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PU3NKO-MEXAHUYECKUE U MOXXAPOOMNACHDIE
CBOWNCTBA APEBECWUHbI C INMYBOKOW NMPOMUTKON
OMHEBUO3ALLUTHBIMUA COCTABAMM

MpencTaBneHbl pe3ynbTaTbl UCCEAO0BaHUS BAUSAHUS TpeX OrHeOMO3aLUMTHbBIX CUCTEM, Pa3fiINyHbIX MO
CBOEW XMMUYECKOW MPUPOAE Y MEXaHM3MY OrHe3alLMTHOrO AeUCTBUS, NMPUY UX ryOOoKOM BBEAEHUM B
CTPYKTYpY LpeBecHOro Matepuana Ha (U3MKO-MexaHUYeckre CBOWCTBA WM MOKa3aTenn MoXapHOW
OMacHOCTU APEBECHHbI. YCTAHOBIEHO BAMUSHME CTENEHN MOTNOWEHUS 1 FyOWHbI POMUTKM Ha MPOoY-
HOCTHble XapakTepuCTUKL OPEBECUHbI 1 MOKa3aTenn ee NnoxapHow onacHocTu. MokasaHo bnaronpu-
STHOe BAMsHVE rMy6oKoM NPONUTKY ApeBeCUHbI NPY HE3HAYUTENBHOW CTENEeHM NOMMOLLEHNS Ha CHU-
XeHWe ee BOCMIaMeHSeMOCTM 1 COCOBHOCTY PacnpoCTpaHATb Naams no noBepxHocTn. ObHapyxe-
HO, YTO MpW BBELEHWN B CTPYKTYPY APEBECKHbI OrHEOMO3aLUMTHBIX COCTaBOB C AAHHBIM YPOBHEM
NOrNOLWEHNA YXYALEHNS DU3NKO-MeXaHNYECKMX NoKasaTenen He NPOVCXOAWT. TlonyyeHbl AaHHble
MO CHUXXEHWIO AbIMO0Dpa3yloLLet CMOCOOHOCTU NMMPErHNPOBAHHOW APEeBECHbBI UCCeLyeMbIMU CO-
CTaBamu.

KntoueBble cnoBa: 1peBecHa; AepeBsHHble KOHCTPYKLMW; MPOYHOCTb; NOXKapHas ONnacHOCTb; aHTU-
NypeHbl; rnybokas nponuTka.
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BeeneHmne LIMPOKOE PACIPOCTPaHEHHE [TOJYYHIIM OTHE3ALIUTHbIE
CUCTEMBbI pa3iInyHoro cocrasa [1-3], KOTopble MOTYT
1100 HaHOCHUTHCA Ha MOBEPXHOCTH JAPEBECUHBI, TUOO
BBOJIUTHCS B €€ 00bEM C IPUMEHEHUEM Pa3InYHbIX TeX-

HUYCECKUX MPUEMOB IMPOIUTKH.

Buaronapst BBICOKO# 9KOIOTHYHOCTH, BO30OHOBIISIEMO-
CTH PACTHUTEIBHOTO ChIPhSi M BBICOKHM JKCILTyaTallu-
OHHBIM CBOMCTBaM JIPEBECHHA KaK KOHCTPYKIIMOHHBIH
U OTZEJIOYHBIM Marepuall UMEeT HEOCIOpUMbIE IIpe-
HUMYIIECTBA NIEPE]] UHBIMU TPAJULMOHHBIMU U COBpE-
MEHHBIMHU IOJUMEPHBIMU KOMIIO3ULIMOHHBIMHM Mare-
puanamu. B To jxe BpeMs cepbe3HbIM CASPKUBAIOIINM
(haxTOpOM, OTpaHHMYMBAIONINM BO3MOXKHOCTH €€ IPH-
MEHEHHUSI B CTPOUTEIILCTBE, ABJISIETCS BEICOKAs IOXKap-

B mpakTrke orHe3antuTel HanboIbIIee PacIpoCTpa-
HEHHE MOTy9HiIa IIOBEPXHOCTHAS 00paboTKa, 4TO 00b-
SICHSICTCSI €€ BBICOKOW JOCTYITHOCTBIO, TPOCTOTOM, HU3-
KO CTOMMOCTBIO 1 IPAKTUIECKH ITOJTHBIM OTCYTCTBHEM
BIISTHUS HA POYHOCTHBIE ¥ HHBIE DKCIUTyaTallMOHHBIE

Hast ONTaCHOCTb.
Jlns oGecrieueHUs MOXKapHO# 0e30macHOCTH JApe-
BECHHBI U KOHCTPYKIIMII HA €€ OCHOBE B CTPOUTEIIbCTBE

CBOMCTBa JIpeBeCHHBI. BMecTe ¢ TeM JaHHBIH croco0
00pabOTKK UMEET U Psif] HEAOCTATKOB, CBSI3aHHBIX, B IIEP-
BYIO OYepelib, C €€ HU3KOW HaIeKHOCTbIO [4].
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B orsesauma

