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OPHJEHTAIIMJA CPEJIBOBEKOBHUX CPIICKHX IIPKABA
MOPABCKE HIKOJIE

MutyTiH TAZUER'*, TOPIAHA CABPUR?

! Viueepsumem y Beozpady — I'eozpaghcxu ¢paxynmem, Cmyoenmexu mpe 3/3, 11000 Beozpad, Cpbuja
? 3a600 3a sawmumy cnomenuxa kyrmype, Llapa Jazapa 24, 36 000 Kpameso, Cpbuja

Caskerak: Y pajy je U3BpIIeHa MaTeMaTH4koreorpacka u Tomnorpadcka aHali3a OpHjeHTAlje Haj3HAYajHUjHX
upkasa (11) MopaBcke ILIKOJIE, MOCIEAmEr CTHIIA CPIICKE CPEIHOBEKOBHE apXUTEKTYPE UUjH CY HOCHOLM CPICKU
IPOTOMajcTOpH. [I3MepeHa cy OACTymama oce CBake IPKBE OJ PAaBHOJAHEBAUKOT MCTOKA H M3PAdyHATH NATyMH y
KOjUMa CyHIIe M3JIa3U Ha (U3MYKOM XOPH3OHTY, y HPOXYXKETKy Te oce. To cy IaHHM Kaja je IpKBa Morya OHTH
opHjeHTHCaHa mpema mu3iaseheM cyHIly. 3a 4eTHpH LPKBE MCKJbYY€Ha je TakBa MOTYRHOCT, a KO OCTalluX HHje
YCTAQHOBJBCHO IIOKJIAIIAEhe MOMEHYTHX JaTyMa ca JaHMMa IocBeheHMM BHXOBMM HaTpoHuMa. LIpkBe mMaHactHpa
Jby6octuma n Kanenuh opujeHTHCAaHE Cy aCTPOHOMCKH TayHO IpeMa PaBHOJHEBAYKOM HCTOKY, IITO je BPEIHO
IIMBJbEHA, € O03MPOM Ha jeIHOCTABHOCT IOMaraja ca KOjUMa Cy TaJalllbh TPAaAUTEeIbH  PACIOJarajiu.
TIporomajctop npse 610 je Page Boposuh, jeauHu cpricku MPOTOMajCTOP 3a KOra 3HAMO J1a je TOTIIHCA0 CBOj pajl.

KibyuHe peu: mamamamuuka ceozpagpuja, opujenmayuja, cpncku cpeori ek, MOpaBCKa WKod

YBoa — MOpaBCKa IIKO0JIa

Hakon cucreMaTckux Mepema a3MMyTa  Y3OyXKHHX Oca  HajBOXHHjUX
CPeImOBEKOBHUX I[PKaBa Ha IIPOCTOPY cpenmoBekoBHEe CpoOuje, 1 MaTeMaTHIKoreorpacke
aHanmu3e opujeHTanuje paHoxpumhanckux npkaBa (Tammh M. m Taspuh I'., 2011) u
OpHjeHTallje CBUX IIpKaBa, KaTOJMKOHA W Mapakiuca, maHactupa Cryaenurie u ['pamia
(Taguh M. u IlerpoBuh A., 2011), crexkim Cy ce YCIOBH 3a CyMapHE INperjiene Io
Pa3IMYUTUM KPUTEPUjyMHUMa — 00JacTHMa, MEPUOIUMa, KTUTOPUMA M apPXUTEKTOHCKUM
crwioBuMa. OBora mmyta 6uhe aHanmM3upaHa OpHjEeHTAIMja HAjTIO3HATHjUX CPEAOBEKOBHUX
pkaBa MopaBcke CTHIICKE TPYIIE, YKYITHO BUX jenaHaect (ci. 1).

MopaBcka CTHJICKA TpyNia MM MOpPABCKA IIKOMA', KAO jeJMHCTBEHA M CTHIICKH
jacHO yoOnmueHa, HacTala je y JonmHama Tpujy MopaBa, y Bpeme KHexkeBuHE u
HecmotoBune (ci1. 1). Y uctopujcko reorpadckoM cMuciy To je mpoctop Mopascke Cpouje
Koju oOyxBata 3eMJpy KHe3a Jlazapa, a HakoH Mapuuke OHWTKE M TPHUIIOjeHY OO0JIACT
BpannueBa. OBaj TreomoIUTHYKH IpOCcTOp omeheH je TpaHHIaMa Koje Cy HIUIe Of
n3Bopumra Jysxae Mopase Ha jyry, no Case u [lynaBa Ha ceBepy, JpuHe Ha 3amany u
ckopo mo Tumoxka Ha uctoky. ¥Y3umajyhu Kpymesar, yrBphery mpectonuily kuesa Jlazapa,
Kao IeHTap, a kako 6u To omehno Koncrantn dunozod, kao mpocrtop Kora KapakTepHIIe
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Hajayxa obmanuma ox 15 h 26 min, u m3na3ak cynna y 4 h 53 min, 3a BypheBnan, kojer
Cp0Ou TpaAMIIMOHATIHO CMATpPajy IOUYETKOM JIETHE IMOJOBUHE TOIMHE U Ipal)eBUHCKE Ce30HE.

Y XpOHOJNOLIKOM CMHCIYy MOpaBcKa CTHICKAa TIpyma omeheHa je OUTHHM
ucropujckuM norahajuma, ourkom Ha Mapuuum 1371. rogune koja o3HauaBa kpaj Cprckor
napctBa (opmanHo je Hectaso cMphy mapa Ypoia, caMo Mecell jJaHa HakoH Mapudke
outke) 1 nmamom CwmeznepeBa 1459. kaja HecTaje IMocCieAma CPEIHOBEKOBHA HE3aBHUCHA
cprcka 3emsba (Puctuh B., 1996). OBu ucropujcku norahaju cy caMmo OKBUPHH jep Cy U Ipe
U TIOCJTIe HABEJACHHX TOJMHA MOCTOjad CIOMEHHIHM KOjH Cy WINM NPETXOIMIH BEIUKHM
MOpABCKUM 3a1yOMHAMa WITH Cy HAKOH 3aMHparmba MOPABCKOT CTHJIA, HEeroBaau oapeheHe
PEMUHHUCLICHIH]E.
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Cauka 1. Pa3memnTaj cprncKkux cpeilb0BeKOBHUX IPKaBa H MAHACTHPA MOPaBCKe LIKOJIe
(y 3€JIECHOM OKBHPY)

[To cBOjUM CTHIICKMM KapaKTepHCTHKaMa MOpaBCKa apXUTEKTypa IIOHUKJIA Ha Ty
CpOuje y mMOCTBU3aHTH]CKOM IEPUOJy, CACBUM je O0coOcHa 300T 4Yera je U MMCHOBHA Kao
MOpABCKA CMUICKa epyna WA MOpascka wkoaa. I'TaBHE KapaKTepHCTHKE ce Hajoosbe
OYHTYjy Ha penpe3cHTaTHBHHM 331yKOMHAMa BliaJapa M BiacTene, kao mro cy Jlasapuua,
Jbyboctuma, Kanennh, PaBannna n Manacuja (ci. 2). OcHOBa MOpPaBCKHX 371amba YBEK je
TPOJINCHA, Ca YNHCAaHUM KPCTOM Pa3BHjEHOT WM CAXETOI THIA. 3WJame jeé OOMYHO y
aNTEepHAIIjH KaMEeHa W OIEeKe ca M3paKEHHM cCIiojHHIaMa. Hema poMaHCKOT yTHIlaja U
caBpmieHcTBa TexHuKe (Mapkosuh B., 1920) amx cy 3aro ¢acage yxpameHe
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KapaKTepUCTHYHOM KaMEHOM IUTACTHKOM Ha KO0jOj ITOMHHHPAjy PO3eTe W apXHWBOJTE ca
nBownanuMm nperuierom (Karanuh H., 1988).

