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AncTtpakTt: KapboHaTHWUTe LWKpUNuM of UcTovyHa MakedoHuwja ce McnuTyBaHM CO Len Aa ce yTBpau
MOXHOCTa 3a KOPWUCTEHE KaKO apXUTEKTOHCKO-AEKOpaTUBEH KaMeH. TepeHCKUTe McTparM Kako U
nabopatopuckute ucnuTyBakba OGea M3BPLIEHM Ha MpuMepouM of KapOoHaTHWU  LUKPUMLW.
MpumepounTe ce 3emMeHM of u3paboTeHUTE WUCTPaxHW packonu. Pesyntatnte on uanyko-
MEXaHU4YKM UCMMTyBara MOKaXkaa [eka camaTa kapnecrta maca MM McnosiHyBa cuTe Gapawa 3a
ynotpeba Kkako apXMTEKTOHCKO AeKopaTMBEH KaMeH Cropes ApXKaBHWUTE cTaHgapau Ha MakepoHuja
HO W KaKO rpajeXXHO-TEXHUYKM KaMeH. MIcTo Taka, KBanuTeToT Ha KaMeHOT € NMOBUCOK BO noanabokute
OENOBM Ha TEPEHOT, KaJe WTO HaaBOPELLHUTE BnnjaHKja nmaaTt MHory Man edekt. OBOj kaMeH nma
BMCOKM leKopaTMBHM CBOjCTBA, HO U CUTHO 3pHECTa CTPYKTypa Koja npeTcTaByBa NO3UTUBEH edhekT 3a
TEXHUYKNTE KapaKTePUCTUKN 1 MOAMNOXHOCTa Ha o6paboTka.

Kny4yHn 360poBu: apXMTEKTOHCKO-AEKOPATMBEH KaMeH, KapboHaTHM LLUKPUMLUK, PU3NIKO-MEeXaHNYKN
KapaKTepucTUKU, CTpaxyBakrba.

POSSIBILITIES FOR USING CARBONATE SHALES
FROM THE SITE “GOLEM RID” AS ARCHITECTURAL DECORATIVE STONE

Ljupche Efnushev® Gorgi Dimov? Blagica Doneva?®
'Ministry of Economy of R. Macedonia-Sector for Mineral Resources, Skopje, R. Macedonia
2University “Goce Delcev’, Faculty of Natural and Technical Sciences, Stip, R. Macedonia

Abstract: The carbonate schist from Eastern Macedonia are investigated in order to determine the
potential for use as architectural and decorative stone. Field investigations and laboratory
examinations were performed on samples of carbonate schist. Samples are taken from the excavated
investigative digs. The results of the physical - mechanical tests showed that the rock mass meets all
requirements for use as architectural decorative stone according to state standards of Macedonia and
as a construction-technical stone. Also, the quality of the stone is higher in the deeper parts of the
site, where external influences have very little effect. This stone has high decorative properties, and
finely grained structure that a positive effect on the technical characteristics and susceptibility to
treatment.

45




Keywords: architectural decorative stone, carbonate schists, physical and mechanical characteristics
research.

1. BOBE[

TepeHOT Ha KOj ce M3BPLUEHWN FeOonoLKN UcTpaxysamwa “‘fonem Pug”, ce Haora BO
NCTOYHUOT Aen Ha Penybnuka MakegoHuja Ha okony 4 KM CEBEPOMCTOYHO Of rpagoT
Paposuw (Cnuka 1). BkynHaTa noBpLUMHa Ha NPOCTOPOT 3a UCTpaxyBakwe M3HECYBa
0.668850 km®.

