgdo,
Jbmgamom  dg@ogy@daool  obEAm@ool  3ganggolmsb  g@moE,  goblsgymndgdya
490o0mgdsls gmdmdgb ¢dgzgeglo Jodmyao dmwadol Gmdgdol @menls Lbgooslbgs
@ommbgdols Fo®dmgds-smgolgdols Logdgdo. sdo@md, dbgenos dmodgdbml Lsdmsdswbem
>  dgBoydogmo  Fo®dmgdols obEm@oobs@do dodwgboano oligmo  godmjgenggs,
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booi  odol globgd @ ogml  bomdgsdo.  s@bobodbogos,  @md  {dobws
dgBomygdyogmo  bogombgdol  aods, dom  b5dOMIgddo  xg@mgebo  yydomgds
bognodgdol, dmboboggool, mydsgngdols s dJmbbgdol gmbogydo Fo@dmdsgmmdols
3322935 gmdcdes.

SdM000, Yabmga d93bogdOms dm@ol sdzgzoe@gdbymos sb@o 0dol dglobyd,
Omd  Lodb@go-s@dmbsgamgmo  dogobmgoldo@gmo s  goggobos dggen  dLmgaomdo
dgoagolo, gg@oo s  dogo  @ommbgdol  ©sdydsggdol  gOm-gHmo (396G 0o,
OmIgenlsi  goM33ggero  3sdmddeggdgeo 0d3ygabo dgddmbos Fobsol@mmogao s
obAm@ogmmo  3gBomegdols  3oggolos-Fobs  sboo-bdgemmsdys  brgol  Jg9ybgdols
39 A YO Ye0 25bgoms@gdols Lsdgdo.

b93mo0bodbyen  Jobob@gdol, gg@oo s dogo  @ommbgdol  IgB o y@ools
35845b00-3(3009 o>bool @ga0mbdo smgolgdol gbobgd 0bos®gdgb ol dgiEbogdmgdog,
Omdggbdoz 9dggegbo @g0bol Fo@dmgdol smgolgdo-aobgomo®gdsl 9zo8d0Mgdgb o]
dobobarg gdggmgl dgHomg@y HMIgol, Gmdamgdog obHmGogmse 3bmdogo 0gsbgb
0ogobo  dgaommbgmdon (L. ozdoBo, g. geo®dgo, @. a®gbogdo s Ubbg). domo
dmbs399g6000  gg@oo s  dsgo  @ommbgdol  s;mgoligds  s@bodbyer  @ga0mbdo
@omMbsdydoggdol  obBm@oymo  FAMoE030gdom  oym  asb3do@mdgdyeo  (JIukmuT,
1960. ag. 431; Knapk, 1953. gg. 201; Grenier, 1965. 33. 235).

Qghoo s>  dogo  dgHomydaool s ommbsdydoggools  dgaegdmsb
5353 doMgdymo  3oggobool  gmbma®sgoyao  dobogngdo, s@Lgdomos od oGOl
Lofo®dmm-g3mbmdogg@o  bobosmols  bogombms  ggaggobsmgol. obEm®ogasw
hodmyoemodgdyamo  gddo@ogeo  3mEbs-aodmaomgdol,  Lofs@dmms  bodydom
M®2560bs300l s @ommbgdol sdydeggdol Ggdbmemyoygdo 3GmEgLbol sdbsbggero
dmdgbBgdo  mogdmy@omos  gmbmy@sgoye  Lobsdwgoamgdo.  hHggbsdwg Mm@ gyao,
Lodb@gm  goggolbool  Fg@odm@osby  dmdgoo  @ommbpsdydoggdols  39@gd0
(Lo®gobggdo),  Jodmggaro  bognbol  gmggols o hggyergdgddo  dgdmbsbyamo
dgBoydyool  Ggmdobmemaos ©s mdygagde-aodm3gdgdo  dgeommbymdol oo
AMo030950L dohggbgdgeros (Mgbgosdgoao, 1953. ag. 25, 33).

sliogagm 5dog@goggolool gobma®sgoygmo dolomgdosb, godmdwobs®yg, @ jgobs-
QoeEseol Jomgds-sdydsggool 30mEglbol s@{gdogmdomo 0bgm@dsios, L. Fgoolols
Lo@30bgls dogomomnbgs dmgdygeo. Idogogdbmdogo god@oydo dobognols sbognobols
booyydggen by, Fo®dmea 9bognos Jodmygano dgerommbgmdols B®opo30900.
QGO YHE yobbogygaros doebol dmdmzgdol, @yuygo @gobol dowgsdol, Fowgol s
0g@3geo  ©sdydoggdol 30mzglgdo, domo Tglodsdolbo Gg®dobgdols Fo@mdmdogeomds
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> 3b0dgbgermds.  goblisgym@gdygmo  seaogo  gndmds  Laddgoamm  bobganmlbomms
d9domdol  Rm@Igdl, 2odmygbgdoyeo oblE®YdgbGols s dobogrol  ©sdydoggdols
d90mEgdol s g@ommdsl.  gmbma®sgoygemo dobogrgdo  @3obols  dg@ogy@ayoygeo
Fomdmgdols  dgbododol  s@OJgmamgoy®d  dgyegdl  93o3dodwgds, o3 @zobols
390 y@ols «dgge0glo AO>©0(30950M © 03003YMIBS©ME00 >0blibgdo
(Mgbgosdgoeo, 1953, 1964).

b, ©9396-303oaggbzod  dgolfogms  &udg@ol  bgmdsdo,  dbododol @ gzobols
Lobmdo Lobgenmlbm. ogo gbgds swagbol Ggdbmermyond 3Gm3gbl, gobbognygano
5Jgl  gmbmydsgoyge  Lobsdwgomgdo dlmgoml  bogrbdo  dgdmbobyano  dmJdgwo
Ja®g9d0l  goblE@ydaos. @slidygmos bsgombo @gobols Lofo@dmm  ¢6sbbg dOmdol
m®a560boszools  Jmfymdols s  3@m@Egbol  b3gEosmobsiEosbmsb  ©sgogdodgdom
(deren-KoBanesckuit, 1935. gg5. 274-280, 415-417). o>e(gdomos  @gobol  Lowbmdo
Lobganmlbeml oblb@®mydgb@gdo. dobo sb@om, @zobol Fo®Imgdsdo dgogol 3@miEgLol
ods  360dgbgermdoed  xg®  gowgg  Fobsgamslbmd®og  Lobmpswmgdsdo  dgddbs
3006950  Loddgoenem s Ig@omudaoymo  bobgemlbmgdol  g@mIsbgmologsb
aodmymagolomngol.

b, 09896-3mg5e93L30L  SbAom, SbFogy® Fyotmgddo IJmblgbogdyemo (36mdogno
dgemomnmby  Amdol  bogrodgdols  Bogomomby, dglodengdgaros  goggoboy@o @ gobols
9JL3m@F0 bdgemsdys begol Ggaombdoi gogo®oygwmm ([eren-Kopanesckuii, 1935. a3.
242).

@30bol  g@omudaoygmo  3Omagbol  sefgdoammdomo  dobogrgdo,  @obisgemgm
5d09@35335L00l Ag@oBmaosby dmddgoo Lo®jobggdolsmgol, L. Tgoolols dogsgomby
aobboggeo Lo(o@dml dmbszgdgdol Bodoyg@os (o. 393 Emewo, b. gmlgmdmobogmgo),
booi  dmigdygmos  Juégdol  dmddgogdols  3@0biodo,  Lofo@dm-Lobgamlibmls
s g®ogmds s Ggdbmemyoydo @gg0d0l 30Mmbdgdo (Bockoboiinnkos, 1926. gg. 51-52).

(96O @0 >30g® 3og3obools Mgobols IgBoeydaogeo To®dmgdols dglsdsdolio
9gnbmy@sgoygemo  dmbsi3gdgdo  se{g@omos  dmanbolols  @sombols  Gg@o@m@osby
doddgeo  Jydgdol dobgogom (o. @mbpobmgo, 3. gosd3obo), aobboayymos  Lodmm
LoJdol Lodydomgdo, Ig@sydyogemo bosfomo — @gz0bols @gagol dowgdol 3GM3gLo
> bofo®dmm m@dasbobsiool LEdyddgoOyeo bobg (I'3enmumsuum, 1964. 3. 23).

53094 35335L05F0 B 3obol Aol smgolgdols ©o gobgoms®gdol Lsgzombl,
39000MYms©,  5MogOmabols  dggbbgb  Lodsdygmm o Ladkmms  dgibog®gdols
(36mdogro Fo®dmdowa gben gdo, Omdgeoms dolob@gdgdo dbodgbgeomgobos
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dgBomygdaogmo  [o@dmgdol asbgomo®gdol 3@mdangdols sblbols s dglfogaols
0gobob@olbom, Logyg®opmgdbms domo ©olgghbgdo  3oggolios-fobs sbools @gyombgodls
dodol L3dogngbdobs ©s @3obol dg@omy@dyool gobgomsdgdols @OMogOmsgem gbolis
> 9H00gany>bos®gdols olGm@oye dmga gbgdmsb 3ogdo®do @hgds.

Lodo@mgganm-3og35L00l  Gg@odmmosby  @gobols  IgBomydaools  ao3039a0gdols
Logombls  gbgds  s@sg@mo  dbodgbgammgsbo  mgm@oygao  aodmyganggs, Gmdgendocs
solobs  @ommbsdydoggool 3@ ydol smgoligdol 3Omdangdgdo, ©oEyobos dobo
20630005090 JOmbmmaoyg®o ho®dhmgdo s gog@Egegools Lobmg®gdo.

o 3986G0bobs ©> & 30m@OMZgLiol  gbgogmgdom, @gobols  IgHomy@aos
L3oangbdol  godowbgdoms  LobEgdgdom @o@od  Jg99690To  gbs  gobgoms®dgdbyaoym.
sdpgbo,  3og35L0sTo  sEyommddogo  L3oangbd-6@obxoml  [o@dmgds @ gobols
9o ydyools gobgomemgdol Fob gl{Mgdl ©s bgemol dgddagen JoGmdos GOl
dohbgyyaro (Kydrun, 1941. 3. 52-55; IInorposckuii, 1944. o3.186; 1954. 3. 144-145).

o dgerododgoemols  sb@om, sdog@geggolool  Gg@odm@osby  dmam  Fangddo
3039090 s Jgmmmaoyg@o @3obols dslogs saoemddogo 30bols dg@ogydaools
5030lgdo-35630m5@gb0l oAl SsLEYMgoL. @ gobol gy A y@ol  gobgoms®gdols
Lbogombol  gobbogngs  ¢bps  dmbegl  Fo®dmgdol  39@gdols s  dbs  bofom@dols
60d9dgdol  o@dmhgbol  gomgoeolifobgbom. dg. §. IX-VII UL, @gobol  go@om
smngolgools 3g@Momeds, GMdgedsi Foddmohobs Loygggomglm Lsdgy@bgm s Lomds@o
b0 dbygemgbols  @3oboll  ooMomgdo,  @oshdo®s  sdogdgoggolool  Bg@o@m@osby
dgbmgdmgdo  Gmdgdolomgol Lobgmdfognmgddogo (omdbsdbgdols dgJdbols  3dmgbo,
bgero dgyVgm doo Lm@Eos@y®d ©s @@ dge aobgoms@gdsls (Menukumsumy, 1959.
a3- 199-200, 226).

o dgemododgoemo  bobl  9lgedl  @gobol 3@ @sbmseb  ws3egdomgdyeo
A9M3d0bgdol, @3060ls s Gmeswol FoMmdmdsgemmdol Logombl. dob Gg®dobo @ jobs,
d30Mg 5boo-3oggologdo s gagmbol bwgol Lodgo®mesb (o®Imbiygemsw doshbos. ols
Jomya  gbsdo  Igdm@obogmos  bgmy@-dzotg  Sboygdo  Lodyodmsb,  gdwgy
aosligbbgdyammo Lemdby@do. bodolbmgobo @goboli (dobdol) s@dbodgbgano Gg®dobo
Qoeseo  dgbodangdgeros  Indobo@gmoegls  Jggysbs  Puluadi-bogob,  ®mdgero
3obmJdgeo  ogm  @gobol  Lodswmgdoms s @goboll  Fo@dmgdom  (0@sbols
>bg@dsoxsbol  Bg@o@m@0s).  bgdmembodbymoesb  aodmdpobs®y  gommbms
>0dbodgbgero B gMmdobgdo dglodgngdgemos dgamommbyg Gmdms ob domo aoblobergdols

18



‘dglododol ggma®sgoga Lobga{megdsl 9z03doOwgdbmegl  (Menukumsumm, 1968. g3.
124-125).

©.  boby@oodgoemo, gg@sbool  gdggerglo  @gobol  FodImgdols  LoliEgdol
396d30mbo®gdols  Lsgombmob  gomop, Lsdb®gm-s@dmbsgmgn  dogobwgoldodgmdo
JO@ba@-bognodyg@o gBog@aoygmmo 39630l holobge-aobgoms®gdols 3Mmdangdgdls
aobobognsgls. sloga gm 53090 35335L050 dmJdgeo JMe@bgools ‘dogo
@omMMbesdydoggdol  IgBomydaoyamo 390900l s@Jgmemyoyg@o  3gangge-dogdols
990939019 ©oyObmdom sbiggg 3oggoLoo-Fobs sbos-bdgammsdys bwgols @gy0mbdo,
®30bols  Jg@omydgoygmo  Fo@dmgdol  gogdhigegbol  obEm@oymo  dmbszgdgdols
aomgogolfobgbom, Jodmggamo  IgRogydao  Gmdgdom  @slobagdyeo  Lodb@gm-
smdmbagamgm  dogobwgoldo@gmol  Ggaombo  @3obol  dg@ogydaool  gOm-gOm
JoM0omoE, SEOGYL 3g@oss Johbggmo (boby@sodgoano, 1964. 3. 53).

©. boby@oodgoamols dobgogom, dg. (. I soslfagymowsh, seyommddogo
d®0bxomlb Fo@mdmgdol dobobg dg0Jdbs jmabgmols @30bol FgBsygdaools (39640,
Omdgeoi bodb@go  3oggobools s s@dmbagangomn bdgamsdygs bwgols @s0mbgdmsb
9Omo, bgmgdol Lobgedfogml dogo @ommbol Fo@dmgdols 360dgbgermgsb @ ga0mbls
Fo®dmowagbes (Xaxyraimsuim, 1979. a3. 334-335; 1987. 3. 218-220).

M. xo8oM0dg, 5dog@goggolbosdo  @gobol  gym@y@ol  smgolgdol  Lsgombomasb
©s353doMgdom, swbodbogl, ®md  @gobol  JoMggano  bogmgdo o dg. G I
s0obfangyaol dgmeg bobggo®do  hbpgds, dog@ed domo  os@OLgomds gY@ udols
boloosmbg aogangbols gg@d obegbl. dg. §. II soslfamgyaols dmgombs s dg. §. 1

>0l @ gygaols sbofyolido (3963 @ > y@ >dog®dgoggolools B9O0BHMO05by
3039 gds 3060l 05@o@o. 83 AOML @Jobol IgBoeydaos s ommbEsdydsggds

dmfobogg  dgmdo@gmdsl  omfggl. dg. §. 1T soob{egyaol  dys  bobgddo
SA0MdM030  93mbmdogol  gobgoms®mgdol o,  3g@dme, @gobols  dgBoydools
23530390 gb0ls dogoends mbyad, >@dmbogmy®-Jos®mnygeno Lobgandfogml
hodmyomodgds gobsdo®@mds (xogomody, 1991. 4g. 255, 258).

M. xogoM0odol  dmbsigdgdom, d3. (. I soolfagymol  @odwgyowsb  @zobols
Fo®dmgds gomodgds gmerbgmols do@ls ©s dmolfobgmTo, @mdgeoi gogergbsl
obgbl gm@bydo 3ye@yaol sfoboydgdoby. dg. §. VII Loggybol jmenbgomdo
0J36gbs denog®o 93mbmdogyg@o dobs, Lowsi ghm-gohmo (odygebo @gz0bols Fomdmgdss.
L{mege o3 ool gy0gds  Logydggero  gmabgmols  bodggeml  hodmysaodgdols
30m3gbL (xoggedody, 1991, ag. 221, 226-228).
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o, 095 Jodg, Sbwodmbols Fo@dmgdols Lsgombol asbboangolsl, s@bodbogl goamols
©> 5bmodmbol, @mam® 3 s gaodgdgeo  gargdgbBgdol, dbodgbgamobsls  9dggan gl
d@0bxomlb  Fomdmgdsdo. dobo sb@om, obwodmbo oo  Gomegbmbdon  agbgogds
Lbodo@mgganml  dggano  d@obyxoml bogmgddo s gl o@ 9bws oyml dgdmbgggomo
dogegbs. 030l sEslRY®MYOL  d@obxomlb  0bggb@omol  L3gBHOmo  sbognobols
g ga900 (og35dodyg, 1944. og. 227-228).

o. dggsodg aobobognogl 3060l o3y doggools Losgombl sbGogy® Lsjs®mggermTo.
dobo aoblobwgmom, 5bBogn®o bobol Lojodmggerml @z0bol Fo®dmgdols bodydgddo
sobobs  Fobosb@ogyg®o bobol gobgomo®gdyamo @gz0bol 0bpylE®mool  G®oswoiogdo.
5309@35335L00L  Bg@o@dm@osby sOJgmmmayoydo gonb@dgdomn dm3mggdoymo @ gobols
dolbogns o3 Ggaombdo dgeommbgmdols oo mbols dshggbgdgmos (sgsjody, 1970.
83 729-732). 5b6B0g9®0 bobols Jogrsdgdmob s@lgdyeo Lobgermlbm dsbo, Lo®goby
M3060L  0o@om-Lody@ggmomn  sdoMoggdos  Jogodl o Jggybol  Lbgs  bofogngdl.
00Go@-bgelofymms  Foddmgdom  godmodbggs  @obsgamgmo  ©s  (396H®sgy@o
5d0g@3o335L00ol  Gg@o@maosby  o@dmizgbgdygmo  Lobgamlbmgdo,  @mdagdoz
Logod@m-bofo®Imm  3964@gdols dmgomgmdsls sbdgmgdes (sggsdodyg, 1963. 206-207,
212).

o. 095 Jodol 2oblob@g@om, 5dogdgoggolool Bg@odm@osby s@dmhgbogro & gzobols
bofomdo 93o9mbgdl bognodgdols @30bsL s bodbl 9lgedl @gobols Fo@dmgbdol dggen
AMo©0(3090L. M30b0l o3y doggdol sEaombddogo Ggdbmemyos s bogodydo Fglo
bogggdaaml  agodaeggl gl dggmeo  gmommby  Gmdgdo  Foddmdoganmdon oG
LodgoOMbmsb YR®mm Logydgmosbsw ©sgsgogdodmm (s3sjodg, 1970. 5. 738).

o damdgx0dgogro  dggber  5309M3oggobosdo  M30bols @@ Y@l gog@(3geegde-
23obg30m5@gdols Logombl. dggeggzo®o @ 0booMgdl ©gdymgdsl goggobosdo @gobols
Fo®dmgdols  9@s@Gul  gogagbon  gogdigegdol  dglobgd (6. 3om@@mgLgo) o
0ng@ol, @md Lodmsg@ml Lodo®mgobbyg dg. §. X-VIII Ll. oo Gomegbmdomn @ jz0bols
bogmgdols  s@dmhgboll  godBo  swbodbym  FmIgbRAL  godpoe  Tggbodsdgds. .
3mMbgx0dgo@mol sbGom, @gobs sdog@geggolosdo dg. (. I smslfagyeols dmenm
Loy 3699030 dgdmwols s  ofygos @gobols  Fg@omydaools  smgoligdols  3Gm3gLo
(pmdgxodgomo, 1952, o3. 87-88).

& 3Mgx0dgoeols dobgwgom, dg. §. XII Loygybosb sdog@gogiosbool Lsds@bgyan
06396(H>@do 9339 53bgRgo> @goboli 0oBoro ws Lodydggmo, bodgdHogg@o  Hodol
bo@gg@gdo, Go3 dMobxombs s @3oboli mobss@ligdmdsby doygmomgdl. dg. . 1
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s0ob{amgyamol  obofyobowsb  30dobosdgmdls  bodolbmgsbo @ gobs-gmanswols
dobogool smgoligds (amdgxodgoero, 1970. ag. 252, 310).

3 8M0gx0dgoads  dosggmos s  dgolfegens  dmosbo  @sdol  @gpombdo L.
mgdosb 10-15 33 @odm@gdyao «dgganglo Ldoagbd-d@obyxoml Fo®dmgdol dgaangdo.
domob s@bobodbogos Lodmsdowbm sdydoggdols mdogddgdo, G gdboi JoGoms©sw
330568M0bx 50— 9@ 30bols 3900ml 2obg39mgbgds. d3ge0 93500l >b@om,
520MdM030  Lsdmm-Ig@oyg@dyogemo  Fomdmgdol dogd  dgJdbogno  3Gm©Y30s,
bmgdols s bobggo@gzodb@ogedgools  Lobom, gmanbgmdo  s@OLgdygmo  dgmEswo
dgBoeydyogeo  (396@¢®gd0l  doGomswo  dmdo®opggdols  Tyodm  gbps  ymgoaoym
(pmdgx0dgoao, 1960, 3. 21).

0. dodgensdg  ombodbogl, @md  Jodmggamo  FgHomydao  GHmIgdo, @mIe gdo
aoblobangdyemo 09ygbgb Lodb@gm-s@dmbsgangom dsgobmgoldo®gmdo, Ig@ s y@yoyeno
Jomdmgdom 3@ 6 9@-9d60390 aog3egbsl sbegbobgb dgbmdgemo  @gyombgdols
@0mMMbsdydoggdol 2obgomsmgdoby. goggolool, sbanm s@dmbsgagmol s gagmlbol
bpgol  @ggombol  Is@g@osay®o  gpmBg@obs s Fg@ommdomo  Fyo@mgdols
Sbogoboll dobgegom, oSbs@menosTo @3obols dg@omyudaool gobgoms@gdols s gyeno
390000  mYdogn-3506g6msb,  boam  asbgoms®gdymo  3g@omweo, dg.  §. VI
Loyygbo@ab  bognodgdmsob oGl ogogdodgdyeo.  sberm  s@dmlsgmgmdo
(396G s@Y@0  Sbos@meools  homgmom,  Lodb@gm-s@dmbagegm  dogobwgoldo@gmo
dggero Jbmgaoml @gobols dg@ogydyool holisbgs-gobgomsmgdol g@m-g@m 3dggen gl
3905 0mgegds (dodgensdg, 1974, ag. 148-149).

0. Jdodgenadg,  gobeogl  sOJgmenmyon@®  Jmbs3gdgdby  woydwbmdom, & jobols
bogmgdols  Godm@myoy@-dnagmammyoy@o 3o gM0dgdol  yomgomolifobgdom,
520 MdM030  0M0bxoml  FodImgdol  Foodo holobya  d@obxoml  dobododgdls
Jo@bgmols 9dgge gl @3obol dslogsw doohbggl. gmenbgmol Fobo®gob@ogy®o bobols
Lodo®mgbgdols @3obols  0bggb@o®ols dobgogom, owbodbyeo 3g®omwo dg. §. VII
Loygybom aobolobwgmgds (dodgensdg, 1994. a5. 13).

oo,  @mAndoxzsbodg o0bos®gdl  @s  dgbgoyamgdsl  Lodb@gm  Lodo@mgganmls
dobgyeols  dobol  dggemo  Fgmmsdoibgol I soslfagya@o  asdmygbgdols
dgbobgd,  GoJOmdl, @md  L3ogngbd-d@obxsml  Fo®dmgdol  s@gum  9Bo3by
bgosdo@ymo  aobeoggdoll  mJloy®do s 3oMdMbs@ymo  Ldoangbdol  dobgdols
dodopo  [o@doggdomn  d9dogogomes  3H3geod-o@sJlol  gum@y@ol  s@go@do
(Jlopaxkunarumase, 1989; ag3. 104). dobogg ob@om, dg. (. VIV Loggybggdol dogo
@ommbgdols  sdydoggdols  LobEgdsdo  Jodwobsdg  godsddbols  3MmigLgdo
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3oblobmg®ogl gmebgmols Ggaombdo  @sdsGgdomo Labgamlbm-Lsfs@dmm  39@9d0l
FomdmJdbols  oy@omgdbenmdsl, o3 Jodgom sl y®wgds  odogg 3gMomeols
Lbodo@bgyen  0bggbBoddo  @30b0l  o®E9BsJBgool  s@dmbgbom. @gobol  Fo®ddmgdols
doo@o mby dogo @ommboll Go®mm smgoligdom s IAsgomageo®o  3oBgamaools
0G50l 5O Lgdmdol BodBom soblbgds (Jlopakunanumse, 1989; ag. 230-231).

Om. @omanoxsbodg bobysldom dgbodbogl, Gm3 d9@mdbyen Lodygs@ml jmenbgmo
0bosges  mogolo  dybgd®ogo  Lodwow®om; begoldods  Joasdgbol  ybiiosdo
Jgoomps  dogo brgol  sdmlsgmgmn  @gaombdo  s@Lgdygeo  dosbysg®3gergdols
LobEgds, gg@Ebaol, L3ogngbdol, @Eygool s @gobol  Lofo@dmem  @glbydligdols
2odmygbgdol  dobbom. mm. @m@ngogsbody go@bgmols  Lodgyml  3merodogzy®o
30blmeosizools s bobgendfogmgd@ombdols  g@Om-gam  2s6dLsbogdgen  3oGmdsw,
SQ0MdM03 domomasbgoms®gdye dMobxosmbs s @3obols IgBoy@daosls doohbgygl
(JIopaxkunanunse, 1989, a3. 263).

@. 53M5d0dg0o@o s@Imbsogangm Lodo@mggenml Bg@odmmosby @jzobols 3@ yg@ols
smgoligdo-gobgomasdgbols dg. §. XIV-VI L. ©o0s35bmbdo m@ doGomsw  3g@omol
odmymagl: sp@gyamo  Ggobols bobsl (dg. §. XIV-XIL L) ©s @go®om smgolgdols
bobols (dg. §. XI-VI LL.). @30boll godomm smgoligdol bobsdo, bed JOmbmanmyoy®
9BO3L  goMoymdl,  g0bol  bogmgdol  gm@dodgdols  Aogdigergdols  dobgwgom,
0g9eolbdgos  s@dmbogangm  Lods@mggenml  @odogbodg  cmgs@g@o  Lofo®dmm
960®0: Jg99m Jodmano, Dows Jo@meols Lodb@gom bofomo s gobgmols Ggaombo
(506G 5d0dgoano, 1961. ag. 374-377).

Lodmog®ml  bodo®mgobby  swdmbgbogro 3 3g@omeol  m@dmbododbgdols
Loddogengd (550 ULsdo@bo), JOHmbmemaog®o bo®ggbol  9Jmbenmdsd, Lsds®bgdols
bgeobog®gands LEAOSE 02O >R0Ymd> oba o 9453 Lododbmo ‘dgo®gdomo
MMM gbols S (353990 gBo3gd0l 2odmymaol dgbsdergdamds gobsdo@mds.

3 Boabgoyg®ds aodmoggeros  (39b6G®og @0 5dogdgoggolool Ggaombdo dg. .
XV-VII L. 39@0medo dmnbsberg Gmdms obEm®ool doGomspo 3Omdagdgdo. dols
odmgygmgg9ddo  dmizgdymos dg. (. I soolfagneol dgmeag  bobggdol o 1
smobf@gnaol 3g@omedo (396G o y@-5dog® og3oL0gMo  Jg@@ueol g gdgb@gdols
3obg0moMgbols mogoligdy@gds s 2gbgbolo. 3. gobgmsyg®ol sb@om, (396GHOoe Y@
5d0g®35335L0ol  gGY®s  o@bodbye  3g@omedo  9Fy3900  ©0bsdoggdmdom
300500, dM0bxomEsb @3obol [o@dmgdoby gmgozg®o  aopsbigemom dg. . 1

sl gyaol  Jofydygemaedoyg, @oi3  dglodsdobow  IsFg@osgyg@o gY@ ydols
dgaegobg soliobs (gGoibgmsy®o, 1965. ag. 53; 1972. u3. 755).
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3 Bogbgmey@ols  dmbsi9dgoom,  0m@-sesbbol  sybol  Fg@oBmmosby,
330560M0bxsmbs s @3obol FGo®mnm smgolgdol bobsdo dodpobo®yg  g30bmdo @0
oMo Jdbgdo  dggbm  IgBomydyogmo s @ommbesddydeggdgmo (3960 gdols
356300050 gbsL. o3 3gMomeols @ommb{s®dmgds 3o 39 woMysE Asdmoym s dgodbs
30mx9bomboen  bganmbisbms ggbs. s@bodbymo 3g@omwol LmEosgy@-9306mdo 9@ 0
oMo Jdbol  Logddgdo, 860dgbgermgsbo  @meno  dgoldygans  @gobols  dg@ogydyools
5030lgdo-35b630m5Mgbod, @MIganoz  SEAoEMmdMogo  dMobxsml  Fomdmgdol  doboby
d90J3bs (Boibgemsy®o, 1965. ag. 53-54).

35885b0sdo - @30bol  IgBomydaools  smgolgdols  3@Mdegdsls  godmgbdoyds 3.
3M@mgobo. dobo sbBom, @goboll GOsadgbR o  Loboom  o@dmhgbols  dgdmbggggdo
obByYawgds dg. (. 1T sosbfergyeol  (obossboy®d  Jdgaangdbyg.  goggolosdo gl
3900mo  ©ag9ds dg. §. I somslfergyeool dgm@g bobgg@owsb. smbodbyanos, ®m3
@30bols IgBoeydyogmo [o@mdmgdols smgoligdols Lsgombo gobboggmo ¢bws o0dbgls
A9dbm@myoydo mgoglsb@obom; @30bol Fo®Imgdol 30m3gLlby, goblsgym®gdyemo
aogengbs  9bws  dmgbeobs  d@obyxoml  IgBoydaools  gobgoms@gdymo  LEswools
9330009 gowebsl.  s@Jgmemaog®o s Fgdbmmmaoygdo  dmbsogdgdols
aomgo@olfobgdom, 3. gm@mgobo go@oyomdl, Gmd @z0bol 3ymAg@ol smgoligdols
Lofgolbo  3g@omwo  goggobosdo  bymaoy®o  dobgdowsb  d@obyxoml  (omdmgdols
3563005090l Bobogny®  LFswools gdmbgggs o dg. §. I soslfangygaol dgmag
bobggo®l  dmoiogl  (KortoBuu, 1977. g3. 76). dobo sbGom, dgger dLemgaomTo
d9Bomydao0l 30303 gool  3m@o3gbdOygmo  mgm@ool  mobsbdow,  joggolosdo
L3ogan 96d-dG0bxomlb s M3obols dgGomydaos sEaoemdMogo dobsgsbo gobgoms@mgdols
Jgegasw hoobsobs. sdwgbsw, 3o335L0s d@0byxomls s @3obols Fo®dmgdol gHm-gomo
9dg9eglo 396@®0 gobes (Kotosuy, 1982. a3. 189, 211-212).

3°835Lool  Agaombdo  gGoeydaool  asbgomsmgdol  3@Mmdagdsl  dogdmgbs
b3gEosgy@o bad®mdgdo o. 0gligbds. goggolool L3oagbdol Lodswmms ggmjodoydo
dmbo399900L 5bogobgdbbyg woydbmdom, d3gemggoM0 5@bodbogl, MMI seyom@mbdmogo
d@0bxomlb bofo®mdol Fo®Imdoganmdbols @obowygboe Lokodms m@o dods@mnygm gdom
3880 g3o-dogdol  [o@dodmgs:  oyg@omgdgaos  @ommbol  0bggbBomol  Jodoy@o
dgagboermdols s gBog oo  asdmygbgdygmo  dowbols  Godol  owygbs
(Meccen, 1935. g3. 210-211). @30bols dg@ogy@dgools wobsbosmgdolols ‘dgbodbogl, @mmd dg.
. VII-VI boyggybggdosb  goggolos  hodmyganos  dggero  Lodgs®ml  3menodosyo-
2306030496 gAN0gH0mdgdTo, GeEgbesg 0b@EdS  dGmEYIEo0l  goggmobs @
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3530050l Oowo.  JgHomghool  olgmo  HOoEoEogdel  ©s  dowfgggdel  dJmby
Mg30mbo,  GEam®E  od  3ghomeols  goggobioss,  gEommdmo  oJGoy®  Gmanls
SOy gdos  OMym®AE  dobmdger  sdmbsgangmndo, olg  dg@dbya  Lodys®emdo
(Meccen, 1935. p3. 203).

odggoMo, Ig@oma®aool olEm@ool dmbsgggmo, ws3ogdo@gdbygamo  [obs  sbos-
3°835Lool  9dgger gl gommb{s®@dmgdol  (39bGOJoMsb, Imoiegh Losgombgdl, Lowss
LobJombymaw s@ols gobbogrygeo s@bodbyan @gyombgddo Ldogngbdols s @ gobols
3990l smgoligds-2obgoms@mgdol Laggby®gdo. dgfdbognos g@mosbo dgiEbog@geno
Sb®o  gg@obool  9dgganrglo  @ommbEsdydoggdol  Lolgdobomgol  Lsds@mngganm-
35845bool,  Gmaym®iE  gom-ghmo  360dgbgemgobo  Ggaombols  gubdiEombo®gdols
dgbobgd. o3 dgbgoymgdsl 3owgg 9RO Lo@{Igbml bool Lsdb@gm  joggobool
A9O0GMG0sby  smdmhgboano g s ydyogeo  Fo®Imgdol ©s @ommbesdydsggdols
sdbobggaro  gom@gboe  dbodgbganmgsbo  olm@oymo  0bgm®dsiool  dmdggero
do@g@osydo gY@ ydol  dgaagdo:  d@obxoml o gmesol  Lofoddmm
0609]Bg%0,  Jgde-Lobganmlbmgdo, dgo@gobo, ¢ggoso ©s  dsgo  @ommboliyeb

sdbogdgmo s BB gdo.
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2. bojodmggammlb  dobg@sgma@o  @gly®dlgdo s  dggmglo
dgBomadgogmo [o®dmgdol bgopmgamo d5bs

3o gmdg@om@aool  holobge-aobgoms®gdols 30m39Lo 35 909309600 3o s
9353 d0Ogds.  doboll  Jm3mggoe-sdydeggdols s IgBomydaools  Ggdboge-
A9dbm@mayools  obGm@oygmo  Jow{g3g9d0, bgdbgdo o Lodyoemgdobo, o3 o0l
3969bobol og 9@ Loggby@gol 2oblobwgmsgl. g@Omosbo LolLEgdom asboboangds
dobols IM3mggde-2odo@gdol, ©bmdol, @ommboli domgdbol s Jbs 3OMEYJ300l
‘d9Jd360l LoFgoligdo.

Lobmasmgdbdog S LodybgdolidgByggerm d9360909d5ms dom§g3900L
9Onmoégogo  dognolibdggom  dgolfsgangods 3o gmgambmdogols gom-ghmo  doGomswo
30mdmagdy@o  Logombo—Fobsolb@m@ogemo  bsbol  dgBosygdaogemo  Fo®dImgdols
oLEM@oo.

LoJo@mgganm-3og35L00ol ¢dggengbo  bodmm-3g@oma@aogmo  3mddmgdbgdo Ly
06gm@Isi30ol Jmoogh  0d  Bobgyao  dsboli LobEgdabyg, ULoowsbsi  dgodangds
>@dmEgbgdgmogem  gdgomabo  JgHomygdyogmo  Fo@dmgdo.  Igbfogmogmos @
Jgagbogmo Lodo@mggenmbs s 3oggolbools mommbdgdigger Lsdspmms ggmjodoydo
@935 3bmdognos doobysdmliogegdol dobg@omobsiools s dosbdo Lobompgdenm
@ommbol  d9d3ggemdol  Lsgombo, owygboaos  domo  dggawo  Fo@dmgdobomgols
aodmygbgdols ‘dglodgn gdamdgdo. LoJo@mnggenmls R IRICIIN Y| >0 Lgdyao
L3ogngbdol, @30bol, Sbwodmbol, oM Ibbol s dgodgslo @ommbgdols Lsds@mms
A9dbogn®o  dsbslbosmgdbengdols  Loobgm@dszom  dogmgdgbo 3o gmgzmbmdogzols
sboslosmgdol ghm-gomo 30®ggen Tys@ms.

dgger  Jbmgmomdo,  dg@Bomyudyool  hobobge-aogd3gmgdol  3m@o3gb@Gygao
LobEgdol  gomgomolfobgdom, LsdbGgm goggolbos gdizggs 03 @ggyomboms  dm@ol,
oo dgddbogros  IgBoggdaogeo  [o@dmgdol  aobgomsdgdolomgol  Lodko®m
dJo®omoo  d9bgd®ogo 3oMmdgdo, by gyaols (Josbo), Lofgsgol (bol bobdodo),
39bergodderg mobgdols s (ymol @gly@lgdols Loboo (Rickard, 1932, og3. 870).
920060l godobgboms  LolLEgdol  agmjodoygdo  dmbogdgdo  bgeol  gfymdbdos
dgBogydyools Lofyolgdol 9gddbol s gobgoms@mgdol 3GMEgLL. Ladb®gm 3oggslools
BgO0dmO0sbg  dmboberg  Gmdms  dm@ol  s@Lgdyds  Bgdbogn®@o  Sb@OL
3obgomo®mgdols  mbgd  @ommbsdydoggbol 3B g@ol  Li@sxgo  smgolbgds
aobs3o@mds. dg. §. I somobferguemowsb  5dog@dgoggolios dgodgslo s gg@swo
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@omembol  AFs@Imgdgano,  beoam I soolfegymols  Jofydgmopsb -  @gobo-
ROEsoloash sdbogdbymo 3GMEYJEool 3mdbds®gdgero @gaombos (s69Lsdg, 1969;
odglodg o Lbg., 1968; s6@sdodgogmo, 19615 boby@ondgoao, 1981, a5. 4; Xaxyranmsuiy,
1987, 3. 335). o3 olm@oge Gga0mbdo dgGomadaool gobgomsdgdol LOyao Ljgdol
Fomdmeagbolomgols  aobgobognsgm o o@OlLgdbya  L3ogngbdol, @ 30bol, sbmodmbols,
©>@0dbbols, M JOmbs S 3903 banols Lodomgdls, Omdgogdo3 ‘dgodan gds
3odmygbgdaeo  gmgomoym  @ommb{o@dmgdols bbgowsolibgs Loggby®bg. ombodbye
dgBomms  sEao@mdMogo  dsEsbysdmlogamgdo  9dggaglo  ©@Mmowsh  dm3mggde-
537 doggools  mdogdBgol  Foddmopagbos,  ®sdwgbody  smgye  Lbgowslbbgs
Loddensg@ol Lodoml dmoogos s 8969B039M0 Mg B9 ™M3bgdbom gsdmodhgmos
(ITlpupoxnsie pecypesl, 1958). Lodswmms dgdswygbgano dobgdogrgdo do®omsw dgBomms
doogo  30m39bG o dgdi3ggermbon s smeygbomo  3GOmEgbolsmgol  Lako®m
m3@odogoyg®o  dohggbgdagdom  bobosmegds. mobsdodpgg@ s aobgoboasgm

Lodos®mnggenmls BgHoBHmA05bg obBmMAoY S smgoligdyao dgBomgdols

29JMRASB0YE0 25303920 gdols s om0 ggMEmaoy@-agmJodoygdo dobslosmgden gdols
dmbs(39990L.

LoJo@mgganml  @Ggaombdo  o@Lgdoyao, obEm@oygmo  gm@dodgdol  3GmEglLdo
hodmygo@odgdygemo, dgR o g@aogeo  @50mbgdo  gAmosbgds  @sdwgbodg  do@omsw
bHOAJOAOID  gAgI@sR  (3GmZob3oe): GgbHGs@YM0  goggolombols oo, dobo
Lodb@gmo boFoano, Sdo@o-m@®os gmols 3od5bgdoms Lol gdo, Lemdbomols
20d50bgooms  30M3g0b(305.  MW0MMYYEo  A5gMm0sbgds dJmosgl Log@mm g gmJodoyd
0530Lgog@gdsms  IJmbg  oobysdmbogangdols  xauxgdl, dgbsdsdolo  IgBsey®o
90 9996@ gd0l o309 gdom. [o@lygendo godmygbgdaemo dgBoemgdo 3MmMzobiogdols
dobggom dgdpgabsodom bofomgds: (396@®oydo goggolombols Jgwo — Cu, Fe, As,
Zn, Pb, Au, Ag; Jgool ULosdb@dgmo bofoao - Cu, Fe, As, Zn, Pb, Sb, Au; osdo@o-
on®osggmols LobRgds - Cu, Fe, Zn, Pb, Au, Ag; Lemdbomols 3Gmgobios - Cu, Fe, Zn, Pb,
Au, Ag (TBamupenunse, 1958, a3. 35).

b3ogngbdols bodoswmms Loli@gds

9mJodogdse gesdofols JgdJol @@ds gg9b9ddo L3ogngbdo Lyaaowgdols Lobom
23bggds. bgosdo®obsoggh oigergds Ldoangbddgdigger dobgdogms Lobg s Jodoy®o
d96gds. bLyamagoy®o bmbol bgwos dGggodo Ldoangbdo Fo®Imwagboanos dgm@gyeno
bygengogdols Loboo, bogm ©gosdofol bgosdo®msb @™ sbapem bmbs ogamgds
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Logno3o@®-3500mbos@yyamo Bm@dgdom. @o3 dggbgos bgosdo@ye bmbsl, L3ogrgbdo
065@h7bgdL mJLbogdol BMMAsl gomy Mgombodswsdwy.

L30g0g6d-d@0byx sml Fo®dmgdols aobgomo®gdom Lodom-dgB o g@ 0y
3033 glgdo  0ygbgdws  Lbgowslbgs  dobgdoamydo  asbgoms®gdols  Lidoangbdols
dobgools gm@IsL, GOmdgemmns ygmJodoy@-gygmmmaoy@o  obsbosmgds dmzgdyaos
gb®oenols Lobom (b, 2.1) dodomsp g gdgb@gdmsb gomswe, L3ogrgbdols dobgdsengdo
99033l Bygosl,  ogmosl,  ggOcbeol,  mdOml s asbobogngds  Gmam@G3

3@o0dg@omy®o dowbgdo.
3gb®ogno 2.1

b3ogogbdols 30656130
Ne dobg@oo Jodoy@o go@Iygas '3386302)53(060 4099968950 Q90
1 mg(g):;;;?[);:]fo Cu 100,0 Fe, Ags,t? i, Pb, Jomgano
2 | Jogngm3odo@o CuFeS; 34,5 Au, Ag 4300900
3 L3ogangbdols CwS 79.8 Fe, Ag do@gbo-
3OS ‘dogo

4 dm®bodo CuS . FeS4 63,3 -- doomsgm
5 3°39800bo CuS 66,4 - JeOr@gOx ™
6 39300E0 Cu0 88,8 -- Jomgano
7 dogmsJo@o CuCOs . Cu(OH), 574 -- d( 3569

8 Sby®o@o 2CuCO;. Cu(OH), 55,3 -- 3obgg®o
9 | BgB®oge®mo@o 3CuzS. SbaS3 22,5 Bi, Ni, Co, As Gbo

10| @gbsb@o@o 3CuzS. As2S;3 22,5 Sb, Bi, Ni, Co Gbo

11 9656080 CuzAsS4 48,3 Sb, Fe, Pb, Ag Abo

Lodo@mgganml  @g@odmmosby Ebmdogos @odpgbodg Bodol Ldogngbdol dosbo
s>  200-dpg  dopobysdmlisgogro,  @mdangdo  gemgoy@om  aobamsgy gdaemos
bbgopalbbgs agma®@sgogm @g9a3006T0. dom do@ol dJo@omsos: sdo@s-m@osg gmols
30dobgooms Loli@gds; 39bG®ommy®o  3oggolombols Ladb@gmo bofoaro; sbg@mdsoysb-
bemdbomol  3MMmgobzos. s@bodbyamo  @gaombgdo  0Tdaogds  odmYzogdgero
3580390 gbol doEsbpsdmbogamgdo (Liy®. 2.1).

S>do@Mo-0@M0oggmols aodobgdoms LolbEgds 3owgg 0gmas Msdegbodg godobgdboms
G9a0mbse.  dom  dm@ol  doGomoos s doEsbysdmbsgegbols  dBsgogolisbgmdom
aodmodhggs  sdo@ol  godobgdoms  Mggombo, Gmdgaoi  dmoizogl  dw.  dg@olols
dodpgdomy 39OSR YD bog®d39L ©S bofomwgds db0dgbgamgob
doobyodmbsgan gdog: Tgomdmggemo, 305D, Loy mgoo, 2M©90dol{yseo,
bodmboliBMggo ©s Ubg. L3oagbdol dopsbo gmEgmgds Lbgopslbbgs dobg@omey®o
5boamdol do®Mmggdol Lobom, ®odwgbodg sLgyero Ig@@ols Loa®dom s (3g5e09-
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do0 Loddarsg®om (smggero bd-sb — 3,5 3-dpg bmbgdow). dodmggdols dgdowygbgero
dobg@sagdos  Joengmdo®odo s dolbo  bgpsdo@ygeo, dgm@gyemo  asMsJdbols
90 9d96@gd0 — dm@bodo, Joengmbobo, goggeobo, dogrsJoBo, Sby@o@o. Jmaosbo
20do0bgools Go0mboli dglodsdolo Lodygomm ygmdodoyg@o Lobgs: Cu-2,2%; Pb-1,1%; Zn-
0,9%; Au-0,7p/@®, Ag-17,13/®. 860dgbgenmgsbos ol dmbsizgdo, @™ s@bodbyano
Lb3ogngbdol  dobol  Bgdbmmmyoydo  aowsdydsggoom  doowgds 24,3%  L3oangbdols
d99(33980md0ls  3mb3gbR®@o@do,  boam  Lodyxg@so  germEoEoom  asdpo®gdols
‘dgdmbgggsdo Jomgdygen 3GmEeJddo Ldogngbdo @hgds 92,4%-0l mEgbmdom. odo@o-
@05 gmols godobgdoms LolbEgdsdo dwobosdmggbols — dobgolfymols ©s bo@obgdols
bgdm§geol dgbsdsdols agmadegoge Logdzgdo 99z aa®ools do@abysdmbogemgdols
@50mbo.  dobols  dodwggdols  doGomswo  Jobg@omgbos  —  Jog 3m30@0@-300080,
23M903)  83baRads  bgsmydoho,  poggboho,  dm@boGo  (Judobogry,  beodo,
godgoggmo) (Teamupennnze, 1958, 3. 98, 101).

(960Oo @0 goggobombol  Jgwol  Lodb@gmo  bsfoano  asblsggmegbom
LoobGgdglm  @gaombos, Loswsi  doggengyaos  d3.§ I soslfangygaol  Gogero
30b6LA® ]300l s oo Lofomdmm dold@odols dJmbg domo®m-g5dmbodydggdgoo,
5Q0MdM030 IgBo Y090 [o®Imgdol mdogd@gdom.

>0bodbyeo @ga0mbols L3ogngbdol @sds@bgdoms Lol gds dmoegl dwobs®ggdols:
Joem@ol, 9byydol, 3EbgbolTymol, @ombol, ssbboll s domo  dgbogowgdols
‘dglodsdols 392 M>R0YE0 030390 g0 bog®A390. o] >0 lgd o
doobyodmbsgangdo,  doMomops  ghm@odyg®os s [oddmygboaos  30M0d-
300m@F0bygmo  Bodol  dobg@omgdom  (Jogmzm3o®o@o,  Lbgsang@o@o,  aoggbo@o).
2IMAMSR0YE0 203039 gdom,  Agaombols  L3ogrgbdol  gsdswbgdoms Lol gds
9353d0OEgds  9dggergl  Lodom-dg@oma®aoyge  dgaagdl s 0gmas  sxbsbgmols,
bgobgmol, dmosbo @skols o gobgmols bmbgdow.

sgbobgmol bmboli L3o@gbdol  asds@bgdoms  LobRgds dmozegh dw. jmm@ols
bgdm (geoll s dobo Tgbsgogdol — bgiggedgl, 29b63g0dol, Lsggbols bgmdgdl.
Foddmea gbognos 3odo@bgdols bmano 25 33 Log@dol s ®sdwgbodg sbgyeno dgB@ols
Loddgnog®ols doobyogd g goom. Lodomms dobg®oga@o ‘dgagboenmds
JoM0omoEs 30MmE0bo s 30M0F0s, SxMgmgg a3bgegds  Joe 3m30®0@o, gogwgbodo,
bggo@g@o@o. L3ogrgbdols dobol agmJodoy@o dohggbgdgeros: Cu-0,1-1,2 %, Co-0,05%,
ZntPb gomsoe — 3,0%.
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oblogym@gd e yuy@do@gdsl  0dlboby®gdl  hbsgmol  oobysdmlisgan gdo,
aobaoggdgeoo  1900-2100 3 sendy@  bmbsTo, lLowsin @olGy®ogds godowbgdols 15
dodmgo, 0,35-0,40 dgB@o Loddansg@om. ygmodoy@o dmbsigdgdom: Cu-0,83-11,3%, Zn-
0,65-1,45%, Co0-0,03-2,4%, As — di300g Gomegbmdom (Tramupennaze, 1958, ag. 106).

Lgobgmols bmbol L3oa gbd-30MMmE0bgdols godo@bgdboms LoliGgds obensygdyganos
dpobo@ggdol, gbay@ols o 3bgbolfymol bgdem (geby, Loowsbsi godmoygmes
05309609 Joobasdmbogaol aog@mosbgds.

bgbbeml  3bmdoamo  L3oangbdols  dobols  aodmbogemgdo  dpgds®gmdls  dwobsdyg
bgbbol  dodxggbs bododbg, 60 3 aogdigergdom, Loddensgmgs 1,75-2,20 9@ @o.
aodobgds [o®@dmwygboanos, doGomspa, 30@mE0bom. y3bgogds I30Mg Gomwgbmdom
Joemgm3m@odo,  bgomg®odo,  dobol  dodwggddo  gangdgbdgool  dgdwgyo
aobsfomgdom: Cu-1,0-2,8%, Co-0,01-0,07%, ZntPb — 3350l Lobom. 8539 @Ml
>00b0dbgds  3gmogdmdbogno gangdgbBgdol — mddmb (0.8 o/@) s ggOEberols (10,6
o/6) 9963920055

bo99dJobols Jo@obpsdmlsgmgbobomgol (3. gbyy@ol Lomsgg) wodsbobosmgdgaros
300mE06-Jo@ 3m306M0F 0l s Ao gbo@-3o®o@ols dJobg@smgbdo: Cu-0,4-2,0%, Co-0,01%,
Ni-0,02%.

96a9@-9bgobols  do@obyodmliogagddo  (Ap.  gbaydol  Lomsgg)  ©osdsbgddo
2o30(39e0 gdygmos  L3ogrgbd-30Mm@B0bgdols  aodowbgds 15 33 beoaoon ©s 100 3
Loddgog@om, doG®ggdol 3 F  Godmmdol  33gmom. godowbgds  FomImy gbogos
dobols  do®dmgdo  3o@o@ol,  3o@mEobol,  Joemgmio@oGol s Lgsamg@o@ols
hobodmgdom, @mIgemms Lsghmm ggmdodogdo dobsbosmgdgeros: Cu-0,42-2,04%, Co-
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bgmdodo  (bgzo®ol  gosbsbgangermsb). ™m@ogg Goombo  asdmodhggs  aodowbgdols
3@ 0dogy®o o303 goom (100-200 ) s 3o gdowo Loddgrsg@ggdoom (0,3-2,0 9).
mdOob dgEggemds Lofo@dmm dommbmgbgdols dglodsdolos.

dmosbo Gskols Ggaombdo gydomgdsl 0dloby@gdl bmgbomml s bg@gerogmols

doobasdmbogamgdo, Losx mddOm s ggdcbemo g3bgogds Gmam® i dobyyga, oly

mogobyggoe  bmbsdo. ool dgdzggmmds 3gogmgdoos o ogdogmezoe gdls
Lo(o@dmem  dmmbmgbosms 3060dygdl. 39O Eberol Gomegbmds oigagds 24-443 a/@

©0535bmbdo, Lodysemme 17,0 a/f dgopgbl.

mdOob  d9d3g9e0  3m@odgBomy@o  Lodsmgdowsb  Lsob@gdglms  @sddanywols
doobasdmbogamgdo.  aodobgdol  Lodo  dodmgo  mJ@ml  dgoioglh  aoblbgoggdyemo
A5mEgbmdom. Y9 o0@gdsls 0dLobyy®gdls 5209039 (39600 (>58bsbgmo)
oMlgbm3o@mo@gools  ao3Migergdol  bmboll  meml  dgdizggermds,  dmenboliols
3@ 0dgBomy® dosbdo dgdogogmo mJ@ml @omEgbmdmogo dmbs39dgdo.

SOQ0MEM030 dgo®@gsbio g0ommbols Jm30ggdo-0sd9doggdols L Jg35do
d609gbgemmgobos mJOml  Jgod@Omdgdo, GmImgdoi dobs@ol Lomsgm bofoals s
bgmdoms  3obombgddo  (yeols bosgowol dmJdgogbols dgogasm @gibogh s denols
M JOmdgdaggee  Jobl o d9bgddogo  godwo®gds-sdydaggdol  dgdmgy  aobygbls
‘dgotgbom [4bos®o ©obgbol Logdgdo mJOmIgd3ggero wobsgs®ol Loboo (bapkas,
Fommpunse, 1958, ag. 223-225).

od  30350mgdomn  ombobodbogos  d. gbayy@ol s dolbo  Igbsgopgdols,
3bgbolifyeols o b®sdol o>gbdo sOLgdyemo mJaml Jgodhmdgdo. Jgoddmdo mJOml
sbsgngdo dols dgooglh 2-3 3 mJOml dodgergdl, agbgwgds 40 a@sdsdog mJOmb
0g0mbsdogdoi.  bdo®os  aodmbogemolo  dgdmbggggdo, Omeglsi ™ J@omb
030mbsdools fmbs @sdwgbody sbigyen a®sdl 5w g30.

396 3bgvo. LoJo®mgganmls BIO0BAMG05bY 390 bano oG0S
239803980 9dYE 0> 3@ 0dg@omy@ 30dobgdoms Loli@gdgddo, Omdggdo3
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aobgooggdamos  (396G®o @0 3oggobombol  Ladb®gm  gogmgdby s digody
3°83°5Lombols Loli@gdsdo.

2oblLoggm@gdygmo Lofo@mdmem 360dg3bganmdolios 3ob@gmol godowbgdols xayaobs
> oddbayyeols Ladsml mdogd@goo.

35O gmols 3me0dg@omy@d 25dobgdboms xa9no (dmebolols Gsombo), Gmdgeoc
3039Egds  dJobs@ggbols  —  3bOgmols s gmemopsydol  [yogmasdyme
B9O0HMO05bY, godmoygmazgs m@o gdobo — sbsgamgmol s sedmbsgegmol. domo
‘dgdo@agbgao  do®omspo dobg@omgdos: 30M0@0, gomgboGo s bysag@o@o. 15 9
Loddanog@ols s 360 3 o360 3980 900l 3m@0bMbR0m. doGomswo dobgdomgdols go@s,
23b3©gds 5963030 S Mgombsdowo mJBM.

3ob@gmoll  xa9yxdo  gOmosbpgds  dopbgyeol,  Sdy@dygagol,  Lodwg@gmol,
3oadgmols s  30bbo@ols  Jo@obpsdmbogagdo, aobspgdyeo  Jpobos®ggdol —
b@sdol s go@oswsy®ol, domo dgbsgowgbols Bg@o@m@osby.

530 yols badsm (dsbolol Gsombo) dgoygds @odwgbody smgyano dswbols
do@mgologob, @mdgems  Loddgrogdg  o@gmgds  03-10 3 ©osdsbmbdo o
oMo ga®o  aobmospgdom  Jdbol  aodowbgdol  bmbsl.  dowobo  LadswmTo
JONH03HA05, 2ob@og gdamos 330030, Jodon@o Vg gbogmdom  go@Esdsgegos”
(3b®. 22) (MBanuuxwuii, Teamupenuase, 1958, 3. 142).

530 yols  Lodswml  Lofos@dmm  gosdydsggdbolsl  @Gygool  3mbi3gbG®s@owasb
doomgds ggObmo s Jgdamdo aodmEem 3939000 MJAm. Ladswem  oj3dsymagomgdls
Lo(o@dmm  Jmmnbmgbgdl. ©sddgaool  Lodswem  d9dogogdmos  dygs  Loygybggdol
39@0m@do.  LoJodmggeml  Gg@odm@osby  s@Olgdygao, ggdgbeols  dgdzggero
3m@odgBomy®o  doebgdo  3g@OL3gJHoymo  oym  aosedydeggdol  mgoglsb@obon,
boyg9bggdols 2obdogambsdo 35dt0ygbgdms S0 MdM 030 9406m3dogols
>M®Jobgdo-s@dsgermdolsmgol.

agbGogoo 2.2
0don®o s (mbomo 9 boanmdo*

N | Loddgosgtig, 9 Jodog@o ©o § 9 bog

Pb Zn Cu Ag Au
1 0,60 2,30 8,03 3,00 52,2 0,65
2 0,26 6,70 13,30 1,60 77,0 5,30
3 0,28 2,32 10,20 1,86 58,0 8,60
4 0,20 2,80 5,70 0,30 50,0 34,20
5 0,80 2,50 4,80 0,41 17,0 0,70
6 0,51 2,30 2,25 0,24 6,7 0,2
7 0,35 1,90 0,05 0,61 11,0 -

*Pb, Zn, Cu dm3gdgeos %-do; Ag, Au— a/H-do.
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@30b0b_Lodomms boli@gds

Lodb@go  goggoliools @g0bol dobol Lodo@mgdo ggma@sgoymo  gog@3gegodols
LobEgdoom @odwgbodg bmbo o0gmgs; oo dm@ols Jo@o®™-53mbodydggmgdls s
dgBogydyogeo  Fo@dmgools dgaagdmsb  3o3do@Tos sxgbsbgmol, dows  Jo@menols,
3obgmols, sdo@s-m@osgmols s Lmdbomols 3obol godobgdoms bmbgdo (L. 2.4).
doobdgdiggero  3md3ergdlgdol gomo bsfoemo doswogno  Loddansg®obliss, godmeols
bgs30mby s sEgomo ©slsdydeggdgemos. oo dm@ol gy@semgdsl 0dlobydmgdls
ol @g0bol  dobgdo, Gmdegdoi  IgBoydyoygmo  Fo@dmgdolomgols  Fo@liyando
2odmoyggbgdmes (3be. 2.3).

o3bobgmols  @j3obols  aodowbgdol  bmbsdo  gdzgge . dbogol  oybTo
©sg0JboMgdygmo  Joobyodmbogemgdo,  3goegdoo  Loddgnsgdol  3md3egdlom,
Fomdmeagboanos  39ds@odom,  dogbg@dodom.  asblsggmagdomn  LsobGgdgbms .
3OEm®ol 59bls s dod@sl bgmdsdo s@lgdyemo dyds @3obsdgol godmlogemgdo,
@g3obols doogo 30396700 ‘d99(33980md0m. o] >dmhgbognos
doobpsdmbodydggmgdo s dggeo  @zobols dg@ogydyonemo  Tomdmgdols bsdmgdo
(brax6a, 1983, 3. 11-12; Teamupennnse, 1958, o3. 81).

agb®ogoo 2.3
o Jodoy@o ®3obols 390360
N Bobg@ogzo RoOIgas | dgd(339@0mds, % Jmbos BIO0
1 dogbgBo@o FeO.Fex0Os 72,4 5,17 ‘dog0
2 | dopbmdogbgBodo (Mg,Fe)O. 56-60 4,5-4,65 ‘dogo
Fe, O3 Y
39953 0@0
3 (630601 4G0oms) Fe,03 70,0 42-53 @bo
@9bo,
4| dododglagopo | MO O 62-69 3,154 dyho,
n Vomgero
Fex03.H,O dyds
e 62,9 43 Ginbo
Fe>O3.n H,O
6 e0dmbo@o 1<n<1.5 59-63 3,6-4,0 dyds
dn®o,
7 Log@o@o FeCOs3 48 33 ﬁ)(?abo

3obgmol  20do@bgbols  bmendo  wogoJbodgdymos  @3obols  do@sobysdmlisgergdo,
oobgooygdaeo  dp. seobbol bgdm  [gaoby, 3sbgolols bygmdsTdo. Fo@dmwygbognos
dogbgBo@om (Teamupemnaze, 1958, 3. 82). 3obgolol bgmdsTdo sedmhgbogro, @ jobols
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Vo@dmgdol  Fowgdol  dgdgggmo  mOImgdo  gdgamgl  seyommddog  Ggobols
d9Bomy@a0ol 9353300 gds (FGobgmsydo 3., 1973, ag. 995).

sdo@o-0m@osggmols M30bol godobgdols bmbs aodmodbggs oo Gomegbmdom
doobpsdmbogamgdom. o  s@bsbodbogos  Jgosl,  @yodyaol, gsgoxgs®ol, dodols,
do@oool  doabysdmbsgangdo,  @mdggdoi  [o@dmwygboaos  dopabgBo@om  ©o
Fomgemo  @30bodgom.  bmyogdmo  doobysdmbogegdol  Losbegrmggl  s@dmbgbognos
Lbodmsdobem s dg@omygdgogeo (o®dmgdols bsdmgdo.

g9@owgdsl  0dlsbydgol  dogobwgolsdods  Jgodgdo, GmImgdos (3o gdo©o
Loddanog@om aobanoggdgaos dosmydls s goa@sl dm@ol. Jgodgdo Fo@dmwygbognos
300mJlgbom ©s doabgBo@om. doabgBo@yd J30dgddo asdwopdgdols dgdwgy @ gobols
99933980 mds  55%  ow( g3l (Teamupennmze, 1958, 3. 86). dogbg@ody®o  Jgodgdols
20303920 gb0l  bemendo  s@dmhgboaos  s@bodbymo by gymol dobobg dmdydagy
dgBogydyogeo  Fo@dmgbol  39M9d0, dopbol  aodwo@gdol s dgdwgmdo
205379 doggbol 3Mmi3gldo ho@mygeo 9dgganglo @oslobengdgdo.

bomdbomol  bmbsdo  s@bobodbogos  gm@oswsy®@ols  @gobol  Lodopm,  Lowss
o>dmbgboaos @sdwgbodg smgyeo JooMmysdmbodydggo®o, dggmo IgR o @0y
Fomdmgdols  39dgd0. ol dmogogh  bogdome  woe  Gg®o@dm@osl, §os@dmoagbognos
@gobols  g@osgoomo,  3gdsGodom,  IPds  @gobsdgom.  doobysdmlisgen gdowsb
boobGgdglms:  Ladgobgmo, ©gdydlby, gyeos®o,  dobolfys@m,  dobollg®o,
©5dJglsbo s bbgs. gmemepsygdols godobgdols (396@@sm @0 bsfomo dwgdo®gmdls
dpobo@ggdol — gmeospsy@obs s gmJolfymol dgbsdmsegdo (Tramupenuase, 1958,
ag. 87-91).

