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Obr. 13. Postup vyroby experimentalnych vzoriek ¢epele a ich metalografia (foto: R. Moc (a—e), N. Beronska,
T. Dvorak (f-h).

Fig. 13. Process of manufacturing experimental blade samples and their metallography (photos: R. Moc (a—e);
N. Beronska, T. Dvorak (f-h).
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namom pouzitia geometrie pri dizajne meca, a to
najmd z toho dovodu, Ze sa necitime byt dosta-
tocne kvalifikovani na posudzovanie tak tazko
uchopitelnej témy a hrozi ndm chytenie sa do
pasce hladania symbolickych vyznamov aj tam,
kde nikdy neboli. Sustredujeme sa preto vylucne
na praktické aspekty pouzitia geometrie v pod-
mienkach dobovej vyroby. Vychadzame pri tom
z podrobnych a presnych metrologickych udajov
jednotlivych mecov-originalov a ich presnych
vykresov. Na tomto mieste je potrebné uviest,
ze fotografie, alebo kresby ziskané prekreslenim
z fotografii nie si vhodné, kvoli skresleniu pro-
porcii So$ovkou fotoaparatu. Preto sme sa ob-
medzili len na mece, ktoré sme mali moznost
preskimat a zdokumentovat osobne. V stcas-
nosti ide o priblizne $tyridsat mecov z obdobia
9.-15. storocia, hlavne z tizemia Slovenska. Ge-
ometrie boli tvorené na vykrese v skutoc¢nej
velkosti tak, aby spliiali podmienky uvedené
P. Johnssonom, teda musia tvorit savisla siet, kde
nasledujuci krok vychadza z predchadzajiceho,
a musia byt vytvoritelné pomocou dobovych po-
mocok t.j. kruzidla a neciachovaného pravitka
(Johnsson 2015, 21). Samozrejme, musime si byt
vedomi uskali tejto problematiky. Geometricka
analyza urcite nemdze byt chdpana ako exaktna
metdda vyskumu mecov, jednak z dovodu vel-
kého mnozstva nepresnosti na skuto¢nych me-
¢och, ¢i uz z dévodu nedbalosti pri vyrobe, ale-
bo v dosledku poskodenia originalov, ale hlavne
z dovodu, ze skiimame vlastne produkt tvorivej
[udskej mysle a musime vzdy ratat z istou mierou
kreativity tvorcu. Preto je potrebné pristupovat
k tejto téme kriticky, a zaroven s otvorenou mys-
fou. V nasom pripade sme brali ako kritérium
presnosti, ak sa skuto¢ny rozmer na originali
meca neodchyloval od idedlu ziskaného pomo-
cou geometrie viac, ako od cca 1 %, ¢o napr.
pri dizke zastity znamena priblizne 1,5 - 2mm.
Prekvapujicim zistenim bolo, Ze v mnohych pri-
padoch, urcite prekracujucich mieru nahody,
bol skutoc¢ny rozdiel rozmerov origindlu oproti
idedlu v rozmedzi len niekolkych desatin mi-
limetra. Z tohto pohladu sa teda skutoc¢ne zda,
ze tedria P. Johnssona ma redlny zaklad, ked-
Ze je tazko predstavitelné, ze pri tvorbe dizajnu
»,0d oka®, alebo pri ndhodnom skladani sucasti