Metone paga Ha NpUMepy KaTOJMKOHA MaHacTupa MaHacuje

3a cBaky oA jemaHaecT u3aOpaHUX CPEIHOBEKOBHHMX ILIPKaBa MOpPABCKE MIKOJIE
U3BpILICHA je MaTeMaTH4yKoreorpadcka u Tonorpadcka ananuza. Mertone pajia JeTajbHO CY
OIMCcaHe y paJoBUMa KOju cy Beh HaBeleHH y yBOAY, a 32 OBY INPWIIMKY CMO M3abpaiu jaa
LIEJIOKYITHU TOK aHaJI3e MpUKakeMo Ha npuMepy 1pkse CB. Tpojuiie manactupa Manacuje.

1) I'eorpadcku asuMyT, y3aykHe oce IpkBe, Ay = 57°, H3MepeH je Ha aBHOHCKOM CHUMKY
(PT'3). To 3nHaum nma oca oxcryma 33° ox Tauke mctoka ka NE (ci. 2). 3a ocrame mpkse,
Mepema a3uMyTa BpIICHA Cy HEHNOCPEIHO, M TO YHOPEIO THOMOHCKOM METOJOM U nomohy
GPS-ypebhaja.

Ciuka 2. ABuonckn canmak Manacuje (PI'3, Beorpan) u nian manactupa Manacuje: 1) KaToTHKOH —
upkBa Cs. Tpojuue; 2) Tpne3apuja; 3) 1om:koH Kyaa; 4-5) konann (npema: Cumuh I'. u 1p., 2007)

C o03upoM ma je COJCTHIMjCKA jyTapmha aMIUIMTyJa CyHIa Ha reorpadckoj
nmpuan Manacuje ¢ = 33° 22', oca mpkBe ce (GopManHO Hajma3d y UCTOYHOM CEKTOPY
XOpHU30HTA, Tj. MOCTAaBJbCHA je Y CKIaIy ca LPKBCHUM IPAaBUIIOM KOje HABOAU 1a IPKBa
Tpeba ma Oyae ycMmepeHa ,,ka HCTOKY WIH ,,Ka H37acKy cyHma”’. To je TauHo camo y
TEOPETCKOM CMHCIy, Oyayhu na ce oIHOCH Ha acCTPOHOMCKH XOPH30HT a HE Ha (pH3WUKH
XOPHU30HT M3HAJ KOTra CTBapHO M3Ja3u cyHIe. DU3HYKKM XOPHU3OHT je HENpaBWIIHA JIMHUjA,
3aBHCHO OJ1 JIOKQJIHOT peJbeda 300T yera ce Mopa Mopa ypaauTHu Tororpacka aHaiusa.

2) Ca dotorpaduje (ca. 3) jacHO ce BUAM JAa JUHHja TIOCMATPama Yy BEPTHKAIHO] PaBHU
y3/y’KHE Oce 3aBpllaBa Ha ceuly, ceBepHo ox Buca B. I[actopak. OTKIIOH oce LpKBE 071
HCTOYHE TauyKe Ha Camoj je IPaHMIM UCTOYHOI CEKTOpa XOPU30HTA Ma jé CaMO Ha OCHOBY
¢ororpaduje OMI0 jacHO Aa CyHIIE HUKA/Ia HE M3JIa3d y TOM IIPaBILy.
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Cauka 3. Lpksa Cs. Tpojuue,
nornesn ca ynasue crpane (doro. I [Nenes)
W HCeuaK Tornorpafeke kapre ca yupraHoM NpodiiHOM THHIjOM

3) Ja Ou ce To moka3ajgo He Mopa ce uhM Ha JIMIE MecTa, MOTPeOHO je MPBO Ha
onrosapajyhem mucrty tomorpadceke kapre (ci. 3, JECHO) MO HPOJIYKETKY Y3/yKHE oce
L[PKBE KOHCTPYHCATH MPHUPOAHU npoduit (cin. 4) U Ha HbeMy OApeaUTH BUCHHY /i Tauke Ty
KOjOj BEpTHKaIN 1PKBe Ipecena GpU3NYKH XOPU3OHT (Ipyra XOpHU30HTCKA KOOPJHHATA jecTe
a3UMYT OCe IPKBE).

Haam. nicuna - Elevation

0 500 ) 1000 m
VYaamenoct — Distance

Canka 4. Baok-aujarpam Tonorpagckor npocTopa oko MaHactupa Manacuja (rope) ca BepTHKaJIHOM
PaBHH LPKBEHe oce M0 KO0joj je KOHCTPYHCAaH NPUpoaAHu npodua (oJie)
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Ha ocCHOBY XOpPH30HTCKMX KOOpIHMHAaTa Tauyke 7 H3payyHAa C€ BPEIHOCT
JIEKIMHAIMje CYHIa O, a Ha OCHOBY He, Ha Kpajy, U JaTyMH Y KOjIMa CYHIIC, €BCHTYallHO,
W3J1a34 y TOj Ta4yKH, Tj. Y NMPOAYKETKY Oce LpKBe. BpeaHocT neknuHanumje cyHna ce kpehe
on — 23° 27" no +23° 27', 1 ako ce MOMEHYTHM padyyHameM J00Hje BPEAHOCT BaH TOT
pacroHa To 3Ha4H Ja ce oca IPKBE Hala3d BaH UCTOYHOT ceKTopa (usmukor xopuzonra. To
Jlajbe 3HAud Jla MPOTOMAjCTOp HHje IPKBY OPHJEHTHCA0 TaKo IITO jy je jeAHOTr jyTpa
ycmepro ka m3nasehem cynmy. To je ciydaj ca MaHacTupoM Manacuja, Kon Koje je
J00HjeHa BPeIHOCT JeKIMHAIH]je peko 30°.

Pe3yaraTu u quckycuja

Ha onmcann HaunH U3BpIIEHA je MaTeMaTH4Koreorpadcka 1 Tornorpadcka aHanmsa
CBHX jellaHaecT M3abpaHUX IpKaBa MOPaBCKE CTHJICKE Tpyme. Y HacTaBKy Cy 3a CBaKy Oj1
BUX JaTH MTOJAIM 10 UCTOM KJbydy: MITycTpanyja ca goTtorpadujoM (JI€BO), OPHjeHTHUCAHU
TIOLUPTA W JAaTyMH H3Jla3aka CyHIA y BepTuUKairy oce HpkBe mo Jymmjanckom (JK) m
I'peropujanckom xkanennapy (I'K) (zecHo), Hajkpahu omuc (ucmon/moce).

CyHue H3nasn y BepTHEATY LPKBE:
'K, nanac: 9. mapr (2. oxrobap)
JK, y Bpeme rpazmse upkse: 1. mapt (24. cenrembap)

Hpxea C.. Creana no3nara xao Jlazapuua (ci. 5), moaurayra je kao npuasopuia, usmehy 1377/8 u 1380. y
okBupy Oenema mpectoHor rpaga Kpymesna. Xpam koju npunana npBoj ¢ha3u MOPaBCKOI CTHIIA MOJUIao je KHe3
Jlazap. LlpkBa je y OCHOBHM TPHKOHXOC Ca)K€T€ BapHjaHTE YMHCHOI KPCTa, Ca NMPHUIIPATOM H3HAX KOje Ce Hamasu
Kyna-3BoHUK (Puctuh B., 1989).

Cn. 6. Manactup Benyha,
lpxsa Venemwa Ipecsere Boropomue 7
A

CyHiie HUKaAa He H3/1a3H Y BEPTHKANY LPKBE

Manactup Beayhe ca npksom mocseheHom Basenewy IlpecBete Boropomuie (ci. 6) Hamasu ce Ha JeceTak
KHJIOMETapa jyrouctoyHo o TpcreHuka. L[pkBy je kpajeM ceame Wil IOYETKOM ocMe JenieHuje 14. Beka noauria
jelHa 3a cajia HeMmo3HaTa BJIACTCOCKA MOPOAMIA, IPEACTaB/bEHA Ha KTHTOPCKO] KOMIO3HULIHMjH. XPpaM je Y OCHOBH
TPUKOHXOC caxkere Bapujante ymucanor kpera (Toauh b., 1989).



