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IMNPOEKTUPAILE HA CUCTEMOT 3A EKCINIOATAIIMJA
HA JAT'JIEH BO IIK BPOA-THEOTUHO CO IUK/JINYHA
MEXAHM3AIINJA 3A CJIEOJHUTE IET 'OAMHU

Emuza6era JIecanocka!, 3opan Ilanos?

Ancrtpakr

[IponomkyBameTo Ha BeKOT Ha padoTtata Ha TE bumoaa 1,2 u 3 e BO
[MPEKTHA 3aBUCHOCT Off IPEOCTAHATUTE PE3EPBU Ha jarjeH 3a MPOU3BOJCTBO
Ha eJIeKTpu4Ha eHepruja Ha P. Makenonuja. Bo ngHuHa Ke ce ekcriioaTupa
jarmenoBuot eneprenc opn Pymaukor I[IK Bpoo-I'meomuno co BKymHU
ekcmtoaranyonu pesepsu o 31.25x10° Tonu jarsieH, Koj Tpe6a jja 06e36enu
2.000.000 ToHM jaryieH rouIHO. Bo 3aBUCHOCT Off TOAWIITHOTO IPOU3BOJICTBO,
[M3ajHUPAH € CUCTEMOT 3a jarjieH, MPecMeTaHu Cce KOJIMYMHUTE Ha jarjieH u
MefycliojHaTa jaJJOBUHA, TOCEOHO 3a CeKOj CII0j W MPUKAa3 Ha 3aBPIITHN KOCHHU
O] ICKOTIOT Ha jarJieH ¥ MefyCIIOjHATA jalIoBUHA CO IMKJIMYHA MeXaHU3aluja.

Kiyunu 300poBU: mexHOA02Ujd, KOAUHUHU, CAOEBU, ja2AeH.

DESIGNING THE SYSTEM OF COAL EXPLOITATION IN BROD-
GNEOTINO OPEN PIT MINE WITH CYCLIC MECHANIZATION
FOR THE NEXT 5 YEARS

Elizabeta Desanoska, Zoran Panov

Abstract

The continuation of the work of TE Bitola 1, 2 and 3 is in direct correlation
with the remaining reserves of coal for electricity generation of R. Macedonia.
In the future the coal resource of open mine Brod-Gneotino will be eksploted
with total exploitation reserves of 31.25 x 10° tons of coal that should provide
2.000.000 t of coal per year. Depending on annual production a system for coal
is designed, the amounts of coal and the slag between the layers are calculated,
separately for each layer and the final slopes of the excavation of coal and the
slag between the layers with cyclic machinery is displayed.

Key words: fechnology, quantities, layers, coal.

1) EJIEM Al Ckonje, PEK Burona, I1E Pyguuum ,,CyBonon™

2) Yuusepsuret ,,I'one Ienues” — lltun, dakynareT 3a NpUpoiHA U TEXHUUYKKY HAYKH
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Bosen

3a m3paboTka Ha yceKoT 3a oTBopame, [IK bpoo — 'heomumno Gere
a"raxkupas efieH poroper 6arep SRs 2000 u enen 6arep aperiaju Emr 6/45. [1o
leHec e (popMupaHa 3aBplIHATA KCTOYHA KOCUHA U pabOTHATA 3anajiHa KOCUHA
co ;e pabothu etaxu 3a npeu BTO u BTopn BTO. Barepor apernaju Em 6/45
paboTy Ha WCKOM 1 TpedpiIyBamke Ha jaloBUHATA Ha TohaT HA poTOOArepoT 1
OTKpHBa-E Ha jarJeHoT 7o KpoBrHA. Co Toa € OBO3MOKEH MCKOII 1 Ha jarJIieHOT
O IPBHOT jarJIeHOB CJIOj T.€. 3aM0YHyBa NpBarta ha3a Ha pa3Boj Ha KOMOT Koja
Tpae ycnoBHO neT rofauHu. Co ornief] Ha JI0CTa HeNMpaBUIIHOTO 3aJIeTHYBambe
Ha jarJeHOT BO OBOj /ieJl Ha KOMOT W PACIIOEHOCTA Ha jarJieHOBHOT CJIOj,
MCKOIIOT Ha jarJIeHOT Ke Ce M3BeyBa CO XWAPAyJIMYHM POBOKOMAYM W UCTAOT
ce TPaHCMOPTUpPA CO KaMMOHHU JJO MOOWJIHUTE JPOOUJIMUM, a MO APOOEHETO
ce tpancnioptupa 1o TE bumoaa. VickonoT Ha MefyciojHaTa janoBuHa Ke ce
U3BEyBa CO XUIPAYJIMUHU Garepu, TPAHCTIOPTOT € CO KAMHUOHU U Ke ce ofjjiara
Ha HajBopemHo ofaraymiTe. OTKako Ke ce co3fagaT yCJIOBU, MefyciiojHaTa
janoBhHa Ke ce ofjiara Ha BHATpelHo ojiaramumTe. OcHOBa 3a n3paboTKa Ha
OBOj TPYZ K€ MpEeTCTaByBa CHUTyaIMoHAaTa KapTa Ha KomotT off 28 deBpyapu
2011 roguHa ¥ MONPEYHN M HAJIOJKHN PYIAPCKO-TEOIOMIKHI TPOUIIH.

I'eosiolIKM KapakKTePUCTUKU HA JIEKHUIITETO

Jesxxumreto bpoo - ['Heomuno € meTaHO WCTPasKEHO CO JITAOWHCKO
aymyewe, Bo nepuof of 1974 no 1992 ropuHa, npu 1ITO C€ U3BPILEHU CUTE
NPUPY>KHA MCTPa’KyBaka M MCIUTYBama (I€0JOKU, XUAPOTeOJOLIKH,
WHXXEHEePCKO-TEOJIOIKA, TEOMEXaHNIKN U XeMucku). [lameopenjedor, Kako
¥ WMCTOYHHWOT Jie]l Ha 6aceHOT Ce WM3rpajieHu Off MPETHaNIe030jCKU THAjCEBU
M MUKAIMCTH, TAaNe030jCKM KBapl - rpadWTHU MMKPWIH, (PUIATH U
aprusiommcTh. TpaHrpecuBHO Bp3 naneopelnjedoT JexKar:

— 0azanHaTta (TIopuHCKA harja),
— TPOJyKTHBHATA jarJeHocHaTa hopMalnyja u
—  KPOBUHCKHMOT CEIMMEHTEH KOMILJIEKC.

BazantHara dammja, co nebemmua of npeky 100 m, e of crBO3esieHN
necony, yakaim uW TimHM. HajBucokoTro HMBO Ha 6asamHaTta dammja e
MPEeTCTaBeHO CO MPOYKTHUBHA jarjieHocHa hopManyja.

[TponykTuBHATa jarjieHocHa (popMalja TPETCTaByBa XeTepOreH
CeIMMEHTEeH KOMIUIeKC of hamyja Ha CHBO3EJICHMKABU Tecoly (MefyciojHa
jaloBMHA) W TIOBeKe jarjieHOBW cioeBd. KymyrnaruBHaTta [ebennHa Ha
MefyciiojHaTa jajoBuHA ce JBMXKW BO TrpaHmimuTe o 0,5 m go 30,70 m. 3a
KapaKTEPUCTUKUTE W CTIeUM(PUIHOCTUTE Ha jarieHoBaTa hopManyja MOKarT jja
ce M3HecaT CJIe[IHUBE KOHCTATAIWN:
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— BO MCTOYHHMOT JeJl, hopMaljaTa ce paciiojysa;

— peGenvHATa HA TIOEMMHEYHNUTE jarjeHoBH ciioeBr € o 0,2 mo 7,5 m;

— KyMyJlaTBHa ,HG6CIH/IH3 Ha MOCJUHCYHUTE jaFJIeHOBI/I CJIOEBH, CE€ [IBMNKU
on 0,40 m go makcumanuau 17,20 m, ofHOCHO TIpecMeTaHa BO MpoceK 3a
LEeJI0TO HaofammiTe feGemHaTa n3Hecysa 8,57 m;

— KOH 3amaji, jarJeHOBUTe CJIOeBU Ha royieMa miabounHa uHTepdepupaaT
BO €JIeH /IO JIBa jarJIeHOBU CJI0ja, a MaKcMaltHaTa febemmHa e 1o 11,2 m;

— pebGenuHaTa Ha jaryieHocHaTa popManmja e 1o 121,3 m;

— pellaTMBHaTAa JyTIabourHa Ha 3ajierame € of 7,8 m o 222,80 m.
KpOBUHCKHMOT ceIMMEHTEH KOMILIEKC JIeXKH Ha KPOBUHATA Ha jarJieHOCHAaTa

¢opmanja 1 e mpeTcTaBeH Off INMOEHCKU DAy Ha TIECOIH U aJIeBPOIUTCKO-
JIAIMMOPOBUTU I''IMHIU, KAKO U KBAPTEPEH CEJUMEHTEH KOMILJIEKC.

daypjara Ha necoud, Koja € CO KapaKTEepPUCTUYHA CHUBO3EJICHMKaBa
60ja, ©Ma CBOj KOHTHMHYWTET Ha TNPOCTHUPAE, HEMOCPEHO Ha KPOBMHATA
Ha jarymeHocHata dopmanyja u pebermmua of 1,3 mo 22 m. Pammjata Ha
aJIeBPOJIMTCKO-JIAMOPOBUTHU TJIMHIM C€ MpoTera KOH MCTOK, MCKIIMHYBA U Ce
ry6u, a koH 3amag o 100 m. [Ipeky cepujaTa Ha aeBpOMTCKO-TIATIOPOBUTUTE
TJIMHOW JIE2KW KOMIUIEKC Ha MNPETAJOXKEHU TJIMHW U pPa3HO- TPpaHyJIMpPaHU
NECOLM, CUTHO JIO CPEIHO3PHU MECOUYHULIM U KOHIJIOMEpaTH.

Konrnomepatu (6aHKOBUTM W KOMIIAKTHU), CO BP3UBO Off CUJIMKATHA
npupoaa 1 MOKHOCT off okodty 20 m. Ha jyro3amag nMa ciaTKOBOgHU KapOOHATH
1 TpaBepTHHU co fiebenmna 1o 90 m. KBaprepHuTte Hacjiaru ce pacpoCTpaHeTn
Ha roJjieM MPOCTOpP M Ce MPEeTCTABEHM CO JiBa FEHETCKM THIA: JIeJyBUjAJTHO-
NPOJyBUjaJTHU U alyBUjAJIHU CeVMEHTH. [lenyBujaTHO-TIPOTYBUjaTHUTE
CEIMMEHTH Ce Of IJIMHOBUTO-NECOKJIMBU JIMTOJIOIIKY ujieHoBU. [To Goja ce
pBeHo—KadeaBu (eTyBrjaHa PBEHUIA). ATyBUjaTHUTE HAcaru (Tlecoy u
YakaJju) ce BO Jy>KHUOT U 3alaiHUOT JelI.

I'eoMexaHMYKM KapaKTepUCTUKN HA paGOTHATA CpequHA

Bp3 ocHOBa Ha cuTe MOCEeTalllHM TeOMEXaHWYKd WCIWTYBamba Ha
3aCTaleHNTE JMTOJIOIIKY YICHOBH Ha JIesKuTeTo bpoo-I Heomuro,BO Tabena
1 ce majeHn yCBOeHHWTE BPETHOCTU Ha (PM3MUKO-MEXAHWIKUTE TapaMeTpy Ha
OJIJIEJIHATE JIMTOJIOIIKA YJIEHOBU.

OrpanunuyyBame M KOHCTPYKLHMja HAa NPOCTOPOT 3a CeJIeKTHUBHO
OTKOIyBame

OrpaHn4yBameTO Ha TPOCTOPOT 32 CENIEKTUBHO OTKOMYBAHE € N3BPLICHO
BO COINIACHOCT CO CO3HAHHUjaTa 3a JIEXKULITETO, PETMCTPUPAHU BO LIEJIOKYHATa
reosIolKa JIOKYMEHTallija, KOU Ce NpPUKaXkaHu Ha PYAApCKO-IeOJIOLIKUTE
npocuin Ha KonoT. KoHcTpyKipjaTa Ha 3aBPIIHMTE KOCHHU HA TIPOCTOPOT 32
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CEeJIEKTMBHO OTKOITyBame € N3BPIIIeHa BP3 OCHOBA Ha mofgaTonuTe off [ TaBHUOT
PYyAApCKH MPOEKT, OTHOCHO TeXHMYKNOT MPOEKT 32 FTeOMEXaHWKa BO 30HATa Ha
YCEKOT Ha OTBOPAE.

IIpecMeTKa HAa KOJMYMHM jarjieH W MelyclIOjHA jaJloBHMHA 3a MeT
ronHa

KoHcTpyKijaTa Ha MPOCTOPOT 3a CENEKTUBHO OTKOIYBAHE HA jarsieH u
Mel'yCJI0jHa jaJIOBMHA TI0 TOJIHY € JlafieHa Ha cinKa 2. AHaIM3UpaHu ce oBeKe
HaJOJI>KH W MONPEYHU HpO(bI/UII/I " C€ HallpaBE€HU MNMPECMETKU 3a KOJIMYUHUTE
Ha jarJieH Mo CJI0OEBU BO OTpaHMYeH MPOCTOp, MOceOHO 3a ceKoja TofuHa U
KOJIMYMHYU Ha MerycliojHa jajoBuHa. Bo orpaHMueHMOT npocTop ce ondaTeHu
YETUPU jarJIeHOBY CJIOEBH , KOM CE O[JBOSHH CO TPU Mel'yCJ10ja O/ jalIoBMHA (CITMKA
1). CormacHo co U3BPIICHOTO OTPaHNUYBAE Ha OTKOMYBambe 1 0OpaboTeHaTa
rpacguyka JoKyMeHTaluja, U3BpIIeHa € TpecMeTKa Ha KOJMYMHUTE Ha jarjieH u
METyCJIOjHATa jaJIoBUHA Ha TOj mpocTop. [IpecMeTkaTa Ha KOMMYMHNTE jarjeH
1 MerycllojHa jaJIOBUHA BO OTPAHMYEHHOT NPOCTOP € U3BPILEeHA [0 METOofaTa Ha
napaJiesHy npodum (Tadena 2).

M360p 1 onuc Ha MECTOTO M HAYMHOT HA OTBOpAaIbe

N360poT Ha MECTOTO Ha OTBOpame Ha MOBPLIMHCKUOT Kom Bpoo -
T'Heomuno e W3BpLIEHO cO [MaBHUOT PyJapCKu MPOEKT, T.e. OTBOPAHETO
Ha JIeXXWIITETO 3aloyHyBa Off UCTOYHATA CTpaHa Ha KOMOT, CO MpaBell Ha
HanpeyyBambe KOH 3anajl u ceBeposanay]. Ha civka 4.a. e fgajieH maHOpaMcKu
npuka3 op konoT I[1IK bpoo - 'hHeomuno opf jyroucTtoyna cTpaHa, Kajie €
3aMOYHATO CEJIEKTMBHOTO OTKOMYBae CO JIMCKOHTHMHYWpaHA MeXaHu3aluja.
OTBOpameTO Ha KOMOT K& Ce BpIIM CO MpUMeHa Ha JUCKOHTHUHYMpaHa
ompema, OfIHOCHO CO MpUMEHa Ha Xujpayinynu Garepu. OTKOMyBameTO ce
BpIIM JTAOWHCKM CO BUCHMHA Ha €TaXKHWTe IO 5 m, BO GJIOKOBU CO TpaBel Ha
HanpeyyBambe CeBep - jyr U 00paTHO, a (PPOHTOT Ha HANPEYBAaLE € Off UCTOK
KOH 3anaji. ['eHepaHuOT pacrnopey] Ha OTBOPAE €:
OTKOmyBame Ha KPOBUHCKATA OTKPHBKA,;
OTKOMnyBame Ha MPBUOT jarJIEHOB CJIOj;
OTKOmyBame Ha MpBaTa MeryciiojHa jaIOBHUHA;
OTKomyBame Ha BTOPHUOT jarJIeHOB CJI0j;
OTKomyBame Ha BTOpaTa MerycJiojHa jaJIOBUHA;
OTKOMyBame Ha TPETUOT jarJIeHOB CJI0j.
OBoj reHepajeH pacnopef Ha OTKOINMYBamke, OTHOCHO OTKOMYBameTO Ha
CEeKOj OfI HApETHUTE CIIOEBU MOXKeE J]a Ce BPIIM KOra BO TPETXOJIHUOT CIIOj ce
¢opmupa 610K Co mHMpUHA Of MUHIMYM 80 m.

SNk =
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TexHoIOMKY Mpoliec HA eKCIJI0ATALMja PH CeJIEKTMBHO OTKOMNYBambe

TexHOJIOMKNOT NMpOoLEC Ha CEJNEKTUBHO OTKOIMYyBale Ha OTKpUBKATAa U
jarneHoT e aepMHUpaH Co MPUMEHa Ha IMCKOHTUHYPaHa ONpeMa, XUIpayInIH!
Oarepu 3a KONawe U TPAHCIIOPT CO KAMMOHM Kunepu (ciuka 4.8.). TpaHncnoproT
Ha OTKpMBKATa K€ ce BPLIX [0 HAJBOPEITHOTO OfIIArAJIMIITE U CO CO3/IaBahe Ha
YCIIOBM 32 BHATPEILHO OfjIaramke, OTKPUBKATa K& Ce Ofijlara Ha BHATPELIHOTO
OJJIar JINIITE .

JarneHor ke ce oTKomyBa CO XWApayJW4YHM Oarepu, a TPaHCIOPTOT
[0 mpoOMIMYHATA TIOCTPOjKa, KOja € JIoIMpaHa MOKpaj WCTOYHATA TpaHUIA
Ha KOTOT, K& Ce BPIIM CO KaMUOHU-Kumepu (cimka 4.r.). OTKOMyBameTO Ha
jajoBUHATA M jarJieHOT Ke ce BpIIM JJTA0MHCKH, TaKa IITO TPAaHCIOPTOT Ha
MaTepujanoT Ke ce BpIIM, TJIABHO, MO KPOBMHATA HA jarJIEHOBUOT €TaX KOj
OBO3MOXYBa HempedyeH TpaHcnopT. Ha opjenHn AeqHWOM TPaHCTIOPTOT MO
eTaxku Ke ce BpIIM M MO KOPOBMHATA HA OTKpHMBKaTa, 6€3 HEKOW IMOT0JIeMU
npo6JeMu, TOpPay CYILITAHETO HA HUBOTO HA MOI3EMHUTE BOJI CO OTBOPAHETO
Ha y1abnHCKUOT 6710K. OTKOMYBaWkEeTO HA jaJIOBUHATA U jarJIeHOT Ke Ce BPLIN
BO TMOJIETasKM, MAKCUMYM 710 S5 m, KOJIKY IITO N3HEeCYBa lohaTHATA IyIabrHA Ha
XUMIPAYIMIHUOT Garep v MpHHA Ha 610KOT Ha oTKonmyBame 10 m. Ha cnmka 3 -
TEXHOJIOIIKATA [IEMa Ha CEJIEKTUBHO OTKOIYBame Ha JarJIeHOT U jalIOBUHATA CO
AVCKOHTHHYHMPaHa TEXHOJIOTH]ja € IA/IeH pacTiopefioT Ha XUAPAYJINYHH Oarepu u
MaToT MO KOj Tpeba Jia ce ABMKAT KaMUOHHTE [0 HAJIBOPEIIHOTO OJJIarajviiTe,
Kaje mTo Tpeba fa ja oyiaraat Mef'ycjaojHaTa jaJJoOBUHA.

Bucuncka nopgenéa Ha macure Bo (hyHKIMja O HAYMHOT U ONpeMara
3a OTKOMyBame
OTKOMyBamkeTO HA jaJIOBMHATA M jarJeHOT Ke Ce BPIIM CO XUJPAyJIUYHU
Garepu co obpaTHa jjonaTa. ['eHepaHO, BACMHCKH OTKOITyBAamkETO K& Ce BPIIN
CEJIEKTUBHO BO CJIOEBU, 03rOpa-HAJI0MY MO CJIEIHUOB PEOCIIeN;
— I jarnenos cinoj;
— I wmerycnojHa jamoBuHa;
— II jarmenoB cioj;
— Il mefycnojHa janoBuHa;
— III jarneHos cinoj;
— III mefycnojua janoBuHa;
— 1V jarnenos cnoj.
JIOKOJIKY jarJIeHOT He € MOBOJIHO OTKpYEH (MCUMCTEH) TOTAlll YUCTEHETO
Ha jarJIeHOB CJIOj Off Taa KPOBHMHCKA jaJlOBMHA Ke Ce BPIIM CO OyJmoxKep.
Jlo3upaHaTa jaJoBUHA ce cobupa Ha fohaT Ha XUAPAYIMIHAOT 6arep.
HcuncTeHnoT mpB jarJeHoB cJI0j, MCTO Taka, Ke Ce OTKOMyBa CO
XUfIpayIMIHU 6arepy co BUCHHA 10 S m. AKO MOKHOCTA Ha jarJIeHOT € TIorojieMa
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o 5 m, ce popmupa 1 BTOp NOfieTaX. AKO BO jarJIEHOBUOT CJIOj MMa MPOCIIOjKA
O] jaJIOBUHA CO MOKHOCT off 15 cm 1 moBeKe, HEOMXOJHO € [a Ce OTKOIyBa
cesieKTUBHO. Toa 3HauM BO TakBU Ciiyyau 0arepoT ro OTKOIYyBa jarlieHOT JI0
NPOCIIOjKaTa, a MOTOA YACTEHETO Ha jaJIOBUHATA Of] MPOCIIOjKaTa Ce BPILUM CO
nomoli Ha 6yJoxep. Ha oBoj HauMH ce 0BO3MOXKYBa IIOMAJIo OCUPOMAIIyBahe
Ha jarJIeHOT, OJHOCHO TMOAoOpyBamke Ha KBAIMTETOT Ha jarsieHoT. OBue
TEXHOJIOIIKY OTepalyiy Ce OJIHECYBaaTH 3a IPYyIUTE jarJieHOBH CJIOCBU.

[TpBaTa MeryciiojHa jaJOBMHA ja COUYMHYBAaT IUIMOLEHCKHU TMECOLM Yuja
npoceyHa MoKHoCT n3HecyBa 10,32 m, mto 3Haum Ke ce popMHupaarT iBa eTaxka
mo 5 m.

BTopaTta MefyciojHa jajJloBMHA MCTO Taka ja COYMHYBAaT IUIMOLEHCKU
MECOL CO MPOCEYHa MOKHOCT off 6,8 m, IITO 3HAUM Ha OfpPENICHW NICJIOBH,
MOKPaj OCHOBHHUOT eTaxX Off 5 m, Ke ce (hopMupa 1 MmofeTak Co BUCHHA JI0 2 m.

HappopenHo 1 BHATPENIHO O/IarajvIITe

3a ojlarate Ha KpoBHMHCKaTa M MefycjojHara jajosuna op 1K Bpoo
'Heomuro cO MUCKOHTHHYUpPAHa ONpeMa Ke ce UCKOPUCTH IMPOCTOPOT jy>KHO
on hopmupanoto HagBopetrHo opfytarammiTe co I BTO cuctem (SRs 2000 u
ZP 6600) (cnuka 3).

OBa e HajoOBOJIHATA JIOKAIMja 3a Ofjlarare Ha jaJloBMHATA TOpagn
CJIE[THOBO:

— CO OfyIarame Ha jaJoBHMHATa Ke ce hopmupa ,,cpopT Kuma“ Ha MacuTe Of
I BTO opnaramuire 3apagy ClpedyBambe Ha IBUKEHE HA OJIJIOSKCHUTE
macu of ogyiaradot ZP 6600;

— TOBOJIHU TPAHCHOPTHU MAaTUILTA;

— TIOBOJIHU TpaHcnopTHH pacTtojanuja (o 1.000 mo 2.000 m).

Bp3 ocHoBa Ha W3BpLICHUTE aHAJIM3M HA PYIAPCKO-TEXHOJOLIKUTE
npoujiM Ha KOMOT M JMHAMMKATa Ha WMCKOIM, YCJOBU 3a Ofijlarame Ha
jaJoBMHATA BO OTKOMAHWOT MPOCTOP BO MpBa rofuHa He noctojar. [lopamu Toa,
[EJIOKYITHATA jaJIOBMHA Off NpBaTa TOiMHA Ha eKCIuloaTanyja Ke ce OfIoKu
HAa HAJBOPEIIHOTO oOjijiarajuiiTe. BucuHaTa Ha eTaXkuTe 3a Ojijlarame Ha
jaloBMHATA BO BHATPEIIHOTO OfjlaranvinTe Tpeba ja M3HeCcyBa HajMajkKy S
m, Co IIeJ1 MoAo6pPo fa ce 306MjaT OIIOKEHUTE MAacH, OTHOCHO Jia ce mogoopar
reoMexXaHUuyKuTe TapaMeTpu Ha OjjloXKeHata jajoBuHa. CHIYPHOCHOTO
pacTojaHre TIoMel'y OTKOMHHUOT (PPOHT Ha HAjIyIabOKMOT eTaxX U (PPOHTOT Ha
onnarame Tpeba aa msnecysa S0 m. Bo oTkomannoT nmpocTop fia ce popmupaar
TpU €Ta>K1 CO BUCHUHA O] 5 m, OJHOCHO BKYINHaTa BHUCHHA HAa OJJIOKECHHUOT
MaTepujai ia e 7o 15 m.
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3amTuTa Ha NPOCTOPOT Off MOBPUINHCKH M TIO3€MHH BOIHU
Bo 30HaTa Ha ycekOT Ha OTBOpame 3a Mpudakame W eBaKkyaludja Ha
MOBPLUMHCKUTE W MOJ3EMHUTE BOAM € MOTPEOHO Jla ce HampaBu M3Befda Ha
clieHUBe 00jeKTH:
— €Ta>XHU KaHaJIu,
—  eTaXHU BOJJOCOOMPHULIH,
—  IEHTpaJieH BOAOCOOUPHUK CO MpermyMITHA CTAHUIIA.

Eraxxaute kaHamu ru mpudakaaT BOJUTE KOM Ce ClieBaaT Off €TaxKuTe
KOW ce BpeMeHW Wiu mocTojuu. [locTojuuTe KaHamu ce m3paboOTyBaaT Ha
ceBepHaTa, UCTOYHATA W jy’>KHATa TPaHMIA HA KOMOT, JOfieKa BPEMEHUTE
Ha 3amajHaTa ctpaHa. CuUTe BOmM Off €TaKHUTE KaHalIM Ce CIpPOBEMyBaatr Jo
€Ta>XKHUTEC BOHOCO6I/IpHI/IHI/I WM TUPEKTHO CE€ CHOPOBEAYBAAT BO LHECHTPAJIHUOT
BofocoOMpHUK. ETaxkHnTe KaHamm Ke ce n3paboTaT co XuApayjnmueH Oarep
co mwpuHa of 1 m u gnadounHa on 1 m. BogocobupHuuuTe npercraByBaat
OCHOBEH 00jeKT Ha IIEJIMOT CHCTEM Ha 3alITUTA Off MOBPUIMHCKYU U TO3EMHU
Bogu. [lomox6ara Ha BOOCOOVMPHUIIMTE 3aBUCH Off KOH(Urypauujata Ha
MOAMHATA Ha jarJICHOBHOT CJIOj BO ofpesieHa pa3a HA pa3BOj HA OTKOIHUTE
pabotn. Toa 3Haum peka BOOCOOMPHMIIMTE K€ ja MEHyBaaT CBOjaTa
MECTOMNOJI0K6a BO 3aBMCHOCT Off MPOMEHATa Ha HHBEJIETaTa Ha jarJieHOBUOT
CJ10j, Kako U moTtpebaTa ofi (popmMupame Ha BHATPEIHOTO ojyaramumTe. 1o
notpeba Ke ce U3BeyBaaT M JIOKAIHN BOOCOOMPHULIM Off Kajie IITO BOJIaTa CO
MOTOIHY MyMIM K€ Ce €BaKyMpa BO UEHTPATHUOT BOIOCOOMPHHUK.

3aKkiy4ok
Bp3 ocHOBa Ha U3BPLIEHUTE aHAJIU3U U PECMETKH , MOXKE J1a CE KOHCTATHPa
CJIE[THOBO:

—  CenekTHBHATa €KCILIOATALIMja CO NPMMEHA Ha JUCKOHTUHYHMpPAaHa OrpeMa
K€ OBO3MOKU:
—  OTKOIyBam¢ Ha jarJeHOBUTE CJIOEBU CO Majia MOKHOCT,
— MOroJieMO HMCKOPHUCTYBambe U
—  MoMaJio pa30JakyBame Ha KBAJIMTETOT HA jarJIeHOT.

—  Ycaoor (2.000.000. T jarnmen/rod.) ja HaJoOXyBa moTpebaTa oOff
AHra>Krpame Ha onpema CO IMoroJjieMm KarnauquTaTuBHU MOKHOCTU.

— Bapaju 3rojieMyBaibe Ha CTENEHOT Ha BEPOjaTHOCT HA PYJHUTE pe3epBu
BO OFPaHMYEHMOT MPOCTOP, MOTPEGHO € [a Ce M3BPIIAT JONOJHUTETHU
FEOJIOLIKU UCTPaXKHU pabOTH.

11
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Tabeaa 1 - TeoMexaHNUKM KapaKTEPUCTUKU HA pabOTHATA CpefiHA
Table 1 - Geomechanical characteristics of the working environment

Pepen . I'eomex. o3Haka
6poj Bun na varepuian | " g0 o pnical | ¢ kNim?) | @) | LNV
Type of material . M?)
Number sing

1 Yakaim nmecoKImBU GV, GP GFs 0.0 33.00 21.00

2 Ilecouy yakamecT SP, SW 0.0 28.00 20.10

3 |Tpenen (TR) 3135 1963 | 15.62

4  |IpaumHa necokimBo MI, ML 24.63 16.11 | 18.62
TJIMHOBUTA

5 |Hlecoun sarmmery SFc, SFs 8.00 17.65 | 1874
Hpa.IHI/IHCCTI/I

¢ |Jarnenosa rmima - OH, OI/OL 25.00 1420 | 16.96
OpFaHCKa

7 | Jarnen 0 50.00 2400 | 12.67
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TMeres=mas
Er) — T jarmemon CImoj
(T} _ I0 jarmsemon crmoj
& - I JarmeEos CIIoj
) — ITW jarme=os CIoj

III - I MefycmojEa janoBEEA

IZI - II mefycirojHa jaroBHEEA
EI - I ssefycrojEA jamoBmEa

Cauka 1 - llemaTcku prika3 Ha jarJeHoBaTa cepuja
Figure 1 - Schematic representation of the coal series

Cauxa 2 - TIK Bpon 'HeoTHHO - OrpaHUUYeHO MOJIe 32 UCKOII MO TOfVHU
Figure 2 - OM Brod-Gneotino-limited field for excavation through the years
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Tabeqa 2 - Pexanurynanyja Ha peCMeTaHU KOJMYUHU MO TOJMHH
Table 2 - Summary of calculated amounts by years

PG Mo rognHu Jarnen Merycn. janoBuHa Moocnoiak
-9P- Through the Slag between the P I8
Number Coal Intercalation

years layers
U () (M)
1 1-Ba rog 2 668 666,41 2645 130,49 283 397,10
2 2-pa rog. 2 053 109,52 3262 908,42 19 816,05
3 3-Ta rog. 2 080 830,43 3245 182,54 0,0
4 4-tan 5-Tarog 4120 620,84 5766 469,5 51 227,1
5 BkynHo 10 923 227,2 14 919 690,95 354 440,25

i\

Cauka 3 -TexHoIOIIKA IIeMa Ha CEJIEKTHBEH MCKOII CO IMKIIMYHA MEXaHN3aluja
Figure 3 - Technological scheme of selective mining with cyclic mechanization
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Cauxa 4 - ITanopamcku npuka3 Ha [1IK Bpop 'HeoTrHO 1 [MKJIMYHA MexaHu3auuja
Figure 4 - Panoramic view of the OM Brod-Gneotino and the cyclic mechanization
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UDC: 622.21 CrpyueH Tpya

MNPOBJEMU U IEPCIIEKTUBU HA COBPEMEHUTE
TEXHOJOI'M 3A OTKOIIYBAIBE HA LIBPCTU KAPIIN

Camko UBaHnos!, Hukoanunka [{onesa’, Mapuja Xayu-Hukonosa'

AncTpakTt

Peanusupanute npoekTHM BO TpafesKHUIITBOTO BO TrojeMa Mepa TH
MoJ3yBaaT NPUAOOMBKUTE HAa TEXHOJIOTHjaTa 3a MEXaHWYKa eKCKaBaldja Ha
UBpCTUTE Kapnu. PymapckaTta nHaycTpuja, nak, o pyra CTpaHa, ce yIlTe ce
Haofa BO (paza Ha UCTpPaKyBawe U OTKPHMBAHE HA 3HAYAJHU MPOHAJAOLU CO
KOMILTO OU ce MEXaHM3Mpana, a oToa U aBTOMAaTU3Mpala eKcrioaTagyjata Ha
pyJaTa, Kako M MpoLECUTe Ha MPOOHBAKE TYHENM BO JIENOT HAa PYJOHOCHHOT
CEKTOp.

Lenta Ha OBOj Tpyn € fa ce ONMIIE [EJIOKPYroT Ha JIEjCTBO Ha
MOBJIEKYBAaUKATE KPYHM TPUCYTHM Kaj PpOTALMOHO-JIAYHUTE MAIIWHU,
npoGiemMHuTe U NMEePCHeKTUBUTE CO KOM CE COOUyBaaT MPH OTKOIYBAHETO Ha
uBpcTuTe Kapnu. McTpaskyBaHu M TUCKYTHpaHU ce€ pa3jMyHu (haKTOpPHU KOU
MOKe J1a TIOCTABAT OfIpefiecH! OrpaHuyyBakba Bp3 MOTCHLIUjATHUTE alIuKauuu
Ha MOBJIEKYBAUYKUTE KPYHH MPU PYJAApeHeTO HAa LBPCTUTE Kapiu, 3aefJHO CO
OMUMUTE LITO I'M HyJaT AJITEPHATUBHUTE TEXHOJIOTUH.

Kuayanm 360poBu: pomayuono-1aunu MauuH, eKCKa8auuja Ha yepcmu
Kapnu, acucmeHyuja co 800eH MAA3, NOBACKYBAUKU KPYHU, CUHMEMUUKU
asamu, abere.

PROBLEMS AND PROSPECTS OF CONTEMPORARY
EXCAVATION TECHNOLOGIES FOR HARD ROCKS

Sasko Ivanov', Nikolinka Doneva!, Marija Hadzi-Nikolova'

Abstract

Projects in civil engineering have greatly benefited from the mechanical
excavation of hard rock technology. In the mining industry, on the other hand,
is still searching for major breakthroughs to mechanize and then automate the
excavation of ore and drivage of access tunnels in its metalliferrous sector.

1) daxyaTer 3a IpUPOAHU U TEXHUUYKM HayKu, IHCTUTYT 3a pyaapcTBO, Y HUBEP3UTET

,.JJone [Temuen” - IllTun
Faculty of Natural and Technical Science, Mining Institute, University “Goce Delcev” - Stip
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The aim of this study is to extend the scope of drag bits for roadheaders in
hard rock cutting. Various factors that can impose limitations on the potential
applications of drag bits in hard rock mining are investigated and discussed
along with alternative technology options.

Key words: roadheaders, hard rock excavation, water jet assistance,
drag bits, synthetic tools, tool wear.

Bogen

MexaHnukaTa eKCKaBallja € JoOKakaHa KaKo EeKCTPEMHO eduKacHa
TEXHOJIOTHja 32 KOHTMHYMPAHO OTKOMyBamke Ha MaTepujanyd oOff KJjacara
Ha jarJIeHOT ¥ WCHapyBauykuTe Kapmu. EKCKaBalMOHWTE TEXHOJIOTMM 3a
MpPOCEKYBak€ Ha HOBPCTHU Kapnuv COApzKaT CYWTUHCKU TMNEPCHNEKTUBU Ha
CEJIEKTUBHO PY/aperme, KOHTUHYUPAHOCT W aBTOMAaTH3allija Ha OMNepalyuTe,
CIIOPEJIEHO CO JYMYeYKO-MUHEPCKO-TIPEHOCHUTE CHCTEMH KOMIITO CTpajiaat
nopagu OUKJIW4YHATA TM[pUpOJa Ha HUBHUTE OICpaluu. Bo MOMEHTOT,
PACTONIOXKIIMBUTE TEXHOJIOTMHU 32 KOHTHMHYHMPAHO MPOCEKYBale Ha KaphuTe,
TeHEPAITHO, CE OTPAHMYEHHM 32 OTKOIYBAHE Ha PETaTUBHO ,,MEKH KapIu’ IITO ce
JOJI>KW Ha BUCOKUTE KANMMTAJIHU U TEKOBHU BJIOKYBala, KAKO M HA HpOGHCMI/ITC
OTO NOTEKHYBAaaT O MpupojaTra Ha (1)H3PI‘{KI/ITC BEJIMYMHU HAa MEXaHUYKHNOT
Iu3ajH.

Porammono-naunute (roadheaders), poTanuoHO-NPOOMBHUTE MAIUHA
(TBMs), Kako ¥ Ipyry pacnosio>KJIMBU MAllMHU 32 CEYEHE HAa KapIu, [JIaBHO,
KOpuCTaT [Ba TUIlA HA CCKAYKM aJIaTU - 3apeXKyBayu U MOBJICKYBAYKHN IMMKOBU.
3apeskyBaunTe, TEHEPAJHO, CE€ TOBP3yBaaT CO CEKAYKUTE OINepaiyy Ha
POTaLMOHO-NIPOOMBHUTE MAILMHHU 3a IEJOCHO MPOCEKYBamke Ha YeJoTO U Ce
CHOCOOHM 3a CeueHe Ha UBPCTU KapMy CO eHOAKCHjasTHa MPUTUCHA BPCTHUHA
(UCS) op 350 MPa. UctuTe ce orpaHnyeHy 3a MpHMEHa BO MPOEKTUTE 3a
n3paboTKa Ha TyHEU BO 00JacTa Ha IpajieXKHULITBOTO.

POTaHI/IOHO-JIa‘IHI/ITC MallMH1M CO HHUBHUTE TIOBJICKYBAYKM  aJIaTU
(cnukal), op ipyra cTpaHa, ce paBOpy3MpaaT 3a PyAapcKu onepauyu, nopaau
HMBHaTa (PJIEKCUOMITHOCT U JIECHO PAKYBaHe M CO HUB MOXKAT YCIEIIHO fia ce
OTKOITyBaaT Kapnu cO eHOaKCHjaHa nmputrucHa upctuna on 80 MPa, moneka
nakK MnoTCKuUuTe pOTauHOHO-HpO6HBHH MalIMHU MO2KE J1a MPOCEKYBaaT Kapnu
Kajie Taa royieMuHa focturaysa u o 100 MPa.

dyHIaMEHTaTHOTO OrpaHMYYBalke Ha CIOCOOHOCTAa 3a CeueHme Ha
UBPCTHU KapNy NpY HAJIMUHYBamke HA eHOaKCHjaHaTa MPUTHCHA IBPCTHHA Off
npubmrkao 100 MPa npousserysa o iTMMATHpaHaTa [BPCTUHA HA KApIUTE, T.€.
coouyBame co nBpcTuHa norosiema ox 100 MPa. 3a na ce octBapu Toa, noTpebHa
€ MHOTY MoroJjieMa MOKHOCT Jia 6ujie TPaHCMUTHPaHa MPeKy CEKauKUTe anaTy 3a
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na ce HanykHe kapnara. Cenak, co MocToeukara TeXHOJIOTHja 32 OTKOIYBaHe
Ha UBPCTU Kapru, 3roJIeMyBalbeTO CaMO HA MOKHOCTA Ha MallMHATA Hema Jja
lIoBefie JI0 TPOJIOJKYBakhe HA BEKOT Ha ajaroT. [loHaTamy, mMpu eKCTPeMHO
rpyou yciioBu Ha paboTa, TeHEPUPAHOTO KOJIMUYECTBO HA TOIUIMHA HEMOBOJIHO
BJIjae Bp3 KapaKTEPUCTUKUTE Ha MATEPHjaJIoT Off KOJIITO € U3paboTeH anaToT,
LITO YUITE MOBEKE I'o YCIOXKHYBA MPOOJIEMOT CO BEKOT Ha ajaToT.

AcucTeHlMjaTa cO BOJEH MJIa3 € MOTBPJCHO jJieKa I'M TMofoOpyBa OBHE
chakTOpH, TaKa IITO CE OCTBApyBa MOAOJT paboTeH Bek Ha anatoT. [lopamu
TOAa, BO LIEJIOKYMHATA KOH(UTypalyja Ha IM3ajHOT Ha MAIlIMHATA 32 CEYeH-e Ha
UBPCTH Kapmu € npuaTeHo eka ajJaToT UMa TIIaBHO 3HAUYCH:E.

3rojeMeHaTa MOKHOCT Ha MallMHAaTa W KPYTOCTa KOW ce MOTpeOHU 3a
OTKONYBalkb€ HA UBPCTUTE Kapnu C€ YUITE IBAa HOBU OIr'paHUYyBavKu q)aKTopa,
HO cemak, mep¢OpMaHCUTE HA MATEPHUjaJIOT Off KOj € m3paboTeH BPBOT Of
NUKOT € TIOTBP/ACHO JieKa MpeTCTaByBaaT IilaBHaTa mpevka. Bo meryspeme,
UCTpaXKyBauuTe TPOJIOJKYBAaaT €O MCTpakyBaukata paboTa 3a HOBH
TIPOHAjOIH.

JleHec BO MHOI'Y MCTPa*KyBauykK{ LIEHTPU C€ MHULMPAHU WCTPaXKyBauKu
nporpamMu, co IeJl Ia ce J00MjaT KBAaHTUTATUBHU T0OjaCHYBamka 32 Pa3InyHA
hakTOpU, KAaKO IITO Ce KOMIOHEHTHTE HAa CWJIaTa Ha cederme NMPUCYTHU Kaj
TMOBJICKYBAYKUMOT ajJ1aT MNPU OTKONYBAHKLETO HAa HUKEJT W HEKOU NPUAPYKHU
TUTIOBM pYfia, KaKO TPAHUTOT W THAjCOT — MHOTY a0pa3vWBHM Kapmu cO
ellHOoaKCHjaTHa MpuTHCHA nBpcTrHA off 33 MPa, ma c¢ no 350 MPa, abeweTo
Ha CeKavKHTE ajlaTy ¥ Kou ce (haKTOPUTE IIITO BJIMjAAT HA JIOMOT Ha ajaToT.

Kako nen ce nocraByBa U YTBpAyBameTO Ha (paKTOPUTE IITO I'O HOCAT
NOTEHIMJANIOT 34 TPOLIMPYBahe HA TOPECIOMEHATUTE OrpaHUdyBarba MNpH
ACHCTHPAHO CeYeHe CO BOJICH MJia3, MPUMEHATa Ha Pa3iIMYHU MaTepujasii u
reoMEeTpPUH Ha aJlaToT, OMpPEJieNyBakbeTO Ha epeKTUTe Off OP3NHATA HA CEUCH:C
Y NO3ULMjaTa Ha BOJICHUOT MJIa3, CE BO HACOKA HA OCTBAPYBabE HA ONTUMAIIHU
YCJIOBU HA MPOLIECOT HA CEUCH:E.

2. OCHOBHU MPOMEHJIUBYU HA MPOLIECOT HA ceYerbe BPCTU Kapnu

ITpesenTupany ce 6pojHM TEOPUH 32 MPOLECOT HA CEYEHE CO MOBIIEKYBAYKH
TMMWKOBM 3a/1a C€ OINUIIC MEXAHN3MOT CO ITOCAHOCTABEHU TEPMHUHU U MATEMATUYKU
u3pas3u, CO Hamepa fia ce MOCTUTHE IITO MOomoOpo pa3dupame Ha MPOLECOT
Ha ceverbe, KaKo W J1a ce MOofoOpy AM3ajHOT W HA TIMKOBUTE W HA MAIIMHATA.
Pasnnunn acnekTu 3a ceueme Ha KapnuTe CO MHUKOBU CE€ MPE3CHTUPAHU O[]
CTpaHa Ha UCTPaKyBadnuTe.

Kako pesyarar Ha mMpPOKMOT OOEM Ojf YCJOBM NpU KOU CE€ OfiBUBa
NPOLIECOT Ha CeYeHe, Er3UCTUPaaT KOH(IMKTHYU NOTJIEAN U Pa3MHCIyBamba, HO
Cernak HeKOM BOOMIITYBama Ce UCTAKHATH, TaKa IITO MOXE Jja CE MocMaTpaar
Kako (pyHIaMEHTAJIHU OCOOMHU Ha MPOLECOT Ha CEUEHE CO MUKOT:
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1. W cunure Ha ceyewe MU HOPMAJHUTE CUJIM PaAcCTaT CO MOPAcTOT Ha
mIabounHaTa HAa Ceuelheé 3a CHUTEe NHKOBH. BO MOBEKETO OKOJIHOCTU
MOPacTOT € NMOBEeKe UK MOMAJIKY JIMHEAPEH:;

2. Creum¢uyHaTa eHepruja onara co mopacToT Ha AjabouynHaTa Ha Ceuerhe,
Ha MOYETOKOT OP30, a MoTOa MAJIKy MOOABHO, IOCTUIHYBAjKU OfipeieHa
MUHUMAJTHA BPEIHOCT, 10 KOjallTo e(PMKACHOCTA Ha MPOLIECOT HA CeUeHe
ce HamallyBa CO NMopacToT Ha JilabouKHaTa;

3. CwmTe Ha ceUerhe 1 HOPMAJTHUTE CUJIM OTaf-aaT HeJIMHeapHO CO MOPacTOT
Ha HamajHMOT aroJ Ha anatot. HeroBara onTumalHa BpeIHOCT ce CMeTa
meka Tpeba ma Oupme 20°, Mo Koja IBpCTMHATA HA MUKOT W HETOBHOT
OTICTAHOK Ce Xa3apy.

4. YTBpAEHO € JieKa MOpacTOT HAa CWJIUTE Ha CEYEHE U HOPMAJIHUTE CUJIU
€ TpUONMKXHO JIMHEApeH CO eHOAaKCHjajiHaTa MPHUTHCHA NIBPCTHMHA Ha
Kapmara, lofieka KopeJalujata co BPCTMHA Ha UCTETHYBabe OM MoKesa
71a Gujie IIOCBOjCTBEHA 3a JJaGOPaTOPUCKM YCJIOBH, TIOPAJIU TOA IITO JIOMOT
Ha KapriaTta HaCTaHyBa IPA UCTETHYBAaHE;

5. Kaj nukoBuTe co 06/MK Ha [JIETO, CUJINTE HA CeUCHe M HOPMATHUTE CHJIH
pacTaT CO MpuUHAaTa Ha MUKOT;

6. Cnopep HeEKOM aBTOPH CHJIUTE Kaj MMMKOT, 32 HOB aJIaT, C€ HaMaJlyBaaT CO
MOPacTOT Ha 3aJHAOT aroJdl Ha ajmaToT o 30°, Jomeka nmak cropeq ApyrH,
ce TBPM Jieka MIOCTOM HaMaTyBame c¢ 10 5°;

7. bBp3unHuTe Ha IBUKEHH-E HA TIMKOT HEMaaT HeKOj 3a0emieknuTesieH e(heKT Bp3
CUJINTE Ha CeUerhe WM TaK Bp3 creiuduyHaTa eHepruja, Kora abemeTo
He € IPUCYTHO Kako (pakTop;

8. CeuemeTo coO eHa HU3a Of] NMMKOBYU MOfIpa3dupa JieKa CeKoj MUK MUHYBa
Bp3 KapmaTa mo efeH pepfocief. Bo Bpcka co Toa, CeKoj MUK ja mma
MOXHOCTA Jla BJMjae Bp3 pesjepoT co3mafeH Co MPEeTXOJHUOT MUK Off
HU3aTa. BpegHocTa Ha ONTUMATHMOT OFHOC TIOMETry pacTojaHujaTa Mefy
pe30BUTE U J1a00YMHATA HA CeYele 3a MMKOBUTE CO HamajHa TOYKa €
yTBPAEHO fa Bapupa of 1,5 mo 3, Bo 3aBUCHOCT Of TWITOT HA KaprarTa.

3. BimmjaTrennu (pakTopu Bp3 BEKOT HA aJaTOT

Bo neneno Bpeme, BosipamM-KapOuIOT € HajYeCcTO MPUMEHET MaTeprja
3a M3pabOTKa Ha ajaTHTE 3a Ceuele MOpajil HeroBUTE KApPAaKTEPUCTUKH -
peNaTMBHO BKMCOKATa LBPCTMHA M M3pa3eHara uiaaBocT. lleamor Kopucen
BEK Ha CEKAayKMOT MUK Kaj CeKoja MalllMHa 33 OTKOMYBame€ € BO 3aBHCHOCT
Of1 HErOBaTa OTIOPHOCT Ha abere M OTHOPHOCT Ha CO3/laBame Ha (PpPaKTypH,
HITO MOBPATHO 3aBUCH Of OfIPE/ICHU MapamMeTpH, Kako LITO ce reoMeTpujaTa
Ha TMKOT, ONEpaTHBHUTE (DAKTOPHW, KAPAKTEPUCTUKUTE HA MATEPHUjasiOT Off
KOj € U3paboTeH MUKOT, KaKo M KapaKTEepUCTUKUTE Ha KapraTa KojallTo ce
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otkomnyBa. OHa IITO € aKTYeJHO € IITO MO3HABAKETO Ha OBUE TIapaMeTpl Hema
00pO MpoyyeHa Mel'y3aBUCHOCT U IITO MPEBUAYBaHETO HA BEKOT HA allaToOT
c¢ ymTe € Bo onuTHa (pa3a WM MpeTcTaByBa mpoiec co rpemka. Cemnak, 6u
MOKEJNO J]a ce MMa MPUIOOMBKA Off TIO3HABAHETO HAa MEryCceOHMOT OfJHOC Ha
abemeTo Ha alaToT U e(hpMKACHOCTA HA CUCTEMOT 34 CeUeHEe.

3.1. 'eomeTpuja HA NUKOT U onepaTUBHU (PAKTOPHU BIUjaTeTHU Bp3
ademeTo

JleHec ce Bo ynotpeba, IJIaBHO, IBa TUIA IMKOBU: paoujairu u korycHu. V1
Kaj BaTa Off HUB BapupaaT HaaJHUTE aryii, TeOMETPUCKUTE OO, HAUNHOT
Ha KOj ce MpUKaueHd KOH MaIllMHATa, a Ce Pa3iMKyBaaT W MO POTALOHOTO
ABVKEH-€ 32 BPEME Ha orepanujata Ha ceuewme. Kaj Tpetuor tum, kpynume
co yoap HaHanpeo, € HamNpaBeH OOWJl Ia C€ WMHKOPINOPUPAAT MO3UTUBHUTE
UPTU Off ABaTa FOPECTIOMEHATH THUMA 3apajii MoAo0pyBame Ha ONepaTHBHATA
e(pUKaCHOCT.

[TpoyuyyBamaTa HampaBeHWM 3a WCIUTYBalke HA BJIMjaHUETO Ha
reoMeTpucKaTa KOH(UTypayja U OomnepaTuBHUTE (PaKTOPHU Bp3 abEHETO Ha
aJaToT JOBEJIE /IO CIEeAHNBE KOHCTATALVN:

1. TloBekeTo anaTu OTMOPHM Ha abEHE MMAaT TOJIEM HETaTHBEH aroy U
3a00JIEHN CEUna;
2. Hekowu op ucTpakyBauWTe MMaaT MPe3eHTUPAHO MOAOOPEHa OTHOPHOCT

Ha abembe Kaj aaTuTe Co 3a00JIeHA CEUMIa;

3. MHpeamnuor anar 3a cedere 61 Tpedasio 1a uMa 06JIMK Ha ITIETO CO TOJIeM

HAarajieH TpefieH aroJj v 3aJieH aroyl Ha YICTEHhe BO TPAHUIUTE TToMery 5°

u 10°;

4. KpynHara 6u Tpebaso mga 6upe ceJeKThpaHa Criopes Hej3uHaTa OTIIOPHOCT

Ha abeme n PpakTypupame, ofeKa, Mak, OOJMKOT Ha BPBOT Of aJlaTOT

He 6u Tpebasio fja Gwpe 3HavaeH (hpakTop NMpY MPOIEHKUTE BO TEKOT Ha

[EJINOT pabOTEH BEK Ha anaToT;

5. PagujanmauTe BpBOBM C€ MHOTY TOOpP30 CKJIOHM Ha abeme OTKOJIKY

KOHYCHHTE aJlaTu;

Konychure anartu, mak, ce MHOT'Y TIONIOJJIOXKHU Ha (PPUKLIMOHO UCKPEHH-E;

Cunure Kaj anaToT W CHeUM(PUYHATE EHEepruyd Cce 3rojiemMyBaar

MPaBOMPONOPLMOHAIHO CO MOPACTOT HAa M3a0eHaTa paMHa MOBPUIMHA HA

ajarTor;

8. CwmTe Kaj aJ1aToOT ce BO KOHTUHYHMPAH MMOPACT CO ITTab0YMHATA HA CeUeH-e
1 pacTojaHreTo Mef'y pe30BUTe, MOfieKa, TIaK ,, HAIaJIHUTE aryiv Kaj ajlaTuTe
CO aTak BO TOYKA MMaaT 3HauaeH eeKT Bp3 cekaukaTa e(puKacHOCT.

9. TlopacToTHa 6Gp3uHaTa HA CEYEHE,0CO0EHO KOTa € HAMUHATO KPUTUIHOTO
HUBO, PEIU3BUKYBA 3rOJIEMEHO a0EHe.

~N
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3.2. Baujanne Ha KapakTepUCTHMKUTE HA Kapmnata Bp3 NMpoLecoT Ha
ateme

CeHI/IMeHTHI/ITe Kapmuy CKOpoO ce€kKoraul €€ riiaBHMUOT TUIl Kapy Kajae TOo
MOBJIEKYBAUKNATE aJlaTW MMaaT OCTBAPEHO 3abesiesKuTeNeH ycrnex. 3HauajHu
KapaKTCPUCTUKU HA CEAMMEHTHUTE KAapIn ITO BHI/IjaaT BP3 BEKOT Ha aJ1IaTOT CE
OTIpefieIeH! CO COPXKMUHATA HA UBPCTU MUHEPAIN (BOOOMYAEHO TOA € KBaplLoT,
HO HE MOpa Jla € CeKOorall Taka), AMMEH3UMTe Ha 3pHATa M HUBHATA arJlOBUTOCT
Y [IEeMEHTHHUTE MaTepHjan.

OrpannyeHa npuMeHa Ha TOBJIEKYBAauKWTE ajaTh € 3abenekaHa Kaj
BYJIKAHCKWTE ¥ METaMOP(HUTE KapMHy IITO CE OJIKM Ha HUBHATA CBOjCTBEHA
JaKOCT, KaKo W IeTpaiipadknuTe OCOOMHN HA aiaToT.

HajBoo6nyaeHOTO MEpIMBO CBOjCTBO HA KapraTa IITO BJrjae Bp3 a0eHETO
Ha ajaToT € Hej3uHaTa abpasusrocm. [IponopuroHaIHaTa 3aBUCHOCT MOMery
COAp>KMHATA Ha KBapIOT W abpa3nWBHOCTA € yTBpHAeHa off cTpaHa Ha West. Kaj
LUBPCTUTE Kapnu, (PPOHTATHOTO abeHe MPEAU3UKYBa JIYLITCHEC U CTPyrame
Ha KapouyoT. [ToromemMo pacnarame co abemeTo ce MpoayLIupa Npu AymueHe
BO I'PAHUT. le/l M3BEyBakC HA AyNIUY€H:a BO NECOYHUIM U I'PaHUTHU KapIiiv,
a6Gpa3MBHOTO abeme e M03a6eIeKIIMBO, OCOOCHO Kaj eCOYHUIUTE OoraTh co
KBapl1l, OTKOJIKY Kaj HOUBPCTHOT Y IOMAJIKY aOpa3vBeH FPAHNT; TPETIIOCTABEHO
€ 7ieKa yJapHUOT 3aMOp C€ 3roJieMyBa IOKOJIKY y/lapHaTa eHepruja € Bo mopacT
NpY 3rOJIEMEHN CTANKK Ha MPOAMpPame Ha alaToT.

Marepujanute of KOM ce M3paboTyBa alaTOT 3a CEYSHE W HETOBUTE
KapaKTepUCTUKK MMAaT IMPEKTHO HOCEYKO BIMjaHUE BpP3 aOEHETO Ha ajlaToT
Y Bp3 HErOBMOT KopuceH BeK. CeeKkipjaTa Ha MOrofiHU MaTepyjay 3a ajaToT,
Ipu 3aaJI€HN ONE€pAaTUBHU YCJIOBU U3MCKYBAa COO/IBETHA I'prKa.

4. Bongpam kapoup - MaTepujai 3a n3paGoTKa Ha ajaToT 3a ceyerhe

Bongpam-kap6bupoT € HajnpuMeHyBaHMOT MaTepujai 3a M3paboTKa Ha
anatu 3a ceuerwe. PakTOpUTE IITO UMAAT CBOj Ofipa3 Bp3 MepopMaHCUTE U
BEKOT Ha BOJI(PpaM-KapOMIOT Ce CHIIHO 3aBUCHU OfI CYpPOBMOT Marepujan M
TexHoJiorrjaTa Ha o6padoTka. Fowell u Altinoluk ru mokpuBaaT oBue acieKTu
BO HUBHHTE TPyA0BU. COCTaBOT M MUKPOCTPYKTYpaTa Ha KOHCTUTYEHTUTE Ha
BOJI(hpaM-KapOWIOT BO KpajHA JIMHU]jA TH ONPeeTyBaaT HeroBUTe (PU3NIKU 1
MEXAHNYKU KAPAKTEPUCTUKHU.

