YK 665.939.56
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INPUMEHEHHUE TEOPUH ®PAKTAJIOB
JJIS1 HCCIIEJOBAHUMSA KJIEEBOI'O COEJMHEHUSA

Bseoenue. VI3BecTHO, 9TO CTPOCHHUE APEBECHHBI HAPALY C IUIOTHOCTHIO H
BIIQXKHOCTBIO CYIICCTBEHHO BIHseT Ha e mpouyHOocTh [Yrones, 2007; Ugolev,
2014]. U3BecTHO TaKkXke, YTO CTPOEHHE IPEBECHHBI, BKItoUas €€ MOPUCTOCTD,
OJIMH M3 KJIIOYEBBIX (PAKTOPOB BIMSHUS Ha Ka4eCTBO (pOPMHUPOBAHMS KIICEBBIX
coequaeHuit [UyOmHckuit, 1992]. OT cTpoeHHS W COCTaBa IPEBECHHEI, B
MIEPBYIO Odepenb — e€ MOBEPXHOCTHOTO CJIOS, 3aBUCHT CIOCOOHOCTH IPEeBECH-
HbI CMaYMBaThCS U MOTJIOIIATEH XKHUIKOCTH U ra3el [Pycakos, UyOuHckuit u ap.,
2019]. B sToit cBA3M TpEeACTaBISET OMPENCIEHHBI WHTEPEC UCIOJIH30BAHHE
ammapara Teopu (GpakTaroB IS MCCIECIOBAHUS KJIEEBOTO CIIOSI IPH CKIICHBA-
HUU JPEBECHUHBI.

CTpyKTypy BEUIECTB, XapaKTEPUCTUKN OTICIBHBIX YacTe KOTOPHIX MOJ00-
HBI BCEH CTPYKTYpE B IIEJIOM, Ha3bIBAIOT (ppaxTanpHOM [I enamBmmm u ap., 2013;
Tuiion u gp., 1991; Mannensopor, 2002; Ravikovitch et al., 2000; Rouquerol et
al., 1994; Rouquerol et al., 2007]. 3BecTtHO, uTO (hpakTaibHAs CTPYKTypa Xa-
pakTepHa IS psAAa TBEpAbIX Ten [AHTUIOB U ap., 2009; banxanos, 2013; bo-
JKOKMH U 1p., 2001; Bapankuna u ap., 2019; Bumuk, 1998; I'aBpusnosa u ap.,
2015; Pycakos, Uyonnckuii u ap., 2019; Pycakos u ap., 2019, UyOGunckuii u
ap., 2004]. Camoroo0ue XapakTepHO U Ui CTPOCHHS IPeBECHHBI [Pycakos,
UybuHckwii u 1p., 2019; Uydunckuit u ap., 2004; Ugolev, 2014] (puc. 1).

V3BecTHO Takke, YTO MPOYHOCTh KIEEHBIX MAaTEpHAJIOB OICHUBACTCS
MIPOYHOCTBIO KJIEEBOTO COEAUHEHMS TPHU CKAJbIBAHUU IO KICEBOMY CIIOHO
[UyOunckuii, 1992], a paspyuieHue B OOJNBIIMHCTBE CIydacB — aJre3MOHHO-
koresuonHoe [Uyounckuii, 1992; ®denses, UyoOunckwuii, 2018]. B mporecce
CKJICUBAHHS B 30HE KJIEEBOTO cJ0si (hOPMHPYETCS HOBOE BEIECTBO, BEPOSTHO,
CO CBOCH (hpaKTaILHOM CTPYKTYPOH, 3aBUCSIIEH OT BHIa M COCTaBa KIesl.