190

Cn. 7. Manactup Paganuua,
Lipkea Basnecema locnogmwer

CyHue n3/1a3n y BepTHKAIY LPKBE:
I'K, naunac: 4. jyu (7. jyn)
JK, y Bpeme rpanme upkse: 27. maj (29. jyn))

Manactup PaBanuna ca npxsoM BasHecema (ci1. 7) , Hamasu ce Hexaneko ox hympuje. Manactup xao MohHo
yTBpheme, n3rpaauo je kues Jlazap XpeOespanosuh y ocmoj neneHuju 14. Bexka. Y OCHOBH XpaM je TPHKOHXOC
pa3BUjeHe BapHjaHTe YIHCAHOT KpcTa, ca npunpatoM (Jbyounkosuh M., 1996).

Ca. 8. Manactup JbyBoctima,
Lpxea Yenemwa [lpecsere boropoanue

CyHue Hiiasi y BEPTHEATY LPKBE:
I'K, nanac: 7. anpun (4. centembdap)
JK, ¥ Bpeme rpamme upkee: 30. mapr (27. asryer)

Manactup Jby6octuma ca upkBom Ycnema [Ipecsere boropoauue (ci. 8), Hanasu ce Hexaneko ox TpcTeHuKa.
Xpam je moamria KHermma Munmna y nepuomy msmehy 1385-1389. romune. Y ocHOBM XpaM je TPHKOHXOC
pa3BHjeHe BapHjaHTe yMHCAHOT KpCTa, ca mpurnpatoM. Ha npary moprana musmeljy npumpare u Haoca yKiecaH je
Hatmic nporomajcropa Pana boposuha (Bypuh C., 1985).

Cn. 9. Manactup Haynape,
Lipkea Pohewa [Ipecsere boropoauue

>E

CyHue u3nasy y BepTHKaNy LPKBE:
T'K, nanac: 13. maj (30. jyn)
JK. ¥ Bpeme rpajuse upkse: 5. maj (22. jyn)

Manactup Haynapa ca npksom nocsehenom boropoauannom Pohemy (cit. 9) Hanasu ce Henanexo ox Kpymresna,
Y HCTOMMEHOM celly. XpaM Koju je npBooutHo 6uo noceehena boroponuu Eneycu, carpaljer je y ocMoj eneHuju
14. Beka kao mpuaBopuna. Kturop je HemosHaTH BiacTelMH. Y OCHOBH LIPKBA je TPHKOHXOC CaKeTe BapHjaHTE
YIHCAHOT KPCTa, ca IPUIIPATOM H3HAJ Koje ce y3amke Kyna-3BoHuk (ITomosuh C. u hypuuh, C., 2000).
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Cn. 10. Manactup [penya,
Lpksa Basenema Ilpecsere Boropoanue

CyHile H3na3n y BepTHKAIY LPKBe:
I'K, nanac: 30. janyap (13. nopemOap)
JK, y peme rpamse upkse: 22. janyap (3. noembap)

Manactup [Ipenua ca upksom nocseheHom Basenewy Ipecere boropoaune (ci. 10) Hamasu ce y mUTOMO]j
XKymn, nemaneko ox Anexcanngposua. Ktutop Manactupa je MoHax Jloporej, Tpehu XuinaHgapcku Wrymas, ca
cHHOM, jepoMoHaxoMm J[lanmiom, noromum nehkum natpujapxom Hanmnom III. IpkBa ce maryje y mepuox oxn
mecte 10 ocMe jgeneHuje 14. Beka. JIpeHua je y OCHOBH TPHKOHXOC pPa3BHjeHE BapHjaHTE YIHCHOT KPCTa.
AXUTEKTOHCKe cHeU(HIHOCTH LPKBE OYHTY]y ce y MINPEHY OCHOBE O] 3allajia Ka HCTOKY, KPCTACTUM CBOJOBHMA
HaJl IPOTE3HCOM U haKOHUKOHOM, Kao U pa3nuuutuM obnuiuma kouxu (Bymosuh b., 1978; Tomwuh I'., 2009).

Cn. 11. Manactup Hosa [lasmnua,
Lpkea Basenema Ilpecsere boropoanue

CyHle HHKAIA HE H3I1a3H Y BEPTHEALY LPKBE

Manactup Homa IlaBiuna xon Bpeennka, ca nupksom nocsehenom Basenemy Ilpecsere Boroponume (ci. 11),
carpaljeH je y neBeroj meuenuju 14. Beka kao 3amyx6una Opahe Mycuha, Credana u Jlazapa, unju cy moprpetu
MpHKa3aHu y Haocy. L{pkBa je y OCHOBU TPUKOHXOC Pa3BHjeHE BapUjaHTE yMUCAHOT KPCTa U IPUIPATOM H3HAJ KOje
ce HajmasM Kyna-3BOHHK. CrenmuYHOCT Xpama Orjiefia ce y TOME IITO apXUTeKTOHCKA pellema y cebu
o0jennmaBajy MpOCTOpHE OOJMKE CBOjCTBEHE MOPABCKOj apXMTEKTypu ¢ Kpaja 14. m mouetka 15. Beka, ca
(acagHOM JIEKOPAIMjoM KOja CBOje y30pe LpIH U3 Hemamnhkux 3axyxouna 13. Bexa (Jypummh A., 1991).

Cn. 12. Manactup Pyaennua,
Lpksa Ceeror Hanje

CyHLe H3/1a34 Y BEPTHKAIY LPKBE:
I'K, aauac: 11. anpun (31. aBryer)
JK, y Bpeme rpaame upkse: 2. anpun (22. aprycr)

Manactup Pynenuna ca npksom Cs. Mmmje (cim. 12), Hamasu ce Hemaleko oj AJeKCaHAPOBI@. XpaM Cy Ha
npenasy u3 14. y 15. Bex casunany BiacTenuH BykanmH u meroa skeHa BykocaBa. Y 0CHOBH XpaM je TPHKOHXOC
caxxere Bapujante ynucanor kpera (Tomwuh I'., 1996).
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Cn. 13. Manactup Manacuja (Pecasa),
Lipksa Csere Tpojuue

CyH1ie HUKa/a He W31 Y BEPTHKATY 0Ce LPKBe

Manactup Manacuja (Pecasa), 3axyx6una necriota Ctedana Jlazapesnha Hanasu ce Hemaneko o Jlecrorosa.
LipxBa Koja je cmemTeHa y okBupy MohHor yrBphema nogurayra je nzmehy 1406 n 1418. Xpam Cs. Tpojune (ci.
13) y OCHOBH je TPHKOHXOC Pa3BHjeHOr THIA YIHCAHOT KPCTa, ca mpumpatoM. CrenupuvHocT rpaljeBuHe oriena
ce y ToMe IITO je OCHOBA THIIMYHO MOPAaBCKa, 0K je (acana pahena nox yrunajem 3anazga (Cumuh G. u gp., 2007).

Cn. 14. Manactup Kanenuh,
Llpkea Basenema Ilpecsere boropoanue

L'
tm

CyHIe W3/1a3H Y BEPTHKATY LPKBE:
I'K, nanac: 28. mapr (15. centembap)
JK, y Bpeme rpamse upkse: 19, mapr (6. centembap)

Manactup Kanennh ca npksom mocsehenom Basenewy Ilpecere boropomuue (ci. 14), namasu ce y Jlesuy,
Hepaneko on Omapuha. Carpaamo ra je kao NpHABOpHIY, mpoToBecTHjap borman y mpBoj monoBuHu 15. Beka.
XpaM je y OCHOBH TPUKOHXOC Ca)keTe BapHjaHTe yIHCAHOT KPCTa, Ca IPHIPATOM. 300T CBOjUX apXUTEKTOHCKUX U
CIIMKApCKUX BpemHocTH Kanennh npumana Hajpenpe3eHTATUBHUjUM CIHOMEHHIMMA MOPABCKE CTUIICKE TIpyIie
(CreBouh U., 2006).