KobGantoT u jarmepopor ce Haj3Ha4yajHUTE KOHCTUTYUMOHHM Bapujadiu
NP IPOM3BOJICTBOTO HA BOJI(PpaM-KapOUIOT CO MOTojHA MEIlIaBUHA Ha jaKOCT,
NPUTHUCHA IIBPCTHHA, KaKO U IIBPCTHMHA Ha nomnpeyeH joM. KobanToT ce Haofa Bo
panrot of 6 1o 15 % - TeXKMHCKH, jofieka, TIaK,, TEOPEeTCKaTa COAPsKUHA HA YNCT
BoJIhpaM MoHO Kapowp e 6,12%. Cekoja MpeKyMepHOCT WM HEeIOCTAaTOK Ha
jarnepon Bo rpanuiurte 6+0,11 nma 3HavaeH eekT Bp3 jakocTa M [BPCTUHATA.
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I'eHepanHo riegaHO, KakBU OWJIO NPUMECH Off HEUYMCTOTUU, Kako
SKEJIE3HUOT XPOMUT, HUKEJIOT, COflaTa WK CYJI(YPOT MOXKe /ia pPe3ysTupaaT
BO cyiaba KOMOWHAaNMja Ha jaKOCT W UBPCTUHA. Maiyu HofaTony Ha TUTAHUYM
kapoup (3 - 5% TeXXUHCKM), Cenak Ou MOKeJIe [ia TO MOMpevaT OKPYNHYBAbETO
Ha 3pHAaTa ¥ MOPacTOT Ha UBPCTMHATA, O€3 IPUTOA /1a BJIMjaaT Bp3 IBPCTUHATA
Ha TIOTNPEYHUOT JIOM.

[MopienHakBO 3HavajHa € KOHTPOJATa Ha IMMEH3UUTe Ha 3pHaTa. JakocTa
U MIPUTKHCHATA LBPCTUHA CE 3roJieMyBaaT CO OnafamkeTo Ha JUMEH3MUTE Ha
3pHaTa, JIofieKa, Mak, MOoCaKyBaHW BEJIMUMHU Ha 3pHATa 32 OCTBApyBame Ha
Hajao6pa UBpPCTHHA Ha MornpeveH JoM ce 1 pm go 3 um.

[Mopo3HocTa BO CTPYKTypaTa Ha MEllIaBUHATA € HEMOCAKyBaH napameTap.
Bucoknor TMOPO3UTET JOBEAYBa 1O MNOCTUTHYBAKE HA HEJOBOJIHA UBPCTHUHA HA
MONPEeYeH JIOM, HO Kaj LBPCTUATE METAM Ce OCTBApyBaaT BUCOKW T'YCTHHU C&
10 99,5% u BooOMYaeHO € MpUCyTHA YHU(POPMHO pacrpefiesieHa, ITo 1 He €
TOJIKY IITETHO.

4.1. OmrreryBama Kaj anature o BoippamM-Kapousy

Bongpam-kapbupoT e KpT MaTepujaj i € MHOTY OLBPCT KOTa € ONTOBApeH
CO HaloHM Ha IPUTHCOK OTKOJIKY HAallOHW HA UCTETHYyBame. Heroara uspctuHa
ce 3ajakHyBa MpH TPUAKCHUjaTHO onToBapyBame. CIeICTBeHO, IN3ajHEPUTE HA
KPYHHM UMaar 3a [IeJI la OCUTypaarT jileka reoMeTpujaTa Ha KpyHaTa 1 HAUMHOT Ha
HEj3UHOTO ONTOBApYBamke HEMA /1a MPUYMHAT KpyHaTa fa Oue ONToBapeHa co
HAMOHUTE Ha UCTETHYBAHE BO TEKOT Ha MPOLIECOT Ha cevere. FicTo Taka, oHamy
Kajie IITO TOA € MOXKHO, 61 MOXKeJIe /la Ce TIOCTaBaT HaArpagoy Off UEMEHTHPaH
BOJI(hpaM-KapOw BP3 TEJIOTO HA alaToT, HA TaKOB HAYMH IIITO TPUAKCH]jATTHA
KOMITPDECHBHM HAMOHM CE€ NpUMEHyBaaT Bp3 Haarpapoute. HacnpoTu osue
MEpKM Ha TPEeTHa3nuMBOCT (TpemynpefayBamba), YMETOLUUTe Ha KpyHaTa ce
KpUIAaT Ha efieH KPT HauMH, 0COOEHO Kaj uBpctute Kapnu. Efen of rnaBHuTe
(hakTOpH OATOBOPHM 32 BaKBMOT THII HA JIOM € YOAPHOMO ONMO6apyearse Ha
KpyHaTa; yIapHOTO BJMjaHNE WHAYIMpa OpaHOBM Ha KOMIPECUBHUTE HATIOHU
BP3 YMETOLMTE HA KPYHATa, KOUILITO CaMO IETYMHO ce pecpiieKThpaar Ha3af Off
PpacnonoXauBUTE C000JIHM MOBPILUIMHUA BO OOJIMK Ha OpPAHOBU HA HATIOHUTE Ha
WCTETHYBame, IITO € U MPUYNHA 32 JIOM.

Bo Hekou apyru ciyyam, 3amopom MOXKe Jia TIPeAU3BUKA CO3/IaBambe Ha
MOCTETIEHO pacTeyKa MyKHATHHA MTPU CeKOj IUKITYC, c¢ oieka He ce ckpum. Co
[eJ1 /la Ce Cpevyd ¥ MUHAMM3KMPA OBOj THIT Ha IUKJIMYEH JIOM, 3HAYajHO € Jia ce
MUHUMU3MpaaT BUOpaLMUTE U MOTPEOHO € KPYTO BOJEHE HA KpyHAaTa.

JloMOT MOXe fa ce MojaBM Kako pe3yJTaT Ha cJaboTO TMPHUCYCTBO
Ha KapOWJOT CO HMCKa XXWJIABOCT M LBPCTMHA HA UCTETHYBamhe, Ha MOPH BO
KapOujoT UM nak jedes Bap. TEHKMOT Bap OBO3MOXYBa HallOHUTE Jia Oupat
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TPAaHCMWTHpPAHU KOH HOCA4YOT Ha Haarpajgdara, Kaje IITo THe Ke Owpjar
npuaylIeHn 6e3 nojasa Ha oUITeTyBame. BrucokaTa coapsknHa Ha KOOANT, UCTO
TaKa, ro CrpeyvyBa y/JapHUOT JIOM, HO KaKO Pe3yJITaT Ha HUCKAaTa jaKoCT foafa
[0 MOroJIEMU OLUTETYBaka MOPajiu aOpa3uBHOTO abeH-e.

4.2. TemnepaTypy NpUCYTHM NpH OMepalMi Ha cedeme M Kaj
BOJI(ppaM-KapOMIHUOT ajiaT

MexaHWYKUTe, XEMHUCKATE | METANypIIKUTe KapaKTepPUCTHKU Ha
MaTepujanuTe 3a n3paboTKa Ha ajaTH Ce, YeCTO MaTh, TEMIepaTypPHO-3aBHICHH,
Taka MWTO KOj OMiI0 aGHOpMalleH MopacT Ha TeMmreparypara BO TEKOT Ha
OMepalUnTe Ha CeYeHe AUPEKTHO BiMjae BP3 KapaKTePUCTUKUTE Ha ajlaToT,
Kako INTO C€ jaKoCTa W UBPCTMHATAa. Bp3uHMTE Ha JIBIKEHE Ha ajaTor,
TeHEPAITHO, ja HAIMUHYBAAT BpeHOCTa Off 1 m/s ¥ BO TEKOT HAa KOHTMHYHpaHaTa
orepaiyja, BPBOBUTE Off alaTOT OM MOKeJe Jia AOCTUTHAT MHOTY BUCOKHU
TeMneparypu, Bo panrot o 600°C mo 900°C. Boadgpam-kapOugHuTe anatu
NPy Taka BUCOKHM TEMMEPATypy MOYHYBaaT [Aa OMEKHYBAaaT, MOy IITO ce
NPUYVHYBa HECAKaHO abere ¥ MpepaH JIOM Ha KpyHarTa.

S. Anatu 3a ceueme 0 KOMNAKTeH nojaukpucranen nujamant (PDC)

TexHomorujara 3a ceyere Ha LBPCTH KapIu JIOJITO BpeMe € BO MoTpara
No MaTepujaly 3a U3paboTKa HA CHHTETUYKU aJlaTh 33 CeUeHe ITO Ke MOXe
/1a TV TIOJIHECAT PUTOPO3HUTE OTNIEPATUBHY YCIOBU U BO UCTO BpeMe Ke paboTar
moaro m 6p30. OBOj TMN HA WCTPAJHOCT Kaj ajaTUTE MOCTaBYBa PACTEUKU
Oapatba 32 MOBHUCOKA OTIOPHOCT Ha aOpa3uBHO abewe, Kako U OCOOMHU
Ha >xwunasoct. llITo ce ofHecyBa, nak, [0 MpalamkeTo 3a abpa3uBHO abewe,
IeHeC Ha pacrojiarate ce ajllaTUTe Ofi KOMMAKTEH MOJMKPUCTAJICH UjaMaHT
(PDC), co 5-6 matu morojieMa jakOCT OTKOJIKY OHaa Ha BOJ(paM-KapOUoT.
Cenak, PDC e MHOry MOOCeTNNB Ha KPTH JIOMOBH OTKOJIKY LEMEHTUPAHUOT
BoJIppaM-Kapouj, MOpaay Toa IITO HeroBaTa (ppakTypHa XkuiasBocT e 45 MPa,
BO criopen6a co 76 MPa Ha BosippamM-kapouioT co cofpskuHa o 6% Kobanr.

Tpagunmonanio, abpa3uBHO abeme € MOXKHO Kaj CHHTETUIKUTE
IMjaMaHTH, KOTa UCTUTE Ke ce MpUMeHaT Kaj jagpenute kpyHu. Cenak, oBue
AVjaMaHTH ce CKJIOHM Ha CWJIHA TepMHUYKa Jlerpafalyja npu TeMrepaTypH
nosucoku off S00°C. Anatute Co BpBOBU Off CHHTETUIKY IMjaMaHTH yIaTyBaaT
rojieMy BeTyBama KaKo ClIelHa TeHepalyja Ha alaTé 3a CeYeHe Ha LBPCTU
kapnu. [Torpe6Ho € 1a ce cpoBeaT NOHATAMOIIIHA CTPAXKyBarmha KOU Ke AajiaT
peleHre 3a cute NpobJeMu IITO Ke ce jaByBaat Mpy eKCTPEMHUTE yCIIOBU Ha
OJIBUBALE HA ONEPALMUTE HA CCUCHE.
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6. Ceueme Ha KapnuTe aCHCTUPAHO CO BOIeH MJa3
ITpumenaTa Ha acuCTEeHIMja O] BOAEH MJIa3 KOH MUKOBUTE ja MPETCTaByBa
TEXHOJIOTHjaTa INTO MOXKE fa HaMHUHE HEKOWM Ofi OrpaHNYyBamaTa Ha
KOHBEHIIMOHATHOTO cevere Kapmu (cimka 2). [loBekeTo o moTeHIMjaTHATE
NPEeHOCTH BO cebe BKIIy4dyBaaT: peAyKlyja Ha CHIIUTE Ha Ceuere, PemyKipja
Ha abeeTo Ha alaToT, KOHTPOJIA HA TeMIepaTypaTa BO TEKOT Ha MPOLECOT
Ha CeUYeHme CO eIMMUHUPaE Ha UCKPEHE, PEAyLMPaHu PU3UIM Off TI0jaBa Ha
MpallHa U CEBKYITHO MOJOOPEH NMPOIeC Ha CeueHhe.
MexaHnuKy aCUCTHPAHUTE MPOLECH HAa CEYeHe Ha KapnuTe CO BOJCH
MJTa3, yCTIEIIHO Ce MPUMEHETH Kaj JISXKUILTATA Ha jarJieH U CIIMYHY hopManui,
HO MpYIMEHATa Ha TAKOB €/IeH METOJI Ha CEUeH:-€ Ha BPCTUTE Kapiy € MUHUMAJITHA.
Toa, BCyIIHOCT, € alMKalja Ha CeYeHe aCHCTHPAHO CO BOJIEH MJla3 Koe
COJIP>KM BETYBAUKM MEPCTIEKTHBRY 32 3r0JIEMYBambe Ha CEBKYITHATA €(PUKACHOCT
Ha CeKauKWTe OTepalyy, BKIIy4yBajKu ro OBAE Y BEKOT Ha aJIATUTE 32 CEUYCH-E.

3aKkiy4ok

Nako mMexaHnykaTa eKCKaBalyja MMa OCTBAPEHO 3ajI0BOJINTEIIEH CTETeH
Ha YCMEIIHOCT Kaj PeNlaTUBHO ,,MeKnTe” Kapnu (jarsieHOT W MCIapyBauyKuTe
Kapnu), HaMopHTe MPOJI0JIXKYBaaT OBaa TEXHOJIOTHja Aa n300py MpUMEHa 1 BO
PEXXMMH Ha IBPCTH KapIu.

Poraumono-npoousaure Mamuau (TBM), onpeMeHn CO pOTaUMOHU JUCK
CeKauM, MIMaaT OCTBAPEHO COJIMIHM PE3YJITaTH BO CPEIMHM CO LBPCTU KapIy,
Npy peanu3anyjaTa Ha TOBEKE MPOEKTH BO 00JlacTa HA TPaAECKHUILITBOTO
(cnuka 3).

DieKCUOUITHOCTA U CEJIEKTUBHOCTA, MaK, HEOMXOJIHU MPU PYyapete Ha
CIMYHM Kapnu OM MOXKese Jla c€ OCTBapaT CO POTALMOHO-JIaYHUTE MAlIWHH,
HO 3a Jla MOXe TPUAOOMBKHTE Off paboTaTa Ha TaKOB THUIl MAIIMHU 1IEJIOCHO
lla ce UCKOPHUCTAT, MOTPeOHO € HaMWHYBame HA OrPaHMYYBamaTa INTO Ce
MOCTaByBaaT BO OJJHOC HA HUBHATA MPUMEHA.

Bo MOMEHTOB ce aKkTMBHM HH3a WCTPAKyBAaykKd TMPOTPaMH, KOM
npeTcTaByBaaT OOWJI Ia ce MPOHAjAaT OJirOBOPH 3a HEKOM Off MpobiiemMuTe
BOOYEHHU NPH PYAAPEHETO HA [BPCTUTE KAPMHY CO POTALMOHO-TaYHUTE MALIMHH.

Ona1mTo e Haj3HaYajHO /1a ce KasKe e IeKa aJlaTUTE 3 CeUeHbe MPeTCTaByBaaT
,,TECHO I'PJI0” BO AIUTMKALMUTE 32 MEXAHMYKO OTKOMYBame Ha LIBPCTUTE Kapmu
co poranuoHo-nayHuTe MaumHu. Co cenekuyjaTa Ha OATOBapayky CTETNeH
Ha BoJi(hpamM-KapOu, CO CUTYPHOCT OM MOKEJIO [ia OCTBApU OJIECHYBAaHE BO
ONTUMM3ALMjaTa HA €KCKABAIMOHUTE OTepanyi.

ITpu 3roneMyBame Ha LBPCTMHATA HA KapIUTe, MOTpeOHA € COOABETHO
MOKHA MalllMHa 3a JIa MOXKe Jla Ce OirOBOpH Ha OaparmaTa 3a moTpebHaTa CHara.
Cenak, BakBaTa MOCTaBEHOCT HAMETHYBA MPEKyMEPEH TOBAp BP3 alaToT.
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IIpumenaTa Ha BojieH mula3 OM MoOXeJsa ja ro yonaxu oBa OpeMe Bp3
TMOBJICKYBAYKUTE KPYHU BO TEKOT HAa MPOCEKYBAUKUTE one€pauuu CO BUCOKU
TEMIEPATYpPH, IPEKY HaMaJlyBamkhe Ha TOIJIMHATA LITO Ce TeHEpPUPa Ha BPBOT Ha
anaToT, a CO TOa ce MPOJIOJIKYBa U HETOBUOT BEK.

Hexkou HOBHu MaTepMjann, Kako HTO CE€ KOMMNAKTHUTE IOJUKPUCTAIHU
mujamanTH (polycrystalline diamond compact - PDC) npumeneTy 3a m3paboTka
Ha TOBJIEKYBAYKUTE KPYHH, CYIITUHCKH C€ MOJOOpPH BO OHOC Ha BOJIppaM-
KapOWIOT 3apaj HMBHATA BHCOKA OTHOPHOCT Ha abpa3sWBHO abewe, HO THe
ajlaTv, naxK, nperpnyBaaTr rojJeMu OLITETYyBalka IOpagr HUCKMOT CTECINEH Ha
>KUJTaBOCT.

Jlenecka ce BJIOXKyBaat rojieMy HarmopH 3a pa3Boj Ha €IHa HOBA reHepalyja
Ha aJlaTu CO ceunjia o] CMHTCTUYKIN I[I/IjaMaHTI/I KOI/Ija noceayBaaT HEONXoAHaTa
SKUAJTABOCT M MIMAaT 3rojieMeHa OTIMOPHOCT Ha abeme, MPU OTKOMyBAaHkETO Ha
Kapny 4Mja HeorpaHM4eHa LBPCTMHA Ha MPUTUCOK AocTurHyBa 200 Gapu u
noBeKe.

[Torpebna e mnoHaTaMomHa paboTa 3a W3HAOralke Ha pelleHue 3a
npoOJeMUTe CO KOM Ce COOUYBa MEXaHMUKAaTa eKCKaBallyja Ha IBPCTUTE KapIy.
Enen of1 Tve mpaBy € ¥ pa3BojOT HA CHHTETUYKWUTE aJIaTu.

[IpoyuyBaweTo Ha penangMjaTa MoMery MEXaHM3MOT Ha abewme WU
COIp>KMHATA Ha KapOWIOT, eBajyalnyjaTa Ha nepgopMaHCUTe Ha Pa3IMuHNATE
reOMETPUCKH OOJIMIM Ha aNaToT 3a CEYEHE, TECTUPAHETO Ha MPOCEKYBAHETO
Ha KapnuTe npu noBUCOKH 6p3I/IHI/I 1 CO pPa3JIM4YHU NPUTUCOLU W NMPOTOLU Ha
BOJICHMOT MJ1a3, KAaKO U YIapHOTO JISjCTBO HA aJaTOT KOE€ OfM KaKo MPUJIOT Ha
aKuyjaTa Ha JMHEApHOTO MPOCEKYBAahe CO MOBJIEKYyBavKa KPyHa, CE CaMO HEKOU
Of HACOKUTE KOM MOpa Jia Ce CJIeflaT 3a /1a ce€ NMOMOTHE BO YHANpeayBamkeTO
Ha CEBKYyIHATa e(bI/IKaCHOCT Ha one€pauuuTe Ha MEXaHUYKO IMPOCEKYBAHKE Ha
UBPCTUTE KapIiu.
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Cauka 3 — P OTaIII/IOHO-HpOGI/IBHa MalllMHa aCUCTHUpPaHa CO BOACH MJ1a3
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UDC: 622.06 CrpyueH Tpya

METOJOJIOT'NJA 3A N3b0P HA PYJJAPCKA OTKOITHA
METOJA

Crojanuye Mujankoscku!, 3opan Jlecnogos!, [dejan MupakoBcku!,
Adponura 3ennencka', Mapuja Kocragunosa

Ancrtpakt

Bo 0BOj TpyJ e mprKakaHa mocrankara 3a u30op Ha pyjaapcka OTKOMHA
METOJIa, KOja 3aBHCH Off MOBEKe PY/IAPCKO-TEOJIOIIKN U TEXHUYKO-EKOHOMCKHI
cakropu. [Tpu onTumarneH u360p Ha pyapcka OTKOIMHA METO/Ia 32 KOHKPETHO
PY/IHO HAofajMIITe, MPENopawIMBO € Jia Ce KOPUCTAT TPU ONTHUMU3ALMOHU
METOJIM 32 J]a Ce U3BPIIM CIIOPENlyBathe HA IOOMEHNUTE PE3YITATH U HA TOj HAUMH
a ce u3bdepe HajeprkacHaTa pyjapcka OTKOMHA MeTO/Ia, OTHOCHO pyjapcKaTa
OTKOIHA METOJIa KOja 0BO3MOXKYBa Haje(hMKACHO BpaKarhe Ha MHBECTULIOHUTE
BJIOKYBakba.

Kayunu 360poBH: pyoapcka omkonHa memood, pyoapCKo-2e040UKU
axmopu, mexHuUKo-eKOHOMCKUmMe PaKmopu.

METHODOLOGY FOR SELECTION OF MINING EXCAVATION
METHODS

Stojance Mijalkovski!, Zoran Despodov!, Dejan Mirakovski!,
Afrodita Zendelska', Marija Kostadinova

Abstract

This paper shows the procedure for selection of mining excavation method,
which depends on several mining-geological and technical-economic factors.
Adpvisable is to use three optimization methods to the optimal choice of mining
excavation method for specific mineral deposit, to perform the comparison
of results and thus to choose the most effective mining excavation method or
method which enables the most efficient return on investment ventures.

Key words: mining excavation method, mining and geological factors,
technical and economic factors.

1) daxynTeT 3a NPUPOAHU M TEXHUYKH HayKu, Y HUBep3uTeT ,,['oue [demues” -llltun
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Bogen

Hajronem npo6aeM Ha KojLITO HaujlyBa CEKOj MCTPasKyBay Ha NOYETOKOT
KOr'a BpILM UCTPaKyBake 32 OTBOPAE M eKCIIoaTallja Ha HOB PYIHUK WU
aHaNIM3Mpa BeKe NMOCTOEUKH MOA3EMEH PYIHUK € U300p Ha OMKONHA Memood.
[Tpu noHecyBameTO Ha KOHEUHA OJIJTyKa 3a TOa KOja pyJAapcka OTKOIHA METOfa
Ke ce MpUMeHyBa, Tpeba Jla ce 3eMaT NpeaBuj] MOBeKe pPyoapCcKo-2€0A0UWKY
qbalcmopu KakKo IITO Ce:

rojemMuHara u ¢popmMara Ha pyHOTO Tello,

—  YCIJIOBUTE Ha 3aJIeTHYBamCTO,
— UBPCTHMHATA Ha Py/aTa U COCEJHUTE Kapmu,
— HMCIYKAaHOCTA Ha KaprecTraTa Maca u Jip.

Hcro Taka Tpeba fa ce 3emMatr BO NMPEABU/] U MEXHUYKO-EKOHOMCKUNE
dmlcmopu Kako IITO ce:

BpEIHOCTA Ha OTKOMNAaHaTa pyja,

— 0e30egHOCTA M 3IpaBUTE yCIJIOBH 32 U3BPILYBakhe Ha paOOTHUTE ONepalyy,

—  KOe(UUMUEHTOT Ha MOJrOTOBKA,

—  WCKOPHCTYBAaHETO HA Py/laTa MPU OTKOMYBAETO,

—  KOe(UUUEHTOT Ha OCUPOMALIyBaHe Ha Py/IHATa CYNCTAHLA,

— 1eHaTa Ha YMHEeH:E Ha e[ieH TOH py/a,

—  OTKOIHHUOT YUMHOK,

— JlerpajjauyjaTa Ha TEPEeHOT W OCTaHATUTE BIMjaHWja BP3 >KUBOTHATA
cpefyHa u fip.

lonemara OroBOpHOCT TpM M300pOT Ha MeETojlaTa 3a OTKOMYBamke
npousJerysa off (pakToT Jieka TPOLIOLUUTE HA OTKOMYBalbe MMAaaT HajroJIeMo
YUYECTBO BO BKYIHHUTE TPOLLOLM 32 eKCIJIoaTaluyja Ha pyJHOTO HaOf aJluILTe .

Nmajku ro mpenpup akToT jeka of rojeM Opoj Ha Hajpa3HOBUIHU
BJIMjaTEeNHA (PAKTOPM 3aBUCHM PELICHHETO Ha MpoOJeMUTe BO PYyIapCTBOTO,
3aTo0a MPOLECUTE Ha IPOEKTUPALE U OfNTyUyBathe BO PY/IAPCTBOTO CE U3PA3EHO
CJIOXKEHHU U Gapaar COO[BETHU HAYYHOUCTpaxKyBauku npucrtanu. [lopagu Toa
JIeHeC BO PyJapCTBOTO MHOTY TOJIeMa NPYMEHa Haofa MOBEKEKpUTEpUyMCKaTa
onTuMmu3zalurja (MOBEKEKPUTEPUYMCKUOT MaTeMaTHYKO-MOJICJICKM TPUCTAIT)
Npy TUIAHMPakbe U NPOEKTUPale BO PYIAPCTBOTO, OMAEjKM CO TOMOLI Ha
NOBEKEKPUTEPUYMCKOTO OJJIyuyBame Ce 3eMaar MpejBujl NorojieM Opoj Ha
BJIMjATEITHU TAPAMETPH.

N36opoT Ha MeToaTa 3a OTKOMYBame M KOHCTPYKLMjaTa Ha OTKOMOT
€ HajKOMIUIMLMPaHa U MHOTY TelllKa OfiiTyKa BO MPOLECOT Ha WH3KEHEPCKOTO
OlNTyuyBame Kaj Moi3eMHaTa eKcIuloarauMja, Koja IITO Ce JIOHECYBa BO
MHTEPAKTHBHA NPOLEypa 3a yNpaByBambe CO KapnecTUOT MacuB. 3a ycneuieH
n300p Ha METO/Ia 32 OTKOMYBAaHe MPECY/THO € CJIEHOBO:
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- 100po MO3HaBamke HA PY/IAPCKUTE OTKOMHN METOAN KOUIITO CE KOPUCTAT
BO COBpPEMeHaTa pyjapcKa npakca;

- 106po TO3HABaKkE HA TEXHOJIOTHjaTa M TEXHOJIOMIKUTE MOCTATKH;

- 106po NMO3HaBaHkE HA PACHOJIOKIMBATA Py/lapcka MEeXaHu3alyja KOjalTo
C€ KOPUCTU BO KOHKPETHUTE TEXHOJIOIIKM IMMOCTAINKU, KAKO 1 IMTO3HABAHKC
Ha HUBHATa MOXHOCT U 0apama;

- 706po TO3HAaBamke HA TMOCTANKUTE 3a paloOHAHA PEKOHCTPYKIMja
Ha peaJHNoOT KaprnecT MacuB M METOAWTE 3a yNpaByBame CO MAaCHUBOT
(EMIIMPUCKU METOIM, HYMEPUUYKU METOIM 3a HAIOHCKO-AeopManucKa
aHaJM3a U METOJIU 32 CTPYKTYpHA aHAJIN3a).

PypapckuoT nHxeHep paboTy co NOBEKe MM TOMAJIKY HajIe>KHY MOIaTOLM
KOMIIITO Ce€ Pe3yJTaT Ha IeoJIOIKUTE UCTPaKyBamba 32 KOHKPETHOTO PYIHO
HaofammuTe. CoriacHO co Toa, MpW M300pPOT Ha METOfIaTa 32 OTKOMYyBame
NPETXOfM AECTATHO W TEMENHO TMPOYyYyBame Ha PACIOJIOXKJIMBATA Te0JIONIKA
MOKyMEHTalMja 3a Py[HOTO HaofanmuiuTe. Pe3ynTaToT of oBa MpoydyBambe
Tpeba ja 61jie MEHTAJIHA CIINKA 32 PYJJTHOTO TEJI0, OTHOCHO PYHOTO HAOTJIUIIITE
BO KOHKPETHOTO ONKPY>KYBaHE.

Crnepna (pasza e paumoHanM3alyja Ha PEaTHUOT CHUCTEM KOja pe3yiTHhpa
CO MOJIETIVparke€ Ha KapnecTHOT MAacuB, CO KOWIITO MOJEIM TMOHATaMy ce
onepupa. Bo mpBrOT Yekop ce pasrieflyBa aHM30TPONKjaTa 1 XOMOTE€HOCTa Ha
KapnecTroT MacuB M C€ M3/ABOjyBa KBa3uxomoreHa 30Ha. CIeHUOT 4yekop e
KnacudurKanyja Ha KapnecTHOT MacWB, OMHOCHO KJlaCM(pUIMpame Ha ceKoja
KBa3uxomoreHa 3oHa. [loTtoa ciegyBa Kpeupawme Ha HyMEPUUKH MOJIEN 3a
KapnecTHOT MacuB KOjIITO ondaka AepMHUpambe Ha KPUTEPUYMOT 32 JIOM U
KOHCTUTYTHBHO M3€IHAUYBaHE 32 CEKOja KBA3MXOMOI'eHa 30Ha.

Hapennata cpasza e HajKOMIUIEKCHA M TPETCTaByBa BHECYBam€ Ha
YOBEKOBU KOHCTPYKTMBHOCTM BO IPUPOAHMOT cucteM. Bo oBaa pa3za
ce Kpeupa KOHCTPYyKIMjaTa Ha OTKOMOT CO OfipefieH OOJMK, TOJEMUHU WU
MPOCTOPHA MOJI0K0a Ha PYAHOTO TEJIO, COTJIACHO CO (PM3MYKO-MEXAHUIKUTE
U CTPYKTYPHUTE OCOOMHM Ha KApHECTMOT MAacuB W INpUMapHaTa HalOHCKa
cocroj6a. Bo oBaa chasa ce BpIIM AMMEH3MOHMpPAHkE HAa KOHCTPYKIMjaTa
Ha OTKOMOT, KOjamTo ondaka n360p M AMMEH3MOHMPAEe Ha TMOArpajiHaTa
KOHCTPYKIHja. 3HaUM BO OBOj YEKOP CE YCBOjyBa TEXHOJIOTHjaTa M COO/IBETHATA
onpema.

Bo nocnennara ¢paza ce mpaBu opraHuzaiyja Ha paboTaTa, ce MporHo3upa
AHraXXMPaAmkEeTO Ha JIyFeTo M ompemMara 3a 6apaHMOT KanauuTeT. 3aBpIIHUOT,
OFJHOCHO KPajHMOT YeKOp € TMPOLEHKAa Ha TPOLIOLUTE 3a OTKomyBame. OBa
€ KpajoT Ha MHKEHEepCKaTa aHajn3a U MOTOoa CJIEl €KOHOMCKAaTa aHajm3a,
Kajie WITO Ce BpLIM aHAJIM3Wpame Ha TPOILIOUMTE, CE YTBPAYyBaaT TEKOBHUTE
Ha KamuTanoT, Op3WHaTa 3a Bpakame Ha WHBEeCTMIMUTE W TpodutoT. Bo
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NOoCTanKaTa 3a EKOHOMCKa aHalm3a ce Oupa onTMMajlHaTa MeTofa Ha
OTKOIYBak€ 3a AACHUTE NPUPOJHU U NA3aPHU YCJIOBH.

PemaBame Ha NpoG6JIeMOT - H300p HA pyJapcKa OTKOMHA MeToa
IMocrankara 3a M360p Ha PyJapcKa OTKOIHA METOA MOXKE [1a Ce TOJEIH
BO JIBa JIeJ1a, OJHOCHO BO jiBe (hasu 1 Toa:
- panuoHasieH U300p Ha pyIapcKa OTKOMHA METOJIA;
- onTMMalieH U300p Ha pylapcKa OTKOIMHA METOJIA.

Panuonanen u36op Ha pyaapcka OTKONHA METOAa

Hajnpeun Bpumme paumoHaneH u300p, OFHOCHO CEJEKTHpamke Ha
PYHApPCKUTE OTKOMHU METOAU CIOPEN I'€OJIOIKUTE (baKTOpI/I KOuUmTo mmaart
BJIMjaHue MpU U300pOT Ha OTKOMHaTa MeTofa. OBfie BJieryBaar: reoMeTpujara
Ha PYIHWTE Teja W PaclpOCTPAHETOCTa HAa OPYAHYBameTO (OOJMKOT Ha
PYIHUTE Tejia, MOKHOCTA Ha PYJIHUTE TeJla, arojioT Ha 3aJieTHYBakhe Ha PyIHUTE
Tena, yiabounHaATa Ha 3aJIeTHYBamkbe HA PYJHUTE Teja, pACIPOCTPAHETOCTA Ha
OPY/IHYBaWETO BO PYJAHUTE Tejia) U (PU3NIKO-MEXaHMUKUTE KapaKTePUCTUKU
Ha pyjiaTa u COCeIHMTe Kapnu (LBPCTHHATA HAa KaprecTaTa Maca, paCTOjaHueTo
nomery MyKHaTMHUTE-OpojoT Ha mykHaTMHW/M’, RQD m RMR wunpekcor,
LBPCTMHATA HA CMOJIKHYBAH€ Ha IyKHATUHUTE).

[MocTojar moBeKe MNOCTanKU 3a HM300p, OJHOCHO CeJIeKTHpame Ha
PYyAapcKuTe OTKONMHM METOAW chopef reojomkure ¢aktopu. Haj3HauajHu
NOCTAIKM ce:

- mocrankara cropen Boshkov u Wright (1973);
- mocrankara cropeq Morrison (1976);

- mocrankata cropef Nicholas (1981);

- mocrankara cropen Laubscher (1981 u 1990);
- mocrankara cropen Hartman (1987);

- mocrankara criopen UBC (1995).

3a paupoHasieH n360p Ha pyJjapcka OTKOIHA METO/a HajueCcTO Ce KOPUCTH
nocrankaTta crmopeq UBC. Opaa mocramka e MoguduipaHa Bep3uja oOff
npuctanoT Ha Nicholas n e npennoxena of YHuep3uteToT Bo BpuraHcka
Konym6uja - Kanapma. CenekTupameTo Ha METOIUTE 3a OTKOIYBambe CIIOpes
UBC mnocrankara (Miller - Tait L., Pakalnis R. u Poulin R., 1995 g.)
NpeTCTaByBa HYMEPHUKO-OpOjUeHO paHTHpame, 3a Ofjpe/lyBambe Ha pyaapcka
OTKOITHA METOJIa WJTK IPyIa Ha METOJM 32 OTKOIYBaHe, KOUIITO CE MOrOJIHH 32
OTKOIyBak€ Ha JIaJICHO PYHO HAOIaJIUIITE.

Bp3 ocHOBa Ha MPeTXOJHO HABEICHUTE MapamMeTpy 3a PYITHOTO TEJO ce
BpILIK CeJIeKIIM]ja Ha CJIEJHUBE METOJIY 3a OTKOMYyBame, ciope; UBC nocrankara:
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1. Mertona Ha OTKOMyBamke CO OJIOKOBHO 3apyIIyBabLE;
2. TlopmeTaxkHa MeTOAa HA OTKOMYBAaHE CO OTBOPEHU OTKOIIN;
3. TlopmeTaskHa MeTOA HA OTKOIYBALE CO 3apYIIYBaE;
4. KoMOpHO-CTONIOHA OTKOITHA METOJIA;
5. MarauyHcka MeTojja Ha OTKOMYBAakhE;
6. Mertona Ha OTKOITYBakE CO 3aCHIYBabe HA OTKOMAHUOT MPOCTOP;
7. Meropa Ha OTKONYBawke CO 3apylllyBame Ha KpoBUHCKUTE Kapnu (Top

=0

slice);
MeTtopia Ha OTKOIyBame CO KBaPATHH CIIOTOBH;
IlIupokoyenHa OTKOMHA METOfIA;

. MeTopa 3a MOBPIIMHCKO OTKOMYBAHE.

3a pammoHaneH u360p Ha pyAapcka otkomHa Metopma crnopen UBC

nocrankaTa uMaM M3paboTeHO KomijyTepcka mporpama Bo Microsof Excel.
3a criopenba Ha W3JIE3HUTE PE3yNITaTH U TEKOBHA KOHTPOJIA HA TIPECMETKHUTE
ro KOpPUCTaM TOTOBHOT codTBepcku makeT: The mining method selection
(MMS) system, An Expert System for the Selection of a Mining Method, Based
on: The UBC Mine Method Selection Algorithm, Version 5.13 (Run-time),
Copyright 1986-1993 Comdale Technologies Inc., 2001. 'maBHOTO MeHM Ha
0BOj copTBEPCKH MaKeT—eKCIEePTCKU CUCTEM € MPUKaskaH Ha cimka 1.

HyperDisplay - mmshelp (topic #6)
Index IF.BruwseIB.Bmwsel Back | PrevDoc ’ Print... | Exit I Help
THE MINING METHOD SELECTION (MMS) SYSTEM

An Expert System for the
T Selection of a Mining Method

[GENERAL DEPCSIT GEOMETRY GRE THCKIESS

QULTATHE § QUNITATHE QUALATHE [ QUNTIATHE
Based on:

sl . The UBC Mine Method
QULTATHE | QUNTTATVE QUALITATVE |8 QUANTITATHE Selection Algorithm

‘GRAJE DISTREUTION ROCKMASS RATNG

| [ o §

T I

Developed by: Cameron Clayton, 2001
Input and Knowledge from:
Dr. Rimas Pakalnis

Dr. John Meech CLICK ON THE PICTURE TO START.

Cauka 1. 'naBao mern Ha MMS niporpamara
Figure 1. Main menu of the MMS program
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OntumaieH n300p HA pylAapcKa OTKONMHA MeTOa CO NMpPUMEHA Ha
NMOBeKeKPUTEPHUYMCKA ONTUMHU3ALHUja

OTKako Ke ce W3BpIIM palyoHaJieH W300p, OMHOCHO CeJeKTHpamhe
U W3ABOjyBale Ha HAjupuaTIMBUTE PYAAPCKM OTKOMHU METOA CIOpPEsH
reoJIoMIKNUTE (hakTOpy (MPBUTE YETUPH HAjBUCOKO PAHTMPAHU OTKOITHU METOIN ),
cJiefyBa ONTUMaleH M300p, OTHOCHO CENEKTHPae Ha M3ABOSHUTE PYAApCKA
OTKOITHA METOJIU CTIOPE]] TEXHUYKO-€KOHOMCKUTE 1 OPTaHU3ALMOHNUTE (paKTOpH
IITO MMaaT BJMjaHWEe Mpu M300pOT Ha OoTKomHaTta metofa. OBAe BieryBaar:
BPEHOCTa HA OTKOMAaHATa py/ia, 0e30eIHOCTa M 3IPaBUTE YCIIOBH 32 N3BPILIyBaH-e
Ha pabOTHUTE ONepalvi, IeHATa HA YMHEHE Ha €fIeH TOH PY/Ia, ICKOPUCTYBAHETO
Ha pyjaTa pyu OTKOIMYBAaHkETO,, KOS(PUIMEHTOT HA OCUPOMAIITyBaH-€ Ha Py/IHATA
CYNCTaHIA, KOS(UIMEHTOT HAa MOJrOTBUTENHN PabOTH, OTKOMHUOT YYMHOK,
JerpajjanMjaTa Ha TEPEHOT U OCTAHATHUTE BIIMjaHMja BP3 >KMBOTHATA CpPEAVHA.
3a ontumaneH n360p, OTHOCHO CEJIEKTUPAEe Ha PY/IAPCKUTE OTKOIHA METO/IN
CHOpe/] TEXHWYKO-€KOHOMCKUTE W OPraHU3alMOHUTE (DAaKTOPH CE€ KOPHUCTAT
MOBEKEKPUTEPUYMCKUTE ONTUMU3ALMOHA METO[M, KaKo HITO Ce: MEeTOoAaTa
ELECTRA, PROMETHEE, AHP u ap.
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OCHOBeH KOHLIENT HA MPeJI0OKeHATAa METOIOJIOTHja 3a u300p Ha
ONTHMAJIHA pyJapcKa OTKONHA MeToa

JeduHupamwe Ha NPO6JIEMOT:
- Te0JIOIIKHU (hakTopH;
- (hM3HYKO-MEXaHMYKH KapaKTEPHCTHUKH.

|PauM0HaneH M360p Ha pyAapcKa OTKOIHA MeTo,qal

| Cnopeg meTogonorujara na UBC|

PanyoHa/sHU pyjapcKyU OTKONHU METO/U:
pyZapcka OTKoNHa MeToja 1;
pyAapcka OTKONHa MeToja 2;
pyZapcka OTKONHa MeToja 3;
pyZapcka OTKONHA MeTo/a 4.

v

BJie3HH 0aTOIM 3a ONITUMaJIEH U360p:
- TEXHHYIKO-€KOHOMCKH MapaMeTpH;
- OpraHH3alUOHU TAPAMETPH.

v

OnTHMasieH H360p Ha pyAapcKa OTKOITHA MeTOo/ja CO
nprMeHa Ha TOBEKeKPUTEPUYMCKa ONITUMH3aLHja

| Metoga ELECTRA | | MeTtosa PROMETHEE | MeToza AHP

|Cr[0pe,qua1—be Ha JJ00MeHnTE pesyJITaTHl

/ OnTHMaHa pyAapcKa OTKOITHA MeTo/a \

Cauxka 2. OcHOBEH KOHIIENT Ha MpeJIosKeHaTa METOA0NIONMja 3a U360p Ha pylapcka
OTKOITHa METOJia
Figure 2. Basic concept of proposed methodology for selection of mining excavation
method
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3akay4ok

Hajronem npo6siem Ha KOjIITO HanIyBa CEKOj MPOEKTAHT KOTa MPOEKTHPa
HOB PYJHUK 32 MOJI3eMHa eKCIuIoaTalyja uim pa3paboTyBa BeKe TIOCTOSUKH €
n360poT Ha pyflapckaTa oTKonHa MeTofia. [Ipu moHecyBameTo Ha ofjIyKa 3a Toa
KOja py/lapcka OTKOIHA MeTofa Ke ce MpuMeHH Tpeba f1a ce 3eMaT MpeaBH/ IIITO
noBeke (pakTOpW KOM MMaatr BIIMjaHue Bp3 M300POT Ha pylapckaTa OTKOITHA
MeTopia. Bo KosKy e BKitydeH norosiem 6poj Ha pejieBaHTHU (PaKTOPH, 10 TOJIKY
1 n3bpaHaTa pyjiapcka OTKOIHa MeTofia Ke Oujie TOCOO/IBETHA Ha KOHKPETHNUTE
PYAapCKO-T€OJIOMIKY YCIIOBH.

Opn mn36paHaTa, OTHOCHO NMPHUMEHETaTa OTKOMHA METO/Aa 3aBHUCAT MHOTY
BaXKHU MOKA3aTeJIM TPU eKCIUIoaTalijaTa Ha HEKOe PyJHO HAOTaJIMIITe, KaKo
ITO ce: pabOTHMOT yUYMHOK , TPOILIOLIUTE 32 OTKOIMYBame Ha py/laTa, roJIeMUHaTa
Ha 3aryOuTe 1 OCHPOMAIIlyBaH-ETO Ha PyAaTa M KOHEYHO (PMHAHCUCKUTE e(PeKTH
KOM LITO MPHUTOA ce ocTBapyBaar. LlenTa Kojamro cakaMe fa ja mOCTUTHEME CO
NpUMeHaTa Ha n36paHaTa OTKOIIHA METOJIa, TIPef] CE, € OCTBapyBame HA HUCKU
TPOLIOIM 32 eKCIuloaTanyja Ha PyJHOTO HAOfaJMIITE, a CO TOA U IMOrojeMa
¢uHaHcuCKa 100MBKa, HO U300POT HA METOo/jaTa 3a MOJI3EMHO OTKOIMYBaHE HA
PYAHO HaoraJMIITe HE MOXE [a Ce 3aCHOBA MCKIIyUYMTEJHO BP3 HABEACHUTE
KPUTEPUYMH.

O6e36enyBambeTO Ha CUTYPHU YCJIOBH 3a paboTa Ha pabOTHUIWTE BO
OTKOIUTE, NCKOPUCTYBAETO HA PYAHOTO HAOTaJMIITE W OCHPOMAIITYBAHETO
Ha pyflaTa MCTO TaKa MOXKaT ja ce BOpojaT BO BiMjaTesHHUTe (DaKTOPU Bp3
n360pOT Ha PyJjapcKaTa OTKOMHA METOJIa, KOM NICTOBPEMEHO NMAaT 3HAUYUTEITHO
BJIMjaHNe 1 Bp3 (PMHAHCHCKNUTE e(PEeKTH IITO CE OCTBApyBaaT CO MpUMeHaTa Ha
pyAapckaTa OTKOIHA METOfIa 32 OTKOMYBAake Ha aIecHOTO PYHO HAOT aJIuIITe .

I'onemoTo ocupoMaliryBame Ha pyjiaTa OOMIHO Ce T0jaByBa CO HeTaTUBHU
edexTn BO nojionHekHaTa (paza, mpu npepaboTKaTa, OfHOCHO (DIIOTUPAmETO Ha
pynara. Hacipotu Toa, MaloTo ocMpoMalllyBamhe Ha pyflaTa, BO 3aBUCHOCT Off
NpUMEHETAaTa OTKOMNHA METOa U KaPaAKTECPUCTUKUTE HA PYAHOTO HAOr aJINIIITE
MO>Ke /1a IOBEJIE 10 3HAYNTETHO MAJIO ICKOPHUCTYBAHe Ha PyAHOTO HAOT aJInIITe,
OJIHOCHO TroJieMa KOJIMYMHA Ha Py/ia TPAjHO OCTaHyBa HEMCKOIAaHa BO PYAHOTO
HAOlaJIMILITE MO 3aBPIIYBAalETO CO HEroBaTa ekcruioaranyja. Mako mpu maso
MCKOPUCTYBae Ha pyfaTa, Off PYJHOTO HAOaJIMILITE MOXKAT Jla CE OCTBapar
3HAYNUTEITHU MTOBOJIHU (PMHAHCHUCKY e(PeKTH, TOA BO OfIpEAICHH CIydyan He MOKe
Jla ce CMeTa 3a ONpaBfaHo, OMiejKN py/iaTa MPeTCTaByBa HEOOHOBJIMB, @ YECTO
Y OrpaHWYeH MPUPOJIEH pecypc.

MHory6pojHuTe pasriefyBama U NMpOydyBamka YKaKyBaaT Ha TOa fieKa
n360pOT Ha METO/IA 3 MOI3EMHO OTKOMYBAaHhe Ha PY/JHO HAOT aJIMIITE 3aBUCH Off
rojieM Opoj Ha peJIeBaHTHU (DAKTOPH, OMHOCHO Off HUBHUTE KapaKTEPUCTUKH.
PeneBanTHHUTE, OMHOCHO BIIMjaTeMHUTE (paKTOPW BasKHU 32 M300p HA METOJIa 3a
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MO/I3EMHO OTKOIYBaH-€ HA PYJJHO HAOTAJINILITE, MOXKAT JIa CE TPYNUPaAaT BO TPU
OCHOBHM T'PYIHA U TOA!

—  TeoJIOWKH (PaKTOpH;

—  TEeXHUYKO-€KOHOMCKH (PaKTOpH;

—  OpraHuM3auvoHu (hakTopu.

[TpuToa e Temko aa ce u3ABOM HEKOja Off MPETXOMHUTE TPyNH Ha (hakTopn
KaKo Haj3HayajHa.

Bo pynapckara mpakca ce MO3HATH Ciy4yad BO KOMILITO T€OJIOMIKUTE
(pakTOpH A03BOITYBaaT MPMMEHA HAa COOJIBETHA OTKOIHU METOJIH, HO IPUMEHATa
Ha OTKOMHATa METOfIa HE MOXeE /la Ce pasriefyBa Kako OMNpaBfaHa Off aCMeKT
Ha TEXHUYKO-EKOHOMCKHTE (haKTOPH, OTHOCHO Off (PMHAHCUCKU acmekT. KcTto
Taka, MOXHU C€ CJlyyau BO KOMIITO M3OpaHaTa OTKOMHA METOfia noapasoupa
NpUMeHa Ha OfJpefieH TUI Ha MEeXaHM3alyja, HO T€0JIOMIKUTE YCIOBH TOA HE IO
J03BOJTyBaaT.

ITopagu HErOBOTO roJieMO 3HaueHe, MPOOJIEMOT 3a M300p HA METOAa 3a
MO/I3EMHO OTKOMYBAamke Ha PY/IHA HAOTaNWINTA IO MPOYy4yBaje MHOTY aBTOPH.
Kako 3aennnuka ¢paza o mocTankuTe KOW 1ITO TU MpeiaraaT NnoejlMHEYHNUTE
aBTOpM, CO Led 3a M300p HAa METO/a 3a MO3EMHO OTKOIYBamke Ha PYIHO
HAOTraJIMIIITE,, MOKAT JIa Ce M3M[BOjaT ABe (ha3u:

—  paumoHaseH u360p Ha pyfapcka OTKOIHA METO/A;
— onTuMaleH u3bop Ha pyfapcKka OTKOIHA METO/A.

Payuonaanuom usbop Ha pypmapcka OTKOMHA METOAa Ce BpIIM BpP3
OCHOBA Ha Te0JIOHIKNTE (PAKTOPW M MPHUTOA € MOTPeOHO /1a ce MPUMEHYyBaaT
HajCOBpPEMEHNUTE METOJOJIOTHHM KOMIITO NOCTojaT. BakBu MeToponoruu ce:

— wmeroposorujata Ha Nicholas;
— Hej3uHaTa MofuduIMpaHa Bep3uja mo3HaTa Kako meroposorrja Ha UBC

(YuusepsureroT Bo bpurancka Konym6uja - Kanana) u sip.

OTKako Ke ce U3BPLIM palyoHaIeH 1300p Ha pyJapcKa OTKOIMHA METOofia,
OJIHOCHO K€ Ce M3]BOM I'pymna Off METO/IM MOTOfIHA 32 MPUMEHa, TIOTPEGHO € /1a
ce M3BPIUM onmumaJieH u3bop Ha pyaapcka OTKOMHA METO/a, BP3 OCHOBA Ha
TEXHUYKO-€KOHOMCKHUTE M OpraHM3alioHnTe (PaKTOPH, MPH IITO MOXKE Jia ce
MCKOPUCTH MOBEKEKPUTEPUYMCKATa ONTUMH3ALH]ja.

IToBekekpuTepmymMcKaTa ONTHMHU3alMja OBO3MOXKYBa BKIIyUyBambe
Ha moroyieM OpOj KpUTEpUYMH, OHOCHO pPeJeBaHTHMU (PaKTOPH, CO IUTO Ce
MOCTUTHYBA M TIOroJieMa TOYHOCT Npu M360poT. Off MOBEKEKPUTEPUYMCKUTE
ONTUMM3ALMOHN METO/IM HAJMHOTY C€ TIPUMEHYBAHHU CJIC/THHBE:

— wMmetonata ELECTRA;
— wmertopgata PROMETHEE;
— w™etopata AHP u nip.
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[Ipn ontumarneH m300p Ha pyJgapcka OTKOMHA METOAa 3a KOHKPETHO
PYZIHO HaofaluILTe, MOXKEJHO € 14 C€ KOPUCTAT TPU ONTUMMU3ALMOHU METOU
3a 1a ce M3BPILM CHOPENyBake HA JJOOMEHUTE Pe3yJITaTh M Ha TOj HAYMH Ja
ce u3bepe HajepykacHaTa pyAgapcka OTKOMHA METOJa, OJHOCHO pyjapckara
OTKOITHA METOJ]a KOja OBO3MOXYBa Haje(pMKACHO BpaKame Ha MHBECTULMIOHUTE
BJIOXKYBama.
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UDC: 622:22 [Ipernenen Tpyn

TPOIIOLU ITP N3PABOTKA HA XOPU3O0OHTAJIHU PYJAPCKH
MNPOCTOPUN

Huxkoaunka [onesa', 3opan decnomos!, Mapuja Xayu Hukososa !

AncTpakt

Bo 0Boj Tpyj e aHanM3upaHa M3paboTKaTa Ha XOPU3OHTAHU PYapCKU
NPOCTOPUM BO YETHPH Pa3IMYHU paboTHU cpeiunu. [lo yTBpiyBame Ha
BKYITHUTE TPOIIOLY 33 CEKOja OfT YeTUPUTE YCBOSHU BAPUjaHTH HA XOPU30HTATHA
NPOCTOpHja, HAPaBeHa € aHAJIM3a HA Ha YYECTBOTO HA TPOLIOLWTE 32 OJICTHATE
padoTHH omepanyy BO BKYMHUTE TPOLIONM MPU W3pabOTKA HA XOPU3OHTAIIHU
PY/IapCKU MPOCTOPUH.

Kayunu 300poBu: pabomuu onepayuu, eOHOAKCUJAAHA NPUMUCHA
UBPCMUHA, UCHYKAHOCHL.

COSTS OF CONSTRUCTION OF HORIZONTAL MINING
WORKINGS

Nikolinka Doneva', Zoran Despodov', Marija Hadzi Nikolova'

Abstract

In this paper analyzed the construction of horizontal mining workings
in four different rock type. After determining the total cost for each of the
four adopted variations of horizontal workings is made the analysis of the
participation costs for individual workings operations in the total costs of
construction the horizontal mining workings.

Key words: working operations, uniaxial compressive strength, cracked.

1. Bogen
YcBoenn paGOTHM CpelivHA BO KOW Ce€ BpIIM M3paboTKaTa ce: OJOBHO-
IIMHKOBA Pyfa, F'HajC, MarHe3uT U mKpuiel. Bo Tabena 1 ce gagenn ¢puzniko-
MEXHUYKWATE KapaKTEPUCTUKU JOOMEHN CO JTabOpaTOPUCKU UCTIATYBaba, KOU
ce MOTpeOGHU 3a CIpOBENyBame HAa OBA WCTPAKyBamke M TOA: BOJYMEHCKa
texuHa Y [MN/m?], eqHoakcujaiHa MpUTHCHA UBPCTUHA o, [MPa], uspcruna

1) ®akynTeT 3a NPUPOIHUA M TEXHUYKU HAYKU, Y HUBep3uTeT ,,I'oue Hemues - lTun
Faculty of Natural and Technical Sciences, University “Goce Delcev” Stip
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Ha 3aTernyBame O, [MPa], koxesuja C [MPa], aron Ha BHaTpeIHo Tpueme ¢
[°], [ToacoHoB koeuLMEHT V U MOy Ha enacTudHocT E [MPa].

Tabeaa 1 - PU3NIKO-MEXaHNUKN KAPAKTEPUCTUKN HA YCBOCHNUTE PAOOTHHU CPEfIHA

v c o, C (0} E
LS [l\n/{g/ [MIc’a] [MPa] | [MPa] [°] v [MPa]

O10BHO-IIMHKOBA

0,0377 | 142 17,00 | 285 46,5 | 0,245 | 69500
pPyAa

I'najc 0,0275 | 127 14,50 | 20,5 37,5 | 0,170 | 42000

IIBpct marnesut | 00280 | 109 8,64 8,32 33,8 | 0,220 | 30495

IIkpuiten 0,0270 | 98 6,10 | 1400 | 320 | 0,120 | 32000

Bo mpopmomkeHne ce pmageHM caMoO pe3yaTaTUTE JOOWMEHU npu

KBacu(uKapja Ha ycBoeHuTe paboTHu cpenutu 1o Bieniawski (1989)

Cnopeo kaacugpukayujama na Bieniawski (1989) pabomnama cpedurna
— 0208HO-YUHKO8A pyoa co eékynHo RMR = 70 ja kaacugpuyupame 60
Kkaaca I u e onuwana kaxo 006pa pabomua cpeduHd, co 00360AEHO
Henodzpadeno pacmojarue 00 10 m.

Cnopeo kaacugpuxauujama na Bieniawski (1989) pabomuama cpeouna —
2Hajc co ekynHo RMR = 65 ja kaacuguyupame 6o kaaca Il u e onuwana
Kako 006pa pabomua cpeOuna, o 003804€HO HENOOPAOEHO PACMOjaHUe
00 10 m.

Cnopeo kaacugpuxayujama na Bieniawski (1989) pabomna cpedurna
— Mazrne3um co ekynHo RMR = 52 ja xaacugpuyupame 6o kaaca Il
U € ONUWAHA KAKo CPeoHo 000pa pabomua cpedurd, cO 003804EHO
Henoozpadeno pacmojarue 00 5 m.

Cnopeo kaacugpuxayujama na Bieniawski (1989) pabomna cpedurna
— wkpuaey co exynio RMR = 34 ja xaacugpuyupame 6o xaaca 1V u
ucmama moxce 0d ce OnuLe KaKo Aoud pabomua cpeouta, co 003604eHO
Henoodzpaodeno pacmojarue 00 2,5 m.

Cnopeo kaacugpuxayujama na Bieniawski (1989) osaa pabomna cpeduna
Jja kaacugpuyupanme 6o kaaca IV u ucmama modxce 0a ce onuiie KaKo Aoua
Pabommua cpeduna, co 003804eHO HENOOPAOEeHO pacmojarue 00 2,5 m.
EpnHoakcujanmHaTa MPUTHCHA LBPCTHHA 3a YCBOGHUTE KaprecTu

MaTepujaiy e MpecMeTaHa co MOMOLI Ha oOpasel] KOj ro BKIIy4yBa BIUjaHUETO
Ha MCIMyKaHOCTa Ha PUTHCHATA UBPCTUHA HA KAPHIECTUOT MaTepuja.
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Kaye ce:

2 — ¢=0%r  [MPa] M
Cc

0, - €HOAKCHjaJHATA IPUTUCHA LBPCTUHA Ha KaprecT Matepujan [MPa];

O - €[IHOAKCHjAITHATA IPUTUCHA UBPCTUHA Ha MOHOJUT [MPa];
J - (pakTOp HA MyKHATUHUTE.

