/ l/l i«l "’n’

; UDC 001 ,22(1) I-V1,1-236 (2022) ZAGREB ISSN 1333-6347
CASOPIS ODJELA ZA PRIRODOSLOVLJE | MATEMATIKU MATICE HRVATSKE
]0URNALOFTHEDIVISIONOFNATURALSCIENCI;BAND/MM’HEMATICSOFMAT HRVATSKA

— —_— e S — -
. 18‘ at|108a4h2rv2a£szk2a R ) : I /22
l

o Hrvatski prirodoslovci 31
"y N/ rerr¢ Croatian naturalists 31

' A Znanstveni skup / Scientific Meeting
™ 2 Odjela za prirodoslovlje i matematiku
. Matice hrvatske
g A —
¥ “ ‘, i "
g - Spllt 25 -26.,studenoga 2022
V S ) ‘. ’ /)
) ’-
( L E . 1 / -
: - 1 {
P ‘} HYorltio a;
' . . ‘}“q{‘ Fa v
3 .f
\, " ; -
..'r// VAF ol
SSN1333 6347 kn '-—-I <7

unumuum ad

634002







UDC 001 ISSN 1333-6347

mh

maticahrvatska

I Casoris Ooje MaTice HRvaTSKE ’

LA 74 PRIRODOSLOVLIE | MATEMATIKU

Casopis Odjela za prirodoslovlje i matematiku /
Journal of the Division of Natural Sciences and Mathematics

Izlazi dvaput godisnje / Published twice a year

Nakladnik / Publisher

Matica hrvatska / Matrix Croatica
Ulica Matice hrvatske 2, HR-10000 Zagreb, Croatia

Za nakladnika / For publisher

Miro Gavran

Procelnica Odjela / Head of the Division

Jasna Matekalo Draganovic

Tajnik Odjela / Secretary of the Division
Hrvoje Fulgosi

Glavna i odgovorna urednica / Editor-in-chief
Barbara Bulat

Pomo¢nica glavne urednice /Assistant Editor

Suzana Ini¢

UREDNISTVO / EDITORIAL BOARD

Paula Durbesi¢, Branko Hanzek, Tatjana Kren, Nikola Ljubesic,
Darko Veljan, Vesna Vuéevac Baje, Ivica Vukovi¢

Tajnik Urednistva / Secretary of the Editorial Board
Mirko Cvjetko

Engleski prijevod i lektura / English translation and proofreading
Robert Bulat, Dubravko Horvat, Hrvoje Rastija, Nikola Vuljani¢

IZDAVACKI SAVJET / ADVISORY BOARD

Josip Balabani¢ (Zadar), Dalibor Ballian (Bosna i Hercegovina), Branka Cubeli¢ (Australija), Zarko
Dadi¢ (Zagreb), Andrej Dujella (Zagreb), Jakov Dulti¢ (Split), Renata Husinec (Krizevci), Darinka
Kis-Novak (Cakovec), Stipe Kutlesa (Zagreb), Ivica Martinovié (Zagreb/ Dubrovnik),
Zeljko Mrak (Pazin), Vladimir Paar (Zagreb), Davor Pavuna (Svicarska), Josip Pecari¢ (Zagreb),
Ljerka Regula-Bevilacqua (Zagreb)

PRIRODOSLOVLJE 22(1) III (2022) 11



UDC 001 ISSN 1333-6347

Znanstveni skup Hrvatski prirodoslovci 31 odrzan je pod pokroviteljstvom
Razreda za fizi¢ke, kemijske i matematicke znanosti
i Razreda za prirodne znanosti
Hrvatske akademije znanosti i umjetnosti

Casopis Prirodoslovlje 1/2022 tiskan je uz financijsku potporu:
Zaklada HAZU, Hrvatska akademija znanosti i umjetnosti

Slog i prijelom / Typesetting
Matica hrvatska, Zagreb

Oblikovanje / Layout
Barbara Bulat

Tisak / Print
Stega Tisak d.o.o.

Naklada / Circulation
500 primjeraka /copies

Tisak dovrsen / Printed
Studeni / November 2022

v PRIRODOSLOVLJE 22(1) IV (2022)



Kazalo

privodoslvlje

1 Proslov: Barbara Bulat, Hrvatski privodoslovci 31
Prvo dvojezi¢no, hrvatsko-englesko izdanje ¢asopisa Prirodoslovije

The first bilingual, Croatian-English edition of the journal Prirodoslovlje

I[ZVORNIZNANSTVENIRAD / ORIGINAL SCIENTIFIC PAPER

3 Branko Hanzek, Dubravko Horvat
Znameniti hrvatski fizi¢ar dr. Nikola pl. Cindro (1931. - 2001.)
The well-known Croatian physicist Dr. Nikola Cindro (1931-2001)

35 Zvonko Padan
Starohrvatske crkvice $esterolisnog tipa na splitskom podruéju — prirodno nacelo
ckonomi¢nosti ili Stedljivosti
Old Croatian churches of the six-leaf type in the Split area — a natural principle of economy
or thrift

PREGLEDNIRAD / REVIEW

67  Darko Veljan
Akademik Sibe Mardesi¢, matematicar i profesor (1927. - 2016.)
Academician Sibe Mardesié, mathematician and professor (1927-2016)
119  Tatjana Kren
Opazanje i snimanje potpune pomr¢ine Sunca 15. I1. 1961. na otocima Hvar i Braé te na
Biokovu
Observations and recordings of total solar eclipse on February 15, 1961 on the islands of
Huar and Braé and on Mt. Biokovo
161  Jakov Dul¢i¢
Znanstveni doprinosi Armina Pallaora (1955.-2020.) u ihtiologiji i ornitologiji
Scientific contributions of Armin Pallaor (1955-2020) in ichthyology and ornithology
185 Nenad Raos
Proizvodnja cementa u Splitu: cementara Gilardi & Bettiza
Cement production in the City of Split, Croatia: Cement plant Gilardi & Bettiza

STRUCNIRAD / PROFESSIONAL PAPER

207  Jakov Dul¢i¢
Devedeset godina znanstvenog Casopisa Acta Adyiatica (1932. - 2022.)
Ninety years of the scientific journal Acta Adriatica (1932-2022)

RUBRIKE / DEPARTMENTS

221  SnjezanaSetka, Predsjednica Ogranka Matice hrvatske (OMH) u Splitu / President
of The Branch of Matica Hrvatska in Split
Od ilegale do svjetala pozornice

From the illegal to the lights of the stage

PRIRODOSLOVLJE 22(1) V (2022) \Y%



Kazalo

NOVA KNJIGA / NEW BOOK

228

230
231

232

Boris Dorbié, Zdenka Bilusié¢
Tradicionalni dalmatinski pripravci i proizvodi od samoniklih i kultiviranih biljaka
Traditional Dalmatian preparations and products from wild and cultivated plants

Popis recenzenata / List of reviewer

Dosad odrzani znanstveni skupovi Odjela za prirodoslovlje i matematiku Matice hrvatske
Scientific meetings of the Division of Natural Sciences and Mathematics of Matica
Hyvatska held so far

Upute autorima / Instructions to Authors

EKONOMSKA PUBLICISTIKA / ADVERTISEMENT

236

Dreamtime Events Croatia, Split

Naslovnica / Cover page

Zemljopisna karta Splita iz godine 1804.

Motiv: cijela luka s Dioklecijanovom palatom i tvrdavom Gripe
Bakrotisak u boji u savr$eno o¢uvanom stanju

Izmjere 20,5 cm x 14,0 cm

Geographical map of Split from 1804

Motif: the entire port with Diocletian’s palace and the Gripe fortress
Copperplate in excelent preserved condition

Dimensions: 20.5 cm x 14.0 cm

VI

PRIRODOSLOVLJE 22(1) VI (2022)



PROSLOV / EDITORIAL

Prvo dvojezicéno, brvatsko-englesko izdanje casopisa

Prirodoslovije

The first bilingual, Croatian-English edition of the journal

Kad je godine 2001. izasao prvi svezak éa-
sopisa Privodoslovje s tiskanim radovima re-
feriranima za znanstveni skup Hrvatski pri-
rodoslovei 10 (Dubrovnik), bio je to veliki
korak za sve nas koji smo u tome sudjelova-
li — od Urednistva lasopisa, Odjela za pri-
rodoslovije i matematiku, pa i samu Mati-
cut hrvatsku, tada predvodenu predsjednikom
akademikom Josipom Bratulicem i glavnim
tajnikom, takoder akademikom Stjepanom
Damjanovicem.

Sve je bilo u znaku Matice brvatske — i
radovi autora (ponajvise lanovi Maticina
ogranka iz Dubrovnika) i lanova Odjela u
Zagrebu. Imali smo jasnu programsku ori-
Jentaciju, sadrZajnu koncepciju, pa i graficku
identiftkaciju. A sve u cilju predstavijanja br-
vatske znanstvene bastine i prirodnib poseb-
nosti Lijepe Nase domacdoj i svjetskoj javnosti.

Iz bogate riznice znanstvene bastine crpi-
li smo privodoslovne sadrzaje koje smo u pros-
lih 20 godina pretocili u 224 kategorizirana
rada od kojih 205 znanstvenih (66 izvornih
znanstvenih radova, 67 preglednib radova,
7 autorskih pregleda, jedno prethodno priop-
lenje, 64 izlaganja sa znanstvenih skupova) i
19 struinib danaka na wkupno 4 004 strani-
ce casopisa. 1o znali da su nasi autori samo za
kategorizirane radove ispisali 8 768 760 slov-
nih znakova, konkretnije S 846 kartica teksta.
Drugi je vazan (brojéani) pokazatelj da tib

Prirodoslovije

When the first issue of the journal Prirodoslov-
lje was published in 2001 with the papers referred
at the scientific meeting Hrvatski privodoslovci 10
(Dubrovnik), it was a big step for all of us who
participated in it - from the Editorial Board of
the journal, the Division of Natural Sciences and
Mathematics, and even Matica Hrvatska itself,
then led by the president academician Josip Brat-
ulic and the general secretary, also academician St-
jepan Damjanovic,

Everything was in the spirit of Matica Hrvats-
ka — both the works of authors (mostly members of
Matica’s branch from Dubrovnik) and members
of the Division in Zagreb. We had a clear publi-
cizing program orientation, content conception,
and even graphic identification. And all with the
goal of presenting the Croatian scientific heritage
and natwral qualities of our beautiful homeland
Lijepa Nasa to the domestic and international
public.

From the rich treasury of scientific heritage, we
drew natural history content, which in the past
20 years we decanted into 224 categorized pa-
pers, of which 205 are scientific (66 original scien-
tific papers, 67 review papers, 7 authors reviews,
one preliminary note, 64 conference papers) and
19 professional papers on a total of 4,004 journal

pages. This means that our authors have print-
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PROSLOV / EDITORIAL

4 004 stranice od ukupno 4 518 stranica caso-
pisa ini 88,03 % recenziranoga sadrZaja, koji
je jos' k tome prosao terminoloskn, metrolosku,
bibliografsku, stilsku i jezicnu redakciju, uz
inzistivanje na sto opseznijim litevaturnim re-
ferencijama i izvorima, kako bi zainteresirani
Citatelji u njima nasli pocetno stivo za produ-
bljivanje znanja i daljnja istrazivanja.

Tako se casopis Prirodoslovije s vremenom
isprofilivao kao jedini hrvatski znanstveni éa-
sopis s privodoslovnim temama o oluvanju
znanstvene bastine i hrvatskoga identite-
ta. Kao i dosad, u jednom bi svesku bili za-
stupljeni privodoslovci s podrudja Maticinib
ogranaka u domovini i inozemstvu, a drugi
bi svezak bio tematski, posveéen zasluznim
privodoslovcima ili aktualnim temama. Ove
Jje godine prvi svezak vezan uz Dane ogranka
Matice hrvatske u Splitu, koji obiljezava viso-
ku 70. obljetnicu utemeljenja. Prvi tematski
broj bit ée posvecen Nikoli Tesli, zatim Rude-
ru Boskovicu i brojnim drugima jos neutvr-
denim redoslijedom.

Za oluvanje privodoslovne znanstvene ba-
Stine dvojezicno, hrvatsko-englesko izdanje ca-
sopisa pokazalo se neupitnom potrebom. Ta je
ideja tinjala u nama svibh ovib godina i prera-
slaje u ozbiljan projekt. Poticajnima su se poka-
zale dvije okolnosti — asopis je zaokruzio svojib
(prvib) 20 godina izlatenja u 180. godisnjici
osnutka Matice hrvatske! Da smo se pitali kada
bi to dvojezicno izdanje ugledalo svjetlo dana,
odgovor bi bio: Kada, ako ne sada?!

ed 8,768,760 characters, more specifically 5,846
cards of text, just for categorized works. Anoth-
er important (numerical) indicator is that those
4,004 pages out of a total of 4,518 pages of the
Journal make up 88.03% of the reviewed content,
which also underwent terminological, metrolog-
ical, bibliographic, stylistic and linguistic redac-
tion, with an insistence on the most comprehensive
Literature references. and sources, so that interested
readers can find in there deepening knowledge and
further research.

The journal Prirodoslovlje became the only
Croatian scientific journal with natural history
topics on the preservation of scientific heritage and
Croatian identity. One issue would feature nat-
uralists from Matica’s branches in the homeland
and abroad, and the second issue would be the-
matic, dedicated to well-known naturalists or cur-
rent topics.

For the preservation of the natural science her-
itage, a bilingual, Croatian-English edition of the
journal proved to be an unquestionable necessity.
This idea simmered in us all these years and grew
into a serious project. Two circumstances proved to
be encouraging — the journal completed its ( first)
20 years of publishing on the 180th anniversary
of the foundation of Matica Hyvatska! If we won-
dered when that bilingual edition would see the
light of day, the answer would be: When, if not

now?!

Barbara Bulat
Glavna i odgovorna urednica

Editor-in-Chief
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SAZETAK

U radu se prikazuje zivot i djelo fizicara
dr. Nikole Cindre, ¢iji su radni vijek i sveu-
kupna djelatnost bili uglavnom vezani uz
Hrvatsku (Institut Ruder Boskovic), iako je
povremeno djelovao i u inozemstvu. Osobita
je pozornost posvecena prikazu njegove dok-
torske disertacije kao i njegovim pedagos-
kim, znanstvenopopularnim aktivnostima
i javnom djelovanju, $to u postojecoj litera-
turi dosad nije bilo predmetom znanstvene
obrade. Njegova do sada objavljena autorska
znanstvena biografija dopunjena je tako da
je dobiven najopsezniji prikaz njegove publi-
cistike.

SUMMARY

The paper presents the life and work of the
physicist Dr. Nikola Cindro. Although his life, his
career, and all his activities included Croatia (Ruder
Boskovi¢ Institute), he was active abroad as well.
It gives special attention to his Ph.D. thesis and to
his educational activities, popular science activities
and public engagements. The existing literature did
not present and analyze some of these. The authors
updated and supplemented the list of his scientific
works, so it is now the most complete list of his pub-
lications.

* Clanak je djelomice referiran na znanstvenom skupu Hrvatski prirodoslovei 31, Split, 25. - 26. studeni 2022.
* The paper was partially referred at the scientific meeting Croatian naturalists 31, Split, Croatia, November

25-26, 2022.
** Sada u miru. / **Now retired.
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The well-known Croatian physicist Dr. Nikola Cindro (1931-2001)

KLJUCNE RIJECI
Nikola pl. Cindro

— nuklearna fizika

— reakcije teskih iona

— znameniti fizi¢ar i uéicelj

1. Zivotopis Nikole pl. Cindre (Split,
29. VIII. 1931. - Zagreb, 25. II1.
2001.)

Nikola Cindro (slika 1) roden je 29.
kolovoza 1931. u Splitu. Otac mu je bio
Mihovil Cindro, odvjetnik, a majka Lju-
bica, rod. Biro. (1) U Splitu je Nikola za-

e e ATt

KEYWORDS

Nikola Cindro

— heavy-ion reactions

— nuclear physics

— well-known physicist and teacher

1) Biography: the nobleman Nikola Cindro
(Split, August 29, 1931- Zagreb, March 25,
2001)

Nikola Cindro (Figure 1) was born on August

29, 1931 in Split. His father’s name was Mihovil

Cindro, a lawyer, and his mother’s name was Lju-
bica, née Biro. (1) In Split Nikola attended prima-

SLIKA 1. Fotografije N. Cindre s potpisima: lijevo godine 1954., desno 1992.
FIGURE I. N. Cindro’s photos with bis signatures: left in 1954, right in 1992

vrsio osnovnu $kolu i realnu gimnaziju s
odli¢nim uspjehom. Njegova obitelj ima-
la je svoje obiteljsko imanje u Strozancu
kraj Splita, a posjedovala je i plemicki na-
slov (slika 2). Prema rije¢ima Nikolinog
sina Branka, obitelj Cindro jedna je od ¢e-
tiri najstarije obitelji u Hrvatskoj. Nikola
je od 1995. osniva¢ i predsjednik Plemic-
koga zbora Hrvatske, iako zaletci toga
zbora postoje od 1991. (2)

ry school and gymnasium with the best marks. His
family had a family estate in Strozanac near Split.
Cindros were a noble family and according to the
words of Nikolas son Branko they belong to one
of the four oldest families in Croatia (Figure 2). In
1995 Nikola was the founder and the first president
of the Association of Croatian Nobility although
one can trace the beginning of this association back
t0 1991. (2) (In Croatia a nobility has pl. in front of
his/hers family name, so N.C. is Nikola pl. Cindro.)

4 PRIRODOSLOVLJE 22(1) 3 - 34 (2022)
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Godine 1950. Nikola je do$ao u Za-
greb i upisao Prirodoslovno-matematicki
fakultet (dalje PMF), Odsjek Matematic-
ko-fizi¢ki, struku matematika, uZu stru-
ku: b) primijenjena matematika. Usput
je slusao i polagao ispite iz predmeta stru-
ke fizika, uze struke: a) teorijska fizika.
Od 1951. bio je demonstrator, najprije na
struci matematika, a nakon toga na struci
fizika. Dana 6. studenoga 1954. diplomi-
rao je obranom diplomskoga rada, na uzoj
struci: teorijska fizika, s odli¢nim uspje-
hom. Naslov diplomskog rada bio je: Nu-
klearne strukture (Shell model i A. Bohrov
model jezgre), avoditelj toga rada bio je dr.
Ivan Supek. (3)

Nakon diplomiranja zaposlio se kao
asistent u Nuklearno-strukturnoj grupi
Instituta Ruder Boskovié u Zagrebu. Od
26. rujna 1955. do 30. kolovoza 1956. slu-
zio je vojni rok, a nakon toga radio je kao
asistent u Odjelu nuklearne fizike II. u
istom institutu. Godine 1956./1957. ra-
dio je kao honorarni asistent na PMF-u
u Zagrebu. Od listopada 1957. bio je na
specijalizaciji u USA (na MIT-u dvanaest
mjeseci i na University of California dva
mjeseca). Za to je vrijeme radio na prou-
¢avanju reakcija dobivenih koriStenjem ci-
klotronskog snopa (elasti¢no rasprienje
deuterona u sklopu opti¢koga modela te
reakcije (t, p) (. d) i na analizi elasti¢nog
rasprienja deuterona u sklopu optickoga
modela. Na temelju tih je rezultata 1959.
polozio usmeni doktorski ispit i obranio
doktorski rad (disertaciju). Tema njego-
ve doktorske disertacije bila je Elasticno
rasprsenje deuterona od 13,5 i 15 MeV na
atomskim jezgrama i analiza u okviru op-

In 1950 Nikola came to Zagreb where he en-

rolled at the Faculty of Science (PMF), Depart-
ment of Mathematics, in the applied mathematics

SLIKA 2. Plemicki grb obitelji Cindro
FIGURE 2. Coat of arms of the Cindro
family

program. Parallel, he attended lectures in theoret-
ical physics and he took exams as well. From 1951
he was a teaching fellow in the mathematics and
later in the physics program. On November 6,
1954 he graduated with the best marks by defend-
inga thesis in the theoretical physics program. The
title of the thesis was ,Nuclear Structures (Shell
Model and A. Bohr’s Model of Nucleus)“. The the-
sis supervisor was Dr. Ivan Supek. (3)

After graduation, he found a job as an assistant
in the Nuclear Structure group at the Ruder Bosk-
ovi¢ Institute in Zagreb. From September 26, 1955
to August 30, 1956 he spent in military service.