I'myGokast mponuTKa BBULY BBICOKOH TEXHOIOTHY-
HOCTH M CTOMMOCTH 00pabOTKH, a TAK)KE MOTPEOHOCTH
B CIICIHAJM3HPOBAHHOM 00OPYIOBAaHHUH HE IOTyUHIIa
MIPOKOTO PACIIPOCTPAHCHUS IIPH PEIICHUN BOTIPOCOB
obecrieueHust moxkapHoii 6ezonacHocTH. Kpome Toro,
MHOTHUE UCCIICIOBATEIIH CUMTAIOT, UTO IPHUMECHEHHE TaH-
HOTO crioco0a MPOIUTKH, C OIHOM CTOPOHBI, HELEeIeco-
00pa3HO [l MACCUBHBIX JAEPEBIHHBIX KOHCTPYKLUi [5],
a C Ipyroil — KpaiHe HeraTHBHO BJIMSCT HA UX (DU3HKO-
MEXaHHYeCKHue CBOMCTRa [6, 7].

Bmecre ¢ TeM BBeZICHHE aHTHITPCHOB B 00BEM JIpe-
BECHOTO MaTepraa B 3aBOJICKUX YCIOBHSIX MO3BOJISICT
o0ecreunBaTh OTHOCHTEIBHO BBICOKYIO CTa0MIBHOCTD
MIPOTHBOIIOKAPHBIX CBOHCTB. OHAKO, KaK MOKa3bIBa-
IOT Pe3yJbTaTbl HEMHOTOYHCIICHHBIX HCCIICIOBAHH,
BIIMSIHUE TITyOOKOW MPOIUTKU HAa IPOYHOCTHBIE CBOM-
CTBa JPEBECHUHbI HEOAHO3HAUHO [5, 8]. Pan mpobiem-
HBIX BOIIPOCOB, CBSI3aHHBIX C IPUMEHEHUEM [ITyOOKOI
HPOIUTKHU ACPEBSIHHBIX KOHCTPYKIHUIL, OBLI CHSAT C pa3-
BUTHEM TEXHUKHU UMITYJIbCHOM rponuTku [9, 10], koTo-
pasi IpU MEHBIINX BPEMEHHBIX M YHEPTETUYECKHX 3a-
Tparax He IPUBOJIUT K (POPMHUPOBAHUIO HAMIPSHKEHUH U
MOBPEXKICHUH BHYTPH MIPOMUTHIBAEMOTO MaTeprasa 1
MO3BOJISIET 00ECIIEYHUTh JJOCTATOYHBIN YPOBEHB MOIJIO-
IICHUSI.

Lenn v 3apaum nccnepoBaHus

B nHacrosmeii padore Oblia MocTaBlieHa IENb —
U3YYHTh BIMSHAE OTHE3AIIUTHBIX CHCTEM, Pa3IMIHBIX
10 CBOEH XMMHUYECKOW MPHUPOIE, Ha (PU3UKO-MEXAHH-
YEeCKHe U T0KapOoOIlacCHbIe CBOMCTBA JpeBeCHHBI. s
JIOCTHIKCHHSI 3TOM [EJTH HEOOXOIUMO OBIJIO PEIUTH 3a-
Jla4d YCTAHOBJICHHUSI YPOBHEH MOIJIONICHUS OTHEOHO-
3aIUTHBIX COCTABOB ISt 00eCIeueHUs TPEOyEeMBIX MO~
Kaszareyell MPOYHOCTH U TMOKAPHOW OMAaCHOCTH Jpe-
BECHOTO MaTepuara.

MaTepmanbl n MeTogbl ncaienosaHusa

B kadecTBe 00BEKTOB HCCIIEIOBaHMS B paboTe uc-
MOJTb30BAIMCH 00Pa3IIbl IPEBECHUHBI COCHBI, ITOJITOTOB-
JICHHBIC B COOTBETCTBUH C TPCOOBAHUSIMU CTAHIAPTHBIX
METOJIOB MCCJICIOBAHUS HA MPOYHOCTH MPH CHKATHH
B1oJ1b BostokoH o 'OCT 16483.10-73, mpu craruue-
ckoM uzru6e o 'OCT 16483.3—-84 u npu ckajabIBaHUN
B0k BOJIOKOH 1o 'OCT 16483.5-73, BociuiameHs-
emoctb 1o 'OCT 30402-96, n1M000pa3yroNIyIo CII0-
COOHOCTh M WHJIEKC PACIPOCTPAHCHHSI TIJIAMEHU 10
TI'OCT 12.1.044-89.