Ca. 15. Manactup Munentija,
Lpxea Ceetor Credana

CyHIEe H3IA3H ¥ BEPTHKAILY LPKBE:
I'K, panac: 31. mapr (12. cenrtembap)
JK, y Bpeme rpaame upkse: 22, mapt (3. centembap)

Manactup Musentuja ca upksom CB. Ctedana (cn. 15) Hanasu ce Henaneko o bpyca u cpeAmOBEKOBHOT rpajga
Kosnnka. Ktutop xpama koju je 21. Bek jJodekao y pymieBMHAMa, ocTao je HemosHaT. Ha ocHoBy Oorare m
BPXYHCKO M3BEJIeHE KaMeHe ITacTHKe, IIPKBa ce JiaTyje y Kpaj 14/moderak 15. Beka. Y OCHOBU XpaM je TPHKOHXOC
cakeTe BapHjaHTE yIHMCAHOT KPCTa, Ca HPHUIIPATOM.
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CBe oBze pa3marpaHe npkBe MopaBcke mkoie, Omie ¢y KaTOIHKOHH YTBph)eHHX
manacTupa’. [Ipi HACTAHKY MaHACTHPA, PBO Ce TPajMIa IPKBA, KAO LEHTPAIHH U [JIABHHU
objekar, a ymopeno ¢ HOM, WM HAaKOH e, 3UAa0 ce oad0pamOeHu 3uj y3 Kora cy ce
MIPHUCTAkaIA OCTaIH O0jeKTH MaHAaCTHPCKOT KOMIDIEKCa, TaKo /a OH (OHM) HHCY MOTIH
3aKJIamaTH XOPU30HT M YTHIATH HAa OPHjEeHTAlMjy IPUIUKOM o0eliekaBamba OCHOBE IPKBE.
Kana ce To enuMuHMIIe, y3pOIM YCTAaHOB/BEHUX OJACTYIama LPKBEHHX oca Mory outu: 1)
rpelka npoTomMajcTopa 300r jeTHOCTAaBHOCTH ToMaraja Koje je KOPUCTHO MpPU YUPTaBamby
OCHOBE IIpKBE; 2) HM3 YMHMWIAA O KOjUMa jeé MOpao BOAWUTH padyHa — TOMOTPadCKH
M0JI0Kaj, TEOJIONIKAa IOJUIora, PacHopes KyJNTHHX o0jexkara MaHacCTUPCKOT KOMILIEKca
(rmaBHM yia3 y MaHacTup, Tprnesapuja) (Mojcunosuh C., 1981), 3amrura on moruiaBa u
OyjuLa, 3aXTEBU KTHTOPA; 3) yCMepaBame oce LPKBE, HE Ka PABHOAHEBAYKOM HUCTOKY, HETO
Ka TaukW M3iacka cyHna oxpeheHor nana. OBue HaCcC NMPBEHCTBEHO 3aHMMa Tpehu y3pok, Tj.
Moryha Be3a m3meljy opujeHTanje mpKBEHE oce M cyHUeBe reometpuje. [Ipe moHomema
3aKJby4aKa, HEOIXOIHO je YKa3aTH Ha HEKOJIMKO OMTHUX MOMEHATa.

On jemaHaecT w3abpaHMX IpKaBa, camMoO HpkBa Manactiupa MuieHTHja HUje
cadyBaHa y ICJIMHH HUTH OOHOBJbeHa. C 003upoM 1a je ,,0TBopeHa” (ci. 15), morao ce
JUPEKTHO MEPUTH a3uMyT BeHe y3myxHe oce. Kox mpyrux mpkasa Mepema Cy BplleHa Ha
JBa HaunHa: 1) Ha CIOJGHUM 3HMJOBHMAa, THOMOHCKOM METOJOM, momohy ceHke; 2) y
YHYTPALIKOCTH LPKBE ,,y HETaTHUBY — MpeMa 0/pa3y KOju Ha MOJY IPKBE OCTaBJba CHOII
CYHUYEBHX 3paka MPOMYIITEH KPO3 MPO30pe MM KPo3 yjia3 LPKBE y MPaBO CyHYEBO IOJHE
WIN Kajia je CyHIle Ta4YHO Ha 3amaiay. 300T HEepaBHHMX 3W/I0Ba O] KaMeHa M LIUTJIe, OJICYCTBa
IIPaBUX YIJ0Ba W OTKJIOHA O] BEpTUKAJle, HUje ce Moruia rmoctuhu tauHocT Beha ox jeqHor
crerieHa. To MCTO BakM M 3a Mepema (TpoBepe) Koja cy Bpuiena kxopumthennm GPS-
ypehajeM Koju HHje HAMEHEH 3a MPEIH3HO BU3Hpame. [ 'pelika o jeIHOT CTereHa Ipu
Mepelhy a3uMyTa JOBOAW 0 Tpelike y onpehuBamy maTyma OX jeZHOT IO HajBHIIE TPU
JlaHa, 3aBHUCHO 01 pesbeda.

C 003upoM Ja IPKBEHO MPaBUIIO KaXke Ja IpKBa Tpeba OMTH OpHjeHTHCaHa ,,ipeMa
UCTOKY” WIH ,JipeMa u3nacky cynna’ (Mwupkosuh JI., 1966) morpeGHO je pas3jacHUTH Te
mojmoge. [IpaBuio HUje naTo y MaTeMaTHIKoOTeorpadckoM CMUCIY, HETO je HeoapeheHo, y
CMHCIY ,,[Ip€Ma HCTOYHO] CTpaHM CBeTa”. A HCTOYHA CTpaHa CBETa jecTe KBaapaHT
XOpU30HTa Ca WCTOYHOM Ta4KOM Yy CPEIMINTY. AKO MaKk HCTOK AeUHUIIEMO ,,Ipema
M3JaCKy CYyHIIa” OHJa CC MOMCHYTH KBAQJPAHT Cy)XaBa Ha CEKTOpP XOPH30HTa KOjU je
OTpaHMYCH COJICTHLIMjYMCKMM Taukama u3nacka. Ha reorpadckum mmprHama MopaBcke
CpOuje TO je cekTop HmUpUHE OKO 67°, ca MCTOYHOM TauykoM y cpeaumTy. [1o mpBom
CXBaTalby HCTOKa, y CKJIaJy ca IpaBWIOM OpHjEHTHUCAaHE Cy CBE ILPKBE 4Hje Oce He
OJICTYIajy OJ] ICTOUHE TauKe XOpPHU30HTa BHUIIe o £ 45°, o apyrom, * 33,5°.

VY Be3u ca gepuHHMCamEM HCTOKa, Tpeba HMMaTH Ha yMy pasiuKy usMmely
ACTPOHOMCKOT M (PM3HYKOT XOPH30HTA, TEOPETCKE M CTBapHE TadyKe H3JlacKa CyHIA, Te
TEOPETCKOT U CTBAPHOT MCTOYHOI CEKTOPa XOPH30HTA. TeopeTcke TPeHyTIH H3JIacKa CyHIa
W BEIMYMHE jyTapmke aMIUTUTYAE CYHIIa H3padyHaBajy ce mnomohy Qopmyna chepre
acTpoHomuje. OM3UYKN XOPU3OHT j€ HEeTIpaBIUIHA JIMHH]jA TIa € CTBAPHU TPSHYIN U CTBapHE
aMIUIUTY i€ MOTY OIPEIUTH, WM HEMOCPEIHUM MOCMATPameM U MEpemeM, MM y3 nomoh
KapTOMETpHje M TMEPCHeKTHBHUX a3MMyTHHX IpOjeKIHja, Kao INTO je To ypaheHo Ha
npuMepy manactupa Manacuje (ci. 16).

