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ITpornameme 2022. rogune 3a Mebhynaponuy
TOAMHY CTAKJIa Off CTpaHe YjeUmbeHHX HAIMja, T10-
acraxio je Mehynaponuu caer myseja — IKOM
(International Council of Museums — ICOM) za
NPUXBATA OBy WHIWjaTUBY U obenexu je mmupom
CBETA y Capajibi ca MHOrOOPOJHUM 4IaHOBMMA —

My3¢juMa.

Y Cpbuju je, Ha unuumjatusy Myseja npumesbe-
He yMeTHOCTH U Myseja Hayke u TexHuke us beo-
rpaja, ocHoBaH HanuoHarHU notkomurer ICOM
GLASS Cpbuja, y okBEpy MaTUYHE OrpaHU3aLHje
NK ICOM Cpbuja. Muunujatusy cy mogprxanm
Mmuoru Myseju u3 Cpbuje U DpUKBYIHIN Cy Ce
obenexxaBamy y Bugy 6pojuunx gorahaja u nsmox6bu
Ca CTAKJIOM K40 [JIABHOM TEMOM.

Mysej nmpumemene ymeTHocTu 1 Mysej Hay-
K€ U TEXHUKE MebyHapo,tu rOfIMHY CTaKJIa obe-
JIEXKABAjy 3aj€NHUYKUM IPOJEKTOM TIOJ, HA3UBOM
Ha cmaxaernom nymy, npu 4emy je CBAKU My3ej 06-
pagMo TeMy CTakJa U3 IEPCIEKTUBE CBOje cdepe
HMHTEPECOBAMA.

Mebynaponny ropuny craxiaa Mysej Hayke u
TEXHUKE O00€IeKaBa [ONMYHEHUM U HU3MEHEHUM
usgameM usnoxbe us 2015. rooquHe mox HA3UBOM
Ha cmaxaerom nymy - Texnoroeuja cmaxaa. Ocum
Myseja npuMemseHe YMETHOCTH, PEaTU3aItjy mpo-
jexTa cy momorsu 1 Myseja rpaga beorpana, 36up-
Ka MUHEpaa u creHa Pygapcko-reonmomxor daxys-
tera, Haponuu mysej 3pewanun, Hapoguu mysej
Huym, xao u MHOrobpojHe ycraHoBe KynType u
KOJIETE.

The United Nations’ decision to declare 2022
as the International Year of Glass prompted the
International Council of Museums — ICOM to
accept this initiative and celebrate it around the
world in cooperation with its numerous members
— museums.

In Serbia, upon the initiative of the Museum
of Applied Art and the Museum of Science and
Technology from Belgrade, the national sub-
committee ICOM GLASS Serbia was established,
within the parent organization NK ICOM Serbia.
Many museums in Serbia supported the initiative
and participated in the celebration in the form of
numerous events and exhibitions, with glass as the
main theme.

The Museum of Applied Arts and the Museum
of Science and Technology are celebrating the Year
of Glass with the joint project On the Glass Road.
Each museum dealt with the topic of glass from
the perspective of its own sphere of interest.

The Museum of Science and Technology ce-
lebrates the International Year of Glass with an
updated and revised edition of the exhibition from
2015 titled On the Glass Road - Technology of
Glass. In addition to the Museum of Applied Arts,
the project was also supported by the Belgrade
City Museum, the Collection of Minerals and
Apartments of the Faculty of Mining and Geology,
the National Museum of Zrenjanin, the National
Museum Nis, as well as numerous cultural insti-
tutions and colleagues.
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AT XWPET Kol 0DOEY pével

Panta chorei kai ouden mener

Cge Tede 1 HUIITA HE MUpYje
Everything flows, nothing stands still
Xepaxur (DK A6), V Bex 1. 1. e.

AT XWPET Kol 0DOEY pével

Panta chorei kai ouden mener

Everything flows and nothing stands still.
Heraclitus (DK A6), 5* century BC
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INTRODUCTION

ToToBo cBakM acmeKkT >XMBOTa CAaBPEMEHOT
YOBEKA BE3aH je 32 CTakyio. 3060r HErOBUX IPHU-
POIHHMX CBOjCTaBa, KA0 M OHMX KOja CE€ MOTY IIpO-
JEKTOBATU y LIHJBY ,uo61/1jaH)a crenupUIHUX Ka-
paKTepUCTHKa, yrmoTpeba CTakaa rOTOBO je He-
orpaamdeHa. CTaKJIO ce TOKOM IIPOUBBOJHE MO-
K€ CaBUjaTH, U3BJIAYUTHU, THEIUTH, U3TUBATH, TIpe-
cosary, TonuTH M Oojutn, oxmaheno Opycurw,
mybuTH, ocivkaBaTH ¥ mosnahuBaTH, a HaKOH
yHOTpe6e PEUUKIMPATH HEOTPAHMYIEHO MHOTO
myTa.

Craxuo je matepujan 6es oppebene ypebheno-
CTU y CTPYKTypH, Koja My omoryhasa sHauajue
pasiuKe y CBOjCTBUMA. Y IPUPOAH, OHO HACTaje
KaJja Ce PACTOIUbEHA CTEHA XJIaJU TOIMKO Op3o Aa
HeMa JJOBO/bHO BpeMeHa 1a ce GOpMUpa KPUCTAIHA
crpykrypa. Crora ce CTakyo 4ecTo Ha3UBA U KPy-
Ta wnu uBpcra TedyHocT. ITo cBojoj amopdnoj
CTPYKTYPH CIMYHO je BOCKY. 3a pasiuKy Of Ka-
MeHa, 6ponse un reoxkha, HUjegHO apXxeosomKo
n06a Huje KOOUIO MME MO CTAKITY, 4K je HEroBa
yrnoTpeba 3HAYajHO SWKHMBENA TOKOM BIIaJaBUHE
Crapor Puma (o 1. Bek I H. € O 5. Beka), Te ce
OBaj IEPUOJ MOXKE CMATPATH JOOOM CTaKIIA.

By,uyhm 71 je OCHOBHH XEMM)CKM CACTaB CTaKJIad
OCTa0 MCTH Off MOMEHTA KaJJa I'd je YOBEK IIPBU Iy T
npousseo, oko 3.500 ropune m. H. €, MOCTaBba Ce
NUTake KaKBE je CBe IPOMEHE ITPETPIIEJIO CTAKIIO U
CTAKJIAPCTBO KPO3 BeKOBe 70 faHac? Te mpomene
ce MOTy IIOCMAaTPaTH Kpo3 pasnudute Gopme CTa-
KJIa, HAYMHE HErose Npoussoame 1 HameHe. Cra-
KJI0 je mpBobuTHO KopumheHo y IpupogHOM cTa-
By, 3aTUM je CIy4ajHO OTKPHBEH HAYMH HETOBE
IPOU3BOJE, A JAHAC CE MACOBHO IIPOU3BOJIH.

Almost every aspect of a modern man’s life is
connected with glass. Because of its natural prop-
erties, as well as those that can be designed in order
to obtain specific characteristics, the use of glass is
practically unlimited. Glass can be bent, pulled,
smashed, cast, pressed, melted and coloured, grind-
ed when cold, chiseled, painted and gilded during
the production and it can be recycled an infinite
number of times after its use.

Glass is a material with no particular order in
its structure, which enables significant differences
in it’s properties. In nature, it occurs when molten
rock cools so fast that there is not enough time to
form crystal structure. Therefore, the glass is often
referred to as hard or solid liquid. For its amor-
phous structure it is similar to wax. Unlike stone,
bronze or iron, no archaeological age has been
named after glass, but its use significantly increased
during the reign of the Ancient Rome, so this peri-
od can be considered the age of glass.

Since the basic chemical composition of glass
has remained the same from the moment when
the man first produced it around 3500 BC, the
question is what changes has glass and glassmak-
ing went through the centuries until the present?
These changes can be viewed in different forms
of glass, methods of its production and purpose.
Glass was originally used in its natural state, then
the method for its manufacturing was accidentally
discovered and today it is mass-produced.






NMPUPOAHO CTAKNO
NATURAL GLASS

Crakjo ce y npupoAy HaIa3uyIo Ipe He-ro
LITO je YOBEK OBJIA/JA0 TEXHHKOM HEroBe Ipo-
U3BOZibE. Y IMPUPOAH je CTAKJIO Hajqemhe BYJI-
KAHCKOT, METaMOP(HOr MM CEZUMEHTHOT IIO-
pekota, a sHarHO pehe 6uorenor. CeguMmenTHa 1
OHOreHa CTaKJIa Cy HEKPUCTAHE YBPCTE MaTepuje
KOje, MaKO HACTaJIe Ha PAsIUIUTEe HAYMHE, UMAjy
HCTy ILIEMy MOJIEKyJIapHE CTPYKType Kao H
ocraya mpupogHa crtakia. IbuxoBum crapemem
TPaHCPOPMHUIIY C€ Y CHIMKATHO CTAKJIO WM
KPUCTAJIHY CHIIHKY.

CTaKkno By/KaHCKOr nopekna

HajBehe KOJIMYMHE CTaKJIA, KOje Ce Halase y
IPUPOAH, HACTANIE CY BYJIKAHCKOM aKTHBHOIhY.
Bynkancka marma moxe npehu y $opmy cra-
KJa npunukoM Harmor xiaabema. Crakiao Hacra-
JIO OBUM HPOLECOM HA3UBA CE ,UTHEYC' WU
MAarMaTcKoO CTaKJO, YMjH HPOLEHTYaJHH Cajp-
Kaj CUJTMIMjyM JUOKCHZA (SiOz) Bapupa y 3a-
BUCHOCTH OJf MECTa M yCJOBa HacTaHKa. Bpcre
BYJIKAHCKOT CTaKJia Cy omcupujas, miosyhar,
nepsut 1 6asant. Y Cpbuju je ByJIKAHCKO CTaKJIO
nponaheno y okonunu Bpama.

Oncudujan je CUIMKATHO CTAKJIO BYKJIAHCKOT
[IOpEKJIa, Cd TEMIEPATYpPOM TOIUbewa usMehy
720°C u 950°C. Mosxe 6utu npHe, cmehe u
upsene 6oje. Hajmnabha nanasumra garupajy ce y
BpeMe oko 600 roguHa 1. H. €. HajBeha HaJIA3UIITA
oncuzujaHa ce Haymase Ha YckpmwuM u Kanap-
CKMM OCTPBHMMAa, K0 U Yy KOHTHHEHTAJIHHM
obmactuma Mcnanpga u JenoycroyHa.

Kopucrehu mpupogHo cTakio ByakaHcKor
IOpeKJa, 32 HM3pajy opyxja u opyba, doBex
CE CyCpeo ca OBMM MATEPHjaJIOM Y HajpaHMjoj
ucropuju. Bynkancko crakio je Beoma omTpo
U KaJja ce pasiucTa fobuja ce M3y3eTHO OWITPO
ceanBo (ckammes, Opujad, MadeTa, ajaT 3a pe-

Glass was present in nature before man mas-
tered the technique of its production. In nature,
glass is most commonly of volcanic, metamorphic
or sedimentary origin, and is rarely biogenic. Sed-
imentary and biogenic glasses are non-crystalline
solids which, although formed in different ways,
have the same pattern of the molecular structure
like other types of natural glass. In the process of
aging, they are transformed into silicate glass or
crystalline silica.

Glass of volcanic origin

The largest amounts of glass that are found in
nature were formed by volcanic activity. Volcanic
magma can transform into glass in case of sudden
cooling. Glass created in this process is called “ig-
neous rocks” or magmatic glass and its percentage
content of silica (SiO,) varies depending on the
location and conditions of their origin. Types of
volcanic glass are obsidian, pumice, perlite and ba-
saltic. In Serbia, volcanic glass has been found near
Vranje.

Obsidian is a silicate glass of volcanic origin,
with a melting point between 720 °C and 950 °C.
It can be black, brown and red. The youngest de-
posits are dated to around 16" century. The big-
gest deposits of obsidian are found on the Easter
and the Canary Islands, as well as in continental
areas of Iceland and Yellowstone.

Man has encountered this material in the earli-
est history by using natural glass of volcanic origin
for making of weapons and tools. Volcanic glass
is very sharp and when it leafes it forms extreme-
ly sharp blades (knife, razor, machete, carving
tools ...). The earliest forms of such weapons were
found at the Kariandusi (Africa) sites and dated to
around 700,000 BC.



sbapeme...). Hajpauuju o6munu osaksor opyba cy
Habhenu Ha noxanureruma Kapuagymu (Appuka)
u natTupanu cy y peme oko 700.000 rogunam. 1. e.

ITuo06ybay Hacraje Harum xmahemwem naBe
6orare cunuuujymom. Capprxu Beuku 6poj ury-
IUbMHA, OfjBOjEHHX CTAKJIACTHUM MeMOpaHaMma,
wTo My oMoryhaBa jia myTa 110 BOgH, 110 YeMy je
u gobuo ume. Mosxe buru 6este nnu cuse 6oje.

Ilepaum je amyMOCUTMKATHU MaTePUjal ByJI-
KaHCKOT IOPEKJIA, YMja je TEMIIEPATYPA TOIbEHA
1.000°C. 36or cagprxaja KpUCTATHE BOJE CMATPA
ce XHUJPATHCAHUM OICHUAMjAHOM. 3aBHCHO O
cappkaja Boge (2-5%) moxke OUTH OF TAMHO JO
CBETJIO CHUBE WJIM [Jpar 6oje. Crenuduane je
TEKCTyPE Ca KOHIEHTPUYHO-CPepuyHOM O H-
CYpPOM, HaJIMK Nepama, npevHuka o 10 mm.

basarmmno cmaxao (maxwinm wuin cude-
pomesar) HACTAje HA NOBPIIMHK 3€MJbE MJIM Ha
MOpCKOM}IHy,Xﬂabel-bCMJIaBC,‘{I/IjajCTCMl'IepaTypa
usmehy 984°C u 1260°C. Mma cnabo uspaskeny
OPPUPCKY CTPYKTYPY, 6oje je TaMHO 3ejeHe
UM TpHE, cefedacTor oficjaja ¥ CKOPO PEJOBHO
CafipXKH CTaKJIO y OCHOBHOj MacH. 360r HHCKOT
canpiKaja CUJIMIUjyM JJUOKCH[A (SiOZ) orofaH
je 3a rmagame. Bynxancko crakio ma Meceny je
6a3aynTHO, TaMHHUj€ je 6oje O] OKOJIHUX CTEHA, TOK
je Ha Mepkypy cBeTnje U IpBEHHUje Of OCTaTKa
nospuinae. OcuM y Komagy (peTuKysur), jaBiba
ce y obIMKY ByJKaHCKOT Tieresa (LpHU Iecax),
BJIAKHACTOT MJIM Kamsbactor obiuka. Y Cpbuju
ce Hasasu Ha Bue jgokaaurera (bop, 3marubop,
Komaonuk, Ospen, Pagan, u ap).

Crakno metamopcHOr nopekna

MeTtamMopdHO CTAKJIO CE 3HATHO PA3IHUKYje O
BYJIKAHCKOT, jEP j€ HACTaJO OTANAKEM U 3aTHUM,
6psum xnabemeM cTeHA HAKOH y/iapa METEOPHTA
(rpoma) 1 pasBoja M3y3eTHO BHCOKE TEMIIEPATYpe
(oxo 30.000°C) u mexanuuke cuie (IpUTHCKA
seher og 50 GPa).

Hmnaxmum (AMIAKTHA [AUjaMaHT) HacTaje
yciIes yaapa MEeToepuTa, anu 6es3 pasBoja BHCOKeE
tremneparype. [Iputucak go 40 GPa, xoju HacTaje
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Pumice is formed through the abrupt cooling
of lava rich in silica. It contains a large number of
cavities, separated by glassy membranes, allowing
it to float on the water, after which it was named. It
can be white or gray.

Perlite is an aluminosilicate material of volca-
nic origin, with melting temperature of 1000 °C.
Due to the content of crystal water, it is considered
to be hydrated obsidian. Depending upon the wa-
ter content (2-5%), it may be dark to light gray or
beige. It is of the specific texture with concentric
spherical fissure, like beads, up to 10 mm in diam-
eter.

Basaltic glass (tachylite or sideromelane) is
formed on the surface of the earth or on the seabed,
by cooling of lava at the temperature between 984
°Cand 1260 °C. It has poorly pronounced porphy-
ry structure, it is dark green or black in color, has
pearly glow and almost always contains glass in its
basic mass. Due to the low content of silicon diox-
ide (Si0,), it is suitable for polishing. Volcanic glass
on the Moon is basaltic glass, it is darker in color
than the surrounding rocks, while on Mercury it
is brighter and redder than the rest of the surface.
It is found as a rock (reticulite), in the form of vol-
canic ash (black sand), and in fibrous or rain drop
shapes. It can be found in several locations in Ser-

bia (Bor, Zlatibor, Kopaonik, Ozren, Radan, etc.).

Glass of metamorphic origin

Metamorphic glass differs significantly from
volcanic glass, because it was formed through
melting and then rapid cooling of rocks after the
impact of meteorites or thunderbolts and the de-
velopment of extremely high temperatures (around
30,000 °C) and mechanical stress (pressure greater

than 50 GPa).

Impactites (impact diamond) is formed as the
result of a meteorite impact, but without the de-
velopment of high temperature. Pressure up to 40
GPa, which is caused by the impact of meteorite,
transforms rock minerals (quartz and feldspar)
into diaplectic glass, which in some cases flows into



ycles yjnapa METeOpUTa, HMpPeTBapa MUHepaye
crena (xBapr U QeAcmar) y [AUjAEKTHYKO
CTaKJIO, KOj€ Y HEKUM CJIy4ajeBUMa OTHYE Y MOpe
U IyKOTHHE OKOJHOr cTema (cyeBurt). Cagpixu
HajMame KonuauHe Boge (<10 ppm). Hamasu ce y
BEJTMKHUM KOJIMYMHAMA Ha MoBpIuHY Mecena.

Texmum je Tamuo cBeriaehu Mereoput pa-
anuauTUX obnuka u BenmduHa. Fberosa crpyk-
Typa je Bpyo uBpcTa 36or Bucoke rycruse. Heo-
6paben nma Hepasuy nospruuny. Cagpsxu reoxhe
U MaJie KoduHe Boge (<50 ppm).

Dpuxmuonum HACTAje TPEHEM OTPOMHHUX
oppona creHa. Cndre je TekcType Kao miosyhar.
HajBeha HAJIA3UINTA CY Y Tnpony u Hemay.

Dyazypum (paack cmak.ao) HacTaje Kaja My-
A YAPU Y PACTPECHT IECAK WM IIOBPLINHY
crene. Ha Taj mauun ce $popmupajy craxmacre
Ty6e y TIECKY, TPEYHMKA 2 U 5 CM, UJIU CTaKJIACTe
[IOKOpHUIIe HA CTeHaMa. leMmeparypa Ha MecTy
yaapa myse je Beha og 30.000°C, a cTpyja jaunne
10 30.000 A.

byxum nHacraje mupomMeTaMOPPHUM MIPOIie-
COM J1aBe y MHKJy3djamMa CTeHa. Doja saBucu
op goMuHaHTHOr npucyctBa reokha (cmeba),
6akpa (;eybuuacra), Banagujyma (60ja humubapa),
MaHraHa (TMPKH3Ha) ¥ XpoMa (3eseHa).

Oyarypur
Fulgurite

the pores and cracks of the surrounding rocks (sue-
vite). It contains the lowest quantity of water (<10
ppm). It is found in large quantities on the surface
of the Moon.

Tektite is a dark glowing meteorite in different
shapes and sizes. Its structure is very strong due to
high density. When unprocessed, it has an uneven
surface. It contains iron and small quantities of
water (<50 ppm).

Frictionite is formed by friction during massive
rock landslides. It has similar texture as pumice.
The biggest deposits are in Tyrol and Nepal.

Fulgurite (flask glass) is formed when lightning
strikes loose sand or the surface of a rock. In this
way, glassy tubes are formed in the sand with 2
and S cm diameter, or glassy crusts on the rocks.
The temperature at the point where a lightning has
struck is greater than 30,000 °C, and the power is
up to 30,000 A.

Buchite is formed through pyro-metamor-
phous process of lava in rock inclusions. Its col-
or depends on the dominant presence of iron
(brown), copper (purple), vanadium (amber),
manganese (turquoise) and chromium (green).




CTakno ceguMeHTHOr nopekna

Hacrano je TanoxemeM 1 KOHJIEH3AIIMjOM He-
OPraHCKHUX MaTepHja.

Onaz je Hajuemhu OBNUK HEKPUCTATUCAHOT
cumukaTHOr Marepujana. OBaj MuHepanoup ce
CacTOju Off XMJIPATHCAHOT CUJIUIHjyM TUOKCHIA
(SiO, - nH,O). Canpxaj Bose Bapupa on 3 10
10%, a Hexaza Moxxe 6utu u 1o 20%. ITosHar je mo
PasHOOOJHOCTH HIIH AYTHHOM CIIEKTPy 00ja.

Crakno 6uoreHor nopekna

Hacrano je TamoxemeM OpraHCKUX MaTepHja.

Hujamomcka semma je CUTHUKATHO-CETHIME-
HTHa cTeHa usrpabena og GocunHux ocTaraka je-
MHOCTAHUYHUX OUJPHUX OpraHusama, J:[I/IjaTOMa,
CPOJHUX aJITama.

Cmarxao cynhep. Hacnare cunukarHux HuTH,
KOj€ M3y uyje cyHbep, Ty’KHUHE HEKOJIMKO METapa,
MOTy Ce HArOMMJIATH y TOKY >XMBOT4 CyHDepa.
Heke Bpcre Mory mpousBecTH TaHKE HHUTHU
ayxune o7 50 go 175 mm, Maja y eKCTpEMHMM
cay4ajeBuma Moxe goctuhu u 3 Merpa.

Ruanbap nacraje cexpenujoMm, ouspurhusa-
BEM U CTaPEHEM OPraHCKHUX MaTepuja (cmoure).
Iberos xeMujcKu cacTaB YUHE YIIbEHUK, BOJOHUK
u xuceonuk (y obmuxy humubapcke wmu cynu-
HUTCKE KUCETIMHE).

APpXCOJIOMKY HaTa3u MPEJMETA OfF CTAKJIA
joIl yBEK HMCY JIOBOJ/bHU J1a 6u ce y HOTIYHOCTH

Tunubap
Amber
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Glass of sedimentary origin

It was created through sedimentation and con-
densation of inorganic substances.

Opal is the most common form of non-crystal-
ized silicate material. This mineraloid consists of
hydrated silicon dioxide (SiO, - nH,O). The water
content ranges from 3 to 10%, and sometimes it
can be as much as 20%. It is known for being col-
orful, with rainbow spectrum of colors.

Glass of biogenic origin

It is formed through sedimentation of organic
matter.

Diatomaceous earth is silicate-sedimentary
rock made of fossil remains of single-celled plant
organisms, diatoms, related to algae.

Glass sponge. Deposits of silica fibers, secret-
ed by a sponge, several meters long, can build up
throughout the life of a sponge. Some species can
produce the thin fibers between 50 and 175 mm
long, although in extreme cases it may reach as
much as 3 meters.

Amber is formed through secretion, solidify-
ing and aging of organic matter (resin). Its chem-
ical composition includes carbon, hydrogen and
oxygen (in the form of succinic acid).




CIIO3HAA WMCTHHA O YHOTPeOM CTaKIa TOKOM
ucropuje, a nponaheno je jaxo Maso mucaHmx
JZOKyMeHaTa O erosoj npoussogmu. Craxio je
y IpaucTopujcko foba 6110 mpeMeT TProBUHe,
TaKo fa 4ecto Huje moryhe ca curypuouthy
OJIPENUTH HEroBO nopekio. ExcnepumenTucame
MajcTOpPa, KOMOMHOBAE CTAPUX M HOBHX TEXHHKA,
TaBajIoO j€ CTAKJy JIOKAJTHO o6ene>1<je, KOje OTe-
)KaBa HEroBy Tunosorujy. Ipeba Harmacutu ga
j€ mpoydYaBame CTAaKJa OTIOYENO TEK Y IPYTOj
nonosuHu 18. Bexa. PasBoj HOBUX aHATUTHYKHX
TEXHUKA 32 KOje Ce yIOTpeO/baBajy MaJie KOJIHIUHE
ysopaka, Beha 3aMHTepecOBAHOCT apXeoJora,
nubaHa McKomaBama Beher Opoja moxamurera
U pasBoj MehyHapogHMX MOfieIa 3aCHOBAHUX Ha
CEpHUjU aHAJIU3A Y IMMPEM TEOPUjCKOM KOHIIEMNTY,
omoryhu he 6ome pasymesame mpoussofme 1
pucTpubynmje cTaka.

Mako ce He 3Ha TAYHO KAKO, Ka/Ia U I/I€ je JOBEK
I0Y€O Ca TPOU3BOJIHOM CTAKJIA, HPETIOCTABIbA CE
74 je cTaxJIo (JIMBEHU KAMEH) CIIOPEFHU ITPOHU3BO/
KOjH j€ HACTA0 MPUTUKOM IPOU3BOIKE KEPAMUKE
u Oaxpa. Y cBaKOM CIydajy, TO je OHIIO BETMKO,
CIy4ajHO OTKthe Koje je oboraruino JBYJICKY Ky-

JTYPpY.
ApXCOJ‘IOH.IKI/I HAJIa3u yKasyjy [ia je KOJIeBKa
crakia y Meconmoramuju, u fia je ImyTeM TProBUHe
U JMHACTMYKMX OJHOCA HEroBa IPOM3BOMHA
npexera y Erunar, rge cy mponahenu Tparosu
U3 BPEMEHA ITOYeTaKa NMpousBoame crakmia. Cra-
KJIEHE Iepiule, Koje AaTHUpajy u3 OpoHsaHOr
#06a (o7 3.000 . 1. H. €), cMaTpajy ce HajCTAPUjUM
npegMeTUMA Off CTaKJIA KOje j€ HAIIPABUO YOBEK.

IIpBu peuenT 3a NPOUSBOAIY CTaKJa 3a-
Genexum cy ACUpUM HA NIMHEHUM IUIOYHML[AMA
bubnmoTexe acupckor Kpaska AmypbaHnmana
(668 — 626. 1. 11. 1. €):

»Ysetu 60 genosa mecka, 180 mesosa memena
op anru u 5 fenoBa Kpefe — u gobuhere craxio®.

Oga penenrtypa ce U JjaH JJaHAC KOPUCTH Y
IIPOM3BOAY CTAKIA. 3060T TEXHOJIOMKOr HHBOA
NPOU3BOJILE CTAKJIA, IPEJMETH KOjU CY CE Taja
Mmornu uspabusarn Oumm cy orpaHudeHu Ha
nepiiuLe, rnehocany KepaMUKy U HAKHT.

Archaeological glass findings are not yet suf-
ficient to fully realize the truth about the use of
glass throughout history, and very little written
documents about its production have been found.
Glass was the subject of trade in the prehistoric
times, so often it is not possible to determine its
origin with certainty. Experimenting of the crafts-
men, combining of old and new techniques, gave
local features to the glass, which makes its typol-
ogy difficult. It should be noted that the study of
glass began in the second half of the 18" century.
Development of new analytical techniques for
which small quantities of samples are used, greater
interest of archaeologists, targeted excavations of
a larger number of sites and development of in-
ternational model based on a series of analyses in
a broader theoretical concept will enable a better
understanding of the production and distribution

of glass.

Although we do not know exactly how when
and where man has started to produce glass, it is
assumed that the glass (cast stone) is a by-product
that was created during the production of ceram-
ics or copper. In any case, it was a great, accidental
discovery that has enriched human culture.

Archaeological findings indicate that the cra-
dle of glass making is in Mesopotamia, and that
through trade and dynastic relationships its pro-
duction was transferred to Egypt, where traces
from the era of the beginnings of glass production
were found. Glass beads, dating back to the Bronze
Age (3000 BC), are considered to be the oldest
man-made glass objects.

The first recipe for glass production was re-
corded by Assyrians on clay tablets of the Assyrian
King Ashurbanipal’s library (668 - 626 BC):

“Take 60 parts of sand, 180 parts of ash from
algae and 5 parts of chalk - and you will get glass®.

This recipe is used in glass production even
today. Due to the technological level of glass pro-
duction, objects that were possible to produce at
that time were limited to beads, glazed ceramics
and jewelry.
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CTAK/1O KPO3 UCTOPWNJY
GLASS THROUGH HISTORY

AHTUYKO CTAKMO
(1. BEK M. H. €. = 5. BEK H. €)

ITpomec 11061/1jaH)a AHTUYKOT CTAKJIA OJBHjA0
ce y nBe ¢ase, ga 6u ce y nehuma mocrurma
temneparypa suma og 1000°C. Y npsoj $pasu cy
CUPOBHMHE TOIUBEHE M HPaBUJIE CYy CE CTaKJIEHE
MHTOTE Uiy cTakiaada. Hakon xnahemwa, crakmaua
je ).Ip06J1>eHa U YCUTHEHA, A 3aTHM je TOIUbEHA U
Ol OBaKO no6njeHor CTaKJIa Cy NPaBJ/bEHU PA3ZHU
IPEIMETH.

Benuku Hanpegak y mpousBoibu CTaK I, KOjU
ce MOXe iepIHICATH K0 PEBONYLMOHAPaH, 610
je 3a Bpeme Prumckor napcra kaja cy kopuihene
nayne 3a pysame crakia. Ose nyne, yBefieHe y
yrIOTpe6y y Cupuju oxo 2-1. Beka In. H. €, 6umne cy
MeTaHe neu gy>xune 100-150 cm, orsopa 1 cm,
ca 3a7ebsparbeM Ha jeJHOM U JPBEHMM ITHCKOM Ha
apyrom kpajy. OHe ce ¥ JaHAC KOPHUCTE Y MaJIUM
IPOU3BOJHAMA CTAKJIA.

PasBoj gBodasHOr HaUMHA TPOU3BOAHE, OMO-
ryhuo je mpaBbere BETMKUX KOJMYMHA CTAKJIA
yjeanadeHor kBanuteTa. MHrore cy ce morse Ja-
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Ancient glass
(15t century BC - 5" century AD)

The process of obtaining antique glass took
place in two stages, because, in the furnaces of that
time, it wasn’t possible to achieve temperatures
over 1000 °C. In the first stage, the raw materials
were melted and used to make glass ingots. After
cooling, ingot was crushed and pulverized, then
melted and glass thus produced was used to make
different objects.

Great progress in glass production, which can
be defined as a revolutionary, occurred during the
Roman Empire, when glassblowing pipes were
used. These pipes, introduced into the use in Syr-
ia about 2™ — 1* century BC, were metal pipes of
100-150 cm in length, with a 1 cm hole, flange at
one end and a wooden mouthpiece at the other.
They are still used today in small glass manufac-
tures.

Development of the two-phase mode of pro-
duction has enabled the creation of big quantities
of glass of a uniform quality. Ingots could be easily
distributed to end glassware manufacturers, and a
glassblowing pipe allowed the creation of simple
circular vessels, thin-walls and fine glass in large

Huatpera (penuxa), 3-4. Bex
Cage cup (replica), 39-4 century




KIIe JUCTPUOYHpaTH [0 Kpajiux mpoussobhada
CTaKJIEHUX TIPEAMETA, 4 JyBame CTAKJA JIYIOM
omoryhuo je mpasibere jeJHOCTABHUX OKPYTINX
Cy[iOBa, TAaHKMX 3U7I0BA M (UHOT CTAKJIA Y Be-
MMKUM, pasnuautuMm  obmunnma.  CrakseHe
HoCyjie Cy Tajla MoCTaje jepTUHMjE Y OJHOCY Ha
kepamuako nocyhe. To je goserno go HoBOr cTHIIA
u Behe mpousBogme CTakia, YUME je CTAKIIO
IOCTA70 Mame JYKCY3aH IPOHM3BOJ — IITO Ce
KaCHMjE HUje TIOHOBUJIO CBeE 710 19. Beka.

Kao pesynrar $pasue npoussopme cTakia, 3a-
HaTIMje U npoussohauu cy ce 6p3o pamupuIN
no MeauTepanckom peruony. [llupeme Pumckor
IAPCTBA JONPHUHEJO je CTBAPaky MHOTUX ,da-
Opuka“ sa cexyHAapHy 0Opagy CTaksia, Kao U 3a
IPOM3BOJY CHPOBOT CTaKJA, IIOTOTOBY Yy ce-
BEPHUM IpPOBHHIMjaMa, kao mTo je lanuja u
rpagoBuMa, Kao mro cy Kenn u Tpup.

IIpousBozba aHTHUYKOr CTAaKJId MOXKE Ce
carjeflaTu Kpo3 YeTUPHU NePUOAia, KOjU Haj6on)e
UJIYCTPYjy UCTOPHU)CKHU Pa3BOj CTAKJIA:

1. Y npsom mepuoay (15. Bex m. H. e. — 2.
BEK H. €.) UCKJby4YMBO CE IPUMEYje TEXHUKA IIe-
ITYAaHOT jesrpa, JUBewe U npecoame. CrakieHe
nocyze cy Torux 60ja, Kao mro cy kobanT-nasa,
MeJ JKyTa MM mapaH, MIABO3EIECHA U MPKa.
ToxoM mpBor Beka je Kameo-TexHHKOM uspabena
jEIHA Of HAjCABPUIEHHU WX M HAjITO3HATHUjUX TTOCY A
(am¢opa), mosHara kao mopraany Basa. K3 Tor
nepuosa (79.1. 1. €) JlATUPA MOYETAK IPOUSBOAIHE
orzeflaya U CTaKJIEHUX ITaHesa 32 IIPO30pe, MTO

notBphyjy orkpuha y ITommeju.

2. Jpyru nmepuog (2. Bek I H. €. — 2. BEK H.
€.) OBJIMKYyje ycaBpliaBame nocTojehux TexHuka,
a HakoH orkpuha cTakiapcke syse, TeXHUKA
IyBaa CTAKJIA U HEroBo CJI060KHO 00IMKOBabE
(cTaxuIo ce FyBaIo y KaslyIn) OCTaje JOMHHAHTHO.

3. Maxo najkpahn, tpehu nepuop (3 - 4.
BEK), IPEJCTAB/bA CIIOXY 3PEJOCTH U TEXHUYKOT
caBpmencTsa. Ibera opnukyje mporsar amam-
LMpaHe HUTH, PE3aHOT CTAKJA, IUIMTKE OPHa-
MEHTHKE Ca CIIMKAPCTBOM U moaiaroM. Crakio
je yrmaBHoM 6e36ojHo. ks oBor mepuopa je
HOCyZla AUjaTPETa, KOja je UAyCTpaluja BPXyHIa

sizes and different forms. Glass containers then be-
came cheaper compared to ceramic ware. This led
to a new style and higher production of glass, and
as the result glass became a less luxurious product
- which later happened again only in the 19" cen-
tury.

As the result production of glass in phases,
craftsmen and manufacturers have quickly spread
through the Mediterranean region. The expansion
of the Roman Empire contributed to the creation
of many “factories” for the secondary glass pro-
cessing, as well as for the production of raw glass,
especially in the Northern provinces, such as Gaul
and cities such as Cologne and Trier.

Production of ancient glass can be observed
through four periods, which best illustrate the his-
torical development of glass making:

1. In the first period (15" century BC - 2™
century AD) only the technique of sand core, cast-
ing and molding were used. Glass containers were
in warm colors, such as cobalt blue, honey yellow
or saffron, teal and dark brown. One of the most
advanced and well-known containers (amphorae),
known as the Portland Vase, was created by using
cameo-technique during the first century. The
beginning of production of mirrors and glass pan-
els for windows, as evidenced by the discovery in
Pompeii, dates back to this period (79 AD).

2. The second period (2™ century BC - 2™
century AD) is characterized by improvement of
the existing techniques, and glass blowing tech-
nique and its free shaping (glass was blown into
a mold) became dominant after the discovery of
glass pipes.