meca pri kone¢nej montazi, by sa dosiahlo takej-
to presnosti a to opakovane. V praxi, pri pouziti
geometrickych schém pri vyrobe replik mecov
sa ukazala velkd variabilita a praktickost tejto
metody pri tvorbe dizajnu meca. Nezalezi pri-
tom na skuto¢nosti ¢i bol me¢ produktom jednej
dielne, alebo viacerych od seba vzdialenych pra-
covisk, hoci konkrétne postupy sa budu samo-
zrejme lisit. Popisovat vSetky varianty postupov
vytvarania geometrickych schém v jednotlivych
pripadoch je nad ramec tohto prispevku, staci
si vSak uvedomit, ze kedZe funk¢na geometria
vytvara suvisla siet, je mozné pri pouziti urcité-
ho postupu vo vicsine pripadov odvodit tymto
spésobom od lubovolného rozmeru meca vset-
ky ostatné. V praxi to najcastejsie znamena, a je
to samozrejme aj najefektivnejsi postup, ze je
mozné v kratkom case (za predpokladu, Ze ide
o naucené, ,,zazité“ postupy, ide o par minut) ku
kazdej jednotlivej cepeli vytvorit zodpovedajuici
dizajn casti rukovite, a to bez ohladu na skuto¢-
né rozmery tychto cepeli. Toto mohlo mat obrov-
sky vyznam v podmienkach bez pevnej sustavy
mier a existujicej normalizacie. V naom sucas-
nom ponimani je geometricka analyza a nasled-
nd aplikdcia zistenej schémy pri vyrobe repliky
meca chdpana ako sucast pokusu o rekonstruk-
ciu dobového postupu vyroby, o zdmer a pokus
pochopit a vzit sa do myslenia a pohnutok vy-
robcov tak $pecializovanej zbrane akou je mec.
Ci bude mozné takto ziskané poznatky vyuzit aj
inym spdsobom, napr. na hladanie vyrobnych
centier, okruhov, alebo tradicii v zmysle dedenia
a pokracovania pouzivania jednotlivych postu-
pov alebo aj konkrétnych schém pocas dlhsieho
¢asového obdobia aj na mecoch s roznymi tvarmi
jednotlivych sucasti, a tym poukazanie na mozné
vyvojové suvislosti, alebo sa ukdze, Ze ide o slept
ulicku a ostane len pri vyssie uvedenom chapa-
ni, ukdze zrejme az dal$i vyskum a cas. K tomu
je ale potrebné tymto spésobom spracovat ¢o
najvacsi pocet mecov. Aj z tohto dévodu sme sa
rozhodli, po triezvom zvazeni vsetkych uskali
a kontroverzii danej problematiky geometricka
analyzu dvoch mecov, ktoré su predmetom tohto
prispevku uverejnit.

Romdansky me¢ z Bratislavy-Cunova sleduje
svojimi proporciami zékladnti geometricku $truk-
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taru I podla P. Johnssona® s prieckou umiestne-
nou v strede zdkladného kruhu a pomerom dlzky
¢epele a rukovite 2:11 (Johnsson 2015). Samotné
proporcie rukovite st definované pomocou geo-
metrického rezu zalozeného na osemcipej hviez-
de zloZenej z dvoch navzajom o 45 stupnov zroto-
vanych $tvorcov vpisanych do zakladného kruhu
a kruznice pretinajicej priese¢niky stran tychto
$tvorcov. Priemer tejto kruznice definuje dizku
zastity a jej polomer vzdialenost vonkajsej spod-
nej strany hlavice od priese¢nika osi geometric-
kého rezu, teda od priecky. Situacia, ked je v geo-
metrickej schéme ukotvena predna hrana hlavice
a nie jej spodny okraj, nie je ojedineld, hlavne pri
masivnejsich typoch romanskych hlavic. V tejto
suvislosti je zaujimavé si uvedomit, Ze je to prave
tato vonkajsia hrana hlavice, ¢o sa dotyka dosky,
na ktorej je geometria nakreslend a me¢ na nej pri
praci a kontrole spravnosti proporcii lezi. Sirka
¢epele je definovana dlzkou strany pravidelného
osemubholnika, vpisaného do kruhu s polovi¢nym
priemerom, ako zakladny kruh (obr. 14: a). Pre
pouzitie geometrickej schémy zalozenej na osem-
cipej hviezde existuje viacero analdgii aj medzi
doposial analyzovanymi me¢mi 11.-14. storocia
z uzemia Slovenska, ¢i uz v podobe zhodnej so
skimanym mecom (obr. 16: e-g), alebo mierne
odli$nych variantach (obr. 16: a-d). Tak isto de-
finovanie $irky ¢epele pomocou osemuholnika je
pomerne beznou stratégiou. P. Johnsson uvadza
niekolko prikladov analégii zhodnych so sché-
mou meca z Cunova, teda geometriu zaloZenu
na osemcipej hviezde a osemuholniku v zhodnej
kombindcii (Johnsson 2022, 128, obr. 4: A-E). Na
tomto mieste je mozné spomendt fakt, ze tento
typ geometrického rezu jasne dominuje medzi
doposial skimanymi me¢mi z tzemia Sloven-
ska, ked viac ako jedna tretina skimanych mecov
ukazuje tito schému. Nuka sa tedria, ze by mohlo
ist o schému popularnu a ¢asto pouzivana v stre-
doeurdpskych dielnach, avsak vzhladom na maly
pocet skimanych mecov a nejasny pdvod niekto-
rych z nich je nutné byt nateraz opatrny pri vyvo-
dzovani zaverov.

