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Mpedzoesop

EHepeemckama epuKacHOCM U 00pX#UBUOM PA380j € MeMamuKa Koja yecmo ycrneea 0a 20
300pHU BHUMAHUEMO HA MOOEPHUOM Y0B8€EK U Koja 20 NommukKHyea 0a bapa peweHuja 3a
bpojHUMe npedu3suyU KOU 2u HaA0MXy8d MOOepHUOM HAYUH HO ¥ usom. 30 mad yes ro
yemepmnam cmy0eHmcKama KoHgepeHyuja ,,EHepeemcka echukacHocm u 00pxcue
pazeoj” CKEEOP2016 ja nommuKHa ucmpaxysaykama 0ejHocm Kaj cmydeHmume u um
0803MOXU 0a 2U UCKaxcam caoume udeu ce co yesn 0a ce Hajdam odzosopume Ha
aKmyesnHUmMe npawara 8o 0bs1acma Ha eHepaemcKkama eqpUKAcCHOCM U 00pX#(AU8uom
pas3eoj. Bo npodoniceHue e 36opHuKom uspabomeH 00 yyecHUYyUMe Ha KOHgepeHuujama
00 pa3au4HU 06pa308HU NPoguUAU U HAyYHU UHCMUMYyUuUU Kou co c8ojama Hay4yHa oejHocm
ce mpydam 0a ocmasam besnee 8p3 akademckama 3aedHuya u ucmume mue 0a
NMpUOOHEecam KOH payuoHAaAHOMO UCKOPUCMY8aHe HA eHepaemcKume pecypcu.
TpaduyuoHanHo cekoja 200uHa PaKyamMemom 3a eneKMpPoOMeXHUKA U UHGOPMAUUCKU
mexHos102uU ja npyxcu ceojama 6e3ycs108HA NOOOPUWKA U MOBMOPHO UM 0803MOM(U HA
mMaadume ucmpaxcyeayu 0a ja nokaxam ceojama KpeamusHocm. Lleauom HacCmaH He Ke
bewe ucm aKo ja Hemasme U MoAOPWKAMA HA KOMNAHUUMe u opa2aHu3ayuume Kou 80
PAMKuUmMe Ha ceoume MOXCHOCMU ja MOMO2HAA 084A KOHGhepeHYuja, 3a cemo moa um cme
HeusmepHo baazo0apHu. Monema 6aazo00apHocm u 0o cume NPemcmasHUYyU 00 Hay4YHUOM
0060p 30 MEHMOPUPAHE U peueH3upare Ha Hay4YHUme mpyo0osu, CEKAaKo U Ha cume
80/10HMepPU KOU HeyMOPHO ja nod0pHaa meHUYKama peanudayuja Ha HacmaHom.

Co noyum,

lpoepamcko-opearHusayucku o06op CKEEOP,2016

Vi
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YerBpTa cTyaeHTCKa KOH(pepeHuHja ,,EHepreTcka epuxacHoct u oap:xiuB pa3soj“ — CKEEOP 2016

Harama JoBanosa', Jlean Cokoos?
!®akynrer 3a enexrporexuuka u uHGpopmarucku Texuonorun — Cromje, YVKUM
! natasa.jovanova@yahoo.com 2 sokolovdean@gmail.com

HPEIVIEA U AHAJIU3A HA TEXHOJIOTHUTE 3A CKIIAJIUPAIBE HA EHEPTUJA

KYCA COOPXWUHA

MoMeHTaIHUTE TPEHIOBH BO CHaOAyBame M KOPUCTEHE Ha CIEKTPUYHA CHEPrHja ce MPAKTUIHO
CKOJIOIIKM M €KOHOMCKH HEOIpIHBU. be3 mpe3emame Ha KOHKPETHH aKTHMBHOCTH EMHCHUTE Ha
CTAaKJICHMYKHUTE TacCOBH JIBOJHO Ke €€ 3rojieMaT BO HapeIHHWTe HEKOJKY TOAWMHH, a HoTpedara of
(bocuTHM TOpUBa Ke ja MHTCH3WBHpA IpUkaTa OKOJy CHUTYpHOCTa Ha pesepBuTe. Ha cBETCKO HMBO
BEeKe ce CllydyBa EHEprercka peBONyIMja Koja LEJOCHO YCIEIIHO Ke pe3yiTupa IOKOJIKY
obOHoBIMBHTE M3BOpH Ha eHepruja (OME) u TexHOMOTHITE 32 CKIIaqupamke EHEPrHja CO BUCOK CTETIeH
Ha €HepreTcka eUKacHOCT OWIAT WIIMPOKO PAacCIpOCTPAHETH U MaKCHMAaTHO MCKOPHCTEHU BO CEKOj
CErMEHT Ha MOJIEPHOTO JKHUBECHC.

Texnomoruute 3a ckiaamupame enekrpuuHa cHepruja (TCEE) o0e30emyBaar eHepreTcka
CHT'YpPHOCT M YMCTa €KOJIOIIKa cpeanHa. HoBUTe MU3ajHM M MHOBALMM 3a CKIAIUpame BOAAT KOH
nouHTerpupann W moontuMusupanu ycioBu EEC. Bo Taa Hacoka ke OBO3MOXKAaT MOAOOPEHO
WHTETPUPAbE HA CHEPreTCKUTEe KaKo U CHCTEMHTE 32 Tpeere IITO UMa TOJIeM Yl BO MPOIEecoT Ha
neKkapOOHM3Upake U eHepreTcKaTa PpeBoIyIHja.

TCEE ja ancopOupaar eHeprujaTa W ja CKJIagupaaT 3a ONpeielieH MepuoJ Mpell HcTara Jia ce
KOPHCTH ¥ BO TEKOT Ha OBOj NPOILIEC TH HAJONOIHYBaaT HEJIOCTATOIUTE MOMEry MmodapyBaykaTa M
notpouryBaukata Ha EE. TCEE wMoxar na ce HMMIDIEMEHTHpaaT BO TOJEMH M MalH
muctpubyupann/uentpanuzupann EEC 1 uMaat nmoreHnujai Aa Ty pemar OpojHHUTE NPEAU3BHLHU CO
KOM MOMEHTAJIHO C€ COOUyBa €HEepPreTUKaTa Kako U MOTPOITYBavYHTe.

Kayuynu 300poBU: Oexapbonuzayuja, emepeemcka pesonyyuja, eHepeemcKa CusypHocm,
K6QIUmem Ha eeKmpuyHa eHepeujd, eHepeemcKko peuleHue.

1 BOBE]

CrxiagupameTo Ha enektpuuna eHepruja (EE) ce omHecyBa Ha HpoIECOT Ha KOHBEPTHpAIE Ha
EE on m3Bop Ha EE, Bo dopma koja Moke na Ouie ckiaaupaHa 3a IOAOLHA MOBTOPHO JAa Ce
kouBptupa Bo EE, xora ke 6uzie notpebHa 3a kouzymor,[1-3]. [Topaau Toa, CeKoj eIeKTpOeHEPreTCKU
cucremMu(EEC)ce crpemMr TOTONeMHOT el Of TMPOWU3BOJIHHUTE MOCTpojku aa obezdenar EE mpwu
MaKCHUMaJlHa o0apyBadka, Koja MMOCTOjaHo Bapupa, a MaKCUMallHaTa o0apyBadka ce CllydyBa caMo
BO O/IpelICHH 4acOBH roauIIHO (mpubamxkHO 60 % o MakcuMmanHaTta modapyBauka).

Kako pe3ynrar Ha IpOMEHIUBUTE U HEMPEIBUUIMBY MTO0ApyBauKH MOTPEOHO € MPHIAroAyBamke
Ha Ipou3BoacTBO Ha EE.

TCEE ce enHu o1 KIyYHUTE TEXHOJIOTHM KOWE OBO3MOKYBaaT HMPOEKTUPAHE Ha MOCTPOjKU 3a
MPOM3BOJACTBO Ha TrojJeMH KonuumHM Ha eHepruja oj OMU. Ilopactor Ha nuctpuOynpaHoTo
MIPO3UBOCTO, M PACTEUKOTO HCKOPHCTYBakhe Ha HerocTojanu TexHonorun Ha OUE kako BeTepHHIIN 1
¢doToBONTANIIM, TO MEHYBAa HAYMHOT HAa YIPaBYBamke U MEHalHpame co cureMoT. [lopaau Op3oTo u
3rojgemMeHo mpou3BojacTBo o1 OUE Ha rio0asHO HMBO, MPEIU3BHUKOT 32 MEHAMPame Ha BHUCOKO
MIPOMEHJIMBOTO MPOU3BOJICTBO pacTe, Ia BO Taa HAcCOKa rmorpedaTa 3a 3rojemMeHa (pIeKCHOMITHOCT Ha




CHCTEMOT € ypreHTHa. [ eHepaaHo, MOKHOCTa 3a Op30 IIpa3HEHE Ha roJIeMU KOJUYMHY Ha CKIIaJupaHa
EE nnu HamanyBame Ha TOBapoOT 3a BpeMe Ha MaKCHMallHa T00apyBadka BO TEKOT Ha JEHOT, MOXeE Ja
'Y HaMany OpOjHHUTE MPEAU3BULM U MPENpPeKr KOU ce jaByBaaT co 3rojieMeHoTo yuectBo Ha OUE Bo
EEC.

CxitagmpameTo eHeprija Moke Jia TH OaaHCHupa MPOMEHUTE BO CHAOAYBAKETO U 1A ja U3paMHHU
pacteukara nmorpeda og EE. Mcro Taka ce KOpHUCTH 32 1a c€ HAJOMOIHN MPUMapHOTO MPOU3BOJICTBO,
Taka IITO BO BPEeMETO Ha Majia mobapyBauka €HeprujaTa MoXe Ja ce CKIIaupa Kako pe3epna.

EEC mopa ma mmaar roneM CTeleH Ha MaHEBpanMja, 3a Ja OBO30XKAT MoOapyBadkaTa M
MOTPOIITyBayKaTa Jia OuaT HeMPEKUHATO OaTaHCUPaHH.

Texnonoruute 3a cknamupame Ha eHepruja (TCEE), menec noOuBaar OrpoMHO BHHMaHHE,
Mmopajyl HHUBHHOT TOTEHIMjaj Ja ja WrpaaT KIydHaTa yjora BO TpaHcopmamujata BO UYHUCTa
exoJyomka unHuHA. CKIaIupameTo eHepruja TM BKIydyBa cuTe (OpMH Ha eHepruja. 3a LenuTe Ha
0BOj TpyH, nAeduHHpaHo € Kako umHcTanmupan cucteM Bo EEC co comcTtBeHa KoHToNa MOXe Aa
ckimanupa EE renepupana Bo EEC n ucrara ma ce HICKOpHCTH KOra € MoTpeOHO.

Bo tpymor ce aHamm3mpaHW KIydHUTE DPa3lHKH TMOMEly TEXHOJOTHHUTE, 00e30emyBajKu TH
MOTpeOHHUTE MOAATOLM 32 MOJCIHMpame Ha TpomouuTe. Kako pe3yiraT Ha HIMPOKUOT CIIEKTap Ha
TEXHOJIOTHH Ba)KHO € JIa C€ 3all04HEe CO KpaToK IMperjie]l Ha TUIOBUTE HAa TEXHOJNOIuH (ciuka 1), Kou
MOJKaT Ja OMIaT HCKOPHUCTEHU 1 HuBHaTa yiora Bo EEC.

Cknaguparbe Ha eHepruja

MexaHn4ko Tepmanto Xemucko EnekTpo-xemucko EnextpuyHo

Thermc Sensible Latent Hydrogen

Nas Redox Fuel 7
thermal thermal Storage Capacitors SMES

Battery flow cells Super-
Battery capacitors

SNG Lithium- Lead
chemic lon Acid
al Battery Battery

PHES CAES LAES Flywheels

Cuuka 1. IIpukas Ha noxeadaTa HA TEXHOJIOTHHUTE 32 CKJIAIMPake HA eJIEKTPUYHA eHepruja

Bo o0BOj Tpyn, moierenHo ce aHANM3UPAaHM TEXHOJIOTMUTE 33 MEXAaHMUYKO CKIaJupame Ha
eneprujatra (ITAXEL] u CEKB). Hcture ke Ommar mHOeAWMHEYHO NPETCTABEHW M CHOpeAOEHO
aHaJM3UpaHH, CO Iell Jia ce MOTEHIMpaaT MPEJHOCTUTE KOUINTO THE T'M HYJAT, 3a MOJ00pyBame Ha
epukacHocTa Bo eneH EEC.

2 IDYMIIHO-AKYMVYJIAIUOHA XHUJAPOLEHTPAJIA-ITAXELl (PUMPED HYDRO
ENERGY STORAGE)

[Mpunnunor Ha paboTa Ha MyMITHO—aKyMYJAIIMOHUTE XUAPOLIEHTPAIM, Ce CMETa 332 €JUHCTBEH
HauYMH 32 CKIAJAMPAbe HAa TOJIEMH KOJIWYMHHM Ha eJIEKTPHYHA SHEepruja, CO OJApKyBambe Ha BHCOKa
eHUKacCHOCT M eKOHOMCKa HCIUIATIIMBOCT M ydecTBYBa co 98% oj TI00alHOTO CKIaaupame Ha
enepruja Bo aenemHnoT EEC. [IpBute enekrpanu on oBoj Tun Owmie m3rpainenu Bo LlIBajuapuja u
HWranuja Bo 1890 roxuna (mocroewme ox 100 roaunwu),[1].

2.1 IpwxHuounm Ha padora

ITAXEILL e cucrem noOueH co MpWIAroAyBake Ha KOHBEHIIMOHATHATA XHIPOEICKTPUYHA
LIEHTpaja, KOj CIy)KHM 3a CKJIaaupame U ynpaByBame co EE. OBaa TexHonorMja ja ckiaaupa
eHeprujaTa Bo (popMa Ha BOAA BO TOPHHOT pe3epBoap, a ce MCIyMITyBa OX IOJHHOT pe3eproap,[2].
[Ipoussenenara EE on xumporenTpanara ce mpeodpa3yBa BO MOTEHIIMjajHa €HEpruja Bo ¢opMma Ha
BOJia KOja Ce HCIyMIlyBa BO TOPHHOT pe3epBoap. 3a Bpeme Ha morojema mobOapyBauka Ha EE,
aKkyMyJHpaHaTa Boja (0] TOPHUOT pe3epBoap) MpPeKy IeBKa MPOTEKyBa BO JIOJHUOT pe3epBoap U
[MOMHMHYBa HHU3 TypOMHAra, Ha HMCTHOT HAaYMH KaKO BO KOHBCHIIMOHAJIHA XHUAPOLIEHTpaja. 3HayH,
ITAXEILL mMoxe na ro armcopOupa BUIIMKOT IMPOHM3BOJCTBO 32 BpeMe Ha Maya modapyBadka (HHCKa
Tapuda-Bo TEKOT HAa HOKTA W Ja ja MOTPOIIM aKyMylIMpaHaTa €HEeprrja 3a BpeMe Ha MEepPHOAHN CO
HajrosieMa nodapypadka (BUCOKa Tapuda-Bo TEKOT Ha JICHOT).




l'omemunara Ha cKJamupaHaTa eHeprija 3aBUCH Ol 2 TapaMeTpW: BHCHHCKaTa pa3jiiKa Ha
pe3eBoapute U BonyMeHOT Ha Bogara. Bo [TAXElcucreMuTe TliaBHUTE SIEMEHTH CE PEBEP3UOUITHH,
nyMma/TypOrHa 1 MOTOp/TeHEPaTOP.

Bo 3aBUCHOCT 0]l BUCHHCKATa pa3jiiMKa HA KOTUTE HA aKyMyJlalluuTe, ce KopuctaT [lenToHOBa,
Kamnmanosa mnu ®@panircoBa TypOrMHa KOU ja 3rojeMyBaat edukacHocTa mpuOImKHO 10 90%. OBue
TypOUHU ce PEeBEp3UOMIIHM, OJHOCHO MOXKAT Jla yYECTBYBaaT Kako BO MPOLECOT Ha MPOM3BOJCTBO
Taka W TpH HCIOyMITyBame. KamamureruTe Ha eHepruja Koja INTO MOXaT Jda ja JOCTHTHE
ITAXEII,3aBrcu oJ1 JIOKaIMjaTa u OJHOCOT HA Pe3epBOApPHUTE U € O peAoT Ha Hekosky MWh mo
Hekonky GWh.

IIpennocru:

PasBuenarexnonoruja, cmoco0Ha 3a CKJIaIupamke Ha OTPOMHU KOJMYHWHU Ha €HEpruja

e Bucoka nemokymnHa epukacHocT Ha cructeMor (70-80%)
Bbp3o pearnpame — ru cieau mpoMeHUTe Ha ontoBapyBamara Ha EEC 3a BpeMeHCKH HHTEpBai
OJ1 HEKOJIKY CeKYHIH

e EKOHOMCKM HCILIATIMBO CKiIaaupame Ha EE;

Henocrartomu:

e [loman O6poj HA COOJIBETHU JIOKAITHH
e [onemu BiWjaHHja BP3 KUBOTHATA CPEIUHA
e [lotpeda ox M3BOPH 3a TOJIEMHU KOJIMYMHH Ha BoAa,[3].

2.2 WnaHM TPEHJAOBH M Pa3Boj

I'epmanckuTe Hay4HUIM pabOTAaT HA MOXKHOCTHUTE 3a KOPHCTEHE Ha CTap HEUCKOPHCTEH jarjieH
3a moneH pe3Bopap Ha [TAXEIL] cucremute. OBOj HaUMH Ha CKJIaIUPabe 3HaYajHO K€ TO MHHUMHU3HPA
BJIMjaHUETO BP3 )KMBOTHATA CpEJMHA OHMJEjKH LEJIHOT MPOoLeC Ke ce 0/IBUBa MOJA3eMHO. Bo 3aBuCHOCT
O]l YCIIOBUTE U TOPHHUOT pe3epBoap Moke 1a Ouze cMecTeH Bo jamute(remrepure).. Mako Teopercku
e mo0pa mjaeja, IMIUIEMEHTHPAKETO BO TpaKkca MOXe Ja Mpeau3BUKa mMpolieMr Kako JpoOeme Ha
moyBaTa KaKo pe3yJTaT Ha MPUTHCOKOT Off OrpOMHATa KOJWUYWHA BOjAa. PeanmmsupameTo Ha BaKOB
MPOEKT € JIOCTa MOKOMILIMIIMPAHO U mockarno on koHBeHiumoHaiHute [TAXEL] u ucroro Oapa
JOTIOJIHUTEJIHU TECTUPakha U UCTpaxXyBamba. MoOMEHTAIHO (OKYCOT Ha KalalUTETHTE 33 CKIIaIUparbe
ce ceymte konBeHnmonanaute [TAXEIL], Ho co HamanyBame Ha OpOjOT Ha MOTEHIMjalTHHA MTOBPIINHY,
Hjeata 3a MOJ3EMHH PeIlIeHHja ke cTane GpokycHa Touka,[3].

3 CKIAIJUPAIBE HA EHEPTUJA CO KOMIIPECUJA HA BO3JAYX-CEKB
(COMPRESSED AIR ENERGY STORAGE)

Wnejara 3a pa3Boja Ha TEXHOJIOTH]ja 3a CKJIaJIMPame Ha CHEPruja co KOMIIpPEeCHja Ha BO3IYX, ©
MOCJIE/INIIA Ha TOJICMUTE eCKaJIalliK Ha [IEHUTE Ha TOPUBO U rac Bo 70-TUTE TOJMHU OJf MUHATHOT BEK.
IIpBHOT TIPOEKT 3a CKIaaupare Ha CHEpruja Bp3 0a3a Ha KOMIIPECHpaH BO3AyX € IIEHTpajiaTa co
uHCTaMpana MokHocT o1 290 MW Bo Huntorf I'epmanuja (1978). Bropara nentpana og 110 MW ¢
peanuszupana Bo Mclntosh, Anabama (1991 romuna) koja pabotu moBeke on 20 roxumuu. O
o0jaByBameTo Ha mpBuoT CEKB martent Bo 1949, passuenu ce ase renepauuu Ha CEKB cuctemu.
CEKB cucremute 0J] BTopa reHepalyja ce co 3HaYUTEIHO MOJ00PEHH KapaKTepUCTHKA, a TOPaIH T0a
CO HHUB ce MOCTUTHYBA U MoroyieMa eukacHoct, [5].

3.1 TIIpwHoum Ha padota

CEKB cucremute 1o KOpUcTaT IOMOJHHUTEIHOTO IPOM3BOJICTBO HAa €HEprujara OCTBAPEHO BO
BpeMe Ha MUHHMManHa mobapyBauka Ha EE, 3a nma ro xommpecupaar BO3JyXOT BO CHUCTEMOT 3a
cxinagupame. Kora mMpexara uma nmotpeda ol JOMOJHUTENIHA SHEPruja, BO3AYXOT CE MOBJIEKYBa OJ
CKJIaI0OT, CE€ 3arpeBa BO MPOIECOT HAa COrOpPYBame CO MOMOII Ha Maja KOJMYWHA Ha: BOJOPOJ,
npupojieH rac, racuduiupana Ouomaca wim ropuBo. [loroa HCTHOT ce mpemaBa BO TyOWHa 3a
eKCIaH3Mja, KaJe ce KOpUCTH mpH mpousBoicTBo Ha EE. Ypemor 3a xommpecuja/ekcnansuja Ha
Bo3ayxoT Bo CEKB cucremure ce pa3nukyBaaT 01 KOHBEHLIHOHAHUTE COropyBayn TypOuHH (Kajae ce




CIIOCHH), BO TOA IITO THE C€ OJICNICHH M paboTar onaeiiHo. KOMIIpeCHpaHnoT BO3IyX MOXKE N1a ce
CKJIaiipa BO HEKOJIKY THIA Ha TOJ3EMHU MEIWYyMH, KOW BIKYYyBaT MOPO3HU (IIYIUIMBU) KapIiH,
HaMyITeHW PYIHUIM, IICBKU, WCIPA3HETH TaCHW/TOPUBHU OAaceHM WM KaBEPHU BO COJHU WIIH
KaprecT (popManuu; Win, BO3AYXOT MOXe J1a Ou/Ie -CKIIafupaH BO HaJ3eMHH CKJIaIOBH HITH IIEBKACH
CUCTEMH 32 BO3AYX.

[ToTpeOHM KOMITOHEHTH:

e Morop/reHepaTop co CHOjKH Ha JBaTa KPaeBH (3a BPCKA CO CHCTEMHUTE Ha KOMIIPECHja WA
eKCIIaH3M]ja)

o Kommpecopu 3a MOBeKeKpaTHa KOMITPECHja CO BHATPENIHU JQJWIHUIM 32 J1a ce HaMalld
moTpebHaTa MOKHOCT TIPH KOMIIpecHjaTa Ha BO3AYXOT, W TMOMOIIHEKHO Jajermhe 3a Ja ce
HaMaJId TOTPEOHUOT BOJIYMEH KOj TO 3adaka BO3yXOT

e (CucreM oJ ypeau 3a €KCIaH31ja KOj Ce COCTOM OJ TypOOEKCIaHAEPH CO COropyBame MmoMery
(azure

e CucreM 3a KOHTpOJIa (32 Jla ce peryJinpa U KOHTPOJIMpa CKIIaJUpaHaTa CHEpruja 3a BpeMe Ha
momara rmobapyBadka U morpebaraTa off eHepruja 3a BpeMe Ha rmoroyieMa mobapyBauka, 3a Ja
ce MpeMUHE O]l MPOoLeC Ha KOMIIPECH]ja BO MPOIIEC Ha MPOU3BOJICTBO MU 33 PETYIHPABE CO
peakTuBHaTa MOKHOCT BO MPEKaTa)

e T[lomormrHa onpema (CKJajJ Ha TOPUBO M HErOBa KOHTPOJIA, CUCTEM 3a JAJICHhe, MEXaHHUKU
CHCTEMH, CIEKTPUYHU CHCTEMH, Pa3MEHYBaYH Ha TOTLUTHHA)

e [loa3eMHM U HAJ3EMHHU CKJIaJOBH KOM BKydyBaar 11eBKOBOIH,[6].

3.2 Ilomenda

I'enepanHo,criopen; 00eMOT Ha TPOW3BENEHA €HEpPryja IOCTOjaT JBa THIIA HAa CHCTEMH 3a
cKIagupame: o roiem u man pasmep. CEKB cucremute o rosnem pasmep ce NPaKkTUYHU 34 CKIIaL
noroyieM o 5 yaca wiu of 100-1000 MWh. TUMUYHHOT KamamuTeT Ha CKIaJuparme € BO OICer O
300-400 MW 3a niepuox ox 10-30 yaca.

Nma tpu rmaBam kareropun Ha CEKB TexHonormm: nujadatrckw, afmjabaTCKU M MPUOIMHKHO
n30TepMHU. [{ujabaTckuTe CHCTEMH KOPUCTAT JI0/IaBakhe Ha TOIUIMHA 32 BpEME Ha €KCIIaH3WjaTa 3a Ja
ce 3roJIEMH KalaluTeToT Ha MOKHOCT. OBaa KaTeropuja € Hajpa3BUeHa U € KOPHCTeHa U BO XYHTOP(,
I'epmanuja m Bo MekunTom, Amabama. Anujabarckara CEKB xopuctu ypen 3a ckiaaupame Ha
TepMaJIHa €HEepruja Koja ja CKiIaaupa TOIUIMHATA UCIIYIITeHa BO MIPOLECOT HAa KOMIIPECH]ja, a II0Toa ce
KOPHCTH 3a Jla C€ 3aTOIUIM BO3JYXOT IpPH NPOIECOT Ha ekcrnan3uja. bnmsy uzorepmuure CEKB
CHCTEMH KOMIIpECHpaaT W EeKCIaH3MpaaT MHOTY OaBHO Ia TeMIepaTypaTa Ha BO3AYXOT OCTaHyBa
npuOImKHO KoHcTaHTHA. (OBa M HaMmaayBa JOMIOJHUTEIHUTE TOPHBA 32 3aTOIUIYBamke HA BO3IYXOT
BO MPOIIECOT HA €KCIIaH3Huja M CYIITHHCKH ja 1o100pyBa e(hUKacHOCTa Ha CUCTEMOT).

[MpunobuBku

e (Cnoco0eH 3a CKJIaiupame Ha TOJIEMH KOJIMYMHH Ha eHepruja, cnuyHo Ha [TAXEL]
HA- CEKB e cnioc6na 3a eduxacHocTH 6iucky no6pu kako u Ha [IAXEL] (oxomy 70%)
Bbp3o Bpeme Ha pearupame

e Ckiagupame Ha eHepruja co MoMaiu TPOIIOLH;

Henocrarouu

e [lorpeba of (sealed storage caverns)

o ExoHOMUYHO camo 3a THEBHO ckiaaupame (32 HA-CEKB)

o Competing mpoTHB APYTH MOTPEOH 3a CKIIUpame (MIPUPOJICH Tac, BOJOPOT)
e He e nenocHo passueH, [3].

3.3 Hanu TpeHa0BHU U pa3Boj

Konuenror ADELE xoj e 3acHoBan Ha npuHuunor Ha HA-CEKB (Hampenen anujabatcku
nponec- Advanced Adiabatic) ce cmera neka e Bo ¢uHanHa ¢a3a Ha pa3BUTOK U Ke Ouje OCHOBa 3a
naante CAES texnonorun. [Ipensuaeno e mymrame Ha 1ieHTpanara Bo morod Bo 2018 romuna. Ce




cmeTta neka HA-CEKB nenrpanure ke OuaaT HajBakHaTa TEXHOJIOTHja 3a CKJIaaupame Bo EBpoma Bo
OnucKa MIHMHA, 3aT0A LITO HE € CKall IPUHIMIIOT Ha CKIIaJupamke Ha ToJeMU KOJIMYMHU Ha €Hepruja
W TpeA ce MMa roieMa LeJoKymHa edukacHocT. OBaa TEXHONOTHja K€ OBO3MOXHM MoOe30eaHa,
MOTpUCTIOCOOIMBa MpeXa, HO TOBHCOKH 3aryOM Ha €Heprdja W CO TOoa IIOTOJIEMH TPOIIOIH.
VYrpaByBameTO CO CHEPreTcKaTa IeHTpana ke 0apa MpolMpeHa eNeKTPHIHa MpeKa U Ke IO HalpaBu
MEHAIUPABETO CO KOH3YMOT MOTEIIKO; HO, K€ TH HaMalld TPOILIOLUTE U Ke ja 3roJieMH IeJOKyITHATa
eduracuocr,[3].

4  AHAJIU3A HA TEXHOJIOI'UUTE 3A CKIIAJIMPAIBE HA EHEPT'MJA

I'maBHaTa ocI Ha OBOj TPpyA € Ja C€ aaJc Mmperjica Ha TCXHOJIOTUHUUTE 3a MEXAaHUYKO CKIIaaAupambe
Ha CHCpFI/Ij aTa ¥ HUBHA KOMIIapaTUBHA aHaJIM3a BP3 OCHOBA HA CIICAHUTEC KapAKTCPUCTUKU .

Eneprerckara edukacnoct- ['ogemuor cremeH Ha eHeprercka edukacHocT Ha ITAXEIL] ce
JIOJDKM Ha ManuTe 3aryou mpu nporiecoT. [Joneka, kaj CEKB, kako mTo ce MeHyBa TeMmrepaTrypara
pU MEXaHWYKHUTE TPOLIECH Ha KOMIIpECHja M EKCIIaH3Wja, ceé MEHYBa M BO3AYXOT W CE jaByBaar
MMOTEIIKOTHH BO BpakameTo Ha TorunHa. Kaj amujabarckure CEKB oBoj mpobiem e HaaMUHAT U U
HCTUTE MOXKAT Ja IOCTUTHAT ehuKacHOCT OycKy 10 eukacHocta Ha [TAXEIL] (Tabena 1).

Edukacuoct IMAXEI], CEKB(Huntorf) CEKB(Mcictosh) | A.CEKB(mpeioxeHo)
[TonHeme(%) >85 80 80 88
[Ipazueme(%) 98 88 89 95
Cxnan(%) 85 45 51 >85

Taodena 1. Eneprercka epuxacunoct na [IAXEILl n CEKBJ[8]

JlokanujaTta U BOJYMEHOT 3a CKJAAMpPam€ Ha CHEeprujara ce OrpaHUYCHU MOpPaJAX HUBHUOT
Iu3ajH 1 moceOHu reorpadcku kapakrepuctuku. [IAXEIL] 3adakaaT miaHMHCKH BPBOBH CO TOPEH U
noneH pesepsoap noneka ronemute CEKB ru 3adakaar nmogzemuute jamu (Tabena 2).

IMAXEIl | CEKB(Huntorf) | CEKB(Mcictosh) | A.CEKB(npemioxeHo)
[MoBpimua(m?2) 2,160,000 29,947 108,052 26,136
Kanamurer (MW) 1,652 321 110 96
[ToBpmnHCcKa
rycTuHa(m2/MW) 1,308 272 491 272

Tabena 2. [loBpmmHa, kKananuTeT W NoBpmuHcka rycruia Ha [IAXEL u CEKB[8].

Texnunuku kapaktepuctuku Ha [IAXEIL[ u CEKB (tabena 3).

TCEE MAXEILL CEKB
CrerieH Ha pa3Boj pa3BueH Bo pa3groj
WHcranupana MokHoCcT [MW] 50-3000 50-300
WHcranmupan KanmauuTteT Ha eHepruja 500-8000 500-3000

[MWh]

Bpemerpaewe Ha cknan

YacoBU-I€HOBU

YacoBHU-1€HOBU

JueBHO camo-TipazHewe [%]

MHory Maio

Majio




Huknycu 10,000-30,000 8000-12,000

JKuBoteH Bex 40-60 20-40
2000-4000 400-800
Tporronu $ KW
2500-4300 800-1000
5-100 2-50
Tporronu $ KWh
10-12 2-120

Ta6ena 3. Texuuuku KapakrepucTuku, [9].

5 3AKJIYYOK

CknanupameTo Ha TOJEMH KOJIMYMHM Ha eHepruja ke Ouae rojeM MpeAM3BHK BO HAapEIHUTE
Hekonky roauan. Konnenror Ha [TAXEL] € MOMEHTAaTHO HajeKOHOMUYHOTO PEIICHHE 33 OBaa 3a/1aya,
HO KanalUTeTHTE 3a HOBU LIEHTPAIX C€ OIPAaHUYCHHU MM KOMIUIETHO MCKOPUCTEHHU. AIMjadaTCcKuTe
CEKB ce HOB KOHIIETIT KOj CEYIITE € BO Pa3BOj, HO O HCTHOT C€ OYEeKyBa Ja JOCTHTHE BKYIICH
kanaruTeT cropemiuB co kamanuTeTor Ha I[TAXEIL]. TexHomoruuTe 3a MEXaHMUYKO CKJIAUparhe
cnopenenn co ocranatute TCEE ce Hajpa3BueHH W HajUCKOPUCTEHH W 3adakaaT HajTOJEeM AEN O
CBETCKHOT KallallUTET 32 CKIaJNpambe.
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INPUMEHA HA TPAHCITAPEHTHHU ®OTOBOJITANYHU MOAYJIX BO
OBJEKTH

KYCA COAPKHNHA

Bunejku cekoja romMHa MOTpolIyBaukara Ha €HEpPruja ce 3rojieMyBa W JOCTAallHOCTa Ha
¢docuHUTE TOpHBa C€ HamallyBa, HAy4YHUTEC HCTPaXyBamba C€ OCBPHYBaaT TIPETEKHO KOH
anTepHAaTHBHUTE M3BOPW Ha eHepruja. EjeH on HajoocTamHWTE W3BOPHM HA €HEPrHja € COHLETO H
MOpajIv Toa rojieM Jiej OJ HayYHUIIUTEe ce (POKYCHpaarT Ja HajJaaT HauKH 1Mo100po U noeuKacHo 1a ja
HCKOpHUCTAT OBaa eHepruja 3a JoOuBame Ha TOIUIMHA W eleKkTpuuHa eHepruja. Co momom Ha
(hoTOBONTAaMYHMOT e(DEKT Kaj MOIYIPOBOJHUIINTE, TUPEKTHO MOXKE J1a ce T0OWe eNeKTPUIHA SHEePTHja
OJl COHYeBaTa. 3a Ja MaKCHMAaJHO CE€ MCKOPWCTH OBaa €HEpruja, ce pa3BMBa TEXHOJOTHja Koja ke
OBO3MOKM HEKOM TPaJUIMOHATIHU TPaie’kHU MaTepujald Ja ce 3aMEeHaT CO MaTepHjaid KOM MMaat
¢yaKIMja Ha QOTOBONTAWYEH MOIYJ. 3a OBa H3jYECTO Ce€ KOPHUCTAT (POTOBOJITAMYHUTE MOIYITH O
BTOpaTa TeHepanuja, KOu ce HaIpaBeHH O]l TOJYIMPOBOIHHUIN KaKO TEHOK ()MJIM HAaHECEHU HA HEKOj
€BTHH MaTeijaﬂ. 3roizemeHnara IMpuMEHa Ha OBHUEC (I)OTOBOHTaI/I‘IHI/I MOAYyJIM C€ OOJDKM Ha HHUCKaTa
LieHa cripeMa euKacHOCTa Ha Jo0OHMBamke Ha eHepruja. Bo oBoj Tpyn ke ce pasriefaar OBUE THIIOBH
Ha (HOTOBONTAWYHU MOIYJIM, TUIIOBHTE Ha CHCTEMH KOM C€ NPHMEHYBaaT BO TIpaj0HTe KaKO H
WCIUIATIMBOCTA 32 HUBHA TIPUMEHA.

Kuayunu 360poBu:pomosoimauunu Mooyu 60 00jekmu, meHoK (Ouim, COIApHa eHepeuja

1 BOBE]J

[MoTporryBaykara Ha €EKTPUYHA CSHEPruja ce 3rojeMyBa ce MOBeKe ceKoja OJMHA, J0/eKa
pesepBute Ha (ocwiHM ropuBa ce HamaiyBaaT. [lokpaj Toa (OCHIHHTE rOpUBa Ce OATOBOPHHU 3a
3rojieMeHaTa KOHIIGHTpallija Ha jarjaepo] AMOKCHA BO aTMocdepaTa ma 3aToa YOBEKOT mpoOyBa ja
HajJle ajTepHaTWBa CO KOja Ke ja 3allTHTH KUBOTHATa cpeauHa. CojapHaTa eHepruja € exHa ox
HajpoOpure antepHaruBu. ColapHara eHepruja nara Ha MOBPIIMHATA HA 3eMjaTa coO jaurHa OJ] OKOIIY
12 GWh. Toa 3Hauu jJieka eHeprujata mTo ja goouame o1 COHIIETO 3a caMO €CH JICH MOXE Ja TH
3a/I0BOJIH TIOTpEOUTE Ha JTyreTo 3a HapeaHuTe 20 rOIHHH.

®DOTOBOATAMYHUTE MOIYJIU C€ CJICKTPUYHU YpeIau KOH C€ KOPUCTAaT 3a KOHBEp3Wja Ha
cojlapHaTa eHepruja BO eJEeKTpHYHA €Hepruja Mpeky (QOTOBOITAMYHHOT epekT. DOTOBONTAMYHHUOT
epext Omn otkpueHn on Becquerel Bo 1839, Ho nypu Bo 1950 Omn cosmanmen ypex co
MOJYIIPOBOJHMLIM KOM yCIeBaJie Jia ja KOHBEPTUpaaT cojapHaTa eHepruja Bo enekrpuyna. Of Torarmr
THE MOYHAJIE /1a Ce yHAIpeIyBaaT U JIeH JeHeC (POTOBONITANYHUTE MOAYIH C€ MPaBaT O Pa3IHIHU
MaTepujalii Co pa3yindHa CTPYKTypa.

On 2002 nma naBamy ymorpebaTa Ha (OTOBONTAWYHM MOAYJIM pacTe, HO CEMaK Of HUB ce
nobusa nomanky oj 0.1% oy norpebHaTa eHepruja Ha TOAWIIHO HUBO. [ JTaBHATA TIPUYMHA 32 OBa CE
BHCOKHTE TPOIIOIHM 33 M3rpasda U WHCTAJalKja Ha MOIYJIOT, KaKO M PeaTHBHO MajaTa e(UKacHOCT
Ha MOJYJIUTE.



mailto:mail1@example.com

Enen oy moHOBHTE TPEHIOBH KOj HU TO MPHBIICUe BHUIMAHHUETO € YIOTpeOara Ha ()OTOBOJIITANYHH
MOJIYyJH Tpu u3rpagda Ha o0jekTH. Tue MOXKe Ja ce KOpUCTAaT Kako 3aMeHa 3a TPaJulHOHATHUTE
MaTepHjajiy 3a u3rpanda Ha acana, KPOBOBH Ia TypH U IPO30PLH.

2 TUINMOBU HA ®OTOBOJTAUYHU MOIYJN
Texuomorunre 3a M3pabOTKa HA COTAPHU KEITUU Ce KIacH(PHUITIpaar BO 3 TEHEPAIIHH:

- I renepauuja- TexHOJOrMM Ha 6a3a HA CHIIMIINYM;
- Il renepanuja — TEHKOCTIOJHU (PUIMOBH,
- 1II reneparija- HOBH TEXHOJIOTHH BO €KCIIEpUMEHTaTHA (ha3a.

[ToBeke ox 50 roawHM Ha Ma3apoT JTOMHHHPAJIC TEXHOJOTHMUTE Ha 0a3a HA CHIMIUYM KOH
“MaaT no0pa epUKACHOCT, HO Ce J0CTa CKamu. TeHKOCIOjHUTe (PUIMOBH TM HaMalyBaaT TPOIIOIUTE
CO TOa MITO C€ KOPUCTH JOCTa TEHOK CJI0j Ha arcopOep Ha HEKOj €BTWH CYIICTpaT, HO W HUBHATa
eUKacHOCT € IMoMana oJ OHaa Ha IpBaTa reHepanuja. KoHIENTOT Ha TpeTaTa reHepaluja ceyITe ce
HCIUTYBa BO JIAOOPATOpPHUTE, HO Taa BETyBa JIcKa CO HAMAJICHU TPOIIOIM K& MOXE Jia Ce IMOCTUTHE
MoBUCOKa epuKacHOCT.[1]

21 I renepanmja — TexHo0rUM Ha 0a3a HA CUITHIIMYM

- MoHOKpHCTalIeH CHIIMIIUYM — HajKOPUCTEHHOT MaTepyjaji 3a M3padoTka Ha (JOTOBOJTAUYHU
Moxymun.Ox  ¢u3Muka TieAHAa TOYKACHIMIMYMOT HE € WACUTHHOT Marepujan  3a
¢doroBonTanuHuTe MOIysu. Toj Tpeba Aa uMa royneMa nebenuHa 3a aa ja abcopoupa 90% on
CBETJIMHATA BO OJHOC Ha APYTH IMOJYIMPOBOJHHIM, HO CEMaK TOj Ce KOPHCTH HAjMHOTY
Ounejku e peJaTHBHO €BTHH MaTepHjall U € BTOPHOT Haj3acTalleH eIeMEeHT BO 3eMjeHaTa Kopa.
3a oBue (HOTOBOATAUYHU MOIYIIH MOTPEOHO € Ja ce HallpaBU MOHOKPHCTAJ Ha CHIIUIYM CO
BUCOK KBJIUTET M BUCOKa yrcToTa. EdhukacHoCcTa HAa KOMEPIUjalTHO JOCTATHATE Si MOAYIH €
on 14-17%.1loronema edurkacHOCT MOXE JAa Ce€ IMOCTHTHE CO KOPUCTEHE Ha aMopdeH
cunuyMm, aypu 1o 22,3%.

- TlonukpucraneH CHIMIMYM — KOPUCTEHETO Ha MOHOKPHCTAJICH CHJIMIUYM € JOCTa CKaro
MopaJiy TEXHOJOTHjaTa Koja ce KOPHCTH 3a pacTerhe U 00padoTKa Ha KPUCTAJIOT, Ma Taka co
KOPHCTEHE¢ Ha MOJIMKPUCTANICH CHIIMIMYM MOXKE Jla ce HaMalli [ieHaTa Ha (DOTOBONTANYHHUTE
monynu. EdukacHocta € moMana ol MOHOKPUCTATHWTE IOpaJM BUCOKaTa TYCTHHA Ha
TpaHMIIM Ha 3pHA KaKo U JIe(eKTH BO 3pHATA.

2.2 Il renepanuja — TEHKOCJOjHH (PUIMOBH —II€]IaTa TEXHOJIOTH]ja € Oa3upaHa Ha HAaHECYBabE Ha
TEHOK CJI0] OJ1 HEKOj arcopOep Ha cyOcTparu co Hucka 1ieHa. Co Toa 1ieHaTa Ha OBHE MOJIYJIU €
2-5 matu momarna oji OHaa Ha MyJAyJIUTe O]l TipBa reHepanuja. EQukacHocTa Ha OBUE MOJTYJIH ©
nomaina oz 12%.

Kpucranen cununuyMm — J1ocTa TOJIEM MHTEpEC 3a CO3/[aBarke Ha OBHUE MOAYJIH € TIOKa)KaHO
BOIIOCIIC/IHUTE JIBe JelieHnH. [IpuunHara 3a Toa € MOXKHOCTa Jla c€ KOPUCTAT MaTepHujalid co
HHCKa IleHa. Meryroa ynorpedaTa Ha CHUIMIIMYMOT BO OOJIMK HA TEHOK (MM MMa HEKOJIKY
npeau3Buny. [IpBo, amcopmiujatra Ha CBETIMHA JOCTa CE€ HaMmallyBa IOpPaad HUCKHOT
KOeQHIIMEeHT Ha alcopIidja HAKPUCTATHHOT cuiaunuyMm.Bropo, gocta ce HamamyBa
e(uKacHOCTa KaKo pe3ysTaT Ha PEeKOMOWHAIMja HAa TPAHUIUTE HA 3pHA U JE(PEKTUTE BO
3pHata.llpBHoT TpoOmeM ce pemraBa CO co3laBamke Ha TEKCTypa Ha IIOBpIIMHATA Ha
MOJYIPOBOJAHUKOT CO TOA IITO CBETIMHATA KOja ce pedpiieKTrpa oJ MOBPITUHA HMa MOYXKHOCT
Jia ce arcopOupa Ha IPyro MeCTO Ha MOBpLIMHATA. BTOpHOT Mpeau3BUK MOXE /1a C€ PELI CO
3rojieMyBambe Ha BEJMYMHATA Ha 3pHATa BO TEHKHOT (uiM. OBa MOXeE Jla ce MOCTHTHE CO
HaHecyBame Ha (M co aMOp(HU WM HAHO-3pHA U TIOTOA CO 3arPeBambe U CIIOpO JaJiekhe Jia
ce MpeIu3BUKa pacT Ha 3pHO.

- Awmopden cumiuym — aMOp(HHOT cuiaMuuMyM Hajuectoce HanecyBa co PECVD (Plasma-
enhanced chemical vapor deposition) Ha pelaTHBHO HHMCKA TEMIIEpaTypa U MPUTUCOK M KaKO
pe3yaTaT Ha Toa (GUIMOT 04 CUIMIMYyM ce (opmupa Bo o0iuMk Ha amopdHa ¢asa.
Eduxacnocra Ha oBue Moaynu e 5-6%.




- CdTe- oBme MOmIynHM ce HajpacIlOCTPAHETH HA IMa3apoT OWAEjKM MMaaT pelaTHHO BHCOKa
edpuxacaoct o1 10% u uctoBpeMeHo nMaar HucKa 1eHa. CTaHaapaHaTa CTPYKTypa Ha OBHUE
MoIyJH € 0a3upaHa Ha eKCTPEMHO MpaBa apxuTekrypa. [IpBo, TpaHcapeHTHH CIIOPBOIMBU
okcuan (TCO) ce HaHecyBaaT HaeBTHHO CTakKJIO, a IOTOA ce HaHecyBa TeHOK cioj ox CdS,
cinoj on CdTe amcopbep m cnoj Ha Hekoj meran. Kako mpemw3BHK Kaj OBHE MOIYIH €
3rojieMyBameT0 Ha e(pHUKacHOCTa Kako M HCKopHucTyBameTo Ha Cd OTKako ke moMHHE
KMBOTHHOT BEK Ha MOJYJIOT.

- CIGS (Cu(In,Ga)Se2)- oBue ce yIiTe eIeH TUI Ha MOIYJIM KOH JIOCTa CE€ MCTPaXKyBaaT BO
MIOHOBO BpeMe Ou/ejKH MOXKEe CO HMB Jia ce MmocTurHe epuxacHoct ox 20% npu HUCKH LIEHU.
CIGS cnojor Moke Aa ce HaHece Ha METaJCH WIHM MOJMMEPEH CYICTpaT MPH PelaTHBHO
HHCKU Temriepatypu. Co HaHecyBambe Ha IOJMMEpHa MOAJIOra OBHE MOIYJIM MOXKE Jla OumaT
MHOTY (JIeKCHOMIIHYU O IITO O ce 3roJieMuiia HUBHaTa yrnorpeoa.

- Oprancku u Dye-Sensitized conapuu kenuu (Graetzel) — TenkuTe QUIMOBH Kaj OBHE MOAYIIN
ce HampaBeHW O] MoJuMepH M Oou. PaboTaT Ha MPHUHIMI HA eKCHTaIMja Ha eNeKTPOHH,
coceMa pa3IM4YHO OJf OCTAaHATUTE BHAOBH TEXHOJOTMH KOW pPabOTaT Ha TPHHIMI Ha
NpeHecyBame Ha eJIeKTpuieH moaHeX. HajBucokaTta eukacHOCT mTO MOXKe Ja ce AoOHe of
oBue kemuu ¢ 6%. Mako ce MHOTY €BTHHH 3a MPOU3BOACTBO, UMaaT MHOTY IOMaJ BEK Ha
Tpaewme BO OJHOC HAa OCTAaHATHTE TEXHOJIOTHH.

3 MATEPUJAJIA 3A MOAYJOT

Kora cranysa 360p 3a (0oTOBONTAaUYHN MOAYJIM KOM CE€ KOPUCTAT BO rpafOuTe, HajKOPHUCTECHH
ce OHHE O] BTOpara reHepamuja. Twe mmaar HHCKa IleHa M Ao0pa edukcHocT. [lokpaj Toa mMa
MOXKHOCT J1a c€ ymoTpeOyBaaT pa3inuyHU MaTepHjalii Kako IMOAJora CO IITO CAMHOT MOMYIN Ke uMa
Pa3NUYHU CBOjCTBA KAKO TPAHCHAPEHTHOCT, €IaCTHYHOCT U (PIIEKCUOUITHOCT UTH.

Kaj TpancmapenTHUTE (HOTOBONTAMYHM MOAYJIH KaKO 3allTUTHa 001ora 3a MOIYJIOT Ce
KOPHCTH COJIApHOTO CTakiIo. Bo HeKoM cirydan CTakJIOTO MOXeE M Ja c€ KOPHCTH KaKO CYICTPaToT Ha
KOj Ke ce HaHecaT JOTOBOJITAMYHHUTE MaTepHjallu.

Al203 ~ 1-3% Others 1%
MgO~1-3% —_ \

Ca0~5-11%% — Si0, ~ 70-74%
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Na20 ~12-16% —

Chemical
Components
of Glass

Ca.1 Cocras Ha crakjara[2]

Kako u xaj koMmepnujajHMTEe CTakjia IJIaBHaTa KOMIIOHEHTa Ha oBa crakio e SiO2.
3ronemMeHaTa KOJMMYMHA HAa ajKalHH eJIEMEHTH ja ToA00pyBa MOBPIIMHCKATA CIPOBOUIMBOCT HA
crakyoro. Crnenuduynara ryctuHa Ha craknoTto € 2500 kg/m2 3a 1 mm mmpuna. Kaj Tunuanure
MOJIYyJIM C€ KOPHCTH CTakjo koe € 3 mm aebdeno. CTakIOTO MITO c€ KOPHCTH MOpa Ja UMa BHUCOKA
MeXaHW4Ka [[BPCTHHA U Tpeba ja pamuo. Hajuecto ce kopuctu Pattern Glass koe € HOpPMaJHO CTaKJIO
“yKkpaceHo,, CO HEKakBa TEKCTypa Ha MOBPIIMHATA, HAJYECTO BO OOJHMK HA IWjaMaHTH WM € CaMO
MaTupaHo. Toa 0BO3MOXyBa J1a He ce pedIieKTHpa CBETJIMHATA U 10y0aBo Ja M3riiefaar COJapHUTE
Moaynu.BornaBHo ocobuHMTE KOM Tpeba /1a T TOCeAyBa €IHO COIapHO CTAKIIO Ce:

- Ja 6I/IZ[6 TpaHCIIap€HTHO CO BHCOKa IPOITYCTJIMBOCT HAa COHYCBU 3palkd 3a Aa CE€ OBO3MOXKH
BHCOKa e(i)I/IKaCHOCT Ha HCJIOKYITHHUOT (l)OTOBOJ'ITaI/ILIeH MOIYJI,
- Ja MMa BUCOKa MEXaHM4YKa IBPCTHHA 3a J1a MOXE Ja U3AP>KHA CHET M CHJICH BETEP,




- BO 3aBHCHOCT O] yIioTpebara Moke ke Tpeba ma ouae 00JI0KeHO CO HEKAKOB 3aIlITUTEH CIIOj;
- MOKEIJIHO € J]a UMa CaMOYHCTEUKH OCOOMHH CO 11Tl Jla € HaMaJlaT TPOILIOLUTE 3a OJIPIKYBakbe.

Kaj pnexcubumante HoTOBONTANYHU MOAYNIN KaKO MOJJIOTa CE KOPHUCTAT moaumepure. EnHo
O]l HajBAKHUTE CBOjCTBA Kaj IMOJIMMEPHUTE KOU CE€ KOPHUCTAT 32 OBaa HamMeHa € (hJIeKCHOMITHOCTA, HO U
Ja ce OTIOpHHM Ha IyKame W Kpmeme. [lommmepoT He cMmee 1a ce pa3BieKyBa OIHOCHO 1a ce
neopMupa MO MPUTUCOK. Temrmeparypara Ha TONEHE HAa OBHE TMOJMMEPH MOpa /a € IOBOJHO
BHCOKA 32 J]a MOXKE Jia TH IOJHEecaT TeMIIepaTypuTe Ha o0paboTka Ha ()OTOBOJITAMYHHUTE MOJIYJIH.
Koedwumuentor Ha TepMHuUKa eKCIIaH3HWja MOpa /1a € HA30K 3a J1a He J10j/Ie 10 OIITEeTyBamhe Ha CJI0jOT
OJ1 TIOJYIIPOBOJHMK JOKOJIKY MMa 3arpeBame Ha nmonumepot. [lokpaj oBa Toj Tpeba na € U TepMUUKH
crabunen.[loBpmrHaTa Ha MOTUMEPOT Tpeba 1a € MHOTY Ma3Ha OUJCjKH ce HaHeCyBa TEHOK (UM Of
MOJYNIPOBOAHUK. JIOKOJKY MOBPIIMHATa HE € Mas3Ha, MOJYNPOBOJHUKOT HeMa aa Ouje eIHaKBO
HaHECEH Ha IeJHOT MOJUMEP, a CO Toa Ke ce MojaBaT Ae(eKTH Kaj KpajHHOT MPOIYKT.

[Ipennocra Ha momMMeEpHTE € Toa LITO MOXE Ja Ce CHHTETHU3UpAaaT Ja TM MMaaT CBOjCTBaTa
KOHW HH ce TOTpeOHH, 10CTa Ce JIECHHU U C€ PEJATHBHO €BTHHH MaTepHjajii, MeI'yToa € JOCTa TEIIKO Ja
Ce CHHTETH3WpaaT TOJMMEpPH KOM Ke TW HMMaaT CHUTe MOCaKyBHH cBojcTBa. Hajromem mpoGiem
MpeTCTaByBa TeMIIEpaTypara Ha Toleme. Toa MoXe Ja Ce PelIr cO 3rojieMyBame Ha TeMIiepaTypaTa
Ha TOTICH-E€ Ha TIOJIMMEPOT WIIM CO HAMAITyBambe Ha TeMIIEpaTypUTe 3a U3paboTKa Ha HENNOT IIPOU3BO/I.
JlBeTe OMIMU Ce MHOTY TEIIKH 3a MOCTUTHYBame.[loNnMepuTe HCTO Taka MOXE J1a ce KOpHCTaT 3a
I[O6I/IB3H)C Ha TpaHCHApCHTHU q)OTOBOHTaI/I‘IHI/I MOOYJIH. Yecto KOpHUCTCHU IOJMMEPHU 3a HHBHA
n3pabotka ce: PCBM, MDMO-PPV, RR-P3HT, PCPDTBT.
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PCBM MDMO-PPV
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RR-P3HT PCPDTBT

Ca. 2 CTpykTypHH (hOPMYJIH HA NOJUMEPHU NpUMeHeTH Kaj POTOBOITAUYHM MOTYJIH

4 INPUHIOHUIINEJIHA HIEMA HA CUCTEMOT

3a NpaKTUYHO HCKOPHCTYBamka Ha €JEKTpUYHATa eHepruja aoOueHa oja (OTOBOITAMYHUTE
MOJTyJIH, IOTPEOHO € Taa Ja ce JIOHECe Ha HHBEPTOp, CO WITO O ce TpanchopMupaia BO HAaM3MEHUIHA
CO MCTH KapaKTePUCTHKU KAaKO M CTpyjara J00ueHa o/ Mpeka. Bo aBTOHOMHHTE CHCTEMH, Y€CTO ce
ynotpeOyBaaT OaTepuu 3a CKJIaJupame Ha BUIIOKOT elIEKTpUYHa eHepruja. OBaa eHepruja Moxe ja
Ce KOPHUCTH 3a: IEKTPUYHH T'eHEepaTopH, 3arpeBambe Ha COOHA TeMIepaTypa, JIOKAJTHO OCBETIIYBambe U
CIIMYHO.
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Cn.3 TlpunnunueHa meMa Ha cucteMoT[3]

OBOj CUCTEMOT € COCTaBCH OJ:

DOTOBOATAUYEH MOAYJI;

Kontposnep 3a nonnemwe, Koj ja peryiaupa eHeprujara Koja BIEryBa U U3JIeryBa o OaTepujara
(32 aBTOHOMHHU CUCTEMHU);

Barepurcku cutemu 3a ckiaaupame Ha eHepruja (BooOM4aeHo 32 aBTOHOMHHU CHCTEMH);
WuBeprop 3a TpaHcopMupame Ha eIHOHACOYHATa cTpyja nobuena on ®B Bo Haum3meHH4HA
KOMITaTHOWIIHA Ha CTpYjaTa O] MpeKa,

CoozBeTHa onpeMa 3a MOHTHPame Ha CUCTEMOT, OKUIYBambE M 3alITUTHA ONpeMa,

CucrteMoT MoOe a OMAaT WM MPEXHO MOBP3aHU MM aBTOHOMHO. JIOKOJIKY € BKIIy4YeH Ha
MpeXxa, HaMeHaTa Ha CUCTEMOT € /1a TH HaMaJId TPOLIOLUTE 3a €JIEKTPUYHA EHEepTuja.

INPUMEHA BO I'PAABUTE

IlocTojar moBeke THIIOBU HAa CHUCTEMHU KOM C€ IPUMEHYBaaT BO rpaal0uTe, MeryToa 3a cera eIHH

O]l HajTIPUMEHYBaHHUTE CE:

PaMHU/HaKIIOHETH KPOBOBH - MoaysuTe ce IOCTaByBaaT Bp3 CAMUTE KPOBOBH, CO TOA IIITO T'O
MPOJIOJDKYBAAT KUBOTHUOT BEK HA CAMUTE KPOBOBH, OWJEjKM TH IITUTAT 0N YB-3pademe u
KOHJICH3aIIHja.

Ca. 4 Cucremu 3a paMHHM ¥ HAKJIOHETH KPOBOBU

@acagau- Monynure ce BMETHAaTH BO CaMUTE CTakja KOM Ce KOPHUCTAaT Kako (acamu 3a
rpagbure. CHCTEMOT € J0CTa HCIUIATJIMB Oujaejku BakBuTe (acanau umaar Jno0pu
KapaKTEpUCTUKH Ha MPOIYCTIMBOCT, @ ICTOBPEMEHO CE HCKOPUCTYBA €HEprujara oJ COHIETO
KOja 000MYaeHO € HENCKOPHUCTEHA.




Ca. S @acagnu GoTOBOJITANYHH CHCTEMH

[lonytpancnapentHu - Hajuecto ce kopucTar Kako MOKPUBH, CO TOA IITO UMAAT HPOILYCTIMBOCT

Ha cBeJIMHA o1 okoiry 20%.
='-"i ) \=--- -

Ci1. 6 TlosryTpaHcnapeHTHH KPOBHU cucTeMu[4]

6 YEKOPHU KOU CE IPEB3EMAAT 3A HTHCTAJIALIUJA HA CUCTEMUTE

- Temenna anaim3a Ha €Heprerckata e(UKAacHOCT Ha CUCTEMOT, OJHOCHO aHajiu3a 3a
UCIUIATIMBOCTA HA MHBECTUIIM]jaTa.

- bupame Mery cucteM MpUKIy4YeH Ha Mpeka U aBTOHOMEH cucteM. [loronem nen o BakBHUTE
CHCTEMH Cce MPHUKIYYeHH Ha MpPeXa, HO JIOKOJKY CTaHyBa 300p 3a 00jeKT KOj HE KOH3yMHpa
NPEMHOT'Y €JIEKTPUYHA €HEPryuja, a ce Haora HaJBOp OJ IPajcKa CpeluHa, TOrall HCIUIATINBO
€ Jla ce UMIUIEMEHTHpa aBTOHOMEH cucteM. [1oToa, cooJBETHO Ha U30pPaHHUOT cHCTeM, Tpeba
Ja ce u3depe U COOJIBETEH eNEKTPOCHEPreTCKH MpeoOpa3yBad. ABTOHOMEH CHCTEMHUTE UCTO
Taka pMmaar norpeba u ox OarepHja 3a CKIagUpame Ha €IEKTpUYHATa €Hepruja Koja He ce
KOpUCTH BO JajeH MoMeHT. [loHekorami, 3a na ce M30erHe MPEeKyMEpHO KOpHCTEHE Ha
Oarepuu, ce ynotpedyBa U eJleKTpUIeH reHepaTop (XUOPUICH CHCTEM).

- JlomecTtyBame Ha EHEPreTCKMOT NMHUK™ - MMEHO, JOKOJIKY €Heprerckara mnobdapyBayka Ha
KOPECIIOHINpa CO eHeprujara koja ce modwusa on dB cuctemor, 3a cucTtemMu NOBp3aHU Ha
Mpeska Moe(rKacHO € Cerak Jla ce KOpUCTaT OaTepHH 3a CKIAANPamke Ha CHEeprujaTa.

- Ilpumena Ha coojBeTHa BEHTWJIALMja - IPH IOTOJIEMO 3arpeBame HA MOIYJINTE, HUBHATA
epuKacHOCT omara, OAHOCHO ce IojaByBaar 3aryou Ha eHepruja. Co COOIBETHH CHCTEMH 3a
BEHTHJIAIlMja, MOJYJIUTE ce janaT u pabdorat noedukacHo. OBa HajueCTO ce NPUMEHYBa Kaj
CHCTEMH YHj MOIYJ € HalpaBeH O] KPUCTAJEH CHIMIIMYM OTKOJKY Kaj Momxyiau co thin-film
aMop(eH CHITHLUYM.

- EBamyanmja Ha TepMHUYKMTE KapaKTEpUCTHKM Ha MOAYJIUTE CO LEd Ja ce JIu3ajHupa
COOJIBEHTA BEHTUJIAIKja 33 CUCTEMHUTE.

- Kaj mony-tpancnapeHTHUTE MOAYIH MOXXKEME Ja ja ogpeaumMe Oojata HA caMUTE CTakia, co
mTo OM Kpenpaie yHUKaTeH aMOUEHT.




- Tpeba ma ce 3emar BO mpeABHI KIMMATCKUTE YCIIOBH 3a KOHM CE AM3ajHUPA CHCTEMOT, Ha
npuMep Jaid JIoKanyjaTa € Ha MEeCTO KaJe IITO € BOOOMYAeHO JIaJHO M MMa CHET, IITO Ou
3Hayena norojeMa e(UKacHOCT WJIM € TOIUI0O M BO MHIYCTPHUCKa 30HA, IITO OW 3Hayena
moMasia e(puKacHOCT.

- OpwueHTanyja Ha CHCTEMOT M MOTEHIHjATHO 3aCEHYBamke - IIPU CAMHUOT TU33jH Ha CUCTEMOT,
Tpeba Jla ce MMa BO MpenBUA JeKa TOj HE € M HeMa Ja Ouje 3aceHeT Of JpBja WJIM OKOJHHU
o6jexru. [5]

7 IHEPCIIEKTHUBA
Bo ngnuHa, TexHONMOTHjaTa K€ Ce CTPEMH KOH:

- llogoOpyBame Ha TpeTara TeHepalja Ha MOAYIHM, KoM Tpeba aa Ouaar MOCBTHHH U
moehuKacHHA

- 3rojemMeHa MPUMEHA HAa TPAHCIIAPSHTHUTE MOJYJIH, OJJTHOCHO Ha OPraHCKHUTE (DOTOBOJITAUYHU
MOJIYJIN

- [loronema npuMeHa Ha HAHOTEXHOJIOTUHUTE BO ()OTOBOJITAMYHHUTE MOIYIIH

8 3AKJIYYOK

Co mpumMeHa Ha (QOTOBONTAMYHH MOJIYJIH BO TPaJOMTE CE OBO3MOXKYBa HCKOPHCTYBamE Ha
eHepruja Koja BooOMuyaeHo e HerckopucreHa. Co oBa ce JONpHUHECYBa Ja ce HamajaT TPOLIOLUTE 3a
SJIEKTPUYHN €HEepruja Ha O0jeKTHUTEe W Ja ce 3TrOoJIeMH HUBHAaTa eHeprercka edukacHocT. bunejkn
BOTJIABHO BaKBHUTE TEXHOJIOTMU MMaaT PeIaTHBHO KPATOK POK Ha Bpakame Ha MHBecTenujata (o 1 mo
3 I‘O[II/IHI/I) BO MJHHHA 6I/I 6I/IJ'IO HCIUIaTJIIMBO MMIUICMCHTUPALEC Ha OBUC CUCTEMH YHITC IIpHU CaMaTa
n3rpaada Ha 00jeKTHUTe.
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CUCTEMMU 3A CKIAIUPAILE HA EJIEKTPUYHA EHEPTHJA O/
OBHOBJ/IUBHU U3BOPU

KYCA COAPKHNHA

WnTepMuTeHCTHOCTA HA OOHOBJIMBUTE M3BOPU Ha EHEPIHja yCIOBYBa Aa 3a€AHO CO CUCTEMHUTE 32
MIPOM3BOATCBO MCTO Taka MMa U CHUCTEMH 3a CKJIaJupame Ha eJeKTpHUYHa eHepruja. Llenta Ha 0Boj
TPYJ € J1a 1ajie OCBPT Ha MOCTOJHUTE TEXHOJIOTHU 3a CKJIaJUpame Ha eHepruja, OHUe KOU Ce HajuecTo
KOPHCTEHH JI0CEra W IpaBelioT BO KOj THE ce pa3BuBaar. Bo caMHOT TpyZd MOKpaj MakeJOHCKaTa ce
KOPHCTH Y aHIJIMCKAaTa TEPMUHOJIOTHja Ha CHCTEMHTE 32 CKIIaIupambe.

Kayunu 300poBu: 00HOGIUGU U360PU, CUCEMU, CKIAOUparbe, bamepuu

1 BOBEJ

OOHOBNIHMBHUTE U3BOPU HA €HEPrHja ce KIIyYHH 3a Ja u30erHe ymnotpedara Ha (OCHUIHA TOPUBH H
eMHUCHjaTa Ha INTETHUTE TacOBH 3a MPOM3BOJICTBO Ha enekTpuuHa eHepruja.Ce moBeke Bo EEC
(EeTeKTpOCHEPreTCKUTEe CHCTEMH) C€ HWHTerpupaaT OOHOBIMBH HM3BOpH. M MOKpaj 3roiemeHaTa
MHTETpalyja Ha OOHOBIMBHUTE W3BOPH, KAKO OCHOBEH HMBHH HEIOCTATOK CE jaByBa HEMOCTOjaHOCT U
HEMOJKHOCTA J1a Ce MPEABUAN KOJKY O] TO] M3BOp MMaMe Ha pacliojiarame ITO CMeTa Ha CUIYPHOCTA
U CTaOWJIHOCTA HAa CHUCTEMOT JOKOJKY MMa JucOanaHc Ha MPOM3BOACTBO U MOTpouryBauka.EmqHo on
HajaKTyeIHUTE PElIeHHja 3a CIIPaByBamke CO OBOj MPOOIIEM Ce CHCTEMHUTE 3a CKIIaUpahe BO CKIIOIN Ha
CHCTEMOT 3a MPOU3BOJTCBO.

CucremuTe 3a CKJIaJMpame ce BaXHH O] MoBeke mpuuuHU.True ru HamamyBaaT TPOIIOIMTE 3a
SJIEKTPUYHA €HEepruja Cco Toa IITO ja CKIaaupaar eJeKTpUYHA eHepruja BO YacOBM Ha MHUHUMAJHA
MOTPOIITyBayKa M HMCTaTa ja KOPUCTAT BO YaCOBH HA BpPBHA IOTPOIIYBadkKa CO INTO CE€ HAMalyBa
[IeHaTa Ha eJIeKTpPUYHATA HEepPrHja 3a KpajHuoT motporryBad. [lokpaj Toa cucremurte 3a CKIaJHpame
ce KOpHUCTaT 3a oJip)KyBame Ha crabminHocta Ha EEC mpu ucmaj Bo mMpexa u 3a mopoOpyBambe Ha
KBAJIMTETOT Ha eJeKTpUYHaTa eHepruja. CHCTEMHUTE 3a CKallaJiupame MOXKe Ja OWIaT Jel O OMalH
CUCTEMH BO PE3UCHIINjaTHA 00jeKTH, e O]l CPeIHA CUCTEMH BO MHYCTPUCKH O00jE€KTH WIIH 1T O]l
TOJIEMH CHCTEMH BO TPOU3BOJCTBEHH LIEHTPAIIH.

Co men 5a ce pemy MpodJIEMOT CO IIIOOATHUTE KIMMAaTCKA NMPOMEHH OOHOBIIMBH HM3BOPH 32
MTPOM3BOICTBO HA EJICKTPUYHA CHEPIHja Of BETSPHUIM U (JOTOBOJITAUIIM CEe TIOBEKe ce KopucTart. Toa
3HAYM JieKa CHaOyBamEeTO Ha CJICKTPUYHA CHepruja ke Ouje moa BIIMjaHUe Ha Pa3IuYHU OOHOBJIMBH
M3BOPH, a IPOM3BOITCBOTO HA EJICKTPUYHA CHEPIHja Ke T CJICId BPEMEHCKUTE YCIIOBH.




1.1 TIlapamerpu 3a nepuHUpPaHm-€ HA CUCTEMHUTE 32 CKJIAIHPambe

- Kamanurer Ha ckiagupame — KOJMYMHATA Ha PACMONIONKIMBA €HEPrdja BO CHCTEMOT 3a
CKJIaJpame 10 3aBPIIYyBAalkETO HAa MPOLECOT Ha MOJHEHke. KamauuTeToT Ha CKiIagupame €
neduHUpaH CIOpe] IeflocHaTa ckiagupana eaepruja W Koja e moroiema o yrmoTpeOeHnara
eHepruja Bo ojpeJieH MOMEHT Ha padotermbe Wy, (1)

- PacnonoxmnuBa eHepruja — JeTepMHUHHUpaHa O]l IUMEH3HUTE HA TEHEPATOP-MOTOP CUCTEMOT
KOj Cce KOPHCTH TIPH TPOIECOT Ha KOHBEp3Wja Ha CKJIaaupaHarta eHepruja. Pmax — BpHaTa
MOTPOIyBaYKa € YeCTO KOPUCTEHA 3a MPETCTaByBalkhe¢ HA MaKCHMallHATa EHEepruja BO
NPOLIECOT Ha TOJIHEHE U Tpa3Heme. (1)

- Bpewme Ha mpazHeme — NeUHUPAHO CO PaBEHKATa:

) Wst

7(s) =
Pmax

KaJie IITO.

7(s): BpeMe Ha mpasHeme , 1eQUHUPAHO BO CEKyHH (S)
Wst: ToranHa ckiiaiupaHa eHepruja, nepunupana Bo Bar-yacosu (Wh)
Pmax: BpBHa moTporryBauka, neunupana o satu (W) (1)

1.2 Knacuduxkaumja Ha CHCTEMHTe 32 CKJIAMPabe
['maBHaTa moxenba Ha CHCTEMUTE 3a CKIIQINPAE € CIIOPe]l eHeprujaTa Koja ce KOPUCTH.

Criopen Toa THE ce MOJAEICHM Ha. MEXaHWYKH, €JeKTPOXEMHUCKH, XEMHCKH, ENEKTPUYHU U
TEpMAaJIHU.

1.2.1 MexaHWYKH CHCTEMH 3a CKJIAANPah€e

HajynotpeOyBaHnTe MEXaHMYKH CHUCTEMH 3a CKiaaupame ce . CHCTEeMH CO HCIyMITyBame¢ Ha
Boza (anr. pumped hydro storage, PHS), cucremu co kommpecupan Boayx (anr.compressed air energy
storage, CAES) u cuctemu 3a ckiaaupame co 3amaei (anr. flywheel energy storage, FES).

On cute ropeHaBeIeHH CUCTEMH HajKOPUCTEHU Ce CUCTEMHTE CO UCTIMMITYBamkhe¢ Ha BOJA KOUIIITO
npetcraByBaat 99% o r1100aJIHO HHCTAIMPAHUTE CUCTEMH 3a CKIIaaupame. (2)

1.2.2 EneKTpoXeMHCKH CHCTEMH 32 CKJIATHPAHE

EneKTpOXeMHCKUTE CHCTEMH 3a CKIaJUparhe TINIABHO CE TMOJCICHH CEKYHIAPHU M MPOTOYHH
6atepun. Bo cexynmapuu craraat: onoBHo-kucenuHcku (anr. lead acid), muken-kagmuymcku (NiCd),
uukena-meran xuapuaand (NiMH), mutuym-jorcku (anr. Li-ion), Bo3aymmau (adr. metar air), coauym
cyndypuu (anr. sodium sulphur) u comuym nuken ¢uopuaau (anr. sodium nickel chloride). Kaj
CeKyHIapHHTe GaTepuu eHeprujara ce MOJHK U TIPA3HU HHU3 eJIEKTPOIHTE.

Bo mporounu Garepum craraat: penokc nmpotounu OGarepuu (anr. redox flow battery , RFB) u
xubpumHu npotomHu Oarepun (anr. hybrid flow battery, HFB). TIportounure Gatepun ucTO Taka
MOJKE JIa ce MOJIHAT M MPa3HaT CO TOa LITO Kaj HUB CHeprujaTa € CKJIaJMpaHa BO €/ICH HJIM MOBEKe
eNeKTPOAKTHBHM BH/IOBU KOU LITO JHPEKTHO BO €NEKTpH4Ha M 00paTHO. [IpoTounuTe Garepuu ce
HOBEKe Ce KOPHCTAT 3a CKJIaJANParhe Ha ICKTPHYHA CHEPrija BO BPEMETPACHe O YaCOBH HJIN JCHOBU
CO MOKHOCT 0] HeKOJKy MW.

1.2.3 XeMHCKH CHCTEMH 32 CKJIaIHpPaIbe

On XeMHUCKHM CHUCTEMU 3a CKJIaJpame ke oOpHeMe BHUMaHUE Ha XHJPOTEHOT W CHHTETUYKHOT
npupojeH rac (anr. synthetic natural gas, SNG) kako HocuTeIHM Ha eHEepruja KOM HMaar roJieM yael
BO CHCTEMHTE 3a CKJIQAMpame Ha eJeKTpuuHa eHepruja. OCHOBHATA 1€/l HA XEMHUCKUTE CHCTEMH 3a
CKJIQIUPAmE € J]a ce yIMoTpeOn BUIIOKOT €IeKTPUYHA EHepryja 3a MPON3BOATCBO HA XUAPOTEH MPEKy
BOJHA eJeKTpoin3a. M mokpaj Toa mTo ehUKacHOCTa Ha OBHE CHCTEMH € HHCKAa CIOpeIOEHO CO
OCTaHATUTE CHCTEMH 3a CKIIAJMpam-e, CENaK THE Ce €AMHCTBEHM KOW OBO3MOXYBAaaT CKIaJHpame Ha
roJIeMH KOJMYMHH Ha eHepruja o panr Ha TWh u 3a nogonru Bpemercku nepuos. (2) (1)




1.2.4 EnekTpUYHHM CHCTEMHU 3a CKJIATUPAH€

O eNeKTPUYHHUTE CHCTEMH 3a CKJIAJUpAame Ce COCTOjaT OJ JBOCIOJHH KOHICH3AaTOPH (aHT.
double-layer capacitors, DLC) u cymnepnpoBOAHH MarHeTHH €HEPTEeTCKH CHCTEMH 3a CKJIaJnparbe
(amr. superconducting magnetic energy storage, SMES).

JBocmojHUTE KOHAEH3aTOPH KO Ce TIO3HATH M KaKO CYIEepPKOH/IEH3aTOPHU Ce TEXHOJIOTHja Koja e
nozHata 60 roAMHM M KCTaTa € CO FOJIEM Pa3BOEH IOTEHIMjal KOj MOXeE Ja JAOBEJe 10 MHOTY
MIOTOJIEMa KallallUTHBHOCT M TYCTHHA HA €HEprHja CIIOPEICHO CO KOHBEHIMOHATHNUTE KOHACH3aTOPH.
I'maBHUTE KapaKTEpPHUCTHKH HA CYNEPKOHICH3aTOPHUTE C€ BHCOKM KalAlUTHBHU BPETHOCTH (OX
penoBu Ha WijagHULM (apagu) ¥ MOKHOCTA 3a Op30 MOJIHEHEC W Mpa3HeHke MPHU eKTPEMHO HHUCKA
OTIIOPHOCT KOM HE C€ Jiel O KapaKTePUCTUKUTE HAa KOHBEHIIMOHAIHUTE KOHAEH3aTopu. McTute Moxe
Ja JOCTHUTHAT €HepreTcka TryCcTHHa Koja e 3a 10 maru moronema o OHaa HAa KOHBEHIMOHATHUTE
KOHJICH3aTOpH , a PeYrCH HcTaTa MOXe Ja Ouje JOCTUTHATA CaMoO OJ BUCOKO-HATIOHCKH JTUTUYMCKHU
Oarepun. 3apanu HuBHUTE Kapaktepuctuku DLC ce coomBeTHm 3a ynorpeba mpu Kycd BPCKH Ha
MIOJTHEH-E/TIpa3Heke, a He Ce COOJBETHH 3a CKIIaIUpar-e Ha eHepruja 3a MOJONT BPEMEHCKH MepHOJ
3apagd BHCOKHOT OIICET Ha CaMOIIOJNHEH-Ee, HHUBHATA HHCKAa CHEPreTCKa TyCTHHA M TOJEMHUTE
HWHBCCTUIIMOHU TPOIIOIIH.

CynepnpoBOTHITE MarHeTHH C€HEPreTCKH CHCTEMH 3a CKIajupame paboTaT Ha CHCTEMOT Ha
enekTpoanHaMuKka. EHeprujata € cKiagupaHa BO MAarHETHOTO IIOJie KPEHPaHO OJ MPOTOKOT Ha
JIMpeKTHaTa CTpyja BO CyNEpIpPOBOJHATA HAMOTKA, KOja Ce OJpKyBa 0] HEj3MHATa CYNEepIpOBOJHA
KpUTHYHA TemIiiepaTypa. JleHec ce mocTamHu MaTepHjald CO KPUTHYHA TOYKA HA TeMIepaTypa o[
100° K. I'maBHAaTa KOMIIOHEHTa Ha OBHE CHCTEMH 3a CKJIAAMpPAamke€ € HAMOTKAaTa OJ CyHepIpOBOIECH
matepujai. [Ipegrocta Ha SMES e 6p30 BpeMe Ha peakija koe € ckopo WHcTanTHo. ['omemu SMES
cucreMu co norosnema enepruja ox 10MW rmaBHO ce xopucTaT MpH BHCOKO-HAMOHCKH (PU3MYKH
eKCIIEPUMEHTH U TIPH HyKJIeapHa (y3uja.

1.2.5 Tepmajanu cuCTEMH 32 CKJIAANPame

TepmanHuTe (€HEPreTCKH) CUCTEMHU 3a CKIIaJUpame CKIaJupaaT TOIUIMHA KOja MOI0LHA MOXe J1a
ce ymotpeOyBa BO MHIYCTPUCH W PE3UACHIMjATHH OO0jeKTH 3a Tpeeme M JIaJerme, ToIula BoJa U
CJIEKTPUYHA CHEPTHja.

1.3 HoBu TpeHaoBu

CucreMuTe 3a CKIIaIMpamke Ha EHEpryja ce BaYKHU 3a MHTErpalfjaTta Ha OOHOBIUBHUTE U3BOPH HA
eNeKTPUYHA €Hepruja oJ] IMoBeke acrekTd. He camo mTo ke ce KopucraT 3a Ja ro OajaHcHpaat
MPOM3BOJICTBOTO M MOTPOLIyBaykara TyKy W BO yHOoTpeOa Ha JEUSHTPAIN3UPAHW CHUCTEMH BO
pesuneHnujanau objextu. CucreMuTe 3a CKIAAMPame Ce MOBEKEe ce KOPHUCTAT 3a Jia I'o MOJIpKat
MIPOM3BOCTBOTO HA CJIEKTPUYHA CHEPTHja O] BETCPHUILIM U (DOTOBOJITAUIIH.

- JleueHTpajM3MpaHd CHCTEMH 3a CKJIAJUpambe€ 3a 3rOJIEMyBame€ Ha CaMOCHaOIyBame O
dorosoranu (KWh)

- EnexrpuuHu BOo3uina

- Perynanuja Ha u3Jie3HaTa MOKHOCT Kaj BETEPHUTE M (POTOBOJITAMYHUTE LIEHTPAIIH

2 3AKJIYYOK

Bo 0BOj Tpyn ce mpuKakaHW CHCTEMHUTE 3a CKIAQAMpPame Ha eNeKTPUYHA €HEepruja co moceOeH
OCBPT Ha EJIIEKTPOXEMHUCKUTE CHCTEMH 3a CKiaaupame (0arepun), XEMHUCKHTE CHCTEMH 3a
CKJIaJipame U JICKTPUYHUTE CUCTEMH 32 CKIIaIUpPamke KaKO HajKOPUCTEHH CHUCTEMH 3a CKIIaIUparhe
Ha eJIeKTpUYHa eHepruja o7 oOHoBIMBU MBOpH. CO CaMHOT 1MopacT Ha KOPUCTEHE HAa OOHOBIMBUTE
W3BOPH Ha €JeKTPHYHA EHEPrHja U HUBHA MHTETPAIlHja BO EIEKTPOCHEPTEeTCKUTE CHCTEMH CE OYEeKyBa
MOTOJIEM Pa3BOj M HA CHUCTEMHTE 3a cKiagupame. [loceOHO co 3roneMyBame Ha HMHErpalnujata Ha
BeTepHHUTE U (poToBOoNTanuHMTE LeHTpanu Bo EEC ce ouekyBa THe a yyecTByBaaT M BO Ia3apuTe 3a
OanaHCHa eHepruja. 3a 1a ce OBO3MOXKM HUBHOTO Y4ECTBO Ha OBHE Ma3apH CHCTEMUTE 3a CKJIaUpame
Ha eJIeKTpUYHA eHepruja Ke OuaaT o1 KIyYHO 3HaYeHe.




3

KOPUCTEHA JIUTEPATYPA.
1. J.I. San Martin, 1.Zamora, J.J. San Martin, V. Aperribay, P. Eguia. Energy Storage

Technologies for Electric Aplications. 2011.

2. IEC. Electical Energy Storage. 2011.




YerBpTa cTyaeHTCKa KOH(pepeHuHja ,,EHepreTcka epuxacHoct u oap:xiuB pa3soj“ — CKEEOP 2016

Haranuja [letpoBa
®DaxynTeT 3a eIeKTPOTeXHUKA U nH(opMarucku TexHoioruu — Ckomnje, YKUM
natalija.petrovall@yahoo.com

XUBPUJIEH CUCTEM 3A CHAB1YBAILE HA EJIEKTUYHA EHEPI'NJA
O MAJIA XUJIPOEJIEKTPUYHA NEHTPAJIA U ®OTOBOJTANYEH
CUCTEM

KYCA COAPKNHA

Bo oBOj Tpya e nanena aHanuza Ha paboTata W MOBP3YBakETO HA €JCH XHUOPHICH CHCTEM
COCTaBeH OJ Maja XHIPOEJEeKTpUYHa IeHTpaja M (OTOBONTAWYEH CHCTeM. Bo Tpymor ce
aHAM3WpaHH [[Ba HAa4YWHA HAa paboTa Ha CUCTEMOT — aBTOHOMEH (OCTpoBcKa paboTa) M MOBp3aH Ha
Mpexa. Kako cimydaj Ha aHanm3a ce pasrie[yBa JHEBEH JHjarpaM Ha MOTPOIIyBayKa Ha eNeKTPUYHA
eHepruja Ha PHOHMK W TOTOJIeM TYPHUCTHYKH KOMIUIEKC, BO Onm3uHa Ha KaBamapum, Ha pekara
bomasuma. Criopex moaaTonure 3a MPOTOKOT HA BOJA HAa peKaTa M M3MEPEHETO COHYEBO 3pavee Ha
OBaa JIOKalHja ce BPIIM IUMCH3HOHHMpame Ha TNOTpeOHuTe KommnoHeHTH. Co men na ce mobue
MoroJieMa MPEIU3HOCT U ONTHMH3AIMja HA JIU33ajHOT Ha M3rpaada ce Kopuctu coTBepckaTa ajgarka
HOMER. Pesynratute noOueHM oJ aHamu3aTa Ce KOPHUCTAT 3a Jla C€ HampaBu NPOICHKA 3a
M3BOJUIMBOCTa Ha OBOj MPOEKT, Kako U e(peKTHBHOCTA Koja ce mo0nBa co Heropa peanms3anuja. KMcro
Taka HalmpaBeHa € U aHaju3a Ha TPOUIOIM MOTpeOHHU 3a u3rpagda v e JajieH TOTOBUHCKH MPHIUB Ha
mapy BO pasriielyBaH Nepro Of 25 TOANHH.

Kayunu 360poBu: xubpuoden cucmem, mania XuopoeiekmpuyHa yeHmpaid, Gomosoimauier
cucmem, cogpmeepcka anamxka HOMER

1 BOBEJ

YrorpeOyBameTo Ha caMoO €/1eH OOHOBJIMB EHEPreTCKHM H3BOpP MOXE Ja pe3ylTHpa Co
HEJIOCTaTOK 3a CHTYPHO M TIOCTOjaHO CHA0JyBame CO eNeKTpUYHa eHepruja. Pa3Bojor Ha
TEXHOJIOTHjaTa BO OJTHOC HAa HauuMHHTE 3a 00e30eayBame Ha €JNeKTpUYHA eHepruja O OOHOBJIHMBH
W3BOPH HU JlaBa MOKHOCT Jia HampaBHMe MelyceOHO MOoBp3yBame Ha moBeke cuctemu. On ernHa
CTpaHa 3apajii eKOHOMCKH acIieKT MPEKy PeKIaMHUpambe U 0XpabpyBambe KOH OBOj YEKOp a Oj Apyra
CTpaHa ce jaByBaaT MHBECTHIIUHTE 32 MPOIIHPYBAkhE U OAPKYBakhe Ha HHCTATHPAHUOT KalaluTeT.

[Ipobnemn Moke na HacTaHaT 3apald TOJEMHUTE BapujallMu Ha H3le3Hata MokHocT ox OB
CHCTEM U HaMaJlyBameTO Ha MPOTOKOT HA BOJA 3a BpeMe Ha cymHHuTe ce30HH. OTTyka mpousierysa
e/lHa aITepHATHBHA MOYKHOCT JIa C€ Ha/IMUHAT OBHE MPOOJIeMH CO KOMOMHHpame Ha XUIPO TypOrHa U
@B nanen. [1]

XuOpuIHUTE EHEPreTCKH CUCTEMH ce KOMOMHaluja o JBE WJIHM MOBeKe OOHOBIIMBH W3BOPH Ha
erepruja. Kako TakBu, o0e30eqyBaaT BUCOKO HMBO HA €HET€TCKAa CHUTYPHOCT M JOBEPIMBOCT IPEKY
WHTETpUpPaH MHUKC OJ] KOMIUIEMEHTHPAHW METOJU 3a MPOU3BOJICTBO M YECTO BKIIyYyBaaT CHCTEM 3a
ckiaaupame (Oarepuja, ropuBHH Kenmuu) u back up cucrem (reHeparop) 3a ja ocHrypaar ImocTojaHo
cHabnyBame.[2]



mailto:natalija.petrova11@yahoo.com

Enen octpoBcku (M30/MpaH) €HEPTeTCKU CHCTEM MMa moTpeda HeKajle Ja ja YyBa reHeprupaHara
eNeKTPUYHA EHepruja M BOOOMYACHO ce uyBa BO Oarepuu. MeryceOHO NOBp3aHUTE OaTepuu
00e30emyBaar eeKTpHYHa CHepryja BO TEKOT HA HOKTA U 3a BpeMe Ha o0JlauHuTe neproau.[2]

OBue cucteMn MOXe J1a OWjaT MOBP3aHHM HA EIEKTPOSHEPTeTCKU CHCTEM, OJHOCHO Ha Mpexa
win jga paborat octpoBcku(uzonupano).[2] T'enepanHo, ce mpedepupa ga ce MPOIIUPH Beke
MOCTOEYKa MpeXxa HO He € cekoraml mpudaTinBo 3apaiu (HakTOT IITO MOBEKETO PETMOHU KOU HE Ce
CHaOJeHU CO eJEeKTPUYHA €HEepruja ce JIOHUPAHU BO MOTEIIKO MPUCTAIIHU PETHOHH, KaKO Ha Mp. BO
HEKOj IUIAHWCKHM PETHOH, IIyMa M C€ OAJAJICUYCHH €IIeH OJ APYT, INTO IOBJIEKYBA MHOTY TOJIEMH
MHBECTUIMH 3a Urpajbda Ha Mpexa.

OTTyka, BO JEHENIHO BpeME OCTPOBCKOTO CHAaOAyBame CO EIeKTPUYHA EHEepPruja 3a TEIIKO
MPUCTAITHUTE PETHOHH KOW c€ JIOCTa OJIAJICUeHH O] IICHTpaJHATa MpeKa CTaHyBa aTpakTHBHA M
anTepHaTHBHA omiMja. [IpaBHUTEe HOpMH BO MakeIOoHHja HE JO3BOJyBaaT OCTPOBCKO HAIO]yBarbe
MaKO MOCTOM TEXHUYKA MOYKHOCT, HO MOMEHTAJTHO MTOYHATA € MPOoIleIypaTa U ce OUeKyBa HUBHO Op30
BOBETyBambE.

