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ITpunukom dipojexiiosarsa cuciliema 3a ekcinoallayujy cyrnuese enepauje, HeoiuxoOHo
jJe tlo3Hasaitiu unillen3uiiell pacilonoxuse exepauje Uo jeduruyu uospwure. Cida-
WUCTAUYKOM GHANUIOM eKCllepumenilantux ilooatuaka, moZyhe je 00bumiu peaayuje 3a
oopebusarve unIMeH3UMENa 3paiersa Ha UOBPULUHE HA 3EMBU, DU YeMy Je TOHCeHO
obyxealiuiliu wWillo euue penesaniinux gaxiiopa, Kao wito cy: zeozpag)cka Koopou-
Hallla meciia, 006a 200uHe u OaHa, 8pemeHcKe Upuauke, keaauield aiimocgepe, 0a au
je y Uuiliary zpadcka cpeduna u Koauko je owa 3azabena uimld. Taxo ce Oobujajy
youwiliene peaayuje, Koje ce, ca 3a008oasajyhom Waurnowhy, Mozy Kopuciiuiiu 3a
cee noxayuje u y ceum ycaosuma. Ha ochosy maxeoz maiiematiuukoz mooena, ypahern
Jje xomiijyliepcku Gipozpam 3a oopebuesarse unillen3uitieilia 3payersa Ha lo8puILHE HA
3emsmu. Ayiiopu 0ajy u KoMmiaeilan AUCIURZ Upozpama.

During designing a solar exploitation system, it is necessary to know the quantity of available
energy per surface. It is possible to get relations for evaluating the quantity of the solar radia-
tion on the earth’s surface by statistical analysis of the experimental data. But it is desirable to
include as many relevant factors as possible, such as: the geographical coordinates of place,
the season of year, the period of dpay, the weather conditions, the quality of atmosphere,

whether it is an urban environment and how much it is polluted etc. In that way, the general-
ized relations can be obtained, which can be used with satisfactory precision for all locations
and in all conditions.

1. YBop

IlemoxynHa eHepraja Ha 3eMJbH, H3y3EMajyhn HyKIeapHy H reOTepMalHy, Io-
THYE Off Cynna. Usnoc enepruje kojy 3eMiba npama off CyHna y nepuopy op
camo fleTHAeCT flaHa je jefIHaKa eHepIHjH KOjy MOTY /ia Aiajy mpeocTaie pesepBe
HadTe 1 yriba y cety. C npyre c1pane, oBa eHeprHja je HEHCIpPIHA H €KOJIO-
LIKH YHCTAa, 1a je cBe Beha ymoTpeba corapHHX KoJeKTopa H (hOTOHAIOHCKHX
henmjay excmxoa’ratmjn OBOT BHJIa eHeprHuje OnpapjaHa H IOXeJbHa.

IIpu npojexToBamy ypebaja 3a kopnmheme colapae eHepruje, HEONXONHO je
NPETXOHO OIpeIUTH HHTEH3HTET CyHYECBOT 3padyeiha Ha OBPILHHY 3€MJbE.
2. Teopujcke ocHoBe

Kako ce, mo KemwrepoBoM 3akoHy, 3eMiba Kpehe IO eNINICONIHOj MyTamH, ca
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CyHneM y jelHOj Off XIKa, To ce pacTojame 3emibe of CyHIa Mema TOKOM
roguee, NocTmXyhn MuEAMYyM 3. janyapa B MakcAMyM 4. jyia. Yciep Tora,
BPEIHOCT CYHUYEBOT 3paderha Yy TOPHHAM CllojeBEMa aTMocdepe Bapapa 3a 3%
(ciaka 1). Ha cianu ce BAAH fa o aTMocdepe 3EMH Jiola3d Behe 3paueme
HEro JICTH.
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Cauxka 1. I[Ipomena uniieH3uilieiia 3paierba y 3a8ucHoctuu 00 0oba 2ooume