V pripade meca z Ivanky pri Dunaji je presna
geometricka analyza stazena vzhladom na vyraz-
né poskodenie cepele kordziou. Je vSak vysoko

3
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pravdepodobné, vzhladom na presnost, s akou
zapadaju rozmery a proporcie meca do zvole-
nej geometrickej schémy, ze mec¢ rovnako ako
v predchadzajucom pripade, sleduje zakladnu
$trukttru I so zhodnym pomerom dizok ruko-
vite a Cepele, teda 2:11. Rozdielny je vsak geo-
metricky rez definujuci proporcie rukovite. Ten
je zalozeny na dvoch dvojiciach diagonalnych
oblukov rozdelujucich S$tvorec opisany zaklad-
nému kruhu. Dlzka priecky je definovana vzdia-
lenostou priese¢nikov tychto oblukov leziacich
na vodorovnej osi zakladného kruhu. Priese¢nik
oblukov na zvislej osi lezi sice v tesnej blizkos-
ti spodného okraja hlavice, a teda je mozné, ze
definuje jej nasadenie na tin. Tu je vSak predsa
len urcita odchylka a nedd sa teda jednoznacne
urcit, ¢i je hlavica tymto sposobom definovana.
Moze ist o beznu nepresnost pri vyrobe, alebo
o dosledok remontaze rukovite. To su vsak len
predpoklady bez moznosti overenia, hoci posky-
tuju redlnu moznost zdovodnenia tejto nepres-
nosti. Sirka Cepele pri priecke je naproti tomu
presne definovana ako 1/5 priemeru zdkladného
kruhu, ¢o je tak isto odvoditelné z pouzitého geo-
metrického rezu priese¢nikmi diagonalnych ob-
lukov s poloblukmi o polomere zdkladného kru-
hu (obr. 15: a). V suavislosti s geometriou meca
z Ivanky pri Dunaji je mozné uviest este jeden
zaujimavy fakt, a sice, Ze tazisko rekonstrukcie
meca vyrobenej pri dodrzani presnych rozmerov
originalu a zistenej geometrickej schémy, tiez za-
padd do tejto geometrie, ked tazisko lezi v mies-
te dotyku diagonalnych oblukov s ostrim meca,
teda jeho sirkou (obr. 17). Na zdklade tychto zis-
teni bola vyrobend idealizovand rekonstrukcia
meca z Ivanky pri Dunaji (obr. 18). Moze ist sice
o nahodu, nie je to vSak ojedinely pripad, ked ta-
zisko meca, ¢i uz vynimocne dobre zachovalého
originalu, alebo presnej rekonstrukcie zapada do
jeho geometrickej schémy. Kazdopadne, vzhla-
dom k prili§ malému poctu doteraz takto presku-
manych mecov je pred¢asné vytvarat nejaké za-
very a tento fenomén bude predmetom dalsieho
badania. Analdgie ku geometrickej schéme meca
z Ivanky pri Dunaji st menej pocetné, ako v pred-
chddzajicom pripade. Predsa vSak existuju, ¢i uz
v materiali z izemia Slovenska (obr. 16: h-i), ale-

Stat o geometrickej analyze mecov venujeme Petrovi Johnssonovi, priekopnikovi tejto problematiky.
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Obr. 14. Geometria meca, rukovite a hlavice z Bratislavy-Cunova (autor: R. Méc).

Fig. 14. Geometry of the sword, hilt, and pommel from Bratislava-Cunovo (author: R. M6c).
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Obr. 15. Geometria meca, rukovite a hlavice z Ivanky pri Dunaji (autor: R. Méc).

Fig. 15. Geometry of the sword, hilt, and pommel from Ivanka pri Dunaji (author: R. Méc).
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bo v eurdpskom kontexte (Grotkamp-Schepers et
al. 2015, Kat. 3, 14).

Hornym a bo¢nym pohladom na hlavice sa
doteraz z hladiska geometrie nevenovala Ziadna
pozornost, hoci je zrejmé, ze najmé v pripade
masivnej$ich typov hlavic je nutné ich vnimat
nie ako dvojrozmerny obrys, ale ako trojroz-
merny objekt. V pripade oboch skimanych
mecov su obrysy hornych a bo¢nych pohladov
na hlavice definované systémom kruznic, ktoré
tvoria suvisli geometrickd schému a ich prie-
mery maju vztah medzi sebou navzajom, ako
aj k priemeru zakladného kruhu. Zaujimavé su
v tejto savislosti tiez ¢elné pohlady na hlavi-
ce, ktoré v pravouhlom premietani nevykazuja
ziadne znamky geometrickych suvislosti, ked
v§ak pohlad presunieme a hladime na ne kol-
mo, na ich prednu plochu, ich obrys opdt tvori
systém navzdjom suvisiacich kruznic. Geomet-
rické schémy hlavic aj s vyjadrenim vzajomnych
pomerov polomerov kruznic (obr. 14: c-f; 15:
c—t). Tu samozrejme opit plati, Ze kvoli malému
poctu analyzovanych exemplarov je predcasné
vyvodzovat zavery. Zda sa vSak, Ze minimalne
pri hornych a bo¢nych pohladoch na hlavice
ide o realny fenomén, kedZe nejaka forma geo-
metrickych stvislosti s celkovou formou meca
bola zistena takmer pri vietkych analyzovanych
mecoch, ¢i uz romanskych, ale aj pri starsich, ¢i
mladsich exempléaroch.