1.1 XwuOpwunen cucrem — MXELl u ®BC

Kako mpumep, ke pasriiename XHOPHICH CHCTEM KOH CE€ COCTOM OJ Majla XHIPOeJIeKTpUYHA
IeHTana U (OTOBOJTANUCH CHCTEM KOj HE € MOBP3aH Ha Mpeka, OJHOCHO paboTu ocTpoBcku. OBOj
XUOpHJICH CHCTEM HMa 3a Led Aa o0e30enu CUTypHO cHaOAyBame CO €lEeKTpHYHAa eHepruja 3a
notpeduTe Ha PUOHUK M TYPUCTHUYKH KOMIUIEKC KOj c€ Haola Ha ONAaJIeYCHOCT O]l OKOIy 35 KM Of
TUCTPUOYTHBHATA MpPEXKa.

1.1.1 OnroBapyBame Ha CHCTEMOT

Ha cn.l e mpukakaHo ONTOBapyBameTO HAa CHCTEMOT BO TEKOT Ha €JCH JEH Kaae Ha
XOPH30HTAJIHATA OCKa € TPUKaKaHO BPEMETO BO YaCOBH, a Ha BepTHKaNHATa ocka MOKHOocTa Bo KW.
Ha cn1.2 e paseHO TOAMIIHOTO ONTOBapyBarke, OJHOCHO BPEMETO BO JACHOBM M BO 4YacOBH, Ha
XOpH30HATalHATA ¥ Ha BEPTHKAlIHATA OCKa COOABETHO, a cO OOM € MpUKaKaHa MOKHOCTA.
[TpocednoTo roauiIHO onToBapyBame u3Hecysa 50 KWh/d.
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1.1.2 CocraB Ha XuOpujaeH cucremM

Coo/1BETHO Ha ONTOBAPYBAmk-ETO M (PAKTOT IITO CTaHYBa 300p 32 OCTPOBCKH PEKUM Ha paboTa ce
IOCTaByBa U OarepHja 3a aKkyMyJIMpame Ha mpon3BeneHaTa eaepruja ox @B cucrem. Kako mro moxe
na ce 3abenexxu o Ci.3 Kajae e AajeHa Iemara Ha oBoj xuOpuzaeH cuctem, Ha AC coOupHuna e
MpPHUKIy9eHa XuApo TypOuHaTa, a Ha DC cobupruiia @B cucrem u Oatepuja, Kako ¥ WHBEPTOP 3a
nperBopame Ha DC Bo AC HarmoH.

AC DC =
e, Electric Load #1 PV g
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Cn. 3 Ulema na xubpuoen cucmem

1.1.3 Eneprercku pecypcu

Hero BHCHMHCKHMOT majx Ha KOj ce IUIaHMpa Ja ce HM3rpajd MajlaTa XWApOoeleKTpaHa e 22m.
ITporokot Ha Boma[L/s] Bo Tek Ha eqHa TOMUHA ¢ IPUKaKAH Ha Cii4., KaJle MOXKe J1a ce 3a0esIexH JIeKa
BO TEK Ha Mecell jyHH € HajMain. Ha ci.5. e mpHkakaHo TOAMIITHOTO COHYEBO 3paveihe M0 MECelr 3a
COOJIBETHATA JIOKAI[H]a.

Average Stream Flow (L/:
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Cn. 4 I'oOuwen npomok Ha 600a
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Cn. 5 I'oouwino conueso 3pauere

1.2 OINTUMU3ALUJA CO HOMER

lonemuoT Opoj Ha OMIMK W BapHjallMM KaKO BO OJIHOC HAa TEXHOJOrHjaTa Koja Ke ce KOPHUCTH
Taka ¥ BO OJHOC Ha TPOLIOLHUTE MOTPEOHH 3a peanu3alnyja Ha OBOj MPOEKT CO LN Ja C€ OBO3MOXHU
MITO € MOXHO IOroJIeMO UCKOPHCTYBame Ha JOCTAITHUTE PECYpCH MOXE MHOTY Jia TO YCIIOXKHH
MPOIECOT Ha JOHECYBame Ha OIUTyKuTe. MeryToa, alrOpUTMHUTE 3a ONTHMHU3AlMja M aHau3a Ha
censutuBHOCTa Kou ru kopuctd HOMER mpaBar Toa na wsriena muory moisecuo.[3] HOMER
(Hybrid Optimization of Multiple Electric Renewables) e codTBepcka anatka Koja mITO 0OBO3MOKYBa
CHUMyNalfja Ha XUOpPUJIEH CHEPreTCKM CHCTEM, BpIIW ONTHMATHO JUMCH3MOHUPAWmE Ha
KOMITOHEHTHUTE, KaKO U aHaJM3a Ha 4yCTBUTEIHOCT BP3 OCHOBA Ha pa3inyHu (pakropu.[4]

System architecture

PV Generic flat plate PV 83 kW
Storage Generic 1kWh Lead Acid [ASM] 238 strings
Hydro Generic Hydro 34 kW
Converter System Converter 8 kW
Dispatch Strategy HOMER Cycle Charging

Tab. 1 Komnonenmu na xubpuden cucmem

Cnopen HOMER noGuBame aeka HajnoOpo ¥ HajoNTHMAIHO peleHre € MokHocta Ha MXEL]
na 6ume 34kW, a onrroBapaByBameTO ke OHIe MOKPHUEHO CO MPOU3BOACTBOTO 01 PB K0j MMa MOKHOCT
ox 83kW. Komsepropor ma ¢ co mokuoct ox 8KW wu Oarepumre ma ce mocraBeHm Bo 238
crpunrosu.(Tab.1).




Cost summary

Generic flat plate PV Companent
140k . HOMER Cydie Charging Generic Hydro
120k
100k
o
8
} e
2 40k
20k
0+ T T T T
20K
Capital Fuel Operating Replacement Sal
Categary
Cost Summary
Total net present cost 188873 €
Levelized cost of energy 0,801 €kWh

Cn. 6 Cymapnu mpowoyu

Ha cn.6 ce npukaxaHu BKYIIHUTE HETO CETallHUTE TPOLIOLUM KoM u3HecyBaaT 188 873€ u
MPOU3BOIHATA IICHA Ha €JIeKTpUYHA eHepruja koja u3necysa 0,801€/kWh.

Component Capital Replacement Q&M Fuel Salvage  Total

Genericflat plate PV 83333 0 10773 0 0 94 106
Generic Hydro 5000 0 0 0 0 5000
HOMER Cycle Charging 0 0 0 0 0 0
Generic 1TkWh Lead Acid [ASM) 47 600 13716 30767 0 -4 329 87 754
System Converter 1600 509 0 0 -96 2013
System 137 533 14225 41540 0 -4 425 188 873

Tab. 2 Iloeduneynu Hemo ce2auwiHu Wpouwoyu
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Cn. 7 Cash flow - I'omosuncku npunus

[ToenHuHEYHUTE TPOIIONM 3a CEKOja OF KOMIIOHEHTHUTE ce HafeHH BO Tab.2., OIHOCHO
KalUTaJIHUTE TPOIIONHM, TPOIIONWTE 3a 3aMeHa, TPOLIONH 3a OJpP)KyBamke M HHUBHHTE CyMapHU
Bpeanoctd. Ha cn.7 e maneH rpaguyki npuka3 Ha roToBUHCKMOT mpwiuB (cash flow) Bo tex Ha
pasriaeayBaH Nepuos o4 25 roJIUHU.

2 3AKJIYYOK

Peanuzanyja Ha efeH BakoB XMOPUICH CHCTEM KOj HE € IOBP3aH Ha Mpexa Moxe jaa 00e30enu
CUT'YPHO M TIIOCTOjaHO CHa0IlyBam€ CO eIEeKTPUYHA EHEepryja 3a MOTPOLIYBay KOj ce Haofa BO pypajHa
cpeauna. Criopes] MOaTOLUTE 3a MOTPEOHUTE SHEPTETCKH PECYPCH, MOTPOIIyBauKaTa Ha eIeKTpHYHA
eHepruja u ontumusaiujara u3spiiesa B0 HOMER ce no6uBa nexa BKynHaTa HHCTaIMpaHa MOKHOCT
Ha 0BOj cucteM € 117kW, a BKynmHUTE HETO CeTalrHy TPOIIOIH 3a HeroBa uirpanoda ce 188 873€.
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IHOJOBPYBAIBE HA EOUKACHOCTA HA MOTOP CO IEPMAHEHTHHA
MATHETH CO ITOMOIII HA METOAOT HA KOHEYHU EJIEMEHTH

KYCA COAPKHNHA

Bo oBoj Tpyn ke Omme pa3paboTeHa coBpeMeHa METOOJIOTHja 3a aHAlW3a Ha EIeKTPUIHHUTE
MAaIlIMHU KOPUCTEJKU TO METOJIOT HAa KOHEUHH eneMeHTH. HajHampen ke Oujie JajeH KpaToK OCBPT Ha
METOAOT Ha KOHEYHH €JEMEHTH M Heropara MpHUMEHa BO MPOEKTUPAKETO M aHalu3aTa Ha
enexkTpuyHuTe MammHU. [loToa ke Omae maneH mpuKa3 Ha CHHXPOHHOT MOTOP CO NMEpMAaHEHTHH
MarHeTH Koj € 00jeKT Ha OBa HCTpaXkKyBame BO KOj ke OMAAT MpKakaHH OCHOBHUTE KOHCTPYKIIWH,
MPUHIMI Ha paboTa ¥ OCHOBHHU KapaKTepUCTUKU. Bo TekcToT moHaramy ke Ouje mpeTcTaBeH HAUHHOT
Ha MOJENHpame HAa MOTOPOT 3a IMOTpeOuTe Ha aHaiIM3aTa CO IMOMOII Ha METOJO0T Ha KOHEYHU
enemeHTH. OJ CHPOBENCHHUTE NPECMETKH W HCTpaKyBama Ke OHIaT NPETCTaBeHW OAPEICHU
CJIEKTPOMAarHeTHN U EIEKTPOMEXaHWUYKH KapaKTHPHUCTHKH Bp3a 0a3a Ha KOW Ke OMIAT W3BEJCHH W
olpeneHN 3awkiydonu. Bp3 Oa3za Ha 3akimydonnte ke Ouae MPeasio:KEHO HOBO KOHCTPYKTUBHO
pelieHne Ha MOTOPOT U IT0TOA Ha OBa PElICHUE MOBTOPHO Ke OMIAT W3BPILICHH NMPECMETKU M aHAIN3a
CO TOMOII Ha METOJOT Ha KOHEYHH elleMeHTH. Ha Kpajor ke Oumar mpukakaHH crHopeadeHH
KapaKTEePUCTUKH OJI IBaTa MOJIENN U ke OMJIaT U3BE/ICHH OJIPEIICHH 3aKITyYOIIH.

Kay4ynu 360poBH: CHHXPOH MOTOp CO T€PMaHEHTHH MAarHeTH, METOJl Ha KOHEYHH EJIEMEHTH,
e(hMKacHOCT.

1 BOBEJ

CHHXpOHHTE MOTOPH CO TIEPMAHCHTHH MAarHeTH YIITE CO CAMOTO HUBHO I0jaByBame c€ JI0
JICHEIIeH JIeH moOyayBaaT 0COOEH MHTEpEC KaKo Kaj MPOM3BOIUTENINTE Taka M Kaj akajgeMujara 3a
HUBHO WCTPaXKyBarbe W ITOHATAMOINHO YycoBpIimyBame. CO TEKOT Ha BPEMETO C€ YCOBPINyBaje
MaTepHjaanTe O] KOM ce M3paboTyBaaT MOTOPHTE, OCOOEHO TOa Ce OJHECYBa Ha TEPMAaHEHTHHTE
MarHeTd, a cO TO0a Ce HaMallyBajie JUMEH3HHTE, HO M Ce M0jaByBajie HOBH BHIOBH Ha TOIOJIOTHH U
n3Be0u.

Cunxponure motopu [1,2], cropen HM3riaeqoT Ha pOTOPOT, KOHCTPYKIMjaTa, MaTepujaid U
3aj1a4H, ce Kiacu(puIupaar BO YSTUPH OCHOBHU I'PYIIH:

- Mortopu co enekTpoMaraeTHa Bo3oya

- Motopu co nepMaHEHTHU MarHeTu

- PenykrantHu MoTOopM (MOTOpPH YMj IITO POTOP € CO H3pa3eHH IOJOBH U H3PaOOTEH Of
(epomMarHeTeH MaTepHjal U He COJAP>KM HAMOTKA WM IEPMaHEHTHH MarHETHHU TTOJIOBH)

- XwuCTEepe3HH pEIyKTAaHTHH MOTOpH (MOTOpM YHj IITO POTOp € HU3paboTeH O TBpE.
(depoMaraeTeH MaTepujai KoM He COJIPKAT MEPMAaHEHTHH MarHeTHH TIOJIOBH HA POTOPOT).

BooOn4ajHO, CHHXpOHHTE MOTOpPH CO TIEPMaHEHTHH MAarHeTH Ce IpaJieHH CO €Ha OJ CIICIHUBE
koH(purypamuu Ha potopot [3-5] (Cruxka 1):
a) kiacuueH (Mepui poTop), CO UCTaKHATH IOJIOBH, JITAMUHUPAHH TI0JI0BU CTaraja u kade3eH
poTop,
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0) poTOp €O BIrpajicHU NICPMAHCHTHA MarHeTH,

B) POTOP CO BHATPEIIIHO MOCTABCHU NIEPMaHCHTHH MarHeTH,

') POTOpP CO CUMETPUYHO IMOCTABCHU BKOTIAHU IIEPMAHCHTHH MarHeTH,
1) POTOP CO MOBPIIMHCKH IOCTABEHU ITEPMaHEHTHH MarHETH,

') POTOpP CO aCHMETPUYHO TIOCTABEHU BKOIIAHHW TIEPMAHEHTHNA MarHEeTH.

Cauka 1. Konpurypauuu Ha poTopHu Kaj CHHXPOHH MOTOPH €O NePMAHEHTHU MArHeTH

2 KOHCPYKTHUBHA U3BE/IGA U ITPUHLUIT HA PABOTA

2.1 KoHcTpyKkTHBHA H3BeA0a HA CTATOPOT

CTaTopCKOTO jaJipo Kaj OBOj THUIl HAa MOTOPH € HANpPaBEHO O YCIMYHM MArHETHU JIMMOBH
300raTeHd CO CHJIMIMYM, CO KaHald BO KOM C€ CMECTyBaaT CTaTOPCKUTE HAMOTKH. JampoTo e
JAMHUHHUPAHO 32 Jla C€ MUHMMHU3MpaaT BUOPHUTE cTpyHd. JINMOBHTE ce M3paboTyBaar co jaeberHa o
0,3-0,5 mm.

2.2 KoHcTpyKkTHBHA H3Be/10a HA POTOPOT

Ha ockara Ha poTopoT ce mocraByBa pOTOPCKOTO jaJpo Ha KO€ Ce IMOCTaByBaaT MEPMAaHETHUTE
MarHeTrn. Ockara Moxe Jia € u3paboTeHa oJ] IIBPCT, HUCKOjarJiepoJIeH YUK J01eKa POTOPCKOT jalipo
ce n3paboTyBa MCTO Taka OJl YEIWYHM MarHeTHH JMMOBH KakO M CTaTOpoT. Bo mpakca MoxaT ga ce
CpeTHAT POTOPH CO MarHeTH H3paOdOTeHW BO IMWIMHApPWYHA (OpPMa, W MAarHeTH CO HE-KPYKHH
MOBPIIMHK OJTHOCHO JIETIOBU O] KPYXKHH MOBPIIUHH.

Kaj oBue MoTOpH ce KOpUCTAaT MarHeTH CO BUCOKA BPEAHOCT Ha MarHeTHaTa MHAYKIIMA CO LITO
ce moJoOpyBa M3Je3HaTa MOKHOCT U MOMEHTOT Ha MOTOpOoT. Twe Mopa aa OumaT MHOTY 00OpO
IIPULBPCTEHHU 3a OCKAaTa, U OBA € €JIeH O[] [NIABHUTE [IPEAU3BULIU BO IIPOLIECOT Ha IIpou3BoacTBo. Kako
pe3yaTaT Ha rojeMaTa Op3uHa Ha BPTEHE HAa pOTOPOT NpH padoTa ce 1mojaByBaaT paaujadHu CHIIM KOU




JleNTyBaaT BO HACOKA HAa MCTETHYBambE HA MAarHETHTE HA POTOPOT, W 3aT0a € MOTPeOHO OBUE CHIIM JIa
OuJaT MUHUMH3HPAHHU BO MPOLIECOT Ha HArJIo 3a0p3yBame 1 3a0aByBambe.

2.3 TlpuHumun Ha pa6oTa HAa MOTOPHUTE

OBHEe MOTOpH MMaaT POTOPH CO MIOCTOjaHW MarHeTH, KOW MPOU3BEyBaaT KOHCTAHTHO PaHjaHO
MarHeTHo mone. Tue ce pa3nukyBaaT o] KOHBEHIHOHAJIHUTE CHHXPOHU MAIIMHUA BO OTCYCTBOTO Ha
Bo30yqHATa HAMOTKH, Ma Hema moTpeda 3a oBelyBame Ha eJNeKTpHYHA EHEepruja Ha pOTOpOT,
OJHOCHO HeMa TOoTpeda oJ] MU3radKy MPCTeHH W YeTKHMYKUu. OCBEH OTCYCTBO Ha BO30yIHA HAMOTKA,
HCTO Taka HeMa NoTpeda ol POTalKCKU TpaHc(hopMaTOpy U THPHCTOPCKHU PETYIaTOPH Ha HAIOH, KOU
3HAYUTEITHO TO TIOEHOCTaBYBaaT AU3ajHOT, YIIPaBYBAKETO U OAPXKYBameTo. bunejkn Hema Bo30yqHA
HAaMOTKa Ha POTOPOT, a MAarHETHHOT (DIIyKC CO TEKOT Ha BPEMETO € HENPOMEHJIUB, 3aryOHWTe BO
pPOTOPOT ce MpakTHYHO 3aHeMapiuBH. CTAaTOPCKHOT MakeT € CO EOHOCTaBHA KOHCTPYKIHja W
OBO3MOKyBa J00ap MPEHOC Ha TOIUIMHATA O HEero KOH KYKHINTETO W II0T0a KOH OKOJHHOT
HaJBOpenIeH mpoctop. [IpuHIMIOT Ha paboTa Ha CHHXPOHUTE MOTOPH CO TEPMAHEHTHH MarHeTH ce
0a3upa Ha MPUHLMIOT HA MarHeTHA CIpera roMery MarHeTHUTE MOJIOBU Ha CIIPOTUBHHUOT MOJIApUTET.

I/IMGHO, MMO3HATO € ACKAa MAarn€TuTe CO CIPOTHBHUOT MOJAPUTCT CC IMPUBJICKYBaaT CIHU CO
ApyTH. Ona um OBO3MOJXXYBa, KOora iBa MaroHe€Tu CO CIIPOTHBHU IMOJIAPUTETU CE€ MArHE€THO CIIPETHATH, U
Kora €AHUOT O HMUB CC BPTU, APYTUOT I'0 CJICANU HETOBUOT I1aT.

Kora marnetHumor monm N Ha pOTHpPAvyKOTO MOJ€ HA CTaTOPOT MOMHHYBa BO ONM3uMHA Ha
MarHeTHUOT IOJI S Ha POTOPOT, MarHETHUOT TOJI S Ha POTOPOT HACTOjyBa Aa IO IMPaTH MarHETHUOT
non N Ha CTaTopoT M Taka jgoara A0 IBMXKEHE HAa POTOPOT. 3apaau OBaa NPUYMHA, CHHXPOHHUTE
MOTOpPH c€ BpTaT CO MOCTOjaHa Op3rHa Ha BPTEHE.

bp3unara Ha poTHpame HE 3aBUCH O]l ONITOBAPYBAkHETO HAa MOTOHCKATa MAIIMHATA KOja ja IBIKH
MOTOpPOT. BaskHO € caMo Jja ce HaroMeHe Jeka MOMEHTOT Ha ONTOBapyBamke HA MOTOPOT He Tpeda 1a
¢ MpeMHOTy TojieM 3aToa IITO MOXE TOj Ja W3je3e OJf CHHXPOHHM3aM, T.€. MOKHOCTa MHOMery
MarHeTHaTa CIIpera Ha CTaTopoT M POTOPOT HE € JAOBOJHO rojieMa 3a Jia MOXKE€ MarHeTHOTO IOJie Ha
POTOPOT J1a TO CIEIN MarHeTHOTO IOJIe Ha CTaTOPOT.

3 AHAJIM3A HA KAPAKTEPUCTHKUTE HA PA3HM TOIIOJIOTHUX HA
CHUHXPOHUMTE MOTOPHU CO TIEPMAHEHTHU MAT'HETHU CO KOPUCTEIBE HA
METO/I HA KOHEYHU EJIEMEHTHU ( AHI'. FEM -FINITE ELEMENT METHOD)

[Ipenmer Ha MCTpaKyBamaTa BO OBOj TPYA € TPU(PA3HUOT CHHXPOH MOTOP CO NMEPMAaHEHTHH
MarHeTy Koj TM UMa CJIeIHUBE HOMHMHAIHM NoJaToiy: MokHocT ox 1,5 kW, crpyja 3,9 A, Hamon 295
V, u Opsuna 1500 min?. Ha noBpmmHara Ha poOTOPOT OX MOTOPOT CE€ IMOCTABEHH YETHPH
nepMaHeHTHH MarHetH uspaborenu ox SmCo co B=1,05 T u Hc=-764 KA/m.

Opnarpen neGUHUPAHUTE JUMECH3MHM U KapUaTePUCTUKH 33 MOTOPOT CE KOPUCTAT KAaKO BJIC3HU
MOAATONM 32 HyMepuYKaTa aHajim3a Ha MOTOpOT, co momoinl Ha MeroaoT Ha Koneunu Enementu-
MKE. OBoj meron e aeHec MHUPOKO NpuaTeH, Kako MpH MPOSKTHpame, Taka M MPU aHaln3a Ha
eJIEKTPUYHNATE MamuHU. Bo OBOj Tpya mpecMmeTkara Ha €JIeKTPOMAarHeTHOTO IOJIe BO MOTOPOT Ke
OuJie U3BEJICHA CO MTOMOIII Ha COPTBEPCKUOT MAKET 3a JBOIMMEH3HOHAIHA TpecMeTka FEMM.

Kopucrejku tH  MoxHOCTHTE Ha codrBepckror maker FEMM [6] co momom Ha
MOCTIPOLIECOPCKHOT A€ Ha HpOrpaMoT, 3a MOTpeOMTe Ha OBa HCTPaXyBame, Ke MOXeE JAa ce
OIIpeeJIaT U IPUKAXKAT:

- Pacnpenesn0a Ha MarHeTHOTO IOJI€ BO LIEJIMOT JIOMEH Ha MOTOPOT,

- Pacnpenenbara Ha myn3aliMOHMOT MOMEHT Ha MOTOPOT 32 Pa3JIM4YHU MO3ULUHN Ha POTOPOT BO
npaseH Of,

- Pacmpepenbara Ha eNeKTPOMarHETHHOT MOMEHT Ha MOTOPOT 3a Pa3UYHU IO3WIMU Ha
POTOPOT, IPU HOMUHAIHO CTPYJHO ONTOBapyBambE.

[Ipuka3 Ha MozmenHUTe HA CHHXPOHH MOTOPH CO NMEPMAHEHTHH MarHeTH CO PaJUYHHU TOIOJIOTHUH
Ha potopoT ce nagenn Ha Cnmka 2(a u 0). 3a qoOuBame Ha pacipenendaTa Ha MyI3alluOHNOT MOMEHT
Ha MOTOPOT 3a paziauyHH mo3uuuu Ha potopotT ( ox 0° mo 10° co uwexop ox 1°) Bo mpaseH On,




HajHAIpe]| ce Kpeupa Mpexara co oJpe/ieH Opoj Ha ja3lid M MOToa Ce aKMBHPAa MOJYIIOT KOj BPIIH
JBOJIMMEH3MOHAIHA NTPECMETKA Ha MAarHETHOTO I10JIe BO LEIHOT JAOMEH Ha MOTOPT, 33 MOJOLHA 12
MOXXEME 1a I'M OTYHTaMe pe3ylTaTuTe. 3a JOoOMBambe HA pacrpenesdoaTa Ha €IeKTPOMArHETHHOT
MOMEHT Ha MOTOPOT 3a pas3iu4Hu no3uiuu Ha potopoT ( ox 0° mo 180° co wekop ox 6°), mpu
HOMHHAJHO CTPYjHO ONTOBapyBame, NMPBO ce NAeHUHUpaaT CTPyHTE BO KaHAIUTE, a MOTOAa Ce

MMOBTOPYBa MCTaTa MpOIleypa Ha MPECMETKa HAa MarHeTHOTO TOJIE 3a CEKOja MO3WIMja Ha POTOPOT
MOEIUHEYHO.
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Ciauka 2. Tonmojiornu Ha CHUHXPOHUTE MOTOPHU CO MEPMAHCHTHH MArHETHU M MMPUKaAa3 HA MpekaTa Ha
KOHCYHH €JICMCHTH

a) Brpanelm NePMAHCTHU MArHETH 6) HOBPIIIPIHCKI/I NEePpMAHETHU MArHETH

OTkako ke ce M3BpIIAT aHAIM3UTE Ha MOTOPT, C€ OTYUTYBAAT PE3YJITATUTE 3a pacmpenendara Ha
MyJA3allMOHHOT MOMEHT Ha MOTOPOT 3a Pa3IUYHU NO3MIUM Ha POTOPOT BO IMpa3eH OO u

pacmpenendara Ha eIeKTPOMarHeTHUOT MOMEHT Ha MOTOPOT 3a Pa3jIM4YHH MO3UIMK Ha POTOPOT, PH
HOMUHAJTHO CTPYjHO OIITOBapyBambE.

Hajnamnpern ce o3HauyBa poTOpOT 3aeIHO CO MarHeTuTe, a moToa npeky omnuujara Block integrals

ce ombupa Torque via Weighted Stress Tensor ce mobuBa BpemHOCTa Ha MOMEHTOT Ha ITyJi3alldja
(Cnuka 3, au 0).

Canka 3. Pacnipenenéa Ha 1moJieTo BO MOTOPOT ¥ 03HAYYBakh¢ HA POTOPOT U MATHETHTE 32 OYMTYBamhe HA
BPEHOCTHTE HA MOMEHTOT HA MYJI3a1Hja U eJIeKTPOMATHETHHOT MOMEHT;

a) Brpanenu nepmanernu marueru; 6) [loBpumIMHCKY IepMaHeTHN MarHeTH

Hcrara mnpoucaypa €€ rmoBTOpyBa 3a CUTC MO3UIHU HA POTOPOT COOABCTHO KAKO IITO € 06_] aCHETO
IIorope, Kako 1 COOABETHO 3a MPECMETKA Ha CIICKTPOMAari€THUOT MOMCHT.




[To 3aBpryBame Ha TPECMETKUTE 3a JBaTa MOJela Ha OBOj THI Ha MOTOp, NOOWEHH ce
pecnpenenonTe Ha MyJ3allAOHHMOT MOMEHT M €JICKTPOMAarHeTHUOT MOMEHT KOW C€ NMpPUKaKaHU Ha
CIIMKa 4 U CIIMKA 5, COOABETHO.
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Cauka 4. Pacnpegendara Ha MyJ13aMOHMOT MOMEHT HA MOTOPOT 32 Pa3IM4YHU MO3ULUH HA POTOPOT BO
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Cauka S. Pacnpenen6ara Ha eJ1eKTPOMATHETHHOT MOMEHT HA MOTOPOT 32 Pa3/JHYHH HO3HMIHHA HA POTOPOT
MPH HOMHHAJIHO CTPYjHO ONTOBapyBame

On pacnpenendaTa Ha MyJI3alMOHUOT MOMEHT 3a PA3IMYHHU IO3UIUN HAa POTOPOT MOXKE Jia ce
3aKIIy4H JIeKa MOTOPOT CO MOBPIIMHCKH ITIOCTaBEHH MEPMaHEHTHU MarHeTH UMa 1omaja BpeJAHOCT Ha
MyJA3aI[HOHHOT MOMEHT BO OJTHOC Ha MOMEHTOT Ha MOTOPOT CO BrpaJieHH IepMaHeHTHH MarueTu. Toa
ce JIOJDKH Ha YHU(OPMHHOT OOJMK Ha BO3MYIIHHOT 3jaj Kaj MOBPIIMHCKH IOCTABEHUTE MAarHeTH




JIOKOJIKY C€ MMa TpeaBua (aKTOT JeKa MarHeTHaTa MEePMHAOMIIHOCT Ha MarHeTHTE € CO BPEIHOCT
OJIMCKa JT0 eAMHUIIA KOJKY IITO U3HECYBa M Ha BO3JyXOT. Bo 0JJHOC Ha €leKTPOMarHeTHUOT MOMEHT
TOj Kaj MOTOPOT CO BIPaJiCHH MEPMAHCHTHU MarHeTH MMa IIOTOJIEMa BPEIHOCT U € CO IOTOJIEMU
OCHMJIAIIHA BO OJHOC HA MOMEHTOT Kaj MOTOPOT CO TOBPIIMHCKH MTOCTaBEHHU MEPMaHEHTHH MarHeTH.
Toa 3maun meka 3a IEJIOCHA aHajaM3a HA TOIOJOTHUTE HAa MOTOPUTE MOTPEOHO € N1a ce HaIlpaBh
LIETIOCHA aHallk3a Ha JABaTa MOMEHTH Ha MOTOPHUTE U MOTOA Jla CE M3BJICUAT COOJIBETHH 3aKIyUOIlH.
[loennHednaTta aHamM3a MOKE HEKOTAII J1a HEe OBEJIE IO ITOTPEIIHHN 3aKITyOITH.

4 3AKIIYYOK

[Ipeamer Ha aHanM3a BO OBOj TPYA CE€ CHHXPOHHTE MOTOPH CO NMEPMaHEHTHH MAarHeTH KOW CO
pa3nuvHa MOCTAaBEHOCT Ha MEPMaHEHTHUTE MarHeTH Ha poTopoT. Bo TpyAoT e maneH Kyc ocBpT Ha
THUIIOBHUTE U M3BenOaTa Ha TPo(hazHUTE CHHXPOHH MOTOPH CO IepMaHEeHTHH MarHeTH. OJ aHaIM3uTe
MOJKE Jia Ce BOOYHM JIeKa pa3iMyHaTa IMOCTaBEHOT HA MEPMAaHEHTHUTE MAarHeTH, BOAHM A0 Pa3IndyHU
MyJA3allMOHH MOMEHTH IpH Tpa3eH O W pa3iuyHH eJIeKTPOMarHeTHH MOMEHTH IMPH HOMHHAIHO
CTPYjHO ONITOBapyBambe.

Bo ciyuaj xora MoTopuTe CO NMEPMAaHEHTHH MAarHeTH CE€ NMPUMEHYBAaT 3a BUCOKO e(uKacHH
3aJBIKYBama CO HUCKA BPEIHOCT Ha OydaBa, aMIUTUTynaTa W (ppeKBeHIMjaTa Ha MyI3alUUTE Ha
MOMEHTOT €€ 0COOCHO Ba)KHM TOJIEMHUHHU; HUBHATa rojeMuHa Tpeba na Ouje cBeleHa Ha JOBOJIHO
MaJia BpEeHOCT, 3a LITO CE€ KOPUCTAT Pa3InuHU METOIH, BO 3aBUCHOCT Ol MU3BOPOT KOj T T€HEepHpa.

[lpu pemaBame Ha enekTpoMmarHetHuTe mpodiemu co mpumeHa Ha MKE, mocrojar Hekonky
METOJIM 3a MpecMeTKa Ha EJEeKTPOMAarHETHHOT MOMEHT BO EJEKTPUYHHTE MAIIWHU: CO METOAOT
(baykc—cTpyja; co nudepeHnnpame Ha MarHeTHATa KOGHEPTHja BO BO3AYITHHUOT 3jaj; CO MpecMeTKa Ha
JUHACKU HHTerpan Ha MakcBeIOBHOT TE€H30p BO BO3AYLIHHMOT 3jaj. Bo mMoHOBO Bpeme mpenHocT
no6uBa MeToA0T Oa3upaH Bp3 MPECMETKa Ha BOJYMEHCKM MHTErpaj Ha TeKHUHCKUOT CTPEC TEH30p BO
JIOMEHOT Ha BO3AYIIHUOT 3jaj.

Bo morataMomHOTO UCTpakyBamke MOKpaj MPECMETKUTE Ha OBHE MOMEHTH Ke OWje M3BpIICHA
crniopei0eHa aHaIK3a Ha CIEJHUBE TapaMeTPHU U KapaKTEPUCTUKH HA MOTOPHUTE:

- Pacnpenen6aTa Ha MarHEeTHOTO IOJIE BO HANPEYHHOT MPECEK HA MOTOPOT 32 Pa3HU MO3UIUU
Ha POTOPOT 3a Mpa3eH O] U pa3HH JAPYrH CTPYjHHU ONTOBApyBamba,

- Pacnpenenbara Ha MarHeTHaTa WHAYKIMja BO BO3AYIIHHOT 3jaj HA MOTOPOT 3a pa3HU
HO3UIIMK HA POTOPOT 3a Mpa3eH O] ¥ pa3HH APYTU CTPYjHHU ONTOBapyBarba,

- BpeanocTtuTe Ha MarHETHHOT (IIYKC MO/ €/ICH MOJ BO BO3AYLIHHOT 3jaj HA MOTOPOT 3a Pa3HH
HO3HIIK HA POTOPOT U CTPYHHU ONTOBAPYBAbA.

Co oMo Ha CUTe OBHE KapaKTEPUCTUKH Ke OMIIe MOYKHO J1a C€ M3BJIeYaT COOABETHH 3aKJIy4OLN

3a KBAJIUTETOT M CHEpreTcKara e(pMKacCHOCT Ha MPEATIOKEHUTE POTOPCKHU PELICHH]a.
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HARMONIC ANALYSIS OF NO-LOAD CURRENT IN DISTRIBUTION
TRANSFORMERS

ABSTRACT

Applying a sinusoidal voltage to a distribution transformer results in a non-sinusoidal
magnetizing current due to the non-linear relationship between magnetizing force H and flux density
B, also known as magnetizing curve. Although the no-load current in modern transformers is very low
(0.1-0.5% of the rated current), it is generally responsible for the no-load losses. Considering the
number of distribution transformers connected to the power grid, these no-load losses are constantly
generated regardless of the transformer’s load, thus introducing significant energy consumption.
According to the no-load losses, transformers are classified in several categories described in IEEE
519-2014 Standard and EcoDesign Directive 2009/125/EC. This paper presents the measurements of
voltage and current harmonics, conducted for several three-phase distribution transformers with
different rated apparent power and same voltage level, operating at no-load conditions. The current
and voltage waveforms are examined, as well as the total harmonic distortion when the rated voltage
is applied to the primary side of the transformer. This paper provides a detailed view of the
transformer’s no-load harmonic impacts, with several methods proposed for their reduction. The
transformers were tested at the Testing station at Rade Koncar — Service and Repairs of Electrical
Products in Skopje.

Keywords: voltage harmonics, no-load current harmonics, total harmonic distortion.

1 INTRODUCTION

The magnetic circuit is one of the most important active parts of the transformer. It consists of
laminated iron core and carries magnetic flux linked to the windings, thus enabling energy flow from
one electrical circuit to another. The iron core provides a low reluctance path to the magnetic flux
thereby reducing magnetizing current to a particular level [1]. When the transformer operates at no-
load conditions, meaning that rated voltage is applied to the primary windings and the secondary
circuit is opened, the generated losses consist of two parts: hysteresis losses and eddy current loses.

Hysteresis losses originate from the molecular magnetic domains in the core laminations,
resisting being magnetized and demagnetized by the alternating magnetic field. Each time the
magnetising force produced by the primary winding changes because of the applied AC voltage, the
domains realign in the same direction as the force. The energy to accomplish this realignment comes
from the input power and is not transferred to the secondary winding, thus being considered as a loss.
Because various types of core materials have different magnetizing abilities, the selection of core
material is an important step in reducing core losses. These losses depend upon the area of the
magnetizing B-H loop, shown in Fig. 1, and of the frequency [2, 3]. The specific hysteresis losses per
unit mass of the core can be calculated by using Eq. (1):
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P, =K, -f-B, (Wkg), (1)

where K is the hysteresis constant depending on the material characteristics, f is the frequency in
Hz, and B, is the maximum flux density in T.

The alternating magnetic flux induces an EMF in the transformer core, proportional to the flux
density and the frequency. The resulting circulating current depends inversely upon the resistivity of
the material and directly to the thickness of the core. By using a laminated core, i.e. thin sheets of
silicon steel instead of a solid core, the path of the eddy current is broken up without increasing the
reluctance of the magnetic circuit [2]. The difference between eddy current paths is shown in Fig. 2.

4°
”””” f eddy currents core mSIQadon
f,d ) laminations
N \ >
- B q
e I
I w I
Figure 1. Nonlinear B-H loop and magnetizing Figure 2. Eddy currents in different magnetic
current determination core types
The eddu current losses can be calculated form Eq. (2):
P, =K, f?-B2-d* (Wikg) , )

where Ky is the eddy currents constant and d is the lamination thickness in m.

The performances of transformers are constrained by several factors. Some of the most relevant

of them, which affect the no-load current of the transformer, are explained below:

- Flux density: it is the driving factor for no-load current. As this current consists of two
components, active 1, and magnetizing |,, the magnetizing component varies depending upon
flux density and B-H curve. The typical shape of B-H loop for a distribution transformer and
the graphical method for determining the waveform of the no-load current are shown in Fig. 1
[3.4].

- Saturation effect: transformers may be drawn into saturation for two reasons. An increase in
the applied voltage, which causes a symmetrical saturation, and the flow of DC current into
the transformer. Ferromagnetic materials cannot support infinite magnetic flux densities: they
tend to saturate at a certain level (dictated by the material and core dimensions). This means
that further increase in magnetic field force does not result in proportional increase in
magnetic field flux. Choosing the right lamination material for a particular application is a
very important design step, since lamination properties are directly linked to the power losses
and transformer efficiency. At present, material properties are precisely determined for
50/60Hz and 1.0/1.5T sinusoidal. Electromagnetic designers have to decide on the material
based on this single operating point, although in practical operating conditions, transformers
are very likely to operate at higher flux densities, leading to saturation of the core. At this
situation, the core acts as a source of current harmonics generator in the flux or the magnetic
field, some of which will flow directly to toward the primary and secondary windings [1,4].

- Stacking technique: there are two main stacking techniques for the transformer core. In the
Step lap joint, the overlapping length is divided into few steps. In But lap joint there is only
one step. The Step lap technique results in lower exciting current, but the total harmonic
distortion (THD) and most of the harmonic components of the Step lap core are higher than in
the But lap cores [4].




2 METHODOLOGY AND MEASUREMENT PROCEDURE

The main purpose of this research is to examine the voltage and current harmonics on a
transformer operating at no load conditions. Different distribution transformers with rated apparent
power of 160kVA, 400kVA and 1000KVA, and rated voltage 21(10.5)/0.4KV are tested with
sophisticated instruments at the Testing Station in Rade Koncar — Service and Repairs of Electrical
Products.The transformer core is made of cold rolled grain orieented steel laminations with 0.27mm
thickness. Since these transformers can provide two rated voltage levels on the primary side, with
series or parallel connection of the two half-windings, the measurements are done at 10.5kV voltage
level reduced by 2.5%, i.e. U10=10.237V. Also the total voltage and current distortions THD(U) and
THD(I) are recorded.

The measurement of current and voltage harmonics are done during the no-load losses and
currents measurements by the same test connection with a power analyzer. The measurement circuit
connection diagram is shown in Fig. 3. The supply voltage of the transformer at the test laboratory
should be sinusoidal. To obtain linear magnetizing characteristics of the supply circuit devices, it is
therefore important to choose the generator and matching transformer connections appropriately. The
measurement currents and voltages are connected to the analyzer through measurement current and
voltage transformers. Because of this, the operation areas of the measurement transformers should
also be linear [4].

Figure 3. Harmonics measurement circuit diagram: 1. Power supply, 2. Supply (intermediate)
transformer, 3. Measurement current transformers, 4. Measurement voltage transformers, 5. Harmonics
analyzer/power analyzer, 6. Transformer under test.

3 RESULTS AND DISCUSSION

The high voltage (HV) winding resistance, no-load power losses and no-load current are
measured with the same power analyzer and a universal unimeter. The results are shown in Table 1,
which also provides some of the basic transformer data.

Table 1. Measured and calculated parameters of the examined distribution transformers

Rated Vector HV winding HV winding No-load No-load current No-load
power rou resistance at resistance at current lo lo (A) at measured
(kva) | 9roup 16°C (Q) 75°C (Q) (%) 10.237V losses Po (W)
160 Yzn5 40.37 49.86 0.11 0.00992 292
400 Dyn5 13.73 16.96 0.14 0.01823 617
1000 Dyn5 4,53 5.59 0.12 0.03907 1180

The voltage and current waveforms for the first transformer (160kVVA), obtained with the power

analyzer, together with the total harmonic distortions are shown in Fig. 4 and Fig. 5 respectively.
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Figure 4. Primary voltage waveform (left) and voltage harmonic spectrum (right) for 160kVA
transformer at U10=10.237V
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Figure 5. Primary current waveform (left) and current harmonic spectrum (right) for 160kVA
transformer at U10=10.237V

From Fig. 4 and Fig. 5 can be discussed that the total voltage harmonic distortion is highest for
the 7™ and the 5" harmonics, although they are within the limits allowed by standards (< 5%, [6]). The
triple voltage harmonics are mitigated, while the 11" harmonic is slightly greater than the 9™. The
voltage does not experience significant waveform distortions and it is very close to the ideal sine
wave. For the entire measured harmonic spectrum THD(U)=1.3%.

On the other hand, the no-load current harmonics exceed the allowed limits: the 5" harmonic as
the highest and the 7" are distorted more than the limit of 8% [6]. The total current distortion is
THD(1)=28.0%, which can be discussed from two different perspectives. Since the root mean square
value of the no-load current is very small (< 0.01A), the measured distortion is most likely not to
cause any significant troubles to the power grid. However, this distortion increases the losses in the
transformer core, and can cause protection relays reaction unless they are properly configured. All
high order current harmonics above the 7" are difficult to be measured, therefore they can be
disregarded in the calculations.

In Fig. 6 and Fig. 7 are shown the waveforms of the voltage and no-load current for the second
transformer (400kVA) and the harmonic spectrums respectively.
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Figure 6. Primary voltage waveform (left) and voltage harmonic spectrum (right) for 400kVA
transformer at U10=10.
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Figure 7. Primary current waveform (left) and current harmonic spectrum (right) for 400kVA
transformer at U10=10.237V

The situation is similar to the previous case. Total voltage distortion is THD(U)=1.25%, and the
highest harmonic components are the 7" and the 5. All of these distortions are within the standard
limits, which is not the case with the no-load current. The total distortion is THD(1)=29.85%, and the
highest harmonic components are the 5" and the 7%".

The third transformer (1L000kVA) also showed similar results. The waveforms and the harmonic
spectrum distributions for primary voltage and no-load current are shown in Fig. 8 and Fig. 9
respectively. The voltage waveform is almost ideal, with a distortion of only THD(U)=1.27%, with
the 7" harmonic being the highest. The no-load current again is significantly distorted, with
THD(1)=27.3%, and the 5" and the 7" harmonic components being the highest.
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Figure 8. Primary voltage waveform (left) and voltage harmonic spectrum (right) for 1000kVA
transformer at U10=10.
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Figure 9. Primary current waveform (left) and current harmonic spectrum (right) for 1000kVA
transformer at U10=10.237V

Three phase transformer’s vector group has an important impact on the harmonic spectrum.
When the primary windings are delta (D) connected, the triple harmonics are restricted to flow only
within the phase windings, and hence they will not appear in the line currents. However, they might
increase the winding temperature above the allowed limits, and much attention must be paid. This also
refers to the voltage harmonics. In star (y) connection, the neutral point can be grounded, therefore




providing no path for the triple harmonics. They flow through the neutral line to the ground, and are
not reflected on the other side of the transformer [7].

In the recent years much attention is paid to the transformer no-load losses by the customers.
That led to creating a special standard for transformer losses reduction, EN 50464-1 [8]. According to
this standard, distribution transformers up to 2500kVA depending on their no-load losses can be
classified in 5 categories, and each of them has particulary specified the value of no-load losses, as
shown in Fig.10. From these measurements can be concluded that tested transformers belong to Co
category, and actually show smaller losses than guranteed, which is on the right way to reaching even
greater energy efficiency.
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Figure 10. Transformer no-load losses classification according to EN 50464-1

4 CONCLUSION

In this research the voltage and current waveforms and harmonic distortions were analyzed for
three different three-phase distribution transformers, operating at no-load conditions. The
measurement of harmonic spectrum was done with a power quality analyzer during the standard no-
load test. According to the expected theoretical assumptions, the voltage waveform is almost ideal
sine wave, experiencing slight distortions of about 1.25-1.3%. The highest high order harmonics in
the spectrum were noticed to be the 7!" and the 5. Due to the vector group of the transformers, the
triple harmonics are mitigated. The no-load current showed notable total harmonic distortion of about
28%. The waveforms were almost exactly the same, regardless of the rated power. This was due to the
5" harmonic being most dominant in the spectrum, and then the 7" and the 3. Although these
currents might not be a threat to the power system, they increase transformer no-load losses, which
are constant regardless of the load.
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NCKOPUCTYBAIBE HA OBHOBJIMBU U3BOPU HA EHEPI'NJA TIPEKY
TOIIVIMHCKHU TYMIIN BO CUCTEMMH 3A I'PEEIBE U
KIIMMATHU3ALINJA

KYCA COAPKHNHA

TonIMHCKUTE MyMIH NPETCTaByBaaT HOB COBPEMEH HAYHMH 3a IPOHM3BOJCTBO HA TOIUIMHA / CTYX
BO CHCTEMHTE 3a Tpeetkhe U KiIuMaTh3aiuja. Tue ce eTHH M EKOJOIIKA YUCT HaYMH Ha Tpecke.
TomrMHCKUTE MyMIIK ja KOPUCTAT €Heprujata oj HUCKOTeMIIEpaTypeH TOIUIMHCKH H3BOP, KOj IITO
IpeTCTaByBa HEMCKOPUCTINBA TOIUIMHA BO OJHOC Ha TEMIIEpaTypaTa Ha OKOJIMHATA, YHj H3BOP MOXKE
na 6uze : OyHapcka BoJa, BoJa OJf peKa, reoTepMaliHi BOAM, HAJBOpPELICH Bo3ayX... Hajedukacen u
HajIPUMCHJIMB TOIUTMHCKH W3BOP BO OKojMHaTa Ha CKoIlje mpeTcTaByBa OyHapcKaTa BOJa, KOja IITO
MIOKpaj Hej3MHAaTa 3aCTalleHOCT, Ce KapaKTepH3Hpa CO KOHCTAHTHOCT Ha TEMIIepaTypaTa.

TOMIMHCKUTE MYMIM CE COCTABEHH O] YETHPH TNIAaBHH KOMIIOHEHTH: HCIHApyBady, KOMITPEcop,
KOHJICH3aTOp M MPUTyIleH BeHTWI. OCHOBHHUOT MPOIIEC KOj ja 00jacHyBa HMBHATa paboTa € JICBHOT
Kapnoror mukinyc. Kako nagunen ¢auyn ce kopuctu R-407C xoj He ja pa3opyBa 030HCKaTa OOBHBKA,
HO BITHjae Ha e)eKTOT Ha CTakIeHa rpaanHa. OMIiTa KapaKTepUCTHKA Ha TOTUTMHCKHUTE MyMIIH € JieKa
no0ueHaTa TOIIMHCKA eHepruja € 3 10 4 maTu moroJjieMa O] MOTpOoIleHaTa eJICKTPUYHA SHEpruja 3a
IOTOH Ha KoMipecopoT. [locTojaT moBeke TUIMOBK HA TOIUIMHCKHU ITyMITH : BOJIa-BOJa, BOAA-BO3AYX U
BO3yX-BO3IyX.

3a rpeeme U KIMMaTH3alMja BO CKIION €O TOIIMHCKUTE IyMITH CE€ KaKO HajIIaMEeTHO PEIICHUE Ce
KOPHCTH KJIMMa-KOMOpa CO BEHTHJIOKOHBEKTOD, KOU IITO C€ ONMPEMEHH cO PpeKPEHTHU PeryinaTopH
W LEeJOCHAa aBTOMAarcka KoHTpoja. Ilpum mHCTanupame Ha OBOj CHCTEM 3a I'pEeeHe/Najemhe OCHOBHA
3ajaya € Ja ce 00e30ean moTpeOHO U paMHOMEPHO 3arpeBame/Iaiemhe Ha IPOCTOPOT, NPH Pa3INIHH
KJIIMMATCKH YCJIOBH, 3a PEIaTUBHO KyC BPEMEHCKH IEpHOJ CO MPHMEHa Ha CTaHJapau (E€BpPOICKH
craanapn EH 12831).

Kayunu 300poBuU: cucmem 3a epeerve/1adere, HUCKOMEMNEPAMypeH MONIUHCKU U360p,
byHapcka 600a.

1 BOBE]J

TomIMHCKUTE yMITM MPETCTaByBaaT HOB COBPEMEH HAYMH 3a MMPOU3BOJCTBO HA TOIUIMHA / CTY]
BO CHCTEMHTE 3a IPECHE U KIMMaTHU3andja. TepMUHOT U MaTEHTUPAHETO HA TOIUIMHCKUTE ITyMITH CE
aktyenusupa Bo fganeyHata 1927 roguna. CTaTUCTUUKUTE mofaTouu rosopat neka no 2010 roguna,
Ha CBETCKO HUBO ce MHcTanupanu Haj 800 MIIMOHH TOTIITMHCKH ITyMITH.

Tue ce epTHH M EKOJIOIIKKM YUCT HAYMH Ha rpeerme. TOINTMHCKUTE IMyMITH ja KOPUCTAT €Heprujata of
HHCKOTEMIIEpAaTypeH TOIUIMHCKH HM3BOp, KOj IITO NPETCTaByBa HEMCKOPUCTIMBA TOIUIMHA BO OJHOC Ha
TeMIIepaTypaTa Ha OKOJIMHATA, Y1 U3BOP MOXe J1a Ouje : OyHapcka Bojia, BoJa O/ peKa,
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reoTepMaHi BOJH, HaJBOPELICH BO3AYX... Hajedukacen 1 HajmpuMEHINB TOTUTMHCKH H3BOP BO
okonmHara Ha CKomje mpeTcTaByBa OyHapcKaTa BOJa, KOja INTO TOKPaj HEj3WHATa 3aCTalleHoCT, ce
KapakTepu3upa CcO KOHCTAaHTHOCT Ha Temmeparypara. Ommra KapaKTepHCTHKAa Ha TOIUTMHCKUTE
MyMITH € JeKa 1o0ueHara TOITMHCKa eHepruja € 3 10 4 maTH morojiemMa ol MOTPoIIeHaTa eNeKTPUIHa
SHepruja 3a MOroH Ha KOMIIPECOPOT.

2 BHUJAOBHU TOIIVIMHCKHU TYMIIN

M3BopoT Ha TOIUIMHA Kaj TOIUIMHCKUTE MyMITH MOXeE Ja Ouae: 3eMja, BOAa MM BO3AyX. 3a
MOCTUTHYBamke Ha €EKTOT JIafiehe/Tpeche, 0/13eMCHATa TOIUIMHA HE3aBHCHO AU € Toa Of 3eMja,
BOJla WM BO3IyX, C€ MpeaaBa Ha pabOTHHOT MEAWYyM BO CHCTEMOT 3a Jaaeme/rpeeme. On oBie
ClielyBaaT M OCHOBHUTE W3BeAOM HA TOIUIMHCKH IyMIM, a TOa Ce: 3eMja/Boja, BOJa/Boja W
BO3/yX/BOJIA.

Bo n300poT Ha TOIUIMCHKHTE ITyMITH, ITOCTOjaT MoBeke (haKTOpW KOW MPHUAOHECYBaaT 3a Jia ce
neGuHUpa TOILTMHCKHOT M3BOP. Bo mpenBuj ce 3eMa CHCTEMOT Ha TpEjHA WHCTajanuja, BUJOT Ha
M30J1alMja, IPOCTOPOT 3a KOj TOj ypea € NoTpeOeH UTH.

Kako Hajoobap TOIIMHCKM M3BOp CE CMeETa MOJA3eMHaTa BOJa, Opaay Toa IITO Taa HMa MHOTY
I0OpH KapaKTepUCTHKH, MMa BHCOK CIeNH(UYCH TOIUIMHCKHA (AKTOp, KOj INTO € 3aJ0JDKEeH 3a
nobuenata toruHa. [lonzeMHara BoJia, ”Ma HHTEPECHU CBOjCTBA, Taa UMa KOHCTAHTHA TeMIepaTypa,
kKoja mro ce aBwku ox 12 go 15 °C. IlogzemHara Boja BO TEKOT Ha TOJMHATA HAjUeCTO MMa
temneparypa of 8-13°C, mro 0Bo3MOKyBa KOPUCTEHE Ha TOIUIMHCKATA ITyMIIa BO HajJIalHUTE AEHOBU
CO MaKCUMalleH TpeeH KamanuTeT. byHapckara Boma onazena 3a 4-5°C Mopa na ce Boau Bo OyHap Ha
oIaJIedeHOCT 011 15 10 20 MeTpH 01 BCUCHUOT OyHAT BO MpaBel] Ha TEUCHE Ha MOJA3EMHHUTE BOJIH.

Rk TonnuHCKa mymna onnu
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cauka 1. HHKJ’IyC Ha TOIUVIMHCKA MyMIia

3 COCTAB HA TOIIVIMHCKHA ITYMIIN
TOnNMHCKUTE MyMIIH C€ COCTaBEHM OJ] YETUPH IJIaBHU KOMIIOHEHTH U TOA :

o Hcnapysau
o Kowmmpecop
o Konpgenzarop




o Ilpurymen BenTwI ( KanmuiaapHa 1EBKa )
Heat Pump = Increasing the pressure
The ground loop transfers raises the temperature
ground energy to a refrigerant X Heat is transfered to the
in the heat pump heating water

\J o | Compressor \/

Heat is transfered to
the room by radiators
or underfioor heating

The refrigerant expands
causing it to cool

cianka 2. CocTaBHM J1€JIOBM HA TOIJIMHCKA MMyMIa

OCHOBHHUOT mpoIliec KOj ja o0jacHyBa paboTaTa Ha TOIUIMHCKUTE MyMITU € JIeBHOT KapHOTOB
UKITYC. HpOHeCOT Ha TOIINIMHCKHUTE ITyMIIM C€ OJBHBA Ha CJICAHHWOB HAaYWH: HUCKOTCMIICPATYPHUOT
TOIUTMHCKH MEJMYM C€ HOCH HU3 IIEBKH JI0 HCTIapyBavyoT, KaJie ITO MEIMYyMOT IIOYHYBa Jla HCIapyBa,
OJIHOCHO JIa ja MOKa4yyBa CBOjaTa TeMIIepaTypa o] JAejCTBO Ha jaawieH ¢uyua. O Tyka, MeIUyMOT
CO TIOKaueHa TeMIIepaTypa O BO KOMIIPECOPOT Kaje IITO CE MOKauyBa MPUTUCOKOT. CO IPUTUCOKOT
MOYHYBA J1a ce IMoKavdyBa U Temreparypara. O Tyka, TOIUTHHATA Ce IIPEHecyBa Ha TPEJHOTO TEJI0, a OJ1
Kora Ke IMOMHHE HHM3 TPEJHOTO TEN0 Taa ce KOHJEH3Mpa BO KoHAeH3aTop. On KOHICH3aTOpOT,
TOIUIMHCKUOT MEAWUYM IMOMHHYBa HU3 CKCIIAH3MOHCH BCHTHJI, KaJA€ IITO C€ HaMallyBa IMIPUTUCOKOT, U
MEIMYMOT TIOBTOPHO CE Bpaka BO MPBOOMTHATA COCTOj0A U € CIIPEMEH 3a MOBTOPHO MCKOPUCTYBAhE.
Kako magunen ¢amyn nHajuecto ce xopuctu R-407C koj He ja pa3opyBa O30HCKAaTta OOBHBKA, HO
BJIMjae Ha ePeKTOT Ha CTaKJIeHa IPajHHa.

CucreMuTe CO TOIUIMHCKA MyMIIa C€ KOPHCTAT 3a Ipeemhe Ha 00jeKTHTE BO 3UMCKHU IEPUOJ U
JaJee BO JETEH EPHO/I.

3.1 3uMCKH pe:kuM — rpeeme
IIpoexTHH KIMMATCKH YCI0BH:
HanBopeninu ycnosu - 3uMa: temneparypa t = —15°C, penatuBHa Bnaxknoct = 80%
Brarpemrnu ycnosu t = 20 + 25°C

TomnMHCKUTE TyMIM ja KOPUCTAT €HepryjaTa oOJf HUCKOTEMIIEPAaTypeH TOIUIMHCKH H3BOP
(HeMcKOpHCTIMBa TOTUIMHA BO OJJHOC HAa TeMIlepaTypara Ha OKOJIIMHATa — aHeprHja) Koja MOXe Ja
Oune OyHapcka BOJa, BoJa OJ PeKa, reoTepMallHU BOJAW, OTIAIHHM TOIUIM BOIM, TOIUIM TacOBH OJ
MHAYCTPUCKH MTPOLIECH WM BO3AYX OJ OKOJIMHATA.

On3eMeHaTa TOIUIMHCKA €HEPruja ja MOAWTHYBAaaT Ha IIOBHCOKO HHMBO IIOTOJHO 3a Tpeee.
TomnuHCKaTa eHepruja oJf HHUCKOTEMIIEPAaTYPHHUOT TOIUIMHCKM W3BOP BO HCIApyBadyoT Ha
TOIUIMHCKATa MyMIIa Ce MpejaaBa Ha JIAJAWIHHOT MEJUyM KOj OJ3eMajKM ja TOIUIMHCKaTa eHepruja
ucnapyBa. O] UCIapyBayoT, JaAWIHHOT MEAUYM C€ BOJIM BO KOMIIPECOPOT, KaJie My CE 3roJieMyBa
MPUTUCOKOT, a CIO00THO Ha TOa M TeMmIieparypara. KoHjaeH3upajku ja npegaBa TOIUIMHCKATa eHEpTHja
3arpeBajku HajuecTo Boaa. Bojara ce HOCH BO TpEjHHTE Tela WIM BO KIMMa KOMOpaTa Kaje ro
3arpeBa BO3IyXOT.




3.2. JleTeH pexXuM - Jiajieme
IIpoekTHHM KJIMMATCKH YCJI0BU:
HanBopeminu ycnosu - jgero: temneparypa t = 35°C, penatuBHa BiakHOCT = 35%
Buatpemnu ycnosu t = 20 <+ 25°C

Bo nmeTHHOT mepwoz mocTpojkaTta ce KOPUCTH 3a JIaJIekhe Ha BO3AYXOT BO objekTtuTe. Bo 0BOj
cllydyaj BojiaTa ce Jaau BO MCIapyBadoT Ha MOCTPOjKara, Koja MoToa BO TOIUIMHCKHOT W3MEHYBau ro
Jaau BO3yXOT KOj C€ BHECYBA BO IPOCTOPOT.

4 T'EOTEPMAJIHU ITYMIIA

Enen on HajeukacHWTE M HAjEKOJIOMIKN HAYMHA 32 3aTPEBamk-e Ha €eH 00jeKT € CO MOMOII Ha
reoTepMaiHa mymmna. ['eoTepmanHara mymma ja WMa Taa CIIOCOOHOCT Ja O]l HHCKO TeMIlepaTypHHU
n3BopH (Kako INTO Ce MOA3EMHATa BOJA M 3€MjaTa) Ja ja W3BJICYM SHEpPrvjaTta W Ja ja MoKauu Ha
MMOBICOKO HHBO TOTPeOHO 3a 3arpeBame Ha oOjekTuTe. |'eoTepMallHUTE MyMITM C€ JIeNaT CIIOopen
HAYMHOT Ha M3Bea0a Ha JIBE TPYIH: W3BeA0a Co rpeemke CO OTBOPEH M M3Bea0a Ha TPeeHe CO 3aTBOPEH
Kkpyr. Paznukara e Toa mrTo Kaj u3Bendara Ha TpeeHme CO OTBOPEH KPYT KaKo M3BOp Ha €HEpruja ce
KOPHUCTH TIO/I3€MHaTa BOJA, JOJCKa Kaj M3BEAOMTE CO 3aTBOPEH KPYr €€ KOPUCTH TOIUTMHATA OJ
3emMjara.

Eneprerckara epukacHocT Ha enna reorepmaniHa nmymna (COP) e wetupu.Co npyru 300poBu 3a
CEKOj MOTPOIIeH KHUJIOBAT ENEKTPHYHA €HEepruja Co MOMOII Ha TeoTepMallHaTa MyMIla ce Jo0mBaar
YeTHpPH KWJIOBAaTH TOIUIMHA. 3a HAjIoOpW pe3yiTaTH ce IMpenopadyBa yrnorpeda Ha reoTepMallHH
MyMITH Kaj 00jeKTH KOH ce co Jo0pa TepMHUKa M3ojanyja. BpeMeTo Ha moBpaT Ha WHBECTHUIIMjaTa
JIOKOJIKY C€ BrpaJyBa BO O0jeKT KOj € J00po M30JHMpaH € OKoJly 5 roauHu. Jpyra omnuka Ha
re0TEepPMAITHUTE ITyMITH € TOa IITO PEYHCH M J1a HEe € MOTPEOHO HUBHO OJPKYBAam-E M MMaaT JOJT BEK
Ha Tpaaeme. PaboTaT TMBKO, HE ja 3araayBaaT OKOJHMHATa M JAE(PEKTHTE C€ PETKOCT JIOKOJIKY ce
KBAJIMTCTHO MHCTAJIMPAHU.

I'maBeH HenOCTaTOK M BEPOjaTHO €AMHCTBEHA MPUYMHA 30IUTO CE PETKO 3aCTalleHH € IMOoYeTHaTa
WHBECTUIMja Koja ce Bpaka 3a nepuon ox 5 mo 10 romumuun. HajucnnariamBo e ako ce BrpaayBa Kaj
HOBH TpaJIOH U JIa Ce UCTUIAHUPA [EIMOT CHCTEM TIPe]] 1a ce TIOYHH Jia ce rpaau. JIoKoNKy ce riaHupa
Jla ce UMIUIEMEHTHpa Kaj IOCTOCUKH IpaJOu MHBECTHLMjaTa € HEeIITO IOrojieMa a co Toa U BPEMETO
Ha MOBpaT HAa MHBECTHULIMjaTa.

HpeI[HOCTI/I Ha KOpUCTCH:€ HA TOIJIMHCKATAa ITyMIia Ce:

EnuHCTBEHO pelleHue 3a rpeeme, Jaaemhe U IOTPOIlyBaayka Ha TOILIa BOJA

Bucoka HCKOPHCTEHOCT Ha SHepryja U 3alliTe/a Ha TPOLIOLHUTE 33 TPeeHe

Maut mpocTop 3a CMeCTyBarbe Ha ypen

Tuska paboTta, 6e3 eMucHja Ha U3yBHU TACOBH

Hewma mupexna emucuja Ha CO-

[Tomasa moTpouryBayka Ha eHepruja Bo cropenda co KOTJIM Ha rac, CTpyja ¥ IBPCTO TOPUBO.

5 HNPHUMEHA HA TOIUVIMHCKH ITYMIIA

TommoTHUTE yMITH KOPHCTAT OOHOBJIMBH M3BOPH Ha eHepruja (Boja, BO3AYX, COHIIE) U IPH Toa
JTUPEKTHO BIIMjaaT HA HaMalyBamke HAa KOJIMYMHATA Ha mTeTHU racoBu CO2, Kako ¥ HA HAMAaTyBamke
Ha TIOTpPOIIyBaykaTa Ha eHepruja. VIMEHO , o1 EKOJOIIKHM M EHEePreTCKHM acHeKT C€ KOMIUIETHO
npudaTiuByd 3a TapreTMTe KOM T'M MMa IocTaBeHO EBporickara yHWja, HO W MakenoHuja -
HaMaJlyBam€ Ha IITETHUTE TacoBH 3a 20%, HamalyBame Ha MMOTPOIIyBaykaTa Ha eHepruja 3a 20% u
KOPHCTEH¢ Ha OOHOBJIHMBAaTA €HEPrHja BO BKYITHUOT €HEPreTCKH OWIaHC Ha eqHa 3eMja co 20% mo
2020 roguHa.

OBo3MOXKyBaaT rojeM KoM(op 3a KOPHCHHUKOT, HUBHOTO KOPHUCTCHEC € KpajHO €IAHOCTABHO,
TPOIIOLUTE 32 OJIPKYBamkEe C€ HUCKH W HE 0apaar CEeKojIHEBHA IMOCBETCHOCT KAaKO Kaj OCTaHATUTE




KOHBECHIIMOHAIHU CHCTEMH 32 Tpeewme (IeneTH, apBa, HadTa). M cexkako co KOPHCTEHETO Ha
TOIUIOTHUTE TyMIIH CE€ OBO3MOXKYBa W JaJIChe¢ Ha MPEABUACHUOT MPOCTOP, IITO CO KOPUCTCHE Ha
JIpYyT KOHBCHIIMOHAJIEH M3BOP Ha 3arpeBame HE € MOXKHO, OJTHOCHO MOTPEOHU C€ JOTOTHUTCITHU
WHBECTHUIINH 32 00e30e1yBambe Ha JPYTH CUCTEMH 3a JIaJIekhe Ha MTPOCTOPOT.

Bo EBpomna mporeHToT Ha Brpa/ieH! TOIUIOTHH ITyMITH BO HOBUTE 00jeKTH ce ABIKHU U 110 35% ox
BKYIIHHTE CHCTEMH 3a TIpeeme (Tac, rpaicko Ipeeme u 1p.). Bo Maxkemonuja m.a. 75% of
HAaCEJICHHETO KaKo M3BOP 3a Tpeerme KopHucTaT apBo, 13% crpyja, u m.u. 12 % kopucTar IeHTpaHO
rpeeme (Tpaacko W wHAMBHAyanHO). Cropen MeHe, MPUIMHUTE 3a BaKBaTa cOCTOj0a € CeKako
pEIaTUBHO HHMCKAaTa KyNMOBHATa MOK Ha HAIUTE TparaHd, HO W HEIOBOJHATa MH()OPMUPAHOCT HA
jaBHOCTa 3a OeHEe(UTUTE O]l KOPUCTEHETO HA TOTIOTHHUTE ITyMITH.

HajnobGap HaumH 3a WCKOPHUCTYBam€ Ha TOIUIMHATA JOOWEHa OJf TOIUIMHCKUTE ITyMITH €
KIUMaTU3alyjata a ce BPIIM CO KJIMMa KOMOpa M BEHTHJIO KOHBEKTOp. Bo mentpanmnara ximma
KOMOpa HaJIBOPEITHHOT BO3AYX CE MOJArOTBYBA JI0 MapaMeTPUTE Ha BHATPEIIHATA cOCTOj0a, a BEHTUIIO
— KOHBEKTOPHUTE TO IMOKPUBAAT BKYITHOTO TOIUIMHCKO ONTOBAPYBame (0l BHATPEIIHH U HABOPEIIHH
M3BOPH Ha OCETHA W JIaTeHTHa TomunHa) . [lopagm 3amTena Ha eHepryuja BEHTHIATOPHTE HA KIMMa
KoMopara ke 6uaart onpeMeHH co ppek(eHTHH PEerynaTopy U LEI0OCHA aBToMaTcKa KoHTpona. Knnma
KOMOpara UCTO Taka Ke OWje OoIlpeMeHa cO IUIOYECT PEeKyIepaTop Ha TOIUIMHA KOMIUIETHpaH CO
ABTOMATCKH PETYIIATOPHU 32 OBO3MOXYBame Ha by-pass pexxuM Ha pabora. [Ipu nHCTanMpame Ha 0BOj
CHCTEM 3a TIpecme/IaJemhe OCHOBHA 3ajJada € Ja ce o00e30equ MNoTpeOHO W PaMHOMEPHO
3arpeBame/Iaemhe Ha MPOCTOPOT, PU Pa3IHYHH KIMMATCKH YCJIOBH, 338 PENATUBHO KyC BPEMEHCKH
Meproj; co TpHMeHa Ha craHgapau (eBporcku crangapn EH 12831) kom mrTo ciyxar 3a
CTaH/IapAN3UPAHO U TPABHITHO MPOSKTHPAHE 10 HOPMH U CTaHIAPIH.

6 3AKJIIYYUOK

TomnmuHCKaTa ITyMITa € ypea co 4Hja IoMOII TOTUIOTHATA €HEeprHja O/ €Ha CEINHA Cce MpedpayBa
Ha apyra. Co TOj MPEHOC ce TPOIIW MOMAaJNKy €Hepruja M AoOuBamMe e(UKACHO JIaJiehe U Tpeche.
TorumHCcKaTta myMIia ja mpeTBapa akyMmylMpaHaTa €HEpruja oA BO3IYXOT, 3eéMja WIH BOJA, BO
TOILTMHCKA €HEepruja, a co Toa clara Bo HajOe30eqeH HauMH Ha Tpeeme. 3a pas3liiKa O/ OCTaHATHUTE
W3BOpH Ha Tpeeme, CO TOIUIMHCKUTE MyMIH OCJIO00JCHH CME OJ HEeNpujaTeH MHpPHC, 4Yaj] |
HEYUCTOTHja. TOIUIMHCKATA IMyMIla € HajCUTYPHUOT HAuYWH Ha MHOBAaTHBHO Tpeewe. Kopucremero Ha
OBaa ITyMIIa € eJJHO O]l peIlIeHnjaTa co Koe OM ce 3aMEeHUIIe TEYHHTE rOpUBa CO AOMAIIHUTE H3BOPHU Ha
enepruja. TomMHCKaTa mymIa e ypea Koj TOIUIMHCKaTa eHepruja o] HUCKH TeMIIepaTypHH HUBOA ja
MpeTBOpa BO BHCOKO TEMIIEpaTypHO HHUBO, CO TIOMOII Ha JI0JIaTHA eHepruja (eJIeKpuyHa eHepruja) co
yaen 1/3 no 1/5 ox nobuenara TOIUIOTHA EHEPTH]a.

TomuHCKUTE MyMIU ce euKaceH ypea Kaae MMa KOMOWHAIHMja O] 3allTela Ha TPOIIOLH H
eKOJIOIIKO MPOU3BOJACTBO Ha eHepruja. Llenta Ha OBOj cHCTEM Ha rpeeme € Aa ja KOPHCTH CcaMo
SNICKTPUYHATA €HEepruja 3a MOroH Ha KOMIpecopoT. Bo M300pOT Ha TOIUIMCHKUTE MyMIIH, TOCTOjaT
noBeke (pakTopu KOW MpPUIOHECYBaaT 3a 1a ce JAeHHIpa TOIUIMHCKUOT M3BOp. Bo mpenBup ce 3ema
CHCTEMOT Ha TPEjHa MHCTAJIAINja, BUJOT Ha M30Jallkja, IPOCTOPOT 32 KOj TOj ypeJ € MOTpedeH UTH.

7 KOPUCTEHA JIMTEPATYPA
[1] Cumona Jloma3zetoBcka, ,,/Ipoekm 3a epeere,iaderwe u 6eHmuIayuja Ha 0enoseH oojekm*, JINTIOMCKA
Tpyn- M®C, Cxkomje, 2016, ctp. 55-62.
[2] Tommmucka mymma, http://www.termosistem.com.mk/toplinska-pumpa/ , 21.11.2016.
[81 ..leomepmarnu nymnu®, http://energetskaefikasnost.info/geotermalni-toplinski-pumpi , 23.11.2016.
[4]  Stefan Samsalovic, ,,Toplotna pumpa“, Smeits, 2009.
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NUCIIMTYBAIBE HA EOPUKACHOCTA HA
COJIAPHUTE ITAHEJIA IPUPA3/INYHHA
AMBUEHTAJIHU TEMIIEPATYPH

MenTop: Emnua IlerkoBcku, UBan TemesikoBCKH
IIpo¢. n-p ’Kusko Kokosrancku
Ancrpakr

CoHueBHTE TIAaHENH, KaKO COBPEMEHHM M3BOPHM HA EHEpTHja, CEKOjIHEBHO /JOKHBYBaaT c¢
TIOTOJIEM TIOJIEM U pa3BUTOK. OBHE CUCTEMH, HaKO HE KOPHCTAT eHepruja Mpou3BeieHa o KiIacuiHu ((OCUITHH)
W3BOPH Ha €HEprHja, IMaaT OrpOMEH NOTEHIN]all 32 HAJMUHYBabe U Ha HAjTOJIEMUTE CHEPTeTCKU NMpoOIeMu, na
3aT0a UCTHUTE CE 36MEHM KaKo MPeIMET Ha MPOyUyBambe Ha OBa HCTPAXKyBakbe.

ITpou3BOACTBOTO Ha EJEKTPUYHA €HEprHja CO MOMOII Ha COHYCBH MAHEIH W KOJEKTOPH, MNPETCTaByBa,
Kako ejieH O]l HajupudaTIMBUTE 3a >KUBOTHATA CPEAMHA, TaKa M HAjEKOJIOIIKM HAayMH 33 CHaOJyBame CO
enekTpuyuHa eHepruja. OCBeH TOa, COHUEBHUTE MAHEIHM Ce MOTOJHH M 3a MecTaTa KOH C€ JIOIMPAaHH Ha rojeMa
OJIIATICYCHOCT O] SICKTPOTUCTPUOYTHBHATAMPEIKA, KAaKO U 33 HenpucTanHuTe Mecta. Cemnak, 3a Mpon3BeIcHaTa
eHepruja aa Oumae J0BOJHA 3a J1a T 33I0BOJIH MTOTPEOUTE 3a MOTPOIIYBAYHTE, IIOTPEOHO ¢ HEJ3MHO PAI[HOHATHO
HCKOPUCTYBAbE.

Tokmy 3aroa, cexoraimn Tpeba Ja ce CTPeMH KOH MaKCHMAllHO MCKOPHCTYBame Ha CJICKTpUYHATa CHepruja
KOjallITo ce Nmpou3BenyBa. Bo Taa Hacoka, BO OBOj TPyJ Ce pasrjeayBaaT BiHjaHWjaTa HAa aMOWCHTAJHATa
TeMIeparypa Bp3 e(pHKacHOCTa Ha IPOLECOT Ha (POTOBOJITANYHATA KOHBEP3Hja, IPU LITO JOOHEHH Ce Pe3yNTaTH
KOHM IomaraaT Jia ce JI0jJe JO BUCTHHCKA IPOLEHKA KOja K& OBO3MOXKH HAjpallMOHAIHO JOOUBAKE SNEKTPUYHA
eHepruja.

ITpuroa, Tpeba na ce HalOMEeHe JAeKa MOKpPaj eKCIepUMEHTaIHaTa pealu3alyja,IpolecoT ce aHAIU3Hpaa U co
nomotn Ha LabVIEW-cumynanmja. Yotpebara Ha CHCTEMOT 32 MOHHTOPHHT € MPENopauwinBa 3a Ja ce 3Hae
KOJIMYECTBOTO CHEPrHja Koja € MpOou3BeieHa o7 (POTOBOJITANYHHUOT CHCTEM BO PEAHO BpeMe, Kako W 3a Ja
00e30ean BICTHHCKATa MPOTHO3a 3a TOA Kako e(HKacHOCTa Ha MPOIECOT Ha KOHBEp3WjaTa K€ ce IPOMEHU BO
TEKOT Ha BPEMETO CO MMPOMEHa Ha TeMIlepaTypaTa.

Ha kpaj, Tpeba na ce Harjacw Jeka BO OBOj TPYJ C€ HCIUTYBAaT TEMIIEPATypHHUTE KapaKTEPHUCTHKH HAa TPH
KOMEpIUjaTHi TPUMEPOIH Ha (POTOBONTAMYHH IAaHENIH YHja MPUMEHa € JeKOPAaTHBHO HOKHO OCBETIYBambe.
HNako mpou3BOAMTENOT HE JaBa HUKAKBH KATAJIOIIKH TOJAATOLM 3a TaHEIUuTe, MCTUTE Ke ce MpeaMeT Ha
eKCIIepUMEHTAaTHa aHaIn3a, CO IITO, BP3 OCHOBA HA JOOMEHHUTE pe3yaTaTH, K€ ce M3BeJle 3aKIy4OK 32 HUBHUTE
crienuuKanum.

Knyuynu 300poBu: AMOUeHTaNHa TeMIepaTypa, eHepreTcka eukacHocT, GOTOBONTAMYEH [aHEN, BUPTYyEIHA
HHCTpYMEHTAaIHja

1.BoBen

1.1. CoHuero kKako 00HOBJIMBHU3BOP Ha eHepruja. [loum 3a poToBONITAUYEH MAHEJ.

DoTOBOJITAMYHUOT TeHePATOP HAjUECTO CE COCTOU Of rosieM Opoj He3aBUCHU MOJYJIH - IIaHe . 3a J1a ce
Jo6re noTpeGHaTa MOKHOCT M HAIOH, CEKOj IaHeJ Ce COCTOM O] TIOBeKe KEeJIMH KOM ce Bp3yBaaT CEpHCKH U
napaesiHo.JJUpeKTHOTO KOHBEPTHpamke Ha cojapHaTa CHEpruja BO €JEeKTPUYHA, ce Jo0MBa MpeKy T.H.
¢oroBoaranyen edext. OBOj eheKT ce KOPUCTH CaMO Kaj MOJYCHPOBOIHHUIM Kou (Gopmupaarp-n cnoj. Ilpu




OCBETIIyBamhe¢ Ha OBHE IIOJYCIIPOBOJHMIIM J0ara J0 CO3IaBame Ha NAPOBH EJICKTPOH-IIYIUIMHU U TeHEPHPAbE
SIIEKTPUYHA CTPYja.

1.2. MaTemaTH4KH MoJeJ1 HA (DOTOBOJITAUYEH IeHePaATOP

Bo enexrpuyaHTe KONa, CMMOOJT 32 ()OTOBONTAMYHUTE KEJIMU € IUO0JaTa, KOja ce KOMOWHHUpA CO CTPYCH
TeHepaTop W OTIIOPHULIN, OHAKA KAaKO IITO € IIPHKAKaHO Ha CIIHKA 1.
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Cnuxka 1. ExBUBaneHTHA €NEKTpUYHA IIeMa HA POTOBOJITANYHA KeJnja

CTpyjHHOT TeHepaTop, BCYIIHOCT, ¢ aHalOrdja Ha COHYECBOTO 3pavycibe, NOfAeKa OTIOpHHIHTE:RS —
eJEKTPUYHA OTIIOPHOCT Ha BOJOBH, RP - BHATpEIIHA OTIIOPHOCT HAa EKBUBAJICHTHHOT CTPYCH reHepartop © R —
notpouryBad.On mremaTa Ha ClI. | TpoM3NeryBa OCHOBHATa paBeHKAa 3a MOJEIOT HA CTPYjHO-HAIIOHCKATa
KapakTepUCTUKa Ha Kenuja:
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kage mro lg e crpyjara Ha 3acuryBame Ha kemwjata [A], Ve usnesnuor Hamon [V], g=1.6:101° C e

HOJHEXOT Ha eleKTpoHoT, K=1.38:102° J/K e BomMaHoBaTa KOHCTaHTa, Ne KOe(UIUEHTOT Ha UEeaNHOCT Ha P-

n cmojot, Tce paboTHata TemmepaTypa Ha kemujata [K]. PaboTHata TemmepaTypa MOXe Ia ce IpecMeTra co

CJIEZTHOBO PaBEHCTBO:
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kaje Tnocte HOMUHANHATA paboTHa Temneparypa [K], Ge MHTEH3UTETOT Ha COHYEBOTO 3paueme [W/m?] u
Taeambuenrannara temneparypa [K].

2. Onuc Ha cumynanujara Bo LabVIEW

[lopagn HEZOCTHT Ha KAaTaJOMIKK MOJATOIM, OAPEAEHH MPETIHOCTaBKH 33 KapaKTepPUCTHKUTE Ha
(doToBonTaNUHKUTE KeJinK Oea HalpaBeHH Ha 0a3a Ha Mepemara U3BpIleHH Ha ucTute. OBHE KapaKTePUCTHKH ce
HCKOPHCTEHH KaKo BIE3HH MOATONH BO cuMmynanujata Bo LabVIEW.

Ha cmuka 2 e mpercTaBeH OJOK-IMjarpaMoOT Ha BHPTYENHHOT HHCTpyMeHT Bo LabVIEW Hampasen 3a
moTpeOuTe Ha OBOj TPY/I.
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Cinuka 2. U3rien Ha OJOK-AMjarpaMoT Ha BUPTYaTHUOT HHCTpYMeEHT Bo LabVIEW
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Crnuka 3. U3ries Ha CTpyjHO-HAIIOHCKATa KapaKTEepUCTHKa fo0ueHa co nomomr Ha LabVIEW
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Cnuka 4. V3riie/ Ha 3aBUCHOCTa HA MOKHOCTA OJ1 HAIMOHOT Ha ()OTOBOJITAUYHUTE KSJIHH JOOHEHA CO
nomornr Ha LabVIEW

Ha cn. 3 u cn.4, npercraBeHn ce rpaduIMTe 3a CTPYjHO-HATIOHCKATa KapaKTEPUCTHKA H
3aBHICHOCTA Ha MOKHOCTA OJ1 HAlTOHOT Ha ()OTOBOJIITAMYHUTE KEJIMU KAaKO M MaKCHUMaTHaTa MOKHOCT Ha
kenuute. Kako mro ke Moxe Ja ce BUAM MOHATaMy BO TPYJOT OBHE KPUBH MAJIKy C€ Pa3iIHKyBaaT O
KpUBUTE JIOOMEHH TMpPH EKCIIEPUMEHTAIIHO MEpEeHhe Ha KeJIMHTEe Ha pa3jidyHa TeMmIepaTypa.
JIOTIOJIHUTEITHO, BPeIHOCTA JTI00MEHA 32 MaKCUMaJIHATa MOKHOCT BO OBaa CUMYJIallvja Ce pas3uKyBa 3a
moManky on 1% o TOYHHWTE BpPEIHOCTH NOOWEHH IMPH Mepema 3a OWIo Koja TeMmIeparypa BO
MEPEHUOT MHTEPBAJL.

3. EkcriepuMeHTAJHM Mepea U JUCKYCcHja

Co nen na ce 1obue jacHa MpeTcTaBa 3a BIMjaHHETO HA TeMIepaTypara Bp3 e(rkacHOCTa Ha COJIapHHUTE
TIaHeJ!, BO IIPOJIOJDKEHHUE, AETaJbHO € ONMIIAaHa MepHATa MOCTAIIKal KOPUCTEHUTE HHCTPYMEHTH.

3.1. Onc Ha MepHaTa NMOCTANKA

OTkako Ke Cce W3MEepU OCBETICHOCTa Ha (DOTOBOJTAMYHHOT MMAHEI CO IOMOII Ha JIyKcMeTap(MOIen
MASTECH MY-68), mo Bpeme Ha crabuwimsanuja ox 10 MuHyTH, Ke Cce YTBpAM J€Ka OCBETJIEHOCTa BO
paMHHHaTa Ha (OTOBONTANYHHTE TaHenH M3HecyBaE=2229 IX. AMOueHTanHaTa TeMIepaTypa Ha MaHEInTe Ce
KOHTpOJIMpa €O IIOMOLI Ha TeMIlepaTypHa komopa tumn Binder. ExcriepiMeHTOT e BpILEH BO TeMIlepaTypeH
oricer oz 10-60°Ccouexopon 10°C.Ha cekoja Temmeparypa cieyBa nepuoj Ha crabunusanydja o 10 min mo koj
ce BpILIAT OTUYHTYBamaTa Ha MEPHUTE WHCTPYMEHTH. M3BpIIeHO € Mepeme Ha CIEAHUTE MapaMeTpH:HaIoOHOT
TP OTBOPEHO KOJIO, KaKO M 3a CTpyjaTa Ha Kyca Bpcka. IIpuroa, 3a 1a MoKe /a ce MEHyBa OTIOpHOCTa Ha
MIOTPOIIYBAYOT, BO €JIIEKTPUYHOTO KOJIO C€ NPHUKIIydyBa W JIeKaJIeH OTIOpHHK. 32 TOoa BpeMe, Ce yCBOjyBaaT
OJIpeZIeHH BPETHOCTH Ha KO Ke c€ Haroiu OTHOPHHUKOT, a 10T0a, IIOCTAIHO, CO TIOMOII HAa MYJITUMETpUTE (KOH
ce ox moaenor MASTECH) ce orumryBaaT BpeIHOCTHTE Ha M3MEPCHUTE CTPYH W HANIOHH MPH Pa3IHYHH
OTIOPHOCTH BO Koyoto. [locramkara ce MOBTOpyBa 3a YINTE NET BPEAHOCTH Ha Temreparyparta. Taka, of
Tabenata 1 jacHO MOXke Ja C€ BOOYM JeKa TeMIleparypara UMa 3HAYWUTEHO BIIMjaHHE BP3 BPETHOCTUTE Ha
HAIOHUTE U CTPYHTE KOHM C€ OTYMTYBaaT CO MYJITUMETPHUTE, a CO Toa U BP3 e(pUKACHOCTA HA CAMHOT COJIAPEH
MaHel.




3.2. Pe3yaratu on MepemaTa

3romeMyBame Ha TeMIepaTypata Ha (OTOBOJNTAMYHUOT TAHET JOBEIyBa JIO HaMalyBambe Ha
MaKCHUMallTHaTa MOKHOCT KOjaIllTO MOKe Jia Ce W3BJCUe O] TOj MaHeNd, KaKo U JI0 HaMaJyBamke Ha HATMIOHOT Ha
oTBOpeHOTO Koyio. CTpyjara Ha Kyca BpCKa OCTaHyBa KOHCTaHTHA WJIM MaJKy Ce€ MEHYBa CO MpOMCHa Ha
TemnepaTypara. OBre IPOMEHHU MOXKE Ja ce 3a0enexar Ha Tabenure U rpadunuTe. 3a WIycTpaiyja, HAOHOT Ha
OTBOPEHO KOJIO Tpu Temrmeparypa Ha (otoBontamkor ox 10 °C msmecyBa Uoc= 4,95 V, a makcumanHaTta
MOKHOCT m3HecyBa Pmax = 2,44292 mW nozeka 3a temmneparypa ox 60 °C, Uoc= 3,54 V, noneka Pmax =1,823
mw .

T=60C T=10C
Rp (kQ)|U (V) |1 (12A)|P (mW) Rp (KQ)|U (V) |1 (LA) |P (mW)
0 0] 930 0 0 0 892 0
1| 0.97| 961| 0.9322 1| 0.95 944| 0.8968
2| 1.87| 915|1.7111 2| 1.8/ 890 1.602
3| 2.35| 776| 1.8236 3| 2.6 860 2.236
4| 2.61| 649 1.6939 4 3.14| 778| 2.4429
5| 2.78/ 552 1.5346 5 3.47 692| 2.4012
6| 2.89| 480| 1.3872 6| 3.71 615| 2.2817
7| 2.98| 423] 1.2605 7| 3.88 551| 2.1379
8| 3.04| 379| 1.1522 8 4| 498 1.992
9 3.1 343| 1.0633 9 41 453| 1.8573
10| 3.14| 315| 0.9891 10| 4.18| 416| 1.7389
11| 3.18| 290| 0.9222 11| 4.25 385| 1.6363
inf| 3.54 0 0 inf| 4.95 0 0

Tabena 1. Cnopenba Ha TOOMEHNUTE PE3YNTATH Ol MEPEH-ATa IPH ABE PA3INIHU TEMIIEPaTypH

CTpyjHO HanNoHCKa KapaKTepUcTUKa
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Cnuxka 2. I'padnuky nprkas Ha CTpYjHO-HAIIOHCKATa KapaKTEPUCTHKA HA HCIUTYBAaHHOT (hOTOBOJITANYEH
E): (S
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Cnuxka 3. I'paduuxu npyka3s Ha TOYKUTE HA MAaKCHMaIHA MOKHOCT 3a PAa3JIMYHH TEMIEPATYPHU KPUBH

3.2. Onuc ¥ TEXHUYKH KAPAKTEPUCTHKN HA MEPHUTE HHCTPYMEHTH

Ha cnuka 4-a nmameH e mpukas Ha MEpHUTE WHCTPYMEHTH CO KOW C€ W3BPLICHH EKCIIEPUMEHTAIHHUTE
Mepema.

Cruka 4. [Ipuka3 Ha Ha yCJIOBUTE U MEPHUTE HHCTPYMEHTH CO KOM C€ BPIIH €KCIIEPUMEHTOT

TemneparypHa komopa (tum: BINDER). 3a ma Moxe ma ce crmpoBegaT Mepemara MpH PasindHu
TemIepaTypu, Oeme uMckopucreHa komopata on turnotr BINDER (Bumu ci. 4-6) co umja momour ce J0JIoBHja
pa3MuHUTE aMOUEHTAIHH YCIOBH.