HcnutEBama Koja je Bpumo C.G. Abbot nokasyjy fa IocToje JofaTHE BapH-
jandje y METEH3HTETY CYHYEBOT 3padera off oko 2—-3%, Koje ce jaBibajy ca Ie-
pHOJioM off 22 rofuHe H 9 MecenH, IITO ofiroBapa nepuopy CyHYeBOI MarHeT-
HOT I0Jba, OMHOCHO ABOCTpYKOM neprony CyHueBnx mera. OBa mpeTnocTaBKa
HHje y NMOTIYHOCTH HOTBpbeHa, jep Cy y BpeMe HCIONTHBam-a BpIIeHe HYK-
JieapHe npobe, Koje Cy MorJe 1a yTady Ha foOHjeHe moiaTKe.

CyHueBo 3pauen-e Ha NOBPIIEHY 3eMJbe Ce pa3iidKyje Off OHOT Ha YJIacKy y 3e-
MJbHHY aTMOcthepy. Jenan fieo eHepruje 6mBa ancop6OBaH racOBHMa Ha MyTY
Kpo3 aTMoccepy, IITO 3aBHCH Of Jy>kuHe nyTa Koju CyHdeBH 3pamu npeby
Kpo3 aTMocdepy H KBainaTeTa atMocepe. Kako je myr CyHueBux 3paka Kpo3
aTMoccepy 3HaTHO MambH JIETH, TO je YKynaH ecdekar cojlapHe eHepruje Behn
Jnetn Hero 3uMu (ciaka 2). KanureT atMocdepe mofipasyMeBa cajpskaj ra-
coBa (moce6ro Bopene mape, O3, Oz u CO2), mpanmue H uMa. YKYIHO
CyHYeBO 3pademe (II106anHo 3paderse) Koje JocueBa Ha NOBPIAHY 3eMIbe ce
CacToju W3 JHPEKTHOT H_ JH(Y3HOHOT 3paversa. [[HPEeKTHO 3paueme mpef-
CTaBJba KOMIIOHEHTY INIOGANHOTr 3padema, Koje JojIa3d AHPEKTHO MO JHHHjH.
Jpyra fieo ykymHOT 3padera ce HpHIHKOM Imposiacka CyHYeBHX 3paka Kpo3
aTMoccepy pacrna 360r HaWiiacka Ha 9eCTHIE BOJie, NpallliHe | IPYTHX aepo-
3arabema (cimka 3).

Ypeo mApeKTHOT 3padyera Y YKYIHOM 3pademy je Behn y BpeMe BeJipux JlaHa,
JIOK je y 06JIa4HEM JaHAMa FOTORO IEJIOKYIHO 3paverse qudy3HOr Kapakrepa.

Bpepgaoctn fEpeKkTHOT H AAGY3HOHOT 3padera ce 3Ha4ajHO Memajy OJf MecTa
IO MECTa, IIITO 3aBACH Off TOTa JIa JIA jé Yy MUTaKy rPajicKa CpeiuHa # KOJNHKO je
OHa 3arabena.

Jomwr jemam yTHmaj aTMoccgepcKOr BpeMeHa Ha IJI00ajHO 3padcie MOXKE Ce
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-Cauka 2. Bpednocii 240644102, Oupekiuno? u Ou@y3Hoz 3pauersa y 3a6uc-
HoCITiu 00 006a ZoOuHe 3a 2e0ZpaghcKy uUpuHry 4

MOJICKYTH
racosa

IOUPEKTHO
3PAYEBE

LS TS LT

Cauka 3. Pacuiiaree 3pauerba Ha OUPEKiHO U Ouy3HO

carJefjaTH Ha CIHNH 4, rie Cy OpAKa3aHH HHTEH3HTETH INI0GAIHOT 3pavema y
¢dyEKIEjE BpeMeHa 3a [[Ba y3aCTOIIHA JJaHa Ha HCTOM Mecty. [IpBu jaH je 6uo
npwiHgHO oGnavan, ca KummoM oko 18 h, a cnepehin je 6ro TIPHIHIAO Befap, ca
HeKoJHKo obnaka. Hajseha BpegHOCT 3padema o oko 1200 W/m” mocie 14 h
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Cauxa 4. I'nobaano 3pauerse mepeno 13. u 14. maja

npeor fana je 3a 30% Beha oy 3pauema Koje ce MOXXe OYEeKHBATH BeJJpOT JIaHa,
IITO je mocienuna pediekcuje of obnaka. OBako HEOUYEKHBAHO BHCOKA Bpe]l-
HOCT IIOCTOjH BpPJIO KPaTKO BpeMe.

