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AHHOTALMA

BBeaeHue. B HacTosiLLee BpeMs MHOMMe 06BbEKTbI KYABTYPHOrO HaCAeAUSt CTaAk MHOTOGYHKLIMOHAAbHBIMU 3AaHU-
AMU, B KOTOPbIX 06ECNEUNBaETCA COXPAHEHUE apPXMUTEKTYPHBIX U KOHCTPYKTUBHbIX PELLEHUI, He BCErAa COOTBET-
CTBYHOLLMX TpeHOBaHUSAM AEVICTBYHOLLMX HOPM MOXapHoi 6e3onacHocTH. Ha Takux o6bekTax ¢ MaccoBbIM Npebbi-
BaHWEM AAEN AOMKHa obecneunBaTbea 6e3onacHas 3Bakyalusa npu noxape. AAa BbIABAEHUS XapaKTepUcTUK
NoXapHOW OMacHOCTH MaTepUanoB, COCOOHbIX BAUATb Ha 6e30MacHy0 3BaKyaLMIo AHOAEN B MOMELLEHUAX 3AaHNUI
KYABTYPHOIO HaCAEAWSl, HEOBXOAMMO NMPOBEAEHWE SKCTIEPUMEHTAAbHBIX UCCAEAOBAHUN.

Liean u 3apaun. MccnepoBaHme TEPMUYUECKON AECTPYKLMM UCTOPUYECKUX MaTEPUAN0B, COCTaPEHHbIX B €CTECTBEH-
HbIX 3KCMAYaTaLUMOHHbIX YCAOBUAX. AHAAM3 AAHHbIX MO ra30006pasHbIM MPOAYKTaM TEPMOAECTPYKLMU CTapUHHBIX
MaTepUanoB AAA OMPEAEAEHUS UX BAUSIHWSA HAa GOPMUPOBAHUE onacHbIX GaKTOPOB Nnoxapa.

MeToabl uccnepoBaHUs. C LEABIO MOAYUYEHWS AOCTOBEPHBLIX MCXOAHBIX AAHHbIX, HEOOXOAUMbBIX AAA MOAEAUMPOBaHUS
AMHAMWKU onacHbIX GpaktopoB noxapa (ODM) npu pacuete BpemMeHu BAOKMPOBAHUA MyTeil SBakyaLun 3UMHEro
ABOpUa, 6bIAV NMPOBEAEHbI 3KCNIEPUMEHTaAbHbIE UCCAEAOBAHUS MO OMPEAEAEHMIO MOKa3aTeAe NoXapHOW onacHo-
CTU APEBECUHbI PA3AMYHbBIX MOPOA ¥ BO3pacTa, UCMOAL3YEMOWM B UCTOPUUECKUX UBAEAUAX U KOHCTPYKLMSIX MPU 3KC-
nAyaTaLmm 3paHKs.

OnpeaeneHre NoxapoonacHbIX CBOWCTB 06pa3sLOB APEeBECUHbI NMPOBOAMAOCH MPW MOAAEPXKE MCMbITATEAbHOWM
Aabopatopun HULL «MB» MKBC HUY MICY. UccaepoBaHUS METOAGMU TEPMUUYECKOTO aHaAM3a, COBMELLEHHbIMMW
¢ MKK-cnekTpockonuen, NpoOBOAMAKUCH NPK NMOAAEPXKKE AabopaTopun OIBY «C3Y ®IMC UMA» no r. CankT-MNeTtepbypry.
PesynbTaThl U UX 06Cy)XAeHUE. AHAAW3 PEe3YALTAaTOB 3KCNIEPUMEHTOB MaTeprUanoB NoKasaa, Yto Npu TePMOAECTPYK-
UMK UCcCcAeAyEMbIX 06pa3LoB, HE3ABUCKHMO OT BO3pacTa M BUAA APEBECHHbLI, HAPSIAY C BBIAEAEHUEM AMOKCHMAA
YrAepoAa, B OMPEAEAEHHbIV AN KaXA0ro obpasua TeMnepaTypHbli MPOMEXYTOK MPOUCXOAWUT BbIAEAEHUE YKCYC-
HOW KMCAOTbI, BAUSIIOLLIEW Ha NapaMeTpbl MOXapoonacHOCTH MaTepranoB.

BbiBoAbIl. [poBeAeHHbIE BrepBble B PoccuM MCCAEAOBaHMA MPOAYKTOB TEPMOAECTPYKLMKM MOKa3aAu HeobXoAM-
MOCTb y4yeTa cocTaBa ra3oobpasHbiX MPOAYKTOB, BbIAEASEMbIX UCTOPUUECKUMU MaTepUaramMu B pesynsbtate Tep-
MWUUYECKOIo Pa3A0XeHWs, NPW ONPEAEAEHUN PACUETHbIX BEAUMUMH MOXAPHOIo puUcKa. MoAyYeHHblE YTOUHEHHbIEe
WCXOAHbIE A@HHbIE, HEOOXOAMMbBIE AAST MOAEAMPOBAHWSA AMHAMUKKU onacHbIX daktopos noxapa (OdM) npu pac-
yete BpeMeHW BAOKMPOBaHUS NyTen aBakyauun 3MMHEro ABOpLA, MOTYT BbiTb MCMOAB30BaHbI U Ha PSIAE APYTUX
KYABTYPHO-UCTOPUUECKMX 0OBEKTOB AAS 0becneyeHnsa noxapobe3onacHoCTu.

KAtoueBble cnoBa: 0ObEKTbI KYABTYPHOIO HaCAEAMS; MaccoBOEe NMpebbiBaHUE AHOAEW; TEPMOAECTPYKLMS; FOpHo-
YeCTb; onacHble GaKTopbl Noxapa
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ABSTRACT

Introduction. Many cultural heritage sites have been converted into multifunctional buildings, which preserve
original architectural and structural solutions but fail to comply with effective fire safety standards in many in-
stants. In the event of fire, safe evacuation must be organized from the facilities, that may accommodate a large
number of people at a time. Experimental studies are needed to identify the flammability characteristics of ma-
terials that can affect safe evacuation from cultural heritage premises.

Goals and objectives. The co-authors suggest a study on the thermal destruction of historical materials, that have
been aging in natural operating conditions. The analysis of gaseous products, emitted in the process of thermal
destruction, is performed to identify the influence of ancient materials on formation of hazardous fire factors.
Research methods. Experimental studies were carried out to determine the fire hazard indicators for various
types of wood, used in the operation of the building, to obtain the reliable initial data, necessary to simulate
the dynamics of hazardous fire factors (OFP) when calculating the time to the blocking of escape routes from
the Winter Palace.

Flammability properties of wood samples was identified with the support of the testing laboratory of the PB
Research Centre at IKBS NRU MGSU. The studies, conducted using thermal analysis methods combined with IR
spectroscopy, were carried out with the support from the laboratory of the Federal State Budgetary Institution
“SEU FPS IPL” in St. Petersburg.

Results and discussion. The analysis of the results of experiments on materials, has proven that during the ther-
mal destruction of the test samples, regardless of the age and type of wood, acetic acid is released within a cer-
tain temperature interval for each sample along with the release of carbon dioxide, and it affects the parameters
of fire hazard characteristics of materials.

Conclusions. For the first time in Russia, products of thermal destruction of historical materials have been inves-
tigated. The data presented in the article illustrate the need for a further study on gaseous products emitted by
historical materials during thermal decomposition. The data obtained by the co-authors can be used to deter-
mine the calculated values of the fire risk.

Keywords: items of cultural heritage; mass presence of a large number of people; thermal destruction; flamma-
bility; fire hazards
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BBepeHue

C uenbio obecrnedeHus NoKapHO 0e30MacHOCTH BbI-
CTaBOYHBIX 3aJI0B, My3eeB U (poHmoxpanmwinm] B Poc-
cuiickoil Denepanuy U UX SKCIIOHATOB ONPEAEIISIOTCA
3aa4y, CBsA3aHHBIC C OKCIICPUMCHTAJIbHBIM HUCCIIEN0-
BaHHEM IOXKaPOOIACHBIX XapaKTEPUCTHK MATEPUAIOB
B ITOMEIIEHHSX 3TaHUS KYJIBTYPHO-UCTOPUIECKOTO Ha-
crenusl.

