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D. Paesa, 3. Uepnesa — I'eoxumus ceA3u MeNCOy MuemMamsayueil U epaHumoodpasoeanuem Ha
npumepe ¢ meppumopuu Llenmpanvuvix Pooon, Boaeapusa. DKCTEH3UOHHBINA 3Tall B AJIbIIMIAC-
KOH 3BOJIFOIIMHN POoiorckoro maccuBa COnpoBOXKIAJICS 9KCTEH3UBHBIM ILJIABJICHUEM KOPHI U UHT-
PY3UBHBIM T'PaHUTHBIM MarMaTu3MoM. BHeApeHHbIE B pa3HOE BpeMsi TPAHUTHI M TPAHUTHI PA3HOU
CTPYKTYPHOI O0YCJIOBIEHHOCTH MOT'YT BBISIBUTh CBSI3b MEXAY COCTaBaMH INPOLYKTOB aHATEKTH-
YEeCKOW MHUIMaTH3ald ¥ TPAHUTHBIMU MarmMamu, a TakXe€ — COOTHOIIEHHSI COOTBETCTBYIOIIMX
npoieccoB BO BpeMmenn. Hamu n3yvanuch nocTknHeMaTuaecknii CMIISTHCKWIA IUTYyTOH 1 HeOOJIb-
11e CHHKMHEMAaTU4YeCKUe IPAHUThL, pa3MelleHHble CPe MUTMaTU3UPOBAaHHBIX rHeiicax MagaH-
ckoil enuHUIBL. PaifloH mcciaemoBaHus paclojokKeH Ha I0ro-3anagHoi nepudepur MetaMopdu-
YEeCKOro SIAEPHOTO KOMILIeKca, ciararoniero LlearpaasHopononckuii kymoi (CRD). JoMuHUpY-
FOIIME TEOXUMUYECKHE OCOOCHHOCTH I'PaHUTOB MaaHCKO eUHMIBI TOKA3bIBAIOT 3aMevaTelIb-
HOE CXOJICTBO C OOpa30BaHHBIMH in Situ aHATEKTUYECKAMM PACIUIAaBAaMM JUATEKTHYECKOTO SApa
CRD, T.e. ¢ ApauHckoii equHuIeit. K 3TUM 0COOEHHOCTSM OTHOCSITCS: KUCJIBIN MepaIFOMUHHE-
BbIi cocTaB, HUcKkue conepxxanuss HFSE u REE, Beicokue conepxanust LILE u 3HaueHus: oTHO-
wenuit LILE/HREE, a Taxke — He3HauuTenbHast (40 nosoxutesnbHoi) Eu anomanus. Hekoro-
pble OTKJIOHEHHUS B T€OXMMHH CUHKMHEMATUYECKUX TPAHUTOB SBJISIOTCS NOATBEPKACHUEM HACH
0 TOM, YTO Pa3JIU4Ms B MPOILYKTAaX YACTUYHOIO IUIABJICHUS] OOYCJIOBJIEHBl PA3JNYUsIMH B COCTa-
Bax UcXOoAHBIX nopoxa. Cpenu 3TUX OTKJIOHEHUH OTMETHUM: METAaJFlOMUHHUEBBIA COCTaB, IOBBI-
menHble cogepxkanus HFSE u REE u 3nauenus orunomenuit LREE/HREE, a taxxe — Bapuanuu
B otHomennn Eu/Eu*. Jlanubie o0 Bo3pacte (CMUISHCKUH MIyTOH — 43 Ma U aHaTeKTHUTHI sapa
CRD - 38-37 Ma) ucKJIIO4aloT NPSIMYIO CBSI3b MEXJly UHTPY3UBHBIMU IpaHUTaMu MaJaHCKOR
€IVHHIBI 1 MUTMATUTAMU APIUHCKON e MHALBI. MBI paCCMaTpPHUBAEM CBSI3b I'PAHUTOB U MUTMa-
TUTOB KaK €IUHBIA IpoLecc NPOAOJIKUTEIbHOIO TPETUUHOTIO IIJIaBJIEHUS KOPbI, KOTOPOE IPOKC-
xoauio Bo Bpems sBosmonuy CRD. ITnaBiienue oxBaThBajO pa3Hble KOPOBbIE UCTOYHUKU U NIPU
3TOM HPOUCXOIUIIO 00pa3oBaHWE OOOCOOJIEHHBINX MOPUHHA TPAHUTHBIX PACIIaBOB. [eoxumust
OCHOBHBIX 3JIEMEHTOB U 3JIEMEHTOB-CJIEJOB BbISABJISET NOTCHLUMAJIbHbIE JUHUM POLCTBA MEXIY
rpyIIamMy MPOCTPAHCTBEHHO CBSI3aHHBIX IPAHUTHBIX IOPOJI HA OCHOBAHMH TOT'0-)X€ CAMOTO Me-
XaHHU3Ma, IO KOTOPOMY OCYIIECTBHIJIOCH 00pa30BaHUE PACILUIABOB.