3. MareMaTH4KH MoJel

CpebuBameM MepeHNX BpPeTHOCTH, JOILUIO ce IO 3aKJbydKa Jla Ce 3aBHCHOCT
OfjHOCa IN06aIHOT 3pavyera Ha IOBPIIMHH Of] jeTHOT KBaJpaTHOT MeTpa Ha 3e-
MJbH U U3BaH aTMoc(epe y (byHKIUjH OJHOCA jaCHAX CYHUYAaHHX CATH H Ty>KUHE
JaHa pacTypa, KaKo je IpHKa3aHo Ha ciuny 5. A. Angstr('im y cBoM freny "Solar
and Terrestrial Radiation", 1924. roguee, mpeniaxe jeMHAYAHY 3a OPOIECHY
ro0ayHOT 3pavera, Koja ce laHac KOPUCTH Y MaJIO OrOfiHAjeM OOJIHNKY, KOji
je mpepuosxmuo J. A. Prescott y Evaporation from Water Surface in Relation to So-
lar Radiation, 1940. ropune:

=E =a+b- N €y
0 Z
rpe cy:
H — HHEBHO II106AIHO 3paderbe Ha HOBPUIHHH Of jeJHOT % Ha semmi,
Ho - dneBro moGainso 3payerne Ha HOBPILHHY Off jeJHOr m” U3BaH aTMOC(e-
pe,
a,b - Ge3gEMeH3MOHE KOHCTAHTE,
S — Opoj jacCHAX CyHYaHHX CATH TOKOM JIaHa,

— AY>KHHA aHa O[] H3JIaCKa JI0 3ajlaCKa CYHIIa.

Hxurensnrer JHEBHOTI' ro6axsor 3payciba Ha IIOBPIIHHE Of jem{or m2 H3BaH

aTMoccepe MOXe ce OffpeJJUTH [IpeMa peJianuji Kojy je npeproxuo W. D. Sell-
ers, y Physical Climatology, 1965. ropuse:
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_% 360-n))
H,=—":1,:[1+0,033-cos J
s 365
(cosq> cosd-sint,, +t,, -sing-sin 8) 2)
e cy:
Ip=1353 W/m2 — coJIapHa KOHCTaHTa,
n[-] — penru Gpoj jana y ropuad (3a 31. jaryap n = 31, 3a 1. ¢ebpy-
ap n =32 utH.),
(p | — reorpaccka ImMpHHEA MecTa 3a KOjH ce ofipebyje 3paueme,
I;) — eKJIAHANHAjCKH YTao,
t[] — YacCOBHHM yrao CyHIa.

H3pa3 y mpBoj 3arpagm y3uMa y o63up IpoMeHY pacTojamba u3Meby 3eMibe H
CyH1na y TOKY rojiaee.
Kako je conapna koHcTanTa lp = 1353 W/mz, a Tpaxkdl ce MHTEH3HTET riobai-

HOT 3padera H3HaJl aTMocdepe 1o JaHy, TO jeqHaunny (2) Tpeba MOMOKHTH ca
3600, omakie ce no6bmja:

( 360-n))
H,=37,21 ‘Ll +0,033-cos ;
365
MJ
-(cosw-coss-sin t,a +t,, - SiNQ: sin8) [—2——] 3)
m"~ -dan

