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IIpenucaosue

Preface

Tpuymdansaas Apka [laneMupel — BUSUTHAS
kapTouka CHpUM — caMoe HM3BECTHOE 3a Ipe-
JieNlaMH CTpaHbl COOpY’KeHHE MO31HEeH AHTHY-
HocTu. Ocenbio 2015 1. Bechb mMup obnerenu
KaJIpbl B3pPHIBOB TEPPOPUCTAMU OOBEKTOB KYJIb-
TYPHOTO Hacleausi ropozja: xpama boma, xpama
baanmamuHa, yHUKaJbHBIX HOrpeOalbHBIX
Oamen u Tpuymdansaoir Apku. IIpecTymHble
nesuus OoesukoB MI'MJI (teppopuctudeckas
opraHuszaHus, 3ampeunieHHas B Poccun) Obuin
MOJBEPTHYTHl €IUHOIYUIHOW KPUTHUKE BCEM
MHPOBBIM KYJIBTYpPHBIM cooO1ecTBoM. Ocoboit
007bI0 BECTh O B3pBIBE ApPKH OTO3BaJIach
B CepAlax pPOCCHUSH, Belb BCE, KTO YUHIICS
B IISITOM KJIaCCE€ COBETCKOM M POCCHUMCKOM Cperl-
HEW IIKOJIbI, HAYMHAJIHU CBOE 3HAKOMCTBO
U J1000Bb K AHTHYHOCTH, OTKPbIBasi CTaBLIMA

The Triumphal Arch of Palmyra is the visi-
ting card of Syria and the most famous con-
struction of late antiquity outside the country.
In the Autumn of 2015, shots of explosions of
cultural heritage sites of the city performed by
terrorists flew around the world: the Bel Temple,
the Baalshamin Temple, the unique funeral
towers and the Triumphal Arch. The criminal
acts of ISIS (the terrorist organization banned
in Russia) fighters were unanimously criticized
by the entire cultural community of the world.
The Arch explosion news responded with
special pain in the hearts of the Russians.
Everyone who studied in the fifth grade of
the Soviet and the Russian school began
their acquaintance and love of antiquity,
opening the ancient world history textbook by
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nerenapubiM yuebnuk @.I1. KopoBkuna mo
UCTOPHHU JIPEBHETO MHUpA, Ha OOJIOKKE KOTOPOro
pa3mertiena ¢otorpadust Apku IlagbMHpBL

Vaxe B koHLe 2015 . B pa3HbIX TOYKAX 36MHOIO
11apa MNosIBUJIaCh CEpUsl MHULIMATUBHBIX ITPOESKTOB
COXpPaHEHHUsI M BOCCTAHOBJIEHUSI YHHMKAJIBHOTO
namsitHuka. Ocenbto 2016 1. cpa3dy mocine oc-
BOOOXKJICHHUSI U TPOBEJCHHOTO POCCHUHCKUMU
carepamMu T'YMaHUTapHOTO pPa3sMUHUPOBAHUS
[TanbMupBI TpyIa OTEYECTBEHHBIX CIIELUAIIIC-
TOB I0J] PYKOBOJACTBOM MHCTUTyTa HCTOpUU
MaTeprabHON KyJIbTypbl Poccuiickol akagemun
Hayk (MMMK PAH) npeuioxunna u peannsoaiia
npoekT «[lanpmupa BO BpeMEHH 1 IIPOCTPAHCTBEY,
BKJTFOUAIOLIUI cO3/1aHue yYHUKabHOU 3D-Monenu
Bcell Tepputopun namstauka u ['MC-ITanemupa.
Mogenps Oblna nepenana B aap Cupwuiickoit
Apabckoit Pecriyommke u 8 KOHECKO.

Ho Bompoc pecraBpanuu TpuymbansHon
Apku ocTtaBasicst OTKpbIThIM. KoHeuHo, crierua-
JUCTBl OCO3HABAJIM, YTO peajn3alusl TaKOro
MacmTaOHOTO MpPOEKTa BO3MOXKHA JIMIIb
00BEAMHEHHBIMU YCHJIMSIMH BCEX HEPABHO-
nymabiX. Ocenpto 2021 1. OBLIO MPHHSIITO
peuieHue, 4To paboThl OyAYT BBIMOJIHSITH-
Cd COBMECTHBIMHU YCHJIMAMH POCCUHCKHX
U CUPUUCKHUX CHEIMAJUCTOB IOJ STUI0U
Pycckoro reorpaduueckoro obmecta (PI'O)
npu noxaepxxke Mwuno6opoust Poccum.
C cupuiickol CTOpPOHBI NMPOEKT KypUPYET
MUHHUCTEPCTBO KYJNBTYphI, B pab0oTe IPUMYT
y4acTue CreUaINCThl [ eHepanbHoro aenapra-
MeHTa ApeBHOcTe u My3eeB Cupuu (II'AM),
OyZleT MPHUBJIEYCHO HACENCHHE COBPEMEHHOTO
ropoga Taamop, Ha OKpamHE KOTOpPOTO pac-
nosiokeHa Ilansmupa.

HayuHoe pykoBOACTBO NMPOEKTOM BO3JIOKEHO
Ha LlenTp crniacarensHol apxeosornu MHCTHTYTA
UCTOPUM MAaTEpUAIIBHOW KYIBTYpbl Poccuiickoit
akagemun Hayk (LHICA MMMK PAH). Ilentp
CO3/1a] YHHUKAJBHBI BPEMCHHBIM Hay4HBIU
TBOPYECKUM KOJUIEKTHB, B KOTOPBIM BOIIN
ayuymue crnenuanuctel Cankt-IlerepOypra
u Poccun: OO0 «ApxurektypHoe 0topo «Cryaus
44y Hukutel SBeitna, OOO «ApxuTeKkTypHas
mactepckass M. AtagHua», ydyeHsle CaHKT-
[etepOyprckoro rocyaapCcTBEHHOIO YHUBEPCH-
teta, wieHbl MKOMOC Poccust u pernoHaibHON
O0IIIeCTBEHHON OpraHU3aly CONCHCTBUS Pa3BH-
THUIO pecTaBpallMOHHON oTpaciu «Cor3 pecTas-
paropoB Cankt-IlerepOypra», pykoBoguTeIn
u corpyaauku OO0 «AXKHO», OO0 «JICY»
u OO0 «bactron».

8

F. P. Korovkin that has become a legendary
book, on the cover of which was a photograph
of the Arch of Palmyra.

By the end of 2015, a series of projects
for the conservation and restoration of
the unique monument was launched in
different parts of the globe. In the Autumn
of 2016, immediately after the liberation of
Palmyra and mine clearing performed by
the unit of Russian sappers, a group of Russian
experts under the leadership of the Institute for
the History of Material Culture of the Russian
Academy of Sciences (IHMK RAS), proposed
and implemented the “Palmyra in Time and
Space” project, including the creation of
a unique 3D model of the entire area of
the monument and “GIS Palmyra”. The model
was donated to the Syrian Arab Republic and
to UNESCO.

But the issue of restoration of the Triumphal
Arch remained open. Of course, experts
realized that the implementation of such
a large-scale project is possible only by
the combined efforts of all those who are
not indifferent. In the Autumn of 2021, it
was decided that the work would be carried
out by the joint efforts of Russian and Syrian
experts under the auspices of the Russian
Geographical Society (RGO) with the support
of the Russian Ministry of Defense. On
the Syrian side, the project is supervised
by the Ministry of Culture, specialists from
the General Department of Antiquities and
Museums of Syria (DGAM). The population
of the modern city of Tadmor will be attracted
to take part in the work, on the outskirts of
which Palmyra is located.

The scientific management of the project is
entrusted to the Rescue Archeology Center of
the Institute for the History of Material Culture
of the Russian Academy of Sciences (RAC
IHMC RAS). The Center created a unique
temporary scientific creative team, which
included the best specialists of St. Petersburg
and Russia: Architectural Bureau Studio 44
of Nikita Yaveina, Architectural Workshop
of M. Atayants, scientists of St. Petersburg
State University, members of ICOMOS Russia
and the regional public organization for
the development of St. Petersburg restoration
industry, managers, and employees of (OOO)
“Azhio” LLC, (OOO) “LSU” LLC, and (OOO)
“Bastion” LLC.



Ilpeoucnosue

Peanu3zanus mpoekTa Hayanachb BECHOU
2022 1. mocne moanucanusa «Memopanayma
0 B3aMMONOHMMAaHUU B OOJACTH pecTaBpa-
nuu Tpuymbpansaoit Apku Ilanbmupb»
mexay JAIAM, Cupuiickum GoHIOM pa3BUTHS
u MMMK PAH.

3a mpoleamuid roJ COBMECTHBIMU YCHU-
JUSIMUA POCCUMCKMX U CHUPHUHCKHUX CIelHa-
JIACTOB CJICJIaHO MHOI'O: BBLIIOJHEH BECH
00BEM MOCTTPABMATHYECKOTO pPearupoBaHUS,
MPOBEICHBI APXEOJIOTMUYECKUE PACKOINKHU, CO-
OpaHbl TIPOOBI W BBHITIOJIHEHBI AHAJIU3BI Ma-
TEpPHAJIOB, MPOBEICHO T'eOJIOTHYECKOe 0o0cIe-
JIOBaHFE, CO3IaHbI HOBBIE TPEXMEPHBIE TU(POBbIE
MoeTTd ApPKH, BBITIOJIHEHA IU(pPOBasi PEKOH-
CTPYKILIHUSI €€ MCTOPUYECKOTrO OOJIMKa, Ompe-
JleJieHbl MeTofAbl pecTtaBpanuu. [lepBoie pe-
3yJIbTAaThl BCEX MPOBEIACHHBIX HCCIEAOBAHUMN
MpEACTaBICHBl B BHUJIE CTAaT€d B HACTOSIIEM
cOopHuke. Xouy 0co00 MOTYEPKHYTh 3HAYECHHE
ATOT0 M3JAaHUS: JEJI0 B TOM, 4YTO IO paboT
HAIIeTO KOJUIEKTHUBA MPAKTUYECKH HUKAKUX
uccrnenoBanuil TpuymdanbHoli Apku He Tpo-
BOAMJI0CE. VICKITIOUEHHE COCTABIISIIOT M3BICKAHMS
(1 eTWHCTBEHHAs TOCBSIICHHAs UM CTaThs),
CBSI3AHHBIE C pecTaBpanueil Apku (hpaHITy3cKUMH
CIIEIHUAIMCTAMH TIOZT PyKOBOZICTBOM PobGepa Amu
B 30-x . XX B.

BrimonmsHenve cTomb 60IbIoro oobeMa padoThl 3a
KOPOTKHI CPOK CTAJI0 BOSMOYKHBIM HCKITFOUUTETHHO
Onaronapst OIEPXKKE OPraHU3aMi U OTACTBHBIX
monet. GuHaHCMPOBaHME KOMIUIEKCHBIX HAYYHBIX
UCCIIEOBaHUN B350 Ha cebs MuHOOpHayKu
Poccun. PaGoter BecHoit 2022 1. mo pa3dopy
o0Opa3oBaBIIerocsi B pe3yJbTaTe B3pbIBa 3a-
Basia npo¢uHancupoBasn Cupuiickuit ¢onn
pazButus. IIpeObiBanue B Ilanbmupe u mroOble
paboThl HAa MaMATHUKE Bcerna oOecreyrBalin
crienMaIucTsl HanmoHambHOTO IIEHTpa yIpaB-
nennst oboponoit Poceriickoit ®@eneparm (HL[YO
P®) u I'pynmuposku Boiick (cwi) BC PO B CAP
IpU TOAJCP)KKE JIMYHO TeHepas-TIOJIKOBHUKA
M.E. MusunueBa. HemocpencTseHHoe ydacTue
B paboTe SKCHEAMIUH TPHUHSIN CHEIHATHCTHI
Tonorpaduueckoit ciyx0b1 BoopykeHHBIX
cunn Poccuiickonn @enepauuu. IlocTtosHHyO
MOMOIIb B OCYIIECTBJICHUU B3aUMOACHUCTBUS
C CHPHICKUMHU TOCYIAapCTBEHHBIMU OpraHaMu
okasbiBaeT IloconbcTBO Poccuiickoit denepanumn
B Cupuiickoii ApaOckoii PecnyOmnrke u JM9IHO
Crermanesblii npeacraButens Ilpesunenta Poc-
cuiickoii denepanuu M0 Pa3BUTHIO OTHOLICHUN
¢ Cupuiickoii Apabckoii Pecrry6mmkoii, UpesBbl-
yaiiHbli U [lomHoMouHbl Tlocon Poccuiickoit

The project was launched in the spring of
2022 after the signing of the “Memorandum
of Understanding in the Field of Restoration
of the Triumphal Arch of Palmyra” between
the DGAM, the Syrian Trust for Development
Fund and the IHMC RAS.

Over the past year, a lot has been done by
the joint efforts of Russian and Syrian experts:
the entire amount of post-traumatic response
has been completed, archaeological excavations
have been carried out, samples have been
taken and materials have been analyzed,
a geological survey has been carried out, new
three-dimensional digital models of the Arch
have been performed, and the digital model of
its historical appearance has been performed,
and restoration methods have been determined.
The first results of all studies are presented in
the form of articles in this collection. I want to
emphasize the significance of this publication:
the fact is that before the work of our team,
practically there was not any research carried
out on the Triumphal Arch. An exception is
the research (and the only article devoted to it)
related to the restoration of the arch by French
specialists under the guidance of Rober Amy
in the 30s of the twentieth century.

Performing such a large amount of work
in such a short time became possible solely
thanks to the support of organizations and
individuals. The Ministry of Education and
Science of Russia undertook financing of
comprehensive research. In the spring of
2022, the Syrian Trust for Development Fund
provided financing to clean up the rubble left
by bombing. Staying in Palmyra and execution
of any type of work on the monument was
always provided by specialists of the National
Center for Defense Management of the Russian
Federation (NTsUO RF) and the group of
forces (forces) of the RF Armed Forces
in the SAR, with the support of Colonel
General M. E. Mizintsev. Experts from
the Russian Armed Forces Topography
Service took a direct part in the work of
this expedition. The Embassy of the Russian
Federation in the Syrian Arab Republic and
the Special Representative of the President
of the Russian Federation on development
of relations with the Syrian Arab Republic,
Ambassador Extraordinary and Plenipotentiary
of the Russian Federation to the Syrian
Arab Republic A.V. Efimov provide constant
assistance in interacting with Syrian state
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®eneparu B Cupwiickoit Apabckoii Pecry6-
mike A.B. Edumos. HeoreHumyio momaepxky
IIPOEKTY OKa3bIBa€T T'€HEPAJIbHBINA JHPEKTOP
TocynapctBenHoro Opmutaxa, akagemuk PAH
M.b. TInorpoBckuii.

TBOpUECKUI KOJIEKTUB IIPOCKTA BBIPAXkKAET
MCKPEHHIOIO OJIarofapHOCTh BCEM JIFOISIM U Op-
raHu3anusaM (TeM, KTO MEPEYUCIICHBI BBILIE,
U TeM, KOTO TI0 ONpPEIEeTICHHBIM COOOPAKEHUSIM,
HeJIb3sl Ha3bIBaTh) 332 HEOIIGHHMYIO MOMOIIb
¥ HEPaBHO/YIITHOE OTHOILIEHHE K Hallel padore.
B onyOnuKoBaHHBIX B 3TOM COOpPHHKE CTaThsIX
3HAYMTENNbHAs JI07s UX Tpyxal

Lupexmop Llenmpa cnacamenvhou apxeonocuu
HUHMK PAH,
pykosooumenv npoekma H. @. Conosvesa

bodies. Invaluable support is provided by
the Director General of the State Hermitage,
academician of the Russian Academy of
Sciences M.B. Piotrovsky.
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History of Construction, Study and Restoration of the Triumphal Arch of Palmyra
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Tpuymdansaass Apka IlanbMupbl BO MHOTOM YHU-
KaJbHBIH 00bekT. CioBo «Tpuymdansnas» B odu-
[IMaJbHOM Ha3BaHUM MaMsATHHKAa BCEMHPHOIO HaCJIEIUs
BBI3BIBACT psifi BONPOCOB. COrjIacHO MCTOPUYECKOMY
OIIBITY, TpHyM(abHBIC apKN CTAaBHIIMCh B YECTh M0O0OeN
U 1oOeanTeNei, YTo OTpaKaJloch B TEMAaTH4ECKOM YO-
PaHCTBE TAaKOT'O COOPY’KEHHs, B CIO’KETaX €ro OpHaMEH-
tauuu. Hazeanme «TpuymbanbHas» nanu Apke OT-
KpBIBIIME ee uIsi ce0sl eBpoIellbl, moapa3ymenas,
YTO OHa IOCTPOEHA B YeCTh BOEGHHOW mobenbl. OmgHaKo
HCTOPUYECKHE TIPUMEPHI TIOKA3bIBAIOT, YTO HAa TAaKUX ap-
Kax coObITHE (BOCHHBIN TpHyM{) BCEraa OTpa’kaoch
B CIOKETaxX €€ JICKopa: MoOeUTeNH, TOOSKACHHBIE, KOHH,
opyXwue, Jocnexu. B aHHOM ciy4yae apXUTEKTypHO-
XYZOKECTBEHHOE yOpaHCTBO 3TOr0 MaMSITHHUKA HOCHT
YKpaIIaTelbCKUi BUA: OPHAMEHTHI PACTHTEIBHOIO Xa-
pakTepa, MacKH JIbBOB, JIO3a U JINCThsI BUHOTPa/ia, [IBETOY-
HBIE PO3ETKH, NMasibMeTThl. Cama Apka Hrpajia BaXKHYIO
IpaJIoCTPOUTEIIBHYIO POJIb: 0(OpMIIsLIa TiepesioM [ taBHOM
yiuis (Via Magna) u pactmpenye bornbioit KoioHHa b
OT Y3KOTr'O IIEHTPAJBHOTO ydacTka K 0Oojee MIMPOKOMY
BOCTOYHOMY, HMEBILIEMY [IEPEMOHHAIBHOE 3HAYEHHE KaK
HaIpaBJICHHE K IPONWISSM IJaBHOTO Xpama ropoja —
xpama boma.

ABTOpBI TNpeNIoIaralT, 4To OmMHOOYHas aTpuly-
LUl IPOM30IIA U3-32 TOTO, YTO K MOMEHTY OTKPBITUS
PYHH 3TOro ropoja €BpONEHCKUMHU HCCIEJOBaTEIsIMHU,
Apka npuoOpena MHOW BHJ, YeM HMMeJa HW3HAdaJbHO
B MOMEHT co3zanus. Iloutn momHoe paspylleHue BOC-
TOYHOTO yudacTka boybmoil KOJOHHAABI MPHUBEIO
K TOMY, 4TO IOr0-BOCTOYHBIH (hacasl cOOpYKEHHUs II0J-
HOCTBIO PacKpbuIcs. ApKa cTaja HalOMHHATh COOOH
TpuyMbalibHbIe TpeXIpojeTHble apku JpeBHero Puma.

' Poccust, 191186, Cankr-IlerepOypr, J{Bopuosas Hab., 18.
MucrutyT ucropun marepuanbHoi KynsTypel PAH, IlenTp
cracatenbHOl apxeonoruu. E-mail: akila@list.ru.

2 Poccus, 191186, Cauxt-IletepOypr, JIBoprosas Hal., 18.
MucruryT ucropun marepuanbHoi KynsTypel PAH, IlenTp
cracaresibHON apxeonoruu. E-mail: marina.tusch@yandex.ru.
* Poccus, 191186, Cauxt-IletepOypr, JIBoprosas Hal., 18.
MucruryT ucropun marepuanbHoi KynsTypel PAH, IlenTp
cracaTenbHON apxeonoruu. E-mail: alextryn@mail.ru.

The Palmyra’s Triumphal Arch of is a unique site
in many respects. The word “Triumphal” in the official
name of the World Heritage Site raises a number of
questions. According to historical experience, triumphal
arches were erected in honor of victories and winners,
which was reflected in the thematic decoration of
such a structure, in the theme of its decor. The name
“Triumphal” was given to the Arch by the Europeans
who discovered it for themselves, implying that it was
built in honor of a military victory. However, historical
examples show that on such arches the event (military
triumph) was always reflected in the theme of their
decor: winners, the vanquished, horses, weapons,
armor. In this case, the architectural and artistic
decoration of this monument is decorative: floral
ornaments, lion masks, vines and vine leaves, flower
rosettes, palmettes. The Arch itself played an important
urban planning role: it formed the bend of the Main
Street (Via Magna) and the expansion of the Great
Colonnade from a narrow central section to a wider
eastern one which had ceremonial significance as
a direction to the propylaea of the main temple of
the city — the Temple of Bel.

The authors suggest that the erroneous attribution
occurred due to the fact that by the time the ruins
of this city were discovered by European researchers,
the Arch had acquired a different look than it had
originally at the time of creation. The almost complete
destruction of the eastern section of the Great
Colonnade led to the fact that the southeastern
facade of the structure was fully revealed. The Arch
started resembling the triumphal three-span arches
of Ancient Rome. Due to the incorrect attribution

! 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: akila@list.ru.

2 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
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Rescue Archeology Center. E-mail: marina.tusch@yandex.ru.
3 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
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Rescue Archeology Center. E-mail: alextryn@mail.ru.
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W3-3a HeBepHOW aTpuOynuu Apku Kak TpuyMdanbHON
poaunuck U Apyrue ee HazBaHus. OQHM UcclenoBaTeIH
Ha3bIBAJIM €€ apkoi AJpuaHa, BEpPOSTHO, INOTOMY, YTO
Cupus Oblja cBs3aHa C XXU3HBIO 3TOTO MMIIEPATOPA.
B HacTosmee Bpemsa HNPUHSATO Ha3bIBaTh €€ apKoi
Centumus Cesepa, npasusuiero Pumom B 193-211 rr,
W OTHOCHTH €€ BO3BEJICHHE B YECTh €ro 1molenbl Haj
napdssiHamMu B 197 1. He uckitoueHo, 4To mpaBbl Te HC-
CIIEIOBATENM, KOTOPBIE OTHOCSAT €€ BO3BEIeHHEe K Oolee
no3gHeMy nepuofy, koraa Ilamemupa gocTuria CBOEro
HauBbIcIIero pacrpera. Ha Apke Oblia MeMopHasbHas
HAJIUCh HA TPEYECKOM SI3BbIKE O TOM, YTO JIBa CTpaTera
ropoga (oOIMH M3 KOTOpPbIX Obul Bopon) BO3aBUIIN
craryro I'eponuana, ceiHa mapst OnenaTta, ¢ KOTOPBIM
OH pas3fieNsyl TUTYN «Uapsl Lapei, yIOCTOEHHOro Iua-
JIeMBbl B YecTh 1modenp! Haja nepcamm» B 260 1. (BynHH,
An-Ac’an, 2016. C. 86—87).

3akar [lanbMupsbl, HaYaBIIMNCS MOCJE MOAABICHUS
MsITeka IPOTUB PUMIISIH B 273 I., HECMOTPS Ha IMOMbIT-
KU BO3POJIMTH TOpOJ Ipu umIiepaTopax JuokieTuane
u FOctunnane Benukowm, 3aBepuiuics pa3pyLICHUEM
ropoja apabamu B 744 1. HeGomnsimoe cenenue Tagmop
COXPaHUJIOCh TOJIBKO B YepTe KoMILIekca xpama bana.

EBporneiinb! oTkpbuty utst cedst pyrHs! ropozia B X VII B.
B Havane Beka 31ech MOOBIBAI MTAJBSHCKUM IyTeIIeCT-
BeHHuK [Iperpo nenna Bamne (Pietro Della Valle),
B 1630 . — ¢panmysckuii kynen JKan-barucr TaBepHbe
(Jean-Baptiste Tavernier), a B 1678 1. 31ech CKpbIBaJIN
IPYNITy aHDIMMCKUX KYIILOB, 3aXBa4eHHBIX OeIynHamMH
C Lenblo mojlyuyeHus Belkyna. B 1691 r. xynusr u3
Bpuranckoil JleBaHTHHCKOW KOMIAHUU MpPeIIpUHSIIH
NEPBYIO SKCIEAMLHIO C Leabto u3yueHus IlanbMupsl
B cocraB rpynmsl BXoxmi nactop YuibsaMm [anndaxc
(William Halifax), coctaBuBIIMii OnHcaHue ITyTEHICCTBUS,
n >xuBonmcent Iepapn Xoderen nz Jccena (Gerard Hofsted
van Essen), HanvcaBmInii 0 SCKU3aM € HATYpbI TTAHOPaMy
pyuH IlanbMUpBI, CTaBIIYIO HEPBBIM M3BECTHBIM H300pa-
skeHueM ropoga. Ilo pesynsratam 310l noesnku B 1696 r.
ObUIO OITyOJIMKOBAHO IEpBOe Hay4yHOe orucaHue IlampMu-
pbl B KHHMre OorocnoBa u mwmcarenst ApzieHaro Ceuiepa
(Abednego Seller). B 1705 1. B ITanemupe nodbiBanu ¢pa-
1y3sl Cota (Sautet) u XKupo (Giraud). [Tocnenanit Hanmcan
raHopamy IlaJibMHpBI, HIHE yTpaueHHY!0, HO JIOIIEIIITYIO
B BUJIC MO3/JHEE CO3/IaHHOM 10 Hel rpasiopbl [Ibepa-XKana
Mapuerra (Mariette).

Bropas nonosuna XVIII B. crana BakHOW Bexoi
B nene usyuenus [lamemupsl. B 1751 r. anrnmiickas
skcniequiust Podepra Byna (Robert Wood) u [Ixeiimca
Joxkunca (James Dawkins), B cocTaB KOTOpOH BXOIMJI
WUTAIbSTHCKUN apXUTEKTOp, MHXKCHEP M PHCOBAIBIIUK
JxoBannu barucra boppa (Giovanni Battista Borra)
n3yvana apxurektypy Ilamemupsl. Ilpu stom, cyns mo
kuure Byna «Pymnsr [Tansmupeny (1753), nccnenoBarenu
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of the Arch as a triumphal one, its other names
were born. Some researchers called it the Arch of
Hadrian, probably because Syria was associated with
the life of this emperor. At present, it is commonly
referred to as the Arch of Septimius Severus who
ruled Rome in 193-211, and it is considered to be
erected in honor of his victory over the Parthians
in 197. It is possible that the researchers attributing its
construction to a later period, when Palmyra reached
its peak, might be right. The Arch had a memorial
inscription in Greek saying that two strategists of
the city (one of them was Vorod) erected a statue
of Herodian, son of King Odaenathus, with whom
he shared the title of “king of kings, awarded with
a diadem in honor of the victory over the Persians”
in 260 (bynnu, An-Ac’an, 2016. C. 86—87).

The decline of Palmyra, which began after
the suppression of the rebellion against the Romans
in 273, despite the attempts to revive the city under
the emperors Diocletian and Justinian the Great, ended
with the destruction of the city by the Arabs in 744.
The small settlement of Tadmor survived only within
the Temple of Bel complex.

Europeans discovered the ruins of the city
in the 17th century. At the beginning of the century,
the place was visited by Italian traveler Pietro
Della Valle, in 1630 — by French merchant Jean-Baptiste
Tavernier, and in 1678 a group of English merchants
was hidden here captured by the Bedouins for receiving
a ransom. In 1691, merchants from the British Levant
Company undertook the first expedition to explore
Palmyra. The group included pastor William Halifax,
who wrote a description of the journey, and painter
Gerard Hofsted van Essen who painted a panorama
of the ruins of Palmyra from sketches from nature,
which became the first known image of the city.
As a result of this trip, in 1696 the first scientific
description of Palmyra was published in the book
by theologian and writer Abednego Seller. In 1705,
the French Sautet and Giraud visited Palmyra. The last
one wrote a panorama of Palmyra, which is now lost,
but has survived in the form of an engraving created
later by Pierre-Jean Mariette.

The second half of the 18th century became an
important milestone in the study of Palmyra. In 1751,
the English expedition of Robert Wood and James
Dawkins, which included the Italian architect, engineer,
and draftsman Giovanni Battista Borra, studied
the architecture of Palmyra. At the same time, judging
by the Wood’s book “The Ruins of Palmyra” (1753),
the researchers also conducted excavations, digging out
valuable fragments from the sand. The drawings by
Wood and Borra played a large role in popularizing
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BEJIM M PACKOIKH, OTKAIbiBas W3 TMecKa LEHHbIe (par-
MeHThI. Prucynku Byna u boppa ceirpanu 6obliryto posb
B MOMYJISIpU3aliK Hacnenus [1adbMuphl U CTald HCTOYHHU-
KaMH JUIsl yKpalieHui (acagioB U MHTEPhEPOB B AHIVINH
n Wramin. D10 coOblTHEe OBUIO HACTOJNBKO 3HAYMMO IS
QHIIIMHCKOM HAyKH, YTO JIaXKe HAIIUIO OTPakKCeHHE B KapTHHE
Ieuna amunerona (Gavin Hamilton) «/Ikeiimc JIokuHC
n Pobept Byn otkpsiBator pyuns! [Tanmsmupeny (1758). Byn
co3/1aJ1 ¥ TpadiyecKyto peKOHCTPYKIHUIO TIEPBOHAYAILHOTO
BHa ApKH, MPOJIOKHB TEM CaMbIM JIOPOry (hpaHIly3cKo-
My apXuTeKTopy M XynoxkHuky Jlym-Opancya Kaccacy
(Louis-Frangois Cassas), koTopblii B 1785 T. co3maim MHO-
JKECTBO 3CKM30B pyuH [lamemupsl. Ero aBropctBy mpw-
HAJJIOKUT OOJiee TOYHAS PEKOHCTPYKLMS ApPKH.

B oxrs6pe 1859 1. aHrimicknii akBapelUCT HEMell-
koro mpoucxoxkaeHus Kapn Xaar (Carl Haag) Bmecte
C Jo4yepbMU OpHTAaHCKOTrO ajaMupaja u kaprorpada
®poncuca bodopra mocetnn IlanemMupy B pamkax
JUIMTENbHOrO myremectBust no Erunty, Ilanectune,
JluBany u Cupun. Xaar caenan B [lanbMupe 3cKkusbl,
Ha OCHOBAHMU KOTOPBIX HAIUCAJl MO3JHEE HECKOIIBKO
aKBapeJsiei, B TOM 4HCJIe M KJIACCHYECKUI BHJ MOHY-
MCHTQJIHOW ApPKH C FOrO-BOCTOYHOH CTOPOHBI (puc. 1).
Taxoke cregyer oOpaTHTh BHUMAHHE Ha BEJTMYECTBEHHYIO
kapTuHy Xaara «Pyunsl xpama ConHuay», B IpaBoil yacTu
KoTOpoW m300paxeHa bBonblnas KoJOHHama ¢ ApKOH.
B 1861 r. mnaqmas u3 cecrep bodopr DOMmim Amnna,
oynymas nemqu Crpaurdopa (Emily Anne Beaufort —
Strangford), BeimycTrna kHury «Ernmnerckue rpoOHHUIIBI
W CHpHICKHE CBSITBIHM, BKJIIOYas npedbiBanue B JIuBaHe,

the heritage of Palmyra and became sources for
the decoration of facades and interiors in England and
Italy. This event was so significant for English science
that it was even reflected in the painting by Gavin
Hamilton “James Dawkins and Robert Wood discover
the ruins of Palmyra” (1758). Wood also created
a graphic reconstruction of the original appearance of
the Arch, thus paving the way for French architect and
artist Louis-Frangois Cassas, who in 1785 created many
sketches of the ruins of Palmyra. He was the author
of a more accurate reconstruction of the Arch.

In October 1859, English watercolorist of German
origin Carl Haag, together with the daughters of
British admiral and cartographer Francis Beaufort,
visited Palmyra as part of a long journey through
Egypt, Palestine, Lebanon, and Syria. Haag made
sketches in Palmyra, based on which he later painted
several watercolors, including the classic view of
the Monumental Arch from the southeast side (Fig. 1).
It is worth mentioning the majestic painting by Haag
“The Ruins of the Temple of the Sun”, on the right
side of which is the Great Colonnade with the Arch.
In 1861, the youngest of the Beaufort sisters Emily
Anna, the future Lady Strangford (Emily Anne
Beaufort-Strangford), published the book “Egyptian
tombs and Syrian shrines, including a stay in Lebanon,
Palmyra, and Western Turkey”. In it, she accurately
noted the combination of antique architecture with
local features in Palmyra’s monuments. In 1862, based
on this book, English artist Nicholas Hanhart released

Puc. 1. Buo na Apky c weo-eocmoka. Kapn Xaae. 1859. Axeapens
Fig. 1. View of the Arch from the southeast. Carl Haag. 1859. Watercolor
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B [lanemupe u B 3anannoil Typuum». B Hell oHa To4HO
MoAMEYaeT B MaJbMUPCKUX MaMITHUKAX COYETaHHE
AQHTUYHOM apXHUTEKTYphl C MECTHBIMH OCOOCHHOCTSIMH.
B 1862 1. 1o MOTHBaM 3TOM KHUT'M aHIJIMHACKUN XYIOKHUK
Huxonac Xanxapt (Nicholas Hanhart) BeimycTi nisetHble
urorpaguu ¢ naHopamor IlaibMupBI, Ha KOTOPBIX MBI
TaKKe BUJIMM HM300pakeHHe ApPKH.

Bo Btopoii monosune XIX B. mosiBUINCH NEpBbIE
¢ororpadun IMansmupsl. IlepBeiM ropox 3amedatien
Jlyn Bunb (Louis Vignes) B 1864 r. (puc. 2). OTKpbIB-
masicst B 1867 1. B belipyre kommepueckast (oroctyaus
®enukca bonguca (Félix Adrien Bonfils) usrorasmu-
Baja M rnpopasaia Qotorpadun bmmknaero Boctoka,
B ToM uucie u [laabMupbl, CocoOCTBYsI pacmpoct-
panenuto ux no mupy (puc. 3). K satomy Bpemenu
OTHOCUTCSI U mosiBiieHue B [lanbMmupe nepBbIX pyc-
CKUX IYTEIIECTBEHHUKOB U HUccienoBareneil: B 1872 .
JILA. Tlamkosoii n B 1882 1. kus3s C.C. Abamernex-
JlazapeBa u A.B. IlpaxoBa (AGamenek-Jlazapes, 1884).
Ilocnegnue oTkpbun nauty 137 r. ¢ HAAOUCBIO HA

color lithographs with a panorama of Palmyra, on
which we also see the image of the Arch.

In the second half of the 19th century, the first
photographs of Palmyra appeared. The first to
capture the city was Louis Vignes in 1864 (Fig. 2).
The commercial photography studio of Félix Adrien
Bonfils, which was opened in 1867 in Beirut, produced
and sold photographs of the Middle East, including
Palmyra, contributing to their spreading around
the world (Fig. 3). The appearance of the first Russian
travelers and researchers in Palmyra also dates back
to this time: in 1872 L.A. Pashkova and in 1882
Duke S.S. Abamelek-Lazarev and A.V. Prakhov
(AGamenex-Jlazapes, 1884). The last ones discovered
a slab of 137 with an inscription in Greek and
Aramaic, which was called the “Palmyra Tariff” and
brought from Palmyra to Petersburg in the early
20th century. One can only regret that Vasily Polenov
who traveled with Abamelek-Lazarev and Prakhov
in the East, did not accompany them to Palmyra

Puc. 2. Buo na Apxy c weo-eocmoxa. Jlyu Bune. 1862. ®omo
Fig. 2. View of the Arch from the southeast. Louis Vin. 1862. Photo
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Puc. 3. Buo na Apky ¢ 3anaoa. @enuxc boughuc. Ilocreonsns mpemv XIX 6. @omo
Fig. 3. View of the Arch from the west. Felix Bonfils. Last third of the 19th century. Photo

TPEYeCcKOM U apaMeriCKOM sI3bIKaX, MOMYUMBIIYIO Ha3BaHUE
«[Tanpmupckuii Tapud». B navane XX B. Tapud Obu1
npuBe3eH u3 Ilanemupsr B [letepOypr. Octaercst numib
coxxanerb, uto Bacunmii IToneHoB, myTeliecTBOBaBIIMMA
BMecTe ¢ Abamenek-JlazapesbiM 1 [IpaxoBsim 1o Boctoky,
HE CTaJl CONpPOBOXAATh UX B [lanbMupy u He 3anedarien
Ha CBOMX TIOJIOTHAX BUJIBI 3TOr0 roposia. BaskHbIM cOOBITH-
€M B Pa3BUTUHU POCCHICKON HAayKU CTajla SKCHEAULIUS
1900 r. B Cuputo Pycckoro apxeonoruyeckoro HHCTUTYTa
B KoHcTanTHHOMONE, UTOrOM paboThl KOTOPOW CTajH HC-
caenoBanust ®. M. Yenenckoro, b.B. ®apmakoBckoro
u I1.K. KokoBuesa.

and did not capture the views of this city on his
canvases. An important event in the development
of Russian science was the expedition in 1900 to
Syria by the Russian Archaeological Institute in
Constantinople, the result of which was the research by
F.I. Uspensky, B. V. Farmakovsky, and P.K. Kokovtsev.

In the 1920s — 1930s in Palmyra, French scientists
carried out a large complex of archaeological research
and emergency response work. They were worried
about the condition of the Monumental Arch,
in which one of the small arches bearing the thrust
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B 1920-1930-x rr. B [lameMupe ¢paHIy3ckue yde-
HBIE NPOBOJIMIIHN OOJBIION KOMILIEKC apXeoylorndec-
KUX MCCJIEJ0BAaHUM M NPOTHBOABAPHHHBIX padoT.
Mx Oecrokousio COCTOSSHUE MOHYMEHTaJIBHOW ApKH,
y KOTOpOH Oblia pa3pyllieHa OJHa U3 MallbIX apoK,
NMPUHUMABIIUX Ha ceOs pacrop LEHTPaJbHOW apKH.
3aMKOBBIIl KaMEeHb ITOW apKH, ONyCTUBIIMICA H3-3a
OTKJIOHEHHUsl OT BEPTUKAIU LEHTPAJIbHBIX IMHIOHOB,
MOr OBITH pa3jaBlieH, YTO IIPUBENO ObI K 0OpyIIe-
HUIO Bcell KOHCTpyknuu. IlepBele pemieHus mo cma-
CEHMIO NMaMSTHUKA OBIIM NpeaiokeHbl B 1926 T.
Anwbepom T'abpuanem (Albert Gabriel). ITpuOsiBImiA
B 1930 r. B [Tasniemupy apxutextop Pobep Amu nponssen
KOMIIJIEKC HEOOXOIMMBIX PaboT 10 YKPEIJICHHIO U pec-
TaBpaluu coopyxkeHus. [Ipu 3ToM, IpoBeAsl packoNKU
psiioM ¢ ApKoii, OH OOHapY HJI MOAJIMHHBIE KAMECHHbIC
OJIOKH, YacThb M3 KOTOPBIX HCIIOJIB30Bajl IPU BOCCTa-
HOBJICHUM MaJoil ceBepHOW apku (puc. 4). YTpaueH-
Hble W NPUILIEIIINE B HErOJHOCTh OJIOKHM MaJloi apku
AMU 3aMEHMJI HOBBIMH KaMEHHBIMHU OJIOKaMH, HO 0e3
nexopa. C onHOW CTOpPOHBI, UAECHTUUHBIN MaTepu-
aJ HOBBIX OJIOKOB MO3BOJIMJI MM BIIMCAThCS B OOMIMH
BUJ| COOPY’KEHHMsI, C JApPYrod, Ooiee CBETIBII Xapak-
Tep MOBEPXHOCTH KaMHS U YINPOIIEHHOCTH PUCYHKA

of the central arch was destroyed. The keystone of
this arch, lowered due to the deviation of the central
pylons from the vertical, could be crushed, which
would lead to the collapse of the entire structure.
The first solutions to save the monument were proposed
in 1926 by Albert Gabriel. Architect Robert Amy, who
arrived in Palmyra in 1930, carried out a package of
necessary work to strengthen and restore the structure.
At the same time, having carried out excavations
near the Arch, he discovered genuine stone blocks,
some of which he used to restore the small northern
arch (Fig. 4). Amy replaced the lost and dilapidated
blocks of the small arch with new stone blocks,
but without decor. On the one hand, the identical
material of the new blocks allowed them to fit into
the general appearance of the structure, on the other
hand, the lighter nature of the stone surface and
the simplification of the pattern show viewers where
the original elements of the structure are located,
and where the elements recreated in the 1920s.
In his article (Amy, 1933) the architect acknowledged
the more correct way to provide a vertical position
to the supports of the central arch but could not do
this in view of the limited possibilities available to

Puc. 4. Buo na Apky c cesepo-3anada. M. b. Amaany. 2005. @omo
Fig. 4. View of the Arch from the northwest. M. B. Atayants. 2005. Photo
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MOKa3bIBAIOT 3PUTEIISAM, TJI€ HAXOIATCS IEpPBOHAYAIbHbIC
3JIEMEHTBI COOpPY>KEHHUsI, a T1ie Bocco3naHHble B 1930-x rr.
B cBoeii crarbe (Amy, 1933) apxuTekTop INpH3HaABa
Ooriee MPaBITBHBIM ITyTh TPHIAHUS OMOpaM IICHTPATBHOM
apKU BEPTUKAJIBHOIO IMOJIOKEHUS, HO HE MOT 3TOro Clie-
JIaTh BBHUJY OTPAHMYEHHOCTH MMEBLIUXCS y HErO BO3-
MOYKHOCTEH. 3aMKOBBIN KaMEHb OBLT MOIHST U YKPEIUICH
JIOIOJIHUTEIIPHOM KaMEHHOM BCTaBKOM.

INocne Bropoii MupoBoil BoitHbI Ha Tepputopun [lans-
MUpBI padotaiu cupuiickue apxeosioru (C. Aomyn-Xak,
A. Bynnn). C 1957 1. cupuiickas skcnemuims (A. bynHn
n O. Taxa) packanblBajla y4acTOK bBosbloi KojoHHa-
JIbl, TIpUMBIKaBIed Kk TpuymdanbHoi Apke ¢ 3amana.
B 1970 rr. cieunanucramu u3 JlenapramMenTa ApeBHOCTEN
Cupun 37ech ObLIH 3aHOBO ITOCTaBJICHBI Oonee 80 ka-
MEHHBIX KOJOHH. YYacTOK IJIaBHOW YJIUIbI, BEIyIIHI
oT Apku k xpamy bama, uccnenosaincs ¢ 1963 r. cupuiic-
KMMH apxeojoraMu moj pyKoBoACTBOM AjHaH ByHHH
n Hyxa Camuou (bynnun, An-Ac’an, 2016. C. 85, 88).
B 1980 1. [Tanbmupa Obuta BKIIFOUYEHA B CITUCOK OOBEKTOB
BcemupHoro Hacneauss FOHECKO.

B mae 2015 r. Tlamemupa Oblia 3aXxBaucHa TEPPO-
pUCTaMH, KOTOPBIC B Hadvalie OKTAOpS TOTO XKe rojaa
B30pBajJil MHOTME MaMSATHUKU, B TOM uucie U Tpuym-
¢danpnyo Apky. B mapre 2016 1. Ilansmupa Obuia
ocBoOoxIeHa. Cpa3y mociie 0CBOOOXICHHS MaMSTHUK
MOCETUJIM CUPUICKUE apXeosoru, KOTOpbIE C IpPUBIE-
YeHHeM (PaHITY3CKUX M TOJTBCKUX KOJUICT Ha4Yalu (PUK-
cauuio pazpywenuil. B utone 2016 r. IMansmupy mo-
ceTua rpyla POCCUHCKUX 3KCIEPTOB, apXEOJOIroB,
pecTaBpaTopoB JUIs OLEHKH yliepOa U pa3paboTKH IUIaHa
pador.

B centsabpe 2016 1. u B centsiope 2019 1. skcre-
qunun MHCTUTYTa MCTOPHM MaTepUallbHOW KYJIBTYDBI
Poccuiickoil akanemMuu HayK BBIINOJIHUIU IIE€PBOOYE-
peaHble MccienoBaresbckue padboTel B [lamemupe
(Conossesa u Jp., 2019. C. 278-286). B pesynbrare 3THX
paboT Obuta cozmaHa 3D-monenb 00bEKTa BCEMHUPHOTO
Hacneauss FOHECKO «Apxeonornueckue maMsTHUKU
[TaxpMuUpB» ¥ AMHAMHYECKas TeOMH(pOpPMAaIMOHHAs
cucrema PalmyraGIS (UBC «IlaxpMupa Bo BpeMeHH
U TIPOCTPAHCTBEY).

HemasoBaskHo# 11po0s1eMoit n3y4eHust ICTOPHHU CTPOH-
TeIbCTBA ApPKHU CcTano To, yTto A0 2022 r. HUKTO He
MPOBOJUIT KOMIUIEKCHBIX apXeO0JOTMYECKUX HCCIEN0-
BaHuii ee ocHoBaHus. Crarbs P. Amu 1933 r. sBusercs
(haKTUYECKH EIMUHCTBEHHBIM IOKYMEHTOM II0 HCTOPHH
CYUIECTBOBAHMSI COOPYIKEHUs. ApPXEOJIOrMYecKUe Hc-
CJIeZIOBaHUSI COBMECTHOM POCCHUHCKO-CHUPUHCKOIN 3KcIie-
quiun 2022 1. cTany BTOPHIM BaXKHBIM ITAlloM B U3Y-
YEHUU HCTOPUU CTPOUTENILCTBA ApPKH, YTO JA€T HOBbIC
BO3MOKHOCTH JJIsl €€ BOCCTAHOBJICHHMSI.

him. The keystone was raised and reinforced with
an additional stone insert.

After World War II, Syrian archaeologists (S. Abdul-Hagq,
A. Bunni) worked on the territory of Palmyra. Since
1957 the Syrian expedition (A. Bunni and O. Taha) had
excavated a section of the Great Colonnade adjacent to
the Triumphal Arch from the west. In the 1970s more
than 80 stone columns were re-installed here by specialists
from the Department of Antiquities of Syria. The section
of the main street leading from the Arch to the Temple of
Bel has been studied since 1963 by Syrian archaeologists
under the leadership of Adnan Bunni and Nouha Salibi
(Bynnu, An-Acan, 2016. P. 85, 88). In 1980, Palmyra was
included in the list of UNESCO World Heritage Sites.

In May 2015, Palmyra was captured by terrorists,
who in early October of the same year blew up many
monuments, including the Triumphal Arch. In March
2016, Palmyra was liberated. Immediately after
the liberation, the monument was visited by Syrian
archaeologists, who, with the involvement of French
and Polish colleagues, began fixing the destruction.
In July 2016, a group of Russian experts, archaeologists,
restorers visited Palmyra to assess the damage and
develop a work plan.

In September 2016 and September 2019, the expeditions
of the Institute of the History of Material Culture of
the Russian Academy of Sciences carried out prior
research work in Palmyra (ConoBbeBa u ap., 2019.
C. 278-286). As a result of this work, the 3D model
of the UNESCO World Heritage Site “Palmyra’s
Archaeological Monuments” and the dynamic
geographic information system PalmyraGIS (UBC
“Palmyra in Time and Space”) were created.

An important problem in studying the history of
the construction of the Arch was that, until 2022,
no one had conducted comprehensive archaeological
studies of its foundation. The article by R. Amy
in 1933 is actually the only document on the history
of the structure. The archaeological research by
the joint Russian-Syrian expedition in 2022 became
the second important stage in the study of the history
of the construction of the Arch, which provides new
opportunities for its restoration.
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Tpuympansnas Apka Ilansmupsl. [locTTpaBMaTHYeckoe pearnpoBaHme.
Apxeos1orn4ecKue MCCJIeJOBAHNSA

The Triumphal Arch of Palmyra. Post-Traumatic Response. Archeological Studies

H.®. Conosresa', C.JI. Conosbes?
N.F. Soloveva!, S.L. Solovyev?

DOI: 10.31600/978-5-907298-39-2-2022-19-46

CruxuiiHple O€ICTBUS, BOOPY)KCHHbIE KOH(IMKTEHI,
OECKOHTPOJIBHOE HCIIOJIb30BAaHNE MPUPOAHBIX PECYPCOB
1 MacmrTabHoe XO3SHCTBEHHOE OCBOCHHE TEPPUTOPHH
3aCTaBJISIIOT TO-HOBOMY B3IVISIHYTH Ha ITPOOJIEMBI ysI3-
BUMOCTH KYJIBTYPHOTO Hacjelusi ¥ MCKAaTh BCE HOBBIC
IMyTH K €ro COXpaHeHWro. MupoBas KyJIbTypHas 00-
IIECTBEHHOCTh CEPhE3HO O0ECIOKOCHAa YHHYTOKEHUEM
MaMSTHUKOB B 30HaX BOOPY)KCHHBIX KOH(IMKTOB, IPH-
HSBIIUM KatacTpoduueckne mMacmradsl B XXI B. Oco-
00ro BHMMaHHMS 3aCIy)KHBAIOT IOCTPAJABIINE OT Jes-
TEJIBHOCTH TEPPOPUCTUYECKUX OpPraHU3alui O0OBEKTHI
KyJnsTypHOTO Hacienaus CUpHM W, B YaCTHOCTH, OOBEKT
BceMupHoro Hacienus «Site of Palmyra» Ne 23bis
Kpurepuu i, ii, iv («ApXeoJoruyeckue NaMsTHUKN
[TaneMupb» — B pycckod TpaHckpuniuu) (puc. 1-3)
(ConoBbeBa, 2021; ConoBbeBa u 1np., 2017; 2019).

CaMbIM M3BECTHBIM Ha BECh MUP apXUTEKTYPHBIM CO-
Opy KeHHeM 3HaMeHUTOH [lambMupsbl, Oe3yCIIOBHO, SIBIISET-
cst Tpuymcansnas Apka (III B.) — BH3MTHas KapTodka
Cupnn. Apka MMesa yHUKJIBHYIO TPEyroibHYIO (hopMmy,
MO3BOJISIBIIYIO «CKPBITBY» MOBOPOT IMaBHOH ynuisl. HOro-
BOCTOYHBI M CEBEpO-3alaJHbIi (hacaibl MPEACTaBISIN
co0oii OOJIBIIYIO apKy C MPUMBIKAIONMMH 110 CTOPOHAM
MaJbIMU apkaMu. LleHTpanbHas apka Oblila IepeKnHyTa
4yepe3 MPOe3KyI 4acTb, B TO BpeMsl KaK MaJble apKu
ObUIN OOKOBBIMH IIPOXOJIAMH, YCTPOCHHBIMH BJIONb YJIHIIBL
Meskty BHEITHUMH apKaMHU HaXOWIINCh BHYTPEHHHE apKu:
OfHa B y3KOH uactu, aBe B wmupokoid. Illupuna neHt-
PaJIbHBIX TIPOJIETOB APKH COCTaBIsiIa okojio 11 M, mmpuHa
OOKOBBIX TIPOJIETOB — OKOJIO 7 M. KameHHBIE cBOIBI U 60-
KOBbIC KOJIOHHBI ApKH OBUIM YKpalleHbl PacTUTEIbHBIM
U TFEOMETPUUYECKHM OpPHAMEHTAMH, BBIIOTHEHHBIMU PE3b-
001, KOJIOHHBI UIMEJN BBICTYTIAIOIIE KOHCOJH, Ha KOTOPBIX
pacronaraimich CTaTy! 1 NMOCBATHTEIIBHbIC HA/IHMCH Ha apa-
MelickoM 1 TpedeckoM si3bikax (Bynuu, An-Ac’az, 2016).

! Poccust, 191186, Cankr-IlerepOypr, J[Bopuosas Hab., 18.
MucruryT ucropun marepuanbHoi KynsTypel PAH, IlenTp
cracaTenbHON apxeonoruu. E-mail: nfs56@mail.ru.

2 Poccusi, 191186, Cauxt-IletepOypr, JIBoprosas Hal., 18.
MucruryT ucropun marepuanbHoi KynsTypel PAH, IlenTp
criacaTenbHON apxeonoruu. E-mail: ssl2610@yandex.ru.

Natural disasters, armed conflicts, uncontrolled use of
natural resources and large-scale economic development
of territories make us take a new look at the problems
of vulnerability of our cultural heritage and look for new
ways to preserve it. The world cultural community is
seriously concerned about the destruction of monuments
in zones of armed conflicts which has taken catastrophic
proportions in the twenty first century. Worthy of special
attention are the cultural heritage sites of Syria that have
suffered from the activities of terrorist organizations and,
in particular, the World Heritage Site “Site of Palmyra”
No. 23bis Criteria 1, ii, iv (Russian wording — “Palmyra’s
Archeological Monuments”) (Fig. 1-3) (ConoBbeBa, 2021;
ConoBseBa u 1p., 2017; 2019).

The most world-famous architectural structure of
famous Palmyra is undoubtedly the Arch of Triumph
(2nd-3rd centuries AD) — the trademark of Syria.
The Arch had a unique triangular shape which allowed
“hiding” the turn of the main street. The south-eastern
and north-western facades represented a big arch with
adjoining small arches on the sides. The central arch
was thrown over the carriageway while the small arches
were the lateral passages arranged along the street.
There were inner arches between the outer ones:
one in the narrow part and two in the wide part.
The width of the central spans of the Arch was about
11 m, the width of the lateral spans was about 7 m.
The stone vaults and the side columns of the Arch were
decorated with floral and geometric ornaments made
by carving, the columns had projecting consoles on
which statues and dedicatory inscriptions in Aramaic
and Greek were placed (bynnun, An-Ac’an, 2016).

The Triumphal Arch was restored in the 1930s by
French specialists under the direction of Robert Amy.

! 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: nfs56@mail.ru.

2 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: ssl2610@yandex.ru.
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Puc. 1. Hanvmupa. Inan-cxema: 1 — xpam bona; 2 — dcunvie doma ¢ mozauxamu;, 3 — Monymenmanenas Apka;

4 — xpam Haby; 5 — meamp; 6 — Boavwasn xonounaoa;, 7 — xpam baanwamuna;, 8 — mempanunon; 9 — aeopa;

10 — Cenam (?); 11 — xpam-ycvinanenuya; 12 — nonepeunasn xononnaoa; 13 — nacepv Juoxnemuana;

14 — ucmounux dra; 15 — bawennvie epobHuUYbl, 6KIIOUeHNbIe 8 000poHUmMenbHylo cucmemy; 16 — [amacckue sopoma;

17 — ocunvie ooma; 18 — oboponumenvhas cmena (no Muxanosckuil, /zesanoeckuii, 1968)
Fig. 1. Palmyra. Map: 1 — temple of Bel; 2 — residential buildings with mosaics;, 3 — Monumental Arch;
4 — temple of Naboo; 5 — theater; 6 — Great Colonnade; 7 — temple of Baalshamin; 8 — tetrapylon; 9 — agora;
10 — Senate (?); 11 — temple-tomb; 12 — transverse colonnade; 13 — Diocletian's camp; 14 — Efka spring;

15 — tower tombs included in the defensive system; 16 — Damascus gate; 17 — residential buildings,

18 — defensive wall (according to Muxanosckuil, /{zeearnoeckuil, 1968)

TpuymbpansHas Apka Oblla OTpecTaBpHpOBaHA
B 30-x 1. XX B. criaMu (hpaHIy3CKHX CIICIHAIUCTOB
nox pykoBozacTBoM PobGepa Amu (Amy, 1933). Pecras-
palMoHHBIe pabOTHl OBIIM HAINpaBJIEHBI MPEXJE BCEro
Ha YKpeIUJICHHE pa3pyLIarolUXCcs KOHCTPYKIUi, oco-
O6enno Oonpmiol apku. B pesymsrare B 1931 1. mocie
3aBepuieHus pador TpuymdansHas Apka npuodpena ToT
BUJI, KOTOPBIN M OBII M3BECTEH BceMy MHpY (puc. 4).

Ocenbto 2015 1. Becb MHUp oOJIeTeNN KaJpbl B3PHIBOB
TEpPOPUCTAMH YHHUKAJIBHBIX 00BEKTOB Ilambmupsl,
B TOM YHCIIe U 3HaMeHHTOH Apku. JleficTBHsI OOEBHKOB
WUT'NJT (TeppopucTryeckas OpraHW3aHUs, 3alperieH-
Hast B Poccum) ObUIM Ha3BaHBI MPECTYIICHUEM MPOTUB
UUBWIN3AUY U MOABEPTrHYTHl €AMHOAYLIHOW KpPUTHKE
BCEM KYJIBTYPHBIM COOOIIeCTBOM. B pesyibrare B3pbiBa
PYXHYJ CBOJ APKH, IIOJTHOCTBIO pa3pylIeH LIEHTPAIbHbIN
MPOJIET, OT OOKOBBIX IPOJIETOB COXPAHWJIKMCH JIMIIb
KpaiiHue nwiIoHbl. CHUIIBHO TOBPEXAEHBl BHYTPEHHUE
MUJIOHBI, HA KOTOpbIE omupaics cBOA. Pe3Hble kxameH-
HBIe OJIOKH, COCTABIISIBILINE CBOBI, TIOBPEXJIEHBI. YacTh
JJIEMEHTOB yTpadeHa 0e3BO3BPATHO, YaCTh IPAKTUYECKH
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The restoration work was primarily aimed at strengthening
the crumbling structures, especially the large arch.
As a result, in 1931, after the completion of the work,
the Triumphal Arch acquired the look that was known
throughout the world (Fig. 4).

In the Autumn of 2015, pictures of the blast of
Palmyra’s unique objects, including the famous Arch,
by terrorists quickly flew around the world. The actions
of the ISIS (the terrorist organization banned in Russia)
militants were called a crime against civilization and were
unanimously criticized by the entire cultural community.
As a result of the blast the vault of the Arch collapsed,
the central span was completely destroyed, only the outer
pylons of the side spans were left. The inner pylons
supporting the vault were badly damaged. The carved
stone blocks making up the vaults were badly damaged.
Some elements were irrevocably lost, and some practically
cannot be identified (Fig. 5). The real extent of the losses
can only be determined after sifting thoroughly through
the rubble, and marking of the surviving original parts
of the structure (https:/palmyra-3d.online).



Tpuymepanvnas Apxa Hanemuper. Ilocmmpasmamuyeckoe peacuposarue. Apxeonrocuyeckue ucciedo8anus

Puc. 2. Hanemupa u Taomop. Aspogpomocnumox UUMK PAH 2016 e.
Fig. 2. Palmyra and Tadmor. Aerial photo of IHMC RAS 2016

Puc. 3. Hanvmupa. Via Magna. Aspogpomocnumorx UUMK PAH 2022 e.
Fig. 3. Palmyra. Via Magna. Aerial view of IHMC RAS 2022
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Puc. 4. Tpuympanvuas Apxa Ianvmupul (nocrne pecmaspayuu 30-x ee. XX 6.). Jlwbumensckoe gpomo
Fig. 4. Triumphal Arch of Palmyra (after restoration in the 1930s). Amateur photo

Puc. 5. Tpuymepanvnas Apxa Iaromupor (nocne e3pviea meppopucmamu). @omo UUMK PAH 2016 e.
Fig. 5. Triumphal Arch of Palmyra (after the explosion by terrorists). Photo by IHMC RAS 2016
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HEBO3MOXHO HJICHTHGUIUpPOBATH (puc 5). Ompe-
NEIUTh PEajbHYI CTEHNEHb yTPAaT MOXKHO TOJBKO
MOCJIe TIIATEIBLHOTO pa3dopa 3aBaia, MapKUPOBKH
COXPAHUBIIUXCS OPUTHHAJIBHBIX YaCTCH COOPY KCHUS
(https://palmyra-3d.online).

Poccuiickue u cupuiickue crenquaiucTbl IPUIaraoT
BCE YCHJIMS JUISl 3alUThl YHHKaJIBHOTO MaMSITHHUKA.
MupoBasi couHaIbHO-TICHX0JIOIMYecKasi 00CTaHOBKa
BOKPYT MPOOJIEMBI 3alIUThl MaMSATHUKOB KYJBTYPBI
JIeJIaeT HOBBIC IArd HeoOXOoAMMBIMHU. Bo3poxieHue
[TaneMupBl KaK KyJIbTYpPHOTO MaMSTHHKa OyIeT Cro-
co0CTBOBATH BO3POXKICHHIO roposa TaxmMop, CO3aaHuI0
pabovYMX MECT M KUBOW aTMOC(EpH! [UIsl €0 >KUTEIICH,
KOTOpBIE TOCTENEHHO BO3BPALIAIOTCS B TOPOL.

B mapre 2022 1. 611 nommmican «MeMopaH IyM 0 B3anMo-
MOHUMaHUU Mexay ['eHepasbHOM qUpeKIuel ApeBHOCTEH
n myseeB Cupniickoit Apadcekoit PecriyOmuku (ATAM)
u VHCTUTYTOM HMCTOpHM MaTepUalIbHON KyJbTypbl Poc-
cuiickoit akanemun Hayk (MMMK PAH) o pecrasparmn
TpuymdansHoli Apku B rctopraeckom ropoze [amsmupay,
SIBJISIOIIMICS FOPUIUYECKHM OCHOBAaHHEM BBIIOJIHEHUS
pabot. C pOCCHHCKONW CTOPOHBI MPOEKT BBIMOIHSICTCS
TBOPYECKUM KOJIEKTHBOM lleHTpa cracaTensHON apxeo-
norun MMMK PAH mnon srunoit Pycckoro reorpadu-
YecKoro oOlecTBa npyu nojiepxke Munodoponsr Pocern
u [loconberBa PO B CAP. C cupuiickoii CTOPOHBI B IPOEKTE
yuactBytoT cotpyauuku AIAM u ¢onna «Syrian Trust
for Development». HeorieHMYy0 JOrHCTHYECKYIO TIOMOIIIB
MPOEKTY OKa3bIBaeT I'pynmupoBKa pOCCUICKUX BOMCK
(cun) B Cupun. Haumnast ¢ BecHbsl 2022 1. Bce ycmius
CIELMAINCTOB HAIIPABJICHbI HA BBHINOIHEHHE KOMILIEKCa
MepoNpusTHii B pamkax Memopanyma. Bee paboThl BbI-
TIOJTHSIFOTCSL B COOTBETCTBUU € OOIICIPU3HAHHBIMU PECTaB-
parmonHbMu Tipotokoiamu FOHECKO u TpeboBanusmu
npaBuTenscTBa Cupmiickoil Apadckoit PecrryOmukw.

B mapre—utone 2022 r. 0ObeIMHEHHBIH TBOPYECKUH
KOJIJIGKTHB BBINOJHIII BECb OOBEM MEPONPUSATHH ITOCT-
TpaBMaTHYECKOro pearrupoBaHust: 1) ocymiecTieHa (poTo-
(ukcanus Tekymiero (no pas0bopa 3aBajia) COCTOSHUS
Tpuymoanshoit Apku [lanemupsr; 2) co3gaHa BBICOKO-
TO4Hasl ieTanbHast 3D-Monens coBpeMeHHOro (10 pazbopa
3aBasa) coctosHusi TpuymdansHoit Apku [lansmups;
3) BBITNIOJIHEHO HATypHOE OOCIEIOBaHUE HCTOPHUYECKOIO
IPUPOAHOIO KaMHSI B YCTOSIBIIMX U PYXHYBIIUX DJ€-
MEHTaxX ApPKM U MaTepHasioB, MCIOJIb30BAHHBIX IIPU
pectaBpaiu B 30-x rr. XX B., H3y4eHBI BHJIbI APO3HU
KamHs; 4) mpoBesieH oTOOp o0 ¥ BBINOJIHEH aHAJIU3
O0TOOpaHHBIX 00pa3lOB MPUPOJHOIO KaMHs, a TaKxke
KaMHSI M PAacTBOPHBIX MAaTEpUAIOB, HCIIOJb30BAHHBIX
B TO3JHEHIINX PEMOHTHO-PECTaBPALMOHHBIX paboTax;
5) pazoOpan 3aBaj, oOpa3oBaBIIMIiCS B pe3ysbTaTe
B3pbIBa, BCE PYXHYBIINE OJIOKM IPOHYMEpPOBAHBI, BHE-
CEHBbl B ONUCH W NepeMELIeHbl B Jlanuaapuil; 6) Bce

Russian and Syrian specialists are making every
effort to protect the unique monument. The global
socio-psychological environment around the problem
of protecting cultural monuments makes new steps
necessary. The revival of Palmyra as a cultural
monument will contribute to the revival of the city
of Tadmor, creating jobs and a vibrant atmosphere for
its residents who are gradually returning to the city.

In March 2022, “Memorandum of Understanding
between the Directorate-General of Antiquities
and Museums of the Syrian Arab Republic (DGAM)
and the Institute for the History of Material Culture
of the Russian Academy of Sciences (IHMC RAS) on
the restoration of the Triumphal Arch in the historic
city of Palmyra” was signed and is the legal basis for
the work. On the Russian side, the project is being
carried out by a creative team of the Rescue Archeology
Center of the IHMC RAS under the auspices of
the Russian Geographical Society with the support
of the Russian Ministry of Defense and the Russian
Embassy in the SAR. On the Syrian side the project is
carried out by associates of the DGAM and the Syrian
Trust for Development Fund. The invaluable logistical
assistance to the project is rendered by the Group of
Russian Forces in Syria. Since the spring of 2022 all
the efforts of the specialists have been focused on
the implementation of the complex of measures within
the framework of the Memorandum. All the work
is carried out in accordance with the universally
recognized restoration protocols of UNESCO and
the requirements of the government of the Syrian
Arab Republic.

In March—April 2022 the joint creative team carried
out the entire volume of measures of the post-traumatic
response: 1) photofixation of the current (prior to sifting
through the rubble) state of the Triumphal Arch of
Palmyra was carried out; 2) a highly-accurate detailed
three-dimensional digital model of the current (prior
to sifting through the rubble) state of the Triumphal
Arch of Palmyra was created; 3) an on-site survey
of the historical natural stone in the surviving and
collapsed Arch elements and materials used during
the restoration in the 1930ies was performed, types
of the stone erosion were studied; 4) samples were
taken, and the selected samples of the natural stone
and the stone and mortar materials used in the later
repair and restoration work were analyzed; 5) the rubble
resulting from the blast was sifted through, all fallen
blocks were numbered, entered into inventories and
relocated to the lapidary; 6) all collapsed blocks and
fragments of blocks having at least one external surface
were scanned by the structured-light method and
their three-dimensional digital models were created;
7) every fragment of the collapsed black having no
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pyXHyBIIHE OJOKM M (parMeHTHl OJIOKOB, MMEIOLINE
XOTs1 Obl OJIHY BHEIIHIOK) MMOBEPXHOCTh, OTCKAHUPOBAHBI
METOJIOM CTPYKTYPHPOBAHHOM TMOICBETKH, U CO3IAHBI UX
TpexXMepHbIe UdpoBbie Momenw; 7) cdoTorpadupoBan
KaXIblil (parMeHT PyXHYBIIEro OJI0Ka, HE MMEIONIMN HU
OJIHO¥ BHEIHEH MOBEPXHOCTH; 8) C LEJBIO BBISICHEHUS
KOHCTPYKIHK (DyHIAMEHTa 3aJI0KEHBI apXUTEKTYPHO-
apxeonorudeckue mypder (puc. 6); 9) BeimonHeHa (GOTO-
rpauuecKas U apXUTEKTYPHASI JOKYMEHTAIHST YCTOSBIIINAX
yacteil Apku ((hoTorpamMMeTprsi Ka)JIoro YCTOSIBIIETO
MUAJOHA U COXPAaHUBLIMXCS in Situ apXUTEKTYPHBIX
JJIEMEHTOB C HOCIEAYIOUUM co3gaHueM 3D-moneneid,
Ha3eMHasi cheMka, cbeMka ¢ BITJIA, Tomorpaduueckas
ChEMKa, apXUTCKTypPHBIE OOMEpHI C MOCICIYOIIUM
BBIUCPUMBAHUEM UYCPTEKEN).

C uenp0 COXpaHEHUS HCTOPUYECKOH IpeeMCT-
BCHHOCTH W HEJIOMYIICHUS IyTaHWUIBI B OOO3HAUCHUSIX
OBUIO TPUHSTO pEIICHHE 00 MCIOIB30BAaHWU HanMe-
HOBAaHWH{ INMWIOHOB, pa3paboranHelXx P. Amu. s yno6-
cTBa (pUKCAMM NUIIOHY, PACIIOJIOXKECHHOMY MEXIY
mmwioHaMu A u F, mpucBoeHo HammenoBanue A/F;
MUJIOHY, pacnojioxkeHHoMy Mexay nuiaoHamu C u G,
ObuT0 TIprcBocHO HammenoBanue C/G (puc. 7).

external surface was photographed; 8) to identify
the foundation construction, archaeological testpits
were laid (Fig. 6); 9) photographic and architectural
documentation of the surviving parts of the Arch
was performed (photogrammetry of each surviving
pylon and the surviving in situ architectural elements
with subsequent creation of 3D models, ground and
UAV surveys, and topographic surveys, architectural
measurements with subsequent production of drawings).

To preserve the historical continuity and avoid
confusion in designations, it was decided to use
the names of the pylons developed by R. Amy.
For convenience of fixation, the pylon located between
pylons A and F was named A/F; the pylon located
between pylons C and G was given the designation
C/G (Fig. 7).

In the course of the work, it became obvious
that the Arch restoration project cannot be fully
implemented with high quality without full-scale
archaeological excavations of the entire Arch territory.
The grounds for this decision were the following
conclusions: 1) the Arch structures hidden under

Puc. 6. Tpuympanvnas Apka Ilarsmupsl nocie pazbopa 3aeaia om 63pvléd U 3aKIAOKU APXEON02UHECKUX WYPPOS.
@omo UHUMK PAH esecnoti 2022 e.
Fig. 6. Triumphal Arch of Palmyra after clearing the rubble from the explosion and laying the archaeological test-pits.
Photo by IHMC RAS in spring 2022
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Puc. 7. Tpuymepanvnasn Apra Hanemupel. Hymepayus nuioHo8 u KOJIOHH

Fig. 7. Triumphal Arch of Palmyra. Numbering of pylons and columns

B xone mpoBeneHust padoOT cTajgo OYEBUIAHO, UTO
pectaBpanusi ApKd HE MOXKET OBITh BBINOJIHEHA KadecT-
BEHHO U B IOJIHOM 00beMe 0Oe3 IpPOBEAEHUsS IOJIHO-
MacIITAOHBIX apXeOoJIOTHYECKHX PAacKOIOK Bced Tep-
putopru Apku. OCHOBaHUSIMH JUISL TIPHUHSITHS TaKOTO
PeLICHUS TIOCITYKHIIH CISAYIONIHE 3aKJIIoueHHs: 1) KOoH-
CTPYKLHMU APKH, CKPBITBIE IOJ TONIIEH KYyIBTYPHOrO
CJ0sl, HUKOTJa HE MCCIEA0BaJIUCh, COOTBETCTBEHHO,
nHpOpMaLusl 0 HUX OTCyTCTByeT. [loiydyeHune makcu-
MaJBHOIO 0ObEMa IaHHBIX HEOOXOAMMO JUISi KadecT-
BEHHOW pa3pabOTKH NpPOEKTa pecTaBpanuu ApKH;
2) KyJBTYPHBIH CJIOH, HAKOIMBILIHIHCS B MPOLIECCE MOYTH
JIByX ThICSYENIETUMN, CONEPKUT YHUKAIIBHBIE CBEJCHUS
00 uctopuu kKak TpuymdanbHoi Apku, Tak ¥ ropozaa
ITansmups! B nenoM. IIpu npoBeaeHnN pecTaBpaliIOHHBIX
paboT KyJIBTYPHBIH CIIOI MOXKET ObITh TIOBPEK/ICH, & 3HAYUT
yTpaueHbl MCTOPHYECKHE JaHHBIC, 3) B Ipolecce 3a-
KJIaJIKH apXUTEKTYPHO-apXEOJIOrn4ecKuX myphoB ObLIH
BBISIBJICHBl HEM3BECTHBIE PAHEE KOHCTPYKTHUBHBIE OCO-
O6eHHocTH (DyHIAMEHTOB, KOTOpBIE B Ipenenax mypda
HCCIIeZIoBaTh HEBO3MOXKHO; 4) y4YacTKH, Ha KOTOPBIX HE

the cultural layer have never been studied and,
therefore, there is no information about them. Obtaining
the maximum amount of data is necessary for high-
quality development of the Arch restoration project;
2) the cultural layer accumulated over nearly two
millennia contains unique information about the history
of both the Triumphal Arch and Palmyra as a whole.
During the restoration work the cultural layer may
be damaged and therefore the historical data may be
lost; 3) in the process of laying the archaeological
testpits, previously unknown structural features of
the foundations were revealed, which cannot be
studied within the testpits; 4) the areas where no
testpits were laid may also contain unknown data
about the construction methods and design features
of the Arch; 5) the Triumphal Arch is a unique
structure of late antiquity; therefore, it is necessary
to obtain the maximum information about it; the loss
of such information is a scientific crime. It will be
impossible to obtain this information after the start
of the restoration work.
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3aJIO’KEHBI LIyPQBbI, TAKIKE MOTYT COZIEpXKaTh HEN3BECTHHIC
JIAHHBIE O CTPOWUTEJIBHBIX IPHEMaX M KOHCTPYKTHBHBIX
ocobenHoctsix Apku; 5) Tpuymbanbnas Apka — yHH-
KaJIbHOE COOpYKEHHE MO3HEH aHTUYHOCTH, MOITOMY
HEOOXOIMMO TIOIYYUTh MaKCUMyM HWH(pOpPMaluM O HeH,
yTpara Takod WMH(OpPMAalUK — HAy4HOE IPECTYyIUICHHE.
[Mocne Havana pecTaBpallMOHHBIX PabOT AOOBITH Ty WMH-
dhopmanuio OymeT HEBO3MOXKHO.

ApXeosorn4eckue packolKu TEPPUTOPUH, 3aHUMa-
emoit Tpuymdansuoit Apkoit, Benuck ¢ 13 ceHTSIOps
o 8 oktsa0pst 2022 1. McenemoBanust ObUIH MTPOBEICHBI
Bokpyr muioHoB A, A/F, F, C, C/G, G, B, E, D Ha 1uio-
manu 344 KB. M C y4ETOM pe3yJbTaTOB 3aJI0KEHUS
apxeosiorndeckux mypdos BecHoi 2022 1. (puc. 8).
PasymeeTcs, ocHOBHOI 3ajadell apXeoJOrMUeCKUX HC-
CJIeIOBaHUI OBLIO IOJYy4YEHHE MaKCHMAaJIbHOTO KOJH-
yecTBa MH(OPMALMM O CKPBITHIX TOJ 3€MJEeH KOH-
CTPYKLMSIX APKH, YTO C YYETOM OTCYTCTBHSI KAaKUX-JTOO
APXMBHBIX JAHHBIX MMEET MCKIIIOYMTEIFHYIO BaKHOCTh
JUIs pa3pabOTKH Ipoekra pecraBpauuu. Crenyer mos-
YEPKHYTh, UTO B LEJSIX HEJONMYILEHUS HAPyLICHUS
Hecyleld CHoCOOHOCTH MOJ3EMHBIX KOHCTPYKIMH
ApxH, pacKONKH NPOBOAMUINCH HE A0 MaTepHUKa,
a JIUIIb JO YPOBHS JHEBHOW MOBEPXHOCTH BPEMEHHU

Archeological excavations on the area of the Arch
of Triumph were carried out from 13 September
till 8 October 2022. The research was carried out
around pylons A, A/F, F, C, C/G, G, B, E, D on
an area of 344 sq. m with account of the results of
the archaeological testpits laid in spring 2022 (Fig. 8).
It is clear that the primary task of the archaeological
research was to obtain the maximum amount of
information about the structures of the Arch hidden
underground, which, given the lack of any archival
data, is of exceptional importance for the development
of the restoration project. It should be emphasized
that in order to prevent the violation of the bearing
capacity of the underground structures of the Arch,
the excavations were carried out not to the mainland,
but only to the level of the daylight surface at
the time of the construction of the Arch. To determine
the design, thickness and depth of the foundation of
the Arch, the utility pits opened during the research
were turned into testpits (see description below).

The performed excavations made it possible
for the first time to fully determine the construc-
tion of the foundation of the Arch as a whole
and each of its nine pylons. The data obtained during

Arc of Palmyra, Scheme of arc pillars
and profiles

=== =

0 20m

Puc. 8. Tpuymepanvnas Apra Hanemupwel. Ilian meppumopuu packonox

Fig. 8. Triumphal Arch of Palmyra. Excavation site plan
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cTpoutenseTBa Apku. Jist onpenesieHusl KOHCTPYKIUH,
MOIIHOCTH M TIYyOMHBI (yHIaMeHTa ApPKH OTKDBITBHIC
B XOJIe MCCJICIOBAaHUI XO3SHCTBEHHBIC SIMBI OBLIM TIpe-
BpAILEHBI B IIYPQBI (CM. ONMUCAHHE HHIKE).

IIpoBeneHHbIE PACKONKH MO3BOJIMIIN BIEPBBIE MOJ-
HOCTBIO ONPEJENNUTh KOHCTPYKLHIO OCHOBaHUS ApKU
B LIEJIOM U KaXJIO0TO U3 JEBATU €€ MWIOHOB. [TomyueHHble
B pE3yJbTaTe apXEOJOTHMUECKUX PACKOMNOK JTAHHBIE CBU-
JIETEIBCTBYIOT O TOM, 4YTO NOJ (YHIaMEHT ApKH II0
00€ CTOPOHBI OT YK€ CYIIECTBOBABILCH IJIABHOW YIIMIIBI
ITanemupsl — Bonblol KOJIOHHABI, NPOTSIHYBIIEHCA
or xpama bana no IMorpebansHoro xpama, — ObLIM BbI-
PBITBI KOTJIOBAHBL C FOr0-3alaJHOW CTOPOHBI JOPOTH
KOTJIIOBaH BBIPBIT Mg nuioHoB B, D u E, ¢ cesepo-
BocTouHOM — Jutst TiioHoB A, C, C/G, G, F u A/F (puc. 9).
COOTBETCTBEHHO, NOJ 3TUMHU ABYMsI IPyNIIaMU MHIOHOB
B BBIPBITHIX KOTJIOBaHAaX YCTPOECHO OOIIee CTYNEHYATO
pacimpsiromieecs KHU3y OyTOBOE OCHOBAaHME TITyOWHOM
2,10-2,20 M, cocrosiiee M3 HEKPYIHBIX, pa3MepaMmu
or 0,05 o 0,30 M ¢parMeHTOB MpamMOpPHU30BaHHOTO
M3BECTHSAKA, 00Pa30BaBIIMXCS, BEPOSTHO, IPH OTECKE
kBaJgpoB. KaMHN 3a0yTOBKHM CBSI3aHBI M3BECTKOBO-
MIMHUCTBIM pacTBopoM (puc. 10). B Bepxneill wactu
OyTOBBIX OCHOBAaHMH BBISIBIICHO CTYIICHYATOE CYXKECHHE

the archaeological excavations evidence that foundation
pits were dug on both sides of the already existing main
street of Palmyra — the Great Colonnade, stretching
from the Temple of Bel to the Funerary Temple: on
the southwestern side of the road, a foundation pit
was dug for pylons B, D and E, from the northeastern
side — for pylons A, C, C/G, G, F and A/F (Fig. 9).
Accordingly, in the foundation pits dug under these
two groups of pylons, there was a common stepwise
rubble base widening downwards 2.10-2.20 m deep,
consisting of medium-sized fragments of marmorized
limestone, ranging in size from 0.05 to 0.30 m,
probably formed during quadras dressing. The stones
of the filling are bound with lime-clay mortar (Fig. 10).
In the upper part of the rubble foundations, a stepped
narrowing 0.45-0.50 m high was found, receding
inward by 0.10-0.40 m in plan. Judging by the traces
of manual roughcasting and the nature of the surface,
the formwork for the arrangement of the vertical
plane of the step was not used, the material stuck
by the plasticity of the mortar. The upper plane of
the rubble base is roughly leveled with mortar coating,
the difference in elevation between the zones of pylons
A and F is 0.08 m, between D and G is less than
0.03 m. The integrity of the rubble base in the interval

F Teitat z\v
N

A

Arc of Palmyra, Plan 2: Architectural features

Puc. 9. Tpuympanvnas Apxa anomuper. Ilnan ¢pynoamenma c wypghamu

Fig. 9. Triumphal Arch of Palmyra. Foundation plan with testpits
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Puc. 10. Tpuympanvnan Apxa Iansmuper. Cmynenuamoe bdymosoe ocnosanue Gynoamenma

Fig. 10. Triumphal Arch of Palmyra. Stepped rubble foundation base

BeicoToi 0,45-0,50 M, oTcTynaromiee B IJIaHE BHYTPb
Ha 0,10-0,40 m. Cyns mo crnenaM pydHOM OOMasKu
W XapakTepy MOBEpXHOCTH, ONaiyOKa Ui yCTpOHCTBa
BEPTHKAIBHON IUIOCKOCTH CTYIICHH HE HCIOJIb30BalIach,
MaTepuail Jep)Kajics 3a CYeT IUIACTUYHOCTH PacTBOpa.
Bepxuss mnockocTs OyTOBOro OCHOBaHHS I'py0o BbI-
poBHEHa ¢ OOMa3KOW pacTBOpPOM, IEpernaj OTMETOK
Bepxa Mexay 3oHamu nuiaoHoB A u F 0,08 M, mexnay
D n G menee 0,03 m. LlenocTHOCTH OyTOBOrO OCHOBaHMS
B TpoMekyTke Mexay nuioHamMu C/G u G, HapyleHa,
BEPOSATHO, B CPETHEBEKOBBIN MEPUOLI.

Ha BepxHIOI0 CTyneHb OyTOBOrO OCHOBAHHSI CBEPXY
YJIOKEH OIIMH psijt PyHIAMEHTHBIX OJIOKOB BbIcOTOM OT 0,50
70 0,60 M, BBITIOITHEHHBIX TaK)Ke U3 MPaMOPH30BAHHOTO
n3BectHsika (puc. 11). Beprukanabuble TpaHu OJOKOB
orecansbl Oolnee rpy0o0, BEpXHsisl INIOCKOCTh — OoJiee dnc-
TO. Pan QyHmamMeHTHBIX OJOKOB eIuHOW Iu1aTdopMoi
CBsI3BIBACT MeXy coboii muionsl A, A/F u F (puc. 12);
OoJee y3Kasi B IUIAHE CBSI3KA BHUIOYKEHA MEKIY ITHJIOHAMHU
C u C/G. Kpast ¢pyHIaMCHTHO! KJIAIKU HE COOTBETCTBYFOT
CTPOro KBaJ[paM IMePBOro HA3EMHOI'O PsiJia, BHICTYTIAsl B He-
koTopeix MecTax Ha 0,30—0,35 M, a rae-To pacronarasch
MIOYTH BPOBEHb C BBILICNSKAIMMHU dYacTsMH. [leperan
OTMETOK BEpXHEH IJIOCKOCTH (DYHJaMEHTHBIX OJIOKOB
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between pylons C/G and G was probably impaired
during the Medieval period.