Jy =2, @

Kajie ce:

J — Opoj Ha MyKHATMHM Ha efieH MeTap [br./m’];

n — mapaMeTap Ha HaKJIOHOT, 3aBUCH Off HAKJIOHOT Ha paMHMHATA Ha
NYKHATUHUTE CTIpeMa MPaBeLoT Ha MOroJIeMOTO TJIaBHO Hanperame (Tab. 2);

I — mapameTap Ha UBPCTHHATA HA MyKHatnaute, | — t9P-

Tabeqa 2 - [lapameTap Ha HAKJIOH HAa ITyKHATUHUTE

AroJ1 Ha OpUEHT. Ha
yKHATHHA, 3

n 0,82]1046]0,110,05]0,09]0,30{046]0,64]0,82]0,95

0 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90

Bp3 ocHOBa Ha OBa ce JJoOMBaaT ClIe[IHMBE BPEHOCTH 3a eJHOAKCHUjaHa
NPUTUCHA LIBPCTHHA HA YCBOCHUTE KApIeCTH MaTePUjaliu:
1. OnosHo-umHKOBa pyaa: 0, = 113 MPa;
2. Twajc: 0, = 80MPa;
3. Uepcr marwesut: 0 = 60MPa;
4. Tkpuneu: o, = 52MPa.

3a fa ce mobujaT mopaToNM KOU Ke MoXaT fa ce cropeaar, MoTpeGHo e
OCTaHATHUTE BJIMjaTEHU MapaMeTPu BO CUCTEMOT Ha M3pabOTKa Ha pyjapcka
npocTopHja la OUAaT UCTH Kaj CUTE PyAApCKU MPOCTOPUH.

Kako ¢puxcnu napamempu Bo cucteMot Ha u3pabOTKa Ke Bjie3ar:
— roJieMHMHaTa Ha TIONMPEYHUOT MpeceK Ha nmpoctopujata — 10,1 m?;

— (opmara Ha TONMPEYHMOT TMpeceK Ha pyjapckara mnpocTopuja -
BUCOKO3aCBOJICHA;

— mpoceyvHaTa [ijlabourHa Ha TpacaTa Ha uctata — 500 m;

— BEK Ha ynoTpeba Ha pyfgapckaTa mpocTopHja — PeJIaTUBHO JIOJT;

— HMBO Ha MEXaHU3UPAHOCT Ha MPOLIECOT Ha U3paboTKa — OufejKu cTaHnyBa
300p 3a nMpouII CO UCTa roJieMrUHa Ke ce PUMEHH UCTa MeXaHu3alluja;
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— opraHu3anyja Ha paGoTa — Ke ce MPUMEHN Bp3aH TEXHOJIOIKN UKIYC CO
TOYHO BpeMETpaeHe Ha pabOTHUTE ONepanui;

— MeTofa 3a mpoOuBame Ha pyjapckaTa MpoCTOpHja — CO NMPUMEHa Ha
AyIYEYKO-MUHEPCKU paboTH;

—  0CMOCOOEHOCT Ha padOTHUOT MEPCOHAN — PEJIATUBHO 100PO 00YYEH;

— BpeMeTpaere Ha elHa CMeHa 1 Op0j Ha CMEHHU Ha JIeH — BO IPECMETKHUTE Ke
Ce O CO 1ecT e(peKTUBHH Yaca Ha CMEHa M TPU CMEHH Ha JIeH.

2. IlpumeHeTra MexaHU3aLKja 3a U3PA0OTKA HA PyIAPCKUTE MPOCTOPUH

Cnopen JUMEH3MUTE Ha MONPEYHHOT MPECEK HAa MPOCTOPUUTE 3a AYITUCHE
Ha MUHCKUTE AYITYOTUHU CE yCBijBa CIICKTpOoXuapayjandHa 1ynmdyajaKa ofa TUIoT
Rocket Boomer 104, co eqna mynmyeuka rpaska, co tun Ha jacger BMH 2831
n xuapaynnaky nymdeukn yekan COP 1838 ME, npou3BoicTBO Ha 1IBeficKaTa
¢pupma Atlas Copco.

3a paboTHaTa omnepanyja IpoOBETPYBambe BO COPTBEPCKUOT MakeT Davents
€ U3BpIlIeHa TOTpeOHAaTa aHANIM3a U € M30paH BeHTWIIaTop off Tun Zitron 7-30/2,
NPOM3BOJICTBO HA INMAHCKaTa pupma Zitron, o MOKHOCT Ha €IEKTPOMOTOP Off
30 kW, ueBku co mujameTtap ox 0,7 m u mosckuHa Ha cermMeHT off 1 m. Ke ce
npuMeHn (hrieKCUOUIIeH HEBKOBOJT Of TYMUPAHO IUIATHO, JIECEH 32 MOHTUPAE
1 neMoHTHpame. [loiskuHaTa Ha oBOj HeBkoBop ¢ 300 m, a 3a morosjemu
JOJKWHU € NpEABUJICHA BEPTUKAJIHA BPCKa CO LCHTPATHMOT BEHTUIAUMUCKH
cucrem — LIBC.

Wmajku rv npeBuy roieMrHaTa Ha MOTIPEYHMOT NIPEeCeK Ha MPOoCTopHjaTa
U TIOYATYBAaKkETO HA TMOTpeOHUTEe 6e30eMHOCHM pacTojaHWja 3a TOBapeHe
1 TpaHcnopT Ha pactojanue o 200 m, Kaj oBaa BapujaHTa Ke ce KOpPHUCTU
TOBapHO-TpaHcnopTHa MammHa off Tunot ST 2G, mpousBox Ha hupmara Atlas
Copco, co BoayMmeH Ha jaxkunarta of 1,9 m®u wocmsoct 3,6 t. MokHOCTa
Ha BrpaJIcHMOT Ju3en MOTop Kaj oBaa mammHa e 87 kW. Ilopgatouure 3a
MOKHOCT Ha AU3€Jl MOTOPUTE Ha KOMIUIECTHO HNPUMEHETATa MeXEIHI/I?:a[H/Ija
c€ KOPHUCTAT NpY NpecMeTKa Ha NOTpeOHaTa KOJIMYMHA HAa CBEXKA BO3yLIHA
cTpyja op nokamHnoT BeHTwinanucku cucteMm (JIBC). [lomeka 3a TpaHCHopT
Ha OJMUHUPAHUOT MaTepujasl Ofi YeJIOTO WJIM Of] MPeTOBapHATA KOMOpa Ji0
HAJBOPEIIHOTO OfIJIaTaJIMINTe K& Ce KOPUCTH jaMcKu KammoH Sandvik 417,
npoussop of pupmata Sandvik. OBOj jaMCKi KaMMOH MMa BOJIyMEH Ha CaH/aK
8,3 mu HocuBocT o 15,4 t . MOKHOCTa Ha BrpafieHHoT U3e]I MOTOP Kaj oBaa
MammHa e 156 kW.

3a BrpajyBame Ha NMPCKaH OETOH Ke ce KOPHUCTHU AW3eN — XUpayJIndHa
mainmHa Normet 6050 WP, mpousBosmcTtBo Ha ¢huHckata ¢pupma Normet
Corporation. MoKHOCTa Ha BrpajeHHOT au3en Motop € 96 kW. [lomeka 3a
aHkepupame ke ce nmpumenu Boltec 235, Atlas Copco, co MOKHOCT Ha Au3en
mMoTtop 58 kW.
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3. Ilapametpu Ha oeTHNTE PAGOTHHU ONEpPAIMH

Kaj cure BapwjaHTM AyMYOTMHWUTE CE€ CO NpeyHWK 45 mm, OCBeH
LEHTpaJlHaTa, KOja nMa mpeyHuk 64 mm. ['onemiHaTa Ha ICKOMHUOT MOTPEeYeH
npecek usHecysa S, =10,6m’.

[TpumeneT e MpuU3MaTHYeH THUII Ha 3aJI0M CO Mpa3Ha LEHTpaJHa MUHCKA
aynka. 3a MUHMpame Ke ce npumenn ekcrio3uB AMONEKS-3, npoussopicTBo
Ha ,, Trayal” xopmopamuja opm Kpymesan, P.Cpbuja. 3a momomHuTe U
3JIOMHUTE MUHCKH JYMTYOTHHHU K€ C€ KOPUCTAT MaTPOHU CO MpeyHuK 38 mm,
a 3a nepudepHUTE MUHCKU TyMYOTHHH K€ C€ KOPUCTAT MATPOHU CO TPEUHUK
28 mm. [IpecmeTknuTe 3a MOTpPEeOHMTE AYMUEUYKO-MUHEPCKH TapaMeTpy ce
HarpaBeHH M0 UCTU 00paciyl M POBEPEHU CO MCKYCTBEHH MOJIATOLM (OBa BaxKU
3a cuTe pabOTHU OMepaln) 3a CUTe BapujaHTu (Tademna 3).

[To pmymueuyko-mmHEpckuTe paboTy ciemyBa may3a opf 30 MuHypu
(Bpeme yCBOEHO 3a CMTE BapHjaHTH), KOra co rnomou Ha Kommpecuonu JIBC
padoOTUIMILITETO C€ OCJ000yBa Off 3alpalleHoCcTa U IITETHUTE T'acOBU Off
MuHupameTo. [lapameTpuTe 3a oBaa paboTHa omepanyja ce aieHu Bo Tabena
4.

Kaj paboTtHara onepanyja ToBapewe U TPAHCTIOPT KaKo BJI€3€H MOAATOK
€ KOJIMYMHATa Ha OJ]MUHUPAH MaTepHjasl Off €IHO MUHUPAHE, BO PacTPECcHUTa
cocTojoa. [TapameTpuTe 3a oBaa paboTHA onepanyja ce JageHu Bo Tabemna 5.

3a noparpagyBame Ke ce MpUMEHH eacTUYHa mofrpafa (mpckaH O6eToH
+ 4YennM4Ha MpeKa + aHKepu + uyenuyHu pamku). Koj on oBue eiremeHTH Ke
Ouyie MPUMEHET 3aBWCH Of] HANPaBEHUTE NMPECMETKU 3a MOTpeGHa HOCHBOCT
Ha MOArpPajiaTa, BO 3aBUCHOCT Off KAPaKTEPUCTUKUTE Ha PAOOTHUTE CPEMHM.
[TapameTpute 3a oBaa paboTHa omnepalyja ce majeHn Bo Tadena 6.
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Tabeaa 3 - [Iynuedyko-MMHEPCKH NapamMeTpu

Pb-Zn . Hspcer
ITapamerap pyaa I'najc MAFHEINT Ikpumnen
Bpoj Ha MuHCKY mymyoTuan [br.] 33 29 21 19
JlosKrHa Ha MUHCKA aynka [m] 2,70 2,70 2,7 2,7
JlomKHa Ha HalpelyBatbe Off €HO 23 230 23 23
MUH.[m]
BkynHa o;KMHA HA MAHCKA 89.10 78.30 567 513
AYNYOTHHM [m]
BkynHO Bpeme 3a fiynueme U 447 408 318 301
MuHupamwe [h]
B1’<yn. B]?CMC 3a AyITYEHE U MUH. 32 1.94 177 138 131
m’ [h/m’]
BonyMe}; Ha MaTepHjajl BO pacTp. 36.60 36.60 36.60 36.60
cocT. [m’]
Maca Ha uckonor 92,00 67,10 68.40 60,50
Bkyn. konny. Ha ekcnio3us 3a 1 62.40 54.60 36.80 32.90
muH.[kg]
Creyuduryna TIOTPOLLYBAKa Ha €ll. 1391 12.17 8.70 783
geToH. [det./m’]
HOTpomyBaqK,a Ha eKCIUL. o 1 m 27.13 2324 160 1430
xopHuK [kg/m’]
Bpoj Ha paboTHULM 32 IyYeHe 1 3 3 3 3
MUH. [br.]
HOpMaT’I/lB 32 HajiH. 3a {yI4. U MUH. 097 0.89 0.69 0.65
[nad./m’]
Tabeaa 4 - BeHTnnauycky napameTpu
ITapameTap I'onemuna Epununa
BenTtunarop op Tun Zitron 7-30/2 1 6poj
MOKHOCT Ha eJIeKTPOMOTOPOT Ha BEHTIJIATOPOT 30 kW
Pa6oren nputncok - H, 2674 Pa
ITpoTok Ha BeHTHIATOP - Q 9,3 m®/s
Kosmunaa Ha Bo3yx Ha paboTHO 4eso — Q. 8,86 m¥/s
ujamerap Ha nieBkoBop - d 0,7 m
HomK1Ha Ha efjHa LIeBKa 1 m
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Tabeaa 5 - Tlapamerpu 32 paboTHa Onepalyja TOBAPEHE 1 TPAHCIIOPT

Pb-Zn . Heper
[TapameTap pysa I'najc MAFHESHT Mlkpuner
Koed. Ha nonnewe Ha LHD manimnaTa 0,8 0,85 0,85 0,9
KoedunpenTt Ha pacTpecuTocT 1,6 1,5 1,5 1,45
Hacwnna rycrusa [t/m?] 2.36 1,83 1,87 1,86
Bp. Ha nukmycu 3a Matepujan 1 MuH.
Ha LHD mammnara [cikl.] 26 2 2 19
Bk.Bpeme 3a TOB. M TPaHC. Ha MaTep.
op 1 munuparse co LHD [min] 898 792 793 66,4
Bp. Ha nukin. 3a 1 mus. Ha JK [ciklusi] 6 5 5 4
BkymHO BpeMe 3a TPaHCIIOPT Ha
marepujan of 1 munupasse co JK [min] 103,7 20,1 20,2 759
Bk. BpeMe 3a TOB. U TpaH. Ha 1936 1693 1695 1420
MaTepHjall off eTHO MUHUpake [min] ’ ’ ’ ’
Bpewme 3a ToBapeme U TPaHCTIOPT BO 1.40 120 120 1.04
yacoBm 3a m3pabored 1 m’ [h/m’] ’ ’ ’ ’
Bp.Ha paboTHUUM 3a TOB. 1 TpaHc [br.] 2 2 2 2
HopmatuB 3a HaJHULI 32 TOBapewe 047 041 041 034
Tpancnopt no m’ [nadn/m’] ’ ’ ’ ’
Tabenaa 6 - IapameTpu 3a pabGoTHA OMepaiyja MojirpajlyBarmhe
Pb-Zn
ITapameTap . IBpct
pyna I'najc MArHEINT Ikpuner
ITonmynpeynuk Ha npocTopujata [m] 1,6 1,6 1,6 1,6
Papnyc Ha pacnykana 30Ha [m] 1,65 1,674 191 1,99
IToTpeGHa HOCUBOCT Ha moArpagaTa
[MPa] 44 4.7 40 39
HocuBoct Ha nipcTeH o MaTHYHA 104 102 100 74
kapna [MPa] ’ ’ ’ ’
BkymHa HOCHBOCT Ha TIOArpajiaTa 10,57 1075 10.6 8.46
[MPa]
IToTpeGen BomyMeH Ha NpcKaH 235 235 118 058
6eToH 3a TpB coj [m’] ’ ’ ’ ’
Jle6GenuHa Ha TIPB CJI0j HA TPCKaH 003 003 003 003
6eToH [m] ’ ’ ’ ’
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Jlo/KrHA KOja HaeHAIll Ce

nopranysa I [m] 92 92 46 23
HOTpe6eI'{ BOJIYMEH Ha np. 6ETOH 3a ) 3.14 274 2.16
BTOp cnoj 3a I [m] [m?]
JlebenrHa Ha BTOP CJI0j HA MPCKaH ) 004 007 0.11
0eToH [m]
BkymnHO BpeMe 3a moArpagyBamke Ha

2,6 11,2 8,6 9,0
[ [m] [h]
HOTp.’Ha IIeMeHT 3a 1 m’ XOHUK 110 257 367 513
[kg/m’]
Ho;rp.l’{a necok 3a 1 m’ XogHUK 031 072 102 143
[m*/m’]
ITotp. Ha akuenepatop 3a 1 m 6 13 19 26

xoHuK [kg/m’]
IToTp. Ha u.Mpexka 3a 1 m’ XOHUK

- 20,39 20,39 20,39

[kg/m’]
[ToTp. Ha ankepu 3a 1 m’ XOIHUK

, - 4 5 9
[br./m’]
[ToTp. Ha pamku 32 1 m’ XOIHUK

, - - - 73
[br./m’]
Bk. B,peMe 3a MoArpajyBame Ha lm 034 15 22 47
[h/m’]
Bp. Ha pa6. kou paboTaT Ha 3 3 3 3
TIOAITPay.
Hop.Ha H’aJlHI/IH,I/I 3a NOArp. 0.17 073 1.12 236
[nadn./m’]

4. TlpecMeTanu TPOUIOUHU 3a U3PAGOTEH MeTap OJKEH XOPU30HTAIHA
npocropuja
Bp3 OCHOBa Ha YTBPACHUTE MMapaME€Tpu, MNOCANMHCYHUTE LCHU 3a
MOTPOLICHUTE MaTepI/IjaIII/I HabGaBHUTE LOEHN Ha MexaHI/I3aquaTa M 1€HaTa Ha
6pyT0 [OHEBHULA, YTBPICHU C€ TPOLIOLMUTE HA OAJCJIHUTE PabOTHU ONepalyu
Kaj CUTe BapWjaHT! HA XOPU30HTAJIHA pyJjapcKa npocropuja (Tabemna 7).
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Tabeaa 7 - Bkynuu Tpolony 3a u3padbotka Ha 1 m’ XOpu30HTaJIHA pyjiapcka

npocTopuja
Pb-Zn . Hsper
b
Tpoonu 3a m3pagorka [€/m’] pyaa I'najc MALHEIUT xpuner
Tpouioyy 3a fynyewe U MUHUPawe 151,54 14143 118,95 115,57
Tpormoiy 3a mpoBeTpyBame 16,00 17,00 1745 20,63
Tpotouy 32 Tosapetke u 108,72 | 10478 | 10481 | 10033
TPAHCIIOPT
Tpomoy 3a nogrpagyBame 65,40 164,09 207,81 357,57
Tpormoiy 3a TOMOIIHNA PabOTHU 3401 42.10 44,08 57.65
onepauuu
Bkynuu Tomonm 3a n3padoTka
Ha 1 m’ xopu3oHTaHA pyJapcKa 375,63 469 41 493,10 651,74
nmpocTopuja

5.

AHalmM3a Ha YYeCTBOTO HA TPOUIOLMTE TNPH W3PaA0OTKA Ha
XOPU30HTAJHU PYAAPCKHU MPOCTOPUHA
AHam3WpajKil T TPOIIONWTE HA OJIeNTHUTEe pabOTHU ONepanyy AafieHn

Bo Tabena 11 MoxKe na ce 3a0enexkn eKa:

Bo paGoTHa cpefiMHa OJIOBHO-L[MHKOBA PYyJa HAjroJieMO NPOLIEHTYAJIHO
YYECTBO BO BKYIHHUTE TPOLIOLM MMa pabOTHATa onepauuja Aymucke
n muaupame — 40,34%, moroa cjeayBaaT TPOIIOIWTE 3a TOBApeHE U
TpaHcopT - 28,94%. TpomonuTe 3a moArpagyBame m3necyBaat 17,41%
1 HajMaJli ce TPOIIOIUTE 3a BeHTunanrja — 4,26% (cimka 1);

Bo pabGorHa cpemuHa THajC HAJroJieMO TMPOLEHTYATHO YyYeCTBO BO
BKYITHUTE TPOIIOIM MMa paboTHATA oniepalifja moArpagyBame —34,96%,co
PEIATUBHO BOCAHAYCH MPOLUCHT YUYECTBYBAAT U JYNNYEHCTO U MUHUPAKHLETO
—30,13%. TpomonuTe 3a TOBapeme M TpaHCTIOPT m3HecyBaat 22,33% u
HajMaJi ce TPOIIOoUTe 3a BeHTmanyja — 3,62% (cnmka 2);

Bo pabGoTHa cpefyMHa MarHe3uT HajrojieMO MPOLEHTYaJHO Y4YeCTBO BO
BKYITHUATE TPOIIONM MMa paboTHATa omepaiyja moarpagyBame — 42,14
%, moToa CleMyBaaT TPOIIOLNUTE 3a AyMUeHe M MUHWpame — 24,12%.
TpormronyTe 3a TOBapeme U TPAHCTIOPT M3HecyBaaT 21,26% u HajMam ce
TPOIIONUTE 3a BeHTUIanuja — 3,54% (cnmka 3);

Bo paGoTHa cpemuHa MIKpWJIEN HAJrOJIEMO TPOIEHTYAIHO YYECTBO BO
BKYITHUTE TPOILIOLY MMa paboTHATa onepaluja MOArpagyBambe CO Jypu
54,86%, moroa cnegyBaaT TPOIIOUUTE 3a AyMUeHhe W MUHHpAmEe CO
MHOTY TIoMaJio 1iecTBo off 17,73%. TpolnoiuTe 3a TOBApEHE W TPAHCTIOPT
Ce peslaTBHO BOEHAYEHUM CO TPOLIOLMUTE 3a MYMYCHEe U MHUHHpame U
m3HecyBaaT 15,39% wu Hajmamm ce TporonyTe 3a BeHTHamymja — 3,17%
(cmika 4);
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Jloneka, ako TW CIOpefrMe BKYMHHUTE TPOIIONW 3a mM3paboTka Ha 1 m’
XOPHU30HTAJIHA pyfapcka MPOCTOpHja TPU MCTa TOJIeMUHA Ha TIONpeYeH Mmpecek
ce 3abeexkyBa JieKa BO CpelMHATa CO HajIoOpy MEXaHWIKN KapaKTePUCTUKI
OJIOBHO-IJMHKOBA pyjla UMaMe HajHUCKM Tpornoiy — 375,63 €/m’ u ucture of
HAjTOJIEeMUTE TPOIIOLM 3a M3paboTKa BO mKpwmiel - 651,74 €/m’ ce momamm
3a nypu 42,36%.

3akay4ok

Opn u3HECeHUTE Pe3yJITaTH O HAYYHOTO UCTPAsKyBame MOXKE J1a Ce 3aKITyUH
lieka Kaj paGoOTHU CpeiMHM CO TIOrojieMa IBPCTHHA M MOMajla MCIYKaHOCT
(ONOBHO-IIMHKOBA Py/ia) HAJTOJIEMH Ce TPOLIOLUTE 32 AyMUYeHe U MUHUPAE,
okoay 40 %, Kako IITO onara IBPCTUHATA U PACTe UCIYKAHOCTA OBKE TPOLIOLH
omafaar, a 3a CMETKa Ha HUB PacTaT TPOLIOLMTE 3a MOJIrPayBakbe, Taka IITOo
Kaj HajciabaTta off aHAIM3UPAHUTE PAOOTHU CPEIWHU - IIKPUJIEI M3HeCyBaaT
[ypH TOJIOBUHA Of] BKYMHUTE TpPOLIONW. BakBu pa3iuku ce jaByBaaT mopaam
cakToT WTO GapamaTa BO TMOIJIE] HA JyMUeH¢ U MUHUPAHkE Ce MOroJeMH
Kaj MOUBPCTH CPElWHU, [ofeKa KOJIKY CpPeiMHTa € MOWCMyKaHa W mociaba
TOJIKY Ce MOoroJieMu Oaparmara 3a NMOoArpajyBame. TpolonuuTe 3a TOBapemhe 1
BEHTWJIAlMja C€ BOEIHAUYEHM Kaj CUTe aHAIM3WPAHN BapHUjaHTH.

JIutepatypa

Bieniawski, Z.T. (1989). Engineering rock mass classifications. New York:
Wiley.

onesa, H., Becenmunorcku, I1., Mujankoscku, C. (2008). Komnapamusna
aHAAU3A 3a NO0PAOY8AE HA XOPUSOHMAAHA PYOAPCKA NPOCMOpUja
co eaacmuyHa u OpseHa nooepaoda. Il cTpydHO coBeTyBame Ha Tema:
TexHosornja Ha MOA3EMHA €KCIJIoaTalyja HA MUHEPATHU CYPOBHHH -
ITOJAEKC 08, CPT M, M. Kamenuiia.
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OnoBHO-UMHKOBA pyaa

B AyMYE e W MUHHpatse

B TOE3pEHE UTPEHCNOPT

4% 9%

B nogrpagyearse
N EEHTWAALM]a

B NOMOLLHM pﬂﬁGTHH
OnNepaunn

Cauxka 1 - Tpomony 3a ©3pab0TKa HA XOPU30HTAJIHA PYlapCcKa NIPOCTOpHja BO
paboTHA CpefiHa OJIOBHO-LIMHKOBA py/a

MHajc

N nogrpagysarse

B OyNYERE W MWHWPEHBE
N TOEGREHE WU TREHCNORT
H BEHTHNAUM]a

M NoMOLWHK paboTHu
OnepaLmu

Cauxka 2 - Tpomony 3a ©3pab0TKa HA XOPU30HTAJIHA PYlapCcKa NPOCTOpHja BO
paboTHa cpearHa THajC
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Maruesur

H noarpagyedtbe

B OyNYEHE 1 MUHWPaHE
N TOB3pEHE W TRAHCNOPT
H BEHTHNAUW]E

B nomoLwHK pabaTH#K
onepaumm

Cauxka 3 - Tporouy 3a U3pab0OTKa Ha XOPU30HTAJIHA Py/lapCcKa NpOCTOpHja BO
paboTHA CpefiiHa MarHe3UT

LWkpuney

m NoArpanysathe

H OyM4e e 1 MMHKparbe
H TOBaperse W TpaHCnopT
H BEHTHAALM]E

= nomowHn paboTHK
onepaumn

Cauxka 4 - Tporouy 3a U3pab0TKa Ha XOPU30HTAJIHA PY/lapCcKa NpOCTOpHja BO
paboTHA cpefiHa [KpUJIeL
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UDC: 622:532 CrpyueH Tpy.

HEKOU CE'MEHTMU O[] YJIOI'ATA HA MEXAHUKATA HA
OIYUIUTE KAJ PYOAPCKUTE IMPOLECHU

Anren Tacesckn!, Camko Usanos?, Hukoimnka JIonesa?

AncTpakr

MexaHnnkaTa Ha QIyUIUTE € UHTEerpajlHa KOMIIOHEHTa BO CEKOj CErMEHT
Ha WHXeHepcTBOoTO. OrpoMHa 06JIaCT BO KOja ce MpUMEHyBaaT OCHOBHHTE
3aKOHUTOCTM Ha TpUMEHeTaTa MeXaHWKa Ha (JIyuwure € pylapcTBOTO,
WA TIOKOHPETHO, MeXaHW3anyjaTa M onpeMaTa KOWIITO Ce KOPUCTAT TpH
eKCKaBalyjaTa Ha Kaprure.

Pynapckure onepanum (Kako 1 IpoOMBamHETO HA TYHEIN) Ce pean3npaaT
CO MAalllMHM KOW TIpW paboTaTa ce W3JI0XKEHW Ha EKCTPEMHO HENOTOfHU
onepatuBHU yciioBu. [lorosieMuoT e off oBME pPyAapCKU MAallMHA MMaaT
MOTOpPH Ha XWIpayJIMUeH MOrOH, Yrja TOo paboTa BO TojieMa Mepa 3aBHUCH Of]
MOIMAYKYBaH-ETO Ha JIEKUINITATA ¥ PEMEHUTE TIPEHOCHUIIN, T.€. 00JIaCT BO KOja
ce MpUMeHyBaH MO3HABaaTa Off TEOpHjaTa Ha MOIMAUKYBakE.

MexanvkaTta Ha (IayuguTe, UCTO Taka, € JeJl Off CaMHOT Ipolec Ha
eKCTpakiyja, T.e. MPUCYTHA € Ha IONMPOT ajlaT-Kapra, Kajie IIITo € BO COJIejCTBO
CO OJJIEJTHUTE CKJIOTIOBU U aJlaTH, BO HACOKA Ha MaKCUMU3MPame Ha e(PeKTOT
MIPY OTKOIYBAaHETO HA KapNUTe N MUHAMI3Hpahe Ha aGeHheTO Ha alaToT.

Bo oBoj Tpy# ce aucKyTHpa 3a HeKou Off HAB, a UCTO TaKa, MPe3eHTUPaHU
Ce ¥ IMCKYTHPAHO € 32 TIPETHOCTHUTE,, HEIOCTATOLMTE , KAKO U 32 MOTpeduTe Off
MprUMeHa Ha (pIIyuInuTe BO MPOLECOT Ha eKCTpaKIpjaTa Ha KapruTe.

Kayunu 360posu: mexanuuxu asam, nux, OUCK, CEKAUKA eQPUKACHOCHL,
uspcmu Kapnu, 800eH MAA3.

1) Mamuncku daxkynret, Y Husep3utert ,,['one Jemues” - IllTun
Faculty of mechanical engineering, University “Goce Delcev” Stip

2) dakyaTeT 3a NPUPOJHM TEXHWUKM HaykKu, IHCTUTYT 3a pyaapcTBO, YHUBEp3UTET ,,Ioue
Henues” - ltun
Faculty of natural and technical science, Mining institute, University “Goce Delcev” Stip
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SEGMENTS OF FLUID MECHANICS ROLE IN MINING
PROCESSES

Angel Tasevski', Sasko Ivanov?, Nikolinka Doneva?

Abstract

Fluid mechanics is an integral component of every aspect of engineering.
Included in the range of area of applied fluid mechanics knowledge is that of
mining, particularly with the machinery used for extracting rock.

Mining (and tunnelling) relies on machines that are subjected to extremely
adverse mining operating conditions. The majority of these mining machines
are powered by hydraulic motors, and are heavily reliant on lubrication of
bearings and tracks, all involving knowledge of lubrication theories.

Fluid mechanics is also a part of extraction process of itself, at the tool/
rock interface, where it can be combined with different tool assemblies to
maximize the rock extraction and minimize the tool wear.

The paper discusses some of these and benefits, disadvantages and
necessities of using fluids in rock extraction are presented and discussed.

Key words: mechanical cutter, pick, disc cutter, cutting efficiency, hard
rock, water jet.

Bogen

IToctojaT 6pojHM METOAM MPUMEHETH NPHU E€KCTpaklujaTa Ha KapruTe,
OUJI0 Py TOA J1a Ce OTKOIMYBAa py/ia, Ha MpUMep BO PYAApPCTBOTO, UJIM MaK NpU
OTCTpPaHyBamkeTO Ha KaplecT MaTepujan 3apaau o6e3be/lyBame Ha MpucTar,
n3paboTKaTa Ha TYHEJH.

Hajomur mertop e wmunuparwemo, Kora Kapmata ce pasapoOyBa Ha
¢pparMeHTH co MprMeHa Ha eKCIIO3UBU WITU MTaK METOJIOT NPY KOj MEXAHUYKUOM
aaam ce KOPUCTH KakKo CPEfICTBO 3a pa3ipoOyBame Ha kapnure. M kaj aBara
METOfla Ce MOCTUTHYBa TorosemMa e(UKacHOCT, JOKOJKY ce YrnoTpeodar
onpeneHu pIyuau.

[Tpn MuHMpameTO, MPOLECOT Ha €KCTpaklMja € LMKIUYEH, LITO 3HAYM
ieKa ce 3arnoyHyBa co M3paboTKa Ha AYMYOTHHA, OTOA UCTATa CE MOJIHUA CO
€KCIJIO3MB, CE MaJi eKCIIJI03UBOT U, KOHEYHO, 10 eKCIJIo3MjaTa ce cooupaar
¢pparmMeHTuTE Kapra.

@uyunuTe U pyAapcKuTe Mpouecu

Kako m kaj cekoj mpouec Ha Aymuewme NpuUMeHaTa Ha cuyuauTte (BO
NpakTUKATa HAjuecTo BOJATa) € BO HACOKA HA OTCTPaHyBame Ha (PparMeHTUTE
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Kapra M JIaiekhe Ha aJlaTOT, a CO TOA Ce OCTBapyBa 3rojieMyBalbe Ha BEKOT
Ha aJlaTOT W Op3WHaTa Ha Aymyere. [lymIoTHHWTE, UCTO Taka, MOXe fa ce
n3paboTyBaaT 1 CO MpUMEHA Ha BOJIEH MJIa3 CO BUCOK MPUTHUCOK.

MexaHnJykrTe ajJaTh MOXe fla IMaaT 08e (hopMu:

00JIMK Ha JJIETO, TIO3HAT KAKO MOBJIEKYBAaYKH MUK W KPYHA;

CJ1000/IHO BPTJIMBU, IMCKOBU CO OCTPU PabOBU.

Kaj xoMepuyjanHuTe MalMHu ce MPUCYTHU M ejHaTa U ApyraTta ¢opma,
NpeKy MOBeKEHAMEHCKO apaHXXKUPamke Ha POTAllMOHATA I1aBa-KpyHa.

I1ukoseume ce anatv co eAMHUYHA y[AapHa TOYKa, KOWIITO ja OTKMHYBaaT
Kaprnara NpeKy eKCIUIOATHparke Ha BHATPEIIHWTE MPCHATMHW U MyKHATWHA
CBOjCTBEHM 3a MOBpIIMHATA HA Kapnara. KpiremeTo Ha kapnaTa ce JO/KHU Ha
NPOAMPAETO HA ANAaTOT CO KIIMHECT OOJIHK.

Huckosume co ocTpu paboBM ce KapaKTepus3upaaT CcO TojeMa Cuiia
NPUMEHETA JIOKAITHO 32 FeHEPUPakhe Ha MUKPOIyKHATHHY, BO HACOKA HOPMAaJTHA
Ha paMHMHATa HA MAaKCUMAJITHUTE HATIOHU HAa CMOJIKHYBaH€e IITO CE IIMPAT HU3
MaTpuIaTa Ha KapraTa, IpUIMHYyBajKu (hpakTypupame Ha MOJIEJIOT Ha CUJIUTE
(cmuka 1).

Ha moueTokoT, cekayoT co3maBa rojieMO TOYKECTO ONTOBAPYBaH-E BP3
MOBpPIIIMHATA HA KapraTa, [OBOJHO TOJIEMO f1a TMpEelu3BUKa JIOKAIU3UPAHO
KplIee. 3roJIeMeHNOT NPUTHCOK ro 3a0p3yBa MPOAVPAKBETO Ha CEKadyoT BO
KapraTta, Kpenpajku HaroHCKa peleTka (cimka 1) co MMKOBM Ha HAMOHOT
KOM Ce M0jaByBaaT Ha pacTOojaHue Off OKOJy 2.a. TMOJ| MOBPIIMHATA. 3roieMeH
NPUTUCOK O O MPUHYAWJ BPBOT HA CEKAYOT /la HaBle3e BO (ppakTypupaHaTa
30Ha, MyKHATUHWUTE OW ce mpommpuiie U Ou ce Kpeupaje pparMeHTUTE Off
Kapma.

[TukoBuTE, TEOPETCKU, CE€ MHOTY MOE(PMKACHU BO OJHOC Ha JIMCKOBUTE,
HO THE C€ MHOT'Y TMOBEKe CKJIOHM Ha MPEKyMEpPHO a0ewme M JIOM Kaj LBPCTHUTE
1 abpa3vBHU KapIH, IofieKa, Mak, mepopMaHCUTe Ha TPKAJIAYKHUTE JIUCKOBU
C€ MHOTY MOMAJIKy YYBCTBUTEJIHM Ha aGEHETO U C€ MHOTY MOe(UKACHU MpU
eKCTpaklyjaTa Ha UBPCTUTE KapITH.

YcnexoT Ha KOj 6WIIO Off OBHE€ METOU €, BO rojieMa Mepa, 3aBUCEH Off
cnenupryHaTa EHepryja Ha KapraTa IIITO Ce OTKOIYBa, a 0Baa, Nak, eHepreTcKa
BPEHOCT € MHOTY 3aBMCHA Off TMIOT Ha KapmaTa, Hej3WHaTa CTPYKTYypa,
YCJIOBUTE KOMIIITO MOCTOjaT BO KaprecTara CpeuHa U MEeTOJIOT MPeKy Koj ce
aruIMI@pa oBaa eHepruja.

N —
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JIunum Ha Makc. nmapaMeTapCkKu rpaJUCHT U NPEHE HA MTYKHATUHUTE
HOPMAJIHO Ha O, KOHTYpPHTE
Cauxka 1 - Mopen Ha cuia npogyluupaH co ceKayoT
(Farmer and Glossop)

®parmMeHTHpPamb€ HA KApNUTe

[lpu oTKOMyBawmeTO HA KapmuTe, 3a fla Ce WMHUOMPA MpPOLECOT Ha
¢parmMeHTanMja, KOH HUB Ha AMPEKTEH WM WHAVMPEKTEH HAuYMH Mopa fia
ce BiOXHu eHepruja. I[loTpeOHOTO KONMMYECTBO HA EHEpruja 3aBUCU Off
KapakKTEepUCTUKUTE Ha Kapnara - NOMEKUTE Kaplnu IMTO COAp>KaT TIOoJIEM
Opoj MyKHATWHHU, CO INTO ce 00e30emyBa MoroyieMa CJIOOOMHA MOBPIIMHA,
nobapyBaaT MoOMaJKy €Hepruja 3a Kpeupame (PpakTypu BO OTHOC IIBPCTHUTE-
TIOJTHM Kapiv, KOW COApsKaT MUHUMaJieH O6poj ¢dpaktypu. HeorpanmueHnoT
JIOM CO CMOJIKHYBam€ KOHCYMUPA HajMaJIKy eHepruja. 3rojieMeHr KOJIMIeCcTBa
eHepruja ce TMOTpeOHM JOKOJIKY Kaprnara € MHOTY MOBeKe ONTOBapeHa Co
3aTBOPEHU KOMIIPECUBHU HATIOHM BO TEKOT Ha MPOLECOT Ha hparMeHTanuja.
Tonemo KOMMYECTBO eHEpruja NPUMEHETO KOH MHTepakiyjaTa Kapna/anar, of
HITO TIPOU3JIETyBa CaMO HEOTPAHMYEH JIOM CO CMOJIKHYBahe, OM MOKEJOo Jja
ro o6e36enu Haje(hMKACHUOT MPOLeC Ha (pparMeHTanuja, a Toa € eAUHCTBEHO
MOKHO Kaj CJIO0OJJHUTE HEONTOBAPEHH KapIIH.

[ToBekeTo 0O MNOCTOEUKHWTE PYyAAPCKA METOAM Ce MPUMEHETH Kaj
roJieMHUTe PY/IHUA Teja, Kaje UITO alaTUTe MPOyuMpaar JIOM BO YCIIOBU Ha
BUCOKa KOMIPECHBHA 3aTBOPEHOCT U BUCOKH TIOOAPYBaba O eHEPrHja 3apajiu
NOKPHBahe Ha 3aryOuTe Of] TPUEH:-E U TOJIEMUTE 3ary0u 3apajii pacejyBambe Ha
eHeprujara.
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KapakTepucTukuTe Ha KaprnaTa AMPEKTHO MOBP3aHu CO (pparMeHTanujaTa,
YEeCTO ITaTH, Ce HEIOBOITHO ie(hMHUPAHN MITH TTaK Ce HeTo3HaTH. [lepuHuimjarana
TUIOT HA KapraTta COAP>KY oMty (hakTOPH 3a I'e0JIOIIKATA CPEJHA, KAKO LITO
C€ MarMaTCKurTe, CCIUMEHTHHUTE, MCTaMOpC]I)HI/ITe, KaKO 1 HEKOU CHeIH/I(bI/I‘IHI/I
0COOMHHM 3a TeKCTypaTa, MUHEpaJIHATa COAP3KWHA, jaKOCTa, IIBPCTUHATA WTH.
ITopamu Toa, nedmHuIMjaTa 6 MOXKesa fa MPEeTCTaByBa MOTPEIIHA BOAUIIKA.
TaKa, Ha NpUMEP, UBPCTUOT KBAPUUT MOXKE JJa MMa UBPCTUHA HAa NPUTUCOK
noroyieMa off 210 MPa, mofgeka mak UBpCTUTE NMECOYHNIM MMaaT UBPCTUHA HA
nputucok o camo 120 MPa. 3aroa, moumoT ,,lIBPCTUHATA™ € CaMO PeJIaTHBEH
TEPMUH.

BpenmnoctuTe 3a mBpcTMHATA, UCTO TaKa, MOXe Jja Ce MPOMEHJIMBU U 3a
€/1I€H UCT THUII Kapria. Ha NpUMEP, NOKOJIKY I'PAHUYHHUOT NPUTUCOK CE€ 3roJieMu,
KaKo OHOj IIITO Ce MojaByBa CO 3roJieMyBarbe Ha ijIabouynHaTa Moy 3eMjuHaTa
NOBpPILIMHA WM MaK OHKME IITO Ce pe3yJTaT Ha akuujaTa Ha alaToT MpU
¢pparmMeTanujaTa, TOraml goara o 3rojieMyBame Ha IBPCTUHATA Ha Kaprara.
W Hekou fpyrm KBAIMTETH HA Kaprara, UCTO TakKa, BIMjaaT Bp3 PyJapCcCKuTe
npouecu. Kaj yspcmume kapnu € MHOTY TEIIKO Jia Ce TIPOApPE BO HUB, HO EIHAIII
IITOM K€ Ce CKpIIaT, MOTOa MHOTY IMOJIECHO MOXKe fla ce (pparMeHTHpaaT
Ha MMMEH3WM TOTONHW 3a MaHumymnaudja. [lomexkume kapnu MOXe na ja
NpUyIaT paboTaTa Ha ajaaToT 3a IyMmyeHe Uih CeKauuTe U MMaaT CUPOMAILIHUA
KapakTEepUCTUKU Ha fpoOewe. Hekou pyru acnekTu ojf KapakKTepUCTUKUTE
Ha KaprmaTta IITO MOKe fa TO NMPOMEHAT MpOolEecOT Ha (parMeHTanuja ce
XEMHUCKaTa COfIpXKMHA HA (PIIyu0T WITO CTPYU HU3 MOPUTE U NPUTUCOKOT BO
TMOpUTE - IITO MO2KE 1a ja HaMajiaT UBpCTHUHATA Ha KapraTa, KaKO U paCT€YKUTE
temneparypu. Cenak, oBue eekT BooOnyaeHo ce MHOry maim. Of MHOTY
TMOroJIEMO 3HAYEHE CE CIOEBUTE U MOAHOXKHUTE PAMHUMHM, IITO BCYHIHOCT
“MaaT ¥ HajrojieMo JejCTBO Bp3 MPOIECOT Ha (pparMeHTandja Ha HUBO Ha
TEPEHCKU UCIUTYBaH:A.

Bpojor Ha ciabu MOBpIIMHU, KaKO INTO C€ CIOEBUTE, MOJHOKHUTE
PAMHVMHU 1 TyKHATUHUTE TO KOHTPOJIMPAAT KOJIMYECTBOTO EHEPIrHja MOTPEOHO
3a OTKOMyBame Ha Kapmarta. [IpucycTBOTO Ha rojieM Opoj TakBu obesexja
006e36eyBa norosuemMa cj000Ha MOBPLLIMHA BO Kaprara IITO NodapyBa nomal
BJIe3 Ha eHepruja 3a (ppakTypupame Ha Kaprata. Flako BakBUTE CIIOEBU BO
Kaprara acucThpaaT BO MpOIECOT Ha eKcTpakuuja, cemak McFeat (1987)
TBpPAM Jieka (ppeKBeHIjaTa Ha crioeBuTe Tpeba jia 6uae Bo panrot o 100 go
200 munmuMeTpu, 3a fia JoOrjaT 3HaUYeHe MPUIOOVBKUTE Off HUB.
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Cauka 2 — Penaupja nomery crankara Ha HapelyBathe 1 BIOXKEHUOT HaIop
(cnopen Ozdemir u Dollinger)

[MporecoT Ha ekcTpakIKja v CO MMKOBU U CO JIUCKOBY € [IMPEKTHO 3aBUCEH
OJ] CUJIUTE NMPUMEHETH HOPMAJIHO Ha 4esoTo Ha Kapnara. Farmer u Glossop
(1980) TBppmaT Aeka mMako MPOAMPAHETO Ha JUCK CEKAauyoT, Ha MPUMEP, € BO
¢yHKUMja Off AMjaMeTapoT Ha JUCKOT, HAMaJHUOT aroyl Ha JMUCK CEeKayor,
pacTojaHueTo momery JMCKOBUTE W LBPCTMHATa Ha KapraTta, cemak Toa
NPUMAapHO 3aBUCH Of IpUMeHeTaTa cuiia. Mlako 1 oBJie IOCTojaT orpaHnvyBamba,
cenak omutute cnpoBefieHn of Ozdemir u Dollinger (1987) ykaxkane neka
eHepreTcKuTe nodapypama 3a (hpakTypupame e[MHUIA BOJIYMEH OJf Kaprnara
C€ MHHUMAJIHU TIpU €1Ha KOHE€YHa BpPEJHOCT Ha IMOTUCOKOT, Hape€4dcHa
Kpumuyer nomucox. OBaa MUHMMaJIHA BPEIHOCT € BO pellaliija co NpoMeHaTa
Ha MEXAaHU3MOT - O] ME€XaHU3aM Ha KPUICHC Ha KaprnaTa KOH ME€XaHU3aM Ha
dpakTypupame, IPETXOHO CIIOMEHATO Ha CJIMKA | U WIyCTpUpaHo Ha cjMKa 2.
IMopaju Toa, mocTou ofipefieHa pelalyja noMery ij1abounMHaTa Ha IPOUPALE U
eprKacHOCTa Ha MPOLECOT Ha eKCTpakuuja (cauka 2).

Bopgara Kako HajyecTo mpuMeHyBaH (Iyup

Co mpuMeHa Ha HeKOja Off MeTOJIUTE IITO 6ea HAKPAaTKO 00jaCHETH , MOKHA
€ EKOHOMUYHA eKCTPaKIIMja Ha MOBEKETO TUIOBU KapIu, HO MHOT'Y Ioe(prKacHa
eKCTpakija MOXKe Jla C€ OCTBApU aKO Ce KOPUCTH OfipefieH (payup, ITO BO
MpakTUKaTa CKOPO CeKOoraill € BojiaTa BO (popMa Ha Mas.
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Taa Ou Moxena jja ce NpUMEHU Kako:

YHCT BOJIEH MJIa3;

BOJICH MJTa3 300raTeH CO aiUTHBY,

MJIa3 co KOj ce mofgoOopyBaaT cekaykuTe nepopMaHcy Ha TTMKOBUTE WU
IUCK CeKaunTe.

YucTtuTe BOIEHN MJIa3eBHU JIOJITO BpeMe Ce KOPUCTEHH 3a OTCTpaHyBambe
Ha HCEKOHCOJIMJUPAHWU TMOBPUIMHCKM JCMO3UTU O MECOK U MWJb. Tue ce
npuMeHyBaHu ofaMHa (c¢ o 1852 ropguna), Kako MeTOJ 3a OTKPHUBAKE Ha
meno3uTuTe 60orath co 37aTo. ['eHepalHo, HanmpaBUTe KOW Ce KOPHCTEHU Ce
KapakTepu3nupaar co TojieM MPOTOK Ha BOAA CO HM30K NMPHUTHCOK, HO MMaaT
orpannueHa npumena. Co ogaBameTo Ha abpa3nB 3HAYMTEIHO Ce MOAoOpyBa
cekaykaTa CocOOHOCT, HO 3a a MOXKe aOpa3uBOT Jja Ce yNOTPeOu € noTpedHa
Melrayka KoMopa 3a fla ce NICKOMOMHMpaaT abpa3uBHOTO CPENICTBO U MJIA30T.
Oga noBieKyBa abeme Ha MITa3HUIATa, Ce 3roJieMyBa IieHaTa Ha YNHEHhE TOPain
BpeHOCTa Ha abpa3MBHOTO CPETICTBO, & CO OTJIe] Ha peayKIpjaTa Ha Op3rHaTa
(mTo mpoumsJieryBa Off MPOLECOT Ha Melllamke), IpUMeHaTa Ha OBOj METOJ 3a
KOMepIMjaliHa eKCTPaKIfja Ha KapruTe € OrpaHryeHa.

[Ipn amymkamujata Ha BOJIEHUTE MJIA3€BM, BO aCHUCTHpAdvKa yjora Ha
MEXaHWJIKaTa eKCTpakifja Ha KapmuTe, OCTBApEH € 3HAUMTEeJIeH MOpacT Ha
Op3uHaTa Ha ekcTpakuyja. beneduTuTe ITO pe3ynTupaart Off OBa Ce CJICIHUBE:

1. Jlapeme Ha cekauuTe. [Tuxosume, BOOOWIACHO, c€ M3pabOTyBaaT CO
BpB ofi BonppaM-Kapouy. YcioBuTe Ha paboTa MOXKe Jla peAn3BUKaaT
3roJieMyBarbe Ha TeMIeparypaTa Ha BPBOT Off CEKadyoT, JIOBOJHO 3a
la fojie M0 OMeKHyBamhe Ha KapOoumguuot cioj. [lopagu Toa THe MHOTY
nosiecHo ce abat (Barham and Buchanan 1987).

Kaj ouckx cexauume, mro o6MYHO ce M3pabOTyBaaT Off YEJMK, WCTO
Taka, cO MpUMEeHa Ha BOJIEH MJIa3 CE OCTBapyBa HaMmallyBare Ha paboTHaTa
TeMIiepaTypa | cTankara Ha aberbe.

2. Ywucreme Ha CTPYLIKHTE O 30HATA €O pa3apooeH MaTepujan. Cekauure
ja Kpuiat kapmata, (hopMHrpajKy MpUTOAa MIIACTUYHA 30HA BO OKOJIMHA Ha
CeKaJKnoT pad Ha anaToT. EheKToT ce cocTon off Aucumanyja Ha cujiaTta
Ha CceYere BP3 MOrojieMa MmoBpIlrHA, CO MITO Ce pemynrpa epuKacHOCTa
Ha ceuemeTo. Bo 0BOj cilydaj, mOTpeOHN ce MOroieMy CHUJTN 3a Jla MOXe
lia ce co3/azie MOBOJIHO BUCOK MPUTHCOK, HEOMXOJIeH 3a (hpakTypupame
Ha Kaprara.

W=

Co oTcTpaHyBame Ha MapueHIaTa Kapia He camo IITO Ce MHHUMH3HpPA
MIIaCTHYHATA 30Ha, TYKY, HCTOBPEMEHO, Ce 00e30eIyBa CeKadoT Jia ja 3aapKu
nocTaBeHaTa Op3WHA Ha HANpeAyBambe WM AJTEPHATHBHO, CE OCTBapyBa
3rojleMeHa CTanKa Ha TMPOJUpare Ha ajaToT MpPH HCTaTa KOHCTeNaluja
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Ha cwinTe. OTCTpaHyBamkeTO HA CTPYIIKUTE MY OBO3MOKYyBa Ha CEKadyoT
BJIOJKEHATa €Heprvja fa ja TPOLIM MHOTY TIOBeKe Ha (ppakTypupame Ha
MaTU4yHaTa Kapmna, OTKOJIKY BO INOHaTaMOIllHa pe;[yKqua Ha JUMEH3UUTE Ha
BeKe MCKPILIEHNTE NapyueHla Kapra.

3. Tloctom onipenien epeKT M Bp3 MyKHATUHHTE. [IpUTHCOKOT Ha BojaTa
KOja HaBJIeTyBa BO IYKHATUHUTE IO OJIECCHYBa HMBHOTO HIUPEHC,
acUCTHPajKu My CO TOa Ha alaTOT BO MPOLECOT Ha (PpPaKTypUpame Ha
Kapmara. JarJeHoT € 0oco6eHO TOTofieH BO TOj TOTJIe], OuiejKu nMa Majia
UBPCTUHA HAa CMOJIKHYBAHE€ W COAP>KM MHOTY IMYKHATWUHU W NPCHATUHMU.
MerfyToa, Kaj MOBEKETO Kapnu, (ppakTypUPaAHETO MOXKE /1a C€ OCTBApH
€IMHCTBEHO JOKOJKY BOAEHMOT MJIa3 UMa JIOBOJIHO BUCOK IMPUTHUCOK, CO
ITO Ke ja MPUHYY BOflaTa fja HaBjie3e BO MHTep(ejcoT moMery paboBuTe
Ol KpUCTaNuTe, MPUOHECYBajKM KOH LIMPEHe Ha MYKHATUHUTE WU
OT(piare Ha KPUCTAJIOT.

4. W3padoTKa Ha pe3 M XkJjed. KpenpameTo Ha pe30BU € METO/ CO KOjIITO
KIIeboT ce m3paboTyBa MapajesHo co narekata Ha cekadyoT. Co oBa
MOXe a ce nmojfoOpy MpOoUEecOoT Ha (PpakTypUpame Ha Kapnara u fia ce
MPOMOBHPA MHOTY TIOe(pMKACHO ceuere. Pe30T e ofyinka Ha MOSKHOCTUTE
Ha BofaTa. Bo ncto Bpeme, acucTpajkv BO HIMPEHETO HA MyKHATUHUTE
Ce OrpaHM4yBa 3roJIeMyBa-ETO Ha 30HATA CO (DPAKTYPH.

5. 3a moBeKkeTOo MallMHW, OCOOEHO POTAIMOHO-JTAYHUTE, UMM CeKaud ce
MOCTaBEHW Ha BPBOT Off M3JafieHaTa CTpena, AOfaBakbeTO HA BOJIEHUOT
MJ1a3 TW pefylypa BUOpPalMUTE Ha CeKauuTe OBO3MOXKYBajKM CO TOa
noyro6ap KOHTAKT ajaT-Kapmna, Kako U 3roJIEeMEeH YUYMHOK Ha CeKayoT.
EdukacHocTa Ha ceueme CO BOJIEH MJia3 ce I0JDKMA Ha TpaHC(epoT Ha

eHeprujata NpeKy MHOTY Majla KOHTaKTHa MOBPIIMHA, TaKa IITO HajeprkaceH
€ BOJICHMOT MJIa3 CO MaJl injaMeTap 1 BUCOK PUTHCOK. BoieHnTe Mia3oBu unn
nputucony gocturaat go 350 MPa ce npuMeHeTH IUPEeKTHO 32 OTKOIYBake Ha
jarnes, Ho u co nmputucoium off 70 MPa - npucyTHM Kaj HEKOM Majiu, MOJIECHU
MAIllMHM Ce OCTBApeHW ofipefieHn mpupoouBku. Huckure nputncouu - go 20
MPa, ro HamanyBaaT abeHheTO Ha MUKOT U PeyLIMpaaT HUBOATa Ha FTeHEpUpaHa
npanivHa, Taka MITO MOBEKEeTO Off MPOM3BOJUTENNTE ICHECKA HA Ma3apoT '
HYJIaT OBME HUCKONPUTHUCHU cucTemu. PefykipjaTa Ha abemheTo Ha MMKOBUTE,
WCTO TaKa, ja 3roJieMyBa CTankaTa Ha HUBHATA MPYMeEHa.

Ileppopmancume Ha 600eHuOm MAG3 CE€, BO TOJIeMa Mepa, 3aBUCHU O]
AMMEH3UUTE Ha MIIA30T, TPUTUCOKOT Ha BoflaTa, stand-off pacTojanuero nomery
MJIa30T W NMOBpILIMHATA, KakO M LEJTa Ha aHJII/IKa[H/IjaTa. Bo TMOpPaHEUIHUTE
TecToBU crpoBesienn of cTpaHa Ha Fenn et al (1981) ce kopucTeHm AucK
cekauu, mpuMeHeTa e HopMmasiHa cuiia of 900 kN u Tpkanayka cumna ox 600 kN.
BopenuTe Mia30Bu Omiie HACOUYEHN KOH CEKAauKMOT pad Ha anator, Ha stand-off
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pacTojanre of 35 mm | MpH MPOTOK CO TojieMrHa A0 82 1/min u MpUTHCOK Off
42 MPa. 3abenexanu ce pedyKIuy Ha crielupuIHaTa eHepruja notrpebHa 3a
(pakTypupame Ha Kaprnarta of okoiy 40%. Hajronem e of npuo6uBKIUTE CO
NpUMEeHa Ha MJIa30T € OCTBapeH BO paHrot nputucony ox 0 + 5 MPa u, npuToa
€ 3aKJIy4eHO JieKa He MOCTOojaT AOMOIHUTEHN NPUA0OMBKI KOoU 61 MOKeTe 1a
Ce OCTBapaT co MpUMeHa Ha nputucouy norosgemu oy 40 MPa.

[TopouHesxHUTE TecTOBM M3BefeHn of cTpaHa Ha Timko et al (1987), co
NHUKOBK MOCTAaBEHW HA POTALMOHO-JIAYHA MAIIMHA, MOKaXKaJe YJABOjyBame Ha
paboTHMOT BEK Ha ajaToT, KOra NPUTHUCOKOT Ha BOJICHMOT Mila3 u3HecyBa 69
MPa.

Mort (1988) cnpoBes CAMYHM TECTOBM CO POTAIMOHO-JIAYHA MAITMHA
Ha Koja ce moctaBenu nmkoBu (longwall shearer), mpu mTo ce ocTBapeHH
3HAQUUTENIHM PEIyKIMU BO TOTPOILIyBauykKaTa Ha MOKHOCT Kaj CeKauure,
KOPHCTEjKH MPUTOA BOJIEHN MJIa30BH cO mputuconu o 65 MPa.

Cemak, Kaj cuTe OBHME TECTOBHM IEJIOKyNHATa TOTpeOHAa eHepruja ja
HaJMMHYBa BPEJHOCTA MOTpeOHA NMpHU CYBO OTKOMYyBame€, CO OrJie[] Ha Toa
LITO EHEPreTCKUTe nodapyBama Ha MyMIaTa 3a CO3/laBamkhe Ha BOJIEH MJa3 ce
MIOTOJIEMHU BO OJTHOC HAa UCTUTE Kaj CEKAUKUTE MAIIIVHHY.

Onpemara 3a co3faBame Ha MJIa3eBU CO BHUCOK MPHUTHUCOK, KOja IITO Ce
COCTOH Off T0jauyBauM WM BUCOKONPUTHCHU MyMIM, NOOGAapyBa MHOTY YKCTA
BOJIA 1 YMCTH YCJIOBH 3a paboTta. OBre CHCTEMH Ce CIIOXKEHN U MOXKe fa Oupiat
MOTEHIIMjaTHO OMACHM 32 OIPXKyBare M KOHTPOJIA, CO OTJIef] Ha rpyouTe yCIioBU
LITO TMOCTOjaT Kaj PyAapCKUTE MPOLECH 1 MpY n3paboTKaTa Ha TYHEJN.