Pe3ynbraTtoM sKkcriepuMeHTaIbHBIX NCCIEI0BAHUN
SBIISIETCA OLIEHKA TePMOACCTPYKLMHU 00pa3uoB. s 1o-
CTIDKCHUS TAHHOW IIETTH HEOOXOIMMO:
® TIPOBECTH aHAIN3 HOPMATHUBHEIX TPEOOBaHUIl ITO-

JKapHOU 0e30MacHOCTH K 00BEKTaM KYJIBTYPHOTO

HaCJICIHS,;
®  H3y4YUTh JAHHBIC O [0XKAPAM B BHICTABOYHBIX 3a-

nax, My3esix u poHmoxpanmnax B Poccun 3a me-

puon nocieaaunx 20 jer;

BBIOPATh METOBI TEPMHUUCCKOTO aHATIH3a;

MIPOU3BECTH OTOOP 00PA3IOB MAaTEPUAIIOB U UCCIIe-

JIOBaTh UX MOXKAPOOIIACHBIC XapaKTePUCTUKH.

Jlist obecrieueHnst oKapHOH 0€30MMaCHOCTH BhI-
CTAaBOYHBIX 3aJI0B, My3eeB U (OoHIOXpaHWIUIl B PO
M MX 9KCIIOHATOB HEOOXOJMMO MPOAHATIM3UPOBATH MPO-
OnemHbIe BOIpockI [ 1, 2], a TakxKe BOIIPOCHL, CBA3aHHBIE
C DKCIIEPHMEHTAIBLHBIM HCCIICAOBAHUEM IT0XKApOOTIac-

HBIX XapaKTEPUCTUK MAaTEPHUAJIOB B IIOMEIICHUX 3/1a-
HUS KYJIBTYPHO-UCTOPHUYECKOTO HACTIEIUS.

Tak, HanpuMep, K 00bEKTaM KyJIbTYpPHOI'O HacJje-
Just (MaMsTHUKAaM HCTOPUU M KyJBTYpbl) HaponoB Poc-
cuiickoit denepannu denepanbubiii 3akoH No 73-D3
«O0 00BeKTaxX KyIbTYpHOTO Hacieaus (TMaMsITHHKaX
HUCTOpHUM M KYJIBTYpbl) HaponoB Poccwuiickoii dene-
paruu»' OTHOCUT OOBEKTHl HEIBHIKUMOTO HUMYIIE-
cTBa (BKJIIOYasi OOBEKTHI apXEOJOTHYECKOro Hacle-
QM) ¥ UHbIE OOBEKTHI C HCTOPUUYECKHU CBI3aHHBIMH
C HUMHU TEPPUTOPUAMH, IPOU3BEAECHUSIMHU )KUBOIIUCH,
CKYJIBIITYPBI, J€KOPATUBHO-IPUKIIAJHOIO UCKYCCTBA,
00beKTaMM HAayKd M TEXHUKHU U UHBIMH MpeAMETaMu
MaTepUabHON KyIbTypbl, BO3HUKIINE B Pe3yiIbTa-
T€ UCTOPUYECKUX COOBITHH, MPEICTaBISAIONINE COOOM
LIEHHOCTb C TOYKHU 3PEHUs UCTOPUH, apXEOJIOTUH, ap-
XUTEKTYpPbl, I'PaJOCTPOUTENBCTBA, UCKYCCTBA, HAYKU
U T€XHUKH, 3CTETUKHU, STHOJIOTUH WK aHTPOIIOJIOTHH,
COLMANIBHON KYJBTYPbl M ABJISIOUIUECS CBHUACTEIb-
CTBOM 3I10X M ITUBWIIN3AILINH, TOJUIMHHBIMU HCTOYHHUKA-
MU HH(DOpMAIIHH O 3apOKJICHUH U Pa3BUTHH KYJIbTYPHI.
B cootBeTcTBUM ¢ 3akoHOM Ne 73-D3 pernameHTHPY-

' TexHr4yeCcKuil periaMeHT o TpeOOBaHHSX MOKAPHON OE30MACHOCTH :
Oenepanbubiii 3akoH Ne 123-D3 ot 22 uronst 2008 1. : npunsT [ocy-
napcreenHoit [lymoit 4 urornst 2008 r. ; onoopen Coserom Deneparmu
11 nrons 2008 1.
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IOTCSL COXpaHEHHE, NCTIONb30BaHUE U rOCyIapCTBEHHAsS

OXpaHa OOBEKTOB KYJIBTYPHOTO HACIICANSI.

Onnako o0mmue TpeOoBaHUS MOXKapHOU Oe3ommac-
HOCTH K 00BEKTaM 3alIMThl yCTAHOBJICHBI TOJIbKO De-
JiepajbHbIM 3aKOHOM « TeXHHYeCKuil pernaMeHT o Tpe-
OoBaHMAX NOKApHOI Oe3omacHoCTI» Ne 123-D32,

B coorBercTBUn ¢ denepanbHBIM 3aKOHOM
Ne 123-@3, k 37aHUAM KYyJIbTYPHO-UCTOPUUYECKOIO
Hacjleaus C pa3MEIleHUeM B HUX CTapHHHBIX JKC-
MIOHATOB OTHOCSATCSI OOBEKTHI C PA3ITHYHBIM KJIACCOM
(YHKITMOHATFHOW MOKapHOW OTIACHOCTH:

e @2 — 37aHUA 3pENIUUIHBIX U KYyJIbTYPHO-IIPOCBE-
TUTENBHBIX YYPEXKICHUH (My3ed, BBICTABOYHBIC
3aJIbl, TeaTphl, ONOINOTEKN);

o 3.7 — 00BEKTHI PEIIUTHO3HOTO Ha3HAYCHUS (Xpa-
MBI, XpaMOBbIE€ KOMIUIEKChI, MOHACTBIPH, 1IEPKBH,
KOJIOKOJIbHH, YACOBHH);

e @4 — 3pmaHus 00pa3oBATENIbHBIX OpraHU3alMi
(LIKOJIBI, YHUBEPCUTETHI, HAyUHbIe OPTaHU3ALIH).
TexHUYeCKoe perylIupoBaHue B 00JaCTH MOXKap-

HOW 6€30MaCHOCTH 00BEKTOB KYJIBTYPHOTO HACIEIUS

OCYIIECTBIISIETCA B COOTBETCTBUM C TPeOOBaHUIMU

cT. 4 ®enepanpHoro 3akona Ne 123-D3, 3a uckirroue-

HUEM OOBEKTOB KyIbTYpHOTO Hacienus (IaMsSTHHKOB

UCTOPUHU U KYyNBTYpbl) Hapoaos Poccuiickoit @enepa-

LMY PETTUTUO3HOT0 Ha3HAUYEHUsI, TPEOOBAHNUS MOKAPHOU

0€30MacHOCTH K KOTOPHIM YCTaHABIMBAIOTCSI COOTBET-

CTBYIOLLIMM HOPMAaTHBHBIM JOKYMEHTOM I10 MO’KapHOH

6e3omnacHoctu [3].

OpHako B psze Ciiy4yaeB MOJOXKEHUS ITUX (ene-
paJIbHBIX 3aKOHOB M HOPMAaTHBHBIE NTPABOBBIE aKThl, U3-
JlaBaeéMbl€ Ha OCHOBE M BO MCIIOJIHEHUE ITUX 3aKOHOB,
Ha paccMaTpUBaeMbIX OOBEKTaX 3aIUTHI HE COTIACYFOT-
sl MEXTy co00il.

Ecin roBopUTh KOHKPETHO, OOBEKTHI KYJIBTYpHO-
TO HacJIeIUsl paHHEH MOCTPOMKH OOBEKTHBHO HE MOTYT
COOTBETCTBOBaTh COBPEMEHHBIM TPEOOBaHUSAM TOXKap-
Holi Oe3onacHocTH. [lo3TOMy Ha mpakTHKe HE BCETAa
MIPEJCTABISAETCS BO3ZMOKHBIM 00€CeuuTh COONI0AEHNE
HOPMAaTHUBHBIX TPEOOBAHUH B YACTH COOTBETCTBUS IIPH-
MEHEHHBIX CTPOUTENBHBIX MaTepuaos [2, 4-8].