The rubble foundation is topped with one row of
foundation blocks 0.50 to 0.60 m high of marmorized
limestone (Fig. 11). The vertical edges of the blocks
are more roughly dressed, the upper plane is cleaner.
The row of the foundation blocks connects pylons
A, A/F and F (Fig. 12) by a common platform;
the narrower connection is laid between pylons C and
C/G. The edges of the foundation masonry do not
correspond strictly to the quadras of the first above-
ground row, projecting in some places by 0.30—0.35 m,
and in some places being almost flush with the parts
above. The difference in marks of the upper plane of
the foundation blocks between the opposite edges of
the Arch does not exceed 0.03—0.05 m. The approximate
correspondence between the plan of the foundation
blocks and the overlying structure is accounted for by
the fact that the finishing marks were already applied
on top of the foundation, and the exact alignment of
the vertical marks was made in the arca of the first
above-ground row, the difference of the upper plane
being not more than 0.02 m. A drawing of the marking
managed to find on pylon C/G which has survived
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Puc. 11. Tpuymgpanvruas Apxa [anvmupwvl. Bymosoe ocHogaHue u KameHHvle OIOKU QYHOAMEHMA
Fig. 11. Triumphal Arch of Palmyra. Rubble base and stone foundation blocks

Puc. 12. Tpuymanvnas Apxa Ianomuper. Eounas naam@opma ¢ynoamenma noo nuironamu A, A/F u F

Fig. 12. Triumphal Arch of Palmyra. Single foundation platform under pylons A, A/F and F
29
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MEXIy NPOTHBOIOJIOKHBIMU KPastMi APKH HE TIPEBBIIIACT
0,03-0,05 m. IIpuONM3UTETBPHOCTH COOTBETCTBUS IUIAHA
(DyHIAaMEHTHBIX OJOKOB M BBIIIENIEKAIEH CTPYKTYpBI
OOBSICHSIETCSl TEM, YTO YUCTOBAsh pa3MeTKa HAaHOCHIJIACh
yKe 10 Bepxy (yHJaMeHTa, a TOYHOE BBIPABHHBAHUE
BEPTHKAJIBHBIX OTMETOK MPOU3BOJMIOCH B 30HE MEPBOTO
HAa3eMHOIO PAJia, BEPXHsS IUIOCKOCTh KOTOPOTO HMEET
nepenan He Gosee 0,02 M. YUeprexx pasMeTKH yaajoch
o0HapyuTh Ha mioHe C/G, KOTOpbI COXpaHHJICS IO
MEepPBOr0 HA3€MHOI0O psna BKItouMTeNbHO. Ha BepxHeit
IUIOCKOCTU MHJIOHA XOPOLIO BHJHA Pa3METKa, 3epPKaJIbHO
COOTBETCTBYIOIIAsl IUIMHTY Oasbl muioHa G, 1moj Ko-
TOpOM 3aMeTeH Kpail Takoil ke pasmeTku. Busyasbnoe
00ce/IoBaHNE OTKPBITHIX YYaCTKOB OyTOBOTO OCHOBAHMS
1 (QyHIAMEHTHBIX OJIOKOB IMO3BOJISIET IPEIIONararh, 4To
MO/J3EMHBIE KOHCTPYKLIUH APKH He IOCTPaJain IpH B3pbl-
Be. lckirtoueHne cocTaBisieT 30Ha MWIOHA A, e ObUIo
3aJI0KEHO B3PBIBHOE YCTPONCTBO — 3JIECh 3aMETHO pac-
TPECKMBAaHUE W BBIKpAlIMBaHUE (yHIAMEHTHBIX OJIOKOB
B pe3yJibTaTe TepMOOAPHUYECKOr0 BO3ICHCTBUSL

V3yueHne KyJabsTYpHOTO CIIOS BOKPYT ADPKH BBISIBUJIO
PSLI apXeoJOrHueCKuX OOBEKTOB, OTHOCSIIMXCS K pa3-
JMYHBIM TIEPHOJaM CYIIECTBOBaHUS ropozaa [lambmupsr
(puc. 13; 14). B npomexyTtke Mexay mmioHamu A, A/F,
F, B u E otkpeita nopora mmmpuHoi okono 5,0 M — onHa
U3 LEHTPaJbHBIX yiul [lasbMupsl, nepecekaBiiasi ropos
IO JIMHHUU FOr0-BOCTOK—CeBepo-3aman (puc. 13; 15) u cy-
IIECTBOBaBINIAs elle 10 cTpouTesbeTBa Apku. [lopora
HE MMeJla HUKAKOTO MOILIECHHS M COCTOSUIAa M3 IPOCIIOEK
YTONTAHHOH TIIMHBI U MEJIKOTO MeOHs, ToHoi 0,60 M.
[TpociexeHO He MeHee ISITH CJI0EB OOHOBJICHUS JJOPOTH.
Kak 0b110 ycTaHOBIIEHO, Ha I0r0-BOCTOKE JIOpPOTa Ha JUTHHY
4-5 ™ ObU1a HapylieHa B xozie pecTaBpanuu B XX B.

B mpomexyrtke mexny muonamu A, A/F, F u no-
poroii Obuta ycTpoeHa siMa | IpSIMOYTOJBHOW B IIJIaHe
¢dopmer pazmepamu 0,70 x 0,50 M, rayouHoit 0,60 M,
OpUEHTUPOBAHHAS JUIMHHOW OCBbIO IO JTUHHUH CEBEPO-
3aMajg—ro-BOCTOK, 3alOJIHEHHAs! TEMHBIM 30JUCTBIM
CYIJIMHKOM. SIMa 4acTHYHO TOBpeania OyTOBBIH (yH-
nameHT Apku. Ha mecte smbl 1 3amoxen mypd 1
pazmepamu 2,0 x 1,50 M, rryOraO# 0,70 M, 17151 BEISCHCHHS
KOHCTpYKIMHU miiioHa A (puc. 9). B 6oprax mrypda mpo-
crexeH (yHraMeHT nuiioHa A, Beictymatomui Ha 0,30 M
OT Kpasi OCHOBaHHUs IMIoHa (puc. 16).

Sma 2 pasmepamu 2,0 x 1,50 M, rryouHoit 1,10 M,
YXOIUT B CEBEpPO-3aMaiHbId 0OpT packoma. J[HO sSMBI
YCTpOEHO B clioe (DyHIaMEHTHOM 3a0yTOBKH IHJIOHA A.
SIma 3amonHEHA CYTIMHKOM JKEJITO-CEpOro IBeTa
¢ OOJBIIMM KOJUYECTBOM KaMHEH pa3HBIX pa3MEpoOB
¢ npumechbto Haxonok Hoaeiiero Bpemenu. Ha mecte
SIMBI 2 3aJIO0KCH IIypd 2 s BBISACHCHUS KOHCTPYKIHH
¢ynmamenta nuiona A (puc. 9). Kak 0bu10 ycraHOBIICHO,
siMa TIpope3aJia CIIOH IeOCHKH y OCHOBAHUS IMUJIOHA A.
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to the first over-ground layer inclusive. On the upper
plane one can clearly see the markings mirroring
the base plinth of pylon G, under which one can see
the edge of the similar markings. A visual inspection
of the open areas of the rubble base and foundation
blocks suggests that the underground structures of
the Arch were not damaged by the blast. The exception
is the zone of pylon A, where an explosive device was
laid — cracking and chipping of the foundation blocks
as a result of thermobaric impact is noticeable here.

The study of the cultural layer around the Arch
revealed a number of archeological sites which refer
to different periods of existence of the site of Palmyra
(Fig. 13; 14). In the space between pylons A, A/F,
F, B and E, at D-C/2—-4, a road 5.0 m wide was
opened — one of the central streets of Palmyra, which
crossed the city along the southeast-northwest line
(Fig. 13; 15) and had existed before the construction
of the Arch. The road was not paved and consisted
of 0.60 m thick interlayers of trampled clay and fine
rubble. At least five layers of the road renewal were
traced. It was found that in the southeast, the road
was disturbed for 4-5 m in the course of restoration
in the 20th century.

In the space between pylons A, A/F, F and the road,
pit 1 was arranged having a rectangular shape with
dimensions of 0.70 x 0.50 m, 0.60 m deep, its long
axis oriented along the north-west — south-east line
filled with dark ashy loam soil. The pit partly damaged
the rubble foundation of the Arch. In the place of
pit 1 a 2.0 x 1.50 m, 0.70 m deep exploring testpitl
was laid to find out the structure of pylon A (Fig. 9).
In the sides of the exploring testpit the rubble
foundation of pylon A was traced protruding 0.30 m
from the edge of the pylon base (Fig. 16).

Pit 2 of 2.0 x 1.50 m, 1.10 m deep, goes to
the north-western side of the digging area. The bottom
of the pit is arranged in the layer of stone backfilling
of pylon A. It is filled with yellow-grey loam soil
with a large number of stones of different sizes with
an admixture of findings of the New Age. In the place
of pit 2 an exploring testpit 2 was laid to clarify
the structure of the foundation of pylon A (Fig. 9).
It was found that the pit cut through the rubble layer
at the base of pylon A.

Further to the northeast there was a clayey-ashy
layer of the time of construction of the Arch, its ash
saturation increasing in the lower part. The greatest
quantity of archaeological material comes from this
layer: ceramic findings of the Roman time with
an admixture of materials of later epochs — Medieval,
New and Modern — due to the subsequent excavations.
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A

Arc of Palmyra, Plan 3: Archaeolagical features

Puc. 13. Tpuymepanvnaa Apka [lanemuper. Ilnan packona ¢ 8visA61eHHbIMU KOHCIPYKYUSMU
Fig. 13. Triumphal Arch of Palmyra. Excavation plan with exposed structures
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Puc. 14. Tpuymehanvnaa Apka [lanemupel. Ycnoeuvie 0b603nauerus
Fig. 14. Triumphal Arch of Palmyra. Legend
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Puc. 15. Tpuymehanvnan Apka [lanomuper. Llenmpanvuas yruya (borvwias xononunada). Buo ¢ cegepo-3anada
Fig. 15. Triumphal Arch of Palmyra. Central Street (Great colonnaded street), view from the northwest

Puc. 16. Tpuymepanvnas Apxa Hanvmupwl. Llypg 1. Ocrosanue nunona A ¢ ¢hpynoamenmom. Buo ¢ cegepo-3anada
Fig. 16. Triumphal Arch of Palmyra. Testpit 1. Pylon A base with foundation. View from the northwest
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Jlanee k ceBepo-BOCTOKY 3aJieraj INIMHUCTO-30JIUCTHIA
CJIOI BpEMEHH COOpPY>KCHHsSI ApPKH, €ro HaCBIIIEHHOCTh
30J10i BO3pacTajia B HUXHeH uyactu. M3 sToro crnost
MIPOMCXOAUT HAMOOJIbIIEe KOJNYECTBO aApPXEOJornyec-
KOr0 Marepuajia — KepaMHUYeCKHUX HaXOIO0K PHMCKOTO
BPEMEHH C INPUMECHI0 MaTepuajoB 0Oojee MO3IHHUX
3Mox — cpenHeBexkoBoi, HoBoit u Hogeiliweld — BenencTaue
nocuenyomux nepekonos. K nmociegHum oTHocATCA
JIBE SIMBI, OJJHA M3 KOTOPBIX JUaMETPOM OKoJo 1 M,
3aIl0JIHEHHAsI CYTJIMHKOM JKENTOrO LBETa M KaMHSIMH,
HE packarblBasiack. Bropas — sima 3 — 3amonHeHa Tim-
HUCTOH CyNEChIO XKEJITO-Ceporo LBeTa ¢ OOJIBIIUM
KOJIMYECTBOM KaMHEH pa3HbIX pa3MepoB. SIma 3 yxomut
B CEBEpO-3alaiHBIM U CEBEpPO-BOCTOUHBIN OOpTa packora,
OTKpBITast 9acTh pazmepamu 2,0 x 3,0 M, niry6unoit 3,50 m.
ApXeOoIorn4ecKuii MaTepuai U3 3aroiHEHHsT IMbI XPOHO-
JIOTMYECKN HEOTHOPOIHBIH, ¢ OOJIBIION IIPUMECHIO HAXOO0K
Hogeiiero Bpemenu. EcTb ocHOBaHMs mojaraTh, 4TO
aTa siMa (urypd?) ObLIa BBIPHITA BO BPEMsI PECTaBpPaLH
30x rr. XX B. ¢ IENbI0 BBISICHEHHS KOHCTPYKTHBHBIX
0COOCHHOCTEH TOI3eMHBIX YacTeld Apku. VIMeHHO B TOH
sIME yIaJIOCh MPOCIECANTD HIDKHIOI TPaHHILy OyTOBOTO
ocHoBaHus (yHaamenTa (puc. 17).

Ha yuwactke y 1oro-3amagHoro yria nuioHa A Obuia
coopyxeHa KoHcrpykums 1, y 1oro-3amajHoro yria Im-
nona F — Koncrpykumst 2 (puc. 13). Konerpykuus 1
(puc. 18; 19) npexncrasisuia coboi My KpyIJIoH B IjIaHe

The latter include two pits, one of them, about 1 m
in diameter, filled with yellow loam and stones, was
not excavated. The second, pit 3, is filled with clayey
yellow-grey loam soil with many stones of different
sizes. Pit 3 goes to the northwestern and northeastern
sides of the excavation, the open part measures 2.0 x
3.0 m, 3.50 m deep. The archaeological material from
the pit filling is chronologically heterogeneous, with
a large admixture of findings of the Modern time.
There is reason to believe that this pit (exploring
testpit?) was dug during the restoration of the 1930s
to specify the design features of the underground parts
of the Arch. It became possible to trace the lower
boundary of the rubble base of the foundation in this
pit (Fig. 17).

On the area near the south-western corner of pylon A
Construction 1 was built, near the south-western corner
of pylon F — Construction 2 (Fig. 13). Construction 1
(Fig. 18; 19) was a round-shaped pit with the upper
diameter of 1.0 m, 1.30 m deep; its bottom is flat,
1.40 m in diameter, and arranged in the rubble
foundation of pylon A. The walls of the pit in the upper
part at a depth of 0.40 m are lined up with medium-
sized stones according to the “herringbone” system.
There are four rows of masonry resting on five stone
slabs placed edgeways. The intervals between the slabs
formed niches 0.50 m wide (Fig. 20). The filling was

Puc. 17. Tpuympanvnas Apxa Ianemuper. Ama 3. Bymosoe ocnosanue ¢ynoamenma. Buo c cesepo-6ocmoka
Fig. 17. Triumphal Arch of Palmyra. Pit 3. Rubble base of the foundation. View from the northeast
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Puc. 18. Tpuymepanvnas Apxa Hanvmupvl. Konempyxyus 1. Ilnan u paspes
Fig. 18. Triumphal Arch of Palmyra. Structure 1. Plan and section

Puc. 19. Tpuymehanvnaa Apka [lanemuper. Koncmpykyusa 1. Buo ¢ ceeepo-eocmoxa

Fig. 19. Triumphal Arch of Palmyra. Structure 1. View from the northeast
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Puc. 20. Tpuymghanenasn Aprxa Hanomupor. Koncmpyxyua 1. Huwa. Buo c ceeepo-eocmoxa

Fig. 20. Triumphal Arch of Palmyra. Structure 1. Niche. View from the northeast

¢dopmbl uamerpom yctbs 1,0 M, ruryounoi 1,30 M,
ee THO poBHOe, muameTpoMm 1,40 M, ycTpoeHO B Oy-
ToBOM (yHIaMeHTe nmioHa A. CTEHKH SIMBI B BepX-
Heil wactu Ha riuyOuHy 0,40 M 0OJNOXKEHBI KaMHSMHU
CpPEeIHUX Pa3MEpoOB IO CHCTeMe «B ellouky». IIpo-
CJIC)KEHO YeThIpe psija KJaJKH, KOTOPbIE ONMHPAIOTCsS
Ha ISITh KaMEHHBIX IUIMT, IOCTaBJIEHHBIX Ha pedpo.
[IpoMexyTKH MEXJy IUIMTaMH OOpa30BBIBAIM HHUIIH
mupuHoi 0,50 M (puc. 20). 3amoigHeHHe — TIIMHUCTO-
30JIUCTBIN TPYHT CBETJIO-KOPHYHEBOTrO I1BeTa. KOHCTpYK-
1ust | MOTJIa CITy»KHTh B KQ4eCTBE CBOCOOpa3HOro rorpeda —
XpaHWIHIIA TponyKToB. [1o 3aBepiieHnIO McCieoBaHHs
Koncrpykuust 1 Obuta pazoOpana u npeBpatieHa B mypd 3
pa3mepamu 2,0 x 2,0 m, iryorHO# 1,20 M (puc. 9) ¢ enbro
n3ydyenus ¢ynnamenra nuiona A/F. B 1oxHOM Gopty
mrypda XopoIo BHIAHBI TIIMHHUCTBIE U IEOCHNUCTBIE TPO-
CIIOMKH, M3 KOTOPBIX CJIOKEH MAaccUB [J1aBHOH yIHIIBI,
B BOCTOYHOM M 3amajHOM OOpTax — BBICTyHAlOIINN
OyTOBBIH (DyHIAMEHT NMWJIOHA, B CEBEPHOM OOPTY — OCHO-
BaHHWE NMWIOHA A, efuHast 1iardopma (yHmamenTa u Oy-
TOBOe OcHOBaHME (yHmameHTa (puc. 21-23).

Konerpykiust 2 npencrasisiiia co00i siMy OBaJIbHOM
B 1wiaHe (opmel pazmepamu 1,30 x 0,80 m, riryouHo 1,0 M
(puc. 24; 25), opueHTHpOBaHa IO JIMHUK CEBEpO-3ariai—
I0r0-BOCTOK, €€ JIHO HEPOBHOE, YCTPOEHO B INIMHHUCTOM
OCHOBAaHUH JIOPOTH, B FOrO-BOCTOYHON YacTH OOJIMIIOBAHO

clayey-ashy soil of light brown color. Construction 1
could serve as an underground storage for products.
Upon completion of the survey, Construction 1 was
dismantled and turned into a 2.0 X 2.0 m, 1.20 m deep
exploring testpit 3 (Fig. 9) to study the foundation
of pylon A/F. In the southern side of the testpit one
can clearly see clay and rubble interlayers, of which
the Main Street massif was composed, in the eastern
and western sides — the projecting rubble foundation of
the pylon, in the northern side — the base of pylon A,
a common platform of the foundation and the rubble
base of the foundation (Fig. 21-23).

Construction 2 was an oval pit of 1.30 x 0.80 m, 1.0 m
deep (Fig. 24; 25), oriented along the northwestern —
southeastern line, its bottom is uneven, arranged
in the clay base of the road, in the south-east part it is
lined with a stone slab. The top of the pit is lined up
with stones to a depth of 0.40 m, below the pit walls
are daubed with clay. From the south-castern end of
the pit, there is a 0.15 m wide gutter, lined with flat
stones. The filling of Construction 2 is dark brown
loam soil with small stones. Judging by the location
of Construction 2 directly on the Main Street area,
it could be used as a drinker for domestic animals.
Two pits 4 and 5 were found close to it, the latter
was later turned into testpit 6 (Fig. 13; 26).
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Puc. 21. Tpuymepanvnas Aprxa Haremuper. lypg 3. Buo ¢ ceeepo-3anaoa
Fig. 21. Triumphal Arch of Palmyra. Testpit 3. View from the northwest
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Puc. 22. Tpuymgpanvruas Apxa Hanvmupwr. [Llypp 3. Cmpamuepagus Inasnoii yruywvl. Buo ¢ cesepa
Fig. 22. Triumphal Arch of Palmyra. Testpit 3. Stratigraphy of the Central street. View from the north
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Puc. 23. Tpuymgpanvuas Apxa Ilanvmupor. Llypg 3. Cegepuviii 6opm
Fig. 23. Triumphal Arch of Palmyra. Testpit 3. North side

KaMCHHOH TuMTOW. Bepx sMbI OONOKEH KaMHSMH Ha
rryouny 0,40 M, HHKE CTCHKH sMbI OOMa3aHbI TJIHU-
HOM. OT IO0ro-BOCTOYHOTO OKOHYAHMS SIMBI OTXOJIHUT
BOOCTOK mupuHO# 0,15 M, 00J0KEHHBIN IIOCKUMH
KaMHSIMU. 3al0JIHEHHE KOHCTPYKUHUH 2 — CYTJIMHOK
TEMHO-KOPUYHEBOr0 1IB€Ta C MENKUMH KaMHsMU. Cyns
o pacnoiokeHnto KOHCTpYyKIMM 2 HEnoCcpeaCTBEHHO
Ha ydacTke [71aBHOH yiMUBbI, OHA, BEPOSTHO, MOIJa
OBITH KCIIOJIF30BAHA B KAYCCTBE IMOWJIKH JUIS TOMAIIHUX
JKUBOTHBIX. [100IH30CcTH OT Hee 0OHAPYIKEHBI IBE SIMBI —
4 m 5, mocnenHss no3nHee ObLIA MpeBpalieHa B mypd 6
(puc. 13; 26).

SIma 4 oBanbHOM B TuiaHe Qopmbl pazmepamu 1,80 x
0,60 M, opueHTHpOBaHHasi MO JUHHUHM CEBEPO-BOCTOK—
10ro-3amaji, Oblla BBIPHITA MPSMO B IOJOTHE JOPOTH,
Ha mryouHe 1,30 M ¢ ABYX CTOpOH 0Opa3oBaHBI YCTYIIbI
mmpuHO okono 0,30 M. 3amonHeHue sMbl — CYIJIMHOK
CEpO-KEJTOro IBeTa ¢ KaMHSMH, y JIHa MPHOOpETalOIINi
Goree TEMHBIH OTTEHOK, MOYTH 0e3 KepaMHUUYECKHX HAXOJIOK.
SIma 5 (puc. 13) mpopesaer kpaii JIOpOrd M TIOBPSKICHA
OyToBbIM (yHIaMeHTOM mnuiioHa E, coxpaHuiack moso-
BUHA siMBbI pasmepamu 2,0 x 0,80 M, Ha Tryouny 0,20 M,
3aI0IHEHHAs 30JIMCThIM CYITIMHKOM TeMHOro 1seTa. Ilocrne
ero BBIOOPKH siMa ObLiIa TIpeBpalleHa B mypd 6 pazmMepamu

Pit 4 of oval shape, 1.80 x 0.60 m, elongated along
the northeast-southwest line, was dug right in the road
bed at a depth of 1.30 m, with benches about 0.30 m
wide on both sides. The filling of the pit is greyish-
yellow loam soil with stones, getting a darker shade
at the bottom, almost without ceramic findings. Pit 5
(Fig. 13) cuts through the edge of the road and
is damaged by the rubble foundation of pylon E;
half of the pit of 2.0 x 0.80 m, 0.20 m deep, filled
with ashy dark-colored loam soil is preserved. After
excavation, the pit was turned into a 2.0 x 1.0 m,
0.80 m deep testpit 6 (Fig. 9). The southern side of
the testpit is arranged along the edge of the pylon E
rubble foundation, the northern side shows the roadbed
stratigraphy with loam soil and ceramic interlayers
as a result of regular renewal of its daylight surface.

Two testpits were dug at the base of pylons E
and D. Testpit 4 (Fig. 9), measuring 2.0 x 2.0 m, is
located at the eastern edge of the base of pylon E,
dug to a depth of 1.70 m. Its western side shows the
presence and condition of the rubble foundation under
the slab base of pylon E, the other three sides clearly
show numerous clay and rubble interlayers formed
during the construction of the Arch, disturbed in some
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Puc. 24. Tpuymgpanvuas Apxa Ianvmupvl. Koncmpykyus 2. [Inan u paspes
Fig. 24. Triumphal Arch of Palmyra. Structure 2. Plan and section

Puc. 25. Tpuymepanvuas Apxa Ianomupwvl. Koncmpykyus 2. Buo ¢ cesepa

Fig. 25. Triumphal Arch of Palmyra. Structure 2. View from the north
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Puc. 26. Tpuympanvnasn Apra Hanemupwer. [nasuas ynuya. Koncmpykyus 2. Awver 4 u 5. Buo ¢ wzo-6ocmoka
Fig. 26. Triumphal Arch of Palmyra. The Central street. Structure 2. Pits 4 and 5. View from the southeast

2,0 x 1,0 m, iryounoit 0,80 M (prc. 9). FOxubIii 6opT mrypda
YCTPOEH BIONBL Kpast OyToBoro (yHmameHTa nmioHa E,
CEBEPHBIIT OOPT OTpaskaeT CTPATHTrPA(HIO TOIOTHA JOPOTH
C IPOCIOIKaMH CYTIIMHKA U KePAMHKH KaK pe3yJIbrara pe-
TYJISIPHOTO OOHOBJICHVSI €€ JTHEBHOM MOBEPXHOCTH.

V ocuoBanusa mwioHoB E u D Obumi 3aj10)KeHBI J1Ba
mypda. Ulypd 4 (puc. 9) pasmepamu 2,0 x 2,0 M,
pacroiokeH y BOCTOYHOIO Kpasi OCHOBaHHWS ImioHa E,
BbIKONaH Ha TiryonHy 1,70 m. Ero 3amamHbiii 6opt oTpa-
JKaeT HAJIMYUE W COCTOSIHME OyTOBOTrO (hyHIaMEHTa IO
IUTUTOBBIM OCHOBaHWEM NmIIOHa E, B OCTaIbHBIX Tpex
0opTax XOpOIIO BHIHBI MHOTOYUCIICHHBIC TIHMHHUCTHIC
W 1eOCHHUCTHIC MPOCIONKH, 00pa30BaBIINMECS BO BpeMs
CTPOUTENIbCTBA ApKH, MECTaMH HapylIeHHbIe Ooee
no3aauME Tiepekornamu. Hlypd 5 (puc. 9; 11) pasmepamu
2,0 x 2,0 M, miryounoi 1,50 M, pacroyioxKeH BIOJb
FOro-3arajfHoro kpasi Oyrooro (yHmameHta mwiona D,
K KOTOPOMY HPUMBIKAIOT OCTaTKH KJIAIKU OoJice paH-
Hero BpeMeHH. Ha 3ToM ke ydacTke, BIOJIb MwioHa D
ObUTH OOHApPYKCHBI MOBPCIKICHHBIC U IMEPEMCIICHHEIC
KepaMHuyecKre TpyObl CPEIHEBEKOBOIO BOIONPOBO/A,
MO3/HEE 3aJUThie OeToHOM (puc. 13).

places by later excavations. Testpit 5 (Fig. 9; 11), 2.0 %
2.0 m, 1.50 m deep, is located along the south-western
edge of the rubble foundation of pylon D, which is
adjoined by remains of earlier masonry. In the same
area, along pylon D, damaged and displaced ceramic
medieval water pipes, later poured with concrete
(Fig. 13) were found.

To the north-west of pylon B, a well-preserved
section of an antique ceramic water pipe was found,
laid in a specially prepared canal covered with stone
slabs (Fig. 13; 27). The open water duct is about
8 m long, the 1.0 m wide canal was built of slabs
of marmorized limestone set edgeways, with drawn
geometric signs, faces and rosettes seen on one of
them (Fig. 28). Further to the south, the water duct
was damaged by a modern pit; opposite it, to the north,
the canal and its covering were better preserved on
the road section. The covering consisted of densely
laid stone slabs with smaller stones backfilling of
the spaces between them. The water duct crossed
the Main Street with a slight bend and probably
continued on the other side of it.
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K ceBepo-3amany ot nuiona B oGHapyskeH xopo-
IO COXPaHMUBUIMKCS Y4aCTOK aHTHYHOTO KepaMHU-
4ECKOro BOJONPOBOJA, YJIOKEHHOTO B CIEIHAJIBHO
MOJrOTOBJIEHHBIN KaHAJI, NEPEKPbIThI KaMEHHBIMU IUIH-
tamu (puc. 13; 27). IIpoTsSHKEHHOCTD OTKPBITOrO ydacTKa
BOZIONPOBO/IA COCTABMIIA OKOJIO 8 M, KaHas mpuHoi 1,0 M
0 KpasiM ObUT CJIOKEH U3 TIOCTABJICHHBIX Ha pedpo TUIUT
MpPaMOPH30BaHHOIO U3BECTHSIKA, HA MIMPOKON MIOCKOCTH
OZIHOM M3 KOTOPBIX BUJIHBI IPOYEPUEHHBIE TEOMETPUUECKUE
3HAKW, JUYUHBI U po3eTku (puc. 28). [lanee k 1ory
BOJIOINIPOBOJI OBII TOBPEXKJEH COBPEMEHHOW SIMOH,
HANpOTHUB B CEBEPHOM HAIIPABJICHUH, HA Y4acTKe JOPOTrU
KaHaJ BOJONPOBOAA M €ro NEpPeKpbITHE COXPaHUIHUCH
ayuie. IlepekpbITHe COCTOANIO U3 MJIOTHO YJIOXKEHHBIX
KaMEHHBIX TUIUT ¢ 320y TOBKOM NIPOMEXKYTKOB MEXKTy HUMU
KaMHSIMH MEHBIINX pa3MepoB. BoxmompoBon nepecexan
[maBHyt0 ynumy ¢ HeOOJNBIIMM HM3rMOOM W, BEPOSITHO,
MPOJOJDKANICS HA JAPYrOi ee CTOpOHE.

K apxeonoruueckum o0bekTaM Oojiee MO3THETO BpeE-
MCHU OTHOCWJIHCH JIBA KOMILJICKCA, TIPU CTPOHTCIBCTBE
KOTOPBIX OBLJIO MCIOJIh30BAHO BHYTPEHHEE IMPOCTPAHCTBO
mexxny mwionamu A, A/F, F u C, C/G, G u y4acTtok
K roro-Boctoky ot nwioHoB D u E. B nepBom ciyuae
BCE IPOCTPAHCTBO OBLIO MEPEKPHITO MOIIHBIM 30JIHCTO-
TJIMHACTBIM CJIOEM, HACHIIICHHBIM OOJIOMKAMHU KEPaMHUKH
AHTHYHOTO U CPEITHEBEKOBOTO IEPUONIOB, KOCTSIMH JKH-
BOTHBIX, OTXOJaMU KYXOHHOTO mpou3BojacTBa. [locie
pa30opa 3TOro ciiosi OBUTH OTKPBITHI OCTATKU HEOOIBIION
MCYH U OYaroB, K KOTOPHIM IPHMBIKAJ YYaCTOK XOPOIIO
YTONTAaHHOTO TITHHOOWTHOTO TIOJNIa C SIMKAMHU OT CTOJIOOB
JUTSL YCTAHOBKH JICTKOTO HaBeca M KAMCHHBIM ICCTHKOM
(puc. 13; 29). B ogHOM M3 OYaroB HaiJieH TJIMHSHBINA
CBETWJILHHUK prMcKoro BpemeHu (puc. 30; 31).

Ha yuactke k roro-soctoky ot nmioHoB D u E or-
KpbITa YacTh JKUJIOW HJIM XO3SWCTBEHHOH MOCTPOHKH
CPEIHEBEKOBOI SIOXM, KOTOpasi yXOIuja B BOCTOUHBIHN
oopt packoma (puc. 13). K He#l oTHOCWIHCH TpH He-
OpCS)KHO CIIOKCHHBIC M3 KaMHS WM ChIpHA KJIAJKH, OHA
U3 KOTOPBIX OJHOJUIICBAs, W TJIMHOOMTHAS (CHIPIIOBAST)
TyMOa, OIITYKaTypeHHasi C TPEX CTOPOH.

B xone apxeosornueckux packorok Ha y4acTKe IHIIO-
HOB TpuymdansHoit Apkn oOHapy»xkeHo okono 12000 na-
XOJIOK, MPENMYILECTBEHHO KepamMHuuecKux. HauOompimii
MacCHB apXeoJOTHYECKOro MarepHhajia MPUXOAUTCS Ha
KyJIETYpHBIE CIIOH, NEpeKphIBaBIINe (DyHIAMEHTHBIE KOH-
CTPYKIIMH THJIOHOB ApKH. B mpouecce paz0opkn 3THX
KyJIBTYPHBIX HarlacToBaHui czienano 6osee 4000 kepamu-
YECKUX HaXOJIOK, OOJbIIasi YacTh KOTOPBIX IPUXOIUTCS
Ha oOnomMKHu amdopHoit Tapsel (52 %), ynenbHBIA Bec
CTOJIOBOM NOCYABI pa3HBIX TUHOB cocTaBun 19,5 %, nHa
JIONI0 KYXOHHOW Kepamuku mpuxomurcs 11,6 % Haxo-
JIOK, W, HAaKOHEIl, (parMeHTHI COCY/IOB XO3SIMCTBEHHOTO
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The archaeological sites of the later periods included
two complexes built with the use of the inner space
between pylons A, A/F, F and C, C/G, G, and
the area southeast of pylons D and E. In the first case,
the entire space was covered by a thick ashy-clayey
layer filled with fragments of ceramic of the classical
and medieval periods, animal bones, kitchen waste.
After they were removed, the remains of a small
oven and hearths were opened, with an adjacent area
of well-compacted clay floor with holes from posts to
install a light shelter and a stone pestle (Fig. 13; 29).
A clay lamp dating back to the Roman period was
found in one of the hearths (Fig. 30; 31).

A part of a medieval dwelling or a household building
which went under the eastern side of the excavation
was opened on the area southeast of pylons D and E
(Fig. 13). It included three coarsely stacked masonry
structures, one of which was single-faced, and an earthen
(adobe) bollard plastered on three sides.

During the archaeological excavations in the area of
the pylons of the Arch of Triumph about 12,000 findings
were discovered, mainly ceramic ones. The largest
amount of the archaeological material accounts for
the cultural layers overlapping the foundation structures
of the Arch pylons. In the process of digging of these
cultural strata more than 4,000 ceramic findings were
made, the main part of them being fragments of
amphoras (52 %), the share of tableware of different
types is 19.5 %, the share of kitchen ceramics is
11.6 % of the findings, and finally fragments of
vessels for domestic use and storage of agricultural
products account for 16.5 % of the fragments. Other
categories of the archaeological material are represented
to a much lesser extent, including lamps, loom weight
from an amphora wall, single copper coins, fragments
of glass vessels, stone architectural details, in particular
acrotherium (Fig. 32).

Of special note are the findings from the layer
overlapping the inner space between pylons A, A/F, F
and C, C/G, G. More than 6,500 fragments of ceramic
vessels, mainly amphoras (66 %), were found during
its dismantling; fragments of jugs, bowls and plates
of various types of tableware prevailed (18 % of
the fragments); the share of kitchen ceramics, mainly
pots and bowls, was 8.5 % of all ceramic findings;
vessels for domestic use (pythos, hums and basins)
accounted for 6.8 % of the fragments. In addition,
parts of lamps, fragments of glazed crockery and 13
fragments of glass vessels, an iron knife blade and
a copper coin were found in a considerable quantity.
Of particular note are the findings of two locally made
terracotta figurines (Fig. 33).
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Puc. 27. Tpuymghanvnan Apxa Iaremupv. Ocmamku anmuunoco 600onposoda. Buo c weo-eocmoxa
Fig. 27. Triumphal Arch of Palmyra. Remains of the water supply system. View from the southeast

Puc. 28. Tpuymepanvnas Apra Hanemupel. Kanan anmuunozo 6000npogoda ¢ naumoil ¢ pucyHkamu. Buo c¢ zanaoda
Fig. 28. Triumphal Arch of Palmyra. Canal of the water pipe with a slab with drawings. View from the west
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Puc. 29. Tpuympanvuas Apxa Ianvmupol. [Ipocmpancmeo meacdy nunonamu A, A/F, F u C, C/G, G ¢ obuapysiceHnbiMu
obvekmamu. Buo ¢ cesepo-eocmoka
Fig. 29. Triumphal Arch of Palmyra. Space between pylons A, A/F, F and C, C/G, G with excavated objects.
View from the northeast

Puc. 30. Tpuymepanvnasn Apra Hanemupwel. Ilpocmpancmeo mesncoy nunonamu A, A/F, F u C, C/G, G.

CeemunvHuk 6 ouace. Buo ¢ cesepo-3anada
Fig. 30. Triumphal Arch of Palmyra. Space between pylons A, A/F, F and C, C/G, G. Lamp in the hearth.
View from northwest
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Puc. 31. Tpuymepanvnan Aprka [laremuper. CeemunbHuxk,

obuapyoicennvlil 6 ouace. 1I1-1V ss.
Fig. 31. Triumphal Arch of Palmyra. Lamp found
in the hearth. 3rd—4th centuries

v

Puc. 32. Tpuymgpanvruas Apxa Hanvmupvl. Axkpomepuii

U3 MpaAMOpoBUOHO20 uzeecmusika. Pumckoe epems
Fig. 32. Triumphal Arch of Palmyra. Acroterium
of marble-like limestone. Roman period
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Puc. 33. Tpuymepanvuas Apxa Ilanomupwvl. Obromox
meppakomogol cmamysmru. Pumckoe epems
Fig. 33. Triumphal Arch of Palmyra. Fragment
of a terracotta figurine. Roman period
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Puc. 34. Tpuympanvnas Apra Hanemupsl. Obromox
Qumuamepus. Pumckoe epems
Fig. 34. Triumphal Arch of Palmyra. Fragment of
phymiatery. Roman period
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Ha3HAYCHWSI, TIPUCTIOCOOJICHHBIX ISl OBITOBBIX HY>K/I M Xpa-
HEHUsSI CEJIbCKOXO3SHCTBEHHOM ITPOAYKIMH, COCTaBIISIOT
16,5 % o6nomKoB. Jlpyrue Kareropuu apXxeoJorayeckoro
Marepralia Ipe/ICTaBICHbI B 3HAYUTEIIHHO MEHBIICH Mepe,
K HMM OTHOCSTCSl CBETHJIBHHMKH, TKAaIKO€ T'PY3HJIO U3
CTEHKH aMQOpbl, SANHUYHbIC MEIHbIC MOHETHI, OOJOMKH
CTEKJISIHHBIX COCYJIOB, KAMECHHBIC apXUTEKTYPHbIC ICTaIIH,
B YaCTHOCTH aKpotepuii (puc. 32).

Oco00 crenyeT OTMETUTh HAXOIKU M3 CNOsl, ePEKpbI-
BABILIETO BHYTPEHHEE MPOCTPAHCTBO MEXIY IMUIOHAMU
A, AJE, F u C, C/G, G. Ilpu ero pazdopke ObUIO Haiiji-
eHo Ooznee 6500 OOJIOMKOB KepaMHUYECKHUX COCYJIOB,
B OCHOBHOM amopHOU Tapbl (66 %), B coCTaBe CTOJIOBOM
nocyzsl (18 % 00noMKOB) mpeodiasamy (pparMeHThl KyB-
[IMHOB, MUCOK M TapejiOK Pas3HbIX THUIIOB, YICIBHBIA BeC
KyXOHHOM KepaMUKH, OOMbIICH YacThEO KaCTPIOIb M MH-
COK, cocTaBui 8,5 % BceX KepaMHMUYeCKMX HaXOJlOK, Ha
JIOJIIO COCYJIOB XO3SHCTBEHHOIO Ha3HauyeHHs (Mr(hocoB,
XyMOB M Ta30B) Ipuxoauiock 6,8 % dparmenros. Kpome
9TOro, HaiiJIeHbl ()ParMEHTHI MOJIMBHON MOCY/IbI, OOJOMKH

Ceramic findings from the filling of the pits, testpits
and constructions, though presented in a smaller
quantity, as a whole repeat the composition of
the ceramic complex from the cultural layers; of
special note is a fragment of a phimiateria (Fig. 34).
The ratio of the main categories of the ceramics found
in the upper layers of the Main Street, which accounts
for 451 fragments of the vessels, does not differ, either,
from the composition of the ceramic findings from
the cultural strata of the survey area.

The results of the full-scale archaeological investigations
of the entire territory on which the Triumphal Arch of
Palmyra was built (Fig. 35) conducted by the joint creative
team of the IHMC RAS and DGAM in the autumn of
2022 fully confirmed the correctness of the decision
to excavate it made in spring. First of all, for the
first time the world science has received reliable data
on the structure of the Arch’s foundations and their
condition after the blast of the Arch by terrorists in 2015.
This unique information about the architecture and

Puc. 35. Tpuymepanvuas Apka Ilanomupol. Yuacmox ucciedoanusi ¢ OMKPLIMbIMU aAPXeOI0SUYECKUMU 00beKMAaMU.
Buo ¢ 3anaoa

Fig. 35. Triumphal Arch of Palmyra. Excavation area with open archaeological objects. View from the west
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CBETUJIBHUKOB, 13 ()parMeHTOB CTEKJISTHHBIX COCY/IOB,
JIe3BHE IKENIE3HOrO HOXa, MenHas moHeta. Ocobo ciie-
JIyeT OTMETHTh HaXOIKH JIByX TEPPAKOTOBBIX CTATYITOK
MECTHOTO TMPOU3BOACTBA (puc. 33).

Kepamuueckue HaxXoIKHM W3 3allOIHEHMS SIM, HIyp-
(OB ¥ KOHCTPYKIIMH, XOTSI M IPEJCTABICHBl B MEHbIIEM
KOJIMYECTBE, B LIEJIOM MOBTOPSIFOT COCTaB KEPaMHUYECKOTO
KOMIIJIEKCa M3 KYJIBTYPHBIX CJIOEB, 0CO00 CIIEyeT OTMe-
TUTH 00JOMOK (umuarepus (puc. 34). CooTHOIICHUE
OCHOBHBIX KaTeropuil KepaMHKH, HAHJEHHOH B BEPXHUX
cnosix [1aBHOM ynuibl, Ha KOTOpYyto npuxonurcst 451 06-
JIOMOK COCYZIOB, TAKKE€ HE OTJIMUYAETCS OT COCTaBa KepaMH-
YECKMX HaXOJOK M3 KYJIBTYPHBIX HAaIIACTOBAHMH y4JacTKa
UCCIICJOBAHUIL

Pesynprarel npoBeneHHBIX oceHbO 2022 T. 00Benu-
HEHHBIM TBOpueckuM komnexktusom MMMK PAH
n JI'AM nonHOMacIITaOHBIX apXeoJOrHYECKUX HCCIie-
JIOBaHUN BCEW TEPPUTOPUHU, HA KOTOPOH BBICTPOEHA
Tpuymdansnas Apka ITaasmupsr (puc. 35), HOTHOCTBIO
MOATBEPANUIN MPABUIBHOCTh MPUHATOIO BECHOHM pelle-
HUSL O HEOOXOIMMOCTH ITPOBEACHHS apXEOJOTHUYECKUX
packonok. Ilpexae Bcero, MupoBasi HayKa BIIEpPBBIE
TOJTyYHJIa JJOCTOBEPHBIE JTaHHbBIE O KOHCTPYKIMHU (DyHIa-
MEHTOB APKU U MX COCTOSIHUU IOCJIE B3pbIBa ApKH Tep-
popuctamu B 2015 1. ITonyueHHbIE yHUKAIbHBIE CBEICHUS
00 apXUTEKType M COXPaHHOCTH NaMsTHHUKaA, OymyT He
TOJIBKO TIOJIOKEHBI B OCHOBY pa3padaThbIBaeMOro IpPOEK-
Ta pecraBpanuu TpuymbansHoit Apku IlamsMupsl, HO
W BOHAYT B Hay4yHBI 00OpOT B KauecTBE HCTOYHUKA
[0 aHTUYHOM UCTOpUM U apxurekType. Hapsany c stum,
B XOJIE apXCOJOTHUECKUX HCCIECAOBAaHUN BIEPBBHIE MOMIY-
YEHBI CBUJICTEIbCTBA 00 HCIIONB30BAaHUM U IPOCTPAH-
CTBEHHO! OpraHU3alUM TOrO ydyacTKa ropoia B pa3HbIe
HCTOPUYECKHE DIIOXU.

Kaxk OBLIO YCTaHOBJICHO, €0 OCHOBHOM TIAHUPOBOYHON
OCbIO C JpEBHEHIIMX BpeMEH ciyxuia [JaBHas ynuna
ropoja, Ha KOTOPOH, WM PSJIOM C HEH B OTAEIbHBIE UCTO-
pHUYECKHE MEPHO/Ibl, B OCHOBHOM YK€ MOCJIE€ BO3BEICHUS
ApKH, TOSBISUTHCH OOBEKTHI Pa3IUYHOTO HA3HAYCHUSI.
K HMM OTHOCHIINCH XO3SHCTBCHHBIC SIMBI U MOTPeO IS
XPaHEHUS! CEIbCKOXO3SIMCTBEHHOW MPOIYKLWH, MOUIIKA
JUIS IOMAITHEro CKOTa, BOJOIPOBOJbI, KUJIbIE M XO-
3HCTBEHHBIC CTPOCHHSI. MHOTOYHCIICHHBIC U pa3HOOOpa3-
HbIE apXEOoJIOTMYECKUe Marepuajibl, HallJIeHHbIE B XOI€
PACKOIIOK, OTPAYKAFOT Pa3HBIC CTOPOHBI JKU3HU H ObITA K-
teneit [anemupel ¢ pumckoit snoxu 10 CpeaHEeBEKOBbSI.

preservation of the monument will not only lay down
as a basis in the restoration project of the Triumphal
Arch of Palmyra but will be introduced to the scientific
community as a source on antique history and architecture.
In addition, during the archaeological survey evidences
of the use and spatial organization of the site in different
historical periods have been obtained for the first time.

It has been found out that since ancient time
Palmyra’s main planning axis was the Main Street,
on which or next to which objects for different
purposes appeared in certain historical periods,
mainly after the construction of the Arch. These
included middens and a cellar for storing agricultural
products, drinking troughs for livestock, water pipes,
dwellings and outbuildings. The numerous and varied
archaeological materials found during the excavations
reflect the different aspects of life and way of life of
the inhabitants of Palmyra from the Roman era to
the Middle Ages.
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ApxeoJiornueckne HaXoAKkH U3 packonok TpuympanbHoit Apku B Ilaasmupe

Archaeological Finds from the Excavations of the Triumphal Arch in Palmyra

®.III. Amunos', C.JI. CoyoBbeB?
F.Sh. Aminov!, S.L. Solovyev?

DOI: 10.31600/978-5-907298-39-2-2022-47-64

B xome apxeonormueckux uccienopaHuit Tpuywm-
(anpHON Apku [Taxemupsr B 2022 1. ObIJI0 HAlIGHO OKOJIO
12000 HaxomoK, OOJBILIYIO YacTh KOTOPBIX COCTABIISIOT
(hparMeHTBl KepaMHYECKUX COCYyJOB. J[pyrue kartero-
PUH HaXOHOK — CTEKJISHHbIE, METAJUIMYECKUE U KaMEH-
HBIE M3JIEJIUSI — IPEJICTaBICHbl B MEHBILEM KOJIMUYECTBE.
B ocHoBHOI cBoell mMacce KepaMHYECKHE HaXOAKHU
MIPEJICTABIISIOT CO00H (hparMeHTH! KPaCHOIJIMHSIHOMN I10-
cyzasl. HalifieHO HIlb HECKOJIBKO CTEHOK CEpOrTIMHIHON
KepaMHKH. B (yHKIIMOHAJIBHOM OTHOIICHUH KOMILIEKC
KEepPaMUYECKUX HaXOJOK MOAPAa3AEISIeTCs Ha CIIeTYyOLe
kareropun: 1) amopsr; 2) cronosas mocyna; 3) KyXoHHas
nocyna; 4) Xo3sHCTBeHHAs KEpaMHKa; 5) CTPOMTEIIbHAS
KepaMuKa.

Amepoput

Bonpmias yacte HalzeHHOW kepamuku — 59 % 00-
JIOMKOB — OTHOCUTCSI K aM(OpHOW Tape, IpercTaBlicH-
HOM BEpXHHMH YaCTSIMU COCYZOB — KpPasMHU U TOPJIAMH,
a TaKk)Ke CTeHKaMH U JoHuamu (puc. 1-5). Lensie hopmbl
n3 ()parMeHTOB HE BOCCTAHABIMBAIOTCS.

Topra amdop nMenn LMIMHAPUYECKYIO, Tparenue-
BHUJIHYIO ¥ KOHMYECKYI0 (hopMbL. ['opia mummHiprudeckon
(hOpMBI XapaKTepH3yIOTCsl BBIACJICHHBIM, CJIErKa YTOJ-
mIeHHbIM KpaeM (puc. 1: 1-3; 3: 2—4), uHorna ¢ BBIEMKOM
JUIsl KPBIIIKK Wil ipoOku (puc. 1: 3; 3: 3). IToBepxHOCTD
ropja WHOTAa JNEKOPHPOBaHA T'OPU3OHTAIBHBIMHU IIPO-
YepYeHHBIMU JHUHUAMHU (puc. 2: 4; 3: 3, 4). T'opua
TparenueBUHONH (DOPMBI ClIeTKa PacIIUpSIIOTCS OT BEH-
4yuKka K TyJoBy. Kpait Takux amdop yrommen (puc. 1: 4).
Konnueckue ropia ciierka Cys>katoTcst OT BEHUHKa K TYJIOBY
(puc. 2: 1, 2, 5; 3: 1, 5). YIx kpast yrommens! (puc. 2: 2;
3: 1, 5), mopoit npoduimposans (puc. 3: 1, 5).

Pyuxu am¢op yaime pacronoXeHbl HEMHOTO HHKE
BCHYMKA W JIMIIb B HEKOTOPHIX CIy4asX Ha €ro Kpae.

! Poccust, 191186, Cankr-IlerepOypr, J[Bopuosas Hab., 18.
MucruryT ucropun marepuanbHoi KynsTypel PAH, IlenTp
criacaresibHON apxeosorun. E-mail: firuzaminov@gmail.com.
2 Poccusi, 191186, Cauxt-IletepOypr, JIBoprosas Hal., 18.
MucruryT ucropun marepuanbHoi KynsTypel PAH, IlenTp
criacaTenbHON apxeonoruu. E-mail: ssl2610@yandex.ru.

During archaeological research of the Palmyra’s
Triumphal Arch in 2022, there were discovered
about 12,000 finds, most of which are fragments of
ceramic vessels. Other categories of finds — glass,
metal, and stone products — are presented in smaller
quantities. For the most part, ceramic finds belong to
the category of red clay dishes. Only a few walls of
gray-clay ceramics were found. In functional terms,
a complex of ceramic finds is divided into the following
categories: 1) amphorae; 2) tableware; 3) kitchen ware;
4) household ceramics; 5) constructional ceramics.

Amphorae

The most of the ceramics found — 59 % of
the debris — belongs to amphora containers represented
by the upper parts of vessels — rims and necks, walls
and bottoms (Fig. 1-5). The found fragments do not
allow restoring the whole shape of a vessel.

Amphora’s necks had a cylindrical, trapezoidal,
and conical shape. The necks of cylindrical shape are
characterized by an outlined, slightly thickened edge
(Fig. 1: 1-3; 3: 2—4), sometimes with a notch for a lid
or stopper (Fig. 1: 3; 3: 3). The surface of the neck
is sometimes decorated with horizontal drawn lines
(Fig. 2: 4; 3: 3, 4). The trapezoidal necks slightly
expand from the rim to the body. The edge of such
amphorae is thickened (Fig. 1: 4). Conical neck is
slightly narrowed from the rim to the body (Fig. 2:
1, 2, 5; 3: 1, 5). Their edges are thickened (Fig. 2: 2;
3: 1, 5), sometimes profiled (Fig. 3: 1, 5).

Amphora’s handles are more often located slightly
below the rim and only in some cases on its edge.
In cross section, they have an oval, sometimes profiled
shape; the thickness of the handles varies (Fig. 1: 3,
4; 2: 1, 3,5, 6; 4 1-3).

! 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: firuzaminov@gmail.com.
2 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: ssl2610@yandex.ru.
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Puc. 1. Tpuymehanvnaa Apka [laremuper. 2022. Amghopwvl
Fig. 1. Triumphal Arch of Palmyra. 2022. Amphorae
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Puc. 2. Tpuympanvuas Apxa Ianvmupor. 2022. Amgoper
Fig. 2. Triumphal Arch of Palmyra. 2022. Amphorae
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Puc. 3. Tpuymepanvuaa Apxa IHanemupwvr. 2022. Amgoper
Fig. 3. Triumphal Arch of Palmyra. 2022. Amphorae
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Puc. 4. Tpuymeanvnaa Apxa Iaremuper. 2022. Amgpoper
Fig. 4. Triumphal Arch of Palmyra. 2022. Amphorae
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B ceyeHnn OHM MMEIOT OBaJIbHYIO, MHOTIA MPOMHIMPO-
BaHHYIO (hopMy, TONIIMHA pydeK paziandaercs (puc. 1: 3,
4; 2: 1, 3,5, 6; 4 1-8).

Jonna amdop ObiBaroT 0e3 TOANIOHA, HA TOIJIOHE
u Ha HOXKe. Ha noHmax Ge3 mojjoHa cTeHKa aM(opbl
MIEPEXO/INT B OYCHDb Y3KOE, OYTH KOHMYECKOE JHO Jna-
MeTpoM He Goniee 5 cM (puc. 5: 1, 6-10). onma amdop
Ha TIOJIOHE MMEIOT HEBBICOKHMH, JAMCKOBUIHBIN MOJIOH
C KoJbIEBbIM BbIpe3oM (puc. 5: 2, 4). Hoxku amdop
c/leJaHbl B BUJE BBICOKOTO IIOJJIOHA KOJIBLIEBUHON
(opmbl. OHM popMOBaAIIUCH OTHENBHO W PUKPEIIIISUIIUCH
K cocyny mepen ookurom (puc. 4: 3, 5).

B nenom amdopHast Tapa THIIOIOTHYECKH U 110 Mopgho-
JIOTHYECKUM XapaKTepucTHKaM Oim3ka cocynam Boc-
touHoro CpeanzemHoMopbst koHna [V-VIII BB. (Mazar,
2015. P. 240, 245-246; Tonogact, 2020. C. 56—65).

Cmonosas nocyoa

VaensHBI BeC CTOJNIOBOH MOCYABI, HaJEHHOW MpH
packonkax TpuymdansHoit Apku, cocrasisier 19 % ot
00IIIero KOJIMYeCTBa HAXOMOK. JTa KaTeropusi KepaMuku
NpeACTaBJIeHa KYBIIMHAMH, YalleYKaMH, dallaMHu-
MHCKaMH, TapelKaMH, TOPIIKaMH, KPY)KKaMH, KyOKaMH,
MHUHHATIOPHBIMU COCY/IaMH, KypPHIIBHUI[AMH, KPbIIIKaMU
u npookamu. Takke BCTpedaeTcsi KpacHOJIAKOBAsl U I10-
JIMBHAsl CTOJOBasl MOCYyHa.

Kyswunu

LlenbIX KyBIIMHOB HE HaiifieHO, X (OpMBI BOCCTa-
HaBJIMBAIOTCS 110 (hparMeHTam ropi u JoHel. B cocrase
MIEPBBIX BBIACISIOTCS YEThIPE TUIA: C OTOTHYTHIM Kpa-
€M, KOHWYEeCKHe, [IMIIMHIPUYECKUe U co cauBoM. [opia
C OTOTHYTBIM KpaeM HMMEIOT BEHYHMKH IOYTH IOJY-
oBasibHOU (opMmbl (puc. 6: 1-6), 4acTh M3 KOTOPBIX
yronieHs! (puc. 6: 4), a uHOTAAa 3a0CTpeHsl (puc. 6:
1, 5). CTeHKM KyBIIMHOB 3TOTrO THIIAa WHOI/IA UMEIOT
pudicHHE B BHJE KEIOOKOB WM KaHHEIOp (puc. 6:
2, 3). Konnueckue ropioBUHBI CIIETKa CYXKalOTCA
K TYJIOBY, MX Kpas YTOJIICHBI, a MHOTJa ¥ MPOPUIH-
poBaHsl (puc. 6: 7-11). T'opna uunuHIprYecKoit GopMBbI
(puc. 7: 1-10) BcTpeyaroTest ¢ 3aKpyIJIEHHBIM BEHYHKOM
(puc. 7: 1), ¢ 3arHyTBHIM BHYTpPb KpaeMm (puc. 7: 2, 10),
C YTOJILEHHBIM KpaeM (puc. 7: 3—7), ¢ 3aKkpanHaMu st
KPBIIIKA WU TpoOku (puc. 7: 8), ¢ CYKCHBIM Kpaem
(puc. 7: 9), ¢ BeleMKoOi#l cBepxy (puc. 8: 1). CTeHkH
KYBIIMHOB 3TOrO THUIAa MOPOW yKpamieHbl pUQICHUEM
(puc. 7: 1) ¥ mpovYepYEHHBIMU T'OPU3OHTAIBHBIMU JIH-
HusMu (puc. 7: 5-6). ['opno oxHOro M3 KyBIIMHOB
umerno cius (puc. 8: 2).

Pyuku KyBIIMHOB BEpTHKAIBHbIC, KPSITHIHNCH K KPAto,
peke 101 BEHYMKOM, U K TYJIOBY cocyza. B cedueHun oHm
nmen oajibHyto (puc. 8: 1, 3; 9: 1, 2), unorna npodu-
mupoBanHyo Qopmy (puc. 8 1; 9: 2).

Amphora’s bottoms are flat, on a rounded base, and
on a foot. The bottom standing Amphora has such
walls that they get narrower at the bottom and acquire
almost conical bottom with a diameter of not more than
5 cm (Fig. 5: 1, 6-10). The bottom of the amphora
on rounded bases has a low, disk-shaped base with
a ring-shaped neckline (Fig. 5: 2, 4). Amphora feet
look like a high ring-shaped base. They were formed
separately and attached to the vessel before firing
(Fig. 4: 3, 5).

In general, amphora containers are typologically
and by their morphological characteristics are close to
the vessels of the Eastern Mediterranean late 4th — 8th
centuries (Mazar, 2015. P. 240, 245-246; T'omodacr,
2020. P. 56-65).

Tableware

The specific weight of the tableware found during
excavations of the Arch of Triumph is 19 % of
the total number of finds. This category of ceramics
is represented by jugs, little cups, bowls, plates, pots,
mugs, goblets, miniature vessels, incense burners,
covers and stoppers. There is also red-glazed and slip
glazed tableware.

Jugs

There were no whole jugs found; their shapes are
restored by fragments of their necks and bottoms.
Here we distinguish four types: those with drawn
outwards rim, conical, cylindrical and with a drain.
The drawn outwards necks have rims of almost semi-
oval shape in a section (Fig. 6: 1-6), some of which
are thickened (Fig. 6: 4), and sometimes sharpened
(Fig. 6: 1, 5). Walls of jugs of this type sometimes
have ribbed in the form of grooves or flutes (Fig. 6:
2, 3). The conical necks are slightly narrowed towards
the body; their edges are thickened, and sometimes
profiled (Fig. 6: 7-11). The necks of cylindrical shape
(Fig. 7: 1-10) occur with a rounded rim (Fig. 7: 1), with
an edge bent inward (Fig. 7: 2, 10), with a thickened
edge (Fig. 7: 3-7), with edges for a cover or stopper
(Fig. 7: 8), with a narrowed edge, with a notch from
above (Fig. 8: 1). The walls of jugs of this type are
sometimes ribbed (Fig. 7: 1) and drawn horizontal
lines (Fig. 7: 5-6). The neck of one of the jugs had
a drain (Fig. 8: 2).

The handles of the jugs are vertical, attached to
the edge, less often under the rim, and to the body of
the vessel. In cross section, they had an oval (Fig. 8: 1,
3; 9: 1, 2), sometimes profiled shape. (Fig. 8: 1; 9: 2).

The bottoms of the jugs are represented by four
types: flat, on a rounded base, round-bottom, on
a foot. The walls of the jugs without a rounded base
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Puc. 5. Tpuympanvnaa Apra Ianvmuper. 2022. Amgpoper

Puc. 7. Tpuymghanenas Apxa Ianemupwr. 2022. Cmonosas
Fig. 5. Triumphal Arch of Palmyra. 2022. Amphorae

nocyoa. Kyswumnbvi
Fig. 7. Triumphal Arch of Palmyra. 2022. Tableware. Jugs
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Puc. 6. Tpuymepanvnas Apra IHaremupwvl. 2022. Puc. 8. Tpuymepanvuas Apxa Ianvmupwvr. 2022.
Cmonosas nocyoa. Kysuwiunut Cmonosas nocyoa. Kysuiunul
Fig. 6. Triumphal Arch of Palmyra. 2022. Tableware. Jugs Fig. 8. Triumphal Arch of Palmyra h. 2022. Tableware. Jugs
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JloHIla KyBUIMHOB HpPEJICTaBJICHBI YETHIPbMS TH-
namu: 0e3 MOjJOHA, Ha TOJJOHE, KPYIJIOJOHHBIC, Ha
HOKKe. Ha KyBIIMHaX 0e3 MojJoHa CTCHKH IEPEeXOusT
HETIOCPEICTBEHHO B IUIOCKoe AHO (puc. 8: 5, 7). B cBoro
ouepesib MOIOHBI UMENN JAUCKOBUAHYIO (OpPMY C KOIb-
LEeBbIM BbIpe3oM (puc. 8: 8; 9: 5, 6). Haiinen dparment
KPYIJIOZIOHHOTO KyBIIMHA (puc. 8: 6). Y KyBIIMHOB Ha
HOYKKE MJIM Ha BBICOKOM ITOJJIOHE HOXKa (DOpMHpPOBasach
otnensHO (puc. 9: 7).

Cyzs 1o CTeHKaM, JUIsl YKpalleHHsi KyBIIMHOB HPH-
MEHSUJICS OPHAMEHT B BHJC MAalbLEBBIX BIABJICHUN
(puc. 9: 8), BhecTOHOB U3 MONYKPYIIIBIX PEIbEHBIX JIH-
HU# (puc. 9: 9) ¥ BEPTUKAIBHBIX MOSICKOB M3 MAJOYHBIX
WIH HOTTEeBBIX BraBiicHui (puc. 9: 10).

KyBumHeb1, HaliIeHHbBIE B XOZIE PAacKOIOK, ObUTH IIMPOKO
pacnpoctpanensl B Boctounom CpenmzemHomopse B 11—
VII BB., MKy TeM HX OOJBIIIAst YaCTh OTHOCHTCS K COCY/IaM
TaK Ha3bIBAGMOW MEIIKOBH/IHON (POPMBI M K COCYJIaM C IIIH-
POKUM ropioM, xapakrepHbiM Jutst [11-V BB. (Magness, 1993.
P. 221-223, 235-256; Mazar, 2015. P. 218-220). Onnako
Mastasi 4acTh KyBIIMHOB, B OCOOCHHOCTH C IIMPOKUM Yarlle-
00pa3HBIM TOpJIOM, & TAK)KE C Pa3AyTHIM TOPJIOM, MOXKET
ObITH JarrpoBaHa Oornee mo3aHMM BpemeHeM — VI-VIII BB.
(Tonodact, 2020. C. 86—-87).
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Puc. 9. Tpuympanvnan Apxa Ianomuper. 2022. Cmonosas
nocyoa. Kyswunol
Fig. 9. Triumphal Arch of Palmyra. 2022. Tableware. Jugs

go directly into the flat bottom (Fig. 8: 5, 7). There
were some disk-shaped bases with a ring-shaped
neckline (Fig. 8: 8; 9: 5, 6). A fragment of a round-
bottom jug was found (Fig. 8: 6). Feet were formed
separately for the jugs on a foot or on a high rounded
base (Fig. 9: 7).

Judging by the walls, in order to decorate the jugs,
they used finger stamps as an ornament (Fig. 9: 8),
festoons of semicircular embossed lines (Fig. 9: 9) and
vertical belts made of stick or nail stamps (Fig. 9: 10).

Pitchers found during excavations were widespread
in the Eastern Mediterranean in the 3rd — 7th centuries;
meanwhile, most of them belong to the vessels of
the so-called bag-shaped jars and with a wide neck
3rd — 5th centuries. (Magness, 1993. P. 221-223, 235—
256; Mazar, 2015. P. 218-220). However, a small part
of the jugs, especially those with a wide cup-shaped
neck, as well as the ones with a wide blown neck,
can be dated to a later time — 6th — 8th centuries
(Tomodact, 2020. C. 86—87).

Little Cups
This group of tableware includes open vessels,
similar in shape to bowls, but smaller. They have
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Puc. 10. Tpuymepanvnan Apxa Ianemuper. 2022.
Cmonosas nocyoa. Yaweuxu
Fig. 10. Triumphal Arch of Palmyra. 2022. Tableware. Cups
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Yaweuxu

K »Toli rpynmne cTos0oBOH MOCYAbl OTHECEHBI OT-
KPBITBIE COCY/BI, CXOXKHE MO (GopMe C dYamamu, HO
MeHblIero pasmepa. OHM MMEIOT 1Mo OOoJbIIeH YacTh
noiryc(heprieckyro, pexe KOHWYECKYI0 M IHJIMHIpHYeC-
Kyto (opmy. VY warmeuek nomychepuieckoil (Gopmbl aua-
MeTpoM 10—14 cM BEHUMKH B OCHOBHOM 3aKpYIJICHHBIE
n yrommenHsle (puc. 10: 1-12; 11: 1-4), y oxnolt u3
HUX umeetcs cnuB (puc. 11: 6). KoHmdeckue dvariedku
BCTPEUEHBI B JIByX BapHaHTaX: C HPSIMBIMH KOHHYECKH-
Mu creHkaMu (puc. 11: 5, 7), ¢ KOHHYECKUMH CTCHKAMHU
1 BepTUKaJIbHBIM KpaeM (puc. 11: 8, 10). Linnmuunprueckue
YaIeyKH UMCIOT BEpTHKAJIbHBIC CTCHKH (puc. 11: 9).

Mucxku

K MuckaMm OTHECEHBI OTKpBITBIE COCY[bl, KOTOPBIC
TaKke MOXXHO Ha3Bath yamamu. [lo ¢opme BeiaenstoTcs
nonychepudeckue (puc. 12: 1-4; 13: 1, 2, 5) u xoHU4eC-
kue (puc. 12, 5, 6; 13: 3, 4) mucku. Benunkn opopmiieHs!
M0-Pa3HOMY: OHH MOTYT OBITh 3aKpPYTJICHHBIMHU, IPSIMbI-
Mmu (puc. 12: 4, 5), yrommensbivMu (puc. 12: 1; 13: 5),
OTOTHYTBIMH Hapyxy (puc. 12: 6; 13: 1-4), umers 3a-
KpanHbl NOoJ Kpbimky (puc. 12: 2; 13: 1).
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Puc. 11. Tpuymepanvuas Apxa Ianvmupwr. 2022.
Cmonosas nocyoa. Yaweuxu
Fig. 11. Triumphal Arch of Palmyra. 2022. Tableware.
Cups

52

mostly hemispherical, less often conical and cylindrical
shape. The hemispherical cups with a diameter of
10-14 cm have rims, which are mostly rounded and
thickened (Fig. 10: 1-12; 11: 1-4), one of them has
a drain (Fig. 11: 6). Conical cups are found in two
versions: with straight conical walls (Fig. 11: 5, 7),
with conical walls and a vertical edge (Fig. 11: §, 10).
Cylindrical cups have vertical walls (Fig. 11: 9).

Bowls

Open vessels can also be called bowls. By the shape
we distinguish hemispherical (Fig. 12: 1-4; 13: 1, 2, 5)
and conical (Fig. 12, 5, 6; 13: 3, 4) bowls. The rims
are decorated in different ways: they can be rounded,
straight (Fig. 12: 4, 5), thickened (Fig. 12: 1; 13: 5),
bent outward (Fig. 12: 6; 13: 1-4), have special edges
to attach covers (Fig. 12: 2; 13: 1).

Saucers

Saucers are open vessels that are less deep than
bowls (Fig. 14: 1-5), the bottoms of which can
be flat (Fig. 14: 3), slightly concave (Fig. 14, 5)
or on a rounded bases (Fig. 14: 4). The closest
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Puc. 12. Tpuympanvuas Apxa Ianvmupor. 2022.

o

Cmonosas nocyoa. Mucku
Fig. 12. Triumphal Arch of Palmyra. 2022. Tableware.
Bowls
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Puc. 13. Tpuymehanvnas Apka [lanomuper. 2022.
Cmonosas nocyoa. Mucku
Fig. 13. Triumphal Arch of Palmyra. 2022. Tableware.
Bowls

briooya

bironia npencTaBisioT co00i OTKPBITHIE COCY/IbI, Me-
Hee riryOokue, yeM vamm (puc. 14: 1-5), noHIa KoTophIx
MOTYT OBbITh IUIOCKUMH (pHc. 14: 3), cierka BOTHYTHIMU
(puc. 14, 5) nim umeTh KonbleBol NomoH (puc. 14: 4).

Bbrnmokaiinime aHaJIOruy CTOJIOBBIM COCYJIaM OTKPBITOTO
THIIA MOKHO HAlTH B apXeOoJOTMYECKUX MaTephaliax
naMATHUKOB Boctounoro Cpean3eMHOMOpBS, i€ OHU
narupytorcs 11I-V BB. (Magness, 1993. P. 153155, 185—
192; Mazar, 2015. P. 215-217; Tomodacr, 2020. C. 80-81).

Topwxu

K kareropum «ropIIKim» OTHOCSTCS 3aKPBITBIE COCYbI
C BBIITYKJIBIMU CTEHKAaMU U 3aTHYThIM BHYTPb KPaeM, HHOIIA
C BEpPTHKAIBHBIMH WM TOpH30HTabHBIMU pyukamu (VII-
VIII BB) (puc. 15: 1-6) (T'onodhact, 2020. C. 91). Benunku
TOPIIKOB clierka ytomueHs! (puc. 15: 1-3). Pyuku oBasb-
HBIC B CCUCHNH. BepTHKaibHBIC PYYKH OOBIYHO KPEIISTCS
y BeHurKa cocyza (puc. 15: 1), Torma Kak ropusoHTasIbHbIC
pydykn — Ha ero Tynose (puc. 15: 4-6), mpu 3TOM 1O Xa-
paxTepy (hPOPMOBKH OHHM HE OTIMYAIOTCS JPYT OT Jpyra.

Kpyorcku
K HUM OTHOCHTCSI OTUH PpParMEeHT cocylia ¢ TOHKHMHU
CTCHKaMHU U CO CIICTKa BOTHYTHIM IHOM (puc. 16: 1).

Puc. 4. Tpuymgpanonas Apxa Hanomuper. 2022.
Cmonosas nocyoa. Tapenxu
Fig. 14. Triumphal Arch of Palmyra. 2022. Tableware.
Plates

analogies to open-type table vessels can be found
in the archaeological materials of the monuments
of the Eastern Mediterranean, where they date from
the 3rd — 5th centuries (Magness, 1993. P. 153-155,
185-192; Mazar, 2015. P. 215-217; T'omodact, 2020.
C. 80-81).

Pots

Pots are closed vessels with convex walls and
the inward curved edges, sometimes with vertical or
horizontal handles of the 7th — 8th centuries. (Fig. 15:
1-6) (I'osodacrt, 2020. C. 91). The rims of the pots are
slightly thickened (Fig. 15: 1-3). The handles are oval
in cross section. Vertical handles are usually attached
at the rim of the vessel (Fig. 15: 1), while horizontal
handles are on its body (Fig. 15: 4—6), though they do
not differ from each other in the shape of the molding.

Mugs

There is only one fragment, which we describe as
a mug. This is a vessel with thin walls and a slightly
concave bottom (Fig. 16: 1).

Phymiateria
Phymiateria are small size ceramic vessels, with
a mouth diameter of 5—7 c¢m, have curved sides, conical
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Puc. 15. Tpuymepanvnas Apxa Iarnomuper. 2022.
Cmonosas nocyoa. I'opuiku
Fig. 15. Triumphal Arch of Palmyra. 2022. Tableware.
Pots

Kypunonuywr

K 3TuM KepaMHYecKUM H3/IeTHSIM OTHOCSTCSI COCY/IbI
HEOOJIBIIIOTO pa3Mepa, ¢ JAMAMETPOM YCThbsl 5—7 cM,
C 3aTHYTBIM BHYTpPb OOPTHKOM, C KOHMYECKUMH (puc. 16: 4)
w noiycdepudeckumu (puc. 16: 5) creHKamu, Ha BbI-
cokoii HOoxke (puc. 16: 2). Ha tynoBe eme g0 oOxura
crnenanbl oTBepCTHs. CTEHKHM KypPHJIBHHI[ MOIJIM OBITh
clierka npoHINPOBaHHBIMH.

Kpvuuxu-npooxu

KpbIliku 1 mpoOKH HCTIONb30BAIKCH TS 3aKPBIBAHUS
amdop, KyBIIMHOB U XO35HCTBEHHBIX cocy0B. [IpoOkn
BBITOUCHBI M3 CTEHOK COCYAOB. Jlmamerp HalJEHHBIX
KPBILIEK-TIPOOOK BapbupyeTcs oT 3,5 no 8 cMm (puc. 17:
1-5). Haiinena momycdepuueckasi CTOJOBasi KpbIIIKa
nuameTpoMm 16 cm.

Kpacnonaxosas nocyoa

KpacHonakoBast kepamuKa Ipe/iCTaBlIeHa KyOKamu
C KOHMYECKMMH CTECHKaMH M IIOYTH BEPTHKAJIbHBIM
ooprukom (puc. 18: 1, 2, 5), dparmerTom morychepu-
yeckoi wamm (puc. 18: 3), Tapenkoil ¢ HEBBICOKMMH
BEPTHKAJIBHBIMU cTeHKamu (puc. 18: 4), ¢parmentamn
TapeJIOK Ha HEBBICOKOM KOITBIIEBOM IOJIOHE (pHc. 18: 6,
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Puc. 16. Tpuymepanvnan Apxa Ianemuper. 2022.
Cmonosas nocyoa: 1 — kpyacka; 2 — Kyoox;
3 — kocmsnas n0dcka;, 4—5 — KypuibHuybsl
Fig. 16. Triumphal Arch of Palmyra. 2022. Tableware:
1 — mug; 2 — cup;, 3 — bone spoon; 4-5 — phymiateria

(Fig. 16: 4) or hemispherical (Fig. 16: 5) walls and
a high leg (Fig. 16: 2). The side holes were made before
firing. The walls of censers could be slightly profiled.

The caps, stoppers, covers

Caps and stoppers were used to close amphorae,
jugs, and household vessels. Stoppers are carved
from the side walls of the vessels. The diameter of
the found covers varies from 3.5 to 8 cm (Fig. 17:
1-5). There was found a hemispherical table cover
with a diameter of 16 cm.

Red-glazed dishes

Red-glazed ceramics are represented by goblets with
conical walls and an almost vertical side (Fig. 18: 1,
2, 5), a fragment of a hemispherical bowl (Fig. 18: 3),
a plate with low vertical walls (Fig. 18: 4) plates on
a low ring base (Fig. 18: 6, 7, 9) and a jug bottom
(Fig. 18: 8). Vessels belong to the group of African red-
glazed dishes of the 3rd — 5th centuries (Hayes, 1972).

Slip-glazed ceramics
Another group of tableware finds is the slip-glazed
ceramics. It is represented by fragments of cups, bowls,
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Puc. 17. Tpuymepanvnaa Apxa Iaremuper. 2022.
Cmonosas nocyoa. Kpviuku-npooxu
Fig. 17. Triumphal Arch of Palmyra. 2022. Tableware.
Caps

Puc. 18. Tpuymepanvnas Apxa Hanvmupwer. 2022.
Cmonosas nocyoa. Kpacnonaxosas nocyoa
Fig. 18 Triumphal Arch of Palmyra. 2022. Tableware.
Red ware utensils

STEN T/
\a) [
s Ml

\ ’ e
—_— . ¢

——

| - 8 10
i ‘-n ' Z(

Puc. 19. Tpuymepanvnaa Apka [laremuper. 2022.
Cmonosas nocyoa. Ilonusnvie cocyovl
Fig. 19. Triumphal Arch of Palmyra. 2022. Tableware.
Slip glazed vessels

Puc. 20. Tpuymehanvnaa Apka [lanemuper. 2022.
Kyxounas rxepamuka. Kacmproau
Fig. 20. Triumphal Arch of Palmyra. 2022.
Kitchen ceramics. Casseroles

55



Bronnemenvs MUMK PAH. Ne 13

7, 9) u nHom KkyBimHa (puc. 18: 8). Cocymsl OTHOCATCS
K rpynne AQpUKaHCKON KpPacHOJAKOBOH MOCYIBI
[II-V =BB. (Hayes, 1972).

Tonusnas kepamuxa

Jpyroil rpynnoil HaXolOK, OTHOCSILEHCS K CTOJOBON
TocyJie, SIBJISIeTCS TOJIMBHAS TJ1a3ypOBaHHAs KepaMuKa.
Ona npexacraBiieHa (parMEHTaMHU YalledKH, Yall,
KyBIIMHOB 1 ¢ursiry (puc. 19). Yameuka ¢ OTOrHYThIM Ha-
PYyXy KpaeM OblUla HOKpPBITA CIUIOLUIHOM CBETIIO-3€JICHOM
rnazypeio (puc. 19: 1). K gamam oTHOCHINCE: BepXHSs
4acTb OTKPBITOrO cocyna mosycdepuueckoil GpopMsl,
YKpAIIEHHOTO JIBYXCTOPOHHEH OENIOH TiIyXOil IJas3ypbio
(puc. 19: 2); nmoHma ¢ IUIOCKOH, cilerka BOTHYTOM IO-
BepXHOCTHIO (prc. 19: 11) 1 OHIA HA KOJIBLIEBOM IOJIOHE
(puc. 19: 9, 10, 12), MOKpPHITHIC CIUIOMIHOW 3€JICHON
ra3ypbto. CTEHKH KyBIIMHOB, IOKPBITHIE CBETIO-3€JIEHOM
(0NTMBKOBO¥) TI1a3ypblo, JEKOPHUPOBAHBI HaJICTTHBIMHU
HHM3KUMH BaJIMKaMHU C MaJIbIEBBIMU BIABICHUSIMHU
(puc. 19: 3) m npoYepuECHHBIMH 3UT3aro00pa3HBIMU
TOPU30HTAJIBHBIMU JIMHUAMU (puc. 19: 4). Pyukn kyB-
IIFHOB, KPYIJIBIC U OBaJIbHBIC B ceueHuU (puc. 19: 5, 7),
TaK)Ke MOKPBITHI CBETIO-3€JICHOM (OJIMBKOBOH) INIa3yphIO.
[oBepxHOCTH OIHOW M3 PyYeK yKpalleHa HaJIeTHON Tao-
netkoit (puc. 19: 7). T'opno KyBIIMHA CHApY>XU TOKPBITO
CBETJIO-KOPUYHEBOW INIa3ypbl0 C OPHAMEHTOM B BHJE
HAJIENTHOT'O JKI'yTa, C JBYX CTOPOH OOpaMIIEHHOrO I'OpH-
30HTAJIBHBIMU JIMHHUSAMHU 4epHOro msera (puc. 19: 8).
Toprnio riasypoBaHHOW (IISTH € ABYMSI pyYKaMH BHYTPH
W Hapy’>XU TOKPBITO CBETJIO-3€JICHON (OJIMBKOBOH) TIia-
3ypeto (puc. 19: 6). Tlocyna sToro Tuma ObUIA ITUPOKO
pacrpocTpaHeHa Ha TEpPpUTOPHU CyiTaHarta MamilloKoB
B XII-XIV BB.

Kyxounas nocyoa

B coctaB KyXOHHOH HOCYJABl BXOAHUIU COCYIBI
JUIsl TIPUTOTOBJICHUSI MUIIM, MOBEPXHOCTH KOTOPBIX
00BbIYHO TOKpBITa KOmoThio. ITo opme BbIIENSIOTCS
KacTpIOJIM, TOPIIKM M MHCKH, OBITOBAaBIIME HA STOU
tepputopu ¢ Il mo IX BB. (Magness, 1993. P. 211-213;
lonodact, 2020. C. 103-112). ®parMeHThl KyXOHHOU
mocynel coctaBisoT 10 % OT o0mmero KoixmdyecTBa
KEepaMHUYECKUX HaXOJIOK.

Kacmpronu

Cocyipl 3TOrO THIA UMEIOT OKPYIIIyIo (hOpMY M OTO-
THYTBII Hapy>Ky BEHUHK C XapaKTE€PHOHW 3aKpauHOH MO
KpbIKy (puc. 20: 1-5). CTeHKH KacTprojib 4acTO UMEIOT
pudnenue (puc. 20: 2). Pydkn cocyoB B ceYEeHHH, Kak
IPaBUJIO, OBAJIBHBIE, BRITYKJIOH (prc. 20: 2) Wil BOrHyTOH
(puc. 20: 3) popM, KperIich BEPTHKAIBHO.

Topwixu

COCY,Z[LI OTOr0 TUIIA, KaK IIPaBUJIO, UMCIOT XOPOIIO
BBIPAKCHHOC HUWJIMHAPUYCCKOC I'OPJI0 U IOKAThIC IJICHH.
BeHuukn ropmkoB yTOJILIEHBI M OTOTHYTBl HApYyXKY
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jugs, and flasks (Fig. 19). A cup with an edge bent
outward was covered with a solid light green slip
(Fig. 19: 1). The following dishes can be described
as bowels: the hemispherical vessel with an open
upper part, decorated with a double-sided dense white
glaze (Fig. 19: 2); with flat bottoms, slightly concave
surface (Fig. 19: 11) standing on a ring base (Fig. 19:
9, 10, 12), covered with solid green slip. The walls
of the jugs, covered with light green (olive) slip, are
decorated with low bolster moulding decorated with
finger stamps (Fig. 19: 3) and drawn zigzag horizontal
lines (Fig. 19: 4).

The handles of jugs are round and oval in cross
section (Fig. 19: 5, 7) are also covered with light
green (olive) glaze. The surface of one of the handles
is decorated with a stuck tablet (Fig. 19: 7). The neck
of a jug is covered with a light brown slip with
an ornament in the form of a moulded bundle,
framed on two sides by horizontal lines of black
color (Fig. 19: 8). The neck of a glazed flask with
two handles inside and out-side is covered with light
green (olive) slip (Fig. 19: 6). Dishes of this type
were widespread in the territory of the Sultanate of
the Mamluks in the 12th — 14th centuries.

Kitchenware

The kitchenware included vessels for cooking,
the surface of which is usually covered with soot.
In shape, we distinguish pots, pots and bowls that
existed in this territory from 3rd to 9th centuries
(Magness, 1993. P. 211-213; T'onogact, 2020. C. 103—
112). Fragments of kitchenware make up to 10 % of
the total number of ceramic finds.

Casseroles

This type of vessels has a rounded shape and
a rim bent outward with a typical edge under the lid
(Fig. 20: 1-5). The walls of the pots often have ribbed
(Fig. 20: 2). The handles of vessels in cross section,
as a rule, are oval, convex (Fig. 20: 2) or concave
(Fig. 20: 3), were mounted vertically.

Pots

This type of a vessel, as a rule, have a well-defined
cylindrical neck and rounded sides. The corollas of
the pots are thickened and bent outward (Fig. 21: 1).
Often they have an out-side edge (Fig. 21: 2-7).
The handles have an oval form in a cross section
(Fig. 21: 7) and are located vertically at the edge of
the vessel and attached to the upper part of the body.

Bowls

The kitchen bowls had a hemispherical shape with
a bent outward rim with a flange under the cover
(Fig. 22: 1-6).
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Puc. 21. Tpuymepanvnan Apra Haremupur. 2022.
Kyxonnas xepamuxa. I'opuiku
Fig. 21. Triumphal Arch of Palmyra. 2022.
Kitchen ceramics. Pots

(puc. 21: 1), vacto umerot 3akpauny (puc. 21: 2-7). Pyuxu,
OBAJILHOM B ceueHnH (opmbl (puc. 21: 7), pacronoxeHsl
BEPTUKAJIBHO Y Kpasi COCyJia U B BEPXHEH 4acTH TYJIOBA.

Mucxku

KyXOHHBIC MUCKH HUMEIH MONyCchHEeprIecKyo hopmy
C OTOTHYTBIM HapyXy BEHYHMKOM C 3aKpauHO#l mox
Kpbimiky (puc. 22: 1-6).

Xossicmeenno-0uimogas kepamuxka

Xo3sticTBEHHO-OBbITOBasI KepaMuka coctasisier 11,6 %
OT OOIIEero KOJMMYECTBa M3IENUi N3 OOOMOKEHHOW IITH-
HBI, IPEACTAaBJIEHa XyMaMH, COCyJaMH JJIsl XPaHEHHUs,
Tazamu, (QAramu, HEIMJIKAMH, TKAKUMH Tpy3HIIaMH
U CBETUJIBHUKAMHU, IIUPOKO PACIIPOCTPAHEHHBIMH Ha STOU
teppuropuu ¢ 111 o VIII BB. (Magness, 1993. P. 231-235;
Mazar, 2015. P. 219).

