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Annotation. The construction of spectacular structures began in antiquity in Hellas. At that
time, such structures were located on natural relief, which provided good acoustics. Theaters
were used only during daylight hours. But at the beginning of the Renaissance, it became
necessary to cover large spectacular interior spaces, which over time should accommodate an
increasing number of spectators. Therefore, the issue of acoustics and daylighting of the
innermost spaces and theatrical performances must be resolved at an appropriate quality level.
These technical characteristics necessitated the use of unsupported ceilings in halls with large
spans.

Such structures were erected using traditional building materials: stone, brick, metal, wood,
glass. The step into the possibility of arranging large halls came in the 50s of the XX century.
This is due to the emergence of polymer building materials. Such materials were lighter in weight
compared to reinforced concrete with the ability to provide quality acoustics and lighting at any
time of the day. Literary sources do not always explain the aforementioned peculiar technical
devices of the theater halls. Therefore, the authors made an attempt in this study to combine the
applications of these characteristics.

The relevance of the study lies in the fact that from antiquity to our time, the overlap of
gigantic interior spaces with a large seating capacity for spectators with good acoustics and
lighting coefficients occupy one of the main places in architecture in general.

The scientific novelty of the research lies in the fact that in spectacular structures, the issue
of overlapping large internal spaces, taking into account the acoustic and light characteristics,
must be carefully analyzed and combined, as revealed in modern public buildings.

Modern entertainment facilities include: theaters, cinema and concert halls, stadiums with a
large seating capacity, where high-quality visibility from all points of the viewing space should
be provided, as well as high-quality lighting of the auditorium and stage. Such modern structures
can be both in the open (external) space and have overlapping of the internal space.

The types of spectacular structures have evolved over the centuries. By the end of antiquity,
several types of theaters, amphitheaters, and sports facilities were proposed. Which were built of
stone and did not have stationary ceilings. In the Middle Ages, this type of structure was not
designed.

Keywords: entertainment facilities, theaters, amphitheaters, sports facilities, building
materials, structures, acoustics, lighting.

Analysis of the latest achievements and publications. One of the first theaters to be
closed was the Olimpico in Vicenza, 1580-1585 (Fig.1). Architect Andrea Palladio, studied at
Scamozzi. The theater is built of stone and wood [1, p. 290, 307-308].
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Theaters of this type were built in the second half of the 20th century. In the 20s of the
twentieth century reinforced concrete floors began to appear. From the middle of the XIX century
materials such as metal and glass were used. One of the first craftsmen who began to use
reinforced concrete in the construction of bridges was engineer Robert Maillard [2, p. 342-345],
and in 1939 he demonstrated the unique properties of reinforced concrete in an arch at the
National Exhibition in Zurich [3, p.388]. This arch demonstrated only the possibilities of
reinforced concrete, the top of which appeared (as one of such options) - the roof of the Sydney
Opera House (Australia). The competition for the designs of this building was won by the Danish
architect Eron Watson [3, p. 295, 228-229]. The expressive external image of the theater did not
in any way correspond to the requirements of this particular type of internal space (at that time
the problem of acoustics was not solved). Only later, during operation, it was necessary to fix it
with a big waste of time and financial resources.

The purpose of the study. Building materials, constructions, acoustics and lighting in the
development of enterprise constructions (history and modernity).

Research objectives:

1. Analyze the process of designing and building spectacular structures using new building
materials.
2. Structures and solving the issue of acoustics and lighting in the context of history and
modernity.

Main text. The 50s of the twentieth century gave builders new materials - polymers. And
since then, it has become possible to erect spectacular structures with the necessary technical
requirements, because: polymers are lighter than reinforced concrete, this material is flexible
(takes various given shapes and volumes), lightweight in the construction process. Structures
have become indispensable for the formation of spectacular structures.

The authors made an attempt to follow the development of types of spectacular structures
in antiquity to the present time, identifying the main technical characteristics depending on
building materials and structures.