3. The third period (3" - 4" century), al-
though the shortest, represents the era of maturi-
ty and technical perfection. It is characterized by
flourishing of applied threads, cut glass, shallow
ornamentation with painting and gilding. Glass
is mostly colorless. The Diatreta cup, which illus-
trates the peak of the ancient techniques of dec-
orating glass, is from this period. Creation of the
“filigree” cage around Diatreta is still a puzzle and
the subject of numerous scientific debates.
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aHTUYKE TEXHUKE M3PAJIE IEKOPALHjE HA CTAKIY.
Mspana ,$umurpancke Mpexxe Ha AHUjaTpeTH je
U JlaJb€ 3aTOHETKA ¥ MPEJMET MHOTUX CTPYYHHUX
pacmpasa.

4. Yerspru mepumop (5 - 8. Bek), paHu
CpenmU BEK, JOJA3U [0 ONMafjaka MACOBHOCTHU Y
IPO3BOJH CTAKIIA.

Pacmagom Pumckor mapcrea, TOK pasBoja
IpOM3BOKE CTaKTa ce Mewa. Y Kcrounom
PHMCKOM LApCTBY uau BusanTujckom LapcTsy,
Ijie Ceé CTAaKJIO TPAJUIIMOHAIHO IPOU3BOJUIIO,
Pa3BOj IPOUBBOAE CTAKJA 6uo je mpyraumju
op 3anmaguor. Ilpoussoamwa crakma je buma ex-
CKJIY3MBHA, IIO7 IOKPOBUTECTBOM Oorarux,
LIPKBE U KpaIbCBCKOI‘ aBopa. Passujena je mexo-
PATHBHA TEXHUKA HA TPOBUHOM CTAKJTy, TOMOhy
IpoIeca Kao IITO Cy CEYEHE, EMAJIUPAmE U
nosnara. CTPyKTypa CTakJia OBOT IEPHOZA MMa
KapakTep aMOPQHOT CHJIMIU|yM-JUOKCHA, 2
JOMHUHAHTHA TEXHUKA NPOM3BOJIIbE j€ JTUBEHE Y
KaJyIe.

CpearoBeKOBHO cTakno (5 - 15. Bek)

Cpepmu BeK je 0beIexnIa IpOU3BO/ha BH-
TPA)KHOT M PABHOTI CTaKjJa y QyHKIHjU 3acTa-
K/bUBAaKha IPO30Pa M BEHEI[UjaHCKOT CTaKJa -
kpucrana. Mapaje crakio kopuurheHo samposope
jour y puMcko f06a, morpeba 3a 3aCTaK/bHBABEM
Ipo30pa NocebHO je Imopacia y Bpeme roTHKe, Of
11. po 12. Bexa, Kaza cy rpabeHe MOHYMEHTAJIHE
KaTeapane U IPKBE Ca BEJUKUM IPO3OPCKUM
orsopuma. Kako ce jom ysex Huje oBmagamo
IPaB/bEHEM CTAKJA BEJUKUX IMOBPIIMHA, IIPO-
30pHU Cy OCTAK/bEHH ODOjeHMM M OCITMKAHUM
CTaKJIOM MaJIMX HOBPIIMHA YMETHY THM y METAJTHE
KOHCTPYKIHjE. OBaj THII CTaKJa MO3HAT j€ Kao
gumpai. 3aHATIUje Cy KOPUCTHUIIE PasIUIUTE
TexHUKe y 6ojemy cTakma, ymorpebmbasajyhn
npupopHy 60jy CTaKIa MM [JOABABEM 3JI4Ta,
cpebpa mnu baxpa. Hano dectune oBux merana y
CTAKJIY CY, Y 3aBUCHOCTH Off BEJIMIMHE U OOJIHKA,
maBase pasnuuuta obojema. OBO mpakTHYHO
3HAYH J1a Cy CPEJHOBEKOBHU MajCTOPHU 3aIPaBoO
HCKYCTBEHO ITIOCTanu HaHorexHososu! Ha xpa-

16

4. The fourth period (5" - 8" century), early
Middle Ages, is characterized by a decline in mass
production of the glass.

The fall of the Roman Empire changed the
course of development of glass production. In
the Eastern Roman Empire or Byzantine Empire,
where the glass was traditionally produced, the
development of glass production was different
than in the West. Glass production was exclusive,
under the auspices of the wealthy, the church and
the Royal Palace. Decorative technique on a trans-
parent glass was developed, using processes such as
cutting, enameling and gilding. The structure of
the glass from this time has the character of amor-
phous silicon dioxide, and the dominant produc-
tion technique is molding.

Medieval glass (5t - 15t" century)

The period of Middle Ages was marked by the
production of stained glass and flat glass for glazing
windows and Venetian glass - crystal. Although
the glass was used for windows already in the Ro-
man period, the need for window glazing particu-
larly increased during the Gothic period, from the
11" to the 12* century, when monumental cathe-
drals and churches with large window openings
were being built. As they had not yet mastered the
production of large glass surfaces, windows were
glazed with smaller colored and painted glass piec-
es embedded in the metal structure. This type of
glass is known as stained glass. Craftsmen applied
different techniques in glass painting, using the
natural color of the glass or adding gold, silver or
copper. Nano particles of these metals in the glass,
depending on the size and shape, gave distinct col-
oration to the glass. Practically, this means that the
medieval masters actually experientially become
nano-technologists! At the end of the Middle
Ages, flat colored glass was used not only for mon-
umental buildings, but also for windows in public
buildings, taverns and houses of the wealthy.

While the Romans perfected the production,
the Venetians turned glass making into an art. By
the 13" century, glass has been produced in Venice



jy Cpenmer BeKa, PaBHO o6ojeHo CTaKJIO je KO-
pumhero, He caMo 32 MOHYMEHTAJIHA 37atba, Beh
U 32 MPO30PE HA jABHUM 3rpajiaMa, KadpaHama u
kyhama 6orarux.

Jdox cy Pumipanu ycaBpuiuin mpousBOJEY,
Munedanu cy op wuspaje CTakja HAaIpaBUIIH
ymerHOCT. [To XIII Bexa cTaxyio ce mpousBoguIo
y Benenuju u 6110 j€ jemaH off IITaBHUX U3BOZHUX
npoussoga Muierauke peny6biuke (Peny6imka
BeHeu,Hja), MIO3HATO KA0 BEHELHjaHCKO CTAKJIO.
BusanTujcke sanatiuje cy ogurpase BaXxHy yaory
Y PasBoOjy BEHEIMJAHCKOT CTAKJA U YMETHUIKHMX
popmu 1O KOjUMa je OBO CTAKJIO OMIIO MO3HATO,
jEP Cy HAKOH KPCTAIIKHUX PAaTOBA MHOTE TajHE
nperenu ca Hcroxa y Bemenujy. Ibuxosum
npenackoMm y MypaHo, koje je mMano JOKanHy
CUPOBUHY, U3Y3€THOT KBAJIUTETA U CIIELUPUIHMX
CBOjCTaBa, y3 JOJATAK COJI€ U3 INIAHCKE MOPCKE
busmbKe conmaue (Salsyola kali) u manux xonnumna
MaHraHa, HacTano je 6e360jHO CTaKJIO, ITO3HATO
Kao Kpucrtan (crystallo), TunudHO BeHeLUjaHCKO
CTaKJyI0. 3aHAT/IMje MypPaHO CTaKJa Cy Pa3BHIIE
TEXHOJIOTHjy fOOHMjaa, He CaMO KPHCTATHOT
craknaa, Beh M crakna ca 3JaTHUM HUTHMA,
MIAPEHOT, MJIEYHOT M CTAKJA KOjeé j€ UMHTHPAJIO
aparo Kamewe. Hosu mnpousBogu  ocBajajy
eBpoICcKe gBopoBe u Iuemuhke kyhe, Tako ma
BHUIIIE HUKO HHje TOBOPUO O BEHEIMjaHCKOM, Beh
0 MyPaHCKOM CTakJy. 360r CBOje IPOSUPHOCTH
U IIPUJIATOJ/BUBOCTH, OOraTCTBA M3PAXKABAMA Y
IIPOM3BOJ U, KPUCTAIHO CTAKJIO je 6110 orogHo
U 32 Pa3BOj peHecaHCHOT cTHIa Benenuje.

OrkpuBameM KpoOH-CTakaa moueTkom XIV
Bexa y Opannyckoj, npsobutHo xopuiheHor
32 3aCTAK/BUBAKE, YIAPEHHU Cy TEME/BU 32 Pa3BOj
PaBIMYUTUX BPCTA ONTHYKUX cTakana y HoBom
BEKY.

TTpuMep TeXHHUKE BUTPASKHOT CTAKIIA
An example of stained glass technique

and it was one of the main export products of the
Venetian Republic (Republic of Venice), known as
Venetian glass. Byzantine craftsmen played an im-
portant role in the development of Venetian glass
and art forms by which this glass was known, be-
cause after the Crusade Wars they brought many
secrets from the East to Venice. When they moved
to Murano, which had local raw materials, of high
quality and specific properties, with the addition
of soda from the Spanish sea plant prickly salewort
(Salsnola kali) and small amounts of manganese,
they started creating colorless glass known as crys-
tal (cristallo), typical Venetian glass. Murano glass
artisans have developed a technology for the pro-
duction of not only crystal glass, but glass with
threads of gold, multicolored, milky glass and
glass imitating precious stones. New products con-
quered European palaces and noble houses, so that
no one was talking about Venetian, but of Murano
glass. Because of its transparency and flexibility,
richness of expression in the production, crystal
glass was suitable for the development of the Vene-
tian Renaissance style as well.

The discovery of the crown-glass in France in
the early 14" century, which was originally used
for glazing, laid the foundations for the develop-
ment of different types of optical glass.




Ctakno Hosor go6a

Ocum Benenuje, koja je mpoussoputa Buco-
KOKBaJIUTETHO CTAKJIO YMETHUYKE BPEJHOCTH,
Dpanuycka u Exrnecka cy o 14. Bexa mocrasuie
TEMEJbe MHAYCTPHUjaIU3aliMje ¥ MACOBHE NPOU-
3BOJIE CTAaKJa, JIOK 3aCIyra 3a HEHY MOJep-
Husanujy npunaga Hemaukoj u Amepunu y 19. u
20. Bexy. IlopcTuinaj 3a ayTomMaTUsaujy, mro je of
KJbyYHE BAXXHOCTH 32 HHYCTPUjCKY IPOUSBOJLY
CTaKJIa, JOWAO je U3 AMEPHKE.

YV Enrneckoj cy y 16. Bexy, 3aMEHOM JpBeTa
Ca yIJbeM Ka0 TOPHBOM, 3aMEHOM OTBOPEHE
nehu ca 3aTBOpEHMM JIOHLIEM Ca OTBOPOM 32
IPUCTYI CTAKJIY U YCIIOCTABI/balEM HHIYCTPHje
IIPOUBBOJIE COJIE, CTBOPEHU YCIOBH 32 MACOBHY
npousBofmy crakiaa. Ose mpomeHe cy omoryhute
7la ce OKCHJ] 0JIOBA JIOfaje y CTAKJIEHY CEPHjY U Aa
ce MPOM3BOJH OJIOBHO CTAKJIO, KOje C& CMaTpaIo
3aMEHOM 3a BeHenujaHcku Kpucrtan (Mypawno).
ITomohy Behe pasmepe omoBHOr oxcupa ymecro
coje, ,uo61/1jeHo j€ CTaKJIO ca BUCOKMM HMHTIEKCOM
IpelaMamba, I[OrofHO 32 AyDOKO cedewe U
rpaBupate. OM0BHO cTakyo Bucoke 4ucrohe je
KopuurheHO Ka0 KpPEMEHO CTaKJIO 33 ONTHYKE
CBpXe.

Y 16. Bexy y XomaHguju [07as3u IO PasBo-
ja CTakaga 3a TeJECKONe M COYMBA 33 MMKPO-
cxome. CMaTpace jaje IPBU MHKPOCKOIT HAITPABUO
3axapuje Jancen, a fara je AHTOHM BaH JIeBeHXYK,
6pycaq CTakJa, KacHuje ycaspimuo. Ilogerkom 17.
BeKa, y JemKoj je ycaBpIIeHa TEXHUKA CEYeHa U
rpaBUpPama CTAKJIA IO CABPIIEHCTBA.

v (DpaHuyCKOj je y 17. Bexy pasBujeHa Te-
XHUKA TPOHM3BOJIE CTAKJIEHUX PABHUX IIOYA,
IPBEHCTBEHO 32 U3PAJIy OIJIefIaa, KOje je TEK cazja
MMaJIO TIO’KE/bHA ONTHYKA CBOjcTBA. KlcTommeno
CTAKJIO je CUTIAHO HA IT0CE0AH CTO ¥ Ba/baHO PABHO.

HMuosanuje y 19. u 20. Bexky ponpunene cy
UHJIyCTPHjATU3ALUjU U MACOBHOj IPOU3BOAKBU
CTaKaja, y IPaBOM CMHUCIY Te pedu. Y Trpymy
3HAYajHHX MHOBAIIUja CBAKAKO CE MOTY CBPCTATH:

e Ilponamnasax pesepBoapanehu omoryhuoje
KOHTHHYHMPAHY [IPOUSBOAKY CTAKJIA U yHOTPeDy
mamwuHa (Hemauka, 19. Bex)
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Glass of the modern period

In addition to Venice, which was producing
high-quality glass of an artistic value, France and
England laid the foundations of industrialization
and mass production of glass in the 14" century,
while the credit for its modernization belongs to
Germany and America in the 19" and 20" centu-
ries. The impetus for the automation, which is of
crucial importance for the industrial production
of glass, came from America.

By the replacement of wood with coal as a fuel,
substitution of open stoves with closed pot with
an opening for access to the glass and establish-
ment of industry of soda production in England
in the 16™ century, the conditions for mass glass
production were created. These changes enabled
adding of lead oxide to the glass batch and thus the
production of leaded glass, which was considered
a substitute for the Venetian crystal (Murano).
Using higher proportions of lead oxide instead of
soda, a glass with a high refractive index has been
obtained which was suitable for deep cutting and
engraving. High purity leaded glass was used as a
flint glass for optical purposes.

Glass for telescopes and microscope lenses was
developed in the Netherlands in the 16" century.
Itis believed that the first microscope was made by
Zacharias Jansen, and that it was later perfected by
Antonie van Leeuwenhoek, a glass polisher. The
techniques of cutting and engraving glass were im-
proved to perfection in the Czech Republic in the
early 17 century.

Technique of production of flat glass plates
was developed in France in the 17" century, pri-
marily for the production of mirrors, which only
at that time had the desirable optical properties.
The molten glass was poured on a special table and

rolled flat.

Innovations in the 19 and 20" century con-
tributed to the industrialization and mass produc-
tion of the glass, in the true sense of the word. The
following can be classified into the group of major
innovations:



e Da3Boj TeXHOJIOIUje 32 IPOU3BOAY BaTPO-
CTaJIHOT ¥ ONTUYKOT CTAKJIA, TIO3HATO KAO Jera
cmaxao (Hemauxa, 18-19. ex)

o JIponasasak MampHE 32 AYTOMATCKO Y-
Bame 6ona (Amepuka, 19-20. Bek)

e [Iponamasax OTBOpeHE ,XpaHuIUIE" 3a
IIPOLIEC AYTOMATCKE IPOM3BOAHE cTakaa (Ame-
prka, 20. Bex)

e Ilponasasax MamuHe 3a MPOUSBOAIY I1O-
jeanHagHOT KOMaja cTakia (Amepuka, 20. Bek)

e Ilponamasax @ypxo (Furcanlt) mpoueca sa
IPOU3BOAY CTaKIeHUX muo4a (Bbenruja, 20. Bex)

e [lponanasak mpomeca JMBama CTAKJIA U3
JIOHIA JUPEKTHO MPEKO BA BabKa (Benmja, 20.
BEK)

e DasBujeHa TEXHOJOrMja 32 IIPOUSBOAHY
¢aom (float) craxna (Benuxa bpuranuja, 20. Bex).

KombuHaruja oTBOpeHe ,,XpaHMIULE 1 Ma-
LIMHE 32 IPOU3BOAY IOjeJTHAYHOT KOMA/a KO-
HayHO je omoryhmma pgocrusame KamanuTeTa
HHJYCTPHje 34 MACOBHY IPOHM3BOJIY M BEIMKA
TEXHOJIOWIKA JOCTUrHYha.

Craxso npoussogeno @ypxo merogom bumo
je yjenHadeHe nebpune, nakme je 6uo Opymeme 1
TIOJIUPatbe, 2 TPOU3BOJIHHA j€ 6una €EKOHOMUYHHU]A.
IInyrameM JMBEHOr CTaK/JId Ha PACTOIUBECHOM
MeTany, oOuYHO Kanajy, nobujeHe cy craxsieHe
IJI04e yjeAHadeHe fieb/brHe, MOSHATO KA0 (.Lom
crakio. Tako je cTakJ10, Koje JaHAC KOPUCTHMO 32
IpO30pe, KOHAYHO PA3BUjEHO LIE3[CCETHX FOfUHA
IPOILIIOT BEKa.

CraKJo je eKOTOMWKHU U MOTIYHO OOHOBJHUB
MaTepujal Koju HyAH 6pojHe BPXYHCKE Kapa-
KTEPUCTHKE ¥ PA3IUIUTUM AIIMKanujama. 360r
TOTA je U y PasBOjy YMETHOCTH, APXUTEKTYpe U
HOBUX mpousBoga (pubepriaca) yrunaj crakia
BEJIUKU.

ITouerxkom XX Bexa JOILIO je O IOjaBe HOBE
YMETHOCTH ,art nouveau“ (cemecwja), Kaja ce
CTBAapajy CTAKJIECHU OONULN U CTAKJICHH yKPacH,
KOjU Cy HACTAjad MOMIPABAKEM YMETHHKA Ca
60jama, MATEPUjaTOM U TEXHUKOM, HATJIALITA BAHEM
pemeda mmu mokmanmameM Mexypuha y crakiy,
KOje ce 001jaI0 TEXHIKOM ,,CTaKJIeHOT bamoHa™,

e Invention of tank furnace enabled the con-
tinuous glass production and the use of machines
(Germany, 19" century)

e Development of the technology for the pro-
duction of fire resistant and optical glass, known as
the Jena glass (Germany, 19% century)

e Invention of the machine for automatic
blow molding of bottles (America, 19* - 20 cen-

tury)

e Invention of an open “feeder” for the pro-
cess of automatic glass production (America, 20"
century)

e Invention of the machine for the produc-
tion of individual pieces of glass (America, 20"
century)

e Invention of the Fourcault process for the
production of glass plates (Belgium, 20* century)

e Invention of the process of casting of glass
from the pot directly through two rollers (Bel-
gium, 20 century)

e The technology developed for the produc-
tion of float glass (Great Britain, 20" century)

The combination of open “feeders” and ma-
chines for the production of individual pieces fi-
nally facilitated the achievement of the capacity of
the industry for mass production and high techno-
logical achievements.

Glass produced by applying Fourcanlt method
had uniform thickness, its grinding and polishing
were easier, and the production was more econom-
ical. By floating molten glass on molten metal, usu-
ally tin, glass sheets of uniform thickness, known
as float glass, were produced. In this way, the glass,
which we use for windows, was finally developed
in the 1960s.

Glass is an environmentally friendly and to-
tally renewable material that offers many superior
characteristics in various applications. For this rea-
son, glass has had exceptional influence in the de-
velopment of arts, architecture and new products

(fiberglass).

The early 20 century saw the emergence of
new art, the “art nouveau” (Secession), when glass
forms and glass ornaments were created, as the re-
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Y apxXuTeKTypH je CTaKJIO joIn yBEK MOZEPaH
U JUHAMHYaH [POU3BOJ, AAJEKO OfFf MOTIyHE
uckopumheHocTy meroBux noreHyujama. Kpu-
cmaana nasama (Crystal Palace), carpabena sa
Bemuxy wusnoxby 1891. rogume y Jlonpony,
npeu je npumep kopumhema crakia Ha Be-
JMKUAM HOBpmMHaMa y apxurektypu. Ca xo-
HTUHYMPAHUM HAIIPETKOM Y TEXHOJIOTHjH CTa-
K4, nobospimarmeM cBojcTaBa OesbegHOCTH M
€HEpPreTCKe eKOHOMHUje CTAKJIA U PACTIOIOKHUBUM
HOBUM MeTofama, obehasajyhu cy 6ysyhu us-
IJIEU TPIXKHUINTA 324 CABHjEHUM, CUT'YPHOCHHM U
TpaHcmapeHTHUM cTakaom. CTakio je jom yBex
MaTepuja y pasBojy.

nnnnnn

sult of the artist plays with colors, materials and
techniques, emphasizing the relief or closing bub-
bles in the glass, produced by applying the “glass
bubble” technique.

Glass is still a modern and dynamic product in
the architecture, far from having its potential fully
exploited. The Crystal Palace, built for the Great
Exhibition in London in 1891, is the first exam-
ple of using glass on large surfaces in architecture.
With the continuous progress in glass technology,
improvement of properties of safety and pow-
er economics of glass and the availability of new
methods, the future prospects of the markets for
bent, safety and transparent glass are promising.
Glass is still a material in development.

(1]
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Kpucranna manara, Jlonpgon, 1891.
Crystal Palace, London, 1891
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CTAK/TO N TEXHOTOTUJA NMPON3BOAHE
GLASS AND PRODUCTION TECHNOLOGY

CupoBuHe 1 cacTas CTakna

CaBpemeHa TpOU3BOIHA CTAKJIA CE 3CHUBA HA
Kopumhe}by IPUPOAHUX U BEIITAYKUX CUPOBUHA,
o,upebeHor XEMMjCKOT €acTaBa M TPaHyJaLHje,
YHjUM CE MEMIAHEM ,E[O6I/Ija XOMOT€EHA CTAKJIapCKa
CMeIna, a TOMJbehEM CTaKIeHa Maca. ['panynanuja
CBUX CHPOBMHA HE CMe Jia Tpenasd 1 mm uim
BEJIMYMHY 3PHA IIECKA, jep Ce Beha 3pHa TEXE TOIE
U OCTajy Kao NPHMMECE, ITO Jaje KaO PE3yNTaT
TpEMIKe Y CTAKITY.

OcHoBHe cupoBuHe 3a J0OHjarbe CTAKIA CY:
KBAPIIHH IECAK, KPEYHaK, HOJOMUT, (eNfCIaT,
TJIMHUIA, COfA, CYIPaTH U CTAKJIEHH OTHAJ UJIH
xpur. Keapnuu mecax je rpagutess pemerke, coga
MMa yJIOTy TONMTEkA, A KP4 U JJOJIOMUT YJIOTY
CTa6I/I.HI/I33.TOpa. Ocrane cuposure ce Iofajy y
MaBmUM KOJMYMHaMa gJa 6u ce pgobuya Heka
CBOjCTBA KOJi 'OTOBOT IPOM3BOJIA, KAO IITO CY
TOIJbEHbE, OUCTpErE UITH 60jCH:C.

CI/IPOBI/IHe 32 IPO3BOJIY CTAKJIA CE€ MOTY IIO-
ACTTATHU Yy ABC I'PYIIC:

® OCHOBHE WJIM IVIABHE CHPOBUHE KOje YMHE
Kucenau, 6a3HU WM 36MJbOAJIKATHHU OKCHUJIU, K40
mto cy: SiO,, Al,O,Na,O, CaO, MgO, B,O,,
PbO, ZnO u BaO.

o nomohHe CUpOBHHE Koje Ce ZOfajy y MaIUM
KOJIMYMHAMA ¥ YMHEe UX GucTpaun (cpescTBa 3a
fucTpere CTaK/Ia), OKCUZALMOHA U PeyKI[HOHA
cpencTBa (IaauTpa, yrasb...), cpeactsa 3a myheme,
bojere mnm obesbojaBame u ybpusruBauum TO-
[bEHha.

Keapynu necax (Si0,). [Ipupogna cuposuHa,
HACTaJ1a PacnaiakbeM KBAPLIHUX CT€HA, ¥ OCHOBHHU
CaCcTOjaK y IMPOM3BOAM CBUX BPCTA CTaKama. Y
CTaKJIAPCKOj MeImaBUHU ydecTByje ca 70%, ma
KBAJIMTET CTAKJId 3ABHUCU U Off KBAJIUTETA IIECKA.

Raw materials and glass composition

Contemporary glass production is based on
the use of natural and artificial raw materials, with
specific chemical composition and granulation,
the stirring of which produces a homogeneous
glass mixture, and the melting of which produces
glass mass. Granulation of all raw materials must
not exceed 1 mm or the size of a send grain, be-
cause larger grains are more difficult to melt and
remain as admixtures, and they result in what ap-
pear to be defects in the glass.

Basic raw materials for the glass production are:
quartz sand, limestone, dolomite, feldspar, alumi-
na, sodium, sulfates and glass waste or cullet. Silica
sand builds the grid, soda has the melting role, and
the lime and dolomite the role of stabilizers. Other
raw materials are added in small amounts in order
to obtain certain properties in the finished prod-
uct, such as melting, clarification or coloring.

Raw materials for production of glass can be
divided into two groups:

e Basic or main raw materials comprised of
acidic, alkaline or earth-alkaline oxides, such as:
§i0,, Al,O,, Na,0, CaO, MgO, B,O,, PbO, ZnO
and BaO.

e Secondary raw materials which are added in
small amounts and are comprised of clarification
agents (agents for clarification of glass), oxidizing
and reducing agents (saltpetre, coal...), additives
for blurring, coloring or bleaching and as melting
enhancer.

Quartz sand (5i0,). It is a natural raw materi-
al, created through the decomposition of quartz
rocks and the main ingredient in the production
of all types of glass. Its share in the glass mixture is
70%, and so the glass quality depends on the qual-
ity of the sand.
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KBanureran KBapuHM IECAK CaJp)KU BHIIE
on 98% cumunujym puoxcupa (Si0,) u maro
Heuarcroha. IIpuMece y KBapIHOM IIECKY, HONIYT
HATPHjyMa, KaJIHjyMa 1 MatbHX KOJMYHUHA aJIy-
munmjym okcuna (AL O,) u maruesujym oxcupa
(MgO) nemajy BeqMKOr yTHIAja HA IPOHM3BOJ.
CymnpotHo Tome, okcugu reoxkha (Fe), xpoma (Cr),
Banagujyma (V) u turanujyma (Ti) majy craxay
obojerme Koje yTude Ha ciabuje MPOMyIITabe
TOIJIOTE U CBETJIOCTH.

[Tpumeca reoxbe (III) oxcuna (Fe,O,) naje
crakiy syhkacro, a rBoxhe (II) okcupa (FeO)
MHTEHSUBHO I11ABO3EJIEHO 000jembe.

ITpucycTBO OKCHAA XPOMA je HAPOUUTO He-
MOXXEJLHO y NPOU3BOJBH, jep je obuuHO HEpa-
BHOMEPHO pacriopeheH y KBapIjHOM IIecKy U fieceT
IyTa WHTEH3UBHH]jE 6oj1/1 CTaKJIO Off IpHUMeECA
reokha. Beha spua xpoma ce He pacramajy npu-
JIMKOM IIPOU3BOAIE CTAKJA, T€ HACTAjy TPEIIKe
KOje ce Ha3UBajy ,L[PHE TauKe™,

ITpumece Tutanujym guoxcuna (TiO,) y me-
CKy Cy y OOJMKy MHHepaga MJIMEHUTA, PyTUJIA
n turaHuTa. CTakjo ca MaJIMM KOJMYMHAMA
TUTAHHjyMa 060jeHo j€ XKYTO, NETUMHUYIHO 3bor
peaykuuje tutanujym guokcuaa (TiO,) y sxyTu
tutanujym oxcup (TiO), a memmumudno s6or
ucroBpemenor npucycrsa reoxha. Cagpsxaj TiO,
KOJI IecKa jobpor kBanurera He 61 cMeo fa pehe
0,2%.

Coda (Na,CO,). 3a mpousBomwy cTaKma KO-
PMCTH Ce YIIIABHOM TEWIKa copa 360r Mame Xu-
TPOCKOITHOCTH, KOja Mambe JEyje Ha PaCI0OjaBatbe
MCIIABUHE, Mae HATPH3a BATPOCTATHU MAaTe-
pYjaT U Mame Cce TAJOXKHU y pereHepaTropuma, a
yTH4e Ha yOp3aBare TOM/beHha CTAKIIA.

Kpeuwax u doromum. CeguMeHTHE CTEHE KO-
je campoxe kanuujym kapbonar (CaCO,) unu ka-
pbonar marnesmjyma u xamnumjyma (CaCO, x

MgCO,) ca mpumecama.

Desdcnamu. AnyMOCUIMKATH HATPUjyMa, Ka-
JMjyMa MM KaJILUjyMa KOPHCTE Ce Ka0 U3BOP
amymunujym (I1I) oxcupa ALO, u ankanuja, u
TO y Tpu obsuka: anbut (NaAlSi,O,), oproxmac
muxpoxyms (KAISi,O,) u anopur (CaAlSi O,).
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High quality quartz sand contains more than
98% of silicon dioxide (SiO,) and some impuri-
ties. Admixtures in quartz sand, such as sodium,
calcium and smaller amounts of aluminum oxide
(ALO,) and magnesium oxide (MgO) do not have
a big impact on the product. In contrast, oxides of
iron (Fe), chromium (Cr), vanadium (V) and ti-
tanium (Ti) produce staining effects on the glass,
which leads to a lower heat and light impermeabil-
ity.

Admixture of ferric oxide (Fe,O,) gives a yel-
lowish color to the glass, and ferrous oxide (FeO)
intense blue-green color.

The presence of chromium oxide is particu-
larly undesirable in production, since it is usually
unequally distributed in quartz sand and it colors
the glass ten times more intensely than the iron
impurities. Bigger grains of chromium would not
dissolve during the glass production, so the faults
occur that are called “black spots”.

Admixtures of titanium dioxide (TiO,) in the
sand are in the form of ilmenite, rutile and titanite
minerals. Glass with small amounts of titanium
has yellow color, partly due to the reduction of
titanium dioxide (TiO,) into the yellow titanium
oxide (TiO), and partly because of the simultane-
ous presence of iron. The content of TiO, in the
sand of good quality should not exceed 0.2%.

Soda (Na,CO,). Heavy soda is mainly used in
the production of glass because of a lower hygro-
scopicity, which has less effect on layering of the
mixture, is less corrosive to refractory material and
less is deposited in the regenerators, and it affects
the acceleration of glass melting.

Limestone and dolomite. Sedimentary rocks
containing calcium carbonate (CaCO,) or magne-
sium and calcium carbonate (CaCO, x MgCO,)

with admixtures.

Feldspars. Aluminosilicates of sodium, po-
tassium or calcium is used as a source of alumi-
num oxide Al,O, and alkali, in three forms: albite
(NaAlSi,O,), orthoclase microcline (KAISi,O,)
and anorith (CaAl Si,O,). The role of aluminium
oxide is multifold, because it lowers the expansion



Vnora anymuHMjyM OKCHJA je BHIIECTPYKa,
jep cHmKaBa KoedHIUjeHT wmMpera, nosehasa
OTIIOPHOCT HA TEMIIEPATYPHE IOKOBe, mosehasa
TBpAONY cTaKIa, MOOOBIIABA MAIIMHCKY IIPEPALY,
nosehaBa XeMHjCKy MOCTOjaHOCT Ha BOAY |
CMamyje Ka OJICTAK/bUBAIbY.

Harpujymosu u xanujymosu ¢enpcrmatu ce
JIAKO TOIIE K PETKO IIPOY3POKYjy IPEIIKE Y CTAKIY,
U3y3€B y CIyd4ajy KPYIHUX TPaHysia, Kaja ce
¢opMupa KaMEH UM HENPABHIHOCTU y CTAKIIY.
YmMecTo OBe CHpOBHHE MOXKE C€ KOPHCTHTHU

rmununa (suct AL O,).

Linnuya (auct Al O,). obuja ce us 6oxcuta
Kao MehynpounsBoy npuanKoM NpousBoaE any-
munmjyma. Cagpyxu npeko 98% Al O, (obudno
je 99-99,5%) u mpumece Na,O (oxo 0,5%), Fe,O,
(0,05%), SiO02 (0,25%) u Boge (HajBume 2,5%).

Hampujym cyagam (Na,SO,). Harpujym cyn-
daT ce gomaje y CTakieHy MEUIABUHY M3 TPU
passora: (a) y COAHY MEUIABUHY KAO CPEACTBO
3a buctpeme, (6) y cogHo-cyndpaTHy MeuraBuHy
Ka0 U3BOP NaZO, KOjU ce jegHuM feoM gobuja
us cofie, a APYruM us cyiadara u (B) y cyaparay
MemauHy, Kaga ce Na,O uckmyunso gobuja us
cyndara. I'enepanno, KOpUCTH ce KA0 CPEJCTBO
3a OUCTpEmE MM K20 TONUTESb (CPESCTBO 32 YHOC
Na Oy CTAKJIO), YMECTO COJ€.

Yean. Ilomro ce HaTpUjyM cyndar Temko pa-
3laXke Ka0 PEeAyKLHMOHO cpeAcTBO (bmcrpad u
TOIIMTEb), TAJid CE€ KOPHUCTH yTrasb KOJH CafpIKH
Hajmame 85% yrmenuka (C) u o 4% memena u
8% Bmare. ¥V ciydajy pma xonmumHa cyiadara y
MEIIaBUHU TIpenaasu 5% Of YKyIHE KOJUYMHE
aJIKanauja, Taja ce gopaje 6,5-7% yrma. YKOIHKO
ce J10fla NpPEBEJMKA KOJMYMHA YIJbad JONA3H JIO
obojewa crakia. Bennduna rpanyna yrsa He Ou
cMeJia f1a 6yae Mama o 0,1 uu Beha og 1 mm.
Op yrma Hajbobe je KOPUCTUTH KOKC, 3aTHM
AHTPALUT U HA KPajy APBEHH yTaJb.

Cmaxaenn omnad (kpm). CraxiaeHu oTmaj
WU KpII, K40 CBOjeBpcTaH paspehusau, mopaje
ce of 25 10 45% y OfHOCY Ha TEXKHMHY MEIIaBHHE
crakia. JlogaBame Kpima yrude Ha 6Pk IpeHOC
TOIIJIOTE KPO3 PAaCTOIl, OpiKe TON/berme CTAKJIa

coefficient, increases the resistance to temperature
shocks, increases the hardness of the glass, im-
proves the mechanical processing, increases chem-
ical resistance to water and reduces glass damage.

Sodium and potassium feldspars melt easily
and rarely cause defects in the glass, except in the
case of large granules, when a rock or irregularities
in the glass are formed. Alumina (pure Al,O,) can
be used instead of these raw materials.

Alumina (pure ALO,). It is obtained from
bauxite as an intermediate in the production of al-
uminium. It contains more than 98% Al O, (usu-
ally 99-99.5%) and the Na, O admixtures (about
0.5%), Fe,O, (0.05%), SiO2 (0.25%) and water

(maximum 2.5%).

Sodium sulfate (Na,SO,). Sodium sulfate is
added to a glass mixture for three reasons: (a) in a
sodium mixture as a clarifying agent, (b) in a so-
dium-sulfate mixture as a source of Na,O, which
is partly obtained from soda, and partly from sul-
fates, and (c) in a sulfate mixture, when the Na,O
is obtained from sulfates exclusively. Generally, it
is used as a clarifying agent or flux (the means for

inserting Na,O into the glass), instead of soda.

Coal. Since the sodium sulfate is not readily de-
composed as a reducing agent (clarifying agent and
flux), coal is then used containing at least 85% of
carbon (C) and up to 4% of ash, and 8% moisture.
In the case that the quantity of sulfate in the mix-
ture exceeds 5% of the total quantity of the alkali,
then 6.5-7% of coal is added. If too much coal is
added, discoloration of the glass would occur. Size
of the granules of coal should not be smaller than
0.1 or bigger than 1 mm. The best coal to be used is
coke, then anthracite and then at the end charcoal.