! 3 ’q ¢ “\
g6 A 4 \
w2 ) ~ o\ ™M
\. /ff,/ o) : : P L LO\Z /
>v(03/" Pocwa!o Ko d2a|lj . f Al ¥obasi A Cos Ma /MGE’
A B S /[\t smrovﬁ)ﬁ{\ olas 1178 ¢
AN Supurge Al KoE SIS g T xmza‘kr X
n: < Kartal @ -;) " p528 ‘ c)i .Dﬂaﬂd
W N o | N
LA F(;rnaluayi X { Kalauzlua
= X @Topolmca ; L  Koséija"
P RADOVIS : 2
T S\ o
i ' Oraovica
P § 8 S g Z
/" A3\ | IPG’@A U
®. Damjan 74 G T 2 (P(
O Poguieve-f O B\
G_yLaénca {t / \
la . (Zok \
ez X 4 ¥

Cnuka 1. OpueHTaumMoHO KOMYHMKaUMCKa KapTa

MwukponokaumjaTta Ha NPOCTOPOT 3a UCTpaXyBah-e NpeTcTaByBa pMAECTO 3eMjuLlTe,
Koe ce KapakTepuaupa co 3aobneHu pMaoBM YMja HagMopCKa BUCUHA ce OBWXM A0
okony 600 m. lNoronemmnoT gen of OBOj NMPOCTOP W HeroBaTa OKOSIMHA € OrofieHo
KaMeHUTO 3emjuliTe Of HWUCKa Knaca, UCMpPeceyeHo CO epO3MBHWU OOSNIMHM a camo
Man gen of TepeHOT e MNOoLyMeH CO HUCKO cTebnecta gabosa wyma. No3HavajHu
XMOPONOLWKM 00jekTM HemMa BO MnolumMpokaTa OKOfIMHA Ha MCTPaXHWOT MpocCTop,
e[MHCTBEHa nomMana peka BO Herosa 6nusvHa e OpaoBuyka peka Koja € rnaBeH
ApeH Ha nogpadjeto a npunara Ha cnuBoT Ha pekata Ctpymuua. Ha oBoj npocTop
focera ce u3BelyBaHm caMo OCHOBHU reosioLLKM UCTpaxyBara BO pasmep og 1:100
000 v TOj NpeTcTaByBa AeN o4 OCHOBHAaTa reoriowka kapta Ha P. MakegoHuja Ha
nnctot Ctpymuua (OcHoBHaTa [eonowka Kapta Ha Penybnvka MakegoHuja BO
pasmep o, 1:100 000, 3a nuctot Ctpymuua og T., PaknyeBuk., J. MNeHepkoBCku n
M. KoBaudeBuk n TonkyBa4yoT 3a mucrata kapta oa uctute astopu og (1969)) n Bo
MHory man gen og nuctoT KaBagapuu.

2. NMPUMEHETU METOOU HA NCTPAXYBAHKE

NcnutyBana 6ea naspLueHn Bo TekoT Ha 2015 rogmHa. Hajnpso uenuoT TepeH belue
AeTanHo reosioWKO KapTuMpaH npu WTo ce AeduHupaa noTeHuujarHuTe Tpakn of
KapOOHaTHM LWKPUNUM U uctute 6ea M3OBOEHM BO paMKuTe Ha OUIUTUYHUOT
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komnnekc. bugejkn kapnectute macu He Gea OoGpo OTKpueHW 3a Nogobpo u
nogeTtanHo M3yyyBake Ha reorioWKUTE CBOjCTBa Ha LWkpunuute 6ea uapaboTeHn
ncTpaxHu packonu. Nctute Gea reonowkn KapTMpaHuM a of HMB MCTO Taka Gea
3eMeHn un npobuTte 3a onpedenyBake Ha MUHeparolwko-netTporpadckute u
PUNYKO —MEeXaHUYKUTE KapakKTepucTuku. JlabGopaTopuckute ucnuTyBaka ce
n3BpLUeHn Bo nabopatopujata Ha pagexHnoT UHcTutyT - MakegoHunja Bo Ckonje.
WcnutyBawaTa Ha npumepoLmTe nokaxkaa BepOoAOCTOjHM BPeQHOCTM Ha (PU3MYKO —
MEXaHUYKN KapakTepucTukn. HecomMHeHO e fgeka npuMmepouuTe of noronemuTe
AnabouynHn 6u gane ganeky nogobpu pesyntaTu.