Xymot (nughocot)

Bonpmime TOJICTOCTEHHBIE COCYIB! Ul XpaHEHUS
MIPOTyKTOB, MMEBIIUMH MTU(OUIHYIO (hOpMY € YTOJILIEH-
HBIMH BbLIETIeHHBIMHA Kpasimu 111-V BB. (puc. 23: 1-6),
MHOTZa yKpAlUIeHHBIMM KOHYCOBHJHBIMH HallellaMu
(puc. 23: 3, 4) 1 MUHHATIOPHBIMH JEKOPATHBHBIMU Py4-
kamu (puc. 23: 5). Takxke HaiijeHa npoduiIMpoBaHHAS
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Puc. 22. Tpuymgpanvrnas Apxa Hanvmupwr. 2022.
Kyxonnas xepamurxa. Mucku
Fig. 22. Triumphal Arch of Palmyra. 2022.
Kitchen ceramics. Bowls

Household ceramics

The household ceramics makes 11.6 % of the total
number of burnt clay products, represented by Humas,
storage vessels, basins, flasks, strands, weaving sinkers
and lamps that are widespread in this territory from the
3rd to the 8th centuries (Magness, 1993. P. 231-235;
Mazar, 2015. P. 219).

Huma (Pythos)

Humas are the 3rd — 5th centuries large thick-walled
vessels of pythoid shape for storing with thickened
distinguished edges. (Fig. 23: 1-6), sometimes
decorated with cone-shaped mouldings (Fig. 23: 3, 4)
and miniature decorative handles (Fig. 23: 5). Also
there was found a profiled pythos with a handle 9 cm
wide, sub-rectangular in cross section with rounded
corners (Fig. 23: 7).

Storage vessels (Jars)

Jars are thick-walled storage vessels belong to
the group of the products of the 3rd — 5th centuries.
They are smaller in shape and size than huma. In shape
of the necks, this group of vessels resembles jugs
without a handle; however, in size they are much
larger. Conventionally, this group can be called wide-
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pyuka nudoca MHUPHUHOH 9 CM, MOANPSIMOYTOJIbHAS
B CCUCHUH C 3aKpyIJICHHBIMH yriiamu (puc. 23: 7).

Cocyowt 011 xpanenust (Xymuu)

B cocraBe TOJCTOCTEHHBIX COCYZOB JUISl XpaHCHHS
BhLeNsieTcsl rpynna migenuit 111-V BB., MeHbmMX MO
¢dopme u pasmepy, uem xymbl. Ilo ¢opme ropioBun
9Ta Ipylna COoCyl0B HAallOMUHAET KyBIIMHBI 0€3 pyuKH,
OJIHAKO MO pa3Mepy HAMHOTO WX IPEBBINIAET. YCIOBHO
9Ty TPYIITy MO)KHO Ha3BaTh IIMPOKOTOPIIBIMH COCY/IaMH.
Kpast ropoBHH YTOJNILIEHBI M 4acTO IMPOQHUIMPOBAHBI
(puc. 24: 1-4), moryT OBIT 3arHYTHl BHYTpb (pHc. 24: 6)
WJIM OTOTHYTHI Hapy Ky (puc. 24: 5). JloHna nHoria nmMeroT
HOXKY (BBICOKHMH KOJBLEBHIHBIN MojyIoH) (puc. 25: 1-3),
BCTPEUAIOTCS AK3eMILTSIpBl 0e3 Hee (puc. 25: 4, 5).
HaiineHo 3HaYMTENIFHOE KOJMYECTBO IEKOPUPOBAHHBIX
CTEHOK COCYJOB 3TOH Ipynnsl. B OCHOBHOM Jekop
MPECTAaBJICH HAJCMHBIMU BaJUKaMU C TAJIBLEBBIMU
BIABJICHUSIMH W MPOYEPUYCHHBIMH TOPU30HTAIBHBIMU
W IMaroHaJILHBIMU JIMHUSAMU (puc. 26: 1, 2). Berpewaercs
MIPOYCPUCHHBIM OpPHAMEHT B BHIE IIMPOKOH BOJHHUCTON
muaun (puc. 27: 2). Bo3MOXHO, B HEKOTOPBIX CIIydasx
npodepyeHHbId (puc. 27: 2) n HanenHoit (puc. 27: 3, 4)

Puc. 23. Tpuymepanvuas Apxa Ilanvmupor. 2022.
Xossiicmeennvie cocyovl. Xymul
Fig. 23. Triumphal Arch of Palmyra. 2022. Household
vessels. Pythos

58

necked vessels. The rims of the necks are thickened
and often profiled (Fig. 24: 1-4), can be bent inward
(Fig. 24: 6) or bent outward (Fig. 24: 5). The bottoms
sometimes have a foot (high ring-shaped bases)
(Fig. 25: 1-3), there are specimens without it (Fig. 25:
4, 5). A significant number of decorated walls of
the vessels of this group have been found. Basically,
the decor is represented by the moulded bolsters with
finger stamps and drawn horizontal and diagonal lines
(Fig. 26: 1, 2). There is a drawn ornament in the form
of a wide wavy line (Fig. 27: 2). Perhaps, in some
cases, the drawn out (Fig. 27: 2) and stuck (Fig. 27:
3, 4) decors were used separately. In a single copy,
there is a fragment of a vessel with carved and
drawn decor. On the sides, there is a carved decor
in the form of parallel wide horizontal ribbons filled
with diagonal and semi-oval stripes. Beneath there is
a decoration in the shape of drawn zigzags tilted to
the left (Fig. 27: 1).

Basins
This group of vessels have almost conical shape;
the side is always bent outward. The vessels are

!
F

Puc. 24. Tpuymppanvnaa Apxa Iarsmuper. 2022.
Xossiicmeennvie cocyowl. [llupokoeopavie cocyovl 0nst
xpanenus. Kpas
Fig. 24. Triumphal Arch of Palmyra. 2022. Household
vessels. Wide-mouth storage jars. Rims
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Puc. 25. Tpuymepanvuas Apxa Ilanvmupor. 2022.
Xoszsiicmeennvie cocyowl. [Llupokoeopavie cocyovl 0ns
xpanenus. Jonya
Fig. 25. Triumphal Arch of Palmyra. 2022. Household
vessels. Wide-mouth storage jars. Feet

JICKOPBI MCHOJIB30BAIINCH N0 OTACJIBHOCTH. B enuHCT-
BEHHOM 9K3EMIUISIpE BCTpedeH (parMeHT cocyla ¢ pes-
HBIM W IpOYEepUYEHHBIM JiekopoM. Ha ero miedmkax pas-
MEIIIeH PE3HOH JIeKOp B BHUJE MapajuIeIbHBIX IIUPOKUX
TOPU30HTAJIBHBIX JICHT, 3allOJHEHHBIX HarOHaJIbHBIMH
U TOJyOBAJIBHBIMH Tojlocamu. Ilog HUMH OpHaMeHT U3
MPOYEPUCHHBIX 3UI3ar0B, HAKJIOHEHHBIX BIIeBO (puc. 27: 1).

Ta3zvl

CreHKH cOCyIOB 2TOW TpyNIbl MOYTH KOHUYECKON
(hopmbl, OOpTHK Beerna OTOrHYT Hapyxy. Cocynabl He-
riryOokue, ux Beicota 9-10 cM (ompeneneHa mo apxeo-
JIOTUYCCKU TICNTBIM 3K3eMIuLsipam) (puc. 28: 1, 2). Tuamerp
BEeHUHKOB 32-36 cM (puc. 28: 1-5).

Dnseu

Onsrn npencTaBiIeHbl (pparMeHTaMH HECKOJIBKUX
ropabimek (puc. 29: 1-4), koTopsle, BUANMO, (Hopmo-
BaJIUCh OTICIBHO OT TysoBa (puc. 29: 3, 4). Ucxons u3
MapaMeTpoB ropia, CoCyAbl ObUIN HEOOJIBIIOrO pa3Mepa.

01 23 45cm

Puc. 26. Tpuymehanvnaa Apka Ilanemuper. 2022.
Xossiicmeennvie cocyowl. [Llupokoeopavie cocyovt 0nst
xpanenus. Opnamenmayus
Fig. 26. Triumphal Arch of Palmyra. 2022. Household
vessels. Wide-mouth storage jars. Decoration

shallow, their height is 9-10 cm (determined by
archaeologically whole specimens) (Fig. 28: 1, 2). Rim’s
diameter is 32-36 cm (Fig. 28: 1-5).

Flasks

Flasks are represented by fragments of several
necks (Fig. 29: 1-4), which, apparently, were formed
separately from the body (Fig. 29: 3, 4). Based on
the size of the basin’s neck, they were small.

Strainers

Vessels for staining purposes are in the form of
hemispherical bowls with through holes (Fig. 29: 5, 6).
One of the fragments has a groove for lid (Fig. 29: 5).

Loom weights

Loom weights are represented by two specimens,
which are carved from the vessel wall. One of them
has two through holes with a thickness of 1.5 cm
(Fig. 29: 7). The second sample has one through
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Puc. 27. Tpuymepanvnan Apra Haremupuvr. 2022.
Xoszsiicmeennvle cocyowl. [Llupokocopavie cocyovl 0ns
xpanenus. /lekop
Fig. 27. Triumphal Arch of Palmyra. 2022. Household
vessels. Wide-mouth storage jars. Ornaments

L]eounxu

Cocyzpl B BHJIe MOITYCHEPUUIECKUX Yall CO CKBO3-
HBIMH OTBEPCTHUSIMH OBIIN TIpelHa3HAYEHBI IS ITPOLie-
skuBaHus (puc. 29: 5, 6). OnuH U3 GparMeHTOB UMEET
M0 BEHUYUKY BBIEMKY sl KpbluKH (puc. 29: 5).

Traykue epy3una

I'py3una mpeacTaBieHbl ABYMS SK3EMILISIPAMHE, BBITO-
YEHHBIMHU U3 CTeHKH cocyaa. OJIMH U3 HUX C JIBYMsI CKBO3-
HBIMHU OTBEPCTHUSMH, HMeeT TomuHy 1,5 cM (puc. 29: 7).
Bropoii 3Kk3eMIIsip ¢ OJHUM CKBO3HBIM OTBEPCTHEM,
HEPOBHbIH, BTOPOE OTBEPCTUE HE 3aKOHUYCHO. BO3MOXKHO,
OTHOCHTCSI K TPOM3BOJCTBCHHOMY Opaky (puc. 29: 8).

CeemunvHuxu

CBETHJIBHUKY B OBITY NUMEITH HE TOJIBKO (DYHKIHOHAIIb-
HOC, HO U ICKOPATUBHOC 3HAYCHUC. B OTIIMYUC OT APYTHUX
TUIIOB COCYJOB, CBECTUJIbBHUKH IMOYTHU BCEra UMCHOT
JACKOD. HaﬁﬂeHO IIATH LEJBbIX U 6OJ'H>IIIOC KOJIUYECTBO
(I)paI'MCHTOB CBCTUJIbLHUKOB. BerHHfI YaCTb CBCTHUJIbHU-
KOB C OPHAMCHTOM (bOpMHpOBaJ'IaCI) OTACJIBHO OT ILJIOHI-
KH, 4TO XOpomuio (pHKCHpyeTcst Ha (pparMEeHTHPOBAHHBIX
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Puc. 28. Tpuymehanvnaa Apka Ilanemuper. 2022.
Xoszsiicmeennvle cocyowl. Taszvl
Fig. 28. Triumphal Arch of Palmyra. 2022.
Household vessels. Basins

hole, uneven, the second hole is not finished. Perhaps
the second sample is a production defect (Fig. 29: 8).

Lamps

In everyday life, lamps served not only functional,
but also decorative purpose. Unlike other types of
vessels, lamps usually have some decor. There were
found five whole lamps and many luminaire fragments.
The upper decorated part of the lamps was formed
separately from the bowl, which is well fixed on
fragmented specimens. The edges of the bowls are
smoothly trimmed. After stamping the ornament,
the lid was attached to the bowl before firing. Usually,
they have a round bowl with a spout. All spouts
are smoked. One of the lamps dates to the second
half of the 4th — mid-6th centuries (Magness, 1993.
P. 250-251; Mazar, 2015. P. 221-222) (in the plan
resembles an elongated oval, with a transition to
a spout, in the middle of the reservoir there is a hole
symmetrical to the spout (Fig. 30: 2). The other lamp
has a round bowl and a spout with a round hole.
And the edge of the luminaire is highlighted by a slight
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Puc. 29. Tpuympanvnaa Apxa Iaremuper. 2022.
Xossicmeenno-ovimosas kepamuxa. 1—4 — ¢aseu;
5-6 — yeounxu, 7-8 — mrayxue epy3uia
Fig. 29. Triumphal Arch of Palmyra. 2022.
Household ceramics: 1-4 — flasks;, 5—6 — strainers;
7-8 — weaving sinkers

ak3eMIusipax. Kpast miomek rimajgko odpesansl. [locre
HITAaMIIOBKM OpPHAMEHTA KPBIIIKA U MJIOIIKA COSAUHSIINUCh
J0 oOkura. OOBIMHO MMEIOT KPYIIIBIA pe3epByap, Hepe-
XosIuil Kk HOocUKy. Bce Hocuku 3akomueHsl. OnuH U3
CBETUJIBHUKOB OTHOCHUTCS KO BTOpOH mojoBuHe IV —
cepenune VI B. (Magness, 1993. P. 250-251; Mazar,
2015. P. 221-222), B ni1aHe HANIOMUHACT BBITSHYTHIH OBaJI
C TEpexXoloM K HOCHKY, TMOCEpeIUHE pe3epByapa HUMEET
OTBEPCTHE, CAMMETPHYHOE OTBEPCTHIO HOcHKa (puc. 30: 2).
Jpyroil CBEeTHJIBHUK MMEET KPYITIbIil pe3epByap U HOCHUK
C KpyIJIBIM OTBepcTUeM nocepenune. OTBepcTHe U Kpaid
CBETUJIBHHMKA BBIJIEJICHBl JIETKUM MOJBEMOM IOBEPX-
Hoctu (puc. 30: 1). Tpernil CBETWJIBHHK TaKXke HMeEET
KpYTIBIH pe3epByap, pyuKy ¢ CUMMETPUYHBIM e
HOCHUKOM M OTBepcTHeM mnocepenuHe. IloBepxHOCTH
YKpalleHa ClIerka BBIMTYKJIBIMHU KOJBLEBBIMH JIMHHUAMU.
Bokpyr neHTpalbHOrO OTBEPCTHSI PACIONOKEHBI TPU
masieHbkux (puc. 30: 3). UeTBepThlil CBETHIEHUK BTOPOH
nonioBusbl 111 — nepoit nonosunst IV B. (Mazar, 2015.
P. 226) noBTOpsieT GpopMy TPEThEro cBETHWIIbHUKA. Psiiom
C LEHTPaJbHBIM OTBEPCTUEM HUMEETCS €lle OAHO Ma-
neHbkoe. lllTamMrnoBaHHBINA AEKOP BOKPYT LEHTPAIbHOIO

01 2 3 45cm

Puc. 30. Tpuympanvnaa Apxa Ianvmuper. 2022. Buimogas
xepamuka. CeemunbHUKU
Fig. 30. Triumphal Arch of Palmyra. 2022.
Household ceramics. Lamps

rise in the surface (Fig. 30: 1). The third lamp also has
a round tank and a handle with a spout symmetrical
and a hole in the middle. The surface is decorated with
slightly convex ring lines. Three small ones are located
around the central hole (Fig. 30: 3). The fourth lamp
dates to the time between the second half of the 3rd
century and the first half of the 4th centuries (Mazar,
2015. P. 226). It has a similar shape with the third
lamp. There is one small hole next to the central hole.
The stamped decor around the central hole consists of
a wavy tape filled with a floral plot (it was not possible
to determine the plot due to salts) (Fig. 31: 1). The fifth
sample has a round reservoir with a spout. Handle is
missing. In the middle part, there is an annular notch.
The hole is closer to the spout (Fig. 31: 2). Among
the fragments of luminaires (Fig. 32: 1-7) there is
a pendant specimen (Fig. 32: 6).

Construction ceramics

Construction ceramics is represented by fragments
of tiles. There are fragments with a raised vertical edge
(Fig. 33: 1-7), with a straight or slightly thickened edge

61



Bronnemenvs MUMK PAH. Ne 13

>
®

01 2 3 4 5cm

Puc. 31. Tpuymepanvnas Apra Haremupuvr. 2022.
bumosasa kepamuxa. CeemunvHuxu
Fig. 31. Triumphal Arch of Palmyra. 2022.
Household ceramics. Lamps

OTBEPCTHSI COCTOUT M3 BOJHUCTOM JICHTHI, 3aIllOJIHCHHOW
PACTHTEIIBHBIM CEOXKETOM (M3-32 COJICH Ha TOBEPXHOCTH
OIIPEACNINTh CIOKeT He yxainock) (puc. 31: 1). Ilareiid
IK3EMIUISIP UMECT KPYIJIBIH pe3epByap W HOCHK, PydKa
oTcyTcTBYeT. B cpenneli yactu kosbleBasi BbleMka. OT-
BEPCTHE PACIIONOKEHO Oymke K Hocuky (puc. 31: 2).
Cpenu (parMeHTOB CBETHIILHUKOB (puc. 32: 1-7) mMeercs
MONIBECHOM dK3eMIuisip (puc. 32: 6).

Cmpoumenvnas kepamuka

CrpourenbHast KepaMHKa IpeicTaBlIeHa pparMeHTaMu
yepenuil. Berpewarorcest parMeHTHI ¢ TIOAHSATHIM BEpTH-
KaJIbHBIM KpaeM (puc. 33: 1-7), ¢ mpsAMBIM WM CIIerKa
yTosmeHHbIM KpaeMm (puc. 33: 8, 9). Onun ¢parment
UMeeT ToIbeM B cpemnert yactu (puc. 33: 10).

Cmexnsnnvle uzoenus

CornacHo oONIEIPUHATON TUTIOJIOIHMH, HAlICHHbBIE Ma-
TepHasbl pa3JeieHbl HAMU Ha CTOJIOBYIO, ap(hrOMEpHO-
ANTEKapCKyI0 MOCYNy, YKPAIICHUS U OKOHHOE CTEKJIO.
DparMeHThI H3rOTOBJIECHBI U3 MPO3PAYHOTO OECIIBETHOIO
CTEKJIa U MPO3PAYHOro CTEKJIa 3eJEHOr0 I[BETa M TONy-
0Oro OTTCHKA.

CronoBasi CTEKJISIHHasl MOCy/a IpejcTaBlieHa Qpar-
MeHTamu norycepuuecknx (puc. 34: 1, 5) u KoHMUecKor
(puc. 34: 3) yamrek, (pparMeHTOM Yallk C PEOPHCTOM
creHkoi (puc. 34: 7), 1HOM YamM ¢ peOpUCTON CTEHKOH
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Puc. 32. Tpuympanvnaa Apra Iarvmuper. 2022.

bumosasa kepamuxa. Ceemunvnuku. @pacmenmol
Fig. 32. Triumphal Arch of Palmyra. 2022.
Household ceramics. Lamps. Fragments

(Fig. 33: 8, 9). One fragment has a rise in the middle
part (Fig. 33: 10).

Glass products

According to the generally accepted typology, we
divided artifacts into the dining samples, perfume-
pharmacy dishes, jewelry, and window glass. Fragments
are made of transparent colorless glass and transparent
glass of green color and blue tint. Glass tableware is
represented by hemispherical fragments (Fig. 34: 1, 5)
and conical (Fig. 34: 3) cups, a bowl with a ribbed wall
(Fig. 34: 7), a bowl with a ribbed wall (Fig. 34: 14),
a circle-shaped jug (Fig. Conical glasses (Fig. 34: 2, 6),
the leg of the glass (Fig. 34: 10), the upper part of
the bottle with a bent edge (Fig. 34: 8) and the lower
part of the plate (Fig. 34: 17).

Perfumes and pharmacy vessels are represented by
fragments of the necks (Fig. 34: 9, 20) and bottoms
(Fig. 34: 15, 16, 18) of littles bottles and perfume
bottles. There is one fragment resembling window
glass (Fig. 34: 19).
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Puc. 33. Tpuymepanvuas Apxa Ilanomupor. 2022.
Cmpoumenvnasn xepamuka. Yepenuya
Fig. 33. Triumphal Arch of Palmyra. 2022.
Building ceramics. Roof tiles

(puc. 34: 14), kpyxkooOpasHoro KysmmHa (puc. 34: 4),
KOHWYecKuX OokanoB (puc. 34: 2, 6), HOKKOU OOKaia
(puc. 34: 10), BepxHel yacTbi0 OYTBUIKM C OTOIHYTBHIM
kpaeM (puc. 34: 8) 1 HIKHEH yacTbio Tapenku (puc. 34: 17).

[apdromepHo-anTekapckue COCyIbl MPEICTaBICHBI
(pparmenTamu ropubiiiek (puc. 34: 9, 20) u nouern (puc. 34:
15, 16, 18) OyTbuIoUek-(hakoHunkoB. Mimeercst onun ¢par-
MCHT, HAallOMHHAOIINN OKOHHOE CTekiio (puc. 34: 19).

K ykpamenusim oTHOCSTCS TpuU OyCHHBI, M3TOTOB-
JICHHBIE M3 CTEKJISTHHOW MacThl YEPHOTro, OEJIOro U CH-
Hero nBetoB (puc. 34: 11-13). Bycuna uepHoro nsera
MUMEeT TpaHeHYyIo MoBepXHOCTh (puc. 34: 11).

Jlpyrue BuIbI HAaXONOK IPEICTaBJICHBI €AMHUYHBIMU
aK3eMIuipaMu. Cpei HUX CIIeAyeT OTMETUTH (pparMeHT
JIOKKU U3 KocTu (puc. 16: 3), 1Ba parMeHTa TeppaKoTo-
BBIX CTaTydTOK MECTHOro mpousBoxacTsa (puc. 35: 1, 2),
(bparMeHT >KENE3HOro HoXKa C OAHOCTOPOHHUM JIE3BHEM
(puc. 35: 3), dparmeHTHl Kene3HbIX rBosaei (puc. 35:
4-6), kKaMeHHBII ocenok (puc. 35: 7) 1 KaMEHHBIE IECTUKH
(puc. 36: 1, 2). Kpome Toro, ObUIM Haii/IeHbI YEThIPE LEIbIX
1 offHa ()parMEHTUPOBAHHASI MOHETA, KOTOPbIC HE Y/IAJIOCh
aTpulOyTHpOBaTh U3-3a IJIOXOH COXPaHHOCTH.
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Puc. 34. Tpuympanvnaa Apxa Iaremuper. 2022.
Cmexnannvie uzoenus
Fig. 34. Triumphal Arch of Palmyra. 2022. Glass ware

Decorations consist of three beads made of black,
white, and blue glass paste (Fig. 34: 11-13). A black
bead has a faceted surface (Fig. 34: 11).

Other types of finds are represented by single
specimens. Among them should be noted a fragment
of ivory spoon (Fig. 16: 3), two fragments of terracotta
figurines of local production (Fig. 35: 1, 2), a fragment
of an iron knife with a one-sided blade (Fig. 35: 3),
fragments of iron nails (Fig. 35: 4-6), a whetstone and
stone pestle (Fig. 7: 7). (Fig. 36: 1, 2). In addition,
four whole and one fragmented coin were found that
could not be determined due to poor safety.

In conclusion, it should be noted that the complex
of archaeological finds made during excavations of
the Arch of Triumph in 2022 mainly belongs to
the Late Roman — Early Byzantine periods (3rd —
8th centuries), with the exception of a small group
of slip glazed ceramics of a later time (12th —
14th centuries).
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Puc. 36. Tpuymepanvnaa Apka Ilanemuper. 2022.
Kamennvie necmuxu

Puc. 35. Tpuympanvnan Apxa Ianomuper. 2022. Fig. 36. Triumphal Arch of Palmyra. 2022. Stone pestles
Ipouue maxooxu: 1, 2 — meppaxomosvie cmamyd3mxu;
3 — ¢ppaemenm owceneznoco Hooica; 4—6 — dcenesnvie

26030U; 7 — KAMEHHbI 0CeNOK
Fig. 35. Triumphal Arch of Palmyra. 2022.
Another finds: 1,2 — terracotta figurines, 3 — a fragment
of an iron knife; 4—6 — iron nails;, 7 — whetstone

B 3axnroueHue crieayer OTMETHTh, YTO KOMILIEKC
apXeoJ0rn4ecKUX HaXOO0K, CAEaHHBIX B XOJI€ PACKOIIOK
Tpuymdansroit Apku B 2022 1., B OCHOBHOM OTHOCHUTCS
K TO3JHEPUMCKOMY — PAHHEBU3aHTHIICKOMY IEepUOAAM
(III-VIII BB.), 32 UCKIIIOUCHUEM HE3HAYUTEIBHOU I'PyII-
bl TIOJMBHOW KepaMHKH 0OoJjiee TO3JHEro BpEeMEHHU
(XII-XIV BB.).
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3a nocienuue 12 ner mudpoBas TOKyMEHTanus CTa-
Jla HEOTHEMJIEMOH YacThiO OOJIBIIMHCTBA apXeoJIOTH-
YECKHUX INPOeKTOB. CIIOKHBIE T'e0fe3MUecKue MpruOOpBI,
JIPOHBI M J1a3epHbIE CKAHEPbl MOBCEMECTHO HCIONb-
3yHOTCS JUIsl YIPOLIEHUSI U YCKOPEHHs IPOLECCOB apXeo-
nornyeckod ¢ukcanuu. Iloxkamyi, caMbIM pacrpocT-
paHeHHBIM IM(POBBIM METOAOM JOKYMEHTAlMU CTaja
tdororpammerpus (SfM, Structure from Motion), cTpemu-
TEJIPHO 3aBOEBaBILAs JIIOOOBb apXeojoroB BCEro MHpa
Ornaromapst KaxyIeicsi IpOCTOTE MOJICBOM ChEMKH, CpaB-
HUTEJIBHOW JOCTYITHOCTH MHCTPYMEHTOB JIIsl 00pabOTKH
U UHTYUTUBHON MPOCTOTE MHTEPIPETALUU MOIy4YaeMbIX
JIAHHBIX.

HcknrountenpHass TMOKOCTh METOAA, JOITYCKArOIIas
UCIIOJIb30BAHUE CIMHOTO IMOAXOAa Kak Ipu padore
C OIPOMHBIMH TEPPUTOPHUSMU (THUIIA AHTUYHOTO TOPOIa),
TaK ¥ NPH CKAHHUPOBAHUU HEOOJBIIHUX OOBEKTOB
(TakMX KaK MEIIKHE apXUTCKTYPHBIC JICTAIH WIH OpHA-
MCHTUPOBAHHBIC JJICMEHTHI), OTKPHIBACT IIUPOKUE BO3-
MOXXHOCTH JUISl BBICTPAMBAHUS JOCTATOYHO CIIOKHBIX
JIOTUCTHYECCKUX MPOIIECCOB OOMCHA JTAaHHBIMU B OOJBIINX
npoekTax. [Ipy 3TOM MOTEHIMAT HHTETPAIIUH PA3ITHIHBIX
THUTIOB JJAHHBIX JOCTATOYHO BBICOK, IIOCKOIIBKY, HCIIOTB3YS
OIIMH W TOT XE METOJ IOJCBOM (PUKCAIIUK, MBI UMECM
BO3MOYKHOCTb TTOTYYHTh Ha BBIXOJIC BEChMa Pa3HOOOpa3HYIO
WH(OPMAIMIO: TaK, U3 OJHON TPEXMEPHON MOJICTH MBI
MOJKEM H3BJICYb MH()OPMAIIUEO O BBICOTHBIX U CTPYKTYPHBIX
XapaKTePUCTUKAX 00CIIeayeMoll TOBEPXHOCTH, O BU3Y-
aJBHBIX OCOOCHHOCTSIX OOBEKTOB — HMX TEKCType, 00
X TCOMETPHYCCKUX CBOWCTBaX. HEeCOMHEHHO, Bce ATH
CBEJICHUS TIPENICTABIIIOT UCKITFOYUTEIIBHYIO BAKHOCTD HE
TOJIBKO JUTS MHTEPIPETAIUH HCCIICIYeMOro IMaMsTHUKA,
HO W IS TUIAHUPOBAHHS €ro JaibHelel cyap0bl. Peub

' Poccust, 191186, Cankr-IlerepOypr, J{Bopuosas Hab., 18.
MucrutyT ucropun marepuanbHoi KynsTypel PAH, IlenTp
criacarebHOI apxeonorun. E-mail: jegor.blochin@gmail.com.
2 Poccus, 191186, Cauxt-IletepOypr, JIBoprosas Hal., 18.
MucruryT ucropun marepuanbHoi KynsTypel PAH, IlenTp
cracaTenbHOM apxeonoruu. E-mail: roma.malay@mail.ru.

* Poccus, 191186, Cauxt-IletepOypr, JIBoprosas Hal., 18.
MucruryT ucropun marepuanbHoi KynsTypel PAH, IlenTp
cracaTenbHoOl apxeosorun. E-mail: vanya.fag2@gmail.com.

Over the recent 12 years, digital documentation
has become a substantial part of most archaeological
projects. Sophisticated geodetic instruments, drones
and laser scanners are ubiquitously used to simplify
and speed up archaeological documentation processes.
The most common digital documentation method seems
to be photogrammetry (SfM, Structure from Motion),
which has rapidly won the love of archaeologists around
the world due to the seeming application simplicity
during field surveys, relative availability of processing
tools, and intuitive data interpretation.

The exceptional flexibility of the method allowing
the use of a single approach both when addressing vast
territories (such as an ancient city) and small objects
(such as small architectural details or ornamented
elements) opens up wide opportunities for building
fairly complex logistical data exchange processes
in large projects. At the same time, the potential for
integrating various types of data is quite high, since,
using the same field documentation method, we are
able to obtain very diverse information at the output:
for example, from one three-dimensional model we can
extract information about the elevation and structural
characteristics of the surveyed surface, about the visual
features of objects — their texture, their geometric
properties. All this information is undoubtedly of
exceptional importance both for the interpretation
of the surveyed site, and for planning its future.
One can talk about projects of the development of
territories (in such institutions as a museum-reserve,
which include fundamentally heterogeneous objects:
historical and cultural landscapes, archaeological sites,
architectural monuments) or the conservation and

! 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: jegor.blochin@gmail.com.
2 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: roma.malay@mail.ru.

3 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: vanya.faq2@gmail.com.
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3/I€Cb MOXKET MJATH O IMPOEKTaX Pa3BUTHUsI TEPPUTOPHI
(B cTpyKTypax Tuma My3es-3allOBEIHHKA, BKJIIOYAIOIINX
B ce0sl IIPUHIMINAIBHO Pa3HOPOIHbIE OOBEKTHI: HCTOPUKO-
KYJIBTYpHBIE JIAHAIIA(THI, apXEOJIOrHUeCKUe MaMsTHUKH,
0OBEKTHI aPXUTEKTYPbI) MM KOHCEPBALIMU U PECTABPALIN
OT/ICJIBHBIX MaMSTHUKOB (ApXEOJOTHH H, TPEXae BCe-
ro, apXMTEKTypsl). B ycnemnoctn nomobHoro poxaa
MPEANPUATHI KIIIOUEBYHO POJIb UTPAET CTporask OpraHu-
3aus cOopa M XpaHEHHs JaHHBIX.

[Ipu paboTte ¢ OOMIMPHBIMH TEPPUTOPHSIMU U ILJIO-
MAJAHBIMU OPOCTPAHCTBEHHBIMU JAaHHBIMHU OINTH-
MaJIGHOM CTPYKTYpOH Ul OopraHuzanuu uH(opMaun
MpeJICTaBIsIeTCs Kiaccuyeckasi reonH(pOpManoHHas
cuctema (I'MC). Ilpumernenne ['MIC mo3BonsieT B3auMo-
JIeIICTBOBATH CO 3HAYUTEIBHBIM KOJIMUYECTBOM THUIIOB
JAHHBIX Y HAINIAJHO OPraHU30BaTh UX IPEACTABICHUE,
HCII0JIB30BATh MAacCy XOpOIIO pa3pabOTaHHBIX WH-
cTpyMeHTOB. HemanoBaxkeH M TOT (pakT, YTO HMpHMEHe-
Hue 'MC-mMeTon0B B apXeoJoruu XOpOIIO yKOPEHEHO
1 He TpeOyeT JONOIHUTENBHBIX oOOCHOBaHMH. UTo Ka-
CaeTCsl MCXOHOIO TPEXMEPHOI'0 00BEKTa, TAKOro Kak
ApXUTEKTYPHOE COOPYKEHHE, TO 3[eCh TPaJUIOHHAsS
¢opma 'MIC He coBceM yYHOBIICTBOPSIET HMMEIOLIMMCS
naHabM (IMIC ¢ camoro Hawana pa3padaTblBavch Kak
JIByXMEpHBIE CTPYKTYPBbI, €CJIM ¥ 0TOOpaskaroIue HHop-
MAllMI0 O TPEThEM U3MEPEHHH, TO ONOCPEIOBAHHO, Yepe3
CHCTEMY YCIIOBHBIX OOO3HAYEHHH).

B mocnenHne rogsl B apXxeoNorHio M OXpaHy Kyilb-
TYpPHOTI'O Hacyeusi akTHBHO HaYWHAET MPOHUKATh MOJ-
XOJI, 3aMMCTBOBAHHBIH W3 COBPEMEHHBIX apXUTEKTYp-
HBIX M CTPOUTEIBHBIX TexHosoruid, — BIM (Building
Information Modelling). [Tpumenenne BIM st onmcanust
ApXUTEKTYPHBIX COOPYKEHHH CO CIIOXHOH HCTOpHEH
PasBUTHSI U U3YUEHHS JIOTMYHO, ITOCKOJIBKY MO3BOJISIET
CO31aTh Ha OCHOBE TPAJMIMOHHBIX TPEXMEPHBIX JlaH-
HBIX (ITOJIMTOHAIBHON MOJIEIM MITH TPEXMEPHOro obJaka
TOYEK) HACBHIIICHHYIO CEMaHTHYECKYI0 U IapamMeTpH-
YECKYI0 MOJIEJb, KOMIUICKCHO ONHMCBHIBAIONIYIO MAMSITHUK
1 BBICTPAMBAIONIYIO B3aUMHYIO 3aBHCHMOCTB OT/ICIBHBIX
ee AMEeMEHTOB. [IponcXoauT 3TO IMyTeM pa30MeHHs uc-
XOJIHOW MOJIENIM Ha DJIEMEHTapHbIC, CBSI3aHHBIC APYT
C JIPYTOM COCTaBIISIIOIIME (ONpenessieMble KaKAblid pa3
KOHTEKCTYaJIbHO, MICXOJIsl M3 MOCTABJICHHBIX 3a71ad), KO-
TOPBIM ITPHUCBANBAIOTCS ONPE/ICIICHHbIE HAOOPHI CBOHCTB
u onucaHui. VI3MeHeHne OHOrO mapaMeTpa BICUET 3a
co00l M3MEHEHHMsI BCEX CBSI3aHHBIX C HUM JJIEMECHTOB.
Coueranue GOTOrpaMMETPHUECKOr0 METO/IA MOIYUCHUS
HCXOHBIX aHHBIX ¢ BIM-mipencraBnennem uHdpopManiu
BCE €IIe HAXOAWTCS Ha JTalre JKCIEPHMEHTAJIbHOTO
W3yUYCHUS, OJJHAKO IOCTEIEHHO CTaHOBUTCS Bce Oolee
TIOMYJIIPHBIM M B OJIVDKaimieM OyaylieM MOXET cTaTbh
MEXIYHapOIHBIM CTaHIAPTOM B paboTe CO CIOKHBIMU
00BEKTaMH KYJIBTYPHOro Hacienusi (0030pbl paboT cM.:
Banfi, 2020. P. 17, Intignano et al., 2021. P. 3033).
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restoration of individual sites (archaeological and, above
all, architectural). The key role in ensuring success
of such enterprises is played by complying to a strict
methodology of data collection and storage.

The optimal structure for organizing the information
in the work with vast territories and areal spatial data
appears to be the classical geographic information
system (GIS). The use of GIS allows interaction
with a significant number of types of data and visual
organization of their presentation, use of a lot of well-
developed tools. It is also important that the use of
GIS methods in archeology is well rooted and does
not require additional explanation. As for the original
three-dimensional object, such as an architectural
structure, the traditional form of GIS does not fully
reflect the available data (from the very beginning
GIS were developed as two-dimensional structures,
integrating the third dimension, but indirectly).

In the recent years, an approach borrowed from
modern architectural and building technologies — BIM
(Building Information Modeling) has become common
in archeology and cultural heritage management.
The use of BIM to describe architectural structures
with a complex history of development and research
is logical, since it allows creating, based on traditional
three-dimensional data (a polygonal model or a three-
dimensional point cloud), semantic and parametric
models that comprehensively describe the site and
demonstrate the relationships of its individual elements.
This happens by splitting the initial model into basic
related components (each time defined contextually,
based on the research objective), which are assigned
certain sets of properties and descriptions. A change
of one parameter entails changes in all elements
related with it. The combination of photogrammetry
with BIM is still largely an experiment, however, it is
gradually becoming more popular and in the near
future may become an international standard in work
with complex cultural heritage sites (for reviews of
papers see: Banfi, 2020. P. 17; Intignano et al., 2021.
P. 3033).

In this and subsequent articles, using the example
of our work on the Monumental Arch of Palmyra,
we will consider the possibilities of integrating
3D-modeling data using the photogrammetry method
in the restoration project of a complex architectural
site, largely destroyed by explosion. We will primarily
discuss the field part of the work and focus on
collecting and organizing data. The second part,
concerning the postprocessing of data received into
the final research model, is presented by our colleagues
in the next article of this collection (see paper by
Mamnait u ap. in this issue).
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B st10if 1 mocnenyromiel CTaThsiX Ha MpUMeEpe Ipo-
BeJIeHHON Hamu paboThl Ha TpuymdansHOl Apke
[ManeMupsl MBI PaCCMOTPUM BO3MOXHOCTU HMHTErpa-
LUU JaHHBIX TPEXMEPHOIO MOJEIIMPOBAHUS METOIOM
(oTorpaMMeTpu B IPOEKTE PECTaBPALlH CIOKHOTO
ApXUTEKTYpHOr0 OOBEKTa, B 3HAYUTEILHOM CBOEM O0B-
€Me pa3pylLIEHHOrO B3phIBOM. MBI KOCHEMCS, Mpexie
BCET0, MOJIEBOM YacTH paboThl M COCPEIOTOUMMCS HA 0CO-
OeHHOCTSIX cOOpa M OpraHU3alMM JaHHBIX. BTopas
4acTh, KAacaIOIIascs KaOMHETHOW padOTHI TI0 MHTErpaliin
U MpeoOpa30BaHUIO Pa3IMUHBIX HCXOJHBIX MaTepHAJIOB
B UTOTOBYIO HCCIIEZOBATENbCKYIO MOJEINb, IPECTaBICHA
HaIlIMMH KOJUIETaMH B CJIEYIOIIEH CTaThe 3TOro COOpHUKa
(cMm. crarpio Maaii 1 p. B HACTOSIIIEM COOpPHUKE).

Mamepuanvt u memooul

Apxka Tlansmupsl cTajla OZHUM U3 TPEX BajKHEHIIUX
00BEKTOB MaMsTHUKA BceMupHoro Hacienuss FOHECKO
«Apxeonornyeckye naMaTHUkY [laasMups», noctpanas-
oMM OT pyk TeppopuctoB B 2015 r. B konue sera —
Havasie ocenu 2015 1. Harboree COXpaHUBIIHECS BCEMIPHO
W3BECTHBIE, 3HAKOBBIC JJIsI CAPHICKOro O0IIeCTBa U €BPO-
NeHCKO IUBWIIM3ALMK coopykeHus1 lambMupbl ObuH
3aMHHUPOBAHBI ¥ B30pBaHbl OOCBMKAMM 3alpelICHHON
B Poccun opranmzanmu UTMIT (JAEIL). Tak morutGim
xpam bana, xpam baammamuna n Tpuymdansaas Apka
Bonbimoi konoHHOH ynuns! [TameMupsL

Ha Apxe 3apsiapl ObUTH 3aJI0KEHBI HA LEHTPaJbHBIX
MWIOHAX (BEPOSITHO, ITOAPBIB MPOM3BOIAMIICS IBAXKIbI),
B3pBIB TIPUBET K MPAKTHYECKH TIOJHOMY YHUUYTOXEHUIO
nuioHa A (coxpanmics Ha BbicoTy g0 0,70 M OT JHEB-
HOH TIOBEpXHOCTH), YACTHYHOMY pPa3Basly OCTaJIbHBIX
LEHTPAJILHBIX ITMJIOHOB Ha YPOBHE BBIIIE 3,5 M U MOITHOMY
pa3pyLICHUIO CBOJIOB apOK M CTEH MEXAY MUIOHAMHU
(puc. 1). BokoBble MIIOHBI YCTOSIIM TIpH B3pbIBE. Pasner
00JIOMKOB B pe3yJIbTaTe B3pbIBa ISl OOJIBIIMHCTBA (par-
MEHTOB He TmpeBbicui 6 M. OOpaszoBaBmasics rpyna
00JIOMKOB 4aCTHMYHO HaKpblia OCHOBAHMS MUIIOHOB,
BOKPYI' KOTOPBIX CJIOXHJICS MHOTOCJIOMHBIN 3aBajl BbI-
coTod 10 3,7 M, COCTOSIIIMHM M3 KPYHHBIX OJIOKOB,
(hparMEeHTUPOBAHHBEIX OOJIOMKOB M MEJKOrO IIEOHS;
MeJKHe (PparMeHThl OKa3aJIHCh OTOPOIICHBI B3PHIBHON
BOJIHOHM Jajiblie OT IIEHTPa, KPyHHBIE yNanau BOJIN3N
OCHOBAaHWH NMWJIOHOB. B TakoM cocTosHMM pa3Bai Apku
npocyecTBoBai ¢ okTa0pst 2015 o mapra 2022 r. 3a 310
BpeMsl HEKOTOPBIC 3JIEMEHTHI 3aBajia YCIENIH HOKPBITHCS
JOJIOBBIMU OTJIOKEHUSIMH, €r0 MOAHOXKHE IMOPOCO IycC-
TBIHHOM PacTHUTEILHOCTHIO.

[TepBble ATarbl NOCTTPaBMATHYECKOIO pearkpoBaHHS
Ha paspylleHne OObeKTa KYJIBTYpHOTO Haciequs Hpen-
TOJIAraloT MOIPOOHYIO JJOKYMEHTALIUIO U OLEHKY COCTOSI-
nus namsatHaka (ICOMOS, 2017). B ciiydae ¢ 00bekTOM,
Pa3pyLIEHHBIM B3pbIBOM, €IMHCTBEHHBIH CIIOCOO CO31aTh
TIOJTHOLICHHYIO0 JTOKYMEHTAILMIO — 3TO pa30opka 3aBaia

Materials and methods

The Arch of Palmyra became one of the three
major objects of the UNESCO World Heritage Site
“Archaeological Monuments of Palmyra”, which
suffered from the hands of terrorists in 2015. In the late
summer — early autumn of 2015, the best-preserved,
world-famous buildings of Palmyra, significant
for the Syrian society and European civilization,
were mined and blown up by militants of the ISIS
organization (DAISH) banned in Russia. Therefore,
the Temple of Bel, the Temple of Baalshamin and
the Monumental Arch of the Great Colonnaded Street
of Palmyra perished.

On Arch, the charges were laid on the central
pylons (the demolition was carried out twice, probably),
the blast led to the almost complete destruction of
pylon A (preserved to a height of up to 0.70 m from
the daylight surface), partial collapse of the other
central pylons at a level above 3.5 m and complete
destruction of the vaults of arches and walls between
the pylons (Fig. 1). The side pylons withstood the blast.
The spread of debris as a result of the blast for most
of the fragments did not exceed 6 m. The resulting
pile of debris partially covered the bases of the pylons,
with a multi-layer wreckage up to 3.7 m high forming
around them. The wreckage consisted of large blocks,
fragmented debris and small rubble; small fragments
were thrown away by the blast wave further from
the center, large ones fell near the bases of the pylons.
In this state, the collapse of the arch remained from
October 2015 to March 2022. During this time,
some elements of the wreckage got covered with soil
deposits; its foot was overgrown with desert vegetation.

The first stages of the post-traumatic response to
the destruction of a cultural heritage site involve detailed
documentation of the condition of the monument
and assessment of its condition (ICOMOS, 2017).
In the case of an object destroyed by a blast, the only
way to create comprehensive documentation is to sort
out the rubble and study it layer by layer, preserving
and recording each element, similarly to a traditional
archaeological excavation. Creating 3D-models of
varying detail and complexity seemed to be a good
way to approach these tasks. Digital support of
the post-traumatic response was structured as follows
(Fig. 2): 1) primary documentation — creating a model
of the visible surface of the collapse in its condition
immediately after the blast; 2) construction of a basic
simplified model for preliminary analysis which makes
it possible to identify blocks visible on the surface,
count the surviving elements and plan further work on
the collapse documentation; 3) layer-by-layer sorting
out the collapse and 3D-modeling of each surviving
element of the Arch; 4) virtual reconstruction of
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Puc. 1. Cxema Tpuymehanvrou Apxu Ilanvmupuvl ¢ ykazaumuem 30H paspyuieHuil
Fig. 1. Scheme of the Triumphal Arch of Palmyra indicating the zones of destruction
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Puc. 2. Cmpykmypa pabouezo npoyecca no yugpoomy cORPOBOACOCHUID NOCMMPASMAMUYECCKO20 PeasupO8aHis.
Fig. 2. Workflow for digital support of post-traumatic response
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U €ro TOCIOWHOE HCCICIOBAHHUE C COXPAHCHHUEM W (PUK-
cammeil KakJIoro 3JeMCHTa, HAllOMHHAIOIICE TI0 CBOCH
CTPYKTYpE TpPaJUIHOHHBIC apPXCOJOTHYCCKUE PACKOIKH.
OCHOBHBIM WHCTPYMEHTOM PCIICHHS ITHX 33]a4 HAIHM
KOJUICKTUBOM OBLT M30paH MOIXOI CO3MAHUS TPEXMEPHBIX
MOJIeTIeH pa3INYHOM CIOKHOCTH. Bech paboumii mporiece
1o 1H(POBOMY COIPOBOKICHHUIO MOCTTPABMATHYCCKOTO
pearupoBaHusi ObLI CTPYKTYPHPOBAH HAMH CJICITYFOILIIM
o0pa3oM (puc. 2): 1) mepBrUYHAs TOKYMEHTAIIUS — CO3/IaHUE
MOJICITTH BUAMMOM ITOBEPXHOCTU pa3Balia B €0 COCTOSHIH
HETIOCPEICTBEHHO TIOCTIe B3PhIBA; 2) TIOCTPOCHHUE 0a30BOM
YIPOIICHHOW MOJCIH ISl TPEIBAPUTEIBHOTO aHAJIN3A,
TIO3BOJISTFOLICH ITPOBECTH BBIJICIICHUE BUMMBIX HA MOBEPX-
HOCTHU OJIOKOB, TOJCYCT COXPAaHHUBIIMXCS 3JICMCHTOB
U TUIAHHPOBAHUE MANBHCUIIMX padOT MO JOKYMCHTAIHH
pasBaia; 3) mocioiiHas pa30opKa pa3Baja U TPEXMEPHOE
MOJICITUPOBAHUE KaXKJOT'O COXPAHHBILIETOCS JJICMCHTA
Apxku; 4) BUpPTYaibHASI PEKOHCTPYKITHS APKU U pa3Meliie-
HUC BBISBJICHHBIX COXPAHUBINUXCS DJICMCHTOB HAa HCXOI-
HBIX MECTaX B MPOCTPAHCTBE MOICIH.

OnHOW W3 OCHOBHBIX NPOOJIEM, CTOSIIUX IIie-
pel CICHHATUCTOM, IIAHUPYIOMHM HCII0JIh30BaTh
B CBOEM aHajuTuueckoMm npouecce BIM-monxombt
u (OTOrpaMMETPHUIO, BCET/a CTAHOBUTCS YIIPOIIE-
HHE MOJENCH M JKCICPUMEHTAIBHBIN MOUCK OITH-
MaJIbHOTO COOTHONICHHS HPOCTOTHl M TOYHOCTH
(Bagnolo et al., 2019. P. 60—61; 0030p cpaBHUTEIBHBIX
OILIEHOK MeTOJ0B cheMKH cM.: Chiabrando et al.,
2017. P. 171). IIporpaMmmHBIC TPOXYKTBI, pacCUUTaH-
HBIC Ha apXUTEKTOPOB M MPOCKTHUPOBIIMKOB, OOBIYHO
HMCIOT JICJI0 C MPOCTBIMH (OpPMaMH, CIPOCKTHPO-
BaHHBIMU «C YHCTOTO JIHUCTa», U HE IMOIPa3yMCBAIOT
HCTIOJIb30BAHUE MHOTOIOJUTOHAIBHBIX O0BEKTOB
HUCKJIKYUATEIBHO CIIOXHOW (OPMBI, ¢ KOTOPBIMH
00BIYHO MMEIOT Jesio apxeonoru. CymecTByOT
pa3IHYHBIC CIIOCOOBI pEIICHUS 3TOW 3agayd: OT
MOJIHOTO TEPEMOICINPOBAHUS KaXJI0r0 O00BECKTa
PYYHBIMHU FUIM AJITOPUTMUYCCKUMH CPEACTBAMH [0
OTKa3a OT HUCIIOJIb30BAHUS IMOJIUTOHAIBHBIX MOJICICH
u oOpameHus K o0JakaM TOYEK KaK K KOHEU-
HBIM HOCHUTEISIM apXeOoJOTUUYECKON HHGPOpMAIUH
(Achille et al., 2015. P. 600). Ilpu 3TOM COXpaHUTH
HHQOPMAIIMIO O TOBEPXHOCTH U TEKCTYypPE KaXKJIOTO
3JIEMEHTA IPEACTABIISACTCS YPE3BBIYANHO BaXKHBIM,
U ONTUMAIIBHBIM PEHICHUEM 3IeCh BUIUTCS CO3J1a-
HUE JIBOWHOTO apxuBa MojejeH: s uened xpa-
HCHHS MCXOMHOW WH(pOpMAamuu CO3JaeTCS BBICOKO-
MOJIUTOHATBHAS MOJEIb C MaKCHMAJIBHO JOCTYITHBIM
KOJIMYECTBOM TIOBEPXHOCTCH, a IS TeKyIIed padoThI
B TPEXMEPHOU cpe/ie MPOM3BOJUTCS €€ yIPOIICHHAS
KOITHSI ITyTEM PETOMOJIOTHU OBEPXHOCTH (IPUMCHEHUS
MeMUManuu U (QUIBTPANUH), IS KaXKJIOTO MPOCKTA
HamIydliee COOTHOIICHUE KOJUYECTBA IOJIUTOHOB
U TOYHOCTH Tepeaayu (hopMbI MOAOUPACTCS IKCIICPH-
MCHTAJTBHBIM ITyTCM.

the Arch and placement of the identified surviving
elements in their original places in the virtual space.

One of the main problems we are facing when
planning to use BIM approaches and photogrammetry
in our analytical process is usually the simplification
of models and the experimental search for the optimal
correlation of “low-weight” and detail (Bagnolo et al.,
2019. P. 60—-61; review of comparative assessments of
survey methods, see: Chiabrando et al., 2017. P. 171).
Software designed for architects and designers usually
deals with simple shapes designed from scratch, and
does not involve the use of multi-polygonal objects of
extremely complex shape that archaeologists usually
deal with. There are various ways to solve this
problem: from a complete remodeling of each object
by manual or algorithmic methods to abandoning
the use of polygonal models and turning to point
clouds as the ultimate carriers of archaeological
information (Achille et al., 2015. P. 600). At the same
time, it is extremely important to preserve information
about the surface and texture of each element, and
the optimal solution here is the creation of a double
archive of models: to store the initial information,
a high-polygonal model is created with the maximum
available number of surfaces, and for current work
in a 3D-environment, its simplified copy is made
by surface retopology (application of decimation and
filtering), for each project the best ratio of the number
of polygons and the accuracy of the shape transfer is
selected experimentally.

Results obtained

Primary documentation was carried out using
the photogrammetry method, combining aerial photography
with UAVs and ground photography (ConoBbeBa
u ap., 2019). For aerial photography, an octocopter of
the Unmanned Systems group of companies equipped
with a Sony a6000 camera with a 20 mm lens was used,
ground survey was carried out with a Canon 5D Mark III
camera with a 24 mm lens. The geodetic base was created
by the method of satellite geodesy using the Spectra
Epoch 60 GNSS receiver and developed into a network
of reference points by a Leica TS07 5” total station.
Based on this fieldwork, with the support of GC Geoscan
Department of Earth Remote Sensing and Data Processing,
using the Agisoft Metashape software, we created a three-
dimensional model of the collapse consisting of over 32
million polygons. The model is georeferenced in the WGS
84 UTM 37N coordinate system, which made it possible
to carry out the first measurements and analyze the state
of the site. On the basis of this model, approximate
preliminary calculations of the number of the blocks
in the collapse were carried out and the calculations
necessary for planning the subsequent sorting out of
the debris were made.
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Tlonyuennvle pesynomaniol

[lepBuuHas noxkymeHTalusi Oblja MpOBEJEHA METO-
oM (oTorpaMmeTprun, KOMOMHUPYST a’pOOTOCHEMKY
¢ BIIJTA u nHazemuyro dorocsemky (ComoBeeBa U jp.,
2019). Ilpu a3podoTocheMKe HUCIIONB30BAJICS OKTOKOITEP
TPYIITBl KOMIIAHUH BeCIMIOTHBIC CHCTEMBI, OCHAIICHHBIH
kamepoit Sony 06000 ¢ oOwekTrBOM 20 MM, Ha3eMHas
cheMKa Besach Ha (oroanmapar Canon 5D Mark II1
¢ o0bekTuBOM 24 MM. ['eonesmueckasi OcHOBa co3jaHa
METOJIOM CITyTHHKOBOH TI'€0Ie3UM CITyTHHKOBBIM IIpH-
emHukoM Spectra Epoch 60 u pasBurta B ceTh perepos
taxomerpom Leica TS07 5”. Ha ocHOBe ATHX IOJIEBBIX
pabot Hamu 1ipu nojyiepskke Otrena oOpabOTKH JaHHBIX
JIICTAHIIMOHHOTO 30H/IMPOBAHUSI 3eMJIH TPYIIIBI KOMITAHUH
T'eockaH, ucronb3yst porpamMmy (poTorpamMMeTprudecKoi
pexoHcTpykimu Agisoft Metashape, Obuta co3nana Tpex-
MepHasi MOJIeNb pa3Baia, cocTosias n3 Oonee yeM 32 MITH
TIOJIMTOHOB. MoOJIeITh TEONpUBsI3aHa B CHCTEME KOOPJIMHAT
WGS 84 UTM 37 N, uT0O NO3BONSIIO MPOBOJUTE NEPBHIE
M3MEPEHNsI U aHaJIN3 cocTosiHUS oObekTa. Ha ocHoBe ool
Mozenu OBLTH TIPOBEACHBI MPHMEPHBIC MPEABAPUTECITH-
HBIE TTOJICYCTHI KOJIMYECTBA OJIOKOB B pa3BaJie M CCIAaHbI
pacyeThl, HeOOXOMMBIE JUTS IITAHUPOBAHUSI TIOCIIELYFOIICH
pa30opku 3aBaia.

As part of the analysis of the condition of the Arch,
using the primary model, the visible surfaces of
individual large blocks were identified, and on their
basis their parameters were preliminarily calculated,
based on which they were modeled in the Autodesk
Revit BIM modeling program, where the first working
parametric model of the Arch was created (Fig. 3).
The availability of such a model stating the blocks
identified on the surface before the start of large-
scale on-site work substantially simplified all stages
of planning and helped to organize the process of
documentation and archiving of data on individual
surviving elements of the Arch.

At the second stage, large-scale on-site work
was carried out to sort out the rubble. The main
principles that we took into account when organizing
the relocation of stones from the rubble to the lapidary
are the maximum preservation of information about
the position of the objects, the maximum preservation
of the physical integrity of the site exposed to the relo-
cation and ensuring safe storage in the lapidary with
the possibility of convenient and permanent access
for scanning (Fig. 4).

Puc. 3. Hapamempuueckasn nepguunas modenv Apku 6 cpede Autodesk Revit
Fig. 3. Parametric model of the Arch in the Autodesk Revit environment
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B pamkax anamusa cocTOsiHUS ApKU N0 NEPBUYHON
MOJIeNU OBbIIM BBIJICNICHBI MOJICNIN BHIMMBIX MOBEPXHOC-
Tel OTHENBHBIX KPYIHBIX OJIOKOB, HA OCHOBaHUM KOTO-
PBbIX OBIIM IPEIBAPUTEIILHO MOCYUTAHBI UX IApaMeTphl,
UCXOJISl U3 KOTOPBIX OHM OBUIM CMOJIEIMPOBAHBI B ITPO-
rpamme BIM-monenmuposanust Autodesk Revit, riae Obuia
co3JiaHa repsasi pabodasi mapaMeTpuyecKas MoJellb ApKu
(puc. 3). Hanmume Takoi Mozieny ¢ yka3aHueM yxKe HJIeH-
TU(QUIMPOBAHHBIX Ha MOBEPXHOCTH OJIOKOB JI0 Havaja
MacIITaOHBIX TOJIEBBIX PadOT CYIIECTBEHHO YIPOCTHIIO
BCE JTalbl IJIAHUPOBAHMS U NOMOIJIO OPraHU30BaTh
MpOIeCC JOKYMEHTAllMd M apXMBHUPOBAHMS JAHHBIX 00
OTZEJIBHBIX COXPAHMBIIMXCS IEMEHTaX ApKU.

At the beginning of the sort out operations,
the surface of the rubble was cleared of small crumbs,
soil deposits and vegetation, then a stone was selected
that was most accessible in the rubble structure,
the extraction of which would not entail the collapse
of the entire shaky structure. The position of the stone
was recorded either on the existing primary model of
the debris surface, or (if the stone was in the lower
layers) by recording the position of the corners of
the stone by total station survey. The stone selected
for scanning was to have one of the following features
which would make it possible to identify the position
of the stone in the Arch before the blast: 1) a size
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Puc. 4. Cxema nanuoapus
Fig. 4. The lapidary map
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Ha Bropom nsramne ObulM NpOW3BENEHBI COOCTBEHHO
MacIITaOHbIe TIOJIEBBIC pabOTEHI 10 pa30opy 3aBasa. OCHOB-
HBIC TIPUHLMIIBL, KOTOPBIE MbI YYUTHIBAIN IIPH OpraHu3a-
LUK TIepeMeILCHUsT KaMHeH W3 3aBajia B JIAMIApUH, —
MaKCHMaJIbHOE COXpaHeHHe HH(OPMAIMU O TOJOKEHUH
00BEKTOB, MAKCUMAJIBHOE COXpaHEeHUe (DH3HYECKON LesocT-
HOCTH OOBEKTa IpU BO3IEHCTBHM Ha HEro B Ipolecce
NepeMellieHnst U odecriedeHre 0e30MacHOr0 XpaHeHUs
B JIANIMJIAPUH C BO3MOXKHOCTBIO YJIOOHOTO M MOCTOSTHHOTO
JIOCTyTa JUIsi CKaHUpOBaHUsI (puc. 4).

B nawane pa30opku HOBEpPXHOCTH 3aBajia pacyu-
majnach OT MEJIKOW KPOIIKH, J0JIOBBIX OTJIOKEHUN
W PacTHTEIIBHOCTH, 3aTeM BBIOMpAJICS KaMeHb, Hanooree
JIOCTYITHO PAacIIOJIOKCHHBIM B CTPYKTypE 3aBaja, M3BIIC-
YeHHE KOTOPOro HEe TOBJICKJIO ObI 3a cOo0O# OOpyIIcHHUE
BCel maTKoM cTpyKTypsl llonokeHne kamHs QUKCH-
poBasioch MO0 Ha MMEIOLICHCs MEPBUYHOM MOJCITH
MOBEPXHOCTH 3aBajia, JHOO0 (eciiM KaMEeHb HAXOIMJICS
B HIDKHHUX CJIOSIX) C TIOMOIIBIO (DMKCAMU TIOJIOKEHUS
yIJIOB KaMHs TaxeoMeTpuueckoll cbeMkoil. KameHs,
oTOMpaeMbIi JUIs CKaHWPOBAHUSI, JIOJDKEH ObLT 00J1a/1aTh
OJIHMM M3 CJICAYIOIIMX MPH3HAKOB, KOTOPBIC ITO3BOJIMIIN
Obl MAECHTU(UIMPOBATH TIOJOKCHHE KaMHS B Apke 10
B3pbIBa: 1) pasmep Gosee 0,02 kyO. M, OO 2) HamMuKe
JieKopa Wi 00paboTaHHON IockocTH. KamHH, HE cOOT-
BCTCTBOBABIIME XOTS Obl OJHOMY M3 3THX KPUTEPHUEB,
MIPU3HABAJINCH HE MMEIOIINMH ITPU3HAKOB MJICHTH(HUKALIIN
1 B OCHOBHOM SIBJISZIUCH MEJKUM OyTOBBIM 3arlOJIHEHHUEM.
OTOOpaHHBIN Ul TepeMeIleHHsT KaMeHb MapKHUpOBaJICs
1 3aHOCHJICS B CIICLIMAJIGHO pa3pabOTaHHYIO ONHCh KaMHEH.
CkBO3Hasi IPOEKTHAsE MapKHPOBKa BCEX OTOOPAaHHBIX
KaMEHHBIX OJIOKOB OCHOBBIBAJaCh Ha MAapKHPOBKE IMHJIO-
HOB PoGepa Amu, 3aanHoi nipu pectaBpauuu 1930-x T
(Amy, 1933. P. 398). OcHoBa MapKHUpOBKH Oblia 3aaHa
TIPY aHaJIM3e MEePBUYHOM MOJIEIH MOBEPXHOCTH pa3Balia,
a MY OTKPBITUH HOBBIX CJIOEB Pa3Bajia OHa JIOTOJIHSIIACK.

OtoOpaHHbBIE M NTPOMApKUPOBAHHBIE KAMHH IepeMe-
QJINCh B JIANUAAPUHA TIPU MOMOLIM PYYHOTO TpyAa
W TSDKENIOH TEeXHUKH (KpaHOB-TIOABEMHUKOB). Jlammia-
pHi TIAHMPOBAJICS TAKMM 00pa3oM, 4TOOBI 0OECIEUHTH:
Oe3oracHOe XpaHEHHE KaMeHeH Ha Nepuoj 10 Hadania
BOCCTAHOBHUTEJBHBIX paldoT; yJO0OHOE CKaHHPOBaHHE
KaMHel; ngoctyn K (acagHbIM (OpHAMEHTHPOBAHHBIM)
YacTsIM KaMHs JUIsl rocemaromux [lamsMupy TyprcToB.
[pu ycrpoiicTBe nanmuaapusi cOOMIONAINCH CIEIYIOIINe
TpeOoBaHus: 1) KAMHH, ITPOMCXOASIINE U3 OJHOTO Y4acTKa
pasBaJia JIOJKHBI PacrioyiaraTbest JOCTATOUHO KOMITAKTHO;
2) KaMHH HE JIOJKHBI YBO3UTHCS Ha OOJIBIIOE PACCTOSIHUE
0T pasbupaemoro o0bEKTa; 3) KaMHHU pacrojararoTcs
TaK, 4TOOBI MEXIY HHMH MOIJIa 0E30IacHO TPOe3kKaTh
TSDKeJast TEXHUKA; 4) KaMHH HE JIOJDKHBI Pacrioiararbes Ha
W3BECTHBIX U BUIUMBIX Ha TIOBEPXHOCTH apXeOJIOrMueCKrX
00BeKTax; 5) MUHUMAJIBHOE PACCTOSIHUE MEXy KaMHs-
MH cocTaBisieT 1,5 M juis oOecriedeHns CKaHMPOBAHMS
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over 0.02 cubic m, or 2) the presence of a decorated
or a processed plane. The stones that did not meet at
least one of these criteria were recognized as having no
signs of identification and were mainly small snecks.
The stone selected for relocation was marked and
entered into a specially developed inventory of stones.
The comprehensive design marking of all selected
stone blocks was based on the marking of the pylons
by Robert Amy assigned during the restoration of
the 1930s. (Amy, 1933. P. 398). The marking basis
was set during the analysis of the primary model of
the surface of the collapse, and when new layers of
the collapse were discovered, it was supplemented.

The selected and marked stones were relocated to
the lapidary manually and using heavy equipment
(crane lifts). The lapidary was planned in such a way
as to ensure: safe storage of stones for the period
before the start of the restoration work; convenient
scanning of stones; access to the facade (ornamented)
parts of the stone for tourists and researchers visiting
Palmyra. When constructing a lapidary, the following
requirements were observed: 1) stones originating
from one site of the collapse should be placed quite
compactly; 2) stones should not be taken far away
from the dismantled object; 3) stones are placed so
that heavy equipment can safely pass between them;
4) stones should not be placed on known archaeological
sites visible on the surface; 5) the minimum distance
between stones is 1.5 m to ensure scanning and free
passage; 60) stones are placed on the back side to
provide access to the facade plane. In total, 1,440 stones
from the rubble were relocated to the lapidary in this
way, the rest of the chipped filling was determined to
be stone chips and was moved to a specially designated
place on the edge of the lapidary.

The lapidary also served as a platform for scanning
the selected fragments. Structured-light scanning (SLS)
was chosen as a way to create three-dimensional
models of stones. The working tool here was
the Artec Eva 3D-scanner. The device illuminates
the area being documented with structured light,
the reflected light is captured simultaneously by two
cameras, and the software, using algorithms similar
to photogrammetric ones, restores the geometry of
the object, as well as texture information. The use of
a scanner, in comparison with classical photogrammetry,
can significantly save labor costs for building individual
small models. A special problem was bright sunlight
which prevented the scanner cameras from capturing
their own light, which significantly affected the speed,
efficiency, and quality of model building. The solution
was to use a mobile shelter assembled from lightweight
fittings (tent posts) and canvas cloth. It should be
noted that in September the intensity of sunlight at
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U CBOOOIHOTO MPOX0/1a; 6) KAaMHH YCTAaHABJIMBAKOTCS Ha
TBUIBHYIO CTOPOHY JIJIsl 00eCIIeYeHH s IOCTyTA K (pacaHOM
IUIOCKOCTH. Bcero TakuM oOpa3oM B Janugapuid ObLIO
nepemetteHo 1440 kamHel U3 3aBajia, OCTAIBHOE KOJIOTOE
3allOJTHCHHUE OBLIO OIPEACIICHO KaK MEJKWH IcOeHb W
OBLIO MEPEMEIIICHO B CIICIUAIIBHO OTBEICHHOE MECTO Ha
Kparo Januaapus.

Jlanupmapuil ciy>kKuil Take IUIOMIAJKON JUIsl CKaHU-
pOBaHUS OTOOpaHHBIX (parMeHTOB. B KauecTBe criocoba
CO3lIaHUsSI TPEXMEPHBIX MOJCNCH KaMHeW ObLT M30paH
METO/I CKAaHUPOBAHUS CTPYKTYPUPOBAHHOM MOICBETKOM
(SLS). Pabounm MHCTPYMEHTOM 3/€Ch BBICTYIIA]l CKaHEP
Artec Eva 3D. YcTpoiCTBO TIOJCBCUHBACT (DPHKCHPYEMYEO
00JaCTh CTPYKTYPHPOBAHHBIM CBETOM, OTPaKCHHBIN
CBET YJaBJIMBAETCS OJHOBPEMEHHO JBYMs KaMepami,
U TPOrpaMMHOE OOCCIICUCHUE, UCIIONB3Ysl AJITOPHTMEL,
CXOXHUE C (POTOrpaMMETPUYCCKIMH, BOCCTAHABIHBACT
TCOMETPHIO 00BEKTA, & TAKKE TEKCTYPHYIO HH(POPMAIIHFO.
Hcnonp3oBaHue ckaHepa B CpaBHEHUH C KJIACCHUYECKOM
(hoTorpamMmeTprei IO3BOJISCT CYIICCTBCHHO COKOHOMUTH
TPYA03aTpaThl HA TIOCTPOCHUE OTICIBHBIX HEOOIBIITUX
mozenedd. OTaenbHON TPo0IIeMOi CTall SIPKUH COTHEUHBINH
CBET, MELIAIOWMA KaMepaM CKaHepa yJIaBJIMBATb
COOCTBCHHBIIN CBET, YTO CYIICCTBCHHO CKa3bIBaJOCh
Ha CKOpOCTH, 3()(HEKTHBHOCTH U KaueCTBE IOCTPOCHHUS
Mopieniell. PermieHreM cTano KCIoNb30BaHHE MOOWIIEHOTO
YVKPBITHSI, COOPAHHOTO W3 JIETKOH apMaTypbl (CTOHKH
MasaTtoK) U Ope3eHToBOM TKaHU. ClelyeT OTMETUTh, YTO
B CCHTSIOpPE MHTCHCHBHOCTh COJTHCYHOTO CBETA HA MIMPOTE
[TaneMupbl Oka3anach 3HAUMTENIBLHO HUXKE, YEM B arpesie
U Mae, OTPaKEHHBIA COJHEUHBIM CBET, MPOHUKAIOUINI
TIOJT TIOJIOT YKPBITHUS, HE MEIaJl paboTe B OCCHHEE BpPeMs,
BECHOH K¢ MPEACTAaBISI OMPEACICHHYI0 TPOoOIeMy.
JpyruM criocoOoM TPEOONICHUST 3TOHM CIIOKHOCTH CTAJIO
CKaHMPOBAaHUE B CYMEPKU U B BEUEpHEE BpeMsL.

J1nist ckaHUpOBaHMST OTOMPAIMCh KAMHHU U3 JIAAAApHs,
COOTBETCTBYIOIINE CIICAYIOMINM KPUTEpUsIM: 1) mapameTp
O/1HOM U3 moBepxHocTel Oonee 0,2 M; 2) ayTeHTHYHOCTh
(TO ecThb KaMeHb, HE 3aMELICHHBIH B XOJle pecTaBpa-
. Amu); 3) Haiauuue oOpabOTaHHOM MMOBEPXHOCTH.
Kamuu, He oTBevaromye 5TUM TPeOOBAHUSIM, SIBIISUINCH
HEUJICHTHOULUPYEMIIBIMA OOJIOMKaMH M HE MOIJIM HC-
MOJIB30BAThCS B BUPTYAJIbHOI PEKOHCTPYKIIMU, U, COOT-
BETCTBEHHO, HE CKaHUPOBaINUCh. Ilo 3TUM Kpurepusm
ObII0 0TOOpaHO M OTcKaHUpoBaHO 477 xamued. CkaHu-
pOBaHHE CTPYKTYPUPOBAHHOW MOACBETKOH CO3JaeT
UCKJIFOUYUTEIBHO BBICOKOMOJIUTOHAJIBHBIE MOJENH, YUC-
JI0O TOBEPXHOCTEHl B HUX MOXeT gocturarts 50 unu
100 mutH, cpenHee 3Ha4YeHHE KoyeOneTcest okono 5—10 MirH
MOJIUTOHOB. {7151 HCIIONIB30BAaHUS UX B CpelaX TPEXMEPHO-
ro MoxeiaupoBaHusi win BIM-mporpammax Henz0exHO
TpeOyeTCsl YIpOIEHUE MOACICH. DKCIePUMCHTAIBHO
Juiss kamHell Apku [lanbMupsl OBUIO YCTAQHOBJICHO, YTO
BO3MOXHO IPOBECTH YMNPOLIEHUE MOAEIH METOIOM

the latitude of Palmyra turned out to be significantly
lower than in April and May; the reflected sunlight
penetrating under the curtain of the shelter did not
interfere with the work in autumn while being a certain
problem in spring. Another way to solve this difficulty
was to scan at dusk and in the evening.

For scanning, stones from the lapidary were selected
that met the following criteria: 1) the parameter of
one of the surfaces was over 0.2 m; 2) authenticity
(that is, the stone was not replaced during the Amy’s
restoration); 3) the presence of a treated surface.
The stones that did not meet all these requirements
were unidentifiable fragments and could not be used
in virtual reconstruction, and, accordingly, were not
scanned. According to these criteria, 477 stones
were selected and scanned. Structured-light scanning
creates extremely high polygonal models, the number
of surfaces in them can reach 50 or 100 million,
the average value ranges from 5 to 10 million
polygons. To use them in 3D-modeling environments
or BIM programs, the models must be inevitably
simplified. For the stones of the Arch of Palmyra,
it was experimentally found that it was possible
to simplify the model by the decimation method
without significant loss of information about the
formal features of the stone, reducing the number
of polygons to 20-30 thousand on average (Fig. 5).
To do this, the stones were conditionally divided
into three categories: large, richly decorated stones
of complex shape; large stones of a simple shape
without a complex ornament; small stones with decor.
For complex stones, the allowable polygon value was
determined at 50,000, for simple and small stones,
from 1,000 to 30,000. Thus, the optimized models
are easily subsequently integrated into the BIM
environment or into the 3D-modeling program, do not
“overweight” the final constructions and allow saving
all the basic information about the object in question.
If it is necessary to specify some details that could
be lost when the model was simplified, the researcher
always has the opportunity to refer to the archive
of stones which stores both versions of the model:
the initial full-size and the “light” simplified ones.

After the rubble was sorted out completely,
it became possible to proceed to the next step of
the documentation: recording the parts of the structure
that survived in situ. Since one of the stages of the post-
traumatic response was a comprehensive archaeological
study of the base of the arch and the cultural layer
surrounding it, the documentation of the surviving
pylons was divided into several iterations. First of
all, a model of the state of the arch was made by
photogrammetry immediately after clearing the rubble.
A DIJI Mavic 2 Pro drone was used for the survey. This
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Puc. 5. Cxema ynpowernus mooeneii Kamueu
Fig. 5. Stone block models simplification outline

JenuManuy 0e3 3HaYMTEIbHOM MoTepu MH(OpMauH
0 (popmMaIBHBIX OCOOCHHOCTSIX KaMHsI, CHIKAsl KOJIMYECT-
BOo moiuroHoB 1m0 20-30 Teicsy B cpemHeM (puc. 5).
Jlist aToro kamMHHM OBUIM YCJIOBHO pa3jielieHbl Ha TPH
KaTeropuy: KpyHHbIe OOMJIBHO JNEKOPHPOBAaHHBIC KaMHHU
CIIO)KHON (hOPMBI; KpyIHBIE KaMHHU HPOCTOH (HhOpMBI
0e3 CIIO)KHOTO OpHAMEHTA; MEJKHE KaMHH C JICKOPOM.
J1J1s1 CIOKHBIX KaMeHel JIOITyCTUMOE 3Ha4YeHHE TTOJINTOHa-
ka onpezpenanock B 50000, i mpocThIX U MEIKUX —
or 1000 o 30000. TakuM 0Opa3oM ONTHMH3HPOBAHHbIC
MOJIETIH JIETKO B MOCNEIYIOEM UHTerpupyrorcs B BIM-
Cpely WM B IPOrpaMMy TPEXMEPHOTO MOJCIUPOBAHMS,
HE «YTSDKEISIOT» WTOTOBBIE TIOCTPOCHHS U ITO3BOJISIIOT
COXPaHMTb BCIO OCHOBHYIO HH(OPMAIHIO 00 HcCIIeyeMoM
obbekre. [Ipr He0OXOMMMOCTH YTOYHHUTE KaKHUe-TO JICTAIIH,
KOTOpPbIE MOIIIM OBITh yTPAYeHbI IIPH YIPOLIEHUH MOJICITH,
y HCCIIEOBaTeNsl BCEra €CTh BO3MOKHOCTH OOPATHUTHCA
K apXUBy KaMHEH, B KOTOPOM XpaHsTCs o0a BaphaHTa
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model was subsequently used only as an intermediate
documentation model.

The second model was built simultaneously with
the start of the excavations. Special attention here was
paid to the detail and accuracy of documentation of
the state of the arch, the survey was performed by
a DJI Mavic 3 drone, more than 1,000 images were
taken, from which a model consisting of 18 million
polygons was built. Such detailing allows highlighting
small ornamental elements and cracks in blocks on
a solid non-textured model.

After the completion of the excavations and
the opening of the Arch foundation plans, another
model was made: the final model, in which the main
attention was paid to the exposed elements in the base
of the structure. Here we used a combination of surveys
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MOJIEIN — HUCXOJAHBIE TOJHOPAa3MEPHBIE U «JIETKUE»
YIPOILEHHBIE.

Tocne okoH4YaHMS pa30OPKH 3aBajia CTaJO0 BO3MOXKHBIM
MIEPEHTH K CIIEAYIOIEMY LIary JJOKyMEHTal1 — (PHKCcalin
COXPaHUBIIMXCA in Sifu dacTell coopyskeHus. Ilockomnbky
OIHMM M3 3TaloB MOCTTPABMATUYECKOTO PEArHpOBaHUS
CTaJIO MOJTHOLIEHHOE apXEOJIOrMYECKOe HCCIIEIOBAHNE OCHO-
BaHUs APKH M OKPYXKAIOIIEro ee KyJIBTYPHOro clos, (hHK-
calysl yCTOSIBIIMX ITMJIOHOB ObLIa pa30MTa Ha HECKOJIBKO
urepaiuii. B niepByro ouepens MeTonoM (hoTorpamMMeTprn
ObLIa M3rOTOBJICHA MOJIENTb COCTOSHMSI apKH cpasy I10cie
pacuucTKy 3aBajia. (s ChbeMKM HCMONB30BaJICs KBaapo-
xorrep DJI Mavic 2 Pro. Dta Monens mpuUMeHsIach
HaMH B JIaJbHEHINEM JIMIIb KaK MPOMEXYTOuHasi (HKca-
L[HOHHAS] MOZEIIb.

from a DJI Mavic 3 drone and a Canon 5D Mark III
full-frame DSLR camera.

Using multiple iterations in the modeling of one
object allowed us to optimally organize the survey
logistics (in parallel with the excavation process),
accurately place emphasis at each stage of the survey
and achieve the best result in each case, create control
materials that allow us to check the accuracy of
the survey of the models relative to each other (Fig. 6).
In all cases, the Agisoft Metashape software was used
to build the models, the images were coordinated
in the WGS 84 UTM 37N coordinate system from
a network of GCPs developed based on permanent
control points laid down at the first stage of the survey
(in 2019 with the support of MIIGAiK).

Puc. 6. Mooenv ycmosiswux koncmpykyuti Apxu ¢ pacuemamu 0OCHMOEEpHOCMU

Fig. 6. The model of the standing structures of the Arch with mesh confidence indication

Bropas mMonesb Oblla MoCTpoeHa OAHOBPEMEHHO C Ha-
YaJioM PacKONOK. 31ech ObLIO YACICHO 0c000C BHUMAHUE
JICTATPHOCTH W TOYHOCTH JOKYMCHTAIIMU COCTOSHUS
Apku, IpU CbEMKE HUCHOIb30Bajics kBajgpokontep DII
Mavic 3, 6but0 crienano 6osee 1000 CHUMKOB, M3 KO-
TOpBIX OBbUIA TOCTPOCHA MOZEIb, cOCTosINas U3 18 MiH
MOJMTOHOB. Takast AeTanu3arus Mo3BOJSICT BBIJICISATE Ha
TBEPIOTEILHOH HETEKCTYPHPOBAHHON MOJIETIH JJIEMEHTHI
MEJIKOr0 OpHAMEHTa W TPCIIUHEI B OJIOKAX.

locie oKOHYaHUSI PACKOIOK M PACKPBITHS IJIAHOB (yH-
JameHTa Apku Obuta CHsATA ele oiHa — (DMHaIbHAs MO-
JieTIb, B KOTOPOM OCHOBHOE BHHMAHME YAENIAIOCh HMEHHO
PACKpPBITBIM AJIEMEHTaM B OCHOBAaHMHU COOPYKEHUS. 371€Ch
UCIOJIb30BaIach KOMOMHAIUS ChEMOK C KBaJpOKONTEpa
DII Mavic 3 1 3epKajIbHOTO TIOJTHOMATPHYHOTO (hoToAarIIa-
para Canon 5D Mark IIL

BLI60p IMYTU MHOXXCECTBCHHBIX I/ITepaHI/Iﬁ B MOJICIIN-
poBaHUKU OAHOI'O 00BEKTa IMO3BOJIMII HAM ONTHMAJILHO
OPraHu30BaThb JJOTUCTUKY CHEMOK (napaﬂnenbﬂo mpoueccy
paCKOHOK), TOYHO PACCTABUTH AKIICHTHI HA KaKAOM ITalle
CbCMKU U HOGI/ITBCSI HAWJTy4lICro pe3yljibTaTa B KaXXIAOM

Discussion

The data obtained in this way became the basis
for creating an information model of Palmyra’s
Monumental Arch (Fig. 7), which became the
basis for building historical reconstructions of the
arch and designing the restoration work. We can
distinguish two categories of elements documented:
the surviving parts of the architectural structure,
standing in situ, and separate blocks fragmented
to one degree or another that made up the Arch.
In each case, a different documentation method was
used, optimized to obtain the data as quickly and
accurately as possible. The ultimate goal of our work
is to ensure the integration of these two categories
in a single information space. The field experience
gained confirmed the thesis on which we relied
when planning the work: the selected documentation
methods — photogrammetry (SfM) and structured-
light scanning (SLS) — allow practically seamless
integration of the survey data and make it possible
to avoid many intermediate steps for processing and
preparing models and point clouds, which would be
inevitable in the case of laser scanning.
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Puc. 7. Mooenv Apku 6 cpede 3DSudio Max
Fig. 7. Arch Model in 3DSudio Max

cllyyae, CO31aTh KOHTPOJIBHBIE MaTephalibl, IO3BOJISIO-
1K€ TIPOBEPSITH TOUHOCTH ChEMKH MOJIEJIeH OTHOCHUTEIILHO
napyr apyra (puc. 6). Bo Bcex ciydasix [uisi OCTPOCHHS
Mojieneli ucronb3oBasiach rnporpamMma Agisoft Metashape,
CHUMKH KOOPJWHHPOBAJIUCH B CHUCTEME KOOPAMHAT
WGS 84 UTM 37 N ot ceTu penepoB, pa3BUTOI ¢ ONOPOH
Ha 3aJIOKEHHBIE Ha repBoM dtare cbeMku (B 2019 1. mpu
nonaepxkke MUMTAuK) 6azoBbie periepa.

Obcyoicoenue

[Nomy4ennsle TakuM 00pa30M JAHHBIE CTAJIM OCHOBOM
JUIsl CO3JaHMsl MH(pOpMaMOHHOH Mozenu TpuymbabHOMi
Apku IManemupsl (puc. 7), koTopasi crana 0a3oi s
TIOCTPOCHUSI HICTOPUYECKUX PEKOHCTPYKLMI APKH 1 MPOEK-
THUPOBAHMSI PECTABPALIIOHHBIX PabOT. MOXKHO BBIJEIUTH
JIBE KaTeropuy JOKYMEHTHPOBAaHHBIX HAMH 3JIEMEHTOB:
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The only operation unavoidable in order to
optimize work with large volumes of 3D-data is
the simplification of models from high-poly to low-
poly ones. However, for this operation, we found
a suitable work process in the same software products
in which the main reconstructions were made (Agisoft
Metashape for photogrammetry and Artec Studio for
SLS). By reducing the number of individual steps in
the work process, we were able to significantly save
time preparing models for integration in BIM and
reduce the number of errors and shortcomings that
are inevitable when constantly switching from one
program environment to another.