CKOIUICHHS TUCITOKANUI (POPMUPYIOIIUX CTCHKHU SUECK SBILSIFOTCSA (ppaKTa-
JIaMH, pa3MEpPHOCTh KOTOPBIX CHadana yBenuauBaercs oT D = | (paBHOMepHOE
pactipeneneHne TUCIoKaui) 1o 1<D<2 (pBIXJble CKOMJICHUS) U 3aTeM JIOCTH-
raet D = 2 (reoMeTpruyecKre CTEHKHU sueiikn) [AHTUIOB U Ap., 2009; banxaHos,
2013]. TBepable Tena, KOMIIAKTHOCTh KOTOPHIX OJIM3Ka K paBHOBECHOH (pHc. 2),
MOTYT 0071a/1aTh PPaKTaNbHON CTPYKTYPOH.
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Puc. 1. MukpodoTtorpaduu Ho3aHeH TpEeBECHHBI IHCTBEHHUIIBI, IOy YCHHBIC
Ha CKaHHPYIOIIEM dJIEKTPOHHOM MUKpockorne [PycakoB u ap., 2019]
(a) sapoBas yacTs, (6) 3a00JI0HHAS YacTh

Fig. 1. Micrographs of late larch wood taken with a scanning electron microscope
[Rusakov et al., 2019]: (a) heartwood, (b) sapwood

d

Puc. 2. CxemaTnueckoe MpeACTaBICHUE EPECTPOHKH 0JHOPOIHOMN JHCIOKAIIMOHHON
CTPYKTYPBI B SIMEUCTYIO: @ — XaOTHYECKOE pacrpeielieHue QUCIOKaluit; b, ¢ —
00pa3zoBaHUe AUCIOKAIMOHHBIX KITyOKOB M PBHIXJIBIX CTEHOK; d — SIIeHNCTast CTPYKTypa

Fig. 2. Schematic representation of the transformation of a homogeneous dislocation
structure into a cellular one: a — chaotic distribution of dislocations; b, ¢ — formation of
dislocation coils and loose walls; d — cellular structure

K ¢paxranbHBIM CTPYKTypaM OTHOCSAT TBEpIbIC Teja, MMEIOIHEe BBICOKUE
3Ha4YeHHs IOPHUCTOCTH. Tak, pacupeneseHue Iop B IPEBECHHE IO pa3MepaM B
HIOPUCTOM BEILECTBE ONPEIENACTCS ¢ MOMOIIBIO BBIpaXKCHHs [AHTHIIOB U Jp.,
2009; banxanos, 2013]:

C(r)=const/ ¥, mpna<r<R, €))
rae R — pasmep QpakranbHOro arperarta; ¢ — MUHUMaNbHBIH MacTad CTPYKTY-
pBl (MUHMMaIbHO BO3MOXKHas mopa); @ = d — D,, rne d — pasMepHOCTh Ipo-
cTpaHcTBa, D, — PppakraibHas pa3MEepHOCTb TOPUCTOCTH.
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B mocnennee BpeMsi Ha OCHOBE NPHMEHEHHMS NPHUHIMIOB (ppaKTaabHON
TeOMETPHN MOIM(HUIUPYIOTCS YPAaBHEHHS TOIIOXMMHYECKOH KMHETHKH. Takoi
MIOAXOA TO3BOJSIET 0000IaTh CYIIECTBYIOIINE YPaBHEHUS W IIOMydaTh Oosee
TOYHBIC 3HAUYEHMS! KMHETUYECKHUX MapaMeTpoB. byaydn KonmuecTBEHHOH nHTE-
TpaJIbHOH XapaKTEPUCTHKOH MHKPOCTPYKTYpPBI OOBEKTa, (paKkTaibHas pasMep-
HOCTb (D) 1MO3BOJISIET HAXOAUTH €T0 IUIOMIA/b IIOBEPXHOCTH WM 00BEM C 3a7aH-
HBIM YpOBHEM npubmmxeHus. [Ipy 3TOM B3aMMOCBS3b IIIOIIAIHM ITOBEPXHOCTH
TBepIO0(a3HBIX PEareHTOB M MX (PPaKTaIbHONH pa3MEPHOCTH JaeT BOSMOXHOCTD
UCTIONIb30BaTh BeMMUUHY D B (OpMaIbHO-KUHETHYECKOM aHaimse. Tak, B ToM
cllydae, Korja CKOpOCTb TBepAo(]a3HOIl peaknuy NporopLHOHAIbHA TUIOMIAAN
TIOBEPXHOCTH PEaKIMOHHON 30HBI, a ee BeNnunHa D B Xoze peakimu ocraercs
HEM3MEHHOH, IIPOCTasi MOJICTAaHOBKA (PPAKTAILHON pa3MEpPHOCTH B (hOPMaIIbHO-
KHHETHYECKHE COOTHOIICHHUS IO3BOJISIET IOJIyYUTh OOOOIIEHHOE ypaBHEHHE,
OITMCHIBAIONIEE CKOPOCTH TBEPAO(ha3HOW peakluH, WAYmeH B KHHETHYECKOM
pexume:

do. _
4 1= )PP o)
7 (1-a) (2

AHaJIOTHYHBIM 00pa30M, MOTYT OBITh MOJYYEHHI ypaBHEHHS, OIUCHIBAIO-
IIMe KMHETHKY peaklmil, JMMHTHPYEMbIX mponeccamu nudysun, ypaBHEHHE
I'macTnnara—bpoyHinTelina:

do [(1 B —1] ; 3)
dt

@pakTanbHas pa3MEpHOCTb MOXET OBbITh NPHMEHEHA B KayeCTBE YHUBED-
CaJIbHOH MOCTOSIHHOM, XapaKTepHu3yolleil CTpyKTypy Komio3urta. B psiie cimyda-
€B TOBEPXHOCTh TBEPJOro Tejla MOXKET HE MMETh (DpaKTaJbHBIX CBOMCTB, HO
(paKkTaIbHBIM SIBIISIETCS paclpe/ielieHHe PeaKIMOHHBIX IIEHTPOB IO MTOBEPXHO-
cru. J{ys onmcaHnsi KWHETHKH NPOLECCOB, MAYLIIMX C Y4acTHEM PEaKIMOHHBIX
LEHTPOB, MOXET HCIIONB30BAThCA «PEAKLUHOHHAS (paKTaubHas Pa3MEPHOCTHY,
T. €. pa3MEpPHOCTh MHOXKECTBA PEAKIIMOHHBIX LIEHTPOB. BBenenue ¢paxransHOit
pa3MEepHOCTH B YpPaBHEHWSI TONOXMMHYECKOW KHMHETHKU II03BOJISIET KOJIMYe-
CTBEHHO YYHUTBIBATh BIIMSHUE COCTOSHHS TIOBEPXHOCTH, @ TAKIKE — B IEPCIICKTUBE
— M3MEHEHHe ee MOp(OJIOruK BO BpeMEHU. AHAJIOTUYHbBIE YPaBHEHHUS I103BOJISIOT
OIMCHIBATH KMHETHKY NPOIIECCOB, MpoTeKaromux B TBepnoi dase [Selbo, 1975;
Sing et al., 1975; Stoeckli et al., 1984; Ustinov et al., 2007; Walton et al., 2007].

XapaKkTepUCTUKON MOPHUCTOTO BEIECTBA MOXKET OBITH HE TOJBKO cama Io-
PHCTOCTB, CBSI3aHHAsl B OOJIBILCH CTENEHH C pa3MepoM Iop, HO U (pakTanbHas
Pa3MepHOCTB, ONpeAeIsieMas pacipeielieHUeM 1op, CM. pHC. 3.
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3Has ¥ IOHMMAs NPUHLUIEI MTOCTPOSHMS (PAKTAIBHBIX CHCTEM, MOXXHO
OIIPE/ICNIUTE CTPYKTYPY M TOHOTPaHIO IIOBEPXHOCTH IIOPHCTHIX TEJl, B YACTHO-
CTH, KJIEEBOTO COETMHEHHMS IPEBECHHBI, YTO U SIBUIOCH LIEJIBIO JaHHOI PaOoTHI.

Memoouka uccnedosanus. J{ns mpoBeneHHUs SKCIEPUMEHTA HCIIOIB30BAIN
0epe30BhIi IIMOH ¢ MEPOXOBATOCTHIO TOBEPXHOCTH 64 MKM, Ha KOTOPBIH HAaHO-
CHJIM KJIeH cpasy Tociie ero MpUroTOBJIeHHUs. [l CKIeMBaHUS NMPUMEHSIN Kap-
6amuo- u (eHonodopmanmpaeTHIHbIE KIen 0e3 MOAU(UKATOpPOB U MOAMGHIN-
POBaHHBIE LIYHIUTaMH, JIMTHOCYJIb(OHATaMH M TieKTojIoM [PycakoB, UyOuHCKHI
u 1p., 2019], xoTopeie CymeCTBEHHO U3MEHSIOT CBOMCTBA Kitess. MUKpogoTorpa-
¢y n300pakeHnss OBEPXHOCTH MOIyJain yepe3 S u 20 MUH mocjie HaHEeCEHHS
kies (puc. 3), 9TO COOTBETCTBYeT Ha4yaly M KOHIy BPEMEHH Habopa ITaKkeToB
IITTOHA TIPH TIPOU3BOJCTBE (haHephl. V300paKeHNs aHATM3UPOBATIH C TIOMOIIBIO
nporpammMel Scan master (Professional scanning and analysis program for SPM).