PRIRODOSLOVLJE 22(1) 3 - 34 (2022) 5
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tickog modela. Godine 1959./1960. pre-
davao je kolegij Statistika u sklopu posli-
jediplomskoga studija na Institutu Ruder
Boskovic.

Sudjelovao je s referatima na meduna-
rodnim kongresima u Hrvatskoj (Ma-
li Losinj — 1957., Herceg Novi — 1959.
i 1960., Beograd — 1960., Herceg No-
vi — 1962.) i u inozemstvu (New York —
1960., Napoli — 1960., Krakow — 1963.).
Odrzao je niz pozivnih predavanja, od
kojih su najvaznija na University of Ca-
lifornia, Los Angeles — 1958., Universi-
ty of Minnesota, Minneapolis — 1958.
te Institut CISE, Milano — 1959.). Pre-
ma podatcima, koje je autorima dao Ni-
kolin sin Branko, dr. Cindro je od 1969.
do 1995. odrzao 35 pozivnih predavanja
u Italiji, Rumunjskoj, Poljskoj, SSSR-u,
DDR-u, CSSR-u, Americi, Njemackoj,
Bugarskoj, Japanu i Madarskoj.Takoder je
u inozemstvu radio na izra¢unu nuklear-
nih reakcija u Krakowu (1960.) te Saclayu
(1961.1 1962.). Bio je gostujuéi predava¢
na Institutu teorijske fizike u Kopenhage-
nu na poziv prof. N. Bohra. Od 1961. na-
stavnik je na IIL stupnju studija PMF-a
u Zagrebu, gdje predaje kolegij Statisti¢-
ki model nuklearnih reakcija. (4) Tako-
der je 1961. izabran za izvanrednoga pro-
fesora na Elektrotehni¢kom fakultetu i
Kemijsko-tehnoloskom fakultetu u Spli-
tu, gdje je do 1964. predavao kolegije Fi-
zika i Uvod u atomsku i nuklearnu fiziku,
i bio Sef Zavoda za fiziku. Savjet Instituta
Ruder Boskovié izabrao ga je godine 1961.
u znanstvenog suradnika, 1963. u viSeg
znanstvenog suradnika te 1970. za znan-
stvenog savjetnika. (5, 6)

After that, he was employed as an assistant in the
Department of Nuclear Physics II at the same in-
stitute. In the year 1956/57 he was working as an
honorary assistant at PMF in Zagreb. From Oc-
tober 1957 he was in the USA at MIT for twelve
months and at the University of California for two
months. During that time he researched the reac-
tions obtained by cyclotron beams: elastic deuter-
on scattering within the optical model, reactions
(, p) and (2, d) and the elastic scattering of deu-
terons within the optical model. Based on this re-
search in 1959 he passed the oral doctoral exam
and defended his Ph.D. thesis with the title ,,Elas-
tic scattering of deuterons of 13.5 and 15 MeV on
atomic nuclei and the analysis within the optical
model®. In the year 1959/60 he was lecturing in
the course ,,Statistics* within a graduate program
at the Ruder Boskovi¢ Institute.

He participated with contributions to different
international conferences in Croatia and abroad:
Mali Losinj in 1957, Herceg Novi in 1959, 1960
and 1962, Belgrade in 1960, New York in 1960,
Naples in 1960, Krakow in 1963. He lectured as
an invited speaker at different institutes such as the
University of California, Los Angeles (1958), the
University of Minnesota, Minneapolis (1958), In-
stitut CISE, Milano (1959) and others. His son
Branko says that Nikola Cindro gave 35 invit-
ed talks and lectures in Italy, Romania, Poland,
USSR, DDR, USA, CSSR, Germany, Bulgaria, Ja-
pan and Hungary between 1969 and 1995.

In Krakow (1960) and at Saclay (1961, 1962)
he was doing research on different nuclear reac-
tions. By invitation of professor Niels Bohr, he was
the visiting lecturer at the Institute of Theoretical
Physics in Kopenhagen. From 1961 at the Univer-
sity of Zagreb, he was lecturing in the course ,Sta-
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Godine 1965. Cindro je oti$ao u po-
znati laboratorij iz nuklearne fizike i fizike
teskih iona CEN Saclay, Francuska, gdje
je proveo dvije godine radeci na strukeu-
ri sferi¢nih jezgri. Radovi na otkricu tzv.
»core” stanja atomske jezgre kao i rad na
uocavanju vaznosti tzv. jednostavnih kon-
figuracija u strukturi atomske jezgre do-
nijeli su mu 1967. francusko priznanje
reda za znanstvene zasluge Chevalier de
" Ordre du Mérite Scientifique. Osim to-
ga, godine 1997. dobio je odli¢je francu-
ske vlade Officier dans I’ Ordre des Palmes
Academigues kao i hrvatska odli¢ja Da-
nica Hrvatska s likom Rudera Boskoviéa,
1996. 1 Zlatni grb grada Splita, 1999.

Nakon povratka u Zagreb radi na neu-
tronskoj fizici i usavr$avanju ekperimen-
talnih metoda. Takoder je predavao nu-
klearne fizike na medunarodnim $kolama
Villara (Svicarska, 1965.) Trst (1969.),
Predeal (Rumunjska, 1970.), Rudzi-
ska (Poljska, 1971.), Mikolajki (1973.),
Alusta (SSSR, 1974.), Varenna (Italija,
1974.), Zakopane (Poljska, 1975). Bio je
predsjedatelj i pozvani referent na medu-
narodnim kongresima: Heidelberg (1966.
i 1969.), St. Malo (1968.), La Cassacia
(1970.), Budapest (1972.), Colby, USA
(1972.), Smolenice (1974.).

Od 1972. voditelj je Laboratorijaza nu-
klearnu spektroskopiju, kasnije se bavi nu-
klearnom fizikom teskih iona u preime-
novanom laboratoriju, gdje zajedno s E.
Cocuem i drugima eksperimentalno po-
tvrduje fragmentaciju nuklearnih teskoi-
onskih rezonancija (1977.), a s FE. Haasom
i D. Freeemanom eksperimentalno doka-
zuje postojanje nuklearnog Landau-Zene-

tistical model of nuclear reactions® at the graduate
level. (4) Also in 1961 he was elected to the posi-
tion of associate professor at the Faculty of Elec-
trical Engineering and at the Chemical Technolo-
gy Department in Split. In Split, he was lecturing
,Physics‘and ,An Introduction to Atomic and
Nuclear Physics* at the same time as the Head of
the Physics department.

In the year 1961. he was elected to the position
of research associate by the Ruder Boskovi¢ Insti-
tute. In 1963 he advanced to a higher research as-
sociate and in 1970 he was elected to the position
of a research adviser. In the year 1965, he left to the
well-known nuclear physics laboratory and heavy
ions physics CEN Saclay in France. He spent two
years there working on a structure of the spher-
ical nuclei. For the discovery of the ,core” states
of atomic nuclei as well as recognizing the impor-
tance of the so-called simple configurations in the
structure of atomic nuclei he was awarded Chev-
alier de ['Ordre du Mérite Scientifique (1967), a
French award for scientific achievements. Also in
1997 by the French government he was awarded
the title Officier Dans 'Ordre des Palmes Académ-
iques. In 1996 he was awarded by the Croatian gov-
ernment the Croatian honorary medal Danica Hr-
vatska with a figure of Ruder Boskovi¢, and two
years later he got The golden coat of arms of the
city Split.

After his return to Zagreb, he was working on
the physics of neutrons and on the advancement of
experimental methods. He was lecturing nuclear
physics in summer schools in Villara, Switzerland
(1965), Trieste (1969), Predeal, Romania (1970),
Rudziska, Poland (1971) Mikolajki (1973), Alus-
ta, USSR (1974), Varenna, Italy (1974) and Zako-
pane, Poland (1975).
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rova efekea (1983). Autor je modela nu-
klearnih molekularnih rezonancija (1978.
11983.) (7, 8) Njegov rad na podrugju fi-
zike teskih iona pridonio je uspjesnom
prijenosu tih istrazivanja i na ostale hrvat-
ske fizi¢are te je tako odgojena skupina fi-
zi¢ara poznata kao Zagrebacka $kola tes-
koionske fizike.

Godine 1969./1973. bio je izvanred-
ni profesor na Elektrotehni¢kom fakul-
tetu u Zagrebu, a predavao je i na Grade-
vinskim fakultetima u Splitu i Zagrebu
(1974./1977.). Od 1988. je redoviti pro-
fesor na Gradevinskom fakultetu u Zagre-
bu, 1980. gostujudi je profesor na Sveudi-
listu u Frankfurtu na Majni, 1985./1986.
na SveudiliStu Duke, 1986./1987. je go-
stujuéi profesor na Sveucilitu u Strasbo-
urgu, a 1988./1989. u Frankfurtu/M.
(6, 8) Na poslijediplomskoj nastavi na
PMF-u na SveudiliStu u Zagrebu pre-
davao je predmet Nuklearne reakcije, a
predmet Odabrana poglavlja nuklearne
fizike na Fakultetu elektrotehnike, stro-
jarstva i brodogradnje Sveudilista u Spli-
tu. Takoder je predavao kolegij Schweri-
onenphysik na Graduirterkoleg Giessen
— Frankfurt/M, Darmstadt, 1991. i ko-
legij A Course on Nuclear Reactions: For-
malism; reaction models. CRN/COURS
87/01 na Universite Louis Pasteur, Stra-
sbourg 1986./1987. — temeljem kojeg je
napisan i sluzbeni udzbenik.

Prema istrazivanjima sina Branka, Ni-
kola Cindro je u razdobljima 1969./1976.
1 1983./1997. odrzao 51 znanstveno pre-
davanje u Francuskoj, SAD-u, Njemackoj,
Italiji, Japanu, Izraclu, Madarskoj i Ces-
koj. Tome treba dodati 18 znanstveno-po-

He was an invited lecturer and chairman of in-
ternational congesses in Heidelberg (1966 and
1969), St. Malo (1968), La Cassacia (1970), Bu-
dapest (1972), Colby, USA (1972), Smolenice
(1974).1n 1972 he was appointed the leader of the
Laboratory for nuclear spectroscopy. Later when
his interest shifted towards heavy ion physics the
name of the laboratory was changed and there in
collaboration with E Cocu and others, he experi-
mentally confirmed fragmentation of the nucle-
ar heavy ion resonances (1977). In collaboration
with E Haas and D. Freeman, he proved experi-
mentally the existence of the nuclear Landau-Zen-
er effect (1983). He authored the model of nu-
clear molecular resonances (1978 and 1983). His
research on heavy ion physics has helped to trans-
fer the knowledge of heavy ion physics to the Cro-
atian physics community and as a consequence of
that a successful group of heavy ion physicists was
formed known as the ,,Zagreb school of heavy ion
physics*.

From the year 1969 to 1973 he was elected an as-
sociate professor in physics at the Faculty of Elec-
trical Engineering in Zagreb. He was also lectur-
ing at the Civil engineering faculties in Zagreb and
Split. From 1988 he was a full professor in physics
at the Civil engineering faculty in Zagreb. He was
a visiting professor at the University in Frankfurt/
Main (1985/86 and 1988/89), Duke University
(1986/87) and University Strasbourg (1988/89).
At the Zagreb University, Faculty of Science he
was lecturing the course Nuclear reaction and Nu-
clear Physics — Special Topics at the Split Universi-
ty. He was also lecturing the course Schwerionen-
physik on Graduiertenkolleg Giefen-Frankfurt/M,
Darmstadt, in 1991 and the course with the title
Course on Nuclear Reactions: Formalism; reaction

8 PRIRODOSLOVLJE 22(1) 3 - 34 (2022)



B. Hanzek, D. Horvat: Znameniti hrvatski fizi¢ar dr. Nikola pl. Cindro (1931. - 2001.) /
The well-known Croatian physicist Dr. Nikola Cindro (1931-2001)

pularnih predavanja odrzanih u razdoblju
1982./1995. Sin Branko takoder naglasa-
va da je njegov otac bio recenzent ugled-
nih ¢asopisa poput Nuclear Physics A, Ze-
itschrift fiir Physik A, Hadrons and Nuclei,
Journal of Physics G, Nucl. and Particle
Physics, Physics Letters B, North Holland,
Physical Review (C) i Physical Review
Letters.

Nikola Cindro bio je predsjednik i pot-
predsjednik Drustva matematicara i fizica-
ra SR Hrvatske (1968. — 1972.). Takoder
je u Europskom fizickom dru$tvu bio ¢lan
Izvr$noga savjeta (1969. - 1974.), Izvr$nog
odbora (1971. — 1973.), a 1973. -1974. i
potpredsjednik toga drustva. U razdoblju
1971. — 1975. potpredsjednik je Nukle-
arno-fizickog odjela Europskog fizickog
drustva. U Hrvatskom fizikalnom drustvu
bio je ¢lan Izvr$nog odbora od 1992., a bio
je i ¢lan Talijanskog fizickog drustva. Uza
sve to razvio je i zapazenu djelatnost u broj-
nim odborima i povjerenstvima: Odboru
za nominiranje kandidata za nagradu Jz-
pan prize of Science and Technology (1985.),
Organizacijskom odboru proslave 40-go-
diSnjice Instituta Ruder Boskovi¢ (1990.),
Mati¢nom povjerenstvu za podrug¢je fizike
imenovan je od strane Skupstine zajednice
hrvatskih sveudilista (1993.), Saborskom
odboru za dodjelu nagrada Ruder Bosko-
vi€ (1993.), Saborskom odboru za dodjelu
drzavnih nagrada za znanost (¢etverogo-
di$nji mandat pocev od 1996.).

Osim ve¢ spomenutoga francuskog
priznanja 1967., dobio je i nagradu Mar-
tin-Marietta zajedno $ grupom istraziva-
¢a (1992.), kao i nagradu Instituta Ruder
Boskovi¢ (1990.) i Nagradu Hrvatske aka-

models. CRN/COURS 87/01 at Universite Lou-
is Pasteur, Strasbourg (1986/87). Following his lec-
ture, the official textbook was published. Accord-
ing to the words of Nikolas son Branko, Nikola gave
51 scientific lectures in France, USA, Germany; Ita-
ly, Japan, Israel, Hungary and the Czech Republic.
Apart from that, he gave 18 public lectures on pop-
ular science in the period from 1982 to 1995. Ac-
cording to his son Branko, Nikola was refereeing for
eminent journals like Nuclear Physics A, Zeitschrift
[fiir Physik A, Hadrons and Nuclei, Journal of Physics
G, Nucl. and Particle Physics, Physics Letters B, North
Holland, Physical Review (C) and Physical Review
Letters.

Nikola Cindro was the president and vice pres-
ident of the Society of Mathematicians and Phys-
icists of the Republic of Croatia (1969-1972).
Also, he was 2 member of the Executive Council
of the European Physics Society (1969-1974), a
member of the Executive Board (1971-1973) and
the vice president of the Society (1973/74). From
1971 to 1975 he was the vice president of the Nu-
clear division of the European Physical Society. In
the Croatian Physical Society, he was a member
of the Executive Board from 1992. He was also a
member of the Italian Physical Society. He was ac-
tive in different boards and committees: a member
of the nominee board for candidates for the ,Ja-
pan prize for Science and Technology“ (1985),
an organizational board for the 40th Anniversa-
ry of the Ruder Boskovi¢ Institute, a member of
the Elective committee for physics, nominated by
the Assembly of Croatian universities, member of
the Parliamentary nominee board for the award
»Ruder Boskovi¢“ (1993), member of the Parlia-
mentary nominee board for the state award for sci-
ence (four years term started in 1996).
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demije znanosti i umjetnosti za prirodne
znanosti i matematiku za 1994. koju je di-
jelio s dr. Beneom Nizicem. (6, 9) Tako-
der je proglasen pocasnim profesorom
Fakulteta elektrotehnike, strojarstva i bro-
dogradnje Sveucilista u Splitu i pocasnim
profesorom Fakulteta prirodoslovno-ma-
tematickih znanosti i odgojnih podru¢-
ja SveuciliSta u Splitu. Nagraden je i za
zivotno djelo nagradom Poglavarstva op-
¢ine Podstrana.

Godine 1958. ozenio se Nikola Cin-
dro sa Zeljkom rod. Knezevi¢. Braéni par
Cindro ima troje djece: Branka, rodenog
1960., Jasnu, rodenu 1961. i Michela, ro-
denog 1967. (10)

Dana 31. prosinca 1996. prestao je
ugovor o radu izmedu Nikole Cindre i
Instituta Ruder Boskovié jer je te godi-
ne navr$io 65 godina Zivota. Nakon toga
je s Institutom sklopio ugovor o radu na
odredeno vrijeme, koji je otkazao zbog
odlaska u starosnu mirovinu. Sporazu-
mom o prestanku ugovora o radu N. Cin-
dro i Institut usuglasili su se da ¢e ugovor
o radu prestati 30. lipnja 1998., a pravo na
starosnu mirovinu priznato mu je 1. srp-
nja 1998. (11) I nakon toga aktivno je dje-
lovao kao vanjski suradnik na Fakultetu
prirodoslovno-matematickih znanosti i
odgojnih podrudja u Splitu.

Na novinarski upit o njegovu najzna-
¢ajnijem otkricu Cindro je izjavio: ...
Moje se ime najviSe vezuje uz nesto Sto
se naziva — nuklearne molekule. Sto su
to nuklearne molekule? U atomskoj jez-
gri postoje nukleoni, a to su protoni i ne-
utroni... Nuklearne molekule su rezultat
spoznaje da se ti nukleoni u jezgrama ne

Apart from the already mentioned French
awards in 1967, Nikola Cindro was awarded the
Martin-Marietta award in 1992, together with a
research group. In the year 1990 the Ruder Bosk-
ovi¢ Institute Award was given to N. Cindro, and
the Croatian Academy of Sciences Award in 1994.
N. Cindro shared with Dr. Bene Nizi¢. The Fac-
ulty of Sciences and Electrical Engineering, Me-
chanical Engineeringand Shipbuilding of the Split
University awarded him honorary professor status.
By the municipality Government of Podstrana, he
was awarded the lifetime achievement award.

In the year 1958 Nikola pl. Cindro married
Zeljka nee Knezevic. They have a son Branko born
in 1960, a daughter Jasna (1961) and a son Michel
(1967).

On December 31, 1996 Nikola Cindro retired
after that year he was 65 years old. After retire-
ment, the Institute Ruder Boskovi¢ and N. Cindro
signed a short term contract of collaboration. Af-
ter two years N. Cindro and the Institute came to
an agreement to terminate the collaboration and
N. Cindro retired on June 30, 1998. He got his
pension on July 1, 1998. At the Split University,
Faculty of Sciences and Education he continued to
teach as an external associate.

In an interview with the press N. Cindro was
asked about his most important discovery, and his
reply was: ,My name is often tied to something
that is called the nuclear molecules. What are the
nuclear molecules? In an atomic nucleus there ex-
ist nucleons and these are protons and neutrons.
Nuclear molecules are the result of cognition that
these nucleons do not behave erratically but that
they form smaller groups, clusters. And these clus-
ters have the form of molecules. My contribution
to this notion is that these kinds of structures in
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ponasaju bilo kako. Nego da se sklapaju u
manje nakupine. U grozdove. I da te na-
kupine imaju oblik molekule... I ono sto
sam ja pridonio da se otkrije jest to da ta-
kve sloZene strukture u atomskim jezgra-
ma, koje podsjecaju na molekule, postoje
u ¢itavom nizu jezgara, da nisu vezane sa-
mo za dvije, tri jezgre! (12)

Nikola pl. Cindro umro je 25. ozujka
2001. u Zagrebu, a tri dana kasnije uko-
pan je na groblju Lovrinac u Splitu.