Myarumerap. 3a OoTUMTYyBawkbe Ha BPEIHOCTUTE Ha HAMOHOT M CTpyjaTa BO Mepemara, yIoTpeOeH e
myntamerapot o1 Tunot MASTECHMY-68(Bumu cit.5-a).

\

Cnuxka 5. [Iprka3 Ha MyJITUMETapOT, JIYKCMETAapOT U JIEKaTHUOT OTHOPHHUK KoM Oea ynoTpedeHu npu
MepemaTa

Jlykemerap. 3a ma ce mobuwe BpemHOCTA Ha WHTEH3MTETOT Ha COHUYCBOTO 3pauere, BO OBOj TPYI
HUCKOpHUCTEH € aykcmeTap on pupmara MASTECH, tum MS6610, kako 1mTo € mpuKakaHo Ha ¢i1. 5-0.

JekaneH oTnopHukK. J[ekaJHUOT OTIOPHHK KOj € yIoTpeOeH Npu Mepemara € NPUKaKaH Ha CIIMKa 5-B U
HCTHOT MMa YJiora Ha ONTOBapYBaHETO BO EJIEKTPUYHOTO KOJO KOE € HAaIlOjyBaHO OJ CTPYJHHOT I'e€HEepaTop.




Kako mTo Beke morope Oermre kKakaHo, IPH Pa3NWIHA BPEIHOCTH HAa ONTOBApYBAWETO, CE JOOMBAAT PazINIHI
BPEIHOCTH 32 W3JIC3HHOT HAIIOH M W3JIe3HaTa CTpyja.

3.3. I'pemiku mpu MepemaTa

3a IUTUTATHUOT BOJITMETAPCO KOj € HAPABCHO MEPEHETO JaJICHH CE KaTaJOIIKUTE BPEIHOCTH 3a alCoIyTHATa
rperika Bo gpopma: A= (Ap,,% + Bdig), KaKo IITO € TaJeHo co Tabenara 2.

MepHo P;zony I'pemka
nojpayje nuja
Ennonacouen 326 mV 0.1mV A= +(0,5%00nox. +2dig)
uanon (DC) 326V Imv A= +(0,3%o00nox. +2dig)
32V 10mVvV A= £(0,3%00nox. +2dig)
326 V 0.1v A= +(0,3%o00nox. +2dig)
1000V v A= +(0,5%00nok. +2dig)

Tabena 2. KaTamouiky BpeAHOCTH 3a allCOJyTHATa I'pellika 3a AUTUTATHUOT BOJITMETap

Kora gururanHnOT MyIATHMETAp, MaK, IMa yJiora Ha aMIIepMeTap, HeTOBUTE KaTAIOIIKUTE BPEIHOCTH CE
3a7a7ieH Co ciaeaHaBa Tabea:

MepHo P§30ny I'pemika
nojpauje mja
Ennonacouna 326 pA 0.1pA A= +(1,2%00noxk. +3dig)
crpyja (BC) 3260 pA TN A= +(1,2%00n0x. +3dig)
32.6 mA 10pA A= +(1,2%00noxk. +3dig)
326 mA 0.1 mA A= +(1,2%o00nox. +3dig)
10A 10 mA A= +(2,0%00n0k. +5dig)

Tabena 3. KaTanomnku BpeIHOCTH 3a alcoyTHATA IPeIka 3a AUTHTATHUOT aMIIepMeTap

Axo ce 3emMar npeBU/l BPEAHOCTUTE HA CTPYjaTa U Ha HATIOHOT MPH KOU ce J00MBa MAaKCHMAaJIHA MOKHOCT
OJI CTIPOBEJICHUTE Mepema, 0OTHOCHO ako ce 3eMe neka U = 3, 14 V, a | = 778 mA, necHO Moe Jla ce oApenu
arcoJyTHATa TPEIIKa, KAKO U CBEJeHATAa TPelIKa Ha MHCTPYMEHTOT. [IpuToa, 3a JUIMTAIHHOT BOJTMETap Ce
nobusa:

A= i(£-3,14+2-1-10‘3j =1142 mV
100

A oo L142mV

y= :100= 0,35%
v

mp !

3a IUTUTATHUOT aMIiepMeTap, Mak, ce 100uBa:

A=+ L~778+5-1-10‘3 = 5,16 mA
10000

mp

-100=0,05%




3.4. KpaTok ocBpT Ha 100ueHUTE Pe3yaTaTH

Tpeba na ce HanomeHe neka, (POTOBOJNTAUYHHOT MaHE]T KOPHCTEH BO OBOj TPy € CO HEMO3HATH
cneuudukanu. MeryToa, Bp3 OCHOBa Ha JOOMEHHTE MNOJATOLM M pE3yNTaTH, HalpaBeH € OOWA CO KOj
(OTOBOITAaMIHMOT MAHEN KOj UM Oellre JajJeH Ha pacmojarame Ha eKCIIePHMEHTATOpUTE ce KIacu(pHUIHpa Bp3
OHOBA Ha HETOBUTE KapaKTEePUCTHKHU, KOH CE Ol HCKITyYHTEIHa BaXKHOCT 32 MCTHOT. Taka, ako ce 3eMe IpeIBHUL
JileKa MOHOKPHCTAJTHUTE CHIININYMOBH MaHeIn Moxke na mpousBenat 140 W — 200 W enextpudaHa enepruja on
1000 W/m?conueBo 3paueke, Kako U aKo ce 3eMaT HpejBuj NOOUeHHTe Pe3ylTaTd, MOXKe Ja ce KOHCTaTHpa
JIeKa cTaHyBa 300p TOKMY 32 OBOj BHJI ITAaHEIH.

On cupoBeIeHUTE Mepema, Kako M oIl JOOWEHHUTEe pe3yiTaTh3a alcojyTHaTa Ipelika M 3a KiacaTa Ha
TOYHOCT Ha MYJATHMETAPOT, MOXKeE [1a Ce 3aKIydHd JeKa JOOMCHUTE Pe3yaTaTd He Ce coceMa TOYHH, HO, Cemak,
HCTHUTE MOXKE []a Ce 3eMaT KaKO MHIMKATOP 3a KOHCYHUTE PE3yJITaTH, KaKo U 3a 3aKIYYOLUTE KOUIITO MOXKE 1a
ce M3BeAaT OJ MCTPaKyBameTo. IIpHToa, MOMOMHUTENHO, Tpeba Aa ce HAalmoMEHe AeKa MPU CKCIICPUMEHTHTE
3aHEMapeHO ¢ BJIMjaHHETO Ha BIAXKHOCTA HAa BO3AYXOT, LITO HCTO TaKa MPUAOHECYBa BP3 KPajHUOT MCXOZ O[T
HCITUTYBabAaTa, a CO TOa U BP3 KPajHUTE Pe3yNTAaTH KOUIITO ce J0OHBaar.

Homnonaurento,cumyianujata Bo LabVIEW kojamro Gemie mpeTcTaBeHa BO 0BOj TPYH CE MOKaXa Kako
BEPOIOCTOjHA BO OHOC Ha M3MEPEHUTE apaMeTpu Ha (HoToBoIATandHUTE Keanu. Toa 3HAYM JeKa 3a BAKOB THUII
Ha MAHEeIW OBaa CUMYyJaluja OM MOXKena Jia Ce MCKOPHCTH 3a NPEIABUIYBAE HA HAIIOHOT M Ha MaKCHMAaJIHATa
MOKHOCTKOJAIIITO MOXE []a C€ MPOM3BE/IC IPH PA3INYHN aMOUCHTAIHN TeMIIEPaTypH.

4. 3aKJy4oK

On nocera u3noXeHUTE (HaKTH BO OBOj TPY, KAKO U O]l TOOUCHUTE PE3yJITaTH O]l MEpPeHaTa KOHUIITO Oca
M3BPILICHH, JIECHO MOXeE J[a CC 3a0EeNe)KH IeKa TeMIepaTypara ¢ o/l TOJIeMO 3HAYCHC 3a CICKTPUYHATA SHepTHja
KOjamTo ce J00MBa 01 ()OTOBOJNTAWYHHWTE MaHENH. Taka, 32 MaKCHMAaTHO HCKOPHUCTYBame Ha COHYECBATa
eHepruja, TMoTpeOHO € Ja ce BHMMaBa Ha MOBEKe YCJIOBH BO KOW Ce OJBMBA KOHBEP3MjaTa, 3aToa IITO BO
CIIPOTHUBHO Ke ce J0OHe eNeKTPUYHA eHEPTHja KOJjallTo € 3HAYUTEIHO MO OUEKyBaHATa BPEIHOCT.

WU cocema Ha kpaj, Kako Oeler Ha OBOj TPy, MOXE Ja ce 3aKIy4H JeKa CHPOBEACHUTE MEpema, KaKo H
HUBHHUTE aHAJIM3H IIPETCTaByBaar ,,’KMB”~ CBEIOK JIeKa eprkacHOCTa Ha COHUEBHUTE MAHENN € TECHO ITOBP3aHa CO
TeMIepaTypaTa.

5. Baaropapuoct

ABTOpHUTE Ha 0BOj TPYA OM cakaje Ja U3pasar rojemMa OJarogapHocT Ha BpaboreHnTe BO MHCTHTYTOT 3a
€JIeKTPOTEXHHYKH MaTepujaju M eJeKTPHMYHH Mepema npu DakyJTeToT 3a eJeKTPOTeXHHKA M
uH(popmanuckn Texnoaorun Bo Ckomje 3a OrpOMHHOT IPUIOHEC MITO T'O /13/10a TPH pealln3alnjaTa Ha CUTe
eKCTIEPUMEHTH M MEpEmha, a CO Toa M 33 peajn3aliijaTa Ha UCTINTYBamaTa KOU Ce MPEAMET Ha UCTPAXYBamke BO
0Boj Tpya. Uckmydnrtenna 6naromapraoct 1o MEMEM ce ymaTyBa u 3a CUTe MEpPHH MHCTPYMEHTH U amllapaTh
KOM T OBO3MOJKH]ja Ha PAcIIoyIarame 3a eJINTE Ha 0Ba HCTPAXKYBambE.

6. Kopucrena simreparypa
[1] b. BenkoBcku, . IlejoBcku, CucTeM 3a CHHUMame CTPYjHO-HAIOHCKA KapaKTEPUCTHUKA Ha
(doroBoaTandeH reHepaTop npeky Arduino Leonardo “.
[2] JatinNarotam Sarvaiya, Bharath Seshadri, ,, Temperature Dependent PV Efficiency”, PV Asia Pacific
Conference.

[3] Boban JakumoBcky, ,, EukacHOCT Ha COJapeH IMaHesl CO KOPUCTEHhE CHCTEM 332 aBTOMATCKO CIIE/ICHhE Ha
Connero”, ®EUT-Ckorje.

[4] Modestas Pikutis, Dominykas Vasarevicius, Romanas Martavi¢ius, ,, The influence of temperature of
photovoltaic modules on performance of solar power plant”

[5] M. Zdravkovic’, A. Vasic’, C" . Dolic’anin, K. Stankovic’, P. Osmokrovic, ,, Temperature Effects on
Photovoltaic Components Characteristics”
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ITAMETHA MPEXA - OCHOBEH KOHIEIIT

KYCA COAPKHNHA

Hnudpactpykrypara Ha T00aIHaTa €IEKTPUIHA MpeXka KOja He CITy)KH MOBeKe TOIUHU, Op30 TH
JOCTUTHYBA CBOMUTE OTpaHUYyBama MOpaly 3rojeMeHara modapyBayka Ha eJIEKTPUYHA SHepruja Koja
ce 3rojeMyBa ce MoBeke cekoja roamHa. OBaa 3rojeMeHa MoOapyBayka ja TpaBH eJIEKTpHYHATA
Mpeska J1a Oujie moBeke MoAJIeKHa Ha MCIaIN,co MTO BeKe HeMa Ja ycIiee Ja TH 33/I0BOJI OapamaTa
Ha KPajHUTE KOPHUCHUIM KOU KOPUCTAT C€ MOCO(GHMCTUIMPAHU KPajHU ypeau. 3a Ja ce pPelld OBOj
MPeIU3BUK EHEepreTcKaTa 3aeHHLIA 3aI0YHYBa Ja TH CI0jyBa HHPOPMATUIKUTE M KOMYHUKAIIUCKUTE
TEXHOJIOTHH CO €HepreTckaTa HH(PPacTPyKTypa, CO MTO My OBO3MOXKYBa Ha EIEKTPUYHHOT CHCTEM J1a
CTaHe ,,TaMEeTeH" CO IIeJT Ja MOXKE J1a T0O MOHUTOpHpA U MEHAIMPa IPOU3BOACTBOTO, CKIIAJNPAHETO,
MPEHOCOT, AUCTPUOYIIKjaTa ¥ MOTPOIIyBauKaTa Ha eJIeKTpUIHATa EHEPrHja.

Bo oBOj Tpym ke Oumpmar pasrieqaHu MaMETHUTE MpPEXH, KOM MOXe Ja ce aeduHHpaaT Kako
WHOBaTHBHA WHQPACTPYKTypa Ha eJIeKTpUYHaTa Mpexa Koja ke uMma momoOpeHa eQHKacHOCT,
CUTYPHOCT M 0e30€HOCT, CO HempedeHa MHTEerpanuja Ha OOHOBIMBHUTE W3BOPU Ha CHEPrHja, MpPEKy
aBTOMATCKA KOHTPONA N KOMYHHKALIMCKH TexHonorun. Ke Gujie pasrieian KOHIIENTOT HA IAMETHUTE
MpEXH KOj C€ COCTOM OJ : MH(]ppacTpyKTypa 3a HAIpEeIHO Mepeme, ONTUMM3AIMja Ha Mpexa,
JIOMAIIIHU MPEXH, OJIrOBOP Ha MoOapyBavka M BO3WJA JIO MpPEXa, OJHOCHO XHOPHIHH ENEeKTPUIHU
BO3MJIA.

LlenocHO MMIUIEMEHTHPAHH, ITAMETHUTE MPEXH Ke OnIaT COCTaBeHH O]l MHOTY JEJIOBH KaKO ITaMETHH
Mepauy, JaJTHOBOJIM, KOHTPOJOPH, HO OBa HEMa Ja ce CiIyud ojedHaml. [lamerHure Mpexu ce
pa3BHBaaar JieN 1o el BO TeKOT Ha OBaa JICIEeHHja, Kako U HapeaHata. Ce odekyBa Ja ja JoHecaT
MCTHOT BUJ Ha TpaHC(hOpMAaIlHja Ha HAUMHOT Ha )KMBEEHE Kako MITO ja foHece VIHTepHETOT.

Kayunu 360poBu: navemna mpesica, namemuu mepadu

1 BOBEJ

TpaAuIMOHAHUTE CEHEPreTCKH CHUCTEMH ce 0a3upaar Ha UEHTPATH3UpPAHO TIeHepHpame Ha
eHepruja, Koe TIOClie Toa Ce IMpeHecyBa /0 KpPajHUTe KOPHUCHMIIM TIPEKY YHUIMPEKIIHOHU
TPaHCMHUCHOHH CHUCTEMH 3a TUCTpHOyIrja. HemocTaTok Ha OBHE CHCTEMH € TOa IITO eIeKTPHYHATA
eHepruja Mopa Jia Oujie KOH3yMHpaHa IITOM ¢ TeHepHpaHa, 3apajid OBa CUCTEMHUTE UMAaT MpPoOIeMH
BO TEpPHOAM KOra HMMa HajroleMa Mo0apyBauka Ha CHepruja BO OJPEJACH MEPHOJa Ha JICHOT.
OmninrecTBaTa MMaaT ce IorojiemMa rnobapypauka Ha ejlekTpudHa eHepruja. Ilomery 2000 u 2007,
robanHara nmobapyBadka 3a €JIEKTpUYHA €HEpruja, BO IMPOCEK, ce 3rojieMyBaia 3a 2.5% cekoja
TOJIMHA, U OBA 3rOJIEMYyBambe MPOJOIKUIO 3a Hapeauute roguau. Jlo 2030 romuHa ce oyekysa 1a ce
srojemu a0 30.000 TWh 3a exqna roauna.
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Cnuxka 1 I'mobanna nobapyBauka Ha elIEeKTpUYHA EHEepruja

JloTioTHUTEITHO OBHE CHCTEMH ke Tpeba /1a ce crojaT co OOHOBIMBUTE U3BOPY HA €HEPrHja,KaKko

BETEPOT, COJIAPHUTE TaHeNH, OMoropuBaTta 1 Apyru. HoBuTe maMeTHH MpeXu Mopa Ja ce OIpeMeHU
CO HampeJHU KOMYHUKAIIUH 1 WHPOPMATHUKK TEXHOJIOTHH, 32 J1a MOXKE Ja cle/laT, aHATM3Upaar U Ja
'Yl OpraHU3UpaaT PECypCUTE COOJBETHO CO MoOapyBayKara Ha eJIEKTPUYHA CHEPTHja.
[lameTHuTe Mpexu ke o0e30emaT TOBEKe eJEKTPUYHA €Hepruja, Ke ja 3rolieMaT eHepreTcKaTa
e(MKACHOCT, CHTYPHOCTA M KBAINTET Ha CHaOmyBame Ha McTata. Ke 6mar crmocobHM na ja
penyuupaaT eMucHjaTa Ha jaryiepo] JUOKCUA U Ipyru 3araxyBadr. Co MOMOII HA MOHUTOPHUHTOT Kaj
MaMETHUTE MpPEXH Ke ce W30erHyBaaT HapyllyBamaTa Kako MMTO € TyOemeTo Ha eNeKTphYHa
eHepruja. Tue MMaaTr MOTEHIMjal J1a HHTErPHpaaT HOBU TEXHOJIOTHH 32 JIa OBO3MOXKAT CKJIaUpParbe
Ha eJIEKTPUYHA SHEePruja, a co Toa U Ja ce 3rojeMa yrnorpeda Ha elNeKTpUYHH BO3Wiia. buanpeknnona
KOMYHHKaIHja K& UM OBO3MOXH Ha KOPUCHUITUTE Jja UMaat MPUCTAI O LIEHUTE BO PEalHO BpeMe, CO
MTO K€ WMaaT MmomoOpo yIpaByBame Ha €Heprujara co 3aBHUCHOCT of IieHata. Ha Toj HaumH
MaMETHUTE MPEXKHM MM JI03BOJYyBaaT Ha KOPUCHUIUTE Ja 3allTelaT €Hepryja co MOXHOCT Ja ja
MpojaaaatT Ha3a Ha MpeKaTa JJOKOJIKY HUB HEe UM € TIOTpeOHa.

2 KOHIEIIT HA TAMETHA MPEXKA

Toa mTo oOMYHaTa Mpexa ja MpaBH ITaMeTHA € HOBaTa JAWTHTATHA TEXHOJIOTHja Koja J03BOIyBa
KOMYHHKAallMja BO J[BaTa IpaBIH, MOMElYy KOPHCHHUIIUTE W MpEkKaTa, KaK0O M MOHHTOPUHTOT H
CEH30pHTE 3a Jla Ce OJpXKyBa Mpekarta ctabmwiHa. [lameTHaTa Mpexa Ke ce COCTOM O]l KOHTPOJIEpH,
KOMITjyTepH, aBTOMaTH3aIMja ¥ HOBU TEXHOJOTHH U OIIpeMa KO Ke paboTaT 3ae/IHO CO eJIeKTpUYHATa
Mpexa 3a Ja OJIroBopu Ha Op30 mNpoMeHiuBa MOOOpaByuyka Ha €JIEKTpUYHA EHepruja.
[TpunoOuBKY 011 MTaMETHATa MpeXka ce:

- ITloedukaceH npeHoc Ha eJIEKTPUYHA EHEPrHja

- TloGp3o omopaByBame BO citydaj Ha MPEUKH

- Hamanenu omepaiyu u TPOIIOLM Ha HpETIpUjaTHjaTa, Co LeJl Jla Ce HaMaJlaT TPOIIOLHUTE 3a
CTpYyja Ha MOTPOLTYBAYHTE

- 3rosiemMeHa HHTETpaIyja Ha CHCTEMHTE 32 OOHOBIMBHTE U3BOPH HA €HEPIHja

- MOKHOCT 3a CKJIaJIMpa-e Ha CIEKTPUYHA SHEPIHja MPEKY XUOPUIHH SISKTPHYHN BO3UIIA

- BxiyuyBamke Ha KOPHCHHMKOT BO MpeXara, NpPeKy MOXHOCTa [a MpojaBa eJIeKTpUYHA
€Hepruja MPOU3BeICHa 01 CONICTBEHN CUCTEMH KaKO COJIAPHH MaHEeIn

- T[omoGpyBame Ha Oe30eaHOCTA

['maBHUTE amiMKallid Ha MaMeTHaTa MpeXa MOXeE Ja Ce IoJeNaT Ha: HHGpPacTPyKTypa 3a
HaIpeIHO MEpeme, ONTUMU3AIlja Ha MpeXxa, JOMAITHA MPEXH, OATrOBOp Ha rmodapyBadyka ¥ BO3HIIA
JI0 Mpexa.




2.1 HudpacTpyKTypa Ha HANIPETHO Mepeme

[IpercraByBa 1IETOCHO MHTErpUpaHa, TBOHACOYHA KOMYHHKAalMja Koja Ke ja HalmpaBH MpekaTa
IMHAMUYEH ¥ WHTCPAKTHBEH CHCTEM 3a €JEeKTpHYHA CHepruja W Ke MMa pa3MeHa Ha MOJATOIH BO
peaHo BpeMme. Bo ceramHuMTe €JIEKTPUYHM MpPEXKH CE€ KOPHCTAaT DPA3IMYHA KOMYHHKALMCKH
TEXHOJIOTHH, HO HEMa HHMBHA 1I€JIOCHA MHTErpalnja co CoOBeTHN Op3uHU. 3a Ja Oune HajeeKTHBEH,
KOMYHHMKAIMUCKAOT MPOTOKOJ KOj Ke OHMlie MHTerpupaH BO MAaMETHUTE MPEXH, K& MOpa Jia TIOCTUTHE
YHUBEP3aJTHOCT, WHTETPUTET, €THOCTABHOCT 32 KOPHCTEHE, e(hUKACHOCT, CTaHAapaAn H 0e30eTHOCT.
OBaa uH(]pacTpyKTypa ce COCTOM OJ TpH TJaBHH KOMIIOHEHTH: IMaMETHH Mepayd Ha CTpaHa Ha
KOPHCHHIIUTE, KOMYHHKAIlUCKa MpeXa MOMely KOPHUCHHKOT M eJEeKTpUYHAaTa Mpexa W JIOMalllHa
Mpeska Koja ke Om/ie ToBp3aHa co JOMOT U TaMeTHHOT Mepad. OBHE KOMIIOHEHTH W OBO3MOXKYBaaT Ha
nH(ppacTpyKTypara Ja BOCIIOCTaBH KOHEKI[Hja Mely JOMOT M eJeKTpUYHaTa Mpexa, Koja Ke HM
OBO3MOYKH Ha TIOTPOILYBaYUTEe OATOBOP HAa HUBHO MOOAapyBame 3a [ICHUTE Ha eJIEKTPUIHATA EHEepryja.
[Ipernpujatujata UcTO Taka ke MoOXKaT Aa MoOWBaaT WHGOpPMAIMH 32 MOTPOIIYBAYHTE BO PEATHO
BpeMe CO IMITO K& UM OBO3MOXKH €(PeKTHBHO Ja yIpaByBaaT cO MoOapyBadkara W CHaOIyBameTo Ha
eJIEKTPUYHA EHEePrHja.

- JoManraa Mpexa
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Cnuka 2 MHbpacTpyKTypa Ha HAIIPEIHO MEPLH-E U JIOMAIlHA MPEXKa CO MaMeTeH Mepay
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[NametrHHOT Mepau Tpeba Ja TM U3BPIIYBa CIeIHUBE TPU QYHKIUH : CIEACHE Ha MOTPOIIeHATA
CJIEKTPUYHA EHEepruja, Ja MNpUCTallyBa [0 YpeAM IPHUKAYeHH Ha JOMallHaTa Mpexa U Ja ja
KOHTPOJIMpa MOTPOIIYBauyKaTa Ha eJeKTpUdYHa eHepruja. OBaa KOHTPOJIA € 0COOEHO BayKHA BO CIIY4Yaj
Kora rmobapyBaykara ro HaJIMUHyBa JIIMUTOT Ha CHa0/IeHa eJIEKTPUYHA €HEepruja, TO MOXe Jia Ouje
3aKaHa 3a MPEKUH Ha yCIyTUTe.

[TameTHuTE MEpaun ce CIMYHM 10 TOJIEMHUHA M MHCTAJIM3allKja KaKo U BeKe MOCTOCUKHUTE EIEKTPUYHU
Mepauu, BUJUIMBATA Pa3JIMKa € IUTUTAIHUOT ITaHe Ha TaMEeTHUOT Mepad.
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Cnuka 3 [TamereH Mepad (JI€BO) ¥ OCTAp EIEKTPOMEXaHWYKH Mepad (IeCHO)




Enno onm rmaBHUTE Tpamiama € Kako IMaMETHUTE Mepadd ke KOMYHHIMpaaT Mery cebe U co
OCTaHATUTE ypeAW BO Mpekara. lMa Tpu TJIaBHU KOHKYPEHTHU TEXHOJIOTHH : IIMPOKOIIOjaceH
MHTEPHET MPEKy CJICKTPUYHATa Mpeka, paauo (PEeKBEHTHA MeEIl Mpeka U MOOWIIHA,0THOCHO
HesyiapHa Mpexa.

2.2 OnTuMHU3anMja HA Mpexa

Jenec npeTtnpujaTrjata MaaT Majia BUIJIMBOCT 3a epdopMaHcHTe Ha MpexkaTta. Kako pesynrar
Ha Toa IpeTHpHjaTHjaTa TOCTOjaHO AOHECYBaaT OJUTyKa 3a MPEHOC Ha eJCKTPHYHAa CHEpruja HH3
MpeXxara CO HEeleJOoCHHM HH(OpMAalWHu, IITO PEe3yiTHpa BO 3aryOW MOpagd 3aryllyBambe M JIOII
KBaJINTET Ha €JIEKTPUYHATA EHEPTHja 3a KPajHHOT KOPHCHUK. be3 3roneMeHa BUAIMBOCT U Haa30p BO
TUCTpUOyIMjaTa Ha MpPEXHWTE Hema Ja Ouae BO3MOXKHO Ja Ce HHTErprupa HEUECHTPATH3UPAHO
TeHEepUpame Ha €Hepruja, Kako Ha MPHMEp, CONapHUTE MaHeIn Ha KPOBOBUTE Ha KyKHUTe, HJIH Ja ce
MHTETPUPAAT EIEMEHTH 32 CKJIaIUpame Ha eNeKTPUYHA eHePryja, Kako MITO CE eICKTPHYHNUTE BO3HIIA.
Co onTmMm3anmja Ha Mpekara, K€ MMa IeJIOCHa BUIJIMBOCT, CO IITO K€ ce MOJA00pH, a BO HEKOH
cllyyad M aBTOMaTH3Mpa, e(puKacHOCTa Ha MpekaTa. Bo oBaa onTuMu3zamnuja ce BKIYYCHH H
CCH30PCKUTE TEXHOJIOTUH, MH(PPACTPYKTypaTa 3a KOMYHHUKaIlMja U WHTCPHET TEXHOJOTHHU IITO Ke
MIOMOTHAT BO ONTHMH3Hpake Ha eppOpMaHCUTE Ha MpeXKaTa BO pPeallHo BpeMme, CO oo0pyBame Ha
CUrypHOCTa, epukacHOCTa U Oe30eTHoCTA.
[lpeky onTumm3amuja Ha MpexkaTa, MpeTHpujaTHjaTa Ke OWAaT BO MOXHOCT Ja TH MpeIBHIAT
TPEIIKUTE U JIa TOCOYaT Ha MeCTaTa KaJe IITO MMa BEPOjaTHOCT Ja ce CIIyYH IPEKHH, M CO Toa J1a ja
IpeHaco4yaT eHeprujaTa OKOJly HapyllyBamaTa M 3aryllyBamaTa HH3 MpekaTa co Iel Ja ce
MakcuMmm3Hupa edukacHocta. [JaBHHUTe NpUAOOMBKHM Ce HaMmalyBamkbe Ha OpOjoT Ha HWCHagd BO
MpexaTa, MOomo0pO HCKOPHCTYBamkeé Ha W3BOPHTE, HaMalyBamkeé HAa TPOLIONMTE M IOTroJieMa
6e30emnoct. Kako m co mH(ppacTpyKTHpaTa 3a HalmpeqHO MEPEHe W ONTHMH3aIljara Ha Mpekara
BKITy4yBa XapiBep, COOTBEp M KOMYyHHKaIMCKa Mpeka. HajrolmeMHoT mpoeKT 3a onTUMH3aldja Ha
Mpexa e o bonnep, Kanupopuuja napeuen XCel Energy's SmartGridCity, Bo koj Ousie nHCTanupanu
ypenu 3a MOHHUTOpHHT Ha TioBeke o 4600 TpaHchopmaTopu U 4 OICTAHULN, W OWIIe MHCTATHPAHT
200 mwmu kxaben oJ ONTHYKK BJIaKHA 32 Ja Ce OBO3MOXXY Ha KOMIIOHEHTHTE Ha Mpekara Jaa
koMyHunupaar. [Ipernpujatujata ouekyBaat 10 30% HaManyBame Ha 3aryOuTe MOpay ONTUMATHUTE
nepGpopMaHCH Ha CHCTEMOT.

2.3 JloMalIHH MPeXH

JomariiHa Mpeka (GopMmHpa eHa BHATPEIIHA MpeXa OJ MaMETHH ypelH, Koja € MoBp3aHa Co
nameTeH Mepad. Mcro taka Moke Jia ToBp3e OOHOBJIMBH M3BOPH Ha €HEpPruja co JoMaliHa OaTepuja
BO KOja Ke ce CKJIaJMpa BUIIOKOT Ha MPOM3BE/ICHA EIEKTPUYHA SHEPrHja, MporpaMaduiieH TepMOCTaT,
pa3IuYHK BUIOBHM Ha ONpeMa M anapaTd, Kako Ha IMpUMep 3a OCBETIyBame U 0e30eTHOCHH CHCTEMH,
M CTaHWIIM 3a MOJIHEHhE Ha CJICKTPUYHU BO3WiIa. Bo oBaa JomaiiHa Mpeka KOMyHUKAIHjaTa ce BPIIN
npeKy Beke MOCTOeUYKH TexHosoruu kako mro ce WiFi u Bluetooth.

Cnuka 4 Jlomanina mpexa




OBaa Mpeka My OBO3MOXKYyBa Ha KOPUCHHUKOT JIa ja CcIe/y JMHAMHYHATA [IeHA Ha eJIEKTPUIHATA
€HEepruja, co IITO My J03BOJYBa Jia CH 3aKaXkyBa KOTa Jla TH YyKIyudyBa ypemute. Mcro Taka my
OBO3MOXYBa Ha KOPHUCHHMKOT Ja TpOAajJe EJICKTPUYHA CHEpruja IITO ja WMa MPOU3BEICHO U
CKJIAJIUPAHO O]l CONCTBEH M3BOpP, KaKO HAa MpUMEp O] COJIApHH TaHEeIH, Ha Mpexara JOKOJIKY UMa
TakBa moTpeda.

2.4 Opnrosop Ha moGapyBayka

Bo cmyuaj Ha mepuon Kora MMa MakCHMMajHa MOTPOIIyBauyka Ha €HEpruja, MpeTHpHjaTtHjaTa
nmpakaaT Oapame A0 HEKOW KOPUCHHLM Ja T'M HCKIy4aT WIM Ja ja HaMalaT MOTpOLIyBadkara Ha
enepruja. llpernpujatujata co OBHE KOPHUCHHUIIM C€ BO HEKOj BHA Ha JOTOBOp BO KOj HMa
KOMIIEH3aIija Mery nBete cTpanu. Co oMol Ha MTaMEeTHUTE MPEXXU 1 3HACHETO BO PEaTHO BpeMe 3a
cocToj0ara Ha MpexaTta, oBHE Oapama MOXE J1a Ce aBTOMaTHU3UpaaT U aa Ounar moedexktuBHU. Co
MaMETHUTE Mepadd KOPUCHHIIUTE cera Ke MMaaT MOXKHOCT MPEKy HUB Jia Ce MPUKIYYaT Ha OBOj BUJI
Ha J0roBOp. BpemHocta Ha OBOj OAroBOp Ha MoOapyBadka Ke ce 3rojieMH MHOTY TIOBEKe Kora
OOHOBJIMBUTE W3BOpH Ha €Hepruja ke 3adarar morojem jaena o MpexaTa, OWICjKU Ha TOj HAYHMH
mpeTnpujaThja ke MoXKaT Aa moOapaar oJf KOPHCHHIMTE Ja ja TpoJanaT cBojaTa CKiIaaupaHa
eHepruja, JOKOJIKY He ja ynoTpeOyBaar.

2.5 Bo3uaa g0 mpexa

Co pa3BojOoT Ha XMOPHIHU ENCKTPHYHM BO3WIA CE Pa3sBH HOBA MOXKHOCT 3a CKaIIHpamke HA
eNeKTPUYHATa CHepruja. ABTOMOOMJICKHTE OaTepuu MOXKe Ja Ce HCKOpPHCTAaT 3a CKJIAJAupame Ha
eHeprujaTa kKora € Taa epTHHa M IOCIE Taa Jla ce Mpojaje KOH MpexaTa Hazal. KomyHamHute
MIpEeTIpHjaTHja MOXKE Ja TH UCKOPHUCTAT OaTepuuTe 3a CHAOIyBame Ha €Heprija Ha MpeXkaTa Kora €
MOTPeOHO BO KPU3HU TIEPHOH.

3 3AKJIYYOK

[TameTHNTE MpeXH HyIaT MHOTY MOKHOCTH, Kako 3a NpeTIpHjaTHjaTa Taka M 3a KpajHUTE
KOPHCHUIIM, MOTPOLIyBayHTe, Ja ja KOHTPOJHMpAaT IOTPOIIyBayKaTa Ha €HEpruja co IOMOII Ha
HaTpeaHaTa MepHa HHPPACTPYKTypa U OMIUpEKIIMOHaTa KOMYHHKAIKja BO peaiHo BpeMe. Mcro Taka
HY/IM MOXXHOCTH 3a 3rojieMyBambe Ha HHTErpalyjara, a co Toa u ynorpedara Ha OOHOBJIMBUTE U3BOPH
Ha €Hepruja, MTO UM OBO3MOXKYBa Ha KpajHHTE KOPUCHHUIM Jia TPOHM3BEIYyBaaT CBOja E€IEKTPHYHA
eHepruja, a ja CKJIAAMpaaT M MOTOa Ja MMaaT MOXHOCT Jia ja MpoJajaT Ha3al BO MpEeXaTa, BO
MOMEHT Kora uma notpeba. [Ipeky MOHUTOpUpamEeTO MaMeTHaTa Mpexa ke T W30eTHyBa MOKHUTE
UCTII U IPOOJIEMH, KaKO M JIa UM I'0 TOOJVKH KPajHUTE KOPHCHHIM JIOCTaBYBAHETO HA IIEHUTE BO
peasHo BpeMe, cO LieJl THE CaMUTEe Ja OATydaT Kora Ja T'M ykiydaT ypeaure. [lameTHute mpexu ce
CeyIITe BO CBOjOT MOYETEH Pa3B0j, HO c€ OYEKYBa Jia IO MPOMEHAT HAYHHOT Ha KHUBEEHE, OUJICjKU THE
Ke ja HaMmajaT MCKOPHCTEHOCT Ha eNeKTPHYHA €HeprHja, co ITO K& Ce HamajaT TPOUIOIMTE Ha
KOPHCHHUIIUTE, a BO HCTO BpeMe Ke OBO3MOXH NOJ00pyBame Ha CUTypHOCTa, Oez0eqHOCcTa M
HaMaJlyBamke Ha EMUTHPAKETO Ha e(eKTOT O] CTAKJIeHAaTa rPpainHa.
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AHAJIN3A HA TIPUAOBUBKUTE Ol IAMETHHM MPEXMU ITPEKY
KAPAKTEPUCTHUKHA HA TIAMETHA KYKA

AIICTPAKT

W noxkpaj cute Hamopu, MIPOM3BOACTBOTO HA EJIEKTPUYHA €HEPruja BO CBETOT CE YIITE BO
rojeMa Mepa 3aBUCH Ol HOCHIHHUTE TOpUBa KOM IITO MMaaT IUTETHO BJIMjaHUE BP3 OKOJMHATA. 32 Ja
ce MHHHMH3MpaaT EMHCHHTE Ha jarjaepoj] AMOKCHI BO arMmocdepara, a Ja ce MaKCHMH3HpPa
KOJIMYECTBOTO HA NPOU3BEICHA CHEPruja, HEOMXOIHO € BO EJIEKTPOCHEPIeTCKHOT CHUCTEM Ja Ce
WHTErpupa eHepryjata o BETEPHULMTE, COHYEBUTE MAHEIM W OCTAHATUTE OOHOBIMBH H3BOPH, aMa
MPOM3BOJCTBO HA CHEPrHja OJf OBHE W3BOPH € HECTAOWIIHO M HCIPEKUHATO, IITO NPEIU3BUKYBA
nucOanaHc Ha EHepreTckara Mpexa M jaByBa NpoOJeMH BO IUCTpHOyLMjaTa KOM TH MpaBaT
JOCETAIIHUTE CHEPreTCKM MpEXH HEKOMIETEHTHH 3a uiaHuHaTa. Llenta Ha oBOj Tpyn € nma ro
neuHUpa TMOUMOT ,,lIAMETHH MPEXH M Ja yKaKe Ha NPUIOOMBKUTE OJI HUB 3a CHEpreTcKaTa
epUKACHOCT W OJIPXKIMBHOT Pa3BOj, NPEKy aHAIN3a Ha KapaKTEPUCTUKUTE Ha IaMeTHa KykKa.
[lameTHHTE MpEXu, MOKpaj] €HEprHja, MpeHecyBaaT W WH(OPMAIMK IITO OBO3MOXYBa ITOCTOjaHA
KOMYyHHKan#ja Mery MPOW3BOAMTEIOT W MOTPOIIYBAadOT Ha €JeKTpUYHA eHepruja. Ha oBoj HaumH
nmaMeTHUTEe Mpexu o6e30enyBaaT momoOpa MpPeryieAHOCT Ha TUCTpUOyMpaHaTa W MpOHM3BeAcHATa
CHepryja U MOXKaT aKTUBHO Jla yNpaByBaaT cO IM0oOapyBadkara U MPOU3BOACTBOTO, OZHOCHO Aa IO
peryaupaar mpou3BOACTBOTO BO 3aBUCHOCT O[] oOapyBaykara, IITO TH IIPaBU €HEPreTCKU epUKACHU
1 €KOHOMCKMH HCIIIATJINBU.

Kayunu 360poBu: asmomamuzayuja, oucmpudyupano npouzeo0cmeo, NpeHocC Ha enepauja,
CeH30pU, namemna KyKka

Abstract

Despite all the efforts, electrical energy production in the world still depends a lot on fossil fuels
which have hazardous impact on the environment. In order to minimize carbon dioxide emissions in
the atmosphere and to maximize the amount of produced energy, integrating energy from wind
turbines, solar panels and other renewable resources in energy distribution systems is required, but the
energy production from these resources is unstable and intermitted which causes imbalance of the
energy grid and problems with the distribution, that makes today’s energy grids unsuitable for the
future. The purpose of this work is to define the concept: "smart grids" and to show the benefits from
them for the energetic efficiency and the sustainable development, by analyzing the characteristics of
smart houses. Smart grids transmit not only energy, but also information which provides constant
communication between the producer and the consumer of electrical energy. This allows them to
provide a more accurate usage of distributed and produced energy; also they can regulate the
producing in dependence of the consumption which makes them energy efficient and cost effective.

Key words: automation, distributed production, energy transmission, sensors, smart house

1 BOBE]

ITocTocukure CHCPICTCKU MPCEKU CC€ INOroAHM 3a MPCHCCYBAKBLC HaA CICKTPUYHA eHeerja
npou3BCACHa OJ I'OJICMHU CJICKTPAHU, aMa HE C€ COOJABCTHHU Oa CC 1/1360paT CO MpOU3BOJACTBOTO Ha
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eHepruja oJl OOHOBIMBH M3BOPU KOE IITO € HecTaOMIIHO, MCIIPEKMHATO M 3aBUCH OJ HH3A YCIIOBH,
HUTY MK MOXaT J1a OATOBOPAT Ha IMOCTOCYKUTE WAEH 3a MaMETHU KyKH M NIaMETHH TPaloBH KOH Ce
Ba)KCH KOHIICNIT Ha MOHWHATa BO TOTJIEJ Ha EHeprerckara e(pUKacHOCT U OJPKIMBHOT Pa3Boj.
Nsrpanbara Ha HOBH €NEKTPOANCTPUOYTHBHH CHCTEMH OW YMHENa MUJIHjapad €Bpa, 3aToa IeNTa € Ja
ce M3BJEYE IITO € MOXKHO TIOBEKE O/1 BeKe IMOCTOCYKHOT MTPEHOCEH CHUCTEM, a TOa € BO3MOXKHO CO T.H.
namMeTHu Mpexu. [lameTHa Mpeka € BCYIIHOCT (pH3MyKa Mpeka YWjIITO CEKOj JeNl € MOBP3aH CO
KOMITjyTep IITO OBO3MOXYBa IpEHEeCyBamke€ Ha €HEprdja, ama W IpeHecyBame Ha HH(OpMAInH,
OJTHOCHO JBOHACOYHA KOMYHHUKaIlMja Mel'y eJleKTpaHuTe U moTpoiryBadnre. EnexrponuctpudyimjaTa
BpP3 OCHOBa Ha OCTBapeHaTa KOMYHHKalWja M MpUOpaHUTE MONATOLM JTOHECYBa 3aKIY4OK Kaje M
KOJIKABO KOJJMYECTBO EIEKTPUYHA eHepruja e morpedHo. BakBara moBp3aHOCT Mery IPOU3BOAUTEIINTE
U KOPHCHHIITE OBO3MOXYBa (DyHKIMOHHMpame Ha IaMETHUTE KyKH Kako KOHIIETIT Ha MOJEPHO
JOMaKWHCTBO YHjallITO aBTOMATHKa Ce MPUJIAarolyBa HAa MOMEHTAIHATa aKTUBHOCT, PACIIOJIOKEHHUETO,
HABUKUTE U )KUBOTHHOT CTHJI Ha HEj3MHUTE KOPUCHHMIIH, a IIPUTOA CE OCTBApyBa CHEPreTCKa 3allTe/1a.

WurerpamnyjaTa Ha MaMeTHA ypeIu U MAaMETHU MPEKH, OHOCHO MHTETPHUPAbE HAa COOIBETEH
codtBep Bo (hm3mUKaTa Mpeka W amapaTHTe KO IITO CEKOjIHEBHO C€ KOPUCTAT UM OBO3MOXKyBa Ha
MOTPOIIYBaYUTE AaKTUBHO JIa ja YIIpaByBaaT U KOHTPOJIUpAAT eHEprujata Koja IITo ja KOpUCTaT. 3aToa
,»[TAMETHHUTE* KyKH MpeTCcTaByBaaT yIITe €/IcH HauYMH Jia ce KuBee nmoedukacHo. Bo ocHoBa mameTHa
KyKa ce COCTOM O]l IIOBp3aHa HHPPACTPYKTypa O] €HepreTckr e(puKacHU M KOHTPOINPAHH yPEIH KOH
MelryceOHO KOMYHHIIMpaaT W pa3MeHyBaaT HWHGOPMAlUH, IITO OBO3MOXYBa (ICKCHOMIHO,
ABTOMATCKO M3BpIIyBakhe¢ HA MPOIIECH KOM BO MOMHAKOB CIIy4aj OW Ce M3BpIIyBaJic PayHO, a OBa ja
monoOpyBa eHepreTckaTa epukacHOCT u 6e30eIHOCTa U TIPYKa COOABETEH KOMGOpP BO CEKOjTHEBHHOT
KUBOT. BCYIIHOCT ,,TaMeTHa Kyka“ € HOB KOHIIETIT KOj TH CII0jyBa KOPUCHHUIINTE U CHaOyBauynTe CO
eHepryja Ha HaYKMH KOj ITO € YA00CeH, EKOHOMCKH HCIUIATIIMB B J00ap 3a )KMBOTHATA CPEIIHA.

2 EJEMEHTU HA TAMETHA KYKA

HNnejara Ha naMeTHa KyKka € Taa Jja MOXe Ja JIejCTBYBa CaMOCTOJHO, T.€. []a OJUIy4dyBa cama 3a
ce0e mpeKy KOHCTAHTHO CJIeJICH-e Ha MPOLIECUTE KOU Ce O/IBUBAAT BO HEa CO MOCTaBYBambE HA CUCTEMU
CO TIOBPAaTHU BPCKU KOW K€ TO MOHHTOPUPAAT OJHECYBAmhETO Ha €JIEMEHTUTE BO Hea M BP3 OCHOBA HA
TOA W Ha MPETXOJHO HAlHWIIaHaTa MporpaMa Ke TH MPUHYyIaT Ja Ipe3eMar COOBETHa akuuja. Toa e
BO3MOJKHO aKO ITaMeTHaTa Kyka € IOBp3aHa Ha IaMeTHA MpeXka Koja MOCTOjaHO o CIeIu TEeKOT Ha
eHeprujara.

Ju3ajHUpamkeTo HA MaMeTHa KyKa ce CBEAyBa NPBEHCTBEHO HA MHCTAJIMPame Ha CHEPreTCKU
eUKaceH CHUCTEM 3a 3aTOILUTYBAalE¢ M OCBETIYBame Ha JOMOT M €HEPreTCKH e(hMKacHH amapartd 3a
JIOMaKWHCTBOTO, @ TMOJOIHA c€ PabOTH Ha pelylupame W ONTUMH3Mpame Ha BPEMETO BO KOE THE
paborart. [lameTHHTE KykH IIpaBaT €AMHCTBEHA, IELEHTPAIN3UPaHa MpeXa Koja ce COCTOH O] TIOBEKe
MTOMaJTd MUKPOIIPOIIECOPCKH KOHTPOJIEPH KOU BKIydyBaaT M UCKIIydyBaaT pa3IMyHU yYpeau U rpakaaT
u mpumaar uHbopManmu ox Mpexka. CuUCTeMOT 3a aBTOMaru3alfja To COYMHYBaaT CEH30pH,
MPEKUHYBaYH, JIOKAJTHU KOHTPOJIEPH M €A€H LIEHTPAJIEH KOHTPOJIEP, OAHOCHO MPOLECOPCKU €JIEMEHT
KOj yIpaByBa CO LIEJTHOT CUCTEM.

Cenzopu ce ypead uMja IeN € JIETeKTHpamke Ha HACTaHW WM MPOMEHH BO OKOJIMHATA H
Kpeupame COOJIBETCH M3JIE36H CUTHAI 32 UCTHTE. BO 3aBHCHOCT 0J] HAMEHATa Ha CHCTEMOT MOXKAT Jia
Ce KOpHUCTAT Hajpa3INdHU CEH30PH, KaKO IIITO CE: CEH30PH 3a JIETEKTUPamkhe Ha YOBEYKO IMPUCYTBO, HA
JIBIDKEH-€, Ha TeMIIepaTypHa IPOMEHa, Ha CBETJIMHA U CII.

[IpekuHyBauynTEe MITO CE KOPUCTAT Kaj MaMETHUTE KyKH IMpakaaT WH(opMaIja Ha MPEeXKHHOT
cHUCTEM 3a NpOMeHa Ha cBojara cocrojba. IloToa meHTpamHMOT KOHTpONEep BO copaboTKa co
KOHTPOJIEPOT TIOBP3aH CO HEKOj ypen (Ha Imp.: 00WYHa CHjajuiia) To MpuMa TOj CUTHAI, TO TIperno3HaBa
M BpP3 OCHOBa Ha Toa Ipe3eMa ojpeicHAa akiuja (Ha Mp.. ja MCIydyBa CHjalMiiaTa) CO IOMOII Ha
JIOKaJTHUOT KOHTPOJIep, IpW IITO TOj ja mpe3eMa yjorara Ha NpekuHyBad. Mako HenuoT mpouec
JIelyBa Kako BO HETO Jia Yy4eCTByBaaT JiBa IPEKWHYBa4yH, CEMaK HE € MMOKOMIUIUIUPAH TYKYy €
nodnexcubunen. Ha oBoj HaUMH ce OBO3MOXKYBAa BO €JICH MEPHOJI €/IeH IPEKUHYBAY Ja C€ KOPUCTH 32
enHa QyHKIMja (Ha Tp.. BKIyYyBame JiaMma), a BO JPYr MepHoa Moke 0e3 HHKAaKBH (DU3WYKH
MIPOMEHU J]a Ce pemnporpaMmpa 3a Ja U3BpIIyBa HEKoja apyra ¢yHKOHja (Ha Mp.. UCKIy4dyBame Ha




HaJBOPEIIHOTO CBETJIO). BMpeKyBameTO Ha ypeauTe BO KyKara ce OCTBapyBa CO MOCEOHU BOJIOBH,
ITO OBO3MOXYBa Ja CE€ KOPHUCTAT MOCTOCYKUTE WMHCTAJalldd, OAHOCHO aBTOMAaTHU3Upame Ha BeKe
noctoeyku o0jexkT. MeryToa BO MOHOBO BpeME BaKBOTO BMPEXYBamh€ HAjueCTO c€ MpPaBU cO OIYyTYyT
TEXHOJIOTHja.

ABTOMaTPBﬂpaHH Asromarmnpan CHCTEM

CeH3opn 3a Mepeme Ha 3a rpeeﬂ,e/ﬂaﬂe]},e

TeMnepaTypa H CBeTJIHHa

POJI€THH

CeH3o0pH 32
JeTeKTHpame Ha

JABHKEH
"l

Cucrem 3a MOHHTOPHHI Ha

IlaMeTHH cTaKIa Janeunncka koutpona STEKTPHIHA €HEPIH)a

Ha DPO30pHHTe
Ca. 1: EneMeHTH HAa MaMeTHA KyKa

ABTOMaTH3MPAaHUTE CUCTEMH C€ KOHTPOJMpPAaT CO CIHEIMjalHh YpeOu KOU C€ BCYIIHOCT
NPUIPYKHH €JIEMEHTH Ha CHCTEMOT KOHM Ce€ aKTHBHPAAT CO €KpPaHW Ha JOMHUP WM TaOJleTH, a MoXKar
na OuaaT KOHTPOJIMPAHU U CO JAICUNHCKH KOHTPOJIEPH, IITO OBO3MOXKYBa YIpaByBamke CO HUB U 0e3
(U3MYKO TIPHCYCTBO HAa YOBEK BO O0JEKTOT, MPEKy AalUIMKAMd WHCTAIMPAHW Ha TaMETHUTE
TenedoHu.

Mpexkara kKoja Tl TOBp3yBa CHTE OBHE CHCTEMH OBO3MOXKYBa IIENTHOT 00jeKT Ja Ce OJHECyBa
KaKo OpraHU3MpaH, XOMOTEH CHCTEM BO KOj OrpaHMYyBamaTa T'd MOCTaByBaaT camo (aHTa3mjara u
CIIOCOOHOCTUTE Ha KPeaTopoT Ha cOPTBEPOT KOj ympaByBa co cute mpouech. Cenak mocrojar rpymna
nebUHUpaHK MTpaBUiia — CTAaHIAP/IU CIIOPe/] KOU ce aBroMarusupa objext. Hajmosnatu ce: LonWorks,
Konnex u X-10.

3 MEPKHU 3A ITIOAOBPYBAIBE HA EHEPI'ETCKATA E®PUKACHOCT IIPEKY
ABTOMATU3ALIMJA

3a nma ce nmogoOpu eHeprerckara e(hUKACHOCT Ha OOJEKT ce Npe3eMaaT MacHBHU W aKTUBHU
Mepkd. [lacuBHM MepKH ce: JIoKalMja M IMOCTAaBeHOCT Ha Tpandara, TOIUIMHCKA H30Naluja Ha
HAJIBOPEIIHUTE SHJIOBH U TIOKPHUBOT, MOCTABEHOCT HA MPO3OPIMTE U KBAIUTET HA CTAaKIaTa, THI HA
MaTepujay IITO Ce KOPUCTAT 3a Tpajda u cll. AKTHBHHTE MEPKH ordakaaT akTUBHO MEHAUHPahe Ha
EHeprujaTa v Hej3MHO UCKOPHCTYBAME TOTAIl ¢ MOTpeOHA. BUCTHHCKHM eHepreTcku e(hUKaCHUTE KyKH
WHTErpUpaaT KOMOWHAIIN]a OJ] MTACUBHH U aKTUBHU MEPKH CO LIeJT KpeHpame Ha XapMOHUYHHU CUCTEMH
KOM ja IITeaT eHeprujaTa MpeKy Hajpa3iudHu METOH.

CTpyKTypa Ha MOTPOLIYBaYKaTa

[NorpomryBaukara Ha eHepruja BO €HO JOMAKWHCTBO 3aBHCH O]l KBaJpaTypaTa Ha IPOCTOPOT,
OpOojoT Ha MPOCTOPHH KOM CE 3aTOIIyBaaT, OPOjOT HAa WICHOBH BO CEMEjCTBOTO, HUBHHUOT HAYMH H
CTWUJI Ha XUBOT, CICKTPUYHUTE arapatu KOW C€ KOpUCTAaT U OJ NPE3EMCHHUTC IMMaCMBHU W aKTUBHU
MEpKH 3a 3allTe/a Ha SHepTHja.

Criopenr moAaToIMTEe HATONEM TMPOIEHT OJ IOTPOIIeHaTa EHEepruja Kaj MPOCeYHO
MakeIOHCKO CEMEjCTBO CO YETHPHU 4JIEHa M IIPOCTOP 3a JKMBOT CO MOBpIIMHA o1 60m? ormara Ha
3aTOILUTyBak-€ Ha IOMOT.




W 3aTonnyBarse
Ha npocTopoT

M 3arpeBarbe Ha
BoAa

ENeKTpuyHn
anapartu

B OcsetnyBarbe

Ca. 2: CTpyKTypa Ha NOTPOIIYBAYKATA HA MPOCEYHO CEMEjCTBO

Ke pasrmemame kako Bimjae Bp3 eHeprerckara e(UKacHOCT Ha €IeH NpUBaTeH O00jeKT
WHTETPUPABETO HA MHTEIMTEHTHA TEXHOJIOTHja BO:

CHCTEM 3a 3aTOIUTyBambe Ha JOMOT
CHCTEM 3a 3arpeBame Ha BOJa
CHCTEM 3a OCBETIIyBabHE
®  CIEKTPUYHH amapaTu
3.1 ABTOMaTH3MpPake HA CUCTEMOT 32 3aTOILUIYBaH-€ HA JOMOT

Ha HammTe mpocTOpM Haj3acTalleHn EHEPIeHCH 3a Ipeere ce APBOTO M eIeKTpUYHATA EHEeprija
KOja MaKo BayKH 3a CKall eHEePreHC, 10cTa ce KOPUCTH 3aToa IITO UcTaTa Hyqu rojeM komdop (Hema
YUCTEHE Ha IEYKUTE, HEMa JIOKEeHe, He ce MOTPeOHM MOCeOHM NPOCTOPHM 3a CKIaJUpame Ha
OTPEeBHHUOT Marepujal UTH.). CpefcTBaTa OIBOCHH 3a 3aTOILTYBamkh€ HA EJIEKTPUYHA €HEPrHja MOXKaT
Jla BapupaaT BO 3aBUCHOCT Of ymoTpebara Ha TpejHHTEe Tena. MeryToa HE3aBHCHO O]l Toa, 3a
3arpeBame Ha cTad o1 60M? Koj ce 3arpeBa Ha eJIEKTPHYHA EHEPIHja TOAMIIHO Tpeba Ja ce 0JBOjaT 01
21 000 go 30 000 nenapu, noaeka 3a rpeewme Ha apBa okoay 19 800 agenapu.

3a ma ce HaMmajaT CpeacTBaTa IOTPOLICHHM 3a 3aTOIUIyBalkbe Ha JOMOT HEONXOAHO €
MOpaIMOHATHO HCKOPUCTYBakhEe HA eHeprujara Mpe/BH/IeHa 3a 0BOj Mpoliec. 3a Taa IeJl ¢ MHBECTHpa
BO n00pa HW30jamyja U BO aBTOMATH3MPAakE€ HAa CHUCTEMHTE 3a 3aTOIUIyBalme IITO ja peayLupa
MoTpolIyBaykaTa Ha eHepruja. IIpen na ce mHCTanupa aBTOMATH3MPAHUOT CHUCTEM 3a KOHTpPOJIA Ha
CHCTEMOT 3a 3aTOIUTYBamke Ce MPaBH COOABETHO IUIAHHPAE T.€. CE€ OJIPeyBa KOU MPOCTOPHH Ke ce
3aToIlTyBaar, BO KOj Jell O]l JEGHOT Ke ce 3aTolulyBaaT M Ha Koja Temreparypa. [Ipecmerkute
MOKa)KyBaaT JIeKa CO HaMallyBame Ha TeMiepaTypara 3a 1 °C TpoionnuTte MOXarT J1a ce HamaaT IypH
1o 6%. [lorogHo e cobata 3a THEBEH MPETCTOj Jla Ce 3arpeBa caMo Kora uMa Jiyfe BO Hea, CliajHaTa
coba J1a ce rpee caMo HaBedep WM paHo HayTpo Kora e 3adareHa. Hema morpeba Temmneparypara Bo
criajHaTta coda M BO XOIHHULHUTE J1a OMJe TOJIKY BUCOKA Kako TeMIepaTypaTa BO JHEBHaTa co0a, HUTY
nma norpeba OamaTta W KyjHaTa Ja ce 3arpeBaar 1octojaHo. BucuHaTta Ha TemmepaTypara BO ceKoja
MPOCTOpHja OAJIENIHO ce JeUHUPa BO 3aBHCHOCT OJ KOMQOPOT Ha KOPHCHUKOT, CElak CIOope]
CBETCKaTa KOMHCHja 3a 3/ApaBcTBO Temmeparypa of 18°C e HajmoromHa 3a 3ApaBH COOJBETHO
obnedyenn nyre. Taka mTO 3a AHEBHHOT NPETCTOj HajmorogHa e Temmeparypa on 18-19 °C, 3a
cnaynHata coba — 15 °C, kyjHa -17 °C, xoauuiu — 16 °C, npu ImITO MpOCeYHATa TeMIIeparypa BO
Kykara usHecyBa 16,75 °C. Mcro Ttaka Moxxe aa ce JAehUHUPAaT HEKOJKY BPEMEHCKH PEKUMHU Ha
pabora Ha cucremor (Ha mp.. ox 6 -9 h COMFORT — mpen KOpHCHHUIMTE Ja 3aMHHAT Ha
pabora/yunnumre, ox 9 - 15h STAND BY — kora morpoiryBaykata Ha €HEpruja € HamajieHa, MO
MPETIIOCTaBKa JIeKa JoMa HeMa HuKoj, ox 15 - 22h COMFORT, ox 22 - 6h ECONOMY - xora Hema
norpeba JHEBHATa Ja ce€ 3arpeBa, a TeMIlepaTypara BO OCTaHATHTE NMPOCTOPUM € CHyIITEeHa Ha
MHUHHMYM).




[IpB yekop KOH aBTOMATHU3UpAE HA CHCTEM 32 3aTOIUTYBamk¢ HA JOMOT € WHCTAIMPamkEe Ha
TEPMOCTAT KOj KOHCTAaHTHO ja MEpH pa3linkaTa Mery NocakyBaHaTa U MOMEHTAJIHATa TeMIIepaTypa u
BO 3aBHCHOCT O] pe3yJITaTOT YIpaByBa CO CUCTEMOT YHja LITO KpajHa LieJl € OAPXKyBame Ha MOCTOjaHa
TeMmreparypa BO TNPOCTOpHjaTa. JIOMONHWTENHO Ce WHCTAIWpaaT CEH30pH 3a JICTEKTHpame Ha
NBIDKEEbE KOM OBO3MOXKYBAaT I'PECHETO JIa CE MCKIIyYH, aKo BO MPOCTOpHjaTa He € 3abenexaHo
JIBUKCHE OJPEIICH BPEMEHCKHU MepHo/] (Ha Tp.: eT MUHYTH 33 0ama, YSTHPUECET MUHYTH 3a JTHCBCH
MPETCTOj) YMja TOJIEMHHA 3aBHCH Off CTWJIOT Ha J>KMBOT Ha KOpHCHUKOT. HajeduxacHm ce
JIOKATM3UPAHUTE MHTEIUTCHTHU CHCTEMH 32 3aTOIUTYBam¢, OJIHOCHO TaKBW KOW INTO MOXaT Ja ja
KOHTpOJIMpaaT TeMIeparypaTa Ha cexoja coda ognenno. OBHe CHCTEMH Ce ylpaByBaaT JajCUHHCKH,
MPEeKy aruIMKaluja Ha MTaMEeTHUTE TeJeOHH.

3a oBa aBTOMATH3WpAE 1a IMa CMHCIIA BO TIOTJIE Ha €HepreTckaTa eyuKacHOCT Tpeba ma ce
BOJIM CMETKa M 3a CUCTEMHUTE 3a 3aTOITyBal€ KOM ce KopHcTaT. lIpegHOCT MMa KOPHCTEHETO Ha
MaHeJTHW pPaAujaTOpH WIKM KiuMa uHBepTepu. Kimma wmHBepTeputre paboTaT Ha NPUHLUUIOT Ha
TOIUIOTHH TYMITH, JaBajKu TOBEKe TOIUTMHA OJ MOTPOIIEeHa eNeKTPUYHA eHepruja. TOoIuIMHCKHTE
IyMITA C€ YPeIu KOW OJ3eMaar TOIUIMHA O] eHa cpeArHa (BO3ayX, BOJAa, 3eMja) U ja mpeaaBaatr Ha
CpeAMHa CO TOBHUCOKO TEeMIepaTypHO HHBO. THe ce HajeKOHOMHYHHM 3aToa INTO 3a IMOTPOIICHA
enepruja on 1kWh ce moOuBa torumHcka eHepruja ox 3kWh, Ouzaejku 2 kWh ce omzemenu on
OKOJTHHOT BO3/yX, IITO HE € CIy4aj CO OCTAaHATHTE YPEAH KOH MPHU3BEIYyBaaT OHOJIKY TOIUIMHA KOJIKY
TO TpoIIaT eHepruja, T.e. Bo ogHoc 1:1. OcBeH Toa paboTara Ha KOMIIPECOPOT Kaj WHBEPTEP
TEXHOJIOTHjaTa ce MpHJarolyBa Ha MOCTHTHATaTa TeMIlepaTypa - Kako ce IMOCTHTHyBa OapaHarta
BPEIHOCT, MTOTPOITYBayKaTa U OpOjoT Ha BPTEXKH CE HAMAaTyBaarT.

Jpyra Mepka € aBTOMAaTH3Upamkeé Ha CHUCTEMOT 3a 3aCEHUYBAHE CO ILITO CE OBO3MOXYBa
aBTOMAaTCKO OTBOPAmE€ HAa POJIETHUTE NPEKy AEH 3a Ja ¢ MCKOPUCTU TOIUIMHCKaTa €Hepruja Ha
COHIIETO, a BO IIOCKAIIMTE BapHjaHTH CE MOCTaByBaaT MaMETHU CTaKiIa KOU IOJ [€jCTBO Ha CBETIMHA
CTaHyBaaT TPAHCHAPEHTHH U ja MPOIYILITAAT CBETIMHCKATA U TOIUIMHCKATa €HEPruja.

AKO ce 3eMaT MpelBU CUTE€ MEPKH 3a 3allTe]a Ha eHepruja, MOYHYBajKU O]l JIOKalujaTa u
MOCTaBeHOCTa Ha O0jeKTOT, HM30jalujaTa MpeKy Koja ce CIpedyBaaT MajopUTCHTHH 3aryoum Ha
TOIUTMHATA, KOPUCTCHE Ha CHEPreTcTKH e(UKacHH YpeaAu 3a 3arpeBarbeé W KOMIUICTHO,
ABTOMATHU3UpPAIE Ha CHCTEMOT 3a IpeeHke, BO3MOXKHO € Ja ce 3amTean Aypu 10 40% on BKkymHaTa
€HepTHja IMTO ce KOPUCTH 3a 3aTOIUTYBakhE Ha JJOMOT.

3.2 ABTOMATH3HpPak€ HA CUCTEMOT 32 3arpeBame Ha BOJa

CucremuTe 3a 3arpeBame Ha BOJa CE€ ABTOMATH3HMpaaT Taka INTO C€ BKIy4dyBaaT W
HCKJIydyBaaT BO 3aBHCHOCT O] IoTpebara, NMpUTOoa HajehMKAaCHO € Ja ce MHCTAIUpaaT COJIApHU
KOJICKTOPH 3a 3arpeBare Ha BOJA WITH [1a C€ KOPUCTH BUILIOKOT Ha €HEpruja ol TOIUIMHCKUTE ITyMITH.
KoHnTponara Ha CONapHUTE CHCTEMH MOXKE [a OBO3MOXH Ja HeMa motpeba ol KOPUCTeHEe Ha
MOMOIIIEH YpeJI HATlojyBaH CO Tac WM elIeKTpHYHa eHepruja, Koj cTamyBa Bo paboTa Torail Kora Hema
JIOBOJIHO COHYEBO 3payerbe WM MoTpedara 0] TOIIa BOJA € MorojieMa.

3.3 ABTOMAaTH3MpPake HA CUCTEMOT 32 OCBET/IyBame

ABTOMaTH3MPamETO Ha CHUCTEMOT 3a OCBETIYyBame Ce M3BeJyBa Ha Hajpa3iIMyHU HAYHHU.
Enna onmuja e meHTpalHO UCKITydyBame Ha CHTE CBETJIa Kora ce HamymTa o0jekToT. CIeHCKOTO
BKIy4yBame€ W MCKIydyBamke Ha (YHKIMOHAJHO M BHATPEIIHO OCBETIYBamke BIHMjae BP3
noJo0pyBakeé Ha MOMEHTHOTO pAacHoloKeHHe. Bo3MOXXHO € BKIy4dyBame/MCKIydyBambe Ha
Ha/IBOPEIIHU CBETJIAa BO 3aBHCHOCT OJ1 3301 aheTO/M3rPEeBakETO Ha COHIETO. MeryToa JIeTeKTHPAmhETO
Ha YOBEYKO TMPHUCYCTBO M BKIyYyBamk€ HA OCBETIIEHMETO CaMO TOTall, U TOA BO 3aBHCHOCT O]
KOJIMYMHATa Ha TMPHUPOJHO CBETJIO, HAjMHOTY BIHMjae Bp3 eHeprerckara edukacHocT. Bo oBue
CUTYaI[H Cc€ KOPUCTAT CEH30pH 3a JBMKEHE KOM T'M HCKIydyBaaT CBETHJIKHATE KOTa HE JAETEKTHpaatr
MPUCYCTBO Ha jJyre. Tue MoXxaT Ja ce KOMOMHHpaaT CO BPEMEHCKH CEH30pH KOW TH HCKIIydyBaat
CBETHWJIKHTE MIOCIIE OJIPEJICHO BPEME OTKAKO BO MPOCTOPHjaTa HE € AETEKTHPAHO IBHKEIHE, CO J1aBabe
MPUOPUTET Ha Oamara U XOAHUIMTE, KaJie ITO CBETWIKUTE HajuecTo OCTaHyBaaT 3abopaBeHH. [pyra
MEpKa € TOCTaByBam€ Ha CHUCTEMH 3a pEeAylUpameé Ha MHTEH3WTETOT Ha CBETJIMHATA, KaKO IITO
Ha/IBOp CTaHyBa MOCBETJIO, CBETHIIKATa CBETH 0CIa00, T.€. € KOPUCTAT T.H. TUMEPH — IOCEOCH BHU[




Ha IIPEKMHYBaYl KOM MOXKaT Jja OMIaT ynpaByBaHHU HA JIOMUP HIIM CO JAIICYNHCKA KOHTPOIIA. 3a BAaKOB
TUT Ha aBTOMaTH3alyja 1a Ouje 3Ha4daeH 3a eHepreTckara eUKacHOCT MOXKETHO € Ja ce KOpUCTaT
Jie CBETHJIKM KOM MMaaT HUCKa MOTPOLIyBadyka Ha €Hepruja u ociobomyBaaT MOMANKy TOIUTMHA, a
TOA BJIMjae TIO3UTUBHO HAa CUCTEMOT 3a JIa/ieihe¢ Ha AOMOT. [103NTHBHO BIMjaHHe UMa M peTyalujaTa
Ha POJICTHUTE M KOPHCTECH-ETO Ha mameTHH crakia. Co mpaBHIIHA perynanuja Ha CBETHJIKUTE U CO
ynotpeba Ha €HEPreTCKU eUKACHU CBETHIIKM MOXKE Jla € HaMaJld MOTPOLIyBadKaTa Ha SHepruja 3a
ocBeTiIyBame Aypu 10 50%, 0ZHOCHO BO OpyTO NOTpOIyBayKaTa Ha eJeKTpUdHa eHepruja ox 4% mno
10%, 3aBHCHO 01 KAPaKTePOT HA KOPUCHHUKOT.

3.4 ABTOMaTH3UpaIbe HA eJTeKTPUYHUTE aNapaTH

ABTOMaTH3aIMjaTa Ha anapaTUTE 3a JOMAaKMHCTBO € BO MOTJIE] Ha HUBHO KOPUCTCHE CaMo
Toramr Kora ce rmotpedHu. Ilputoa moTpeOHO € Ja ce KOpUCTaT MaKCHMAaTHO €HEePreTCKH e(hUKacHU
amapatu on kiaca A++, A+ wim A. Hajronemo BimMjaHue Bp3 eHeprerckara e(QuUKacHOCT HMa
peaylupame Ha BpEMETPackeTo Ha paboTa Ha TEJICBU30PUTE MU MOHUTOpUTE. THe ce mporpamupaaT
Jla ce MCKITydyBaar IeJIOCHO TOrall Kora He Ce KOPUCTAaT, HAMECTO Jla OJ1aT BO COCTOj0a Ha MHPYBambe
(stand by) co mTO cMeTKara 3a eJIeKTpUYHA CHEprUja MOKe Jna ce Hamanu jaypu 10 15%. Cropen
MPECMETKHUTE MPOCEUHO JOMAKHHCTBO Tporn okoiy 3500 kWh enextpuuna eHepruja, o Koja IITO
300 mo 500 kWh oTnara Ha ypenute Ha BO COCTOj0a Ha MUPYBaIbe.

4  MOHMTOPUHI HA EHEPI'HJA

HajBaskeH eneMeHT of] maMeTHa Kyka € CUCTEMOT 32 MOHHUTOPHHT Ha €HEpPIuja Koj ce KOPUCTH BO
JOMaKMHCTBOTO CO MOXKHOCT J]a C€ KOHTPOJHMpa BKYyIHATa MOTPOIIYBadKa HA €HEPruja Kako M
eHeprujara ITO ja KOPUCTH CEKOj ypen moemuHedHo. CHCTeMHUTEe 32 MOHHTOPWHT Ha EHEpruja
pacrmonaraaT co MOJATOLIM 3a MOTPOLIyBauKaTa Ha €JIEKTPUYHA E€Hepruja, MOKHOCTA, TPOLIOLHTE,
HaJBOpEIIHATa TeMIepaTypa, TeMIepaTypara Ha TOIUIa BOJa M TIpPOIEHETaTa €MHcHja Ha
CTaKJICHWYKH TacoBH. McTo Taka cucTeMOT MOXKe Aa Ouje KOH(UTYpHpaH /a ja Mepu OOHOBIHMBATA
eHepruja reHepupaHa o (GOTOBOJITAWYHU CHCTEMH WIJIM BETPOTEHEPATOPH U J1a TIOKaXKyBa KOJIKaB /e
O]l Hea e mpefajeH Ha Mpexa. [IpuToa KOpUCHULIMTE MOXKAT Jja pUCTanar 10 OBUe WHPOPMALIUH BO
peaniHO BpeMe, a MOXe J1a M KOPHCTAaT U NOAAaTOLUTE O MIPEeTX0AHa Heaena uin Mecen. CucTeMor 3a
MOHHTOPUHT Ha €HEpruja caM 1o cede He MTend eHepryja, amMa HH(pOpMaIuuUTe CO KOHU TOj TO
cHabayBa KOPHUCHUKOT C€ OJUIMYHA ajaTKa 3a Jja My I[IOMOTHAT Ha HCTHUOT Ja CTaHE CBECEH 3a
KOJIMYMHATA Ha MOTPOLICHATa €HEepruja U Ja IO CMEHHM CBOETO OJHECYBame€ CO LeJ Ja TM HaMajd
cmetkute. Co OBHE CHUCTEMH MOXeE /a ce 3a0esie)kd BIMjaHHETO OJi OCTaBamkEe Ha amapaTuTe BO
MHUPYBamb€ WK 3r0JICMEHO MIPUCYCTBO HA JIyI'€ BO JJOMOT Bp3 BKyITHAaTa MOTPOIIYyBayka Ha €HEpPruja.
Criopell IPEeCMETKUTE CHCTEM 32 MOHHUTOPDHHT Ha €JIEKTPUYHA EHepruja MOoXe Ja TH peaynupa
BKYIHHUTE TPOLIOLH 32 eJIeKTpUiHa eHepruja o 5% no 15%.

5 3AKJIYYOK

MepxkuTe 3a aBTOMaTU3alja Ha €IEMEHTUTE Ha €eH 00jeKT KOM IO MpaBaT HUCTHOT ,,laMeTeH
ro OJIECHYBaaT XXMBOTOT M MMaaT 3HAYajHO BJIMjaHHE BP3 LIEJIOKYITHATA €HEpreTcka epUKacHOCT Ha
OJlpeJicHa 3aeqHMIIA, MeyToa KOHIIENTOT Ha MaMeTHa Kyka He MOXe Jia ce 3aMHciu 0e3 maMeTHH
MpEXH, OJTHOCHO 0e3 IBOHACOYHA KOMYHHUKAIIMja Mel'y KOPUCHHUIIUTE U CHAOAyBaunTe CO EIEKTPUIHA
€Hepruja Koja OBO3MOXKYyBa aKTHBHO BKIIyYyBam€ Ha KOPHCHHKOT BO €HEpreTcKara 3allTela, Taka
IITO MPUJOOMBKHUTE O/ TAMETHH KyKH BO MCTO BpEME Ce W MPHUIOOMBKH O]l TaMeTHU Mpexku. Llenta
Ha MAMETHUTE KYKH KaKo HaIlpeJHH aBTOMAaTU3UPaHU CHCTEMH € MOCTOjaH MOHUTOPUHT Ha TEKOT Ha
CJIEKTPUYHATA EHEprHja Co IITO C€ JaBa MOXHOCT Ha IOTPOLIYBauOT CBECHO Ja BiIMjac BP3
penyurpame Ha CBOUTE TPOILIONH YHj IITO KPaeH UCXOJ € 3roJIeMyBambe Ha eHepreTckara epuKacHOCT
Y HaMaJTyBambe Ha MOTPOIIyBayKaTa Ha eJIeKTPHUYHA EHEepTHja.

6 KOPUCTEHA JIUTEPATYPA
[1] http://www.pcadvisor.co.uk/test-centre/digital-home/best-smart-thermostats-2016-3583499/

[2] http://architectureau.com/articles/active-systems/
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[3] http://www.safewise.com/home-security-fag/how-does-home-automation-work
[4] https://www.smartgrid.gov/files/Smart_Grids_for_ Dummies_201005.pdf

[5] http://www.smarthome.com/sc-what-is-x10-home-automation
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KOHIEIITU HA UHTEJIET'EHTHHU EJIEKTPOEHEPI'ETCKHN MPEXHU

KYCA COJPKUHA

OBoj Tpyn ja NpUKaXyBa MOKHAaTa HAcoka BO KoOja Ke Ce€ pa3BHBaaT COBPEMCHHTE
CIIEKTPOCHEPTeTCKH MpEXH, a Toa € HMMIUIEMEHTAallMja HAa HWHTEIUTEHTHUTE EJIEKTPOSCHEPTreTCKH
Mpexkn. OBa e Tpyn 3acHOBaH Ha WCTpakyBadka paboTa,uwja 1enm € na ce o0e30emu BOBEX BO
KOHUCHOTUTEC Ha HUHTCIUICHTHUTC MPCKHU, Oa CC IPHUBJICUC BHUMAHHMEC HAa HUBHHUTC MPCAHOCTH U
NpeaAr3BHUIMN U Ia CC UCTAKHAT BaXXHUTC NPCAYCIIOBU 3a HUBHA HUIHA IIPUMCHA BO IMPAKTHUKATA.

TpruyBajku ox noTpeduTe U HACHUTE 38 MPOMEHH BO KOHBEHIIMOHATHUTE MPEXHU CTPYKTYPH,
BO OBOj Tpyd HakpaTko € 00jaCHeTO TITO BCYIIHOCT MPETCTaByBaaT HMHTEIUTECHTHH
CJIEKTPOCHEPIeTCKH MPEKH, a 0TOa Ce pa3jacHyBa 30IUTO TOKMY THE C€ HAjIOIyJIApHOTO pEIIECHUE.
[loroa, e mpukaskaH Tperjell Ha HEKOJIKY KOHLENTH W TPEHIOBH, KaKO IITO CE MHKPOMPEKHTE,
BUPTYEITHUTE €JIEKTPUYHU LEHTPAId M WHTETPUPABETO Ha €IEeKTpUYHH Bo3mia. [lokpaj Toa, OBOj
TPyA HacTojyBa Ja TM o0jacHM (PyHKIMOHAJIHOCTHUTE, YNPaBYBaWETO M KOHTPOJIATa Ha CEKOj OJ
TOpCHAaBCACHUTEC KOHUCITH Ha HWHTCIUTCHTHUTC MPCKU, a NPUTOA I/ICTaKHyBajI’(H 'O COOABETHOTO
3HaueHe Ha moTpebara of MHTETpanyja Ha HHOOPMALMCKATE U TEICKOMYHUKAIMCKUTE TEXHOJIOTHH
(MKT), kako ¥ Ha HOBHTE QJITOPUTMH 32 YIIPABYBabE CO MOCTOCUYKUTE EIEKTPOCHEPTeTCKH MPEKH.

W mokpaj wHpopMaTHBHATA MpUPOAA HA TPYAOT, CEMAK MOXAT Jla ce JOHecaT HEKOH
3aKJIydOlld, MMEHO 3a 3HauewmeTo Ha mameTrHuTe U KT TexHOIOrnM, MpOMEHNTE KOU cienar Kako
pe3ynTar Ha ABOHAcCOYHATa pa3MeHa Ha HH(OpMAIUH U eHepruja, Kako U Ha I0100peHaTa eHepreTcKa
e(pUKACHOCT K0ja ce JOJDKH HA MMIUIEMEHTUPAKHETO Ha MHTEJIIMTEHTHUTE €JICKTPOSHEPTETCKH MPEXKH.

Kiayunu 300poBH: MUKPOMPEKH, BUPTYEITHH €IEKTPUIHH LIEHTPaJH, elekTpudau Bo3uia, UKT,
e(uKacHOCT

1 JE®UHULNJA HA UHTEJIEI'EHTHH MPEXHU

Enexrpoeneprerckute cuctemu (EEC) ce KOMIUIEKCHH 1IEIMMHU, KOU CE IIMPOKO TeorpadcKu
pacnpocTpaHeTHH COpKAT OrpoMeH Opoj Ha eleMeHTH. Tue, 1 1o moBeke 07 CTOTHHA TOJAWHH Pa3Boj,
c¢ yIUTE ce yCOBpIIyBaaT CO LeJ Aa ce M30erHar mpoOJIeMUTE U /1a Ce OATOBOPH Ha MPEAU3BHLIUTE
KOM TIPOM3JIEryBaaT oJi IOCTOjaHWTE WHOBAallMM BO TEXHOJIOTHjaTa, KaKO M OYEeKyBamaTa Ha
KOpUCHHIIUTE. Bo TMociielHUTE JieceTnHa TOMHH, CO 10jaBaTa Ha HHTEIUTEHTHN YpeIr, pa3BojoT Ha
EEC ce ctpeMu KOH HOBa IIeJ1, a TOAa € MHTErpupame Ha oBue ypeau co nomout Ha UKT. On BakBuTe
pa3MuciIyBamba MOTEKHYBa KOHLIENTOT Ha MHTenureHTHH mpexu (M), xoj HadenHo monpa3bupa
MHOJKECTBO TEXHOJIIOTHM M ONpeMa KOW OBO3MOXKyBaaT IIPHMMEHAa Ha HOBH KOHIENTH BO
¢dyaxmmonupamero Ha EEC.

Nako cranyBa 300p 3a KOHIIENT BO pa3Boj, IOCTOjaT morojieM 6poj Ha nedunumu Ha UM,
KOM C€ pa3IMKyBaaT 3aBUCHO OJ] (OKYCOT Ha opranu3zanujara Koja ru negunupa. Ha npumep




EBporickata KoMHCHja Ha HEKOJKY MeECTa HyId pasiuuHa achUHUIM]a, HO HajIeTaIHO
o0jacHeTa 1 MOXKeOH HajpesieBaHTHA € Taa o1l PaboTHara rpyna 3a UM, koja riacu:

SAHmMenueenmuu Mpesicu ce enekmpoeHepeemcKy Mpexic Kou MONCAm HA equKacer HAYuH
0a 2eu unmezpupaam O0OHeCy8arwbemo U aKMUGHOCMUmMe HA CUume KOPUCHUYU NPUKIYVYEHU HA
mpedicama, 00HOCHO HA NPOU3600UMenUme U NOMpPOuLy8aidume, Kako U Ha OHUE KOU ce UCTOBPEMEHO
npou38ooumenu U ROMpoulysasu, co yei oa obezbedam exonomcku egpuxacen u oopoicaus EEC co
Manu 3a2you, BUCOK KEAIUmem Ha eleKmpuyHama eHepeuja u KORmuryupano nanojyearse™, [3]

Jedunnnmjata e of riieqHa TOYKa HA KOPUCHUIINTE, IIPH IITO TOYHO OIHIINTYBa KOHM C€ THE H
M TMOTCHIMpPA TJIABHUTE NpumoOuBkM oja mpuMeHata Ha WM. On gpyra crpana, (oOKycoT Ha
nedununmjata Ha UM Ha 3npyxenuero Ha umxeHepu IEEE ce TexHomornuuTe Ko ja 0BO3MOXKyBaaT
HUBHATa pean3alyja:

WJAHnmenucenmuume mpedicu 2u unmezpupaam mexHoao2uume 00 obracma Ha eiekmpoenep-
2emuKama, KOMyHUKayuume u uHgpopmamuxama 3a oa ce co30aoe ycospuieHa uH@dpacmpykmypa 3a
Hanojyéarse co eleKmpuyHa eHepeuja, npumoa 0803MONCY8AjKU YCI08U 34 NOCMOJAHO MeHY8are U
nooobpysarve na anaukayuume Kou ce npumeryséaam kaj kopucnuyume. [4]

Opx mpeTxonHO HaBeAcHHWTE ACHUHUIIMHM MOXe Ja ce 3akiyud jaeka MM oOenuHyBaat
MHOIITBO PAa3JIMYHU TEXHOJOTHH, KOM OBO3MOXYBaaT ¢(HKACHO KOPHCTEHE Ha PACIIONOKIMBUTE
pecypcu, KOHTHHYHUPAHO HalojyBame Ha MOTPOLIYBauUTe, KAKO U HOBH YCIYTH 332 CUTE€ KOPUCHUIM Ha
Mpeskara. TexHomornure Ko ja OBO3MOXKyBaaT peann3anyjata Ha IM He ce orpaHUYeHr Ha ofpeeH
cermeHT o1 EEC, Tyky THe BKiIydyBaaT pa3IMyHH TEXHOJOIHHU 32 IOTPOLIYBAaUYUTe, AUCTPUOYTUBHUTE
Y TIPEHOCHHUTE CUCTEMH M MPOU3BOAMTENINTE HA €JICKTPHYHA EHEPIHja.

2 HOTPEBA O UHTEJIET'EHTHU EJIEKTPOEHEPI'ETCKH MPEXHU

Camuor TCPMUH HUHTCIUTCHTHU MPEIKU [Ioar'a O HOOKYMCHTHUTEC KOHM THW aHajlIu3upaat
nmotpebure 3a pa3Boj Ha EEC Bo Hacoka Koja ke TH 3a/I0BOJM HOBUTE MPEAM3BUIM U Oapama Ha
KOPHCHHIIUTE, IITO 3HAYW JIeKa MOIIMPOKOTO HAYYHO IMOApadvje Beke ja Mperno3HaBa morpedara of
HUHTCJIMTCHTHU CJICKTPOCHCPICTCKU MPEIKHU.

Eneprerckara monmutuka Ha EBporckata yHHja MMa TpU OCHOBHM L€ — OJPIKIIHMBOCT,
KOHKYPEHTHOCT M CHUTYPHOCT BO CHa0ayBameTo. MOTHBaIMjaTa MpOM3JeryBa OJf HOBHTE Oapama M
MPEIM3BUIIMA Ha HAIIETO OIIITECTBO, KAKO IITO CE: 1) 00BPCKa 3a BOCIIOCTABYBakh¢ €EKOHOMHM]ja CO MaJIH
EMHUCHM Ha CTaKJICHHYKM TacoBH, ii) morpeda 3a Haarpaada W MOJCpHHU3aIlMja HAa MOCTOjHATa
eHepreTcka MHMPaACTPyKTypa, iii) morpeba 3a 3rojeMyBame 3a CHUTYPHOCTa BO CHAaOIyBameTo WU
n30erHyBame Ha Mcnaau Kou 3adakaar roiem Jei o]l MpeXkara, 1v) HEOIXOJHOCT 3a CIPaByBamke CO
3aJylIyBamara CcO KOPUCTEH€ Ha Ia3apHh METOJH, V) pacTedykd Oaparma Ha KOPHUCHHUIIUTE Ha
MpexaTa, Kako Ha TOTPOIIYBAauyMTE Taka Ha MPOM3BOJUTENUTE, W Vi) morpeda Ja ce yHarpeau
Pa3BOjOT Ha MMa3apoT Ha EIEKTPUYHA SHEPIrUja U COOJBETHATA peryiaTopHa pamka[s].

Criopes1 Toa, HOBUTE Mpexu Tpeda ja ce 1) QuiekcuOmiIHY, 3a J1a 0Jr0BOPaT Ha MOTpeOuTe Ha
MOTPONIYBaYUTE, MMAjKU T'M HAa YM TPEAU3BHIUTE KOU MPETCTOjaT, i1) JOCTAIHHU 332 CUTE KOPUCHUIH
Ha MpexaTa, NMPUMEHYBajKM TI'M HajHOBUTE TEXHOJOTHMH 3a OOHOBJIMBU H3BOPH Ha CHEprHja u
epuKacHOCT, 1ii) JJOBEpNMBH, 3a Ja OBO3MOXAT CHUTYPHOCT W KBINTET BO CHAaOAyBameTo
33JI0BOJIYBajKH TM aKTYCJIHHWTE TEXHOJIONIKH Oapama, U 1V) €KOHOMUYHH, CO IITO ce 00e30eayBa
HajrojieMa KOPHUCT, MO MaT Ha e(HUKaCHO yIpaByBame CO CHEprujara, KOHKYPEHTHOCT M COOJBETHA
perynanmja [2].

Bo oBaa cmmcia, MHTEIMIEHTHUTE MPEXH CE CMETaaT 3a KJIy4YHa HAacoKa Ha Pa3BOj KOH
unaute EEC. EnexTpoeHepreTckute Mpexku O CTaHaie ,,AHTeITUTeHTHH * 3apajid 3TOJIEMEHOTO HUBO
Ha CIIe[IcHkhe¢ W YIIpaByBame, NP HUCTOBPEMEHA pa3MEHa Ha CJICKTPUYHA €Hepruja W WH(OpMAIUH.
Ilenta e na ce OBO3MOXHM HMMIUIEMEHTAIMja HA MMOCTOCYKM W HMHOBATHBHM YCIYT'M, KaKO IITO CE€
ABTOMATHU3MPAHUTE CUCTEMH 3a CHEpPrercka e(QUKacHOCT, YIPaBYBameTO CO OINTOBApyBambara,
SJIEKTPUYHUTE BO3WIIA, KAKO UANCTPUOYHUPAHOTO MPOHU3BOJICTBO U CKIIATUPAHETO.