Pe3ynbTaThl UccnepoBaHUS
M ux obcyxpeHue

B pamkax Hacrosieli paOoThl OBLIU TPOBEACHBI
uccienoBanus (PU3UKO-MEXaHMYECKUX CBOWCTB U TIO-
JKapHOH OMacHOCTH JAPEBECUHBI, 00pabOTaHHOH ¢ HC-
MOJIb30BaHUEM TPEX OTHE3aIIUTHBIX cucteM [11]:

1) Ha OCHOBE pacTBOpa HEOPTaHUYECKUX a30T-(oc-
(hopconepkaimux coeMHeHu (cocTas 1);

2) Ha OCHOBE OpraHMYECKHX a30T-pochopcomep-
JKAIIX COSANHCHUN — IPOMBIIIJICHHO BEIITYC-
KaeMbIil OrHEOMO3aIUTHBIN cocTaB AMMO(OH-1
(cocras 2);

3) Ha OCHOBE OPTaHWYECKHUX IIIEHKOOOPa3yoIUX
BCITYYHBAIOIIUXCS BEIECTB — MPOIYKT OKUCIIE-
HUS pacTUTENbHBIX TonucaxapuioB (OI1C) [12]
(cocras 3).

DU3UKO-MEXaHUYECKHAE CBOMCTBA UCXOIHON U 00-
paboTaHHON OrHEOMO3alIMTHBIMH CUCTEMaMH JIPEBe-
CHHBI OI[CHUBAJIHCH IT0 TPEM ITOKa3aTeNsIM: TPOUHOCTH
npu cxatuu BAods BosokoH o 'OCT 16483.10-73,
rpu ctarndeckom u3ruoe o 'OCT 16483.3—84 u nipu
cKaJbIBaHUH B0JIb BOJIOKOH 110 'OCT 16483.5-73.

[IpormTKa 06pa3OB APEBECHHBI IPOBOIIIIACE B Jla-
OGoparopHOM aBTOKIaBe (puc. 1) ¢ MpUMEHEHUEM M-
TyJTbCHO-CO3[aBaeMOT0 IITyOOKOT0 BaKyyMa M HEBBICO-
KOT'O IEPEMEHHOI0 THAPOIaBlIeHHs (BaKyyM-/1aBJICHHE
(BM)) [10, 11].

OnHOM 13 OCHOBHBIX MPOOIJIEM ITPU POBEIEHUH TIPO-
MIUTKY SBJIsSIETC pa30poc 3HAUE€HUH YpOBHS MOTIIONIE-
HUSI, YTO OOBSACHSIETCS BBICOKOM aHU30TPOIHEH CBOMUCTB
JIPEBECHHBI, SBISIONICHCS IPUPOTHBIM KOMITO3UITUOH-
HBIM MaTepuanoM. Kpome Toro, ypoBeHb MOTTIONICHHS
B 3HAYUTEILHOW CTEIIEHH 3aBUCUT OT FTEOMETPHUYECKUX
pa3MepoB MPOMUTHIBAEMOT0 MaTepraa (CHIKSHHE 110-
TJIOMIAOIIEH CITOCOOHOCTH HAOIONACTCS C YBEITMUCHHU-
eM pa3MepoB 00pa3ioB). Jlaxxe B cTaHIapTHBIX YCIIO-
BHSIX Pa3JIMYHBIC 00pa3ibl BEAyT ceOs HEOAMHAKOBO,
MIOATOMY TSI OIICHKH BIUSTHHS TPOITUTHIBAIOIINX CO-
CTaBOB Ha MIPOYHOCTHBIC XaPAKTSPUCTHKH JIPEBECHHEI
MOJTYYCHHBIC JaHHBIC CPAaBHHUBAJKCH C PE3yJabTaTaMu

Puc. 1. Buemnuii Bua 1a00paTopHOTO aBTOKIIaBa
Fig. 1. The appearance of the laboratory autoclave
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Puc. 2. Pe3ynpTare! ncnbITaHuii 00pa3oB IPEeBECHHBI HA IPOY-
HOCTB IIPH U3rHOe

Fig. 2. Test results of wood samples in terms of bending strength

HCIIBITAHUH HEOoOpaOOTaHHOW JIPEBECHHBI, a TaKXKe C
HOPMAaTUBHBIMU XapakTepuctukami [13].

Tak, HarpuMep, NpU IPOBEIAECHUU UCIBITAHUN 110
YCTaHOBJICHHIO TIpeJielia IPOYHOCTH Ha U3rubd (puc. 2)
BBIIBIICHO, YTO MPH YPOBHE MOTIOMICHHS 10 20 KI/M’
MPOYHOCTHBIC XapPaKTEPUCTHKH IPOIUTAHHBIX 00pa3-
OB COOTBETCTBYIOT HEOOpaOOTaHHOH JIpeBECHHE He-
3aBHCHUMO OT MPUMEHIEMOTO POIUTOYHOTO COCTABA.

Hekoropoe cHM)KeHHE MPOYHOCTH OTMEYACTCS y
00pas1oB, NPOMUTAHHBIX COCTABOM 2, TPHU YPOBHE IO~
romenus 6onee 50 Kr/m-. Tak, MUHHMaILHOE 3HAYE-
HHe Ipe/ieNa IPOYHOCTH IPH IONIOMEHHH 66 KI/M° CO-
craBuiio 47 Mlla, uto Ha 39 % HIbKe MUHMMAJIbLHOIO
3HAYEHMSI, TIOJTYICHHOTO JUIsl HeoOpaboTaHHOW IpeBecH-
HBI. BMecTe ¢ TeM B COOTBETCTBHH € MPUIIOKEHNEM B
[14] nns anementoB kinacca K26 copra 1 MuHMManIbHOE
3HAYCHHE BPEMEHHOTO Ipejiesia MPOYHOCTH Ha M3THO
cocrasisier 42 Mlla.