Abstract. Extensive crustal melting and intrusive granite magmatism accompanied the extensional
stage of the Rhodope massif Alpine evolution. Granites of different structural position and time
of crystallization could reveal compositional and temporal relations between anatectic migmati-
zation and granite magma generation. We have studied the post-kinematic Smilyan pluton and
smaller syn-kinematic granite bodies hosted by the Madan unit metatexitic gneisses in the south-
western periphery of a metamorphic core complex known as Central Rhodopian Dome (CRD).
The dominant geochemical features of the Madan unit granites display remarkable similarities
with in situ formed anatectic melts from the CRD diatexitic core (Arda unit): felsic peraluminous
compositions, low HFSE and REE, high LILE contents and LREE/HREE ratios, and negligible to
positive Eu anomaly. Some deviations of the syn-kinematic granites geochemistry (metaluminous
compositions, REE and HFSE enrichment, LREE/HREE ratios and Eu/Eu* variation) support an
idea of separate partial melt batches extracted from different precursor compositions. Age data
available (Smilyan pluton 43 Ma, and CRD core anatectic melts 37-38 Ma) preclude direct
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feedback relations between Madan unit intrusive granites and Arda unit migmatites. We infer that
the migmatite-granite connection should be considered a common process of protracted Tertia-
ry crustal melting that operated during CRD evolution and affected different crustal sources to
produce discrete portions of granite melts. Major and trace elements geochemistry reveals po-
tential lines of descent amongst groups of spatially related granitic rocks due to the same mech-

anism of melt generation.

Raeva, E., Cherneva, Z. 2008. Geochemistry of migmatite-granite connection: a case study
from the Central Rhodope, Bulgaria. — Geologica Balc., 37, 1-2; 53-59.
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Introduction

The processes of crustal melting and granite magma
generation in continental collision settings play an
important role in crustal recycling and differentia-
tion. Migmatite-granite connection refers usually to
mechanisms of melt transfer during orogeny (Brown,
1994, 2001, Brown, Solar, 1998, 1999; Vanderhaeghe,
1999). Granite geochemistry reflects source composi-
tion and magma fractionation. Geochemistry of mig-
matites and granites coupled together permit further
expansion of the examination whether migmatites are
sources or feeder zones for granites (Brown, 2001;
Solar, Brown, 2001). The age and structural position
of the crystallized anatectic melts (migmatites and

granite bodies) are crucial for migmatite-granite link-
age interpretation. The aim of the study is to com-
pare granites of different structural position and time
of crystallization in the Central Rhodope (alloch-
tonous syn- to post-kinematic granites, and autoch-
thonous anatectic granites) to examine composition-
al and temporal connections between anatectic mig-
matization and granite magma generation.

Geological setting

The compression-extensional Alpine evolution of the
Rhodope massif (Ivanov, 1989, 2000; Ricou et al.,
1998) is accompanied by a clockwise metamorphic
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Fig. 1. Geological sketch map of the area studied (after Sarov et al., 2007)
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P-T path (Kostov et al., 1986). The decompression
stage favoured extensive crustal melting, intrusive
granite magmatism and migmatite exhumation from
lower crust levels corresponding to metamorphic core
complex models (Ivanov, 2000). The Central Rhodo-
pian Dome (CRD) is composed of a diatexitic core
(Arda unit), overlaid by an intermediate metatexite
trust sheet (Madan and Startzevo units) and a non-
migmatitic trust sheet on the top (Assenitza and Boro-
vitza units), all bounded by ductile-brittle shear zones.

Extensive late Alpine fluid-present melting in the
CRD core (760-680°C/1-0.6 GPa, Cherneva, Geor-
gieva, 2005, 2007 and reference therein) produced
37-38 Ma old leucosomes and felsic anatectic gran-
ites of crustal signatures (zircon eHf, — 6.6; Ovtcharo-
va, 2002, 2003a, b, 2004; Peytcheva, 2000, 2004). Syn-
to post-kinematic 43—53 Ma old granites of mixed
crustal-mantle isotope signatures (Ovtcharova, 2003)
intruded the intermediate and upper trust sheet
pre-dating the anatectic melts crystallization in the
dome core.

