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Annomayusa. B cratbe paccMaTpuBaeTCs BBEACHUE B KIICH HAIIOTHUTEIIS, IIOIYUYECHHOTO U3 OTXOI0B
(haHEepHOTO MTPOM3BOICTBA, KOTOPHI MO3BOJIIET YMEHBIIIUTE PACXO KIIesl M MPUAaTh HYXKHBIE TEXHO-
JIOTUYECKHE CBOMCTBA KJIEEHOW CIOWUCTON MPOMYKIIUM M3 APEBECUHBI U, KAK CICICTBUE, CHU3UTH Ce-
0ecTOMMOCTh €€ M3TOTOBJICHUS. HanomHuTeNnh Kiles MOMyYriIn IyTeM U3MENIBICHUST 00pe3KOB (haHephl
B pyOUTENHHON MAIlIMHE IO COCTOSHUS APEBECHOW WTONBYATOH IEMBI, 3aTeM B MENBHHUIIE 10 (ppakiiuu
JpeBecHOl Myku. MccrenoBaHusl MO3BOJIWIIM YCTAHOBUTH BIUSHUE KOJIUYECTBA U (PPAKIIMOHHOTO CO-
CTaBa BBOJMMOTO B KJICH HAMOJHHUTENS HA MPOYHOCTHBIC MOKA3aTeNX MOTydaeMou ¢aHepsl. Pesyib-
TaThl UCCIIEMOBAHMS TTOATBEPKAAIOT MPEANOIOKEHHUS, YTO TIOIyYaeMbIil U3 OTXOAOB (haHEPHOTO MPO-
W3BOJICTBA HAIIOJHUTEIh MOXET OBITh IPUMEHEH I 3aMCHBI JPEBECHOM MYKH U Mea, TaK Kak u3-3a
CXO0Xero (PPaKIMOHHOTO COCTaBa OH IO CBOWCTBAM COIMOCTABUM C JIPEBECHON MYKOH, a M3-3a HAJINYHS
OTBEP)KJIEHHON CMOIIBI B HAITOJIHUTEINIE — C MEJIOM, YTO ITO3BOJISIET ITPOU3BECTH MPOAYKIIUIO C BHICOKH-
MU (DPU3MKO-MEXaHUYCCKUMH XapaKTePUCTUKAMU, PellacT BONPOCHI YTHIU3AIUU OTXOJOB, COXPAHSET
OKPYXKAIOIIYI0 CPeAy C MOJIYyYCHHEM 3KOHOMHUECKOro 3(pdekra oT BHEIPCHUS HAMOIHUTEISA B IMPO-
MBIIUIEHHBIX MaciTabax. Co3manHas GaHepa MOXKET IPUMEHSITHCS B CTPOUTENBCTBE, IIPH BO3BEICHUHT
omanyOKu, IEPEBSIHHBIX KOHCTPYKITUH, ITOJIOB, KPBIII, 3a00pOB, CTEHOBBIX MAHEINICH; TIPU IPOU3BOJICTBE
TPAHCIOPTHBIX CPEICTB JJISl M3TOTOBIICHHS TPYy30BBIX U JIETKOBBIX aBTOMOOMIIEH, aBTOOYCOB M TIpHIIe-
IIOB; B MTPOM3BOJICTBE PEKIAMHBIX IIUTOB U OMJIOOPAOB; B MPOU3BOACTBE YMAKOBKH, JJISi TPAHCIIOPTH-
POBKH pa3IMYHBIX TOBAPOB; B MPOU3BOJCTBE MEOEIH JIJIsl U3TOTOBJICHUS IIKA(OB, CTOJIOB, CTEIUIAKEH,
T. €. TEX I/I3J1€JII/II\/’I, K KOTOPBIM NPCABABIIAIOTCA OIPCACIICHHBIC Tpe6OBaHI/I51 K Ka4€CTBY UCIOJIB3YEMBIX
MaTepHaJIoB.
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Abstract. The article discusses the introduction of filler into glue obtained from plywood production
waste, which allows to reduce glue consumption and gives the necessary technological properties to
glued laminated wood products and, as a result, reduce the cost of its manufacture. The glue filler was
obtained by crushing plywood scraps in a chopping machine to the state of wood needle chips, then in
a mill to a fraction of wood flour. The research has made it possible to establish the influence of the
amount and fractional composition of the filler introduced into the glue on the strength characteristics
of the plywood obtained. The results of the research confirm the assumptions that the filler obtained
from plywood production waste can be used to replace wood flour and chalk, since due to its similar
fractional composition, it is comparable in properties to wood flour, and due to the presence of cured
resin in the filler, to chalk, thereby allowing to obtain products with high physical and mechanical
characteristics, while solving the issues of waste disposal, preserving the environment, and obtaining
an economic effect from the introduction of filler on an industrial scale. The resulting plywood can be
used in construction, in the construction of formwork, wooden structures, floors, roofs, fences, wall
panels. It can also be used in the production of vehicles, including trucks, cars, buses, and trailers.
It can also be used in the production of advertising boards and billboards. It can also be used in packaging
for transporting various goods. It can also be used in furniture manufacturing, for the manufacture of
cabinets, tables, and shelving—in other words, for products that require specific quality requirements
for the materials used.
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Beenenue pe3ku mucToB (haHeps! o GopMaTy Ha KPYIJIOMUIb-