Geometricka analyza mecov z Bratislavy-
-Cunova a Ivanky pri Dunaji priniesla niekolko
zaujimavych zisteni. Hlavnym a najzjavnej$im
zistenim je, ze napriek podobnosti maju oba
mece svoje proporcie definované rozli¢nymi ge-
ometrickymi rezmi. Co maju vsak oba mece spo-
lo¢né je zakladna geometricka Struktura a co je
mimoriadne zaujimavé, uplnd zhoda v rozmere
zakladného kruhu, ktory ma v oboch pripadoch
polomer 149-150 mm. Mdze to zvadzat k mys-
lienke, Ze ide o produkty jednej dielne, resp. okru-
hu dielni pouzivajtcich jednotné dlzkové miery.
Tu sa vSak nateraz pohybujeme v hypotetickej ro-
vine. Dal$ou podobnostou je, napriek drobnym
variaciam, celkovd stratégia, akou pristupoval
tvorca ku konstrukcii obrysov hlavice z horného
a bo¢ného pohladu. V tejto suvislosti st zauji-
mavé vztahy medzi jednotlivymi radiusmi, ktoré

dovoluju vyslovit hypotézu, ze dielna (alebo diel-
ne), kde boli mece navrhnuté a/alebo vyrobené,
pracovala so systémom dizkovych mier zaloZe-
nom na prirodzenom deleni zakladnej miery na
polovice, $tvrtiny, osminy atd., podobne ako je
to v dodnes pouzivanej imperidlnej sustave mier,
ktora ma, ako je zname hlboké historické korene.

10 ZAVER

Datovanie mecov jednak na zaklade typoldgie,
analdgii, ako aj ikonografie spada na prelom 12.
a 13. storoc¢ia. Z ikonografického hladiska st
typovo identické s honosnym Risskym mecom
(Me¢ Sv. Mauricia), pokial ide o tvar rukoviite,
hlavice a priecky. A. Geibig datuje kombina¢ny
typ rukovite 18 v kombinadcii s ¢epelou typu 8
na prelom 12. a 13. storocia, resp. na zaciatok
13. storocia (Geibig 1991, 149). Oba mece boli
vyrobené obalovanim mikkého jadra ocelovym
plastom. Potvrdila to metalografickda analyza
meca z Ivanky pri Dunaji. Na meci z Bratislavy-
-Cunova sa zachovalo originalne drevené oblo-
zenie rukovite - ¢rienky, ktoré bolo na zaklade
analyzy vyrobené z bukového dreva. Na tom is-
tom meci sa objavuju aj znacky v ¢epeli v podo-
be pismen SOS a OSO, ktoré su ¢asto pouzivané
od 12. do 13. storocia. V ramci rekonstrukcie
vyroby mecov boli zistené odlisnosti v ich kon-
$trukcii podla geometrie, ktoré moézu nazna-
¢ovat dielenské okruhy ich vyroby. V ramci
vyhodnotenia boli metalografické analyzy vyu-
zité aj na rekonstrukciu postupu vyroby cepele
a sposoby jej kalenia.

Hoci oba mece pochadzaju z blizkosti vod-
nych tokov, pravdepodobne ide o stratové nalezy
a nesuvisia s diskutovanymi ritudlnymi praktika-
mi (pozri: Maczek et al. 2024, 296-297). Podobne
ako pri vacsine podobnych nalezov zbrani nie je
ani v tomto pripade mozné zistit, ¢i islo o nie-
ktort vojenskud aktivitu ¢i poty¢ku v pohranici
v 12. a 13. storoci alebo o beznu stratu pocas
cestovania. Dunaj i Maly Dunaj boli velmi dyna-
mickymi tokmi, ktorych koryta a ramend sa od
stredoveku menili (obr. 1b). Tato ich vlastnost
ovplyvnila miesto nalezu mecov. Pre cestujucich
bolo ddlezité vyuzivat udrziavané a vhodné mies-
ta na prechod rieky. K nim smerovali dialkové
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Obr. 16. Porovnanie geometrie — schémy rukovati mecov z 11. - 13. storocia: a — Krasna Horka, b - Prievidza,
¢ - Myjava, d - Dlhd nad Vahom, e - Bratislava-Cunovo, f - Ostry Kamen, g — Levice, h — Ivanka pri Dunaji,
ch - Sintava, i - Myjava (autor: R. Méc).