Glass waste (culler). Glass waste or cullet, as
a form of thinner, is added in the amount from
25 to 45% relative to the weight of the glass mix-
ture. Adding cullet influences faster heat transfer
through the melt, faster melting of glass and the
reaction between the raw materials. Increasing of
the quantity of cullet in a mixture has influence
on the melting time, preservation of the heat, in-
crease in the yield and stability of the temperature
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u peaxuujy usmehy cuposuna. ITosehamem xo-
JMYMHE KPIIA y MEUIABUHH yTHYE CE Ha BpeMe
TOIJbEHA, YIITEAY TOILUIOTE, MoBehame mpuHOCa,
Ka0 U CTabMJIHOCT TeMIlepaType U CTpyjarba
yHyTap pacroma. I'paHynaruja JOM/bEHOT CTAKJIA
Tpebapabyne Beha o BeuumHe IeCKa y MeIIaBUHH
uau 2-20 mm. YKOJIUKO je BeTMIrHA rpaHynaU,Hje
Kpua jesHaKa TPaHyNALMjE CHPOBHHA, Tajad ]e
Haj/iy>Ke BpeMe OTaIlama CaMor Kpura. BaxHo je
712 je XeMMjCKM CacTaB KpIIa UCTH KA0 ¥ CTAKJIA
KOje Ce€ IPOM3BOIH, jEP CE Y CYMPOTHOM ;[061/1ja
HEXOMOTEHA Maca.

Apcenmpuorxcud (As,O,). Kopuctu ce xao
cpescTBO 3a buctpeme uan obesbojaBame. Jako
je OTPOBAH U 3aXTeBa MOCEOHY MaXkKiy U mocebHe
Mepe 3aITUTE IPUIHKOM yroTpebe. 3a buctpeme
copa-KpeyHor cTakia gopaje ce 0,15-0,25% apcen
tpuokcuna (As,O,), uucrohe 95%, m 1-1,5%
Harpujym nutpara (NaNO,).

BpcTe cTakna

HOI[C.TIQ. CTaKJIa MOJXC C€ U3BPIIUTH I1O:

e cacraBy (CHJIMKATHO, OKCHAHO, bopocuiu-
KaTHO)

e cBojctBuMa (BarpooTnopHo, YB mpomy-
CTJBHBO)

e nHameHu (1a6OpPaTOPUjCKO, MEIMIIMHCKO,
rpahesnncko)

e 00s1uKy (paBHO, myIIbe)

e mauyuny npoussogme (Dypxo, ITurchypr,
Acexu, JInbu Osenc, ¢puior)

CunukaTHo cTakno (Sio,)

To je ommTy Ha3WB 32 CBa CTAKJIA KOja Kao
OCHOBHY CTPYKTYPY UMajy CHUIMIIHjYM JFHUOKCHJ
(8i0,). Ykonuko jom HEKM OKCHMJ| MMa yJIeo y
CTPYKTYPH WM HCTOB YTHIA] SHATHO MeHa
HaMeHy, ynoTpeOy MM HeKa CBOjCTBA, HA3UB Ce
Mewa (HIp. OOPOCHIIMKATHO, ,CORHO-KPEIHO',
uTn).

TombeweM KBapua (rOpCKU KpPHCTad) Ha
temneparypu npexo 1700°C gobuja ce kBapuHO
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and the currents inside the melt. Granulation of
broken glass should be greater than the size of sand
in the mixture or 2-20 mm. If the size of granu-
lation of cullet is equal to the granulation of raw
materials, then the period of melting of the cullet
itself is the longest. It is important that the chemi-
cal composition of debris is the same as that of the
glass produced, otherwise non-homogeneous mass
would be obtained.

Diarsenic trioxide (As)O,). It is used as a clar-
ification or bleaching agent. It is extremely toxic
and requires special care and special protective
measures during use. For the clarification of so-
da-lime glass, a 0.15-0.25% arsenic trioxide (As,O,)
is added, with purity of 95%, and 1-1.5% of sodium
nitrate (NaNO,).

Types of glass

Glass can be classified according to:

e composition (silicate, oxide, borosilicate)

e properties (fireproof, UV-permeable)

e purpose (laboratory, medical, construction)
e shape (flat, hollow)

e method of production (Fourcault, Pitts-
burgh Asehi, Libby Owens, float)

Silicate glass (Si0,)

It is a general term for all types of glass that
has silicon dioxide (SiO,) as their basic structure.
If another oxide participates in the structure or its
impact significantly changes the purpose, use or
certain properties, the name will change (e.g. bo-
rosilicate, “soda-lime”, etc.).

The melting of quartz (rock crystal) at a tem-
perature of over 1700 °C produces quartz glass,
which is processed at a temperature higher than
2000 °C. By adding the alkali, the necessary tem-
perature is significantly reduced. In addition of
various admixtures, this glass is used to produce
glass with specific properties. For example, the al-
kali (Na,O) content should be minimized when
producing glass which should be resistant to heat



CTaKJIo, Koje ce 0bpabyyje mpu remneparypu Behoj
oxg 2000°C. /[lomaBameM ajKanuja HEOIXOJZHA
TEMIIEPATyPa CE 3HATHO CHUIKABA. Y3 PA3IHIUTE
Jomatke, Of OBOI CTakaa ce pobuja crakio
cnenu$uuHux cBojctaBa. Ha mpumep, cagpiaj
anxanuja (Na,O) Tpeba cBecTr Ha MUHHMYM KO
nobujama crakiaa koje Tpeba ma Oyme oTmOpHO
Ha TOIJIOTY ¥ XEMH|CKA jEIUbEHA, jeP CHUIXKABA
TA4Ky TOIJbEHA U PACTBOPBUBOCT. YMECTO Hhera
ce yBoge oppehene xonmunne BZO3 WA AIZOS.
Kop onosuor craxma, PbO mnosehasa umupexc
mpeaMama CTAKJId M PAaCHIaka  CBETIOCTH.
OBakBO CTaKJI0 TOCTAje MEKO 1 JTaKIe ce obpabyie.

BpCTC CUJTUKATHOTI CTAKJIA CY:

o Ksapyno cmaxao (99,9% SiO,) u ,, Buxop“
cmaxao (96% SiO, u 3% B,O,) cy nocrojama
HA TEPMHYKE yAape, AEJIOBAIbE XEMHUKAIMja U
NPONyLITathe YATPa/byOHMdacTUX U HHPpALpBe-
HUX 3PaKa.

® bopocusuxamuo cmaxio je BUCOKO OT-
TIOPHO HAa XEMHUKaJIHMje U BUCOKE TEMIIEPATY e, Te
je HOrofHO Kao 1a60paTopujcKo U GpapMareyTCKo
CTakJo. Y OBy IPyIy CIajila U HEYTPO CTAKJIO,
op xora ce uspabyjy uesu 3a ammyse u 6oumre.
Cappsxu 60-80% SiO,, 10-25% B,O, u 1-4% Al,O,

® Anymocuruxamuno cmaxao je TOCTOjaHO
Ha JEJOBake XEMMKaIMja M Ca MaJUM je KO-
epunujenToM mupema. Mcre je mamene xao u
6opoc1/1.711/n<aTHo CTaKJIO, aJlu j€ OTIOPHHUje Ha
sume temmneparype. Cagpxxu 5-6% SiO,, 20-40%
AlLO,, 5-50 % CaO u o 10 % B,O,.
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o Kpeuno-asxasno cmaxao (coda - xpeuno
cmax4o) je Hajuemmhn T crakia u Hajuemrhe ce
KOPHCTH 32 U3Pajy PaBHOI M LIYIUBEr CTAKJIA,
KA0 U CTaKJIa 3a cujanudHe 6anone. Y oBy rpymy
CIajia ¥ ONTUYKO (KPOHO) CTAKJIO, CAMO IITO Ce
CaO samemyje ca 6apujymom. Cagpoxu oxo 70%
SiO,, 10% CaO (rne ce jeman 1€0 MOYKe 3aMEHUTH
ca MgO) u 15% Na,O.

o Ou08H0 C(mMaxao WA T3B. KPUCMAAHO
(MAKAO KOPUCTH CE 32 U3PA/Y HEOHCKUX LIEBH U
3a onTHIKO ,pauHT® craxmo. Cagpxu 30-70%

Si0,, 16-65% PbO u 5-20% Na,O umu K O.

and chemical compounds, because it lowers the
melting point and solubility. Instead of it, certain
quantities of B O, or Al O, are introduced. In case
of leaded glass, PbO increases the refractive index
of glass and the scattering of light. Such glass be-

comes soft and more malleable.
The types of silica glass are:

® Quartz glass (99.9% SiO,) and “Vykor” glass
(96% SiO, and 3% B,0,) are resistant to thermal
shocks, effects of chemicals and permeation of ul-
traviolet and infrared rays.

e Borosilicate glass is highly resistant to chem-
icals and high temperatures, making it suitable as
a laboratory and pharmaceutical glass. This group
also includes neutro glass, which is used to make
tubes for ampoules and vials. It contains 60-80%
§i0,, 10-25% B,0, and 1-4% Al,O,

o Aluminosilicate glass is resistant to the ac-
tion of chemicals and has a small coefficient of ex-
pansion. It has the same purpose as the borosilicate
glass, but is more resistant to higher temperatures.
It contains 5-6% SiO,, 20-40% Al O,, 5-50 % CaO
and up to 10% B,O,.

o Lime-alkali glass (soda - lime glass) is the
most common type of glass and is commonly used
in the production of flat and hollow glass and glass
for light bulbs. This group also includes optical
(crown) glass, only CaO is replaced with barium.
It contains approximately 70% SiO,, 10% CaO
(where one part may be substituted with MgO)
and 15% Na,O.

® Leaded glass or so-called crystal glass is used
in the production of neon tubes and for optical
“flint” glass. It contains 30-70% SiO,, 16-65% PbO
and 5-20% Na,O or K, O.

o Glass with special composition is glass for spe-
cial purposes and may be phosphate, semi-trans-
parent, resistant to nuclear radiation, etc.

The simplest division would be:

e Flat, which is, depending on the fabrication
method, divided into:

- Vertical, obtained by applying “Fourcault®,
“Pittsburgh® and “Asahi“ method, and
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o Cmaxao cneyujainoz cacmasa je CTaKjio
3a CrenujanHe HAMeHe U MOXKe OuTH pocdarHo,
HOJIYIIPOBUJHO, CTaKJIO OTIOPHO HA HYKJIEAPHO
3pavere, UTH.

HajjepsocraBuuja mogena craxia 6u br1a Ha:

® Pasno, KOje ce IO HAYMHY U3PaJe JIeTd Ha:

- sepmukarno, nobujeno ,Dypko®, ,ITurc-

Oy pr n “Acaxu MeTOOM U XOPH3OHTAITHO,
. «

nobujeno ,,JInbu OBenc” merofom

- noauparo, HOOUjeHO MEXAaHHYKH WM
0T TEXHOMOrHjOM

- au8ero (APMUPAHO U OPHAMEHTAIIHO CTa-
KJI0)

o Cucyprnocrno (apMHUpaHO, Kab€HO WU Jia-
MHHHUPAHO)

o Tepmousoraynono (repmoancopbyjyhe, re-
pmopedrextyjyhe, ca mobomimaHOM 3ByYHOM
M30JIAI[HjOM)

o [llynwe, KOje Ce A€NU HA TProBaduKo, Ja-
OOpaTOpHjCKO, MEJHIMHCKO, (apPMALEYTCKO U
ap.

. Cnez;ujkz/zﬂo, KOje 4MHE CTAKJIEHE HUTH,
TEPMOMETAPCKO, CTAKJIEHA BYH4, CTAKJIO OTIIOPHO
Ha 3padehe U IOPO3HO CTAKIIO

ITopena craxana mpeMa HAMEHU:
e O6uuna (paBHO CTaKJoO 3a aMbamaxy,
boue, Tere)

e Texnuuka (ONTHYKA, BATPOOTIIOPHA, CTa-
KJIO 3a CBETJIOCHY TEXHMKY, CTAKJICHA ByHa U
BJIAKHA)

BpcTe cTakna npema HauuHy obpage

Temnepupano cmaxao. Ilocrynax temmepu-
pama CTaKiIa, KOjU OfpasyMeBa MOCTENEHO XJIa-
beme ¢popmupanor craxmeHor obmuka, mpume-
wyje ce pagu ocnobabama yHyTpammer HamoHa.
HeremmnepupaHo cTakIIo je CKIOHO Iy Ljathy, 4aK 1
[IpY MUHAMAJTHUM TEMIIEPATYPHUM IPOMEHAMA
WU MEXaHMYKUM yaapuma. [lpuinkom nynama,
OBO CTAKJIO C€ JIOMM y BEJIUKE HENMPABUIIHE KO-
Majie Cca OWTPUM HBUI[AMA, IITO IPEJCTABIbA
OIACHOCT I10 YOBEKA.
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horizontal, obtained by applying “Libby
Owens“ method

- Polished, obtained mechanically or by
applying float technology

- cast (reinforced and ornamental glass)
e Safety (reinforced, tempered and laminated)

e Thermo-insulation (thermo absorbing, the-
rmo reflecting, with improved sound insulation)

e Hollow, which is divided into commercial,
laboratory, medical, pharmaceutical and others.

o Special, consisting of glass fibers, glass for
thermometers, glass wool, glass resistant to radia-
tion and porous glass.

Division of glasses according to its purpose:

o Ordinary (flat glass for packaging, bottles,
jars)

o Technical (optical, fireproof, glass for light
technique, glass wool and fibers)

Types of glass according to the
processing method

Tempered glass. The process of tempering glass,
which implies a gradual cooling of the formed glass
shape, is applied to relieving the internal stresses.
Non-tempered glass tends to crack, even at mini-
mum temperature changes or mechanical shocks.
When cracking, this glass breaks into large, irregu-
lar pieces with sharp edges, posing a risk of injury.

Glass is heated to the point where it is hard
enough not to deform, while at the same time it
is soft enough to relieve the internal stresses. Glass
can be cut, sanded and polished after tempering.
This glass is suitable for making the table surfac-
es, cabinets and cabinet and show case doors and
basement windows.

Tempered glass (safety glass). Reinforced glass,
which breaks into small square pieces, posing low-
er risk of injury. It is produced using thermal and
chemical processes. Tempered glass is first heated
to a temperature from 564°C to 620°C, and is then
rapidly cooled by air jets. In this process, the inside
of the glass cools considerably slower. The chemi-



CraxJio ce 3arpeBa 1o rpaHHIIE I7I€ je JOBOJBHO
TBPAIO Aa ce He AepopMuIle, a y HUCTO BpPeMe,
IOBOJBHO MEKO Ja OM ce yHyTpallby HAIOH
ocnoboauo. Hakon temmepupama, crakiao ce
Mmoske cehu, 6pycutn n nommparu. OBaKkBO CTaKJIO
je TPHUKIaAHO 32 M3Pajy IIOBPIIMHA CTOJIOBA,
BPaTa OPMaHa ¥ BUTPUHA U IIPO30PA y CYyTEPEHY.

Kawerno cmaxao (cuzyprocrno cmaxao). Oja-
YaHO CTAKJIO, KOje CE JIOMM Ha CUTHE YETBPTACTE
KOMayie, KOJ KOjuX mMma Mame moryhHoctn 3a
Behum mocexorunama. Jlobuja ce TepMudknM u
XEMMjCKUM My TeM. TeMIepupaHo CTakIo ce mpBo
sarpeje Ha Temneparypu o 564°C po 620 °C, a
3aTUM ce Op30 XJIafu BasgyIIHUM MJA3HUIIAMA.
OBHMIIOCTYIKOM CE YHY TPALIHOCT CTAKJIa 3HATHO
criopuje xmagu. XeMHUjCKH TPOLEC KaJbeHha U3BOAU
Cce MOTamamkeM CTAKJIA y Kajly 3 M3MEHY jOHa, KOja
je ucmymeHa pacTONOM KanaujyM HuTpara. Ha
IIOBPLIMHCKOM CJI0jy, Hajmame 0,1 mm gebmune,
jOHM HaTpUjyMa U3 CTAKJA C€ 3AMEWYjy Behum
jonuma kamujyma. KameHo cTaxio xemujckum
IIPOLIECOM je HeKonuKo myTa uspirhe u jage of
CTaKJIa KOje je KaJbeHO TepMUUKUM myTeM. Hakon
IIOCTYIIKA KaJbeka, OBO CTAKJIO ce He Moxe cehu.

HaumHn obpajge cTakna

Craxyo ce Hajmakme 06nm<yje IOK je To-
IJI0, Y BUCKO3HOM CTamy, JOK Ce Heke popme
HOCTHIKY TPUMEHOM PA3TUYUTUX TEXHOIOMKHUX
IOCTyNaKa, K0 ITO Cy cederme, bpymerme, mo-
JTPambe, NECKUPABE U EI[OBAE.

Ceuerwe. Craxso ce moxe cehu npasonn-
HUJjCKHM ¥ KPUBOJIIMHU|CKH, omohy cTakapckor
HO’KA. JeZTHA BPCTA HOKA HA BPXy UMa PUKCHUPAH
JOUjaMaHT, a Jpyra, Koja je y061/1qajH1/1ja, “uMa
toukuh wuspahen op ojavanor denuka wnIK
Bosppam-Kapbusa, mpednuka 4-6 mm, obope-
HUX UBHUIA, 0OJMKAa JAaTUHUYHOT CJIOBa V, IOf
yrmom op 120° pmo 154°. Ilpunukxom cedema
crakiaa TodYKMhM HOXa ce mopMasyjy yibewm,
Hajqemhe xeposuHoM. Hajipe ce noxxem sapesyje
[OBPUIMHA, KaKO 0K ce 0caabuo MoBpIIMHCKH
HAIIOH, 2 3aTHUM C€ MOCEOHMM KJBEIITHUMA HJIU
CaMMM HOXeM (3aBUCHO off nebbuHe CTakia,

cal process of tempering is performed by dipping
the glass in the bath for an ion exchange, which is
filled with solution of potassium nitrate. On the
surface layer, which is at least 0.1 mm thick, the
sodium ions in the glass are replaced with larger
potassium ions. Glass tempered chemically is sev-
eral times tougher and stronger than thermally
tempered glass. After the hardening process, this
glass cannot be cut.

Methods of glass processing

The easiest way to shape the glass is while it is
warm, in its viscous state, while some forms are
achieved by using a variety of technologies such
as cutting, grinding, polishing, sandblasting and
etching.

Cutting. Glass can be cut rectilinearly and cur-
vilinearly, using a glassmaking knife. One type of
knife has a fixed diamond on top, and the other,
which is more common, a wheel made of hardened
steel or tungsten carbide, and is of 4-6 mm in di-
ameter, with downward edges, in the shape of let-
ter V, at an angle from 120° to 154°. When cutting
glass, knife rollers are lubricated with oil, usually
kerosene. First, the knife is used to cut the surface,
in order to weaken the surface stresses, and then
with the special pliers or the knife (depending on

Hooxesu ca ceueme cTakia

Glassmaking knifes
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BpCTE pesa U Jip.) BPLIK IPUTUCAK Ca IPYTe CTPAHE
¥ CTAaKJIO myna 1o guHuju pesa. Cedewme gedmer
crakua, o 10 mm na HaBume, O6UYHO ce BPIIH
HYMEPUYKOM MAIIMHOM. 3aXTEBHMjH CTAKJIEHH
IpenMeTH, KOMITMKOBAHUUX 00JIMKa, JaHac ce
CeKy HOMohy Jacepa.

bpymere. Craxiio jejako morogHo 3abpymesbe,
OKI0 [1a Ce OHO M3BOJH U3 [JCKOPATHBHUX WJIN
curypHocHux pasinora. Obuuno ce 6pycu y npu-
CYCTBY BOfi€, KOja eIMMUHHMIIE IPOOIeM IpaIlHe
M CMamyje PHSUK Of Nyljaka CTaKJa, WTO Ce
HAPOYUTO OJHOCH Ha yBaHO cTakj0. Marepuja-
71 3a OpyIuere Cy yIIaBHOM CHIHIUjyM-Kapbuy
U OUPKOH-AJyMUHHUjYMCKH a6pa3HBH, KOju
cy morogHu 36or cBoje TBppohe, crocobHocTH
pesara 1 CBOje TPOIIHE IPUPOJIE.

TToaupare. Yxnamwarme Tparosa bpymerma, us-
BofM ce monaupamMm crakaa. Quuu cumunujym-
KapOuJHY U MPOM3BOJY Of IJTyTe KOPUCTE Ce 32
PuHANTMBHpPabE U TTONHPAlbE.

Tpasupawe ce OZHOCH Ha TEXHUKY CTBapaiba
YMETHHUYKUX oOpasalia Ha MOBPLIMHM CTAKJIA,
IPUMEHOM KHCeIMHe uan momohy abpasusHOr
cpepcTBa. TpaguunoHanHO ce OBM HOCTYIIU
U3BOZIC HAKOH [yBamba WM H3IHBAKA CTAKIA,
Maja O HeKe TIpaHMIEe CiudaH edexar ce
Moke moctuhy U myTeM Kanyma. YKIamameM
MUHHMAJIHOT MOBPIIMHCKOTL CJIOja CTAKJId, OBOM
TEXHHKOM IIPOM3BOAM C€ KAPAKTECPUCTUYHA MY-
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the thickness of the glass, the type of cut, etc.) pres-
sure is applied on the other side and the glass cracks
along the line of the cut. Cutting of thicker glass,
from 10 mm and more, is usually performed by
means of numerically controlled machine. More
demanding glassware, in complicated shapes, is
cut with a laser today.

Grinding. Glass is very suitable for grinding,
whether it is performed for decorative or safety rea-
sons. It is usually being grounded in the presence
of water, which eliminates the problem of dust and
reduces the risk of glass cracking, which especially
applies to blown glass. Materials for grinding are
mainly silicon-carbide and zirconium alloy abra-
sives, which are suitable because of their hardness,
cutting ability and their perishable nature.

Polishing. Removal of marks of sanding is per-
formed by polishing the glass. Fine silicon-carbide
and cork products are used for finalizing and pol-
ishing.

Engraving is related to a technique of creating
artistic patterns on the glass surface, by using an
acid or an abrasive agent. Traditionally, these pro-
cedures are performed after blowing or casting
the glass, although to some extent similar effect
can also be achieved by using a mold. By remov-
ing the minimum surface layer of glass, this tech-
nique produces the characteristic opaque surface,
and the glass gets airy quality of frosted glass.
Various techniques are used for etching the surface

of the glass.

TTonupame orenana sa Xabx Teseckon
Polishing mirrors for the Hubble telescope



THa NOBPIIMHA, 4 CTAKJIO ,uo61/1ja po3padaH KBa-
JIUTCT MAT CTaKJIa.

Pasue texnuke ce KOPHCTE 32 CLOBAKE IIO-
BpHIMHE CTAKJIA.

o [pasupare xucesunom ce Bpuu nomohy xe-
kcapayopocumukarre xucenune (H2SiF6). Ku-
CEJIMHA Ce IMPUIIPEMaA 3arPEBAEM PACTBOPA CH-
JMOMjyM JUOKCHAA Yy cMemu ca  (ryopoBo-
JOHMYHOM KHCETMHOM, KBAPLHUM IIPAXOM, Ka-
MEjyM-$IyOPUOM M KOHLEHTPOBAHOM CyM-
[IOPHOM KHCEJIHOM.

o [pasupare cmaxia nacmom je TeHEPaTHO
naxie of kopuinhera kucenuHe. [oToB mporssoy
ce moxxe Hahu y HexuMm x0bu pagmama, a YuHE je
¢ayopunHa jepumema momyT $payopo-BOJOHUKA
u Harpujym ¢payopupa. [Tomro cy rope nasesene
MeToge (paj ca KucearHaMa) OIlACHE, CBE BHUIIE CE
IpuMenyje abpasrBHa METOAA.

o Abpasusna memoda — neckupare je yobu-
YajeHa TEXHMKA KOja Ce TIPUMEmYje 3a )1061/1jaH)e
I1apaHacTaKIy. YecTo ce KOpUCTH Y KOMepIHjaTHe
cBpxe. Baspyx o BUCOKMM IPUTHCKOM [IOMEIIaH
ca abpasuBHuUM MaTepujanoM ,600Mbapayje”
CTaKJIEHy NMOBPLIMHY, yKIamajyhu 3a cobom Taj
CJI0j, IIpH YeMY Ce CTBApA MIAPa.

o [pasuparwe nymem xaryna — OBUM TIO-
CTYIIKOM >KeJbeHM JM3ajH Ce JUPEKTHO ypesyje y
KaJIyIl, TaKO JIa C€ Ha CBAKH OJIJINBAK ITPECTUKABA
ausajH. OBUM IOCTYIIKOM Ceé CMamyjy TPOMIKOBU
[IPOM3BOJGE, AJIM KBATUTET JOOMjeHe ITOBpIINHE
j€ 3BHaTHO MamH.

I'paBupaHo cTaKIo
Engraved glass

o Engraving with acid is conducted by using
of hexafluorosilicic acid (H,SiF ). The acid is pre-
pared by heating of the silicon dioxide solution in
a mixture with hydrofluoric acid, quartz powder
and calcium fluoride, and concentrated sulfuric
acid.

o Engraving of glass with a paste is generally
easier than using an acid. The finished product
can be found in some hobby stores, and it consists
of fluoride compounds such as hydrogen fluoride
and sodium fluoride. Since the above mentioned
methods (working with acids) are dangerous, the
abrasive method is being increasingly used.

o Abrasive method — sand blasting is a com-
mon technique used for obtaining patterns on the
glass. It is often used for commercial purposes.
The air under high pressure mixed with an abra-
sive material “bombs” the glass surface, removing
that layer, thereby forming a pattern.

o Engraving with molds - with this method,
the desired design is directly engraved into a mold,
so that the design is reproduced on each drip mold-
ing. This procedure reduces production costs, but
the quality of the resulting surface is much lower.
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Craknapcke nehwu

TexHOMOMWKY MPOLECH TPOU3BOAHE CTAKIIA
Cropo Cy ce pasBujaau cBe jo mososuHe XIX
BeKa, JOK HHCy KOHCTpyucaHe mpse mnehu
34 KOHTHUHyanHO pgobujame crakma. One cy
omoryhwue mpeasak ns 3aHaTCKE y MHAYCTPH]CKY
IPOU3BOJI Y.

Jamcke nebu. Hajcrapuju ocranu npoussopise
crakyia HabheHu cy Ha noxamurery xop Ten en
Amapna y ropweM Erumnty, a morumuy us oxo
1350. rogume mm.e. OBe Tako3BaHe jamene
nehu cacrojase cy ce of 3eM/bAHOTr LMJIMHZPA
Ca OTBOPOM Ha jeIHOj CTPaHU KpPO3 KOjU ce
noxuno. Uumunagap je 6uo ykomaH, dnme
ce ;[061/Ijana TEPMUYKA M30JIANMja. JeMsbaHa
IOCy/la Ca CHPOBMHAMA 32 IIPOUBBOJEY CTAaKJIA
ce MOCTaB/baId HA LIUINHAP, WTO je omoryhuo
tombere. C 003upoM Ja Temmeparype HUCY
npenasune 1000°C  go 1100°C, crakyo je
Mopaso za ce Tonu y gse ¢pase. Kpapmuu nmecak
U pyTe CUPOBUHE Cy Ce CHHTEPOBAJIE y MaCy, Ha
temmneparypama usmehy 700°C u 800°C. Osako
mobujeH MaTepujan ce Mo, a 3aTUM TOIHO Y
CTAKJACTy Macy Ha Temmeparypama wusmeby
1000°C u 1100°C. V oBoj, apyroj pasu, gogaBaHu
Cy OKCHJIM METana, pajgu ,11061/1jaH)a 060jeH)a.
OBo je 6uo jeguHM HAYMH Ha KOjU je MOria ja
ce pobuje CTaKjIeHa Maca 3a U3Pajy IpeAMeETa.
CrakJio ce 06MYHO IPOUBBOAMIIO Y BUY MHIOJA,
KOje ce y ApyruM pajguoHuiama npepabhusaio
1 001MKOBaNO #O (UHANHHUX mpousBoja. Ip-
rOBUHA CTAKJIEHUM wuHrorama omoryhuma je
IUpEme Npepaje CTaKaa II0 MeJUTEPAHCKO]
peruju. OBakBH NPUMEPIH CTAKJIEHHX HHTOTA
cy nponabhenn y mororsenom 6pony Ha TypcKoj
Tepuropuju, y 6amusurn bogpyma.

Ilehu ca nocydama cy xopuurhene 3a Tonmbembe
crakaa cee no 17. Bexa. buie Cy jemHOCTaBHUX
KOHCTPYKIIHja y OOTMKY KOIIHUIIE Ca JIOKUIITEM
ucnog. Ilpe Hero mro ce CTAKJIO CMEIITANO Y
ose nehu pagu Tommema, neh je mopama 6urtn
sarpejaHa Jo TeMIepaType NPHOIMIKHO OKO
1500°C. ITymeme oBux mehu marepujasom 3a
,u061/1jaH>e CTaKJIa TPajasio je BEOMA JyTO, HEKAza
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Glass furnaces

Technological processes of glass production
developed slowly until the mid-19* century, when
the first furnaces for the continuous production of
glass were built. They enabled the transition from
handicraft to industrial production.

Pit furnaces. The oldest remains of glass pro-
duction were found at the site near Tel el Amarn
in Upper Egypt, originally from around 1350 BC.
These so-called pit furnaces consisted of an earth
cylinder with an opening on one side through
which the fuel was inserted. The cylinder was bur-
ied, which provided thermal insulation. The clay
vessel with raw materials for the manufacture of
glass was placed on the cylinder, which allowed
the melting. Since the temperatures did not exceed
1000 °C to 1100 °C, glass had to be melted in two
stages. Quartz sand and other raw materials were
sintered into the mass, at temperatures between
700 °C and 800 °C. The obtained material would
be grounded, and then melted into a glass-like mass
at the temperature between 1000 °C and 1100 °C.
In this second stage metal oxides are added, in or-
der to obtain coloration. This was the only way to
produce the glass mass for manufacture of objects.
Glass is usually produced in the form of ingots,
which would be processed in other workshops and
shaped into final products. Trade in glass ingots
enabled the expansion of glass processing along
the Mediterranean region. Such examples of glass
ingots were found in a sunken ship in the Turkish
territory, near Bodrum.

Furnaces with vessels were used for glass melting
until the 17" century. They had simple structures
in the form of honeycomb with a firebox below.
Before the glass would be placed in the furnace for
melting, the furnace had to be heated to a tempera-
ture of about 1500 °C. Charging of these furnaces
with the material for glassmaking was very time
consuming, sometimes up to 15 hours. Furnace
capacity was 60 to impressive 1000 kg. In order to
maintain these furnaces, large amounts of com-
bustible materials were needed, and the glass fac-
tories in this period were located in forested areas,



u o 15 catu. Kamanurer nehu je 6uo op 60 no
umnpecusaux 1000 kg. Jla 6u ce osaxse mehu
oppoxkaBae buie cy noTpebHe BesMKe KOIUIMHE
ropuBe MaTepuje, Te Cy CTAKJIAPE Y OBOM IEPUO-
#y Ouie cMemTeHe y UIYMCKUM IMpejeInMa,
sbor gpseha xoje ce y BeJMKMM KOJTMYMHAMA
KOPUCTHJIO 32 TPOHM3BOAIY JyIIHHE (KaIHjyM
Kapbonara) u sa noxeme nehu sa Tobee
crakia. Vs Tor passora, CTakJIo 13 OBOT IIEpHOAA
ce HasMBa IIYMCKO cTakio. [Ipoussoama crakia
Ce HMKaJla HUje 3a/Ip)KaBaja Ha j€THOM MECTY, jep
KaJ1a 6u ce ToKaTHO CHA6/IeBabe PBHUM FOPHBOM
HCLIPIIUIIO, C BOM 0K 0f1asuIn U mpoussohauu
CTaKJIa.

Ilebu ca pememxama cy yrnaBHoM rpabene
110 MCTUM NPUHIMIIMMA K20 U jamere nehu, amn
6uTHA passuKa je 611a y TOME IITO yMECTO KaMeHe
[OAJIOTe HA JHY JIOXKHUINTA, KAKBE HAJIA3UMO KOJ
jamenux nehu, kog nehu ca permerxama, Kako UM
M CAMO MMe Ka’Ke, HAJIA3HM CE MPEXa, OFHOCHO
pemerka. Ona je omoryhasama ga memeo kao
IPOAYKT CaropeBarha UCIafia KPO3 PEIeTKY, du-
Me ce mocTusasa 6okba BEHTHIIALMjA JIOKHIITA.
Ypaso 60spa BeHTHIIALH]A je JOBOAMIIA JO DObera
CaropeBara, a CAMUM TUM U IO TOCTH32 A BUIIHX
Temneparypa y nehu. 36or Bumux remmeparypa,

Ileh 3a Tommeme cTaka T'eopruyca Arpuxore,
unycrpanuja. De re metallica, 12. xmura,

Xabcbypmuka MoHapxuja, 1556.

Glass melting furnace by Georgius Agricola, illustration.
De re metallica, Book 12, Habsburg Monarchy, 1556

because of the trees that were used in large quan-
tities for the manufacture of alkali (potassium car-
bonate) and in combustion furnaces for glass melt-
ing. For this reason, the glass from this period is
sometimes called forest glass. Glass production has
never stayed in one place, because when the local
supply of wood was exhausted, the glass manufac-
turers would leave as well.

Furnaces with gratings were mostly built on the
same principles as the pit furnaces, but the import-
ant difference was that instead of a stone bedrock
at the bottom of the firebox, the kind that we find
with pit furnaces, the furnaces with gratings, as
their name suggests, have a grid or grating. It en-
abled the ash, as a product of combustion, to fall
through the grid, thus achieving better ventilation
of the firebox. Better ventilation led to better com-
bustion and, consequently, higher temperatures in
the furnace were achieved. Because of the higher
temperatures, composition of the glass could be
changed. Furnaces with gratings were mainly used
from the early 17*" to the second half of the 19" cen-
tury. One of the reasons for introducing furnaces

T
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CacTaB CTAKJA je MOrao ga ce mema. Ilehwu ca
peleTKOM Cy yrIaBHOM KopumheHe of moderka
17. no apyre nonosuHe 19. Bexa. Jeman o pasora
yBobema nehu ca perueTkoM, jecTe IpHUMeHa yIiba
K40 BPCTE TOpUBa. 3a PasIMKy Of JpPBETa, yrasb
saxteBaBehy KOMYNHY KMCEOHNKA 32 CATOPEBAbE.
ITehwu ca pemerkama cy ce pasBujase, TOKOM HU3A
ropuHa, y nehu koje ce cacroje us gBa gena: neh ca
HOCYZIOM, KOja je saXBanyjth PEETKH MOCTU3a A
BHUIIIE TEMIIEPAType 1 KopuinheHa je ka0 MecTo 3a
TOIUBEHE, U JI€/IA Y KOME j€ CTAKJIO MOTIJIO Ja Ce
OXJIAZM ¥ Macy ca 60/bUM BUCKOSUTETOM 32 JJAJbY
obpapy u obnukoBame.

Kopumhemem yrma xao ropusa Huje 6o
norpebe 3a HoBuM rpabemem nehu Ha mokanujama
Koje cy obuioBane apseToMm, Te je Behuna nehu
OBOT' THIIA 3HJaHA y OJIMSHHHU PYJHUKA YI/bd U
y OJUSMHHU mpyre KOjoM ce MOIIO CHabjeBaTn
TOPHBOM.

Huaundpuune nebhu cy u game y ynorpebu y
uHAycTpUju denuka. CaduibeHe Cy Off Jyraukor
KaMeHOr 0aceHa ca TFOPUOHHIMMA Ca CTpaHe.
OBy roproHHIIM Cy TOCTABJbEHY U3HAJ DaceHa ca
CTAKJIOM U HAU3MEHHIHO U30aI[yjy IIaMeH U3HAa]
CTAKJI4, paju Herosor rombema. Ose Bpcre nehu
Koje ce 30By ,Cumenc-Maprtun® nehu, passujene
cy og crpane Qpuppuxa CuMmenca u KopHCTe ce o
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ITpoussoamwa craxia ca nehuma Ha psa,
unycrpauuja. LEncyclopédie ou Dictionnaire
raisonné des sciences, des arts et des métiers, 10. Tom,
aucr I, TTapus, 1772. (usop ARTFL Project)
Glass production with wood-burning furnaces,
illustration. L'Encyclopédie on Dictionnaire raisonné
des sciences, des arts et des métiers, Volume 10, Sheet I,
Paris, 1772 (source ARTFL Project)

with gratings, is the use of coal as the fuel. In con-
trast to the wood, coal requires a greater amount
of oxygen for combustion. Furnaces with gratings
evolved over the years into furnaces that consist of
two parts: furnace with a vessel which, thanks to
the grating, achieved higher temperatures and was
used as a place for melting, and the part where the
glass could be cooled into a mass with better vis-
cosity for further processing and shaping,

With the use of coal as a fuel, there was no need
for building new furnaces in locations abundant
in trees, so the majority of the furnaces of this type
were built near coal mines and near the railroads,
which were used for fuel supply.