BesmumMen3nonn kodunujenTH a 1 b cy ofpebuBanu MepemeM 3paderma i 6po-
ja jacHUX CyHYaHHX CaTH TOKOM JaHa 3a ofpebeno Mecto. Tafa ce Te BpegHO-
CTH 32 KoedunujenTe a 1 b MOry KOPHCTHTH 3a IpOIeHy ITI06AIHOT 3paveha ’
3a OocTajla MecTa, Koja HMajy clIugHe reorpaceke U KIMMaTcKe ycioBe. Meby-

Z/S

|'H/H

4

Cauxka 5. 3asucrocii 00HOCa 2206a4H0Z 3paterba Ha HOBPULUHI 3eMbe U Ha
epxy aiimocgepe y pyHKYujuu 0OHOCA JACHUX CYHHAHUX Calliu U OyHuHe OaHA
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TAM, H Tajja OJIa3: JIO 3HAUajHHX OJ[CTYIama, IITO je JoBeJo Jio noTpebe 3a
yHHBep3aJIHOM hOpMyJIIOM, KOja 61 o6yxBaTala IITO BHIle (hakTOpa, B KOja Ou
ce Morila KOpHCTHTH cByfa y cBety. J. Glover n J. D. G. McUlloch y The Em-
pirical Relation Between Solar Radiation and Hour of Bright Sunshine, 1958, npeT-
IOCTaBIbajy Jla ce 3a ceBepHe reorpaccke MmpHHe Mamke off 60° KoednnujeHT
b Moxe cMaTpaTH KOHCTaHTHHM, a Koe(dHIHjeHT a je ¢yHKmHja reorpadcke
[UpHHE:

a =029 cosp 4
b=0,52 (5)

Frére y Estudio Agroclimatilogico de la zona ondina, 1975, nonasu o ppyre
IPEeTHOCTaBKe, MO K0joj Koe(uujeHTH a 1 b 3aBuCe 0] IPOCEYHOT TOPHIIbHET
ofHoca Opoja jaCHAX CyHYaHHX CaTH U JIy)XKHHE [JaHa IpeMa CIIHIH 6.

Haj6oime pesyntare pmajy jempaumne koje je mpeminoxkuo K. K. Gopinathen
1988:

S
a=-0,309 + 0,539 cosqp - 0,0693-h + 0,29-—Z-, ©6)

S
b=1,527-1,027-cosp - 0,0926-h — 0,359-2 @)

rae je h HagMopcka BucuHa y km.

Hajuemhe ce 3a gy>xuHy faHa y3mMma Opoj jacCHHX caTH, IITO IpejcTaBlba Iie-
PHOJI Kajia je yrao colapHe alTUTy/le Behn min jeqnak 5°:

cos 85 —sin¢@-sind
cos@-cosd ’

@®

2= arccos
—15 arcc

Jla 61 ce ofpenno yneo gupekTHOT H Audy3HOTr 3paverma, B. Y. H. Lui u R. C.
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Cauka 6. Koeguyujenitiu a u 6 'y 3a8UCHOCHIU 00 UPOCE™HOZ 200UlUHeZ OOHO-
ca bpoja jacrux cyHuanux caitiu u Oyxune 0aHa ipema Dpepey
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Jordan y The Interrelationship and Characteristic Distribution of Direct, Diffuse
and Total Radiation, 1960. ronuHe cy IpeTHOCTABWIA peJanyje:

2
H, H H
—4 - 0,974 + 0,693 - — — 6,067 - —J &
H H, A

H\s 4
+6,416( J-1931[ ] )

H,=H-H,. (10)
Penanuje Baxke 3a OJHOC JTHEBHUX 3paverha, alli ce Y NPHONMKHAM IPOpavyH-
AMa MOTY KOPHCTHTH. H 33 OJHOC TEHYTHHX 3pavyeba.

Koedunnjentn y jennaunnu (9) Bapupajy off MecTa 0 MeCTa, ajii ce 300I He-
JocTaTKa €KCIIEpHMEHTANHHUX pe3yliTaTa Hajuyelnhe y3uMajy npema B. Y. H.
Luiu u R. C. Jordanu.