Uro kacaetcs cocraBa 1, Ha OCHOBaHUH IOJY4EH-
HBIX JaHHBIX MOKHO TOBOPHUTb 00 OTCYTCTBHHU HeEra-
THUBHOTO BIMSIHUS €T0 HA TIPOYHOCTHBIC XapAKTEPUCTH-
K{ IPEBECHHBI HE3aBUCHMO OT YPOBHS ITOTIIONICHUSI.
Tak, mpu nornouiernu §1 Kr/M° npeaen IPOYHOCTH CO-
craui 75,5 MlIla, aro Tonbko Ha 2 % HUXKE MUHUMAITb-
HOTO M3MEPEHHOTO IOKa3aTels Ui HeoOpaboTaHHOI
JIPEBECHHBI.

[Tpu orieHKe BIMAHUS OTHEOMO3AIIUTHBIX COCTABOB
Ha TI0Ka3aTeJ I MPOYHOCTH TIPH CIKAThH (pHC. 3,a) U TIPU
CKaJbIBaHUM (pHC. 3,0) OTMEUACTCsI OTCYTCTBUE HEra-
THBHOI'O BIUSIHUS COCTaBOB | u 2.
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Puc. 3. Pe3ynbrarsl HCTIBITaHUI 00pa3OB IPEBECHHBI Ha ITPOY-
HOCTb TIPH CIKAaTHH (@) U TIPH CKaJIBIBAaHUU ()

Fig. 3. Test results of wood samples in terms of compressive
strength (a) and of shear strength ()

CocraB | moBeIIAET Mpeien NPOYHOCTH APEBECH-
HBI Ha C)KaTHe MPH OOJIBITNX 3HAYCHUSX MOTTIOMICHHS
(6omee 40 kr/M’), a cocTas 2 — mpeIes MPOYHOCTH Ha
CKaJIbIBAHUE TIPHU YKCTPEMATILHO BBICOKHMX 3HAYCHUSX
nomonieHus (6osee 80 KF/M3). Hekoropoe cHmkeHHE
MMPOYHOCTH Ha CKaJbIBAHUE OTMEYAeTCsS y cOCTaBa 3:
MHHHMMAJIbHOE 3HAUYCHUE, TIOJTYUYEHHOE B XOJIC HCIIBITa-
Huit, Ha 13 % HUXEe HOPMATHUBHOTO, MPUBEIEHHOTO B
npuioxenuu B [14].

Takum 00pa3zoM, OJTYYCHHBIC JaHHBIC TO3BOJISFOT
TOBOPHUTH 00 OTCYTCTBUM OTPULIATEILHOTO BIUSHUS TITY-
OOKOIf MTPOMTUTKU APEBECHHBI OTHE3AITUTHBIMHU COCTA-
BaMH Ha €€ MPOYHOCTHBIC CBOMCTBA, YTO ONPEACISICT
1e1eco00pa3zHOCTh NPOBEACHHUS JaTbHEHIIINX UCCIIeI0-
BaHU, HAIIPAaBICHHBIX HA BBISBICHHUE OCOOCHHOCTEH
BIIVISTHHSL PA3JIMYHBIX aHTHITHPUPYIOIIAX COCTABOB Ha
MoKa3aTelu MOKapHOW OMACHOCTH JJIEMEHTOB Jepe-
BSIHHBIX KOHCTPYKIU.
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Panee [11] Hamu ObUIO TOKA3aHO, YTO OTHE3AILUT-
Has 9PEKTUBHOCTH COCTABOB MPH [ITYOOKOH MPONUTKE
3aBHCHUT HE TOJILKO OT YPOBHSI ITOTJIONICHUS U BU/1a OTHE-
3aIIUTHOTO CPEJICTBA, HO U OT IIIyOMHBI €r0 POHUKHO-
BeHus. Tak, 1st coctaBa 1 OBUIO yCTaHOBIICHO, YTO 1-51
rpyTIa OTHE3amUTHON 3PPEKTHBHOCTH MOXKET OBITh
JIOCTHTHYTA [PH YPOBHE TOIIONICH S 55 KI/M° IPH BBe-
JICHUH COCTaBa Ha TIIyOUHY /10 1 MM, a [Ty OTJIOIICHUN
30 kr/M° — Ha IyOuHY 710 15 MM (CKBO3HAsI IPOTIMTKA
cranaapTHbix o0pasuos no 'OCT P 53292-2009). Oto
MO3BOJISIET TOBOPUTH O HAJIMYUH ITOTEHLHATbHBIX BO3-
MOYKHOCTEH ONTHUMM3AIMK IPOLIECCOB MTyOOKO# mpo-
MTUTKY IPEBECUHBI, CHUKEHUHU PACX0/ia ChIPbEBbIX KOM-
MOHEHTOB M, COOTBETCTBEHHO, O MOBBIIIEHUH YKOHO-
MHUYECKOM MPUBIIEKAaTEILHOCTH MeTO/1a. B TO ke BpeMmst
TI0 pe3y/bTaTaM HCTIBITAHUN Ha OTHE3AIIUTHYIO S deK-
TUBHOCTH OBUIO TTOKa3aHO, YTO COCTAB 3, OTHE3AIIUT-
HOE JICWCTBHE KOTOPOTO OCHOBAHO Ha (OPMHUPOBAHUH
HaJ1 MOBEPXHOCTBIO 3alUILAEMOr0 MaTepralia 3alTHO-
ro KapOOHMU3UPOBAHHOTO CJIOSI, TIPH BBEJICHUH B 00bEM
u3eInid He 00eCIIeYnBaCT OTHE3AIIUTEL.