The area of study covers part of the southwestern
side of the CRD (Fig. 1). The subjects of the study
are granites of the Madan unit that is dominated by
migmatitic biotite and amphibole-biotite gneisses
(Belmustakova, 1995; Sarov et al., 2007). Our field
observations suggest prevailing granite melt injection
concordant to the gneiss foliation rather than exten-
sive in situ migmatization. Syn- to post-kinematic
granite and aplite-pegmatite bodies and veins of dif-
ferent scale and NW-SE elongation intruded the
gneisses, controlled by ductile strike-slip shear zone
(Naydenov at al., 2005). The biggest post-kinematic
body (Smilyan granite) postdated the final strike-slip
deformation (Sarov et al., 2007). The Smilyan gran-
ite is 43 Ma old (zircon eHf, from +0.1 to +2; Ovt-
charova et al., 2003), hence the syn-kinematic gran-
ite bodies should be considered older.

Geochemistry

Selected whole rock samples (Fig. 1) represent typi-
cal compositional features of the Smilyan pluton and
smaller syn-kinematic granite bodies and veins. The
geochemical information is obtained from instrumen-
tal XRF and ICP MS techniques (Table 1). Data avail-
able on Smilyan granite (Belmustakova, 1995) and
on anatectic melts from the CRD core (Cherneva,
Georgieva, 2005) are used to make comparison.

The Smilyan granite body and the majority of syn-
kinematic ones are dominated by leucogranite min-
eral assemblage composed of quartz, plagioclase,
K-feldspar =+ biotite and muscovite (Belmustakova,
1995; Raeva et all., 2006). The accessory minerals
are apatite, zircon, allanite and magnetite. Larger
proportions of mafic minerals and accessories are
found in some of the syn-kinematic bodies. The rock-
forming and accessory mineral assemblages of the
Madan unit leucogranites correspond to those of the
CRD core anatectic granites except for monazite that
is common in the latter (Cherneva et al., 2003).

The Madan unit granite suit ranges from grano-
diorite to leucogranite, nevertheless the felsic composi-
tions dominate both Smilyan pluton and syn-kinemat-
ic granite bodies and veins (Tabl. 1). Leucogranite com-
positions display close to eutectic normative ratios in
the system Qtz-Or-Ab-An-H,O (Fig. 2a) and have low
contents of mafic oxides (Fe,O,*+MgO+TiO, < 2% wt,
Fig. 2b). The most of them are peraluminous (A/CNK
up to 1.26) and plot in the field of the CRD core ana-
tectic melts (Fig. 2¢). Among the syn-kinematic granite
bodies however there are some metaluminous compo-
sitions (A/CNK = 0.78—0.97) with mafic components
enrichment. The major elements distribution patterns
of all the granites do not show clear magma fraction-
ation trends.

Compatible trace elements contents (Cr, Ni, Co,
V, Sc and Cu) in the rocks studied are depleted when
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Table 1

Selected analyses of major oxides (wt %) and trace elements (ppm) of Smilyan granite and related bodies