2. O doktorskoj disertaciji Nikole
Cindre

Ako se usporedi postignuce Nikole
Cindre s tada vaze¢im Zakonom o dok-
toratu nauka iz 1955. (13) moze se uoditi
da je u tom postupku stjecanja doktorata
prosao sve faze. Naime, on jeimao uvjet za
stjecanje doktorata znanosti jer je posje-
dovao diplomu PMF-a o zavrsetku propi-
sane znanosti na tom fakultetu, pa je mo-
gao steci doktorat na istom fakultetu i to
iz iste znanstvene discipline (fizike). Dana
30. sije¢nja 1959. prijavom svoje disertaci-
je i predajom izradene disertacije u deset
primjeraka fakultetu vrlo lako je ostvario
prvu fazu. Fakultetsko vijece PMF-a je na
svojoj sjednici 26. ozujka 1959. odredilo
komisiju za ocjenu disertacije i podru¢ja
usmenoga doktorskog ispita i to: detekei-
ja nuklearnog zracenja, prolaz nuklearnog
zraCenja kroz tvar i nuklearni modeli. Ti-
me je ostvarena druga faza. Treca faza stje-
canja doktorata znanosti ostvarena je na
nadin da je Fakultetsko vijeée PMF-a na
svojoj sjednici 25. lipnja 1959. prihvatilo

izvje$ée komisije za ocjenu doktorske di-

atomic nuclei, which remind us of molecules, ex-
ist inawhole bunch of nuclei and that they are not
connected to only two or three nuclei

Nikola pl. Cindro died on March 25, 2001 in
Zagreb and three days later he was buried in the
Lovrinac cemetery in Split.

2) Doctoral Thesis of Nikola pl. Cindro

If one compares the achievements of Niko-
la Cindro with the then valid Doctoral law from
1955 (13) it is evident that N. Cindro fulfilled all
the required phases. He had all the prerequisites
for a doctoral degree having a Faculty of Scienc-
es diploma and he could have obtained his doc-
toral degree at the same faculty in the same field
— physics. So he announced his dissertation and
submitted ten required copies on January 30, 1959
to complete the first phase of the procedure. The
Faculty Council in the session on March 26 1959
appointed a committee for the evaluation of the
dissertation and defined topics for the oral doc-
toral-qualifying exam: detection of nuclear radi-
ation, the transition of nuclear radiation through
the material, and nuclear models. It was the sec-
ond phase of the procedure. In the third phase the
Faculty Council in the session on June 25, 1959
accepted the report of the committee for evalua-
tion and appointed a committee for the oral qual-
ifying exam. The members of the examining com-
mittee were Dr. Mladen Paié, president, Dr. Ivan
Supek, a member, and Dr. Branimir Markovi¢, a
member. In agreement with N. Cindro, the oral
exam and defence was held on July 3, 1959. (Fig-
ure 3). According to the documentation N. Cin-
dro was asked the following questions: ionizing
chamber, fission chamber, deexcitation of an ex-
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sertacije te izabralo komisiju za usmeni is-
pit. Komisija je bila u sastavu: dr. Mladen
Pai¢, predsjednik; dr. Ivan Supek, ¢lan;
dr. Branimir Markovi¢, ¢lan. U dogovo-
ru s N. Cindrom odrzan je usmeni ispit 3.
srpnja 1959. Prema Zapisniku s toga ispi-
ta Cindri su postavljena pitanja: ionizacij-
ska komora, fiziona komora, deckscitacija
uzbudenog atoma, model kapljice, poten-
cijal belt modela, teorije potencijala, pro-
laz gama zraka kroz tvar — na koja je Cin-
dro uspjesno odgovorio i polozio taj ispit
te tako ostvario Cetvrtu fazu postupka.
Odmah nakon usmenog ispita odrzana
je i obrana disertacije pred istom komisi-
jom. Prema zapisniku o obrani (slika 3),
Cindro je u trajanju od jednog sata izlozio
svoju disertaciju te nakon postavljenih pi-
tanja za pola sata s uspjehom obranio svo-
ju doktorsku disertaciju i okoncao petu
fazu postupka. Sesta faza bila je najlaksa
jer se radilo o promociji na kojoj se treba-
lo samo pojaviti. Dana 7. srpnja 1959. De-
kanat PMF-a izvijestio je Rektorat Sve-
udiliSta u Zagrebu da je Nikola Cindro
obranio svoju doktorsku disertaciju, uz
zamolbu da Rektorat provede postupak
promoviranja Nikole Cindre na znanstve-
ni stupanj doktora fizi¢kih znanosti. (14)

Potpune jasnoce radi potrebno je ra-
zjasniti $to se, prema navedenom Zako-
nu, smatralo doktorskom disertacijom. Ta
je disertacija morala biti samostalan znan-
stveni rad i trebala je predstavljati prilog
znanosti. Na usmenoj obrani te disertaci-
je kandidat je trebao pokazati da potpuno
vlada materijom koju je obradio i da obra-
zloZi i obrani znanstvene zaklju¢ke do ko-
jih je u svom radu dosao.

cited atom, drop model, the potential of the belt
model, the potential theory and the transition of
gamma rays through the material. For all questions
N. Cindro gave satisfying answers. So he complet-
ed the fourth phase. Inmediately after the qualify-
ing exam in front of the same committee, N. Cin-
dro successfully defended his thesis. Within one
hour he presented his dissertation and by that, he
completed the fifth phase. The sixth phase was the
easiest one since it was the promotion. On July 7,
1959 the Dean of the Faculty of Sciences report-
ed to the Rector of Zagreb University that Niko-
la Cindro had successfully defended his disserta-
tion and the Dean asked the Rector to promote N.
Cindro to the scientific degree: doctor of physical
sciences. (14)

In order to clarify the issue it must be clari-
fied what was considered a doctoral thesis — dis-
sertation — according to the valid Law mentioned
before. A dissertation had to be an original, in-
dependent scientific achievement. It had to con-
tribute to science. At the oral defence of the the-
sis, a candidate had to show that he mastered the
subject which was the main topic in his disserta-
tion and he had to explain and defend scientific
results and conclusions which stemmed from his
research. Apart from this formal explanation the
content of his defence had to be built into the doc-
toral thesis.

In N. Cindro’s dissertation the energy angular
distributions of scattered deuterons at 13.5 and 15
MeV on about 20 nuclei from Al to Pb are given.
The results show deviations from the Rutherford
scattering and peaks characteristic of optical mod-
els. Light elements show a considerable relative in-
crease of the cross section for backward angles. It
was noticed as well that Nishid’s theory which ex-
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SLIKA 3. Zapisnik o obrani doktorske disertacije za kandidata Nikolu Cindru
FIGURE 3. Official record of the doctoral dissertation defence of the candidate Nikola Cindro
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Osim toga formalnog objasnjenja tre-
ba nesto sadrzajno iznijeti i 0 samoj di-
sertaciji. U disertaciji su dane angularne
distribucije energije elasticno rasprienih
deuterona energija 13,5 i 15 MeV na oko
20 jezgara od aluminija do olova. Rezul-
tati pokazuju odstupanje od Rutherfor-
dova rasprienja i vrhove karakeeristi¢ne
za opti¢ke modele. Laki elementi pokazu-
ju znatan relativni porast udarnoga presje-
ka za straznje kutove. Takoder je uoceno
da se teorija Nishide, koji tuma¢i odstupa-
nja udarnih presjeka elastiénog rasprsenja
od Rutherfordove formule, elekeri¢nim
cijepanjem deuterona ne slaze s eksperi-
mentalnim rezultatima. U radu prikazana
analiza, u okviru optickoga modela, prva
je sistematska analiza deuteronskoga elas-
ti¢nog rasprienja. Opéi zakljucak je da se
opti¢ki model nuklearnih reakcija sasvim
pouzdano moze primijeniti i na deuteron-
sko rasprsenje.

2.1. Pregled nekih znanstvenih radova i
publikacija Nikole pl. Cindre

U radu autora Basraka, Caplara i Paa-
ra (15) najpotpunija je znanstvena bi-
bliografija (139 bibliografskih jedinica)
Nikole Cindre. Ovdje ¢ée se ukratko ko-
mentirati kako je tekao Cindrin znanstve-
niizivotni put, a referencije koje se navo-
de odnose se upravo na rad tih autora.

Iz Zivotopisa i znanstvene bibliografi-
je Nikole pl. Cindre vidimo da su njegov
znanstveni interes i njegova najveca po-
stignuca ostvarena u podrudju nuklearne
fizike. Odmah valja dodati i vaznu ¢inje-
nicuy, a to je i motivacija ovog rada, da je
uz ¢isti znanstveni interes, N. Cindro bio

plains deviations from Rutherford’s formula for
cross sections for elastic scattering by the electric
splitting of deuterons is not in agreement with ex-
perimental results. In the thesis, an analysis given
within the optical model is the first systematic anal-
ysis of deuteron elastic scattering. The general con-
clusion is that the optical model of nuclear reac-
tions is also a reliable model for deuteron scattering,

2.1) Review of some scientific and other
publications by Nikola Cindro

The work written by Basrak, Caplar, and Paar
(15) is the most complete N. Cindro's bibliogra-
phy (with 139 entries). Here we will comment on
the journey through his scientific life and how this
was reflected in his publications. Cited references
will be taken from the ref. 15.

From his curriculum vitae and his scientific
bibliography, one can see that N. Cindro’s inter-
est and most achievements belong to the field of
nuclear physics. However we have to add an im-
portant fact before we go on that apart from the
purely scientific interest he was susceptible to all
aspects of science with an emphasis on education-
al aspects as well as the popularization of science,
especially (nuclear) physics. This becomes clear by
looking at his opera (given before) where in addi-
tion to a large number of scientific publications
(15) one can see many contributions written for
the journal Matematicko fizicki list and for Priro-
da. Also one can see publications concerning the
social aspects of science and scientific research.
Certainly, his great success is two university text-
books that were published in more editions and
which were highly rated by university professors
and students. Only those who read this text and
who are authors of a university textbook could un-
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otvoren svim aspektima znanosti, a po-
sebno edukacijskom i popularizatorskom.
To je posve jasno iz pregleda njegovih pu-
blikacija danih ranije, u kojima, uz golem
broj izvornih znanstvenih radova u na-
juglednijim svjetskim znanstvenim ¢aso-
pisima (15), vidimo niz tekstova objavlje-
nih u Matematicko-fizickom listu i Prirvods,
ali i tekstova u kojima se promislja i drus-
tveni aspekt znanosti i znanstvenih istra-
Zivanja.

Njegovo veliko postignuce su i dva sve-
udili$na udzbenika koji su dozivjeli niz iz-
danja i koje su izuzetno cijenili i sveudi-
li$ni nastavnici i studenti. Samo oni koji
¢itaju ovaj tekst, a autori su nekoga udz-
benika, znaju koliko napora zahtijeva za-
okruzenje jednoga visokoskolskog udz-
benika u knjigu koja zatim predstavlja
pouzdano sredstvo prijenosa znanja od
(dobrog) autora do (zainteresiranog) stu-
denta.

Ipak, vratimo se nuklearnoj fizici u ko-
joj je N. Cindro decenijama boravio i u
kojoj je pronasao nove ideje i nova znanja
koja ostaju kao naslijede generacijama.

Moze se kazati da je nuklearna fizika
pocela glasovitim eksperimentom E. Rut-
herforda (1871. — 1937.) godine 1911. i
njegovih suradnika (H. Geigera i E. Mar-
sdena) koji su pokazali da se atom moze
opisati ,,planetarnim modelom®, ¢j. da se
sastoji od male nakupine pozitivne tvari u
sredi$tu golemoga praznog prostora okru-
zene negativnom sfernom raspodjelom
negativnog naboja. Pokus se sastojao od
bombardiranja zlata (u tankim listi¢cima)
alfa-cesticama. Rutherford je s pomocu
klasi¢ne mehanike i klasi¢ne elektrodina-

derstand how much energy and devotion are re-
quired to write a text and turn it into a university
textbook which then becomes a reliable transport-
er of knowledge from an (expert) author to an (in-
terested ) student.

But, let us turn to nuclear physics where N.
Cindro had been residing for decades and where
he found new ideas and new knowledge which
stay there as his legacy to generations.

We can say that nuclear physics started with
the famous experiment by E. Rutherford (1871~
1937) and his associates (H. Geiger and E. Mars-
den) in the year 1911. They showed that an atom
could be described by a ,planetary model® which
consists of an amount of positive matter in the
middle of a huge empty space which is then sur-
rounded by a negative charge distributed over the
sphere. The experiment consisted of a source of
alpha particles that targeted golden foils and the
number of scattered particles — small sparks on a
screen — was counted (by Geiger and Marsden).
Rutherford derived his famous formula using clas-
sical mechanics and classical electrodynamics.
Even today scientists doing calculations for sim-
ilar scattering processes often refer to this formu-
la. One has to remember that it was the pre-quan-
tum age since quantum mechanics - the theory of
microscopic processes was Jinvented about one
decade later. After the discovery of the proton as
the source of the positive charge in the nucleus of
the planetary model and after the discovery of the
neutron as its neutral partner the whole nucleon
family was known. It was evident that these parti-
cles within the nucleus keep together some pecu-
liar force, certainly not of electromagnetic origin
since it holds together with the same strength pro-
tons as well (neutral) neutrons. Therefore, one of

PRIRODOSLOVLJE 22(1) 3 - 34 (2022) 15



B. Hanzek, D. Horvat: Znameniti hrvatski fizi¢ar dr. Nikola pl. Cindro (1931. - 2001.) /
The well-known Croatian physicist Dr. Nikola Cindro (1931-2001)

mike izveo ¢uvenu Rutherfordovu formu-
lu na koju se i danas fizi¢ari pozivaju pri
razmatranju sli¢nih procesa rasprienja. Tu
se valja sjetiti da je to bilo predkvantno vri-
jeme, tj. teorija mikroskopskih procesa —
kvantna mehanika ,,izumljena® je deceni-
ju kasnije. Nakon otkric¢a protona kao one
pozitivne tvari koja ¢ini jezgru ,,planetar-
nog modela® i njegovog partnera neutro-
na, ¢ime je zaokruZena obitelj nukleona,
postalo je jasno da te Cestice u jezgri drzi
neka drugasila, ja¢a od (odbojne) elekero-
magnetske, ali i posebna, zato jer jednako
jako drzi zajedno protone i neutrone (ko-
ji, sjetimo se, nisu elekericki nabijeni). Pre-
ma tome, jedan od centralnih problema
nuklearne fizike jest razumijevanje nukle-
arne sile i to traje od slavnih dvadesetih i
tridesetih godina dvadesetog stoljeca sve
do danas. Odmabh sljedeci problem, usko
vezan uz prvi, jest razumijevanje strukture
jezgre. Tu su se, kao i kod opisa sile, stva-
rali razliciti modeli jezgre (opticki model,
model ljuski itd.) i tu je N. Cindro dao va-
zan doprinos (slika 4).

Nacini rasprsenja bili su, kao i danas,
najvazniji izvor podataka o procesima i
strukturama. To je vidljivo i iz pocetka
drugoga znanstvenog rada (slika 5), ko-
ji je zapravo djelomic¢ni sadrzaj Cindrine
doktorske disertacije.

Uz jaku nuklearnu silu koja drzi nu-
kleone u jezgri te ve¢ od ranije pozna-
te elektromagnetske sile, danas znamo
da postoji i treca mikroskopska sila — sla-
ba (nuklearna) sila koja ima vaznu ulogu
u mikroskopskim procesima (elementar-
nih &estica i jezgre). Cetvrta osnovna sila
u prirodi, gravitacijska sila, ostaje za sada

the central problems of nuclear physics was (and
still is) understanding this mysterious force. These
efforts last until today, from the glorious days of
the twentieth century. The next important prob-
lem, closely connected to the first one, is under-
standing the structure of the nucleus. As in the
case of the nuclear force for the nuclear structure
have been constructed different models (optical
model, shell model, etc.) and here N. Cindro gave
important contributions (Figure 4).

Scattering processes were, as they are today, the
most important source of data about processes and
structures within nuclei. This could be seen from
the introduction of the second scientific paper by
N. Cindro and N. S. Wall which is reproduced in
Figure 5. This paper is in fact the main content of
N. Cindros doctoral dissertation.

Apart from the (strong) nuclear force which
holds the nucleons together and from the electro-
magnetic force known for a long time, we know
today that there is another, third microscopic force
— weak (nuclear) force which plays a very impor-
tant role in the microscopic processes (of elemen-
tary particles and in the nucleus). The fourth fun-
damental force in nature is the gravitational force
which is somewhat remote from the unified model
of the first three fundamental forces in the model
called the Standard model.

The serious research in nuclear physics, which
stems from experiments ,a la Rutherford* and
from the theory of microscopic processes - quan-
tum mechanics, produced a research topic that es-
tablished itself as an independent research field
- elementary particle physics. This common ori-
gin can be seen in many books that have titles like
,Nuclear Physics and Physics of Elementary Par-
ticles”. For years people doing research in nuclear
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Nuclear Physics & (1058) 847—852; (€) Norih-Holland Publishing Co.. Amsterdam
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ELASTIC SCATTERING OF GAMMA-RAYS
N, CINDRO and K., ILAKOVAC
Institwle *Rudjer Bolhovii”, Zagreb
Received Z1 October 1857

Abstract: Measurements of clastic scattering of 0.86, 1.12 and 1.33 MeV gamma-rays
from medium and heavy nuclei, designed to investigate energy and £ dependence,
are described and their resplts presented,

1. Introduction

The elastic scattering of gamma rays by heavy and medium weight
elements has recently been studied by many investigators 1-11) mainly with

SLIKA 4. Naslovna stranica prvoga znanstvenog rada Nikole Cindre i Ksenofonta Ilakovca,

ref. [1] iz (15)

FIGURE 4. The title page of the article was written with Ksenofont Ilakovac as the first
scientific paper by Nikola Cindro, aref. [1] from (15)

FPHYSICAL EEVIEW VOLUME 119, RUMBER 4 AUVGUSET 13, 1949

Elastic Scattering of 13.5- and 15-Mev Deuterons by Nuclei

MikoLs CixoRe® anp N, 5. WALL
Pleriten Deparimeni and Laboraliry for Niclear Sedeace, Mastackereily fmubitale of Taokmodepy, Camibridgs, Maiashensitif
(Reoeived April 4, 1060}

15 My deuberons [rom the MIT Cyclolron were I:I.l.llil’.iﬂr seatiesed IJ}' & mumber of elements, i:d.l.kliﬂi
Al, T3, Fe, Cu, Ni, Bh, Pd, 5 {natural amd meesscisotropich, Ta, Aw, and Fh. The angular distribations
were measuned in the MIT cyclotron 3Mein. scattering chamber, by neeans of & Nal{ T1) scintilbation detecton.
The cryslal was thick enough to gla 15-Mev dewlerons bat (o5 thin to step peotons of (ke sama energy,
thiid, permsilling measunemenl of the (0 oresa sectlons for lght elinents, where () reactions play an
imposiant rele. The obbxined distributions difer sharply from the Rutherford formuls so= cu:'{!.-l
masst of them, especially those for mediem and ligiter elements, show pronousded diffraction-like mazima

and minina,
The energy of the beam was degraded to 135 Mev and the angpalar distributices for Ni, Sa (matwral),

and Au measured, showing the same general churcteristics.

1. [NTRODACTION all experimenital arrangement, including a pair of strong-

HE existence aof a phenomenalogical optical model  focussing quadrupale lenses, a shit system and the MIT
o describe mecleon-nucleus elastic scattering! has  24-in. scattering chamber have been described in detail

SLIKA 5. Naslovna stranica rada koji prikazuje djelomi¢ni sadrzaj doktorske disertacije
N. Cindre, ref. [3] iz (15)

FIGURE 5. The title page of the paper, in fact, represents the partial content of N. Cindro’s
doctoral dissertation, ref. [3] from (15)
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nekako odvojena od ujedinjene teorije sila
u modelu zvanom Standardni model.