3 KOHUIEITH HA UHTEJIET'EHTHU MPEXHN

Bo nonaramommna ¢aza Ha pa3Bojor Ha M, enHa of raBHUTE WICH € TOTPOLIYBAUYMTE /12
“MaaT MHOTY IIOTojieMa Yiora BO (DYHKIHOHHPAHETO HA CHUCTEMHUTE, IITO CEKaKO Ke 3aBUCH O
moTpeduTe M MOXKHOCTUTE Ha CHAaOAyBayWTe, HO W CIOpEN JKeIOWTe W TOTpeOMTEe Ha CaMuTe
MOTPOITyBayH. Pa3IMyHUTE TUTIOBU MOTPOITYBaYH, KOM MOXKAT (DJICKCHOMITHO J1a TH UCKITy4yBaaT WK
BKIIy4yBaaT CHTE WJIM JeT OJf CBOUTE EJNCKTPUYHH YpeIOu, 3a OJAPEACH BPEMEHCKH MEpPHOA, CO
ynorpeba Ha aBTOMAaTCKH CHCTEMH 3a MOJ00pYyBame Ha eHepreTckara e(UKacHOCT, K& MOXKaT /1a ce
BKITy4aT BO MPOTPaMH 3a yIpaByBame CO ONTOBapyBameTo.Tue ke Moxkat ja GopMHpaar Ipyru o
MOTPOLIYBaYl KOU CE€ JOBOJHO TOJIEMH J1a BJIMjaaT Ha ONTOBAPYBambaTa BO AUCTPUOYTUBHUOT CHCTEM
CO LleN HamanyBamke Ha BPBHHUTE ONTOBApYyBamba HIM HM3paMHyBambe Ha JHEBHHOT AMjarpaM Ha
ONTOBapyBamke, HA TOj HAYMH YYECTBYBajKM BO YNPaBYBamETO CO omnToBapyBameTo. [lokpaj oBaa
TEeXHUYKa yJora, THe 10OMBaaT ¥ KOMEpIHjalHa YJIoTa Ha Ma3apoT Ha eNeKTpUYHa eHepruja WiId Ha
Ma3apoT Ha CHCTEMCKH YCIYrH W ma3zapoT Ha OamancHa enepruja[l,2].Ceto oBa e on uHTEpec 3a
OTIepaToOpOT Ha JUCTPUOYTHBHHUOT CHCTEM, KaKO U 3a CHAOIyBaunTe CO eleKTpruHa enepruja. Cropen
UCTpaXXKyBamaTa, MHTETpaldjaTa Ha EJICKTPUYHUTE BO3WJIA JIOTOJNHUTEIHO KE TH 3roJeMU OBHE
MOXHOCTH. [6, 7]

3a KOpeKTHO (DYHKIMOHUPAE U LEIOCHO MCKOPHCTYBal€ HA OBHE CBOjCTBA Ha €PHUKACHO
yIIpaByBamke BO MpekaTa HOTpeOHH ce COPHUCTHIIMPAHU YPEar U aJrOPUTMH 3a yrpaByBame. [Ipuroa
rJIaBHA 1M1 HA OBOj MpHCTal € MaKCHUMalHO WCKOPUCTYBame Ha IMPOWU3BOJHUTE CAMHUIU Ha
OOHOBJIMBH W3BOPH Ha €HEPruja, Kako M CIPOBEAYBamkE Ha ONTHMH3ALUOHU IMOCTANIKKM BO MpeKara.
VYmpaByBameTo Tpeba Ja OBO3MOXH YCIOBH 3a IIOTOJEMa CUTYPHOCT BO CHAOIyBameTo Ha
noTpouryBaynte. Twe, MOAApKaHH O TUCTPUOYyWpaHWTE IPOM3BOIHHM EIWHMIM, BO CIyd4aj Ha
npoOJieMH BO A€M O] Mpexara, ke OBO3MOXKaT OCTaHATUTE J1eJI0BU 0e30eHO Jja ce 0J1BOjaT U OAPEICH
BPEMEHCKH TepHoa na (yHKIMOHHpAaT BO OCTPOBCKH PEXHUM CHAaOAYyBajKM TH KPUTHYHHUTE
moTpouryBadu. BakoB mpumMep ce jaByBa Kaj MHKPOMpPEXKHTE, 32 IITO K€ CTaHe 300p BO CIIETHOTO
OTJIaBje.

[Mapanenno co UM, ce npoydyBaaT U pa3BUBaaT HEKOJIKY CHeIU(DUYHN KOHIICTITH, KaKO IITO
ce MUKPOMPEXHUTE, BUPTYEIHUTE €JIEKTPUYHM LEHTPAIM M MHTErpalyjaTta Ha €JIEKTPHUYHH BO3MJIA.
Tue ce BcymHocT cnenuduyHn peanuzanun Ha UM, Kou ce 3acHOBaaT Ha €PUKACHO HCKOPUCTYBAE
Ha M3BOPUTE HA ENIEKTPUYHA EHEPTHja, MOCeOHO Ha THE 0J] OOHOBIUBH N3BOPH HA EHEPTHja.

3.1  Muxkpompexu

Enna on kirydHUTE TIPOMEHHM BO COBPEMEHHTE IUCTPUOYTUBHH MPEXKH € MHTErpaljata Ha
muctpubyupanu npousBoanu enununy (JI1E). Jlo neomamuna, EEC ce rpagenm kako poOycHH,
LEHTPaJIN3UPaHd CHCTEMHU,CO TPEHOCHA W NUCTPUOYTUBHA Mpexka, KaJe MOKHOCTHTE TedaT Of
TOJIEMHUTE TIPOU3BOIHU €IMHUIIM KOH MOTPOITyBaunTe. Bo THe yCioBU, MUCTPUOYTUBHUTE MPEXKHU CE
MMaCUBHU MPEXH CO €THOHACOYHU TekoBM Ha MOKHOCT. Co BoBemyBameTo Ha JIIIE, TexoBuTe Ha
MOKHOCT BO JUCTpUOYTHBHATA MpEXa CTaHyBaaT JBOHACOYHH, IITO T'M TPaHCHOPMHUPA BO aKTHBHH
MpPEXHU.

MHUKpOMpeXuTe ce JAen O AUCTpuOyTHBHaTa Mpexa u obemamnyBaar pasmmuyan JI1E,
JCTIEP3UPAHN CUCTEMH 3a CKIIQJIMPae Ha €JIeKTPHYHA €Hepruja, W MOTPOIIYBauMd Ha eJeKTpHUYHA
W/WIN TOIUIMHCKA eHepruja. Enqna Mukpompeka Moxe 1a Ouzae noBp3aHaco TUCTpUOYTHBHATA MPEXa,
WK U30JIMpaHa of Mpexara padoTejku BO TakaHapedeH OCTPOBCKM pexkuM. Cnmkara 1 mpercraByBa
npUMep Ha CTPYKTYpa Ha MUKpompeka. [8]
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Cauxka 1. [Ipumep HA MUKpPOMpesKa

Ilpu paborta kako jged OJ JOUCTPUOYTHBHATA MpeXa, IelTa € MHKpOMpekara Ja Tro
MUHHMH3UpPA MPE3eMambeTO Ha €JICKTPUYHA CHEPrHja OJ MpPEKaTa,lliTo T'M HaManyBa 3aryoute Ha
eHepruja u 00e3deIyBa MaKCHUMATHO HCKOPHUCTYBame Ha eHeprujata ox JI1E Ha oOHOBIMBU M3BOPHU
Ha eHepruja.Bo ocTpoBCckH pexuM Ha paboTa, BKYIMHOTO MPOM3BOJCTBO HA EJICKTPUYHA CHEPrHja O]l
JIIE mopa ma ja 3a10BOIM BKYITHATa IOTPOIITYBadKa BO MUKPOMpPEKATA.

On mepcrekTWBa Ha Mpexara, MHKpPOMpEKaTa MOXKE Ja ce TpPEeTHpa Kako EIUHCTBEHO
ONTOBapyBamke WIM YYECHUK Ha IMa3apoT Koj 00e30emyBa momomHH yciayrd. O]l MepcrleKThBa Ha
MOTPOIIYBAYOT, MUKPOMPEXKATA MAaK, IPUJIOHECYBa KOH 3roJIeMyBarhe Ha IOBEPIUBOCTA HA JIOKAITHATA
TUCTPUOYTHBHA Mpeka, 00e30e1yBa JOMOTHUTEITHHN COINO-eKOHOMCKHY U €KOJIOIIKH MTPUI00UBKHIH TH
HaMayyBa TpoUIONUTe 3a cHabmyBame [1]. Bo cekoj ciyuaj, co MMIUIeMEHTHpambe Ha CHCTEMH 32
yIpaByBamke CO CHEPrHja W HANPEJHH KOHTPOJHH CTpPATEeTMH, THE HOCAT TPUIOOMBKU 32
MOTPOIITYBAYUTE, KAKO U 32 OTIEPATOPUTE HA MpPEXKATA.

3.2 Buptyeanu eaexkTpuunu uenrpaiu (BUEL)

Wnejata Ha BUPTYENHU €JEKTPUYHM IEHTPAIM € IO MaT Ha arperupame W ylnpaByBame Ha
noBeke JokaaHu win reorpadeku omnanedenn JITE, a Bo HEKOM Cllydad M OJPEACHU NOTPOIIYBaYH,
na OMaT MpeTCTaBeHH Kako eAMHCTBEHa ejekTpryHa nentpaia.Konuentor va BUEL e npercraBen
Ha cinukata 2[9].
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Cauka 2. Konuent Ha BUEIL




BHUEILL oBo3moxyBa arperupanute mainu JIIE na ydecTByBaaT Ha ma3apoT Ha €JIEKTpUYHA
eHepruja, mro 3a eauHevnu JI1E e MHOTY Telko 3aToa mTO HEMaaT AOBOJICH MPOU3BOACH KalanuTeT
nnn  (IeKCHOMIHOCT 3a y4ecTBO Ha mas3apor. 3aTtoa, arperupamero Ha IIIE co pasmuunm
KapaKTEepPHUCTUKH, O/ 3a€AHUYKO MOPT(OINO, OBOZMOKYBA OBHE EIEKTPUYHH IIEHTPAIN /1a CTaHAT
,»BUIIIUBA® 32 OMEpaTopoT Ha MPEHOCHHOT CHCTEM W MOXKaT Ja OuWpaTr ympaByBaHH CIMYHO KaKo
eJIEKTPUYHA LEHTpajla MpUKIydYeHa Ha nmpeHocHata mMpexa. BUELL ucto taka Moxar Aa omndaraT u
MTOTPOIITYBaY! Kaj KOM IOCTOM MOYKHOCT 3a JaJICYMHCKO YIPaBYyBame, CO IIeN Ja JOHECAT TEeXHUYKH
MIPUAOOHBKH 32 CHCTEMOT.

JBara gocera pasrienyBaHu KoHuenTu, Mukpompexure 1 BUEL], ce 6a3upaar Ha arperamuja
Ha [IIE co moxHOCT 3a ynpaByBame. PasznmkaTa € BO Toa IUTO MHKPOMPEXKHUTE COEAMHYBaaT
paszmuuanmn JI1E, cucremu 3a ckiaamparme W MOTPOIIyBadd BO TMoMaia reorpadcka obmacT, JoaeKa
BUEL] moxe aa oOeIWHU JIOKAIHW, HO U Teorpad)CKd ONJAIICYCHH LCHTPAIM, CUCTEMH 3a
CKIaJupame U ONTOBapyBama. BcymHOCT, oOBHE JBa KOHLENTH C€ MPEeIBHACHH Kako
KOMIUIEMEHTapHH BO WJIHHATE CHCTEMH BO KOHW INTO ke mocrom roieM Opoj Ha JIIE. Mukpompexute
6u mpercraByBasie man aen o EEC co nmokamHOo ympaByBame Ha CBOETO MPOH3BOJICTBO U
onroBapyBame. [loBekeMukpompexu, nperctaBeHu kako BUELL, 6u ydecTByBaje BO CHCTEMOT 3a
yIIpaByBame CO CHEpruja u TProBujara co elieKTpruyHa eHepruja [1].
3.3 HuTerpauuja Ha eJIeKTPUYHU BO3UJIA

VYurre enen npeausBuk 3a ugaute EEC ce u enextpuunute Bo3wia (EB). Paznuunure HaBUKH
Ha KOPHUCHHMLOWUTEC W IIOJHCHCTO HA BO3WJIaTa IIO HOTpe6a 3Ha4YaT CTOXAaCTHUYKU IIPOMEHU BO
ONTOBapyBamkETO HAa €IEH CHCTeM U HEMpeIBUUIMBA TPOMEHH BO THEBHHOT [WjarpaM Ha
onroBapyBame. lllupoka wummementanuja Ha EB 0e3 cOOMBETHM KOHTPOJIHH CTpaTeTHH On
MPETCTaBWIO TOJEMHU MPOOJIEMH Ha YNPaBYyBameTO CO JTUCTPUOYTUBHHOT CHUCTEM, Mely KOM YeCTH
MIPOMEHU Ha BPEIHOCTA Ha HANIOHOT W MPOOIEMH CO 3aIyllyBame, O] IITO MPOU3JIeTyBa MoTpeda 3a
HaarpanOa Ha wHppacTpykTypara. [I[pumeHara Ha HanpeaHN ypaByBadKH CTpaTeTuu OW T'M perrmia
OBHE MpOoOJIEeMH M YIITEe TOBEeKe, OM 00e30eqmia NpUAOOMBKM 3a paboTaTa Ha MpexaTa U
cornctBeHuTe Ha EB, mpeky akTHBHO y4ecTBO BO Ma3apuTe Ha €NEKTPUYHA SHEepPruja W MOMOIIHH
ycmyru.Ilokpaj Toa, co HUBHaTa MOXHOCT 3a CKJIanupame eHepruja, EB 0 mo3Bonwmie ymre morojiem
Mpoiop Ha OOHOBJIMBH U3BOPH HA CHEPTHja.

YupaByBameTo co rosieM 0poj EB Ha ronema reorpadcka 00acT € peuncH HEBO3MOXKHO U
3aT0a MOBTOPHO CE MOBHUKYBA HA MPHUHIUIOT Ha arperanuja. Cnuyno kako kaj BUEL], arperupanure
EB ke Moxar ja ydvecTByBaaT Ha Ta3apoT Ha CICKTPUYHA CHEPruja Kako eJIeH YYECHHUK,
NpEeTCTaByBaHU Ol CTPaHA Ha HUBHHOT arperatop. XuepapXuckd CTPYKTyPHPAHOTO YIPaBYBambe CO
nosiHeweToHa EB, OW npuIoHeN0 KOH HUBHO MOJIECHO YYECTBO HA Ma3apoT Ha eNICKTPUYHA CHEPruja U
OM WM JIO3BOJIWJIIO TPUCTANHA T1a3apOT Ha TIOMOIIHM YyCIAyrH3a peryjaluja Ha HamoH |
¢dpexsenmjal1].

Konnentu Ha moJyiHeH-¢ KoM OM OBO3MOXKHJIE IIMPOKAa MMILIeMeHTaija Ha EB, 0e3 ga ja
3arpo3ar pabortara Ha Mmpexara ce Smart Charging u Vehicle to Grid (V2G). V2G no3BomnyBa
arperaropot Ha EB 5a ynpaByBa co MoJIHEHETO, KaKO U HHjEKTHPAHETO Ha eIeKTPUIHA eHEepruja BO
Mpexara, OJHOCHO Kopucrteme Ha EB Kkako onroBapyBama M Kako JUCIEp3WpaHH ypead 3a
CKJIaupame Ha elleKTpuuHa eHepruja. Kako pesynrar Ha Toa, V2G KOHLENTOT OBO3MOXYBa
Kopuctere Ha EB 3a perynamnuja Ha HamoH U (peKBEHIMja BO MpEeXaTa, U UCTO TaKa, IOMECTYBabe
Ha BPBHUTE ONTOBapyBama CO 1€ U3paMHYyBalbe Ha JHjarpaMoT Ha onroBapyBame.[1]. HemoctaTok
Ha YIPaByBamETO CO TOJIHEHETO Ha BO3WIIATA € IITO TOa HEraTWBHO BIIMjae HAa KMUBOTHUOT BEK Ha
OarepujaTa, ¥ 3aT0a y4eCTBOTOHA collcTBeHUIMTe Ha EB Bo TakoB mporpaM mMopa aa 6uje eKOHOMCKH
MOTHBUPAHO.

4  3AKIIYUYOK

UM ce npeaBHIeHN KaKO €JIEKTPOEHEPTeTCKH MPEXHU KOW I'M MHTErpHpaar IOCTAIKUTE Ha
CHTe KOPHCHHMIM HA MpekaTa, co Ield Ja ce o0e30ean OApKIMBO, €KOHOMHYHO M CHUTYpHO
cHa0myBame CO eJeKTpUYHa eHepruja. Tue ce HajmoOpara Hacoka Ha pa3Boj Ha EEC, co men
peanu3anMja Ha EBPOICKUTE HMHUIMjaTUBH 3a 3TOJIEMEHO Y4YecTBO Ha OOHOBIMBHMTE H3BOpH Ha




eHeprija BO BKYyIHATa MOTPOIIyBadka HAa €HEpruja, HaMalyBambhe Ha E€MUCHHTE Ha CTaKJICHHYKU
racoBH U MOT0JIeMa IPUMEHA Ha EHEPreTCKH e(h)UKACHU TEXHOJIOTHH.

Osue koHienTu oBo3moxxysaat JI1E u noTpouryBaunrte 1a 1aBaat yciuyry 3a ynpaByBambe Ha
OIITOBapyBamaTa BO MpeXkara M Jia YUEeCTBYBaaT BO Ma3apoT Ha eNIEKTPUYHA CHEPruja W Ma3apoT Ha
MTOMOIITHH yCITYTH.

3eMajku ja BO MpeIBU rojeMaTta BaKHOCT Ha CTPAaTeTHUTE U ypeIuTe 3a KOHTPOoJa, MOXKeE Aa
ce xkaxke aeka MKT urpaat MHOTY BaskHa yiora 3a pa3Bojot Ha M.

HoBute TexHONMOrMM M KOHIIETITH Ke ja MPHUABIDKAT €BOJYIHjaTa Ha EIEKTPOCHEPTEeTCKUTE
MpPEXKU KOH MHTEIMICHTHH MPEXH CO HANPEIHO JCICHTPAIU3UPAHO yIpaByBame U Op3 MPEHOC Ha
noxaronu| 1]. Cenak, BO JICHEIIHH YCIIOBH, HUBHA IIUPOKAa MMIUIEMEHTAIlMja,K0ja OM TO MCIIOIHUIA
LIETMOT TTOTEeHIINjajl Ha OBHME KOHIETITH € C€ YIIITe HEU3BOINBA.
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BJINJAHUETO HA EJIEKTPUYHUTE BO3UJIA KOH
MNOJOBPYBAIE HA CTABUJIHOCTA HA HAIIPEJTHUTE MPEXHU

KYCA COAPKHNHA

Bo npecTojHuTe roquHu U IELIEHUH, OYEKYBAaHO € APaCTUYHO 3rojeMyBambeHa OpojoT Ha
eNeKTpUYHN Bo3uia. [lomHemETo Ha Bo3WiIaTra JONOJHUTENTHO KE ja  ONTOBapu
IUCTpUOyTUBHATA MpEeXa U TOKMY IOpaJu Toa BO HEKOU ciaydau Tpeba Ja ce Halpasar
onpeneHn npuiaroayBama.OBoj Tpya I'u orndaka HAJHOBUTE UCTPAKyBamba M yHAIIPEIyBamba
Ha eJIEeKTPUYHUTE BO3WJIA, HMHTEpaKIMjaTa €O IAMETHUTE MPEeXHU MPUKAKYBajKU ja
CTpYKTypaTa Ha HJIHUTE eJIEKTPOCHEPreTCKH CHCTeMH. l[laMeTHHTe MpeXu 3aeqHO CO
€JIEKTPUYHHUTE BO3WJIA MOCTABYBAaT Pa3IMYHM MPEJU3BULM BO JEJIOT Ha MHPPACTPYKTypaTa
Ha eJIEKTPUYHATA MpEXa U KOHTposaTa.VICTO Taka KOpHCTEHETO Ha OOHOBIMBUTE U3BOPH Ha
eHepruja uma cé orojem MojeM, HoO HUBHaTa CTOXacTUYKa MPUPOJANIPETCTaByBa NpoliIeM U
[IOCTAaBYBA PA3JINYHU IPEIU3BUIM BO 00JICTA HA IUIAHUPAEKHETO, YIPAaBYBAKETO M KOHTPOJIATa
Ha eJeKTpoeHeprerckara Mpexa.Co KOpHUCTeHe Ha €JIEKTPUYHUTE BO3WJIA M HUBHHTE
CHEPreTCKU KamaluTeTH OM ce MOJO0OpHIO yIpaBYBAamETO, a CO TOa M cTabumiIHOCTa Ha
mpexara.lloumor "Hampenna mMpeka” Hema TOUHO ompezeseHa AeUHUIM]a, HO TeHEePaTHO
ce OJIHECYBa Ha MOJEpHU3HpamE Ha MOCTOeUKaTa Mpexa. Bo Toa cnara ce mro € nmoBp3aHo
CO €HEepPreTCKUOT CUCTEM, MIOYHYBAjJKH O TPOU3BOJICTBOTO Ha €JIEKTPUYHA €HEprHja Ia ce 0
notpouryBadoT. Co pa3BUBAmHETO HA HOBUTE TEXHOJIOTHUTE 3a MPOU3BOJCTBO, CKIAJUPAHE U
MOTPOLIYBauyKa Ha eJIeKTpUYHa €Hepruja, ucrara ke craHyBa moguieKcHOMIIHA, a co Toa Ke
MOke Jaa o00e30eau MoBpaTHM WHGOpPMAllMM BO pPEaTHO BpEME, KaKO M YIpaByBame U
KOHTpOJIa Ha CUTE YYECHHUIU BO T.H. “‘coo0pakaj Ha eJeKTpUYHa eHepruja’.

Kuayuynu 300poBu:erekmpuunu 6o3una, 00OHO6IUBU U360pU, cKiaoupare Ha FEE,
naMemHU MPediCU.

1 BOBE]J

JleHemoTo Npou3BOJCTBO HA €JEKTPUYHA €HEpruja HajrojeM JeN Ce CIydyBa BO TOJEMHUTE
TEPMO U HyKJI€apHU HEHTPANIN,0]1 KaJie MPEKy MPEHOCHUOT U AUCTPUOYTHBHUOT CUCTEM CE€ MIPEHECyBa
no notpouryBaunte.Toa moapa3bupa Tek Ha eHeprujaTa BO €IHA HACOKa, O LEHTPAIMTE IPEKy
MPEHOCHUOT CHCTEM [0 MOoTpouryBayutre. Bo wuaHMHA, IUCTPUOYTUBHHOT CHUCTEM Ke Oujue
MOAKTHBEH,0/{HOCHO Ke Tpeba eHeprujata HA3 Hero Ja OuJe IBOHACOYHA, U 1a UMa 3TOJIEMEH MPEeHOC
Ha uHpopMarmure./len o eHeprujara MpOHM3BelleHa OJl T'OJEMHUTE KOHBEHIIMOHAIHHU IICHTPaIH Ke
Ouge 3ameHeTa co MPOM3BOACTBO 0J1 OOHOBJIMBM M3BOPH Ha €HEPruja Kaje IITO ce MOroJIeMHOT Opoj
Ha (OTOBOJNTAUIIM, OMOMAaca Kako U BETPOTCHEPAaTOpH Ke OMJaT MPHUKIYYCHH BO JTUCTPUOYTHBHHOT
cucrem.MlHTerpupame Ha OOHOBIMBUTE W3BOPH BO IMOCTOEYKATa MpeXa BOBEAYyBa JIOMOJHUTEITHH
npodiaeMy opaau HUBHATA HENPEABHUIMBOCT BO UCIIOpavyBambe Ha NOTpeOHAaTa MOKHOCT.




Konnenror "Smart Grid" ogHOCHO HampeaHa Mpeka € €IHO Ol PeIllicHHjaTa Ha OBOj MPOOIIEM.
HanpennaTa mMpexa e npeBUACHO Aa ja KOHTpOIUpa modapyBaukaTa Ha €HEpruja Kako U HEj3HHOTO
MPOM3BOJCTBO CO IIeNl LIEJIMOT CHEPreTCKU cuTeM jAa Ouae moedukaceH, MopoOycTeH W na Ouue
panmoHai Ho ynpaByBaH.OBOj KOHIENT BKIy4dyBa MHOTY IT U TeIEKOMYHHKAIMCKU TEXHOJIOTHU KaKO
1 KOPHCTEHhE¢ HA TEXHOJIOTHH 32 CKIIQINPAhE HA CHEPrHjaTa.

CucremMuTe 3a CKJIaIUpame Ha CHEpPrujara K¢ MMaaT TOJIEMO BJIMjaHUE BO CIPOBEIYBambe Ha
KOHIENTOT Hampenau Mmpexu.lIpex cé, co 3romemenara ymorpeba Ha OOHOBIMBHTE H3BOPH K€ MMa
motpeba oX1 CKIaavpame Ha Taa €Heprrja BO MEePHOIN Kora HeMa modapyBadka O IMOTPOITyBadUTe.
CknanupaHata eHeprija ke MOXKe Ja ce KOPUCTH BO MEpUOJUTE Ha TojleMa nmodapyBadyka Kora H
LieHaTa Ha eJeKTpHYHaTa eHepruja € HajBucoka.Co Toa ce 3rojieMyBa CTa0MIHOCTa Ha CUCTEMOT Of
TJIe/IHA TOYKA Ha OTIePaToOpOT, TaKa IITO OCBEH 32 KOPUCTEHE Ha OBaa CHEPruja BO BPEMETO Ha rojeMa
nmobapyBayka UCTaTa MOXE Jla C€ KOPUCTH U NPU BPEMEHCKH HEIOTOJU KAKO IITO CE SICKTPUYHUTE
Mpa3Heha, 3eMjOTPECUTE KOU MPEAU3BUKYBaaT Ae()EeKTH BO MpeKara U TH.

2 HAIIPEJHHN MPEKI

HampenauTe Mpekn Kako KOHIIENT KOj MOJIEKa Ce OCTBapyBa, MPETCTaByBaaT OJIMYHA MOKHOCT
LETNOT CHEPreTCKH CeKTOp Ja Ce HAacoul KOH €JHa HOBa €pa Ha CUTYPHOCT, IOCTAlHOCT U
eukacHOCT. 3a BpeMe Ha NEpPHONOT Ha LEJIOCHA aJanTallija Ha CUTE YUYECHUIM BO €HEPreTCKUOT
CEeKTOp KOH HANpeIHHUTE MPEXH, O] KIYyYHO 3Hauewmhe Ke OHlIe TeCTHpameTo, MOoJ00pyBame Ha
TEXHOJIOTHjaTa, 00pa30BaHUETO Ha MOTPOLIYBAYNUTE KAaKO M HUBHUTE HABUKHU, Pa3BOjOT Ha CTAHIAPAU
W TIPOIUCH, KaKo M CHOJeNyBamke Ha MH(popMaluu moMery pasHH CHPOBEICHH MPOCKTH 3a Ja Cce
OCHTypa JieKa MPUAOOUBKHUTE IITO T'H OYEKyBaMe O] HAIlPeTHUTE MPEXKH Ke CTaHAT PEaTHOCT.

KpaTtkoTpaeH mpeknH Ha eleKTpUYHA €Heprrja MOXKe Jla uMa JOMHUHO e(deKT, T.e. cepuja Ha
MpPEeKHMHU KOM MOXKaT Jla BIMjaaT Ha CHCTEMHUTE 3a HEMPEeKHIHO HaIojyBame BO OaHKapCTBOTO,
KOMYHHKAIATE, co0Opakajot u 0e30earocTa. OBa € 0co0EHO 3aKaHa BO TEKOT Ha 3UMCKHUTE MECEIH,
KOTa MOTPOIIYBAadYUTE MOXKE J1a OCTaHAT M Oe3 rpeeme. Hampennara mMpexa ce oedeKkyBa Ja JOAaze
T.H. ,€IACTHYHOCT Ha EJIEKTPOCHEPreTCKHOT CHCTEM M Ke IO HalpaBu 1a Oujie mogo0po MoAroTBeH aa
ce Ja TH TMOJACHCE Halperamara BO OJAPEJHEH WTHH CIy4ad, Kako Ha TIpUMEp TOJIEeMH
Oypwu,3eMjoTpecH, colapHu 3padema u ap.llopaan mpemHocTa MTO ja MMa HampeaHaTa MpeXa Co
CBOjOT JIBOHACOYCH TEK Ha €Heprujata M Ha HHPOpPMALMUTE, Taa KE OBO3MOXH aBTOMATCKO
MpeHacovyBame Kora ke uMa mpoOJieMH CO OlpeMaTa WM Kora ke HactaHe mcnaj.Kora ke HacraHe
UCIaJ Ha HEKO] NAJICKOBOJ Taa K€ T0 HM30JIMpa TOj JeN O]l MpeXara W Ke CIPEYH IOTOJIEMH
KaTacTpo(u BO CUCTEMOT.

[IpenHOCTHTE HA KOPUCTEHETO HA HATIPETHUTE MPEXKH CE MOJICJICHU BO TpH nena : [1]

1. Kopucremero Ha OOHOBIMBUTE H3BOpUM Ha e€Hepruja Oapa IOBEKEe CHOCOOHOCT CO
(pekBeHICKaTa KOHTPOJa BO EJEKTPOECHEPreTCKUOT cucTeM.CKIaaiupameTo Ha eJeKTpUYHaTa
eHepryja MOXe Jia ce KOPHUCTH 32 Ja ja MOoJ00pH CIIOCOOHOCTa IMPEeKy KOHTPOJIa Ha TMOJHEHE H
Mpa3Heme O]l ONEepaTOpUTe Ha MpekaTa, Taka IITO HEpaMHOTe)KaTa MoMelry MOTpOIIyBaukaTa Ha
€HeprujaTa U Hej3MHOTO NPOU3BOACTBO KE Ce HaMaJlH.

2. Bo Hekou cinyuyau cucremMuTe 3a ckiuanupame Ha eHepruja (CCE) moxe na ja Hamanat
HWHBECTHUIMjaTa BO HHPPACTYKTYPHUOT EHEPTETCKU CHCTEM KaKO IITO C€ TPAHCPOPMATOPH, MPEHOCHU
W TUCTPUOYIUCKH JATHOBOIM MPEKY M3paMHYBambe Ha ONTOBAPYBAWKETO BO OJIPEIAECHU 00JIaCTH 3a
BpeMe Ha BpBHA MOTpoOIIyBavkara Ha enekTpuuHa enepruja. CCE 3a oBaa HaMeHa UCTO Taka MOXe Jia
Ce KOPHCTAT | 3a MoJ00pyBame Ha CIOCOOHOCTA 3a (PPEeKBEHIIMCKA KOHTPOIA.

3. Jpyra ommyja e T.H. yIpaByBambe Ha o0apyBavkara, KOe TH BKITy4yBa HalpeJIHUTE MPEXU U
kopucHuuuTe. Co MeHayupame Ha MOTPOLIyBayKaTa M €KOHOMCKA CTHMYJalMja, MOTPOIIYBadHTe
MOJKaT Jja OMpaT oxpadpeHH Jia ro MPOMEHAT MEPHUOJIOT BO KOj KyITyBaaT eNeKTpHUYHA CHEPrja KOH
MEPUOJTU KOT'a UMa BUIIIOK EHEPTHja BO CUCTEMOT.

Hanpennata mpesxa ke ce coctou of rojieM Opoj Ha aeTHU YIPaByBayKH €AWHUILL, KOMIIjYTEepH,
JATHOBOJIM, HOBU TeXHOJIOrnu u onpema. Ke 6une moTpeOHO U3BECHO BpEME 3a CUTE TEXHOJOTHH J1a
ce yCOBpIIIAT, Jia Ce MHCTAIMpPA IIeJI0CHATA OINpeMa U CHUCTEMHTE Jia OMIAT TECTUpaHW Mpej Ja ce




nmymrat Bo ynorpeba. CeTo oBa HeMa Jia ce CIy4H OJIeJIHAII TYKy HarpeIHaTta Mpeka Ke ce pa3BHuBa
Tl TI0 JIeJT, BO TEKOT Ha cJieHaTa JeleHuja.

3 MMAMETHA KYKA U IAMETHHU BPOWJIA

KoHIenTor Ha mamMeTHa Kyka ce KOPHCTH CO IIeJl MOe(PHUKACHO M MMOEKOHOMHYHO HCKOPCTYBAFbE
Ha eHeprujara. Taa Hau3Iiea HE € MHOTY pasiM4yHA OJ TPAAMIMOHAIHHOT THI Ha KyKa, HO HMa
olpeMa W pa3lIiyHH arapaTd KOM KOPHCTAT TEXHOJOIHja 3a MPABU/IHO U PAIlHOHAIHO HCKOPHCTYBAE
Ha eHeprujaTa, MTO MPHIOHECYBA 3a HENPEKUIHO U ePUKacHO (PYHKIHMOHHpPAhE Ha eJEKTPHYHATA
Mpexa. [2]

KilydHHOT eJeMEeHT KOj OBO3MOXKYBa CHTE OBHME TEXHOJIOTHM Ja (YHKIMOHUpAAT 3aeIHO CO
NMaMeTHaTa Mpeka € BCYIIHOCT MHTEpaKIfjaTa Mel'y orepaTopuTe Ha Mpexara u KopucHuimre. Cute
KOHTPOJIM W amapatd BO JIOMOT c€ TIOCTaByBaaT Ja OJI'OBOPAT HAa CUTHAIUTE OJ EHEPreTCKHOT
cHaO/yBay 3a J1a ce HaMaJli HUBHATa ynoTpe0da Ha eJIeKTpUYHA CHEpryja BO BpeMe Kora Mpekara uMa
royieMa rnobdapyBayuka CO MPETXO/JHA COrTIACHOCT OJ KOPUCHUKOT, Na IypH M Ja ja IIOMECTaT HUBHATA
paboTa J1a ce BpIM KOora eNeKTpUYHaTa eHepryja e JoCcTaHa 3a oMalia IieHa 1 Kora mobpayBaykara €
nomMavnia.
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Canka 1. lllemarckn NMpUuKa3 Ha €JICKTPUYHOTO MOBP3yBalb€ HA YPEAUTE BO €1HA MaMETHA Kyl'(a,
[intdesigbhhome.com/smart-house-green-technology]

3.1 IlameTHu OpouJia, NAMETHH aNMAPaTH U CHCTEM 3ayNPaByBam€ CO eHePruja

[IMeTHUTE OpoMia Ce AUTUTATHU OpOoMia KOM OBO3MOXYBaaT KOMYHHKAIIMja MEIy KOPUCHHIIUTE
Y CHaOayBauyWTe Ha eJeKTpuuHa eHepruja.llameTHure Oponia ru MpeHecyBaaT cuTe UH(YOPMAIIUH 3a
MOTPOIIyBaYKaTa Ha KOPHUCHHUIUTE MPEKy CUTHAIM JIO CHAaOAyBauuTe, KOW MOHATaMy OW UM
MOMOTHAJIE JardHaMallaT TPOIIOIMTE 3a eJCKTPHYHA CHEPrHja, OJHOCHO KAaKO MPAaBUJIHO Jia ce
HCKOpHCTYBa Taa eHepruja. OBaa MHTEpAKIMja Ce BPIIU IIPEKy CUCTEMOT 3a YIIPaByBambe CO CHEPrHja,
U IefiaTa mpoleaypa ce NTAaTh MpeKy alvivkalja Ha nameTeH TenedoH win xommjyTtep. [Ipeky
CUCTEMOT 32 yIpaByBame CO SHEPTUja MOXKE Ja € MPATH U MOTPOIIyBavYKaTa BO JJOMOT, BKIY4YyBajKH
JIeTalHA TPECMETKU 3a TorojieMa 3amTena Ha eHepruja. KOoHKpeTHo, ce MHCIM Ha KOHTpOia U
HCKJIy4yBame Ha amapaTHUTe KOW TPOIIAT MOBEKE eJICKTPUYHA eHepruja Kora Tapudara € cKama Wiiu
Kora mobapyBadkara € rojieMa, 3a Ja He C€ CIy4YH HEHaJ[eeH MPEKHMH Ha MPOTOKOT Ha eJEKTpUYHA
€Hepruja, WM Ja TW BKIy4dyBa Npu HucKa Tapu(a- kKora modapyBadykaTa € rnomaia. [lamerHuTe
amapatd ke OMIaT BO MOXKHOCT Jia OJrOBOpaT Ha CUTHAJIMTE Ha CHAOIyBadyoT M Ke OMIaT MPEKHO
MOBpP3aHU M Ke paboTaTr MpeKy CHCTEMOT 3a yIpaByBame Ha €HEPTrHja, HO OBHE armapaTh K€ MOXaT Ja
I'¥l yIIpaByBaaT U CaMUTE KOPUCHUIM KOTa € moTpedHo.[3]




Tabena 1. [IpuagoOMBKH 0/1 NPUMEHATA HA AMETHH OpoMJia

3acerHaTH YHHUTEIH PH
NPON3BOJCTBOTO, IPEHOCOT,
AucTpudyuujaTa u MMpugodouBKu

HCKOPHUCTYBaWk€TO Ha
eJIeKTPUYHATA eHepruja

IToTpouryBaun e [logobap mpuctam w  uHdpopmanmu  3a
yIpaByBame CO eHeprujara

e [lonpenusHu ¥ HABpEeMEHU HAIUIATH

e [loromemu cyOBeHIIMOHUpAHU Tapu(Du

e [lonarony 3a KBAJIUTETOT HAa €Heprujara

OnepaTHBHU CEpPBUCUPAIba - IIPEHOC | o  HamaneHu TPOIIOIM 33 OTYUTYBAE Ha GpouaTa

e HamaneHu natyBama 3a CE30HCKH OTUHTYBamba

e HaBpemeHo meTekTHpame Ha ymaja BO Opomiara U
Kpak0Oa Ha eJICKTPUYHA SHEepTHja

[Ipenoc n nuctpubynuja e IlogoOpeHo ympaByBame Ha ONTOBApYBamETO Ha
TpaHc(hopMaTopuTe

e [logaromu 3a momoOpyBame Ha e(pUKACHOCTA U
CUTypHOCTa mpu cHabayBawmTOo co EE, neramnu
NOAATOIM 32 3ary0u MU MPEHOCOT U JP.

e JlomoOpenn moAaTONM 3a JW33jHUPAE HA
e(rKaceH CHCTEM 3a Mpexara

e Jlomaronum 3a kBanureroT Ha EE 3a pypanHu
obnacTu

[Tabenara e npeB3emena o1 ,,Smart Meters and Smart Meter Systems:A Metering Industry Perspective*]

[MametHuTe Opomia ce pa3iuKyBaaT  BO TEXHOJIOTHjaTa W JAHM33jHOT OJ KOHBCHIHOHAIHUTE U
TPAJMIHOHATHO KOPUCTEHH OOpriia U paboTaT MpeKy €HOCTABeH KOMYHHUKAIMCKH Tporec. [TlameTHute Opouna
cobupaaT MoJaToOIM Ha JIOKAJIHO HHBO M I'M MpeHecyBaaT mpeky sokanHa mpexa(LAN) mo cobupauor Ha
nogaroid. OBOj MPEHOC Ha MOJATOLM MOXE Jla Ce CIIydyBa Ha CeKOM 15 MUHYTH WJIM MOPETKO, HA TPUMEp Ha
JIHEBHO HHBO criopes ynotpedara Ha nogarouute. [logaToiure ce mpeHecyBaar npeky riodanHa mpexa (WAN)
JI0 LEHTPAJIHOTO MECTO 32 COOMpame Ha IOJATOIM Kaje HCTHTe ce 00paboTyBaaT M KOPHUCTAT OJf CTpaHa
JUCIICUCPUTE HA CJICKTPHUHA eHepruja. busejku cranysa 300p 3a JBOHACOYEH TEK HAa MH(OpPMAIIMU, CUTHAIH U
KOMAaH/IM MOJXKE JIa Ce MCIPakaaT JUPEKTHO J0 MOOHIHHUTE amapaTv Ha KOPHCHUIIMTE, TAMETHUTE OOpHIIa KU
aK J0 TUCTPUOYTHBHATA CAMHUIIA.

Cé 10 UeNoCHOTO BOCIIOCTBYBaWmETO HA BakBUTE OOpHiIa BO CUTE JIOMAaKHHCTBA M HWHIYCTPHCKHU
noTpoiyBauu (Ipolec Koj € 3alo4yHaT W Ke Tpae CO JICLECHUH), TEXHOJIOTHHTE KOM CEe 3aHMMaBaaT CcO OBaa
npobieMaTHKa BO ICHEITHO BpeMe Beke ce CMeTaaT 3a €BOJIYTUBHH, a HE PEBOJIYLIHOHEPHH TEXHHUKH.

4 EJIEKTPUYHU BO3UJIA

EnexTprynnTe Bo3Mia ce pa3Buwie BO 19TH BeK, HO IIIaBHHOT MpOoOJIEM MOpaa KOj TH HEMAJo
JI0JITO Ha Ta3apoT OMJI HUCKHUOT KalalUTeT 3a CKIAAUpamke eHepruja Bo OaTepuuTe Kako U BUCOKATa
LIEHa 3a HUBHO Mpou3BoACTBO. Co pa3BojoT HAa TEXHOJIOTHjaTa MPETCTAaBeHU ce OaTepUH CO TIOr0JIEMHU
KananuTeTH, KOM Ke MOXKaT Jia TY 3aJI0BOJIaT MOTpeOuTe Ha KOpucHUIMTE. [lameTHUTE MpexH Ke ja
nMaar norpedHaTa MHPPACTPYKTYpa,Koja ke OBO3MOXH e(hUKACHO KOpUCTEeHme Ha oBue Bosmia. Co
OBHE BO3WJIA JIPACTHYHO K€ ce Hamaiu morpedara ol HaQTEeHH rOpHBa U €MHUTYBAKHETO HA U3AYBHH
racoBu BO aTrMocdepara, HO O] Jpyra CTpaHa JOIOJHHUTETHO OW ja ONTepeTHsie Mpexara IpH
MOJIHEH¢ Ha HUBHUTE OaTepunte. KOHIENTOT Ha 3eJieHa )KHUBOTHA CpelliHa HeMa Jia OuJie TOTKpereH
JOKOJIKY OTpeOHaTa eJeKTPIIIHA eHepruja 3a MoJIHelke Ha OaTepuute, ce 00e30eayBa npeky padbora
Ha TEPMOLICHTPAJIH HA jarjieH. 3a MaKCUMAJIHO Jla ce€ PeIyLupaaT U3lyBHUTE FaCOBHU U Ja CE 3alITUTH
KUBOTHATa CpeIMHA MOTPEOHO € IITO € MOYKHO MOBEKe Ja c€ UCKOPHUCTYBaaT OOHOBIMBHUTE U3BOPH 3a
MPOU3BOJICTBO HA €NEKTpUYHA eHepruja. KoHmenTor Ha mameTHa Kyka OM MOJKeN /1a ce HCKOPHCTH 3
MOJIHEHE Ha OBHE OaTepuu,lIpeKy HCKOPHCTYBam€ Ha EHeprujara oJ (OTOBOATAMLUTE WIHM MaK
MOJIHEH-E Ha OaTepuuTe BO paHUTE YTPHUHCKU YacOBHM KOra MoOpayBadkaTa Ha €HEpruja € HajHUCKa U
MPOU3BOJICTBOTO Ha €Hepruja ox Berep € Hajromemo. CodTBepoT Ha CHCTEMOT 3a yNpPaBYBambE CO
eHepruja NpeKy KOMYHHUKAIHja CO eIeKTPUYHHUTE BO3MJIA K& IIOMOTHE 32 TIOJHEHhEe Ha OaTepuuTe Kora




BPEMETO € HajonTUMaHO. BO WIHWHA eNeKTpUYHUTE BO3WJIA Ke Wrpaar BakHa YyJora BO
OallaHCUPAmkETO HA CHEPrHja BO MpekaTa, CIYXKejKM Kako AUCTPUOYTHBHU CUCTEMH HA CKIIaJHpaHa
eHepruja, OIMHOCHO Ke MpeTcTaByBaaT ajaTKa Koja Ke MOKe Jla BHECE JNOIOJHHUTENIHA €HEprHja BO
eHepreTckara Mpeka 3a BpeMe Ha KPUTHYHHUTE YacoBW. lIpeiBuIyBaukWTE CTATHCTUKH HaBeIyBaat
neHa peuncu 95% ox BpeMeTo eNeKTPHYHUTE aBTOMOOWIM Ou Owie mapKupaHd W TOKMY BO TOa
BpeMe THe OU MOXKele Ja ce KOPUCTaT 3a MpelaBarbeé Ha eIEKTpUYHA CHepruja Bo Mpexara. OBa
cHaOayBame Ha eNeKTpHYHA eHepruja Om Tpedasio Ja ce MepH OAMENHO O]l MOTPOIIyBadyKaTra Ha
eHepruja Bo AoMoT. KamanuTeToT Ha CKIaJupame Ha eNEeKTPHIIHATA €Hepruja 3aBUCH OJ THIIOT Ha
Oarepuurte. HajuecTo ce KOpUCTAT JUTHYM-JOHCKU WM JIPYTH JTUTHYM-0Oa3upaHu BapUjaHTH MOPAIH
HUBHATa TOJIeMa CHEpreTcka ryctrHa.KamanureroT Ha ckiaaupame Ha OBHE OaTepuu € BO OICEroT
15-40 KkWh, HO mocTojaT orpaHuuyBama BO Op3WHATA Ha IMOJHEHE HAa OBHE Oarepuu. JIUTHyM-
0asupaHuTe OaTepuyd MOXKE Ja Ce MOJHAT JO0 MOJIH KamanuTeT 3a 10-20 MHHYTH, HO HO TaKBHOT
mporec Oapa HalojyBame cO rojeMa MOKHOCT. Bo Tabena 2 e mpeTcTaBeH NMpHKa3 Ha BPEMETO Ha
ToJIeE-¢ Ha OaTepuuTe BO 3aBUCHOCT OJf MOKHOCTA Ha ITOJIHAYOT.

Tabesa 2. 3aBHCHOCT HA BpeMeTO Ha MOJHEeHe Ha 0aTPUUTE 0] MOKHOCTA HA MOJHAYOT.

Bpeme Ha mosHEHe
Turn Ha moJiHAY MoKHOCT Chevy Volt Nissan LEAF
( 8kwh) 24(kwh)
AC nesen 1 1.3 ~6 vaca ~16-18 yaca
AC nesen 2 3.3 ~3 yaca ~6-8 yaca
6.6 ~1.5 gaca ~3 yaca
DC 6p3 nonHay ~60 <10MHuHYTH ~30 MuHyTH

[tabenaTa e mpeB3emena o1 ,,How the Smart Grid Enables Utilities to Integrate Electric Vehicles®]

4.1 Omnpema 3a nojiHeme Ha edekTpuyHuTe Bo3uiaa (OIIEB)

CrabuinHaTa KOHEKIMja CO MaMETHHOT IOJHA4Y € MHOTY Ba)KHa MOPaJH YIPaBYBAaHETO O]
JalieddHa co Koja ce eIMMHUHHMpa HemoTpeOHaTa KOMyHHKanuja co omeparopor.Ha mpumep, ako
MOTPOLTYBaYOT MMa MPOOJIEM CO MAMETHHOT IOJHAY- €O JA00pa KOMYHHKAalUCKa MH(PACTPyKTypa
OIIepaToOpPOT MOJKE JAIICYMHCKH J1a U3BPIIN HETOBA MPOBEPKa M HA TOTPOIIYyBAavYOT J]a My JaJie HacOKa
Kako Jia IOCTamM BO BpCKa co MpoOsieMoT.OmnepaTopuTe MMaaT MOXKHOCT Ja KOMYHHIIHMPAaT Cco
NaMETHUTE TOJHAYM TIPeKy COCeAcka Mpeka WiM jgomamHa Mpexa. Cocenckara mpexa ja
OBO3MOXKYyBa HCTaTa CHTYPHOCT Kako W JIDYTUTE OIepaTopckd Opowia, HO HUMa momodap
OITICET,I0ZI00pU TIPOTATAlCKH KapaKTePUCTUKH, eTMMUHHUPAjKU ja MoTpedaTa o pEmeTUTOpU BO
nomainHata mpexka. O0e30eyBa JBOHACOYHA KOMYHHKalMja Mel'y MamMeTHHUTE IMOJIHAYW U JIPYTUTE
MAMETHHU ype/Iu KOM IpunaraaT Ha Mpe)kaTa ¥ yHAIpeIeH! TAICYNHCKN CIOCOOHOCTH.

OFEB Kako AomaluHa Mpexa OFEB KaKo coceTcka mpexa (NAN)

KouTponep Ha
AOMalUHaTa Mpexa

P P— 5
* MoHnuTOp Ha
e I\j TpaHcdopmaTopoT
\

4) Bpowmno Ha
s noTpoLysayoT

\? \\

Bpouno Ha
cocegoT

Penetutop Ha
AOMalUHaTa Mpexa
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Cauka 2. lllemaTcku npuka3 Ha onuuuTe 32 NoBp3yBame Ha OITEB




TpomonuTe 3a WHCTANHMpakE HA ONpEeMaTa 3a CJICKTPHYHH BO3WIA K€ TH MOJAMHUpPAT CaMHTE
MOTPOIIyBayl,  OMNEpaTopuTe ke OuIaT OATOBOPHU 3a OCTaHATHTE TPOLIONM TBpPa3HH CO
CJIEKTPUYHUTE BO3WJIa. Bo oBHe Tpomonu cmaraaT TpOIIOLUTE 3a MOA0OpYBH-¢ Ha (yKHLHMjaTa Ha
IpUCTPUOYTUBHUTE CHCTEMH, OAHOCHO MomoOpyBame Ha (yHKIHMjaTa Ha TpaHCPOpPMATOpHUTE H
tpadocranunure.MicTo Taka e moTpeOHa JOMONHUTEIHA KamalUTHBHA JIMHUja MPH 3rOJIeMyBabe Ha
TOBapOT BO MpeXara IMOpaad IOJHEHE Ha MAMETHUTE IOJIHAYM Ha eJNEeKTPUYHHUTE Bo3miaa. L2
MOJIHAYMTE ja ONTEpeTyBaaT MpeKaTa MCTO Kako M enHa 1ena kyka (6,6 KW) u Tokmy oBa um
MPETCTaByBa rojieM MpoOJieM Ha OTepaTopuTe, 1a HMaaT KOHTPOJIA BP3 MOJHEHETO HA SIICKTPUIHUTE
BO3WIIA. ["05ieM TPOLEHT Of] MOTPOIIyaunTe OM T'M MOJHEIEe CBOUTE BO3WIIA BO MEPUOJ O]l JEHOT Kora
MpeXxkara € HajolTepeTeHa W aKo OlepaTopuTe HeMaaT KOHTpojia Bp3 OBa Ke Jo0jae Ao
nectadmmnpame Ha Mpexkata. Criope McTpakyBamaTa 3a Kako J1a Ce PeIId OBOj Mpo0IieM, Kako
pelIeHre € 3eMEHO JieKa eJICKTPUYHITE BO3HIIa HAa HEKOJIKY COCeTHU KYKHU Ke (PYHKIIMOHUPAAT 3aeqHO
BO IpyMa Kako ejeH BHJ kinactep. Oneparopute Tpeba a TH NpUiIarojaT U Jia TH MoJ00paT CBOUTE
TpaHC(pPOMAaTOpPH, OJHOCHO CHTE OBHE CJICKTPHMYHM BO3WIA Ja OWAaT MOBp3aHW 3a eleH
TpaHcopMaTop ¥ HAJIIOTOTHO OM OWIIO THE Jla ce TIOTHAT HOKTA, TIOpaay Toa IITO €I€H FIIU J1Ba O
L2 momnauute cekoj mo 6,6 kW mpu monHeme Kora MOTpOIIyBadKaTa € HajrojeMa, TOBapoT T
HaJMHHYBa JI03BOJICHUTE rpaHuid aypu ao 40%. 3a ma mMoxe Haje)eKTUBHO Ja Ce PEUId OBOj
mpoOyieM omepaTopure Ou Tpedamo na OMmaT BKIYyYEeHH BO IMOJ0OPYBAmETO HAa IHUCTPUOYTHBHATA
Mpexara ¥ Jla UM JaBaaT €JeH BUJ Ha JI03BOJia KOra OM MoOKelle MOTpPOIIYBAa4YHMTE J1a TH TOJHAT
CBOUTE BO3MUIIA.

5 3AKJIYYOK

3HauajHU €KOHOMCKH, 0e30€THOCHA W E€KOJOIIKH MOTHBH T'O HOCAT CBETOT KOH €KCITaH3Wja Ha
TpaHCHOpTHaTa enekTpudukanuja. 3a aa ce 06e30ean TpaH3uIKjaTa fa Oujie MITO € MOXKHO I10 TJ1aTKa
CHTE 3aCeTHATH BKIY4yBajKd T'Ml OTPOIIYBAYUTE ,PETYIATOPUTE , MOJIUTHIAPHUTE, TIPOU3BOIUTEINTE
Ha aBTOMOOWIIN ,KaKO U OTIEpaTOpUTE MOpa Ja AeTyBaaT OJUTyJHO.

3a nma ce o06e30end IMTO € MOXHO TOAOOPO BKIyYyBamke Ha EJNEKTPUYHHUTE BO3MWIA BO
SIICKTPOCHEPIeTCKMOT CHCTEM , CUCTEMHTE 3a TIOJIHCH¢ U HUBHATa MH(pACTPyKTypa Mopa aa ouiar
n00po pasBHEHM Mpea Ja MOYHAT THE MACOBHO Ja ce KopucraT. Ho rpamemero Ha oBaa
MHPPACTPYKTYpa Ke Tpae MPUIMYHO JOJITO, IIa 3aT0a PEryIaTOPUTE , OIIEPaTOPUTE U OCTAaHATUTE KOU
ce BKJIy4€HH BO OBOj IPOIIEC K€ MOpa Jia paboTar 3ae/iHO 32 HaJMUHYBambe Ha IPEUKHTE.

Hypy 1 MajoTo 3rojieMyBambe Ha OpOjOT Ha €JIEKTPHYHHUTE BO3MWIA Ke 3HAYajHO BIMjaHUE BP3
Mpexara M Hej3MHOTO ynpaByBame. OHHME omepaTopu KOW Ke pa3BHjaT MHTETPUPAHU pElIeHHja 3a
HUBHHTE MMOTPOLIYBauM Ke OMIAT BO Haja00pa Mo3MIMja 32 UCKOPUCTYBAamhE HAa MOKHOCTHTE KOU TH
HYIH TPaHCIIOPTHATa eNeKTpUHUKaIIH]ja.

OsBue IMPOMCEHU KOU Ke Tpe6a Aa C€ HallpaBar , Ke AONPpHUHECAT CHUTEC 34CCTrHATU ,IIOTPOITYBAYNTE
, IPOU3BOJUTCIIUTEC Ha aBTOMO6I/IJ'II/I, OIICpaTopUTe KakO M JKHWBOTHaTa CTp€IWHa J[Jda HMaar
HpI/IILO6I/IBKI/I ,d CO TOAa U ICJIOTO OIMIICCTBO KaKO IICJINHA.
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APPLICATION OF NANOTECHNOLOGIES
IN SUSTAINABLE ARCHITECTURE

ABSTRACT

The paper seeks to highlight key aspects and current trends in the development of
nanotechnologies and its implementation in energy-efficient building construction. It tends to provide
comprehensive research review of present and near future applications of nanotechnology for
achieving high-quality and healthy buildings for sustainable future. In the introduction, the driving
forces for the sustainable architecture are demonstrated. Also, nanotechnology as the technology of
21st century is introduced. Then, the term of nanotechnology is defined and its great potential impact
on building sector is clarified through many applications, such as innovative building materials and
smart building systems. Moreover, the current and potential use of nanotechnologies in the field of
construction and building materials is reviewed. The paper concludes by pointing out the main
advantages and opportunities that nanotechnologies bring as a prototype of utilization of technological
innovations in the sustainable progress of not only the building constructions, but also the whole
environment.

Key words: nanotechnology, sustainable architecture, energy efficiency, nanomaterials,
sustainable building.

1 INTRODUCTION

Construction activities probably play the most important role in the contribution to the
environmental problems. The existing built infrastructure has numerous environmental, social and
economic impacts on the sustainability of our planet. Buildings are considered to be leaders in energy
consumption and global emission. According to the United Nations Environment Programme [1],
building industry is responsible for more than 40% of global energy use and one third of global
greenhouse gas emissions, both in developed and developing countries. Environmental pollution,
deforestation, soil erosion, ozone depletion, fossil fuel depletion, and human health risks are the
significant consequences of design, construction and operation of buildings, which disregard the
impacts on the environment. This is why sustainable design has become a mandatory consideration in
architecture.

For the architect, this consideration starts with the conceptual thinking and continues to be at the
forefront throughout the design process. Factors such as building adaptation to its site, the efficiency
of its energy consumption, the material specification for the building’s construction, the construction
techniques and many more will affect the sustainability of a building. Where possible, buildings
should be carefully designed to adapt to local climate conditions, use renewable energy resources and
be well insulated in order to operate using as little additional energy as possible.

Sustainable architecture (or green architecture) as a term is mostly used to comprehensively
address the ecological, social and environmental issues of a building and its context. In 1994, the
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Conseil International du Batiment (CIB) defined the goal of sustainable construction as “creating and
operating a healthy built environment based on resource efficiency and ecological design” [2].
Consequently, the most important aspects of sustainable design in architecture are closely related with
construction materials, how they are extracted from the nature, manipulated, manufactured, used in
buildings and destroyed, as well. Moreover, the potential of energy conservation, as well as reduction
of non-renewable resource consumption, waste, toxicity, and carbon emissions through architectural
applications of new and innovative technologies are significant. The shift from traditional to high-
performance and state-of-the-art applications of buildings will be possible through innovations in
structural and non-structural materials, insulation, coatings, adhesives, air and water purification, as
well as solar technologies. The foremost of these innovative technologies is the nanotechnology,
whose market applications have already began.

2 NANOTECHNOLOGY

2.1 Defining nanotechnology

Nanotechnology is the study and manipulation of matter on an atomic and molecular scale. It is a
science field that is that is dominated by developments in basic physics and chemistry research.
Generally, nanotechnology deals with structures that are smaller than 100 nanometers and involves
developing materials, system or devices within that size. Some types of nanomaterials already exist in
nature, but the evolution nanotechnology began in the 1980s with the invention of new, more
powerful types of microscopes. Mann describes nanotechnology as “an enabling technology that
allows us to develop materials with improved or totally new properties” [3].

Nanotechnology is a recent and rapidly developing discipline that may be compared with the
industrial revolution in terms of its impact on manufacturing and service industries, on electronics,
information technology, and on many other areas of life, from medicine to energy conservation. It
may become a prototype of the technological opportunities and challenges that will characterize the
21st century.
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Figure 1. Comparison of the scales of various biological and technological objects

2.2 Nanoscale

Nanoscale science, engineering, and technology are fields of research in which scientists and
engineers manipulate matter at the atomic and molecular level in order to obtain materials and
systems with significantly improved properties. Nanomaterials are usually defined as materials with
dimensions between 0.1 and 100 nanometers (a nanometer is a millionth of a millimeter). As a
comparison, a human hair has 80,000 nm thickness and the DNA double helix has 2 nm diameter
(Figure 1). Materials at the nanoscale often exhibit physical, chemical and biological properties that
are very different from those of their normal-sized counterparts [4].

2.3 Nanoparticles

In nanotechnology, a particle is defined as a small object that behaves as a whole unit in terms of
its transport and properties. The fundament of nanotechnology is the size of the particles because the
characteristics of the material are dramatically affected under a scale of nanometer. It can strongly
influence the mechanical properties of the material, like stiffness or elasticity. Such enhanced
materials will provide weight reduction accompanied by an increase in stability and an improved
functionality. Related with construction, concrete becomes more durable and stronger, steel tougher,
glass surface self-cleaning, thus all these innovations contributing to a more efficient use of natural
resources and healthy environment [5].

3 NANOTECHNOLOGY AND CONSTRUCTION INDUSTRY

On the grounds of the abovementioned advantages that nanotechnology brings to the materials,
we can say that it can be very significant in the development of the building industry. According to
Zhu et al. [6], the potential applications of nanotechnology in construction may be the following:

- Utilization of nanoparticles, nanofibers and carbon nanotubes to improve the quality and
stability of building materials, but also to minimize the pollution;

- Cheaper manufacture of corrosion-free steel;

- Production of thermal insulation materials with very high performance;

- Production of ultra-thin layers with the capable of self-cleaning and color-changing in order
to reduce pollution and energy use;

- Production of nanosensors and nanomaterials with self-repairing ability for more reliable
constructions.

Two nano-sized particles that stand out in their application to construction materials are titanium
dioxide (TiO,) and carbon nanotubes (CNT) [3].

Carbon nanotubes (CNT) are considered to be the current stars of modern nanotechnology. When
they were discovered for the first time in Russia in 1952, they were ignored, but then they were re-
discovered in 1990s in Japan. CNT’s are cylindrical in shape, as shown in Figure 2, and their name
comes from the size of their diameter, which is approximately 1 nm. They can be several millimeters
in length. There are two different types of CNT’s, single-walled and multi-walled nanotubes. They
can act as semiconductors or as conductors. Their most important properties are great strength
accompanied with low weight. Nanotubes are always mixed with other materials or applied to
surfaces. In order to establish the optimal values of carbon nanotubes and improve their design
parameters, additional research is needed in the fields of nanotechnology and architecture.

Figure 2. Single-walled carbon nanotube (CNT)




Titanium dioxide as nanoparticles is a widely used white pigment because of its brightness.
Usually it can be used as an excellent reflective coating. It can protect from organic pollutants,
volatile organic compounds, and bacterial membranes due to its powerful catalytic reactions.
Therefore, it is added to paints, cements, windows, tiles, or other products for sterilizing, deodorizing
and anti-fouling properties. Additionally, as TiO; is exposed to UV light, it becomes increasingly
hydrophilic (attractive to water), thus it can be used for antifogging coatings or self-cleaning
windows. This nanoparticle is also added to concrete to improve its performance. The resulting
concrete has a white color that retains its whiteness very effectively, unlike the stained buildings from
the material’s pioneering past.

The Jubilee Church in Rome, Italy, designed by Richard Meier is a concrete building designed to
control internal heat gains due to the large thermal mass of its concrete walls. It represents an example
of a building which concrete walls contain titanium dioxide to keep the appearance of the church
white (Figure 3).

5

Figure 3. Jubilee Church, Rome, Italy, 2003

4 SUSTAINABLE ARCHITECTURE WITH NANOTECHNOLOGY

Nanotechnology is a developing technology that is opening a new world of materials
functionalities and performances. Therefore, it is also offering many novel environmental solutions in
sustainable construction. It could lead to a better use of natural resources, obtaining a specific
characteristic or property with minor material use or also help to solve some problems related to
energy issues in building (consumption and generation). More importantly this goes not only for
improving production processes, materials and components for new-builds, but there are also major,
and unique, potentials for eco-innovative renovation of existing buildings, which is a key challenge
for sustainable construction.

In the following section the current and potential use of nanotechnologies in the field of
construction and building materials is reviewed. A variety of beneficial applications are going to be
presented, such as manipulation of the properties of the most used materials in constructions, using
smart materials to stimulate the concept of energy consumption and production, and high-resolution
devices that can be incorporated in the sustainable building.

4.1 Sustainable building materials

Nanotechnology can upgrade the productive capacities in the field of building materials. It has
the potential to make it stronger, lighter, cheaper, safer, durable, easy to maintain and more
sustainable. Sev and Ezel [7] report that there are two ways to improve structural materials: by
reinforcing of existing materials, such as concrete and steel, with the addition of nanoparticles in order
to improve the properties of bulk material; or by providing all of the structure constructed mainly by
new materials, like carbon nanotubes (CNT), when technically and economically feasible.




4.1.1 Nanotechnology and concrete

Sustainability is a major issue in the field of concrete and its derivatives. The annual production
of concrete is largest among other materials and that is probably the reason why this material is
meeting with serious enhancements using nanotechnology. One of the most important aspects of
nanotechnology application in concrete is probably the control of the cement hydration. This process
could lead to a new generation of products that could be more environment-friendly. With the
addition of SiO; (silica) nanoparticles, cement based materials can improve the durability and the
strength of the refined material. Concerning the corrosion problems in concrete products,
nanotechnology can offer smart solutions providing coatings that respond to external influences and
repair or prevent damage. Current research on the application of multifunctional materials such as
nanoparticles and carbon nanotubes shows that, not only do these materials significantly increase the
compressive strength of cement mortar specimens, but they also change their electrical properties
which can be used for health monitoring and damage detection.

Self-Compacting Concrete (SCC) is another innovative structural material by the advent of
nanotechnology. The most important feature of this material is that it does not need vibration in order
to level off and consolidate. This significantly reduces the energy needed to build concrete structures,
thus making this material sustainable. In addition, SCC can offer benefits of up to 50% in labor costs,
due to it being poured up to 80%, which is also a sustainability issue. Nanoparticles are used to
penetrate and close small cracks on the concrete surface and, in strengthening applications, the
matrices form a strong bond between the surface of the concrete and the fiber reinforcement. The
ability of the samples to sustain load after cracking is greatly improved by the carbon tows and both
the matrix and the interface are durable under wetting and drying and scaling (scraping) conditions

[8].

Figure 4. Phaeno Science Center, Wolfsburg, Germany, 2005.

Phaeno Science Center in Wolfsburg, Germany, designed by Zaha Hadid is by far the largest
building in Europe constructed in self-compacting concrete. It would have been very difficult to
achieve the diverse form of this building without the use of this new type of concrete. Including
exhibition rooms, laboratory and a science theater, Phaeno is breaking many conventions in
architecture and will definitely remain as an important reference for the future designs (Figure 4).

4.1.2 Nanotechnology and steel

Steel, as an element of the reinforced concrete and also a primary construction material, is
another material benefiting from innovations in nanotechnology. Research has shown that the addition
of copper nanoparticles reduces the surface unevenness of steel which then limits the number of stress
risers and hence cracking. Moreover, another research into the refinement of the cementite phase of
steel to a nano-size has produced stronger cables. High strength steel cables are used in bridge
construction (Figure 5) and in pre-cast concrete tensioning. This improved cable material can reduce
the costs and period of construction, especially in suspension bridges as the cables are run from end to
end of the span.




Nanoparticles are reducing the effects of hydrogen embrittlement and improving the steel micro-
structure through reducing the effects of the inter-granular cementite phase. Two relatively new
products that are available on the market today are Sandvik Nanoflex, produced by Sandvik Materials
Technology, and MMFX2 steel, produced by MMFX Steel Corp. Both are corrosion resistant, but
have different mechanical properties that are result of different applications of nanotechnology.
Sandvik Nanoflex has both the desirable qualities of high strength and resistance to corrosion.
MMFX2 steel has a modified nanostructure that makes it corrosion resistant and an alternative for
conventional stainless steel [3].
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Figure 5. Seri Wawasan Bridge, Putrajaya, Malaysia, 2003.

4.1.3 Nanotechnology and glass

Glass is one of the non-structural materials inevitably used in buildings, and the sustainability of
the buildings is largely affected by the properties of glass as a glazing material, since it forms the most
of the barrier between outside and inside, impacting the indoor air quality.

Numerous new glass products have been developed with nanotechnology. For example, titanium
dioxide (TiO,) can be used in nanoparticle form to cover glazing since it has sterilizing and anti-
fouling properties and is also capable of destroying organic pollutants, volatile organic compounds
and bacterial membranes. Furthermore, TiO; is hydrophilic, which means it is attracted to water. As a
reaction, TiO, forms sheets out of rain drops which then wash off the dirt particles destroyed in the
previous process. Glass incorporating this self-cleaning technology is available on the market today.
Fire-protective glass is another application of nanotechnology. This is achieved by using a clear
intumescent layer sandwiched between glass panels (an interlayer) formed of fumed silica (SiOy)
nanoparticles which turns into a rigid and opaque fire shield when heated [3].

Figure 6. Morgan Library Study Cube, Colorado State University, Fort Collins, USA, 2012

Nanotechnology can enhance the properties of glazing, especially the heat gain and loss, by thin-
film coatings, thermo-chromic, photo-chromic, and electro-chromic technologies. Thin film coatings




are spectrally sensitive surface applications for window glass which filter out infrared light to reduce
heat gain in buildings. Thermo-chromic glass, for instance, changes transparency in response to
temperature heating applications, while photo-chromic glass, changes its transparency in response to
light intensity. Finally, the most promising adaptable glass technology is the electro-chromic glass,
which is developed to react to changes in applied voltage by using a tungsten oxide layer, becoming
more transparent at the touch of a button. All these applications are intended to reduce energy use in
cooling buildings and could help bring down energy consumption in buildings [3].

The architectural firm Studiotrope used dynamic glazing on the west-facing wall of the Morgan
Library Study Cube at Colorado State University (Figure 6) in order to manage heat gain. This glass
cube is one of the pioneering buildings in the application of electro-chromic glass.

4.1.4 Nanotechnology and insulations

A significant aspect of sustainability in buildings is the efficient use of energy, and this can be
achieved in passive means by efficient insulation methods and materials. By the innovations in
nanotechnology, insulation materials and applications will be more efficient and less reliant on
nonrenewable resources. Production companies estimate that insulating materials derived from
nanotechnology are roughly 30% more efficient than conventional materials. A research analysis
shows the potential application of nanoparticles to insulation materials:

Nanomaterials or nanoparticles can be applied to substrates using chemical vapor deposition, dip,
meniscus, spray, and plasma coating to create a layer bound to the base material. These materials have the
ability to trap still air within them, thus increasing their surface-to-volume ratio. These nanoscale
insulation materials may be sandwiched between rigid panels, applied as thin films, or painted on as
coatings [7].

Figure 7. A block of aerogel in a person's hand

One of the unique insulation materials developed by the advent of nanotechnology is the Aerogel
(Figure 7). It is an ultra-low density solid, a gel in which the liquid component has been replaced with
gas. Nicknamed “frozen smoke”, acrogel has a content of only 5% solid and 95% air, and is said to be
the lightest solid in the world. Despite its lightness, it can support over 2000 times its own weight. Its
unique physical properties result with low thermal conductivity and low sound velocity, as well as
high transparency. Since aerogels can be sensitive to moisture, they are often marketed sandwiched
between wall panels that repel moisture. Architectural applications of aerogel include windows,
skylights, and translucent wall panels [9].

4.2 Energy efficiency

The advantages of nanotechnology can be used for energy production and storage, both inside
and outside of the building, which can result in increasing the existing energy gains and producing
new power supplies. Nanotechnology might also offer new possibilities of collecting energy, such as
systems for hydrogen storage, ‘super capacitors’ or advanced battery performance [10].




4.2.1 Reduction of energy consumption

In the introduction of this research paper it was already stated that almost 50% of the total energy
produced in the world is consumed by buildings. Then numerous application of nanotechnology in
improving the properties of the materials were presented, as well as creating new materials that can
significantly reduce the energy consumption of the building.

Insulation is one of the most efficient solutions to control this energy use, even though there is
major problem with the renovation of existing buildings because of the limited space for manipulation
and installation. However, a promising energy concept offers the new ultra-thin wall insulation
consisting of a hydrophobic aerogel structure which repels water hence it is mould free. Another
solution would be the application of nanoparticles in glazing technology, which leads to the
possibility of super-insulating windows. In this way, energy loss of buildings through walls and
windows can be significantly decreased and the performance of energy storage and solar gains can be
increased, leading to reduction of the energy consumption. To add, nanotechnological approaches like
light-emitting diodes (LED) or quantum caged atoms (QCA) could lead to a strong reduction of
energy consumption for illumination.

4.2.2 Production of energy

Using the sun as a renewable source is one of the main approaches to achieve a sustainable
building. Present silicon-based solar cell technologies have only achieved limited conversion
efficiencies and they are also expensive. But nanotechnology offers innovative solutions to the
expense of current silicon-based solar energy. For example, a company has developed a technology
that has the potential to greatly reduce the cost of silicon-based solar cells. They have developed a
silicon nanocrystalline ink that could make flexible solar panels (Figure 8) as much as ten times
cheaper than current solutions. Their silicon process lends itself to low cost and high efficiency.

Figure 8. Flexible solar panels for energy generation used in buildings.

Nanotechnology also integrates thin-film materials and conducting polymeric films to the solar
cell technology. Revolutionary thin-film and organic solar cells are now entering the market and are
expected to be significantly less expensive than current silicon-based solar cells. Organic thin-film, or
plastic solar cells, use low-cost materials primarily based on nanoparticles and polymers. An
advantage of organic thin films is their flexibility, which will enable their integration into building
applications better than conventional flat glass panels. This will open new possibilities and overcome
the aesthetic problems that architects have with rigid flat panels, which can hardly be integrated into
building facades.

Sev and Ezel [7] write that nanotechnology can also help to reduce the dependence on fossil
fuels, contributing to the sustainability of buildings. Its possible contributions to the future of energy
storage include improved efficiency for conventional rechargeable batteries, new ‘super capacitors’,
advances in thermovoltaics for turning waste heat into electricity, improved materials for storing
hydrogen, and more efficient hydrocarbon based fuel cells.




5 CONCLUSION

Nanotechnology is a rapidly growing and revolutionary area of research, where unique properties
of nanomaterials can be applicable for the benefit of construction industry with promising
environmental impacts. This research paper has clearly shown that the development of this technology
and its implementation can provide high-quality and healthy buildings for sustainable future. The use
of nanotechnology can not only improve properties of common materials and existing products, but
also contribute to safety and damage protection of constructions, reduce weight and volume of
buildings and decrease need for maintenance and operational upkeep. Finally, we have seen that the
most important advantage of using nanostructures in architecture is the aspect of significant energy
consumption, offering novel solutions for achieving sustainable buildings, neighborhoods and cities.
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IMACUBHMU COJIAPHU CUCTEMU

KYCA COAPKHNHA

[To3HaTo € aexa COHIETO MOXKe jJa OuJie MCKOPHCTEHO 3a 3arpeBame Ha IPOCTOPUHTE 32
KHBeewme. MeryToa, oHa IITO MHOTYMHHA HE TO 3HAAT € JIeKa MCTaTa Taa COHUEBA €HEepruja Moxe Ja
ce KOPHCTH W 3a JaJee, BeHTWIHpame U cBeminHa. COHIETO NpOW3BEeIyBa €HEepruja Koja €
norosema 3a 10 000 maTu of eHeprujara Koja HU € MOTpeOHa, ITO co3/aBa OPOjHU MOXKHOCTH 3a
MaHUIyJIalKja Ha HAYMHOT Ha HEj3MHOTO KOPUCTEHE — HUE caMo Tpeda Ja HaydrMe Kako IPaBHITHO
1a ja ymotpebume.

HNmnnemeHTanmjaTta Ha MAaCUBHUTE COJAPHHM CHUCTEMHU € OATOBOP HA COBPEMEHHOT HAYMH Ha
IPOEKTHpame Ha €Heprercko eduxacHu aoMoBH. CaMOCBECHOCTAa 3a OAPXKIMBOCT HA €IEH IOM €
HOBHOT CTaJWyM Ha COCTOj0ara Ha COBPEMEHHMOT pa3syM H pa3MHUCIYBamke IpPU IPOLECOT Ha
MIPOEKTHPAHE.

Bo oBOj Tpyn ce TpUKakaHM HEKOJKY Pa3MYHU THIIOBM Ha TMACHBHHU COJIAPHU CHCTEMH U
HUBHHUOT HaYMH Ha (YHKIMOHUPAHE, JOTMOIHUTEIHO IIOTKPETIEHH CO KOHKPETHU NPHMEpPHU Ha CE OHa
IITO €JeH COBPEMEH JOM MOXe Aa MmoHyau. Vcro Taka, o0jacHaTH ce Jed O CTPaTerHuTe IpH
MPOEKTHpamke Ha €HEePreTCKH e(pUKaceH J0M, Kako IITO Ce: MPaBUIHA OPHEHTAIMja HA IpaJiemhe U
NOTPeOHN aHAIN3U Ha TEPEH, NOBPILIMHA M THIT HA CTAKJIO, TEPMaJHA Maca, NPaBHJIHO 3aCCHUYBAbE,
NpaBWICH pacropea Ha coOUTe W JPYrH BaKHU OJPXKIIMBH TAaKTHKHM KO 3alITeIyBaaT MapH, ro
LITUTAT 3]]PaBjeTo, a BO UCTO BPEME ja IITUTAT U IJIaHETAaTa.

Kayunu 360poBu: nacugnu conapuu cucmemu, 00pAHCIUB0CM HA 00jeKkmu

1 BOBE]

Jlen o HajBaXKHUTE W3BOPM HAa OOHOBJIMBA €HEPruja M TEXHOJOTHMHTE MOBP3aHH CO Hea ce
KapaKkTepu3upaaT WM KaKo aKTUBHH COJIAQPHU CHUCTEMH, MJIM KaKO MACHBHU COJIAPDHH CHCTEMH BO
3aBHICHOCT O] TOa Ha KOj HauWH ja mpudakaar u ja TUcTpuOyHpaaT cojapHaTa €HepTyja, T.e. HHBHUTE
MEXaHNU3MH Ha padoTa ce pa3InKyBaaT eHH O] JPYTH.

AxTuBHuTe comapau cucremu (high tech) ce moTmmpaaT Ha HaZBOPENIHM H3BOPH Ha EHEprHja WM T.H.
pPE3epBHM CHCTEMH, KakO INTO C€ pagMjaTOpH M TOIUIMHCKH NYMIH, 3a TNpHudakame, CKIaIupame U
KOHBEPTHpamE Ha COJapHATa €HEpruja BO €NEeKTpUYHA eHepruja. Bo 3aBHCHOCT 0J] CI0XKEHOCTa Ha IPOEKTOT,
MOJKaT Jla ce KOPUCTAT 3a TPeeHhe WK JIaiekhe Ha JOMOT Min Aa o0e30enaT eHepruja 3a 1ena enHa Hacenba. Tue
ce cocTaBeHM o pamMHM PV mioum, kom ce oOMYHO MOHTHpaHHW M cranuoHapHH. Komekropute kopucrar
TEYHOCT MJIM BO3/lyX KaKo MPOBOAHUIM 32 CKJIAJUPAhe U NPETBOpame Ha eHeprujata. OHME KO IITO KOPHCTAT
TEYOCT ce IT0YeCTOo yrnoTpedyBanu Ounejku
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TCYHOCTA € HOC(bI/IKaCHa BO CIIPOBEAYBAKETO HA TOIJIMHA, MAKO OHUE HITO I'O KOPUCTAT BO3AYXOT
KaKoO IMpOBOAHUK HEC CC MOJIOKHU HAa 3aMP3HYBALC.

MacuBHuTe conapuu cucremu (low tech) ce mormupaaT Ha eHeprujaTa Ha COHIIETO BO O0jEKTOT.
ConueBara CBETJIMHA ja IPETCTaBYBaaT KpPAaTKU OpaHOBU HA €HEPrHja KOW MOMHUHYBaaT HU3 CTaKJIOTO,
[0 TITO C€ arcopOMpaaT W ce MPeTBOpaaT BO eHepruja co moiru OpanoBu. IlocrojaT Tpu THma Ha
MACHBHHU COJapHHU CUCTEMH KOW MOYXAT Jia c€ KOPUCTAT OJJBOCHO, HO U /1a C€ KOMOMHHUPAAT: TUPEKTEH
cucrem (direct gain system), naaupexTeH cucteM (indirect gain system) u nzonmpan cucreM (isolated
gain system).

Co KOpHCTEHE Ha OBUE CHCTEMHU U CO IPUMEHA Ha CTPATETUUTE 3a OJP>KIIMB 3€JIeH JOM MOXKe Ja
ce 3amrean 10 80% Ha CMETKH 3a Tpeeme U Jajeme, Ja ce 3roleMH KOM(OpPTOT Ha JOMOT MPaBejKH
r'0 TIOMAJIKy 3aBHCEH O] TPaJUIHOHATHATE U3BOPH HA €HEPrHja, a BAKBHOT THII HA IIPOEKTHpame 0e3
po0JIeM MOXKe J1a Ce COBIAIHE CO OMIIO KOj apXUTEKTOHCKHU CTHIL. [1]

2 OIIIITHU CTPATET YU 3A IIPOEKTUPAIGE HA OJPKJIUB 1IOM

Crparernjata 3a MpOEKTHpame Ha OAPKIMB JOM II0pa30Hpa MOCTHTHYBAamk-€ HAa E€HEepreTcka
e(hMKacCHOCT TIPEKYy COOJBETHO TMPOCKTHpame Ha 00jeKTHTe, 0€3 MOTOIHHUTEIHH TPOIIONH H 0e3
JOINOJITHUTCIIHU CHCHI/I(I)I/I‘IHI/I KOMITIOHCHTH.

[IpoexTrpameTo Ha OOPKIUB JOM 3allOYHYBa CO HAjOCHOBHTE UYEKOPH HAa MPOCKTHpame Ha
00jeKkTr HHA3 TOTaJ HA Mpa3HWHA, Ta0yia paca, MelyToa ja BKIlydyBa WejaTa 3a OAPIKIUBOCT, CO IITO
ce no0OuBa no/Taboka u Mo yHKIMOHATHA KapaKTEPUCTHUKA Ha OBO] MPOCIIEC.

Enna on HajBayKHUTE CTpaTETHH MPH MPOSKTHUpPAmhEe Ha OAPKIMB JOM € MPAaBUIIHUOT M300p Ha
OpHEHTAIlHjaTa Ha TPaJeHe Ha 00jeKTHTe.

Ha cnukara 6p. 1 (mpBHOT A€1) € MpUKaXkaH MMaTOT Ha COHIIETO BO TEKOT HA JEHOT IPH 3UMCKaTa
kpatkoneHuiia (21 mekeMBpu 3a ceBepHaTa Xxemuchepa, tepuropuja on okoiy 40°CI'II). Ce
3a0enexxyBa Jleka COHIIETO HE M3rpeBa TOYHO Ha UCTOK, TyKy 30° jy’)KHO O] UCTOK, OT0a (hopMupa
MHOTY HH30K JIaK ¥ Ha TUIaJHE ce M3AWra Ha camo 27° HaJ XOPU30HTOT. 3a0rameTo MCTO TaKa HE €
TOYHO Ha 3amaj, TyKy Ha 30° jyxHo ox 3aman. 3a ia He ce OJIOKHpa HUCKOTO 3MMCKOTO COHIIE KOE €
MOTPEOHO 32 OCOHUYYBAKE HA CTAKIOTO — KOJICKTOPOT, MOTPEOHO € TOj Ja He ce Haora Hax 15° jyKHO
HaJ XOpu30HTOT. [lopagy Toa WITO HajOCOHYAHA € jy)KHAaTa CTpaHa ol O00jeKTOT, UCTHOT Tpeda co
CBOjaTa MOJOJITa CTPaHa Jla € OPUEHTHUpPAH Ha OcKaTa McTok-3amnaj. [lopaau Toa, 4eCTO KOPUCTEHUTE
co0u, Kako MITO ce THEBHUTE COOM, TpIie3apuuTe, CIIAIHUTE UTH., Tpeba OupaT JoUpaHu Ha jyT, a
PETKO KOPUCTEHHTE COOM KaKo INTO Ce MEepATHUTE, FapaKUTe WM IaK rapaepodepute Tpeda aa ce
npoeKkTHpaar Ha cesep. JlOKOJIKy BO Kykara IIOCTOM CJIO0OJEH IUIaH IPOTOKOT Ha BO3IYXOT €
W3eJHaYeH HU3 MPOCTOPOT, U CO JOOMEHATa HAKPCHA BEHTHJIAINN]A U CO 3TOJIEMYBamhEeTO Ha THEBHATA
CBETJIMHA, CO IITO CE 3roJieMyBa YI00OHOCTA.

MnagHe s

W3rpejcoHue

Cauka 0p. 1 — ITaToT Ha coHleTO a) 3UMCKa KpaTKoAeHuua; 0) Jlerna nojroaenuna

[Ipu nernara nonroxennua (21 jynu Ha ceBepHara xemucepa) conueTo u3rpesa 30° ceBepHo 01
nctok (cin.1, 6)), mpaBu BUCOK JIaK M Ha TUIaJIHE Ce u3aura 74° HaJ XOPU30HTOT 3a moroa na 3ajae 30°
CeBEpHO O] 3amaj. 3a M30erHyBame Ha COHYEBaTa €HEepruja MoTpeOHO € Ja ce MHHUMH3Hpaar
OTBOPHUTE Ha UCTOK U 3amaj] co IITO ce M30ErHyBa 3rojeMyBame Ha TOIUIMHA BO 00jeKToT. MerfyToa,
JIOKOJIKY € HEOINXOAHO Ja IOCTOjaT OTBOPH, TOrall CBETJIMHATa Tpeda Ja ce OJOoKupa co OpB.ja.




