OJPEBUBAIBE ITOJTOXKAJA CYHIA Y
OJHOCY HA ITOBPIIMHE HA 3EMJ/bA

DETERMINATION OF THE POSITION OF THE SUN IN
RELATION TO THE SURFACES ON THE EARTH

ywan I'opouh, ouiia. unxc., Bojan JIyxoeuh, ouiia. unic.,
Mawwuncku gaxyanivein, Kpazyjesay

3a oOpebhusarse unillen3uilieila 3pa4ersa Ha 3emmbl, HeOUxXoOHOZ 3a iipasunar usbop u
Oumen3uornucarse ypebaja 3a kopuwherse conapHe enepzuje, ioimipebro je najilpe oope-
Ouitiu lonoxaj Cynya y 0OHOCY Ha loBpuiuHe Ha 3empu. Y pady Cy unoxceru ieopu-
Jcke ocroee u malieMaliuiKu mooen, Ha OCHO8Y KOJuxX je cauurbern ipozpam 3a ooOpe-
buearbe penylino2z loaoxaja CyHYa y XOPU3OHIMANHOM U eK8aOPCKOM KOOPOUHAI-
HOM CUCIleMy U YACOB8HOZ y2/a U3nacka (3a4acka) CyHua, ca 0080/bHOM HauHowhy 3a
Upumeny y CONapHO] eXHUUU.

For dimensioning the solar energy devices, it is necessary to determine the position of the sun
in relation to the earth. This article presents the theoretical basis and the mathematical model
for determination of the sun’s position in the horizontal and the equatorial system and the
hour angle of sunrise (sunset), with satisfactory precision for application in the solar techni-
que. After establishing this model, the authors made an appropriate compueter program.

1. YBop

Enepruja kojy coboM Hoce CyHYeBH 3pand IpH J0OJNAacKy Ha 3eMJbHHY HOBp-
IIMHY, je IPOMEHJbUBA H HheHa BeJIMYHHA 3aBHCH Of IIOJIOXKAaja CYHIIa Y OHOCY
Ha MOBpIIMHE Ha 3eMJbH. 3aTO je OpH ofjpebhuBamy HHTEH3UTETa 3paderma Ha
HNOBpIIMHE Ha 3€MJBbH, IITO je HEOIXOHHO 3a NpaBHIaH H300p M JUMEH3HOHH-
came ypebaja 3a Kopumheme collapHe eHepruje, HoTpeOHO. Hajipe OfipeuTH
[OJIOXKAj CYHI]Aa Y ONHOCY Ha NOBpIIMHE Ha 3eMJbH.

ITonoxaj CyHna Ha HeGECKOM CBOfy, 3a IIOCMaTpada Ha NOBPIIHHHA 3eMIbe,
Mema ce TOKOM JlaHa H rofmae, 36or obpTama 3eMibe OKO CBOje oce (poTa-
[Hja) " HeHoT KpeTamba oko CyHna (peBonynmja). [la 61 ce OIpeJuo MOJIOXa]
HeOeCKHX Tella, HOIITO ce 300r HUXOBE OPOMHE YaJbeHOCTH Off 3eMJbe He
MO3Ke HEIIOCPEJJHUM NOCMATpameM CTBOPHTH CIMKa O THM JaJbHHaMa, IpeT-
TIOCTJbaMO JIa ce CBa HebecKa Tejla Hala3e Ha HCTHM JajbHHAMa, OJJHOCHO fia
Jiexe Ha IOBPIIIMHA JIONTE KOja ce 30Be Hebecka cghepa.