3. TEOJIOWLKUN KAPAKTEPUCTUKA

CamoTO HaoranuwTe npeTcTaByBa COCTaBeH [eNn Ha naneosojckaTa LUKpUNecTo
kKapboHaTaHa cepuja koja ce npoTera ceBepHo o Pagosuwl ce OO KOYaHCKUTe cena
TepaHun 1 BngoBnwiTte kage noHupa noa KBapTEPHUTE CEAMMEHTU Ha KOYAHCKOTO
none (Cnuka 2). Bo cknonoTt Ha cepujaTa BneryBaaTt pasHu LUKPUALM CO PUNTUYEH
narnepn, KapboHTaHW LLKPUNLM 1 MEPMEPN.

Uikpunecmo kapboHamHa cepuja (FM)

PasBneHa e Ha nnaHumHaTta [lnadykoBuua, BO OKonMMHaTa Ha PapgoBuw M Ha
nnaHnHata Cwmpgew. Hekoraw npeTcTaByBana efHa LUENuHa, a MoKacHO Co
TEKTOHCKUTE npoLuecn e pasgBoeHa co PaposuwkaTta kotnvHa. Ha Cmpgex nexu
KOHKOPAAHTHO MpeKky MWUKalmncTuTe, a Ha [nadkoBuua € BO TEKTOHCKM OOHOC CO
MUKaLIUCTUTE.

LWkpunecto-kapboHaTHaTa cepuja Mma cuBa, CBETO-CMBa [0 XonTeHukaBa 6oja,a
HamecTa Kage ce 3acTaneHu kapboHaTHu kapnu cumBo-6ena wnn Gena 6Goja. Bo
CKIOMOT Ha cepujaTa BreryBaaT pasHu LIKpUUmM co ountnyeH narnen, kapoboHTaHu
LUKPUIILM, LMMNOSTIMHU U MEPMEPW.

LWkpmununte nmaaT cnBo-3eneHa, cMBa A0 XonTeHukasa 6oja u Wwkpunecta Tekctypa
YCIIOBEHA CO TEHKWM HU3M Ha cepuumnT u KBapL. Bo cocTaBoT Ha LIKpUnuuTe, Hajuyecto
yyecTByBaaT KBapL M CepuuuT, MMHOBUTA MaTepuja, MyCKOBUT UK dengcnar.
CTtpykTypaTta um e rpaHobnactnyHa unu nenngobnactmyna.
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Cnuka 2. leonollka KapTa Ha noluMpoKaTa OKONMMHa Ha UCTPaXKHUOT MPOCTOop

Ha noBpwurHaTa kapOoHaTHM LLKPUNLM Ce jaByBaaT BO BUA HA U3ABOEHU MNfOYM CO
pa3nuyHa gebenvHa a BO Heku genosu ce M nomacueHu. OBaa cepuja Mma cuBa,
CBETNO-CMBa A0 >XOnTeHukaBa 0o0ja,a HamecTa Kage ce 3actaneHn KapboHaTHM
Kapnu cuBo-6ena unu G6ena 6oja. Tue umaart npasel Ha npoterawe C3-JU co
nageH aron og ‘65-70 koH jyro3anag. Ha noronem gen of UCTPaXHUOT NPOCTOP
KapboHaTaHuTe LLKpULM Ce MOKPUEHUN CO AeNnyBujanHoO-XymyceH matepujan.
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Cnuka 3. Kap6oHaTHM WKpmnuu co npocnojumn og unmtu

o nokanuteTtot Tlonem Pug

KapaktepucTnyHo 3a kapboHaTHUTE LUKPUALWM O4 UCTPaXHMOT npocTtop “lFonem Pua”
e Toa LWTO reHeparnHo ce jaByBaaT BO TpuU Tpaku co pa3nuyHa aebenunna (og 20 — 70
meTpun). KapboHaTHWUTE LWKpunuu of TpakaTa fiouupaHa BO WCTOMHMOT [en Ha
WUCTPaXXHMOT NPOCTOP Ce pasnukyBaaT of OCTaHaTUTe MO Toa LWTO HaMmecTa
LWKPUNUMTE Ce CO No3HavajHa MOKHOCT, norosiema KomnakTHocT u 6ena 6oja (Cnuka
4).