KonTponupameTo Ha BUCOKOTO JIETHO COHIIE O] jy’KHaTa CTpKaHa MOJKE J1a Ce M3BPIIN CO HCITYIITEHU
CTpEH, TeHJU, HaJIBOPEIIHU poJeTHH, UTH. [1][2][3]

3 IMACHUBU COJIAPHU CUCTEMH

3.1 Jupekren cucrem (Direct Gain System)

[IpumeHnaTa Ha TUPEKTEH COJIAPEH cHCTeM (CI. 2) € €IHOCTaBeH M CKOHOMHYEH IpHCTall 3a
MPOEKTHpame Ha eHepreTcko-epukacHu o0jekTH. COo BAKBHOT CHCTEM CBETIMHATA OJl HHCKOTO
3MMCKO COHIIE JToara BO KyKara MpeKy roJieMUTe TOBPIIMHYU Ha CTAKIIO JIOIMpAaHH Ha jyxHata (acana
CO IITO Ce MOCTUTHYBa IUPEKTHO 3arpeBame¢ Ha TepMalHaTa Maca. TepManHa maca MpeTCTaByBa
MaTepHjajoT O]l BHATPEITHOCTa HA MMPOCTOPOT 3a JKMBEEHE KOj ja CKIIaApa TOIUIMHCKAaTa €HEepruja,
T.e. IOZoBUTE ¥ sujoBuTe. CKIaJupaHaTa eHepruja o] HUBHATA MOBPIIMHA Ce 0CI000/IyBa BO TEKOT
Ha HOKTa KOra TeMIlepaTypara Ha BO3JyXOT BO BHATPEIIHOCTA € IMOHKMCKA OJ OHaa Ha MOBPIIMHHUTE.
[Ipumepu 3a MaTepujair 3a TepMHYKa Maca ce: KaMeH, Tyna, 0eToH, Oen nabd u kepmud. J{okonky ce
MTOKPHUEHHU CO U30JIATOP KaKO KUIINM, MaJTep, INTOYKH U CII. CTaHyBaaT NpakTUIHO O6eckopucHuU.[1][4]

Bo neTHHOT nepHo, BIMjaHUETO OJ BUCOKOTO JIETHO COHILIC MOXKE Jla c€ HaMaJIM INpeKy IpHMeHa
Ha COJIapHO 3aceHuyBame. BeHTunmanujata ce OBO3MOXYBa CO BHCOKHM OTBOPHM HHM3 KOM H3JIETyBa
TOIUTHOT BO3AyX. Ha Toj HaumH ce co3maBa BakyyM KOj BOBJIEKYBa JaJeH BO3/IyX M JI€jCTBYBa Bp3
TorunHcKata Maca. Co Toa HaMeCTO eMUTYBambe Ha TOIUIMHA Jloafra 0 eMUTYBamke Ha JIaJOBUHA KOja
ro BEHTHJIMpa POcTopoT. [1]

JIUpeKTHUTE CONMApHU CHCTEMH OBO3MOXYBaaT KOpuUCTHme Ha 60-75% opn coHueBara eHepruja
Koja yampa Ha mposopuute. Cemak, Mopa nga mocron OajaHC TOMely AWPEKTHUTE CHCTEMH Kako
KOJIGKTOPH M TepMHUYKaTa Maca, OWEjKkh BO CIPOTHBHOCT OM HACTaHAIO IMperpeBame MTO OU TO
HaIPaBHJIO MTPOCTOPOT 32 )KUBeeHE HeKOM(OPTEH U HelprjaTeH. [4]

& &

Cauka 0p.2 - JlupeKTeH cuCTeM a) 3uMa; 0) J1eTo

3a ;1a ce onpeieny MOBPIIMHATA HA CTAKIIO KOja € moTpeOHa 07 jy)KHaTa CTpaHa o] 00jeKTOT,
Tpeba na ce neduHupa reorpad)ckara MIMpUHA Ha JIOKAIMjaTa Ha 00jEeKTOT U MHUHHMMAjHAaTa 3MMCKa
temneparypa (Tabena 1). Ce u3bupa BperocTa Ha HajOIKMCcKaTa reorpadcka IMUPOYMHA JajieHa BO
tabenara ¥ HajOMMcKaTa MUHMMaHa TemiepaTypa. Co MOBp3yBame Ha COOJBETHATA pPEAHMIA U
KOJIOHA Ce JJ0OMBa BpeIoCcTa Ha MPOLIEHTOT CO Koja Tpeda Jja ce MOMHOXKH TOBpIIMHATA Ha MO/ 3a J1a
ce noOue MOBpIIMHATA Ha cTakio. Moxe Ja ce 3e0enexu aeka Kaj 00jeKTUTe KoM ce JIONMPaHU Ha
MecTa co Toroyiema reorpadcka MIMpUHA ¥ TOHUCKA TeMepaTypa, MoTpedHa € ToroyieMa MoBpIIMHA Ha
crakio. [1]

IHoBpmmHua Ha cTtakio = [IpouenT ox Tadenara * [loppmmHa Ha nox

leorpadhcka wmpuHa

Bumcka Tem 36° 40° 44° 48°
-7°C 0.24 0.25 0.29 0.31
-4°C 0.22 0.23 0.25 0.28
-1°C 0.19 0.20 0.22 0.24
1°C 0.16 0.17 0.19 0.21
4°C 0.13 0.14 0.16 0.17
7°C 0.1 0.11 0.12 0.13




Tabena op. 1

3.1.1 Mpumep: HALO: Swedish Students' Solar Decathlon Entry

HALO mnpercraByBa mpuMep 3a COLHMjaIHO OIPKIMB JAOM BO KOM C€ NPUMEHETH OOHOBIUBH
M3BOPH Ha €Hepruja Kako KOMOWHaIlMja O aKTHBEH M TAacHWBEH comapeH cucteM. OBoj 00jekT e
MPOEKTHPaH U M3rpajieH of crpaHa Ha 25 cryaentu ox LlIBeacka. M3onmpaHute sUmOBH, MOKPUB U
MOJI, KaKO ¥ OTBOPUTE KOH jyT, T0 BOPOjyBaat 0Boj 00jeKT BO TpylaTa Ha MAacHBHU 00jeKTH. [loKprBOT
Ha O0jeKTOT € HampaBeH OJ COJAapHU MaHelr Off CHIMKOHCKK (oToBonraniu. BeHTmmanujata,
IPECHETO M 3aTOIUTYBAaETO Ha BOJATa C€ MOTIOMOTHATH CO Maya mymna (ciamyHo kako VRS —

ventilation reqovery system). HALO ro uma ocBoeHo TpeToTo Mecto Ha Solar Decathlon Bo Kuna Bo
2013 rogmna. [7]
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Camnka 6p. 4 - Ilpumep 3a nupexren cucrem - HALO: Swedish Students’ Solar Decathlon Entry

3.2 Huaupekten cucreMm (Indirect Gain System)

WHAMPEKTHUOT CUCTEM ja KOPHCTH COHYEBAaTa €HEprvja Koja BIETyBa IPEKy CTaKJiaTa M yaAupa
TUPEKTHO Ha TEPMHUYKHOT SHJ KOj ce Haora mo3agu oTBopuTe. Ha TOj Ha4MH ce OBO3MOXKYBa
CKJIaJipame Ha eHeprujaTa Koja IoToa ce eMUTYBa BO MPOCTOPOT 32 JKHUBeekhe. Bo 3MMCKHOT neproa
eHeprujaTa oJ HUCKOTO COHIIE MPEKY CTaKJIOTO yaupa Ha arncopOepoT — TEPMHUYKHOT SHI, a IMOTOoa
MPEKy HETO Ce CHpPOBEAYyBa BO MPOCTOPOT. Bo JIETHHOT meprosl BUCOKOTO COHIIE € OJOKHPAHO Of
CONIAPHOTO 3aceHUYyBame. TOIUIMOT BO3AYyX Ol BHATPEIIHOCTa C€ KpeBa Harope KOH BHCOKHTE
MPO30pLM IITO J03BOJNyBa JAJAHHOT BO3AYyX Ja OCTaHe BO BHAaTpelIHOCTa. Bo 3aBuUCHOCT o7
MaTepujajoT nedennHaTa Ha TEPMUYKHOT SHI U3HecyBa: 15cm 3a BoaeH suf, 20cm-30cm 3a sum of
3eMja, 25cm-35cm 3a sup ox tyna u 30cm-45cm 3a 6erorcku su. [1][5]

1 '

Canka 3. UHIMpeKTeH cUCTeM a) 3umMa; 0) JieTo

IMorpebHaTa MOBpIIMHATA HA TEPMUYKHOT SHJ| CE MPECMETyBa CIUYHO KaKO MOBPIIMHATA HA
CTaKJIOTO BO JUPEKTHHOT IMMAaCHUBEH CHCTeM. [IporeHToT no0ueH oj Tadena Op. 2 ce MHOXHU CO
MOBPIIMHATA HAa TepMHUUYKaTa Maca. [1]

[eorpadhcka wmpuHa
Bumcka Tem 36° 40° 44° 48°
-7°C 0.71 0.75 0.85 0.98
-4°C 0.59 0.63 0.75 0.84
-1°C 0.50 0.53 0.60 0.70
1°C 0.40 0.43 0.50 0.55
4°C 0.32 0.35 0.40 0.44
7°C 0.25 0.26 0.30 0.33

Tabemna oOp. 2




3.2.1 Boaen sux (Water wall)

Kaj oBoj THII Ha WHAMPEKTEH CHCTEM aricopOepoT MPETCTaByBa KOHTEJHEP CO BOJA WM HEKOja
Jpyra TEYHOCT MITO MMa MOK 3a MAacHBHO CKalaJuparme Ha eHepruja IITO MOJOLHA ce MPETBOpa BO
TOIUIMHA U C€ IUCTPHOYHpa BO IPOCTOPOT 3a JKHBeEHeE. [5]

3.2.2 Tpombe sux (Thrombe wall)

Trombe sun mpercraByBa SMAApCKH WM OETOHCKM SHA KOj ONHAIBOP € MOKPHEH CO CJ0j Ha
cTakio. Bo3mymHHOT mpocTop moMery SHAOT W 3acTakityBameTo m3HecyBa 10-20 cantumerpu. Bo
TEKOT Ha JEHOT COHYEBOTO 3pauei-¢ MOMHHYBa HHM3 CTaKJIOTO M CE amcopoupa oja SHAOT, a ce
0c1000/1yBa BO BUJ] HA TOIUTMHA BO TEKOT Ha BEUEPHUTE U HOKHUTE YacOBU. [5]

3.2.3 E3epo Ha nokpusot (Roof pond)

Kaj oB0j THI Ha MHOMPEKTEH CHCTEM KOJEKTOPOT Ha €Hepruja € MPEeMECTeH Ha MOKPHUBOT Ha
00jeKTOT W TPEeTCTaByBa CTaKJIEeH KOHTEjHEp CO BOJla KOj BO BEUEPHHTE YACOBH € 3AIITHUTEH CO
moABmWXKHA m3omarnuja. OBa BOJHO TeNO € W3JI0KEHO Ha AWpPEKTHAa COHYEeBa €Hepryja IITO ja
arcopOupa U NoToa ja CIpoBexyBa. Bo JIETHHOT mepuon M3ojanujata ce OTCTpaHyBa BO TEKOT Ha
HOKHHUTE YacOBH, a CE CTaBa BO TEKOT HA JICHOT, CO INTO MPEKy HOKTA BIIETYBA JIaJEH BO3AYX U IO
JIJW IPOCTOPOT MPEKY JIeH. [5]

3.2.4 Tpumep: Snow House / Emilio Marin, Nicolas Dorval-Bory, Juan Carlos Lopez

Bo nponomkenne e mpukakaH HpuUMep 3a ONPKIMBA IUIAHMHCKAa Kyka HaMEHETa 3a 3UMCKH
CIIOPTOBH JIOIIMPaHa Ha CTPMEH TepeH Ha IIaHnHuuTe Ha CaHTtujaro, Bo Yne.

3a 3arpeBame Ha KykaTa MPUMEHETH CE JIBa MACHBHU CHUCTEMH: TEPMOCH(OH U TEPMHUUKHU SUJ O
OeToHCKM 0J0KOBH. BO TeKOT Ha IEHOT CBEXHOT BO3AYX C€ 3arpeBa NpeKy eQeKTOT Ha CTakKJIeHa
rpaguHa MOMery CTaKIOTO M TEePMHUYKHOT SHA. Bo TekoT Ha HOKTa, cOo (Da3HO MOMECTYBame,
TOIJIMHATA C€ CKJIaJpa BO TEPMHUUKUOT SHJ CO BHCOKAa M30Jallja M MOT0a Ce AUCTPUOyHpa MpeKy
3paueme.|[8]

Canka 4. Ilpumep 3a HHAUPEKTEH cucTeM - SNOW House

3.3 MH3oampan cucrem (Isolated Gain System)

Bo M301MpaHUOT MAcHBEH COJNIAPEH KOHIENT COOMPameTO M CKIAJAHPAmeTO Ha COHYeBaTa
€HEepruja ce OJBMBA BO MPOCTOPH KOU C€ M30JUPAHU M CE€ WIIM MHKOPIOPHPAHH BO BOJIYMEHOT Ha
3rpajarta, Wil u3jieryBaat o1 Hero. [3][6]

Cauxa S. M301upaH cucteM a) 3umMa; 0) JieTo

3.3.1 ConueBu npoctopu (Sunspaces)

ConueBarta CBETJIMHA BIIETYBa MPEKY KOJEKTOPOT M ro 3arpesa arncopOepor. Tormor Bo3ayx ce
U3J1Ura Harope u BJIeryBa BO IIPOCTOPOT 3a >kuBeewe. Kako ke ce m3nany, ce ciyuira u BiIeryBa BO




COHYEBHOT MPOCTOP 3a MOBTOPHO Jia ce 3arpee. Bo TEKOT Ha JIETOTO, COHIETO TO 3arpeBa COHUEBHOT
MPOCTOp, TOIUTMOT BO3AYX C€ M3AWra, MeryToa OBOjIaT TOj C€ HAcOYyBa KOH HaJBOp, CO IUTO CE
CO3/1aBa BaKyyM KOj BOBJICKYBa JIaJICH BO3[yX BHATPE BO MPOCTOPOT 3a kuBeewe. [ 1][3]

3.3.2 Tepmocudon (Thermosiphon)

Kaj tepmocu¢onnTe COHIEBHUTE 3pall BJIETYBaaT MPEKy KOJEKTOPOT, KOj OOMYHO € CTakJo,
yaupaar Ha amncopOepoT (TeMeH MeTajl WIH CIWYHO) M TOIUIMOT BO3AYX C€ W3IUTra M OIU BO
MPOCTOPOT 3a XHBeewme. Kora ke ce m3iagu, ce CIymTa BO TepMOCH(OHOT cO Ied Jia ce 3arpee
MOBTOPHO. 3a BEHTHJIMpame, HCTO KaKO W BO COHYEBHTE MPOCTOPH BO3LYXOT CE€ 3arpeBa, a MoToa
HaMECTO J1a oJaT BO MPOCTOPOT 3a >KUBeeHme, HacoueH € HanBop. Co Toa ce cozgaBa Bakyym M ce
MOBJIEKYBa JIaJieH Bo3LyX. OBOj CHCTEM e 1ocTa moeprkaceH, MeryToa u mockarm cuctem.[1]

3.3.3 IIpumep: Minnesota Home - William Sikora

3a mu3rpagda Ha OBOj COHYEB IPOCTOP MCKOPUCTEHO € JBOJHO CTAIKO, Smm MOJUKapOoHAT Kako
HAJIBOPEIIHO 3aCTaKiyBame. Ha TOPHHOT KaT OBOj MPOCTOpP Ce KOPUCTH 3a COHYAhE, CyIICHhe Ha
o0Jieka, CylIelke Ha JPBO, WM 32 CKJIaJupame Ha MPeaIMeTH KOM MOXKAT Jla C€ M3JI0XKaT Ha TOTUIHHA.
Ha npuzeMje ce kopucTH 3a 4yBame Ha OTPEBHO APBO U OTpeMa 3a rpaauHa. [9]

Cunka 6. Ilpumep 3a n3oaupan cucrem - Minnesota Home - William Sikora

4 3AKJIYYOK

PanyonanHata noTpoluryBauyka Ha €HEpruja M 3roJIeMyBamkeTO Ha eHepreTckara e(UKacHOCT Ha
3rpaguTe INPEeKy KOPUCTEHE Ha COHYEBaTa CHEpruja IO3WTHUBHO BIIMja€ BP3 CTONAHCKUOT H
OIIITECTBEHUOT Pa3B0j, HCTOBPEMEHO NPUAOHECYBajKM 3a HaMmalyBamke Ha CHeprerckara Hu
eKoJioulkara kpusa. VcTpaxkyBamaTa CIpPOBEIEHU IIMPYM CBETOT IIOKaKyBaaT Jeka Tpeba Ja ce
IpeB3eMaT CUTE MEPKH 3a MPABUIIHO MCKOPHCTUBAKE Ha COJIAPHUOT MOTEHIM]jal, IPEKy NMPUMEHa Ha
aKTHBHU WU IACUBHM COJIAPHU CHCTEMH BO MIPOLIECOT HAa MPOESKTHPAE U N3rpaada Ha 3rpau.

3a mpuMeHa Ha MacCMBHHUTE CUCTEMHU BO 3rpaJiapcTBOTO Hema MoTpeda ox HabaBKa HA HOBH M
CJIO’KEHHM TEXHOJIOTMH OMJIEjKH OBHE CHUCTEMH I'M KOPUCTAT Tpajle)KHUTE MaTepHjaid )KaMeH, OETOH,
CTaKJIO, IPBO UTH.) KaKO KOJIEKTOPH Ha TOIUIMHA KOja IOTOA MOXKE Ja CE€ MPEHECYBa CO CIPOBEAYBabhE
WK 3pader-e. HuBHaTa mpaBmiIHa MpUMEHa OBO3MOXYBa KOPUCTEH-€ HA MPEAHOCTUTE O] JIOKATHUTE
KITMMATCKO-METEOPOJIONIKH YCIOBH, KOH(WTrypamnujata Ha TEpEeHOT W MPUPOJHUTE EHEPreTCKH
KapaKTEPUCTUKN Ha MaTepUjaIuTe M3JIOKEHU Ha cOoHLE. Tue ce J0CTa €AHOCTaBHH CUCTEMH KOU Ce
OJUTMKYBaaT CO MUHHUMAJTHO OJIP’KyBam-€ U JOJIT BEK Ha TPacwme.

JoOpute MacuBHH COJIAPDHU CHUCTEMH M COOJBTEHUTE CTPATETHH 3a EHErpreTcKo-eHuKacHH
00jeKTH HajJIeCHO MOXKAT Jia Ce BKJIONAT BO (pazaTa Ha MPOEKTUpame Ha HOBU 3rPajiv, CIIOPEICHO CO
MOCTOCYKH 3rpajau. MeryToa, Toa He 3Ha4HM JIeKa He IIOCTOM MOHOCT 3a ITPUMEHA Ha ITACHBHU CUCTEMHU
W Kaj BeKe MOCTOCUKHTE 3rpajiv, OWIejKH U THE MOXKE JIECHO JIa ce HaJlorpaiaT U HaJOMOJIHAT CO HITO
Ou ja 3ronemme eHeprerckara edukacHocT. MckycTBaTa MOKakyBaaT JieKa CO ITACHBHUTE CHCTEMH Ce
HaMallyBaaT BKYIHHUTE €HEPreTCKU MOTpeOr Ha 3rpaJnuTe U 10 JECET MaTH.

5 KOPUCTEHA JIUTEPATYPA
[1] Thomas P. Doerr, ,Passive Solar Simplified: Easily design a truly green home for Colorado and the
West, Alitheia Press, United States of America, 2014

[2] USC \University of Southern Carolina, ,Passive Solar Systems”, http://www.usc.edu/dept-
00/dept/architecture/mbs/tools/thermal/controls_passolar_main.html

[3]  Sustainable sources ,,Passive Solar Design®, http://passivesolar.sustainablesources.com/




[4]
[5]
[6]
[7]
[8]
[9]

USC University of Southern Carolina, ,Direct Gain Systems“, http://www.usc.edu/dept-
00/dept/architecture/mbs/tools/thermal/passivesolar.html

USC University of Southern Carolina, ,/Indirect Gain Systems*, http://www.usc.edu/dept-
00/dept/architecture/mbs/tools/thermal/controls_passolar_ind.html

UCS University of Southern Carolina, , Isolated Gain Systems“, http://www.usc.edu/dept-
00/dept/architecture/mbs/tools/thermal/controls_passolar_isol.html

Eric Baldwin, ,HALO: Swedish Students' Solar Decathlon Entry“
http://www.archdaily.com/432984/halo-swedish-students-solar-decathlon-entry

Nico Saieh, ,Snow House / Emilio Marin, Nicolas Dorval-Bory, Juan Carlos Lopez*
http://www.archdaily.com/50725/snow-house-emilio-marin-nicolas-dorval-bory-juan-carlos-lopez

Home Power Magazine ,Inspiring Sunspaces - Minnesota® http://www.homepower.com/inspiring-
sunspaces-minnesota




YerBpTa cTyaeHTCKa KOH(pepeHuHja ,,EHepreTcka epuxacHoct u oap:xiuB pa3soj“ — CKEEOP 2016

[onoscka Bukropujal, Cumeonosa Anexcanzpa 22

Tlenrap 3a eneprercka eduxacnoct Ha Makenonnja — MALIED, Ckomje
2Joku JIOOEJI, Ckomje

In.viktorija@yahoo.com 2simeonovaaleksandra@yahoo.com

IMPUMEHA HA IIPAKTUYHU MEPKH 3A IIOJJOBPYBAILE HA
EHEPTETCKATA E®UMKACHOCT HA UHIUBUJIYAJIHU KYKHU CO
MOCEBEH HATJIACOK HA EHEPTETCKU CUPOMAIIIHA
JTOMAKHUHCTBA

AIICTPAKT

Beke e M3BecHO HaBIETYyBaWETO Ha CBETOT BO €JHA HOBAa €pa - €pa BO KOja € CTaBeH CHIICH
HArJIaCOK Ha OJP)KJIMBOCTAa BO CUTE aCIEKTH Ha YOBEKOBOTO JKMBeeHe U AenyBame. Cera, moBeke o
Ono Kora, e jacHa moTpebara 3a MOBpP3yBamke HA EKOHOMCKHOT M OMIITECTBEHHOT HANIPEIOK M HUBHO
OLICHYBam€ OJI acleKT Ha J>KMBOTHATa CperHa — KOMIIOHEHTaTa Koja TO 3a0KpYKyBa UEIOTO
MocToeme Ha manerata 3emja. Mako Bo EBpomna oBoj koHIeNT He € HOB, Heo/laMHa, Ha CaMHUTOT Ha
Ob6enuuetnte Hamuu Gea moHecenn 17 menu 3a onpkiauB pa3Boj. Mery HUB, IIpBa Ce€ MCTaKHyBa
LIeJITa 32 UCKOPEHYBAaWke¢ Ha CHPOMAIITHjaTa BO CUTE HEj3MHHU IOjaBHU oOnuIM. Tyka COBpILIEHO ce
BKJIOITyBa M TIOMMOT €HEpPreTcKa CHpOMAIlTHja — Mpo0JieM co KOj MakejoHHja HECOMHEHO ce
coodyBa. Bo TeKcTOT mITO CileyBa € pasrieaH MOCTOCYKH 00jeKT O pypalieH peJieNl Ha TEPUTOpHja
Ha P. Make/ioHHja KOj € CO HE33J0BOJIMTEIHN €HEPIreTCKH KapaKTePUCTHKH, J0JeKa MOXKXHOCTHTE M
METOJMTE 32 CIPOBENYBal€ Ha MEPKH 3a CHEpreTcka eQHKAacCHOCT ce pasliIelaHd O IMOIIHPOK
COIIMjaJICH aCTIeKT.

Kiayunu 300poBH: enepeemcKka CUpOMAWMUjQ, eHepeemcKd e@uKkacHocm, UHOUBUOYALeH
objexm, 3auimeou

ABSTRACT

World has already passed the entrance into a new era - a new epoch in which the sustainability of
every aspect of human existence and acting is highly stressed. Now, more than ever, we witness the
need of jointly assessing the economic and social growth as integral parts of a wider component — the
environment, which is certainly a key element for life existence on the Earth. While in Europe already
identified, recently on the Summit of United Nations, 17 Sustainable Development Goals (SDGS)
were announced. Goal 1 states: End poverty in all its forms everywhere. Indisputably this declaration
also regards the phenomenon of energy poverty — a problem that vast majority of Macedonian people
cope with. In that aspect, the following work gives details about an existing family house from rural
area with low energy performances, while the possibilities and the methods for implementing energy
efficiency measures are analyzed from broader social perspective.

Key words: energy poverty, energy efficiency, individual house, savings
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1 OAPXJINB PA3BOJ VS. EHEPITETCKA CUPOMAILITHJA

[locne MOBEKEroAMIIHOTO MAacOBHO M HEpAIMOHAJIHO TPOIIEH¢ Ha EHEPreTCKUTE PEecypcH,
BPTOTJIABOTO 3rOJIEMYBamkh-€ Ha MPOU3BOJCTBOTO TPEA CE BO TEPUTOPHjATHO TOJIEMUTE APKaBH, Cera,
motpebara o1 3alITUTa Ha )KUBOTHATA CpPeIMHA M TIPOMOBHpAEe Ha OAPKIIMBAOT Pa3Boj CE MOBEKE ce
Harjacysa. OHa IITO € KOHTPAIUKTOPHO Ha OJIPXKIIMBOCTA € ToJieMaTa PallipeHOCT Ha CUPOMAIITH]a,
a MpUYMHATA € TOa IUTO COLMjaHUOT acleKT € €IeH OJ TPUTE CTOJOOBH Ha OAPKIMBUOT Pa3Boj.
HopmaiHo e a ce odekyBa Jieka BO YCIOBH KOTa €JTHO CEMEJCTBO KOE € MOTOJCHO O] CHPOMAIITH]a,
elHa O]l TOCIEIHHTE HEITa 3a KOW pPa3MHCIyBa € IpEeB3eMame HAa MEpPKHM 3a EHeprerckara
epuracHoCcT Ha cBojoT AoM. Ox oBaa MojaBa He € MUCKIyueHa W MakeloHHja, a 3arpHKyBayKU €
MOJATOKOT Aeka Aypu 60% onx HaceleHHEeTO € MOTOACHO O]l eHEepPreTcka CHpOMAaIlTHja, a BO OBOj
MPOIICHT HE BJIETYBaaT caMO CEMEjCTBAaTa CO HUCKU NPUXOJW, TYKy M OHHE O] CpelHaTa Kiaca.
[lopanu Toa, BO TEKCTOT IITO CIEIH € pasriieiaH MOCTOCUYKH 00jeKT KOj ce KOPUCTH 3a AOMYBambe Ha
YETUPUWICHO CEMEjCTBO, KOE CBOMTE PUXOIU T OCTBapyBa O COLMjaTHa IIOMOII KaKo M OBpeMeHa
ce30HCKa pabora.

2 AHAJIU3A HA IOCTOEYKU OBJEKT
2.1.0nmTyu noJaTouu 3a 00jeKToT

O0jexToT TO ce pa3rieayBa NPEeTCTaByBa ceMejHa cTaHOeHA KyKa CO MAKCHMAITHU HaIBOPEITHH
rabaputHu auMeHsun og 9,5 X 7,5 [M], a BKkynHa kopucHa nospiumHa o1 53,56 [M?] koja e nonupana
Bo c. CnanueBo, Kouanu. KoHcTpykumjaTa Ha 00jeKTOT € COCTaBeHa O]l HOCEUKU SHUAOBHU O MOJTHA
Tyna co aebenuna o 40 [cm] Ha HaxBopeurHuTe sHAOBH W 20 [CM] Ha BHATPEHIHHUTE W 3aBpIIHA
obpabotka co 2 [cm] mantep ox nBere crpanu. OOjeKTOT UMa caMo MpU3eMje M € MOAUTHAT Ha 45
[cm] on HuBOTO Ha 3emjaTa. KykaTta Ma BKYIHO 5 MPOCTOPHH O/l KOW €[HA € IHEBEH IPECTOj, IBE
cnanHu cobu, KyjHa u Oama. M3BenbaTa Ha MOJOBUTE € pa3iMyHA BO 3aBHCHOCT O] NMPOCKTHATa
HaMeHa Ha TPOCTOpHjaTa, UMEHO, BO JHEBHHOT MPECTO] KOj OWJ TMpenBHISH Kako Npericolje,
MOCTABEH € TI0J] OJ1 JINHOJIEYM Bp3 O€TOHCKa KolIyika. Bo ABeTe criasHu coOu M KyjHaTa ITOCTABEH €
JpBEH IaToc Bp3 HaOHWeHa 3eMja, a BO Oamara MoJ0T € u3paboTeHa o/ KepaMUUYKH TUIOYKH. J[Ba ox
IIECT MPO30PLHU MOCTABEHH TIIaBHO Ha CEBEpO-3allafiHaTa U CeBEPO-UCTOYHATA CTpaHa ce U3paboTeHH
OJ1 METAJTHU PaMKH CO €MHEYHO CTAKIIO, @ OCTAHATUTE YSTHUPHU CE€ IBOJHU NTPO30PLH CO APBEHU PAMKH
W eIMHEYHO cTakio. McTo Taka, Bparara 3a Biie3 BO 00jEKTOT MMa METajJHA paMKa, a KPWIOTO Ha
Bparara € J0 IOJIOBUHA MeTallHa IUIoYa, IOJIOBUHA €IMHEYHO CTakio. KpoBHara KOHCTpyKIHja €
n3paboTeHa o1 JPBEHN HOCEUYKH T'PE/IH, JAPBEHA OIuIaTa, CKajla 3a KepaMHUIU U 3aBpIIHA MOKPHBKA OJT
KepaMuIu 1 a30eCTHU TUIOUM. 3a OfBeIyBame Ha arMocdepckaTa Boja, 10 PabOBUTE C€ MOCTAaBEHU
XOPU30HTAJIHU U BEPTUKAJIIHU OJIyIH OJ] MIOUMHKYBAH JINM.

Kykara e wmsrpagena Bo mepuonmoT mpex 1955 romuwHa, KOHCTpyKIMjaTa € 3acTapeHa, BO
BHATPEIIHOCTA C€ BHJUIMBU TOJIEMH IYKHATHHU Ha SHJIOBHUTE, MPO3OPIHUTE HE 3alTHBaaT Jo0po, a
CTaKJIaTa Ha HEKOJIKY O]l HUB C€ ITyKHATH WJIN CKPILIEHH.

Crnenuduvno € Toa IWTOo 0BOj 00jEKT MMa MHOTY HEIIOBOJIHA OPUEHTAIlHMja Ha IPO30PLHTE, KAKO U
HEMOXXHOCTA J1a C€ IOCTUTHE COOJIBETHA TeMIIEpaTypa BO €AMHCTBEHATA IIPOCTOPH]ja LITO Ce 3arpeBa.

Ca. 8M3riie Ha 00jeKTOT 0/ ceBepPO-HCTOYHA CTPaHA




2.2.IloTpomyBayka Ha eHePruja U roOAUIIHU TPOLIOLH 32 rpeere

On mpou3HEeCEeHHTE KapaKTEPHCTUKU MOXKE J1a Ce 3aKIy4d JAeKa 00jeKTOT MMa HCKIYYUTEeITHO
HETMOBOJHH €HEePreTCKH Mep(opMaHcH, MTO OJ] aCTeKT Ha MOTPOITyBadKa Ha €HEprija, IMa HajroJIeM
Y€ BO TOTIMHCKUTE 3aryOu.

Wmajku ja Bo mpeaBu colyjanHaTa mojiox0a Ha CeMejCTBOTO B cocToj0aTa Ha 00jeKTOT, jacHO €
JICKa 3arpeBameTo Ha JOMOT BO 3MMa MPEAU3BUKYBa HAjTONEMH (PMHAHCUCKU u3naTonu. Bo tabena 1
¢ HalpaBeHa aHalli3a Ha TOCTOeYKaTa CUTYyallHja Ha IeTHOT 00jeKT, a MpecMeTKaTa ¢ HalpaBeHa 3a
cpenHa HaJBOpEIlHAa HpoekTHa Temmeparypa on 6°C. Bo rpejHata ce3oHa Ol IIECT MECEIH, Ce
3arpeBa camoO €JHa MNpPOCTOpHja — JHEBHUOT MPECTOj U TOa CO TEPMOAKyMYyJal[MOHa Meyka Ha
enekTpuuHa enepruja ox 3,5 [KW] koja ce momnm 12 waca Bo TekoT Ha aeHOT. IIpoctopujara ce
3arpesa 10 20°C.

Tabesa 1 IlocToeuka cuTyanuja Ha CHCTEMOT 32 IpPeer-€ BO Pa3rijiefyBaHUOT 00jeKT

Bpennoct 3abenemiku

Bkynna notpeOHa TomuHa 3a | 4 KW
rpeeme Ha MPOCTopHjaTa

Kamarurer Ha wuHCTanmupado | 3,5 kW Tepmoakymynarnmona redka
TpejHO TEJI0

Pexxum Ha pabora 12 gaca/nmen 6 Meceny BO IpejHA CE30HA

Ilena Ha enekrpuyna euepruja | 4,46 nen/kWh

(cpenna tapuda)

[ToTpouryBauka Ha | 7600 KWh/rox.
CICKTpUYHA  CHEpruja  3a

rpeeme

I'ogumram Tpomonu 3a rpeeme | 34000 nen/ron.

Crnopen0a Ha TOAUIIHA TPOLIOIH 32 TPeeme ¢O0 APYTH eHepreHcu:

OrpeBHO JIPBO 14500 men/rom. Co mpocedHa eHepreTrcka BpeIHOCT
Ha apsoto oA 18 MJ/kg u 630 kg/m?3

ryctuHa u nesa og 3600 aen/md

ITenetu 17000 nen/rop. Co mpocedHa eHepreTcKa BPeIHOCT
Ha menerutre ox 18 MJ/kg u 700

kg/m?® ryctuna u uena on 12 nen/kg

Exctpa mecHo wMacmo 3a | 30500 men/ron. Co mpoceuna eHepreTcKka BPEHOCT
Ha ropuBoTo o1 42 MJ/Kg u tieHa of
ropeme
p 38,5 e/l

3amTeau IITO MOKAT J1a ce ocTBapaTt caMo €O 3aME€Ha HAa TOPHUBOTO:

OrpesHO JIpBO 19500 nen/ron.

Ilenetn 17000 men/rop.

Excrpa necno wMacmo 3a | 3500 mew/rog.
Topeme

Cnopenbara Ha pa3jIMYHM THIIOBM Ha TOpUBA M IICHATa Ha YMHEHE Ha eHeprujara mo KWh ox
UCTHTE, TMOKAKYBa J€Ka CO 3aMEHa Ha €HEePreHCOT HajToJIEMH 3amuTed Ou ce MOCTUTHANE JOKOJKY
00jeKTOT ce 3arpeBa Ha JIpBa W TOa BO CIy4aj Jla HEMa IPOMEHa Ha MOMEHTATHHOT KoMQop Ha
KUBECHE.
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NEFEHOA
4 ©ne3 Bo napuena
4 Bnes Bo objekT
BME3 33 BO3WNa
1 Bne3 u coba 3a AHeBEH NpecTo)
2 cnanHa coba
3 cnanna coba
4 kyjHa
5 Toanet

. Cocenen
objekt

Ca. 9llocTaBeHOCT Ha 00jeKT

CrnenHo, Bo Tabena 2 ce aHANM3WPaHU JIBE CIIEHApHWja, IIPH MITO € HalpaBeHa IpecMeTKa Ha
moTpeOHaTa eHepruja 3a 3arpeBame Ha MEeTHOT 00jeKT Ha COOJBETHH TEMIEPaTypH IITO OATOBapaaT
Ha HaMeHaTa Ha TPOCTOpHjaTa M TOA BO MPBOTO CIEHAPHO IpecMeTKaTa € HallpaBeHa 3a cpenHa
HaJIBOpEIIIHA MPOSKTHA Temrieparypa ox 6°C u moOpa m3onanyja, J0JeKa 3a BTOPOTO CIEHAPHO CE
3eMEHH BO IPEIBH/] MICTUTE MPOCKTHH yCIIOBH, HO O3 eHepreTcka n3oaiija Ha 00jeKTOoT.

Ta6ena 2 Cnopenda Ha MOKHOCTH 32 00e30e1yBambe HA MOBUCOK KOM(OPT BO IOMAKHHCTBOTO

Cuenapuo 1 Cuenapuo 2 3atenemku
Bkymna ~ motpebua | 3,5 kW 8,5 kw TIpoeKkTHH ~ TemIepaTypH —BO
TOILIMHA 33 ITPECHE Ha TpoCTOpHHTE:
LEJMOT 00jeKT - JlmesHa coba: 20°C
- Cranau cobu: 18°C
- Kyjua: 20°C
- bamwa: 22°C
Pexxum Ha paboTta 12 gaca/nen 12 gaca/nen 6 meceru BO rpejHa ce30Ha

Cnopezlﬁa Ha rOIMIIIHUA TPOIIOIH 3a Irpecmh€ €O Pa3jiiYHU CHEPreHCHu:

Enexrpuuna enepruja | 34000 men/roz. 82 000 neu/ron. 3a meHa Ha  ENEKTPUYHA
enepruja ox 4,46 nen/kKWh
OrpeBHO JIpBO 14500 nen/rog. 35000 men/ro. Co  mpoceyna  eHeprercka

BPEOTHOCT Ha JpBOTO onx 18
MJ/kg u 630 kg/m® rycruna u
tena ozt 3600 gen/m?

[Menetu 17000 men/rom. 41000 men/ron. Co  mpoceyna  eHeprercka
BPEOHOCT Ha TeneTuTre ox 18

MlJ/kg u 700 kg/m® rycruna u
uena ox 12 nen/kg

Excrpa necno macno | 30500 men/roz. 73000 men/ro. Co  nmpoceyna  eHeprercka
34 TOPCHE BPEIHOCT Ha TOPUBOTO o 42
p MJ/kg v ena ox 38,5 new/l

Co cniopenda Ha BpeIHOCTHUTE 3a MOTpeOHA TOIUTMHA 32 3arpeBame Ha LENMOT 00jeKT BO JBaTa
cilyya, ce MOTBpjaAyBa (akToT Jeka Jo0po H30JMpaHUTE 3rpajid UMaaT IMOMalk MOTpeOu of
TOIIMHCKA €HEepTHja CIIOPEIEHO CO 3TPAUTE CO JIONIH EHEPreTCKU epPOopMaHCH, OJJHOCHO 32 Kykarta
LITO € IpeAMET Ha OBOj TPYI, MOTpeduTe ce Aypu 2,4 maTv NOMaJid BO IPBUOT CIIY4aj.




2.3.lHBeCTHLIMCKHU TPOLIOIH ¥ MPUMEHA HA MEPKH 32 eHepreTcka epukacHocT

Ta6ena 3 Cnopenda Ha HHBECTHIMCKH TPOLIOLH

3amena Ha ropuBo u maju | IloctraByBame Ha wu3onamuja u | [loctaByBame Ha cucreM 3a
NONpaBKH CHCTEM 3a rpeeme BO el 00jeKT rpeeme BO 1eJ 00jeKT
I'peena mospmmna: 14,9 | I'peena noppimna: 53,56 m? I'peena mospiuuna: 53,56 m?
m2
[noper Ha | 10000 Kamun Ha npBa Kamun Ha npBa
npsa (6,5 kKW):
Wmnposusupan | 1000 [Manennu  pagujatopu [Tanennu
a W30NanMja Ha (600/600, 600/1400, paaujatopu
TIPO30pIH u 600/1800) (600/600, 600/1400,
BpaTH CoO Iyp 600/1800)
IeHa
IIpomera  Ha | 3000 Perucrap (450 x 1290) Perncrap (450 x
IIBE  CKpILICHH 1290)
MPO30PCKH
cTaKiIa
bakapna neBka (28, Bakapna LIeBKa
$22, 18, 15, BkynHO (928, 22, P18,
50 m) ®15, BkynHO 50 m)
bakapen ¢urtunr (0,4% Bakapen  ¢utnHr
on BpEJHOCTa  Ha (0,4% on BpenHOCTa
LIEBKaTa) Ha [IeBKaTa)
Tomnuaect BeHTUN TomuecT BeHTHA
ABTOMATCKO JIOHYE ABTOMATCKO JIOHYE
PanujaTopcky BeHTHI Panujatopcku
BEHTHJI
Pannjaropcku HaBujak Papujatopckn
HaBHUjaK
JlumoBozIeH ceT JlumoBoieH ceT
PaborHa  paka  3a PaGorna paxa 3a
MOCTaByBambe Ha MOCTaBYBambe Ha
CHCTEMOT CHCTEMOT
Bxkymnno 3a cucremot 3a | 90000
rpeeme:
MenyBame Ha | 50000
MPO30PLH "
HaJIBOpEIIHa BpaTa
MeHyBame Ha KpOB 55000
®Pacana co torumHcka | 25000
H30JIaImja
Bkynna 14000 Bkynna wuHBectuimja | 220000 Bkynna 90000
MHBECTHIIH]a (nenapm): MHBECTHIIH]a
(nenapm): (nenapm):

JacHO e neka cekoe MOJOOpyBamke HAa eHeprerckara e(UKACHOCT Ha 3rpajiuTe € MOBP3aHO CO
3HAYajHU WHBECTHUIIMCKH TPOIIOIM KOW Tpeba BHUMATEIHO Jia C€ aHau3Mpaar, MeryToa Kora Kora
cTaHyBa 300p 3a Mojo0pyBamke Ha eHeprerckata eUKaCHOCT W KBAaJMTETOT HA JKMBOT Ha PaHIUBA




rpyna Ha rparaHd, TOraml NMOTpeOHO € Jla ce HampaBW HECTaHAAPJACH HpHCTAall KOH pellaBame Ha
npodJaeMoT U Ja ce MAeHTHU(UKYBaaT MEPKH KOW MOBJICKYBAaaT MHHUMAJIHH TPOLIONH. 3aToa, BO
Tabena 3 e HaBeleHa cropegdaTa Ha MHBECTULUMCKUTE TPOLIONM 3a TpU ciaydau: l. 3ameHa Ha
TOPUBOTO 32 TPECHE BO IIOCTOCYKHOT O0jEKT M MaJM ITOTIPABKU CO [IeJI HaMaTyBambe Ha TOIUTMHCKUTE
3aryom, 2. MHBecTHMIIMHM 3a W30JIalldja W CHUCTEM 3a Tpeerhe Ha IeNMOT O0jeKT Ha COOJBETHA
TemrnepaTypa U 3. VIHBeCTHUIIMM 3a CHCTEM 3a IpecHe Ha LENIUOT 00jeKT Ha COOJBETHA TeMIepaTypa
(6e3 HamBopemHa wu3onmaMja). bunejkn BO cuTe ciydad Kako HAJIIOBOIHO TOPHUBO C€ H3IBOU
OTPEBHOTO JIPBO, TIPH aHAIM3aTa Ha MHBECTUIIMUTE U MEPHOAOT Ha MOBPAT HAa CPEJCTBATA CE 3EMEHU
BO IpE/IBUJI CUCTEMH 3a IPecH-e Ha JIpBa.

On Tabema 3 crmeaM 3aKIydoKOT JeKa BO KOHKPETHHOT CIly4yaj, €AMHCTBEHO BO3MOXKHA
WHBECTHUIIMja € POMEHA Ha TOPUBOTO T.€. 3aMEHa Ha TePMOaKyMyJallHOHATA ITeYKa O MeYKa Ha JIPBa,
Kako ¥ Majl HMMOpPOBH3MpaHHU 3adaTH 3a momoOpo 3anTHBamke Ha MPO3OPLHUTE CO Myp MEHa H
eBEHTYyaJlHa 3aMEHa Ha CKPIIEHUTE CTakia OJ] IPO30PLHTE cO HOBU. JomomHUTENHA TPUIOOUBKA O
BakBaTa 3aMcHa OW OMiIa U MOXKHOCTA 3a TOTBEH-¢ Ha IMOPETOT Ha JIPBa, OJJHOCHO HAMATYBame Ha
TPOIIONUTE 3a EJEeKTPUYHA EHEepruja INTO BOOOWYACHO CE€ TPOIIM OJl CTApHUOT W HeeduKaceH
CJICKTpUYCH Iroper. JIpyru Mepku Kou OW MpPHIOHEIC KOH HaMalyBameTO Ha CMETKUTE BO
ILOMaI’(I/IHCTBOTO € 1 MpOMCHA HAa HABUKHUTEC Ha J'nyCTO IITO XUBEAT BO HECTO, KO MCPKU BKIy4dyBaaT
PAIMOHATIHO KOPUCTEHH-C Ha CIICKTPUYHATA CHEPrHja U BOJIATa, OJTHOCHO UCKIYYyBamkhe HA CBETUIIKHTE
U IPYTHUTE EJCKTPUYHU arapaTH Kora Hema noTpeda o] HUB, 100po 3aTBOpake HA CIABUHUTE 3a BOJA,
PEIOBHO YHCTEHE Ha 3aMP3HYBAuOT M MPABHIHO MOCTABYBamke Ha (OPHKUIEPOT, CyKIIECHBHA 3aMEHA
Ha CBETHIIKUTE BO BxkapeHo BiakHO co JIEJ] cBeTWiKHM W 3aMeHa Ha CIaBHHUTE 32 BOJA JOKOIKY
HCTHTE He 3aTBopaar qo0po. Cenak, TypH M KOra MHBECTHIIMjaTa € MHOTY Malia, BO ICHEITHH YCIIOBH,
JTUCKYTaOWIIHO € TIpalameTo: Jaiu coyujanio 3azpo3eHume 0OMaKUHCIEa mModxicam 0a ja noooopam
eHepeemckama eukanocm?

3 3AKJIIYYOK

Crnyyajor mrto Oelie aHaJU3UpaH BO OBOj TpyA omdaka Man Jien o MpoOJeMHUTE CO KOU Ce
COOYYyBa €THO CHEPreTCKM CHPOMAIITHO ceMejcTBO Bo Makenonuja. He e 3a 3anemapyBame u paktor
neka Bo MakeqoHMja IoCTojaT U APYTH COIHjalTHO 3arPO3€HU U MapTHHATN3UPAHU TPYIIN Ha rparaHH,
rpafaHil KOW JKMBEAaT BO MMIIPOBHU3UPAHU JKUBEAIUINTA WM TpafaH! KOW BOOIIIITO HEMaaT MpUCTan
JI0 eJIEKTPUYHA CHEPTHja U BOJia, OJJHOCHO JIyl'e KOU IPECTOjyBaaT BO KHBOTHO-3arPO3yBaYKH YCIOBH.
Jokonky MakenoHuja tv mpudaka nenute 3a onpkiauB pa3Boj a0 2030 romuHa JOHECEHW Ha
Camuror Ha OOemuHerntre Hammm Bo cenmremBpu 2015 romwHa, TOoramn CHTE CME 3ac€THATH O]
WTHOCTA Jia ce 00e30e/1 MPOCIepUTeT U J00POCOCTOj0a 3a CEKOj YOBEK, a MPe] C& MPUCTOjHU YCIOBU
3a ®HUBOT U padota. [IpBrot yekop Ou Omn 00e30eayBame Ha To00ap MpUCTaN A0 MHPOPMAIUKA Ha
OIpEICHN TPyNH Ha TparaHd, cO IITO OM C€ MOCTUTHANA IIOrojieMa CoLujajHa WHKIy3Wja Ha
Haj3arpo3eHuTe, o0yKH W KBATM(UKYBamke 3a padoTa, MOBOJHO CyOBEHIIMOHUpPAHE HA KOMITAHHUTE
KOM ke BpaOOTyBaaT BaKBH TPYIU Ha TparaHW UTH. OJHOCHO, BO MOMEHTOB HajBa)KHO € Ja ce
WHHULUPAAT OJPEACHU NMPOMEHHM Ha CTPYKTYpalHO HHUBO, a JypH IOTOa O MOXKEJO Ja Ce NPUCTAIU
KOH aHaJlu3a Ha MOXKHOCTHUTE 3a MMOJI00pyBame Ha eHepreTcKuTe nepgopMaHcy Ha WHIUBHyaTHUTE
KyKH 32 )KHBEEHC — aKI[K Mponuiany U Bo EBporckure J{upektuBu kou MakeqoHHja BO TOJIEM Jiel
BEeKe I'M MMa INPEB3€MEHO, HO YHMja MOXKHOCT 3a HMMIUIEMEHTalMja Ce pa3uayBa CO >KHBOTHATa
peaHOCT Ha rojieM AeJl O/ MaKeIOHCKOTO HaceleHHE.
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HNCIIMNTYBAIBE HA U30JIAIIUCKU KAPAKTEPUCTUKH HA I'PAJIEKHUA
OBJEKTH CO IOMOIII HA TEPMAJIHA KAMEPA

KYCA COAPKHNHA

Kora 300pyBame ommro Ha Temara 3a €HepreTckara e()MKacHOCT, BEJHAII MOXKE Jla Ce 3aKIIydH
JeKka cTaHyBa 300p 3a JocTa IIMpOKa o0NacT, Koja TM omndaka WHTEPECUTE W pelleHHjaTta Ha
npoOJIeMHTE CO KOM C€ COOYyBa COBPEMEHHMOT CBET BO KOj kuBeeMe. CyLITHHCKH, PELICHHETO Ha
OBHE NPOOJIEMH MOXeE J1a Ce COIJIe/Ia BO TOa, Jia Ce TPYAUME Jla HOCTUTHeMe OallaHC oMery 6aparmbeTo
Ha aNTepPHATHBHHM HAYMHHU 32 MMPOM3BOTCTBO HA CHEPruja M IITO MOrojeMa 3alliTe/a Ha UCTaTa, KOJIKY
IITO € BO3MOXKHO OJ] IPAKTUYCH aCIeKT.

Bo oBoj T1pym, ce o0OpaboTyBa eIeH OJX COCTaBHUTE AacleKTH Ha BTOPHOT JeI O
ropecrnoMeHaTHoT OallaHC, OHOCHO KaKo IITO KaKyBa M CAMUOT HACJIOB HAa TPYJIOT- UCIUTYBAbE HA
M30JIALMCKHUTE KapaKTePUCTHKU HA I'paJie)kKHUTE 00jeKTH CO MOMOII Ha TepMallHa KaMmepa, CO el Ja
ce KOHTpPOJIMpa W MOA00pH 3allTeiaTa Ha eHeprujara Bo uctute. VcTo Taka, pa3paboTeHu ce el of
METOJI0JIOTUHUTE U MPUCTAINIOT HAa COBpEMEHAaTa MEpHAa TEeXHHUKa I10 Ipallambe Ha oBaa Impoliemarka,
Kako ol pu3HyKa, Taka M O/ TEXHWYKA TIeHAa TOYKA. 3a CETO OBa, KAKO MOTBp/Ja HHU CE M3JIOKCHUTE
00paboTeHn pe3ynTaTH O] CIIPOBEICHUTE TEPEHCKH MEPEHha.

Kayunu 300poBu: enepeemcka eguxacnocm, uzonayuja, mepmoepagpuja, padexicnu oojexmu,
MepHa MmexXHUKaA.

1 BOBEJ

On acmekr Ha 3amTenaTa Ha €HEpruja, OJHOCHO, Kora cTaHyBa 300p 3a eHeprerckara
e(MKacHOCT Ha TpaleXHHUTE O0jeKTH, mpen c€, Tpebda 0coOEHO Ia ce BHHMaBa Ha H300pOT U
MPaBUIIHOTO TIOCTaBYyBamke Ha TOIUIMHCKAaTa W3ojamuja Ha objekror. Kaj rpagexxHute 00jeKTH
MOCTAaBYBAm-ETO HAa TOIUIMHCKA M30JIaBHja HE € HEIITO HOBO, HO BO TIOHOBO BpeMe Ce BOJH U KOHTPOJIA
3a TOa KOJIKY BEKeIoCTOeYKaTa I HOBOIIOCTaBeHATa TOIUTMHCKA N30JIallfja € EHepreTcKu euKacHa.

JIOKOJIKY TOIUTMHCKATa W30Jalyja Ha AaJACHUOT TPaiekeH 00jeKT, € HeCOOJBETHO M3BEAEHA, TOrall ce jaByBaaT
TOIUIMHCKH 3aryOu, OZHOCHO IOrojeMa pa3MeHa Ha TOIUIMHA CO OKOJIMHATa. BO IpafeXHMIITBOTO IOCTOjaT
IOBEKE METOAM 3a HCINTYBamke Ha EHeprerckata e(puKacHOCT Ha O00jeKTOT, OJHOCHO OTKPHBamke Ha
MMOTEHIMjaJTH TOIUIMHCKM 3ary0M, KOW Ce IIOJeJICHH BO JB€ TJIABHH TPYNH W TOa: ACCTPYKTHBHH U
HeeCTPYKTHBHH. [IpeiHoCcTa Ha HEIeCTPYKTHUBHNATE METOH 3a HCIIUTYBAKkE BO OJHOC Ha IECTPYKTHBHHUTE, € BO
TOA IITO HE MPEAM3BUKYBAaaT HUKAKBH (PM3HUYKM OIITETYBama Ha 00jEKTOT KOj Ce MCIHTYBAa, TyKy Ha MHOTY
nocoUCTUIIMPaH HAYMH OBO3MOXYBAaaT, CO IIOMOII Ha COO/IBETHA MEpHA TEXHHKA, /1a Ce JI0jJ€ JI0 Pe3yJITaTuTe
01 HCIIMUTYBaWmeTO Ha AaaeHUOT 00jekT [1]. EnHa ox BakBHTE HEAECTPYKTMBHH METO/H, € UCIUTYBambETO Ha
eHepreTckara e(UKacHOCT Ha TPaJeXKHHUTE O0jeKTH CO IOMOII Ha TepMaiHa Kamepa, Koja Bp3 0Oa3a Ha
JeTeKIHjaTa




Ha MH(QpaLpBEeHOTO 3padepme Ha JAaJACHHOT O0jeKT, co cooxBeTHa o00paboTka, ja IaBa
(hakTHukKaTa peayHa cocToj0a Ha HM3OJAMOHUTE KApaKTePUCTHKH Ha TepMalHaTa H30Jandja Ha
HCTHOT COO/IBETHO.

KonkpeTHo 3a oBaa 1171, M YTBpAYBamkETO Ha ONMpPECNICHH CTaHAAPIN 32 UCTIUTYBAbE U MEPEHhE
Ha eHepreTrckara e(h)rKacHOCT Ha TPaJeKHUTE 00jeKTH, CIe/IejKi TH MeT'yHApOIHUTE MPOIIHCH 33 0Baa
npobiieMaTika, MUHHCTEPCTBOTO 32 eKOHOMHja pu Bnamara Ha Pemybnmka MakenoHuja Ti yTBpAH
CIICMHUTE TPAaBWJIHUIM M Toa: [IpaBUIHHMK 32 CHEPreTCKH KapaKTEPUCTUKH Ha 3rpaaute [2] u
[MpaBunauk 3a eHeprercka koutpona [2]. Co oBue nBa [lpaBwiHUIM, CyIITHHCKH € omdareHa
MpaBHATa paMKa 3a T0a, OJIOCHO € MPOMHIIAHO 0 KOW YCIOBU Tpeba Ja ce N3BeayBa HUCIUTYBAHETO
3a eHepreTckara e()MKacCHOCT Ha IPaJeKHUTE 00jeKTH, KOj ¢é MOXKE Jia TO CIIPOBEJIE HCIUTYBAKETO,
Kako Tpeba Ja u3rieaar TeXHWYKHTE W3BIITAH, KOMU MEPKH M BO KOHM CIy4daW c€ MpeB3eMaaT U
CJIIMYHO. BeyIHOCT, co JIOHECYBamkETO U CTAITyBaHkETO BO TPaBHA CHJIa HA OBHE JBa [IpaBUIHUIM, ce
CTaHJapn3upa oBaa MpodiieMaTKa o] 00J1acTa Ha eHepreTckara eUKacHOCT BO paMKHUTE Ha HalllaTa
JPXKBA.

2 OU3BNYKHU ACIIEKT HA HHO®PALIPBEHOTO 3PAYEILE

Bo ocHoBa, o1 pu3MUKK acmeKT, TOIUIMHATA BCYIIHOCT € €JIeKTpOMarHeTeH OpaH CO COICTBEHA
eHepruja, koj ce MaHudectupa Kako wuH(QpaIpBEeHO 3pauepme. bpaHoBaTa IOKMHA Ha
WH(}paIpPBEHATO 3padyeH-e ce Haora Mel'y BHUIMBUOT JIEN O CIEKTAPOT Ha EJIEKTPOMAarHETHH 3pavckha
n MukpoOpaHoBute, mpukaxkaH Cmmka 1. Cekoj 00jeKT K0j WMa TeMmIepaTypa IOroiieMa Of
aricomypnara Hyna (-273,15 [°C] wm 0 [K]) emurupa unbparpseno 3pauewme. Jypu u 06jekTure Kou
ce Haoraatr Ha IOHUCKA TeMIIEpaTypa, EMHTHUPAAT HHPpAIPBEHO 3padyce.
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Cauka 1. Cnektap Ha eJIeKTPOMArHETHHU 3paverha

WNndpanpeenaro 3paueme HE € BWIIMBO €O Toyo OKo. Koiky 00jeKTOT BO cebe conpxu
MOTOJIEMO KOJIMYECTBO HA TOIUTMHA, CPAa3MPHO Ha TOa, TOj EMHUTHpa MH(panpBeHo 3padyewme. LpHurte
TeNa ce WACATHU Tejla KOM I'M ancopOupaar cuTe 3pauu Oe3 oryieJ Ha HUBHATa OpaHOBa JOJDKHHA U
ynagauot aroi. [Iputoa He noara o peduexcuja (TyKy HacTaHyBa LeJIocHa ancopruuja). O upHUTe
TeJa ce eMUTHpA 3pavere Co cuTe OpaHOBM MOJHKMHU. EMHCHOHATa CITIOCOOHOCT Ha OBa 3padermhe €
nanena co lltedhan—bonmanoBHOT 3aK0H:

Ev= o T4 [W/m?] 1)




kajge mro 6=5,6697-10°8 [W/m?K] e Ilredpan—bonmanosa koHcTanTa. KOHIENTOT Ha 3pademe Ha
LIPHO TEJIO € CyIITHHATa Ha uH(ppanpeeHara Tepmorpaduja. [Ipuroa, eMucuBHOCTA ce JePUHUPA KAKO
OJTHOC Ha TOIUTMHCKOTO 3padyckhe EMUTHPAHO OJ CHBO Telo (HEe-I[PHO TeJI0, CO KOC(UIMEHT Ha
aricopIIyja pa3IrndeH O] eMHUIIA) M Toa OJ1 I[PHO TeJlo, MpH ucTa Temmeparypa. [log cuBo Temno ce
mozapa3dupa Teno Koe MMa HCTa CIEeKTpalHa eMHCHBHOCT NPH cekoja OpaHoBa momkuHa. He-cuBo
TEJO € TEJIO YHja eMUCHBHOCT CE MEHYBa cO OpaHOBaTa JO/DKHHA, KaKO Ha MpUMep Kaj cTakiaoto [3].

@dakToOpoT HA EMHCHja HAa PEaTHO Telo, € OJTHOC Ha eMUTHPAHATA CHEPruja Ha PEaTHOTO TeJo
TIPH OIpeJielieHa TeMIIEpaTypa M CONICTBEHATa eMUCH]ja Ha I[PHO TEIO MPHU KCTa TeMIeparypa.

_ EM
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OBoj (pakTop 3aBUCH O BHIOT Ha MAaTEPHjalIOT, COCTOj0aTa HA MOBPLIMHATA U O aroJioT Ha 3paucHke
Ha MOBPIIMHATA.

@DaxTOpOT Ha alrcopmIja 3aBUCH OJ TEMIlepaTypaTa Ha TeloTO, cocToj0aTa Ha HeroBara
MOBPIITMHA ¥ OpaHOBAaTa JIOJDKUHA Ha 3palMTe IITO MaraaT Ha HeroBara MOBPIIHHA.

2.1.1 NundpaupseHa tpepmorpaduja, TepMaIHa KaMepa U Hej3HHA MPUMEHA

Kako mTo Oeme morope kakaHo, MH(PALPBEHATO 3payeme HE € BUAIMBO CO TOJIO OKO.
Wndpanpeenara tepmorpadujata € OCCKOHTaKTHA METOJa Ha MEpEeme W PErucTpupame Ha
TOIUTMHCKOTO 3pademe, Kako W HeroBa pacmpenenda Ha moBpmimHaTta o o0jexToT. [locme
M3BPIIIEHOTO Mepeme W 00paboTka ce qo0mBa 3ammc 3a U3MEpPEHHTE ToJIeMHUHH-TepMorpaM. Toa ce
W3BPIIYBa CO TEPMAJHUTE KAMEPH.

EnHocTaBHO KakaHO, TepMaiHaTa Kamepa, O]l TEXHUYKH acCIeKT, (pyHKIMOHHMpA Ha CIICIAHUOT
HaunH: WH(DpanpBeHaTo 3pademe Koe jgoafa ox HaOJByAyBaHHOT O00jeKT, ce (OKycHupa IpeKy
crenuanHata HMHQpanpBeHa Jieka Ha CIEIMAlHO CETHJIO OCETIMBO Ha MH(PALPBEHO 3paueme.
ITonataka JOOMEHHMOT CHUTHAJl COOABETHO c€ IpepaboTyBa IPEKy COOABETHA EIEKTPOHHMKA MU
aNTOPUTMHU M Taka NpepaboTeH Kako TepMajHa ClIMKa Ce NPHKaXyBa Ha COOJBETEH CKpaH M ce
3ayyByBa BO HaJBOPEIIHA MEMOpHja 3a MOHATaMOIIHA aHAJM3a CO COOJBETEH codTBep 3a na ce
n00ujaT KpajHUTE Pe3yaTaTH O]l MEPEHETO.

WUndpanpeenara TepMmorpaduja, BCYWIHOCT € YMELUIHOCT Ha TpaHchopMHpame Ha
nH}panpBeHaTa ClIMKa BO TEPMOBHU3HCKA, KOja UM OBO3MOXKYBa TeMIIEpPaTypHHU BPEIHOCTH jaa Ouaar
OTYHMTAHM O] CIMKaTa. Taka IITO CEKOj MUKCENl BO PaJNOMETPUCKTA CIIMKa € BCYITHOCT MEpEHme Ha
TeMIieparypa Bo JajaeHa Touka. Co 1iel Ja ce HalpaBu CETO 0Ba, CE KOPUCTAT KOMITJIEKCHH aJrOpUTMHU
KOH c€ MHKOPIIOPUPAHH BO camarta Kamepa.

TepmorpamMoT € JBOAMMEH3MOHAHA CIIMKA Ha pacrpenenda Ha MHTEH3UTETOT Ha MH(PALPBEHO
3payeme 0] MOBPIIMHATA HA O0jeKTOT BO BHUIHOTO IIOJIE HA Kamepara, a TOa 3HA4M JieKa O] HEero
MOXaT Ja ce ao0ujaT TeMIepaTypHHTEe BO MPOM3BOJIHO H30paHHTE COOJIBETHUTE TOYKM Ha
MOBPIITMHATA OJ1 00jE€KTOT.

WNudpanpsenara Tepmorpaduja Bo Tpajie)KHUIITBOTO MOXKE J]a C€ KOPHCTH 3a OJIPIKYBambE U PAHO
OTKpHBame Ha Ae(EKTH BO MEXaHWUYKAaTa U EJEKTpUYHATa OlpeMa, H30JiallijaTa, paMHUATE TIOKPUBH,
OTKpHBambe Ha BJIara BO SHIOBH U TIOKPUBH, KOHTPOJIA U OTKPUBAmbE HA AC(PEKTH Kaj LIEBKU M KaHAIIH,
3a OTKpHUBAamE Ha 3ary0a Ha TOIUIMHA, 32 PEHOBUPAE Ha 3rPaJ UTH.

2.1.2 MeTonoJioruja u mpuMeHa HA TEPMAJIHATA KaMepa 3a HCIUTYBaHe HA W30J1aIIMOHH
KapaKTePUCTUKH HA TPAJIe’KHH 00jeKTH

3a 1a ce 100ujarT WTO € MOYKHO MOTOYHU M MONPEIM3HU P3YJITATH IIPH MEPEHETO 1 00padoTKaTa
CO TepMOBH3MCKaTa Kamepa, HOTPeOHO € Ja ce 3aJ0BoJaT HeKoH yciouu. OMITo, Kako LITO € U
norope KakaHo, NMPHMEHaTa Ha TEPMOBH3HMCKaTa KaKepa 3a €HEepreTcka KOHTpOJa Ha TPIACKHUTE
00jeKTH € JOoCTa IIMPOKa, OJ HCIHMTYBamkbe Ha M30JalMOHHTE KApaKTEPUCTUKU Ha TOILUTMHCKATa
n3onanuja (Hajuecto ¢acagHuTe OOBHBKH Ha 00jEKTHTE), UCIMTYBah€¢ HA TOIUIMHCKUTE TPEMUHH,




WCIUTYBaHE Ha BIAXXHOCT, UTH. Bo OBOj ciydaj ke ce 3aAp)KMMe Ha HCIUTYBAamkbe€ W KOHTPOJIA Ha
M30JIAIIMOHKUTE KapaKTSPUCTHKHU HA TOILTMHCKATA U30JIallyja.

ITpu nrpaupsena repmorpaduja, Mopa aa ce uMa IpeBUI, 1a Ce 3aMa31 U UCIIOIHU U CIETHOBO!

e O06jexToT MOpa f1a Onje ONTHYKY BUAJIUB 32 HHPPALPBEHHOT TepMOMeETap (BUCOKUTE
HUBOA Ha TIpAIIMHA WK Ya]] TO TIPaBaT MEPEmhETO MOMANKY TOYHO), aKO HeoMXKe Ja ce Gokycupa
LIETHOT 00jEeKT, TOTalll € IPENoPawWINBO Jel 1o Jei. ONTUYKUOT AC Ha CETHIIOTO Mopa Jia Ouje
3alITUTEH OJ1 TIPAIlIUHA U KOHICH3UPaHU TEYHOCTH;

e Co un(panpBeHnTe TEPMOMETPU MOXKE Ja CE MEPAT caMO MOBPITUHCKHUTE
TeMIIepaTypH;

e Pasnukata moMery BHATpellHaTa W HaJBOpEIIHATA Temreparypa Ou Tpebano aa Ouze
Hajmanky 10-15[°C] ;

e Jla ce BOaM CMETKa CHUMAbETO Ha 00jEKTOT J]a Ce M3BPIIM BO IIEPHOJIOT KOTra Ha HETO HE rpee
JHMPEKTHO COHIIE T.€. MPEJ] M3rPEeBakbe Ha COHIIETO U MO HETOBO 3a0ame, UCTO Taka M Ja He €
BPHE)XJIMBO M BETPOBUTO, CO IIET Ja CE CBEOM HAa MHHUMYM BJIMjaHHETO HA KIMMATCKHTE
daxrTopu;

e [Ilpu cHEMameTO Ja Ce BOAM CMETKa 3a OJaJCYCHOCTa Ha IMO3MIMjaTa Ha CHUMAKE Of
00jeKTOT U aroJioT Ha CHUMAHE;

e l30upame Ha METONIOT HAa Mepeme Co HMH(ppalpBeHa KaMepa Kako U JA00pa BpPETHOCT Ha
(hakTOpOT Ha emucHja €.

3 EKCIIEPUMEHTAJIHU PE3YJITATH JOBHUEHH OJ CIHPOBEJIEHOTO
TEPEHCKO CHUMAIBE CO TEPMAJIHATA KAMEPA

Heonamna, mpex okoiy mecT meceny, Ha 3rpagata Ha DakynTeToT 3a eNeKTPOTeXHUKa W
nHpopMaIucku TexHosornd Bo Ckomje, € m3paboTeHa COBpeMeHa HW30JalMoHa TepMmodacana u
MPOMEHETH Ce CTapHuTe IMPO30PIH CO HOBH TEPMOM3OJIALMOHM OJl MOBHUCOKA Kiaca. Bo mHTepec Ha
MpeaMeToT Koj ce 00paboTyBa BO OBOj TPYH, M3BPIIMBME TEPEHCKO CHUMAIE HAa OBOj TPacKeH
00jeKT Ha HEKOJKY TOYKH O] HeroBaTta (hacama co TepmaiHa kamepa testo 881-2 [4], a noOuenute
CHMMKH TH aHaJIM3MPaBME CO TOMOII Ha cooxBeTHHOT codrBep IRSOft [5], co men ma msBpimme
TepMaliHa KOHTPOJIa Ha M30JIAIMOHUTE CBOjCTBA Ha (hacajara U Jia ja UCIIMTaMe Hej3uHaTa CHepreTcKa
e(hMKacHOCT.

TexHuuknuTEe KapakTEepUCTHKH Ha TepMmanHata kKamepa testo 881-2, co koja ce u3BpILEHH
CHMMAamara, ce CJICIHUTE:

MakcuMasieH (haktop Ha emucuja 0.9994;

uHbpanpsena geka @ 60 x 300 [mm];

MHHHUMAJIHO pacTojanue o objexrot 0,5 [m];

npernopayaHa aMOMeHTaIHa TeMIepaTypa 3a padora 25[°C];

Bo Talena 1. ce mpukakaHM OCTaHATHTE MEPHU TEXHHUYKUM KApPaKTEPHUCTUKHM Ha  OBaa
TpeMaJiHa KaMmepa.

Ta6esa 1. MepHM TeXHMYKKH KAaPAKTEPUCTHKH HA TepMaJiHaTa Kamepa testo 881-2

MepHH TEXHUYKKH KapaKTEePUCTHKHU HA TepMaHaTa Kamepa testo 881-2

Kapakrepuctuku Bpennoctu
TemnepaTypeH orncer Mepen omncer 1:
(moxe a ce MeHyBa) -20 — 100 [°C] (-4 — 212 [°F]).

Mepen ormcer 2:

0 — 350 [°C] (32 — 662 [°F]).

Mepen orcer 3 (omuja camo testo 881-2):
350 — 550 [°C] (662 — 1022 [°F]).
TounocT [Tpu mepen omcer 1:

42 [°C] (£3.6 [°F]).




IIpu mepen omcer 2:

+2 [°C] (£3.6 [°F]) wiun £2 % ox oruywWrTaHarta
BPEIHOCT (BO 3aBHCHOCT IITO € MOTOJIEMO).

ITpu mepen orcer 3 (omimja camo testo 881-2):

+3 % o oTYMTAaHaTa BPETHOCT.

PenponykrusHocT +1 [°C] (1.8 [°F]) wmu =1 % (BO 3aBHCHOCT IITO €
IIOT0JIEMO)

MuHuManeH auameTap Ha

MepHa Crammapaau nekn: 10 [mm] mo 1[m].
TOUKa Tenedoro sneku: 3 [mm] go 1 [m].
Bpeme noTpeGHO 3a

CHUMAE 30 [s].
BlakHOCT M Mepeme Ha 0 — 100 %rF,

TeMIiepaTypara Ha OKOJIMHATa CO -20—70 [°C] (-4 - 158 [°F])

paauo conzaa (ommuja camo testo

881-2)
TOYHOCT TIPH MEPEETO €O +2 %rF,

paauo conza (ommuja camo testo +0.5 [°C] (0.9 [°F])

881-2)

CHHMameTO CO TepMaJHaTa KaMepa € HalmpaBeHO, CO IITO € MOXHO MOBEKE MCIIOJIHETH YCIIOBU
O]l TOPECIIOMEHATHTE, 3a Jia OW/e MOTOYHO U MoMpenu3Ho. HaaBopeiHara cpeiHa TeMieparypa npu
MepemeTo Oerre Hekaae okoy 6 [°C]l u dakrop Ha emucuja ox €=0,75, npu 1mTO ce 00Mja CIETHUTE
pasynrtaTy npukaxanu Ha Ciuka 3 a) u 0).

0) cHMKa Ha (pparMeHT 0J 3rpaJaTa HaNpaBeHa co TePMaJIHa KaMepa

Canka 3. [lea ox CHHMKHTe HapaBeHH ¢0 TepMaaHa kamepa TESTO 881
W aHasm3upanu co |RSoft

Ha Ciuka 3 a). e mpukaxaHa TepMajHaTa CHUMKa Ha meiara 3rpaga, a Ha Cinka 3 0). e
NpUKaXaHa TepMajHa CHHMKa Ol eneH ¢parmeHT ojn 3rpagara. JOKOJKy ja aHaln3upaMmue




TepMaliHaTa CHUMKa IpukakaHa Ha Ciuka 3 0)., BeHaIl MOXe J1a ce 3a0€eJIeKU pa3HInKaTa Ha HEKOU
MEpHHU TOYKH O OBOj JIeN Ha 3rpajaaTta. FiMeHo, BO JOJHUOT JieNl O]l CHUMKATa, KaJie MITO € ondareHa
yuTanHata u oubnuorekata Ha @EUT, He ce cMEHETH MPO30PIUTE CO TSPMOHM3OIAIMOHN U MOPAIH
TOa UMaMe IOTOJIEMH TepPMaHH 3ary0H, BO OJHOC Ha OHOj JIeN Kajie MPO30pIUTe Ce 3aMEHETH CO
COOJIBETHO HOBH Y € HalpaBeHa HOBaTa TepMom3oJanuoHa ¢acana. Mcro Taka Moxe n1a ce 3abenexar
TOIJIMHCKUTE MPEMUHU Ha IPBUOT U BTOPUOT KaT Ha 3rpajara, KOU Ce jaByBaaT Mopaau n3BeadaTa Ha
TPajeXHUOT CIOj TIOMETy Mpo30piuTe W 3rpaaara. lIpm aHanm3aTa, OocTaHATHTE aHOMAIHUA KOW CE
jaByBaaT, BO KOHKPETHHOB CIIy4aj, C€ OJ 3aHeMapliuB KapakTep OWIEjKH ce JoInKaT Ha m300poT Ha
E€MHCHUOHHUOT (aKTop €, KOj TO YCBOjaBMe rerepaino aa ouzae = 0,75.

4 3AKJIYYOK

Bp3 ocHOBa Ha CrIpoBeIeHNUTE TPEHCKHM CHHMama CO TepMalHa KaMmepa, CoO KOW IIeJHeBME KOH
TOA J]a C€ UCMHUTAAT U30JIAIMOHNTE KapaKTePUCTUKU Ha IPaJIeKHUTE 00jeKTH, KOHKPETHO BO CIY4ajoB
HOBOIIOCTaBeHaTa TepMou3ojauuoHa (acaga u mposopuu Ha 3ragata Ha OEUT, co cooxBeTHa
aHanM3a Ha MCTHTE, MOXKE Ja Ce Kake JIeKa HalpaBeHHOT TpajekeH 3adar Ha oBaa 3rpaja 3a
mo1o0pyBamke Ha HEj3MHATA CHEPTeTCKa ePUKACHOCT, € yCIIeIIeH.

5 BJIATOJAPHOCT

Orpomua OmaromapHoct 10 MojoT Mmentop Hom. a-p JXKueko KokosjcHcku, 3a HeceOuuHaTa
MIOMOIII, TIOCBETEHOCT U copaboTka mpu wu3paboTkata Ha O0BOj] Tpyld. McTo Taka W roiema
OIaroJTapHOCT 10 OCTaHATHOT KOJErMyM Ha WHCTUTYTOT 3a €JNIEKTPUYHHA MEpemha W MaTepHai MpH
®OENT, 3a noBepeHaTa MepHa omnpema.
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3ALITEJA HA EJJEKTPUYHA EHEPTMJA BO JOMAKHHCTBATA U
CTOITAHCTBOTO

Bo neHemHo BpeMe OuuIiIeieH € HalopoT KOj €€ BJI0XKYBa BO KOPUCTEHETO Ha IITO € MOXKHO
MIOMAJIKy €Heprija W Haorame Ha APyrd GOpMH KOW K€ My OBO3MOXKAT Ha CBETOT JIa C€ OMOPABH OJI
OYKBaAJTHHOT “Tpadex’ Ha MPUPOTHUTE PECYPCH CUTE OBHE TOTUHH.

Bo oBoj Tpyn ke OupaT MOCTaBeHHM MOHOBH, MOTOYHO TPU HAYMHH HA HCKOPUCTYBAamE H
3alTesla Ha EJNEKTPUYHATa €Heprvja BO JOMAKHMHCTBAaTa M CTOMAHCTBOTO. HauywHuWTe 3a HEj3MHO
IOOMBamk-E ce MPEeCcTaBeHU co oMol Ha cepeH reHepartop 3a cBeTiimHa, AORA’s TULIP System wumu
COHYEBa KYJIa,KaKO M HCKOPHCTYBal€ Ha BOJHHOT IPHUTHUCOK OJ TPaJCKUTE BOJOBOJHHU IICBKH.
OrpoMHH KOJIMYECTBa Ha BOJAA TeuyaT O] TPpafoBUTE HMU3 LEeauoT cBeT. Co Les palroHaIHO Ja ce
HCKOPHCTH, BO TPYAOT ja MCTaKHyBaMe€ XHJpOEHeprujara Koja € MpeTcTaBeHa MpeKy ymorpeda Ha
TPaJCKi BOJOBOJAHM IEBKM M HWHCTAIHpame Ha cepuyHH IMEpKH BO HCTUTE, H3Pa0OTeHH O]
He’procyBauky YeNrK U KOMIIO3WTHH BiakHa. Llennot cucreM e nu3ajHUpaH 3a Jla He TO MOoIpedyBa
NPOTOKOT Ha Boxaa. [loHaramy, COHYEBHOT NpPHEMHHMK Ha COHYEBaTa Kyjla IPEHECYyBa COHYEBA
paaujanyja BO BO3AYIIHMOT NMPUTHUCOK KOj CTPYHM BO XHOpHIHA TypOWHA KOja MITO IPOU3BEIyBa
100kWh enexrpuuna u 170kWh tepmanua enepruja. ChepHute peduieKTopu ce HajeTHOCTAaBHUOT
BUJI Ha ancopOMpame Ha COHYEBAa M MeceueBa CBEeTIHMHA. HarojyBaaT JOMakMHCTBA,XHOPHIHU
aBTOMOOWIIN,JIECHO C€ MPUIIAro/lyBaaT U ce HE3aBHCHHU O] BpEMEHCKHUTE YCIIOBH.

Lenrta Ha 0BOj TPY/l € CO TIOMOII HA OPUT'HHAIHHU JU3ajHU ¥ HICH, JIa CE TMIOKaKE MHTEPEC KOH
3amiTe/iata Ha eJIeKTpPUYHA CHEPrUja U Jia ce JJOKaXe JIeKa CO3JaBameTo Ha OJIPIKIIMBA OKOJIMHA YECTO
3aI04YHYBa CO €IHOCTaBHU YE€KOPH.

Kayunn 300poBu: Conuesa euepeuja, Xuopoenepeuja, Chepen eenepamop 3a ceéemiuna,
Conyesa kyna, Booosoonu yesxu

1. BOBE]

Enepreruka e onact koja ce 3aHUMaBa cO MPOU3BEyBabe, IIPEHECYBAKE U AUCTPHOYLIHja HA
eHepruja. Bo HaydHa cMmmciia eHepreTHKara € HayKa 3a eHeprujata M TeXHHYKOTO KOPUCTEHE Ha
W3BOpUTE Ha cHepruja. EnHa on 3ajaunTe Ha €HEpreTMKara ¢ EKOHOMHYHA IMPOW3BEIyBadyka W
HamallyBam-€ Ha 3ary0ara Ha eHeprujara.

XuapoeHeprujara € Haj3HayacH OOHOBJIMB CHEPreTCKM U3BOp KOj € pe3yiraT Ha
MOTEHIIMjaTHATa €HEepryja Ha BoJaTa Koja mara oJf TOBUCOKa KOH IOHKCKA TI0JI0K0a ToJ] ISjCTBO Ha
3eMjUHOTO TpaBUTALMOHO Toje. BoenHo, Taa mpercraByBa M HAjeBTMH HAuuMH 3a JOOMBame Ha
enepruja. [loBp3aHa e co coHueBaTa eHepruja v co NPUPOIHUOT XUIPOIOIIKY [IUKIYC Ha UCTIapyBabe
Ha BOJIaTa OJI €3epaTa U OKEaHWTE W MOBTOPHO TAJIOXKEHE BO BUJI Ha JOXK/]| HITH CHET.
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[ToroneMoTO WCKOPHUCTYBak-¢ Ha IPETBAPAETO HA COHYEBA CBETIMHA BO CIICKTPHYHA
CHEpruja, Kako U WHOBAIIMUTE 332 CHEPreTCKa e(PUKACHOCT Ce HEllTa KOH KOW MPOU3BOAMTEIUTE H
HCTpaXyBauuTe Ha (OTOBOITAMYHATA TEXHOJOTHja ce crpemar. Mma romemm Bapupama BO
nHoBanmute:. [lomoOpyBame Ha MaTepujainTe, KOMIIOHEHTHTE W METOAWTE Ha MPOU3BOJCTBO Ce
HEKOJIKYy OJf MHOTYTE€ YeCTH METOJM 3a 3rojieMyBame Ha epukacHocta. CHCTEMHTE KOM TH CilenaT
COHUYEBHUTE 3palld C€ YIITE €JCH EKOHOMHUYEH U IMOMyJapeH HAaYMH 32 UCKOPHUCTYBamkE Ha IITO €
MO>KHO I10r0JIEMa MOKHOCT O] COHIIETO BO TEKOT Ha JIEHOT.

2. COEPEH 'EHEPATOP 3A CBETJIMHA

ApxuTekToT Ha 0Boj KoHlenT André Broessel, BepyBa aeka co mpoHaorame Ha HOBH U3BOPH
Ha alTepHATHBHA €HEPruja ke MpUAOHECEe 3a CBETOT Moe(HKaceH, “TI03elIeH” HAuMH 3a TOOUBamke Ha
eNeKTpUYHa eHepruja. HeroBoTo pemienne 3a anTepHaTHBHATA €HEPTHja c€ CTPEMH Ja ja HCKOPHCTH
COHYEBaTa CBETVIMHA Ha TOe(pHUKACeH HAYMH,0TKOJIKY KOPHCTEJKH TH TPaIUIMOHATHHUTE COHYEBH
MaHeJN U KOHLENTOT 3aJ T0a € MPUIMYHO €THOCTABEH.

OBoj ypen e crmocoOeH Ja TH arncopOupa COHYEBUTE 3pallil BO TEKOT Ha OOJAYHU JI€HOBH,BO
YTPUHCKHATE W BEUYEPHUTE YaCOBM,a WICTO Taka MMa CIIOCOOHOCT Ja ja armcopOmpa W MecedeBara
ceeriiHa.OBa € HElITO IITO TpaAUIOHAIHUTE COHYCBU YPEANU HE MOXKAT [1a 'O HaIlpaBarT.

Ypenor e ompeMeH cO XHOPUACH KOJEKTOP,KOj HE caMO INTO ja armcopOupa TOILTMHCKATa
eHepruja,TyKy HUCTOBPEMEHO ja mpeTBapa Bo enekTpuuHa. CdepHHOT riiodyc e Bo cocrojba na ja
KOHIIEHTpHUpa Au(y3HATA CBETINHA BP3 TEHKH, XUTep-ePUKACHH (POTOBONTANIHH KEITHH.

KomseHumonanen B-spax co onTmuxo
cucrem 3a cneperse caexeme
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Cn. 1 — Pa3nuka mery TpaAMIIMOHAIHN COHYEBH ypeau U cepeH reHepaTop Ha CBETJIMHA KaKo U
3amITe/ia Ha CHINIYM

How it works:
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Ca. 2 — [Ipunnun Ha pabota Ha cdepeH reHepaTop Ha CBETJIMHA U HEroBa ynoTpeda
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CucremM 3a creneme

OOJMKOT To MPaBH NPUPOJICH ONTHYKYU YPE/I 3a Cle/Iehe, IIITO OBO3MOXKYBA Jla C€ KOPUCTH Ha
peuncH cexoja rojeMa MOBpPLIMHA, BKIYYyBajKy SUIOBHM M MOBPIIMHM Kou ce HakioHeTH. ChepHuor
TeHepaTop € CUXHOPHU3UPAH /Aa TM CIeA CBETIMHCKUTE M AU(Y3HHU 3panu,I0CTOjaHO HACOUYBajKH ja
cdepara koH HuB. HanojyBa 3rpaau , xubpugau aBroMoOmIn UTH. EXMHCTBEHO HemTo mTo Tpeba na
ce HallpaBH € Ja ce MOCTaBH, Ja ce MO3ULIMOHUPA JekaTa Ha cepara KOH HEOOTO U HEKa KOJIEKTOPOT
IO HalpaBH OCTAHATOTO.




3. COHYEBA KVJIA - (AORA’S TULIP SYSTEM)
3.1 IllIto mpercraByBa cucremor AORA?

Toa e coHueBa Kyna BO 4dja BHATPEITHOCT € MOCTaBEHA Jieka IIITO MPHUMa COHYECBH 3pally,
peduiektipanu ox okoxry S50 oryienana HapeueHu xemuoctatd. 3aj sekara, 1000°C ce xopucrat 3a
3arpeBarme Ha BO3AYXOT MOJ MIPUTUCOK, KOj IITO Pe3yaTHpa co rac Moj NpUTHcoK. [lomomHa racot ce
ynotpeOyBa 3a ABIKEHE HA NEPKUTE Ha TypOWHATa 3a MPOW3BOACTBO HA EIEKTPUYHA EHEPIHja.
[Ipuroa, ornenanara ce CHHXpOHM3UPAHH Ja TH CIIeZ]aT COHYEBHUTE 3PAllH, IOCTOjaHO HACOUYBajKH ja
CBETJIMHATA CIpeMa JiekaTa Ha Kynata. Bo TEKOT Ha HOKTa WJIM BO MEpUOJ] Ha OOJIa4HO BpeMe,
TypOWHaTa Ha KyJaTa aBTOMaTCKH ' HCKOPUCTYBa OMO-rOpHBaTa 3a Jia ro 3arpee BO3AyXOT BO UCTaTa
CO MM Ja W JAajie MOKHOCT, OJTHOCHO Jia paboTu 0e3 mpekuH. | TaBHUTE KapaKTepHUCTHKH HA OBO)
CHCTEM HJIM YETUPHUTE KapaKTEPHCTUKU CO KOU CE OJUIMKYBa ce yrnorpedara Ha alTepHATHBHU TOpUBA,
MoJynapHOCTa (M3rpajicHd CO CTaHAApPAM3UPAHU CIMHUIM W JUMEH3UH 33 (DICKCHOWIHOCT W
Pa3HOBHIHOCT BO yrmoTpeda), XubpuanocT-24/7 (KOpUCTH TIOBEjKEe N3BOPH HA CHEPrHja) U 33 pa3iihKa
o[l ocTaHaTutTe coHueBo-Tepmanuu cucremu, AORA cucremor Oapa 8% KoIMuecTBo Ha BOJA.
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CoHueBara KyJia (JIEBO) ,TOTUIITHO ITPOM3BOJICTBO HA EHEPTHja O] COHYEBA KyJia (JIECHO)

1. XubpumHocta MOXe Jia Ce HAmpaBH CO MOMOII Ha (OCHIIHUTE TOpUBA KaKO Ha MpHUMEp
MPUPOIHUOT rac WK cO OOHOBJIMBH rOpHBa Kako mTo ¢ ouoracot. [locTojaT MHOTY o0acTu
KOH IITO F'eHEPUPaaT BUCOKO HMBO Ha OTIAJ KOj MOXKE Jia C€ MCKOPUCTH 3a IPOU3BOJICTBO Ha
6uorac. buoracor ce ymorpeOyBa Kako rOpHBO 3a MPOWU3BOJICTBO HAa €IEKTPHYHA €HEPTHja,
KOra MMa HEJJOCTAaTOK Ha COHuUeBa. XUOpHIM3alHjaTa 0BO3MOXKYBA TEXHOJIOTH]jaTa O] Koja €
M3rpajieHa Kyjara jga padOTH HE3aBHCHO OJI BPEMEHCKHUTE YCIIOBH M co Toa ja npasu 100 %
IPaKTUYHA.

2. Enna conueBa Kyna MOXKe J1a MMa JUCTpUOyMpaHa KOH(Urypaiyja, OZHOCHO T'pajemhe Ha
cexkoj Moayn (CoHUeBa Kylia) TOJAIEKy OJf Apyrute, 0e3 TyOeme Ha eduKacHOcTa 3a
MPOU3BOJICTBO HAa eHepruja. MoaymapHOCTa OBO3MOXKYBa COHUEBUTE KyJIH J]a C€ pacIpesenaT
Ha pa3MYHK pacTojaHuja M rpynu Ha equuunu kako 500 KW, 1 MW, 5 MW wurth. TTopaan
OBa JIN33jHOT Ha KYJIUTE Ce MPHIAaroayBa criopea Oapamara Ha KIMEHTUTE U eNeKTPHYHATA
Mmpexa. McTo Taka, MOIyIapHOCTa HA CUCTEMOT OBO3MOXYBa HENPEKHHATO CHAOAyBame CO
eJIEKTPUYHA CHepruja, 0e3 pasirKa Jaiy ce BpIIAT MOMPAaBKH WM PYTHHCKO OJIPIKYBamE Ha
KyJiaTa.

3. TULIP cucreMOoT KOpPHCTH KOMIIPUMHpPaH BO3AyX (IIOA NPUTHCOK), HAMECTO Mapea 3a Ja
rerepupa (pou3BeyBa) eJIeKTpHUIHA eHepruja. FiMajku Bo Tpe/IBUJI JIeKa COHYEBHUTE KYJIH HE
KOpUCTAaT BOJa 3a JAa padoTar, THE Cce€ MHOIY COOIBETHM 3a 00JacTH KaJe ILITO HMa
HEeIoCTaTOK Ha Boja. OBUe KyJM UMaaT moTpeda o BoJa caMo 3a YHCTEHhE Ha Oryiefanara Ha
XEIMOCTATUTE U 32 PPUIKHIEPOT BO KOj CE MOCTABEHU NMPUEMHHUKOT M TypOHHAaTa-okony 230
autpu/MWh.




4. AORA cucremor mpousseaysa 170KW TomnHCka eHepruja Koja MOKE Ja C€ KOPHCTH 3a
rpeeme, JaJeHkhe Ha TOIOM BO3IYX/BOJ/Ia 32 MHAYCTPUCKA M CTOIIAHCKA yroTpeda, 0e3 pasiuka
JIaTi ja 100MBa O/ COHIIETO WM alTepPHATHBHHUTE FOPHUBA KAKO MITO CE AM3EIOT,IPUPOIHUOT
rac,0mo rac 1 OMO-TOPHUBO.
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Cin. 4 — CocTraBHM eIeMEHTH Ha KyJnaTa 3a nmpou3BoacTBo Ha 100KW (mecHo) u co3naBame Ha
ouorac (JieBo)

3.11 [Mpunnun Ha paboTa Ha COHUEBA KyJa

1. Tonemuor 6poj Ha XenuocTaTu T pedIeKTUPaaT COHYEBUTE 3palli KOH BPBOT Ha KyJiaTa Kaje
LITO Cce Haora [EeJI0CHO MHCTAMpaHara onpeMa 3a IpUEeMHUKOT U TypOHHAaTA.

2. PeructpupaHuoT conapeH NpUEeMHHK 'l IPEHECYBa COHUYEBHUTE 3paly 10 HOMOIITHHOT
pesepBoap 3a ropuBo (Auxiliary Fuel Tanks), kage mTo co momort Ha BO3AYIIEH TPUTHUCOK
KOj ce 3arpeBa, ce ABWKHU XubpuaHata TypouHa u ce nmpouseaysa 100kKWh enextpruuna u
170kWh TomuHCKa eHepruja.

3. ®aza Ha cobupame: CyOcTpaTure ce TpaHCIIOpTHpaaTr 3a 00pabOTKa M COPTHUpAmE CHOpEen
HUBHHUOT COCTaB JI0 COOJBETHH KOHTEH-EPU 3a IIBPCT OTIA, BO CIIy4yaj OTHAIOT Ja COAPKH
BHCOK TPOIEHT Ha IBPCTU MAaTEPHUHU WK BO PE3EPBOAPOT 3a TE€UEH OTIA[l, BO CIIy4aj Ha BUCOK
MPOLIEHT Ha TEYHOCTH.

4. @aza 1: IloToa nmenm ox OPraHCKUTE TEUYHOCTH M MAaTEpPHM C€ MeEIaaT M pa3BOIHYBaaT BO
COOJIBETHA TYCTHMHA M CE€ TPAHCIOPTHUPAaT MPEKy LIEBKH BO MPUMAPHUOT JTUTECTEP OJHOCHO
pe3epBoap BO KOj CyNCTaHLMHUTE C€ 3arpeBaaT WIHM pacTBapaaT CoO LN 3a pa3jioKyBame Ha
OCHOBHHU KOMIOHEHTH. MHUKpPOOPraHU3MHUTE KO CE€ BO AUTECTEPOT KE 3all0yHaT MpOIEC KOj
Ce HapeKyBa JUreCTHpame IITO 3HA4YM JeKa OHOJIOIIKUTE MPOLECH Ha METAaHOTeHe3a Ke I'
TpaHcopmMHpaaT ocTaToLUTe BO OHOTAC.

5. ®a3za 2: Ilo 3aBpiiyBameTo Ha MpBaTa ¢a3a Ha JAUTECTUPAHE,0CTATOIUTE CE TPACIIOPTHPAAT
JI0 BTOPHUOT JUTeCTEp,Kajie IITO Ke 3arouHe BTopara (pa3a Ha OuoaurecTja 3a IpeTBOPYBAHE
Ha PEOCTaHATUTE OMOJIOIIKK MAaTEPUHU BO OHorac.

6. daza Ha cknaaupame: Pesynrature mium 0O0pabOTEHHTE OCTATOIM CO IOMOII Ha ITyMIla Ce
MIPEHECEHU JI0 TIOCIEIHUTE PEe3ePBOAPH 32 JUTECTUpAkhe Kaje MTO Ce CKIaanpaaar ce JoaeKa
He uMa roTpeda o HuB.OBHE OCTATOIM MOJXKAT J1a OMIaT HCKOPUCTEHU Kako Ouo-IyOpuBo.