OcnoBHHE eneMeHTH HeGecke cepe (crka 1), KOjH ciyke Kao OCJIOHaI 3a Ofl-
pebuBame nonoxaja Mecta Ha 3eMIbH | noJIoXkaja Hebeckux Tena (Cynna) cy:

— eepiniukana — Npapal ficjcTBa cuiie 3eMIbHHE TEXE;
— XOpu30Hi — BeNHKH Kpyr HebGecke cdepe, My Kora paBaH Koja HOgHpYje

3eMiby Y MecTy IOCMaTpama cede HeGecKy cepy 1 HOpMalHa je Ha BEpTH-
KaJg,
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Cauxa 1. Enementuu nebecke chepe

— 3enuin u nadup — (Z) u (N) — Tauke Ipofjopa BepTHKaJe KpO3 BHJHHBY (O7I-
HOCHO HEeBHJIJbMBY) HeGecKy nonycgepy u3Haj (ACOOJ) XOPH30HTA;

— eepiuuxan — OWIO KOjH BeJHKH Kpyr HebOecke cepe KOjH MpOJa3H Kpo3
3eHAT HOCMaTpaya.

EnemenTn Hebecke cdepe H3BeeHE H3 HEHOT IPUBHIHOT JHEBHOT O0OpTama

cy:

— Hebecka fonapra 0cosuHa (ceeilicka 0co8uHa) — NpaBa OKO KOje HaM ce YH-
HH Jla ce 3a jefjaH 3Be3IaHH jjaH oOpHe HebGecka cepa (OKIama ce ca 0coM
3emibHHE poTanmje);

— Hebecku Hoaoeu — Tadke y KOjEMa CBETCKa OCOBHHA Ipecena HeGecKy ce-
py (PN 1 Ps — ceBepnH 1 jy>xan non). CeBepHH IOJI je TadKa H3 KOje Ce BUIH
Jla ce cBa HebGecKa Tella IPHBHAHO Kpehy y TOKy naHa y cMepy Ka3albKe Ha
caTy (T3B. peTpOrpajHA CMep);

— Hebecku exeaitiop — BeJKH Kpyr HeGecke cdepe udja je paBaH HOpMajiHa
Ha CBETCKY OCOBHHY;

— Hebecku mepudujan — BepTHKAN KOjH cafpku Hebecke moiyoBe. Hebecku
MepHanjaH cede XOpH30HT ¥ ceBepHOj (N) ® (S) jyKHO]j TaYKH XOpH30OHTA,
TaKo Jja je ceBepHa TaykKa HCHOJ| CEBepHOT HebGecKOor NOoJa, a jy:KHa [IHjaMme-
TpanHo cynpoTHo. [IpaBa NS koja nposna3u Kpo3 mocMaTpadeBy CTaHHILY je
1ojHeBayka JuHuja. Hopmana Ha mofHeBauKy JIMHHU]y Y PaBHU XOPH30HTA,
KOja cafip>KH IOCMaTpadyeBy CTaHUIy, cede HebecKy cepy y ucrounoj (E) u
3anagaoj (W) Tauykd XOpH30HTA;

— 4aco8HU (OeKAuHayUjCcKu) KpyZ — BEUKH KPYT KOjH CaJip>KA CBETCKY OCOBH-
Hy H HocMaTpano Hebecko Telo (y HameM ciydajy Cynue).
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2. Teopujcke ocHOBe H MATEMaTHIKH MOJIeJI

3a oppebunBame nmonoxaja CyHna 3a noTpebe npopadyHa y COJIapHOj TEXHHUIH,
KODHCTe ce HajBHIIE €KBATOPCKH H XOPH30HTCKH KOOPJHHATHH CHCTEM.

2.1. EXBaTopcKH KOOPHIAHHATHH CHCTEM

KoopausaTHE MOYeTaK €KBaTOPCKOT KOOPJMHATHOL CHCTEMA je y OCMaTpa-
YEBOM OKY: OCHOBHA paBaH je paBaH HeGeckor ekBaTopa. KoopmuraTe Cynna y
OBOM CHCTEMY Cy: IeKinHanuja (8) 1 9acoBHH yrao (t) (camka 2).