Ha nepeBomepepabarbiBaloIuX MPEIIPUSTHIX
IpH YTWIN3aIUU OTXOAOB IPHMEHSIOT pPa3INIHOE
TEXHOJIOTHYECKOe 000PYIOBaHHE AJISI X H3MEIbUCHHUS
U JanpHelliel nepepaboTKH, Takoe KakK, Halmpumep,
pyOuTENbHBIE MAIIMHBI, MENBHUIBI U T. . B O0inb-
IIUHCTBE CIIy4aeB IIOCIIE WU3MENBYCHHS APEBECHBIX
OTXOZIOB MX HCHOJB3YIOT Ul MOJYy4YeHUs] OpPHKETOB
WM JPEBECHBIX TpaHyl. B mpormecce Mpon3BoacTBa
(aHepsl Ha Pa3TMYHBIX TEXHOIOTHUECKUX OTEPaIHsIX
00pa3yloTcsi OTXO/bl, KaK, HalpuMmep, Ha dTame 00-

HBIX CTaHKax IOCJe CKIIEMBAHUSI OCTaeTcsi o0pesb.
[IpaBunbHOE 1 3PPEKTUBHOE HUCIIOIB30BAHUE OTXO-
JIOB TI03BOJISIET NPUOIM3UTH TEXHOJOTHMUYECKHUI IpPo-
LECC MPOU3BOJCTBA NPOAYKLIMHU K OE30TXOTHOMY, 4TO
YAy4IIaeT 3KOJOTHYECKYI0 0OCTAaHOBKY M OTKpBIBAET
BO3MOKHOCTb ITOJIyYICHUS JONOIHUTENEHON TPUOBLIH
s npennpusitus. [lepepaboTka OTXOHOB MyTeM UX
M3MENTBUCHUS 10 PPaKITUH JPEBECHON MYKH TIO3BOJIUT
OCYILECTBUTh UX JalIbHEHIY0 peanuzauuto. Hampu-
Mep, MOXKHO HPEANOJIOKUTh, YTO APEBECHYI0 MYKY



Ne 4 (95), 2025 .

JNleca Poccum 1 Xo038MCTBO B HUX

159

U3 OTXOIOB O00pe3KH (paHepbl MOXKHO IPUMEHSAThH KaK
HAIMOJHUTENb KJIesl ITyTeM 3aMEeHBI APEBECHON MyKHU
u mena (Mpxurutosa u ap., 2023). 910 crmocoO6CcTByeT
MOJTYYEHHUIO MPONYKIMU C BBICOKMMHU (HU3HKO-MeXa-
HUYECKUMH XapaKTEPUCTHKAMHU.

ean, 00beKTHI
U METOAMKHU UCCIe0BAHMIT

Ienb paboThI — MCCIIEA0BATH BIUSHUE JPEBECHOIO
HAaIOJHUTENA KJIesl, IOJIy4aeMOro Ha OCHOBE OTXOJOB
(haHepHOTO MTPOM3BOACTBA, HA PU3UKO-MEXaHUIECKHE
CBOICTBA (haHEPHI.

Jnst noCTIKeHHs Leny pellayid CIeAylolue 3a-
Jlauu.

1. M3menbueHre OTXOM0B, IONy4aeMbIX Ha 3Talle
00pe3KoB (aHepbl, B TEXHOJOTHUYECKYIO LIETy C I10-
CIICAYIOIINM JOU3MeNBIeHueM 10 (pakuuu ApeBec-
HOW MYKH.