7. I[OHOJ'IHI/ITCJ'IHO: anaByBa}LeTo Ha XCJIIMOCTAaTUTC € OBO3MOIKCHO CO IMOMOII HAa KOHTPOJICH
CI/ICTGM,KOMHjYTCp IITO 3HA4YHU JCKa HE € HOTp€6HO MaHyYCJIHO YIIpaBYyBamC.
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Cn. 5 — Criopenba Ha cOHUEBH ypenu

4. HCKOPUCTYBAILE HA BOJIEH IPUTUCOK OJ I'PAACKHN BOJOBOJAHU HEBKU

OsBa e cucTeM KOJMOXeE J]a ce€ KOPUCTH BO CUCTEMUTE 3a CHaOJyBame CO MHUTKA BOJA. 3a BpeMe Ha
NnepuoauTe Ha Mayia mobapyBauka Ha eJIEKTPUYHA EHEpruja, BoAaTa ce IyMMa O]l TOHHCKUTE
pe3epBoapy KOH MOBHCOKHTE U TaMy ce akymynupa. Kora ke ce jaBu HEIOCTaTOK OA EJIEKTPUYHA
€Hepruja BoJaTa Ce UCIyLITa KOH MOHHMCKHOT Pe3epBOap, MpH IITO C€ MPOM3BEAyBa EJICKTPHUYHA
eHepruja. Kaj moBekeTo NeHENIHM HHCTalalllW, XHJIPOCHEPrHjaTa ce IMPETBOpa BO EJICKTPUYHA
SHepruja co MpoIyIITalke Ha BOAATa HU3 TypOMHH, KaJe ce cOo3/aBa KOpPUCHA POTAllMOHA €HEepruja,
KOja I0TOa CO TOMOII HAa EJIeKTPUYHHOT TeHEpaTop ce€ IMpeTBOpa BO CJIEKTPUYHA EHEPruja.
Texnonoruure xou ce KOpHCTAaT 3a NpeoOpasyBame Ha €HEprujara BO OBOj CHCTEM C€ BHCOKO
pa3BUEHN W €PUKACHHU, CO XUAPOCHEPreTCKHM MHCTAAIMKA BO OMNCETOT oJf HeKonky kW 1o mpeky
10,000 MW. Bo cBETOT MMa MHOTY XHUAPOIIEHTPAIN KO CO TIOMOII Ha BOJHU TYpOWHU ja peTBOpaaT
MOTEHIIMjalHAaTa €HEPruja Ha BOJATa BO KMHETHYKAa M MEXaHHWYKa KOja IOHAaTaMy Ce KOPHCTH 3a

poTanuja Ha eIEeKTPUYHN TeHepaTOpH U JOOMBAabE Ha eNIEKTPUYHA CHEPrHja.

Cix. 6 — IIpunnun Ha paboTa Ha chepHa TypOMHA U TOCTABEHOCT BO BOJIOBOJHA IIEBKA
4.1 INPUHLUII HA PABOTA HA C®EPHA TYPBUHA U E®UKACHOCT

EnuHcTBEHaTa TEXHOJNOTHja MITO Ce Haora BO BHATPEIIHOCTA HA BOJOBOJHHTE IIEBKU ce 5
chepuyHn TypOMHM CO aka mepku, co aujamerap ox 42 waum (1067 mm), HampaBeHH O
HeprocyBayKH YeNIMK W KOMITIO3UTHHM BlIakHa. THe ce mocraBeHu Ha pactojanue on 12 ft (3658 mm),
J0/IeKa IOBP3aHOCTa CO EJEKTPUYHATa Mpeka ce OJBMBAa HaaABOp onx HuB. Kako mTo BojmaTa
MOMUHYBA, CE€ CO3JaBa NMPHUTUCOK BO LEBKUTE. TypOWMHHTE IO MpeTBapaaT MPUTUCOKOT BO CTpyja
MpeKy WM CO TOMOII Ha IeHepaTtop Koj ce Haora Ha BpBOT (Hajg) ueBkata. CeH30pUTE KOW ce
WHCTaJIMPaHW BO BHATPEIIHOCTA Ha IIEBKHUTE JIETEKTUPAaaT MPOMEHH BO MPUTHCOKOT Ha BOJATa,
romaraar Ja ce IpeIBHI ITyKHAaTHHA BO LIEBKAaTa M Ce CIEAM JajlM MMa 3aragyBaud BO BojaTra 3a




nueme. 1leanoT cucTeM e au3ajHUpaH 3a Jia He ro MompedyBa MPOTOKOT Ha Boma. Co momorr Ha
BaKOBCHUCTEM MOXaT Jia ce TreHepupaar okony 1,100 mMeraBatu oOHOBIIMBA €HEPruja, CO HAIO]yBambe
Ha oKkojdy 150 TOMOBM M BO TEKOT Ha HApeJHUTE JIBE JCLCHUM € MPeCMEeTaHa 3alliTesia O OKOIy 2
MIJTHOHH JTOJIApH.

I'pamoT ¥ MHBECTUTOPUTE BO BAKOB CIy4aj OW T'W JieNelie MPUXOIUTE T'eHEpUPaHH O] CTpaHa
Ha TypOuHuTe 3a ciennure 20 roguHu. bunejku Ha BOIOBOJHUTE IIEBKM POKOT Ha Tpaewme uM € S50
TOJIUHY M TTOBEKE, JIOTIOTHUTESITHUTE MPUXOAM MOXKAT Ja ounat orpoMan. Co Toa ce 0BO3MOXKYBa HOBA
(hopMa Ha IPUXOJI CO TTOMOII O/ 00jE€KTH IITO KOPUCTAT BOJA.

5. 3AKJIYYOK

Eneprerckara epukacHOCT € HEOIMUHIIMB TPOIEC UMM NPUIOOUBKU ce (DAKTH, MEPIIMBH
MpeKy 3allTeJUTe Ha CHEpruja W HaMalyBamkeTO Ha TPOIIOIUTE, Taka Ja MHOTY Op30 TIo
WHBECTHPAETO BO Hea, HE3aBHCHO Jaju CTaHyBa 300p 3a JOMAakWHCTBO WM KOMIIaHM]a,Ce
YyBCTBYBAaT OJIATOJIETUTE U 110 OYIIETOT, HO U MO0 KOM(OPOT Ha )KHBECHC.

Bo 0BOj Tpya mpeKky HW3JI0KEHUTE WHOBALMM 3a 3alliTe/la Ha EJICKTPUYHATA CHEPruja BO
CTOTIAHCTBOTO W JOMaKWHCTBATA,JOHECEHH C€ CIICTHUBE 3aKITYIOIH:

CdepHuor TreHepaTop Ha CBETJIMHA HMa TrojeMa I[PUMEHAa BO JAOMAaKHHCTBAaTa 3a
IPOU3BOJCTBO HA €JEKTpUYHA €Hepruja Oe3 JONMOJHUTETHA OINpeMa U 3a pas3liMKa O]l OCTaHATUTE
COHYEBM ypeau HE € KOMIUIMOMpaH 3a MHCTananuja. Bo ogHOc Ha 3amTenata Ha eHepruja,
MPEJHOCTUTE My C€ HEHCLPIIHUOT M3BOP HAa COHYEBA M MECEUYeBa CBETIMHA, CO epuKacHOCT 10 57%
LITO T'O TPaBH COBPIICH 3a cHaOyBame 3rpajn, XUOPUIHI aBTOMOOMIIN CO €JIeKTPHYHA EHEePTHja.

ConueBara kyna (AORA) mma ronema mpuMeHa BO CTONAHCTBOTO. buiejku ce pabotu 3a
XUOpHUIEH CHCTEM KOj TpOW3BENyBa ENEeKTpUYHA W TepManHa eHepruja 24/7, 3a pasnuka of
ocranature [1BL] cuctemu xou He ce xuOpuaHU. 3acera yrnorpedara Ha OBOj THUI HA COHUEBA KyJja €
3actaneH Bo lllnanuja u M3paen co 135 MWh roauiiHo mpou3BOACTBO Ha CIICKTPHUYHA CHEpruja,
Mpou3Be/ieHa O] COHYEBa CcBeT/IMHa, a 523 MWh npoussenena o 6uorac.

HckopuCTyBamETO Ha BOJHUOT MPHUTUCOK OJ BOJOBOJHHUTE IIEBKH 3a HAIMOjyBame Ha
JoMakuHCTBa MpB mat e ynorpedeH Bo [loprimana. Ce reHepupaar okony 1,100 meraBatn oOHOBIMBA
eHepruja, Co HarojyBame Ha OKoyTy 150 TOMOBH U BO TEKOT Ha HAPETHUTE JIBE JICIICHUU € TIPecMeTaHa
3amiTesia 0Jf OKOJy 2 MUJIMOHH Jtojiapy. JIOMONHUTEIHA MPETHOCT € IITO MOXAT Jia Ce HAMojyBaat co
CTpyja yJIMYHM CBETJIa CO HHMBHa momorl. Brpodyem ucrtamupanute chepHu nepku (TypOMHH) ce
W3TPaJIeHu O/ MaTepHjalld CO 11Tl 3a 3alTUTA U He3arayBamke Ha OKOJINHATA .

Co momoll Ha TOPEHABEJCHUTE HWHOBAIMU CE MPEABHIYBaaT 3allTeJd Ha eJICKTpHYHATA
eHepruja W cropeja oOBpckara koja ja uma P. Makenonuja 3a morosiemMa NMpUMeHa Ha €HepreTckaTta
e()MKaCHOCT KaKO MOTIMCHUK HAa ATHHCKHOT MEMOPAaHAyM, NMPEIBUICHHUTE 3allTeJX Ha EHEpruja
n3HecyBaatr HajMaiky 9% g0 2018 rogumaa wmm okomy 1710 GWh, ogrocHO 1% TOAMITHO HUBO.
MUHHCTEPCTBOTO 3a ekoHOMHja u3roTBu M CTpaTerdja 3a yHampeAyBambe Ha CHEPreTcKarta
epukacHocT Bo PenyOnnka Makenonuja 1o 2020 roj. 1 AKIIMOHEH IUIaH 3a €HEpPreTcka ehukacHocT,
co mto Tpebda 1a ce 00e30enu morojemMa NMPUMeHa Ha OBOj KOHIISTIT.
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EFFECT THAT FLY ASH CAUSE AND THE IMPORTANCE OF FILTRATION
TECHNOLOGY USED IN COAL BURNING POWER PLANTS

Abstract

The utilization of fly ash in concrete as partial replacement of cement is gaining immense
importance today, mainly on account of the improvements in the longterm durability of concrete
combined with ecological benefits. Technological improvements in thermal power plant operations
and fly ash collection systems have resulted in improving the consistency of fly ash. The most used
are electrostatic precipitators (ESP) or electro filters thatremove flying ashes and fine particles from
the flue gas in thermal power plants, before passing the gas into the chimney. Maximum allowable
value of dust is 50 mg/mand it requires that the efficiency of the ESPs better than 99%,
which calls for an increase of active surface of the electrodes, hence increasing the filter volume
and the weight of steel used for the filter. The high efficiency of electrostatic precipitator is
essential for the struggle with the fly ash in Macedonia. In this paper we discuss about todays fly ash
concentration status in Macedonia, compared with some countries which have similar heavy metals
problems. Furthermore, a short overview is given to the future filtration technologies, which can
precisely reduce the fly ash output from the coal thermal power plants. In this way productive
discussion can be initialized for improving the filtration technologies in the Macedonian thermal
power plant.

Key words: fly ash, filter, electrostatic precipitators
1 INTRODUCTION

The bulk of electricity we are using today is produced by fossil fuels. We are quite awarewith theside
effects from coal burning power plants. Many health issues are caused by fly ash as a result of that it
is vitally important what kind of filtration technology in coal burning power plantsis introduced.
There are many different types of filters that are used today. The efficiency factor is different,and it
depends onmany factors.

The main product from the thermal power plants is the coal flash, which is 80% of fly ash. Arsenic is
one of the most common, and most dangerous, pollutants from coal ash. The EPA (Environmental
Protection Agency) found that living near ash ponds increases the risk of healthdamage from
cadmium, lead, and other toxic metals.

In this paper will be given a short review of today’s filtration technologies used in coal thermal power
plants and statistics of fly ash particles in Macedonia. As we are all aware of the negative fly ash
effects onour health, the first step is to compare the heavy metals concentrated in the fly ash for
Macedonia and in some othercountries.

Furthermore, we concludedthat a better solution is needed for to struggle with the coal thermal power
plant fly ash distribution and for that reason we willgive anoverview of the filtration technologies
function, their importance and future possibilities.




2 FLY ASH DISTRIBUTION

The fly ash produced from the burning of pulverized coal in a coal-fired boiler is a fine-grained,
powdery particulate material that is carried off in the flue gas and usually collected from the flue gas
by means of electrostatic precipitators, baghouses, or mechanical collection devices such as
cyclones.In general, there are three types of coal-fired boiler furnaces used in the electric utility
industry. They are referred to as dry-bottom boilers, wet-bottom boilers, and cyclone furnaces. The
most common type of coal burning furnace is the dry-bottom furnace.

The fly ash by itself is a part of coal ash, which contains heavy metals including arsenic, lead,
mercury, cadmium, chromium and selenium, as well as aluminum, antimony, barium, beryllium,
boron, chlorine, cobalt, manganese, molybdenum, nickel, thallium, vanadium, and zinc. If eaten,
drunk or inhaled, these toxicants can cause cancer and nervous system impacts such as cognitive
deficits, developmental delays and behavioral problems.More than a third of the ash is disposed in dry
landfills, frequently at the power plant where the coal was burned. [1]

A recent study published in International Journal of Engineering Science and Technology (IJEST)
shows precise investigation for select metal content of fly ash from thermal power plant in Macedonia
and compared it to the data available with coal fly ashes from mother countries. It was also
determined the values from CEC and AEC, Electrical conductivity, Organic carbon, Cation exchange
capacity and specific gravity, given as data, are important for reuse on coal ash. According to ASTM
C 618, two major classes of fly ash are classified on the basis of their chemical composition resulting
from the type of coal burned in thermal power plants. It can be classified as Class F produced from
burning of bituminous and anthracite coal. It has CaO less than 10%. Class C is generally produced
from burning of sub bituminous or lignite coal. It has CaO greater than 10%.

3 HIGHLITED RESULTS FROM THEINTERNATIONAL JOURNAL OF
EGINEERINGSCIENCE AND TECHNOLOGY STUDY

For the given research four samples from REK Bitola had been taken. The fly ash samples had been
light in colour and irregularly shaped. The method used for analysis of heavy metals had been AES-
ICP. The oxygens shown in Fig.1 are represented in percentage, while the results shown in Fig.2 are
represented in ppm value.
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Fig.1 Distribution of oxides in fly ash samples from termal power plant of Macedonia

Fig.1 shows that the concentration of oxides is nearly identical in all 4 samples.Trace elements in
coal fly ash have been discussed extensively [Adriano (2002)] [Earyet. Al.(1990)] [Swaine
(1990)(1997)] and their presence is an environmental concern [Hansen et al 2002]. The trace
elements in coal ashneedtobedeterminedandassessedforpotencialeffects[Giereet.Al.(2003)].[3]
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Fig.2. Distribution of trace elements in fly ash samples from termal power plant of Macedonia

Fig. 2 shows that the content of trace elements in all samples is almost identical with the exception of
strontium content in which there are small deviations in the lowest value 471 ppm in sample 1 and the
highest value 993 ppm in sample 4.[3]

Table 1 — A comparison given between concentration of heavy metals in coal fly ash in Macedonia
and concentration of these metals in coal fly ash of Spain, Greece, India, Filipini and UK, given in
literatures [FytianosK et.al. ( 1998)] [LorensJF,et.al. (2001)], [Liao HC,et.al. (1999)] [Wadge A, et.al.
(1986)]

Macedonia | Spain | Greece | India | Philippines | UK
ppm

Cr 93-114 134.2 110-160 145.75 6-49 nd
Zn 163-191 221.3 59.6 69.00 23-138 nd
Cu 61-80 71.8 31.8-62.8 83.63 22-34 nd
Pb 43-50 52 123-143 54.50 8-22 17-176
Ni 58-68 87.9 Nd 56.50 6-50 nd
Co 22-26 29.2 Nd 16.88 6-25 nd
Cd 0.9-1.4 Nd Nd Nd <1 0.13-0.82
As 6-14 Nd Nd Nd 8.4-41.8 40-205

Table 2 shows that the concentration of As in the fly ash from thermal power plant in Macedonia is
lower than the contents of this element in the fly ash in thermal power plants of Philippines and UK.

[3]

3.1 Another statistics source: Ministry of Environment and Physical Planning

In the Table 2 we can see the total amount of heavy metals produced by different sectors in
Macedonian environment. The table shows that the heavy metals are the most concentrated in the
energy sector, which correlates with the statistics from above. This is why fly ash question is
important topic in our country.




Table 2 - T-02.05.2: Air pollutants by SNAP sectors (SNAP - Selected Nomenclature for Air Pollution) for

2011[2]
in tonnes
SO, NOy CO TSP NMVOC NH;3
Total Non-methane
Sectors Sulphur Nitrogen Carbon suspended volatileorganic  Ammonia
dioxide oxides monoxide particulate 3
matters compounds
Total 89,39 35,07 65,90 20,63 27,48 10,81
Combustion in energy
and transformation 83,86 19,28 3,38 11,16 0,10 0,00
industries
Non-industrial
Combustion in
manufacturing industry 2,99 2,29 4,29 0,50 0,38 0,00
Production processes 0,06 0,03 0,14 6,98 1,03 0,00
Extraction and
distribution of fossil
fuels and geothermal 0,00 0,02 0,00 0,00 5,61 }
energy
Solvent and other
product use 0,00 0,00 0,00 0,00 5,27 0,00
Road transport 0,01 11,25 21,15 0,51 4,38 0,29
Other mobile sources
Waste treatment 0,00 0,00 0,00 0,02 0,11 0,02
Agriculture 0,00 0,37 0,00 0,00 4,07 10,47

4 FILTRATION TECHNOLOGIES USED TODAY

The most used are electrostatic precipitators (ESP) or electro filters remove flying ashes and fine
particles from the flue gas in thermal power plants, before passing the gas into the chimney.
Maximum allowable value of dust is 50 mg/m? and it requires that the efficiency of the ESPs better
than 99%, which calls for an increase of active surface of the electrodes, hence increasing the filter
volume and the weight of steel used for the filter. In previous decades, electrostatic precipitators in
thermal power plants were fed by thyristor controlled, single-phase fed devices having a high degree
of reliability, but with a relatively low collection efficiency, hence requiring large effective surface
of the collection plates and a large weight of steel construction in order to achieve the prescribed
emission limits. Collection efficiency and energy efficiency of the electrostatic precipitator can be
increased by applying high frequency high voltage power supply (HF HV). High frequency power
supply is proven to reduce emission two times in controlled conditions while increasing energy
efficiency of the precipitator, compared to the conventional thyristor controlled 50 Hz supply. The
equipment comprising HF HV supplies are the best solution for new ESP installations, as well as for
the reconstruction of existing facilities.

4.1 ESP-Electrostatic precipitators

ESP are used for removal of ultrafine dust particles from flue gas. The most frequent use is the
removal of tiny particles of flying ashes in thermal power plants. In order to achieve this, it is
necessary for the flue gas to move in the horizontal direction through a strong electric field
established between sets of large, parallel electrode plates. The distance between the plates ranges




from 300 mm to 500 mm. The plates extend vertically and along the gas flow. The positively charged
electrodes are grounded,while the negative ones are connectedto the DC voltage source ranging from
50 kV to 100 kV. The negatively charged electrodes have a number of spikes or small diameter wire,
which contributes to corona and creates large amount of ions. The current density, due to the corona
discharge reaches 1 mA/m? and it affects a great deal the precipitation and dust collection. Dust
particles are being charged by means of diffusion and the field effect and they move towards
positively charged electrode, where they are collected. Therefore, the negative electrode is also
called the emission plate, while the positive, grounded electrode is also called the colleting plate.
Particle migration speed towards the collecting plate is one of most significant parameters of
electrofilters. The collecting electrodes are periodically shaken off, i.e. rapped. The rapping process is
performed by means of the spinning hammers which periodically knock on the electrode supports
and cause mechanical vibration which helps detaching the dust layer deposits from the plates.
The ash being removed during rapping falls into the V-shaped hoppers, located below the
ESP chamber. From there, the dust and ashes are transported further by means of water or pressurized
air. For the sake of an efficient dust removal, each ESP has at least three series connected
sections. The flue gas enters the ESP through the entry section, and then passes through one
or more middle sections. Upon leaving these sections, the flue gas passes through the exit
section. By passing through the sequence of the serially connected sections the precipitation
efficiency (i.e. filtering efficiency) reaches 99.9%. With this efficiency and with every cubic
meter of gas leaving the boiler and entering the ESP with 50 g of flying ashes, the gas leaving
the electrofilter and entering into the chimney may have the total of 50 mg of dust per every cubic
meter of gas. In order to create the electric field and the corona discharge current, the electrodes
should be connected with a controllable DC voltage source which provides voltages from 50 kV
to 100 kV. Considering the fact that sparks often occur between the electrodes and the electric
arc occasionally appears, the source is exposed to periodic short circuit conditions. In the event of
arcing, it is necessary to switch off the power supply for an interval of time so as to allow for
recombination or removal of charged particles created by the arc.

Premature voltage rise will find residues of conductive, ionized gas between the plates, re-
entering hence the short circuit condition. After reestablishing of the dielectric strength of the gas,
the voltage between the plates may be increased and the precipitation process may continue. The
required DC current depends on the surface of the plates. It is necessary to provide the current of 1mA
for every square meter of the electrode surface. Hence, an electrofilter with 10000 m?requires current
of 10 A. The ESP power supply and controls are traditionally based on one pair of
antiparallelthyristors which alter the amplitude of the primary AC voltage. Theprimary supply
is usually singlephase, 400 VV 50 Hz. By changing the firing angle, the voltage is being changed in
the range from 0 to 400 V and brought to the primary of the line frequency power transformer
whosesecondary voltage reaches 45 kV to 90 kV (Fig. 3). The high voltage rectifier made out of the
great number of series connected diodes is placed in the oil-filled container, along with the
transformer itself. The transformer and the diode rectifier are denoted as T/R, Transformer — Rectifier
set. One T/R set provides the DC output voltages from 50 kV to 100 kV and currents from 1 A
to 2 A. The supply of larger filter section is achieved by putting several T/R units in parallel.

Phase control thyristors Linear inductor
) HV transformer HWV rectifier
o—1" YN
~ 400 [V1, |
50 [Hz]

_}' —_—
Electrostatic
precipitator
Primary current Primary voltage| mA signal
DIGITAL VOLTAGE CONTROLLER — - —
ETF-2005 kV signal

Fig.3 The electric scheme of thyristor T/R unit[4]




This kind of electicfilter has several disadvantages such as: high reactive and distortion power losses,
rapid collecting plates erosion caused by high spark energy as a result of that it is difficult to de-dust
them so the inner ash layers are permanently retained and fused.[5][6]

4.2 Electric-filter with HF power supply

Power transformer with high frequency rectifier on the high voltage secondary side is used as a power
supply. This transformer is similar to standard thyristor supply. The difference is that instead
antiparallel thyristors the HF supply uses an IGBT converter which supplies the primary of the
transformer with 5kHz-20kHz AC voltage (Fig.4). The transformer handles the same primary and
secondary voltage roughly the same as those encounteres in a T/R set, but it operates at higher
frequencies. This HF transformer has significantly lower dimensions and weight than the line
frequency transformer. Its core is made of ferrite materials. The HV diode rectifier receives HF high
voltage and provides a DC voltage across the plates. Due to a high operating frequency, the voltage
ripple is significantly reduced. Therefore, it is possible to achieve much higher average
voltagesand increased current density and hence improve the ESP efficiency.The problems
encountered in the HF electrofilter supply exploitation are frequently reflected in (i) the
breakdown of semiconductor power switches in the primary circuit, (ii) secondary circuit
insulation breakdown or (iii) theproblems of EM noise and control.[4]

W
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Fig.4 The electric scheme of HF HV ESP power supply
5 CONSLUSION

In conclusion we can say that despite high level of efficiency that electrostatic precipitators have,
much higher level we will have if HFHV are applied instead of ordinary electrostatic precipitators. In
this way the particle emission will be diminished by twice than before. This HF equipment is five
times lighter than conventional T/R 50Hz units, also the price of this equipment is lower than the
equivalent thyristor-controlled T/R units, according to this the necessary surface and the quantity of
steel built into a new ESP will be reduced by using HF units. If this problems are solved that means
there will be less fly ash that we will inhale.An increasingly large number of studies show clear links
between inhaled coal ash and adverse health outcomes, the more efficient the filter is the less fly ash
there will be to be inhaled, as a result of that the number of people who suffer from fly ash will be
reduced.
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ASSESSMENT OF RESIDENTIAL HEATING DEMAND IN THE
MUNICIPALITY OF KARPOSH

ABSTRACT

As part of the activities in the Horizon 2020 project “Market uptake of small modular renewable
district heating and cooling grids for communities — CoolHeating”, a survey of the citizens of Karposh
has been conducted in order to assess the heating demand. This paper presents the results which were
obtained from the survey. They include information on the building stock characteristics, utilized
fuels and heating systems, as well as annual heating consumption and the related annual expenses. It
can be concluded that the proposed methodology gives a decent estimation of the heating demand in
the absence of measured data.

Kayunu 360oposu: district heating, renewable energy sources

1 INTRODUCTION

The acknowledgement of the threat that climate change poses to humankind has resulted in
significant efforts for renewable energy deployment and energy efficiency measures. Most recently,
the Paris Agreement [1] stands as a testament of its signatories’ intentions to keep the increase of
global average temperature bellow 2°C above pre-industrial levels. To achieve this goal, however, the
identification of key focus sectors is of substantial importance. The heating and cooling sector
accounts for half of Europe’s energy consumption and 75% of it is produced by the utilization of
fossil fuels [2]. Moreover, the residential sector is most energy intensive as it consumes almost half of
this energy. Although commonly overlooked, the heating and cooling sector may play an important
role in the further deployment of renewable energy sources (RES). A study of the Danish energy
systems [3], for instance, has shown how district heating aids the achievement of a 100% renewable
energy system.

Relevant literature provides various methods for heat assessment. As shown in [4], for instance,
the energy rating of a building is either obtained by calculation and estimation or by measurements. In
[5] the authors have chosen a statistical approach by collecting measurements from 120 Italian
schools. Similarly, a statistical approach was chosen in [6] where relationships between a building’s
age and the geometric characteristics are explored.
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In Macedonia’s case, although representing a relatively small share of the total national
greenhouse gas emissions [7], the residential sector accounts for almost a third of the total energy
consumption [8]. The low efficiencies of individual logwood stoves and the emphasized usage of
electric heaters only add to this effect. Consequently, renewable district heating systems may prove to
be a suitable replacement for the current inefficient heating solutions. For these systems to be
applicable to a certain case, numerous indicators have to be inspected.

This paper deals with the assessment of heating demand, as well as the building stock traits in the
Municipality of Karposh. In the absence of measurements, the authors of this paper have analyzed the
data obtained from a field survey, conducted as part of the activities in the Horizon 2020 project
“Market uptake of small modular renewable district heating and cooling grids for communities —
CoolHeating”. The results have shown that the proposed methodology is a simple, yet an efficient
way to estimate the heating demand of a municipality in the absence of measurement data. They also
point out the most energy intensive categories of residential building. Beside the assessment of the
heating demand in the municipality, the survey allowed the citizens of Kaprosh to get acquainted with
the small modular renewable district heating and cooling systems.

2 METHODOLOGY

To obtain a thorough understanding of the heating demand in a municipality a survey is
conducted. The total number of surveys is distributed equally among all local communities. This
approach gives a regional insight of the data.

The questions are structed in such a manner that three topics are taken into account. First and
foremost, a group of questions deals with the information on the building stock. These questions
concern information such as floor area, building period, insulation etc. The second group of questions
is related to information on the heating systems in the households and fuels used for heating purposes.
The third group of questions is related to the number of heated and cooled rooms in a certain
household, heating period, annual consumption of energy and annual expenses for heating.

The information on annual heat consumption has been separately categorized for houses and
apartments. Each of these categories consists of three subcategories which divide the building stock
with respect to their build period — before 1980, 1980 — 2000 and after 2000. All data has been
converted to kWh if obtained otherwise.

For the case of electricity, if the annual expenses are provided, the estimated heat consumption is
calculated with the equation:

E.=Alc, 1)
where:
Ae — annual heating expenses for electricity (MKD)
Ce — unit price of electricity (kWh/MKD)

The annual energy consumption of households connected to a district heating system is
calculated as follows:

E,=A/c, )
where:
Aq — annual heating expenses for electricity (MKD)
Cd4 — unit price of heat from district heating sector (kwWh/MKD)

This is also the case with households using logwood or pellets. Consequently, a unit conversion
is conducted according to (3).

E, = ghkV, ®3)

where:




g — specific density of fuel (kg/m?)
h — energy content of fuel (MJ/kg)

k — conversion constant (kWh/MJ)

Heating expenses are provided as annual or monthly values. If the latter is the case, the data on
annual heating expenses are obtained by multiplying the monthly expenses with the heating period.
Then, the data is sorted and an inverse demand curve is formed.

3 CASE STUDY — MUNICIPALITY OF KARPOSH

The Municipality of Karposh is located in the western part of Skopje, the capital of the Republic
of Macedonia, and is a regional pioneering municipality in the field of energy efficiency. According
to the data from the State Statistical Office the number of residents in Karposh in 2015 had been
60,625. Karposh is regionally divided into 14 local communities.

The survey process was carried out as follows. An equal share of 50 surveys were distributed to
pre-trained surveyors from each local community resulting in 700 hard copy surveys. Additionally, an
online survey was created and published on the official websites of the municipality and the
CoolHeating project. Cumulatively, 739 surveys were obtained from the hard copy and online survey.

4 RESULTS
The project’s questionnaire consisted of 27 questions divided into five categories. For the
purpose of this paper, however, only the data obtained from certain questions of categories 1 — 3 are

relevant.

4.1 Information on building stock

When addressing the topic of types of dwellings in Karposh, it appears that the percentage of
houses (56%) is only slightly higher than the percentage of apartments (44%). However, each of the
local communities in the municipality has a distinct house/apartment ratio. The information on the
types of dwellings in each local community in Karposh is given in Figure 1. It can be therefore
expected that the heating system used in each local community would differ as a result of the variance

of this ratio.

Types of dwellings in local communities

10 House

0
. . Apartment

Figure 1. Types of dwellings in local communities

The dwellings in Karposh have mostly been built in the period 1960 - 1980. It should be
addressed that there is a difference in the construction technology in buildings before and after the
earthquake in 1963. Just above 150 of the surveyed citizens had their dwellings built in the time frame
of 1960 - 1980. Figure 2 shows that this generalization does not, however, apply to the case of




Bardovci, Vlae 2 and Nerezi, as the majority of the surveyed citizens from these local communities
stated having their dwellings build after 1980.
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Figure 2. Build period of dwellings in local communities

Regarding insulation, the results show that only 39%, i.e. 273 households of all that had been
surveyed have some outer wall insulation. The specific thickness of the outer wall insulation was
known by 88% of them. The majority of dwellings have an outer wall insulation with thickness less or

equal to 5 cm.

4.2 Information on heating systems

In order to achieve a practical categorization of the heating systems, four different groups of
systems were provided as possible answers: district heating system, centralized system on
apartment/building level, individual stoves or electric heaters and other heating systems.
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Figure 3. Types of heating systems in local communities in the Municipality of Karposh

Figure 3 shows the heating solutions in each of the local communities. It can be concluded that
dwellings in most of the communities tend to use individual stoves and electric heaters. Additionally,
the trend of using district heating systems in Karposh 1 — 4 is also evident, although experience has
shown that many apartments in these communities have disconnected from the district heating
systems in the past. Bardovci is the only local community which surveyed residents stated that they
live in houses. Along with Zlokukjani, they are the only local communities whose resident are not

using district heating.

Figure 4 depicts the predominant use of electricity as a heating source for floor heating. The low price
of electricity incentivizes this approach. Another energy source commonly used for heating is
logwood. Only 2% of households, however, use pellets - an energy source which may substitute
logwood in the future. The absence of a gas network prevents the use of natural gas.
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Figure 4. Energy sources used for heating in the Municipality of Karposh

4.3 Information on heat consumption

Knowing the annual heat consumption of dwellings is crucial in the process of mapping the
heating demand of a certain municipality. All of the data on fuel consumption that has been obtained
from the survey has been converted to kWh allowing for Table 1 to be created. The table shows the
share of dwellings which belong to a certain category and the related heat consumption. For instance,
out of all the surveyed households, 30.6% had been houses built before 1980 and they account for
39% of the total residential heat consumption in the Municipality of Karposh. The results on annual
heat consumption per square meter indicate that dwellings older than 1980 are more energy
demanding. This is a consequence of insufficient insulation and large share of old wooden windows
which are present in older dwellings. As a result of the refurbishments made to the dwellings built
during 1980 — 2000, their annual heat consumption per square meter is lower than those built after
2000.

Table 1. Annual heat consumption of dwellings in Karposh

Build period Building stock consl-tl?:;tion Heat consumption
share (%) (%) (kwWh/m2/year)

<1980 33.6 27 148.7

Apartments 1980 - 2000 5.7 5 123.4
> 2000 4.4 4 125.1

<1980 30.6 39 126.7

Houses 1980 - 2000 17.3 22 102.9

> 2000 7.9 4 108.9

A group of questions from the survey which have not explicitly been analyzed in this paper,
concern public opinion on small renewable district heating and cooling grids. Nevertheless, they
imply that the annual heating expenses play a significant role when choosing a heating system. The
annual heating expenses of the surveyed citizens are depicted on Figure 5 in the form of an inverse
demand curve. This curve may be approximated by the polynomial function of fourth order (4) which
is depicted with red dots.

f(x)=0.0001x" - 0.0322x* +2.7184x" -98.918x+1867.7 4)
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Figure 5. Sorted annual heating expenses of households in the Municipality of Karposh

5 CONCLUSIONS

This paper gives an overview of heating demand and its related indicators in the Municipality of
Karposh. The results have been obtained from a field and online survey.

The house/apartment ratio had been addressed in all local communities in Karposh. Most of the
dwellings have been built in the period of 1960-1980, while refurbishments were mostly made to
dwellings build during 1980 - 2000. A deficiency of outer wall and roof insulation have been
recognized. This is considered an area where future improvement should take place.

It can be concluded that electricity is the dominant heating source. This is due to the low price of
electricity in the Republic of Macedonia. Individual stoves represent a large share of the heating
system solutions.

The heat consumption data has been estimated for different categories. In addition, it has been
shown that houses older than 1980 have a higher heat consumption per square meter. The dwellings
built during 1980 — 2000 have lower annual heat consumption per square meter build after 2000.
Additionally, the annual expenses for heating purposes have been collected, sorted and approximated
by a polynomial function.

Further research may use these results for modeling the heating demand and various scenarios of
renewable energy implementation in the heating sector.
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ITPABHA PEI'YJIATUBA O/l OBJIACTA HA EHEPITETCKATA
E®PUKACHOCT BO PEIYBJIMKA MAKEJIOHUJA

KYCA COJP)KHHA

PerryOnmka MakeqoHdja Kako 3eMja-KaHIWAAT 32 WIEHCTBO BO EBporickara VYHHja u
motnucHUYKa Ha JloroBopoT 3a ocHoBamke Ha FEHeprercka 3aemHuila, mmMa oOBpCKa Ja TH
nMmIuieMentupa upexktuBute u Perynarusure nonecenu on EBpomnckuot [lapmament u CoBeToT Ha
EBporickara Yaumja. JlupextuBara 3a eneprercka epukacHoct 2012/27/EC BocnocTaByBa 3aeIHUYKA
paMKa 3a yHaIpeIyBame Ha CHeprerckara e(puKacHOCT BO paMkuTe Ha EBporckata YHHja mpeky
BOBCAYyBalb€¢ HAa HWHAWKATHBHU HAIMOHAJIHU KBOTHU (HCHI/I) U MCPKHU U IIporpaMu 3a CHCPreTCKa
e(uKacHOCT 3a HUBHA peanu3alyja.

Bo oBoj Tpym ke Oummar pa3paboTeHHM CTpaTeIIKWTE IpaBHU JOKyMEHTH of oOjacrta Ha
eHepreTckara epukacHocT Bo PenyOnuka MakegoHja KO HMaar 3a el eHepreTcKu 3amTeau ox 9%
BO CHTE CEKTOPH, BO cIiopenda co MmpoceyHara MoTpoLTyBadka 3a0eiekaHa BO MEeTTOAUIIHHOT TIEPHO
oxn 2002 mo 2006 romuHa. 3a peanu3aija Ha YTBPJSHUTE WHIUKATHUBHH €T BO HAIMOHATHHUTE
CTpaTerum ke OMaaT Mpe3eHTUpaHU MEPKUTE 3a eHepreTcka eUKacHOCT KOM K€ ce MMILIEMEHTHpaar
BO CEKOj OJI CEKTOPHUTE: Pe3HJICHIMjalicH, KOMEPIHjaJiecH U YCIYXKEH, UHIYCTPUCKH U TPaHCIOPT.
[IpenBunennte BpeqHOCTH 3a (QUHATHA TOTpolTyBauka Ha eHepruja g0 2020 roamHa of
HAIlMOHAJIHUTE JIOKYMEHTH Ke OuAaT CIOpEAeHHM CO peaIn3MpaHuTe BPEIHOCTH 3a (uHaIHATa
noTpouryBauka Ha erepruja 10 2014 roauHa, co mTO K& ce OJpean MOXKHOCTA 33 JOCTHTHYBambe Ha
IoCTaBeHaTa eHepreTcka 3amTeaa o1 9%.

Kayunu 300poBu: enepeemcka egurxacnocm, enepeemcka 3aumeoa, QuHATHA NOMPOULYEAUKA
Ha eHepauja, MepKu 3a eHepeemcKa eqpuKacHocm

1 JAOI'OBOP 3A OCHOBAILE HA EHEPI'ETCKA 3AEJHULIA

HoroBopor 3a ocHoBame Ha EHeprercka 3aenuuua € goHeceH 2006 roauHa W HUCTUOT
MPETCTaByBa NMPAaBHO OOBP3yBAaYKH JOKYMEHT KOj Ha 3€MjUTe MOTIMCHUYKH MM Jaje 3Ha4YeHme Ha
3akoHCKa 00Bpcka. Co JloroBopoT nmoTnucHUYKHTE cTpanu ¢popmupaat Eneprercka 3aeaHuIa Koja ke
M OpraHM3Mpa OJHOCHUTE IOMEly MOTIHUCHHUIWTE Taka IITO KE CO3/aJ€ E€AMHCTBEHA IpPaBHA U
peryinaTtopHa paMKa 3a Ia3apuTe Ha €Hepruja Koja ce TPaHCIOPTHPA BO OBP3aHU €HEPTEeTCKU MPEXKHU
(emexTpuuHa eHepruja W MpHUpPOAeH Tac). EHeprerckara 3aemaHuila K€ TH CIPOBEAE COOJBETHATA
JIETUCIIATHBA, MIPUHIUINTE Ha paboTa M MOIMTHKHUTE, BOJECJKU MPUTOA CMETKA M 3a CHeHU(UIHUTE
OKOJIHOCTH Kaj cekoja o crpanute [1]. Haj3nauajna aktuBHOCT Ha EHeprerckarta 3aeqHuna ke Oune:

MMIUIEMEHTAI’ja 0J1 CTpaHa Ha JloroBopHHTE CTpaHM Ha acquis communautaire 3a eHepruja, >k UBOTHa
CpearHa, KOHKypEeHIMja 1 OOHOBIIMBU PECYPCH, MPUIIATOJCHO U Ha HHCTUTYIIMOHAIHATA paMKa Ha
Eneprerckara 3aeqHuna u Ha crieliuUIHaTa CUTYalllja Ha
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- cekoja on J[loroopuure crpanu (wieH 3 ox JloroBopor 3a ocHoBame Ha EHeprercka
3aeaHHIIA).

1.1 JupexTuBa 3a eHeprercka epuxacunoct 2012/27/EC

Esponickuor ITapnament u CoBeror Ha EBponckara YHuja Ha 25 okromBpu 2012 roawHa ja
noHece JlupektuBata 3a eHeprercka edukacHocT 2012/27/EC, co equHCTBEHA 1€ - HaMallyBamke Ha
MOTpOIIyBaykaTa Ha npumMapHaTa eHepruja ox 20% mo 2020 roguna, cmopeneHo co pedepeHTHaTa
1990 romumua mpeky 3rojieMyBame Ha eHeprerckara eduracHoct [2]. Co HMILIEMEHTHpame Ha
HupextuBata 3a EE, noroBopaute cTpaHu ce oOBp3yBaar jAa MMOCTaBaT WHAWKATHBHU HALMOHAITHU
KBOTH, MOJIETIH M TIpoTpaMu 3a eHepreTrcka epukacHoct.Hajznauajun mepku 3a EE xou ru BoBemyBa
HupekrtuBara 3a EE ce:
- peHOBUpame o7 HajManky 3% Ha 3rpaJuTe BO CONMCTBEHOCT WM W3HAjMEHU OJ] OpPraHUTe Ha
LIEHTpaJIHATa BJIACT BO TEKOT HA €/1HA FOUHA,

- BO TIpOCTamnkaTa 3a jaBHM Ha0aBKM na OugaT m30paHW MPOW3BOAM, YCIYTH WM 3Tpamd Co
HajBHCOKA EHEpreTcKa eUKacHOCT,

- 03HauyBam€ Ha MOTPOLIYBAayKaTa Ha CHEPruja U APYTUTe pecypcu Ha MPOU3BOAH,

- HamalyBame Ha KOJIMYECTBOTO MCIOpayaHa €Hepruja KOH KpajHUTE moTpoiryBaud 3a 1,5%
TOJIMIITHO,

- IOCTamnKa 3a eHereTcka KOHTPOJIa Ha CEKOU 4 TOJMHH,

- W3TOTBYBame Ha AKIIMOHH IUIAHOBH 3a €HepreTcKa e()UKaCHOCT Ha CEKOU 3 TOJMHHM, UTH.

PoxoT 3a TpaHcnioHupame Ha oapendoute on Jupekrupara 3a EE on crpaHa Ha JOTOBOPHHTE CTpaHH
oeme 5 jyau 2014 romuna. MeryTtoa, 10 TOj naTym, coriacHo M3Bemrtajotr Ha EBporickaTa komucuja
3a UMIUIeMeHTanujata Ha JupektuBata 3a EE on crpana Ha 3emjute uienku Ha EY [3], muory oxn
3eMjuUTe WICHKH HE ja TpaHCIOHHMpaje HeNocHO JlMpeKTWBaTa BO HALMOHAIHOTO 3aKOHOIABCTBO.
CoouyBajku ce co MpeaMOMIIMO3HUTE LIENX 32 3allTe[a Ha eHepruja, ocTaBeHu co JlupexTrBara 3a
EE, EBponckuor mapnament u Coseror Ha EY nonece Omnmyka co Koja ro MpOAOJDKH POKOT 3a
uMmIieMeHTupame Ha J{upexktuBara 3a EE no 15 oxtomepu 2017 roguna [4]. Ox 3emjute dneHKH Ha
EBpornckara Yuuja epuncrBeno Kumap, [ancka, Uranmja, Manra u IlIBeacka ja mMaaT menocHO
TpancnonupaHo [upekxtusara 3a EE. Ha cnukara xoja cinenyBa mogoiy € NpUKakaH CTaTyCOT Ha
MPOLIECOT Ha TpaHCoHUpame Ha JupextuBara 3a EE nmocturnar no anpwi 2015 roguna Bo 3emjute-
KaHauaaTy 3a wienkn Ha EY u JloroBopru ctpann Ha JloroBopot 3a Exeprercka 3aeauuiia [5].
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Ciuka 1. UMniemenTHpame Ha JMpeKTHBATA 32 eHepreTcka e(puMKACHOCT 0/I CTPaHA HA 10TOBOPHHUTE
CTpaHu

2 HAIIMOHAJIHO 3AKOHOJABCTBO BO OBJIACTA HA EHEPI'ETCKA
E®PUKACHOCT BO PEIYBJIMKA MAKE/IOHUJA

HajBaxHuTe CTpaTemKy JOKyMEHTH O] o0jlacTa Ha €HepreTHKaTa, JOHECeHH on Bramarta Ha
PemryOnka Makenonwja, ce:

- Crpareruja 3a pa3Boj Ha eHepreThkara Bo PemyOnuka Makemonuja no 2020 co Bu3mja 10
2030 roauna (,,Cimy>x0eH BecHUK Ha Penyonmka Makenonuja“ 6p. 61/2010),

- Crparernja 3a HCKOPHCTYBame€TO Ha OOHOBIMBUTE HM3BOPH HA €Hepruja Bo PemyOimka
Makenonnja no 2020 roauna (,,Ciry>x0en BecHuk Ha Perryb6nmka Makenonuja“ 6p. 125/2010)
u

- Crparernja 3a yHampeqyBame Ha eHeprercka epukacHoct Bo PemybOnmka Makegonuja mo
2020 roguna (,,Ciyx0eH BecHHK Ha Peny6bnmka Makenonuja“ Op. 143/2010).

3akoHoT 3a eHepreTuka (,,Ciyx0eH BecHHK Ha Pemybnuka Makemonuja™ 6p. 16/2011, 136/2011,
79/2013, 164/2013, 41/2014, 151/2014, 33/2015, 215/2015, 6/2016 u 53/2016) ja oapenyBa npaBHaTa
pamMKa BO KoOja ce pa3BWBa eHepreTckara epukacHocT Bo PemyOmmka Maxenonuja. CormacHo co
3akoHot, Brnanata noHecyBa Crtpareruja 3a eHeprercka e(hUKacHOCT KOja K€ T YTBPAU LECTUTE U
WHCTPYMEHTHUTE 32 3rojieMeHa eHepreTcka e(prKacHOCT U HAaUMHUTE 32 MOCTUTHYBamkh¢ Ha OBUE LIEIH.
3apagn cnpoBexayBame Ha CTparermjara 3a eHepreTcka edukacHocT Ha PemyOmmka MaxkenoHnwuja,
Bnagara ma PemyOmuka MakenoHdja, 1Mo Hpeuior OA MHHHUCTEPCTBOTO, HA CEKOM TPH TOAWHH,
JI0HeCyBa AKIIMOHEH IuTaH 3a eHeprercka edukacuoct (AIIEE). Vpen0OaTa 3a MHIMKATUBHU LIEJHU 32
3amTesa Ha eHepruja Bo Pemybnmka Makenonnja 1o 2018 ronrHa ja ogpeayBa eHepreTckara 3amreaa
BO BKyITHATa IMOTPOIIIyBavKa Ha (puHAIHA eHepruja Bo Pemybnuka Makenonuja no 2018 ronuHa, koja
Tpeba 1a u3zHecyBa 9% o] MpoceyHaTa roJuIlIHa MOTPOITyBayKa Ha (UHATHA eHepryja BO MEpUOIO0T
ox 2002 mo 2006 romuna [6]. 3a mocTUTHYBamb€ Ha MPEABHACHUTE LIEIH BO Y peadara, BO 3aKOHOT €
npe/BUIeHa IpUMeHa Ha MepkuTe Ha CTparerujara npexy:
- O3HauyBame Ha MOTPOIIyBaukaTa Ha CHEpruja M APYTHTE PECYpCH 3a MPOU3BOAMTE IITO
KOPHCTAT CHEePIHuja,

- BOACHE perucrap Ha W3MaJCHH TapaHIMU 3a IOTEKJIIOTO Ha eJIeKTpUYHAaTa eHepruja
Npou3Be/ieHa 0] BUCOKOS(HKACHH KOMOMHUPAHU MTOCTPOjKH,

- o0e30emyBame Ha cpejacTBaTa 3a (PMHAHCHCKATa TOJAJPIIKA HA MPOEKTH co 3roiemeHa EE
(Poun 3a EE),

- jocraByBame Ha nporpamiu 3a EE on crpaHa Ha eMHMIMTE Ha JIOKAJIHATA CAaMOYIIpaBa,

- eHeprerckara e(QHUKAacCHOCT Ha 3TPajHTe, TPAJIC)KHUTE CIUHHIM, YPEIUTe M MOCTPOJKUTE BO

jaBHUOT M IPUBATHUOT CEKTOP,

- MH(OPMAIMCKU CHCTEM 3a CIIEACHC M YNPaByBambe CO IMOTPOIIyBayKaTta Ha €HEpruja Kaj

€IMHUIINTE OJ1 JABHUOT CEKTOP,

- CIpOBellyBam€ Ha EHEPreTcka KOHpOoJa,

- o0e3benyBame Ha eHepreTcku yciyru (popmupame Ha ECKO) u ap.

2.1 Crpareruja 3a yHanpeayBame Ha eHepreTrcka epukacHoct Bo Penyo/nka
Maxkenonuja 10 2020 roguHa 1 AKIIHOHUTE MJIAHOBH 32 eHEPreTcKka euKaACHOCT

Ilenara na Crparterujata 3a yHampelyBame Ha eHeprercka edukacHocT BO PemyOnuka
Makenonrja (Bo moHaramomHuoT TekcT: Crpatermjata 3a EE) e npumeHnyBame Ha MEpKHTE 3a
eHepreTcka e(UKacHOCT, IPEKY YCBOjyBame U CIPOBEAYBak-€ Ha MPOrPaMu U MHULM]aTUBH KOU Tpe]
cé Ke ja Hamaiar 3aBUCHOCTa OJf YBO30T W Hee(UKACHOTO HCKOPUCTYBame Ha eHepruja.
Peanusupanute mepku Ha Crparerwjara 3a EE Ou crumynupane TpaHchopmalija Ha Ia3apor,
OJHOCHO 3roJieMeHa modapyBayka Ha TEXHOJIOTMH W YCIYT'H CO TIOrojieMa eHeprercka e(huKacHOCT U
coznaBambe Ha ECKO u xommnanun kou Ou 00e30enyBaie TakBa TexHojioruja u yciyra [4]. Kpajau
nenu Ha npuMenata Ha Ctparterujata 3a EE ce:

- 3ronemyBame Ha eHepreTcka eh)uKacHoCT;

- CurypHocT Ha CHaO/IyBamETO CO EHEPrHja;




- Jluep3udukaiyja Ha ©3BOPUTE HA CHEPTH]a;

- Kopucreme 00HOBIHMBH peCcypcH;

- Peannu 1nieHu 3a eHeprujara, CHEPreTCKU Ma3ap 1 pa3Boj Ha MPUBATHOTO MPETIPUEMAIIITBO;
- 3amTHTa Ha )KWUBOTHATA CPE/INHA.

Cropen Ctpareruja 3a pa3Boj Ha eHepreTukara Bo PermybOnka Makenonuja no 2030 roanHa, 6e3
WHTETpalyja Ha eHeprerckata e(UKacHOCT, NOTpOoIIyBaukara Ha eHepruja Bo PemyOimka
Maxkenonuja ke gocturae HuBo o1 2703 ktoe mo 2020 ronuna [7]. MefyToa, Penmyonnka Makenonuja,
Kako JIOTOBOpHA cTpaHa Ha JloroBopor 3a ocHoBame Ha EHeprercka 3aemHuiia, uMa oOBpcka 3a
eHeprercku 3amrean ox 9% nmo 2018 roaumHa, Bo cmopeaba cO MpocedHaTa IMOTPOIIyBavyKa
3a0enexaHa BO MeTroauInHuOT neproa ox 2002 mo 2006 roguna (1636 ktoe), mto e ennakso Ha 147
ktoe.

Bo Crpareruja 3a pa3Boj Ha eHeprerukata Bo PemyOmmka Makenonuja mo 2030 romuHa ce
TIpeJIOKEHH JIBE CIIEHAPHja 32 Pa3BOj HA €HEepreTHKaTa:

- OCHOBHO CIICHApHO H

- CIIEHapHO CO 3roJIeMEHH MEPKH Ha eHepreTcka euKacHOCT.

Bo TaGenata mozjoiy e mpukaxkaHa (pMHAJIHATA MOTPOIIYBayka Ha SHEPrHja BO CIEHApUO CO
3roleMeHH MepKH Ha eHepreTcka edukacHocT mpensuaeHo Bo CTpartermjata 3a pa3Boj Ha
eHepreTukara Bo Pery0Onnka MakenoHuja:

Tabena 1. duHa/IHA MOTPOLIYBAYKA HA eHEPrUja BO CLEHAPUOTO o 3rojieMeHu Mepku Ha EE

ktoe Y

2006 | 2007 | 2008 | 2009 | 2010 | 2011 [ 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 i n2
Hunyerpuja STR| 621 632| S533| 17| 570 603| 621] 640 658| 677 694) TI7| 7I7| 758 20 3,2
JlemakHHeTRA 609 ) 619 627 630| 633| 639 646]| 656| 66T| 679 693 TO&| TIS| TII| 745 1.5 24
Kand, 0y eiyweH 225 228 232 236| 239 244 249| 254 260| 264 270 275]| 28I 287 292 1.9 30,1
Coobpataj 34B| 353| 354 356| 354| 361| 368| 3B4| 403| 432 460| 489 517] Sd6] STS 3.7 65,2
3?:1];36750 30 30 30| 31| 3| 32| 33 37[ 39 41| 44| 48| s3[ so| e7[ s9| 1217
Heenepretein 29 29 29| 29] 29| 29| 29| 29| 29| 29| 29| 29| 29] 29] 29 0.0 0.0
BEYTIHO 1B18 | 1880 1905 1814 1803 | 1875 1928 1981 2037 | 2104 | 2172( 2244 | 2315] 2390 2466 2.2 356

Bo Crparernjara 3a eHeprercka e(pHUKacHOCT € MPEABHICH IMOTCHLHMjaJOT 32 EHEPreTCKH
3alTe/ BO PAMKHTE Ha BPEMEHCKHUTE MHTEPBAIH, MO CEKTOpH. Bo cieqnara Tabena e mpuKa)kaHa
eHeprerckara 3amrega Bo nepuoaot of 2010-2020 ronuna, no cektopu [8].

Ta6ena 2. [ToTeHnujaj 3a eHEPreTCKH 3aLITeId BO PAMKHATE HA BPEMEHCKUTE HHTEPBAJIH, 0 CEKTOPH

Euepre’rcku 3JAIUTENH 10 CEKTOPH {ktml

IZOJT 2018 | 2019 i"E]l"’{} !

| CexTopy | 2010 'zml 2012 2013 | 2014 Tz015 '2U16
| |
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!Pc-mﬂemm_iugmﬁ CERTOP | 233 ! 4,71 ! 7.63 11,4 i ;_5_?4 20,42

———————— :
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|
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i
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JupektuBara 3a eneprercka edukacuoct 2012/27/EC mamernyBa 00BpcKa 3a JOHECYBarbe Ha
AKIIMOHEH IIJIaH 3a €HepreTcka e(pUKAaCHOCT CO KOj Ke OMgaT MPETCTaBeHHW MEPKH 3a 3HAYUTEIIHO
nmoo0pyBame Ha eHepreTckara eUKacHOCT W OYeKyBaHA /WM OCTBapeHa 3allTe]a Ha CHEepruja,
BKITYYHTEIIHO OCTBAapeHAaTa 3allTe]la IPU CHAOIyBamETO, IPEHOCOT U JAUCTPUOYIIMjaTa HA €HEeprHja,
Kako U (MHAIHATA MMOTPOIIyBaukKa Ha CHEPrHja, 3apajyl MCIOJHYBamhe HA HAIMOHAIHUTE KBOTH 3a




eHeprercka edukacHoct. CoonBeTHO Ha uMITIeMeHTanjata Ha JupektmBata 3a EE BoO
HAIIMOHATHOTO 3aKOHOJaBCTBO, PemyOnnka MakenoHuja 10 cera MMa JOHECEHO JBa AKIMOHU IUIaHa
3a eHeprercka edpukacHoct, nmpBuoT Bo 2011 romuua (3a mepuomot ox 2010 mo 2012 roawna), a
BTOpHoT Bo 2013 roguna (3a nepuonot ox 2013 mo 2015 roguna).

Bropuot AIIEE e opueHTHpaH KOH €HEPreTCKUTE 3allTeId CO 3roJieMeHa MPUMEHa Ha MEPKUTE
3a eHeprercka epukacHoct 10 2018 roanHa u geuHUpa 1eNn 32 eHePreTCKH 3aIlITeu U IPOIHIITyBa
MEpKH M aKTHBHOCTH 32 TIOCTUTHYBamE Ha CPEAHOPOYHHTE HACOKW 3a €HEepreTcKy 3amrenn 3a 2015
roguHa. Bo Hero ce aHanm3upanu nocturHatute edextu Bo mepuonot ox 2010 go 2012 roauHa u
KaJe 1ITO € MOTPeOHO, PEBUANPAHH CE TEKOBHUTE MEPKH 3a €HepreTcka e(uKacHOCT U JeQHUHUPaHU
Ce HOBH CEKTOPCKH MEPKH 32 Jia Ce OCUTYpa MOCTUTHYBameTo Ha menute 3a 2015 u 2018 roguna. Bo
HEr0 ce MpPeTCTaBEeHW CIIEAHMBE MEPKH 3a €Heprercka e(UKAaCHOCT KOM Ke TH pealn3upaaT
nHaukaTuBHAUTE 1Ienu 10 2020 roquHa npercraBenu Bo Ctparerujara 3a EE, o cexropu [9]:

- pe3uJeHIHjaJIeH CEeKTOpP: EHEPreTCKH KapaKTepUCTUKA Ha 3TpajuTe, HHCIEKIWH Ha
KOTJIH/CUCTEMH 3a KIMMAaTH3aldja, PEKOHCTPYKIHja Ha TIOCTOSYKHUTE DPE3HICHIIHN]aTHU
00jeKTH, 03HauyBame CJNCKTPUYHU amapaTd M OnpeMa, MOLIMpPOKa MPUMEHa Ha COHYEBH
KOJIEKTOPH, HHPOPMATHBHU KaMIambH;

- KOMepuHjajeH M YCJIyKeH CeKTOP: PEKOHCTPYKIHja Ha IOCTOCYKUTE jaBHH W IMPHUBATHU
00jeKTH, ONIIITHHCKO YJIHUYHO OCBeTIyBame, npuMmeHa Ha OUWE, ekosomku HaOaBkw,
EHEPreTCKO YIPaByBambE;

-  HUHAYCTPUCKH CEeKTOP: TMOmoOpyBame Ha MeppopMaHCHTE HA TMPOIECUTE, EHEPTEeTCKO
yIpaByBame, BOBEAyBame €(PUKACHU EIeKTPUYHH MOTOPH, WCKOPHUCTYBamk€ Ha OTHaIHA
TOIIJIMHA, KOM6I/IHI/IpaHO MMPOU3BOJACTBO, UHTCIIUTCHTU MPEIKU, TOIUIMHCKHU pacCipeaciyBad u

- TpaHCHmopT: OOHOBa HAa HANMOHATHUOT BO3€H MapK Ha JPYMCKH BO3MIA, MPOMOIHja Ha
ONPKITUBU TPAHCIIOPTCHH CHCTEMH BO YpOaHUTE CpEAWHH, I[IOToJieMa yroTpeba Ha
JKEJIE3HUIATa, JICHOBU 0€3 aBTOMOOMIIH.

2.2 JlenemHata mo3unuja Ha Pemyojuka Make1oHuja BO 0THOC HA HHIAHMKATHBHATA
neJa cnopea Crparerujara 3a EE u Akunonnre niianosu 3a EE

Jlokonky ce 3eMaT BO TpenBHJ NpPEABHACHUTE IMOAATOIM 3a (HUHATHA IMOTPOITyBadykKa Ha
enepruja Bo nepuomor ox 2010 mo 2014 romuna Bo Crparerwjara 3a EE u momarorure on
eHepreTckuTe Ounancu Ha MeryHapoaHaTa areHiyja 3a enepreruka (MEA) 3a ucTHOT nepuoa, Moxe
Ia ce 3aKinydd Jeka PemyOnmmka MakenoHuja € Ha TMaT Ja TM OCTBapy WHAWKATHBHUTE IENH BO
Crparerujara (MpeTCTaBeHO Ha CIMKATa 2).
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Cauka 2. Cniopenda Ha eHepreTcKuTe OUJIaHCH 32 GHUHATHA MOTPOLIYBAYKA HA eHepruja BO NeproAOT 01
2010 10 2014 ox Ctparerujata 3a EE u UEA [10]

3a fma ce NpOMOBHUpA MOCTHTHYBAETO HAa TMPETXOJHO HABEICHWTE CHEPreTCKH 3allTe]u,
noTpeOHa ¢ pe)opMCKa MHHMIIM]jaTHBA KOja MMa 3a IIeJ1 J1a I'M [oJ00pH 3aKOHCKATa M peryjiaropHara




paMKa, WHCTUTYIMOHATHATa COpPa0OTKa W KamaluTeTOT, KaKO U CIPOBEIyBamE Ha rojeM Opoj Ha
(PMHAHCHUCKYU CTUMYJATHBHH U TEXHUYKH MEPKHU.

Bo Peny6imka MakeoHuja ce JOHECEHH CeIHWBE TIOA3aKOHCKHU akTH o1 obiacta Ha EE:

-  VYpenbarta 3a WHAMKATHBHM IIENTM 3a 3amTena Ha eHepruja Bo Pemybmmka Makemonuja
(,,Ciry>x0en BecHuk Ha PenyOnuka Makemonuja“ 6p. 112/2011);

- llpaBuiHEK 3a eHepreTckr KapaktepucTuku Ha 3rpagure (CiyxOeH BecHHMK Ha PemybOmumka
Makenonwuja 6p. 94/2013, 7/2015 u 176/2015);

- IIpaBunnukoT 3a eneprercka kontpona (,,Cinyx0eH BecHUK Ha PemyOnuka Makenonuja“ Op.
94/2013 u 18/2015);

- llpaBuiHEK 3a BucOoKoe(hUKaCHN KOMOMHHUPAHH MOCTPOjKH (,,Ciry>kOeH BecHUK Ha PemyOnnka
Makenonuja“ 6p. 128/2011 u 73/2015);

- IlpaBunHuk 3a o3HauyBam€ Ha MOTPOLIyBaukaTa Ha €HEpruja M JAPYIUTE pecypcu Ha
mpou3BoAM IITO KopuctaT eHepruja (CmyxOeH BecHMK Ha Pemybrmuka Makemonmja Op.
165/2016).

[locrankara 3a oBlacTyBame Ha EHEPreTCKUTE KOHTPOJIOPU YCIEIIHO CE CIpPOBEIyBa WU BO
Perucrapor 3a oBIacTeHHM EHEPreTCKH KOHTPOJIOPH, KOj TO BOJAM ATEHIMjaTa 3a €HEpreTHKa BO
COIJIACHOCT €O 3aKkOHOT 3a eHepreTuka M IIpaBUIHMKOT 3a eHeprercka KOHTpoJa, JOCera ce
peructpupanu 240 eneprercku KoHTposiopu. HMako e noHeceH [IpaBUTHUKOT 3a €HEPreTCKU
KapaKTePUCTUKH Ha 3rpajiuTe, IPUMEHATa Ha O0BpCKaTa 3a W3/aBame Ha CepTU(HKAT 32 EHEPIreTCKH
KapaKTEPUCTUKH Ha 3rpaja € OJUIOKeHa J0 JEHOT Ha MpHcTamyBame Ha PermyOnnka MakenoHuja Bo
EBponckara ynuja. Ilonaramontan Mepku kou Tpeba Aa ru mpe3eMaT HaUIe)KHUTE HHCTUTYLIHH, a Ce
BO HAaCOKa Ha UMIUVIEMEHTHpamwe Ha J(upexktusara 3a EE ce:

- 3amoyHyBame cO MpuMeHa Ha IIpaBUIHMKOT 3a eHeprercka e€(UKacCHOCT Ha TpafeKHHUTE

o0jexTH,

- JoHecyBame Ha 3akoH 3a DoHIOT 3a eHepreTcka e(hUKacHOCT,

- JIOHecyBame Ha roaumHu mnporpamu 3a EE on crpana Ha exuHWIMTE Ha JOKaiqHATa

caMoyIIpaBa,

- poMeHa Ha ojApenduTe BO 3aKOHOT 3a jaBHM HAOaBKU CO BKIy4dyBam¢ Ha EHEpreTckara

e(pUKaCHOCT KaKO KpUTEPUYM 3a U300p Ha MPOM3BOJIM, YCIYTH U 3TPAIH,

- H3MeHyBame Ha 3aKOHOT 3a CHEPreTHKa W ITO/3aKOHCKHTE aKTH BO HACOKa Ja Ce HaMallu

KOJINYECTBOTO UCIIOpavyaHa eHepruja KOH KpajHuTe norpomrysayn 3a 1,5% roaumiso,

- morojieMa KOOpJIWHAIMja Ha HaJUIeKHUTE MHCTHTYIIM BO CIpOBelyBame Ha lupexTrBara 3a
EE (MununcrepctBoro 3a exoHomuja (CekTOpOoT 3a eHepreTuka) W AreHuujata 3a
EHEepreTHKa. )

- mpuMeHa Ha co)TBEpCKa alaTKa 3a CIe/Iekhe W yIpaByBambe CO MOTPOIITYBavyKa HA €HEepruja
HaMEHeTa 3a MPETCTABHUIIUTE HA MUHICTEPCTBATA U SIMHUIINTE HA JIOKATHUTE CaMOYIpaBa,

- monoOpyBame Ha CoLlMjaiHa U eKOHOMCKA cpenuHa 3a ¢popmupame Ha ECKO xomnanum.

3 3AKJIYYOK

Eneprerckara edukacHOCT ocTaHyBa elleH O]l TJaBHHUTC MEXaHM3MH 3a TIOCTUTHYBame Ha
WIHUHA CO OJIPKJIMB Pa3BOj, HAMAJICHA MTOTPOITYyBayKa Ha €HEPryja, MUHIMH3HPAkhe Ha HETATUBHOTO
BIIMjaHHE Bp3 J)KMBOTHATa CPeIMHA, IPEKYy HaAMallyBare Ha €MHCHUTE Ha CTAKIIEHUYKH TaCOBH M BO
KpajHa 11eJ1 - oI00pyBamke Ha KBAJIMTETOT Ha )XKUBOTOT Ha JiyreTo. COOZIBETHA U 1I€JIOCHA IPUMEHA Ha
MPeUIOKEHUTE MEPKHU 3a eHepreTcka edukacHocT 1o cekropu co Crparerujara 3a EE Bo kpajna men
Ou noBene 10 peanu3vpame Ha WHAWKATUBHHUTE LM 3a 3allTela Ha €Heprujara NpeABHICHHU BO
HupextuBara 3a EE. Kpajanor pox 3a TpaHcrnonupame Ha JupextuBara 3a EE Bo HanmoHamHOTO
3aKOHOMABCTBO € 15 okrtomBpu 2017 roauna, mocie Koj narym, Bo EHepreTckara 3aeaHuiia cieayBa
peBHU3Mja HAa €HEPreTCKUTe 3aluTeny Bo pamkute Ha EY m moxHa m3mena Ha {upexruBata 3a EE.
PerryOnnka Maxkenonuja uma 3anada na v uMmiuieMeHTupa mepkute 3a EE ox JlupektuBara 3a EE
KOM HEeJI0CTacyBaaT BO HAI[MOHATHOTO 3aKOHOJABCTBO A0 33JaJI€HHOT POK M €OHHCTBEHO JOKOJIKY
LIEJIOCHO TH CIIPOBEJIE MPEIOKEHUTE MEPKH 110 CEKTOpH npe3eHTupanu Bo Ctparerujara 3a EE moxe
Jla ce HaJeBaMe Ha OCTBapyBam€ Ha MHIMKATHBHATA L€ 3a 3aliTeAa Ha eHepruja ox 9% no 2018
rOJUHA.
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KOPUCTEHA JIMTEPATYPA

[1] Horosop 3a ocHoBame Ha Eneprercka 3acHuLa

(https://www.energy-
community.org/portal/page/portal/ ENC_HOME/DOCS/2796177/0633975AD6157B9CE053C92FA8C06
338.PDF)

JupextuBa 3a eneprercka epuxacuoct 2012/27/EC
(https://ec.europa.eu/energy/en/topics/energy-efficiency/enerqy-efficiency-directive)

Tpancnonupame Ha {upekrusara 3a EE, M3Bemraj on EBporickara komucuja 3a nMIjieMeHTalyjaTa Ha
HupexrtuBara 3a EE on CTpaHa Ha 3eMjuTe YJIEHKU Ha EY
(https://ec.europa.eu/energy/sites/ener/files/documents/1_EEprogress_report.pdf)

Opnyka na EBporckmor mapnament u Coseror Ha EVY 3a umruiemeHnrtanuja Ha JlupektuBara 3a
eHeprercka epuxacHoct 2012/27/EC

(https://www.energy-
community.org/portal/page/portal/ENC_HOME/DOCS/3854291/227265DDEA7C1644E053C92FA8CO
2C2C.PDF

Nmmiementupame Ha JlupektuBata 3a eHeprercka epukacHocT 2012/27/EC o ctpana Ha JloroBopHUTE
crpanu Ha Eneprercka 3aeanuna

(https://www.energy-

community.org/portal/page/portal/ ENC_HOME/AREAS_OF_WORK/Obligations/Energy Efficiency/Tr
ansposition)

VYpenbara 3a MHIMKATUBHU ILIeJM 3a 3amITena Ha eHepruja Bo PemyOmuka Makenonuja (,,Cinyx0eH
BecHMK Ha PenyOnuka Maxkenonuja“ op. 112/2011)

Crpareruja 3a pa3Boj Ha eHepreTukaTa Bo PemyOmuka Maxkenonuja mo 2030 roguHa (,,Ciry’xOeH BECHUK
Ha PenyOnuka Makenonuja“ 6p. 61/2010)

Crpareruja 3a yHanpenyBame Ha eHepreTcka edukacHoct Bo Permyonuka Makenonuja no 2020 roauna
(,,Cyx0eH BecHuk Ha Pery0Oimnka Makenonuja“ op. 143/2010)

Brop  akimonen — mimaH  3a  eHeprercka  edukacHoct  Ha  P.M.(https://www.energy-
community.org/portal/page/portal/ ENC_HOME/DOCS/3354154/0633975ADBB87B9CE053C92FA8CO
6338.PDF)

Eneprercku Omnmancu - MerynapoaHara areHImja 3a eHepreTHKa (UEA)
(http://www.iea.org/statistics/statisticssearch/report/?country=FYROM&product=balances&year=2013)
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CIIOPEABEHA AHAJIN3A HA KAPAKTEPUCTUKUTE HA EHEPI'ETCKHA
KOTJIM CO ®JYUIU3ZUPAH CJIOJ 1 KOTJIN HA JATVIEH BO ITPAIIKECTA
COCTOJBA

KYCA COAPKUHA

[Tpu u3rpanba Ha HOBU WJIM MOJICPHM3AIIM]ja HA TIOCTOjHH TEPMOCHEPIeTCKH 00jeKTH Tpeba 1aa
ce paspemaTr HeKOU CYIITHHCKH Tpaliama BO OJHOC Ha TJIABHHUTE MOCTPOjKH M cUcTeMH. ETHO TakBo
Mpaiiame MPeTCTaByBa H300POT Ha KOTEJICKA ITOCTPOjKa U Ha Iparedk cucreMu. Kora cranysa 300p
32 COBPEMEHHM TEPMOCHEPreTCKM OOjeKTH Ha MBPCTO TOPWUBO, KAKO KOHKYPEHTHH BapHjaHTH Ce
HaMeTHyBaaT M300pOT Ha KOTEI CO COTOpYBame Ha jarJieH BO MpalIKecTa CocToj6a M KOTEeN CO
COTrOpyBame BO LUPKYIHPAadKH (GIrynan3upan cioj. KoTenckuTe MOCTPOjKH CO COropyBame BO
MpalkecTa cocTojoa (GyHKIIMOHUPAAT BP3 MPUHIMIIMTE HA OJJaMHa JOKa)KaHa TEXHOJIOTHja, MPH IIITO
3a UCIIOJIHYBamk-¢ Ha HOPMHUTE 32 HUBOTO Ha eMucHja Ha SO2 e HEOITXOHO J1a Ce MPEeIBUIN U CUCTEM
3a gecyndypuzandja Ha W3JIE3HHTE TracoBH. Komimmre co UUPKYIHpadykd (IYUAU3UPaH CII0j
MpeTCTaByBaaT MOHOBA TEXHOJIOTHja, BO KOja c€ MHTETPHpaHH MpolecoT Ha peaykuuja Ha SO2 u
Huckara emucuja Ha NOX.

Llenta Ha 0BOj TPy € Ja Ce HANpaBH CIOpen0OeHa aHajw3a Ha JBETE ONIMH, UMAjKh TH BO
MpeleH IJIaH EHEPreTCKUOT, EKOJOMIKHOT W (PHHAHCHCKO-EKOHOMCKHOT acmekT. Bo TpymoT e
W3JI0KEHa criopenda noMery JBara CHCTEMH 32 COrOpYBame Bp3 OCHOBA Ha MOTpeOHATA MOJATOTOBKA
Ha TOPUBOTO, TEPMHUYKHUTE YCIOBH BO JIOXKHIIHUOT MPOCTOP, CIOKEHOCTA HA TPOLECUTE M COCTABOT
Ha TPOJYKTHTE OJ] COropyBamero. JlaleH e KpaTOoK OCBPT KOH HHMBOTO Ha WHBECTHIMjaTa 3a
LEJIOKYITHATA OTpeMa 3a JiBaTa cy4au, CO IIeJl Jia Ce MCIIOoIHAT Oapamara BO OJHOC Ha EMUCHHUTE Ha
IITETHX MaTepuu KOH oOKoiuHaTa. Kako ocHOBa 3a cmopeaba BO OJHOC Ha KamalUTETOT cCe
MCKOPUCTEHH TEXHUYKUTE KapaKTEPHCTHKN Ha PeajieH TEPMOCHEPTeTCKU 00jeKT.

Knyunu 300poBM: enepeemcku xomen, mepmoyenmpana, coeopyearse, Qayuousupan cioj,
Jjaznenosa npawiuna
1 BOBE]

Usrpanbata Ha HOBU WM MOJIEPHU3AIUjaTa HA TIOCTOJHA TEPMOCHEPTETCKH 00jeKTH HAMETHYBa
HEKOM CYIITHHCKH Tpalliamba BO OJHOC Ha TJABHUTE MOCTPOjKM M CHCTeMH. EJHO TakBO Mpamiame
MpeTcTaByBa HM300pOT Ha KOTEJICKAa IIOCTPOjKa M Ha mparedykure cuctemMu. Kaj coBpemeHute
TEPMOEHEPIeTCKU IOCTPOJKM Ha jarjieH, Kako KOHKYPEHTHH BapHjaHTH Ce HaMETHYBaaT M300pOT Ha
KOTEJI CO COTOpYBarme BO MPOCTOP (BO JIET) U KOTEJI CO COTOPYBAE BO IUPKYJIUPAUKK QIIyHIU3UPaH
cioj (LUPC). Kotenckure mMocTpojKH CO COropyBame BO NPOCTOp (HYHKIMOHMPAAT BP3 MPUHLUIN Ha
OJlaMHa JIOKa)KaHa TEXHOJIOTHja, TIPH IITO 33 UCIIOJIHYBak¢ Ha HOPMHUTE 3a HUBOTO Ha emucuja Ha SO:
€ HEOTIXOIHO J1a Ce MIPEIBUIN M CHCTEM 3a Jecyi(ypusalidja Ha u3nesnute racoeu [1, 2]. Kotmure co
MUPKYJIUPAaYKH (IIyHJM3UPpaH CII0j MPETCTaByBaaT MOHOBA TEXHOJIOTHja, BO KOja Cc€ WHTErPUpPAHU
npouecoT Ha penykuuja Ha SOz u Huckata emucuja Ha NOx [1, 2, 3]. Ilpernex Ha pa3BojoT Ha
TEXHOJIOTHjaTa U KapaKTEPUCTUKHTE HA COBPEMEHHUTE KOTEJICKH mocTpojku co LIDC e nanen Bo [4].
Bo cBeror Beke ce wu3rpageHH W (QYHKIMOHUpAaT TepMoeHepreTcku OnokoBu co L[DC co
HaTKPUTHYHH NapameTpH [S].
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IlenTa HA OBOj TPYH € Ja ce HaNpaBH CIIOpenOcHa aHajIM3a Ha JIBETE OIIIMH, UMajKd TH BO
MpeleH IUIaH CHEPreTCKHOT, CKOJIOMIKUOT M (MHAHCHCKO-CKOHOMCKUOT acmekT. Bo Ttpymor e
U3JI0KEHa cropenda nomMery JBara CHCTEMH 3a COrOpYBam€ BP3 OCHOBA Ha MOTpeOHATa MOATOTOBKA
Ha TOPUBOTO, TEPMHUYKUTE YCIOBU BO JIOKHUIIHUOT TPOCTOP, CIOKEHOCTA HA MPOILECUTE U COCTABOT
Ha TPOAYKTHTE OJ COropyBameTo. JlaZeH € KpaToK OCBPT KOH HHMBOTO Ha WHBECTHIMjaTa 3a
LEJIOKYITHATa ONpeMa 3a JBaTa clydau, CO 1IeJl a Ce MCIOJIHAT Oapamara BO OIHOC HA EMUCHUTE Ha
IITETHH MAaTepUM KOH OKojJmHaTa. Kako ocHOBa 3a crmopen0a BO OJHOC Ha KamalUTeTOT ce
HCKOPUCTEHH TEXHUYKUTE KAPAKTEPUCTUKHU Ha peasieH TEPMOCHEPTeTCKU 00jCKT.

1.1.1 IIpuHIUN HA COrOpYBam€e HA IBPCTO FOPHUBO BO MPALIKECTAa COCTOjOa

LBpcTrTe TOpHMBa coropyBaaT BO HPOCTOp (BO JIeT) M3MENEHH MO0 Ipalikecta cocTojoa co
TUMEH3WU o Hekonky Mmukpomerpu n0 1000 pum. Co MenemeTo Ha jarJeHOT MHOTYKPAaTHO ce
3rojieMyBa HEroBaTa pEeaKIMCKa MOBPIIMHA M C€ OJECHYBa TPAaHCIIOPTOT HAa TOPUBHHUTE YECTHILH BO
MPOCTOPOT 3a coropyBame. COropyBameTo Ha jarJieHOB IPaB BO MPOCTOP C€ OJIBMBA BO PEKUM HA T.H.
MTHEBMATCKH TPAHCIOPT, IPH IITO Op3WHAaTa Ha BO3YIIHO-TacHaTa cTpyja e morojema on 10 mi/s.
Yectuuure jarfieH ce OBMXKAaT HOCEHW OJ TracHaTa CTpyja, ce 3arpeBaaT M NPUTOA ce U3/BOjyBaaT
ucnapiuButTe Marepu. CoropyBameTo ce OJBUBA BO JIET, MPH IITO COTOPYBa T.H. KOKCEH OCTAaTOK
Kako mBpcTa (asza Ha yecTunute (Koj € mpakTuaHo 9ncT C) U UCTapIMBUTE COTOPIIMBA MaTEPUU KaKo
racHa ¢asa.

IIpu coropyBame BO HPOCTOP, BO JIOKHUIITETO CE HAOA PEATUBHO Majlo KOJIMYECTBO T'OPHBO,
HOpaJH IITO MPOLECOT € MHOTY OCETIIMB Ha MPOMEHATa Ha MPOTOLMTE HA TOPUBO U Bo3ayX. Kaj oBoj
CHCTEM Ha COTOpPYBame, BO 3aBUCHOCT O] KAPaKTEPUCTUKUTE Ha TOPUBOTO, BO jaAPOTO HA IIAMEHOT
ce mocturuyBaat Bucoku temmnepatypu (1300-1800°C), mro noseaysa no ¢popmupame Ha NOx.

1.1.2 IIpyHIMI HA COTOPYBAaK-€¢ HA IBPCTO F'OPUBO BO (DJIyHIU3HUPAH CJI0]

Texnonorujata Ha (aynau3anyja Ha TBPAA MaTepUH BO 3pHECTa cocToj0a € TOo3HaTa |
MpUMEHyBaHa TOBeKe JCLEHWH BO Pa3IMYHU HMHIYCTPUCKHM TIpaHKH. MeryToa, cOropyBameTo Ha
LBPCTH TOPUBA BO (QIIyHIN3HUPAH CII0j € TEXHOJIOTHja Koja 3eHa 3aHaB BO mocieannuTe 30-uHa roIuHu.
[Ipormecor ce omBuBa Bo cioj GOpMUPaH O YCBUTEH WHEPTEH MaTepujan (IIECOK, Ieren), KOj ce
JIOBEIlyBa BO COCTOj0a Ha (uIyuamM3ainja co HACTPYjyBame CO Bo3AyX. DIyHIU3MpPaHHOT CJIOj €
crienrjaiHa cocTojoa Ha cMecara YeCTHIIM O] HHEPTEH MaTepHjall, aTcCOpOCHTEH MaTepHja, TOPUBO U
BO3JyX, KaJIeIITO YECTUIUTE Ce ABIKAT XaOTHYHO M MEI'yCeOHO ce cyaupaaT. IHepTHHOT MaTepHjai
HE y4YeCTBYyBa BO TIPOILIECOT HA COTOpPYBame, HO CO3/1aBa IOBOJIHM YCIOBH 32 HETOBO OJIBUBAMHE.
ATtcopbentuuot MaTepujan (BapoBauk - CaCOs, moigomur - CaMg(COs)2) 3HaunTEeTHO MPHIOHECYBA
3a HamalyBame Ha coapkuHaTta Ha SOz BO HM3Je3HHTE racoBU. TemmeparypaTa BO BOJYMEHOT Ha
CIIOJjOT € KOHCTaHTHa M peJaTUBHO HHUCKa, okony 800-900°C, mTo € moj HUBOTO HAa MHTEH3MBHO
cosmaBambe Ha NOx, a HCTOBpeMEHO TIpeTcTaByBa M IMOTOJCH TEeMIIEpaTypeH HHTEpBal 3a
SMTMMUHHPAE Ha CYI(yp THOKCHI.

Bo 3aBHCHOCT 0J1 aepoAMHAMUYKHUTE KapakTEPUCTUKH W Op3WHHUTE BO TMPOCTOPOT 3a
COropyBame, Ce Pa3lIMKyBaaT CTAllMOHAPEH (MEYPECT), PALIUPEH U IIUPKYJIUpauKu QIyuIu3upan cioj
(tab. 1), a Bp3 OCHOBa Ha TMPUTHCOKOT INTO BIaJie€ BO JIOXKHIITETO, C€ PasiMKyBa arMochepcKu
bayuausupan cioj u QIyuAU3UpaH CIIoj MO IPUTHCOK.

Tabena 1. llpoexTHH napaMeTpH Ha KOTJIH €O CTAIIHOHAPEH H CO MHPKYIHpaYkH Guayraninpan cioj

IIpoexTen napaMerap Crammonapen $C NMupxvmipa=gxn ©C
Temmepatypa Ha COTOPVEARE 760-870°C 800-900°C
JMMeHzHH Ha TOPHEHHTE 9ECTHITH 0-50 mm 0-20 mm
Bpauna Ha durvegHzanmja 1-3m/fs 3-10m/s
KonnenTpamnsja Ha 9ecTHIH

JyuMensHE Ha cOpDEHTHHOT MATEpH]as (EAPOEHHK) 0.3-0.5 mm 0.1-0,2 mm
ITpoTox Ha mapea 10-130 kg/s 10-400 kg/s
IIputHCOK 10-160 bar 10-275 bar

Temmepatypa 150-345°C 180-380°C




2 OCBPT KOH HEKOH O] OCHOBHUTE TEXHUYKHU CUCTEMU
2.1 TexHn4yKH MapaMeTpH 3a cnopeada

Bo TpyzmoT e ycBoeHO neka criopendarta ce ogHecyBa Ha TEPMOEHEPreTCKH 00jeKT CO MOKHOCT
125 MWe 3a K0j € HEONmxOoJHa MOAEpPHHU3aIHja, CO IMTO PabOTHHOT BEK OW ce MPOJOIDKWI 3a 25
rogunu. llpuToa, reHepaneH mpucTan € ¥ MOHAaTaMy Ja ce KOPHCTH IOCTOeuKaTa OmpemMa BO CEKoj
ciryyaj Kora Toa € MoxHO. Co orfiel Ha Toa, TIaBHUTE TEXHUYKH MapaMeTpu Ha TePMOJUHAMUYKHOT
UKIYC OCTaHyBaaT HENpPOMEHETH W [0 MojepHu3anujata. EdukacHocta Ha OJOKOT 110
MoJiepHU3aIMjaTa Tpeba 1a ce mokaud. Bo onHOC Ha BIWjaHHETO BP3 OKONMHATa, Tpeba na Ounmat
ucrnountyBaHu Oapamarta mto Baxkatr Bo EY (Directive 2010/75/EU ). Ilo cnpoBeneHara aHanusa e
OIIEHEeTO JieKa cocToj0aTa Ha OMAJENHM CHUTEMH BO TEpPMOIIEHTpajara € TakBa IITO Tpeba na ce
IpeIBUAN M3rpada Ha HOB KOTEJN, a TypOMHATa M JIQAMIIHATA KyJIa J1a C€ MOJePHU3Upaar.

Bo ciy4ajor mTo e mpeaMeT Ha aHanu3a, TEXHHYKUTE MapaMeTpH Ha TJIaBHUTE KOMIIOHCHTH
Tpeba ma Ommar cieaHu:

= goren: nmpotok Ha mapea 370 t/h, nputucok 135.5 bar, temneparypa 538 °C;

* mapHa TypOuna: 125 MW, npu koHIeH3aTOpCKH pUuTHcoK 44 mbar;

= reneparop: 120 MW, nipu cos¢p = 0.8

2.2 Hexkou KapaKTepUCTHKH HA KOTEJCKUTE NOCTPOjKH 3a COropyBame BO NPOCTOP U 3a
coropyBame BO QUIynau3UpaH CJI0j

2.2.1 TlapeH KoTeJ €O COropyBame Ha jarjieH BO MpocTop (BO MpamiKecTa cocTojoa)

[Mpuka3 Ha KimacWyHa Hu3BeA0Aa HAa EHEPreTCKH MapeH KOTeN 3a COropyBamke Ha jarjeH BO
MpaimrkecTa coctojoa Bo JIeT € nmafeH Ha ci.l. [opmiHWUINTE ce paclopeleHd BO TaHTEHIIHjajieH
cucreM (ci1. 10), mTO 0BO3MOXKYBa (POPMHUpPAE MEHTPAJIEH PETMOH CO BHOP W e(UKaceH Mmpolec Ha
coropyBame. Co BEepTUKAIHUOT paclopel Ha OTBOPUTE HA CEKOj FOPUIIHUK (Cl. 1B) ce 0BO3MOXKYBa
CTEINEHECTO JIOBEIyBamke HAa aepocMmeca (FOPUBHM YECTHIM M BO3IyX) M BO3AYyX IO BHCHHATa Ha
JIOKUIIHUOT 1pocTop. OBOj THIT KOTEJICKU SIUHUIM Ce CO A00PO MO3HATH KaPaKTEPUCTUKU BO OJTHOC
Ha CTapTYBameTO O] JIaJHa COCTO0jOa, NPU NMPOMEHA Ha KaNalUTEeTOT W BO CTAlMOHAPEH PEXKUM.

Caura 1. 2) Beprekates npecer Ea egspreTcis nepes kored (330 th); §) pacoopen Ha ropmmoomTe E3j
TEFTSHIHTISH CHCTEM E2 COTOPVESERS; B) BEPTHEATSH NPSCSH Ha TOPHTERE (cmopsd [6])

2.2.2. I1apeH KoTeJ €O cOropyBame BO QUIyHIN3UPAH CJIOj




CucremoT 3a cHabIyBame CO OCHOBHO roprBo Ha kotenoT co LIPC ke ce cocTou o1 1Ba THEBHH
OyHKepH 3a jarJieH, 1O €IICH JI0JIaBay 3a jarjieH 3a CeKoj OyHKep CO KOHTpojupaHa Op3uHa Ha
JoJlaBam-e, ypenu 3a TpaHncdep Ha jarJeHoT A0 KOTeJOT W Jp. 3a MOJHEHkEe Ha JTHEBHUTE OYHKEpH CO
TOPHBO K€ ce KOPHCTH INIaBHO IOCTOEYKATa OTNpeMa O] CTapuoT KoTen. KoTenot co coropyBame BO
H®C ke Ouge cHabaeH co CUCTEM 3a TOPHUBO 3a IMOMOIIHH OTpeOu (CcTapTyBame), KOj K& Ce COCTOH
oll 2 TOPWIHHUIIM HA TEYHO TOPUBO, IO €J€H FOPWIHMK 3a IMOTIalyBame, MO €ICH CET OolpeMa 3a
MOHUTOPHHT Ha TIAMEHOT 3a CEKOj TOPWJIHHK, 10 €eH KOMIUIET KOHTPOIHO-PEryialucKa ornpeMa
UTH.