The theater as a type of entertainment originated in the Eastern Mediterranean in the
countryside of Hellas during the Archaic times and was associated with the festival of the grape
harvest. The scenario of the holiday was set like this: the peasants stood in a circle, danced and
sang, that is, each of them saw and heard everything that was happening around.
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Fig. 1. Olimpico in Vicenza, 1580-1585 Architect Andrea Palladio
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The tradition of the holiday, even in the archaic, passed from villages to cities, where a
choir with songs, with an accompanying actor, moved around the circle specially on a round
platform. The spectators were accommodated in a semicircle (the second half of it was occupied
by a household tent for actors). There were not enough seats on the semicircle for all spectators.
For these viewers-listeners, they began to make tiered wooden prefabricated structures - and
those who wish saw everything and heard everything [4, p. 368; 5, p. 302-309, 8]. Due to the
economy of wood and the saving of time in the manufacture of structures, they began to be used
several times, which led to destruction. Therefore, at the end of the archaic, theatrical structures
began to be erected on natural reliefs. But in this case, they found places where there was high-
quality acoustics. And again, the audience was pleased. The practice of building theaters has
become progressive (Fig.2).

. ; erna |ppeare under Pompey during en ongus

In the V century. BC. viewers began to watch such a genre as tragedy (this is the period of
great classics). Drama and comedy were favored by the audience. 1V-Il c. BC. these are the
periods of late classics and Hellenism - and all spectators were satisfied with the performances:
the acoustics met the necessary requirements; theatrical performances were accompanied by
artificial colored lighting. [2, p.268;5, p.305-321,9].

The Roman Republic copied the entire culture in Hellas. The advantage was the
performances with bloody battles. Therefore, the arrangement of seats did not suit the spectators.
By the Il century. BC. they formed a kind of spectacular structures [6, p.34]. This type
developed in general terms in the form of an amphitheater, which provided a comprehensive
overview of the action. And again, the audience was happy [4, p.74,455,10].

At first, the Romans began to use artificial places for spectators when erecting
amphitheaters, primarily at ground level (these are the first stone amphitheaters, which were
partially preserved - in Sutra, in Pompeii). In the Sutra, spectator seats are completely carved into
the rock. Its arena size was close to a circle and was 50.0 x 40.0 meters. Among the seats for
spectators, there were no sectors and there were no stairs: instead of stairs, low seats were used.
At the theater in Pompeii (70s BC), seats for spectators were dug into the ground (Fig.3).

The stage is also dug in the ground. The theater is designed for 20 thousand spectators.
Special passages were made among the seats for spectators. The last theater of the republican
period was in the town of Pola, 30s. BC. designed for 20 thousand spectators [4, p.455-457,11].
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Fig. 3. One of the flirst amphitheaters of the Roman Empire was erected in Pompeii in 70 BC and
accommodated 20 thousand spectators

Only by the middle of the 1st century. AD. the type of amphitheater was established in its
main features. Most of the amphitheaters were brought together during the first two centuries of
the Roman Empire in all its territories, even in the territories of military camps. One of the first is
the amphitheater in Verona for 28 thousand spectators, with an arena 76.0 x 44.0 m, with external
dimensions - 15.0 x 123.0 m. The amphitheater still has excellent acoustics, and theatrical
performances are accompanied by multicolored lighting effects. The amphitheater in Puteoli had
a special water supply system. Which was intended for performances with sea battles. One of the
best amphitheaters in the Empire is in Capua. Outside Italy, one of its best amphitheaters is in
Nimauzi, Galia (Fig. 4).

Fig. 4. Amphitheater of the Roman Empire - in Capua

The main amphitheater of the Roman Empire is the Colosseum in Rome (or the Flavian
theater) arena-ellipse (85 x 53 m), external dimensions 188 x 156 m, erected in 79-80. AD

The amphitheater is four-tiered, arcaded: the first tier is Tuscan, the second is lonic, the
third is Corinthian, and the fourth is Corinthian pilasters. The amphitheater had a temporary
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cover: in case of heat of the sun, or rain, it was covered with a canvas canopy. It was pulled by
sailors from masts inserted along the top of the wall of the fourth tier.