s onpenenenns GpakTaIbHON Pa3MEPHOCTH ITOBEPXHOCTH HCIIOIH30BAIN
MeTtol oKpeITus (puc. 4) [[uiion u ap., 1991; Kynak, 1991; Mannens0por,
2002]. AnanoroBoe OKHO 1O ONpeeNieHHIo (ppakTalibHOM pa3sMEpHOCTH U Opra-
HU3aIMs TOKPHITHS TIOBEPXHOCTH sTUeHKaMU NPECTaBICHB! Ha pUC. 5, a U 5, b.

C 1enpio ompenesieHusT KOJMMYECTBEHHBIX 3HAaUCHUH (paKTaTbHBIX CHCTEM,
METOJIOM MHUKPOCKOIHH B MHUKPOGOTOrpadusix pasiuyHbIX MOPOJ IPEBECHHBI
(cocHa, nucTBEeHHUIIA, Oepe3a) ObLIM MPOBEJACHB M3MEPEHUs TOMOTpapuu Io-
BepxHOCTH. M3 cpe3oB (aneps! TommmHoN B 0,25 MM momydann MHUKPOGOTO-
rpaduu (puc 1, 3), ckaHHPOBANIK M aHAJTM3UPOBAIIN 110 IIporpamMMme Scanmaster.
IIporpaMMHBIil KOMIIIEKC MO3BOJIIET ONPENeNUTh (HPAKTANBHYIO Pa3MEPHOCTh
o0BexTa, puc. 6.

J1s IOCTpOeHHs CTPYKTYPHI JIPEBECHO-TIOJIMMEPHOTO MaTepHaa, UCIOIb-
30BaH C1I0co0 ompeneseHus GppakTaIbHOW pa3MepHOCTH, OCHOBAHHBII Ha H3Me-
pEHHMH 3aKOHOB paclpeieleHns TUIOTHOCTH B kKommo3nuTtax [Kymak, 1991; Man-
nensopot, 2002].

[IpoyHocTh (haHepsl MPH CKaNbIBAHUU U MPU U3rHOE ONPEeIsUIh 110 CTaH-
JapTHBIM METOJIMKaM.

Pezynomamvl uccneoosanus. @pakraabHas pa3MepHOCTH (pHC. 3—5) TOBepX-
HOCTH 0epe30BOro WINOHA, MPONHMTAHHOTO MOJU(UIMPOBAHHBIM IIYHTHTaMH
kapbamumopopManbIeTHIHBIM KiteeM, mocine 20 MUH BbiCpKKd — 2,47, Torna
KaK IIOBEPXHOCTh OEpe30BOro IMIMOHA C IMOTJIOMEHHBIM MOIU(PUIIMPOBAHHBIM
LTyHTUTaMH KapOaMuI0(hOpMalIbAETUAHBIM KIEeM MOCJIe 5 MHH BBIIEPXKKH —
2,42, 4TO MO3BOJISET MPENIONOKUTE IP(HEKT KOHCONUIALNH, KIIEH ¢ TeYeHHEM
BPEMEHU NIPOHUKAET B MOJIOCTU JIPEBECUHBI.
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TOPHI APEBECHHBI MO THOCTBHO
NPOTHHAHHBIE H TACTH1HO

a) TOPLI IPEBECHHEL He 0) NPONHTAHHBIE KJI€eM
NPONHTAHHBIE RIeeM =

Puc. 3. ®pakranbHas pa3MEpPHOCTb MOPHCTOTO BEIIECTBA, OPBI
JPEBECHHBI Oepe3bl, MPONUTAHHBIC MOAU(BHUIIMPOBAHHBIM IIYHTHTAMU
KapbaMuIoGopManbISTUIHBIM KIIeeM, Yepe3 5 MUH OCIIe HAHECEHHS
kies (a), yepe3 20 MuH nociie HaHeceHus1 Kiest (0)