Kak mpaBuiio, 31aHUs KyJIbTYPHO-UCTOPHUYECKOTO
HacJIeJMsl C pa3MeEIIeHUEM B HUX CTApPUHHBIX dKCIIOHA-
TOB OTHOCATCS] K OOBEKTaM C MacCOBBIM MPEObIBAHUEM
moneit [9]. [ToxkapHast 6€30MaCHOCTh B 3JJaHUSX M CO-
OpPY>KEHHSIX, COTTIACHO HOPMATUBHON JJOKyMEHTAI[UU
Poccuiickoii @enepaliiu, OCHOBBIBAETCS Ha COOIIOAE-
HUHU YCIIOBHUSI BO3MOXKHOCTH 0€30ITacHOM 3BaKyannu
JOJIeH W3 3IaHUW 10 MOMEHTA OJIOKMpPOBAHUS IMyTEH
9BaKyallM¥ ONMacHbIMU (pakTopamm moxapa. Pacmpo-
CTpaHeHHE OMACHBIX (HAKTOPOB MOKapa MPUBOIUT

2 TexHHYECKMH perIaMeHT O TpeOOBaHWsIX MOKApHOW Oe3omac-
Hocty : Denepanbhbiil 3akoH Ne 123-D3 or 22 utons 2008 1. : npu-
uat locynaperBennoit Jlymoii 4 uronst 2008 r. ; onodpen CoBetom
ODenepanuu 11 urons 2008 1.

K OJIOKUPOBAHHIO ITyTEH YBaKyallUu MO MPUYNHE CHH-
JKCHHUSA BUAUMOCTHU B ABIMY, a TaKKE JOCTHIKCHUS KPU-
TUYECKUX 3HAUCHUH KOHIICHTPAIIMH TOKCHYHBIX IPO-
IYKTOB TEPMUYECKOTO PA3JIOKEHUs. B cBs3u ¢ aTHM
aKTyaJIbHBIM SIBIISIETCS 9KCIIEPUMEHTAIBHOE MCCIIE0-
BaHUE MOXAPOOIACHBIX XapaKTEPUCTHK MaTEPHaIOB
B ITOMEIIEHUSIX 3AaHUS KYJIBTYPHO-UCTOPUIECKOTO Ha-
cnenus [10-11].

[Ipu 3TOM MOI0OHBIE OOBEKTHI SBISIOTCS JOCTA-
TOYHO TIOKaPOOMACHBIME H MPEIYCMATPUBAIOT MAcCO-
Boe TipeObiBanue moaeit [12—14]. JIns npumepa pac-
CMOTpPHUM Hamboliee XapaKTepHBIC MOKaphl, KOTOPBIC
npousonuid B Poccun B BBICTaBOYHBIX 31X, MY3€sIX
u q)OHﬂOXpaHI/IJ'II/II]_laX Ha MPOTAXKCHUU MOCICAHUX
20 Jstet (Tabi. 1) ¥ MOCHYXHIIN MPUIMHONW MacCOBOTO
VHHYTOXKEHUS] ICTOPUIECKUX [ICHHOCTEH, a TakxkKe 3Ha-
YUTEIHHOTO MaTEPHAIILHOTO yIepoa.

[IpencraBnennsic B Tabn. 1 maHHBIC CBHIACTEINb-
CTBYIOT O TOM, YTO JaK€ CaMble HE3HAUYUTEIbHBIC
BO3TOpPaHHUs (MOKaphl) MOTYT NPUBECTH HE TOJIBKO
K 3HAYUTEIFHOMY MaTepHabHOMY yIiepOy HMyIIecTBa
MY3€eB, HO U K TPABMUPOBAHUIO U THOCIHU JTFOICH.

Martepuanbl U METOADI

Heo0xoanMo momuepKkHYTh, 9YTO MHOTHE 00B-
eKTBl — MaMSITHHUKH KYJIBTYPBI OBLTH ITOCTPOCHBI 00-
nee 100 ner Hazax. OIHUM U3 TPAIUIUOHHBIX CTPOH-
TEJBHBIX MAaTCPHAJIOB TOTO BPEMEHH CIIY>KUIIO IEPEBO,
B CBSI3H C OTUM ISl IPOBEICHUS MCCIEIOBAHUH OBLTH
0TOOpaHbl 00pa3Lbl APEBECUHBI PA3IUYHBIX MOPOJ
¥ BO3paCTa.

1. @parmeHTHI 3arOTOBOK M3 MacTepckoii [ocynap-
CTBEHHOr0 DpMHTaXKa, IPUMEHIEMBIX B pecTaBpallun
JICPEBSHHBIX M3Jenid (Mebemnu, IBepeid, OKOHHBIX paM
U T.I.), B TOM YHUCJIE XYy/I0’KECTBEHHbBIX APKETOB.

PecraBpauus HabOpHOTO MapkeTa MpeaycMaTpu-
BACT BOCCO3/IaHUC MOBPEKICHHBIX YYaCTKOB. 3aMCHA
HE MPUTOAHBIX K KCILTyaTalluu JeTalel Xy10KeCTBEeH-
HOTO TIapKeTa MPOU3BOJIUTCS COOTBETCTBYIOIIUMH OPHU-
TUHAITy 3arOTOBKAMH, C TOYHBIM ITOBTOPEHUEM TTOPOJIBI
JiepeBa, IPUMEHEHHOI0 B IIEPBOHAYAIBHOM XYI0XKE-
CTBEHHOM pelLIEHUH Napkera. Bia)XHOCTh UCTIONB3Y-
€MOH IPEeBECHHBI COOTBETCTBYET BIAYKHOCTHU JAPCBECH-
HBI CYIIECTBYIOIIETO MapKeTHOTO 1oia (puc. 1).

2. DIeMeHThl CYLIECTBYIOLIETO UCTOPUUECKOTO
noja (mapKeTHBIC IUTAIIKH, (pparMeHThl MapKEeTHOTO
UTa) U3 3a510B 3uMHero Bopia Ne 35 u 36.

HcTopuueckuii moja MOHTHPOBAJICS TOCIE MoXKapa
B cepeanne XIX B. (1840—x rr.). [TapkeTHbIC TUIAITKN
BBITIOJTHEHBI M3 JIpeBecHHbI ay0a (3asr Ne 35) u sicens
(3am Ne 36). 3amMTHO-IEKOPATUBHOE MOKPBITUE yTpa-
YEHO MOJHOCTHIO. /IpeBecuHa mapkera CTepTa B 3HA-
YUTENBHOH cTeneHu. IMeIoTcss MHOKeCTBEHHEIE TITy00-
KM€ MEXaHUYECKHUE MOBPEKICHUS: LapanuHbl, CKOJIbI,
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Taomuua 1. [Toxxaps! B My3esiX, BRICTABOYHBIX 3a1aX, (HOHIOXPaHMINIIAX