Cylindrical furnaces are still in use in the steel
industry. They are made of a long stone basin with
the burners on the side. These burners are placed
above the basin with glass and they alternately
eject flame above the glass, for its melting. These
types of furnaces that are called “Siemens-Martin”
furnaces, were developed by Friedrich Siemens
and are in use from the mid-19" century. Fumes
produced in the melting are transmitted through
the openings on each side of the furnace. In the
openings there are bricks that are heated with
these vapors and protect the cool air from enter-
ing the furnace. The cylindrical furnace is much



cpepune 19. Bexa. Mcnapemwa HacTama Tombemem
IIpeHOCe Ce KPO3 OTBOPE ca cBake cTpaHe nehu. ¥
OTBOPHMMA CE HaJIa31 KAMEHE KOje CE 3arPeBa OBUM
HCIapenUMa U IITUTH A XTa/JaH Ba3TyX He Jope
go nehu. Hunuuapuana neh je cynepuponuja y
opHocy Hanehu canocygama, mpe ceera sbor Beher
KamanuTeTa Koju uje u 1o 2 500 t, amotom u 3bor
KOHTHHYaJIHE IIPOU3BOJIHE, KPATKOT BPEMEHA ITy-
BeHha, 007be Peryaluje TeMIEpaType, Mambe mo-
Tpoke ropusa u 36or moryhHocTu cranne so-
kanuje. bes passoja oBe nehu, MEXaHU3ALMjd
MPOU3BOAMKE CTaKaa He 6bu Ouma moryha. ¥ 19.
BeKy cy oBe mehu Ouse Benmka uHBeCTHLHUja,
T€ Cy y HUXOBY MSIPAjiby YJATaJe CAMO BEJIHKE
KOMIaHuje. Y OBOM MEPUOAY OCTBAPEH je ITOPACT
6poja Bemmkux pabpuka cTakia.

MogaepHe nehu 3a gobujarbe cTtakna

Bpcra nehu sa rommeme crakia obudaHO
3aBHCU Off BPCTe U KOJMYMHE CTAKJA Koje ce
NPOM3BO/M, K40 U Off TPOIIKOBA U JOCTYIHOCTH
camor ropusa. JlaHac cy HajsacTymbeHuje ABe
Bpcre nehu 3a Tomberwe crakia: nehu ca monnem
u nehu ca peseppoapom.

Opuppux Cumenc (1826 - 1904)
Friedrich Siemens (1826 - 1904)

more superior compared to furnaces with vessels,
primarily because the higher capacity that goes up
to 2500 t, and also due to continuous production,
short loading time, better temperature control, re-
duced fuel consumption and because of the possi-
bility to keep a permanent location. Without the
development of these furnaces, glass production
machinery would not be possible. These furnaces
were big investments in the 19® century, therefore
only large companies were investing in their con-
struction. The number of large glassworks has in-
creased in this period.

Modern furnaces for glassmaking

The type of glass melting furnace usually de-
pends on the type and the quantity of glass pro-
duced, and on the costs and availability of the fuel.
Today, the most common are two types of furnac-
es for glass melting: furnaces with a pot and fur-
naces with a tank.

FREFEPE R P
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Ilebu ca aonyem cy objexru umsrpabenu op
BATPOCTAJIHUX MATEPUjaia, y KOjUMa He IIOCTOjU
xoHTakT usmehy nehu u craxma. Craxio ce Tomu
y HEKOJIMKO JIOHAId KOjU Cy HAIPABIBEHU Of
BATPOCTAJIHOT MaTEPHjaJid, OTIOPHOT Ha BHCOKY
Temreparypy. JIoHIH ce IyHe CTAKIAPCKOM Me-
LIABHHOM, KOja C€ TOIH Y LIUKJIYCUMA Off 24 MIIH
18 caru. Ilpoceyan yoHal MOXKe [ja IPUMHU Of
600 po 700 kg craxma. Ose nehu nmajy npumeny
KOJ, Py9HO AYBAHOI CTaKJA. JeAHA Of IIABHUX
IPEJHOCTH OBOI CUCTEMA je ¥ TOME LITO Ce He-
KOJIIKO BPCT4 CTaKJIA MOXKE TOIMTH Y KCTO Bpe-
Mme. JIoHnu ce mory ymorpebGmpaBaru 3a oko 30
LIMKJIyCd TOIUBEHA, YUME Ce MOXKE MMPOUBBECTU
usmeby 18 u 21 t craka.

Ilehu ca pesepsoapom ce KOPUCTE KOJ HH-
AYCTPHUjCKE NMPOU3BOAIE CTAKJIA, IJie je KOHTH-
HYaJIHU TOK CTakya HeomxopaH. OHe cy exoHo-
MUYHHje Y IIOrJIeSy ynoTpebe ropusa U yrIaBHOM
Ce KOPHCTE 32 MPOU3BOJIKY BETHKUX KOJUYMHA
aM0aJIa)KHOT, PaBHOTI CTAKJIA, €JIEKTPHUIHUX CH-
januua, nesu u nocybha. Besuxe ot CTaKJIapCKe
nehu, mMory mmaru kamanurer go 2.000 t. Pe-
sepBoap nehu ce cacroju of kaje W fena rfe
ce caropesame oaBuja. Kama je wmsrpabena op
nocebHOr BaTPOCTAJIHOT MaTepHjaa, KOju je
OTHOPaH HA XEMMU)CKY arPECUBHOCT UCTOIJHEHOT
CTaKJa ¥ TEMHIEPATypy Koja mpemamyje 1500 °
C. KpanureT BaTpoCTaIHUX MaTepHjasa IOCIe]-
IUX JEEHH]a je mo6ospIIaH y TOJIMKOj MEPH, 1A Ce
JKMBOTHH BeK nehu mpogy»xuo ca Hekajaume 2
Ha Caflallibux 9 roguHa.

v OUby TIOCTH3aHkhad BHCOKEC TEMIICPATYpE
TOIIVbCHA U HMIKC HOTpOI.HH:ﬁ I‘OpI/IBa, AaHac C¢
KOPHUCTC PCrCHCPATHBHH HJIM PCKYIICPATHBHHA
cuctemu. Oba cucrema KOPHCTEC Ipea3arpeBame
Ba3/lyXa 3a CaropcpameC.

JloK je y pexynepaTuBHOM CHUCTEMY Pa3MeHa
Tortote usMehy Basgyxa sa caropeBame u
U3/[yBHUX TaCOBA KOHTHMHYaJIHA, KOJ PEereHepa-
TUBHOI CHUCTEMA CE€ OBO HM3BOAU HAU3MEHUYHO.
Mopgepue nehu umajy pauyHapcko ympasibarbe
KOHTPOJIE CUCTEMA, KOje IIOJIEIIaBa BPEME MTa/bEHa
y CBAKOM MpaBLYy, Pajd MOCTH3aHka HAjOOBHX
yCJIOBA 33 pa3MeHY TOILJIOTE.
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Furnaces with a pot are structures made of re-
fractory material, in which there is no contact
between the furnace and the glass. Glass melts in
several pots that are made of refractory material,
resistant to high temperatures. The pots are filled
with glassmaking mixture, which is melted in cy-
cles of 24 or 18 hours. An average pot can take
from 600 to 700 kg of glass. These furnaces are
used in case of manually blown glass. One of the
main advantages of this system is that several types
of glass can be melted at the same time. The pots
can be used for about 30 cycles of melting, which
may produce between 18 and 21 t of glass.

Furnaces with a tank are used in the industrial
production of glass, where continuous movement
of glass is necessary. They are more economical in
terms of fuel consumption and are mainly used in
production of large quantities of glass for pack-
aging, flat glass, light bulbs, tubes and glassware.
Big float glass furnaces can have a capacity of up
to 2000 t. Tank furnaces consist of a tub and the
area in which combustion takes place. The tub is
made of special refractory material that is resistant
to the chemical aggression of molten glass and the
temperature exceeding 1500 °C. The quality of re-
fractory material in recent decades has improved to
such an extent that useful life of the furnaces was
extended from formerly 2 to 9 years now.

Regenerative and recuperative systems are used
today in order to achieve high melting temperature
and lower fuel consumption. Both systems use a
preheating of air for combustion.

While in the system of recuperation there is
continuous heat exchange between combustion
air and exhaust gas, in case of regenerative systems
this task is accomplished alternately. Modern fur-
naces have computer control system, which adjusts
ignition time in each direction in order to achieve
the best conditions for heat exchange.

Heavy fuel oil or natural gas is usually used
for heating of furnaces with a tank. Glass is elec-
trically conductive at high temperature and can
be melted by using current. However, this method
of melting is too expensive and is usually used to
maximize the effect of the gas or oil when melting



MagyT 1 IpUPOFHH rac ce O0MIHO KOPUCTH
3a sarpesame nehu ca pesepsoapom. Crakio je
€JIEKTPOIIPOBOJHO MHPHU BHCOKOj TEMIEPATypu
u Moxe ce tronutu momohy crpyje. Mebyrum,
OBaj HAYMH TOIbEWA j€ CyBUIIE CKYIl U 06u4HO
ce KOpHCTU Kako 6u ce mosehao yumnax raca
unu HadTe MPUIMKOM TOIbewa cTakia. Kmak,
TEXHOJIOMKHU HANPENAK je omoryhno xopurherme
nehu 3a TOIUbeHE CTAKIA Ca MCKJBYYUBO EJICK-
TPUYHOM EHEPTHUjOM, YITPKOC BEHOj BUCOKO] [IEHU.

Llehu cadupexmmuum sazpesarnem. Tepmunneh
Ca JUPEKTHUM 3aTPeBabeM Ce OOMYHO IpUMEY|e
xog iehu Ha 6uT0 KOje ropHBO, Koje HeMa CUCTEME
3a uckopuirhaBame TOIUIOTE M3JYBHHUX TacOBA.
Ospge ce mucu Ha nehu Koje KOpHCTe MelTaBUHY
Basgyx-ropuso. Ose nehu cy pemarusro Mmase
1O BEJIMYUMHU M UMAjy of 2 g0 16 ropuoHHKa.
Kanmanurern npoussopmwe craxmia uxy og 230 kg
110 36 t cTaxJia JHEBHO. Hocybe, 0 TaTMOIOIKO
crakiio, pubepriac, ppuTa U CIELUjaTHO CTAKIIO
Ca BPJIO IITETHUM U KOPOSMBHUM KOMIIOHEHTAMa
IIPOM3BOJE Ce Y 0BOj BpcTH mehu.

Pexynepamusne nebhu cy nehu ca pupexTHUM
3arpeBamEM OIpeMJbeHe pekyneparopom. Ose
nehu cy, y cTBapu, akymysmaropu TOIUIOTE, KOju
TOIUIOTY OTHAJHMX T4aCOBA IPEJajy 3UJOBUMA
ueBH, Kpo3 Koje ce xpehe xmaman Basgyx. Pe-
KyIIEPaTOPU MOTY OUTH KepAMUYKY UITU METAJTHH.
ITomohy mux ce 3arpesa Basfyx 3a CaropeBame Ha
temmneparypu og 540 ° C go 760 ° C. Ose nehn
Mory uMaTH off 4 10 20 mojeJUHAYHIX TOPUOHHUKA.
Kamanurern oaksux nehu nmajy pacmon mpo-
usBogme of 18 Ttona go wax 250 ToHa crakia
Ha paH. OBakse nehu ce obuyHO ImpUMeERYjy y
npoussopsu $ubepriaca, anu ce, Takohe, Mory
KOPUCTUTH 32 NpousBofmwy ¢put crakna. Heke
peKyneparuBHe nehu ce KopucTe y MHAyCTPUjU
ambaraxe, MaKo To Huje yobuuajeno. JKusorau
Bek oBHX mehwu saBucu off BpcTe CTakia Koja ce
y muMa npoussogu. Ha npumep, sKHBOTHH Bek
nehu 3a MPOKBBOAY CTAKJIEHE BYHE je 6 TOAMHA.

Eaxexmpuune nebu cBy eHeprujy sa Tormsbe-
e CTaKJa ,uo61/1jajy KpO3 Tpejalbe Ha CTPYjy.
Enexrpuyna crpyja mposiasu Kpos CTaKJO HO-
mohy esexrpopa. 36or enekTpudHOr OTHOPA

glass. However, technological progress has enabled
the use of furnaces for glass melting with only elec-
tric power, despite its high price.

Furnaces with direct beating. The term furnace
with direct heating is usually used for furnaces
that use any fuel, which does not have systems for
exploitation of exhaust gas heat. This refers to fur-
naces that use air-fuel mixture. These furnaces are
relatively small in size and have between 2 and 16
burners. The capacity of glass production ranges
from 230 kg to 36 t of glass per day. Glassware,
ophthalmological glass, glass fiber, frit and special
glass with very harmful and corrosive components
are produced in this type of furnaces.

Recuperative furnaces are furnaces with direct
heating equipped with the recuperator. These fur-
naces are, in fact, heat accumulators, which trans-
mit the heat of the waste gases to the pipe walls,
through which the cold air passes. Heat recovery
systems can be ceramic or metal. They are used to
heat the air for combustion at a temperature from
540 °C to 760 °C. These furnaces may have from
4 to 20 individual burners. The capacities of these
furnaces have a range of production from 18 t up
to 250 t of glass per day. Such furnaces are usual-
ly used in the production of glass fiber, but they
may also be used to produce glass frit. Some hear
recovery furnaces are used in the packaging indus-
try, although it is not common. Useful life of these
furnaces depends on the types of glass produced in
them. For example, useful life of furnaces for glass
wool production is 6 years.

Electric furnaces receive all the energy for glass
melting through electrical heating. The electric
current passes through the glass by means of elec-
trodes. Because of the electrical resistance of glass,
glass melts by means of Joule heating (when elec-
trical current passes through a conductor, heat is
released). The electrodes are usually made of mo-
lybdenum, although tin oxide is also used, as well
as platinum, graphite and iron. Electrodes, in the
form of rods or plates, are usually placed in the side
walls or at the bottom of the furnace. Refractory
coating materials degrade more rapidly in these
furnaces, which results in a very short useful life,
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CTaKJa, CTakjuo ce rtomu myrtem Llymosor sa-
rpeatba  (IPUIMKOM IIPOJACKA  CJIEKTPUYHE
cTpyje Kpos mpoBogHUK ocnobaba ce ToruorHa
enepruja). Enexrpoge ce obuuno wuspabyjy on
MosnbpeHa, Maja ce, Takobe, KOpUCTe U Kauaj
oKcup, maaruHa, rpadur u reoxhe. Emexrpope,
y o0mMKy mMIOKE HIM IJI04e, OOMYHO Cy
IOCTaBJbeHE Y OOYHMM SHJOBMMA WM HA [HY
nehu. Barpocrannu marepujanu s3a obsarame
MHOTO bpyKe ierpagupajy y oBum nehuma, mro je
PE3yITHPAIIO BEOMA KPATKIM XHMBOTHUM BEKOM,
KOjH je 0bnuHO Mawu o 2 roguHe. Behuna oBux
nehu moxxe mpoussectu Mame of 36 t crTakia
JHEBHO, Maja ocToje 1 Behe, ca KamanuTeToM o
180 t cTaxsa Ha maH.

36or cBor gusajua, ose nehu, obmdHo Hu-
cy morojHe 3a caropeBame oboraheno kuceo-
nukom. Mayserak je neh Koja ,uo61/1ja jeman jeo

TOIJIOTE MPEKO TOPUOHHUKA, KOjU Ce HaJIa3e U3HAJ
Kafe.

Pezenepamopcxe v Cumenc nebu. Cpepu-
HoM 19. Bexa, Opunpux Cumenc (Friedrich Sie-
mens) je paspagumo pereHeparopcky meh, mo
ysopy Ha mehu sa pgobujame denmxa. /[lanac,
HAKO je JOLLIO O €BOTyIUje Y AU3ajHY, OCHOBHH
KOHILENT je ocTao HempomerweH. OHe paje Ha
crefeheM IpUHIMITY: TOIIOTA CATOPEIIMX IaCOBa,
ocmobohena mpu pajy IIAMEHHKA, KOPUCTH
Ce 3a 3arpeBarbe ONEKE Y PEreHEePATOPCKUM KO-
Mmopama. Kay ce omeke 0BO/BHO 3arpejy, mpexo
BHX Ce NMPONYIITA Ba3AyX KOjH IPHMA TOILUIOTY
M TAKO 3arpejaH yJNa3u y IUIAMEHHKE, Ife Ca
ropuBoM obesbehyje mramen. OBa usmena Temre-
parype HaMSMEHMYHO MeEHa CMEp KpeTama Ba-
3/lyXa 3a CATOpPEBAIE M CATOPEJHX TaCOBA KPO3
pereHepaTopcKe KOMOpe.

Cumencosa neb je rmaBma Bpcra nehu y
HHAyCTpUju cTakya. PaBHO M ambanmaxHO cTa-
KJIO Ce IPOM3BOJHM y3 HOoMOh oBe Bpcre Ie-
hu. Pereneparopcke mehu ce xopucre y mpou-
soawu 1B mpoussopa, mocyha, mpoussoga sa
OCBeT/beHmE M HATpuUjyMm cuiukara. [Tocroje gBa
ocHoBHa tuna Cumencosux nehu: nehu ca 6ou-
HUM pereHeparopuma u niehu ca pereneparopuma
Ha Kpajy nehm.
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which is usually less than 2 years. Most of these
furnaces can produce less than 36 t of glass per day,
although there are also bigger ones, with capacity
of 180 t of glass per day.

Because of their design, these furnaces are usu-
ally not suitable for oxygen enriched combustion.
The exception is the furnace that receives a por-
tion of the heat over the burners, which are located
above the tub.

Regenerator or Siemens furnaces. Friedrich Sie-
mens developed a regenerator furnace, modeled
after the furnaces for the production of steel in
the mid-19" century. Today, although there has
been an evolution in design, the basic concept has
remained unchanged. They operate on the fol-
lowing principle: the heat of combustion gases,
released during operation of the burner, is used to
heat the brick in regenerator chambers. When the
bricks are heated enough, air is released over them,
which absorbs the heat and thus heated enters the
burners, where it provides flame together with the
fuel. This temperature change alternately changes
the direction of movement of the combustion air
and burnt gases through the regenerator chambers.

Siemens furnace is the main type of furnace in
the glassmaking industry. Flat and packaging glass
is produced by using this type of furnace. Regen-
erator furnaces are used in the manufacture of TV
products, glassware, lighting products and sodium
silicate. There are two main types of Siemens fur-
nace: furnaces with lateral regenerators and fur-
naces with regenerators at the end of furnace.



MPON3BOAHA CTAKNA
GLASS PRODUCTION

PaBHO cTakno

HPOI/IBBOﬂHaa CTaKJIa CC AEJIH Ha TPOU3BOIILY
PaBHOT ¥ YBaHOT CTaKJIA.

Pasro cmaxao ce 0OBMIHO KOPUCTH 32 IPO-
30pe, CTaKJIEHA BPaTa, 32 TPAHCIAPEHTHE 3UJIOBE
u BeTpobpane. Y CaBpEMEHOj APXUTEKTYpPHU U
aYTOMO6I/IJICKOj UHJIYCTPHjU, A TOHEKAJ y u3-
pajgM yMETHMYKHMX M YHOTPeOHHX IpeaMera,
PaBHO CTaKJO je MOHEKaj MOTPeOHO CaBUTH.
Behuna paBHOr crakia je cofa-KpedHO CTaKJIO,
IIPOM3BEEHO METOROM rroTaruje (PI0T CTAKIIO).

Duom cmaxio j€ PABHO CTaKJIO KOje ce ,uo61/1ja
IUTyTaKEM JIMBEHOI CTAKJIA HA PaCTOIJHEHOM
METaJly, YIJIAaBHOM Ha KaJjajy, HaKO Cy OJIOBO U
pasHe ipyTe JIEType Ca HUCKOM TaUYKOM TOIJbEHa
kopumhene y mnpomocru. OBaj mporec pgo-
Oujara paBHOT CTaKJa je, Takobe, IMO3HAT mop
HasuBOM [IMIKMHITOH mpolec, HasBaH 1o Opu-
TaHcKkoM mpousBohauy crakma Cep Asmcrep
unxuurrony (Sir Alastair Pilkington), xoju je
yBeo oBy TexHUKy 1950-ux. OBaj HaumH mpo-
U3BOZHbE fiaje yjenHaueHY feOBUHY 1 BEOMA PABHY
HOBPIIMHY CTaKaa. Mogepru nposopu ce mpase
op ¢uor craxma. Behuna ¢mor crakma je copa-
KPEYHO CTAKJIO, AJIU PEJATHBHO MaJie KOJIUYMHE
CIeLHjaTHOr OOPCHUIMKATHOT M PABHOI CTaKJIa
3a eKpaHe ce, Takohe, npoussogu Kopumhemem
¢noT mpoueca.

Jdpyru mpouecu 3a u3pajy PaBHOI CTAKJIA
YKIBYHy]y: ‘

® Bawano cmaxao, xoje MOoxe OUTH H3pa-
beno myrem:

- JenHor BasbKa — Kajia c€ UCTOIUbEHA CTAKJIEHA
Maca CUIIa Ha METAJIHU CTO M IIOMOhy IpuTHCKa
jeHOT METaJTHOT BaJbKa JOOHja PAaBHO CTAKJIO,
- dymumux Babaka - Kajja UCTOIJBCHA CTAKJIE-
Ha Maca mposasu usMehy mapa porupajy-
hux MeranHux Basaka, kako 6u ce gmobuie
CTaKJIEHE IIJIOYE,

Flat glass production

Glass production is divided into production
of flat and blown glass.

Flat glass is usually used for windows, glass
doors, transparent walls and windshields. In the
modern architecture and the automotive industry,
and sometimes in the making of art and everyday
objects, flat glass needs to be bent occasionally.
Most flat glasses are soda-lime glasses, produced
by applying flotation method (float glass).

Float glass is a flat glass, which is produced
by floating of cast glass on molten metal, mostly
on tin, although lead and various other alloys
with a low melting point were used in the past.
This process of obtaining flat glass is also known
as the Pilkington process, named after the
British glassmaker Sir Alastair Pilkington, who
introduced this technique in the 1950s. This
production method gives a uniform thickness and
very flat surface of the glass. Modern windows are
made of float glass. Most float glasses are soda-lime
glasses, but relatively small amounts of special
borosilicate glass and flat screens for monitors are
also produced by using the float process.

Other processes for the production of flat
glass include:

® Rolled glass, which can be made by means
of:

- One roller - when molten glass is poured
onto a metal table and by applying pres-
sure of one metal roller flat glass is produce
- Double rollers - when molten glass passes be-
tween a pair of rotating metal rollers, in order
to produce glass plates

o Ornamental flat glass - intriguing patterns
on glass are prepared in a similar manner as in case
with normal rolled glass, only on one, and some-
times on both rollers, there is a template for mak-
ing the patterns
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o Opramenmanrno pagro cmaxio - AHTPHU-
raHTHe IIape Ha cTakuy ce uspabyjy Ha cimyan
HaYMH K20 KOJ, OOMYHOr Bas/baHOT CTAKJId, C TUM
TO CEe HA jefHOM, 4 HeKajia ¥ Ha 00a BasbKa,
HaJIa3u MYCTPa 332 OpMHUpPaKE Mapa,

o [Ipeausnu memod unu memody @ysuje -
CTAKJIEHU ITaHEJIU ce pOPMUPAjy KaJja HCTOIBEHO
CTAKJIO Tede MPEKO KOHYCHOT KOPUTA U Ha JHY Ce
CIaja y jeAMHCTBEHY CTAKJIEHY NOBPLUIMHY,

e Merony ayBaHuX 110492 — PaBHO CTAaKJIO CE
nobuja monupameM BETUKUX KOMA/A CTAKIIA,

o Texuuxymupoxe nio4e-ACTOIBEHO CTAKIIO
ce, momohy cTakiapcke Jiyie, HajyBaBa IOMYT
U3y KEHOT 6asoHa, 4MjU CE KPajeBH OfICELajy,
4 IPeOCTaNy CTAKJICHU BabaK Cede MaKas3aMma,
ucripasba u gopabyje Ha MeranHoj moBpmuHU,
KaKo 61 ce J0OHII0 PaBHO CTAKIIO,

o Pasno kpyncko cmakso - 6anoH gobujeH
CTAKJIOZyBAYKOM JIYJIOM C€ Ca jefjHE CTPaHe OTBa-
pa, a 3atuM ce BpTU U nomohy ueHTpuyranHe
cute ce fobuja paBaH CTaKJICHU AUCK,

o Memody 8a3dymnux yuiundapa - CIadHa
je TEeXHMIM WHUPOKe IJI0Ye, C THM To ce Behu
UUTAHAPY GOPMHUPAjy y POBY, 3aTUM CEKy U
pasHajy. OBakBOM MeTOZOM ce MOry uspabusaru
Behu craxsienu naxenu, Gosber KBajuTeTa IIO-
BPIIMHA

° @ypxmuemo&y - CTaKJIEHA TPAKa CE U3BJIAYH
HArope U3 PacTOIJbEHOT CTAKIIA, Y3 nomoh KyKa 1
BaJbaKa,

o Memody mexanuuxoz useiauecrwa nomoby
YuAnHOAPA - KYTA4KM CTAKJICHU LUIUHAPH Ce
usBiade y BucuHy (12 m) us kpyxHux OaseHa
ucTombeHor crakia. CTakIIo ce 3aTUM Kaiu, cede
Ha Mawbe nunuaape (o 2 5o 3 m), Koju ce 3aTuM
CeKy 110 Y )KUHU U PABHA)Y,

o Memody noiupanux nospmuna - BPCTA
pyuHe uspage crakia. Ilpoussopgu ce nuBemeM
CTAKJIa Ha CTOJTy, KOje Ce [IOTOM ¥ Opycu 1 moupa.
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o Querflow method or fusion method - glass
panels are produced when molten glass flows over
the conical trough and is connected into a single
glass surface at the bottom

o Method of blown plates - flat glass is produced
by polishing large pieces of glass

o Technique of wide panels - molten glass is
inflated, by using a glass pipe, like an elongated
balloon, whose ends are cut off, and the remain-
ing glass roller is cut with scissors, corrected and
reworked on a metal surface, in order to obtain flat

glass

o Flat crown glass - the balloon obtained by
using glassblowing pipe is opened on one side,
then rotated, and by applying centrifugal force flat
glass disc is produced

o Method of air cylinders - it is similar to the
technique of wide panels, only the bigger cylin-
ders are made in the trench, then cut and flattened.
This method makes possible the production of
bigger glass panels, with better surface quality

o Fourcault method - glass strip is pulled up-
ward from the molten glass, by using hooks and
reels

o Methods of mechanical drawing by wusing
cylinders - long glass cylinders are drawn upward
(12 m) from circular pools of molten glass. Glass
is then hardened, cut into smaller cylinders (2 to
3 m), which are then cut lengthwise and straight-
ened

o Method of polished surfaces - a kind of hand-

made glass. It is produced by casting the glass on a
table, then sanded and polished



PyyHO AyBaHO CTakno

JyBame CTaKia je TEXHHKA MPOUSBONIE
CTaKJa, KOja MOApPAa3yMeBa HAJyBaBaHhE MCTO-
IJbEHOT CTaKJIa y 6aJI0H y3 moMoh cTakIofyBauKe
ayne (oM pgyBade 1eBH). Y MPOHSBOAMU IIpe-
nusHOr JabopaTopujckor 60POCUIUKATHOT CTa-
KJIa, CTAKJIOZYBad MAaHUITYJIMIIE U3PAJY CTAKJIE-
HOT TpejMeTa y3 JojarHo Kopuirheme ma-
MEHMKA.

Ipunyunu. Kao 061uk Texnuxe GopMupara
CTaKJIa,KOjH je HACTAO0 CPEJMHOM IPBOT BEKATLH.€C.,
JyBame CTaKJIA KOPUCTHM CBOjCTBA CTAaKJIA KOja
HHCy OMUla 1MOsHATa PaHMjUM NPOHM3BOhauMMA.
JyBase je mpoljec MpOUIMPHBaha CTAKIICHE MaCce
yBobhemem Baszyxay wy. Kaga je craksio y reaHom,
OTOI/bEHOM, CTaly ATOMU YHYTap merose Quy-
UJHE Mace Cce Jp)Ke 3ajemHO c]>opMHpajth
aMOpQHY, HEKPHCTAIHY, HACYMHYHY MPEXKY,
quMe ce pobuja JOBOBHA BHCKOBHOCT Mace
3a motpebe pysamwa. [lobujene Ppopme, HaKOH
xnabema, sagprxaBajy cBoj KOHAYHM OOJIHK.

ToxoMm fyBatba, TawH CII0jeBU CTaKJIa ce Opoxe
xnage of Aebmux, mro omoryhasa mpoussogmy
JyBAaHOT CTaKJa Ca jeAHAKOM peOpuHOM, 6e3
HOjaBe MYKOTUHA Y TAHUM CJI0j€BUMAa HACTAJIMX
ycnen nputucka. JIpe ocHOBHE MeTOfe yBama
CTaKJIa Cy: c1060HO U KaJTYITHO [y Bakbe.

Crobodno dysawe. OBaj merop je 3amprkao
Boaehy mosurmjy y npousBogmu craxia cBe Jo
Kpaja 19. Beka, a ¥ JaHaC je y MU POKOj yrIOTpC6I/I
K40 CTAKJIO-TIPOM3BOHaYKA TEXHUKA, HAPOYHUTO
3a ymetHH4Ke cBpxe. ITpomnec cobogHor gysama
IO/Ipa3yMeBa J1yBahe MaTHX KOJTMYHHA Ba3AyXa y
OTOI/BEHO CTAKJIO TAYHO OfpeheHe BucKosHOCTH,
KOje Ce HaJIa3u Ha jeJHOM KpPajy CTaKJIO[yBauKe
ayne. OBuM ce OpMHUPA CJI0j Y YHYTPAIIHOCTH
CTaKJIEHE Mace, y KOjy Ce Jia/be y/yBaBa Basjyx
0 KOXEPEHTHOT Mexypa 3a obpagy [0 >KesbeHe
popme.

Kaaynno 3)/64}1;6. Kanynuno pysame je an-
TEPHATUBHM METOJ| 332 IIPOUBBOJAKY HyBaHOT
CTaKJIa, KOjH CE I0jaBUO HAKOH OTKprha TexHuKe
crobogHor AyBama. Maca pacTorseHOr CTaKsa
Ce TOCTaB/ba HA KPaj CTAKJIOAYBauKe JyJe, a

Manually blown glass

Glassblowing is a technique of glass produc-
tion, which involves inflating of molten glass into
a balloon by using glassblowing pipes. In the pro-
duction of precision laboratory borosilicate glass,
the glassblower manipulates the making of the
glass object with an additional use of the burner.

Principles. As a form of glassmaking tech-
niques, which originated in the mid-first century
BC, glassblowing is using properties of glass that
were not known to earlier manufacturers. Blowing
is a process of expanding the glass mass by intro-
ducing air into it. When the glass is in its liquid,
molten state, the atoms inside its fluid mass are
held together creating an amorphous, non-crys-
talline, random network, thus providing sufhicient
viscosity of the mass for blowing. The produced
forms, after cooling, retain their final shape.

During glassblowing, thinner layers of glass
cool faster than the thick ones, and this enables the
production of blown glass with equal thickness
without cracks in thinner layers caused by pres-
sure. Two basic methods of glassblowing are: free
and blow-molding.

Free blowing. This method has retained leading
position in glass production until the end of the
19th century, and even today it is widely used as
a glass-manufacturing technique, especially for ar-
tistic purposes. The process of free-blowing means
blowing small amounts of air into molten glass of
very specified viscosity, which is placed at one end
of glassblowing pipe. This forms a layer in the inte-
rior of the glass mass, in which air is further blown
to the coherent bubble for the processing to the
desired form.

Blow-molding. Blow molding is an alternative
method for the production of blown glass, which
appeared after the discovery of free blowing tech-
nique. The mass of molten glass is placed on the
end of glassblowing pipe, and then the blowing of
the mass is performed in a wooden or metal mold.
In this way, the shape and texture of the mold is
transferred to the glass object.
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3aTHM CE€ yAyBaBalme Mace BPIIM y JPBEHOM
WM MeTanHOM Kanyny. Ha oBaj HaumH, 061uk
M TEKCTypa KaJyla Ce HPEHOCH Ha CTaKJICHH
IpegMerT.

ITocroje fBe BpCTE KaIyIa: jeHONETHHU KAyl
U KaJIyIl CacTaBj/beH U3 BHIE fJesioBa. K3 mpsor
ce f00Hja TOTOB CTAKJICHU TPEJMET, KOjU Ce U3
KaJIyNa YKJIakha Y jeHOM ITOKPETY, OBJIAYCHEM
Ha Tope. JeJHOJETHH KAyl Ce YIJABHOM KO-
puctu 3a mpousBoimy nocyhba m ymorpebHux
II0CyJa 3a CKJIAfUINTEHe U TpaHcmopr. Jpyru
TUI KaJyllad je HANPaB/beH M3 BHINE CErMEHATa,
KOjH CE NPUBPEMEHO CIIAjajy, YUME je OMOFyheHa
[IPOM3BOAA IpeaMeTa COPUCTHLMPAHKX II0-
BpLIMHA, TEKCTyPa U JHU3ajHA.

Caspemero dysawe cmaxia. CaBpeMeHHU 1O-
CTymaK ;Lo6njaH)a CTaKJa JyBaWEM YKIbydyje
HajIIpe TOIJbEWHE CMPOBUHA 32 ,uo61x1jaﬂ>e CTaKJIa
Ha temmeparypu og 1320°C. Crakiyo ce 3atum
OCTaB/bd Jia CE ,OJMOPH', KaKo Ou BaspymrHu
MEXypOBU M3 Maceé MBAILIM HA MHOBPIIUHY,

There are two types of molds: a single-piece
mold and the mold composed of several parts.
The first is used to produce a finished glass object,
which is removed from the mold in one go, by pull-
ing upward. The single-piece mold is mainly used
for the production of tableware and functional
containers for storage and transportation. The
other type of mold is made of several segments,
which are temporarily connected, enabling the
manufacture of objects with sophisticated surfac-
es, textures and designs.

Modern glassblowing. The contemporary me-
thod of glassmaking by means of blowing involves
melting of the raw material for glassmaking at a
temperature of 1320 °C as a first step. Glass is then
left to “rest”, so that air bubbles from the mass exit
to the surface, and the working temperature in the
furnace is lowered to about 1090 °C. Glassblowing
is generally carried out at temperatures between 870
°C and 1040 °C, while soda-lime glass remains plas-
tic and suitable for processing even at low tempera-

IlemaTcKy NpUKa3 IOCTYIIKA U3PAJE PABHOT Iy BAHOT
CTaKJIa ITyTeM OOIMKOBaba IUIHH/PA

Schematic representation of the process of making flat
blown glass by forming a cylinder
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IIemaTcky NpUKas KPYHCKOT IOCTYIKA IIPOUSBOAE
paBHO$ AyBaHOT CTAKJIA

Schematic representation of the crown process of flat
blown glass production



pamHa TeMneparypa y nehu ce cHH>KaBa Ha OKO
1090°C. HdyBame cTakjia Ce yIIaBHOM BPIIM HA
temneparypama usmeby 870°C u 1040°C, pox
COZa-KPEYHO CTAKJIO OCTAje IJIACTHYHO U MOf00HO
32 00pagy 1 Ha HYDKUM Temieparypama go 730°C.
Kapeme ce 06uyHO M3BOAM HA TEMIIEPATypaMa
usmehy 371°C u 482°C.