Fig. 3. Fractal dimension of a porous substance, birch wood pores impregnated
with schungite-modified urea-formaldehyde glue, 5 minutes after applying
the glue (a), 20 minutes after applying the glue (o)

a)

mvnw o) J,fﬂ“ﬂw }h\ﬂﬂh L ﬂ,_]'
|

:

N(g)

Puc. 4. llpodunorpamma mpoduieii MOBEpXHOCTH APEBECHHBI Oepe3bl, IPOMTUTAHHOM
MOAN(HIIMPOBAHHBIM LITYHIHUTaAMH KapOaMuaoQopManbaeruIHbIM KiieeM (a)
Y OpraHu3anys NOKPHITHS IIOBEPXHOCTH siueiikaMu (6)

Fig. 4. Profile of the surface of birch wood impregnated with schungite-modified
urea-formaldehyde glue (a) and organization of surface coating with cells (b)

Ha ocHOBaHMYM IPOBEICHHBIX N3MEPEHUH MPHUIILTH K BHIBOAY O HEOTHOPO-
HOCTH CTPYKTYPBHI JIPEBECHOTO KOMIIO3UTa B paMKax Teopuu ¢paxrtanoB. Oc-
HOBHBIMH (DaKTOPAaMH, YKa3bIBAIOIIMMH Ha HEOJHOPOIHOCTh CTPYKTYPBI, SBIIS-
I0TCS IIPOIIECCH KOHCOMHMJALNK B TOM WJIM MHOM BHAE, IIPUCYTCTBYIOIIUE TPH
(hOpMHUPOBaHNY KIIEEBOTO COSIUHEHHSI.
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a) K

Pl R e Y

b)

Ppoarrassen paanepaocrs D= 24719

n

TP

Puc. 5. JTnanoroBoe OKHO IO ONPEeTCHUI0 (PaKTaTbHON pa3sMEPHOCTH MOPUCTOTO
BEIIIECTBA, IOPBI IPEBECHHBI Oepe3bl, IPONHUTAHHBIE MOJU(HIIMPOBAHHEIM [IIYHTHTAMH
kapOaMuI0popManbIErUIHEIM KileeM, Yepe3 5 MUH Iocie HaHeceHHs Kies (a),

yepe3 20 MUH mocie HaHeceHus Kies (6)

Fig. 5. Dialog box for determining the fractal dimension of a porous substance, birch
wood pores impregnated with schungite-modified urea-formaldehyde glue, 5 minutes

after applying the glue (a), 20 minutes after applying the glue ()

e L

e Hie Sogen Movww Mrme e Wosbew b

Puc. 6. lnanoroBoe 0OKHO ITporpaMMHOTro KoMIutekca Scanmaster (Professional
scanning a7nd analysis program for SPM), o onpenenenuto GppakTaabHOMI

pasmepHocTH oOpasna ¢aneps! (yBeamderue 50000 pa3)

Fig. 6. Dialog window of the Scan master software package (Professional scanning
and analysis program for SPM), for determining the fractal dimension
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W3BecTHO, uTO (paKTanpHas pa3MEpHOCTh OJJHOTO W3 KOMIIOHEHTOB JApeBe-
CHHEI — JTUTHHHA paBHa 2,68 [Kymak, 1991; Mannensoport, 2002]. [TorydeHHbIe
HaMH pe3yibTaThl (cM. TaOnuIly) IUIs IpeBeCHO-KJIeeBOH KOMIIO3UIMK B 0oOIa-
CTH KJIEEBOTO CJIOS Ha OCHOBE MOAM(HIMPOBAHHBIX KJIEEB CBHAETEIHCTBYIOT,
YTO MPU W3MEHCHUH MPHUPOIbI U XapakTepa MOAN(PHKATOPA IIPOUCXOIUT H3Me-
HEHUE (QPaKTAILHOW Pa3MEPHOCTH KJIEEBOI'O COCOMHEHUS, KOTOpasi, BEPOATHO,
XapaKTepH3yeT U IPOYHOCTH CKJICHBAHMUSI.