Table 1. Fires in museums, exhibition halls, storage facilities

Jlara OObeKT Kparkoe onucanue
14.03.2004 | Manex, . MockBa Tloxap npoun3zoresn BeaeCTBIE KOPOTKOTO 3aMbIKa-
3nanue nmoctpoeno B 1817 . C 1957 . Manex uc- Hust. [lomHOCTRIO cropenu 92 KapTUHBI COBPEMEH-
TIOJIB30BAJICS VISl IPOBEJCHUS BEICTABOK, KOHLIEPTOB | HBIX U TeaTpalbHbIX XyA0KHUKOB. [Tocie moxkapa
U IPYTHX MYOIUYHBIX MEPOTIPHUSTHIA OT 3JIaHUSI OCTAJHCH TOJIBKO CTCHBI
Manezh, Moscow o A short circuit caused fire. 92 paintings by contem-
Since 1957, it has been used as an exhibition and porary and theatrical artists were completely burned
concert hall, as well as a venue for public events down. After the fire, only building walls were left
19.02.2004 | Buéauorexka num. Anexcanapa bioka, Oyar BO3HHUK B IOMeIIeHnn KapToTekn. [loxapom
r. Cankr-IlerepOypr ObUTO YHHUTOXKEHO 2,5 ThIC. M2, [openu Bce aTaxu
Bubnmorexa pacronaraercs B 3aHAM, IOCTPOCHHOM | TPEX3Ta)KHOTO J0Ma M IIOMEIICHHS Ha YepaaKe.
i [onmnanackoit epksu. [lamsarauk apxutextypsl | W3 31anus ObL10 3BakyHpoBaHO 86 yed.
XIX B. peruOHaNLHOTO 3HAYCHUS The fire seat was in a file cabinet. The fire destroyed
The Alexander Blok library, St. Petersburg 2,500 m?. All the floors of a 3-storey building and
The library is located in the structure built for the premises in the attic were on fire. 86 persons were
Dutch Church. It is a 19th century architectural evacuated from the building
monument of regional importance
20.04.2004 | IoauTtexnuyeckuii my3eii, r. MockBa [loxxap mpowusoren BCIeACTBIE KOPOTKOTO 3aMbIKa-
Mys3eii Obu1 yupexaeH B 1872 1. o yka3y Anekcani- | Hus. [openu oTien Ha BTOPOM 3Taxe, Neperopoaku
pa II. 3nanue, NOCTPOCHHOE B CTUJIE KJIACCULIM3Ma, BTOPOI'O U TPETHET0 ITAXKEN YeThIPEXITAXKHOIO
OXPAHAETCS TOCYIapCTBOM 3nanus. 13 3nanust 6bu10 3Bakynposano 1600 ged.,
Polytechnic Museum, Moscow OZIH YCJIOBEK NOCTpaaal
The museum was founded in 1872 by order of A short circuit caused the fire. A department on the 2nd
Alexander II. The building, built in the classicism floor, partitions of the second and third floors of
style, is protected by the state a four-story building were on fire. 1,600 persons were
evacuated from the building; one person was injured
24.04.2004 | Dom-my3eii komnosuTopa Ilerpa Wibuya Yaii- IIpuuuHOil noXxapa NOCIyKUIO IPOBEICHUE IOXKa-
KOBCKOT0, I. Kitun, MockoBckasi 00/1acTh POOTIaCHBIX PabOT MPH pecTaBpalii HAPYKHOU CTe-
My3eii 0611 OTKPEIT B 1894 I. B 1OME, B KOTOPOM HBI IEPEBSHHOTO 3/1aHus. B pesynsrare npoBoanMoit
BEJIMKHH KOMIIO3UTOP MPOBET MOCIEAHUE TOABI 9BAKyal[UM SKCIOHATOB 3HAUMTENILHO OCTPafain
House-Museum of composer Pyotr Ilyich TIPEJIMETHI U3 MY3EHHON KOJLICKIIHH
Tchaikovsky. Klin, Moscow region The fire was caused by fire hazardous works dur-
The museum was opened in 1894 in the house where | ing the restoration of an external wall of a wooden
the great composer spent his last years building. As a result of the evacuation of exhibits,
articles from the museum collection were significantly
damaged
22.06.2016 | My3eiiHO-BbICTABOYHBII LEHTP, I. KeJsie3HOrOpCK TToxxapom ObLT YHUUTOXKEH BTOPOH 3Tk 374aHUsL.
KpacHosipckoro kpast CriaceHreM KapTHH 3aHUMAJINCh MTOKapHbIE U CO-
CTpoUTENIbCTBO 3aHUS B CTUJIE COBETCKOIO KIIACCULIU3- | TPYAHUKH My3esl. DKCIIOHATHI BHIHOCHIIM Ha YIUILY
Ma 3aKOHIHIIOCH B 1955 [, SAHNE BXOIUT B apXUTEK- The fire destroyed the second floor of the building.
TypHbIH aHCaMOTh 3/ianmit Ha yi1. CBep/uioBa Firefighters and the museum staff were involved in
Museum and Exhibition Centre, Zheleznogorsk, saving the paintings. Exhibits were taken out into
Krasnoyarsk Territory the street
The construction of the building was completed in
1955. It was built in the Soviet classicism and is
part of the architectural ensemble of buildings in
Sverdlova Street
25.06.2020 | JInteparypHblii my3eil uM. M. T'opbkoro, Huauuii | [TpudnHO#M nokapa cTaio NpoBeJeHUE CTPOUTEIb-

Hogsropox

3nanue mocTpoeHo B 1882 . B CTHIIE HKIICKTHUKH.
SIBnsieTcst 00BbEKTOM KYJIBTYPHOTO HACIIEANS PETHO-
HAJIBHOTO 3HAYEHHS

M. Gorky Literary Museum. Nizhny Novgorod
The building was built in 1882 in the eclectic style. It
is the item of cultural heritage of regional significance

HBIX Pa0OT Ha 0OBEKTE B IIEPUOJ €TI0 PEKOHCTPYK-
nuu. [Toxap nponomxkancs 4,5 4. 3naHue O4eHb
CHJIBHO MOCTPATANIO

The fire was caused by construction work at
the facility during its reconstruction. The fire lasted
4.5 hours. The building was badly damaged
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Puc. 1. PecraBpanus Xygo)keCTBEHHOTO apKeTa B 3UMHEM JIBOPIIC

Fig. 1. Restoration of the artistic parquet in the Winter Palace

BBIOOWHBI. YacTh Miamek pparMeHTHPOBaHa TPEIInHA-
MH (puc. 2).

KoHCTpyKIus MOJI0B COCTOUT U3 JIAaT U MAapPKETHBIX
IIUTOB W3 JPEBECHHBI COCHBI, HA KOTOPBIC YKIIAIbIBATI-
cs mapket (puc. 3). KperuieHue 1uramex K ImuTy ocy-
IICCTBIBUIOCH MTPY MOMOIIM T'BO3/CH U KJIesl HA OCHOBE
BEII[ECTB JKMBOTHOTO MPOUCXOXKJICHHS (OTXOJIOB PBIO
U KOCTEH )KUBOTHBIX ).

C 1eJbIO MOTyYeHHUsT JOCTOBEPHBIX UCXOMHBIX JaH-
HBIX, HEOOXOJUMBIX JIJIsi MOJEITHPOBAHUS TUHAMUKH
omacHbIX pakTopoB noxapa (ODIT) npu pacyere Bpe-
MEHHU OJOKHPOBAHUS MyTEW DBaKyalluu 3AaHUS 3UM-
HEro JBOpIIA, OBUIH MPOBEICHBI IKCIICPUMEHTAIbHBIC
HCCJICIOBAHMS 110 ONPEISIICHUIO TIOKa3aTeNe moxkap-
HOW OMACHOCTHU Pa3JINYHBIX TOPOJ APCBECUHBI, IPUME-
HEHHBIX [PU YKCIUTyaTally 3IaHHs, C UCII0JIb30BaHUEM
HECKOJIBKUX METOIOB HCCIICTOBAHMSL.

MeToa onpeaeneHUs ra3o06pas3HbIX NPOAYKTOB
Npyu TEPMOAECTPYKLUHU

TepMoaHATUTHYECKUE XaPAKTEPUCTHKU U COCTaB
ra3000pa3HbBIX MPOIYKTOB, BBIJACISIONIMXCS TIPU Tep-
MUYECKOM BO3JIEHCTBUH Ha oOpa3zen B arMochepe Bo3-
JlyXa, OMPEeNeIsINCh C TPUMEHEHUEM COBMEIIIEHHOTO
CHHXPOHHOTO TepMHuYeckoro aHanmmsaropa (STA 449 F3
Jupiter) ¢ UK-®ypse cnexrpomerpoM. [Ipu Harpena-
HuU oOpasna B TI-aHanm3arope U3 HETO BBIICISIOTCS
JIETKOJIETYYHe BEIEeCTBa, a TAK)KE MPOILYKThl TOPEHHUS.
OT1H Ta3sl 3arem nonanaT B UK-sueliky u uaeHTu-
¢unupyrorces Ha UK-ciekrpomerpe. brnarogaps tomy,
yto B UK-cniekTpockonuu BO3MOKEH aHaIN3 BEUIECTB
110 ()YHKIIMOHAIBHBIM TPYIIIaM, TAKOE COBMEIIICHHE TT0-
3BOJICT OOJIee IETAbHO MHTEPIPETUPOBATH MPOLIECCHI,
npoucxozsiue ¢ oopasiom B TI-aHanu3arope B ornpe-
JieeHHbI MoMeHT BpeMeHH. [Toakmrouenne TI'-MK

Puc. 2. Vcropudeckuii mapket: @ — J{yOOBBIH MapkeT; b — ImapkeT u3 sSICeHs

Fig. 2. Historic parquet: @ — oak parquet; b — ash parquet
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Puc. 3. Konctpykmus moia

Fig. 3. Floor construction

OCYIIECTBISIETCS C MOMOIIbIO HHTEep(elica A nepe-
Hoca BeLaestromuxcst razos TL8000.