‘Jows  Jodmeols @3obols aod50bgdoll bmaTdo Jgeoll dp. xgxm@SL  bgymdsdo
sOLgdygeo  [goolbol  dosbpsdmbogsgmo, @mdgaoi  [o@dmwagbogros  Fomgero
@ 30bsdgom. Fgoolol LodsmTo oswdmbgbognos dggemo o©obpsdmbsdydggmgdo. 53539
aodobgools  bmando  goboboangds  gOmB03Y@o  Fomgaemo  @3obsdgol  @edgbody
doobyodmbogogmo,  OMAggdo  gobmoggdygmos  dp. mgogmgmnols  bgmdsdo
(Mgbgosdgoao, 1964, o3. 42; Teamupenumaze, 1958, 3. 82).

5d0g®35335L0ool  @30bols  dobols  Lodoswemms 203039 gdol  2gma@Mogosao
NOHNGIN domo 39O MA099@-3 90 J0dog@o dmbs39d9d0, 3obLobrgMagos >d
HIO0HOA0gddY  >@Lgogmo  gdggegbo  JgHomgdhogmo  Fo@dmgdol  dmddgrgdols
bgggOmb. Lodmsdo@bm  mbdogd@gdol ggma®sgoygmo Losbarmgg @gobols Fo®Imgdols
bmbgdmab, dooli{obs ©d bwgoldo®s bmenJo, bgeols 9Vymdos
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doobpo@sdadydoggdgmo s  IgBomygdaoyamo 390 gdols  dgddbsl.  5dog@goggolools
AgOoGHMA0sbg dogo dgBomy@yool olGHm@oYm 25bg0msMgdolmsb s ogdoMgdyeno
Lodmodobem Fo@mdmgdol dgyergdo, d9domdols 3@0biodygamo Lgdgdom s Lsobgob®m-
A9dboga®o  doboboosmgdargdom, Ibaogl, gOmygoMmgsb  LobEgdsdo  gOmosbogds
(Igx0d0, 1994, ag. 6). dggero Lodmsdowbm dgyegdo o dommob 2og@mosbgdaao
(396AO>@ A0 35335L0mbol LodbGgm gogmgdby aoberspgdyeo (sgbobgmo, Lgsbgmo,
Aods, gobgmo) o I300g goggobombol bmbsdo dmJsggmo (Jggdm Jodmao, sdo@o,
39000, Lodga®ganm) 3odobgdoms 0609J®gd0, NPCHIRBE! ‘dogobwgolido®s
dob90 00 M0 J30dgbol  wsbsangdo  woybgdo  Fobobdgfmbogmom  asdmoygbgdms
dggeo @3obol dg@oeydyools smgolgdolsmgols.
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3. 3g@omygdogmo [oOImgds
3. L 3g3omgdogmo [o03mgdols dgaems olGem®oye-930603037960
5@®0d300lomgols

dggero  dgBomygdaoygmmo  Fo@dmgdol  Lodydom-m@ysbobsizoygmo  LEA®y]@y@ols
3oblobmg@obs o dodgymo  Fgdbmmmpondo  30miEgbgdol  3md3egJly@o

sbogobobomgol, goblogym@gdygao 360dgbgermds gbodgds obEmGoyen-9306mdo yc
dmbo39990L,  GOMAmgdo  9dggeglo  L3ogngbd-d@obxoml,  @3obs-gmamspols s
4300535 e 0mmbEsdydoggdols Lofo®dmms 396J30mboMgdols olBmAoYo
05301909 gd0sb IMIwobo@gmdl.

3O0mdeagdolinsb  s3ogdodgdom,  s@OLgdomos  ¢dggergbo  dg@oggdaools o
@ommb{s®mdmgdols  s@dbodgbgeno  bmyogOmo  Fg®dobo, @mImgdoi  dg@ogydyools
obBmEAool  3geggol mobsdge®mgg gBo3by, Lodmm-dg@ommydyonm  asg@mosbgdoms
Lbodydom  Bgdbogo-@gdbmmmaoydo  sb3gdBol  goblsbwg®ol  3M0b03gd0w0sb
3odmdobodyg,  dgbodsdol ©@oxgmgbiosEosl  gobogwol.  Fg®dobms  dobss@lo
5353 doMgdygaos 53> my 03 IgBoemagby®o Ggaombols olGm@oya-dg@ s ydyoyeo
3350930l dgmmemsb s bdod dgdmbgggsdo, o6 sbobogl 03 oLFm@oyge 3GME9LL,
Omdgelsi boggerggo ®dogd@o 29b939mgbgds. sdwgbs Lokodm brgds Gg®dobms
byglBgos, domo 360dgbgermdols W0RgMIbE0MgdYmo gobds®@gds (Yeprbix, 1976. a3
166).

Fobsoli@m@oyano Lobmpsmgdobmgols sdoboloosmgdgano 30 9dBog®o
boggm@gdols  gm@dgboll  s@Lgdmbds  IgRogydpoye  Fomdmgdobya gOG e ©gds.
5dobmsb, 0ddbgds  Fobsdo@mds  dOmdols s dgfdbogno  3Om@yBol  woygmegs-
aodmymaols 394obobdol aobgoms®gdolomgols. dg@ o gdaogmo Fomdmgds godmgymes
940bmdogy@o  gy@bgmdols  Lbgs dodo@myegdgdl o  goms@gds  [o@dmgdols
2oblbgoggdyao  m@asbobsigoom, bofo@mdby (396G®om0bgdygmo  dmmbmgbom, gody
55bOOL 3obmbbmdog@gdoms yomgsmmolifobgdom.

dgBoydyogmo  Fo®dmgdol gobgomodgdols dodomswo G960 35-@9dbmmaoydo
dobolboomgodgngdo  sbsgmgoydoe  dnddgogdl  ggdswo,  dogo o  dgo®eyslio
ommbgbols s Fgbobmdgdols dJowgds-sdbowgdols dOmIols m@ASbobsG05DY.

Lodo@mgganm-3oggolool  @Ggaombdo,  dgGoma@aool  aobgoms®gdols  s@ gy
9093bg (dg. §. V-IV soslfangyangdo) dg@oydao Gmdgdol s@lgdbmdbols gdm-g@mo
dJodomso  [yosdm dobols Im3mggdol, @ommbols dowgdols ©s Ibs 3GMEYJ300l
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99360l 3@mEglol  m@asbobsEoss. dogbgosgs  dnbsbagmdol oo  bsfoaols
dglodmbengmodols s  dofomdmdgogdsdo  slsddgdols, dgodhbggs  dg@ogydayoom
05353909900 5©5305bms xa9Bgool Lofo@dmm sbodbyegbomn 2sdmymezol 3GM3gLo.
«dgge0glo dgBog 00l holobgols 3g9Momwolomgols sdsboliosmgdgaro
3oM9dm300m9d0lL  smgolgdol  bylbBo gddo@oymo godmEeomgds ©s  Fo®dmgdols
aobgoma@gdols dz0Mg dgbodangdanmdgdo, Lofo@Imm Ladygsamgdoms gom LoliBgdsTdo
3590m05bgb0l 5o goemdsl  gobsdo@mdgdl.  ¢dgganglo 3o gmdgR oY@ 0s
59Mm0obgol  bodogdm  ggm@mgool,  Lsdmem  bogdobs s  @ommbols  dowgdols
30039L900m5b s 353d0Mgd g IAmdomo Lsddosbmdol b3giEoseoli@dgdl.

dgBoeydyools aobgomo®gdols dgdpamd g@s3bg (dg. § IV-III swolfargyengdo),
50MgdMobxoml  gymEY@sms IosBoMgdgamo  BHmdgdo 0mgolgdgh aoblsbagdobomgols
Lokodm  ao@Goggdom o agma®sgoyge  Logdaglb.  domo  as@osEaomgds
d03obo®gmdl doolifobs bemenols s dJmosbo go®gdml Low®dgdo, GoBmmgLgds
dgBoeydyogeo Fo®dmgdol gobgzomo®gdolbomgols Lako®m dg@ogmagby® Lol gdoms
d9bgd@ogo  Logdmzyg.  IgBoydy  Amdms  goblsbangdol  s@gogndo  dgdmwols
0mmbyodobgdoms LoliEgdgdol sbogno bofoeno, @mIganms ©sdydoggds dmombmgls
doobasdmbsgsmms bgosdo®ygan dogdsl, dom 3Go]Boguer aodmygbgdsl ©s dowbols
Lokodm  @omegbmdom  smgolgdsl.  Femdmsdm@olo  ggmbmdogy®o  3ogdo@gdo
SOy Y0®gol  dmmbmgboangdols  @ommbols  boFo®dbg.  dobols @gly@Lgdols  ©o
LboPgogol  3o@ggenomo  Fyo@mb, @Fgosbo bmeols oo  @omegbmdom  smgoligdols
5930 gdamods 0(g93L dmbobangmdols g@mo bofoemols do@os@yomgdsls, dgm@olsgsb
530 gdsl.  0fygds  dgHoy@yosdo  dJmdydsgg Imbobgogmdol  gdmo  bsFogools
dgmAolopasb  asdmymals,  hbgdosh  omyg  Lodogdm-Lodmedowbm  Lsgdgls s
9dgo@mE  @ommbol  dowgdols 30m3gbmob  ©o353d0Mgdygmo  dsEsdosbms
3090m0obgdgdo  —  dobols  Fgm@gyeo  godedpo®gdemgdol,  boll  bsbTomol
3odmd{ggen gdol, Lofo@dmm Jy@sbmob dmdlboby®gms Lobom. Ig@ogagdaogeo Jy@o,
Lofo®dmm 3905 0do@mgds o, Lowsi segomsw  dobsbgdbgdgaos  dowbols o
LoFgog0L B@OSbL3M®G0Mgds.

Lofo®dmm  3old@Googdol  bO@slmob  gOmo  gomsdEgds  dgHo Y0
3590m0sbgdoms Ldgiosgoboiools 3OMEgLo. dmdggbm olGm@moyga 39@omedo (dg.
V. I soobfargyemo)  Ig@oydyo  @Gmdgdol  dJobsbengmdbdols  doGomswo  bofogoo
0535390900 @ommbols Jomgdo-sdydoggdom. Log@mm dgBomy®a 0o
Fomdmgdo@sb Lohodmbbdm @ Loddgoamm Loddol godmygmeggols s@lgdomo obEm@oyao
30m3gbo M@0 SL3gJBom aobolsbmg®gds: Jo@ggemo dgsmme gzo3doMEgds ko®do
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30mEyddol  dgJdbsl  bobggo@xzad®ogedgdol, bsdbowgbol, ULbdyamgdol, bemwgdol
Loboo, @53 0§393L Loddkgoem Loddol godobbyer ©sdm@mgdsl dsbowsb, @ommbols
domgdol  30m@Egbobogeb.  dgm@g  sL3gddo  aoblobmgdyymos  aodg  Lodys@mlbmsb
AMInsdo@obo  LodbsbOm  9HM0g@nMbgdols  gobd@30(3905-308oOMMgdom, GmEaLss
9306mdogy@0  aobgomo®gdols  3obmbbmdog@mo  3M0bi03gdo, LbIgmols ©s  boggwo
30mEgJaool  dswogmo  bsdolbo o Fo®Imgdol IsLd@odgdol baws  dmombmgl
dgm®opo  ©sdydsggdol  396@®gbol  Lohsdmlbdm @  Lodkgoerem  Lobgermlbemms
3580 MMgdo-g5dmgmaols m@sbobsiosl.

dg. §. I soolfargyeol  30fyg@ygmmo s I sosbfargyao  dg@ogycdaosdo
bobosmwgds 39d6039-3gdbmemaon® 3OmEgbms dgdpamdo sbggfs-aobgoms@gdom.
Lodb@gm goggobools Ggdo@dm®osby Lobgmadfogm aog@mosbgdoms dgJdbolmeb gomsw
osbogn  Logggbyydbyg swols  g3mbmdogs, @ommb{o®mdmgds. @obobengdgemo 396 9d0
aodmo®hggs (396@@omobgdygemo bygemliby®o FTomdmgdols m@asbobsEoom s Godmm
Logok®m  Loddosbmdom. sbGogyn®o  bobol  Lods@mgganm-3oggolool  Labgedfogmms
3003 0390-930bmdogyg@o  bobosmol  3gemoggdgdds oo  gogergbs  odmbos
3B YO0Y@o  ©>  @oombeadydaggdol  3gbHMgdol  Gomgy oG gdew
hodmyomodgdobyg (3o gbd-d@0byxoml, dgo®mxslo @omnmbgybol s ®gobs-gmeswols
Fo®dmgods).

dgBoydgoyge  Fomdmgdsdo  olm@oymse  dodpobs®y  m@ysbobsioyen-
A9dbmamayoydo  3gmoegdgdo  Jmombmgl  LoFo@dmm  sg@mosbgdoms gubiioy@o,
39OSR YE-2 530 (3096000, 3509 Lodgo@mbonsb Logod@m- 37 @ 9@ geo
9YOM0gOmmdomo s  dmdgogdomo  s@gomols  aoblsbmg@olsmgol  Lako®m

0039963060 9d e AgOdobmermaosl,  OmIgmog ‘dgodemgds  dgdgabso®ow
hodmygsaodogls:

dgBomyg®daool  oLEAm@ool  ggegzol  Mmobsdge®mgg  gHo3by  opgobes  0d
3oMggene, g gdgbBod e  Gg@dobms  360dgbgamdbs,  @OMAmgdo  o@bodbsagl,
@ommboll  dologols  @sdbogdol  dgbadsdolo  g@odol  Bgdbmemyon®  3GmEgLl.
dgggbgoom o3 Lobol  bmpogdmo  Gg@dobols  asdmygbgdol.  s@bodbyeowsb
2odmdobody, 130039l ymgmobs, 2obbobmg@geos Fg@mdobgdo “dg@omyg@yos” s
“@@0mmbesdydoggds”,  domo  Fgbodsdolbmds  domdo  hopgdye oL mGoye
068m®I>305;sb.

Ag®dob “dgBomy®a0530” 0agmolbdgds 0d Lofo@mdmm 3@mEgbms gohmmdanomds,
OmImgdoz  Ygogdodgds  doebosb  @ommboli  dogdsl,  dol hsdmbbdsl o
30039 o0 30myJdol d9Jabst.
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A9Mdobo  “@00mbEsdydoggds”  s®Mgmosbgdl  0d  Ggdbmmmyon@  3GmEglms
JOOMI@omdsl, @Omdggdo  2odmoygbgds  bobggo®asd®ogo@osb  ob  3oMggenswo
Lbdgeoesb 3bs 3GmEeJdol dobowgds, Gmymo 3Mmgoamol bogmgdols hsdmlbdols
> k90030l abom (bod@dmanm, Lsdgy@bgm s La®o@ o ©obodbyegdol os@owmo,
bodgoygano).  @ommbsdydoggools  gobgome@gdya  gHo3by  doldo  gOmosbpgds
@0mmbol hodmlbdols s dgdpamdo kgogol 3OMmE Lol 3mddobo®gdymo asdmygbgds,
dDogo@dbMogo 5606y gdols boggmmdoms dgJdbom.

bgdmombodygmo Fgmdobgdol gobbogngs 3@mi3glols Labom, @mIgerodg oliGm@oyye
39M0mebs s goM33guee 39ma®ogoyge Log®dzgdo, [o®@dmohgbls olgomn olGm@oyen-
oo gdpoge  ©s  obhodogm-Gydbommyogd  Gedobyol,  @mpm@oigss
“FYOHoegORogEo  ggHe”,  “IgHoggdpogmo  Ggbh@e”,  “Tbadme  dgfomy@pyogero
(395007, “dgB ooy 3GM30b(305”.

®9db0g0L  obGm@ools  mgomlsb@obom, dgGogydaos s  @ommbEsdydoggds
oM 33990 39maMoxz09a bogdzgdo s@Obgdyamo dy9bgd®ogo dmbsizgdgdom goms®gods,
amdamgdoiz  od  bmbobomgobss  @sdobslbosmgdgano.  gdgganglbo  dg@ogy@dyoygeno
(396300  Aobgomeds, 30Mgge  @oado, 03 gma@sgoym  Lad@Fygerdo, Lowss
oOlgdmdes  dpos®o  JgHommagby@o  bmbgdo:  L3ogngbdol, @zobol,  @ygools,
s®0dbbol,  gogol, sbmodmbol, gg@abaol, ®JOml  ©s  ULbgs @ommbgdols
doobpsdmbogamgdom.  3oggmdgBomydaools  holobgo-aobgoms®gdolomgols  sliggy
Loko®m ogm Lofgogol, Tyamobs s 93bergeddang mobgdols do@spol syEoemgdamds.
sbgmo d9bgomogo Ggly@lgdbomn dpos® Mgaombdo Ibmgmgdo Jnbsbamgmds giEbmds
@5 @@ommbols d9b6gd5L, dols mgoligdgdl, Jabol (obsdo®mdsl dg@oeydmyools 39 gd0ls
o@lgdmdolomgol. 53 d9bg6M03-930bmIogy@o  30Mmdgdom  hadmyseodgdiyeno
d9Bo@®a0 Amdgdo 5303980 g0gb 0og05bm aogergbsl dgbmdger mgdgdbyg, yLF®gdgb
0o 33bmgdgd  dmbobangmdsl  Igy@bgmd@og  Lodoosbmdsdo, ofBoyd  aogangbsl
obgbgb dom ymas-gbmg®gdoby. gl aogmgbs 2oblognm@gbom asdmobs@gds dosmo
30mEyJcool og@3Egegdom Ig@ommy9by®o Ggaombols ao®gm. dg@oydao Gmdgdol
30mEydcos  gaEgegds  dgbmdger  @gaombgddo  dbs  bofo@dols oy Lbdyeno
bmEgdol bobom. dg@ogydaonmo Fomdmgdol s@sdjmby Lobmaswmgds odygengdaaos
doo@ml 0d3m@E0 5b @osdbosml 3GMEYJ30s 0d3mOEY;msb dodsdgzom.

0oMgggaee  gdmbgyagddo  Fghomy@yo  Gdgool  dgbmdge  pgepydegoye
23oM9dmbg  bgdmJdgogds [o@ImImdlL  saommd®ogo  @ommbsdydeggdols 9@ 9L,
AmImgdoi  0d3mOFYmo  dsbognols  gosdydsggoom 0fggdl s@Lgdmdsol. o@bodbyyan
@93006Td0  Lodo®m  @omegbmdol  dopbol @gly@Lgdol  smdmbgbols  dgdmbgggsdo,
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dgbodargdgmo  brgds  sEpommdGogo  dgHomg@yogmo - Fo@dmgdol 9B gdol
hodmyoeodgdsi.  GmImsdm@olo  jmbRsd@gdol  s@lgdmds, dgdoamd  olFmEoyan
dmbs33gmdo  3obs300mMbgdl  dom  LofodImm  godlbgoengdsl, dmdgogdol Lgg@ml
3oROMNMYdSl s 3oEggymo  IgBogy@dyogeo 390900l gog@mosbgdsl. o3
dgdmbgggsdo  saomo  ofgl Ig@omydyogemo  396G@0lL  ob  Ladmm-dg@ s ydyoyeno
2090m05bgbdol dgJabols, hodmysgodgdol. dosmo dmJdgogdol ggma@sgogmo s@gsmols
s Lofo@dmm  dobdGodgdol  dgdwgmddo  beOwom  0Jdbgds  gRdm  s@Lgdomo
39 B YO Ye-930b6md0 390 2590m05bgdo—dg@ o @aoygeo 3GMmgobzos.

»39HO@ YO0 Y0 39@5°  Jdbol  Loggmed  dgdsmydaogm  Fo®mdmgdsl,
30mEgJaool  JOmbmmmyoydo  ©s  ggma@dsgogmo  Lobmgdgdbom  dgooll  yp@®
dbbgogro 3o gmdg@o Yoo 259@mosbgdol  s@gogdo.  dol  Lobwg@gddo
0ogbEgds  gOmagommgsbo 3@ aol  ds@odgdgeo  dmbobangmds.  Fo®dmgdols
6039 dgd0 boboomwgds goblsgym@gdgmmo (bbgolopsb aoblbgoggdaeo, godmymeomo)
Ao3m@myog@o s Ggdbmmmaoy®o  mogolgdy®gdgdom, bodbgbom. dg@og a0
3905l 53l mogolbo Ggdbmenmyoygdo LJgdol gogegbols Loggmemo bmbs.

Lodbdgo  3oggolools  @gaombols  dsLIGodom, d@obxoml  bobols  g3mbmdogols
obgomamgdols  Lbgoolbgs  g@o3bg  aodmoymags  dg@ogydyoge  3g@oms
3090m05bgbdol Lol gdgdo:  (396@@o @0 goggobombol  Lodbdgm  gogmgdby  —
>x3bobgmol, bLgobgmols s @odol dgHomygdpoygmo  39®o; I30Mg  goggolombhbyg —
doOmbols 59bols, sko®o-g9@00ls s dmenboli-Edsboliols 39Mgdo.

»39Bo YOm0 3960 Imoasglh  Fpopsd s IMsgom 3gM0b
d9Bomagby®  M50mbgol, @mImgdoz  moglpgds  gOm  JnbOEom g gmEmaoy®-
390300809  Agaombdo,  Lopsx  dYdogogds  o@OLgdygmo  doabysdmbagangdols
Jo®omoo  bofomo, asbgoms@gdbyamos  Lodmem  bLoddol  Lob@gds. gJb3ergo@oiosdo
dymaxzo  doobgsdmlbsgamgdo  bolboosmpgds  gOmago@mgsbo, g@m  LobEgdsdo dymego
39mJodoydo  Bmbsigdgdom.  @gaombo  5g@Om0sbgdls  Lob@mbymow  dmdydegy
539603y dg@ogy@aogm 39@Mol, Mmdgmms 3OmeyJiaos Jdbol Fo®dmgdol Lsg®Hom-
9JO®MA35MMgob  Lobgl. dg@oy@aos  sao@md@ogo  dJmbobag Amdms  gOm-gOmo
Jo®0moo bodosbmdbss. s@Jgmemaon@se Ggaombo dmo3ogl joMas @sms@omgdoe
dgBoeydyogmo Fos®dmgdol mdogddgdl, Gmdgagdoi obGm@oygmse dg@ e ydyoyeo
Fomdmgdols of s@lgdmdol 30Gs306 sOa9dgbdocools Fomdmewagbl. spaoemmdmogo
dHomgdyogmo  Foddmgdol  d@megdaosl  3o5tamgdol 3ot ggggero
HIGoGO@ogmo  sOgo@o  poshbos,  OeIgmog  Ygodargds  o3gEgomRgl

45



3B gOh0@o  39bHG0L  Ggbombodgdols dmgae  gBomwTo.  Sbgmo  Ggyombo,
obBM®oge-dg@omdaogmo  mgombsb@obom, dgodergds dgpdogdmJdge  ™mdogd@ow
hoomgogoml. sdgboe, dobmgol gOmgymAg@geo (gmbogyo) gOmyge®mgbgds od
93mJolbongol dgodengds 5@ ogml sdsboliosmgdgero.

35885bools  dgaombo,  olGm@oy- g EyOhYmo  mgeglsb@obom,  d@obyxsmls
bobodo  Lod  doGomo  IgRoydpoge 3963 Mo©  0gmeys:  hdwogoem  3oggoliools,
(396G Y@0 s J30Mg 3oggobombols dgBoydaoge (396@®gdow.

» 5030 M-3gBoY@a0YEo0 24090 m05bgdymo  396GM0C  gsdmomdbggs  obgmogy
0bAMM0YE-FgBo@YMA0YEO S JJOEMA0Y@-3gma@Msgogmo  dsbslosmgdangdom,
OmamO;  “IgBomy@yogmo  396@®0”.  doom  dm@ol  goblbgoggds  aodmobs@gds
Fo®dmgdols dobdBodgbom. agmadsgoygasm dgBoydaogeo 396@¢®o0 dgool Lodmm-
d9BoY@y0e 2590 m05bgdsdo. Modwgbody IgBoydyoygeo 396@®0L gOMMbgromds
J3bols  Abbgogr  (o@3mbsodbl — “Lodmm-Ig@ogydyogee  a59@0m05bgdsl”. gg®sbools
3o gmdg@omadaool  LobEgdsdo  goggobool @gaombo asboboangds, @mama (3 gO®-
9000 L3530 M-3gHo@ Y00 5gAM05bgdoygmo (3963 ®o.

»39BO YO0 3OMZgob305°  @odwgbody  FgPomagby@o  agma®sgogeno
Mg30mbols  gog@mosbgdss,  @mIgmms  dgoagboenmdsdo dgool  Lbgowsbbgs
9J0bm g egeo  [os@dmdsgemdols  Jmbobergmdols  dog®d  dgddbogro  Lodomm-
d9Bo@YM0@0  35gM00569d9b0.  IgBom@aoye  3@Mmgobosdo  Aog@mosbgdie
dgBoeydyoyge 3md3@gdlgdl Lofo®dmem Lodygsangdoms goblibgsoggoygao dmbsigdgdo
sbalboomgdl. dogbgosgs® Bghodmaoygao Lodmamols, “dg@omydaoye 3Mmgobiosdo”
‘dgdogogmo  gargdgbBgoo  bobosmwgds  3OmEyJiool  Jmbsmglogg  Godmamyoy®-
A9dbmemyoy®o  ghmosbmdom, @mIgaoi gogegbols obpgbl 3Gmgobiools Log@mm
LobBgdol gobgomamgdoby. 3oggobos omgegds gg@sbools dg@omy@dyool Lol gdsdo
3bmdogro, dogo bwgol o@ygerog s@OLgd Yo A Y@geo Fool IgB o g@aogemo
30mg0biooll  gOm-gho  Lodmm-dgGomg@dpoga  3ogMmosbgdse,  @mdgmoi o
aogengbols  obpgbls  dggemo  dbmgeoml  (dg.  §. IV-ID  sosbfergyangdols)
dgBogydgogeo  Fo®Imgdol  gobgomsdgdols  doGomswo  gBo3gdol  gm@Io@gdols
30m39L%by.

b93mo0bodbyemo  Lodmm-dg@omygdyogeo [o@dmgdol Lodydom-m@ysbobsizoygamo
dofgmdogomdol  sdbobggero  Lofo@dmm  3o@gam@ogdo, Ubgopsbbgs agma@dsgora
oM go@ls o  Logod®m-g30bmdogyd  Logdhigdo gyblEombod@gdow  dg@ oy oy
30900056gb5ms 0LGM@oygmo gobgomsmgbol 3om 3gue boggby®@gdl goblsbmg®agl.
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obobo  asboboangds  JgHomydaoygmo  3ggdol  LobJ@mbymmo  glderys@doiools
300M0698do. o399 Gg@dobgdo dgodgngds [o@ds@gdom godmgoygbmm @mymas
LoJo@mggenml  Gg@odmaosby dmfdgoo  dg@oydyogmo  (396@®gd0lL  dow§ggoms
Fo@dmbohgbosm, olyg 3oggoboo-Fobs sbool @ggombols s dogo  bpgol  go®dgdm
sOlgdymo  dg@ogydaogmo  3Gmgobiools @A ygeya  dom{ggoms dgbogslgdbansw
(Yepnsix, 1976. ag. 168; 1978, o3. 17).

3o gmdg@omadaogmo Fomdmgdol LolGgds aoboboangds dggemgdol obEm@oya-
dgB o ydyogeo }9bdEombodgdom dobol dgm@swo yodwow®gdol, dg@sey@dyoyeno
oosdydaggéols o bofo@dol  domgdol  3@mEglms gOmmdmogo  sbognobols
bog3ydggenby.  Bg@dobms  3oBgammos  Lodygoemgdols  ggod@gal  Lojo@mggenml
A9O0GHMO05bg sedmbgboao s dglfogarogo dgaergdo, Lofs@dmm dolid@odgdols s
39MyOsBoYmo  aog@3ggools  dobgogom,  gOm  LolBgdsdo  gogsg@mosbemm:
dgB o ydyogmo 390s (58bobgmo, bgsbgmo, @ods, sdo@o-au@os, dmanbolio-dsbobo,
S obobpowds dmosbo gobgmo); IgBomydaoyamo 396@®0 (396H®se o 3ogzobombo,
d3009  35335L0mbo);  Lodmm-3gBoy@aoygeo  2590mosbgdgmo  (396G®0  (3og3oLos);
dgBoydyogmo  3Omgobios  (30M3933mbBoydol  bmbs);  dggewo  dbmgeoml
dgBogydyogeo Fo@dmgds (dgo obos, goggolos, dogsbgmo, bdgamsdys bmgol
>9bo, 9230309 ©s o ).

9dggeglbo  gHomydaogmo  dgamgool  YOMogOmIgosdgdolbs s Loli@gdol

0bAMO0YE-FGB S YO0 YO dggolgdolomgols, dJomgdyeos 3880930l 0b@9o-
©ol303eobodygmo  dgmmeo  s@Jgmermaool, agmenmyool, Lodmm  Logdol, Jodools,

dgBomydyool  dgsbogdgdsms o gggdoll  aomgomolfobgdom s Loobgobdm-
Aagdbogaco ©d do09do@039®o bEsAoLE0goL dmbo(393960L 3M0GgO0gdms
3odmygbgdom.

32. 300bxsSml GO 9@Y0s

32.1. Lo g6d-3@0bysml ©537Toggds dg. §. VILIV soslfengnengdo

ommboll smgolgds ofyggds mgombodowo Lioangbdols ao3bmdowsb (Rickard, 1,
1932. 3. 318).

0300mbsbdso L3oangbdo go®ao 0dgogds s boyggmgbem byoegyemos Lodgsyaols
Jobogdow. 30039eo© mgombadoswo b3oggbdolysb, (30350 930l gbom ddoggdo ©o

040539605  sdbowgdyao.  od  3g@ompols s Jgmemaoy@o  dsbasanol  dobgogom
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0033935 Omd 69bgd®ogo Lo gbdol 3aslBogy@mdolbs ©s Loddoaols aodm, ol
05@omobomgol 5@  25dm0ygbgdms. smdmbgbogo @ommbol bogmgdol wsdbowgdols
A9dbmemyoydo gdol aolodigggeoe sMogOmo s@OEgRsdBos dgbfegerogo. 3dggengl
bodmbobeodgdby  doggmgygeeo  [o@dmgdol  Lodygoagdgdol s  0s@owgdols
30330 gJby@o sbsgobo L3ogrgbdol ©sdydoggool 3GmEglol s@wygbols bodygoggdsls
0dgoggs (©sddsdodg s ULbg. 2010, ag. 97).

dg. §. VI-V soolfargyengdols dggengdol s@Jgmemaoy@ dmbodmgod dobognsTo,
E0mmbols SO3985JB oMb OO, b3ogngbdols dogdo-0539dog965bmsb
5353 d0Mgoymo 5sGH®0dyBgoo hbpgds — obsyogro dowbol, Jgol byerlsFymgdol o
Fomdmgdols bomhgbgdol (Fowgdol, @ommbols bowggbmgdol) Lsbom (Miiller-Karpe, 1994.
23 15). sdJgmemmyogdo  3mbsoigdgdom,  L3ogngbdol  smgolgdol  Lofgolio
3g9@omwoliomgols, @ommbols  Fo®dmgds  (dg@ogydpogmo  ©bmds)  byomgymols
dm303gb0l s 0@osb INdm@gbom, bsdmbobamsmgdby wsligydwgds.

Lodb®gom  goggobosdo  ¢dgganrgbo  L3ogngbdols  bogmgdo  dg. (. VIV
smoL{ e ggagdols 3g@omposbos 3bmdogro. Lododmggenml Gg@odm@osby 3omggero
@omnmbols  bogmgdo  do@bgymols  @s0mbdo,  Dymogg@-dmdymgngl gY@ yaol
dgaegobyg hbpgds. dom dm@ol ¢dgganrgbos b@sdol oo am@ol bsdmbobans® by
dm3mggdygao  dobogns: @gogo, sbs, 2 ddogo, 1 sdm@gygmo bs@gbo. >0bodbyemo
030mbsdowo  L3ogngbdols bogmgdo 030 dgogom oMol sdboswgdyemo ©s dg. §. VI
s0ob{ e gygamomn ms@omwgds (Kiguradze 1986. Tab. 5).

5bg@do0xsbol  Bg@odmmosby,  Igasgg@-dmdymgxgl g @g®ol  3g@omeols
d952290dg, @ommbol ydggmglo OGIBJHIS0 p3bawgss: yGoysmad-mgggby (I3 V-
5600-4900 (7., hogoomsb-mgagbyg (dg. §. 5400-5200 §F.) oo Joye-0ggngdg (dg. §. 4700-
4500 (Y. (Kavtaradze, 1999. y3. 71-72).

bmdbgmdo gdggenglo L3oggbdol bogmgdo os@@Fsdgbol (dg. §. 5800-5700 §F.) wo
53560dgbols (dg. §. 6000-5500 §F.) b6sdmbobers®gdbyg osmdmsohobgl. of mgombsdswo
Lb3ogngbdols ddoggdo, Lodoxy®ols g@sadgbBo ©s dognsdod-sbydodol dobg@ogngdols
60d9dgdos b53mgbo. @oM0bbosbo L3ogngbdol s®EgRsJBgdo 3o Bgbydobs s bgdJob
20©gdm®@do dg. . V. soolfagyamols dmgoml hbpgds (Meliksetian. 2006; kavtaradze
1999).

dg.- (. VIV sool{agyamgdol  3g@omoTo, @moglsi  Labmpsmgds  g3bmods
0g0mbsdo©  L3ogngbdl s 0fygdl  L3ogngbdol mJloymo dowbgdol smgolgodsl,
Yo 0dgds  Lodmsdowbm  Lsddols s dg@ogadaools  olEm®oyge-@gdbmemaony@o
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358d0@0; [o@do@gds, dobg@ogols dmbobgo-aodm@obols o dol ao@sdydeggdsdo, o3I
M0 ©s®yol LogHomm asbgoms®gdol Fobsdo@mds bogds.

0300mbsbdso bdogngbdols, 3oMggao d9bgdb@ogo ommby®o Jsbogrols godmygbgdol
dgboden gdamdgdo, aog@(3gegdol d3odg dobIBsdgdo s dg@ogydaoymo @gg0dols
360l s@sMLgdmds, @ommbsdydeggdols gddo@oyeo yodmELomgdols yJmbermds,
9omo dbGog, 5330090l mgombsdswo Ldogrgbdol godmygbgdol Lgg@ml ©s, dgmey
db@og, obJomgdl  Lodmodowbm s  dg@ogydaogmo  Fo®dmgdol  gobgoms®gdols
30m39LL (Forbes, 1950. a3. 19).

dg. §. VIV sosl{angyangdols 3g@omeo 3oggobosdo gg@smo @ommbsdyds-ggdols
‘dglodhbggo 033y lgdom  o>@0bodbgds. o3 EMobomgols Godyg®os mgombsdowo s
s®0dbbosbo  L3oangbdolgob (As = 1,0-2,0%) domgdyaro d3odg bmdols bogmgdo,
3B 3go0-o@5Jbol  gym@y@ols  s@gymo  g@odolbs s dsogm3ol gy Budobsmgols
sdsboliosmgdgamo @ommbols 0639b@s®0 (obgdo, Lowyoligdo, 3oggdo, ol®olidomgdo,

L3o@ogoy@o  Lodoxy@goo o Lbgs), Gmdgamoi (ogo s 3bgmo  mogolyxsmo

490300 5@0L  sdbopgdygmo. 0fygds SR0@MIM0g0, JGEHOEYMYOYEISWO  SOFOED SO
selopagbo o dsEgoEbmdoo  L3ogngbdol  mJlowy@o  dobgdols  (3y3@0@o,

G»9bm®0@0) smgolgde. >0bodbyyano obBmAoyYo 930 LoJo@mngganm-
5d0g®35335Loobomgols  BgBoo  @ommbEsdydsggdol Lofgolo 3@miEglos, GmEalss
dodEobodgmdl  L3oangbdol o dob  gydgbg  domgdygmo  dgbobmdols  gobogy®-
395604900 m30lgdgdols yobmds-aodmygbgds.

dg. §. IV soslfegyemol dmgm ©s I soslfamggmol  3odggero bsbggomo
Lodo@mgganml  Gg@odm@osby  L3oggbd-0@0byxoml  dg@omadaool  smgolgdomn s
Lo{o@dmm d5Boli gogo@mmgdom bolosmpgds. o3 dmgmgbgdls sbansogl seaommd@dogo
L3ogogbdol  go@dmbo@ygaro  (dognsdo@o, sby@do@o), Logogo@yg®o  (JHobmgmens)
dobgool o osModbbol dgdi3ggeo  3md3egJby@o b3oangbdol dowbgdol smgoligds.
d@0bxoml  [o®dmgools  @ogs@y®s, dgbsdsdobow, Gm@domegds  bdogngbdol o
5M0dbsbdgdiggero  L3ogngbdol  dobgdol  3obdologeb.  @o@odbobo  dybgd@ogo
dogmgao@gdgano g gdgb@os. o3 @AMmol  @ommbol  dobo@sTo o  sLEYM©gdS
302000l  5@OLgdmds. dowgdyemo  dgbswbmdolomgols  Godyg®os  FoEbgymo
dogMmgagdgb@gools  dgdiggermds,  Ig@omudaogeo  3Gmigbon  dosmo  spwagbols
3M0b030l Iglsdsdolo gmbigbd®sioom (Pb, Ag, Bi, Si).

Lb3ogngbdols  dobgdols  3oMggeroo  @bmds  gobado®mdgol  IgHom @00
@ommby®o  L3ogngbdols Jomgdol, o3 dgdgmd  oModbbosbo  L3ogngbdols  ©o
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d@0bxomlb smgolgbol 3OmEglido gosobods. gohbws Bgdbogyn®o sbOMgbgdols s
99300090 3mbol  ogMmggdol  dgbsdangdanmods:  Jo@mdgHoydyoygmo  {gbom
Lb3ogngbdol  mJlboydo  dobgdols  (Jobg@ogmgdol) aowsdydaggds, boli  babdomols
Lo{gog0l godmygbgds, 53539 @Ml 0ddbgds mg@dmwobsdogy@o LobEgds gommbydo
b3oangbdol  osmea gbolomgol; dowgdygemo dsbogns Jo@om@gddg@s@ @y  3oMmdgddo
‘dgodargds gm@dgddo hodmobbsl (Haunna, 1956).

dggeo dg@omdaogmo 30m3gbol gobbogrgsdpg 9bos osmgbodbmm, M3 @gm@mdob
,»U30a0gbdols IgBomy@aosdo” gyyeolibdmdm @ommbols do@gds-sdydaggdol LEyao
3ogeol  300gge  bofoml:  aodmmgdbymo  dopbols  @obo@molibgds-godwomgdsls
(20dmf§gob, Qeoem@ozosl, bobdo®obo S dobols bodggols demdbogdsls),
300M3gBoydaoge  30m3gbl  (gwommbol sagbsl  Jy®sdo, Gopgmy® ©bmdsl,
dgbobmdols  dowgdsl), JoMggame ©odydoggdsl (bmwol, bobggs®asddogs@ols ob
b5dbowol m@do®gdsbs).

b3ogngbdol  30@MAgHomydaogao  dJomgdol  ¢dggergbo  dgmmeol, smEy960m0
©bmdols JoEgE0@gds aobobogngds L30g0gbd-d@0byx smls Foddmgdolomsb
©5353d0Mgdygmo SO Jgmemyondo s  gobma®egoygmo  dgamgdols  dmbszgdgdom,
a0begds  Fo®Imgdol  Jydol  gm@ds,  3mblEOydaos @  dsbdo  dodpobody
30m39bgo0 (B9d3g@s@ Yy gero Mgg0do, seeagbol Jodoydo @gsjiogdo ws Lbgs).

Lb3ogngbdol  Jwosdo  mJboy@o s  JoMdMbsFm-bogogo@g®o  dowbgdo
Sgogmsmboagb bgomgueml asbgsymgbgds. domo Lo(gogmeb (bol bobdomo) gHmow
dgBomydaonge Jy@dsTdo aosdydeggdom dg@omydyormo bdoggbdo doowgds.

300390 IgBomygdaoyo  (podmwbmdogno)  L3ogngbdo  mJloydo @
3500mbs@ o Jobgdowsb 30MEs3oMo  smEygbol ybom ofbs dowgdyao. ofgsb
9960905 Logydggero Ldoangbdols dgBoy@osls.

dgm@gyeo  Fo@dmdmboll moJlopyg®o s  o®dmbs@ygero  dobgdo  doEs@os
b3oan gbdom, gobgrsagdygmos Ladosmms bgws ¢gbgddo ©s segogo dmbodmggodganos.
od  gaoslol  dowbgdowsb  L3ogngbdol  osmeagbs  d0d@obos®gmdl  bol  bobdomby
‘d9d3bogno {g9d3g@s@dols s s@dygbgeo 5EIMbggOml 306mdgddo.

L3ogngbdol mogoliggsmo mJlopgdols smagbs bobdodgsbyoms s bobdo@dswom
‘d99©930 @95J309000 Fodobs@gmdls:

Cu0+C —2Cu+CO CuO+C—Cu+CO
Cu20 + CO — 2Cu + CO2 CuO +CO — Cu+CO2

spEagbom  30m@3gLbdo  dJmbosTomgmdl  @mam®E mogolyggego  L3oangbdols

mdbowgdo, sbggg L3oangbdol dgdzggero Lbgowsbbgs dobg@omo (Jogsdo@o, sby@odo,
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Joe356@0@0,  JOobmgmas), Gmdggdoi  swygbomo  ©bmdol  AML  Lomsbswm
2oM©5]d690L  gobozosh. dogrsdoBo s Joa3sbBoBo 0dagds Ldogngbdol mJlowols
aodmymgom. dowgdygmmo mJLbogdol smEagbs @ommby® L3ogrgbdsdpyg jo Fo®dmgdl
bgdmowbodbyamo @gsdiogdom:

2CuCO05.Cu(OH)2 — 3CuO +2CO2 + H20

CuS04.5H,0— CuO + SOz + 1/202 + 5SH20

odboyg®o s  oMmdmbs@ymo  dowbgdol  @bmdol  3GmEgbdo  dodwobsdy
09530900l Ygegase Fo®Imgdl L3ogngbdol sy gbs @ommby@® damds®gmdsdwey,
5096000 ©bmbol  Lobganl 5@oMgdl ©o L3ogngbdol dowgdols o6 2odm@bmdols
9dggergbo dgmmeos.

L3ogngbdol  Lygegoy@do dobgdol  as3mygbgdols dgdmbggzsdo  m@boggbydosh
©bmdsl 0domsaggh. o3 @AM, gmyo®wols Gomgbmdols dgdzodgdols dobbom, xg®
Fomdmgdl  dowbol  Foboslfs@o godmfgs, d9dwgy I Loggbydby w©bmds d@gobols
domagdom, boam II Loggby®dbg d@goboli powobmds Ldogngbdse. ©bmdoli 53 by@bl
»30630bgbGH O (930m3gel) 9fmgdgh. 53 bg@bom UL3oggbdl joggobosdo XIX
Log3960l @oboFyolowsh 0wgdgb. 35653y L3ogrgbdls sEbmbbgb @S 3mbE0bgbdodo,
oM5dg  L,oboyg@o  [gboo™, @mdgmoi sbggg Lyegoygdo dobgdols  aodmygbgdsl
omgoeolifobgdws (baiikos, 1949. g3. 14; CmuphnoB, 1965. g3. 111).

sboyg@o  bgdboo  L3ogrgbdol  2odmEbmdolisl, 3oMgger  @opTdo, oyYEoagdgmos
bygangoyg®o  dobgdols  ddsgomxgdoo  asdmfgs  800-900°C  Ggd3g@s@®sby,
3030000l dmngrosbo Jmioagdobsmgols.

b3ogngbdol Fo®dmgdols ¢dggengbo Bgdbmermpoyg®o 3mEgbol dgbsbgd Gmym®s
L3gosygdo  [godmgdol, olg os@Jgmemaoyg®o  dobogrols  dobgogom,  Fodo
dmbo399960  aoggohbos.  L3ogrgbdol mJlowols sagbomo  ©bmdol  @g9d3g@Ms@ycols
dglbobgd  aoblbgoggdyemo  3bmdgdos  woEygmo.  Ggdbogol  oLEm@ool  dJmbsigdms
‘dglododolo@, L3oggbdol 3o@dmbos@yero dobgbosb dob seboygboo Logds®olios
LoPgolo  700-800°C  3gd3g@s@dycds  (Jykac, 1958, ag. 335; Coghlan, 1942. 3. 27),
#9339058 M0l dgdymdo 3mIs@gdbomn @ommby® 3o gbdl mgdyermdobgb.

3odMEbmds  mogsdodggmo  dofoll m@Imdo  oofygl  (‘dglodgoms  dofols
bgs300by3), O™Igendoi moglgdebgb mJlboy® Josbl s bol bobdodl. bmpo
43380 93500L s@{g®om, boli bobdo@o s doabo gAMAsbgmdo oym s@gygeo, bl go
doshbos, @md m@Imdo Jo@oggmdom sFymodebgb dgdol ob bol bobdo®obs s dowbols
29690l (JIykac, 1958. @ag. 334; Cmmpnos, 1965. gg. 227). slgo m@®Imgdl domeomd
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520 gddo  539mgobgb, Goms doJLodogry@ow  aodmgygbgbobom  dubgdbMogo dg@gs
(Jo®0, bosgo). gl oy@Eoggdgeo  ogm  bobdo@ols (gobs o seagbomo  ©bmdbdols
Mgodiogool  Algemgemdobomgols  Lododm  9d3g@s@d ol dobomgdow.  dgdwgado
35900l bogol m®Imb  J3gdmesb  dogdmgdyemmo  dognomn  S{gwowbgb.  3GmEgLols
sdmogigool dgdpgy  dowgdygemo  @ommbo m®Iml  Jo@owsh  sdmdmbosm. SLigmo
Lobols 3@0doGoygamo  Lobmdo m@Imgdo godmoygbgdbmes L3oggbdol dg@omyg@dayools
S@gge  9Ho3bg.  ©bmdol Ygogro  doowgdmps  doboMgggdol  dgdiggemo
Oydeoligd®o dobs (Rickard, 1932. gg. 116; Jlykac, 1958. ag. 336). dmggosbgdom m@dem
sdmygdymos  Jgoo o dgamglogros  mobom, hbpgds  Lsdgmggeros,  0fdbgds
3@0doBoygmo  bobmdo  Ju@s.  Lobsols  bobggediynbdyeby  (dggero  9330309)
o>mdmhgbogno,  L3ogngbdol  ¢dggerglbo  Loswbmdo Jydol bsdmgdo dgoisges 75 13
Lo@®dol Jgom s3magoge  m®dmb, mdo Lsdgmggmon (Lsddgbom) (Currelly, Petrie,
1910. ag. 242-243). >@Lgomol IJnbob@godsE, M3 0dmsgomgg L3oengbdl sEbmdobgb
Lodgmybgem @edagdols Abgogl Jydgddo (Pemanna, 1971. g3. 134; Coghlan, 1951. pg3. 64-
66; Aitchison, 1960. g3. 36), Lowsi Ggd3g@sd s 1200°C s@§ ggwes.

L3ogngbdols dg@omydaools aobgomsmgdol Lsob@gmglem dmbszgdgdos @sEyeo Jg.
V. V-V soolbfaggemgdol  obo@merosdo, bLowsE ©gxomdgbmgyngl  gombdgdolsl
sEsbBYmgdygmos  dbbaol  gm@dol  @ydagdols  sOLYdMds, [Fo®Imgdol  Fowol
bodhgbgdls  ©o  Loggbdomosgom  bg@gmgdmsb  gomo.  Lowbmd  @ydgando
A993905@ s 1100°C swgds@gdmes (Miiller-Karpe, 1994. ag. 20).

dg. (. IV-III  soolfangyegdon  mos®omegds  boedybmngygl  aomb®gdowasb
3bmdogno,  L3ogngbdol  dg@ogydaogmo  Fo@mdmgdols  bodmgdo  (doswobo,  Fows,
bomggbmgdo, yoemodgdo s  Boagergdo), GmImgdoi  Lowbmd  Jy@dslomeb  gOmow
Lobgermlbbml boggdmdsdos poiygeo (Miiller-Karpe, 1994. a3. 22).

d609gbganmgebo  0bgm@dszool dJmbg  L3ogngbdols dg@ogydyoymo  Fo@dmgdols
M609]Bgdos  Iglfogmomo  mggxgxozol s sOLEsbmgRgl  s@Jgmemaoy@o
3onb®gdoesb, Lowsiz  dmdmggdbymos  dg. [ IV-ID  soolfagyeols  dgbsdsdolio
Fomdmgdols 6sdmgdo (Goagergdo, gogodgdo s Lbg.) (Miller-Karpe, 1994. a3. 24).

olobodbogos, @m3 3@ ggo0-0MsJbols  3g@omwol  sOLesbmgygby  S@dmbgbogno
@ommbol s@Fg8oJdgdol gomo bofomo goggoboydo Fo@mdmdsganmdolss (Frangipane,
2004) o dg. §. IV-II soolbfaggangddo  3oggoboos-sbos@merools  @gaombgdols

392 BAYOYe0-9306M30 37900 9H000gONMEJd0 0339 gos.
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sdmbogmgm  sbo@merosdo  dglfsgemogo  dg.  §. V-III  somol{ergyegdols
39@omols  L3doangbdol  gRoey@daools  s@dbodgbgamo  dgyegdo,  olLFmMGoye-
d9Bo@y®y 00 dobolosmgdgngdom ©d Lobganmlbmms Ba9dbmemyoydo
LEOYJH9O0m, 3oggobool  @gaombdo  os@dmhgboano  Lob@mbyao  dg@seydyoygemo
Fomdmgdols dgaamgdols Bodyg@os s Lo gbd-d@0byxoml Fo®mdmgdol asbgoms®gdols
>@gge Loggby®lb gobgznmgbgds (0sddsdodg s Ubg. 2010. 3. 101).

obHmMOoY s  MobsdgE®mgg  dmbogdgdby woydEbmdom  hoBo@mgdbyands
b3ogrgbdol  9dggerglbo bmdol 3GOME Lol dmwgmodgdol dgogagods ohggbs, @md
9JL39M0dgbGolomgol Ig@dhgyero dwos®o L3ogrgbdols dobols @s boli bsbdodols
3obdols 1100-1200°C  3gd3gms@y@ol 300mdgddo  aoeedydaggdol dgdrogy dowgdyeno
60d9dgdo  L3ogngbdls  dgoiogl  94,2-98,5%-0  bwg®gddo, dowbols  godmbsgsgno
16,0-20,0% godaagddos.  sdpgbo, sLFYOYds, ®®d  L3oangbdol ™ JLboey@o
dobgdosb  (dsgnsdoBo, sby@o@do, Fu3@0@o) 3@odoGoyge  Ju@sdo  dgbsdangdgeros
5096000 ©bmdol L3ogrgbdols dowgds, Ebmdbdogro  Fgdbmenmaoyg®o  Lgdom (Ly@.
3.1).

Lodmsdobm Fo®dmgds (dopbols
dm3mggos, 2530@gds)

v bo{gogol dmdbowgds
dobols dMsgoex g@o©o (6obBo®0)
3odm§go —

A\ 4

dgBomydaoygmo 30mzglo

Lohsdmalbdm Fomdmgds hodmlibds, Lodd goam

\ bbb{]s"{’mme

Lodemame 3Gmoyddo.
LodobOm 3OmEydiaool dgJdbs

by@. 3.1 L3ogngbdols domgdo-sdydoggdols 9390 gbo (5>boy@0%)
A9dbm@myoydo 3Gmigbol Lgds
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322. 3G0bxsml ©8d93ogg90s dg. §. IV-III soslGengynengddo

dg. {. IV-III sosl{engyangdom @oms@owgdaeo bdogngbdol ©s Ol Lobmdo
dgBogydyogeo Fo®dmgdol bsdmgdo doggmgyeos Lodb@gm  3oggobosdo, I go0-
@5 Jbols 3G yeol 3gMomeol dgaagdbbyg: sbognizobol sdo@sboli ym@sby, dogok-
d9dg900l o 68d5©gMz0dols bodmlobas®gdby.

dg. {. IV-III soob{ergyegddo (o®do@goom dydogogdbmes 33zocg goggsbombols
Lb3oangbdol  godowbgdoms  LobEgdsdo  s@Lgdyeo  @gbydlgdo. e @y@yen-
9306mdogy@o  aobgoms@mgdol  smolif@mgebo  obEm@ools  dobdognby  Bg@s©o
dgBomydgos  [odygeb  @Omel  oSlOgmgdbes  Labmyopmgdol  aobgomsdgdsdo
(Kymmnapesa, Uyounnmsunu, 1970. ag. 112).

Lodbdgo  3oggolool  @gaombdo,  3@ggo0-005]Jlol  gye@y@dol  3g@omwols
bobobano@mgdbg osmdmbhgboanos  L3ogrgbdol ©s ®J@ml  Lowbmdo ©s  Lodlbdganm
Jomdmgdols  bo@bgbgdo:  Judgdo, Lobodmlbdm  gm®dgdo, L3ogngbdols  dgensgzgdo,
Lbdygmol g®sgdgb@goo s Ubgs (Jgogbgmgdo, domod-dgdggdo, bobobssbom gm@o,
Jogemmgng, dgbasgomo, as®bo s oo D), @53 db0dgbgermgsbo  0bgm®dsizools
9993398005 BgOoo s dgo@xgsbo  @ommbgdols  IgBomydaoymo  dssdydoggdols
30m3gbms sebspygboe (Ly@. 3.2).

sdo@sbols amM5bg  s@dmbgbogno L3ogngbdols Lobmdo Lobgamlbmls
M93mbLEAMYJo0l  dgdpgy 3000335  Jydol gm@ds, mopmgsbo s  Jgom  boggdo
dgBo oo 39Mom.  Jy@sbmsb  ghmo  swdmbgbognos  dg@ o y@yoeno
56036y gbol  Lomoglol  sGM0dy@gdo3 — mobol  bofdgbgdo, Goggamols  Bodol
bobdo®om sdmgligdygao ku@dgeno s Lbgs (Kymmnuapesa, Uyoumunmpummm; 1970. ag. 114;
Yyounumeumu, 1971 gg. 103). UL3oangbdol Lowbmdo  Lobganmlbml  Log®om  bgwo
L5ddgbgdenm bofoel s Jy@sl dmoegl.

L. d0bog®30dols bodmbobeo®bg Losdo Jy@ols bodmos os@dmbgbogno, @™ gdos
do(odo  hok@ogr  m@3mgdl  FodImoagbps.  gOm-ghmo  g9adsdo  Jbbanolgddo
gm®@dobos s dofsdo 04 3 Low@dgbgs hobygano. dobo gowglio Logoby 1 d-0o gof@m
boFogols Logoby — 0,6 3, Log@ddg — 0,7 3. @3 bs@om, bobdoGomn ©s Fomdmgdols
bodhgbgdom ogm s3mglgdygao. 0dgg o@dmbbos 54 s 162 o Fowol g@sadgbdgdo.
5 0bos bodgmggeol s@OLgdbmods (Maxmynos u ap., 1968. ag. 18-19).

doeod-dgdggdol bolobgos®@by smdmbgbogoos dg. §. IV-III Loygzgbggdol doxbsbyg
s Jmdggbm 3gMomedo gybjiombodgdoo dg@om oo Fomdmgdols mdogddo, 2

54



Jacom, @omnmbols (Fowgdo, Hopgegdo) o dowbol (Jgob Labgbgdo) wobodydagydgero
05M5mgdbom.

bobobeno@ols II 9dbols, N2 bopgdmdol 0s5@ogbyg oggd s, Jgom o3mdgbgdyao
dOygoem0 2560333900l Fe@dol Jyds (geowglbo ©osdg@®o 0,6 3; Lodswang — 0,3 3;
9di3o0gbo osdgddoi — 0,5 9), Gmdgamoi Boageol gOsadgbBgool s Fowgdol
‘dogmogboon dggl boi@ol g3gbsby, Looi hok®ogos 3owgg 9BOM SO Yo I3oGy
Ja®ol bodmgdo (m@IML Bm®dol, mobom sdmenglogno 3goen gdom).

OmamO3 SO Jgmemaog®ds 3odm g gged  boym, dook-dgdggdols  jmaddengdlo,
39MyAsB0 Yo g doMgmdom  ©s  sbodbyamgdom, L. Loywdoldo s@dmbgbogno
mJOol  3md3mggogeo  Lodmsdsbm  3g@ol  dg@omydams  wolobengds  gbos
gyogogoygm. 3bswos, L. bogo®obol ®Jdml do@s@m-2odmbsdydggetims ©s dogok-
dgdggdol dg@oydyms Logbmg@olols Lobom Lodbmgm 3oggolool @gyombdo dg. §. I
smoL{enggendo  g9bdEombod@gdso ggdeo ©s dgodmgsbo @ommbgdol (L3ogngbdo,
MJOm) JM3mggds-sdydeggdol LEOymo 3ogeols dmdizggero  Lsdmm-dg@ o ydaoreo
3900l 5O lgdmds olBydegds (@sddododg s Lbg. 2010, yg. 103). dgodangds omgsb,
@md @ommbols 65Fo®m3bg Immnbmgboagdols b@sd Lodb@gom  3oggolbools dowbgyero
Lodomgdols  0bFgblog@o  smgolgds  aobsdo®mds.  3Gom@oGgBYeos  L3ogngbdols
dm3mggds,  sdobmob  ofygds  mJdml  dowbols  ©sdydoggds,  @o3  LodsbOm
Jombmgboagdoll bO@sLmsbss @s3ogdodgdaano.

dg.  §. IV-ID  soslfangnagdol  dgaargdbg  (bobobosbm  amés,  Jaoabgms,
209N AYS,  dgMogeeggdo s  bbg) o@dmbgboeno  Lobgermlbm  os®omgdo o3
bodmlbobano®gdby  dgmommbgms  Lobgamlbmgdols s  dg@oydpoygmo  3909d0l
oA lgdmdsbg Joygmomygdl.

dg. (. IV-III sosbfergnagddo Lodb@gm 3oggobosdo gomodwgds dg@ommyg@yoqao
Fo®dmgdols  gomosbo  Lob@gds, @oiE s@dmbgbogro  Lobgamlbmgdols  ©o
Fo®dmgdolbmeb ©s3ogdodgdygmo  Lbgopolbgs Loboli os@swols dlgoglgdsdo solsbe.
Lobganmlbbe  opgdgmos Logbmg@gdgao dgbmdol ao®gm. ommblsbmdo  Ju@gdo
OmamO3  Jo®G0go, obg Goygmo  geblE@gdioobs.  m3Bodseydo  3mblEOYJ3ool
bodydos  dodowgdgodol  Jyds, GLyghdy  LHsEombsdygmo  Lodgdggeno  s@bom;
doMmB0go 3o do@od-dgdggdols bodmbobes®byg doggegyemo, mobol sdmenglogno Jy@ols
RmAdol @3 (©0sddsdodg s Ubg. 2010. y5. 107).

3B 3go0-o@5Jlbol 3G y@ol s@lgdomo bofoaos gg@oo @ommbesdydsggdols
V93060 356g0moGg50L  3OmEgbo, @o3 odyzggmer  dnddgrgdl °d  3g@omwols
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3oggmggbmdogols Log@mm 35b30m5M9d5by. L3ogngbdols d9Boe@y05d0
3odmygbgd o dgbobmdols dodomswo dobslioosmgdganro gangdgb@gdos:

l. @o®0dbbosbo d@obxoml [o®mImgds, 2. dogngao®gdgamo gangdgbBol Go®onm
306396@GsG0Ymo  osdsbmbo (As = 2,0-10,0%), 3. bogmgdol wsdboswgdol Egdbm-
@emaog@o Jgds kgogol, hodmlbbdol s hodmlbds-dgogol 3Gm3EgLgdol asdmygbgdom.

hodmlbdom  ©odbogdbyaos  @ommbols  0bggbGo®ols  db0dgbgermgsbo  bofoano.
dobogms  doogragao@gdbygano d@obyxoms (As = 6,0-10,0%). dgbopbmdo bobosmwgds
3500  Lodbbdgerm  mgolgdgdom, mbgargbsos ©s bOYmow  o53bgdl  gem@dsl.
Ao Jmbgoag®siool s dzoMge m®bsdgbGomgd o gabgddms®gdols Lodmamem
Lbobg doowgds MOFM®dosh @os Fodol gomodgddo. dbsFgdygao bobsbols dJmbyg
M®bsdgbBo®gdymo  bogmgdo  sdbogdymos 3300l Jmegmomn  (os@omo  —
(bgem®bodgbBosbo s gybfosbo  Lo@ggdgdo s  Igdolidodgdo,  bodBgoo,
goodobgdygmo s yygsdognosbo  3ygengdo,  Lodgoyemo —  Lbgowslbgs  ggm@dols
Ls3obdgdo s Lbgs).

dg. (. IV soobfegygemols  @ommbols  0bggbdodol  gdmo  bofoeo
sdbogdygmos kgogom. [bgzom ©sdydoggdol 3dmEglbo Logdome do@ogr ©mbgbgs
Igber e gdbyao. kgogol bgamgbgdoli Lob@gemom, bsdbswols Lodmyeols dobgwgom,
3odmygbgdgmos  Gmam® 3 dodF0g0-mogolygsmo, olby Gmygmo dgogol  bg@bgdo.
3oMgger dgdmbgggedo dowgdyaos JOgo@0, MmgsEY@o s mmbgymnbs asobogzggmols
6039dgd0, ©@obYLAYdPEo0s s godmdodymmo bogmol msgol s dmgm bsfoegdols
Qm®Adgdo, godmdgoomos  mbgmo  bsdbowgdo.  Jgmdg  dgdmbgggsdo  @Gmyeno
30bgoyg@sizools  bogmgdo  (3ygegdo,  Ls@ggdgdo,  Iydoldo@gdo)  boggmgdos
L3gosmyg®o  bodo®yxggdols s BH3080g00L obdodgbom, sdmygbgdyemos dgwgom
BgRggde.

bod g0 bodydgdo sdbo@gdamos dgo®gdom b Es@0dbbosbo
dM0bxombash, dzodg  dybgd@ogo  dobodgzo  gangdgbBgdols  msbsmdom.  Lbdyeols
@0yo@YO>do doGomswo doggyo®gdgeo g gdgb@Gol, wo®odbbol dgdiggemds 5%-1
o0 owgdo@gds. @ommbols  dsbognols  kgoomds  Lsgdome  domsanos,  godmodhggs
3eoBogy@mdol jodao dohggbgdbergdom. dolo (bggom ©odydaggds Ggdbmemaoy@sw
dobobdgfmbognos. 53 Godol  Dgbowbmdol  asdmygbgdom  gob3o@mdgdyeos
5MgoM0bxoml  bobol  dgogol  bgermgbgdol  L{@sgo  aobgomomgds.  dgogom
sdbowgdygmo bmyogdmo bodydol Fgdbmmmaoydo LJgdol dobgogom, sl y®wgds
do@Gogo > Oog@o  Fgegol by@bgool  g@mmdarogo, mddmgdlyg@o  podmyggbgdol

35 0.
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0og3bgosyeaosbo s m@gmeEy@osbo bsgobdgdols (by®. 3.3, 1-2, 55 Lya. 34, 33-
37; gb@. 3.1, 1-2; 33-37) doGomopo @gdm (0g@do) dGagsomo 356033390000 dowgdaeos
nogobygsmo 3bgmo dggom; 53539 JgmmEon @0l sdbosgdbygao Lsgobdol Fsobby
sbggymo dogmygmo, dgogom dgougmgdol bydbom dodog@gdbymo Lodjgoygmmol mogols
boFogdo o  Lodgp®oyamo  L3o@saol  Lobom  obggyeo  Jobdobmsgol  @obby.
dogoygaols  g@mggommgsbo goboggggmobs s LOYaymgomo gm®dgdol dobgogom,
‘dgodan gds sogol dgmmeols 2sdmygbgdsz gogodosygwmo.