Kako je Hajuenthe y HEXKeHepCKOj IPAMEHH IOTPeGHO HMATH 3pavyerhe CBaKOT
caTa, ofipebyje ce eKcTpaTepecTpHjalHO 3payere Y NPOU3BOJLHOM TPEHYTKY
(onpebennuM yacopHNM yriom ¢ [8]):

360-n
0=1p [1+0033 co )]

-(sincp- sind + cos<p-cosS-cost) (11)

OpHOC 9acoBHE U JHEBHE pajHjanyje ce MOXe OIpeJUTH Ha OCHOBY (popMmyJie
Kojy cy npemioxunu M. Collares-Pereira u A. Rably "The Average Distribution
of Solar Radiation", 1979. rop.:
1 HO '
=(a1+b1-cost)-—, (12)

rye cy:
T
al=0,409 + 0,5016* sin (tza - ;)

¥
bl =0,6609 + 0,4767* sin|t ——|.
S‘“(" 3) 13)

4. 3akipyyak

IIpuMeHOM HaBeJeHHX je{HaYWHA 32 IPOH3BOJbHY JIOKAIH]Y, 32 KOjy HE IIOCTO-
je excIepEMeHTaJd nojany JoOHjeHH MepemheM HHTEH3UTETa 3pavyerha, foou-
jajy ce BpiIO 3ai0BOJbaBajyhn pe3ynTaTH 3a HHEXKEHhepcKe noTpebe npopadyHa y
conaproj TexHuny. Kopucrehn n3HeTH MaTeMaTHUKH MOJel, ypabeH je KOoM-
OjyTepPCKH NIPOrpaM Ha IporpaMckoM je3uky C++ koju oipebyje HHTeH3HTET
r106aNHOT, JHPEKTHOT H AU(Y3HOr 3padyerma Ha XOPH30HTAJIHOj HMOBPLIMHH
3eMJb€ 3a IPOA3BOJHHO MECTO Y CBETY. JIMCTHHT nporpama je y Ipuiory.
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MnPUIOT

// PROGRAM ZA ODREDJIVANJE ZRACENJA NA POVRSINI NA ZEMLI],
// B. Lukovic, D. Gordic, 1995.

#include <stdio.h>

#include <math.h>

#include <conio.h>

void main ()

t{‘loat hh,H,hd,hb,Hkh,h0,al,bl ,oms,a,b,Hd,Hb,HO,t,z1,fi,rad,delta,hm,s;

int day,month,n;

clrscr();

printf("\nUnesi datum odredjivanja zracenja [dan i mesec]: ");

scanf("%d %d",&day,&month);

printf("\nUnesi casovni ugao posmatranog mesta u posmatranom trenutku [stepen]: ");
scanf("%f",&t);

rad=M_P1/180; /* koeficijent za pretvaranje stepeni u radijane */

t=t*rad; /* pretvaranje u radijane */

printf("\nUnesi ugao deklinacije posmatranog mesta posmatranog dana [stepen]: ");
scanf("%f",&delta);

delta=delta*rad; /* pretvaranje u radijane */

printf("\nUnesi geografsku sirinu mesta fi [stepen] ");

scanf("%f",&fi);

fi=fi*rad; /* pretvaranje u radijane */

printf("\nUnesi ugao zalaska sunca oms [h] ");
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scanf("%f",&oms);

oms=oms*M_PI/12; /* pretvaranje u radijane */
printf("\nUnesi nadmorsku visinu mesta [m]: ");
scanf("%f",&hm);

hm=hm/1000; /* u izrazima figurise hm u [km] */
/* Odredjivanje jasne duzine dana z1 [h] */

if (-tan(delta)*tan(fi)<-1)