Nuklearna fizika ¢ije je pravo istraziva-
nje izniklo iz eksperimenata .z la Ruther-
ford“1 iz teorije mikroskopskih procesa —
kvantne mehanike, bila je odsko¢na daska
za danas posve samostalan smjer istrazi-
vanja — za fiziku elementarnih Cestica. To
zajednicko ishodiste vidi se u nizu naslo-
va knjiga (malo starijih izdanja) koje no-
se naslove poput Nuklearna fizika i fizika
elementarnih lestica. Ono $to je dovelo do
ponovnog ,spajanja“ nuklearne fizike i fi-
zike elementarnih ¢estica je otkrice kvan-
tne kromodinamike — QCD. To je teorija
jakog medudjelovanja, teorija jake nukle-
arne sile koja na metodama kvantne teo-
rije polja objasnjava jako medudjelova-
nje kvarkova — cestica od kojih je ,,slozen®
proton i neutron. Danasnji trenutak nu-
klearne fizike i fizike elementarnih ¢estica
ima niz vaznih dodirnih to¢aka u kojima
se metode jedne preta¢u u metode druge i
obrnuto. Tu valja istaknuti primjerice tzv.
kiralnu perturbacijsku teoriju poniklu u
Cesticama a primijenjenu u jezgri. Svaka-
ko, zanimljiva je i hipernuklearna fizika u
kojoj je u jezgri jedan nukleon zamijenjen
elementarnom ¢esticom zvanom hiperon,
clementarna Cestica koja (najesce) ima
kvark koji se normalno ne nalazi u jezgri.
Niz procesa kojima se istrazuju ta podru¢-
japovezanasus teskim ionima, $to je tema
koja je i Nikolu Cindru zaokupila krajem
1970-ih godina.

Ovdje je ipak dobro sjetiti se velikoga
talijanskog fizi¢ara Enrica Fermija (1901.
- 1954.), za kojeg se danas kaze da je bio

»covjek koji je sve znao“ (a tako glasi i nje-

physics and in particle physics could not see too
many connections between these two research ar-
cas. But the situation changed after the discovery
of quantum chromodynamics (QCD). QCD is
the theory of strong interaction between quarks,
the theory of the strong force which is based on
the quantum field theory and explains the inter-
action between quarks which are building stones
of nucleons. The force is mediated by gluons. To-
day, nuclear physics and elementary particle phys-
ics have many common points at which methods
of the first are used by the second and vice versa.
It could be mentioned the chiral perturbation the-
ory which stems from particle physics and enters
nuclear physics, or hypernuclear physics which is
the basic physics of particles containing quarks
that are not present in a nucleus, and such a par-
ticle replaces one nucleon with remarkable glob-
al properties. The problems of the interaction of
nuclei and heavy ions certainly belong to the com-
mon points and precisely this part of (nuclear) re-
search became part of N. Cindro’ interest in the
late seventies.

It is interesting to recall the great Italian phys-
icist Enrico Fermi (1901-1954) for whom today
people use to say that he was ,the man who knew
everything” (and these words are part of the title
of his biography). Translating those words to phys-
ics one arrives at the notion of the physicist who
possessed expertise in experimental physics, in
constructing experimental facilities (like the first
nuclear reactor in 1942 in Chicago), but at the
same time who was able to interpret and under-
stand experimental results using the most sophis-
ticated physical theories. Such a man united the
Jtwo cultures”, Also, E. Fermi is well-known as the
author of a series of textbooks in theoretical phys-
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gova biografija). U prijevodu na fiziku, to
se moze objasniti tako da je rije¢ o fizica-
ru koji je jednako dobro znao graditi ek-
sperimentalne uredaje (pa i prvi nuklear-
ni reaktor godine 1942. u Chicagu) kao i
opisati ih najpreciznijom teorijom. Rije¢
je, dakle, o ¢ovjeku koji je u sebi ujedinio
»dvije kulture®, a uz to bio je poznat po
nizu tekstova iz teorijske fizike koji i da-
lje predstavljaju prava remek-djela nastav-
ne literature iz fizike.

Nikola Cindro bio je sigurno eksperi-
mentalni fizi¢ar iz podru¢ja nuklearne fi-
zike. Ali, iz njegova znanstvenog opusa
vidljiv je niz revijalnih ¢lanaka (u eminen-
tnim ¢asopisima) poput Review of Mo-
dern Physics, ref. [22] iz (15); Rivista del
nuovo cimento ([34], [61]), Nukleonika
([41]), Ann. Phys. Fr. ([82]) itd. koji po-
kazuju da N. Cindro nije bio samo ek-
spert u ,slaganju® eksperimenata i mje-
renja ve¢ je razumio i duboku teorijsku
pozadinu problema, $to nas upravo i pod-
sjeca na sintagmu ,,¢ovjek koji je sve znao®,

Ve¢ je ranije spomenuto budenje Cin-
drina interesa za procese rasprsenja tes-
kih iona. Taj je zaokret vidljiv iz njegove
znanstvene bibliografije (15), gdje se jav-
lja rad godine 1976., a zatim sve ¢esce pre-
ma 1980-ima. Fizika teskih iona domini-
ra ostatkom njegove znanstvene karijere.
U okviru tih istrazivanja do$ao je do ne-
kih spoznaja koja sam navodi kao vrhu-
nac svojega znanstvenog rada, a rije¢ je o
nuklearnim molekulama koje nastaju pri
procesima rasprsenja. Tu je i pocetak stva-
ranja grupe uglednih fizi¢ara iz Hrvatske
(Institut Ruder Boskovié, Sveudiliste u Za-
grebu, Sveudiliste u Splitu) koji su se uz

ics which even today represent the highest stand-
ards in physics.

N. Cindro was certainly an experimental physi-
cist from the experimental nuclear physics research
but among his scientific publications, one can see
the number of publications of the review type in
the most eminent review journals like Review of
Modern Physics, ref. [22] in (15), Rivista del nuo-
vo cimento, ref. [34), [61], Nukleonika [41], Ann.
Phys. Fr: [82] it is evident that apart from the ex-
perimental skills he understood the theoretical
background of the problems and these facts cer-
tainly remind us of the syntagma ,the man who
knew everything®.

We have already mentioned N. Cindros inter-
est in processes with heavy ion scattering. This
turning point in his experimental work is first seen
around 1976, and more often in later years to-
wards the eighties. The physics of heavy ions will
dominate the rest of his scientific career. Within
this research, he arrived at some results which he
himself called the peaks of his contribution to (nu-
clear) physics. The heavy ion scattering showed
some results which he interpreted as the existence
of certain nuclear molecules present in many nu-
clei. Here one can trace also the beginning of the
formation of the group of physicists from Croa-
tia (IRB, University of Zagreb, University of Split,
Figure 6). These physicists acquired internation-
al recognition and careers. Here we will omit their
names but which could be found in ref. (15), from
1976 on.

This interest in the transfer of knowledge N.
Cindro best realized in his university textbooks
Fizika 1 and Fizika 2. These textbooks were for
a long time the best reference books for teachers
and students in technical universities in Zagreb
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Cindrinu pomo¢ afirmirali u svjetskim
razmjerima. Ovdje izostavljamo njihova
imena ali upu¢ujemo na referencije iz (15)
od godine 1976. pa nadalje.

Iz ranije opisane biografije vidimo da
je kod N. Cindre cijelo vrijeme postojao
interes priblizavanja komplicirane fizike
mikrosvijeta mladim narastajima, pa mo-
zemo slijediti niz ¢lanaka u Matematic-
ko-fizickom listu (slika 6) i u Prirod.

Taj je interes za prenosenje znanja N.
Cindro najbolje realizirao u svojim sveu-
¢ilisnim udzbenicima (slika 7) koji su bi-
li nezaobilazni izvori znanja iz fizike ge-
neracijama studenata tehnic¢kih fakulteta
u Zagrebu i Splitu. U tom je kontekstu
zanimljiva suradnja N. Cindre i Waltera

and Split (Figure 7). It is interesting here to note
that N. Cindro has some publications with Wal-
ter Greiner, a ref. [64] in (15), a German physicist
who is well-known as the author of a list of univer-
sity textbooks on modern physics topics like quan-
tum mechanics, special relativity, nuclear physics,
quantum field theory, etc.

Epilogue

These pages certainly do not exhaust the pres-
entation of N. Cindros contributions to Croa-
tian physics but we believe that the text showed
that he was a versatile man, a physicist ,who knew
everything® and who was always prepared to share
his expertise and broad knowledge with those who
feel the same urge which carried N. Cindro in the

Zakoni ofuvanja u fizici
Dr NIEOLA CINDRO, Zegreb — Parlz

U jednom skorainjem dlanku u sMatemotitko-fizihom listus, (Matl. fiz. list
br. 2, Tom XIV) prikazanl su zakonl ofuvanja Hzifkih velllina kofi wrijede u avi-
jetu elementarnih festica Cilj nam )& da ove mkone prikatemo sa judnog drugog
azpekin, 1). do prikafemo kontinultet tih zakona, koji svoje porijeklo vode iz klasitne
fitike makroskopskog svijsta. Da blamo pokarali kako s¢ foika i dalje razvija, u
drugom dijelu {lanks prikazal femo neke nove zakone ofuvanja, keji s pronadoni
takljutive mhvaljujull eksperimentima u visokeenergeisko) fizici

SLIKA 6. Poédetak Cindrina rada iz Matematicko-fizickog lista o jednom izuzetno vazinom
zakonu u fizici

FIGURE 6. Opening sentences of an article about a very important physical principle in the
journal Matematicko fizicki list, the journal for high school students

Greinera, primjerice ref. [64] iz (15), po-
znatog autora niza udzbenika iz moderne
fizike (kvantne mehanike, specijalne rela-
tivnosti, nuklearne fizike, kvantne teorije

poljaitd.).

Epilog
Ovim prikazom rada N. Cindre sigur-
no nije iscrpljen cijeli njegov doprinos hr-

world, but which brought him back to his country,
to his family and to his people.

3) Other publications and activities by
Nikola Cindro

In chapter 2.1) it has already been pointed out
that so far the most complete list of Cindro’s scien-
tific publications was published by Zoran Basrak,
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vatskoj fizici, ali je, vjerujemo, pokazao da
je N. Cindro bio svestran ¢ovjek, fizicar
»koji je sve znao“ i koji je uvijek bio spre-
man to svoje bogato znanje podijeliti s
onima koji osjecaju isti poriv koji je i njega
samoga odveo tako daleko u svijet, ali gaje
i vratio njegovoj domovini, njegovoj obi-
telji i njegovom narodu.

Rew Fo Lagi

Pl & HIEOLA Cheas

FIZIEA 1

el des
mehanika — valoyi = toplina

i R

Roman Caplar and Vladimir Paar; 139 bibliograph-
ic units are listed. (15) We add a list of Cindro’ oth-
er publications: editorial activity, councils and com-
mittees - 12 responsibilities (2, 8).

The following is a new list of works in journals
and proceedings - 58 bibliographic units (further:
b.j.), in the journal Matematicko-fizicki list - 9 b.

e e SO

FIZIKA 2
Ebekrriciier i magnetizam

e

]
5 WP

—m

e e h-m

SLIKA 7. Naslovne stranice sveuéili$nih udzbenika (Fizika 1 i Fizika 2) N. Cindre; ti su
udzbenici godinama bili izvor znanja iz klasi¢ne fizike

FIGURE 7. Title pages of university textbooks (Fizika 1 and Fizika 2) by N. Cindro; these
textbooks have been a source of knowledge in classical physics for years

3. Ostale publikacije i aktivnosti
Nikole Cindre

U poglavlju 2.1. ve¢ je istaknuto da su
dosad najpotpuniji popis Cindrinih znan-
stvenih publikacija (radova) objavili Zo-
ran Basrak, Roman Caplar i Vladimir
Paar. Navedeno je 139 bibliografskih jedi-
nica. (15) Tome pridodajemo popis osta-
lih Cindrinih publicistickih aktivnosti:
uredivacka djelatnost, savjeti i odbori —
12 zaduzenja (2, 8).

j. (16) and Priroda - 7 b. j. (17), in other maga-
zines — 3 b. j., then books and newsletters - 7 b.
j» chapters in books and proceedings and progress
reports — 5 b. j. and one book translation as one

bibliographic unit.

3.1) Editing (editor, coeditor, member of the
publication board)
1. Nuclear Structure and Nuclear Reactions, Proceed-

ings of Ninth Summer Meeting of Nuclear Physi-
cists, Herceg Novi, 1964.
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Slijedi novi popis radova u ¢asopisima i
zbornicima radova — 58 bibliografskih je-
dinica (dalje: b.j.), u ¢asopisu Matematic-
ko-fizicki list — 9 b.j. (16) i Prirodi — 7 b.j.
(17), u ostalim ¢asopisima — 3 b. j., zatim
knjige i bilteni — 7 b. j., poglavlja u knji-
gama i zbornicima radova — 5 b. j. i jedan
prijevod knjige kao jedna bibliografska je-

dinica.

3.1. Uredivacka djelatnost (urednik ili
suurednik, ¢lan izdavackog savjeta i ¢lan
urednickoga odbora)

1. Nuclear Structure and Nuclear Reactions, Pro-

ceedings of Ninth Summer Meeting of Nucle-
ar Physicists, Herceg Novi, 1964.

2. Proceedings of the Europhysics Study Conference
on Intermediate Processes in Nuclear Reactions,
Plitvice, 1972, Berlin-Heidelberg, 1973. zajed-
no s P. Kulisicem i T. Mayer-Kuckukom.

3. Nuclear Molekular Phenomena, Hvar, 1977.

4. Dynamics of Heavy Ion Collisions, Amsterdam
1981.

5. Fundamental Problem in Heavy Ion Reactions,
Singapore, 1984. zajedno s W. Greinerom i R.
Caplarom.

6. Frontiers of Heavy Ion Physics, Singapore, 1987.
zajedno s W. Greinerom i R. Caplarom.

7. Proceedings of the 174. Weheraeus — Seminar:
NEW IDEAS on Clustering in Nuclear and
Atomic Physics, Njemacka, 1997. zajedno s W.
Scheidom.

8. Scientists against the War in Croatia, Zagreb,
1992.

Su-urednik urednik ¢asopisa

1. Heavy Ion Physics

Clan medunarodnoga izdavackog savjeta
casopisa

1. Acta Physica Slovaca

2. Europhysics Letters, do 1987.

2. Proceedings of the Europhysics Study Conference on
Intermediate Processes in Nuclear Reactions, Plit-
vice, 1972, Berlin-Heidelberg, 1973. together with
P. Kulisi¢ and T. Mayer-Kuckuk.

3. Nuclear Molecular Phenomena, Hvar, 1977.

4. Dynamics of Heavy Ion Collisions, Amsterdam 1981.

S. Fundamental Problem in Heavy Ion Reactions, Sin-
gapore, 1984. together with W. Greiner and i R.
Caplar.

6. Frontiers of Heavy lon Physics, Singapore, 1987. to-
gether with W. Greiner and R. Caplar.

7. Proceedings of the 174. Weheraeus — Seminar: NEW
IDEAS on Clustering in Nuclear and Atomic Physics,
Germany, 1997. together with W. Scheid.

8. Scientists against the War in Croatia, Zagreb, 1992.

Coeditor of the journal

1. Heavy Ion Physics

Member of the international publishing board for
the journals

1. Acta Physica Slovaca
2. Europhysics Letters, to 1987.

Member of the editorial board
1. Scientific Research in Croatia, MZT, Zagreb, 1995.

3.2) Publications in other journals,
proceedings and books of abstracts

1. N. Cindro and P. Klein: Alpha-d Reactions on B*
and N", Progress Report, Mass. Inst. of Technolo-
gy (LNS) (1957/1958) 149-150.

2. P.Kleinand N. Cindro: A Time - of - flight Appa-
ratus for fast Neutrons, Progress Report, Mass. Inst.
of Technology (LNS) (1958) 144-145.

3. M.A. Mckannofand N. Cindro: Analysis of Elastic
Scattering of Deuterons with Optical Model, Proc.
of the Tallahassee Conf. On the Nuclear Optical
Model, 1958, pp. 272-286.
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Clan uredni¢kog odbora ¢asopisa
1. Scientific Research in Croatia, MZT, Zagreb,

1995.

3.2. Radovi u ¢asopisima i zbornicima
radova

L.

9.

10.

11.

N. Cindro and P. Klein: Alpha-d Reactions on
B! and N', Progress Report, Mass. Inst. of
Technology (LNS) (1957/1958) 149-150.

P. Klein and N. Cindro: A Time — of - flight
Apparatus for fast Neutrons, Progress Report,
Mass. Inst. of Technology (LNS) (1958)
144-145.

M. A. Mekannof and N. Cindro: Anralysis of
Elastic Scattering of Deuterons with Optical
Model, Proc. of the Tallahassee Conf. On the
Nuclear Optical Model, 1958, pp. 272-286.

N. Cindro: A Method of Charged Particle Se-
lection, Glas. Matem.-fiz. i astron. 15 (1960)
113-118.

L. W. Swenson and N. Cindro: Energy and
Angular Distributions of Protons from (a, p)
Reactions, Bull. Am. Phys. Soc. 5 (1960) 76—~
77.

N. Cindro: Total reaction cross sections measu-
rement and analysis, Proc. V meeting of nuc-
lear physicists, Vol. II, Herceg Novi, 1962.

P. Kulisi¢, P. Strohal, Z. Kolar and N. Cin-
dro: Statistical fluctuations in the total rea-
ction cross sections, CR Concr. Int. Physique

nucleaire 2 (1964) 678-680.

B. Lalovi¢, V. Ajdadi¢, P. Strohal, P. Kuli-
$i¢, D. Kova¢ and N. Cindro: (%, &) reactions
on some heavy nuclei, CR Congres Internal
Physique Nucléaire 2 (1964) 769-771.

J. Vuletin and N. Cindro: Cross sections for so-
me (n, 2n) reactions, Glasnik mat.-fiz. i astron.
19 (1964) 269-273.

G. Adam, G. Bassani, N. Cindro, C. Levi, M.
Mermaz and L. Papineau: Analog states in le-
ad isotopes. Isobaric spin in nuclear physics,
Academic Press, 1966, pp. 366-372.
R.Ballini, J. Delaunay, J. P. Fouan, A. G. Blair
and N. Cindro: Single particle-hole and colle-
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4,

9.

10.

11.

12,

13.

14.

N. Cindro: A Method of Charged Particle Selection,
Glas. Matem fiz. i astron. 15 (1960) 113-118.

L. W. Swenson and N. Cindro: Energy and Angu-
lar Distributions of Protons from (2, p) Reactions,
Bull. Am. Phys. Soc. 5 (1960) 76-77.

N. Cindro: Total reaction cross sections measure-
ment and analysis, Proc. V meeting of nuclear

physicists, Vol. II, Herceg Novi, 1962.
P. Kulisi¢, P. Strohal, Z. Kolar and N. Cindro: Sts-

tistical fluctuations in the total reaction cross sections,
CR Concr. Int. Physique nucleaire 2 (1964) 678~
680.

B. Lalovi¢, V. Ajdaci¢, P. Strohal, P. Kulisi¢, D.
Kova¢ and N. Cindro: (1, 2) reactions on some

heavy nuclei, CR Congres Internal Physique Nu-
cléaire 2 (1964) 769-771.

J. Vuletin and N. Cindro: Cross sections for some (n,
2n) reactions, Glasnik mat.-fiz. i astron. 19 (1964)
269-273.

G. Adam, G. Bassani, N. Cindro, C. Levi, M. Mer-
maz and L. Papineau: Analog states in lead isotopes.
Isobaric spin in nuclear physics, Academic Press,

1966, pp. 366-372.

R. Ballini, J. Delaunay, J. P. Fouan, A. G. Blair and
N. Cindro: Single particle-hole and collective lev-
els, Izviestja A. N. SSSR, Ser Fiziceskaja 32 (1968)
1653.

M. L. Chatterjee, N. Cindro, M. Juréevi¢, P. Kulisi¢
and J. Tudori¢: Single neutron states in (n, ) clus-
ter transfer reactions, Proc. Int. Conf. on Cluster-
ing phenomena in Nuclei, IAEA, Vienna, 1969, pp.
210-211.