% Camo Jlazapuria Huje 61Ia KATOTMKOH, aJIK je 1 OHa OHia y yTBpheHoM rpay.
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Cnuxka 16. VicTOUHH CeKTOp aCTPOHOMCKOT U (PU3HYKOTr XOPH30HTA MaHacTHpa MaHacHja ca IpUBHAHKUM ITyTambaMa
CYHIIa 3a COJICTHILIMjyMa ¥ EKBHHOKIHUjyMa (opTorpad)cka nonpeyHa npojexuuja)

Kon wmanactupa Manacuja, yrtunajem pesbeda, HCTOUHM CceKTop (u3udKor

XOpH30HTa HHje oCeTHO yBehaH y OIHOCY Ha TEOPETCKy BenuuuHy (67,3°) anm je 3HATHO

momeper o NE ka SE. Tako je ca ciuke 04nTO J1a CyHIIE HAKaga HE caMO J1a He M3JIa3u y

BepTukany oce 1pkse CB. Tpojuie, Hero My ce HUKaia He MPUOIIKY Matbe o7 16°.
Heoppehenoct npkBeHor mpaBuiia oTBapa MOTyhHOCT 3a pa3nuunTa TymMayema

TA4HOCTH OpHjeHTallMje LPKBEHE OCe, OJAHOCHO, TyMauelkha CMHCIA HEHOT EBEHTYaIHOT

OACTylama 01 paBHOACHEBAYKOI' UCTOKA.

3akbyyak

Jemanaect u3abpaHMX IpKaBa MOpABCKE MIKOJE KOHIEHTPHCAHW CYy Yy TIOJbY
reorpadcke MpeKe UHje Cy CTpaHe Mambe OJ] jeHOT CTeTeHa, ca IeHTpoM (43,6°' N, 21°E) y
KOMe ce MpuOmmKHO Hama3suw MaHacTHp JbyOoctuma. CMemTeHH Cy Y 3aKIOHBEHUM
JoJMHaMa OperoBHUTOT MPOCTOPA, Ha CPedoj HaaMOPCKOj BHCHHH ox 325 m, mo 160 m
(JTazapuma), o 550 m (Munentuja). tbuxoBe oce 0aCTyIajy 01 HICTOYHE TaYKEe XOPH30HTA Y
LIMPOKOM pactiony, ox 41° (Benyha) mo —33,5° ([penua), ¢ Tum na ehuna (8) oacrymna xa
NE, 1j. uma ,getwy” opujenranujy. Kpajwe yomuraBajyhu, cBUX jegaHaecT OU ce MOTIIO
CBECTH Ha jeJIHy L[PKBY uHja je oca oTKJIomkeHa 8° npema NE.

AXO HCTOK cXBaraMO y LIMPEM CMHUCIY T€ pPEYH, Kao HCTOYHHM KBaJpaHT
XOpU30HTa, OHJIAa Cy CBE pa3MaTpaHe LPKBE MOPABCKE ILIKOJIE OPHjEHTHUCAHE y CKIary ca
LPKBEHUM TIPaBUIOM. AKO INaK HCTOK ITOCMAaTrpaMo y Y)K€M CMHCIY, Kao JIyK XOpH30HTa
JIy’K KOTa ce TOKOM TOo/InHE ITOMepajy Tauke M3Jlacka CyHIla, OHJIa jeJMHO LPKBa MaHAaCTHpa
Benyha ogcryma on mpaBmna (ci. 6). OncTyname je TeIKO parlioHaTHO 00jacHUTH jep je
TEpeH paBaH M OTBOPEH, TAaKO Ja je IPOTOMajcTOp HMMao JOBOJBHO IpoCTOpa 3a

MCHCBpHUCAILC.

JemuHo je 3a mpkBy MaHacTmpa Bemyha cacBuM curypHO Oa HHje MOTja OWTH
opujeHTHCcaHa mnpema uznasehem cyHiy. HakoH martemarnukoreorpadcke u Tororpadceke

aHau3e TakBa MOTryNHOCT HCKJbyUeHA je  3a [PKBY MaHacTHUpa Manacwuja (ci. 16).

Ocy cBake 0 OCTaNIUX JI€BET IpKaBa, IPOTOMAjCTOP j€ MOTa0 YCMEPHUTH IIpeMa
m3naszeheM cyHIly, U TO caMo [Ba IyTa (OgBa jyTpa) y romunu. On naBa JaTyma, Kao
BEpOBATHHU]HU CE y3MMa OHAj KOjU je OJIKHM INposiehHOM eKBHHOKIHWjyMy, jep y mpodiehe
nounme rpaheBnHCcKa ce3oHa. HakoH mTo cy Tm garymu ozipeljeHm 3a CBaky IpKBY,
HCKJbYy4eHe cy npkBe MaHactipa Hosa [laBmuna n manactupa penda (ci. 10). 3a pasnuky
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ox Hoge ITapmume (ci. 11), y penun cyHie nznasu Ha GU3NIKOM XOPHU30HTY Y BEPTHKAITY
0Ce MaHAaCTHPCKE LPKBE LPKBE ald ce TO, IpeMa IpopadyHy, JellaBa y HOBeMOpY U
jaryapy (ci. 10), y Bpeme Kazma ce HE yTeMmesbyje IpkBa (OBO HHjEe BpeMe 3a IOYETaK
rpal)eBUHCKUX pajioBa)

bnusy npkee manactupa penye npotude [IpeHadka peka Koja 3a BpeMe MOBO/Iba
U JaHac OJHOCH 00aiy. 3aTo je MPOTOMAjCTOP LPKBY OJMAaKao Ha CHIYPHO YIaJbEHOCT Off
o0aje ¥ HMCTOBPEMEHO je 3aKpeHyO Ka jyrosamaay, HH3 TOK peke. TWM MaHEeBpOM je
00e30e1Mo cUTypaH TOJ0Xa] U 3a TpIe3apujy Koja, o IpaBuiry, Tpeba Jia je MoCcTaBJbeHa
HAyCIpOT yia3dy LpKBe, MOMPEYHO Ha LpPKBeHy ocy. Wnm je, MOXkaa, THM MaHEBPOM
HaMepHO M30erao aa amcuiy ,3aluje” y maamHy Opera M Tako CUMOOJHMYHO ,3acieny’
upkBy. ([IpernocraBky 0 3aKpeTamy oce LPKBE Ja MOTJIE] KPO3 OJTApCKH Ipo3opa He Ou
OHO 3aKJIOKCH, TEK Tpeba MPOBEPUTH CHCTEMATCKOM aHAIM30M TOHOTpa)CKOr IMOJIoKaja
CPIICKUX CPEAH-OBEKOBHHX 1IPKaBa.)

On cemam mpeocTanux IpKaBa, caMO oOca IpKBe MaHacTupa PaBaHuIe HMa
oncrymname Behe o 10° (cin. 7). 3a cBe Te HpKBEe OJPEIUIIN CMO JaTyMe Kaja CyHIIEe U3JTIa3u
y BepTUKaly WBUXOBHX oca (Tab. 1), Tj. maryme 3a koje ce Moxe pehm: ,,Ako je
MIPOTOMAjCTOp TPH 3aCHHUBARY IIPKBE HEHY OCY YCMEpHO Ka m3nazehieM CyHIly, OHAa je TO
ypazmo 'tor u Tor' mana”. 3a Jlazapuity (ci. 5), Ha mpuMep, Ta O pedeHuIa racuna; ,,AKo
je mpotomajctop ocy Jlasapure ycMepno ka nznaseheM CyHIly, oHza je oHa, o JynujaHcKoM
KajueHaapy, 3acHoBana 1. mapta 1377/78. ronune”.