[debenuHata Ha kopucHaTa MUWHepanHa CcypoBuMHa KapOoHaTHM LIKPUNUM BO
NCTpaxxyBaHMOT npocTop n3Hecysa 2,0 - 14,0 m (cpegHa okony 4,75 m).
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[Momely TpuTe rnaBHW Tpaku ce jaByBaaT MPOCTOPU U3rpageHn of (PUNUTUYHU
LUKPMILUWN KOj pedoBHO Ce MpocrojyBaaTt Cco Tpakh U nekn of KapboHaTHU LUKPUALM
CO NpomMeHnunBa aedenunHa.

4. MUHEPOJIOLLKO-NMETPOIrPA®CKU COCTAB

MwuHepanowko — neTporpadckata aHanusa e m3paboTeHa CcOornacHO TEXHUYKUTE
HOpMaTUBWM U NMPONUCK KOU NpeaBuayBaaT BakoB TUM Ha UCNUTyBaka, Mpu LWITO ce
KOPUCTEHN MAaKpPOCKOMCKN, MUKPOCKOMNCKM U XEeMUCKM MeToau Ha ucnutyBame. 1o
M3BPLUEHNOT [eTaneH MakpOCKOMNCKU npernes W3gBOEHW ce [Ba CTPYKTYPHO
TEKTOHCKM BapueTeTu Ha kapboHaTHu wkpunuu. OBae ke gageme MUKPOCKOMCKU U
MaKpOCKOMCKWN ONUC Ha HajMHOTy 3acTaneHnoT BapueTeT Ha UCTPaXXHMOT NPOCTOp CO
neTporpadcka geTepMvHaLnja Kako KanunuTcku mepmep.

Makpockoncku onuc: NpumepokoT nma mneyHo 6ena 6oja, BoegHa4YeHa HMU3 LLennoT
NPUMepPOK, CUTHO3PHACT COCTaB, a UBpCTa, MacMBHa N KOMNAaKTHa TeKCTypa.
MuKpOCKONCKKU onuc: ce rnefa feka e Toa Kanuuym kapboHaTHa kapna, Koja e
narpageHa opf kanumt. Mima rpaHobnactnyHa CcTpykTypaTta, MO3audyHa, Taka Aa
KanuuTcKnTe Kpucranu ce co BoeHayeHa copma 1 ronemMmnHa. KanumtoT ce jaByBa
BO HenpaBwuIiHA A0 XUMUOWMOMOPMHWM KpucTanu, Manky usgosmkeHu, 6e3 Hekoja
opueHTaumja. Tne ce HenpaBunHo A0 crabo 3anyecto cnoeHn Mmery cebe. Kaj
NoBEKETO KpUCTanu e 3acTtarneHa efHa LennmBOCT Kako napasenHy NoSIMCUHTETCKU
namenu, a nopetko ce 3abenexysa W BTOpaTa LENMBOCT Kora gaBaaT poM6oBM
npeceun BO KpuctanoT. ['paHynauyunjata Ha kanuuTckuTe Kpuctanu ce asmxn og 0,1
ao 1,5 mm. CnopegeH mMuHepan € KBapL, KOj Ce jaByBa BO CUTHU KpucCTanu co
HenpasusiHa coopma 1 ronemuHa og 0,1-0,5 mm.