Fig. 16. Comparison of geometric schemes of sword hilts from the 11"-13% centuries: a - Krasna Horka, b - Prie-
vidza, ¢ - Myjava, d - Dlha nad Vihom, e — Bratislava-Cunovo, f — Ostry Kamen, g — Levice, h — Ivanka pri Dunaji,
ch - Sintava, i - Myjava (author: R. Méc).

398



INTERDISCIPLINARNA ANALYZA DVOCH MECOV Z PRELOMU 12. A 13. STOROCIA Z OKOLIA BRATISLAVY

Obr. 17. Geometria repliky meca z Ivanky pri Dunaji
(autor: R. Moc).

Fig. 17. Geometry of the replica sword from Ivanka pri
Dunaji (author: R. Moc).

cesty. Po pravom brehu Dunaja viedla obchodna
cesta z Viedne na Schwechat, kde sa rozdelila na
severnu a juznu vetvu. Severna vetva prechadza-
la cez Hainburg a pri Vodnej vezi vstupovala do
Presporka. Juzna pokracovala zo Schwechatu na
Bruck an der Leitha, Mosonmagyarévar, Rusovce
a Rajku. Na okraji star$ieho jadra Zitného ostro-
va sa krizovali cesty z PreSporka na Komadrno
a z Rusoviec na Povazie. V kontexte s nilezovy-
mi okolnostami analyzovanych mecov sa v okoli
dnesnej Bratislavy vyvinuli tri rie¢ne prechody
(vadus, transituum fluvii). Je mozné, ze v zavislos-
ti od stavu vodnej hladiny v Dunaji, eventudlne
ro¢ného obdobia, sa pouzivali bud ako prievozy
alebo brody. Oznacenie prechodu ako brod zvlast
v miestach splavného Dunaja je vSak otazne. Ty-
kalo by sa to lokalit, kde v stredoveku existoval
pristav (Vydrica, Calovské rameno). Tam bolo
nutné udrziavat rieku v stave vyhovujucom pre
riecnu plavbu, ¢im sa funkcia brodu vylucuje.
Prechody cez uvedené toky boli viazané na vyber
myta. V bratislavskych mestskych privilégiach
(1291) sa uvadza, ze Dunaj bolo mozné prejst pri
Vydrici, cez Calov (Challou; Maly Dunaj) vo Vra-
kuni a vo Vajnoroch (Zeulos - v tomto pripade
mohlo ist aj o tzv. suché myto). ,Dolny prievoz*
(pristav / brod / prechod) na Calovskom ramene
pri Vrakuni mohol byt délezitym uz v dobe rim-
skej, ako to naznacuje nédlez neskoroantického
dvorca v Podunajskych Biskupiciach. V 14. sto-
roci bol v ramci Bratislavskej stolice vynosnym
mytnym prechodom. Okrem dolného, vrakun-
ského prievozu existoval na Calovskom ramene
aj dalsi prechod medzi vydrickym a vrakunskym
tzv. Bernoldov pristav (horny prievoz?), tiez spo-
minany v privilégiu z roku 1291 (Lukacka, 1993,
160-161; Sedivy 2014, 346348, 364; Pisut/Swar-
czewszki/Smolska/Rusinko 2024, 547-550, 551,
586). O oblubenosti a dolezitosti niektorych pre-
chodov pre suchozemskd dopravu svedci aj vy-
budovanie mostov, hoci ich udrzba pri dynamike
rieky bola tazkd. Na Zitnom ostrove boli postave-
né na dvoch miestach — oproti Rusovciam a pri
Vrakuni. Vrakunsky prechod / most existoval
v 14. aj na zaciatku 15. storocia. V roku 1670 uz
nestal ani jeden z nich (Pisuit/Swarczewszki/Smol-
ska/Rusinko 2024, 566—567, 576—577). Rusovce
leZiace severozédpadne od Cunova, boli pohra-
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Obr. 18. Idealizovana rekonstrukcia meca na zaklade nalezu z Ivanky pri Dunaji (autor: R. Moc).