Tabena 1. Moryhu naTymu 3acHHBama ceaaM IjpkaBa MopaBcke IIKoJie

Jan natpoHa Moryhu natym

Manactup Karonukon/mpkBa (npasmmx) JK Ilepunon rpanme sacusara (JK)

Jlazapuna

(Ca. Credana) 27. neuembap 1377/8-1380. 1. mapt

Basnecema . . .
PaBanuna Tocronter IloxperHu npa3uuk | Y ocMoj neueHuju 14. B. 27. maj
Tbydocmuma | - Cnea lpecs. 15. aBrycr 1385-1389. 30. mapr

Boropoauie

Pohema IIpecs. . . .
Haymnape Boropoymme 8. cenrembap VY ocmoj nenenuju 14. B. 5. Maj
Pynenunua Cs. Unuje 20. jyn Ha npenasy 14/15. B. 2. anpui
Kanenuh Basenema IIpecs. 21. Hoembap Y npBoj nonosunu 15. 19. mapr

Boropoauie B.
MureHTuja Cg. Credana 27. neuembap Ha npenasy 14/15. B. 2. anpun

Huje yodeHo mnoknamame natryma Moryher OCHUBama MaHAcTHpa (TOCIeama
KoyioHa Tabene 1) ca JaHMMa KOjH Cy y IPKBEHOM KalleHIapy mocBeheHn maTpoHnMa mnpKkasa
(Tpeha xomona tabene 1). To He Wae y HMPHUIIOT TEOPHjH Ja Cy LPKBE 3aCHWBaHE Ha JIaH
muxoBux natpona (Nissen, H., 1906; Pamanopr, I1. A., 1994). [Taga y oun ga cy npkse 1aBa
MaHacTupa, Pyaenuna n Musnenrtuja, Moriie OMTH 3aCHOBaHE UCTOT JaHa, 0KO biarosectn.

Ha npBm mormen, o MaTeMaTHdkoreorpapckoM (acTpOHOMCKOM) CMHCITY
OpHMjEHTAIlje MOXKE C€ TOBOPHTH 3a IPKBE YaTHpH MaHacThpa: MaHacuja, [lpeHua,
Jby6octuma n Kanennh. Oca npkBe maHacTupa MaHacHje ycMepeHa je Ka TadKd H3J1acka
CyHLa JIeTHET COJCTHLHjyMa, a oca LPKBE MaHacTHpa J[peHue Ka TaykW H3Jacka CyHIa
3UMCKOT cojcThijymMa. M na mpermoctaBUMO Jla Cy HBUXOBH IIPOTOMAjCTOPH 3HAH
TEOMETPHUjCKH OlpeaAnuTH Te mpasie momohy 13B. aHaneme (Taguh M. u Tapuh T'., 2011),
TaKBa OpHjeHTallMja HEMa HHKAaKBOT MPAKTHYHOT CMHCIA ¢ O03UPOM Ja CYHIIe HUKaJxa He
U3JIa31 y TUM TIpaBIyMa Ha (U3NYKUM XOPU30HTHMA IOMEHYTHX MaHacTupa. To 6u numaino
KaJICHJapCKOI CMHCJIAa CaMO aKko Ou ce 3a BpeMe COJCTHLHUjyMa Kpo3 OJITapCKU IPO30p
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Buaeno m3mazehe cyHie, mTo OM OMO 3HaK Ja ce CYyHIE ,,00paha” W mounme HajIyXu
(Manacwuja) uiu Hajkpahu nan ([penya).

HenBocmucneno je, meljyTum, na cy nBe mpkBe maHactupa Jbyboctume (+1°) u
Kanennha (—1°) TauHo opuWjeHTHCaHE IMpeMa paBHOAHEBAYKOM HCTOKY. To IoKasyje na cy
BHUXOBH MPOTOMAajCTOPH IO3HABAIM THOMOHCKY METOAy Kojy je omucao Burpysuje, y
TpaKTaTy Kora Cy IIO3HaBale W KOPHCTHJIEC BH3AHTHjCKe apXxuTekTe. [nBibema je BpeqHo
IITO Cy AacTPOHOMCKH TadHO OpHjeHTHCAIH IpkBe gyrauke oko 20 m y3 momoh
HAajjeTHOCTAaBHUjUX IoMarana (BHCaK, yraoHHK, Tepa3nje, THOMOH, TPOMa).

TagyHocT  oOpHWjeHTamMje THX  KaTOJHMKOHA  jecTe  TIOKa3aTeJb  HHBOA
MaTaMaTH4Koreorpackor (aCTPOHOMCKOT) 3Hama MHHUXOBUX —TPaguTesba, CPIICKHUX
mpoToMajcTopa. Jep, 3a pa3iuKy Of [pKaBa pallke IIKOJIe Ha KOjuMa ce Iperuniy yTHLaju
Buzantuje u 3amana, pKBE MOpPABCKE IIKOJE Cy ayTOXTOHE, TAaKO Jia Ha HUMa paje
JIOKaTHK Majctopu, monyT Paxga bBoposuha, mpoTomajcTopa KOju ce TOTIHCAO Y
JbybocTumbu.
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Abstract: In this paper we present the mathematical and topographic analysis of orientation of the most significant
churches (11) of Morava school, the last style in architecture of medieval Serbia whose executors were chief
architects. The deviation from equinox East of the main axis of each church and the dates when the Sun rises on the
physical horizon, in the extension of the main axis, have been calculated. These were the dates when the church
could have been oriented towards the rising Sun. This possibility has been ruled out for four churches. As for the
other churches, the matching of the mentioned dates with the patron’s days wasn’t established. The churches in
monasteries Ljubostinja and Kalenic are oriented with astronomical precision towards equinox East, an admirable
fact considering the tools available to the builders. Rade Borovic, the only chief architect who put his signature on
his work, was the chief architect of Ljubostinja.

Key words: mathematical geography, orientation, medieval Serbia, Morava school
Introduction — Morava school

Systematical measurements of the azimuth of longitudinal axes of the most important
churches in medieval Serbia and mathematical and geographic analysis of orientations of early
Christian churches (Tadic M. & Gavric G., 2011) and all churches, catholicons and chapels of
monasteries Studenica and Gradac (Tadic M. & Petrovic A., 2011) provided the data necessary for
summary reviews by several criteria — regions, periods, founders (rulers) and architectural styles. On
this occasion, we will analyze the most prominent churches of Morava school, eleven in total (picture
D).

Morava style group or Morava school’, with its unique and refined style, originated in the
valleys of three Morava rivers during the reigns of princes and despots (picture. 1). Historically and
geographically speaking, this was the area of Morava’s Serbia which includes the territories of Prince
Lazar and the area of Branicevo, which was incorporated after the Marica battle. The borders of this
geopolitical area spanned from the spring of South Morava in the south, to Sava and Danube in the
north and from Drina in the west almost to Timok in the east. If we consider Krusevac, Prince Lazar’s
capital, as the center, like Consantine would say, where the equinox is the longest, lasting from
15h16m, and where the sun rises at 4h53m on St. George day which is considered the beginning of the
summer and the building season.

Chronologically speaking, Morava school is bounded by two important events, Marica battle
in 1371 which marks the end of the Serbian empire (formally abolished one month later with the death
of king Uros) and the Turkish conquest of Smederevo in 1495, which marks the disappearance of the
last independent Serbian state (Ristic V., 1996). These events are only general boundaries, for there
are monuments preceding grand edifices of Morava school or those that had the style elements of
Morava school after its disappearance.

Picture 1. The placement of medieval Serbian churches and monasteries of Morava school (green frame)

The architecture of Morava area, which appeared in Serbia in post Byzantine period, is
completely distinctive thus classified as a separate style known as Morava school. Its main
characteristics are evident in the foundation of the rulers and feudal lords’ foundations, like Lazarica,
Ljubostinja, Kalenic, Ravanica and Manastija (picture 2). The measured plan of these edifices is
always either an elongated or a developed triconh. They were usually constructed in alternation of

5 We will continue to use the term Morava school



198

stone and bricks with prominent joints. There is no roman influence or the perfection of the technique
(Markovic V., 1920). However, the facade is decorated with typical stone decoration with the
emphases on rosettes and archivolts with double patterns (Katanic N., 1988).

Not only do the monasteries of Prince Lazar’s state differ from earlier monasteries in style,
but they also differ by their fortification. They were well fortified (monasteries-forts) and built on
closed locations (but not on earlier cult sites).

Methods of work exemplified by the catholicon of Manasija monastery

A mathematical and topographic analysis of each chosen medieval church of Morava school
has been conducted. Methods of work have been described in details in papers cited in the
introduction. Here, we will describe the process of the analysis on the example of the church of the
Holly Trinity in Manasija.

1) Geographic azimuth of the longitudinal axis of the church, Ax=57°, measured on an air
photograph (RGA). This means that the axis deviates from the eastern point towards NE
(picture 2). As for other churches, the measurements of the azimuth were done directly,
using both the gnomonix method and a GPS Receiver.