N. Cindro: Basic evidence and properties of sin-
gle-particle levels, In: Theory of nuclear structures,

[AEA, Vienna, 1970, pp. 195-226.

N. Cindro: Nuclear reaction mechanisms: a criti-
cal description, Proc. Int. School of Nuclear Physics
(A. Corciovei, ed.), Predeal, Rumania, 1970, pp.
77-150.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
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ctive levels, Tzvjestja A. N. SSSR, Ser Fizice-
skaja 32 (1968) 1653.

M. L. Chatterjee, N. Cindro, M. Jur¢evi¢, P.
Kulisi¢ and J. Tudori¢: Single neutron states
in (n, o) cluster transfer reactions, Proc. Int.

Conf. on Clustering phenomena in Nuclei,
IAEA, Vienna, 1969, pp.210-211.

N. Cindro: Basic evidence and properties
of single-particle levels, In: Theory of nucle-
ar structures, IAEA, Vienna, 1970, pp. 195-
226.

N. Cindro: Nuclear reaction mechanisms: a
critical description, Proc. Int. School of Nucle-
ar Physics (A. Corciovei, ed.), Predeal, Ruma-
nia, 1970, pp. 77-150.

N. Cindro: The calcium region, In: The stru-
cture of f 7/2 nuclei (R. Ricci, ed.), Padova,
1971, pp. 63-77.

N. Cindro: Selected topics in nuclear reacti-
on mechanisms, Proc. 4th Summer School of
Nucl. Phys. Rudziska, Poland, Vol. II, 1971,
pp.73-182.

N. Cindro: Optical model studies, In: Nucle-
ar Structure Study with Neutrons (G. Ero and
J. Szucz, eds.), Budapest, 1974, pp. 381-405.

N. Cindro: Selected topics in nuclear structure
investigation with fast neutrons, Proc. 2nd Int.
Conf. on Neutron Physics, Alushta, SSSR,
Comm. JINR - Dubna, SSSR, D-37991,
1974, pp. 358-402.

N. Cindro: Narrow structure in the continu-
um observed in heavy ion reactions, Proc. In.
School of Physics ,Enrico Fermi®, Varenna,
Italy, Nuclear Spectroscopy and Nuclear Rea-
ctions with Heavy lons (H. Faraggi and R. Ric-
ci, eds.), 1976, pp. 271-351.

N. Cindro and J. Frehaut: Current problems
in (n, 2n) reactions, Proc. Int. Symp. on Fast
Neutrons (D. Seeliger, ed.), ZIK, Dresden,
(324) (1976) 6-23.

E. Holub, N. Cindro, O. Bersillon and J. Jary:
Investigation of the (n, 2n) reaction by the sta-
tistical model, Proc. Int. Conf. on Fast Neu-
trons (D. Seeliger, ed.), ZIK, Dresden, (324)
(1976) 87-93.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

N. Cindro: The calcium region, In: The structure of
[7/2 nuclei (R. Ricci, ed.), Padova, 1971, pp. 63—
77.

N. Cindro: Selected topics in nuclear reaction mech-
anisms, Proc. 4th Summer School of Nucl. Phys.
Rudziska, Poland, Vol. II, 1971, pp. 73-182.

N. Cindro: Optical model studies, In: Nuclear
Structure Study with Neutrons (G. Ero and J. Szucz,
eds.), Budapest, 1974, pp. 381-405.

N. Cindro: Selected topics in nuclear structure inves-
tigation with fast neutrons, Proc. 2nd Int. Conf. on
Neutron Physics, Alushta, SSSR, Comm. JINR -
Dubna, SSSR, D-37991, 1974, pp. 358-402.

N. Cindro: Narrow structure in the continuum ob-
served in heavy ion reactions, Proc. In. School of
Physics ,Enrico Fermi, Varenna, Italy, Nuclear
Spectroscopy and Nuclear Reactions with Hmvy lons
(H. Faraggi and R. Ricdi, eds.), 1976, pp. 271-
351.

N. Cindro and J. Frehaut: Current problems in (n,
2n) reactions, Proc. Int. Symp. on Fast Neutrons
(D. Secliger, ed.), ZIK, Dresden, (324) (1976)
6-23.

E. Holub, N. Cindro, O. Bersillon and J. Jary: In-
vestigation of the (n, 2n) reaction by the statisti-
cal model, Proc. Int. Conf. on Fast Neutrons (D.
Seeliger, ed.), ZIK, Dresden, (324) (1976) 87-93.

N. Cindro: Neutron induced reactions Il (n, x) reac-
tions on medium and heavy nuclei, Proc. Int. Conf.
on the Interaction of Neutrons with Nuclei, Lowell,
USA, 1976, ERDA - CONEF-76071-P1, 1976,
pp. 347-364.

N. Cindro: Resonances in Heavy lon Reactions -
New Aspects, In: Selected Topics in Nuclear Structure
(Z. Stachura and J. Styczen, eds.), Krakow, Report
No963/PL, 1977, pp. 69106,

N. Cindro and E. Holub: Selected topics in nucle-
ar reaction investigations with ﬁzst neutrons, Proc.

3rd Int. School of Neutron Physics, Alushta, USSR,
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25.
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. N. Cindro: Neutron induced reactions II (n,
x) reactions on medium and heavy nuclei,
Proc. Int. Conf. on the Interaction of Neu-
trons with Nuclei, Lowell, USA, 1976, ERDA
— CONE-76071-P1, 1976, pp. 347-364.

N. Cindro: Resonances in Heavy lon Reacti-
ons — New Aspects, In: Selected Topics in Nuc-
lear Structure (Z. Stachura and J. Styczen,
eds.), Krakow, Report No 963/PL, 1977, pp.
69-106.

N. Cindro and E. Holub: Selected topics in
nuclear reaction investigations with fast neu-
trons, Proc. 3rd Int. School of Neutron Physi-
¢s, Alushta, USSR, JINR Dubna Rep. D3-
11787, 1978, pp. 458—485.

D. Pocani¢ and N. Cindro: Comparison of sc-
hematic model predictions of resonances, In:
Dynamics of Heavy lon Collisions, Proc. 4th
Internat. Adriatic Meeting on Nuclear Physi-
cs (N. Cindro, R. Ricci and W. Greiner, eds.)
North Holland, Amsterdam, 1981, pp.101-
114.

E. Holub and N. Cindro:7he Reaction Mec-
hanism of the (n, 2n) Reaction, Proceedings of
the Second International Symposium, Smo-

lenice, June 25-29, 1979.

N. Cindro and D. Po¢ani¢: Schematic models
of resonances: predictions and comparison Int.

Waorkshop in Resonances in Heavy-Ion Reacti-
ons, Bad Hommaf., 2-15 October, 1989.

D. Potani¢ and N. Cindro: An orbiting —
cluster description of resonances in heavy-ion
reactions; Nuclear Structure and Heavy-Ion
Collisions, LXXCII Corso Varena, 1981, pp.
699-703.

M. Korolija, E. Holub, N. Cindro and D.
Hilscher: Light-ion preequilibrium models
and the emissions of nucleons from reactions
induced by medium energy heavy-ions, Proc.
Int. Conf. on Nuclear Physics, Florence, 29.
VIII-3.1X 1983.

N. Cindro, F. Haas, D. Freeman: Experimen-
tal discovery of the Landau-Zener effect in ato-
mic nuclei, Lecture Notes in Physics, Sprin-

ger-Verlag (211) (1984) 204-216.
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32,

JINR Dubna Rep. D3-11787, 1978, pp. 458-
485,

D. Pocani¢ and N. Cindro: Comparison of schemat-
ic model predictions of resonances, In: Dynamics of
Heavy Ion Collisions, Proc. 4th Internat. Adriatic
Meeting on Nuclear Physics (N. Cindro, R. Ricci
and W. Greiner, eds.) North Holland, Amsterdam,
1981, pp.101-114,

E. Holub and N. Cindro: The Reaction Mechanism
of the (n, 2n) Reaction, Proceedings of the Second
International Symposium, Smolenice, June 25-29,

1979.

N. Cindro and D. Po¢ani¢: Schematic models of res-
onances: predictions and comparison Int. Workshop

in Resonances in Heavy-Ion Reactions, Bad Hom-

maf.,, 2-15 October, 1989.

D. Poéani¢ and N. Cindro: An orbiting - cluster de-
scription of resonances in /mwy-z'on reactions; Nu-
dlear Structure and Heavy-Ion Collisions, LXXCII
Corso Varena, 1981, pp. 699-703.

M. Korolija, E. Holub, N. Cindro and D. Hilscher:
Light-ion preequilibrium models and the emissions
of nucleons from reactions induced by medium ener-

gy heavy-ions, Proc. Int. Conf. on Nuclear Physics,
Florence, 29. VIII-3.1X 1983.

N. Cindro, E Haas, D. Freeman: Experimental
discovery of the Landau-Zener effect in atomic nu-
clei, Lecture Notes in Physics, Springer-Verlag (211)
(1984) 204-216.

N. Cindro and D. Pocanié: Resonances in heavy-ion
reactions — structural vs. diffractional models, Lec-
ture Notes in Physics, Springer-Verlag (211) (1984)
158-181.

N. Cindro, M. Korolija and E. Holub: Count-
ing the number of degrees of freedom in a hot nucle-
us-niucleus system from the preequilibrium emission
of nucleons, Proc. of the Workshop on Coincident
Particle Emission from Continuum States in Nuclei
(H. Machner and P. Jahn, eds.), World Scientific
Publ., Singapore,1984, pp. 377-390.

25



B. Hanzek, D. Horvat: Znameniti hrvatski fizi¢ar dr. Nikola pl. Cindro (1931. - 2001.) /
The well-known Croatian physicist Dr. Nikola Cindro (1931-2001)

31.

32.

33.

34.

35.

36.

37.

26

N. Cindro and D. Po¢anié: Resonances in he-
avy-ion reactions — structural vs. diffractio-
nal models, Lecture Notes in Physics, Sprin-
ger-Verlag (211) (1984) 158-181.

N. Cindro, M. Korolija and E. Holub: Coun-
ting the number of degrees of freedom in a hot
nucleus-nucleus system from the preequilibri-
um emission of nucleons, Proc. of the Works-
hop on Coincident Particle Emission from
Continuum States in Nuclei (H. Machner and
P. Jahn, eds.), World Scientific Publ., Singa-
pore,1984, pp. 377-390.

R. Freeman, C. Beck, F. Haas and N. Cindro:
Experimental evidence for the nuclear Lan-
dau-Zener effect, In: Fundamental Problems
in Heavy-Ion Collisions, Proc 5th Adriatic In-
ternat. Conf. on Nuclear Physics, Hvar, Yugo-
slavia (N. Cindro, W. Greiner and R. Caplar,
eds.), World Scientific Publ. Co., Singapore,
1994, pp. 77-85.

N. Cindro, M. Korolija and E. Holub:
Preequilibrium emission of nucleons in hbe-
avy-ion collisions; counting the initial number
of degrees of freedom in a nucleus-nucleus colli-
sion, In: Fundamental Problems in Heavy-Ion
Collisions, Proc.Sth Adriatic Internat. Conf.
on Nuclear Physics, Hvar, Yugoslavia (N. Cin-
dro, W. Greiner and R. Caplar, eds.), Wor-
Id Scientific Publ. Co., Singapore, 1984, pp.
301-312.

M. Korolija, R. Auble, N. Cindro and R.
Caplar: Proton emission from the symmetric
S8Ni+ S8Ni collision and the diabatic dissipa-
tion model, Proceedings International Nucle-
ar Physics Conference, Harrogate, 25-30 Au-
gust, 1986, Vol. 1.

N. Cindro, R. Freeman, F. Haas and C. Beck:
The Landau-Zener effect in nuclear physics,
In: Proc. Internat. Conf- on Neclear Structure
with Heavy-Ions, Legnaro, Iraly (R. A. Ricci
and C. Vili, eds.), Soc. Italiana di Fisica, Bo-
logna, Italia, 1986, 489-500.

M. Korolija, R. Caplar and N. Cindro: Mul-
tisource analysis of inclusive proton spectra from
collisions of the 678.8 MeV 328 projectile with
various targets, Proc. XVIth Internat. Symp.

33.

34.

35.

36.

37.

38.

39.

R. Freeman, C. Beck, F. Haas and N. Cindro: Ex-
perimental evidence for the nuclear Landau-Zener
effect, In: Fundamental Problems in Heavy-lon Col-
lisions, Proc Sth Adriatic Internat. Conf. on Nucle-
ar Physics, Hvar, Yugoslavia (N. Cindro, W. Grein-
erand R. Caplar, eds.), World Scientific Publ. Co.,
Singapore, 1994, pp. 77-85.

N. Cindro, M. Korolija and E. Holub: Preequilib-
rium emission of nucleons in heavy-ion collisions;
counting the initial number of degrees of freedom in
a nucleus-nucleus collision, In: Fundamental Prob-
lems in Heavy-lon Collisions, Proc.5th Adriatic In-
ternat. Conf. on Nuclear Physics, Hvar, Yugosla-
via (N. Cindro, W. Greiner and R. Caplar, eds.),
World Scientific Publ. Co., Singapore, 1984, pp.
301-312.

M. Korolija, R. Auble, N. Cindro and R. Caplar:
Proton emission from the symmetric S8Ni+ S8Ni
collision and the diabatic dissipation model, Pro-
ceedings International Nuclear Physics Confer-
ence, Harrogate, 25-30 August, 1986, Vol. 1.

N. Cindro, R. Freeman, F. Haas and C. Beck: The
Landau-Zener effect in nuclear physics, In: Proc. In-
ternat. Conf- on Neclear Structure with Heavy-Ions,
Legnaro, Iraly (R. A. Ricci and C. Vili, eds.), Soc.
Iraliana di Fisica, Bologna, Italia, 1986, 489-500.

M. Korolija, R. Caplar and N. Cindro: Multisource
analysis of inclusive proton spectra from collisions of
the 678.8 MeV 328 projectile with various targets,
Proc. XVIth Internat. Symp. on Nuclear Physics,
Dynamics of Heavy-lon Collisions, Gaussig, No-
vember 10-14, 1986.

R. Caplar, M. Korolija and N. Cindro: Thermody-
namic description of preequilibrium emission of nu-
cleons in nucleus-nucleus collisions, Proceedings of
a Specialists Meeting on Preequilibrium Nuclear
Reactions, Semmering, Austria, 10-12 February,

1988.
N. Cindro, M. Korolija and R. Caplar: Thermody-

namics of nuclear systems prior to equilibrium; in-
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izd.), svekupno 6 izdanja — zadnje 1992.

S. Fizika 2 (suautor P. Coli¢), Skolska knjiga, Za-
greb, 1987. (1. izd.). svekupno 4 izdanja — za-
dnje 1990.

6. N. Cindro: A Course on Nuclear Reactions,
C.R.N. Strasbourg/ COURS 87-01.

7. N. Cindro i P. Coli¢: Materijal za fakultativnu
nastavu (1. razred), Znanstveno-metodicki bil-
ten iz fizike, br. 4, Drustvo matematicara i fizi-

¢ara SR Hrvatske, Zagreb, 1977.

Prijevod knjige
1. Frank Close: Svemirska lukovica — Kvarkovi i

prirvoda svemira, Skolska knjiga, 1997.

Zakljuc¢no

Najpotpuniji popis Cindrinih radova
do sada iznosio je 139 referencija. On se
u ovome radu dopunjuje s jo§ 90 referen-
cija pa ukupni popis njegovih referencija
iznosi 229. Novonavedenih 90 referencija
grupirano je u pet kategorija: radovi u ¢a-
sopisima i zbornicima (58), stru¢ni i po-

pularni radovi (19), knjige i bilten (7), po-

Hrvatskoj, poglavlje u knjizi: Vidljiva i nevidljiva
akademija, Zagreb, 1998., str. 99-101.

Books and bulletin

1. N. Cindro i P. Coli¢: Fizika: odabrana poglavlja za
fakultationu nastavu fizike, 2. izd., Skolska knjiga,
Zagreb, 1983.

2. Figika 1 (Mehanika - Valovi - Toplina), Skolska kn-
jiga, Zagreb, 1975. (1. izd.), 1980. (2. izd.), 1985. (3.
izd.), 1988. (4. izd.)., svekupno 5 izdanja - zadnje
1991.

3. Fizika 2 (Elektricitet i magnetizam), Skolska knjiga,
Zagreb, 1985. (1. izd.), 1988. (2. izd.), svekupno 3
izdanja - 3.1zd. 1991.

4. Figika 1. (suautor P. Coli¢), Skolska knjiga, Za-
greb, 1978. (1. izd.), 1983. (2. izd.), 1988. (3. izd.),
svekupno 6 izdanja - zadnje 1992.

S. Fizika 2 (suautor P. Coli¢), Skolska knjiga, Zagreb,
1987. (1. izd.). svekupno 4 izdanja - zadnje 1990.

6. N. Cindro: 4 Course on Nuclear Reactions, CR.N.
Strasbourg/ COURS 87-01.

7. N. Cindro i . Coli¢: Materijal za fakultativnu nas-
tavu (1. razred), Znanstveno-metodicki bilten iz
fizike, br. 4, Dru$tvo matematicara i fizicara SR Hr-
vatske, Zagreb, 1977.

The book translation

1. Frank Close: Svemirska lukovica - Kvarkovi i priro-

da svemira, Skolska knjiga, Zagreb, 1997.

The final word

The most complete list of N. Cindros pub-
lications consists of 139 entries (15). Here we
have added another 90 entries so the total list of
his publications gives 229 entries. New entries are
grouped into five different categories: 58 in oth-
er journals and proceedings, 19 popular texts, 7

books and bulletin, 5 book chapters and proceed-
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glavlja u knjigama i zbornicima radova (5)
i prijevod knjige (1). Na osnovi navede-
nog moze se zakljuditi da je Cindro imao
znadajniju ulogu u povijesti publicistike
fizike nego $to se dosad pretpostavljalo.
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dent that N. Cindro had an important role in the
history of physics publications, much more than it
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SAZETAK

Promatraju¢i niz temeljnih poglavlja
kojima se bavi znanstvena analiza teorije ar-
hitekture i povijesti umjetnosti, moguce je
uoditi nekoliko, iako razli¢itih, medusobno
¢vrsto povezanih bitnih tema. Medu njima
se, kao vodedi, isti¢e problem graditeljskoga
oblika koji se javlja kao posljedice utjecaja
organizacije prostora, fizicki definiranoga
konstruktivnom strukturom djela, dok na
likovno-estetskom planu nalazimo postoja-
nje skale elemenata i nacela sredivanja sva-
ke arhitektonsko-graditeljske kompozicije.
Budu¢i da su teme arhitektonskih oblika,
to jest, definicija arhitektonskog korpusa,
gotovo neiscrpne, s obzirom na ukupno $i-
roke mogucnosti prilazenja svakoj od njih,

SUMMARY

Observing a number of fundamental chapters
dealing with the scientific analysis of architectural
theory and art history, it is possible to note sever-
al, albeit different, closely related topics. Among
them, the most prominent is the problem of the
architectural form, which arises as a consequence
of the influence of the organization of space, phys-
ically defined by the construction structure of the
work, while on the visual and aesthetic plane, there
isascale of elements and principles of arranging each
architectural construction and architectural compo-
sition. Since the themes of architectural forms, that
is, the definition of the architectural corpus, are al-
most inexhaustible, given the broad possibilities of
being attached to each of them, this paper presents
a narrow analysis that looked at the influence of nat-

* Clanak je djelomice referiran na znanstvenom skupu Hrvatski prirodoslovci 31, Split, 25. — 26. studeni 2022.
* The paper was partz'a[ly referred at the scimtiﬁc meeting Croatian naturalists 31, Splz't, Croatia, November

25-26, 2022.
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u ovom se radu prislo uzoj analizi kojom je
promatran utjecaj prirodnih zakonitosti na
arhitektonsko djelo i to u segmentu nacela
ekonomicnosti ili tendencije ka Stedljivosti
u djelima starohrvatske arhitekture na split-
skom podruéju. Na temelju eksperimentalne
geometrijsko-matematicke analize, koja je
ovim radom po prvi put javno predstavljena
u Hrvatskoj, nastojalo se $to egzaktnije utvr-
diti pravu vrijednost ekonomic¢nog postupa-
nja u definiranju dispozicije tlorisa crkvica
centralnoga $esterolisnog tipa, promatrajuci
njegovu interpretaciju u likovnosti njihovih
habitusa i kompaktnosti unutarnje struktu-
ralne jezgre. Obradom odabranih primjera
nastojalo se ste¢i sto pouzdaniju sliku o ucin-
ku i ulozi prirodnih zakonitosti u kreiranju
tih autohtonih starohrvatskih ,,malih kate-
drala“ na podrudju Splita.