OBoj (pakT ro HacCOUYMJI Pa3BOjOT KOH HUCKOMPUTHCHUTE CHCTEMH CO
nputucouy nomanu ofi 100 MPa, kaje 1to Moxe fa ce ynorpedaTt u OOMYHUTE
KJIAITHA MyMITM, a BOJICHWTE MJIa3eBU Ce MPVMEHETH 3a aCHCTEHIMja Ha BeKe
NOCTOEUKHUTE MAIIMHU - 3apaji NOA0OpyBamkbe Ha HUBHUTE TepdOopMaHCcH U
Kajie ce OCTBapyBaaT M HEKOW JPYrM 3HAauyajHu NPUIOOMBKM 3a pyjapckaTa
CpefiiHa U TOa TIOTHCHYBAabE Ha MPAIIMHATA U MUHUMU3UPAHE HA MOXKHOCTUTE
3a nasemke Ha METaHOT.

YTBpreHO € f[eKa MIla3eBUTE CO BUCOK TPUTHCOK C€ HEMOTOfHU 3a
eKCTpaKlyja Ha Kapnure, HO THE YCMElIHO Cce NMPUMEHYBaaT 3a MPeLy3HO
cevere Ha METAIMTE M HEKOM JIPYTY MaTepujair, 0COOEHO NMpu KOMOMHMpaHa
ynorpebda co abpa3vBHU aIUTHUBU.

TectoBu ce cnpoBefeHn u of cTpaHa Ha Baumann and Heneke (1981),
KOM MPUMEHNIIE BUCOKOITPUTHUCHU MITa3eBH 32 M3pab0TKa Ha PE30BY MapasiesHu
CO OHHME HampaBeHH co MexaHnukuTe anmaTu. Co OBa € MPOMEHET MEXaHU3MOT
Ha ¢pakTypupame - Off aKiuja Ha KpUICHhEe KOH akiHja Ha CMOJIKHYBAame.
TecToBuTe Mmokaxkase faeka co mputucoiy of 360 MPa 1 ipu Masi IpOTOIH Off
120 1/min 6u MoxkeJsie Ma ce pemyupaaT ONTOBapyBamaTa Ha ajnaToT 3a 55 %,
HO TIpY OBHME MPOTOLM MOCTOjaT MpobJeMy MMOBP3aHu CO Ofjlarame Ha BOfaTa.
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3a Xai, Kako IITO M TNPETXOfHO € CHOMEHATO, MPU0OMBKHUTE Ce
HaMaslyBaaT CO IIOpacT Ha Op3MHAaTa Ha HalpedyBame Ha alaToT U CO
3roJieMyBame Ha MPUTUCOKOT. MIcTO Taka, HarmpaBeH € 00U/ 1a c€ MUHIMU3MPA
NOTPEeOHOTO KOJMYECTBO Ha MOJIMMEPH LUTO Ce A0AaBaaT BO BOjlaTa, CO LieJ Ja
ce 3roJieMy BUCKO3UTETOT Ha BOJATa U Ja ce MpOMU3BEfaT MOTEHKU MJa3eBU,
fla ce co3jiaje MoMasKy maryia 1 nomanu Tekosu. Cenak, ce yluTe IOCTOjaT
npooseMu.

3akay4ox

[IpouiecoT Ha oTKOMyBame Ha Kaphy MOXE fla Ce YCOBPIIM CO TpUMEHa
Ha ofipefeH ¢uayna. Bo mpakTukarta, Toj ¢ayun HajuecTo € Bojara, Koja
npeTcTaByBa pabOTeH MEAWyM 3a MpoceKkyBawe Ha kapnata. Co 1en fa ce
YCOBpIIAT MEXaHWYKUTE METOJIM Ha OTKOMYBame, OTHOCHO MOJI0OpyBamke Ha
nepgopMaHCUTE Ha MPOLECOT, BOOOMYAEHO CE& KOPUCTAT aUTUBH - KaKO LITO
ce abpa3uBHUTE CPEACTBA WM MaK Ce NMPUMEHYBa HUCKONPUTHCEH BOAICH MJIa3.

Hajommra annmkamyja e acWCTeHIMjaTa Ha TPOMECOT Ha MeXaHWdJKa
eKcKaBalyja, Kajie IuTo 6eHe(pUTUTe Ce OCTBApyBaaT Co MPUMEHA HA CUCTEM Off
HUCKOTIPUTUCHU BofieHn Mita3eBH. LleHaTa Ha ynHewme Ha onpeMara, Hej3uHOTO
Ofp>KyBame, KaKO M MOXHOCTa Of] MOjaBa Ha OMACHOCTHM Kaj MOJ3eMHHTE
amIKalyy, ja JUMUTHpaaT ymnoTpebaTa Ha BOJCHWTE MIIa3€BU CO BHCOK
MIPUTHCOK.

Bo cnyyaj Ha npuMeHa Ha HUCKOIIPUTHCEH CHCTEM 3a MOA0OpyBame Ha
padorara Ha BOOOMYACHUTE aJlaTH 32 CEUYEHE, NPUIOOMBKUTE LUTO NPUTOA CE
OCTBapyBaaT ce: MOAOJr pabOTeH BEK Ha CEKayoT, AOMOJIHUTENHHU 3alITeAn
NOpajd MOKPATKOTO BPEME 3a OfIp>KYBame M MOHUCKUTE TPOILIONY 32 3aMeHa.
Hcro Taka, mocTon 1 mopacT Ha cTankara Ha HampemyBame Ha anatoT (ROP),
CO OrJIef] Ha TOA IITO MJIA3€BUTE OBO3MOXKYBAaT OCTBAPYBamkE Ha MOAIA00KA
pe30BY W/WiM TorojieMu OP3WHU Ha JIBIKE-E Ha ajaToT. Bo mpwitor Ha oBa e
1 JIONIOJIHUTENIHATA PEeAyKLHja Ha HUBOTO Ha MpaIlyHa IITO PUTOA CE CO3/aBa,
KaKo ¥ MUHUMU3VPAKETO Ha OTEHLMjaATHUTE UCKPEa, CO IITO C& OCTBApYyBa
no6e36emHa paboTHA CpefiHa.
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UDC: 622:574 [Ipernenen Tpyn

METOJOJIOI'NJA HA TIPOUEHA HA BU3YEJ/IHU BJINJAHNJA
HA TIOBPIIMHCKUTE KOIIOBU 1 MEPKMU 3A YIIPABYBAIBE
CO BUBYE/HUTE PECYPCH

Papmuna Kapanakosa Credanoscka', 3opan Ilanos'

Anctpakt

Pynapckure onepanuu, a 0cOGEHO TOBPIIIMHCKUTE PYJAPCKU aKTUBHOCTH,
MOKe Jla JIOBeJIaT JI0 HeraTHBHU BIMjaHWja BP3 TIPUPOJIHUTE PECYpCU KOH ce
KOPHCTAT KaKO peKkpealyja U Typusam. Pymapckute onepauuu Tpeba ja Tv
crpeyaT WM MUHMMU3MPAAT HETaTUBHUTE BIIMjaHMja BP3 BU3YEJHOCTA MPEKY
KOHCYJITAlIUM CO JIOKAJIHUTE 3ae[HUIM 3a MOTEHIHUjaJTHOTO KOPHCTEHhE Ha
3eMjUIITETO TO 3aTBOPAETO HA PYIHUKOT, WHKOPIOPUPAJKM OlEHKa Ha
BU3YyeJIHU BJIMjaHWja M MEpPKU 32 HUBHO HaMallyBame. [IpuMapHaTa yHKImMja
Ha MpOIEHATA HA BHU3YEJHOTO BJMjaHUE € Jla Ce WJICHTU(DUKYBAAT KITyYHUTE
TNIeMIITa Off KoM Ke OWjie BUIIMBA pyJlapckaTta onepanuja; ja ce OLEeHU
OCETJIMBOCTA HA OBME KPUTUYHM CTABOBW; Jla C€ MPOIEHW BJIMjAHUETO HA
BUJJTMBOCTA; Jla C€ M3MEHH JIM3ajHOT HAa KOMOT Ha TAKOB HAYMH IITO Ke TO
HAMaJIi MOTEHI1jaJTHOTO BIMjaHNEe HA MUHUMYM.

Kayunu 360poBH: nejsaixc, pecypcu, npoyeHa HA SU3YeAHU BAUJAHU]A,
HOBPUUHCKY KON, MEPKU 30 3AWUMUMA.

METHODOLOGY OF VISUAL IMPACT ASSESSMENT ON
SURFACE MINES AND MEASURES OF MANAGING WITH VISUAL
RESOURCES

Radmila Karanakova Stefanovska'!, Zoran Panov'

Abstract

Mining operations, and in particular surface mining activities, may
result in negative visual impacts to natural resources uses such as recreation
and tourism. Mining operations should prevent and minimize negative
visual impacts through consultation with local communities about potential
post-closure land use, incorporating visual impact assessment into the mine
reclamation process. The primary function of the visual impact assessment is

1) Yuuepsurer ,,I'oue Jemyes” - llltun, ®akynrer 3a NpupoaHA U TEXHUYKU HAYKH
University “Goce Delcev”’-Stip, Faculty of natural and technical sciences
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to identify key views of which will be visible mining operation; to assess the
sensitivity of these critical views; to assess the impact of visibility; to modify
the design of trench in such a way to reduce potential impact to a minimum.

Bogen

Pypapckure akTMBHOCTH Kako €[HAa Ofi HAjiMHAMUYHUTE WHJYCTPUCKHU
IPaHKM MOXKE Jia pe3yJThpaaT CcO M3MEHH U YHUILTYBalke Ha NMPHUPOJIHUTE
npenenu. [Ipu excruoaTanyja Ha MUHEPAJTHUTE CYPOBUHH, HE3aBKUCHO JJalIv Taa
ce BpILIM MO MaT Ha MOBPIIMHCKA WM MOJI3eMHA eKCIloaTaluja, ce co3aBaar
BUJIHA MPOMEHW KOM MMaaT HEraTMBHU MOCJEHULM 10 YOBEKOBaTa OKOJIMHA.
BusyesnHuTe pecypcu, OflHOCHO MPUPOJHUTE Mej3aku, ce oceOHa KaTeropuja
Ha TPUPOJHM Pecypcu KOM ce€ TMOji €KCTPEMHO HEeraTWBHO BIIMjaHWE Ha
WHIyCTPUCKHUOT pa3Boj. HeratusHuTe BU3yeHn eheKkTH, MOCeGHO 32 KOTIOBUTE
BO O/M3MHA Ha ypOaHW CPEefHU, 3HA4ajHU TPAHCHOPTHU PYTHU U TYPUCTUYKH
U peKpeaTHBHHM 30HM, CE W3pa3eHM [0 Taa Mepa IITO YECTO MpPEeTCTaByBaaT
JVMUTHpAYKK (PakToOp 3a peanusalyja Ha HOBU MPOEKTH, KaKo U 3a Pa3Boj
Ha BeKe 3amoyHaTuTe. 3a Jla ce MPOLEHM BHU3YEJHOTO BJMjaHWE HA HEKOja
aKTMBHOCT OwWsle pa3BHUEHM rojieM Opoj Ha METOJOJIOTMM 32 NMpPOLEHYBAHE.
I'enepanHo, npoueHaTa Ha BU3YEJHOTO BJMjaHHE Ha TNpEJIOXKeHa pyAapcKa
onepauyja ondgaka TpY TUMA HA Tpallawka: MPOCTOPHO, KBAHTUTATMBHO W
KBaJMTaTUBHO. IIpocTOpHOTO mpamame BKIydyBa Of Kaje olepayujara
ce Iyefla WM MOKOHKPETHO Kaje WM 3a Koj ce riefa. KeaHTuratusHHUTE
npaliama BKIydyBaaT KOJIKY Off onepauyjaTa ce riefa, KOJKY Of OKOJIHAaTa
oGmacT e 3adareHa 1 10 Koj cTened. KBanuraTvBHUTE Tpaliama ro ongakaar
BU3YEJIHMOT KapakTep Ha olepayyjaTa M Hej3uHaTa KOMIATMOWIIHOCT CO
ONKpy>kyBaweTo. CUTE PyJHULM ce MPUBPEMEHH BO CMUCIIA HA KOPUCTEHETO
Ha 3eMjULLITETO, 1A 3aT0A € BasKHO J1a Ce MMa IJIaH 3a OHa LITO Ke Ce CIy4uyBa 3a
BpeMe Ha paboTara U 1o 3aBpIlyBamkeTo Ha paboTa Ha pyHULMTe. BusyeaHoTo
BJIMjaHNe Of] pYIAPCTBOTO U pabOTEHETO Ha PYHUKOT MOXKe J1a Oujie MPOLIEHETO
KOPUCTEjKM KOMITjYTEPCKU XapyiBep U OfipefieHn COPTBEPCKU MAKeTH.
MerToponorujata Ha IpoLieHa Ha BU3YEJIHOTO BiMjaHue omndaka:
BocnocraByBame Ha 30HaTa Ha TEOPETCKa BUIJIMBOCT;
CenexTupame 1 103B0J1a 32 IJIEUIITE Ha BUJIUBOCTA;
ITpenBunyBame 1 00jacHyBake Ha MPOMEHUTE BO BUIOKPYTOT;
MuHnMmH3Mpame Ha CeKOe HEMOBOJIHO BU3YENHO BIIMjaHUE HU3 MPOLIECOT
Ha MOfIeJIpare (BMETHATO yOIaKyBame);
[TpolieHa Ha 3HAYEHETO HA OCTAHATUTE BJIMjaHU]a;
[Ipepnor n mpuMeHa Ha Mepku 3a yOsaxkyBalke Ha NpPeoCTaHATUTe
HEMNOBOJIHU BJIMjaHUja.

bl S

AN

64



Faculty of Natural & Technical Sciences
NATURAL RESOURCES AND TECHNOLOGY Goce Delcev University — Stip

MeToponorujaTta 3a MpoleHa BKIy4dyBa HabJbyAyBame, MICHTU(UKALT]a
Ha e(peKTH U CeH3UTMBHU PUEMHHILM, OTIMC U KBaHTU(DMKAlMja Ha TPOMEHNTE
BO OCHOBA M eBallyallfija Ha MpeABUfIEHUTe e(heKTH, 3ae[JHO CO KPUTEPUYMUTE
KO Cce KOPUCTEHM M MEpKHUTe 1ITO Tpeba fa ce mpe3emMar 3a jia ce u3berHar,
HaMaJ1aT WM HaiIoOMECTAaT HEraTuBHUTE eq)CKTI/I.

[ToBpmmHCKMOT KoM (I.K.) KOjIITO Ke Ouyie pasriiefflyBaH BO OBOj TPYA
ce Haofa Ha KpajHWTE 3amajiHi OrpaHOlM Ha TUIaHWHaTa BomHO, OHOCHO BO
HerocpeaHa okoymHa Ha TpaoT Ckorje. Bo 61m3uHa Ha MOBPIIMHCKUOT KOTI
ce Haol'a HaCeJIeHO MECTO M MUHYBa acpasTUpaH MaT CO CTaHAAp/eH KOJIOBO3
(cmmka 1).

Cauxa 1 - Teorpagcka KapTa Ha OBPIIMHCKUOT KOI
Figure 1 - Geographical situation of the open pit

BPEMEHCKMU PACIHIOPE]I 1 OIINC HA TPOU3BOJAHUTE
AKTUBHOCTH HA IOBPHIIMHCKHUOT KOII

Bucuncku konot e nopiesieH Ha 10 eTaxku co BpeMe Ha eKCIuoaTauuja of
10 rogunau. OTKOMYBAaKkETO K& Ce BPLIM BO €TaKU Off O 5 M TOYHYBajKU Of]
E-345 nmortoa 340, 335, 330, 325, 320, 315, 310, 305, 300 u 295, cTabWIHNOT
paboTeH aroJsl Ha KOCMHATA Ha eTaxuTe Ke oupe oct = 55° - 60°.

IIpensokennor kom Tpeba fa Ouje NpOLEHyBaH CroOpey CJeJHUBE
KPUTEPUYMHU.
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Cauka 2 - Pa3Boj Ha MOBPIIMHCKY Ko 3a 5 rofi. u 3a 10 rop.
Figure 2 - Development of a open pit for 5 and 10 years

Kpurepuymu 3a BULJIMBOCT

H3zaoxcysare na euoaueocma

[penenoT koj ce rieaa of onpeaesieHo MECTO € MANMPaH CO KOPUCTEHE Ha
reorpaccku 6azupanu 3D anatku 3a Mofenpame. Co 1el ja ce TOeJHOCTaBH
HAMaJICHOTO M3JI0XKYBamhe Ha BUVIMBOCTA HA O0jEeKTHUTE ce JlaJileHH KaTeropun
Ha paHTUpame.

Tabena 1 - 30HU Ha BU3YEITHO U3JIOXKYBaHE
Table 1 - Visual exposure zones

30HU HA BU3YEAHO U3N0NHCYBAIE Panz na uzaoxcenocm
3ona 1: 100 M MHory Bucoka
3oHa 2: 400 m Bucoka
3oHa 3: 2 KM Cpenna

Tabeaa 2 - 3oHa Ha BU3yelleH KBAIUTET
Table 2 - Visual quality zones

3ona Ha eusyenen Keaasumem Panrupame Ha KBaJIUTETOT
3ona 1: CeBep Cpenen
3oHa 2: Jyr Cpenen

Bu3syeana epeonocm
PervoHoT e no3Hat no cBojarta npupoya, MJIaHUHUTE U JUBAHATA.

Kputepuymu 3a pa3riienysame

BusyenHu npumayu

Bo 61m3mHa Ha TMOBPHIMHCKHUOT KOII €€ Haora cejio co HEKOJIKY CTOTULHA
xnrtemm. Ce pa3jiMKyBaaT [OBa Ppa3JIMYHA BU3YCJIHU IIpUMa4vd: MECHOTO
HacelleHne u nocetutenn. IloceTuremure ce 061/111;yBaaT Ja ro Haco4daT CBOETO
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BHUMAHWE KOH HUBHOTO OMKPYXXyBake, 6upejkn XUBOTOMHUCOT T'O KOPUCTAT
3a yxKuBame. VICTO Taka, M Kaj MECHOTO HAaceJIeHMe OCETJIMBOCTA € BHCOKa,
OupejKu cTaHOeHUTEe UMOTH Ce CO TIPO30PLH KOW MMAaT TOrJIe]] KOH MECTOTO
Ha pa3Boj.

Tabeaa 3 - 3011 Ha BU3YEJIHU pEeLENTOPU
Table 3 - Visual receptor zones

30HM HA BU3YEJTHN PeleNTOPH OceTIuBOCT
3oHa 1: noceturenau MHory Brucoka
30Ha 2: MECHO HaAceJIEHHE Bucoka

Penpe3zenTaTuBHu riieguimra
BecMiiciieHo e ja ce npucTany KOH BU3yeJIeH UMIAKT off JoOpa 1noJioxoa
01 KOja He MoKe fla ce HabibyayBa. [TosoxouTe ce 3eMeHu off JIOKaLUU Kajie LUTO
BU3YEJIHUTE PELENTOPU TM HAOraaT TOUYKUTE HA TJIelathe KOH MpeJIOKEHUOT
Pa3Boj Ha M.K.
Ce uneHTU(MKYBaa TpY BU3YEJHU BIIMjaHUja:
—  BU3YEJIHO BJIMjaHWE Ha TJIABHUOT MAT HACIPOTHU MOBPIIMHCKUOT KOIT;
—  BM3YEJIHO BJMjaHME Ha MoManaTa Hacesoa;
—  BM3YEJIHO BJIMjaHUe Kaj morojemMara Hacesoa.

Cauxka 3 - Ilornen off jyroncrovHara cTpaHa T.e. TaTOT HACIPOTH
NOBPILMHCKIOT KOI
Figure 3 - View from the southeast side - road across open pit
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OBoj nornep Moxke fia Ouje 3Ha4aeH Npy MOMUHYBAakhe HA MUHYBAuuTe,
KaKo 1 32 MECHOTO HaceJleHre, KOU ce MPUOIIIKYBaaT 10 0BOj Mpefed ondaTeH
CO MOBPUIMHCKHUOT KOTI.

Cauxka 4 - Tlormney oy ceBepHaTa CTpaHa T.€. Of] TOMaJiaTa Haceoa
Figure 4 - View from the north side, from the smaller settlement

Cauka 5 - Tlornep o ceBepo3anajHaTa CTpaHa T.e. Off IIorojiemMaTta Haceroa
Figure 5 - View from the northwest side, view of a larger settlement
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Tabena 4 - 30H1 Ha penpPe3eHTATUBHU TJIIMLITA
Table 4 - Representative viewpoint zones

30HM Ha penpe3eHTATHBHY TJIEUIITA OceTnuBocT
3oHa 1: pernoHasneH nat MHory Bucoka
3oHa 2: nomasa Haceaba Bucoka
3oHa 3: morosiema Haceyba Mana

OuenyBame Ha BJIMjaHNETO

OceTIMBOCT Ha peLENITOPUTE

BaxxHo e ja ce mocTaBM 3aeHMYKO HHMBO TOMely pPa3IMuHUTe
BU3YEJHA MPUMayd U penpe3eHTaTUBHUTE riegumuTa. OBa 3aeHUYKO HUBO
e KnacuuuupaHo Kako 30Ha Ha mnpumavot. llenocHata oceTIMBOCT Ha
peuenTUBHATA 30HA € [eTEPMUHUPAHA CO COCTaBYBake Ha (DAKTOPU KOU Ce
NOBpP3YyBaaT CO KaTeropvjaTa peuentop, Kako U reorpadckara JoKaluyja Ha
BU3YEJHUOT peuenTop (Tadena 5).

Tabeqa 5 - OceTnMBOCT Ha PELENITOPU
Table 5 - Receptor Sensitivity

OceTamBoCT Ha penenToOpH
3ona Ha PenpesentaTuBHn Bu3syeana
Bu3iyeanu
penenTopu rJaequIuTa ocemaueocm
peyenmopu
Iornep o
O MHory Bucoka Bucoka Bucoka
PETMOHATHUOT NaT
ITornen op
Bucoka Cpenna Cpenna
romajiata Hacesba Pen pen
ITornen op
noroyiemara Mana MHory mana MHory mana
Haces0a

[Tornegure ce ceneKTUPaHU a I UIyCTPUPAAT HAjIOLIKMTE NOTEHUMjATHH
TIIEAMIITA HA TPEAJIOXEHHOT PYAHMK M J]a ja MPEeTCTaByBaaT EIMHCTBEHATA
JIOKaMja Kaje mITo MOXKAT ia Ce 3a4yBaat NOIJIeAUTe Ha PY/JHUKOT.

BusyenHoro BiMjaHue TO JIOJDKMHATA HA PErMOHAIHMOT maT Ke Oupe
roJieMO 3a MOCMAaTpauuTe BO BO3WJIATA, 3aTOA IUTO HMBHOTO BHUMAHUE CE
3roJjieMyBa Kora Ke NOMUHAT TOKpPaj K.

Busyennoro BnujaHue of momasaTta Hacenba ce Kiacupuuupa Kako
roJIeMO BIIjaHKE, 3aTOa LITO MMaMe JMPEKTHM MOTJIEAH Off MPO30pLUTE Ha
HHMBHMTE CTAaHOEHM MMOTHM KOH IOBPIIMHCKMOT Kom. U 3a Kpaj, mpoueHara Ha
BU3YEJIHOTO BJIMjaHKe Of orojiemMara Hacesba e Majio Wi BOOMIUTO He MOCTOH,
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OWjiejKu MOBPIIMHCKUOT KOTI Of OBaa CTpaHa He ce TIiefia.

Co mpolieHaTa Ha BHU3YEJHOTO BIMjaHME MOKE Ja Ce TOMOTHE BO
M30ErHyBAHETO MM MUHIMU3UPAKHETO HAa HETaTUBHUTE e(heKTH Of] pa3BOjoT Ha
NOBPIIMHCKUOT KOTI, & CO ,TOA HA €/IeH HAUMH Ce BPIIM 3aIITUTA Ha XMBOTHATA
CpeJivHa.

MEPKU 3A 3AIITUTA

Kako ocHOoBHa Mepka 3a 3alTHTa Ha MOBPIIMHCKHUOT KOI, CO LEJ Ja
ce m30erHaT HeraTMBHUTE BU3YEJHM BIIMjaHWja ce Ofi0MpaaT MPOMEHUTE BO
[AV3ajHOT Ha KOTOT U MOIITYMYBaHbETO.

Co e 1a ce HaMamaT BIMjaHUjaTa U ITIAHKPAHUOT OOjEKT fa ce HalpaBu
nonpudaTims, pa3paboTeHa e ceprja O CeKyHIAPHU MEPKM Ha 3allITUTa KOU
ce M3pa3yBaaT Mpeji C& HU3 ONCTPYKIMja Ha MOTJIEMTe KOH KOMOT MO TaT Ha
MIOLITYMYBaHE.

[IpBaTa 3aiITMTHA MEPKA € TIOLIYMYBAHETO MOKPAj MATOT CIPOTH M.K., CO
IITO 3a KpaToK mepuof (moTpeOeH 3a pa3Boj Ha BereTalnyjaTa) MorjaegoT KOH
KOIMOT Off CTPaHa Ha MaToOT BO LEJIOCT O OWIT M30JIMPaH, a Co Toa ce n36erHaTu
1 HeraTUBHATE e(heKTH KOH Mej3aKO0T (03HAYESHHU CO IPBEHA JINHUj).

MowymeH nojac

Cauka 6 - Tlornep off jyroncToyHaTa CTpaHa T.€. TaTOT HACTIPOTH TOBPIIMHCKAOT
Kor
Figure 6 - View from the southeast side-road across open pit
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Bropara cepuja Ha MepKu ce COCTOM Of ONCTPYKIIMja Ha MOTJIeIOT Off CTpaHa
Ha nomaJjiaTa HaceJjoa.

Momana Hacenba

Cauxka 7 - Tlorney of ceBepHaTa CTpaHa T.€. O] ToMasiaTa Hacenba
Figure 7 - View from the north side, from the smaller neighborhood

Momana Hacenba

Cauxa 8 - Ilornep of ceBepo3anajiHaTa CTpaHa T.€ Ofi IorosieMara Hacenoa
Figure 8 - View from the northwest side, view of a larger settlement

Co 1en a ce nposepu e(hMKACHOCTA HA MEPKUTE, HAT[PaBeHa € TIOBTOPHA
aHaM3a Ha BU3YEJIHOTO BIIMjAHUE.

Tabena 6 - OceTnMBOCT Ha PeLIENTOPUTE
Table 6 - Receptor Sensitivity

OceTanBOCT Ha pellenTOPUTE

3ona na Busyeanu Bu3syeana
eyenmopume Penpesenmamuenu eyenmopu ocemaueocm
pey P wedumma pey P
Iornen o
Aol MHory Bucoka Bucoka Bucoka

PETMOHAJIHMOT NaT

ITornenm o momanara
Hacenba

Bucoka Cpenna Cpenna

ITornen o

Mana MHory Mana MHory mana
noroJsieMaTa Hacenoa
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Tabeaa 7 - OcTpyHa Ha BIIMjaHUETO
Table 7 - Impact severity

OcTpuHa Ha BJIMjaHUETO
30Ha Ha Busyenno | Busyenen | Busyenen | Busyenna | Octpuna Ha
pelenTopu | M3JI0XKyBamhe | KOHTPACT | KBAJUTET | BPeAHOCT | BIUjaHUETO
Ioraep o
Aon CpenHa
PErMOHATIHUOT CpenHo Cpenen Cpenen Cpenna
OoCTpHHa
nar
IToraep o
on Cpenna
nomasnara Cpenso Cpenen Cpenen Cpenna
OCTpHHA
Haces0a
IToraep o MHor
N MHory y Bnara
norojemMara Cpenno HHU30K Mana
HH30K OCTpHHA
Hacenba
Tabena 8 - 3Hauewe HA BIMjaHUETO
Table 8 - Impact Significance
3Hayeme Ha BJIMjaHUETO
OcetmmBocT
OcTtpuna Ha 3Haueme co
Busyenno 3naueme . Ha 30HaTa Ha| J3Hayeme
BIIMjaHNETO yo6aaxyBame
penentopu
Busyenno Biujanue Cpenna
y J pen lonema CpenHo Cpento
o[ TJIABHUOT NaT OCTpHHA
Busyenno Bimjanue
Cpenna
o1 moMaJiaTta lonema Cpento Cpento
OCTpHHA
HaceJ10a
BusyenHo Biujanue
y J Bunara Marno / 6e3
of1 morojiemara Hwucka Majo
OCTpHHA 3HaUYCHE
HaceJ10a
BusyenHo Bimjanue
3a BpeMe Ha
eKkciioaTanmjara OcTpa MsHory mana T'onemo T'onemo
Ha MOBPIIUHCKHOT
Kon
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3AKIIYUYOK

Pesynrarture of npoleHaTa ce IpeTCTaBeH! CO JlaBake Ha KPATOK OMNKC Ha
NOCTOEUKHOT TOTJIE]] Of] CeKOja MepCreKTHBa, CICCH CO ONMIC HA MPOMEHUTE
BO TIOTJIEIOT Ha TpefesioT, KaKo M aHajM3aTa Ha rojieMuHaTa W NpupojiaTa
Ha edekture. COo cafielbeTO HAa CAHUIMTE Ke Ce co3faje IIyMCKHU Tojac
KOj K& TO MPUKPHBA MOIJIEOT KOH MOBPHIMHCKUOT KOM M CO MpEJIOKEHNTe
MEPKM 3a 3allTUTa TOBPIIMHCKUOT KON HeMa fa Ouje BUIJIMB U Ke MMa
eKCTPEMHO OrpaHnueHa npersefHocT. [IpoleHara Bo 0BOj cllyuyaj OMOTHA BO
M30ErHyBABHETO UM MUHUMI3UPALETO Ha HETATUBHUATE e(heKTH Of] pa3BOjoT, a
€O TOa Ke ce Hajie HAuMH 3a MoIoOpyBatbe Ha BU3YEJIHUOT MOTJIe]] HA MECHOTO
HaCeJIEHUE KOH MOBPLUMHCKUOT Koll. Pyrapckure cTpyushauy U BO Na3apHUTE
YCJIOBU HA CTOMAHUCYBAKE HE CMEAaT /1a J03BOJIAT CONCTBEHA IeXyMaHU3aluja,
He cMeaT 3aJ] HUB Jla OCTaBaT roJieMy PUIOBU CO jaJIOBUHA, MOJIMbA 63 KUBOT
U BereTanyja, TyKy Mopaar fa ce 60paT 3a TaKOB TEXHOJIOLIKH MPOILEC KOj Ke
6uyie Bo (pyHKIIMja Ha BKYTTHUTE COLMOEKOHOMCKH 1 €KOJIOIIKA HACTOjyBama, Co
WHAyCTpUjanu3anyjaTta n ypbanusanyjaTa jia ce AeyBa niIaHCK/ Ha €KOJIOUIKUOT
CcHCTeM, a co Toa fla ce obOe30emyBa HeroBaTra ecTeTcKa M (DYHKIMOHAJHA
BPEIHOCT BO 00EM LITO T'O JI03BOJIyBa MPOCTOPOT. [IpOeKTOT 3a ypenyBame Ha
nej3aKoT Tpeda fa ce N3roTBU UCTOBPEMEHO co ['NTaBHUOT pyIapcKu MPOEeKT U
Hero ro NpaBy PYJIAPCKU MHXKEHEP 3ae[HO BO copaboTKa co GUOJIOT U Te0JIor.
Co eBeHTyaJlHOTO BJIeTYBame Ha 3eMjaTa Bo EBporickaTa yHUja pyaapcKuTte
KOMITAHUHN Ke MOpa [1a ' no4YuTyBaaT €KOJIOWKUTE CTaHJapAu W 3aKOHCKU
peryJiaTUBM Off 06JacTa Ha KMBOTHATA CPEeAHA M HA TOj HAUMH XXUTEIUTE Off
PYyHAapCKuUTe MecTa Ke OuiaT 3aITUTEHH Off TOCTOSUKUTE N3BOPH Ha 3aragyBarba
O] POLIECOT Ha ekcrutoaraumja. [Ipouecor Ha NPOU3BOJICTBO, KAKO U MEPKUTE
Ha 3alITUTa Ha XMBOTHATA CPEfIMHA C€ pean3upaaT M KOHTPOJIMPAAT BO
corsacHocT co npouerypute Ha ISO 9001 u ISO 14001.
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UDC: 622:574 OpurvHasneH HaydeH TPYyH

MOZKHU U3BOPU HA 3ATAYBAILE HA BOJAUTE O
CJIMBHOTO IMOJAPAYJE HA PYITHUKOT CACA

baaroj T'osomeos', Mupjana I'onomeosa!, Appoaura 3enpencka’,
Anekcangap Kpcres?

AmncTpakT

Bo jeHemHO BpeMe, EKOJIOIIKATE CTaHJAapAM 3a 3/IpaBa U YUCTa
YOBEKOBA OKOJIMHA CE€ MOBEKe Ce 3a0CTPyBaaT MPEeKy 3aKOHCKATa pPeryJsiaTuBa
W MOJI3aKOHCKUTE akTH. MIMajku To oBa MpeJiBUjI, HEOMXO/IHO € ceomndaTHo 1
KBJIUTETHO JIETEKTUPAhe Ha COCTOjOMTE Ha TepeHOT. Toa e moTpeGHo 3a jia
MO3Ke JIa C€ OCMHUCJIAT M TIPE3eMET COOJIBETHU MEPKH U MOCTAINKH, KOU Ke OflaT
BO MpaBell Ha 33/JOBOJTYBakbe Ha C& OOCTPUTE Oapara, BO TOTJIe]] Ha 3alITUTaTa
Ha YOBEKOBATa OKOJIMHA.

Bo 0Boj Tpyj ce mpaBu oOMJ Jla ce TOKaXKe jieKa MOXKHUTE HeraTUBHU
BJIMjaHWja BP3 OKOJIMHATA W HEe MOpa jla OUjjaT pe3ysTaT caMO Ha YOBEKOBUTE
aKTUBHOCTH, OJIHOCHO Ha OJYICITHUTE TEXHWMUYKO-TEXHOJOIIKN MPOLECH, TYKY
YeCcTO MaTh MOXKAT Jla UMaaT v TIPUPOJICH KapakTep.

Kayunu 360poeu: xmcuseommna cpeouna, 3azadysare, 3AKOHU,
OemeKkmuparbe, mepen, BOOHU MeKOBU.

POSSIBLE SOURCES OF WATER POLLUTION FROM THE
CATCHMENT AREA OF THE SASA MINE

Blagoj Golomeov!, Mirjana Golomeova', Afrodita Zendelska',
Aleksandar Krstev?

Abstract

Nowadays we have met with penetrative low regulation regarding to
protective of human environmental. Having this in mind, it’s become necessary
to take quality and full approach to detect the situation on the ground. Only
with full information, the proper steps towards solving problems and satisfied
low regulation demands can be taken.

1) dakynrer 3a npupoOAHM U TEXHUUKU HAyKu, Y HuBep3urer ,,loue [demnues — lltun
Faculty of natural and technical sciences, University Goce Delcev - Stip

2) dakynaret 3a uHpopMaTuka, ¥ Husep3utet ,,['oue Jemues* — Tun
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In this paper we try to show that, not only human activities as some
technological processes could be responsible for environmental pollutions, but
in many cases that is result of natural sources.

Keywards: environmental, pollutions, regulation, low, detect, ground.

Bosen

On 3anoyHyBameTo co pabota Ha PymaukoTr Caca — M. Kamenuna na 1o
JIeHec, 3a MOTPebUTe Ha MPOLECOT Ha (pIOTAlMCKA KOHIEHTpaIMja, PeKy Koj,
CO HajHOBATa TEXHOJIOIIKA IlleMa, ce JOOMBAaT CEJEKTUBHU KOHIIEHTPATH Ha
0510BO (rajeHuT) U muHK (ccpanepur), no TeueHneto Ha Kamennuka Peka ce
M3rPaJIeHN HEKOJIKY XU/IPOjasioBUIITa. BOMOMEHTOB, BO aK THBHA €KCIIIOATAIM]a
e xuppojajoBuiiTe 6p. 3, cpasa 2, fofeka APYrUTE TPU XUAPOjaJIOBUIITA
O3HAYeHU Kako jayoBuinTe Op. 1, jamoBuinTe 6p. 2 u janosumre 6p. 3, asa
1 ce Bo moTtmosHOCT peBuTanM3upaHu. Co 3a0CTPYBAHETO HAa 3aKOHCKATa
perynatuBa Koja TM ypelyBa Mpaiiamara off obiacTa Ha 3alliTUTaTa Ha
>KMBOTHATa CpEfIMHa, COCEMa € HOPMAaJlHO, BO BAaKBU YCIJIOBM, Ia C€ MOCTaBU
MpallakeTO 3a BIMjaHMETO HAa OBHME O0jeKTH BO TIOTJIE[ Ha €BEHTYaJIHOTO
3arajiyBam¢ Ha BO3[yXOT, OKOJIHATa MouBa U BopuTe of Kamennuka Pexa.
Tpeba j1a ce HaOMeHe JieKa Of] CTpaHa Ha MEHAIIEPCKUOT TUM Ha PYJHUKOT Ce
npes3eMaaTr CUTE HEONXOJAHU MEPKU, CEBCHTYAJHOTO HECTraTHUBHO BJII/IjaHI/Ie Bp3
YOBEKOBATa OKOJIMHA Jla Ce CBefe Ha MUHUMYM M BO mpudaTivBu paMku. Bo
COTJIACHOCT CO BaKBUTE HAMOPH, M3rpafgdaTa u MEHAIMPAH-ETO HA OBUE 00jeKTH
CO HarJiaceH PU3MK Ce BPIIN BO COTJIACHOCT CO OMIITONPU(ATEHUTE CTaHAAPAN
Y MepuJia 3a BaKBU 00jeKTH.

AHaJIN3a HA KBAJMTETOT HA BOAUTE

OHa WTO € KapakTepUCTHYHO 3a PerMoHoT okony Pynuukor Caca, a
mTo Gellle ¥ MPeMET Ha UCTPasKyBawe BO OBOj TP/, € (hakTOT jieKa Nnopaju
NPUPOJHUOT COCTAaB Ha CTEHCKAaTa Maca, Koja e 0orara co pa3HOBHUJHA
MeTaJMyHa MUHEpalin3alja, foara 0 MPUPOJIHO 3arajyBare Ha MOJI3EMHUTE
N HAA3€EMHHNTE BOJHU TEKOBU CO jOHI/I Ha TCIIKUW METAJIA. Hopa;uzl OBa, TCILIKO
MOXKeE Jla Ce W3BPIIM PECKO pa3rpaHMuyBalbe€ BO MOIJIE] Ha TOA KOJKaB €
YAEJIOT Ha TEXHOJOWKUOT Tpouec Bo Pyauukor Caca, a KOJKaB € y/eJoT Ha
NPUPOJHOTO 3arajlyBare Kora € Bo npalliame Bofara oyi Kamennuka Peka, Bo
KOja ce cJieBaaT CUTE OCTAHATH BOJIHM TEKOBU Of] PEOHOT.

BO NMOHATAMOHIIHUOT TEKCT BAKBHUTE KOHCTaTallUU KC ™ HOTKpCHI/IMC co
HEKOJIKYy aprymeHTauuu. Ha moueTokoT o m3rpaj0ara Ha necoyHaTa OpaHa
Ha jajoBuiTe 6p. 3, pa3a 2, BO MOTHOK]ETO HA IeCHATA CTPaHa Off HOXKUIIATa
Ha KOocHMHaTa Ha OpaHaTa, IJIe[laHO0 HM3BOJIHO, Oellle KOHCTaTHpaHa TojaBa Ha
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noMaJio KoJimuecTBo Ha Bojia. CO HEKOJIKYIHEBHO KOHTPOJIMPak-e Ha Hej3uHaTa
pH BpenHocT, KOja mocTojaHo ce fBMXele moMely 6 u 8, KOHCTaTHpaHO €
Jeka ce paboTu, TIIaBHO, 3a TofzeMHa npupofHa Bofga. Co 1en ia ce u3berHe
KakBa OMJIO OMACHOCT J1a JI0j/ie /10 MOTKONYBamke Ha BTOPUOT JIPEHAXKEH TENuX,
oBaa Bojla Oeuwe 3acaTeHa CO MOMOUI Ha IJIACTMYHU LIEBKM U OfIBE[IEHA BO
OJIM3MHA Ha M3JIe30T Ha BOflaTa Of IJIaBHaTa jijpeHaxka. Orroraiil, BO HAPEAHUOT
noekeMecedeH nepuop o 2008 roj., KOHTUHYHUPAHO Ce BPILEIIe ClIeieHe
Ha pH BpefHOCTa, MPOTOKOT M XEMHUCKMOT COCTaB Ha OBaa Boja, Koja Oelie
YCJIOBHO O3HaYeHa Kako ApeHaxa 2 (I1-2). XemuckuTe aHaam3u, BO OTHOC HA
u3MepeHuTe pH BpeqHOCTM M MPUCYCTBOTO HA TELLIKU METAJMU, HA BOAUTE Off
riaBHaTa fApeHaxa [1-1 u Ha 3adpaTeHnTe BoM, O3HAYEHN Kako ApeHaxa [1-2,
rpaduuKu ce peTcTaBeHun Bo rpadukonnTe 1,2,3,4,5,6 u 7. Op rpadpmkoHOT
1 jacHo ce ryesa neka 3acgaTeHaTa Bojia mocTojano nMa pH BpemHOCT oMery
6 u 8, 3a pa3nmka off BofaTa oOf IIaBHATa ApeHaxa, yujamro pH BpemHOCT
MOCTOjaHO ce ABIKYM OKoJy 10, mMITO jacHO yKakyBa Ha HEj3MHHOT, Mpef ce,
NPUPOJICH KapakTep, CEKAaKO CO OJpeIeHO Y4eCTBO Ha MPOLEJHM BOJM HU3
TEJOTO Ha OpaHaTa.

On rpadmykuTe pUKas3u Ha cimkuTe 2, 3,4, 5, 6 7, Kou ce ofjHeCcyBaaT
Ha TPUCYCTBOTO Ha TEUIKM METAIM BO BojiaTa Off IyiaBHara ApeHaxa -1 u
3achaTeHara Bosa /1-2 MoOKe 1a ce KOHCTaTUPa CISTHOBO:

— Bopara op ryaBHarta jipeHaxa (JI-1) uma HEWITO 3roJeMEHO MPUCYCTBO
Ha Pb u Cd, Bo ogHOC Ha go3BosieHoTo 3a Bogu of III u IV kareropuja,
cnopeng MIIK;

— 3adparenara Boma (/1-2) mokaxyBa 3rosieMeHo npucyctBo Ha Pb, Zn, Cd
1 Mn Bo ofgHOC Ha mo3BoJieHoTOo 3a Boau off III u IV kareropwuja, cnopep
MJIK;

— IlpucyctBoro Ha Zn u ocobeHo Mn e TOBEKEKpaTHO IMOTroJieMO BO
3acpaTenara Bopa (/1-2) Bo ogHOC Ha BopiaTa off ryiaBHaTa apenaxka (J1-1),
KOja € MPOU3BOJ] Ha TEXHOJIOIIKHOT MPOLEC;

— [Hpyrure Temku Metam Fe u Cu ce mop 03BOJICHUTE BPEIHOCTH 32 BOJIU
on III u IV kareropwuja, cnopeg MJIK.
3HAYUTEJHO 3roJIEMEHOTO NMPUCYCTBO HA MaHraHOT BO 3acdpaTeHaTa Boja

(d-2) omgu BO WpWJIOT HA TBPACHETO JieKa ce paboTu 3a, TJIaBHO, TOJ3eMHa
TIPUPONIHA BOJIA, aKO Ce MMa mpeaBuy (hakTOT IeKa CUTE TIPUPOTHKA BOIM O OBOj
peruoH ce 6oratt co Mn. 3roieMeHOTO MPUCYCTBO HA OJIOBO, IMHK U KaMUYM
BO OBaa BOJIa, 3HAUMTEJIHO NTOr0JIEeMO OTKOJIKY BO BOjiaTa Off [JIaBHATA JIpeHaxa,
Mopa fla € pe3yJTaT Ha Ofpe/icHH MPOLECH Ha PaCTBOPAE M MEXAHUYKO
3arajyBame BO YCJOBM Ha MUHYBalb€ Ha OBaa BOJIa HU3 MNpefesud GoraTu CO
OBKME TElLIKM MeTaju. Bo mpujor Ha oBa ofjaT M pe3yaTaTure JOOMEHU CO
HapaBEHUTE XeMUCKM aHaim3u Bo TekoT Ha 2008 (tabena 1 u 2) u 2009 rop.
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(Tabena 3 u 4), a Kou ce OfJHECYBaaT HAa OBEKE MEPHU MECTa BO OKOJIMHATA Ha
PYAHUKOT.

Cropenr  XeMHUCKWTE  aHaJW3W, TMpoOM3JieryBa JeKa  yOemIuBO
HajkoHTamupanu ce Bopute off Kosja Pexka, CBuma Peka u jamckure Boau. OBa
Tpeba ma Ouje mMpemMeT Ha mocebHa aHam3a Koja Tpeba jja Jaje OfroBoOp 3a
NPUYUHUTE U MOKHOCTUTE 3a HAMAJTyBalh€ HAa BaKBaTd KOHTAMUHUPAHOCT, KOja
VMa HajroJjieMo BJIMjaHUe Ha BKYITHOTO 3arafyBame, KOe MOKe Jla ce IETEKThpa
npeky 3aragyBameTo Ha Kamennuka Peka, Bo Koja ce BieBaaT cuTe BOIU KOU
MPOM3JIETYBAAT WUJIM MMAaaT BPCKa CO PYJHUKOT.

Opn ropeHaBeleHUTe XEMUCKM aHAJM3W jaCHO TPOM3JIeryBa JeKa CHUTe
NpUpPOAHU Bofiu off mosipadjeto Ha PynuukoTt Caca - Lpsena Peka, Cuma Pexka,
Kos3ja Peka, kako 1 BoguTe KO IOTEKHYyBaaT Of] jaMCKUTE MpocTopun (Tadesa
1 u?2,touku 2, 3,4, 13, 14 u 15) nokaxxyBaaT KuceJl KapaKTep U 3HAUUTEITHO
MPUCYCTBO Ha TEWIKW METAJIM, JajeKy HaJl 03BojieHOTO 3a Boau of Il u IV
KaTeropuja, moceGHO Ha OJIOBO, IIMHK, KaAMUyM M MaHraH. Bo oBoj moruen
HEKOM Pe3yJITaTh ce eKCTPEMHO BUCOKH, KaKO IITO € CIIy4aj CO MPUCYCTBOTO
Ha nuHK Bo BoiuTe off Ko3zja Pexa, Ceumba Peka u jamckaTa Boma 830.

CeTo TOpeW3HECeHO jacHO yKaxkyBa Ha (paKTOT [eKa HajroJieMuTe
3araiyBalba Ha BOJHUTE TEKOBU BO PErMOHOT Ha PyHHI/IKOT Caca, CO TELIKMN
MeTajii, ce Off TMPUPOJeH KapaKTep a He KaKo pe3yJTaT Ha TEeXHUYKO-
TEXHOJIOLIKHUTE MPOLECH.

3akayqyox

[Tpo6neMoT 3a ofip>KyBakhe Ha KBAJIMTETOT Ha BouTe Bo KameHnuuka Peka
BO paMKUTE Ha TO3BOJICHUTE BPEAHOCTH 3a BOJU O] TPETA U YETBPTA KaTCFOpI/Ija,
cnopen, MK]I cranpjapauTe, Kora € BO Mpalllakbe MPUCYCTBOTO HAa TELIKUTE
MeTanu, TpPeTCTaByBa KOMIUIEKCeH TmpobieM. CUrypHO [ieKa CTPY4YHHOT
kagap Bo Pymaukor Caca ke mpoioirku ia paboTy BO MpaBel] Ha MaKCUMAaJTHO
MUHUMU3VPae Ha 3aragyBamaTta Ha Kamennuka Peka, a kou ce pe3ynarar Ha
TEXHOJIOIIKMOT TIponec. 3a Taa 1edl, BO KpajHa JIMHU]ja, TIOCTOjaT MacCUBHU U
AKTUBHU TPETMaHU MPEKY KOU BOJUTE KOU CE€ UcnymrTaaT BO pEYHOTO KOPUTO
MoOXKaT aa ce€ goBeaartr BO HpI/I(baTJII/IBI/I pPaMK1 BO MNOIJIEA HAa NMPUCYCTBOTO Ha
JOHU O OJICJTHU TeIIKN MeTas. [JoKoMIIeKCeH e pobJIeMOT CO PUPOTHOTO
3aragyBame. [lopamu cocTaBoT u rpagbara Ha TEPEHOT, MPUPOHUTE HAJI3EMHU
Y TO3eMHM BOAM MMHYBAjKA HW3 CTEHCKHTE Macu OOraTH CO MHMHEpajid Ha
TEUIKA METaJId BPIIAT OfPENIEHO PacTBOpame M cebe300raTyBarmke CO jOHU Off
oBue MeTan. ViMajku ipeBu ieka OBOj pEervoH € 60rat co Bofa, MpooIeMoT
3a TIOfiUramke Ha HMBHUOT KBAJIUTET, BO TOTJIE]] Ha 3a/I0BOJyBamke HA HEKOU
WJIHU TIOPUTOPO3HM €KOJIOUIKU CTaHAp/, K& Oujie NCKIIyYUTENHO CJIOXKEH U
KOMIUJIEKCEH.
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Tabeaa 1
M360pHN TOUKH pH mg/l*

Pb Zn Cd Fe Mn | Cu
1. IIpeena Peka 7.87 | 0.00 | 0.00 | 0.00 | 0.04 | 0.03 | 0.00
2. Ko3ja Peka 6.89 | 0.14 | 15.1 | 0.09 | 0.05 | 3.40 | 0.03
3. OnToueH TyHeJ u3ne3 898 | 0.01 | 0.17 | 0.00 | 002 | 147 | 0.01
4. OnroyeH TyHeJ BJe3 694 | 000 | 129 | 0.03 | 0.00 | 2.09 | 0.02
5.5 KM HU3BOJHO 787 | 002 | 1.69 | 000 | 001 | 2.56 | 0.00
6. [IpeHaxa jaJoBuIITe 10.04 | 0.00 | 000 | 00 | 0.06 | 0.28 | 0.01

7. Lpeena Peka + Caumba

. 6.55 | 000 | 0.58 | 0.00 | 0.04 | 0.25 | 0.01
Peka (kaj Oykara)

8. CBumba Peka XV 395 | 062 | 134 ]| 005 | 009 | 362 | 0.62
9. P-Kavenitika, 0 Tanoxk. | 5 g4 | 002 | 2.19 | 000 | 0.03 | 240 | 0.00
kaj 830
10. Jamcka Bopa 830 779 | 0.12 | 449 | 0.02 | 0.03 | 2.14 | 0.00
11. JanoBumre Kaj konekrop| 11.80 | 0.19 | 0.00 | 0.00 | 0.01 | 0.02 | 0.02
MIK 6,59 [ 003 | 0.2 | 0.01 1 1 0.05
Tabena 2
N360pHn TOUKHM pH mg/1*

Pb Zn Cd Fe | Mn | Cu
1. IpBena Peka 649 | 002 | 0.05 | 0.00 | 0.01 | 0.00 | 0.01
2. Koszja Peka 697 | 005 | 146 | 0.03 | 0.00 | 3.82 | 0.00
3. OnToueH TyHe u3nes3 8.55 |1 0.02 | 003 | 0.00 | 0.00 | 2.21 | 0.00
4. OnToyeH TyHeJ BJe3 519 | 079 | 1.13 | 0.02 | 0.00 | 3.64 | 0.00
5.5 KM HU3BOJTHO 7.75 | 002 | 120 | 0.03 | 0.06 | 344 | 0.16
6. [Ipenaxa janoBuilTe 1048 | 0.05 | 0.00 | 001 | 0.10 | 0.27 | 0.00

7. psena Peka + Ceumba

. 6.73 | 001 | 1.17 | 0.00 | 0.08 | 0.15 | 0.00
Peka (kaj 6ykara)

8. Cauma Peka XV 391 | 0.67 | 940 | 002 | 004 | 343 | 055
2 {;Ug) z;{(;;]a Pexa non 790 | 003 | 1.94 | 002 | 000 | 2.63 | 0.00
10. Jamcka Bojia 830 756 | 0.11 | 3.97 | 000 | 003 | 231 | 0.00
11. JanoBuinre Kaj konekrop| 11.55 | 0.08 | 0.02 | 0.00 | 0.07 | 0.00 | 0.04
MK 659 | 003 02 001 1 1 | 005
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Tabeaa 3
N360pHN TOUKM pH mg/l*
Pb Zn Cd Fe Mn Cu

1. Lpeena Peka 644 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
2. Courba Pea (Hap xop- 355 [ 055|152 | 009 | 24 | 4,19 | 121
XV)

3. lpsena Pexa + Couiva 461 | 000 | 136|000 | 002 | 046 | 006
Peka

4. Koszja Peka 5,97 0,04 | 10,6 | 0,04 | 0,00 | 3,09 | 0,05
5. Ko3ja Peka mo XIVo 6,19 0,04 | 104 | 004 | 0,00 | 3,08 | 0,04
6. OnToueH TyHeN Bie3 5,50 0,00 | 2,90 | 0,00 | 0,00 | 1,06 | 0,02
7. OnToyeH TyHel u3je3 7,60 0,00 | 0,87 | 0,00 | 0,00 | 0,99 | 0,01

8. OB nmpenaxa 1 jamopum. 4| 1144 | 0,01 | 0,00 | 0,00 | 0,02 | 0,00 | 0,00
9. OB npenaxa 2 janosuui. 4| 745 0,02 | 0,01 | 000 | 0,17 | 1,73 | 0,00
10. P. Kamennuka no
IpEeHAXN

11. OTnagxu Bogu off
TaJoXHUK 830

12. P. Kamennuka o 830 7,86 0,02 | 1,64 | 003 | 002 | 1,53 | 0,01

854 | 000 | 047 | 0,00 | 0,00 | 0,86 | 0,01

7,78 | 0,12 | 940 | 0,03 | 0,05 | 2,63 | 001

13. 5 KM HU3BOHO 7,57 001 | 1,35 | 003 | 0,02 | 1,36 | 0,01
MK 6,59 | 003 | 0.2 | 0.01 1 1 0.05
Tabeaa 4
M3060pHN TOYKH pH mg/l*
Pb Zn Cd Fe Mn | Cu
1. llpBena Peka 6,53 | 002 | 001 | 0,00 | 0,00 | 0,00 | 0,00

2. Cumba Peka (nag xop.XV)| 3,74 | 049 | 9,18 | 005 | 0,17 | 298 | 0,69
3. lpsena Pexa + Cuma

5,64 | 0,00 | 0,72 | 0,01 | 0,00 | 0,20 | 0,01

Peka

4. Koszja Peka 570 | 0,10 | 133 | 0,10 | 0,01 | 3,60 | 0,14
5. Ko3ja Peka no XIVo 624 | 009 | 13,7 | 0,11 | 0,00 | 3,44 | 0,09
6. OnToYeH TyHeN Bie3 6,81 0,00 | 3,73 | 006 | 0,00 | 1,18 | 0,00
7. OnToyeH TyHeN u3jie3 9,96 0,02 | 0,06 | 001 | 0,00 | 0,00 | 0,00

8. OB nppenaxa 1 jamopum. 4 | 1144 | 002 | 0,05 | 0,01 | 0,01 | 0,00 | 0,00
9. OB npenaxa 2 janosuu. 4 | 7,39 0,02 |1 0,02 | 0,00 | 0,05 | 0,64 | 0,00
10. P. Kamennuka no
JApEHaXH

10,00 | 0,06 | 0,00 | 0,01 | 0,00 | 0,00 | 0,00
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11. OTnapuu BOU Off

888 | 004 | 0,19 | 0,04 | 0,00 | 0,87 | 0,00
TaJIoKHUK 830

12. P. Kamennuka no 830 8,78 | 0,01 | 0,04 | 0,01 | 0,00 | 0,47 | 0,01
13. 5 KM HU3BOAHO 7,70 031 1| 11,2 | 0,11 | 0,16 | 3,81 | 0,00
MJIK 6,59 | 003 | 02 | 0.01 1 1 0.05
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UDC: 574.63 CrpyueH Tpya

IIOCTAIIKHA 3A 3I'YCHYBAILE HA TUIbA

Mupjana Tonomeosa', Adpoaura 3enpencka'; bopuc Kpcres!,
Bbaaroj I'onomeos!

AnctpakT

[Tpu mpeuncTyBame Ha OTHAIHUTE BOAM CE jaByBa rojeMa KOJM4YMHA Ha
THHA, KOja COAP>KM BUCOK MPOLIEHT Ha BOAAa M MAaTEPUM KOM Ha OTHajiHATa BOJA
M JaBaaT JIOUl KBAJIMTET (CyCHEHJMPaHU OPraHCKM M HEOPraHCKM MaTepuu,
CYNCTaHLM KOM [1aBaaT HeNpHjaTHU MUPUCH, GAKTEPUH U CJ1.).