MerTopa onpeaeneHUA FOpOYECTH

DKCIIeprIMEHTAIBHOE OTPE/IeTICHIE TOPIOYECTH Ape-
BECHHBI ITPOBOAMIIOCH C UCTIOIB30BAaHUEM YHHBEPCATb-
HOU yCTaHOBKH /71l ONPEJIEIICHUsI TPYIIIIbI TPYAHOTOPIO-
YHX ¥ TOPIOYHX BEIIECTB, MATCPHAIIOB M OTHE3AIIUTHBIX
CBOMCTB TIOKPBITHH U MTPOIIMUTOYHBIX COCTABOB ISt 00pa-
6otku npesecunbl B cootBeTcTBHU ¢ TOCT 12.1.044-89°.

Ormpezenenne NokapoonacHbIX CBOWCTB 00pa3LoB
JPEBECHHBI TPOBOIMIIOCH TIPH TTOICPIKKE UCIIBITATEIIh-
Hoii naboparopuu HUIL «[1b» UKBC HUY MI'CY. Uc-
CJICIOBAHUS METOIaMH TEPMHUUYECKOTO aHaIN3a, COBME-
meHapMu ¢ MK-criekTpockonmelt, mpoBOAMINCH PH
noanepxxke nadoparopun GI'BY «CBY OIIC UITII»
no 1. Cankr-IlerepOypry.

06cyxpeHue pe3yabTaToB

YduTHIBas, YTO JPEBCCHHA aKTUBHO MPUMCHSIIACH
Y IPUMEHSIETCS B CTPOHUTENHCTBE, HHTEPEC K €€ TepMUYIe-
CKHMM XapaKTepHCTHUKaM He mponajaer [ 15-32]. Dkcmne-
PUMEHTAJIbHBIE UCCIIEAOBAHMS C TIOMOIIBIO Pa3IMYHBIX
METOJIOB ITOKA3aJIH, YTO UCXOIHBIC TAHHBIC JPEBECHHBI
— TIOPOJIa M MECTO MIPONU3PACTAHHS — OKa3bIBAIOT BIIU-
STHUE Ha TIOKapOOIacHbIe XapaKTePUCTUKH (BOCTLIIaMe-
HSIEMOCTb, PACIPOCTPAHCHUE ITAMECHU 110 TOBEPXHOCTH,
TEIJIOBBIJICIICHUE, JTBIMOOOPA3YIONIYIO CITOCOOHOCTB,
TOKCHYHOCTb MIPOIYKTOB TOPEHHST), a TAKKe Ha MOKa3a-
TEeJb HU3LICH TEIIOTHI MOJHOTO CTOPAHUS JAPEBECUHBI
U ee KOMIIOHEHTOB [18-24]. Paaom uccrnenoBareneit uz-

*TOCT 12.1.044-89 (MCO 4589-84). MexrocynapCTBEHHbII CTaH-
napt. CucteMa cTaHgapToB OesomacHocTH Tpyzaa. IloxapoB3pbiBo-
ONACHOCTh BELIECTB M MarepuanoB. HomeHknarypa nokasarenecit

¥ METOJIBI MX OMPEICICHUS: YTBEPKICH MOCTaHOBICHHEM [occTan-
napra CCCP ot 12 nexabpst 1989 . Ne 3683.

Y4aJIUCh 3aBUCUMOCTH TOKa3aTesiel MoKapHOH OMacHo-
CTH JJPEBECUHBI OT €€ IKCILTYaTallMOHHOTO Bo3pacTa [25,
26]. BbIsIBIIEHO, UTO XapaKTEPUCTUKH ITOKAPHOIH OMAaCHO-
CTH BapbHUPYIOTCS B 3aBUCUMOCTH OT TIPOJOIKUTEIIHHO-
CTH CTapeHUsl IPEBECUHBI, 3TO CBA3aHO C U3MEHEHHSIMU
ee XUMUYECKOTO COCTaBa M INIOTHOCTH. B nccnenoBanmm
[27] aBTOpOM OBLIO YCTAHOBIEHO, YTO y €CTECTBEHHO
U TIPOJIOJDKUTENIFHO COCTaPEHHOM JPEBECHHEI ITOBEIIIA-
€TCsI COMPOTHUBRIISIEMOCTb BOCIIJIAMEHEHUIO U CHUKAETCS
KPUTUYECKUM TEIIOBOM MOTOK ISl BOCIJIAMEHEHU,
a Takke HaOIIONAeTCsl CHI)KEHUE MaKCUMallbHOW Mac-
COBOM CKOPOCTH BBITOPAHMS OOIIETO TETIOBBIICICHHUS
B HayaJIbHBIN TIEPHOJ 0 UHTEHCHBHOIO OKUCIICHHUS MO~
BEPXHOCTHOTO YTOJBHOTO CIosi. Bpems 1o Bo3ropanwus,
CKOPOCTb TEIJIOBBIACICHUSI U BPEMSI OTHECTOMKOCTH
JIPEBECHHBI TAK)KE PACCMaTPUBAIIICH B paboTax [28, 29].

Crnenyer OTMETUTh, YTO UCCJIEIO0BAHUM, B KOTO-
PBIX OKCIICPUMEHTAIBHO OICHUBAIOTCS XapaKTePUCTH-
KM IIO)KapHOW OMAaCHOCTH MCTOPUYECKUX MaTEepPHaJIOB,
MPUMEHSEMBIX Ha ACHCTBYIOMNX OOBEKTaX KyIbTyp-
HOTO HAclieJJusi U COCTapEHHBIX B €CTECTBEHHBIX YC-
JOBUSX, 10 HACTOSIIETO BPEMECHH HE IPOBOJUIOCE.
B nactosmeli pabore u3yueHue cocraBa razoodpas-
HBIX TIPOJYKTOB TEPMOJCCTPYKIIMU 00pa3IoB ApeBe-
CHHBI B 3aBUCHMOCTH OT BO3pacTa M BUJA APEBECHU-
HBI IPOBOAMIIOCH C HCIIONIF30BAaHUEM CHHXPOHHOTO
TEPMUUYECKOr0 aHalin3a, coBMmenieHHoro ¢ UK-dDy-
pbe-CIEeKTPOCKONINEH, NCCIeTOBAHUS TOPIOUYECTH —
Ha CTaHJapTHOM 00OPYJOBaHUHU B COOTBETCTBUH METO-
kot [OCT 12.1.044-89 (1. 4.3). Onucanne o0pa3ios
MaTepHaIOB U METOABI HKCIIEPUMEHTAIIBHBIX UCCIE0-
BaHWI MpeICTaBICHBI B Ta0I. 2.