CucTeMoT 3a cCoropyBame Ha TOPUBOTO Kaj KoTenoT co @C Ou ce cocToen oA HEKOJIKY OCHOBHU
KOMIIOHEHTH: JAUCTPUOYTOpPCKa IUI0Ya CO MJIA3HHIM 3a MPUMapeH BO3AYX, CHCTEM O] MIIA3HUIH 3a
CeKYHJapeH BO3IyX, KOMOpa 3a COTOpyBambe, IUKIOHH 32 W3/IBOjyBale€ W BpaKkame Ha IBPCTUTE
YEeCTHUIIM O]l TaCHATa CTPYja, HaJBOPEIIHH TOIUIMHOW3MEHYBAUYKH MOBPIIMHH, BEHTUIIX 32 KOHTPOJIa Ha
OJIBE/TyBabETO Ha TEMeNTa, CUCTEMU 3a KOHTPOJia Ha AOBOJOT HA jarjieH, CUCTEM 3a J03Uparmbe Ha
copOeHTeH MaTepujan (BapoBHUK) u Jp. (cimka 2). Oxomy 50 % o1 BKYIHOTO KOJTHYECTBO BO3AYX BO
MPOCTOPOT 33 COTOPYBame ce€ BHECYBAa KakO MPHUMApEH, MPEKy MUCTPHOYTOpCKaTa Iuioya, JoJeKa
JPYTHOT Jel ce€ BHECYBa MPEKY OTBOPHTE 3a ceKyHAapeH Bo3ayX. Co Toa ce 0BO3MOKYBa CTEIEHECT
CHCTEM Ha COTOpYyBame 1 HamMaJeHO opmupame TepMuakd NOX.

[
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Camxa 2, Ereprercks napes co nEpKyIepagxe (ayrIEzEpar c1oj (coopea [2])

1. TozsmTs co aucTpuOvTopcra mioua; 2. [IpE cTensH Ha MPHMEDSH MPArpaEay Ha napaa; 3. TpeT CTeN:H Ha MpHMapeH
mperpeeay; 4. Brop crener Ha nparpeeay :a moeTopHo mperpeeags; 3. Luknox; 6. [Tneenatcrn sateopay; 7. Brop crensx ra
mpinsapar nperpeead; 8. [Ipe crensx Ha npmvaper nperpeeay; 9. 3arpseaw Ha soaa; 10. 3arpeeay ma posavx; 11. Ocrorzr
ESHTHIATOD Ha E03avx; 12. BerTmnarop 33 mpmvaper posavx; 13, Bvaxep sa jarnes; 14, Jlaaunmu va nznan

Bo cymituHa, pa3siuKUTe BO cropenda co TEPMOCHEPTETCKU OJIOK CO COTOPYBAhe BO MPOCTOP CE
jaByBaaT Kaj CHCTEMOT 3a IOCT'OTOBKAa Ha IOPHBO, Kaj KOTEJIOT U Kaj CUCTEMOT 3a HaMajyBambe Ha
IITETHH EMUCHH, JI0AICKa APYTUTE CUCTEMHU OCTAHYBAAT MCTH.

Bo crneqnaBa Tabena ce HaBeJGHU HEKOW OCHOBHM TEXHUUYKH KapaKTEPUCTUKH HA CHCTEMOT 32
COTOpyBakE U OUCKYBAHU €EMUCHUU HAa OAPCACHU 3araayBadyku MaTCpruu OJ KOTCJIOT CO HUPKYJIHNPAYKU
Gayuau3upan cioj.




Tad. 1. OceoErE TeXERWEE DOTSTONE Ha H3ODSEEOT CECTSM 32 COTOPVEIERS

[Mzpanretap, BeTEHES E ez Epemmocr
CHCTEMH 32 I0EOI H2 TOPHED - 2
Tonmmers KanammTeT MW 307
Temnzpatypa E2 COTOPVERRS =C 330 - 330
[TomeTrz TEMDEPATYPS Ha COTOPYERES °C 600
[Motpomyeears Ha jarasr (233 MIkg) th 46
Az0THH okcHTH (INO,) mgm*, mpe § % O B0 racosuTE <130
Cyndvp moscen (30;) mgm.’, ope § % 01 Bo racosmTe < 200
Jaraepon mosokcun (CO) mgm*, mpe § % O B0 racosuTE < 200

2.2.3 Haarpan6a Ha napHa TypouHa
Bo npuHImI, npu MoAepHU3alUja Ha TEPMOLCHTPAIN, TPUTE LIIMHAPH Ha MapHata TypOHHA
MOXXe Jna OujaT HaATrpajeHd CcO TaplfjallHa 3aMeHa Ha J[eJIOBUTE BO TypOmHarta (cnmka 4).
Hanarpan6ara ce 6a3upa Bp3 cieIHHUBE TOCTaBKU:
e CoonBeTHHTE COCTOjOM M TapaMmeTpH Ha mapeara Tpeba na OumaT 3aApKaHH IO
Hajrpandara;
o TIpUTHCOKOT BO KOHAEH3AaTOPOT Tpeba 1a ce 3aapku Bo panror 40-50 mbar;
e Cute oa3eMama Ha Mapea OCTaHyBaaT BO yNoTpeda, coO MCKIYYOK Ha O/I3EMameTo 3a
3arpeBame Ha Ma3yT KOj HeMa Jia ce yrnorpeOyRa;
e Bo 3aBUCHOCT Off cocroj6ara Ha BEHTWIMTE, MOXE Ja C€ CIpPOBeAe M HHBHA
peBUTANN3AIN]a.

Cauka 4. Tlapua typ6éuna (13K-125, 125 MW (ZAMECH, Elblag — Poland)

[TocTojHMOT KOHTPOJIEH CHCTEM Ha IMapHaTta TypOWHa € NpeTeXHO MexXaHWdkh. Bo Hacoka Ha
monoOpyBame Ha HAJEKHOCTA W CHTYPHOCTa, a BOETHO 3a ToM00pyBamke Ha edUKacHOCTa,
NpPEJBUICHO € IOCTaByBamk€ Ha HOB €EJIEKTPOHCKM KOHTPOJIEH CHUCTEM, BOJEH Bp3 OCHOBA Ha
MHUKPOIIPOIIECOP U MOBP3aH CO MapHaTa TypOUHA U IIOMOILTHUTE MOJTYJIH.

3 CHUHCTEMHU 3A HAMAJIIYBABBLE HA WTETHUTE EMHUCHUU KOH
OKOJIMHATA
3.1 Emucuja na NOx

Bo cymtuna, mMa 1Ba reHepaHU MPUCTANH 32 HaMalryBambe Ha emucujara Ha NOx o1 mocTpojku
3a COropyBame:
IIpumapHu MepkH, HACOYEHM KOH MoOIU]HKalWja Ha MPOLECOT Ha COropyBame CO ILed Ja ce
co3ajazaT ycJIoBH 3a HamaneHo gopmupame Ha NOy (onTuMu3zanmja Ha KOEQHUIMEHTOT HA BUIIOK Ha
BO3JIyX, CTEIIEHECTO JIOBEIYBakhE HA BO3/IYX, CTEIIEHECTO JIOBEIyBah¢ HA TOPUBO, PEIMPKYJIalrja Ha
TacoBH | JIp.)
CexyHIapHU MEpKH, OOJHOCHO TPETMaH Ha WM3JIE3HUTE racoBU. TakBW ce, HA NPUMEP, METOIUTE Ha
cenekTuBHa Hekataauthuka penykiuja (SNCR), oaHOCHO BIpCKyBame MaTtepuja (aMOHHjaK WM
ypea) koja JiecHO pearupa u ru Bp3yBa NOy, BO 30Ha KaJie IITO raCOBUTE UMaar Temieparypa 850-
1000°C u cenextuBHa katanutnuka peaykunuja (SCR), omHocHo Bp3yBame Ha NOyx ox m3nesnure
racoBu co oMo Ha NHs, amonujauen pactsop miu ypea (NH.CONH.), Bo npucycTBo Ha Marepuja




IITO CITY’KM Kako Katanu3zarop. Co 0BOj IpoOIleC MOXKE J1a c€ TMOCTUTHE PEIyKIlMja Ha eMHCHjaTa Ha
NOy u 10 90 %.

3.2 Emucuja na SO;

dopmupamero u emucHjata Ha cyndypau okcumu (SO, u SO3) Bo racHUTE MPOIYKTH O]
COTOPYBAaETO HAa TOpHWBATA CE PE3yNTaT OJ MPHCYCTBOTO HAa COTOpJHB Cyldyp BO TOpHBHATAa
MaTtepuja.Bo cymrTuna, HamanmyBame Ha eMucHjaTa Ha cylQypHH OKCHOM € MOXHO CO JBa
npuHOUNUeNHn mpuctanu: (1) Bp3yBame Ha S W Ha CyI(QypHUTE OKCHUAM TPHU OJBHBAKETO Ha
MPOIIECOT Ha coropyBame U (2) aecyndypusaija Ha u3e3HnTe racoBu. [Ipomnecure 3a peayknrja Ha
emucujata Ha SOy MOXe J&a ce Kareropu3upaaT BO TpPH TIJIaBHM TPYIHU: MPOLEC Ha CyBa
necyndypuszanmja, Kajae IITO TaCOBUTE C€ JOBEAyBaaT BO JIOMUP CO CyB COpPOGHTEH MaTepHjal;
MpolleC Ha TONyCyBa necyidypu3aiuja, Kaj KOM COpOSHTHHOT Marepwjai (Ha TMpuMep, Bap) BO
aricopOep ce pacnpckyBa Bo opMa Ha BojeHa cycrieHsuja u SO, pearupa co COpOSHTHHOT MaTepHjal
BO TEKOT Ha WCMapyBameTO Ha BOJATa OJl CyCIIEH3WjaTa M BIAXEH MIpolec Ha Aecyndypusanmja,
KaJIeIlITO TaCOBUTE CE JIOBEAyBaaT BO JOMHMP CO ANCOPIIMOHA TEYHOCT HMIM CYCICH3Hja, MPH IITO
necyidypusaimjara ce oaBuBa Bo TeuHa ¢a3a.Co MEeToAnTe Ha MOJTyCyBa U BIIAXKHA JeCcyI(ypH3arrja
ce MOCTUTHYBA BUCOK CTeMeH Ha 3adakame Ha SO- (co BiaakeH mpoiiec u 10 97-98 %).

Kaj kommure co II®PC mnporecor Ha pecyindypusandja, OIHOCHO aTcopIiyjaTa Ha
dopmuparror SO, ¢ MHTEIpHpPaH W CE OJBHBA HCTOBPEMEHO CO IPOIECOT Ha COrOpyBambe Ha
ropuBoto. Kako copOeHTeH Matepujayi oOM4yHO ce kopuctu BapoBHUK (CaCQOsz) wWiu JIOJIOMUT
(CaCO3MgCO3). BapoBHHUKOT BO CJI0jOT IPBO MOMHUHYBA HU3 MPOIIEC HA KaIIHHALIH]a!

CaCO; —» CaO + CO;

a motoa SO; pearupa co CaO criopen cienHaBa peaknyja:
CaO + SO, + 0,5 02 —» CaS04

[IponykT Ha oBaa XeTeporeHa peaxija € MBPCT KaamuyMmcyidar, Koj 3aeIHO CO JIeTedKaTa
TeTIeNT OJ] TIPOIIECOT Ha COTOPYBamE Ce OBEIyBa OJ CIOjOT CO racHara crpyja. IIpomykror e cyB u
MO2e€ JIECHO J1a C€ ICTIOHHUpPA U PereHepHupa. Ha TaKOB HAYMH MOXKE Ja ce OTCTpaHH U 10 95 % ox SOx.

3.3 EmMucuja Ha yectunmu

3a KOHTpONa Ha eMHCHjaTa Ha YECTHIM Kaj TEPMOCHEPIreTCKUTE IIOCTPOjKH HAjuecTo ce
MpUMEHYBaatT: MUKJIOHH, MYJITHIMKIOHH, eIeKTPOCTaTCKU Guintpu, dpadbpuuku (BpekecTH) QUITPH. .
Co mprMeHa Ha COBPEMEHHTE eNIEKTPOCTATCKH (DHIITPU MOKE Jla C€ TIOCTUTHE CTETIEH Ha M3JIBOjyBahE
Ha YECTUIM OJl W3JIe3HHTE TacoBU ox Hax 99,9 %, BO 3aBHCHOCT OJ NPHMEHETHUTE TEXHHYKH
pelieHHja, INTO 3HA4YM JIeKa KOHIEHTpalljaTa Ha YECTHIM BO MPEYHCTEHHTE TacoBU (IO
enekTpopUITEPOT) MOKE 1A ce cBee Ha HuBo ox 30-50 mg/m, 3

4 CIIOPEABEHA AHAJIM3A-3AKJIYUYHU COI'JIEAYBAIBA

Criopendara momery NpEIBUACHUTE ONIMM 3a MOJCPHHU3AIMja BO OJHOC Ha MOTPEOHHUTE
JIOTIOJTHUTEITHU CUCTEMH (ITOCTPOjKH) TH JIaBa CJICIHUBE PE3YJITATH:

1) HoB koTel co coropyBam€e Ha jarJIEHOB IIPAaB BO IIPOCTOD:

CucreMm 3a coropyBame cO HUICKOEMHUCHUCKH TOPUITHALIM BO 0j1HOC Ha NOy
WHcranaiyja Ha CUCTEM 3a CEJICKTHBHA HEKaTAIMTUYKA peayKija Ha NOy
[Toctpojka 3a MOATrOTOBKA Ha COPOSHTEH MaTepujall 3a peaykiuja Ha SO
Wucrananyja Ha IOCTPOjKa CO BIIaKeH mporiec Ha aecyndypusammja (Wet FGD)
TpaHCHOPTEH CHCTEM 3a MPOIYKTHTE OJ1 IPOIECOT Ha Jiecyidypu3aliyja u 3a rere

2) HoB koTen co IMUpKyIupadku hIyHIu3ApaH Clioj:
e [locTpojka 3a MOATOTOBKA M BHECYBakhe Ha COPOCHTEH MaTepHjai 3a peaykiuja Ha SO2
e [locTpojka 3a celeKTHMBHA HEeKaTaIMTHYKa peaykiija Ha NOx
e UHcrananuja Ha dpabpuuku uirep (GunTpm)
e HcTanamuja Ha eJIEKTPOHCKU U KOHTPOJICH CUCTEM 3a (haOpUUIKUOT QuiTep




° TpchnopTeH CHUCTEM 34 IICIIC]T 1O MMOCTOCYKHUTE CUIIOCH

AHanmu3upaH € W TEXHOCKOHOMCKHOT AacleKT Ha MoJepHH3anujata. BkymHata HWHBECTHIHja ¢
morojeMa BO CiIydaj Ha W300p Ha KOTEN CO COrOpyBame BO JIeT, HOpagd HEOMXOAHOCTa O
BKJIy4yBamhe¢ Ha IOCTPOjKa 3a Jecyidypusalivja, Koja 3HAYUTEITHO TH MOKadyyBa HHBECTUIIUCKUTE
Tpomrori. Bo omHOC Ha 3aakameTo Ha YECTHITH, ITOSCKAIl OM OMJI CUCTEMOT IITO K& ¢€ IPUMEHH BO
koMOmHanyja co koten co LIDC, nopanu BrirydyBameTo Ha (padpuaku Gpuntpr, 0cOOEHO JOKONKY ce
MOKayKe KaKo HEOIXOJHO CO HUB J1a ce KOMOMHHpPA U CUCTEM 3a CyBa Jecyndypusanmja.

Bo omHOoC Ha BIjaHMETO Bp3 OKOJHMHATA, MOJCpHHM3MpaHAaTa TEpMOIEHTpana Tpeba na TH
WCTIOJTHYBAa yCIIOBUTE HABEJACHU BO TabenaTa 2.

TabGena 2. ['perpmrs EpeIEocTH 32 ©MECHE EO EOSIVEOT COOPSI EEZuCTURHIS CTEEIZPIH Ha EY

Jepermra 201073EY - Agerc V Jex 2

FloTme: 32 coropyEaEme Ha IEPCTH TOPHEES - OMOTO (MTHET X EEMEH JaTTSH)

Mareprja Emroma 30 - 100 MWt 100 - 300 MWt = 300 MWt

NO, (gago NO.) mgm.® 300 (400 32 corop. B0 200 130 (200 32 corop. B0
OpOCTOP B 32 THTEKT) OpOCTO] B 32 THTHKT)

80, mgm,’ 400 200 150 (200 32 I$C)

Yecram (PM) mgm,’ 20 20 10

5 3AKJIYYOK

Bo TpynoT e usnoxkeHa cropeoa nomMery eHepreTCKu KOTIU CO COrOPYBamkEe BO MPOCTOP U BO

H®C npu MonepHM3andja Ha TEPMOIIEHTpalIa Ha jaryieH, Bp3 OCHOBA Ha MOTpeOHaTa IMOATOTOBKA HA

TOpUBOTO, TCPMHUYIKHUTE YCJIOBU BO JIOKUIIHUOT IMPOCTOP, CIOKEHOCTA HA IMPOUCCUTE U COCTAaBOT Ha

MMPOAYKTHUTE OJ COTOPYBAILETO. OIL aHajJIu3aTa MOKE Ja CC 3aKJIydyMu JCKa JABCTC OIIIMU MMaaT CBOH

MIPETHOCTH W HETATHBHU CTPaHH. KOTEICKHUTE MOCTPOjKU CO COTOPYBamk-E Ha jarJieHOB TIPaB BO JIET CE

3aCHOBaHM Bp3 OJaMHa €Ta0JIMpaHa W TO03HaTa TEXHOJIOTHja, JOAEKa MCKYCTBaTa CO €HEPreTCKUTE

kotmute co L®C ce nmomrm 30-una romuuu. Op apyra crTpaHa, IOpaaud HHTErpHUpaHaTa

necyiadypusaiuja BO caMUOT Ipoliec Ha coropyBame Bo [I®PC u Huckara emucuja Ha NOy, Kaj oBUE

KOTEJICKA TOCTPOjK OOWYHO He ce MOTpeOHM JOTMOJHHUTEIHH MEPKH Kako TOCTpOjKa 3a

necyiadypuszaiija Ha M3JIC3HUTE TacOBM W IOCTPOjKa 3a KaraauThyka peaykinuja Ha NOy.

TexHoekOHOMCKAaTa aHaIHU3a My JOaBa IMIPEAHOCT Ha PCHICHHUCTO CO I_I(DC TeXHOHOFI/Ija, nopaau

BHCOKATa IIeHa Ha MTOCTPOJKHUTE 3a BIaKHA Jecydypusalyja.
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NCKOPUCTYBAIBE HA EHEPTETCKHOT IOTEHIIUJAJI HA
KOMYHAJIHUOT OTIIAZA 1 AHAJIN3A 3A HEI'OBHUOT YAEJI BO
BKYIIHUTE EHEPI'ETCKHU IOTPEBU HA PEIIYBJIMKA MAKEJIOHUJA

AIICTPAKT

CramkaTa Ha 3arafieHOCT Ce 3rojJieMyBa Kako pe3ysTaT Ha COLMO0-EKOHOMCKHOT Pa3Boj, CTEIICHOT
Ha MHIyCTpHjaliu3alidja 1 Mexanusanuja. Kako ce 3ronemysa ,,ypOaHaTa™ mormyiaiuja, Taka pacTe u
KOJIMYECTBOTO HAa OTMagHa Marepuja. Bo MHOTY 3eMju penylupameTo Ha OTHaloT MPETCTaByBa
3HAYUTEIICH Mpo0IeM, 3apaau GaKTOT IITO 3arafieHOCTa BO THE 3€MjH CEKOjTHEBHO pacTe.

[ocrojaT Hajpa3nUYHMU TEXHOJOTHU CO KOW MOXKE /1a C€ UCKOPHCTH MOTEHIIMjaJIOT Ha OTHaJHATa
MaTepHja Kako €HEpreTCKH M3BOp, MOYHYBAjKH O MHOTY €JHOCTaBHU CHCTEMH 3a OTCTpaHyBambe Ha
LIBPCTHOT OTMAJ, A0 KOMIUIEKCHA TEXHOJIOTHH CO KOM MOXE JIa C€ OTCTpaHAT ToJIieMH KOJWUYWHU Ha
WHAYCTPUCKH OTIIA].

Bo Tpyzmor HakpaTko ke OMAAT ONMMIIAHM HAYMHUTE Ha KOM MOXE Jia Ce MPEepadOTH LBPCTHOT
oTHan 3a jga ce gobue eHepruja. Ke ce cTaBM akKIEHT HAa KOMyHAJHHOT OTMan , ke ce JeduHUpa
BaKBHOT OTIAJl, K& CE MPOLIEHH HErOBUOT EHEPreTCKU MOTEHIHjall, a TI0T0a Ke Ce HAlpaBH aHau3a 3a
Jia ce yTBP/M HErOBOTO YYECTBO KAKO €HEPreTCKU W3BOP BO BKYyIHATA CHEPreTCKa MOTPOIIyBavKa Ha
Peny6nuka Makenonwuja.

IMpunoOuBKKUTE OJ BAaKBOTO HCKOPHCTYBak¢ Ha OTHagHATa MaTepuja ce 3HaumtenHu. Ce
3rojieMyBa OpOjOT Ha €KOJIOIIKHA YHCTUTE TIOBPIINHM, & OTHAI0T JOOMEH O/ IOMAaKWHCTBATa CIIYXKH
Kako OOHOBJIMB U3BOP 3a JJOOUBAaLE Ha EHEPrHja.

Bo Peny6nuka Makenonuja, Baka gfoOueHara eHepryja € 3actarneHa BO MHOTY Mall npoueHT. [la
Taka, 3alI03HaBa-ETO CO CAMHOT IIPOIieC Ha JOOMBamke HAa CHEPrujaTa Ha eleH BaKOB HaYMH, KaKo U CO
MPUIOOMBKHUTE KOU C€ Pe3yJITaT Ha HEroBaTa peain3alfja, ¢ oJ KIYyYHO 3HAUCHE 32 3roJIeMyBambEeTO
Ha MCKOPUCTEHOCTA Ha €/ICH BAKOB OOHOBIIUB €HEPIeTCKU M3BOP.

Kayunu 300poBU: KoMyHaleHn omnaod, eHepeemcKy NOMeHYUjal, eHepeemcKy u3eop, 0OHOBIUBA
enepauja

1 BOBE]J

BkynHoTO KONMYecTBO Ha oTmaja Bo PemyOmuka MakenoHHja cexoja roJuHa CE HOBEKe ce
srogemyBa. Co Toa pacte OpojoT Ha [AENOHUHMTE, HMBHATAa IOBPIIMHA, a OCOOEHO CTalKaTa Ha
3arajieHocT. Bo MakesioH1ja ©Ma caMo eJJHa CaHHTapHa JeTOHHja KO0ja MUHHMAIHO TH 3aJI0BOJyBa
kputrepuymure Ha EY nmponmmanu Bo [upexTrBara 3a JIeNOHHUH, JenoHujara ,,Jlpucia“ Bo Ckorje.
Wma okomy 30TuHa ONIUTHHCKK JAemoHHH, U okoiay 1000 ,,auBu® nemoHuu (TJIaBHO BO PypaslHU
cpeaunun). CuTe OBHE JCTIOHWU TIOpPagy HECOOJBETHHTE NOTPEOHH TPETMaHH, CEKOjIHEBHO ja
YHUIITYBaaT KUBOTHATa CPeINHA.
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Cauka 1. Ienouunja Bo Ceern Hukoue Cinuka 2. /lenonuja so Nocrusap

Cuinka 3. /lenonnja Bo Kouann

Cauka 5. Ilornen Ha aenonujara ,Meauu* Bo Kapanapuu

Baksure ¢axtu ce 1eMHUTHBHO 3arprKyBauky, U MOTPEOHO € Mpe3eMarmhe Ha COOJIBETHU MEPKH
3a TpeTHpame Ha OTHAA0T O JETIOHUUTE.

2 PACHOJIOXKJ/INBU TEXHOJIOI'MHA 3A EHEPI'ETCKO KOPUCTEILE HA
OTHAAOT

JedunupameTo oape/ieHa TEXHOJIOTHja Koja € HajIoroJHa 3a HEKOj PEerrOH 3aBUCH O] OpOjHU
dakTopy, BKIyYyBajKM TH M JIOKAIHUTE METOAM Ha coOupame, o0padOTKa H oOJylarame Ha
KOMYHQJIHHOT LBPCT OTIIAJ1, KaKO M JIOKAJTHUTE MPOIIMCH MTOBP3aHHU CO KMBOTHaTa cpeauHa. [loctojar
HEKOJIKY JIOCTAlTHA HaYWHH 32 HCKOPHUCTYBAhE HA OTIAIOT BO BHJ] HA EHEPTHja:

HNucuHepanmja (3amanyBame) — TNpETCTaByBa NPOIEC HAa KOHTPOJMPAHO COTOPYBame Ha
KOMYHAJTHHOT BPCT OTHAJ ¥ J0OMBakh¢ Ha TOTUTHHCKA CHEPTHja.

CoropyBame — goara 10 TePMOXEMHCKa KOHBEP3Hja CO 0CI000yBamke Ha XeMHCKa €Hepruja Ha
TOPUBOTO, TOIUIMHCKA €HEepruja M ce KOPHCTH CO OrPaHMYCHa COJApXKMHA Ha Bjara M IOrojeMa
TOIJIMHCKA MOK, KOja € HajuecTo Kaj LIBPCTUOT KOMYyHaseH otnag nmomery 10 u 13 (MJ/kg).

IIupoamsza — mpercTaByBa MOCTalka Ha TEPMUYKA JAEKOMIIO3WIMja MPHU KOja MaTepujasioT ce
3arpeBa O] HAJIBOPEIIEH M3BOpP Ha TOIUIMHA 0e3 NMPHUCYCTBO HA BO3MYX, a KaKO pe3ysTar ce Jo0uBa




cMeca Ha [BPCTO, TEYHO W TaCOBUTO TopuBo. EjieH en o1 J00MeHOTO FTOPHBO ce KOPUCTH KaKo H3BOP
Ha TOIUTMHCKA EHEPrHja 3a MUPOJIH3a.

I'acudumkauuja - Iloctamkata Ha TEepMHUYKa ACKOMIIO3UIIMja CE€ OJBHBA HCTO KakO U Kaj
COTOPYBAETO CaMO CO KOS(PHITMEHT Ha BUIIOK Ha BO3IyX HAJ e€AeH. MaTepujaloT ce KOHBEpTHpa BO
rac Koj TJIaBHO C€ COCTOH O/T jarjepo MOHOKCH/, BOJOPOJ U METaH.

IInasma mponec - KoMyHalHHOT LBPCT OTNaJ c€ 3arpeBa Ha BHCoKa TeMmmeparypa oz 3000-
10000 °C co momom Ha TwiasMuH Jak (plasma arc). Eneprujata ce ocmobomyBa co €IeKTpUIHO
npasHeme BO nHepTHa arMocdepa. Ha 0BOj HAYMH OpPraHCKHOT OTMAaja ce KOHBEPTHpa BO Tac KOj €
0orat co BOIOpO[l, a HEOPraHCKUOT OTIaJl BO MHEPTHHU CTakjIeHu ocTarouy (inert glass residue).

AHaepoOHa auWrecTuja - TpETCTaByBa IPOLEC HAa MHUKPOOHMONIOIIKO pasrpagyBame 0Oe3
MpHUCYCTBO Ha Bo3ayx. Ce mpepaboTyBa BUCOKO BiaKHA opraHcka marepuja. Co pasrpagyBameTo ce
n00MBa rac Koj MPBEHCTBEHO CE COCTOU OJ METaH U jarjiepo]l MOHOKCHUI.

JIemoHUCKH Tac - HajrojIeM JIeN Ha JISTIOHCKHU Trac ce (hopMupa co OaKTEPUCKO pasrpaayBame O
OaKkTepuuTe KOU C€ MPUCYTHU BO OTHAAOT M 3eMjHILNTETO CO KOE Ce MPEeKPHBa JIEMOHNjaTa. 3a pa3iinka
0]l aHaepoOHaTa JHUreCTHja TyKa MUKPOOHOIIONIKOTO Pa3rpaayBame HE € KOHTPOIHPAHO, a JICTYMHO
ce BpIIM M aHaepoOHa aurectuja. M Bo ClyuajoB UCTO Taka ce JJOOMBA Tac KOj C€ COCTOU OJ METaH U
jaryiepo]i MOHOKCH]I.

3 KOMYHAJIEH OTHIAJI U HETOBOTO EHEPTETCKO UCKOPUCTYBAIBE

Ke ro pasriiegame eHepreTcKUOT MOTEHIM] AT KOj TO HOCH KOMYHAITHHOT OTIaJ], KAKO U HETOBOTO
BIIMjaHNE BP3 BKYITHUTE CHEPTEeTCKH MOTpeOr 0N eleKTpudHa eHepruja Bo PemyOnmka MakenoHwuja.
I[pen na 3amoyHeme co aHANU3ara, Ja AepUHUpAME IITO CE crara BO KOMYHAITHHOT OTTIAI.

3.1 Komynajgen ormajg (IOMaKWHCTBA- IPAJCKH M pypajeH, cMeT O] YJUIH U IBOPOBH,
KOMepUHjaJieH 0TIAaj)

KomyHamHHOT oTnazx BO MPHHIMII € OTHal Koj ce coOupa o JTOMakWHCTBAaTa, KAKO U CMETOT
LITO ce coOupa o yJIUIM U IBOPOBHU, TPOTOAPU M NMApKOBU. Bo rycTo Hacenenure ypOaHU CpeavHU
OTIAaZOT Of IOMAaKHWHCTBATa IJIAaBHO CE COCTOM OJ: XapTHja, KApPTOH, IUIACTHKA, METAJH, CTaKIO, APYT
MaTepHjaj 3a MaKyBame U OTMaj OJ XpaHa, OJJHOCHO COJPKU: MaTepHjalli 3a MaKyBambe, OTHa 01N O
YHCTEHE Ha JBOPOBH, YJIMLM U TPOTOapH, Mebel, objeKa, MUIINba, OTIAA0IM O] XpaHa, BECHHIIN,
pa3HM ypeau of] IOMOBHTE 3a JKUBECHE, aKyMyJlaTopH, barepun u 1p. Bo nomakuHcTBaTa CO JBOPOBU
OTIAZI0T MOXE Jla COAPXH M OCTATOLM O]l KOCEHhe Ha TpeBaTa M KacTpeme Ha Apsara. CocTaBoT,
OJIHOCHO TPOIIEHTYaJTHOTO YYECTBO Ha OJIETHUTE KOMIIOHEHTH BO KOMYHAJTHHOT OTIAJ Bapupa
3HAYUTENIHO M 3aBHCH OJ IMOBeKe (HaKTOpPH, KaKO IITO CE: CTaHAAPAOT Ha KUBECHE Ha JIyreTo,
MECTOTO Ha COOHMpame U Jp., HO C€ MEHYBa MCTO TaKa W BO 3aBUCHOCT O]l TOJTUIITHOTO BPEMe.

3.2 Komepumjajen ornan

Komepuujanen otmag € OHOj INTO ce co3/laBa Off KOMepHuWjadHuTe (HE WHAYCTPUCKH)
aKTHBHOCTH, T.€ KaHIEJAPUHUTE W TNPOAABHHULUTE M € OTHaJ II0 COCTaB CIMYCH Ha OTHAIO0T Of
JIOMaKWHCTBA, HO CO MHOTY TIOT0JIEMO YYECTBO Ha XapTHja U KapTOH (KaHIENapUU U MPOJIaBHUIIA KOH
HE POJaBaaT XpaHa).

3.3 EHeprercku moTeHUHjaJd HA KOMYHAJHHOT (JOMAKHHCTBA W KOMEPIHjaJHU 00jeKTH)
oTnaj

Bo Tabenara ¢ qajieHa TOIIMHCKATAa MOK Ha IIBPCTHOT KOMYHAJICH OTITaJl, 38 caMara KOMIIOHEHTa
W 3a cMeToT. Ham HM e BakHa BTOpara KOJIOHA, O] KOja INTO MOXKE Jia Ce€ BHIM JeKa BKYyITHATa
TOITMHCKAa MOK OJl CMETOT KOj TO COYMHYyBa KOMYHAJIHHOT OTman m3HecyBa 7862 kJ/Kg, omHocHO
OpyTO EHEPTEeTCKUOT MOTEHIIMjajl HAa BAKBHOT OTIAA n3HecyBa okoiy 2,1837 KWh/Kg.




Tabena 1

IIpoceyna TOMIMHCKA MOK Ha ypoaH uBpcer komyHaien ormaa (Municipality Solid Waste MSW)
Bun Hd na xommnonenTakJ/kg Hd na cmeror ki/kg kWh/kg cmet
XapTHja U KapTOH 14700 3528 0,98
OTtmagonu ox XxpaHa 5735 1147 0,3186
ITnacruka 26940 1643 0,456
Koxa 19600 235 0,0653
T'yma 23250 558 0,155
Texctun(obneka, 16275 651 0,181
OCTaTOITH O] 00JIeKa)
Ynumum u ABOpOBH 7694 100 0,0278
BkynHo 7862 2,1837

3Haejku JeKa [BPCTHOT, KOMyHAJIEH U KOMEpIHjaJieH OTIaj BO ceOe COAPKH OpeNeH €HepreTCKH
MOTEHIIHMjal , KOJKaB MPOLEHT O/ CHEPTeTCKUTE TOTPeOU MOKE Ja TH 33J0BOJHM BAKBHOT €HEPTreTCKH
u3Bop?

4 AHAJIU3A

HOI[aTOHI/ITe 3a KOJIMYMHAaTa Ha IBPCTUOT KOMYHAJICH OTIIaZl BO CBETOT CC€ pPa3JIMUHU U CC ABWKAT
mery 0,8-2,3 kg/gosexk Ha meH. Ce mporleHyBa jaeka rparanute BO PemyOnwka MakemoHudja
npousBeayBaaT okosny 300 Kg oTmanm 1o JMIle TOAMIIHO, BO YpOaHUTE CPEIMHH, a BO PYPaTHUTE
cpenunan pHOIMKHO ooBrHA (150 Kg o 4oBek roauIiHo).

HajnpeuH, ke pasrieaaMe €IHO NPOCEYHO, YETUPUWICHO COBPEMEHO CEMEjCTBO. AKO 3eMeMe
JieKa eIeH 4ICH O] CEMEjCTBOTO ToauiiHO mpou3BeayBa 300 Kg oTmaa (HOpMaaHO OBOj IMOAATOK
BapHpa O] TOJHa BO TOJMHA, HO 3eMaMe HEeKOj MPOCEK), TOTalll BKYITHUOT OTHaa KOj TO MPOU3BEIyBa
cemejctBoTO ke m3HecyBa 1200 Kg roaminno, wiu 1,2 TOHH TOAUIIHO. 3eMajKH ja MpeIBH] rOpHATa
Tabena, BKylmHATa TOIUTMHCKA MOK Ha OBaa KOJNWYMHA HA IBPCT oTmaj ke oume 9434400 kJ mnm
npecmeTano Bo KWh Ttoa ke 6une 2620,44 KWh, onxocuo 2,6 MWh Ha roamiiHo HUBO.

AKO eHepreTcKuTe NOTPeOH HAa BAKBOTO ceMejcTBO m3HecyBaat ox 20 mo 25 MWh
TO/IMIIIHO, MO:Ke /12 ce 3aK/Iy4H /IeKa CO IBPCTHOT O0TNA/, CBeleH HAa TOAUIIHO HHBO, MO2Ke /1a ce
3agoBojaT okoJy 5-10%0 on BKYNMHUTE eHepreTCKH MOTPeOH HA CeMejCTBOTO (aK0 MpeaBHI I'M
3eMeMe U 3ary0nTe Ha eHepruja npy nNpouecoT Ha MPOU3BOACTBO).

Cera na ja pasriefame curyanujata Bo PenyOiuka Makenonuja. Criopea HogaTOIUTE Ha
Jp>XKaBHUOT 3aBOJI 32 CTATUCTUKA, BKYITHOTO KOJIMYECTBO Ha cOOpaH KOMyHaJleH oTnaj Bo Pemybmnuka
Maxkenonuja Bo 2015 roauna u3HecyBa 620 328 Torn. Bo TabenaTa e mpukaxaHo KOIWYECTBOTO Ha
CO3/1aJIeH U COOpaH KOMYHAJIEH OTIAJ 110 PErHOHMU.

T-02: Konnuectso Ha cobpaH 1 co3gaseH KomyHaneH otnag 8o 2015 roguHa, no permoHm
T-02: Amount of collected and generated municipal waste in 2015, by regions

ToHKn tonnes
CobpaH  KOomyHaneH Co3pafeH KomyHaneH
oTnag, oTnag,
Collected municipal waste Generated municipal waste
Peny6nuka 620 328 786 182 Republic of
MaKegoHuja - BKYnHO Macedonia - total
Bapgapcku 76 235 93 238 Vardar
UcToueH 52 580 72 303 East
JyrosanageH 46771 94 391 Southwest




JyroncToueH 33764 46 860 Southeast
MNenaroHUcku 69 446 80732 Pelagonia
Monowkun 117 645 150520 Polog
CeBepounctoyeH 72 295 83 059 Northeast
CKoncKku 151 592 165 079 Skopje

On cobpanute 620 328 ToHHM, % omHOCHO 413 552 TOHM coOmp)KaT €HEPreTCKH MOTEHIH]all,
noneka Y5 (206 776 ToHmM) oTnara Ha MaTepHjaTe KOW Ce €HepreTcKu HekopucTimBh. Cera, ako
HampaBUMe €HepreTcKa MpoleHKa Ha 0BOj oTnan ox 413 552 Tonu, ke mobueme JeKa eHepreTCKUOT
MOTEHIMjal Ha BakBHOT oTnaja (cnopex tabenal ) e 903,07 GWh enepruja. O oBaa moTeHIujarHa
€Hepruja, OKoJIy 5 ce T'yOu IpH IpoLeCHTe Ha KOHBEp3Wja Ha €Heprujara, Taka IITO OCTaHyBaaT
npubmmkao 602 GWh enepruja (ToruimHcka U enektpuuHa). OIHOCOT Ha ENICKTPUYHA CIpeMa
tTormHcka eHepruja e 3:4. Ila taka, mo6uame neka 258 GWh moxke 5a ce MCKOpUCTaT Kako
enekTpuyHa, a 344 GWh Bo B Ha TOIIMHCKA eHepruja. Ako MakeqoHHja FOAMIIHO ¥Ma moTpeda
ox okony 8500 GWh enextpuyna eHepruja, BO TOj Claydaj Moxe Aa ce mpecmera aeka 3,03% on
BKYITHUTE €HEPTeTCKH NoTpedbu Ha PM Moke na OupaT 3aJ0BOJICHH aKO C€ UCKOPHCTH €HEPTEeTCKHOT
MOTEHIIHjan Ha coOpaHnoT KoMmyHasieH otmay Bo 2015 roguna. Cera, ako 3eMeMe JeKa TOAHIITHATA
nobapyBauka O] eICKTpPHYHA eHepruja Ha rpaaot Benec e okony 130 GWh | Bo Toj cityuaj Moxe 1a
ce 3aKJIy4yH JIeKa caMo CO eJIeKTpHYHA eHepruja Jo0reHa oJl KOMyHaJTHHOT OTIIaJl MOKE JIa Ce Harojar
HEKOJIKY IIOMaJii IpajgoBu Bo PM.

HopmaJsno, BakBHTe MOATONM BAapHPAaT CeK0ja roAMHA, HO BO NMPOCEK MOKe 1a ce 3eMe
JAeKa o] cOOPaHHOT KOMYHaJIeH OTHAJ CeKoja roJiMHa Mo:xKe 1a OMJaT 3a10BOJIeHH OKo.y 3-4%
0/1 BKYNIHUTE eHepreTcku norpedu Ha Penydsiauka Makenonuja.

5 3AKJ/IYHOK

[IpaBunHOTO COOMpame M TpeTHpame Ha OTIAA0T IPETCTaByBa HAJjrOEM IPEIU3BHK BO
COBPEMEHOTO OMIITECTBO CO IIe71 OCTHTHYBAamhE HAjMIOBONHU €EKTH MO KUBOTHATA CPEIHMHA, TaKa
IITO CEKOE HEeTPAaBMIIHO TPETHpame OM NMajo HeraTHBHH Nocieauiy. KopucremeTo Ha KOMYHATHAOT
OTIIa]] BO €HEPreTCKH ILIEJH, TIOCEOHO 3a MPOM3BOACTBO HA CHEPIHja MMa MOBEKe TIO3UTUBHU €(EeKTH.
Bumoeme nexa 3-4% rojuinmHu MOTpeOM O ENEKTpUYHA cHepruja Ou Owiie 3aJ0BOJICHU Of
HCKOPHUCTYBAKETO HA KOMYHATHHOT OTMAJI, IITO BOOMIITO HE € MaJ MPOICHT, aKo ja 3eMeMe TPEe/IBU/L
MOBEKEKpaTHaTa MPHUIOOMBKA OJ] BaKBOTO WCKOPHCTYBAambe. JIOOMBAEmE EJIEKTPHYHA M TOIUIMHCKA
eHepruja W NoOMBamke Ha CKOJIOIIKK IOYUCTa JKUBOTHA cpeanHa. [IpoOiiemuTe 0 KOMYHaIHHAOT
OTIaJl CO KOU ce coouyBa MakeJoHHWja, Ce OTPOMHH, Ia 3aTOa € HEOMXOAHO Ja CE€ MHBECTHPA BO
BaKBHOT €HEPreTCKU U3BOP.
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UMIIEMEHTAIINJA HA AS - INTERFACE 3A ITIOJOBPYBAIBGE HA
EHEPTETCKATA E@PUKACHOCT BO HHAYCTPUJATA

KYCA COAPKUHA

Pacteuknor TpeH 3a 3allTe[a Ha €HEpruja BO 3eMjara, JOBEeIyBa O M3HAOIambe Ha HAYMHU
3a eUKacHO HCKOPHUCTYBAamk€ Ha EHEpPreTcCKUTe morpouryBadd. CHUCTEMHUTE 3a pas3nagyBambe BO
(abpukuTe NpeTCTaByBaaT TOJEMHM EHEPreTCKU IOTPOLIYyBaYM W OJ OCOOEHO 3HAuemhe € HUBHO
panuoHanHO KopHcTewme. lloTporryBaukara Ha €JIEKTpUYHA €HEpruja 3a OBHE CHUCTEMH MOXE Ja
nocture u 10 20% o BKymHaTa MOTPOIIyBauka Ha €JIEKTpUYHA eHepruja Bo ¢abpukara. 3aroa, BO
(hoKycOT Ha HCTpakyBameTo ke Ouje TOkMy momoOpyBame Ha eHepreTckara e(QuKacHOCT CO
HUMIUIEMEHTAlMjaTa Ha eJICKTPUYHHU BEHTHIIN yripaByBanu co AS — Interface, Bo pa3nagHuTe cUCTEMHU
O]l €IHa CTpaHa, HO ¥ (PMHAHCHUCKATa UCIUIATIIMBOCT HAa BAKBUTE CUCTEMH OJ] pyra CTpaHa.

Bo mpBuOT e o TpymoT Ke ce Aane OCBPT Ha MPEIHOCTUTE U KapakTepucTHUKuTe Ha AS — |
bus cucremot. [lomaramy ke ce aHanmm3upa moTpedara OI BaKOB THI Ha CHCTEMH BO €qHA O]
KoMmnaHuute Bo PemyOnuka MakenoHuja, U Ke ce MPHUKaKE IU3ajHOT Ha MPEIUIOKEHOTO pPElIeHUE
KaKO M HETOBOTO BJIMjaHHE BO HACOKA Ha 3allTe]a Ha TOIUIMHCKA U eleKTpudHa eHepruja. Ha kpaj Ha
TPYJOT Ke ce aHalu3upa ¥ pUHAHCUCKATa MCIUIATIMBOCT O] MMIUIeMeHTaujata Ha AS-Interface bus
W TIEPHOJIOT Ha BpaKkame Ha MHBECTHUIIM]aTa.

Kuayunn 360poBu:AS — | ,enepeuja, 3auumeoa, ucniamiugocm

1 BOBE]

ABTOMaTH3MpaHUTE CHCTEMH CO pelleHuja Oasupanu Ha otBopeHu fieldbuses (mporecHu
COOMPHMIIM) C€ CeraiiHuTe CTAHAApAd 3a MHOTY CEKTOPH BO HWHAyCTpHUjaTa, Mely KOU W
npou3BozicTBOTO. Fieldbus e uHIyCcTpricka Mpexa Koja € CIelrjalHO TU3ajHUPaHa 3a KOMyHHKaIl1ja
nomery mporpamMuOWIHN Joruuku yntaByBaun (PLC) win MHIYCTPUCKH KOHTPOJIEPH, CEH30PH H
3aJ[BY’KYBaud MOHTHpaHH BO HajpaznuuHu noronu. Fieldbus e menocHo aururaninsupaH, TBOHACOUCH
CHCTEM KOj MOBP3yBa HEKOJKY YPEIH BO €JeH KOMYHUKAIIUCKHM KaHall, OJTHOCHO € JIM3ajHUPAH Jia TH
3aMeHH MOBp3yBamaTa point-to-point mTO 3HAYM MOBpP3yBamka Ha CEKOj CEH30p M 3aJBHKyBad co 10
KOHTpOJIepoT. Toj OBO3MOXKYBa IIEJIOCHO HCKOPUCTYBamke Ha (YHKIIMOHAJIHUTE TMPEIHOCTH HA
JUTUTATHATA KOMYHHKAIIMja, Kako IITO Ce MOoJA00pyBambe Ha U3MEPEHHUTE BPETHOCTH, JTHjarHOCTHYKH
MO>KHOCTH, AAJICYNHCKO YIIPaByBame, HaMalyBambe Ha HHCTaNanuonuTe Tpomony (20-40 % 3amrena)
Y 3HAYMTEIHO HamajieH Opoj Ha KoHekuuu [11].

VYrnorpebara Ha KOMIOHEHTH OJi pa3lIMuHH TPOU3BOAMTENM Oapa IOINOJHHUTENICH pa3Boj Ha
uHTepdejcn W apajBepu. JlururanHaTa KOMYHHWKAlMja TOCTOM JIONTO BpeMe, HO C€aMO Kako
HECJI000HH TMPOTOKOJIM, OAHOCHO IMPOTOKOJIM creluduimpanu 3a ymnorpeda camMo O CTpaHa Ha
oapeneHn kopucHuiM. Kako mocnenuma o nmorpedara o1 OTBOPEHH CUCTEMH 32 KOMYHHKAIlHja, BO
HEKOJIKY KOMIIAaHWUHM W YHHBEpP3UTETH Of cpeamHara Ha 1980-tute 3amouyHamo na ce paboTu Ha
cTaHzapieH nporokon. Hamopure pesynrupaine co ase mpexu: Fieldbus PROFIBUS u Foundation
fieldbus. Kako nuBo nongone on PROFIBUS, ce Haofa AS — I koj e crannapau3upas, OTBOPEH,
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JUTUTAJICH KOMYHUKAIIUCKH CHCTEM KOj MOXE Jla ce NpPHMEHH BO CHTE OOJNacTH Ha
MPOM3BOCTBOTO U aBTOMAaTH3aIMja Ha miporecure [1].

KoMyHHUKAIUCKUTE CITOCOOHOCTH HAa YpeAWTe W KOHTHHYMPAHHOT, TPAHCHAPSHTEH MPOTOK Ha
uHpopManuu ce MOTPeOHH KOMIIOHCHTH 3a BPBHA aBTOMaTH3alja. KOOpAWHHpaHH WHIYCTPUCKH
KOMyHHKaucku cuctemu, kako mro ce PROFIBUS, Actuator — Sensor - Interface bus kako
MOEIHACTABEH MJIM KOMYHHKAIIMCKU CHCTEMH YHAINPEJACHH CO KopucTere Ha Ethernet, HynaT naeanHu
MpeIyCIOBH 32 TPAHCIIAPEHTHO BMPEXYBamkhe BO CHTE 00JIACTH Ha MPOIECOT Ha MPOU3BOACTBO. AS-
uHTEepdEjC € MPEKHO UHIYCTPUCKO PEIIeHHe, KOe € JECHO 32 KOH(HUTypalrja, 3HAYUTEITHO TTOSBTHHO
OJ1 IPYTUTE U JOBEPJIMBO M KaKO TaKBOCE KOPUCTH 34 CJIEKTPOMATHETHH CEH30PH, (POTOCIEKTPHUUHH
HHIAKATOPY Ha HUBO U BeHTIIu[10].

Actuator - Sensor — Interface (AS — |) moBp3aHu CO €IEKTPUYHHUTE BEHTWIM U COOJBETHA
ynorpeba (opMupaar emHOCTaBeH M (QYHKIHOHAJICH CHCTEM KOj € MOTOACH 3a MOA0OpYyBame Ha
eHepreTckara eukacHOCT. 3a Jia ce CTUrHe A0 JeHenrHnoT AS — |,pa3BojoT MOMHHAT HU3 TpH (a3u
Ha Kou paborerne 11 KoMmaHMM KOW 3aeAHO ce coemuHmie Borpymaimjata AS - International. Bo
HapeAHOTO TorfiaBje ke Ouje MpHUKa)KaHO Kako OBOj KOHIICTIT Ce MEHYBal, HampeayBal U Kako Toa
BJIMjaesio Bp3 MpoMeHaTa Ha 1ieHara [3].

2 AS-INTERFACE

AS-Interface (3agBmkyBad — censop unrepdejc, AS —| ) e MpexkHO HHAYCTPUCKO pPELICHUE KO
ce NPUMEHYBasO IPOHM3BOJICTBOTO W BO AaBTOMATCKUTE CHCTEMH Oa3sMpaHd Ha MPOTrPaMHOMIHA
mornuku yrpaByBaun (PLC),muctpubympanun cuctemu 3a ympaByBamke (DCS) m mepconamHu
kommjytepu (PC). AS-I ce xopuctu 3a moBp3yBame Ha eqHocTaBHU |/O (B1e3HO/M3IIE3HU) ypelIu, KaKo
Ha npumep OunapHu ON/OFF ypenu kako akTyaTopH, CEH30pH, POTHPAuKH €HKOJECpPH, aHAIOTHH
BJIC30BH U W3JIE3H, MIPUTHCHH KOITYMIbA M CEH30pHU 32 IO3MIHMjaTa Ha BEHTWI CO yrmoTpeda Ha eleH
JBOXKWIICH Kaben [2].

[IpBara opuruHanHa Bep3nja Ha AS Mpexata cozfganena Bo 1994 roauna, 6una Bo coctojba
na nogapkysa fo 31 ourapau /O ypeau/mMoaynm, Kkaie mTo CeKoj ypel MOXKen J1a pa3MeHyBa 4 Outa
Ha BJe3 M 4 OWTa Ha W3JIE3HU MOJATOIM, IITO Pe3yaTHpa co BKymHO 124 Bie3osu u 124 u3ne3u Ha
ellHa Mpexka. BakHM KapaKTepuCTHKM KaKO aBTOMATCKa 3aMEHa Ha €IMHEYEH ja30J1 Beke Omiie e of
CHCTEMOT M UMaJl MaKCUMAaJTHO BpeMe Ha aXypHpame o 5 ms.

bunejku AS — | 6un 6p3o npudarteH o1 KOPUCHUIUTE, caMO 4 TOAWHU TOAOIHA CO3/A/ICH €
no/Io0peH uHTepdEejc KOj K& OBO3MOXKYBA CO3/IaBakh-¢ HA aHAIOTHU BIIE3HO/HU3JIC3HN YPEIU B 3T0JIeMEH
Opoj Ha MoxxHM OuHaphu 1/O ypenu Ha 62. Kako mocneauiia Ha OCTOCHETO Ha OMIMjaTa HapeUYeHa
A/bB cenexTop co Koja e 0BO3MOXKEHO cekoja of] 31-Ta ampeca aa 6uje ynorpeOeHa JBa MaTH, €IeH O]
W3JIe3UTe HE € JIOCTareH 3a Kopucteme. [1a Taka, moHyaeHu ce 4 Bie3a, a 3 u3nesa, co ITO BKYITHHOT
6poj I/O na enna Mpeka e 3roemen Ha 248 Bie3a u 186 m3je3a, Kako MITO € MPHKaKaHO Ha CiI.l.
MakcHuMaHOTO BpeMe Ha axypupame cera ¢ 10 ms [8].

3ronemMeHOTO KOpucTere Ha Ethernet GasupaHu WHAYCTHCKH OPOTOKOJNH, Kako H
BOBEJ/IyBal-E€TO HA CEPUCKH MPEHOC Ha IOJAATOIM, JIOBeJe N0 NehUHHUpake HAa HOBU NPOQHIH 32
KOMYHHUKaIMja 32 OMHApHU W aHAJOTHU IO/IATOIM, KO T'H KOpUCTUME JieHec. Tue conpxar OMHapHH
/O jazmu co momgmpmka Ha A/B anmpecupame co: 4 Biesa u 4 usnesa; 8 Bie3a UM 8§ M3Ie3a,
koHpurypaduieH (8, 12 umu 16 bit) Op3 aHaOreH KaHAN U 1IEJIOCEH JIBOHACOYECH CEPHCKH MPEHOC Ha
momaror [3]. Co oBue MmoxkHOCTH, AS-rHTEp(dEjC CTaHyBa HIcaIeH MapTHEP MpeXa 3a Koj OMiIo o,
BO MOMEHTOB PacnojokinBu ErepHer-0asupanu HHIYyCTPUCKU MPOTOKOIH.
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Ca.1 - AS— | mogyn

[MpennocTuTe ce pabOTEeHE HA MPUHIUIIOT MacTepP-MOTYMHET, HAMaJeH Opoj Ha CTPYKTYPHHU
OrpaHM4YyBama, MPEHOC Ha MOJATOLM W HAINOjyBamke MPEKy €JCH JIBOXKHJICH KaOes, OTIOpHH Ha
OyuaBa, momkuHA Ha cerMeHTd o1l 100 MeTpu Kou Moxe n1a ce koMOuHupaaT 10 300 MeTpu co TOMOIIT
Ha PENETUTOPH, JECHO KOH(PUrypupame, ehuKacHa JETEeKIMja Ha TPEIIKA W HUBHA MPEBEHIH]ja U
necen crapt[4].JIpyra 3HauajHa MPEIHOCT KOja ja MMaar € KoMmmarnomiaHocta co cure fieldbuses u

POTrPaMUOHITHY JIOTHYKH KOJIA KAKO M 3HAYMTEIHO TIOHUCKATA IIEHA BO OJTHOC Ha JAPYTHTE CHCTEMH 38
KoMyHuKaruja [6].

Kommnaru6unnocra va AS — | co pazmmunu TunoBu Ha PLC, kako u qpyrurte nMpeTHOCTH
MOrope HaBeIeHU, OBO3MOXKYBaaT MPUMEHA HAa OBOj aBTOMATH3HpaH CHUCTEM BO XEMHUCKaTa
WHJTYCTPH]ja;Ce €O IeNI Jla Ce 3allTe/Ii TOIUTMHCKA U eJIEKTPHUYHA eHeprija. HaunHOT Ha KOj Toa MOXKe
Jla ce TIOCTUTHE € CO MOMOII Ha eJIeKTPUYHM BEHTWIN ymnpaByBaHu co AS — InterfacemoBpsan co
WHIUKATOPU 34 HUBO U JIOTUYKHU YIIpaByBayYKW CJUHHIHN 3a aBTOMATCKa KOHTpOJIa Ha MPOLECOT.
BakBHOT cucTeM Haora TpUMEHa BO XEMHCKAaTa WHJYCTpHja 3a JaJickhe Ha pe3epBoapu 3a
CKJIaJIpame, MEIIalkhe U J03UPAhe HAa XeMUKaIHA. MOJIeIOT Ha CUCTEMOT M HEroBarta OMpaBJaHOCT
ce pe3paboTeHH BO TpeTaTa OJHOCHO YeTBpPTATA IJIaBa.

3 TIPUMEP 3A AHAJIM3A

XeMHCKHTE peakilii BO pe3epBoapuTe BO KOW Ce CKJIAJAMpaar, MEIIaaT U J03UpaaT XeMHUKAIUH
pasBuBaarT rOJIEMH TEMIEpaTypd KOM MOKAT Ja MPEAM3BHKAAaT HEMOBOJHHM YCJIOBH 38 XEMHCKHOT
npotiec. Efen o1 HauMHKTE 3a Ja Ce CIIPEYH [0jaBaTa Ha TEMIIEpAaTyPHH Pa3JIMKHU 3a OJP)KYBarmbe Ha
MOTPeOHUTE CTAaHIApAX 3a HEMPEKWHATO MPOM3BOJCTBO € YMoTpeba Ha CHCTEM 3a JIaJCHhe Ha OBHE
pe3epBoapu. PesepBoapute MMaar IyIuid SHIOBH MMOMEly KOW LUPKYJIMpPa Jia[Ha BOJIA U ja OJIBEIyBa
TOIMJIMHATA HU3 3aTBOPEHUOT CUCTEM 3a JIaJickhe moBp3aH co namwiHuk (chiller) (cn.2).

[lorpebara ox mpuMeHa Ha aBTOMaTH3HPaH CHCTEM 3a JIaJeHkhe BO eIHa XEMHUCKa HHAYCTpHja
Bo PemyOnmka Makenonuja mpousneryBa oji (GakTOT Jeka MpU HEMPEKUHATO IMPOU3BOJCTBO Ha
KOMITIaHHjaTa BO MOTOH ce camo 8 oJ1 BKyITHO 48 pe3epBoapH, a 3a OCTAHATUTE HEMOTPEOHO Ce TPOIIH
pasnagHa BoJa M e€JEeKTpUYHa eHepruja. IlpuHOMmuenHara miemMa Ha CHUCTEMOT M HETOTOBOTO
oA00pyBame O] ACTIEKT Ha CHEePreTcka e(pUKACHOCT € MMPUKaKaH Ha CIIHKA 2.




CucteMoT Ha aBTOMaTH3aLMja € 0a3upaH Ha NPUMEHA Ha €NEKTPUYHU BEHTWIM YIIPaByBaHU
co AS — Interface koj e mMoBp3aH CO MHIMKATOPH 33 HUBO M JIOTUYKU YIPaBYBauKd CIUHUIM 32
AaBTOMAaTCKa KOHTPOJIa Ha MPOLECOT.
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Ca.2 — IlpuHuMNKeSHA IeMa 32 eHepreTcku euKacHo Jiaaeme

Kora nnaukaropor Ha HUBO ke oTumTa 10% wim momanky, ja mpaka Taa mH(pOpManuja 10
mporpaMaOuiieH JIOTHUKK yMpaByBad, KOj mak AaBa Hapenda no AS-l moaymnor ma ro 3arBopu
SNEKTPUYHUOT BEHTWI, a CO TOA aBTOMATCKU Jla c€ MPEeKHHE J0BOAOT Ha jajaHa Boja.Haumnor Ha
uHCTananyja Ha enementure of Ci. 2 HyAu JOBepiiMBa KOHTPOJA HAa EICKTPHYHHUTE BEHTHIH H
MHJIMKATOPUTE 32 HHUBO, a CO NPEKUHOT HAa HENMOTPEOHOTO JIaJeHhe Ha Pe3epBOApPUTE CE HaMallyBa
MOTPOIIyBayKaTa Ha TOTUTMHCKA M CJEKTPUYHA €Hepruja. Y CIEemHOTO MOCTUTHYBalkE Ha Taa el €
MOTBPZCHO CO pa3paboTeHaTa MaTeMaTHYKaTa aHaJIM3a BO CJIECTHOTO MOTJIaBje.

4 OUHAHCHUCKA AHAJIU3A
3a nma ce ompenenu (GUHAHCHCKATa ONPABIAHOCT HAa MOJCIOT Ke Ouae aHaau3upaHa
MOTPOITYBaYKaTa HA MOMEHTATHHOT U Ha aBTOMATU3UPAHUOT CUCTEM.

3a jajierbe Ha BOjIaTa C€ KOPHUCTH pa3iiayBad co MOKHOCT 3a jaaerme o1 506 KW.

Wznanenara Boja 3a Jajeme Ha CEKOj pe3epBoap rteue Hu3 IieBka co aumenszuja DN=15, a

nporokor Hu3 Taa 1eBka e V=0.25 [m3/h]. AKO KamalMTHBHOCTa Ha BOjaTa €
c, =1.163[Wh/kg-K], a TeMmIepaTypHaTa pasjiMKa Ha Bojara IOMely BIE€30T M H3JIE30T €

At=2.4 [K] ¥ TYCTHHATa Ha BOJIaTa O = lOOO[kg/ m3] , TOTaIlll MOXeE J1a ja mpecMeTaMe MOKHOCTA 3a

JIaACHE HAa €ICH pe3epB0apZ
P,=V-c,-p-At. @)

MokHocTta 3a saneme Ha 48, omHocHO 40 pe3epBoapu ce MPECMETyBa CO CICAHUTE (POPMYJIH
COOJIBETHO:

P..48=P". )
P.-40=PX. 3)

[lorpebHa enexkTpuyHa eHepruja 3a janeme Ha 48, onHocHo 40 pe3epBoapH Ke ce MmpecMeTa co:




W,

el,v

= P*.528. (4)

W, =P*.528. ®)

On (1) cenn meka moTpeObHAaTa MOKHOCT 3a JIANICH-¢ Ha €ICH pe3epBoap ke Oue:
P.= 697.8[W]

AKo ce 3eMe BO TIpeIBHA U KoehUIIMeHTOT Ha edukacHocT (2.58), Toramt:

P.= 270.465[W]

Axko enqHa dabpuka Bo Permybnmka Makenonuja nma 48 pe3epBoapu KOH ce J1ajgaT, Off paBeHKaTa
(2) ke ja moOmeme moTpeOHATa MOKHOCT 3a HHBHO JIaJ€HE, OAHOCHO PC"B. ®abpukaTa BO IpOCEK

pabotu 22 jeHa MecedHO, OJHOCHO 528 wyaca MecedHO,NarnoTpeOHaTa eNeKTpYHA CeHepruja ol
paBenkata (4) e obenexana co W, . Ox oBue 48 pesepsoapu, camo 8 paboTaT HCTOBPEMEHO, 3HAUM
40 ce mamat HemoTpeOHO. Ila, MokHOCTa TMOTpeOHA 3a naneme Ha 40 pesepBoapu HpecMeTaHa Cco
paBenkara (3) e PC“O. Ounanno, on pasenkata (5) ja gobOuBaMe HEMOTPeOHO MOTpOIIEHATA
elekTpuuHa eHeprujaBo egeH Mecer, W, Kkoja e enekTpuyHarta eHepruja Koja ke ce 3allTeaH I10

M3BpLIYBalbe HAa HWHCTAJAllMjaTaHa CJICMEHTUTE,IPUKaXaHWHA mnpuHIMnuenHara mema (Ci.2).
Jobuenute pe3ynTatu o] IOTOPSHABEACHUTE PaBEHKH ce pUKakaHu Bo Tabena 1.

Tabena 1.
PC48[kW] Wel,v[kWh] PC“O[kW] WeI [kwh]
12.982 6854.5 10.818 5711.9

Osaa uHBecTuimja 3a 48 pesepBoapu umHu 7500 eBpa. Ilpoceunara meHa Ha exen KWh
WH/IyCTUCKA eJIeKTpUiHa eHepruja Bo Pemybnuka Makenonuja e 0.07 eBpa, na cienu geka MeceyHara
3allITe/la Ha eJICKTpUYHa eHepruja ke ouzae 399.8 epa. Toa 3Hauu jgeka 0e3 3eMame BO NPEBUJ HA
CTarkaTa Ha aKTyeJu3allyja 1ejiaTa MHBECTUIM]a Ke ce uciuiatu 3a 19 meceru((akropoT 3a mporeHKa
Ha MEPHOJIOT Ha BpaKkame Ha WHBecTHIHjarta [5]):

Hneecmuyuja

Ilepuoo na spararwe na unsecmuyuja =
Meceuen npuxoo

ExoHomckara Basopu3alMja Ha TIPOGKTUTE € CIIOKEeHa 3ajJada Koja Tpeba MpPBEHCTBEHOIA
JIa/ICOITOBOP Ha TPAIAFETO Jali HIHUTE OYeKYBaHU JOOWBKH, CO NMPU(DATIMB PU3UK,MOXKAT J1a TH
OIIpaBJIaT BIOXKYBambaTa 1 Jalli MPeI0KEHUTE MHBECTHIIMH e HajJOOPUOTHAYNH 332 OCTBApyBambe Ha
nocaxkyBaHata 1en.CeraiiHa BpeHOCT Ha MapuTe € TeKOBHA BPEIHOCT HAa MIHUTE M3HOCH Ha TMapH
WircepHja Ha IIakamka eBATyHpaHH 110 JaJieHa cTanka Ha akTyann3andja.Cranka Ha akTyaliu3aiyja e
KaMaTHa CTalKa Koja c€ KOPUCTH 3a Jla WAHWTE BPEJHOCTH HA MapUTE c€ KOHBEPTHUPAAT BO CETAIHH
BpeaHocTH [5].

[IpuecoT Ha eKOHOMCKa BaJlopH3allMja Ha MIPOEKTUTE ce 0a3upa Ha HEKOJIKY KPUTEPUYMHU:

e Hero cerammnara BpenHocT Ha npoektoT (Net Present Value - NPV) mpercraByBa pasinka
moMmery ceramiHata BpeAHOCT Ha cute roroBuHcku mnpuxoau (Cash InFlows-CIF) u
cerairHaTa BpeIHOCT OMEry CHTE TOTOBHHCKH pacxoau Bo mpoekToT (Cash OutFlows-COF)
¥ MOJe J1a ce TpecMeTa criopes popmymara:
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e Brarpemnara cramka Ha pentabmwinoct (IRR) ce mpecmeryBa ox paBenkara (7) 3a HETO
cerairHa BpeHOCT eHaKBa Ha Hyna. Co mpecMeTka MoKe /ia ce 1o0re TIepruoIoT Ha Bpakame
Ha WHBECTHUIIMjaTa CO 3eMarbe BO MPEIBH/ Ha cTankara Ha peHTadbmwiHocT[5]. Ha 0Boj HaumH
ke ce no0ue nenocHa (YMHAHCUCKA aHAJIN3a 32 MMPOSKTOT MOAAPKaHA CO OBUE KPUTEPUYMHU.

5 3AKJUIYYOK

WnpycTuckoTo BMpeXyBame € OJ BHUTATHO 3HAYCHE 3a KOHTHHYHpaHa padoTa Ha CHTE
(hopmu o MHIYCTpHjaTa Kaje mTo (hr3mdKa onpemMa Mopa fia ce KoHTponupa. O mojaBara Ha MPBUOT
Fieldbus mpoTokos1, HHAYCTHCKHTE MPEXH CTaHAA HAjITHPOKO MMILUICMEHTUPAHH CO LeJT Ja UCTIOTHAT
ce TIOToJIeM CIeKTap Ha KOHTpoJja, 6e30eaHocT 1 MOHUTOpHHT. [IpeqHocTuTe Kou ce peanu3upaar co
HUBHATa MHCTaJlallhja, KaKO HaMalyBame Ha TPOILIOLUTE, IOJIECHO OApXKYBame M KOHHUTypalwja,
BHCOKO HMBO Ha KOMYHHKAallMja MpPEKy KOTPOJICpH, KaKO M TOTojeMa IEIOKYIHAa HHTerpaluja BO
paMKHTEe Ha CHUCTEMOT 3a KOTpOJia, HO M CO HaJABOPEUIHUTE MPEXKH Ce€ MOTHBalHja 3a MHOTY
MOHATAMOIIIHU UCTpaxKyBama [7]. Bo oBa ucTtpaxysame ce QoKycupaBMe Ha €IEKTPHUYHH BEHTHIIN
yrnpaByBanu co AS — Interface koj ¢ moBp3aH CO WHIMKATOPHU 3a HUBO W JIOTHMYKH YIPaBYBauYKH
eIMHMIM KOM Ke M3BpIIAaT aBTOMATCKa KOHTpPOJIa Ha mporecoT. Mejara e 1a ce mpeKknHe aBTOMaTCKU
JIOBOJIOT Ha JIaJHa BOJia KOra HMBOTO HAa CMecaTa BO pe3epBoapoT ke maaHe moj 10% co mro ke ce
NpeKUHE HEMOTPeOHOTO JaJeke Ha THE pe3epBOapH, OAHOCHO Ke Ce 3aIUTeH eJIeKTPHYHA SHEepTHja.
[Tlepriomor Ha Bpakame Ha HWHCBECTHIMjaTa M HCIUIATIIMBOCTa Ha IPOSKTOT € IIpecMeTaHa BO
(uHaHCUCKaTa aHAM3aMl Taa HA OBO3MOXKYBa JIa 3aKIy4nuMe JIeKa OBa € MCIUIATINB MPOEKT CO BHCOKA
CTallka Ha PEHTAaOWJIHOCT KOj IO MpaBH MOCAaKyBaH 3a UMILIeMeHTanuja. [leprogoT Ha Bpakame Ha
WHBecTHIHjaTa o1 19 Meceny ja ompaBayBa WHBECTHIIMjaTa 32 MHCTAJAIM]ja HA TIPEAMETOT Ha HAIIHOT
Tpya. Kako TakoB, TU3ajHOT Ha PELIEHUETO BO OBOj TPYJ € OJJIMUCH HAYMH 32 3allTe/la Ha TOIUTMHCKA
U eNIEKTPUYHA CHEPTHja, a CO Toa ¥ (PMHAHCUCKH PECYPCH BO COOJIBETHATA HHIYCTpH]a.
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NCKOPUCTYBAIBE HA EHEPTETCKHOT HOTEHIUJAJI HA OTITAAOT
O AEIIOHUUTE BO YPBAHUTE CPE/IUHMU,
CASE STUDY: CITY OF SKOPJE

KYCA COJAPKNHA

Enen onm moronmemmre mpoOmeMH €O KOj ce coodyBaaT ypOaHWTE CpEeIWHH TPETCTaByBa
OJIarameTo Ha KOMyHAIHHOT oTraa. Cekoja rofMHa IyCTHHATa Ha HACEIICHHETO CE 3r0JIeMyBa, IITO
CO CBOETO /I¢JCTBYBAHE U AKTUBHOCT HENPEKUHATO CO3/aBa OTMA].

Heuns0exHO € CeKojIHEBHOTO UC(pJamke Ha 3HAYUTSIIHA KOJIMYUHHM Ha I[BPCTH OTIAIOLHU O]
HWHAYyCTpHjaTa, afMUHUCTpaLKjaTa U JOMaKMHCTBATa, 01l KO ce cMeTa feka 60% mo 80% Ou moxene
a ce eMMMHIHHpaaT MpeKy penylupame, PenuKIupame W MOBTOpHa ymorpebda (reduce, recycle,
reuse). Bo romem gen Bo rpaicKHOT OTIaJ BIEryBa XapTHja, IPBO, KAPTOH, TIIACTHUKA, TEKCTHII, KOj
CIIOpeNl CBOjOT XEMHCKH COCTaB MMa TOPHBHA CHOCOOHOCT, OJJHOCHO €HEPreTCKH MOTEHIHjasl IITO
NpeKy TEXHUKUTE 3a MpepaboTKa MOXKE J1a Ce UCKOPUCTH.

On ronmema BaXKHOCT Jla Ce€ CIHOMEHE € JeKa cerapalujata Ha COCTOJKUTE Ha OTHAgo0T €
HEOIXO/JHA ollepalyja NpY HCKOPUCTYBAWmETO Ha pecypcure ox uBpctute otmagouu. Co Toa ce
OBO3MO)XKyBa M300p Ha ONTHMaJlHA TEXHHKaTa Ha MpepaboTka, 3a Ja c€ HCKOPHCTH €HEePreTCKUOT
MOTEHIIHjal BO LIEJIOCT.

Lenta Ha OBOj TPyJ € Za ce corjenaar M MpecMeTaaT MOXHOCTHTE 332 MCKOPHUCTYBambe Ha
EHEePreTCKUOT MMOTEHIHjal Ha KOMYHAJTHHOT OTIaj KOj ITOCTOjaHO Ce CO3/1aBa, IITO Ke pe3ylTHpa co
EKOJIOLIKM NMPHUIOOMBKM 32 OKOJIMHATa W Aa ce ogdepe TEXHOJIOTHja 3a CIPaBYBamEe CO OBOj BUJ
oTmaj.

Kayunu 360poBu:omnao, oenonuja, enepeuja 00 omnao, CKoncku pecuoH

1 BOBEJ

Co3maBameTo Ha OTIMAJ OTCEKOTanl OWIIO MOBP3aHO CO YOBEKOBUTE aKTHBHOCTH M € TPOINpaTeH
JIeJI Ha CEKOj pa3BOoeH mpollec. HacmpoTu momynapHOTO BepyBame JieKa HajToJieM 3arajyBad Ha
JKUBOTHATa CpeIUHa € WHAYCTpHjaTa, Ce UCIOCTAaBWIO JEKa CEKOjAHEBHOTO JIEjCTBO HA IIyIeTO €
MoajapMaHTHO, OWJIEjKM HMHAYCTPHCKHOT OTIAJ € KOHIIEHTPUPaH caMO BO HWHIYCTPUCKUTE 30HH,
J10/IeKa KOMYHAJIHHOT OTIa/ ja 3adaka 1ejara HacesieHa 00J1acT.

OTTyka NOTeKHYBa IMIABHUOT MPOo0JieM Ha ypOaHUTE CPEIMHH OKOJY CIIPABYBAHETO CO
KOMYHaJIHUOT oTnaja. Co3HaHM]jaTa 3a KBAIUTETOT U KBAHTUTETOT HAa IBPCTUOT KOMYHAJICH
OTIAaJ M TEKOT Ha OTMAJ0T Ce HEOMXOIHH 32 Jia C& OPraHU3Upa COOUPAETO, TPAHCIIOPTOT,
obOpaboTkara,
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TPETMaHOT M [CTIOHMUPAETO HAa OTMNAJ0T HAa COOJBETCH, CKOHOMHYEH W Ha EKOJOMIKH
po(eCHOHAaJICH HAUHH.

Bo Hamara gpxaBa Haj3acTalleH HauuH 3a CIIPaByBambe CO KOMYHAJICH OTIAJ] € HETOBO COOUpame
O]l CTpaHa Ha OBIIACTEHH TPETTpHjaTHja U ONJIOXKyBame BO nenonuja.llo3Haro e nexa moromeMuor
Je O] ICNOHUUTE Ce T.H. ,,IUBH JCHOHHU , KaJie IITO CIIPAaByBAIETO CO OTMHAJ € HEKOHTPOIMPAHO.
3a 1a ce MPUMEHH HEKOja OJl TEXHUKUTE 3a 00paboTKa Ha OTNAJ U BOEIHO J1a C€ HICKOPUCTU HETOBUOT
SHEPreTCKH IOTEHIINjall, HEOMXOIHO € Ja c€ MPOMEHH OpPTraHHW3aIlOHATa CTPYKTypa Ha OBHE IMBU
JCTIOHUH.

CornacHo oBa, cemapaiyjara Ha pa3IUYHUTE KOMIIOHEHTH O]l OTHAaJOT € KIYyYeH CerMEHT BO
WMIUIEMECHTAlMja Ha HOBH TEXHOJIOTHH 3a CIpaByBame cO OBOj mpobnem.Mmajku ja onmrumanHarta
TEeXHHKa Ha MpepaboTka, OM Pe3yJNTHPAJIO CO BHCOK CTEICH HAa HCKOPHCTYBAE HA CHEPreTCKHOT
noreHuujan.Ha Toj HaumH OM ce pemmsne npoOIeMHTE OKONy CelleKIHja M CKJIaJupame Ha
KOMYHAQITHUOT OTTIaJ.

Ilonatamy BO TeKcTOT OM ce 3azipkajie Ha HPEAJor TEeXHWKH 3a TPETHPame Ha OTHALOT Of
nernonuuTe Bo rpax Ckorje, Kako LITO ce HHCEHEpalurjaTa u U3BJICKYBambEe Ha ICTIOHUCKH Tac.

2 TEXHWKM 3A HCKOPUCTYBAILE HA EHEPTETCKUOT IMOTEHIUJAJ HA
OTMAJOT

1.1.Onmro 3a TEXHMKHTE 32 TPETHPAHE HA OTHA/

['maBHa 1en Ha MEHAUHMPAEmETO CO KOMYHAIHHOT OTIAJ € Ja Ce HaMald HMMIAKTOT Bp3
’KMBOTHATa CpelMHA U Jja ce peaylupa 3adaTHUHATa Ha OTHanoT. Bo Taa Hacokamocrou ckajla Ha
MPUOPUTETH KOW XUEPAPXHUCKHU Ce MOoJpeacHH o | (HajmoxenHo) 10 6(HajMaIKy MOKEITHO).

1) CrpeuyBambe Ha CO3/aBabe OTHAI0NN

2) HamanyBame (peaynuparme) Ha OTIaI01u

3) TlorTopHa ymotpeba (peymorpeba)

4) Penukiauparme (Kajae crara i KOMIIOCTHPAmbE)

5) Topeme 1 coropyBame Ha OTHAI0LUTE

6) Jlenonupame Ha oTAAOIM (HAjMHOTY 3aCTAIICHO)

3a ma ce WCMONHAT TPBUTE TPU MPHOPUTETH Tpeba Ja ce HaBjie3e BO CAMHOT IMOYETOK Ha
CO3/IaBamkbeTO Ha OTMamoT. Ha mpuMep, Ja He ce mpeTepyBa CO MaKyBambe Ha MPOAYKTHTE, Ja Ce
KOPHCTAT COIICTBEHU KECH/KOPIIH MPH Ma3apyBame, KylyBamke Ha OJpeIeHN KOJUYUHH Ha XpaHa [ITO
HeMa Jia JIOBEJIe JI0 HEj3UHO PacHITyBame U (piame, ce caMo JIell o] MPEeIIo3UTe MTO MOXE Ja TH
MPUMEHHUME BO CEKOjAHEBHHOT KUBOTH JIa TO HAMAIUME CO3/1aBAHETO HA OTIAJIOIH.

Ha penmkimpamero My MpEeTXOAd celapaldjata Ha OTIMAAO0T KOoja HCTO Taka TOYHyBa OfI
oOuynure rparanu. OCBeH cemapalidja Ha XapTdja M IUIaCTHKa, NMOTPEOHO € Ja ce OABOjaT U
(HE)COrOpIMBUTE OTIAJIOIM, XpaHaTa, KAaKO H OTMAJIOMHUTE IITO HE MOXKE J1a OUIAT PEIMKINPAHN KaKo
TEJICHH, OTITYIIONH OJT IIUTapH, U3MPCEHA XapTHja UTH.

Wucenepanyjata ce aeuHMpa Kako TEPMHUYKH TPETMaH CO KOj C€ HamMajyBa BOJIYMEHOT Ha
OTIIAJIONUTE, TIPU IITO ce 00MBa €Hepruja W ToluiMHa. MHCeHepalMjaTta ce BpIIM BO MHCEHEPATOP
(nmoceben By neyka). TorummHaTa 1oOMEHa BO MHCEHEPATOPOT MOXKE Ja C€ MCKOPHCTHU 32 JIOOMBamHE
mnapea Koja BO TIIOCPEICTBO Ha TypOMHA OW TpoHM3BeAyBaja €IEKTpHYHA CHEpPruja BO
rereparopoT.FcTo Taka, MOXKe J1a ce HCKOPHUCTH 32 3aTOINTYBabE Ha OJIpeJieHa 00JIacT.

JHpyra texnuka Ou Owia WM3BIIEKYBamke Ha JCTIOHUCKH Tac. JIEMOHUCKHOT rac € pe3ynraT Ha
JIEJCTBOTO Ha MUKPOOPTaHM3MHTE BO OTHAJOT W BO HETOBHOT COCTaB IPEOBIAJyBaaT METaH H
jarnepon auokcus. Co 0BOj HAUMH Ha MCKOPUCTYBamkE Ha METAHOT 3a J0OHBamke Ha CHepruja, Ou ce
HaMaJIIIO KOJIMYECTBOTO HA HETOBO HCIYIITamke BO arMoc(epara Kako rac — YUeCHHK BO II00aTHOTO
3aTOILTyBambE.




1.2. HpeCMeTKOBOIlHI/l BPEAHOCTH 324 KOJIMYECTBOTO HA KOMYHAJICH OTHIaad BO CKONCKHoOT PEruoH
N €HEPreTCKa BPeaAHOCT

Crnopen momarorure HaError! Reference source not found./Ip>xaBHHOT 3aBOJ 3a CTATHUCTHKA,
BKYITHOTO KOJIMYECTBO Ha coOpaH KOMyHaJieH oTmaja Bo PemyOnmka Makenonuja Bo 2015 romuHa
n3HecyBa 620 328 tonun. CriopeneHo co 2014 romuHa, BKYTHOTO KOJIHYECTBO Ha cOOpaH KOMYyHaJIeH
ornag Bo 2015 romuHa Oenexu 3rojemyBame on 8.9 %. Hajromemo kommyecTBo Ha coOpaH
KOMyHaJleH oTnaz € 3abenexano Bo CkomckuoT peruoH - 151 592 tonum wnn 24.4% opn BKymHOTO
coOpano xonmu4ecTBO Bo PenyOmmka Makenonuja. O BKYITHOTO KOJHYECTBO Ha COOpaH KOMYyHaJeH
ornan, 499 658 tonn wnu 81% ce cobpaHu on moMakWHCTBaTa, a ocraHatute 19% o mpaBHU U
¢u3nukn nmna (komepuujaieH ortnan). Cropen BUAOBUTE Ha OTMAJ, HAjrOJIeMO KOJIUYECTBO Ha
coOpaH oTHaj € u3MeIIaH KoMyHaieH otnan, 533 721 touun unu 86%, a HajMaIo KOJIMYECTBO € OTNAk
on ryma, 1 395 tonn unu 0.2 % o1 BKyITHOTO KOJIMYECTBO COOpaH KOMyHAaJICH OTTIAJ.

lopnmHOTO KOMMYECTBO Ha CO3[ajeH KOMYyHaleH oTmnaz 1o xwurten Bo 2015 ronuHa u3HecyBa
380 kr mo xwuren, wTo € 3a 2.7 % moseke ox 2014 roguna. Hajromemo kosnmdecTBO Ha coOpaH
koMmyHaseH otnaf (99.4%) ce oTcTpaHyBa Ha AEMOHUja.

Tabena 1. EHeprercka coapKuHa HA COCTOjKUTE HA FPAJICKUTE UBPCTH OTHAJ0IU U KOJTUYECTBO
Ha co0paH komyHaJseH ornaaError! Reference source not found.

C . Eneprercka coap:kuna KoanuecTBo Ha coOpan
0CTOjKa
kJ/kg KOMYHAaJIeH oTnaj, t
Xaptuja 16750 9386
IInactuka 32550 6899
TexkcTun 17450 8652
I'yma 23250 1395
Crakio 140 2150

Bp3 ocHOBa Ha ropeHaBe/IeHUTE MOJIATOLM K€ Ce BPIIM MPecMeTKa Ha TEOPETCKHUOT €HEepPreTCKU
MOTEHIIMjal Ha OTMAOT.

1.3. UHceHepanuja — npeaJior TeXHMKa 3a 00padoTka Ha OTHA/

NHcenepanyjata orndaka KOHTPOJIUPAHO COrOPYBambe Ha KOMYHATHHOT OTIA[, KOj TMPETEkKHO ce
COCTOHM OJI: XapTHja, KapTOH, TEKCTWII, XpaHa, IPBO, IJIACTHKA, CTAKJIO UTH.

[Iponiecor HU3 KOj MMHYBa OTMAJOT BHAaTPE BO MHCEHEPATOPOT 3alOYHYBa CO CKIAJUpPAmkE Ha
OTIIAZIOT BO TOJeMH OyHKEpH BO KOM BiajJiee HM30K MPHUTUCOK, 3a Jia C€ CIPEeYd IIHPEHmEeTOo Ha
mupuz6a. [Ipea na ce TpancnopTupa BoO KOMOpara 3a COropyBame, C€ CUTHH Ha MaJlH MapyKiba co el
non06po na coropu. CoropyBameTo ce oapuBa Ha Temneparypa ox 850°C no 1100°C u kako pesynrar
Ha Toa ce Jo0uBa Mere, U3yBHH raCOBU M €HEPruja 3a KOTEJIOT.

1.4. IIpecMeTKAa Ha eHeprujaTa o KOMYHAJTHHOT OTNA/ CO HHCEHEpaluja

e CoropyBame Ha XapTHja BO HHCEHEPATOp U JI00MeHa eHepruja:

k k k
167507 . 9386 - 10° 9 — 157- 10— _ 436 105MWh
kg year year

° COFOPYBaI-be Ha IJIaCTUKa BO HHCCHEPATOP U ,Z[O6I/I€Ha eHeerja:




k k k
32550—] - 6899 - 103_g =224 1011—] = 66,7 - 103 MWh
kg year year

e CoropyBame Ha TSKCTWJI BO HHCEHEPATOp M JOOUCHA EHEepruja:

kj kg

kj
17405 —- 8652 - 103 ——
kg year

=15-10"1——=41,7-103 MWh
year

e CoropyBame Ha TyMa BO HHCEHEpaTOp U JOOMEeHa eHepruja:

kJ kg

kJ
23250—-1395- 103 ——
kg year

=3,24-101°——=190-10% MWh
year

Bkynro 242 GWh, ox ko mopamu 3ary0uTe BO KOTJIapHHIIATA MOTPOIIYBAYHTE MOXKE I
uckopucrat 169,4 GWh.

1.5. U3BaeKyBame U TPeTHPamhe rac — MpeIJior TEXHHKA 32 00padoTKa Ha OTHaj

OcHoBHaTa IMpUMEHa Ha OBaa TEXHHKa 3a 00paboTKa Ha OTHAJ € Ja ce PeayLHpa PU3UKOT OJ
U3JIETyBalkbEe HAa racoT cJI000MHO BO arMmocdepara, 3apajd HEroBOTO HETAaTUBHO BIMjaHHE BP3
JKUBOTHATA CPEJIMHA U 37paBjeTo Ha jyrero. [lokpaj Toa, ce moKaxkajo JeKa racor oJl OTIAIO0T UMa
roJieMa eHepreTcka BPEeIHOCT U MOJKE J]a Y4eCTBYBa BO NMPOM3BOJCTBO Ha TOIUIMHCKA M EJIEKTPHYHA
eHepruja.

[TpuOIMKHO MPEecMETaHO BO 3aBHCHOCT OJl BHIOT Ha OTMAAOT KOj C€ Haora BO JCTIOHHHUUTE BO
CKOIICKMOT PETHOH, MOKaXaHO € JIcka MOMEHTAIHO Moxe na ce m3biedar 500 m® /gac menoHucKu
rac[5].Ilpu coropysame, ox 1m® Guorac 6u ce nmobuno 2.0 go 2.5 kWh romnuncka
enepruja[4]. 3BiaekyBameTo Ha Tac 01 JCMOHHja MOpa Ja OHje CTPOro KOHTPOJIMPAHO W MOpa Ja ce
BHUMaBa Ha CTEMEHOT Ha IOKPHEHOCTA Ha JICTIOHU]jaTa.

3a pasznuka o MPOIECOT Ha KOHTPOJHpaHa aHaepoOHa (epMeHTaluja, 10O0NBamkeTO Ha rac O
JIeTIOHMja € HEeKOHTPOJIHMpaHo, Ouzejku (epMeHTanujaTta ce OJBHMBA Ha camara JienoHuja. [lorosem
JIeNl Of1 OBOj rac ce JIOJDKU Ha Pa3jioKyBamkeTO Ha IIeTyJIo3aTa COApPKAaHA BO IIBPCTHOT KOMYHAICH U
uHAyCcTpUCKH oTnal. EdukacHOCTa Ha MPOLECOT 3aBUCH OJ COCTABOT HA OTHAJOT M COJIPXKHHATA HA
BJIara BO JICTIOHMjaTa, MAaTePHjaJiOT CO KOj € MOKPHUEHA JICTIOHMjaTa, TeMIIepaTypara u Apyru pakTopu.
Buoracot mto ce ocnobomyBa o1 jaernoHujara ce coctou oa 50% meran, 45% jarnepoaeH TBOOKCU U
5% npyru racoBu. JloqHaTa TOIUIMHCKA MOK Ha TacoT oJf JenoHuja ce asmxu Mery 15000 mo 20500
kd/m?.

CucremMoT 3a coOupame Ha rac o JCIOHUja MOXe 1a Ouae akmusen U nacusen. Kaj ak THBHUOT
CHCTEM HMa XOPH30HTAJIHO W BEPTHKAJIHO IMOCTABEHH ILEBKH, KOMIIPECOPH U BEHTHJIH CO KOH C€
KOHTpPOJIpA HM3JIETyBalETO Ha TracoT. IIaCHBHHOT CHCTEM IMaK, Ce 3aCHOBa Ha KOPHCTCHE Ha
MPHUPOIHA TTPOMEHA Ha MMPUTHCOKOT BO HATAIIOKEHHOT OTITA]] M KOHIIEHTpaIlMjaTa Ha TacoT, CO e Ja
Ce UCIYIITH racoT KOH aTMocdepaTa Wi KOH KOHTPOJIHHOT CHCTEM.