2. CUTOBBIIl aHaIHU3 MOJTYYEHHOTO HAMOIHUTEIA
(npeBecHOM MyKH) Ha OCHOBE OTXOJOB ITyTEM pasjie-
JIeHUs 10 (ppaKmEsIM.

3. IIpuroToBineHus Kiesi Ha OCHOBE CMOJIBI
K®-MT c BBeZIcHMEM HAIOIHUTEIS PA3IMYHOTO (paK-
IIMOHHOTO COCTAaBa, MOJy4EHHOTO HA OCHOBE OTXO/IOB.

4. CkneuBanue (anepsl ¢ IpUMEHEHUEM pa3pado-
TaHHOH pelenTypsl Kiesl ¢ Pa3iTudHbIM KOJHYECTBOM
1 (PpaKIIMOHHBIM COCTABOM HAIIOJIHHUTEIIS.

5. UccnenoBanue BIUSHAA aAT€3MOHHON IPOYHO-
CTH TIONyYEHHBIX 00pa3loB (aHepbl B 3aBUCHMOCTHU
OT KoJIn4ecTBa U ()paKkIMOHHOIO COCTaBa HAIIOJIHUTE-
JIS1 KJTest.

B mpouecce mpoBeneHus IKCIIEPUMEHTa TSI U3-
MeJIBYeHUSI 00pe3KoB (haHephl UCTIONB30BAIM MOJIOT-
KoBYI0 MenbHUITY «3YBP-1Cx» (puc. 1) u ciennanbHbII
JIE3UHTETPATOP TOHKOTO IIOMOJIA IS TBEPHABIX MaTe-
puasioB 2000g Multi function disintegrator (puc. 2)
(AGpamoBckux u ap., 2025).

CHTOBBIN aHaNU3 MOJYYEHHOW APEBECHOM MYyKHU
MPOU3BOAMIM TPH TOMOIM Habopa cut (puc. 3)
(AbpamoBckux u ap., 2024a). s 3T0r0 APEBECHYIO
MYKY TOMEIAIH B BEPXHEE CHTO C Pa3MepoM sSUeii-
ku 0,75 MM, nox HuM cuto 0,6 mxm, Hroke 0,43 MM
n 0,25 MM (puc. 4). B utore mony4mim ApeBecHYIO
MYKY U3 OTXO#OB (aHepb! (HpaKLHOHHOTO COCTaBa OT
0,75 MM 10 npeBecHOl mbutd (AOpaMOBCKUX | Ap.,
20246).

Pacxon xies 1 Maccy BBOOUMOTO B HEr0 HaroJ-
HUTEJS] KOHTPOJIMPOBAIH C TIOMOMIBIO 3JEKTPOHHBIX
BecoB EK-400H. [Ins ckienBanus GpaHepsl MIPUMEHS-
JIM IUTIOH Oepe30BbIi ToMmuuHON 1,2 MM, Ha KOTOPBIH
BaJBLOBBEIM CIIOCOOOM HAHOCHJIM KJIEH Ha OCHOBE
cmonsl KO-MT (TVY 2223-360-00203447-99, mpous-
BOJICTBA YPaJXHUMIUIACT) C BBEACHUEM IOIYYEHHOTO
Ha ocHOBe 00pe3koB (aHeprl (Hamomnurenn m ux
BIUsHUE. .., 2023) HamomHUTENS B KoaudecTBe 2, 4
u 6 %. COOpKy makeTa ILNOHA C HAHECEHHBIM KJleeM
OCYILIECTBIISUTA COTJIACHO MpaBUiIaM cOOpKH (puc. 5),
(KoBanpuyk, 1979), a npeccoBanne haHepsl TPOU3BO-
Jvn Ha ropstaeM npecce [111-476.

CkiieeHHYO (haHepy OLICHUBAIH 10 (PU3UKO-MEXa-
HUYecKnM mokazarensaMm cormacHo T'OCT 9624-2009

JUTA UCTIBITaHU Ha pa3pbeiBHON MamHe MP-0,5.