UccnepoBaHKMe ra3oobpasHbIX NPOAYKTOB
TepPMOAECTPYKLUHU

:‘)KCHepI/IMeHTaHLHHe HUCCIICA0BAHUA C HCIIOJIb-
30BaHHMEM TE€pMOaHaJIU3aTopa MO3BOJISAKOT IIPOBOAUTH
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Tadmuua 2. Onucanue 00pa3oB MaTepPUAIOB U SKCIIEPUMEHTAIBHBIX HCCICIOBAHUI

Table 2. Researched samples of materials

Ornucanue odpasia

HpOBOI[I/IMOC HCCJICI0OBAHUC

O6paszen Ne 1

@parMeHT 3aroTOBKH Ul PECTaBpalliy, BHIOTHEHHBIH U3 IPEBECHHBI
ny6a. Cpok 3aroToBku okosio 70 neT. YCIoBUsI XpaHEHHUS — B 3aKPBITOM
oTaruinBaeMoM nomenieHuu. [1o BHemHEMy BUIy 00pa3el mpeacTaBis-
eT co00ii iepeBsHHBIN OPYCOK CBETIO-KOPHUYHEBOTO [[BETA, TOJIIIMHOM
20 mm

Sample No. 1

Fragment of a blank for restoration made of oak wood. It is approx.
70 years old. Storage conditions: in a closed heated room. In terms of
appearance, the sample is a light brown wooden block, 20 mm thick

Oo6pazer; Ne 2

®parMeHT 3aroTOBKH ISl PECTAaBPAIAH, BBIITOJIHEHHBIA U3 COBPEMEHHOU
JpeBecuHbl kiaeHa. [1o BHemHeMy BUIy 00pa3el NpeAcTaBisieT co0oit
JICPEBSHHBIN OPYCOK CBETJIO-KOPUYHEBOTO IIBETA, TOIIIMHON 20 MM

Sample No. 2

Fragment of a blank for restoration made of maple wood. The blank
is made of modern wood. In terms of appearance, the sample is a light
brown wooden block, 20 mm thick

Obpaszer Ne 3

@dparMeHT 3aroTOBKH JJIsl PECTaBPALlUH, BHITIOTHEHHBIH H3 COBPEMEHHOI
JPEBECHHBI IPEKOT0 opexa. [1o BHemHeMy BHIy 0Opa3ell mpeacTaBisieT
co00¥ JIepeBsSHHBII OpPyCOK KOPUYHEBOTO IIBETA, TOMIIHHON 20 MM

Sample No. 3

Fragment of a blank for restoration made of walnut wood. The blank is
made of modern wood. In terms of appearance, the sample is a brown
wooden block, 20 mm thick

O6paszer; Ne 4

®parMeHT 3aroTOBKH ISl pECTaBpallUY, BBIIIOJIHEHHBIA U3 COBPEMEHHOU
JpeBecuHbl Oepesbl. [1o BHEIIHEMY BUay 0Opasell mpeacTaBiseT co0oi
JIEPEBSHHBINA OPYCOK CBETIIO-KEINITOTO IIBETA, TOIIHHON 20 MM

Sample No. 4

Fragment of a blank for restoration made of birch wood. The blank is
made of modern wood. In terms of appearance, the sample is a light
yellow wooden block, 20 mm thick

O6paszern Ne 5

®parMeHT 3aroTOBKH ISl pECTAaBPAINU, BHITOJHEHHBIA U3 COBPEMEHHON
IpeBecuHbl cocHbl. [1o BHemHeMy Buay oOpasel IpeacTaBisieT coooi
JICPEBSIHHBIN OPYCOK YKENTOTo I[BETA, TOMIUHON 20 MM

Sample No. 5

Fragment of a blank for restoration made of pine wood. The blank is
made of modern wood. In terms of appearance, the sample is a yellow
wooden block, 20 mm thick

O6paszer Ne 6

DparMeHT 3aroTOBKH JJIsl PECTaBPAILlUH, BBITIOJTHEHHBINH H3 COBPEMEHHO
JPEBECUHBI JTUCTBEHHUIIBI. [10 BHEITHEMY BHIy 00pa3el NpeacTaBisieT
c0001i IepeBSIHHBIN OpPyCOK O€XKEBOTO I[BETa, TOIIIUHON 20 MM

Sample No. 6

Fragment of a blank for restoration made of larch wood. The blank is
made of modern wood. In terms of appearance, the sample is a beige
wooden block, 20 mm thick

CHHXPOHHBII TEpMUYECKU aHaIN3, COBME-
menHslii ¢ UK-Dypre criekrpockonuei.
Synchronous thermal analysis combined with
FTIR spectroscopy

CHHXPOHHBIN TEPMUYECKUN aHAIHU3, COBME-
mennabii ¢ UK-Dypre ciexTpockonueit

Synchronous thermal analysis combined with
FTIR spectroscopy

CHHXPOHHBII TepMUYECKUH aHaIN3, COBME-
meHHbli ¢ UK-Oypee criekrpockonueit
Synchronous thermal analysis combined with
FTIR spectroscopy

CHUHXPOHHBIA TEPMUIECKUH aHATN3, COBME-
mennubii ¢ UK-Dypre ciexkTpockonueit

Synchronous thermal analysis combined with
FTIR spectroscopy

CHHXPOHHBIH TEPMUYECKUN aHAJIHU3, COBME-
mennabiii ¢ UK-Dypre ciexTpockonueit

Synchronous thermal analysis combined with
FTIR spectroscopy

CHHXPOHHBIH TEPMUYECKHUI aHAJIHU3, COBME-
meHHblH ¢ MK-Oypbe criekTpockonuen

Synchronous thermal analysis combined with
FTIR spectroscopy
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Oxonuanue maon. 2/ End of the Table 2

Onucanue odpasia

HpOBOI[I/IMOC HCCICI0OBAHUEC

Oopaszer Ne 7

DneMeHT mapKeTa IoJa, IUIaIka 13 ApeBecHHsbI 1yoa. Cpok dKCIuTya-
TalKU oKoJo 160 seT. YenoBus SKCITyaTalluy — B 3aKPBITOM OTaIlIM-
BaeMOM ITOMEIICHUH. 3alIUTHO-IEKOPATUBHOE MTOKPBITHE OTCYTCTBYET.
ITo BHemHEMY BuTy 00pa3ell npeacTaBIsieT cCoO0 IepeBsIHHBII OpYyCOK
TEMHO-KOPUYHEBOTO IIBETa, TOMIUHONW 10 MM

Sample No. 7

A parquet floor element made of an oak wood strip. Its service life is
approx. 160 years old. It was used in a closed heated room. It has no
protective and decorative coating. In terms of appearance, the sample is a
dark brown wooden block, 10 mm thick

O6paszer Ne 8

DJeMeHT nmapKeTa MmoJja, Iamka u3 JpeBecuHbl 1yoa. Cpok sKcIurya-
Tanuu okoiio 160 jgeT. YeaoBus 3KCIUTyaTallud — B 3aKPbITOM OTAILIH-
BaEMOM TIOMEIICHHH. 3alUTHO-IEKOPATHBHOE MOKPHITHE OTCYTCTBYET.
ITo BHemHeMy BTy 00pa3ell mpeiCcTaBIseT coOO0H IepPEeBIHHbBIN OpyCcOK
CBETJIO-KOPUYHEBOTO IIBETA, TOIIMHOHN 10 MM

Sample No. 8

A parquet floor element, an oak wood strip. Its service life is approx. 160
years old. It was used in a closed heated room. There is no protective and
decorative coating. In terms of appearance, the sample is a light brown
wooden block, 10 mm thick

O6pa3zer Ne 9

DreMeHT nmapKeTa IMoJja, IIalika u3 ApeBeCHHbI siceHst. CpoK IKCILTya-
Tanuu okoJio 160 Jet. YCIoBHs dKCIUTyaTallid — B 3aKPBITOM OTAaIUTH-
BaeMOM ITOMEIIEHUH. AU THO-IEKOPATHBHOE TIOKPBITHE OTCYTCTBYET.
ITo BHemHeMy BHly 00pa3ell NpeicTaBiseT cOO0H IepeBsIHHbII OpycoK
CBETIIO-0€XKEBOT0 IBETA, TONIUHON 19 MM

Sample No. 9

A parquet floor element, an ash wood block. The service life is about 160
years. It was used in a closed heated room. There is no protective and
decorative coating. In terms of appearance, the sample is a light beige
wooden block, 19 mm thick