JlexnuAanyja je yrao y paBHH ieKianHanujckor Kpyra CyHIa KOjH ce MEpH Off
paBHE HebecKor eKBaTopa Jio IpaBHa KoOjH cmaja nocMatpada u CyHne (BH3y-
pa). 3a nonoxaje CyHIa ceBepHO Off EKBATOpa Y3AMa IIO3ATHBHE BPEJHOCTH, a
3a OHE HCIOJ ekBaTopa HeratusHe. [IpHBEIHO IHEBHO KpeTame CyHIIa BpIUM
ce MO KpyroBAMa NapaleJIHAM €KBaTopy, Ia je NeKJInHaN#ja HeIpOMEeHJbHBA,
KaKO Ca NPOMEHOM MeCTa NOCMATpaia, TAKO M Y TOKY NPHBHIHOT JIHEBHOT
KpeTama. MakcHMallHa Bpe[IHOCT ICKJIHHAIH]CKOT yria & = 23° 27° ce poctu-
xe 21 jyHa (1eTma JlyrojHeBANa Ha CeBepHOj 3eMIbHHO] XeMHCepH, OTHOCHO
3MMCKa KPaTKOJHEBUIa Ha Jy*HOj). MHHHMAaNHa BPE[HOCT NEKIMHALH]CKOT
yraa § = —23° 27’ ce moctmke 20 fenem6pa (JeTHa AyrofHEBHNA HA jYKHO]
3eMIbHHO] XeMHC(EpH, OHOCHO 3HMCKa KPAaTKOJHEBHIA Ha CeBEpHOj). 3a
Bpeme npolehHe ¥ jecere paBHOJHEBHIE, 21. MapTa 1 22. cenTeMOpa JIeKIH-
Hanujcka yrao je 0°.

KJI
i P AN

HEBECKH |
EKBATOP al

Cauxa 2. Exeaitiopcku KOOpOUHATUHU CUCTHeM

JexknuHanuja ce, 3a 6WIO KOjH JaH Y TOJUHHE MOXKe U3padyyHaTH Y OpPBOM IpH-
OIIKe Yy Kao:

27) . [ 360-d
=(23+——]- sm[ ) 1)
60 365-25
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e je 8 — yrao nexmmnamuje Cymmna y [°], a d — 6poj jaHa IPOTEKIAX MOCIE
nponehne paBHofHEeBHIE (Ha cCeBepHOj XeMuchepH).

Ogako no6njena BPENHOCT neKJmHaunje OJICTyIIa OJf CTBapHE BPETHOCTH Y I'pa-
mrnama off +0° 22° (1. maja) o —1° 42’ (9. okTO6pa). CTBapHE BpEJHOCTH JIeK-
JIMHAUFjCKOT yriia m3Mepere y US Naval Observatory 1950. y Bammurrony, a
nyonukoBaHe y The American Ephemeris and Almanac for the Year 1950, 3a
CBaKa YeTHpH JIaHa Y TOJIHHM, HaBefieHe cy y Tabenn 1.

Jpyra KoopauHaTa OBOT CHCTEMA, YaCOBHH yrao (t) gedunmIle ce Ka0 yraoHO
oJicTOjame H3Meby 9acOBHOT Kpyra W MepH[ijaHa HocMaTpada. MepH ce y paBHH
HeGecKOr eKBaTOpa y peTpOrpajjHoOM cMepy, Off jy>KHe Ha eKBaTopy, A0 Ipeceka
nex.nmiarmjcxor Kpyra ca eKBaTOpOM. H3paxkaBa ce y cremeHHMa WIH pajy-
jannAMa, a Hajgemhe y 9acOBHOj MepH (Jac, MEHHYT, CEKyHJ). Je[jaH 4ac je eKBHBa-
JenTan 2-n/24 = 0,262 rad, wmm 360°/24 =15°, najem 1 Mun. =15",als =157,
YacoBHH yrao ce Mema ca IPOMEHOM MecTa IocMaTpama (jep CBaKO MecCTO
nMa cBOj HeGeCKH MepHJidjaH), a U ca IPUBHIHEM THEBHAM KpETameM CyHua
O KPY>KHHI[aMa IapaJieJIHAM ca ekBaTopoM. Kako je npuBHIHO KpeTame jef-
HOJINKO, YaCOBHH yrao HeGecKOr Teja ce MeHha PaBHOMEPHO TOKOM BpEMEHa,
Ia ce MOXe MepemeM YaCOBHOT yIila Of[pefUTH BpeMe MecTa IOCMaTpamba.
YacorHu yrao onpebyje éipaso cynuano epeme, a o BpeJHOCTH ce pa3UKYje
op ceeitickoz epemena (to), KOje ce OYATaBa Ha JacOBHHKY. Be3a m3meby ose
[BE BeJHYUHE je:

[h], )

e cy:

t - gacopHH yrao mecra [h],

ty — cBeTcko BpeMe MecTa [h],

12 — 6poj caTu KOju IpeAcTaBlba pa3iAKy CyHYaHOr BpeMeHa H rpabaHCKOr
BpeMeHa, jep NOYeTaK CyHYaHOT JlaHa Iajia y MOjHe, a rpabaHcKor y no-
HOh, n1a je pa3nuka oBa Ba BpeMeHa 12 h;

TZ - BpeMeHCKa 30Ha ca MpeA3HakoM t; moYeTHa (HyJITa) 30HA je OHA KOja ce
10 reorpad)ckoj Iy>KHHH HpOTeXe 7,5° unm 30 MEH HCTOYHO H 3aNaJ{HO Off
novetHor mepuynyjana (I'puamukn Mepunnjan). Kpehyhn ce Ha HcTOK (30-
He ca MO3WTHBHHM IIPE3HAKOM) 3a CBaKy 30HY ce JIofiaje IO jefjaH caT, a
kpehyhnu ce Ha 3anaj (30He ca HeraTHBHAM IIPEI3HAKOM) OJy3HMa Ce CaT;

A - reorpadxcka qyxuna MecTa [°].

ITpu n3Bobemy oBor o6pacna npeTHOCTaBILEHO je [a ce HPaBo CYHYEBO Lj1cMe

He pa3iHKyje Off CpedreZ CyH“e80Z eépemeHa, Koje je ofpebeno Kperaibem

cpedrez cynya (3aMHIIUBbEHAa Tauka Koja ce kpehe paBHOMepHO o HeGECKOM

eKkBaTopy). Mepemwa m3ppiena y US Naval Observatory, 1950. y Banmmiarrony,
3a CBaKH JIaH y TO{HHH, a nyOnukoBana y The American Ephemeris ar:d Almanac
for the Year 1950, moka3ana cy na ce Cpefiibe CyHYaHO BpeMe pasjHKyje off npa-

BOT' CYHYaHOT BpemeHa He Buiue off 4,5° (wemrro m3mag 16 mmu), nrro ce 3a

noTpe6e coNapHe TeXHAKE MOXeE CMATPATH Kao 3aHeMapibiBa BeITHUNHA.
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Tabeaa 1. BpeoHnociuiu yzaa OexauHayuje

1 |-23°04 1 |-17°19° 1 | 793

5 |-22°%42 5 |-16°10° 5 | —6%1

9 |-22%13 9 |-14%5’ 9 | —4%g
jamyap | 13 |-21°37"| |de6pyap| 13 | -13°37’| | mapr | 13 | _3°14°
17 |-20°54° 17 |-12°15° 17 | —1°30°

21 |-20°5’ 21 | -10°50° 21 | —0°05°

25 |-19°09’ 25 | —9%23° 25 1°30°

29 |-18°08’ 29 | 3°04°

1 414 1 | 14%0° 1 | 21%7

5 5°46’ 5 | 16°02° 5 | 2%s

9 7°17’ 9 | 17°09 9 | 2%
ampun | 13 | 8°4¢’ maj | 13 | 18°11° jya | 13 | 23°100
' 17 | 10°12° 17 | 19°09° 17 | 23°22°
21 | 11°35 21 | 20°02° 21 | 23%27°

25 | 12%26° 25 | 20°49° 25 | 23%5°

29 | 14°30° 29 | 21°30 29 | 23°17°

1 | 23°10 1 | 18°14 1 8°35°

5 | 2% 5 | 17°12 5 7°07°

9 | 22928 9 | 17°06 9 5°37°

jyn | 13 | 21°57°] | aBryer | 13 | 14°55°) |CFEMT| 13 | 4%
17 | 21%21° 17 | 13%r1 17 | 2%¢

21 | 20°38 21 | 12923 21 | 11’