Bucokara copprHa Ha BOAga BO M3ABOCHATa THHA JIOBEyBa JIO
3rojieMyBat¢ Ha BOJYMEHOT Ha THMHbATA, IITO Oapa PpENaTUBHO TOJEMU
objexTn 3a 00paboTka Ha uctara. CeTo oBa HaJIOXKyBa MoTpeda off IprMeHa Ha
MOCTANKM 32 TPETUPahe Ha TUHHATA CO 1IeJ 1a CE HAMaJM HEj3MHMOT BOJYMEH,
cTabuiM3alMja Ha MaTepuMTe MOMJIOXKHM Ha pacnafarme M YHUILTYBambe Ha
NaTOreHnTe MUKPOOPraHU3MHU U MApa3uTH.

Bo Tpynot ce o6jacHETH MOCTANKUTE 32 HAMAYyBamke Ha BOJYMEHOT Ha
TUHATA, OJTHOCHO MOCTANKWUTE 32 HEj3UHA IeXujpaTaumja.

Kayunu 36oposu: omnaoua eooa, mura, 2pasumayicko, pA0mayucko,
uenmpugy2aino, 32ycuysarve.

THICKENING METHODS IN SLUDGE PROCESSING

Mirjana Golomeova', Afrodita Zendelska', Boris Krstev', Blagoj
Golomeov'

Abstract

The treatment of wastewater occur a large amount of sludge that contains
high percentage of water and substances that provide a poor quality of
wastewater (suspended organic and inorganic substances, substances that give
unpleasant odors, bacteria, etc.).

The high content of water in the sludge requires relatively large objects
for sludge processing. This indicates the need for application procedures for

1) ®akynTeT 3a MPUPOJHUA U TEXHUUKU HAYKU, Y HuUBep3urert ,,['oue Hemues — llTun
Faculty of natural and technical sciences, University Goce Delcev - Stip
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treating sludge to volume reduce, stabilization of substances subject to decay
and destruction of pathogenic microorganisms and parasites.

In this paper are describes procedures for reducing the volume of sludge,
rather procedures for sludge dehydration.

Keywards: wastewater, sludge, gravity, flotation, centrifugal, thickening.

1. Bosen

Bo mpouecure Ha npeuncTyBamke Ha OTNAAHUTE BOAM CE jaByBa rosiemMa
KOJIMYMHA Ha THHbA, KOja IPETCTaByBa rojieM npobiieM, OuejKu ce coCTOM Off
MaTepuy KoM Ha CHpOBaTa OTIA/{HA BOJA M 1aBaAaT JIOLLI KBAIUTET (CyCIeHIMPaHu
OpraHcKH ¥ HEOPTaHCKM MATePUM, CYNICTAHLM KOM 1aBaaT HENpPHUjaTHU MUPHUCH,
OaKTepuu U Ci.).

OpraHckuTe MaTepuu Kou ce HaoraaT BO CHPOBATa THHa CE IMOMJIOKHU
Ha THHEHE, TaKa IITO BO CJIy4Yadj HA CIOHTAHO M HEKOHTPOJIMPAHO TPYJEHE
BO NpHpopiaTa 61 JOIIJIO 0 pa3BUBaME HA HEMOKEJHU T'aCOBH, KAKO ILUTO CE
METaH, CyJa(ypBOAOPOd, aMOHHjak M Ap. Bo TumwaTta Moxe ja ce Hajaat u
naToreHn GakTepuM KOM BO MPOLECOT Ha 00paboTKa Ha TuaTa 0e3 HUBHA
eIMMUHAIMja OM MOXKelle fa Tpeau3BHKaar 3apasHu Oonectu. [loceGen
npo6ieM BO 00paboTKaTa Ha THHaTa NPETCTaByBa BUCOKATa COAPXKMHA Ha
BOJIa BO M3[JBOCHATA THHHA, IITO Oapa peslaTUBHO rojieMu 06jeKTH 3a 00paboTka
Ha TUbHATA.

I'maBHaTa e Ha nocTankuTe 3a 00paboTKa HAa THHbaTa ce: (1) cManyBamwe
Ha BOJIYMEHOT Ha THIbATA, 3apajll HAMAlyBamke Ha 00jEeKTUTE BO KOU CE BPILLU
Hej3MHAa €BEHTyalHa IOHAaTaMoIUHA 00paboTKa M 3apagu HaMmajlyBambe Ha
[ETIOHMNTE 32 THHA, KAKO 1 3aPaji HAMAJTyBathe Ha TPOLLIOLMTE U OJIECHYBAHETO
Ha TPAHCHOPTOT M (2) crabuiaM3auMja Ha THUIbATA, 3apajl CIpedyBambe Ha
Hej3MHaTa CIIOHTaHa pasrpajgba BO NPHUPOJHATA CPEAMHA, YHUILTYBAHmE Ha
napasuTrUTe NPUCYTHU BO TUHHATA U JIP.

2. Ilocranku 3a 06paGoOTKa HA THIHA
[MocrankuTe 3a 00pabOTKa Ha TUHHbA CE PA3JIMYHU U 3aBICHO O] TOJIEMHHATA
Ha TIOCTPOjKaTa M HAYMHOT HA KOPHCTeHe W OT(piama Ha 00paGoTEeHHOT
MPOM3BOJ] MOXKeE /]a Ceé KOMOMHMPAAT Ha PA3HU HAUYMHH.
[MocTankuTe MOKe Jia Ce TPYNUpAaT Ha CJAEHNOB HAUMH:
a) [TocTanku 3a HaMaJTyBarbe Ha BOJIyMEHOT Ha THHbATA M KOJMYMHATA Ha
BOJIATA:
—  KOH/IMIMOHUPAE,
—  3ryCHYyBame,
—  OjyieyBaibe Ha BOJaTa,
—  CylIeme.
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6) [IpepaboTka 3a cTabuIM3anyja Ha MaTepUNTE MOJJIOKHH Ha paciiararbe:
—  aHaepoOHO TpyeH-e,
— aepoOHa cTabmmmzanyja,
—  KOMIIOCTUPAKE,
— racudukanmja,
—  3ananyBame.
B) YHMILUTYBamke Ha NATOM€HU MUKPOOPraHU3MU U Napa3uTH:
— TmacTepuzanyja,
—  3paueme Co Y 3paly,
— XEMUCKM NMOCTAIlKU.

3. Hdexuaparaumja - HaMajlyBambe HA BOJIYMEHOT U KOJIMYMHATA Ha BOJIa
BO THIHATA
Hexupparanyja e npolec Ha HamajlyBawbe Ha BOJYMEHOT HA THUHATA W
3roJieMyBare Ha COfIp>KUHATA HAa CYBM MaTepuu Bo Hea. [locTankure co Kou ce
BpILHM JIEXU/paTalija MOKe Jla ce TPyNUpaar BO: 3ryCHYBakbe, OfJIelyBakbe Ha
BOJIaTa U Cyllete. TEPMUUKOTO CYILIEHhe Ha THba PETKO Ce MPUMEHYBa Nopaju
BUCOKUTE EKCILJI0ATAlMOHM TPOLLIOLH.

3.1.I'paBuUTanMCKO 3ryCHyBame

I'paBUTAUUCKUOT 3rycHyBay OOMYHO C€ MPOEKTUpa KaKo KPY>KeH Oa3eH.
CupoBata THa Ce TOHeCYBa BO CpeirHaTa Ha 6a3eHOT, KaJie IITO TOJT ISjCTBO
Ha TpaBUTaIMja ce MBIKKM KOH THOTO, a HATHUEeCTaTa BOAA Ce Ofjie/TyBa Ha
MIPEJIMBOT U CE BO/I HA IIOYETOKOT HA MPOIECOT 3a MPEUNCTYBakhe Ha OTMAaHATA
BOJla. 3rycHaTaTa THIba Off JHOTO Ha Ga3eHOT Ce MyMIla BO IUTeCTOP WM Ofir
Ha TIOHATaMOIIHA IeXufipaTanyja. [ paBuTaumcKuTe 3ryCHyBayr MOXe Jia Ougat
CTaTUYHU 1 MEXaHWUIKH (cmKa 1).

Ce muMeH3WOHWpaaT Bp3 OCHOBA HA XWAPAYJIWYKOTO TOBPIIMHCKO
ONTOBAPYBAaHE U ONTOBAPYBAKETO HA TUHATA CO LIBPCTU MaTepuu. TUNUYHUTE
BPEJIHOCTH Ha XMUPAYJIMYKOTO MOBPIIMHCKO ONTOBapyBambe ce of 16 10 36 m?\
m? d. TunuyHUTE BPEHOCTU HA ONTOBAPYBAME CO LBPCTU MAaTEPHU 3aBHCAT
OJ1 BUJIOT Ha TUbaTa. BooOnyaeHara iy1abourHa Ha TPaBUTALMCKUOT 3ryCHYBay
e o3 mo 6 m.

Bpemero Ha 3ampXyBamke Ha CypoBaTa THIA BO T'PABUTALUCKUAOT
3rycHyBay He Tpeba ja 6mae mopmonro of 1 fieH, 6upiejku MoxXe fia fojae 1o
HETIOCaKyBaHO THUCH-E.

3.2. ®I0TaUMCKO 3TyCHYBambe

®10TanMCKOTO 3ryCHYBakhe MOKeE Jja C€ U3BPILM CO PACTBOPEH BO3AYX, CO
BakyyMcKa (prioTanuja u co iioTanuja co BIyByBame Ha BO3yX. E¢pukacHocTa
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3aBUCH OJ TOA KOJIKY J00PO MOXKe /1a OUIAT arJioMeprpaHy YeCTUUKUTE HA THHbA
CO TaCHUTE MEYpPUMiba, OJIHOCHO O] TIOBPIIMHCKUTE OCOOWMHU HA THE YECTUUKHU.
3rycHyBaweTO Ha THa Off (DIOKYJIMPAHU YECTUYKU TIOJIECHO Ce BPILIUA CO
pnoTan@ja OTKOJIKY CO TaJIOKEHE, MOPAAY WTO (PIOTALUCKOTO 3ryCHYBaHbe
ce MpUMEeHYBa NMpu 00paboTKa HA AKTUBHATA THHbHA.

HajuecTo ce xopuctu (hioranujaTta co pacTBopeH Bo3myx (cimka 2). 3a
0Baa MOCTAarnKa BO3/[yXOT Ce BHECYBA BO CATypaTOPOT CO THH-ATA MO 3r0JIEMEeH
nputucok ox 2,75 mo 3,50 bar. BpemeTo Ha 3aipXXyBarmke BO CaTypaTOpOT
M3HECYBa HEKOJKYy MUHYTH. Bo ¢prmoraTropoT TumaTa € moj aTMocepcKu
NPUTHUCOK U BO3/LyXOT Of] PACTBOPOT M3JIETyBa BO BUJ] HA (DMHU MEYPUMba, KOU
ja NMOfIUrHYBaaT THH-aTa KOH NMOBPILIMHATA, Of] KaJie IIITO UCTATa Ce OTCTPaHyBa.
N3nBoeHara Boga MOBTOPHO ce Bpaka BO MPOLECOT Ha TPEYMCTYBambe Ha
OTNJIHUTE BOJM, & MOKE U Jla Ce PEUUPKYJIMPA BO CATYPATOPOT BO PAMKU Ha
pemmpkynammja of 1 go 3.

Bo Mecrata co Hucku Temmeparypu (IOTATOpPOT MoOpa fAa Ouje BO
3aTBOPEHA M 3aTOIJIeHA 3rpaja.

EdukacHocta Ha cmoTaTopoT MOXKeE Jla ce 3rojieMH CO JIO[ABamke Ha
PacTBOp Off MOJMENEKTPOINT BO cMpoBaTa Tuma. Co IofaBambe Ha XeMHUKAIINH
MO3XKe Ja ce 3rojieMu epukacHocTa Ha pioranujata ox 85% Ha 98% - 99%.

3.3. HenTpucyrupame

HeHTpudyrupameTo ce KOPUCTH 32 3TyCHYBabe HA CHpPOBAaTa THHbA, KAKO U
3a Aexuparanyja Ha TpeTupana Thma. Llentpudyrure ce cnenppnIan MaIIuHNA
YY1 MTHBECTULMCKY TPOILIOLH HA OIPXKYBaH-€ M TPOILIOLUTE 32 EHEPrHja MOXKeE /1a
6upiat 3HaunTenHu. [lopagyu Toa, 0BOj Mpolec ce NpUMEHYBa 3a MOCTPOjKHU K]
XuppaymdeH kanamureT e morosem off 200 1/s, a pacmoioXIMBUOT MPOCTOP 3a
n3rpaoa e muMuTrpaH. MicTo Taka, HEOMXOIHO € MPUCYCTBO Ha CTPYYEH Kajiap.
LenTpudyru npoussegysaar rojemM 6poj Ha MpoM3BOUTENM Ha onpema. Ha
cnvka 3 e mpuKaykaH IeMaTCKU JidjarpaM Ha IeHTpudyra 3a 3ryCHyBambe Ha
THUbA.

3.4. Bakyym ¢puntpu

Kaj BakyymM ¢unTpure ce KOpPHCTH pasimkara Mery arMocqepcKuoT
NPUTHUCOK W BaKyyMOT KOj C€ OCTBapyBa CO MOMOII Ha BaKyyM IyMIa 3a fia
Ce Haco4M TMH-aTa fla IOMUHYBA HU3 Mopo3Ha duaTepHa jenra. Ha nopo3nara
cpenyrHa ce ofjiesyBa THHbaTa BO BU HAa Kojad (kKeK). Bakyym cpuntpanujata
MOpaHO ce KOPUCTea ToBeKe, HO BO mociequuTe 10 rogrHy NpakTHIHO U HE ce
KOPHCTH, OUfiejK1 ce Pa3BUEHM aJITePHATHBHU METOAM HA MEXAHWYKO LIEfICHE.
[IpuuuHaTa 3a oTdprame HA BakKyyM (puiTpanujata ce: KOMIUIEKCHOCTA Ha
CHUCTEMOT, HOTpe6aTa OJ1 XEMUKaJIUU 3a KOHAUIUOHUPAHKE U BUCOKU TPOLIOUM
3a paboTa U OfIpXKyBamE.
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3.5. duarep npecu

Bo ynorpe6a ce nenrectute u KoMmopHH puntep npecu. Kaj nenrecture
duntep npecu KOHTUHYUPAHO C€ IOHECYBA THIbA, MPU LITO LEACHETO € MO
[ejCTBO Ha TPaBUTAIM]ja M MEXaHWUKH CO3MIaJieH MPUTHCOK MPEKY BaJILIH.

Jlenrara Ha eHTecTaTa huirep npeca Moxke fa 6upe co mmpuna 0,5 — 3,5
m. Boobnuaenara mmpuna e 2 m. OnroBapyBameTo co Tba € off 90 mo 680
Kg\m h, 3aBUCHO Off BUIOT HA THHHATA. XUPAYJINIKOTO ONTOBapyBame e of 1,6
10 6,3 \m.s.

Bo kxomopHaTta ¢untep mpeca (ciuka 3) HeAeHheTo ce MOCTUTHYBA Ha TOj
HAYMH LITO TUH-ATa ce ypJia 1moj| rojieM MPUTUCOK BO KOMOPY Off KOM BOJiaTa
ce Ueu HU3 MOpo3Ha cpefuHa (TeKCTum). [IpUuTUCOKOT 1ITO Ce MOCTUrHYBa
BO KOMopaTa n3HecyBa off 6,9 mo 15,5 bar, a BpeMeTo Ha neniere € of 1 mo 3
yaca. [ToToa komopuTe ce oTBOpaaT W of] HUB ce ucdpia Kekot. JlebennHara
Ha KEKOT M3HecyBa of] 25 mm 1o 38 mm, a Cofip>kKMHATA Ha BJlara Bapupa off
48 mo 70 %.

[TpegHocTTEe HA KOMOpHaTa (PUITEp Mpeca ce: rojeMa KOHLEHTpaluja
Ha CyBM MaTepuy BO KEKOT, OMCTpMHA Ha (PUITPATOT W TOJIEM MPOLEHT Ha
W3/IBOjyBam-e CYBU MaTEPUH.

OUNTPAIMOHNOT MUKJITYC Tpae off 2 M0 5 9aca 1 ce COCTOM Off; TOJTHEhE Ha
npecara, Ofp>KyBamhe Ha MPUTUCOKOT BO KOMOPUTE, OTBOPakh¢ HA KOMOPUTE,
OTCTpaHyBame Ha KEKOT, MUEHEC Ha KOMOpaTa M 3aTBOpalbe Ha KOMOPHUTE
(nmpecata). HeonxoiHO € MpUCYCTBO HA €[IEH ONEPATOp BO TEKOT HA TPACHETO
Ha [UKJITYCOT.

3aKkiy4ok

Bucokara copgpxkuHa Ha BOfla BO W3/IBOEHATA TUHA Oapa pEeJaTUBHO
rojiemMu 06jeKTH 3a 00paboTKa Ha UCTaTa, IITO HAJIOXKYBA MOTpeda off MpUMeHa
Ha MMOCTAIKY 32 TPETUPaE Ha TUHH-ATA CO 11EJ 1a C& HaMaJli Hej3MHUOT BOJTYMEH.

HexuapaTanyjata € mpouec Ha HaMalyBamke Ha BOJYMEHOT Ha TUHATA U
3roJieMyBamhe Ha COApPKMHATA HAa CyBM MaTEpUH BO Hea, KOj Ce OCTBapyBa CO
MOCTaNKu TPYNUPaHM Kako: 3ryCHYBame, OfJIeNlyBalkbe Ha BOIATa U CYILICHE.
MeTonnTe KOM Ce NPUMEHYBaaT 3a 3ryCHyBame MOKe Jja OMfIaT: rpaBUTALICKO
3ryCHYBame, (PIIOTAMCKO, IEHTPU(YTHpame, BAKYyM (PUIITPH, (PUITEP TPECH.

Edekror opn HaObpoeHWTe HAYMHU HAa 3TyCHYBale Ha TH-ATa Bp3
KOHLEHTpalyjaTa Ha CyCTIeHIMPaHNTE MaTEPUH BO Hea € MpUKaykaH Bo Tabena 1.

ITpn nmpoekTupameTo Ha OOjeKTHTE 3a 3ryCHyBame € MOTpPeGHO fia ce
00e30e/1aT aJIeKBaTHU KanauyuTeTy 3a 33/I0BOJIyBahe Ha NOTpeOuTe, Kako U fa
Ce CTpeyy CeNTUYHOCTA BO TEKOT Ha MPOLECUTE HA 3ryCHYBambe.
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Cauka 1 - lllemaTckn npyuKa3 Ha TPaBUTALMCKY 3TYCHYBay
Figure 1 - Shematic diagram of a gravity thickener
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Cauka 2 - Ypen 3a (pJoTayCKO 3ryCHYBabe CO PACTBOPEH BO3AYX
Figure 2 - Typical dissolved air flotation unit
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Cauxka 3 - llemaTtcku npyka3 Ha LEHTPU(YTa 3a 3ryCHYBabe HA THHbA
Figure 3 - Shematic dijagram of a entrifuge used for sludge thickening
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Cauxka 4 - KomopHa cunrep npeca
Figure 4 - Chamber filter press

Tabeaa 1 - KoHueHTpaLja Ha CyCIICHIMPAaHU MaTePUH BO TUHATA 110 PA3IUYHU
MIPOLIECH Ha 3TYCHYBame Ha TUHATa

Konnentpauuja CM, %

Mpouec Omncer Tunuuno
I'paBuTaMICKM 3rycHYBayu
Camo npuMapHa THba 4-10 6
ITprMapHa 1 BUILIOK aKTHBHA TUHA 2-6 4
droTaupcky 3rycHyBay
Co xemukanuu 3-6 4
be3 xemukanuu 3-6 4
3rycHyBame CO LeHTpU(yrupame
Co xemukamu 4-8 5
be3 xemukanuu 3-6 4
Bakyym unrpanmja (co xemMuKanmm) 15-30 20
JlenrecTa hunrep npeca 15 - 30 29
(co xeMuKaImm)
Purep npeca (CO XeMUKAIIN) 20 - 50 36
Hentpudyrupame
Co xemuKamm 10-35 22
Be3 xemukanun 10 - 30 18
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GAKTOPU KOU BIINJAAT HA IIUPEILETO HA BYYABATA BO
KNBOTHATA CPEIVHA

M. Xapu-Hukomnosa', [I.Mupakoscku', H.JIonesa!, T .I'appuiios!

AnctpakT

3enenara kuura (The Green Paper) npouenyBa eka Bo ofHoC Ha 6pojoT
Ha Jyfeto morosieHn ofi 6yuaBa, 20% of CBETCKOTO HaceseHue (OfHOCHO,
okonmy 120 mMummoHm Jnyfe) cTpajaar off HempuaTiInBO HMBO Ha OydvaBa
KOe TpEeAM3BUKYBa PACTPOjCTBO Ha COHOT, BO3HEMHUPEHOCT M HEraTUBHU
3apaBcTBeHn edektu. [lonomauTtenmnn 170 mummmonm rparamm Bo EBpoma
>KUBEaT BO 00JIaCTH Kajie LUTO 3roJIeMEHUTE HUBOA Ha Oy4aBa Mpen3BUKYBaaT
CeprO3Ha BO3HEMHUPEHOCT BO TEKOT Ha JIEHOT.

Bo ¢unancucka cmucna, yyaBaTa Kako ceuyguyeH BU Ha 3arajlyBame
Ha >KMBOTHATa CpefiMHa ro 4uMHU omrectBoTo okony 0,2% pmo 2% on
OpyTO AOMALIHMOT Mpou3BOf. [lypy M Jla ce NMOHMCKM OBUE OpOjKH, Cemak
NpPEeTCTaByBaaT OrPOMEH TPOLIOK 3a OMIUTECTBOTO.

Bo Tpynor ce onumanu pakTopuTe KOM BIMjaaT Bp3 LIMPEHETO Ha
OyuaBaTa BO )KUBOTHATa CPEMHA.

Kayunm 360poBu: nuso na Oyuasa, wuperwe Ha byuasama, éaujamue,
HCUBOMHA CPEOUHA.

FACTORS THAT INFLUENCE ON THE NOISE PROPAGATION IN
THE ENVIRONMENT

M.Hadzi-Nikolova', D.Mirakovski!, N.Doneva!, T.Gavrilov!

Abstract

The Green Paper estimates that, in terms of the number of world people
affected by noise, 20% of the population (i.e., 120 million people) suffer from
unacceptable noise levels that cause sleep disturbance, annoyance and adverse
health effects. An additional 170 million citizens in Europe live in areas where
noise levels cause serious annoyance during the daytime.

1) Yuusep3urer ,,['oue Jemdyes”, PakynreT 3a NPUPOHI U TeXHUIKK HayKH, LITin, Makegonuja
University Goce Delcev, Faculty of Natural and Technical Sciences, Stip
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In financial terms, environmental noise costs society an estimated 0.2% to
2% of the Gross Domestic Product. Even the lower of these figures represents
an immense cost.

This paper describes the factors that influence on the noise propagation
in the environment.

Key words: noise level, propagation of noise, influence, environment.

Bosen

ByuaBata o6uuHO ce fecmHMpa KakKo HecakaH, HEemosKeJieH 3BYK KOj
CMETa, UPUTHAPA, BOSHEMUPYBA WX € IITETEH 3a YOBEKOT.

Pu3nuku OyyaBaTa NpeTCTaBYBa KOMILIEKC Of] 3BYYHU OPAHOBU OJHOCHO
MeIllaBMHA Ha pa3jIMyHU 3BYLM CO Pa3iuyeH Opoj Ha Tpemepera BO OfIpeieHO
BpeMe 1 MOXKe Jia ce nepMHrpa Kako efIeH BU/] Ha HEeNOKeJHa 3ByYHa 10jaBa.
By4aBara npei3BUKyBa HEMPHUjaTHOCT Ta IypH 1 H0JIKa.

KonkaBo e HMBOTO Ha Gy4aBa KOja Cé €MHTYBa Off HEKO] U3BOP MHOTY
3aBUCH O (PAKTOT KOJIKY CMe JIAIeKy Of U3BOPOT UM Jlali Ce Haorame Tpef
HeKoja 6apuepa, MOKOJIKY UCTaTa MMOCTOU, WJTK 3aj] Hea. MHory ipyru (hakTopu
BJIMjaaT Bp3 HUBOTO Ha Oy4aBa, a pe3yJTaTUTE Off MEPEHETO MOXKE /la Bapupaar
Of] IeCeTHIM Ieunben 3a MHOTY CJIMYeH M3BOp Ha OydaBa. 3a fa ce o0jacHU
KaKo OBaa pa3iiuKa ce jaByBa, Tpeba fa ce pasriefa HauMHOT Kako Oy4JaBaTa ce
€MUTYBa O]] U3BOPOT, KaKO Taa InaTyBa HU3 BO3AYXOT U KAKO MPHUCTUTHYBa Kaj
TNPUEMHUKOT.

dakTopu KOM BJIMjaaT Bp3 IMPEHETO HA GydaBaTa

HajBaxxau pakTOpy KoM BiMjaaT Bp3 MIMPEHETO Ha OyyaBsa ce:

—  BWJIOT Ha U3BOP (TOYKECT WJIU JIMHUCKK);

—  OJJaJIeYeHOCT Of] U3BOPOT;

— arMocdepcKara ancopnuuja;

—  BeTap;

— TeMIlepaTrypaTra U TEMIEPATYPHUOT FPaIUEHT;
—  TIPevYKH, KaKo IITO ce 6aprepu 1 3rpaj;

—  TIOfI3eMHA arCopIIHja;

— pedekcuja;

—  BIIQXHOCT;

—  BpHEXWUTE.

Bup Ha usBOpOT
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ToukecT u3BOp

AKO [VMEH3UMMTE Ha 3BYYHUMOT M3BOp C€ Majlu BO crnopeada co
ojlaJieyeHOCTa Ha CJyLIATesJOT (IPUEMHUMKOT Ha 3BYK), TOrall BeJMMe
JeKa cTaHyBa 300p 3a TOYKECT M3BOp Ha OyyaBa, Ha MpUMEpP, KaKo LITO Ce
BEHTUJIATOPUTE, OlIALIUTE, MAIIIMHATA 32 KOCcewhe (cimKa 1). 3ByuHaTa eHepruja
Ce 1LIMPU HAOKOJly C(PEpPUYHO, TAKa LITO HUBOTO HA 3BYUYEH NPUTHUCOK € UCTO 32
CHTE TOYKHM KOM Ce HaoraaT Ha MCTO pacTojaHKe Off M3BOPOT, a Ce HaMaJTyBa 3a
6 dB co yaBojyBame Ha pacTojanneTo. OBa BaXKu JJOKOJIKY TMPHUAYIITYBAHETO
OJ] CTpaHa Ha 3eMjaTa M BO3AYXOT 3HAUMTEJIHO CJIabo BjMjaaT HA HUBOTO Ha
OyuaBa.

3a TOYKECTHOT U3BOP KOj MMa HUBO Ha 3By4Ha eHepruja L , Koj e touupan
BO OJM3MHA HA 3eMjUILITETO, HUBOTO Ha 3BYUYEH IMPUTUCOK Lp Ha pacTojaHue
r(m) ofi U3BBOPOT MOXKE /la C€ NMPECMETA CIIOPE]], pABEHKATa:

Lp =L, - 20log,, (r) - 8dB

JIMHUCKM U3BOP

AKO U3BOpPOT eMUTYBa Oy4aBa Koja € TEeCHO HACOUEeHa BO e/IeH TIpaBel] U e
MHOTY JIOJIT BO OJIHOC Ha PacTOjaHUETO /IO CIYIIATENOT, BeJIUMe ieKa CTaHyBa
300p 3a JIMHUCKU U3BOP Ha OyyaBa. Toa Moxe Jia Oujie €IMHCTBEH U3BOP, KAKO
ITO € TYpOYJIEHTHOTO CTPyeHe Ha iyns| BO JI0NITA LEBKA UM TOj MOXKeE Jia
Oujie COCTaBeH Off MHOTY TOUKECTH M3BOPU KOU paboTaT UCTOBPEMEHO, KaKO
IITO € KOJIOHA Ha aBTOMOOWJIM Ha POMETHA cooOpakajHuIia (cimka 2).

3By‘{HOTO HUBO C€ HIMPU HAOKOJY HWJIMHAPWYHO, Ma HUBOTO Ha 3BYYCH
MPUTHUCOK € UCTO BO CUTE TOYKW KOM CE€ Ha MCTO pacTojaHue of JIMHHWjaTa, a
ce HamaiyBa 3a 3 dB co ynBojyBame Ha pactojaHneTo. OBa Basku MOKOJIKY
NPUIYIITYBAKETO Of] CTPaHA Ha 3eMjaTa U BO3IyXOT 3HAUMTEIHO CJIabo BIMjaaT
Ha HUBOTO HAa OyyaBa. 3a JIMHWCKW WM3BOpP Ha OydaBa CO HMBO Ha 3BYYHA
enepruja no merap (L, / m), Koj ce Haofa Gu3y 10 3eMjaTa, HUBOTO Ha 3BYYEH
MIPUTUCOK (Lp) Ha Koe 6110 pacTojaHue (r, BO m) Off 3ByYHHOT M3BOP MOXKE Jia
ce MpecMeTa CO paBeHKaTa:

Lp =L - 10log , (r) - 5dB

Bapuepu

HamanyBameTo Ha Gy4aBaTa co MOMOUI HA MIOCTAByBamhe HA 0apuepu
3aBHcH 0f ABa akTopa:

—  pasnukaTamnomerly naTekara Ha 3ByYHHOT OpaH KOj MUHYBa HU3 6apuepara,
CTMOPEIEHO CO JMPEKTHOTO MpPEHEeCYyBambe€ Ha 3BYKOT [0 MPUEMHHUKOT
(a+b-c, Ha mUjarpaMoOT Ha camka 3).

—  (PpEeKBEHTHHOT COCTaB Ha OyyaBaTa.

KombuanpannoT edekT o1 oBre Ba hakTopa e MpUKaskaH Ha UjarpaMoT

97



‘I)aKyJITeT 3a HpHpOHHI/I N TCXHUYKN HayKI/I
IIpyPOIHY PECYPCH M TEXHOIIOTH Yuusepsurer l'oue [Tenues” — MTun

Ha ciuka 3. O Hero Moxe jla ce BUAM fileKa HMCKO(peKBeHTHaTa OydaBa
MOTENIKO MOKE J1a CE HaMaJIM CO KOPHCTEHe Ha 6aprepH.

Ha cnvka 4 e mpukaxkaHo NpuiyllyBawkeTO Ha Oy4yaBaTa cO MOMOUI Ha
Oapuepu, BO 3aBUCHOCT Ofi BHcHMHAaTa Ha Oapuepara. IlpuaymyBawmeTo Ha
OyuaBaTa cO MOMOII Ha Gapuepu € MHOTY MoedHrKacHO Kora Gapuepara ce
Haofa NOOJIMCKY 10 3ByYHUOT U3BOP WM IO TPUEMHUKOT.

ATMoccepcko npuaymyBame
HamanyBamero Ha OydaBaTa KakoO pe3yiTaT Ha aTMocqepcKOoTO
NPUAYLIYBAaKkE NPETCTaByBa KOMIUIEKCHA TeMa. HamanyBaweTo Ha OyuyaBaTta
NPy HEj3MHOTO MUHYBake€ HU3 BO3JyXOT 3aBHCH Off TNOBeKe (haKkTopH,
BKITy4yBajKu T
—  PacTOjaHUETO Off M3BOPOT;
—  (ppekBEeHTHHOT COCTaB Ha OydJaBara;
— aMOueHTajHaTa TeMIepaTypa;
— pernaTMBHATa BIa>KHOCT;
—  aMOMEHTAJHUOT MPUTUCOK.

On mujarpaMoT TpUKaskKaH Ha CIIMKA 5 MOXKe Jla Ce BUIH JieKa MPBUTE JBa
(pakTOpa KOM ce CIOMEHATH TIorope ce HajBiujaTesHn. Moxe f1a peaumupame
J€Ka HUCKO (ppekBeHTHaTa OyyaBa He ce NpuayllyBa JOOpO Off CTpaHa Ha
aTMocepckara ancopruyja.

Baunjanue Ha BeTapoT M TeMnepatypara

bp3unHaTa Ha BeTapoT ce 3rojieMyBa CO Ha]IMOPCKaTa BUCOYMHA, CO IIITO
ce MeHyBa TaTekaTa Ha 3BYKOT CO ,,(pOKyC” Ha MpaBeloT Ha BeTap U ce MpaBu
,,CEHKA Ha CTpaHaTa Ha M3BOPOT KOja € CIIPOTUBHO Off MPAaBELOT Ha BETApPOT.

301IITO Mepeme BO MPABELOT HA BETEPOT?

Ha kpatku pactojanuja, mo 50 meTpu, BETPOT MMa Majo BJMjaHUE BP3
M3MEPEHOTO HMBO HA 3BYKOT. 3a MOONTH pacTOjaHH]ja, BJMjaHUETO HAa BETPOT
CTaHyBa 3HAYMTEIHO TOTOJIEMO.

MepemeTo BO mpaBel, Ha BETAPOT MOKe Jia JIOBEfE [0 3roJieMyBame Ha
3BY4YHOTO HMBO 32 HekoJKy dB, Bo 3aBucHocTt o 6p3unara Ha Betapot. Ho,
NpU Mepee CIIPOTUBHO Of TMPAaBElOT HAa BETAPOT HUBOTO HA OyvaBa MOXKe Jia
nagHe 3a noBeke ofg 20 dB (cnmka 7), Bo 3aBUCHOCT Off Op3uHAaTa HA BETapOT
u panednHata. OBa e NPUYMHATA IITO HAJIOXKETHO MEpeHe € BO Mpasell Ha
BeTapoT (cauWka 7) - [eBUjanpjaTa € rmoMana u TOOMEeHUOT pPe3yJsTar €, NCTO
TaKa, KOH3€PBATUBEH.
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Temnepatypa

TemnepaTypHHUOT TpajueHT co3faaBa €(eKTH CINYHM Ha OHME Ha
IPaJMeHTOT Ha BETApOT, CO Taa pa3JiMKa IUTO OBa BJIMjaHUE HA TeMIepaTypaTa
€ NOJeIHAKBO BO CUTE MpaBLM Off U3BOPOT. [JOKOJIKY cTaHyBa 300D 3a COHYEB
feH Oe3 BeTap, TeMIieparypaTa ce HamajlyBa CO HaJMOpCKaTa BHCOYMHA,
npaBejku eekT Ha ,,CeHKa™ Ha 3BYKOT. Bo Befjpa HOK Temmeparypara MoxKe
fla ce 3rojieMM CO HaJMOpcCKaTa BUCOYMHA (TeMmmepaTypHa MHBEp3Hja), LITO
moBeayBa o ,,(poKycupame Ha 3ByKOT Ha MOBPIIVHATA.

Bimjanue Ha 3eMjiHATa MOBPIIMHA

3ByuHnoT OpaH KOj ce pedutekTupa of 3emjaTa uHTepdepupa co
3BYUYHHMOT OpaH KOj IMPEKTHO ce mpeHecyBa. EekToT Ha 3eMjuHaTa MOBPIINHA
Ce pa3yiMKyBa 3a aKyCTUYHO ,,TBpAU (Ha mp. OETOH WJIM BOjia), MEKU (Ha mp.
TpeBa, [pBja WIM pacTeHHWjaTa) U MelllaHu MoBpIIMHM. [IpuyinyBambeTo Ha
3BYKOT Of] CTpaHa Ha 3eMjaTa 4eCTO Ce MPeCMeTyBa BO (PPEKBEHTHUTE MOjacu
3a fja ce 3eMe npenBu/] (PPeKBEHTHUOT COCTAaB Ha M3BOPOT Ha OyyaBa M BUJOT
Ha TEPEeHOT NMoMery M3BOPOT U NMPUEMHUKOT. BpHeskuTe Moxe fa BIMjaaT Bp3
eeKTOT Ha MPUAYIIyBambe Off CTpaHa Ha 3eMjara. CHETOT, Ha MpUMep, MOXKe
[la TpUIOHECe 3a 3HAYMTENHO ciabeerme, a UCTO Taka MOXE /la MpeAn3BHKa
BUCOK, O3UTHBEH TemrneparypeH rpaguent. Crnopen npomucute, Tpeda a ce
n36eTHyBa MEPEHE BO YCIOBH HA BPHEKU.

3aKkiy4ok

3a ga ce Jojae MO pemnpe3eHTATHBEH pPe3yJTaT NMPU MEpPeHeTo WIIN
npecMeTKaTa, CUTe ropecrioMeHaTn (pakTopu Mopa jia GUIaT 3eMeHH NpeBU/.
[MponucuTe YecTo r'M yTBpPAyBaaT MOTPEGHUTE YCJIOBU 3a CEKOj Off OBUE
akropu.

[TporpamuTe 3a 3amTrTa of OydaBara ce pa3jMKyBaaT Off 3eMja /10 3eMja.
3aKoHCKUTE 6apa1-ba HE C€ UICHTUYHHN, TEXHUKUTEC U METOJUTE 3a 3allTUTa CE
Pa3MKyBaaT U MOJUTUIKUOT (poKkyc Bapupa. Cemnak, nMa 3aeHUYKU aCIeKTU
BO paboTaTa Ha CUTE €KOJIOLIKHM Cy>KOU Ha MOJIETO Ha 3allThTaTa of] OyJyasa.

— Ilnanvpame Ha pa3BOjOT HAa HOBHUTE CTAaHOEHW OOjeKTU, WHIYCTPUCKHU
00jeKTH, MaTUIITa, AePOAPOMH UTH;
— PasrnenyBame Ha Xan6uTte off rpafaHUTe U JaBabe COOIBETEH OIrOBOP HA

UCTUTE BO TEKOT Ha MPOLECOT Ha MIIAHUPAE WU NOTOA;

— OueHyBame Ha yCOIJIaceHOCTa / HEYCOrIacCeHOCTa Ha M3BOpUTE Ha OydaBa

(MHAYCTPUCKH TIOCTPOjKHU, a€pPOAPOMHM, MATHUILTA, KEJIE3HUIKU MPYTU U

CJIMYHO) CO MPOTMCUTE U 3aKOHOJ]ABCTBOTO.

JIutepatypa
Briiel & Kjar, Environmental Noise, Booklet, 2001.
David A. Bies and Colin H. Hansen, Engineering Noise Control, 2009.
Randall F. Barron, Environmental Noise control and Acoustics, 2003.
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Cauxa 1 - Mawunama 3a kocerse npemcmasyed mouKecT U3Bop
Figure 1 - Mower is a point source

Cauxka 2 - CoobpakajHuiia Kako JIMHUCKY U3BOP Ha OyvaBa
Figure 2 - Stream of vehicles on a busy road is line source
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Caura 3 - HamanyBame Ha Gy4yaBaTa co TOMOLI Ha OCTaBYBakhe Ha Gapuepu
Figure 3 - Noise reduction caused by a barrier
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Cauxka 4 - TlpunymyBame Ha GyyaBarta co HOMOIU Ha 6apuepu, BO 3aBUCHOCT Of]
BUCHHATAa Ha Gapuepara
Figure 4 - Noise reduction as a function of barrier height
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Cauka 5 - BivjaHue Ha pacTOjaHUETO Off U3BOPOT BP3 aTMOC(EPCKOTO
npuyLIyBame Ha OyuaBara
Figure 5 - Influence of distance from source on the atmospheric attenuation of the
noise
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Cauxa 6 - Mepeme BO IpaBel] Ha BETEpOT
Figure 6 - Downwind measurement is preferred
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Caura 7 - BnvjaHue Ha BeTEpPOT Bp3 HAMAyBabe Ha HUBOTO Ha Oy4aBa
Figure 7 - Influence of the wind on the noise level reduction
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Cauka 8 - Bnjanue Ha TeMnepaTyparta Bp3 HUIBOTO Ha 6y4JaBa
Figure 8 - Influence of the temperature on the noise level
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Cauxa 9 - Bnujanve Ha noBpmmHaTa Ha pactojanue of 100 m momery n3Bopor u

NPUEMHUKOT. MI3BOPOT M MPHEMHMKOT ce Ha BUCHHA O 2 m
Figure 9 - Influence of ground surface at 100 m distance between source and

receiver. Source and receiver height 2 m
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RECLAMATION AND ENVIRONMENTAL MANAGEMENT IN
DIMENSION STONE MINING

Yonche Dimchov!, Zoran Panov'

Abstract

This paper discusses the environmental impacts of dimension stone
mining and recommends effective means for dealing with the practical aspects
of reclamation and mine closure in dimension stone mining within the context
of environmentally responsible business practices.

From the point of view of the environmental impact created, dimension
stone mining is a relatively benign industry. There are no emissions besides
those of the diesel powered earthmoving equipment utilised in its extraction
and a small amount of blasting gases. Contamination of water resources is
only likely in the event of petrochemical spillages from storage facilities and
equipment, and these can largely be either prevented or cleaned up effectively.
The major environmental impacts are of a visual nature, while in sensitive
areas, habitat destruction and the destruction of archaeological heritage may
become significant impacts.

Key words: dimension stone mining, reclamation, management.

OBPABOTKA N 3AIITUTA HA 2KUBOTHATA CPEAVHA 11PN
EKCIINTIOATAIIMJA HA AT'K

Jonue [Iumuos!, 3opan IIanos!

AnctpakT

Bo o0BOj Tpya e pasriegaHo 3arayBalbeTO Ha OKOJMHATA TpH
eKcIIoaTanyja Ha apXuTeKTOHCKO-TpasiexkeH kameH (AI'K) u ce npepoxenn
NPaKTUYHM PelleHuja 3a PeKyITUBaLja U 3aTBOpate Ha pyanuuure Ha AI'K.

Bo nornien Ha 3arajyBameTo, ekcrmoatammjata Ha AI'K npuannyBa Mana
mrera no okoauHara. OBJie He ce cpeKaBaaT roJIeMH 3arajyBayd Ha BO3IYXOT,
OCBEH JIM3eJ]l MOTOpUTE Ha paOOTHUTE MAILIMHM U Majla KOJIMYMHA HA TaCOBU Of]
MUHMpaweTo. Boparta ce 3arajgyBa camo BO Cilyyaj Ha M3/IMBarbe Ha pabOTHU
Macjia M ropuBa BO pabOTHHUTE MPOCTOPUMM M THE MOXKAT e(eKTHBHO ja ce

1) University “Goce Delchev”, Faculty of natural and technical sciences, Shtip
Yuusep3sutert ,,['oue Jemaues”, akynreT 3a NpUPOAHU U TEXHUYKU HayKu, [ITun
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n30erHaT wid compat. ['JlaBHO 3arayBame € HapyllyBameTo Ha peljedorT,
llofieKa BO MOoceOHN 00J1aCTH HAPYIIYBakeTO Ha IPUPOJIaTa UM PACKOITYBaHe
Ha apXeOoJIOLIKHM HAOTaJIMIIITa MOKE J]a IPETCTaByBa CEPHO3eH MPOGIIEM.

Knyunu 360poBuM: excnioamayuja Ha apxXumeKmoHCKO-2padexceH
KameH, peKyAmUeayujd, MeHaymeHn.

Introduction

Dimension stone is a collective term for various natural stones used for
structural or decorative purposes in construction and monumental applications.
The rapid growth in production and demand has resulted in rapidly increasing
environmental impact of the industry, especially in terms of the disposal
significant volume of fines generated by dimension stone processing, but also
in terms of the increased number of quarries disturbing the natural environment.

The ultimate success in marketing a natural stone as a dimension stone
lies firstly in its appearance, and secondly in the possibility of producing
rectangular blocks of suitable dimensions (hence the term dimension stone) to
allow for successful production of the final product in the required sizes.

A dimension stone block thus has value as a result of its dimensions
and appearance, underlain by a set of minimum physical properties (among
these are various strength parameters, workability, ability to take a polish, and
resistance to physical and chemical weathering).

The physical properties required of a successful dimension stone also
have significant environmental implications — due to the requirement for inert
materials, which are not affected by weathering, dimension stone residues
are typically benign from a pollution point of view. Like natural aggregates,
dimension stone is used in its natural state, and does not require concentration
and extraction from an ore. It is these latter two processes that result in
significant environmental impacts such as acid mines drainage and other toxic
effects associated with many of the metal extraction industries.

Similarly, mining methods themselves generally have a low impact on the
surrounding environment due to the need to carefully extract large blocks or
slabs without damage to the stone.

Recent advances in dimension stone mining technology have also
had the effect of reducing environmental impacts. Particularly in granites,
improvement in diamond wire sawing efficiency has significantly reduced
the use of explosives in the extraction of blocks. This has resulted in higher
recovery of saleable blocks and therefore less waste to be disposed of, as well
as reducing the emissions of blasting gases (SO2 and NOX), noise and ground
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vibration. Diamond wire sawing has also largely replaced jet flame cutting
for loosening benches in hard stone deposits. This has resulted in significant
reduction in noise (jet flame cutters operate at over 130dB), as well as reduced
energy requirements and thus lowers contribution to greenhouse gases.
In the past, the environmental damage caused by mining was accepted by
society because of the economic benefits that derived from mineral extraction.
However, the past few decades have seen a growing awareness among
the general public of environmental impacts, and the impacts of mining in
particular have come under significant scrutiny. Indeed, “the immediate image
of mining is of a dirty, hazardous and environmentally damaging industry”. A
study in Australia suggested that mining was responsible for 1.1% of presumed
extinctions of endangered plant species, compared with 38.2% attributed to
grazing and 49.4% to agriculture, we would suggest that public perception sees
mining as a far greater threat to biodiversity than agricultural uses of the land.

Environmental impacts of dimension stone mining
Environmental impacts should ideally be identified and mitigated
according to the phase in the mining life cycle. This is a more practical
way of dealing with environmental impacts since the scale of impact differs
according to phase (e.g. impacts made during the exploration phase are much
less than those made in the operational phase). In addition, the environmental
monitoring and management varies with each phase of the mining life cycle
and hence the total project costs. The environmental impacts of dimension
stone will therefore be discussed according to phase in the mining life cycle.
The life cycle of mining operation goes through the following phases:
— Exploration: Economic deposits are identified and their
characteristics are determined to allow recovery.
— Development: Preparations are made for mining.
— Extraction: Valuable material is removed for sale or processing.
— Reclamation: Disturbances caused by any of the preceding activities
are corrected or ameliorated.

Environmental Impacts during the Exploration phase

The first stage of management of environmental impacts of quarrying
operations comes with the exploration for a new dimension stone deposit.
Exploration activity usually impacts the least on the environment in comparison
to other phases of mining. However, in the past, prospecting and exploration
for dimension stone was the domain of non-professional prospectors, who
because of lack of knowledge of the market and industrial requirements of
the processing industry, coupled with the absence of professional exploration
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skills seldom conducted formal investigations or evaluations prior to opening
quarries. This has lead to many ugly scars on the landscape, everywhere around
the world, as full scale quarrying commenced without any knowledge of the
underlying geology, and in these circumstances is often unsuccessful.

The approach to exploration whereby exploration is carried out in phases
(these are discussed in more detail in the accompanying paper) - completion of
each phase prior to test quarrying does not guarantee a successful quarry, but
provides sufficient information to make an informed decision as to whether
or not to proceed to the next stage taking the risks of a negative outcome
into account. At each step of this sequence, the environmental impacts are
taken into account, and the minimum possible footprint is disturbed. From
an environmental point of view this phased approach has the benefit that
environmental disturbances are minimised considering the possibility of a
negative outcome. Thus if an exploration project is abandoned after drilling,
the environmental impact is orders of magnitude lower than if the “boots and
all” approach had been used.

The phases of exploration are listed below:

— Desktop Study

— Field evaluation

— Detailed mapping

— Geophysical methods
— Drilling

— Bulk Sampling

—  Test Quarrying

Environmental Impacts during the Development Phase

Development is the preparation the facilities,equipment, and infrastructure
required for extraction of the valuable mineral material, and the phase includes
land acquisition, equipment selection and specification, infrastructure and
surface facilities design and construction, environmental planning and
permitting, and initial mine planning. During this phase of many mining
projects, there may also be a need for involuntary relocation of communities
located in proximity to the proposed mining area. This can be a fatal flaw of
a project and should be facilitated by qualified and experienced consultants.
In the case of dimension stone however, given the scale and margins of the
average quarry, it is likely that any requirement for significant relocations will
render the project unviable. However, given the nature of the mining methods
employed (especially if fully no explosive methods are used) it is possible to
mine safely much closer to human settlements than with most other surface
mines and quarries.
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Maintenance workshops should be designed to avoid contamination of
soil and water by spilled fuel and lubricants. An important factor at this stage
in dimension stone quarries is the choice of location of the waste dumps, and
these should be sited in such a way as to minimise the visual impact where
possible.

The construction phase is associated with a number of environmental
impacts resulting from excessive site clearance, poor waste management, poor
site water management and socio-economic impacts. Impacts that may be
caused by excessive site clearance during the construction phase, in addition
to those mentioned in the exploration phase are excessive dust problems,
increased soil erosion and increased noise due to vehicle traffic and the use of
explosives. The buffer (mainly vegetation) that limited noise and dust to local
communities may also be removed.

Impacts of quarry construction on the social environment have to also
be taken into consideration, especially if there is a pre-existing community
near the proposed mining project. These impacts include public health risk
caused by increased vehicle traffic (dust, hydrocarbon spillage, greenhouse gas
emissions) and access to unsecured infrastructure under construction; nuisance
factors such as noise, dust and vibration; adverse impact on traditional lifestyle
of local communities for example alcohol abuse, prostitution, introduction of a
cash economy, in-migration and breakdown of traditional tribal culture.

Environmental Impacts during the Extraction Phase

The major impact of dimension stone mining on the environment is the
aesthetic visual impact of quarrying upon the landscape. Any mining activity,
which disturbs the surface of the earth, will have a visual impact for its duration,
and dimension stone quarries commonly have a high degree of visual impact
due to the fact that they are often located in areas of positive relief, and thus
visible from large distances and often from many directions. In addition, the
geometry of the dimension stone quarry with its regular squared faces stand
out within the natural environment, particularly when the faces are created
by diamond wire sawing, and thus smooth with much higher reflectivity than
the natural surroundings. Visual impact for the duration of mining operations
is unavoidable, but is likely to be temporary and restricted to the duration of
mining and perhaps some time thereafter, depending on climate and the degree
of effort put into reclamation of the quarry and its waste dumps (in Brazil for
instance, a dimension stone quarry can hardly be seen after just a few years
even without reclamation due to the rapid rate of plant growth and blackening
of the fresh rock surface).
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Infrastructure found on most small to medium sized dimension stone
quarries includes offices, power lines, stockyards, workshops, and dressing
yards and waste dumps. Offices usually generate domestic waste, power lines
have negligible environmental impacts, stockyards and dressing yards may
impact on soil structure in the form of compaction, while the release of granite/
stone fines is a significant impact of dress yards, although in most cases they
are not harmful.

Management of environmental impacts

During the operational phase of a quarry’s life, planning with future
closure in mind can lessen the impact on the environmental. It is also good
practice to plan mining where possible in such a way as to be able to utilise
waste from operational quarries to fill the voids of worked out quarries. By
planning properly, many voids from quarries and gravel borrow pits can be
filled up during the course of mining at very little extra cost. Comparatively,
it would not be economically feasible to fill the worked out voids at the end
of the life of the quarry. Similarly, the correct location and construction of
waste dumps can significantly assist in lowering the final reclamation cost for
the quarry. Waste dumps that are constructed on flat areas should be built up
in layers of 6-10 metres in height, with a terrace of at least 6 metres wide
between the crest of one layer and the foot of the succeeding layer. In this way,
the outside perimeter of a completed layer can be reclaimed concurrently with
the dumping of the next layer. Further, if the waste dump is planned in such a
way that the final perimeter is constructed first, and then filled back towards the
quarry, it is possible to reclaim the outside perimeters at a very early stage, thus
reducing the visual impact during the operating phase of the quarry.

Topsoil should be removed in advance of mining and waste dumping and
where possible, utilised as soon as possible for reclamation to ensure minimal
loss due to erosion and reduced fertility of stockpiled soils as a result of the
decrease in nitrogen-fixation organisms and leaching of calcium and potassium
from the soils. Where this is not possible, topsoil stockpiles are kept to a height
of 2 m in order to limit run-off rate and, in this way, reduce erosion, or where
this is not feasible, water control structures are utilised to control run-off and
thus minimise erosion of the stockpile. If necessary (this is seldom the case,
as it generally contains a fertile seed bank), the stockpile is seeded with seeds
of grasses and shrubs to keep organic activity alive, as well as ensure a fertile
seed bank in the topsoil when it is finally used.

Any contaminated soil is bio-remedied using proprietary products kept
on all sites for the purpose. The process involves loosening the contaminated
soil to allow for oxygen penetration (the soil is usually transported to a
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specific impervious site for treatment to avoid compaction during the process),
and adding agricultural fertiliser and the proprietary products containing
appropriate microbes to break down the hydrocarbons. The soil is kept damp
and is turned periodically over a period of several weeks as the microbes break
down the hydrocarbons.

Technically, oils, grease and hydraulic fluid spills must be cleaned up
by removing all contaminated soil and disposing such soil in a waste disposal
receptacle or at a licensed facility.

Regarding the transport, all gravel roads in quarry areas have a speed
limit of 60km/h for light vehicles and 30km/h for heavy vehicles in order to
minimise the amount of dust generated by vehicles. During the operational
phase of a quarry, attention is also given to removing trees and shrubs where
possible, and replanting these either in a nursery, in areas where reclamation
is in progress or outside the mining area, thus lessening the impact on floral
biodiversity.

Reclamation of dimension stone quarries

The term rehabilitation has traditionally been used for the range of
activities relating to the remediation of environmental damage to the surface
of a mine after extraction is completed.

The other known term is reclamation, defined as “a response to any
disturbances to the earth and its environment caused by mining activity”
as it is wider in scope and includes all aspects of management of negative
environmental impacts caused by mining.

As dimension stone mining is a clean operation, the main aims of
reclamation are as follows:

— Ensure that worked-out areas are safe for future uses,

— Minimise visual impact of disturbed areas,

— Re-vegetate worked-out areas with suitable plant species,

— Achieve long-term stabilisation of all worked out areas to minimise
ongoing erosion and

— Monitor and manage reclaimed areas until the vegetation is self-sustaining.

Landscaping

While many historical voids are filled during the course of mining as
discussed above, there are several old quarries which have become perennial
water holes, and ecosystems have established themselves around these holes as
discussed below. Filling all of these would be environmentally detrimental, but
they do pose a risk to human and animal life in terms of their steep sides, and
if left as is pose a long-term safety risk for the mine owner. The solution being
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applied to these is to landscape the approaches to these water holes where
possible in order to provide for safe access for humans and animals, and to
pack waste blocks along high walls which cannot be so landscaped in order to
prevent inadvertent access.

Another important part of final landscaping work is the construction of
berm walls to control rainwater runoff and prevent erosion of the topsoil. It is
important to note that the limited topsoil used on the sides of waste dumps is
initially subject to some erosion due to the steepness of the natural angle of
repose (37°).

Re-vegetation

Re-vegetation is the most effective and economic method of stabilising
the soil against erosion assists in re-establishing biodiversity in the reclaimed
area and helps ameliorate visual impacts.

Topsoil reclaimed in advance of waste dumping has high seed content,
particularly of grasses, and where possible is used directly from stripping for
reclamation. In this way, rapid re-vegetation is obtained at minimal cost. In
some areas where topsoil is in short supply, it is necessary to mix topsoil with
norite gravel in order to obtain the coverage required. In these cases the mixture
is fertilised with cattle and goat manure purchased from local communities, or
else fertiliser in the form of limestone ammonium nitrate is added.

A mixture of waste rock and soil (the waste rock helps provide stability
to the soil and allow steeper slopes, which in turn allow for a thicker deposit
within the available space) is placed against the foot of the high wall (which
itself may be rock shaded) and seeded with grasses, shrubs and small trees.
The bench surfaces are covered with soil, and it is attempted to slope this away
from the high wall crest to prevent erosion. In many cases, waste blocks are
packed along the high wall crest to form a permanent safety barrier, and these
in combination with manually packed stone berms these may also assist in
preventing erosion of the soil.

Conclusion

While the environmental impacts of mining are often largely exaggerated
in the eyes of the public, it cannot be escaped that mining has an appalling
public image. While the industry can take some of the blame for this given a
historical track record of contempt or ignorance of its impacts, much of this
has to do with the fact that the impacts of mining are often far more visible
than those of other industries. In fact, it is ironic that the visual impacts which
inflame public opinion against mining are often the least significant impacts of
metalliferous and coal mining operations — the potential for severe pollution
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from these operations is far more significant than their visual impacts or local
destruction of ecosystems by extensive surface mining.

Dimension stone mining, by the very nature of the requirements for the
final product is a clean industry from a polluting point of view. However, the
visual impacts are often significant, given that many deposits are situated in
hills or mountains.
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Abstract

In this paper will be shown the general concept of the techno-economical
development in R.Macedonia, as a result of the closed privatization and
including the direct investment in the field of education, economy and other
fields of interest. An explication of the state and public legislative in the high
education (Bologna, EKTS, Curriculum of Business Informatics, Informatics
and IS, Business Logistics), the economy standards and laws, forecasting of
new technologies, environmental aspects, production of health foods, etc.
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Introduction

Various programs related to Management, IS, IT, Computer Sciences,
Business Informatics & Logistics, Business Logistics, Industrial Logistics
as Industrial Engineering with Business Informatics, many universities have
offered over the last three decades. The Bologna Declaration in Europe with its
three level study structure as well as the increasing pressure to ensure funding
within most departments adds further pressure to many universities. Despite
attempts being made to provide reference to curricula and guidelines, many
universities and faculties struggle with the proper direction and design of the
IS, IT & Logistics curricula.

The final curriculum comprises a balanced and interdisciplinary structure
that centers on engineering principles and focuses on transformation, models
and methods. The engineering emphasis throughout the forecasted programs
and other management oriented IS, IT, Logistics, Business Logistics,
Environmental Informatics degrees appear to us to be innovative with regards
to its interdisciplinary character.