As for the simplification procedure itself, it is worth
noting here that the decimation algorithms used in both
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COXPaHUBIINECS YaCTH APXUTEKTYPHOTO COOPYKEHHS,
CTOSIIME in Situ, W OTHCIbHBIC (parMEHTHPOBAHHBIC
B TOM WJIM MHOW CTENEHM OJOKM, M3 KOTOPBIX COCTOsIa
Apka. B kaxaoM ciyuae IpUMEHsUICS CBOH METOA J0-
KYMEHTAIMH, ONTUMHU3UPOBAHHBIA JUIsI MaKCUMAaJIbHO
OBICTPOrO 1 TOYHOTO TTOTy4YEHHsI TaHHbIX. KoHewyHas 1ienb
Hameil paboThl — 00eCHeunTh MHTErpalMio ATUX ABYX
KaTeropuii B eIMHOM HWH(OPMAIIMOHHOM ITPOCTPAHCTBE.
[TosnydeHHBIN 1MOJIEBOM ONBIT MOATBEPAUI TE3UC, HA
KOTOPBIA MBI ONMUPAJINCh TP IUIAHWPOBAHMU paboT, —
n30paHHbIEe METOIUKN (uKcanuu — (GoTorpamMMmeTpus
(SfM) 1 ckaHUpOBaHHE CTPYKTYPHUPOBAHHOM TTOACBETKON
(SLS) — nmo3BOMNSIOT MPaKTHYESCKH OCCIIOBHO O0BEIUHSATE
JTAaHHBIE CHEMOK M JIaI0T BO3MOXKHOCTH M30€XaTh MHO-
JKECTBa TPOMEXYTOYHBIX IIaroB 1o 00paboTKe M MOJ-
TOTOBKE MOJENeH M OOJaKOB TOYEK, KOTOpbIE ObLIM ObI
HEN30eXHbI B ClIy4yae MPUMEHCHHS JIA3€PHOTO CKaHH-
pOBaHHSI.

EnuHcTBeHHAst omeparusi, KOTopas HEM30ekKHa s
ONTHMH3ANHUHA PAOOTHl ¢ OOJIBIIUMU OOBEMAMU TPEX-
MEpHBIX JaHHBIX, — YIPOIICHUE MOJCIICH M3 BBICOKO-
TIOJINTOHAITFHBIX B HU3KOIOJIUTOHANIBHBIC. OIHAKO U IS
9TOM Omnepanyy MbI HAIUTH TOIXOISAINIAN pabodwii mpo-
[ecc B TeX e MPOrPaMMHBIX MPOIYKTaX, B KOTOPBIX
MPOM3BOAMIINCH OCHOBHBIE NocTpoeHus (Agisoft Metashape
quist ororpammerpuu u Artec Studio must SLS). 3a cuer
YMEHBIIICHHST KOJIMYCCTBA OTACIBHBIX IIaroB B pabodeM
MpoLIECCe HAM YIAJIOCh 3HAYUTEIIBHO COKOHOMHUTH BPEMSI
MOATOTOBKU Mojieliel uist BkitodeHus: B BIM U cHU3UTD
KOJIMYECTBO OIIMOOK W HEIOYCTOB, HCH30EKHBIX MPH
MOCTOSIHHBIX TIEPEXOax W3 OIHOM MPOrpaMMON CpEIbI

B JIpYTyIO.

UYro kacaeTcs caMoOi NpoLenypbl YNPOUICHUS, TO
37IeCh CTOUT OTMETHTB, YTO JITOPUTMBI JCHHUMAINH,
UCTIONIB3YIOIIMECs B 00enX pabouymx IporpaMmax, Io-
3BOJISIIOT PaJUKaJbHO yYMEHBIIATh YHUCIIO IOJUTOHOB
B Mozelnsix 0e3 KpUTHYECKOW IoTepu MH(pOpManuu
0 ¢dopme M CTpyKType o0bekTa. BakHO OTMETHTH, YTO
9T0 paboTaeT TOJBKO B TEX CIyd4asX, KOIJa MCXOIHAas
yIpoliaemMasl MozieIb 00J1a/1aeT BBICOKOH JIOCTOBEPHOCTHIO
U JETaJbHOCTBIO. DTO OBUIO HEOOXOAMMO YYHTHIBATH
IIPU K]0 I0JEBOM CheMKe M Tocienyromei odpa-
0OTKe: TONydYeHHE JAHHBIX C HU3KOW MM CpeaHed
JIOCTOBEPHOCTBIO (JacToO JIOIMYCTHMOE M, YBBI, CIle Yarle
JIOITyCKaeMoe IpH OOBIYHOW apXeoJIOrHYecKor (GpUKcarnm)
B HAIlleM CIIy4ae MPHUBOIWIIO K IOJHOHM yTpare CBEICHUH
0 MEJIKHMX JieTaysix (GopMbl OOBEKTOB.

WuTerpanns BceX COOpPaHHBIX JaHHBIX B EIMHYIO
MH(POPMALTMOHHYIO MOJIEJIb MTO3BOJISICT CO3aTh MHOIOKOM-
MOHEHTHBIH MHCTPYMEHT aHajn3a, PeKOHCTPYKIUHU
U TPOCKTUPOBAHHS MPUMEHHUTEIBHO K KOHKPETHOMY
APXUTEKTYPHO-apXeoslornueckomy oobekty (Moyano et
al., 2020. P. 304). Otka3 oT py4HOro NEepeMOsIeTMPOBAHNS

working programs make it possible to radically reduce
the number of polygons in models without a critical
loss of information about the shape and structure of
the object. It is important to note that this only works
in cases where the original simplified model has high
reliability and detail. This was to be taken into account
during each on-site survey and subsequent processing,
obtaining data with low or medium reliability (often
acceptable and, alas, even more often allowed with
conventional archaeological documentation) in our case
led to a complete loss of information about the fine
details of the shape of objects.

The integration of all gathered data into a single
information model allows creating a multi-component
tool for analysis, reconstruction and design as applied
to a specific architectural and archaeological site
(Moyano et al., 2020. P. 304). Abandoning manual
remodeling of each element made it possible to achieve
a high degree of authenticity of the created digital
copy, which is extremely important when working
with cultural heritage sites, where unification or
standardization of components is basically unacceptable
(cf. the opposite approach, fundamentally based
on the need to remodel elements and search for
appropriate algorithmic solutions: Bagnolo ef al., 2019).
It appears that the developed methods of documentation
for the purposes of information modeling can be
successfully applied in many other contexts that do
not imply the reconstruction of destroyed monuments.

One of the possible examples is traditional
archaeological research with the transfer of the studied
monument for museumification. In this case, minimal
adaptation of the survey techniques will be required in
order to simultaneously use the gathered data both for
the purposes of archacological documentation and for
the subsequent creation of a BIM model of the object.

The use of the BIM approach appears to be promising
in the administrative and heritage management
environment, where the need for standardization and
the development of uniform description criteria is
much higher than in academic circles (Heuae u np.,
2020; Intignano et al., 2021; Pepe et al., 2021). These
purposes will undoubtedly require some adaptation of
documentation methods as well; however, it seems that
the principles developed during the work carried out
at the Arch of Palmyra can make some contribution
to building a reliable basis for the further development
of the entire HBIM field.

Conclusion

The methods described above allowed us to
obtain a working parametric model of a complex
architectural and archaeological object, based on field
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Ka)JIOr0 2JIEMEHTa MO3BOJIMII JJOOUTHCS BBICOKOW CTe-
MEHU ayTEHTHYHOCTH CO3JaBaeMOi LM(POBOH KOIHH,
YTO Ype3BBIYAHHO Ba)XHO NpH pabore ¢ oObeKTaMu
KYJIFTYPHOT'O HacJeIusl, I7ile B OCHOBHOM HEJIONMYCTH-
MBI YHU(MHUKALMS WIM CTAaHJAPTU3ALMS COCTABIISIOIINX
(Cp. MPOTHBOMNOJIOXKHBIN TMOIXOM, MPUHLIHUIINAIBHO OCHO-
BaHHBIH Ha HEOOXOAMMOCTH TEPEMOJICIMPOBAHUS dJie-
MEHTOB M TOMCKE COOTBETCTBYIOIIMX AJITOPUTMUYECKUX
pemennit: Bagnolo et al., 2019). Kak npencrasinsercs,
HapaOOTaHHBIC METOJMKM JOKYMEHTalUW IS Lejed
MH(POPMAIIMOHHOTO MOJICTIMPOBAHUSI MOTYT OBITH C ycCIie-
XOM TPHMEHEHBI BO MHOXKECTBE MHBIX KOHTEKCTOB, HE
MOJPa3yMEBAIOIINX BOCCO3AHUS Pa3pyLICHHBIX MaMST-
HHKOB.

OnuH U3 BO3MOXKHBIX MPUMEPOB — TPaJULIMOHHBIC
apXeoJIOrMYeCKUe HUCCIICOBAHUS C MEPEHOCOM HCCIe-
JTyeMOro MaMsTHHKA I My3eeukanuu. B aTtom cirydae
noTpeOyeTcsi MUHUMAITBHAS aanTallisl MCTOAUK ChEMKH
C TeM, 4TOObI OJHOBPEMCHHO HUCIOJIB30BaTh COOMPACMEbIC
JTAHHBIC KaK JUTS [eNiel apXCoOrnieckor (DUKCAIHH, TaK
W Ui Toclienyromero co3nanus BIM-monenn oObekra.

[lepciekTUBHBIM BUJIUTCS HcnoJib3oBaHnue BIM-
noaxofa B aJMUHUCTPATUBHO-YUYETHOU cpene, IAe Io-
TpeOHOCTH B CTaHAAPTU3AIMU WU BBIPAOOTKE CIUHBIX
KpPUTEPUEB OMUCAHMSI 3HAYUTENILHO BBIILIE, YEM B aKaJIeMU-
yecknx Kkpyrax (HewaeB m np., 2020; Intignano et al.,
2021; Pepe et al., 2021). HecoMHEHHO, A 3THX IIENCH
TaKKe MOTPeOyeTCsl HEKOTOpasl afanTalis METOIUK JIOKY-
MEHTAIMH, OJJHAKO HaM MPEJCTaBIISIETCsl, YTO MPUHLUIIbI,
BBIPa0OTaHHEIC ITpU paboTax ¢ Apkoil [lambMupeL, MOTYT
BHECTH HEKOTOPBINA BKJIAJ] B TIOCTPOCHHE HAJCKHOTO Oa-
3uca JIJsl JalIbHEHIIEro pa3BUTHSI BCErO HAIPaBJICHUSL.

3axnouenue

OnvcaHHas BBINIC METOAWKA IMO3BOJIIIA HAM MONY-
9UTh PabOUYyI0 MapaMETPHYCCKYI0 MOJCIb CIIOKHOTO
APXUTEKTYPHO-apXEOJIOTHUYCCKOr0 00BEKTa, OCHOBAHHYIO
Ha MOJICBOH (DOTOrpaMMETPUYCCKUN JTOKYMCHTAIIHH.
CoOpaHHbIC JaHHBIC CTAMH (HYHAAMEHTOM I UCTOPU-
YECKUX PEKOHCTPYKIMH U MPOEKTUPOBOUHBIX PEILICHUH,
MIPEIUIOKCHHBIX B JPYTHX CTAThIX HACTOSIIECIO COOPHUKA.
WHTerparwst TaHHBIX pa3HOro MaciTada | MPOUCXOXK ICHHST
B CIMHOH cpefie, a TakKe HEOOXOIUMOCTh pa3pabOTKH
00IUX CTaHAAPTOB OOMCHA NAHHBIMU MPEICTaBIISIOTCS
HaM KIIFOYCBBIMH HACYIIHBIMU 3a/ladaMd B Pa3BHTHH
TIOITXO/IOB K ITU(POBOW TOKYMCHTAIIMU HACIICIUS, BHE 3a-
BHUCHUMOCTH OT KOHKPETHBIX 00JacTeil MPUMCHEHUS — OT
Cyry00 akaJieMUYCCKHX, IO aJIMUHHUCTPATHBHO-YYCTHBIX.
He BBI3BIBaCT COMHEHUS, YTO WHHUIIUATHBA 110 BBIPAOOTKE
TaKoro pojJa CTaHJapTOB JOHKHA UCXOOUTH OT CIelua-
JINCTOB, HEMOCPEJCTBEHHO 3aHUMAIOIIUXCS MOJEBON
JoKyMeHTanmed. Hama paboTa mokaszana BBICOKYHO (-
(extuBHOCTH BIM-mozxoma Ha BCEX CTaausAX PadOTHI
C HEMPOCTBHIM U CHIBHO TOCTPAJABIIMM IMaMSITHHKOM,
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photogrammetric documentation. The gathered data
became the basis for historical reconstructions and
design solutions proposed in other articles of this
collection. The integration of the data of different
scale and origin in a single environment, as well
as the need to develop common data exchange
standards, seem to us to be the key urgent tasks in
the development of approaches to digital documentation
of cultural heritage, regardless of the specific areas of
application: from purely academic to administrative
and accounting. There is no doubt that the initiative
to develop such standards should come from specialists
directly involved in on-site documentation. Our work
has shown the high efficiency of the BIM approach at
all stages of work with a complex and heavily damaged
site, from data acquisition planning to the creation of
final implementations. We hope that this example will
become one of the reference points for the further
development of the methodology for the preservation
of cultural heritage sites.
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Ha4yvHas OT IJIAaHWUPOBAHUSL c60pa JAaHHBIX 10 CO3JaHUA
HUTOI'OBBIX MOHeHeﬁ. HaﬂeeMCH, YTO 3TOT IMPUMEDP CTAHCT
OHHOﬁ M3 ONOPHBIX TOYCK IJIA nanbﬂeﬁmero pa3BUTHA
MCTOAUKHU COXPAHCHUA 00BEKTOB KYJBTYPHOI'O Hacjicqus.
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ApXHUTeKTypHasi 00padoTKa apXeoJIOrH4YeCKUX HCCJIe0BAHUI
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ApXeonorust u apxXuTeKTypa, Oyyqn JIByMs CaMOCTOSI-
TEIbHBIMUA HayKaMH, HEPa3pbIBHO CBS3aHBI MEXKIY
coboit. Kaxnass u3 »Tux orpacineil, mo cBoei cyTH, siB-
JsieTcs. MEKIUCHUINIMHAPHONW 001acThio, KOoTopas 3a-
JIEHCTBYET MacCy pa3jIMUHbIX CIICLUAINCTOB, U KaXKIbIH
MPUBJICYCHHBIH CIIEIIUATUCT BHOCHUT LIEHHBIN BKJIAJ
JUIS YCIICITHOW M Ka4eCTBEHHOM peaji3alliy IPOEKTa.
B Hacrosiiiee BpeMst apxeoJIorHuecKue UCCIIEIOBAaHUS yKe
nepecTay ObITh MPOCTO PACKOIKAMH apXeoJIOrMYeCKUX
00bekTOB. OHU CTAHOBSATCS YacCThIO MHOTOTPAaHHOI'O
MYJIBTHIUCIUILIMHAPHOTO T03HABAaTEIBHOIO IIpOIiecca,
B KOTOPOM OCHOBHOH yHOp JAelaeTcsi Ha U3y4YeHUHU
IIPOCTPAHCTBEHHOIO pacHpe/IeIeHHs] HAKOIUICHHOTO Mare-
puasia B TECHOM B3aUMOCBSI3U C OKpYIXKarolled cpenoi
1 OOMTaBIIMMH B HEH JIOIBMHU. B apxuTekType, B CBOIO
o4epesib, TAKXKE YaKe JTOBOJIBHO MPOAOKUTENBHOE BpEMs
UCIIOJIb3YIOTCS COBPEMEHHBIE TEXHOJIOTMU BO MHOTHX
ee HampaBieHUsAX. 3D-monenupoBaHue W BH3yaln3a-
IIUsl HapaBHE C MaKETHPOBAaHHMEM JaBHO CTaJM CTaH-
JIApTOM TI0Aa4M JIEMOHCTPALMOHHBIX MaTepuaioB JUIs
CTPOMTEJBCTBA. Tak, Ha MpUMEpE MPOEKTa PecTaBpaLln
Tpuymdansrnoit apku [lamsMupsl OblTa TIpoOBesieHa COB-
MecTHasi paboTa apXeoJoroB U apXUTEKTOPOB.

Jlnst MomenupoBaHUs YLEJNEBUIMX I[MHIOHOB ApKH
ObLT BBIOpaH TpPaJMIMOHHBIA METOA (DOTOrpaMMETpPHH,
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Archeology and architecture as two independent
sciences are inextricably linked. Each of these
industries is, at its core, an interdisciplinary field that
involves a lot of different specialists, and each specialist
involved makes a valuable contribution to the successful
and high-quality implementation of the project.
At present, archaeological research has ceased to be
just excavations of archaeological sites. They become
an integral part of a multifaceted multidisciplinary
cognitive process, in which the main emphasis is on
studying the spatial distribution of the accumulated
material in close relationship with the environment and
the people who lived in it. Architecture, in its turn, has
been using modern technologies in many of its areas
for quite a long time. 3D modeling and visualization,
along with prototyping, have long become the standard
for presenting demonstration materials for construction.
Using the restoration project of Palmyra’s Triumphal
Arch as an example, a joint work of archaeologists
and architects was carried out.

To model the remained pylons of the Arch, the tradi-
tional method of photogrammetry regularly used in
architectural measurements was chosen (Illakupos, 2015).
Using the method of photogrammetric measurement,
archaeologists surveyed the views of the site under

! 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: roma.malay@mail.ru.

2 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: atayantsbm@gmail.com.
3 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: bulavkina.1997@mail.ru.
4 8 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: marina.tusch@yandex.ru.
> 8 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: 1d.inciner@gmail.com.
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peryisipHO NPUMEHSEMBIH MpPU MPOBEICHUH apXUTEK-
TypHBIX 00MepoB (I1lakupos, 2015). MeTtonom dotorpam-
METPHUYECKOr0 oOMepa apxeoyioraMi OblLia BBITIOJIHEHA
ChEMKa BUJIOB HcCieyeMoro oobekra (Abamenek-J/lazapes,
1884; ComnoBbeBa u 1p., 2017; 2019; Conossea, 2021).
KavecTBeHHasi cheMKa JaeT HaM IIOJHOE TIOHMMaHHE
0 COBpEeMEHHOM cocTosiHuK TpuymbanbHoi Apku.
Urorom pabotel ¢ QororpaMmerpueil crana pa3paboT-
Ka 1moxpoOHoi 3D-Monenu ¢ TOYHOH Teone3nvecKon
oropoii. B pesynbrare mojyueHbl JaHHBIE BBICOKOT'O
KauecTBa, TEKCTYPHUPOBAHHBIC MOJIUTOHAJIBHBIC MOJIEIH
W CreHEpHPOBAaHHBIE C HUX OPTO(OTOM300paKeHUs, HC-
TIOJIb3YEMBbIE TSI CO3/IaHMs QpXUTEKTYPHBIX YepTexei. Bol-
CTpOEHHAs] 00BEMHO-IIPOCTPAHCTBEHHAsT MOIENb (puc. 1)
cTaja OCHOBOW ISl IOCTPOEHMSI apXUTEKTYPHBIX depTe-
JKEH M BBITIOJIHEHHSI OTYETHOM YEPTEKHON TOKYMEHTAIHH.
C Morenn ObUTH BBIBEJICHBI BU3yaJIM3alMH BH/IOB ITHJIOHOB
ApKY Ut IOCTpOeHHUs (hacaJHbIX YepTEKeH, BUJ CBEPXY
JUIsl YepTexa IuiaHa (puc. 2), BUAOB NMHIOHOB ApPKH JUIS
nocTpoeHus: (acagHblx depTexer (puc. 3-5), a Takxke
BUJIBI B aKCOHOMeTpuH (puc. 6; 7) Uil uepTexei, oTpa-
xatomnx Apky I[lanmemupsl B oobeme. [lomydenHble
BU3YaJIM3allMH B JaJbHEHIEM ObUIM INeperaHbl KOMaH/e
apXUTEKTOPOB, KOTOPHIE, B CBOIO OYEPE/b, 3aHSIIHChH
9TAIlOM IUIAHWPOBAaHHS OOMEPHBIX paboT M (HKcaluH,
ucnons3ys 3D-monenm.

study (Abameneck-JIazapes, 1884; ComoBeeBa u ap., 2017;
2019; ComnosbeBa, 2021). High-quality survey provides
us with a complete understanding of the current state
of the Triumphal Arch. The result of working with
photogrammetry was the development of a detailed
3D-model with an accurate geodetic positioning.
The result is high quality data, textured polygonal models
and orthophoto images generated from them, used to
create architectural drawings. The built volumetric-spatial
model (Fig. 1) became the basis for designing architectural
drawings and preparing reporting drawing documentation.
Visualizations of the Arch pylons views for building
facade drawings, a top view for plan drawing (Fig. 2),
the Arch pylons views for building facade drawings
(Fig. 3-5), as well as axonometric views (Fig. 6; 7) for
drawings representing the Arch of Palmyra in volume,
were derived from the model. The result visualizations
were subsequently delivered to the team of architects
who, in their turn, worked at the stage of planning
the measurement work and fixation using 3D-models.

Measurement fixation is carried out: 1) to obtain
comprehensive spatial graphic material that captures
the state of the site at the current moment and
the results of its study at the construction site;
2) to specify the spatial-planning and constructive

LT

Puc. 1. 3D-modenv yyeneguiux nuionog

Fig. 1. 3D model of the surviving pylons
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Puc. 2. Aprxa Hanemupwr. Ilhan
Fig. 2. Arch of Palmyra. Plan

Puc. 3. ®@acao nunronos D u E. Ilepesod opmopomocrHumka modenu 6 wepmedic
Fig. 3. Fagade of pylons D and E. Converting the orthophoto from the model into a drawing
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Puc. 4. @acao nunona D. Ilepesod opmogomocHumka moodenu 8 wepmedic
Fig. 4. Facade of the pylon D. Converting the orthophoto from the model into a drawing
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Puc. 6. Yepmeonrc axconomempuu Apxu Ilanvmupvl. Buo ceepxy
Fig. 6. Axonometric drawing of the Arch of Palmyra. View from above
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Puc. 7. Yepmeoic axconomempuu Apxu Iaremupei. Buo cruszy

Fig. 7. Axonometric drawing of the Arch of Palmyra. Bottom view
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OO0MepHast (prKcaIys IIPOBOIKUTCS C LENBIO: 1) Moy YeHus
MCYEPIBIBAIOIIETO MPOCTPAHCTBEHHOTO TI'padruyeckoro
Mmarepuaia, (pUKCHPYIOLIEro COCTOSHUE OOBEKTa B TEKY-
Wl MOMEHT M PE3yJIbTaThl €r0 MCCIICOBaHNs B HATYPE;
2) yTOYHEHHsI 00BEMHO-TUIAHMPOBOYHOTO U KOHCTPYK-
THBHOTI'O pEUIeHHsI 00BEKTa; 3) OnpenesIeHus] MpoCT-
PaHCTBEHHOI'O IOJIOKEHUSI 00BEKTa M €ro 4acTei;
4) yTOUHEHHs I'eOMETPUYECKHX (POPM OTHENBHBIX 3JIe-
MEHTOB; 5) TOATOTOBKHM HCXOMHBIX I'pa)uecKuX Mare-
pHAJIOB JUTS TPOBEJCHHSI PACUCTHBIX M IPOEKTHBIX pa-
6oT; 6) ompezneneHHs NepeMeUleHnid U JedopManni
KOHCTPYKIMI Ha MPOTSHKCHUM CYIIECTBOBAHHUSI OOBEKTA;
7) apXHTEKTYypHOrO MOHHUTOpPHHTA 00BekTa. OOMepHas
(huKkcaryst, nepeBeieHHast B rpauuecKuil BUJ, SIBISIETCS
HauOoJiee KOPPEKTHOHN TOIOCHOBOM IS JaTbHEUIITHX
UCCIIEIOBATEIILCKUX M IPOEKTHBIX PaboT, MOCKOJIBKY
conep’kuT mHMOpManuio 00 00beKTe KyJBTYPHOTO Ha-
CIIe/HsL, JJaBasi NCUEPIIBIBAIOIIEE MIPEACTABICHUE HE TOJIBKO
0 ero Buje, HO M 000 BcexX ero pasmepax (AdaHacbes,
2004; TOCT P 56905-2016).

UYepTexkn K OTYETHOW JOKYMEHTAIMU BBITIOIHSIINCH
COIIACHO TPEOOBAHMSIM TEXHUUYECKOT0 3a1aHusl. B rpadu-
YECKYI0 YacTh OTUYETHOH JIOKYMEHTALMH, 110 Pe3yJibTaTtaM
00MepoB, BXOAAT YEPTEKHU IUIAHOB, (hacaloB, pa3pes3oB,
APXUTEKTYPHBIX JJIEMEHTOB U IIAOJOHOB, YEPTEKHU OT-
JIeBHBIX KOHCTpyKIwid (pyHmament) (puc. 8) (IOCT P
55528-2013). YepTexu TEKYLIErO COCTOSHUS IHJIOHOB
ApKH OCYIIECTBISIOTCS TOCPEICTBOM OYEPUHBAHUS
Ppe3yJIbTaToB (hOTOrPaMMETPUUECKON CHEMKH B BEKTOPHOM
penaxrope. [t BBITIOJHEHHS apXUTEKTYPHBIX YepTeneH
Obl1a ucnosb3oBaHa nporpamma Autodesk AutoCAD.

B mporiecce Boccosznanus o0mka ApKE B rpaguuecKoM
Bujic OblJa MPOBE/ICHA OIICHKA COCTOSHUS ApPKH H €e
yTpayeHHbIX 3JeMEHTOB. B pesynbrate paspylueHus
3HaYUTENbHO TocTpananu mwionsl A, B, E, F, A/F.
Ha ux mecre ocranmuch nuiib UX OCHOBaHHS. B CBOMO
ouepenb, mwionsl C, D u G ynenenu B Oojblieit cre-
neHn. Bo Bcex ueprekax BUJIOB APKU OBUIH YYTCHBI
BCE IOBPEXKJEHUS, KaK HaHECEHHbIE B IIpoliecce ee
paspyuieHusi B3pbIBOM, TaK U IOJYUYEHHbIE BCIEICTBUE
BO3JICHCTBHSI BHEITHUX TPHPOIHBIX (hakTopoB. YepTexu
MOJHOCTBIO OTPAXKAIOT CYIIECTBYIOUIMHA BUJ ApPKH.
OHH BKIJIFOYAIOT O0BEMBI apXUTEKTYPHBIX OOMEpPOB,
JIOTIOJTHUTENIFHO K KOTOPBIM Ho0aBisitoTcs: 1) mecra
PACIIONOXKEHUST TPEUIMH, PA3JIOMOB U BEJIMYMHBI UX pac-
KPBITHS;, 2) pe3yjbraTbl 0OMEpOB HCKPUBJICHHH, (ak-
TUYCCKON JUTMHBL, 3) CHOCOOBI COCAMHCHUS CTHIKYEMBIX
JJICMCHTOB; 4) MECTa PaCHOJIOKCHUS M Pa3Mephl YYaCTKOB
OMOJIOTHYECKOTO MOPAKCHUSL.

CoxpaHuBIIMECS MUJIOHBI APKH yKpalleHbl BUTHEBA-
TOW pe3p0Oil MO0 KaMHIO, B TOM 4Hcie Oapenbedamu
¢ M300paXeHUSIMH pacTeHuid. B otnmuame ot y3opa, opHa-
MEHT UMEET YETKYIO OPraHH3alfIo, OCYIIECTBISIONIY0CS

solution of the site; 3) to determine the spatial position
of the site and its parts; 4) to specify the geometric
shapes of individual elements; 5) to prepare the initial
graphic materials for calculation and design work;
6) to determine displacements and deformations
of structures throughout the existence of the site;
7) to perform architectural monitoring of the site.
Measurement fixation converted into a graphic form is
the most correct basis for further research and design
work, since it contains information about the cultural
heritage site, giving a comprehensive idea both of its
appearance and all its dimensions (Adanacses, 2004;
I'OCT P 56905-2016).

The drawings for the reporting documentation
were made in accordance with the requirements
of the Statement of Work. The graphic part of
the reporting documentation, based on the results of
measurements, includes drawings of plans, facades,
sections, architectural elements and templates, drawings
of individual structures (foundation) (Fig. 8) (I'OCT
P 55528-2013). The drawings of the current state of
the Arch pylons are made by plotting the results
of photogrammetric survey in a vector editor.
Architectural drawings were made with the use of
Autodesk AutoCAD.

The process of recreating the appearance of
the Arch in graphic form included an assessment
of the condition of the Arch and its lost elements.
Pylons A, B, E, F, AF were significantly damaged as
a result of the destruction. Only their bases remained
in their place. In their turn, pylons C, D and G have
survived to a greater extent. All the drawings of
the Arch views took into account of all the damage
both caused in the course of its destruction by the
blast and caused by the influence of external natural
factors. The drawings fully reflect the existing view
of the Arch. They include volumes of architectural
measurements supplemented with: 1) locations of
cracks, fractures and their width; 2) results of
measurements of curvatures, actual length; 3) ways
of joining the abutting elements; 4) locations and
dimensions of areas of biological damage.

The remained pylons of the Arch are decorated with
ornate stone carvings, including bas-reliefs with images
of plants. In contrast to the pattern, the ornament has
a clear organization provided by rhythmic alternation
of elements, is subject to a strict mathematical logic,
which underlies the composition of the ornament
(Kunesa, 2017). Each architectural element is based
on a pattern repeated in the ornament in a certain
rhythm. This was taken into account when recreating
the unpreserved parts of the ornament to be more
informative about the appearance of each element.
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PUTMHUYECKUM YEpEIOBAHUEM DJIEMEHTOB, MOAUUHSET-
Csl CTPOTrOM MaTeMaTU4eCKOH JIOTHKE, KOTOpasl JICXKUT
B ocHoBe kommnosunuum opHamenta (Kunesa, 2017).
B ocHOBe KkaxI0ro apXUTEKTYPHOTO SJIEMEHTA JICXKUT
ma0JIOH, KOTOPBIH MOBTOPSIETCS B OPHAMEHTE B OIIpelie-
JICHHOM pUTME. DTO OBUIO YYTEHO IPHU BOCCO3JaHUH
HECOXPAHMBIINXCS YacTeil OpHaMeHTa Juisl OoJbIIeil nH-
(hOpMAaTUBHOCTH O BHELIHEM BHUJE Ka)KIOrO AJIEMEHTA.
M3HauanbHO BBIUEPUMBAIACH OCHOBA KaXJIOrO JIEMEHTA,
a Jjajiee YTOYHSUIOCh €r0 COCTOSIHHE — J00ABIISUIUCH CKOJIbI,
TPELINHBI, TOTEPTOCTHU.

BaskHBIM 3TarioM meper HadanoM paboThl ObLIO BbIpa-
00TaTh OINpENCICHHBI BH3YalbHBIH CTHIIb YSPTEKEH.
BbuT mpoBeneH aHANM3 MPUMEPOB KIACCHYECKOrO pPH-
CYHKa, 4YepTeKel, BBIMOIHCHHBIX B Py4YHOH rpaduke,
TaKUX Kak MoHorpadusi o xpame bama, deprexu aH-
TUYHBIX TpuyMQalbHbIX apok. Hamu Obu1 BBIOpaH Me-
TOJ aKaJeMHYECKOr0 H300paKeHUS! PYyHHUPOBAHHOTO
NaMsITHHKA. B deprexax apXUTEKTYpPHBIX JETajei 1o-
IpOOHO mepenaeTcss 00BEMHOCTh KaXKIOr'O 3JICMCHTA,
rIyOWHA M CTENeHb NMOBpeXJeHHH. B mpouecce paboTs
HPUMCHSIIOTCS JIMHUK Pa3HOrO THIIA U TOJIIMHBI, TAKHM
00pa3oM JOCTUraeTCst BOCHPHSTHE TNIOCKOCTHOTO YepTexka
Kak 00bEeMHON KapTHHKH. Takoke JIs JOCTHIKEHHS JIyYIero
00BEMHOT0 BOCHPHUATHUSI HCIIOJIB3YETCSl IPO3PAYHOCTh
nuHUA. Bce riaBHBIE OOBEKTHI, PACIONIOKECHHBIC Ha
MIEPBOM IUIAHE YePTEeKa, BBIMOIHSIOTCS 00Jiee KOHTPACTHO
C YBCITMYCHHO!N TOJIIMHON JIMHUIA M TPOpadaThIBarOTCs
Oonee neranbHO. BTOpoil M mociegyrommue IIIaHbI,
a TaK)Ke OPHAMEHTBI, CKOJbI, TPELIMHBI, HAMPOTHUB,
0003HayaroTCs B 0OJiee TOHKUX M CBETNIBIX JIMHHUSIX, YTO
MO3BOJISIET M30eXaTh BH3yasbHOro Iryma. llocpencTBom
UCIIONb30BAHMS PA3HBIX JIMHHI JOCTHIAIOTCS 0OBEMHOCTH
YepTeKa, B HEM UHTACTCs [TyOMHA KaXKIOro dJIeMEHTa,
CO3/JaeTCsl TJIAHOBOCTh KAPTHUHKH.

BCHGTCSI pa60Ta 1O COCTABJICHUIO KaTajiora JCKopa-
THBHBIX 3JICMCHTOB ApKI/I B PE3YIBTATC aHaIM3a BCCX
CYHICCTBYIOIIUX U YTPAYCHHBIX OPHAMCHTOB OIIPCACIICHBL
THUIIBI JCKOpa IO HMX MCCTOHAXOXKJICHUIO Ha apkKax,
IMMAJIOHAX, KallMTCIAX, KapHU3ax, Ha anrabnemente. Ot-
JACJIBHO BBIACJICHBI KATCTOPUU TAKHUX APXUTCKTYPHBIX
JJIEMCHTOB, KaK 0a3pl MMUJIOHOB U KOJIOH, 5AUKYJIbL
1 KOHCOJIH.

KaraJior nekopaTiBHBIX 3JIEMEHTOB CONEPXKUT HH(Op-
MalUI0 O IMOJIOKEHUU OpHaMEHTa B Apke, Ha3BaHME
MIJIOHA, KOTOPOMY OH NMpPUHAIISKHUT, (OoTO OopHaMeHTa
U IOPUMEUYaHHE O €r0 XapaKTepUCTUKAaX M COCTOSHHHM:
rabapyThl, HAJIMYHUE JNEKOPATHBHBIX 3JIEMEHTOB (IIBETOK,
JIMCT aKaHTa, MajbMeTTa, OyCbl, HOHUKH U T. J1.), CTCIICHb
coxpaHHOcTH. Ha ocHoBe nmaHHOro karaiora OyayT co-
CTaBJICHbI 0O0JIee TOYHBIC YEPTEKH BCEX JICKOPATHBHBIX
anemeHToB Apku. Ha naHHBI MOMEHT Oosee 1moapoOHO
ObUIM M3y4YEeHBI OPHAMEHTHI NMUJIOHOB ApKH. Kakabiid

Initially the basis of each element was drawn and then
its condition was specified: chips, cracks, abrasions
were added.

An important stage before starting the work was
to develop a certain visual style of drawings. We
analyzed examples of the classical pattern, hand-drawn
drawings, such as the monograph on the Temple of
Bel, drawings of antique triumphal arches. We chose
the method of academic representation of the ruined
monument. The drawings of architectural details
convey the volume of each element, the depth and
degree of the damage in detail. Lines of various types
and thicknesses are used in the process of work,
thus achieving the perception of a planar drawing
as a kind of three-dimensional picture. A better
volumetric perception is also achieved by transparency
of the lines. All the main objects located in the first
plan of the drawing are made more contrasting with
increased line thickness and are elaborated in more
detail. The second and subsequent plans, as well as
ornaments, chips, cracks, on the contrary, are marked
in thinner and lighter lines, which allows avoiding
the visual noise. The use of different lines ensures
the three-dimensionality of the drawing, the depth
of each element is read in it, and the planarity of
the picture is created.

Work is under way to compile a catalog of
the decorative elements of the Arch. As a result
of the analysis of all existing and lost ornaments,
the types of decorations are defined by their location on
the arches, pylons, capitals, cornices, on the entablature.
The categories of such architectural elements as pylon
and column bases, aedicules and consoles are identified
separately.

The catalog of decorative elements contains informa-
tion about the position of the ornament in the Arch,
the name of the pylon to which it belongs, a photo of
the ornament and a note about its characteristics and
condition: dimensions, presence of decorative elements
(flower, acanthus leaf, palmetta, beads, ionics, etc.), and
degree of preservation. More accurate drawings of all
the decorative elements of the Arch will be made on
the basis of this catalog. So far, the ornaments of the
pylons of the Arch have been studied in more detail. Each
of them is unique, only some are repeated. Ten types
of vertical ornaments were identified, and drawings of
each type were made (Fig. 9; 10).

In the course of preparation of the drawing documen-
tation, two axonometric projections of this architectural
structure were made in the top and bottom views for
a more accurate perception of the geometry of the Arch.
Axonometry objectively allows achieving greater clarity,
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Puc. 9. Tunvl opuamenmos nunonos Apxu 1-5
Fig. 9. Types of ornaments of the Arch pylons 1-5

Puc. 10 Tunwr opnamenmos nunonos Apxu 6—10
Fig. 10 Types of ornaments of the Arch pylons 6—10
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W3 HHUX YHHKAJICH, JIUIIb HEKOTOPBIC MOBTOPSIIOTCS.
beuo BeisiBiicHO 10 THITOB BEpTHKAIBHBIX OPHAMCHTOB,
BBITIOJTHCHBI YePTEXKU Kaxknoro tuma (puc. 9; 10).

B xozme BbIMONHEHUS uYePTEKHOU JOKYMEHTALUH,
Juis ©oJee TOYHOTO BOCIHPHSITUSI TEOMETPUU ApPKH Obl-
JIU BBINOJHEHBl JBE AKCOHOMETPUYECKHE IPOEKIUU
JTAHHOTO apXUTEKTYPHOIO COOPYXKEHUSI B BUJE CBEPXY
U CHH3Y. AKCOHOMETPHSI OOBEKTUBHO MO3BOJISIET JOOUTHCS
OOJIBIICH HATJISJHOCTH, MOJYYHUTHh MOJTHOE U E€MKOE
npencraBieHne 00 0OBEMHBIX M IPOCTPAHCTBEHHBIX
XapaKTEePUCTHKaX OOBEKTa JUIS IIEIOCTHOTO NOHWMAHHS
HaMsATHUKA. AKCOHOMETPUUYECKUE YEPTEKU BBIIOIHEHBI
IIyTeM UCIIONB30BaHMsI IJIOCKOCTHBIX YepTexel — IIaHOB
n ¢acagoB ApKH, a TaKKe BU3yalM3allMH OOBEMHOU
Mozeny. B akconomeTpudeckol MpoeKuy U3MEPEHUs BO
BCEX TpPeX IUIOCKOCTSIX — BBICOTA, IIMPHHA W ITyOMHA —
HEU3MEHHBI, IO3TOMY MaTeMaTH4eCKU TOUHBL B oTmiuue
OT IEPCIEKTHUBBI, IJIe TapajuielIbHbIC JIMHUN YepTexa
CXOIATCA B TOUKE, B aKCOHOMETPHM BCE IMapalljielIbHbIE
JIMHUM OCTAIOTCSl CTPOTO TapajuiebHbIMU. Takum obOpa-
30M, BCE€ KOMIIOHEHTBI KOHCTPYKIUU U NPOMEKYTKU
MEXKIy HUMH TIpPEJCTaBICHBl B TOYHBIX NPOHOPIHSIX,
HOIAOIIUXCA U3MEPEHHUIO.

Takum 00pa3zom, ObLI BBINOJHEH MOJIHBIH 00BEM
00MepHOH (hMKcaly, KOTOpasi SIBISCTCS ITAIlOM KOMII-
JIEKCHBIX HAayYHBIX HCCIIC[IOBAaHWI M B JajbHEHIIEM
MOCITY’)KUT OCHOBOM CO3[aHMsl 4epTexell paHHEro 00-
JMKa ApKHM 10 B3pbIBA, & TAK)KE OCHOBOM IPOEKTHOTO
NIPE/UIOKCHNSI. BBITIOTHEHHBIC YEPTEKU HCIIONB3YIOTCS,
B TOM 4YHCIIE, /ISl CO3JaHHs TOYHOH OOBEMHON MOJENn
TpuymdansHoit Apku.

Benencreue B3peiBa ApkH Bce OOpYyIICHHBIE (par-
MEHTBI OBbUIM XaOTHYHO pa3z0OpOcaHbl 110 TEPPHUTOPHH,
HeOoJIbIINe (ParMEHTHl B3PHIBOM OBLIM OTOPOMIEHBI OT
MIIJIOHOB He Jasiee 6 M, KpyHHbIEe OJOKM IOciie B3pbhIBa
OoOpyIIMIIMCh y OCHOBaHMS NMHJIOHOB. Ha srame moct-
TPaBMaTHUYECKOr0 PearnpoBaHusi ObLI BBINOJHEH pa30op
3aBaJia ¢ MepeMeIleHUEM PYXHYBILIHX OJIOKOB B JIAIUIapHi
U UX ckanuposaHue. Bee ¢parments (B kommuectse 1440)
BHECEHBI B OITHCH.

JIiist 00BEMHOTO CKaHMPOBAHUS OBLIT HCIIONB30BaH OIl-
tuueckuit 3D-ckanep Artec Eva, KOTOpBIH NOACBEYHBAET
00BEKT CHEMKH CTPYKTYPHPOBAHHBIM CBETOM. [10CTpOCHBI
TPEXMEpHBIC IU(POBBIC MOJACIN Ka)JIOro OJ0Ka ¢ OIl-
PEICIICHUEM €T0 TTapaMeTPOB, HCOOXOMUMBIX ISl paOOTHL
Ha momeHT HamucaHus CTaThbH BBITIOJTHEHO 477 Mojenei
00pymIeHHBIX (hparMeHTOB. CIemyeT OTMETUTh, YTO MO-
JIeT 00JIaIal0T BBICOKOM CTEMEHBIO JeTaIM3alluH, TOY-
HocTh ckaHupoBanust 0,03 % OT paccTosiHusl 10 CKa-
HHUpYyeMoro o0beKkTa, norpenrHocts 3D-¢aiina ot 0,12 1o
0,3 mMm. BricokokauectBenHble Monenu mo 50-100 miH
MOJIMTOHOB XpaHsTcs B cereBoM apxuse MMMK PAH, Ho

getting a complete and comprehensive idea of the volumetric
and spatial characteristics of the site, for a holistic under-
standing of the monument. Axonometric drawings are
made by using planar drawings — plans and facades
of the Arch, as well as by visualizing the volumetric
model. In an axonometric projection, the measurements
in all three planes — height, width, and depth — are
constant; therefore, so they are mathematically accurate.
As distinguished from a perspective, where the parallel
lines of the drawing converge at a point, in axonometry all
parallel lines remain strictly parallel. Thus, all components
of a design and the spaces between them are represented
in precise proportions that are measurable.

Thus, the full scope of the measurement fixation
has been performed, which is a stage of the complex
scientific research and will further serve as the basis
for the creation of drawings of the early appearance
of the Arch before the blast, as well as the basis for
the design proposal. The completed drawings are used,
among other things, to create an accurate volumetric
model of the Triumphal Arch.

As a result of the blast of the Arch all the collapsed
fragments were scattered chaotically over the territory,
small fragments were thrown away from the pylons
not more than 6 m away, large blocks collapsed
at the bases of the pylons after the blast. At the stage
of the post-traumatic response the rubble was sifted
through and the collapsed blocks were relocated to
the lapidary and scanned. All fragments (1,440) were
entered into the inventories.

For volumetric scanning, we used the Artec Eva
optical 3D scanner, which illuminates the object with
structured light. Three-dimensional digital models of
each block were built, with its parameters necessary
for work being determined. At the time of writing of
the article, 477 models of the collapsed fragments have
been completed. It should be noted that the models
have a high degree of detail, the scanning accuracy is
0.03 % of the distance to the scanned object, the error
of the 3D file is from 0.12 to 0.3 mm. High-quality
models of 50-100 million polygons are stored in
the IHMC network archive, but these characteristics are
redundant for architects’ work in computer programs,
since the computing power of the equipment is not
capable of processing such large amounts of data, there
is a need to simplify the polygonal structure of block
models 1.0-2.5 thousand times. Our specialists have
developed a methodology for retopology of the model
envelope grid without distorting the geometry of
the object and preserving the original texture.

The main task is to link the 3D models into
a single structure. At the first stage of the design
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Ui pabOTBI APXUTEKTOPOB B KOMITBEOTEPHBIX IIPOrpaM-
Max JTaHHbIC XapaKTCPUCTHUKU H30BITOYHBI, TaK Kak
BBIYHCIUTEIbHBIC MOIIHOCTH TEXHUKH HE CIOCOOHBI
00pabaThIBaTh Takue OOJBIINE OOBEMBI TAHHBIX, BO3HU-
KaeT HEOOXOIUMOCTh YITPOIIATh IMOJUTOHAIBHYIO CTPYK-
Typy Mozeneil GimokoB B 1,0-2,5 Teicsiu pas. Hammmnm
CIIeIAaIMCTaMH ObLIa BhIpaOOTaHA METONMKA PETOIONO-
THH CETKU OOOJIOUKH MOIENU 0¢3 UCKAKCHUST TCOMETPHH
00BCKTa U C COXPAHCHHEM ICPBOHAYAIBLHON TEKCTYPBL

OcHoBHas 3afada — cBA3aTh 3D-Mozpenu B €AUHYIO
cTpykTypy. Ha nepBom 3rtane npoekTupoBaHus 1o yepTe-
»am Pobepa Amu u apxuBHBIM QoTorpadusm Obuia BbI-
CTpOEHa Ipe/BapuTelbHast HHpopMannonHas 3D-Moznens
Apku Ha nepuop 19302015 rr. OHa sBiIsIeTCS OHOPHBIM
KapKacoM JUIsl MHTErpaluy KaMHeH, Takke HeoOXoauma
JUIS MOJICJTUPOBAHMSI yTPAUCHHBIX.

Ionck m comocrapieHne OOpYIIEHHOro OJIOKAa C €ro
W3HAa4YaJbHBIM MOJIOKEHHEM B ApKe IPOW3BOAMICS Ha
OCHOBe coroctasiieHust (ororpaduii 10 B3pbIBA, Ma-
tepuanoB Pobepa AMM C HaHHBIMH, MOJYYCHHBIMH
B IpOIeCCe IMOJEBhIX HccienoBanuii (Amy, 1933). Co-
MOCTaBJIeHNE ()PArMEHTOB OCYILIECTBIICTCS MO CIEIY-
IOIIUM TTpu3HaKaMm: 1) koHdurypanus mim dopma KaMHsL.
[lo maHHOMY NpH3HAKY OTOMpArOTCS KPYyIHBIE OJOKH.
PaccmarprBaeTcsi KOHCTPYKTUBHOE CTPOCHHME KaMHS,
OLICHHMBAIOTCS ITPOIIOPLIUH, TadapyuThl CTOPOH U BBICTYTIa-
OIINX AJIeMeHTOB KamHs (puc. 11); 2) opamenT Ha dacane
kamHs (puc. 12). KamHu 0TOMpArOTCsS M0 MX KITFOYEBBIM
JIEKOpaTHBHBIM 0COOCHHOCTSIM. Taroke 1-if M 2-i ITyHKTBI
paboraroT coBMecTHO. VimeeTcst BOSMOKHOCTb ONPEIEITIHTD
MECTOIOJIOXKEHHUE OJIOKa, OIMPasiCh JIMIIb HA OCOOCHHOCTH
CTPOCHHSI M JICKOPAaTUBHYIO YacTh, TaK KaK pa3IMYHbIC
TIOBEPXHOCTH MAMSTHUKA OBUIN YKpaIIeHbl Pa3InYHbIMH
y30paMy, 4TO MO3BOJISIET OE30MIMOOYHO ONPENETUTh TPH-
HaJUISKHOCTB TOTO MJIM MHOTO OJIOKa B COOTBETCTBHH C 30-
HOM TIpUMEHEHNs IeKOPATHBHBIX MaTTEPHOB; 3) eeKThI
KaMH$I — CKOJIBI, TPEIMHBI, HEPOBHOCTH 00paOOTKH, MpH-
pornHble 0cOOeHHOCTH (HOPMHPOBAHMUS TOPOB], (hakTypa
(puc. 13). Ilo BH3yadbHOMY aHAJIN3y KaMHS MOXHO
OIPENIETINTh BBICOTY €r0 M3HAYaJbHOTO IOJIOKEHUS OT

based on Amy’s drawings and archival photographs,
a preliminary 3D information model of the Arch for
the period of 1930-2015 was built. It is a supporting
framework for integration of stones and is also
necessary for modeling the lost ones.

The search and comparison of a collapsed block with
its original position in the Arch was made on the basis
of comparison of photographs before the blast, Robert
Amy’s materials with the data obtained in the course
of on-site research (Amy, 1933). Fragments are
compared according to the following features:
1) the configuration or shape of the stone. Large blocks
are selected according to this feature. The structure of
the stone is considered, the proportions, the dimensions
of the sides and the protruding elements of the stone are
assessed (Fig. 11); 2) the ornamentation on the facade
of the stone (Fig. 12). Stones are selected according to
their key decorative features. The first and second items
work together. There is an opportunity to determine
the location of the block, based only on the features
of the structure and decorative part, as different
surfaces of the monument were decorated with different
patterns, which allows unmistakable determination
of the place of a certain block in accordance with
the area of decorative patterns; 3) stone defects —
chips, cracks, uneven treatment, natural features of
rock formation, texture (Fig. 13). The visual analysis
of the stone can be used to determine the height of
its original position from ground level according to
the nature and degree of weatherization. The facade
plane is very easy to determine, it has a characteristic
texture, different from the interior surface unexposed
to dust and sun. The difference in the rock structure
of the stone is also traced on the pylons in accordance
with the heterogeneity of deposits at the quarry. This
item can also include stones with traces of concrete,
this attribute determines the place in a pylon and
orientation of the block; 4) comparison of the stone
number with the topographic survey of the location
of the stones in the rubble; the specialist presents
the trajectory and character of the fall (Fig. 14).

Puc. 11. Houck 6roxos, npusnak 1. Koungpueypayus xamws

Fig. 11. Search for blocks, feature 1. Stone configuration
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Puc. 12. Houck Onoxos, npusnax 2. Opuamenm Ha ¢hacade xamus. 1 — ¢pomo nonoocenus 610Ka 6 obvekme;
2 — yugpposas modenv 610Ka
Fig. 12. Search for blocks, feature 2. Ornament on the facade of the stone: 1 — photo of the position of the block in
the object; 2 — digital block model

Puc. 13. Iouck 6nokos, npusnax 3. [lecpexmor kamus: 1 — ¢pomo nonosicenus 6ioka 6 obdwvexme;,
2 — yugpposas modenv 610Ka
Fig. 13. Search for blocks, feature 3. Stone defects: 1 — photo of the position of the block in the object;
2 — digital block model
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YPOBHS 36MJIU B COOTBETCTBHU C XapaKTEPOM U CTEIIEHBIO
obBerpeHHOCTH. OUYeHb TPOCTO ompenensercs (acaxHas
TUIOCKOCTB, OHA MMEET XapaKTepHYIO (QakKTypy, OTIIMIHYIO
OT BHYTPEHHEW MOBEPXHOCTH, HEMOABEPKEHHOW IbliIe-
BbIM BO3JEHCTBUSIM M COJHEUHOMY H3JIyueHHIO. Takxke
MPOCNIEKUBACTCS Pa3HULA B CTPYKTYpe HOPOJIbI KAMHS Ha
MUJIOHAX B COOTBETCTBUU C HEOJHOPOIHOCTBIO 3aJIETaHUH
B MecTax J00blM Marepuaja Ha kapbepe. K manHOMY
MYHKTY MOXXHO OTHECTHM KaMHH CO cllefaMH OeTOHa,
[0 ATOMY HPHU3HAKY ONpPENENSAETCS MECTO B IHJIOHE
U OpHWeHTalMs 0jo0ka; 4) COOTBETCTBHE HOMEpA KaMHs
Tonorpaduyeckoil cheMke pasBaiia. [lo pacnonokeHHIo
KaMHEH B pa3Balie CHELUaIUCT MOKET MPEACTaBUTh TPAcK-
TOPHIO M XapakTep maaeHus (puc. 14). Oto momoraet
CY3UTb 30HY IOUCKA, OIPEIEIUTh NOTEHIUAIBHBIN IUJIOH,
Ha KOTOPOM Mor OBl pacrojararbcsi KaMeHb M Ha Kakod
BbIcOTe. OLIEHUBAETCS PaANyC MaJEHUsI KaMHs, Pa3BOPOT
U BBICOTA, HA KOTOPOM OH HaXonuics. BeIpucoBbiBaeT-
csl MpEeACTaBICHHE O XapaKTepe pas3pylLIeHUs ApKU;
5) pacronoxeHue TEeXHOJIOIMYEeCOKOTO OTBEPCTHS JUIS
KpeIUIeHHsI KaMHsl Ha BEpXHEH rmioctkoctH (puc. 15).
JlaHHas 0COOCHHOCTH YCKOPSIET INPOLECC IOHCKa, TaK
KaK OmpenessieT MPUHIUIIHAIBHOE IOJIOKEHHE OJIoKa
B IpocTpaHcTBe. HOo MMEIOTCS MCKIIOYEHUS] — HEKOTO-
pble TEXHOJOTMYECKUE OTBEPCTHS, MOMYUYEHHBI B XO/e
pectaBpauuu 1930-x rr., pacnonararorcsa He B BepX-
Hell MJIOCKOCTH KaMHs; 6) TOPU30HTANIbHASI OpHEHTAllUs
CTHJIOJIUTOBBIX IIIBOB, XapaKTEpHas JUIsl BCEX KaMHEH,
3a UCKJIIOYEHHEM CTBOJIOB KOJIOHH M HEKOTOPHIX OJIOKOB
(puc. 16); 7) ommiume OT COCEIHUX OOPYILECHHBIX (par-
MeHTOB (puc. 17). Bonee meranpHO paccMaTpuBacTcs
XapakTep IUIOCKOCTEH CONpshKEHHs OJOKOB M MX raba-
putHble pa3Mepbl. COMOCTABISAIOTCS pa3IHUYHBIC YACTH
OJIHOM apXUTEKTYpHOW JETall, 3T YacTH MOTYT OBbITh
KaK OTJCIbHBIMM OJIOKAMH, TaK U OCKOJKaMM OJIOKa;
8) MHBEPCHOHHBIH TOVCK. BHavase onpenensrorcst y4acTku
C OTCYTCTBYIOLIMMH KaMHSIMH Ha MOJEIH, 3aT€M COIMO-
CTaBIISIIOTCSI ¢ apXMBHBIM (hoTorpadusiMu, mocie 1moaou-
paroTcst otoOHbIe OJIOKU M3 OTCKAaHWPOBAHHBIX MOZICIICH.
JlaHHBIN METOA BO3MOXKEH IPU AOCTATOUHO IJIOTHOM
3aIIOJTHEHUN MOJICNI OOHApY KeHHBIMU KaMHSIMH.

K MoMmeHTy HammcaHus cTaThM omno3HaHO 168 ¢par-
MeHTOB TprymanbHOi ApKH, pe3yJbTaT JaHHOH padoThI
coOpaH B KOMIIBIOTEPHOM NporpamMme no o0beMHOMY
mozenpoBanuto Autodesk 3ds Max (puc. 19-23). Pabotst
10 WICHTHUKAINK TpofoipKaroTes. [ Oosee TouHOro
TMO3UIIMOHMPOBAHHUS OTCKAaHUPOBAHHBIX YIABIIMX KaMHEH
B IIPOCTPAHCTBE ApPKH CO3/1aHa HOBasl TPEXMEpHast MOJIENb
€€ COCTOSIHMsI 10 B3pbIBa. Mojienb co3jaBanach B MpOr-
pamme Blender 3D mMeTonoM MOJMTOHAIBHOTO MYJIBTH-
pedepeHcHOro MOJEIHpPOBaHHUS — IPOLECC CO3JaHMS
TPEXMEPHOH MOJEIH C OJHOBPEMEHHBIM OOpaIleHHEM
K HECKOJBKMM pa3HOTHUITHBIM pedepencaM. OCHOBHBI-
MU HMCXOJHBIMH JTAaHHBIMHU cTai OaHK ¢oTorpaduid
Apku o B3pbiBa. @ortorpaduu ObUIM OTCOPTHPOBAHBI
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This helps to narrow the search area, to determine
the potential pylon where the stone could be located
and at what height. The radius of the fall of a stone,
the turn and the height at which it was located is
estimated. The idea of the character of the destruction
of the Arch is outlined; 5) the technological hole for
fixing the stone is located on the upper plane (Fig. 15).
This feature speeds up the search process, as it
determines the principal position of the block in space.
But there are exceptions concerning the technological
holes obtained during the restorations of the 1930s;
6) the stones were laid with horizontal orientation of
the stylolite seams, except for the shafts of the columns
and some blocks (Fig. 16); 7) comparison with
neighboring collapsed fragments is performed (Fig. 17).
The nature of the planes of the blocks transition and
their overall dimensions are considered in more detail.
Different parts of one architectural detail are compared;
these parts can be both separate blocks, and fragments
of the block; 8) inversion search. At first, arecas with
missing stones on the model are identified; then they
are compared with archival photos; after that, similar
blocks from scanned models are selected. This method
is possible with sufficiently dense filling of the model
with detected stones.

At the time of the article, 168 fragments of
the Triumphal Arch have been identified, the result
of this work is collected in the Autodesk 3ds Max
computer program for 3D modeling (Fig. 19-23).
The identification work is continuing. For more
exact positioning of the scanned fallen stones in
the space of the Arch a new three-dimensional
model of its condition before the blast was created.
The model was created in the Blender 3D program
by the method of polygonal multireference modeling —
the process of creating a three-dimensional model
with simultaneous reference to several different types
of references. The main source data was a bank
of photos of the Arch before the blast. The photos
were sorted into the following classes: 1) priority
of perspective; 2) presence or absence of Exif data
(Exchangeable Image File Format); 3) resolution, degree
of compression of images and their visible distortions.
The basis of the reconstructed three-dimensional model
was a model of the surviving pylons of the Arch,
obtained by photogrammetry. Virtual cameras were
placed relative to and around it in the three-dimensional
scene, so as to correspond to the gathered photographs
of the state of the Arch before the blast in terms of
their perspective and angles of inclination in space,
and the distortions of the focal length and perspective
were determined (Fig. 24).

Since most photos from the network lack information
about the camera and lens with focal length (Exif-data),
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Puc. 14. Iouck 6nokos, npusznax 4. Conocmagienue HoMepa KAMHS ¢ MONOSPAPUYECKOL CHEMKOU PACHONIONCEeHUS

Kamuel 6 paszeane

Fig. 14. Search for blocks, feature 4. Comparison of the stone code with the topographic survey of the location

of the stones in the collapse
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Puc. 15. Iouck 6n0k08, npusnax 3.
Texnonozuueckoe omeepcmue
Fig. 15. Search for blocks, feature 5.
Technological opening

Puc. 17. Houck 6a0xo8, npusnax 7. ConocmasieHue
C COCeOHUMU OOPYUIeHHbIMU ppazmeHmamu
Fig. 17. Search for blocks, feature 7. Comparison
with neighboring collapsed fragments

Puc. 16. Houck Or0x08, npusnak 6.

Opuenmayus cmMunioaumossblx ueos

Fig. 16. Search for blocks, feature 6.
Orientation of stylolite seams
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Puc. 18. Houck Onoxos, npusnak 8. HneepcuoHHvlll NOUcK 010K08
Fig. 18. Search for blocks, feature 8. Inverse search for blocks

Puc. 19. Buzyanuzayus obHnapysicenuvix kamueil Apku. Buo 1

Fig. 19. Visualization of the discovered stones of the Arch. View 1
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Puc. 20. Buzyaruzayus obuapyscennvix kamueu Apku. Buo 2
Fig. 20. Visualization of the discovered stones of the Arch. View 2

Puc. 21. Buzyaruszayus obuapyscenuvix kamueu Apku. Buo 3

Fig. 21. Visualization of the discovered stones of the Arch. View 3
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Puc. 22. Buzyanusayusi oonapyosicennvlx kamueu Apxu. Buo 4
Fig. 22. Visualization of the discovered stones of the Arch. View 4

Puc. 23. Busyanuzayus obHapycennvix Kamuet Apxu. Buo 5

Fig. 23. Visualization of the discovered stones of the Arch. View 5
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Puc. 24. Paccmanogxka eupmyanvbHblx Kamep

Fig. 24. Placement of virtual cameras

MO CIEAYIONMM KiaccaM: 1) IPHOPUTETHOCTh paKypca;
2) naymune uiam otcyterBue Exif mannbix (Exchangeable
Image File Format); 3) pa3pemieHue, CTENeHb CKATUS
n300paXeHUH M WX BHUAMMBIC MCKaKeHHs. ba3oil Boc-
CO3/1aBa€MOH TPEXMEPHOM MOJENH IOCITyKHJIa MOJCIb
YIEJEBIINX THIOHOB APKH, MOIyYeHHAs! METOAOM (OTO-
rpamMmeTpur. OTHOCHTENIBHO HEEe W BOKPYT HEE B TpEX-
MEpHOH CIIEHE paclioiarajuch BUPTYaJbHBIC KaMepsbl,
TaKUM 00pa3oM, YTOOBI OHM COOTBETCTBOBAJIN COOPAHHBIM
(oTorpadusM cocTOsIHUSI APKH JIO B3pbIBa 10 CBOEMY
paKypcy M yriaM HakJIOHa B IPOCTPAHCTBE, a TaK¥Ke
ONPE/IEISIINCH NCKaXKEHNST (DOKYCHOTO PAcCTOSIHHSL M TIepC-
NeKTHBBI (puc. 24).

Tak kaxk y OombmmHCTBa (oTOrpadmii U3 ceTu OT-
CyTCTBYeT MH(OpPMALsI O Kamepe 1 00beKTHBE ¢ (HOKYC-
HeIM paccrosiaueM (Exif-mannbie), st Oonee TOYHOH
u ynoOHOH paboThl ¢ 1MoAOOPOM NapaMeTpoB BUPTY-
aJBHBIX KaMep ObUIO HAaIMCAaHO HECKOJBKO IOMOIHH-
TEJIBHBIX MPOrpaMMHBIX KOMaH[ Ha si3bike Python st
nporpammsl Blender 3D. ViryuiieHHBIE TakuM cIOCOOOM
BHPYTAJIbHbIC KaMEPbI MO3BOJIHJIN BU3YaJIbHO COMOCTABUTH
Ha (ororpadusix, CIeNaHHBIX C ONPE/EICHHOrO paKypca,
COCTOSIHUE APKH 1O B3pbIBA U YILEJCBIIUE ITHIJIOHBI
(puc. 25). B BupTyanbHOW ClieHe BO3MOXHO ObICTpOE
MEPEKIIIOUCHHE MEXKIY HYXKHBIMH PaKypcaMH B LIEISX
aHamm3a Qororpaduii moaHONH ApKH, ¢ OTHOBPEMEHHBIM
MOJICIMPOBAHHUEM ITHJIOHOB IOCPEACTBOM CO3JaHUS
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several additional program commands in Python were
written for Blender 3D for more accurate and convenient
work with the selection of virtual camera parameters.
The virtual cameras improved in this way made it
possible to compare the visual difference between the
state of the Arch before the blast and the current state
of the surviving pylons from a particular photographic
perspective (Fig. 25). The virtual scene allows quick
switching between the desired angles in order to
analyze photos of the full Arch, with simultaneous
modeling of the pylons by creating different planes in
space with their partitioning along the seams of the
blocks. If necessary, the transparency of the photos or
three-dimensional objects in the scene can be adjusted.

Based on the virtual cameras and the photos
attached to them, a three-dimensional polygonal model
of the Arch was constructed in the form of dimensional
containers of each collapsed block (Fig. 26). Then,
a group of 3D models of the scanned stone blocks was
integrated into the resulting 3D scene in Blender 3D.
The polygonal model of the Arch and the position of
the scanned stone blocks are in the process of mutual
adjustment. Gradual loading of the new detected
blocks and the alignment of the new virtual cameras
from the photo bank base (Fig. 27) is in progress.
The accuracy of the model is supposed to be reached
at 0.2-0.3 % of the linear values. The result will be
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Puc. 25. Tpexmepuas mooenv cocmosinus Apku 0o 83pvléa
Fig. 25. Three-dimensional model of the state of the Arch before the explosion
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Puc. 26. Paboma c supmyanibHulMu Kamepamu
Fig. 26. Working with virtual cameras
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Pa3JIMUHBIX MJIOCKOCTEH B MIPOCTPAHCTBE C UX UICHEHUEM
no mBaM OnokoB. Ilpu HagoOHOCTH HacTpauBaeTcs
MPO3paYHOCTh (oTorpaduii WIM TPEXMEPHBIX OOBEKTOB
B CIIEHE.

Ha 6a3e BupTyanbHBIX KaMep ¥ NPUKPEIUICHHBIX K HUM
(hororpadmii ObLIa MOCTPOEHA TPEXMEPHAs! MOIUTOHAIIBHAS
Mozenb ApKH B BHJIE Ta0apuTHBIX KOHTEHHEPOB KaXKJI0r0
pyxHyBIIero 6ioka (prc. 26). [lanee B MOMyYCHHYIO TPEX-
MepHyIo clieHy B Blender 3D Obia mHTErpHpOBaHa rpymmna
TPEXMEPHBIX MOJIEJIeH OTCKAaHUPOBAaHHBIX KaMEHHBIX
6nokoB. [lomuronanbHast Mojeab ApPKH U IIOJOKCHHE
KaMEHHBIX OTCKaHHPOBAHHBIX OJIOKOB HAXOISTCS B ITPO-
recce B3auMOyTouHeHHUs.. OCyIIecTBIIsIeTCs TOCTENeHHas
TMOrpy3Ka HOBBIX OOHApy>KEHHBIX OJIOKOB M BBICTABJICHHE
HOBBIX BHPTYaJIbHBIX Kamep n3 0a3pl OaHka (ororpaduii
(puc. 27). To4yHOCTH MOJENM MPEAIONIAraeTCsl TOCTHYb
B pasmepHoctH 0,2—0,3 % JynHeiHbIX BenuuuH. KoHT-
pOJIb pe3ysbTaTa OCYLIECTBUTCS IYTEM BKJIIOYCHHUS
B MOJICJIb CIELMAIBHO OCTABJICHHON KOHTPOJILHOM IpyI-
Il OTCKAaHMPOBAaHHBIX KaMHeW u QoTorpaduii, B TO

controlled by inclusion of the specially left control
group of the scanned stones and photos into the group
while at the first stage the model was built using
the basic part of photos and a large group of scanned
models of stones, as well as the photogrammetric
model of the remained pylons. The final 3D model
will make it possible to compare the position of both
each stone block and groups of stone blocks with
the photographic materials of the state of the Arch
before the blast, to understand the volume and number
of the missing stone blocks lost as a result of the blast,
to create their hypothetical 3D models, to assess and
document the deviations of the surviving pylons and
the movement of stones in the masonry after the blast.

The available models of the standing pylons,
the models of the discovered blocks and the models
of the reconstructed blocks are transferred to the BIM-
modeling program to obtain the characteristics
necessary for the design and working documentation.
Autodesk Revit is used: a software package for

Puc. 27. BvipagHuganue omcKaHUpOBAHHLIX KAMEHHLIX OJIOKO8 U MOOenu cOCmosHus Apku 00 63pvléa
Fig. 27. Alignment of the scanned stone blocks and the model of the state of the Arch before the explosion
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BpeMsl KaK Ha MEpBOM 3Tamle Uil MOCTPOEHHS MOIEIH
UCIIOJIb30BaJIach OCHOBHAsI YacTh (pororpaduii n Oosbiias
rpymnna OTCKaHUPOBAaHHBIX MOJIEJIEH KaMHEH, a TakKe
(hoTorpammeTpryecKast MOJIETb COXPAHUBIINXCS THIJIOHOB.
Hrorosas TpexmepHasi MOZAENb MO3BOJIUT CONOCTABIATH
TIOJIOXKEHHE KaK Ka)JIOr0 KaMEHHOro OJI0Ka, TaK M TPy
KaMEHHBIX OJIOKOB C (poTOMaTeprantaMy COCTOSIHUS ApKH
JI0 B3pbIBA, MOHATH O0BEM M KOJIMYECTBO yTPAUYCHHBIX
B pe3yJIbTaTe B3pbIBa KaMEHHBIX OJIOKOB, CO31aTh HMX
TUNOTETUYECKUE TPEXMEPHBIE MOJIENH, OLEHUTD U 3a/I0KY-
MEHTHPOBATh OTKJIOHEHHsI YLEJEBIIMX ITHJIOHOB M JIBH-
JKEHHE KaMHeH B KJajKe IOCIE B3pbIBA.

Wmeromuecs: MoAeNN YCTOSIBIIMX ITHIJIOHOB, MOJICITH
00Hapy>KeHHBIX OJIOKOB M MOZICITH BOCCO3/1aBaeMBbIX OJIOKOB
HiepeHocsTcs: B mporpammy 1o BIM-monenmpoBanuio st
TIOJTYYCHHS XapaKTEPUCTHK, HEOOXOIMUMBIX JIISI TIPOSKTHON
u paboueii nokymeHranun. Hcrones3yercs: Autodesk Revit —
MIPOrPaMMHBIA KOMITIEKC IJIsi aBTOMATU3HPOBAHHOT'O ITPO-
eKTHPOBaHWs, PeaIU3yOIIHI TPHHIMIT HH()OPMAIHOHHOTO
MozenupoBaHusi coopyskernit (BIM — Building Information
Modeling). TIporpamMmma mpeaocTaBiIsSieT BO3MOXKHOCTH
TPEXMEPHOr0 MOZCIMPOBAHHS IEMEHTOB, IJIOCKOTO Yep-
UCHMS, CO3IaHMs OOJIBIION OMOIMOTEKH CEMEHCTB KaM-
HEll, ]aeT BO3MO)KHOCTb I'MOKOTO PENaKTUPOBAHUS U H3-
MEHEHUS 2JIeMeHTOB nHpopMaronHod moxenn. Camu
1o cebe MOJENH, MONyYEHHBIE B XOZE TOJIEBBIX HCCIIE-
JIOBaHWH, SBISIOTCS MYCTBIMU OOOJOYKAMHU HIIU IIO-
BEPXHOCTSIMH, B mporpamMe no BIM-npoexTtupoBanuio
MMEETCsl BO3MOJKHOCTh BBICTPOMTH M3 HCXOAHBIX (hopMm
MH(OPMALIMOHHYIO MOJIENIb COOPY)KEHUSI, 331aTh MOJe-
JISIM KQXKJOTO KaMHsI KOHCTPYKTUBHBIC XapaKTCPHUCTUKH,

computer-aided design implementing the principle
of building information modeling (BIM — Building
Information Modeling). The program provides
the possibility of three-dimensional modeling of
elements, plane drawing, creation of a large library of
stone families, allows flexible editing and modifying
information model elements. The models obtained
in the course of on-site surveys are empty shells or
surfaces, the BIM design program has the possibility
to build an information model of the structure from
the original forms, to assign structural characteristics,
own number and other data to the models of each
stone. Based on the input information, the program
displays the necessary statements and specifications,
calculates areas, volumes, dimensions, quantities, etc.

At the moment, the following information on
the current state of the Arch and its fragments has been
received: the whole Arch is 354.67 cubic m — 100 %;
the surviving pylons are 143.29 cubic m — 40 %;
the collapsed structures are 211.38 cubic m — 60 %;
the destroyed and filling stones are 56.9 cubic m —
16 %; the stones in the lapidary are 154.48 cubic m —
44 %,; the identified stones are 83.20 cubic m — 23 %;
the surviving structures (pylons and certain stones)
are 226.49 cubic m — 64 % (Fig. 28).

Upon completion of the search for the location
of the collapsed fragments in their original position,
comprehensive architectural drawings of the site
will be made, and it will be possible to display
any drawing view from the general plan to units
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COOCTBCHHBIH HOMEp U MPpOYHC HAHHBIC. Ha ocnoBanun
I/IH(I)OpMaHI/IOHHLIX BBOJHBIX IpOrpaMMa BbIBOAUT HE00-
XOOUMBIC BCIOMOCTHU H CHGIII/I(I)I/IKaIII/II/I, KaJbKYJIIUPYCT
iomanu, 06’I>GMBI, Fa6apI/ITLI, KOJIM4YeCTBa U IIp.

and details. Since the models have minimal errors
in shape, the drawings are most accurate. This
ensures quality in subsequent restoration work.
BIM technologies also provide an opportunity

to work with VR technologies (virtual reality).

Ha nanHBIIT MOMEHT monydeHa ciexyromas HH(Op-
Manus 10 COCTOSHUIO APKHM M ee (parMeHTOB Ha ce-
TONHSIITHUKA NIeHb: Bcs Apka 354,67 ky6. m — 100 %;
yuenesire nuiaons! 143,29 ky6. M — 40 %; oOpy1ieHHbIe
koHCTpyKImu 211,38 ky06. M — 60 %; pa3pyIieHHbIC U 3a-
OyToBOYHBIC KaMHU 56,9 Ky0. M — 16 %; KamMHH B Ja-
mgapun 154,48 ky0. M — 44 %; pacnio3HaHHbBIE KaMHH
83,20 ky0. M — 23 %; yreneBie KOHCTPYKIMH (ITMIIOHBI
U onpezienieHHble kKamHn) 226,49 ky6. M — 64 % (puc. 28).

[o 3aBeprieHMM TOMCKa MecTa OOPYIICHHBIX (hpar-
MCHTOB B HMX HW3HAYaJbHOM TOJIOKCHHH OynyT cdop-
MHPOBaHBI MIOJTHOLICHHBIC APXUTCKTYPHBIC YCPTEKH 00BEKTA
U TIOSIBUTCS] BOSMOXKHOCTB BBIBEIICHHS JTFOOOTO YEPTEIKHOTO
BUJIa OT TEHIIaHa JI0 y3J10B U Aetaneil. Tak kak monenu
HMCIOT MAHMMAJIBHBIC TIOIPEITHOCTH B (POpPME, TO YSPTEKH
TIOJTYYAFOTCSl MAKCHMAITBHO TOYHBIMH. JTO 00CCIICYHBACT
KA4eCTBO IPH MOCIICIYIOIINX BOCCTAHOBUTEIBHBIX pa0OTax.
Taxxke Texnonmorun BIM npenocTaBisiioT BO3MOXKHOCTD
pabotatk ¢ VR-TEXHONIOrHSIMU (BUPTYaIbHAS PEATBHOCTE).
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Pabotsl 10 00CIIEI0BaHIIO B30PBAHHBIX KOHCTPYKIMH
MIPOBOAMIIMCH B paMKax ZI0Or'OBOpa O pecTaBpaluu Tpuym-
(anphoit Apku [Tansmupsl, 3akimrodeHHOro Mexry MNMK
PAH u ITAM. TpuymdaisHast Apka B pe3yJisTare B3pbIBa
nperepriesa Karacrpoudeckoe paspyiienue (puc. 1; 2).
LlenTpanbHast 4acTh, HPEICTABIISIONIAs COOOH YHUKAIBHYIO
MPOCTPAHCTBEHHYIO CHCTEMY YCTOEB (IIMJIOHOB) M apOK U3
KPYIHBIX KAMEHHBIX OJIOKOB, ITpEeBpallieHa B TPpy/1y KaMHEH.
B pesynbrare B3pbIBa HE TOJBKO OJIOYHAs KOHCTPYKIHS
pacrianach Ha 3JIEMEHTBI, HO M IPOU30LUIO OpH3aHTHOE
JipoOIieHne OOJNBIIMHCTBA KaMeHHBIX OsokoB. [Ipn B3pbIBe
YCTOSUTH TOJIBKO OOKOBBIC MMIIOHKI (wioHbl D, C u G).
B nanbHeiieM Juist onicaHus UCTIONB3YETCsl MapKHPOBKa
MIIJIOHOB, TipuHATast Pobepom Amu (Amy, 1933) (puc. 3).

IMunons! D n G ycTosin mpu B3pbIBHOM BO3ACHCTBUU
(puc. 4; 5). Ilpon3onuto JUIIb OTKJIOHEHUE ITHJIOHOB OT
BepTUKanu. Pa3pylieHsl BEpXHUE 4acTh KOHCTPYKIUIL.
Heckonbko BepXHHMX KaMHEH paclojOKeHbl XaOTHYHO
U CO3[AI0T aBapUMHYIO CUTYalUIO. Y3IIbl COMPSKEHUS
MIMJIOHOB C apOYHBIMH 3JIEMEHTaMH (apOUYHbIC SJIEMEHTHI
paspyieHsl) moBpexaeHsl. [Ipu paspaboTke mpoek-
Ta pecraBpaunu TpuymdanbHON ApKH HEOOXOAMMO:
1) obecnieunTh BepTHKaJIBHOE ToNokeHue nuioHa D u G;
2) epeMOHTHPOBATh KaMEHHBIC OJIOKM B BEpXHEH 4acTh
KOHCTPYKIUH; 3) BOCCTAHOBUTBH Y3€JI CONPSDKEHHS TTHIIOHA
D u G ¢ apxamu.

[Tuiion C ycTostm 1pu B3PBIBHOM BO3/CHCTBHU 0€3
TOBPSXKACHUN (pHC. 6). DTOT MUJIOH BOCCTAHABIIUBAJICS
B xoxe pecraBpaiuu 30-x rr. XX B. ¢ NPUMEHEHUEM
MOHOJIUTHOI'O CEPACYHHKA, MMEIOLIEr0 >KECTKOE COIpS-
skeHne ¢ (yHnameHTOM. briaromapsi Takod KOHCTPYKLUH
OTKJIOHEHHE MUJIOHA OT BEPTHKAJIM HE MPOHU3OILIO.
BoccranoBneHH0 HOMIEKUT TOJIBKO y3€I CONPSDKEHUS
MUJIOHA C pa3pyLIEHHBIM apOYHbIM 31eMeHTOM. [Ipu pas-
paboTke TpoekTa pecraBpanuu TpuyMmbaibHOH Apku
HEOOXOMMO BOCCTaHOBUTD y3€Il CONpshkeHUs! muiona C
C apOYHBIM AJIEMEHTOM.

' Poccust, 191186, Cankr-IlerepOypr, J[Bopuosas Hab., 18.
MucruryT ucropun marepuanbHoi KynsTypel PAH, IlenTp
criacarenbHOU apxeonoruu. E-mail: newtech 2002@mail.ru.

The work on examination of the blown up structures
was carried out within the framework of the agreement
on the restoration of Palmyra’s Arch of Triumph
concluded between the IHMC RAS and the DGAM.
The Triumphal Arch suffered catastrophic destruction
as a result of the blast (Fig. 1; 2). The central part
being a unique spatial system of abutments (pylons)
and arches made of large stone blocks was turned
into a pile of stones. As a result of the blast, both
the block structure was destroyed into elements, and
blasting crushing of most of the stone blocks occurred.
Only the side pylons (pylons D, C and G) survived
the blast. Further description will use the marking of
pylons accepted by Robert Amy (Amy, 1933) (Fig. 3).

Pylons D and G withstood the blast (Fig. 4; 5).
There only occurred a deviation of the pylons from
the vertical. The upper part of the structures was
destroyed. Several upper stones are located randomly
and create an emergency. The joints of pylons with
arched elements (the arched elements are destroyed) are
damaged. When developing a project for the restoration
of the Arch of Triumph, it is necessary to: 1) ensure
the vertical position of pylons D and G; 2) remount
the stone blocks at the top of the structure; 3) restore
the joint of pylon D and G with arches.

Pylon C withstood the blast without damage
(Fig. 6). This pylon was restored during the restoration
of the 1930s using a monolithic core having a rigid
connection with the foundation. Owing to this design,
the pylon did not deviate from the vertical. The joint
of the pylon with the destroyed arch element is only
subject to restoration. When developing a project for
the restoration of the Arch of triumph, it is necessary
to restore the joint of pylon C with the arch element.

The archaeological excavations carried out in 2022
had a dual purpose: a) archaeological surveys;

! 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: newtech 2002@mail.ru.
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Puc. 1. Jenmpanvnas yacme Aprxu. Buo 0o é3pviea
Fig. 1. The central part of the Arch. View before the explosion
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Puc. 2. lenmpanvuas yacms Apxu. Buo nocne 83pvisa
ig. 2. The central part of the Arch. View after the explosion
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Puc. 3. Ilnan-cxema nunonos (no Amy, 1933)
Fig. 3. Plan-scheme of pylons (after Amy, 1933)

Puc. 4. [unon D: 1 — 6uo ¢ ea; 2 — 6uo ¢ 1020-3anaoa

Fig. 4. Pylon D: 1 — view from the south;, 2 — view from the southwest

107



Bronnemens HUMK PAH. Ne 13

Puc. 5. Hunon G: 1 — 6ud ¢ cegepo-6ocmora; 2 — 6ud ¢ 60cmoxa
Fig. 5. Pylon G: 1 — view from the northeast; 2 — view from the east

Puc. 6. Hunon C: 1 — 6uo ¢ wea; 2 — 6ud ¢ cegepo-3anada

Fig. 6. Pylon C: 1 — view from the south; 2 — view from the northwest
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IIposenennsie B 2022 T. apXeoNOruyecKUe pPacKONKU
HMeJU JIBOMHYIO IIeJIb: @) apXEOJIOTMYECKHE M3BICKaHMS;
0) BbIsABICHHE KOHCTpYKIMi (yHnamenToB. Ilman-cxema
mrypdoB u potorpadun mypdoB (prc. 7), HILTIOCTPUPYIOT
KOHCTPYKTHBHOE YCTPOHCTBO (hyHAaMeHTOB. M3yuenue
WJUTIOCTPATUBHBIX MaTepHaJIOB LIYPQOBaHHUS M BH3Y-
AJIBHOE OCBHUJICTENILCTBOBAHME KOHCTPYKIMH B mIypgax
(B KauecTBe mpumepa cM. mrypd Ha puc. §) HO3BOIMIN
BOCCTaHOBUTbH OOLIYIO CXeMy yCTpOHCTBa (pyHIaMEHTOB.
@ynnament nmwioHa (puc. 9) BKIIIOYACT TPEXCIOHHYIO
KOHCTPYKIHIO.

Crnoui-I (OyToBast TIMHSHO-30JIbHAST MOyIIKa). Crioi-1
TOJNIIMHOM 110 1,5 M BBINOJHSET KiaccHuecKyro (yHK-
nuoo QyHIaAMEeHTa, T. €. IepepaclpeneiseT Harpys-
Ky OT KOHCTPYKLIMH Ha IpyHTOBOe€ ocHoBaHHe. Cie-
JyeT OTMETHTh, 4TO Mactepa japeBHed [lanbmupsl He
CITy4aifHO BO3BOIMJIM IOCTPOWKM HAa CJIOUCTBIX (yHIa-
MEHTaX C HU3KOMOIYJIbHBIM HIXKHHMM clloeM. bytoBas
TJIMHSTHO-30JIbHAsT OYIIKA CITY>KUT XOPOIIUM IacuTEeNeM
ceificMUUYeCKUX BOJIH U CHH)KAaeT BO3JCHCTBUE 3eMIe-
TPACEHUH HA CTPOCHUE.

Crnoui-11 (psin KaMeHHBIX OJIOKOB (DyHIaMEHTa BBICOTON
0,40—0,45m). Cnoii-II BeImonHen u3 GiO0KOB ¢ TrpyOoi
oTeckoll rpaHei. BiOKM BBUIOKEHBI Ha HM3BECTKOBOM
pacTBope.

Cnou-1II (psii KaMCHHBIX OJIOKOB HAJ3EMHOH 4YacTh
nuioHoB BeicoTol 0,50—0,60 m). Cioii-1II BbImONIHEH
13 00pabOTaHHBIX KaMHEW M (PaKTHYECKH IIEPEXOIHT
B KOHCTPYKIMIO 0a3bl MUJIOHA.

TexHnueckoe cocTosHNE (yHIAMEHTOB COXPAHHBILIIXCS
ITUJIOHOB OLIGHMBAETCS Kak paborocriocodHoe. [Ipu aTtom
CIIE/lyeT UMETh B BHIY, YTO IPH BOCCTaHOBIICHHH BEp-
THKAJILHOTO TOJIOKeHUsT iIoHoB D m G motpeOyercs
HEKOTOpasi KOPPEKTHPOBKA KOHCTPYKLMH (DyHIaMEHTOB.