25 | 19°50° 25 | 11°02’ 25 | —0°32

29 | 18°57 29 | 9°39° 29 | —2°06°

1 | -2%3% 1 |-14117 1 |-21°41

S | -4%26° 5 |-15%27 5 |-22%16

9 | -5%8 9 |-16°38° 9 |-2245
oktobap| 13 | —7920| | "Ep" | 13 |-17°457| | AGHET | 13 |-22%45
17 | —8°58 17 |-18°48’ 17 |-23°20°

21 | -10°25° 21 |-19°45° 21 |-23°26’

25 | -11°50° 25 |-20°36’ 25 |-23%25°

29 |-13°12’ 29 |-21°21° 29 |-23°17
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Tabeaa 2. Pe3yatuaiiu ipozpama

44,01 | 20,90 | 28,40
Beorpapg 4477 | 2048 | 27,96 | 2299 | 235,62 | 5847 | 1532
ITopropuna 4344 | 1926 | 26,76 | 22,99 | 23581 | 59,93 | 15,16
Hosu Capt 4524 | 19,81 | 2731 | 2299 | 234,10 | 58,57 | 1538
IIpumrrena 42,66 | 21,16 | 28,66 | 22,99 | 23949 | 59,17 | 15,07
Hum 4332 | 2191 | 29,41 | 22,99 | 239,52 | 5836 | 15,14

2.2. XOpH30HTCKH KOOPJHHATHH CHCTEM

Y XOpH30HTCKOM KOOPIAHHATHOM CHCTEMY, KOOPHHHATHH IOYETaK je MOocMa-
Tpa4yeBO OKO, a OCHOBHA paBaH je paBaH Xopu3oHTa. KooppmaaTe cyHma y
XOPHU30HTCKOM KOOPHHHATHOM CHCTeMy cy aatauiiiyoa (B) a asumyii (A)
(cimka 3). AnTATyga je yrao y BepTHKAJHO] paBHH, KOjH Ce MepH OJf XOpH-
30HTa JI0 BU3ype Ka cyHNy. Moske HMaTH DO3HTHBHE BPEJHOCTH 3a ClIydaj Kajja
je CyHIle M3HaJT XOPU30HTA, O(HOCHO HEraTHBHE 3a CIy4aj Kafia je CyHIe HCION
xopu3oHTa. [To3Hajyhm KoopugmHATE CYHIAa Y €KBATOPCKOM KOOPAHHATHOM
cucTeMy H reorpadcKy HIMPUHY MeCTa, yrao alTATY/e ce MOXKe H3pauyHaTH 03

¢opmyire:

sinf = sin d - sin ¢ + cos & - cos t - cos @,

rje cy:
B[°] - yrao anrutype,

B[ ~ HEeKJIMHAIAjCKH yTao,

[0} [)0] — reorpaccka IMpuHa MecTa,
t['] - 4acoBHH yrao.

A3UMYT je yrao y XOpH30HTCKOj paBHH KOjH Ceé MEepH OJI CEeBepHE TauKe XOpH-
3oHTa N JI0 Ipeceka BepTHKaJa, KOjH MPOJIa3d Kpo3 CYHIE, Ca XOPH30HTOM, Y
peTporpagaoM cMmepy. Moxe amatu BpenoctH off 0° o 360°, a mpopauynasa
ce U3 popMyue:

sint-cosd sind — sin - sing

sin A =- e B H COosA P g 4)

IIpu oppebuBamy a3mMyTa, DOTPeGHO je ONpeN TH ¥ sin A ¥ cos A, a2 02 e
OJJpE/INIO KOM KBaJIpaHTy HpHIIAjla Yrao a3MMYyTa, jep Ce HeroBe BPeJHOCTH
kpehy on 0° o 360°, a mEBep3He TpHrOHOMETpHjcKe (DYHKIHjE Aajy Pelerhe y
OCHOBHHM HHTepBajuMa: asin y [-90°, 90°], a acos y [0°, 180°].

XOpHU30HTCKE KOOPJIMHATE CY pa3jinuATe Y ACTOM TPEHYTKY aKO Ce Mepe V JiBa

pzzmirguta Mecta. OHe ce Mewajy Yy TOKY BpeMeHa, HaKo Cy MepeHe ca HCTor
MecTa, 300 IPUBHIHOT THEBHOT 06pTama CyHua.