As the student figures illustrate, the rapid society and industry changes
in recent years require constant evaluation and modification of education
programs in order to make them attractive and suitable for students
according to the economy, industry and states demands of possible profiles.
Indeed, claims that Information Technology, Information Systems, Business
Logistic or Informatics etc. are no longer sources of strategic advantage
have generated a growing concern over the loss of technology-oriented jobs.
Generally speaking, it is expected that demand for subjects such as application
design and integration, enterprise architecture, information management,
and business process management will increase. The demand of graduates
capable of coordinating complex IT, IS, SCM, Logistics networks and project
managers managing global IT projects it also expect to rise. On the other hand,
innovations in information and software technology should also be considered
as key elements in information systems.

Consequently many universities struggle with the proper direction and
design of an information systems related curriculum. Aiming to provide
guidelines for the faculty in universities (Such as “Goce Delcev” University
as youngest in The Republic of Macedonia), the objective of this one thinking
and article is to evaluate some selected IS, IT, Business Informatics, Business
Logistics, Industrial Logistics degrees. It’s known that there are selected
programs for Anglophone-European Countries and Continental Europe.
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Another part of Europa (including Western Balkan) have had similar approaches
and thinking for evaluation of these problems and studying.

The major goal of programs are to prepare students for their future career
in these above mentioned fields, either in industry (practice) or academia.
However, because the work environment is changing rapidly, some students
will have a “job for life”. Graduates will have to be adaptable and be willing to
become “lifelong learners”. For this reason, in addition to the strong knowledge
these programs aim to enhance key transferable skills. This will enable
the graduates to take on a variety of jobs in various types of organizations.
Transferable skills are those skills which, having been learned in one context,
can then be applied in another. The curriculum and module descriptors include
compulsory and elective discipline:

— QGuided independent study and activity, with specialist input when
appropriate

— Recent or current case studies

— Essay and report writing

— Collaborative group work and discussions and decision

— Presentation of findings to the group as a whole

— Intercultural work experience
Various programs (three or four years courses) related to Management, IS,

IT, Computer Sciences, Business Informatics & Logistics, Business Logistics,
Industrial Logistics as Industrial Engineering with Business Informatics in
particular consist the following objectives:

— The courses will equip students to analyze informatics technology,
information systems, optimization methods, numerical analysis, and
business problems from both technological or engineering opportunities
and business requirements.

— The courses will equip students to develop solutions to business problems
using ICT, IS to its full potential.

— Students will learn methodologies that enable a clear understanding and
thinking of business problems and the function and relationship of ICT
in business.

— Students will understand constraints, both organizational and technological
in designing information system, logistic system solutions.

— Students will be provided experience in working in an inter-cultural work
environment.

“The 21-st century has seen launching in the same time the atom era, the
space era, the electronics and informatics era, the modern biology era, the new
materials era and that of the universe understanding”.
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At the beginning of this century when the technological fever comprised
most of the developed countries, we can call the first decade quite the
technological revolution decade in education.

At the beginning of this article, concerning the way the education reflects
the tomorrow’s society needs, there are to keep in mind the common tendencies
of the informatisation in the European countries, enunciated at the European
seminar “An European Platform for the Development of a Cooperation
Mechanism in The Informational Technics Field in Education” — Moscow,
1991. [E. Noveanu, D. Noveanu, 1993]:

— the education systems regulates according to the suprasystem trying to
answer to the necessities of the individual integration in an informatised
society;

— thestate decisively involved in the promotion of education informatisation;
it has been awared of the education role in the society programme,
but also the necessity of improving it faster, in order to assure to the
respective society the competitive character in technologic and scientifical
perspective;

— the informatisation approaches comprise an extremely large area,
stressing on the applications which assure a basic informatics culture for
each graduate;

— itis assured a minimum technical equipping for the practical activities;

— itis assured the specific training of a sufficiently great body of teachers;

— ithas been crystallized a coherent programme (programmes, projects) for
the education informatisation;

— itis payed an increasing attention to the pedagogic, psychological, socio-
pedagogic, economic investigations.

The science is — paradoxically today — in a conflict with the society:
admired and suspicioned in the same time, bearer of hopes for the future, but
also a proposer of some ambiguous notions, generously financed and in the
same time unable to keep all its promises, showing spectacular successes and
in the same time accused of not serving directly the society objectives.

Nevertheless, science and technology are extremely powerful instruments
today. Comparing science and technology, Gradwell’s (1986) shows that:

Technology — is an opened system;

— it uses deductive reasons;

— it uses practical methods;

— itis preoccupied by what things should be;

— it has discoveries which lead to theories as a result.

Science — is a closed system;

— it uses analitical reasons;

118



Faculty of Natural & Technical Sciences
NATURAL RESOURCES AND TECHNOLOGY Goce Delcev University — Stip

— it uses scientific methods;

— it focuses on things that exist;

— it starts from problems and it is guided by theories. [James L. Barnes,
1988, p. 215]

To all of these is added the culture too, the research and the education,
completing this way the list of the civilisation factors. The unity of education
with research and technology and their role in the development of science and
culture are revealed by G. Secara in the scheme: SCIENCE - CULTURE -
EDUCATION - RESEARCH — TECHNOLOGY by culture understanding
that factor, creator of spiritual values; by science- that factor, a theoretically
provider of new knowledges concerning the world around us; by technology-
a practical factor, a constructive of material objects one; by research- this
methodological factor of the action led in the knowledge field; by education-
that instructive-educative factor, a new human values provider, in order to
continue and develop the civilisation. [G. Secard, 1986] Trying an underlying
of the relations between CULTURE — TECHNOLOGY - SCHOOL, Ray
Page designs the following scheme starting from the nature of technology till
the adoption of some strategies for the introduction of technology in school,
depending on the characteristics of each culture.

The modernizing of the instructive-educative technologies must be
achieved so that the efficiency of those which are taught to be enhanced,
meaning the learning time saving, the getting thoroughly into the studied
material and the stressing of the operational character.

In “Declaration” of the Stanford meeting (1986) the clear elements of the
connection between society and the new technologies are underlined:

— the citizens must be trained in order to live in an informational society;

— in different countries it has been passed to a massive introduction of
computers (and of informatics) in education;

— the researchers from different countries must unify their efforts in order
to get results, applicable to an international level;

— the international organizations which operate in this field must develop
these activities which facilitate the change of information and cooperation;

— all of these who have competencies in this field are invited to participate
at the organization of such multinational research projects and of pilot-
projects of multinational interest;

— the declaration is a message of the participants to this meeting addressed
to the international community in order to support the continuation of the
surveys concerning the use of computers in education. [E. Noveanu, D.
Noveanu, 1993]
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General trends that are politics and strategies of IT
The strategies and politics that are the basis of the introduction in the high

education of the computer and of the informing technologies let to see some
general tendencies:

the informing technologies used as a pedagogic tool can have a powerful
influence on the way of assimilating the knowledge, on the learning
content and the reports between disciplines, on the role of the educators
and of the school and class organization;

the decision of equipping just some pilot-schools or of proceeding to
applications in the limited frame of a project or of a discipline is generally
based on two series of connected considerations: those linked to the costs
and those concerning the efficiency.

The informatics is called to be among the instruments able to improve the

internal and external efficiency of the educational systems. It is concretised in
this way more strategies for the future:
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the computer number increase offered to schools, teachers, pupils. It
must be adopted flexible programmes where these machines will be
systematically used as a subject matter and auxiliaries of gaining the
programme’s discipline;

the producing of a greater number of quality didactic logistics;

training of a greater number of teachers, qualified to teach the pupils to
use the computer.

measures which can allow teachers to devote more time NIT studies.
In the systems where the syllabus are relatively uniform, it should be
easy to introduce everywhere general programmes of initiation in the use
of computers in education, allowing the teachers to devote the strictly
needed time to know the way of introduction on a computer of the school
activity, not being necessary to waste time redoing the programme. “As a
consequence of analysing the computer in the 80’s education it is noticed
that most of the countries applied a very simple diseminating strategy,
starting from the hypothesis that the introduction of some informatics
material and logistics will automatically lead to a fundamental change
of the way the pupils do their work class. The next stage consists — for
the specialists in programmes field, for the textbooks’ authors, teachers,
specialists in informing means and others — in the priority role given to
the teachers as main agents of change promotion.” [W. Pelgrum, 1992]
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Conclusions

“A world of computer, as the tomorrow world will be, comes with its
uncountable in front of minds. It gives them new relations, new meanings,
but it wants to impose new languages.” In order for the education reform to
succeed in what it proposed — the modernisation and the making efficient of
the didactic process, which lead at the end to an optimum training of youth for
the professional, cultural and social integration — it must realise which is the
course and the dynamics of development of the modern society. Its tendency
of dynamising and maximum optimising of the human activity, of modifying
the report between the creative and the routine activities

The informatics has known an exponentially quantitative and qualitative
development. The occurence of the faster and faster computers, of the different
performant backgrounds of stocking and sending the information, of some new
programming strategies determines as for the informatic field to be one of the
top field in the modern society. The huge networks, as the financial-banking
ones, the Internet, the commercial networks with dozen of users who change
information from all the fields and everywhere, transformed the plannet into “a
informational planettary village”.

The actual trend tries to integrate the computer in the daily life of people,
by working activities, by recreation, informing, selfinstruction, economical
administration by the conecting of the users at the informational highways.
School has a primarily role for the attenuation of the impact with the
informatic field, for preparing the youth in the use of the computers and in
the field knowing (the synchronising of the disciplines syllabus — informatics;
the setting of some informatics labs where to develop classes to almost all the
didactics disciplines; the adaptation of the teacher’s staff to the new demands).

We are in an informational society, where information, stocking,
processing, transmitting and managing of it are dominant. Being illiterate in
the third millenium means lack of experience in the informatics field. Our
integration on an individual plan and also, at the national level in the system
governing the world, depends firstly by what the generations who pass and will
pass through our schools will achieve.
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INFORMATION TECHNOLOGY IN LOGISTICS: ADVANTAGES,
CHALLENGES AND OPPORTUNITY FOR EFFICIENCY FROM
PROBLEM DECISION IN DIFERENT ACTIVITIES
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Abstract

Informatisation, internationalisation and globalisation have dramatically
changed retail sector; speeding up the retail processes, creating new sale
formats, fastening the increase of income etc. During the last decade, logistics
influenced the development of retailing by cutting down costs and increasing the
service quality level. The main purpose of this paper is to give a comprehensive
review of affected logistics and directly caused changes in Western Balkan
retailing and global market as well. Among the given trends there is a shorter
product life cycle that induces some changes among supply chain members in
order to keep profitability, innovation in technology field, RFID technology,
automated commercial processes, and EDI system communications.

Based on the analysis of relevant foreign literature in the area of logistics,
distribution and supply chain management, this paper gives a review of new
market trends that have an important impact on logistics. Special attention
is given to more significant usage of concept of managing, developing high
quality products and services, minimising stock within supply chain and
making sustainable, competitive and strategic advantage of a company by it.

Keywords: logistics, logistic technologies, logistic trends, retail.
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NHO®OPMATNYKATA TEXHOJIOI'NJA BO JOI'MCTUKATA:
NPEJHOCTU, NIPUJOHECHU 1 MO2KHOCTU 3A EOUKACHO
PEIIABAIBE HA ITPOBJIEMHU BO PABHU AKTUBHOCTU

Anekcanpap Kpcres!, Anekcanmap Iones?, Iejan Kpcres!

AncTpakTt

WNndopmatnzanyjara, WHTEpHAMOHAIM3aUMjaTa M ryodanM3auyjaTa
ApaMaTHMYHO IO MMaaT M3MEHETO MAaJIONpPOJaKHUOT CEKTOp; M 3a0p3yBaaT
TNpolLeCUTe Ha Majonpojax6a, Kpeupaat HoBU (hopMu Ha npojiaxk6a, 3a6p3aHo
3rojieMyBame Ha npuxopute U Ap. Bo mociepnnaTta peueHuja, JorucTvkara
B/IMjeJIa Ha Pa3BOjOT Ha TProBUjaTa HA MaJl0 CO HAMallyBame Ha TPOLIOLUTE
U 3rojieMyBal¢ Ha HMBOTO Ha KBaJMTETOT Ha yciayrure. [naBHara uen
Ha OBOj TPy/] € fAa Jaje ceondareH Nperyef Ha JIOTUCTUKATA U JUPEKTHO
Npeau3BMKaHNUTe MPOMEHU BO 3eMjute of 3anajieH BankaHn Bo TproBujaTa Ha
MaJjlo, KaKo U CBETCKUOT Na3ap.

Bp3 ocHOBa Ha aHanM3aTa Ha pejieBaHTHATa CTPAaHCKa JIUTEpaTypa BO
o6acTa Ha JIOTUCTUKATA, AUCTPUOYMjaTa U MEHAIMEHTOT Ha CHaOIyBauKuTe
CUHIIMPU, OBOj TpPYy/ faBa MperJie[] Ha HOBUTE TPEHJOBM Ha Ma3apoT KOU
MMaaT BaXKHO BiMjaHWe Ha JorucTtuka. [loceGHO BHMMaHHE Ce MOCBETYBa
Ha MO3HAYajHOTO KOPMCTEeHEe Ha KOHLENTOT 3a YINpaByBame, 32 pa3Boj Ha
BUCOKOKBAJIUTETHU TNPOW3BOIM M YCIYIW, 32 HaMalyBawe Ha akIUUTE BO
PaMKHUTE HAa CHHUMPOT Ha CHabjlyBame M €[HA KOMIMAaHWja f1a ja HampaBu
O7IP>KJIMBA, KOHKYPEHTHA U CO CTpaTeliKa MPEIHOCT.

Kiyynm 300poBu: 102ucmuKa, A02UCMUYKY MEXHOA0UU, AOUCTIUYKU
MPeHO08U, MAAONPOOaxcoa.

Introduction

Everyone agrees that effective supply-chain management can provide a
major source of competitive advantage. The goal of a supply chain manager
must therefore be to link the end customers, the channels of distribution,
the production processes and the procurement activity in such a way that
customers’ service expectations are exceeded and yet at a lower total cost than
the competition. One of the enabling factors for the achievement of this goal is
the effective use of information technology (IT).

For example, in retailing, margin erosion and the need for ever improving
levels of customer service have both been instrumental in increasing the levels
of IT investment to support supply chain improvements. Retailers will continue
to invest in technologies such as electronic data interchange (EDI) in order
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both to facilitate further reductions in supply chain stock levels and to forge
stronger supply chain linkages between both their customers and suppliers.

Four key themes
There are a variety of technological trends and innovations which have an
impact on the use of information technology in logistics. However, I believe
that the major trends can be grouped into four key themes. These themes are
important to the current and future use of information technology to support
logistics operations across all industry sectors. The four key themes are
concerned with:
— integration and flexibility;
- EDI;
— hardware; and
— communications technology.

Integration and flexibility

The successful integration of information within an organization is a
powerful enabler for:

— reduced costs;
— increased productivity; and
— improved customer service.

Advanced transaction processing systems which address the
needs of an entire organization are now commonplace. These systems
enable management to monitor inventory at all locations throughout the
organization, which may include multiple warehouses in multiple countries.
Integrated systems are now available which provide real time visibility of
demand forecast information, inventory levels and production schedules.
Once these systems have been linked successfully to sophisticated
decision support systems then supply chain managers will have the
ability to manage the traditional supply chain tradeoffs in a dynamic way.
The need for flexibility is a continuing theme whenever information systems
are being considered.

Supply chain systems must be capable of being adapted to meet changing
demands quickly and cost-effectively. Most supply chain systems have been
based on modular solutions offering the ability to add and amend modules
as required. Usually such packages are made up of a dozen or so modules at
most. This means that because of the size and scope of individual modules this
approach to software design may not always provide the level of flexibility
required.
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Individual modules need to be as small as possible if maximum flexibility
is to be achieved. Increasingly, supply chain software packages are being
developed, taking full advantage of object-oriented technology. Software
packages are now being structured from hundreds of modules, each of
which can be amended as required. This enhanced level of flexibility enables
organizations to modify and enhance their supply chain systems as their
business needs change. The objective is to eliminate the need for full-scale
systems replacement or applications redevelopment.

Electronic data interchange

“Electronic Data Interchange (EDI) refers to the structured transmission
of data between organizations by electronic means. It is used to transfer
electronic documents from one computer system to another (ie) from one
trading partner to another trading partner. It is more than mere E-mail; for
instance, organizations might replace bills of lading and even checks with
appropriate EDI. Before discussing the potential benefits of EDI, let us first
like look at some of the ways in which EDI is used currently:
interactive, query-response transactions;
trade data interchange;
electronic funds transfer; and
technical data interchange.
The second category is the one which is the most pertinent to supply-
chain management as it covers transactions such as purchase orders,
delivery notifications and invoices. Unfortunately within this category
a number of different industries initially developed their own standards.
This is not too much of a problem unless, like Excel Logistics, you
need to do business with organizations in different industry sectors.
Fortunately, the trend is to standardize trade data interchange requirements.
A common standard across all industry sectors is now a reality.
With all of these EDI links in place between suppliers, manufacturers,
retailers, customers and the banks a totally paperless supply chain is now
possible. This is the key strategic benefit of EDI — as an enabler for closer
supply chain relationships. EDI links organizations along the supply
chain so they can work more closely together to their mutual benefit.
The other benefits of EDI consists of improved internal effectiveness and
efficiency and the consequential reduction in administrative costs. The savings
in time and resources from the use of EDI to automate administrative processes
are large and immediate.
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Traditional EDI (Reference Al

Any EDI Trading Pariner

EDI Today (Relerence B)

Fig. 1 EDI examples

Hardware and Communications technology

There are two main trends in computer hardware which have had, and
will continue to have, a significant impact on the use of IT in logistics. One of
the key underlying trends in computer hardware technology may be summed
up in three words: smaller, faster and cheaper. The reductions in computer
memory and processor size over the last 25 years have been dramatic. These
dramatic improvements in hardware performance have been matched by
equally dramatic reductions in hardware costs. One of the key benefits of these
hardware trends is that computing power can now be implemented in parts
of the supply chain that previously were never considered, either because of
cost constraints, or space constraints, or both; the use of hand-held barcode
scanners is a good example. These have contributed to the growth in the use of
labeling and automatic identification of products and locations.

This is a fundamental enabler for the success of logistics information
systems as requirements for greater traceability demand improved means of
identification. The second trend is the growth in open systems. As advancing
technology creates new computer network capabilities, it is vital that
organizations have the flexibility to transform those capabilities into competitive
advantage. The final theme concerns some recent advances in communications
technology. Secure and resilient communications networks are a prerequisite
for implementing EDI and achieving supply chain integration.

There is much that could be said about the growth in value added network
providers and the services that they have to offer. Let us concentrate on one of
the fastest growing communications technology i.e. mobile communications.
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One way to begin to differentiate between the services on offer is to determine
whether you require both voice and data communications. Many mobile
communications needs do not necessarily require voice communications.
Currently in logistics the prime users of mobile communications technology
are third party logistics service providers. Using voice communications
networks it may take approximately 30 seconds to relay a simple message about
vehicle location or delivery status. In addition, verbal information requires an
operator at the other end to process the details, and verbal information is often
ambiguous and open to interpretation. Using packet switched mobile data the
same information can be relayed in a few tenths of a second. What is more,
the information can be entered automatically and accurately into management
information systems, thus obviating the need for an operator at the end of the
line.

Conclusion

I would like to conclude by presenting the findings of a study done way
back in 1994 that predicted the future for logistics in the new millennium. Let
us see how far it was right!

The following were the findings of the survey:

— Growth in time-based performance: The prediction is that this will
be achieved by speeding up movement within existing supply chain
structures. This will only be achieved by taking advantage of all the
information technology trends we have discussed in order to transform
these existing supply chains.

— Supply chain efficiency improvements: The panel of experts predicts
that EDI will be the one of the main enablers of supply chain efficiency
improvements. They predict that around 50 per cent of key logistics
documents will be transmitted electronically by 2001.

— Reduction in number of warehouses: The prediction is that the number
of warehouse tiers will be reduced, thus leading to a reduction in the
number of warehouses. One way in which this might be achieved is via
investment in IT to enable greater supply chain integration and, hence,
support a reduction in total supply chain inventory.

— Increase in number of transhipment warehouses: Warehouses will continue
to develop away from the traditional storage function to a transhipment
role. This will be facilitated by investment in advanced warehouse
technologies such as fork lift truck mounted Radio Data Terminals and
barcode technology, together with EDI links between the warehouse and
other parts of the supply chain.
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— Growing importance of retailers: The experts predict that, with growing
concentration of ownership in the retailing sector across Europe, retailers
are likely to become an increasingly important force in shaping the design
and operation of supply chains. This will inevitably lead to increasing
supply chain integration and EDI links between the retailers and their
suppliers.

— Rise in prices of road transport: Road prices are forecast to rise
significantly more than for other modes of transport. This means that, in
order to help offset these price rises, investment in in-cab technology is
likely to increase.

— Increase in cross-border transport: The study predicted a significant
increase in cross-border transport for 2001 with implications for existing
supply chain structures. This is likely to lead to investment in both in-cab
technology and also in IT to support cross-border supply chain integration.
The conclusion from these findings is that the pressures to invest in

technology are high and will increase. While there are business benefits for
successful investment, the penalties of under investment or of poorly-thought-
through investment decisions are also high. This is because competitors will
also be investing in technology to improve the effectiveness of their supply
chains and develop new ways of doing business in order to achieve competitive
advantage.
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INFORMATION SYSTEMS IN PRODUCTION PROCESSES OR
ACADEMY AND ACCOUNTING FIRMS
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Abstract

In this paper, focus and challenge of information systems and technologies
in production processes or academic and accounting firms will be shown. In
modern conditions the successful implementation of goals and objectives of
the enterprise or society depends on its effective use of information resources.
Information resources are the basis for activities of enterprises and other
subjects in EU, the availability of information resources and opportunities and
implementation of information innovation, streamline information flows of
the company, different firms and effective information interaction with market
players as Bulgaria, Ukraine, Macedonia, Serbia, Croatia, etc.

Keywords: information, resources, knowledge, system, innovations,
infrastructure, enterprise.

1) Faculty of Informatics, UGD — Shtip, R. Macedonia
dakynret 3a uHopmatuka, YI'I - llItun, P. Makenonuja

2) Faculty of Natural &Technical Sciences, UGD — Shtip, R. Macedonia
dakynreT 3a NpUpofHU U TexHUUKU Hayku, YT - lltun, P. MakepgoHuja

3) Faculty of Natural &Technical Sciences, Novi Sad, Serbia
daxynreT 3a npupopHu U TexHuuku Hayku, Hoeu Can, Cpouja

131



‘I)aKyJITeT 3a HpHpOHHI/I N TCXHUYKN HayKI/I
IIpyPOIHY PECYPCH M TEXHOIIOTH Yuusepsurer l'oue [Tenues” — MTun

OOKYC 11 MTPNIOHEC HA HAIIMOHAJIHATA TPUMEHETA
NHO®OPMATHNYKA TEXHOJIIOI'NJA BO ITIPON3BOJAHUTE
MMPOLECHU NJIM1 OBPAZOBAHUETO 1 CMETKOBOJACTBEHUTE
ONPMUN

Anekcanpap Kpcres', bopuc Kpcrer?, lapko [InumurpoBcku?®, [lejan
Kpcres!

AncTpakTt

Bo 0BOj Tpyn ce npukaskaHu (hOKyCOT U MPUOHECOT Ha MH(POPMALIICKUTE
CHUCTEMM W TEXHOJIOTUM BO MPOM3BOJHWUTE TMPOLECH WA 0OpPa30BAHUETO
M CMETKOBOJICTBeHWTe pupMu. Bo coBpemMeHM YCIOBM 3a YCHElIHa
UMIJIEMEHTAllja HAa LEJIWTe W 33jaYuTe Ha TPETNpPHjaTHETO, OFHOCHO
OMILTECTBOTO, 3aBUCH Off Hej3uHaTa edukacHa ynorpeba Ha W3BOPUTE Ha
uHgopmanyu. M3Bopute Ha WH(poOpMaMM ce OCHOBA 3a aKTMBHOCTH Ha
npernpujatija U apyrure cyb6jektu Bo EY, moctamHocTa Ha M3BOpHUTE Ha
MH(OPMAIM ¥ MOXKHOCTH M MMITJIEMEHTalija Ha WH(OpMAIMCKa MHOBAaLH]a,
palnMoHanu3anyja Ha TEeKOBUTE Ha MH(OPMALMKTE HA KOMIIAHWjaTa, PA3INIHU
¢upmu 1 erkacHa MH(MOPMATHYKA WHTEPaKIHja CO WIPAynTe Ha Ma3apor,
kako byrapuja, Ykpauna, Makengonnja, Cpbuja, XpBarcka u Jip.

Kiyunu 360poBu: urgopmayuu, pecypcu, 3naere, CUCmeMm, UHOBAYULL,
ungpacmpyxkmypa, npemnpujamue.

Introduction

The functioning of enterprises or academic community and accounting
firms in EU members (Bulgaria) and potential members (Ukraine, Macedonia,
Serbia, Croatia etc.) in the conditions of market economy requires managers
and professionals able to see perspectives, make informed strategic marketing
decisions that will promote the growth of their competitiveness. One of the
basic concepts of normal business is activities management. Management as a
philosophy of modern business, quality management and economic decision-
making are directly related to the presence of complete, timely and accurate
information about market demand for goods, consumer tastes, academy and
university demands, market conditions, competitors’ actions, etc. Significant
amounts of information associated with prompt payments, search and providing
relevant information for managers making decisions requiring the need for
new, modern information technology.
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Background information supports of business formed are under direct
influence of factors of external and internal environment and focusing the
company on growing information resources used for management. By effective
use of information resources, company or academy determine the effectiveness
of its current tasks, but also strategic development, requiring fundamentally
new approaches to information of all activities. Better information support
of business or education, lead to increase efficiency and adequacy of
administrative decisions, the growth performance of enterprises, stabilize its
financial condition, strengthening the competitive position on domestic and
foreign markets and academy possibilities.

However, in modern economic literature, mentioned countries are still
stated as not developed, regarding the problem of information support of
industrial enterprises and academy community. Timely there is increasing need
to further improve the principles, forms and methods, develop new scientific
approaches and practical recommendations on information support of the
enterprise, society or academy. The aim of the paper is to develop theoretical,
methodological and some practical recommendations for activities of the
enterprise and different firms or university. To achieve this goal have been
resolved following objectives:

— The essence of information and for activities of industrial enterprises in
Bulgaria and the necessity for activities of the enterprise and its main
objective;

— The possibility of development of information support on national and
regional levels on the example of the Bulgarian company “Bulahro AD
machines in the city of Stara Zagora;

— Analyzed the structure and dynamics of market information products and
services in other national fields or academy ;

Functional-based approach methods

Methodological basis of the paper is a collection of scientific knowledge,
and general scientific principles, methods and techniques used in the study
process. The paper used: system-structural analysis (features and the role of
information resources in modern enterprises, the analysis of market information
products and services in Bulgaria), procedural and situational approaches (with
the justification necessary for activities of the enterprise, while developing
a coherent organization of information support enterprise development),
functional-based approach (the development of fundamental approaches to
the formation of enterprise information space), dynamic methods, theory,
simulation and optimization method, graphical methods, methods for expert
evaluation, system analysis and modeling
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Adatabase study contains the results of research on building the Bulgarian
enterprise “AD Bulahro machines” in the city of Stara Zagora.

Scientific novelty of the results
Scientific novelty of research results is as follows:

— proposed sequence of formation of information and control systems for
industrial businesses, which allows you to build a hierarchical access to
administrative information and optimize their management structure and
its information flows;

— fundamental approaches to industrial enterprise information space
based on his selection of functional and content structure and structural
decomposition of the production process as an object of management;

— forms and directions for activities of industrial enterprises using the
proposed decision support system based on the formation of information
databases and complex simulation models for enterprises;

— received further development:

— methods and forms for activities of the enterprise, accounting firms or
academy;

— principled approach to the evaluation and selection of information
innovation by building a model multicriterion analysis, evaluation and
selection of software products etc.

The practical significance of the results

In results that are most practical importance, are:

— recommendations for the development of enterprise information
infrastructure based on the proposed implementation of a regional
information-analytical framework to support their development, thereby
ensuring consistency and improvement of information exchange of the
market of the Republic of Bulgaria;

— recommendations on the evaluation and selection of information
innovations that can solve the problem and the choice of information
innovation.

The current stage of economic development requires the use of
scientifically-based methods of data collection, analysis, processing and use
of information. Accordingly, in the work using an approach based on the
idea of resource cycle, the main resource characteristics and specific features
of functional information and resources provided by the scheme of their
reproductive cycle (Fig. 1-2).
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In Bulgaria, the first stage of deployment of a national WiMAX network
based on Cisco Mobile WiMAX technology and architecture of IP NGN.
Network is based on technology Cisco ® Mobile WIMAX and Cisco solutions
for access and aggregation. By the end of 2009 Max Telecom plans to have
coverage of its network in the home to 90 percent of the population, and
Bulgaria to provide residents with fast and secure mobile access to advanced
services. Bulgarian market is ready for broadband and WIMAX technology
will offer high quality, competitive, reliable and secure subscriber services.

Performance information of the enterprise depends on the information
of its interaction with various actors in the market of information products
and services, public information support business development and formation
of its information space. As part of the program in Bulgaria has developed
a special program. As part of this program provides a unified functioning of
the regional information-analytical framework to support the development of
enterprises in Bulgaria, the organizational and economic model.

Development and management decisions are complex processes and
play a special role of information management systems, effectiveness of which
determines the ultimate effectiveness of the functioning of businesses. On
the efficiency of the process aimed proposed decision support system, based
on a formation of information databases and complex simulation models for
enterprises.
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Fig. 4. Modelling and testing database

The problem of designing an efficient structure of information and
control systems company in the proposed deal on the basis of the evolutionary
method using genetic algorithms. Building information-control system of the
enterprise carried out by the standards of SADT, which include developing
functional models and dynamic information management business processes.
As aresult of the simulation determined that the best management decisions to
structure information flows in the process of adjustment is a mixed structure.

Intention of application of ERP system

There is the intention for use of PANTHEON in small and mid-sized
companies, universities and accounting firms, selecting from five versions
offering different features and functionalities. These localizations for the
markets of South-Eastern Europe are adjusted to legislation to suit local
conditions. It is used in Slovenia, Croatia, Bosnia and Herzegovina, Serbia,
FYR Macedonia and Bulgaria. Specially, this an ERP system is in particular
suitable for use in accounting firms with access for the users to the electronic
ledger containing subject accounts and chart of accounts. It’s possible to support
to select various financial reports, conducting e-business with governmental
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institutions in all countries where this system is available. It’s possible to
create balance sheet reports quickly and in a straight-forward way and support
commerce transactions between business (B2B), between business entities and
government (B2G), and banks (B2Bank). Also, the possibility of automatic
manual posting, payroll accounting, set-off, interest, debt collection, cash and
foreign currency transactions, e-business with state administration etc.

Conclusion

The paper provides theoretical studies and practical solution to current
scientific and practical tasks which aim to improve information of the
enterprise. Key findings and results that were obtained are:

1. The special role of information and information resources in modern
enterprises.

2. Determined that information for the enterprise should be based on the
complex use of potential and existing information resources with their
basic features.

3. The development of the Bulgarian market of information products and
services.

4. The necessity of effective information exchange and information
infrastructure.

5. Solution Promotion of important problems of effective interaction of
market information.

6. The organizational-economic model of a single regional information-
analytical framework to support the development of industrial enterprises

7. A decision support system, which is forming the basis of information
databases and complex simulation models for enterprises. On the basis
of this system model of decision making in production by building a set
of management information about the production and use of industrial
engineering resources.

8. The possibility of automatic manual posting, payroll accounting, set-
off, interest, debt collection, cash and foreign currency transactions,
e-business with state administration etc.
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UDC: 53.7 CrpyueH Tpya

IT'EOEJEKTPUYHU MEPEIHA CO TERRAMETER SAS 1000
baaruua [douesa', Pagmuna Kapanakosa CreganoBcka’

Anctpakr

Bo Tpynot e npeseHTupaHa TeopujaTa Ha KOja ce TEMEJIM MEPEHETO Ha
crnenuryeH eJIeKTPUUEH OTIOP CO MOMOLI Ha MFHCTPYMEHTOT 34 Fe0eJIeK TPUIHH
Mepewa Terrameter SAS 1000. MeTonara Ha cniequuyeH eNeKTpUYEH OTIOP
0BO3MOXKYyBa J00MBae HA KBAHTUTATUBHU €JIEKTPUYHM TMOAATOLM CO ILUTO CE
npecMeTyBa MPOoceyHaTa OTHOPHOCT Ha MOA3EMHUOT HpocTop. MepeweTo co
MHCTPYMEHTOT C€ COCTOM BO MpOIMYIUTalke HA U3MEPEHa CTPYyja HU3 TEPEHOT
KOj Ce MCTpaKyBa M CJIefickhe¢ Ha MajoT Ha MOTEHLUMjaJOT HA CTpyjaTa Wiu
HEKOja pyra BPEHOCT KOja € MOBP3aHa CO TOj CTPYEH TOK.

Kayunu 300poBU: cououpamwe, cneyugpuuen eaekmpuier Omnop,
pacnopeo, eaekmpoou.

GEOELECTRICAL MEASUREMENTS WITH
TERRAMETER SAS 1000

Blagica Doneva', Radmila Karanakova Stefanovska'

Abstract

The paper presents the theory about the measurements of the specific
electrical resistivity with the instrument for geoelectrical measurements
Terrameter SAS 1000. The method of specific electric resistivity allows to
get quantitative electrical data with which is estimated average resistivity of
the underground area. Measuring with the instrument consists of conducting
current through the investigation field and monitoring the falling of the potential
of electricity or any other size that is associated with the electrical flow.

Key words: sounding, specific electric resistivity, array, electrodes.

1) daxynTeT 3a NPUPOAHU U TEXHUYKH HaykH, Y HuBep3ureT ,,['oue demyes, lTun
Faculty of natural and technical sciences, Goce Delcev University, Stip
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Bosep

FeOCJIeKTpl/l‘-lHI/lTe ucnuryBama IMpeTCTaByBaaT €JHAa O OCHOBHUTE
JAUCUMIUIMHM BO TpuUMeHeTaTa reodusuka. logema mnpumMeHa wumaar BO
WHXXEHepcKaTa TeoJiorvja W XUAPOJIOTHja, HO 3HAYajHO Ce 3acTaleHu BO
PYIapCTBOTO MPU MCTPAXKyBame Ha Pa3HM MUHEPAJHU CYPOBHMHU U IpajiekeH
MaTepHjali, BO FeOTEXHUKATA 3a ie(pMHUPAH-E HA Pa3HU COCTOjOU U CBOjCTBA Ha
PabOTHUTE CPEJIMHU, HO M BO OCTAHATUTE IPAHKU HAa UH3KEHEPCTBOTO.

IMpuMeHaTa Ha reoesIeKTPUUHUTE METOJU € OBO3MOKEHA Ol CO3HAHUETO
Jieka MUHepajuTe KOU ja COUMHYBaaT reoJiolikata popmaiuja moceayBaat
pa3nuuHu eNeKTpuuHK cBojcTBa. [Tokpaj Toa, HEKOM TeoJIONKY Tejla Kora Ke
Ce HajjaT BO Ofpe/icH! IPUPOJIHYU YCIIOBU MOXKAT J1a MPEIN3BUKAAT eJICKTPUIHO
nojie. Pa3nMuHnoT cocTaB M reoJiolkarta rpajda Ha TEpeHOT U pa3jIMuHUTE
NPUPOJHU NPOLIECH BO 3eMjaTa MPEM3BUKYBAAT €JIEKTPUYHN aHOMAJIMUA KOU
ce MaHuecTUpaaT 1 Ha NoBpiiMHaTa Ha TepeHoT. Co perucTpuparme Ha THe
CJICKTPUYHU aHOMAJIUN (Ha NnoBpUIMHATa HAa TEPEHOT WM BO MNOJ3EMHUTE
00jeKTr) MOKe a ce Ofpefu reoJioliKaTa rpagda BO BHATPEIIHOCTA U Jia ce
neuHUpaat cocTojoéaTa u CBOjcTBaTA Ha (hopmalijaTa.

Cucrem Terrameter SAS 1000

Cuctemot Terrameter SAS ce cocTon o ocHOBHA enuHMUIa 0 SAS4000
mm SAS1000 (cnmuka 1) xkom MoxkaT ja Oupar pomnojHetu co ABEM
MULTIMAC u ABEM LUND enexktpoguu cuctemu 1 ABEM SAS LOG
200/300 equHUIM 3a jafipOBabe.

SAS 3Hauu cuUrHai 3a MPoCeYeH CUCTEM-METOJ] CO KOj OTUMTYBamaTa ce
BpLIAT aBTOMATCKHU, a Pe3yJITaTUTe ce MpeTBopaar Bo npoceuHu. Pesynrarure
Ha SAS ce ToBepooCTOjHU Of] pe3YyATATUTE IITO Ce JOOMBAAT CO MOHO CUCTEMU.

SAS1000 Moxke J1a ce KOPUCTH 32 MEPEHE Ha OTIOPHOCT, 32 UHyLIUpaHa
nojiapusanyja v 3a MEpeHe Ha CONCTBEH MOTEHLMjal.

IIpumennuBocTa Ha pa3iMyHaTa oTnopHocT u IP MeToguTe nornomMoruaru
on SAS 1000 ce magenu Bo Tabdena 1.

Cuctemot Terrameter SAS MoKe fja pabOTH HA TPU HAUMHA: MEPEHhe Ha
OTMOPHOCT, MHAYLIMPAaHa MoJIapu3aliija U COTCTBEH MOTEHLM]jad.

Bo MopioT 3a Mepeme Ha OTMOPHOCTA, TOj COUMHYBa Mepay co GaTepuja
1 171a00K0 NMEHETPUpae U AyTHYT KOj € JOBOJICH 3a €JIEKTPUUHO €JIEKTPOJHO
uznBojyBame o 2000 m Bo fgo6pu ycnoBu. U3mBojyBame Ha KOJNOTO U
NporpamMMpame M3/IBOjyBa HAMOH Ha TpaBaTa CTpyja, CONCTBEH MOTEHLMja
1 3BYK Of] CUTHANOT 1To joafra. CoomHocoT Mely HamoHOT u ctpyjara (V/I)
ABTOMATCKH Ce MPeCMeTYyBa U MPUKaXKyBa BO uruTanHa ¢opma Bo kQ, Q nm
m&2. [JoKoJIKy NOCTOM HK3a Ha NMOJIATOLM, OUMIJIEJHATA OTIIOPHOCT MOXKeE Jia ce
npukaxe Ha ekpaHoT. Ha Toj HaunH BKynHUMOT jjoMeH ce nBuxku off 0.05 mS2
1o 1999 kQ.
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Kopucha oco6una Ha Terrameter SAS 4000/1000 e cnoco6HOCTa 1a MepH
BO YEeTHpM KaHaJM UcTOoBpeMeHo. OBa 3HauM JieKa OTMOPHOCTA M MEpemara
Ha [P kako mepema Ha HaloOHOT MOXKAaT Jja Ce BpuiaT YeTUpU MaTu noodps3o.
EnexkTpryHO M307MpaHnoT NpefiaBaTest ucrpaka J06po ofipefieH! U PeryJIMpaHn
curHamm co jaumHa o 1000 mA u HamoH fo 400 V (orpaHdyeHo of M3Jie3Ha
crpyja 100W). IIpueMHMKOT mpaBu pa3nuKa Mely IIyM ¥ Mepu HaroHW KOU
Ce MOBP3aHU CO EMUTHPAHUOT CUTHAJ (MOJ] 32 MEPEHe Ha OTHOPHOCTA M MOJ
IP), a ucTto Taka Mepu HEKOpeJWMpaHd MOTEHIWjaJd Ha MpaBaTa CTpyja co
VCTO MPABEHE HA PA3JIMKA U OT(PIIamke Ha IYMOT (MOJI 32 MEPEHE HA HAIIOH).
MUuKponpouecopoT I HaGJbYAyBa ¥ KOHTPIKMPA ONEPAlMUTE U ' TIPeCMeTyBa
pe3yJTaTure.

Bo reopmsnuku wmepemwa, Terrameter SAS 4000/1000 mo3BomyBa
NPUPOJIHUATE WJIM UHTYMPAHUTE CUTHAJIM J]a CE MEPAT TPH KPajHO HUCKU HUBOA
CO ONIMYHO HABIIETYBalbE U MaJjia MOTPOITyBayka Ha eHepruja. OcBeH Toa, TOj
MOKe J]a C€ KOPHCTH 32 Pa3InyHO PaboTH Kajie € MOTPEOHO jaCHO pasfiellyBambe
CUTHAJ / IIyM.

Toj Moxe fia ce KOpUCTH Jla ce OfipefyBa OTIIOPHOCTA Ha MOYBaTa Npu
€JIEKTPUYHU HEHTPAJIU U JIOJK eJIEKTPUYHY BOJIOBU U JIyPH /1 C& KOPUCTH KaKO
Owm metap. Jaunnara Ha Terrameter SAS 4000/1000 e HeroBa crocoOHOCT -
6yarogapeHve Ha MOAOT Ha MHIyLMpaHa NoJjapu3alyja - jja MpaBu pasiiika
Mery TeoJIonKuTe (POpMalK CO UCTa OTIOPHOCT, Ha TIPUMEp TJIMHA U BOJIA.

Hekon op cneuucrkanmnre KapaktepucTnynum 3a Terrameter SAS
4000/1000 ce:

— pesonyumja 25 uV (Teopucka, npH 1 cek. MHTErpalyicko BpeMe);

— our Tok A/D KoHBep3uja;

—  TpW aBTOMATCKM IOMeHM Ha Mepemse (+ 250 mV, + 10 V u + 400 V);

— muHaMUYKU goMeH off 144 dB mpu 1 cek. uHTerpamucko Bpeme, 162 dB
npu 8 ceK. BpeMe Ha MHTeTpalyja;

— TPeUuu3HOCT M TOYHOCT mofoOpa o 1% mpeky LeanoT TemmepaTypeH

TIOMEH;

— Brpazed PC koMnaTubuiaeH MUKPOKOMITjyTEP.

OCHOBHM NPUHLMIN 32 Mepere Ha OTIIOPOT

SAS 4000/1000 mepu pa3nuyHM MapamMeTpu KOM ro KapakTepu3upaar
TIIOTO: OTHOP, MHAYIMPAHA MOJIApU3alyja U CONCTBEH MOTEHIMja.

EnexTpuyHMOT OTHOp € pa3inyeH Kaj pa3jiMyHu TeOJIOIKA MaTepHjan
" I'J1IaBHO 3aBUCHU O[ BapI/Ija[H/II/ITe BO COAp>KMHATa Ha BogaTa U PaCTBOPEHUTE
jorrn Bo Hea. McTpaxkyBama 3a OTHOPOT MOKE Jja ce ymoTpebar 3a fa ce
ofpefiaT 30HM CO PA3NIMYHU €JIEKTPUYHM CBOjCTBA, IITO TMaK MOXe fa ce
3eMe Kako OCHOBA 3a Pa3IMuHM I'e0JIOmKH cioeBu. OTHOPOT, UCTO TakKa, ce
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BUKa ClenuuyHa OTMOPHOCT, ITO € CIPOTHUBHO HAa CIPOBOJIMBOCTA WIH
crierprIHATA CTTIOPOBOMJIUBOCT.

Hajuecture Munepanu kou ja o6pa3yBaaT moyBaTa i KapnuTe vMaaT MHOTY
BUCOK OTIOpP BO CYBHM YCJIOBM U OTMOPOT HA TOYBUTE U KAPIUTE HOPMAIHO
e (yHKUHMja Ha KOJIMYECTBOTO HA BOfia BO mopute u ¢ppaktypute. CTeneHoT
Ha BpcKaTa nomery WYIUIMHUTE UCTO TakKa € Off 3Hauekhe. 3aToa, OTIOPOT Ha
HeKoja 1MoyBa WM Kapha MOKe MHOTY Jia Bapupa, Kako HITO € MOKaXKaHo Ha
civka 2. Cenak, BapupameTo MOXe /la € OrPaHNYEeHO BO PaMKHTE Ha OfjpefieHa
reoJIolKa TMOBPIIMHA ¥ BapyUjallMiTe BO OTIOPOT BO HEKOja MOYBA UJIM BUJ] HA
Kapna Ke pediekTrpa Bapujanun BO (pU3NIKUTE CBOjCTBA.

KommuecTBoTO Ha BOfla BO HEKOj MaTEpHjall 3aBUCH Off MOPO3HOCTA, KOja
€ TIofiesieHa Ha MpUMapHa M CeKyHplapHa mopo3HocT. [IpumapHaTa mopo3HocT
ce COCTOM Of MOpH TOMel'y MUHEPAJIHUTE YeCTUUKU UM CE jaByBa BO MOYBU U
cequMeHTHM Kapru. CeKkyHJapHaTa TIOPO3HOCT ce COCTOM Ofi (hpakTypHU
1 30HM Ha BETPEHE U € HajBaXKHa MOPO3HOCT BO KPUCTAIHUTE KapiH, Kako
mTo ce rpanuT u THajc. CeKyHaapHaTa MOPO3HOCT MOXE Ja € 3HavajHa Kaj
HEKOM CEeIMMEHTHU Kaplu, Kako IITO € BapOBHUK. [Iypy U ako MOpO3HOCTA €
Mala, eJIeKTpUIHATA CIIPOBOJIMBOCT KOJAILITO CE Of[BMBA BO MOPU MCIIOJIHETH
€O BOJIa MOK€ JIPAaCTUYHO J]a TO HaMalli OTMOPOT Ha MaTepujanoT. CTeneHoT
Ha 3aCHTEHOCTa Ha BOflaTa Ke BJMjae Ha OTHOPOT M OTMOPOT HajJ HUBOTO Ha
NofI3eMHATA BOJla Ke OHfie MOBMCOKA Off OHaa TOJT, aKO MaTepUjaJioT € UCT. 3aToa,
METOIaTa MOXe /la Ce yoTpeOu 3a N3HAOrame Ha /Tab0YrHaTa Ha TIOf[3eMHATa
BOJIa BO MaTepujanTe Kajie IITO MOCTOM jaCeH MPOCTOP Ha MOI3eMHa BOJA.

OTnopoT Ha BojiaTa BO MOPUTE € OfipeficH O]l KOHIEHTpalMjaTa Ha jOHUTE
BO PAaCTBOPOT, TUIIOT HA JOHUTE U TeMreparypara. [lajied e JoMeH Ha OTIop Ha
pa3JIMyHy TUMOBH Ha BOfa BO Tabena 2.

[TpucycTBOTO Ha MUHEpaiu Ha TIJIMHA MHOTY BiMjae Ha OTIOPOT Ha
CeIMMEHTUTE W M3BEeTpeHara Kapna. MuHepajauTe Ha TJMHA Ce CMeTaar 3a
€JIEKTPUYHO NPOBOJIJIMBY YECTUYKM KOU MOXKE J]a allcopOMpaar u 0cao001yBaaT
JOHM 1 MOJIEKYJIM Ha BOJIa HA CBOjaTa MOBPIIMHA MPEKY MPOIeC Ha pa3MeHa Ha
jOHH.

[Tpu Mepewe Ha OTIOPOT Ha MOYBATA CE BPILU MPEHOC Ha KOHTPOJIMpPaHa
ctpyja (I) momery fiBe eJIeKTPO/I IITO C€ CTABEHU BO TIOYBATA, [IOfieKa ce Mepu
noreHuyjanot (U) momery aBe apyru enektpomu. IlpaBa crpyja (DC) mmm
Ham3MeHnuyHa cTpyja (AC) co HuCKa (ppeKkBeHIMja ce KOPUCTU M MeTofaTa
yecTo matu ce HapekyBa DC - omnop. OtnopHocta (R) ce mpecmeTryBa co
OMOBHOT 3aKOH.

Bo xoMoreHa no4ysa NpuBUIHUOT OTIOP Ke Oujie eHAKOB HA BUCTUHCKUOT
OTNOP, HO HOPMAJTHO Ke Oufie CIO0j Ha CUTE CIIOEBU KOU IO couMHyBaar. Taka,
FE€OMETPUCKI KOPUTMPAHOTO KOJIMYECTBO CE HAPEKYBA npusuoer omnop (0 ).
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Ha cmmka 3 ce mnpukaxkaHu MpuMepud Ha pa3jiMyHM KOJIMHEAPHU
KOH(pUTypaiym Ha eJIeKTpou Bo ynotpeba: Benepos (o, 3, ), llnymGeprepos,
ounoJ-qunon M noJsi-nosi. Moxe pa ce 3abenexu paeka BeHepoarta
KoH(urypauuja e nocedeH ciiyyaj Kajie ITo YeTUPUTE eJIEKTPOJIU Ce e/JHAKBO
nocTaBeHu Ha pactojanue a. 3a lllimymbeprepoBuoT Hu3 ogHocoT 1/L Ke Bapupa
3a BpeMe Ha HOPMAaJIHO MEpeie, a Ha CIMYEeH HauuH (paHTOPOT H Ke Bapupa
BO Meperhe IUMOJ-IUMoI. Pa3nmmannTe KOH(Urypaly Ha eJIEKTPOIUTE JlaBaaT
NPEIHOCT U HEraTMBHOCTHU CHOPEJICHH €fHa CO Apyra Off acleKT Ha JIOTMCTUKA
1 pe3oiiynja W m360poT OOWYHO € pa3mep Mmery oBue aktopu. [lokpaj
TOA, MPUHIWIIOT HA PEUUNPONUTET BEJM JieKa MOTSHIHUjaTHUTE W CTPYjHUTE
€JIEKTPOJIM MOXeE /1a CH I'M 3aMeHaT MecTara 0e3 jia BJMjaaT Ha KBAaHTUTETOT
mTo ce Mepu. Bo Hekou mpuMeHM TOj MOXKe Jla € TPEHOCT U I'0 KOPUCTU
NpUHOMNOOT Ha PEUUNPOUUTET O JIOTUCTUYKU MPUYUHU WK 3a MPOLUCHKA Ha
TOYHOCTA Ha MEPEH-ETO.

3aKkiy4ok

Terrameter SAS 1000 e coBpeMeH MHCTPYMEHT 3a LIMPOK CHEKTap Ha
reoesIeKTPUYHN NCTpaxkyBama. [Ipey cekoe TepeHCKO Mepere NPBO Ce BpIIaT
noproroBku. Ce mpersefyBa MOCTOEYKaTa JOKyMEHTAlMja 3a TOpaHEIIH:
UCTpaXKyBarba Ha TEPEHOT (Tonorpacky KapTH, FEOJIOLLKHU KapTH, BO3YLUHA
CHMMKU, U3BEIITAN U fIP.) ¥ CE IPOBEPYBA AATN MEPEHETO Ha OTMIOPOT € 100ap
MeTofl. AKO € Taka, ce U30MpaaT MOXKHU JIMHUM HAa MPO(UIIOT U JIOKALMHU Ha
COHJIUTE.

Ce pasrnegyBa ob6yacTa IITO ce MepH 3a Jia ce u3bepe Hajmodap pen 3a
npodui/conna. Ce mperyiefyBa neaTa Jo/KMHA Ha TUIaHWpaHaTa JIMHKja 3a f1a
Ce NPOBEPHU J1aJ1 OJ0OPAHUTE JIMHUU CE MMPAKTUYHH.

YcnemHo cnpoBefeHaTa MPOCTEKIMja Ha TEPEeHOT W aHalu3aTa Ha
NPETXOIHATE CO3HAHM]a CE OCHOBEH yCIIOB 32 I00PO MPOEKTUPAHU UCTPAXKYBaHbha
IITO € TPEeAycioB 3a Ae(UHHUpame Ha peajieH Mofie] Ha MCTPaKyBaHUOT
poCTOp.

JIutepatypa
Hemnetpos T. (2003), Ocxosu na 2eogpusuxa, PT'®, Hlturm.
[Tpupaunvk 3a kopucteme Ha Terrameter SAS 1000.
Cmumak . (1996), Huacervepcka 2eogpusuxa, PL®, Benrpa.

145



DakysTeT 3a MPUPOJIHU U TEXHUIKY HAYKU
IIpyPOIHY PECYPCH M TEXHOIIOTH Yuusepsurer l'oue [Tenues” — MTun

Tabeaa 1 - IlpumenmBoct Ha Terrameter SAS 1000. SP = conctBeH noTeHmjal,
VES = BepTUKanHO eaeKTpUIHO CoHiupame, IP = unpyuupana nonapusanuja.
Table 1 - Application of Terrameter SAS 1000. SP = self potential, VES = vertical
electric sounding, IP = induced polarisation

IIpenmeT Ha McTpaKyBamwe SpP VES CHumame P
ApPXEOJIOIIKH JTOKAJUTETH X
BpnabHaTvHM NOp NOBpLUMHATA X

I'nunu, Tpecet u nousa X X
CurypHocHU OpaHU U MPOMYIUTaHke X X)
IlykHaTHHM BO Kapnu X
IlykHaTUHCKM 30HU BO Kapnu X

IMoyzemMHM Bop BO KPUCTAIIHY Kapin X

IMopzemMHn BoM BO CEeIMMEHTHU %

006J1aCTH

Paszmmka nopg3emMua Boja/riHa X
[IpoTouu Ha nop3eMHU BOAU X

Pynu Bo o6nactu co uspety Kapnu X X X
[IpeonToBapeHa nebenvHa X

3arajiyBame Ha MOJ[3eMHI BOAM M HA X

MOYBH

Conenu Bogu X X

Tabena 2 - EnekTpryeH OTOP Ha HEKOU TUIOBU Ha MPUPOJIHU BOJIU
Table 2 - Electrical resistance of some natural waters

Twum Ha BOma OTtnopuoct [€2m]
Tanoxeme 30 - 1000
IToBpiuMHCKa Bofja, BO 00J1IaCTH CO MarMaTcKa Kapna 30 - 500
IToBpiuMHCKa Bofja, BO 00JIACTH CO CEJMMEHTHA Kapna 10 - 100
IomzemHa Bopa, BO 06J1aCTH CO MarMaTCcKa Kapra 30 - 150
ITopzemHa Bofa, BO 00J1aCT CO CEJMMEHTHA Kapna >1
Mopcka Bojia =0.2
Bopa 3a nuewe (max. cogpskuHa Ha coi 0,25 %) >1.8
Bopa 3a HaBOJIHYBae W TeXHUYKA BOfja (Max. COfipsKuHA

>0.65
Ha con 0,25 %)
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Cauka 1 - Terrameter SAS 1000
Figure 1 - Terrameter SAS 1000
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Cauxa 2 - [JoMeHH Ha eleKTPHYEH OTIOP Ha FEOJIOIIKY MaTeprjatn
Figure 2 - Domains of the electrical resistance of geological materials
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Cauka 3 - TlpuMepu Ha pa3IMuHY HU30BU HA EJIEKTPOIU
(A u B ce cTpyjuu enextpopy, M u N ce MoTeHUujaIHy eJIeKTPOJIHN)
Figure 3 - Examples of different arrays of electrodes
(A and B are current electrodes, M and N are potential electrodes)
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KOHIEIT 3A IPOEKTUPAILE HA EHEPTOE®EKTUBEH
NHANBUIAYAIEH CTAHBEH OBJEKT IIO MIPUHIUIIUTE HA
ITACUBHA APXUTEKTYPA

Anekcanapa [Iumocka', Ana Muranockal, Backa Canpena!l

AncCTpakT

@DOKyCOT Ha JICHEIIHUTE apXUTEKTU € BO ymoTpebaTa Ha METOAUTE Ha
NACUBHUOT [U3ajH KOU MPETCTaByBaaT 3HAUAjHU MapaMeTpu BO IJIAHUPAHkE U
MPOEKTUPAE Ha OfIP>KIIMBU 00JEKTH, KAKO eI Off HACTOjYBAHETO 32 OfIP>KIIUB
Pa3BOj M HEroBUTE MOTEHILMjaJHO 3HAYajHU NPUAOOMBKM BO 3allITUTATa HA
NPUPOHATA CPEAMHA MPEKY KOPUCTEHE Ha MPUPOJHUTE PECYPCH, HAMAITYBaHbe
Ha TpOILIOLMTE 3a M3rpagbda W Ofp>KyBalke Ha CMETKa Ha MOEUHENOT U
OMIITECTBOTO, KAKO U MOA0OPYBaH-¢ HA CEBKYMHUOT KBAJIMTET HA KUBECH:E.

KnyuyHu 300poBU: nacusHa KyKka, 0Op#AUSU 32pAdU, eKo-KYyKd,
OUOKAUMAMCKA APXUMEKMYPA.

CONCEPT OF DESIGNING ENERGYEFFICIENT RESIDENTIAL
BUILDING FOLLOWING THE PRINCIPELS OF PASSIVE HOUSE

Aleksandra Dimoska!, Ana Mitanoska', Vaska Sandeva!

Abstract

The focus of today’s architects is involving the methods of passive
design as some of the most important parameters for planning and projecting
sustainable buildings in performance for sustainable development and its
potentially significant benefits in protecting the natural environment, money
savings and improving the quality of life.

Key words: passive architecture, sustainable buildings, Eco house,
bioclimatic architecture.

1) daxynTer 3a IpUPOHU U TEXHUUYKU HayKu, Y HuBepsurer ,,I'oue Hemyes”, IllTun
Faculty of Natural and Technical Sciences, University “Goce Delcev”, Stip
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Bogen

[TacuBHaTa KyKa npeTcTaByBa (pyHJaMEHTaJIEH KOHLENT KOj MM yTBPAYyBa
YCIIOBUTE 32 HAjBUCOK TOMJIOTEH KOM(OP MPH HAjHUCKA BKYITHA MOTPOIIYBayKa,
3a/J0BOJTYBajKU T cTaHmapauTe 3a TepmaiieH komdop (ISO 7730) u kBanureT
Ha BO3yX BO BHaTpelHocTa Ha 3rpagute (DIN 1946). Toa ce mocTurHysa co
KOHTPOJIMPame Ha TPOTOKOT Ha CBEX BO3AYX Of1 HAJIBOP, 63 pelpKynanmja
Ha BO3/IyXOT BO BHATPEINHOCTA. 3a 3arpeBame W JIafiekhe Ha BO3AYXOT ce
MCKOPHCTYBa TeOTepMaliHaTa eHepruja M, CeKako, HEONMXOjHa € KOMIIAKTHA
¢opma 1 ofyIMUHA M30J1alja Ha 0OBMBKATA Ha 3rpajara.