Fig. 18. Ideal reconstruction of the sword based on the find from Ivanka pri Dunaji (author: R. Méc).

ni¢nou dedinou v Mo$onskej stolici a v polovici
13. storocia nimi prechadzala kamenna kralovska
cesta. Do roku 1260 patrili uhorskému panov-
nikovi (Jamrichovd 1997, 61). Na druhej strane
hlavného dunajského toku, sa od Calovského ra-
mena oddelovalo meandrujtce koryto Plazova /
Ciernej vody, ktoré tieklo cez Ivanku pri Dunaji
az do Bernolakova (Pisuit/Swarczewszki/Smolska/
Rusinko 2024, 550). Su to miesta, v ktorych bolo
mozné veltok bezpec¢ne prejst a kadial mohli sme-
rovat aj cesty majitelov mecov. Na druhej strane
dve tvare Dunaja sa odrazali vo vyske hladiny
rieky, ktora v priebehu storo¢i menila charakter
a vzhlad krajiny. Kym napriklad v 14. storo¢i bol
prietok v Calovskom ramene vyrazne nizsi ako
v neskorsich obdobiach, od roku 1000 do zave-
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ru 16. storo¢ia bolo na Dunaji zaznamenanych
celkovo sedemdesiat historickych povodni. Po
extrémne nizkom stave, o ktorom informoval
bratislavsky podzupan v rokoch 1310-1342, na-
sledovali v roku 1342 dve velké povodiové viny,
ktoré vyrazne ovplyvnili geomorfolégiu terénu.
Opakujuce sa vysoké vody a extrémne povodne
medzi rokmi 1378 - 1518 spodsobili na Dunaji
velké zmeny riecnej siete medzi Bratislavou a Ko-
marnom (Pisut/Swarczewszki/Smolska/Rusin-
ko 2024, 547-550, 568—-569, 571, 577, 581-582,
586). Cize prirodzené presuny v ramci toku rieky,
ako aj spominané vysoké vody, mohli mece pre-
sunut na kone¢né miesto nalezu.

V 10. az 12. storoci fungoval v Uhorsku vlast-
ny systém organizacie remeselnej vyroby, kedy sa
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v niektorych osadach koncentroval jeden druh
remesla. V Belehradskej a Mosonskej stolici sa ob-
javili aj osady pomenované Mecsér (Spiesz 2021,
9, 11). Od polovice 13. storocia sa hlavnym repre-
zentantom $pecializovanej vyroby stal remeselnik
sidliaci v meste, patriaci k mestianskemu stavu,
k strednej vrstve obyvatelstva (Seges 2010, 15;
Spiesz 2021, 16). Vyroba mecov na nagom tzemi je
dolozena v pisomnych pramenoch az v 15. storoci
(Seges 2010, 195-196; Spiesz 2021, 27, 29, 245).
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INTERDISCIPLINARY ANALYSIS OF TWO SWORDS
FROM THE TURN OF THE 12" AND 13™ CENTURIES
FROM THE BRATISLAVA AREA

RADOSLAV CAMBAL - PETRA SIMONCICOVA KOO$SOVA - NADA BERONSKA —
ToMAS DVORAK - MARIA HAJNALOVA - ROBERT MOC - BARBARA RITTEROVA

In the collections of the SNM - Archaeological
Museum in Bratislava and the Bratislava City Mu-
seum there are two almost identical Romanesque
swords from the vicinity of Bratislava (Fig. 1).
Both were found near watercourses. One comes
from Bratislava-Cunovo (Figs. 2-4), the other
from Ivanka pri Dunaji (Figs. 5, 6). According to
A. Geibig’s typology, the hilt represents the com-
bination 18 (18-22-11-14), i.e., pommel-front
view 18, side view 22, bottom 11, with a cross-
guard of variant 14 (Geibig 1991, 75-77, 188,
Abb. 18). Based on their long, fairly broad blades,
dimensions and parameters including the fuller,
they can be assigned to blade type 8 (Geibig 1991,
87, Abb. 22: 8). On both faces of the Bratislava-
-Cunovo blade there were originally inlaid letters
*SOS* and *OSO* (Fig. 4), probably executed in
brass. Notably, one side of the Cunovo hilt pre-
serves its original wooden grip scales, identified
as beech (Fagus sylvatica) (Fig. 3: a, ¢, d; Fig. 8).
The best-known sword with a hilt of this type
is the imperial sword (the Sword of St. Maurice),
dated between 1198 and 1215. Its pommel bears
the imperial eagle and the personal arms of Otto
IV (+1218), and it is thought to have been made for
his coronation as Holy Roman Emperor in 1198
at Aachen. A sword with the same pommel and
crossguard appears on the tomb slab of the Lusa-
tian margrave Dedo III von Wettin, also known as
Dedo von Groitzsch (*c. 1130/before 27 Feb 1142 -
116 Aug 1190), in the Benedictine church, a late
Romanesque basilica at Wechselburg in Saxo-
ny (Fig. 7: a—c). A similar sword is depicted on
the doors of the Romanesque church of San Zeno
Maggiore in Verona (Fig. 7: d-f), in the Old Tes-
tament scene of the Sacrifice of Isaac, produced
around 1200 (Mddlinger et al. 2024, 16, Fig. 1, 2).
Metallographic analysis was carried out on the
blade from Ivanka pri Dunaji. Samples were taken