Jla 6u ce ofipeino JHEBHH M3HOC €HEprHje 3payeihba Ha NOBpIIMHE HA 3eMJbH,
14



MEPHUIUJAH

ITOTHEBAYKA

XOPHU3OHT

BEPTHKAII

Cauka 3. Xopu30oHiucku K0OpOUHAIHY CUCTHEM

HoTpeGHO je W OJPeUTH 6peMe U3AaCKa OJHOCHO 3a.1aCKa CYHa 33 XOPH30H-
ToM. Y TpeHyTKy H3JlacKa (3ajJlacKa) CyHIa 32 XOPH3OHT, Baxd B = 0, ma ce
kopuiihemeM jefaagnne (3) gobmja:

0 =sind-sin@ + cosd- cost" cosy,
OJTHOCHO )

cost'=—-tand-tane.

JeqHauMHa ce MOXKe pelIUTH Io t” ako je —1 < —tan § - tan @ <1. Tapa je:

t’ = arccos (-tan d - tan @), (6)
IIITO Jiaje [Ba pelera:
tz=-tita="t, ™)

I'Ie CY tiz ¥ tza — 9aCOBHH YITIOBH H3JIaCKa H 3ajlacka CyHIa. Aunu, ako je:

—tand-tang>1  cynne Hehe n3ahm ynTaBOr fana (mojapHa HOh),
—~tand-tanp < -1 cynme he cHjaTH yATABOT aHa (IONAPHHE JIaH).

Kopucrehn no6ujene n3pase 3a YacOBHE YIIOBE H3NacKa H 3ajlacKa CyHIa, 0y-
scuna Oana (Z) (BpeMe OJf H3IacKa JI0 3aJlacKa CyHIIa 32 XOPH30HTOM) H3pady-
HaBa ce Kao:

Z=|t,|+t. =2-t.

3. Ilpuka3 pe3syJiTaTa ca 3aK/by4KOM

Kopucrehn npeTXOfHO H3HETH MaTEMaTHYKH MOJie]l, HalpaBJbeH j& KOMIyT-
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Cauxka 4. Be3a uameby koopOouHaiia ekeaillopcKoz U XOPU3OHIUCKOZ KOOPOL-
HAHO?Z Cuclilema

€pCKH IporpaM, y IporpaMckoM je3uky C, 3a ofipebuBame mojoxaja cyHna y
00a KoopIMHATHA CHCTeMa (XOPH30HTCKA M €KBATOPCKH), Ka0 H yIJa 3ajacKa
CyHIa W OyXwuHe NaHa. JlmcThHT je y mpmiory. 3a ofpebuBame yria jexiu-
Han@je KopuinheHa je jemHaunHa (1) (rpemka Mama of 1%). PesyaTaTu mpo-
rpama, 3a Heke rpagoBe y CPJ, 3a maum 22. 6. y 13 h n 30 MHEH cy HaBejeHH Y
Tabexnn 2.

U mopep HaBegHUX ynpoinhema, IporpaMm jjaje 3aioBoJjbaBajyhe pesyirate 3a
AEKelepcke NoTpede npopadyHa y COJapHOj TEXHHAIH.
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PRILOG