Picture 2. Air photograph of Manasija (Republic Geodetic Authority) and the plan of Manasija monastery:
1. catholicon — church of the Holly Trinity 2) dining room 3) keep 4-5) the cells of monks

The amplitude of the Sun at sunrise during the Solstice is on the same latitude as Manasija o =
33°22°, thus the axis of the church is formally located in the eastern sector of the horizon, in
accordance with the church rule which states that the church should face “east” or “sunrise”. This is
only theoretically correct as it refers to the astronomical horizon, not the physical horizon, where the
Sun really rises. The physical horizon is an irregular line depending on the local relief, which is why a
topographic analysis is necessary.

2) It is clear from the photograph (picture 3) that the line of observation in the vertical plane
ends in the saddle, north of the hill. The deviation of the axis of the church from the eastern
point is on the border of the eastern sector thus it was only clear from the photograph that
the Sun never rose in that direction.

3) There is no need to visit the location itself in order to prove this. First of all, it is necessary
to construct a cross-section (picture 4) on the correspondent part of a topographic map
(picture 3, right), in the extension of the longitudinal axis of the church. Secondly, the height
h of the point T where the vertical of the church intersects the physical horizon should be
determined (the azimuth of the axis of the church is the other coordinate of the horizon).

Picture 4. Block diagram of the topographic area around Manasija monastery (top) with the vertical plane of
the axis of the church where the cross-section is constructed (bottom)

The value of the declination of the Sun ¢ is calculated based on the coordinates of the
horizon of the point T. The dates when the Sun perhaps rises in that point, in the extension of the axis
of the church, are calculated based on the declination of the Sun. The value of the declination of the
Sun spans from -23°27’ to +23°27’ and if by the calculations cited above we reach this value, it means
that the axis of the church is out of the eastern sector of the physical horizon. Furthermore, this implies
that the chief architect didn’t orient the church one morning towards the rising Sun. This is the case
with Manasija monastery, where the value of the declination is over 30°.

Results

The mathematical, geographic and topographic analysis of all eleven churches of Morava
school was done this way. The data bellow is given for each church using the same pattern: an
illustration with a photograph (left), oriented ground-plans and dates of the sunrise in the vertical of
the axis of the church according to the Julian calendar (JC) and the Gregorian calendar (GC) (right), a
short description (bottom/afterwards).
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The church of St. Stefan, known as Lazarica (picture 5), was built as a court church
between 1377/78 and 1380. within the walls of the capital Krusevac. The church, belonging to the first
period of Morava school, was built by Prince Lazar. The church plan is an elongated triconh preceded
by a nartex with a bell tower above it (Ristic V., 1989).

Veluce monastery with its church dedicated to the Presentation of the Holly Virgin to the
Temple (picture 6) is located about ten kilometers SE from Trstenik. At the end of the 7th decade or
the beginning of the 8th decade of the 14th century, an unknown noble family, represented on the
founder’s composition, built the church. The church plan is an elongated triconh (Todic B., 1989).

Ravanica monastery, with its church dedicated to the Transfiguration (picture 7), is located
near Cuprija. The monastery was built as a strong fort by Prince Lazar Hrebeljanovic in the 8th decade
of the 14th century. The church plan is a developed triconh preceded by a nartex (Ljubinkovic M.,
1996).

Ljubostinja monastery, with ith its church dedicated to The Assumption of Virgin Mary
(picture 8), is located near Trstenik. The church was built by princess Milica between 1385 and 1389.
The church plan is a developed triconh preceded by a nartex. Ond the doorstep of the portal, between
the nartex and naos there is an inscription chiseled by the chief architect Rade Borovic (Djuric S.,
1985).

Naupara monastery, with its church dedicated to the Nativity of Virgin Mary (picture 9), is
located in the eponymous village near Krusevac. The church originally dedicated to the Virgin Eleusa
was built as a court church in the 8" decade of the 14" century. The founder is an unknown nobleman.
The church plan is an elongated triconh preceded by a nartex with a bell tower above it (Popovic S. &
Curcic S., 2000).

Drenca monastery, with its church dedicated to the Presentation of the Holly Virgin to the
Temple (picture 10), is located in gentle Zupa, near Aleksandrovac. The founder of the monastery is
hieromonachos Dorotej, the third prior of Hilandar, with his son, hieromonachos Danilo, who later
became Danilo III, the patriarch of Pec. The church dates back to the 6™ or 8" decade of the 14™
century. The church plan is a developed triconh. The specific quality of this church lies in the fact that
its plan spreads from west to east, but also in its cross-vaults and chonehas (Vulovic B., 1978; Tosic
G., 2009).

Nova Pavlica monastery near Brvenik, with its church dedicated to the Presentation of the
Holly Virgin in the Temple (picture 11), was built in the 9™ decade of the 14™ century as the fondation
of brothers Stefan and Lazar Music, whose portraits are placed in naos. The church plan is a developed
triconh preceded by a nartex with a bell tower above it. The specific qualities of this church are shown
in its architecture which combines typical architectural shapes of Morava school in the late 14™ and
early 15" century. The decorations on the fagade are modeled on the 13™ century foundation of the
Nemanjic dynasty (Jurisic A., 1991).

Rudenica monastery, with its church of St. Ilija (picture 12), is located near Aleksandrovac.
The church was built by Vukasin, a nobleman, and his wife Vukosava in late 14™ and carly 15"
century. The church plan is an elongated triconh (Tosic G., 1996).

Manasija monastery (Resava), the foundation of despot Stefan Lazarevic, is located near
Despotovac. The church was built within a strong fortress between 1406. and 1418. The church of the
Holly Trinity (picture 13) is a developed triconh preceded by a nartex. Its plan is typical for Morava
school, but its fagade was built under the western influence, which is very unusual (Simic G. at all.
2007).

Kalenic monastery, with its church dedicated to the Presentation of the Holly Virgin to the
Temple (picture 14), is located in Levac, near Oparici. It was built in the 15™ century as a court church
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by protovestiarios Bogdan. The church plan is an elongated triconh preceded by a nartex. This is one
of the most significant monuments due to its architectural and artistic value (Stevovic 1., 2006).

Milentija monastery, with its church dedicated to St. Stefan (picture 15), is located near
Brus and the medieval fortress Koznik. The founder of the church which saw the 21 century in ruins
remains unknown. Based on its rich and skillfully crafted decorations, the church is dated to the late
14" early 15" century. The church plan is an elongated triconh preceded by a nartex.

Discussion

All the churches discussed here were, in fact, catholicons of fortified monasteries. During
construction, the church was built first while the surrounding walls were built either at the same time,
or afterwards. Other objects within the complex could have been leaned against the walls, so they
couldn’t have shielded the horizon thus influencing the orientation of the plan of the church. With this
out of the consideration, the cause of the established deviation of the axes of the churches could be:

1) a mistake of the chief architect caused by the simple tools he used while drawing the plan of
the church
2) several factors he should have considered: the topographic position, the geographic basis,
the placement of the cult edifices within the monastery complex (the main entrance, the
dining room...) (Mojsilovic S., 1981), the protection form floods and torrents, the demands
of the founder
3) the orientation of the axis of the church towards the point of sunrise on a particular day and
not the equinox east.
Here, we are primarily interested in the 3™ cause, the possible connection between the orientation
of the axis of the church and the geometry of the Sun. Before reaching a conclusion, it is necessary to
point out some important elements.

Out of eleven selected churches, only Milentija monastery hasn’t been preserved or
reconstructed. Since it is “open” (picture 15), it was possible to measure the azimuth of its longitudinal
axis. The measurements of the other churches were executed in two ways: 1) on the outer walls, using
the gnomonix method, with shadows; 2) either at the apparent noon or when the Sun is exactly in the
west, on the inside of the church in “negative”, in accordance with the reflection of the rays of Sun
falling on the floor through the windows or the entrance. Due to uneven stone or brick walls, the lack
of right angles and the deviation of the vertical, a precision of less than 1° couldn’t have been reached.
This also applies to the measurements done with a GPS Receiver which is not designed for precise
sighting. The 1° mistake in the measurements of the azimuth leads to a mistake from 1 to 3 days in
determining the date, depending on the relief.