B pamkax gaHHO# paOoThl ObliIa TPOBEACHA CpaB-
HUTENbHAS OLEHKA BJIMSHUS TIIyOOKOH MPONMUTKH HC-

ClIeyeMbIMH COCTaBaMH Ha PAJl [oKa3areei noxap-
HOUW OMAcCHOCTH JIPEBECHHBI, ONPEISICHHBIX B COOTBET-
ctBuu ¢ [13].

Tak, mpu UccleT0BaHUH BIUSHUS TIIyOOKOH mpo-
MUTKK Ha BocmiameHsieMocTs JpeBecusbl no ['OCT
30402-96 Hamnyuiye o0Ka3aTeud OTMEYEHbI y COCTa-
Ba 3, kotopsrit cormacao 'OCT P 53292-2009 He 06-
JalaeT OTHE3AIUTHBIM JieiicTBreM. Bricokas addek-
THUBHOCTH IAaHHOTO COCTABA IT0 TIOKA3aTEIII0 BOCTIIIAMe-
HSIEMOCTH OTHOCHTCS, TIO BCEHl BHIUMOCTH, K €r0
CIIOCOOHOCTH 3aMOJHATH MOPHI IPEBECHOTO MaTepHa-
JIa, IPETSITCTBYS BBIXOMY Ha MMOBEPXHOCTH Ia3000pas-
HBIX MIPOXYKTOB TEPMHUECKOTO Pa3JIOKEHUs, odecme-
YHBas IEPEBOJ APEBECHHBI B TPYIIILY 110 BOCIUIAMCHS-
emoctu B2 (kpuTHUECKas INIOTHOCTH TEIIOBOTO ITOTOKA
20 KBT/M2) [IpU ypOBHE moroueHus ot 19 KI/M°, B TO
BpeMsi KaK COCTaBbl | ¥ 2 TO3BOJISIIOT MOJIY4YUTh 000~
HbIe OKa3aTelld BOCIUIAMEHSEMOCTU IPH IOINIOLIe-
Hun 25 1 40 Kr/M° COOTBETCTBEHHO.

Xopoliue XapaKTepUCTUKU PU CHIKEHUH PacIpo-
CTPaHEHUS TUIaMEHU 110 TOBEPXHOCTH JIPEBECHBIX Ma-
tepuanos o 'OCT 12.1.044—-89* nokasanu cocTassl 1
¥ 2, IPH YPOBHE MOTTIOMIEHHS KOTOPBIX 6oree 10 kr/m’

3

Puc. 5. Buemnwuii Bua o0pasnos, IpONUTaHHEIX cocTaBaMu 1 (a) u 2 (6), mocie ucnbitanuii Ha onpenenenue MPII

Fig. 5. Appearance of samples impregnated with liquid 1 (a) and 2 (6) after the test to determine the flame spread index
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Ta6nuua 2. Knaccndukauma matepranos no npo4HOCTHbIM NMokasaTtensm 1 ﬂO)KapHOI?I OnacHOCTN B 3aBNCMMOCTU OT BESTMHYNHDbI

nornoueHna aHTUNMpeHoB

Table 2. Classification of materials on strength characteristics and fire hazard depending on the magnitude of the absorption of

flame retardants

TToka3zarens CocraB 1

Cocras 2 Cocras 3

He Buser (10 80 Kr/m’)*
No effect (to 80 kg/m®)*

Ioesiuenue (Gonee 40 kr/m’)
Increasing (higher 40 l(g/m3)

ITpo4HOCTH Ha U3THO
Bending strength

IIpounocts Ha cxxaTHe
Compression strength

He Bimsier (10 100 kr/nm’)
No effect (to 100 kg/m3)

[IpouHoCTh Ha CKaJIbIBaHHE
Shear strength

BocnamensiemocTh
Flammability

YMepeHHO BoCIIIIaMeHsIeMbIe
(6oee 25 Kkr/m°)
Moderately flammable
(higher 25 kg/m”)