T-g060 gm@dol  Logobdgdol (by®. 33, 34, 6-7; be. 31, 34, 6-7) @ygOe
sdbogdygmos msgolyxsmo dggom. bszobdgdol mogol bofogro, asd®@Eygen gdyeno
doagomo  dmgmmo s Fobol  g@gbomo  bofoemo  dowgdygmos  Lado@dxgol
2odmygbgdom. bogmol  @obol  dygo  bofool  Dbgosdo@mby  doz0mLEAYJE O Yo
‘dgbodhbggos d30dg bmdol dbodgdo, Fo@dmJdbomo dgogol ob swowgol 3@m3gLdo
‘d9Jdboaro aodk0dsgo wgRMOISE00l 30AMdgddo.

4903000 ©odboEgd o bo@ggmgdo wo dygbdboldodmgdo (by®. 3.3, 8-10; Ly®m. 34, 22-
27, 28-32; @be. 3.1, 8-10, 22-27, 28-32) domgdbyeos Gmym@  3Godo@oygeo, olyg
Jgeagbogro  gm®dgdom,  do@Fogo  mogobygomo s @Goymo  kgogom.

dogOmbEAOYJBes  Fo@dmeagbogros  dgogol  dodo@mygemgdom  ao3M (390 gdyero
doM(33€0 96000 ©S >OSE0NMbYA0 hobs@mgdom. godmygbgdamos 3bgao 3ansliBosy®o

©JBMAOIS>300.

dg. (. III soolbfegyeols @ommbols 0b39b@omTo g3bggds bogmgdo, G®Igenms
Lodmenme SIRICKN hodmlbdomss dowgdyeo. sligmo ‘dgbobmdolomgols
sdsbolioomgdgaos dogngao®gdgero gargdgbBol dgodgdom dosao dgdi3ggemds,
Omdgeoi  d9bobmdls  jody  Lodlbdgerm  mgolgdgdl obokgdl (As>5,0%). Lbdyeoo
bogmoli bgosdomby Gmygmo m@bsdgb@o dgodhbggs.

ggo00d5bgdbygmo 3ygmgdols (by@. 33, 11; gb@. 3.1, 11) bmgoghomo gabgddemsdgdo
hodmbbdygeos  Fodby  [byamo  m@bsdgbBomn s  wobggfogmo  Ggdbogom  s@ols
sdbowgdygmo. m@bsdgbBol  Low®dol bofogols ds3ambEOYIH YO0 sbognobom
0033935 @M Lobmgsbo bgosdo®o dowgdygemos hodmlbdom, 330erols dmogenom.

Oge0gnyYao Go®ol IJmbg Lo ggdmgdols (by@. 33, 12-13; gb@. 3.1, 12-13) dsg@m-
dog30mLAO 9B OYo sbsgrobols Jobggom dd@gao oMo aodmgoomos s dgdogy
dobby dog®mgdygaos goeol Jmegerom dowgdyao LoGgg®ol Go®o. >@bodbyero
Aa9dbmemayoydo LJgds ol ydwgds bos@gg@ols Bodbg gsemodol gm@dgdol Godyco
3odgmzo  boboli  s@s@OLgdmdomn s FkGgao  3o@ol  @gg@olGomobgdyao
dog3OmlLEAO 3B 9O0m.
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5MgdMobyxoml bobols L3oan gbd-d@0byomls bogmgdols odbowgdols
A9dbmemayoydo  LJgdol  3b0dgbgamgobo  Lobgs  hodmlbds-kgogol  3mddobszos.
>bodbyeo  0bggbBomo  mogosb  hedmlbdygmmos  yognoddo, dgdoamd, dgdsbogy@o
030oLgogdols  aogdxmdgbgdols  dobbom, sds@gdom asdmdgoogos  3bgar o6 (303
damds®gmdsdo.

bod@Bol dopgo®o oos®owo (by@d. 33, 14-15; gbe. 3.1, 14-15) hodmbbdyganos o
93092 bodgo. s@bodbymo Bgdbmemaong®o Lgds Jodgom slRMgds 0s@omols
dobog@o  Goboll o dd@gao oMol FgBoma@sgoygmo  sbsgobom.  Lbdygendo
goJlodgds hoxwmdol  bogo®obs s Logbgoghol ©g89ddgdo, s3Mgmgg dgogol
30m3gbobomgoll  sdsbsbosmgdgano  BogOmbEOYJBgGol  gangdgb@gdo.  yybfosbo
Lo@gg@ols 30@gdol ghmo bofogo (bygd. 33, 16-17; gbe. 3.1, 16-17). @sdbswgdygemos
Jawom  ©@s ®m®@spo  Lodsa@ols  Fodmmo. dogdmbegddyeol  dobgogom  bogmgdo
hodmlbdygeos,  dgdwgy 3o bokgoo.  dgogol  3GmEglo  w@ofygdygmos  (3bge
JamdoMgmodsdo o odmogMgdyeos odsen Ggddgas@d®sby.

ggodogmosbo 3 gdols (by®. 33, 18-21; gb@. 3.1, 18-21) yyoby dog@mlE®ydd g
gb®oRgos, LoGo®g bofombg dglsdhbggos hHodmlbdom dowgdygemo m@bsdgbo.
dd@geo 3000 ©sdsFgdom bodgos o bobosmwgds dglodsdolo do3@MLEGYIEYG0om.
GY0goo  sdbopgdbymos  Gmgmo  Ggdbmwmaogdo  Lgdom.  HsdmbbIgmos oo
m@bsFomosb gm®dgddo, dgdpgy bodgwos 3bgan Iwymds®gmdsdo.

5MgdMobxoml  bobol @ommbols  Bofo@dol olGm@oye-Fodmemaoy®o
sbogobol Igegagool aomgs@molfobgdom ©s o igggmo Lobols bogmgdol Jodoy®-
A9dbm@mayoy®o  sbosgmobols Loggydggenbyg, Loo@mggenm-jzog3oLools  @gaombolsmgols
L3oengbd-0M0bxoml dg@omydaools s @ommbEsdydsggdol Logdome domsano ©mby
LR Ogds. dg. §. II swobfegymopsb  Fo@mdsdgdbon gomesdwgds  mJbowy®o
dobgdosb  L3ogngbdol ¢ydgbg dgddbogro  dgbobmdbdgdol-s@odbbosbo  d@obyxoml
dJopgdols ©o ©odydoggdol, Loddgoem Loddgbmeb ©ogegdodgdymo do®@ogo ©o
Amygmo  gogom  Lobydggamo gm@dol s ©obodbyegdol bogmgdols wsdbowgdols
30m3glo. smgolgdyemos Ibos@gdygaro Lbdygagdol dJowgdol Ggdbmemaoygdo  Ugds
(33000l dmgeols as3mygbgdoom.

dgodgngds  omdgol,  Gmd  IFggo0-o@sJbol @@ y@sd  mogol  Lowoswgls
520 MdM030  Jobgyeols  doboby  gobgoms@gdbymo  d@obyxoml  IgBomydyoyero
Foddmgdom  doswfos, @53  @ommbsdydeggdols  bofo@dol  Gomegbmdbon,
JOogo@x9AMgbgdom ©s dbs 3OmEyYJi3ool bo@olbom aobolsbrgmgds (goibgmsydo,
2012, p3. 75).
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agb®ogno 3.1

Ne- Gogmo s@dmbgbols Jodogdo gy gbognmds

Ne ‘ SOHOL0 Cu | Sn | Pb | Sb | As| Ag | Bi | Fe | Ni
1 nogbgos bsgobdo Lohbgdg 974 - 0,1 3 0,1 - 0,01 0
2 nogbgos bsgobdo Lohbgdg 95,9 — — 4 0,1 | 0,02 | 0,02 —
3 T-g9040 Lsgzobdo Lohbgdg 95,1 - 0 0,1 4 0 0 0,30 | 0,1
4 T-9640 bszobdo Jodgmo 96,3 - - 3 0 0 0,25 | 0,08
5 mogbgos bsgobdo Joégmo 94,4 — — 5 0,1 0 0,07 —
6 T-g9040 bsgzobdo Joégmo 95,5 — — 271 0,1 — 0,01 | 0,02
7 T-9640 bsgzobdo 3obogmo 95,9 — 0 01 (29| — — 0,2 —
8 Lo@dggodo Lohbgdg 94,00 | - 0 - |50 0,1 | 0,06 | 0,03] 0,01
9 Lo@ggodo Laohbgdy 94,5 - 0 0,1 {40 0,1 - 0,1 -
10 Lo ggoo Jocgmo 96,2 - - 0 31| 0,1 | 0,004 | 0,05 -
11 goodobgdnmo yao ox3bobgmo 93,3 - - 0,1 [60] 0,1 |0,002| 0,1 | 0,01
12 Lo@ggoto m@bsdgb@om Laohbgdy 92,5 - 0,1 |70 0,1 | 0,001 0,2 -
13 Lo@ggoto m@bsdgb@om Joégmo 932 — 0,1 6 0,1 - 0,1 —
14 bodob dopgoco bobbgdg 94,1 | — [002002]50]| 0,1 [0003]| 0,1 |002

05M500
15 bodob Bopgoo Jgo3bgems 944 | — |001]007]|41| 01 |0002| 03 |001
05M500

16 Lo ggoo 9dgdo 93,6 - 001 0,1 [ 49| 0, - 0,05 -
17 Lo ggoo 9dgdo 94,1 - - 02 | 430,09 - 0,1 -
18 go8o@osbo @0 Lohbgty 95,2 - 003 0,1 |37 0,1 [0,002 | 0,09 | 0,01
19 god0@osbo @0 Lohbgdg 93,2 - 0,041 02 |60 02 | 0,001] 02 | 0,01
20 godogosbo o Joégmo 943 — 001 0,2 | 51| 0, — 0,09 | 0,01
21 go8o@osbo @0 Joégmo 954 — 002 — |40 0,1 - 0,3 —
22 Lo@ggomo 35b0gmo 35,9 - 0,05 - 40| - - 0,01 -
23 Lo ggoo 3obogmo 94,7 — 0,03 | - 51100 | 0,01 | 0,01 | 0,01
24 Lo ggoo 3sbogmo 97,1 — — - 1291010 — - 0,01
25 Lo@dggoto Jobgogmo 958 | 0,01 | 0,04 | 0,01 | 3,8 | 0,20 | 0,02 | 0,01 | 0,02
26 Lo ggoo Lohbgdg 932 — 001 1,8 49| -— — 0,02 —
27 Lo ggoo ngem§dobos 97,7 | 0,001 | 0,04 | 0,10 | 2,0 | — — - 0,04
28 ‘dgdolidoto Lohbgdg 94,6 | 001 [0,02]030 47| — - 0,01 | -
29 ‘dndolidoto 0@ @FM® 96,3 | 0,01 | 0,30 | 0,10 | 2,2 | 0,70 | 0,01 | 0,10 | 0,10
30 ‘Pgd0b30Go sbagnzoby 95,3 - 001| — [45]0,110| 0,01 - 10,01
31 ‘Pgd0b30Go d53069m0 97,2 - 005 - |25/|0,10| 0,01 | 0,01 0,01
32 ‘dndolidoto bmgeng 97,11 0,01 {003 | — |27| - - 001 | -
33 | mégmagdosbo bsgobdo a@dbolo 97,8 | 0,01 | 0,02 | — 1,9 - — 0,02 -
34 | oGgmeyg@osbo bszobdo dgoibgans 97,5 — — 0,01 211 0,00 | 0,01 | 0,05 -
35 | mégmeoy@osbo bsgobdo go0mdsbo 97,7 - 0,10 | 0,01 |20 0,10 | 0,02 | 0,01 -
36 | mAgmeny@osbo bsgobdo go0mdsbo 98,2 - 00510,01 | 1,5]0,00 | 0,01 | 0,01 -
37 | mégmegdosbo bszobdo bo@omgymds 93,1 | 0,01 {0,02]|0,10 | 64| - - 0,01 | 0,01
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boggen0obo dA0by oM

5M9dM0bxoml  bobols  L3ogrgbdol  gydgbg  Jowgdygao  Ygbswbmdgbowsb
3oblogym@gd e 0b@gagll boggerosbo d@obyxoml Fo®dmdsganmdbols bsgombo 0fgg3l.

o3 3g@omeols  3oggolos-Fobs  sbools @gaombols  os@Jgmenmpon®o 3y @yagdols
YOM0JONMd>MS sblbolomgols dbodgbgermgsbo 0b6gm®dsz00ls dmd (3392000
obBMO0Y-FgBoy@aogmo  Fo@dmgdol  sbogrobo  (godmygbgdyemo  gbswbmdgdols
G030, 063963>@0l 35 9amM0gd0 s RMAIGbo, sIbswgdol Ggdbmmmyoydo Ljgds),
2oblbgoggdbyao  gem®dobs  ©s  Jodoydo gy gbogrmdols  @ommbol  dobisgools
50dmhgbols goJ@o, dg@omagby® o9 s®sdg@ogmagby® @gy0mbgddo, LobJ®Ombyan
JIBgOoms  dm@ol  bmEosgygd-930mbmdogy@o @m0 g@mmdgdol 3™ gdy@
Losgombms Lgggaml aobginmgbgds.

OmamO 3 o@gbodbgm, Lododmgganml @g@odmaosby dg. §. IV-III soob§egyeols
3B 3go0-o@5Jbol gy yegmo  s@gomolbomgol  sdobolbosmgdg-gros  wo®odbbom
@ ga0@gdbygmo,  L3ogrgbdol  ggydgby  dowgdyeo  BgOSo  @ommb-sdydoggdols
6039dgd0  (5@HIR>JHYd0), @MI@mgdoz  Go3PMos o [odygebos  saomd@ogo
d@0bxomlb  [o®dmgdolomgol. sbogrmpoyg®o  Ly@smos gddboano  dJmerosbow  [obs
sbool @gaombolomgol, Lose Gotmme 3O egds ©s@0dbbosbo  d®0byomlysb
sdbowgdygmo  bbgowolbgs  3o@gam@ool  0b3gb@odo  (sbgrm  sdmbsgengmo,
dgbm3m@oedos,  0@sbo s o, D). 0dogg ©@OML,  goggolos—(obs  sbools  dmgeo
BgO0GMO05bg hbgds 3oblbgoggdyemo dgbobmdboliogob — boggerosbo d®0bxsmbogsb
domgdyao bogmgdo (ds0gm30l, sdygz0 F-ol, g@ol, s@lgsbmgyg VII-VII-U, seooded
1,2-0l, Lybol o bbgs dgaegdol dolbogngdo). gobsowsb goggobosdo boggandgdiggero
L3oangbdol obgdols s@Olgdmds ygm@maoy@oe oG ol yewgds (Mauabemu, 1958.
a3 152-153; m@dgenodg, 1958, 3. 104-106), oseyogmddmogo  Ggly@lgool  doboby
boggmosbo  6@0bxoml  [o®Imgdols  dgbodgrgdemmds  9bps  godmodoibml. dgmmg
db@og, Lodb@gm 3oggobool o Fobs obool gBoerydpogeo 396@®gdols aogengbs
hOoanm 35g35L00L Bg@Meo @ommbrsdydsggool Lofo®dmm dgogagdbyg dglsdhbggos
dogao 5Mgd@obxoml 3g@omedo.

Lodb@gm  3oggobool @gaombdo smdmbgbogoo boggaosbo d@obyxsml 0bggb@omo,
©5@0dbbosbo  d@0bxoml  bogmog®  dosbognsbmsb  dgoodgdom, @omegbmd®ogsw
3300g> ©> 3oM3399E S0 0353900 badbGgogmo g Gg@géorsb dndrobody
0bmgo3099® bogodo (Meccen, 1935. ag. 109-110; Cemnmxanos, 1960. gg. 43; Maxmynos u
ap., 1968. ag. 25-26; Yepnsix, 1966. g3. 45; Asunosa u ap., 1999. ag3. 56).
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boggerosbo d@obxomlb bogmgdo LadbGgm  3oggobosdo bmdogros Lods@mnggamls
(585b6mlbbggol,  boboboosbm  gm@s,  Loddgoemwyg,  Jgoabgms,  sdodsbols  am@s,
bgenmgoobo, m@dmbobo), sbgMdsoxsbol (d9094-39b0go, Joym-mgang, Ggerdsbigenwo)
s  Lemdbgmols  (Gogobo)  os@OJgmempong®o  aomb®gdowsb.  boggerosbo  d@obyxoml
5OA9B5JH900 JM3obo®gmdls doGomsws® bodmlsbas®gdowsh s bodo@mmgbgdowasb.

boggmosbo  d@obxoml  (o@Imdsgeomdols Logombo  gbps  gobgobogomm
5MgoM0bxoml  3g@omeol  3oggobos-fobs  sbool  3bmdogno  Ig@ogy@yogeo
(396390l g3mbmdogy@o gobgomsdgdols s JP@E YO  aogmgbsms gy MmES.
LoobGgdglms, @md  9dgganglo  (30300bsEool  goOm-gOmo  39bGGsEy@o  Ggyombo
9830339 M 03b6mdL boggmosbo d@obxoml dgbswbmdls (JIykac, 1958. ag. 341-347).

dogo bpgol  ao®dgdm  @gpombol  S®9d@0byxoml  bosbol 3@ yg@oms
9AH00JANMdS, Omdgenog3 053YoM gd a0 J9B oY@y 05-@00Mbesdydsggdols
300630390y, 203mgmal Ladb@®gon e A®omns bmbsl (3oggolos-Fobs obos), bowss
‘dgbodhbggos o039y IgBoydyoyge 396¢Oms Fo@dmgdol @mjsmau@o balosmols
$3d605:90-H9bormmyogdo  0s50lgdgdgdgoo, OMIgEos I ggIIEmo  0bmge30gd0m
boloom@gds s gogengbols osbpgbl  3Mmgobiool hOommgmn  @gaombols gg@owo
@0mMMbodydoggdol (396@Mgdols aobgoms®mgdsby (Bgdbmermpos, bogmms gm®@dgdo),
doom  m@y5bobosigoye  dJnFymdoamdsby (Cernyh et al, 1991 gg3. 14-16). Lo@oo-
dgbm3m@odool (mggyg-aog®s VII-VI, 53930 F-H), Fobs sbool (dg@lobo XX-XII, dg0xg
bygenomobo XX-XIII, @®ems L), soggobools (dgersgg®-dmdygmgag, ©odfgo®o gm@o,
Aabydo, do03m30, 3B 3go0-5M5Jlo) LobJOmbyan @ Edomns YHM0gOMNMbs gdgs®gds
dgBomydgogmo  [o@dmgdol  gobgomsdgdols  gOmygeo®mgasb  sl3gdBgol ws  Jdbols

32900056350l gobmggmG oy gegdgbHos  Lobpgdsl.  mommggao 3@ ydol
sMgoedo  dgdogomo  IgBogdaogmo  396G®o  Lbgowslbgs  go@gam@ools s
©5b0dbyagdbol  dbs  3OmEyJioom  (Abgoglo o6 aoblbgoggdio-obmgsioy®o
A9dbmemaoom) sdoMopggdl MmamO G S0 mbdMog, ol Igbmdgm @gaombgdl.

06mgo30Yao  Hgdbmmmpoom  sdbswgdbymo  boggmosbo  d@Mobxsml  0bggb@o®o,
Jodoydo  Ygoagbogrmdom,  gOmagze@mgsbos  (Jogmgyo®gdgemo o dobsdggo
9093963 gd0ls 3@ 0dogyg®o M5 9bmd®ogo dobobosmgodgrgbom), ROAOIon
JONG03YA0, o3 domo  Lofs@dmm  ggmodog@o s Ig@ogydyogemo  dobol
396900494 Loosbamggbg dogmomgdl (3b®. 3.2; Ly®. 3.5).

amamai3 Fobs sbooll @gaombols  Fg@odm@osby «dggergl  Lobgandfoxmgd®og
Fo@dmbsJdbms gm@do®gdols olGm@oya-930b6mdogy@ds 33e0g35d yg0hggbs,
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3b®ogro
dg. (. III soslb{ergyanols boggamosbo d@obyxsml Jodogdo dgopgbognmds

32

Ne | bogoob >80bgbob | NG | zn | Pb | As | sb Sn Bi | Ag
sbobgangds SOQ0E00

1 ob®oldo@o dodoemgmo | 98,1 | 0,3 | <0,001 | 0,029 | 2,10 | 0,008 | <0,001 | 0,011 | 0,041

2 ol®ob3o®o bganmgdsbo | 96,8 | 1,9 | <0,001 | 0,025 | 2,24 | 0,017 | <0,001 | 0,007 | 0,029

3| Lagggoto °8;:;)[i"b 964 | 0,6 | 0,002 | 0033|297 | 021 |<0001]|<0001| 0017

4 | olbeGolbdodo °8;:;)[i"b 98,5 | 04 | 0001 | 002 | 1,70 | <0,001 | <0,001 | <0,001 | 0,03

5 ob®oldo@o 08;:;[:)1) 99,1 04 0,001 | 0,018 | 1,46 | 0,009 | <0,001 | <0,001 | 0,029

6 Lsgobdo Lsddgoaneyg | 98,0 | 0,50 - 0,010 | 1,50 - 0,001 0,001 0,10

7 oli®ol3do®o m@dembobo | 96,3 | 1,20 — 0,010 | 1,50 - - 0,001 0,16

8 nmbo m®OImbsbo 93,7 | 4,0 - 0,02 | 2,50 — — 0,001 0,30

9 Lo@ggodo besdgdo 96,6 | 0,60 | 0,001 04 |230]| 0,02 0,001 0,01 0,02

10 | ob®olL3o®o sd5bmlbggo | 96,7 | 1,59 | 0,001 0,03 | 1,20 | 0,001 0,001 - —

11 Lo ggoo bohgdJgbggo | 953 | 10 — — 3,10 - - 0,02 0,1

GO39 A g@oms dm@ol  gogdodgdo  dgo@mpgdmws B gdbmenmaoy®
dom{ggoms  g@Omoghmysi3gerols 3006303bgi3. 0d3mAF0L  Loboo dbs  3Gm©yJdo
ol ggs  IgBomagdaoygmo  3960®0sb  Logdome  sdmdgdye  39bJRgdodwy,

2odobbyao  gopssaomgbols mOASboboGools s Logod@m abgdol doJLodseny@o
Ybog@mnbem godmygbgdols Lodygomgdom (Potts, 1994. ag5. 45-47, 72-73).

Fobs sbool L3oangbdol aodobgdoms  LolBgdsdo boggerols dgdiggero  dowsbo
©ologangom  0®obol 3ao@Bmbyg, obo®ogol aodowbgdoms @gaombdo  (mogrdglols s
doom

dglgobol  Joobpsdmbagmmgdo) ©s  ™Isbol  bobgga®yybdyambyg  oLEYOLgds.

do@ol  aodmodhggs  0@sbols  3as@mb  Ladswmgdo,

sg0JboMgdoyamos >3
mdsbols

bogogy
3900mols  Lodmm-dgBommydogmo  [o®@dmgbols  bo'dmgdo. @o3  dggbgds
bobggo®3ybdyaol Ldogngbdols do@sbl, ol dgoiegh dbmmme Lyemaowyd dobg@owls
(Hauptmann etal, 1980. gg. 135-136). dm@obogro dmbsozgdgdols Logdgger by dgodemgds
3035M59mm, @Md 0@5bol 3gs@ml Ldoangbdol dosbo ©s Jm@osbos @olisgmgm
06obols dgBormagby®o Ggaombo ogm JoGomswo  Ladmm-Ig@ s gdaoyeo (3960,
amdganoi dg. (. I sosbfargyando bogganosbo d@0byxoml dobogrom  sdo@opgos
Fobs  sBools Lodgo@ml.  dgbodsdobogw, d@obxoml
>@H9B>JHgd0b

dgbm3m@odos,

boggerosbo
(0®5bols

3B YO YD

>@dmbgbols 92006950 3E0oF M,

>mbodbogl o3

(203069 gd0l)
>@dmbogagmo,
bofo@dols

sheom Sbo@maos,  3oggobios)

dgBomy@daomo  0bmgsEoy®o 353039 gbol  gbsl,  Lodb®gmyao

(303000b5(3000sb hOogm 3og35Lools homgaom. Lodbdgm goggolios, ggmy@osgoyeo

62



dgdodgmdom (oo goggabombol  grgm@gbogadom) s gPaG G-
LEOsAgaogeo  g9bdaoom,  dgodengds  hoomgogml  s@bodbyemo g @@ geno
0339 lgdol  sdmgolgdger s  2od@BoMgdge  Mgaomboe, @O®MIgeoi, oLEMm®oyeo
b0 by gbom, o3Lgdbs  3bmdogo 96930l 9JLb3sblool*  9zoydgl hOogmgm
boFoals, sds353d0Mgdgen abol Jdbows m®Iwobos@gmol — sbarm sdmbsgegmols -
Sbo@maools - hAogm 3ogiobools 3@ uage YOmogdmmdsms bsdys@mbsmngols.

Fo®dmeagboano  Jua@u@ygao  0d3galgdo, boggerosbo  d@obxosml  bofo®dols
0bmgo3099M0  aogM g gds  goggobosdo, dg. . Il sosbfegymol  ggdswo
@omMmbesdydoggdol  Lodbdgmyao  Fo@dmmdol  obEm@oge  35bmbbmdog®gdsls
sbobogl (by®. 3.6).

323. d3@0bxsml (o@dmgds dg. §. II-I s0sb{a gy gddo

d3.¥. I soslfargyamgdol  go@@sdsgs@o  39M0m©o, OmMam®O (3 39 @Gg0oms
A®oblgm®dszools bobs, gg@so mommbsdydsggdol 360dgbganmgsbo  dow(gg9d0m

aodmodhggs.  d@obyxoml  dgBoydaools  Loghmm  @mbol  sds@engdslmsb  gOmsw,
2odm033gms  @mgomy@o  Lofo@mdmm  39@9d0L  hodmysgmodgdols  ©s  dgbsdsdolio

A9db0390-39dbmemaoy@o >OLgbognols }mAdoMgdols A9bpgb0o. 33399060

(g0 gdgdo  begds  dgHomu@aosdo; 0fygos Ldogrgbdol Ly gooyg®o  doswbgdols
smgoligds  (doGomopo  I9dogogds  Jomgm3o@o@do).  39dogogds  sEyo@md®0go

5M0dbbol (Hgoas®o, 59M0303396¢0, sOLgbm30M0E0) s 5bmodmbols (s6m0dmbo@ o)
doobpsdmbagagdo.  IgBoydaoygemo  ©bmdol  3obdo  dgwggbogros  L3ogngbdols,
5M0dbbol s  obwodmbols  dobol  bodydgdol  3GOMIMG G0 yobsFoangdom.
s®0dbbosbo (As = 4,0-12%) s sbmodmbosbo (Sb = 3,0-15%) d@0byxoml dobosgslbmsb
gOms©,  0ddbgds  Lodjmd3mbgbBosbo  (Cu/As/Sb)  dgbowbmdo,  @odsenbmbawo
9309J00300 ©s A5bO@oeo Lodlbdgerm mgoligdgdom.

Qg  @ommbEsdydeggdsdo dJmdbps®o @gdbmmmyoy@o s m@ysbobsiEoymo
Lobol (330 gdgdo  30g3 9YgOm  ®dsgrogds d3.(. I smslfamgyeols  3odgga
bobggo®Tdo.  [o@dmgdsdo  dgdmeols  dobodpg  giEbmdo,  sbogno  dogngro®gdgeno
90 9d9bBo  gogmols Lobom, hbpgds gogrosbo d@obxosml  Lbdgagdo. F@Oswoiogao
b3ogan gbd@o®odbbosbo  Jgbowbmdols oMo ga@o,  bdo@gdsdos Sbmw0dmb-
©5@0dbbosbo (Sb/As), gomos@odbbosbo (Sn /As), sbmodmbosbo (Cu/Sb) s gognosbo
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(Cu/Sn) d@0bxombopgsb domgdbymo bogmgdo. @ommby®o  5b00dmboligob  Lodgsyao
dboegds.

@ommby®o  gogol, @mama i3 dogngao@gdgao  gangdgb@ol, Fo@dmgdsls o
35885bools Aga0mbdo gog@(3gegdoby god33gyero dnbab@gds s@OLgdmdl. 3oggolosdo
o0 oMol sedmbgbogro  goaols Lodomgdo s o3 dglodsdolo Lodmem [o®dmgdols
dgaergdo, dog®sd  dbgeggermdsdo  gbes dogommm  L3gEos@myu® o g@s@ Y
Vgo®mgddo po@ygmo m@o Yamog@mbsfobsomdogam bmds (Meccen, 1935. g3. 194).
XIX  boyggygbol dofydgaolsmgols dgEbogdms  gomo bofomo (3. @rgbm®dsbo, .
Ggom®o, ©. dL3MAM) Eslsdggdom mgmos sHOL goggolosdo gognols dm3mggds-
5d9doggdols  Iglobgd. o3@mOms  dgm@dg  bofomo, g9OHbmdmes  @s  3oggobools
39Omy0g@0  Ygbfogaol  Fgwgagol (g d9G0, g BobG@0), S3HoEIdRS  gorol
55O Lgbmodols  goggolosdo  (Meccen, 1935. gg. 194-195) s o@bodbogws, @md
b93mo0bodbyan SgBM@ms Jolob@gdgdo Fobs olGm@oygmo bsbols joggolosdo gogools
3odmygbgdols ‘dgbobygd, N ‘dg0353L O gog @ dmbs(39d90L Lsgombols
doeaVygaBobomgob.

ool 3o335L05T0  gog@gergdols  Logombl Tggbem  s@sgO®mo  Jodmggao s
Loddkmms dgibog®o, @mdganms oo bofomo go@sygemdl ool 0d3m@EL. dosmo
Sb®om, 3oggoliosl 5@  Jmbs  gogrosbo  d@obxsmlb  sdbowgbol  sommbdogo
agby@Lo (Yepneix, 1966. ag. 61), gogns 0d3m@OGom dgdmwomps  goggobosdo dzody
ob00@sb b bIgammsdys  bmgol osybowsb (Kydbtun, 1949. g5. 207, 221), ®3dsbols
bobggo®gybdyemowsb (Cemumxanos, 1972, ag. 11) ©o o 9. o@ol  Jobob@gds,
3°835L0530  gogmols  gdmogdglo  0d3mOE0L  FoFgPogymo  9gem30sb  dgdmwgbols
dgbobgd (Bogbgesydo, 2012. y3. 65) o bdgemsdygs bpgol sybobs s Fobs sbools
J399696do  @ommbydo  gognol, @mama i  gesbogy®o  d@obxosml  dgdig9e00
JoMomoo  dogngao@gdgano  gangdgb@ol, 3069690L  bobgge®gybdygmby  sOLgdyeno
aodobgdoms  LobEgdowsb  dJmdobs@gmdols  momdsbg  (Cokonos, 1972. g3. 8).
o>lobodbogos ols godBoi, OmI gogns 3odggen @oydo hbpgds Lodb@gm-s@dmbsgen gm
35335b00L 0O Jgmmmpogd  dgamgdhby,  Fgdegy  9bOO@YG  ©s  obogagm
5dog@goggoliosdo, @o3  60dbogl  0dol, @O®I  gogns o] ¢ROMm  o@g  dgdmeols
LodbOgmygeo  dzodg  sbools o  os@dmbogmgmol  (dygs  osbool,  odsboly)
9O IO GIbHOJO0Rb.

3O@bgmols Gg@o@maosby goemol 0d3m@Fo dglsdhbggos d3.§. I smolifargygemols
dgmerg  bobgg®osb,  swdmbsgemgmn  Lods@mggeml  Gg®odm@ools  yogeom.
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5309®3oggobool  gmabgmol  Jg@Hoggdpogmo  39bHM0  ©8F>gogdoMgdgmo  Gymeos
Fobs  5b0s-d30g  obos, bIgammsTygebrgoldo@gols s hOogrmgmn  3oggolool
@9200690L d@ol. Logo®oygoms, M3 gomambgmol b@obxsml {omdmgdol 3o 3g99eo
dgB oY@ 0e00 390900056 hOogrm  3ogzolosdo  0d3m@Eol  Lobom dgoomes
3o, d@0bxoml bmegdo, Ibs 3GmEyJios (YepHbix, 1978. g5. 19-23).

d3.¥. 1II soolfagyaols g3@obosdo  go@ssbmodmbosbo  d@obxoml  0bggb@o®ols
ROONM 353039 gdol  s@goao, 3mbGobgbBbg ool wo Sbwmodmboli  Ladswmms
39OSR Aobasagds s of smdmhgboao  Lsdmm-3g@omydaoygmo  Fo®dmgdols
dgaegools  gubjgombodgdols goJBoy®o IJmbsgdgdo  @gog @l brol, @md  jos
>dog®goggolools L3ogngbd-d@0bxsmls Fo®dmgdolomgols 03300 R0l Logobls
Foddmowygbegl  (obos@maos, hOwoemmgmn  odsbo,  Tygo  sbos), sEyogmd@0go
Sbmodmbo 3o gg@obool  dMobxomlb  Fo®Imgdol  396¢®gddo 5309 goggoLoyg@o
9JL3m@HL  dgdggmbon  gbps  oygmlb  dmbggo@ogro,  @ommby®@o  Sbmodmbols,
5bm0dmbosbo  d@0byxoml  Lbdygmgdols ob dbs 3GMEYJ3E0ol Lobom (Jmosbo @okols
dgBoydyogemo 3900l 3Omeydaos). d3.(. I soslfamgye@o  g3@sbos-3oggobools
dM0bxoml  dg@omydyools (39600960 3o ssbmodmbosbo dgbobmdols oM 3980 gdom
d609gbganmgsb 0@l Jdbols 39OSR YD S© Shgonem © ‘o gogem
JObm e BHYOYE  3590m056g0oms  3ogd0Mgdobomgol, doo ey Ym-9306mdozy6
dJom(ggoms  0b@ga®@oioobomgol. o3 39@0ompol  ggdoo  @ommb{o®Imgdols
>®H9BJHIO0L  Ho3O@my0gd-Gafbommyogdo  Losbamgy s @egomyg@o
(3950®gd0l  d@Mobxoml  dslogrol  Jodoy@-@gdbmmmgoydo  mogolgdy@mgds s@sg9Gm
Lo0bBgdglm Bl g3oblgbgdl  gg@obool ¢dggerglio dgHomydaools olGmmoowsb
(by®. 3.7).

>0bodbyero 3gMom@ols d@obyxoml Lbdygeagdbo gm@dol Oy aslbmgsbo ‘dgglgdom
aodmo®hggs. 9dxmdgbogds ©s 0bggfgds Lohodmlbdem ¢gm®@dgdo, Lbdyamo doowgds
005> mORMAOT0sh s bobgg®o oby®ym Yo0dgddo, yogodol gm®dgdols yogmezols
bobo bylgoe gdmbgggs hodmbolbbdgano bogmols Lodgd®ool @g@dlL. jowgg PROM
begeaslmgsbo  Ggdbmammyoom bpgds 3gomol dmwgmom  ©ogsgodgds (Tasanse,
CaxBapenumsze, 1959. 3. 30). Ubdyewo  bogmgdopsb  ©odbopgdol  Gmyao
Aa9dbmamyoydo bjgdom godmodbggs 3gmol, Lo@gg®ol, dgdoldo@ol, bsgowgdols s
Lbbgs 0bggb@docdol  gm®dgdo (9®ggol, byol, d@owol, §gOmgbol, oFyy@ols,
boM933530L Lodo®mgbgdols dolbogns).
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324. 560bxosml Fo@3mgds dg.§. II sosbfmgymol 3odggee bsbggs®do

d3.¥. HI-II  soolfargyegdom  @oms@owgdygemo, dyod@obxosmlb  bsbol  gg@swo
@omnmb{s@dmgdols  0b396GoM0  Godmamyoydo o  bosgdoml  bobymmdl  s3
39M0mols  @mamA3  sbsgamgm  bods@mggemml  (gmabgmo), olyg  s@dmbsgmgm
LoJo@mggenml (396@@s@y@o  d0g@3og3obos) Lobjambyen d@obxsml dobsgnslmsb.
dgmerg Ib@og, dgbodengdgeros dodb@obyxoml bsbol gommbols bogmgdol wsdbswgdols
A9dbmamyoydo LJgdol dgoos®gds s d3.0. II smslfagyamol @omnmbesdydoggdols
sdoboliosmgdgaro s aobdslibgeggdgero  Bgdbmmmyoydo  Ljgdol  godmymess.
dmygyogl  dgbfogemogmo  obogrols  gdhmo  bofogols  Fodmermaog®o  @gm®dgdo  ©s
Jodoy@o dgoagboemdols Imbszgdgdo (3b®. 3.3; Ly, 3.8; Ly, 3.9).

dobognsdo  dgodamgds  aodmoygml  dgdgao  FgGomydaonmo  xayngoo: L
s®0dbbosbo  L3ogngbdo (Cu-As), 2. gognosbo d@obyxosm (Cu-Sn), 3. sbmodmbosbo
dGobxom, 4. 1sdjmddmbgb@osbo  dgbowbmdo  (CutSntAs; Cut+Snt+Pb; CutAs+Pb).
60300950 odboEgdyeos AMAMmA 3 JoMB0go, olg Gmygwmo Bgdbmermaoygdo L]gdgdols
aodmygbgdom. dowogr  @mbgbgs @ommbol  Hodmlbdols o dgogomn ©sdydsggdols
bgermgbgds. 53 3g@omeol  IgRoygdaoygmo  Fo@dmgdol  yggesbg  dsboydo
@ommb@ggoo bodydgdos @yeo, Igdoldodo s Logggo®o (dsbgoeno). dmggysgls
bma0g0mo bogmols JogOmbEOYIBOYo sbogrobol dgogagdo (Lya. 3.10).

‘dgbodhbggo 0bGgds Fomdmgdols doLd@odo, dgbodsdoloe domogros dgeommby
bygenmbobms 3gomogogsEos s dbs 30mE ]300l Lodsb@m-bodmdbdomgdbenm ©mby.
P900@0bxoml  bobols  Lsds®mggamm-3og35Lool  Bg@odm@osby  g9bdiombomgdswo
dgBoydyongmo  3960®gd0l  dom{g3zgdo  s@Lgdomo®  Asblobwgmagl  @ga0mbols
5JB0g@ Logodk®m-930bm3037960 9H00g@nMdsl gg@sbool Ladys®mbiomsb.

d3.F. I soobfegymol gg@so  @momnmb{s@dmgdols  360dgbgermgsbo
A9dbm@myoy@-maasbobsgogmo  bobosmols  3gaoggdss  d@obyxoml  Fo®Imgdols
dgmeswo  3960®gdol gubjgombodgdols ©@ofggdol 3@MmEgLo. dMobyxsml  bofomdby
aob@ogo  dmmnbmgbogrgbom, Lofo@dmm  gozuyndol dgglgdol dobbom, 3o@ggerswo
d9B o YMy0m0 390 go0sh ©sdmMgdom, LobJOmbymaew dydomdols 0fygel dJmols
fobs o  bo@ol  bmbsdo  aobgoopgdgmo  ggg@so  @ommbesdydaggdol
Lobgeomlbmgdo. oberse  dgddbogro  dgm@owo  ©sdydoggdol  396@®gdo oMoy ogds
30039o©0  JgBomy@dyogmo  3909600sb  (oxbsbgmol,  ULgobgmol,  @odols
O 900 3§96 g60) dmfmegdgero Ldoggbdol bowegdon ws @gpodgoobsmgols
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Loko®e  @ommboli  dsbognom.  bbdygaol  gm@dodgds  dodwobs@gmdl  Fobolifom

‘dg@bggeo @05 Y@0m, GoMgds godobbymo 9i393G YO0l Goagm®o bmdgdo,
Ao YeEgds bogmols sdbogdols Ggdbmemyoygdo Lqds.

3ab®ogro 33

d3.¥. I dmgne @o 1T smolfargyemols 306ggeo bobgg@ols d@obyxsml bofs®do
Ne - Bogoro 5@dehgbols Jodoygdo dgopgbogmmds

Ne ‘ SO0E0 Cu| Sn | As | Sb | Pb | Ag | Bi | Fe | Ni
1 300 9930 92,7 | 1,5 3,8 04 0,1 - - 0,2 -
2 (3900 Jaobomogo 87,5 104 | 2,6 02 03 | 0,1 | 0,001 | 0,02 0,01
3 (3900 9930 93,1 | 0,2 5,6 03 - - - 0,15 -
4 3900 9930 94,7 | 1,2 43 0,2 1,0 - — 0,1 —
5 (3900 0930 952 | 09 | 42 0,25 0,2 - - 0,02 -
6 (3900 9930 94,2 1 4,3 0,2 - - - 0,5 -
7 ‘dgdolidodo byeno 90,5 7 1,6 0,5 1,0 0,1 0,01 | 0,07 0,1
8 ‘dgd0b3ocG0 b0 912 | 1,3 | 53 1,0 04 | 0,1 | 0,02 | 0,04 -
9 ‘dgd0b3oG0 60 241 08 | 57 0,5 02 | 0,1 | 0,002 | 0,1 | 0,01
10 ‘dgdolidodo byeno 92,1 | 0,2 6,3 0,7 04 | 0,2 0,01 0,3 -
11 ‘dgd0b306G0 b0 935 | 14 | 42 0,3 02 | 01 | 0,02 |0,08]| 001
12 ‘dydolidomo Jgobomsgno 88,5 | 10,5 | 0,7 0,2 — 0,1 - 0,05 -
13 ‘dgdolidodo Jgolomasgno 852 | 123 | 1.2 0,3 0,3 — - 0,06 | 0,01
14 ‘dgd0b306G0 Jaobsmogo 84,0 | 142 | 1,5 02 L1 | 0,1 | 0,01 | 0,07 -
15 dxd0b3060 Jaobsmogno 832 | 10,7 | 4,0 0,3 L0 | 0,1 | 002 | 0,1 | 0,01
16 | bogggeto Baymo 941 01 | 51| 04 |03 01| — |o02] -
17 Lo@ggoto Jgobomsgno 83| 134 | 04 0,1 0,1 - - 0,05 0,01
18 Lo@ggoto Jgobomsgno 842 | 144 | 0,7 0,2 0,2 0,1 - 0,1 -
19 | bogggemo NygaGo 84,6 | 114 | 0,52 | 0,015 | 1,08 | 0,04 | 0,01 | 0,03 | 0,1
20 Lo ggo®o Vgm0 94,11 0,03|505| 0,12 | 0,03|0,09| 0,01 |006]| 0,1
21 Lo ggo®o oVynco 91,7 1 0,04 | 6,77 | 0,03 | 0,02 | 0,06 | 0,02 | 0,03 | 0,08
22 | bogggeto Bogyobemo 92,6 | 0,01 | 645 | 0,04 | 0,03 | 003 | 001 | 001 | 0,02
23 Lo ggo®o bo@obHomo 85,7 | 7,37 | 0,30 | 0,02 | 5,15 | 0,05 | 0,005 | 0,02 | 0,001
24 Lo ggo®o 95360 90,4 1920 | 0,25 | 0,08 | 0,06 | 0,09 | 0,003 | 0,04 | 0,03
25 dobgoano ©ogohs 93,5560 | 1,55 | 0,03 | 0,51 | 0,05 | 0,001 | 0,01 | 0,06
26 Logobdo o¥ynmo 9531002 | L17 | 0,55 | 0,06 | 0,07 | 0,01 | 0,01 | 0,05
27 Logobdo oPyymo 96,4 | 0,09 | 2,02 | 0,06 | 0,02 | 0,08 | 001 | 0,08 | 0,09
28 Lodox o SFydo 91,3 | 2,60 | 1,02 | 0,70 0,3 0,1 | 0,001 | 0,01 | 0,04
29 Lodog @0 o¥ynmo 96,0 | 0,03 2,82 | 030 | 0,03]| 0,04 | 001 | 0,05 0,11
30 Lodog @0 oPyymo 938 | 0,02 | 516 | 0,07 | 0,01 0,11 | 0,01 | 0,03 0,12
31 Lsgobdo SFydo 92,7 | 490 | 0,08 | 0,51 | 0,31 | 0,1 0,05 | 0,02 | 0,19
32 Logobdo o¥ynmo 90,6 | 7,07 | 094 | 0,03 | 0,27 | 0,06 | 0,002 | 0,01 | 0,09

d3.¥. I soslfengyaol dofydygamon s I sosbfamgyaols 3odggeno bobgg®om

0oM0Egds  slogagm  Lods@mgganml  Hg@o@dm@osby  sdmbgbogo  d@obyoml

Fo®dmgdols dgm@doo  3gMg9d0, G®MIggdo ©oEo GsmEgbmdom gg@oo ommbols

sdoMop 9ol dbomols
dm@330L  Lofo®dmem  3mddangdlo, obdsbol, obsgamos I--ol, g&agBol, boddgoydols

30mEYJaoom  ogbgdl o 9306mdogol  (Fohm@ols  Lbsdmbsbanm
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Lohodmbbdm  Lobganmlbbomms ™dogd@gdo). o3 Bodol dgamgdby ©o@slEyg®gdyeos
d@0bxoml  Jgm@o  Aoodydeggdolmob  s3ogdodgoygamo  [o@dmgdol  bsdmgdo:
Lbgoeolbbgs @obodbyegdols gosgnodgdol gm@mdgdo,

30360boMgdyeo  goaodgdo,  Bopgegdo, Lodlbdgerem  ©obodbyegdol  39@sdogols
RBMoadgb@gdo, Lofs@dmm Fubo, @womnmboli bowggbmgdo. Lo gbd-d@obxoml dgm@swo
539 doggdol  39Mgd0, dG0bxsml dgBHoy@aools gobgoms@mgdols dmIwgzbm gBo3by,
d3.¥. II soob{ergyerol dgm@g bobgg@owsb, domsambo@olbmgsbo oo Lofo@dmm
doLdBodols 3960 gd0l gybjiool slM g gdl.

Jo@bgmols  d@0byxoml  dgBomydaools  dBsgs@m@oibmgeb  dobogngdls  dm@ols
g9@o@gdsl  0dboby@gdl gohm@ol (VI ¢gbs) ©o obsgamos I-ol (Jggos 9396s)
bobobars®gdby aodmgen gboano y995dogr0sbo (30 go0bs, 0nmbgodols ©S
mmbyobymgomgdosbo  3mddobodgdygeo Lohsdmlbdm yognodgdo (by®. 3.11; Ly®. 3.12).
4o 0doll gm®dgdo  Jo@omss  BMoadgbHmo  Lobom o@ol  Fo@dmwagboeno o
dbganos domdo aobmoglgdygeo bogmgdol bybEo gm®dgdols s bmdgbol owwygbs.
od db®og aodmbsgemolios gohm@ols dgm@swo dg@seydyogeo 3900l 3y @yd e
5gbsdo  s@dmbgbogro  mmbysbymgoamgdosbo  go@odo,  G®Igeoi  IgeoMgdom
Leygaoess  dgdm@dbgbogro  (xo0deosdg,  2007. gg. 68). gogodol  dm3oGEs30my
Fobboggdbg  aodmygsbognos  Lbgsslbbgs  bogmol  gm@dgdo  gof@m3o®osbo
Ib@9desdggogao dgdoldodol, Lodbbdgerm hodhols (gmgbol), Lodyg®gdgero os@omols
s  dk@gamo  0s@omol (bo@ggmoli b bobyxarol) 3mddobo®gdyamo  asbmsoglgdom.
Omgeo  ©sbodbyagdols  3md3@gdlydo  Medgbodg-aobymaommgdosbo  gogmodgdo
hOoenm  3og3oLbosdo, dzodg sbosdo, gagolby®d  Lsdygs®mbs s Ubgs dgbmdgen
M930mb98do 5@  dmpggdmggds. ol sdobslosmgdgamos  goebgmol  d@obyxoml
dgBogydyools Igmdswo 396@Mgool mdogdBgoobomgol, @oi d3.F. I smslifagyemols
SQ0@MdM030  @omMbEsdydoggdol  Ggdbmemyoygdo  dBsgomlobgmdols  (dogdols)
sdbobggemo 9bos ogmb.

Lodb@gm goggolos g3mbmdogol, j9e@agdol aobgomsdgdols 3gd3gdols s @mbols
aomgogofobgdom g dogosh  gOmgg@e  goerodgds.  sdsbmsb, Lol gdsdo
dgdogog  M9a0mbgdl  msgolo  L3g3ogoggdo dmgmgbgdo  sbobosmgdl. o@bodbyan
30m3gLL 0ob sbgnogls shogoo 9dbognmdo dow( 939000 3980398 goo.
330565@0bx 5= 9@ 30obols baobols 9406m3d035do 25dM0Y4eIBS &9dbog9m-
d99@bgmd@ogo  bolbosmols dmgagbgdo, @mdggddsi gobsdo@mds g3mol Ggdbogydo
Sb®ol 2obgoms@mgdol dgdamdo Fobligens; 53 Lobol Losbanggdo omgagds:
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L bodgoybgm  gg@@ogs@y®o s Ggdbmammyoydo dn@obmbRsmydo  d@ybgols
3006030l dJmbg hodbols smgoligdo-ao3digergds; 2. 3bgbols godmygbgds Ladgy®bgm-
Lomdo®o sbodbyegbom; 3. gogosbo dMobxoml aogdgargds Lodb®gom goggobools
M930mbd0; 4. @ 3obo-gm@swols Fo@mdmgdol wobisFyolo (ymdgxodgogro, 1970. o3. 244-
251).

d3.¥. II somslfargyamols dof @ gemowsb 5dog@gogiobools Gg@odmaosby dmbobang
AmIns  beEos@y@-g3mbmdogg®o  aobgoms®gdol  3@mi3glbby  aoblogygmdgdgeo
g gbs 0Jmbos dg@omudaools s @ommbEsdydsggdols swdsgenmdsd.

325. 3@0bxomlb (o@dmgds dg. §. I s0slfmganmgddo (3gosbd@obyxsm-
5MgMH 3060l bsby)

dg. §. II smol{ergyeol dgm@g bobggo®do, g30560M0bxsml  bobols gg@omo
@ommb{o@dmgds  aobgomodgdol  9dowergls  Loggby®d@l  o@{ggL. 53 3g@omedo
3bmdo@os d@obyxoml FgGomydaools odwgbody ddgrsgdo 3g@s. osbgmo Lofo®dmm
390950 R1bJ30mbo@mgdl, @mama 3 slogmgm, olyg swdmbsgemgmn Lods@mngganmdo,
oo gomodwgds M@0 @@ ygmmo  25g000sbgdo—jmmbydo ©s  (396@®sygco
5309 35335LogM0. gmeby@o 3@ gdol s@go@do sf0oboydgdyemos sko@o-g@ools,
Aodo-aghbydol o  oxbsbgmol  dg@Hogydpogmo  39Ggd0.  39bGHGS@Y@0
5d0g@goggologdo  3ye@yeol  bogdgdo  3bmdbognos  Jows  JoGmenol,  J3gdm
Joomeols s gobgmoli d@obyxoml g@omydaool  390gdo. s@bodbyao  LoFo®dImm
3090005695950,  Ladmm-dg@ o ydyogeo  3mddegdlgdbol  Lobom,  3dbodgbganmgsb
©5A300mgol  0wgdl oo  @omEgbmdom  Josobyosdydaggdols s @ommbol
dobognols  dgJdbol  @obodbyemgdom. Lioangbdol Lofo@dmm  bmwgdom, @ommby®o
5bmodmbom s @oM0dbbom  5do@Mopgogb  dgm@swo  [o@dmgdol  39Mgdl, S0 by
bgds bempog@mo 3oGgam@ool 0s@o@ol odbowgds (Jogmobpadg, 1954, a3. 60-64;
goabgmoyg®o, 1965. a3. 61-62; hs@mmensbo, 1971. y3. 56).

30093 BOM FoMNMZgEgds dMobxsml Fo®mdmgdols dgm@owo 390gdol g9bJzos;
d9Bomydyogmo 396¢®gdol ImJdgogdol LobdOmbyaem bpgds Gmgmo @oys@ydols
dgbobmdms  ©sdYdoggds, IMogomlbobmgobo  ©obodbymgdol  bogmgdols hodmlbibds,
9085, Ibs 3OmEyJiool  dgddbs. d@obxoml  Fo®Imgds-sdydsggdol  doldGodgdo
ofodg  s@bobyen  ©0535bmbL  s@Pg3L.  BgPso  @ommbols  Logdmem  Loygbgg
odmobo@gos  Lodmbobamgbowsb s  Lodo@bgyero  3mdda gdlgdosb  dmdpobotyg
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JOogomag@mgsbo  s®Jgmemaoyg®o  @ommbols  0bggbBodols  dmdsgngdom, oo
oM gbmdom bmgdols s gobdgdol @oa®Mggbom, dMobyxombogsb ©odbowgdyano
Loggem@m  @odgogolomgols  gobgymgbogno  bogmgdom  Lsdmmiggerms  Lomogligdols
dggbgdom s  Ubgs. @odmdggdbymo  3OmEYJ3ooesb  dgbsdangdgemos  mommgyemo
39 yaolomgols sdsbolosmgdgamo os@owobs o Ladgeymol §sdygebo gm@dgdols
aodmymas. sbsgamgm LoJodmggerml jmebydo jgm@gdol s@gsedo 0bggb@omols
JoMomoo  Bm@dgdos:  goaby@o 390,  bs@ggo®o, dygdolsdodo, LgadgbBoligd®o
0G50, mmbo, (oo, 5dbobs, dogmms ©o Lbgs. swdmbogemgon  Lsjodmggerml
(396@G>@ Y@ 0 5d09@ 3og35Log@o 39 aaolomgols G03960 R IRIOTATIORS
5d0g@3o335LogMo  3yeo, Logggodo, dobgogno, dydolso®o, yyebsjzoo, Lodoxy®o
(L@, 3.13; Lya. 3.14; gbe. 34; Ly, 3.15).

dobognols  Jodoy@o  sbogmobols Jggagdo dmygobogros Eb@ogTo. Jgbobmdms
Jodoygdo gy gbognmdols dobgwgom bogmgdo ogmgs bsd dg@ogydaogm xyygo: 1
3580560 d@obyxom (CutSn), 2. @o®0dbbosbo d@0bysm (CutAs), 3. M@ 3md3mbgbBosbo
@ga0@gbol  d@obyxosm (CutSntAs); (CutSntSb); (CutAstSb). dgod@obxsml  bobols
dobognolipgsb oblbgoggdom, (odygsbo dogngao@gdgano  gangdgb@os  gogs.  gogosbo
dG0bxomlb  Jgbobmdoliyob sdbowgdymos gm0, Lo@ggs®o, dgooldodo. gogols
9933980 mds 00@o@Tdo 6,32—15,0%-0l bpg®gddo ozgegods.

%Q9Ao0  @omnmbsdydoggdol  Lobgermlbmgdo  L3gaosgobgdygmo  Lofo®dmm
N3 9BI005, Lo@si oo 335005030900 MbEASEJ0 5dbogdgh sdwgbody smgyero
56036y gbol s wobisbgangdols bogml. L3ogrgbdols dsbogrs @ gao®gdyaos gogom,
Sbmodmbom s @osModbbom.  Jogngao@dgdgano g gdgbGo  godmoygbgds  dbmenmo
@onmby®o  Lobom, @o3  ¢ydg  dobognol,  L3oangbdol  Gmygamo  Ggdboemaoom
2osdydaggds s bgdoldogdo gy gbogrmdols  d@obyxoml  Lbdgeols  dowgdsls
3obs300Md oL,  g3006d@0bx oMl Bg@so  @ommbols  To@mdmgdsdo  g30@s@glmds
3o05b dMobxoml gbodgds, bogmgbol wowo bofogro go@osbo dgbspbmdom doowgds.
dobo GomEgbmds by do dg@bggmos bogmols sdbogdols Bgdbmenmaoygdo L]gdols
dglododolow. Lbdger  bodydgddo goenols dgdaggemds  14—15%-L  o@(g93L, bodgwo
dobognobomgol m3@odsgry@os (Sn = 7,0-10,0%).

d3.¥. II sosl{engyanols 3gm@g bobgg@ol s 1 smslifagyaols 3odggemo bobgg@ols

d@0bxomlb  Fo@dmgdols  Godydo  bodydgbos  gmaby®o s (396@®o G-
5d0g@3o335Log@o 3o, Gmdgmoi hsdmbbdygmos mORMA0sb oby@ya yognoddo
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g0l bgwo Lodlbdgerem  Gm@ds sbobogls

300004 AL bofomowab; bboe
bogmols dgdmfg@ommdsls s dogosh dmEyemdsdo bgwdo§ggbom 0dgmegdls dsb.
hggegd®ogo  39@sdogyemo  goenodols  Jo@oggamyg@se  0bdo@gds  @ommbols
(L3ogngbdol) @m@dgdo, Lowsi godymaxzo bobo bybEew gdmbgggs @yeols gy@dogo
Lodg@@ool Lod®Eygl. hodmlbbds bpgds Fobolifo® dJmdbowgdye gomodyymdo, o6
Logognodg dobsdo hodog@gdyem gm®dgddo. dgpdogo 3mJdgogdols gommbol gm®dgdo
20b5300Mdgol oo @smEgbmdom gOME03YO0 Y gdol Lg®oge Fo@dmgosl (Ly®.
3.16, 1, 2).

gbGogano 34

dg. (. II smslfangyeol d@obyxoml bofomdo

Ne- Bogoo >0dmbgbols Jodoygdo dgoagbogmds

Ne SO0 Cu| Sn | As | Zn | Sb | Pb | Ag | Bi | Fe | Ni
1| ¢ “3"32:;&3;“”7”’\“” bodmog@m 87 | 10,0 | 120 | 030 | 0,30 | 0,80 | 0,10 | 0,002 | 0,01

¢

2 | ¢ “3"32:;&3;“”7”’\“” dogaGEoby | 86 | 93 | 0,04 [ 002] 10 | 050 | 0,10 | 0,001 | 0,30 | 0,10
3 3™ mk”('];)o (3500 05d53mbo 93 0,014 | 7,09 | 0,01 | 0,31 | 0,30 | 00,2 | 0,004 | 0,07 | 0,01
4 3Oeby®o (3900 490 930 930 | 0,02 | 530 | 0,01 | 0,25 | 0,40 | 0,10 | 0,02 | 0,10 -
5 goebydo 30 990 930 88,2 | 103 | 0,40 | 0,01 | 0,03 | 0,02 | 0,05 | 0,001 | 0,05 | 0,01
6 Lo ggo®o 65M 933530 938 | 06 | 3,17 | 0,01 | 3,70 | 0,03 | 0,20 | 0,005 | 0,06 | 0,03
7 Lo ggo®o bsdmsg@m 87,0 | 7,20 | 040 | 0,10 | 1,10 | 0,15 | 0,10 | 0,20 | 0,10 | -
8 Lo ggoo Lodmogmm 934 | 3,10 | 2,30 | 0,10 | 1,20 | 0,10 | 0,10 | 0,01 | 0,20 | 0,01
9 3obgdo Lo@ggedo Lodmogem 87,71 11,0 | 0,40 | 0,20 - 0,10 | 0,01 - 0,05 -
10 | gobsydo bagggato | dogmdgoby | 902 [ 570 | 220 [ — [ 00 [020 ] 0,00 | 006 [020] —
11 gobgdo Lo@ggedo 3ogmobbggo 91,5 | 7,90 1,5 0,10 | 0,03 | 0,30 | 0,01 - 0,10 -
12 ‘ddolidoco Lodmogmm 91,3 | 590 | 3,07 | 0,10 | 0,20 | 0,10 | 0,10 - 0,05 -
13 ‘ddolidomo Lodmogmm 93,1 | 520 | 0,10 | 0,20 | — 0,30 | 0,10 | 0,001 | 0,10 | —
14 ‘Y9d0b30@0 330053bmggeo | 942 | 490 | 0,40 | 0,05| 0,10 | 0,30 | 0,10 | 0,01 | 0,02 | —
15 B30b3060 botyggogo | 854 | 1220 | 120 [005] 0,0 [ 005000 | - [o020] -
16 ‘Y9d0b30@0 Fgomgsbo 91,7 | 0,04 | 6,80 | 0,01 | 0,10 | 0,50 | 0,10 | 0,002 | 0,10 | —
17 Lgadgb®o (35030 956 | 0,12 | 0,29 | 0,01 | 0,05 | 0,20 | 0,08 | 0,01 | 0,03 | 0,01
18 Lgadgb®o (3°030 978 | 0,06 | 0,23 | 0,03 | 0,03 | 0,15| 0,07 | 0,01 | 0,04 | 0,03
19 Lodoxg@o Fgomgsbo 94,51 027 | 325 | 0,01 | 058 | 1,10 | 0,03 | 0,005 | 0,01 | 0,01
20 G300 bogmbgoo | 932 620 [ 010 [ 01 | — [003] = | = [oo01] -
21 3000 Logo®gxm 93| - 420 | 0,03 030 | 0,10 | 0,10 | 0,02 | 007 | —
22 Lodox gmo bogmbgmo 94,1 | 3,10 1,40 | 0,02 | 040 | 1,10 | 0,10 | 0,01 | 0,05| —
23 do@ms (3°030 90,3 | 7,50 | 0,02 | — | 0,03 |0,04|003]| 001 | 0,03] 0,01
24 492053000 330053bmggeo | 90,6 | 6,70 | 0,90 | 0,01 | 0,10 | 0,20 | 0,06 | 0,01 | 0,08 | 0,03
25 933960 bodyggogo | 883 | 114 | 020 | — [ 030 | 0,15 [ 0,04 | 0,001 [ 0,02 | 0.1

71




G0 geo 306Gy gH>Gool Fbodg@ymo bbdgagdo dJowgdygmos zgogrol dneyaron.
Ibo@gagero  hodmbbdol  m3Godsgy@o  Ggbmmmyoomn  sdbswgdymos  LbIgero
QoGO0 Godol  dJmby  Lo@ga®gdo o  dsbgoangdo.  Bodo  ©@odbowgdygemos
Jo@omoo  Lodlbdgerm  ©gOmb  ©o 3oy gm3gdol  Ladysagdom, Lohsdemlbdem
Lob@gds  dmogdhpgds  3gogools  dmegeols  gm@dom.  bogmgdo  hodemlbdygamos
3903 035@gdo©  Aodol  bgos  bofoendo.  hsdmbbdom  dbowwgds  FbsFg@ygeo
3eooliBogol  60dydgdo,  Lodgogmo, gyebsgoo,  odbobws, dogms,  bLadox o,
dobog@o  @amengdo. dowodbo@g®ymo  Goligymmmdomss  IgbO e gdygeo (3300l
Jogaomn dJomgdyao bodydgdol gm@dgdo (Lya. 3.16, 3).