3aBHCHMOCTH (PU3MKO-MeXaHMYEeCKHX MoKa3aTeseil
0T ()PAKTANBLHOH PA3MEPHOCTH CTPYKTYPbI APEBECHO-NOTUMEPHBIX KOMIIO3UTOB

Dependence of physical and mechanical parameters
on the fractal dimension of the structure of wood-polymer composites

IIpounocts | IIpounocts B —
[Inot- | danepernpu |  anepst P
HaumeHoBaHue 00pasua, cBA3y- Hasi
HOCTb, | CKaJIbIBAaHHH | TIPH CTATHU-
Io1ee 3 Ppa3MepHOCTb
KI/M~ |10 KJICEBOMY |  4ECKOM (pacuerHa)
cnoro, MIla |usrute, MIla

I'OCT 3916.1-2018 600-700| He menee 1,5 |[He menee 55 -

®danepa U3 MIMOHA TUCTBEHHBIX MMo-| 720 1,66 65 2,47

pon (6epesa), kapbamumohopmatb-

neruaHas cmona +10 % 1ryHruToB

I'OCT 3916.2-2018 550-650| He menee 1,0 | He menee 30 =

®danepa W3 MIOHA XBOWHBIX MO-| 650 1,27 45 2,47

pon,  denomodopmabaeTHIHAS

cMosta (KOHTPOJIBHBIIM 00pa3selr)

®danepa W3 MIOHA XBOWHBIX MO-| 650 1,55 58 2,65

pon,  denomodopmabaeTHIHAS

cmona +10% nursocysabhoHaToB

danepa U3 mMoHA XBOWHBIX MO-| 650 1,64 61 2,74

pon,  denonodopmabaeTHIHAS

cmomna +10 % mekrona

JACTII, denonodopmanbaernanas| 675 - - 2,74

cMona [Kynaxk, [Kynax,
1991] 1991]

Bui600w1

dpakranbHas pa3MEPHOCTh BEIIECTBA KIJIEEBOIO CJIOSl HA OCHOBE KapOamu-
10- ¥ peHon0hopMaNbIETUIHBIX CMOJI HAXOAUTCS B AMana3one ot 2,47 no 2,74.
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BBG,I[GHI/IG MOZ[I/I(bI/IKaTOPOB B COCTaB KIJICA CHOCO6CTByeT IUTOTHOM YIaKOBKE
(bpaFMCHTOB MAaKpOMOJICKYJI, YTO, BEPOATHO, IMO3BOJIACT MOBBICUTH IMPOYHOCTH
KJIE€CBOI'0 COCIMHCHUS.
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Mamepuan nocmynun ¢ peoaxyuio 30.08.2022

PycaxoB /I.C., Uyonnckuii A.H., Bapankuna I'.C. [Ipumenenue teopuu ¢pax-
TaJOB NI MCCienoBaHMs KieeBoro coenuneHus // Mzsectus Cankr-IlerepOyprekoit
necotexunyeckoil axkagemuu. 2022. Bem. 240. C. 197-210. DOI: 10.21266/2079-
4304.2022.240.197-210