{
z1=24; /* polami dan */
}
else
if (-tan(delta)*tan(fi)>1)
{

z1=0; /* polarna noc */

else

{
z1=acos((cos(85*M_P1/180)-sin(fi)*sin(delta))/(cos(fi)*cos(delta)))/7.5* 180/M_PI;

printf("\nUnesi broj jasnih suncanih sati tokom dana ");
printf("\nNAPOMENA: broj jasnih suncanih sati je uvek manji od duzine cistog");
printf("\n dana (za beta > 5 stepeni) koja iznosi %f [h]: ",z1);
scanf("%f",&s); /* unosenje broja jasnih suncanih sati s [h] */
/* odredjivanje bezdimezionalnih koef. a i b:
K K. Gopinathan, formula for computing the
coefficients a-b, Lesoto, Solar Energy 41, pp 499-507,1988 */
a=-0.309+0.539*cos(fi)-0.0693*hm+0.29*s/z1;
b=1.527-1.027*cos(fi)+0.0926*hm-0.359*s/z1;
/* odredjivanje rednog broja dana u godini (n) */
switch(month)

{

case 1 :n=day;

break;
case 2 :n=31+day;

break;
case 3 :n=59+day;
break;
case 4 :n=90+day;
break;
case 5 :n=120+day;
break;
case 6 :n=151+day;
break;
case 7 :n=181+day;
break;
case 8 :n=212+day;
break;
case 9 :n=243+day;
break;
case 10 :n=273+day;
break;



case 11 :n=304+day;
break;
case 12 :n=334+day;
break;

}
/* odredjivanje odnosa H/HO: A.Angstrom, Solar and terrestrial radiation, 1924 */
Hkh=a+b*s/zl;
/* odredjivanje dnevnog zracenja po jedinici povrsi na vrhu atmosfere:
W.D. Sellers, Phisical Climatology, Chicago 1965. */
h0=37.21*(1+0.033*cos(360*n/365*M_P1/180))*(cos(fi)*cos(delta)*sin(oms)+oms*sin(fi)*sin(delta));
hh=h0*Hkh; /* odredjivanje dnevnog zracenja po jedinici povrsi na Zemlji */
al1=0.409+0.5016*sin(oms-M_PI/3);
b1=0.6609-0.4767*sin(oms-M_PL/3);
HO0=h0*pow(10,6)/3600*M_P1/24*(cos(t)-cos(oms))/(sin(oms)-oms*cos(oms));
/* odredjivanje casovnog zracenja po jedinici povrsine na vrhu atmosfere:
H. Suehrche, P.G. McCormick, The Distribution of Average Instantaneous
Terrestrial Solar Radiation over the Day, 1989 */

=hh*(al+b1*cos(t))*HO0/h0;

/* odredjivanje casovnog zracenja po jedinici povrsi na Zemlji */
Hd=H*(0.974+0.693*Hkh-6.067*pow(Hkh,2)+6.416*pow(Hkh,3)-1.931*pow(Hkh,4));
hd=hh*(0.974+0.693*Hkh-6.067*pow(Hkh,2)+6.416*pow(Hkh,3)-1.931*pow(Hkh,4));
/* odredjivanje casovnog difuzionog zracenja: B.Y.H. Lui, R.C. Jordan,
The interrelationship and characteristic distribution of direct,
diffuse and total radiation, 1960 */

=H-Hd; /* odredjivanje casovnog direktnog zracenja */
hb=hh-hd; /* odredjivanje srednjeg dnevnog direktnog zracenja */
/* restrikcija za slucaj da je noc */
if (t*12/M_PI>oms || t*12*M_PI<-oms)
{
Hb=Hd=H=H0=0.;
}
printf{"\nglobalno zracenje: H= %f [W/m2]",H);
printf{"\ndifuziono zracenje: Hd= %f [W/m2]",Hd);
printf("\ndirektno zracenje: Hb= %f [W/m2]",Hb);
printf("\n\nsrednje dnevno globalno zracenje: h= %f [W/m2]",hh*277.78/z1);
printf{"\nsrednje dnevno difuziono zracenje: hd= %f [W/m2]",hd*277.78/z1);
printf{"\nsrednje dnevno direktno zracenje: hb= %f [W/m2]",hb*277.78/z1);
getch();
}