In total, there are about 200 amphitheaters on the territory of the Empire, of which the
Colosseum is the most perfect in terms of functions, structures and architecture. It embodied the
dawn of architecture of this type of structures of the previous time, as well as all the previous
experience in the development of architecture within the Roman Empire.

As for building materials and structures, the amphitheaters were erected on stone
foundations, according to the principle of a support-beam system. They were thorough from the
acoustic side and the ability to accompany theatrical performances with light effects [4, p.575-
593, 12].

The Colosseum has become the basis for the development in our time of such structures as
sports stadiums and complexes and as circus arenas (although they themselves had a round plan
for the acting stages). In addition to theaters and amphitheaters, sports stadiums were also built in
the Empire [4, p.593-595]. They were similar to examples from Hellas, where they played an
outstanding role in life in general. At that time, the Olympic Games were held every four years

(Fig. 5).

1 L

Fi. 5. Colosseum - UNESCO World Heritage Site

They lasted 5 days, then all military operations in Hellas ceased. Athletes performed at the
stadiums of Hellas and horse chariots competed. In Rome, equestrian competitions were mainly
held [7]. The current stadiums are based on the Colosseum. The stadiums of the Roman Empire
were functionally more multifaceted. It was for their floors that modern structures and modern
building materials were developed at that time [13].

Some of the Roman amphitheaters play a significant role in today's global cultural space. A
new life has been returned to them in modern times: unique vivid performances are staged on
their arenas (like in the Verona arena the first opera by G. Verdi was performed, dedicated to the
opening of the Suez Canal to the 100th anniversary of its construction), as well as concerts of
various genres. With the help of new modern materials, the Verona arena has been transformed
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into a three-dimensional stage (which can never be achieved in a theater), and the seats for the
audience have become comfortable.

Reinforced concrete, metal, polymers, glass, new means of wood processing - all this made
it possible to erect unique spectacular structures of the 20th and early 21st centuries

Conclusions. Thanks to the search and the emergence of new building materials and
structures, it became possible to erect structures with many spans, primarily entertainment
structures (theater halls, stadiums, public buildings). When designing, they are provided with the
necessary high-quality acoustics and artificial daylight.

In the twentieth century, it is necessary to note the existing theaters: - Berlin, a large drama
theater, 1919, arch. G. Pelzig; - Brazil (capital), theater 1962, Arch. Niemeyer; Cologne, Opera
House, 1958, architect. V. Raphan; - Sydney, Opera House, start of construction - 1959, architect.
Jorn Watson. Outstanding sports facilities: - Florence, stadium, 1929-1932, Ing. Pietro Luigi
Nervi; - Japan, Takamatsu, Sports Palace, 1958, architect. Kenzo Tange; - Rio de Janeiro,
Maracana stadium, 1950, architect. P. Baltus, R. Galvao. Kenzo Tange refers to various designs
of large span slabs.
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AHoTanisA. By 1IBHUIITBO Bpa)karouux CHOpy[ noyanocs B aHTUUHOCTI B Eynani. V Toii yac
Takl CHOPYAHM PO3TAIIOBYBAIHCS Ha NPHUPOTHOMY penbedi, mo 3a0e3medyBaio XOpoury
aKycTuky. TeaTpu BHUKOPHCTOBYBAJM JIMIIIE B CBITIMKA Yac J00W. AJie Ha TMOYATKy €MOXH
BinpokeHHs: BUHUKIA HEOOXITHICTh OXONMUTH BEJMKI €(PEeKTH1 BHYTPILIHI MPOCTOPH, K1 3
4acoM MaJji BMICTUTH Bce OUIbIIY KUIBKICTh IisiadiB. ToMy NMUTaHHS aKyCTHKH Ta JIEHHOTO
OCBITJIEHHS! BHYTPIIIHIX NPUMILIEHb Ta T€aTPaJbHUX BUCTaB Ma€ OYTH BUpIIIEHE HAa HAJIE)KHOMY
aKicHOMY piBHI. 1li TexHIYHI XapakTepUCTUKU 3YMOBWJIM HEOOXIIHICTh BHUKOPUCTAHHS
HEOTIOPHUX CTEeJIb y 3aJlaX 3 BEJIMKUMHU MPOJILOTAMHU.