Wupeke pacupocTpaHeHus
IJIaMeHI

Xapaxmep énusnust Ha npoOYHOCHHbBIE XAPAKMEPUCUKU MATNEPUATIO8
Effect on mechanical properties

Brusnue na nokazamenu noxcapHou onacHOCMu Mamepuailog
Effect on fire properties

He pacnpocrpanstromue (6onee 25 KF/M3)
Do not distribute (higher 25 kg/m3)

Cumxenne (6oee 30—40 kr/m’)
Reduce (higher 30-40 kg/m®)

He imsier (10 45 kr/m’)
No effect (to 45 kg/m3)

[ossienue (Gomee 100 kr/m’)
Increasing (higher 100 kg/m®)

He Brmsier (710 15 kr/n°)
No effect (to 15 kg/m3)

He imsier (10 30 kr/m°)
No effect (to 30 kg/m3)

He imsier (110 45 kr/m’)
No effect (to 45 kg/m®)

YMepeHHO BoCITaMeHsIeMbIe YMepeHHO BoCIIaMeHsI-

(6onee 40 kr/m’) emble (6ouee 19 kr/m’)
Moderately flammable Moderately flammable
(higher 40 kg/m?®) (higher 19 kg/m®)

BricTpo pacnipoctpansi-
rorue (o 28 KI‘/M3)

Flame spread index

JI2 (4075 xr/m°)
D2 (40-75 kg/m®)

JpiMooOpasyroras
CIoCOOHOCTh

Meutenno pacnpoctpansiome (Goee 10 kr/m’)
Slowly distribute (higher 10 kg/m®)

D2 (40-75 and higher 200 kg/m”®)

Fast distribu}e
(to 28 kg/m”)

12 (6onee 45 kr/m’)
D2 (higher 45 kg/m®)

JI2 (4075 u Goxee 200 kr/m°)

Smoke generation

1 (75-200 kr/m)
D1 (75-200 kg/m®)

He nocturaercs
Not available

* B ckoOKax yKka3aH ypOBEHb IOTJIOIICHHUS
* In brackets the level of absorption.

(puc. 4) obecnieunBaeTcs NePeBOJl IPEBECUHBI B TPYII-
Iy MEJUICHHO pacmlpocTpaHstonmx (tadm. 1), a mpu
pacxoze Gomee 25-30 Kr/M’ — B IpyIIIly HE PacIpo-
CTPAHSIOIIUX TIAMsI IT0 TIOBEPXHOCTH MaTEPHAIIOB.

BHerinuit Bux 00pa3ioB N0cie UCIBITAHUS PE-
CTaBJIEH Ha pUC. 5.

MeHee cTaOMIBHBIC PE3YIIBTaThl IPOAEMOHCTPHUPO-
BaIX 00pa3Ibl APEBECHHBI COCHBI, TIPOITUTAHHBIE CO-
cTaBoM 3. B maHHOM cilydae Impu YpOBHE MOTIOMICHUS
4-6 kr/M° MHIEKC pacmpocTpaHeHus TUIAMEHU H3Me-
Hsiicsi 0T 5,8 10 27,9, B CBSI3U € UeM JJaHHBIE MaTEpHAIIbI
OTHECEHBI K MaTeprajiaM, OBICTPO PACIPOCTPAHSIONIAM
iams (cM. Taom. 1).

Urto kacaercst CHIKEHUS JIMOOOpa3yromiel cro-
cobHoctu, onpenensiemoii mo FOCT 12.1.044—-89%*, Bce
UCCIIeyeMBbIE COCTABHI 00IaJAI0T CPABHUTEIBHO OIH-
HaKoBOH 3] dekTuBHOCTBIO, obOecreunBas MepeBoj]
JpEeBECHHBI B rpyniy /{2 npu moromieHnu, OJIu3KoM K
40 /M’ (puc. 6).

Cocragsl | 1 2 criocoOHBI 00€CTIEUHUTD IEPEBOJ JIpe-
BECHHEI B IpyTITy Marepuanos [[1, omHako ypoBeHB mo-
motenus (6omee 75 KF/M3) OKa3bIBaeTCs (PaKTUIECKH

1000

° o Cocras |
g Composition 1
s ¢ e Cocras 2
§“ sy 150 e Composition 2
5,\,% L] o Cocras 3
g E ° Composition 3
8 =) [
o O (4
g2 ‘o
o = Y
2 g 00y
2 O
= &0
£ 2 S
oy
=
£7 250 %
= Py ™
z o :
& ® o oa® O 0 °

e °
°
° 8 o %foe ° °
0 50 100 150 200 250 300

TornowieHue, Kr/m>
Absorption, kg/m?

Puc. 6. Pe3ynbTarhl HCHIBITAaHUIT HA THIMOOOPA3YOIILYIO CIIOCO0-
HOCTB B 3aBHCUMOCTH OT YPOBHSI OTJIONICHUS

Fig. 6. The results of the test to determine smoke generation abi-
lity depending on the level of absorption
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HEOCTI)KAMBIM [UIsl KPYITHOPAa3MEPHBIX 00pas3loB U
ABJIAETCS] YPE3MEPHBIM, ITOCKOJIBbKY B COOTBETCTBUH C
[13] a1t KOHCTPYKIIMIHA KIIACCOB TIOXKAPHOW OIMMACHOCTH
K1 u K2 nocratounsiM ycioBHEM SIBISIETCS JOCTHKE-
Hue rpynmst J12.