3a MPOU3BOJY AYBAHOT CTAKJa HEOIXOJHE
cy tpu nehn. Ipsa, y ko0joj ce Hamasu soHary ca
HCTOIbEHUM cTaKsIoM. JIpyra Koja ce xopucT 3a
OfipyKaBame TeMIeparype Komaza usmehy ceaxor
KOpaKa MpuarkoM obimukoBama. ITocmenma neh
ce HasuBa ,aHusep” (eHrr. annealer), a KopucTu
ce 3a oCTerneHo xaherme CTaKIa TOKOM IIeprosa
Ol HEKOJIMKO CaTHU JO HEKOJMKO [JaH4, 3aBUCHO
o7 BeinyuHE TpousseeHor mnpeamera. Oso
CIpeyaBa MyIame CTAKJIA YCJIeJ HAIJe IPOMEHe
temneparype. Cse Tpu nehu ce Hamase y jenHoj
CTPYKTYPH, Ca HH30M IPOIPECHUBHO XJIAJHHjHX
KOMOPa 32 CBAKY Off TPH HAMEHE.

OcCHOBHM aJ1aT, KOjU Ce KOPUCTHU 32 OBY Bp-
CTy IPOM3BOJHE, jeCTe CTAKIORYBaUKa syaa (Hy-
BAYKA LI€B), NYHTH (MM IYHTH INTAIl, TOHTHII,
WM BPETEHO), CTAKJIOAYBadKa KJyNa, MapBep,
6JI0KOBH, CTAKJIONyBaYKa KJICIITA, JIONATULIE, [I1-
HI|ET4, IAIIMP U Pa3HE BPCTE MaKase.

Bpx craknogysauke nyne ce mpBo 3arpeje,
3aTHM C€ IIOTAINA y UCTOIJbEHY CTAKJIEHY MACy Y
nehu. JIuBeHO CTaKIIO Ce MPUKYIIbA HA KPaj JTyJIe,
Ha UCTY HAYMH HA KOJU C€ MeJ Baf¥ KAaIIMKOM
u3 Terie. OBO CTAKIIO CE 3aTUM Bajba HA METAJIHY
HCIIONMPAHy ,MapBep  II04y, Koja je Hexazga bu-
72 of MepMepa, a JaHac ce demhe KOpUCTH fie-
fesa yenaMYHA ILJIOYA. Ogaj npouec je Haspam
»MapBEPHUHT", 4 yJI0ra MY je a pOpMUpPa XJTaJHUjHI
CJI0j CTAaKJIa Ha CHOJbAIIKHOj CTPAHU PACTOIJbEHE
Mace 4 fja ra 06/mKyje. 3aTUM ce BasyX yAyBaBa y
ues, crBapajyhu mexyp. Behu xomapgu craxienor
6asoHa ce MOry JOOHMTH [OfaBambeM BHUIIE CJIO-
jeBa MCcTOIUBEHE cTaKieHe Mace. Kaja ce komap
Hajiyje [0 >Ke/beHe BEJUYHMHE, 3aBPIIABA Ce
mHo. Haxon oBora, crakyieHa maca ce Besyje 3a
wran op Hepbajyher wenmka mmm rsoxha, pma
01 ce yKJIOHMIA Jyna ¥ (QUHAIKU30BAO OTBOP
HOBOHACTAJIOT TIPEJMETA.

tures up to 730 °C. Annealing is usually performed
at temperatures between 371 °C and 482 °C.

Three furnaces are needed for the production
of blown glass. The first one contains a pot of
melted glass. The second one is used to maintain
the temperature of the pieces in between each step
during glass forming. The last furnace is called
“annealer”, and it is used for gradual cooling of
the glass over a period from several hours to several
days, depending on the size of the produced object.
This prevents glass breakage due to sudden chang-
es in temperature. All three furnaces are located
in a single structure, with a series of progressively
cooler chambers for each of the three purposes.

The main tool used for this type of production
is glassblowing pipe, punti (or punti stick, pontil,
or spindle), glassblowing bench, marver, blocks,
glassblowing pliers, blades, tweezers, paper and
various types of scissors.

The top of the glassblowing pipe is first heated,
then dipped into the molten glass in the furnace.
Cast glass is collected at the end of the pipe, in the
same way in which honey is extracted with a spoon
from the jar. This glass is then rolled onto the met-
al polished “marver” panel, which used to be made
of marble, but thick steel plate is more commonly
used today. This process is called “marvering” and
its role is to form a colder layer of glass on the out-
side of the molten mass and to shape it. After this,
air is blown into the tube, creating a bubble. Larg-
er pieces of glass of the glass balloon can be ob-
tained by adding several layers of the molten glass
mass. When the piece is inflated to the desired size,
the bottom is finished. After this, the glass mass
is connected to the rod made of stainless steel or
iron, in order to remove the pipe and to finalize the
opening of the newly created object.

Glassblowing bench is where the blower
can sit, the place for hand tools and two rails on
which the pipe rests while working with a glass
piece. Blocks are wooden tools like a ladle, soaked
in water, which have a similar role as the marver,
and that is to shape and cool the piece in the ear-
ly stages of manufacture. Glassblowing pliers are
like large tweezers with two blades, which are used
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Ipouec 06MMKOBabA PYIHO AyBAHOT CTAKIIA,
wnycrpauuja, L Encycopédie on Dictionnaire raisonné des
sciences, des arts et des métiers, 10. Tom, muet XX, TTapus,
1772. (ussop ARTFL Project)

The process of shaping hand-blown glass, illustration,
L'Encyclopédie ou Dictionnaire raisonné des sciences, des
arts et des métiers, volume 10, sheet XX, Paris, 1772
(source ARTFL Project)

CraxiopyBadka KJIyIa je MeCTO IAe AyBad
MOXE Jja CejHE, MECTO 32 PYYHM ajar U [Be
LIMHE Ha KOje Ce JIyJa OCJIama NMPUIUKOM Paja
Ca CTaKJICHUM KOMajoM. DBJIOKOBH Cy ppBeHH
aJaTy HAJIMK Ha KyTJady, HATOIUBEHH BOJOM,
KOj¥ MMajy CJIMYHY yJIOry K40 MapBep, a TO je ja
00IUKYjy ¥ OXJajie KOMaj y PAHUM KOpaLuMa
npousBofme. CTakIofyBauKa KJIeUTa Cy HaJIuK
BEJIMKMM IMHIETAMA Ca JBE OWITPHIiE, KOje ce
KopucTe 3a popmupame 001MKa, a KacHUje U y
CTBapamy roTOBOT pou3Boja. Jlonaruue cy paBHu
KOMaJM JpBETa MM rpadura, Koje ce KOPHCTe
32 Kpeupame PAaBHUX IOBPLIMHA HA HPEAMETY,
ka0 wro je AHo. ITuHueTa cayku 3a usgusame
merasba Ha crakiy. ITocroje gBe BpcTe Makasa,
paBHe U gujamaHTCKe. PaBHE Makase ce KOpHCTe
3a IpaBibeE JMHEAPHUX pe3oBa. JlujaMaHTCKe
MaKase UMajy owWTpuue y OONUKY AUjaMaHTA.
Ome ce KopHCTE 32 OfiCELjathe CTAKIICHE Mace.

ITocToju MHOrO HayMHA Ja ce mapa u 6oja
HaHece Ha JYBaHO CTAKJIO, YKbydyjyhu Bamare
TeqHor craksa Behe BuckosHOCTH y 6Oju MM y
npaxy pobujenom opn Behux xomaza obojeHor
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Pyuno gysame crakua, [Tapahun (pororpaduja us
apxuBa Myseja HayKe U TexHUKe)

Manual glass blowing, Paraéin (photo from the Archives
of the Museum of Science and Technology)

to create shapes, as well in the creation of the fin-
ished product later in the process. The blades are
flat pieces of wood or graphite, which are used to
create flat surfaces on the object, such as the bot-
tom. Tweezers are used to uplift the details on the
glass. There are two types of scissors, straight and
diamond. Straight scissors are used to make linear
cuts. Diamond scissors have blades in the shape of
a diamond and they are used for cutting off the
glass.

There are many ways to apply pattern and col-
or to blown glass, including rolling of the liquid
glass of higher viscosity in paint or powder ob-
tained from larger pieces of colored glass. Com-
plex patterns with lots of details can be created
by using a stick of colored glass and Murano bars.
These colored parts can be arranged into patterns
on flat surface, and are then picked up by rolling
bubbles of molten glass over them. One of the
most demanding and most complex techniques of
obtaining a form inside the glass is reticello (Ital-
ian Reticello), which involves the creation of two



crakia. CioxeHe mape ca MyHO A€Ta/ba MOTY
ce crBopuTH ynorpebom mrama of obojeHor
crakia u mypano munku. OBu obojeHu fenosu
Mory butn pacropehenu y obpacie Ha paBHO]
IOBPLIMHM, 4 3aTUM OUBajy MOKYII/bEHU BaJbaAHEM
Mexypa Off IMBEHOT CTaKJIA IIPEKO BUX. JefHa Of
H2j3aXTEBHUjUX ¥ HAjKOMIUIMKOBAHHMX TEXHUKA
pobujama 0bIMKA YHYTAp CTaK/Ia je PETHYENO
(uram. reticello), xoja mompasymesa crTBapame
JBa MeXypa M3 HCTOT INTAI4, TAE CE CBAKU Of
wHX okpehe y ApyroM mpasiy, a 3aTUM JyBameM
00JIHKYjy Y KOHa4HY popMY.

HyBame crakna ys momoh ropuoHuka ce
NpPUMEBYje 32 NPOMSBOAKY Mamer obuMma.
Hexkapna cy ce sa oBaj HauuH u3pajie KOPHCTHUIIE
AJIKOXOJIHE JIAMIIe M JyBameM uiau momohy
MEXOBa Ce MPOUBBOJUO TOMAO BA3HYX, KAKO Ou
ce obpabusase crakiene munke u nesu. OBom
METOZOM Ce IPOUSBOAU T200PATOPH)CKO CTAKIIO,
mepie ¥ HAay4YHA CPEACTBA, K40 U MUHHjaTypHeE
CTaKJIeHEe CKYJIIType. 3aHAT KOjU je IPepacTao y
YMETHOCT Kpajem mesfeceTux roguna 20. Bexa,
saxBasbyjyhu Xancy Togy @pabeny (Hans Godo
Frabel), xora cy xacHuje clefuIi YMETHUIE K40
mro ¢y Munon Tosuceny (Milon Townsend) n
Pobept Muxkeincon (Robert Mickelson), npakruxy-
je ce u pamac. CaBpeMeHM JyBadM CTaKJa Ha
IUIAMEHY KOPHUCTE MELIABUHY KUCEOHHMKA M IPO-
maHa uan npupopHor raca. CaBpeMeHH ropHo-
Hunu omoryhasajy pag u ca MeKMM OOHMYHUM
CTaKJIOM U ca OOPOCHMJIMKATHUM CTAKJIOM 32
nmaboparopujcko nocyhe.

CTakno Kao ambanaxa

Hanac, nesokynHa nmpexpambeHa MHAyCTPU-
ja, MHAYCTPHja AJIKOXOJHHUX M 6e32JIKOXOTHUX
nuha, MeJUIMHCKA, KOBMETHYKA M XeMHUjCKa UH-
AYCTpHja, TIOYHIY ITOHOBO MAaCOBHO JIa KOPHUCTE
cTakJieHy ambaaxy.

YkpaTko, CTaKJIO je ufieaaH MaTepuja 3a ma-
koBame. CauMmbEeHo je Off PACIPOCTPAkEHUX, IIPU-
PONHUX MaTepHjaa, EKOHOMCKM j€ MCILIATUBO,
HUje TOKCUIHO ¥ €KOJIOIIKH je moy3zaHo. Ksapuuu
IeCaK je OCHOBHA KOMITOHEHTA 32 IPOHU3BOJHY,
coma omoryhasa Toruseme 1 GryngHOCT, MOTAIIA

bubbles from the same stick, where each of them
is turned in different direction, and then they are
blow-formed into the final shape.

Glassblowing by means of burners is used
for small-scale manufacturing. Formerly, alcohol
lamps were used for this method of production
and hot air was produced by blowing or using
bellows, in order to process glass rods and tubes.
This method is used to produce laboratory glass,
beads and science supplies, as well as miniature
glass figures. The craft that grew into artin the late
1960s, thanks to Hans Godo Frabel, who was later
followed by artists such as Milon Townsend and
Robert Mickelson, is still practiced today. Con-
temporary glassblowers with burners are using
a mixture of oxygen and propane or natural gas.
Modern burners also enable the work with ordi-
nary soft glass and with borosilicate glass for labo-
ratory glassware.

Glass as a packaging

Today, the complete food industry, alcohol
and non-alcohol beverages industry, medical, cos-
metic and chemical industry are starting to use
glass packaging.

In short, glass is the perfect material for pack-
aging. It is made of widespread, natural materials,
it is economically feasible, non-toxic and environ-
mentally friendly. Quartz sand is the basic com-
ponent for the production, soda enables melting
and fluidity, potash provides clarity and lime gives
strength and durability to the glass. Broken, recy-
cled glass is also added to the glass forming mix-
ture, which is used for environmental protection
and energy savings, and in order to give it color,
various metal oxides are added to the glass.

Glass is stable and can withstand large tem-
perature differences, actually, with respect to the
packaging industry, glass is synonymous with sta-
bility. It is also synonymous with chemical inert-
ness, because it is neutral, does not leave any mark
on a product that is kept in it. That is why glass is
a favorite material for packaging of food and bev-
erages.
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OHCTpPHHY, a4 KpeuwaK CTaKJy Aaje uBpcTohy u
nocrojanoct. Cmenu 3a )1061/IjaH>e CTaKJIa CE jOII
[Ofiaje ¥ JIOMJBEHO, PELIUMKJIMPAHO CTAKJIO, KOje
ce KOpUCTH 300T 3AIITUTE KUBOTHE CPEJUHE U
yuiTesie eHepruje, a ga 6u gobuio 60jy, craxiy ce
HOfajy pasHU OKCHJIH METAJIA.

Craxmo je crabuaHO M MOXe [a IOfHECE
BEJIMKE PAIIMKE Y TEMIIEPATY PH, 3AITPABO, WITO Ce
ambasTayKHe HH/YCTPUje TUYE, CTAKJIO j€ CHHOHIM
3a crabumoct. Takobe je cuHOHNM 32 XeMujcKy
HHEPTHOCT, jep je HeyTPaJIHO, HE OCTaBJbAd HHU-
K4KaB TPAr HA IPOU3BOJ KOjU CE Y HEMY UyBa.
3aTo j€ CTaKJIO OMUJbEHU MATEPH)jATT 32 TIAKOBAHE
xpase u nuha.
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Glass packaging protects products from ex-
ternal influences, and does not change either the
taste or the smell of the product, and because of
its characteristics glass is the optimal material for
long-term storage. Glass packaging also increas-
es the value of the product stored in it, because it
is transparent and allows the user to inspect the

product quality.

Glass packaging is formed while the glass is in
aliquid state. This flexibility enables a whole range
of different shapes and purposes (jars, bottles, etc.).
Creative people are using this flexibility, combined
with the color palette, to achieve some of the most
unique ideas in packaging design.

Glass production is an extremely complex and
precise technological process. Raw materials are
fed into a melting furnace in which the tempera-
ture reaches 1500 °C. Molten glass is separated
into “drops”, which are lowered into the molds
that define the shape of the bottle. The bottles are
then transferred to the final process, where they
are cooled in a controlled manner and heated to
achieve smoothness. Only after passing a series of
quality control measures, the bottles are packaged
and prepared for delivery.

Production of glass packaging. Modern factories
for the production of glass packaging consist of
three parts: a part for the raw materials (raw mate-

AJar 3a py4YHO fiyBatbe CTAKIIA, HIYCTPALHja,
L’Encyclopédie ou Dictionnaire raisonné des sciences, des
arts et des métiers, 10. rom, muct XVIII, ITapus, 1772.
(usBop ARTFL Project)

Hand-blown glass blowing tool, illustration,
L'Encyclopédie ou Dictionnaire raisonné des sciences, des
arts et des métiers, volume 10, sheet XVIII, Paris, 1772
(source ARTFL Project)



Crakiena ambanaska ITUTU TIPOUSBOAE OF
CIIOJbANIHMX YTHIAjA, 2 HE MEHa HU YKYC, HU
MHPHC IPOU3BOAA, T€ je 300r THX CBOJUX Ka-
PAKTEPUCTHKA, CTAKJIO ONTHUMAJAH MaTepHjas
3a gyropo4Ho yysame. CraxyieHa ambamaska mo-
Behasa u BPEIHOCT IPOM3BOJIA KOjH CE Y HOj 1y Ba,
jep je TpaHcmapenTHa M omoryhaBa KOpHUCHHKY
YBHUJ| Y KBAJIUTET HPOU3BOJIA.

Craxsena ambanaska ce 001MKyje JOK je cTa-
KJIO y TeYHOM CTamy. Ta ¢uexcubunHocT omo-
ryhaBa 4uraB crmekTap pasaMYMTHX OONMKA U
HameHa (rerne, 6oue, urn). Kpearusuu mypu Ty
¢rexcubunHOCT, y KOMOMHAIIMjH Ca HajIeToOM
6oja, KOPHUCTE Ia OCTBAPE HEKE Off jEAMHCTBEHUX
upeja y gusajuy ambamaxe.

ITpousBoama CTakyia je H3Y3ETHO CJIOKEH
¥ npenusaH TexHonsomku mnpouec. Cupou
MaTepujanu ce ybanyjy y meh Ha Tommeme, y
Kojoj Temmeparype pgocexy 1500°C. Tommeno
CTaKJIO CE pas3jBaja y Hkamama®, KOje ce CIyIuTajy
y Kanyne Koju pepunumy obmuk 6oue. 3aTum
boue npopy’XaBajy y 3aBpLIHK MHPOLEC, IAe ce
KOHTPOJIMCAHO XJaZic M 3arpeBajy Kako 6u ce
IOCTHUIIA IIATKOCT. Tex HakoH mTo npoby ynTas
HM3 Mepa 32 KOHTPOJIY KBaJIHUTET4, borie ce maKyjy
U IPUIIPEMAjy 33 UCTIOPYKY.

IIpoussodwa ambaraxroz cmaxia. MopepHe
¢pabpuxe 3a mMpou3BOAKY aMOaNTAKHOT CTAKJIA
cacToje ce M3 TPHU LEIUHE: JEO 32 CHPOBHHE
(ympaBmame cupoBuHama), Tormau geo (mehmn,
nehu s3a >kapewme U MamuHe 3a 0OIUKOBaHKE) U
X7aHHU fieo (pyKOBakbe IIPOU3BOJOM, MHCIIEKIIHja
U TIAKOBabe).

Cucmem 3a 06pady u ckaadummere cuposuna.
O6pa,ua CHMPOBMHA j€ jelaH Ofi IMPBUX KOpaka
y mpomecy mnpousBogme crakiaa. Cuposune
Ce CMENTajy y BeJIMKe CHJIOCE, JO KOjUX ce
JorpeMajy KAMHOHMMA MITH KeJTesHuIoM. Heku
CHCTEeMH YKJby4yjy ¥ obpagy Mmarepujama, Kao
IITO Cy Cemapalnuja, Cymemhe MU MPeArpeBarme
CUPOBUHA. AyTOMAaTH30BAHO WJIM MaHYEJHO, Y
OBOM CHUCTEMY C€ MEPE, CAKYIbajy, MEIIAjy U UC-
HOpy4yjy CHPOBHUHE 32 HPOHU3BOJHY CTAKJA
npeMa 3aJ1aToj PeLenTypH, MPEKO HU3a OTBOPA,

rials management), warm part (furnaces, furnaces
for annealing and shaping machines) and the cold
part (product handling, inspection and packing).

The system for processing and storage of raw ma-
terials. Processing of raw materials is one of the
first steps in the glass production process. Raw
materials are stored in large silos, and they are de-
livered there by truck or rail. Some systems may
also include the processing of materials, such as
separation, drying or preheating of the raw mate-
rial. Automatedly or manually, raw materials for
glass production are measured, collected, mixed
and supplied in this system, according to the spec-
ified formula, through a series of holes, conveyors
and scales, to furnaces. Such “batch® enters the
furnace through a device called a feeder.

Hot part of the production. Hot part of the glass
production is where the molten glass is formed into
glass products, starting from the moment when
the furnace is loaded with the batch, at a pace that
is controlled by the system for processing of raw
materials. Furnaces are heated with natural gas or
heavy fuel oil and they operate at temperatures of
up to 1575 °C. The temperature in the furnace is
determined based on the quality of the material
from which the furnace is made and quality of the
raw material for glass production.

Creating glass packaging. Today, there are two
main methods of making glass containers: “blow
and blow” method for the production of nar-
row-neck packaging and “push and blow” method,
used in the production of jars and containers with
narrow tapered neck.

Both methods start from molten glass, in its
plastic state at a temperature from 1050 °C to 1200
°C, which is then cut with a blade to form a glass
cylinder. The cylinder itself must have the volume
sufficient to produce the desired form packaging.

In case of the “blow and blow” process, glass
first passes through a valve in the panel, placing itin
a three-part “ring” mold. Then, the compressed air
is blown into the glass, which leads to the creating
of a cavity and partly formed packaging. The com-
pressed air is re-introduced into the packaging in
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TpaHCcropTepa u Bara, go nehu. OBaxsa ,,mapixa“
ynasu y meh npexo ypebaja xoju ce nHasusa
XPaHUJIULA.

Tonaudeonpoussodwe. Tornmupeonponspoptse
CTAKJIA je MECTO IZie CE IMBEHO CTAKJIO 00IuKyje y
CTaKJIEHE IIPOM3BOJIE, [IOYEBIIH Off TPEHYTKA Kazja
ce meh mMyHM mAp)KOM WIAPXKOM, TEMIIOM KOjU
je KOHTPOJIMCAH Off CTpaHe cucTema 3a obpazgy
cuposuHa. Ilehm cy sarpesane mnpupogHum
racoM MJIM Ma3yTOM U pajie Ha TEMIIEPATypama 10
1575°C. Temneparypa y nehu je ogpehena npema
KBaJIUTETY MaTePHjaJia Off KOT je HalPaB/beHa neh
¥ OJl CUPOBHHA 32 Jo0ujame CTaKIa.

Dopmupare cmaxaene ambaraxe. JJanac no-
CTOje [iBe IJIABHE METOJE HM3Pajie CTAKJICHE aM-
Gamaxke: ,/yBaj ¥ AyBaj" METOJ 32 IIPOUSBOXILY
ambaJraXke yCKOT BpaTa U ,,y TUCHU U yBaj“ METO
KOjU C€ KOPHCTH Y IIPOM3BOJBU TEIIN U aMOaIaxe
Ca yCKUM KOHYCHUM BPaTOM.

AmMbanaskHO cTakIO

Packaging glass

the second stage, in order to obtain the final shape.
In case of the “push and blow” process, neck of the
packaging is formed by using a long metal piston
which is lifted and which pressures the glass, in or-
der to fill the ring and empty mold. The process
then continues as in the preceding process, where
the neck is transferred to the mold for the final
shape, when the glass is blown into its final shape.

Machines for shaping. The machine consists
of 19 basic mechanisms which have the function
of shaping bottles and are mostly driven by com-
pressed air at high pressure of 3.2 bars and low
pressure of 2.8 bars. All functions of the machine
are controlled electronically. The machine has a ca-
pacity from 5 to 20 of identical sections, each con-
taining one entire mechanism for the production
of packaging. The sections are in a row, and they
receive the glass mass through moving “distribu-
tors”. Each section makes one to four packaging
forms simultaneously.




O6e MmeToze mosase 0ff PACTON/BEHOT CTAKIIA,
y IJJACTUYHOM CTamy Ha TemnepaTypu of 1050°C
mo 1200°C, xoje ce 3aTuM pexe CEYMBOM Ca
nubeM GopMupama quInHApa of crakaa. Cam
UUIMHJAP MOpa HMATH Macy JOBOJbHY 34
IIPOM3BOJIBY JKeTbeHe ambataxcHe popme.

Kop ,ayBaj u gysaj“ mpoueca, cTakiao mpBo
[pOJa3y KPO3 BEHTHJ y IUIOYH, cmemTajyhn
ra y TPOACTHHU ,IPCTEHACTH  KaJym. 3aTUM
ce KOMIIPMMOBAHH BasfyX VAyBaBa y CTaKJIO,
IITO JOBOJAH [O MpPaBJbeHa MYIUbHHE U [EIOM
popmupane ambanaxe. Komnprumosanu Basgyx
ce IIOHOBO YBOAHU y aMbanasky y spyroj ¢pasu, Kako
6u ce [06MO KOHAYHU OOTHK.

Kop ,ytucHu u pyBaj“ mporneca, Bpar am-
banmaxxe ce OpMHpPa AYTUM METAIHUM KIHIIOM
KOjU Ce MOAMKE U IPUTUCKA CTAKIIO, KaKO Ou ce
IONMYHHO MPCTEH U mpasaH kanym. ITocrymak ce
3aTHM HACTAB/bd KA0 M Y IPETXOJHOM IIPOLIECY,
I7ie ce BPAT IIPEHOCH Y KAyl 32 GHHATHHU OOIHK,
KaJa Ce BPIIM M JyBalke CTAKJA JJO KOHAYHOT
obiuKa.

Mamune 3a gopmupawe. Mamuna ce ca-
croju of 19 OCHOBHMX MeXaHHM3aMa KOjU HMMa-
jy ¢yHxnmjy ¢opmupama ¢yamie H yrIaBHOM
ux nokpehe KOMIPUMOBaHM Bas3JyX BHCOKOT
npuTucka op 3,2 bar u "HUCKOT npuTUcka of, 2,8
bar. CBuMm ¢yHKUIMjaMa MalmHe ce ympaBiba
eJIEKTPOHCKM. MamuHa mMma Kamanurer of S
1o 20 uUAEHTMYHUX CEKIHUja, Ofi KOjUX CBaKa
Ca[p>kKU jeflaH KOMILIETAH MEXaHM3aM 33 IIpa-
Bhewe ambanaxe. Cexuuje cy y HM3y, a CTa-
KJIEHY MacCy NpPUMajy IyTeM IOMUYHHUX ,JH-
crpubyrepa“. CBaka cekijuja mpaBu O jefHE O
deTrpu aMbaaxkHe opMe HCTOBPEMEHO.

Yuympamwa dopada ambaraxce. Haxon mpo-
neca popMmuparma, Heka ambanaxa, mocebHO oHa
HaMeHheHa AJIKOXOTHUM MuhuMa, mposasu Kpos
TPETMaH 32 NMOOOBMIAME XEMUjCKE OTIIOPHOCTH
ca yHyTpamme cTpade. OBaj MOCTymaK TpeTH-
pama YHYTPaUIBOCTH ambanaske HasMBA CE fie-
ankamusanuja. To ce mocTmke ybanuBameM
cymnopHe uau ¢uyopHe cmeme raca y Oore
NPU BUCOKMM TEMIIEPATypama., Ogaj mocrymax
aMbasTaxy YHMHM OTIOPHUjOM Ha aJIKAJHE K-

Internal finishing of the packaging. After the
forming process, certain containers, especially
those intended for alcoholic beverages, undergo
the treatment for improving their chemical resis-
tance on the inside. This method of treating the
interior of the packaging is referred to as dealka-
lization. This is achieved by injecting sulfuric or
fluorine gas mixture into the bottles at high tem-
peratures. This process makes the packaging more
resistant to alkaline extracts, which can lead to in-
creased acidity of the product, and in some cases
also to deterioration of the packaging.

Annealing. During the cooling, the glass
shrinks and hardens. Uneven cooling causes de-
fects in the glass, created as the result of thermal
shock. Even cooling is achieved by means of an-
nealing. Furnaces for annealing maintain a tem-
perature of about 580 °C, thus disabling a large
temperature gradient in the course of cooling. An-
nealing time depends on the thickness of the glass
and can last from 20 to 6000 minutes.

The cold part. In the cold part of the process,
a polyethylene coating is applied to increase the
abrasion resistance, lubrication is performed, con-
trol of defects on the packaging, packaging for de-
livery and labeling.

Control equipment. Automatic machines, and
sometimes even the experts, inspect each manu-
factured packaging container for errors of various
types. Common errors include small cracks in the
glass and inclusions of particles, which are mainly
parts of the lining from refractory bricks from the
furnaces, which fall into the molten glass and are
called stones or oversized granules of silicon diox-
ide (sand) which failed to melt and ultimately to
be included in the final product. Other deficien-
cies include bubbles in the glass, called blisters,
as well as insufficient thickness of the walls of the
finished product. Another deficiency common in
the glass manufacture is called a zear. In the “press
and blow” manufacturing process, if the piston
and the mold are not at the same level or are heat-
ed to the wrong temperature, glass may stick to
them and can be “torn”. In addition to rejecting
of unprofitable product, the control collects sta-

47



CTpaKTe, KOju MoOry poBectH p#o mnosehama
KHCEJIOCTH TIPOM3BOJA, 4 Y HEKMM CJIy4ajeBUMa U
7o mpomajarma ambanasxe.

XKapewe. Toxom xmabema craxmo ce cky-
mwpa u ouspmhasa. HepaBHomepno xnabeme ns-
asuBa JiepeKTe y CTaKJy, HACTaJe YCIen Tep-
MHUYKOr moka. PasHomepHo xmahewe ce mo-
crioke sxapemeM. Ilehu sa sxapewe ompskaajy
Temneparypy on oxo 580°C, Te Tako oHeMo-
ryhaBajy BeJMKY IpajujeHT TEMIIEPAType TOKOM
xnabemwa. Bpeme sxapema saBucu on pebmune
craka u Moxe Tpajaru o 20 1o 6000 munyTa.

Xaaonu deo. Y XnajHOM ey IpOLeCca HAHOCH
ce Tpemas MOJHMETHJICHA Kako Ou ce mosehama
OTIOPHOCT Ha abpasujy, BPIIK Ce OZMA3UBAE,
KOHTpPOJIa Ha flepeKTe Ha aMbaIaKH, TAKOBAkbE 32
HICTIOPYKY ¥ €THKETUPAIbE.

Onpema 3a xornmpory. AyTomMarcke MaIIMHE,
a MOHEKaJl W CTPYYHA JIMIA, TPEraesajy CBaKU
npousBesieH aMOaIaKHU KOHTEjHEP Ha IpEIIKe
pasnauduTor THNa. YobudajeHe rpemke yKbydyjy
Majie MyKOTHUHE y CTAKJIy M CTPaHe MHKIYy3Hje,
KOje Cy YIJIABHOM /IeJIOBU 00JI0Te Off BATPOCTAIIHE
nurie u3 rnehwu, KOju OTNaziajy y PacTOIJBEHO
CTaKJIO M HA3UBAjy CE KaMerbe, NN IPEBEIUKE
rpaHyJie CHUIMLUjyM FUOKCH A (ecKa) KOoju Huje
yCIIeo fja ce MCTOIM U Ha Kpajy Oyae yKibydeH y
Kpajiu npoussoy. Jpyru HepocTanu ykmydyjy
Mexypuhe y craksiy, Koju ce 30By IIJIMKOBH,
Ka0 M HEJOBOJBHY [cOBUHY 3HMJOBA TOTOBOT
OpOM3BOZiA. JOoIl jefaH HEJOCTATaK yo6nqajeH
y TpOU3BONMHU CTaKja HasuBa ce cysa. Kop
»IPUTUCHU U JyBaj IPOIECA IPOUBBOAHE, AKO
KJIUI ¥ KaJTyTI HUCY Y UCTOj PABHU UJIH C€ 3aTPejy
Ha IOrPENIHy TEMIIEPATypy, CTAKJIO CE MOXKe
BAJIETINTH 32 BUX U MOXe fa ce yronena‘. ITopex
op0aIMBaka HEUCIIPABHOT TPOM3BOAA, KOHTPOJIA
HOPUKYIUbd CTAaTUCTUYKE IOJATKE M IPEHOCH
UX jeNVMHMLM 32 YIPaBbalkbe y TOIIOM [ETy
npoussogme. KonTponopu cipooge Hu3 MaHy-
aJIHUX IPOBEPA HA Y30pIHMMa IIPOM3BOAA, KOjU
Cy YIJIaBHOM BU3YEJTHH U IIPOBEPABA)jy AUMEH3Hje
HCTOT.

Cexyndapna dopada. Je[MHCTBEHH HAYKH €THU-
KETUpambha CTAKJIA je IpUMeHa Iporueca obese-
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tistical data and forwards it to the control unit in
the warm part of the production. The controllers
carry out a series of manual checks on the product
samples, which are mainly visual, checking the di-
mensions of the products as well.

Secondary processing. Uniform method of glass
labeling is the use of the process of marking with
ceramics. This means the process of screen print-
ing, decorations on the packaging with the color
of glass enamel, which must then be additionally
baked. Labeling can also be performed and by
means of “etching” (acid, laser or abrasive method
of surface treatment of glass) or by using decals
(stickers).

Packaging. Glass containers are packed in dif-
ferent ways. A popular way is the palletizing, where
between 1000 and 4000 glass containers are placed
on one pallet. This may be an automated process,
which stacks the containers on the pallet and sep-
arates each layer with a cellulose sheet, mainly

cardboard. The other ways of packaging include

Mamuncko gyBame craxia - [Tapahun
(poTorpaduja us apxuse Cpricke pabprike cTakia
Mechanical glass blowing - Paradin

(photo from the archives of the Serbian glass factory)



xaBama Kepamukom. OBo mogpasymesa mporiec
CUTO-IITAMIIE, JeKOpaluje Ha ambamaku ca
6oj0M OJl CTaKJACTOT €Majia, KOja C€ IOTOM
Mopa goparHo nehu. Erukernpame ce Moske jour
USBECTH U IIYTEM ,CLOBama“ (KHCEIHHCKUM,
JacepCKUM Un aOpasUBHUM MOCTYIIKOM IIO-
BpLIMHCKe 0obpajie cTakya) uiam ymorpebom pe-
Kasa (HaJenHuna).

Ilaxosawe. CraxjieHe mocyne ce maxyjy Ha
pasmuuure HaduHe. Ilomymapan Haums je ma-
nerupatse, rae ce usmehy 1000 n 4000 crakieHux
aMb0alKHUX NPOU3BOJA CMEIITA HA jefHY Ma-
nery. OBo MOKe OUTH U Ay TOMATHU30BAH MPOLIEC,
Koju peha nmpomsson Ha majnery u ofBaja CBaKH
CJIOj LIeJTyIO3HUM JINCTOM, YTJIABHOM KAPTOHCKOM
neneHKoM. JIpyru HaYMHM HaKoOBama YKJbYUYjy
KyTHje, K40 U PYyYHO MOCTaB/bAEE MPOM3BOAA Y
miaereHe Bpehuie. OBAKO yIaKOBaHH IpPeAMETH
Ce 03HAYABAjy ¥ CKJIA/IUIITE.

Ilpemasu. Ha craxneny aM6ana>Ky ce yrias-
HOM HAHOCE [Ba MOBPIIMHCKA IIPEMasa, jeflaH
KOjH €€ HAHOCH HENOCPEJHO Ipe TOILIOT Jesa
¥ jelaH y XJIAJHOM [eJly NPOU3BOJHE, HAKOH
Kapemwa. Y TOIIOM JIeNTy IIPOU3BOJE CE HAHOCH
BEOMA TAHAK CJIOj KaJ1aj OKCH/A, 4 Y XJIaJTHOM JIeTy
IPOM3BOJIHOT NPOIIECa, ITyTEM BOJCHE EMYJI3Hje,
CJIOj Off MOTMETUIIEHCKOT BOCKa. OBO YMHMU CTAKJIO
KJIM3aBUM, LITUTHU Ia Of orpebOoTHHA U cIIpedaBa
MehycobHO serubeme NpoMsBOfA  IIPUIUKOM
TPaHCIIOPTA.

Ilomobnn npoyecu — xomnpecopu u xiahewe.
Mamuse 3a dopmuparme ce yrnaBHoM mokpehy
KOMIPHMOBAHUM Ba3JyXOM M CTaKJape HMa-
jy HEKOJMKO BEIMKHUX KOMIIpecopa, Kako 6Ou
ce 0besbesuo moTpebaH KOMIPUMOBAHH Ba-
3IyX. Tlehmn, KOMITPECOPH M MamMHE 32 ¢o-
pMupame CTBapajy oppeheHe komudmHe Hemo-
JKEJbHE OTIAaJiHE TOIJIOTE KOja CE OfjBOJU XJIa-
hemwem BomOM.