O6paser Ne 10

®parMeHT MapKeTHOTO LIUTA, BBIIOJIHEHHBIH U3 IPEBECHHBI COCHBI.
Cpox sxcmnyatanuu 160 jet. YeaoBus SKCIUTyaTalud — B 3aKPBITOM
OTaIuIMBaeMoM HoMemnieHun. [1o BHemHeMy BrIy 00pasell IIPeACTaBIseT
€000t IepeBSIHHBINA OPYCOK CBETIIO-KOPUYHEBOTO LIBETA, TOINIIMHON OT 39
10 45 MM

Sample No. 10

A fragment of a parquet board made of pine wood. The service life is 160
years. It was used in a closed heated room. In terms of appearance, the
sample is a light brown wooden block with the thickness of 39 to 45 mm

O6paszen Ne 11

@®parMeHT NapKeTHOTO IUTA, BBIOJIHEHHBIN U3 JIPEBECHHBI COCHBI

C COXPAaHUBIIUMCS HCTOPUYECKUM KJIEEM Ha OCHOBE BEILECTB KUBOTHOTO
npoucxoxaeans. Cpok skcruryaranuu 160 net. YemoBust skermyaTa-

LU — B 3aKPBITOM OTAIIMBaeMoOM nomenieHuH. [1o BHeIHEMY BUay
oOpaszerl npeicTaBIsieT cOO0 AepEeBIHHBIN OPYyCOK TEMHO-KOPUYHEBOTO
1BETa, TOIIIMHOM OT 35 10 45 MM

Sample No. 11

A fragment of a parquet board made of pine wood with historical glue of
animal origin. The service life is 160 years. It was used in a closed heated
room. In terms of appearance, the sample is a dark brown wooden block
with the thickness of 35 to 45 mm

CHHXPOHHBIN TEPMUYECKUI aHAJIN3, COBME-
mennabiil ¢ UK-Dypre ciekTpockomnneit;
OmpeJesIeHHEe TPYIIIbI TPYIHOTOPIOYUX U TO-
PIOUHX BEILECTB U MaTepHAaJIOB

Synchronous thermal analysis combined with
FTIR spectroscopy; detection of a group of
low-combustible and combustible substances
and materials

CHUHXPOHHBIA TEPMUIECKUH aHATN3, COBME-
menHbiit ¢ UK-®Dypre ciexTpockonueit

Synchronous thermal analysis combined with
FTIR spectroscopy

CHHXPOHHBIH TEPMUYECKHUI aHAJIU3, COBME-
meHHbli ¢ MK-Oypbe creKTpocKonuei;
omnpeJieNIeHHe TPYIIIBI TPYTHOTOPIOYNX U I0-
PIOYMX BEILECTB U MAaTEPHUAJIOB

Synchronous thermal analysis combined with
FTIR spectroscopy; detection of a group of
low-combustible and combustible substances
and materials

OmnpezesneHue rpymnibl TPYAHOTOPIOYHUX U TO-
PIOUHUX BEIECTB U MaTepUaIOB

Detection of a group of low-combustible and
combustible substances and materials

OmnpeneneHue Ipymibl TPYJHOTOPIOYUX U TO-
PIOUHX BEILECTB U MaTepHAJIOB

Detection of a group of low-combustible and
combustible substances and materials
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OZHOBPEMEHHO (B OJJHOM 3KCHEPHUMEHTE M OJTHOM 00-
pasiie) U3MEepeHUs KaJTOPUMETPUICCKIX BEIUYHH MIPH
Pa3IUYHBIX TEPMOJANHAMUYCCKUX MEPEX0/IaX, U3MEPSTh
TEMIIepaTypy ITUX MEPEXOI0B U PETUCTPUPOBATH MPH
9TOM H3MEHEHHUS Macchl 00pasia. BCTpoeHHbIH KOHT-
poJIep ra3oBBIX MOTOKOB ITO3BOJISET MPOAHATU3NPO-
BaTh BBIJCIISIOUIMECS B MPOLECCE TEPMOIECTPYKIHH
(parmeHnTa 00pa3ia razoodpa3Hbie MPOMYKTHI. J[s
MIPOBOIUMEBIX HCIIBITAHNH NCTIONIB30BATNCEH (PParMeHTHI
MaJoro pasmepa (2,5 X 5 MM) UCCIIelyeMbIX UCTOpHYEC-
CKHX 00pas3IoB.

PesynpraThl SKCIIepUMEHTATBHBIX HCCICTOBaHUN
00pa3oB MaTepuasoB MPEICTABICHBI B Ta0I. 3.

W3ydyeHne MONYyYEHHBIX TEPMOAHAIUTHYCCKHX
KPHUBBIX UCCIIEAYEMbIX 00pa3IoB B pacCMaTpUBACMOM
temrieparypaom nuanaszose ot 30 go 500 °C B atmo-
cdepe BO3ayXa IOKa3alo, YTO MHTEHCHBHAS MOTEPS
Macchl APEBECHHBI Y 00pa3I0B, UMEIOIIUX CPOK CTape-
HUS, TPOUCXOAUT HEOTHOKpaTHO. Y oOpasua Ne 1 (oko-
1o 70 net) — Tpu ctaauu (puc. 4), y oopasmoB Ne 7, 8
n 9 (oxoio 160 er) — nBe craguu (cm. Tadm. 3).

AHaiun3 ra3000pa3HbIX MPOAYKTOB TEPMOACCTPYK-
ITMH TIOKa3aJl, YTO He3aBUCHMO OT BO3pacTa M BHJA pe-
BECHHBI, HAPSAY C BBACICHHEM AMOKCHAA yTIEpona,
B OMpEIENICHHBIN U KaKJ0ro odpasia TeMieparyp-
HBI TIPOMEKYTOK MPOUCXOJNUT BBIICICHNE YKCYCHOM

KHCIOTHI (cM. Tabm. 3). [Ipu moxxape 3TH mapbl MOTYT
YBEJIMYHUBATh TOKCUYECKOE BO3JCHCTBUE HA YellOBEKa
BO BpEMSI €r0 dBaKyallHH.

UccnepoBaHusa Ana KhaccUGULMPOBaHUSA
rpynnbi roproYecTu

Hnst xnaccuuuupoBanusl TPYNIBl TOPIOYECTH
OBLIIO MOATOTOBJIEHO MO TpU o0Opasla cocTapeHHOH
B €CTECTBEHHBIX YCJIOBHUSIX JPEBECHHBI pasMepoM
150 x 60 mm n TommuHOM oT 8§ 10 10 MMm. Ilepen uc-
OBITAHUSIMU 00pa3Ibl BBIICPKUBAIICH B BEHTHU-
JUPYEeMOM CYIIMJIBHOM INKady MpHU TeMmIeparype
(60 £5) °C ne menee 20 4, 3aTeM OXJIQXKJAINCH JIO TEM-
nepaTyphl OKpyKaromei cpeasl (0e3 u3bATHS U3 IIKa-
(ha), mocne yero onpezaensuiack Macca 0opasuos. [lepen
WCIIBITAHUEM BHYTPEHHSS MOBEPXHOCTh PEAKIIMOHHON
KaMephl TOKPHIBAJIACH ABYMS CIIOSIMH aJIOMHHHECBON
¢oxpru TomuuHoi 0,2 MM. OOpaser 3aKpeIusLI B Aep-
JKaTele W MPpU MOMOIIHU AabJI0Ha MPOBEPSITH MOJI0XKE-
HUE 00pa3Iia OTHOCHTEIHHO €ro BEPTHKAJIBHOHN OCH.
Crioco6 kperieHust 00pas3oB — CaMOCTOSTEIbHBIN
(6e3 ucrosb30BaHMs METAJUIMYECKON CeTKH/CTEKIIOTKA-
ui). [lepen mpoBeneHNEM UCTIBITAHUI KaXKAOTO U3 00-
Pa3I0B KOHTPOIHNPOBAIACh HEU3MEHHOCTD TEMITepaTy-
PBI ra3000pa3HBIX MPOIYKTOB TOPEHHUSI, COCTABIISIONIAS