330566@0bx 5L bobols gg@o@o @ommbsdydsggdol Godydo bodydos dygdoldodo
(by@. 313, 12-16). 53 oo@owoll oo bofoeno, doGomsps, dJnaosbdsl®osbo
98b933@s@gd0  hodmlbdomss Jomgdygao. bogmo oo, 3md3egJbygdo hsdmbbdols
bodydos. ol sdbowgdymos  dob@obomgol  b3gEos@y@o  Lodlbdgerm  wgdeml
d9d39mb00 s  Logdome  mbgao  dd@gero  3o@olomgol, [oboslfe® goibgmrgdyan
goen0ddo, poobydgdygemo  @ommbol  hodmlbdom. dygdol3odgdols gHmo  bsFogno
domgdyeos 490500, doMomdES© dob@spoblibogno }mOIgdo, aodem®bggosb
obgglogo bobobon s 3GM3MA309b0m.

>bodbyeo dmgmgbs LobJOmbymom mobbgogds Lodbdgm goggobools @ga0mbdo
3obgomamgdyao  @30b0l  bobol, @meabs  @gobo-gmamowols  0s®omo  moblomsb
bggbols d@0byxoml doboansl dgy@bgmdols Lggamesh. d@obxsml bsfo@do 0dgbls
dboBg®yeno bodgoygeools S Lo g9 @m ©5b0dbygeogbols 396J0sb.
doombs®olbmgobo  gmeool  0o@omol  godmygbgbom  Log@dbmdmow  domm@gds
d@0bxomlb  dobogrols  Ggdbmmmaoy®@o s  bgosdodygeo  Ibs@gage-LEomoliGyco
537 dogg00l ©mbg, glmgdogy®o woMgdymgds.

d3.{. VIII Loygggboesb, gmeby@o sa@gaol (g0, god®onme 303 eegds
Ibo@BgO o  aMs3009dgmo  d@obyxoml  bogmgdo  (gomaby®o  3yao, dydolsodo,
Lbo@ggo®o, odbobs,  ddgogrlsgzobdo,  Lo®@ygeo ©s  Ubgs) d@ogogmag@mgsbo
09306000,  LoOdMdL  agmdgd®oye-Loddmergdo  m®bsdgbBo,  Gbmggmms  ©o
%®0bggemms  LEHo@obGHYO-bmmInGOPgao  gsdmbsbymgdom. Ibs@gOygmo  gm®dgdo
o5@obognos  hodmlbbdol  dgdogy  @@ds  aMogo®gdom,  dmBogo®gds  dg@Tydygaos
bogmol  3eslBogy®  Beo@dobmsb.  dobogrs  goaby®o @@ g@ol  Ibs@gagero
bgenmlbmdols bodydos (gobibogs, 1988).

Jo@bag®o  gymo  (by@. 317, 1) hsdobbdygmos s dbs  bodydby ©@ds
JoEgmdomo  3M530096000  sGsbogros  dbo@g@ygmmo  @m@dgoo.  2sdmygbgoymos
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0 g0 Yo ©sdyYdoggdygmo gmmowol Lak®obo, Gmdgeoi bLOYmmymgog m@bsdgb@l
Jdbol.

3053009090 Lo@Byggao (byg@. 3.17, 2) dbs@gdgeo dgamommbgmdols bofo®dos.
0530090 YglOygagdyamos  339Mgo—dgogom  dowgdymo dMobxsml  Fy@EEMgeb
65dbobyg. aodmbsbyeo 3md3mboios deogd LEHo@obgdym-wgszm@dsGoyaos. bogmols
dowgdol Ibs@gdygen  LEoel, doygbgosgs bobosbol LoddRygbg aodeols, 9360
Log@mm o3l gMogo®gdygen 9@ gdmsb. bobo@o 3ensb@ogy@os s Logdome gdgero
Rm®AdoBol, Joagemdomn  Fos@dmbobgol agodarggl. dgoodmgdom  bogengdo  Lolol
ROEEM3obo @ommbols Jsboby o@Goboaos wodsgno a@sgodgdoymo Lobg; dologns
M3B0do@y®o @aga0®gdols gogosbo d@obysm.

32.6. gg@op0 @omnmbol (o®ddmgds dg.§. VI Loggnbggddo

d3.{. VI-I Loygabggddo bgenbsy@gamo 300mdgdo 0ddbgds Lododmgganm-3og35Lools
A90dM@05by, Lobgemdfoxgm  [Fo®ddmbsdbgdol woss@ligdolbomgol. yogodgds m@o
©odmYg00ggeo  Lobgandfogm  gohmgymo:  go@bgmols  ©s  0dg@ools  bsdggmgdo.
235900056g65ms  0LGHM@oyYm-39@ A @Yo gobgoms@gdolbomgols  goblsgm@gdygeo
db0dgbganmds  gbodgds  93mbmdogol  omygdol  oFoboy®gdol. Mgy yee@yerds
30630 ]Bgdds>  aodg  Lodgeodmbomsb,  ganobobsiools  3GmEglds  bgemo  dgyFym

Jbgmobs s 0dg@ool bmEosgy®o, 930b6m303900 ©s 3y Bg@geo LEOYJGYOL
d9d36ol.  woo@lips JkowAmE  obobegdygmo 396]@gd0 —  Joasdgdo, @mIegdocz
aodmodhggs  bganmbbydo  Fo®dmgdol  m@asbobsEoomn  ©s  god@mdom. dg.§. IV
bogg9bosb  Joasgdo  swdobolid@sEoge-3mmodogg®o  (39bGMJdos.  dmeo@osy®o
>  9gmbmdogydo  bobosmol  (33eoegdgdds  gogengbs  oJmbos  saommd®ogo
Fo®dmgdols aobgomo®gdsby. Bgdbo3n®-Bgdbmemmyoyg®o Losberggdoon bosbosmwgds o9
3900mols dg@omy@dyoygmo s @omnmbsdydeggdol Lofo@mdmm (396@®gd0. o 39
oM g6o0  hodmysgodes  gg@oo  @ommbgools  sdydaggds,  3obs-gmaswools
Fomdmgds, mJomddgoemds.

QYO0 @ommbol ©sdydoggdolomgol sdsbolosmgdgemos oo 3@mM39b@ o
‘999339800l s IMogoe 3d3Mmbgb@osbo mogs@dy@ol dJmby dMobyxoml Fo®dmgds.
30dm094gbgds  Joeosbo, gogns om0 dbbosbo, d@obyxoml Lbdyagdo. dsgrgao@gdgeno
30330696@ 950l 3md3en gJlydo dgdggermdom gobBomos dgbobmdms Lohsdmlbam
0ngolgodgdo.
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03039 @M, gg@opo  @ommboll  Fo@dmgdsdo  agds  3g@omwo, @mEglss
Lb3ogngbdol  g399dgbg Jomgdbyao  dgbobmdgdo dgm@gbs@olbmgeb dobogno  0dizgge
9406m3dog0l doGoms d0ds@nyYagdoms gobgomsdgdolomgols.

‘dgbodhbggos, GMA sbogamgm s3d0gMgoggobools @gyombdo d@obyxoml Lodgy®mbgm
0G50 0bo@h7bgdl  mogol obodbymgdsl. dg.f. VII-VI Loygybggdol  gmanbgmols
Lodo®mgbgdby (9YMgz30, gMygdHoS, b0oagbosbo) oo @omwgbmdbdomss [o@Imwa gboano
dM0bxomlb  bogmgdo  (3yergdo, Lo@ggs®o, Lgadgbdo oo Ubg). os@bsbodbsgos ol
5JBo, @md o3 3gBompols  @g0bol  0b39b@sM0  syommd®ogo  dMobyoml
30mEMA03960L dodsdgzomss wodboswgdygeo (by®. 3.18).

d3.¥. V-IV  LlL. 9dmdwggbm garobol@dy®d 3g@omedo  gomabgolbs ©s 0bg@osdo
Fomds@gdom  g9bjaombodgdos ggdso  @ommbrsdydsggool  Labgmomlibm-
Lo{o®dmgdo, Lo L300 9bd-d®0bx smls dobogns Lodgogeools (30dagdo0,
Lodoyx @ gdo, o gdo, Lo gowgdo) Labom, Lo@o@gogom ©S Lo g9 @™
5606y gbom  2odmoygbgds.  d@obyxoml  Bosfs@dol  gomo  bofoano  Ibs@gdyemo
bgenmlbmdols 60dydgdos.

3obloggm@gdagmo seaomo gzog05 Lbgoswsolbgs Lobol s (8"36(](30015 d9@deools
Fo®dmgdol.  goboli  bodognsdo@o@sb  Lo@yergdo 0dgm@gdl  39@5dogyemo  dobogools

qm®dgdol  dgomg  Lobgigmoggdom.  aogm®dgdygmos  gaobolGydo  Ibs@gmgemo
bEogools aodmygbgdom. ©sdbowgdymos @sdmJembgdom  m3Godsayg®o @ gao@gdols
bodgoo  gy@E@mgobo  dobogroliogsb, bgosdod®o  a®sgodgdoymos  LEomobgdyemo
aodmbobyagdgdom (byd. 3.19).

A03900s  Logge@m ©obodbyamgdols bogmgdol, dm@gmognydo  bige3@g®geo
aodmbobyagdgdol s Jobpsggdgdol  godmygbgds  LoGoddm  jmddengJlms
ddgbgdbemmdbols  ULsddgdo.  d@obxoml  dobogrs godmme  obdo@gds @mam®3
>0J0d9dd O gmo  @gdomgdol, obggg 35bmgmbdo o 3gyeo bofoangdols dgdzmde-
2o8m®Adgdol dobbom. dbodgbganmgsbo ©s LoobRgmgbm 0b3gbBodos Fo@dmygbogno
gobol  bodoanodo@osb,  Lowsi  swdmhgbognos @mam@E seaommd®ogo,  olyg
d90dbyamo  gg@oo  @ommb{s®Imgdols  bodydgdo.  dom  dm@ol  selsbodbogos
©omboligh gye@olbomgol sdsbslbosmgdgamo asdmbobyangdgdo, s@fogol Jobwszgdgdo,
boggl Jobwoggds, &oo930 sm@gBol Jobwoggds s Lbgs boggmmdsms Ibs@gmgeno
Lbdganol bodydgdo (Ly@. 3.20, 1-4).

od 3g®omeol dbo@g@ye mommbsdydoggdol 2obgs39mgbgds kgo®yamo dosgpms
(yy®. 3.20, 5-6).

74



4300900 doamgdols 3bmdogo gabgddmedgoo, LoJo@mggmml yo@Es, ©aEYmos
Jbmgaoml  3bmdogr  Igbgydgddo, gg@dem  gm@gdEogddo  (Imbgmgol,  Lobyd-
396 90d9Ga0l, 30930L, bog-om@zol, @mbmbol s ULbgs I9bgydgddo). Logsbygdm
oodmggegg9d0  dogdwgbs kzo®ymo dsgmgbol [omdmdsgammdol, woms@omgdols s
LEoobRg®o ao8m@dgdols bogombgdl (amdgxodgomo, 1942; sdo@sbsdgoano, 1944
TexoB, 1969; bowosdgero, 1972; Vpymanze, 1988; yogosbo, 2000).

430090 dogms  sdydeggdols  LHoaobEy®do  bodbgdom  yzo3F0@©gds
F0bo®gob@ogn®o bobols dbs@Ggdygao dgaommbgmdols B®o©o30gdl. domo s@lgdmdols
3g@ompos  dg.§. I - ob§. I Loggybggdo. bogmo gm@dol, bmdol, hs@hml
Ygbergagdbol LEogol s dsLdo dmmoglgdyeo j3md3dmboiools dobgogom (o g
XOIBOR ©> J3INIBIOSL 040G

dogmmgdol  Loyggdo, Roaygdems  LEomo godase  dgglsdsdgds  m@bsdgb@ols
©3OO>GO Y GbJoob.

430090 dogmgdoll  @odboswgdols  Fgdbmermaoydo  Lgdoon  goblsbmg@dyaos
dobo, Gmamei Ibs@gagmo Lbdgeols dgldygagdols @gdbogydo ©mby. dsgmgdo
hodmlbdygeros do@omo agao@gdol dMobyxsmbogsb (Sn=9,5-10,3%). 3odgo Lsdlbdgenm
ngobgools  dJmbg  dgbobmdo  PbOYbggaymalt  3gogol  Jmegeomn  dowgdyeno
Joagemdomo  go@dol  byleee  dgglgdsl. hsdmlbdol  dgdwgy  dgbTm@gdgemos
bbdgaol ©989d@ado-

o 06@9M9LL 0{g93L 230566M0bx5M—50M9M 3060 bobols d@obyxoml Fomdmgdols
sdsboliosmgdgaro  dmgangbs — ,a5b6dgool*  s@dmbgbols  go@o. ,gobdo”  Jmenbydo
39 @yaols 360dgbgammgsbo  gangdgbBos (eom@mndogsbodg, 2001. ag. 178). jmerbydo
39 Yaol s®goedo 150-dg d@0byxoml aobdos swdmbhgbogro (Ly®. 3.21).

»dobdgdo® 35835bools 69200630 JoM0MSOSW Joerbgmobsmngols Mo
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3ognmgoéols s aobgbgol Jobboom.

dbaogl sdbo@gdols A9dbmemyoydo L Jgdol 9B ol demoogl
0@ go@ydasdmbobyamgdosbo  gg@ibaol  molo (L@, 325,  2), @mdgaog
0537 d53909eos  Mo3©e3003gmo©  GYOEmmgsbo  bodbowols  dgdmdodzgol  ybom
(@o@gogag®o  1igbgdo  mobol  gg90wom  F@oyga  bgosdodby  dgberyga gdagaos
339M30m) s bogmols gm®dols dgJdbol Bgdbmermaoyg®o @gg0d0 bodboswols dG9bgols
300b303msbos ©s3ogdodgdygao.

53539 Bgdbmemaon@o Lgdol 3@obEodom sdbogdbymos mJ@aml msbo (Ly.
325, 3). oJgb m@dogo  ggoergdo, aoMg 3990 godmd@ybgdygmos s dogo
Jge@oEsh 1-2 33 @osdmmdgdbom msb Leggl dol 3mb@ydl. aodg 3gogeo dJodmsb
300Omg0gds, Jdbol mobols ggbl s dmogdgds dodhognygeno dodom (by®. 325, 3).
0ololl m@dol hodmysgodgds swgoms bmOEogmegds dOYbgomo dBsmdols djmby
dodBog hotbby, @mEgbsi JdOYbsgo hodbol @gMdbyg ©odog@gdymo FydEEmgsbo
bodbowo  boll  Bodby  Lofbgggesl  aobyFy3zgdgero  dmdgogdom, swyommd®ogo

3emobBog o  ©gxumadszool  dgogase  aoesnd3gge @Oy boggmmbsw.  as(bggols
30m3gbol @AM boggmmdol gm@dol dJmbg bol GoMo, hsdog@gdbyano Gu@EEmgeb

bodbomsb  ghmow, ddOybog @gMdby asbozol  wofmemsl gudEeols db®owsb.
ddM9bogo  Bo@goRs  Lofbgggmol  Lodgoagdom  gossomogds (396 ®0wSb
39M099M00lo396, 0J3bgds 3d@ybogo ao@bo. asbdgm@mgdomo yosswyomgdols dggyo
3000 05bEsmsb 3oGoMoggds s GoMol Fm@IsL wgdymmmol (by®. 326, 1, 2, 3)
(0og0dg, o Lbg. 1954. @sd. 5).

d3009%35L0  @ommbgdologsb, @@y  boggmmbsms  sdbogbol  Fo®Imwe gbogno
Aa9dboga®o  Lgdobomgol, dowgdymos asofbggomo  3@mEgbol  @sdsbobosmgdgeno
30 gM0ydgdo:

L. 203m(bgygeo dobogols bgsdodby @hgds 3mbigbddygmo [@g9d0, GmIgeoms
bo®dy  ©admgopgdgmos  3odmyggbgdgmo  ostowol —  Lofbyggmsl  3@m@omby,
dJofmegdol Lowowgls o bsdbowols d@9bgols LobJomgby;
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2. 3o(bgg0lL  3OmEglobomgol  ©sdsbslosmgdgamos  sdmygbgdyemo  gu@EEMmgsbo
@wommbol  Loljol Ggmommgdgdo, 3300y ©0539H®0l  Bm@dowsb o 053 R @by
aosliggnoliols grommbols go@lols Lobijol dgdzodgdom ©s 3o®ojom;

3. @ommbol boggomdol godg bgsdo®o 3@Mosgrss, dogs go - bm@gaosbo.

aobbogogemo  sdbowgdol  Ggdbmamyoy@o  Lgdol  g@ogy@o  sbsgmobo
330hg9b90L, @M GYOEEmgsbo  @ommbol  dobogrowsb  @OYASbosbo  bsggmmdols
domgdolsl  aodmygbgdygeos  dGybgol  3M0bz0d0, ©ogog3doMgdymo  (396@G s y@0
30M0bmb@omydo  ©g@dol  dJmbg  hodbmob,  @mdgmoi  Ladgmybgem  hodbol
Lobglbgomodss.  osmbodbyaro  Fgdbmgmaoyndo  Ljgds  Fo@ds@gdom  asdmoygbgds
d300%35L0  @ommbgdol 3esliGogy®o ©sdydoggdolomgol, @mIgandsi aobgoms®gds
3oboGoEs  Joeosbo BudEE@Mgebo  @ommbol dslo@osb W@ YEsbosbo bsggmmdols
5dbo©gdodweyg.

@05 gmols  3gm@Ag@ol oJambs s ggdabaol 0b3ggb@o®o  aobgoms@gdyano
Ibos@gagemo  bganmlbmdols  bodydgdos. o3  3g@omol  ggmogdmbogr  @omnmbms
537 dogg00L Bgdbmamyoydo Lgdgdo @omnmbol gydmEmol as(bggom ©sdydoggdols
®9J6030L 3MEbsL s Lomsbswm hggge-godmEomgdsl ssligymgdl.

d900@0bxoml  bobol  m@osgrgoy@o gY@ g@ols  doFemgdgeo  dganommbyg
bgobabos dow§gggoo, 0o Gybogad-Gadbmmmpogdo sedg@goamds, Hgdbosamo
Sb@ol  gobgomedgbol  mbg  d3.§. I soslfangymol  goggobosdo  dbmgdgdo
Lobmpsmgdol glmg@ogy® dmmbmgboggdoms 3dohggbgdgaos. ol goms@gdoms s
Logangmgoen  Lobgl o@gdes, o3 dmagosbm  bobols s®Jgmemaoyn®o gg@emo  ©s
d300x15L0 ommbgdols bo{o@dol Lobomss (3bmdoano.

332. dgoorgsbo @00Mbgdols ©534Tsggds dg. §. V-I Loyggnbggddo

MJOmddgommds  Jodmgmo @@ g@ol olm@ool gom@gbo ©opo ggbmdgbos
M JOmddgoemdols dgaagdo, Ggdbogs-Ggdbmemyools msgolgdy®gdgdomn asbgoms@mgdols

9JON056 Lol gdsdo 9JG93o- od 0golgdgdds JoolBosbyan dg0M x5
0mmbEsdydsggdodoi 3mgs aobgomo®gds (bobomsdg ws Lbgs 2009. 3. 19).
b9@dbyemo  [yodmgdol dobgwgom smebgmo ,,mJOmdGsgom0*  Jggysbos ©o gL
dmdgbdo dogo o bdgemmsdys bpgol oyxbol  J3gybgdl  dm@ol  goibmggergdian
Logod@m-3q@@yaga 9amog@nmdgdbyg sobsobe.
5bBogu®o  bobol  gmgbgols  ©s  00g@05To  Lobmpswmgdol  obEm@ogan-

JIAYOYeds  gomsMgdsd  mJOmdkgoemdol  s@dogermdsls  Igyfym  bgawo. gl
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30m3gbo 03 Log@omm beEosgag®-g93mbmdogyg@o Foblgamols s domsemdbs@g®ygero,
obggfogo dmmbmgboangdgdols aodmbo@ygangds ogm, @mIgaobsi obFogy®o bobol
LoJo@mggenmls o{0boyg®gdyao LoJoensJm 3bmgmgos, Fodhobgdyano
SO0LAMOsE0ol  Loghom  gbmgdgdol ©mbg  aobsdo@mdgdws.  ganobobdol
JAROIOYmo  yogargbs  byarl  giymdes  swyommd@ogo  bogmogdo  ws  Lgmog@o
39 B0l s@dogmmdsls.

d3.¥. V-I Lb. dbs@gagemo bgenmlbmdols bofos®do mJomddgoemmdol, Gmmggdogol,
dgo@9gsbo Jggools sdydoggools d@Fyobgogrg dobognsls dgoieglh. ol oJgdgbowydo s
9ge00bolB@-amdoygao  bganmgbgdol aoM3397e  ogergbols gobogwol, dog@sd dobo
4o syommd@ogo  Fgod@obxoml s Fobo@gobBogn®o  boboll  dbs@geeo
bgenmlbmdols B@s@o3ogdos. jmebgmnol mJOmddgoammds spaommmd@ogo Ibs@g@ageno
B®o030900L  dobggom  Yoodgdmws s 8dogg ©AOML  gomoMEgdmws  aoMy
Lodgo@mbmsb ddo@m gy g@geo 3mbRsd@gdol Logydgge by, @353 god 33990
aogemgbs  ombos  swyommd@ogo  mJOml  bsdgoygmol  odbowgdols  dbs@gyen-
A9dbmemyoydo  jgdol  gobgoms®gdoby (kymbos, 2013. gg. 117). sdol  boomgaro
oslBYMgdss  gobol,  Lmbydol, dodgobmol, 3dibgmol, sbosgmam@ol o9 ULbgs
oM Jgmemyog@o  obosgngdols  mJ@mdkgoemdol  bodydgdo, Lossx jgmoedmdogn
@ommbms  ©sdYdoggdol saomd®ogo, wsdsbobosmgdgao 60dbgdo — Lodgoyeols
Qm®dgdo, dgdgymodoms  bobg, ©odbowgdol  Fgdbmermpool  36mdoeno  LiJgdgdos
3o, dOsogom@obmgeb,  dMsgo@ag@mgeb  bogmgdl  dm@ols  gsdmymgogos
S0 MOM0g  3OMPgLbombogn  mJHmddgoga-bgamlsbms  dogd  gdydoggdymo s
053330009090 MJOm-390baol  dbo@gdygmo  ©sdydoggdol  bgdbgdo:  hsdmlibds
Ggomol  doggmon,  podnEgege-330@Ee,  mgpde,  Oboggs,  pofgmgs,  dmEaedge,
dmd0bsbJ@gds, dmbiggomgds.

gobols bodoenodo@by 9dggerglbo mJamlb s ggOiberols bogmgdo d3.f. V-IV L.
05000Egds. bodgogmms gl bsfomo [o@dmwagbogros ©oswgdgdom, msglsdisygeom,
Loyy®ggdom, ggeolbsdsdgdom, Usjzopgdom, ddoggdom, dogsizgdom, 0bidgldocdgdyemo
9o 3ogbom, Lodoxy@gdom, dgkogdom, 3goGomo dgdigmo  godgo@Ggdom. d3.§.
M-I UL, gobol  bogogmsdo@ols  m@ml  Lsdgoygado  godmgengbogros  ols  sbogno
dodo® g gdo, GOMdgeos SEA0EMIM0g 0O goemdsls 90 0bo i@ y@
bgermgbgdoslmsb o353do®gdl (bym. 3.27).

Logyg@omgdms  gobol  bodomsdo®byg  s@dmhgboano  bmgogtmo  Lodgsygaols
©adboggdol Gagbmmmpool gargdgb@gde, Gmdmasos gerobolby@o bobol jogbgmols
dg00x5L0 @ommbgdol sdydoggdols Lobgamlbmms bofo@alL sbobosmgdl.
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doboyg®o Fobol s Gmyeo Ggeoxgol djmby bodydgdo doMomsws Jomgdbymos
3000l dmpgemom, dgdeamdo bgosdo®ymo sdydeggdom (LbIygaol ©gsng]@gdol
> 9bylGmdgools dgbFm@gbom, 0bzOylEBoMgdom, ao3@Mosagdom).

MJOob ©oswgds (bya@. 327, 1) dowgdyeos a@dgbogno @gogols m@3ogosh @mIdyan
Q0OR0AJOMSb  JogAmgdom.  ghmby  @mdgdols s  Gobgdol  @gerogny®o
aodmbobyagdgdos, dgmmgby — @mdgdol, bodgdols s Jyd3ogol godmbsbyangds.
Ygbergagdbol Bgdbogom oswgdgdo bgoglos, dEomge asblbgeggdyemo ©g@omgdbom,
OmIe gdo3 Jomo ©sdbowgdol do@oms @gdbmmmaoy® gdsl o 3genolbs.

basbbyeo @go@o mmbbsbmgsbo @Ml gy@E@mgsbo boaol gO®Mdsbymmsb
doadom,  do@hogngomn s  a@gbomss Y bOgegdygmo.  @gogol  dmamgdo
dodhogrgomgyg 93033000 gds AMIdye BoMBoBdL. OMIdYEo FoMmRoEgdo s doliby
aodmygobogro  3md3mboios  Jowgdyemos  Gogmo  mgagol  3Gobzodom. gy EEols
m®0g9 dbodgl aodmygobognos gsdmbobyangdols Mmam@ ;3 doGomswo jmbBy®gdo, olyg
sdbdotyg gangdgbBgdo, ©sd9dsggdoygmos Lododm @gaogaro. @oswgdol sdbowgdols
Aagdbmamyoydo  Jgdol  dobgwgom, JoGggmoe  dowgdymos  QoARoES 353056
©0gOobnsh  gOmse, dgdoamd  Jmdbswgdgmos  basbbymo  @gomo s dmenmls
‘dg3O9000 dogoosbo bogmo besbbyano @ gogools 05 O®ddyano
LBo@obgdygmasdmbsbymgdosbo Bo®goGgdbol gOmdsbgmmsb dodhogogom.

3906baol  osegds  (bygd. 327, 2). dgoygds ®@o dJoomswo  bsfoamolsysb:
aMgbogro  @goaols s dboGgdymoe  ©odydoggdygmo  OMAdygmo  BoMBoGoloysb
YgbogMogo  goggdom.  wosegdol  a@gbogo  @gomol  bofoagdo  oblbgeggdaemo
33900boss, dJowgdagmos 3390300 mnbR@mosbo bsdbswols a@gbgom.

Lbododygol d@9bgol bo®olbo goblobrmg®sgh mmbbofogosbo (bgaoligd®o @ goaols
QOIS

a0gbogno  @gomo  odbogdyemos  Ldogngbdom s  Sbmodmbom g gao®gdio
3903barolygob (Cu=2,0%; Sb=2,0%; Sn=0,2-0,3%), asbOwogros @go@ol Loddgoxol s
M ggo0mdols dohggbgdagdo. godmygbgdymos ool Lo®hogno.

Omddyg@o  BoOBoRgdo, ULbgoslbgs bHomolb@Gy®o godmbsbyagdom, a@gboen
Aol 3390300  9go8dodegds  ob  dogosbos. go®gods  Ibs@gd g
©ad9 5590900 Gdo@o Mgagom HMbo®ogaroo.

3obols bodoenodo@o@eb mdmls s g9mEbmol woswgdgdo mgag®o bgemgbgdols
b0dydgdos.  domo  ©odbogdolol, mgagol  3OmEglol  Ao®s,  2odmygbgdymos
MJOmddgommdols  3bmdogno  bgdbgdo:  Lbdyamo bodbowols  mogolygsemo  dgwge,
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A393>,  dodhoangs, 3396035, tgbs,  Hmbo®gds.  dgo@gslo  @omnmbesdydsggdols
ombodbyeo oMol d@ogom3dmgomosbo  gybjios  Iglodsdobo  Egdbosy@o
dglodagdamdgdom oy 2ob30®mdgdymo.  ©oswgdgdol  do@oedbo@g@ymo  Loby
MJOmddgoemdols bg@bgdol ©s ULsdydom oo@owols bOymymxzgobs ©s bgermlibols
dooa3Omaggloygmo wmbols dshggbgdgenos.

JO@ba®o  mJomdkgowmmdols b0dydgddo (ospgdgdo, Loyydggdo, Ladsxy®gdo,
ddogbogowgdo s  Ubg) osobobs bdgamms  Fyobwgol ©s dggero  s@dmbsgagmols
(3030200bs30900L 39 B YO Y YAOM0JONMd>MS o380 9bs SOA0EMM0g

@omnmb{o®mdmgosby (®ex039a-0g3mas@oygmo oo, Liywmd@ydgemo bobosmo).
5dobmsb, gobdo  sedmhgbogro ®mJ@mbs o  gg@Ebaol  Lodgogergdo  baslbosmgds

boggomdoms  sdbogdols  ghmosbo  Fbs@g@gm-LRomolGydo s  Bgdbosn®-
A9dbmmmayoydo  IgleOygamgdom.  dbgogbo  Fodydo  LEogolbs  ©@s  ©sdbowgdols
A9dbmmmayoydo  Lgdol  Ladgoygeol  bodydgdo  bmdogros  gmenbgmol  Lbgs
MJOmddgoemdols  390gdosbsi  (boodbyg, d@oano, ombgolbo), Go3  39bgB0g9®0s
Jo@by®o  dgodgolbo  @omnmbesdydoggdolsmgol. ol ggogdodgds  Loyzybggdol
dobdognbg  dgdydoggdye  mJOmIdgoemdols  LEowmoli@dyd-@gdbmmmaon®  1igdgdl,
30050©gos gaobolFy® bobsdo o g®dgamegds dmIwgzbm 3g@Momdo.

5b6B0g1®0 bobol dgo@gslo mommbol @sdydoggds mogols dgdoamad aobgoms®gdsls
omfg3lb.  @ommbol  boggmmdoms  Ibs@g@yamo  Lobols s  sbogmo  gm@dgdols
9939 doggdol  dobboo  wobggfomos  Fgdbogy®o  Lodygogmgdgdo,  smgoligdyemos
MJOmdkgoemdol  bgaomgbgdols  d@sgogmo  bgdbo.  bgermlbmdol 3 o@ol
dOogoedb@®ogo  aobgomo®gds  ogo3doMgdgmos bofo®dol  Lolbsmbanm  bolbosmmsb.
obBogg®o  bobol  Lsdo®mggenmdo  Lobgendfoxgmgd®ogo  dolI@odol  Lobgamlibem
3590m05bg05m5 5OLGdMds 0g5MoYgds. 53 WMol Lodgogmol d@sgom@oibmgbmds,
sdbowgdol  Fgdbmmmaools s  LFoawol  ghmgagzemmgbgds s oemdMog
30mx9bombsen M JOHMddgogmmmns bgmamgdols s@OLgdbmdsbg dogmomgdls.
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333. d3.§. VI-IV Loygybggdol geooboligy@o bsbol 69dobds@ogn@o dsbisas

S0 MdM03 dg0MRsLo  @ommbols byganmliby@ bsfo@dmsb gomsw, gmabgmndo
BoOOOE  §OGI@EIdS  3g@abmol  dmbydhs ,,go@bydo  mgmGeT,  dedjmoa
JoMomos  dogbmgolido®gmls s dmogo®  bogod@m  dogolB®ogbg, 3. @ombol
>9bdos o339 go Y. MMAMAOE RYol gOmgyeo, ols sEaommd®ogo Logok®m-
9306m3039@0 YO0 gOMMdols 25bgoms®gdol s@lgdomo 3o@mdss (bobo@adg o bibg.
2009. gg. 18). dmbgBgdo 3bmdognos aoblbgoggdygemo  Godgdom s  goMosb@gdom,
bmdobsgmms  ©0xg@Mgbo®gdygmo  LobEgdon  ©s,  Gmym®E  goblsgym®gdygemo
69dobdsBogydo  xauRol  gOmgymgdo, gOHmo Jmebydo JoEgmomn  gOHmosbegds,
sEPEo0s dmbgBgools Fmbol dglodsdolo 3obmbbmdogdo sdggds (Mgdgpoeydo).

do@bgmols  69dobds@ogy@o  dobogrowsb  3bmdogros  ,gm@bydo  mgon@ol
@53 9b0dg bemdobsgno (L. 3.28).

L @gddopdsdds (d3§. VIV UbL). o390Lbg @mdoll mogol godmbsbyangdom,
M9390Lbg dgMobsgo ool 3GMEM™Iom; (3bmdogno  gabgdememgdols dobgrogom Fmbs
104-13,0 a@sdos (Liy@. 328, 1);

2. op®dsdds (d3.F. VI-V Ub.). o3960L%g IFmemosdg eomdol ob ssdosbols msgols
aodmbobyagdom, @g390Lbg bodolbmsgosbo dodggemo  s@odosbol ob  gHmIsbgmols
dodo@m JodG9bgd e 5©sdosbms moggdol yodmlobymmgdom. goblibgsggdoyamo Fmbom
(8,99-9,90 @) (Lym. 328, 21-22).

3. @sdds (d3.F. VL) 0390y eomdol Lgoendol, @gg90lby bodols msgols
aodmbobyagdom. Fmbs 5,52 o (Ly®. 328, 3).

4. bobggod@sdds (B@omodmens) (dg.§. VI-V L), 5390Lbg @mdoll msogol ob
505d0obol mogol godmlbsbyamgdom, Gg3g@lby @mdol 3GmEMIoL ob bo@oli mogols
bodbom. aoblbgsggdbyao Fmboo (1,7-2,6 ) (bLyd. 328, 4).

dmbgBgdol gogdigegdols s®gogmo ©s, dgbodsdolbow, domo g3mbmdogyd-Lboged@m
YOM0gO0nMmdol  m@d0Rs  gomebgmol  bodgam  GHg@o@m@osl  mobbgwgds. Gmym®3
Qobgygamools  gOmosbo  g330g5e09b@0,  gmeby@o  mgmn@o  Lobgad{mgml  doge
gyeoeo  Jodmdiggol  dodomopo  ghmgygmos.  dmbg@gdo  Ibswgdmws  owo
GomEgbmdom s gowbgmol  Lsdgxnml  Lodosb®dm  g3mbmdogol  0b@g@gligdls
9Iboby@gomes (yboygs, 2013. g3. 6-8). gma@by®o mgm@o SOy Yo®gdos  Jggybols
‘dows d5b@0l Jmmnbmgboangdol s Lalsdmbenm-gumoe© @m0 gHnmdsl. jmenbgmols
A9O0HMA05bg bodmgbos  gmeoby®o dmbg@gdol dOsgog@oibmgsbo  asbdo  (3obody,
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1971. ag. 116; grm@njoxsbody, gg@odg, 2005. g3. 102). jmebydo mgon@ols goGmnme
Fomdmgdols  god@o, 39b@®smobgdbygmo  Lobgendfoxm  g3mbmdogols @  Logod@m
LEOYJB0go0L  asbgoms®gdol  m@gsbobsizosdo,  gg@Ebaol  dobognols oo
d60dgbganmdols 25bdbobrgdganos.

dmbgBgoo dok@oaos Foboll{odhodmlbdygano © 2odmd gooao
bobggo09350M 0353 00sb. RoOgoR 0l bmdgdo S LaoFyobio doyemds
SM5JAMYZoMMZbos,  5OsMbsd@sE  o3Lgdl  G3oxn®gdl.  Fgoxdgool  ©sdydsggdols
©mbg  dgB-bogengdo  Mm3Godogy@os, 25dmoyggbgds (330w gdowo  [bggom. dmbgBols
m®0g9 Ibo@gl godmbobyangds bmdogho byLEos, gomdgdm§gdommdbols bgosdomo
SO g0, dglsdhbggos dbo®gdo. gg@Ebaol doboans  aodmfbgboanos  @mama3
(3030, 0bg gbgero 3eslGosy®o gBM@IsEo0m.

2300b9e0bolRg®o  boboll  bobggeode®dsgdol  bmdobogrols  dmbg@gdolomgols
sdoboloosmgdganos Fmbol d3390@0 dgdio®gds, o3 Lobxol g@odmddogo jangdol
A9b0gb3o0m 50blbgds (yboys, 1995. 43. 40). dmbg@gdo Lydg@s@yaos. dsbogrols
Jodoy@o  Jgygbogmdol o  odboswgdoll  FgJbmanmyool  yomgsgolifobgdom,
20dmm Jdgeos Inbsb@gds, OmI mgombsdoo Lo gbdolysb sdbowgdbyao Imbg@o
390:beromss sdogoasdo@gdyao (gobghoansdg, 2009. ag. S1).

bobggo@mo@sdol bgosdo@dymo ©s JmbgBol d@oemols 3ggmols ggbmd@ogo dsbols
dogmA bR 9bmL3gd@ O yero sbagnobols ‘dglodsdolow, dmbg@ols bgps30M0
ogsOYos dowseo  Lobyxol ggdibanol ¢9bon (Ag = 89,5-98,3%; Cu =1,45-8,75%),
a9ols bofoedo g9@Eberols ©s Ldogngbdol d9digg9emds (330 gdoos. dgozogl
L3ogngbdom  asdwopdgdyger  (Cu = 41,5-89,5%; Ag = 8,5-60,5%) o gg@Ebeom
2odoEAgdbym 9dbgols (Ag = 55,0-91,5%; Cu = 6,7-40,9%); (yobghognsdg, 2009. ag. 151-
171) (gb®. 3.6).

ombodbyeo  boboswols  Lodmbg®m  dodmdiggs  860dgbgenmgsbo  LmEosay®-
93406mdogy@o  dmgargbss s Lobyxol godobbyeo dgdzodgds o  g3mbmdoy®
doggdsl  odenggs  bobgandfogm  obbEo@ydgdl. dmbyRgdol  @sdbowgdols
A9dbmamyoydo  ULjgds 23580J0gd0bgdl, @™ dJmbg@gdo Imd@omos Lobgerdfogm
bo®oxgbobgddo  3Omgglomboamo  mbEsGgbol  dogd  (0bsbodgogno, 2003. 3. 94;
eem®ndogsbodg, ag®edg, 2012, a3. 226).

30bymol Lodggml  dogo  dobo@dby  pogbmggmgdgmo  ggmso  dodmizggom
3ob300Mdgoy@os oo MsMmEIbmdol ggMberols dsbogrols @gogobsios dmbgdgdols
Loboo.  ggO@beols  (o®dmgdsl oo  dbodgbganmdbs  gbodgds  Lobgerdfogm
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940b6m3dogol  dobolol  dgJdbolomgols,

300@0@ 03900 3oblbmeowsizools 3Gmisglo.

hJo@gods

Q0™ 030

Lobmpsmgdols

3ab®ogro 3.6

3O@byg®o mgm@ols bobgge@e@sddol bmdobogrols dmbg@gdols
Jodoy@o dgoagboanmds

N bogomols >mdmbgbols Jodoyg@o g gbogmds
IGO0 >A00 | Ag | Sb | Pb As | Cu Si
1 bgsdomo 1 o 96,5 | — - - 152 | -
AGogo 2 g 562 | — | 345 | 043 | 570 | 697
5 | bawedodo 1 - 944 | — | 003 | 025 ]| 041 | 347
AGomo 2 d¢ 842 | 0,05 | 2,67 | 030 | 742 | 025
3 bgssomo 1 o 923 - - — 3,17 | 0,15
LGomo 2 3 699 | — | 045 | 0,14 | 269 | —
4 | amedodo 1 . 955 | — — 10,00 | 315 | 024
AHogo 2 3 9,07 | 0,05 220 | 0,15 | 82,7 | —
5 %8590(}0(4)() 1 G0 89,5 — 3,30 — 3,05 3,35
LGogo 2 & 26| - | - Jo14]556] —
6 ‘bagpo&o&m 1 6o 97,7 | 0,04 - - 1,10 -
AGomo 2 & 444 | — [ 05 [091| 519 | -
7 bgosdomo 1 o 98,3 - — - 0,20 | 0,06
LGomo 2 3 267 | 004 043 | 007 | 718 | —
o | bagedodo 1 - 95| — [ 020 [0,0] 475 | —
d@o@o 2 & 180 | — 0,10 | 0,06 | 799 | 0,05
bgwsdomo 1 96,7 | 0,01 | 0,03 — 1,05 —
9 N
LGomo 2 °00 7865 | = | 450 | 0.3 | 835 | 0,09
bgsdoo | 930 | — | 084 | 140 | 3,90 | 0,04
10 N
LGogmo 2 o0 T8 1003 | 305 | — | 627 | —
bgwsdodo 1 90,9 | — - — 485 _
11 Yo
LGogo 2 JORORY 5517005 | 02 | — | 87.1 | 0,03
bgwsdomo 1 94,7 | - - 0,30 | 4,30 -
21 Jeogmo 2 b ST [ = | = @] -
B3| bagsdodo 1 o 909 | — | 0,17 | — | 830 | 0,03
LG0mo 2 Ch 103 | — | 300 [020] 82,6 | 0,00
14 bgpsdomo 1 asho 90,5 | 0,02 | 0,30 - 8,75 -
AGomo 2 3 313 1007 505 | — | 575 | —
bgpsdomo 1 97,1 - - — 0,80 —
15 6
oo 2 gono 830 | - -~ - | 45| -
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34. ®goboli 3g@>eax®0s
34.1. &30bols dowgdol ,,(30389Gg0m0“ 3BM3gLo

9dggeeglbo  @g06ol gy ag@ol  smgobgdols  3GMdangds  L3ogrgbd-d@0byomls
dgB o y@yoslmsb 3ogdo@do goboboangds, dol ¢ dygsam gogddgegdsl Fomdmowygbl.

@3obols  IgBoydaools  smgolgdol  Fgdbm@maon®d  Logombgol  de@ols
g9@o@gdsls  0dboby®gdl  d@0byxoml  domgde-sdydoggdol  domsmasbgoms®gdyeno
Logggby@ols @gdbogydo dow( 93900l aogangbs, @3obols dgBomygdaools Lofyol g@o3by.
d@0bxoml dgBoydaool aobgoms®gdyeds Bobsd (dbgans sebsygbo L3ogngbdols
byyangoyg®o dobgdols s3mygbgdols dgdmbgggsdo), Fo®ddmgdol @mymo gobosy®-
Jodoy@o o  Fgdbmmmgoy@o  3oM5dgBMgdols  yomgoolifobgbom, wowo yogergbs
doobobs d@0bxoml Fo®dmgdowsb @3obols dg@oeydyosby gowslgmol 30m3gLdo.
dg. (. II sosbfergyaol  dgm@g  bobggmols  g3ybdEombo@gdsw  3g@omada o
@ydegddo  doPgumo  Bgdbogu®-Ggdbmemmyoygdo  dsbslbosmgdangdo  (dowbols
dm3mggde-godomgods, Logegol s gabarasddang doslogngdol dg@dbggs, Juycdol
30bLA®Y ]300l gobgomsmgds, IgBomygdaoymmo 3GmEglol g gamdol gd3o@oyeno
(3MEbs-25dmELoagds)  Logdo®obo  sedmhbps  @gobols  dgBosey@daools  holbsbge-
aobgomaomgdolsmgols.

Jobs  obos-30g35L00L  Ggaombdo, @z0bol  dg@ogydaool Lsfyolgdo dg. §¢. I
s0obfangyganol  dgm@g  bobgg@owsb  9bos  gogo®oywmm, ®mdgmoi  dM0byxoml
Fo®dmgdols  oygoggdol  bobol  ¢9308F0dgds  (KotoBuu, 1977. ag3. 76). &g0bols
dgBomydaogmo  [o@dmgdol  sdggmo  g@odo  Lomoggh o@gdl  ggg@swo
0mmbEsdydoggdol, d@obxosml dgGomyudyool Foowdo (Xaxyranmmsumm, 1987. o3.189;
Crenier, 1965. 3. 235). 3o®ggero dg@og@aogeo 30m3gbol dgogyom  dowgdyao
@3obs  FomdmJdbognos  L3ogngbdol  Lyeragoo@o  dosbols  3o@ggeowo  ©bmdols
30mydddo, dogo  Ldogngbdol  dgopgbogrmdsdo  o@Lgdoymo  @gobols  dgdig9e00
Lofomdmm bodhgbgdowsb. 3 dgdmbgggedo aslbomgogolifobgdgenos ol dmdgb@o, ™I,
Lofo®dmm bo@bhgbgdol Lobom, dgddboaoym ao@@sdsgomo @Ggdbmermaoy@o @ameno
dM0bxombs s @gobols JgHomudaoym  Fo®Imgdsl dm@ol. 3 abon dowgdyero
sbogno  @ommbols dobs, dgdoamdo 3bgero dgogom ©sdydeggdols dgdwgy, ®gobols
30bogydo  mgolgogdol gEbmdolsmgols Lokodm 3@sjdoggee  boggydggenl  Jdbogs.
A9dbm@mayoydse Jgsdo o@ bps o0gml Imbsb@gds, ULdogngbdols s @zobols
dobol  gOmEAmYmo  asdmygbgdols  dglobgd,  Ipbmdo  gaoyglol  ©sds@gdols
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‘dgdmbgggsdo, @mEgbsig smEygbomo bmdom dgbspymo @3gobols dobol Fo@dmJdbos
dglbodengdgemo. yggens bgdmhsdmmgmomo B gdbmermaoy®o ©g@ oo, ©s3o8d009d a0
®30bols dgBomyg@dyool >mgoligdslmab, d@0bx om-6 3obols Fo®dmgdols
9AH00gOMESIs>3ogdoMgdgen oy ydgb@gdse  bws  hsomgomml.  yodemmJdyano
JobobBgdom, @ 30bols 390 Y@ol smgolbgools SOM Y00 9630,
doomasbgoms®gdyemo dMobyxoml Fo®dmgdol B 9d604390-39dbmmmaoy® dow§ggoms
9o 2oa@dgengdos.

LoJo@mggenml  Gg@odmosby s gmmmaog®o  aomnbdgdom  osmdmhgbogno @
303 gJbydo  dglfsgamommo  @z0bol  g@omygdpoygmo  Fo@dmgdol 39690
dOogo@@oibmgob  dobognsls  dgooglh  gobols  dowgdol  (30309M30m0  3GM39LoL
aodmggenggolbomgol. hggbl bgemss @3obols Ig@oga@aogeo Fo®dmgdols dgaagdo

Eslogmgm ©s s@dmbogegmn LoJo®mggerml @gaombo@sb. @ g0bols dg@sey@dyoyeno
Fo®dmgdols Jglfogamols wmby @sdwgbowdyg goblibgoggdyamos, Lbgowslbgs aodowbgdols

Lob@gdol  @ogggyee  doobyodmbogemgdl  93o83dodegds  ©s,  dglodsdolow,

306309@ 90 Godol by gymon  gybjzombo®gdl.  olEmE@oya-IgE s yyoeo
0ngogbob@olbom, mddamgJlyg@opss  dglfsgemomo (396G smu@o  sdog®goggolool

M930mb6d0  aobmopgogemo  Jggdm  Jodmeols  @gobol  dgBoygdaogmo 9@
(I'semumBrin,  1964) o @ologangm  dog@goggobools  ggma®sgoyge  Log®3gdo
sOlgdygmo  badb@gm-s@dmbsgmgmn  dogobwgoldo®gmol  @3obol  dg@ogydyools
(3960®o0 (Xaxyraumsuau, 1987). @jz0bols Fo®dmgdol wobosbosmgdolbomgols go®33g99ensw
Lo0bBgPglbe 0bgm@dsizoss oo Lgsbgmols ([eren-Kosanepckuil, 1935) s @osdkols
(Mgbgosdgoeo, 1964) dg@oydaogmo 3gdgdol dgbfogerols gogagddo. mommgygeo
dgaeo  @30b0l @@ g@ols  gobgomedgdol  aoM3399c  obGm@oge  dmbsiggmls
dmoizogh o Lbodom-dg@omg@aogemo  @gaombgdolbomgol sdosboliosmgdgero
e goeg®o @ g9dbmmmaoy@o dohggbgdengdom asdmomdbhggs (Ibgwggermdsdo doowgds
do3b9B0d YO0 s 399500H YO0 M30bols Fobol gobaoggdol LoliGgds, dmosbo @s
doolfobs  bmbol  joMogdgdom, Dbwgoldo®s Jg0dbsdo  dogbgBodol  wsbsgrgom,
dglododolo@  godmygbgdygmo  dobols  godwo@dgdol, asdmfgol  ©s  dgibmdols
M390530900L  mAASbobsoym-B9dbogy@o  gbodangdamdgdom).  dg@og o
300580 Ygdogogo  goargggmo  dgHomgdogmo  mdogho  bggbodeg  dowefggaos
Lofo@mdmm ogerols dJoGomspo s@@0dy@gdom: Jy@om, boddgbgdom, Ju@ol dgangligols
RMoadgb@gdom, dowbol ©o [owol oo GomEgbmdols dsbon s Foddmgbol Lbgs
bo@bhgbgdom.
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dobosb  3o@Esdodmo  speagbom  G3obols  dowgdols  3GME Lo,  mobsdgdmgy
dgBomygdgoge  Fo@mdmgdobogob goblbgsggdom, 3030905000 3GM3gLos ©s dgge
Jbmgaomdo  @g0bol  dgBogydaool  GgJbmemyoyd  Logyydggenl  Fo®ddmowpagbl.
Lbodo@mgganml  Gg@o@dm@osby sdmbgbogro ©s dglfsgamommo  @gobols Fo®dmgdols
Jadgdo  gobgomodgdymo  gmblE®ydaoom  asdmomdhggs s domo  asdmygbgds
dgbodengdgamos  @3obols  sagbols  jansbogy®o  3GmEgbobomgol,  @mdgaroc,
bmy096mo L) 3@ 0 9J60390-8 9dbm@maoy@o 0530L9d99®9d960L
2omgo@olfobgdom, yggems dggemo dg@oeydayormo mdogd@ol sbogrmaoygdos.

LoJo@mgganml Bghodmmosby s@Jgmemyoy@do gomnb®gdom swdmbgbogro @ zobols
Fomdmgdols  Jydgdo,  3mblbEOYJaogmo  dJmbogdgdom,  dob@ydo  @ydangdos,
amIemgdo  Igedogdmdge  LEs@ombodyge  Jg@omygdaoge  ®mdogddl  Jdbol. domo
30bLAOYJzogmo  Godo  d@obyxoml  dg@ogydaool  Bgdbmermaoygdo  3@migLols

Jgegas dowgdygmo godmEomgdol ©oa®mggdol Logydggebgs dgddbogno, Lswsi
odbopy®o  Jobgdowsb @3oboli s@Eagboll M3Godomudo  Bgddgas@ydyamo  Lgdos

odmygbgd o,  s@dmbsgangm  gg3@m3ol  @gobols  IgBoeydyoygeo  Fo@dmgdols
9JLBgbLoygMo  Bodol  @ydeolopsh  aoblbgsggoom  (@sdsbolosmgdgemos  @o@gbols
39900l dgmommbyg Gmdgdolbomgol, dgdpamd @mdsyeo 3g@omeol dysgg@m3ols
Mg30mbols ‘dog0 omnmb{s@dmgdolomgols), 5d09® 3o335L0gG0 063 gbLoy®-
d9edogdmJdgoo  Ig@ogydyogmo  Juds  dgoodgbomn  Fo®Imgdol  do®@og
LEOYJB 9O 90 9dgbdgdl dgozogh s Loddgbgderem  dologol ©s bobgamlbem
R5M0Mdol 9306mIog90mdom bobosmegds (L. 3.29).

dobB @ ©udgeTdo bol bobTo®ols {gom gobgoms@gdyano ds@omo Bgd3g@sd®s
JmJdgegdl  Jgdol  dogen  Lsdygdom  s®gdo  hos@godmygeo  3obdol Foboby
(bobBo@otdosbo). gobsowsb @ydeols 3mblEOYJEogEo gobgomsmgdol Lbgswslibgs
96o3%g dobo doJlodogny@o Lodosweng o@ swgds@gdmes L5 dgd@al, @gobol dswsbo
Jaoob  ggoa@gbo  bges  bofomowsb  gdgames  Hd3g@s@a@gm G980, Lopsa
m9dgeol dgdombols Ggg0dom 0ddbgomws 3oMmdgdo os@dagbo soMol s 3obdol
bogowols  dgbggodolomgols (C+0,=COz; CH+CO02=2CO). omdpagbo  so®o  @ydgendo
sOLgdyeo  (bggom  dogdodmgdmws  bgdmm s 3obdol  gogmom @y gb
5@dmlggaml  Jdbows (mogsdg o Ubg, 1961; baukos, 1948). @j30bol sy gbols
30m3gbo  @ydeols ho@godmgol Lggemesb (Lsggmdgbmsb) dodwobo®gmdl, Lowpsg
®993g05@0s  1000°C  s@gds@gds s  @3bmdogno  Jodog@o  @godiEogdomn @ zobols
odboegdols  aoMEsddbs  brpgds. mdydo  9g8gJdol  dosmsblo  @opgdomos s CO-b
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bogowoll  Lfm@o  @o  oswdogogo  aobofoangds  3obdol  Fodsdm  g9@E03o@@0
‘dgdbggedo bs3oom seagbomo 3OME Lol Mm3Fodsga® dgogal 2obsdo®mdbgdls
3Fe203+ 9CO — 6Fe + 9CO, + 1947 3oan.

@gdeools Fo®domds Jy@dsdo dodwobsdyg 3@mi39Lgdol @gyymmodgdols dgdsbobdols
300©53003OM3MGG0Yos. G300l  @yagol  dolbodsgnyg@o  asdmbagoemo  Logobdy
dobogool bo®obbols s GomEgbmd®ogo (ImEygamdbomo) dohggbgdangdols dg@hggom
doow(ggs. Gmgmei  [o@dmgdols  Fowgbol  sbogobowsb 0633935, domo  ©bmdols
®993905@ O 2oblbgoggdygemos s, Jodog®o dgoagbogrmdols dobgwgom, 1150-1280°C
H993905@ O ©os3sbmbdo  oiggengds  (gb®.  3.7-38).  dbgogbo  dmbsi39dgdo

oLEAYAEYds  Fo@IBo@ols ws  @o@gbol  3g@omeols  g3dm3ymo  @3obols
Boomgtyool  ggerggol  Ygrgagodos.  boweg  @odrgbordy  5obbbgagydgemo
G933905H YO0 @gg0domn  sds@wbmdboo  Fopgdos  domgdbyeno  (Grinier, 1965;
Morton, Wingrove, 1970).

(30359300 36m39Ldo A3oboll mJLbowgdol doMbo MomEgbmbdom dmbsFoggmdolisls
(Jomo  dswogno wobgnmysizools bodgg@ogol godm) mgom @gobols mJlowo gsdmwols
Voesdo  dgdogogmo  gengdgb@gdol  ©odgebaggeols gybjioom  (Ly®m. 330) s dobo
d609gbganmgebo  bofoano  seEagds  @ommby®  @jgobs. @gzoboll  mJbowol  gBmo
boFogro 930890 gds  gogdofol s  Fo®dImJdbols  @gobom  dpows®  Fowpsl —
35000@l (2Fe0-Si02), dmIgenlsi d9dwgy 990megds gudo Jobol Lbgs mlbopgdogs.
Loddgbgool  bmbsdo  1350-1380°C  §gd3g@s@ @y  0bGgdgogdo 0]dbgds  300™mdgdo
Fopol mbggee dogmds@gmdsdo dngomgdolomngol. sdsgg @M, dgcbmdoamo @ j0bols
bodxbg, @ommbydo, m@gdamolgdbdo dobs — @3obol @auago dJoomgds.

dggero  (30809Mg0m0  3@mEglbol  @gobols  dowgdol  g@m-gHmo  3G0bEodyaro
dmdgb@os oMo  godeo®mgdygmo  dobgdoesb ofowgol 3Mm@Egbol Mgagmo®gds.
Lbogroiogdomn  dpoos®o  [ops  odogobmdowos,  mbggogbso s s@gomsw
boenwgds Fo®Imgdol 3Omeyddl. dobo asdmygmegs Jglodangdgenos bsddgbols sbaomls.
dgbFogeomo Fopgdols ©bmdol E9d3g@s@yds 1150—1250°C godamgddo msglogds,
odo@dmd Logdgbgools bmbsdo s@ligdym G9d3gms@®sby (1350—1380°C) {ows L@y
boawgds  Fo@dmdboen  @3obols  dslol. odogg ©@@mL, o@Lgdomo  3b0dgbgarmds
gbokgds  Fowol  Bgd3g@s@ycdol  dobodogry®o s IoJLodogry@o  bwgdols
(3o goomdols @obsdogol. 1100—-1150°C  {gd3g@s@ydger  bmbsdo dmJagygeo Fows
bogergdoe mbggee dpamds@gmdsdo [omoRs3gdl wowo bmdol ospywygbgen dswbols
bofoenl o (omdmdbogn G 30bol doM3gargdl. 1350—1400°C 3 g339Mo@y®ol @ goendo
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>Olgdymo bgdg@oe aowobydgdygmo Fowol dobs dobols ©s swwygbogro @ jobols

bofoenl ggo®ogl. m@ogg dgdmbgggsdo gg@bogds seagbols 3@Mm39Lo, sy gbgeno

dobol bofogmo @ Fo®dmJdbogro eyyago @z0bol o igergdo  Fowsdo bgwgds.
odgbse, Bgdbmmmaon®o Ggg0domn  goblsbwgdyan doMomse  sbsgomagdl  Jy@ol

bodydom  Log®iEgdo  s@obdygemo  speagbomo  3Omaglom s bogmgdow

939009090 o>fowgols 39dobobdom asdmTggnmo wobsiodmygdoi gdo@gds.
Fomdmgdols  Fopgdol  dog@mmlg®ygdd g gem-3g@omaaosgoygmo  ©s  Jodoyg®o
Sbogobol dgogagdol pomgoamolifobgdom ©yobwgds, ®MmI 5dog@gogiobools Ggaombdo
396J3ombodgdowo @3obols Fomdmgdols (3963 @gd0 0ygbgds JoMas©  godo™ gy
doobl. Fowgdo dgoggds doboligd®o dobobogsb, dgoogl doGomsws®  gsosgodls,
Omdgeolsi  9ds@gds  dobgyen  gangdgbdoms  mJlowgdo.  Fowgdol  LE®YJB YO

4dgBgbo dgdggero dobg@sagdol Mm3B0dogu®-@3gd3g@Osd®yeo jOolEsmobsizool
300mdgddos  Fo®dmJdbogro  (Ly®m. 331). (opsdo do@do  gobo—®jz0bols  mJbogwo

dodzgangools  ob  gb@o@gdoll  Lobomss  godmymagogo,  domo  m@0gbB o0
SOSMOb3dM05 o 25603339m0l 2obylobrgdgar  Bo@mmmdl dmoizegl. dgbfsganogno
Vogdol  ©bmdol  Bgd3g@ms@dyds  FeO-ALO3;-SiO2  oJlopms  Lodjmddmbgb@osbo
Fobolbfmagamo LolEgdol 9369dBd0g900 B9gd3g@o@g®ols dgbodsdolbos (TaBamze u ap.,
1984).

sbogangom  Lodo@mggerml  BAg@o@m@osby  oswdmhgboends  @zobols  Fo®dmgdols

Fowgdol  obo@obds  2odmodgmsegbs  IgBogydaoymo  3Gmigbol ol @mgsay@o
>U39JHad0, @mdagdoi PIgomme FgGomgdhaogmo 39Gob (Jatol) ggbjgombodgdols
Lbgowalbbgs 3g@omel 9308d0dwgds: 1. s@gyao 3mblE@ydagool (dg. §. XI-X LL.)
©9dgeobsmngol sdobolbosmgdgemos dopbols s @3obol dosbol dgoo®gdom oo
sbsgo®ao.  [o@mdmgdol  Fool  aod3ggnmo  @osmegbmdom sy gbgemo  dowbols
boFogro (FeO g@sjios) dodyggos oo LEOYJ@gdgms  do@do  @gobols ool
(309LB0R0L)  ©gb@o@gdomss  Asdmbobyemo.  sdobmsb  dgodhbggs  Fools  dobodo
spagboeno @30bols do@33a0gdol hobodmgdoi (3b®. 3.8 obsgrobo Nel-6, 13-16; Liy@.
33123); 2. 3mdpggbem 3g@omwols (o@mdmgdols Fopgdo (dg. §. X-VIII L) bsbosmwgds
@3obol  mJbowgdoll oy  obsgo®aom,  m3Godogrydos  Lbgs  dobg@omms
Jobagamgdols  dgd3ggemdsE. seEagboeno  @g0boll  obsgo®ao  momJdol 0@
500b0dbgds (b, 3.8 sbognobo Nel8-20, Ne21-23; Liy@. 3.315).

‘dog0bwgolidods dogbgdodydo Jgodgdols aodmygbgdol dgdmbgggsdo, Fomdmgdol
Topgdo 2oblbgogogds Jodoyg®o dgoygbommmdom, bLowsi gobO®omo Gomogbmdom

97



o3bggds  Hodobo s  gobopoydo, @mIgams  mobomds  dogbg@od®o  Jgodgdols
BOsJ300bomgolss wadsbobosmgdgano (TiO2= 0,45 — 1,10 %; V205 = 0,20 — 0,45 %).

dogobegolidods  ©oybgdby  gobmspgdymo  Loamdgdol  s@Jgmermaon®ds
JgbFogersd,  Dbegoldods  dopabgBo@dycdo  J30dgdol  Im3mggde-yowedydoggdoslmsb
©5353d0Mgd o Mmdogdgdo  aodmegmobs, @mdenols dobgogomsi dg. (. VII-VII
boyg9bggddo olobo gmenbgomols [obo®gobBogy®o bobol, ®gobol Ig@ o y@yoyeo
Fomdmgdols  Bgdbmampoom  aoblobwgdgmo  Lodgfgool  g9bjEost sl gdos
(@od0dgogno, 1964). dgaergdo  aobmopqgdymos  sbogrgdo  dopbgBo@G o dowbols
2030390 gbol  aol{g@og,  bpgol  Lobsdo®m  Dbmaendo. dgJdbognos  god@sdsgogno
LoFo®dmm 3o3do®o, begoldo®s by gymol dm3mggds-sdydsggdol mbdogddgols wo
bwgoeseb @odgbody odm@gdygm, @3obol  IgRoeydaoymo  [o@dmgdol  39M9dL
‘dm@ob.