Opaxransl 00HapYKHMBAIOTCSI B CTPYKType TBEpABIX TEJN, CaMoIogooue
XapaKTepHO W ISl CTPOCHHUS JpeBecHHBL. CBOWCTBO OTHENBHBIX YacTeld OBITh
MOJOOHBIMU BCEW CTPYKType B LeJOM Ha3bplBalOT (QpakranbHold. Ha ocHoBe
MPUMEHEHHSI NPUHLIUIOB (PAKTAIBHOH T€OMETPHH MOJUMULIUPYIOTCS YpaBHEHUS
TOITOXMMUYECKONH KHWHETHKH. Takoi mMoaxox mo3BoisieT 0000IIaTh CyIIECTBYIOUIHE
YPaBHEHUs U MOJIy4aTh OoJiee TOYHbIC 3HAYCHHS KMHETHYECKUX napamerpoB. bynyun
KOJIMYECTBEHHOW HMHTErPajbHOH  XapaKTEepHUCTHKOW MHKPOCTPYKTYPHI OOBEKTa,
(pakTampHas Pa3MEPHOCTh TIO3BOJSIET HAXOIWTH €ro IDIOMAAb IMOBEPXHOCTH HIIH
o0beM C 3aJaHHBIM YpOBHEM HpHOMIKeHus. [Ipu 3TOM B3aMMOCBA3b IUIOIIAIH
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MTOBEPXHOCTU TBEPAO(A3HBIX PEareHToB M UX (PaKTaIbHOW pa3MEpHOCTH JaeT
BO3MOXKHOCTh €€ HCIIOJIb30BaTh B (HOPMaTIbHO-KHHETHUECKOM aHann3e. [ onvcanus
KMHETUKU TIPOLECCOB, HIYHHMX C YYacTHEM PpEaKIMOHHBIX IEHTPOB, MOXKET
HCIIOJIb30BAThCSl  «PEaKLMOHHAs (pakTajpHas pasMEpHOCTBY, T.€. Pa3MEPHOCTh
MHOXECTBA PEaKIMOHHBIX IIEHTPOB. BBeneHne QpaxkTadbHOW pa3MEepHOCTH B
YpaBHEHHUs] TOMOXMMHMYECKOM KHHETHKH IIO3BOJISIET KOJIMYECTBEHHO YYUTHIBATH
BIMSHUE COCTOSHMSA IIOBEPXHOCTH, a TaKXKe — B IEPCIEKTHBE — H3MEHEHUE ee
Mopdonoruu Bo BpeMeHH. [IoHMMast NpUHIUIBI TOCTPOSHHUS (PaKTATBHBIX CHCTEM,
MOJYKHO OIPEIETNTh CTPYKTYPY W TOHOTpaduio IMMOBEPXHOCTH MOPHUCTHIX Tel, B
YaCTHOCTH, KJIEEBOTO COEAMHEHMs JpeBecHHbl ((paHepbl), YTO W SBHIOCH LENIbIO
naHHoW paboTel. Ha OCHOBaHHMM TPOBEICHHBIX W3MEPEHHWH MNPHUIUIA K BBIBOLY O
HEOJHOPOJHOCTH CTPYKTYpPHI OPEBECHHBI B paMKax TeopuH ¢pakranoB. OCHOBHBIM
(axkTOpoM, yKa3bIBAIOIIMM HA HEOJHOPOJHOCTb CTPYKTYPbI IPEBECHHBI, SBISIOTCS
MIPOLIECCH KOHCOJIMAAIMY B TOM WM HHOM BHUJE, NPUCYTCTBYIOLIME B TEXHOJIOTHU
npom3BoAcTBa (QaHepsl. I[Ipemmonaraercs, dYTO KOMIIO3HIMOHHBIA PEBECHBIN
MaTepHan, B YacTHOCTH, (aHepa, MMEEeT JAUCIIEPCHOHHYIO OCHOBY, T.€. CKeJeT
Marepuana 00pa3oBaH JUCIEPCHBIMU YacTHLAMH (APEBECHHHOTO BEIIECTBA, YACTUYHO
3alIOJTHEHHOTO KJIEeM) M MEeXYaCTHYHBIMKH mopamu. IIpomsBoamTcs wnpeanmsammus
JIPEBECHO-NIOJIMMEPHOI0 MaTepuaa, OCKOIbKY 10 MPUPOJIE CBOEH Takue MaTepHasbl
SIBIISIIOTCS.  KOHCOJIMAUPOBAHHBIMU JUCTIEPCHBIMH CpeJaMu, HPU UX H3TOTOBIECHUH
HEOOXOJMMO YYUTHIBAaTh CIyYaifHble OTKJIOHEHHS W Cily4yallHble B3aUMOJCHCTBUS
TEXHOJIOTHYECKNX (pakTopoB. sl MOCTPOEHHS CTPYKTYpPHI APEBECHO-TIOIMMEPHOTO
Marepuana ((aHepsl) HCHONIB3YeTCs croco0 onpeneneHus GpakTaibHOI pa3MEepHOCTH,
OCHOBaHHbIM Ha H3MEPEHHMU 3aKOHOB paCNpeJeNIeHUs] IUIOTHOCTU B KOMIIO3HTaX.
OpaxranbHas pa3MEPHOCTh MOXET OBITh HCIIONB30BaHA B KaueCTBE YHHBEPCAIBHOI
IIOCTOSIHHOM, XapaKTepU3yIollel CTpyKTypy Komno3uTa. [lojryueHHble HaMU 3HA4EeHUs
(bpaxTanpHOl pa3MepHOCTH [yl (aHepbl Ha OCHOBE MOIM(UIIMPOBAHHBIX KIIEEB
CBHIETEIbCTBYIOT, YTO IPH H3TOTOBICHHH HMEET MECTO OBbITh TaK Ha3bIBacMas
cymnepno3urys (HaJoKeHHe) 000MX THIIOB KOMIIOHEHTOB (CMOJBI M MOAN(HUKATOPA).
OTrMetnM, dTo (QpaxTanbHas pa3MEepHOCTh YyBCTBHTENbHA K  H3MEHEHHUSM
TEXHOJIOTUYECKHX PEXHUMOB, TaK, IPU H3MEHEHHM TIPUPOABI M  Xapakrepa
MoauHKaTopa MPOUCXOAUT M3MEHEHHE (PAKTAILHOW pPa3sMEPHOCTH, a TaKke, 110
HallleMy MHEHHIO, (PU3NKO-MEeXaHNIECKHX IoKa3arteseil haHeps.