// PROGRAM ZA ODREDJIVANJE POLOZAJA SUNCA U ODNOSU NA ZEMLJU

/I D. Gordi& B. Lukovi§; 1995.
#include <stdio.h>
#include <math.h>
#include <conio.h>
float delta,t,A,beta,fi,lambda,z rad,sinA,cosA,to;
int d,day,month,h,min,TZ;
void main ()
{
clrscr();
printf("\nUnesi datum [dan i mesec]: ");
scanf("%d %d",&day,&month);
. printf("\nUnesi vreme posmatranog mesta [cas, minut]: ");
scanf("%d %d",&h,&min); y
printf("\nUnesi vremensku zonu sa predznakom + ili -");
printf("\n\n\t\\t\tPRIMER:");
printf("\nLondon 0\tKragujevac +1\tAtina +2\tMoskva +3\tTokio +9");
printf("\nNjujork -5\tCikago -6\tRio -3\t\tLA -8\t\tSidnej +10\n");
scanf("%d" &TZ); , .
printf("\nUnesi geografske koordinate mesta: geografsku sirinu i );
printf("duzinu [stepen]");
printf("\n\n\0\\t\tPRIMER:");
printf{"\nLondon +51.3 i -0.1\tKragujevac +44.01 i +20.9\tAtina +38 i ");
printf("+23.44");
printf("\nMoskva +55.45 i +37.42\tTokio +35.4 i +139.45\t\tNjujork +40.45 ");
printf("i -74"
printf("\nCikago +41.5 i -87.45\tRio -22.53 i -43.17\t\\LA +34 i -118.15");
printf("\nSidnej -33.53 i +151.1\n");
scanf("%f %f",&fi,&lambda);
rad=M_PI/180;  /* koeficijent za pretvaranje stepeni u radijane */
fi=fi*rad;  /* pretvaranje geografske sirine u radijane */
to=h+min/60.; /* odredjivanje svetskog vremena mesta (to) u casovima */
t=to-12-TZ+lambda/15; /* odredjivanje casovnog ugla (t) u casovima */
t=t*15*rad; /* za izracunavanje trig. funkcija prebacuje se t u radijane */
/* odredjivanje broja dana (d) posle prolecne ravnodnevnice (21. mart) */
switch (month) {
case 1: d=285+day;
break;
case2: d=316+day;
break;
case3:  if (day<2l)
d=344+day;
else
d=day-21;
break;
case 4: d=10+day;
break;
case 5: d=40+day;
break;
case 6: d=71+day;
break;
case 7. d=101+day;
break;
case 8: d=132+day;
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break;

case 9: d=163+day;
break;

case 10: d=193+day;
break;

case 11: d=224+day;
break;

case 12: d=254+day;
break;

/* odredjivanje ugla deklinacije (delta) u stepenima */
delta=(23+27/60)*sin(360*rad*d/365.25);
delta=delta*rad; /* prebacivanje u radijane */
/* odredjivanje ugla altitude (beta) */
beta=asin(sin(delta)*sin(fi)+cos(delta)*cos(fi)*cos(t));
/* odredjivanje trigonometrijskih funkcija ugla azimuta (A) */
sinA=-sin(t)*cos(delta)/cos(beta); )
cosA=(sin(delta)-sin(beta)*sin(fi))/(cos(beta)*cos(fi));
/* prema znaku sinA i cosA odredjujemo vrednost ugla A u [0,360] stepeni */
if (sinA>=0 && cosA>0)

A=asin(-sin(t)*cos(delta)/cos(beta)); /* I kvadrant */
else

if (sinA>=0 && cosA<=0)
A=M_PIl-asin(-sin(t)*cos(delta)/cos(beta)); /* II kvadrant */
else

if (sinA<0 && cosA<=0)

A=M_PI-asin(-sin(t)*cos(delta)/cos(beta)); /* III kvadrant */

else

A=2*M_PI+asin(-sin(t)*cos(delta)/cos(beta));/* IV kvadrant */
/* Odredjivanje duzine dana (z) u casovima (od izlaska do zalaska Sunca) */
if (-tan(delta)*tan(fi)<-1)

z=24; /* polarni dan */

else
if (-tan(delta)*tan(fi)>1)

{
z=0; /* polarna noc */
}
else
{
z=2*(acos(-tan(delta)*tan(fi))); /* zu [rad] */
z=z/(rad*15); /* zu [h) ¥/

/* Na izlazu su sve koordinate prikazane u stepenima */
printf("\nugao deklinacije: delta = %f [stepen]",delta* 180/M_PI);
printf("\ncasovni ugao: t = %f [stepen]",t*180/M_PI);
printf("\nugao azimuta: A = %f [stepen]",A*180/M_PI);
printf("\nugao altitude: beta = %f [stepen]",beta* 180/M_PI);
printf("\nduzina dana je : %f [h]\n\n",z);

getchQ;

}