from both edges about 10 cm from the crossguard
and labeled MR1 and MR2 (Fig. 9: 1, 9: 2a-b, 3a—
b). Given evidence of secondary heating and the
overall condition of the blade, sampling points
were deliberately chosen beneath the crossguard—
primarily to investigate constructional details
rather than mechanical ones. Owing to the state
of preservation, it is not possible to determine
whether the blade construction used a one-piece
or two-piece steel jacket.

The required microstructures were revealed by
etching in 4% nital (Figs. 9: 2a, 3a, 10a) with a small
addition of picric acid. The samples were later
re-polished and etched in Oberhoffer’s reagent to
visualize forge-weld structures (Figs. 9: 2b, 3b).

Sample MRI1: Two microstructural regions
were defined: area A (yellow circle) and area B
(the remainder of the section) (Fig. 10a).

Area A. Predominantly martensitic, locally
with partially spheroidized pearlite along prior
austenite grain boundaries, and with allotrio-
morphic and acicular ferrite (Fig. 10: b, ¢). Mi-
crohardness: ~360-560 mHV ..

Area B. Ferritic-pearlitic grains only (Fig. 10: a,
d-h). Two variants observed: (1) ferritic—pearlitic
with fine polyhedral grains, ~170-220 mHV _;(2)
pearlitic—ferritic with a higher pearlite fraction,
Widmanstdtten needle ferrite, and partially sphe-
roidized pearlite, ~220-280 mHV ,. Toward the
blade center the ferrite fraction increases, with lo-
cally pure ferrite in the core (~120-140 mHV ).
Transitional zones between structures are gradual
(Fig. 10g, h). The section is bordered by a corro-
sion layer, with conspicuous inclusions and impu-
rities throughout.

Sample MR2: Two areas (A and B) were de-
fined (Fig. 11a). Structures were examined with
an Olympus GX51 light microscope at various
magnifications; metallographic preparation and
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hardness methods mirrored MR1. In MR2 a con-
structional weld between a steel jacket and an
iron core was clearly identified (Fig. 9: 3a, 3b).

Area A. Predominantly tempered martens-
ite (Fig. 11b), locally with partially spheroidized
pearlite along prior austenite grain boundaries,
plus allotriomorphic and acicular ferrite. Micro-
hardness: ~360-590 mHV .. The quenched mar-
tensitic zone likely extended around most of the
perimeter; nearer the edge, pearlitic constituents
are concentrated. With distance from the edge,
the structure grades into pearlitic-ferritic with
varying ferrite content (Area B).

Area B. Ferritic and pearlitic grains with fer-
rite increasing toward the center (Fig. 11: a, d,
e). Near the edge a pearlitic—ferritic structure
dominates (~230-285 mHYV ). Pearlite grain
boundaries are lined with ferrite needles forming
a Widmanstitten pattern, thickening toward the
center due to thermal regime and carbon con-
tent; hardness there is ~150-220 mHV .. Coarse
inclusions, impurities, and advanced corrosion
are present throughout.

The microstructures of MR1 and MR2 are
very similar: martensite (with locally sphe-
roidized pearlite and allotriomorphic/acicular
ferrite) predominates near the surface; the inte-
rior shows tougher ferritic—pearlitic to pearlitic—
ferritic structures, locally with Widmanstitten
ferrite. Both exhibit coarse inclusions, impuri-
ties, and advanced corrosion.

Metallography demonstrates that the Ivanka
blade has a soft iron core encased in a hard steel
jacket. Although no forge-welds were observed in
MR1, MR2 shows clear weld lines between core
and jacket and a seam in the steel jacket running
from the core toward the edge. Unfortunately,
preservation and heavy corrosion preclude deter-
mining whether the jacket was constructed in one
or two pieces (Figs. 12, 13).