Kom6uHaumja ctakna n gpyrux
maTtepujana

Y MHOIMM IPOUSBOAHMMA, CTAKJIO Ce KOM-
OuHyje ca pgpyrum Marepujanuma, pa 6u ce

boxes, as well as manual placement of the products
into woven bags. The items packed in this way are
marked and warehoused.

Coatings. Basically, two surface coatings are
applied on glass packaging, one that is applied
immediately before the warm part and one in the
cold part of the production, after annealing. In
the warm part of the production, a very thin layer
of tin oxide is applied, and in the cold part of the
production process, by means of water emulsion,
a layer of polyethylene wax. This makes the glass
slippery, protects it from scratches and prevents
bonding of the products during the transport.

Secondary processes - compressors and cooling.
Machines for forming are mainly driven by com-
pressed air and the glassworks have several large
compressors in order to provide the required com-
pressed air. Furnaces, compressors and machines
for forming generate certain quantities of unwant-
ed waste heat, which is discharged by means of wa-
ter cooling.

Combination of glass and other
materials

In many products, glass is combined with oth-
er materials, in order to improve certain proper-
ties of glass or other materials. The most common
composites are glass/metal (enameling) and glass/
polymer.

Glass-metal composite (enamel). Enameling is
one of the oldest processes for production of the
composite of glass and other materials, and is per-
formed in such a manner that the glass powder or
lead silicate and a small amount of coloring agent
melt on the metal. By means of this process, poor
corrosion resistance of metal is improved with high
chemical resistance of the glass, which is easy to
clean. Originally, the enameling was used for craft
purposes, and then to improve everyday objects
and technical devices that require high hygienic
standards.

One of the oldest composites produced in the
process of enameling is a mirror. Glass is coated
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HEKa CBOjCTBA CTAKJA WM [PYTHX Marepujana
no6ospmaia. Hajuemhu cnojesu cy craxmo/meran
(eMajnupatbe) U CTAKIO/OTHUMED.

Cnoj cmaxao-meman (emajr). Emajmupame
j€ jemHa off HajCTapHUjUX MOCTyIMaKa no6Hja}ba KO-
MIIO3MTA CTAKJIA U IPYTUX MaTepHjaa, a U3BOJH
Cé TaKO ITO C€ CTAKJIEHW NPax MU CHJIMKAT
0JI0BA U MaJIe KOJIMYMHE CPeficTBA 32 6ojerse Tore
Ha MeTasy. OBHM IIOCTYIIKOM C€ JIOITa KOPO3UBHA
OTIIOPHOCT MeTaJa MO0OBIABA BHUCOKOM  Xe-
MHjCKOM OTnopHomhy CTaKJa, KOjE C€ JIAKO
auctu. IIpBobuTHO je emajmupame KOpI/IH.IhCHO
y 3aHATCKE CBpXe, 4 B3aTHM 3a I00OOsbLIAIbE
CBAKOJHEBHUX MIpEJAMETa U TeXHHYKHX ypebaja
KOjU 3aXT€BAjy BUCOKE XUTHJEHCKE CTAH/APJIE.

Jemam op Hajcrapujux KomMmosuTa ,ILO6I/Ij€H
IMPOLIECOM EMAjIMPaba j€ OTIENAIIO. Crakno ce
IpecBIadn BUCKO peduiekTyjyhum cnojem cpebpa.
Osge ce xoMOuHyjy fBa M3BaHpeJHA CBOjCTBA
MaTepHjaa: BEJUKA IPOBOJBMBOCT CBETJIA, OIl-
THYKA XOMOTEHOCT M PaBHA NOBPIIMHA CTAKJa
ca BUCOKOM pediexcujom MeTana. Pediexcuja
CTaKJIeHe IOBPIIKHE je OKO 4%, oK je pedexcuja
cpebpror croja Beha ox 95%. Cpebpru cioj ce
Ol OKCHJaIyje INTUTU CJIOjEM 6aKpa, Koju ce
npemasyje papbom.

CrakJiojeneaan MaTepyjai3a pacBeTHATE A
3bor cBOje TPAHCHAPEHTHOCTHU, HENMPOIYCHOCTH
3a racose, CTaOMIHOCTH 3afpikaBama OOIMKa
Ha BHCOKHMM TEMIEpaTypaMa MU eJEKTPUYHE
ormopHocTH. 3a obesbehuBame Bakyymcke Be-
se msMmeby crakna u Hamajama eJEKTPUYIHOM
EHEPIUjOM KOPUCTE Ce CIIELUjaTHUA MaTEPUjaId.

Cnoj cmaxao-nosumep. Ilpoussopmma oBor
TUIA KOMIIO3UTAa MMa 3a IWb MOOOJBIIABAIE
MeXaHUYKe YBpcTOhe CTAKIA MM HEMOXKEe/bHUX
cBOjcTaBa monuMepa. JJAMUHMPAHO CUTYpPHOCHO
CTaKJIO je HajIIO3HATHja BPCTAa OBAKBOT Mare-
pujaﬂa, tmju je OJIJTUYaH TPUMEP BeTp06paH y
ayTo uHAycTpuju. Berpobpan ce gobuja xana ce
usmMehy 71Ba cTaKJIeHA TaHEJIa TOCTABH IIOJTMMEPHA
¢onuja Ha 6asu nomu (BuHma byTHpana). Taxobe,
y OamucTHIM Ce HAa HCTM HAYUH IPOM3BOAU
CTAKJIO OTHOPHO HAa BaTPEHO OPyXKje, Kaja ce
ucTa $poIrja MoCTaB/ba HAUBMEHIIHO H3Mehy Tpu
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with highly-reflective layer of silver. Two excel-
lent properties of the materials are combined here:
great light conductivity, optical homogeneity and
flat glass surface with high metal reflection. Reflec-
tance of the glass surface is about 4%, while the re-
flectance of the silver layer is greater than 95%. The
silver layer is protected from oxidation with a layer
of copper, which is coated with paint.

Glass is the perfect material for luminaires be-
cause of its transparency, gas tightness, stability,
shape retention at high temperatures and electrical
resistance. Special materials are used for securing
the vacuum connection between glass and power
supply.

Glass-polymer composite. Manufacture of this
type of composite aims at improving the mechan-
ical strength of the glass or undesirable properties
of the polymer. Laminated safety glass is the most
popular type of such material, and an excellent ex-
ample of this is the windshield in the auto indus-
try. Windshield is produced when polymer film
based on poly(vinyl butyral) is placed between two
glass panels. Also, in the ballistics, glass resistant
to firearms is produced in the same manner, when
the same film is placed alternatively between three
or more glass panes. On the other hand, this com-
bination is also used in order to improve desirable
properties of the polymer, such as hardness and re-
sistance to chemicals. Glass fibers can be soaked in
polymer, resulting in a material with a significantly
higher hardness and stiffness.

Technical glass

Optical glass. Development of optical glass is a
part of the history of development of optics and
photography and is primarily related to the use of
lenses. Spherical transparent forms converge (i.e.
change the course, and thus collect) light in a sin-
gle point and in their simple form they have been
known since ancient times. Dewdrop with silver
glow is the simplest form of the lens, because with
its spherical form it summarizes the image of the
surrounding area. It is a kind of lens created by na-



v Buile crakieHa madena. Ca gpyre crpade,
oBa KOMOMHaIMja Ce KOPUCTH M Kako 6u ce
110607bI1IaJ1a HETTOYKE/bHA CBOJCTBA IOJIUMEPA, K40
LITO Cy YBPCTOhA M OTHOPHOCT HA XEMUKAJIH]E.
CraxJieHa BIIaKHa Ce MOTY IOTOIIMTH Y TIOTHUMEP,
yuMe ce gobuja Mmarepujan ca sHaTHO Behom
uspcrohom u xpyromurhy.

TeXHNUYKOo CTakKno

Onmuuxo cmaxso. Pa3Boj onTuukor crax-
Jla TIPEJCTaB/ba [IE0 PasBOja UCTOPHjE ONTHUKE
u ¢oTorpaduje U MPBEHCTBEHO CE€ OFHOCH
Ha npuMeHy couuBa. CQepuuHH NPOBUIHU
obnmnu KoHBepryjy (tj. ckpehy, n Ha Taj HadnH
cabupajy) CBETIIOCT y jefHYy TauKy M y CBOjOj
jemHOCTaBHO] GOPMHU IOSHATH Cy Of [JABHHHA.
Kam poce cpe6pHaCTor Cjaja HajjeHOCTABHU)H j€
0bmuK counsa, jep cBojoM chepudHOM GOPMOM
Ca)KMMa CJIMKY OKOJIHOT mpocropa. To je Hexa
BpCTa COYMBA KOjU je Tpupopa ¢opmupana.
ITponanasax yBenudasajyher crakima u npemopy-
Ka KaKO Ja Ce OHO KOPHCTH Ka0 IIOMAraJo,
sabenesxeH jey 11. Bexy. Msym ce npunmcyje Poye-
py bejkony, mazma je BepoBarHuje ma je oH u TY,
K40 U y CIy4ajy IPUMEHE KaMepe OINCKype (KTl
Camera Obscura), camo npeHeo sHamba MO3HATA
ox panuje. lo xpaja 13. Bexa Tommeme, 6pymeH>e
¥ IJIa4ame ONTHYKOT CTAKJIA IOCTAJNO je CTBap
106po caBragaHoOr 3aHaTA.

OnTryky MaTepujaIu Cy CBU MaTePHjaIH KOju
IPOIYIITAjy ONTHYKO 3padetse (yaTpasbybudacro,
BUJIJLUBO U I/IH(l)paI_LpBCHO). Hamase ce y cBa
TPU aTPEraTHA CTamka: TACHOM — Ba3flyX U JPYTH
IPUPOJHY TaCOBH, TEYHOM — PA3TMIUTH THIIOBH
y7ba M YBPCTOM — CTAKJIa, KPUCTAIHU MAaTEPUjaiu,
$UIMOBY M TAHKH CJIOjEBH.

OnTruke KOMIOHEHTE ce Hajuemhe mpousBoge
op 6e3b0jHOr MM 000jEeHOr HEOPTAHCKOT CTAKIIA,
KBapLa MM IIOJMMEPHUX MaTePHUjaa.

[1aBHU elleMEHT 32 IPOM3BOAHY ONTHUYKHX
KOMITOHEHTH je 6€300jHO ONTHUYKO CTAKIIO.

Onruyko cTakjio je KE€paMHUIKHU MaTCpI/IjaJ'I,
KOjI/I C¢ TOKOM IPOM3BOAKE ITAXK/HUBO KOH-

ture. Invention of a magnifying glass and recom-
mendations as to how to use it as an aid has been
recorded in the 11" century. The invention is at-
tributed to Roger Bacon, although it is more likely
that, just like in the case of use of camera obscu-
ra (ital. Camera Obscura), he only transferred the
knowledge that already existed in the past. By the
end of the 13" century, melting, grinding and pol-
ishing of optical glass has become a part of a well
mastered craft.

Optical materials are all materials that transmit
optical radiation (ultraviolet, visible and infrared).
They are found in all three aggregate states: the gas
state - air and other natural gases, the liquid state
- different types of oils and the solid state - glass,
crystal materials, films and thin layers.

The main element for the production of
optical components is colorless optical glass.
Optical components are usually produced from
colorless or colored inorganic glass, quartz or poly-
mer material.

Optical glass is a ceramic material, which is
carefully controlled during production. It has a
specific chemical composition and physical prop-
erties, such as:

- refractive index for wavelengths in the
application

- dispersion

- Abbe number

- transmission

Optical glass is different from technical glass in
the degree of homogeneity, chemical composition
and physical properties. It is resistant to the effects
of moisture, carbonic acid, it maintains its shape
well and is easy to process.

As already mentioned, in its chemical compo-
sition an inorganic glass contains mostly silicon di-
oxide (SiO,). Other compounds that are included
in individual types of glass are oxides of sodium,
potassium, magnesium, aluminum, phosphoric
acid salts. Newer types of glass often contain acids
of rare earth metals (lanthanum, tantalum, cesi-
um).
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TPOJIHILE, UMa Ta4HO ofpeher xeMujcku cactas u
pusmuKa CBOjCcTBA, KAO IITO CY:

- MHJIEKC IIpeJIAMaha 32 BULIE TATACHUX
Ay>KuHa y obacTy IpUMeEHE,

- IUCTIEP3H]a,
- Abeos 6poj,
- TPAaHCMHUCH]a.

OnTHYKO CTAKIIO Ce PABIUKY]je Off TEXHUIKOT
CTAaKJIA TI0 CTEIEHY jeJHOPOJHOCTH, XEMUjCKOM
cacraBy u ¢usuukuMm cBojctBuma. Omo je
OTIOPHO HA [IEjCTBO BJIATE, YIJbEHE KUCEIMHE,
#06po oapsxaBa cBoj 06Kk 1 ako ce obpabyje.

Kaxko je Beh pE€YEHO, MO CBOM XEMU)CKOM
CaCTaBy HEOPraHCKO CTAKJIO Cajp)KHM HajBHILE
cumunujym puokcupa (SiO,). Ocrana jenumema,
KOja yJase y cacTaB IIOjeAUHUX BPCTA CTaKaa
Cy OKCHJM HATPUjyMa, KaJujyMa, MarHe3HjyMa,
amyMuHHUjyMa, conn pocdopHe KuceauHe. Y HO-
BUM BPCTaM4 CTAKJIA YeCTO CE HaJIa3¢ ¥ KHUCEJIMHE
peTKuX MeTasa (JJaHTaHa, TAHTAIIA, LIe3UjyMa).

HajnosnaTHja ONTHYKA CTaKJad Cy KpPOH
(xpyHcko) u ¢nuuTt. Kpom-craxmo cacroju ce
Off KpEMEHa, Ka/IlHUjyMOBUX U KaJIUjyMOBHX
cunukara. Bennke TpancnapenTHoctH, TBppohe
u yncrohe, anu crabuje nmpenama CBETIOCT HErO
$munT. QMUHT-CTAKIO HACTaje OF KpeMeHa U
IpyMeca KaaujyMOBUX M OJIOBHMX CHJIMKATA.
Masse je TBppohe u Behe rycrune. Kpou-gpaunm je
KOMOUHALMja OBe JiBe BPCTE CTAaKJa, KOjOM ce
nocTike Hajbosse uckopuinheme HUXOBUX CBOj-
CTaBa.

Y IIloToBOM KaTaJory CTaKajd, CBa KPOH-
CTaKJIa Ce JIAKO IO3HAjy, jep y CBOjoj O3HALM
cagpike coBa K, 7ok cBa ¢pumHT-cTaKIa CagpiKe
cnoso O.

LIpomusnowcapro cmaxso. Ilporusnorxapro
CTaKJIO TIOCTaje HEU3OCTABAH €JIEMEHT Yy Ca-
BpemenoMm rpahesunapcrsy. Ilopen ¢acana,
MHOTO BHIIE j€ 3aCTYIJbEHO Y €HTEPUjepUMa

Cujannua ca y>KapeHUM BIaKHOM, CIIOj CTAKJIO-METaJl
Incandescent light bulb,glass-metal connection
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The best known optical glasses are crowns
(crown) and flint. Crown-glass consists of flint,
calcium and potassium silicates. It is of great trans-
parency, hardness and purity, but it refracts light
less than flint. Flint-glass is produced from flint
and add-mixtures of potassium and lead silicates.
It is less hard and has higher density. Crown-flint
is the combination of the two types of glass, which
provides the best use of their properties.

In Schott Catalog of glass, all crown-glasses
are easily recognized, because in their designation
they contain letter C, while all flint-glasses contain
letter E.

Fireproof glass. Fireproof glass has become an
indispensable element in contemporary civil engi-
neering. In addition to the facades, it is used much
more in the interiors — for partitions, windows and
doors, where the safest and most elegant way of
separation from the rooms that are caught by fire
in accident situations is required.




- 3a TIperpaje, Mpo3ope U BpaTa, Ifie Ce TPAKU
HAjCUTYPHUJU U HajeIETAHTHUJU HAYMH OJIBajara
Ofl MPOCTOpPHja KOje Cy y AKUUAEHTHUM CH-
Tyanujama saxsahene mramesom.

[IpoTuBnoMXapHO CTAKJIO CE HPUMEHYjE TAMO
rfe je MOTPEeOHO CIPEYUTH TPEHYTHU IPOJOP
IJIAMEHA M3 jeHE Y APYTy HPOCTOPHjy, au,
HCTO TaKO, U y CTaHJAPJHUM YCJIOBHMA, KaJa
omoryhaBa NpOSHpHY IIMPHHY LIEJIOKYITHOM
npocropy. Ilpasu ce namuHUpamem $roar cra-
KaJa pasauduTHX AebmuHa M mocebHe BpcTe
HPOTHBIIOXKAPHOT XKEJTATUHA.

CBako NPOTHUBIIOXXAPHO CTAKJIO ITPEMa CTaH-
mappy saxteBa ga Oyne yrpaheno y ogrosapajyhn
nportusnoxapau npoéui. Ilpodunu mory ga
Oy Ay YeTMIHU MM ATy MUHU)YMCKH.

IIpoTuBnosxapHa CTakja y OCHOBHOj OAETH
JeJie ce: mpeMa MECTY Yrpajihe, Ha YHyTPallhe U
CIIOJbAIIIbE; TPEMA BPEMEHY, KOJHUKO JYTO MOTY
Ja crpede NMPOJOP OTBOpeHOr miuameHa Ha: 30,
60, 90 u 120 MuHyTHa; #a K 33pXKaABajy CaMO
OTBOPEHHU IJIAMEH MJIM U INPEHOCE TOILIOTY Y
CyCeIHy TPOCTOPH;Yy.

YrnasHowm, Hajuenthe ce kopucTe cTakia of 30
mm.

IIpema cranpappy, O3HaKa CTaKJIA CaJpXKH
nogarke O mpowusBohady M BPCTH CTaKJa, HIP.
ITypoben EM 30 Konkas Konsexc. Ha cBaxom
KOMagly CTakya Tpeba fja CTOju medaT ca OBUM
ofalMa.

CTtakneHa BnakHa

Jeman op pmommHanTHMX u obchapajyhux
CTAaKJICHUX MaTEPHjaJIa JAHAC je CTAKJICHO BIIAKHO,
Tj. ¢pubeprmac (eurn. fber glass), mpe ceera s6or
HErOBE TPUMEHE KA0 0jadarha y KOMIOSUTHUM
marepujanuma. Kopucrn sa nogme obuore,
TOH.TIOTHy, eHeKTpI/I‘IHy u 3Bquy I/ISOHQ.L[I/ij,
cryboBe mIaTOpa, AINCOPNIMjYy 3ByKa, TKAHHHE
OTIIOPHE Ha KOPO3H]y, TKAHMHE BUCOKE YBpcTOohe,
IITATIOBE 33 XOKEj] M PA3HE APYyTEe IPUMEHE ITE je
noTpebHa BeMKa KPYTOCT Y JIOHTUTYAUHATHOM

Fireproof glass is applied where it is necessary
to prevent sudden penetration of flames from one
room to another, but also, in standard conditions,
when it gives transparency to the entire space. Itis
made by laminating float glass of different thick-
ness and special types of fireproof gelatin.

Each fireproof glass according to the standard
requires being included into the corresponding
fireproof profile. Profiles can be made of steel or
aluminum.

Fireproof glass in the elementary classification
is divided: according to the place of installation,
into interior and exterior; according to the time,
how long it can prevent the penetration of open
flames into: 30, 60, 90 and 120 minutes; whether
it can stop only open flame or it transmits heat to
the adjacent room.

Generally, 30 mm glasses are most commonly
used.

According to the standard, marking of the
glass contains information on the manufacturer
and THE type of glass, for example, Pyrobel EI
30 Concave Convex. On each piece of glass there
should be a stamp with this information.

Glass fibers

One of the dominant and promising glass ma-
terials today is fiber glass, primarily because of its
use as reinforcement in composite materials. It is
used for flooring, thermal, electrical and sound
insulation, tent poles, sound absorption, fabric re-
sistant to corrosion, high strength fabrics, hockey
sticks and various other uses where great stiffness
in the longitudinal direction is necessary, arrows,
bows and crossbows, transparent roof panels, car
chassis, surfboards, boat troughs, honeycomb
panels, as well as for bandages for medical purpos-
es.

Fiber glass. Fiber glass belongs to a group of
technical fibers such as high-performance polymer
and carbon fibers, which have their most signifi-
cant application as reinforcements in composite
materials with polymer matrix. Although they
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npaBny, CTpEJIMIE, TYKOBE M CAMOCTPEJIC, TPAHC-
INAPpEHTHE KPOBHEC ITAHECJIC, aYTOMO6I/IJICKy macujy,
JacCKeE 3a Cyp(l)OBaI-bC, KOpHTa 3a 4YaMIg, cahacre
IMaHeJIC, KA0 M Y MCIUIIMHCKE CBPXE 34 38_B0j€.

Cmaxaeno eraxwno. CTakjieHO BIAKHO CIIa-
Ja y TPyOy TEXHMYKHX BJIAKAHA IONYT BU-
COKONepPOPMAHCHUX MOTUMEPHHUX U YIBCHHY-
HUX BJIAKaHA, KOja Cy CBOjy HajsHaYajHHUjy HpH-
MEHY HAIlJa Ka0 Ojauyarma y KOMIIO3UTHUM Ma-
TEpUjaIuMa Ca MOJTUMEPHOM MaTpunom. Klako
HHCY TAaKO BeJMKe YBPCTOhe M KPyTOCTH Kao
yIbeHUYHA BJIAKHA, LIEHA MM je Mama IITO HX
¢aBopusyje KOJ MHOTMX BpCTa IpHUMEHA. 3a
KOMITO3UTHE MATEpHjaie Ca IIOJMMEPHOM Ma-
TPHUIIOM OjadaHe CTAKJICHUM BJIAKHMMA KOPHUCTE
ce cxpahenune GRP (Glass-Reinforced Plastic)
u GERP (glass fiber reinforced plastic). Ilpumena
OBHX KOMITO3HT4 je OpOjHa M KOPUCTH Ce 32 U3PATY
aBHOHa, ayToMobmIIa, 6pofoBa, CIIOpPTCKE Ompe-
Me, Kazja, neBu 3a mujahy Bopy U KaHanM3anujy,
KOHTEjHEpa 32 OMIbKE, CHCTEMa PABHOT KPOBA M
MHOTe JpyTe.

Cmaxaena 6yna. CraxieHa ByHa je M30Ia-
IMOHM MAaTepHjaJ] HANPABBEH Of CTAKJICHUX
BIIAKaHA MehycOOHO MOBE3aHMX BE3UBOM, KO-
ja je mo Ttexcrypu ciauyHa ByHu. Ilpomecom
»3apobmaBama“ Benukor 6Opoja Mamux iero-
Ba Basgyxa usMeby cTakieHHMX BiaKaHa, IIO-
6o/bImIaBajy Ce TOMIOTHO-H30IALMOHA CBOjCTBA.
OBo ce mocTH’Ke TAKO IITO Ce, HAKOH 3arPeBarba
oJa3HUX KoMroHeHara Ha 1.450°C, pobujeno
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don’t have the same strength and stiffness as car-
bon fibers, their price is lower, making them favor-
ite for different types of applications. For compos-
ite materials with a polymer matrix reinforced with
glass fibers, abbreviations GRP (Glass Reinforced
Plastic) and GFRP (Glass Fiber Reinforced Plastic)
are used. These composites have numerous appli-
cations and are used in construction of airplanes,
cars, ships, sporting equipment, tubs, portable wa-
ter pipes and sewerage, plant containers, flat roof
systems and many others.

Glass wool. Glass wool is an insulation material
made of glass fibers interconnected with a binder,
with a texture similar to wool. In the process of
“capture”, a large number of small pockets of air
between the glass fibers improve the thermal insu-
lation properties. This is achieved in such a man-
ner that, after heating the starting components at
1450 °C, the produced glass is fiberized. It is usual-
ly produced by applying a method that is similar to
the production of cotton candy. The molten glass
passes through a fine mesh, and then, by means
of the centripetal force, fine fibers are produced,
which are cooled in contact with the air. Cohesion
and mechanical strength of products are achieved
by adding a binder, which connects the fiber. Ide-
ally, a drop of bonding agent is found on every con-
tact point of fibers. Such glass “mat” is then heated
to about 200 °C in order to polymerize the resin
(binder), and is then pressed so that the material
would get strength and stability. Glass wool is pro-

ObjexTus 3a poroamapar
Photo lens
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CTAKJIO U3BJIa4H y BiakHa. OBu4IHO ce mpousBosu
METOZOM KOjH j€ CIMYaH IIPOU3BOAKH mehepHe
Byne. CraxjleHa Maca ce IPONymTa Kpo3 GuHy
MPEXY, 4 3aTHM CE HOMONY IIeHTpHUIIETAIHE CHIE
;[06Hjajy ¢uHa BIaKHA, KOja ce XJajie y AOfupy
ca Basgyxom. Koxesuja u mexanmdxa uspcroha
npousBoja J00Hjajy ce [jofaBabeM BE3UBHOT
CpeAcTBa, KOjU ITIOBe3yje BIAKHA. Y HJICATTHOM
Clydajy, Kam BE3UBHOT CPEJCTBA C€ HaJIa3u
Ha CBAaKOj JOAUPHOj Tauku BiakaHa. OBaxBa
CTAaKJIEHA ,IPOCTUPKA® Ce 3aTUM Ipeje Ha OKO
200°C pa 6u ce momMMepu30BaIa cCMoIa (BE3SUBHO
Cpe,ILCTBO), a KaCHHje IPeCyje, KaKO 6u MaTepujan
mobuo uspcrohy u crabumnoct. CrakieHa By-
Ha Ce MPOU3BOJIM y POJHAMA MJIH Y IJIOYAMA, Ca
pa3.TII/I‘II/ITI/IM TOIIJIOTHUM U MEXAHHUYKUM CBOJ-
crBuma. Takobe ce Moxke mpousBecTH Kao Ma-
TEPHjasl KOjU CE MOYKE HAHOCUTH NPCKAKEM Ha
HOBPIIMHY, pajgu usonanuje. Mogepny merony 3a
IPOU3BOJMY CTakJeHe ByHe 1933, ronune usymeo
je Llejmc Crnejrep, nok je paguo y pabpuriu craxia
Osenc-Haunouc (Tonego, Oxajo, CAJI).

ITprMeHa M30IALIMOHE CTAKIICHE BYHE
Application of insulating glass wool
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duced in rolls or sheets, with different thermal and
mechanical properties. It can also be produced as a
material that can be applied by spraying onto the
surface, for insulation purposes. A modern meth-
od for the production of glass wool was invented
by James Slater in 1933, while he was working in
the Owens-Illinois glass factory (Toledo, Ohio,
USA).

Optical fiber. Optical fibers are transparent
glass fibers, produced by drawing, with a diameter
smaller than the diameter of a human hair. This fi-
ber is used in telecommunications (transmission of
data over long distances), in lighting of inaccessible
places and transmission of image and light from
one place to another. The first optical fiber was
produced at the University of Michigan in 1956,
although the principle had been known much ear-
lier. One of the advantages of such fibers as com-
pared to metal conductors is that electromagnetic
disturbances have no influence on them.

HpI/IMCHa CTaKJICHOT BJIaKHA 34 KPOBHY IIOKPUBKY

Application of fiberglass for roofing



Onmuuxo esaxmo. OnTHYKa BIAKHA CY
TPAHCIIAPEHTHA CTAKJICHA BJIAKHA, fOOUjeHa n3-
BJIAYCHEM, YHUjU je TPEYHUK MarH Off MPEYHUKA
Bytacu Koce. OBO BJTAKHO je HAIIJIO CBOjy IPHMEHY
y TeleKoMyHHKanujama (OpeHOCy Mojaraka
Ha BEJMKE YJabEHOCTH), Y OCBET/BEHY TEUIKO
JOCTYITHHMX MECTa ¥ IPEHOCY CJIMKA U CBET/IA C
jemnor mecta Ha gpyro. IIpBo onTmuko BIaKHO
je mpoussezieHo 1956. roguHe HA YHUBEP3UTETY
y Mudureny, nako je cam IpuUHIUI 610 mos3Har
MHOTO paHHje. JefgHa of NPEJHOCTH OBAKBUX
BJIAKAHA y OJHOCY Ha METAJIHE IIPOBOJHUKE, jecTe
Ta IITO HA HUX EJIEKTPOMATHETHE CMETHE HEMAjy
YTHII].

Haunn $yHKuMOHMCaka OBMX BJIaKaHa 3a-
CHUBAa Ce Ha HPUHIUIY TOTalHe pedekcuje
ceemtoctu. Kana ce cetnioct, Koja myryje Kpos
IYCT ONTUYKM MEAHUjyM, OfOHMja IOf OWITPUM
YIJIOM O TIOBPIIMHY HCTOT.

OBo BJ1aKHO YMHE 71Ba [IeNI4, je3rPO Koje MMa
BUIIY MHJEKC pedIIeKCHje U OITHE KOja MM HIKU
ungexc. Hajuemhe, oBa Braxma ce mpoussoge
METOJIOM ,,IIUIIKA ¥ LeBH . MeToza mogpasymesa
Jla Ce CTaKJIeHa WIMIKA, KOja MMa BUCOK HMH[EKC
pedrecuje, mocTaBba y 1I€B Ca MABUM UHICKCOM
pedrexcuje. OBaKkaB CTAKJIEHM CKJION CE€ 3aTUM
rpeje y mehu, ok ce He nocturue oarosapajyhu
BUCKO3UTET MAaTEpHjasia, a IIOTOM CE€ M3BJIAYM
y TaHKe HUTH. 3aBUCHO Off ymoTpebe, MOxe ce
KOPMCTUTH MOjeJUHAYHO MM K0 CKYI BHIIE
BJIAKAHA CACTABJbEH Yy ONITHYKH KaOJI.

OnTHyka BJaKHA Off HEOPTaHCKOT CTAKJa Ce
rOTOBO yBEK IPOU3BOJIE Off CUTHIIMjYM JUOKCH/IA,
aJM ce MOTY HNPaBUTH U Of JPYTHX MaTepujaa
nonyT ¢JIyopo-LUUPKOHa, (GIyopo-ajiyMHHATa,
KaJIIOTEHU/IHOT CTaK/Ja, KA0 U KPUCTATHMX
Marepujaga nonyT capupa, KOju ce KOPUCTH 3a
ceeroct Behe TamacHe pyxwuHe (MHparpBeHa
CBETJIOCT) U BUCOKE TeMIeparypHe 3axrese. Jlanac

OnTuYKo BJIAKHO

Optical fiber

The functioning of these fibers is based on
the principle of total reflection of light, when the
light that travels through a dense optical medium
refracts from its surface under a sharp angle.

This fiber mostly consists of two parts, the
core that has a higher reflection index and the
membrane that has a lower index. Most often,
these fibers are produced by applying the “rod in a
tube” method. The method means that a glass rod,
which has high reflection index, is placed in a tube
with a lower reflection index. Such glass assembly
is then heated in the furnace, until appropriate vis-
cosity of the material is reached, and then is pulled
into thin threads. It can be used individually or as
a set of more fibers assembled in the optical cable,
depending on its application.

Inorganic glass optical fibers of are almost al-
ways made of silicon dioxide, but can also be made
of other materials, such as fluorozirconate, fluo-
roaluminate, chalcogenide glass, and crystalline
materials such as sapphire, which is used for light
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C€ ONTHYKA BJIAKHA IPOU3BOJIE U Off TOJUMEPHHUX
MaTepujaa.

Cmaxaoxepamuxa (Bumpoxepamuxa). Kpu-
CTaln3alMja je Hekaza 6una jenHa op Haj-
yemwhux CMeTHH y IPOMSBOJIM CTAKJA, jep
je sa meroBo Hajuenthe xopumheno cBojcrBo,
TPAHCIIAPEHTHOCT, IOTPebHA aMOpPHA CTPYKTY-
pa. Y HOBuje Bpeme je KOHTPOJMCAHA KpH-
CTajM3alHUja y CTAKJy WHUIMPAIAd YUTAB HU3
HOBMX MaTePHjaJia BPJIO CrieluUIHUX CBOjCTABA.
TakBa KepaMuKa, KOja He HacTaje y06I/I‘{aj€HI/IM
OporecHMa Iedelha KEPaMUYKUX MaTepujaa,
y3 CaMO JAEJIMMHYHO ITOBE3UBAME HEKUX KOM-
TIOHEHATA, HA3UBa CE CTaKJOKEPAMMKA MJIU BHU-
TPOKEPAMUKA.

CraxokepamMuKa ce 00luKyje joum y cTamy
0OMYHOr CTaKIa yOOUYajeHMM MOCTYIIMMA CTa-
Kapcke TexHomoruje. Jla 61 ce crmpoBesa KOH-
TPOJMCAaHA KPHUCTANU3aLMja, NOTpebHO je na
Oflje[HOM HACTaHE BEJIUK 6poj jesrapa Kpwu-
CTAM3aIIHje, jeJHOTUYHO PACTIOfETbEHHX IT0 LETIO]
sampeMuHH cTakjgeHor npeamera. Op cacraBa
CTaKJIeHE MEIIABHHE, KA0 U Of TEMIIEpaType W
BpEMEHA Tpajamka TOIUIOTHEe obpage (Kapema),
3aBHCH yJe€O CTBOpeHe KpucTanHe ¢pase. Bemux
6poj jesrapa KpMCTaau3anuje PasJior je HACTaHKa
BesIMKOT Opoja BpJIo Maux KpHcTana (IpedHuKa
oz 0,1 1o 1,0 mm).

OcHoOBHA TIPETHOCT CTAKJIOKEPAMMKE JIEKH
y MoryhHOCTH 712 ce KOHAYHOM IIPOUBBOAY MOXKE
JaTH SKe/beHH OOJIMK, KOjU Ce MHade MOCTHIKE
crakimapckoM obpagom. CraxiokepamMuka MMa
BPEJHOCT KOEPUIIMjEHTA TEPMHMYKOr MIMPEH
OMMCKy HyIH, WITO je YUHU BPJIO OTIOPHOM
Ha TEMIIEPATYPHE IPOMEHE, Ma C€ KOPHUCTH
3a MBpajy KyXHmCKOr mocyba, ropmux mioda
IITeAHAKa, PASHUX [EBH, BEHTUJA, aJd M 32
U3pasly UMIUIAHTATA 32 3AMEHY JICIOBA JBY/CKHX
xocrtujy. IToroguum us60poM cacTaBa MOJTA3HUX
KOMITOHEHTH MOXKE CE TPOU3BECTH KEPAMHUKA KOja
je HajcIMYHUja IPUPOJHOj KOCTH.

[Inodnne op cTakaoOKepaMUKe HMajy IjIa-
TKy NOBPLIMHY 6e3 OTIOpa, OTIHOPHE Cy Ha fie-
JIOBaE XEMHUKAJIMja U MOTY Ce KOPUCTHTH Y
TemrneparypaoM pacnony ox -200°C go 700°C.
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with longer wavelengths (infrared light) and high
temperature requirements. Today, optical fibers
are also produced from polymer materials.

Glass-ceramics ~ (Vitroceramics).  Crystalliza-
tion was one of the most common hindrances in
glassmaking, because an amorphous structure is
needed for one of its most commonly used proper-
ties — transparency. In recent years, the controlled
crystallization in glass has initiated a number of
new materials with very speciﬁc properties. Such a
ceramic, which is not made through conventional
processes of baking ceramic materials, with only
partial connection of some components, is called
glass—ceramics or vitroceramics.

Glass-ceramics is formed already in the state
of ordinary glass by using conventional methods
of glassmaking technology. In order to conduct
controlled crystallization, it is necessary that a
large number of crystallization nuclei are created
at once, uniformly distributed throughout the
volume of the glassware. The share of the created
crystal phase depends on the composition of the
glass mixture, as well as the temperature and du-
ration of the heat treatment (annealing). A large
number of nuclei constitute the reason of the crys-
tallization is the reason for creation of a large num-
ber of very small crystals (with diameters between
0.1 and 1.0 mm).

The main advantage of glass-ceramics lies in
the possibility that the final product can be giv-
en the desired shape, which is otherwise achieved
by applying glassmaking processing. Glass-ce-
ramics has thermal expansion coefficient close to
zero, which makes it very resistant to temperature
changes, and it is thus used to produce cookware,
upper stovetops, a variety of pipes, valves, as well
as for production of implants for replacement of
parts of human bones. With an adequate choice
of the composition of the starting components it
is possible to produce ceramics that is most similar
to the natural bone.