50bodbyero  dmbs39dgdom, bpgoldo®s ©oybydo slsbagdgdo  dogbg@ody®o
J303gb0lL do@omo© gosdsdydeggdger mdogddgose [omdmagowygds, Lowsi Jgo'dbs@o
@30obols  dobgdol  gemEszoom  godpo@gdols  Ggdbmemyongdo  3GmEgLo
LOygmegdbmes.  ombodbymo  Lofo@dmm  bjgds  mogobmogo  Lobogdl  bools
3LggmeMolRAmMGggl 36mdgdl, bogodydmo Fgboo @zobol  dogbg@ody®o Jgodgdols
Tyeom ©sd9doggdols dglobyo.

‘dog0begolidods  Jg0dgdol godwo@gdymo dobs, @mam®E dbs @jgobols dswsbo,
‘dglodangdgaos  (gdogo  g@sji00l  gbgboanols o6 dgbmdogno, gOHmygoG™M3gsbo
306396@G5@ 0L Labom godmgygbgdobom. 3omgger dgdmbgggsdo, wbmdol 3Gm3gLdo
Loko@ms  Lofgogol (bsbdomol) gob@wogo @omgbmds, dgmdg dgdmbgggsdo  go
Logdo@olios 3obdol hggyangddogo Ggdd3g@s@@ygmo @ggodom 3mdydsgg 303000
sEagbol Mudgmo. AEYMAE 39dsR0HYIM0  ©s dmeodgBomg®o  Mgobol dopbgdols
aodmygbgdolisl, olyg dogbgdody®o dowbols dgdmbgggsdo, gOmosbo dg@omu@aoygeo
30geol m@o Lgdol aobgoms@gdols dgbsdagdermds 0dbgds: gudo Joboli osfowgs —
@30bol goyagol Jowgdom @ sbsbdo@dowosbgdols 3MmigLom.

speagbol d9dgy, G3obol @yagol 2oM3399eo0 bofomo obosbdo@do@osbgdols
oboEol. @AYdaolgdd, 3mdolgd® Jamdsmgmdsdo Jomgdygmo dgbsymo @ gobs
4mggemgol sds 0y 03 Gomegbmdom dgoioglh bobTBo@dswl. Lofo®dmm godmbagsgro
9OMY3MMzgobo,  Mm3Godogry@o  bmdol  Jo®germgsbo  gobdol  dgdmbgggedo  wo
s gbogno  @3060L  dobols o bobdo@dopol  boby@derogo  9Hm0g@m Jdggdolsl
doJLodosgnyy@os. dgboywo @30bol bofoagdols dggg0s ULoddgbgdol bmbsdo brgds,
oo dodbodogryg@se  domom@gddg@s@ydygen  os@gdo  Lbgopolbbgs  bodolbom
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5bobdo®doosbgdygmo @ jobo-gmmswols bofoggdol dgibmds-goymgdols 3GmsgLo
d0dobo®gmdl. dgRomydpogmo @ydeol  Losdydom  bmbol  Lodswenols dobgwgom,
SpEagboeno 3060l oBMESEgds  AoMsdsgogro  0b@Ggbloyg@mdom  dodwobs@®gmdl:
3Fe + C = FesC. ®3obols gogagol aoM3399e0 gm@do®gdols d9dwgy, @gdaol  Jggos
boFoedo, Loddgbgols wo @m@yxgobls dm@ols bgwgds. Fg@omag@aogmo  ogeols
ob@ggdols  dgdpgy  Ggobol  @uasol  Jpgdes®gmds  ©o  JoEygmds  @ydaools
30b6LA®YJ305bg (bmIgdbyg), oBdol geryazol @smgbmdsls wo Jy@sTdo s@lgdyero
300mIgBoydyogeo  30m3gbgools  dodobs®gmdol  ©obsdogobgs  ©sdmowgdyemo
(MuanumBumm, CakBapenunze, 1987).

odM0 0, dggeo (3030903000 3O Lol Jbgmgemds dgodangds dgdwgyo LJgdom
Fomdmgoaobmo:

Fe203 — FesO4 — FeO — Fe (dgbos@ymo & 30bs)

FexSiOq4

3060sbo (oo
@30bols dowgdols (303dgM30m0 3OMEgLbol Abgengenmdols obsdogs mebsdgo®myy

9Jb3960dgbE Yo Je©geno@gbom domgoygeo Vg ga900lb aomngseolifobgdom
aobobogngds.  dggeo  3Om@Egbol  dmwgmodgdol  gmbby  gobwgds  oLEMm@oye

Joolgedo  9g9ddboeno  Fgdbmempoygdo  Ujgds,  oblbgds 03  @Ggdbogn®
‘dgloden gdanmdsms 3505393 M gd0, OmIe gdoc3 9d30®0ge00 Lboboom 04™
aobgomamgdyano  dggee  Lofo®@dmm  gogaedo.  domgds@ogydo  LEs@ob@ogzom
537 dog3909eo0, 9Jl39M0dgbGom dowgdyemo @smgbmd®ogo dshggbgdagdo, YBYYs®
06xm@dozool  ago(gol  @gobols  IgBomydaoymo  Fo@dmgdols  dggemo  Fglol
speagbolomgol (Kpyr, 1970; Nosek, 1992).

O Jgme@myog@se dmdmggoygmo @3obols Fo®mdmgdols Fowgdol, Jydol dgagligoms
s> bbgs bodmgdol  Jodoy@d-Ggdbmmmyoydo  ©s  3gB@ma®si09m-LE 9@ yagemo
dmbo3gdgdo  mobsdgdmgg  gJl3g®odgbBom  dowgdym  Ygegagdmsb Oy
‘dgbodsdolmdsdos.

(303093000 30m3gLboL  do@omso  Fo@mdmgdols 3Gm@ydBo, dgbsywo @ jgobols
9bws (@300l @9y50), IOggoo ob mgs@y®os; Jydowsb sdmegdols s bgero
3ensbBog o gRm@Iscoom  sdydoggdol dgdwogy, Fowol dsbobsgeb bsfogrmddog
0og0byBeEgds. dmwgeo®gdols 9J139®039b6& 00 dmbo3gdgdom, 9Omosbo,
Jobmeonyg®o @ommbols yybool dJowgds Moo 3amigbos. Y3o@sGgboe 0Jdbgds
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Yopomn @ogs@ymo dgbsymo @gobols dolbols  g@oydgb@gdol dgg@mgdols 30®mbgdo
(Komuun, Kpyr, 1965). @goboli @oag0l  g@mosbo  dslols dowgdol  Lodbganolbs  ©o
Fomdmgdols  Gogao  G9dbogyd-Ggdbmammyong@o  3@mEglol  gbd g gdslmsb
©s353doMgdymo  3bmdgdo  oEyYmos  gmbma®sgoym  dmbozgdgddo,  Lowo
(303093000  Jy@sTo  swwygbomo 30m3gbol  gobsgoy®o  LEswool, @omnmby®o
®30bols dowgdol ©o dgdamdo odydsggdol ygges ®obsdodeggd o M3gMS(305S
s gdoao (Mgbgosdgoeno, 1953).

(3030903000  3O™M3gLol  3OMEYJHo, dgbsymo  @gobols  Aubps  dmerbolowsb
A0390 Feo@Omgobo Isbss, wogs@yYmos Fo®dmgdol Fowols mbgano ggbom. dgbswymo
®3obs  dOgomo  gm@dobss, Log@mm  dgdmfg@ommdbols mebsg oyl gmgdgero
boFoggdoo (18,513 X 12,059 X 1L,0L3d) o godaoe ©oxgeo bgosdo@om (Ly@. 3.321).
do30mLAOYJH YO gmo  @goboll  gybps  dgbswymo  @zgobol  dobss,  dgbsdsdolio
@ommby®o  aymom s  sdsboboosmgdgao  LoEs@ogmgdom, @mdagdoiz  Fowols
BOo23960gd0m s boli bobdoGomss  s3mglgdyamo (byd. 3322). @gobol  @gyg0l
d@o@ol Logtmem UJgdol dobgogom, Fobolifo®o sbgemo 3ensb@ogy®o ©gnm®dsEoom
sdydoggdoll  dgogas  doowgds  Tgz@yeo  @ommbol  dmbmeomy@o  do®mgo,
Amdamols  ghmo  bobggedo oo @gddg@e@d @ mo  dgogom  dgoumgdols  jgoels
5@oMgdl, dgm@g  bosfommo  —  bobosmwgds  Lbgowslbgs  bmdol  gm@gdom  ©s
©AIZYe gd00.

@ommbols d5bsTdo bobdo@dowols gobosfomgds s@Oomobsdo®os, dobo dgdggmmds
0,1-0,9% dygogmgodo oigergds. 9o Yo bsFogols dog@mlE®y]@dy®sby dg0dhbggs
©gg8m@d>300l ooy gdomn MA0gbE0M Yo sOsEommby®o hobstmgdo  (Ly@.
33313).  dowobobdo@-doosbo  bmbs  gowobydgdygmos,  dgodhbggs  sbmdsgnoydo
LEAOYJA ool gegdgbdgoo  (Ly®. 3332). Jmy(sdmsg darogbyg [o@mdmwagbogros
Fop@dgergdaao gm@dol, Goygmo dgoygbogrmdols hobs@mgdo, Gmdgems dobsgsbo
LAOYJHIOs  Fowgdol  3gB@ma®sxz0gm-LEA®aY]d9ahgmo  byg@osmol  sbogmaoy@os
(L. 3.333). b3gdBOyeo sbogobom oslGy®gdymmos dsb'do Si, Mn, Mg, Ca, Al
dobo@gggdol  o@OlLgdmds,  @mIgenoc3 Losbognobm  bobyxdo  s@s@ommby@o
hobo@mgdo@sb  o@ol  dmbggo®ogo. Jgodg  @rmdoggbon  0dgm®gdgb  Lofo@Imm

Jowgdol mJlowgdols gangdgb@o®yen dgoagbogrmdsl.
aodmggm gy @3obols eoygagols 3md3egJbydo dgbfogeol dgogagdo, dg. §. 1

>0 gnmon osms®omgdymo, (396GH®o Mo s Sdmbagagomn g3®m3ol @ 3obols
d9Bomygdaogmo  3960®gdol 30@ggmswo Lofo®dmm  39@gbdols bodhgbo 3GMm©yBol

Sbogmaoy@os.  3oblsgygm@gdomn  dgodhbggs  dgbosymo  @gz0bols  Gody®o  Jodoydo
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9JOMa350mgb9ds  (AHTenH, 1964; Mononos, 1963), dbpsglo ULEA®OYJB YO geo  Lgds
(ITsickoBekuit, 1959; Morton, Wingrove, 1970), dowgdgeno dobosenols gobo y@-dgdsbosgdo
030Lgogdols aobsfoagdols gOm@Eody®o boslosmo (Naumann, 1964).

Ju®sdo  dowgdbyao  bobdo@dswosbo  gmaswols gobogy®-Jodoy@o  mgolgdgdols
3omobod®gdols  Iglodgngdamdol  aoM33930L  dobboo  hoRo@mgdymds  (309ddd
(33580 gdo©0  ggagdo  ohggbs. dg@bgymo  s@omsbodo®o  babdo@bowols  gdi3g9e00
bodydgdo (1. C=0,2-0,5%; 2. C=0,1-0,35%; 3. C=0,4-0,9%), s@o90mpagotmgsbo Fygg@ogoo
LEAOYJBPO0m, oo B gddgas@gdgeo  (t=950°C) wogydbydo dmfgol dgdwgy  3-
Losmosbo  oymgbgdom, 9dg@dgbfomom Lofyol LE®YJdgeOge  bgdsl obsmbhybgdl.
oo bboli  doeogn@gd3gds@gdgmo  @ggodom  (t=1100°C, 1=8-10bm) s &gogo-
0g@dgaeo  ©sdydeggoom  dowgdygmo  bsdboo  Jodogde  gOmygemmgsbo,
3oV mbollfmagdyemo  LAOYJA YO Yo swbogymdom  bobosmpgds. Iglodsdolsw,
Y dgo@me  Jqgsdo  Jomgdymo  gomoswo by, dOsgomK gOswo  3gslBogycdo
©gg8m@dscool  dgdpgy  aoeol  gOmago®mgeb  LEHOYJBYOY  Iwymds®gmdsdo.
39830JOmbdm, @306l Fo®Imgdol s@dgya  gHo3by  (Mmeglsi  Bodygdos  Ju@sdo
Jomgdymo  bobdo@dowosbo  gmmswoligseb dbs 3OmEYJBol  ©sdbowgdol  goBo),
SM5gOMY350M™Mzobo  LAYJH YOOl  aomsbodbdgdolbs s oRgybydo  3GmiEgLgdols
g gamdolbomgols  Logodm  {9d3g@s@d @ e-©gnmadszoygmo  Ggdbmammyoyco
@gg0d0l dgJdbols gd3o@ogeo asdmiELomgds s@sbsgds@olio oym.

@30bol domoemo dgd;39e0mdols doebgdol godpow@gdolbs o Fobolifodo dmfgol
999092,  gobdol  JobobTgfmboeno  3@M3ImAE00l  Dg@bggom,  Ixmdglwgds
dgBogobsizools 3dmiglo (FeO — Fe). jodgo dgdbgyamo Gg9d3g@s@dyageo @ggodo
(1100-1200°C)  @mgm@aE 39353 0d 60,  olg  dopbgdodg®o  dobols  as5dmygbgdols
‘dgdmnbgggsdo, dobGy®o @ydeols dsJbodogny@ Fo@domdsl 9b@ybggaymels.

Fobol{od a0domdgdyeo, 3sdmdfgo®o s m3Godsgnydo do@3germgbgdols 3jmby
3995803 M0  dspsbo, Jy@sdo  dgJdbogro  LFm@o  Ggd3g@sdydgmo  0b@g@mgegols
dgdmbgggsdo, LEsdomado dgBommoboiool 3OmEgbol 300mdgdl  Jdbol. o@wygbo-
dgBomoboiool  godao  dglodagdamds  goohbos  dogbgBo@yd-godogdge o
sbosgngdo  dobol  dJmbg  FosbloE.  dMsgomx g@oo  godEo@gos-sbs(ggmgdols
9999y Omam@aE  3995Godg®o,  obg  dogbgdody®o  dswbols  dgdmbgggedo,
dgBogobsiools Logo®oyom ®3@0dognyg®o $9939O5B YOS 1100-1150-1200°C
063 gMgo@To  o3gergds.  Bgd3g@s@yg@ol  dgdwamdo  dmds@gds  dobobdgfmbogros
dbo@me  sEagboao, ©sbsbdoMboosbgdymmo  @z0bol  @yagol  bofomgbol s
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Fo@dmJdbogno Fool g@mog@mgsdymao bgosdo@ols dgJdbolomgol. mbggso gobols
(Vool) Fo®dmJdbs ,,3030903000% sy gbol 306mdgddo 1150—-1250°C @gdsg@s@g®sby
d0d0bo@gmdl, @mEgbsi 3o@smgmey@s  dmnsggds  IgBomobsiool  3Om3glos
(FeO — Fe). 3gd3g@o@y@ols dgdoamdo dmds@gods @ydgando g3ods@glop dgbsoymo
®3060l g@o dmgrosh dsbow dgz30sl s Rm®Jodgdsls 0fgg3L.

@30bols dowgdol (30309G30m0 3GO™MEgLbol jobgHogy®o LJgdol dmerm dmbsgzggmo
sbgmo Labom asbobogngds:

Fe + (0,1 —1,0%) C
FeO — Fe

n. FeO-Si0,
>MJgmemyoy@o ®30bols SO B 9R5JHgdol 5dbo©gds-sdydoggodols

A9dbmemayoydo  Ljgdol  sbogobomn  @olGydwgds  @gobols  @agol  dowgdols

dgBogydyogeo  3Omagbol  gddo@oygemo  Lobylpg o  seEagbol (3030l
M3905305ms Jobobdgfmbognmds. dgbospymo @30bols ©s Jydols gmeswols dsbogns

2obLobEgMogh ©odydoggdymo bobggoMmaned@ogs@dol s Ibs 3OmEyJBol bad@olbl,
‘dgboggdymos dgoge-by@gdol 3GmiEgbol bgermgbgdsbmsb.

342. @gobols  Ig@omyadgogmo  Fo@3mgdol  dgamgdo  LsJo@mnggmmb
A9M0dma0sby

@3obols  dgBogydyool  asbgomsdgdols  9fyggdo  Lydsmol  Foddmbobge
dgbodengdgamo  aobps o3 3oBgam@ool  s@Jgmemaon®o  dgayergdol  Iglfegarols
d99 9. d60dgbganmgabo  Jggagdos dm3mggogmo  J3gdem dmebolol GgMo@m@ostby
sdmbgboano s  IgLfogeoao  @zobols  Ig@oga@gogeo  Lobgaomlbbmgdol  Losbom
(2dgerodgogoo, 1957-1960 V), Lowo(s aodmga gbogos Fobs®gob@ogydo,
3obgomo@gdyyamo s agosbo  Dyo  Loyygybggdol  Ig@omudgoygemo  [omdmgdol
‘dglodsdolo dobogns.

obloggm@gdagao  360dgbgammdbolos  gmanbgmols  Ggobol  dgGom @y oo
3960®ol sdbobggeo s@Jgmermaoyg®o dobogns, dm3mggdygeo Lodb@gm-s@dmbsgen gm
dog0bwgoldodgmol  Ggaombdo  (boby@oodgogno, 1970-1984  §F).  aodmgegbogoos
@sdrgbody Sbggmo Lobgromlbm-mdog]@ol gdgsomo mmbo Igdomydyogmo 39@o,
amdgamms  gubdaombod@gdol  3g@omeo  dmogegl  dg. ¢ I soslfengyganols
JoF 9O gmoesb 5bBogg®o bobols homgemom. s@bodbyemo dgaengdowsb  s@dmbgbogno
Lofomdmm  bomdhgbgdo (Judgdo, Fowgdo, Lofo@dmm  seody@dgogmdols  3md3eng]@o0)
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bogmoe  [o®dmggoeagbls  @ydmols  jmblE®ygJaost s dobdo  Bodpobody
300mIgB o y@yogeo 3Gm3gbol Bgdbmemaond Ljgdsb.

d9B oY@y 00 Lobgeomlbml dJoM0M>WO bofoanos Jads,  @mIanols
3ObLA®YJ30s  2oblobrgdoglh  3@miEglol  Fomdsmdsl, Lobgamlbml & gd6039@
& y@g0amdsl s dobo JmJdgegbol Log@mm bobosml. Ig@seydyogemo @ydaols
30bLAOYJzogmo  gangdgb@gdo, dolo dpgdsdgmds Lobgenmlbml bgg®mdo, aomgdm
300mdgd0l dobgogom o3gmgds. dggeo Ju®e iubdEombodgdes dmolfobs bmendo,
Lofgogol  do@opol s 39abmasddang  mobgdol  jo@og@gbol  Lo@ysEoydo
obgmoggdol  dgbododobow, ofgg brgdmws  godpop@gdymo  dobol  dJofmgdo.
dgBoydyogeo 30ma3gbol 3obdol 3GM3m@ 300l dobgogom s@ol 2oblsbrogdyaos
Lobgeremlbml  300mdgddo  dowboli ©s  Lofgogol  dodogol  @om@gbmds.  5dobmsb,
39953000 dopbols  asdmygbgdolisl, Jo@ggmswo  aodo®gdol  Igdwegy, ol
9J3990 900 gdmes  dgmeswo  yododgdols s bmdbdol Fobs gsdmfgol  3@miEgLL.
dopbgBodydo  dopsbo s Jg0dgdo  dgHogydpoym  30miEglbdo  Igwomws
dOogomx g@oo godomgdol ob b3ggosgydo dgsbmdol dgdwgy (Fm@dmgsbo dsbols
dJmbyg 3mb3gbB®s@dol Lobom).

Lodb@gm  goggobools  Fobo@gobBogyg®o  bobol  dgBoeydpoygmo  meydgeo  ogm
300bdol gm@dol dJmbg boggdmds, Jzom odmUgbgdym s 3gaberyeddang mobom
sdo@gbogo  Jy@slmeb gomop. @ydgao Iygdomods dog@ols bogowol bgamgby@o
dJofmegdom. FgHomygdaoyge 35%dL  Jdbows 39ds@oddo dosbo @ dogedo xodols
bol  (O@boans,  bdgens)  bobdodo.  @ydgemo  aomgamomo 04 IDSGoEK JASWO
©bmdolomgols o  [omdmowygbos  aobgoms®gdygemo  3mbld®ygJzool  dob@yd
oboao®dl (I'semmmBuim, 1964. g5. 32-33; 95-96).

slogmgm bods@mggaml Gg@odm@osby smdmhgbogno @ 3obol dg@smyg®aoygeno
Fo®dmgdols Jy@gdo, Lbgowslbgs olbGm@oyga 3g@omol 3obginmgbgds s smEaygbomo
30m3gbol @ogo Fgdbmemaon®@o megolgdby@gdbom bobosmgds, Go3 godmygbgdaemo
3530l dAsgomag@mgbgdom s gmblE®ydcogmo Fymool gangdgb@gdol bmdgdol
(33580 9050Mdom  0gm  25b30@Mdgd o,  s@Jgmemyoygdse  dgLfsgamommo  yggms
dgBomygdyogmo  ©ydgeo  gOmA03gaos s  [obosl{od  dg@hgna  dmdigbg  ob
odobgdyyan  seaombg,  d3g@og0  moboll  m@ImTo  SIMIgbgdymo  Fogzg9m0em0
3005d0ools ge@dol  dob@y®o  @obsys@os.  s@gymo  3g@omwol  ydaols  2/3
sdmygdgmos  Jgom, Jggos 13 sdmagbognos  (3g3barasddenrg  mobom.  mobomgy
sdmgbogros Jg@ol dogosbo dogs bgosdodo (“ddgomdsyg@ol’ Lofo®dmem 4dsbo).
dmdpgabm  3g@omeol  Jydgool  Jodomswo  bsfoamo  sdmpgdygmos  Jgoom o
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g gbogros, Jggoo dmog@egds sdmagbogo bobgge@lgg@ml gm@dol @@Iygaom
(“xobobxg@ol Lofomdmm 9dbgdo). hwoammgmn gmabgmols @3obols dg@omy@aoygeo
Fomdmgdols  Jy@gdol dmenosbo dogs Lodydom  bgosdodmo sdmpgdoygeos  Jgomn  ©s
J3900 bobgzgo@ligg@ml Fo@dmowagbl (Lofo®dmm 9gdobo “dmws®). Ig@osmy@dyoyeno
@deools Godgboedy aoblbgoggdymo mgsma@o 3mblE®@ydioom Fos@dmoagbognos
byggbo-g9dobggeols  dg@oeydyogeo 390, Lowsi @ydaol  dofol]zgds bofogno
sdmygdgmos  Jgom o Judol  Jggool  dmgoggmdsl  3m@obmb@sm @
aobgoygdamo dOFYgmo Jgo sbdgmgdl (bLofomdmm gdsbo ,,dbosbo™).

Jobgmols  IgBoydaogmmo  396GH®ol  mmb  Lofo@dmm  39@obg  smdmhgbogno
Fobo®gob@ogn®o bobols Jydgdo, aobgomsdgdbymo Godol gmblE®ydcool @eydgeros.
dogdol  bogowol  bganmgby®o  dofmegdon s  dgo®  pamds®gmdsdo  fFowols
dogoggdom. obobo I@sgsxg@o  ©bmdsl Sl gdws. godmygbgdyao  3obdol
g gbogrmdsdo  bogo@oyggos  denog®@dg@dbosbo  bol  x0dgdol  (3bol, dgbols,
aibogool, [ogaol) gopsdydsggdom domgdbyamo Lofgogo (Xaxyraummsumm, 1987. a3.
190-191; 199-206). 4mbLE®YJcogero Egmomgdol gengdgb@gdom bobosmwgds bygls-
3905bgyamols  dg@omydaoygmo  3g@ol dgoagbogrmdsTo  dgdsgogno 0L obols
Lofo@mdmm ¢6bols sb@ogydo 3g@omwols Ju@gdo, Lowsi Log@dbmdesw dmds@ gdgemos
3o 390 bofoggdbol  bmdgdo s  ©@bmdol  3GmEglo  Fowol  byaomgbydo
3odmdggools Ggdbmmmaoydo jgdomn dodobs®gmdl (goblibgsggdom Fobos@gob@osy®o
bobol  Jy@goologsb).  dgbodengdganos o3 Godol  Jycdgdo  o@ol  ao@Esdsgsmo
3MbLAOYJ300l  gHoydaoygmo  @ydgmo  [obo®gobRogy®o s sédg Ty
Lo 39969900L boboli dglodsdobo @gobols Fo®dmgdols webswas@ms dm@ol.

odago@o,  bodo@mgganml  Gg@odm@osby  os@dmbhgbogn  @3obols  Fomdmgdols

0609]Bg0bg  doGomowo  obsas®o  IgBoeydyoygmo  meydgenos,  Gmdaol
3MbLAOYJ30olbs s dmJdggbols 3M0bi03bYg 0gm  @sIMowgdygeo  Ig@om @00
Lobgeomlbml  aobgoms®gdol  ©o  Lofo@dmm  dsbIBodgools  dgbsdere  bO@Ol
390L39JB0gs. M930m6T0 @30bols Fo®dmgdol aobgoms®gdols o ggge  Loggby®l
dgbodsdolo  gmblE®ygJaools s  bmdol  @ydgemo  gobgznmgbgdmws.  Fo®dmgdols
300Mdgb0056  2odmdobodyg, obsas®o GybJiombo@mgdolsl aobogwows Fobolifom
3odobbyanr  @mgo@yg@o  bsbosmols  3mblG®YJaoge  3geoagdgdl.  domo
oM gbmdMogo  dobobosmgdegbols aoblobwgds dgbodergdgemos  9dggerglbo @ jzobols
Fomdmgdols Ig@oeygdaoygen ogerdo dgdsgomo Jymgdol Loddgbgdbenm gangdgb@gdols
aobboangols o  domdo  dodwobodg  Lofo@dmm  3@mEglol  sbsgmobol  g@mogdm-
‘dgo®gdol mbby.
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Lodb®gom  goggobools @ggombdo  @3obol  Fo®dmgdol  Jy@gdols  jansboggogsiools
dJogeo 0. adgewodgogds  osdydogs.  ogH™MEAOL  sb@om,  dggero  @3obols
dgBogydyogemo  @dmol  sboggdoe  Lododms  gomgsaolfobgdyger  odbgl  bymo
bodobo: L. 3og@ol  dofmegdol  3o@mdgdo, 2. @ydaols  Lodydom  gm@ds, 3.
Loddgbgoenm  dobosgnols  Lobg, 4. (owol  Im@zogrgdols  (godmymayol)  bgdbo, 3.
30bLA®YJgoymo  Godo  (IsemmmBumyn, 1964, ag3. 27-28); swbodbyano  dmwgerom
3@0do@oygmo, do@FGogo  Godol  ydgmo  a@O9bEol  m@dmTo  dnFymdogo  mobom
g gbogro, bygOymo gem@dol, dsg@ol dybgdbdogo aofmgol 3@0biodom dmdydsgy
Jadss. Gmgmo 3oblE®ydaool ®udgeo 3o 5g@m0sbgdl gyddsmmgsbo ob dobEy@o
Fo®adob,  3mddoboMgogmo  dsbomon  (Jgo, 0obo-Jg0ds) sdmdgbgdge, dofolbgdmm
aobaoggd g,  bgamgby®o  dog@ol  bogowom s 3mddobodgdymo  (godmwbmos,
3odm§ g0l 3M0biodn)  LJgdom  Bmdydogg  wobswas@gdl. 0. gdganodgoeol  dog®
‘9939 doggdymo, 3060l (30389M30m0 3OMEgLol Lofs®dmm Jydoms garsbogogsiool
LJgds,  bmpoghmo  ggmomgdols  gomgsaolbfobgdom,  dgodargds  godmgoygbem
Lodo®mggenml  Gg@o@meosby  gdggergbo  @30bol  dg@omygdaogemo  Fomdmgdols
@9degdols Bgdbmmmaoy@o sbslosmgdolbomgols.

(3030903000  @yudaol  gerslbogogsool  3o@ggero  doGomswo  bodsbo  Jy@ols
QMAdos, 30bols JgBoy@dyorgmo  2osdydoggdol obspas®oli sObgdomo bodbgdo
30 (omdmgdols Fowols dm@oggdol bygdbo, Jy@dol Loddgbgderem dobsgns ©s Jycdol
30bLAOYJgogmo  bmdgdols  (3g3momgdoll  obsdogs.  ggmobbdgdom  @s  b@Mobyxoml
dgBoydyools  Lofo®ddmm  F@oeo3ogdol  asa®dgangde-godmygbgdsl @ gz0bols
30053000 sOEgbol dg@ o ydyoygmo ogeol dgddbolomgol (oyyeolbdgds dg. §.
I sosbfergygaols dgmdg bobgg@ols, 2305b@0bx 5™ bobols Q9HS00
0mmb{s®dmgdols Jadoms 306LAOYJzogeo RMOdgdols aobgomo®mgdols
dgbodgngdamds —  Loddgbgdbanm  dslogngdo, mbggoo  Fowol  godmymaols  @ggodo,
Ja@ol Lodydom  LogdEol m3Godsgry@do  bmdgbo s ULbgs), ®gobol  {omdmgdol
Ja®gdol 3mbbEdgJommo gagdgbBgools dgdydoggdobomgols s@s@Mgogydos @ zobols
Fo®dmgdols s@@gyan gBo3byi 3o, 3Mododygmo, LygOgeo gm@dol s dybgd®ogo
Fgg0L  3ogdol bogowom dmdydogg Judol s@Lgdmds. 5dgboe, o3 ©@obodbyegdols
Ja®gdol  gansboggogoiools  Ugdsdo  gbodengdgaros oG  gobgobogomm  dog@ols
Jofmegdol  Logombo. @si3  dggbgds  (omdmgdols  Fowols dm@Eogrgdol  byg@bl, ol
0ogobmogoe  a9@olbdmdl  Jg@ol  dofolbgos  ob  dofodzgds  gobemoggdsls o
Fomdmoagbls Jydoms gansbogogsizool gomo ©s 0p03g b0dsbl.
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sdggodo, hggbmgols LoobBg@glem ol@m@oye dmbsiggmdo, Lodb®gom  goggobools
@30bol Fomdmgdols @ydangdobomgol dglodengdgamos godmgoggbmm @ gdbmamaoy®o
geoobogogoool dgdogao Lgds: 1 Jydol Lodygdom bofomol gm@ds, 2. Fo®dmgdol
Yool dm@goagdols bgdbo, 3. Jy@ol Lsddgbgdam  dobogns, 4. 3mbLE®OYJ3ogero
bmdgool 3geogdol @obsdogs. 2odmdggybgdyemo dsbsgnols dobgrgom, dgbfsganogno
Jadgdo  dowgdyemo  gaosbogogsigool  dgmeg  ©s  dgbsdg  bodbgdols  dobgogom
9JOMa3oMmMgobos.  sdgbs,  YgLfsgamoemo  Judgdols  gedmygmes  dobobdgfmbognos
gosbogogoool  3oMggmo s dgmobg  60dbgdols  dobggom. o3 dgdmbgggsdo
3oblogym@gdygeo  dbodgbgamdolss Lfm@sw dg@dhgye  Judeoms  3mblE®ydiogero
bmdgool  33amoegdol  obsdogs,  GmdgmoE,  @ydaol  ge®dol  dgos®gdomo
dydogmdols  dgdmbgggodo, 3M0biodgmse  dgGommydyoygmo  sbsas@ol  Lodydom
LJgdol  aobgomodgdol s dobo [o®dopmdbols s@OlLgdomo dohggbgdgeros.  5dobmab,
30053000 s@Ey9bols 3M0bzodom dmdydsgg Ig@oeydyogeo mydmobomgols Jy@ol
30bLAOYJ30o gyolbdmdl o@s oMM obsas®oli Loghmm osmboamdsl, s®sdgo
Gomgggmo  Hadboga@o  @gdHomgdol  Hgdbmmmpog@  3Gobgodby  sygdg
30M3mM(3090L,  OmEgbsi  domo  @smegbmd®ogo  gmoemgds 0393l Logdom
Lo(o@dmm  ogeol  3gmomgdgdl  ©o  god3gggmoe  dmddgogdl  sbswas@ols
®9J60396-930bmBogy@ dohggbgdagdbbyg (Wertime, 1973. p3. 20-21).

dobRyg®o Godol dggero @ydgamobsngol 0oliggg, OmamO3 mobsdgodmgg d@ddgwols
9 domdols B 9d6049-930bmdogg@o wobsbosmgdolomgol, ©slsdggdos domgdbye 0dbgls
©sbsyo®ol  Lobs@ygdem  dnEygermdols  asdmygbgdols  3mgxno3ogbdo, GmIgamoi
2060LsbEgA9ds (3080903000 3GME LOL  Jg@Holomngol LodgTsm JmEyamdol (33) ws
domgdyao @30bol gyagzol ob bobdo@dowosbo gmanswol Fmboli (3p) dgxnemogdom,
9 0. @30bol  dowgdols  (30309G30m0 3OMEgbol  Dob@ydo @ydeols  Fo@domds
3odmomge gds 1odydom Bo@mmdby @odmowgdygmgbom b9 FgHomy®aoygmo 3obdol
(Joobo + bobTomMo) bodxol Gompgbmdomn Fo@Imgdyemmo 3Omeyddol gOmgyeby.
sdpgbse,  (30309030m0  dob@ydo  @ydaol  FTo@dopmds,  3mbLE®yiogero
90 9996@ gd0l Momgbmd®ogo 3genoggdgdols dgdmbgggsdo, Jy@ol Lodydom LogmEol
JoEgemdols 30@Esdo® 3OM3MME0YgEos, 3mbbE®Mgcogeo bmdgdol (gmomgdgdols
©0bodogo 30 9O R 03900 Judgdols 3obgoma@gdols LJgdols dJo®0m>o
2obdLobmg®ganos.

LoJo@mggenml  @g@o@dmmosby @gz0bols Fomdmgdols @ydangdols 3mblE®ydEogeo
aobgomomgdol Lgds Fo@dmygbogmos dg. §. Il soslfegymon  @oms®omgdyamo
(303093000  JyGgoom. swagbogmos  Judoms  g@dogo  3ggmol  gm®@ds  Lodydem
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bog@Eol  bmdgdel  babpo  ©sEzoo  (ImboEgdgde  swadgmos @ Jgmmmyog@o
2o0nb®gd0m domgdyao ‘dg 99000 dobgwgom). aomngoeolifobgdygaos
20dmJ39969d 9o dg@omudaogmo 390l smfgdommdomo dobogns s dgbodgbgdo
(3o 399800 Jdol  s@dmhgbo-@oms@owgdslmsb ©sgsgdodgdom (0. adgerodgoeno, .
bobyy@ondgomo). godmygmgygeos @g0bol Fo@dmgdols dgdwgao dgaagdo:

I dov@embols dgBoydaogao 396, [o@dmgdom ,do@boeno® 1 (L1; 12); 2 (2.1; 2.2);
3 (3.1; 32);

I heogomd-mbbodydols Ig@oeydyogeo 39@s, Fo®dmgdom ,xobobxymo* 1 (L
12; 13); ,,g9abgoog®o™ 1 (11). 2 (2.1); ,xobsbxy@mo™ 2.1; 3.1; 4.1; ,,cogmgs™ 1 (L1; 12);

L bygbs - g9dobgyeols IgBomygdaoyao  3g@s, (o@dmgdom ,oligebs™ 2 (2.1
22); 33; 4.1; ,,d%0560" 2.1; 3.1; 4.1; ©sds5@gdom ,,dmebolio” 1.1

IV. bygglbs - 3960bggeol dg@oydpoygeo 396, (o®dmgdoon ,,ddg00mdbdoy@o*
LL 2.1; 4.1; ,,bogymds@o® 1 (L1 1.2);

bmdo - mhbmdyg@ols dg@ogy@aogmo 9@, Fo@mdmgdom ,kmes® 2.1; 3.1.

Jadoms  3mblbdOyJaogmo  gargdgbdgools  dobgwgom, hsbl  domo  LagHom
JONB03YOMds.  FubJaombodgdols  3g@omedo  worymos  Judgdol  bsfoengdols
bemdgool  3OM3IMAE0s s @ydeols  Lodygdom  Logdol  ge®ds.  smbodbyarols
5dooliBYMgdge g 9dgb@gdse dgodengds dowgdym 0dbgl dgdwgan Gomgbmd®ogo
dohggbgdan gdo:

L. yggems @ydaol 3goeols ob@ol gymby ggd@ogs@yg®o Lod®Eyol dods®m 70-
80° dgopgbls.

2. @gdeols Lodydom bogdzg Lsgdom 3mbl@egjagogmo gm@dol Jy@obsmgol,
0bOEgds Lodspenobs o boggmdgh bmdgdol dmds@gdom. dglodsdobow  Lodsmeang
h=0,7-1.5 3 godpagdbdos, bmam bszg@dgl 3900l bmds ggaGogomy®  339mdo
d=0,6-12 3. o3 Jdodomowpo  3mbLbEOYJgogmo  gagdgb@gdol  domEgbmdmogo
330 gdomn  asdm{ggymo  ydaols  Lodydom  Log®Eol  (BmEgeemdol)  boOw.,
A9dbmmmyon@o ©sbsgo®ygdol gomgoaolifobgdom, v=0,20-0,90 & Fgoa9bl.

3. @930l Log®mm, dobBydo Godol gm@ds dgbsdhybgdygemos Jydol Lodsmanols
s boggmdgl dolbodogny@o  Logoboll god@mdol I9pdogmdol 033000, SO0
39@omwols (dg. §. XII-X Ll.) dgodg bmdol Jydgdolomgol (h = 0,7-1,0 3; d = 0,6-0,8
d) ©o dmdpggbm 3g@omeol (dg. §. X-VII L) dgoo®gdom gob®ogro Lodygdom
dogemdols @ydagdolomgols (h = 0,9-1.2 3; d = 0,8-1,0 9) Iggocdwgds h:d = 1,2. dg.
(. VIII-VII Loygggbggdol @zobols (o®dmgdols 0udagddo msboges@omds h:d = 1,3-1,5,
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@53 35dm{3ggmos Ju®edo m3Godsery@o 39 @0goer @0 Lodydom Lodswerol dogdols
303 gbom.

Jadoms Loghmm  3mblE@ydaogmmo Ibasglgdowsb asdmbsgmolos ,,olgobs* 33.
Lofo@mdmm  9dobbg  dmddgoo  @ydgaros,  @Omdgmoi  slobogl  go@@obogyd
(g0 gdgdl  go@bgmols  @gobol  IgBoydaoymo  (396@®o0l  RubEombo®gdols
obBmEA0sdo.  dgaeo  moMoEgds  SbBogy®o  bobom s dgoigogh  Lofo@dmm-
A9dbm@mayoy®  3OmEgbmsb  ©sgsgdodgdyge  3mblE®ygJcogmo  3geomgdgdols
909396 9oL, 3006303y 2oblbgoggdygals Fobs®gob@ogygdo 39®omols
J9®gdologoeb.  dsLdo  dgodangds  gogodoymm  Fo®@dmgdol  Fowol  mgomobgdom
doEoagdols s Jomgdbymo @3obols gyagol ©sdsBgoom sbsbdoMdswosbg-dolsmgols
2oblobmgdyyao jgdoom dmJdgoo dobBydo @ydgano (Xaxyrammsummm, 1987. a5. 117).
sbogmpog@do  obbHOgigogme  gargdgbigdom o GHydbommyogdo  igdom
bobosmwgds  @g0bol  Fo@dmgdol  Jyds  Jggdm  dmerbolowsb,  Gmdgano
sM>M0gdyaos  [obos@gobBogyg®o  bosboo (I'semummBunnm, 1964. 3. 95) o dolo
396d30mbo®gdols  3g@ompo  asbolsbrmgdgos dg. . XIHI-VII L. J@mbmemaoyg@o
hodhmgdom, 9g®dem Lfmegs dobo bgos ©osdsbmbor (I3emmmsumm, 1964. g5. 37).
»oUgobs™ 33 o Jggdm  dmenbolols  @3obols  (omdmgdol  Judgdols  Lofo®Imm-
A9dbmemyoydo 3OmEgbol oo Jbasglgdol asdm, dgbsdems m@ogg dgaeo gO®mo
39G0mwols Lofo®dmm 0609]Bgdo© dogohbomm ©d dmenboliols Ja®ols
396d30mbo®gdols Mmoo  dgdmmegsbgdymo  JOmbmamyoygdo Lobwgmols  Jggos
390000  dJogo@mm. 56 s@ol  asdm@oibymo, @md smbodbyemo  3mblE® Yo ee-
A9dbmemyoydo  Jmbogdgdol  Jymgdo Fo@dmowagbgl aoMesdsgsmo  Loggby®ols

dgBomydaoygm  dgaegdl, [obs®gobBogy®o ©o o@dg dygs  boygybggdol @ gobols
Fo®dmgdols dob@y®o @ydangdobomgols.

LoJo@mgganmls B9O0BHMA05by 296Jd30mboM gdoo g9 gbo ®3obols
dgBogydyogeo [o®dmgdol 390gd0 mmb JoGoms© JOmbmemaoyn® XaYBo© 04mes
(L. 3.34): 3odggen xa9xdo dgool dg. §. XI-X Loygzybggdom @oms®omgdbymo s
Fgbododolbo d = 0,60-0.80 8, h = 0,7-1,0 3, v = 02-03 & ebbpGyJzoymo
90 9d96@ 900l Jydoms xa9go. dgmeg xax8d0 mogbwgds dg. §. X-VII Loyzybggdom
@sm>Gogdgmo d = 08-1,0 8, h = 09-12 3, v = 03-045 3 0bbpeyconmo
90 9d96@gd0l  Judgdo. dgbsdg xauR0  ogdOmosbgdls dg. §. VII-VII Lsygzubggdom
smoGogdyer d = 08-12 8, h = 125150 3, v = 04509 & @ydbogn@o
sedydgommmdols  Jydgdl.  dgmoby  xa9ndo  aobobomgds  sbGogy®o  bsbols
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aoblbgoggdyano 30b6LAOYJ300l dJmby Ja@9d0, aob@ oo Lofo®dmm-
A9dbmemyoydo dsbslbosmgdengdom.

OMaMOG o 3gaee  Jydoms, olyg dmeosbo Ig@sygdyogemmo 3g@ol Lsfs@dmm
396J30mbo®gdols  Lob@mbymmds  godase  hobl  3mblE®yJaogmo  gangdgb@gdols
GBgomgdgdols s O Jgmempoyg@o  dowgdymo  mo®omgbols  gOMMdgogo
aobbogogoliols (Liy@m. 3.35).

@30bols  dgdomydaogmo  Jy@gdol  gmblE@yjaogmo  3geoggdgdols @
Fomdmgdols dolBodgdol  aobgomsdmgdol  Ljgds @ 3obols  gge@y@ol  smgoligde-
25bg0moMgdols 3Gm3gLol @obsdogol sdbobggeos (Ly®@. 3.36).

dg. §. XI-IX Ubogg96990d0 Lodbmgom goggolools @gobol Fomdmgdols gobgoms®gds
9003503560 3933000 d0d0bsMgmMdl. Jydosms JmblEMYJgogmo 330 gdgdo s
Lodydom  Logdiol  (dgbsdgnm  Lofo@ddmm  Loddgrs®ol)  bAwols  ohggbgdengdo
9O00gOmGmeEslos.  @30bol  Tomdmgdols  (30309M30m0  3GmMEgbol  Mm3Bodsgny@o
dohggbgdemgdols dogds ofygds dg. §. VI Loygygbowsb @s dsdlodsenyd dgogals dg. .
VII-VI Boggbggdol dmgoml  osmfggh. dg. §. VI Loyggygbol @gobol  {o®dmgdols
PobBg®o  Jy@ol Lofo®ddmm 3GmEglbo, msgolo dgbodengdamdgdom  dsJlodsgygdos
900  go@dol s JmblE®yJiool dJmbg Ig@oydyogemo  @ydaol dmJdgogdols
Fobsol@mmools dsbdognby.

dg. §. IX-VII bb. 3g@om@obsmgol gmanbgmols dg@seydyogeo 396@®o0l LsgdHhom
Lofomdmm  ogerol L{®sgo bOws ¢gdoswengls dohggbgdagdl swfggl dg. §. VII-VI
Loygggbobomgols s 9z08doMEgds  3m@odg@omy®o s dogbgBodydo  dopbgyeols

dobobg  AmIYTogg dm@mbol s byglo-gydsbgnmol  Ig@smyg@dyoygmo  39Mgd0l
>d®Boy® dmJdgegdsbs. Lo o@dmem 30m3gLbols doJlodsgoa@o ©05GHZ0OMGS

ob30Mmdgdbyymos  dogo  begol  dopbgBoG o  Jgodgdol, @mameaE ghom-gomo
Jo®oms©o  dobgyemo  dobols smgoligdom. dg. §. VII-VI L. dgbodsdolbo @ zobols
Fo®dmgdols  dohggbgdangdol bEs, [obs 3g@ompgdmsb dgosdgborn 1 : 15 : 3
2obolobmg@gde.

Foddmeagboano  ol@m@oym-dg@omy@daoyemmo  0bgm@dsizos @gobols  Fomdmgdols
0609]Bgo0l  3OmeyJaool s Lofo@mdmm  bodhgbgdols  Jodoy®-@gdbmamyoydo
sbogobol o  Jydoms  JmblEGYJEogmo  gangdgbBgdol  aobgoms@mgdol  ©obsdogols
dmbo39d900L  gomgomolifobgdom, Lojodmggaml @g@odm@mosby @gz0bols 3@ ydols
smgoligdols Log@omm L gdol aoblobmg®agl (Lym. 3.37).

Lodb®gom  goggobools @gaombdo, Lodmsdsbm  boboli s@bgdmbdon ©s Gg@sw©o
0mmbEsdydsggdol sEyommbddogo G®so30gdol gogmom, d@obyxoml {o@mdmgdol
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Qobogny@ LHowooby 3060l 3 Eyg@ol smgolbgool s@gymo g@os30 Go@do®Egds.
SQ0@MdM030  @30bol  IgBoeydmyools  dgddbols  3GmEgLo,  dgdpamdo  9Fy3960
Lofo®dmm gobgomsdgbom, Lomsggl owgdls dg. §. XII boygzybowsb.

@30bol  Fo®dmgdol  Jydgdol, 3mbLbEOYJgomgmo g gdgb@gdol  @osmgbmd®og
(g0 gdoms  ©@0bsdogol, Lofo@dmm  dold@odgbol bOwol s domo dmJdgwgdols
@m0l gomgogofobgdom,  wompgbogos  Gomgggmo  dgHog@ogmo  3g@ol
396Jd30mboMgdols 3gMomwo:

L doombol  JgRsmagdaogmo  3g@ol  gubdaombodgdols  JOmbmanmyoy®o
os3sbmbos  dg. . X=VII Ll; 2. Bmemd-mbbsdygaols  dg@ommygdaogmo  3gdols
>MLgdmdol JOmbmamaoyg®o Lbabrgmgdo — dg. (. XI-VII Ll; 3. Lyglbo-gydsbyygaols
dgBoydyogmo 3900l gubjaombo®gdols  3g@omwo  asbolsbrmgmgos dg. §. XII
Loy 399b0sb sbBHogy®o bobol homgeom; 4. bmdo-mhbmdydol dg@omy@yoygao 3g@ols
dmJdgegdol  JOmbmmmaog®o  Lobwgdgdo —  dg. §. XI-VII U, sdpgbsw,
Lbodo@mgganml @300l dg@omygdaogmo 3960950  9Fyg980  Lofo@dmm  ogmom
396J30mbo®gdl dg. §. XII Loygnbowsb s®gsb@ogy®o bobols homgenom.

LoJodmggeml  Ggdodm@osby  dmddgoo  @gobols  Fo®Imgdol  Jydgdo,
LAsEombosdgeo  dobGycdo  Bodol  @ydgaobongol  ©sdsbobosmgdgaro  gem@dols
V9933 geo©,  asbogpol  gmbl@ygdcogmo  bmdgdol Igedog  obsdoyy®
(330 gdgdl, dglodsdobo Lofo@dmm dold@edgdol 3g@omymo bOom. sdyg5050,
@30bols Ig@oeydyoge Lobgermlbmms bofomdmm-g3mbmdogyg®o gobgomsdgdols mmbo
39M0mwo dgodengds asdmoymls:

L. @30bol dg@ogadaool smgolgdol se@ggmo 3g@omwo (dg. . XI-X ULL.); 2.
dgBo@ @00l Lofo®ddmm 3zogaol Ggdbmenmyoydo LOgmymaol 3g@omweo (dg. §. X-
VII LL.); 3. 3g@ogdogmo {o@dmgdol go@mem smgolgdol 3g@omeo (dg. §. VII-VI
LL.); 4. Gg30bols dg@ogygdaoygmo Fomdmgdols go®wobseny® Bgd60396-¢gdbmemyoyd
oMo Jdbsms 3g@omeo (dg. §. V-I UL.).

LoJodmgganml  dg@o@m@osby @g0bol  gym@yg®ols g96gbolo  dolo  s@gyeo
50gobgoosb, @3obs-gmeswols bofomdols Logmggamom gog@3gegdsdweyg, Lofo@dmm
MGa5b0bsEool  3o@mbdgdols s Ggdbogy®-@gdbmmmaon®d  dglodengdamdsms
3odmygbgdol  ao®@sdsgoem  g@o3gdl  dmogogl,  Gmdmgdoi Ig@omygdyogeo
30m3gbolomgol Lakodm bgoegyeol, 3@moydicool asbsfommgdol, dobo dgdoamdo
50ngolgos-sdydoggdol s FOmIol  3OmEgbol  oxggdgbo®mgdols  Falbgs

053dM 0 oY,
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Lofo@dmm  bodgogmgdoms  dogdol  3odggaro  Loggby®o  Ig@sey@dyoyen
30m39Lg6do dspabgBod o Jgodgdol smgolgdols dmdgbBmsb (dg. §. VII-VII LL.) s@ol

©05353'd0Mgoyemo. sbogno  bgpmgymol  ©sdo@gdom  godmygbgdol  Is@om gan @,
dodobodg  gHomydaoymo  Jy@gdol  gmblE@yjcoygmo  gangdgb@gdol  bmdgdols
(g0 gdgdo 360dgbgermgbo bOOL LogBmm Lofo®dmm Loddensg@gl, @goyy@os
30 YJ300l 303mdggdols dolI@edgdols gogs®mmygds.

®30b0L  3gAg@ol  godmm  smgobgdol  3g@omedo  [o®Imgdbyamo  Igbsygwo
@30obols s Judol gmaseols wowpo bofogmo, dgBsmydaoygmo 39@0l Losdkgoenm
9560l godEs, o3 AML  sdmYgogdger  LofoMmdmm  gOmgyme  asdmymezoen,
Lodkgoam Lobgermlbmgddo bsdbowo® gosdydsggost 9d3gdwgdodgds.

d3.0. I osoolfargyeol dgo  bobgbosb, om@-se0sbbol  o9bdo, gmanbgmols
A9O0HMO05bY,  @omnmbrsdydeggdol  Fo@dmgdol  Jow{gggdol 3@ gayg@o
dgddbogros  3Omagglombognr  bgambobms  ggbs.  d@obyxoml  bofo®dol  Lggg@m
bodgoygaom,  boggam@m  bogbgdom o0godyagds. os@owo  ©odboswgdygemos @ gobo-
BoesEol dobosgolopsb (gobibogs, 1988. a3. 90; goibgamsy®o, 1965. ag. 54).

@3060L  gy@m@g@ol  godmm  smgolgdol  3gHomedo  ofygdymo  Fo@dmgdols

0890963053006 3OMEgLo JoEgg YBO®M WMIoggds s 0bggfgds 5b@og @ bobsTo.
dgBomygdaoygmo  [o@dmgdowsb  @ommbsdydoggool  3@MmPglombsgn  mLESEMS

aodmymaol d9dgy ©odmyz00gdge ghm Yo Yoodwgds bodkgoam Lobgmmlbem.
sbogro  Godol  Lofo@dmm  gx®gedo  [obs  3g@omwol  mbESE-9bogg@logrowsb

RoOIoOEgds dgoo®gdom go{Om, doa@sd gdowenglio  3gseogogsiools  Lodd goenm
LoJdol  L3giosgolido. sbogmaoyg®o  dJmgegbgdo  goms®gds  @ommbesdydsggdols

yggeos LgggdmJo.
SbRogu®o bobols LoJognsJm Lbobganelboms 9560 30 59O m05bgdls

@ommbEsdydsggdol  ygggers  dodo@myagdol oo 3gomoxzozoyg®  LESGA®S
LobEgdol.  bdgiosgobgdoymo  Lofo@dm-Lobgamlbml, @dsmaglo gesbiogogsiool
obEo@dol bobgesgo Lobsmberem 3@mydizool g@ogmbos. Jognsdol Lobganemlbomms
bo(o®mddo o gymos Oy Jdbogrgdols Loggbydols bogsdo.

odagodo,  Lods@mggamml  Fg@odmaosby dg. (. XI-I  Loygybggdol  @gobols
39 Yaol  s;mgolgoe-go3039egdol  3GmEglol  wobsdogs  Bgdbogg®o  Sb@ob
3°630m0Ggb0l  o@dsgaar  3G0biodl gdggdngdadyde;  ogomobogool  Gomggger
Lbogggby@by  gobogeol  mgolgd®og ©o MomEgbmdog 3gmomgdgdls  dgbsdsdolo

A9db0390-g9dbm@maoydo  gGeyddysiogbom, 0d3gelbydo  dgdgdom, G gdoiz
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doaosbo  3oggolool  @gaombdo  dogo  dgBomydaools  ©s  @@ommbesdydoggdols
dom{ 9390l 2obs30MMmbgdgls.

Lodb@go  3oggolool @gz0bol Fo@dmgdol 3964090l dg. §. XII-I Loygybggddo
0033990 (gamogmo  dgodgl  9g@sbool  dogo  @ommb{o®dmgdols Lol gdol
3obg0momgdsTo. 9305bools oL gdols @g3obols dgB oy 0e0 ©o
0mmbEsdydsggdol  Gomyggumo  3960®gbol  aobgomsmgdol  g@o3gdo,  (3bmdoao
oM Jgmemyog@o  @Ggoboll  dobognol  sbogmobgdby  oydEbmbom,  Msdwgbowdy
2oblbgsgogds Lol gdol o 990 @gyombgdols dobgogom.

dggeo  o@dmbsgamgmol s  sbGogyg®o  @o@g@s@y®ol  G®swoiools dobgogom,
sOLgdmdl  Fyo@mms  Lbgopslbgs  xa9x0, Gmdamgdoz  9dysmme  gbgds  dggen
Jbmgamomdo  @gobols  IgBoemy@yools  smgoligdols  Logombl.  sds3g @Ml
oM Jgme@myog@o @ 30bs-gmesools dsbsggdo, Mm@ gdoz Mgoydse sbisbogl @ z0bols
003 985JB9dL,  068m®Is0ol  a3o(3ol  domo  sdbogdols  Bglbmemaosls s
2dmygbgdol Iglodergdanmdobyg; o@bodbyao dologs godbgyao dggaro dbmgeoml
Lbgowolbbgs  @ga0mbdo  d@sgomag@mgsbos s  @g0bol  3ge@y®ol  smgoligdol
JoMoms© gBo3gdls dmoiogl.

39845b00-9305bools @3060l [omdmgdols LolFgdol Gomigygeo Ggaombols ws dols
B9O0dMm@0sby  sOLgdymo  Lofs®@dmm 3963 @9d0L 9460390~ gdbmemyoydo
930053 glemdols ‘dgomgdo-godmgmgbols dobboo, 2odm0yggbgds obBmEA0yYen-
A9dbm@mayoydo  gersbogogszool m@o  3@odg®oydo: 1. @gobs-gmaswols  dowgde-
©sdydoggool  s@gymo s 2. @gobol  gum@yg@ol  bLOygmo  ogomobsiools

(bogmggmmom  ao303980gbol)  3g9@omegdo. dg. (. XII boygybowsb ws dgdoamd
3900m©do, GmEglsi GJobs g3mbmdogy®o dbodgbgemdol Ggdbogy@do dobogs bpgds,

‘dglodhbggos o3 @0 boggby@ol  aobgoms®gdol  aodEsdsgs@o  bobosmo,  dobo
393039090l s@dMobado@o Bgddn. sligmo 0bxgm®dszos mommgygmo Mgyombolomgols,
®3060L gye@g®ols smgolgdol m®ogg 3O0gM0ydol dJobgwgom, gz®sbools Lol gdsdo
dobo aobgomodgdol JOambmenmaoy® Ly®enl [o®ddmowagbl.

9305bools LobEgdsdo @z0bols 3@ y@ol smgolgbol m@o 3GHoGogzyero 3g@omwols
‘dglododolo  mo@Mowgdo  dowgdygmos  sbobgagdyemmo  @ga0mbgbols  BHg@oFm@osby
>@dmbgbogno, sOJgmenmyoydo @ 3obo-gmeseols dobogogdols obBmEA0yYen-
A9dbmemyoydo sbogobols dggagoby woydbmdomn (Bosnecenckas, 1984. yg. 163-164;
Tepexopa, 1983. @ag. 110-111; IIackosckedt, 1959. 3. 137; Myhly et al, 1985. @a3. 79;
Waldbaum, 1978. a3. 36-37, 67-73).
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l. 39b@®oey@do gg@m3dobmgols - dg. §. VI L. s dg. §. 1 U,

2. 5@dmbsgmgmn g30m3obmgol - dg. §. VIII L. s dg. §. II L. (badg@dbgmo - dg. §.

IX-VI Ub.);

3. bLodb@gmwobogemgomn sboobmgols - dg. §. IX-VI bl

4. LodbGgmowdmbsgemgm sboolmgols - dg. §. V-I Ll

5. 3oy sboolmgols - dg. §. XII-VI bl

6. 5dogMgoggoboobmgols - dg. §. XII-VI L.

@30b0l  3g@@Ag@ol  smgolgde-aobgomsdgdol  s@bodbyemo  3@oFogyso  ©S
3oM©sdogoo  3gMomegdols  gobbogngolols Gmam®dE  @gobol  dsbosgol  smgoligdols
Lbodggaool  mo@owo, olg dobo  aobgoms@gdol  dow{ggol  gdomaglo  Loggbydols
dgbodsdolo  3g@omeo  360dgbgenmgsbo  godm@os.  [omdmwygboao  dmbsigdgdom,
Lodb@gm 3oggolbools @3obols dg@oey@yools s @ommbesdydeggdols (396@®gd0 dg. .
XII boygybowob  dkowdmpss ©ogo3dodgdygeo  gg@sbools  ¢dggengbo  @3obols
Fomdmgdols  LobEgdobmsb.  bdgermsdys  bwgol s  d@odg  sbools  @gyombgdols
obAM@0YE-9306m3037G  2590m05bgdsdo  Lodbdgm  goggolos  s@gymo @ gobols
Fo®dmgdols smgoligds-gobgomsmgdols gOm-g@mo doGomswo Gameos. dbodgbgemgsbos
dJobo  Lofo®ddmm  3m@gbiosemo dg. §. X-VII ULoyigynbggddo. @z0bol  gyem@ydols
aobgoms@gdols  dgm@g @000 3g@omeo  dgglodsdgds dg. §. VI Loygybgl,
M930mb6d0 @3060L GoOmm smgolgdols bobsl.

343. ®30b>-gemspols boFs®do

330560M0bx oMl bsbols  g3@sbool  3oggmdg@omyy@yool  LoliGgdsdo dgdsgseno
ommbesdydsggdol 396G gd0 gOMEOMYmsE Sfs@dmgdl Lodo Lobol gommby®
dobogol: d@Mobxomb, dgHgm@od e s Jofogd @30bsl. M@0 gzobolgbgero Ig@ow
obmdl, dbgero  Jmbodmggdgamo o  @oliodydoggdgamos. MmO GE  d9BgmAo@yero
(M3065-boggeols b9bgddogo dgbos@bmdoliogsb dowgdyemo), olg Fo®dmgdol @z0bologsb
sdbowgdymo bogmgdo dgo@mRsl 0dgosmmdse @hgds, dom 094gbgdgb Bynybgdol s
Lo®o@gogm  ©sbodbyamgdols  Lopbgdol  @obodbowgdensw, 0dgosms@  os®omols
R96J@aoom. dzodgs 53 39@0omeTdo  Jm3mggdbymo s Jgmmmaoy®@o  @3obols dobogns
(Tvopragse 1988, gg3. 253; Muhly etal 1985, a3. 70-71; Waldbaum 1978).

53039 @AM, d@0bxoml, @mam®aE Bgdbogyn® dslogsl, 930@s@gbmds gbokgds
@30bobmob  dgoodgbom.  Qo@mms  dobo  Fo®Imgdols  IsLI@edgdo.  ba@olibosbo
d@0bxomlbopqob  Ibopegds  do@omoswo  Lobgmdol  Lomds®o s Lodgy®bgm
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56036y gbols  os@owo. gl dmgangbs  gob3o®mdgdymos  dggamo  d@obxombasmgols
3033 gJbydo  sdydoggdom  dobokgdymo dgdsbogy@o  mgoligdgdol 3o®s@glbmdom,
smgoligdol 3g@omedo dymago sbogro dsbognols (G3obol) dododm. (030 ©o 3bgmo
4903000 ©5dYdoggdymo go@osbo d@obxoml dgJobogyn®o mgoligdgdols dohggbgdangdo
doogos  dgbsymo  @gobols ©s  odsabobdo®dowosbo  mg@Iygmo  sdydoggdols
2350939 ©o3bogdby G omsb dgos@gdoo.

fobs sbos - bdgemsdygs bmgol @gaombolbomgol bodsbpmdarogos, d@obyom-
@306ol  Fo@dmgdol ao®@sdogog  3g@omedo, dgBgm@odmo  @gobols  aodmygbgdols
AOo030s.  goggobool @gaombdo dm3mggdyeo, osOJgmamyoygdo @ gobols dslogols
Jodogd-Hgdbommyogdo  ggagge-dogdol  Fgrgase  Jowgogmo  dmbsggdgboom,
d90 gm0 ymo  Gg0boll  asdmygbgdols oGO3 gomo  dgdmbgggs o6 s@0l
ssbBYMgdgmo. Lodb@gom 3oggobools IgBosmydaoyamo 396GMgd0 dogo @ommbols
smgolgosl  ofygel  dgHgm@o@yemo  @gobols  gobmdol  aodgdy.  @zobs-boggaols
996900030 dgbobmdolispgsb bozgmo bogmgdo 5@ hobl 033m@AF 0L Lobomsz. dwgbow,
dbgeno  (omdmlopggbos  IgBgmeodygemo  @z0bol  ©sdydoggdols  gd3o@ogemo
3odmEomgdol gogemgbs saommd@ogo @3obol JPm@y@ol smgolgdol 3Gm3gLYbY.
dgodangds  gmdgom, @md  sdogdgeggobosdo dg. §. I swolf. dgmeg bobggdowsb
A9d60390-3g9dbm@maoydo  Js@ogasbgome@gdbymo,  sEaomdMogo  dM0byoml
Fo®dmgdols  30mEgldo  obobgds  dogo  IgBogygdaools  ©s  @ommbesdydeggdols
>0golgos-gobgomodgdols Lofyoligdo, Gmdgmoi dg. (. II smobfergyeols 30§ yg@ e do
@30bol 9Fy3930 Foddmgdol gm®domgdsl goboiol.