5. UCNMUTYBAHKA HA PUSUNYKO-MEXAHUYKU KAPAKTEPUCTUKU

Mpn ucnuTyBawkeTO NMPUMEHETa € CcooABeTHa MeTofosiornja Ha nabopaTopuckm
NCnNuTyBaka COrnacHoO Ha NOCTOjHU CTaHAapAM 3a BakoB BUA Ha paboTun. naBHO ce
KopucteHn noctojHute gpxasHn (MKC crtaHpgapgu, HO UCTO Taka ce 3eMeHu
npegsua 1 npenopakite 3a UCNUTyBake Ha MeryHapo4HOTO OPYLITBO 3@ MEXaHuKa
Ha kaprnu (ISRM-International Society for Rock Mechanics). Bp3 ocHoBa Ha
N3BPLLUEHNTE NPECMETKN, aHanNn3m n ctatmctTmyka obpaboTtka, Bo Tabenara nogony e
AageH npukas Ha JobueHuTe BpPeaHOCTM 3@  MCIUTYBaHUTE  MPUMEPOLN.
WcnutyBarwaTa 3a UBpPCTMHATA Ha NPUTUCOK Ha KapboHaTeH LLKpunew, ce U3BpLleHn
Ha CyBM W BOOO3AaCUTEHM KOLKM CO AMMEH3nn 5x5x5 cm, a ucnutyBaweTo Ha
OTNOpHOCTa Ha abewe co Opycewe € U3BPLIEHO Ha ABE KOUKM CO AUMEH3UU
7,07x7,07x7,07 cm BO cyBa cocTojba. VIcTo Taka ce HanpaBeHU U CKpaTEHU XEMUCKU
aHanuau crnopeg Kou pesynatatute ce noBoNHW. [JobueHuTe pesyntatn of
nabopartopucknte UCnNuTyBawa Ha PUNYKO-MEXAHUYKUTE KapaKTEPUCTUKM Ha
KapboHaTHMOT LWKpuney, oa nokanutetoT "lonem Pua" m3pasenHn kako cpegHa
apuTMeTU4Ka BpedHOCT ce npukaxaHu Bo Tabena 6p.1.
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Tabena 1. PU3NYKO-MEXaHNYKM KAapaKTEPUCTUKN HA KaMeHN MOCTpK of kapboHaTeH

LKpuneLw
MeTona
I;e,u, Ncnutysare EovHnua | cnopen | a) cysu 6) Boposacu-
p. TEHN
MKC

1 | UBpcTtuHa Ha nputuncok (op) MPa 6.68.012 | 105,44 100,66

2 BopoBsnuneamwe % 6.68.010 0,1

3 3adhaTHMHCKa Maca t/m?3 B.68.032 2,7

4 | lNocTtojaHoCT Ha Mpa3s % b6.68.002 Hewma ryburtok

3

6 OTtnopHocT Ha abewe co | cm /?00 5.68.015 273
Gpycene m

7 | Cneunduyna maca gricm® 2.71

g | MuneponoLuko- % 5.568.003 MOBONEH
neTporpadckn coctaB

Op Tabenarta ce rnefa Aeka LUKPUNELIOT CEe KapakTepuampa CO rorieMa jakocT Ha
NPUTUCOK, rofieMa OTNOPHOCT Ha abewe, cnabo BogoBNuBakwe, NOCTOjaHOCT Ha Mpa3
n gp. Co nabopaTtopuckute UcnutyBawa ce ogpeaeHn BPeLHOCHU napameTpu Kowu
ro onpegenyeBaaT KBanUTETOT Ha MWHepanHata CypoBuHa. McnuTyBawarta ce
METOOOSMOLWKN KOHUMNUPaHW W W3BEOEHW, Taka [a Cce yTBpAM HaMeHaTa Ha
MUHepanHata CypoBMHa KapOOHaTeH LWKpuneL, Kako MNorogeH 3a CerMeHTn 3a
HaABOPELLUHO M BHATPELUHO OBNOoXYyBake N KAaKO KaMeH 3a MomnnodyBaHe HO U Kako
ApobeH arperat BO rpageXHULWTBOTO MpuM NPOU3BOACTBOTO Ha GETOH, TaMMOH U
Herosa gpyra npumeHa BO rpageXXHuLWTBOTO.