Tiles made of glass-ceramics have a smooth
surface with no resistance; they are resistant to the
action of chemicals and can be used within a tem-
perature range from -200 °C to 700 °C.



EKonowKu acnekT cTakna

Craxyo je Marepuwjas Koju ce HajBuIIe
peuukiaupa. byayhu na je crakny norpebHo oxo
MHJIHOH TOAHMHA Ja O ce pasrpajuiio, merosa
penukIaxa omMoryhasa eKoJIOMKO yKIakhabe U3
HOPUPOJHE CPEAMHE, YUME CE CMamyje eMHCHja
CO2 y armocepy. Ocum Tora, ofaTaK JOMIBEHOT
CTaKJIa TPOU3BOJIHOj CTAKJIAPCKOj CMELIM CMabyje
[IOTPOILIY EHEPrHje MOTPebHy 3a TOMbere 32 25%
u omoryhaga ymresy IpoM3BOSHUX CHPOBUHA, Ha
IIPBOM MECTY COJIE.

Y mnpousBogmu ambamaxkHOT (TProBavKor)
CTaKJIa yHEO JIOMJBECHOT CTaKaa yuHu 95% 32
nobujame crakia seneHe 6oje, g0k y cmehem Taj
yneo ussocu o, 60 go 80%.
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Ecological aspect of glass

Glass is the most recycled material. Since it
takes about one million years for the glass to de-
compose, its recycling enables ecological removal
from the natural environment, thereby reducing
emissions of CO, into the atmosphere. Moreover,
the addition of crushed glass in the glass mixture
used in production reduces the consumption of
energy necessary for melting by 25% and allows
savings of raw materials, primarily soda.

In the production of packaging (trading) glass,
the share of crushed glass makes up 95% in order to
obtain green glass, while in case of brown glass this
share is from 60 to 80%.

Kanem

Motanui

—=>

f

IemaTcku MpuKas MPOMBOHE ONTHYKOT BIAKHA
Schematic representation of optical fiber production
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CTAK/TO N CTAK/TAPCTBO Y CPBUIUN
GLASS AND GLASSWORK IN SERBIA

IIpegmeru op cTakIa HA TEPUTOPHjU Cp61/1je
PasTMYUTOr Cy TOPEKJA, Ofi HPUPOAHOT CTaKJIa
70 OHOT IIPOMB3BEJIEHOT Y TO3HATUM CTaKJIAPCKUM
LEHTPUMa AHTUYKOT M CPEJAHOBEKOBHOT IEPHU-
0fla, JIOKAJIHUM PajHOHHUIAMA U nomahum Pa-
Opukama.

IIpepmeTn of MPUPOFHOr CTAKJIA MJIM OIICH-
Avjana HabheHH Cy Ha apXEOJIOMIKOM JIOKATUTETY
Bunua, us mepuoma HeonuTa, Majga Ha TOM
nogpydjy Huje mpoHaheHO BYIKAHCKO CTaKIIO.
Bunuannu cy opmasumu mo Kapmata m tamo
y3MMaJld ONCHUIHjaH, a OJ HBUX Cy ra JApPyrd
Tprosuy, kojuma cy Kapmaru 6umu pamexo,
Kynosayid. BunyaHmu cy cxBaruiu ja oHaj Ko
nocefyje OBO CTaKJO HMMa BEJIUKE TPrOBAYKE
IPENHOCTH.

Ms panor 6ponsanor goba morudy mepie
on ajanca (oxo 560 mepmnm) koje cy nabene
y Hekpomomama y Moxkpuny xox Kukumupe
(Josanosuh, 2002). ITpeoBmagaBamu cy obuu
MUTH 3BE€3JACTH THIIOBU IIEPJIH, 4 CMATPa Ce Aa Cy
yI1aBHOM nopeksiom us Erumnra.

ITpBe craxmeHe mocyge jaBmajy ce y Cpbuju
TOKOM cpepuHe | Beka H. e, anu Cy Hamasu u3
Tor mepuosa Beoma perku. CrakieHe mocype
(mexapwm, wamre, 3pene, 6oue) u3 BumuHanujyma
Ce MOTy XpOHOJIOIIKM mparutu of 1. mo 6.
Beka, mpyxajyhu npasy ciamky o crakmapckoj
npoussogsy Pumckor napcersa. Toanerne 6o-
aune u Oancamapuje, koje cy kopumhene 3a
MUPHIUBMBA y/bd U MEJHMKAMEHTE, YKasyjy Ha
TO Aa cy Pummanu Bogunu Opury o TesrecHoj
auctohu. Kopumhene cy rtexuuke ciobognor
AyBama, AyBakha y KaJyII, JUBCHE U IPECOBABE.
3a mposopcko crakio HaheHo Ha Bumunanujymy,
K40 M Y HEKHUM JPYTUM TEPMaMa PUMCKOT IIe-
pHOfa, IPETIOCTaBba CE Jjd Ce KOPUCTHIIO 32
3arpeBame MPOCTOPHja, KaO WITO j€ TO 6umno y
OjefHUM KynaTuuumMa y rpagy Pumy n Ocruju.

60

Glass objects in the territory of Serbia are of
different origin, from natural glass to the one pro-
duced in well-known glassworks centers of the an-
cient and medieval periods, local workshops and
local factories.

Objects made of natural glass or obsidian were
found at the archaeological site of Vinca, from the
Neolithic period, although no volcanic glass has
been found in the area. Vinéa people used to go to
the Carpathians and took obsidian there, and oth-
er traders, for whom the Carpathians were too far,
were buying it from them. Vinca people realized
that whoever owns this glass has great commercial
advantage.

The beads made of faience (560 beads) which
were found in the cemeteries in Mokrin near Ki-
kinda (Jovanovi¢, 2002) are from the Early Bronze
Age. Round or star-shaped types of beads were
dominant, and it is believed that they mostly orig-
inated from Egypt.

The first glass containers appear in Serbia in
the mid-1* century AD, but the findings from
this period are quite rare. Glass containers (cups,
glasses, bowls, bottles) from Viminacium can be
traced chronologically from the 1** to the 6™ cen-
tury, providing an accurate image of the glass pro-
duction in the Roman Empire. Bathroom bottles
and balsamaria, which were used for scented oils
and medications, suggest that the Romans were
taking care of bodily hygiene. Techniques of free
blowing, blow molding, casting and pressing were
used. For the window glass found in Viminacium,
as well as in some other thermal baths from the
Roman period, are assumed to be used for heating
of rooms, as it was in some bathrooms in the cities
of Rome and Ostia.

During the archaeological explorations of the

thermal baths, numerous items of glass or glass
paste from the Roman period were discovered,



ApXeoIomKIM UCTPAKUBABUMA TEPMATHUX
KyIaTHJIAd OTKPUBEHH Cy OpojHHM mpesMeTn
Off CTaKJa HJIM CTaKJEHE I1aCTe M3 PUMCKOT
nepuoga, Hajuemhe HakuT. TOKOM apXeOMOMKUX
HCTPaXKHMBaha KACHOAHTUYKOT KynaTuia y Jauxy
nponahene cy xosmermuke mocyze - TOANETHE
6o, 3pe1e M yame-exapy. Y HeKMM CJIy4ajeBUMa
npoHaheHn cy Mo3aMuKM yKpacu Of CTaKJIeHe
macre KobanT-mase, smaTHe U Apyrux 6oja, Koju
cy KopumheHu 3a CBOZOBE TEPMHU.

Meby orkpuBeHUM CpefHOBEKOBHUM apTe-
daxrtuma Ha DBeorpapckoj TBphaBu Hamasm ce
BeuKM Opoj ¢parmenara wamra, Kyma, Oora,
IPO3OPCKUX OKyJNyca M HAKUTAa Of CTaKJja.
Jenna rpyma npunaga 14. u 1S. Beky, a Besyje ce
32 HEMOCPEJHO CTBAPAHE MYPAHCKUX MajcTOpa
WM TIOCPEJHO CTBapame y paguoHunama Jly-
bposuuka u byguma, xoje cy bue mog yTHuajeM
MypaHckux. JIpyra rpyma npesmera, meby xojuma
IBOKOHyCHe 0Olie HajBMINE NpHUBJIAYE MAXKY,
npumnaza mnepuony KacHe roruke 15. Bexa. Ono
je mpexpcraBmpano nparehu enemenrt y sxusory
CBaKOJHEBHUIIE CTAHOBHUKA beorpana.

ITouenu  passoja nomahe IIPOUBBOJIHHE
CTaKJIa BE3aHU Cy 3a JIOKAJIHE PaJIMOHMIE Off
kpaja III po cpepume V Bexa. Ha noxanurery
Bumunanujyma nponahenu cy npeameru og
CTAKJIA KOjU Cy C€ OfJIMKOBAIH OOraTcTBOM
popmu u je,uHOCTaBHomhy CTHJA, ITO yKasyje
Ha CEPHjCKY NPOU3BOJKY, KOja jeé MOIJIa HaCTaTH
u y camoM Bummuanujymy, mox cy snykcysHuju
npUMepIU OUIHU 1e0 KEJITCKE, TajICKe U cUpHjCKe
IPOU3BOJIHHE.

ApXeosomKIM HCTPAXKUBABUMA TOKATUTET
Cupmujyma (Cpemcka MuTpoBuIja) OTKpUBEHN
Cy TeMesbM CTakIapckux nehu, anu ce noysgano
He 3HA Jja JIu Cy OHe KopuurheHe 3a MPOU3BOIILY
CTAKJIEHMX IPEJMETA MM 32 IpETaNarme CTAK/Ia
nonomsseror nocyha. Hucy nponahenn xanymu
M CTaKJIAPCKe anaTke Koje 6u To morsppume. Ca
pacmagom PuMckor napcrsa, npornsBofba CTaKIa
Ha TEPUTOPHjU Cp61z1je Ce CMamyje M CBOAM Ha
orpaHudeH 6poj obuka.

usually jewelry. During archaeological explora-
tions of the late Roman baths in Cacak, cosmetic
containers were found - toilet bottles, bowls and
glasses-cups. In some cases, mosaic decorations
made of glass paste in cobalt-blue, gold and other
colors were found, which were used for thermal
vaults.

Among the discovered medieval artifacts in
the Belgrade Fortress, there are a large number of
fragments of cups, bottles, window oculi and glass
jewelry. One group belongs to the 14" and 15" cen-
tury, and is linked to the direct production of Mu-
rano masters or indirectly to the production in the
workshops of Dubrovnik and Budim, which have
been under the Murano influence. The second
group of objects, among which the double-conical
bottles attract the most attention, belongs to the
late Gothic period of the 15th century. It was a sec-
ondary element in the everyday life of the Belgrade
inhabitants.

Early development of domestic glass produc-
tion is related to local workshops from the end of
the 3" to the middle of the 5 century. At the site
of Viminacium, glassware items were found, char-
acterized by the richness of form and the simplici-
ty of style, indicating the serial production, which
could have originated in Viminacium itself, while
the more luxurious examples were part of Celtic,
Gallic and Syrian production.

Archaeological explorations of the site of
Sirmium (Sremska Mitrovica) revealed the foun-
dations of glass furnaces, but it is unclear whether
they were used for the production of glassware or
for melting of broken tableware glass. No molds
or glassmaking tools to confirm this have been
found. With the collapse of the Roman Empire,
glass production in Serbia decreases and is reduced
to a limited number of shapes.

Assuming that glass production existed in
Serbia in Roman times, we can say that it revives or,
otherwise, begins only in the 19 century, when the
first factory was established and industrialization
of glass production started. The first glass factories
were built on sites rich in raw materials and fuels
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ITop mpeTmocTaBKOM fAa je MOCTOjajIa MPOU-
sBogma cTakia y Cpbuju y pumcko foba, Taga ce
Moske pehu 1a OHa 0XKMBIBABA HIIH Y CYIIPOTHOM
nounme TeK y 19. Beky, Kaja ce OCHUBA IpBa
pabpuka u samouMme HHAYCTPHUjanIU3aLUjd
npousBofe crakma. Ilpse ¢abpuke crakia
cy rpabene nHa mokamureTrMa Koju cy 6Goratu
CHPOBHUHCKMM M IOTOHCKHUM Marepujanom (ka-
MEH, [eCaK, [pBO, BOJA) U MOBE3aHH JOOpUM
JKEJIE3BHUYKMM U Ty THUM Besama. IIpse cTakmape
Cy ¥ HOpeJ, MOAIPIIKE AP)KaBe MMajIe PUHAHCH|CKE
npobieMe KOjU Cy y HEKHUM CIydajeBUMa Ouiu
HOCJIEIUIIA PATHUX PA3aPamha.

Craknapa AspamoBal,

IlpBa pabpuxa sa uspagy crakma, Cmaxia-
pa Aspamosay, yjepHo je Ouia U MPBO CPIICKO
UHIYCTPHUjCKO TIOCTPOjEWmE KOje je Paguyio Of
1846. mo 1852. ropuue. Pabpuxa, koja je buma y
[IAPTHEPCKOM BJACHHINTBY IIONEYUTEhd (MH-
HUCTpa) MHOCTpaHuX fena Aspama Ilerponu-
jesuha n tprosua Teogopa P. Tomuha, nanmasuma
ce Ha penu benmunu, va magunama Lpuor Bpxa.

Dabpuka je mogurHyTa Kanutaaom ABpama
ITerponujesnha 1846. ropume. Ilerponujesuh
je om Cosjera 1843. roguHe TPa>kMO UCKIBYYHBO
IPaBO Ja HapeJHUX 14 ropuHa Huko dpyeu cma-
Kaapy e moxce noduhu y 3emmi..., KA0 U IPABO
Ha Gecnaamuy cewy u xopumbewe dpsema 3a
sampy u neneo na Ljprom epxy u excnaoamanujy
nompebnoz xamena 3a sudawe Pypyna u Qa-
bpuxanujy cmaxia.

Mako cy y Cpbuju rtaga seh mocrojamu
paHu 00U IPUBPESHE AETATHOCTH, KAO LITO
Cy [pBOAE/bCTBO, ILIETAPCTBO U LIMIJIAPCTBO,
OTBapame CTAKJIAPE MNPEJCTAB/bANO je BEIHKO
ynarame, Koje je yjeAHO 3HAYMJIO OCBajaie HOBE
»BHCOKe TexHosoruje“ Tor poba. ITopen Tora,
610 je MOTPEOHO [IOBECTH ¥ CTPY4HY pPajgHy
CHATY M3 MHOCTPAHCTBA, IITO je jOUI BHIIE
noBehaBasIo TPOIIKOBE yIarama 1 CaM IOy XBAT je
Hocuo Benuky pusuk. COBjeT je Msarmao y cycper
HeTpOHHjeBuhy, na 6u Y JECEH CTaKJIapa HaITOKOH
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(rock, sand, wood, water) and are well connected
with good rail and road connections. The first
glassworks, despite the support from the state,
had financial difficulties, which were in some cases
consequences of the war destructions.

Glassworks Avramovac

The first glass factory, Glassworks Avramovac,
was also the first Serbian industrial plant that
operated from 1846 to 1852. The factory, which
was owned in partnership of the Minister of
Foreign Affairs Avram Petronijevi¢ and merchant
Teodor R. Tomié, was located on the Belica river,
on the slopes of Crni vrh.

The factory was built with the capital of
Avram Petronijevi¢ in 1846. In 1843, Petronijevic
asked from the State Council the exclusive rights
so that, for the following 14 years nobody in the
country could build a glassworks..., as well as the
right to free of charge felling and use of wood for fire
and ashes on Crni vrh and exploitation of the stone

required for the building of furnaces and fabrication
of glass.

Although various types of economic activities
had already existed in Serbia, such as carpentry,
wickerwork and brick making, opening of a
glassworks was a major investment, which also
meant the conquest of new “high technology” of
the era. In addition, it was necessary to bring the
competent workforce from abroad, which further
increased the investment costs and the undertaking
itself was carrying a big risk. Soviet responded to
Petronijevic’s requests, and the glassworks finally
started working in the fall. The opening ceremony
of the first industrial plant in Serbia had the
character of a central state celebration, and this
was also reported in Srpske novine from November
29, 1846. The main argument for building a glass
factory in this place was the presence of materials
that were supposed to serve as a raw material or

tuel (pebbles, sand and wood).

The first workers in the factory were Bavarians
and the Czechs (Bohemians), and in 1851 they were



npopaguna. CBEYaHOCT MPHJIMKOM OTBAPama
IPBOT MHJYCTPHjCKOT OTOHA Y Cp6HjH nobuia je
KapaKTep IIEHTPAJIHE JP>KaBHE IPOCIIaBE, O YEMY
cy nucane u Cpncxe Hosurne op 29. HOBeM6pa 1846.
ropune. [IpucycTso marepujana, Koju je Tpe6ano
[la CJIYXKHU KA0 CMPOBHHCKA HMJIM IIOTOHCKA CHAra
(xaMmeH, Iecak u ApBo), OUO je ITABHY APTYMEHT 34
nogusame Gpabprke CTAK/Ia HA TOM MECTY.

IIpeu pagaunu  y  ¢abpunu cy Ounn
basapuu u Yecu (boxemmu), a 1851. ropume
uMm ce mpuksydyje u 30 paguuka us Iopme
Yrapcke, HajsepoBaTHHje CiroBaka, KOju Cy
Ka0 CTPAaHH CTPYyYHHM PpagHULu 6bunu pobpo
miaahenn. Bmacuuk ¢abpuxe Ilerponujesuh
je xacuwmje, 1851. roguHe, ymao y OopTakiyk ca
tprosuem Teomopom P. Tomuhem, a ynpasy
u Hagsop je op 1846. no 1849. ropmuue Bpmuo
Koncrantun P. Tomuh. Onpemy y $pabpunu cy
gyHuIIe gBe nehu 3a Tonspeme cTaka ca 9 JoHana.
3a 6pymeme je kopumheHa BojeHHIA, 4 KaTyIN
cy OunanM MeCHHIaHM, KePAMHYKHA M J[JPBEHU.
IIpousBopuIo ce paBHO CTAKIIO 33 ZEHYEPE, 3ATHM
IyII/be M JIMBEHO MJIM IIPECOBAHO CTAKJIO KOje je
OHIIO IEKOPHUCAHO OPYLICHEM UITH OCTUKABABEM.
IIpBu u3Bo3 je ocTBapen y anpuny 1848. rogune
y Typcky. Cmakaapa Aspamosay ycuemHo je
mracupana csoje npoussoge y Cpbuju u y Ty-
pcxoj. OcTano je 3abesexxeHo fa je jenHe ropuHe
umMana uguct npodur op dak 96.000 rpoma,
LITO je y IMOCMATPAHOM TPEHYTKy Onia Benmka
cyma. Pabpuxa je paguna go Ilerponujesuhene
M3HEHAJIHE CMPTHU Y KaHIIEIAPHjU BEJTUKOT BE3UPA
y Hapurpagy 1852. [Ipxasa je $pabpuxy, xoja je
notoM paguna o 1868. roguue, oTKymuma of
HCTpOHI/IjCBI/IheBI/IX Hacnennuka 3a 7.000 gykara
IIECAPCKUX.

Aspanm ITerponujesuh (1791 - 1852), ocuusau pabpuke
crakia ABpamosan

Avram Petronijevi¢ (1791 - 1852), founder of the
Avramovac glass factory

joined by 30 employees from the Upper Hungary,
probably the Slovaks, who were well paid as foreign
professional workers. Later, in 1851, Petronijevi¢,
the factory owner, entered into a partnership with
the merchant Teodor R. Tomié, and from 1846 to
1849 managing and supervision were conducted
by Konstantin R. Tomié. The equipment in the
factory consisted of two furnaces for glass melting
with nine pots. Mill was used for grinding, and
molds were made of brass, ceramic and wood.
They produced flat glass for windows, then hollow
and cast or pressed glass, which was decorated by
grinding or painting. The first export was realized
to Turkey in April 1848. Glassworks Avramovac
successfully placed its products in Serbia and
in Turkey. It was recorded that one year it had a
net profit of up to 96,000 groats, which was a
large sum in this period. The factory operated
until Petronijevi¢’s sudden death in the office of
Grand Vizier in Constantinople in 1852. The state
acquired the factory from Petronijevi¢’s heirs for
the imperial 7,000 ducats and it was operational
until 1868.
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®abpuka ctakna Hauka JosaHosuha y
JaroanHu

Op npecranka paga Qabpuxe Aspamosay,
CBE JI0 OCHHMBamba Ppabpuke CTakiaa y JaroguHu
Hanka Jankosuha 1879. ropune, Ha tepuropuju
Cpbuje uuje paguna Hujessa pabpuka 3a mpo-
M3BOJbY CTAKJIA. Y jArOfUHCKO] GpabpuUIIM CTAKIIO
je Hajmpe MPOM3BOHEHO Off TOMIBEHOT CTAKJIA Ca
moparkom coge. IlpoussBopuie cy ce ce BpcTe
IMyIUBET CTAKJA Of HAajjeIHOCTaBHUjET (6o,
Terse, 6aoHH, Yalle, YaIlIHle, HOCYAULE, LEBU
u Ap.) mo Hajpunujer (OHIBYpHO U KpuCTa).
Pabeno je 6pymeno, mandosaHo, rpaBupaHO
u crakiao y 6boju (,ajxoBaHo® M ,MOI0BaHO®).
Haxkon pucnokanuje, HoBa ¢pabpuka nma neh ca
pEreHepaTHBHUM CHCTEMOM Ca OCAM OTBOPEHUX
JIOHAI]A 34 TOI/bCHE CTAaKJEHEe Mace, ypebaje 3a
ceuere, OpylIeme, rpaBUpame U [CKOPUCAHE
crakiaa (MosoBame, mapame ¥ nosmahupare).
Dabpuxa je mpecrana ca pagom 1907. roguHe.

Cpncka cabpuka ctakna - Napahux

ITorogHoCTH KOje Cy ce 3aTeKJie HA STAPUILTY
busme Munxose @pabpuke 8ynenux mranuna
— srpage, OmusuHa Boge, mapahuncko sanehe
foraTo IIyMOM, HAJNASHMINTA KPEUHaKa, IeCKa,
KeJIESHUUYKE U IyTHE Bese Omiie Cy mpecypHe
3a OCHHBaWe @abpuxe cmakia y Ilapabuny.
I'pyma Georpajckux Tprosama, Ha deay ca
MPEACEHUKOM HOBOOCHOBAHOT AKIIMOHAPCKOT
npywrsa Cpncka gabpuxa cmaraa, Munusojem
M. Tlonosuhem, maja 1907. ropune pobuja fge-
ceroropuiIme pgpxasHe mosmactune. A. [l
Cpnexa  gpabpuxa cmaxasa (COC) je panuje
oTKynuio 15 xexrapa MUHXOBOT IIama Ha KOMe
je mogumIo MpBY cTakmapcky meh ca 14 nonara
32 PydYHy IPOM3BOAIY. YIpaBkame $pabpuxom
nosepeHo je npodecopy Bennke Texnuuke mxose

y beorpapy, Jocupy Kopauesuhy.

W3 buswie pabpuxe cmaxaa y Jazodunn, xoja
je mpecrana ca pagom 1907. rogune, mpeHeTe
Cy AOpajHe W Apyre MAIIHHE, 4 U3BECTAH OpOj

o4

Glass Factory of Nacko Jovanovic in
Jagodina

From the end of operations of Glassworks
Avramovac, until the founding of the glass
factory of Nacko Jankovi¢ in 1879 in Jagodina,
not a single factory for glass production operated
in the territory of Serbia. The glass factory in
Jagodina has produced objects made of crushed
glass with the addition of soda at first. They
produced all kinds of hollow glass, from the
simplest ones (bottles, jars, balloons, glasses, cups,
bowls, pipes, etc.) to the finest one (rock crystal
and crystal). Sanded, polished, engraved glass
and colored glass (“ajhovano® and “molovano®)
have been manufactured. After the relocation,
the new factory had a furnace with recuperation
system with eight open pots for melting of glass
batch, devices for cutting, sanding, engraving and
decoration of glass (painting, decoration and gold
plating). The factory stopped its operations in
1907.

Serbian Glass Factory - Paracin

The advantages that were found in the ashes
of the former Minhova fabrika vunenih tkanina
(Minh’s Factory of Woolen Fabric) - buildings,
vicinity of the water, Paraéin hinterland rich in
forests, deposits of limestone, sand, rail and road
connections were crucial for the establishment of
the glass factory in Paracin. In May 1907, a group
of Belgrade retailers, led by Milivoje M. Popovic,
the president of the newly established Joint Stock
Company Srpska fabrika stakla (Serbian Glass
Factory), received government benefits for a period
of ten years. Shareholders Company Srpska fabrika
stakla (SFS) previously purchased 15 hectares of
land from Minh’s parcel, where it built the first
glassmaking furnace with 14 pots for manual
production. Plant management was entrusted to
Josif Kovacevi¢, a professor at the Great Technical
School in Belgrade.



paguuka mnoBydeH je y Ilapahumm. Ca 350
sanocyieHux, ¢pabpuKa HCTe TOfMHE MOYMEbe Ca
IIPOM3BOAHOM WIYIIJBET U IPECOBAHOT CTAKJIA, Jd
611 CBe4aHO OTBApakbe OHJIIO YIPHIMYECHO HAPEHE
rOfIUHE.

Tpu ropuHe HAKOH OCHHBAaKA, INIABHU aK-
nuonap COPC mnocraje Beorpaacka sappyra.
Y nemupuum rogunama bankanckux parosa
¢pabpuxa pagu ca sacrojuma, a Tokom IIpsor
CBETCKOT paTa IIPECTaje ca PajloM.

Jemam wmseemraj ms beorpagcke saapyre on
20.3.1921. ropune unycrpyje temkohe ga ce mocae
PATHMX pasaparma M [UbAYKU OKYIIATOPA KPEHE y
pag, anu ykasyje u Ha cienududaHe mpobieme oBe
UHJIYCTpHje:

IIImo ce muue Cpncke gabpuxe cmaxia y
Ilapabuny, wuju je 3adpyza eaasnu axyuonap u
Punancujep, ona je, ¢ 0b3upom na memxobe oxo
damux nabasxu cuposuna u Ha napoorocm sehez
deaa padnuxa, mopaia yeacumu csoje nebu u
obycmasumu dawy pabpuxanujy, uzopmasajybu
cebe nmpodajom  pobe koja ce y cmosapummy
HALAZULA.

Dabpuka Bume HUje MMaia OPBOOUTHH M3-
raes, Beh ce camo mo ocramuma paHHjux
MHCTaJal{ja MOTJO HACIYTUTU KoOja je 6una
HaMeHa objexTa.

Kacanuonu cyn je ombujao ma mpecybyije
HakHajy parHor obemrehema crpaHum yara-
qMa, aJIM [I0KA34JI0 Ce ja Huje 01O mupoKe pyke
HY pema napahuuckoj pabpunu. ITpema Hexum
IpOpaYyyHMMa, HAJOKHAJA 32 PATHO pasapame
moceria je Tex 40% mTere. To j€ 3BHAYMIIO 0361BHO
cabiberbe OBe MHAYCTPHUjE Y IPBUM IIOCTEPATHUM
roguHama. IIpema momamuma wus beorpapcke
sagpyre, $pabpuka je foBeficHA y PajHO CTambe
1922. ropune. ITonoso cy ymamene obe nehu n
ormodeo je paj nyHuMm kamanurerom. Pabpuka
MOYMIE [a ITPOUSBOAU KPUCTAIHO CTAKIIO,
MOAMIKE KBAJUTET, IIOJUXKY Ce HOBU €HEPIEeTCKH
KaNanuTeTH, TPajH Ce joIl jefHa JOHYaHA meh,
pymu npsousrpaheHa M Ha HEHOM MecCTy ce
nogvoke KagHa reh sa paj y Tpu cMmeHe U yBopH
Ce Py4HO-MAIIMHCKA TPOK3BOAKa. [IpousBogHm

From the former glass factory in Jagodina,
which stopped its operations in 1907, finishing
and other machines were transferred, and a certain
number of workers were moved to Paraéin. With
350 employees, that same year the factory began
producing hollow and pressed glass, and the

opening ceremony was organized ayear later.

Three years after its establishment, Belgrade
Cooperative became the main shareholder of SFS.
In the turbulent years of the Balkan Wars, the plant
was operating with interruptions, and during the
World War I it has stopped working.

A report from Belgrade Cooperative from
March 20, 1921, illustrates the difficulties to
resume operations after the devastation of the war
and looting of the occupiers, but it indicates also
the specific problems of this industry:

As for the Serbian glass factory in Paraclin,
whose main sharebolder and financier is Belgrade
Cooperative, given the difficulties in further purchases
of raw materials and ethnicity of most of the workers,
it had to shut down its furnaces and suspend further

Jfabrication, supporting itself by selling goods already

stored in the warehouse.

The factory no longer had the original
appearance, but only by the remains of the
previous installations one could imagine the
former purpose of the facility.

The Court of Cassation refused to adjudicate
the war damage compensations to foreign
investors, but it turned out that it was not
generous to the Paraéin factory either. According
to some estimates, the compensation for war
damage covered only 40% of the damage. That
meant a serious weakening of this industry in the
early postwar years. According to the data from
Belgrade Cooperative, the plant was restored into
the operating condition in 1922. Both furnaces
were operational again and started working at
full capacity. The factory started to produce
crystal glass, improved the quality, built the new
power capacities, built another pot furnace,
demolished the originally built and erected a new
tub furnace in its place for the work in three shifts
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ACOPTHMAH Ce NMPOLIMPYje HA MPECOBAHE 9Allle,
tawupe, cBehmaxe, Base wurn. Ilpeu gomahn
MajcTopH IpeysuMajy BohcTBO Ha paMIHIITHMA.
bpoj pagauxa ce nosehasa Ha 600.

Osgaxo ycnemna napahuncka ¢pabpuka samana
je 3a oxo 6pahu Aben (Abel), Aycrpujananuma
Ca jyroCJIOBEHCKMM [P)KaB/bAHCTBOM, KOjU CY
OMaM BIACHMIM HEKOMMKO ¢abpuka craxia
y Cnosenuju u Xpsarckoj. Hcxopucrusmu
cnpemsocT beorpazcxke sagpyre ga mpoga CPC
sbor Ttemxoha y oOpraHusanMju IPOHU3BOAIE,
6bpaha Aben xpegutom OTKyIUBYjy ¢$abpuxy.
Hacrajenepuopy xome ce COC mogpebyje spyrum
Abenosum pabpukama. Uysene gemke majcTope
crakma samemyjy CIIOBeHIM, MPOHM3BOAHA Ce
penyKyje, J[Eo OIpeMe je npe6aqu y npyre
CTaKJIApE, a4 CIHJIOr je OHIIO He3aZOBOJBCTBO
PamHUKA U IPEKUT, TIPOUSBOAIHE.

Dabpuka ycKopo jomr jeJHOM Mekba BIACHUKA
- 1934. rogune npunojena je Ipymrsy Xpacmuux
Vieouwene gpabpuxe cmaxasa 3azpeb. Tom KoH-
LIEPHY MPHUIAJIO je U OCTANUX CeJaM CTAKJIapa
bpahe Aben. Pabpuxa y oxsupy CjepumeHux
TBOpHHMLA Cciyxuina je uamebhy ocramor u 3a
OIJIe[JHY MPOUSBOAMY, MajJad CABPEMEHHUIIM Ha-
BOJie Ipajitbhe HOBUX nehu, MOHTHpabe MalnHa,
AyTOMATCKE XJajmade M [PYro, aid CBe Y
¢yHxuuju ocramnor gena kounepHa. Pabpuka cra-
KJIa BPXyHal, cBOr paspoja goctidke 1930. ro-
aune. Op Taja, ca MOYETKOM €KOHOMCKE KPH3E,
[IPOU3BO/IHA, 4 HAPOIUTO IPOJAja, HALIIO OMA/ajy.
ITpoussoama je cmamena Ha 50%, a Taxobhe u
pagHa cHara. Tex Ha WMHTEPBEHIIHjy, BJIACTH
papaunM ce ucrutahyjy 4eTBpTUHOM HagHUIIA, ¥
0bmuky momohu.

Crabunusanuja npe,u;yseha HacTyna 1936.
roguHe, Kaja ¢pabprka OmeT paju y TpU CMEHe,
mrro nosehasa maHce Ja ce OTIUIATU JYT OF Ipe
7IBE TOfjHE, KOjU je 610 TEK HEIITO HUIKH Off lheHE
BPEJHOCTH.

Y cnenehoj 1937. ropguHu, CTeleH HCKOpPH-
mhema xamanurera meme ce Ha 80%, mosehana
ce n3Bo3 ca 1 Ha 2,5 %, ma 6u 3a Be TOAMHE, ys3
HOBa yjarama, ¢abpuxa sabemexxuna Hajbosse
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and introduced manual-mechanical production.
The product assortment is extended to pressed
cups, plates, candlesticks, vases, etc. The first local
craftsmen took over the lead on work sites. The
number of workers increased to 600.

This successful Paradin factory caught the
eye of the Abel brothers, Austrians with Yugoslav
citizenship, who owned several glassworks in
Slovenia and Croatia. Taking advantage of the
willingness of the Belgrade Cooperative to sell
SES due to difficulties in the organization of
production, the Abel brothers purchased the
factory with loan funds. This was followed by
the period in which SFS is subjected to other Abel
factories. Famous Czech glassmaking masters are
replaced by Slovenians, production is reduced,
part of the equipment was transferred to the other
glass factories, and the epilogue was the discontent
of the workers and the interruption of production.

Soon, the factory once again changed its
owner - it was merged with the Company Hrastnik
ujedinjene fabrike stakla Zagreb (Hrastnik United
Glass Factories Zagreb) in 1934. That concern
was also the owner of the other seven glassworks
of the Abel brothers. Within the United Glass
Factories, the factory was used, among other
things, for experimental production, although
contemporaries mention the construction of new
furnaces, mounting of machines, automatic cold
storages and the other, but serving the needs of
the rest of this group. The Glass Factory reaches
the climax of its development in 1930. Since
then, with the beginning of the economic crisis,
the production, and especially sales, were rapidly
declining. The production was reduced to 50%, as
well as the workforce. Only after the intervention
from the government, workers were paid a quarter
of their wages, in the form of an aid.

The stabilization of the company occurs in
1936, when the factory again works in three shifts,
which increases its chance to repay the debt from
two years ago, when it was only slightly lower than
the company value.



pesyaTare, y dujeM je ocTBapewy mpodur 6uo
jEAMHO 1 HEIIPUKOCHOBEHO MEPHIIO U I1HJb.

3a Bpeme Jlpyror cBerckor para, $pabpuxa je
pajuiIa ca CMambeHUM KaIaUTEeTOM, fa Ou mpey
Kpaj para cacBuM yracuua nehu. ITo ocmobobhemy
¥ HanpoHanusanuju, gpabpuka Bpiao 6pso, seh
y mapty 1945, ycmesa ja ce IOKpeHe. Crnepehe
rOfIMHE JOCTHYKE IMpousBofmwy us 1939. rogune.
Jp>xaBHa MOJUTHKA MHAYCTPHUjCKOT pasBoja y
HOBOj JP)KaBH, CTAKJIAPy MOCTaBJ/bd 3a HOCHOLA
Pa3BOja IIPOM3BOJHE WIYIUBET CTAKJA, HOCEOHO
crakyeHe ambanmaxe. IToron sa ayromarcky us-
pazmy craxyieHe ambamarxe, Hajupe 6oma, a 3aTUM
u Ternyu, npopaguo je 1950. ropgune. Hosune,
koje he GaumTu y 3aceHaK CTaKJIAPCKy JyIiy,
M3a3Bajic Cy HEIOBEPEHE, KOjeM Cy y MPHUJIOT
HIIJIE TTOYEeTHE TemKohe yXofaBamba POU3BOAHE.
Te rogume, nocne mpobuor, ¢pabpuka gobuja
CBOj TIIPBH PAJHUYKK CaBET. YOP30, USrpajmoM
HoBux Kamanurera, y COC ce npoussogu 55
OJICTO jyTOCJIOBEHCKOr mymuber cTakna. Ilpe-
opujeHTanuja npexpaM6eHe UHIYCTPHje HA CTa-
KJIeHe 6olle U Terse, yMeCTO YBOSHUX JIMMEHKH,

In the following year, in 1937, the capacity
utilization rate rises to 80%, export increases from
1 to 2.5%, and in two years, with new investments,
the plant recorded its best results, in the realization
of which the profit was the only and unchallenged

criterion and goal.