The arrangement of slag inclusions in the cores
suggests the core was originally welded from mul-
tiple pieces transverse to the blade axis (Fig. 12).
However, signs of extensive homogenization and
clearly defined weld lines are absent. Faint or disap-
pearing weld seams are common in sword blades,
especially those with core-and-jacket construc-
tion; in many cases seams are entirely undetectable
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(Zabirnski/Stepinski/Biborski 2014; Williams 2012).
Such blades are often interpreted as iron blades sub-
sequently case-hardened, but this interpretation
is problematic: true pack carburization requires
enclosing the blade in a carbonaceous medium
(typically charcoal dust) inside a perfectly sealed
refractory container and soaking at ~850 °C for
many hours. Even in ideal conditions, carburiza-
tion proceeds at ~0.1 mm/h (Jech 1983), so achiev-
ing a 1 mm layer requires ~10 hours-impractical
for a long, narrow blade. Moreover, subsequent
quenching and grinding would remove much of
that costly layer (Hosek/Kosta/Zéakovsky 2021, 10).
A more plausible explanation for the lack of visible
weld seams between different-carbon constituents
is extensive high-temperature re-forging (possibly
at welding heat) and/or prolonged annealing after
assembly, causing diffusion of weld lines and car-
bon from the jacket into the core. This hypothesis
was tested experimentally.

In the experiment, Sample 1 was taken immedi-
ately after welding and forging to profile (=5 minu-
tes >1000 °C). Sample 2 was reheated to welding
temperatureand re-forged several times (=15 minu-
tes >1000 °C). The remaining piece (Sample 3) was
leftin the hearth during a break (~45 minutes), then
reheated to welding heat and forged (Fig. 13: a—e).
At 12.5x magnification (Fig. 13: f-h), Sample 1
shows clear constructional and homogenization
welds; Sample 2 preserves only fragments of con-
structional welds; Sample 3 shows no visible welds
and appears monolithic, with carbon content de-
creasing smoothly from surface to core. Thus,
manufacturing steps and thermal history strongly
affect weld-line visibility; blades without observa-
ble welds may still be weld-assembled using period
techniques if subjected to repeated high-tempera-
ture reforging and/or long soaks.

A recent strand in sword studies explores ex-
perimental reconstruction based on geometry, as-
suming that dimensions, proportions, and partly
the shapes of components follow coherent geomet-
ric schemes rather than chance. Our impetus was
to test the practical usability of schemes published
by P. (E.) Johnsson, specifically in actual replica
production. We deliberately avoid hypothesizing
symbolic meanings of geometry, focusing instead
on workshop practicality. Using precise metrolo-
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gy and full-scale drawings of swords we personal-
ly examined (~40 swords, 9"-15% ¢., mainly from
Slovakia), we constructed geometries that satisfy
Johnsson’s criteria: a continuous network where
each step derives from the previous and realiza-
ble with period tools—compass and ungraduated
straightedge (Johnsson 2015, 21). Given inaccura-
cies on originals (workmanship, damage) and crea-
tive variability, we treated deviations within ~1%
as acceptable (e.g., ~1.5-2 mm on a crossguard).
Strikingly often, differences were only a few tenths
of a millimetre-supporting Johnsson’s thesis that
such precision is unlikely if assembled “by eye”
Geometric analysis of the Bratislava-Cunovo
and Ivanka pri Dunaji swords yielded several in-
sights (Figs. 14-17). Despite their similarity, each
sword’s proportions are defined by different geo-
metric constructions. Common to both is the
basic geometric framework and-remarkably-
an identical base circle radius of 149-150 mm.
This tempts the hypothesis of a single workshop
or a circle of workshops using the same linear
measures, though this remains speculative. Also
similar, despite minor variations, is the overall
strategy used to construct the pommel outline in
plan and profile. Relationships among radii sug-
gest a measuring system based on natural halv-
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ing (%, Y%, %, etc.), akin to the historically rooted
imperial system. A reconstruction of the Ivanka
sword was produced on this basis (Fig. 18).

Both swords were made by encasing a soft
core in a steel jacket; this is confirmed metallogra-
phically for Ivanka. The Bratislava-Cunovo sword
preserves original wooden grip scales identified as
beech, and its blade carries the letter marks SOS
and OSO, frequently used in the 12"-13" centuries.
Differences in geometric construction point to pos-
sible workshop circles. The metallographic results
provide valuable insights for reconstructing the
blade’s manufacturing process and heat treatment.

Typology, parallels, and iconography date the
swords to the turn of the 12" and 13" centuries.
Geibig dates the combination hilt type 18 with
blade type 8 to this period or the early 13" centu-
ry (Geibig 1991, 149). Although both swords were
found near waterways, they are most likely stray
losses rather than ritual deposits (cf. Maczek et
al. 2024, 296-297). As with most such finds, it is
impossible to say whether they relate to military
activity in the 12-13" century borderlands or to
accidental loss in transit. The Danube and Little
Danube are highly dynamic rivers whose channels
and branches have shifted since the Middle Ages
(Fig. 1b), which likely influenced the findspots.
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