6. MOXXHOCTU 3A KOPUCTEHE HA KAPBOHATHUTE LWKPWUJILIN

MoTpebaTta o4 kamMeH ro o3HayyBa MNOYETOKOT M Pa3BOjOT HA YOBEYKOTO OMLUTECTBO.
KameHoOT e npupoaeH maTepwmjan, NpouecoT Ha HEroBOTO CO3JaBake € MHOry Ao
nNpupodeH NpoLec 1 Toj AONroTpaeH npouec ro uma obukyBaHO HEroBUOT u3rnes u
KapakTepuctukn. WctpaxyBawaTa Ha KapOOHATHUTE LWKPMAUM of NoKanuteToT
lonem Puag nokaxaa pgeka nopagn cBouTe (OU3MYKM U MEXAHUYKM CBOjCTBA,
LUBPCTUHA, n3rneg v ronema M3gpXkinBoCT UCTUTE MoOXaT [a HajaaT npumeHa BO
rPageXHULWITBOTO MU apxuTekTypaTa, 3a ynotpebaTta BO EHTEPUEPHO N EKCTEPUEPHO
ypeayBawe M KaKo rpafexHo-TeXHMYKM kameH. Kora ctaHyBa 360p 3a onpemMyBane
Ha CTaHOEeHM unn OEenoBHW NPOCTOpUM € NoTpebHO HamepHO n3Bop Ha COOLBETHU
AEKOpaTMBHW MaTepujanu, a ce co3gafe npujaTHO OMKpyXyBawe M npujaTeH
aMBMeHT, KaKO M NOCTUTHyBawe €CTETCKM BPeOHOCTU, KOW Ce NpunarofeHun Ha BKYC
N Ha4MH Ha XMBOT Ha CeKoj noeauHel. KapOoHaTHUTE LKpWiuWM of NnokanuTeToT
lonem Pua moxaTt ga ce ynotpebyBaTt BO BUA Ha KameHwn obnorn 3a obnarawe Ha
nogosu, 3MaoBu, ctonbosu, dacaan, ctasm, 1 ap.
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Cnuka 5. BrpageHu kapOoHaTHU LWKPUILM

7. SAKITYYOK

NcTpaxxHnoT npoctop Ha nokanutetoT "[onem Pua" e wvsrpageH o unmtn um
kapboHaTHM WwKkpunuu. Bo Hajronem gen og npocTopoT KapOoHATHUTE LUKPUAUK ce
nojaByBaaTt AMPEKTHO Ha NOBpPLUMHATA Ha TEPEHOT.

[ebenuHata Ha KopucHaTa MUWHepanHa CypoBMHa KapOOHATHM LUKPUAUM BO
NCTpaxKyBaHMOT npocTop n3Hecysa 2,0 - 14,0 m (cpegHa okony 4,75 m).

Kako WwTto Moxe ga ce Buau o4 norope M3HeceHOTO MU3BPLUEHU Ce CuTe NponuLiaHn
UCTpaxyBaha KOj ro geduHupaaT KBanuTeToT Ha MuHepanHata cypoBuHa. Of
AobneHnTe pesyntatm OA4 W3BPLUEHUTE WUCMUTYBawa Ha (OUINYKO-MEXAHUYKUTE,
MUHEeparnoLwKo-neTporpadckiTe, N XEeMUCKUTE KapakTEPUCTUKM Ha kapboHaTHUTe
WKpunun of nokanutetoT Fonem Pug kako v nopaguv HUMBHATa LIKPUNABOCT U
LennuMBOCT BO efeH MpaBel MOXe Ja Ce 3aKknyyu Jeka Tue v 3agoBosiyBaaT
ycnosuTe 3a HUBHa ynotpeba 3a 0bnoxyBare (Kako Mroyku) Ha dacagHn v NogHu
NMOBPLUNHWN BO rPafEeXHULLTBOTO HO M KaKO rpafeXXHO-TEXHUYKM KaMeH.

Bo norneg Ha KBanuTeTOT, MMHepanHaTa CypOBMHA LUKpUMEL O OBOj UCTpPakeH
npoctop € co pobap kKeanuMTeT Ha WTO YKaxyBaaT (PU3MYKO-MEXAHUYKM
KapakTepuUCTUKWU: rorieMa jakoCT Ha MpUTUCOK, ronema OTMOPHOCT Ha abeke,
nocrtojaHoct Ha Mpa3 wu gp. Cnopea XemMUCKMOT COCTaB, MUHEpParoLKo-
netporpadckmuTe 1 PU3NYKO-MEXaHNYKUTE KapaKTEPUCTUKM MOXE Aa ce ynoTpebyBa
KakO TEXHWYKN KaMeH 3a 0b6noXyBaHe Ha XOPWU3OHTanHW U BePTUKanNHW MOBPLUNHA
3a BHaTpelHa M HagsopellHa ynoTpeba n kako ApobeH arperart 3a npuMmeHa BO
rpageXHULITBOTO.
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