It is necessary to clarify these terms since the church rules state that the church should face “east”
or “be towards the sunrise” (Mirkovic L., 1966). The rule isn’t given in the mathematical and
geographic sense, but in a vague sense meaning “the eastern side of the world”. The eastern side of the
world is a quadrant of the horizon with the eastern point in the middle. However, if we define the east
as “towards the sunrise”, then the quadrant narrows down to a sector of the horizon which is limited by
the points of the sunrise during the Solstice. At the latitude of Morava’s Serbia, it is a sector of the
latitude of about 67°, with the eastern point in the middle. All churches whose axes don’t deviate from
the eastern point of horizon more than +45°, according to the first meaning of “east”, or +33.5°,
according to the second meaning, are built in accordance with the church rules.

When defining “east”, you should keep in mind the difference between the astronomical and the
physical horizon, the theoretical and the real point of the sunrise, thus the theoretical and the real
eastern sector of the horizon. Theoretical moments of the sunrise and the size of the morning
amplitude of the Sun are calculated using a formula of spherical astronomy. The physical horizon is an
irregular line, so the real moments and the real amplitudes can be determined by observing it or
measuring it, or with the help of cartometry and the azimuthal projection, as seen on the example of
Manasija (picture 16).

Picture 16. The eastern sector of the astronomical and of the physical horizon wit apparent trajectory of the
Sun during the Solstice and the equinox (transfers orthographic projection)
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In Manasija, due to the influence of the relief, the eastern sector of the physical horizon is
not significantly enlarged in comparison to the theoretical size (67.3°), but it is considerably moved
from NE towards SE. Therefore, it is obvious from the picture that the Sun never approaches the
vertical of the axis of the church of the Holly Trinity for more than 16°.

The vagueness of the church rules leaves the possibility for various interpretations of the
precision of the orientation of the axis, thus the interpretations of the meaning of the deviation from
the equinox east.

Conclusion

The eleven selected churches of Morava school are all placed in the field of the graticule
whose sides are smaller than1°, with Ljubostinja approximately in the center (43.6°N, 21°E). They are
placed in shielded valleys on a hilly terrain, at average elevation of 325m, ranging from 160m
(Lazarica) to 550m (Milentija). Their longitudinal axes deviate from the eastern point of the horizon in
a wide span, ranging from 41° (Veluce) to -33.5° (Drenca), where the majority of them (8) deviate
towards NE thus having a “summer” orientation. In general, all eleven churches could be narrowed
down to one church whose axis deviates 8° towards NE.

The axes of the selected churches of Morava school deviate from the eastern point of the
horizon in a wide span, ranging from 41° (Veluce) to -33.5° (Drenca). If we take “east” as a looser
term, as the eastern quadrant of the horizon, then all selected churches of Morava school are oriented
in accordance with church rules. However, if we consider “east” as a more precise term, the arch of the
horizon where the points of the sunrise move troughout the year, than only Veluce monastery deviates
from the rules (picture 6). It is difficult to rationally explain this deviation since the terrain is flat and
open, thus allowing the chief architect enough space for maneuvering.

Only for Veluce monastery can we be certain that it could not have been oriented towards
the rising sun. After mathematical, geographic and topographic analysis, this possibility has also been
ruled out for Manasija monastery (picture 16).

The chief architect could have oriented the axis of any of the remaining churches towards
the rising sun, but that was possible only twice a year. Out of the two dates, the date closer to the
vernal equinox is more probable, for that’s when the building season begins. After those dates were
determined for every church, churches of Nova Pavlica and Drenca (picture 10) were excluded. The
Sun rises on the physical horizon to the vertical of the axis of Drenca (picture 11), but this happens,
according to the calculations, in November and January when the church shouldn’t be founded (when
no serious building takes place), whereas in Nova Pavlica that’s not the case.

Near the church of Drenca monastery flows Drenca river, whose water level rises and takes
away pieces of the river banks. This is why the chief architect moved the church to a safe distance
from the river banks while turning it towards SW, downstream. With this maneuver he insured a safe
position for the dining room as well, which should be, according to the rules, on the opposite side of
the church entrance, transverse to the axis of the church. It is also possible that, with this maneuver, he
wanted to avoid positioning the apse into the side of a hill thus symbolically ‘blinding’ the church.
(The assumption about moving the axis of the church in order to avoid covering the altar windows is
yet to be confirmed via a systematical analysis of the topographic position of Serbian medieval
churches).

Out of the axes of the seven remaining churches, only the axis of Ravanica monastery has a
deviation larger than 10° (picture 7). We determined the dates when the Sun rose to the vertical of
their axes (table 1), the dates that we could qualify with a sentence like “If the chief architect, while
founding a church, oriented its axis towards the rising Sun, then he did it on ‘this particular’ day”. For
Lazarica (picture 5), this sentence would be: “If the chief architect oriented the axis of Lazarica
towards the rising Sun, then it was founded on March the 1% 1377/78, according to the Julian
calendar”.

The possible dates of monasteries' foundations (the last column of the table 1) don't match
with the dates dadicated to the churchs' patrons (the 3™ column of the table 1). This does not support
the theory that the churches were founded on their patron’s day (Nissen, H., 1906; Rapaport, P. A.,
1994). It is interesting that two monasteries, Rudenica and Milentija, could have been founded on the
same date, around Annunciation day.



Table 1. Possible founding dates of seven churches of Morava school
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. Patron’s day . . Poss1ble
Monastery | Catholicon/church o) Period of construction | founding dates
Jo
Lazarica (St. Stefan) ZD;Eember the 1377/8-1380. March the 1%
h h
Ravanica The Transfiguration Moving holiday genfjf;de of the 14 May the 27"
Ljubostinj | The Assumption of | ¢ o, oy o g5t 1385-1389. March the 30™
a Virgin Mary
The Nativity of September the The 8™ decade of th
Naupare Virgin Mary 8 the14th century May the 5
h
Rudenica St. Tlija July the 20™ gleet\iv;?‘ig:letug and April the 2™
The Presentation of
Kalenic | the Holly Virgin to jzvl‘i,‘,’ ember the IT ?'f JZ:Z u”“’f ofthe | yrarch the 19"
the Temple "y
h
Milentija St. Stefan ZD;gember the geet‘iv;?‘igrlliug and April the ond

Seemingly, it is possible to talk about the mathematical and geographic (astronomical) sense
of the orientation for four churches: Manasija, Drenca, Ljubostinja and Kalenic. The axis of the church
of Manasija monastery is oriented towards the point of the sunrise during the summer Solstice,
whereas the axis of the church of Drenca is oriented towards the point of the sunrise during the winter
Solstice. Supposing their chief architects knew how to geometrically determine these directions using
the analema (Tadic M. u Gavric G., 2011), such orientation makes no practical sense considering that
the Sun never rises in those directions in the physical horizons of the mentioned monasteries. This
would only make sense in the calendar if, during the summer Solstice, you could see the rising sun
trough the altar window, which would indicate that the sun is ‘turning’ and starting the longest day
(Manasija) or the shortest day (Drenca).

However, it is certain that two churches, one of Ljubostinja monastery (+1°), the other of
Kalenic monastery (-1°), are correctly oriented towards the equinox East. This proves that their chief
architects were familiar with the gnomonix method described by Vitruvius, in the tractate known and
used by the Byzantine architects. It is admirable that they oriented 20-meter-long churches
astronomically correct using only the simplest tools (plumb line, tri-square, gnomon, groma).

The accuracy of the orientation of the catholicon is an indication of the level of
mathematical and geographic (astronomical) knowledge of their builders, Serbian chief architects. For,
unlike the churches of Raska school where the influences of Byzantine and the west are intertwined,
the churches of Morava school are authentic, works of local builders, such as Rade Borovic, the chief
architect who left his signature in Ljubostinja.
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