KnrmoueBbie ciaoBa: Qpakranbl, (pakTanbHas pa3sMEpHOCTb, CTPYKTypa
JPEBECHO-TIOJIMMEPHOr0 MaTepraa, pa3MepHOCTh MOpP APEBECHHBI, aIcOPOLHMOHHAs
CIOCOOHOCTh MTOPHUCTHIX TE, IIMOH, MOJHU(UIIPOBAHHAS CMOJIA, IPOYHOCTH (paHEePHI.

Rusakov D.S., Chubinsky A.N., Varankina G.S. Application of fractal theory
to the study of adhesive bonding. Izvestia Sankt-Peterburgskoj Lesotehniceskoj
Akademii, 2022, iss. 240, pp. 197-210 (in Russian with English summary).
DOI: 10.21266/2079-4304.2022.240.197-210
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Fractals are found in the structure of solids, self-similarity is also characteristic
of the structure of wood. The property of individual parts to be similar to the entire
structure as a whole is called fractal. Based on the application of the principles of
fractal geometry, the equations of topochemical kinetics are modified. This approach
makes it possible to generalize the existing equations and obtain more accurate
values of the kinetic parameters. Being a quantitative integral characteristic of the
microstructure of an object, the fractal dimension makes it possible to find its surface
area or volume with a given level of approximation. At the same time, the
relationship between the surface area of solid-phase reagents and their fractal
dimension makes it possible to use it in a formal kinetic analysis. To describe the
kinetics of processes involving reaction centers, the «reaction fractal dimension» can
be used, i.e. the dimension of the set of reaction centers. The introduction of fractal
dimension into the equations of topochemical kinetics makes it possible to
quantitatively take into account the influence of the state of the surface, as well as, in
the future, the change in its morphology with time. Understanding the principles of
constructing fractal systems, it is possible to determine the structure and topography
of the surface of porous bodies, in particular, the glue joint of wood (plywood),
which was the goal of this work. Based on the measurements carried out, we came to
the conclusion about the heterogeneity of the structure of wood, in the framework of
the theory of fractals. The main factor indicating the heterogeneity of the wood
structure is the consolidation processes in one form or another, present in the
plywood production technology. It is assumed that the composite wood material, in
particular plywood, has a dispersion base, i.e. the skeleton of the material is formed
by dispersed particles (a wood substance partially filled with glue) and interparticle
pores. The idealization of wood-polymer material is carried out, since by their nature
such materials are consolidated dispersed media, in their manufacture it is necessary
to take into account random deviations and random interactions of technological
factors. To build the structure of a wood-polymer material (plywood), a method for
determining the fractal dimension is used, based on measuring the laws of density
distribution in composites. The fractal dimension can be used as a universal constant
characterizing the structure of the composite. The values of the fractal dimension
obtained by us for plywood based on modified adhesives indicate that the so-called
superposition (overlay) of both types of components (resin and modifier) takes place
during manufacture. Note that the fractal dimension is sensitive to changes in
technological regimes, so when the nature and nature of the modifier change, the
fractal dimension changes, as well as, in our opinion, the physical and mechanical
parameters of plywood.

Keywords: fractals, fractal dimension, wood-polymer material structure,
wood pore dimension, adsorption capacity of porous bodies, veneer, modified resin,
plywood strength.
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