Lodo@mgganml  Gg@odm@osby  @gobo-gmmswols  s@Fggnojdgool  dgdiggero
dgaegoo (Lodo®mgbgdo, Lasdmbobanmgdo, boogsdo®gdo) swdmbgbognos (396@ @ o
> obogmgm 5dog@ 3oggobools @gaombgddo. doggegnmo @3obols dobogrowsh wowo
bofoo ©syd3dgdeds 3mddagdba® Gadbmmmpoyd yodmgmggsl (by®. 3.38).

(396G @y@  5dog@goggoliosdo dg. §. 1T sosbfegymol  dgmeg  bobgge®do
9dggerglbo @30bol bogmgdo agbgogds dzodg bmdol Lsdgsgmol ob goymy3gg9er0
Qm®Adol  g@Mogdgb@gdol  Lobom, @mdgmms gaodmbgbs  Lods@bgya  3md3engJlgddo
®30bols dobognols a53bmdols 3g@omeols dgls@ygolios (sd@sdodgoeno 1961, a3. 350).

dg. §. XII-XI LL. @g30bol bofo®do

@30bols  0bggbdodol  Fgdbmmmaoyn®o  sbsgobols  dgogagdoesb  godmoygmes
39dmodgboll o Lodmog®ml  Lodo@mgbgdol  @g0bol  dsbons, @mdgaoi @ gobols
>mgolgools s@dgya boggby@l gobgznmgbgds (by®. 3.38, 22, 25):
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1. Lo@ggo®o (d9dmsdgbo, hogermgols 30330 94bo Loyg@. 3.39, D).
dogOmbEOYJB ool dobgogom, os@owol  dd@ger  bsfoedo  wogodbodgdyea,
bobdo@dowols  dgdggermds  0,3%-05. bogmo  odbopgdygmos  sdsao  Lobsgools
RO solosb, do®E0g0 mogobygomo kgogom (Ly@. 340, 1)

2. bodggodo (693msodgbo, Lodo®bo NelI8; Ly@. 339, 2). dog@mlE @y geso
Fo®dmpagboanos  g9@oGo s 3g@@o@o. bobdo@dowols dgdiggmmds  0,25-0,3%-1s
omfg3lb.  bogmo  dowgdyeos  mogobygemo  gbgmo  dkgogom,  Jg@ol @bdogno
Qosolbspqsb (by®. 340, 2);

3. obs (69dmodgbo,  Lodo@bo Nel3; Ly@. 339, 3). bogmo wodbowgdyeos ©sdsgro
Lobosgnols ggmensmologsh. bobdo@mdswols dgdggermds 0,3%-0s (Ly@. 340, 3);

4. obs  (bLodmogdm,  Lod.  Ne5S1,  Nellll;  byg@. 339, 4).  dogdobagddagos
g00e0do®33@0mg5605, bobdo@dopols dgdig9e0mds 0,3%. bogmo dogdyanos @sdsgno
Lobogrols gmesologsb (Ly®. 340, 4);

5. dsbgoeno  (Lodmogde, Usd. Ne21l, Nedd86; Uy@d. 339, 5). dogdmlbE@yldycs
Foddmeagboanos  godsbd@gdycdo  m@ogbBsEool gg@oGom s 3gBeo@oom.
bobdo@mdowols  dgdiggamds  0,5-0,6%-0s.  go@sdo  bobdo@dowols  dgoo@mgdom
doogno 30m3gb@ Yo dgdggermds s LEH®YJHYOOL 3odsbdGHgB Yo m@ogb@oos,
bogmols  kgoge-bydgdol 3@mEglbdo  goyEbmdogdgdge  Ggdbmermaoy®  dJmgmgbsls,
bgosdo@ g (39996@5300L Ybws Slsbogogl (by®. 340, 5).

amamai  hobl, dg. §. XI-XI  Loyggybggdol @zobol  bogmgdols  ©sdbowgdols
A9dbmmmaoydo  Lgds  gOmB03g@os,  asdmodbggs  dobsgol LM YJB O g0
SM59OMY35M™M3bgdom. 45dmygbgdbyaros 3300gbsbdo@bdoosbo gmanswo s dgbo@ymo
@30bs.  Ygbodsdolbow, sdsanos  domo  dgdobogydo  dohggbgdangdo  (3b. 39, 1.
Fomdmeagboano  F030mlE®OY]dgOgmo  mogolgdbydgds  s@gyeo  @3obol  bobols
dgBomydyoyge  3ogbodg®  Jy@sdo  dowgdyemo  dogo  gommbobsmgol  Godyd
dobobosmgdgmse 9bws hoomgseml.

agb®ogoo 39
dg. §. XII-XI bl. & 3060l 0b3gb@odols Jodoy®o o LEA®YJRg®aeo dmbsigdgdo™
Ne Jodotgho Lologng
bogmo boobggb@odm Ne ‘g 9bogmds, % bEOYJGaGe

C Mn | Si Ni HB
I | bo@ggedo hoggenmgols 3mdden gJlo 03 - - - Q+ 3 150
2 | bo@ggoto b9dmsdgbo, Lod. Nelg 0,25 - 0,03 | 0,05 g+ 3 125
3 | wobo bgdmsdgbo, Lod. Ne13 0,3 | 0,01 | 0,02 | 0,07 g+ 3 135
4 | obs Lodmogde, Lod. NeS1 0,2 | 0,03 0,09 | 0,05 g+ 3 120
5 | dobgogno Lodmog@m, Lod. Ne21l 0,5 - 0,05 | 0,03 g+ 3 210

* LHOYJA 9O gmo dpygbgmgdo: ¢ - FgBoH; 3 - 3gOeodo.
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93bmdos MmgAIYero ©sdydaggdol 3MMmi3gbo. Jg@omydyoygeo Ju@ol dobodsgry@o
bodygdom  Logdol  3000696T0  os@sbogdo®olos  dowgdgeo  @gobol  @aasols
©5bobdo@do@osbgdol  bodolbo.  bobggo®ged®ogo@o  dgbswymo  @gobs  ob
d300gbsbdo@do@osbo  gmaswos. @ommbdo  od  ggoboligbgeols  s@omsbododo
aobofomgds bofo®mdol wsdsgn 3gdobogn® mgolgdgdl goblsbmg@agl.

‘dgl§ogemoao dogo @ommbols dsbogrols dobgogom, s®gymo @3obol 3g@omeo
(dg- . XI-XI LL.) bobosmgds @ommbesdydsggdol Log@om s@slEsdomy@mdon,
bogmgdol  do@BHogo  PmOIomn s  mogobyRsemo  gbgmo  dgogol  dgmmegdols
3odmygbgdom, @o3 LEYmow sbsbogh @g0bol Lofos@dmm smgolgdol Lsfyolo g@edol
A9db0390-g9dbm@maoyd  dglodemgdanmdgdls (sd@sdodgoano 1957, ag. 137; 1961, 3.
357; AbpamumBuin, 1988, 3. 20).

dg. §. X-VIII LL. &gz0bol {o®dmgds

(395000 5d0gMgogsoLools Hg@odm@osby, @30bol [omdmgdol asbgoms®gdols
dgmdg Loggbydol sdbobggano dogo  erommbols dsbogrols dgdiggero  dgaergdosb,
Jodoy@-@3 gdbmemaoygdo  dglfogmomos  Lodmog@ml, m@osggmol,  homsbggols,
Fogol s ool bsds®mgbgbowsb dmdwobsdy @jzobols bogmgdo (Ly®. 338 - 13, 16,
23, 26, 28). ®m30bol 0bggb@dodo Ygwygds 9dmgao 3o@gam@ools dobogoblisgsb: (370,
‘dgo0l30@o, Lo@Gggo®o, dobgomo, @obs (mogodg o Ubbg., 1959, ag. 6-15; mogedg o
Ubg., 1964, ag. 274; mogodg wo ULbg., 1977, ag. 10, 16). Lodmog@ml Lodo@mgsbbg dg. §.
X-VIII 5. &3obols 993339200 m@dmbododbgdosb gobbogygaos dgm@g (dg. §. XI-X),
dglodg (dg. . IX-VIII UL.) o dgmoby (dg. §. VII-VII L) JOHmbogmmaogdo ggbols
‘dglodsdol @30bol 0bggb@omo.

n@osgmols s  Fmgol  Lsdo@mgbowsb  Iglfsgeromos dg. §. X-VIII  LL.
m®dolbsdodbgbols  @g0bols  0o@owo,  hHomobggol  Lodo®mgbowsb o3 3g@omols
‘dglododolo m®dmbsdsdbgbols G30bol 0bggb@omo.

n@osls Lodo®mgabby sdmhgbogno  3mddagdlgdowsb dgo@bs  JHMbmermaoy@a©
30@ggeo (d3. §. X-IX Ll) o dgmeg gdo3gdol (dg. §. VII-VII Ll.) ULsds®mgbowsb
dmdeobsdg  @3obols bogmgdo (Bosmecenckas, 1973, gg. 154-155; Texos, 1972, ag. 29).

dg. . X-VIII Ll @omsdomgdyamo  @30bol  0bggb@omols  Ggdbmanmyoydo
sbolosmgds  dmEgdgemos  Ig@omadsggoygmo,  L3gddOgmo  sbsgobgdol o
d9dobogyg®o  mgoligdgdol  dsboboomgdengdom.  bohggbgdos  domo  odbowgdols
A9dbmemaoyg®o 5Jgdol dodomswo gergdgbBgdo (Ly®. 341 sbe. 3.10).
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GORMOE  yodmggmggmo  Ggobol  dsbogols  Gybmmmpogdo  Jmbsggdgdowsb
3500335, dg. §. X-VIII L. @30bol (o®dmgds, Fobs sp@gyen 3g@omomsb dgosdgdom,
33390000 Losbanggdom 2sdmo®dbggs. aob@woaos dogo @ommbols Lodmdbdo@gdenm
Sbm®E0dgb@o, Modwgbowdy Gmyos @3obols bogmgdols sdbowgdols @gdbememaoy®o
LJgds, o3 bodkgoanm  Logdol  ©ofobsy@gdsl  ageolbdmdl. dgbsoymo  @gobols
gogagols 30Mg9eo©o, 3bgeo ©gRMMAs3000 sIYdoggool Igdwgy, IAsgs@x g@o©O
d9g0L  3OmEgbom,  do{gymos  @ommbdo  Fool  hobs@mgbols  Log@dbmdo
993300980l s JMsTdo @obsbdoMboosbgdyemo gmaswols bsdbowdo bsbdo®dsols
2om5bsd®gdols  3oMmdgdo.  bodsbomdaogos xg@  doMFogo, dgdgy o OmYeo
Lodo@xggdols s B3080gb0L  godmygbgdols  Bgbwgbios. dglsdhbggos @geroggny®o
Lodspa®ols  Fodmgdol, 833900s@  godmbobygemo  Jgool  ©s  bogmol  Log@omm
LodgB@ogeo  gm®dgdols  Jowgdo-aodmygobols  (aodmigogol) oo  ®bEsGmdom
Ygbergagdol byganmgbgdol gm®m@do®gdols 3Gmgbo.

dgbFogeoao  bogmgdol  ¢39@gbo  bsfoao  @sdbopgdyamos  goydxmdglgdyao
Aa9dbmamayoydo  bjgdom; godmygbgdbymos Lodygsam  Lologol gmanswpo, @emdaols
dohggbgdangdo, bobdo@dswols gd;ggermdols Igbodsdolbsw, 145-220 HB  @os3sbmbdo
0330 90> (3be. 3.10).

bogmgdols  gdmo  bofoao  (dsbgogno,  Lo@ggedo,  3ywo)  3ensbFogyco
©gg8m@ds3ools  dgdogy 99399 gdeds  Jodoy@-mgddgmo  sdydeggdols  3@mi3gLL.
Idgemo  3oGol  asbogsggmdo,  @dogno  gmesolbsmgols sdsbaslosmgdgano,
Ygomgdom 3mslGogyg®o Jmbsgdgdol dJmby 96@Gsy®o bofoo woxgs@dyeos
dooo  Lobsgol gmasol gbo-dobgogrmdols s (339m0dgegao  mgobgdols 3Jmby
bgosdo@om. bogmgdo bolosm@gds 3500 d9d56039®0 dohggbgoem gdom,
05399963 909 bmbsdo bobdo@mdowols wogybools badolbols dobgogom Lobsgngs 155-
240 HB.

60gmol sdbogdols Bgdbmenmaoy® Ugdsdo gbgogdomn mg@dgeo sy doggodols
2odmygbgdol dgdmbggggdl. mg@dgmoe ©sdydeggdge Rmesdo hobl (Ommdol s
FOommdotdomogno  dmdggdols  dgbodsdobo  JogdmlE@gdda®s,  Fomdmoagboaos
Leo®dodol, 3geodol o be®dodol, Lm@dodol ©s GOMLEA0GL 3mddobsiogdo.
hobl  Jodog@-mg@dnmo  (39996G0G00) o mg@dnmo  (FHmmds)  ©odyToggdols
3033 gJlbol gOmEamymo asdmygbgds (3b. 3.10, bogmo N9), bogml o3l do@sgno
d9d56039@0 mgoligdgdo. mg@dygao ©sddoggdol gsdBo megobmogow asoblsbmgdagl
dog30  @ommboll  gobogy®-Jodoydo  mgoligdgbol  gEbmdol  3g@omel, @OmELss
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Lo @dbmdgmom  asb@OEomos  goswols  sdydoggdol  Ggdbmmmyoydo  Ljgdol
9989JO9Omds. Isboanol Loboang — 185-285 HB.

dg. (. X-VII bLoygybggodo  dogo  @ommb{o@dmgds o6  s@ols  dmgangdyao
Aagdbmamayoydo  LJgdol  do®Eog0o, SOSMgyY@o@Mgdygmo  RmAIgool  godmygbgdsl.
bogmgdols oM 339900 boFoamo Jomgdyeos SO Y00 39@omeolomgols
sdsboliosmgdgaro,  Bgdboggde  gyEbmdo  ®m3g@msogdol  Ygwgyew.  bogmgdo
sdbogdygmos  J@sdo  s@omebod@o©  @obsbTdoMdowosbgdymo,  s@slsdo@obiow
5393539090 gmaool  dobogrologeb,  wg@dgeo s Jodoy@-mg@dyeno
30m39Lgools gomgdy.

sddogo, dg. §. XI-VII L. 39b@@smmy®d sdogdgoggolosdo d0dwobsdyg @ zobols
J9BM0l  smgolgds-gobgoms®gdols  sdbobggero  3OmEglom,  Fodydo  @gobols
Fomdmgdols  dsLd@odgdols  bOwol, ©sdbowgdymo  3OmEYJaool  sbm®E0dgbHol
(33580 gdomdoll  obsdogol s @3obo-gmesol  @sdydaggdol  Fgdbmemaoy®o
LJgdol  LEygaymaxzol  aomgogolifobgdom,  dgbodangdgemos  asdmoyml @ gobols
Fomdmgdols gobgomsdgdols Igls@ygolo mGo 3g@omwo:

L s®gygmo @30bol  bobs, @mdgaoi d@obxoml (o@mdmgbol gobsamy® 9@ o3y,
dg. §. I soolfangygaol  8gm@g  bobggo®@do  obobgds.  @z0bologsb  Ibowogds
9do®@@oggbo  Bgdbmempoom  dowgdyemo  bogmgdo.  @zobol  (sbogro  @ommbols)
smgolbgools Lofyobo g@oso dg. §. II soslfangyeol dgmmby dgmmbgwo @ gobols
9V93900 §oMdmgdol 3G0b3o30m gm@dodgds. sOJgmmmaong®o  @zobols dobogrols
sbsgols o bogmols sdboswgdol Ggdbmemaoydo LJgdol Lodmygeol 3@Go@g@oydols
omgo@olfobgdom, 39b@@smydo sd0gdgoggobool BHg@o@dm@osby, @zobols 9Fy3960
Fomdmgds s, dgbsdodobop, sp@gygmmo @gobols bsbs ©ggds dg. §. XII Logygybowasb.
9L 3g@omeo a@dgaegds dg. . II smslfagyaols dofy@yemsdeg, Omegbsi bogds
@30bol  B9dbogn0-@gdbmmmagoy@o  Lofo@dmm  Lodgoggdoms  sbogn  boggbyd by
sbigems. 5dwgbow, (39b@Ms@yY@0 5dogd joggolbool @gaombdo sedgyo @3obol bobs
dg. §. XII-XI Loyy396996000 gobolobmg@gds.

2. 3obgomodgdyamo  @gobols  bobs,  @mEglss  dg. §. T sosbfangyaols
obofyobowsb, 39bR@omyu®  o30gM3og35L05do  Igedogo  aobgoms®gdols 3®M0b03by
©53d94oMgdymo, sSEyommd@ogo @30bol [o@mdmgds LEymymaxzgol sbogn  Loggby®d by
ool.  M30bo-gm@mopobogeb  sdbowgdymo  0bggbdodo  @gyombol  do®omsw
A9O0HMA0sby  gOEgmegds.  do@ol  gods,  ®gobols  bogmgdo (30039900
98b933@o@gd0ol  Loboo  dmosh  bmendoi  hbpgds.  FsFyemdl  godmdggdyeno
30m©9J300L GomEgbmds s Lobgmds. G30bol 0s®omo d@obyxoml 3GMFHME039d0L
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LEAO YA YO g0 dnbszgdgdo

3ab®ogro 3.10
dg. §. X-VIII Loyygbggdol @3060ol 0bggb@dodols Jodoy@o, dgdsbogydo wo

o, | L&D
NG bogmo L506396@>G™ Ne JodogBo Bgepgbosgmds, % Oo* HB
C Mn Si Ni
L. bo@ggomo Lodmogdm, 12-54/4264 0,35 - 047 | 0,02 at3 150
2. bo@ggomo Lodmogde, 12-54/4829 0,1-0,6 | 0,10 0,40 0,05 at3 175
3. bo@ggomo Lodmag®m, 12-54/1923 0,5 0,30 0,15 0,07 at3 160
4. dobgogmo Lodmog@e, 12-54/1773 0,1-0,5 | 0,20 0,10 0,15 at3 155
5. dobgogoo bodmog®m, 12-54/1805 0,5 - 0,09 0,10 gt3 165
6. dobgogoo Lbodmog®m, 12-54/6359 0,1-1,1 | 0,20 0,10 - 3t 237
7. dobgogoo Lbodmog@e, 12-54/8227 0,5 0,10 0,15 0,20 [} 185
8. ‘dbdoldodo bodmog®m, 12-54/2508 0,55 - 0,10 0,10 3+l 255
9. | dydoldocdo Losdmogdm, 12-54/1924 0,8 0,15 0,09 0,15 3 285
10. | ‘dydoldodo Lbodmogdm, 12-54/5974 0,8 - 0,20 0,10 &g 190
1L | 99d0l3oco Lodmogdm, 12-54/6365 0,8 0,10 0,15 0,05 g+l 210
12. (3900 Lodmogdm, 12-54/1774 0,3-0,8 | 0,20 0,35 0,10 gt3 245
13. dobgogmo Moo gmo, 10-63/143 0,3-0,5 - 0,25 0,15 gt3 180
14. | dydoldodo 0n®@osen gmo, 10-63/110 0,7 0,15 0,30 0,20 gt3 195
15. | ‘dydoldodo Yemago, Gopo 2, N189 0,6 - 0,20 0,15 a3 180
16. bo@ggo®o homobggo, Lod. 70, Negl 0,3 0,10 0,15 0,06 3 145
17. dobgogoo homobggo, Lod. 15, Ne35 0,6 0,02 0,20 0,05 3 175
18. ©sbs homobggo, Lod. 8, Ne52 04 0,15 0,20 0,03 gt3 155
19. | dydob3do@o | homsbggo, bod. 20, Nelll 0,35 0,10 0,25 0,10 a3 150
20. | Iydol3odo | homsbggo, Lsd. 20, Ne110 04 0,05 0,20 0,05 a3 170
21. | dydolidomo homobggo, Lod. 42, Ne56 0,6 0,01 0,15 0,04 b 190
22. | 99d0l3oco homobggo, Lod. 75, Nel3l 0,5 0,15 0,25 0,93 3+ 220
23. | dygdol3oco homobggo, Lod. 70, Ne84 0,6 0,20 0,35 0,10 a3 175
24. | d9d0l3o60 homobggo, Lbod. 70, Ne&3 0,3 0,10 0,20 0,05 g+l 145
25. (3900 homobggo, Lod. 26, Nel158 04 0,05 0,15 0,04 t® 195
26 (39800 homobggo, Lod. 22, Nel3l 0,7 0,01 0,15 0,03 g+l 175
27. bo@ggomo ngoos, bod. 87 03 - - - at+3 140
28 bo@ggomo 0g0s, Lsd, 30 04 - - - aqt+3 145
29. ©obo ngoos, bod, 85 0,2-0,4 - - - at+3 135
30. ©obo ngenos, bsd, 30 0,2-0,4 - - - qt+3 140

* bHOYIOH O g0 Iy gbgegdo:
9 — ¥JMoRo; 3 — 3g0o@o; G — AOmLbGoR0; 3 - 39996@ 00

dododgomn  dbopgds  (LOYgme 5@  s@0l  ao53bmdogdgdygmo  @3obols  dobisgools

30bogyd-Jodoyg®o mgolgdgdo s dobo Fgdbogy®o aodmygbgdols dgloden gdamdgdo).
dg- . X boygyboob mobpomsb bdo®goosb aodmeols  d@obyxoml  os@owo  ©o
9dxmdgbogds @3obol bogmgdol gm®dgdo. dg. §. VII bLoyggybobsmgol Leygaogds

@30boll  {o@3mgdol  dodomowo  Lodygdom  3@mEglol  smgolgds. @gobol  oos®owo

Jbopgds Omym® 3 do@Bogo, oy Gmymo dgogom. godmoygbgds Jodoy®-mg@dyeno

s> 0g@dymo  sdydeggdols  3@obiodygmo  Lgdgdo.  sdbowgdymo  3OmEYJiool
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bodolbo ©s Lofo@dmm 3Om3glgdol @wmby, @jzobols 3ge@u@ol smgobgdols sbogoo
Lbogggbyy@ol, dobo gobgoms®gdyao  boboli  Jglsdsdolos. odwgboe, (396@Gs@ Y@
5d0g@3oggoLbools dg. §. X-VIII boygybggddo dodwobodyg 3060l 3@ g@ols smgoligdols
30m39bo dgodargds gobgobogrmm, AmamO @3 gobgoms@gdymo @3obols bobo.

dg. §. 1T ososlfargyamol 3odggan  dgmmbgodo  396@@s@ey@o  5dogdgoggobiools
G93006Td0 dogo @ommb{s@dmgdol aobgoms®gdol 3Om3glds jo©gg YROM gobos@s
0 30bo-gmemseols  oo®omol  360dgbgarmds.  [o®dmgds  do@omsaw  ©3dsgmaoe goos
93 ogr @ dombmgbsl dogo @ommbols 3GMEYJ3osby ©s 53539 @WOML Logydggero
9y@gdmes  Lbofo@dmm  390gd0l  A@sblgm@dsizool  3GmiEgbl. 396GHG s y@o
5d0g@3o335L0ol  Ggaombdo, gobgomo®gdyemo  @3gobols  boboli  Igbodsdolo @ gob-
goeool  Fomdmgds, @gz0bol  gu@@gdols  sdsgenmdbol  dmdpgabm  Loggbydol
Fobsdo®mobsls Jdbols.

dg. §. VII-VI Ll. ®30bs-gm@swols {oGdmgds

5mbodbyeo  obEmGoymo  3g@omeo  LodbGgem  3oggobosdo  bmEosay®-
940bm3ogy@0 (330 gdgdbomn @S  3oR0gyco  ©0ggMgb305300m  bolosmwgds.
0J3bgds  30@mdgdo  Lobged(ogmgddogo  [omdmbsJdbols  hodmyserodgdolsmgols,
Amdgams  ge®do@gools  3GmEglo  aoMggggm o @30bol  IgBomydaools s
@0mMbesdydoggdol LFMsxn 25630000905 939mgbol. o3 3g@omwols @ Jgmemyoy®
dobognsdo  Fo®dmgdol  domogo  mbol  dobodbgdgero  dg@omydaoygmo  dgaengdols
sOLgomds s odbogdymo  3OmEyJaool  Lod@sgmyg o dGogogmlsbgmds  sdols
bomgao osliGydgdss (pdgerodgoeno, 1964; dogenrsdg, 1985; Xaxyranwsunm, 1987).

Fobo®gob@ogyg®o  bobol  @obsgamgm  sdog@goggolool o@Jgmenmpon@  dobognsdo
(bododbgyan  3md3e0glgddo) hHbpgds oo Gompgbmdom  @jzobol  0bggb@omo,
Amdgams  gamo bsfogo gm@don dGobyxoml bogmgbols sbosgrmaoy@os. d@obyxomls
dobogooslbmob  gOmo, @3obols  bogmgdol  Lod@sgang @obogergm  sdog®goggolool
G930mbobsmgols  @30bols 3@ g@ol  s;mgolgdol  gobgoms@dgdymo  3gMomEo©sb
RoOMM >mgoligbol 39M0mEDY aoMEsdogom 9@l 2oblobmg@agl.

dg. §. VI-VI Uoygnbggddo  @gobols  dolognols 036 39e0gdol @omgbmddogo
dohggbgdangdol  bOws  gOmbsodo  dgledhbggos Gmame i 3gbd®sy®d,  olyg
©obogango 5d0g@3oggobools @gaombobomgol. 53 39M0MEOESE >d0g®gogzoLool do@bs
©> d0osb bmando @3obol Fo@mdmgdol dobIBodgoo oo w@mbgl o>@{g3L. @3obols
dobogos  Lodb@gm  3oggobool @ga0mbdo  godmme  o0dogol ggbl. ©agds @gobols
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smgolgools bobs, @3obo-gmeswols bofomdo dmfobsgg dpamdsdgmdsls oozl  wo
05bEomsb bdoMmgbosb aodmols d@0byxoml Lbomds®o s dOMIol os@omgdo.

Fobo@gob@ogyg®o  bobols  Ladb@®go  3oggobosdo  @gzobs-gmaaswol  Lofo®dmm
smgobgools  LEgmo  Lydomol  (o@dmwygbols  ©o  @omgggmo  @gyombgdols
3obg0ma@gdols  9Ho3gdol  godmymege-dgs®gdol  dJobbom,  mobsdodwygg@dyansw
aobgobogmogm  (39bGOo @0 s slsgamgm 5dog@goggolool Mgayombols dogo@ommb
537 doggo0l dglodsdol s@Jgmemaoy® dmbsdmgo@U:

(396Gs @0 5d0g@ 3oggolbool  Gg@odm@mosbg  swdmhgboano, [obs®gob@ogy®o
boboll  @3obol  Fo@dmgdols  aobgoms@gdols  sdLobggemo  o®E9BsJBHgo0  Jmoegl
Lodmog®mb, mgom@sl, homobggol, @®dsbggolmogol, meosl, {magol, dganssbols,
35@oMdgyeol, aom@ao{dobool, ygolol Lsds®mgbgdl (Ly®. 3.38, 5, 13, 16, 23, 27, 28,
29). ®30bol 0bggbBomo [o@mdma gbognos dgd@gao 3oBgam®ools bogmgdom: Los@gge®o,
dobgogno, dydoldodo, 3o, ©sbs ©s 5.9

@g3obols Foddmgdols 3obg0msmgdyao 39M0m@oliogob 2oblbgoggoom,
3odm339m0eos  dogo @ommbols ©sd9doggdols Ggdbmenmyoygdo Losbanggdols (30300,
Amdganoi  bodolbmgobo  gmamo@olspsb ©sdbogdygmo  dsbsaol dJowgdols Gmye
UJgdol  omgogolifobgdl:  dg@bgyeos  @ogmo  @gbgmo  dgogol  bg@bgdo,
Lodo®yxggdols s  Ggo0x@gdol  godmygbgdom.  domomos  @ommbsdydeggdols
Lobganmbbmms  L3g@osgobsiool ©mby, obgmygds Lg®oygao Fo®dmgdol LoFyolo
Q@ Igoo.

Lbgoolbgs  ©obodbyegdol  bogmgdol  sdboswgdol  Ggdbmenmyoygdo  Ljgds
dmoiogl  Jodoyg@-mg@dgemo s mg@dgmo  ©sdydeggdol  Ggg0dL.  Lsd@dmenm
56036y gbols 0oMomo Jbopgds Lodgogm  Lobogrols ge@moswoliogsb, dgdwgmdo
(39996@o300m,  Lobogng  180-195  HB-L  dgopagbl.  dobgoawo  ©s  dgdobdodo
sdbogdymos mgAIYeo sdydoggdols 3@0biodom. LEH®YJB YO Yo dowgdymos
domB9bLboRo, GO®MLE0E0, LeMdodo. Mmg@dgmsw ©sdydoggdygmo dobogol Lobogngs
270-450 HB.

dglfogemoao  olosgnols  gdOmo  bsfogro  dowgdymos  Losdygogm  Lolbosgnols
RO S0l b bo@dogrobszools 3odmygbgdom; 3bggbom 0 gOIE00
539 doggoolbomgols  goblobwgdyyamo  {gd3g@s@dydygmo  @gg0dol  s@sLFmG0  wsgols
‘dgdmnbggggdl. ommbo ao@oby®gdygeos, dowgdygmos goedsbd@GgBg®o mMogb@siools
LEOgJBads. 83 3g@ompobomngol  Lofo@dmm  Losbangl  Fo@mdmowygbls  bogdgdo
@ommbol, 9.(. ,,35390L% 20dmygbgdols Msdwgbody dgdmbgggs. s@bodbyao go@o
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agb®ogno 3.11

(395@ o y@0 5dog@goggobools dg. §. VII-VI L. @3obols 0b39b@s®ols Jodoydo,
d9dobognco s LEA®YJH YO Yo dmbszgdgdo

Jodog@o gy gbommmds, bad
Ne 6ogmo Lo0bggb@o®m Ne % 0 @”‘li_ HB
C [ ™n]|si| ni | 09
L [bo@ggoto Lodmogme, 12-54/2178 0,2-0,7 | 0,01 | 0,09 | 0,01 g+ 3 190
2. [bo@ggodo Lodmogmm, 12-54/1775 04 0,008 | 0,07 | 0,02 g+ 3 160
3. [dsbgogno Lodmogmm, 12-54/6129 0,45 0,02 | 0,03 | 0,04 g+ @ 190
4. [3sbgomo ﬁi"z’gmm’ bod. 71 04 | 003 006|006 | @+3 | 175
5. [dgdol3odo  [bsdmegmm, 12-54/1250 0,45 0,009 | 0,04 | 0,1 g+ 3 170
6. [dgdoL3o@o  [bLodmogmm, 12-54/1249 0,5 0,05 | 0,02 | 0,07 g+ 3 175
7. [9900L30@0  [Lodmogdm, 12-54/5048 0,3-0,8 | 0,01 | 0,06 | 0,03 3+ 0 195
8. |dgd0ol3ocdo  |[Lodmogdm, 12-54/2167 0,3 0,02 | 0,03 | 0,04 g+ 3 140
9. [99d0L3o@o  |Lodmogdm, 12-54/2179 0,3 0,05 | 0,13 | 0,04 g+ 3 135
10. |dgdoldodo  [bLodmog®m, 12-54/5313 0,3 0,1 0,15 | 0,09 g+ 3 135
1. |3yeo Lodmogmem, 12-54/6440 0,5 0,07 | 0,1 | 0,03 g+ 3 185
12. |3ye0o Lodmog®e, 12-54/150 0,35 0,07 | 0,10 | 0,04 g+ 3 145
13. |3ge00 Lodmogmem, 12-54/2876 04-0,7 | 0,09 | 0,15 | 0,08 g+l 200
14. |3ye0o Lbodmog®e, 12-54/1213 0,6 0,05 | 0,09 | 0,01 g+ 3 195
15. [bLo@ggo®o gm@s, 7-59/69 0,5 0,07 | 0,15 | 0,05 Q+ 3 175
16. [boBggomo 0@, 7-59/97 0,35 0,09 | 0,25 | 0,09 g+ 3 150
17. |d9d0L3o@o  jmgm@s, 7-59/29 0,5 0,03 | 0,05 | 0,02 b 180
18. [dgbol3dodo  |mgmds, 7-59/99 0,3-0,9 | 0,05 | 0,04 | 0,01 3+ @ 240
19. [dgdol3o@o  |mgm@s, 7-59/105 04 0,25 | 0,30 | 0,15 g+ 3 150
20. |@obo gm@s, 7-59/28 0,3 0,15 | 0,19 | 0,09 g+ 3 140
21 |obs gm@s, 7-59/40 0,6 0,07 | 0,1 | 0,03 g+l 180
22. {bo@ggoto homobggo, Lod. 32, Ne206 03 0,15 | 0,25 0,1 Qg+ 3 165
23. |@obs homobggo, Lod. 36, Ne33 0,3 0,25 | 040 | 0,20 g+ 3 150
24. |obs homobggo, bod. 4, Ne20 0,5 0,07 | 0,15 | 0,03 g+ @ 190
25. |obs homobggo, bod. 32, Ne205 | 0,2-0,6 | 0,10 | 0,25 | 0,05 Qq+ 3 185
26. |dyd0l3od0  homsbggo, bsd. 32, Ne201 04 0,09 | 0,15 | 0,03 Q+ 3 175
27. |3gd0l3oc0  homsbggo, bsd. 17, Ne94 0,3 0,20 | 0,30 | 0,1 g+ 3 160
28. |dydol3odo  homsbggo, bad. 31, Ne196 0,5 0,15 | 0,25 | 0,09 Q+ 3 180
29. |9gd0l3oc0  homsbggo, bsd. 31, Ne197 04 0,1 | 020 | 0,05 Q+ 3 140
30. |dgdoldod@o  [homsbggo, bsd. 31, Ne199 04 02 | 025 0,09 g+ 3 180
31. [d9d0l3odo  pomsbggo, Lod. 8, NeS1 0,55 025 | 045 | 0,15 g+ 3 185
32. |30 homobggo, bod. 29, Nel77 0,35 0,20 | 045 | 0,1 g+ 3 165
33. |30 homobggo, bod. 32, Ne208 04 0,1 025 | 0,09 g+ 3 150
34. [Lo@ggeto %??6"533”1“”"3”’ LB 381 05 | 009 | 05| o0 | e+t | 195
m®dsbggobmsgo, Lod.
35. [bo@ggodo 24, Ne100 0,5 0,2 | 035 0,1 g+ 3 160
36. |dygd0b3odo  jm@dsbggobmsgo, Lod. 0,2-0,6 - 035 | 0,05 q+ G 185
109, Ne409

* LHOYIA 9O gmo dpygbgmgodo:

%3-039M030; 3-390@0@0; L-LmAdoRo; BOMLEE; (3-39996¢0F0
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gb®ogoo 3.11 (pop@dgegds)

JoBoygdo gy gbogmds, b
Ne bogmo L50bggbdod™ % 0 &;24*- HB
c [mn[si|ni| 92
37. [930b30@0 %‘;’?ﬁgggbm"f"” bod 03 | 005020003 | g+3 | 145
38. [dd0b3oGo 1%?3053301;(7)030, b L 04 L 0g0 025 007 | g+ | 170
39. [wobo 4‘1’0‘4’%1512%”“‘”‘53”’ bod 0.3 - 1030] 005 | g+3 | 140
40. |roobo %22;533(’“""53”’ bod- 7L 5 - 1025 01 | eg+3 | 160
41. |bs@ggoto 00, bsd. 215 0,2-0,6 - - - 9+ 3 185
42. Lo ggodo ngenos, bsd. 197 0,2-0,7 - - - Q+ L 190
43. [d9d0l3oG0  joenos, bsd. 216 0,35 - - - Q+ 3 160
44. |30 ngnos, bsd. 197 0,6 - - - g+ 3 180
45. |30 ngenos, bsd. 103 0,5 - - - g+ 180
46. |39&00 ngenos, bsd. 158 0,6 - - - I+ 8 450
47. |30 005, bsd. 15 0,5 - - - g+ 3 185
48. (39800 00, bsd. 164 04 - - - g+ 3 150
49. |30 00, bsd. 205 03 - - - g+ 3 160
50. |30 00, bsd. 106 03 - - - g+ 3 160
51 |@obs 00, Lsd. 103 03 - - - g+ 3 140
52. |@obo ngenos, bsd. 212 0,3 - - - Q+ 3 135
53. [bs@ggomo Fmo30, Lod. 10, Ne119 0,5 0,09 | 0,25 | 0,07 g+ 3 170
54 |dsbgogno Vg0, Gogo 8 04 0,05 | 0,15 | 0,05 &+ g 240
55. [d9d0b3odo  [fmaxo, Goyo 2 0,6 - 0,10 - %) 280
56. [dgdolb3o@o  (fmego, bod. 8, Ne52 0,3 0,09 | 0,20 | 0,01 g+ 3 150
57. [3960L3o@o  [[mgo, bod. 1, Ne52 0,6 0,05 | 0,15 | 0,03 g+ 3 180
58. [d9d0L3odo  [(mago, bed. 6, Ne19 0,7 - 0,10 | 0,03 b+ @ 270
59. [dgd0b3o@o  [fmgo, Goyo 7 0,5 0,1 0,30 - g+ 3 170
60. |d9dob3od@o  [[fmgo, Gogo 1, Nell3 0,35 0,09 | 0,40 | 0,07 g+ 3 150
61. |@obo FVogo, Lod. 17, Ne232 04 - 0,20 - g+ 3 175
62. |Lo®ggomo dganssbo, 1-58/106 0,3 0,05 | 0,25 | 0,03 Q+ 3 135
63. |dobgogno dgenssbo, 1-59/96 0,5 - 0,15 - g+ 3 175
64. [dydolido@o  [dgaossbo, 1-58/126 04 0,08 | 0,20 | 0,04 g+ 3 160
65. |dygdolido@o  [@genssbo, 1-58/121 0,3 - 0,30 - Q+ 3 145
66. |dsbgogno 3o@o@mdgyeo, 2-30/7 1,0 - - - 3+ G 290
67. |dygdolidodo  jpom@yofdobos, 8-54/86 04 - - - g+t 175
68. |'dydolidodo  |eolo, 10-54/1 0,6 - - - g+ 3 185
69. |dydolidodo  |olo, 10-54/2 03 - - - g+ 3 145
70. |obo g0lo, 10-54/3 03 - - - g+ 3 130

dogo  @ommbol  Lg®oygeo  [o®@dmgdol  smgoligdol  3@m@Egbls o  dobogools
9406m3dogg®o Jmbdo®gdol 3M0b303mob s@ol s o3docgdyeno.

2oblLoggm®gdagao smbodgbols wo@los gobbomygao 39@omeols 3obol dobognsdo
sdbowgdol  Bgdbmamyools  Fobsdwg  g@bmdo  Lgdol,  »g@ImIgdsbosy@o
©ad9853900L  3odmygbgdol @od@Ho, GmIgmog  Gomswol  mgolgdgdol  gddo@oyero
3MEbols s dgegol 30miEgbol Lgdol dg@Fydol Loygzgmglbem dogogomos. ©sdsgro
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s bodgomm Lolbogol gmeswgddo, b3gEosgydo dgogol asdmygbgdols 3@obiodom,
dopggmmos o3 dodgol  bobTo@dowosbo  gmaswgdolbomgol  gogdxmdglgdyero
395603900  mgolgdgdol  3md3@gdlbo. sdobmsb, Lofo@mdmm 3@mEgldo  wsbmgogos
Foddmgdobomgols  Logodm, ds@ogbo@olbmgsbo, dgo®e  moMgdygemo  gmaswols
dobogns, o3 ymos  bobgamlbml  b3ggosgobsi@ools domsmo ©mby ©s  bgdoygero
Fomdmgdols 3G0bo3o.

(396@Gs@Y@0  5dog@ goggolool Gg@odmmosbyg dg. §. VII-VI LlL. @goboll go®om
>mgoligdol 3g@omwol dogo @ommbsdydoggools Lobganmlbmgdo msbsdodwggdgm s
5pMdgengdls aobgomo®gdyemo @gz0bols bobol {omdmgdol F®ooi3ogdl s omgoligdls
sbogn  1gdgdl.  domo  Fgdbmermpoyg®o  Lageymagol  gbom,  860dgbgermgbo
2ob@Oogros  [o@dmgdol dobd@odgdo, 0bgdagds  Lofo®@dm-Lobgaremlbml  d9domdols
3o9dxmdgligdyao gm@ds.

l. @obogegm  sdog®goggolool @gaombdo swdmhgboeno dg. §. VII-VI L. Qdogo
@omnmb{o@dmgdols  dglsdsdolbo  @gobol  0bggb@o®o  BmIobos®gmdl  dGogools,
@s@oms@ol, m@dganol,  Joegmol, ygymmobydbgol, gdg@ol, Lmbydol  dools,
agoobyl,  9@gzol,  boggbosbol, Lodsp@ol, Lododbgymo  jm3emgdlgdoosb s
bobobgrs@gdowsb (by®m. 338, 14, 6-8, 14-15). dolbogns [o®dmygboanos  dgdwgyo
3509300l 06396@s@0m:  Lo@ggomo, dgdoldodo, G0, ©sbs, Lsbbolo, mmbo
(0bobodgogmo, 1985, ag. 95-99, @b. 2). dmaggogh oMHIRsSJHIo0l ghmo  bofogols
3329500 dgegygdo-

dg. (. VII-VI  Loygybggddo  wobogemgm  5dog@dgeggobool  @gaombolismgols
db0dgbgemmgebo  dmgengbgdom  asdmombggs. oM Jgm@maoy®  asbsmbo®  dols@nsdo
303909905 00 HomE bmdom M 3obols bogmgdo. s@bodbyeno dmgengbs ga0mbdo
@30bol  s@FgnoJBgo0l  9dggeglbmdbol oM YdgbGoe oMol dohbgyeo,  @mEglsg
93005 9bmds  B03M@MA0@M-3mOFM@MA0Y®  3M0RgH0dl  gbodgds.  Lodo@bgyao
063960>®do hbpgds dM0bxoml bogmgdol ®z0bol 30®ggano dobsdadgdo, @M gdoz
d@0bxomlb dologol mobo@mymse msobss@ligdbmdls (Jodgansdg, 1994, o5. 13). 5dogg
oOmb, d3. (. VII Loygybopsb gmebgmdo ©ggds  @g306ol  godmm  smgolgdols
390000 (xox5sM0dg, 1991, ag. 221).

d@0bxoml  [o®mdmgds 0bo®hybgdls dggan  F@swoiosl, odogg oMb dg. §. VII
bogyygbol  @30bol  bogmgdols  Lod@sgang go@bgndo @gobol  Qo@mnm  smgoligdols
sliofgolols doyPygdgemos (dJodgansdg, 1985, a3. 88-89). Lod@dmenm os@ommsb gHmsw,
bodg@bgm  os@owols  IMogogyg@mgbgds,  gOmo  dbdog,  dofomdmJdgrgdols
35b30m5M9b5bg, dob dOogo@EMAMOM0Mbsbg Joygmomgdl; dgm@g db®og,
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3b®ogro

slisgagm »dog@dgoggobool dg. §. VII=VI L. @gobols 0b396@s®0ls Jodog@o,
49560390 s LGOI YO0 Jmbs39dgd0

3.12

N | Bogmo boobggbioto N | 0000000 Bosagbosemde, % | koGt | p
c [ mMn] si | Ni | 039
L | Loggge®o ) 04 | 003 | 015 | 003 | ¢+ 3 | 185
2. | Bgdobioco 3Gomo, Nig 03 | 006|005 | - | g+3| 165
3. | Bgdoblodo 3Gogo, Ne149 045 | - 020 - | g+3| 19
4| gumo 3600, Ne73 08 | - |010]| - |[v+g |27
5.1 gmmo 3é0gmo, Ni234 04 | 009 | 020 | 005 | o+ ¢ | 225
6. | Gmmo 3600, Ne170 04 | - |025| - |g+p| 180
7.1 Gamo 300, Nig3 03 | - |o1s| - | g+3]| 165
8. | Gumo | dGogmo, 1od. 26, N6 | 04 | 005 | 030 | 002 | ¢+ | 175
9. | gmmo | dGogo, bsd 26, N7 | 03 | 009 | 025 | 001 | ¢+ 3 | 160
10.|  Gogmo | dcomo, bsd 26, N10 | 03 | 01 | 035 | 005 | ¢+ ¢ | 180
IL|  gomo | 3Gomo, bsd 26, NeIS | 07 | 005 | 005 | - | ¢+ 3 | 225
2. ggmo | dGomo, bed 7,N208 | 04 | - | 020 | - | g+ | 185
B.|  ggmo | dGomo, bed 7, Ni199 | 035 | 008 | 030 | 003 | ¢+ 3 | 170
14.|  Gamo | dGomo, Led. 7, N216 | 03 | 009 | 035 | - | ¢+ 3 | 160
15| Gogmo | dcomo, bod. 17, NSO | 035 | 005 | 030 | 004 | ¢+ 3 | 165
16. | Bdoldodo | motomastio, @-64219 | 03 | - | 035 | - | g¢+3 | 175
7. gogmo | modomaeto, @-64221 | 035 | - | 020 | 001 | ¢+ 3 | 180
18| umo | moGomoto, w6723 | 04 | 004 | 035 | - | @+ 3| 195
19.]  wobs | wsGomsdo, @-67/53 | 0207 | 005 | 005 | - | ¢+3 | 215
20.|  wobs | motomsdo, @-64/220 | 08 | 008 | 025 | 006 | ¢+ 3 | 240
2| wobs | moeGomoto, @-64/222 | 0306 | 005 | 035 | - | g+ b | 195
22| Lobbobo m@dgmo, 12-28/3 035 | - | - | - | g+3] 160
23| oobo @30, 1228/5 3 | - | - | - + 3| 155
24. | mobo m@dgmo, 12128/5 03 | - | - | - | g+3]| 65
25. | morbo Jodgmo, 60 03 | - | - | - | g+3| 1m0
26. | Logggotio | gnmob@bgs, 64/4 09 | 003|015 | - | g+ | 285
27. | o qmobm@bgs, 5522 | 0005 | - | 025 | - | g+ 3 | 180
28. | 390 qmmoba@bgs, 5527 | 0006 | 002 | 020 | - | g+ b | 195
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29.
30.
31
32.
33.
34.

35.

36.

37.

38.

39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51
52.
53.
54.

55.

56.
57.
58.

59.
60.

©5bo
©obo

obo
©obo
obo
obo
©5bo

obo
obo

©obo

bo@ggo®o
bo@ggomo

bo@ggomo
bo@ggomo
bo@ggomo

©obo

©obo
‘dydol3omo
0mbo

0nmbo

bo@ggomo
bo@ggomo

bo@ggo®o

‘dgdolidocdo
0mbo
nmbo

Lobbolio

obo
obo
obo
obo

0nmbo

ygesobydbgs, 51/3
gmsby@bgs, 64/4
9d9®s, Om. I'. 73-282
939Gs, Om. I'. 74-168
9d9®s, Om. I'. 73-171

999G, D T. 73-210

Lbombydols dms, ABM,
72-57

bobydols dms, ABM,
72-97

d9o-oby, 71-218/T'U-
1142

d9o-oby, 71-218/T'U-
166

16930, 05U76-115
¥ gg0, 05U76-1178
96930, 05U76-1144
¥ g30, 05U76-1159
9930, 05U76-1138
¥eg30, 05U76-881
¥egz0, 05U76-811
¥ gz0, 05U76-309
9930, 05U76-830
9930, 05U76-952

boggbosbo,
boggbosbo,
boggbosbo,
boagbosbo,
boggbosbo,
boggbosbo,

boggbosbo,
boggbosbo,

05N74-1039
05N74-848
05N74-12
05N74-486
05N74-1148
05N74-1180

05N75-1269
05N74-830

Lodog@g, 05575-282
Lodsp g, 05574-401

bodog@g, 05S75-281
Lodog@g, 05575-287

0,3
0,9
0,3
0,5
0,8
04
0,3
0,9

0,6

0,1-0,7
0,4
0,3-0,5
0,35
04
0,4
0,2-0,7
0,3
04
0,2-0,5
0,3
0,6
0,2-0.4
04
0,35
0,35
0,4

0,3

0,2-0,5
0,3
0,35

0,35
0,3

0,09

0,04
0,01
0,02
0,03

0,09

0,07

0,009
0,003
0,02
0,03
0,06
0,5
0,04
0,03
0,05
0,02
0,02
0,01
0,02
0,01
0,09
0,08

0,02
0,03

0,35
0,15
0,25
0,20
0,15
0,25
0,35
0,30

0,15

0,15
0,10
0,07
0,17
0,15
0,04
0,30
0,45
0,20
0,45
0,07
0,30
0,10
0,35
0,30
0,40
0,25

0,35
0,10
0,25
0,15
0,20
0,20

0,06
0,03
0,05

0,03

0,06
0,06
0,02

0,01
0,03
0,02
0,04
0,02
0,06
0,07
0,45
0,04
0,08
0,03
0,04
0,03
0,06
0,05
0,05
0,02
0,03

0,04
0,03
0,05
0,05

C

% + 3

3+ G

g+ 3

3+ L

8 8 8 8 «c8 8 8 8 3 8

8 8 8 8 8

[0}
C

[0}
C

(03
C

+ o+ o+ + + o+
w w w w

155
285
150
206
250
175

150

245

460

235

180
185
160
175
245
195
150
170
190
165
175
170
180
165
170
175

160

180
150
160

160
155

* bHOYIH O 9o by gdo:
L-Lm@d030; B-AOmbE0G0; d-690bo@o; 3-do®d@gblodo
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S20mdM030 @3obols AFs@dmgdger  Lobganmlbmms UL3gaosgobsiool wmbols ©s
hodmygs@odgdygeo bgdoygao Fo@dmgdol m@gysbobsiools dohggbgdganos.

5dobmsb, @30bol 0o@omdo d@0bxsml os@oswols LYo jmddengd@ol asdgmmgds,
Qo JBMdMogo,  domo  @odgbodg  Loygyboo  mobss@ligdmdoby  dogmomgdl s
goebgndo dg. §. VII-VI Loygybggdo aobgomsdgdyeo @3oboli bobowsb dolo go@mm
>mgoligdol 3g@omebyg goesoligerol Loggbydl gzo3do®gds. domo mobos@lgdmdols
S@ggmo 3g®omeo d3. §. T soolfagyamols Lofyolo Loyggybggdbom aobolisbrmg®gds.
>bodbyemo  3OMEglo  Log@mms ©obogegm  sd0g@goggobools  @gyombol  Gmamas
ds@ol, olg dmolfobs s dJmols Gsombgdolbomgols.

sLBYOIds Modgbodg Ggdbmanmyoyg@o  Lgdol godmygbgdol goj@o. @ gobs-
Qo@sol ©sdydoggdol doGomspo ™m3gasEos @Gmygmo gbgmo dgogss. Lod@dmenm
©5b0dbygegbols 0o@os@ols Bm@dgbo  asdmygoboanos  Lodo@xggdom ©s G300 d0m.

0gAdPEs©  ©s  Jodoy@-0gadygms  sdydoggdbygao  dsbogns  msgobygomos  Fowols
hobo@mgdoliogsb, gommbo gOmygommgsbo mgoligdgdom bolosmwgds.

2odm 330 9900 bogmgdols 00©O bofognols A9dbemamyoy® L Jgd>do
2omgo@ol{obgdymos  bm@ds@oboool  3GmEglbo,  dosbogosls  dobokgdygmo o3l
2o9dx mdgligdyemo dgdsbogg®o mgoligdgdo.

bogmgdols  g@mo  bofomol  odbopgdols  Ggdbmmmaoyg@o  Ljgds  dmoiegl
0g@dgmmo  ©s  Jodoy@-mg@dgmo  sdydoggdol  dgomegdl,  gbgogdom  domo
3M3b0boMgdgeo  asdmygbgdols  dgdmbggggdl.  @ommbo  godmodbggs  do@ogno
d9d5b0g9@0 dsbobosmgdangdom. gmerswols Lobsgng — 300-450 HB).

3050 s Lbodgogrem  Lolbogol  gmaoswgdol  @odbowgdol B gdbmerma oy
b Jgdsdo  godmygbgdymos  mg@dmdgdobogy®o  sdydoggdol  L3ggosmy®o  @ggodo,
Jom(ggmos  goygdxmdglgdbyao  dgfobogydo  mgolgdgdo.  Jomgdbymo  dsbogrom
‘dggeomos do@osmbo@olibmgsbo, dgodoe mo@Mgdymo gmaswools bodydgdo.

dg. . VII-VI Loygabggddo oobogengm sdogdgoggolool @gobols Lofo@mdmm 396 9d0
23obg30mo@gdyyao @3obol bobowsb  Aowools dob Bodmem smgolgdsby, Iygdogogds
930 @ommbols  @mygao  LJgdgdo. 53 3g@omol  g3mbmdogol  asbgoms®gdols
3o6mbbmdogMmgdol  dobgegom, Li®sgsw ob®gds  @gobo-gmeswols  {o®dmgdols
doldBodgdo, Lobgemlbm-Lbofo®dmgdo aowowols Ibs boFomdol Lg@oya asdmdggdsby.

sdggodo, dg.  §. VIL-VI  Loggybggddo  9b@@semydo  ©o  abogergm
5d0g®3o335Lool  @3obol  [o®dmgds Dogo gommbol  sdydoggdols dbodgbgarmgsbo
do{ 939000 bobosmpgds: LoFo@mdmm 3@miEglol dsJbodsgnydo ©s@godmgols @ggodom
> M30b5-gmmsols  sdydoggdols sbogno  Fgdbmemaog@o  LJgdgdom, Fo®Imgdol
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dobdGodols  3b0dgbgenmgsbo  bOom s  Loddgoeem  Lobgamlbomms  39domdols
Lg@oygao  gm@dol  smgobgdom. @ gobs-gmmswol  bsfo@do  dmgrosboe  (3ge00ls
L3ogrgbd-d@obxoml. dogo  @ommb{o@dmgds g3mbmdogol  aobgoms®gdol do@omswo
dodo@myangds begds. 53090 35335L05d0 @ 30bols Fo@dmgdol aobgoms@mgdols 53 ©mbols
‘dgbodsdolo boggbydo, @30bol Bo®mm smgoligdols 3g@omol gobdbsbrgdganos.

d3. §. V-1 boyynbggdol @ 30bs-gmeswols Foddmgds

dg- §. VI Loyggybgdo  Ladbdgm  3oggolool  @gaombolsmgols  dmogdogds
9306mdogy@o  gobgomodgdols d60dgbgamgsbo  3g@omwo, @ 3obs-Gmensol  Go@me
030390 gbol s  s;mgolbgools Laggbydgdo, @mIganoi dbodgbganmgsbo B gdbosy9®-
A9dbmemayoydo  dgdgdom,  Lofo@dmms  Lg@ogmo  gybjaombodgdom  ©o
20dmdggogemo  3OmEYJ3ool  @smegbmdol  Fobolfo®o  @gameodgdols  3@obiodom
bobosm@gds.  odogg 0@ml,  d0dobs@gmdl  @ommb{o®dmgdol  mgolgddogo
oMo Jdbols 3@mgLo.

SO Jgmemyoy@o dmbsi9dgdol Logydgge by domgdbyaos, @mI 396G y@  ©s
sbogan gom 5d0g® 3og3oL0sTo, od 3960 do Fo®dmJdbogo 30 0E039@-
>dobolR@sigoyge  (396@®gddo  bgds  Lobgamlbm  Lofo@dmms  3mbigb@®dscos,
GmIan gdo(3 Lobgerd{ogm Fo®dmbo Jdbms ddodmggen Bgbsl  gdlobydgds
(boby@oodgoaro, 1970, ag. 623; Nopakunanmase, 1989, og. 255). dg. (. VLIV L.
Joemodn@o  Bodol  bgemlby@o [os®dmgdoon Lodggdammdgb (396@M 900, GmIagdoz
bganlogdgenr @ ga0mbdos gobemoggdamo. Jogsdydo Lobganmlbem, Fobstg 3g@omwmsb
Jgomgbdom, mgolgdMogo obogro  gggbmdgbos,  Lows3  o@gmgds  wolsdgdyemo
dHdol Lobyg s Lalodmbenm 3GmeydiEool bodolbo. @ommbols (@3obol) Fo®dmgds
LoFo@dmm  dobolmob  3ogdo@To  @hgds o  mobomsb  Jogmsdydo  dgy@bgmdols
R gddo, L3gEoomobgdymo bodkgommm aog@mosbgdoms dgJdbs 0fggds. Joasdols
940bmdogol  bygOml  gdloby@gds  ©s @ommbby  2obOEoa  Jmmbmgboagdgdls
53d04mxzoegdls Jognsdols dogbom s dobgeb wsdm@gdom ¢ybjaombodgdowo ¢obgdo,
doo  Bg@odm@osby aobaopggdyamo dbbgoeno Lofo®dmgdo (sgojodg, 1963, a5. 210;
Nopakunannaze, 1989, a5.  230). 0gddbgds  osbosgno  Godol  UL3gEosmobgdyero
Lobganmlbmgdo, @mdamgdoi bogok®m 396@@gd0l g9bjiosbsi sy gdl (sx3sdody,
1970, ag. 731; 1972, o3. 87).

smbodbyemo  Bodol @gobols [o@mdmgdol Lobgamlbmms bodmgdo  smdmbgbogos
GORMOGE  396HGo@YM, oby @obsgagm  5d0ggegaalool  Ha@oHmosby @Yo
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5bBH0gy®o bobol dgamgdby, Lowsi wolGydwgds @3oboli ©sdydoggdbom ©s3o39d9e00
Lodkgoenm Lobgermlbmgdols Loddosbmdols jgseo.

olobodbogos wowo dabgmols ,,La®gobgl™ Labgaom bmdogno g@dgero dobomdo,
dobbg aobenoggdagemo @ gobo-gmamowoli sbsdydeggdgero LoFo®dm-Lobganmlibmgdom,
O30 9MMgsbo 30m©J3oom, @3obols bodbogdols, 390 gdols, Jgobs
slodydoggogemo s Lbgoslbgs 9bdiool os@omgdom. Lsddgoam  Lobganmlibeml
bodygdom  ogerdo  dgools  @3obol  @oyag0l, bobggo®eed®ogo®ol ©s  bosdbowols
537 dogg0s, dbs  3OmEYJ3Eool  asdmdggds.  oJBoygdpgds  do. IBggol  bgmdol
ob{gM0g  Lodgy@mbgm-g3mbmdogydo  gobgomsdgbol  3@m3glo, 0ddbgds  Joensdy@o
G030l sbsbangdgdo, Lobgemlbm Fo@dmgbdon s god@mdols 396@G@gbom, @M gdoz
d60dgbgemgsbos. (3950 ®oe Y0 5d0g® 3o335Lools dog0 @omemb{omdmgdols
2obg0momgdol boddgdo (bolEogobo, La®goby, dsgmols s Lbgs) (byg@. 3.38, 19-21).

obBogg®o  bsbol  @3obol  Fo®Imgdol Jdgamgdo, ©s353d00gogeo  Lodmlbsbaom
(3960®gd0l  Lobgenmlbm  LobEgdobmsb, o@dmbgbognos 3. @ombols  dygs  Fganols,
dodgdodg  AgModm@osdbyg.  domo  gubdios  aoblobwgdygmos  (39bGG s y@0
3o@bgnols  @ga0mbol  o0o@o-bodyy@gmon  dmdo@spgdol  m@gsbobsioom. oI
dododmgdom  sOLgdomo  3bodgbgermdolss  Jymsolol,  ogbs@ol,  dmoldo®ols,
Logobhools Lobgamlbem Fo®dmgds (bym. 3.38, 9-12).

J- Jgmoolols dgdmgecmgbdo, dg. §. V Loyggybol gyeo@ydge ¢96sdo s@dmbgbogn
Lobganmlbm-LsFos@dmms  g9bjaombodgdols sdbobgger  b5dmgddo  Lodydom  ¢bbgdols

3ob@oa gdol Jm@osbo ggo@@omo 0go®oygds. L. @oxgbo®do doggmgymos dg. §. V-
IV L. goommb{s@dmgdols bsdmgdo, dsm dm@ol @jzobols Loddgommm Lobgermlbmbmsb
©5353doMgdymo boddgoeem Fows, @g0bols @yagol dsbogns (Jlopakmnanmaze, 1978 ag.
101; 1989, g3. 230).