AKTHUBEH CUCTEM 3a 006HpaH,e Ha rac €€ COCTOM OJ BCPTHUKAJIHO HUJIUM XOPU3OHTAJIIHO MOCTABCHU
LIEBKU 32 cOOMpame Ha Tac O] JCTIOHHUja, LIEBEH CUCTEM 3a Mel'yceOHO TOBp3yBame Ha BEPTHKAIHO
WM XOPU3OHTAJIHO IIOCTABECHUTC HCEBKHM W CHUCTEM 3a MCPCHE W KOHTPOJIa Ha HpOTOKErrOF!
Reference source not found..

Co coropyBame Ha racoT Of JEIOHM]ja, MOXKE J1a ce AoOue KOpHCHA eHepruja Koja MoXe Ja ce
KOPHCTH 3a: 3arpeBamke Ha BOJa WJIM BO3AyX M 3a HPOM3BOACTBO Ha mapa. Jlomeka mak, mo
¢uITpUpameTo TacoT MOXKe a ce uckopuctu kaj MCBC, racHute TypOMHU MM TOPUBHUTE KEITUH.
Hcto Taka, MOXXe 1a ce KOPHCTH Kako 3aMeHa 3a MPUPOJHHUOT rac, nponaH-Oyranot (THI') wnu kako
aNTepHATHBHO TOPHBO BO TPAHCIOPTOT aKO CTaHyBa 300p 3a KOMIPUMHUpPaH OHorac.

1.6. HpeCMeTKa Ha €EHEPreTCKu l'[OTeH[II/ljaJ'I Ha JCMOHUCKHOT rac




Bp3 ocHoBa Ha momaroruTe oa (GU3MOWINTH CTyAHjaTa 3a JAEHOHH]jA ,,Jlpucima® 3a KamaruTeToT Ha
JIETIOHUCKH Tac BO MPETCTOJHUOT IEPHOJ, KAaKO U J0JHATAa TOILIMHCKa MOK mTo ja uma lmdrac ce
no0uBa KOPUCHA MOKHOCT.

kJ m3 kJ
17750 — - 500 — = 8875000 — = 21613,11 GWh
m3 h h

3eMajku I'l BO MpPEABUA 3aryOUTe BO €JIEMEHTHTE O] IOCTpOjKaTa 3a COropyBame Ha Iacor,
BKyITHAaTa TOIUTMHCKA CHEPTrHja IIITO MOXeE Ja Ce HCKOPHCTH u3HecyBa 19451,79 GWh.

1.7.TloTpouryBayka Ha TOIUIMHCKA eHEPruja 3a rpeeme Ha Onmruaa Conumre[6]

e Teoperckara moTpeOHa TOILITMHCKA EHEPIHja 3a Tpeekhe U3HECYyBa.

24-s,-Q; 24-5100 - 12654
th = =

= 51,62 cWh _ 8775,4 GWh
tsy — tpn 20— (=10) """ god ’

Co pa3rnenyBame U criopenda Ha IPECMETaHUTE BPEAHOCTH, MOXKE Ja €€ J10jJ1€ 10 3aKJIyYOK JIeKa
IPeKy HCKOPUCTYBAalkE Ha CHEPreTCKHOT MOTEHLHUjal OJ IEMOHHUCKUOT Tac BO IIEJIOCT ke Ouue
3aJ]0BOJIeHa MobapyBavKara oJ] TOIUIMHCKA eHepruja Ha Ommruaa Conuuire.

3 3AKJIYYOK

Co mporecoT Ha MHCEHEpaIrja UCTO TaKa MOXKE Jla c€ UCKOPUCTH €HEPTreTCKUOT MOTEHITHjall Ha
OTIIAJI0T J0 33J0BOJIUTENICH CTETIEeH, HO TIIEaHO O €KOJOIIKH acleKT, MHCeHepalyjaTa ja 3araayBa
JKUBOTHaTa cpenuHa. [lomeka mak, co M3BJIEKYBamkEe HA racoT OJ] JCTOHUHUTE CE CIpeYyBa HETOBOTO
H3JIeTyBambe BO aTMoc(hepara U HErOBOTO YUECTBO BO €(PEKTOT Ha CTaKJICHA IpajMHA.

Cropen noOueHHTE Pe3ysITaTH, MOXKEME Ja 3aKIyduMe JeKa IoAo0ap HAauWH Ha MCKOPHCTYBAmbE
Ha EHEepPreTCKHOT NOTEHIMjaJl Ha OTMNAJ0T OJ JCNOHMUTE OW OWI TpeKy YIpaByBamkEeTO H
TPETHPAmETO Ha GHOTacoT.

Kako Tomnmmackm xoH3yM € m30pana OmmruHata Conuinre 3apafy MOBOJHATA MECTOIOJIOXKOA,
OJTHOCHO OJIMCKOCTa N0 jAemnoHuWjara ., Jlpucina“ xako eamHctBeHa Bo Ckorje. Bp3 ocHoBa Ha
MPETXOIHUTE TPECMETKU JI0jJI0BME 10 3aKJIy4yoK JieKa IMoOapyBaykata € IoMaja BO OJHOC Ha
TEOPETCKU JOOMEeHATa EHEPrHja, a MPEOCTAHATHOT JIe] MOXKE JIa IO HCKOPHUCTAT TPOM3BOJIUTEIIUTE HA
paHOTpagUHAPCKU KYJITYpH 32 3aTOIUTYBA-E Ha CTAKJICHUIN U IJIACTSHUITH.
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REALISATION OF AN EXPERIMENTAL THERMAL-ELECTRONIC
CIRCUIT

ABSTRACT

One of the cornerstones of sustainability is the development of electronics. Our society is based
on electronic devices and making them more efficient has always been a goal, but the current CMOS
integrated circuits, no matter how refined and ingenious in design are, they are nearing their limits,
which are determined by physical boundaries. Altough there are a lot of ongoing researches and new
concepts to get around the obstacles of continued developement, there is still no clarity in which
direction will it go, and there is also a gap between the currently used and researched trends. Our
research addresses these issues by introducing a new functional thermal-electric device, the phonsistor
(phonon transistor) and the CMOS compatible thermal-electric logic circuit (TELC), which may help
to take a step towards more efficient integrated circuits.

This paper is based on work primarily focusing on the design and realisation of such devices.
The basis of the operation is the semiconductor-metal transition (SMT) effect shown by some
materials out of which the vanadium-dioxide has been chosen for furter investigation and fabrication.
The resulting calculations and theoretical designs looks promising, and the first experimental device
gave valuable data for further research.

Keywords: phonsistor, vanadium-dioxide, SMT, TELC realisation

1 INTRODUCTION

The development of electronic devices are driven by the demand for intergration of functions,
which means the reduction of size and energy consumtion, and increase in speed, all of this without
decrease in reliability, but the mitigation of costs and enviromental impact are also important. Thus
far the continuous development of CMOS techology supported this advancement for the last forty
years or so, no wonder that from the industry to the housholds, almost every device is based on it. A
recent characteristic size of the modern MOSFET is about twenty nanometers [1-2], but the scaling
down is limited by technology and theoretical boundaries, the “red brick wall” can not be pushed
much further this way.

Materials capable of semiconductor to metal phase-transition, and based on those, the thermal-
electric devices give us new approach and the possibility of further development.

2 VANADIUM DIOXIDE AND THE CONCEPT OF TELC

As mentioned before, the basis of a TELC is a material, which is capable of undergoing a first
order phase change, and can “switch” between a semiconductor/insulator and a metallic state. One of
such materials is the vanadium dioxide (VO2) which we choose for further investigation and as the
functional layer of our experimental device, because it undergoes the SMT at a reasonable 70°C so
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less power is required to induce it, but of course this temperature will be the upper limit of the
operation for our device. This material has also been used in switching matrices [3], and logic circuits
[4] in the past. The resistance-temperature characteristic of a VO, layer is shown on Fig. 1. which
was used for our experiment. It has almost four orders of magnitude change in resistivity and has a
hysterisis of 10°C between the SMT and MIT (metal-insulator transition), but these values can vary
with the quality. Our layer was made with laser ablation (pulsed laser deposition - PLD) at the
University of Oulu, but there are multiple ways of creating one. The technology we currently using at
the Budapest University of Technology and Economics is cathode sputtering (PVD), but we are also
experimenting with various sol-gel processes.
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Fig. 1. PLD VO: layer resistance-temperature plot while heating (blue) and cooling (red)

For this material the SMT effect occures down to 10 nm according to previous researches [5], so
based on that we can estimate the limits of the thermal-electric circuits. Using the equation

Lth =Va- t. (1)

which is the characteristic length of propagation of thermal information at a given t time scale,
where o is the ratio of thermal conductivity to volumetric heat capacity

k
(X—E. (2)

where k is the thermal conductivity (SI units : W/(m-K) ), p is the density (SI units : kg/(m®)), ¢,
is the specific heat capacity (Sl units : J/(kg-K) )

The thermal diffusivity can be estimated as a ~10® m?/s for typical heat isolator (S5i02). At 101
sec time scale (10 GHz) the value of the thermal diffusion length is Lx=10® m (10nm). For the case of
heat conductor (Si) the thermal diffusion length L is 7x10® m (70nm).

Table 1. Progress beyond the state-of-the-art in numbers, using TEL C concept [6]

Geometry, volume Power supply Clock frequency Number of
voltage components
2
Recent CMQS.gate (22+22)x50x50 nm, 08-0.7V 4 GHz .
properties: 110000 nm3 (“driver-loader”)
Theoretical limits
2
(over-estimated) for (iégl)ll)ggggiomgm 05V 6 GHz oy ”
CMOS: (“driver-loader™)
Estimated limits 10x10x30 nm (3D) i 1 (functional
for TELC: 3000 nm3 0.4-02V 10 Ghz or more device)




As the table 1 shows, the estimated limits of the TELC alone gives us reason to investigate it.
There is also the possibility of using TELC with CMOS, the two technologies are compatable.

On Fig. 2. the schematics of the thermal-electric logic gates can be seen. The basic principle is
fairly simple, the function is determined by the distance between the layers, the thermal insulation
between them, and the heating power. On the picture the inputs are resistors, but those also can be
made from SMT material, and with careful design, the direction of information flow can be changed,
as well as the operation with the changing of input power.

OR gate: (three input)

—0

9,

4

o

v 5

AND gate:
—

Complex (AND OR) gate:

—{
—[—

Fig. 2. Thermal-electric (logic) gates [6]
On Fig. 3. the concept of the phonsistor can be seen. It is not that different from the logic gates,

in fact it can be used that way as well, and it is quite similar to the bipolar transistor. In small scales
the hot electrons get to the SMT layer by ballistic transport, and directly heating it.

thermal diffusion length
- »

mean free path of electrons

Fig. 3. Phonsistor [6]

The advantage of these devices besides the small scale, simple fabrication process, and the
compatibility with CMOS technology, is that the heat here is not waste but the signal itself. Some
results concerning the above discussed thermal electronics have been published earlier [7-11].

3 DESIGN AND REALIZATION

The ideal layout for a TELC is shown on Fig. 4. It is an inverter consisting of two functional
SMT layer, metalization for connections, and the substrate. It is designed for voltage driven
application. The resistor is there for current limiting, because if enough voltage is applied on a layer,
and it undergoes the SMT, then on the lowered resistance (which is basically short circuit) too much
current would flow, burning the circuit in the process.




Metal

Fig. 4. A single inverter (left) and two inverters connectet in series (right)

The problem with this desing was, that we can not structure the VO, layer for now, so an
alternative solution was required, hence the layout on Fig. 5. which is our experimental device.
Instead of etching the VO, we structured the metallization, so that the current density is confined
mainly to the areas where the heat generation is needed for the operation.

IN, © IN;

Fig. 5. Layout for experimental TELC

The realized device is shown on Fig. 6. The substrate is silicon, with silicon dioxide grown on
top, and it is fully covered with vanadium dioxide. The platinum metalization is on top of the VO..
The thicknesses are in the scale of tens of nanometers except for the silicon, and the lateral
dimensions are in tens of micrometers. On one wafer multiple structures had been made, the grounded
ring around the structure ensures the separation between structures.
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Fig. 6. Realized structure




4 MEASUREMENTS

On the realized structure our goal was to test it both as a logic gate and as a phonsistor. We had a
succesfull switching of the layer on the input, but due to the imperfect structure and the relatively
large scales we managed to do it at an increased temperature. As Fig. 7. shows, we could not induce
the SMT at room temperature with reasonable current. Realistic assumption is that even less
temperature change was achieved at the output layer.

U-I characteristics
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Fig. 7. Voltage-current characteristic of the input layer

After that we tried to measure the small signal electric parameters (current gain, voltage gain,
transfer admittance), but besides the aboved mentioned problems, we had more. The output was
driven with small current to be able to measure the changes, and on the input we applied voltage. At
room temperature no significant change was expected, but insted we observed increase in resistance
with the increase of input voltage (Fig. 8.).
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Fig. 8. Changing of output resistance with the input voltage




This was caused by the parasitic effects which was also due to the inperfect design, thus our
experimental structure is not suitable for TELC, but learning from these results we can improve our
design, and continue our research.

5 ACKNOWLEDGEMENT

Research is supported by the project NN 110867 of the Hungarian Scientific Research Fund
(OTKA).

6 CONCLUSION

We managed to fabricate a microscaled device based on the TELC concept, and we had partial
successes with it and a few observations. More specifically, we managed to induce an SMT with
current driven through the input, and also with voltage (and current limit) applied on it, but due to the
scales of the device and its rudimentary structure we could not affect the output significantly. Other
than that, the parasitic effects were a problem too during measurement. Smaller scales, structuring of
the VO, and more precise design would solve the problems.

Our next step is to improve our design, do simulations, fabricate new thermal-electric circuits
and obtain better results, and we will focus on the structuring of the VO3 too so we can make more
sophisticated devices. Our longterm goal is to fabricate TELC on a nanoscale.
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INOAOBPYBAIBE HA EHEPTETCKATA E@UKACHOCT BO TEXHOJOIIKHUOT
IMPOLEC HA ITAXTHA IIEUKA

KYCA COAPKHNHA

CyLITHHCKH JIeNl OJi TEXHOJOIIKHOT ITPOLEC Ha IPOU3BOJACTBO HA OTHOOTIIOPHU H30JAIUCKU
Mmarepujanu Bp3 0asa Ha cuntepyBan aojomut (CaO-MgQO) e mporecor Ha KailMHaIMja, KOj Ce
O/IBMBa BO BEPTHKAJIHM IIaxTHU medku. [lpuroa, momomut (CaMg(COsz)2), Kako CypOBHHCKU
MaTepHjal, TePMUIKU Ce TPETHPa BO TPH pabOTHH 30HU HA MEYKATa: Mpea3arpeBambe, PEakTHBHA 30Ha
U 30Ha 3a Jajgewe. KannuHaiujara Ha JOJIOMHTOT € CHIOTEPMHA peakiyja, 3a 4Yhe O/BHBAKE ©
noTpeOHa 3HAYMTENHA TOIUIMHCKA CHEpruja, 3a Ja ce MpOu3BeAe CHHTepyBaH moioMutr. Taa ce
BHECYBa BO Il€YKara CO COTOPYBame HA TCYHO WIIM TaCHO TOPHUBO, MPEKY CHUCTEM O] PaHjaHO
pacrope/icHl TOPWIHWIM Ha [BE WIH TPH HHUBOA. IIpUTOA, KAKO pE3yATar Ol COropyBameTo H
XEMHUCKUTE PEaKIUH Ol TEXHOJIOMIKHUOT MPOLIEC, Ce TeHepHpa roIeMO KOJINYECTBO M3JI€3HH TaCOBH CO
PENATUBHO BUCOKA TEMIIEPATYPa.

Ilenta Ha aHamu3aTa MNpe3eHTHpPaHa BO OBOj TPYL € Ja C€ OLEHAaT MOXHOCTHUTE 3a
HMCKOPUCTYBamkE Ha TOIJIMHATA COJIp)KaHa BO M3JIE3HUTE TaCOBH O IIaxTHA neyka. Kako ontumainHa e
n30paHa OMIMjaTa 3a KOPUCTEHE Ha OTNAJHATA TOIUIMHA Ha M3JIE3HUTE TaCOBH 3a Ipe/3arpeBame Ha
BO3/YX 32 COTOpPYBame€ M 3a 3arpeBame U CYIIEHE Ha CYPOBUHCKHOT MaTepujasl. MarepujalHuOT U
CHEPreTCKHOT OMJIAaHC MOKaKyBaaT [eKa CcO HMMIUIEMEHTaIja Ha OBaa MEpKa Ce IIOCTUTHyBaaT
3HAYUTENTHU €HEPreTCKH 3allTe/ld Ha TOJUIIHO HHUBO, a TEXHOEKOHOMCKaTa aHajlu3a yKaXXyBa Ha
peNaTHBHO KPaTOK IEPHOJ Ha Bpakame Ha MHBECTUIIHM]jaTa.

Kiayunu 300poBM: enepeemcka eghuxkacnocm, waxmua neuxa, KaayuHayuja, OOJOMUmM,
UCKOPUCTYBAIbe HA OMNAOHA MONIUHA

1 BOBE]

KanuHanujara € CymTHHCKH JIe] Ha TEXHOJIONIKHOT MPOLEC Ha MPOU3BOJICTBO Ha OTHOOTIIOPHHU
M30JIAIMCKH MaTepHjaliil O JIOJIOMUTEH KaMeH. [IporecoT ce 0JIBMBa BO BEPTUKAIHH IAXTHHU TICUKH,
kajge o gonomMutHruoT Kamen (CaMg(CO3),), marajku 1oj J€jCTBO Ha CHilaTa Ha IpaBHTAalldja,
MHUHYyBa HHA3 HEKOJIKY (ha3u Ha TepMHuKa o0padoTka [1,2]. 3a ofBMBame Ha IPOIECOT HA KaIWHAIIN]a
Ha JOJIOMHUT € HEOMXOJHAa 3HAYWTEIHA TOIIMHCKA eHepruja. [lopaau Toa, MOAOOpYBameTO Ha
eHepreTckara e(HKacHOCT Ha MPOLECOT MPETCTaByBa CYIITHHCKH MPEAM3BUK BO HAINOPHUTE 3a
ONTHUMHU3AIIMja Ha TEXHOJIOIIKMOT MPOIEC U HaMajlyBamke Ha MpousBoicTBeHHTe Tpomonu [3].Hos
cnernudurueH HaYWH 3a eBajlyalldja Ha €HEPreTCKUTe rneppopMaHCH Ha IIAXTHU NEUYKH € MPEIOKEH
Bo TpynoBure [4,5]. Co KoHIENTOT Ha mMOmOOpyBame Ha e(PUKACHOCTA HA H3BOPOT, T.€. BO
CYIITHHCKHOT JIeJI O IIPOLIECOT, CE M0I00pyBaaT NpoPpUTa0OUITHOCTA U OJPIKITMBOCTA U CE€ IIOCTUTHYBA
HaMaJIeHO BIIMjaHKe BP3 OKoJMHaTa [6].

L[enTa Ha OBOj TpyA € Aa CC OLICHAT MOXKHOCTUTC 3a UICKOPUCTYBAKLC HAa TOIJIMHATA COJApPiKaHa BO
HU3JIC3HUTC I'aCOBU O/] IIaXTHATA IICYKa. OTKpI/IeHO € I€Ka CO U3JIC3HUTC I'aCOBH OJ] IIaXTHATA II€YKa CC
I‘Y6aT PEIAaTUBHO I'OJIEMU KOJIMYMHU HA TOIIJIMHA.
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2 METOJOJIOI'MJA HA HCTPAKYBAIBETO

2.1 Onuc HA HIAXTHA [EeYKa

[[TaxTHa TIEYKa MPETCTaByBa BEPTHKAICH BUCOKOTEMIIEPATYPEH arperar, KOj IJIaBHO CE KOPUCTH
BO HEMeTajHaTa MHIYCTPHja 3a TEPMHUYKH TpeTMaH Ha monydabOpukaru.Ha cnukara 1 ce maneHu
MIEMaTCKM M aKCOHOMETPHCKH NPUKA3 Ha BEPTHKAIIHA IAXTHA MEYKa CO TeMIeparypeH npodui mo
BucuHara [2,7, 8].Bo BepTuKanHaTa IIaXTHA MEYKa MapudbaTa JOJIOMHT, cO auMmen3uu 15-60 mm,
narajku Ioja JEjCTBO Ha CWjaTa Ha TpaBHUTalldja, MUHYBAaaT HH3 TPU OICPATUBHU 30HU: 1)
npea3arpeBame, 2) peakTUBHA 30Ha W 3) 30HA HA Jajacke. 30HATA Ha Tpea3arpeBame € el Of
nevkara Kaje IITO JOJIOMHTOT ce 3arpeBa JIo HeroBara TeMmIeparypa Ha auconujaruja. PeaktuBHara
30Ha € JIeJIOT Of IeYKara Kaje INTO Ce OJBMBAaT MPOLECHTE Ha KallWHAlWja M COTOpyBame Ha
TOPHBOTO. 30HA Ha JIJICHE € JICNIOT OJ1 IeYKaTa Kaje TO CHHTEPYBAHUOT JOJIOMHT, KOj H3JIETyBa O]
peaKkTHBHATA 30Ha, Ce JIaJu Npe Ja OuJie OTCTPaHET OJIHOTO Ha TIeUKaTa.
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Cauka 1. llemaTckn npuka3, aKCOHOMETPHCKH U3IJIe]l U MPHKAa3 HA 30HUTE U TeMIepaTypHHUTe
npo¢uIu HA BePTUKAJIHA IIAXTHA Meyka [2,7, §]

CurcTeMOoT 3a COropyBame Ce COCTOM OJ1 ITOBEKEe TOPUITHHUIIM PACTIOPEICHH BO JBE UM TPH HUBOA.
Ha cnukara 2 e npukakaH pacriopeoT Ha TOPHJIHUIIUTE BO €/1€H peJl U HAYMHOT Ha ITOCTaBEHOCT Ha
CEeKOj TOPWJIHUK BO BHATPELIHOCTA Ha PAOOTHUOT MIPOCTOP HA IEeUYKaTa.
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Cimka 2. Cucrem 3a coropyBame[2,7, 8]




2.2 TexHOJIOUIKH Npoiec

Bo ocHoBa, BO maxTHaTa Medka ce OJBHBAa 0ABHO JBMKEHE Ha CIOjOT O 00paboTyBaHHOT
MaTepujajl HaJONy, a TacoBHUTE CTpyjaT BO CIpOTHBHa Hacoka. Kammuaanujata, OIHOCHO
COTOpPYBAamETO Ha JOJIOMUTOT € €HAOTepMHA peaKnyja 3a 4re OABHBAE € IMOTPEOHO J1a ce BIIOXKAT
okoiy 3 202 kJ TormnuHa u fa ce nocturae temmeparypa ox 1600°C no 2000°C, 3a ga ce npoussene 1
kg cunrepyBan momomut (CaO-MgO).Kora ke ce 3arpear, kapOOHaTHTE ce pas3iiokKyBaaT COTJIACHO
clieHaTa OCHOBHA peaKIyja:

CaMg(CO03), + tormua = CaO-MgO + 2CO,.

CuHTEepyBaHHOT JOJIOMUT LITO PE3yJATHPA O MPEeTXOoAHaTa peakuuja ce cocton o 30,4% CaO u
21,7% MO, a mputoa ce ocnobomysa 1 3HaUUTENHO KomdecTBo COz, okomy 47,9%.

Bo peaknnonaTa 30Ha Ha ITeYKaTa C€ OJJBUBAAT CICTHUTE XEMHUCKH PEAKIIUN CO TOJIOMHUT:

CaMg(C03), — Ca0 + MgO + 2C0O, — TomuHA. )

1 kmol CaMg(C0O3),— 1 kmol CaO + 1 kmol MgO + 2 kmolCO,— 308719 kJ/kmol (3)

184.42 kg CaMg(C03),—> 56.08 kg CaO + 40.32 kg MgO + 2-44.01 kg CO, — 308719 kJ/kmol
(4)

1 kg CaMg(C03),— 0.5227 kg (CaO + MgO) + 0.477 kg CO,— 1674 kl/kg CaMg(CO3), (5)

1 kg CaMg(CO5),—> 0.5227 kg (CaO + MgO) + 0.243 m,® CO, /kg CaMg(CO5),— 1674
kJ/kg CaMg(CO3)2 (6)
nin

1.913 kgCaMg(CO3),— 1 kg (CaO + MgO) + 0.913 kgCO, — 3202 kJ/kg (CaO+MgO) @)
1.913 kg CaMg(C03),— 1 kg (CaO + MgO) + 0.466 m,*CO, /kg (CaO+MgO) —
3202 kJ/kg (CaO+MgO) . (8)

Ta6esa 1 OcHOBHHM MOJATOIH 32 reOMeTPUjaTa HA MeYKa

- BkymHa BHCHHA Ha MaXTHA IeYKa 9.69 m
- Bucuna Ha nHKa 3a nageme 2.0m
- Bucuna Ha neuka oj1 JHO KOH BPB!

(1) mpB pex ropumHAIN 3.79m
(2) BrOp pea ropunHHIH 499 m
- Bucuna Ha 30HaTa 3a nageme 3.79m
- Bucuna Ha 30HaTa 3a coropyBame 2.3m
- Bucuna Ha 30HaTa 3a KaJlMHAIH]a 8.1m
- BuaTpermeHn nujamerap 1.45m
- JlebenuHa Ha U301alMja Ha TIeUKaTa 0.8 m
- Hagsopemien nujamerap 21 m

3 EHEPI'ETCKU BUWJIAHC HA ITAXTHA ITEYKA
2.2 TIpuHOMIK HA MaTepHjajieH U eHePreTCKH OMJIaHC Ha MeYKaTa

PaBenkaTa 3a eHepreTcku OMIaHc ce 100MBa OJ] 3aKOHOT 3a OJIPXKyBame Ha CHEPrujaTa, COTJIACHO
KOj cymara Ha BJIE3HUTE €HEpPTMU Mopa Jla € eHAKBa Ha cymara Ha M3JIe3HW eHeprum (ciuka 3).
BunancHara paBeHKa 3a peakllMOHATa U JaJuJIHaTa 30Ha Ha NIeYKaTa IJIacH.

Xemrcka eHepruja Ha ropHBoTo + ®H3HYKAa eHepruja Ha ropHBotro + EHepruja Ha npuMmapeH
Bo3qyx + Enepruja Ha cekyHAapeH Bo3ayx + Enepruja Ha fJOI0MHTHHOT KaMeH =

Enepruja Ha cunTepyBaHHOT JOJIOMHT + EHTa/snuja Ha peakyujata Ha A0JIOMHT + EHepruja Ha
H3JIE3HHTE racoBH + EHepreTckun 3aryon KOH OKOJIHHATA




MfHd + Mfcftf +MapCaptap + +MasCaStasMDCDTD :MSDCSDtSD + MspAHspnc + MgCgtg + QOkW

Eneprerckara ananu3sa € CpoBe/icHa Ha CIMYCH HauWH, CO TIOCTaByBamhe OMJIAHCHU PaBEHKH 3a
OJUIEITHHU JIEJIOBU O] CHUCTEMOT M 3a CUCTEMOT BO LIEINHA.
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Cimka 3. I'padnuku npuKa3s Ha eHePreTCKUOT OUJIAHC BO PEAKLMOHATA U JIAAUJIHATA 30HA

2.3 Onuum 3a eHepreTcka ONTHMH3AIKja HA padoTaTa HA IAXTHA MeYKa

Kako pe3ynTar Ha TEXHOJOIIKHOT IPOIEC BO IEYKaTa Ce FeHepUpa rojleMo KOJIMYECTBO TOIUIH
M3JIe3HH racoBH. MeryToa, 3a MOBTOPHO MCKOPHCTYBAabE Ha Taa TOIUIMHA 3HAYAJHU M OTPaHUIyBAUKU
(dakropu ce Temmeparypuoto HuUBO (150-250°C) u mpucyctBoro Ha SO, KOra ce KOPHCTH TEUHO
ropuBo [9-13]. Ananusupanu ce ciaeqaute onuuu: (1) [IpeasarpeBame Ha CypOBHHCKHOT MaTepHjal,
(2) IlpemzarpeBame Ha TopuBo, (3) IlpemsarpeBame Ha mpHMapeH BO3AyX 3a coropysame, (4)
[penzarpeBame Ha MpuMapeH BO3IyX U Ha cypoBHOT Matepujai, (5) [IpearpeBame Ha BO3IYXOT 3a
COTOPYBambE U CYIIEHE Ha CYPOBUHCKHOT MaTepujall.

Ilerata omuuja € oApeneHa Kako HAjCOOJIBETHA M ONTHMAajHA, MOPAAM IUTO IOHATAMy €
aHaJM3upaHa Bo Aetanu (ciuka 4). MarepujalHIOT U €HEPreTCKUOT OMIIaHC MOKaKyBaaT JeKa CO
WMIUIEMEHTAlMja Ha OBaa MEpKa ce IMOCTHIHyBaaT 3HAYMTEIHU SHEPreTCKH 3alliTed Ha TOAWIIHO
uuBo 1737,4AMWh/god., a TexHOEKOHOMCKaTa aHalnW3a YKaKyBa Ha PEJaTHBHO KPAaTOK MEPHOJ Ha
Bpakame Ha HHBecTULMjaTa. Bo nmpogomkeHre ce npuKakaH! caMo HEKOH Ol JOOUEHHTE pe3yaTaTy.

EnepreTckroT OMiaHC Ha MPEIBUICHUOT HOB TOTUIMHCKY U3MEHYBay 3a 3arpeBambe Ha BO3AYX CO
KOpHCTEH-E Ha TOITMHATA COJpKaHa BO U3JIE3HUTE TaCOBU MOXeE JIa Ce M3pa3u Ha CIeIHUOB HAYHH:

Enepruja Ha npumapeH BO3QyX IO 3arpeBambe — €HEepruja Ha MPUMapeH BO3YX MpeJ 3arpeBambe
= (eHepruja Ha OTHAJHHU TAaCOBU Ipe] TOIUIMHOW3MEHYBAUOT - €HEPrHja Ha OTIAJHU T'aCOBH IOCIE
TOIJTMHOM3MEHYBA4YOT) X KOe(PUIIMEHT Ha €PUKACHOCT Ha TOIUNIMHOU3MEHYBAUOT

MapCaztaz — MapCaitar = (MgCgltgl - Mgngtgz) n
Oy GUIIAHCOT MPOM3IIEryBa MOTEHIHMjATIOT 32 HCKOPUCTYBAkhe Ha €HEPTHja
MapCaZtaz = (Mgcgltglf MgCthgZ) n + MapCaltajL: 406 k\]/S

O}_I MaTepI/IjaJ'IHI/IOT M TOIUIMHCKHOT OWJaHC Ha COTOpPYBALECTO IPOM3JIICTYBA [CKAa CO OBaa
pacnojioxinBa eHepmja BO3AYXOT MOKE a CC 3arpeec A0 TCMIICpaTypa
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Co mocTaByBame Ha €HEPTreTCKH OMIIAHC HA CHIIOCOT 32 CYpPOBHHCKH MaTepHjal
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Cauka 4. llleMaTcky NpUKa3 Ha ONIMjaTa 32 HCKOPUCTYBame HA eHeprujaTta o1 u3jie3HuTe
TracoBH €O NMpeArpeBame Ha BO3AYXOT 32 COTOPYBame U CyLlIemh¢ HA MaTepujaJoT

4 PE3VJIITATH

KapaKTepI/ICTI/IKI/ITe Ha U3JIC3HUTE I'aCOBU CE CIICAHUTE.




- Macen nporox My, = 3.287 kg/s
- Temmneparypat, = 220°C

- Cocras Ha racoBu: CO, = 22.84%; SO, = 0.03%; 0, = 7.88%; N, = 63.14%; H,0 = 6.11%

I'maBHHTE pe3ynTaTH o/ aHATH3UPAHHUTE OMIIMYU ce AajcHU Bo Tabena 2.

Tabesa 2. 'TaBHY pe3yJITATH 0]l AHAJIM3MPAHUTE OMIMHA

3amrena Ha
Uckopucrena | 3amrena Ha TOpUBO,
Onuuja TOIJIMHA, eHepruja, t/rox. /
kW MWh/rogz. 3amiresa Ha mapu,
€/rog.
1.IlpearpeBame Ha CypOBHOT 135/
Marepuja 1833 1283 101250
211 16.0 (exctpa jsecHo) /
. [IpearpeBame Ha TOPUBO 22 160 15870
3. [IpearpeBame Ha mpUMapeH 95 6935 731/
BO3IYX 33 COTOPYBAmhe 54700
4. MlpenrpeBame Ha nprMapen 194 14162 149/
BO3JIyX U Ha CYpPOBHOT MaTepHjal 112000
5. [IpearpeBame Ha BO3YXOT 3a 183/
COTOpPYBAE U CYIICHE HA CYPOBHOT 238 17374 137250
Marepujai

5 3AKJIYYOK

* Bo TpymoT ce aHaJIM3UpaHH MET OMNIWH 3a MOJ00pyBame HAa CHeprerckara e()UKacHOCT Ha
maxTHa mnedka. M30paHa 3a HajcoOABETHATa, OJHOCHO ONTHMATHATAa OMNIMja, KOjaliToO €
HO/ICTAHO aHAJM3UPaHa.

» Cnopen MpecMETKUTE, Kako KOH3EPBAaTHBEH MPHCTAIll, TOMUIIHATA 3allTe[a HA CHepruja ou
omra 1737,4 MWh/god. nim ako Toa ce MPEeTBOPHU BO €KBHUBAJICHTHO TEYHO TOPHBO, OKOITY
180-190 t/rongmHa 3a €1HA IEUYKA.

» JlepuoJoT Ha Bpakame Ha WHBECTHIMjaTa OM OHMJI MOMAJIKY OJ JBE T'OJMHH, JOKOJIKY HE Ce
O/IM Ha OTII[Hja 33 KYIyBamhe Ha HOB KOMIIPECOP.
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IHOJOBPYBAIBE HA EHEPTETCKATA E@PUKACHOCT HA KOTEJICKA
HOCTPOJKH CO HCKOPUCTYBAIBE HA TOIIVIMHATA HA U3JIE3HUTE
I'ACOBHA

KYCA COAPKNHA

TepMOTEXHMUKUTE TOCTPOjKH M WHCTANALMK C€ HIMPOKO PACIpOCTPaHETH BO HWHIYCTpHUjaTa,
arpoOMHIYCTPUCKHOT CEKTOP, PE3UACHIMjATHHOT CEKTOpP M CJI., HO U BO JIPYTH 00JIaCTH KO HaBHIYM
HeMaaT JONHp CO TEXHWYKAaTa M HHIKEHepcKara Ipakca. VCTpaxKyBameTo Ha MOXXHOCTHTE 3a
nofo0pyBamke Ha HUBHATAa EHeprercka e(uKacHOCT ao0uBa c¢ IMOrojeM HHTepec. 3a Taa e,
pasriielaHl Cce OINIMUTE 3a TMOAoOpyBame Ha e(UKACHOCTA Ha KOTEJICKUTE TIOCTPOjKU TPEKy
HaMaJTyBamke Ha HEKOH O] Hajrojemute 3aryon. OOM4HO, eHa Of] HajTOJIEMHUTE EHePTeTCKH 3ary0u BO
KOTJIMTE € 3ary0aTa co M3JIe3HUTE TaCOBH.

[Ipenmer Ha aHanu3a BO OBOj TPYJ € MOKHOCTA 32 UCKOPUCTYBambE€ Ha TOIUIMHATA HA U3JIE3HUTE
racoBH, MPEKy BrpajlyBare¢ Ha TOIUTMHOM3MEHYBAd I'aCOBH — BOJAa KaKO MepKa 3a MoJoOpyBame Ha
eHepreTckara e(pMKacHOCT Ha KOTEJICKaTa IOCTpojka. Bo TpyoOT € omumaH BPenoBOJICH KOTET O]
tunotr VKSM 60 Ha mnpuponeH rac M NpHUKaKaHO € 3rojieMyBambeTO Ha HETOBHUOT CTETEH Ha
KOPUCHOCT TI0 HMHCTIMPAmETO HAa KJIACHYEeH TOIUIMHOM3MEHYBad racoBu — Boja. [lanenm ce
TEXHWYKHTE KapaKTePHUCTHKA HA BIPAJICHUOT TOIUIMHOM3MEHYBady, BKIy4yBajkKH M KparTka
TEeXHOEKOHOMCKA aHa/In3a.

On nmpyra crpaHa, ONUWIIAH € MPUHIUIOT Ha padoTa M HAYMHOT HAa MPEeCcMETKAa Ha TOIUTMHCKH
W3MEHyBad OJf TUIOT ,heat pipe’’ co mTO MOXe Ja ce HampaBu cropeada momery aBaTa THIA
TOITMHOM3MEHYBa4H, 36MajKH TH MPEBUJI HUBHUTE MPEIHOCTH U HeJ0CcTaTOH. MMIuieMeHTaujara
Ha ,heat pipe’’TOIUIMHOW3MEHYBAauOT OBO3MOXKYBa 3HAYMTEIIHO MOJ00pYyBamke Ha CHeprerckara
edpukacHocT OiarogapeHne Ha e(pUKaCHUOT MPOLEC Ha TOIIMHOPa3MeHa IITo To 006e30emyBa.

Kiayunu 300poBM: enepzemcka eguracHocm, 20pugo, 6penogooeH KOmel, U3Ne3Hu 2acosu,
MONIUHOUBMEHYBAHY.

1 BPEJIOBOJHHM KOTJIM HA HNPUPOJEH I'AC BO CUCTEM 3A HEHTPAJIHO
I'PEEIHE

BpeﬂOBO}IHI/ITe KOTJIM C€ TCHEpATOPU Ha TOINIMHA KOM IpETCTaByBaaT OCHOBHHU HM3BOPU 3a
o0e30enyBame Ha ypOaHUTE LEIMHHM, WHAYCTpUjaTa W IMOTPEOMTE HAa Pa3HUTE TEXHOJOTHH BO
WHAyCTpHjaTa cO TOIUIa Boja. biaromapeHue Ha CBOMTE NPEAHOCTH: €IHOCTaBHA KOHCTPYKIIH]a,
BHCOK CTETICH Ha HMCKOPUCTYBamE, €ACTUYHOCT BO IOTOHOT, HHCKa IleHa W Op3ara rpanda, ro
00e30euiie CBOETO MECTO Kako 0a3HHU U Kako BpBHU H3BOpH [1].

BpenoBoaHuTE KOTIM HAoaaT HAjIIMPOKA IPUMEHA!

- 3a JorpeBame Ha BojaaTa o ocHoBHUTE npousBogutenu TE — TO
- KakKo BPBHHU KOTJIM TY IIOKPUBAaT BPBOBUTE Ha TOIUTM(PHUKAIIMOHUOT AUjarpamM
- Kako pesepBa Ha ocHOBHUTe u3Bopu Ha TE — TO
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Cnopen Toa, BO TEKOT Ha JICHOT BPEJIOBOIHHUTE KOTJIM MOpa Ja paboTaT co TOJIeMH IPAaHHIM Ha
ONTOBapyBame. 3a Ja I'M 3a0BOJIAT OBUE Oapama, KalallUTeTUTE Ha BPEJIOBOJHUTE KOTIHU IOCTOjaHO
pacrat. [lo cera ce u3rpaZeHu KOTIH co KamauuTteT A0 116 MW Ha teunu u racHu ropusa. Hajuecrta
eMHUIIA KOja ce KOpucTH e oHaa ox 58 MW. Moxart na ce nzBenat u equanny a0 232 MW.

11 TexHHMYKH ONKC HA KOTEJICKUTE MOCTPojku o Tunotr VKSM 60

Bpenosoauuot koren ox tun VKSM 60 (ci.1.), npoussox Ha “TIIK* — 3arpe0, co KamamuTeT o1
69,78 (MW) e koHcTpyHpaH 3a paboTa Ha TPUPOJAEH Tac W MaszyT. PaboTH CO HATHPUTHCOK BO
JIOXKHUITHUOT MPOCTOP Taka INTO HE ¢ MOTPeOEH BEHTUIIATOP 34 BCUCYBambe Ha AMMHHUTE racoBu. Co
BaKBO pellieHNe, TIOKPaj 3allITe/IaTa BO MHBECTHIU]aTa W MOTPOIyBaYKaTa Ha €ICKTPUYHA CHEprHja,
MIOCTUTHAT € MIOBHUCOK CTETeH Ha KOPHUCHO JIejCTBO Ha KOTENOT OMAEjKH MOpaJAd HATIPUTUCOKOT HEMA
JOTOK Ha BO3IYX O HaJBOD.
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Cauxa 1. Bpenosoaen koren ox Tun VKSM 60

Ha TtaBaHOT Ha KOTENOT c€ BrpaJeHd JBE MAa3yTHO-TACHU TOPHIHHUIM INTO OBO3MOXKYBa
ONTHUMajHa KOH(HUrypamuja Ha JOXHUIITETO Koja € MpWIaroJeHa BO OJHOC Ha JOJDKMHATA Ha
TUTAaMEHOT M TIOMOJIHYBaWkE Ha JIOKHUIIHUOT MPOCTOpP CO IlaMeH. Ha Toj HauWH TUIaMEeHOT CTpyH
HapaJielIHO CO EKpaHUTE.

ExoHOMaj3epoT ce COCTOM OJ JBa MakeTa Ha I[EBKM KOW 00pa3yBaaT BEPTUKAIHU 3aBECH.
OnaseHuTe TPOAYKTH HA COTOPYBamke OJ] €KOHOMaj3epoT CO TOMOII Ha JIMMEHH KaHallk ce
CIpOBEyBaaT MPeKy MYJITHIUKIOHCKU (HUITEp BO OIAKOT.

JlenoBH Ha KOTEJNOT Ce JIOXKMIITE, 3arpeBad Ha Boja (€KOHOMaj3ep), YeINYHAa KOHCTPYKIHja Ha
KOTEJIOT, apMaTypa, COOMpHa KOMOpa 3a MPOJYKTUTE OJ] COTOPYBambe, OSHI U H30JIalija Ha KOTEJOT.
Bo ypenun Ha KOTeJNOT craraatr ypeau 3a COropyBame Ha TOPUBOTO U ypelIu 3a MpHIIpeMa U J0BOJ Ha
BO3YyXOT OTPEOEH 3a COropyBame Ha TOPHUBOTO.

KoTenoT xako ropuBO KOpUCTH MpHpOeH rac co cneaanoB coctaB: CH4=95,7 %, CoHe=0,5 %,
C3Hg=0,3 %, CO»=1,7 %, 0, = 0,3 % wu N2=1,5 %, u3pa3eH BO NPOLIEHTH 110 BOJIYMEH.
1.2 Eneprercku OWJIaHC HA KOTeJCKUTe NocTpojku o1 Tunor VKSM 60

PaBenkaTa Ha TOIUIMHCKM OMJIAaHC Ha BpPCJIOBOAHUOT KOTECJI, U3pa3€Ha BO IMPOLCHTU OJ BKYITHO
BHECCHATa TOIIJIMHA Q TJ1acu:

100 = %100 + Y6 u; [%] . (1)

xane Q;[KW] e uckopucTeHa TOMTHHA BO KOTENOT, a Yo, U; [%] € 36up Ha TorumHCKM 3ary0H.




OO6u4HO, HajrolleMa EHEepreTcka 3ary0a Kaj KOTEJICKHUTE IOCTPOJKH € 3arydaTa co HM3JIC3HHUTE
racoBM, O3Ha4YeHa CO U,, KOja HAcTaHyBa IMOpPaJW OJBEAYBalE¢ Ha TAaCOBUTE OJ KOTENOT KOH
OKOJIMHATA Ha TEMIIepaTypa MOBHCOKA OJ1 TeMIIepaTypaTa Ha OKOJHHOT BO3AyX [2].

2 AHAJIN3A HA MOXHOCTA 3A HCKOPUCTYBAIE HA TOIIVIMHATA HA
MN3JE3HUTE 'ACOBHU

MoxHOCTHTE 3a MOJ0OpyBame Ha e(pHKACHOCTA Ha KOTEJICKUTE MOCTPOjKH C€ TOBP3aHH CO
HaMaJlyBake Ha TOIUIMHCKHTE 3aryom. EmHa on HajaoOpure MOXKHOCTH 3a MON0OpyBame Ha
euKacHOCTA € HMCKOPHUCTYBAaETO HAa T.H. OTHAJHA TOIUIMHA, OJHOCHO €HEeprujara COAp)KaHa BO
n3ne3nure racopu. OTnagHaTa TOIUTMHA MOJKE Jla OMjie HICKOPHCTEHA 32 3arpeBamkbe Ha HAMOjHATA BOJA
3a KOTJIUTE TIPEKy WHCTAINpPabEe Ha 3arpeBay Ha BOJa — EKOHOMaj3ep, IEMATCKH MPUKaXaH Ha CII.2.

[Ipu pasrnemyBame Ha OBaa MepKa 3a MOJOOpYyBamke Ha €HEpreTckara eUKacHOCT Ha KOTEINOT,
Tpeba a ce 3eMe MpeIBH] OTPAHUIYBAK-ETO Ha TEMIIepaTypara Ha U3JIe3HUTE TacOBH IOJT TOYKaTa Ha
KOHJEe3allja Ha BjaraTa BO U3JIE3HUTE TacOBU, JAOKONY TOPHBOTO coiapxu cyiadyp. Osa
OTpaHHYYyBamb€ HE BAXH TpH ymoTpeba Ha mpuponeH rac wim THI', ma uzne3nata Temrmeparypa Ha
racoBUTE MOXE Ja CE€ CHIXKH CO ITO ke ce 3amTean ropuBo. OOHMYHO, CO CHIDKYBambe Ha
TemIeparypaTa Ha uiiesuure racosu 3a 20-25°C ce 3amrtenysa 1 % ropuso [3].

TemnepaTypata Ha W3JIE3HHTE TacOBU t, 3HAYUTENHO BIMjac BP3 BPEIHOCTAa Ha 3arybara co
uznesnute racoBu. Co MokavyBame Ha t; ce 3rojeMyBa 3arydara M 3a OJp)KyBambe Ha MCT KaraureT
Ha KOTEJIOT NoTpeOHa € 3rojieMeHa IMOTPOIyBauka Ha TopuBo. [Ipu cHIKyBame Ha TeMIiepaTypara Ha
M3NIe3HUTE TacoBW 3a okoiy 15°C oBaa 3aryba ce HamallyBa 3a OKOJIY €IeH MPOIICHTEH IO€H, IITO
3HauM JeKa CTENEHOT Ha KOPUCHOCT Ha KOTENOT ce IMOKaudyBa 3a HCTaTa BpeAHOCT. EdexTuBHO
CHIKYBam€ Ha t; MOXe Jia CE MOCTUTHE CO MHCTAIMPAE Ha M3I€3Ha HUCKOTEMIIEPaTypHa rpejHa
noppiinHa. [Ipn kopucTteme Ha MPUPOAEH Tac Kako TOPHUBO, BrpajyBame Ha HHUCKOTEMIIEpaTypHa
rpejHa MOBPIIMHA € eIHA O HajaTPaKTHBHUTE OIIINY 3a YHAIIpeIyBamhe Ha eHepreTckara epukacHOCT
Ha KOTeJICKaTa IMOCTPOjKa, KaKo IMOpajy TOJEMHOT MOTEHIHjall 3a MOJ00pyBame, Taka W IOpagu
(haKkTOT ITO HE IMOCTOM OMACHOCT OJ] TI0jaBa Ha HUCKOTEMITEpaTypHa KOpo3uja.
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Cauka 2. lllemaTckn mpuKa3 HAa KOTEJI €0 HHCTAJHPAH TONJIHHOU3MEHYBa4 (EKOHOMAaj3ep) 3a
HCKOPHCTYBaWe HA OTNAHATA TOIUINHA HA TACOBHTE

3 KJIACHYEH TOIVIMHOU3MEHYBAY I'ACOBH - BOJA

OcHOBHA HaMeHa Ha TOINIMHOM3MCHYBAYOT IaCOBU — BOJIa € IIOKaYyBamkbE Ha TEMIIEpaTrypara Ha
HarojHaTa BOJa CO KOPHUCTCHE Ha TOIUIMHATA Ha W3Ne3HuTe TracoBu. Co HETOBO BrpajyBambe ce
MIOCTUTHYBa CHIKYBamk-€ Ha TEeMIIEpaTypaTa Ha M3JIE3HUTE T'acOBHU, a CO TOA WM HaMajyBame Ha
3aryOHTe CO M3JIE3HUTE TaCOBU. YTBPJICHO € JieKa CO MOKauyBamkeTo Ha TeMIlepaTypaTa Ha HarojHarTa
Bojia 3a 6 + 7 °C Bo 3arpeBad Ha BoJla CO ymoTpeba Ha TOIIMHATA HAa W3JIE3HUTE TaCOBHU, CTEIICHOT HA
KOPHUCHOCT Ha KOTEJIOT Ce 3roJIeMyBa 3a OKOJTy €JICH MPOLIEHTEH ToeH [2,3].




3a 1a ce 3roJieMu CTENCHOT Ha KOPUCHOCT Ha MPETXOAHO OIMHUINAHUOT BpeiaoBoaeH kotea VKSM
60, BrpajcH € TOIUNTMHOM3MEHyBad racoBu — Boaa (ci.3) , Kako ypea 3a JOUCKOPHCTYBame Ha
CHEprujaTa Ha H3JIE3HUTE racoBU. [IpeNBUICHO € TOIUNTMHOM3MEHYBAa4OT Ja pabOTH caMoO Kora
KOTEJIOT KaKO TOPHBO 32 COrOpyBame K€ KOPHCTH IPHPOJEH rac, Ia 3aToa TOIUIMHOW3MEHYBAadoT €
BrpaJieH BO MOCEOCH BEPTUKAJICH AMMEH KaHAJI CO COICTBEH ONAK OJBOCH O AMMHHMOT KaHal CO
kianHa. TOIMIMHON3MEHYBAYOT € IOCTAaBeH Ha YeJIMYHA KOHCTPYKIIMja U KOHCTPYKTHBHO € W3BEICH
O]l YETHPH TAKeTH HA YCNMYHHM IIEBKM CO CIMpalHNW pedpa 3aBapeHH Ha LeBKUTe. LleBkure ce
3aBapeHM BO KOJEKTOPCKH mioun. Ox BoJeHA CTpaHa, TOIUIMHOW3MEHYBAadyOT € CIOEH Ha BJe3 CO
MyMITHaTa CTaHWIa Koja 06e30emyBa npoTok Ha BoAa ox 1185 t/h, a Ha u3e3 co MOCIETHUOT MAKET
Ha 3arpeBavyoT Ha BOJA.

Am——aEa

Cauka 3. Yruauszarop Ha korea VKSM 60

TomnmuHOM3MeHyBadoT MMa Kanaruret o 3292 kW u 06e30e1yBa 3arpeBame Ha BogaTa 3a 2 °C .
Co HeroBa ynoTpeba ce MOCTUIHYBa 3rojeMyBambe Ha CTENEHOT Ha KOPHCHOCT Ha KOTENoT 3a 1 +
2 %, BO 3aBHCHOCT OJ OIITOBapyBamkETO Ha KOTEJIOT, IITO € IPUKaXaHO Ha CI1.4.
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Cauka 4. E¢pukacrHoct Ha koTenor VKSM 60 mpen u mo mHCTAIMpame HA TONJIHHON3MEHYBA40T

WHcranupameTo Ha TOIUIMHOM3MEHYyBad racoBu — Bojaa Ha kotenor VKSM 60 mpercraByBa
WHBECTHUIIMja KOja TIPEKy 3roJieMyBame Ha CTENIEHOT Ha e(hUKacHOCTa Ha KOTEeNOT Tpeba 1a 00e30e/1u:
COOJIBETHAa 3aliTella Ha TIOPHBO, Bpakamke Ha WHBECTHIMjaTa 3a MHCTAIUpamke Ha
TOIUTMHOM3MEHYBAUOT BO HAjKPaTOK MOXKEH POK, Kako M 3allTe BO CpeJCTBaTa 3a TOPHBO BO
[MOHATaMOIIIHATA eKCIIJIoaTallH]ja, 110 NCIUIaKkamhe Ha MHBECTHUIIHjaTa.

[lepronoT Ha Bpakame Ha MHBECTHUIIMjaTa 32 MHCTAIUPAHE Ha TOTUNTMHOU3MEHYBAYOT Kaj KOTEIOT
VKSM 60 e mpukaxkaH Bo cienHata tabena (tad.1).

Ta6ena 1. KpaTka TexHOEKOHOMCKA aHAJIM3A

BxynHa HHBECTHIHM]ja HA TOIUTMHOU3MEHYBAYOT [€] 120 000

MoMeHTaJIHa 1ieHa Ha TIpupoieH rac [€/m3] 0,233

3amTeieHo rOpUBO 3a eHa ce30Ha [m3] 177 524




BKyIIeH TPOIIOK 32 3aIlITeICHHOT MPUPOJICH rac [€] 41 363

[oBpaTeH MaTeKeH MepUo I Ha MHBECTHIM]jaTa [ce30Ha] 2,9
BkyrmieH 6poj Ha Mecelu Ha IOBPAaTHO — IUIATE)KHUOT MIEPUO] HA 17,4
WHBECTHUIU]aTa

4 TOIVIMHOU3MEHYBAY O/ TUIIOT ,,HEAT PIPE”’

TommuHCKUTE U3MEHYBaY (OPMHUPAHU O] KOMIIOHSHTH MO3HATH KaKO ,,TOTUIMHCKH 1ieBKU (heat
pipes), ¥ caMHTe TIO3HATH IOJ TOA MME, C€ HUCKIYYUTETHO epuKacHU ypend. TOIUIMHCKa IEeBKa €
€JIEMEHT 3a MPEHOC Ha TOIUIMHA BO KOj & KOMOMHHMPAHU TPUHIUITUTE HA TEPMUYKA CIIPOBOTUBOCT H
mpoMeHaTa Ha (ha3HaTa cocToj0a Ha pabOTHUOT (hIyWI, CO IeN Ja Ce OCTBapU ePUKACEH MPEHOC Ha
TOILIMHA.

Heat Pipes — meBkuTe 01 KOM C€ COCTOM TOIUIMHOM3MEHYBAYOT CE YpeAHd KOH IMOCTHIHYBaaT
eHUKaceH MPEHOC Ha TOIUTHHA CO KOMOWHAIIMja Ha HEKOJIKY (heHOMEeHH Ha (IyHIOT BO IIEBKATa KOM
Ce O/IBUBAaT BO 3aTBOPCH LHUKIIYC: MCIAPyBame, CTPyeH¢ Ha MapaTa, KOHICH3allMja W Bpakame Ha
KOHJeH3aTOT. THIIMYHA TOIUIMHCKA [IeBKa MPETCTaByBa 3aTBOPEHA (3areyaTeHa) eBKka u3paboTeHa o/
MaTepujajl COOJBETECH Ha PabOTHHOT (uiyua BO Hea (OOMYHO Oakap WM allyMHHHUYM), OJ KOja €
OTCTPaHET BO3YXOT M JACTyMHO € HAloJHeTa co paboTeH Quyns.

4.1 TlpuHuun HAa padoTa HA TONMJIMHOM3MEHYBa4 0J1 THIIOT ,,heat pipe”’

[MpuHumor Ha paboTa € peTaTHBHO €THOCTABEH: TOIUIMHCKATa CHEepruja ce IMpeHecyBa OJ
UCTIapyBavyoT O KOHJEH3aTOPOT HU3 KOHTHHYHPAH IIMKJIyC HA IIPEHOC Ha Maca U IMpoMeHa Ha (a3ara
Ha QIyuaoT BO meBKata. Toj e mirycTpupaH MpeKy MIeMaTCKUOT MPHKa3 Ha CI1.5.

Kora enHuot kpaj Ha TOIUIMHCKATa 1ieBka - Heat Pipe (00sacT Ha ucnapyBame) € BO KOHTAKT CO
BHCOKOTEMIIEpaTypHa OKOJIMHA, TOj C€ 3arpeBa, Taka INTo (UIyHIOT BO KamJIapHATa CTPYKTypa Ha
LeBKaTa ja amcopOupa TOIUIMHATA INTO TOMHHYBa HHM3 SHAOT W ucmapyBa. Kako pesynraT Ha
Pa3NUKUTE BO MMPUTUCOKOT BO IIEBKaTa, paOOTHHUOT (PIyH/ c€ HACOUyBa KOH CIIPOTUBHHOT JIAZCH KPaj
Ha IeBKara (001acT Ha KOH/ICH3aIH]ja) Kajie MITO KOHIEH3Upa 0CI000/IyBajKH ja JJaTeHTHATA TOTLTHHA
KOH JIaJ{HaTa OKOJIMHA BO JIOIMP CO HaJBOpEIIHATa IOBPIIMHA Ha IieBKaTa. KOHIEH3aTOT ce Bpaka
KOH 00JlacTa Ha WCTapyBambe M pabOTHHOT IUKIYC MOYHYBa OJHOBO W CE€ TIOBTOpYBa C¢ JOJeKa
MOCTOM TeMIIepaTypHa pasiuka [7].
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Coauka S. IIpunnun Ha pa6oTa Ha TOINIMHOM3MEHYBa4 0J THIIOT ,,heat pipe’’

4.2 TlpecmeTKa Ha TOIJIMHOM3MEHYBa4 o] THIOT ,,heat pipe”’

OcHoBHAaTa paBeHKa 3a IpecMeTKa Ha TOIUIMHaTa () pa3meHera momely naBa (uiyuza BO
TOITMHOM3MEHYBAaY, KOJIITO Pa0OTH KOHTUHYUPAHO €:

Q=k-S-At,[W]. 2)




kaze k[W/m?K] — xoedpumuenTr Ha mnpeMuH Ha TommmHa, S[m?] — noBpmmHA Ha
TOIUTHHOM3MEHYBAYO0T, Atm [K]— cpenna TemmeparypHa pasiuka.

Boenno, nokoiky co my; u m, [kg/h] ce o3HadaT MaceHuTe NMpPOTOILHM HA paboTHHUTE (QIyurIu,
TOTall Ba)KU CIIEAHOBO PABEHCTBO HA TOILUTMHCKY OMJIAHC:

my-Cpy(ti—ty) _ mayCpa (t3' —t3) [W]
3600 3600 ’

Q= 3)

kane Cpi, Cpa[J/kgK]ce cnemuduunm TOMIMHCKM KamanuteTH Ha paboTHHTE (IyHmu Hpu

KOHCTAHTEH MPHUTHCOK, COOJIBETHO, t1,t; Ce TeMIepaTypu Ha HW3JIE3HWTE TacoBH, a ty Uty [K] ce
TEMIIEpaTypy Ha BOJATa, Ha BJIE3 M M3JI€3 O] TOIUIMHOU3MEHYBAYOT, IPHUKAKAHO HA CIL.6.
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Cauxa 6. TemnepaTrypeH aujarpaM Ha TOIIHHOM3MEHYBAY CO TOIUIMHCKH IEBKH

5  3AKJYYOLH

Bo 0Boj Tpya e cmpoBeneHa aHanmM3a Ha MOYKHOCTA 332 HMCKOPHCTYBamkb€ HAa TOIUIMHATA Ha
W3JIE3HUTE TACOBU Kaj BPEIOBOJICH KOTEI, NIPEKy BrpaayBame HA TOIUIMHOM3MEHYBad racoBH — BOJA
Kako MepKa 3a Mojo0pyBame Ha eHeprerckara e(UKacHOCT Ha KOTelcKaTa mocTpojka. Ox apyra
CTpaHa, ONHIIIAH € MPUHIUIOT Ha paboTa U HAYMHOT Ha MPECMETKA Ha TOITMHOM3MEHYBAY O] THIIOT
,heat pipe’’.

I'eHepareH 3aKiIydoK KOJjIITO MOXKE Jla c€ M3BJede € JeKa MpUMEHaTa Ha IPHUPOJECH rac Kako
TOPUBO JaBa MOXKHOCT 3a 3HAUUTEIHO MOAOOpYBame Ha e(PHUKACHOCTA HAa KOTEJICKUTE IOCTPOjKH,
nopajay 3allTeAara Ha TOPUBO CO CHIDKYBAaETO HA TeMIleparypara Ha W3JIe3HHTEe racoBu. llpu
ynoTtpeba Ha IpUPOJIEH rac Kako rOpUBO, HHCTAJIMPAKHETO HA TOIUIMHCKY U3MEHYBay TaCOBU — BOJA €
€/IHa O] HajaTPaKTHUBHUTE ONIIMU TOPaJy OTCYCTBO Ha OMACHOCT OJi HUCKOTEMIIEpaTypHa KOpH3Hja,
3aToa IITO BO racoT Hema cyndyp.

[Ipumenara Ha MPUPOAHMOT rac Kako FOPHBO MMa M CBOM EKOJIOIIKHM NPEIHOCTH KaKO ILITO Ce
eNMMUHUpPamke Ha eMucuuTe Ha SO2 U YeCTHIIH, HaMalTyBamke Ha eMHcunTe Ha a30THH okcuan (NOx) u
CO, mopany KapakTEpUCTUKHUTE HAa TOPHBOTO M TOPATU 3rOJEMYBAamETO Ha BKyITHaTa €HEprercka
e(pUKaCHOCT Ha KOTEJIOT, OMHOCHO NPEKY HaMalyBame Ha ITOTPOILIyBayKaTa Ha TOPHUBO.
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MACJIO O] TAJIOI' O KA®E KAKO ITIOTEHIINJAJIHA CYPOBHUHA 3A
JOBUBAIBE HA BUOJU3EJI

KYCA COAPKHNHA

JlobuBameTo Ha eHepruja oA OOHOBIWBY U OTIIAJHU MaTepHjalli IeHeC MPETCTaByBa aTPaKTUBHA
ITEpHATHBA 32 MCKOPHCTYBame Ha CEKOjJIHEBHH CYpPOBHHHU Kako Kade, MieHka, u coja. Llemata Ha
OBOj TPyX € Ja TO JEMOHCTpHUpAa WCKOPHCTYBamETO Ha OTManoT (Tamoror) ox kade Kako
MoTeHIWjalieH oOHoBIMB u3Bop. Co KOHCyMalujatTa Ha Kade Cclead TojieMa KOJWYMHA Ha
oTIaj(Tanor), a co Toa u 0apame Ha MOKHOCTHU KaKo J1a CE UICKOPHCTH UCTHOT.

Bo oBoj Tpyn ke ce objacHM METOIOT 3a JOOMBamke HAa Maclio O Tajor of kKade co momornr Ha
eKCTpaKIIMja, KaKko IO0jJ0BHA CypOBHWHA 3a JOOMBame Ha Omoamsen. J[oOMEeHWTe eKCIepUMEHTATHH
MOJIATOIM MMOKaKaa JIeKa COAPKMHATA Ha MAcio BO TaJOroT oJl Kade Moxe na oune u 10 16.3%. Osa
€ BaKCH TO/IaTOK, OMJIEjKH CHOPEa JOCTAHUTE MOJATOIH o1 Jp>KaBHUOT 3aBOJ 3a CTaTHCTHKA, BO
PerryOnmka MakenoHnja ce KOHCyMHpaaT OKOJIY 5 MHJIMOHM KWiIOTpamH Kade TOMWIIHO, a CO
KOPHCTEH-¢ Ha oBaa Metojaa 0u ce noowie noreHiujanayd 900.000 mutpu Ha Maciao ox kade ox kKoe
MOJKE PEUUCH Jia ce J0OUe MCTO TOJNKaBa KOJUYMWHA HAa OMOM3EN, ITO HE € 3aHeMapiiuBa KOJINYHHA.

Kuayunu 360poBu: 6uodusen, macno, xage, excmpaxyuja

1 BOBEJ

Buoausenor mpercraByBa ajlTEpPHATHBHO TOPUBO JOOMEHO CO KOMOMHAIMja HA PACTUTEIIHU

Macia (MM )KHUBOTHHCKA MAcT), aJIKoXoJ (TTITaBHO METaHOJN WiH eTaHon) U karaimm3arop (NaOH nmm
KOH). IlpercraByBa Onopasrpa/yinBO TPAHCIIOPTHO TOPUBO CO MOXHOCT 3a yNoTpeda BO JM3el-
MOTOPHTE, CAMOCTOJHO MJIM BO KOMOMHAaIMja (BO OJPEJCH COOJHOC) CO MUHEPATHHOT Ju3en. Kako
pe3ynTaT Ha HETOBHOT OMOpasrpayiuB coOCTaB, J0OWMBa C€ IOroJIeMO 3Hademe BO HadTeHaTa
WHAYCTpHja, MPETCTABYBajKU O XIINBA alITEpHATHBA HA TOpUBaTa 0/ HeOOHOBMIMBaA mpupoja.Cenax,
IIPOM3BOJICTBO HAa OMOJU3EN € MPUIMYHO CKall MPOIeC BO KOj CypOBHHATa MMa HAjroJIeM YJIEeNI BO
neHara Ha ouoanzenot. Hajromemuot nmpoOiieM co Koj ce coouyBa HHIYCTpHjaTa 3a POU3BOJICTBO HA
OMOM3eI € IOCTAITHOCTa JI0 CYpPOBMHA KOja MMa HUCKA IIeHA U JIaBa roJieM IIPUHOC Ha Macio. 3a Jia
C€ 3aJI0BOJIaT OBME KPUTEPUYMHU CE TMpPUCTAlyBa KOH KOPUCTEHE€ Ha OTHaJHU MaTepuu 3a
MIPOM3BOJICTBO HA OMOIH3EI.
Kadeto npercraByBa efeH ol Haj3HAYajHUTE 36MjOACICKH IPOU3BOAU Ha IJ00ATHO HMBO, Ma3apoT Ha Kade BO
MakenoHHja BO MOCJIETHUTE HEKOJKY FOAWHU C€ IBIKHM BO BPEJHOCT Ol OKOJNY 5 MIJIMOHHM KUJIOIpaMH Kade
TOJMITHO. 3pHOTO Kae MOKpaj OCTAHATHTE COCTOJKH COJIPKU M 3HAYaeH MPOIeHT Ha macio ox 11 — 20 % mas.
(mpoceuno 15% mas) koum Moke na ce MmpeBeJaT BO OHOIUM3EN CO peaklyja Ha TpaHcecTepH(UKaLuja.
KosnnunHaTta Ha Maciio Bo kKa)eTo € MHOTY 3HauyjHa U MOXe JIa Ce CIOPEeIH CO MAcjoTO KOe ce Haora BO HEKOH
OWIIKM KOM Ce TI03HATH CYpOBMHHM 3a JOOMBame Ha OHoamsen Ha mpuMmep: coja (20% mas. macno). KonnunnaTa
Ha MacJio BO KadeTo He omara 3HadajHO MO MCKOPUCTYBame Ha KadeTo Kako MHUjaIoK, Taka INTO IBPCTHOT
MaTepHjall KOj 3a0CTaHyBa (TaJIOTOT) MOXE Jla Ce YIOTpeOW Kako CypoBHMHA 3a JoOWBame Ha OHMOAM3EN.
Buonuzenor nobueH ox
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MacjioTo o kade mMMa MHOrY MmomoOpa CTaOMIHOCT OTKOJIKY OHOIU3EIOT NOOHEH OJ IpYrd
CYpOBHHHM, TIOpPaay 3HayajHaTa KOJUYMHA HA aHTUOKCHIAHTH BO MaciioTo. COCTaBOT Ha TaJOTOT OX
Kae e MoIIHe CIOKEH M BO HEro ce MPUCYTHH LIMPOK CIEKTap Ha XEMHUCKH COCJUHEHHWja IITO
YKa)xXyBa JieKa TOKpaj Toa IITO MOKE Jia Ce MCKOPHCTH 3a J0OWBame Ha OMOAM3EN, TOj MOXe Ja ce
HCKOPHUCTH 32 PA3IMYHU IIEJTH KaKO JIOOMBAaE Ha KOMITOCT MITH OHOETAaHOI.

Bo 0BOj Tpya cnenn onmc Ha eKCIIEpUMEHTATHATaA MOCTAlKa 33 eKCTpaKlyja Ha Macjo OJ Tajor
on kade 1 HEroBa KapakTepu3allfja KaKko MMOTeHIINjajHa CypOBHHA 33 JOOMBA-E Ha OMOIH3EI.

2 EKCHEPUMEHTAJIHA NIOCTAIIKA 3A JOBUBAIGE HA BUOAU3EJI

2.1 Marepujaau U XeMHUKAJINH

ExcriepuMeHTOT ce m3BpImM BO J1abopaTopHjara Ha TeXHOIOMKO-METATypIIKAOT (haKkynTeT BO
Cxorje ¥ 3a 0BOj eKcriepuMeHT ce kopuctu kade (Bar cafe) on Tpu pasnuunu nokaiuu Bo Ckormje co
LeJT 1a Ce CUMYNMpaaT PealHd YCIOBH MpH A0OMBamke Ha OMO13eN O TaJorT oA Kade.

2.2 Cymeme Ha TAJIOroT 0 Kade

Tanoror ox xade HajpBo ce CyIIN HAa BO3AYX HEKOJIKY J€Ha a 1I0T0a HCTOTO CE CYILIH BO CyIlapa
Ha Temrieparypa ox 105°C, 3mo 4 gaca cé 10 moOuBame Ha KOHcTaHTHa Maca. Kadero ce uyBa BO
100po 3aTBOPEHU CTAaKJICHU CAZOBH 3a Jia Ce CIPeYH NPUMAmETO Ha Biara oJf OKOJHMHATa, ce JI0
HEropaTa IIOBTOPHA yIOTpeda OHOCHO HEroBaTa eKCTPaKIHja.

2.3 Ekctpakuuja Ha MacJo o1 Tajor ox Kade

Excrpakiujara € mporec Bo KOj ce M3BJIEKyBa (€KCTpaxupa) MaclioTO OJ TajJorot oj kade co
MOMOIII Ha pacTBapame Ha MAcjoTO Off CTpaHa Ha OPraHCKH pacTBopyBad. EkcTpakiiijata Ha Macio e
n3BeneHa co npuMmena Ha CokcieroBaTa amaparypa. Kako pacTBopyBad ce KOPHCTH cMeca O] XeKCaH
u uzonpomnanos Bo oauoc 50:50 (vol/vol). TlpuurnaTa mopaau Koja ce 0A0paHH OBHE PacTBOPYBaYU
M OBOj COOJTHOC € TOa LITO BaKBaTa CMeca OBO3MOXKYBa MOT0OJIEM ITPUHOC HA MACIIO U TIOKPATKO Bpeme
Ha eKCTPAaKIHja CIIOPEJCHO CO MPUHOCOT HAa MAacllo M BPEMETO Ha EKCTPaKIHja M3BEICHA caMoO CO
xekcaH. Kako enMHCTBEH HEIOCTaTOK ce CMeTa ciaaboTo OOHOBYBame€ Ha pacTBOPYBAdOT IO
u3BpIIeHara JecTwianuja. ExcTpakiujata ce BpIIM KOHTHHYHUPAaHO BO TEKOT Ha 2-3 wdaca.
EKcTpakTKOT coApkd Maciio on Kade M pacTBOpyBad KoOj C€ IMOJIOKYBa Ha BaKyyMm
necTuianuja.MacioTo ce cemapupa O pPacTBOPYBadOT CO IIOMOII Ha POTAIMOHEH BaKyyM
nectuiaatop. JJoOMeHHoT pacTBOpyBad MOXe MOBTOPHO Jia ce YIIOTPeOH 3a eKCTpaKIlMja Ha MaclIo.

Cimuka 1. Soxhlet-oB anapar 3a excrpakuuja Ha MacJ0

HpI/IHOCOT Ha MacJIo C€ IMpPECMETYyBA M0 JaJiCHAaTa paBCHKa.

X = 2% % 100%. @




Kapne:
X = npunoc Ha macio (%)
Wo = maca Ha excTpaxupano Macio (g)

Ws = maca Ha kade npen ekcrpakimja ()

2.4 Kapakrepu3zauuja Ha 100MeHOTO MaCJI0

[lonx xapakTepuzaliyja Ha Maciio ce MoApazoupa oapeayBambe Ha HETOBUTE (PH3UYKH U XEMHUCKHU
KapaKkTepuCTUKH. bro-mMacimaTa BO rojemMa Mepa ce pa3liMKyBaaT off Ha()TCHHUTE TOpHBA W KakKo
pe3yNTaT Ha TOa MOCTOjaT TSIIKOTHH 3a HUBHOTO UCKOPHUCTYBaHkE KaKo 3aMEHA 32 Ha()TEHUTE rOpUBa.
I'maBuuTe mpoGiiemu Kou Tpeba a ce pemar ce BUCOKaTa COApKMHA Ha BOJAA, BUCOKATa COAPIKMHA Ha
KHCJIOPOJI ¥ TOJIEMHUOT BHCKO3UTET.

24.1 OpnpenyBame Ha KHCEJIMHCKU OPOj

[ox xucenmuHCcKM O6poj ce moapazompa 6poj munmurpamu KOH (kammym xunpokcnn) moTpeOHu 3a
Ja ce HeyTpalIn3upaar CI0OOIHUTE MAacHU KHCEIWHHM NPUCYTHH BO 1 rpam macio.3a ja ce oxpean
KHCEJIMHCKUOT Opoj ce BPILU TUTpalHja Ha OApeIeHO KoIn4ecTBO Macio co 0.1 etaHomneH pacTBop Ha
KOH co ¢eHondTanens kako HHIUKATOP C€ 0 IMOjaBa Ha Onemo po3eBa 0oja koja ce 3anpxysa 10
cekyHau. Konky e momano KoJHM4ecTBOTO Ha HCKOPHCTEHA alKaldja, TOJKY € IoMajia KUCelIocTa Ha
MaclioTo, a CO T0a € 1Mo100ap KBAIUTETOT Ha MAcIlOTO.

Kucenunckuor 0poj ce oapeaysa o cienHara Gopmylia:

V:c- Mw

Kb = 2

Kb = kucemuncku 6poj (mg KOH/g maciio)
V = xonnyectBo KOH 3a turpanmja (ml)

C = xonnenrpanuja Ha KOH (M)

M, = monapua maca Ha KOH (g/mol)

M = KoIM4ecTBO Macaio (g)

2.4.2 KuHeMaTH4YKa BHCKO3HOCT

BHCKO3HOCT € BejuuMHA KOja T'O OINMUIIYBa OTIOPT HAa HEKOja TEUHOCT NPU TeUuewmeTo. 10j
MPEeTCTCaByBa KOC(HIIMEHT Ha BHATPEIIHOTO TPUCHE IMPH CTPYCHETO HA (IYUIAUTE IOPAIH
pasnuvyHuTe Op3WHU Ha JIBIDKEHEC HAa HErOBUTE cloeBUTe. KMHeMaTHyka BHCKO3HOCT MPETCTaBYBa
COOJTHOC Ha JIMHAMHYKATa BUCKO3HOCT U T'YCTHHATA HA (PIYUIOT.
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Cauka 2. Cannon — Fenske kanuiaapeH BUCKO3MMeTap




CymTHHaTa Ha OJIpElyBameTO HAa KWHEMATHYKa BUCKO3HOCT € MEpemhe Ha BPEMETO 3a KOe
OJIpeJieH BOJIYMEH O] (UIYHIOT T'PAaBUTIMCKH Ke TOMHUHE HU3 Kaluiiapara Ha CTAKJICH KaJMOpUpaH
BHUCKO3MMETAap, NMpPH KOHTPOJIMpaHAa W TIO3HATa TeMIepaTypa. 3a OJpelyBamkbe Ha KHHEMAaTHYKa
BHCKO3HOCT C¢ KOPHCTH CTaKJIeHa KamuaapHa 1eska copea Cannon-Fenske.

buo-macnoro Hajuecto e 10 matu moBuCcKo3HO o HadreHuTe ropuBa. Mcro Taka, OMOIU3ETOT
noOueH ol OMO-Maclio CO TojieMa BHCKO3HOCT MOXE J1a NMpeAM3MBHKAa HaMalleHa aToMHU3alfja Ha
TOPHBOTO, HETpaBHIIHA PadOTa HA MHjEKTOPHUTE W JIO CO3/IaBambe Ha JETMO3UTH BO JU3E]T MOTOPOT.
[lopagn oBume mpuYMHU MacliOTO Tpeda Ja MOIJIeKH Ha MOAU(HKAIMja cO Koja OM ce OBO3MOXKMIA
BHCKO3HOCT OJIMCKA 10 OHAa Ha Ha()TEHUTE TOPHBA.

2.4.3 MHuaekc Ha pedpakuuja

Wnpexcor Ha pedpakuuja ce oApeayBa co pedpakToMeTap M IMPETCTaByBa IMOKasaTed 3a
CTENIEHOT Ha OKCHJAlMja Ha MacioTo. KoKy MHIEKCOT Ha pedpakifja € MorojeM TOJIKY € MOrojeM
CTENECHOT Ha OKCH/IAIKja Ha MaciIoTO (OHOCHO OHOM3EINOT).

Bo MacnoTo ce HaoraaT He3aCUTEHU W 3aCUTEHU MacHU kucenuHu. CHTe Macia uMaaT oJpe/ieHa
OTIIOPHOCT KOH OKCHJAIIMja IIITO 3aBHCH 01 OpojoT Ha ABojHuTe C=C BPCKU BO HE3aCUTECHUTE MACHU
KucenuHu. 3rojeMeHoTo TmpucyctBo Ha C=C BpCKUTE NpPEAM3BHKYBa HaMmalleHa OKCHIATHBHA
CTaOMITHOCT Ha OWOAM3ENOoT, a CO Toa MOXeE Ja NI0jAe IO HM3BECeH CTElleH Ha Jerpajandja Ha
Ouoau3enoT. buomusenor on kadge MMa MHOTY IMoj0oOpa OKCHAATHBHA CTAOMIHOCT BO OJHOC Ha
Oouonuzen A00WEH OJ] APYrH CYpOBHHHM, KakO pe3yjTaT Ha MPHUCYCTBOTO Ha 3HAuajHa KOJWUYMHA Ha
AHTUOKCHJIAHTH BO MACJIOTO.

Cauxa 3. Carl Zeiss Jena pejppaxmomemap

3 JOBHUBABE HA BUOAU3EJI

3.1 IlpenodpadoTka HA MaCJIOTO

[pen na ce mpucranu KOH MPOLECOT Ha TpaHCeCTepH(UKaIMja HEOIIXOJHO € J]a Ce OTCTpaHaT
HEYHUCTOTHHUTE KOU T'H COAPXH MAacjoTo (MEXaHWYKd HEYHCTOTUH, (ocdaTH, cIO0OAHW MAaCHH
KHUCEJIMHH, BOCOIIH U CJ1.)

AKO MacjioTo MMa HHCKa COJpPXKMHA HA CIOOOJHM MAacCHHM KHUCEJIMHH (KHCEJIOCT MOHHUCKA Of
2% ) ce cMmeTa JeKka uMMa J00ap KBAIMTET HO, JOKOJIKY TOA MMa IOrojeMa KHUCEeIOCT OJHOCHO MMa
MMOBUCOKA COAp)KMHA Ha CIIOOOAHM MacHU KHCEIWHH OJ TpeKky 2%, MOXETHO € Ja Ce HW3BPIIH
npenecrepuuKanmja co METAaHOJ WM €TaHOJl MPH IITO Ke ce KOPHCTH Kucenl Karamuzatop. [lo
3aBpILyBamb-€ Ha MPOLIECOT Ha MpeAecTepudHKanrja 1 0/1B0jyBambEeTO HA TOOMEHUTE eCTEpH, MOTPEOHO
€ Jla ce M3BPIIM HEyTpaln3alyja Ha 3a0CTAHAHATHOT KHCENT KaTaJIu3aTop BO MAacIOTO Hpex Ja ce
3all04HE CO MPOLECOT Ha TpaHCecTepH(pUKAIMjaTa CO KOPUCTEHE Ha 0a3eH KaTaIu3aTop.




3.2 TpaHncecrepudpukanmja

HajennocraBaa dopmysa co xoja MOKe Ja c€ MPETCTaBH MPOWU3BOJICTBOTO HA OMOIU3EN O
MacTH M Maclia € CJIeJJHaBa:
100 xr macio + 10 xr metaron — 100 kr 6moauzen + 10 Kr rinrepos
[loennocraBeHa (hopMyna Ha XeMHCKa peakiifja TpaHCecTephu(HUKaIija MOXe J1a ce MPETCTaBU
Ha CJICIHMOB HAYWH:

8] O
CH:-0-C-Ry CH:- 0O -C-Ry

o Karamzartop 0 CH; - OH
CH -0-C-R: + 3 CH:OH — CH;-0O-C-R; + CH-0OH

0 Merason 0 CH:- OH
CH;-0-C-R; CH;-0-C-R; I'mmepomn
Tpirmmepun Metun ectep

(BEnognzen)

Cauka 4. Peakuuja Ha Tpancecrepudukanuja

CtpykTypaTa Ha MacjioTO TO COYMHYBAaT IOBEKEe MAaCHU KHCEIMHHU (Ha CIIUKa 4. ce MpUKaKaHH
kako OOC—R1, OOC—R2 u OOC—R3) xou mpeky aToM Ha KHCJOPOJ C€ Bp3aHH Ha TIULEPOT U
3a€JHO CO HEr0 I'0 COYMHYBAaT COCIWHEHHWETO HApEUYeHO TPHUIIIHILEPUA. XEeMHUCKaTa peakiuja Ha
noOvBame Ha OHMOAW3ENl Ce TEeMeNM Ha peaknujara Ha BUIIUTE MAacHU KHCEIMHH M alKOXOJOT
(majuecto CH30H), Bo mpucyctBo Ha anmkanam katammzaropu (KOH). Tpure monexynn Ha MacHU
KHCEJIMHU Off TPUIIIMIEPUAOT pearupaaT co MOJIEKyJa Ha allkOXOJIOT MpH IITO ce JOOMBa TPH METHI
ecTepy Ha MAaCHH KHCEJIMHH U €HA MOJIEKYJIa Ha TIIMIEPOJT KaKO CIIOPEAEH MPOM3BOI.

Peaknmjara Ha TpaHCcecTepuduKaIija € MOBpaTHA peakiyja, a OTTyKa, CO IeJ Jia ce MOMECTH
paMHOTeXaTa Ha peakifjaTa BO KOPUCT Ha MPOAYKTHTE aIKOXOJIOT Ce 10JlaBa BO BUIIOK BO OJHOC HA
CTEXHOMETPHUCKHOT OJHOC Ha peakTaHTuTe. [loTpeOHO e XeMucKaTa peaknuja Jia Oune Katalin3upaHa
3a J1a ce MOCTUTHE BUCOKA KOHBEP3HUja P PEJIaTUBHO OJIard peakICKU YCIOBH.

4 PE3VJIITATU U JMCKYCHUJA

4.1 IlIpunoc Ha MacJI0

Tabena 1. ExkcnepuMeHTaIHM Pe3yJITATH 01 EKCTPAKLHMJaTa HA MACJI0

Cygo kade mpen ekctpakimja (g) 120.0027
KonuuecTBo pactBopyBay mpea excrpakiuja (ml) 500
Kade o excrpakuuja (g) 97.1588
KonuuectBo pactBopyBad 1o ekcrpakiija (ml) 286
KonuuectBo macio no pectunanuja (ml) 21.9583
KoneunuectBo mMacio no ekrpakuuja (g) 19.5751
I'ycruna na macio (g/ml) 0.90801
Ipunoc Ha macio (%) 16.3

3eMajku ja BO IpeIBU/ LIeHAaTa Ha PacTBOPYBAYMTE M MOTPOLIyBayKaTa Ha €HEpruja moTpeOHH 3a
Ja ce W3BeIe EKCTpakiyjaTa Ha Maclo M OOHOBYBAETO HA PAcTBOPYBA4YOT IO AECTHIIALMjATa,
cMecaTa O/ XeKcaH M HM30IpOINaHOJ Ce CMeTa 3a HajloBOJIHA OWICjKH OBO3MOXYBa JOOMBame Ha




rojieM IMPUHOC Ha Maciio 3a KpPaTKO BpeMe Ha eKkcTpakiuja. [[pHOCOT Ha Macio MOXKe Jia Bapupa BO
3aBUCHOCT O] THUIOT Ha Kade, THIIOT Ha pacTBOPYBad M YCIOBUTE Ha eKkcTpakuuja. CropeneHo co
JPYTHU CYpPOBUHH KaKO MACIIMHKHU, COja M MTAMYYHHU 3pHA KOM MMaaT MMPOCEUYCH MPUHOC Ha Macio 14%,
17% u 20% coonBeTHO, BaKBaTa €KCTPaKIIMja UMa MTOMaJi OIEPATHBHU TPOIIOIH & CIIMIHH MPUHOCH
Ha MacJo.

4.2 Kapakrtepu3anuja Ha MacJio

Tabesa 2. EkcnepuMeHTAJHH pPe3yJITAaTH 0]1 KapaKTepu3alujaTa Ha MacJaoTo

Kucenmuacku 6poj KunemaTtmaku Wunexc Ha pedpakmnmja
Bucko3ureT Ha T= 40 0
(mg KOH/g macno) °C (mm?/s) (%)
7.91435 8.16034 1.4431

e Kuceauncku 0poj

Crnopen noOveHHnTe BPEIHOCT, MAacjIOTO UMa rojeMa COApKHHA Ha CIIO0OJHH MAaCHH KHCEIUHH
OJTHOCHO MMa ToJIeMa KHCEJIOCT 3a Jla MOXKe AUPEKTHO J1a ce IpeBee Bo Onoan3en 0e3 mpearpeTMan
CO IITO Ce YKa)XyBa Ha TIOBUCOK CTETICH Ha OKCHIAINM]ja U I0jaBa Ha XUAPOJH3a. 3a /Ia Ce CIPEYr OBOj
npobieM ce BpIIM MpeAecTepuHKanrja CcO METaHOI W KHCEJIWHCKH KaTaju3aTrop Mpex
TpaHcecTepuduKanmjara.

e KuHemMaTH4KH BHCKO3HTET

Criopes foceraiHuTe HCTPaXyBamba, TPAHULIMTE 3a BUCKO3UTET Ha MaclloToO ce ABIKAT of 1.9-
6.0 mm? /s. KunemMaTn4kaTta BUCKO3HOCT Ha H0OMEHOTO Macio u3HecyBa 8.16034 mm?/s ma 40 °C.
Hako BpemHOCTa € HaJl TOpHA IPaHMIA MOXKE Jla C€ 3aKIydH JieKa JOOMEeHUOT OMOIn3eN BO OHOC Ha
BHCKO3HOCTA T'O UCIIOJIHYBA NPONUIIAHUOT KpUTepUyM. 1I0BUCOKHM BpEAHOCTH OJf OBUE yKa)KyBaaT Ha
TOA JIeKa MacJ0TO HE MOJKE J1a Ce HICKOPUTH KaKO TOPUBO BO MOTOPHTE 33 AUPEKTHO COTOPYBAIbE.

e WHaekc Ha pedpakuuja

Bpennocra Ha nHAEKCOT Ha pedpakiuja Ha moOueHUOT Omomusen uzHecysa 1.44%. JloOnuenara
pPEIaTHBHO MaJia BPEIHOCT Ha OBOj MHJIEKC YKa)KyBa Jieka CTCIICHOT Ha OKCHJAIMja Ha OMOIU3EIIOT €
Man. JIOKOJKy BpeJHOCTa Ha WHIEKCOT Ha pedpakimja € BHCOK, TOa 3HAYM JieKa BO TOPHBOTO
MOCTOjaT IOBOJIHM YCJIOBH 3a OJIBUBAM-E Ha MPOIECOT HAa OKCHIANHWja U Joara 10 U3BECEH CTEeleH Ha
Jierpajialiygja Ha TOPUBOTO.

5 3AKJIIYYOK

[MpuHocot Ha mMacio oJ kade 3aBucH 0J1 MHOTY (akTopu. Kako ocHOBeH (hakTop ce 3eMa THIOT
Ha Ka(eTo OJHOCHO HErOBHOT KBAJIUTET, HAYMHOT HAa MPHUTOTBYBAakE HA HAMHUTOKOT OJHOCHO
KOJIMYECTBO Ha 3arpeaHa napea Koja MOMHHYBa HHU3 CBEXOTO Kade. buzejkn kBaauTeToT Ha Kadero
OJIHOCHO TaJIOTOT 0J1 Kae nmpercTaByBa PUKCEH (HAaKTOp MPUHOCOT HA MACJIO HAJMHOTY K€ 3aBHUCH O]1
YCIOBUTE HA €KCTPAaKIMja, MPBUYHO OJ1 YIOTPEOCHHUOT pacTBOPyBau, TEMIIEpaTypara U BPEMETO Ha
ekcTpakija. JJoOreHnTe eKCIiepUMEHTAIHH MOJaTOLH MMOKaXKyBaar JeKa COAp)KMHATA Ha Macjo BO
tanorot ox kade e 16.3% mTo mpercTaByBa 3HAUAjHO KOJMYECTBO 3a MPOW3BOJICTBO Ha OMO/M3EN.
Pesynratute mokaxkyBaaT Jeka € HEOmXojaHa MmpenoOpaboTka Ha MAacJioTO Mpej MNpolec Ha
TpaHcecTepuUKalMja, MOPaad HEroBaTa BHUCOKA COJPXKHHA Ha CIOOOJHM MACHH KHCETUHH.
Teopercku mpUHOCOT Ha OuoaM3eN 10 TpaHcectepudukanmja ¢ mpudmmkao 100% ox komudmHaTa Ha
MAacJIOTO KOE Ce YIOTPEOUIO BO MPOIIECOT.
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