TexHMYecKoe COCTOSTHHC (DYHIAMEHTOB Pa3pyIICHHBIX
ITUJIOHOB OIICHUBACTCSI KAK OrPAaHUYCHHO PabOTOCIIOCOOHOE.
PexomeHyeTCsT yCHIUTh (PYHIaMCHTHI ITyTEM 3aMEHBI
Crost-111 HOBBIMH OJIOKaMU M3 KaMHsI, TOOBITOrO B COBpE-
MEHHOM JISHCTBYIOIIEM Kapbepe, PACIONI0AKEHHOM HEAAIEKO
ot Tagmopa. B xone padot 1o 3amene Cros-I1I yTounutsh
TexHuuyeckoe cocrosHue OnokoB Cnos-II. Bo3moxkHo,
motpelyeTcss YacTUYHAs MepeKyafka 3Toro cios. [lpu
9TOM O00IIas MCTOPUYECKAsl CIOUCTash KOHCTPYKIUS
(dbyHmameHToB coOeperaercs. byToBasi TIMHSHO-30JbHAS
MOAYUIKa, racsuias yJapHble BOJHBI 3eMJICTPSICEHHI Ha
IyTH K TIJIOHAM ApPKH, COXPAHSCTCSI B MOJHOM OOBEME.

[Ipennaratorcs crnegyromue peKOMEHIAUN K paspa-
0oTke mpoekTa pecraBpauuu TpuymbanabHOi ApKH.
Yeunuth (QyHAaMEHTHl BOCCTAHABIMBACMBIX ITHIIOHOB
MyTeM 3aMEHbI Pa3pyIIEHHOTO BEPXHETO OMNOPHOIO CIOS

b) identification of the foundation structures.
The diagrams of pits and photographs of pits
(Fig. 7) illustrating the constructive arrangement of
foundations. The study of the illustrative materials of
pitting and visual inspection of structures in the pits
(as an example, see the pit in Fig. 8) made it possible to
restore the general layout of the foundations. The pylon
foundation (Fig. 9) includes a three-layer structure.

Layer-I (rubble clay-ash pad). Layer-I, up to 1.5 m
thick, performs the classical function of a foundation,
i.e., it redistributes the load from structures onto
the soil foundation. It should be noted that it was for a
good reason that the masters of ancient Palmyra erected
buildings on layered foundations with a low-modulus
bottom layer. The rubble clay-ash pad serves as a good
absorber of seismic waves and reduces the impact of
earthquakes on the structure.

Layer-1I (a row of stone foundation blocks 0.40—
0.45 m high). Layer-II is made of roughly cut blocks.
The blocks are laid out on lime mortar.

Layer-III (a row of stone blocks of the above-ground
part of the pylons 0.50—0.60 m). Layer-III is made of
worked stones and actually goes into the construction
of the pylon base.

The technical condition of the foundations of the sur-
viving pylons is assessed as operable. At the same time,
it should be borne in mind that restoring the vertical
position of pylons D and G will require some adjustment
of the foundation structures.

The technical condition of the foundations of
the destroyed pylons is assessed as limited operable.
It is recommended to strengthen the foundations
by replacing Layer-III with new blocks of stone
from the present active quarry located near Tadmor.
In the course of work on the replacement of Layer-III,
the technical condition of the blocks of Layer-II is to
be specified. It may be necessary to partially re-lay
this layer. At the same time, the general historical
layered structure of the foundations is preserved.
The rubble clay-ash pad which dampens the shock
waves of earthquakes on the way to the pylons of
the Arch is preserved in its entirety.

The following recommendations are offered for
the development of a project for the restoration of
the Arch. To strengthen the foundations of the pylons
being restored by replacing the destroyed upper support
layer with new monolithic stone slabs (Layer-III
in Fig. 9). At the same time, the overall historical
layered construction of the foundations is preserved.
The rubble clay-ash pad underlying the stone part of
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Puc. 7. Cxema wypgos ocenvio 2022 e.

Fig. 7. Scheme of test-pits made in autumn 2022
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Puc. 8. llypgd y nurona D. Buo c¢ weo-3anaoa
Fig. 8. Testpit at pylon D. View from the southwest
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Puc. 9. Pexoncmpyuposannas obwas cxema ycmpoiicmea gynoamenma nuaona: Cnou-I; Crou-II; Crou-I11;
yemyn a wupunoit 0,10-0,15 m; yemyn b wupunoii 0,10-0,40 m
Fig. 9. Reconstructed general layout of the pylon foundation: Layer-I; Layer-II; Layer-1II; ledge a — 0.10-0.15 m wide;
ledge b — 0.10—-0.40 m wide
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HOBBIMH MOHOJIMTHBIMH KaMeHHbIMH IiuTamu (Croit-111
Ha puc. 9). Ilpu atom cOeperaercst obmmasi ncropryecKas
CIJIONCTast KOHCTPYKIMsS (DyHIaMeHTOB. byToBas riMHsIHO-
30JIbHAs MOAYIIKA, MOJACTUIAIONIAS KaMEHHYIO 4acTb
(yHIaMEHTOB M Ciy»Kalas 0co00l aHTHCEHCMHYECKOH
KOHCTPYKIIMEH, CoCOOCTBYIOMIEH TalleHUI0 YIapHBIX
BOJIH 3E€MJIETPSCEHUI Ha IyTH K MUWJIOHAM ApKH, cOXpa-
HSIETCS B IMOJHOM oObeme. YcwinTh nmwiionsl D n G
IMyTeM BOCCTaHOBJIEHUS MX BEPTHKAJIBHOIO MOJIOXKEHHUS
W YaCTUYHOW IIepeKJIafKu OJIOKOB B BEpPXHEH YacTH KOH-
cTpykuuil. Bo3poxkaeHue pa3pylleHHON LEHTpanbHOU
4acTU ApPKU OCYLIECTBUTh IIyTEM BO3BEICHUS CTPOCHHUS
13 HOBBIX OJIOKOB, M3TOTOBJIEHHBIX M3 KaMHsI, JIOOBITOIO
B COBPEMEHHOM JeicTByromeM kapeepe. Ilpun MoHTaxe
Apku OyIyT MakCHMaJIbHO MCIIOIBb30BaHbl OPHTHHAJIBHBIC
MCTOPHYECKHE OJIOKH, CTETEHb IIOBPEKICHUS KOTOPBIX HE
HApYyILIUT OIPOYHOCTh U YCTOMUMBOCTH APOUHON KOHCTPYK-
LU B IIEJIOM.

the foundations and serving as a special anti-seismic
structure that helps to dampen earthquake shock waves
on the way to the Arch pylons, is fully preserved.
To strengthen pylons D and G by restoring their
vertical position and partially relaying the blocks
at the top of the structures. To carry out revival of
the destroyed central part of the Arch by erecting
the structure from new blocks made of stone mined
in a present active quarry. During the installation of
the Arch, maximum use will be made of the original
historical blocks, the degree of damage to which
will not impair the strength and stability of the Arch
structure as a whole.
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Jlyist BBIpaOOTKU MPUHIMITHAIBHBIX TOIXO/I0B K pec-
taBpanuu Tpuymbansaoit Apku Ilansmupsl Ha Ha-
YaJbHOM dTamne ObUIM OIpE/ENICHbl YETKHE KPHUTEPHH,
Takue Kak: 1) oOpaTuMocTh; 2) MaKCHMallbHOE HC-
M0JIb30BAHUE COXPAHUBIIETOCS «POJHOT0» KaMHS;
3) BOCHOJIHEHHE YTpaT aHaJIOTHYHBIM IPUPOAHBIM Mare-
puasioM; 4) pasyMHOE COXpaHEHHE ay TEHTUYHBIX METOIOB
MOHTa)ka KaMEHHBIX OJIOKOB; 5) cOXpaHEHHE HEKOTO-
PBIX BJIEMEHTOB PECTaBpAIlMM MPEIBIIYIIEro Ieprosa.
B pamkax pa3paboTKH pecTaBpalMOHHBIX MEPONpHS-
THH B KauecTBE IPEIBAPUTEIHHOrO JTara padoT ObuIo
BbIpaboTaHO 0a30BOE pElICHHE NPOTHBOABAPHITHBIX
U TIOIrOTOBHUTEIBHBIX MEPONPHSATHH, HalpaBICHHBIX Ha
NIPUBEJICHUE COXPAHUBIINXCS YacTeH MHUIIOHOB B paboTO-
CIIOCOOHOE COCTOSHUE C IOCIENYIOIUM OOecIeueHHeM
HECYyIIEeH CIOCOOHOCTH MX ONOPHBIX IUIONIAI0K, YTO SIB-
nsieTcst 00s13aTeNIbHBIM TpeOOBaHNEM JIJIsl OOecieYeHHs
BO3MO’KHOCTH HapaIMBaHHs IIMIJIOHOB JI0 UX «IIPOSKTHOI»
1 MICTOPUYECKOM KOH(UTYpaIiH.

IIpomusoasapuiinvie u ROO2OMOBUMENbHYIE
MepOnpUsAmMusL 6 OMHOULEHUU COXPAHUBUIUXCSL
uacmeti NUI0HO8

[IpoTuBOaBapuiiHble ¥ MOATOTOBUTEIBHBIE MEPO-
NPHUATHS. OCHOBAHBI HA CIEAYIOLIMX achekTax: 1) KOH-
CTPYKTHBHAsI YCTOWYMBOCTB; 2) COXPAHHOCTb «POIHBIX)»
KaMEHHBIX OJoKOB. [Ipy 3TOM, JaHHBIC MEPOIPHITHS
HaIpaBJIeHHBI Ha o0ecrieyeHne ycioBuit: 1) obecrieuenue

' Poccust, 191186, Cankr-IlerepOypr, J[Bopuosas Hab., 18.
MucruryT ucropun marepuanbHoi KynsTypel PAH, IlenTp
cracaTenbHON apxeonoruu. E-mail: nyaveyn@gmail.com.
2 Poccusi, 191186, Cauxt-IletepOypr, JIBoprosas Hal., 18.
MucruryT ucropun marepuanbHoi KynsTypel PAH, IlenTp
criacaTenbHON apxeonoruu. E-mail: grisiva@mail.ru.

> Poccus, 191186, Cauxt-IletepOypr, JIBoprosas Hal., 18.
MucrutyT ucropun marepuanbHoi KynsTypel PAH, IlenTp
cnacareiabpHO# apxeosoruu. E-mail: truerestorer@yandex.ru.
4 Poccusi, 191186, Canxkrt-IletepOypr, JIBoprosas Hal., 18.
MucruryT ucropun marepuanbHoi KynsTypel PAH, IlenTp
cracatenbHOl apxeonoruu. E-mail: blink1984@mail.ru.

5 Poccusi, 191186, Cauxt-IletepOypr, JBoprosas Hal., 18.
MucruryT ucropun marepuanbHoi KynsTypel PAH, IlenTp
cracaTenbHOl apxeonoruu. E-mail: kresov@mail.ru.

In order to develop principled approaches to
the restoration of Palmyra’s Triumphal Arch, clear
criteria were defined at the initial stage, such as:
1) reversibility; 2) maximum use of the preserved
“native” stone; 3) replenishment of losses with similar
natural material; 4) reasonable preservation of authentic
methods of installation of stone blocks; 5) preservation
of some elements of the previous period restoration.
Within the framework of the development of restoration
measures, the preliminary phase of the work involved
development of a basic solution of emergency
prevention and preparatory measures aimed at bringing
the surviving parts of the pylons in a workable state
with subsequent provision of the carrying capacity
of their supporting platforms, which is a mandatory
requirement to ensure the possibility of building up
the pylons to their “design” and historical configuration.

Emergency prevention and preparatory measures
concerning the surviving parts of the pylons

The emergency prevention and preparatory measures
are based on the following aspects: 1) structural
stability; 2) preservation of “native” stone blocks.
At the same time, these measures are aimed at ensuring
the following conditions: 1) providing the configuration
of the upper support platforms of the surviving pylons
to enable the installation of supplement and destroyed
levels of the Arch; 2) reinforcement or reassembly of

! 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: nyaveyn@gmail.com.
2 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: grisiva@mail.ru.

3 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: truerestorer@yandex.ru.
4 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: blink1984@mail.ru.

> 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: kresov@mail.ru.



Bronnemens HUMK PAH. Ne 13

KOH(UTypanyy BepXHHUX ONOPHBIX IUIOMIAJIOK COXPaHUB-
LIMXCS MUJIOHOB JUISl OOeCIieYeHns] BO3MOXKHOCTH YC-
TaHOBKHM JIOKOMITOHOBOYHBIX W pa3pylIEHHBIX YPOBHEH
Apky; 2) ycuieHHe WM nepeOopka KaMEeHHBIX OJOKOB
(yHIaMEHTOB M HA/3EMHBIX 4acTed, JNeCTPYKTHPOBAH-
HBIX B Pe3yJITaTe OKAa3aHHBIX JMHAMUYECKUX, BETPOBBIX
1 TepMOoOapuuecKUX BO3JICHCTBUIL.

[Munon D (puc. 1). Ilo pe3ynbrataM BU3yaabHOTO HC-
CJIC/IOBaHMsI OBUIO BBISIBIICHO: 1) OTKJIOHEHHE IO Bep-
TUKaJIH (OPUEHTUPOBOYHO 1,7 Tpanyca); 2) necTpyKuus
TPEThero psima OJIOKOB ¢ yTepedt 10 30 % mornepeyHoro
ceyeHUs (B HacTosllee BpeMsl YCTOMUMBOCTH obecre-
YUBACTCS OCTOHMPOBAaHUEM); 3) BUAMMBIC TPEIIUHBI
B (D)yHIAaMEHTHOM psJie B pe3yJIbTare OTKIOHEHHS KOH-
CTPYKLMH MHUJIOHA B CTOPOHY CEBEPO-3alaJHOIO yria.
Ha ocHOBaHMU BBISIBJIEHHBIX 00CTOSITENILCTB, BbIpaboTa-
HBI IIPE/IBAPUTEIILHBIC KOMIICHCHPYIOLIHE MEPOIPUSTHS:
1) pazbopka BepxHHX 2—3 psioB (cBepxy Ao 12 psna)
KaMCHHBIX OJIOKOB Ul NPEIOTBpAILCHUs OOpyIleHUs
(parMeHTOB NHJIOHA NPHU BBIBEIIMBAHUU; 2) opra-
Hu3anus JecoB. ECTh BO3MOXKHOCTh YCTaHOBKU JIECOB
Ha pacropHble Iuromanku. [Ipu 3Tom HeoOXomum Je-
MOHT@X ABYX KaMEHHBIX OJIOKOB (HE «pPOJHBICY») Ha
3a0yToBKe, BBIMONIHEHHOW B 30-x rT. XX B., MEXKIY
nunoHamu D u E st ycTpoiicTBa 3aMKHYTOH omop-
HOW mnomanku (Tpedyercs pa3bopka mo3gHEH 3a-
OyToBKH). [IpHKMMBI KOHCTPYKTHUBHBIX JIECOB OCYIIIECT-
BJISIIOTCSl (OPMEHTHUPOBOYHO) B paiione 4-8 psijioB

3 pag/ level

2 pan/ level

1 pag/ level

the stone blocks of the foundations and above-ground
parts destroyed as a result of the rendered dynamic,
wind and thermobaric impacts.

Pylon D (Fig. 1). The visual examination revealed:
1) vertical deflection (approximately 1.7 degrees);
2) destruction of the third row of blocks with a loss
of up to 30 % of the cross-section (the stability is
currently provided by concreting); 3) visible cracks
in the foundation row as a result of the pylon
structures deflection towards the northwest corner.
Based on the identified circumstances, preliminary
compensatory measures were developed: 1) disassembly
of the top 2-3 rows (down to the 12th row) of stone
blocks to prevent the collapse of the pylon fragments
during suspension; 2) arrangement of scaffolding. It is
possible to install scaffolding on spacer platforms.
This requires dismounting of two stone blocks
(not “native”) on the moellon made in the 1930s
between pylons D and E to create a closed support
platform (dismantling of the later moellon is required).
Structural scaffoldings are clamped (tentatively)
in the area of the 4th — 8th rows with arrangement of
“soft” pads to protect the stone from damage. After
the stiffness is provided, the grouting of the 3rd row
is dismantled with the corner block retained. Crowns
are arranged in place of the lost stone fragments.
For the rest of the blocks the decision is made based
of the subsequent ultrasonic examination; 3) injecting

BbiBEWMBAHKWE NMIOHE.
MpoTesnposaHue 3 paaa GNokos.
YouneHue dyHAIMEHTHEX BNoKoB.

Hanging the pylon.
Prosthetics of the 3rd level of
blocks.

Reinforcement of foundation
blocks.

1 pag/ level

Puc. 1. Iunon D
Fig. 1. Pylon D
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C YCTPOMCTBOM «MSITKHX» TIPOKJIAIOK JUISI 3alIUTHI KaM-
Hsl OoT moBpexJeHus. [locie obecriedeHUsT KECTKOCTH
LEeMEHTAIMs 3-T0 psiZia IEeMOHTHUPYETCS C COXpaHEHUEM
yrioBoro Onoka. Ha mecte yTpadeHHBIX (parMeHTOB
KaMHel ycTpanBaroTcss KopoHKH. Ilo ocranbHbIM GI10-
KaM NpPUHUMAETCS PELIeHHE Ha OCHOBE IMOCIICIYIONIINX
YJIBTPa3BYKOBBIX MCCIICIOBAHNH; 3) MHBEKTHPOBAHUE
(yHIaMEHTHBIX OJIOKOB (cTaOMIM3amusl pacKpBITHS
TPELINHBI).

Ha ocHOBaHMM TPOBENECHHBIX BU3YaJIbHBIX 00CIIe-
JIOBAHMM OCTaJIbHBIX COXPAHUBLIUXCS MUIOHOB ApKH,
BbIpabOTaHBl IpellBapUTEIIbHBIE KOMICHCHPYOUINE
MEpPONPUSITHSL.

[Tunon B (puc. 2): 1) monTax [1-o6pa3Horo meraumnyec-
KOro Kopo0a, KOTOpBIH 3aKpOET paHHEXPHCTHAHCKUN
BOJIOBOJ (3aKPBIBAET JI0 OTMETKH Bepxa (hyHJaMEHTHOIO
Omoka). BeraBka HOBOro (hyHIaMEHTHOrO OJ0Ka 1O OT-
METKH CYILIECTBYIOMNX (DYHIaMEHTOB KOJIOHHOW YJIMIIBI
(puc. 3); 2) 1-if psim — ycTaHOBKa KOPOHKH Ha OJIOKH
I0r0-3anaHoro yria; 3) 2-if psij — ycTaHOBKa KOPOHOK Ha
0JI0KM ceBepO-3al1aIHOrO, CeBEPO-BOCTOYHOTO, CEBEPHOTO
yrioB; 4) 2-ii psia — IEMOHTaX BEPXHEro KaMHS C yra-
JICHWEeM II03[JHEeH IEMEHTAIlMH, YCTAaHOBKA «POIHOTO»
KaMHSI B €0 UCTOPUYECKOE ITOJIOKEHHE.

IMunon E (puc. 4): 1) pa3dopka 4-ro pspa MHIIO-
Ha. [IpoBepka IIENOCTHOCTH ABYX OJIOKOB 4-ro psjia

2 pag/ level

1 pag/ level

of the foundation blocks (stabilization of the crack
opening).

Based on the visual inspections of the remaining
surviving pylons of the Arch, preliminary compensatory
measures were worked out.

Pylon B (Fig. 2): 1) installation of a U-shaped metal
box which will close the early Christian waterway
(closes up to the mark of the top of the foundation
block). Insertion of a new foundation block to the mark
of the existing foundations of the column street (Fig. 3);
2) Row | — installation of the crown on the blocks
of the southwest corner; 3) Row 2 — installation of
crowns on the blocks of northwest, northeast, north
corners; 4) Row 2 — dismantling of the upper stone with
removal of late grouting, installation of the “native”
stone in its historical position.

Pylon E (Fig. 4: 1) Disassembly of the 4th row
of the pylon. Check of the integrity of two blocks
of the 4th row (southeast and southwest corners);
2) Row 2 — crowns on the blocks of southwest,
northeast, northwest corners; 3) Row 3 — crown on
the block of the northwest corner and a new stone on
the northwest corner.

Pylon A (Fig. 5): 1) the first row of stones is
dismantled. Each of the dismantled stone blocks is

1 pAg, — KOPOHKK Ha BAOKM
Ho/3.

2 pAg, — KOPOHKK Ha BAOKM
C/3; C/B; C.

1nd level — crowns for blocks
S/W.

2nd level — crowns for blocks
N/W; NJE; North

Puc. 2. I[lunon B
Fig. 2. Pylon B
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Puc. 3. Coxpanenue ppacmenma paHHeXpucmuaHckKo2o 8000nPo800a
Fig. 3. Preservation of a fragment of an early Christian water supply system

Pazbopka Gnokos 3 1 4 pRO0E.
JauexaHka P.AMM MCHAKCYAETCA,

Disassembly of blocks of the 4th

level.
Filling in the R. Amy is excluded.

4 pap/level

3 pag/ level

2 pag/ level

1 pag/ level

Puc. 4. Iunon E
Fig. 4. Pylon E
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1 pag Gnokos pa3GupaeTca.
WMecnegosanue dyHAAMEHTHBIX
Gnokos

The 1st level of blocks is being
disassembled.
Research of foundation blocks

Puc. 5. Iunon A
Fig. 5. Pylon A

(Foro-BOCTOYHBIN W IOro-3amajHblid yriel); 2) 2-if psg —
KOPOHKM Ha OJIOKU IOro-3allaJJHOro, CEBEPO-BOCTOUHOIO,
ceBepo-3amajHoro yrios; 3) 3-i psig — KOpOHKa Ha
0JIOK ceBepo-3aIaJHOro yIjla M HOBBIH KaMeHb Ha 10ro-
3amaJHbI yroi.

[Munon A (puc. 5): 1) mepBblit psii KaMHEl JIEMOHTH-
pyercs. Kaxkplit M3 IeMOHTHUPYEMBIX KaMEHHBIX OJIOKOB
MIPOBEPSICTCS Ha LIEJIOCTHOCTB; 2) HMccienoBaHue (yHma-
MEHTOB: B MECTE JIMHAMHYECKOTO BO3ICHCTBHS (DyHIaMEHT-
HBIE OJIOKM AECTPYyKTHpOBaHbL [Ipon3BomsiTCsl moseBbie
MHCTPYMEHTAJIbHbIC MCCIICIOBAaHHS 3a0yTOBKH ITHJIOHA
JUISL TIPUHSTHSL PEIICHUS O TAJbHEHIIINX KOHCTPYKTUBHBIX
MEpOIpUATHSX. B pesysnbrare ocyiiecTBisieTcss 4acTHy-
Hasl TepeKiajKa 3a0yTOBKM WM €€ MHBEKTHPOBAHUE;
3) dynmaMeHT: ceBepHBIN yroJ MOJHOCTBIO 3aMEHSETCSL.
CeBepo-BOCTOYHAST CTOPOHA 3aMCHSCTCS C BBIOOPOYHOM
otOpakoBkoll kamueil. CeBepo-3amaiHas CTOpOHA 3aMe-
HSIETCA A0 CEpPEeAMHBl CO CTOPOHBI CEBEPHOro yria
C YaCTHYHOHM BBIOpaKoBKOH. FOXHBIN yron coxpassercs;
4) 1-i1 psin kamueld. CeBepHBI yroi U CeBepO-BOCTOUHAS
CTOpPOHA HOJHOCTBIO 3aMEHSIETCS HOBBIMH KaMHSMH.
BocrouHslil yron u 10ro-BOCTO4YHasi CTOPOHA 3aMEHSIETCs
HOBBIMH KaMHSIMU (HEOOXOIHMMO HpOaHaJIM3UPOBAThH
TPEIIMHBI B CYIIECTBYIOIIEM KamHe). KameHHbIE OJIOKH
F0’KHOTO U 3aI1aIHOTO YITIOB KaMHsI coxpaHsitoTcst. CeBepo-
3arajiHas CTOPOHA 3aMEHSICTCS] HOBBIMU KaMHSIMU.

checked for integrity; 2) inspection of the foundations:
in the place of the dynamic impact, the foundation
blocks are destructed. On-site instrumental studies
of the pylon moellon are performed to decide on
further structural measures. As a result, partial re-
laying of the moellon or its injection is carried out;
3) foundation: the northern corner is completely
replaced. The northeast side is replaced with a selective
culling of stones. The northwest side is replaced up to
the middle of the north corner with partial rejection of
stones. The south corner is preserved; 4) the Ist row
of stones. The north corner and northeast side are
completely replaced with new stones. The east corner
and southeast side are replaced with new stones
(cracks in the existing stone are to be analyzed). Stone
blocks of the south and west corners of the stone are
preserved. The northwest side is replaced with new
stones.

Pylon A/F (Fig. 6): 1) disassembly of the blocks
of the 2nd, 3rd, 4th rows; 2) replacement of the stone
block of the 2nd row of the north corner; 3) replacement
of the stone block of the 4th row of the north and
west corners.

Pylon F (Fig. 7): 1) the grouting performed by
R. Amy in the 1930s is removed; 2) stone blocks of
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Pas6opwa Gnowos 2, 3, 4 pAAoS.
3ameHa KamHeH:

-CeBEPHLIA yron 2 paaa;

4 pﬂ.q,l'level -CEBEPHBIA W 3anagHele yrasl 4 paaa.

Disassembly of blocks of the

2nd, 3rd, 4th levels.

Replacement of stones:

3 pag/ level -the morthern corner of the 2nd level;
-the morth and west corners of

the 4th level.

2 pag/ level i

4 \ g
1 pag/ level \vg @ 0O
f‘% ; _,',/.
pd g7 /'I-’"/
3 @* bt NMAUNOH
\,\ B PILDNA’, F

Puc. 6. Hunon A/F
Fig. 6. Pylon A/F

3ayexaHKa P.AMM MCHAKDYEETCA.
Bnoku 2 M 3 paga
NpoTEIMPYIOTCA KOPOHKAMM.

Filling in the R. Amy is excluded.
The blocks of the 2nd and 3rd levels
are prosthetic with crowns

4 pap/level

3 pag/ level

2 pag/ level

1 pag/ level

Puc. 7. lunon F
Fig. 7. Pylon F
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[Munon A/F (puc. 6): 1) nemonTaxx Oy0KOB 2-r0, 3-T0,
4-ro psnoB; 2) 3aMeHa KaMEHHOTO OJIoKa 2-ro psijia
CEBEPHOI'0 yIyia; 3) 3aMeHa KaMEHHBIX OJIOKOB 4-ro psza
CEBEPHOr0 U 3aMaJHOrO YTJIOB.

IMuon F (puc. 7): 1) ymansercs neMeHTaNus, BBIION-
HeHHast P. Amu B 1930-X rr; 2) BBINOJNHSETCS MPOTE3U-
pOBaHHE KOPOHKAMH KaMEHHBIX OJIOKOB 2-TO, 3-TO PsIJIOB;
3) KaMeHHBIE OJIOKM 3arlaJJHOro yria 4-ro sipyca 3aMeHs-
I0TCSI HOBBIMH; 4) KaMeHHble OJokHM 4-ro sipyca roro-
BOCTOYHOH CTOPOHBI 3aMEHSIIOTCS HOBBIMH, T.K. UMEETCS
3HAYUTEIILHOE PACCIOCHNE BEPXHHX CJIOEB ITOPOMBL

[Murnon C (puc. 8). HeoOxoaumo 1mpoBepuTh NPOYHOCTD
(yHIaMEHTHBIX OJIOKOB C IOTO-BOCTOYHOH CTOPOHBI,
T.K. HaOJIIO/IaeTCsl YaCTUYHAs IECTPYKLHSI U3-3a OJIM3KOro
PacCTOSTHUS 10 SMHMLEHTPa TEPMUYECKOTO M JTUHAMH-
yeckoro BozzercTaust (2,0-2,5 m). [lo npenBaputensHOMy
3aKJIFOYEHHIO, OCHOBAHHOMY Ha BU3yaJILHOM OOCIICZIOBAHHH,
HecyIlast CriocoOHOCTb (PyHIAMEHTHBIX 0J10KkOB TriioHa C
HE HapylIeHa.

Mooenuposanue 00KOMNOHOBOK YMPAUEHHBIX
(pazmenmos coxpanusUIUXCcs Kamue

Ipu ompenenennu npuema (HOPMHUPOBAHUS JTOKOMIIO-
HOBOYHBIX KaMEHHBIX OJIOKOB HCO6XOHI/IMO YUYUTBIBATH
CTPYKTYPY UCXOAHOI'O KaMHS (MpaMOpPBOBaHHLIﬁ HU3BECT-
HHK), H3HAYaJIbHO UCTIOJIB30BAHHOI'O TP CO3JaHUN ApKI/I
CHeHI/Iq)I/IKa Marepurajia HakKJIaJbIBaCT OOJIBIIOE KOJIU-

the 2nd and 3rd rows are prothesized with crowns;
3) stone blocks of the western corner of the 4th tier are
replaced with new ones; 4) stone blocks of the 4th tier
of the southeast side are replaced with new ones,
because there is a significant lamination of the upper
layers of the rock.

Pylon C (Fig. 8). It is necessary to check the strength
of the foundation blocks on the southeast side, because
partial destruction is observed due to the close distance
to the epicenter of thermal and dynamic impact
(2.0-2.5 m). According to the preliminary conclusion
based on the visual inspection, the bearing capacity of
the foundation blocks of the pylon C is not impaired.

Modeling of the supplements of the lost fragments
of preserved stones

When determining the method of forming supple-
mentary stone blocks, it is necessary to consider
the structure of the original stone (marmorized lime-
stone) originally used to create the Arch. The specifics
of the material impose a large number of restrictions
on the shaping of the new stone inserts. Due to
the “friability” of the material, it is impossible to
perform perfect contact of the planes of the new and
old stones, i.e. we have to form new blocks taking
into account the necessary thickness of the end planes
adjacent to the “native” stone. This restriction does not
allow making supplementary stone blocks with absolute

Mposepra dyngamenTHoro Gnoka c
/B CTOPOHEI NO NPUY4HUHE
TepMmoBapuYeckoro Bo3AeACTEMA

Inspection of the foundation block
from the 5/W side due to
thermaobaric effects

Puc. 8. Iunon C
Fig. 8. Pylon C
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YeCTBO OTpaHMYeHUH Ha (POpMOOOpa3OBaHME HOBBIX Ka-
MEHHBIX BCTaBOK. [lo mpHumMHE «pPBIXJIOCTH» MaTepuaia
HEBO3MO)KHO BBITIOJIHNTH HJIEATBHOE CONPHKOCHOBEHHE
TUIOCKOCTEH HOBOTO M CTaporo KaMmHeW, T. €. MBI BbI-
HYXJIeHbl ()OpPMHPOBATH HOBBIE OJIOKM C y4eToM obec-
TIEYCHUsI HEOOXOMMON TOJIINHBI TOPLUEBBIX MLIOCKOCTEH,
MPUMBIKAIOIINX K «POIXHOMY» KaMHIO. /laHHOE orpaHu-
YEHHE HE IO3BOJISICT BBIIIOJHUTH IOKOMIIOHOBOYHEIC
KaMEHHbIC OJIOKH C aOCOJIIOTHBIM 3allOJIHCHHEM yTpa-
YeHHBIX (parMeHTOB ApkH. Takke, UCXOIS N3 CBOWCTB
MCXOITHON KaMEeHHOW TOpO/Ibl, HEBO3MOKHO BBITIOJTHEHHE
CIIMIIIKOM MEJIKMX KaMEeHHBIX BCTaBOK, YTO yCyryousier
00pa3oBaHuE BBIHYKJICHHBIX ITPOCBETOB B MECTAX CTHIKOB
KaMeHHBIX OsiokoB. Takum o0pa3om, 1) TOKOMITOHOBKH
yTpadeHHBIX ()PArMEHTOB BBITIOIHSIOTCS M3 MPaMOpH-
30BaHHOI'O M3BECTHSKA, XapaKTEPUCTHKH M CBOMCTBa
KOTOPOr'0 aHAJIOTMYHBI MarepHay MCTOPUYECKHX OJo-
KOB; 2) JIOKOMIIOHOBBIBAIOTCSI TOJIBKO KPYITHBIC (par-
MEHTHI TOBPEXJCHHBIX KaMHeW. MozjenupoBaHue Ta-
KHX BCTAaBOK BBINOJIHSETCS 1O CIEAYIOLIEH cXeMe:
1) no rpadudeckoil peKOHCTPYKIMH BBISBIISICTCS IIEPBO-
HavasbHas (opMa MCTOPUYECKOro KamHs (0e3 pe3Horo
OPHAMEHTAJILHOTO JIEKOpa), pparMeHT KOTOPOro yTpaycH;
2) MOenb COXpaHUBIICHCS YacTH KaMHs, IOJy4YeHHas
B pPe3yJIbTaTe JIa3epHOTO CKAaHMPOBAHMS, «BBIYUTACTCSD)
U3 TIEPBOHAYAJILHON (OPMBI C TIOMOIIBIO COOTBETCTBY-

qutt®

filling of the lost fragments of the Arch. Besides,
based on the properties of the original stone rock, it is
impossible to produce too small stone inserts, which
aggravates the formation of forced gaps in the joints
of the stone blocks. Thus, 1) the supplementations of
the lost fragments are made of marmorized limestone,
its characteristics and properties being similar to
the material of the historical blocks; 2) only large
fragments of damaged stones are supplemented. Such
inserts are modelled according to the following scheme:
1) graphic reconstruction reveals the original form
of the historical stone (without carved ornamental
decoration), a fragment of which is lost; 2) the model
of the surviving part of the stone obtained by laser
scanning is “subtracted” from the original shape by
means of the appropriate software; 3) the fragments
with a thickness less than the limiting value of the
thickness of the stone insert due to the material
properties (preliminary value of 30 mm) are cut off
from the obtained volume. If it is technologically
impossible to produce the obtained supplementation
as a single element, the insert model is divided into
several parts by vertical and horizontal seams (Fig. 9).

Thus, a slight depression (< 30 mm) is formed
along the contour of the junction of the historical stone

Puc. 9. @opmoobdpaszosanue dokomnonogounvix kamennwvix 6nokos. Cnesa Hanpago: mMooenb COXpaHuguie2ocs gpazmenma

UCMOPUHUECKO20 KAMHS, NepeoHAYdlIbHAs qbopjwa UCmMopu4ecKo2o KamHhs,; MO()@th, nOJy4eHHas 6 pes3ylbmame

«BLIYUMANUAY COXPAHUBULE2OCS (PpacMenma U3 NepeoHayaIbHOll Popmel, MoOelb OOKOMROHOBKU NOCIe YOdleHUs

@pazmenmos, komopwie monvute 30 mMm; MOOenb COXpaHUBUIE20Cs (PpacMeHma UCMOPUYECKO20 KAMHI ¢ OOKOMNOHOBKOU

Fig. 9. Formation of supplementing stone blocks. From left to right: a model of a preserved fragment of a historical

stone; the original form of historical stone; model obtained as a result of «subtraction» of the preserved fragment from

the original form, re-assembly model after removing fragments that are thinner than 30 mm; model of a preserved

fragment of a historical stone with supplement

120



Ocnosnvie no0xoovl k pecmaspayuu Tpuymepanvnou Apxu [larsmupo

IOILIETO TPOrpaMMHOI0 o0OecrieueHus; 3) y HOIy4YeHHOro
o0beMa OTcekaroTcsi (PparMeHTHI, TOJIIMHA KOTOPBIX
MEHBIIE IPEJCIBHOI0 3HAYCHUS TOJIIHUHBI KaMEH-
HOM BCTaBKH, OOYCIIOBJIICHHOTO CBOMCTBaMH MarepHala
(mpenBaputenbHoe 3HaueHue 30 mMm). B ciydwae, ecimn
BBITIOJIHEHUE TOJIyYEHHOW JTOKOMIIOHOBKHM B KadyeCTBE
OJJHOTO 2JEMEHTa HEBO3MOXKHO TEXHOJIOI'MUYECKHU, MO-
JieTb BCTaBKM Pa3JeisieTcs Ha HECKOJNBKO 4YacTel BepTH-
KaJIBHBIMH M TOPH30HTAJIBHBIMU IIBaMu (puc. 9).

Takum 00pazoMm, 10 KOHTYpPY COIPSIKEHHS HCTOPH-
YECKOro KaMHs C JIOKOMIIOHOBKaMH 0Opa30BbIBaeTCSl He-
3HauuTeNbHOE yriayonenue (< 30 MM), OJUEPKUBAIOLIECE
Pa3HOBPEMEHHOE ITPOUCXOKICHUE MaTepHasoB, YTO COOT-
BETCTBYET IPHUHIMIIAM aHACTHII03a. [ rapMOHU3aMN
BOCIIPHUSITHSI 00paza 00BbeKTa KPOMKa JIOKOMIOHOBKH
B MECTE CONPSDKEHHSI MOXKET ObITh 00paboTaHa (ackoil.
Jliist obecrieueHHs: BO3MOKHOCTH BBICTPaUBaHMsI UCTOPH-
yeckol reomeTpun TpuymdanbHOi ApkH, HEOOXOTMMO
o0OecrieyeHre KOHCTPYKTHUBHBIX OIOPHBIX IUIOIIAJIOK Ha
COXpaHMBIIMXCS (parMeHTax NwioHoB. [Ipn dopmu-
POBaHMM KOPOHOK Ha «POIHBIC» KaMHH BBIJEICHO JBA
MeToza pemeHus: 1) HeoOpaTuMblid MeTox; 2) 0OpaTUMBINA
METO/I.

HeoOparumslii MeTo MoOHTaxa KOpoHOK (puc. 10)
3aKJIIOYAeTCs] B MOJICTIMPOBAHNY KOPOHKH 10 T€OMETPHUH,
YETKO MOBTOPSIIONIEH FE€OMETPHIO «POJHOT0» KaMHS C TO-
CJICYIOIINM KpEIUICHHEM ero K KaMEeHHOMY OJIOKy Ha
XUMHUYECKHH KileeBOH coctaB. [Ipy nmpuMeHeHNH JaHHOTO
METO/Ia CYIIECTBYET PHUCK HECOOJIOACHUS NMPHHIIMIIA
00paTUMOCTH TIPU BOSMOXKHBIX pa3pylICHUSX, T. €. KO-
POHKa CBSI3BIBACTCS C «POIHBIMY» KaMHEM, U IIPUMEHEHHUE

with the supplementations, emphasizing the different-
time origins of the materials, which corresponds
to the principles of anastylosis. To harmonize
the perception of the image of the site, the edge of
the supplementation may be chamfered. To ensure
the possibility of building the historical geometry
of the Triumphal Arch, it is necessary to provide
structural base platforms on the preserved fragments
of the pylons. When forming crowns on the “native”
stones, two methods of solution are distinguished:
1) the irreversible method; 2) the reversible method.

The irreversible method of crown mounting (Fig. 10)
involves modeling the crown according to the geometry
of the “native” stone and then attaching it to the stone
block with a chemical adhesive. This method involves
the risk of non-compliance with the principle of
reversibility for possible fractures, i.e. the crown
is bonded to the “native” stone and the application
of excessive forces to the crown will result in
the destruction of the outer layers of the “native” stone.

The reversible method of crown mounting (Fig. 11)
is based exactly on the principles of reversibility, i.e.
lime glue is used (principle of masonry), which turns
out to be a plane of separation from the “native”
stone when excessive forces are applied to the crown.
With this method, there is a need for some penetration
into the structure of the historical stone with
arrangement of the designed number and geometry of
the base platforms with the installation of carbon fiber
cramps in them located at an angle of 90 degrees to
the crown surface being attached.

Puc. 10. @opmoobpasosanue koponok na «poouvie» xamenuvie oaoku. Heobpamumeiii memoo

Fig. 10. Formation of crowns on original stone blocks. Irreversible method
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Puc. 11. @opmoobpaszosanue Koponok Ha «poouviey kamernnvle Onoku. Obpamumvlii Memoo

Fig. 11. Formation of crowns on original stone blocks. Reversible method

CBerYCI/IJ'H/Iﬁ K KOPOHKE TOBJICUCT pa3pyHICHNUC HAPYKHBIX
CJIOCB «POAHOI'0» KaMHS.

OOparuMblii MeTO]l MOHTaXxa KopoHOK (puc. 11) oc-
HOBaH MMCHHO Ha TPHUHIHUIAX 0OpaTUMOCTH, T. €. IpH-
MEHSIETCS M3BECTKOBBIN KJICH (MPUHLIMI KUPIHYHOU
KJIaJIKH), KOTOPBIH TPH OKa3aHWU CBEPXYCHJIMH Ha KO-
POHKY OKa3bIBa€TCS IJIOCKOCTBIO OTIEICHUS OT «POIHOTO»
kamHs1. [Ipy 1aHHOM MeTozie CyIecTByeT HeOOXOIMMOCTh
HEKOTOPOT'0 BHE/IPEHNUS B CTPYKTYPY HCTOPUUECKOrO KaM-
HS C YCTPOMCTBOM PACUYETHOTO KOJIMYECTBA U '€OMETPHU
OTOPHBIX IUIONMIAJI0K C YCTAHOBKOM B HUX YIJICTUIACTHKO-
BBIX ITHPOHOB, KOTOPBIE JIOJDKHBI PaCoNararhes Toj YIiIoM
90 rpasycoB K NPUKPEIISIEMOI TTOBEPXHOCTH KOPOHKH.

Taknm 00Opasom, 1Mo pe3yJsTaTaM YCTAaHOBKH KOPOHOK
n obecrieyeHHs: ONOPHBIX IUIOMIAJIOK U C HPHMEHEHHEM
BBIILICYTIOMSIHYTOI'O METOZA JIOKOMIIOHOBKH YTpa4eHHBIX
(hparMeHTOB KaMEHHBIX OJIOKOB BOCCO3ACTCsI HCTOPHUYECKast
reoMeTpHsi ApPKH 1O TPHHIMITY, MPEICTABICHHOMY Ha
puc. 12.

Koncmpyxmusnvie meponpusamus

HanOonee coxpaHuBIIMECs TOCHE pa3pyIIeHHs KOHCT-
pykiuu mwionoB C, D u G noiyuuiy ropU30HTaIbHBIE
U BEPTUKAJIbHBIE OTKJIOHEHHsI OT CBOUX IPOEKTHBIX IO-
noxkeHni. Bo3MOXKHOM NPUUNHON OTKJIOHEHUH JOITyCTUMO
CUNTATh UX HAKOIMTEJIBHBIM XapakTep, HO AJS TOYHOU
OLEHKU KPUTUYHOCTU OTKJIOHEHUH IJIaHUPYETCsl HOCTPOUTH
CXEMBI OTKJIOHEHUH M0 BCEM BEPTUKAIBHBIM IJIOCKOCTSIM
JTAaHHBIX MHJIOHOB. VcXons U3 MOJy4YEeHHBIX MAHHBIX,
CTaHET BO3MOXKHBIM OIPENENUThCA B PaMKaX HOpMa-
TUBHBIX 3HAYEHUH WM MOIYYEHHBIX OTKJIOHEHWH, U, Kak
CIIEJICTBYE, NPUHATH PELIEHHE O TEXHUYECKHX MpHeMax
JUI BO3BPAILEHUS] KOHCTPYKIUU B IIPOEKTHOE MOJIOXKEHUE
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Thus, based on the results of the crowns installation
and the provision of the base platforms, and using
the above-mentioned method of supplementation of
the lost fragments of stone blocks, the historical
geometry of the Arch is recreated according to
the principle presented in Fig. 12.

Structural measures

The structures of pylons C, D and G, the most
preserved after the collapse, received horizontal
and vertical deflections from their design positions.
A possible cause of the deflections may be their
cumulative nature, but for an accurate assessment of
the deflections criticality it is planned to build deflection
schemes in all vertical planes of these pylons. Based on
the obtained data, it will be possible to conclude within
the framework of the normative values or the deflections
obtained and, as a consequence, to make a decision
on the technical methods for returning the structure to
its designed position or keeping (fixing) it in its present
state. It should be noted that when pylon D is returned
to the vertical position, cracks may form in random
places, which is not acceptable. Therefore, first of all,
possible ways of compensation of the existing tilt without
its correction will be worked out.

If the tilt of the pylons cannot be compensated
without straightening them, the pylons will be returned
to their design position as follows: 1) the pylon is braced
with heavy-duty scaffolding along the perimeter and to
the full height; 2) draw-band casings are installed in the
base and 2-3 at intervals along the height of the pylon;
3) jacks are put under the casing in the base, by means
of the jacks the pylon is installed in the design position;
4) self-expanding, non-shrinking cement mortar (such
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Puc. 12. @opmoodpazosanue nunona

Fig. 12. Pylon shaping
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WIH yIIepKaHHE (3aKPEIUICHHE) €€ B HACTOSIILIEM COCTOSTHHHL.
CTouT OTMETUTH, YTO IPH BO3BpalLieHnH nuioHa D B BepTy-
KaJIbHOE MOJIOKEHHE, MOXET NMPOMU30WTH 00pa3oBaHHe
TpELLMH B Cy4aliHbIX MECTax, 4TO HeformycTiMo. [loaTomy,
B TIEPBYIO ouepesb, OyayT MpopadaThiBaThCs BO3MOKHBIC
Croco0bl KOMITEHCAy 3apUKCHPOBAHHOIO KpeHa 0e3 ero
UCIPABJICHUSL.

Ipy HEBO3MOXXHOCTH KOMITEHCALIMN KPEHa ITHJIOHOB Oe3
UX BBINPSIMIIEHUS BO3BPAIEHHE MHUIOHOB B NPOEKTHOE
TIOJIOXKEHHE OyJIeT HMPOMCXOANTH IO CISAYIOUIEMY ITPHUH-
muny: 1) IHUIOH PacKperuIseTcsl CHIIOBBIMH JIECAMH IO
MIEPUMETPY U Ha BCIO BHICOTY; 2) YCTaHABIMBAIOTCS OaH-
JIaXKHbIe 000MMBI B OCHOBAaHHMH M 2—3 C IIaroM I10 BBICOTE
NUJIoHa; 3) mox 000KWMy B OCHOBAaHHMH YCTaHABJIMBAIOTCS
JIOMKPATh, ¢ MOMOIIBIO JIOMKPATOB IHUJIOH BBICTABIISETCA
B IIPOEKTHOE TOJIOKEHHE; 4) B 00pa30BaBILIHUECS MTOJIOCTH
B OCHOBAaHWMH HAarHETAETCsl CAaMOpPaCIIMPSIOIIHICS, Oe3yca-
JIOUHBIA IIEMEHTHBIH pacTBOp (HalpuMep, PEMOHTHBIN
cocraB PEHOBUP Pem60I1), aTiM e pacTBOpOM Ipu
HEOOXOIMMOCTH YCHJIMBAIOTCSl KOHCTPYKIMU (yHIaMEH-
TOB IOJ{ MUJIOHAMHU.

KoHeTpyKIuu KoJOHHAABI (MIEPBBIC MApbl KOJOHH),
MIPUMBIKAONINC K ApPKe C 3aIafHoro Qacaja, HeoOXOIIMO
JI0 HaJaja CTPOUTEIBHBIX PadOT PacKPEIHUTh CHIIOBBIMHU
JIeCaMH I MCKITIOYCHUS NaJbHEHIMX ux nedopma-
it 1 oOpymieHuil. [lo oKOHYaHWH PabOT C MHJIOHAMH
U yCHWICHHEM (YHIAMCHTOB OCHOBAHUS MOHTHUPYIOTCS
MOHTa)KHBIC Jieca (puc. 13) U3 muIoMaTepuasoB 10 epu-
METpaM IJIOCKOCTEH BOCCTAHABIMBAEMON ApPKH, a TaKKe
KpYy’KaJbHBIC Jieca TOJ YEThIPE MAJBIX M OIMH OOJIBIION
cBO Apku. MecTOM YCTaHOBKHM MOHTa)KHOI'O KpaHa
TIPEeIIoJiaraeTcsl BRIOPATh YYaCTOK JIOPOTH, POJICTAOIICH
¢ KHOU cTOopoHbl Apku. C LIEHTPOM YCTaHOBKM Ha
paccrosiHum He Oonee 37 M ot mwioHa D. J[ist o0be3na

LaemMiHae Pl idieHee sedoll

as RENOVIR Rem60P repair compound) is pumped
into the formed cavities in the base, the same mortar,
if necessary, is used to strengthen the foundation
structures under the pylons.

The colonnade structures (the first pairs of columns)
adjacent to the Arch from the western facade must be
braced with heavy-duty scaffolding before the start of
the construction work to avoid further deformations
and collapses. After the completion of the work with
the pylons and the foundations reinforcement, the
assembly scaffolding made of lumber (Fig. 13) is
mounted along the perimeter of the planes of the Arch
being restored, as well as the center scaffolding
under the four small and one large vault of the Arch.
The installation site for the erection crane is supposed
to be a section of the road running on the southern
side of the Arch. The center of the installation is to
be no more than 37 m from the pylon D. To bypass
the crane installation site, it is necessary to arrange
a temporary detour (by analogy with the designed
work on debris removal and lapidary arrangement).
Based on the maximum weight of the lifted block
of 5.5 tons, as well as the maximum crane operation
radius of 37 m, a 160-ton crane of Liebherr LTM
1160-5.1 type was selected.

The structure of the Arch is a self-supporting
system from natural stones, taking the load only
from the own weight of the walls of all the vaults
and the wind load. Calculation of the load-carrying
capacity of the arch structure in accordance with
the regulations in force in the Russian Federation
(applied as a base), namely SP 15.13330.2020 Stone
and reinforced masonry structures SNiP I[-2281%*
(Code of Rules dated 30.12.2020 No. 15.13330.2020),

CxesumusmoE D0 butnesue kpyxnn |sesaa)

Puc. 13. Cxema monmasicnvix necos u Kpydican
Fig. 13. Scheme of scaffolding and arch falsework
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MECTa YCTaHOBKM KpaHa HEOOXOIMMO OpraHW30BaTh Bpe-
MEHHBIH 00be3]1 (10 aHAJOrMU C 3alPOSKTHPOBAHHBIMU
paboraMu 10 pa300py 3aBajioB M OpraHU3alMU JIAlnia-
pueB). Mcxonsd m3 MakCHMaJabHOIO Beca MOAHUMAEMOro
Onoka B 5,5 TOHH, a TaK)kKe€ MaKCHMaJbHOTO pajuyca
BbIJIETA CTpEJbl KpaHa Ha 37 M, BeIOpaH 160-TOHHBIN
kpaH tuna Liebherr LTM 1160-5.1.

KoncTpykimst Apku TpeacTaBisieT co0oil caMoHecy-
IIy0 CUCTEMY M3 TIPUPOTHBIX KaMHEH, BOCIIPUHIMAIOILY IO
Harpy3Ky TOJIBKO OT COOCTBEHHOI'O Beca CTEH BCEX CBOIOB
W BETPOBYIO Harpysky. Pacuer Hecymieil criocoOHOCTH
KOHCTPYKIIMM apKH B COOTBETCTBHM C HOPMAaTHUBHBIMHU
aKTaMH, JICHCTBYIOMMMHU Ha Tepputopuu PO (mprmeneHo
Kak 0aza), a nmenno CIT 15.13330.2020 Kamennsie n apmo-
kameHHble koHCTpykumn CHull 11-22281* (CBon npasuit ot
30.12.2020 N 15.13330.2020), yacTUYHO HE JAOIMYCKAETCsl, TaK
KaKk B HOPMaTHBHOM JOKYMEHTE €CTb psiJi OrpaHHYCHMIL:
1) cBOx mpaBWII yCTaHABIMBAeT TPEOOBAHHS K PacyeTy
U MPOEKTHPOBAHUIO KOHCTPYKIHMH, BO3BOOUMBIX C ITpH-
MEHEHHEM KJIAJIKH, a KJaJiKa — 3TO KOHCTPYKIHS U3 TIpHU-
POIHBIX WM UCKYCCTBEHHBIX KaMHEH (KHpITH4a, OJIOKOB),
COGIIMHEHHBIX MEK/Ty COOOH PacTBOPOM, KJIEEBBIM COCTABOM
WM 1IacToi. B Hamem ciydae CBSI3yIOIIMX PacTBOPOB He
npeaycMarpuBacTesi; 2) TpeOOBaHMs HACTOSIIEro CBOZA
NIPaBHJI HE PaclpOCTPAHSIOTCS HA ITPOSKTHPOBAHKUE COOPY-
JKEHU, TIOZIBEPKEHHBIX ANHAMUYECKUM Harpy3Kam, BO3BO-
JIMMBIX B CEHCMOOIACHBIX palioHaX; 3) coracHo Taom. 6.4
CBoza npaBuI, €CTh OrpaHUYEHNE MAKCUMAJIBHOTO pazMepa
6moka 1000 MM, B HaIIeM ciydae pa3Mepbl OJIOKOB OOJIbIIIE.

Hexonst n3 HeoOXOAMMOCTH OTKJIOHEHUSI WM JIOTIOJI-
HEHHUsI HOPMaTHBHOW 0a3bl TpeOyeTcsi mpoBeaeHue
HTC (Hay4HO-TEXHHYECKOTO COIPOBOXKICHMS), a TaKKe
MpOBEACHMS J1abOpPAaTOPHBIX MCIBITAaHHH (CelcMO-
YCTOMYUBOCTb, KPEMJIEHUE AIIEMEHTOB, NPOYHOCTHBIE
XapaKkTepUCTHKH). PacueTHoe 0OOCHOBaHHME MPOYHOCTH
U YCTOMUMBOCTH KOHCTPYKLMHM HPOBOAMUTCS Ha BO3-
JIEHCTBUE CTAaTHYECKUX M IMHAMHUYECKUX (CeHCMHYECKHX)
Harpy3ok. OmnpezeneHue UCXOAHBIX JAHHBIX IJISL CTaTu-
YECKOr0 pacueTa 3aKJII0UaeTcs B CEpUU HCIBITAHUN
Ha MPOYHOCTH KJIAJKH W3 OJOKOB, CIOKCHHOH «CYXHM
CIocoOOM» B CpaBHEHUM C Hecylueill criocOOHOCTBIO
LEIbHOr0 KaMHs. YUHTbIBasl CEHCMUYECKYI0 aKTHBHOCTb
HCCIIElyeMOro paiioHa pecTaBpal ApkH, TpeOyeTcs
pacdeT Ha AMHAMHUYECKHE (CeHCMHUYECKHE) HarpysKH.
Onpenenenye UCXOAHBIX JAHHBIX JUISI AUHAMHUYECKOIO
pacuera 3aKJIrO4aeTcsl B M3bICKaHMSX: 1) MHKpoceiicMu-
4ecKoe palioHMpoBaHME (ONpeAeIeHHe CEHCMUYHOCTH
IUIOMIAAKY U3BICKAaHUI Ha OCHOBE MaTE€PUAJIOB YTOUHEHHUS
UCXOHOU CEHCMUYHOCTH, AETAIbHOIO CEHCMUYECKOrO
palilOHMPOBAHUS C Y4YETOM JIOKAJIbHBIX T'PYHTOBBIX YCIIO-
BHI TI0 JAHHBIM MHKCHEPHO-T'€0JIOINUYECKUX M3bICKaHHH),
BBINOJIHSAETCSI COBMECTHO C MHIKEHEPHO-T€0JI0rMUECKUMHU
M3BICKAaHUSIMU; 2) ONpe/eIeHHEe BETPOBOTO JABJICHUS
(TMIPOMETEOPOIIOTMIECKHE U3bICKaHHs); 3) MOJIEITUPOBAHHE

is partly not allowed, as the normative document
has a number of restrictions: 1) the code establishes
requirements to the calculation and design of structures
built with masonry, and masonry is a structure of
natural or artificial stones (bricks, blocks), joint by
mortar, adhesive compound or paste. In our case,
no bonding mortars are envisaged; 2) the requirements
of this code do not apply to the design of structures
exposed to dynamic loads, erected in earthquake areas;
3) according to Table 6.4, there is a restriction on
the maximum size of the block of 1,000 mm, in our
case the size of blocks is larger.

Based on the need to depart from or supplement
the regulatory framework, it is required to perform STS
(scientific and technical support), as well as laboratory
tests (seismic resistance, fastening of elements, strength
characteristics). The design-based substantiation of
the structure strength and stability is carried out for
the impact of static and dynamic (seismic) loads.
The determination of the initial data for the static
calculation involves a series of tests of the strength of
dry-mix block masonry in comparison with the bearing
capacity of solid stone. Given the seismic activity of
the study area of the Arch restoration, a calculation
for dynamic (seismic) loads is required. The initial
data for the dynamic calculation are determined
in the following surveys: 1) microseismic zoning
(determination of the survey site seismicity based on
the materials of specification of the initial seismicity,
detailed seismic zoning with account of the local soil
conditions according to engineering-geological surveys)
is carried out together with engineering-geological
surveys; 2) determination of the wind pressure (hydro-
meteorological surveys); 3) modeling of the design
scheme in the Ansys type software package (based
on the transferred spatial model from the restoration
specialists); 4) substantiation of the stability and
bearing capacity of the Arch structure by numerical
methods. If a decision is made on the need to ensure
the seismic stability of the Arch structure, the design
solutions must provide for additional fasteners located
inside the masonry (Fig. 14-16).

Conclusion

The presented basic techniques and approaches
to the restoration of Palmyra’s Triumphal Arch are
based on the exclusive goal of maximum preservation
and demonstration of the original fragments of
the Arch. All the above methods are certainly
subject to detailed refinement at each step and stage
during the implementation of the restoration work.
Significant for the implementation of such a large-
scale and complex project is the qualifications and
experience of all members of the construction
team, without exception. A careful selection of
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Indication of the material (metal) is conditional
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pacyeTHOM cXeMbl B MPOrPaMMHOM KOMILIEKCE THIIa
Ansys (Ha 0a3e mepemaBaeMOd TPOCTPAHCTBEHHOU
MOJIEJI OT CHELHAJIICTOB PECTaBpaTopoB); 4) 00OCHOBa-
HUE YUCIECHHBIMH METOAaMHU YCTOMUMBOCTH M HECYILEH
CITOCOOHOCTH KOHCTPYKIHX ApKu. [Ipn yCIIoBUYM TIPHHSATHS
pCIICHHST O HEOOXOIMMOCTH OOCCIICUCHUS CEHCMHYECKOM
YCTOMYMBOCTH KOHCTPYKLUU APKH, MPOEKTHBIMHU peLle-
HUSMHU HEOOXOIMMO TPEAYCMOTPETh JOMOTHHTEIBHEIC
KpETeXHbIE AJIEMEHTBI, PacIONIOKEHHbIE BHYTPU KaMEHHOM
kianku (puc. 14-16).

3axniouenue

[TpencraBineHHble 0a30BbIC NMPUEMBI W MOJIXOJBI
K pecraBpauun TpuymdansHod Apku [laneMupsl ocHO-
BaHbl HAa MCKJIIOYUTEIBHOH I MaKCHUMaJIbHOTO CO-
XpaHEHUs U JAEMOHCTpalMU TOMJIUHHBIX (pparMeHToB
Apxu. Bce nepeuncieHHbie npuemMbl, 0e3ycllOBHO,
MOABEPKEHBI JIE€TAaJbHOMY YTOYHEHHIO Ha KaXKJOM
hiare Y 3Tane B MEpHOJ] Pealn3allid PecTaBPallMOHHBIX
paboT. Bonblrylo 3HaYMMOCTH Ul peajHu3aliy CTOJNb
MacITabHOro M CJIOXHOTO IPOEKTa MMEET KBan(uka-
IUSI U OIBIT BCEX WICHOB CTPOMTENILHOM KOMaH/bI 0e3
uckirodeHuil. Takyke HEOOXOMUM TIIATEIBHBIA MOIO0p
TEXHUYECKUX U alIapaTHBIX CPEACTB, T. K. «CTAHAAPTHBIE)
CTPOUTENIbHBIE METOIUKH, MPUMEHSEMbIE B MUpE, HE
B IMOJHOM Mepe YIOBJIETBOPSIIOT BBILIECYTIOMSIHYTOH cCrie-
HKe pecTaBpupyeMoro oobekTa. JIoCKOHaIbHBIN aHa-
JIM3 JAHHBIX U TIIATENBHOE [IAHUPOBAHUE BCEX MPOLIECCOB
TMO3BOJIUT BEPHYTh MHPOBOMY COOOIIECTBY YHHKAJIBHBINA
MaMATHUK aHTUYHOCTH.

technical facilities and hardware is also necessary,
since the “standard” construction methods used
in the world do not fully satisfy the above-mentioned
specifics of the site being restored. A thorough
analysis of the data and careful planning of all
processes will allow the world community to regain
a unique monument of antiquity.
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Tpuymdanbras Apka! — OmMH U3 CaMbIX 3HAYUTEIBHBIX
NaMsATHUKOB [lanbMUpBI U HEOTBEMIIEMAs! YaCThb €€ TPajio-
CTpOUTENBHON cTPYKTypel. B 2015 1. B pesynsrare nof-
peIBa TeppopuctamMu Apka MHojayuyusia CUIbHEHIIHe
noBpexacHus. B 2022 1. 00BCIUHCHHBINH POCCHICKO-
CUPHUHCKMI TBOPUYECKUH KOJIJIEKTHB BBIMOIHMII KOMILIEKC
MEPONPUATUI 10 NOCTTPAaBMATUYECKOMY PEarupoOBaHUIO
U apXeOoJOTHUECKUE PACKONKH HA TEPPUTOPUM MAMSITHU-
ka (cM. ConoBbeBa, COJIOBBEB B HACTOSIEM COOPHUKE).
B pamxax rmpoBezieHHBIX paOoT ObUTH BIEPBBIEC MOy YCHBI
JlaHHbIe 00 ycTpoicTBe (hyHAAMEHTOB ApKH, IpOBEsie-
Ha BBICOKOTOYHAs (hOTOrpaMMeTpHUecKasi cheMKa ApKd
U IpUIErarolled TeppUTOPUH, CO3[AaHbl BBICOKOTOUYHBIE
1(POBBIE MOJIENN COCTOSIHUSI APKH JI0 U TIOCIIE B3pBIBA,
MPOBEJICHO CKaHMPOBAHHE PYXHYBIIUX (DparMeHTOB
U 3HAYUTEJIBHON YaCTH KaMHEW JIanuaapysl, CO3JaHHOTO
Amu B 1930-x rr. (cMm. Broxun u np. B HacrosmeMm
cOopuuke). OOUIMPHBIA MacCHB HOBBIX JIAHHBIX M Ha-
TypHbIe HaOmonerust 20192022 1T. Mo3BOJISIOT MO-HOBOMY
B3IVISTHYTh Ha PO0JIeMy PEKOHCTPYKIIMH MEPBOHAYAIIEHO-
ro Buga TpuymdansHoit Apku.

[MoreITKH Tpaduuecku M300pa3uTh aHTHYHBIA OOIHMK
TpuymdabHOi ApKH MOSIBUITHCH B TIEPBBIX K€ W3IAHUSX,
MOCBSIIICHHBIX apXuTekType IlanbMupbl U cymmupy-
IOIIMX PE3YJIBTAThl SKCIEANIINH, IpenpruHATHIX P. Bynom
n Jix. Hoxunzom B 1750 1. u JL-®. Kaccacom B 1785—
1787 rr. Ony0aMKOBaHHBIE MaTepHAIbl 332 MPOLIEIIIHE
JIBa C TIOJIOBMHOM CTOJICTHS HE yTPATWIIN CBOEH Hay4HOH
1 MKOHOT pa()uecKOi IIEHHOCTH, C TIONPABKOH, pa3yMeeTcsl,

' Poccust, 191186, Cankr-IlerepOypr, J{Bopuosas Hab., 18.
MucruryT ucropun marepuanbHoi KynsTypel PAH, IlenTp
criacaTenbHOM apxeonoruu. E-mail: atayants@inbox.ru.

2 Poccusi, 191186, Cauxt-IletepOypr, JIBoprosas Hal., 18.
MucrutyT ucropun marepuanbHoi KynsTypel PAH, IlenTp
cracaTenbHON apxeosoruu. E-mail: a.a.uvarov@mail.ru.

* Poccus, 191186, Cauxt-IletepOypr, JIBoprosas Hal., 18.
MucruryT ucropun marepuanbHoi KynsTypel PAH, IlenTp
cnacarenpHON apxeosnoruu. E-mail: eurl979@yandex.ru.

4 MbI HCIONB3yeM TpaJUIMOHHOC Ha3BaHHE, XOTsS OHO HE
BIIOJIHE COOTBETCTBYET XapakTepy M (YHKIHH MaMSITHHKA.

The Triumphal Arch* is one of the most prominent
monuments in Palmyra being an integral part of its
urban structure. In 2015, the Arch was fiercely damaged
as a result of a terrorist blast. In 2022, a joint Russian-
Syrian multidisciplinary team carried out a series
of activities, including post-traumatic response and
archeological excavations on the site of the monument
(see the article by Soloveva and Solovyev in this issue).
As a result of the project, data regarding the setup
of the Arch’s foundations were obtained for the first
time, a high-precision photogrammetric survey was
carried out for the Arch and adjacent area, high-
accuracy digital models of the Arch’s condition before
and after the blast were produced, and scanning was
conducted of the ruined fragments and a significant
portion of the stonework lapidary arranged by R. Amy
in the 1930s (see the article by Blokhin ef al. in this
issue). The vast array of new data as well as field
studies conducted in 2019-2022 make it possible to
consider the reconstruction of the original appearance
of the Triumphal Arch from a new perspective.

Attempts to graphically reproduce the original
appearance of the Triumphal Arch were already made
in the first publications on Palmyra’s architecture and
summaries of the results of expeditions carried out by
R. Wood and J. Dawkins in 1750, and L.-F. Cassas
in 1785-1787. The materials published over the past two
and a half centuries have not lost their academic and
iconographic value, obviously allowing for the scarcity

! 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: atayants@inbox.ru.

2 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: a.a.uvarov@mail.ru.

3 8 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: eurl979@yandex.ru.

* We use the traditional name even though it does not fully
correspond to the nature and function of the monument.
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Ha CKYJOCTb UHCTPYMCHTApPU, KPATKOCTh l'[pe6I>IBaHI/IH Ha
MCCTC U TO, UTO 3HAYUTCJIbHAs 4YaCTb OCTAaTKOB CTCH M
MOIIICHUA ObLIa CKpbITa HUIKC [[HCBHOﬁ TMOBCPXHOCTH.

P. Byn u . Jokunz (Wood, 1753. Tab. XXII-XXV)
omnyoOimkoBamu oba dacama Apku u man (puc. 1). Ilnan
MOKa3aH MPUOIM3NUTENBHO, C YNPOIIEHUEM CTPYKTYPBI
MTUJIOHOB M HEMPaBUIBHBIM UYPE3MEPHO OCTPBIM YIJIOM
MEXJy CEBEpO-3araJHBIM H FOr0-BOCTOUHBIM (hacagamu’.
UYro kacaercst caMux (acasoB, UX BEpXHHE YacTH H30-
OpakeHbl No-pazHoMy. C FOro-BOCTOKa MBI BHJIUM aHTa-
OJeMeHT Ha NMWIACTPAX, MPOTAHYTHIH BO BCIO LIMPUHY
(hacana, 1 GPOHTOH HaJ LEHTPAIBHON apKoi. B snnkymax
HaJ OOKOBBIMH apKaMH KOJIOHHBI OTCYTCTBYIOT. Ha m30-
Opa)keHHUM CeBepo-3araHoro Qacana Mbl BUJIUM IOHH-
JKEHHBbIE OOKOBBIC YaCTH HaJ MAJIBIMH apKaMH M BO3BBI-
MIAIONIYIOCS LIEHTPAJIBbHYI0 YacTh, TAKXKE yBEHUYAHHYIO
(bpoHTOHOM. ATTHK Ha 00EHMX MPOEKIHSIX OTCYTCTBYET.

IpumMsbikaromas k Apke ¢ ceBepo-3amafa KOJIOHHAJAA
MOKa3aHa cxeMaTudeckd. BMeCTO MIyXuX BHEIIHHX CTEH
TPOTYyapoB M300pa)KEHBI MOJIHOCTHIO BBIMBIIIJICHHEIC
BTOpBIE PsiAbl KONOHH. C I0ro-BOCTOYHOH CTOPOHBI
Apku KOJIOHHAJbl HE IMOKa3aHbl BoBce. Ha mpoekuun
C ceBepo-3amaJHbBIM (acajoM IOKa3aH pa3pe3 Mo Ko-
JIOHHa/IaM C YCJIOBHO M300pa’KeHHBIMH IIJIOCKUMH Tepe-
KPBITHSMH, HAXOISIIUMUCS Ha YPOBHE KapHU3HOTO OJIOKa.
VYTpaueHHBIH yke K TOMY BPEMEHH CEBEPO-BOCTOUHBIN
TOpEIl apKU PEKOHCTPYNPOBaH 0e3 KaKOH-THOO TPHBSI3KH
K peabHON cuTyaruu. M3-3a HelpaBUIIBHO ONPENETIEHHOTO
yIila IjIaHa TOpLeBOH (aca]] oKaszajicsi BIBOEC YKOpPOUCH,
YTO TO3BOJMJIO M300pa3UTh JIBE MaJICHBKHE apKH, aHa-
JIOTUYHBIE TE€M, KOTOpbIE MPOXOJSAT CKBO3b ONOPBI LIEHT-
PaJIBHOrO apoYHOro IpoeMa.

JI.-®. Kaccac (Cassas, 1799. Tab. 65-68) npusogut
YEepPTEXKH PEKOHCTPYKLHUHU IOr0-BOCTOYHOIO U CEBEPO-
3amaaHoro (acasioB ApKH, IIaH ApPKH C IPHIICTAIOIIIMA
KOJIOHHaJIaMU U pa3pe3 IO LEHTPaIbHOH OCH CeBepo-
3ama/iHOro OTpe3Ka KoJIoOHHOH ynuisl (puc. 2). CeBepo-
3anaHbIA (hacag n300paskeH C MPUMBIKAOIIMMHU KOJIOH-
HaJJaMH, OOKOBBIE YaCTH KOTOPBIX MEPEKPHITHI IUIOCKUMHU
MOTOJIKAMU Ha ypoBHe KapHHu30B. Hajx GokoBbIME ap-
KaMM TI0Ka3aHbl JBe INaHenu ¢ peiabedamu. Ckopee
BCEro, 3TO JaHb OOLIEMY IPEJICTAaBICHUIO O JEKOpe
KJIACCHYECKUX TPUyM(aJIbHBIX apoK, OOMIJIBHO II0-
KPBITBIX (UI'YpaTHBHBIMH pesibedamu. Brime kap-
Hu3a OOJBIIOrO opJepa — TPEYTOJbHBIH (POHTOH
n artuk. Ha yepTexe 1oro-BoctoyHoro gacana aTTuk
OTCYTCTBYET, OJHAKO IIOSBIISIOTCS ITPUMBIKAIONINE
K ¢acany ¢parMeHTBHl KOJOHHAJ. B snukynax Hax
OOKOBBIMH apKaMHM ITPOPHCOBAHbI KOJIOHHEL [1man Apku
Oonee meraneH, ueM y P. Byma u J[x. JlokuH3a, HO

> Ha yepTexke OH COCTABISET OKOJNO 12 rpaaycoB, BMECTO
27 rpagycoB B ACHCTBUTEIBHOCTH.

of the tools and short stay on the site, as well as for
the fact that a significant portion of the wall and paving
remnants were hidden below the surface.

R. Wood and J. Dawkins (Wood, 1753. Tab. XXII-
XXV) published both fagades of the Arch and its
plan (Fig. 1). The plan was shown approximated, with
a simplified pylon structure and an excessively sharp
angle between the northwest and southeast facades’.
As far as the fagades are concerned, their upper
portions were shown in diverse ways. The southwest
fagade features a pilaster-supported entablature,
which extends throughout the width of the facade
and pediment over the central arch. There are no
columns in the aediculas over the lateral arches.
The northwest facade features lowered lateral parts
over the smaller arches and the elevated central part
also crowned with a pediment. No attics are shown
in both projections.

The colonnade adjacent to the arch from the northwest
is only shown schematically. Entirely made-up second
rows of columns are shown instead of blind external
walls of the footpath. No colonnades at all are shown
from the southeast side. The projection of the northwest
facade shows a cross-section along the columns with
conventionally shown flat ceilings situated at the height
of the cornice block. The northeast end of the arch
already lost by that time was reconstructed without
any reference to the actual situation. Due to an angle
wrongly determined on the plan the end fagade was
shortened by half, which allowed to show two small
arches similar to those passing through the supports
of the central archway.

L.-F. Cassas (1799. Tab. 65—68) presents reconstruction
drawings of the southeast and northwest fagades of
the Arch, its plan with adjacent colonnades, and a cross-
section along the central axis of the northwest fragment
of the colonnaded street (Fig. 2). The northwest fagade
shows adjoining columns, with their lateral parts
covered with flat ceilings at the level of cornices.
The lateral arches show two bas-relief panels, which
most probably reflects the general perception of
the décor of classical triumphal arches with abundant
figurative bas-relieves. A triangular pediment and attic
are shown over the cornice of the giant order. No attic
is shown in the drawing of the southeast fagade,
however the colonnade fragments adjoining the fagade
are shown. Columns are depicted in the aediculas of
lateral arches. The Arch plan is more detailed than
the one published by R. Wood and J. Dawkins, but
the drawing has distortions. In particular, the central

> It is shown as approx. 12 degrees in the drawing instead
of 27 degrees in reality.
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Puc. 1. IInan u ¢acaovr Apxu 6 pexoncmpykyuu Byoa u [oxumza (Wood, 1753. Tab. XXII-XXV)
Fig. 1. The plan and facades of the Arch in the reconstruction of Wood and Dawkins (Wood, 1753. Tab. XXII-XXV)

HauepueH C UCKaXeHHsIMU. B 4YacTHOCTH, LIEHTpajb-
HBI apOYHBIH TPOEM H300pakeH HE CHUMMETPHYHBIM
OTHOCHUTEIIPHO OMCCEKTPHCHI yTia PAacKpBITUS ApPKH,
a B BHJIC COYETAHUS MPSIMOYTOJIBHOIO U TPEYTOJIBHOTO
CerMeHTOB. BeposiTHO, Takasi TeHAEHLUHUO3HAsT TPaKTOB-
Ka BO3HHKJIA B IOIBITKAX PEKOHCTPYHPOBATH (HOPMY
CBOJIa HaJ LEHTPaJIbHBIM apouyHbIM mHpoeMoM. Kak
ny P. Byna ¢ JIx. JIokuH30M, Ha TUIaHEe U paspese
CEBEpO-3aMaJHOr0 y4acTKa KOJIOHHOM YJULBI K ABYM
psaaM COXpPAaHUBLIMXCS KOJIOHHAJ MPUCOEAMHEHBI BbI-
MBIILIJIEHHBIE BTOPBIE PSJbl KOJOHH BMECTO TIIYXHX
BHCIIHUX CTCHOK MOIICHBIX OOKOBBIX MPOXOJOB.
Ha nnane 1oro-BocTouHOM CTOPOHBI APKHU MOSIBIISIIOT-
¢ moJiyKoJoHHBl. C BOCTOUHOM CTOpPOHBI MOKa3a-
HBI JIBa CYUIECTBYIOIIUX B PEaJIbHOCTH KBaJIpaTHBIX
B IJIaHE MUJIOHA C MPUMBIKAIOUIMMU IOJIYKOJIOHHAMMU.
Bce ocTanpHble YacTH KOJOHHOW YJHUIBI K IOTO-
BOCTOKY OT ApPKH — YUCTBIA BBIMBICEJI, C TOSIBIICHUEM
HHUKOI'JIa HE CYUIECTBOBABIIECH B JIEWCTBUTEIBHOCTH
CJI0KHOM KOMIIO3MIMHU IBOMHBIX KojoHHan. CBox
OOJIBIIIOr0 apOYHOTO MpOoeMa Ha pa3pe3e HapHCOBaH
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archway is not drawn symmetrical to the bisectrix
of the Arch’s aperture angle, instead it is shown as
a combination of rectangular and triangular segments.
Such biased version is probably due to the attempts
to reconstruct the shape of the vault over the central
archway. Just like in the publication of R. Wood
and J. Dawkins, the plan, and the cross section of
the northwest part of the colonnaded street feature
made-up second rows of the columns connected to
the two rows of surviving colonnades — instead of
blind external walls of paved side passages. The plan
of the southeastern side of the Arch shows semi-
columns. The eastern side features two actually existing
square-section pillars with adjoining semi-columns.
All the other features of the colonnaded street to
the southeast of the Arch were purely made up, which
led to the introduction of a sophisticated composition
of double columns that had never existed in reality.
The vault of the big archway appeared convincing
in the cross section, but it is evident that it would have
been impossible to accomplish for purely geometrical
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Puc. 2. Ilnan, ¢pacaowr u paspes Aprxu 6 pexoncmpyrxyuu Kaccaca (Cassas, 1799. Tab. 65—-68)
Fig. 2. Plan, facades and section of the Arch in the reconstruction of Cassas (Cassas, 1799. Tab. 65—68)

rpaduyuecku yOeIuTeaIbHO, HO TaKUM 00pa3oM, 4TO OH
HE MOT OBITh OCYIIECTBJICH B HATYpe 10 YUCTO I'EOMET-
puueckuM coobpakeHusM®. O0e ITH PEKOHCTPYKIHH
XVIII B. Ha10ATO ONpenenuiv Mpe/ICTaBICHUE O NEPBO-
HavyasipHOM 00imke TpuymbanbHoi Apku.

Kuura T. Burannma (Wiegand, 1932), nanucannas 1o
MarepuanaM naabMuUpckux skcnenunuii 1902-1907 rr.,
COIEPXKUT TITyOOKO TPOIYMaHHBIC M THIATEIBHO BBINOJ-
HEHHBIC PEKOHCTPYKIMHU MaMsATHUKOB [laibMUpBI, B TOM
yucinie [lorpebansHoro xpama u xpama bana c ero Te-
MEHOCOM. ENMHCTBEHHBIM M3 IVIABHBIX NAJbMHUPCKHUX
MOHYMEHTOB, KOTOpPBI B KHHUI€ HE PacCMaTpPUBAETCA
BOBCE, OKa3aJlachb UMEHHO TpuymdanbHas apka. axe
P. Amu, KOTOpBIH IMPOM3BOAMII TINATENbHBIE HATYpHBIE
HccIeioBaHusl ApKH M ee 00Mep, a Takke Ha UX OCHOBE
clienall TPOCKT YaCTUYHOW PEKOHCTPYKIMH apku (Amy,
1933) u BBINONHUI 3Ty PEKOHCTPYKLHUIO B HAType, —
PEKOHCTPYKIMH MEPBOHAYAIBHOIO BHJA ApKH, K COXa-
JICHUIO, HE OIyOJIMKOBaJL

¢ K. Poccu u A.-®. Mojttoun, IpoeKTUpys apky IaBHoro imraba
B IlerepOypre, ciemoBanmn MMEHHO 3TOMY paspesy, U B pe-
3yJbTaTe apka, BbIXoAsias Ha Boubiryro MoOpCeKyro yiuiy,
nprobpena KopoOOByIO (OpMy BMECTO MONYIUPKYIHHOMH.

considerations®. These two 18th century reconstructions
steered the concept of the original appearance of
the Triumphal Arch for a long time.

The book written by T. Wiegand (1932) based on
the materials of expeditions to Palmyra in 1902-1907
contains well-thought-out and carefully implemented
reconstructions of Palmyra’s monuments, including the
Funerary Temple and the Temple of Bel with its temenos.
The Triumphal Arch proved to be the only major
Palmyra’s monument not discussed in the book at all.
Even R. Amy (Amy, 1933) who conducted detailed field
surveys and measurements of the Arch came up with
a design of Arch’s partial reconstruction based on the
results of his work. He also reconstructed the original
Arch on its site, but regretfully never published his
version of the reconstructed original appearance.

A relatively modern idea of the Arch’s appearance is
best provided in the popular book by Ian Browning (1979)

¢ When designing the Arch of the General Staff in Saint Petersburg
architects C. Rossi and A.-F. Mauduit used precisely this cross-
section so as a result the arch overlooking Bolshaya Morskaya Street
was designed in basket-handle form instead of being semicircular.
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OTHOCUTENBHO COBPEMEHHOE O0OOLICHHOE HPENCTaB-
JICHHE O BHEUIHEM O0JIMKe ADPKH JIydIlle BCETO BBIPAKEHO
B TiomnyssipHoi kKHure SlHa bpaynunra (Browning, 1979),
rJe NpUBEACHA aBTOPCKasi rpaduyeckas peKOHCTPYKIHS
1oro-soctounoro (acama Apku (puc. 3). Ilokazansl Bce
Ba)KHEHIIME YepThl NMaMSATHHUKA: TPU apoO4YHBIX IMpoema,
OpHAMEHTHPOBAHHbIC MMISACTPBI, PACKPEIIOBAHHBIN aHTa-
OJieMeHT, (pOHTOH HaJ LEHTPAJIbHOW apKod, aTTHK,
SUKYIBl C MaJCHBKUMH KOJOHHAMH, CKYJBITYpaMH
u (poHTOHAMH. 300pakeHbl OTPE3KH KOJIOHHOM YIIUIIBI,
MPUMBIKAIOIIME K IOT0-BOCTOUYHOMY (acany. 31ech
JKE€ TPHUBEAEH IUIAH, TIJIe YTPAaueHHBIH ITHIIOH CEBEpo-
BOCTOYHOTO TOpIA apKH IOKa3aH B KOH(HUTYpaLHH,
KOTOpast OblIa MpUIyMaHa CHELHUAIBHO, YTOObI MPUAATh
yOeUTEIBHOCTH MPUBBIYHOH PEKOHCTPYKLUH C JABYMS
MaJIbIMU apOYHBIMHU ITpoeMaMu. [IpuMbIkaHNue KOJIOHHA,
KakK C CeBEepO-3aIa/IHOM, TaK 1 C I0r0-BOCTOYHOW CTOPOHBI,
TMOKa3aHO Ha IUIaHE YCJIOBHO M HE BIIOJIHE COOTBETCTBYIOT
COXPaHMBIINMCSI Ha CBOMX MecTax 0a3aM KOJIOHH.

CrouT yNOMSIHYTb I1aH ApKH, OITyOJIMKOBaHHBIH B CTa-
the Cenmuma AOmynxaka (Abdulhak S., Abdulhak A.,
1996), rne BrepBble KOH(MHUTYpaIHsi CEBEPO-BOCTOUHOIO
TOpLA apKH CJeIyeT apXeoJIOrM4ecKuM JaHHbIM. B gact-
HOCTH, (PyHIIAMEHT yTpauyeHHOro CPEIHEro MuoHa ApKd
MOKa3aH B COOTBETCTBUM C €r0 PEasbHBIMU OUEPTAHUSMU
(puc. 4). IlpuMbIKaHue KOJIOHHAABI K IOr0-BOCTOYHOMY

which features the author’s graphical reconstruction of
the southeast fagade of the Arch (Fig. 3). It shows all
of the key features of the monument: three archways,
ornamented pilasters, segmental entablature, pediment
over the central arch, attic, aediculas with small
columns, sculptures, and pediments. It also shows
colonnaded street stretches adjoining the southeast
facade. The publication contains a plan where
the lost pillar of the Arch’s northeast end is shown
in configuration that was specifically designed to lend
credence to the conventional reconstruction with two
small archways. The colonnades adjoining both from
the northwest and southeast are shown conventionally
shown, and do not fully match the column bases that
survived in their place.