(960Ooy®  gomabgndo, L. dmoldo®ddo  @gobols  Fomdmgdols  Loddkgoem
Lobganmlbmgdols g39bJi0mbodmgdol bodmgdos doggengyano. ,,o0g0dg0agdol™ am@ols
Nell ob@ogndo  s@lgdygero  dobogngdol dobgogom (bsDogrbsi@®osbo  ggbs, @ gobols
boddgoam  (owpgdo), of @goboll  Lofo@dmm-Lobgermlbem  9dsbo  0go@oywgds
(podydganodyg, 1982, ag. 46).

gobols  bodogsdo®ol  dodwgdsdg  Bg@odm@osby  o@OLgdyer  bodmlobansd
Logobhoobyg, dg. §. II Loyggyboon womsdowgdyger ¢3965do (VI 9ds5bbg) swdmbgbogno
Lofo®dmm  3g®s, @ommboll dgm@swo ©sdydoggbol s@dbodgbgan b5Tdmgdl dmoegl
(emobgano, 1991, o3. 72-76, 81-83).
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dg. (. V-II Loygybggddo odgmemmaoygdo  [ysdmgdol dobgogom, dglsdhbggos
Jmebgonols Lobgenemlibe Fo®dmgdols 0033996305300, GOmdgools boboby
db0dgbgermgbo  gomodgds  Logod@m-g3mbmdogy@o  g@mog@Ommds,  do@ogos
Fomdmgdols wmby.

do. @ombols  F9oFganby, (396HGsy®d  joabgndo, @gobols  IgBoy@dyoyeno
Fo®dmgbdols o @ommbsdydoggdol  3gMgdols  s@dmhgbol  gsd@o  (Jymsolo,
b5 Mdo, ©oxbsM0, Logsbhoo, domolido®o) bodd gogom Lobgermlbmgdols
©5dM730gdes© d7domdol, domo Log@mm dgHomy@dpaoygeo (303e0©sb aodmygmaols
30m@3gbol  dohggbgdgaos.  JogmoJol  Bodol  L3gEosemobgdiya Loddgoanm
Lobganmlibmgdmsb gomo, dosmo gybjgombodgds bgels 9Fymdl dogs 930bmdogyco
398300 9d0ls 25bg0mo®gdsl, 0b@Egds Logod@m YOm0 gammds godg bodys@mliomasb.

geoboli@yg®o  bobol  @gobols  Lobgermlbml  Lofo®ddmms  Bgdbmenmaog@o
sboslbosmgdolbomgol,  dg@bgyaos dg.  §. V-I Ll.  @gobol  0bggbdomo  gobols
bogognsdo@owsb s (3obosam@sl  Lo@od®dm  3mddmgdbowsb  (by®. 338, 11, 21).
dbgeggermdsdo doowgds odsgg 3gMomol gmenbgmols ©s 0d9M00l  GgBo@m@osby
o0 lgdygmo  Lododbgyemo 3mddeglgdoeeb dmdobodyg @ z0bol dsbognols sbognobols
9098900 (Lebydol dJmols, ygo-obyl, bgdobol LodoMmmgbgdols dsbsgns) (Lym. 3.38, 1,
4, 18).

@30bols dobognols oo bsfoemo sdmbhgbogros gobols bodoas]o@by, Gmdganoi I
3900medo  goabgmol  bodgynml  dbodgbgeomgsbo  3mero@ogg®o s  g3mbmdogy@o
39630 ogm. o swdmhgbogro J@sgomayg@mgsbo @3obol Lod@dmenem s Lodgy®bgm
05G5®09d0  go@bgmols  JogsJydo @ommb{s@dmgdol aobgomsomgdol doogr  ©mbyls
2oblobegMogs (mogodg o Ubg., 1975, ag. 215).

db0dgbgeomgobo  sEgogo  gmdmds  Lod®dm@m  o0s@oel  (‘dygdolso®o, Lo@gge®o),
OmIgEms oo AsmEgbmdom  s@dmbgbols gsJBo  SbGogyu®  gmebgmndo  Lomds@o
0G50l o@mem [o®Imgdols s gobgomsdgdymo Lodbgo®m Lsddol m@asbobsizools
dobggbgdgemos (Slopakunanmnase, 1969, ag. 250). Lodgy®mbgm o0o@owoab asdmo®dbggs ghe
©>  @geo. dobmd®ogo  dmbodmgo®os  3ogo o gy@lLdsbo.  domo  godemygbgds
Loddgbgdenm Lodydomgdols s sMJod g ydygeo 3mblg®ydaool gargdgbdgodo 943l
o 0(393L (godiEbognsogs, 1986, y3. 56).

goboli bodogsdo®byg spaommddogo Laddgoamm-Lobganmlbmms g9bjaombo®gdols
5dosbBYMgdgeo  bobggo®esdmdogo@os  Jggos  Ggdslol Lofo@mdmm  3md3engdldo
smdmhgbogno @ 3obols daneydgdo.
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3obosgm@sls Lo@od®m jmddggdlowsb LoobBgdglbms aoblibgeggdygmo bmdol o
56036y gdols 9@ 1dbgdo, OmIen gdo(3 9e0bolBy®o bobols 0dgG 00l
boJognododgbdolos s  Lo@oddem  3md3egdlgdols  Bodyg@o  dmbodmgs®os ©s  domo
Jobdo@gool bgggdm Leddgbgoenm 3mblE®YJE0gdom s@ol goblsbmg®yao.

aobbogogemo @3obols dobogol Bgdbmermpon®o sbognobom 0®3g393s, @md dg. §.
VI Logggbggdol dogo anommbols Fo®mdmgds, @3obols go@mem smgolgools boboslbomsb
dgooMgdom, 2oM3399eo  mgolgdodogo  3geoagdgdom  asdmo@dbggs.  a®dger©gds
2odmdggogemo  slm@GodgbBol  Lg@ogmo  bobosmo.  ghHmOmyms  Jmdgogdl
Lodoanodm  Lobganmlbm  9dbgdolopsb dgdpasdo Loddgoemm 396G gd0 ©s domyob
oM3399er0  dsbdognom  sdm@gd o @gyombognydo  Lobgamlbmgdo, @mdagdoz
obB03®0 bobols dogo @ommb{omdmgdols ghmosh LoliEgdsl Jdbols.

boJogmododby  g9bjombodgdoo  Loddgoerm  Lobgermlbmgdo  LOgmymgoao
L3goomobsioom bobosmgds. Joensdols dogmogno Lobmgsmgdolomngols
3obgymgboano  os@owo  doMomswse  gdomaglo  bo@olbols  dobogolash  o@ols
5dbogdymo; godmoygbgds domsmbobdo®dowosbo o (399963 0MgdYE0  Bmenswo,
amdgeoi Jobyob ©sdbowgdygm  osGoel  dgdsbogydo  mgolgdgdol 3bodgbgenmgsb
3033 gLl sbodgdl. o3 Jgdmbgggodo Gomowo asdmodbggs dsbaaol Lolyxgmsgom
(o@sommby@o  hobs@mgdols  2oM9dg), gOmggemmgobo  ©s  [3®ods®(33emgobo
LAOYJ(gGom, @53 Jodoyg@d-0g@dygmse  ©sdydeggdygmo s be@ds@obgdyeo
doboenoligsb sdbowgdygmo boggomdol doog LodsbB™m moMmgdymgdsl dggbodsdgds.

F960L300 9508 sdbowgdol  Ggdbmenmyoyd LjgdsTdo dgool os@owmols Ik@geno
3o@ols m@dbdogo, godkmao (3939bGo300l 3GmEgbo, 936 9dB0eydo  LE®YJBaHol
RoeoEol go®dodgdom. bmaogdm dgdmbgggsdo godmygbgdygmos  Jodoyg®-mg@mdgeno
s 0g@©dgmmo  (FO0mdstdndggds) ©sdydeggdol gohHmeamymo, ghmo Ljgdobmgols
dJomgdymo  30mzgbo, Go3  3bodgbgermgsbo  Bgdbmemaon®o  Losbangs @ jobo-
QoeEsEol ©sdydeggdsdo.

>mbodbyemo  3mI3ewgJby@o  Bgdbmmmyon®o  Ljgdomn  dowgdbyemo os@owolimgols
oblobmgdyamos  IkGgao  JoMol  JeoslGogy®o  gydg s dowsemo  Lobosaols
bgesdo®o, dgbo@hygbgdbymos  Mgzoo  mgolgdgbo  ©@o  ooGomo  d@ol  ybo®oom,
(3390539092600 A5dmo®hggs. dsbsgools Lobagngs 300-320 HB.

bogmgdols gOmo bofoao Lasdyogmm s dowogro Lobsgnols gmans@olasb s®ol
sdbowgdygamo,  dgbodsdolo  mg@dgmo  sdydeggdom,  GmIgems  dgdsbogy®o
0golgdgdo Lsgdome dswogos (340-420 HB).
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3gb®ogno 3.13

dg. §. V-I Lb. @30bols 0bgsb@omols Jodoy@o, dgfsbogyn®o s
LEAO YA YO g0 dnbszgdgdo

Ne bogmo Lo0obggbBo®mo Ne Jodog@o Fywpgbogemds, % bé({)ﬁ‘i_ HB
C | Mn]| si | Ni | 009
L. |9yg00L3060 | gobo, g-67/44 0,8 0,003 | 0,09 | 0,02 G+ L | 320
2. |dgdob3o@o | gsbo, g-67/45 04 0,005 | 0,06 | 0,02 g+ 3 | 180
3. |9y9d0L30c0 | gobo, g-67/46 0,8 0,004 | 0,1 0,03 9+ @ | 420
4. [dydob3o@o | gobo, g-67/47 0,85 | 0,003 | 0,02 | 0,04 b 260
5. |dgdol3oco | gobo, g-67/48 0,85 |0,002| 0,07 | 0,05 3 250
6. |d9dol3odo | gobo, g-67/49 04 0,001 | 0,1 0,02 g+ 3 | 170
7. [3gd0L30@o | gobo, Lsd. 9, g-69/33 0,35 | 0,001 | 0,05 | 0,02 g+ 3 | 170
8. |dydol3odo | gobo, Lod. 9, g-69/34 | 0,2-0,6 | 0,05 | 0,03 | 0,08 g+ L | 190
9. [9gdol3odo | gobo, Lsd. 9, g-69/35 | 0,1-0,8 | 0,001 | 0,03 0,12 g+ 3 | 250
10. [dgd0b3o@o | gsbo, Lsd. 9, g-69/29 | 0,1-0,8 | 0,003 | 0,02 | 0,02 g+ L | 240
11. [d9d0l3o@o | gobo, Lod. 9, 3-69/8 04 0,003 | 0,03 0,01 g+ 3 | 175
12. |dgdobdo@o | gobo, bod. 9, g-69/11 0,35 0,004 | 0,05 0,04 g + 3 | 160
13. [Lo@ggo®o gobo, g-67/42 0,5 0,01 | 0,07 0,03 } 185
14. |Lbo@ggomo gobo, g-66/11 04 0,04 | 0,03 0,15 g+ 3 | 180
15. |3gemo gobo, g-66/140 04 - 0,05 | 0,03 aq+ 3 | 175
16. |30 3560, g-67/15 0,8 0,01 | 0,02 | 0,04 A 300
17. |ghe 3560, g-66/144 04 0,002 | 0,05 0,03 g+ 3 | 180
18. |@y@ldsbo | gobo, Lsd. 11, g-69/5 0,3 0,02 | 0,06 | 0,05 g+ 3 | 165
19. |@g@bdsbo | gobo, Lsd. 11, g-69/4 0,25 0,07 | 0,03 | 0,04 g+ 3 | 145
D0. |me@ladsho | gobo, bad. 11, 56917 | 02 | 008 | 006 | 002 | & + L | 150
1. [ROLISbo g;fl"s’gl"’a‘ g 025 | 003 | 01 | 004 | ¢+ 3 | 140
D2, |@e@ldsko | gobo, 53-57/79 075 | 005 | 0,15 | 002 | o+ 3 | 180
23, [@u@bdsho | gobo, g-66/62 04 | 002 | 005 | 003 | o+ 3 |160
24. | 3580 gobo, g-66/71 0,5 0,03 | 0,23 0,04 q+ 3 | 175
25. 3080 gobo, g-66/72 04 0,03 | 0,20 0,02 q+ 3 | 170
26. |Bo®sbo 3560, g-66/580 0,6 0,01 | 0,05 0,01 A 270
bgenols (30bosaMmAs, bod).
7. B5Gr60 3. 0,5 0,07 | 0,10 0,02 g+ L | 180
D8. |@e@lidsbo gzg;’"a"’“’“’ boo: 045 | 004 | 0,15 | 004 | @ + 3 | 170
29. |@ne@lidsbo gzg;’"a‘"m’ Lo, 0203 | 0,03 | 009 | 003 | &+ 3 | 155
30. |@oo@l3sbo Sm"gg"a"’“’“’ boo: 045 | 005 | 007 | 005 | &+ 3 | 165
31 |dando 3560, Jggos Bg@sls | 0,1-04 | 0,03 | 0,35 0,04 g+ 3 | 150
32. [beneydo 3560, Jggos Bgdsls | 0,1-0,7 | 0,02 | 045 0,07 g+ 3 | 170
33. |banegdo 3560, Jggoo Bgesls | 0,1-0,5 | 0,07 | 030 0,09 g+ 3 | 155

* LHOYIH 9o Ipgbgargdo:
%3-039M030; 3-390@0@0; L-LmAdoR0; B-AOmLE0R0; I-do@Fgblodo.
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SbBHogg®o  bobol  boJomsds®by  dm3mggdya, Loddgbgderm  Lodydomgdls o
>0J0d9dd o9 3oble®ydcogddo  godmygbgdygm @ gobs-gmenswols  dologrowasb,
2oblboggm®gdom  gy@oegdsl  0dboby@gdl  gogo o  @y®@lbdsbo,  @O®Igeoms
2oblbgoggdymo gm@dobs s bmdgdols s@OLgdbmds dom dBogo@db®og wobodbyergdsls
oblobmg®aglh.  3oggoo  dowgdymos  @dogo s  bobggdo  Logro  ge@swoEsb,
bo@dognoboizool  3GmEglbol  aogmom.  bobosmwgds  ®m3Godsgry@o  dgdobogy®o
dohggbgdangdom (170-180 HB). goy@lidbgdo aoblbgoggdgemo bmdgbom, ©@sbodbyemgdols
‘dgbodsdolo@, doMomoEsE Mdogro  BmEsEosb, mg@Igmo  sdydeggdols ao@mgdgs
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G. Inanishvili
At the Sources of Georgia Metallurgy
(4™ — 1% millenium B.C.)
Abstract

The archaeologically exposed on the territory of Georgia and duly studied underground
workings expressing mining-metallurgical activity, the objects depicting benefaction-procession of
minerals obtained from ore-outcrops or the objects evidencing functioning of metallurgical
workshops, are rather substantial artifacts for the history of technology. They occupy adequate
place in the integral system of the world civilization.

Materials mirroring the history of ancient metallurgy and metal working of Georgia-Caucasus-
Fore Asia are stored in the written sources, are preserved in ethnographic life and are accumulated
in the monuments of material culture connected with paleometallurgy.

The territory of the South Caucasus inhabited by metallurgic tribes known according to ancient
oriental and the Antique written sources is the historical region of the old world where the art of
obtaining and working of high quality copper-bronze and iron-steel was created.

The problem of existence, exposure and study of ancient metallurgical hearths on the territory
of Caucasus - Fore Asia stood before the researchers of the 19" century. According to the data of
one of the groups of those researchers the Caucasus is considered as one of the hearths of iron
metallurgy in the world (J. Morgan, V. Abich, H.Quiring, Cl.Schaeffer et al.).

By the beginning of the 20" century the great attention was paid to the issue of assimilation of
metals used in the old world, including silver, copper and iron. The works of the known European
researchers, specialists of history of metallurgy, accumulate materials depicting ancient mining and
metallurgical activity, in which the activity of metallurgic tribes populating the territory of Fore
Asia — Caucasus are allocated the deserved place (R.J.Forbes, H.Coghlan, L.Eitchison,
H.Richardson, T.Rickard et al).

Specific significance is attributed to the role of ancient Georgian tribes in a matter of
production-assimilation of various metals, to the study of ethnic origin of Khalibs, Mosiniks, Tubals
and Moskhs.

The opinion is reigning that in the old world the South-East Black sea coast and Caucasus
formed the center of treatment of precious, non-ferrous and ferrous metals and that this center
brought definite impulse in a deed of cultural development of the countries of the Caucasus - Fore

Asia — Mediterranean Sea in pre-historic and historic periods.
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Ethnographic material of the Caucasus connected with the monuments of precious, non-ferrous
and ferrous metallurgy and metal working is one of the most essential for the study of issues of
production-economic character of this branch. Hearths of metal working functioning on the territory
of South Caucasus, preserved till now, metallurgical terminology preserved in the everyday life of
Georgian people and in their traditions and legends and myths - are the signs inherent to rich
traditions of metallurgy.

Part of the history of metallurgy, connected with the ancient metal working centers of Fore
Asia — Caucasus covers the common problems, in which the stages of assimilation-development of
copper, iron and precious metals culture in the above stated regions is considered in synchrony. The
general scientific opinion was formed about functioning of Georgia-Caucasus, as one of the
important regions in the ancient metal working system in Eurasia. This opinion is made still more
reliable by the material- cultural monuments giving extremely significant historical information
about metallurgical manufacture exposed on the territory of South Caucasus. These are furnaces-
shops, forgeries.

Geochemical map of metal bearing deposits of Georgia and Caucasus was drawn and studied
on the base of geological data. Mineralization of ore outcroppings and the issue of composition of
useful metals were studied and the possibility of their application in old manufacture was proved.

Information bulletin of technical characteristics of copper, iron, antimony, arsenic and precious
metals existing on the territory of Georgia was prepared in order to characterize ancient copper-
bronze and iron-steel manufacture. This is one of the first sources for the description of ore mining
activity.

By the provision of polycentral system of formation and spreading of paleometallurgy in the
Old World, the South Caucasus falls among the regions where there are the main natural conditions
for the development of metallurgical activity/manufacture, presented in the form of resources of raw
material (ore), fuel (charcoal) refractory clays and water. From the 3™ millenium B.C. the
Transcaucasia is the region —manufacturer of precious and non-ferrous metals while from the end of
the 2" millenium B.C. it becomes the region —consumer of the production made of iron-steel. To
present the complete scheme of the metallurgy development the copper, iron, antimony, arsenic,
gold and silver deposits existing on this territory are considered which could have been used at
various stages of metalworking. From times immemorial the local ore outcroppings of the above
stated metals might have been the objects of extraction/exploitation. They cover some dozen
various capacity deposits and are distinguished by genetic diversity.

Metallogenic regions created in the process of historical formation, existing in the region of

Georgia are united into some major structural units (provinces). These are the central Caucasus
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range, its southern part, Adjara-Trialeti ore mineralization system. Each of these associations
contains groups of ore outcrops possessing common geochemical properties, with spreading of
relevant metal elements. Metals used in the past are distributed according to the provinces as
follows: Central Caucasus Ridge - Cu, Fe, As, Zn, Pb, Au, Ag; southern part of the ridge: Cu, Fe,
As, Zn, Pb, Sb, Au; Adjara-Trialeti system — Cu, Fe, Zn, Pb, Au, Ag.

Geographical area of stretching of the ore system of Transcaucasia, their geological-chemical
characteristics determine the sphere of activity of ore mining and metallurgical manufactures.
Geographically close location of ore mining objects to the manufacture zones contributed to the
creation of metallurgical hearths in the mountain, foothills and sea side zone. The
monuments/objects connected with the development of ancient metallurgy on the territory of
Transcaucasia were united into the system of homogeneous, similar principle schemes and
engineering-technical characteristics. Mineralized objects dislocated on the south folds of the
Central Caucasus (Abkhazia, Svaneti, Racha, Kakheti) and entrapped in the zone of Minor
Caucasus (Kvemo Kartli, Adjara, Guria, Samegrelo) were expediently used for assimilation of
metallurgy.

Historical-economic data of the objects, which were conditioned by historical peculiarities of
functioning of the ancient copper-bronze, iron-steel and precious metal treatment enterprises are
most significant for determination of labor-organizational structure of old metallurgical
manufacture, with the view of complex analysis of the main technological processes.

Simultaneously some terms denoting metallurgical activity are essential. At the modern stage
of study of history of metallurgy, work of mining-metallurgical amalgamations, proceeding from
the principle of determination of technical means-technology of mining-metallurgical
centers/unions, it is urgent to differentiate relevant terminology, associated with the problem of
historical-metallurgical study of any definite metallogenic region. The used terminology should
mirror the historical process to which the object under the study belongs.

Major technical-technological characteristics of the process of metallurgical manufacture
analogously affect the labor organization of obtaining and preparation of non-ferrous, ferrous and
precious metals and their alloys.

At the early stage of development of metallurgy in the Caucasus and in Georgia (4™ —3™
millenium B.C.) one of the main sources of existence of metallurgist tribes was organization of the
process of ore extraction, metalworking and making objects from metal. Complex process of
assimilation of environmental conditions characteristic to the rudimentary period for ancient

metallurgy, small scales of development of manufacture, conditioned the necessity of amalgamation
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of production means into one system. Paleometallurgy of that period accumulates diverse empiric
knowledge and experience connected with ancient geology, mining and metalworking.

Tribes of early bronze cultures assimilate the vast geographical space exceeding the space
necessary for just residence. They move deeply to the zone of foothills and mountainous
environment and thus the natural space of metallogenic systems needed for the progress of
metallurgical activity/manufacture is extended. A new sector of metal mineralization enters the area
of residence of metallurgist tribes and treatment of these systems require surface prospecting of ore
outcroppings, their practical application and assimilation of needed quantity ore. The process of
isolation of one part of the population working in metallurgy from the other part is started.
Appearance of the groups of people connected with mining only and with the process of metal
making only is commenced. This other group consists of those dealing with secondary
concentration of ore, burners of charcoal, those working at the forges. A metallurgical furnace, that
is, industrial hearth is created on the spot where transportation of ore and fuel is easy to organize.

By the next historical periods (2"¢ millenium B.C.) the major part of the population of
metallurgist tribes is occupied in metal production and working. The essential historical process of
isolation of casting and blacksmith's work from metallurgical manufacture is determined by two
aspects. The first is directly connected with creation of excess product in the form of half-finished
product, casts, ingots, which conditions focused separation of blacksmith's and casting works from
the process of production of metal from ore. The second aspect is conditioned by strengthening-
extension of inter-tribal market relations with external world, when natural principles of economic
development, high quality of ingots and cast products and growth of scales of manufacture require
organization of widening of centers of secondary treatment —casting and blacksmith's workshops.

In the process of perfection of metallurgical activity the small and large associations of various
production capacities functioning in definite geographical spaces are formed:

"METALLURGICAL HEARTH". It possesses its own metallurgical manufacture; by its
chronological and geographical limits it is a part of the area of more solid paleometallurgical
association. Samples of manufacture are characterized by specific (different from others, isolated)
topological and technological peculiarities, signs. Metallurgical hearth possesses its own zone of its
technological scheme.

In the South Caucasus, at various stages of development in Bronze Age, some metallurgical
hearths/sites are distinguished. By the Late Bronze period on the south folds of the Central
Caucasus there are metallurgical hearths of Abkhazia, Swaneti and Racha; on the Minor Caucasus

there are — Chorokhi basin, Adjara-Guria and Bolnisi-Dmanisi hearths.
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"METALLURGICAL CENTER". It is a multi-hearth metalogenic region, is located in one
geological-geographical space. It contains synchronically working some metallurgical hearths the
production of which forms common-homogeneous image of the manufacture. The region is rich in
ore mining resources and with the historical-metallurgical point of view, it can be attributed to
permanently functioning objects. It can not be characterized by cultural (ethnic) homogeneity along
the epochs.

"UNITED MINING-METALLURGICAL CENTER". Is characterized by historical-
metallurgical and geological-geographical data similar to "Metallurgical Center". Their difference is
expressed in dimensions of production scales. Geographically the metallurgical center is in the
mining-metallurgical association. Unity of some metallurgical centers forms large formation —
"Mining-Metallurgical Association". In the system of paleometallurgy the Caucasus region is
discerned as one of the united mining-metallurgical centers.

"METALLURGICAL PROVINCE". It is the unity of some metallogenic geographical regions
and it contains mining-metallurgical associations created by participation of the population of
various ethnic-cultural origin. Metallurgical complexes associated in metallurgical province are
characterized by the data of production means, which differ. The Caucasus is discerned as one of
the mining-metallurgical associations of the metallurgical province of the cultural circle located
around the Black Sea, known in the system of metallurgy of Eurasia.

The above stated industrial categories describing labor-organization system/structure of
metallurgical manufacture determine certain definite stages of historical development of mining-
and metallurgical associations functioning in various geographical areas and various commercial-
economic spaces. Some terms can be successfully used for description of the achievements of
metallurgical centers functioning on the territory of Georgia as well as for evaluation of cultural
achievements of the Caucasus - Fore Asia region.

System of mining-metallurgical production is considered according to the historical-
metallurgical functioning of objects and according to industrial scales and geographical spreading
the transitional system unites: metallurgical hearth (Abkhazia, Svaneti, Racha, Adjara-Guria,
Bolnisi-Dmanisi, mountainous region beyond r. Alazani, Kakheti) —

metallurgical center (Central Caucasus, Minor Caucasus)

united mining-metallurgical center (Caucasus)

metallurgical province (Circumpontium zone) — metallurgical industry of Old World (Middle
Asia, Balkan, Mediterranean Sea basin, Egypt et al).

Historical scheme of genesis-development of mining-metallurgical activity on the territory of

Georgia is considered according to the objects existing in geographical space of spreading, which
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conditioned the prospects of local metallurgical manufacture. From the 3™ millenium B.C. those
were the objects of complex treatment of copper, antimony, arsenic, iron gold and silver deposits.

Assimilation and exploitation of non-ferrous, ferrous and precious metals on the territory of
Georgia were performed in strict connection with the system of cultural associations of the
Caucasus — Fore Asia. Metallurgical manufacture, which was created on the base of local resources
passed all stages of the period of early metals, starting from assimilation of copper oxide ores of
Minor Caucasus (Eneolyth — Early Bronze Age) to the system of sulfide mineralization of the
Central Caucasus, including (Middle and Late Bronze- Early Iron Age).

Complex study of articles of metallurgical production of Georgia proved full conformity of the
written sources to factual historical situation, which refers to the genesis of this branch of economy.
Presence of the rich local metalogenic base conditioned creation of metallurgical hearths of Bronze
Age. It became possible to develop those sites into large metallurgical centers, according to the
principle of integration into metallurgical provinces.

The first half of the 3™ millenium is characterized by assimilation of copper-bronze metallurgy
and expansion of industrial base on the territory of Georgia. These events were followed by
assimilation of local copper carbonate (malachite, azurite), silicate (chrysocolla) ores and arsenic
bearing complex copper ores. Ligature of bronze production of this period, respectively, was
formed from the alloy of copper and arsenic bearing copper ores, where arsenic was the main
alloying element.

In the middle of the 3™ millenium resources of copper mineralization system of the Minor
Caucasus were successfully processed. Non-ferrous metallurgy played the leading role in all-sided
development of the society along the whole length of millenium history of cultural-economic
development.

Remnants of copper smelting and casting manufactures were exposed in the region of the South
Caucasus, on the former places of Mtkvari-Araks culture. These were casting forms, copper rods,
ingot fragments and others (Kvatskhelebi, Khizanaant Gora, Qjul-Tepe, Shengavith, Garni etc).

The non-stop process of development of non-ferrous metalworking is the essential part of
Mtkvari-Araks culture. It affects general development of paleoeconomics of this period. The major
characteristic elements of the alloy used in copper metallurgy are: 1. production of bronze mixed
with arsenic; 2. wide concentration diapason of alloying element (As = 3,0-10,0 %); 3.
technological scheme of making the objects by the use of forging, casting and casting-forging
processes.

Alongside with bronze artifacts alloyed with arsenic, which are inherent to Mtkvari-Araks

culture of the 4%-2"" millennium B.C., in the archaeological material exposed on the territory of
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Georgia we find nickel- and arsenic-and-nickel-containing bronze articles. Bronze inventory of the
same composition is found in synchronous monuments of the Caucasus-Asia Minor territory.

Articles of nickel-containing bronze in the South Caucasus are known from the archaeological
excavations of Georgia (Abanoskhevi, Khizanaant Gora, Samshvilde, Kvatskhela, Amiranis Gora,
Kheltubani, Orchosani), Azerbaijan (Beiyuk-Kesik, Qiul-Thepe, Telmankeld) and Armenia (Tallin).

The problem of origin of nickel-containing bronze is considered by us in the specter of
economic development of inter-cultural influences of the well-known metallurgical centers of the
Caucasus-Asia Minor of the Early Bronze period.

Nickel-containing bronze inventory exposed in the region of the South Caucasus is less
numerous than arsenic-containing bronze material and it occupies definite place in innovative
stream taking origin in southern cultures.

South Caucasus, by its geographical location and its cultural-strategic function, can be
considered as a region assimilating and bearing the above stated culture impulses, which by its
historical designation filled in the extreme northern section of the known “Uruque expansion” and
created a road to communicate the world of cultural relations between two regions - that of the Near
East —Anatolia — North Caucasus.

The end of the 3™ millenium and transitional period of 3™-2"¢ milleniums, as the age of
transformation of cultures, is distinguished by significant achievements in non-ferrous
metalworking. Great changes take place in metallurgy, assimilation of copper sulfide ores is
commenced (mostly chalcopyrite is treated). Local arsenic (realgar, auripigment, arsenopyrite) and
antimony (antimonite) ore outcroppings are treated. Alloy for metallurgical smelting consists of
proportional distribution of copper, arsenic and antimony bearing ore samples. Three component
alloys (Cu/As/Sb) are formed consisting of arsenic (As = 4,0-12%) and antimony containing copper
(Sb = 3,0-15%) with low melting eutectics and elevated casting properties.

Technological and organizational changes which took place in non-ferrous metalworking are
still more deepened in the first half of the 2"! millenium B.C.. The new alloying element unknown
to that period is introduced into manufacture. This is tin. Ingots of tin bronze appear. In parallel
with traditional copper-arsenic containing alloys the objects made of antimony-arsenic (Sb/As)-
tin/arsenic- (Sn/As), antimony (Cu/Sb) and tin (Cu/Sn) bronze are observed.

Import of tin to the South Caucasus is apparent from the 2"¢ millenium B.C. Kolkhida
metallurgical center of Western Caucasus is the communicating ring between the regions of the
Fore Asia - Minor Asia, Mediterranean Sea zone and North Caucasus. Probably tin, bronze
bars/ingots, ready production made of Colchis bronze was imported from definite metallurgical

sites to North Caucasus.
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Area of wide distribution of tin-antimony containing bronze inventory in the cultures of Eurasia
in the 2" millenium, geographical dislocation of tin and antimony deposits and factual data
evidencing the functioning of objects of mining-metallurgical manufacture exposed there, makes
real the fact that tin might have been the object of import for copper-bronze manufacture in
Transcaucasua (Anatolia, North Iran, Middle Asia), while local antimony might have been found in
bronze production centers of Eurasia thanks to Transcaucasian export in the form of metal
antimony, antimony containing bronze casts, or in the form of ready product. In the 2" millenium
B.C. bronze metallurgy centers of Eurasia-Caucasus, by distribution of tin-antimony containing
alloys create significant prerequisite for association of geographically close and far ethnic-cultural
amalgamations, for integration of their cultural-economic achievements.

The process of starting of functioning of secondary centers of bronze production is a very
urgent change of technological-organizational character for non-ferrous metal production of the 2"
millenium. Due to the increased demand on bronze articles, for filling in the production vacuum,
aside from the original metallurgical hearths, in synchrony with those hearths the non-ferrous
working shops located in foothills and plain zone start functioning. Newly created secondary
treatment centers are supplied with copper ingots/bars and metal material necessary for alloying
from the original metallurgical hearths (Abkhazia, Svaneti, Racha metallurgical hearths). Formation
of ingots proceeds by preliminarily selected ligature, melting of the focused composition are
conducted in crucibles, technological scheme of making articles becomes more complex.

Secondary hearths of bronze production exposed on the territory of Western Georgia are of the
first half of the 2" millenium. These sites fill in and provide economy of the lowland with great
quantity of non-ferrous metal production (artifacts from the manufacture complex of Pichora
settlement mount, Ispan, Anaklia I-1I, Ergeti, Namcheduri casting workshop). Secondary treatment
hearths of copper-bronze, in the second half of the next stage of the development of bronze
metallurgy and in the second half of the 2" millenium B.C. played the function of high quality large
industrial scale centers.

In the second half of the 2" millenium B.C. and in the beginning of the 1% millenium the non-
ferrous metal manufacture of Late Bronze Age reached the apex of its development. Some powerful
hearths of bronze metallurgy of that period are known. Such industrial hearths functioned on the
territory of both West and East Georgia, where two cultural associations — of Kolkhida and Central
Transcaucasua were formed. In the Kolkhida culture area the metallurgical hearths of Adjara-Guria,
Racha-Lechkhumi and Abkhazia are leading. In the space of the Central Transcaucasian culture
bronze metallurgical hearths of Shida Kartli, Kvemo Kartli and Kakheti are known. The above

stated industrial associations, in the form of metallurgical complexes, play significant role with
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the view of metalworking and creation of metal mass in great quantity. They provide the secondary
manufacture hearths with copper bars, metal antimony, tin and arsenic.

The function of secondary bronze treatment hearths becomes greater. Synchronically with
functioning of metallurgical centers here we observe treatment of complex ligature alloys, casting
of many designation objects, forging, creation of ready produce. Scales of bronze prodction-
treatment reach the diapason unheard till that time. Abundance of non-ferrous metal is proved by
the increase of archaeological metal inventory found in former settlements and burial complexes, in
accumulation of great quantity of ingots and treasures, in filling in the premises of worshipping
places with the objects designed for cult rituals made of bronze et al. From all exposed artifacts one
can distinguish leading forms of tools and decorations characteristic to each culture.

Non-ferrous metal working shops are the specialized manufacture groups, in which highly
skilled masters make several dozen designation and denomination articles.. Copper material is
alloyed by tin, antimony, arsenic and lead; alloying element is used only in the form of a metal,
which conditions obtaining of base material, bronze ingots of any desired composition by the use of
complex technology treatment. In non-ferrous metal manufacture of the Late Bronze Age the
preference is given to tin mixed bronze. Majority of the articles is obtained from tin alloy. Its
concentration in casts is selected according to the technological scheme of article making. In the
cast samples tin content reaches 14-15%, for the forged material optimal is Sn = 7,0-10,0%.

From the 8" century B.C. in the circle of Colchis culture, artistically engraved bronze articles
are widely spread (Colchis axes, spear heads, daggers, buckles, arrow elements and others), with
diverse décor, ornaments with geometrical-symbols prevail with the stylistic-zoomorphic images of
animals and birds. Artistic forms are applied by means of deep engraving after casting; motivation
is fused with plastic form of an object. Material is the specimens of the artistic mastership of
Colchis culture.

The event, exposure of "treasure" characteristic to bronze manufacture of Late Bronze Age—
Early Iron Age incite great interest. "Treasure" is the significant element for Colchis culture. At
about 150 bronze treasures are found in the area of Colchis culture. In the Caucasus region treasures
are characteristic mainly to Colchis and they fall within definite chronological frames (8" -7 cc
B.C.). Treasures differ in bronze material composition and number of articles and their designation.
Due to existence of abundant attributes of Colchis bronze production in treasures, they are known as
"Smelters' treasures" or "Casters' ' treasures".

From the 7% —6'" cc B.C., at the background of intense assimilation of iron working, potential
of copper-bronze manufacture significantly decreases, tradition of accumulation of treasures

disappears together with the probability of their exposure.
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Objects made of precious metals (gold and silver material) found on the territory of Georgia are
known from the monuments of Early Bronze Age. Their number tends to increase in the period that
followed. In the first half of the 3™ millennium B.C., artifacts made of silver appear in the form of
rods and spirals. Ancient gold ornaments are evidenced in the Sachkhere monuments of the late
Mtkvari-Araks culture (Koreti, Tsartsis Gora) and early kurgan Bedenic stage rich burial mounds.
We meet original form ornaments executed skillfully (beads, tubes. temple-rings, plates, twisted
wire et al) and ritual inventory.

By the end of the 3™ millennium B.C. and the first half of the 2"¢ millennium, in the area of
Trialeti culture the highly skilled craft institute of precious metalworking was created covering
artistic metalworking, jewelry, making jewelry articles.

Original taste of artists-craftsmen and knowledge-experience in technique-technology of
precious metalworking formed the grounds for Georgian jewelry. Local specimens of artistic craft
made by high technique of chasing, filigree, stamping, soldering, incrustation - created the
prerequisites for appearance of the well-known schools of noble metal working in antique and
Middle Ages.

In the rich inventory of the Middle Bronze Age, which are made by the use of specific,
different technological scheme, diverse form and ornament gold and silver shallow-body objects
(silver and gold drinking bowls and cups) occupy distinguished position. Articles are made of
whole sheet material and technological scheme of their making is construed on the principles of
rotation created on horizontal axis lathe. Forms obtained by plastic deformation of precious metal
plates, prove the knowledge of metalworking technique under pressure and corresponding skills-
and-experience.

Achievements of metalworker-craftsmen, their technical-technological equipment, level of
development of technical ideas refer to aesthetic demands of society residing in the South Caucasus
in the 2™ millennium B.C. It developed and obtained perfect form, which is known as non-ferrous
and precious metal archaeological objects.

Highly developed level of jewelry of Middle Bronze Age found corresponding continuation in
Antique Age Colchis and Iberia, where historical-cultural situation of the community contributed to
new surge of development and perfection of jewelry art. This process was an expression of the
general social-economic progress and high artistic refined demands, which was conditioned by
advanced urban life of Antique Age Georgia.

Artifacts exposed in the process of excavations of the known former towns of the 5™ -1 cc
B.C. contain splendid materials of jewelry, toreutics, gems processing. It shows definite influence

of Hellenist-Roman art, but it is based on traditions of artistic craft of local Middle Bronze and Pre-
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Antique Ages. It is clearly proved by specimens of jewelry found in archaeological monuments of
Vani, Sukhumi, Bichvinta, Mtskheta, Akhalgori and others, where local, characteristic signs of
noble metalworking — forms of decoration, form of decors, known schemes of technology of
making are used. In multiple and diverse jewelry masterpieces we observe methods developed and
established by local professional goldsmiths-craftsmen for artistic treatment of gold and silver.
These methods are: casting-joining, impression, soldering, stretching under pressure, dew-retting,
enameling, darkening and others.

Ancient gold and silver objects exposed on the territory of the former Vani town are presented
in the form of diadems, pendants, head adornments, ear-rings, necklaces, beads, tubes, incrusted
ornaments, bracelets, rings, plates adorned with gold-dews. In local adornments a new direction was
exposed in precious metal working too, which associated Colchis jewelry with Hellenic art.

From the 6™ century B.C. silver coin is widely spread in Colchis. It is called “Colchuri Tetri”
and it circulated in the Black Sea coastal zone and on the central trade main, in the river Rioni
basin. As a currency unit the coin expresses development of local trade-economic relations. Coins
of various types and versions, of differentiated nominal system are known and as units of specific
numismatic group, they are united into one Colchis model. In numismatic material of Colchis some
nominals of “Colchuri Tetri” are knows. These are: tetra drachma, di-drachma, drachma, half
drachma.

Area of circulation of coins and correspondingly, orbit of their economic-trade relations
coincides with Colchis kingdom territory. As integral equivalent of values Colchuri Tetri is the
main unit of internal money turnover of the state. Coins were made in great quantity and served the
market economy interests of Colchis Kingdom.

Coins are minted from preliminarily casted and forged half-finished product. Sizes of
plates/sheets and their starting volume are not homogeneous and fill in the pattern unequally. Level
of pattern treatment is more or less optimal and is used under variable pressure. Image on both sides
of a coin is moderately accurate, surface of circumference is matted, cracks are apparent. Silver
material is pressed both by cold and hot plastic deformation.

Intensified money circulation on the local market of Colchis kingdom provided realization of
big amount of silver material in the form of coins. Silver production was attributed great
significance for creation of the base for state economy; the process of political consolidation of
local community was enhanced.

In the system of paleometallurgy of the Late Bronze Age simultaneously three types of metal
material were produced: bronze, meteorite and early iron. Both natural iron-nickel alloy and

produced iron remain the precious rarity up to end of the 2™ millennium B.C. If in the Asia Minor
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— Mediterranean regions the tradition of getting familiar with meteorite iron is characteristic, in
Transcaucasia cases of application of this material is not proved by archaeological materials. In the
last centuries of the 2" millennium on the base of production of highly developed local bronze the
process of assimilation of ferrous metallurgy and metal tretment started in the Caucasus.

The problem of assimilation of ancient iron culture is considered in the complex with copper-
bronze metallurgy and it is its immediate continuation. At the initial stage of iron metallurgy the
influence of technical achievements of highly developed obtaining-treatment of bronze should be
emphasized among technological issues of assimilation of iron metallurgy. Developed phase of
bronze metallurgy (in case of application of copper sulfide ores that hardly yield to reduction)
considering the complex physical-chemical and technological parameters of manufacture, greatly
affected the process of transition from bronze manufacture to iron metallurgy.

Furnaces used in iron manufacture exposed by archaeological excavations on the territory of
Georgia, by their construction characteristics, are the furnaces of shaft type, which form
permanently functioning stationary metallurgical objects. Their construction type was created on the
base of accumulation of experience obtained as a result of the technological process of bronze
metallurgy, which uses the optimal temperature scheme for reduction of iron from oxide ores, in
distinct from extensive type furnaces used in East Europe iron metallurgy (characteristic for
metallurgist tribes of Laten culture and later for ferrous metal working of Middle Europe region of
Roman period). Transcaucasian intensive permanently operating metallurgical furnaces contain
relatively simple structural elements for production and are characterized by economy of building
material and workshop area.

After concentration and preliminary roasting of ores with high concentration of iron, by the
focused selection of the alloy proportion the metallization process (FeO—Fe) is improved. The well
selected temperature regime (1000 °C — 1200 °C) provides maximal capacity of furnace in case of
using both hematitic and magnetitic ores.

The presence of mining base and local traditions of non-ferrous metal working at the final stage
of bronze production contributed to the formation of early stage of assimilation of iron culture. The
process of creation of local iron metallurgy, by its further non-stop industrial development, takes
place in the 12™ century B.C. Periods of functioning of certain definite metallurgical hearths were
determined taking into consideration the furnaces for iron manufacture, dynamics of quantitative
changes of construction elements, increase of industrial scales and the time of their functioning.
1.Chronological diapason of functioning of Chorokhi metallurgical hearth is 10™ -7 cc B.C.; 2.
Chronological limits of existence of metallurgical hearth of Cholokh-Ochkhamuri are 11" -7 cc

B.C. 3. Period of functioning of Supsa-Gubazeuli metallurgical hearth is from 12" century B.C. to
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Antique Age, including. 4. Chronological limits of functioning of Khobi-Ochkhomuri metallurgical
hearth are 11" 8™ cc B.C. Thus, metallurgical hearths of iron metallurgy of Georgia function with
non-stop industrial cycle from the 12 century B.C to Early Antique Age, including.

Early Iron Age is characterized by common low level of metal processing, simple forms of
objects and primitive scheme of forging.

From the beginning of the 1% millennium B.C. the assortment of iron objects of everyday use
increases, the forgery is advanced. Various designation objects are made by the improved
technology. Soft and average strength steel material is used. Technological scheme changes
according to the designation of objects. Principal tendency of application of thermal and chemical-
thermal treatment is observed. The 10™ -8 centuries B.C. in the Transcaucasia can be considered as
the developed Iron Age.

In the 7" -6' centuries B.C. ferrous metal production centers of the west Transcaucasia join the
integral system of iron production of Transcaucasia. In archaeological material the great quantity
of iron inventory appears, one part of which is analogous to bronze prototypes. Quantitative
increase of iron-steel objects is similarly typical for the whole region of Transcaucasia. Iron culture
settles powerfully and makes great influence on the development of economy. The cycle of
technological novelties of ferrous metal treatment is clearly expressed, which provides complex
scheme of making production from the high quality steel. Higher is the specialization level of
forgeries, forms of serial production are introduced. Iron-steel objects completely replace copper-
bronze tools/weapons. This stage of development of iron culture corresponds to the period of its
wide-scale assimilation.

Process of concentration of workshop enterprises takes place in the political-administrative
centers formed in the regions of Transcaucasia in the 5% -1% centuries B.C. The town workshop is a
new phenomenon where the form of employment and quality of commodity goods undergo
changes. At the same time the functioning shop sections are formed in some distance from the
towns. These are the solid specialized amalgamations, which bear function of trade centers as well.
Simultaneously functioning urban workshop and regional forgery centers form the integral system
of ferrous metal production centers of Antique Age.

Iron samples known from the former towns of the 5™ -1°' centuries B.C., alongside with the
specific designation weapons and medicinal tools are presented in the form of everyday designation
objects. Iron-steel material in the form of diverse metal supports, pillars, hooks, nails and other
objects are used in urban building for making foundations for architectural ensembles, walls and

roofing systems. The produced goods acquire commodity image. High quality of objects, serial
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principle of manufacturing, wide sphere of product designation and application is a sign of
universal assimilation-application of iron culture.

One can distinguish four periods of industrial-economic development of workshops on the base
of periodical increase of industrial scales of iron production furnaces and metal treatment
workshops functioning on the territory of Georgia:

1. Assimilation of iron metallurgy (12" —10% cc B.C.). 2. Technological perfection of
production cycle of metallurgy (10" —8" cc B.C.). 3. Intense assimilation of metallurgical
production (7" —6™ cc B.C.). 4. Cardinal technical-technological transformations of iron-steel
manufacture (5% —1% cc B.C.).

Dynamics of the process of assimilation-spreading of iron culture in the 12 —1% centuries B.C.
on the territory of Georgia depends on the ascending principle of development of technical
knowledge. At the same time it suffers qualitative and quantitative changes at each stage of
civilization, with relevant technical-technological, impulsive progresses, which contribute to the
achievements in ferrous metallurgy and metalworking in the whole region of the Caucasus.

In the 12" 1%t ¢cc B.C. iron manufacture hearths of the South Caucasus contribute to
development of ferrous metal manufacture system in Eurasia. Stages of development of some
centers of iron metallurgy and metalworking of Eurasian system, on the base of analysis of the
available archaeological iron material, somewhat differ according to separate regions of the system.

According to the presented data iron metallurgy and metalworking hearths of the South
Caucasus are closely connected with the ancient iron manufacture system of Eurasia from 12
century B.C. Caucasus, in the historical-economic association of Mediterranean Sea and Minor Asia
regions is one of the main rings in the early assimilation and development of iron manufacture.. Its
industrial potential is rather significant in 10" —8'" centuries B.C. The apex of development of iron
culture corresponds to the 6 century B.C., the period of intense assimilation of iron in the region.
Articles of that period made of ferrous metal leave the limits of iron metallurgic centers of Caucasus
and spread to the region of Near East. Industrial scales of iron-steel of Antique Age and the quality

of articles determine the high level of ferrous metallurgy and metalworking.
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I'. UnanaumBumm
VY ucrokos Meraiutypruu I'py3un

(IV-I TBIC. 1O H. 3.)

Pesrome

W3yuennsle Ha Tepputopuu [ py3un n1peBHeime, 00beKThl METAJUTYPrHYECKOTO TPON3BOICTBA
SBIISIFOTCST OOJIBIINMM JIOCTHKEHUEM MCTOPHH TEXHUKU M 3aHUMAIOT HaJJIe)KaIllee MECTO B CUCTEME
MHUPOBOM LIUBUIIM3ALUH.

Marepuansl, BOCHPOM3BOIAIIAE KAapTUHY MCTOPUM  JPEBHEHIIEH  METALUIyprMM U
Mertamuioobpabotku ['pysum -  Kakaza — Ilepenneid Asum, couepkarcsi B NHUCBMEHHBIX
MCTOYHHKAX, COXPAHWINCh B 3THOrpadudeckoM OBITY u cOOpaHbl B MaMSATHHKAX MaTepHaIbHON
KYJBTYPBI, OTHOCAIIUXCS K IAJIEOMETAJULYPrUH.

CornacHO IpeBHEBOCTOYHBIM M AHTHUYHBIM NMMCbMEHHBIM HMCTOYHUKaM, Teppuropus IOxHOro
KaBka3a, 3acesi€éHHas MmjIeMeHaMH U3BECTHBIX METAJLIYproB, IIPEACTABISIET UCTOPUYECKUN PErHOH
co3/aresiel MCKyCcCTBA MONYYCHHSI — OOpa0OTKH BBICOKOKAYECTBCHHON MeEAM-OpPOH3BI U IKele3a-
ctanu B J[peBHEM Mupe.

[Ipobnema cyiiecTBOBaHUs, OOHApyKE€HUs M HU3yYeHHs JPEBHEHIINX MEeTaJUTypruuecKux
ouaroB Ha tepputropun Kaskasa-Ilepenneit Azuu crosina nepen uccnegonarenamu XIX Beka. o ux
nanHbIM KaBka3 mpu3HaH OTHUM M3 04aroB MeTaurypruu kesnesa B JpesHem mupe (JK. Mopran, B.
Ab6ux, I'. Kpupunr, K. [edep u np.).

B pabotax u3BecTHBIX eBponeiickux yuéHslx B Hayane XX Beka, CleMaIMCTOB [0 UCTOPUHU
METaJULypIHH, coOpaHbI MaTepHuabl, BOCIIPOU3BOJISAIIIE KApTUHY JIPEBHEUIIETO
METaJUIyprH4€CKOro IPOU3BOJICTBA, TZIE€ 3ACIY)KEHHOE MECTO OTBEICHO JEATEIBHOCTU IUIEMEH
METaJUTyproB, MpO>KUBaBIINX Ha Tepputopun Ilepenneit Asun — Kaskaza (P. ®opbe, I'. Kornan, JI.
OituncoH, . Puuapacon, T. Pukapa u ap.).

Oco0oe BHHMaHuE YAENSETCS OINpPENeIeHUIO POJU JIPEBHEHIINX IPY3MHCKUX IUIEMEH B Jelie
IIPOU3BOJICTBA — OCBOEHUS PA3JIMYHBIX METAJUIOB, MCCIEAOBAHUIO 3THHUYECKOIO MPOUCXO0XKICHHUS
XannboB, MOCUHUKOB, TyOAJI0B M MOCXOB.

VYnpouunocs MHenue, yto KOro-Bocrounoe mobepexxse U€phnoro mops u Kapka3 sBIsIUCH
LEHTpaMU 00pabOTKHU JIparolieHHbIX, [[BETHBIX U YEPHBIX METAIOB B [[peBHEM Mupe, onpeaensiu
JIBIKYIIMM HMMITYJIbC B Jelie KylIbTypHOro pasButus crpaH Kaskaza — Ilepegnent Aszum —
Cpenn3eMHOMODbSI B TOMCTOPUUECKUN U HICTOPUUECKUIN TIEPUOBI.

KaBka3sckue sTHorpaduyeckue MarepHaibl, CBS3aHHBIE C MaMATHUKAMH, I[BETHOH M 4&pHOM

MCTAJLIYypIruu H MeTaJ'IJ'IOO6pa6OTKI/I, ABJIIIIOTCA OJHUMHU M3 HWMCIOIIHUXCA MaTCprualioB OJId
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UCCIIEIOBaHMsI TPOU3BOICTBEHHO-3KOHOMUYECKUX BOIIPOCOB 3TOM oTpaciu. Jlomeamue 10 Hac Ha
teppuropun FOxxnoro KaBkasza neiicTByromue o4aru MeTaiioo0paboTKH, COXpAaHUBILUECS B OBITY
U 00bIYasgX TPY3UHCKOIO Hapoja TEPMHMHOJIOTHS, SBISIOTCS  IMOKa3aTeIsIMH  OOJBIINX
METAJUTYPrUYECKUX TPaaULIUK.

[lepuon ucTopun MeTaJUTypruu, CBI3aHHBIN C IPEBHEHIIMMHU HEHTPAaMH METAJUIOIPOU3BOJICTBA
[epenneii Azun—KaBkaza, 0XBaThIBa€T OCHOBHBIE CTYIIEHH OCBOCHUS-PA3BUTHUS U 00PAOOTKU ME/IH,
JKeJle3a U JParolieHHbIX METAJIOB SIBISIOTCS Ba)KHBIMU METAJNIOTEHHBIMM PETMOHAMU B CHCTEME
IpeBHEHIIEH MeTaimtoo0padboTku EBpazun.

M3yueHa U cocTaBieHa reéOXMMHUECKas KapTa METaNIOCOAepKalluX MecTopoxaeHuit ['pys3un
n KaBkaza, uccienoBaH BONpPOC MHUHEpPAIM3alUU DPYAHBIX BBIXOJOB U COJEP)KAaHUS IOJIE3HOTO
MeTaJljia, YCTAaHOBJIEHBI BO3MOKHOCTH MCIIOJIb30BAHMSI UX JIJISl IPEBHETO IIPOM3BOCTBA.

C wuenbro XapakTepUCTUKU JIPEBHEHIIErO IPOM3BOACTBA MEAM-OpOH3BI U JKelle3a-CTaJH
cocTaBJieH MH(GOPMALMOHHBIM OIOJUIETEHb TEXHUYECKMX JTAHHBIX CYLIECTBYIOIIMX HA TEPPUTOPUHU
['py3un MecTopoxIeHU Meau, Kelle3a, aHTUMOHHUS, MBIIIbSAKA U JParoleHHbIX METAJLIOB.

CornacHo NOJUIEHTPUYECKON CHCTEME 3apOKJIEHUS - PaCIPOCTPAHEHUs MaJEOMETANTypriuu B
HpesHem mupe, Oxublii KaBka3 siBisieTcs peruoHOM, /i€ CO3/1aHbl HEOOXOIMMbIE OCHOBHBIE
INPUPOJHBIE YCIIOBHUS ISl Pa3BUTUS METAJUTyprMYecKoro MpOM3BOJACTBA (B BHJE HMCKOMAEMbIX
(pyna), TornnuBa (JPEeBECHBII yroiib), OTHEYNOPHOM IMHHBI U BOAHBIX pecypcoB). C III Teic. 1o H.3.
HOxnb1i1 KaBka3 npencrasnser co0oil MeTaulyprudecKuil eHTp, MPOU3BOASIINN AParoleHHbIe U
L[BETHBIE METaJUIbl, a ¢ KoHIa Il ThIC. 10 H.3. OH SABISAETCS PETMOHOM, MOTPEOISAIOIINUM TOTOBYIO
MPOAYKIMIO M3 Keye3a-cTand. Jlius IpencTaBieHuss IOJMHOM CXEMbl Ppa3BUTHSL MECTHOMU
METaJITypruM, pacCMOTPEHBI CYLIECTBOBABIINE 3/1€Ch MECTOPOKICHUS MENIH, *Kelle3a, aHTUMOHHS,
MBIIIbAKA, 30J10Ta U cepedpa, KOTOpble MOIJIM OBITh HCIOJIB30BaHBI B  JPEBHEM
METAJJIONPOU3BOACTBE. PyaHBIE BBIXOABI YKA3aHHBIX METANIOB C JPEBHEHIIMX BpPEMEH
NPEJCTaBIsUI cO00M O00BEKTHI pa3pabOTOK; OHM COAEP)KAT HECKOJBKO JIECATKOB Pa3IMUHON
MOIIIHOCTH MECTOPOKIEHUHN 1 OTJINYAIOTCS TEHETUYECKONW 0THOOOPa3HOCTHIO.

Mertannorenssle pailoHbl ['py3un OOBEIUHSIOTCS B HECKOJIBKO OCHOBHBIX CTPYKTYPHBIX
enunul] (npoBuHuui): Llentpaneubiii KaBkasckuii xpeber, ero IOxxnas wyacth, AJpkapo-
Tpuanerckas pynHas cucrema. Kaxgoe oObeAMHEHHE COAEPKUT TPYIIBl PYIHBIX BBIXOOB,
XapaKTEepU3YIOMIUXCS TeOXUMUYECKOM CBOEOOPAa3HOCTHIO, PAaCIpPOCTPAHEHUEM COOTBETCTBYIOLINX
METAINIMYECKUX 3JIeMeHTOB. lcrnonp3oBaBiivecss B MPOIUIOM METaJlibl, COIVIACHO IMPOBHHIIUSM,
pacnipenenstoTcs cienyrommm odpa3zom: Llentpansubiii KaBkasckuii xpebdetr: Cu, Fe, As, Zn, Pb,
Au, Ag; FOxnas gacte xpe6ta — Cu, Fe, As, Zn, Pb, Sb, Au; Amxapo-Tpuanerckas cucrema — Cu,

Fe, Zn, Pb, Au, Ag.
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I'eorpaduueckuii apean pacrnpocTpaHeHHs] 3aKaBKa3CKOW CHCTEMBI OpYIHEHHUs, €€ Te0Joro-
reOXMMHUYECKHE JaHHBIC ONMPENEIIOT cepy ACHCTBHUS CYIIECTBOBABIIETO HA 3THX TEPPUTOPHIX
JPEBHEHIIEr0 METaTypruyeckoro Mpou3BojACTBa. [eorpaduueckass OJIM30CTh TOPHOPYAHBIX
O00BEKTOB K IPOU3BOJICTBEHHBIM 30HaM CIOCOOCTBOBala CO3JaHMIO PyAolepepadaThIBaOIUX U
METAJULYpPIrHUECKUX OYaroB B TOPHBIX, MPEIrOPHBIX pallOHaX U B I0JOCE MOPCKOIO MOOEPEeXbs.
[TaMATHUKM ApeBHENIIEN METAIIIyprud Ha TEPPUTOPUU 3aKaBKa3bs, CXOXKUE NMPUHIUIHAIBHBIMU
cxemMamu paboThl M HHKEHEPHO-TEXHHUECKUMH XapaKTEPUCTHKAMH, O0BETUHSIIOTCS B OHOPOIHYIO
cucreMy. PynHble OOBEKTBI, pacHONOXKEHHbIE Ha IKHBIX CkiIoHax IlenrtpanbHoro Kaskasza
(AOxa3usa, Csanerus, Paua, Kaxetus) u B 30He Manoro Kaskaza (Hwxusis Kaprnm, Amxapus,
I'ypust, Merpenust) 1esnecoo0pa3Ho UCIOJIBb30BAIUCH JIJIsl OCBOCHUS METAJUTYprUH.

Jns  omnpeneneHus OPraHU3allMOHHOM CTPYKTYpbl JPEBHEW METAUIypruv, ¢ LEJbIO
KOMIUIEKCHOTO aHalli3a OCHOBHBIX TEXHOJOIMUECKHX MPOIECCOB, 0CO00€ 3HaueHHE HUMEIT HUX
HUCTOPUKO-?KOHOMHUYECKHE JlaHHBIE, KOTOpPbIE BBITEKAIOT U3 CBOe0Opasus (HyHKIMOHUPOBAHUS
JPEBHEUIIET0 NPOU3BOACTBA 00paObOTKN MeAU-OPOH3bI, JKEI€3a-CTAIN U IParolieHHbIX METaJJIOB.

Ha orame COBpeMEHHOro MCCIENOBAaHMS HWCTOPUM METALIYPrUUM BaXXKHbBl HEKOTOpPBIE
ONpPEACIAIOIINE  TEPMUHBl  IPOM3BOJCTBA.  BBITCKAIOIIUME W3  ONPENEICHHUS  TEXHHUKO-
TEXHOJIOTUYECKOTO acCMeKTa M COOTBETCTBYOLIEH muddepeHnnanum, cBs3aHHONH ¢ MpobiieMoi
HCTOPUKO-METALIYPrUYECKOTO  HM3yYEHHs TOr0 WIM HMHOTO  METAJUIOTEHHOIO  pPEruoHa.
Hcnonb30BaHHbIN TEPMUH OTpa)kaeT TOT MUCTOPUUYECKHI MPOIECC, KOTOPBIM OTHOCUTCA K OOBEKTY
HCCIIEA0BaHUS.

Ha pannem stamne pa3sutus metaurypruu Ha Kaskasze u B I'py3un (IV-III Teic. 10 H.3.) onHUM
13 OCHOBHBIX MCTOYHUKOB CYIECTBOBAHMS IIJIEMEH METAJLIYPrOB SBJISUIACH OpraHU3alMs IIpolecca
oOHapyKeHHsI py/ibl, OJTYYEHHE METAJUIa U U3TOTOBJIEHUE TOTOBOM MPOAYKIMH. TpyAaHbIN Mpolecc
OCBOCHMS BHEILIHEH CPEIbl, XapaKTEepHBIM I NEpPUOJa 3apOKIACHUs IPEBHEUIIEH METaulypruu,
Masible MaciTaObl pPa3BUTHS MPOU3BOJCTBA, MPOU3BOACTBEHHAs BO3MOXHOCTh OOYCIaBIMBAIOT
Heo0xoMMOoCTh 00beAMHEHUs B OJIHY cuctemy. Ilaneomeramnyprus 3Toro nepuoaa oObeIUHSET
MHOTI'OCTOPOHHEE SMIIMPHUYECKOE 3HAHNE — OIIBIT, CBA3aHHOE C IIPOLIECCAMHM JPEBHENIIEN I€0JI0TUH,
TOPHOTO JIeJIa U MTOJIyYEHUS METaJlIa.

[Inemena — HocUTENM paHHEOPOH30BOM KYJIBTYpPhl OCBAMBAIOT HY)KHOE JIJISl 3aCEJIEHUS TOPA3/I0
Oobiee reorpaguyeckoe npocTpaHcTBo. OHU MEPEeMENIAlOTCs B MOJI0CY NMPEAropbs U B MIyOUHY
ropHON cpenspl. s pa3sBUTHS METaJUIyprHYeCKOrO0 IPOU3BOJACTBA PACUIMPSIETCS €CTECTBEHHOE
MIPOCTPAHCTBO HEOOXOIMMON METAJUIOTEHHON CUCTEMBL. B apean pacceneHus mieMeH MeTauTyproB
BXOAUT HOBas 4acTb CUCTEM METaUI00pyAHeHus. HaunHaeTcs oTaeneHye 3aHsITOU B METaUIypriuu

YaCTH HACCJICHUSA, IMOABIAIOTCA OTACIBHBIC TI'PYIIIbL .]'IIOI[Cﬁ, CBA3aHHBIX C TOPHOPYAHBIM ACJIOM U
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HEMOCPEJCTBEHHO C MPOLECCOM MOJYyYEHHs MeTajla — BTOPUYHOIO 00OralleHus py/bl, 3arOTOBKU
JIPEBECHOr0  yrisi, padoThl C TNPOU3BOACTBEHHBIM TOPHOM. MeTaulypruyeckuii  TOpH,
IIPOM3BOJICTBEHHBIN OYar yCTpauBaeTcs B OJU3U PacIoIOKEHUS py/ibl U TOILIMBA.

B nocnenytromue ucropuyeckue nepuoas! (11 Teic. 10 H.3.) OCHOBHAs 4acTh HACEIEHUS IIEMEH
METAJULyproB CBsi3aHAa C IOJy4eHHeM U 00paboTkoil Metayuia. CylIeCTBEHHBIH HCTOPUYECKHH
IIPOLIECC OTHAEIEHUS TOPHO-METAUIyPrHYeCKUX LEHTPOB OT BTOPUYHOIO METAJUIypPrHYeCKOro
MIPOU3BOJICTBA HEMOCPEACTBEHHO CBSI3aH C M3TOTOBJIEHHUEM M30BITOYHOTO MPOAYKTAa B BHJE
noJry(habpuKaToB, 3ar0TOBOK, OTJIMBOK, CIIMTKOB, YTO BJIEYET 3a cOO0H 1esecoo0pa3Hoe NOosBICHHUE
MacCTEpCKMX  CIELHMAJIBHOTO JIMTbS M  KY3HEUHOro Jena. MeXIUIEMEHHbIE  pPBIHOYHbBIE
B3aMMOOTHOILIEHNE C BHEIIHUM MHUPOM, 3aKOHOMEPHBIE IIPOLIECCHI dKOHOMMYECKOIO pPa3BUTHA,
BBICOKOE KAa4eCTBO OTJIMTOW M BBIKOBAHHOW MPOIYKIIMH, POCT MAacIITab0OB MPOU3BOJCTBA, TPEOYIOT
OpraHM3alyy pacIIUPEHNs] — BTOPUYHBIX LIEHTPOB JIUTEHHOTO JI€ja U Ky3HEUHOI'O IIPOU3BOJICTBA.