KLJUCNE RIJECI

crkvice $esterolisnog tipa

— nacelo ekonomi¢nosti ili Stedljivosti
— splitsko podrugje

— starohrvatska sakralna arhitektura

Uvod

Osnovna poglavlja teorije arhitekture
obuhvacaju problem definicije prostora u
arhitekeuri, funkcije prostora, konstrukei-
je, koja kao materijalno-tehni¢ko ostvare-
nje definira Zeljeni arhitektonski prostor i
njegov morfoloski plan — oblik, uz kom-
pozicijske zakonitosti, tj. uskladenje ele-
menata oblikovanja temeljem nacela ar-
hitektonske kompozicije — reda, ritma,
simetrije, proporcije, euritmije i drugih
kompozicijskih zakonitosti. (1)

U razvoju teorijske misli postoje razno-
liki pristupi navedenim temama, raznoli-

ural laws on architecture work, in the segment of the
principles of cost-effectiveness or tendency towards
frugality in the works of early Croatian architecture
in the Split area. On the basis of the experimental
geometric-mathematical analysis, which was for the
first time publicly presented in our country, we tried
to determine, as precisely as possible, the true value
of a cost-effective way of doing things in defining the
layout of the planes of churches of the central hexag-
onal planar type, observing its interpretation in the
likeness of their habitus and the compactness of the
internal structural core. By working on selected ex-
amples, we tried to get as reliable a picture as possible
of the effect and role of natural laws in the creation of
these indigenous old Croatian ,,small cathedrals“ in
the Split area.

KEYWORDS

hexagonal-type churches

— old Croatian sacral architecture

— principle of cost-effectiveness or thrift
— Split area

Introduction

Basic chapters of the theory of architecture are
concerned with the problem of defining space in
architecture, the function of space and construc-
tion, which, as a material-technical realisation, de-
fines the proposed architectural space and its mor-
phological plan form, with compositional rules,
L., harmonisation of the designing elements on the
basis of the principle of architectural composition
- order, rhythm, symmetry, proportion, eurythmy
and other rules of composition. (1)

The development of theory involves various ap-
proaches to the above topics, various methods of
solving them, as well as various conclusions, as a re-
sult of different conceptual, design, formal, ration-
al, constructivistic or functionalistic approaches to
the analysis. (2)
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ke metode njihova rjeSavanja i raznoliki
zakljudci kao posljedica raznolikoga idej-
nog, oblikovnog, formalnog, racional-
nog, konstruktivistickog ili funkcionali-
stitkog pristupa analizi. (2)

Promatrajuéi Siroku materiju koju pro-
ucava teorija arhitekture, moguce je uoditi
da je niz ¢imbenika koji sudjeluju u proce-
su nastanka pojedinog arhitektonskog dje-
la, a osobito u definiciji njegova materijal-
nog tijela (korpusa), jos uvijek u znatnom
dijelu otvoreno za znanstvenu analizu.

Jedno od podruéja u kojemu nalazimo
bogatstvo istrazivackoga materijala, oso-
bito u pogledu morfoloskoga plana, pred-
stavlja podrugje prirode.

U prirodi, kojoj pripada i sam ¢ovjek,
nalazimo gotovo nesagledivo bogatstvo
oblika koje u globalnoj podjeli mozemo
razvrstati u oblike anorganske (neZive)
i organske (zive) prirode. Tu je jo$ jedno
isto tako nedovoljno istrazeno polje obli-
ka, koje pripada graditeljstvu Zivih bica
nize organizacijske razine od ¢ovjeka.

U svim tim prostornim definicijama
postoje zakonitosti koje njihove sastavne
elemente drze na okupu, stvarajuci oblik
koji vidimo u prostoru. Prema njihovu
udinku ti oblici izgledaju upravo tako ka-
ko su predstavljeni u realnosti.

Oblici u prostoru i zakonitosti
njihova definiranja

Kao sto je vec¢ spomenuto, u nasem pri-
rodnom okoliSu postoji velebni fond izve-
denih oblika. U krugu analize oblika Zi-
voga svijeta, razlikuju se tri glavne grupe
oblika — biljni svijet, Zivotinje i ¢ovjek. A u
podgrupi oblika koji su ,,izgradeni“nalazi-

Observing the broad area investigated by the
theory of architecture, it can be seen that a number
of factors involved in the process of creating a par-
ticular piece of architecture, especially regarding
the definition of its material body (corpus), are still
ina considerable manner open to scientific analysis.

One of the fields that offer an abundance of ma-
terial for research, particularly regarding the mor-
phological plan, is the area of nature. Nature, which
includes man as well, contains an almost end-
less wealth of forms, which, in the global division,
could be sorted into the forms of inorganic (inani-
mate) and organic (living) nature. There is also an-
other under-researched field of forms, belonging to
the building activities of a lower organisational lev-
el than human one.

All of these definitions of space include rules
that keep their constituent elements together, cre-
ating a form we can see in space. According to their
effects, these forms appear exactly as they are repre-
sented in reality.

Forms in space and the rules of their
definition

As mentioned above, our natural environment
offers a magnificent fundus of derived forms. Three
main types of forms can be distinguished in the ar-
ca of analysing the living world - plant worlds, ani-
mals and man. In the subgroup of the “constructed”
forms, there are the objects of human building and
architecture, together with, not often perceived but
still fascinating, group of built objects apart from
this world and the impact of man-building per-
formed by nature itself. (3) Construction analysis
of these forms reveals the regularity by which they
are structured, and which can be interpreted math-
ematically as proof of their presence.

One of the acting rules of structuring spatial
forms is cost-effectiveness or thrift, which is in an
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mo djelaljudskoga graditeljstva i arhitektu-
re i ne tako zapazenu, ali fascinantnu grupu
uradaka graditelja koji stoje izvan toga svi-
jeta i utjecaja ¢ovjeka — graditeljstvo same
prirode. (3) U analizi grade svih tih oblika
uvidamo pravilnost po kojoj su oni struk-
turirani, a koje se mogu matematicki inter-
pretirati kao dokaz njihove prisutnosti.
Jedna od djelujucih zakonitosti struktu-
riranja prostornih oblika je eckonomi¢nost
ili Stedljivost, koju u nezivom svijetu pro-
uzrocuje sama sila gravitacije povezujuci
tvari u kuglaste oblike (planeti, zvijezde,
galaksije), a u Zivom svijetu $tednja je u ne-
posrednoj funkciji samoga odrzanja jedin-
ke u prostoru (egzistencijalne potrebe).
Prema nacdelu Stedljivoga postupanja
stvoren je termin ,,lex parsimonia®; lex, le-
gis, f. (lat. zakon) (4) i parsimonia -ae, f.
(lat. $tedljivost, Stednja). (5) Tumadenje
pojma ckonomi¢nosti nalazimo kao ,,za-
celo postupanja u gospodarskoj aktivnosti
koje tezi ostvarenju Sto veleg ucinka uz sto
manji utrosak neophodnih tinilaca.”(6)
Kao vizualna posljedica primjene nace-
la ekonomi¢nog postupanja ili tendencije
prema $tedljivosti, nalazimo kvalitetu jed-
nostavnosti. Pojam jednostavnosti razu-
mijeva odsutnost bilo kakvoga balastnog
materijala i dodatne dekorativnosti. U li-
kovnom izrazavanju ostvarivanju kvalite-
te jednostavnosti izrazito pridonosi upo-
raba ritma, razmjera i osobito simetrije u
strukturiranju mase odredenog djela.
Opce je prihvaceno tumacenje da se
Priroda ispoljava u veéini svojih aktivno-
sti i nastalih oblika upravo karakterom
izrazite $tedljivosti i jednostavnosti u svo-

jim postupcima. (7) Takoder je nedvojbe-

inanimate world caused by gravity itself, joining
matter in spherical forms (planets, stars, galaxies),
while cost-effectiveness is in a living world in a di-
rect function of individual survival in space (exis-
tential need).

The term ,lex parsimonia®; lex, legis, f. (/az. law,
rule) (4) and parsimonia -ae, f. (az. cost-effective-
ness, thrift) has been coined following the rule of
cost-effective practice. (5) The term ,cost-effec-
tiveness” is described as ,,he principle of acting in
economic activities 5o as to aim at as high an effect as
possible, with as low expenditure of necessary factors
as possible.“(6)

The visual result of applying the principle of
cost-effective practice or the tendency of thrift is
the quality of simplicity. Simplicity includes the
lack of any unnecessary material and additional
decorativeness. In the field of artistic expression,
the quality of simplicity is strongly promoted by
the use of thythm, proportion and, particularly,
symmetry in structuring the mass of a particular
object.

It has generally been acknowledged that Nature
expresses itself in most of its activities and forms
created exhibiting the character of extreme cost-ef-
fectiveness and simplicity in all of its actions. (7) It
has also been proved without a doubt that cost-ef-
fectiveness and its values are directly linked to the
act of creation in Nature, (8)

The cost-effectiveness component in Nature
In general, numerous phenomena and forms can
be found in Nature that have been created by the
most diverse activities and creation processes. If we,
on one hand, disregard exclusive explanations on a
completely predetermined process of formation for
these phenomena and forms in Nature, (9) and on
the other, the opposite explanations on a complete-
ly independent process of arbitrariness and coinci-
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no dokazano kako su ekonomi¢nost i nje-
ne vrijednosti neposredno vezane uz sam
stvaralacki &in Prirode. (8)

Komponenta ekonomic¢nosti u
Prirodi

Opéenito uzevsi, u Prirodi nailazimo
na brojne fenomene i oblike koji su nastali
iz najrazli¢itijih aktivnosti i procesa stva-
ranja. Ako se s jedne strane izuzmu isklju-
¢iva tumacenja o unaprijed posve deter-
miniranom procesu nastajanja tih pojava
i oblika u Prirodi, (9) a s druge strane to-
me suprotna tumacenja o potpuno neovi-
snom procesu proizvoljnosti i slu¢ajnosti,
(10) preostaje prihvatljivije tumacenje da
su svi oni u najvecoj mjeri upravo rezultat
interakcijskoga odnosa organske i anor-
ganske materije i odredenih energetskih
potencijala, koji djeluju u skladu s nizom
opce poznatih zakonitosti fizicke prirode.

Kod organskih oblika nailazimo na niz
¢imbenika koji aktivno djeluju u tom pro-
cesu od samoga pocetka njihova nastaja-
nja. Dominiraju termo-dinamicki procesi
(11) i opce poznati fakrori selekcije i mo-
difikacije. Osim tih tendencija javljaju se i
ostali ¢imbenici — momenti svrhe, stabil-
nosti i volje. (12)

U tom postupku nastajanja osjeca se i
snazno djelovanje opéih prirodnih teznji
prema jednostavnosti, ravnotezi i srede-
nosti oblika.

U procesu nastajanja graditeljskih obli-
ka Zivotinja-graditelja, dominira skala ni-
za prirodnih ¢imbenika, kojih je osnovni
karakter automatizam i stalnost u djelo-
vanju, uz osnovni cilj punoga zadovolje-
nja njihovih primarnih egzistencijalnih

dence, (10) what remains is a more acceptable ex-
planation that they (phenomena and forms) are to
agreat extent the result of the interactional relation
of organic and inorganic matter with particular en-
ergy potentials, such that act in accordance with a
number of well-known laws of physical nature.

Organic forms show a series of factors that act in
the process from the very beginning of their exist-
ence. Thermodynamic processes are prevalent (1),
as well as the commonly recognise factors of selec-
tion and modification. Apart from these trends,
other factors also occur — the moments of purpose,
stability and will. (12)

A strong impact can be seen within the process
of creation, of a general natural tendency towards
simplicity, balance and neatness of form.

A series of natural factors, as a key characteris-
tics of which are automatism and permanence of
activity, dominate in the process of forming build-
ers forms of animal-builders, where the key pur-
pose is satisfying their primary existential needs.
(13) Namely, the principle of entropy, as the sec-
ond law of thermodynamics, undoubtedly says that
everything is subjected to the tendency of univer-
sal balance and suspension of all unnecessary ten-
sions and divisions. (8) It has also been generally re-
nowned that the tendencies towards simplicity and
cost-effectiveness are generally present in Nature as
awhole. They are manifested in the body build of
living creatures — plants, animals and man himself,
quite often in the definition of the form of inorgan-
ic nature and building forms of animal-builders as
well.

A cross-section of the human thigh bone (fe-
mur) clearly shows trajectories of porous substance,
while their distribution follows exactly the distribu-
tion of the forces of pressure and tensile load. This
cost-effective distribution of bone mass offers an
optimal ratio of lightness (weight) and strength,
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potreba. (13) Naime, veé¢ samo nacelo
entropije kao drugi zakon termodinami-
ke, nedvojbeno dokazuje da je sve pod-
vrgnuto teznji sveopce ravnoteze i ukida-
nju svih nepotrebnih napetosti i podjela.
(8) Takoder je prihvaceno tumacenje da
je teznja prema jednostavnosti i $tedlji-
vosti opce prisutna u cjelokupnoj Prirodi.
Ona se ispoljava u gradi zivih bica — bilja-
ka, Zivotinja i samoga ¢ovjeka, a nerijetko
iu definiciji oblika anor-
ganske prirode i gradi-
teljskim oblicima Zivoti-
nja-graditelja.

U  presjcku glave
bedrene kosti  ¢ovje-
ka jasno su vidljive tra-
jektorije  spongiozne
supstancije, a njihov ras-
pored prati iskljudivo
raspored sila tla¢noga i
vla¢noga  opterecenja.
Takav $tedljivi raspored
mase kosti daje optimal-
ni odnos lakoce (teZine)
i ¢vrstoée i s minimu-
mom grade postize se
maksimalna otpornost
(slika 1).

Fascinantni primjer matematicki preci-
zne ckonomicne redukcije balastnog tkiva
nenosivog materijala i Zadriavanje samo
neophodno potrebne nosive statitke mase
za prihvat sila vanjskog i unutarnjeg napre-
zanja, nalazimo u primjeru stabljike Zitari-
ce. Vlat, kao nosiva konstrukcija stabljike
stedljivo je definirana u vidu kruznog pr-
stena, a mehanicko staniste koje preuzima
sile opterecenja, nalazi se na njegovu obo-

SLIKA 1. Presjek glave bedrene

kosti ¢ovjeka

FIGURE 1. Cross section of human
thigh bone

while minimum constitution material offers maxi-
mum strength (Figure 1).

Grain stems offer a fascinating example of
mathematically precise, cost-effective reduction of
non-bearing ballast tissue, while keeping only un-
avoidable and necessary bearing static mass, which
can accept the static forces of interior and exteri-
or stress. Blade, as a bearing construction of the
stem, is defined in a cost-effective manner as a cir-
cular ring, while mechanical cells, which take load-
ing forces, are situated on the
brim, which is as far as pos-
sible from the non-bearing
dead central hollow of the
stem (Figure 2). (14, 15)

Eagle bones are a good ex-
ample from the animal king-
dom, as they exhibit a consid-
erable reduction in bone mass
at the “V’-stiffening, form-
ing a natural grid-like carrier,
with optimum stiffness and
strength and the least possible
use of the matter. Obvious-
ly, the primary aim is to con-
struct a light and cost-effec-
tive structure (Figure 3). (16)

The example of the snow-
flake (ice crystal) illustrates,
in the world of inanimate nature, pronounced po-
ly-symmetry, a comprehensive geometric regularity
and characteristics of order in the overall composi-
tion of the form (Figure 4). (16)

Ever since ancient times, honeycomb has,
among the forms “built” by animal builders, at-
tracted open admiration, due to its unsurpassable
characteristics, the most cost-effective manner of
filling in a plane with groups of hexagons pressed
together. This mathematical phenomenon was also

40 PRIRODOSLOVLJE 22(1) 35 - 66 (2022)



Z. Padan: Starohrvatske crkvice $esterolisnog tipa na splitskom podrudju ... / Old Croatian churches of
the six-leaf type in the Split area ...

du, $to dalje od nenosive mrtve sredi$nje

Supljine stabljike (slika 2). (14, 15)

analysed by giants like Johannes Kepler and Ruder
Boskovi¢ (Figure 5). (17)

SLIKA 2. Prikaz grade vlati razi (lijevo), presjek kroz vlati razi (desno); 1 — asimilacijsko

stanidje, 2 — mehanicko stanidje, 3 — provodni snopovi

FIGURE 2. Representation of rye blade (left), rye blade cross-section (right); 1 — assimilation

Na primjeru
iz zivotinjskoga
svijeta — orlove
kosti, vidljiva je
snazno smanje-
nje mase kosti
na ,,V“-ukrudée-
nja, koja obli-

kuju  prirodni

reSetkasti  no-
sa¢, gdje je po-
stignuta  op-

timalna krutost i ¢vrstoéa uz $to manji
utrofak tvari, s dominantnim ciljem iz-
gradnje lagane i ekonomi¢ne konstrukei-

je (slika 3). (16)

U svijetu anorganske prirode, na pri-
mjeru pahuljice snijega (kristal leda), vid-
liive su naglasena polisimetri¢nost, sve-
obuhvatna geometrijska pravilnost i

cell, 2 — mechanical cell, 3 — wire bundles

SLIKA 3. Detalj orlove kosti
FIGURE 3. Detail of an eagle bone

be clearly seen.
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Analysing all of
these areas of Na-
ture, it can be con-
cluded that, apart
from a wide range
of all the factors
mentioned
and principles tak-
ing part in defining
the forms, a con-

above

siderable tendency
towards cost-effec-

tiveness and thrift in their overall arrangement can

Cost-effectiveness in architectural creation

Written treatises dealing with quality in archi-
tecture realised within the scope of morphological
solutions of structural-bearing part of the construc-
tion, compositional structure, or direct physical re-
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karakeeristika reda u ukupnoj kompoziciji
oblika (slika 4). (16)

Od oblika ,izgradenih“od Zivoti-
nja-graditelja, jo$ je u davnim vremeni-
ma péelinje sace izaziva-
lo neskriveno divljenje
zbog svojih nenadmas-
nih karakeeristika, naj-
Stedljivijeg nadina po-
punjavanja ravnine
skupnim  priljubljenim
$esterokutima. Tim su se
matematickim fenome-
nom bavili velikani po-
put Johannesa Keplera i
Rudera Boskovica (slika
5).(17)

Analizirajuéi sva ta
podru¢ja Prirode, mo-
zemo ustvrditi da se po-
red Siroke lepeze svih
dosad navedenih ¢imbe-
nika i nacela koji sudje-
luju u definiranju oblika, u znacajnoj mje-
ri provladi i teznja prema ekonomicnosti i
stedljivosti u njihovu sveobuhvatnom sre-
divanju.

Fkonomic¢nost u arhitektonskom
stvaralastvu

U pisanim raspravama o kvaliteti u ar-
hitekturi ostvarenoj unutar kruga mor-
foloskih rjesenja konstruktivno-nosivog
dijela strukture, kompozicijskom ustroj-
stvu ili pak neposrednoj fizi¢koj realiza-
ciji arhitektonskoga djela u prostoru, ne
nailazimo tako ¢esto na analize i tumace-
nja ckonomi¢nosti kao posebno izdvoje-

SLIKA 4. Pahuljica snijega
FIGURE 4. Snowflake

alisation of a piece of architecture in space, do not
often include analyses and explanations of cost-ef-
fectiveness, as a separate notion and subject of anal-
ysis. This is true, although, taking into account the
historical-architectural analy-
sis, the value and importance
of cost-effectiveness within
the scope of architectural cre-
ation, could be found as ear-
ly as with the Roman archi-
tect-theoretician Vitruvius.