It is worth mentioning the plan of the arch pub-
lished in the article by S. Abdulhak (Abdulhak S.,
Abdulhak A., 1996) where the configuration of
the northeast end of the Arch was shown in conformity
with the archeological data. In particular, the foundation
of the lost middle pillar of the Arch’s is shown
in conformity with its real shape (Fig. 4). The adjoining
of the colonnade to the southeast fagade was
traditionally shown in a simplified way, ignoring
the larger diameter base deviating from the colonnade
axis. The plan is enclosed with a line drawing of
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Puc. 3. Ilnan u obwuii 6uo Apxu ¢ 1020-3anadHoii cmopousl 6 pekoncmpykyuu bpaynunea (Browning, 1979. P. 130, 188)

Fig. 3. Plan and general view of the Arch from the southwest side in the Browning reconstruction (Browning, 1979. P. 130, 188)
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Puc. 4. Ilnan u gacao nanomupcrou Apxu u Cesepuvix eopom I'epacvr (Abdulhak S., Abdulhak A., 1996)
Fig. 4. Plan and facade of the Palmyra Arch and the North Gate of Gerasa (Abdulhak S., Abdulhak A., 1996)

Q)acazxy TpaAUIIMOHHO AaHO YHPOIIECHHO, UTHOPUDPYS
CABUHYTYHO C OCH KOJIOHHAIbI 633}7 0OJIBIIETO JUaMeCT-
pa. IInan COIMPOBOXKAACTCA CXEMATHYCCKUM YCPTCIKOM
CEBCPO-3aIlaIHOIO (bacaz[a ApKI/I, I/I306pa)KeHHI)IM B €ro
COBPEMCHHOM COCTOSAHHHA — 0€3 MOIBITOK PECKOHCTPYKIUH.

[NepBonayanbHbi 00K TprymbansHOH ApKH B CBO-
UX OCHOBHBIX UepTax € MEPBOro B3MIAJA KAXKETCS SICHBIM,
B CBOEM PEKOHCTPYHUPOBAHHOM BHJIE OHA 3aHUMAET MECTO
B PsAy aHAJIOIMYHBIX NAMSATHHKOB OJMYKHEBOCTOYHBIX
n ceBepoapUKAaHCKUX HPOBUHIMUI: apku AJpuana,
I0XKHBIX M CEBEPHBIX TFOPOACKHX BOpoT ['epackl, apku
B Tupe, apku B Tumrane m ap. (puc. 5), coxpasss
CBOCOOpa3HbIe M YHUKaJbHbIE 4epThl. MHOrHe acriek-
Thl UMEIOIUXCA PEKOHCTPYKILMI, OIHAKO, HE BBIAEP-
JKUBAIOT COIMOCTABIICHUSI C PEaJbHBIMH OOMEpPHBIMH
U apXeoJIOTHYECKHUMH JaHHBIMU. M30MparenbHbId Xa-
pakTep rpaduueckux M300paykeHHH MO3BOIJISET MU30eraTh
MOKa3a TPYAHBIX M HEONPEJEIECHHBIX MECT, MTHOBEHHO
BBISIBJISIEMBIX TIPH COBMELIEHMH C TOYHBIMH OOMepaMu
COXPAHUBIIUXCSA YacTel MaMATHHKA WM IPU MONBITKE
MOCTPOUTH TPEXMEPHYIO LU(POBYIO MOJEIb IEPBOHA-
YaJbHOTO COCTOSIHHUS.

the Arch’s northwest facade shown in its current
condition without attempts at reconstruction.

At first glance, the original appearance of the Trium-
phal Arch seems largely clear, with its reconstruction
version fitting amongst peer monuments from
Middle East and North Africa provinces such as
Hadrian’s Arch, the southern and northern city gates
in Gerasa, arches in Tyre, arches in Timgad, efc.
(Fig. 5), while preserving its characterful and unique
features. However, many aspects of the reconstructions
available today do not match the measuring and
archeological data. The selective nature of graphical
images allows to avoid demonstrating problematic and
indeterminable aspects that are immediately identified
when superimposed on the accurate measurements of
the monument’s surviving parts or when a 3D digital
model of the original condition is built.

Here we will list the key doubtful and difficult
aspects. First and foremost, the type and configuration
have not been entirely determined for the walls and
archways of the northeast end of the Arch. The type
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Puc. 5. Apxa-mempanunon 6 l'epace, apka Adpuana 6 l'epace, apka 6 Tumeade, CegepHvie sopoma Iepacwvl

Fig. 5. Tetrapylon arch in Gerasa, Hadrian’s arch in Gerasa, arch in Timgad, Northern gate of Gerasa

IlepeuncnuM OCHOBHBIE COMHHUTEIBHBIE U TPYAHBIE
MmecTa. IIpexxae Bcero, COBEpHUICHHO HE ONpeneieH Xa-
pakTep M KOH(QUTypamusi CTEH M HPOEMOB CEBEPO-
BocTOuHOro Topua Apku. He onpenenen xapakrep nepe-
KpPBITUS U IPOJIETOB BCEHl CEBEPO-BOCTOYHON UYACTH
Apxu. He omnpeneneH TOUHBIA XapaKTep HNEPEKpBITUS
LEHTPAJILHOIO apOYHOrO IMPOJIETa, BBICOTA AaTTHUKA, YTOJ
MOJ/beMa TPEYTOJIbHBIX (DPOHTOHOB, XapakTep M CTEINCHb
MX KpenoBKH. TOUHO Tak ke TpeOyeT YTOUHEHHS XapaKTep
YTpaueHHbIX BEPXHUX YacTel ceBepo-3amajHoro gacasa
Tam, TAe K HeMy HPUMBIKAJIH INEPEKPHIThIE OOKOBHIC
MIPOXO/bl KOJOHHOW YJMIBL, OOJIMK JBYX SAMKYJ Hal
MaJIbIMH apKaMH IOro-BOCTOYHOro (pacajia, B 4aCTHOCTH
BBICOTa MX KOJIOHH M TO4YHast KOH(Uryparus (GppoHTO-
HOB. HesiCHBIMM OCTarOTCsl 30HBI IPUMBIKAHUST KOJIOHHA]
K I0r0-BOCTOYHOMY (hacajay, ¢ Y4eTOM TOro, uTo 0Oa3bl
HEPBBIX OT APKH OTJENIBHO CTOSIIUX KOJIOHH CYIIECTBEHHO
GoJblIIe 10 pa3Mepy, YeM OCTaJIbHbIC M CIIBUHYTHI BHYTPb
oT ocH KojioHHa/1. [TonpoOyem NpeasyiokuTh HOBBI Bapu-
AQHT PEKOHCTPYKLMH, OCHOBAHHBIM Ha KOMIIO3UI[MOHHOM
aHaJM3e MaMATHHUKA, y4eTe BCEH IOJHOTHI HOBEHIIMX
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of ceilings and spans of the Arch’s northeast part as
a whole has not been determined. There are no data
on the exact type of ceiling of the central arch bay,
height of the attic, elevation angle of the triangular
pediment, the type and extent of their segmentation.
There is also a need to update the type of lost upper
portions of the northwest facade where covered side
passages of the colonnaded street adjoined it. More
details are required regarding the two aediculas
over the smaller arches of the southeast fagade,
more specifically, the height of their columns and
accurate configuration of pediments. There is lack of
data regarding colonnades’ joining to the southeast
facade given that the bases of standalone columns
nearest to the arch are significantly bigger in size
than the others, and deviate to the inside in respect
of the colonnade axis. We will try to propose a new
option of reconstruction based on the formal analysis
of the monument, taking into account the entire latest
data of measurements and archeological excavations,
and using a 3D digital model developed by us.
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OOMEPHBIX M apXCOJOTMYECKUX JAHHBIX U BBINOIHEHHBINA
IyTEM TIOCTPOCHUSI TPEXMEPHOH IH(pPOBOH MOJENN.

T'oBopst 0 xomnosuimu TpuymdansHOH ApkwH, mpen-
CTaBIISICTCS YMECTHBIM O0O3HAYMTH HEKOTOPbIE OTIIH-
YHUTEJIbHBIC YEPThI MAJIbMUPCKOH apXHUTEKTYpPbl, Pa3BH-
BaBIIICICS B paMKax apXHMTEKTypbl BOCTOKa Pumckoi
UMIIEpHUH, HO OOJajarouiell SipKo BBIPAKEHHBIM CBOE-
obpasuem. IlanbMupcKas apXUTEKTypHasl IIKOJIA Xapak-
TEpHU3yeTCcsl, B YUCIE MPOYEro, HeoObIUaliHOW CBOOOIOM
obpatuenus ¢ opaepHbIME (popmamu. Hagasio sromy Obu1o
TIOJIOKEHO, CYJISl TIO BCEMY, IIPH CO3[aHNH IIEPBOTO ¥ CAMOTO
KPYITHOTO KYJITOBOI'O COOpY KEHHsI ropozia — Xxpama bana,
KOTOPBIH OBbUT OCTPOEH B NepBoi TpeTH | B. Mactepamu,
BEpOsITHEE BCEro, NMpUINaieHHbIMK U3 Jlamacka. 3naHue,
3a/lyMaHHOE KaK KJIACCHYECKUH TO3/JHEIUIMHUCTHYCCKUH
HepUITep KOPUH(PCKOTO Opepa, OKa3ajoch PajuKaiibHO
TpaHC(OPMHUPOBAHO B COOTBETCTBHUH C TPEOOBAHUSIMH
MECTHOT'O CEMHUTCKOT0 KyJbTa (Seyrig ef al., 1975). Onaum
U3 CaMBIX CYNIECTBEHHBIX M3MEHEHHWIl CTall MepeHoC
BXOJIa B XpaM Ha 3aIlaJiHyl0, OOKOBYIO CTOPOHY IICIJUIBI,
YTO TIPUBEJIO K Pa3MEIICHHIO MOHYMEHTAJIBHOTO TIOpTa-
Jla TpsIMO B CTPYKType KOJOHHaIbl mrepoHa. s ero
BCTPOWKHM OBII MPUMEHEH IPHEM, KOTOPBIH MOXKHO OBLIO
Obl HA3BaTh KOJUIAKEM, AITUIMKALMeH WM HaJIOKEHHEM
OIHUX opnepHbIX (opm Ha apyrue. [lopran okasaincs
BpE3aH B KOJIOHHAIY IITEPOHA TAKMM 00pa3oM, 4TO OIHA
13 KOJIOHH ObLIa M3bsITa, a TI0 OOKaM IopTalia MOsBUIINCH
YTPOCHHBIE IOJYKOJIOHHBI, KaHHEIMPOBAHBIC CTBOJIBI
KOTOPBIX HECKOJILKO HMJKE KalTUTeJ e OTCEUeHbI KApHU30M
MopTaa, MoJ KOTOPBIM ITPOAOIDKACTCS TOJIBKO OfHA U3
9TUX TpeX MOIYKOJIOHH, a J[BE MPOCTO MCUe3atoT (puc. 6).

Taxoe KoJIaXKHOE IepeceueHIe U HAJIOKEHNE OpEPHBIX
(hopM OKa3zaIoch BOCTPEOOBAHHBIM JUISl PEILICHNUS CIIOKHBIX
KOMIIO3UIIHOHHBIX Y3JI0B B KOJIOHHAJIaX [NIABHOH YJIMIIBI
U B Apyrux coopyxeHusax Ilamemupsl B xommosumuu
TpuymdansHoit ApKH 3TOT NpUEM TPUMEHSIETCS TI0CIIe-
JIOBaTeJIbHO M MHOrokpatHo. Ee opaepHas cuctema mo-
CTPOEHA, €CAM HE CUUTATh SIUKYJ ¢ MUHHATIOPHBIMU
KOJIOHHAMH, U3 TPEX PErHCTPOB: MaJIOro, 00pamIIsIOIIEro
OOKOBBIC apKu ceBepo-3amajgHoro ¢acana; OOJBIIOTO,
COCTOSIILIETO U3 OPHAMEHTUPOBAHHBIX MIISACTP M HECO-
MOro MMM aHTaOjieMeHTa ApKH; M CPEIHEro, COCTaB-
JISFOLIETO EIMHOE LIENoe ¢ OpAepoM KosoHHa. OprepHsle
JIEMEHTHI PA3HOTO0 XapakTepa M MacmTada cBOOOIHO
MEePECEeKalOTCs U HAKJIAABIBAIOTCA IPYyr Ha JApyra, 4acTo
CO CMEIIeHNEM 1 cOMBKOM oceil. Takum 00paszom, Harpu-
Mep, PEIICHO MECTO IPUCOSINHEHHs aHTaOJIEeMEHTOB
KOJIOHHAJI K CeBepo-3amnagHoMy (acaxy Apku. ApXUTpaB,
MIPOJIOKEHHBIH OT OJrKaifiell KOJOHHBI, ONHMpaeTcs Ha
CHJIBHO BBIJJBUHYTBIH KOPUH(CKHUI MWISACTpP, YTO OBLIO
ObI COBEpIICHHO TPAJUIMOHHBIM pEUICHHEM, €CIIH Obl
MWJISICTP HE OOpBIBAJICS YyTh HIDKE KAalMTEIH, OMUPAsCh,
B CBOK OuYepe]b, HA KPOHIUTEHH B BHUJE TOJIOBBI JIbBA.
[MomyunBmasicss popma HanokeHa Ha MUISICTP OOJIBIIOrO

With respect to the composition of the Triumphal
Arch, it is deemed appropriate to specify some of
the distinctive features of Palmyra architecture that
evolved as part of architecture typical of the east of
the Roman Empire but featuring strong distinctiveness.
Palmyra’s architectural school is distinguished, inter
alia, for an uncommon freedom of using order forms.
To all appearances, the foundation for this was provided
when Temple of Bel, the first and the largest place
of worship in town was built in Palmyra in the first
third of the 1st century AD by masters most probably
invited from Damascus. The building initially
designed as the Classical, late Hellenistic peripter
of the Corinthian order turned out to be radically
transformed in conformity with the requirements of
the local Semitic cult (Seyrig et al., 1975). One of
the most significant modifications consisted in moving
the temple entrance to the western, lateral side of
the cella, which resulted in placing the monumental
portal directly into the structure of the pteron
colonnade. To build in the entrance a technique was
used that can be called the collaging, overlaying or
superposition of certain order forms on the others.
The portal was built into the pteron colonnade in
such a way that one of the columns was removed, and
the triple semi-columns installed on the portal sides,
which were located a bit lower than the column capitals
were cut off by the cornice of the portal under which
only one of these three semi-columns is continued, with
the two other columns simply disappearing (Fig. 6).

Such collage-type overlapping, and superimposition
of order forms proved to be a sought-after solution
for intricate composition nodes of the main street and
other structures in Palmyra. This technique is used
in the composition of the Triumphal Arch consistently
and many times. The Arch’s order system, save for
aediculas with miniature columns, includes three
registers: a smaller register framing the lateral arches
of the northwest facade; a larger register consisting of
ornamented pilasters and supported by them entablature
crowing the Arch; and the middle register forming one
whole with the colonnades’ order. Order elements of
different type and scale overlap and superimpose each
other, with axes frequently displaced or disturbed. This
solution was used, for instance, to adjoin colonnade
entablatures to the northwest fagade of the Arch.
The architrave laid from the nearest column is
supported by a strongly extended Corinthian pilaster,
which could have provided an absolutely traditional
solution if the pilaster would not have been cut off
slightly below the column capital, being supported
in its turn by a lion-head bracket. The resulting form
was superimposed on the pilaster of the Arch’s giant
order deliberately displaced from its axis (Fig. 7).
The entire entablature is thus mechanically attached
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Puc. 6. I[lopman xpama bsna. Pexoncmpykyus nepeoHaAuaibHo20 00auKa u ¢omo ¢ Hamypsl
Fig. 6. Portal of the Temple of Bel. Reconstruction of the original appearance and photos from nature

Puc. 7. Kouconvhbie kanumenu RUIACMP ce8epo-3anadHoco gacada Apku. @omo ¢ namypol

Fig. 7. Console capitals of the pilasters of the northwestern facade of the Arch. Photo from nature
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opaepa ApKH C HaMEpPEHHBIM CIBHIOM C €ro OCH
(puc. 7). Becb aHTaOJIeMEHT OKa3bIBAETCS MEXaHUYEC-
K TIPUCTABIICH MPSIMO K PE3HOM IMOBEPXHOCTH MUJIIICTPA,
a KapHU3 Nepepe3acT MIICTP MOYTH TIOTHOCTBIO TOJ
CaMOM KaluTeNnbio. DTOT K€ MPHEM MOBTOPEH IO KpasMm
I0r0-BOCTOYHOrO (hacazia, rje TOUYHO TAaKUM Ke 00pa3oM
U C TOYHO TAaKUM >KE CMEIICHHUEM IIOIyKOJOHHBI Oprepa
KOJIOHHA/1bI HAJIOXKEHBI Ha O0obIMe msicTpbl. [1o Topram
ApKHM TIJISICTPBI BCEX TPEX Pa3MEpPOB IOCIEIOBATEIBHO
HacllanBaloTcs ApYT Ha apyra. Enie ogHuM nposiBeHneM
MPUHIMIIA KOJUTaXKa W aNllIMKaluu SBISETCS TO, YTO
ApXHMBOJIBT LIEHTPAJIGHOW apKu Ha oboux (hacamax repe-
pe3aeT HIXKHIOK (acyio apXUTpaBa OOJBIIOrO oprepa.
OueBUIHO, YTO BO3MOXKHOCTH ITOJJOOHBIX COYETAHUH
clielyeT NMPUHUMATh BO BHMMAaHHWE IIPU PEKOHCTPYKIMU
YTpaueHHBIX YacTel MaMsTHHKA.

C rpasocTpouTenbHON ToUKH 3peHus TpuymbabHas
Apka mpercTaBiseT coOOH, COMIACHO IPEKPACHOMY OII-
peneneruto B. Maknonansna (MacDonald, 1982), onHo u3
BKHEHIIINX COWICHEHHI TOPOJICKOro Kapkaca [lagpMupeL.
COBpEMEHHOE COCTOSIHUC PYWH, BO3MOXKHOCTBH B3IJISA
Ha KOJIOHHAJpl U3BHE U 0030pa APKH CO BCEX CTOPOH
MPEMSITCTBYIOT OCO3HAHHWIO BA)KHOTO OOCTOSITEIIBCTBA!
ApKHU Kak OTICIBHO CTOSIIEIO COOPYXKCHHUS, MO CYTH
JieTIa, HUKOTIa He cyIecTBoBaso. TpuymdanbHas Apka —
HEOThEMJIEMAsT YaCTh APXHUTEKTYPBI KOJOHHOH YIIHIIEI,
MOATOMY pPACCMATPHUBaTh €€ MOXKHO TOJBKO COBMECTHO
C MPUMBIKAIOIIUMHA YaCTSIMUA KPBITBIX KOJOHHAT (pHC. 8).

Hasnauenue Apku NpUHSTO OMUCHIBATH KaK MacKUpy-
romee u3noM Bua Marna. Ham mpencraBusercs, 4To
TpuymdanpHas Apka HE MacKUpyeT, a Hao0OpOT, Map-
KHpPYeT, 0003HAYaCT U TPAJOCTPOUTEIBHO OOPMIIIET Me-
HSIOIICECs] HAIpaBIICHUE KOJOHHOHM ymuipl. Eme Oonee
B)KHOH SIBJISICTCS. BTOpAsi TPAIOCTPOUTEIIbHAS (DYHKIIHS
ApkH, KOTOPYIO OOBIYHO HE MPHUHAMAIOT BO BHHUMAaHUC.
Bua Marna, rinaBHas KojoHHas yhauna Ilanbmupsl,
Ha BCEM CBOEM NpOTsDKeHUHU OT [lorpebaibHOrO Xpama
1o TpuymdanbHoit ApkH COXpaHSIET SAMHYIO IIUPHHY,
a nocie ApKH, B HalpaBlIeHUW IponuiieeB xpama bana,
CTaHOBUTCS BIBOE ILIMPE, €€ XapaKTep Pe3KO MEHseTcs,
npuoOpeTast Ooyiee KPYIMHBIA M TOPYKECTBECHHBIA OOJIHIK.
Apka cBoel apXUTEKTYpOr BUPTYO3HO MOAYEPKUBAET STOT
MIePEXO/l M3 OTHOro Maciiraba B JAPYTOW.

C ceBepo-3amaHON CTOPOHBI MPOE3KEH OTKPHITON
4acTH ApKa BOCIPHHMMAETCSl OJTHOIPOJICTHOM — BHJICH
TOJIBKO IIEHTPAJIBbHBIM apOYHBINA IPOEM, BEpXHsSI 4acTb
00paMJISIFOIIMX €ro OOJBIIMX KOPHH(CKUX MHIISICTPOB,
aHtaleMeHT, (pPOHTOH M aTTHK, a OOKOBBbIE YAaCTH 3a-
KPBITHI CMBIKAIOIIMMHUCS B MEPCIEKTUBHOM COKPAILCHUN
KosoHHaiaMu (puc. 9). Majble apku BUJIHBI TOJIBKO IO
OTJIEIBHOCTH, M3 OOKOBBIX ITPOXOJIOB, 3aMBIKas IIEPCIEK-
THUBY IPOCTPAHCTBA KPBITHIX KOJOHHAI. B TO ke Bpems
C I0r0-BOCTOYHOM CTOPOHBI, TJIE YJIMIIA PE3KO PaCIIMPSIeTCs

to the carved surface of the pilaster, with the cornice
cutting the pilaster almost entirely under the column
capital. The same technique was repeated along
the edges of the southeast fagcade where the colonnade
order semi-columns are superimposed on the large
pilasters in exactly the same way and with almost the
same displacement. The pilasters of all the three sizes
are consistently superimposed on each other at the ends
of the Arch. Another manifestation of the collaging
and overlaying approach is the fact that the central
arch architrave on both facades cuts the lower fascia
of the giant order architrave. The possibility of such
combinations should evidently be considered for
reconstructing lost parts of the monument.

From the urban perspective, the Triumphal Arch,
according to a splendid definition of W. MacDonald
(1982), provides one of the most important arch
and lintel systems of Palmira’s urban armature.
The current condition of the ruins and the opportunity
to view the Arch from outside and from each side
impede the realization of an important circumstance:
essentially, the Arch never existed as a standalone
structure. The Triumphal Arch is part and parcel of
the colonnade street’s architecture, that is why it can
be only viewed jointly with the adjoining parts of
covered colonnades (Fig. 8).

It has been traditionally alleged that the Arch
serves to mask a break in Via Magna. We believe that
the Triumphal Arch does not mask, but on the contrary,
marks, defines and complements the changing direction
of the colonnaded street. Even more important is
the Arch’s second urban planning function, which
is not commonly taken in account. Being the main
colonnaded street in Palmira, Via Magna is uniformly
wide throughout its extension, from the Funerary
Temple up to the Triumphal Arch, and after the Arch,
toward the propylaea of the Temple of Bel, it is twice
as wide, with its nature abruptly changing to provide it
with a larger and solemn look. The Arch’s architecture
virtuosically underlines this transition from one scale
to another.

From the northwestern side of the open carriageway,
the Arch appears to be a single-bay structure — one
can only see the central archway, upper part of
the large Corinthian pilasters that frame it, entablature,
pediment and attic, while the lateral parts are closed
by colonnades occluding in a foreshorten way (Fig. 9).
The smaller arches can only be seen separately, from
side passages, and close the perspective of the space
of covered colonnades. However, from southeast,
where the street abruptly broadens in its solemn
part, the colonnades are extended to reach the edges
of the Arch’s, and the entire classical-style pompous
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Puc. 8. Ilnan Apxu u npuiecarouwjux y4acmko8 KOJIOHHBIX VAUl
Fig. 8. Plan of the Arch and adjacent sections of the colonnaded streets

Puc. 9. Pexoncmpyrkyus euda na cesepo-3anaduviii ¢acad Tpuymganvnou Apku. CHumku ¢ paboueii mpexmepHou mooenu
Fig. 9. Reconstruction of the view of the northwestern facade of the Arc de Triomphe. Pictures from the 3D-model
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B CBOCH TOP)KECTBEHHOM YaCTH, KOJIOHHA/IbI PA3/BUTAFOTCS
JI0 KpaeB ApKU ¥ BCs HapajHasi KJIACCHYECKash KOMIIO-
3UIUST TPEXIPOJICTHOW apPKU OKAa3bIBACTCS OTKPbITA IS
obo3penus (puc. 10).

DTO W3MEHEHHE MacIiTada W OTKPBHITOCTH MAaCTEPCKU
MOTYCPKUBACTCSL HCIIOJIb30BaHUEM opnaepa. Eciau Ha
ceBep-3amagHoM (hacazie apKd MbI BOCIIPHHUMAaeM Ma-
JbIC MHJISACTPBI, HECYIIHE apXUTPaBbl HaJ OOKOBBIMH
apKaMH, BUIUM 0olice KPYITHBIC KaIlMTCITU-KPOHIITCHHBI
U TIIACTPBI BMECTE C KOJIOHHAMH Opiepa KOJOHHAJIEI,
a BBIIIC HUX TOJBKO BEPX JBYX IMHJILICTP ¥ aHTAOJIEMEHT
OornbIoro oprepa ¢ (pPOHTOHOM, TO IPU TEPEXOJEe Ye-
pe3 Topibsl ApKH MWISICTPBI OOJBIIOr0 OpAepa MocIie-
JIOBATEIbHO OCBOOOKIAIOTCS OT HAJIOKEHUS SJIEMEHTOB
MEHBIINX OplepoB. Bech mapajHblii, 10ro-BOCTOYHBIHN
(acamg Apku apTHKYIUPOBAH TOJIBKO OOJBIINM OpPICPOM.
OrpomHbIi MacImTad ero OpHAMCHTHPOBAHHBIX MHJISICTP
TOTYCPKHUBACTCS] BACTBEPO MCHBIIIIMH KOJIOHKAMH JHKYJL,
KOTOpBIC PACIIOJIOKECHBI HAJl OCIMHU OOKOBBIX apok. Emie
OJIHUM 3BCHOM, CBSI3bIBAIOLIUM BCIO KOMIIO3UIIUIO BOEIH-
HO, SIBJISTFOTCSL UMITOCTBI LICHTPAIBHBIX apoK o0oux (haca-
JIOB, TPAKTOBAHHBIC KaK apXUTPABbI, MMOIJCPKUBACMEIC
HMOHWYCCKUMHU MUISICTPAMU, OJIM3KUMHU TI0 BBICOTE OpICPY
KOJIOHHAJ. B 3TOM OMHCaHWM MBI OIHPAIKCH TOJIBKO Ha
TE DJIEMEHTHI apXUTEKTYPbI APKH, KOTOPBIC COXPaHUIIHACH
B JIOCTATOYHON CTENEHH', YTOOBI UX OONMK OBILI SCEH
ATIPHOPH.

[Tepexonst Teneps K ONMHUCAHUIO MPEJIaracMol PEKOHCT-
PYKIMH, Ha9HEM C CEBEpO-3alajHON cTopoHbl. HibkHue
yacTu (acaza U apXUBOJBTHl BCEX TPEX apOK XOPOIIO
COXPaHMJINCh, MX ITIEPBOHAYAJIGHBIN OOJIMK BIOJHE OI-
pelnerneH, kak ¥ aHtaOnemeHT Oosblioro opxepa. Uro
KacaeTcsi ()POHTOHA M aTTHKA, TO HOBBIM TINATEIBHBINA
o0OMep BCEX YeTBIPEX COXPAHMBIINXCS YIJIOBBIX KaMHEH
(puc. 11) MO3BONMII TOYHO ONpENEIHTH, KAaKWE M3 HHUX
OTHOCSITCS K CeBepo-3araJHoMy dacaiy, a Kakue K 10ro-
BOCTOYHOMY, ITOCKOJIBKY pa3Hasi IIyOMHAa WX KPEMOBKH
COOTBETCTBYET Pa3HOH KOH(UTYypaluu MUISICTp — Te,
YTO Ha OTKPBITOM IOr0-BOCTOYHOM (pacasie, CHIIbHEE BbI-
CTYMAIOT OT IJIOCKOCTH cTeHbl. [Ipr oOMepe Beex deThipex
KaMHEll yCTaHOBJICHO, YTO YToJl MojbeMa (POHTOHOB
cocraBisieT 22,5 rpamycos®. TeM caMbIM HaJeKHO OI-
penensieTcst oTMETKa Bepxa (GpoHTOHOB. [lockosbky
KaKHX-TMOO OCTATKOB, KOTOPbIE MOKHO OBLIIO OBl OTHECTH
K aTTHKY, HE COXPaHHJIOCh, €ro pa3Mep M KOH(HTYparus
MOTYT OBITH OINpEJIEIICHBI TOJIBKO YCIIOBHO, 1O aHAJIOTaM.
MUHUMaJIBHO BO3MOXKHAsI BBICOTa aTTHKa OIPEENseTCs
MOJIO)KEHUEM BEpIIMHBI (POHTOHA, a caMO HaJH4He

7 3pmech W Janee, rOBOPs O COXPAHMBIIMXCS YacTiX ApKH,
MBI UMEEM B BUAY COCTOSHME IAMSITHUKA 10 Pa3pyLICHUS
2015 r.

8 VYron atoT cocraisiet 22,5 rpaJycoB, TO €CTh YCTBEPTh
OpsIMOTO yIJa, M HOJY4YaeTcs NPOCTEHIINM MOCTPOCHUEM.

composition of the three-bay arch is thus exposed
for view (Fig. 10). This change in the scale and
exposure is masterfully underlined through the use
of orders. If in the northwest facade of the Arch we
can see smaller pilasters carrying the architraves over
the lateral arches as well as larger bracket capitals
and pilasters, and above them only the tops of two
pilasters and the giant order entablature with pediment,
then at the point of transition through the ends of
the Arch the giant order pilasters are gradually rid
of the superimposition of smaller order elements.
The whole of the gala southeast fagade of the Arch is
only articulated by the giant order. The huge scale of
its ornamented pilasters is underlined by the four times
smaller aedicula columns situated above lateral arch
axes. Another link connecting the whole composition
together is the imposts of the central arches at both
facades that are interpreted as architraves supported
by Ionic order pilasters that by their height are similar
to the order of the colonnades. In this description we
were based only on those architectural elements of
the Arch, which were preserved to the extent” necessary
for their appearance to be clear a priori.

Moving now to the description of the proposed
reconstruction, we will start with the northwestern
side. The lower parts of the facade and archivolt of
all the three arches have been well preserved, their
original look is quite definite as well as the giant order
entablature. As for the pediment and the attic, the latest
scrupulous measurement of all the four surviving edge
stones (Fig. 11), has allowed to accurately determine
which of them are related to the northwest facade
or the southeast facade because the differing depth
of their column sides corresponds to the differing
configuration of the pilasters, however those situated
at the open southeast facade project from the wall
surface to a greater extent. The measurement of
all the four edge stones showed that the pediment
elevation angle is 22.5 degrees®. Thus the elevation of
pediment tops can be reliably determined. Given that
no remnants that could be attributed to the attic have
survived, the attic dimensions and configuration can
only be determined conventionally, based on similar
elements. The minimal possible height of the attic is
determined by the position of pediment top, while
the very need for the attic is due to the nature of
the rear parts of edge pediment blocks which show
that they were built into the masonry with horizontal
seams. The same blocks allow to confidently state

7 Henceforward, when mentioning the preserved parts of
the Arch we refer to the condition of the monument before
its destruction in 2015.

8 The angle is 22.5 degrees i.e. one quarter of a right angle,
and is quite easily built.
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Puc. 10. Pexoncmpykyus éuda Ha 1020-gocmounviii gpacad Tpuymepanvuoti Apxu. Cuumru ¢ paboueti mpexmepHou mooeiu
Fig. 10. Reconstruction of the view of the southeastern facade of the Arc de Triomphe. Pictures from the 3D model

Puc. 11. CranuposanHulil KapHu3ubvlil OIOK yena ceeepo-3andoHo20 (POHMOHA, GUPMYAILHO NOOHAMbIN HA CEOK)
opueunanviyio nosuyuio. CHumMKu ¢ paboueil mpexmepuoi mooeau
Fig. 11. Scanned cornice block of the corner of the northwest pediment, virtually raised to its original position.
Pictures from the 3D model
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aTTHKa CIeJyeT U3 XapakTepa ThIJIBHBIX YacTeH YIJIOBBIX
(D)pOHTOHHBIX OJIOKOB, MOKAa3bIBAIOIINX, YTO OHH OBLIN
BCTPOEHHI B KJIAJIKy C TOPU30HTAIBHBIMHU IIBaMU. [1o 3TiM
ke OJIOKaM MOJKHO yBEPEHHO T'OBOPUTH O TOM, YTO Ha-
KJIOHHBIE 4acTH ()POHTOHA TOXE OBLIM PACKPEIIOBAaHBI,
W 4YTO Ha yrijax (pOHTOHA HAXOIWJIHCh AKPOTEPHUH,
TIOCKOJIBKY BCE YeThIpe OJIOKa copeprKaTr IUIOMIAIKH I10JT
YCTaHOBKY aKpOTEPHUEB C BbIEMKAMU Il METAJITMUECKUX
MTUPTOB, HA KOTOPBIX aKPOTEPUHU JOJDKHBI OBIIN
JiepKaThCsL.

PexoHCTpyKITHS yTpadeHHBIX OOKOBBIX YaCTEH ceBEpO-
3amagHOro (hacara BO3MOXKHA TOJNBKO B CBSI3KE C OIMpe-
JICTICHACM YCTPOICTBA BEPXHEH YaCTH MPHUMBIKAFOIUX
kosoHHa]. CaMU KOJIOHHaJbl M MX aHTAOJIEMCHT XO-
POILIO COXpaHMIUCh. ThUTbHAS CIUIONIHAS CTCHA IICIIC-
XOIHBIX IPOXOJIOB 3allaJHON CTOPOHBI, KAK W XapakTep
o0xoma 3amajHOrO TOpHa ApPKH, OCTATOYHO HAJICKHO
OIPENCIISCTCS. B COXPAHHUBIIUXCS (DYHIAMCHTaX M HUXK-
HUX psax OJOKOB. YCTPOMCTBO TMEPEKPBITHS OOKOBBIX
MIPOXOZIOB MOXKET OBITh PEKOHCTPYHPOBAHO CJICITYFOILIM
00pa30M: KpOBJIsl ObLJIa CKATHOM B CTOPOHY LICHTPATBHOM
JIOPOTH — 00 ATOM CBHJCTCIBCTBYCT HAJHUYHUC KEI00a
JUIsL CTOKa BOIBI B KapHU3HBIX OJIOKAX aHTaOJIeMEHTa
U BBIXOISAIIUX U3 HErO0 OTBEPCTUH ISl CTOKA BOIBL
OHH YaCTHYHO pa3pyIICHBI, HO BIIOJIHE YUTAKOTCH,
B OIIHOM MECTC IICJTHKOM COXPAHIJICS BOJIOMET B BU-
JIc TOJIOBHI JIbBAa. YTOJN YKJIOHa KPOBIU MOXHO yCTa-
HOBHUTH TOJBKO IPEATIONIOKUATEIBHO. YKIOH BEPXHHUX
TUTOCKOCTEH KapHH3HBIX OJIOKOB KOJIOHHAIIBI COCTABIISCT
npuonmu3uTensHo 10 TpaycoB, eciau MPUHSTH €ro 3a OC-
HOBY, KOHCK OKAa3bIBACTCSI KaK pa3 IOJ HH30M apXUTpaBa
Oompmioro opaepa apku. Cyzsi IO OTCYTCTBUIO Ha BCEM
MPOTSHKCHUH KOJIOHHBIX YIUIl [TambMUpBl KaKUX-THOO
OCTATKOB KePAMUYCCKON YEPETIHITHI, MOYKHO TTPE/IIIONOKHUTH,
YTO TMOKPBITHE KPOBIU OBLIO YCTPOCHO B BHJIC CTSKKH
U 3aTUPKH TJIMHHCTO-U3BECTKOBBIM PACTBOPOM IO JIO-
maToMy HacTmiry. Hibke, omupasich Ha BepX apXHUTpaBa,
BEPOSITHO, HAXOJWICS KECCCOHHPOBAHHBIN JICPEBSHHBIN
MOTOJIOK, O 4YeM CBHJICTCIBCTBYET COXPAHSIOIIASACS Ha
BCEM IPOTSDKCHUH KOJIOHHOW YIIUIIBI YHCTass 00paboTKa
9TOM BHYTpPCHHEH CTOPOHBI apXHTpPaBa, B TO BpPEeMs Kak
TBUTBHBIC CTOPOHBI OJIOKOB (h)pH3a M KapHU3a, OTCTY-
MAIONIUEe BHYTPb, UMCIOT CJICIbI TOJIBKO MCPBHYHOM,
rpy0oit 00pabOTKH ¥ SIBHO HE OBUTH IMPEIHA3HAYCHBI IS
00o3penns. Hanmdre Takoro KeCCOHUPOBAHHOT'O TTOTONKA
BaXKHO IS ONpPEACNICHUS] BHEIIHErO0 OOJIMKA CTCHBI
BBIIIIC OTMETKH Bepxa apxuTpasa. KecCOHMpOBaHHBIH
MOTOJIOK, OIHPAsiCh HA BEPXHUI BBICTYI apXUTpaBa, 3a-
KpBIBAJI TO MECTO, TJIC¢ B MHOM CIIy4ae JOJDKCH ObLT ObI
HAXOIHUTHCSI TIOBOPAYUBAIONIUN HA IUIOCKOCTH CTCHBI
(hpu3 u KapHU3 KOJOHHAIBL Bcs MOBEPXHOCTH CTEHBI
MEXJTy BEPXOM apXUTpaBa KOJOHHAIBI U HI30M apXUTpa-
Ba OOJBIIOTO OpIepa, BHAUMO, ObLIA MPOCTO OTECAH-
HOHM IUIOCKOCTBIO, MECTOM IPHMBIKAHUS CKaTa KPOBIH,
CKPBITBIM 32 KCCCOHHPOBAHHBIM IMOTONKOM. OTCYTCTBHE

that the inclined parts of the pediment were also
segmental, with acroterions located at the pediment
corners since all the four blocks are provided with
pedestals to install acroterions with slots for metal
pins for fastening the acroterions.

Reconstruction of the lost lateral parts of the north-
west facade is only possible if the structure of adjoining
colonnades is determined. The colonnades and their
entablatures themselves are well preserved. The rear
through wall of pedestrian passages at the western side
as well as the nature of bypassing the western end of
the Arch are reliably enough identified in the surviving
foundations and lower rows of the blocks. The roof
structure of side passage can be reconstructed as
follows: the roof was inclined towards the central
road as shown by the presence of a water drain notch
in the cornice blocks of the entablature and water
drain holes coming out from it. They are partially
destroyed but are pretty easy to reconstruct, with
a lion-head waterjet wholly preserved in one place.
The roof inclination angle can only be assumed.
The inclination of the upper surfaces of colonnade
cornice blocks is estimated at 10 degrees so, according
to this assumption, the gabble is situated right under
the bottom of the architrave of the giant order of
the arch. As it follows from the absence of any remnants
of ceramic roof tiles all along the colonnaded streets
in Palmira, it can be assumed that a screed cover and
float finish with calcareous clay solution over wooden
flooring were used for roofing. Below, supported by
the architrave top, a coffered wooden ceiling was
probably located as testified by the clean finish of
this inner side of the architrave preserved all along
the colonnaded street, while the rear sides of the frieze
and cornice blocks retreating to the inside have traces
of only primary, rough finishing, and were clearly not
intended for viewing. The existence of such coffered
ceiling is important for determining the wall’s external
appearance above the architrave elevation mark.
The coffered ceiling supported by the upper corbel
of the architrave covered the place where otherwise
the colonnade cornice and frieze spinning to the wall
surface could have been placed. All the surface of
the wall between the top of the colonnade architrave
and the bottom of the giant order architrave was
merely hewn plane, the place adjacent to the roof slope
behind the coffered ceiling. The absence of any traces
of architrave projecting above the colonnade order
pilaster situated on the western edge of the fagade
is yet another confirmation of the fact that the rear
side of the covered side passage bypassed the Arch
from this side and did not adjoin it. It is also quite
likely that the giant order corner pilasters did not
have any capitals or were cut out in rough since it
is highly likely that the roof slope line crossed them.
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MIPU3HAKOB BBIMYCKAa apXUTpaBa HaJ MWIACTPOM oplepa
KOJIOHHA/TBI, PACIIOJIOKCHHOM Ha 3araIHOM Kparo dacana,
JIOTIOJIHUTEIBHO MOATBEPKIAET, YTO ThUIbHAS CTEHA
KPBITOrO OOKOBOI'O IIPOXOIAa C 3TOH CTOPOHBI OOXOMIMIIA
ApKy, HE COeUHSISICh C Hel. Takyke BIIOJIHE BO3MOXKHO,
YTO y YIJOBBIX HHIJISACTP OOJBIIOrO Opepa KalHTeIH
OTCYTCTBOBAJIM WM OBLIM BBITCCAHBI BUCPHE, ITIOTOMY
9TO ¢ OOJBIION JOJICH BEPOSTHOCTH JIMHUS YKIIOHA KPOB-
M WX Tepecekaina. [IpoTHBONONIOXKHBIN Kpail dacana,
YTPaueHHbIN 1 YaCTHYHO BOCCO3JaHHbIN AMH, BEPOSITHO,
OBLT YCTPOGH TaK JKe, 32 UCKIIFOUYCHHEM XapaKTepa IpH-
MBIKaHUS THUTBHOW CTCHBI OOKOBOTO IPOXO/a, K YeMYy
MbI BepHEMCSI HUXKE.

Yro Kacaercs 10ro-BOCTOYHOro (acajga apKH, BBIXO-
JUIIEro B CTOPOHY IpormieeB xpama bana, ero crpykrypa
B LIEJIOM JIOCTaTOYHO HAJI)KHO OIPEENSeTCsS 10 coXpa-
HUBIIUMCS 4acTsiM. AHTa0JeMEHT, (pPOHTOH M aTTHK
PEKOHCTPYHPYIOTCS TaK K€, KaK M Ha CeBepO-3allaJHOM
(hacane. YrouHeHus: TpeOyeT yCTPOHCTBO SIHUKYJI, pacIo-
JIOKEHHBIX HAJI CEPeMHAMH MaJIbIX apOYHBIX MPOEMOB.
[TonoOHBIE HMMKYJIIBI WIIM CUPUHCKHE HUIIN, KaK UX WHOT-
Jla Ha3bIBAIOT, XapaKTEPHBI JJIsI apXUTEKTypbl BocToka
Pumckolt umnepun u nas apxuTekTypsl [TaneMupsr
B OCOOEHHOCTH, TJIe BCTPEUAIOTCS BO MHOXKeCTBE’. Dnu-
KYyJIBl COCTOSIT M3 KOHCOJIBHBIX BBICTYIIOB, HAa KOTOPBIX
PacIONIOKEHBI OT/EIBHO CTOSIIIHE HeOobIIMe KoprHpC-
KHE KOJIOHHBI, 0OpaMJISsOIINe HUITY /ISl CTaTyd M MOJ-
JICP)KMBAIOIINE PACKPEIIOBAHHBIN aHTaOIeMEHT ¢ (poH-
TOHOM. TpW TakMX SIUKYJBI YyTh MEHBIIETO pa3Mmepa
W Jydlle COXPAaHUBIIMECS, HAXOIATCS 10 CTOPOHAM
LEHTPAJIILHOTO apoYyHOro MPOJIeTa, HajJ MaJIbIMHU IIOIe-
peunbiMH apkamu. OOmasi CTpyKTypa SAHMKYJ IOro-
BOCTOYHOro (hacasia BOCCTAHABIMBACTCS JJOBOJIBHO YBE-
PEHHO, TOCKOJBbKY COXpAaHWJIACh OJIHA M3 KOHCOJIEH,
HeclIasi KOpUH(PCKYI0 KOJIOHHY, & TaK)Ke HIDKHSS 4acTh
nuisicTpa, obpasyromero kpail Humm. Kondurypanuio
antaliieMeHTa ¥ (PPOHTOHA MOXKHO TPHHSITH MOJOOHON
COOTBETCTBYIOLIMM YacCTsIM IMKYJI IEHTPAILHOTO TIpoJieTa,
OJIHa M3 KOTOPBIX COXpaHMJIAach Ha Mecte. UTo Kacaercs
YPOBHSI PACIOJIOXKEHNST (PPOHTOHA SIUKYJIBI, OMPEIEIUTD
€ro MOXKHO, TIPEAINOJIOKHB, YTO (DPOHTOH, 10 AHAJIOTHU
C apXMBOJIBTAMH LICHTPAJILHOM apKH, HECKOJIBKO Bpe3aJicst
B HIDKHIOIO (haCIMIO apXHUTpaBa OOJIBIIOro opriepa, KOTOpbId
MIPOXOAMJI CBEpXY. BrIcTynaromye HIKHIE KOHCOJIM CBOCH
IIMPUHOM ONPENEISIIOT IUPHHY TUTMHTA 0a3bl M HIKHUN
JIMaMEeTp KOJIOHH HMKYJI M TeM CaMbIM MX BBICOTY. BricoTa
9Ta Halljla HEOXXHUJAHHOE TOJATBEPIK/ICHHUE, TOYHO COBIIAB
C OTMETKOHM BbIpe3a B KaMEHHOM OJIOKE, yCTPOEHHOI'O
JUIS. MOHTa)Ka aHTaOJIEMEHTa JIUKYJIBL. YKe T0CIe ITHX
OTYACTH YMO3PHUTENBHBIX MOCTPOCHUH Ha TEPPUTOPHU
Januapust AMu OblT OOHapy»KeH OOJIOMIJICHHBIH ¢ 000MX

° Bue ITanpMupsl Hanbosee OIU3KU 110 XapakTepy U IMOJ0-
JKEHUIO B CTPYKTYpe KOMIO3UIUH dIUKYIIEI HaJl OOKOBBIMHU
npoemamu apku Anpuana B I'epace.
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The opposite edge of the fagade that had been lost
and then partly reconstructed by Amy, probably had
the same structure save for the nature of its adjoining
to the rear wall of the side passage, which we will
discuss later.

As for the Arch’s southeast fagade overlooking
the propylaea of the Temple of Bel, its structure
can be quite reliably determined using the preserved
elements. The entablature, pediment and attic can
be reconstructed similarly to the northwest facade.
Updates are required for the structure of the aediculae
placed above the middles of smaller archways. Such
aediculae or Syrian niches as they are sometimes
referred to, are typical of the architecture of the east
of the Roman Empire as well as the architecture
of Palmira, particularly, where they are found
in quantities’. The aediculas consist of corbel tables
accommodating small standalone Corinthian columns
that frame the statue niche and support the pilaster
sided entablature with a pediment. Three of such
aediculas of slightly smaller size and better preserved
are located on the sides of the central arch bay, over
the smaller transverse arches. The general structure
of southeast fagade aediculas can be reconstructed
quite confidently since one of the Corinthian column-
supporting brackets as well as the lower part of
the pilaster at the niche edge were preserved.
The configuration of the entablature and pediment
can be assumed as similar to the corresponding
parts of the central bay aediculae, with one of them
retained in its place. As for the level of the aedicula
pediment, it can be determined, on the assumption that
the pediment, similarly to the central arch archivolts,
was slightly cut into the lower fascia of the giant
order architrave that passed above it. The width of
the projecting lower brackets determines the width
of the plinth base and the lower diameter of aedicula
columns, thus determining their height. The height
was unexpectedly confirmed by the fact that it exactly
matched the elevation mark of the height drop stone
block in the provided for mounting the entablature
acdiculas. Following these somewhat tentative
assumptions, a fluted column shaft that was broken
from both ends was discovered within Amy’s lapidary,
with the shaft diameter exceeding the hypothetically
reconstructed shaft by only one centimeter'.

The structure of colonnades adjoining the edges of
the southeast fagade requires a thorough discussion.
The previous reconstructions never took into account
the structure of the adjoining of main street colonnades

 Outside of Palmyra, the most similar by their type and
position in the composition structure are the aediculas over
lateral archways of the Hadrian’s Arch in Gerasa.
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KOHIIOB KaHHeJ’II/IpOBaHHHﬁ CTBOJI KOJIOHHBI, OUAMETP
KOTOPOI'O JIMIIb Ha CAHTUMETP MPEBBIMIACT TOT, KOTOpLIﬁ
MOJIYyYHJICS IpU TUITOTETHYECKOI peKOHCprKIII/II/Im.

TurareapbHOro paccMOTPEHHsI TPEOyeT YCTPOWCTBO
MIPUMBIKAHUST KOJIOHHA/I K KpasM FOro-BOCTOYHOro (ha-
cajga. B mpeapinymux peKOHCTPYKIUSAX HU pasy He
HNPUHHUMAJICA BO BHUMAHHUE XapaKTep MNPHCOECIUHEHUS
KOJIOHHA]] TJIaBHOM YyJHUIBI K KpasM IOr0-BOCTOYHOIO
(hacana. KosoHHaABI IPUXOAAT K KPAailHUM MUIISICTpaM
OorbIIOro opzepa, MPUMBIKAas K HAM IOJYKOJIOHHAMH,
KOTOpbIE HAJIOKEHBI HA CTBOJIBI MUJIACTP CO CMEIICHHUEM.
CwmeleHrne oceil KOJIOHHAJ OTHOCHUTENIBHO MUIACTP
0oIbIIIOro Oopiepa OJMHAKOBOE HAa 000MX (acanax, 4yTo
UCKJIIOYAeT CIy4allHyl0 HETOYHOCTh M IOKa3bIBAET,
4YTO 3TO CO3HATEIbHOE HCIOJIb30BAaHHE YINOMHHAae-
MOrO BBIIIE MpHHLKNA Koiaxka. Ecau ocu konoHHan
B LEJIOM CABHHYTBI OT OCH HHJISACTP HApYXKYy, TO Hep-
BbIe KOJIOHHBI 110 00€MM CTOPOHaM IOI'0-BOCTOYHOT'O
(hacasa apK¥ BBICTYNAIOT BHYTPb M3 OTOTO psiia M BbI-
POBHEHBI MO OCSM HHJISICTP OOJIBIIOrO oprepa ApKH.
Nx coxpanusmmecs 6a3el H u L cymectBeHHO 00i1b-
e Mo pa3Mepy U M0 HMIKHEMY JAMAMETPY KOJOHH,
4YeM BCE OCTaJIbHble 0a3bl 3TOW KOJOHHAIBI. TOUHBIN
HaTYpHBIH 0OMep TOKa3zai, 4To HpodHiIb U pasmep
0a3, a cienoBaTeNbHO, U HIDKHHH JUaMeTp CTBOJIOB
9TUX KOJIOHH, UJEHTHUYHBI COOTBETCTBYIOLIUM Iapa-
METpaM YEeTHIPEX KOJOHH JKCEIPBI, PaCIOJIOKEHHOU
B CEMUJECATU METPax K IOr0-BOCTOKY M BCTPOCHHOU
B KOJIOHHAJly 3ala/IHOi CTOPOHBI IIUPOKOro oTpe3ka Bua
Marsa, uaymero k nponuiesm xpama bana. Bonee toro,
BBICOTa 0a3, CTBOJIOB, KalWTeJeH, apxuTpaBa W (pusa
9KCEIPBl OKa3aaach MPAKTUYECKU TOYHO COBIAJAIOILEH
C BBICOTOH COOTBETCTBYIOIIMX HJIEMEHTOB OOJBIIOTIO
opzaepa apku''. DT0 O3HA4aeT, 4yTO JABE OTIACIBHO CTOS-
1€ KOJOHHBI B 30HE MPUMBIKAHUS KOJOHHAJ K IOTo-
BOCTOYHOMY (hacaiy sIBJISUTHCH YaCThIO OOJIBIIIOTO Opriepa
Apxku, Oyay4n OJHOBPEMEHHO MJICHTHYHBIMH KOJIOHHAM
akceipbl. bonee Toro, paccTossHHE MEXAY OCAIMH BCEX
YeThIPEX KOJOHH HKCEIPhbl MPAKTHUUYECKH B TOUYHOCTH

0 Tumorernyeckasi BbICOTA KOJOHH DIUKYI COCTABISICT
okosi0 340 cM, 4TO O3HAUYaeT HMXKHUU JHaMeTp CTBOJA HE
MeHee 34 cM, a Oolee BEpOSITHO OKOJO 37 CM, IMOCKOIBKY
IUISI TAKUX MaJICHBKUX Pa3MEpOB KOJIOHH KOPHUH(CKOTO
oprepa 6osee XapaKkTepHO COOTHOIICHHE HUKHETO TUaMeTpa
K BoicoTe He 1:10, a 1:9 unm 1:8,5. [IluameTp HaiigeHHOTO
B JIAaMJAapUM KaHHEJIMPOBAHHOI'O CTBOJA 38,5 cM.

' C 1enpi0 COXpaHEHUSI MCTOPUYECKOU IMPEEMCTBEHHOCTH
Y HEJIOMYLICHUSI Ty TAHUIIBI B 0003HAYCHUSAX OBIJIO MPUHSTO
pelieHre 00 MCIOTb30BaHUM HAMMEHOBAHHUSI IMHIJIOHOB, Pa3-
paborannoe P. Amu. [lns ynobcrBa (ukcanuu IHIOHY,
pacnoyioxKeHHOMY MexAy nujoHamu A u F, npucBoeHo
HanMeHOBaHUe A/F; MHIOHY, paclmoloKeHHOMY MEXIY
nwtonamu C u G, Ob110 pucBoeno HanMmeHoBanue C/G (cm.
crarbio ConoBbeBoii 1 ColoBEEBA B HACTOSAIIEM COOPHUKE).

to southeast fagade edges. Colonnades go to the extreme
pilasters of the giant order adjoining them by means
of semi-columns superimposed on pilaster shafts with
a deviation. The deviation of colonnade axes from
the giant order pilaster is equal for both fagades,
which excludes the chance of accidental inaccuracy and
shows that it is due to deliberate use of the collaging
principle described above. If the colonnade axes
as a whole deviate from the pilaster axis towards
the outside, then the first columns on both sides of
the southeast fagade arch project to the inside from
this row and are aligned along the axes of the giant
order pilasters of the Arch. Their surviving H and L
bases are considerably bigger by column size and lower
diameter than all the other bases of this colonnade.
An accurate field measurement showed that the base
profile and size, and consequently the lower diameter of
the shafts of these columns, are identical to the existing
parameters of the four columns of the exedra located
70 m to the southeast and built into the colonnade of
the western side of the wide part of Via Magna leading
to the propylaca of the Temple of Bel. Moreover,
the height of bases, shafts, capitals, architrave and
frieze of the exedra proved to practically coincide with
the height of the corresponding elements of the Arch’s
giant order", which means that two standalone columns
at the junction of the colonnades and the southeast
fagade used to be part of the Arch’s giant order being
at the same time identical to the exedra columns. Even
more than that, the distance between the axes of all
the four exedra columns coincides with the distance
between the pilaster axes at the southeast fagade of
the Triumphal Arch (Fig. 12). Hence it follows that
both the Triumphal Arch and the exedra, as well as
apparently the broadened part of Via Magna leading
towards the propylaea of the Temple of Bel, were
designed as a single-piece composition to the extent that
it was most probably built over the same construction
period as testified, in particular, by the nature of
the ornaments of the Arch’s and exedra friezes that are

1" Hypothetically the height of aedicula columns is approx.
340 c¢m, which means that the lower diameter of the shaft
is at least 34 cm, and more likely approx. 37 cm because it
is more typical of Corinthian order columns of such a small
size that the ratio between the lower diameter and the height
is 1:9 or 1:8.5 rather than 1:10. The diameter of the fluted
shaft found in the lapidary is 38.5 cm.

" To preserve historical continuity and avoid confusion
in designations it was decided to use pillar names as assigned
by R. Amy. For convenient documentation, the pillar located
between pillars A and F was designated A/F; the pillar
located between pillars C and G, was designated C/G
(see the article by Soloveva, Solovyev in this issue).
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Puc. 12. Cosmewyennviti 610 KOIOHH IKCeOpbl U H020-80CMOYHO20 (hacada Apku
Fig. 12. Combined view of the columns of the exedra and the southeast facade of the Arch

TIOBTOPSIET PACCTOSTHUE MEXKIY OCSMH MHJISICTP Ha 0ro-
BoctouHoM (acane TpuymbansHoit Apkn (puc. 12).
Ortcroma cienyeT, uto U TpuymdanbHas Apka, U 3Kcempa,
1, BUJIMMO, BCSl pacIIpeHHas yacTb Bua Marsa, uymias
B CTOpOHY IponuieeB xpama bama, npoekruposanach
KaK eIMHasi KOMIIO3MIMS M Jake BO3BOIMJIACH, CKOpee
BCEro, B pPaMKax OJHOTO CTPOUTEIBHOTO IEepHOJa.
B monb3y mocieqHero CBHICTENBCTBYET, B YaCTHOCTH,
UJICHTUYHBIH, COBMAJNAIONIMIA HE TOJIBKO B PHUCYHKE,
HO M B MaHepe pe3bObl XapakTep OpHaMeHTa (pPH30B
oprepa ApKH M SKCEIpBI.

B nmanupapuu Amu ObutM HalJIeHBI TpU QparMeHTa
OT JBYX KOPUH(CKHUX KalUTEJeH, IIOTHOCTBIO COOTBET-
CTBYIOIIME IO pa3MepaM, OYepTAaHUSM M TPAKTOBKE
AKaHTOBBIX JINCTHEB KaK KaIUTENSIM KOJIOHH AKCEAPHI,
TaK ¥ KaoUTeJIsIM IMHISCTP OONbIIOro opaepa ApkKH
1, OYCBH/THO, ITPUHA/JICIKAIIIE IBYM BBIIICYITOMSHY THIM
kononHam (puc 13). IlepeuuncieHHbie cooOpaxeHUS
MO3BOJISIIOT TPEANOIOKUTh, YTO 3TH KOJOHHBI CO-
CTaBIISJIN €JUHYIO0 KOMIIO3HIMIO C IOTO-BOCTOYHBIM
(dacagoM ApKM M COCAMHSUINCH C HEH OTpe3KamMu
aHTa0JIeMeHTa HaJ KalHuTeJIsIMH KpaHUX HUISCTP
OompIIoro opiepa.
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identical not only by the pattern but also by the carving
manner. Three fragments of two Corinthian capitals
were found in Amy’s lapidary. By the size, shape and
interpretation of acanthus leaves they fully conform
both to the exedra column capitals and giant order
pilaster capitals of the Arch, and evidently belong to
the two columns mentioned above (Fig. 13). The above
listed consideration makes it possible to suppose that
the columns form an aggregated composition with
the southeast fagade of the Arch and were adjoined to
it with stretches of the entablature above the capitals
of the extreme pilasters of the giant order.

The colonnade entablature, in its turn, was also
meant to adjoin the fagade and to be supported by
a semi-column projecting from the edge of the Arch
with a giant order pilaster in the background. It follows
that the entablature cut into the shaft of a higher column
from two sides. Such solutions were not something
untypical of Palmyra, taking into account the earlier
mentioned manner to combine order forms through
their collage-type, almost mechanical superimposition
on each other. We can see such combinations, for
instance, in the temenos of the Temple of Bel that
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Puc. 13. Yacmu 08yx Kpyenvix kKopun@ckux xanumenell, UOCHMUYHLIX NO PA3MepAM KANUMENAM KOIOHH IKCeOpbl

u nunsicmp 601bui020 opoepa Apxu

Fig. 13. Parts of two round Corinthian capitals, identical in size to the capitals of the exedra columns and pilasters

of the large Arch order

AHTa0IIEMCHT KOJIOHHAIIBI, B CBOIO OYEPEb, TOXKE
JIOJDKEH OBLIT MPHUMBIKATh K (pacaay W omupatrhbcs Ha
MOJTYKOJIOHHY, BBICTYMAMOLIYI0 OT Kpas Apku Ha (¢o-
HE TUIACTPB Ooxbimoro opaepa. Ilomydaercs, 4To
aHTAaOJICMEHT BpE3aJiCsl C JIByX CTOPOH B CTBOJN Oolice
BBICOKOW KOJIOHHBI. Takue pewmeHus s IlaasMupsl
HE SIBJISIFOTCS YEM-TO HEOOBIYHBIM, B CBSI3H C Y)KE YIIO-
MSIHYTOH BBIIIC MaHEPOH COYCTaTh OpJACPHBIC (POPMBI
ITyTE€M HUX KOJUIAKHOTO, IIOYTH MEXaHUUECKOTO HAJIOKEHHSI
npyr Ha npyra. [1omoOHBIC COWICHCHHS Pa3HOBBICOKUX
KOJIOHHAJ] Mbl BHJIMM, HampuMmep, B TEMEHOCE Xpama
Bana, xoTOpBIi, BeposITHO, OBLT 3aKOHYECH HE33J0JTO JIO
Hayaya paboT MO MPOCKTHPOBAHUIO H CTPOUTCIHCTBY
mupokoil yactu Bua Marna u TpuymdansHoit Apku.
B tex yacTsx, rie NOHMMKEHHAs! KOJIOHHAIa TPEX CTOPOH
TEMEHOCAa NPHUMBIKACT K OoJice KPYITHOH KOJIOHHAMIE
BXOJHOW CTOPOHBI, aHTAOJICMEHT MCHBIICH KOJIIOHHAIIBI
CBOMM TOPIIOM MCXaHHYECKU BpE3aeTCS B CTBOJ Oolce
BBICOKOH KOJIOHBI (puC. 14).

[onoGHBIe e Y316l BCTPEUYatoTCsl HECKOJIBKO pa3 Ha Ipo-
TsokeHnn Bua Marna k cesepy ot TpuymdaiibHOM ApKu.
Jlnist coueranust anTabneMeHTa Gojiee HU3KOM KOJIOHHA/IBI
U BBICOKOHM KOJIOHHBI TaM IIPHUMEHSIETCS XapaKTEepHBIN
TobKo Jutst [lasbMupsl nipueM, Korja OapabaH BBICOKOH
KOJIOHHBI Ha TOW OTMETKE, I/ie IPUMBIKAeT aHTaOJIEMEHT,
C OJIHOM CTOPOHBI OCTaBJIEH IVIAJIKUM, @ OCTaJIbHAsl €ro
MOBEPXHOCTh 00pabOTaHa B BHJE COYCTAHHUS AIIEMEHTOB
KOPUH(CKOW KalUTEJH C BBICTYyHAIOIIEH KOHCOJIBIO.
HekoTopoe Koiau4ecTBO MOJOOHBIX OJIOKOB COXPAaHMIIOCH
in situ, €le HEeCKOIbKO — Ha MOBEPXHOCTU. DTO KOMIIO-
3UIMOHHOE peleHue pa3oupaer Burana, korga roso-
put o narepe JlmokieTnaHa B 3amaiHON YacTH Topoja
(Wiegand, 1932. P. 92-94). BeposiTHO, B HallleM cliydae
Ha BBICOTE, COOTBETCTBYIOIIEH KAMUTENISIM KOJOHH
KOJIOHHaJIbI, OapabaHbl cTBOJIA OONBIINX KOJIOHH TOXE
MMeJH TI0I00HBIH By, JlononHuTenbHYI0 HH(POPMAIHIO

was probably completed shortly before the start of
design and construction works in the broadened part
of Via Magna and at the Triumphal Arch. Where
the lower colonnade of three temenos sides adjoins
the larger colonnade of the entrance side, the smaller
colonnade entablature cuts mechanically into the shaft
of the higher column with its end (Fig. 14).

Similar node points are encountered several times
along Via Magna to the north of the Triumphal Arch.
To combine the entablature of a lower column and
a higher column, a technique is used that is only
typical of Palmyra, whereby the higher column drum
at the elevation of the junction with the entablature
was left smooth, with its other surface finished as
a combination of elements of Corinthian end cap
with a projecting bracket. A certain quantity of
such blocks was preserved in situ, and several other
blocks — on the surface. This composition solution is
discussed by T. Wiegand when describing the Camp
of Diocletian in the western part of the city (Wiegand,
1932. P. 92-94). In our case, probably at the height
corresponding to the column capitals of the colonnade,
the shaft drums of larger columns also looked similarly.
Additional information regarding the adjoining of
colonnades to the Arch is provided by the special
features of the well preserved giant order pilaster at
the westmost tip of the southeast facade. The lower of
the two blocks of its capital has been preserved in its
original location. Acanthi were cut only on a quarter
of the width of the capital, and its other portion has
a neatly hewn surface, which evidently testifies that
there used to be a junction in that place.

The colonnade entablature top is located at the level
of the neck of the pilaster capital. The horizontal gap
between this top and the lower surface of the giant
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Puc. 14. Komnosuyusi npumvlKaHus KOIOHHAObI K KPar H020-60CnoyHo2o @acada. CHUMOK ¢ paboueii mpexmepHol

mooenu. CouneHeHnue pasHOBbICOKUX KONOHHAO memenoca xpama bana. Kanumenv-koHcons ¢ cegeproll uacmu Bua
Maena. Kanumenv-xonconv Ha cmeone koaounvl (Wiegand, 1932. P. 92—94)
Fig. 14. Composition of the colonnade adjoining to the edge of the southeastern facade. A snapshot from the 3D-model.
Conjuncture of different height colonnades of the temenos of the Temple of Bel. Console capital from the northern part
of the Via Magna. Console capital on a column shaft (Wiegand, 1932. P. 92-94)

0 MPHUCOCAMHEHUH KOJIOHHAJ K ApKe JIAl0T OCOOEHHOCTH
XOPOLIO COXPAHUBLICTOCS MUIISACTPa OOJBIIOrO Opaepa
B 3alaJHON OKOHEYHOCTH KOr0-BOCTOYHOrO (hacana.
HwwkHuii u3 aBYyX OJIOKOB €r0 KalMTEIH HAXOMUTCS Ha
CBOEM MeCTe. AKAHTBI BBICEUEHBI TOJIBKO HA YETBEPTU
[IMPUHBI KATIUTENH, OCTAIbHASL YaCTh — YUCTO OTECAHHAsS
IUIOCKOCTh. JTO OYEBUAHBIM 00Pa30M CBHIETEILCTBYET,
YTO B 9TOM MeCTe OBLIO MPUMBIKAHUE.

Bepx anTa0iieMeHTa KOJOHHA[IBI IPUXOIMIICS HA YPO-
BCHP INCHKM KAIHMTENIU MIJSICTPHL. [ OpU30HTATBHBIN
MIPOMEXKYTOK MEXKITYy STUM BEPXOM M HUKHEH IJIOCKOCTBIO
apxuTpaBa OOJBIIOTO OpICPa, COCIMHSIONICTO MUJISICTP
1 KOJIOHHY, paBeH KamuTesu no BbicoTe. Eciu mbl nipen-
TIOJIOKHUM, YTO 3TOT MPOMEKYTOK OBLIT 3aKPHIT KAMCHHOM
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order architrave connecting the pilaster and the column
is equal to the capital by its height. Assuming that
the gap used to be covered with a stone slab, this could
fully describe the absence of carving and the existence
of a flat deck on the pilaster capital. Exactly the same
applies to the space between the impediment cornice
of the Temple of Bel and the architrave lying above
where the vertical infilling slab was preserved in situ
(Fig. 15).

The colonnade adjacent to the southeast fagade
was not basically preserved because a modern road
was laid there. But right after a large standalone
column are two square Corinthian pillars, T and K,
with opposite-direction semi-columns. A similar
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Puc. 15. Bepmukanvnas nauma 3anoIHeHUs. 8 NPOCMPAHCMEe MedcOy KapHuzom nopmana xpama bana u eviwenescawum
apxumpagom. @omo ¢ Hamypol
Fig. 15. Vertical slab of filling in the space between the cornice of the portal of the temple of Bel and the overlying
architrave. Photo from nature

[UTUTOM, 9TO MOJIHOCTHIO OOBSICHUIO OBl OTCYTCTBHE
pe3bObl U TUIOCKYIO TUIOMIAKY HA KAIMTEIH MUJSCTPBL
To4uHO TaK K€ 3aIOJIHEHO MPOCTPAHCTBO MEK/TY KAPHU30M
nopTaia xpama bajia U BbIIIETIEKAIUM apXUTPABOM, T7IE
BEpTHKAJbHAS [UINTA 3aMOHEHHS COXPAHUIACH in Situ
(puc. 15).

Kornonnaia, mpuMbIKaromast K Foro-BOCTOYHOMY (hacaty
C €ro BOCTOYHOTO Kpasi, MPaKTHUYECKH HE COXPaHHJIACh,
MOCKOJIBKY B 9TOM MECTE IPOJIOJKEHA COBPEMEHHas! JI0pOra.
Ho cpa3y e mociie OOBIIoi OTHETBHO CTOSIICH KOJIOHHBI
HaXOo/sATCs /1Ba KBaJpaTHbIX KopuHpckux nuiona I n K,
C HANpaBJICHHBIMU BO BHEIIHHE CTOPOHBI MOIYKOJIOH-
Hamu. [lomoOHbIM 0Opaszom B Ilansmupe odopmirsioTcs
yudacTku KonoHHaj Bua Marna B MecTax ux nepecedeHus
C MaJbIMHU IMONEPEYHbIMH yauuamu. Y nelcTBUTENBHO,
MONEPEUHYI0 YIHUIy MOXHO NPOCIEAUTh Ha CEBEPO-
BOCTOK BIUIOTH JI0 HAXOJSIIUXCA B MATUCTAX CEMHJIECATH
METpax TOPOJACKUX BOPOT. DTa YJIMILA, BEPOSTHO, CY-
IIECTBOBAJIa PaHbIe, YeM ObUIM MPEIIPUHSTH PaboThI
[0 YCTPOMCTBY pacHIMPEeHHOro cermenta Bua Marna
or TpuymdansHoli Apku K mpornuiesm xpama bana.
B nonp3y sTOro mpenmnosioxKeHus: CBUAETENILCTBYET TO,
YTO HA IOr0O-3allaJHONA CTOPOHE, 33 TPOTYapoOM KOJOHHOM
YJIHLBL, IPOCIIEKHUBAETCS €€ CTAPOE HAIPABJICHUE, KOTOPOE

pattern is used in Palmyra to decorate sections of
colonnades at Via Magna at their junctions with
smaller transverse streets. Indeed, a transverse street
can be traced towards the northeast up to the city
gate located 570 m away. The street probably existed
before works started to broaden a segment of Via
Magna from the Triumphal Arch to the propylaca of
the Temple of Bel. This assumption is confirmed by
the fact that the original direction preserved between
the shops adjacent to the end of the covered side
passage can be traced on the southwestern side,
beyond the footway of the colonnaded street. Where
the street adjoins Via Magna at a sharp angle, there is
a big opening in the rear wall of the colonnade but
the column rhythm remains unchanged. On the opposite
side, to the northeast of Via Magna the street is of
a more solemn nature, featuring covered colonnades,
fragments of which were discovered and restored at
one of its sections. To be able to reach perpendicularly
to the newly built stretch of Via Magna, it should
have been necessary to make a bent fracture or, less
likely, a smooth turning at the axis of the side street.
Today the place of this bent fracture can only be
roughly estimated as 15 to 20 m away from the pillars,
on the opposite side of the modern road.
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COXPaHEHO MKy JIaBKAMH, IMPUMBIKAIOIIUME K TOPILY
KPBITOr0 OOKOBOrO Tpoxoza. Tam, Iyie OHa MO OCTPhIM
yIJIoM npumbikaeT K Bua Marna, B TBUIbHOUM CcTEHE
KOJIOHHA[TBI MPOJICTIaH OOJIBION POEM, HO PUTM KOJIOHH
ocraeTcsi HeM3MeHHbIM. Ha mpOTHUBOIIONIOKHON CTOPOHE,
K CEBEpO-BOCTOKY OT Bma Marna 3ta ynmia mprodpena
0oyice TOPKECTBCHHBIN XapaKTep, ¢ yCTPOUCTBOM
KPBITBIX KOJIOHHAJ, (PparMEeHTHl KOTOPBIX BBISIBICHBI H
pecTaBpUpOBaHbl Ha OJHOM M3 e¢ y4acTkoB. [l Toro,
9TOOBI MOIONTH TIEPIICHIUKYIISIPHO K BHOBb BO3BOIIIIMOMY
orpe3ky Bua Marna, y ocu GOKOBOH yJHIIBbI JOIDKEH ObLT
OBITH CICNIaH W3JIOM WJIM, YTO MEHEEC BEPOSTHO, TUIABHBIM
MOBOPOT. MecTo 3TOro u3joma ceiiuac MOKHO OIPEIEIIUTh
JIUIITH OPUCHTHPOBOYHO, B MISTHAALATH-BAIIIATH METPaxX
OT MUJIOHOB, MO JIPYTYIO CTOPOHY COBPEMEHHOH JIOpOru.
PaccrosiHre MeX Ty TTHJIOHAME CITUIIIKOM MAJIO JUIsl TOTO,
9TOOBI TaM ObLTAa MEepPeKWHYyTa apka. B Tex ciyyasx,
KOTJ[a TPHCOCMHCHNUE OOKOBBIX YJIHI[ K TJIABHOH YIIHIIC
MIPOUCXOIMIIO Yepe3 apOYHBINA MPOEM, KaK IMPABHIIO, STH
MTUJIOHBI OBLTH PacCTaBIICHBI TOpaszo mupe. OOpalcHHbIC
JIPYT K APYTY TOBEPXHOCTH ITHJIOHOB IJIAJKO OTCCAHBI U HE
UMEIOT CJIC/IOB MIPUMBIKAHUST UMIIOCTOB apKu. BO3MOXKHBI
JIBE CUTYAIIMU: WJIH aHTaOJICMECHT KOJIOHHA/IBI B 3TOM MECTE
TIPEPBIBAJICS, WITA MEKIY 3TUMU KBaIPATHBIMH MTHJIOHAMH
OBLJT TIPOJIO’KEH AHTAOJEMEHT C OOJBIIMM IPOJICTOM,
9YeM B HOPMAJIBbHBIX MHTCPKOTYMHHUSX KOJIOHHOM VITHIIBL
MBI CKJIOHSIEMCSI KO BTOPOMY BapHaHTY, MOCKOJBKY
TaKOH IMPOJIET apXUTPABOB — OOJEC YCTHIPEX METPOB —
B [lanemupe BcTpewaeTcs, HapUMep, B yrilax TEMEHOCa
xpama bana (Wiegand, 1932. Tab. 94), a BkirodyeHue
PACIIUPEHHBIX HHTEPKOIYMHHEB B CTPYKTYPY KOJIOHHA]T
MO)KHO HAOJFOIaTh B HECKOJIBKUX 30HAX KOJIOHHBIX YITHII
[ManemMupsbL.

T'oBopst 00 0OBEMHO-IPOCTPAHCTBEHHOM PEIICHUH
BepxHel yactn TpuymdanabHO ApKH B LIETIOM U CBOZIC
LEHTPAJIBHOr0 apOYHOro IPOJIETa B YaCTHOCTH, CIEIYET
MIPEXK/Ie BCETO YYECThb, YTO HU CBOMCTBEHHBIE aHTHYHOU
[TaneMupe apXUTEKTYpHBIE KOHCTPYKIWH, HU Q)XypHBIA
PHCYHOK IjaHa ApKH, HU CEYEHHUs ee¢ NUJIOHOB He
MPE/IIOoNaraloT MacCUBHOTO OyTOOETOHHOTO 3aroJIHEHHUS
BEPXHEH 4YacTH apoK, Kak 3TO OBbLIO PacrnpocTpaHEHO
B KOHCTPYKIMH KJACCHYECKHX TPUYMQaIbHBIX apoK
Puma, Uranum u rora ®@panuun. Crenyer oOpaTtuthb
BHUMaHHE Ha OCTAaTKU IEPEKPBITHS 3allaJHOW MaJlon
apKH, IJIe COXPAaHWINCh Ha CBOMX MECTAaX TPH KaMeHHbIC
TUTITHI, 00pa3yroliye Ha4yajo CBOja Haj apodHBIM IPO-
neroM. Vcrionp3oBaHue MOJOOHBIX KaMEHHBIX TUIUT JUIS
MaJIBMUPCKOH apXUTEKTYPbl OYCHb XapaKTEepHO, HaYWHas
C TIepeKpbITH nTepoHa Xxpama boma (Seyrig et al., 1975.
Tab. 117). CoxpaHuBIIEECS] TIPUMEPBI TAKOTO POZA MOXKHO
YBHZCTb, HAIIPUMEP, B LEHTPAJIBHONW YacTH IEPEKPHITHH
[Morpe6ansHoro xpama. Ha BHyTpeHHell CTOpOHE CTeHBI
ceBepo-3anagHoro Qacaga Apku, Hax OONBIION ap-
KO MOXKHO YBHJETb, YTO B KaMHSIX HaJ apXHBOJBTOM
cienana BbIOOpKa mpumepHO BbicoToi 0,20—-0,30 M.
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The distance between the pillars is too small
to span an arch there. Where side streets adjoined
the main street via the archway, these pillars were
typically spaced much wider. Pillar surfaces facing
each other were neatly hewn and have no traces of
adjoining arch imposts. Two scenarios seem possible:
either the colonnade entablature was interrupted in this
place, or the entablature constructed between these
square pillars had a bay that was bigger than those
used for normal intercolumniations of the colonnaded
street. We tend to favor the second option since similar
architrave bays in excess of 4 m are encountered
in Palmyra, for instance at the temenos corners of
the Temple of Bel (Wiegand, 1932. Tab. 94), and
the use of broadened intercolumniations for colonnade
structures can be found in several areas of Palmyra’s
colonnaded streets. With respect to the volumetric-
spatial solution used for the upper part of the Triumphal
Arch as a whole, and at the vault of the central
arch bay, in particular, it should be primarily taken
into account that neither the architectural structures
typical of Palmyra, nor the bar tracery of the plan of
the Arch, nor the cross sections of its pillars suggest
a need for massive rubble concrete filling of the upper
parts of the Arch, while it was widely spread for
designing classical triumphal arches in Rome, Italy,
and southern France.

Attention should be paid to the remains of the ceilings
of the smaller west arch where three stone slabs
survived forming the beginning of the vault over
the arch bay. The use of such stone slabs is quite
characteristic of Palmyra architecture, starting from
the pteron ceilings in the Temple of Bel (Seyrig et al.,
1975. Tab. 117). The retained examples of such kind
can be found, for instance, in the part of the ceiling
in the Funerary Temple. Over a big arch, on the inner
side of a wall at the northwest fagade of the Arch,
it can be seen that a hollow approx. 20-30 cm high
was made in the stones over the archivolt. It can
be confidently supposed that the hollow was made
so that the ends of stone slabs forming the vault of
the large arch bay could reach there and be supported
by the archivolt projection.

The plan of the northeast support of the central
arch shows a symmetrical bent fracture at 155 degrees,
which allows to reconstruct the vault as consisting
of two rows of stone slabs, with their opposite ends
supported by cuts over the archivolts of the central
arches of the northwest and southeast fagades, and their
converging sides are supported by each other, thus
forming, in the cross section, something like a false
vault of the type encountered as early as in ancient
Egypt (Bianchini, 2010. P. 208). It should be noted
that such vault structure allows significant savings
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Moxno YBEPCHHO MPEANOJIOKHNUTh, YTO IOTa BI)I60pKa
Obli1a caciiaHa, YTOOBI Tyda MPpUXOAUJIM U ONUPAJIUCH
Ha BBIHOC apXHUBOJIbTA TOPILbI KAMCHHBIX IUIUT, KOTOPLIC
n COCTaBJIAJIM CBOJ 0OJIBIIOrO apoO4HOro IpojeTra.

CeBepo-BOCTOYHAS OIIOpA LIEHTPAIBHOH apKy B TIaHE
HUMEeT CUMMETPUUHBIN U3JIOM 10f yriaoM 155 rpamycos.
3T0 NO3BOJISIET PEKOHCTPYHPOBATH CBOJ] KAK COCTOSIILIMI 13
JIBYX PSIJIOB KAMEHHBIX IUTUT, TIPOTHBOIIOJIOXKHBIC KOHIIBI
KOTOPOTO ONMUPAIOTCS Ha BBIEMKH HAJ apXUBOJBTAMHU
LEHTPAJIBHBIX apOK CEBEPO-3aI1aIHOrO M FOr0-BOCTOYHOIO
(hacasioB, a UX CTOPOHBI, CXO/ISIINECS BMECTE, OIUPAIOTCS
Jpyr Ha Jpyra, oOpa3ysl B IOINEPEYHOM paspe3e HEuTo
BPOJIE JIOKHOTO CBOJI@ TOTO THIIA, KAKOH BCTpEYaJICs ere
B [IpeBrem Erunte (Bianchini, 2010. P. 208). Baxuo
OTMETHUTbh, YTO Takasi KOHCTPYKIIMS CBOJA ITO3BOJISIET
CHJIBHO COKOHOMHTDH Ha YCTPOMCTBE Kpy’Kajl, MOCKOJIBKY
TUTMTHI TIPY YKJIAJKE OT MST K BEPIIMHE CBOJA HAUYMHAIOT
paborarb, Kak TOJBKO OHH IONAPHO YCTAHOBJICHBI
Ha MECTO, U He TPeOYIOT TSHKENBIX Kpyxkai CrpemiieHue
ApXUTEKTOPOB ApPKH COKOHOMHUTH Ha Kpy’KallaX XOPOILIO
3aMETHO MO TOMY, KaK CHEHHU(pHUIECKN pa3pe3aHbl KIMH-
YaThble KAMHH COXPAHMBIIEHCS OOJIBILION apKH CeBepo-
3anagHoro (acanxa. JIMHUKM WX HIBOB HE CXOISTCS
B T€OMETPHYECKOM LIEHTPE OKPY)KHOCTH apKH, a Ooiee
TOPU30HTAJIBHBI, TOYKH MX CXOXKJICHHS PacIOIOKCHBI
BbIlIe. Takoro poma pUCYHOK IIBOB NPUMEHSIETCS ISt
TOro, 4YTOOBI KaK MOXHO OOIbIlle KaMHEH apKu OIu-
pajiock ApYyr Ha JApyra, ¥ UX MOXKHO OBLIO OBl yIo-
JKUTh Ha MECTO Oe3 HCIIOIb30BaHHS TSDKEIIBIX KpYyjKall
(Baranski, 2019. P. 4). IlocTpoenue TpexMepHO Monenn
OIMCAaHHOW THUIOTETUYECKOH KOHCTPYKLHMH CBOAA ApPKH
TIO3BOJIMJIO TIPOJIEMOHCTPHPOBATH €r0 F€OMETPUUECKYIO
U KOHCTPYKTHBHYIO JIOCTOBEpPHOCTH (puc. 10).

[TpucTynuTh K PEKOHCTPYKIUH CEBEPO-BOCTOYHOTO
TOpLA apKH OKa3aJoCh BO3MOXHBIM TOJBKO IOCIE
MIPOBEICHHBIX apXEOJIOrNYEeCKUX UccienoBanuii (puc. 17),
KOTOPBIE OKOHYATEJIFHO OIPENEIIMIIN IOJIOKCHUE IEHT-
paJbHOTO MHUJIOHA ceBepo-BocTouHOro topua C/G'?
1 OOmMH acCMMETPHYHBIN Xapaktep 3Toro Topua. Ot
neHtpaibHoro mtoHa C/G coxpaHuiicst GyHIaMEHTHBIA
0JIOK C YHCTO OTECAaHHOW BEpXHEH MOBEPXHOCTHIO,
Ha KOTOpPOW COXpaHWJIaCh pa3MeTKa IUIaHa Jexalen
BbIlle 4acTH. [lonp3ysichk ciydyaem, HYKHO OTMETHTD,
YTO HaBEepXy BceX (YHIAMEHTHBIX KaMHell Apku Oblia
HaHeceHa pa3MeTKa, B COOTBETCTBUH C KOTOPOH BEpXHHE
4acTH ¥ BO3BOAWINCH. Cienbl 3TOH pa3METKH XOpOILIO
BUJIHBl Ha COXPAaHMBHIMXCS NuUiIOHaX. LleHTpanbHBIN
MUJIOH ceBepo-BocToyHOro topua apku C/G Obln

12 To, 4TO HpU OJUHAKOBOW BBICOTE IIMPHHA HHUIISICTPBI
(124 cM) HECKOJIBKO MEHbIIEC HIDKHETO JIHMaMeTpa KPYTioi
kosloHHB! (130 cM) — pacHpocTpaHCHHBIH B AHTHYHOCTH
[pUeM, YaCTHYHO KOMICHCUPYIOIIMH yTOHEHUE KOJIOHHBI
U YHIPOIIABIIMH TeM CaMBIM YCTPOWHCTBO aHTaOJIEeMEHTa.

when installing centerings since when laid from vault
imposts to the top, the slabs start working as soon
as they are installed in pairs laid in place, and they
do not require heavy scaffoldings and centerings.
The architects’ striving to save on the centerings
is easy to identify from the specific way in which
the voussoirs are cut in the surviving large arch of
the northwest facade. The lines of their seams do not
converge in the geometric centre of the arch circle
but are more horizontal, with their converging points
located above. This kind of seam pattern is used to
ensure that as many arch stones as possible support
each other and can be laid in place without using
heavy centerings (Baranski, 2019. P. 4). The creation
of a 3D model of the described hypothetical design of
the arch vault helped demonstrate its geometric and
constructive credibility (Fig. 16).