Tabauna 3. Pesynbrarsl MCCIeJ0BaHUN COBMEIIEHHBIM METOIOM TEPMOAHAIN3a

Table 3. Research results obtained using the combined method of thermal analysis

Temmnepatypa
H Havanbnas MHTEHCHUBHOMN C Temmneparypa BblAEICHUS I .
o 601::pa TeMIeparypa MOTEPU MacChl, ;ZE:;T;I:Z\:;EH CO, ¢ CHsCOOH, ¢°C gogig;?iquogxa: CCH
L necTpykiuy, ¢ °C t°C ? p parype, 7o
285 0,439
1 248,19 325,35 0,817 284 6,520/490
475,59 0,576
2 260,35 330,36 1,029 Ho / Up to 339,38 5,226/448
3 265 331 1 Jo/ Upto 324 0,328/473
4 269,28 332 1,383 Ho / Up to 339,38 0,352/483
5 271 330,36 1,390 Jo/ Upto 324 0,010/471
6 292 292,48 0,7 263 0,321/520
293,92 0,583
7 248,19 Jo / Up to 296,81 1,253/490
434,81 0,677
278 0,786
8 243,71 Jo / Up to 306,49 4,616/490
422.62 0,709
312 7,591
9 247,52 Jlo/ Up to 302,48 1,554/490
437,92 6,609Mm
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Puc. 4. Buj TepmoaHanuTHUECKUX KpUBBIX 0oOpasna Ne 1 (y0) B atMocdepe Bo3myxa
Fig. 4. Thermoanalytical curves of sample 1 (oak) in the air

200 = 5 °C B Teuenue 3 MuH. Pe3ynbrar uccieoBaHus
HO3BOJIUII KJIACCH(ULIUPOBATE 00Pa3Lbl 10 TOPIOYECTH
1 BOCIIIAMEHSAEMOCTH.

Pe3ynbraThl HKCIIEPUMEHTAIBHOTO OLPEACICHHS
TPYIITBI TPYJHOTOPIOYHX U TOPIOYHX TBEPJIBIX BEIIECTB
1 MaTepuaoB PeCTaBICHEI B Ta0. 4.

Ananu3 pe3yabTaToB IKCIEPUMEHTAIBHOIO HC-
CJIeIOBaHUS IMOKa3aJ, YTO BCE 00pasubl APEBECUHBI
KJIACCU(UIUPYIOTCS KaK TOPIOYUE MaTepUAIIbI CPEIHEH
BOCIUIAMEHSAEMOCTH U MOTYT IIPEICTABIISATH ONIACHOCTh
pacupocTpaHeHus IJIaMEeHHU 110 oMelleHuto. Pa3auna
B IOJIy4E€HHBIX 3HAUEHUAX MaKCUMaJIbHOM TeMIepary-

Taéanua 4. Pe3ynsrarsl SKCIIEpUMEHTATLHOTO ONPEACIICHNS TOPIOYECTH 00pa3LoB APEBECHHBI.
Table 4. The results of experimental determination of combustibility of wood samples

1 . ]
Sample No Maximum temperature

increment, °C

)
Z
(N
5)
=]
5
S
2}
=]
o=
)
a,
g
5
5]

O6paszer Ne 7 1 592
Sample 7 ) 523
3 533
O6paszer Ne 9 1 436
Sample 9 ) 434
3 469
Oopazer Ne 10 1 388
Sample 10 ) 440
3 420
Oopazer Ne 11 1 460
Sample 11 ) 445
3 465

Classification
of samples as combustible
or low-combustible

Sample weight

Time to maximum
loss, %

temperature, s

105 86 Toprouune, cpenneit
BOCIUTAMEHSIEMOCTH
103 93 Combustible material,
186 87 medium flammability
100 55 Toproune, cpenneit
BOCIUTAMEHAEMOCTH
104 39 Combustible material,
97 55 medium flammability
122 44 Toproune, cpenneit
BOCIITAMEHAEMOCTH
12 47 Combustible material,
113 34 medium flammability
69 15 Toproune, cpennHeii
79 18 BOCITAMEHAEMOCTH
Combustible material,
80 2 medium flammability
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PBL, BpEMEHH €€ OCTIKEHUS U MOTePU MaCChl MOXKET
OBITH CBS3aHA C PA3IUYUSIMHU CBOMCTB TOPOJABI U BO3-
pacrta JpeBeCHHBI.

B nacrosmiee Bpemst st pacueTa GJIOKMPOBAHUS
nyteii 3Bakyaunu ODIT ucnonab3yroTcs: ycpeJHeHHbIE
napaMeTphl OXKapHOW Harpy3kH, yKa3aHHbIE B pa3-
JUYHBIX CIIPAaBOYHMKAX M TEXHUYECKOH JHUTepaTrype.
[IpoBeneHHbIE HKCIIEPUMEHTAJIbHbBIE UCCIEIOBAHUS Xa-
PaKTEPUCTHK MOKAPHOM OMACHOCTH UCTOPUUYECKUX Ma-
TEepHUaJIOB JPEBECUHBI U3 3AaHU 3UMHEro ABOpLa I0-
Ka3alli, 4TO 3HAYEHHsI MOKa3aTeseld MOTYT OTJINYaThCs
OT 3HAYEHUH TMOKa3aTeseH MmoyKapoomacHOCTH TPAIHUIIH-
OHHBIX MaTEPHUaJIOB B UMEIOLINXCS WH(POPMAIIMOHHBIX
nocobusx. [lpuHUMas BO BHUMaHue To, yTo B Poccun
U BO BCEM MHUPE OOJBIIUHCTBO OOBEKTOB KYJIBTYPHOTO
HaCJICAHS SBISTIOTCS 00BEKTaMU MAaCCOBOTO TIPEOBIBa-
HUS TOJIeH, N3yueHHe BIUAHUS CBOMCTB HCTOPUUYECKON
JIPEBECHHBI Ha €€ [10YKapOOIIaCHbIE CBOMCTBA IIPEICTAB-
nseTcs BaKHBIM HallpaBieHueM. B nanpHelmiem pe-
3yJABTAaThl NCCIECOBAHUN MOTYT OBITH BHECEHBI B CIIpa-
BOYHHKH M HCIIONIB30BAHbI IIPU pacueTe OJIOKUPOBAaHUS
mytei aBakyaru O®PI1 Ha UCTOPUIECKUX 00BEKTaX.

BbiBOAbI

[IpoBeneHHBIC IKCIIEPUMCHTAIBHBIC HCCIIEOBA-
HUSI TTOXKapOOTIACHOCTH JIPEBECHHBI, MPUMEHICMOMN
Ha KYJIBTYPHO-HCTOPHUECKOM 00BEKTE — 37[aHUN 3UM-
HETO JIBOpIa, MOKa3aJIn CIIeAyoIIee.

PesynbraThl McceI0OBaHNs COBMEIICHHBIMUA METO-
JIaMH CHHXPOHHOTO TepMuueckoro anaimza ¢ MK-dypre-
CIIEKTPOCKOINEH HCTOPUUECKUX MAaTePHAIIOB BISIBUIIH,
YTO MPHU TEPMOACCTPYKIIMU UCCIACAYEMBIX 00pa3ioB
HE3aBHCHMO OT BO3pacTa W BHJIA APEBECUHBI, HAPSITY
C BBIJICJICHUEM JIMOKCHUJIA YITIEPO/Ia, B ONIPEICIICHHBIN
JUISL KXKJI0T0 0o0pasiia TeMIepaTypPHBIH TPOMEKYTOK
MIPOUCXOUT BbIJIENIEHHE YKCYCHON KUCIIOTHI.

DKCIepUMEHTAJIbHAS OI[EHKA TOPIOYECTH 00pa3IioB
JpeBECUHBI MMOKa3aa, YTO Bce 00pa3Ibl COCTaApEHHON
JIPEBECHUHBI KIIACCU(PHUIUPYIOTCS KaK TOPIOYHE MaTepH-
aJibl CpeIHel BOCIIIAMEHSEMOCTH.

HOJ’Iy‘leHHLIe JAHHBIC MOFyT 6]>ITI> UCITIOJIb30BaHbI
JJIsA yTO‘IHeHHOFO pvaeTa JUHAMUKN pa3BI/ITI/I${ noxcapa
B TIOMENICHUSX UCTOPUYECCKUX 3[aHUH JuIsd olecriede-
HUs 0€30TIACHOM YBaKyaIluy JIIO/IEH.
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