Sample Smilyan granite Small granite bodies Granite and aplite-pegmatite veins

P "E124 [ E176 [ E178 [ E179 | E185 | E160 | E167 | E173 | E176A | E159B | E184 | E158C | EI78A | EI75A | E148 | E149C
Si0, 7327 7349 7341 7226 71.13 72.17 67.89 68.15 7341 71.10 59.99 7049 74.63 7273 71.89 71.12
TiO, 0.13 014 012 0.17 015 008 012 045 016 015 064 033 009 008 039 042
ALO;  17.10 1459 1448 1499 1538 12.61 1599 1592 1466 1425 17.12 1448 1376 1334 14.64 1427
Fe,0;' 158 070 120 131 140 246 085 268 125 087 501 274 089 074 106 0.89
MnO 0.00 0.02 004 003 004 004 003 006 002 005 017 006 002 002 003 003
MgO 0.10 0.5 011 026 009 081 041 094 025 020 109 168 012 014 044 055
Ca0 098 133 1.17 153 065 386 1.77 301 174 416 487 403 092 1.09 227 3.04
Na,0 200 451 485 500 476 3.86 325 373 448 408 476 403 446 358 413 312
K,0 401 376 377 331 511 387 550 3.07 3.3 367 353 211 402 476 380 430
P,0s nd. 004 004 005 004 =nd 004 017 005 019 029 022 003 003 024 0.18
LOI 056 044 059 072 056 016 365 107 044 085 166 067 048 078 084 1.8
total 99.64 99.17 99.78 99.63 9931 99.92 99.5 9925 9959 9957 99.13 100.84 99.42 9729 99.73  99.5
Ba 2478 1840 1577 2166 2785 1093 3832 1533 1843 1426 2170 723 1895 2472 960 2641
Rb 117 117 944 809 1274 124 963 838 963 932 946 752 1062 1028 1368 882
Sr 1254 800 947 994 1116 422 603 1751 890 637 2175 289 586 460 5646 673
Cs 26 2 07 06 08 1.6 1 32 2 1.7 1 1.9 0.7 1.3 27 36
Ga 179 199 199 196 181 178 217 226 179 204 23 18 198 153 211 167
Ta 03 02 04 03 07 04 04 05 03 0.3 15 06 0.2 0.2 07 0.1
Nb 46 42 62 58 156 41 112 73 47 46 228 88 4.6 2.9 77 26
Hf 29 3 31 41 58 23 2 48 32 42 73 8 2.8 1.7 35 4
Zr 106 972 105 1386 233 555 60.1 158 103 115 316 272 71 435 112 152
Y 62 48 167 97 101 88 137 105 56 7.1 606 16 4.9 6.1 116 63
Th 12 114 142 148 451 89 15 134 82 222 283 195 105 103 192 313
U 92 21 34 29 46 15 58 23 15 3.2 53 28 4 1.1 59 1
Co 025 025 025 025 025 025 025 5 025 0.6 50 2 025 05 06 12
\% 7 11 12 12 17 25 12 50 12 25 97 17 10 12 11 11
Pb nd. 69 62 50 77 n.d. n.d. nd. 56 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Sn 2 2 3 3 3 2 2 2 2 2 4 4 2 2 2 2
w 02 03 02 01 03 04 06 02 04 0.2 04 09 0.2 0.4 03 07
La 196 99 30 389 38 158 551 334 96 404 877 476 157 178 412 86
Ce 354 179 532 70 911 286 1069 668 17.1 704 1939 895 258 353 745 1496
Pr 35 214 638 7.82 7.03 3.02 1165 778 1.88 692 235 968 371 387 735 1381
Nd 123 81 241 268 234 12 434 299 69 222 948 343 14 137 255 437
Sm 2 174 386 3.7 337 23 572 438 098 42 1601 68 231 231 44 56
Eu 065 062 093 082 073 059 127 114 043 094 395 102 054 069 077 127
Gd 138 1.09 3.01 242 221 1.63 367 286 075 236 1332 463 147 168 3.18 23
Tb 0.17 0.17 048 036 036 025 055 041 012 034 212 07 021 026 045 032
Dy 091 074 206 157 183 158 236 18 0.7 154 964 349 089 111 222 13
Ho 0.16 0.12 036 024 029 027 041 032 016 025 175 055 016 02 036 021
Er 055 038 1.01 068 091 085 105 09 051 062 477 139 044 052 095 051
Tm 009 006 015 009 014 013 017 012 008 009 07 019 007 008 0.4 0.08
Yb 069 042 091 072 1.1 087 098 083 066 052 46 13 056 0.5 0.82 055
Lu 012 007 012 011 015 013 014 014 011 0.1 067 016 008 009 0.3 0.9

Major elements determined by wet silicate analysis, Chemical Laboratory at Sofia University “St. Kliment Ohridski”; major
elements and Pb determined by XRE Institute of Mineralogy and Petrology, University of Graz; trace elements and REE deter-
mined by ICP-MS, ACME Analytical Laboratories Ltd., Canada; n.d. = not determined. The whole rock samples (1-2.5 kg) were
crushed and coned to 150 g, which were pulverized in an agate mill.

compared with bulk continental crust values (Rud-
nik, Gao, 2003). Crude positive correlations with Fe
do not prove yet general magma differentiation in
the Madan unit granite suite.

Incompatible LIL elements are higher than aver-
age continental crust values with remarkable enrich-
ment of Ba and Sr up to 3800 and 2200 ppm respec-
tively. The Smilyan granite Rb/Sr ratios display a
negative correlation with Ba contents overlapping the
CRD core anatectic granite field (Fig. 3). The Rb/Sr
and Rb/Ba ratios of the smaller granite bodies do
not show systematic changes and most of them cor-
respond with the unfractionated anatectic melts of
the CRD core (Cherneva, Georgieva, 2005). These
features indicate a dominant role of feldspar melt-
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ing in granite magma origin and limited LILE frac-
tionation during magma evolution (Fig. 3).