The reconstruction of the northeast arch end only
became feasible after completing archeological surveys
(Fig. 17) which determined the final position of
the central pillar of northeast end C/G" and the general
asymmetrical structure of its end. From central pillar
C/G, a foundation block survived, with a neatly cut
upper surface which preserved the plan marking of
the part lying above. It is worth mentioning here that
marking was made on all of the arch foundation stones
to erect the upper parts in accordance with it. Traces
of the marking can be well seen on the preserved
pillars. The central pillar of the northeast end of arch
C/G was installed inversely in respect of pillar G, and
between the central pillar and pillar C, a wall was
erected, with its foundation preserved to this day.
The cross sections of these pillars are not meant to
support the vaulted ceiling.

On the side of pillar C facing pillar C/G, the small
and middle order pilasters are superimposed on each
other, and there are no traces of a wall or archway.
Yet the sides of pillars G and C/G that face each other
are very much alike, and are located only at a slightly
shorter distance from each other than those placed
near the pillar to complete the place where the side
street passes through the colonnade in Via Magna.
We assume that the archway between pillars G and C/G
also had an architrave ceiling. In our opinion, the wall
connecting pillars C and C/G could be provided with
a rectangular portal similar to those formed by room
entrances that were located behind a blind external wall
of the side passage and has the ame function. If on

12 The fact that though the pilaster and column heights are the same
the pilaster width (124 cm) is slightly less than the lower diameter
of the round column (130 cm) is due to a technique that was widely
spread in the ancient world to partially make up for the thinning of
the column and thus to simplify the entablature structure.
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Puc. 16. Paspes nocepedune yenmpanvnozo npoiema Apku. CHUMKU ¢ paboueli mpexmepHou MoOelu.
Obpamuas cmopoHa YeHMpPaIbHOU ApKU Ce8epo-3anadHo2o gacaa, evluie apxXueoIbma — 6bleMKU O NAum c800a
apounozo nporema. @omo ¢ Hamypel
Fig. 16. Section along the middle of the central span of the Arch. Pictures from the 3D model. Reverse side of the
central arch of the northwestern facade, above the archivolt of the recess for the slabs of the arch span.
Photo from nature

YCTPOEH 3€pKaJIbHO OTHOCHUTENBHO TWiIoHa G, a MexIy
LEHTPAJIBHBIM IMWIOHOM M TmiioHoM C Obla Bo3Bese-
Ha creHa, (yHIaMeHT KoTopoi coxpanmics. CeueHus
9THX NWJIOHOB HE NPEAIIONAraloT ONHMPaHMs CBOJYATOrO
HIEPEKPBITHSL.

Ha cropone mmona C, oOpaliieHHOH B CTOPOHY IH-
noHa C/G, pacrionararorcsi HaJIOKEHHBIC JIpyT Ha Jpyra
MWISICTPBl MAJIOTO M CPEHErO OpJiepa, W HET HHUKAKUX
CIICZIOB CTEHBI WJIM apodyHOro npoema. B To ke Bpems
oOparteHHbIe Opyr K Apyry croponsl mwioHoB G u C/G
OYCHb TIOXO’KM M HAXOIATCSl TOJIBKO Ha YyTh MEHBIIEM
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the southwest side of the Arch the covered portion of
the colonnade bypassed its end, then from the opposite
side the space itself of the northeast part of the Arch
served as a continuation of the covered side passage
of the colonnade (Fig. 18). From our viewpoint,
this hypothesis is in line with the interpretation of
the Triumphal Arch as an integral element for laying
the colonnaded street, and well explains why the plan
of its northeast portion loses symmetry.

Another difficult issue is the installation of a ceiling
for the space over archways. No traces of a presumed
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Puc. 17. Ilnan axmyanvhoeo cocmosinua Apku ¢ undexcayuetl nunono8. CoXpaHuGuasics pasmemrka Ha 6epXHUX

naockocmsax ynoamenmuvix O10xo6 nuionog D, C/G u F
Fig. 17. Plan of the current state of the Arch with indexing of pylons. Preserved markings on the upper planes of
the foundation blocks of pylons D, C/G and F

pacCTOsSHUM JIpyT OT Jpyra, 4eM JBa PaclOJIOKEHHbIE
HEIo/laJIeKy MHIJIOHA, O(OPMIISIOIINE MECTO BBIXO/A
OOKOBOI yIHIIBI CKBO3b KOJNOHHANy Bma Marna. [pen-
noyiaraeM, 4Tto npoem Mexay muioHaMu G u C/G Tak xe
UMeN apXUTpaBHOE NepekpbiTue. B crene, coequHsBIIeH
mwionsl C 1 C/G, 1o HaleMy MHEHHEO, MOT OBITh YCTPOCH
MPsIMOYTOJIbHBIM TOpTall, aHAJIOTUYHBIA TE€M, KOTOpbIE
00pa30BBIBAJIN BXOJIbI B ITOMEIICHUS, PaCIoyiaraBIIecs 3a
TJIyXOH BHEUIHEH CTEHOIH OOKOBOIO MpOXO/a, M MMEBIIUH
Ty ke ¢yHknuio. Ecim Ha 1oro-zamajaHoil cTopoHe
ApKH KpbITasi 4acTh KOJIOHHAIBI OOXOIMJIa €€ TOpel,
TO C MPOTUBOIOJIOKHOH CTOPOHBI CAMO IMPOCTPAHCTBO
CEBEPO-BOCTOYHOMN 4aCTU ApPKHU CITY’KUJIO TPOJOJIKEHUEM

vault can be seen there. The bays appear too big for
the flat ceiling made of stone slabs. If we stick to
the assumption that this portion of the Arch forms part
of the covered footpath of the colonnaded street, then
a wooden coffer ceiling could be installed similarly to
the ceilings of covered side footpaths of the colonnade,
and at the elevation. Taking into account the nature
of the plan and the lack of massiveness of the pillars
it appears possible that the Arch ceiling by the attic
was also made by analogy to the lateral parts of
colonnades using a coat of calcareous clay over
wooden flooring. If perceived like this, the voluminous-
spatial composition of the Arch helps understand why
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KPBITOro OOKOBOTO Ipoxoja KosoHHa sl (puc 18). Takas
TUIOTE3a, HAa HAIl B3IUIAJ, COMNIACYETCS C TPAKTOBKOM
TpuymbanbHoli ApkH Kak HEOTHEMIJIEMOTO 3JIEMEHTa
YCTpPOHCTBa KOJIOHHOW YJIWIBI M XOPOWIO OOBSCHSET,
oYeMy €€ IJIaH B CEBEPO-BOCTOYHOM YacTH Tepser
CUMMETPUYHBINA XapakTep.

CHOoXHBIM BONPOCOM SBIISIETCSL YCTPOUCTBO HeEpe-
KpPBITUS MPOCTPAHCTBA HaJ apOUYHBIMHU HPOXOJAMHU.
Hukakux nmpusHakoB BO3MOXHOIO CBOAA 3[€Ch HE Ha-
OmronaeTcst. J{Js TUIOCKOro IOTOJIKA M3 KAMEHHBIX IIIHT
MPOJIETHI MPEACTABIISIOTCS CIUIIKOM OonbmmMu. Ecnn
HNPUIEPKUBATHCS MPEATIONOKEHHS], YTO ITA 4aCThb ApPKU
IpeCTaBIsIeT CO00H YacTh KPBITOrO TPOTyapa KOJIOHHON
YJIUIBL, BO3MOXKHO YCTPOHCTBO JEPEBSIHHOIO KECCOHUPO-
BAaHHOI'O IOTOJKA M0 aHAJOTUU C MOTOJKAMHU KPBITHIX
OOKOBBIX TPOTYapOB KOJIOHH/IBI U Ha TOH YK€ OTMETKE.
IIpuHuMast BO BHUMAHUE JIETKOCTh KOHCTPYKIMHA U He-
OOJIBIINE CEUCHUSI ONOp, MPEACTABISECTCS BEPOSITHBIM,

the destruction of the monument was more intensive
from the northeast side, as well as the absence of
any significant quantity of ruined parts and blocks
in addition to those related to the two fagade walls.

Certainly, the degree of reliability of various aspects
of the proposed reconstruction of the Triumphal
Arch differs greatly. The look of both facades,
pediments and aedicula, the presence of the attic, and
colonnade ceilings can be easily determined based
on the artifacts. The same is true about the structure of
central bay vault, and the presence of high standalone
columns near the southeast facade. The structure of
the Arch’s roof, the height of the attic, the nature of
acroterion, the intersection node of the high columns
and colonnade entablature, the general voluminous-
spatial solution used for the northeast part of the Arch
are less reliable because they are to a great extent based
on analogies and indirect proofs. There are difficult

Puc. 18. Cxema osudicenus neutexo0og 8 KpblmvlX OOKOBbIX NPOX0OAX KOJIOHHAO

Fig. 18. Scheme of pedestrian traffic in the covered side passages of the colonnades
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YTO INEPEeKphITHE APKH B 30HE aTTHKa TaKXe OBLIO
BBITIOJIHEHO MO aHAJOTMH ¢ OOKOBBIMU YacTSIMH KO-
JIOHHAJ[ — MO JAEPEBIHHOMY HACTHJIy C TJIMHUCTO-
M3BECTKOBOH CTSDKKOW. OOBEMHO-ITPOCTPaHCTBEHHAS
KOMIIO3UIMST APKH, TIOHATasl TAaKMM 00pa3oM, IOMOraet
MOHSTh, TOYEMY pa3pylIcHHe NaMsATHHKa OblLIo Ooree
HUHTEHCUBHBIM C CEBEPO-BOCTOYHOM CTOPOHBI, a TaKxkKe
OOBSICHSIET OTCYTCTBHE CKOJIBKO-HHOY/b 3HAUMTEIHLHOTO
KOJINYEeCTBA PYyXHYBIIMX 4YacTedl M OJIOKOB, IIOMHMO
OTHOCSIINXCS K ABYM (pacaJHbIM CTCHAM.

CremneHp JOCTOBEPHOCTH PA3IMYHBIX ACIEKTOB Ipef-
JIO’)KEHHOHM pekoHCcTpyKunu TpuymbansHolr Apku, Ko-
HEYHO, CHJIBHO pasnuudaercs. OOimk obonx dacaios,
(DpPOHTOHBI, AMKYIBI, HAJMYKE ATTHKA U TIOTOJIKOB KO-
JIOHHAJI OINPEAEIISIOTCA YBEPEHHO, C ONOPOH Ha MaTepHu-
aJbHBIE CBHUJIETENILCTBA. TO YK€ OTHOCHUTCA K YCTPOHCTBY
CBOJIa LIEHTPAJBHOrO IPOJIeTa, HAJUUYHUIO BBICOKHX
OT/AEIBbHO CTOAIIMX KOJIOHH BO3J€ IOr0-BOCTOYHOIO
(hacama. YcTpolCTBO KpOBJIM ApPKH, BBICOTA aTTHKA,
XapakTep aKpOTEpUEB, y3ell MEPECEUCHUS BBICOKHMX
KOJIOHH C aHTa0JIEMEHTOM KOJIOHHAJ, Bce 0OBEMHO-
MPOCTPAHCTBEHHOE PEIIEHHE CEBEPO-BOCTOYHOM uacTu
ApKH MEHee JOCTOBEPHBI, OCKOJIBKY B OOJIBILON CTETICHH
ONHUPAIOTCA HAa aHAJIOTHM U KOCBEHHBIEC CBHJIETENILCTBA.
Ecte TpynHblE MecTa, KOTOpbIE TOKAa HE HAXOIAT YJOB-
JIETBOPUTEIBHOTO Pa3pelleHusl JaKe Ha ypPOBHE TUIIO-
TE3bl, HAIPUMEP BCTAaBKA B BHE IOJOBHHBI KalUTEIH
MWISCTPbl Majioro opaepa ApKH, Bpe3aHHas B IOJY-
KOJIOHHY nuioHa [

CaMbIM TPYIHBIM BOIPOCOM OCTA€TCsl HaJU4YWe elle
OIHOM 0a3bl Jyisi OOJBIION KOJIOHHBI, KOTOPAs JIOKUT I10
OCHU KOJIOHHA/IbI, MOAXO/ISLIEH C FOr0-BOCTOYHON CTOPOHBI
K 3amajHoMy Topuy Apku. EnuHCTBEHHOE, YTO MOKa
MPEJCTaBISETCS. BO3MOXKHBIM MPEANOIOKUTh, YTO 3TOT
YTOJILUEHHBIA CTBOJ KOJIOHHBI 3[IECh TIOMEIIEH JJIsl TOrO,
9TO0BI YPAaBHOBECHTH MHJIOH I, CTOSIIMI CHMMETPUYHO
C MPOTUBOMOJIOKHOM cTopoHbl Bua Marna.

JlanpHelilee yTOYHEHUE MPEIIOKEHHOW THIOTE-
THYECKOM PEKOHCTPYKIMH IIEPBOHAYAIBHOTO O00JIMKA
Tpuymdansroit Apkn [TambMHUpBI BOSMOKHO ITyTEM I10-
CTpOeHHs OoJiee TOUHOW IM(POBON MOJIEIH, BKIIFOUCHHUS
GosbIiero yncia ()parMeHToB U3 JIAMMIAPHS U TEPPUTOPHN
BOKPYI ApKH, a TaKkke IpH MOSBICHUM HOBBIX apXeo-
JIOTUYECKUX CBHUJIETENILCTB B 30HE HOBOM JOPOTH.

places that have not been satisfactorily resolved so far
even at the level of hypothesis such as, for instance,
the insert in the form of a half of the capital of
the smaller order arch pilaster, cut into the half of
the column of pillar I.

The most difficult problem is still related to the exist-
ence of one more base for a large column located
along the colonnade axis and reaching the western
end of the Arch from the southeast. The only possible
assumption so far is that this thickened shaft of
a column was placed here to balance pillar I standing
symmetrically from the opposite side of Via Magna.

Further updating of the proposed hypothetical
reconstruction of the original appearance of the Trium-
phal Arch is possible through building a more accurate
digital model, using a bigger number of fragments
from the lapidary and the area around the Arch, as
well as in the event that new archeological proofs are
discovered in the area of the new road.
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IIpupoaHbie M NCKYCCTBEHHbIE MaTepuasibl KOHCTpYKUMil TpuymdanbHoii Apku
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Natural and Artificial Materials Used in the Triumphal Arch Structures in Palmyra
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Beeoenue

Tpuymdansnas Apka [lansmupsl, narupyemas 111 B, —
00BEKT BCEMUPHOI'O HACJEIUs, CEPhE3HO ITOCTPAIABIINN
B Xozie BoeHHbIX jedictuii B 2015 1. (puc. 1). Coxpa-
Hunock npumepHo 40 % xoHcTpykumit Axpu, 44 %
ObLTM OOpYIIEHBI, HO MOTYT OBITH HCIOJIB30BaHbI IPU
pecTaBpaiy, U OKoJIo 16 % KOHCTPYKLMH pa3pylLEHbI
nonHocteio (benmam, 2016; Wrorn, 2022). Apka ¢op-
MUPOBaJIa NEPCIeKTUBY IaBHOU yiuiel CTaporo roposa,
coequHsis ee ¢ xpamoM bana, u sBisiIack OOJHUM U3
CaMBbIX NpUMeYaTeNnbHbIX TaMATHUKOB [Tansmupsl. [Tomu-
MO OUYEBHMJHON UCTOPUYECKON LEHHOCTH, ApKa HUMEET
cuMBoJIndeckoe 3HadeHue Ui Cupwuiickoil Apabckoi
PecnyOnuku, 94T0 HE OCTABISCT COMHEHHUH OTHOCH-
TeIbHO HeoOXxoaumocTu ee BoccraHoBieHus (Gates,
2011; ComoBbeBa u np., 2019; T'omoboponckuii, 2022;
Bospoxnenne, 2022). BaxselmumM 3Tarnom pazpadoT-
KM HPOEKTa PECTaBpallMM, COBMECTHO peaiu3yeMbIM
B HACTOSIIEE BPEMs POCCUUCKUMHU M CHUPUICKUMHU
CHeLUaTUuCTaMu, SIBISETCSl MPOBEJEHUE KOMILIEKCHBIX
Hay4HBIX HCCIICOBAaHUI OOBEKTa, OJHMM M3 OCHOBHBIX
9JIEMEHTOB KOTOPBIX SIBJISIIOTCS MaTepHallOBEJUECKUE
U3bICKaHUA. 3a BpeMs CBOEro CyLIECTBOBaHUsA Apka
HEOJHOKpAaTHO pecraBpupoBaiack (MuXaloBCKUH,
J13eBanoBckuid, 1968), Hanpumep B 30-X IT. MpPOIILIOrO
cronetusi (paHIly3ckuM apxurektopom PobGepom Amu
(puc. 2), HO TOCTOBEPHBIX JIAHHBIX O CHCTEME MaTepHaJIOB,
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Introduction

The Palmyra’s Triumphal Arch that dates from
the the 3rd century, is a world heritage site that
was seriously damaged during the hostilities in 2015
(Fig. 1). Approximately 40 % of the structures of the
Arch survived, 44 % of the structures collapsed but
could be used in the process of restoration, while
about 16 % of the structures was completely destroyed
(bemam, 2016; Utoru, 2022). The arch used to dominate
the perspective of the main street of the Old City
connecting it with the temple of Bel, and was one
of Palmyra’s most remarkable monuments. Apart
from the obvious historical value for the Syrian Arab
Republic the Arch has huge symbolic significance,
which leaves no doubt that its recovery is an absolute
necessity (Gates, 2011; ComoBseBa u ap., 2019;
Tono6opomckwmii, 2022; Bospoxaenue, 2022). The most
important stage in the development of the restoration
project, which is currently being jointly implemented
by Russian and Syrian specialists, is a comprehensive
study of the site, with scientific investigation of
the materials discovered being one of the main elements
of the study. During its existence, the Arch has been
restored on more than one occasion (MunxaJoBCKHi,
J3eBanoBckuii, 1968); for example, in the 1930s it was
restored by the French architect Robert Amy (Fig. 2),
but reliable data on the materials’ pattern used in its

! 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: peepdv@mail.ru.

2 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: e.panova@spbu.ru.

3 8 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: nina.shangina@gmail.com.
4 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: redkin@yandex.ru.

> 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: sizov@agiogk.ru.



Bronnemens HUMK PAH. Ne 13

Puc. 1. Tpuymehanvnaa Apka 0o (crneea) u nocre (cnpasa) paspyuienus 6 2015 e.
Fig. 1. Triumphal Arch before (left) and after (right) destruction in 2015

Puc. 2. Pobep Amu ¢ xonnecamu 6o epems pecmaspayuu Tpuymgpanvroi Apxu ¢ 1930-x ce. (Archaeological missions, 2022)
Fig. 2. Robert Ami with colleagues during the restoration of the Triumphal Arc in the 1930s. (Archaeological missions, 2022)
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Ipupoonvie u uckyccmeenmvie mamepuanvt koncmpykyuti Tpuymepanvnou Apxu 6 Ianvmupe

UCIIOJIb30BAHHBIX TIPH €€ CTPOHUTENLCTBE, OOHAPYKHUTh
He ynanock. [IpencraBieHHblE B HACTOSILIEH CTaTbe pe-
3ylbTaThl UCCIIEAOBAHUN BOCHOJHSAIOT HENOCTAIOIINE
CBEACHUS O PA3HOBUIHOCTAX U COCTOSHUM MaTepUaJIOB,
COCTaBJISIFOIIMX KOHCTpYKUMH TpuymdanabHOH Apku B
HACTOSIILIUA MOMEHT.

Memoow uccredosanus

B niepuon ¢ nexadps 2021 o Hos6ps 2022 1. mpon3Bo-
JIWIMCh HaTypHbIe o0cienoBaHus M 0TOOp 00pasloB
CTPOUTENIEHBIX MaTepHaJIOB KaK HEIOCPEJCTBEHHO Ha
ApKke, Tak W Ha pa3nM4HbIX o0bekTax Craporo ropona
n OoKkpecTHOCTsIX T. Tazmop. OtoOpaHHBIE 00pa3smbl Hc-
CJICIOBAIINCH B JIAOOPATOPHBIX YCIIOBUSX C MPHMEHEHHEM
CIICAYIONIMX MeTO/IoB: 1) (oTomokyMeHTanusi oOpasioB
MIPUPOAHBIX KaMEHHBIX MaTepualioB ¢ (ukcarueil BbI-
BETPEHHONW KOPKH ¥ CBEXEil MOpOAbI C WCIOJIb30BAHU-
eM OMHOKYyIsipa-crepeoMukpockona Leica M205 C;
2) crpaturpaduueckuii aHajIu3 CJIOEB MaTEpHAJIOB;
3) nerporpaduyecKuii aHaIN3 TOATOTOBICHHBIX NUTH(OB
MPUPOJHBIX KaMEHHBIX MaTE€pHaliOB C HCIIOJIb30BAHH-
eM OuHOKyJsipa-crepeoMukpockona Leica DM 2500P
B NAPaJUICNBHBIX M CKPEIICHHBIX HUKOJSX JUIS M3yUYeHHUs
MHHEPAJIBHOr0 COCTaBa 00pa3loB MaTEPHaOB, HX CTPYK-
TYPHBIX U MHKPOTEKCTYPHBIX OCOOEHHOCTEH; 4) CKaHU-
pyromiast AnekTponHass Mukpockornus (Quanta 200 3D)
¢ (yHKIMEH 3JeKTPOHHO-30HJOBOTO MHKpOAHAIH3a
JUIS. U3YYCHHUS BEIIECTBEHHOI'O COCTAaBA, MHUKPOTEKCTYD
U MHUKPOCTPYKTYP MaTe€pHasioB; 5) PeHTreHO(a30BbIH
aHaJau3 00pas3IoB C HCIIOJIb30BAaHUEM IOPOHIKOBOTO
nuppakromerpa D2 PHASER Bruker; 6) onrtuko-
SMHCCHOHHBIN aHallM3 METaJJIOB M CIIJIABOB C HCIOJIb-
30BaHMeM mnopraruBHoro crnekrpomerpa PMI-MASTER,
moa. UVR. Ocoboe BHMMaHHE Ha JAHHOM I3Tame yIe-
JISJIOCh YCTAHOBJICHUIO BEIIECTBEHHOI'O COCTaBa Ma-
TEpHAJIOB, UX TEKYIIEr0 COCTOSHUS C TOYKH 3PEHUS
BO3JIEHCTBUSI MPOLIECCOB IPO3UM, a TaKXKE OIpelesIecHUe
OPUTHHAJIBHBIX (IIEPBUYHBIX) CIIOEB.

Pesynomamul u 06cyscoenus

OcHoBHbIE KOHCTpYKIMK TpuymbansHoli Apku co-
CTaBJISIIOT OJIOKM M3 MPaMOPH30BAaHHOTO HM3BECTHSKA
(puc. 3). B OyToBBIX KiIaJKaxX H3pelKa BCTPEYArOTCs
KaMHU 13 mena (puc. 4). L{Ber MpaMOpHpOBaHHOTO H3-
BECTHSIKAa Ha CBEKEM CKOJIE OT CBETJIO OEKEBOTO JI0
cewio xenroro. [lopona MioTHAs, AOCTATOYHO MPOYHAS,
HO XapaKTepH3yIoIlasicsi CyIIECTBEHHOH €CTECTBEHHOU
HEOJJHOPOJIHOCTBIO (CIIOMCTOCTBIO), BBIpaXKarolencs
B IIPUCYTCTBHH OOJIBIIOrO KOJIMYECTBA CTHUIIOIUTOBBIX
IIIBOB, PACHOJIOKEHHBIX B TIOpozie Ha paccTostHud 5—10 cm
JIpyr OT Apyra. ByToBble KaMHH W3 Mella XapakTe-
PH3YIOTCSI 3HAYUTEIIBHO OOJiee PBIXJION CTPYKTYpod H,
COOTBETCTBEHHO, MMEIOT OOIBIIYIO CTENEHb JIECTPYKLIHN
KaK BCJIEJICTBUE BBIBETPHBAHUS, TaK W MEXaHWYECKOI'O
Bo3eiicTBysL. CpaBHUTENBHBIM aHaaM3 00pasloB Mpamo-
PHM30BaHHOTO M3BECTHSKA, COCTABIISIONICIO aHTUYHbIC

construction is unavailable. The study results presented
in this article fill in the information gaps regarding
the variety and condition of the materials that make
up the Triumphal Arch structures at present.

Study methods

Between December 2021 and November 2022,
field surveys and sampling of building materials were
carried out directly at the Arch site, at various locations
in the Tadmor Old City, and in the surrounding
countryside. The selected samples were studied under
laboratory conditions using the following methods:
1) photodocumentation of natural stone material samples
with fixation of a weathered crust and fresh rock
under a binocular stereomicroscope Leica M205 C;
2) stratigraphic analysis of the materials’ layers;
3) petrographic analysis of natural stone material thin
sections under a binocular stereomicroscope Leica
DM 2500P in parallel and crossed Nicols (dark-field
microscopy) — to study the mineral composition
of material samples, their structural and micro-
textural features; 4) scanning electron microscopy
(Quanta 200 3D) with the function of electron probe
microanalysis to examine composition, microtextures and
microstructures of the materials; 5) X-ray phase analysis
of samples with the use of a D2 PHASER Bruker
powder diffractometer; 6) optical emission analysis of
metals and alloys using a portable spectrometer PMI-
MASTER, UVR mod. Particular attention at this stage
was paid to the evaluation of the material composition
of the samples, their current state in terms of the impact
of erosion processes, as well as to the determination
of the original (primary) layers.

Results and discussion

The main structures of the Triumphal Arch are
blocks of marmorized limestone (Fig. 3). Chalk stones
are also occasionally found in the quarry stone masonry
(Fig. 4). A fresh shear of the marmorized limestone
presents the spectrum of colors from light beige to light
yellow. The rock is dense, fairly strong, but presents
significant natural heterogeneity (lamination), which is
demonstrated by a large number of stylolite sutures
located in the rock at a distance of 5-10 cm from
each other. Chalk quarry stones have a substantially
less consolidated structure and, accordingly, exhibit
a greater degree of degradation due to both weathering
and mechanical impact. Comparative analysis of
marmorized limestone samples constituting ancient
blocks, as well as blocks included in the construction
during the restoration by R. Amy, did not reveal
significant differences in material composition and
structural parameters. In both cases a stone of
a relatively light beige shade of dense, fine-grained
(pelitomorphic) structure, with no distinguishable
inclusions of residual organic matter, was used (Fig. 5).
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Puc. 4. Obpasey mena, ucnonv3oeannozo npu

Puc. 3. Xapaxmeprvie 610KU U3 U36ECMHAKA
Fig. 3. Characteristic limestone blocks cmpoumenvcmee Apku
Fig. 4. A sample of the chalk used in the construction
of the Arch

_i.
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Puc. 5. Broku uz npupooHo2o KamHs:
a) On0oKku ammuunoeo nepuoda, 6) 610Ku, UCNOIb306aHHble npu pecmagpayuu ¢ 30-x c2. XX 6.

Fig. 5. Blocks made of natural stone:
a) blocks of the ancient period; b) blocks used in the restoration in the 1930s.
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OJI0KH, a Takke OJIOKOB, BKJIFOYECHHBIX B KOHCTPYKIIUIO
BO Bpemsi pectaBpanuu P. AMu, He MO3BOMIT OOHAPYKUThH
CYIIECTBEHHBIX OTJIMYHUIl MO BEIIECTBEHHOMY COCTaBY
U CTPYKTYPHBIM Tapamerpam. B oboux ciydasix mpu-
MEHSUICS KAMEHb OTHOCHUTEJIBHO CBETIIOTO OEXKEeBOro
OTTEHKA C IJIOTHOW MEJIKO3EPHUCTOU (MeTruTOMOP(HOIN)
CTPYKTYpPOH, 6e3 pa3MuMMBbIX BKJIFOUCHHH OpPraHUYeCKUX
ocTaTkoB (puc. 5).

JIJis yTOYHEHUSI MUHEPAILHOTO COCTaBa ayTCHTHYHOM
TOPHOM TOPOIBI M MaTepualia, UCIONBE30BAHHOTO B XOJIC
pectaBpariz P. AMu, BBITIONHSUICS pEHTTEHO(MA30BEIi
aHaJm3 Mpo0, MOATOTOBIICHHBIX M3 OTOOPaHHBIX 00pa3IioB
kaMmHs. B Xoze mccrienoBaHuii B COCTaBe MOJIABIISIONICTO
qHcia Mpo0 Kak ayTeHTUYHOM ITOPO/IbL, TaK M KaMHs, ¥C-
MOJIE30BAHHOIO TIPH PECTaBPALlUK, ObLIO BBISBICHO CO-
JiepkaHue TONbKO KapOoHaTa kanbiwms (CaCOs, ~100 %);
B PCIOKUX CIydasX HaOIIONAJIOCh HE3HAYUTEIHHOE CO-
nepkanue nuokcmaa kpemHus (SiO,, ~1 %). Takum
00pa3oMm, 10 MHHEPAJIBFHOMY COCTaBy MpPaMOPH30BAaHHBIH
W3BECTHSIK QaHTUYHBIX OJIOKOB M OJIOKOB BPEMEH pecTaB-
pauuu P. AMu oueHb OJTU3KY, YTO YKa3bIBaCT Ha HCIIONb-
30BaHUEC MPUPOIHOTO KAMHS M3 OTHOIO IUIACTA.

TToMrMO 00pa3LOB NPUPOTHOTO KAMHSI U3 KOHCTPYKIUH
Apk#, Ob1T 0TOOpaHBI 00pa3Libl KaMHS N3 0OHAPY KEHHBIX
B HEIOCPECTBEHHOM Onm3octh oT I. Tagmop KapbepoB
(puc. 6). Pesynbrarhl aHanm3a THX 0OpasLOB I103BO-
JISIFOT BBISIBUTH CYIIIECTBEHHOE CXOICTBO MEXKy MPaMo-
PHM30BaHHBIM HM3BECTHSIKOM, HCIIOJIb30BAaHHBIM B pazHOE
BpeMs JUUIsI BO3BEACHUSI M pecTaBpaldy ApKH, a TaKkKe
C MarepuasoM, J0ObIBaeMbIM B HACTOSILEE BPEMSL.

[leTporpaduueckue uccienoBanus NUIM(OB HOKa-
3a/IM, YTO UCTOPUYECKUI KaMEHb, PEeCTaBpal[MOHHBIN
KaMeHb AMU U KaMeHb U3 JCHCTBYIOIIET0 Kapbepa CX0XKHU
1o cTpykrype mnopoasl (puc. 7). OHM TpeAcCTaBICHBI

To specify the mineral composition of the authentic
rock and the material used in the course of R. Amy’s
restoration, X-ray phase analysis of samples prepared
from selected stone samples was performed.
In the course of the study only calcium carbonate
(CaCOs;, ~100 %) was discovered in the vast majority
of samples of both authentic rock and the stone used
for the restoration; in rare cases an insignificant
content of silicon dioxide (SiO,, ~1 %) was observed.
Thus, the marmorized limestone of ancient blocks
and blocks used during restoration by R. Amy are
to a great extent identical in terms of their mineral
composition, which indicates that natural stone from
the same strata was used.

In addition to the natural stone samples taken from
the structures of the Arch, stone samples were taken
also from the quarries discovered in the immediate
vicinity of the city of Tadmor (Fig. 6). The results
of the analysis of these samples make it possible to
reveal a significant similarity between the marmorized
limestone used at different times for the construction
and restoration of the Arch, as well as its similarity
with the material mined at the present time.

Petrographic studies of the thin sections showed
that the historical stone, the Amy’s restoration stone,
and the stone from the quarry in operation are similar
regarding their rock structure (Fig. 7). They are
formed by a fine-grained mass composed of calcite
containing fragments of fossils and recrystallization
zones of calcite-dolomite composition. The rock
from the quarry has a more pronounced fine-grained
structure, fewer fossil fragments and recrystallization
zones. It should be noted that the historical stone
and the restoration stone used by R. Amy are more
heterogeneous and are most susceptible to degradation.

Puc. 6. Kapvepwr 6 okpecmuocmsx 2. Taomop: a) deticmeyrowutl kapvep;, 6) Hepaspabamvieaemvlii 6 HACMOsAWee 6peMsL Kapbep
Fig. 6. Quarries in the vicinity of the city of Tadmor: a) an active quarry; b) currently unused quarry
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Puc. 7. @omoepapuu winugos. Veenuuenue x60. Huxonu ckpewenvi. a) ucmopuieckuii kamenvs, 0) KameHv 8pemeH

pecmaspayuu P. Amu; 8) xamens ¢ Oelicmeyoujeco co8pemeHHo20 Kapvepd
Fig. 7. Photographs of sections. Magnification x60. Nikoli crossed: a) historical stone; b) a stone from the time of
restoration by R. Ami; ¢) a stone from a modern quarry
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MEITKO3EPHUCTOW Maccod KaJbIIUTOBOIO COCTaBa C 00-
JOMKaM# (OCCHIMI U 30HAMH TEPEKPUCTAILTU3AINH
KaJIBIUT-OJIOMUTOBOrO cocTaBa. l[lopoma u3 Kapbepa
uMeeT 0oJee MEIKO3CPHUCTYIO CTPYKTYpPY, MCHBIIEC
00710MKOB (hOCCHIIHI 1 30H TepeKpucTauiami. Cienyer
OTMETHTb, YTO UCTOPHICCKUI KAMCHb U PECTaBPALIOHHBIM
KaMeHb, MCIOIb30BaHHbIN P. Amu, sBistroTcst Oojiee He-
OJTHOPOIHBIMU ¥ B HAaWOOJBIICH CTEICHH ITOABEPIKCHBI
paspyieHuto. M3BeCTHIK W3 ACHCTBYIONIETO Kapbepa
HUMEeT HarOoJiee TUIOTHYIO CTPYKTYPY U HAUMEHEBIIIEE KO-
JIMYECTBO OPraHUYCCKUX OCTATKOB. DTO CBHJCTCIBCTBYCT
0 BO3MOXKHOCTH JIOCTaTOYHO aKTHBHOTO BO3ICHCTBHSI Ha
MaTepHall IeCTPYKTUBHBIX (DaKTOPOB OKPY>KAIOIIEH Cpe/bl.

J1s metaapHOrO W3YUYCHHSI MHKPOCTPYKTYPBI OCO-
OEHHOCTH XMMHYECKOrO COCTaBa IMOPOJBI M BKJIIOUCHHH
UCIIONb30BAJINCH CKAHNPYIOIIAsk SIEKTPOHHAS MUKPOCKOIHS
U MHUKpPOPEHTICHOCHEKTPabHbIH aHamu3 (puc. 8). Pe-
3yJIBTAaThl aHAJIN3a XMMHYECKOI'O COCTaBa IPHBEICHBI
B Tabmure 1. B TOYeuHbBIX U IUIOMATHBIX CIICKTPaX KpOMe
CaCO; npucyTcTBYeT MarHui, »*elies3o, cepa U XJIOp.
Ha oTnenbHBIX ydyacTKax HOpOJBI HAOJIONAIOTCS 30HBI
MEPEKPUCTAIUIM3AUKN U YKPYITHEHUSI ¢ 00pa3oBaHUEM
MPaBIWIBHBIX KpucTawioB (puc. 9). Takue ydacTku u3-
BECTHsIKA Oy/lyT BBIBETPUBATHCS M Pa3pyILIaThCs ObICTpee
TUTOTHOM TIOpOITbL. KprCTaibl MPpeICTaBICHbI KATBIIUTOM.
CpaBHEHHE COCTaBa MEIKUX M KPYITHBIX KPUCTAJIIOB
TI0Ka3aJI0, YTO MEJIKHE 3e€pHA KaJIbLIUTA COACPKAT IPUMECh
maraus (1o 2 %) n xenesa (1o 2 %).

B xone oOcaenoBanust Apku ObUIM OOHApY>KEHBI
MHOT'OYHCIICHHBIE 3JIEMEHTBI, BBINOJIHEHHBIE M3 HCKYC-
CTBEHHBIX KAMEHHBIX MaTEpHAJIOB — PACTBOPOB U OETOHOB
Ha OCHOBE MHHEpaJIbHBIX BsOKyHMX. Hambonee maccoBo

Limestone from the quarry in operation has the densest
structure and the least amount of organic residues.
This indicates that sufficiently intensive impact of
destructive environmental factors on the material has
been quite possible.

To provide a detailed study of the rock and
inclusions chemical composition microstructure
scanning electron microscopy and X-ray microanalysis
were used (Fig. 8). The results of the analysis of
the chemical composition are shown in Table 1.
Apart from CaCO; the samples contain magnesium,
iron, sulfur, and chlorine. Some areas of the rock
exhibit zones of recrystallization and coarsening with
the formation of regular crystals are observed (Fig. 9).
Such areas in limestone will weather and collapse faster
than more dense rock. The crystals are represented by
calcite and a comparison of the composition of small
and large crystals showed that small calcite grains
contain an admixture of magnesium (up to 2 %) and
iron (up to 2 %).

During the survey of the Arch numerous elements
were found to be made of artificial stone materials:
for example, mortars and concretes based on mineral
binders. This type of material is most commonly found
at the base of the pylons. Along with that, a number of
blocks from the time of R. Amy’s restoration consist
of a metal-reinforced concrete “core” fronted with
marmorized limestone. “Spikes” used to fix the blocks
in special joints of the “male-female” type were also
made of concrete (Fig. 10). When the Arch was blown
up, most of the concrete “spikes” were destroyed; their
fragments can be observed everywhere in the “female”

Puc. 8. Uzobpasicenue cmpykmypbl Mpamopu3o8aHHo2o
U3BECMHAKA, NOIYHUEHHOE C NOMOWbIO CKAHUPYIOUjeeo

NEKMPOHHO20 MUKPOCKONA
Fig. 8. Image of the structure of marbled limestone
obtained using a scanning electron microscope

Puc. 9. Kpynnoxpucmannuueckue 30mbl
MPAMOPU30BAHHOLO U3BECTNHAKA
Fig. 9. Coarse-crystalline zones of marbled limestone
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Tabnuya 1. Cpednuil xumuyeckutl CoCmas Mpamopu308anHo2o uzeecmusxa (%)
Table 1. Average chemical composition of marmorized limestone (%)

Onement / Element Conepxxanne / Content (n = 15)
C 16.79
Ca 23.83
Mg 0.80
Al 2.08
Si 12.61
S 1.14
Cl 1.19
K 1.18
Fe 3.13
(6} 3721

Puc. 10. Bnoxu, uzeomosiernvle ¢ NpUMeHeHUeM PpAcmeopos u OemoHo8: @) ONOKU ¢ GEMOHHbIM «CePOCUHUKOMY,
6) coeduHenus «Naz-wuny
Fig. 10. Blocks made using mortars and concretes: a) blocks with a concrete “core” b) tongue-and-groove connections

JAHHBIA THII MaTCPUAJIOB IPUCYTCTBYET B OCHOBAHUSX
mIoHOB. [ToMuMoO 3TOTO, Psift OJIOKOB BPEMEH peCTaBpalliy
P. AMu cocTonT M3 apMHUPOBAHHOTO METAJIJIOM OCTOHHOTO
«CepIeYHUKa», OOJIUIIOBAHHOTO MPaMOPHU30BaAaHHBIM
U3BECTHSIKOM. V3 OCTOHOB Takke OBLIM BBIIOJHCHBI
IIHTBI», HCIOJIb30BaHHBIC TpH (HUKCAIIUU OJI0-
KOB B CICITHAIBHBIX COCHMHCHUSIX THUIA «IIa3-IIIHII
(puc. 10). Ilpu moxpeiBe Apku OOJBIIAs YaCTh OCTOHHBIX
«IIUIIOBY OBl pa3pylicHa; X (pparMeHTHI TOBCEMECTHO
HaOITIOArOTCS B Ta3ax 0J10K0B. [IoMUMO TepedrclieHHBIX
BBIIIIC CITy4acB, UCKYCCTBCHHBI KaMEHb IPEICTABIICH
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grooves of the blocks. In addition to the cases of its
application named above, artificial stone was used as
mounting solutions that can be seen on the contact
surfaces of adjacent blocks. This allows asserting that
during the restoration work carried out in the 1930s
a significant part of the structures was recreated:
natural and artificial stone materials were widely used
to compensate for major losses.

The technology for strengthening the Arch’s pylons
bases, as well as for the absolute majority of the other
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B BHUJIE MOHTaXHBIX PAacCTBOPOB, NMPHCYTCTBYIOIIUX Ha
TIOBEPXHOCTSIX COIPHKOCHOBEHHSI CMEXHBIX OJIOKOB. JTO
MO3BOJISIET YTBEPAKAATh, YTO B XOJE PECTABPALIUOHHBIX
paboT, BBINOIHEHHBIX B 30-X IT. IPONUIOrO CTOJETHS,
3HAYUTEIbHAS YacTh KOHCTPYKLHUI Oblila BOCCO3/MaHA:
HIMPOKO MPUMEHSJICS NPUPOAHBIA U HCKYCCTBEHHBIN
KaMEHHBII MaTepuai JUis BOCIIOIHEHUs! KPYMHBIX yTpar.

TexHonorust ykperuieHust 6a3 NMAJIOHOB ApKH, a Tak-
JKE€ TIOABJISIONIEr0 KOJWYECTBA MPOYUX OOBEKTOB
Craporo ropoja, mojapa3zymeBajia HCIOJIb30BaHHE HE
MEHEE JBYX Pa3HBIX COCTAaBOB: COOCTBCHHO, OCTOHA
C OTHOCHTEIBHO KPYIHBIM 3aIlOJIHUTENEM W3 MPUPOI-
HOTO KaMHSI M JICKOPaTHBHYIO OOMa3Ky KOPHUYHEBO-
0e)KeBOTO IBETa, COJEpPKAIIYI0 HEOpraHWYEeCKHue
nuMeHThl. OOMaska mpuaaBaja OCTOHY IOBEPXHOCTbD,
COOTBETCTBYIOIIYIO HMaTHHHPOBAHHOMY OT BPEMEHHU
MpaMOpHpPOBaHHOMY M3BeCTHSIKY (puc. 11). B 3aBucumoctn
oT o0bemMa OETOHMPOBAHHUS HAHOCHJIOCH OT JBYX
JI0 TpeX CJOEB MaTepHayioB: OETOH C OTHOCHUTENIBEHO
KPYIHBIM 3aIlOJIHUTEJIEM U3 IIPUPOJHOTO KaMHS,
MEJIKO3EPHHUCTHII OCTOH C 3aloJHHUTENeM M3 IecKa,
JiekopaThBHasi oOMa3ka. B cirydae BOCIIOTHEHUS KPYTIHBIX
JIe(EKTOB IOCJIEAOBATEIBHO MPUMEHSINCH KPYHHO-
1 MEJIKO3epHUCTHIE OeTOHBI. [Ipr peMOHTE OTHOCHTEIIHHO
MEJIKHX J1e(hDEKTOB HCIOIIB30BAJICS TOJIBKO MEJIKO3EPHUCTBIN
Oeron. /lekoparuBHass oOMasKa sBISIIACH (DMHHUIIHBIM
cioeM BO Bcex cirydasix. ClieyeT OTMETHTH BBICOKYIO
MIPOYHOCTH CLEIJICHNS! NCKYCCTBEHHBIX KAMEHHBIX Mare-
pHaIOB C OCHOBAaHMEM — IPUPOIAHBIM KaMHEM, YTO
JIeNIaeT HEBO3MOXKHBIM pa3JielieHue MaTepuajoB 0e3 Jo-
MOJIHUTEIIBHOTO TPaBMHPOBAHMS MCTOPUYECKOH 4YacTh
KOHCTPYKIIHH.

I[J'[H H3roTOBJICHUA KPYNHO3CPHUCTBIX OCTOHOB HC-
MOJIB30BAJIOCh LEMEHTHO-U3BECTKOBOC BsXKYLIECC C 10-
0aBKO# TIJIMHSHOI'O TECTa. HpHMCpHOe COOTHOHICHUC

sites in the Old City, implies the use of at least two
different compositions: in fact, concrete with a relatively
large natural stone aggregate and a decorative brown-
beige coating containing inorganic pigments were
used. The coating gave the concrete surface a look of
marmorized limestone patinated by the effect of time
(Fig. 11). Depending on the volume of concreting, two
to three layers of materials were applied: concrete with
relatively coarse natural stone aggregate, fine-grained
concrete with sand aggregate and a decorative coating.
Coarse and fine-grained concretes were successively
used when it was necessary to compensate profound
defects. Only fine-grained concrete was used when the
areas under restoration were affected by relatively small
defects. A decorative coating served as the finishing
layer in all cases. It should be emphasized that
the adhesion between the artificial stone materials and
the base (natural stone) was very strong, which makes
it impossible to separate materials without additional
damage to the historical part of the structure.

To produce the coarse-grained concrete a cement-
lime binder with the addition of clay dough was
used. An approximate ratio of cement:lime: aggregate
is 1:0.3-0.5:7.0-7.2. Carbonate rock sand and
quartz-feldspar sand were added as fine aggregates.
The fine aggregate grains are of 0.315-1.250 mm,
and the diameter of the biggest grains is 2.5 mm.
Crushed marmorized limestone with a fraction
size of 5-20 mm was used as a coarse aggregate.
The covering repair layer is made of light gray fine-
grained concrete with cement-lime binder used as
the base, in this case a cement:lime:aggregate ratio
is approximately 1:0.3—0.5:3.8-4.0. The aggregate
was composed of carbonate rock sand and quartz-
feldspar sand. The basic aggregate fraction size is
0.315-0.630 mm, with the biggest diameter being

Puc. 11. bemonnwiii 610K ¢ NUSMEHMUPOBAHHOU 0EKOPAMUBHOU 0OMA3ZKOU

Fig. 11. Concrete block with pigmented decorative coating
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LIEMEHT : I3BECTh : 3aII0JHUTENb cocTaBiser 1:0,3—0,5:7,0-7,2.
B kauecTBe MENKOro 3amlONHUTENS! UCHOIb30BAJICSA MECOK
13 KapOOHATHBIX IOPOJ M KBapIEBO-MOJIEBOLINATO-
BBl necok. OCHOBHAsI (ppakisi MEJIKOrO 3aroIHUTEIs
0,315-1,250 MM, nuameTp HamOOJbIIEH KPYITHOCTH
COOTBETCTBYET 2,5 MM. B KauecTBe KpyIHOTo 3arioHUTENst
MIPUMEHEH JPOOJICHHBI MPaMOPH30BAHHBIN HM3BECTHSIK
¢pakunn 5-20 MM. HakpbIBOYHBII pEMOHTHBIN CIIOH
MIPE/ICTABIICH MEJIKO3EPHUCTHIM OETOHOM CBETJIO CEpPOro
[[BeTa HA OCHOBE IIEMEHTHO-U3BECTKOBOI'O BSIKYIIErO
C COOTHOIIEHUEM LIEMEHT : U3BECTh : 3all0JIHUTENb MpU-
MepHO 1:0,3-0,5:3,8-4,0. B xauecTBe 3amomHUTENs HC-
TIOJIE30BAJICS TIECOK M3 KapOOHATHBIX TOPOI M KBApLEBO-
TIOJICBOLIIIATOBBIN NecoK. OCHOBHAS (DPAKIIHS 3aIIOTHUTEIS
0,315-0,630 MM, nuamerp HauOOJbBLIEH KPYITHOCTH
0,8 Mm. BepxHuil eKopaTUBHBIN CIION MPECTaBIEH CTPO-
UTEIBHBIM PAacTBOPOM KOPHYHEBO-OEXKEBOTO IIBETa Ha
OCHOBE H3BECTKOBO-THIICOBOrO BSKYILETO C MPUMEPHBIM
COOTHOIIIEHUEM U3BECTh : TUIIC : 3aroIHATEIb — 1:0,2-04:3,7—
3,9. B xauecTBe 3alOJHUTENS] UCHOJIL30BAaH IECOK W3
KapOOHATHBIX TOPOJL C HEOOIBIINM KOJIHYECTBOM (10 15 %
OT 00BbEMa 3aTIOJTHUTENST) KBAPLIEBO-TIOJIEBOIIITIATOBOIO TIECKa.
OcnoBHas (paxmust 3anomauTenst 0,315-0,500 MM quametp
HanoOosbielt kpynHoctn 0,63 MM.

OO0pa3Ibl «KMOHTaXKHBIX PACTBOPOBY, UCIIONTBE30BAaHHBIX
JUTSL KJIAJIKU OJIOKOB, TIPENICTABIISIOT COOOH CTPOUTEIEHBIC
pacTBOPbl CBETJIO CEPOro LBETA Ha LEMEHTHO-U3BECTKO-
BOM BSDKYIIIEM C COOTHOLLIEHHEM 1IEMEHT : U3BECTb : 3aII0JTHU-
Terb okono 1:0,3—0,4:3,9—4.1). CocTaB JaHHBIX pacTBOPOB
OJIM30K K COCTaBy MaTCpPHAJIOB, IPUMCHCHHBIX I OCTO-
HUPOBAHUs HEOONBIINX YTPAT KOHCTPYKIHUH. B kadecTBe
3aIIOJTHUTEIISI MCIOJIb30BAHbI JIPOOJICHBIE KapOOHATHEIC
U CHJIMKATHBIC Topozbl. OCHOBHAS (PPaKIIUs 3aII0OTHUTEIIS
0,315-1,250 mm, mMakcuMasbHbIM pazmep 3epeH 3,0 MM.

[TonTBepXk/I€HUEM BBIIIECKA3aHHOTO SIBIISIIOTCS pe-
3yJbTaThl PEHTIeHO(A30BOr0 aHaIN3a: MUHEpaJIbHBIN
COCTaB JAHHBIX PAacTBOPOB IIPEICTABJICH, B OCHOBHOM,
kapoonarom kanbius (CaCO;, ~22 %), KpeMHe3eMOM
(Si0,, ~41 %), sucraruroM (Mg,[Si,O], ~8 %), moeBbIMHU
mmaramu (caauguHoM K(AISi;)Og, ~3 % u anpOurom
Na[AlSi;Og], ~10 %), a taxke nopriananToM (Ca(OH),,
~3 %). B cocTaBe pacTBOpa TakKe BBISIBJICHO COJEPKaHUE
KIMHKepHBIX MuHepaioB amuta u Oemura (C;S u C,S,
~10 %).

ITpn oOcneoBany ApKH TakKe ObIIT yCTAaHOBJICH (aKT
MPUMCHCHUST MCTAJUIMYCCKUX W3/ICIUHN, BBITOIHSIOIINX
pOJIb «IIMIIOB» B COCIMHCHHSAX OJIOKOB THIIA «Ia3-
I, JTHOO apMaTypbl B OJIOKaxX BPEMCH PECTaBpaIliH
P. Amu. Meraminueckux u3Aelusi, UCIOJIb30BAHHbBIE
IUISL COCIMHCHUsS OJIOKOB CIIOCOOOM «Ia3-IITUI», 3a-
KPEIUISUTUCh B OJOKaX IyTeM 3aJIMBKH 3a30pa MEKIY
NPUPOTHBIM KaMHEM U «IIHIIOMY» PacCIlIaBJICHHBIM
ceuHIIOM (puc. 12). [lyis ompenenceHus: BEICCTBEHHOIO

164

0.8 mm. The upper decorative layer is formed by
a brown-beige mortar based on a lime-gypsum binder
with an approximate ratio of lime: gypsum:aggregate
of 1:0.2-0.4:3.7-3.9. Here carbonate rock sand was
also used as aggregate filled up with a small amount
(up to 15 % of the aggregate volume) of quartz-feldspar
sand. The main aggregate fraction is 0.315-0.500 mm,
with the diameter of the biggest grain being 0.63 mm.

Samples of “mason’s mortars” used for bonding
blocks are light gray color mortars containing
a cement-lime binder with a cement:lime:aggregate
ratio of about 1:0.3-0.4:3.9-4.1. The composition
of these mixtures is similar to the composition of
materials used for concreting small structural losses.
Crushed carbonate and silicate rocks were used as
the aggregate. The main aggregate fraction is 0.315—
1.250 mm; the maximum grain size is 3.0 mm.

The above is confirmed by the results of X-ray phase
analysis: the mineral composition of these mixtures
is formed mainly by calcium carbonate (CaCOs,
~22 %), silica (SiO,, ~41 %), enstatite (Mg,[Si,Oq],
~8 %), feldspars (sanidine K(AlSi;)Og, ~3 % and albite
Na[AlSi;05], ~10 %), as well as portlandite (Ca(OH),,
~3 %). The composition of the mixtures also revealed
some content of clinker minerals such as alite and
belite (C;S and C,S, ~10 %).

The examination of the Arch showed that in
the process of restoration R. Amy used metal parts that
act as “pins” in the “male-female” joints of the blocks,
or as reinforcement in the blocks. The metal parts
used to connect the blocks by “male-female” joints
were fixed in the blocks by filling the gap between
the natural stone and the “male pin” with molten lead
(Fig. 12). To determine the material composition of
the metal “male pins” used for fastening the blocks
together, an optical emission analysis was performed.
Regarding the chemical composition, the samples of
metallic elements are significantly heterogeneous. Some
samples can be correlated with modern low-carbon
Ct0 and Ct3 steel grades. Other eclements are made
of ferrous metal, its composition being similar to L1
cast iron grade. One of the samples of the metal “male
pin” in terms of chemical composition is technical
iron, and the time of its origin presumably goes back
to a fairly early historical period. It is important to
note that cast iron elements demonstrate a significantly
lower degree of corrosion damage compared to the steel
and iron parts.

The field survey of the Arch structure’s condition
demonstrated the presence of defects in natural and
artificial stone formed under the influence of abiotic
environmental factors, in particular mechanical
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Puc. 12. Memannuueckuil «wuny, 3aQuKcuposanHulil
CBUHYOM
Fig. 12. Metal “thorn” fixed with lead

COCTaBa METAJIMYECKUX «IIHUIIOBY», MPEIHA3HAUCHHBIX
JUIS CKpEIJICHUsI OJIOKOB, ObLI BBITIOJHEH ONTHKO-
9MHCCUOHHBIH aHanu3. [1o xuMudeckoMy coctaBy 0OpasLbl
METaJUINYECKUX JJIEMEHTOB CYILIECTBEHHO Pa3HOPOIHBL
YacTe 00pa3LoB MOXHO COOTHECTU C COBPEMEHHBIMH
HU3KoyTepoaucTsiMu cTansaMu Mapok Ct0 u C13. Ipyrue
9JIEMEHTHI BBINOJIHEHBI U3 YEPHOrO MeTajlia, OJM3KOro
IO COCTaBy K JIMTeHHOMY uyryHy Mapku JII. Onun u3
00pa3IoB METAJIMYECKOr0 «IIHIA» M0 XHUMHUYECKOMY
COCTaBy IIPEICTABIIET COOO0H TEXHUUECKOE JKENe30, BPeMs
MPOUCXOXKIEHHSI KOTOPOT'0, MPENOIOKUTEIBHO, OTHOCUTCS
K JIOCTaTOYHO paHHEMY Nepuofy. BaskHO OTMETHUTH, UTO
JJIEMEHTBI U3 YyTyHa XapaKTEpU3YIOTCS 3HAUUTENBHO
MEHBIIIEH CTENEHbIO MOPAXKEHUST KOPPO3UEH IO CPABHEHHIO
C JeTallsIMHM W3 CTald U KeNe3a.

B wactu HarypHOro 0OCHEIOBaHHS COCTOSHUSI KOH-
CTPYKIMH ApPKH MOXKHO OTMETHTH HaJH4He JC(PEKTOB
MIPUPOTHOTO U MCKYCCTBEHHOT'O KaMHsI, 00pa30BaBIINXCS
MOJ BO3JEHCTBHEM aOMOTHYECKHUX (DAaKTOPOB CpPEIbl,
B OCOOCHHOCTH MEXaHWYECKOTO BBHIBETPHBAHUS (3pO3UH) —
HanOosee PacpOCTPAHEHHOTO THIA Pa3pyIICHHUsS B YC-
JIOBUSIX TIOYIYCTBIHHOTO KiMMata. B HamOoblueli cre-
TICHU 3aTPOHYTHI BHIBETPHBAHHEM HIDKHUE YAaCTH ITHIIOHOB,
CJIO’KEHHBIC M3 TIPUPOJHOrO KamHs. BeposiTHO, mmpokoe
MIPUMEHEHHE NCKYCCTBEHHBIX KAMEHHBIX MaTEpHAJIOB IIPU
pecTaBpanuy JTaHHOM 4YacTH ApKH ObIJIO OOYCIIOBJICHO
BBICOKOW CTETICHBIO SPO3UH OJIOKOB M3 TIPUPOITHOTO KaMHL.

B pesynbrate MexaHndyecknux BO3ACHCTBUIA, B TOM UKCIIE
n B3pbIBa B 2015 1, 4yacTh OJIOKOB M3 MPUPOIHOTO KAMHS
paspy1uaeTcs o 30HaM €CTECTBEHHOH HEOIHOPOIHOCTH —
CTUJIOJIUTOBBIM IIBaM. Pa3sMep OTKPBITHIX TPELIH MOKET
COCTaBJISAITH OT JA0JEH MMHJUIMMETpa OO0 HECKOIbKHX
MUJUINMETPOB; 4acTh OJIOKOB IOJHOCTBHIO paszjelieHa
Ha OTAeNIbHbIE (parMeHTHL. Takke OTMEUCHO HaJH4Ke

Puc. 13. Ilospesicoennviti npu 63pbiée 610K ¢ pe3HbIM
oexopom
Fig. 13. Explosion-damaged block with carved decor

weathering (erosion), which is the most common type
of destruction in the semi-desert climate. The lower
parts of the pylons made of natural stone are most
affected by weathering. Probably, the decision in favor
of broad use of artificial stone materials for this part
of the Arch restoration resulted from observation of
the natural stone blocks intensive erosion.

As a result of mechanical impacts, including
the blowing up in 2015, some blocks of natural
stone were destroyed along the zones of natural
heterogeneity — stylolite joints. The size of open
cracks can range from fractions of a millimeter
to several millimeters; some of the blocks are
completely broken into separate fragments. Multiple
losses of stone matter in blocks are also recorded.
The amount of matter loss can range from a few cubic
centimeters to several cubic decimeters. Unfortunately,
there are also significant losses in the sections of
marmorized limestone blocks decorated with carved
decor. In a number of cases, the stone relief sections
were very significantly damaged (Fig. 13). Parts of
the artificial stone structures were also significantly
destroyed. Locally, longitudinal cracks are observed
only in the decorative lime-gypsum coating layer, but
predominantly cracks propagate starting from the base,
which is made of coarse-grained concrete. Since
concrete, with higher strength than the natural stone,
was widely used in the late restorations of the Arch,
cracks with an opening of 1 cm or more can be seen
at the interface between dissimilar materials.

A number of blocks, which were located in the zones
of simultaneous soakage and concentration of soil
suspension, exhibit atmospheric and soil fouling
mounted up during many decades is observed. Also,
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Puc. 14. Mexanuueckoe evieempuganue nopoovl

Fig. 14. Mechanical weathering of rock

MHOKECTBA yTpaT kamHsi OiokoB. OObeM yTpar mare-
pHanta MOXET COCTaBIISITh OT HECKOJIBKUX KyOMYEeCKHX
CaHTUMETPOB JI0 HECKOJIBKUX KyOUYECKUX JCIUMETPOB.
K coxanenuro, 3HaYUTEIbHBIE YTPAThl UMEIOTCS M Ha
y4acTKax OJIOKOB M3 MPaMOPHU30BAHHOI'O H3BECTHSIKA
C pE3HBIM JICKOPOM. B psifie ciiy4yaeB IIaCTHKA KaMHsI
rnoctpajana BecbMa cyiiectBeHHO (puc. 13). CyliecTBeHHO
MOBPEXK/ICHBI M YYACTKH KOHCTPYKIMI U3 UCKYCCTBEHHOTO
kaMHs. JIOKaJgbHO TPEHUHBI HAOIIOJAIOTCS TOJBKO
10 JIEKOPATHBHO H3BECTKOBO-THIICOBOW 0OOMa3Ke, HO
MPEUMYIIECTBEHHO TPEIIMHBI PACIIPOCTPAHSIFOTCS OT OC-
HOBaHHSI — KPYITHO3EPHUCTOro OeToHa. BBUY MIMPOKOro
MIPUMEHEHUSI [TPH MO3/HUX PECTaBpaIisix ApKU OETOHOB,
OTJIMYAIOIIUXCS OT MPUPOIHOTO KaMHs 0oJiee BBICOKOM
MPOYHOCTHIO, B MECTaX COMPSIKEHUS PA3HOPOIHBIX
MaTepUaiOB MMEIOTCS TPEIIUHBI C pacKkpeiTHeM | cm
u Ooee.

Ha psine 0110koB, KOTOpBIE pacnojiarajnch B 30HaX
OJTHOBPEMEHHOI'0 3aMOKaHMsI U KOHIIEHTpAllUU IOYBEH-
HOW B3BeCH, HaOJIIONAIOTCS MHOTOJICTHHE 3acTapesible
aTMoc(epHO-TIOUBEHHBIE 3arpsi3HEHUs. Takke B XoJe
o0cienoBaHust ApKH OBLTH OTMEUEHBI Pa3sHOOOpa3HbIC
(opmbl 3acenieHHst OJIOKOB ApKHM OHOTOH pa3InYHOM
npupoabl. [IpucyTcTBYIOT OHOIIEHKM Ha HMOBEPXHOC-
TH NPUPOAHOTO U HCKYCCTBEHHOIO KaMHs, HUMEIOTCS
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during the survey of the Arch, various forms of
colonization of the Arch blocks by natural biota
were observed. There are biofilms on the natural and
artificial stone surfaces, lichen colonies are found,
while higher plants growth also acts as a factor causing
the structure’s biodegradation. A number of the pylon
base sections have traces of extrinsic colors applied
on marmorized limestone with paints and varnishes
based on modern synthetic film formers.

Mechanical, chemical and biological types of weathering
process are also observed. Usually the weathering process
begins with the mechanical destruction of the rock.
The resulting rock heterogeneities create favorable
areas and zones for microorganisms’ colonization.
Under the impact of natural factors (temperature
gradient, humidity) and the vital activity of organisms
the chemical destruction of the rock and formation
of new minerals occur. Mechanical weathering
is the most common type of rock destruction in
the semi-desert climate (Fig. 14). The lower parts
of the columns are most affected by the weathering.
Intensive weathering occurs under the action of wind
and sand, which results in an abrasive effect. The lower
part of the columns experiences seasonal and daily
temperature fluctuations. In some cases, mechanical
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KOJIOHMH JTUINAHUKOB, & TaKXKe MPOU3PACTAIOT BbIC-
[IME PACTEHUS, KOTOPbIe OTHOCATCS K (pakTopam Ouo-
JIECTPYKIIUU COOpYKeHUs. Psiji yuacTKOB 0a3 MIJIOHOB
HUMEET CJIe/Ibl MHOPOJHBIX OKPACOK, BBITIOJHEHHBIX MO
MpPaMOPU30BAHHOMY M3BECTHSKY JIAKOKPACOYHBIMH Mate-
prasaMi Ha OCHOBE COBPEMEHHBIX CHHTETHUYECKHX TLICHKO-
oOpa3oBarerei.

BriBeTpuBaHue MpeACTaBICHO MEXaHHYECKUM, XHU-
MHUYECKHM M Onosoruyeckum tunamu. OOBIYHO IPO-
IeCC BHIBETPUBAHNSI HAYMHACTCSI C MEXaHMUECKOTO Pas-
pyueHus: noponasl. Bo3HuKaromme HEOJHOPOJHOCTH
MOPOJIBI CO3JAIOT OJNIArONPUATHBIC YYaCTKH M 30HBI
JUIsl 3acelIeHHsI MUKpoopranu3mos. [lon neiicTBuem
MPUPOIHBIX (AKTOPOB (Iepernaj TeMIeparyp, Biax-
HOCTb) U KHU3HEACSATECIBHOCTH OPraHU3MOB ITPOUCXOANUT
XHMHYECKOE pas3pylleHHe IOopoJbl MU oOpa3oBaHHE
HOBBIX MHHEpaJioB. MexaHHW4YecKoe BBIBETPHUBAHUE —
HaunboJiee PacHpOCTPaHEHHBIW THIT pa3pyLIeHHs IO-
POZBI B YCIIOBUSIX MOJYITYCTBIHHOTO KiuMara (puc. 14).
B naumOosblieii creneHn 3aTPOHYTHI BBHIBETPUBAHUEM
HWKHHME 4acTH KOJIOHH. VIHTEHCHBHOE BBIBETPHBAaHHE
MIPOMCXOJUT MO/ JEHCTBUEM BETpa M IeCKa, KOTOphIe
OoKa3bpIBalOT abpasuBHOe xelicTBue. HukHAA dacTh
KOJIOHH HMCIBITHIBACT CE30HHBIC U JHEBHBIC TEpENabl
TeMIeparyp. B HEKOTOpBIX ciydasiXx MeXaHHUYECKOe
BBIBETPUBAHHNE NPUBOAUT K oOpa3oBaHHIO (OpM
MOXOKMX Ha PIOMKY. B pesynbprare MexaHH4YecKOTo
BBIBETPUBAHMS HUIKHHE YAaCTH KOJIOHH pPa3pyLICHBI
B HauOOJIBIICH CTENCHW M MPH NPEABIAYIINX PECcTaB-
panusx HOJBEprajuch 3aMeHe LeiaukoMm (puc. 15).
MexaHn4ecKoe BBIBETPUBAHHUE O0YCIIOBJICHO HATMYHUEM
B ITOPOJIC CTUJIOJIMTOBBIX IIBOB, IO KOTOPBIM HauMHACTCS
paspyuieHue. Jlanee mosBISIOTCS HEOOJBIINE BEPTH-
KalpHble TpemuHbl (puc. 16). B pesynsrare mopona
pacmajaercsi Ha Meykue oOJoMKH. BriBeTpuBaHMEM
3aTPOHYTHl BEpXHHE (PparMeHTHl apXUTEKTYPHBIX
noctpoek (puc. 17). B memom mopoma momBepikeHa
MEXaHMYECKOMY BBIBETpHUBaHMIO. Ecinm kameHHbBIE
OJIOKM MPaMOpPH30BAaHHOTO M3BECTHSKA YCTAHOBIICHBI
COIJIACHO TOPHU30HTAJIBHOW CIIOMCTOCTH MOPOJBI, TO
BBIBETPUBAHHUE MPOMCXOJUT OTHOCHTEIBHO MEIJICHHO.
YcraHoBKa OJIOKOB KaMHSI BEPTHKAJIBHO CIOMCTOCTH
MOPOJIbI, KaK B KOJIOHHAX, TPUBOAMT K OoJiee ObICTpOMY
paspyueHHuio 3Toi nopoasl. B psiie ciydaeB mexa-
HUYECKOE BBIBETPUBAHHE WMEET aHTPONOTeHHBIH Xa-
pakTep. B pesynbrare momajaHusi CHapsiioB B KaMHe
00pas3yroTcsi OKpyTible YIIIyOJNeHHsI C pagualbHBIMU
TpemMHaMH1 BOKpYT HHX (puc. 18).

XuMHYECKOe BBIBETPUBAHKE pa3BUBAETCs 110 OcCial-
JICHHBIM 30HaM IOpPOJbl — CTHJIOJMTOBBIM IiBaM. B pe-
3yJbTare o0pasyroTcs TuApookucibl kenesa (FeOOH x
nH,0), xoTopble MMET KpPacHO-KOPUYHEBBIA LBET
(puc. 19; 20). Ouu mpupaloT BCe MOpoOpEe pO30BO-
KOPUYHEBBIA OTTEHOK.

weathering led to the formation of goblet-like shapes.
As a result of mechanical weathering, the lower parts
of the columns were to a great extent destroyed, so
during previous restorations they were completely
replaced to new ones (Fig. 15). Mechanical weathering
results from the presence of stylolite seams in the
rock, along which destruction begins. Further on, small
vertical cracks appears (Fig. 16). As a result, the rocks
brake up into small fragments. Weathering affected
the upper fragments of the architectural structures
(Fig. 17). In general, the rock is subject to mechanical
weathering. When the marmorized limestone blocks
are installed in concordance with the horizontal rock
lamination the weathering occurs relatively slowly.
In case when stone blocks are installed vertically
to the rock lamination lines (consider, for example,
the columns) the destruction of such rock develops
faster. In some cases, mechanical weathering is of
anthropogenic nature. As a result of shell hitting
rounded depressions with radial cracks around them
have been formed in the stone (Fig. 18).

Chemical weathering develops along the weakened
zones of the rock — stylolite seams. As a result, iron
hydroxides (FeOOH x nH,O) of red-brown color
are formed (Fig. 19; 20). They give the whole rock
a pink-brown tint.

Biological weathering is represented by biofilms,
lichens and higher plants. Biofilms are widespread
on the surfaces of the monument (Fig. 21) and have
been formed in shady places, on the north side and
in the recesses of the ornament (Fig. 22). Lichens form
separate secretions and rounded colonies in the cracks.
On vertical surfaces their thickness is up to 1 cm.
On flat surfaces colonies reach a thickness of 10 cm.
On visual inspection black, gray and red lichens can
be distinguished (Fig. 23; 24). Scanning electron
microscopy revealed structural details of biofilms and
lichen colonies (Fig. 25-29). Analysis of the chemical
assay results allows the conclusion that the content
of carbon and oxygen in the biofilm is rather high.
In addition, it contains dust particles, as evidenced by
such chemical elements as Ca, S, Si, Al. Chemical
analysis showed that the biofilm mainly consists of
carbon and oxygen. Calcium, silicon, aluminum and
magnesium are present in the matter as impurities.
The results of comparative chemical analysis of
the rock containing biofilm and the rock containing
none are shown in Tables 2 and 3. In both cases
volatile components and phosphorus are profoundly
accumulated in the biofilm, while the proportion
of calcium decreases. The biofilm absorbs such
microimpurities as silicon, aluminum, iron, manganese,
and titanium, which accumulate there in the form of
dust particles.
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Puc. 15. Pecmaepayuonnas 3ameHa HUNCHUX dacmell
KOIOHH
Fig. 15. Restoration replacement of the lower parts of
the columns

Puc. 17. Bvisempuganue 6epXxnux uacmeti apxumexkmypHbix
nocmpoex
Fig. 17. Weathering of the upper parts of architectural
structures

Puc. 16. Pazsumue 6epmuKaibHbIX mpeujun, Puc. 18. Cnedwr nonaoanus cuapsioa (8 yewmpe)
COCOUHAIOUUX 20PUSOHMATbHBIE CIMUTOIUMOBbIE Wb Fig. 18. Traces of a shell hit (in the center)
Fig. 16. Vertical cracks extension connecting horizontal
stylolite seams
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Puc. 19. Kpacno-xopuuneswviii ommeHoK nopoosl Puc. 20. T'uopooxucavr dceneza Ha noGepxXHOCMU
Fig. 19. Red-brown shade of the rock CIMUTOAUMOBO20 ULEA
Fig. 20. Iron hydroxides on the surface of a stylolite seam

Puc. 21. Buonnenku noo ycmynamu nuasicmp (yuacmox, ompecmaspupoganuwviil P. Amu)
Fig. 21. Biofilms under pilaster ledges (area restored by R. Ami)
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Puc. 22. buonnenku ¢ eudpokcudamu gxcenesa
Fig. 22. Biofilms with iron hydroxides

19155-0034 20220121 11:33 HL DE5 =500 200um

Puc. 23. Jluwatinuku Ha 6epmuKaIbHOU NIOCKOCIU KAMHS Puc. 25. buonnenka (memHOOKpauieHHAs NOGEPXHOCHIb)
Fig. 23. Lichens on the vertical plane of the stone Ha u3secmmuske
Fig. 25. Biofilm (dark colored surface) on limestone

20220121 1210 HL D55 =80

Puc. 24. Jluwaiinuxu Ha niockou NOGEPXHOCMU KAMHS Puc. 26. Kononusi mumaiinuka Ha no8epxXHOCMU U36eCMHIKA
Fig. 24. Lichens on a flat stone surface Fig. 26. Lichen colony on limestone surface
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18155-0041 2022101721 12116 HL D7.0 %800

Puc. 27. Tugor epuboé na nosepxnocmu Kamus
Fig. 27. Hyphae of mushrooms on the surface of a stone

18155-0044

2022101121

19155-0043 2022/01/21 12:22 HL D7.0 %300 300 um

Puc. 28. Xapaxmep 3acenenus MUKpoopeaHu3mos
HA HEOOHOPOOHOCMAX NOBEPXHOCMU (MeMHble NAMHQ)
Fig. 28. The nature of the colonization of microorganisms
on surface inhomogeneities (dark spots)

12:26 HL D7.0 x1.5k 50 um

Puc. 29. Xapaxmep 3aceienusi MUKPOOPSAHUSMOB HA HEOOHOPOOHOCMAX nosepxHocmu. Cnopwl 2pu6os
Fig. 29. The nature of the colonization of microorganisms on surface inhomogeneities. mushroom spores

Buonornueckoe BhIBETpHBaHUE IPEACTABICHO OHO-
IJIGHKaMH, JINIIAHHUKaMU W BBICIIUMH PaCTCHHSIMH.
BuonneHky MIMPOKO PacHpOCTPAHEHBbl HA MOBEPXHOCTSX
namsiTHUKA (puc. 21). OHn 00pa3yroTcsi B TEHUCTBIX Mec-
Tax, C CEBEPHOH CTOPOHBI U B YIIyOJIEHHSX OpHaMEHTa
(puc. 22). JInmaifHuku oOpa3yloT OTACNIBHBIC BBIJICICHUS
B TpEUIMHAX, & TAKXXE KOJOHUU OKPYTIOH (OPMBI.
Ha BepTuKanbHBIX HOBEPXHOCTSAX UX pasmep 10 1 cm.
Ha nnockux noBepXHOCTSAX KOJOHUU JOCTUTAIOT pazMepa
10 cMm. BusyanbHO MOXHO BBLIEIUTH YEpHBIE, CEpBIE
W KpacHble JnmalHuku (puc. 23; 24). DnekTpoHHas
CKaHMPYIOIasi MUKPOCKOIHS TTO3BOJIMIIA BBISIBUTDH JIe-
Tajll CTPOCHUS OMOIUICHOK M KOJIOHHMH JINIIaHHUKOB
(puc. 25-29). AHanM3 pe3ysIbTaTOB XMMHUYECKOr0 aHaIN3a
MO3BOJISIET CJeNaTh BBIBOJA O BBICOKOM COAEpPKAHUU

Conclusion

The paper considers the results of comprehensive
materials science based study of the Triumphal Arch
in Palmyra. The results acquired make it possible to
establish the presence of a wide variety of materials
used at the site. The original materials include natural
stone: marmorized limestone and, probably, part of
the metal elements made of technical iron. During
the restoration of the Arch in the 1930s, artificial
stone materials based on air-setting and hydraulic
binders, decorative coatings with pigments, as well
as iron-carbon alloys were widely used. Artificial and
natural stone materials have been combined into unified
structures, and many of them now are in satisfactory
condition. Considering that it’s not possible to separate
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yriaepoia W KHCIOpoJa B cocTaBe OworuicHKH. Kpome
TOrO, B HEW MPUCYTCTBYIOT MBUICBBIC YAaCTHUIIBI, O YeM
CBHJICTCITLCTBYIOT TaKUEC XUMHUUCCKUE AIIEMEHTHI Kak Ca,
S, Si, Al. buomuienka, KCX0asd U3 JaHHBIX XHMHYECKOrO
aHaJM3a, MPEUMYIICCTBEHHO COCTOUT W3 yTIepona
U KHcjopoma. B Bupe mpuMmecu MPUCYTCTBYIOT Kallb-
UM, KPEMHUN, aTlOMUHUNA U MarHuil. PesynbraTsl
CPaBHUTEIBHOIO XUMHYECKOTO aHAJIM3 COCTaBa TOPOIIBI
c OWoIIcHKOW W 0e3 Hee NMpHBEICHBI B TaOmumax 2
u 3. B o0oux ciry4asx B OHOIUICHKEC HaKaIlJTHBAOTCS
JETy4YUue KOMIIOHEHTHI, (pochop, yMeHbImaeTcs OISt
KaJpIus. B Buge Mukpornpumeceii OHorieHKa copoupyer

compositions used for repair jobs from natural stone
in non-traumatic way, it seems appropriate to preserve
such elements during restoration. The main structural
defects, apart from the blowing up impact, result from
erosion occurred under the effects of natural abiotic
environmental factors and biodamage. It is required to
develop special measures that could increase the service
life of structural materials in the desert conditions.
A significant similarity has been established between
the marmorized limestone, used at different times for
the construction and restoration of the Arch, with
the natural stone currently mined in the vicinity of

Ta6fzuz4a 2. CpedHue codepofcamm XUMUHYECKUX I/IEMEHMOB 8 UCTMOPUUECKOM U3BECNTHAKE U UCIMOPUUECKOM

uzgecmusike ¢ ouonienkou, %

Table 2. Average contents of chemical elements in historical limestone and historical limestone with

biofilm, %

Bun marepunana / Chemical Si P Ca Fe Jleryuue BemectBa, cymma /
elements Volatile substances, amount

HcTopruecknii M3BECTHSK / 0,28 0,10 39,00 0,03 59,59

Historical limestone
Hcropuueckuil M3BeCTHSK 0,29 0,15 37,33 0,039 62,49
¢ Ouworienkoit / Historical
limestone with biofilm

Ta6fzuz4a 3. Codepofcaﬂuﬂ XUMUYECKUX INeMEHMO8 8 uzgecmusxe Amu u 6 uzsecmusxe Amu

¢ buonneunxou, %

Table 3. The content of chemical elements in the limestone of Ami and in the limestone of Ami with

biofilm, %
Marepuan / Al Si P S Ca Ti Mn Fe Jleryuune BemectBa,
Chemical elements cymma /
Volatile substances,
amount
OcHoBHast 2,5 0,63 0,17 0,02 38,41 0,03 0,01 0,15 58,41
mopoja /
Limestone
Kopka Ha 2,65 0,37 0,28 0,07 33,94 0,14 | 0,027 | 0,86 61,65
TIOBEPXHOCTH
obpasua / Biofilm
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erMHHfI, aJ'IIOMPIHHﬁ, JKCJIE30, Mapraleny, TUTaH, KOTOPbIC
HaAKaIrIMBarOTCA B BUJIC IIBIJICBBIX YaCTUIIL.

Bvi6oowi

B pabote paccMOTpeHbI pe3yJIbTaThl KOMITISKCHBIX Ma-
TEpHAJIOBETUECKUX HcclienoBanuil TpuyMdanasHol Apku
[TabMupBI, TO3BOJMBIINE YCTAHOBUTH HAIMYHE OOJIBILIOTO
MHOr000pa3usi HCTIOJIb30BaHHBIX Ha 0OBEKTE MaTepHaJIOB.
K opurrHanbsHbIM MatepraiaM MOKHO OTHECTH ITPHPOIHBIN
KaMeHb — MPaMOPH30BAaHHBIM H3BECTHSK U, BEPOSTHO,
4acTh METAJNIMYECKUX DJIEMEHTOB, BBIIIOJIHEHHBIX W3
TexHHuecKoro xenes3a. [1pu pecraBpaumu Apku B 30X IT.
MPOIIIOr0 BeKa aKTHBHO HMPHMEHSUINCh HCKYCCTBEHHbIC
KaMEHHBIE MaTepuajibl Ha BO3AYIIHBIX M TI'MJpaBiIHdec-
KMX BSDKYIIHMX BENIECTBAX, JAEKOPATHBHBIC OOMa3Ku
C NUTMEHTaMH, a TaKXe >KEJIE30yITICPOIUCTHIEC CIUIABBL
HckyccTBeHHBIE M TIPUPOAHBIE KaMEHHBIC MaTepHalIbl
ObLITM 00BEMHEHBI B €IMHbIC KOHCTPYKLIUH, 1 MHOTHE U3
HHX Ceidac HaXOASATCS B Y/IOBJICTBOPUTEIIEHOM COCTOSTHUML.
YuureiBasi HEBO3MOKHOCTh O€3TPaBMAaTHYECKOrO OT/Ie-
JICHNUsI PEMOHTHBIX COCTAaBOB OT HMPHUPOAHOTO KaMHS,
MIPEACTABIISIETCS 11€1eCO00Pa3HbIM COXPAaHEHUE TaKHX
9JIEMEHTOB ITpU pecraBpaiii. OCHOBHBIC e(eKThI KOH-
CTPYKIMH, TIOMUMO BO3JICHCTBHSI B3pbIBA, OOYCIIOBJICHBI
9po3uel TOoJ JIeWCTBUEM E€CTECTBEHHBIX aOMOTHUYECKUX
(hakTOpoB cpeznbl U OuonopaxkeHusiMH. TpeOyercst pas-
paboTKa CreraIbHBIX MEPOIpPHUSTHH, CIIOCOOHBIX YBe-
JIMYUTH SKCIUTYaTaIMOHHbINH PECypc MaTepHalioB KOHCTPYK-
LU B YCIIOBHSIX ITYCTHIHU. YCTAHOBJICHO CYLIECTBEHHOE
CXOJICTBO MPaMOPH30BAHHOIO U3BECTHSKA, HCIOIb30BaH-
HOTO B pa3HOE BpeMs JUIsl BO3BEJCHHS W peCTaBpallu
ApKH, C IPUPOJHBIM KaMHEM, JI0OBIBAEMBIM B HACTOSIIIICE
BpeMs B OKPECTHOCTSIX I. TagMop, 4TO MO3BOJISIET IPU3HATh
€ro MPHUTOAHBIM JUISI MCIIOJIB30BAHHS B MPEICTOSIINX
PEcTaBpalIOHHBIX padoTax.

the city of Tadmor, which makes it possible to consider
it as suitable material to be used for the upcoming
restoration project.
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On the Issue of the Ideological and Design Approach to the Restoration
of the Triumphal Arch of Palmyra by the Method of Anastylosis
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Tpuymdansnas Apka [Tansmupsl, Bo3senenHas B 111 B.
n BHeceHHas B 1980 r. B nmepedyeHb 00bekTOB BeemupHo-
ro kynsTypHoro Hacneaust KOHECKO, — camoe u3BecTHOe
coopy>keHue jnereHaapHoil IlanbMupsl, DaMATHUK Ma-
TEpHaJIbHOM KyJIBTYpHI BbIcodaimeii nenHoctu. Cynpda
Tpuymdpansnoit Apku B XXI B. Tparnuyna. OceHbio
2015 1. B Xome BOOpYKeHHOro koH(uukra B Cupuun
Apka noaBepriiach 4yJOBUIIHOMY aKTy BaHJalU3Ma:
B YHCJIE APYTMX AaHTHYHBIX NaMATHUKOB JpEBHEH
[TaneMupel Oblla B3opBaHAa OOCBHMKAMH 3allpelleH-
Hoi B P® rpynnupoBku «lcnaMmckoe rocyaapcTBo».
B pesynbrare B3peIBa pyXHYNI CBOJ ApPKH, HOJHOCTBIO
00BaJIMJICS IEHTPAJIBHBIH MPOJIET, OT OOKOBBIX ITPOJIETOB
COXPaHWJINCH JINIIb KpailHWe NMUJIOHBI (B TOM YHCIIE
pectaBpupoBanuble B Hadasie 1930-x rr.). CepbesHo To-
CTpaZajy BHYTPEHHUE MWJIOHBI, HA KOTOPBIE ONMUPAJICA
CBOJI; COCTABJISIBLIME CBOJIBI PE3HBIE KaMCHHBIC OJIOKH
ObUIM CHJIBHO TIOBPEXKIEHBI, 3a4acTyl0 PacKOJIOTHI Ha
Kycku. HarypHble 00ciiejoBanust maMsiTHUKA MO3BOJIMIIN
OLICHUTH MaciiTad paspymeHuil: ycrosuio jgumb 40 %
KOHCTpYKUMH Apku, 44 % cocTaBisBIINX €€ OJIOKOB
pas30pocalio 1o IJIomIaKe (BCEro Ha MecTe B3pbIBa ObLIO
obHapyxeHo 168 kamMeHHBIX (parMeHTOB), 16 % OsOKOB
MIPEBPATIIINCH B IIEOCHB, TO €CTh (JaKTHUECKH OKa3aJIuCh
yTpadeHsl 0e3Bo3BparHo (cM. crareio H.®P. CornoBbeBoid
u C.JI. ConoBbeBa B HACTOsIIEM BBITYCKe) (puc. ).
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MucrutyT ucropun marepuanbHoi KynsTypel PAH, IlenTp
cnacareiabpHO# apxeosoruu. E-mail: truerestorer@yandex.ru.
4 Poccusi, 191186, Canxkrt-IletepOypr, JIBoprosas Hal., 18.
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Palmyra’s Triumphal Arch erected in the 3rd century
and entered into the UNESCO World Cultural Heritage
List in 1980, is the most famous structure of the legendary
Palmyra, a monument of material culture of the highest
value. The fate of the Triumphal Arch in the 21st century
is tragic. In the autumn of 2015, during the armed conflict
in Syria, the Arch suffered a monstrous act of vandalism:
among other ancient monuments of ancient Palmyra, it was
blown up by militants of the Islamic State group banned
in Russia. As a result of the blast the vault of the Arch
collapsed, the central span crashed completely, with only
the outer pylons (including those restored in the early 1930s)
of the side spans surviving. Heavy damage was caused
to the inner pylons supporting the vault; the carved stone
blocks making up the vaults were badly damaged and often
split into pieces. The on-site inspection of the monument
allowed to estimate the scope of the estruction: only 40 %
of the Arch structures survived, 44 % of its blocks were
scattered round the site (a total of 168 stone fragments
were found at the site of the blast), 16 % of the blocks
turned into rubble, that is in fact they were irrevocably
lost (see the article by N.F. Soloveva and S.L. Solovyev
in this issue) (Fig. 1).