Crnopeq ICKYCTBOTO Off 3alIaJHO-€BPOIICKUTE 3eMj, BO TIOBEKETO CIyyan
3a u3rpafgba Ha macuBHA Tpamba ce moTpebHu uHBecTuiuu of 10 go 15%
MOBHMCOKM BO criopenida co TpauliMoHaIHaTa rpafoa uiam okosy 30% NoBUCOKU
BO MCTOYHUTE €BPOIICKY 3eMju (Ha np. Bo [losncka). Bo macuBHa 3rpajia Moske
Jla ce MpeTBOPU U BeKe mocToeuka. [1o macuBHM cTaHIapay ce peKOHCTpyupaaT
crotvuy 3rpaau Bo I'epmanuja u Bo ABcTpuja. Ha TOj HauMH ce mocTurHyBa
MHUHHMMYM JIECETKPATHO HAMaJTyBake Ha eJIEKTPUYHA eHepruja 3a 3aTOITyBakbe.
Hajmuory nacusHu rpag6u uma Bo I'epmannja, Asctpuja u llBajuapuja, a co
MHOry Op30 TemIo ce pacrnpocTpaHysa Bo Eepona u Bo ceeror. Pesynraror
€ noyHKIMOHAJIHA 3rpajia Co MOJOJT KUBOTEH LIMKJIIYC, MO3APaBU YCJIOBU 32
SKUBEEHE 1 MOOOTraTh U MO3a/J0BOJIHU SKUTEIH.

Metopn Ha pa3padoTKa HA MPUHLMIKTE 32 MPOEKTHPAHE

[Tpu u3060p Ha JoKauWjaTa 3a MACUBHA 3TPajia M HEj3MHO MPOEKTUPAE,
NpBUOT (hakTop IITO Tpeba f1a ce aHaIu3upa e reorpagckara MECTONOII0XK0a 1
CJIEHO, CE MPOCeyBa OCOHYYBAaHETO BO TEKOT Ha LieJiaTa rofuHa, 3eMajKu ja
npeaBuj] OKOJIHATA CPEefIHA, OKOJIHATA U3rPAJICHOCT U PACTUTETHOCT KOUIITO
MOXKaT Jla rO 3aceHuyBaaT 00jeKTOoT (cauka 1).

IIpn pu3ajHupame Ha OOjEKTOT TpEABH[l CE 3eMaaT NPUHLUUIUTE Ha
nacuBHA Tpajida.

OG6jekTOT ¥Ma MHOTY KOMMAaKTEeH BOJyMEH M MWHMAMAallHa MJIOIITHHA
Ha 0OBHMBKaTa, CO LEJ J]a ce MUHUMM3MPAAT TOTUIMHCKUTE 3aryou. HeroBaTta
cpopMa 1aBa MOSKHOCT 32 HEKOJIKY BApMjaHTHU HA KOMIIOHMPAHE: CaMOCTOJHO,
KYKU JIeIeHKY 1M BO Hu3a (cymka 3). OpuenTtanujaTa Ha popMaTa Ha 06jeKTOT
€ Ha TaKOB HAa4WH IIITO jy>kKHaTa ¢acajia Ke 6uyie LITO MorojiemMa 3a MaKCUMAaITHA
COHYEBU TPUIOOUBKH.

ITpo3opuuTe npeoBnagyBaaT Ha jy>KHaTa (acajia, co e fja Ce UCKOPUCTH
MaKCHMYM OJf COHYEBaTa €Hepruja M Jla ce OBO3MOXH BO 3MMCKHUTE MECElH
COHILIETO MO MPUPOJICH AT [a TM 3aTOITyBa npoctopunte. CobuTe 3a MpecToj
U CIIMeHe — JTHEBHA, TPpIie3apuja, KyjHa, ClIAJIHU Ce OPUEHTUPAHU HAa TIOBOJIHATA
Jy>KHa cTpaHa, a CUTe MOMOILLIHU MPOCTOPUY (OCTaBH, CKIIAJIOBH), BEPTUKAIIHU U
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XOPU3OHTAJIHU KOMYHUKaAIU (CKaIII/I n XOIIHI/IHI/I) 1 CAHUTAPHU IIPOCTOPUU CE€
OpUEHTHUPaHU Ha ceBep (cimka 2).

EneH o BaKHUTE JIGJIOBU € CTaKJeHaTa IpajuHa Koja He camo ILITO UM
JaBa MOTOJHUATEITHA YIOOHOCT M 3a[0BOJICTBO Ha YXUTEJIMTE Ha KyKaTa, TYKY
Y ce KOPHCTH 3a Jia 3aIlITequ eHepruja u ga 06e36e1y MONOJHATETHA TOTITNHA
BO TEKOT Ha 3UMaTa 1 CBEXKUMHA BO JieTHUTe Mecelid. KoH cTakjeHaTa rpaiuHa
“Ma WMHCTaJanuja koja obe3bemyBa CBeK BO3AyX. Ha ocrakienara jysknHa
(hacayia e mocTaBeH COHIIE3AMTUTEH CUCTEM KOj € TOABIKEH 1 BO 3aBUCHOCT O]
noTpeduTe MoXe jja 6ujie OTBOPEH WM 3aTBOPEH (cJivka 4).

OG6jeKToT ce KOHCTpyupa MO MOHTaKeH KpPOC CHUCTEeM CO NIPBEHH U
yenuuny rpemu (wood and steel cross beam). BakBaTa KOHCTpyKupja MMa
MHOTI'Yy HMCKa COINCTBEHA TEXMHA U JlaBa MOXKHOCT 3a Op3a u JiecHa u3rpajoa.
JIpBoTO 06e36emyBa MHOT'Y T0Opa TepMUYKa M 3BYYHA M30J1alHja, a CTakjIeHaTa
BOJIHA MOXKE JIECHO Jla C€ MOCTaBU Mely J[PBEHUTE U YeJMYHUTE KPOC I'Pefu,
mTo ja 06e30emyBa noTpebHATa M30JaNrja 3a MacuBHA Kyka. HagsoperHuTe
SUJIOBM CE€ HANpaBeHW CO BEHTWJIMPAyKW BO3JYLIEH CJI0j KOj ja mopmo6pyBa
padoTaTa Ha TOIUIMHCKATa KM30Januja. BHaTpeliHuTe SHUIOBU CE HampaBeHU
Of JIBE TUIIC Tab/lM CO CTAaKJeHa BOJIHA MOMely HUB 3apajid MPOTHBIOXKAPHA
samTuTa. [1ocTOM M [IOMOJHUTESIEH eJlaCTUYeH MaTepujaj BO OJIM3MHA Ha
MeTaJIHUTE JIeJIOBU KOU I'M MOBP3yBaarT JIBETe IUIiC TabJIM, CO 1iel Jla ce Mofoopu
M30JanyjaTa BO TOj CrieuryIeH el Ha SuoT. BalkoHOT € KOHCTpyupaH co
OJjieJIHA pBeHa KOHCTPYKILMja 1a ce n30erHaT TePMUIKUTE MOCTOBHU.

[TpoBeTpyBameTO Ha KyKaTa ce OiBUBA Ha CJCJHWOB HAYWH: BO3TYXOT
moafa ofHAmBOp TpeKy UeBKM Kou omaT Ao 10 M gmaboumHa BO 3emjaTa,
NOMHUHYBa HU3 (PUATED 3a BO3[YX M pa3MeHyBau Ha TorumHa. [Ipen fa Biiese
BO NPOCTOPMUTE BO3[AYXOT MOMUHYBAa HM3 CTaKJeHaTa TpajguHa CO LeJ fa
CTEKHE JIONOJIHUTE/IHA TOIUIMHA BO TEKOT Ha 3UMaTa WM Ja Ce OJiajii BO TEKOT
Ha jetoro. CTakjeHara rpajuHa MMa BO3[YLIHM BEHTHJIM KOU C€ OTBOPEHU
BO TEKOT Ha JIETOTO, M Ha TOj HAUMH 00e30e/lyBaaT NMOHKCKA TEMIEpaTypa Ha
acamara. Bo TeKoT Ha 3UMara ce 3aTBOpaaT 3a Jia ce 3adyBa TOILJIMHATATA
BO Kkykarta. [locTron u moceGHa meBka 3a 00e30eqyBabe Ha CBEXK BO3AyX Ha
pacTeHujaTa BO cTakjieHaTa rpajuHa. OBrue MPOLECH Ce NPUKa>KaHU Ha CJIMKa
5.

ITokpuBOT € co HakJOH off MpUOIMXKHO 12% W Ha HEro ce MOHTHMPAHU
(hOTOHAMOHCKHM TAaHEJIM U COHYEBM KOJIEKTOPY KoM 00e30e/lyBaar Tomjia Bojia
BO KykaTa. Bo HajHMCKHMOT fieJ1 Ha IOKPUBOT, BO OJIYKOT c€ coOmpa I0KIOBHA
BOJIa M CO IIEBKA C€ HOCH JIO MIOAPYMOT Kajfie IITo ce (PUITpUpa, ce CKIaaupa Bo
pe3epBoap U ce KOPUCTH 3a MOTPeOr Ha KaHaju3aluja U HaBO[HYBambe (CIMKa
6).
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ITpo3opuuTe ce co TPOjHM KOMOPHU CO HAjBUCOKA TOMJIMHCKA M30Januja,
rojeéMa HEMNPOMYCTJIMBOCT Ha BO3AYXOT IPEKY TpU JUXTYH3W U CO TOa
MAaKCUMAJIHO C€ H36eFHyBaaT BO3IYUIHUTE HpOGI/IBI/I - TOIINIMHCKUTE MOCTOBU
BO BHaTpf€luHaTa 00OBHIBKA Ha 3rpagata KOu Mprv KOHBEHUUOHAJIHUTE 3rpajiu CE
MHOTY YeCTH.

3aKkay4ox

KOHHeHTOT Ha IacCuBHa Kyka € HAaCOYCH KOH KOMIUIETEH MNPpUCTAIl KOH
eHepreTcka e(MKacHOCT TNpU W3rpajgbaTa W eKcIuloaTanyja Ha 3rpafuTe,
€KOHOMCKa TNpU(ATINBOCT, BUCOK KBAJWUTET, 37IpaBa CPElMHA W OfpPKJIMBa
rpajoa.

Hajronem mnpuoputeT € 3amThTaTa Ha >KMBOTHATA CpEIMHA TIPEKY
MOXKHOCTA 3rpajaTa fja TOCTOM CAMOCTOJHO M HE3aBWICHO Off JIOTIOJTHUTEJHA
uH(ppacTpykTypa. Toa 3Haum ja ofip>KyBa BHATPEIIHA ONTUMAJIHA TEMIIEPATYPA
0e3 akKTMBHM CHCTEMHU 3a Tpeerbe n Jafeme (Adamson 1987, Feist 1988), a ma
noOvBa TOIJIMHA Off COHIIETO M Off APYTY OOHOBJIMBY €HePreTCKY u3Bopu. [1pu
TaKOB BHJ Ha Fpaﬂ6I/I norpoumyBadkaTa Ha €JICKTpUYHA eHepmja KJIOHU KOH
HyJsa. McTo Taka 3HauajHa € KOHTPOJIaTa Ha IITETHATE eMUCUH TIPU TPOIeCOT
Ha M3rpajidaTa Koe Hajlara KOpIUCTemhe Ha EKOMaTePHjaiu.

He cmeeme na ro Hervpame MOCTOECHETO Ha MPOOJIEMUTE KOU MYy Ce€
3aKaHyBaaT Ha CBETOT BO KOJIITO XMBeeMme. UOBEKOT MOpa COBECHO Jia
O/IrOBOPU Ha NMpPEAU3BULITE U a BJII/IjaC Ha 3a4yBYBalkh€ HAa YOBECLITBOTO.

Jutepatypa

Passive House Institute. What is a passive house? http://www.passivehouse.
com/07_eng/index_e.html.

Konidiri A. M.& Sifaki S. (2010) Sustainable interventions on existing
buildings.

Roaf S., Fuentes M. & Thomas S.(2007). Ecohouse: a design guide.
Architectural press.

Klaus Daniels, Birkhauser (1997). The technology of Ecological building;
Basic principles and Measures- Examples and Ideas.
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Cauxka I - Ananusa Ha loKanpjaTa
a. 3aceHuyBame Of] PACTUTEITHOCT
6. 3aceHuyBame Off OKOJIHA 00jeKTH
B Jy>XHHUTE NajITHU CE TIOBOJIHU
r. OprueHTanmja KOH ceBep
Figure 1 - Location analysis
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Cauka 2 - VieeH npoexT 3a NacuBHa KyKa
Figure 2 - Preliminary project
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Cauka 3 - BapujanTu Ha KOMOVHMpaHE HA ACUBHATA KyKa
a) CaMOCTOjHO;  0) KyKM — JIeNeHKH; B) KYKHW BO HU3a
Figure 3 - Composing alternate models
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HPI/IPOJIHI/I PECYPCH U TEXHOJIOTN

DakysTeT 3a MPUPOJIHU U TEXHUIKY HAYKU
YuusepsureT «[oue Jemnues” — lltun

|
ZawTaTa Of COHLE

Condenn  Npugobnma
{ M ARCHMANHA COHYEES NEHETPALLA)A )

Cauxa 4 - 3aurtura off COHIIE ¥ COHYEBH NPUIOOMBKY Ha ITacMBHATa KyKa
Figure 4 - Sun protection and sunrays accumulation

B3 Miner Ha soasyxeT

LLlema Ha BeHTMAUpaHLE

B Haasopswas Bolays
N Coew BOIAYX 33 SHEUHA W CIANMK
EX] Maysrn racosm o4 kyjea v Sama

Cauka 5 - lllemu Ha BeHTUIALM]a
Figure 5 - Ventilation system
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Lema Ha COHYEBW KOMEKTOPH K
coGuparse Ha QOXA0BHA BoAa

Cauka 6 - llleMu Ha COHYEBU KOJIEKTOPU U COOMPar-e Ha I0K/IOBHA BOJIA
Figure 6 - Solar collectors and rain water accumulation
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TEOPUNJA 3A MEITAIBE U KITACUOUKAIINJA HA BOUTE
Anekcanpap [loues', Karepuna Iecnor!, 3opan Ilanos!

Anctpakr

On mpuuMHA IITO CeKoja WHAMBHYya T'M MEpUUMNUpa W riefa Oourte
Pa3IMYHO, TOTPEOHO € Jla ce U3BPILM KiacurKaiuja Ha 6ouTe, ONUC Ha KOJIOP
NPOCTOPOT KOj C& KOPUCTH U HUBHATA MPUMEHa BO rpaduykaTa WHIyCcTpHja u
rpacprukroT au3ajH. [lopaam mpobGieMuTe KOU ce jaByBaaT MpU MeYaTeHheTo
ce pa3BUEHN TEOPHHU 3a Melllabe Ha GouTe, CO el Jia ce TOJI00pH KBAJIUTETOT
Ha OTMEYATEHUOT MaTepHjasl, Kako U KBAJIMTETOT HA MPUKA30T Ha GOUTE Ha
ekpaH. Bo 0Boj Tpy; ce mprKakaHu KOJIOp MPOCTOPUTE, yoTpedaTa Ha OouTe,
HHMBHATa KjacuuKaipja ¥ TpUMeHa BO MHIyCTPHjaTa.

Kayunu 36opoBu: ceemauna, 6oja, KoAOp HPOCMOPU, Meularse,
neuamerse.

THEORY OF MIXTURE AND CLASIFICATION OF COLORS
Aleksandar Donev!, Katerina Despot!, Zoran Panov’

Abstract

Since each person perceive and see the colors in different way, it’s
necessary to be made color classification, description of the color space used
and their application in the graphic industry and graphic design. Because
of problems that occur during printing are developed theories about mixing
colors, in order to improve the quality of the printed material, and quality of
color on display screen. In this paper we presented color spaces, use of colors,
their classification and application in industry.

Key words: light, color, color spaces, mixture, printing.

1) dakynrer 3a npupojHY U TEXHUUKY HAyKu, Y HuBep3uteT ,,[oue denues — ltun
Faculty of Natural and Technical Sciences, Goce Delcev University - Stip
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Bosen

CBeToT BO KOJUITO KHMBeeMe € 00OeH, a OouTe KOUIITO T'd Tiieflame
OKOJIy HAC IMPEKTHO BJIMjaaT Ha HAIINTE YyBCTBA U MMMpecun. bonTe koutro
ofroBapaaT eHM CO JAPYrM KpeupaaT XapMOHMja W OajaHC W TpaBaT ja ce
YyBCTBYBaMe JI00po.

[NewyaTrapckaTa UHAYCTpUja ' KOPUCTY OOWTE 32 J1a TY HATIPABU TEYaTEHUTE
MaTepujanu MHOTY noedeKTrBHU. BapamaTta 3a KBaJMTETOT Ha TNevaTeHUTE
MaTepujay KOM UM Ce NCTIOpauyBaaT Ha KIIMEHTUTE Ce 3roJIeMyBaaT MOCTOjaHo.
3a f1a ce 3a710BOJIaT OBUE Oaparba, ce BOBeyBaaT HOBU CTAaHIAP/M 32 KBAJIATET.
3a aHanmM3a M NpoIlieHKa Ha 6oWTe e TOTPEeOHO /la MOKeMe Jia TM BUIUME, a 3a
TOa HU € TIOTpeGHa CBETIIMHA.

CreTinHaTa Kako 0oja

CoHuero e mpuMapHMOT M3BOp KOj emuTHpa cBerimHa. [loBekeTo of
00jeKTUTE BO OKOJIMHATA OKOJTY HAC HE EMUTHPAAaT CBeTiIMHA. Tue npeTcraByBaaT
T.H. CEKYHAAPHH! N3BOPH Ha CBETJIMHA M MOKEME J1a TM COTJIe/laMe HUB 1 HUBHUTE
601 camo JIOKOJIKY C€ OCBETJIEHH CO CBETJIMHA.

CeeTiiMHaTa € 3payeme Koe Ce [BMXM MHOry Op30, MNpUOIMKHO
300.000 km/s. [ToToyHO Ka’kaHO, CBETIIMHATA € COCTABEHA Of] €JIEKTPOMAarHe THA
ocUMJIALMY KOMIITO C€ IUMPAT HAjBOP Off HMBHMOT WM3BOP Kako OpaHOBH.
Hajpaxxnu kapakTepucTuku Ha OpaHoBUTE ce (ppekBeHuujaTa (f), OpaHoBaTa
no/kuHa (M) 1 Gp3uMHATA HA CBETIIMHATA (C).

BupnmBara cBeTIMHA MPETCTaByBa CaMO MaJl ieJl Ofl €IeKTPOMAarHETHUOT
CHeKTap, OfJHOCHO mnpubamko 1% op BKynHOTO 3pauewe Ha COHUETO.
BupnmiBara cBetiimHa ru ondaka 6paHoBuTe mosKuHA o1 380 nm 70 MPUGIMKHO
700 nm u BO 3aBUCHOCT O] flafieHaTa BPE[HOCT ce ofipefyBa 6ojara. Taka, Ha
npumMep, 6paHoBa foykuHa of 420 nm ofroBapa Ha YMCTa BUOJIETOBA, AOAEKa
nak 620 nm GpaHOBa JJOJKIMHA OKOTO ja MprMa Kako urcTa mnpsena. Co momorr
Ha CTakJIeHa Mpu3Ma U MyLITawke Ha CHOM 6esla CBETIIMHA HU3 Hea, CBETIIMHATA
MOKe J1a Ce€ Pa3[BOM Ha HEj3MHMTE KOJop KoMmnoHeHTH. [lokpaj BupnmBaTa
CBETJIMHA, €JICKTPOMAarHETHUOT CMEKTap T'M BKJy4YyBa M paguoOpaHOBUTE,
yJITPaBUOJIETOBUTE , UH(ppaLpBeHUTE,, X-3palTe 1 APYry TUIIOBU HA 3paueHa.
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Cauka 1 - CnekTap Ha BUIJIMBaTa CBETIMHA U Hej3MHA OPaHOBA JIOJKUHA

Busyenna nepuenuuja 3a 6ojara

Bojara He MoXe fa ce cMeTa Kako KapaKTepUCTUKa He O0jeKT, Kako
mTO € Ha mpuMmep Heropata ¢opma. OBa MoKeMe fa TO cMeTaMe KakKo
CBOjCTBO Ha 00jeKTUTE f1a ancopOmpa u pedeKTrpa CBETIMHA Ha OfipeficHa
OpaHoBa oykuHA. Moxkeme f1a TH BujieMe caMo OOMTe KOW OfiroBapaar Ha
pedaexkTrpanHaTa 6GpaHoBa JOJKMHA.

JTokonky 6enaTa CBeT/IMHA JOCTUTHE /IO HEKOj 06jeKT MOXKe a ce CIIyUH:

— 1eylaTa CBETJIMHA fa Oupe ancopOupaHa — BO OBOj CJIy4aj Ke To Tiieflame
00jeKTOT KaKo IpH;

— 1eyiaTa CBETJIMHA [a 6upe pedyieKTupaHa — BO OBOj CJIydaj 06jeKTOT Ke ro
riiemame 6elr;

— 1eJlaTa CBETJIMHA TMOMHHYBa HU3 O0jeKTOT — BO OBOj Ciiy4aj 6ojaTa Ha
CBETJIMHATA HE CE MEHYBA;

— JIe] off CBETJIMHATA Ce arcopOmpa, a fien ce pediaekTupa — riegame 6oja
yja 060€HOCT 3aBUCH Off TOA KOM OpaHOBU MOJDKWHU ce pedIIeKTUpaHH,
a KOU ce ancopOupaHuy;

— JeJ of] CBETJMHATa ce ancopOupa, a OCTaTOKOT Ce MpEeHecyBa - riefaame
60ja urja 060E€HOCT 3aBUCH Of] TOA KOM OpaHOBY JOJIKUHMY Ce aricOpOrpany,
a KOM Ce MPEHECEHH;

—  JIeJ Off CBeTJIMHATA Cce pehiieKTHpa, a OCTaTOKOT Ce PeHeCyBa — MOj] OBUE
YCIJIOBM ce MeHyBa 60jaTa Ha peieKTUpaHaTa 1 MpeHeCeHaTa CBETIINHA.
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CBojcTBaTa Ha OCBETJIEHHOT O0jeKT YTBPAYBaaT KOj O TOPEHABEACHUTE
edekTn HajBepojaTHO Ke ce ciyun. CBeTnMHaTa Koja ce pedpiiekTupa wim
MIPOMYINTa HA3 HEKOj 00jeKT ce MpuMa MPeKy OuuTe W ce TpaHchopMupa BO
HEPBHU UMITYJICH KO o Oy/IaT 4yBCTBOTO 32 60ja BO HAIIMOT MO30K.

PeTnHaTa Ha 9OBEYKOTO OKO cofpxku poto oceTymBu Kemuu. [loctojar
IBa BUJla HAa KeJIMW JIOUMPAHU BO (POTOPENENTOPHUOT CJIOj — CTAMIMIbaTa
(amrn. rods) m yemummaTa (QHIN. cones) C€ BUCOKOCTCUMjaTM3UpPaHU 3a
leTeKTUpame Ha cBeTJocHUTe 3paiy. Craminmbara 0BO3MOXKYBAaT TIiefae
npu nocyiada CBeTJIMHA, KakKOo Ha TpuMep HoKe Tpu MmeceumHa. [lopaau Toa
HITO THE HE OBO3MOXYBAAT rJyleflathe Ha 60U, P BaKBaTa mocjiabda CBETIIMHA
OKOTO €[MHCTBEHO MOXE /a Mpero3HaBa HHUjaHCM Ha cuBo. [lojakaTa
CBETJIMHA TH CTUMYJIPA YeTIMIbaTa, OBO3MOKYBajKN rojieMa MPenu3HOCT BO
NPENO3HABAKETO HA OOUTE.

Mewarmwe na 6oume

Adumueno mewmarve na 6oume

AIMTUBHOTO MeIlIabe Ha OOWTe € MoflaBame Ha CBETJIMHA KOja Ce COCTON
ofl pa3nuyHu 6ou. JIOKOJIKY T'u [ofafeMe cute OOM Off CHEeKTapoT 3aejHO
Toram AOOMEeHHOT pe3yiTaT Koj HUe TOo Mpepuunmpame NpeTcTaByBa Oea
60ja. LlpBenara, 3ejeHaTa U CHHATa Ce TPUTE NMPUMAPHU aUTUBHU Gou. Tue
ce TakaHape4yeH! eTHOTPETWHCKU Oou, OUMIejKM CKOPO CeKoja Off HWB 3a3eMa
€/lHa TpeTuHa of] ceKTapoT. [IpUHUMIOT HA AIUTUBHO MEllIakhe Ha OOUTE MOKE
[a ce WIyCTprUpa MHOTY TIOOpO CO TpU CBETJICUKH JIMOMU, Kajie CeKoja Off HWB
OCBETJIIyBa MECTO Ha €KPAHOT CO €JHa Of] TPUTE NMPUMaPHU aUTUBHU OOMU.

3eJieHa + IpBeHa = XOJITa
3eJieHa + CHHa = L[1jaH

CUHA + LOpBE€HA = MarcHra

CHHA + UpBeHa + 3esieHa = OeJia
0e3 CBeTJIMHA = L[PHA

OBoj MpUHIMN Ce KOPUCTU Kaj KOJIOp TeNeBU3MjaTa, KOMIjYTEPCKUTE
JUCIIEU U CJ1. 32 JOOMBake Ha CUTe OOM Off BUNIMBUOT CHEKTAP.

Cyncmpaxkmueno meutarbe na Goume

Kaj cyncrpakTvBHOTO Mexkame Ha OOUTE, OfIpefieHM KOMIIOHEHTH
Ha OojaTa ce op3emaar oy O6esmata cBeTiMHA. [JOKONKY ce OTCTpaHaT cuTe
KOMITOHEHTH Ha 0ojaTa, pe3yJTaToT KOj TO TJeflaMe TpeTcTaByBa IjpHa 6oja.
Lujan, mareHTa M >KOnTa ce TpUTE NPUMAPHU CYINCTPaKTWBHU Oou.Tue
NpeTcTaByBaaT /B TPETUHCKM 60U, OMpIejKu cekoja Off HUB MPETCTaByBa /iBe
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TPETUHU Off BUVIUBUOT criekTap. HuUB Moxeme ja ru jodueMe co of3eMare
Ha MpUMapHUTE aUTUBHU Oou 0Of] Oesa CBETJIMHA (Ha MpUMEpP, CO TIOMOLI Ha
duiiTep) WK CO MPEKJIONYBAHE HA CBETJIMHATA HA JJBE MPUMApHU AUTUBHU
6ou. [leyarapckure 601 ce MPOSMPHU CYTICTAHIM KOW (PYHKIMOHMpAAT KaKo
KOJIOp (pUITPH.

Ha npumep, HOKOJAKYy uMMmaMme JBE TPAHCIHAPEHTHU CYICTAaHLUM KOU Ce
WCTIeYaTeH! efJHA BP3 IpYra, Ha mpuMep KounTa v ipjad. CyncTaHiaTa yCremHo
v (pUnTpYpa CHHUOT M LPBEHUOT /I off O6esiaTa CBeT/IMHA 1 KAKO pe3yJTar ja
nobuBamMe 3esieHaTa CBeT/IMHA peduiekTupana. Ha oBoj HaumH, medaTapcKkuTe
60u UMaaT Of3EMEHO /IB€ TPETHMHU Off KOJIOP KOMIOHEHTHUTE .

[MjaH + >KOJTa = 3eJieHa

>KOJTa + MareHTa = [pBeHa
MareHTa + IyjaH = CUHA

[WjaH + MareHTa + KoJITa = mpHa
6e3 60ja = Gema

Aemomunuuno meuiaiwe Ha Goume

Komop camkute ce mnedaTtaT KOPUCTEjKM T'M YETHUPUTE MEeYaTaAPCKU
Oou: 1MjaH, MareHTa, koJarta u npHa. LlpHaTta meuatapcka 60ja ja momoOpyBa
ocTpuHata M pjabourHata Ha ciaukate. OBa € TNoOpagu CBoOjcTBaTa Ha
NMUTMEHTHUTE Ha XpOMaTCKUTe Oom, Oufejku IpHaTa 6oja Koja ce JobuBa co
CYNCTPAaKTUBHOTO Melllarke Ha OOMTE HEe € MOBOJIHO TeMHoIlpHa. Kaj odceer
NevyaTeheTo roJieMUHATa Ha TOUKUTE 3aBHUCH Off MocakaHaTta o6oeHocT. Kora
ce UcrnevyaTeHu, TOUKUTE Ha UHIMBUIYAJTHUTE OOU Ce JIEJIyMHO €JHU JI0 JPYTH,
NeJTyMHO WJIM LEJIOCHO MCTeYaTeHu efHu JIo Ipyru. [JoKONKy rv norjenHeMe
TOYKHUTE NOJi MUKPOCKOI MJIM JIyNa, ['M 3a0esie>KyBaMe OouTe Kou ce JOOMBaaT
NpH CYNCTPAaKTUBHOTO Mellame. Kako u jja e, 6e3 Jyna uim MUKPOCKOI, Off
HOpMaJIHa JlaJieuyrHa, YOBEUKOTO OKO He MOXe Jla TM pacro3Hae MoceGHUTe
TouKM. Bo 0BOj ciyyaj ucnevyarennte 60 ce MeuaaT ajuTUBHO. 3aeTHIIKOTO
AIUTUBHO M CYICTPAKTUBHO Mellale Ha OOMTe ce HApeKyBa a8MOMUNUUHO
Mewarbe Ha boume.

Cucremu 3a kaacudukanuja Ha Goure

Cekoja vHAMBHIYya T'M Tiepiienupa 6ouTte Ha pa3nuyeH HauuH. OmmcoT off
HEKOJIKY JIMYHOCTH 32 000EHOCTA Ha HEKOj MPEIMET MOXKe JIa I0BEJIe 710 MHOTY
Pa3JINyuHU pe3yJITaTh.

Kako u j1a e, Ha meyataunte UM € NOTPEOEH CTaHAAPAEH KPUTEPYM 3a
uneHTUKaMja Ha GouTe. 3a oBaa el ce BOCIOCTABEHU TOBEKe Pa3IMyHU
cucTeMn 3a Kiacudukanyja Ha Oowrte. Hekom of mpom3BoguTeNMTE HA
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nevyaTapCku oon TpaBaT KaTaJIO31 Ha oonre U UM AaBaT UMHbA, KaKO Ha ITPUMEP
Novavit 4F 434. [Tpyru kopuctat 6om, kako mrto ce HKS n Pantone. Kpyror
Ha 00ja e gpyra momolil, Moxe fja ce coctou off 6, 12, 24 v noBeke IeJIOBH.
Cure oBue cuCTeMH JlaBaaT BPEJHOCTH 3a 000EHOCTa Ha cekoja 60ja M UM
naBaar cBoe ume. Cenak, Tve HUKOrall He ce LEJIOCHU M HajueCTO HECOOIBETHN
3a mpecMeTkH. Kako mTo BUIOBME, HalllaTa XpOMATCKa CeH3allfja 3aBUCU Of]
cUMyJialldjaTa Ha PelenToOpUTe BO HALIETO OKO, KOW C& OCETJIMBHU Ha LPBEHO,
3eneHo u cuHo. [Topaju oBa, 3a HelBOCMHUCIIeHA KiacuuKalyja Ha Pa3InuHuTe
60U, NOTPEOHU CE TPU BPEHOCTH.

Ha npumep, 3enenata 60ja BO KOMIjyTEPCKUTE CHCTEMHM MOXeE Ja Ce
onmine kako: 3eneHa (G) =0 x red + 1 x green + 0 x blue unm ymre mokpaTko
G=0xR+1xG+0xB.

AKO TM HaupTame npuMapHuTe OOM KakO HUCKM BO KOOPAMHATEH
cucTeM ce fo0MBa TakaHapeuyeH Kojop mpocTtop. MHory oj ekcrneprure
MMaaT UCKyTHPAHO OKOJIy CUCTEMHTE 3a Kilacu(uKalyja Ha 60MTe U UMaat
BOCIIOCTABEHO Pa3JIMIHY IOMMHU 1 MUCJIEHa KaKo Tpeba Jla ce Kperpa efieH KOJIop
npoctop. Cure oBUe KOJIOP MPOCTOPY MMAAT CBOU MPEAHOCTH U HEOCTATOLIN.
[ToBekeTo KONOp MPOCTOPU C€ CTaHAAPAW3UPAHW WHTEpHALMOHATHO. Tue
ce KOpHCTaT BO MHOTY MHAYCTPHCH TPaHKW, Ha TPUMEP BO MHAYCTpUjaTa 3a
o6ou u JIJaKOBHM, BO TEKCTUJIHATA I/IH)Z[yCTpI/Ija, BO NPOMU3BOJACTBOTO Ha XpaHa "
meguuuHaTa. CIE crangapaoT 3a Koop mpocTop € npudaTeH mUpyM CBETOT
(xparenkara CIE poara of “Commission Internationale de 1’Eclairage”).

OBoj cucTem ru KOpUcTH npomeHmBuTe X, Y U Z 3a ,,BpEJHOCTHUTE 3a
60ja” namecto R, G u B. O npakTryHn Npu4vHA XPOMATCKUTE KOOPIUHATH
X Uy, KaKO 1 ()aKTOPOT 32 OCBETIICHOCT Y ce OfIpefieHH Off OBUE KOOPIMHATH.
JlokamujaTa Ha cekoja 60ja MoxKe /1a ce mehruHIpa MPEU3HO CO yrnoTpebaTa Ha
OBHE TPU KOOPAVHATH.

Boute koj ja mMaar ricraTa OCBETJICHOCT MOKE Ja CE€ HalpTaaT BO JBE
OUMEH31H, OHOCHO BO egHa pamumuHA. [Ipecekor Ha CIE KoJj0p mpocopoT BO
pamHMHaTa 3a oceTsieHOocT HU ro maBa CIE pgujarpamMoT Ha XpoMaTHYHOCT.
Bourte of cmekrapoT ce Haj3acuTeHWTe OOM KOM MOXKe la ce jaodujaT 3a
ofpeneHa oboeHocT (6paHoBa mokuHA). Twe ce HaoraaT Ha rpaHMIATa Ha
CIE gujarpamot Ha xpoMaTudocT. Ha cimkara 2.a. e mpukaskaH CIeKTPATHAOT
JIOKYC 3aeIH0 CO COOJIBETHUTE OpaHOBM JIOJKMHM BO HaHomeTpu. [IpaBaTta
JMHMja KOjalToo I'M moBp3yBa 6paHoBuTe fAokuHu 380 nm m 780 nm ce
HAapeKyBa nypnypHa AUHUjA.

LenTpanHaTa TpuxpoMaTcKa eMHuIa T uMa KooppuHatute X = 0.333 u
y =0.333. 3a oBa ja umame KpaTenkata E (eHeprucku cniekrap) 3a mpuMapHATe
M3BOPH Ha CBETJIMHA M TIOHEKOTall A (aXpoMaTCKM) BO CJIy4ajoT 3a 60jaTa Ha
00jeKTOT.

164



Faculty of Natural & Technical Sciences
NATURAL RESOURCES AND TECHNOLOGY Goce Delcev University — Stip

3acuTeHocTa Ha cuTe OOU Ce 3rojieMyBa Of LIEHTpATHATA TPUXPOMTCKA
eIMHNIIA KOH CTIEKTPAITHAOT JIoKyc. EBponickara ckana DIN 16 539 ja ommirysa
MO3UIMjaTa 3a MECTOMOJIOKOAaTa Ha IMjaH, MareHTa 1 >KOJTa 3a TpUOOJHOTO U
4eTUpUOOjHOTO OhceT nevateme. McTo Taka, ja medpmHMpa MecTononoxoara
Ha CYNCTPAKTUBHUTE CEKYyHJAapHM OOW: LpBeHa, 3ejieHa W cuHa. ClegHuoT
AvjarpaM Ha XpOMaTMYHOCT ja MOKaXKyBa Jokauujata Ha 6omte Bo DIN 16
539 ckajlata, Kako M OIICErOT Ha O0OM KOM MOXKE fa CE JOOME CO MEeYATEHE.
OBaa gucTpuOyLMja € MHOTY CJIMYHA 32 CUTE BPEHOCTM Ha OCBETJIEHOCT.
BpenmHocTuTe 32 060€HOCT MOXKeE /1a Ce PENPOAYLMPAAT CO YeTUPUOOjHO ohceT
nevareme co ynorpeda Ha Ha eBporcKara ckana. boure HajBop o 0BOj e
MOXKe J]a ce MoOMjaT Co TIOMOII Ha TOAaTHN CIeNUjaTHA OOu.

¥

a)

Cauka 2 - a) BuzyenHo oceTivBu 601 BO paMHuHaTa 3a ocBeTaeHocT Ha CIE konop
npocTopoTt, 6) Oncer Ha penpolyKTUBHUTE OOM MPH MEeYaTeHe CIOopef] eBPOICKIOT
DIN 16 539 cranpapn

Crnopen eBporickuor DIN 16 539 cranmapnm, m3MepeHH ce CleIHUBE
BpeHOCTH 3a 60ja Ha OTHevaTeHaTa XapTHja U3MEPEHH CO CTIEKTPOooTOMeTap:
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Tab6eaa 1 - VIamepenu BpeHOCTH 3a 60ja Ha OTIeYaTeHa XapTHja

Ipumapuu un Koopaunatu PaxTop na
OCBETJIEHOCT
CeKyHIapHH 00
X y Y
>KOJNTa 0.437 0.494 77.8
MareHra 0.464 0.232 17.1
ujaH 0.153 0.196 219
JKOJITa-MareHTa 0.613 0.324 16.3
>KOJITa-1IMjaH 0.194 0.526 16.5
MareHTa-lIujaH 0.179 0.101 2.8

3akay4yok

Ckopo cute 60 Off BUIJIMBUOT CIIEKTAp MOKe jla ce J001jaT Ha MOHUTOP,
co Memrame Ha eqHoTpeTrHCKUTE 60M (RGB), ofeka oTnevaTeHn Ha XapTuja
ce jo6mBaart co aseTperurckute 6ou (CMY) 1 KoprcTeme Ha [ipHaTa 60ja Kako
JoflaTHA BO TledaTereTo. KoJjiop mpocTopuTe Ciiy>kKaT 3a TOYHO Ae(DUHUPAHE
Ha OoWTe M HMBHATA MOJIOXKOa BO KOOPAMHATEH CUCTEM, CO IIeJl 1a ce o0ujaT
o3HaKM 3a O6ojara. Ha oBOj HauMH ce BpIM KaTeropmsaiyja Ha OOUTE CIIOpes
HEKOj Of] CTaHfIapAuTe.

Criopenr oBa MOXKeMe J1a 3aKTyUnMe JieKa OTICeroT Ha 00U IIITO TH TJieflame
CO OKO Of] BUIIFIMBHMOT CIIEKTap Ha CBETJIMHA € JaJIeKy TOroJieM Of OTICETOT Ha
60U KoM ce IJIefjaaT Ha MOHUTOP WJIM MOXKe a ce oTnevararT Ha xapTuja. Llenra
€ J1a ce JIojie 1o ITO morojieM 6poj Ha 6OM Of CIEKTApOT Ha CBETJMHA Kaj
MOHUTOPUTE W OTIIEUYATEHUTE MaTepHjad, KOUIITO MOXKE YOBEUKOTO OKO Jia
W PETUCTPHPA, CO IITO Ke Ce 3roJieMr KBAIUTETOT Ha TIPUKA30T Ha 6ojaTa 1 Ke
“MaMe MHOTY TTOTOJIeM BU3YyeJieH BIeUaToK.
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YIIPABYBABE CO IIBPCT TEKCTWIEH OTITIAJL
Camka I'onomeosa!, Cunana Kpcrepa!, Bunera Cpedpenkocka’

Ancrtpakr

Kaxko pe3yarar Ha pa3BojoT Ha KOH(EKIMCKOTO MPOU3BOJICTBO, U TIOKPA]
TOA IITO BO MOCJIE[HATE JIBE /IO TPU JICUCHUN € 3a0esieskaH BHJICH HaNpefjoK
BO TEXHOJIOUIKUTE TPOLECH, 3HAYajHO Ce 3rojieMyBa KOJMUYMHATA HA UBPCT
TEKCTWJIEH OTMaJ, IITO MPETCTaByBa 3arpi>KyBaukW MPOOJeM 3a JieHelTHaTa
muBum3anyja. CeraniHara cocTojoa 3a MocTanyBambe CO UBPCTUOT TEKCTHIICH
oTmaj, MOXKe Jla ce KBaIM(UKyBa KakO HeperyJjapHa W xXaoTHuHa. BaksaTa
HEMOBOJTHA COCTOjOA Ce JIOJIKU Ha HEMOCTOCH-ETO HA CUCTEM 332 MHTErPUPAHO
yNpaByBame CO LBPCT TEKCTUJIEH OTNaj BO OMIITHHUTE. 3a Jla ce HaJIMHUHE
0Baa HenpugaTrMBa cOCTOj0a, BO TPY/IOT € MPETCTABEH COBPEMEH MPHCTAN 3a
e(prKaCHO MEHAMPae U PEYIUPahe Ha [BPCTUOT TEKCTUJIEH OTIA/.

Kiyunu 360poBU: mexcmuana unoycmpuja, KOougexuyucka uHoycmpuja,
cospemen npucman, pedyyuparse, npepabomxa Ha omnao.

TEXTILE SOLID WASTE MANAGEMENT
Saska Golomeova!, Silvana Krsteva',Vineta Srebrenkovska'

Abstract

Asaresult of the developments of apparel production, although in the last
two to three decades technological processes has been reported, the amounts
of solid textile waste has been significantly increased, which is a worrying
problem for today’s civilization. The current state of treatment of solid textile
waste can qualify as irregular and chaotic. This unfavorable situation is result
to lack of a system for integrated management of the solid textile waste in the
municipalities. To overcome this unacceptable situation, in this paper modern
approach for effectively managing and reducing of the solid textile waste is
presented.

1) TexHONOWIKO-TeXHUYKY (pakynTeT, Y HuBep3urer ,,['oue [demues” - lltun, P. Makenonuja
Faculty of Technology University, ,,Goce Delcev* Stip, Republic of Macedonia
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Key words: textile industry, apparel industry, modern approach,
reduction, recycling of waste.

Bogen

TekcTunHaTa MHAYCTPUja Ce M3BOjyBa Kako €fJHA Of] TPaAUIMOHATHUTE
MHJIyCTpUCKM TpaHku Bo Peny6mmka Maxkenonuja. Toa Bo roiema mepa ro
[leTepMUHHMPA HEj3UHUOT MPOCTOPEH pacnopesi, Kako ojf acleKT Ha OpojoT Ha
npeTnpujaTvjata 1 6pojoT Ha BpabOTEHUTE, TaKa 1 BO TOIJIe]] Ha 3aCTAaleHOCTa
Ha OfjIeNIuTe U FPYNUTE BO PAMKHUTE Ha 0Baa MHIyCTPHUCKA TPAHKA.

TexkcTunoT Bo XMBOTHATA CPEMHA € 3acTarleH Bo rojeMa Mepa. Mefyroa,
MMajKu To pefiBu (haKTOT [eKa BO MOCIIeHUTE TO[IMHU KYIyBaUUTe CTAHYBaaT
CE MOYYBCTBUTEIHA KOH XKUBOTHATA CPEIMHA M TIPOM3BOJIUTE KOM MMAAT MOMAJIO
LITETHO BIIMjaHKE BP3 Hea, Ce HAMETHYBA OfITOBOPHOCTA Kaj MPOU3BOAUTENUTE
3a:

— orpaHuyeHa ynorpeba Ha CYNCTAHLMU KOUIITO Ce ITETHH 32 XKUBOTHATA

CpeJHa;

— OrpaHMYyBale Ha CYNCTAHUMUTE KOWILITO CEe LITETHHU 3a 3[IpaBjeTO Ha

MOTPOILYBAYNTE;

—  OP>KJIMBO KOPHCTEH-E HA OCHOBHUTE CYPOBUHH — BOJIaTa U CHEPrujaTa;
— HaMaJlyBame Ha 3arajlyBaeTo Ha BOJIATa U BO3JYXOT;
— 3rojleMeHa TIpwxXka 3a OTHaJoT INTO MNpPOM3JIeryBa Of NPOLECOT Ha

MPOU3BOJICTBO U MOKHOCTA 33 HETOBO TIOBTOPHO YNOTpeOyBame.

KonmmuecTBOTO Ha TEKCTUIICH OTHAJl LITO CEKOjIHEBHO Ce 3rojieMyBa,
NPUTHUCOKOT IIITO TOj FO BPIIM BP3 XKMBOTHATA CPEMIMHA, KAKO U HEMOBpaTHATA
3ary0a Ha BPEJJHU PECYPCH U €HEepruja MpH MPOLECOT Ha HETOBO JIEMOHUPAILE,
U3BEJICH COOJ[BETHO WMJIM HE, ja HAMETHyBa MoTpebGaTa OJi BOBElyBame Ha
OJIP>KJIMBM HAYMHU Ha YIIPaByBale CO TEKCTUITHUOT OTIA/.

MomeHTaTHATA COCTOj0Aa BO TEKCTWIHATA MHIAYCTPHja

lonemute TpaHcopMalMy KOMIITO HAacTaHaa BO TEKCTUIIHATA
uHaycTpuja Ha Peny6mmka MakefoHuja BO TpPaH3MLUMOHMOT TE€PHUOJ] CO
npornarameTo Ha HEKOJIKYTe KPYITHU TeKCTHIIHU KOMILIEKCH, IOBEI0a 10 TOJIeMU
CTPYKTYPHU MPOMEHM BO TIOTJIE]] HA aCOPTUMAHOT M 0OEMOT Ha MOHY/IaTa Ha
TEeKCTUIIHMA TIpou3Bojy. HekoramHarta penaTMBHO JlocTa AMBEep3uuuppaHa
NpOU3BOJICTBEHA Mporpama (Of] OCHOBHUTE CYpOBWHM - CMHTETHYKM BJIAKHA,
npeKky NpefuBa Off TMaMy4eH, BOJHEH, CUHTETUYKA W MEUIOBHUT THII, MPEKy
6oraTa najera Ha TKAGHUHU, O TOTOBH TEKCTUIIHU MPOU3BO/IM 32 HAjpa3niHu
HAMEHHM) Cce CBeJle HA MUHMMAJIHO MPOM3BOJICTBO HA TPEvBAa M TKACHWHH, a
3roJieMyBarbe Ha MPOU3BOJCTBOTO Ha 00JIeKa.
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Ha rpacukoHnoT (ciuka 1) ce mpeTcTaBeHr MHAEKCUTE Ha UHIYCTPUCKOTO
MIPOM3BOJICTBO, Off Kajie IITO ce IJiefa AeKa MPOM3BOACTBOTO M M3BO30T HA
TEKCTUJI W HaTaMy Ke Ce 3a[p>Kd Ha PeJIaTUBHO HMCKO HUBO BO OJIHOC HA
MIPOM3BOJICTBOTO M M3BO30T Ha o6Jsieka. [lopamy Toa, ce yBe3yBaat cute BUOBU
BJIaKHA, IPEINBA, TOTOBY TKACHWHU WM TJIETEHUHU CO Pa3InIeH CYPOBUHCKU
coctaB. Toa Haylara mpu yBO30T Ha CypOBHHUTE CTPOTO a C€ MpUMEHyBaaT
€KOJIOUIKUTE KpuTepuymu. [Ipon3BOICTBOTO M M3BO30T Mak Ha oOieKa Ke
pacTte co JIOMMHaHTHa HACOYEHOCT KOH mna3apoT Ha EY .
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Cauxa 1 - VHpekcHu Ha MHAYCTPUCKO MPOU3BOJICTBO
Fig.I - Index of industrial production

N3B030T Ha TEKCTUIIHUTE MPOM3BOJIM HA Ma3apuTe HAa Pa3BUEHNUTE 3eMjU
Ke MOXe Jla ce OCTBapM CaMO aKO C€ WCIOJIHYBAaT OIpENEJIeHN YCIIOBU Off
eKOJIOIIKY acneKkT. [leHec, 3a KBAJMTETEH TEKCTWJIEH MPOM3BOJ| CE CMeTa
caMO OHOj KOj BO LEJMOT NUKJIYC MPHUIOHEeCyBa 3a 3allTWTAa Ha 37paBjeTo
M CHUTYpPHOCTAa Ha JIyfeTO M TOoa BO TeK Ha MPOW3BOACTBOTO, ymoTpebara,
O7IP>KYBambEeTO U OJIOXKYBAHETO MO ynorpedara, OJHOCHO OCTBapyBame Ha
NPOKM3BOJICTBO CO MMHKMMAJIHA MOTPOLIYBayKa Ha CUTE BUJOBU pecypcu, 6e3
HEraTMBHO BIIMjaHWE BP3 KOPHUCHUKOT, OKOJIMHATA M OMNILTECTBOTO, a KOM Ce
neduHUpaHu co Mel'yHaApOIHUTE HOPMU 3a KBaJmTeT U ekosoruja ISO.

[Tpon3BOACTBOTO HAa TEKCTWIIHM MPOM3BOAYM BO HajrojieMm nien (95%) ce
COCTOM Off TIPOM3BOJICTBO HA Pa3HM BUMIOBH Ha oOJjeka. 3eMajKul TO MPEIBUII
(pakTOT J[ieKa € JOMUHAHTeH pa3BOjOT Ha KOH(eKuucKaTa HWHIYCTpHja,
HajrosieMy KOJIMYMHY Off TeHEPHPAHMOT OTMaj Mpumnara BO rpymnara Ha UBpPCT
OTmap.
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AHaju3a HAa MOMEHTAJIHATA COCTOj0a CO YNpPaByBameTO HAa LBPCT
TEKCTHJIEH O0TNAJL BO KOH(PEKIMCKATA HHAYCTPHUja

Bo pamkuTe Ha TeKCTUIHATA MHAYCTPHja, OTHAIOT BO IBPCTA arperatHa
cocTojba off MPOLECOT Ha MOArOTOBKA Ha CYpPOBU M HUBHOTO ODOPMYBaHkE BO
TEKCTUJICH MaTepI/Ija.H, 1oToa O] NPpOU3BOJACTBOTO HA TECXHUYKHN U UHAYCTPUCKU
TEKCTUJI, KAKO 1 Of] POM3BOJICTBOTO HA pa3HU BUIOBM O0JIEKA FO COUMHYBAaT
BJIAKHA, TIEJIIT, TPEANBA M OCTATONM Off IVICTEHWHN 1 TKAGHWHU KOj HACTaHyBaaT
BO TPOLIECOT Ha Kpoewe. OBoj oTnaf, BO (pUpMHUTE CO 3a0KPY3KEH MPOIeC Ha
MIPOW3BOJICTBO, Of] MpeAuBa, TUIETEHUHN, TKACHWNHU U CJI. HAjeKOHOMHYHO OU
OWJIO MOBTOPHO /12 ce Bpaka BO MPOM3BOJICTBOTO MO MAaT HA pa3HU MOCTANKK Ha
PELMKIMpahe.

AHKeTHHTE UCTpaxKyBara Bo Penmy6nrka MakenoH1ja mokaxyBaaT ieKka
HajrosieM Opoj Ha KOH(EeKIWMCKM TpeTnpHjaThja ro ucpiaar OTHAfOT MO
KPOEHETO, a MaJl € 6POjOT KO r0 COPTUPAAT TI0 CYPOBUHCKHM COCTaB U 60ja 1
ro TIpofjaBaaT BO 3eMjaTa Wil BO cTpaHcTBO. OBOj OTHAM 3a€HO CO OCTAHATHOT
KOMYHaJIeH OTIaJ] JIOKAJIHO ce codupa U ce ucplia Ha JISTIOHUNTE .

KoMyHaITHAOT UBPCT OTNAJ € efIeH O] OCHOBHUTE TEKOBH Ha OTIAJ LITO Ce
coszmaBaar (okoiry 570.000 t/roguimmo 3a 2004/2005 rop.), (Tabena 1 u cnmka
2).

Tabeaa 1 - TlpoueHTyasieH cOCTaB HA KOMYHAJIEH LIBPCT OTMaJ]

ITpouenero
Bupg otnap KOJINYECTBO
(t/ropquna)
Buropa3srpajgyms (oprancku) oTnag 14 8.819
JpBo 15.454
XapTuja v KapTOH 68.113
[Tnactuka 54.949
Crakio 20.033
TekcTun 16.599
MeTtanu 14.882
MeloBUTO NaKyBambe 12.592
Hpyr oTnay (KOMIIJIEKCHY TIPOU3BONTN, THEPTEH 42.929
MaTepHjall, Ipyru KaTerOpyn)
Omnaced oTmnaj o JOMaKMHCTBOTO 1.145
®unu Meriany yectnuku (< 10 mm) 176.866
Bkynno komynaaen yepcm omnao 572.381
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MpouyeHTyaneH cocTaB Ha KOMyHanHWOT oTnag M Buopa3rpagnue (opradcku) oTnag
| peo
M XapTuja v KapToH
M Mnacruxa
M Crakno
M Terctmn
2,7%

o MeTanu

E Mewosuto nakysarke

W pyrotnag,
B Onaced oTNag og AOMaKMHCTBOTO

& DUHK MeWwaHKn vecTidsm (< 10 mm)

Cauxka 2 - TIpoueHTyaneH cocTaB Ha IBPCTUOT KOMYHAJIEH OTHAJ
Fig. 2 - Percentage composition of municipal solid waste

OII BKYINHUOT KOMYHAJIEH OTIIA[], HA TEKCTUJIHHUOT OTHAa MY lezmafaaT
2.9 %. Co npubmrkyBameTo KoH EY 1 3rojiemMyBame Ha JKUBOTHUOT CTaHAAP
ce OUeKyBa Jla ce 3roJieMy MOTPOLTYBaUKaTa Ha TEKCTUIJ M IPOU3BOJICTBOTO HA
00JIeKa, a Toa Ke pe3yJIThpa co 3rojieMyBambe Ha BKYITHATE KOJTMYWHN Ha IIBPCT
TEKCTUJICH OTIMa.

OBa HamMeTHYBa NoTpeba Off N3HAOTaH¢ Ha COOJIBETHU PEIlIeHN]ja 32 HErOBO
OTCTpaHyBake UM NPeHaMeHa.

CoBpeMeH mpucTan 3a MeHapMpame W peayuupame Ha LBPCT
TEKCTHJIEH OTIAJ

TeKCTUIIHMOT OTMaj MCTOBPEMEHO IOCEeyBa EKOJIOIIKA M EKOHOMCKA
KoMmmoHeHTa. OBOj OTHaj HE € caMO FeHePaTOopP Ha MOCTEAUIM BP3 XKMBOTHATA
cpeaMHa, TYKy MOe Jla ce OOHOBYBa M MOBTOPHO fia ce Kopuctu. Cure
(ha3u Ha peynorpeba Ha TEKCTUJIHMOT OTMaj, KOMIITO Ce yNMoTpeOyBaar 3a
NPOU3BOJICTBO Ha HOBY MTPOM3BO/IM UJIM HA €HEPTija, 0BO3MOXKYBAAT 3aUyBYBahC
Ha HEeOOHOBJIMBUTE MpUpOJHU PECYPCU. Pe[[I/IKJII/IpaH)CTO Ha TEKCTUJIHNOT
OTHajl BO MOCJIEAHATE TOAMHY € C¢ MOBEeKe aKTYEeJIHO M Off €KOJIOIIKN aCTeKT
MPOLIECOT € Off HENMPOLEHINBA BAYKHOCT. 32 Taa eI, TEKCTUIHUOT OTNaj| Tpeda
fla ce copTHpa Mo CYpPOBMHCKH COCTaB M 060ja M Jja ce PeUMKIMpa 1O MaT Ha
celKambe, Pa3BJIacyBabe 1 Kako BJIAKHA IIOBTOPHO /1a Ce BPaTH BO MPOLECOT Ha
Tpefierhe, a MOJIOLHA i Ce IPUMEHAAT NMPOLECUTE Ha IUIeTee UM TKaewe. OBa
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€ 01 0cOOEHO 3HAUEHE 32 TEKCTWJIHUTE NPETIPHUjaTHja KOM UMAaT 3a0KPYy>KEeH
MPOLIEC HA POU3BOJCTBO (Of1 BJIAKHO /10 KOH(EKIMCKU MPOU3BOJI).

JIOKONKY TEKCTWJIHUOT MaTepujal He € COPTHpaH MO CYpPOBMHCKHU
cocTaB, a ocobeHO He Mo 00ja, MOXKe [a ce PEenUKIMpa BO eI U IPUMEHU
BO T'Pae>KHUIIITBOTO KAaKO M30JIANMOHEH MaTepHjal WM 3a 3ajakKHyBambe Ha
6ETOHOT, MOTOA BO aBTOMOOWIICKATa MHAYCTpHja (KOMIO3UTHU MaTepujasu,
HETKAeH TEKCTWJI 3a BHATPEIIHO OOJIOXKYBamke), MHAyCTpHUjaTa 3a Mebe,
(mywieuy, TanagupaH MeOes), Kako W el 3a €IHOKPATHO BIUBaHE Ha
HEYUCTOTUM PACTBOPJIMBU BO BOjia (OOMYHO Oesl maMyyeH) Wid HEeYUCTOTUU
pacTBOpJIMBY BO Macjo (0OMYHO O€Jl CHHTETUYKM).