Within the practical envi-
ronment of Roman civilisa-
tion, Vitruvius wrote of econ-
omising with material and
with authority asked for the
need to follow the standards
in realising the idea of cost-cf-
fectiveness. (18)

A kind of continuation
of this trend to the spirit of
cost-effectiveness can also be
found in the theory of archi-
tecture in the period of the Rainaissance (L. B. Al-
berti), which followed the reaffirmation of the ra-
tional approach of antiquity. (19)

On the other hand, “performance (executive)
building” was in a constant pursuit of a maximal-
ly cost-effective approach to executing objects and
solvinga number of details, directly associated with
the execution. At the end, this resulted in the estab-
lishment of statics as a scientific discipline, bringing
about dimensions of building element masses nec-
essary to build a piece of architecture. (20) Archi-
tecture as a science, contrary to the above, quite of-
ten neglected the problem, primarily because of the
potential possibility that this principle could easi-
ly grow into a kind of limiting factor when creating
pieces of architecture in space. (21)

42 PRIRODOSLOVLJE 22(1) 35 - 66 (2022)



Z. Padan: Starohrvatske crkvice $esterolisnog tipa na splitskom podrudju ... / Old Croatian churches of

the six-leaf type in the Split area ...

Oplofje stranice sastoji se od & trapeza 1 3 romba

& trapeza = b+ :,..I' 5 = Gab - Jax
A -q.__. 1] r_:._ll : Z = 2 _u.x. .,Il' q— 5
A - % rombs L 1-'?.- 1 12+ A -"—_'— & % + a°
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(1] Frema tome je oplolje stranice {51. 4 )
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SLIKA 5. Geometrijski oblik
stanice plelinjeg saca (A) i i
. . . e | B 2
postanak stanice iz prizme 2x\3 « f4x" 4 n
ravnog dna (B); matematicki b
izvod tupoga kuta romba ,alfa“ s
(prema Ruderu Boskovi¢u) R MWL WL LB SRR 10N LR S
3 ]
FIGURE 5. The geometric shape
of the honeycomb cell (4) and onda ja
the origin of the cell from the flat  s2* . } iz Zoge slifedl - & - 209%28416°

bottom prism (B); mathematical

derivation of the obtuse angle of

the rhombus ,,alpha“ (according
to Ruder Boskovic)

noga pojma i predmeta analize. Premda,
gledajuci kroz povijesno-arhitektonsku
analizu, na vrijednost i vaznost ekono-
mic¢nosti unutar arhitektonskog stvaranja
ukazuje veé rimski arhiteke-teoreti¢ar Vi-
truvije.

Unutar pragmati¢nog okolisa rimske
civilizacije u svojim raspravama o arhi-
tekturi, Vitruvije navodi ekonomiju ma-
terijala i autoritativno upucuje na potre-
bu postivanja normi vezanih uz njezino
ostvarivanje. (18)

Svojevrsni nastavak priklanjanja du-
hu ckonomi¢nosti nalazimo u rasprava-
ma teoreti¢ara arhitekture renesansnog
razdoblja (L. B. Alberti), koje se javljaju

However, recent trends reveal a strong inclina-
tion to the principle of cost-effective and thrift,
most often when designing mass living and office
architecture, especially in creating shell or oth-
er free-standing spatial forms, the appearance of
which has impacted the appearance of a new aes-
thetic standpoint on architectural object artistic
value in general. (22)

Circle, or circular form and regular hexagon
can be pointed out among morphological matrices
as the most consistent expression of cost-effective-
ness and thrift in designing. It is quite realistic to as-
sume that the appearance and introduction of the
circle (circular form) in architecture was, among
other things, a result of secking for a technical most
cost-effective building form. (23) Circle, as a plani-
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u svjetlu ponovne afirmacije racionalnog
pristupa antike. (19)

S druge strane, ,izvedbeno graditelj-
stvo“ bilo je tako reéi u stalnom traga-
nju za $to egzakenijim ekonomi¢nim na-
stupom pri izvedbi djela i rjeSavanju niza
detalja, neposredno vezanih za tu izved-
bu, $to je na kraju rezultiralo ustrojstvom
statike kao znanstvene discipline, koja
donosi dimenzije neophodno potrebne
mase gradbenih elemenata da bi se djelo
izgradilo. (20) Arhitektonska je znanost,
suprotno tome, u najvecoj mjeri zapo-
stavljala taj problem, zbog potencijalne
mogucénosti da bi to na¢elo moglo prera-
sti u svojevrsni ograni¢avajuci ¢imbenik u
postupku prostorne kreacije njenih djela.
(21)

No, u najnovije doba nalazimo na snaz-
no priklanjanje nacelu ekonomicnosti i
Stedljivosti, i to izrazito pri oblikovanju
masovne stambene i uredske arhitekture,
posebice pri stvaranju ljuskastih i drugih
samostojecih prostornih oblika, ¢ija je po-
javnost utjecala i na oblikovanje novoga
estetskog stava o likovnoj vrijednosti arhi-
tektonskoga djela uopce. (22)

Od morfoloskih matrica, kao najdo-
sljedniji izraz ekonomi¢nog postupanja i
Stedljivosti u oblikovanju, mozemo izdvo-
jiti krug, tj. krugoliki oblik i pravilni Se-
sterokut. Realno se pretpostavlja da je do
nastanka i uvodenja kruga (kruznog obli-
ka) u arhitekturi doslo, izmedu ostalog, i
u traganju za tehnicki $to ekonomic¢nijim
graditeljskim oblikom. (23) Krugkao pla-
nimetrijski lik izrazava u karakteru svoje
definicije naglasenu uskladenost s bitnim
odredenjima pojma ekonomi¢nosti: 1. sve

metric shape, expresses by the character of its defi-
nition obvious compliance with key features of the
notion of cost-effectiveness: 1. All the points of its
perimeter are at the same distance from the center;
2. Only a single dimension is required to construct
it - its radius; 3. The perimeter line of a circle is
shorter, compared to other regular geometrical
shapes, as related to the surface it encloses.

In the language of architecture, it can be said
that, compared to other forms, circular one is struc-
turally the simplest, and most cost-effective in ex-
ecution, as for the necessary amount of building
material. (24) If the same circular form is elevated
from ground-plan and regarded in its spatial, 3-D
rotational variant - as a globe or sphere, the same
advantage can be noted - favourable relation be-
tween the enclosed space and outer perimeter. (25)

Careful distribution of the ceiling mass in the
form of a spherical calotte or some related form,
results in an even more cost-effective architectural
form - a dome or cupola. (26) This morphological
development enables enclosing and covering more
of the inner space, with a reduced amount of neces-
sary building material for its realisation.

Primary cost-effectiveness becomes increasing-
ly obvious when dome-shaped structure develop-
ment is analysed, augmented by the development
of new materials, to culminate recently in the defi-
nition of thrift. (27) Dome is absolutely the most
effective form, as related to the minimal amount of
material to get the effect of enclosing space. Dome
represents one of the most consistent expressions of
applying the authority of cost-effectiveness in de-
fining an upper closing zone of the architectonic
space. (28) This high degree of thrift and simplic-
ity is, among other factors, the reason for the ear-
ly implementation of a circle in architecture and its
broad application in various socio-economic for-
mations.
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tocke njegova oboda jednako su udalje-
ne od sredista; 2. za njegovu konstrukciju
dovoljna je samo jedna veli¢ina — njegov
polumjer; 3. u usporedbi s ostalim pravil-
nim geometrijskim likovima, u odnosu na
povrsinu koju zatvara, obodna linija kru-
ga je najkraca.

Prevedeno na jezik arhitekture proizla-
zi da se u odnosu na ostale, kruzni oblik
iskazuje kao strukturalno najjednostavni-
na potrebnu koli¢inu grade. (24) Ako taj
isti kruzni oblik uzdignemo iz tlorisne vo-
doravne ravnine i promatramo ga u njego-
voj prostornoj, trodimenzionalnoj rota-
cijskoj varijanti — kugle ili sfere, ponavlja
se navedena povoljnost odnosa zatvaraju-
¢eg prostora i vanjskog oboda. (25)

Rasporedom mase svoda u obliku sfer-
ne kalote ili njoj srodnom obliku, dobi-
svoda — kupola. (26) Tim morfoloskim
napretkom omoguéeno je zahvacanje i
prekrivanje jo§ vise unutarnjeg prostora
uz smanjenje potrebne grade za njegovu
realizaciju.

Promatrajuci razvoj kupolastih oblika
i usporedno tome pojavnost novih ma-
terijala, afirmacija primarne ckonomi¢-
nosti sve je intenzivnija, da bi u najnovije
doba kulminirala u definiciji svoje $tedlji-
vosti. (27) Naime, kupola drzi neospor-
ni primat u odnosu na kriterij koritenja
minimalne koli¢ine materijala prema do-
bivenom efektu zatvaranja prostora. Ku-
pola predstavlja jedan od najdosljednijih
izraza primjene autoriteta ekonomic¢no-
sti u definiranju gornje zatvarajuce zone
arhitektonskog prostora. (28) Upravo u

Qualitative expression of cost-effectiveness and
rational thrift, as related to the length of the en-
closing perimeter and inner surface obtained thus,
compared to regular plane curves, is inversely pro-
portional to the increase of their geometrical com-
plexity. The advantage of the curve which forms
a regular circle is quite obvious intuitively as well
(Figure 6).

Mathematic derivation of the perimeter and sur-
face interdependence at the comparative view of
circle, ellipse, square, triangle and polygon, is an ex-
act contribution to the unambiguous proof that ar-
chitectonic forms exhibiting the shape of a circle in
their horizontal cross-section and ground-plan pro-
jection, have a more favourable coefficient of thrift
and cost-effectiveness, when physically defined, as
compared to the forms that exhibit any other shape
(square, triangle, ctc.) (Figure 7).

Regular hexagon, as well as a circle, finds their
ideographic origin in the workings of Nature it-
self. However, while the circular form draws its full
power through an independent, detached setup, a
hexagon s to a high extent dependent on multiple
occurrences of the same form in a plane. Only reg-
ular hexagons, equilateral triangles and squares, of
all the regular polygons, cover the whole area of a
plane, with no remainder. When the extent of the
forms mentioned is concerned, hexagons cover the
largest arca as well (Figure 8).

Ancient Split and the Early Middle Ages

When analysing the impact of Rome at the Cro-
atian coast we can see that ,Roman antique acted
with the full force of its civilising and political mis-
sion at our geographical area, and has left significant
traces of high wrban culture”. (29) Looking at Split as
an antique heritage at the Adriatic eastern coast, it
should be noted that it continued its life with the
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tom posjedovanju visokoga stupnja kvali-
tete $tedljivosti i jednostavnosti, moguce
je izmedu ostalog, na¢i razlog ranog uvo-
denja kruga u arhitekturu i njegove Siroke
primjene u najrazli¢itijim drustveno-eko-
nomskim formacijama.

Kvalitativna ispoljenost ekonomi¢no-
sti i racionalne $tedljivosti, glede odno-
sa veli¢ine zatvarajuceg oboda i unutarnje
dobivene povrsine, u odnosu na pravilne
ravninske krivulje, obrnuto je razmjerna
s narastanjem njihove geometrijske sloZe-
nosti. Nadmoénost krivulje koja tvori lik
pravilnoga kruga i intuitivno je posve o¢i-
ta (slika 6).

Matemati¢ki izvod medusobne zavi-
snosti opsega i povrsine kod usporednog
prikaza kruga, elipse, kvadrata, trokuta i
mnogokuta, egzaktni je prilog jednozna¢-
nom dokazu da arhitektonski oblici, ko-
ji u svojim vodoravnim presjecima i tlo-
crtnoj projekciji iskazuju lik kruga, imaju
povoljniji koeficijent Stedljivosti i ekono-
micnosti kod svog fizickog definiranja, od
oblika koji sadrze neke druge likove (kva-
drat, trokut i sl.) (slika 7).

Kao za kruznicu i krug tako i za pravil-
ni Sesterokut mozemo zapaziti da vuku
svoje ideografsko podrijetlo iz samih ura-
daka Prirode. No, dok kruzni oblik svo-
ju punu snagu emanira kroz samostalni
postav, $esterokut je u mnogo ¢emu ovi-
san od viSestruke pojavnosti tih istih liko-
va u ravnini. Od pravilnih mnogokuta sa-
mo pravilni $esterokuti, jednakostrani¢ni
trokuti i kvadrati, pokrivaju ¢itavu ravni-
nu bez ostatka. U odnosu na opseg pro-
matranih likova, Sesterokuti obuhvacaju i
najvecu povrsinu (slika 8).

downfall of Roman empire influence and onset of
the epoch of migration of peoples. Split was spared
from devastation, particularly by the Eastern Goths
in the first half of the 6 century, the Avars ac the
beginning of the 7™ century, of course, the Slavs.
The fact is that most of the towns in coastal Croatia
ceased to exist. However, some of them succeeded
in preserving their urban identities, such as Zadar,
Trogir and Kotor, while some appear as successors
of demolished towns, such as Split (Aspalathos) a
successor of Salona and Dubrovnik (Ragusium) as
asuccessor of Epidaurus.

SLIKA 6. Ravninske krivulje i odraz
graditeljske Stedljivosti

FIGURE 6. Plane curves and reflection of
thrift

The inhabitants of antique Salona, demolishing
of which meantan interruption of all life there, found
shelter, as Toma archdeacon noted, at least most of
them, under the protection of the walls of Diocle-
tian’s palace. Thus, the downfall of Salona and the mi-
gration of its inhabitants to Split made this town an
heir of Salonas cultural and urban achievements.
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Anticki Split i rani srednji vijek

Analizirajudi utjecaj Rima na hrvatskom
priobalju uvidamo: ,,na nasem geografskom
podrudju rimska je antika djelovala punom
silinom svoje civilizatorske i politicke misije,
te je ostavila znacajne tragove visoke urbane
kulture’. (29) Promatrajuéi Split kao anti¢-
ko naslijede na isto¢noj obali Jadrana, treba
naglasiti da je on padom utjecaja Rimskog
carstva dalje nastavio svoj zivot u epohi seo-
be naroda, jer je bio posteden razaranja oso-
bito Isto¢nih Gota u prvoj polovici 6. sto-
lje¢a i Avara pocetkom 7. stoljeca i naravno,
Slavena. Naime, vecina hrvatskih grado-
va uz more prestala je egzistirati, no neki su
ocuvali svoj urbani identitet poput Zadra,
Trogira i Kotorakao i oni koji se javljaju kao
nasljednici porusenih gradova poput Splita
(Aspalathos), kao nasljednika Salone, i Du-
brovnika (Raousion) kao nasljednika Epi-
daura.

Stanovnistvo anticke Salone, dije je ru-
Senje znadilo prekid Zivota grada, kako bi-
ljezi Toma arcidakon, sklonilo se u najve-
¢em broju medu zidine Dioklecijanove
palae. Tako je padom Salone i odlaskom
njezinih stanovnika u Split, taj grad po-
stao nasljednikom njezinih kulturnih i ur-
banih tekovina.

O Splitu se moze govoriti kao o gra-
du koji je bastinio urbane tradicije neko-
ga drugoga porusenoga grada. Split je po-
vijesni nasljednik porusene Salone, iako
ih dijeli razli¢itost lokacijske dispozici-
je. Carska Dioklecijanova palaca bila je i
prije sporadi¢no naseljavana, ali je padom
Salone jugozapadno smjesten Split (Aspa-
lathos) u potpunosti preuzeo njezinu
ulogu prema Bizantu i prema ranim hr-
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SLIKA 7. Pravilni geometrijski likovi i
faktor ekonomic¢nosti

FIGURE 7. Regular geometric figures and
cost-effectiveness factor

SLIKA 8. Geometrijske sheme medusobno
povezanih ravninskih likova

FIGURE 8. Geometric schemes of
interconnected plane figures

Split can also be considered a town that inher-
ited the urban traditions of another demolished
town. Split is a historical successor of demolished
Salona, although their locations are separated. Im-
perial Diocletian’s palace had been inhabited spo-
radically. However, with the downfall of Salona,
Split (Aspalathos), located in the southwest of the
palace, completely took its role, in relations with
Byzantium and carly Croatian rulers (Figure 9, 10).
(30) Diocletian’s palace gradually later transformed
from a place of refugees to a medieval urban entity.

Split was spared from numerous demolitions in
the course of the turbulent migration of nations in
Europe (Figure 11, 12). Upon the full affirmation
of the Croatian people from the transition of the VI
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vatskim vladarima (slike 9, 10). (30) Di-
oklecijanova se palata od prvobitnog re-
fugija postupno kasnije transformirala u
srednjovjekovno urbano srediste.

SLIKA 9. Povezanost antickih

komunikacija Salone (30)

FIGURE 9. The connection of ancient
communications of Salona (Suic)

U tijeku turbulentne seobe mnogih
naroda u Europi, Split je ostao posteden
brojnih razaranja (slike 11, 12). Punom
afirmacijom hrvatskoga naroda na prijela-
zu VL. u VIL st. do prijelaza XI. u XII. st.
Hrvati razvijaju vrlo intenzivnu kulturnu
i umjetnicku djelatnost u okviru koje se
grade brojni arhitektonski objekti. U po-
¢etnom su razdoblju to jednostavne gra-
devine, a u razvijenoj fazi (IX., X.i XL st.)
grade se brojni vrijedni sakralni objeki,
pocevsi od jednobrodnih bazilika i jedno-
stavnih centralnih objekata pa do razvije-
nijih tipova trobrodnih bazilika i slozenih
centralnih objekata. (31)

Tu je potrebno naglasiti da snaga tradi-
cijske konstante novonadoslih Slavena-Hr-

to the VII century until the transition of the XI to
the X1I century, Croats developed intensive cultural
and artistic activities, including building numerous
architectonic objects. In the beginning, those were

SLIKA 10. Dioklecijanova pala¢a u Splitu
(30)
FIGURE 10. Diocletian’s palace in Split
(Suic)

simple buildings, while in the later, developed phase
(IX, X and XI c.) a number of valuable sacral build-
ings, starting with single-nave basilicas and simple
central objects, to sophisticated types of three-nave
basilicas and complex central objects. (31)

It should be noted that the power of the tradi-
tional constant of newly-arrived Slavs-Croats left a
mark on the artistic expression of this early Croa-
tian historical period, with ever-present reflections
of Roman and Byzantine influence from the past
times. (31)

Early Croatian Sacred Architecture and the
Split Area
When analysing the buildings from the early

Croatian period, it is necessary to consider cost-ef-
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vata daje pecat umjetnickom izrazu toga
starohrvatskoga povijesnoga razdoblja u
kojem se nalazi i odraz rimskoga i bizantin-
skoga utjecaja iz proslih vremena. (31)

fectiveness in light of the capacities of the time and
realities of an underdeveloped, modest cultural en-
vironment and ambiental-geographical values of,
conditionally speaking, isolated area (Figure 13).

bompapsnmn gok

SLIKA 11. Karta porusenih i postedenih rimskih

gradova od seobe naroda (Sui¢)

FIGURE 11. Map of destroyed and spared Roman cities
from the migration of peoples (Suic)

Starohrvatska sakralna arhitektura i
podrugje Splita

U razmatranju zdanja iz starohrvatsko-
ga razdoblja, potrebno je gledati ekono-
micnost u svjetlu tadasnjih mogucnosti i
datosti toga jo§ nedovoljno razvijenoga,
skromnoga kulturnoga miljea i ambijen-
talno-geografskih vrijednosti, uvjetno re-
¢eno, jedne izolirane sredine (slika 13).