As part of the post-traumatic response, the rubble
around the Arch was sifted through; the collapsed

! 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: nyaveyn@gmail.com.
2 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: grisiva@mail.ru.

3 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: truerestorer@yandex.ru.
4 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: blink1984@mail.ru.

> 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: kresov@mail.ru.



Bronnemenvs MUMK PAH. Ne 13

[ ] KAMEHHBIE BNOKV, OTHOCALUMECS KO BPEMEHW NMOCTPOVK APKI
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Puc. 1. I'paguueckan pexoncmpyxyus Tpuymepanvroti Apku 00 63pvi6a, GbINOIHEHHAS ¢ NOMOWbLI) MeMo00s

Gomoepammempuu (u300pasicenue HOCUM YCIO0BHBIL XaApaxkmep)

Fig. 1. Graphic reconstruction of the Arc de Triomphe before the explosion, made using photogrammetry methods

(the image is hypothetical)

B paMkax MOCTTPaBMAaTHYECKOrO pearupoBaHHs 3a-
BaJIbl BOKPYT ApKH ObLIM Pa300paHbl, PyXHYBIIHE dIie-
MEHTBI [TPOMAPKUPOBAHBI U MEPEMEILCHBI B JIAIHIapHii
(cm. crarpto H.®. ConoeeBoit u C.JI. ConoBbeBa
B HacrosiieM BbIimycke). OLeHKa CTEeNeHH pa3pyleHui
C MHBCHTApU3AlMed COXPAaHMBIIUXCS (DPArMeHTOB KOH-
CTPYKIMH YKPENHIa SKCIEPTOB BO MHEHHH O BO3MONK-
HOCTH PecTaBpaiini ApKy METOIOM aHACTHIIO3a, KOTOPbIiA
3aKJIFOYACTCS B YCTAHOBKE HA CBOE W3HAYAIBHOE MECTO
COXPAHUBIIUXCS MOJJIMHHBIX OJIOKOB U 3JIEMEHTOB
COOPY’KEHUSI ¢ MPUMEHEHHEM AyTEHTHUYHBIX TEXHOJOIHH
CTPOMTEIBCTBA. AHACTHUIIO3 ObLI BIIEPBBIC HCIOIB30BAH
MIPH BOCCTAHOBJICHHH A(DHHCKOrO akpoOIoyist apXUTEKTOPOM
Hukomnaocom Bamanocom (rped. Nwkoroog Mmaddvog),
MPUYMaBIINM U CaM METOJl, U TepMHUH. BriocneacTsuu
AHACTHJIO3 ObUT MPHU3HAH ONTHMAJIBHO TOIXOMSIIUM JIJIst
pecTaBpaiiy aHTUYHBIX OCTPOEK, CIIOKEHHBIX U3 KPYTI-
Hbix kBajapoB kamHs (Thuswaldner, 2007; Petzet, 2016;
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elements were labeled and moved to the lapidary (see
the article by N. F. Soloveva and S. L. Solovyev in this
issue). An assessment of the degree of destruction with
an inventory of the surviving fragments of the structure
confirmed the experts’ opinion about the possibility
of restoring the Arch using the anastylosis method,
which involves placing the surviving authentic blocks
and elements of the structure in their original place
using authentic construction techniques. Anastylosis,
first used by Nikolaos Balanos (Greek: Nikoiaog
MnaAdvog), the inventor of the method and the term,
during the restoration of the Athenian acropolis, was
later found to be the optimal method for the restoration
of ancient structures made of large quadras of stone
(Thuswaldner, 2007; Petzet, 2016; Stubbs, 2016), and
thus for Palmyra’s Triumphal Arch. Moreover, it is
this method that allows the restoration to be carried
out along a fine line between conservation of the ruins
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Stubbs, 2016), a 3nauut u i TpuymdanbHol Apku
[Mamemupel. bonee TOro, IMEHHO TOT METOI MO3BOJISCT
MIPOBECTU PECTABPAIMIO MO TOHKOW TPaHU MEKIY KOH-
cepBamycil pyHH W BOCCTAHOBIICHHEM YTPad4eHHOTO
BHEIITHETO OO0JIMKAa MaMsATHUKA, 00ecreYruB 00BEMHO-
MIPOCTPAHCTBEHHYIO 3aBEPIICHHOCTh U KOHCTPYKTUBHYIO
YCTOHYUBOCTH COOPYKEHHSI, HO TIPH TOM HE IPHBHOCS
B HEro J00aBJICHUW, HE SBISIOMUXCS O0E3yCIOBHO
HCOOXOAMMBIMU [IJIsl MOJACPKAHUS IIEIIOCTA OOBEKTa
B 3PHTEIIECKOM BOCIIPHSTHL.

Ecnu mpexjae ycTaHOBKa Ha CBOE H3HAYaJIbHOC
MECTO IOJJUHHEIX OJIOKOB U JCTajci NmaMsTHHKA Ha-
MOMUHAJNA, 00pa3HO TOBOPs, «COOpPKY TMa33ia» M Ipo-
W3BOJIIIACH AMITMPUYCCKUM ITYyTEM, HE HCKIFOYABIIHM
npo0 W OmMOOK, TO CErolHs apceHall PecTaBpaToOpPOB
IIOIOJIHUIM HOBBIE TeXHOJOrHH. C IOSBIEHHEM METOMIA
U(ppPOBOro aHACTHIIO3a MHOTOKPATHO BO3POCIH BO3-
MOYKHOCTH HACHTH(UKAIMK OOJOMKOB U Oojee TOdY-
HOW MOATNOHKH HOIMOJHSIOIMX KaMEHHBLIX OJIOKOB.
ANTOpUTM NEHCTBUI TeNephb BBIMJISIUT CIENYIOLIUM
00pa3oM: CO3MacTCsi KOMITBFOTEPHAST TPEXMEPHAsT MOJICIb
MAMSITHHUKA, BCC JICTAU-OPUTHHAIBI OIH(DPOBBIBAIOTCS
W BCTPAWBAIOTCSI B BUPTYaJbHBIA MakeT. TONBKO mOCTe
9TOro pas3pabaThIBacTCs MPOCKT PECTABPAllUU M HAYH-
HaeTcs (pu3myeckasi cOOpKa MaMSATHUKA.

[NepemerieHHbIe B TanuIapuid (parMeHTsl ApKH ObLIH
OTCKaHMPOBAHBI, YTOOB! BBICTPOUTH TPEXMEPHBIE MOJIEIN
KaMHEH, COMOCTAaBUTh UX C apXMBHBIMHU (OTOrpadHsIMHu,
y4YecTh CTENEHb MOBPEKACHUH. [losneMeHTHOE BBICOKO-
TOYHOE J1a3¢pHOE CKaHWPOBAHWE ITO3BOJIMIIO CO3JaTh
«OnbnmoTeky» IM(POBBIX 00pa30B KaMEHHBIX JeTalied
ApKH: KaMHEH, OCTaBLIMXCS IIOCJIE B3pbIBAa Ha CBOMX
MecTax; pa3OpOCaHHBIX B3pPHIBOM, HO YLEJIEBIINX
KaMHel; MOBPEKIACHHBIX KaMHEH, Hy>KIAIOMXCs B IIPO-
TE3UPOBAHMH; KaMHEH, IOATOTOBJIICHHBIX B Hadale
1930-x rr. Pobepom Amu, HO He UCTIOIB30BAHHBIX MM IIPH
pecTaBpain; HAKOHELl, KaMHEH, BHOBb H3TOTABIIMBAEMBIX
M0 KPUTEPHUSIM COOTBETCTBUS HM3HAYAJIBHOMY OOJIMKY
Apku. C momomipio (oTorpaMMETpUH OBbIIIM TIOTYYCHBI
rpaduuecKre peKOHCTPYKIMN APKH Ha pa3HbIe MEPUOIBL.
Ha ©6aze 3D-monenu Tekymiero coctossHus ApKu ObLI
BOCCO3/IaH € BWJ 10 B3pbiBa (puc. 1), 4TO IO3BOIHIO
C BBICOKOH CTETICHBIO TOYHOCTH OIPEIEINTh N3HAYAIEHOE
TMIOJIOXKECHHE TIEPEeMEICHHBIX (PparMeHToB B CTPYKType
Apku (puc. 2).

IonuocTeio paszmenas mHeHue H.d. ConoBbeBoit
(ConoBbeBa u 1p., 2019) o Tom, uTO «co3manue LUMpPO-
BBIX KOMUH pa3pylIaeMbIX MaMsSTHHUKOB — 3TO CIOCO0
MO-HOBOMY B3IVISIHYTh Ha 3TH HaMSITHUKH W 3aHOBO
OCMBICJIUTh B3aWMOOTHOIICHHS YEJIOBEUECTBA C KIIO-
4eBBIMU 00BEKTaMH BCEMUPHOTr0O Haciequs... <...> ... [Ipe-
KpacHbIi c11oco0 O0BEIUHHUTH MPOCBEIICHHYIO ayIH-
TOPHIO TIEpE]] JINIIOM BOIHBI C MCTOPUYECKOW MaMsThHIO,

and restoration of the lost exterior appearance of
the monument, ensuring the spatial completeness
and structural stability of the structure, but without
introducing additions that are not absolutely necessary
to maintain the integrity of the site in the viewer’s
perception.

While previously the installation of the original
blocks and details of the monument into the original
places resembled, figuratively speaking, “doing
a puzzle” and was made by empirical way, which
did not exclude trial and error, today the restorers’
arsenal was supplemented with new technologies.
With the advent of the digital anastylosis method,
the possibilities of identifying fragments and fitting
the complementary stone blocks more precisely have
increased manifold. The algorithm is as follows:
a three-dimensional computer model of the monument
is created, all original details are digitized and built
into the virtual model. Only after that, the restoration
project is developed and the physical assembly of
the monument starts.

The fragments of the Arch moved to the lapidary
were scanned in order to build three-dimensional
models of the stones, compare them with archival
photographs, and take account of the damage degree.
A library of digital images of the Arch’s stone details
was created by element-by-element high-precision
laser scanning: stones that remained in place after
the blast; stones that were scattered by the blast but
survived, damaged stones in need of prosthetics,
stones prepared in the early 1930ies by Robert Amy
but not used during the restoration, and finally
stones newly manufactured to meet the criteria of
conformity to the original appearance of the Arch.
Using photogrammetry, graphic reconstructions of
the Arch for different periods were obtained. Based
on a 3D model of the current state of the Arch, its
view before the blast had been reconstructed (Fig. 1),
which allowed determining the initial position of
the displaced fragments in the Arch structure with
a high degree of accuracy (Fig. 2).

Fully sharing the opinion of N.F. Soloveva (ConoBbesa
u 1p., 2019) that “the creation of digital copies of destroyed
monuments is a way to take a fresh look at these monu-
ments and rethink the relationship of the humanity with
the key World Heritage sites...<...>... An excellent
way to unite an enlightened audience in the face of
the war on historical memory declared by militants”,
let us note the importance of the practical application
of the latest digital technologies to improve the quality
of restoration and choose its best option. Within
the framework of the desktop pre-design studies,
the result of the restoration of the Arch will be modeled
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[ ] KAMEHHbIE BNOKM, OTHOCSILLMECS! KO BPEMEHW NOCTPOVIKY APKY
[ ] KAMEHHBIE BNOKM, OTHOCALMECS KO BPEMEHM PECTABPALIAV P AMU
[ ] BETOHHbIE MACTVKOBKW, OTHOCALIMECH KO BPEMEHW PECTABPALIMM P.AMM

Puc. 2. Bupmyanvhas modenv Apku, 6 Komopoi oOpyuweHHble OI0KU PACNONONCEHbl HA CBOUX MeCmax

(uz0bpadiceHue Hocum YCIO8HbLL Xapakmep)

Fig. 2. Virtual model of the Arch, in which the collapsed blocks are located in their places (the image is hypothetical)

00BSBICHHOH OOEBHKaMM», MO3BOJIMM ceOe OTMETHUTh
3HaYeHHE INMPAKTHYECKOTO IPUMEHEHUs HOBEHIINX
IU(POBBIX TEXHOJIOIMH B LIENSX MOBBIIICHHUS KayecTBa
pecTaBpalui ¥ BBIOOpA €€ ONTHMaJbHOIO BapHaHTA.
B pamkax kamepaJbHBIX MPEIIPOCSKTHBIX HCCIICIOBAHUH
METOJIOM <JIMTHTAIBHOTO aHACTHIIO3a» OylIeT cMoze-
JIMPOBAaH pE3YJIbTaT BOCCTAHOBJICHHS ApPKH B HECKOIb-
KuX BapuaHTax (puc. 3): 1) moigHOoe BOCCTaHOBIICHHE
BHEIIHEr0 O0JIMKa, MPUOOPETEHHOro ApPKOH K MOMEH-
Ty paspylieHHs; 2) BOCCTAHOBJICHHE ApPKH C KOppEK-
THPOBKOW pecTaBpallMOHHBIX pemeHuid PoGepa Amu
(3aMeHa OETOHHBIX MACTHKOBOK Ha KaMEHHBIC BCTaBKH,
UCIIPABJICHUE TEOMETPUH IHJIOHOB, OTKa3 OT BOCCTa-
HOBJICHUSI KaMHEH, MOSBHUBIINXCS ITIPU pecTaBpaluu
Havyana 1930-x rr.); 3) BoccTaHOBiIeHHE ApPKH C OOJb-
UM TPUOJIM)KEHHEM K IePBOHAYaJIBHOMY OOJIHMKY
(TOKOMIIOHOBKA ApKH C HCIIOJNIb30BAaHUEM ayTEHTHYHBIX
KaMHEW, a TakXe HW3roTOBJICHHBIX B 1930-¢ rr., HO
HE YCTaHOBJICHHBIX B IPOEKTHOE IIOJIOKEHHE B CBS3U
C TIpeKpaleHueM (UHAHCHPOBAHUS PECTaBPAlMOHHBIX
paboT). Pa3zpaboTka HECKONBKHX MOJENCH pa3iIMyHbIX

178

by the “digital anastylosis” method in several variants
(Fig. 3): 1) full restoration of the exterior appearance
acquired by the Arch by the time of its destruction;
2) restoration of the Arch with adjustments to
the restoration solutions of Robert Amy (replacement of
concrete mastic fillers with stone inserts, correction of
the geometry of the pylons, refusal to restore the stones
that appeared during the restoration in the early 1930s);
3) restoration of the Arch with greater approximation
to the original appearance (completion of the Arch
using authentic stones as well as those made in
the 1930s but not installed in the design position due
to the cessation of funding for the restoration work).
The development of several models of the various states
of the site will allow visualization of the final result,
as well as advance calculation of the exact number and
characteristics of the new parts needed for each stage
of the restoration work. Leaving the choice of the final
decision to the international expert examination, let us
dwell on some invariant principles of restoration
reflected in the design concept.
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Puc. 3. Ilpunyunuanvuvie cxemvl npoeKmHwvlX npednodiceHuil no mpem gapuanmam pecmaspayuu Tpuympanvrou Apxu

(u300pasicenue HOCUM YCI0GHBIL XApaKmep)
Fig. 3. Schematic diagrams of project proposals for three options for the restoration of the Arc de Triomphe (the image
is hypothetical)

COCTOSIHUH O0BEKTa IMO3BOJIMT BHU3YyaJIM3UPOBATh (H-
HaJIbHBIA Pe3ysbTaT, a TAKXKE 3apaHee PACCUUTATh TOUHOE
KOJIMUECTBO U XapaKTEPUCTHUKU HOBBIX JeTalieH,
HEOOXOIMMBIX JUIsl KaXk/IOro 3Tara BOCCTAaHOBHTEIBHBIX
pabot. OctaBisis BBIOOp OKOHYATEIBHOTO PEIICHUS Ha
YCMOTpEHUE MEXAYHAPOAHON AKCIEPTH3bI, OCTAHOBUMCS
Ha HEKOTOPBIX MHBAPUAHTHBIX IPUHIUIIAX PECTaBPALUH,
HAIIEAIINX CBOE OTPA’KEHHE B MPOEKTHOM KOHLEMIHH.

Tlpuopumem nooaunHOCMU: MAKCUMATILHOE
UCNONIb306AHUE COXPAHUBULE20CS UCTNOPULECKO20
mamepuana, MUHUMUIAYUSL PECTNABPAYUOHHO20
smeuamenbcmaea

IIpoekToM mpenmoaaracTcs CTOMPOLCHTHOE HCIIOTb-
30BaHUC BCEX COXPAHUBIIMXCS MATEPHAJIOB: KaK Malio
MOCTPAJABIINX UCTOPHUCCKUX IJIEMCHTOB, TaK U 3Je-
MCHTOB, YTPATHBIIUX CBOK I'COMETPHYCCKYIO (OpMY.
JIJTst TOCTH)KEHUST HICTOPUYCCKIX rabaprTOB M TCOMETPHH
OTJCIBHBIX 3JCMCHTOB [OIYyCKAeTCS IOKOMIIOHOBKA
IMOJJIMHHOIO KaMHS HOBBIM KaMHEM, CII€LHaIbHO
00paboTaHHBIM MO (OpME KOHKPETHOTO AJICMCHTA.
B cnyuae ycwmiieHus KJIagKd (KOT/Ia HOBBIM JJICMCHT
COIMPUKACACTCS C COXPAHUBIIUMCS W/WIU KOTAa CTa-
pBIfl OJIOK CUJBHO JECTPYKTHPOBAH) NOMYCKACTCS

Priority of authenticity: maximum use of the
preserved historical material, minimization of
restoration intervention

The project assumes one hundred percent use
of all preserved materials: both slightly damaged
historical elements and elements that have lost their
geometric shape. To achieve the historical dimensions
and geometry of individual elements, it is allowed to
supplement the original stone with new stone specially
processed according to the shape of a particular
element. In the case of masonry reinforcement (where
the new element is in contact with the preserved one
and/or where the old block is heavily destructed), it is
allowed to supplement the extrusion area with new stone
only in the hidden parts on the inside to provide the
necessary structural cohesion (Fig. 4). The surface is
only allowed to be supplemented where it is necessary
to ensure the stability of the structure when it has lost
its load-bearing capacity, and/or where the overall shape
cannot be read without the supplements. Supplements
of compound configurations may be made of several
components, glued together without a seam to create
the effect of a single array (Fig. 5). Preserving of
the monument original appearance requires careful

Puc. 4. Jlokomnonosxa enympennux nogepxmocmetl KaMeHHbIX O10K08 Onsi 0obecneyenuss KOHCMPYKMUBHOU CEA3HOCHU

Fig. 4. Supplementing internal surfaces of stone blocks to ensure constructive connectivity
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Puc. 5. ,ZIOKOMI’IOHO@KCZ CILOJICHOU Kom[)ueypauuu U3 HEeCKONIbKUX OeCUlOBHO CKICCHHbIX COCMABHbIX Yacmell

Fig. 5. Supplementing a complex configuration from several seamlessly glued components

JIOKOMIIOHOBKA 30HBI 9KCTPY3UH HOBBIM KAMHEM TOJIBKO
B CKPBITBIX YacTSX C BHYTPEHHEH CTOPOHBI sl o0ec-
MeYeHUsT HeOOXOAMMON KOHCTPYKTHBHOH CBS3HOCTH
(puc. 4). JIokOMITOHOBKA JIMIIEBON OBEPXHOCTH JIOITyC-
KaeTCsl MCKIIOUHUTENBHO TaM, TJe 3TO HeoOX0IMMO
JUIs oOecrieueHus YCTOWYMBOCTH KOHCTPYKIIMH HpPH
MOTepe €I HECyIeH CIIOCOOHOCTH, W/HIH TaM, TJIe
0e3 JOKOMIIOHOBOK He uuTaercs obmas ¢opma. Jlo-
KOMIIOHOBKH CJIO)KHOM KOH(HUTYyparmuu MOTYT OBITh
BBITIOJTHEHBI U3 HECKOJIBKUX COCTABHBIX YacTeW, CKJe-
SHHBIX MEXIy co0oi 6e3 mBa /it co3ganus spdexra
enuHOro MaccuBa (puc. 5). CoxpaHEHUE TOMIUHHOTO
oOnMka nmaMsTHHKA TpeOyeT OepeKHOro OTHOIICHUS
K TPOSIBJICHUSIM €CTECTBEHHOTO CTapeHHs («IaTnHe
BPEMEHM»), MOITOMY HE3HAYMTEIbHBIC YTPAaThl JIHIIE-
BOW IMMOBEPXHOCTH OJIOKOB, KakK IPaBHJIO, HE BOCCTa-
HaBJINBAIOTCSL.

Obpamumocms mexHOI0SUHeCKUX peteHull
[TpuHIMI 00paTHMOCTH — TIIABHBIN B PECTaBpaLUH.
Bce geiicTBus, KOTOpBIE NMPOM3BOAMT pECTaBpaTop,
B TOM YHCJIE YKPEIJIEHHE KOHCTPYKIIMU U BOCIIOJTHEHHE
yTparT, JOJKHBI HOCUTh OOpaTHMBI XapakTep, 4TOObI
rapaHTHUPOBATh MMOTEHIIHAIBHYIO BO3MOKHOCTH HOBOM
pecraBpaly B Oy1ylleM IIpy MOSIBICHUN OoJiee coBep-
IICHHBIX TeXHOJIOrHH. He MeHee BakHYIO pOJIb UTpaeT
(hakTOop OOpaTUMOCTH, €CIIHM YXKE B XOJE INPOU3BOJ-
cTBa paboT OOHApyXMBAIOTCS paHee HE H3BECTHBIC
00cTOsITeNbCTBA, TPEOYIOLINE YTOYHEHUSI 1 KOPPEKTH-
POBKH paHee MPHUHSATHIX HPOEKTHBIX PEUICHUH.
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attitude to the manifestations of natural aging (“patina
of time”), so minor losses of the face surface of
the blocks are generally not restored.

Reversibility of technology solutions

The principle of reversibility is central to restoration.
All the actions performed by the restorer, including
strengthening the structure and filling in the losses,
must be reversible to guarantee the potential possibility
of a new restoration in the future when better
technologies become available. Equally important is
the reversibility factor if, in the course of the work,
previously unknown circumstances are discovered that
require clarification and correction of the previously
made design decisions.

Reversibility considerations also account for
the strict regulation of the use of modern bonding
materials, mortars and fixing systems. For example,
gluing is often necessary to bind structural elements
together, but it is known that the gluing of historical
stone fragments with supplements is poorly reversible.
Given this fact, in our project gluing (as well as
the use of modern bonding materials, mortars and
fixing systems) is allowed only in the following cases:
1) supplementing (“prosthetics”) of solid historical
stone blocks to “treat” large areas of rock weathering;
2) bonding together large fragments of mechanically
destroyed blocks; 3) seamless gluing together of
components of supplements of a complex configuration.
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CoolOpaxeHusIMA 00paTHMOCTH OOYCIIOBIIEHA CTpOTast
pernaMeHTalys IPUMEHEHHsI COBPEMEHHBIX CBSI3YIOLINX
MaTepHajioB, PacTBOPOB M KPENEKHBIX cUCcTeM. Tak,
HanpumMmep, ckjelka dacTo OblBaeT HeoOXoguma s
CKPEIUICHUSI MEXK1y COOOW 3JIEMEHTOB KOHCTPYKIIMH, HO
IIPH 3TOM M3BECTHO, YTO CKJICHKAa MCTOPUYECKUX (par-
MEHTOB KaMHEH ¢ JOKOMIIOHOBKaMHu ciiabo oOparnma.
[TpuHrMast BO BHUMaHHE 3TOT (aKT, B HAILIEM ITPOCKTE
CKJICHKa (a TaKke MPUMEHEHNE COBPEMEHHBIX CBSI3YIOIINX
MaTepuaioB, PACTBOPOB U KPETIKHBIX CUCTEM) JIOIyCKaeTCsl
TOJIBKO B CJIENYIOIMX clydyasx: |) JTOKOMIIOHOBKa
(«TpoTe3MpOBaHKe») LEIBHBIX NCTOPHYECKHX KaMEHHBIX
OJIOKOB ISl «JICUECHHSD) 3HAYMTEIGHBIX 30H BBIBETPUBAHMUS
TOpOJIBI; 2) CBSI3BIBAHME BOCIMHO KPYIHBIX (hparMeHTOB
MEXaHUYEeCKH pa3pyLICHHBIX OJOKOB; 3) OecuioBHOE
CKJICMBAHUE MEXIY COOOH COCTAaBHBIX YacTeH JOKOM-
TIOHOBOK CJIOKHOM KOH(UTryparmm.

Ilo mpeaBapUTEIBHBIM pacueTaM IPHU PECTaBpPALUU
TpuymdansHoit ApkH BOBHHKHET HEOOXOIMUMOCTH Kper-
JICHUsI 2JIEMEHTOB Mexay coOoi. B kauectBe ananora
paccMaTpuBaeTCsl METaNINUECKast aHKEPOBKA CO CBUHIIOM.
OueBHIHO, YTO 3Ta TEXHOJIOTUSI OyneT IepeocMBbICIeHa
B KOMIIO3UTHBIX MaTepuanax, KOTOpbleé OJHOBPEMEHHO
SBIISTIOTCS. JIOCTATOYHO >KECTKMMH, YTOOBI 0OECreduTh
MPOCTPAHCTBEHHYIO YCTOHYUBOCTb, U JOCTATOUHO MSATKUMHU,
4TOOBI HE pa3pylIaTh MOUIMHHBIA KaMEHb W 00EeCIeUnTh
JIOCTAaTOYHYIO BSI3KOCTh MaTepuajia, HEOOXOIUMYIO JUIs
CTPOUTEILCTBA B JIAHHBIX I'eOrpaUYecKuX YCIOBHUSX.
[Tpn coenmHeHnM Mexay coOOH cTapbIX KaMHEil 30Ha
KpEIUIEHUsI paccBEepJIMBAaeTCs M CTBIKyeTcs (puc. 6).
MoHTaXX TPOHU3BOIUTCS HACYXO (BIPUTHPKY). CXeMbl

According to preliminary calculations, the restoration
of the Triumphal Arch will require anchoring of
the elements to each other. Metal anchoring with
lead is considered as an analogue. This technology
is certain to be reconsidered in composite materials
that are both rigid enough to provide spatial stability
and soft enough not to destroy the original stone
and to provide sufficient toughness of materials
required for construction in the given geographical
conditions. When the old stones are joined together,
the anchoring area is drilled out and butted together
(Fig. 6). The installation is carried out dry (very
tightly). The schemes of the joint units are subject to
calculation for the mobility of the unit, seismic loads,
and the arch thrust.

Aspects of the reversibility principle as applied to
the restoration by R. Amy

The principle of reversibility is projected into
the restoration work carried out in the early 1930ies
by French specialists under the direction of Robert
Amy. The restoration work was primarily aimed
at reinforcing the deteriorating structures. When
the work was completed in 1931, the Arch acquired
the appearance that has become known throughout
the world.

We are not inclined to regard some of R. Amy’s
restoration solutions as erroneous: for the most part, they
were due to the lack of appropriate technical means and
a limited budget. At the same time the restorer tried
to cause as little damage to the monument as possible.

Puc. 6. Cxema nosnemenmnoii coopku Apxu ¢ npumenenuem aymeHmuyHo2O NPUHYUNA AHKEPOBKU

Fig. 6. Scheme of the element-by-element assembly of the Arch using the authentic anchoring principle
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CTBIKOBOUHBIX Y3JIOB HOJUIEKAT pacyeTy Ha MOIBUKHOCTh
y371a, celicMUYecKHe Harpy3KH, pacrop apKu.

Acnexmul npunyuna oopamumocmu
npumerumenvHo K pecmaspayuu P. Amu
CrnenoBaHue NMPUHLOHUIY OOpPaTHMOCTH HAXOJUT
CBOI0O IIPOEKLHI0O B OTHOIIEHUU K PECTaBpallMOHHBIM
MEPONPUSATHSIM, BHITOTHEHHBIM B Hadasie 1930-X IT. cumamu
(hpaHIly3CKHX CHEMAJIICTOB II07T PyKoBoACTBOM PoGepa
Awmun. PecraBpanmoHHble paObOTHl ObUIM HAINpPaBIICHBI,
Mpexae BCEro, Ha YKpEIUICHHE Pa3pyLIArOLIUXCsl KOH-
crpykuuit. Ilo 3aBepmennu pabor B 1931 1. Apka
npuoOpena TOT BWJI, KOTOPBIM M CTajl M3BECTEH BCEMY

MHUpY.

MBI He CKIJIOHHBI CUUTaTh HEKOTOPBIE PECTaBPALIMOHHbIE
pewenust P. AMu ommOouHBIME — B OOJIBIIMHCTBE CBOEM
OHM OblIM OOYCIIOBJIEHBI OTCYTCTBHEM HaJICKAIINX
TEXHUYECKMX CPEICTB M OI'PAHUYCHHBIM OIOJKETOM.
IIpu 3TOM pecTaBpaTop CTPEMUIICS MUHHUMH3UPOBAThH
HAHOCUMBIM MaMSTHUKY ypoH. BOT kak OH cam onuchkiBaeT
CUTYaIlMIO C 3aMKOBBIM KaMHEM B LIEHTPAJbHOM 4YacTH
Apxku: «1 npennoyen BEpHyTh 3aMOK Ha €r0 CTapoe MECTO
U c/ieNaTh TOJABKO OJMH pa3pes3, HaJ0XKHUB IPaHU JIEMEHTOB
oiHy Ha apyryio. O4eBHIHO, YTO B Hjiealie Hy»KHO ObLIO
BEpPHYTh B BEPTUKAJIBHOE MOJIOKEHHE BECh MUIIOH A,
4YTOOBI MOTYYHTh HUIcabHbIN Tonsec. B [anemupe y MeHs
He OBUIO CpenCcTB, HEOOXOAMMBIX Ul TAKOTO CIOKHOTO
npennpuatus» (Amy, 1933. P. 396—411). Bonero cyne6
B XOJI€ HBIHEIIHEH pecTaBpallid HaM NPeJOCTaBIISIETCA
cliydall OTKOPPEKTUPOBATH PSJI PEeCTaBpPallMOHHBIX
peenuii, peanuzoBaHHbiXx B 1930-x rr. B uucne stux
KOPPEKTUPOBOK: 1) MpenBapuTenbHOE pEHICHHE O JIUMK-
BUJIAIIMU BBITIOTHCHHBIX P. AMHU IIEMEHTHBIX 3a4CKaHOK
1 OCTOHHBIX JIOMAaCTUKOBOK JIMIIEBBIX MMOBEPXHOCTEH

This is how he himself described the situation with
the keystone in the central part of the Arch: “I preferred
to return the keystone to its former position and make
only one cut, superimposing the facets of the elements
one on another. Obviously, ideally the entire pylon A was
to be returned to its vertical position in order to obtain
a perfect suspension. In Palmyra I did not have the means
necessary for such a difficult enterprise” (Amy, 1933.
P. 396—411). In the course of the present restoration, we
have the opportunity to correct a number of restoration
solutions made in the 1930s. These corrections include:
1) the preliminary decision to remove R. Amy’s cement
caulkings and concrete mastic fillers of the face surfaces,
followed by the compensation of the losses with
“native” stone; 2) the refusal to restore the stone blocks
introduced by Amy, which were not there historically,
such as the narrow insert in the central part of the Arch
(Fig. 7). This insert was made due to the deviation of
pylon A from the vertical. At present, pylon A is almost
completely destroyed and can be restored in line with
the vertical plane. This solution will allow abandoning
R. Amy’s forced addition. One of the ethical imperatives
of scientific restoration is formulated as follows: “Do not
unnecessarily remove traces of previous restorations”.
Following this principle, we are preserving a certain
“Amy’s layer”, in particular the pylons restored by
him (Fig. 8). We are also considering the possibility of
preserving one section of the concrete mastic filling as
a reminder of the previous stage of the Arch restoration
and as material evidence of the restoration techniques
and technologies of the first third of the 20th century.

In the course of the work, after the repair of
the concrete mortar made by R. Amy in the places
of weathering of stone blocks, as well as according to

Puc. 7. Beeoennas P. Amu yskas ecmaska 6 yeHmpanibHou uacmu Apku He noonesicum 80CCMAaHOBAEHUIO

Fig. 7. The narrow insertion introduced by R. Ami in the central part of the Arch cannot be restored
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Puc. 8. Coxpanenue nunona, éoccmarnosnennozo npu pecmaepayuu P. Amu

Fig. 8. Preservation of the pylon restored by R. Ami

¢ mocieayromed JOKOMIOHOBKONH yTpaT «pPOIHBIMY
KaMHeM; 2) OTKa3 OT BOCCTAHOBJIICHUS BBEICHHBIX AMH
KaMCHHBIX OJIOKOB, KOTOPBIX HE OBLIO HMCTOPHYCCKH,
HarpuMep, Y3KOH BCTaBKM B LEHTPAIbHOM 4acTH ApPKHU
(puc. 7). DTa BcTaBKa ObLIa BBITIONHEHA B CBS3HM C OTKJIO-
HEHUEM MWJIOHA A OT BepTHKaiu. B Hactosiee Bpemst
MWIOH A TOYTH TIOMHOCTHIO Pa3pyIICH U MOXET OBITh
BOCCTAHOBJICH C COOJIOJCHHEM BEPTHKAJIBHOU ILIOC-
kocTu. JlaHHOE pellIeHHEe MO3BOJIUT OTKa3aTbcsi OT BbI-
Hy>KJieHHoro jononHenust P. Amu. OnuH U3 3TUYECKUX
HMIICPATHBOB HAYYHOU pecTaBpamiyl CPOPMYIHPOBAH TaK:
«He ycrpansaTh 0e3 HCOOXOAUMOCTH CIICABI IPEIBLTYIINX
pecraBpauuii». Cremyst STOMY NPUHLIMITY, Mbl COXpPaHsIEM
HEKHMI «CIIOH AMW», B YaCTHOCTH BOCCTAHOBJICHHBIC UM
mtoHbl (puc. 8). Takke paccMarpuBacTCsi BOSMOKHOCTD
COXPAaHCHUsI OJJHOT'O ydYacTKa OCTOHHOW MaCTUKOBKH
B MaMATh O MPEIIIECTBYIOLUIEM dSTarle BOCCTAHOBJICHMS
ApKHM M B Ka4eCTBE MaTepHaJIbHOIO CBUJIETENILCTBA pec-
TaBpallOHHBIX MPUEMOB U TEXHOJIOTUH MNEpBOW TpeTH
XX B.

B mporiecce mponsBoncTBa padoT, MoCie MPOBEACHUS
BBIYMHKH OCTOHHOTO PAacTBOpA, BBHIMOJIHECHHOrO P. Amu

the results of laser scanning of opened earlier concrete-
coated surfaces of the blocks, the following variants
are possible: 1) after the repair everything remains
as it is; 2) the possibility of supplementing with new
stone with gluing, with account of the aforesaid about
the reversibility of technological solutions; 3) the use
of variants 1 and 2 as applied to one element. One
of the pylons with concreting by Amy (in the lower
part) is preserved as a memory of the preceding period
of restoration.

The restoration work under Amy’s direction was
not brought to its logical conclusion and ended due to
the cessation of funding. Some of the historical stones
were not mounted. A number of the fallen historical
stones were not installed in their designed position
due to lack of time. In addition, a number of new
stones were made and are still preserved in R. Amy’s
lapidary. The use of all of these stones, both authentic
and those made by Amy (Fig. 9), creates opportunities
for the restoration of the original appearance of
the Arch with greater credibility than was possible
during the restoration of the 1930s.
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Puc. 9. Hemopuueckue u uzeomoenenuvie ¢ 1930-x ce. kamuu u3z nanuoapus P. Amu
Fig. 9. Stone blocks — historical and made in the 1930s. from R. Ami lapidary

B MECTaX BBIBETPUBAHUS KAMCHHBIX OJIOKOB, a TAKXKE IO
pe3yJbTaTaM Ja3epHOro CKaHUPOBAHUSI PACKPBITHIX paHee
00CTOHHPOBAHHBIX ITOBEPXHOCTCH OJIOKOB BO3MOXHBI
BapuaHTHL: 1) TOCIC BBIYMHKU BCE OCTACTCS KaK €CTh;
2) paccMaTpUBACTCsl BO3MOYKHOCTH JJOKOMITOHOBKY HOBBIM
KaMHEM CO CKJIEHMKOH, C y4eTOM BCEro CKa3aHHOI'O
BBIIIE 00 OOpPaTHMMOCTH TEXHOJIOTHYCCKHX PCIICHUN;
3) ucroap30BaHUC BApUAHTOB | W 2 TPUMCHUTEIHHO
K OTHOMY 3JieMeHTY. OIIUH U3 MTIJIOHOB ¢ OCTOHMPOBAHHEM
AwMu (B HIDKHEH 4acTH) COXpaHSIETCs KaK MaMsTh O MPeJi-
LIECTBYIOIIEM TEPHOJE PECTaBPALIUU.

PecraBparmonHbie paboOTHl MO PYKOBOACTBOM AMH
He OBLIH JIOBEACHBI JI0 JIOTHYECKOTO 3aBEPIICHUS H
3aKOHYMIIUCH B CBSI3H C MPEKPAIICHUEM (PMHAHCUPOBAHUSL.
YacTh MCTOPUYCCKMX KaMHEH He Obllla CMOHTHPOBAHA.
Psan ynmaBmMX HMCTOpUYECKUX KaMHEW He YCHeau YCTa-
HOBHTH B IIPOCKTHOE IMoJiokeHue. Kpome Toro, ObLI
W3rOTOBJICH Psii HOBBIX KaMHEH, KOTOpPbIE COXPaHWJIHUCh
o cux nop B janugapuu P. Amu. Mcnonb3zoBanue
BCEX ATUX KaMHEH — KaK ayTeHTUYHBIX, TaK U H3ro-
TOBJICHHBIX AMH (pucC. 9) — CO3MaCT MPEAIOCBUIKH IS
BOCCTAHOBJICHISI TICPBOHAYAIEHOIO OOJTMKA APKH C 0OITh-
el JI0CTOBEPHOCTBIO, YEM 3TO YJalOoCh CHENaTh MPH
pecraBpauu 1930-x rr.

Omauyumocms nPUGHOCUMBIX OONOTHEHUL

Bce crpoenus B [Tansmupe, Britouas Tpuymdansayro
ApKy, CIOXKEHBI U3 MPaMOPU30BAaHHOTO H3BECTHSKA.
OTOT KaMeHb M ceiiuac J100bIBaETCSI B Kapbepe B OK-
pectHocTax IManemupsl. IlpoekToM mpeamnonaraercs
UCIIOJIB30BAHUE 3TOTO MECTHOIO HATYpaJbHOIO KaMHs
JUISL «IIPOTE3UPOBAHMS» JECTPYKTYPUPOBAHHBIX HUCTO-
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Distinguishability of the introduced additions

All the structures in Palmyra, including the Triumphal
Arch, are made of marmorized limestone. This stone
is still mined in a quarry in the outskirts of Palmyra.
The project envisages the use of this local natural
stone to “prosthetize” the cracked historical blocks
and to replace elements that have been completely
lost. Under the influence of atmospheric phenomena,
marmorized limestone darkens, its original milky
color turns into a pinkish-brown tone, and the surface
texture acquires a characteristic flakiness over time.
This means that the insertions of “fresh” stone will
differ from the historical stone in color and texture
for decades, and therefore, no special signage of new
inclusions will be required.

The principle of the visual distinction between
the old and the new removes the issue of the expediency
of reproducing the carved decor which once decorated
the vaults and the side columns of the Arch (Fig. 10)
from the agenda: copying the historical finish of
the surfaces is completely excluded. If one block
consists of a new and an old part, the following
options for the design solution in terms of the décor
are considered: 1) the new elements are taken to their
original position before the primary treatment of
the surfaces (without decoration); 2) an intermediate
stage of surface treatment as an artistic technique is
selected. Each of the above options is fundamentally
suitable and applicable depending on the situation.
Option 1 is applicable when few historical elements
have been preserved; option 2 is applicable when
many historical fragments have been preserved.
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PACMUMENBHBIX U 2€0MEeMPUUECKUX OPHAMEHMO8
Fig. 10. The stone vaults and side columns of the Arc de Triomphe were decorated with stone carvings in the form of
floral and geometric ornaments.

pHYECKUX OJIOKOB M BO3MEILECHHSI TTOITHOCTHIO YTPAuyeHHBIX
aneMeHTOB. [loy Bo3zelicTBHEM aTMOC(EPHBIX SBICHUH
MpPaMOPHU30BaHHBI M3BECTHSK TEMHEET, €ro M3Ha4ajb-
HBIIl MOJIOYHBIA IIBET MEPEXOAHUT B PO30BaTO-0ypyIO
TOHAJBHOCTB, a (haKTypa MOBEPXHOCTH CO BpPEMEHEM
npuoOpeTaeT XapakTepHyro denryiyaroctb. CkaszaH-
HOE O3HAuYaeT, YTO BCTAaBKU «CBEKET0» KaMHs OymyT
JIECATHIIETHSMH OTJIMYAThCS OT UCTOPUYECKOTO IO LIBETY
u (akType, CIeIOBaTEIbHO, HUKAKOW CELHaIbHON CHT-
HAllMM HOBBIX BKJIFOYEHHWII HE moTpelyercs.

HpHHLIHH BU3YaJIbHOI'O pas3jivnius CTaporo U HOBOI'O
CHUMACT C TIOBECTKU AHS BOIIPOC O uenecoo6pa3Hocm BOC-
IMMPOU3BCACHU PE3HOI'0 JACKOpA, HEKOrla YKpallaBIICTO

Conclusion

Cultural heritage sites as well as the individual
techniques of their restoration, have an infinite variety
preventing any dogmatic approach. The restoration
of the war-damaged monuments in the 20th century
was carried out in a wide range from complete
meticulous recreation (Peterhof Palace, restoration
in 1944-1964) to fragmentary restoration (New
Museum in Berlin, restoration in 1997-2009) and even
the conservation of the war ruins (Gedéchtniskirche in
West Berlin, conservation in 1957-1961). It seems to
us that the combination of the principles of scientific
archaeological restoration and the anastylosis method
in the restoration project of the Triumphal Arch
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CBOZIbI M OOKOBBIE KOOHHBI ApkH (puc. 10): KonupoBaHue
ucropuyeckoi (GuHUIIHON 00pabOTKHM TOBEpXHOCTEH
TIOJTHOCTBIO MCKJIIouaeTcs. Ecim onuH OJIOK COCTOMT n3
HOBOW M CTapoil 4acTH, PacCMaTpPHBAIOTCS CIICTYIONIHE
BapUaHTBI IIPOEKTHOTO PEIICHHUS B YaCTH JIeKopa: 1) HOBbIe
9JIEMEHTHI BBIBOASITCS B IIEPBOHAYAIILHOE IIOJIOKECHUE
JI0 TICPBUYHOW 00pabOTKH TMOBEpXHOCTEH (0e3 mexopa);
2) BBIOMpaeTCs NMPOMEKYTOUHBIA 3Tan 0O0pabOTKH I0-
BEPXHOCTEN KaK XyJIOKECTBEHHbIH mpueM. Kaxabii u3
BBIIICOITMCAHHBIX BapHAHTOB NPHHIMIHAIBHO MPUTOICH
W NPUMEHSIETCSl B 3aBUCHMMOCTH OT CHUTyaluu. Bapuant 1
MIPUMEHHM, KOTJ]a COXPaHMIIOCh MaJI0 HCTOPHYECKHX dJie-
MEHTOB; BapHaHT 2 — KOIJjda COXPaHHMJIOCh MHOI'O HCTO-
prudeckuX (hparMeHToB.

3axniouenue

OOBEKTH KYJIBTYPHOTO HACIeAMs, KaK ¥ MHJINBH-
JlyallbHbIE TPHEMBI MX pecTaBpaluu, obnanaror Oec-
KOHEYHBIM MHOT000pa3veM, HE JOITYCKAIOIIMM JOorMa-
THUYECKOro noaxoja. BoccTaHoBieHHE pa3pylIeHHBIX
BOIHOH MaMATHUKOB B XX B. OCYILECTBISUIOCH B IIIUPOKOM
CHEKTpPE OT LEJOCTHOIO BOCCO3[AHMSI B MEJIbYAWIINX
nerasix (Ilereprodekuii nBopen, pectaBparus 1944—
1964 rr.) no ¢parmentapHoil pectaBpaunu (Hosbii
myseil B bepnune, pecraparus 1997-2009 tT) n naxe
KOHCepBalny BoeHHBIX pynH (I'enexTHUCKHpxe B 3amaj-
HoM beprmune, koHcepBarmst 1957-1961 rr.). Ham npen-
CTaBJIAETCS, YTO COUETAHUE IIPUHIIUIIOB HAYYHOM apXeoso-
THYECKON pecTaBpallid U METOJa aHACTHUIIO3a B MPOEKTE
pecrasparyn TpuymbanbsHoi Apkn [TansMups! 03BOIUT
BINCAaTh HOBYIO INIaBy B MCTOPHUIO IOCTTPAaBMAaTUYECKOU
«peabwiMTauuy MaMITHUKOB MCTOPHH M KYJBTYPBI
MHUPOBOTO 3HAUECHUSI.

in Palmyra will allow us to create a new chapter
in the history of the post-traumatic “rehabilitation” of
monuments of history and culture of world significance.
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CHUMBOJI — 3TO HE MPOCTO 00pa3 — ITO MHOKECTBEHHOCTh CMBICIIOB.
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BoctpeGoBaHHOCTE BOCCTaHOBJICHUS (BOCCO3/1aHMS)
MaMSATHUKOB apXUTEKTYpPbI, KaK IPaBHJIO, BOSHUKAET
100 B MEPHUOJ MICONOTHYECKUX M3MEHEHHH (Harpumep,
W3MEHCHNE WJIN PeadWIINTAIMsI MOJIUTUYECKOH M KYJIb-
TYpPHOM CHUCTEMbl LIEHHOCTEH), 4TO MPUBOJUT K Iepe-
OCMBICJICHHIO IICHHOCTH MaMSITHUKOB apXUTEKTYPBI, JIHO0
B TEPUOJI TIOCIIEBOCHHOTO BOCCO3JaHMs, KaK 3TO ObLIO
U TPOJOJIKACTCS 110 HACTOSIIEE BPEMS B Pa3IMUHBIX
CTpaHax Mocye pas3pyleHuil Bropoi MupoBoil BONHBI
1939—1945 rr. TloTpeOGHOCTH COXpPaHHUTH KYJBTYpHOE
Hacjlelue HalWy, yIeseBllee MOAINHHOE, BOCIOIHHUTH
YTpaTbl U BEpHYTh NMAMSATHUKAM HMX OOJIMK W 3HA4YCHUE
B MICTOPHKO-apXUTEKTYPHOH cpefie — aHcamOi1e, TTaHopame
VIHILBI, B CTPYKTYpE IOpojia — BOT OCHOBHBIC IIPEIIIO-
CBUIKM BOCCTAHOBJICHUSI TTaMSTHHKOB.

HccnenoBanusi MICTOPHUECKOTO OMBITA BOCCO3AHUS
MAMSATHUKOB MUPOBOM apXUTEKTYPHOH MPAKTUKHU BbISBUIN
OrpPOMHOE KOJIMYECTBO TAKUX OOBEKTOB. MHOrME M3 HUX
BOCCO3/JaBaJICh HEOJHOKPATHO, CTAHOBSCH MIPU ITOM
cerogust oobekTamu BcemupHoro Hacienusi FOHECKO.
Baxno oTMETUTB, UTO KaK paHblle, TaKk U ceiuac mpes-
MOCBUIKAMHM K BOCCO3/IQHHUIO CITY>KUJIH JKEJIaHHUE U I10-
TPEOHOCTB HAPOJIOB COXPAHUTH CBOIO HCTOPHIO, 3HAYMMOCTD
U BOXHOCTb HCTOPUYECKOrO OOBEKTa, Pa3pyLICHHOTO
B pe3yJbraTe BOWH M NPHUPOAHBIX KaTAaKIU3MOB, MHBIX
Bo3zieicTBuUiL. Yalre Bcero BOCCTaHaBIMBAIIUCh TTAMSITHUKH,
HMEBILIUE CUMBOJIMUYECKOE 3HAUECHUE.

CuMBOIHMKAa — COBOKYITHOCTH CHMBOJIOB, HCIIOIb3Ye-
MBIX TOH WIM HHOM Tpynmoil jul, opraHu3aiuen,
OOIIECTBEHHBIM HWJIM NOJUTHYECKMM 00pa3oBaHHEM,
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Ponan bapm (Roland Barthes)

The demand for the restoration (recreation) of
architectural monuments generally arises either during
a period of ideological changes (for example, a change
or rehabilitation of the political and cultural system
of values) resulting in a rethinking of the value of
architectural monuments, or in the period of post-
war reconstruction, as it was and continues to be to
the resent in various countries after the devastation
of World War II of 1939-1945. The need to preserve
the ultural heritage of the nation, the surviving original,
to make up for the losses and return their appearance
and significance to the monuments in the historical and
architectural environment — the ensemble, the panorama
of the street, in the structure of the city — are the main
prerequisites for the restoration of monuments.

Studies of the historical experience of recreating
monuments of the world architectural practice have
revealed a huge number of such sites. Many of them
have been recreated more than once, while becoming
UNESCO World Heritage Sites today. It is important
to note that both before and now, the prerequisites for
reconstruction were the desire and need of peoples to
preserve their history, the significance and importance
of a historical site destroyed as a result of wars and
natural disasters, and other exposures. Most often,
monuments that had a symbolic meaning were restored.

Symbolism is a set of symbols used by a particular
group of people, organization, public or political entity,
state, and so on. It reflects a certain system of values
and priorities of both an individual and large or small

! 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: mikhaylovalex@yandex.ru..
2 18 Dvortsovaya Embankment, Saint Petersburg, 191186,
Russia. Institute for the History of Material Culture, RAS,
Rescue Archeology Center. E-mail: vtrushkovskiy@internet.ru.
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TrocyJapCTBOM U TaK Jaliee. Ona 0To6pa>KaeT HCKYIO
CUCTCMY HeHHOCTeﬁ U TMPHUOPUTCTOB KaK OTACIBHOI'O
YCJIOBCKaA, TaK 1 OOJIBIINX HIIM MaJIbIX COO6III€CTB, npo-
(I)CCCI/IOHaJ'H)HLIX, COMaJIbHBIX, INOJIUTHYCCKHX 06’I>€,HI/I-
HEHHH. OﬂHaKO TOYHOI'O OIMPCACIICHUS IOHATHA CHUMBOJIA
HE CYNIICCTBYCT. CaMO IIOHSTHE MOXKET TPAKTOBATHCA
KakK pe3yiibrar MBICIIUTEIILHON ACATCIIBHOCTH, CIIPOBO-
HHpOBaHHOﬁ COOBITHSIMH JKU3HU, NMPUPOAHBIMHU SABJIC-
HHUAMHU, 3MOIIHOHaJ'IBHOI>i peaKHHCﬁ Ha HUX U MHUPO-
NOHMMAHUEM KaXXJI0ro MHAWBUAYYMaA. ‘—Iame BCEro 3T0
06Hapy>l<eHI/I€ HeSpHMOﬁ CBA3U MCXKAY ABJICHUAMU KakK
MaTepHaJILHOﬁ, TaK U HyXOBHOﬁ JACATCIIBHOCTH YCJIOBCKA,
U, COOTBETCTBCHHO, KYJIbTYPBHI.

CBon oduimambHble CUMBOJIBI €CTh Y MHOTHX TO-
POIIOB M HaceJeHHBIX ITyHKTOB. Kak mpasuio, 310 Tepo,
¢ar u rumH Topona. Ho kpome »THX oduIHMaIBHO
YTBEP)KACHHBIX CMBICIIOBBIX 3HAKOB €CTh CIIEC OOBEKTHI,
KOTOpBIE BOCHPHHUMAIOTCSI KaK CUMBOJIBI, M OOPAILICHHIO
K HUM J@Xe IpUIaeTcsl HeKasi 3aKOHHOCTb. JTO B 00JIb-
LIMHCTBE CBOEM OOBEKTBHI apXUTEKTYPbI, NPUYEM EIJMH-
CTBEHHBIE, HE TIOBTOPEHHBIC HU B OJTHOM U3 TOPOZIOB MHUpa,
T€, TI0 KOTOPHIM MOXKHO O€30MIMOOYHO OIPENeIUTh, YTO
9TO 3a TOpOJ WJIM MECTHOCTh, M 3TO OCHOBHas 3ajaya
cumBona (puc. 1). KagectBa, KoTopble 00ecleunBaioT ee
pelieHye, — y3HaBaeéMOCTh M, COOTBETCTBEHHO, MaKCH-
MaJlbHasi HEM3MEHHOCTb.

Ecmm AHAJIN3UPOBATH CUMBOJIM3M 00BEKTOB BCEMHPHOI'O
KYJIBTYpPHOI'O Hacjieausd, TO HCO6X0,HI/IMO, MpeKAC BCEIO,
06paHIaTBC$I K OCHOBHOMY IIOHATHIO, OIIPCACIAOLICMY
OPpUHOWIT BHCCCHUSA HaHHBIX O0OBEKTOB B CIIMCOK HaM-
BBICHINX KYJBTYPHBIX HeHHOCTCfI U1 BCEro Mupa. 910
TIOHATHUC BLIZ[aIOHIefICH yHHBepcaﬂbHOfI HEHHOCTH, KOTOPOC
HE TOJIBKO OIIPCACIISCT XapaKTCPUCTUKU HEHHOCTH, HO
u 06YCJ'I3.BJ'II/IB3.€T BCC I[aﬂLHeﬁHIPIe HeﬁCTBHH B OTHOIICHHUU

communities, professional, social, political associations.
However, there is no exact definition of the concept of
a symbol. It can be interpreted as the result of mental
activity provoked by life events, natural phenomena,
emotional response to them and the worldview of
each individual. This is most often the discovery
of an invisible link between the phenomena of both
material and spiritual human activity, and culture,
respectively.

Many cities and towns have their official symbols.
As a rule, this is the coat of arms, flag and anthem of
the city. But besides these officially approved semantic
signs, there are still objects perceived as symbols, and
some kind of legality is even attached to the reference
to them. For the most part, these are architectural
objects, and the only ones that are not repeated in any
of the cities in the world, those by which one can
unmistakably determine what kind of city or locality
it is, and this is the main task of the symbol (Fig. 1).
The qualities that provide its solution are recognition
and, accordingly, maximum unalterability.

If we analyze the symbolism of world cultural
heritage sites, it is primarily necessary to refer to
the basic concept that determines the principle of
including these sites in the list of the highest cultural
values for the whole world. This is the concept
of Outstanding Universal Value which determines
both the characteristics of the value and all further
actions in relation to the heritage site. Is the presence
of an outstanding universal value a prerequisite
for a monument-symbol? Both yes and no. Not all
monuments-symbols are World Heritage Sites, with
most World Heritage Sites being symbols of their
peoples. Rather, some combination of material (urban
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Fig. 1. General scheme of perception of the monument as a symbol
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00beKTa Hacheaus. SIBIISETCS JIM HAJIMYKE BBIJIAFOIICHCS
YHHUBEPCAIBHON LEHHOCTU 00s3aTCIBHBIM yCIOBHEM
namstHuka-cumBoia? M na, m Het. He Bce maMsaTHUKH-
CHMBOJIBI SIBJISTFOTCS OOBEKTAMH BCEMHUPHOIO HACIICITUS,
TIPU 3TOM OOJIBIIMHCTBO 0OBEKTOB BCEMHPHOTO HACIICIHS
SIBJISICTCS. CUMBOJIAMH CBOMIX HapozoB. BaxxHO ckopee
HCKOC COYCTAHUC MATCPHAIBHBIX (TPaOCTPOHTEIBHBIX,
APXHUTECKTYPHBIX WM TCXHOJIOTHYCCKUX) H HEMATCPHAITBHBIX
aTpuOyTOB ((PYHKIHS, SMH30IAYCCKOC HCIIOIb30BAHUE,
HCTOPUYCCKHE COOBITHS, JIATCPATYPHO-XYI0KESCTBCHHEIC
o0pa3bl, muden) (puc. 2). [Ipum 3TOoM HemarepuaIbHBIC
aTprOyTHl UMCIOT B JIAHHOM KOHTEKCTE IIEPBOCTEIICHHOE
3HAYCHHE.

Kakue eme cBOHCTBa MOXXHO BBIJICIUTH B MaMST-
HUKaX-CUMBOJIaX? DTO YHHUKaJIbHOCTb, Y3HABAEMOCTb,
ACCOIIMAaTHBHOCTh, MH()OPMATHBHOCTb, MJICHTHYHOCTb.
[To kaxj0My M3 ATHX HOHATHH MOXHO IPEICTABUTH
OT/IENTBHOE HCCIICIOBAHUE, HO 3TO HE NPEIMET HacTOs-
mel cratbi. Mpl, 0e3yclIOBHO, 3HaeM MHOXECTBO apXH-
TEKTYPHBIX OOBEKTOB B MHpE, KOTOpBIE 00JIaaoT
9THMH XapaKTepHCTHKaMH. Paboras naxe ¢ jocTaTou-
HO O00OOIICHHBIMH, HE JIETaJbHO aTpuOyTHPOBAHHBIMHU
XapaKTepPUCTUKAMH BBIJAIONICHCS YHUBEPCAIbHON
LIEHHOCTH OOBEKTa BCEMHPHOI'O Hacieaus «ApXeolo-
THYECKHe MaMATHUKY [lalbMUpBI», MBI MO>KEM BBIJICIUTD
PSZ BOXHBIX €r0 HEMAaTEPHAJIBHBIX COCTaBIISIONINX
(puc. 3): 1) OOBEKT SBIIACTCS CBHICTEIIECTBOM YHUKAIIBHBIX
ICTETHUYECKUX JIOCTYIKEHHH (Kputepuii 1); 2) Benukosenue
[TaneMHpBI CrI0COOCTBOBAJIO MOCIEIYIOIEMY BO3POKICHHIO
KJIACCHYECKUX apPXUTEKTYPHBIX CTHUJIEH M TOPOACKOTrO
mu3aiiHa B 3amanHoi EBporne (kpurepmii 2); 3) pesHas
CKyJbITYpHast oOpaboTrka TpuymdansHoli Apku, yepes
KOTOPYIO MOKHO ToracTh n3 xpama bana B [lorpeGanbHbiii
Xpam, SBJISIETCS| BBIJAIOIIMMCS IPUMEPOM MaJIbMHPCKOTO

planning, architectural or technological) and non-
material attributes (function, episodic use, historical
events, literary and artistic images, myths) is more
important (Fig. 2). At the same time, intangible
attributes are of paramount importance in this context.

What other qualities can be identified in the monuments-
symbols? These are uniqueness, recognizability, associa-
tivity, informativeness, identity. A separate study can
be presented on each of these concepts, but this is
not the subject of this article. We certainly know
many architectural sites in the world that have these
characteristics. Working even with fairly generalized, not
detailed characteristics of the outstanding universal value
of the World Heritage site “Palmyra’s Archaeological
Monuments”, we can identify a number of its important
intangible components (Fig. 3): 1) the site is an evidence
of a unique aesthetic achievement (criterion 1);
2) the plendor of Palmyra contributed to the subsequent
revival of classical architectural styles and urban design
in Western Europe (criterion 2); 3) the carved sculptural
treatment of the Triumphal Arch of Triumph, through
which one can get from the Temple of Bel to the Funerary
Temple, is an outstanding example of Palmyrene art
(criterion 4). A special mention should be made of
the deep symbolism of the openings in the walls between
the rooms: arches, portals. The ancient mysticism of
the transition from one space to another has always
excited the minds of people (Fig. 4).

The analysis of the attributes of the outstanding
universal value and other aspects allows drawing
the following conclusions about the symbolism of
the Triumphal Arch of Palmyra: 1) the Arch of Palmyra
is a unique architectural structure of the complex
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Fig. 2. The ratio of the outstanding universal value and the monument-symbol
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ucKyccTBa (kpurepuit 4). OTIebHO HEOOXOIMMO OTMETUTh of archaeological monuments of Palmyra, reflecting
TIyOUHHBIH CHMBOJIN3M IIPOEMOB B CTEHAX MEXIy IO- the level of development of architectural thinking
MEIEHUSIME — apoK, MOpPTajnoB. J[peBHUI MUCTHLIH3M and building technologies; 2) in addition to the Great
nepexojia M3 OJHOrO0 MPOCTPAHCTBA B JPYroe BCeria Temple of Bel and the Valley of the Tombs, the Arch
Oynopakuit yMbl Jirozei (puc. 4). of Palmyra is the most recognizable and attractive
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Puc. 3. Hemamepuanvhvie cocmasisiowue apxeoiocuieckoeo namamuuka Ilaismupol
Fig. 3. Intangible components of the archaeological site of Palmyra

CumBO/IM3M Nepexoga

Puc. 4. Ipumepvl nopmanos kak cuMe0i08 nepexood u3 00H020 NPOCMPAHCMBA 6 Opyeoe
Fig. 4. Examples of portals as symbols of transition from one space to another
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B wurore mpoBeneHHOro aHaju3a aTpuOyTOB BbLia-
IOlIEHCA YHUBEPCAIbHONU LEHHOCTU U UHBIX aCIEKTOB
MOKHO CJIeJIaTh CIEIYIOUINE BBIBOABI O CHMBOJIM3ME
Apxn ITansmupsr: 1) Apka IlansMups! siBiasieTcss yHU-
KaJbHBIM apXUTEKTYPHBIM COOpPY’KEHHEM KOMILIEKca ap-
XEO0JIOTMUECKUX MaMATHUKOB [lanbMUpBI, OTpaskaroluM
YPOBEHb Pa3BUTHsI APXUTEKTYPHOTO MBIIUIEHUS U CTPO-
UTENBHBIX TEXHOJOIMH; 2) momuMo Benmkoro xpama
bona n Jlonuuel TpoOHML, Apka IlansMups! siBiseTcs
HanOoJee y3HaBaeMbIM W TIPHBJIICKATEIBHBIM TYpPHUCTH-
YEeCKMM OOBEKTOM KOMIUIEKca He Toibko B CHpHH, HO
u g npyrux crpad; 3) Apka [lamemupsl accorum-
pyeTcs C HauBBICHIMM MEPHOAOM PA3BUTHSI AIbMUPCKON
UUBUIU3AIUU U C JOCTHXKEHUAMHU HaponoB Cupuu
B MICKYCCTBE, apXUTEKType, Toprosie; 4) Apka [laimemupst
HeceT MH(OPMAIMIO O MEXKKYJIBTYPHOM B3aHMOJIEHCT-
Buu HaponoB JlpeBnero Puma u Bocrtoka, 00 ypoBHe
KyJIBTYpPHOTO U KOHOMUYECKOTO Pa3BUTHSI, OCHOBAHHOTO
Ha TPaJWLIHOHHBIX (OpMax JesTeabHOCTH; 5) Apka
[ManeMHpBI KaK CUMBOJ MAMSTH, CBSI3H IOKOJIEHUN TpeB-
HUX TOCEIEHLEB U COBPEMEHHBIX CHPHUIIEB, MX CIABbI
U JOCTOMHCTBA, COSIMHSIOLIUIN MPOILIOE BEIMYHE C JOCTU-
JKEHUSIMH COBPEMEHHOCTH, (DOPMHUPYET MACHTHYHOCTH
CHPHICKOr0 Hapoja.

Ha cerongusiinumii 1eHb BOCCTAHOBJICHUE AMSITHUKOB-
CHMBOJIOB — 9TO Ba)KHasl 3ajlada He TOJBKO B OTHOLIEHHU
Apku ITasrbMHpBI, HO 1 CUIMBOJIMYECKHX 00bekTOB D paHimm
u Snonuu. 15 anpens 2019 r. cuiibHBINA NOXap OMYCTOLINII
TJIaBHBII cOOOp HE TOJBKO (DPAHILY3CKOH CTOJMIBI, HO
n Beeit @panrmu — codop IMaprxckoit boromarepu (Notre-
Dame de Paris) (puc. 5), a 19 okt6ps 2019 1. B SInonun
B OUEPEIHOM MOXKape cropest 10Tia 'ocynapcTBeHHSbIH 3a
3amka Cropu-m3e (puc. 6). OTuM IBYM O0BeKTaM ObLia
MOCBSIIIEHA BBICTaBKa Mex {yHapojHoro caiita MUKOMOC,
oOHapozoBaHHasl B ceHTs10pe 2022 T. 1oj1 HAMMEHOBaHHUEM
«Bozpoxnenne nocne karacrpodsr: Boccosmanne Horp-
Hawm-ne-ITapu u 3amka Cropu-n3e» («Revival after
a disaster: The restoration of Notre-Dame de Paris and
Shuri-j6 Castle»). Ha BricTaBke Obuta IpegocTaBieHa
XPOHOJIOTHS COOBITHI pa3pyIIMTeIbHBIX Toxapos 2019 r.,
CHHUMKU NOBpeXJIeHUH. B pe3ynsrare nokapa, HeCMOTps
Ha YCHJIMsSI criacaresield, yOpaHCTBO MaMSTHHKOB CHJIBHO
MOCTPajano, 4To MPUBENO, KaK Ka3ajaoch, K HEBOCHOJI-
HUMBIM HOTEpsIM. DTO JalleKo He IMEepBbIN cllyuai,
KOrJja ATU MaMSATHUKM MOJBEPraluCh pa3pylICHUIO, HO,
OJTHAKO, KaX/Iblil pa3 OOIIECTBEHHOE MHEHHUE ITOJHH-
MaJIoCh B MONB3Yy UX Bocco3naHus. IIpoBeneHHbIe pecTas-
paroHHbIe pabOTHl M NEPEyCTPONCTBA YCHIIMIN OBl X
LEJIIOCTHOCTh U KYJIBTYPHYIO LIEHHOCTb AJI NEepeAadu
UX CJIEAYIOINM TOKOJICHUSM. 300pa3uTenbHbld psi
COIPOBOXK/IAJICS TEKCTOBBIMU KOMMEHTAPUSIMH MO UCTO-
PHUU CTaHOBJICHUSI W OBITOBaHMS KaXKIOTO M3 OOBEKTOB
C OTCBUIKAMH Ha MEXKAYHApOIHYIO (UIOCO(UIO 1O BOC-
CTAHOBJICHUIO HACJIEUS C yUETOM €€ M3MEHEHUs BO Bpe-
MeHHU. BupryanbHas BbICTaBKa Npeyiarajia peajibHyIo

tourist site of the complex both in Syria and in other
countries; 3) the Arch of Palmyra is associated with
the highest period of development of the Palmyrene
civilization and with the achievements of the peoples of
Syria in art, architecture, trade; 4) the Arch of Palmyra
carries information about the intercultural interaction
of the peoples of Ancient Rome and the East, about
the level of cultural and economic development
based on traditional forms of activity; 5) the Arch of
Palmyra as a symbol of memory, connection between
generations of ancient settlers and modern Syrians,
their glory and dignity, connecting the past greatness
with the achievements of the present, forms the identity
of the Syrian people.

The restoration of monuments-symbols today is
an important task both in relation to the Triumphal
Arch of Palmyra and symbolic sites of France and
Japan. On April 15, 2019, a strong fire devastated
the main cathedral not only of the French capital,
but of the whole of France — Notre-Dame de Paris
Cathedral (Fig. 5), and on October 19, 2019 in Japan,
the State Hall of Shuri-jo Castle burnt to the ground
in another fire (Fig. 6). Dedicated to these two sites
was the exhibition of the international ICOMOS
website published in September 2022 under the title
“Revival after a disaster: The restoration of Notre-
Dame de Paris and Shuri-jo Castle”. The exhibition
presented a chronology of the events of the devastating
fires of 2019 and images of damage. As a result of
the fire, despite the efforts of rescuers, the decoration
of the monuments was badly damaged, which led, as
it seemed, to irreparable losses. This is not the first
time that these monuments have been destroyed, but,
however, every time the public opinion has risen
in favor of their re-creation. The restoration and
reorganization carried out would enhance their integrity
and cultural value in order to pass them on to the next
generations. The visual images were accompanied by
textual comments on the history of the formation
and existence of each of the sites with references to
the international philosophy of heritage restoration
with account of its change over time. The virtual
exhibition offered a real opportunity to discuss actions
to disseminate the experience of post-traumatic heritage
recovery through these two symbolic events, discussing
the response of both countries to destruction.

The framework of the Internet exhibition involved
detailed consideration of the complex tasks of recreating
World Heritage sites. In both cases, both from Japan and
from France, it was decided to recreate the monuments
in the state in which they were before the fire. However,
this decision appears to contradict the heritage
conservation doctrines based on the authenticity of
the materials, given that the historical specimens
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Puc. 5. Hooxcap 15.04.2019 6 cobope Ilapusicckoii

bocomamepu (pomo c catima: https://www.notredame-
shurijo.com/eng/index.shtml)
Fig. 5. Fire on 15.04.2019 in Notre Dame Cathedral
(photo from: https://www.notredame-shurijo.com/
eng/index.shtml)

BO3MOYKHOCTB 00CY>K/ICHHSI ISHCTBHI TIO PACIIPOCTPAHEHHIO
OIIbITa MOCTTPABMATUUECKOIO BOCCTAHOBIICHUS! HACIEANS
yepe3 ATH J[Ba CHMBOJHMYECKHX CiIydas, O0OCYXKICHHS
peakimu 00eHxX CTpaH Ha paspyllIeHHE.

B pamkax MHTEpHET-BBICTABKH MOAPOOHO ObLIM pac-
CMOTPEHB! KOMITJIEKCHBIC 33/1a4M BOCCO3IaHHsI OOBEKTOB
Bcemuproro Hacnenus. B oboux ciydasix, ¥ co CTOPOHBI
Slnonun, n co croponsl ®paHuny, ObIIO MPUHSTO pe-
HIEHHE O BOCCO3[aHUM NMAMSTHUKOB B TOM COCTOSHUH,
B KOTOPOM OHHU HAaXOAWIHCh A0 noxapa. OnHaKo 3To
pelIeHue, NOX0XkKe, IPOTUBOPEUUT JOKTPUHAM COXPAHEHUS
Hacllequsi, OCHOBAHHBIM Ha MOAJUHHOCTH MaTEepHAJIOB
B BHJIy TOTO, YTO HCTOPHYECKHE OOpaslbl MCUE3NI BO
BpeMsi oxkapa. belin paccMOTpeHb! BOIPOCH! CTaHOBJICHUS
MPaKTUKU U JOKTPUH COXPAHEHMS HACIEAUS OT APEBHOCTU
JIO HACTOSILLIETO BPEMEHHU, OCHOBHBIE U3 KOTOphIX: [lepBas
MexayHaponaHas koHpepenuus B Ilapmke, 1889 r.;
Adunckas kondepenuus, 1931 1.; MexxayHapOIHBIA KOH-
rpecc B [lapmxe, 1957 r.; BeHenmanckas koHdepeHIus,
1964 1., Tie ObUTM pacCMOTPEHBI IOKTPHUHBI TTOTIMHHOCTH
(ayTEeHTHYHOCTH), UCTOPUYHOCTH, KPAcOThl W TOHSTHUS
COXPAHEHMUsI, BOCCTAHOBICHUSI M HCIOJIb30BaHUS Ha-
cnenus. IlocTaBieHbl U BOIMPOCH! MOCTTPaBMATHYECKOU
PEKOHCTPYKLUU Ha NPUMEpPE UCTOPHUUECKOro LEHTPa
Bapmass! (ITospina). XoTst BocCTaHOBJICHHE LIEHTPaIbHO
YaCTH 3TOr0 ropoja nocie Bropoil MUpOBOH BOWHBI U HE
COOTBETCTBYET KPUTEPUSM MaTepHaIbHOM MOIMHHOCTH,
HO OH CUHUTAETCs «ayTEHTUYHBIM TOPOAOM» U SABISETCA
MIEPBBIM «PEKOHCTPYHUPOBAHHBIMY» O0BEKTOM, BHECEHHBIM
B ciMcok BecemmpHoro Hacnenus. B a1o ke Bpemst Obun
OIIpeZieNIeHbl KPUTEPUU OLEHKU HACNIEUs, Pa3pyLLEHHOTO
BOMHAMM MJIM KaracTpoamH, a TaKKe PUHLIUITBI METOZ0B
U MPaKTHK €r0 BOCCTAHOBJIEHMSL

192

Puc. 6. Hoocap 19.10.2019 6 T'ocyoapcmeennom 3ane
samxa Cropu-03e (pomo ¢ caiima: https://www.notredame-
shurijo.com/eng/index.shtml)

Fig. 6. Fire on 10.19.2019 in the State Hall of Shuri-jo
Castle (photo from: https.//www.notredame-shurijo.com/
eng/index.shtml)

disappeared in the fire. The issues of the formation
of the practice and doctrines of heritage conservation
from antiquity to the present time were considered,
the main of which are: First International Conference
in Paris, 1889; Athens conference, 1931; International
Congress in Paris, 1957; Venice Conference, 1964,
where the doctrines of authenticity, historicity, beauty
and the concept of preservation, restoration and use
of heritage were considered. Issues of post-traumatic
reconstruction were also raised on the example of
the historical center of Warsaw (Poland). Although
the restoration of the central part of this city after
the Second World War does not meet the criteria for
material authenticity, it is considered an “authentic
city” and is the first “reconstructed” site entered into
the World Heritage List. At the same time, the criteria
for assessing the heritage destroyed by wars or
catastrophes, as well as the principles of methods and
practices for its restoration, were defined.

As part of the Internet exhibition, the 1994 Nara
Documents “On Authenticity” and the 2002 Budapest
Declaration “On the Primacy of the People” were also
discussed. In relation to the Notre Dame Cathedral
and the State Hall of the Shuri-jo Castle, a thorough
analysis of the current situation and the historical and
documentary basis was carried out with account for
the public opinion which unanimously spoke in favor
of returning the monuments to the pre-fire state
(Fig. 7). Issues of identical reconstruction involving
technical and technological challenges, and the use
of traditional and modern achievements were also
discussed. Issues were raised about the authenticity
of the constructive basis and historical material.
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Puc. 7. Buympennee yopancmeso cobopa Ilapudicckou bocomamepu nocne noscapa 15.04.2019

(pomo ¢ caiima: https://www.notredame-shurijo.com/eng/index.shtml)
Fig. 7. The interior of the Notre Dame Cathedral after the fire on 15.04.2019
(photo from: https://www.notredame-shurijo.com/eng/index.shtml)

B pamkax MHTEpHET-BBICTABKM TaK k€ ObUIM 00-
cykJeHbl TokyMeHThl Hapa 1994 1. «O noamuHHOCTH
u bynanemrckas nexnapanust 2002 . «O raBeHCTBYOLICH
ponu Hapomay». [lo oTHomieHuio K cobopy Ilapmkckoit
Boromarepu u l'ocynapctBeHHomy 3anmy 3amka Cropu-
J3¢ ObLI TPOBEECH TIHIATENBHBIM aHAIN3 CIIOXKHBIICHCS
CUTyallUl ¥ UCTOPUKO-IOKYMEHTAIBHON OCHOBBI, YUYTEHO
00IIECTBEHHOE MHEHHUE, KOTOPOE EIUHOIYIIHO BBICKa-
3aJ0Ch B MOJb3Y BO3BPALLECHUS NMaMITHUKOB K JIOHOXKap-
HOMY cocTosHUIO (puc. 7). OOCykIaluch U BOIPOCHI
UJEHTUYHOIO BOCCO3JaHUS, CONPSIKEHHOTO C TEXHH-
YeCKUMH U TEXHOJIOIMUYECKUMHM 3aJauaMM, IPHUMEHEHHUS
TPaAULUOHHBIX U COBPEMEHHBIX JOCTIKEHUH. CTaBUINCh
BOIPOCHl O TMOAJTUHHOCTU KOHCTPYKTHUBHON OCHOBBI
U UCTOPUYECKOr0 MaTepuaiia. Tak, B YaCTHOCTH, B BOII-
pocax BOCCTaHOBJIEHUS CBOJOB cobopa [lapurkckoit
Boromarepu rosopurcsi — «lcnonb3yst caMbIX TOYHBIE
COBpEMEHHbIE OOMEpHBIC MHCTPYMEHTHI, B JIOTOJHEHUN
K TPaJIMIMOHHBIM OOCJIEIOBAHHSM: HA TJIa3 ¥ BPYUYHYIO,
BO3MOYKHO IOJIYYUTHh BBICOKOTOYHBIE JaHHbIE. AHalu3
KaXJI0r0 KaMHsl, YIABIIEr0 MM BCE €Il HaXOISILErocs
Ha MecTe, MO3BOJIMT HaM HpPUOIU3UTHCS K Haubosee
TOYHBIM PEKOHCTPYKIMSAM Pa3pyLICHHBIX CBOIOB, BILJIOThH
JIO BO3BpALLEHMsI UX Ha MECTO, €CIIU ITO IMO3BOJISET UX
COCTOSIHME (aHACTHII03). MeTos, OCHOBAaHHBIN Ha OIBITE
U IIUPOTE HAKOIUIEHHBIX 3HAHUM, C UCIOJb30BaHUEM
Hay4YHOrO aHaJIM3a ¥ MO3BOJISIONIMI 3a1eHICTBOBATh CaMble
TOYHBIE METO[bI BBINOJIHEHUS U CaMble COBPEMEHHBIE
HUHCTPYMEHTBD.

In particular, in the matters of restoring the vaults
of Notre Dame Cathedral, it is said: “Using the most
accurate modern measuring instruments, in addition to
traditional surveys: by eye and manually, it is possible
to obtain highly accurate data. The analysis of every
stone that has fallen or is still in place will allow us
to come closer to the most accurate reconstructions
of the destroyed vaults, up to returning them to their
place, if their condition allows (anastylosis). A method
based on experience and breadth of accumulated
knowledge, using scientific analysis and the most
accurate methods of performance and the most modern
tools”.

In conclusion of the virtual exhibition, the following
conclusions are drawn: 1) owing to the research,
surveys and analysis that have reached the highest level
of knowledge, owing to the exceptional contribution
of workers, associates, architects, scientists and public
support, the Notre Dame Cathedral and Shuri-jo will
overcome their deep wounds and can hope to rebirth
in its integrity; 2) exact reconstruction — restoration
of the missing parts is now possible: their restoration
will not be a “copy” in the sense of a “falsification”
of the monument, but an exact restoration, which is
of decisive importance in terms of their authenticity;
3) this is a serious step in the evolution of heritage
conservation, the rejection of which in relation
to monuments would cause a deep rejection of
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B 3akiroueHue BUPTYasIbHOM BBICTABKU CIEIAHBI
cieaylonre BhIBOABL: 1) Onaromapsi MccieJOBaHUSIM,
M3BICKAaHUSAM U aHaJIN3Y, KOTOPbIE JOCTUIIIN BBICOYAMIIIEro
YpOBHSI 3HaHWH, Oyaromapsi MCKJIIOYHUTEIBHOMY BKJIAIy
pabo4rX, COPaTHUKOB, apXUTEKTOPOB, YUEHBIX M OOIIECT-
BeHHOU monaepxke cobop Ilapmxckoit Boromarepu
n Cropu-113¢ NMpeoJIoNieloT CBOM TITyOOKHE paHbl U MOTYT
HaJeAThCS HAa BO3POXKICHUE B CBOEH IEJOCTHOCTH;
2) TOYHasi PEKOHCTPYKLIHSI — PECTaBpalisl HEOCTAIOIINX
yacTel Tenepb BO3MOJKHA: MX BOCCTAHOBJICHHE OyneT He
«KoTmei» B cMblcie «hanbcudukanueny namsTHHKA,
a TOYHBIM BOCCTAHOBJIEHHEM, UMEIOIIEM pelIaroliee
3HaYCHUE B YAaCTH MX IOJUIMHHOCTH; 3) 3TO Cepbe3HbIN
1Iar B JBOJNIOLUHU COXPAHEHUs HACIEIUs, OTKa3 OT KO-
TOPOr0 B OTHOLICHWM NaMSTHUKOB BBI3BaJl Obl TiIy0O-
KO€ HENpHSITUE HACENeHHsI BCErO MHUpA MPU UX YTpare;
4) takum obpazom, cobop Ilapmxckoir Boromarepn
u Cropu-A3e BHOCST 3HAQUUTENBHBIN BKJIAJ B JBOJIIOLMIO
JOKTPUH MO COXPAHEHUIO HACJIEAMs U BaXKHYIO POJIb
B IIPUHATUY HEMATEpPHAIbHBIX LIEHHOCTEN Hapsiy ¢ Mare-
PHAIBHBIMUL.

the population of the whole world if they were lost;
4) thus, the Notre Dame Cathedral and Shuri-jo
make a significant contribution to the evolution of
the doctrines of heritage conservation and an important
role in the acceptance of intangible values along with
material ones.

Ilonnucano B meuats 12.12.2022 r.
®dopmar 60x90/8. Yen. meu. nm. 24.25.
Tupax 300 »x3. 3aka3z Ne 1213.
Jara Beixoma: 26 nexabps 2022 roxa

OTrneyaTaHO B COOTBETCTBUU C NpeaOoCTaBJIICHHBIMU MaTEpHaJlaMu

B OO0 «Hesckast Tumorpadus»

195030, Cankr-IletepOypr, yia. Kommynsr, x. 67 nmur. BM
Ten. +7(812) 380-79-50
E-mail: spbcolor@mail.ru
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