Pa3BuBameTO Ha WHTETPUPAHO YNpPaBYBalke CO TEKCTWIHUOT OTIAJ
€ TOBpP3aHO CO TPECTPYKTyUpake€ Ha TEKCTWJIHUTE W KOH(MEKUUCKUTE
npeTnpujaTija M CcO TIOUrame Ha €KOJIOUIKATa CBECT Ha CO3/IaBaynTe Ha
otmayi. OueKyBaHUTEe PE3yATATH Of] MPECTPYKTYNPAHETO Ha KOH(EKIMCKATa
WHAYCTpHja, 0COOEHO BO MPOIECOT Ha MPUCTIOCOOYBAKETO HA UPEKTUBUTE 32
MHTETPUPAHO CIIPEUYBame M KOHTPOJIA Ha 3arayBameTo ce e(PUKaCHU MEepKU
3a CBEllyBame HA KOJMMYECTBATA HAa OTIAJ Ha MUHUMYM, T.€. 32 MOoe(PUKaCHO
MCKOPUCTYBAaHE HA CYPOBMHCKUTE MAaTEPUjalii U HA €eHEPrujaTa, MIOMHTEH3UBHO
WHTEPHO WM HAJBOPEIIHO PEUVKIVpalkeé Ha TEKOBUTE HAa MaTepujaiu Off
NPOW3BOJICTBOTO, HEyTpaJu3alyja Ha OMACHUTE CYINCTAHIWM TIpef, HUBHO
[ETIOHVPaE U CTPOTO CeNapaTHO OTCTPAaHYBawe/ IETIOHNPAH-E Ha OMACHUOT U
HEOMAaCHUOT OTIa.

Co 1en a ce 0BO3MOXM Haj0€30€IHO M HajeKOHOMHYHO OTCTPaHYBambhe
Ha OTNaj0T BO MHCTANAMNTE KOU Ce HajOIMCKY 0 MECTOTO Ha CO3/IaBamke Ha
OTNajaoT, Kako 1 KOPUCTEHE Ha HajCOOI[BCTHI/I METOAU U TEXHOJIOTMN CO KO
ce 00e30e/lyBa BUCOKO HMBO Ha 3alITUTA HA KMBOTHATA CPEJIMHA, >KUBOTOT U
37paBjeTo Ha JyreTo, HEOMXOAHO € 00jeKTUTE W MHCTANAUNTE HAMEHETH 3a
OTCTpaHyBame Ha OTHAJIOT Aa ce Mel'yceOHO MOBP3aHM BO MHTErpUpaHa MpesKa
3a OTCTpaHyBame Ha 0TnaoT. OBaa MHTErpupaHa Mpeska 06e36e/1yBa COOfIBETHA
KOOpAWHAIM]a TIOMely CO31aBavoT / MOCeMyBavoT Ha OTTIAJT, TPETIPHjaTHETO 32
cobupame M TPaHCTIOPTHUPakE Ha OTMAJIOT U MPETNpHjaTHeTo 3a npepaboTka
Ha oTmayioT. Ha cnvka 3 e mpeTcTaBeHa MHTErprpaHa Mpexa 3a e(puKacHO
MCHAMpakEe Ha UBPCTUOT TEKCTUJICH OTHA[ CO3JAJICH IpU KOHq)CKIH/ICKOTO
MPOU3BOJICTBO.

3a KOH(EKIMCKUTE TPETNpUjaTHja € TMOSKOHOMUYHO Ma TM KOpHUCTaT
YCIIyTHTe Ha TpeTHpujaTHjaTa, YMjalliTO OCHOBHA JIEJHOCT € TMpepaboTka Ha
TEKCTUJIIHUOT OTHA[.
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Co31aBaY Ha TEKCTHNEH 0TNaY,

KoHBercko NpeTrpUaETie

Cenektipa Knacuduppsa YTepayea Crknapupa Ha
cnopep, Nucrara Ha KAPAKTEPMITHIM MecTa
aTnay ™ Ha Omay APEAEHAEH 55
TaE HEMEHS
NOCERYER TEXHH-KE ONPEMa 5a NpepalioTka T
HE NOCEYE & TEXHLMHKE ONPEMa 58
npepatoTe

MpepaboTysa TekcTNEH OTMEJKOT

Mt paia o MoxopHOTY Bare

E4ePre 0N MOXOPHOTY E ke

Y
Mpepasa

Cobspay Ha TexcTINEH oTNag,

MpeTnpujarie sa colbiupare 1
TRAHCNOPTHPEHE Ha oA

TpaHcnopTHpa

TpeThparte Ha OTNAA KD HE MOKE i .
MOBTORHE A3 C& Npepaloryes TpeTrpijaTie co 0CHOBHA AEHOGT
NpepaboTyBae Ha TEITTHAEH
l omnag
= Motepjanio woKopueTyE3Me
Aenaruparte Ha - Eneprators woropheTyE e
AEnoHHia I
TRETMpAHE HE OTMIA] KOj HE MOKE

NOBETORHO #& C& NpepaloTyea

Cauxka 3 - lllema Ha uHTErprpaHa Mpeka 3a e(pMKacHO MEHAIMpahe Ha IBPCTHOT
TEKCTHUJICH OTIaJl CO3/1a/ieH NP1 KOH(MEKLUMCKOTO MPOU3BOJICTBO
Fig. 3 - Scheme of integrated network for effective management of solid textile
waste generated in apparel production
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Jakay4ok
CoBpeMeHHOT TIpUCTaN 3a YINpaByBame CO LBPCT TEKCTUIICH OTHaj Ke

OBO3MO2KMN:

CMmanyBame Ha KOJMYMHUTE M BUAJIOBUTE Ha CO3/aJieH LBPCT TEKCTUIIEH
OTIafI, CO CIPOBE/IyBa-E HA PEryJIapHU MOCTAIKU;

CripeuyBame Ha 3arajlyBambeTo Ha JKUBOTHATa CpevHa U MPUPOJIaTa;
EnumuHupame Ha MOXKHOCTA 32 HapylllyBame Ha 37IpaBjeTo Ha JIyfeTo;
3adyByBame Ha MPUPOJTHATE PeCypCcH (MaTEpHjaTHA U eHEPreTCKN), KaKo
1 06e30e1yBabe Ha KPY>KHO JIBUKEH-€ Ha MaTepujaTa U eHeprujata BO
NpUpOfIaTa;

CManyBarbe Ha TPOLIOLUTE 3a PaKyBabe CO TEKCTHITHUOT OTIMAjl U HErOBO
MOBTOPHO KOPHUCTEHE KAKO MOTEHIMjaTHa CYpOBHHA.

ExoHoMcKa KOpUCT 071 TOBTOPHA yHOTpeba 1 mpepadoTKa Ha TEKCTUITHUOT
oTnaj

3roseMyBame Ha KOHKYPeTHOCTa A MPO(PUTAOMITHOCTA HA KOH(PEKIMCKUTE
npeTnpujaTja.

JIutepartypa:

Sasikumar, K. & Krishna, G. (2009). Solid Waste Management. New Delhi,

PHI Learning Private Limited.

Crparteruja 3a pa3Boj Ha TEKCTUIIHATa MHyCcTpHja Bo Peny6mmka Makenonuja,

2007, Ckomje, (Strategy for textile industry development in Republic of
Macedonia).

McDougall, F. R. & White, P. R. (2001). Integrated solid waste management:

a life cycle inventory, Oxford, Blackwell Science.

Fletcher, K.(2008). Sustainable fashion and textiles: design journeys. USA,

174

Earthscan.



Faculty of Natural & Technical Sciences
NATURAL RESOURCES AND TECHNOLOGY Goce Delcev University — Stip

UDC: 677:017 OpurvHasneH HaydeH TPYyH

INPUMEHA HA IIPETIIPOU3BOJHU TECTOBHU 3A
UCIIATYBABE HA KBAJIMTET HA TEPMOIUVIACTUYHHA
MEI'YIIOCTABA BO KOHO®EKIIMCKATA UHAYCTPUJA

Camka I'onomeosa!, I'opan [Iemoocku?

AncrpakTt

[TpeTnpon3BOHNTE TECTUPAHHA CE Of] CYLUITUHCKA BaSKHOCT 32 OfJpe/lyBambe
Ha KBaJMTETOT HA OCHOBHUTE 1 MOMOLIHUTE MAaTePHjalii KOM ce ynoTpeOyBaar
BO KOH(peKuucKara nHpycTprja. MlcnuTyBameTo Ha KBAJIMTATUBHUTE CBOjCTBA
Ha MelyNoCcTaBuUTe ¥ HUBHATA CIIOpei0a 0BO3MOXKYBa /la ce HANpaBy NPaBUIICH
n300p Ha TEPMOIUIACTMYHA MefynocTaBa BO MPOM3BOACTBOTO Ha obneka. Bo
TPYJOT CE HAlpaBEeHW HEKOJIKY INPETHNPOM3BOJHM TECTOBM 3a WCIUTYBAH:E
Ha KBaJMUTETOT Ha TEPMOIUIACTMYHM MElYNOCTaBM HAMEHETH 3a MapLyjalHO
¢ukcuparme Ha Malllka Koulyna. TecToBuTe ce HamnpaBeHW 3a WCIUTYBae
Ha CJIe[HMBE CBOjCTBA: jauMHA HA CIIOJOT NMOMely OCHOBHATA TKACHWHA M
TEpPMOIUIACTHYHATa MelyNnocTaBa Tpef M MO Mepeme, JUMEH3MOHAHUTE
NpOMEHU Ha (PUKCUPAHMTE JIAMMHATU Npef] M MO Nepewme, UCTIUTYBalbe Ha
nojaBa Ha MUTpalyja Ha TEPMOIJIACTUYHATA CMOJIA BP3 JMLETO HA OCHOBHATA
TkaeHnHa (strike-through) wmm Bp3 omaumHata Ha MerymoctaBarta (strike-
back). HMcrutyBaHn ce Tpu TEepMOIUIACTUYHM METryNMOCTaBU Off Pa3IUIHU
NPOW3BOAUTENIN U BP3 OCHOBAa Ha JIOOMEHWTE pE3yJITaTH € HanpaBeH KpaeH
n300p Ha TEPMOIUIACTMYHA MEFYNIOCTaBa 3a NAPLMjaTHO (PMKCHPabe Ha MallKa
KOILllyJia. YCJIOBUTE Ha (PUKCHpame Ce YCBOGHM BpP3 OCHOBA Ha YCIIOBUTE
HaBeJIeH! BO criequ(uKauuuTe Ha Mef'ymocTaBUTE U OCHOBHATA TKACHUHA.

Kiyunu 300poBU: mepMOnAacmuuna meéynocmaea, jauuHa Ha choj,
OUMEHZUOHAAHU NPOMEHU, MUPAYUJA HA CMOAA.

1) TexHONOMIKO-TeXHUYKY (pakyaTeT, Y HuBep3uTeT ,,['one [lemues - Ultumn, P. MakenoHuja
Faculty of Technology and Technique, University, ,,Goce Delcev* Stip, Republic of
Macedonia
2) TexHONOWKO-METANYpIIKU (hpakynreT, YHuBep3ureT ,,CB. Kupun u Meronuj* Iltum, P.
Makenonuja
Faculty of Technology and Metallurgy, University “Sts. Cyril and Methodius”, Skopje, R.
Macedonia
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APPLICATION OF PRE-PRODUCTION TESTS FOR
EXAMINATION OF FUSIBLE INTERLINING QUALITY IN
CLOTHING INDUSTRY

Saska Golomeova', Goran Demboski 2

Abstract

Pre-production testing is essential to determine quality of support and
basic materials in clothing industry. The examination of the quality of different
types fusible interlining or interlining from different producers and their
comparison allows to make a proper selection of fusible interlining in the
clothing production. In this study, several pre-production tests are performed
for examination of interlining quality for man’s shirt. The tests were made
to examine the following characteristics: bonding strength before and after
laundering, dimensional change before and after laundering, strike-through,
strike-back as the key quality characteristics of fusible interlining. Three
fusible interlinings from different producers are tested, and based on the
obtained results final selection of fusible interlining is made.

Key words: fusible interlining, bonding strength, dimensional change,
strike-through, strike-back.

1. Bosen

TepmorracTuyHaTa MerymocTaBa € MOMOIIEH TeKCTUJIEH MaTepHjall Koj
ce KOpHCTH 3a 3roJieMyBame€ Ha MOCTOjaHOCTa Ha (popmaTra M €CTETCKHOT
00JIMK Ha obJiekaTa, oToa CTaOUIM3UPABE HA NPOM3BOJOT HA UCTETHYBaHe
u pedopmaija, mMogoopyBame Ha TaKTWJIHUTE CBOjCTBA HAa TKAaeHWHATA,
n30erHyBambe Ha HaOWpame Ha IIEBOT, MOJIECHO HIMEHhE M MOAoOpyBame Ha
CBOjCTBaTa pH OIPXKyBabe. 3a /1a Ce TOCTUTHE CETO OBa € MOTPeOHA KBAIMTETHA
TEPMOIJIAaCTMYHA MelynocTaBa Koja Ke Owjige KOMNaTHOMIIHA CO OCHOBHATa
TKAaCHWHA W CO OCTAHATUTE MaTepHjalii KoM ce ymoTpeOyBaaT 3a m3paboTka
Ha 06JieKaTa, ako cakame OpPUTMHAIIHMOT U3TJIE]] ¥ COO[IBETHUTE CBOjCTBA Ja Cce
3a/1pKaT MOIONT BPEMEHCKH TIeprof py ynoTpedara u ofpxkyBameTo (Aldrich
et al., 2007, Cooklin, 1990).

3a  yTBpAyBalbe Ha  KBAIATETOT W  KOMIIATUOWJIHOCTAa  Ha
TEPMOIJIACTMYHATA MEF'yIIOCTaBa HA OCHOBHATA TKA€HWHA, Off TOJIeMa BasKHOCT
C€ MPEeTHPOM3BOJICTBEHNTE TECTOBU 3a WCIHMTYBAHkh€ HAa HEj3UHUTE CBOjCTBA
M CBOjCTBaTa Ha JIAMMHATOT Off OCHOBHAa TKaeHWHA W TEPMOIUIACTHYHA
MmerynoctaBa. [I[pumeHaTa Ha MPETNPOU3BOHUTE TECTOBH BO paHaTa hpaza Ha
pa3BojoT Ha mpou3Boy oBo3MoxKyBa (Frederiksen, 1999):
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— oJpeayBalkb€ Ha AMMEH3UOHAJIHUTE IMPOMEHU IIpe W MO MNpoUeCOT Ha
nepeme;

— ofpemyBame Ha jauyMHaTa Ha CIOJOT TOMely TKaeHWHATa U
TEPMOIUIACTIYHATA METyNOCTaBa;

— wm300p Ha TEpPMOIUIACTWUYHA MerymnocTaBa Koja Ke TpujoHece 3a
MpOM3BOJICTBO HA BUCOKOKBAJIMTETEH ITPOU3BO/I;

—  JIa ce OTpeNelv Tajii Ma HeKOj APYT MOTEHIMjaJIeH Mpo0JieM KOj MOKe fia
BJIMjae BP3 KBAJIUTETOT Ha oOJieKara.

2. Marepujaa u MeTo Ha padoTa

Bo TPYAOT CE€ HAITPABEHU HEKOJTY MPETIPONU3BOJHU TECTOBU 3a UCITUTYBAHKE€
Ha KBaJIUTATHBHUTEC CBOjCTBa Ha TEPMOIIACTUYHHTE Mef‘ynOCTaBI/I Koun
NpEeTCTaByBaaT KpUTEPHUYMHU BP3 OCHOBA HA KOM € HalpaBeH KPajHUOT U300p Ha
TEPMOTIACTMYHA MefyNoCTaBa 3a NapuyjajHo (PUKCUPabe Ha MallKa KOUIYyJa.
TecToBU ce HalTpaBeH! 3a UCTIUTYBakE HA CJICHUBE CBOjCTBA: jauynMHA HA CIOj
nomery TKaeHMHATa ¥ TEPMOIUIACTYHATA MeTyocTaBa mpej ¥ MocJjie NpouecoT
Ha Tiepere, MUTpalfja Ha TEePMOIUTACTMYHATA MErynocTaBa Ha JIMLETO Ha
TkaecHnHATa (strike—through) m omaumnata Ha MefymoctaBata (strike—back)
U UCNIUTYBAkbC HAa TUMCH3UOHAJIHATA CTAaOMJTHOCT Ha OCHOBHATa TKAaeHMHA U
(pukcupanuTe JaMUHATH.

NcnuryBann ce Tpu TEpMOIUIACTUYHU MEIyNMOCTaBU Off PA3IUYHU
NPOU3BOAUTENN (PUKCUPAHK HA €fICH TUII HA OCHOBHA TKAeHWHA 3a M3paboTKa
Ha Mallka KoulyJa. Texamukure KapakKTepUCTUKU Ha OCHOBHATa TKAaC€HMWHA
¥ TepMOIJIACTUYHUTE MefynocTtaBu ce fajgeHd Bo Tabena 1 m Tabema 2.
YcnoBute Ha (pUKCHpame ce YCBOGHHM BP3 OCHOBA HA MPENOpavyaHuTe yCJIOBU
Ha (pUKCHpame Of CTpaHa Ha TMPOM3BOAUTENNTE HA MerymoctaBute. OTTyKa,
(PUKCHpaEeTO Ha MPUMEPOLMTE € HANpaBeHO Ha CIIEJ[HMBE MapaMeTpu:
temneparypa 160°C, nputucok 2 bar u Bpeme o 15 s. [Ipumepornure ce
puKkcupan Ha KOHTUHYHpaHa npeca ,,Gygli* Tum TPREM751R.

2.1. UcnutyBame HA jauynHa Ha CMOoj

NcnuryBameTo Ha jaunHaTa Ha CHOJOT MpPEf U O TEepemhe € HAPaBeHO
cniopent ctaugapnotT ASTM D 2724 — 03. icnuTyBaH| ce 10 [IeCT MPUMepOIr
3a ceKoja TepMOIUIaCTHYHA Mef'ylocTaBa, TPY MIPUMEPOLIM TIpef] IEPEHE U TPU
NpUMepOLH 1o nepere. CKpoeHnTe NpUMepoLy ce co uMen3nu 76 mm x 200
mm. JaunHaTa Ha CIOjOT € MepeHa Ha AMHAMOMETAap 3a Mepeme Ha jaurHa
Tinius Olsen HT 45. I[IponiecoT Ha huKcuparme € n3BefieH Bo hadpuiKku yCIoBU
(ASTM D 2724, 2003).
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2.2. UcnutyBame Ha TUMEH3NOHATHUTE MPOMEHH

3a NCrUTyBame Ha MUMEH3UOHATHUTE MPOMEHU € TIPUMEHET CTaHAapoT
BS EN ISO 3759:1995. [lpumeponuTe 3a UCTIMUTYBambe HA MUMEH3NOHATHUATE
npomenu ce co gumen3ru 500 mm x 500 mm. Ha npumeporure ce o3HaueHn
TPU Mapa HAa TOYKW, BO MpaBel HA OCHOBATa M jaTOKOT Ha MPUMEPOKOT.
Pacrojannero nomery Toukure e 400 mm, a mo3unyjaTa Ha TOYKUTE O] paboBUTE
Ha puMepokoT € Ha 50 mm. O3HauyBamkeTO HA MPUMEPOLNUTE 32 UCTIUTYBAHE
e mpukaxkaHo Ha cimka 1. Tectupanm ce Tpu (puKcUpaHd MPUMEPOLH, TO
efleH TPUMEpPOK OJ OCHOBHATa TKAaeHWHA (PUKCUPAH CO TEPMOIUIACTUIHA
MefyrocTaBa off CeKoe MpeTnpHujaThe W eeH MPUMEPOK Off OCHOBHA TKACHUHA.
[To ucnmTyBameTo HA UMEH3MOHAIHUTE MPOMEHM Tocje (PUKCHpame Ha
NMPUMEPOINTE, HAPABEHO € M UCTIUTYBAE HA MUMEH3NOHATTHATE MPOMEHU TI0
npoIecoT Ha mepemwe. [IpumeponuTe ce mepeHn NMpU HaBEIeHUTE YCIOBU BO
crangapaor ASTM D 2724 03 (ASTM D 2724,2003,BS EN ISO 3759 1995).

2.3. UcnurtyBame Ha strike—through u strike-back

[TpuMepouuTe 3a MICIMTYBakhe¢ HA MUTPALIja HA TEPMOIIACTIYHA CMOJIa HA
JIMIIETO Ha TKaeHnHaTa (strike—through) n onaunHaTa Ha MerymocTaBara (strike—
back) ce ckpoenn Bo mumer3un 76 mm x 200 mm. 3a ucnuTyBame Ha strike—
through, npuMepoK cocTaBeH Of] TKaGHUHA 1 TEPMOIJIACTUYHA Mel'yriocTaBa ce
NPEKJIONyBa Ha MOJIOBMHA CO TKACHWHATA Off BHATPEIIHATA CTPaHa, Kako ILTO €
NMpUKaXkaHo Ha ciimKka 2. Baka mpekIIoneHnoT MpuMepoK € MYIITEeH [a TIOMUHE
HM3 KOHTMHYMpPaHaTa fpeca 3a (pUKCHUpabe 1 Mo (PUKCUPamhETO € OCTABEH /1a ce
0J1aJIi Ha COOHA TeMriepaTypa. AKO JIBETe MOJIOBUHM Of] OJIaIECHMOT IPUMEPOK Ce
CJICNIEHN Torai mMa MI/IFpaIH/Ija Ha T€pMOIUIaCTUYHATa CMOJIa Ha NMMOBpIIMHATA
Ha TKaeHWHaTa, OgHOCHO strike-through. McTaTa mocTanka e MOBTOpeHa U 3a
ucnmMTyBame Ha strike-back, camo mTO BO OBOj CiIyyaj MpeawWIIyBalkbeTO Ha
NPUMEPOKOT € CO TePMOIIaCTUYHATA MelyNnocTaBa Of BHATpEIlHAaTa CTpaHa

(http://findarticles.com, 1999).

3. Pe3ynraTu u gMcKycHja

BpennocTuTe 3a jaunHa Ha crioj Ha (PUKCUPAHUTE IPUMEPOLIH, TIPEJ U 1O
nepeme, ce MpuKaskanu Bo Tadena 3. [IpukakaHaTta jauMHa Ha CIOj Mpef U 10
nepeme € NpecMeTaHa Kako CpefiHa BPEMHOCT Off U3MEPEHNUTE jaulHy Ha CTIOj Ha
HCIIATYBAHUTE NPUMEPOLI.

On moGueHuTe pe3ysaTaTh Off WCIMTYBAaE€TO Ha jauMHaTa CIOj Tpef
nepeme MoXKe a ce 3a0esiesku ieKa HajrojieMa jaunHa Ha CIoj CO OCHOBHATA
TKaeHWHA OCTBapyBa TEPMOIUIACTUYHATA MEyIOCTaBa Of] MPOU3BOAUTENIOT
,Freudenberg®,aHajmana TepMOIIaCTUYHATA METYTIOCTABa Off TPOM3BOIUTENIOT
»Wendler. Ilomefy jaumnata Ha cnoj Ha MerymoctaBuTe ,,Freudenberg*
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u ,Staflex*, Hema Hekoja 3HavajHa pa3immka. Kaj jaumHwTe Ha Crmoj momery
MPUMEPOIINTE UCTIMTYBAHU TIO TIeperhe ce 3a0eiesKyBa Jieka HajrojieMa jaunHa
Ha Croj MoKaxkyBa MefrymocrtaBata ,,Freudenberg®, a Hema Hekoja 3HadajHa
pasimKa moMmery jauyMHUTE Ha CIOj HAa TEPMOIUIACUYHWTE MelyNmoCTaBU
»Wendler u ,,Staflex”“. Ako HarpaBume criopen6a Ha jayrHUTE Ha CIIOj MPef 1
TI0 TIepEeE 3a CeKOja TepPMOIIAaCTUIHA Mel'yrocTaBsa, ce 3abesexkyBa jeKa Kaj
npuMepouuTe (puKcupanu co merymnocrasure ,, Wendler* u ,,Staflex* jaunnara
Ha CI0j € oMaJia Mo MPOLECOT Ha Nepee, Iofieka Kaj npuMepouuTe (hUKCUpaHu
co MefymnocraBarta ,,Freudenberg® e moronema. Tpeba ma ce HamoMmeHe aeka
BO coryacHocT co crangapnoT ASTM 2724-03, npuMmepouTe NCNIUTYBAHU IO
nepeme ce nernanu. Cropes IMTepaTypHUTE TOAATOLM MO Nepehe HACTaHyBa
omarame Ha jauMHaTa Ha CIOjOT, HO MO TIeTJiame jjoara M0 3rojieMyBame Ha
jaumHara ([dem6oBcku et al,1993). 3romemyBameTo Ha jauMHaTa Ha CIOjOT
KaKO PEe3yJiTaT Ha METJameTO Ce JIOJKM, Tpef ce, Ha KOHCOJWaluja Ha
TEPMOTUIACTMYHATA CMOJIa KaKO Pe3yJITaT Ha JIejcTBOTO Ha TeMIeparypara u
NPUTUCOKOT BO MPOLIECOT Ha MerJame.

Bo cranpapnuTe 3a CIMTyBambe jauMHa HA CMOj Kaj TEPMOIUIACTUYHUTE
MefyrmocTaBi HE c€ HaBeAyBa MMHMMAajHaTa jaunHa Ha cmoj. Cemak BoO
JUTEpaTypaTa MOXe Jla ce HajiaT MOJaTOlM JIeKa jauMHaTa Ha CIojoT moMery
TEpPMOIJIaCTMYHATA Mel'yOoCTaBa U OCHOBHATAa TKaeHMHA 3a MPOM3BOJCTBO Ha
Marika kormryia Tpeba ga 6uge MmunnmyM 2 N/cm (http://www.fmv.se., 2011).
Oy, mpecMeTaHUTe CPeIHU BPEHOCTH 3a jauMHa Ha CIOj, MPUKaXKaHU Ha CJIMKa
3, ce yTBpAyBa Jieka camo MerymnocTaBarta ,,Freudenberg® mro nma jaunHa Ha
crnoj Hay 2 N/cm u mipeqi 1 1o niepeme, Mef'ynocrasara ,, Wendler BoomTo He
ja mocTUrHyBa MUHMMaJTHaTa jaunHa of 2 N/cm, a mMefynocrasara ,,Staflex ja
HaJIMMHYBa OBaa MUHUMAJIHA jaulHa CaMo Mpef| MPOLECOT Ha Meperhe.

Pesynaratute Off HanpaBeHUMOT EKCIIEPUMEHT 3a UCIUTYBalbe Ha
AMMEH3MOHAJIHUTE TIPOMEHHM MOKaykaa JIeka pacTOjaHMeTO MoMery O3HaYeHUTe
TOYKU HA TPETUPAHUTE PUMEPOLIH, TI0 TPOLECOT (PUKCHUPAE U IEPEHHE, € UCTO
KaKO W Mpej] HUBHOTO TPETUPabe, CO LITO Ce JOKAKYBa JIeKa HEe HACTaHyBaaT
HUKAKBHU NTUMEH3UOHAIHU ITPOMEHU IIpU aHJII/IKaHI/Ija Ha CHCHI/I(bI/HH/IpaHI/ITe
napaMeTpu 3a (puKcHpame W Tpy MPOIECoT Ha nepewbe. O NCTMTYBAKETO U
Ol OHA IITO TO MOKaXKaa Pe3yJITaTUTEe MOXKe Ja ce 3aKJy4d JieKa OCHOBHATA
TKA€HUHA U TEPMOIUIACTUYHUTE MnynOCTaBPI C€ NUMCECH3MOHAJIHO CTAOUJIHA.
AKO fBeTe KOMIIOHCHTHM BO JIAMUHATOT WMAaaT pa3dyHa CIOCOOHOCT 3a
cobupame Ke ce CITy4d AUMEeH3UOHATIHA TIPOMEHa TO]1 ISjCTBO HA KOMITOHEHTaTa
KOja “Ma TMoroJieMa CiocOOHOCT 3a IMMEH3MOHAITHA TIPOMEHa.

Op MCrUTYBamkeTO HAa MWIpalyjaTa Ha TEPMOIUIACTMYHATA CMOJIa Ha
JUIETO HAa TKaeHWHaTa, strike-through, m Ha onmaumHaTa Ha MefymocTraBara,
strike-back, ce yTBpu fAeka Kaj HUeIHA TEPMOIUIACTUYHA MelynocTaBa HeMa
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HUKAKBO TOMMHYBalkh€¢ HAa TEPMOIUIACTUYHATA CMOJIA HUTY Ha JIMLETO Ha
TKaCHWHATA, HUTY Ha OMavyniHaTa Ha MefyrmocTaBara.

Cute Mef'ynocTaBy I'i TOCeyBaaT MOTPEOHUTE CBOjCTBA 32 HUBHA IPUMEHA
BO TIPOLIECOT HA MAapUMjalHO (PUKCHpame Ha Mallka KOIIyJa BO OfJHOC Ha
JMMEH3MOHATHATA CTAOWITHOCT M MUTPAljjaTa Ha TEPMOTIIACTUYHATA CMOJIa, HO
BO OJJHOC Ha MOCTaBeHATa jaurHa Ha CIoj camo MefynocraBara ,,Freudenberg™
ja HaIMMHYBa MUHMMAaJTHATa jaunHa off 2N/cm ¥ 1pej ¥ 10 TIPOLIECOT Ha MEPEHse.
Bp3 ocHOBa Ha pe3yJiTAaTUTE Ofi HANPABEHUTE MNPETIPOU3BOJHA TECTOBU M
HanpaBeHaTa aHalM3a HAIIMOT M300p HA TEPMOIUIACTMYHA MelyrnocTaBa e
MefynocTaBaTa off IpOU3BOAUTEINOT ,,Freudenberg®.

3aKkiy4ok
Op oHa 1ITO 6€lle NCNMTYBAHO M aHATIM3UPAHO BO OBOj TPY/ MOXKeE Jia Cce
3aKJTyYH:

1. IIpeTnpom3BOAHMOT TECT 32 UCTIUTYBAKE HA jaUrHA HA CMIOj OBO3MOXKH Jia
ce n3bepe TepMoIIacTYHA MeryIocTaBa Koja Ke ja 3aj0BoJM norpedara
OJ1 NIOCTUTHYBam-e/HaIMIHYBabe Ha MUHIMAJTHATA jauyrHa Ha c1ioj o 2 N/
cm. JaunHa Ha croj € 3HauyajHa 3a 33/Jp>KyBarmbe Ha ECTETCKUOT M3IJIE/ Ha
obsiekarta, a Co Toa ce onpefiesiyBa U BpeMETO Ha ynoTpeoba.

2. Co npeTnpou3BOHUTE TECTOBU 3a WUCMUTYBae HA UMEH3MOHAITHU
MPOMEHM Y TBPIMBME JIeKa Mel'yIIOCTaBUTe U TKAEHUHATA Ce TMMEH3UOHAITHO
cTabWJIHU, OHOCHO JIeKa HeMa Jia Jojfie 0 cobupame Ha (PUKCUPAHUTE
7IeTI0BU Off oOsieKaTa Npy MpOLEeCUTE Ha OfIpXKYBaHEe.

3. Co mnpeTnpou3BOHWATE TECTOBM 3a WCIOWTYBamkbe€ HA MWIpalyja Ha
TEPMOIUIACTMYHATA CMOJIa C€ YTBPAM fieKa He jioara 0 pacTedyyBame
Ha cMoJlaTa, OMHOCHO HeMma mojaBa Ha strike-through mmm strike-back.
BakBara mojaBa jjoBeflyBa 0 HapyIlyBalke Ha TaKTUJIIHUTE CBOjCTBA HA
TKAaCHMHATA U ja TIpaBM 06JieKaTa HeNpujaTHa 32 HOCEHE.

4. Co cnopenba Ha pe3yJTaTuTe MOOMEHW Off NCTIMTYBAmHETO HAa CBOjCTBA
ce HampaBu M300p Ha COOJBETHA TEPMOIJIACTUYHA MErynmocTaBa 3a
(pukcHpame Ha TKaeHMHA HAMEHETA 33 IPOU3BOJICTBO Ha MallIKa KOIIyJia.
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1. Ipuno3u

Tabena 1 - TexHMIKM KaPaKTEPUCTUKU HA TKACHUHATA
Table 1- Technical characteristics of fabric

CyposuHcku coctas/ Composition 100% namyk/ cotton
INoBpmmaCcKa Maca/ Weight 125 g/m?
FyCTI/IH.a Ha XKHIK 110 OCI:IOBa/ 56 cm'!
Density in warp direction
I'ycTuHa Ha KUy no jaTok/ 38 em-!
Density in weft direction
=500
T
T = A
- = .
b+
£S5 =150 e5l

Cauxka 1 - O3HauyBame HAa TOYKUTE Ha IPUMEPOKOT 3a UCTIUTYBAaE HA
JUMEH3UOHAJIHU MPOMEHU
Figure 1- Marking of specimens for testing dimensional change

181



TIPrPOIHY PECYPCH M TEXHOJIOTHM

dakynreT 3a NPUPOJIHU U TEXHUYKU HAYKU
YuusepsureT «[oue denues” — Hltun

Tabena 2 -TexHNUKN KAPAKTEPUCTUKU HA YIOTPEOSHUTE TEPMOIIACTUYHI
MerynocTaBu
Table 2 - Technical characteristics of used fusible interlinings

I .
Tepmonnactuyna | IloppmuHcka DenzictTH(}c[;'l) Cocras / Composition
Mefynocrasa Mmaca/ Weight Y
o, .. 2 Ocnosa | Jaro- Cmona Cyncrpa-
Fusible interlining (g/m?) .
warp | kweft coating Tsubstrate
NoJMeThIeH/ 100%
Freudenberg 80 24 21 PE namyk/
cotton
TIOJNIMETUIICH/ 100%
Wendler 100 23 21 PE mamyk/
cotton
MONMETUIICH/ 100%
Staflex 110 24 21 PE mamyk/
cotton

Cauka 2 - [IpuMepok 3a McnnuTyBame Ha strike—through
Figure 2 - Specimen for testing strike—through
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Tabeaa 3 - JaunHa Ha cnoj Ha (PUKCUPAHKUTE NPUMEPOLU

Table 3 - Bonding strength of fused specimens

TepmonnacTuna

Jauuna Ha cnoj npep,

Jaunna Ha cnoj mo

y nepeme/ nepeme /
mefynocraa/ | T | P | t | pBonging strength Bonding strength
Fusible [°C] | [bar] | [s] . % . ?
interlining before laundering, after laundering,
[N/cm] [N/cm]

F 160 2 |15 2,359 2,964

W 160 2 |15 1,422 1,276

S 160 2 |15 2,256 1,747

O6jacnyBame: F-mefynocrasa,,Freudenberg*, W-merynocrasa,, Wendler*,
S-mefynocrasa ,,Staflex*

3.5

3

»
n

8]

|
W

=

Ja41Ha Ha cnoj [N/cm)

s
]

(=]

Nendler”

merynoctaea Mmefynocrtaea MerynocTaea
Freudenberg”

Jotaflex”

TepMonnacTiyHa MEWTIEICTEEE

® JayiHa Ha cnojnpeg
nepemwe, x

® JaunHa Ha cnoj nocne
nepewe,y

Cauka 3 - JaunHaTa Ha croj Ha (PMKCUPAHUTE NPIMEPOLY TIPEJ] 1 O TPOLECOT Ha

nepeme

Fig.3 - Bonding strength of fused specimen before and after laundering process
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UDC: 519.863 CrpyueH Tpy.

TEOPUJA HA OIITUMU3AIINIJA U ITIPUMEHA
Enena I'entoBa!, Anekcanmap dones?,

AncTpakT

Bo oBoj Tpya ce mnpukakaHM OCHOBHMTE KApaKTePHUCTHMKH Ha
ONTUMM3ALHMjaTa 1 NojieNI0aTa Ha MPOGIEMHUTE MOBP3aHN CO ONTUMHU3AL]aTa,
a TIpef Ce CO HEeNMHEApHOTO MPOrpaMHpame Kako 00IacT Koja ce n3y4yyBa Moj
ontuMm3anyjara. ['onemara BasKHOCT Ha HEJIMHEPAHOTO MPOrPAMHpPAmE, a CO
TOa ¥ HA ONTHMU3ANMjaTa, NPUOHECIa HUBHATA MTPUMEHa 1a O6ujie rojiemMa BO
pelaBameTo Ha TosieM Opoj MaTeMaTWYKK MPoOeMH MOBP3aHU CO HAOTame
Ha MaKCHMAaJIHO WJIM MUHMAMAJIHO pelierre. OnTUMM3anyjaTa Haora mpuMeHa
BO MPOW3BOJICTBOTO, MHBECTUIMUTE, TPAHCTIOPTOT, (PUHAHCUUTE, MTPEeXpaHaTa
uTH. Bo 0BOj Tpyn Ke Oujie COMHAT HEJMHEAPHWOT TPAHCIOPTEH MpoGjeM
Kako Mpo6JieM MPUCYTEH BO CEKOjIHEBUETO UMe PEIlIeHNe € TECHO MMOBP3aHO CO
ONTHMU3aLMjaTa.

KnyyHu 300poBM: ONTHUMHU3ANMja, HEJIMHEAPHO MNporpaMupame,
JIMHEAPHO MPOrpaMupame, MUHUMAAHA 8PEOHOCH, MAKCUMAAHA 8DEOHOCHI.

OPTIMIZATION THEORY AND APPLICATION
Elena Gelova', Aleksandar Donev?

Abstract

This paper shows the basic characteristics of optimization, a division of the
problems associated with optimization, primarily with nonlinear programming
as an area that is studied under optimization. Great importance of nonlinear
programming and thereby contribute to optimization of their application to
be great in solving many mathematical problems associated with finding the
maximum or minimum solution.The optimization is applied in production
investment, transportation, finance, lodging.etc. This paper will be referred to
the nonlinear transport problem as a problem present in everyday life whose
solution is closely related to optimization.

1) ®akynrer 3a unpopmartuka, Y Husepsurer ,,['one Jemues® — llItun
Faculty of informatics, University “Goce Delchev” - Shtip

2) dakyaTeT 3a NPUPOJHU U TEXHUUKU HayKu, Y HuBep3urert ,,['oue Hemues — HlTun
Faculty od natural and technical sciences, University “Goce Delchev” - Shtip

185



‘I)aKyJITeT 3a HpHpOHHI/I N TCXHUYKN HayKI/I
IIpyPOIHY PECYPCH M TEXHOIIOTH Yuusepsurer l'oue [Tenues” — MTun

Key words: optimization, nonlinear programming, linear programming,
minimum value, maximum value.

Bosen

TeopujaTa Ha onTUMHU3aIMja cEe 3aHMMaBa CO Pa3BOj HA MO/ U METO/IA
CO KOM Ce OIpefiesyBaaT ONTUMAIIHN pellieHrja Ha MaTeMaTUUKy Jie(pMHUpaHn
npo6aemu. [IpobiaeMuTe Ha onTUMK3ALMja U ONITUMAITHUATE TIPOLIECH I'M HAofame
BO MHOT'Y obJracTi Ha NpUPOJHUTE, ONIUTECTBEHUTE U TCXHUYKUTE HAYKU.

O6unacTa Ha ONITUMU3ALM]ja KOja ce 3aHUMaBa CO JIMHEAPHUTE MPOTPaMH Ce
HapeKyBa ,,JIJMHEAPHO Nporpamupame. BaxkHa KapakTepucTUKa Ha IMHEAPHUTE
nporpaMy € JVHEapHUTE peJlallid KOW TO OfipeflyBaaT MHOKECTBOTO Ha
M03BOJIEHM pelIeHM]ja /la He Ce caMO paBeHKH, TyKy M HepaBeHKU. Ho, mokpaj
JMHeapHU ¥Ma MHOTY NpoOJieMU Ha ONTMMU3AlLMja KOM Ce HEeJMHEapHH, T.€.
HajyecTo KpajHata (pyHKOMjaTa WM OGapeM eOHO Off OrpaHUdYyBamaTa e
HeymHeapHa pyHKuMja. TeoprjaTa Ha HEMMHEAPHOTO MPOTrPaAMHUPAILE € MHOTY
NOCJIOKEeHa 3a pa3jiKa Of] TeOprjaTa Ha JIMHEAPHOTO MPOrpaMHUpare.

Onurro 3a onTUMU3aIUja

3a ga Moxeme Jla KOHCTaTMpaMe Jalli HEKOe pelleHNe € ONTUMAIHO,
noTpebHO € Ja MOCTOM MepKa CO KOja ce OfipeflyBa HErOBMOT KBaJUTET
U Ke OBO3MOXYBa HEroBO CIIOpEAyBame CO JIPYTM MOXHH pelleHuja. Bo
MaTeMaTUIKUOT MOJIE MOpa Jia TOCToM (PYHKIIM]ja CO KOja Ha CeKOe pellieHre ce
NpUPY>KyBa HEKOja BPEAHOCT KOja MPeTCTaByBa MepKa 3a KBaJuTeT. TakBara
(dbyHKIMja ce HapeKyBa (ymkuuja Ha yea v o6MYHO ce o3HauyBa co F(X)
. 3ajaua Ha omTUMU3alja € OflpelyBalbeé Ha pelleHre Koe JaBa ONTHMAaJHa
(MMHMMAJTHA WJTM MaKCUMAaJTHA BPETHOCT) Ha (DyHKIMjaTa HA TEJT.

IIpoMeHnuBUTE KOUILITO Tpebda Jia ce onpefenaT OOMYHO Ce YCIOBEHU CO
MefyceOHM peslallui U orpaHuuyBama. Cekoe pelleHre Koe I'M 3aJl0BOJyBa
MOCTOEUKHUTE OTPAHNYYBalba CE HAPEKYBA MONCHO peuieHue . BakBuTe pelieHnja
¢opMupaaT MHOXKECTBO Ha MOXKHHU pereHrja D.

D ={xeR"|g;(x) = 0,i=1,.....m}

I - MHJIEKC HAa OTPaHUYYBABETO,

M — BKyIleH 6poj Ha OrpaHnuyBambAa,

g:(x)- pynKumM Ha orpaHMUyBarara.

[TpomeHnnuBUTEe KOUILITO Tpeba Jja ce onpeiesiaT OOUYHO CE YCIOBEHU CO
MeryceOHM pellalyi U orpaHnuyBama. Cekoe pellieHue Koe TW 3a[0BOJyBa
NOCTOEYKHTE OIPAHNUYBatha Ce HAPEKYBA MONCHO pelleHUe.

AKo co X* ro 03HAUMMe ONTHUMAJHOTO PELICHKE, TOralll BPEJHOCTA Ha
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dynkupjata F* = F(x*) xoja ogroBapa Ha onTuManHOTO peleHme X* ce
HapeKyBa ONTUMAaJIHA BPEJHOCT WX ONITUMYM.

Heomnxogam npeTnocTaBky Kou Tpeba ja MOCTOjaT 3a [a MOXe ja ce
OCTBApHM €]lHA 3ajiaya Ha ONTUMU3AIKja Ce :

1. O6jekT Ha onTumm3anuja. Moxe fma Oupie MPOU3BOJIEH MPOIEC, amapar
HNTH.

2. KpurepuyM Ha ONITUMAJIHOCT, KOj Ce HapeKyBa 1 (DYHKIIMja Ha TeJT.

3. VYmpaByBame Ha 00jeKTOT Ha ONTUMM3AIMja. 3a Ia MOXe [a ce MW3BPIIU
NpOIEeCcCOT Ha ONTUMH3aIHja TOTPEOHO € OOjeKTOT Ha ONTMMHU3alHja
lla MOKe fla ce ympaByBa. 3a Jla CE OCUTypa MOKHOCTA 3a yIpaByBame
Ha 00jeKTOT Ha ONTUMHU3ALMja HEONMXOJHO € TOj /la MMa yNpaByBavKH
napamMeTpu KoM Ke MOKAT Jla Ce CMEHyBaaT HEe3aBKCHO €IeH Off JIPYT .

4. Metop Ha onTMM3anyja. 3a JajieH yIpaByBauku 00jeKT u (PyHKIHWja Ha
[eJl € HEOMXO/IHO Jia ce ofibepe METOJ 3a OMNpENEeTyBamke HA ONTUMYM.
He moctom Hekoj yHMBep3aJieH METOJl 3a pelllaBame Ha CUTe 3aaud
Ha ontmMm3anuja. MI360poT Ha MeTon OOMYHO Ce MpaBW BP3 OCHOBAa Ha
(pyHKUMjaTa Ha e 1 M30PAHUOT 00jEKT.

3aaunTe Ha ONTHMHM3alMja MOXKEME Jia T'M MojieJieMe KaKo 3ajayd Ha
cTaTWyKa ONTUMU3aNMja 1 3alaun Ha AUHAMUYKa ontumm3anmja. Kaj 3agaunre
Ha CTaTMYKaTa ONTHMHU3alja OO0jeKTOT ce pasriiefyBa BO EIWHCTBEHA
HETMPOMEHJIMBA cocTojba. Bo 3agaunTe Ha IUHAMIUYKATa ONTUMU3AIHja [eJTHaTa
¢pyHKIMja 3aBUCH Off TApaMETPH KOUIIITO NMPETCTABYyBaaT MPOMEHJIMBH.

MeTonuTe Ha ONTHMU3aLMja MOXKEME /1a TY TOfIeJIieMe Ha:

a) AHaIMTUYKY METOfM KOM C€ 3acCOBaaT Ha aHAIMTHYKA aHAM3a Ha
M3BOAIOT Ha UesHaTa (pyHKIMja. Bo oBMe MeToan eKCTpeMHaTa BPEHOCT Ha
dynkumjata F(X) ce no6usa co Haofame Ha TakBu BpemHocTn Ha X 3a KOM
F'(X) = 0. 3a noronem 6poj HeJMHeapHU MPOGIEMH, AHATUTUUKUTE METOJIH
He ce of] MOCeOHO 3HaUeH:-E.

6) Hymepuuku (WTepaTWBHM) METOAM C€ 3aCHOBAaaT Ha neduHMpaHa
HyMepuyKa WTepalyja 3a NpuOIKHA armpokcuMaiuja Ha pemenueTo. OBue
METOJY Ce HAjIIOrofIHY 3a mporpamupame. Ce faenat Bo JBe TPyIu:

— TpajiMeHTHU METO/IM KOM KOPHUCTAT M3BOJI Ha LeJTHAaTa (PyHKUH]ja;
—  HEerpajjeHTHU METOAM KOW He KOPUCTAT M3BOJ] Ha IIeJIHATa (DYHKIH]A.

B) I'padmukm metomm Kaj KoM uMMaMe Tparyuko MpeTCTaByBame Ha
yenHara (pyHKIOMja U orpaHMYyBamaTa. EKCTpeMHUTE BpeJHOCTH Ha IesTHaTa
¢yHKuMja ce gob6uBaaT ofi rpadUKOHOT mpeky npedapysame. OBue MeToAn
MOKaT Jia ce MPYMEHAT CaMo Ha LiesTHa (PYHKIHja Of1 €fieH WJTH JIBa YNIPaByBauKU
napameTpu.

r) EkciepumenTanam MeTofiu Kaj Kou ce 1006MBa eKCTPeM Bp3 OCHOBA Ha
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cepyja M3BpIICHN eKCIIepUMeHTH. EKCriepriMeHTaTHTe METOI Ce KOPUCTAT

caMO BO Cjy4aW KOra MaTeMaTHMYKAOT MOJIeNT Ha O0jeTOT ce MOKaXKyBa

HEajIeKBaTEH.
OcHOBHM 0COOMHM KOMIUTO Tpeba Aa T'M 3al0BOJyBa AJTOPUTMOT Ha

ONTHMHU3aIHja Ce:

— KOHBepreHyyja (mobuBame HYMEPUYKO pEIlleHMe CO KOHe4YeH Opoj Ha
YEKOPH);

— ©Op3a KOHBepreHuyja (qoOMBame pelieHne 3a MITO MOKPATKO BpeEME U 3a
IITO MOMaJI 6pOj MpecMeTaH! BPEHOCTH Ha IieJTHaTa (PyHKIMja);

—  YHHMBEP3AJHOCT; TOXEJHO € aJropuTaMoT fia Ouje NMPHMEHIIMB Ha IITO
noBeKe KJ1acH Ha 3ajjaur. MefyToa yHHBEp3aJeH METOJ] 3a pelllaBame Ha
CUTE TUITOBU ONITUMU3AIIMOHN 3ala4yu HE IOCTOU.

HenuneapeH TpaHcnopTeH npooiiemM

TpancnopTHuTe MPOOGIEMHM BO HajroyieM Opoj Ha Ciydyau Cce Bp3aHU 3a
1n300p Ha HAJjTIOBOJIHA BapHjaHTa Ha TPAHCIIOPT Koja 06e36emyBa TPOIIONUTE
Ha TPAHCHOPT fla OUaT MUHUMAJHMA BO OJHOC Ha ompefesieHa coobpakajHa
Mpexka 1 TpaHcnopHu cpefictBa. Cenak, ieHeC MoJ| TOj OUM ce Mojipa3oupaar
U 3aJlJaunTe 32 ONTHUMAJIHO Pa3MECTyBamhe¢ Ha MAIMHW, MOMOIIHUA CITYXKOH,
€HepreTCKY 0GjeKTH U IPYro, CO L J]a Ce MOCTUTHE NMOrojieMa eKOHOMUYHOCT
Ha paboTaTa U BpEMETO.

Knacnyamor TpaHcmopTeH mnpobieM ce COCTOM BO Haorame Ha
HajeKOHOMUYEH IUIaH Ha TPEBO3 Ha TIPOU3BOJI Of1 €ICH BUJT Ol MECTOTO Ha HETOBO
MPOU3BOJCTBO JIO MECTOTO HA MOTPOLIYBakbe. AKO BO 711 -CKIaUIITe UMa d, ,
a, ,...,a, KOIMYMHH,a BO 1 MPOAaBHULY ce Gapaar b1,b2 ,...,bn xonuuuHu of
€/IeH NPOU3BOJ] U LIEHATA HA TPAHCNOPTOT € ¢ (i=12.m) i (j=12..n) 33 eqUHMUIA
NpOU3BOJl Off I-TOTO CKIQAWIITE JI0 j-TaTa MPOAaBHWUIA, MPOOJIEMOT 3a
Haofame eKOHOMHUUEH TIJIaH Ha MPEBO3 Ce CBEJlyBa Ha pelliaBarhe Ha 3aj1avyara

m. n

min F (xlj ) =min Z ZCijxij

i=1 j=1

CO OrpaHNuyBarba
> xij=ai, D xij=bj,
= =

Kajie Xj € KOJNMYMHATa Ha TPOM3BOAOT KojamTo Tpeba fa ce
TPaHCHOPTHpA Off I -TOTO CKJAMINTE /0 j -TaTa mpopaBHuua. [Ipu mro Xj
>( . Baka noctaBeHnoT npo6sem e mpoOsieM Ha JIMHeaApHOTO MpOTrpaMHUpame
BO KOj TPOLIOLKMTE HAa TPAHCHOPT ¢i(x) C€ MPONOPLMOHAIHU Ha COOABETHATA
KOJIMYMHA Xj KOja Ce TPAHCIIOPTUPA T.e. ilx)=ci xi,
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Taa mpernocTaBka foBeAyBa COOfIBETHATa IiesHa (PyHKIHWja fa mooue
JIMHEapHa 3aBUCHOCT

F= ZZCiiXij.
i=1 j=1

MefyToa, BO HHM3aTa NpPAKTUYHM 3aJadyd KOM C€ OfHecyBaaT Ha
pelIaBakbeTo Ha TPAHCIOPTHUTE MPOOJIEMH TMPETHOCTaBKaTa 3a KOja Beke
cTaHa 360p HeMa MecTo, OufiejKu ce paboTH 3a TPOIIOIM KOU Ce HEJTMHEAPHU BO
OJTHOC Ha KOJIMYMHATA HA TPOM3BOJI KO Ce TpaHcmopTupaart. Taka, Ha mpumep,
TPOLIOUMTE HA TPAHCIIOPTOT HA MApLIPyTaTa (j— j) MOXE Jla CE€ MEHyBaaT 1o
KBaJIpaTeH 3aKOH

@if(x)=aij xi® + biixi,
TIpY 1ITO LesHaTa (pyHKIM]a MOXKE /1a Ce HAMMILE BO OGIMKOT

m._ n

F = ZZ(aij xif? + bijxij )
i=1 j=1

Lennarta ¢yHKOMja, BO 3aBUCHOCT Off MPHUPOAATa HA TPAHCTIOPTHUOT
npoGyieM, MOXe fa Owpie M O] HEKOj APYT OOJIMK Ha HeJIMHeapHaTa (pyHKIMja.
Bo ofipenienu ciiyyau Taa Moxke Jia Ouje 3aj1ajieHa CO MHOXKECTBOTO JIMCKPETHU
BPETHOCTH, TIPH IIITO 32 OfIPETICH! BPEHOCTH Ha X MMaMe 3aafieH! BPETHOCTU
Ha g(x)- Bo T0j cnyuaj, aHanmuTHUKaTa 3aBUCHOCT Ha pii(x) ce onpeaysa co
TIOMOIII Ha MHTEPIIOJIANuja.

HezaBucHo opi Toa 3a KakBa HeJMHeapHa LienHa (PyHKIMja ce paboTu,
3aavaTa 3a Haorame Ha ONTUMAHHUOT IJIaH Ha TPAHCIIOPTOT CE CBEeAyBa Ha
MUHAME3aIHja 3a/iajieHa co mesHaTa PyHKIMja co 06JIMK

m n
F=3S0ils)
i=l j=1
Kaje q),-j(x,-j) ce 3afafeHn HeJMHeapHU (PYHKUMM KOM 3aBMCAT Of €fleH
apryMeHT Xxj (T.H.cenapaOuiiHu (DYHKLMU), TP LUTO HEMMO3HATUTE Xj MOpaaT

71a TO 3a/]0BOJIyBaaT MHOKECTBOTO OIPaHMUYYyBama CO O0JIMK
n
Z)cij:ai, (i:1,2,...,m),
j=1

m
dxi=bi,  (j=12,..n),
i=1
Xij >0.
Baka ¢opmynmpanara 3agava cmafa Bo kjacara 3agaud Ha HII u ce
HapeKyBa HeJIMHeapHa TPaHCIOPTHA 3ajlaya.
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3akay4ok

3ajaunTe Ha HEJMHEAPHOTO MPOrpaMHUparke MOKPUBAAT [AOCTA IIMPOKO
nojipayje oj ynpaByBaukKUTe 3ajjlaud WM C€ MOPA3HOBUJHU Of] 3aladyuTe KOU
ce CBeyBaaT Ha NPYMMEHA Ha JIMHEAPHOTO Mporpamupame. MHOTY Ofi HUB c&
ymTe HE CE€ pCUIMBU O] Taa NpUYMHA ITO HE HOCTOjaT Pa3BUECHN AJIT'OPUTMHU
YMjamTo NpuMeHa Om MosKena fia jaje ofpeneHu edextu. [IpuMeHImMBOCTa
Ha OJYICJIHA aJIrOPUTMHU CE MPOLECHYBAa BP3 OCHOBA Ha OPOjOT HAa CMETAuKHUTE
onepaiyy Kou Tpeda 1a ce cpaboTaTt BO MPOIECOT HA HAOTamke Ha PEIIEHUETO.
Hekou anroput™Mu BO OffpefieHM 3ajjlaud Ha HEJIMHEAPHOTO MpOorpamMupase,
Aypyd M KOra ce MMma MpefiBujl NpUMMeHaTa Ha COBPEMEHHMTE CMETauu, He ce
cekoran npuMeHynBr. Taa mpuMeHa 3aBrcH Off ToBeKe (hakToOpH, MOCeGHO Off
KapakTepoT U IUMEH31jaTa Ha MaTeMaTHIKUOT MOJIEJT, 3apajii KOj MOBEKETO Off
3a7]a9MTe Ha HEJIMHEAPHOTO MPOrPaMUpPamke BO M3BECHA CMHUCTIA CE TPEeTHpaaT
KaKoO UCTPaXKyBayKU, a HE KaKO PYTHUHCKH 3aJa4u.

HenuneapHoTo mporpamupare ce NpPUMEHYBa Kaj HEKOM 3ajaud Off
TPAHCIIOPTEH THUII, KAKO LITO CE€: TPOLIOUMTE BO OJHOC Ha KOJUYUHUTE
Ha MPOU3BOAMTE KOW CE TPaHCIOPTUpAaT, Kaj HEJMHEeapHUTE 3ajaud 3a
pacnpenien6oa Ha ETHOPOTHU PeCyPCH, Kaj HeJTMHeApHUTE 3ajauH 3a pacnpenesioa
Ha HEeTHOPOJHN PECYPCH KOU Ce JJAJIeKy MOCIOKEHH.

HenuHeapHoTo mnporpaMupame Haofa MHpuMeHa W BO M300pOT Ha
ACOPTUMAaHOT Ha MPOU3BOACTBO, BO ONTMMM3alldja Ha MPOU3BOACTBO, YBO3
1 U3BO3 Kako MoTpeba Off KOJIMYMHUATE Ha OffIEJHU MPOU3BOIM CO Ofpe/icHU
OrpaHUYyBamA.

Ce npuMeHyBa M BO BOSHM LIEJIM, KaKO IITO € Ha MPUMEP pacropef Ha
opy:Kje Ha TPOTUBHUYKWTE IEen (3a NoOMBamke HAa HUBHU MaKCHMAJHU
ryOMTOIIN), 32 HAHECYBALE HA OfIpEfICHN IITETH Kaj MPOTUBHUKOT, MO YCJIOB
Ha MUHUMAJIHU TPOIIOLMU.
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