Ha mpumepe cocrana 2 Takke HUHTEPECHO OTMETHUTbD,
9TO TP ypOBHE Mortomenus 6oee 200 Kr/M> IpeBe-
CHHa BHOBB NIEpEeXOANT B rpynmy /12, 4To, mo Bcel Bu-
JUMOCTH, MOYKHO CBSI3aTh C [IEPEHACHIIIEHUEM MaTepU-
aja aHTUIMPUPYIOIIUMHU BEIeCTBaMU.

Takum 00pa3zom, Mo pe3yJabrataM HCCIeI0BaHUH
MOYKHO BBIJICJIUTH KOHTPOJIbHBIC 3BHAUYCHU A, XapaKTCPpU-
3yIOIIHE BIUSHUE YPOBHS MTOTVIOMICHUS Ha (prU3HKO-Me-
XaHUYECKHE CBOMCTBA M IOKA3aTeIN MOKapHOU orac-
HocTH (Tabm. 2).

BbiBOAbI

AHaMM3HUpPYS MOTYYCHHbIC TaHHBIC, MOYKHO C/ICNAaTh
CIICAYIOIINE BBHIBOMBI:

1. IlpumeHeHue MeTo1a ITyOOKOM IPOTIUTKH Jepe-
BSTHHBIX KOHCTPYKIIUH aHTUIHPUPYIONTIMH COCTaBAMHU
MIO3BOJISICT TTOTEHIHMAIBFHO O00CCIICUNTh HX TIEPEBOI B
KJIacC KOHCTPYKTUBHOM nokapHoii onacHocTH K2 1 K1
npu norsomeHuu ot 40 KI/M>.

2. Ucnonb3oBanue s TIIyOOKOH MPOMUTKH Jpe-
BECHOT'O MaTepraja COCTaBOB, PEATH3YIOIINX ‘TeXHU-
YeCKHi~ MEXaHW3M 3allUThI, HepalnoHaibHO. Panee
ObL10 ycTaHOBIIEHO [ 11], 9TO TaHHBIE COCTaBBI 00Ia 1A~
IOT HU3KOH MPOHHUKAIOIIEH CIIOCOOHOCTRIO TPH 00pa-
0OTKE KPyITHOPAa3MEPHBIX JAeTalel U3 APEBECHHBL, 4TO
HE [TO3BOJIHT JOCTHYb YPOBHS MOIIOIICHSI, HEOOXOIH-
MOTO JUTsSl CHIDKCHUS TIOJKAPHOM OMACHOCTH 3alllHIIa-
€MBIX KOHCTPYKLUH.

3. [IpuMeHeHre OTHE3AIUTHBIX CHCTEM Ha OCHOBE
HEOPraHMYEeCKUX M OpraHuuecKuX a3oTr-(ocdopcoaep-
JKaIUX coequHEHUH (cocTaBbl | 1 2) Ipu UX BBEJICHUN

B CTPYKTYpPY JPEBECHOTO Marepuana B o0beMe, 10CTa-
TOYHOM JUIsI AOCTHIKEHUSI HOPMATUBHBIX 3HAUEHUH 110-
JKapHOM OMMaCHOCTH KOHCTPYKIUH (cM. Tabm. 6 B [13]),
HE OKa3bIBacT HEraTHBHOTO BIMSHIS Ha (PU3NKO-MEXa-
HUYECKHE CBOICTBA JPEBECHHBI.

Taxum 006pazom, MoJyuyeHHbIE Pe3yabTaThl JeMOH-
CTPUPYIOT, UTO BBEJIEHHUE OTHEOMO3aIUTHBIX COCTABOB
B CTPYKTYpY APEBECUHBI HanOoJ1ee OIaronpusITHO BIMSA-
€T Ha TaKhe IMOKa3aTelu MOXKapHOH OMacHOCTH, Kak
BOCIIJIAMEHSIEMOCTb U CIOCOOHOCTB K PAaCHpOCTpaHe-
HUIO TUITaMEHU 110 TIoBepXHOCTH. [Tpu 3TOM HE0OXO01H-
MbI€ YPOBHH MOTJIOLIEHHSI HE MPUBOJIAT K YXYALICHHUIO
(hMBHKO-MEXaHUYECKUX TI0Ka3aTesel, YTO CBUJICTEIb-
CTBYET O MEPCIEKTUBHOCTH NIPUMEHEHHS METOJIA TITy-
OOKOI MTPOTTUTKH JIJIsl CHYDKEHUS TIOKaPHOW OMAaCHOCTH
HECYILIUX U OIpa)<1aloluX KOHCTPYKLUN U3 ApEBECU-
HBI, UCKJIIOYAIOLIEN BO3MOXKHOCTb Pa3BUTHUS CKPBITOTO
TOpEHsSI U OBICTPOTO PA3BHUTHUS ITOKapa.