REE patterns give reasons for analogy with the
anatectic melts as well. The uniform Smilyan gran-
ite REE-patterns coincide with the CRD core ana-
tectic granite field (Fig. 4a), showing high LREE/
HREE ratio and negligible Eu-anomaly close to 1
(Eu/Eu*=0.82-1.38). Significant variation in total
REE contents, LREE/HREE ratios, and Eu-anomaly
values (Eu/Eu* = 0.56-1.53) is typical for the syn-
kinematic granites (Fig. 4b). The Eu-anomaly val-
ues display negative correlation with the total REE
contents emphasizing the role of the accessory min-
erals (allanite mainly). The REE variation could be
referred to host rocks contamination or differences



in the magma source compositions and P-T condi-
tions of melt generation.

HFSE contents in the most widespread leucog-
ranites are close to or lower than the average conti-
nental crust values. Yet again some of the syn-kine-
matic granite bodies are distinguished with HFSE
enrichment and higher Zr/Hf and Nb/Ta ratio val-
ues. In spite of above mentioned differences, all the
Madan unit granites have low contents of HFSE and
insufficient contents of Rb to plot in the field of the
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Fig. 3. LILE distribution of granites studied compared with
leucosomes and anatectic granites from the CRD core. Sym-
bols as on Fig. 2
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syn-collision granites (Fig. 5a, b). Instead they plot
in volcanic-arc and late or post-collision granites
field (Fig. 5¢) like the CRD core anatectic granites
(Cherneva, Georgieva, 2005).

Discussion

Summarized geochemical features of the Madan unit
syn- and post-kinematic granites indicate a domi-
nant role of granite magma generation due to low
temperature crustal melting involving quartz and
feldspars mainly with limited participation of mafic
and accessory minerals of the substratum. Similarly
to the CRD core anatectic melts these have felsic
peraluminous compositions, high LILE/HFSE and
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Fig. 5. Trace elements discrimination diagrams: a) and b) after

Pearce et al. (1984); c) after Harris et al. (1986). Symbols as on
Fig. 2
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LREE/HREE ratios and negligible Eu-anomaly. The
latter considered together with the lack of fraction-
ation trends in major and HFS elements suggest a
short distance of granite magma migration after
melting like the autochtonous anatectic granites in
the CRD core.

The geochronological data however do not sup-
port direct feedback relations between CRD core
anatectic melts and Madan unit granite bodies be-
cause of different time of crystallization (37-38 Ma
for the CRD core and 43 Ma for the Madan unit
Smilyan granite). The isotope eHf, signatures of dat-
ed zircons (—6.6 for the CRD core melts and +0.1 to
+2 for the Smilyan granite) suggest source composi-
tional differences. The syn-kinematic granites in the
Madan unit are supposed to be even older than the
Smilyan one, and contemporaneous with the strike-
slip deformation that controlled their emplacement.
Some of the syn-kinematic granites deviate from the
above summarized geochemical characteristics. They
have metaluminous compositions, REE and HFSE
enrichment and variable trace elements fractionation
patterns. Combined, these features support an idea
of separate partial melt batches from different pre-
cursor compositions and probably variable propor-
tions of residual phase inheritance or contamination.

We infer that migmatite-granite connection is
manifested by a common process of protracted Ter-
tiary crustal melting that operated during CRD evo-
lution to produce discrete portions of granite melts.
The transfer and emplacement of the latter started
before the final crystallization of the CRD core mig-
matites (37-38 Ma). The time span of granite em-
placement into the intermediate and upper CRD trust
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sheets (43-53 Ma, Ovtcharova et al, 2003a, and b)
corroborates this interpretation. Major and trace el-
ements geochemistry reveals potential lines of descent
amongst groups of spatially related granitic rocks
due to the same mechanism of melt generation.