Taki cmopyau 3BOAWIMCA 3 BUKOPHUCTAHHAM TPAAMIIIMHUX OymiBEIBbHUX MaTepialiB:
KaMEHIO, LIeTJIM, MeTally, JepeBa, ckia. Kpok y MOKIMBICTH OOJNAINTYBaHHS BEIUKUX 3aiB
HactaB y 50-x pokax XX cromirrs. lle moB’s3aHO 3 MOSBOIO MOJIMEPHHX OYIiBETHHUX
MarepianiB. Taki Marepiaiau OyiM JIeTIIe 32 Baror MOPIBHSIHO 13 3a71i300€TOHOM 3 MOJKJIUBICTIO
3a0€3MeUnTH SKICHY aKyCTHKY Ta OCBITIICHHs B Oynb-skuid yac ao0u. JliteparypHi mpkepena He
3aBXKIM TIOSICHIOIOTHh BHINE3TajaHl CBOEPIAHI TEXHIYHI MPHUCTPOi TeaTpalibHUX 3amiB. Tomy
aBTOPU 3po0OMIH CIIpo0y B IOMY JOCITIKEHH1 MOEHATH 3aCTOCYBAHHS [IUX XapaKTEPUCTHK.

AKTyallbHICTh JOCHI/DKEHHS MOJSrae B TOMY, L0 Bil aHTUYHOCTI JO HAIIOTO Yacy
MEPEKPUTTS TraHTCHKUX BHYTPINIHIX MPOCTOPIB 3 BEIMKOI MICTKICTIO IS TJIAIa4iB 3 XOPOIIOK
AKyCTHKOIO Ta Koedil[ieHTaMH OCBITJICHHS 3aiiMa€e OJIHE 3 TOJIOBHUX MICI[b B apXIiTEKTypil
3araioM. HaykoBa HOBU3HA IOCHIIPKEHHS MOJSTa€ B TOMY, IO B €(EKTHHUX KOHCTPYKIIIX
MUTAaHHS NEPEKPUTTS BEIMKUX BHYTPIIIHIX MPOCTOPIB 3 ypaxyBaHHSAM aKyCTUYHHX 1 CBITJIOBUX
XapaKTEepUCTUK HEOOXITHO PETENbHO MPOAHATI3yBaTH Ta MOEIHATH, K 1€ BUSBICHO B CY4acHHUX
rPOMAJICBKUX OYIIBIISIX.

Tunu epexkTHUX crnopya pPO3BUBAIUCSA MPOTATOM CTOMNITh. J[0 KiHI aHTUYHOCTI Oyio
3aMpornoHOBAHO KUIbKa THUIIIB TeaTpiB, amdireaTpiB, CHOPTUBHUX criopyd. ki Oysiu 30ymoBaHi 3
KaMEHIO 1 He MaJIi CTal[lOHAPHUX CTEJNb. Y Cepe/IHi BIKM TaKHil TUII CIIOPY]l HE MPOEKTYBAIH.

KirouoBi cioBa: po3BaxanbHI 3akiaau, TeaTrpd, am@ireaTpd, CHOPTHBHI CHOPYIH,
OyniBenIbHI MaTepiasid, KOHCTPYKIIii, aKyCTHKA, OCBITJIIEHHS.
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