During the World War II, the factory was
working at reduced capacity, and it has completely
shut down its furnaces by the end of the war. After
the liberation and nationalization, very quickly,
already in March 1945, the factory manages to
resume its operations. The following year it reached
the production level from 1939. The state policy of
industrial development in the new state recognizes
theglassworksas the carrier of production of hollow
glass, particularly glass containers. The plant for
the automatic production of glass packaging, first
bottles, and then also jars, was commissioned in
1950. The novelties, which will set aside the glass
pipe, provoked distrust, exasperated by the initial
difficulties of running the production. That year,
after a trial work, the factory receives its first
workers’ council. Soon, with the construction

Cprcja ¢pabpuxa craia - [Tapahun($pororpaduja us apxuse Myseja HayKe ¥ TEXHHUKE)
Serbian glass factory - Paraéin(photo from the Archives of the Museum of Science and Technology)
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706po je poma CTAaKIApU U HEHUM JO Taja
IPEeIMMEH3MOHUPAHUM KaNaUTETUMA. YCKOPO
ce xao Behm kymum jaBmajy dapmaneyrcka,
XEMMjCKa, KO3METHYKA HHAYCTPHja, NyHHOLU
MUHEPAJHUX BOJ4, IMBAPH U IIPOM3BOhaum
BUHA U pakuja. [TopacTom >KUBOTHOT cTaHzApAA
CTAHOBHMIITBA, CTAKJO 33 YTOCTUTECTBO MU
momahuncTBO OHMBa TpaKkeHHje U PpabpuKa mUpH
acopTUMaH M MO0OJbIIABA KBATUTET M JH3ajH.
Dabpuka je, HakoH para 1945. rogune, ©Mana TP
crakymapcke mehu, a cefjameceTHx rofuHa 4aK
14. Hapagno, To nosehare 0cHOBHE IPOU3BOHHE
IPATHJIO je PA3BOj CBUX APYTHMX KAIAIIUTETA, AJI1
je 6u1o 1 gocTa HeBosba. [lodkapy, pymema nehu,
€KCIJIO3HUje, NMPBU MITPAjKOBH, HEJIOjaJTHU YBO3
CTAaKJIa, CHOPMHA ITOCKYII/beHha CHPOBHHA, KA0 U
CUTYaIlMja Ha jyTOCIOBEHCKOM TPIXKHUIITY, JOBEJIH
Cy fo TOraia c1>a6p1/11<a 1976.1ocnyje ca ry6HTKOM,
npsu 1yt of Ocnobohema.

Crepe voBM mmanoBY M Hanopu. Ca upmMom
Kapn Hajc (Carl Zeiss) us Jene y Hemauxoj,
1979. ropune, COC mnormucyje yrosop o
KYIOBUHHM TEXHOJIOTHje, ompeme, o0ynu u
Kkpehe mpousBogma omTHYKOr CTaKiIa. YBOAZH
3eMHHU Trac Kao s3aMeHy 3a masyT. Ilopgmxy ce
jour aBe HOBe mehu ca mer ayromarckux aMHHja
3a mpousBogy ambanaxsor crakiaa. OTBapa ce
PYAHMK Kpedraka Ha babu 1 yBoge ce HOBUHE Ha
TEXHOJIOIKOM, HHPOPMAIIMOHOM, €KOJOIIKOM
u opranusanuonom miaxy. Op 1991. rogune,
$pabpuxka nocayje nog umenom Cpncka gabpuxa
cmaKaa — 0eoHuuapcKo OPyumeo y Memosumoy
ceojunu - Excnopm umnopm - Ilapabun, ca
IOTIYHOM oproBopHourhy. IIpsa cepuuma
KOHCTMTYTHUBHE CKYIIITHHE OfpkaHa je 23.
mapra 1992. ropguue, yuMe Cy O3BaHHYEHE
npomene y noraeny Bnacaumrsa 1 COC nocraje
J€OHMYAPCKO APYIITBO Y MEIIOBUTOj CBOjUHH.
ITocnepmwux roguHa, y BpeMe MHAYCTPHjCKE pe-
CTPUKIMje, pacmajia JyrociaaBuje M CaHKIHja,
Cprcka $pabpuxa cTaxia cMamyje IPOUSBOLIY U
racu Bue nehu 1 JTOHAI[A 32 TPOM3BOJHYCTAKIIA.
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of new capacity, SFS produced 55 percent of the
Yugoslav hollow glass. The reorientation of the
food industry into glass bottles and jars, instead
of imported cans, served well the interests of the
glassworks and its hitherto oversized capacities.
Soon, pharmaceutical, chemical and beauty in-
dustry, fillers of mineral water, brewers and
wine and brandy producers appear as bigger
customers. As the result of increase in standards
of life, the demand for glass for catering industry
and households is on the rise, and the factory is
expanding its range and improving the quality
and design. After the war, in 1945, the factory had
three glassmaking furnaces, and in the 1970s as
many as 14. Of course, this increase of the primary
production was accompanied by the development
of other capacities, but this created also a lot of
troubles. Fires, demolition of furnaces, explosions,
the first strikes, unfair imports of glass, enormous
price increases of raw materials, as well as the
situation in the Yugoslav market, resulted in the
plant operating with the loss in 1976, for the first
time since the Liberation.

This is followed by new plans and efforts. With
the Carl Zeiss company from Jena, Germany, SFS
signed a contract for the purchase of technology,
equipment and training in 1979, and it started
the production of optical glass. Natural gas was
introduced as a substitute for heavy fuel oil. Two
new furnaces were built with five automatic
production lines for the production of glass
packaging. Limestone quarry opened on Baba
and novelties on technological, information,
environmental and organizational levels were
introduced. Since 1991, the factory operates
under the name Serbian Glass Factory - Joint Stock
Company in Mixed Ownership - Export Import -
Paracin, with full liability. The first session of the
founding Assembly was held on March 23, 1992.
It made official the changes in ownership and SFS
became a joint stock company in mixed ownership.
Inrecentyears, at the time of industrial restrictions,
the disintegration of Yugoslavia and sanctions,
Serbian Glass Factory reduced its production and
has shut down several furnaces and pots for glass
production.



WHaycTpuja ctakna - NaHyeBo

IIpe ITpBor cBeTcKOr para, paBHUM CTaKJIOM,
Hajuemhe kopumheHnM 32  3acTak/bHBambe
Ipo30pa, 3eMJbe HEKaJallkbe JyrociaBuje cHab-
zesae cy ce us Aycrpoyrapcke. Y Cpbuju je, o
npes par, paguna jegHa mana $pabpuxa paBHOT
crakna y Kocromy. ¥V mehyparnom nepuony,
PABHO CTaKJO C€ YINABHOM IIPOUSBOJHIIO Y
Dpannyckoj, Yexocnosaukoj u benruju. ¥ meby-
patHoOj JyrocmaBuju cy, centembpa 1930, Ilpsy
mexanuuxy pabpuxy cmarxaa sa nposope A. JJ.
ocuoBanu ¢panuycku KouunepH Cexn It obe (Sa-
int Gobai), dexocmoBauka rpyma Bumpea un
benrujcka Pupma Vuumobes. Qabpuxa je jyna
1932. ropune movena ca pajgom y Ilamueny, a
BEeHH TOJMINBY [POM3BOSHM KAIALMTETH, C4
jemoMm mehm w germpm Mmammue, Oumam cy
1.800.000 m*. IIpoussoguu acoprumas je 1939.
MPOLIMPEH Ha JIOMJ/bEHO, OPHAMEHTAJTHO, Opa-
3JACTO U APMHUPAHO CTaKJIO, fAa OM HaKOH
Jpyror cBerckor para 6uo usrpaben u morox 3a
[IPOU3BOJIY HEYTPO LIEBH, aMITyaa U PUOIA 32
norpebe $papmaneyrcke ungycrpuje. Ilegecernx
rOfiMHA, TOPeJ MPO30PCKOT U JIMBEHOT CTAKJI,
3aII0YETa je MPOM3BOAHA CUI'YPHOCHHMX CTaKasa
3a ayromobmie. Qabpuxa og 1950. roguxe HOCH
Ha3UB HH&)/cmpu]kz cmaxaa — Tlanueso.

Ca pasBojem mnporpama cpa6p1/11<e, Koja je
sanodvesna pay ca jegrom nehu, ypahena cy 6pojua
TEXHOJIOWKA yHarpehewa 1 ONpeM/bEHOCT paju
nobujarma HOBUX MPOM3BOAA, KAO LITO CY:

e yBobhewe y mpoussopwy nehu sa mpo-
M3BOJIHY KPIIIA U IMBEHOT CTAKJIA, ByYEHO CTAKJIO,
nehu tuma ,Qypro® u , ITurcOypre,

® [IOjU3ake [IOTOHA 32 POUSBOJHY HEYTPO
LeBH, aMilysa 1 Gprosa 3a norpebe papmareyTcke
UHAYCTPHje, CUTYPHOCHUX CTaKana (Ka/beHO CH-
IyPHOCHO CTaKJI0) ,CUrypHocT® 32 60uHa cTaKIa
¥ CJIOjeBUTO (JIAMHHUPAHO) CTaKIO ,ITanrmexc”
3a BeTPOOpaHCKA CTakjga 3a ayTOMOOMIICKY
UHAyCTpPHjy, crakma y 6oju ,Ilankomop® wu
“Konopruexc, ka0 ¥ TepMOU30IALMOHOT CTAKIA
LHzoman®; ,Ilannnexc cTakia U KasbeHOT
CTaKJIa,

Glass Industry - Pancevo

Before the World War I, the countries of the
former Yugoslavia received supplies of flat glass,
which was commonly used for glazing windows,
from the Austro-Hungarian Empire. In Serbia,
until just before the war, a small glass factory pro-
ducing flat glass operated in Kostolac. In the period
between the wars, flat glass was produced mainly
in France, Belgium and Czechoslovakia. In Yugo-
slavia between the wars, Prva mebanicka stakla za
prozore A.D. (The First Mechanical Factory of Glass
for Windows AD) was founded by the French Saint
Goba Group, Czechoslovak Vitrea Group and Bel-
gian firm Unitbel in September 1930. The factory
started to work in Panlevo in June 1932, and its
annual production capacities, with one furnace
and four machines were 1,800,000 m”. The prod-
uct range was extended to crushed, ornamental,
ridged and reinforced glass in 1939, but after the
World War II they also built the plant for produc-
tion of neutrophil tubes, ampoules and vials for
the pharmaceutical industry. In addition to the
window and cast glass, they started the produc-
tion of safety glass for automobiles in the 1950s.
The factory changed its name to Glass Industry -
Pancevo in 1950.

With the development of the factory
production program, which began working
with one furnace, a number of technological
improvements and furnishings were achieved in
order to obtain new products, such as:

e introducing of furnaces for the production
of rubble and cast glass, drawn glass, “Fourcault”
and “Pittsburgh” type furnaces into the produc-
tion

e building of a plant for the production of
neutrophils tubes, ampoules and vials for phar-
maceutical industry, safety glass (tempered safety
glass) “Sigurnost” for the side windows and “Pan-
plex” layered (laminated) glass for windshield for
the automotive industry, “Pankolor” and “Kolor-
pleks” colored glass, as well as “Izopan” insulation
glass; “Panplex” glass and tempered glass
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® 3aMeHa: CUCTEMA JIMBEHA CTAKJIA KallMKaMa
Ca KOHTMHYaJTHIM ITPOI[ECOM, F€HEPATOPCKOr raca
Ca 3eMHHUM TacoM, pazu 607be eKOHOMUYHOCTU U
nosehama KamanuTeTa NPOUSBOAE.

ITouerkom 20. Bexka 6uio je HEKOJHMKO
IIOKyIIaja Jja ce OCHYjy HOBe pabpuKe CTAKIa, aJIK
cy yramene mpe ocHuBama (pabpuke y ITandesy.
Y Kocronuy je og 1908. roguae nodena ca pajiom
<1)a6p1/u<a CTaKJa 3a mposope, y 3ajedapy op 1928.
ropuse Gpabprka paBHOT CTAKJIA U jeAHO KPAaTKO
BpeMe paguia je pabpuxa crakia y Apaubesnosiy.

e replacement: the system of casting of glass
with spoons with a continuous process, generator
gas with natural gas, for the purpose of cost effi-
ciency and increasing of production capacity

There were several attempts to found new
glass factories in the early 20th century, but they
were closed before the founding of the factory
in Pancevo. Glass factory for windows started
operating in Kostolac in 1908, a flat glass factory
in Zajecar from 1928 and a glass factory in
Arandelovac worked for a short time.

Wupycrpuja crakia - [Tanueso (pororpaduja us apxuse Myseja Hayke U TEXHHKe)

Glass industry - Panéevo (photo from the arc

dabpuka ctakna 9. oktobap Npokynbe

Dabpuxa je ocHoBaHa 1962. ropuHe Ha Te-
MeJbMMA 3aHATCKE PaJUOHUIE 32 0Opagy paBHOT
crakia u omegana. Jlo ocamocTabuBama, OBa
pabpuxa je pasuia Kao HCTYPEHO Ofe/bebe
Cpricke $pabpuke cTakia, 3a pydHy obpagy u
mopany crakna. Hakon noxapa u nmommase 1972.

70

ives of the Museum of Science and Technology)

Glass factory 9 Oktobar Prokuplje

The factory was established in 1962 on the
foundations of a craft workshop for the processing
of flat glass and mirrors. Until independence,
this factory worked as a satellite department of
the Serbian Glass Factory, for manual processing
and finishing of glass. After a fire and a flood in



TOIMHE, KOjU Cy Y MOTIYHOCTH 3ayCTAaBHJIU HPO-
U3BOJIY, Yy OKTOOpPY HCTE TOAMHE B3aMOYHIbE
Usrpajima HoBe $pabpuke U 0OHOBA IPOU3BOAIHE.
OcuM npousBogtbe yIOTPeOHUX U JeKOPATUBHUX
IPEIMETA, Ca AKIIEHTOM Ha PA3HUM CEHUIMMA 32
pacseTHa Texa, y 0Boj pabpunu cy ce uspahupau
u yMCTHI/I‘IKI/I HpC,I[MCTI/I. HPBI/I I[HHHOMHPQHH
ymernuk y Cpbuju, xoju je pummoMupao Ha
crakiny — Jlparan [pobmwak (1941), 6uo je
3aIIOCJIEH Y OBOj <1>a6p1/1u1/1 Ka0 JU33jHEP CTAKIA Yy
nepuoay of 1969. no 1991. rogumne.

Topune 2003, HakOH BUIIETOAUIIBUX PUHAH-
cujckux npobiema, ¢pabpuxa mpormamasa 6aH-
KpPOT M mpecraje ca pagom. Jlamac Ha Mecty
¢pabprke roTOBO Jja HEMa TPAroBa Jja Cy ce Ha TOM
MECTY IPOM3BOAUIIN IIPEAMETH Off CTAKJIA.

®abpuka ctakna Ykpac ns AnnbyHapa

OcuuBamwe Qabpuxke crakna Vipac us Anu-
Oynapa, 1966. roguse, mosesyje ce 32 MaIIMHAMA
Koje cy pomute u3 Mabapcke y Bugy parme
pemapanuje ys momoh crakmapa us Cprcke
¢abpuxe craxma y ITapahuny. Kacuwuje cy ce
papuuny obydaBamu y crakiapama y Poromkoj
Cnarunu (Ciosennja) u y Ilpoxymmy. Ilpou-
3BOJM OBE CTaKjape Cy OuaM pydHO HyBaHU
yIOTPeOHM IIPEMETH 32 CBAKOJHEBHU JKUBOT, Ja
6u ce KaCHHjOM MOJIEPHUBALIUjUjOM, OBa <1>a6p1/11<a
CIIELMjaTU30BaJIa 32 IPOU3BOJIHbY KOMEPIHjaIHOT
crakia 3a gomahuucTBO M XOTeMHjepcTBO. Bp-
XyHaIl TIPOM3BOAHKE JOCTHIXKE OCAMJIECETHX
rOfiMHA JBAJICCETOT BEKA, KaJjd je KamaIuTeT
IPOU3BOJIIE M3HOCHO [BE TOHE IIPOMU3BOJA
ITHEBHO.

Dabpuka crakma YKpac Mewa BIACHUYKY
CTPYKTypy Kpajem 1991. rogune u ;[061/1ja
ume A. JI. Eypoxpucran Ammubynap. Hakon
BUILIETOAUIIBUX noTenkoha y paay, y mepuogy o
2010. go 2012. ropumne, (l)a6pm<a y HOTHOYHOCTH
IIPECTAje Ca PaJIOM.

1972, which completely halted the production, the
construction of a new factory and the relaunching
of production began in October of the same
year. In addition to the production of useful and
decorative items, with an emphasis on various
shades for lighting fixtures, this factory also
produced art objects. The first graduated artist in
Serbia, who graduated in glass, Dragan Drobnjak
(1941), was employed in this factory as a glass
designer in the period from 1969 to 1991.

In 2003, after several years of financial
problems, the factory declared bankruptcy and
ceased operations. Today, at the site of the factory,
there are almost no traces that glass objects were
ever produced here.

Glass factory Ukras from Alibunar

The establishment of the Glass factory Ukras
in 1966, in Alibunar, is linked to machines
that came from Hungary in the form of war
reparations and the help of glassmakers from the
Serbian Glass Factory in Paraéin. Later, workers
were trained in glass factories in Rogoska Slatina
(Slovenia) and Prokuplje. The products of this
glass factory were hand-blown, useful everyday
objects, and with later modernization, this factory
specialized in the production of commercial glass
for the household and hotel industry. The factory
reached its production peak in the 1980s, when the
production capacity was two tons of products per
day.

In late 1991, the ownership structure of the
Glass factory Ukras changed and the factory
changed its name to A. D. Eurokristal Alibunar.
After several years of business problems, in the
period from 2010 to 2012, the factory completely
ceased operation.
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Kpucman 3ajeuap

3aden MPOU3BOAE CTAKIA Y 3ajeyapy MOTH-
gy usnepuopa o 1923. no 1930. rogune. [Tonosno
AKTUBUPake IPOUBBOJE CTAKJIA NOuMmbe 1965.
ropune. ITogprxkana pobpum reorpadpckum Io-
JI0XKajeM, NPBEHCTBEHO 3axBakyjyhm Onmsunu
PyAHHKA KBAPIHOTI IecKa y ProTunu, ocHuBa
ce ®abpuka mynmer — pacBEeTHOr CTaKJa, Koja
je y moderKy Ouia meo NPUBPEJHOr LPYIITBA
Pyonuyu u nememain, a KaCHUje, HAKOH OCa-
MOCTa/buBaka, #obuja Hasus Kpucmas A. [I.
3ajevap. Kmpyuna roguna sa Kpucmas je 6buna
1974. xapa je wsrpabema xagma meh Bemmkor
KaIaIUTETA 32 IIPOU3BOJ Y IPECOBAHOT CTAKJIA U
AyTOMATHU3aLHjy OOJIHMKOBAA OJIOBHOT KPHCTAIIA,
Koja je 6uia jEIMHCTBEHUM Ha TEPUTOPHUjU Ta-
mamme Jyrocmasuje. C obsupom ga je Ppabpuka
0112 OpMjEHTHCAHA HA M3BO3, IEBE/IECETUX FOMHA
ABAJIECETOT BEKA, CAHKIHje U JIOIA E€KOHOMCKO
HOJUTHYKA CUTyalMja [JOBOAE MO IIOTIHYHOT
ramema q)a6p1/11<e 2002. roguse.

Komnanwuja CBapoBcku 'y Cpbuju

Y 21. Bexy y Cpbuju je, y Cyborunu, orBopen
IPOM3BOJJHHU [IOrOH PEHOMHUPAHOT CBETCKOT MPO-
usBohaua xpucransor craxna Csaposcku (Swa-
rovski Co). M3 mane dpabpuxe crakia mopopu-
ne Isapm, 1895. rogune cun BracHuka, [lanu-
jer IlBapm ca xamutanom Apmana Kocma-
ua, Opanna Bajca ocHuBa xoMmaHujy mop Ha-
suBoM A. Kosman, Daniel Swartz & Co, ca
kacuujum HasusoMm K.S. & Co. Cepgumre ose
KOMIIAHHUje 332 U3pafy KPHUCTasa 6uo je y Ba-
TeHCy, y obmactu Tupon y Aycrpuju. Qabpuxa
ce Hajasuaa y OJMSMHHU XUJPOENEKTPaHe, duja
eHepruja je KopnmheHa 32 MOKPETaWmE MalIUMHA
3a nosnupame. Ilporec nonupama y mpousBomu
xpuctansor crakaa Jlanujen Cpaposcku je ma-
tentupao 1892. roguue. Kommanuja ce pamac
0aBU IPOMBBOAKOM JIYKCYSHHX IIPEAMETA Of
KPUCTAa, TPOMUSBOJHOM ONTHYKUX ypehaja,
abpasMBHUX CPEJCTaBA 33 MHAYCTPUjCKY obpany
MaTepHjana, 0oOpajoM [paror Kamemwa, Kao U
U3PAJIOM CUTYPHOCHHUX eJleMeHaTa y caobpahajy.
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Kristal Zajecar

After the initial attempt to produce glass
in Zajecar in the period from 1923 to 1930, in
1965, glass production in this town was restarted.
Supported by a good geographical position, but
primarily the nearness of the quartz sand mine
in Rgotina, the factory for production of hollow
— lighting glass was founded. It was initially a
part of the company Rudnici i nemetalt, but later,
after becoming independent,it was named Kristal
A. D. Zaje¢ar.The key year for Kristal was 1974,
when a large-capacity bath furnace was built for
the production of pressed glass and automated
shaping of lead crystal, which was unique on the
territory of Yugoslavia at the time.The export-
orientation of this factory, sanctio-ns and the bad
economic and political situation in this area in the
1990s led to the production at the Kristal Zaje¢ar
factory completely shutting down in 2002.

Company Swarovski in Serbia

In the 21 century in Serbia, a manufactur-
ing plant of the renowned global manufacturer
of crystal glass Swarovski (Swarovski Co.) was
opened in Subotica. From a small glass factory
of the Schwartz family, the owner’s son, Daniel
Schwartz, with capital of Arman Kosman and
Franz Weiss, founded the company called A. Kos-
man, Daniel Swartz & Co. in 1895, which was later
named K.S. & Co. The headquarters of this crystal
making company was in Wattens, Tyrol region in
Austria. The plant was located near a hydro power
plant, used to drive the polishing machines. Dan-
iel Swarovski patented the polishing process in
the production of crystal glass in 1892. Today the
company produces luxury items made of crystal,
optical equipment, abrasives for industrial pro-
cessing of materials, processing of precious stones,
as well as production of safety traffic elements.
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Kpucran xsapria, Cpbuja, Pygapcko-reonomxu daxyorrer, Brmbap. Maxexomuia
30upKa MUHEpaIa ¥ CTeHa Amber R;[ace doﬁia J
Quartz crystal,Serbia, Faculty of Mining and Geology, ?

Collection of Minerals and Rocks

JeBuTpruduKoBaHO BYIKAHCKO CTAKIO0, JIumapcka ocTpaa, Oman, Kocjepuh, Pygapcxo-reonomxu gaxysrer,
Pypapcko-reonomku pakynrer, 36upKa MUHepana 1 36upKa MHHEpaIa ¥ CTCHA

crena, Vus. 6p. P202 Opal, Kosjeri¢, Faculty of Mining and Geology,
Devitrified Vof)canic glass, Aeolian Islands, Faculty of Collection of Minerals and Rocks

Mining and Geology, Collection of Minerals and Rocks,
Inventory No. R202

basanrtha nmaBa, Yekpmma ocTpsa, Pygapcko-reonomku Cenuonur (nnosyhau), Canropusu, Pygapcko-reonomxu
daxynrer, 30upKa MuHepana u creHa, Kus. 6p. P189 daxysnrer, 36upka MuHepana u crena, Fus. 6p. 181
Basaltic lava, Easter Island, Faculty of Mining and Sepiolite (Pumice), Santorini, Faculty of Mining and
Geology, Collection of Minerals and Rocks,?T Geology, Collection of Minerals and Rocks,

Inventory No. R189 Inventory No. 181
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Pesay (Hoxxuh), Jaxoso, Kopmagun, Heomur (Bunuarncka

kynTypa) 4800-4600. npe H. e. Mysej rpaga beorpana, Onbwurax, Jobanosuwu, I—Iﬂfﬂaﬁa, Eneonur (Banencka
us. 6p. AT18786 kynrypa) 3200. ipe . e. Mysej rpaga Beorpapa,

Cutter (knife), Jakovo, Kormadin, Neolith, Vinéa Wus. 6p. AI15949

culture, 4800-46 BC, Belgrade City Museum, Flake, Dobanovci, Brickyard Chalcolithic, Baden culture,
Inventory No. AP8786 3200 BC, Belgrade City Museum, Inventory No. AP5949

Jesrpo, Crybmune, pxsune, Heomur (Bunuancka Crpyrau (noxuh), 3emyn, Heonur (Bunuancka xynrypa)
Kynrypa) 4800-4600. pe H. e. Mysej rpaga beorpapa, 4800-4600. rmpe 1. e. Mysej rpaga beorpana,

Mus. 6p. AIT4917 Wus. 6p. AIT8727

Core, Stubline, Crkvine, Neolith, Vinca culture Grinder (knife), Zemun, Neolith, Vinéa culture
4800-4600 BC, Belgrade City Museum, 4800-4600 BC, Belgrade City Museum,

Inventory No. AP4917 Inventory No. AP8727

Bpx cpenure, Ctpmornasna, 3200 mpe . €., Craxacra arypa, Yemka Peny6ﬂm<a, 20. Bek, us. 6p.
Mysej rpaga beorpapa, Mus. 6p. ATIM311 T:79.46

Arrowhead, The Czech Republic, 20™ century, Glassy slag, The Czech Republic, 20" century,
Inventory No. APM311 Inventory No. T:79.46
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Craxnena nocyza, Pumcxu nepuog, 2-3. Bex,
Mysej rpaga beorpana, Mus. 6p. AA4238

Glass jar, Roman period, 2-3. century,

Belgrade City Museum, Inventory No. AA4238

Craknena nocyna, Pumcku neprog, 2-3. Bex,
Mysej rpaga beorpapa, Kus. 6p. AA44

Glass jar, Roman period, 23" century,
Belgrade City Museum, Inventory No. AA38

Tema, Yuhe, Pum, 2-3. Bex, Mysej rpaga beorpana, Hus.
op. 2383

Gem, Us¢e, Rome, 2™-3" century,

Belgrade City Museum, Inventory No. 2383
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Craxsiena nocyga ca noxsonuem, Pumcku nepuog,
2-3. Bex, Mysej rpaga beorpaga, us. 6p. AA3310
Glass jar with a lid, Roman period, 2-3. century,
Belgrade City Museum, Inventory No. AA3310

Craxsiena nocyna, Pumcxu nepuog, 2-3. ek,
Mysej rpaga beorpaza, Mus. 6p. AA38
Glass jar, Roman period, 2*¢-3" century,

Belgrade City Museum, Inventory No. AA38

TI'ema, Ywihe, Pum, 3. Bex, Mysej rpaga beorpapa,
HHus. 6p. 1955

Gem, Usée, Rome, 3" century, Belgrade City Museum,

Inventory No. 1955



IToxnonan anTuyke mocype, Pum, 3-4. Bex,
Wus. 6p. T:79.46

Lid of an ancient bowl, Rome, 3*-4" century,
Inventory No. T:79.46

Tamwup, beorpag — ropru rpag, 15. Bex,

Mysej rpapa beorpapa, Hus. 6p. AC 1663

Plate, Belgrade — Upper Town, 15" century, Belgrade
City Museum, Inventory No. AS 1663

Duona, beorpag — ropwu rpag, 13-15. Bex,
Mysej rpaga beorpaga, Mus. 6p. AC1141

Flask, Belgrade — Upper Town,, 13-15% century,
Belgrade City Museum, Inventory No. AS1141

Hapyxsuia, Mupujeso, 12-13. sek,

Mysej rpapga beorpana, Mus. 6p. AC 132
Bracelet, Mirijevo, 12*-13* century,

Belgrade City Museum, Inventory No. AS 132

Orpiute, Mupujeso, 12-13. Bex, Mysej rpaga beorpaga, Mus. 6p. AC129 1 AC154
154 Necklaces, Mirijevo, 12-13% century, Belgrade City Museum, Inventory No. AS129 and AS154
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Oxynyc (npoaopcxo CTaKJIo), beorpap, 13-15. Bex,
Mysej rpaga beorpaga, Mus. 6p. AC6000

Oculus (window glass), Belgrade, 13™-15® century,
Belgrade City Museum, Inventory No. AS6000

boua, Jaropguna, gyBaHo craxso, npBeHa J1azypa, OKO
1852, Mysej npumMemeHe YMETHOCTH, HHB. 6p. 5072

Bottle, Jagodina, blown glass, red glaze, around 1852,
Museum of Applied Arts, Inventory No. 5072

Yaura, Jarofusa, IMBEHO CTAKIIO, LiPBEHA J1a3ypa, 60oja,
oko 1850, Mysej npumersete ymeTHOCTH, MHB. Op. 5085
Glass, Jagodina, cast glass, red glaze, paint, around 1850,
Museum of Applied Arts, Inventory No. 5085
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Boxan, Jaroguna, Hauko Jauxosuhu cun, oxo 1889,
Mysej npumeneHe ymernocty, Hus. 6p. 14325
Jug, Jagodina, son of Nacko Jankovi¢, around 1889,
Museum of Applied Art, Inventory No. 14325

Yaua, JaropuHa, JIMBEHO CTAKIIO, LIPBEHA 1a3ypa, 60ja,
oko 1850, Mysej mpumereHe yMETHOCTH, UHB. 6p. 884
Glass, Jagodina, cast glass, red glaze, paint, around 1850,
Museum of Applied Arts, Inventory No. 884

-I-__'.‘ ¥

Yama ca cronom, Cpricka ¢pabpuxa craxua Iapahus,
AyBaHO CTaKJo, MaTutug, oko 1928, Myaej npumemene
YMETHOCTH, CTYAHjcKa 30upKa

Goblet, Serbian glass factory Paracin, blown glass,
matschlif, around 1928, Museum of Applied Arts, Re-
search collection



CTaKnaECKa Kyna, 20. Bex, Kus. 6p. T:79.3
Glassmaking bench, 20" century. Inventory No. T:79.3

.. i

CraxtofyBayka y/a ca MECHIaHOM IjajsioM, Mus. 6p. T:29.28
Glassblowing pipe with brass mouth-piece (‘cajzla’), Inventory No. T:29.28

Craxmapcke makase, Cpricka $pabpuxa crakia
ITapahun, kpaj 20.8exa, Kus. 6p. 79.19

Craxuapcku sonan, Cpricka pabpuka craxna [Tapahun, 1979, Glassmaker’s shears, Serbian glass factory
Uus. 6p. T:79.29 Paradin, end of the 20* century,

Glass pot, Serbian glass factory Paraéin, 1979, Inventory No. T:79.29 Inventory No. 79.19

81



Kastyn 3a MaliHCK lyBaHO CTAKIIO €2 Y30PKOM,
Cprcka (1)a6pm<a CTaKJa HapahI/IH, kpaj 20.pexa,
Waus. 6p. T:79.18/1 1 1:79.18/2

Mold for machine-blown glass with a pattern, Serbian
glass factory Paradin, end of the 20" century,
Inventory No. T:79.18/1 and T:79.18/2

Kpyxcosa 1je, nouerak 20. Bexa, Mus. 6p. T:124.12
Crookes tube, early 20" century, Inventory No. T:124.12

b

PrE

ITentopa Telefunken RL12P35, Hemauxa, 1943,
HMus. 6p. T:79.42

Pentode Telefunken RL12P35, Germany, 1943,
Inventory No. T:79.42
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Hoox 3a ceueme crakna, kpaj 20.Bexa,

Hus. 6p. T:135.175

Knife fgr cutting glass, end of the 20 century,
Inventory No. T: 135.175

L
——

Cujanmuna Exucon ca gBa 3aBojua Biakna tuma E 27, 30-32
V, CA/l, oxo 1900, Mus. 6p. T:124.8

Edison light bulb with two threaded fibers of type E 27,
30-32'V, USA, around 1900, Inventory No. T:124.8

S

Kusuna cujamua Bucoxor npurrcka VIFE 400W,
220V, 50 Hz, tun E 40, oxo 1989, Mus. 6p. T:124.6
High pressure mercury vapor lamp VTFE 400W, 220V,
50 Hz, tip E 40, around 1989, Inventory No. T:124.6



Tepmomerap Faichney inst. Co. CAJL, oxo 1950,
Wus. 6p. T:11.7.827

Thermometer Faichney inst. Co. USA, around 1950,
Inventory No. T:11.7.827

¢

Muxpockon Carl Zeiss, Hemauxa, kpaj 19. Bexa,
Wus. 6p. T:125.1
Microscope Carl Zeiss, Germany, end of the 19* century,

Inventory No. T:125.1
! ll

CraxieHa 60152 32 raslPaHy HAITMTAK Ca KIUKEPOM,
Cenra, cpeauna 20. Bexa, Fus. 6p. T:79.43

Glass soda pop bottle with a marble, Senta,
mid-20™ century, Inventory No. T:79.43

'-'O

Jlyna, oxo 1900, Hus. 6p. T:11.7.95

Magnifying glass, around 1900, Inventory No. T:11.7.95

boua sa cudon copy, Cp6Hja, cpenuna 20. Bexa,
Haus. 6p. T:135.145

Soda siphon, Serbia, mid-20™ century,
Inventory No. T:135.145

ITanenos nonary RAPID, mpa nonosusa 20. Beka,
HWaus. 6p. T:4.17

Papin’s steam cooker RAPID, first half of the

20" century, Inventory No. T:4.17
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Panujym emanarop, Deutsches Radinm A.G., Hemauxka,
oko 1935, Mus. 6p. T:11.1.139

Radium emanator, Deutsches Radium A.G., Germany,
circa 1935, Inventory No. T:11.1.139
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ITpo6Hu cer craxana sa ogpehusame gronTpuje,
Aycrpuja, 1930-1950, Mus. 6p. T:11.7.906
Trial set of dioptric glasses, Austria, 1930-1950,
Inventory No. T: 11.7.906
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Kononockon Olympus, Janan, oxo 1990,
Haus. 6p. T:11.1.139

Colonoscope Olympus, Japan, around 1990,
Inventory No. T:11.1.139

Amapar sa enexrpo-tepanujy Vox, Aycrpuja, 1930-1950,
Wus. 6p. T:11.7.123

Electro-therapy apparatus Vox, Austria, 1930-1950,
Inventory No.T: 11.7.123
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Kusuna cujamuna Bucoxor nputucka VIFE 400W,
220V, 50 Hz, tun E 40, oxo 1989, Mus. 6p. T:120.32
High pressure mercury vapor lamp VTFE 400W, 220V,
50 Hz, tip E 40, around 1989, Inventory No. T:120.32

Tepmomerap Faichney inst. Co. CAJL, oxo 1950,
Wus. 6p. T:11.1.149

Thermometer Faichney inst. Co. USA, around 1950,
Inventory No. T:11.1.149

CrakieHa 601ja 32 rasMPaHU HAITUTAK Ca KIMKEPOM,
Cenra, cpeguna 20. Bexa, F1us. 6p.

Glass soc{; pop bottle with a margle, Senta,
mid-20" century, Inventory No.

|
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Kononockon Olympus, Janan, oko 1990,
Haus. 6p. T:79.1/5

Colonoscope Olympus, Japan, around 1990,
Inventory No. T:79.1/5

Jlyma, oxo 1900, Hus. 6p. T:79.44
Magnifying glass, around 1900, Inventory No. T:79.44

ITanenos nonan R APID, npsa monosusa 20. Beka,

us. 6p.

Papin’s steam cooker RAPID, first half of the 20* centu-
ry, Inventory No.
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