Hambonee c10’KHBIM BOIIPOCOM SIBIISICTCS CHIDKE-
HHUE JABIMOOOPA3yIoNIel CIIOCOOHOCTH U TOKCHYHOCTH
IPOAYKTOB TOPEHUS, TaK KaK JJIs JOCTHUKEHUS LIETIH
HE0O0XOMMO BBOJIUTH B CTPYKTYPY IPEBECUHBI COCTa-
BbI B 00beMe, MPEBBILIAIOIIEM 3KOHOMUYECKH 000CHO-
BaHHBIE YpOBHU. boiee Toro, B JTaHHOM citydae, Jeict-
BUTEJIBHO, MOXKET IIPOUCXOIUTh HEKOTOPOE CHIKECHHUE
(hU3HKO-MeXaHUYEeCKUX TOKa3aTesiell JPEBECUHBI U ee
ckienBaeMocTH [5]. B To jxe Bpemst u30bITOUHAs TIPO-
IUTKA MOXKET 3((HEKTUBHO UCTIONB30BATHCS IS AEKO-
PaTUBHBIX CJIOCB KJIECHBIX KOHCTPYKIIMIA THOO Jepe-
BSIHHBIX DJIEMEHTOB, HE BBHITIOJHSIOLINX HeCyIeH (yHK-
MU ¥ TIPUMEHSCMBIX B OTJICTIKE MOMEIICHUH, B TOM
4yucie MyTel dBaKkyalnu. B nanHom cirydae ¢ yueTom,
Kak [IpaBUJI0, HE3HAYUTEIIbHBIX Pa3MEPOB I€PEBSIHHBIX
OTIEIOYHBIX JIEMEHTOB MPOIIECC N3OBITOTHON IPOITUT-
KU HE MPEJICTaBISIeT CIOKHOCTH B TEXHOJOTHYECKOM
OTHOILIEHUHU.
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ABSTRACT

This paper presents the results of research of influence on physical, mechanical and fire properties of
wood to its impregnation with the use of three fire and bio protective systems:

1. The system is based on the solution of inorganic nitrogen — phosphorus-containing compounds
(composition 1).

2. The system is based on organic nitrogen-phosphorus-containing compounds, which was used
as the commercially available fire and bio protective composition Ammofon-1 (composition 2);

3. The system is based on organic film-forming intumescent substances, which was used as a pro-
duct of oxidation of plant polysaccharides (composition 3).

The obtained results demonstrate that the introduction of the fire and bio protective compounds
in the wood structure is the most positive effect on such indicators of fire hazard such as flammability
and ability to spread flame over the surface. At the same time, the levels of absorption (from
25-30 kg/m®) do not lead to deterioration of physical and mechanical properties that says about
the prospects of using the method of deep impregnation to reduce the fire hazard of bearing and
enclosing structures made of wood, eliminating the possibility of the development of latent com-
bustion and rapid development of the fire.

The most difficult issue is the reduction of smoke generation ability and toxicity of combustion
products, to reduce which it is necessary to enter in the structure of the wood compounds in excess of
commercially reasonable levels (more than 40 kg/m?). Moreover, in this case may indeed be some
degradation of physical and mechanical properties of wood and its adhesion properties. At the same
time, the excess impregnation can effectively be used for decorative layers of glued structures,
or when using wooden elements (do not perform structure functions) in the decoration of the pre-
mises, including emergency exits. In this case, given the generally small size wooden finishing
elements, the excess impregnation does not pose any technological difficulties.

The results of the work determined control values, characterizing the influence of absorption level
on the physical, mechanical and fire properties of wood (see Table).

Classification of material on strength characteristics and fire hazard depending on the magnitude of the absorp-
tion of flame retardants

Property Comp. 1 ‘ Comp. 2 ‘ Comp. 3

Effect on mechanical properties

Bending No effect (to 80 kg/m®)* Reduce (higher 30-40 kg/m®) | No effect (to 15 kg/m”®)
strength
Compression | Increasing (higher 40 kg/m®) No effect (to 45 kg/m®) No effect (to 30 kg/m®)
strength

Shear strength No effect (to 100 kg/m?) Increasing (higher 100 kg/m®) | No effect (to 45 kg/m’)
Effect on fire properties

Flammability Moderately flammable Moderately flammable Moderately flammable
(higher 25 kg/m®) (higher 40 kg/m”®) (higher 19 kg/m?®)

Flame spread Do not distribute (higher 25 kg/m®) Fast distribu}te
i to 28 kg/
index Slowly distribute (higher 10 kg/m®) (t0 28 ke/m’)
Smoke D2 (40-75 kg/m®) D2 (40-75 kg/m® D2 (higher 45 kg/m”®)
generation and higher 200 kg/m®)

D1 (75-200 kg) Not available

* In brackets the level of absorption.

Keywords: wood; timber construction; strength; fire hazard; fire retardants; impregnation.
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