Conclusions

The majority of Madan unit granites (the post-ki-
nematic Smilyan pluton and smaller syn-kinemat-
ic leucogranite bodies) are geochemicaly similar
to autochthonous anatectic granites from the core
of the Central Rhodopian Dome (Arda unit). The
nature of migmatite-granite connection is domi-
nated by identical mechanisms of low-temperature
fluid-present granite melt generation. The process
of Tertiary crustal melting operated during Cen-
tral Rhodopian Dome evolution and produced
discrete melt portions, which geochemistry main-
tain record of precursor compositions and melt
generation mechanism.
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E. Pacesa, 3. Uepnesa — I'eoxumusa Ha 8ps3Kama MueMamumu-2paHumu; eoun cayuati om Ilen-
mpaanume Pooonu, bBeacapus. EKCTEH3MOHHUAT €Tall OT aJiluiickaTa eBOJIIONKS Ha Pomonckus
MacuB € ChIIPOBOJIEH C KOPOBO TOII€HE M MHTPY3MBEH I'PaHUTEH MarMaTtu3bM. [eoxumusita Ha
TPAHWUTH C PA3JIMYHO CTPYKTYPHO MOJIOKEHHE U BpeMe Ha KpUCTaIU3aIusa MOXe 1a gaje uapop-
Malus 32 BEIIECTBEHUTE U TEMIIOPAJIHA OTHOILIEHUS MEX/y IPOIECUTE HA aHATEKTUYHA MUTMa-
TH3a¥s ¥ TeHepUpaHe Ha TPAaHUTHU MarMu. M3cieaBanu ca mocTkuHeMAaTUYHUAT CMUIISTHCKU
IUIyTOH U MaJIKU CUHKMHEMAaTUYHW T'PAHUTHM TeJia, BHEAPEHU B METATEKCUTOBUTE THAWCU HA
MapaHckaTa TEKTOHCKA €IUHALIA OT I0ro3anagHaTa nepudepus Ha MeTaMOPGEeH SIPeH KOMILIEKC
(Uentpannoponorncka noayTuHa). Hali-TUNMYHNTE reOXMMHUYHHN XapaKTEPUCTUKMA Ha M3CJIenBa-
HUTE TPaHUTU OT MajaHcKaTa eIMHULA TOKAa3BAT CXOACTBO C AHATEKTUYHUTE TOMUJIKUA OT JTHa-
TEKCUTOBOTO AP0 (ApAMHCKA eIUHUIA) HA METAaMOP(HUS SIIPEH KOMIUIEKC: JIEBKOKPATEH, Mep-
allyMHUHUEB cbCTaB; HUCKO cbabpxanne Ha HFSE u REE; Bucoku cbabpxanus Ha LIL enemenTy;
Bucoku LREE/HREE oTHoenus; He3HauuTenHa A0 nonoxutenaHa Eu-anomanus. Hsakon otkiio-
HEHUsS OT TE€3U XapaKTePUCTUKH, YCTAHOBEHH B CHHKMHEMATHUYHUTE T'PAHUTHU Teja (MeTalyMHu-
HueB cberas, oboratsBane ¢ REE u HFSE, Bapuanus sa LREE/HREE un Eu/Eu*) noaxpenst
UJesITa 32 U30JUPaHK MOPIMK TOIMIKA, 00pa3yBaHu OT pa3iuvyuu cyocTpaTu. ChIilleCTBYBaIUTE
naHHM 3a Bb3pactTa (37-38 Ma 3a aHaTeKTUYHUTE TOMMJIKH OT SIIPOTO HA KOMIUIekca u 43 Ma 3a
CMUJISTHCKUS TPAHUT) U3KJIFOUBAT MPSIKO MOAXPAaHBAaHE HA MHTPY3UBHUS IPAHUTEH MarMaTU3bM B
ManaHckaTa eIMHUIA OT TONWIKH, TeHEpUpaHu B ApIMHCKAaTa eMHUIA. Bpb3KkaTa MEeXIy MHT-
MaTHU3alKs ¥ TPpaHUTOOOpa3yBaHe ce pas3miex]a KaTo MpOsBa Ha OOI MPOIEC HAa TEPUUEPHO
KOpPOBO TOIIEHE, IecTBaJ IO BpeMe Ha pa3BUTHeTO Ha LleHTpasHOpoaonckaTa NoayTHUHA, 3aCer-
HaJI pa3jMYHUA KOPOBU cyOCcTpaTh ¢ 0Opa3yBaHe Ha U30JIMPAHU MOPIMY IPAHUTHH TONWIKH. [ eo-
XUMUYHUTE XapaKTEPUCTUKU PA3KpPUBAT Bb3MOXKHO POJCTBO MEX]Yy HIPOCTPAHCTBEHO CBBbP3aHU
TPaHUTH, OCHOBAHO HA €IHAKHB MEXaHU3bM Ha F€HEpPUpPaHE Ha IPAHUTHATA Marma.
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