SLIKA 12. Dioklecijanov
mauzolej u Splitu (Mohorovicic)
FIGURE 12. Diokletian’s
mausoleum in Split (Moborovitic)

Building activity considerably flourished in the
area of Dalmatia during the period of Croatian na-
tional rulers. ,The stage of early Croatian architec-
ture is the territory of the early Croatian state - ninth
1o the eleventh century.”(32)

Defining sacral building as a material expression
of their new perceiving and attitude to life in the
confines of Christian doctrine, can be seen through
a broad scope of various forms and geometric pat-
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U vrijeme hrvatskih narodnih vladara
dolazi do izrazitog bujanja graditeljske aktiv-
nosti na podrudju tadasnje Dalmacije. ,,o-
zornica starobrvatske arbitekture je teritorij
stare brvatske drzave, vrijeme — deveto do je-
danaesto stoljece.“(32)

Definiranje sakralnih zdanja kao mate-
rijalnog izraza njihova novog spoznavanja
i gledanja na Zivot u sklopu kricanskoga
nauka, javlja se u Sirokoj paleti najrazno-
vrsnijih oblika i geometrijskih predloza-
ka. No, unato¢ toj morfoloskoj razlidito-
sti, moguce je provesti relativno konciznu
klasifikaciju tih zdanja u odnosu na matri-
cu tlocrtne dispozicije.

U analizi starohrvatskih crkvica podi-
zanih do XI. vijeka, Karaman (33) navo-
di da ,nisu gradene u obliku pacetvorina-
ste bazilike na tri broda, koji je Crkva Sirila
svojim ugledom po zapadu Europe, ve( Cesto
pokazuju raznovrsne tlorisne osnove — na
trolist, cetverolist, Sesterolist, na kriz i tako
dalje’. A u pogledu definiranja uspravnog
volumena tih gradevina, Karaman go-
vori da su ,,starohrvatske crkvice pokrive-
ne svodovima i kupolicama, u vrijeme ka-
da je monumentalno crkveno graditeljstvo
na zapadu Europe upotrebliavalo gotovo is-
kljucivo drveni strop*. (33)

Osim tih posebnih morfoloskih zna-
¢ajki izgradenih zdanja, pozornost svakog
istrazivaca privla¢i skromnost u veli¢ini —
horizontalni i vertikalni gabaritni doseg
starohrvatskih crkvica je krajnje suzdrzan.
U literaturi mozemo naiéi na znakovit na-
ziv za tazdanja — ,male katedrale®. (32)

Starohrvatsko  graditeljstvo  sakralne
funkcije mozemo morfoloski razlikovati
kroz dvije dominantne grupe. Jednu bi ¢ini-

terns. However, despite this morphological variety,
it is possible to make a relatively concise classifica-
tion of these buildings, in relation to the matrix of
ground-plan disposition.

SLIKA 13. Pogled na Split
FIGURE 13. View of Split

Karaman (33) said in the analysis of early Croa-
tian small churches built before the X1 c. that , they
were not built in the rectangular shape of a three-
nave basilica, which the Church proliferated using its
reputation throughout the west of Europe, but ofen
exhibit various ground-plan bases - three-leaf, four-
Leaf, six-leaf; cross et cetera”. On defining the vertical
volume of these buildings, Karaman said that ,.ear-
ly Croatian small churches were covered with arches
and small domes, at the time when monumental ec-
clesiastical building in western Europe used wooded
ceilings almost without exception”. (33)

Apart from these special morphological charac-
teristics of the buildings erected, researchers’ atten-
tion is drawn to the modesty of size - the horizon-
tal and vertical size of early Croatian small churches
is utterly unassuming, Literature often, quite signif-
icantly, calls them ,small cathedrals®. (32)

Early Croatian sacral buildings can be morpho-
logically recognised through two dominant groups.
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le bi male presvodene crkvice u modeliranju
kojih preteze kruzna matrica, dok bi dru-
gu grupu oblikovale monumentalne zgra-
de naglasene pravolinijske ortogonalnosti.
(34) Te dvije osnovne morfoloske skupine
u opcoj tipologiji crkvene arhitekture — cen-
tralne i longitudinalne gradevine — gotovo
su podjednako zastupljene u predromani¢-
koj crkvenoj arhitekturi u Dalmaciji. (35)

Sesterokonhni ili $esterolisni oblik naj-
izrazitiji je tip centralnih gradevina rano-
srednjovjekovne arhitekture Dalmacije.
Karakterizira ga $esterolisni tlocrt, po-
znat do sada na sedam primjera u Dalma-
ciji, od kojih se tri nalaze na splitskom po-
dru¢ju — crkva Sv. Trojice u Splitu, crkva
Sv. Marije u Trogiru i crkva Sv. Mihovila
u Brnazima kod Sinja (slike 14-16). (35)

Sve te navedene gradevine imaju zajed-
nicki $esterolisni tlocrt i sredis$nju kupolu
sa $est uokolo postavljenih konhi. Sve su
gotovo istih dimenzija i izgradene u rusti-
kalnoj tehnici gradnje.

O tome da su racionalnost upotrije-
bljenoga gradevnog materijala kao i opca
ekonomi¢nost u modeliranju bili vodeéi
¢imbenici tih prethodnih oblika gradske
arhitekture, opisuje Andre Mohorovi¢i¢ u
traktatu ,0 analizi pucke arhitekture” ka-
dakaze: , Faktor lokalnog nalaza materija-
la, ekonomicnost i mogucnost obrade igra-
Jju w ovom sluéaju glavnu ulogu kod izbora i
primjene materijala. U spontano kreiranoj
puckoj arbitekturi elementi tehnicke i eko-
nomske komponente svakako su privoritet-
ni, dapace u poletnoj fazi razvoja iskljucivi
i odlucujuci.“(36)

Morfoloski predlosci starohrvatske sa-
kralne arhitekture imaju jo$ jednu zanimlji-

One would be small domed churches modeled pre-
dominantly by a circular matrix, while the other
group would be monumental buildings with pro-
nounced rectilinear orthogonality. (34) These two
basic morphological groups in the general typolo-
gy of ecclesiastical architecture — central and lon-
gitudinal buildings - are present in almost equal
number in pre-Romanic ecclesiastical architecture
in Dalmatia. (35)

Hexagon of six-leaf shape is a most prevalent
type of central buildings in early medieval archi-
tecture in Dalmatia. It is characterised by a six-leaf
ground-plan, recognised at seven different sites
in Dalmatia, three of them situated at Split area —
the church of Holy Trinity in Split, the church of
St. Mary in Trogir and the church of St. Mihovil in
Brnaze near Sinj (Figure 14-16). (35)

All the above buildings had a common six-leaf
ground-plan and a central dome with six conches
situated around it. They were of almost identical
dimensions and were built employing rustic build-
ing techniques.

Andre Mohorovi¢i¢ in his treatise ,0n the anal-
ysis of folk architecture” confirmed that rationali-
ty of the building material used, as well as general
cost-effectiveness in modeling, were leading fac-
tors in constructing these early forms of city archi-
tecture, saying: ,The issue of locally available mate-
rial, cost-effectiveness and the possibility of working
the material, play in this case a major role in selecting
and using the material. The elements of technical and
economic components are obviously the highest prior-
ity in spontaneously created folk architecture, indeed,
in the initial development phase they were exclusive
and decisive. (36)

Morphological patterns of early Croatian sacral
architecture are characterised by another interesting
feature — multicoloured apses or conches. The in-
ner space of the forms analysed consists of a central
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SESTEROKONHNI TIP

Y, TROJICA U SPLITU
FRETPOSTAVLIEND [ZVOENG STANJE
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SLIKA 14. Sv. Trojica u Splitu
FIGURE 14. Holy Trinity in Split

SV. MARIJA U TROGIRU

{lstratio T. Marasavies snimak M, Marasovié)

SLIKA 15. Sv. Marija u Trogiru
FIGURE 15. 8t. Mary in Trogir

vost — viebrojne apside ili konhe. Unutar-
nji prostor promatranih oblika sastoji se od
centralne glavne mase valjkastog prostora
na koju se nadovezuje niz manjih poluvalj-
kastih (ili tri ¢etvrtine valjkastih) prostora,
smjestenih u radijalno postavljenim kon-
hama. Ra$¢lamba toga jedinstvenoga pro-
stora putem konha ili apsida jedinstveno
je 1 specifitno graditeljsko rjesenje. Budu-
¢i da je morao ostati o¢uvan fokus interesa
u samom centru, §to je neizbjezno kod svih
»introvertnih® gradevina centralnog tipa (a
izbjeéi bilo kakvu pojavu longitudinalnog
usmjeravanja prostora), rubno po kruzni-
ci postavljene pojedinaéne apside organski

main cylindrical mass, to which a number of smaller
semi-cylindrical (or three-quarter cylindrical) spac-
es are attached, located in radially situated conch-
es. The breakdown of this unique space by means of
conches or apses is a unique and completely specif-
ic building solution. As the focus of interest had to
be preserved in the center itself, which is unavoid-
able with all ,introvert” buildings of central type
(while any longitudinal directing of the space has
to be avoided), on the perimeter of the circle indi-
vidual apses are situated, which organically ,,flour-
ish* from the central mass of space, with no need for
interspace or unnecessary physical partitions. (37)
These are rather modest architectonic assem-
blies, when the number of spatial elements is con-
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~bujaju® iz te centralne mase prostora, bez
iziskivanja ikakvih meduprostora ili nepo-
trebnih fizi¢kih pregrada. (37)

EV. MIHOVIL U BRNAZIMA

ilutrakis 5. Cunjade snimak T, Marssovld]

SLIKA 16. Sv. Mihovil u Brnazima kod
Sinja
FIGURE 16. St. Mihovil in Brnaze near Sinj

Prema broju upotrijebljenih prostor-
nih elemenata, to su skromni arhitekton-
ski sklopovi, koji s minimalnim brojem
clemenata uspjesno konstituiraju prostor-
no vrijedan i nadasve originalan arhitek-
tonski oblik. (32)

Jedna od prevladavajuéih vanjskih vi-
zualnih karakterisika tih zdanja njihova je
izrazito mala veli¢ina, s obzirom da je pro-
mjer sredi§njeg prostora iznosio prosjec-
no Sest metara, a promjer ¢itavog objekta
kao i njegova visina oko deset metara.

Sesterokonhni oblik te ranosrednjo-
vjekovne hrvatske arhitekture nalazimo i
izvan Dalmacije, a unutar njezina opsega
Split je pored Zadra bio drugo vazno Zari-
ste te arhitekture (slika 17).

Geometrijsko-eksperimentalna
analiza tlorisa splitskih $esterolista u
odnosu na ¢imbenik ekonomi¢nosti
Veé sim alternativni naziv Sesterolist za
Sesterokonhi vijenac apsida, ukazuje da je

sidered, as they successfully design spatially valua-
ble and primarily original architectonic forms, with
aminimum number of elements. (32)

One of the outstanding outer visual character-
istics of these buildings is their pronounced small
size, as the diameter of the central space is six me-
ters on average, while the diameter of the whole ob-
ject, as well as its height, amounts to ten meters.

The hexaconch shape of this carly medieval
Croatian architecture can also be found in Dalma-
tia, while in Dalmatia Split is, together with Zadar,
an important hotspot of this architecture (Figure
17).

Geometric-experimental analysis of the
ground-plan for the Split ,,six-leaf “ in
relation to the cost-effectiveness factor

The alternative name ,six-leaf “ for the hex-
aconch crown of apses itself indicates that the
phytomorphic component is clearly expressed
and almost intuitively recognised. According to
the grand division of rectilinear, rectangular and
curved, circle-like forms, where the first are at-
tributed to man’ creativity and second to organ-
ic Nature, artistic compatibility of early Croatian
hexaconch small churches with natural forms, par-
ticularly of the plant-phytomorphic circle. An ex-
periment with the aim to prove the presence of the
principle of cost-effectiveness and the trend of ra-
tional thrift will be organised with the aid of a ge-
ometrical scheme of ideal circle and interconnect-
ed regular hexagons, as a matrix the basis of which
is mathematically provable cost-effectiveness with-
in the domain of Nature. As these artistic patterns
can be found outside of human construction, it is
correct to call them their precedents. This is par-
ticularly so as circular and circle-like shapes can be
found in plant structures, in shells, in the construc-
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SLIKA 17. Rasprostranjenost osnovnih tipova ranosrednjovjekovnih crkvica u Dalmaciji
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FIGURE 17. Distribution of basic types of early medieval churches in Dalmatia (T. Marasovic)
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tu fitomorfna komponenta jasno izraze-
na i gotovo intuitivho prepoznata. Pre-
ma velikoj podjeli na pravolinijske, pra-
vokutne i zavojite, krugolike oblike, od
kojih prve pripisujemo ljudskom stvara-
lastvu a druge organskoj Prirodi, istice se
likovna kompatibilnost starohrvatskih Se-
sterokonhnih crkvica s oblicima prirode,
osobito vegetabilno-fitomorfnoga kruga.
Eksperiment u svrhu dokazivanja prisut-
nosti nac¢ela ekonomicnosti i tendencije
racionalne $tedljivosti, izvrsiti Ce se uz po-
moc¢ geometrijske sheme idealnog kruga i
medusobno povezanih pravilnih $estero-
kuta, kao matrica koje su nositelji mate-
mati¢ki dokazive ekonomiénosti unutar
domene prirode. Kako te likovne obras-
ce nalazimo izvan ljudskoga graditeljstva,
opravdano ih je smatrati njihovim prese-
danima. Osobito zato §to kruzne i krugo-
like oblike nalazimo u gradi biljaka, sko-
ljaka, pti¢jih gnijezda i sli¢no, a matricu
Sesterokuta kod prostorne resetke radiola-
ria i u jednom od najfascinantnijih urada-
ka u Prirodi — u gradi saca péela. (3)

Krug je u pogledu zahvacanja unutras-
nje povrsine u odnosu na vanjski obod vo-
deca figura u gradi bilo kakvog oblika, jer
iziskuje najmanje grade za svoje zatvara-
nje, a medusobno poredani Sesterokuti je-
dini su od svih ostalih pravilnih geome-
trijskih likova koji popunjavaju ravninu
bez ikakva ostatka balastnog prostora.

(38)

A) Matrica kruznih oblika

Promatrajuci crkvicu Sv. Marije u Tro-
giru, uvidamo da u dispoziciji tlocrta obris
kruznice nije iskazan u strogo pravilnom

tion of birds nests and the like, while the hexagon
matrix can be found in the spatial grid of radiolar-
ia and in one of the most fascinating workpieces of
Nature - in the structure of honeycomb. (3)

The circle is, regarding the ratio of covering the
inner area and the length of the outer parameter,
the best figure in constructing any shape, as it asks
for the least amount of building material to be en-
closed, while interconnected hexagons are the on-
ly ones, among all the other regular geometric fig-
ures, that fill-in the plane with no residual ballast
space. (38)

A) Circular matrix

If we analyse the church of St Mary in Trogir,
we can see that in its ground-plan disposition the
shape of the circle is not geometrically strictly reg-
ular. However, the circle is clearly outlined in its es-
sence. It can be seen in the shape of circular inner
space (A), as well as in the shape of semi-circular,
on the inner side three-quarter circular conches or
leaves (B), Figure 18. The reflection of a circle can
also be seen in a geometric image of the intersec-
tion of the central space circle and circles belonging
to circumferential spaces of conches (Figure 19).

The existence of symmetry and rhythm in these
circle-like compositions leads to the indirect con-
clusion that the trend to cost-effectivenessis strong-
ly pronounced in their composition. Regardless of
the fact that in designing carly Croatian churches
of this group in the Split area there is no strict, ge-
ometrically regular pattern in execution, symmet-
ric division in ground-plan disposition is indisput-
able and is expressed as poly-symmetry. Six radial
axes can be distinguished in total, theoretically di-
viding the space into two parts of equal area sur-
face. Two groups of axes are clearly distinguishable.
In one, the axes pass through apse vertexes and cen-
tral focus point (A) and in the other axes also pass
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geometrijskom izrazu. Medutim, kruzni-
ca, odnosno krug, je u njegovoj biti izra-
zito izrazena. To se ocituje u obliku kruz-
noga sredi$njeg prostora (A), i u obliku
polukruznih, iznutra 3/4-kruznih konha
ili listova (B) (slika 18). Odraz kruga na-
lazimo i u geometrijskoj slici zone medu-
sobnog presijecanja kruga centralnog pro-
stora i krugova obodnih prostora konhi

(slika 19).

SLIKA 18. Graficka analiza tlocrta Sv.
Marije u Trogiru, prema dominantnoj
matrici kruga (autor)

FIGURE 18. Graphic analysis of the floor
plan of St. Mary in Trogir, according to the
dominant circle matrix (author)

Postojanje simetrije i ritma u tim kru-
golikim kompozicijama navodi nas na po-
sredni zaklju¢ak da je u njihovom kompo-
niranju teznja ka emonomic¢nosti izrazito
zastupljena. Bez obzira $to pri oblikova-
nju starohrvatskih crkvica te grupe pro-
matranih primjera na splitskom podru¢-
ju nema strogoga, geometrijski pravilnog
uzorka u izvedbi, simetri¢na podjela u tlo-
crtnoj dispoziciji nesporna je i javlja se u
vidu poli-simetrije. Pritom se moze razli-

through the centre of the composition, but through
the points of apses, the side touches the center line
aswell (B), dividing the ground-plan mass sparingly
into two parts (Figure 20).

As an outer component of the ground-plan,
thythm is, regardless of often underlined irregu-
larities in the size of circularly situated apses, also
in principle clearly expressed in small Split church-
es — through the interchange of the same area units,
as well as in mutual distance of their sequences. The
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SLIKA 19. Graficka analiza tlocrta Sv.
Marije u Trogiru, prema interferenciji
kruga centralnog prostora i kruga konhe
(autor)

FIGURE 19. Graphic analysis of the floor
plan of St. Mary in Trogir, according to the
interference of the central space circle and
the conches circle (author)

aps crowns of the churches in question are developed
in the interspace of two concentric circles (A). Al-
though there is, even here, certain irregularity in exe-
cuting their radii, we can conclude that the distance
between conche vertexes - S is equal to the out-
er radius - R (B), and also that rhythm is generally
quite clearly pronounced in the form of the corpus,
as a phenomenon of juxtaposition of approximately
identical apse surfaces (C and D) (Figure 21).

The above analyses of cost-effective work re-
veal another fascinating solution - basic precedents
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kovati ukupno Sest radijalnih osi, koje tlo-
crt teorijski dijele na dva povrsinski jedna-
ka dijela. Mogu se posve jasno razlikovati
dvije grupe osi. Jednu, gdje osi prolaze tje-
menima apsida i centralnom fokusnom
totkom (A) i drugu, gdje osi takoder pro-
laze kroz srediste kompozicije, ali i to¢ka-
ma simetrala bo¢noga dodira apsida (B),
dijeleéi tako Stedljivo tlocrtnu masu na
dva djjela (slika 20).

Kao vanjska komponenta tlocrta, bez
obzira na ¢esto naglasavanje nepravilnosti
u veli¢ini kruzno postavljenih apsida, ri-
tam se takoder principijelno jasno iskazu-
je kod splitskih crkvica — u izmjeni realno
istih povrdinskih jedinica, i u njihovom
medusobnom razmaku nizanja. Vije-
nac apsida promatranih crkvica razvija se
u meduprostoru dva koncentri¢na kru-
ga (A). Premda i tu postoji odredena ne-
pravilnost u izvedbi njihovih polumjera,
moguce je zakljuciti da je razmak izmedu
tjemena konhi - §, jednak vanjskom po-
lumjeru — R (B), i da je u obliku korpusa
principijelno veoma jasno izrazen ritam,
kao fenomen nizanja priblizno identi¢nih
povrdinaapsida (CiD) (slika 21).

U navedenim analizama ekonomi¢-
nog postupanja nalazimo jo$ jedno fas-
cinantno rjesenje — principijelne prese-
dane koje nalazimo u samoj prirodi i to
u gradi samoga ¢ovjeka. Naime, morfo-
logija ljudskoga mozga, osobito njegova
vanjska ovojnica je ,smeZurana“ pa sto-
ga ima znatno povecanu povrsinu bez ne-
gativnog utjecaja na neicljeno povecanje
volumena. Analognu matricu ekonomi¢-
nosti nalazimo kod starohrvatskih crkvi-
ca splitskoga podruc¢ja, kao i svih ostalih

found in Nature and in the constitution of human
body 