B nporecce coBepuIEHCTBOBaHMS METAJULyprHUECKOro IPOM3BOJACTBA, OOpa3yroTcs B
oTpeieNIeHHON reorpaduueckor cpee pyHKIIMOHUPYIOIINE MaJlble U OOJIBIINE TPOU3BOCTBEHHBIC
00BbETMHEHUSI.

«MeTtamurypruueckuii odar» cojepkail cOOCTBEHHOE METalIypruiyeckoe IMpou3BoicCTBO. B
XPOHOJIOTHYECKUX M Teorpauueckux TpaHMLAX CBOEW MPOAYKIMH OH BXOIWJI B apean Oosee
KpPYIHOTO TaJleOMETAJUTyprudeckoro oobeauHeHus. OOpas3ipl MPOU3BOACTBA XapaKTEPU3YIOTCA
0COOBIMH (OTJIMYAIOLIUMHUCS, OTACISIOUUMHU OT APYTUX) TUMOJOTUYECKUMHU U TEXHOJIOTUYECKUMU
MPU3HAKAMHU, CBOEOOPa3HOCTAMHU. MeTalmypruueckuii odar co3aér coOCTBEHHYIO 30HY BIIMSHUS
CBOEH TEXHOJOTUYECKOU CXEMBI.

B macmtabe OxHoro KaBkasa Ha pa3HbIX 3Tanax pa3BUTHs OPOH30BOTO MEpPHOA BbIIEISIETCS
HECKOJIbKO METaJUIypru4eckux odaroB. B 1o3aHEOpOH30BOM NEpHOAE Ha IOKHBIX CKJIOHaX
Lentpansnoro Kapkasza cymectBoBanu A6xa3zckuid, CBaHCKMI W PaunmHCKUil MeTamyprudeckue
ouaru; Ha Manowm KaBka3e — ouaru Yopoxckoro 6acceiina, Amxapuu-I'ypun u bonaucu-JImanucu.

«MeTtamTypru4ecKkuid IeHTpy MPEACTaBISIET CO00M MHOTOOYArOBBIM METAJIOTCHHBIM PETHOH U
pacrmojaraeTcsi B OJIHOM TIe€0JIOro-reorpauueckoM MPOCTPAHCTBE, COJEPKUT HECKOJIBKO
CUHXPOHHO JCUCTBYIOIIUX  METALIYPIUYECKUX  OYaroB, IPOAYKLHS KOTOPBIX  CO31a€T
MIPOU3BOJICTBO OJHOPOJHOTO XapakTepa. Pernon, Oorarelii TOPHOPYIHBIMH pecypcaMu, H C
HCTOPUKO-METAJUTYPTUYECKON TOUKH 3PEHHSI, MOXKHO CYUTATh MMOCTOSHHOAECHCTBYIOIIMM O0BEKTOM.
JIjig MeTanTypruueckoro eHTpa He XapakTepHa OJIMHOKYJIbTYypHas (3THUYECKas) OTHOPOJHOCTb.

«["opHO-MeTauTyprudeckuii 00beTMHEHHBIA HEHTP» XapaKTepU3yeTcss TAKUMH K€ UCTOPUKO-
METAJUTYPIrHUECKUMH U T€0JIOTO-reorpaMuecKUMU TaHHBIMHU, KaK M «METaJUTyprUYeCKHid LEHTP.

Nx pa3nuuue CcOCTOMT B BEIWYMHE MAcIITabOB MPOU3BOACTBA. MeETaUTyprudecKuil IEHTP
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reorpaueckd BXOAMT B COCTaB TOPHO-METALIyprudeckoro ooObeauHeHus. COBOKYNHOCTb
HECKOJIbKUX METAJUIyprHUeCKUX HEHTPOB o0pasyeT KkpymHoe «l opHO-MeTamnypruueckoe
oobenuHeHue». B cucreme maneomeramnyprun EBpasum pernon KaBkaza paccmarpuBaercss Kak
OJIUH U3 FTOPHOMETAJUTYPIHYECKHX 00bETUHEHHBIX LIEHTPOB.

«MeTtajutypruyeckas IPOBHHLMSA»  IHPEACTaBIsAeT cOo00M  0ObeAMHEHHE  HECKOJIbKUX
METAJUIOTEHHBIX TreorpauuecKux PEerHOHOB, B COCTAB KOTOPBIX BXOIST FOPHO-METALTyPTUYECKHE
OObETUHEHHUS, CO3JaHHBIE TPU  YYaCTHH  HACENCHHS  PA3IUYHOTO  ATHOKYJIBTYPHOTO
IPOUCXOXKACHUA. MeTalyprudeckie KOMIUIEKChI, OOBEJUHEHHBIE B  METAJLIyprU4ecKylo
IIPOBUHLIAIO, XapaKTEPU3YIOTCS OTIMYAIOIMMUCSA JAHHBIMU IIPOM3BOACTBEHHONM BO3MOXKHOCTH.
KaBka3 cuuraercs OZHMM U3 TOPHOMETAUTYPrMUECKUX OOBEIUHEHHH, B COCTaBE W3BECTHOMU
METaJITypruuecKoil npoBUHIMH [[pruuepHOMOPCKOro KyJabTypHOTO KpyTa.

BelieykasaHHble  NPOM3BOACTBEHHBIE  KaTETOPUM  ONPEACIAIOT  OTHENbHBIE  CTYIICHH
HCTOPUYECKOI'O PA3BUTHUSA (DYHKIIMOHUPOBABILIUX METAJUTYPrUUYE€CKUX OOBEAMHEHUH B pa3iaMuHOM
reorpaguuecKoM apeaie U TOProBO-35KOHOMUYECKOM MpocTpaHcTBe. OTHENbHBIE TEPMUHBI MOYKHO
YCHEIIHO HMCIOJIb30BaTh KakK JUIsl J0Ka3aTelbCTBA JOCTHMKEHHH AEHCTBYIOLUIMX Ha TEPPUTOPHUU
I'py3un MeTauyprudecKux LEHTPOB, TaK M Ul OLEHKHU KYJIbTYPHBIX JIOCTH)KEHUN pEruoHa
Kaskaza — [lepennoit Azun.

Cucrema TrOpHO-METAUNIypPrHUYE€CKMX  IMPOM3BOJACTB  PACCMAaTPUBAETCS  COOTBETCTBEHHO
HCTOPUKO-METAJUTYPru4ecKoMy () YHKIIMOHUPOBAHUIO AMSATHUKOB, U C YYETOM NPOU3BOICTBEHHBIX
MaciTaboB M reorpauueckoro pacnpocrpanenus: Meramnyprudeckuii ouar (A6xasus, CBaHeTHs,
Paua, Amxapus, bonaucu-/{manucu, I'opnas Kaxerus 3a pekoit Anazanu) — Mertamnypruyeckui
ueHtp (Lentpanpueiii KaBkas, Mansiii KaBka3) — ['opHO MeTamtyprudeckuii 00beIMHEHHBIN LEHTP
(KaBka3) — Meramnyprudeckas npoBuHius (3oHa Lupkymmontuyma) — Meramnyprudeckoe
npou3BoicTBO JIpeBHero mupa (Cpenusist A3us, bankansl, 6acceitn Cpeauzemuoro mopsi, Eruner u
T.1.).

Hctopuyeckass cxema 3apOXACHUS—PAa3BUTUS METAJUIypruu Ha Tepputopun ['py3un
paccmarpuBaeTcsi € Y4€TOM H3YYEHHBIX TaMSITHHMKOB, pa3MELIEHHBIX B reorpa@uueckoM
MIPOCTPAHCTBE CYILECTBOBABIICH 37€Ch METaUTyprU4ecKOl CHUCTEMbI, KOTOpble O0yCIaBIUBAIN
MIEPCIIEKTUBBl MECTHOTO TOpHO-MeTamurypruueckoro npousoicrBa. C III Teic. 10 H.3. oHHM
MPENICTaBIsUId COO0M OOBEKThl KOMILJIEKCHOM 00pabOTKH MECTOPOXKIEHUN MeAH, aHTUMOHHS,
MBIIIbSIKA, JKeJle3a, 30J10Ta U cepedpa.

OcBoenne n 00pabOTKa IBETHBIX, YEPHBIX U JPATOILCHHBIX METAJIOB HA TeppuTopuu [ py3uu
MPOXOAUIM B TECHOHM CBSI3U C CUCTEMOHl KyibTypHOro oowenuuenus Kaskasa-Ilepemneit Asum.

Mertamryprudeckoe MpOU3BOJICTBO, CO3JaHHOE Ha 0a3e MECTHBIX PECYpPCOB, MPOIUIO BCE 3TaIbl
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[epuoJia paHHUX METAJUIOB, OT OCBOEHHS MEIHBIX OKCHIHBIX pya Manoro KaBkasza (3HeonuT-
paHHsAS OpOH3a) 10 CHUCTEeMBI CyJib(uaHoro opyauHenus LlentpanbHoro KaBkaza BKIIOUHTENBEHO
(cpenHe 1 O3AHEOPOH30BOBIN — PAHHEKETIE3HBIN MTEPHO.T).

KoMIuiekcHoe, HcciaenoBaHue MaMATHUKOB METaJUIyprH4ecKOro IpOM3BOACTBA I'py3um
[IOKa3bIBa€T IOJHOE COOTBETCTBME IMCHbMEHHBIX HCTOYHHUKOB C (DaKTHUECKUM HCTOPUYECKUM
pa3BUTHEM, YTO BOCIIPOU3BOJIUT KapTUHY I€HE3Mca 3KOHOMHUKHU 3TOM orpaciu. CyliecTBOBaHHE
0oratoii MECTHOW METaJTypruyecKoil 0a3bl 0OYCIOBMIIO CO3JIaHHUE METaUTyPrHYeCKHX O0YaroB
OpoHn3oBoro nepuoja. Crano BO3MOXHBIM UX Pa3BUTHE B KAaueCTBE KPYIHBIX METAJUIyprHYECKHX
LIEHTPOB B COCTABE€ METAJLTYPIrUUECKUX POBUHIMH 110 IPUHLIUITY HHTETPALUH.

[TepBas mosioBuna III ThIC. 7O H.3. Ha TeppuTOpuM ['py3un XapakTepuU3yeTCs OCBOECHUEM
MEIHO-OPOH30BOM METAUTYPrMM U PACIIMPEHUEM IPOU3BOJICTBEHHONW 0a3bl. DTUM SIBICHHSIM
COITyTCTBYET KOMILJIEKCHOE€ OCBOCHHE MECTHBIX MEIHBIX KapOOHATHBIX (MalaxuT, a3ypur),
CHJIMKATHBIX (XpU30KOJa) U MBIIIBIKOBUCTO-MEAHBIX pyad. Jluratypa OpoH30BOro MpoM3BOJACTBA
3TOTO Neproa GOPMHUPYETCS] COOTBETCTBEHHO M3 IIUXTHI MEHBIX U MBIIIBSIKCOASPKAIUX MEIHBIX
Py, MBILIbSIK IPEJICTABISIET COOOH OCHOBHOM JIETUPYIOLIUI 3JIEMEHT.

B cepenune III ThIC. 10 H.3. yCIIENIHO MCIONB30BAINCH CYIIECTBYIOLIUE PECYPCHI B CUCTEME
MenHoro opyauHeHus Manoro Kaskaza. Ha mpoTsskeHuM ThICSAYENEeTHEN HCTOPUM KYJIbTYpPHO-
SKOHOMMYECKOTO pPa3BUTHUS, I[BETHAs METAJUTyprusl BBINOJHSUIA PYKOBOJSIIYIO pOJIb  BO
BCECTOPOHHEM Pa3BUTUU OOIIECTBA.

B pernone HOxnoro Kapkaza nHa mnocenenusx Kypo-Apakckoil KylbTypsl OOHapy»eHbI
OCTaTKH METHOIO IUIAaBUIBHOTO M JIUTEHHOrO MPOU3BOJACTBA: JIUTEIHbIE (POPMBI, MEAHbIE OPYCKH,
(¢parmMeHTHBI OTIUBOK U 11p. (KBarxenedu, Xuzanaant-ropa, Krons-rene, lllenrasur, ['apuu u 1.1.).

CymectBeHHON yacThio Kypo-Apakckoil KyiabTypbl SIBISI€TCSI TPOLIECC HEMPEPBIBHOIO
pa3BuTHs OOpPaOOTKM IBETHBIX METAJUIOB, YTO OINPEAEICHHO BIMAJIO Ha o0Iee pa3BUTHE
MAJI€OPKOHOMUKH  3TOro  mnepuona. (OCHOBHBIMM  XapaKTEpHBIMH  3JEMEHTAMM  CIUIABA,
MCIOJIb30BABIIETOCS B MEAHON METAJUTYPruH, SIBISIFOTCS:

1. TIpou3BOACTBO MBIIIBIKOBOW OPOH3HI.

2. Iupokuit KOHLIEHTPAIIMOHHBIN uana3oH Jerupyomiero snemenTa (As=3,0-10,0 %).

3. TexHonoruyeckass cxXemMa HW3TOTOBJIEHUS OpOH30BBIX M3JAEIMA C HCIOJIb30BaHUEM
MIPOLIECCOB KOBKH, JINThS U JINThS-KOBKH.

Hapsiny ¢ xapaktepaeiMu 1 KyiabTypbl Kypsi-Apakca [V-III BekoB 1o H.3. u3nenusmu u3
JIETUPOBAHHON MBIIIBIKOM OpOH3Bl B HAMJIECHHOM Ha TeppuTOpHHM ['py3uum apxeojqornyeckom

Marepuaie MOSBISIOTCS MPEIMEThl U3 HUKEJIEBOH W MBIIIbIKOBO-HUKEICBOW OpOH3bl. BpOoH30BEII
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WHBEHTaph TAKOTrO K€ XHMMHUYECKOTO0 COCTaBa PacHpOCTpaHEH B OOHApPYKEHHBIX Ha TEPPUTOPUU
KaBkaza - Manoii A3uu CHHXpOHHBIX TAMATHUKAX.

[IpenMersr u3 HuKeneBod OpoH3bl Ha FOxHOM KaBkase W3BECTHBI U3 apXEOJOTHYECKHX
packorniok B I'py3un (AGaHocxeBu, XuzaHaanuc ['opa, CammBmine, KBamxena, Amupanuc ['opa,
Xentybanu, Opuocanu), AzepoOaiimkane (betok-Kecuk, Kuyn-Tene, Tenmankenasl) u ApMeHUH
(Tanun).

Bonpoc nmponcxokaeHns: HUKeIeBOW OpOH3BI MBI paccMaTpuBaeM B c(epe IKOHOMHUYECKOTO
pa3BUTHS U3BECTHBIX MeTajuryprudeckux neHtpo Kaskaza-Ilepeaneit A3um panHero 6poH30BOTO
MI€PUO/Ia U B3aUMOBJIUSHUSA KYJIBTYP.

OobnapyxenHblii B peruoHe HOxxHoro KaBkaza HHBEHTapp M3 HUKEIEBOW OpOH3BI, 110
CPaBHEHHIO C MaTepUaloM IMPEIMETOB U3 MBIIIbSIKOBOW OpOH3bI, IMPEICTaBICH B MEHBIIEM
KOJIMYECTBE U 3aHUMAET OIpPEACIICHHOE MECTO B IPOMCTEKAIOUIEM U3 FOKHBIX KYJIBTYp
MHHOBALIUOHHOM IIOTOKE .

[To cBoemy reorpauieckomMy IMOJIOKEHUIO U KYJIbTypHO-CTpaTerudeckoil ¢pyHkunu HOxHBIH
KaBka3 MOXHO cUMTAaTh PETMOHOM OCBOCHHMS U MPOBEACHUS YKA3aHHBIX KYJIbTYPHBIX UMITYJIbCOB,
KOTOPBIH 110 CBOEMY UCTOPUYECKOMY Ha3HAUECHUIO HAITOJIHSII KPAWHIOK CEBEPHYIO YaCTh U3BECTHOU
«YPYKCKOM DKCHAHCHUW», CO3JaBajl COEOUHSIOIMNA 1yTh  JBypeubs- bimxxnero Bocroka-
Anaronnu-CeBepHOBO KaBKa3a.

Konen III Thic. m mnepexonmnsii mepuoxn III-II Teic. 10 H.3. Kak mepuon KylnbTYpHOU
TpaHcopMaIlMi BbIIETSETCS BAXKHBIMU JOCTIDKEHUSIMH B 00pabOTKe IIBETHBIX METAIJIOB.
CepbE3Hble epeMeHbl MPOUCXOAIT B METAILTYPIHH, HAYUHACTCSI OCBOEHHUE CYNb(MUIHBIX METHBIX
pya (B OcHOBHOM, oOpabarbiBaeTcsi XaiabKomupuT). OOpalOaThIBalOTCSI MECTHBIE MBIIIbSIKOBBIE
(peanrap, aypUIUTMEHT, apCEHONUPUT) U aHTUMOHUEBbIE (AHTUMOHUT) pyAHbIE BbIXOJbl. [llnxTa
METAJTyPrHUeCKOl TUIaBKU COCTaBJIeHA MPOMOPIMOHAIBHBIM pacIlpeielieHueM 00pa3IoB METHOM,
MBIIIBKOBOM U aHTUMOHHUEBOU PYy/bl.

W3 coBmecTHOTO MaTepuana MbIIbIKOBOH (As=4,0 — 12%) u antumonueBoi (Sb=3,0-15%)
OpoH3bl TPOM3BOAUTCS TpEXKOMIOHEHTHBIM (Cu/As/Sb) cmiaB HU3KOIUTABKONW JBTEKTUKH W
BO3POCIIHX JIATEMHBIX CBOMCTB.

TexHonornuecknue M OpraHU3allMOHHbBIE TEPEeMEHbl MPOU3OIIEAINe B 00pabOTKE LBETHBIX
MeTaJuIoB emé OoJiee yriayomstoTcs B mepBoit mojosuHe Il Thic. 10 H.3. B mpou3BoacTBO 3aX0AUT 110
T€X TOp HEWU3BECTHBIM HOBBIM JIETUPYIOIIMHM 3JIEMEHT B BHUJAE OJIOBA, MOSBIAIOTCS OTIUBKU
ONIOBSIHHOM Opon3bl. [lapannenbHo ¢ TpaAMIMOHHBIM MEIHO-MBIIIPKOBBIM CIUIABaM, BXOMST B
yrmoTpeOJIeHne MPEAMEThI, IMOJYYCHHbIE W3 aHTHMOHHEBO-MBIIILKOBOW (Sb/AS), OJOBSHHCTO-

MBITIBSIKOBOH (Sn/As), antumonuuneBoi (Cu/Sb) u onossinoit (Cu/ Sn) GpoH3HI.
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Nmnopt onmoBa Ha HOxubiii KaBka3z cranoButcs 3ameTHbiM co Il Thic. 10 H.3. Konxuuackuit
METAJITypruuecKuil LeHTp 3anagHoro 3akaBKasbs MPEACTABIAET COOOM CBA3YIOLIEE 3BEHO MEXAY
peruonamu nepeaHeil Azuum — Manoit A3un — Cpean3eMHOMOPCKOro mnooepexbs u CeBepHOTo
Kagkasza. IIpeanosnoxxuTenbHo, 4TO U3 OTIEJIBHBIX 04aroB OpoH30BOro npouspozcTa Koaxuasl Ha
CesepHblif KaBka3 B BUJIe UMIIOpTa MOCTYIAIHM 0JIOBO, OPOH30BbIE CIIUTKHU, TOTOBAsI TPOAYKLIUS.

Bo II thIC. 10 H.3. B cpene EBpasuiickoil KynbTyphl apeayl IIMPOKOIO PaclpOCTPAHECHMS
MHBEHTaps] U3 OJIOBO-aHTHUMOHHEBOW OpOH3BI, reorpauueckoe pacroyioKEHHE MECTOPOKICHHUN
0JIOBAa Y aHTUMOHUS Ha KOHTUHEHTE U (DaKTUYECKHE JaHHble (DYHKIMOHUPOBAHHS OOHAPYKEHHBIX
3/1eCh NaMATHUKOB TOPHOMETAJUIYPTMYECKOIO IPOM3BOACTBA, CO3LAIOT PEAJIbHOCTb, YTO JUIA
MEeTHO-OPOH30BOTO TMPOM3BOJCTBA 3aKaBKa3bs OJIOBO MPEJCTABISET COOOW MpeaMeT HMIIOpTa
(Anaronust, CeBepubiii Mpan, Cpennsisi Asusi), a MECTHBI aHTUMOHUN B LEHTpax OpPOH30BOIO
npou3BojcTBa EBpazun NomkeH ObUT BCTpeuaThCsl MOCPEICTBOM 3aKaBKA3CKOTO HKCIOPTa B BUJE
METAJUINYECKOI0 aHTHUMOHMSI, OTJIMBOK aHTUMOHHEBOW OpOH3bl MM TOTOBOW mpoaykuuu. Bo II
TBIC. JIO H.D. IICHTPHI €BPA3UHCKO-KaBKa3CKOM OPOH30BOM METAIUTYPTUU PACTIPOCTPAHEHUEM OJIOBO-
AHTHMOHHEBOTO CIUIaBa CO3AABAJM YCIIOBHE U CBS3HM reorpaduyecku ONM3KUX W OTHAIEHHBIX
THOKYJBTYPHBIX 00BbEIMHEHUH], ISl HHTETPALUHI UX KYIbTYPHO-3KOHOMUYECKOH NesATEIbHOCTH.

Bo II TbIC. 10 H.3. B NPOU3BOACTBE LBETHBIX META/UIOB BaXXHOW IEPEMEHOM TEXHOIOIO-
OpPraHMU3aIMOHHOTO XapaKkTepa ABJISETCS Mpolece Havana QYHKIIMOHUPOBAHMSI BTOPUYHBIX LIEHTPOB
OpoH30BOro NMpou3BoAcTBa. COOTBETCTBEHHO BO3POCIIEH MOTPEOHOCTH HAa OPOH30BYIO MPOIYKIHIO,
C LENbI0  3allOJHEHHS IPOU3BOJACTBEHHOIO BaKyymMa B  OTAANEHUUM OT  IEPBUYHBIX
METAJUTYpPIrHUeCKUX OYaroB, CHHXPOHHO C HMMM HauMHAIOT paboTaTh MacTepckue mo oOpalboTke
LBETHBIX METAJJIOB, PACIOJIOKEHHbIE B MPEArOpbe W 30HE paBHUHBL. BHOBB CO3/1aHHbBIE LIEHTPHI
BTOpPUYHOM 00pabOTKM 3amacaroTcss M3 NEPBUYHBIX METAJUIyprudeckux odaroB (AbOxackue,
CaHckue, PauMHCKME METAIUIyprUYeCKHME OdYard) IOJYyYEHHBIMH MEIHBIMH CIUTKAMH |
METAJUIMYECKUM MaTepualioM, HEOOXOAMMBIM i JerupoBaHus. DopMupoBaHHME JHUThS
MPOWCXOAUT 3apaHee BBHIOPAHHOW JIMTATypOH, MPOBOIATCS TIO IIEIeCO00pa3HONM pelenType
TUTEINIbHBIE MJIAaBKU, YCIOKHAETCS TEXHOJIOTMYECKasi CXeMa N3TOTOBJICHHS MpPEeAMETa.

[losBuBmIMECST Ha TeppuTopuu 3amagHod ['py3um BTOpUYHBIE oOyard OpOH30BOTO
MIPOU3BOJICTBA, KOTOPHIE 3aMONHSIOT W 3aracaloT SKOHOMHUKY PaBHUHBI OOJIBIIMM KOJHYECTBOM
MPOAYKIIMM [BETHBIX METAJUIOB, JaTUPYIOTCs mnepBod monoBuHod I TeIC. 10  H.O.
(Mpou3BOACTBEHHBIN KOMIUIEKC [IMYOpCKOro Jkuiaoro xosiama, OOBEKThl JUTEHHBIX MacCTEPCKHX
Ucnanu, Anakmun I-1I, Oprern, Hamuenypu). Ouarn BrOopu4HON 00pabOTKM Meau-OpOH3BI Ha
CIIEAYIOIIEM JTale pPa3BUTUS OPOH30BOM MeTaulypruu, Bo BTopoi mojoBuue Il ThiCc. 10 H.3.,

BBITTOJIHAIOT q)YHKHI/IIO BBICOKOKAQUCCTBCHHBIX LICHTPOB 0oJIBIIIOrO IIPOU3BOACTBECHHOI'O Macmtada.
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Bo Btopo#t mosoBune II u [ ThIC. 10 H.3. pa3BUTHE NPOMU3BOJCTBA I[BETHBIX METAIJIOB
M03/IHEOPOH30BOT0 MMEpHO/a JOCTUraeT BhICOUaiiiiedl crymeHu. B 3TOT mepuoa W3BECTHHI
HECKOJIbKO MOIIHBIX OYaroB OpOH30BOM MeTautyprud. Takue TMpOU3BOJICTBEHHBIE OYaru
(G YHKIIMOHUPOBAIM Ha TEPPUTOPUHU Kak 3amaaHoi, Tak U Bocrounoi ['py3un, rae ¢popMupyrorcs
JIBa KyJIbTYpHBIX 00beauHeHns — Konxuackoe u LlenTpansHo3akaBkasckoe. B apeane Konxumckoit
KYJbTYPBhl BBIBUTAIOTCS MeTayuryprudeckue odaru Amxapuu-I'ypun, Pauu-Jleuxymu u AoOxaszum.
B cpene lleHTpasibHO3aKaBKa3CKOW KyJIbTYpPhl H3BECTHBI OuYarm OpOH30BOM METAJTypruu
Bayrpenneit Kaptim, Huxuent Kaptim n Kaxernn. Ykazanubie Tpou3BOACTBEHHBIE 00bEIMHECHHUSI,
B BHUJEC METAUTyPrHUECKHX KOMILIEKCOB, HECIH BAXKHYIO HAarpy3Ky CBOEro IpeaHa3HaueHUs
CO3aHMsl Macchl Meraiuia B OonpmioM KosnmdectBe. OHHM  CHA0XAIOT OYard BTOPHYHOTO
MIPOU3BOJICTBA METHBIMU MTPOU3BOJCTBEHHBIMHU CIIUTKAMU, METAJUTMYECKUM aHTUMOHHEM, OJIOBOM U
MBIIIBSIKOM.

Emgé Oonee pacmmpsiercs QyHKIUS O4aroB BTOPUYHOU 00paboTku OpoH3bl. CHHXPOHHO C
JEHCTBUEM METAJLTYPrHUYECKUX IIEHTPOB 37I€Ch MPOUCXOAUT 00pabOTKa CIIaBa CJIOKHOM JINTATypHI,
OTJIMBKA MPEJAMETOB MHOTOOOPA3HOTO MpeAHa3HAYEHUsI, KOBKA, U3TOTOBJICHUE TOTOBOM MPOIYKIIUH.
Macmtabpl OpOH30BOrO0 MPOU3BOJCTBA-00pPa0OTKM JOCTUTAIOT BOJIIOrO juamnazoHa. OO6iee
M300MIIMe IIBETHOTO MeTalljia WIUTFOCTPUPYeTCs C TIOMOIIBIO YBEJIMYEHHS KOJIMYECTBA
MHOT000Pa3HOT0 apXeoJOrH4eCKOro METaUINYECKOr0 MHBEHTaps, MPOMCXOSALIET0 U3 MOCENICHUN
Y MOTHJIBHBIX KOMIUIEKCOB, HAKOTIJIEHUEM OOJIBIIIOTO KOJIMYECTBA CIMTKOB U KJIAJIOB, 3alIOJIHEHUEM
XPaHWIHIL CBSTWJIMIL M3TOTOBIEHHBIM U3 OpOH3bI TMpeIMeTaMH, IMpeIHa3HAUYCHHBIMH IS
KyIbTOBOTO puTyana M T.J. CTaHOBUTCS BO3MOXXHBIM M3 OOIIEl BBIMYIIEHHONH MPOAYKIUU
BBIJICJIUTD JIJIS1 KOKIOM KyJbTYPhl BEyIIHEe (POPMBI XapaKTEPHBIX OPYIUN U YKPAIICHUH.

Macrepckue o oOpabOTKe IBETHOTO MeTajula MPEICTaBIAIOT COOOW CHEeIUaTn3upOBAaHHBIC
MIPOU3BOJICTBEHHBIC TPYMIBI, T/I€ BBHICOKOKBATU(DUIIMPOBAHHBIMU MAacTepaMU HU3TOTABIUBAIOTCS
MpeAMEThl HECKOJIBKUX JECATKOB HA3HAUYCHMM W Ha3BaHWW. BpOH30BBIM MaTepuall Jierupyercs
OJIOBOM, AHTHMOHHEM, MBIIIBIKOM, CBHUHIIOM; JICTUPYIOIIMA SJIEMEHT HCIOJIb3yeTCS TOJBKO B
METAJIMYECKOM  BHJE, 4YTO OOYyCIaBIMBaeT IIOJy4eHHE OCHOBBI MaTepuaja, CIOKHYIO
TEXHOJOTHYECKYI0 TepepaboTKy Meau U OpOH30BOTO JIUThS BCEBO3MOXHOTO CcocTaBa. B
03 JHEOPOH30BOM TIPOU3BOCTBE IIBETHOTO METalljia MPEANOYTeHHE OTAAETCS OJNIOBSIHHOM OpoH3e,
0OJBIIYI0 YacTh MPEAMETOB IOIY4YalOT U3 OJIOBAHHOIO cIulaBa. Ero KoiauuecTBO B JIUThE
BBIOMPAETCSI COOTBETCTBEHHO TEXHOJOTUYECKOW CXEME M3TOTOBJIEHHUS MpeaMera. B oTIHTBHIX
oOpa3ax cojaepkanue onoBa gocturaer 14-15%, nns KOBaHHOTO MaTepuaga ONTUMAIbHBIM

sBisieTcs conepxkanue Sn=7,0-10,0%.
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C VIII B. mo H.A. B Koaxuackom KyldbTypHOM Kpyre MIHPOKO PpPaclpOCTPAHSIOTCS
XYyJI0)KECTBEHHO TPAaBUPOBAHHBIE MTPEAMETHI (KOJIXHUICKUE TOMOPhI, HAKOHEUHUKHU KOIUM, KUHKAJIbI,
MPSDKKU, HAKOHEYHUKHU CTPENl M JIP.) C MHOTOOOPa3HBIM JEKOPOM, MPEO0IaacT reOMEeTPUICCKH-
CUMBOJIMYECKUI OpHAMEHT B BHUJE CTHJIMCTUYECKH — 300MOP(PHOr0 M300pakeHHs >KUBOTHBIX U
nTul. XyA0KeCTBEeHHbIE (OpPMbI HAHECEHbI MOCJIE OTJIMBKH TIyOOKOW TI'paBUPOBKOM, MOTHBBI
CIIMBAIOTCSI C IUIACTHYeCKOd Qopmoli mpeamera. Marepuwan mnpeacTaBiseT co00d 00pasibl
XYJI0’)KECTBEHHOr0 MacTepcTBa KOIXuackon KyJbTyphl.

Bonbiioil uHTEpec BBI3BIBACT B MEPHOJ MO3AHEH OpPOH3BI-PAHHETO >Kejle3a XapaKTepHOe IS
OpOH30BOr0 TMPOU3BOJCTBA sBICHHE — (akT oOHapyxeHus «kianoBy. «Kmam» Komxunckoi
KYJIBTYPHI SBJISIETCSI BaXKHBIM 3JIeMeHTOM. B apeane Konxuackoil kynbTypsl oOHapyxeHo a0 150
OpOH30BBIX KIJIAJIOB; «KJIaAbl» B pernoHe KaBka3a, B OCHOBHOM, XapakTepHbI s Konxumasl u
OTHOCATCS K ONpeAeIéHHBIM XpoHoorndeckuM pamkam (X VIII-VII BB. 10 H.3.). B cocraBe knanoB
KOJIMYECTBO W Ha3HaueHue OPOH30BOTO MaTepHalia U MpeaMeTOB pasiuyHoe. M3-3a mpucyrcTBus B
KIagax OOJBIIOrO KOJWYECTBA AaTPUOYTOB KOJXHJICKOTO OpOH30BOrO IPOM3BOJCTBA, HX
YIIOMHHAIOT 110JT HA3BAHUEM «KJIAJIbI TIABUIIBIIMKA» UJIU «KJIAJbI JIMTEHIIUKAY.

C VII-VI BB. 10 H.3., IOCJIE IIUPOKOTO OCBOCHHUS JKEJI€3a YYBCTBUTEIBHO COKPAIAETCS
MOTEHIIMAT MEIHO-OPOH30BOTO TMPOM3BOJACTBA, HCYE3a€T TPAAWIUA HAKOIUICHHS «KJIAJIOB» U
BO3MOKHOCTh UX OOHAPYKEHUS.

NsroroBnennsie Ha Tepputopuu ['py3un mpeaMeTsl U3 JAParolleHHOro MeTayia (30J0Ta U
cepebpa) U3BECTHBI U3 MAMSATHUKOB paHHEro OPOH30BOrO BeKa. X KOJIMYECTBO YBEIMUMBAETCS B
nocnenyromeM mnepuojge. B mepBoit momoBuHe III Beka 10 H.3. MOSABISAIOTCS apTedakThl,
U3rOTOBJICHHBIE W3 cepedpa B Buae cTeOneil u cnupaneil. JlpeBHelmine 305I0Tble YKpalleHUs
noatBepxkaatorca mamstHukamu — Cauxepckoit mosmgHeit Kypa-Apakckoit kynsTypsl (Kopertw,
Hapuuc T'opa) u OGoraThlx MOTWIBHHKAaX OEIEHCKOrO dTala paHHUX KypraHoB. Bcrpeuarorcs
BBITIOJTHEHHBIE C BBICOKMM MAacCTEpCTBOM YKpallleHUs OpUrMHanbHOM (opmbl (Oychl, TpyOKH,
BHCOYHBIE KOJIbIIA, TJIACTUHKH, BUTAsI POBOJIOKA | JIP.) U PUTYaJbHBIN HHBEHTAPb.

B konne III Teicsiuenerrss u nepBoi nosioBuHe Il TeicsueneTus 1o H.3. B apealie TPUAIETCKOM
KyJIbTYypbl  (hopMHUpYeTCs WHCTUTYT BBICOKOKBATU(DHUITMPOBAHHBIX MAacCTEpPOB 00pabOTKHU
JParoIeHHbIX METAJJIOB — Xy/I0’KECTBEHHAs: 00paboTKa MeTasuia, 30J0Ta, FOBEITUPHOE JEIO.

Penxuii BKyc MacTepoOB-XYIOXKHUKOB W 3HAHWE TEXHUKH M TEXHOJOTHH, OIBIT 00pabOTKH
JParolieHHbIX METAJUIOB 3aJ0KWJIM OCHOBY TI'PY3MHCKOIO FOBEJIIMPHOrO Jeja. M3roroBieHHbIE B
BBICOKOW TE€XHUKE YEKaHKH, PUIMTpaHu, IITAMIIOBKH, MalKU U MHKPYCTAIMH, 00pa3libl MECTHOTO
XyJI0’)KECTBEHHOTO HCKYCCTBA CO3JAJIA MPEANOCBHUIKY I CYIIECTBOBAHMS HM3BECTHBIX IIKOJ

00paboTKK O6JIATOPOIHBIX METAIJIOB B aHTUYHOCTH U CPEHUX BEKax.
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N3 OGoraroro WHBEHTaps CpeIHE-OPOH30BOTO IME€PHOAQ, H3TOTOBJICHHOTO IO 0COO0OM
TEXHOJIOTUYECKON CXeMe, BHJIHOE€ MECTO 3aHMMAIOT 30JI0TbIE W CepeOpsHbIC IOJIbIe H3IENUs
paznuuHOi (QopMBI M OpHaMEHTOB (cepeOpsiHbIE H 30J0Thie KyOKM u 4yammu). [Ipeamerst
W3rOTOBJIEHBI M3 LIEJIBHOIO JINCTOBOTO MaTepuaia M TEXHOJOTHYecKas CXeMa UX H3TOTOBJICHUSA
[IOCTPOCHA Ha TMPUHIMIE, CO3JAIOUIerocsi Ha CTaHKE C TOPU3OHTAIBHOW OCBIO, BpallCHUS.
[ToydeHHbIe TIIACTUYECKON ehopMaliiell JTUCTa IParoleHHOro MeTamuia (GOpMbl, TOATBEPKAAIOT
3HaHUE TeXHUKU 00PaOOTKHU MO/ JABICHUEM U COOTBETCTBYIOIINE HABBIKH U OIIBIT.

JlocTuxkeHus: MacTepoB Mo 00paboTKe MeTallla, MX TEXHHUYECKOE U TEXHOJIOTUYECKOe
OCHAII[CHHE, YPOBEHb Pa3BUTHS TEXHHUYECKONH MBICIH — MOKa3aTelb 3CTETHYECKHX MOTpeOHOoCTel
npoxuBasuiero Bo Il teicsuenetun a0 H.3. Ha FO)xHOM KaBkase obOuiectBa. OHO pa3BHUBajioCh U
MIPUHUMAJIO COBEPILIEHHBIN B/, YTO MPEJICTABICHO B BUJIE apXEOJOTUYECKUX U3/ETUIl U3 IIBETHBIX
U AParoleHHBIX METAJUIOB 0oJiee MO3IHEro Nepruoa.

Bricokuii ypoBeHb pa3BUTHS 00paOOTKU 30JI0TO Jejia CPeAHE-OPOH30BOTO MEPHO/IA TTOTYIHIIO
COOTBETCTBYIOIIee mpoaonkeHne B Konxuae n MOepun aHTUYHOTO Meproa, I/1e HCTOpUIecKas 1
KyJIbTYpHasi 0OCTaHOBKA CIIOCOOCTBOBaJIa Pa3BUTHIO HOBOUM BOJHBI U MOIBEMY IOBEIMPHOIO JEIa.
OTOT mpolecc SBISUICA BBIPAKEHHEM OOIIEro COLUMaIbHO-3KOHOMUYECKOTO TMporpecca u
BBICOKOXY/IO’KECTBEHHBIX YTOHUEHHBIX 3allpOCOB, KOTOPBIM ObLI OOYCJIOBJIEH BBICOKOPAa3BUTON
TOPOJCKOM )KM3HBIO [ py3un aHTUYHOTO Mepruoaa.

BbIsiBIIeHHBIE TIPU PACKOIKAX M3BECTHBIX ropoauil V-I BB. 10 H.3. H3JIeNUs XY10)KECTBEHHOTO
MacTepcTBa, COJAEpXkKAT BEJIUKOJENHbI MaTepuall IOBEJIUPHOIO Jesia, TOPEBTUKH, 00pabOoTKU
JParolieHHbIX KaMHEeH, HaXOAWUTCS MO ONpPENETICHHBIM BIUSHUEM SJUIMHUCTUYECKUIO U PUMCKOTO
HCKYCCTBA, HO ero 0a3a - TpaJAuLMU MECTHOTO XY/10)KECTBEHHOI'O UCKYCCTBA CpeIHE-OpOH30BOI0O U
NPEJAaHTUYHOT'O MEPHOJIOB. SICHBIM MOATBEPKACHUEM 3TOTO SABJISAIOTCS 00pa3iibl FOBEJIIMPHOTO JieNa
n3 Banun, Cyxymu, buusunTa, Miixera, AXajaropu m Jpyrux apxeoIOTMYEeCKUX NaMATHHUKOB, I/I€
npu 00paboTke OJaropoJHBIX METaNIOB MCIONIb30BaHbl XapakTepHble (OPMBI YKpalleHUH,
M3BECTHBIE TEXHOJIOIMYECKHE CXEeMbl M3TOTOBJIEHUS. B MHOrOYMCIEHHBIX U Pa3HOOOPA3HBIX
IOBEJIMPHBIX IIeieBpax coOr0IeHbl pa3paboTaHHbIE U BHEIPEHHbIE MECTHBIMHU IIPO(eCcCHOHATaMHU-
MacTepaMu-IOBEIMPAMU CIIOCOOBI XyI0KECTBEHHON 00pabOTKH 30710Ta U cepedpa: KOBKa, YEKaHKa,
naiika, pacTspKEHHUE IMOJ1 AaBJICHUEM, MOKPBITHE SMajIblo, YEPHEHUE U JpyTHeE.

ObnapyxeHHble B BaHckoM roponuiie ApeBHeEWIINE NpeaMeThl W3 305I0Ta M cepedpa
Mpe/ICTaBJICHHbIE AHaleMaMu, YKpalIeHUsIMH AJIsl TOJIOBBI, CEpbraMu, OXEpPeJbsMHU, MOJBECKAMU,
Oycamu, TpyOKamH, MHKPYCTHPOBAaHHBIMU KyJOHaMH, OpacieTaMmu, KOJIbIIaMH, BBISBICHO HOBOE
HarpaBjIeHue 00pabOTKU JParolieHHbIX METAJUIOB, KOTOPOE CBS3BIBAET KOJIXCKOE IOBEIUPHOE JIETI0

C DJINIMHUCTUYCCKHUM HCKYCCTBOM.
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Hauwunas ¢ VI Beka g0 H.3. B Komxuae Obuta mMHMpOKO pacmpocTpaHeHa cepeOpsiHas MOHETa
«TETpU», KOTOpas pacrnpocTpaHeHa B [IpuyepHOMOpbE U Ha IJIaBHBIX TOPrOBBIX MAarucTpajsix B
Oacceiine peku Puonu. MoHeTa, Kak JeHeX Has eIMHUIA, OTPAXKAET Pa3BUTHE MECTHBIX TOPrOBO-
SKOHOMMYECKUX  OTHOLIEHHH. W3BecTHBl MOHETHI pPA3JIMYHBIX TUIIOB M  BAapUAHTOB,
Qg QepeHIIMPOBaHHON CUCTEMON HOMUHAJIOB U KaK €IUHHIIBI 0COO0H HyMHU3MAaTHYECKOM TPYIIIbI
O0OBEMHEHB B OJIHY KOJXCKYI0 Mojenb. M3 KOIXHACKOrO0 HYMHU3MaTHUECKOTo MarepHualia
M3BECTHBI HECKOJIBKO HOMUHAJIOB «TETPW»: TETpajpaxma, Iujpaxma, Ipaxma, moiayapaxma.

Apean pacnpoCTpaHEHUSI MOHET U COOTBETCTBEHHO OpOMTa HX TOPrOBO-dKOHOMUYECKUX
OTHOIIIEHUI COOTBETCTBYET TeppuTopun Konxuackoro napcrtsa. MoHeTa Kak €IMHBIA 3KBHUBAJIEHT
LIEHHOCTH, TPEACTABIsAECT COOOW OCHOBHYIO €IMHUILYy BHYTPEHHETO JIEHEXHOro oOpalleHus
rocynapctBa. MOHETHI U3TOTABIMBAIOTCA B OOJIBIIOM KOJIMYECTBE U CIY>KAT UHTEPECAM PHIHOYHOM
3KOHOMUKH Koxuickoro napcersa.

MoHeTBl 4YeKaHATCS W3 IPEABAPUTEIBHO JIMTHIX W KOBaHBIX moiyhadbpukaroB. Pasmepsl
IUIACTUHKM W HayalbHbIAH O00bEM HEOJHOPOJHBI, HEPABHOMEPHO 3AIOJHSIOT IITAMIIbl. YPOBEHb
00pabOTKH IITAMIOB ONTHMAJIEH, HCIOJIb3yeTCs MOJ HOpMAIbHUM JaBieHueM. M3o00paxkeHue Ha
o0eux CTOpOHaX MOHETHl YMEPEHHO TOYHOE, MOBEPXHOCTh OKPY)XKHOCTH HerJaJKasi, 3aMEeTHbI
TpemnHbl. CepeOpsHbII MaTepuan Mpeccyercss KaK XOJOJHOM, TaKk M ropsdyei IIacTUYecKOu
nedopmariuei.

PacmipocTpaHeHHBIM Ha BHYTpeHHEM pbIHKe KOIXCKOro mapcrBa JeHEXKHBIM OOpalleHHeM
o0ycioBleHa peann3anusi OOJBIIOrO KOJIMYECTBa CEpeOpsHOrO Marepuana B BHJIE MOHET.
[IpouzBoacTBY cepebpa mpumaercs OOJBIIOE 3HAYEHWE MJIsi CO3JaHHs Oa3zuca TOCyAapCTBEHHOU
SKOHOMMKH, YCKOPSIETCS MPOIECC MOJIUTUIECKOW KOHCOIUIAIIMM MECTHOTO OOIIECTBA.

[Ipobnema ocBOeHMs KyJIbTYpbl JpEBHEHILIEro >kejie3a paccMaTpPUBAETCS B CBSI3U C MEIHO-
OpOH30BOI METAILTYpTUel U IPEACTaBIsIeT CO00H €€ HEMOCPEICTBEHHOE MPOI0JKEHUE.

Cpenn TEXHOJOTHMYECKMX BOIPOCOB OCBOEGHMSI JKEJIE3HOM METaJUTypruM 3acily’KUBaeT
BHUMaHUS BJIMSIHHUE TEXHUYECKUX IOCTHUKEHHH BBICOKOPA3BUTOW CTYNEHU IMOIYYEHUS-00padOTKH
OpoH3bl Ha HaYallbHOM OJTale METAUTypruu keneza. Pa3Butas ¢asza MeTammypruu OpOH3bI
(ucronp30BaHUE TPYJHOBOCTAHABIMBAEMBIX PYA CYIb(PHUIHON MEIH), C YUYETOM CIOXKHBIX (PU3HKO-
XUMHUYECKUX M TEXHOJOTUYECKHX MPOU3BOJCTBEHHBIX MapaMeTpoB, OKa3aua OOJbIIOe BIMSHHE Ha
MIEPEXO/IHBIN Mpoliecc OT MPOU3BOJICTBA OPOH3BI K KEJIE3HONW METAIITYyPTHUH.

OOHapy)XeHHBIE apXEOJIOTHYECKaMU PACKONKaMHM Ha TePPUTOPUU ['py3uM TOPHBI KeJIe3HOTO
MPOU3BOJICTBA, MO KOHCTPYKIMOHHBIM JaHHBIM, MPEACTABISAIOT COOOH TeYM MIAaXTHOTO THIIA,
KOTOPBIE CO3JAI0T TOCTasSHHOJCHCTBYIONIUH CTAIllMOHAPHBIA METAUTyprudeckuii o0wekT. Hx

KOHCTPYKI_[I/IOHHHﬁ THUIT CO3JaH Ha OCHOBC HAKOIINICHHOI'O OIIbITa, IMOJTYYCHHOI'O B PE3YJIbTaTe
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TEXHOJIOTUYECKOT0 Tpolecca OpOH30BOW MeETaJUTypruM, OTKy[a MCIIOJIb30BaHA ONTHMAalbHas
TEMIEpaTypHasi CXe€Ma BOCCTAHOBJICHHs Jl€3a W3 OKUCHBIX pyld. B ommuumm or mneun
SKCTEHCUBHOIO THIIA JKEJIE3HOTO0 METaJUlypru4eckoro Ipou3BojAcTBa BocTouHON  eBpoIb
(xapakTepHOl 11 MIeMEH MeTaulyproB JIaTeHCKON KynbTyphl, a 3aT€M B PUMCKHUHA NEpHOA I
IPOU3BOJICTBA 4E€pHOro MeTauia B CpeqHEeBpONENHCKOM PEruoHe) 3aKaBKa3CKUH WHTEHCHUBHO-
IIOCTasHHOACUCTBYIOIIMM  METAJUIypTMYECKMi TOPH  COJNEPXKUT  CPABHUTEIBHO  IPOCTHIC
CTPYKTYpPHBIE 3JIEMEHTBl IPOU3BOJCTBA U XapaKTEPU3YETCS] IKOHOMHOCTBIO CTPOUTEIILHOTO
MaTepHasa ! IJIomaablo MaCTEPCKOM.

ITocne oOoramieHuss M NperBapUTEIbHOIO OOKUIa PyA C BBICOKHMM COJEp)KaHHEM XKejesa,
Omaronapst BEIOOPY 11eJIecO00pa3HOi MPOMOPIUH IIUXTHI, YITYYIIAeTCs METAJUTYPIrHUECKUI MPOIIece
(FeO— Fe). Xopomo BwiOpanHbIi TemneparypHslii pexum (1000°C — 1200°C) obecneunBaer
MaKCHMAaJIbHYIO NIPOU3BOJAUTEIBHOCTD IIAXTHOW IIE€YH B CIy4yac MCIIOJIb30BaHMs KaK IeéMaTUTOBOM,
TaK U MarHeTUTOBOU PYZBI.

brnarogapsi CcyImiecTBOBaHUIO TOPHO-PYAHOW ©0a3bl W WMEBIIUMCS TPAIUIHSIM O00paOOTKH
LBETHBIX METAJJIOB, HA (PUHAIBHOM CTaJuX OPOH30BOI0 MPOU3BOICTBA (DOPMUPYETCS PaHHUM 3TaIl
OCBOEHUS KyJbTyphbl Xkeie3a.DOpMUPOBAHUE MECTHOM JKEIE3HOM METAJUIypruH,  IIPOLecc
MIOCJIEAYIOLETO HEMPEPBIBHOTO IPOU3BOACTBEHHOIO pa3BuTHs HaunHaeTcs ¢ XII B. 1o H.3.

[Ipynumass BO BHUMaHHE JWHAMUKY KOJIMYECTBEHHBIX W3MEHEHUH KOHCTPYKIHMOHHBIX
3JIEMEHTOB TOPHOB JKE€JIE3HOTO MPOU3BOJACTBA POCT NMPOU3BOJACTBEHHBIX MAacHITa0OB M BpeMsl MX
JeWCTBUS, YCTaHOBIIEH NMEepHOA (PYHKIIMOHUPOBAHUS KaX/10r0 METAJLTyprH4ecKOro oJara:

1. XpoHOJIIOTMYECKUM JMana3oHOM (YHKIMOHMPOBaHUS YOPOXCKOro MeTauTyprHuecKoro
ouara sBisitorcst X-VII BB. 10 H.3. 2. XpOHOJOrMYECKUMH TI'paHULAMHU CyllecTBOBaHUS YonoK-
O4XOMYypCKOro METAJLTyprHYeCKOro ovara  SIBJISIFOTCS XI-VII BB. nmo H.. 3. Ilepuon
¢ynkunonuposanus Cyrnca-I yba3eynbckoro Metaurypruueckoro ouara XII B. 10 H.3. — aHTHUHOTO
Nepruosia BKIIOYUTENTbHO. 4. XPOHOJIOTMYECKMMHU TpaHMLAMHU JeicTBus Xo0u-OdxaMypcKoro
METALTYPTHYECKOTO oOdYara SIBJISIFOTCS XI-VIII BB. nmo H.3. CremoBaTreiabHO, KEIC3HBIC
MeTajypruueckue oyarn ['pysum ¢ UX HeENpepbIBHBIM METLTYPrUYECKUM  ITUKIIOM
¢bynkunonuposanu ¢ XI B. 710 H.3. 0 paHHEAHTHYHBIN MEPHOJ BKIIOUYUTEIHHO.

Pannuii nepuop xene3Hoil anoxu partupyercss Ha roxkHoM Kaskaze XII-XI Bekamu 1o H.3.,
XapaKTEePU3YETCs OOMIMM HU3KHUM YPOBHEM METaIIO00pabOTKH, TPOCTHIMU (pOpMaMH TTPEIMETOB
U METO/IaMHU CBOOOIHOM ropsiueil KOBKHU, OTPa)kaeT TEXHUUECKUE U TEXHOJIOTHUYECKUE BO3MOKHOCTH
HA4aJIbHOT'O 3Talla OCBOEHUS KYJIbTYPBhI JKEJe3a.

[TpousBoacTeo sxene3a B X-VIII BB. 10 H.3., IO CpaBHEHHIO ¢ Oojiee pPaHHUM TIEPHOJIOM,

OTJIIMYACTCS SPKO BBIPAKEHHBIMH HOBIIECTBAMH, PACIIUPAETCS MOTPEOUTEITBCKUI acCOPTUMEHT
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YEPHBIX METAJIOB, YCIIOXKHSETCA TEXHOJIOTMYECKash CXeMa M3TOTOBJICHHMS IPEIMETOB M3 JKele3a.
Hcnone3yercss cTanbHOM MaTepHall MATKOM U CPEAHEN TBEPAOCTH, C OJHOPOAHBIMHM CBOMCTBAMM,
TBEPIOCTh 00Pa3110B MEHSETCS B COOTBETCTBUU C CONEPKAHUEM YIIIEpO/a.

Kenesznble Opyausi M3rOTaBIMBAOTCS METOJAMHM KaK IPOCTOM, TaK U  CIOKHOW KOBKH,
UCIOJIb3YIOTCS ~ MPUHUMUIHUAIBHBIE CXEMbl XHUMHKO-TEPMHYECKOW U TEepMHYECKOH 0OpabOTKH.
KauecTBO M3roTOBIEHHON NPOAYKLHU U YPOBEHb IPOU3BOJICTBEHHBIX IIPOLIECCOB, HOBAs CTYIEHb
OCBOCHHUS KYJBTYpPHI jK€JI€3a, COOTBETCTBYET SIOXE €ro pa3BUTUA. TakuMm oOpa3oM, sl perHoHa
ueHTpasibHoro Kapkasza nporekaromuii B nepuo X-VIII BB. 70 H.3. OpolecC OCBOCHUS KYJIbTYpPbI
JKeJle3a pacCMaTpPUBAETCs KaK 3I110Xa Pa3BUTOIO XKeJle3a.

B VII-VI BB. 10 H.3. Ha KaBka3ze npoHCXOAAT COUMAIbHO-3KOHOMUYECKUE U ITOJIMTHYECKUE
U3MEHEHUS U CO3JAI0TCS  YCJIOBUS s (OPMHUPOBAaHUS TOCYIapCTBEHHBIX 0Opa3oBaHUM, B
nporecce (HOPMUPOBAHHS KOTOPBIX OINPEACICHHAS  POJb MPUHAIICKUT OBICTPOMY Pa3BUTHIO
YKEJIE3HON METaJUTypruy U METauiooopadoTKe.

[IponzBoactBo »xene3a B mepuond VII-VI BB. 10 H..  XapakTepu3zyeTcss  BaKHbIMHU
JOCTUKEHUSIMU B 001acTh OOpaOOTKM YEpPHBIX METAUIOB: PEKMMOM MaKCHUMAJIbHOM Harpysku
MIPOM3BOJICTBEHHOTO MPOIIeCCa M  HOBBIMH TEXHOJIOTMYECKUMHU cxeMaMu oOpaboTKu keneza u
CTaJM, 3HAYMTEIbHBIM POCTOM MacCIITA00B MPOM3BOJICTBA U OCBOEHHEM CEepUIHON (popMbl paboThI
Ky3HEUHBIX MacTepckux. HaunHas ¢ ykazaHHOro nmepuosia M3AEIus U3 JKeJIe3a U CTaJIN MOJHOCTBIO
3aMEHAI0T MeAb U OpoH3y. [Ipou3BOACTBO YEpHBIX METAUIOB CTAHOBUTCS OCHOBHBIM
HalpaBJICHUEM  pPa3BUTHS SKOHOMHKHU. COOTBETCTBYIOLIAasl CTYNEHb ATOIO YPOBHSI DPa3BUTHUS
KyJIbTYpbl eje3a B 3aKaBKa3be SIBISAECTCA ONPENEISIIOIIEH I MEepUoJia HIMPOKOrO OCBOCHHUS
Kelesa.

JKenesnslii nHBeHTaph V-1 BB. 10 H.3. U3 TOPOAMIL paHHEH AaHTUYHOCTH H AJUIMHUCTHUYECKOU
SIOXHU ONPENENIeT BBICOKUN YPOBEHb IMPOM3BOACTBA YEPHBIX METAJIOB, KOTOPBIM COOTBETCTBYET
(YHKIIMOHMPOBAHUIO CHEIMAIM3UPOBAHHBIX Ky3HEUHBIX MacTepckux. Kpome 00€BBIX WU
XO3SIICTBEHHBIX OPYAMM CIENUAIBHOIO Ha3HAUYECHHUS IIMPOKO PaACHpOCTPAaHEHBl MPEIMETHI
Ka)KJJOJJHEBHOTO MOTPeOIeHHs], 3aMETHO BO3PACTalOT MacIiTadbl MPOU3BOJACTBA. M3roToBiieHHas
KBaJIM(HUIIMPOBAHHBIM MaCTEPOM HPOAYKIMS NMPUHUMAET TOBAapHbIM BUJ. JKene3Hblil u cranbHON
MaTepuaabl B BUAEC METAUIMUECKUX OIOpP, KPEMJIEHWM, KPIOKOB, TIBO3JEH M IPYrMX H3JAEIHUH,
HCIOJIb3YIOTCSL B TPAJIOCTPOUTENILCTBE AJI CO3/1aHUs (DYHIaMEHTOB, CTEH M CHUCTEM IEPEKPBITUS
ApPXUTEKTYPHBIX aHCaMOJIeH.

CepuiiHBI TPUHIIUI TPOM3BOJICTBA, BEICOKOE KAUECTBO M3/ENUH, MHPOKas chepa Ha3HAUCHHS
U HCNOJb30BaHWS TOTOBOM MPOAYKIMHM — II0Ka3aTeilb IIOBCEMECTHOIO pPACIPOCTPaHEHUS

MIPOM3BOJICTBA YEPHBIX METaUIOB. TakuMm 00pa3oM, NPOU3BOJCTBO YEPHBIX METAIJIOB B
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LenTpanbHoM u 3amagHom 3akaBka3dbe V-1 BB. 10 H.3. MOXHO XapaKTE€pU30BaTh KaK TMEPHOJ
IMOBCEMECTHOI'O PAaCIIPOCTPAHEHHUS KYJIbTYPHI JKelle3a.

Ha ocHoBaHuMM mnepuoauYeckoro pocra MPOU3BOACTBEHHBIX MACIITa0OB JEHCTBYIOIIETO
KEJIE3HOTO TPOM3BOJCTBA M YPOBHS COBEPIICHCTBA METAUIO00Pa0ATHIBAIOIIMX MACTEPCKHX, Ha
TeppuTopuu ['py3un, Npou3BOACTBEHHO-3KOHOMUYECKOE PAa3BUTHE METAJUIYPIUU KEle3a U CTald
JICJIUTCS Ha YEThIPE MEepUOo/a.

1. OcBoenue xene3nont metauryprun (XII-X BB. 10 H.3.). 2. TeXHOJIOTHYECKOE COBEPIICHCTBO
MeTaJUTyprudeckoro mpou3BojcTBeHHoro 1mukia (X-VII Be. go H.3. ). 3. Illupokoe ocBoeHHE
Metauryprudeckoro mpousBoactBa (VII-VI BB. g0 H..) 4. KapauHanbHble TEXHUKO-
TEXHOJIOTUYECKHE ITEPEMEHBI B IIPOU3BOICTBE Kene3a- cranu (V-1 BB. 10 H.3.).

Ha repputopun ['py3sum B XII-I BB. 10 H.3. JAMHaAMMKa mpolecca OCBOCHUSA KEIE3HOU
KYJIbTYPbI 3aBUCUT OT Pa3BUTHS TEXHUUYECKOU MBICIH 10 BOCXOALIEMY NpUHIUNY. B TO ke Bpems,
Ha OTAEJBHBIX CTYNEHSIX LUBMWIN3ALMU IPOUCXOAIT KaUECTBEHHbBIE U KOJIMYECTBEHHbIE I1EPEMEHBI,
COOTBETCTBEHHbIE TEXHUKO-TEXHOJOTNYECKUE UMITYJIbCHBIE CIBUTH, KOTOpblE 00YCIIaBIMBalOT BO
BcéM KaBKka3ckoM pernoHe BBHICOKHE JOCTHKEHUS YEPHOU METAILTypruu U o0paboTKU MeTasa.

Ouaru xenesznoro mnpousBoicTBa FOxnoro Kaskaza B mepuon XII-I BB. 10 H.3. BHOCSAT
OTIpe/ICNICHHYIO NEPEMEHY B Pa3BUTUE CHCTEMBI MPOU3BOACTBA YEpHOro Merauia EBpasuu. Dtambl
pa3BUTHS OTIENIBbHBIX ILIEHTPOB >KEJE3HONM METaIypruu U 00pabOTKM MeTajula eBpa3sHilCKOM
CHCTEMBI, ONMPAsCh HA aHAJINU3BI U3BECTHOI'O apXE€OJOTNYECKOr0 XKEJIE3HOI0 MaTepralla HECKOJIbKO
pa3anyaroTCs, COMIACHO CUCTEME TEXHUUYECKOTO PAa3BUTHSI OTAEIBHBIX PETHOHOB.

[To yka3aHHBIM [MaHHBIM, OYard >KEJIE3HOW METAUTYprHMH M MeTamuioobpabotrku FOxHOTO
KaBkasza ¢ XII B. 10 H.3. TECHO CBSI3aHbl C CHCTEMOM JPEBHEHWILIErO KEJIE3HOTO IMPOU3BOJCTBA
EBpa3zuu. B ykazaHHOM HUCTOPUKO-3KOHOMUYECKOM 00bEIUHEHUN PErHOHOB Cpei3eMHOro Mops U
Manoit Asum, KaBka3 mnpeznctaBisi co0oi OZHO M3 OCHOBHBIX 3BEHBEB OCBOCHUS-PA3BUTHSA
PaHHErO JKEJIE3HOro MPOU3BOJACTBA. BasxkeH ero nponsBoacTBeHHbIN noreHnuan B X-VIII BB. 10 H.3.
BrIcoknii ypoBEHBb pa3BUTHS KEJIE3HON KYJIbTYpPbI COOTBETCTBYET VI B. 110 H.3., IEpUOAY HIMPOKOTO
OCBOEHUS JKelle3a B pervoHe. B ykasaHHBIA NepuoJ MPOAYKIMS 4EPHOIO METala BBIXOAUT 3a
TPaHUIly JKEJIE3HOTO METAJIypruueckoro ueHTpa KaBkasza u pacnpocTpaHsieTcss B pEruoHe
bmmxnero Boctoka. IIpon3BoacTBeHHbIE MacITaObl U Ka4eCTBO MPOAYKIIMH aHTUYHOTO Mepruojaa

OTIPEIEISAIOT BBICOKUM YPOBEHD UEPHON METALTYPTUU U METAINIO00paOOTKH.
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