Puc. 1. MonorkoBas menpuniia «3YBP-1C»
Fig. 1. Hammer mill “ZUBR-1C”

Puc. 2. I3mensueHHbIE B MOJIOTKOBOIH MEIBLHHULIE
00pe3ku (aHeps
Fig. 2. Plywood clippings crushed in a hammer mill
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Puc. 3. [le3uHTerpaTop TOHKOTO ITOMOJIa
2000g Multi function disintegrator
Fig. 3. Fine grinding disintegrator
2000g Multi function disintegrator

Puc. 5. Cxema cO0OpkH makeTa ¢ HEYETHBIM KOJIMYECTBOM
JIMCTOB IITIOHA (B3aHMMHO MEPICHIUKYIIPHOES
HamnpapJICHHE BOJIOKOH JIPEBECHHBI)

Fig. 5. Assembly scheme of a package with an odd
number of veneer sheets (mutually perpendicular
to the direction of the wood fibers)

Hnst sToro u3 aHepsl BBINMIMBAIM CIIELHANb-
HbIe 00pasiiel (puc. 6, 7). CkiueuBanue (haHephbl BbI-
MOJNHSUIA TPU THIIOBOM TEXHOJIOTMYECKOM PEXUME:
t=115...120°C, P=1,8...2,0 MIla, 1 =4,5...6,0 MuH,
Tew= 1,5 MUH.

B pesynbrare ObulM IIPOBEACHBI HCCIEAOBAHUS
npenena NpoYyHOCTH (aHephl, MOIy4aeMol mpu
CKJICMBAHUU C PA3IMYHBIM (DPAKIIMOHHBIM COCTABOM
U KOJMYECTBOM HAIOJHUTENS, a IJIs ONpeneIeHUs
3aBHCHMOCTH ObUIa BhIOpaHa (pakuus HamoJHUTE-
ns 0,6 MKM, Tak Kak Ha OCHOBAHUU TPeIBAPUTEIHHO
IIPOBEACHHBIX ONBITOB OHA JIydlle BCEro MOAXOIUT
JUIS BBEJICHHS B KIIEH.

Puc. 4. Cura: cneBa — i1 pa3zieleHus IpeBeCHON MyKH
Ha (PaKIHOHHBIN COCTAB, CIIPaBa — MOTYYCHHbIC (PPaKIIHK
npesecHoi myku 0,6 u 0,25 MxkMm
Fig. 4. Sieves: on the left — for separating wood flour
into fractional composition, on the right — the obtained
fractions of wood flour 0,6 and 0,25 microns

Jus narHOTO (PpaKIIMOHHOTO COCTaBa HATOIHH-
TEJsI TIPOBEJIN UCCIICOBAaHUE 3aBUCUMOCTH BBEICHUS
B KJIEH KOJIMYECTBA HAIOJIHUTEIS OT 2 110 6 %. Hccne-
JTIOBaHUS MTPOBOIMIIHACH JUIA MIATH TTOBTOPEHUH OIBITA,
U B PE3yJbTaTe CTATUCTHUYECKOUW OOpPabOTKU AaHHBIX
MOJYYEHO YpaBHEHUE PErPecCUr

y=0,102x>— 1,095x + 0,07, (1)

aJIeKBaTHO ONMCHIBAIOLIEE BIMSHUE BBEICHHOTO
B KJIeil HamonHuTeNsl ppakuuonHoro cocrasa 0,6 Ha
MPOYHOCTh (haHEPhl MPU CKAJIBIBAHUU, C BEIIMIMHOMN
nocroBepHocTd R? = (0,85. Pe3ysbTarhl HCCIACIOBAHUS
MPOYHOCTH (aHepbl HA CKAJIbIBAHUE B 3aBUCHUMOCTH
OT KOJIMYCCTBA HAIIOJHUTECIIA B KIICC IPEACTABICHBI
Ha Tpaduke (puc. 8).

UccnenoBanus mpoyHocTH (haHepsl Ha CKaJlbl-
BaHHUC B 3aBHUCHMOCTH OT KOJIMYCCTBA HAIIOJIHUTCIIA
IIOCJIe €€ BBIIEPKKU B BOJE B TeueHHE 24 4 MPOBO-
JUIUCH JUIs TISITH NOBTOpPEHUE onbiTa. B pesynbrate
CTaTUCTUYECKOM 00pabOTKH JaHHBIX MOJYUYEHO ypaB-

HEHHE Perpeccuu

= 0,049x> — 0,35x + 1,49, @)

aJIeKBaTHO OIMCHIBAIOLIEE BIMSIHUE BBEICHHOIO
B KIIell HarmomHuTens (pakinuonHoro cocrasa 0,6 Ha
MPOYHOCTh (haHephl MPH CKaJBIBAHUU, C BEITMYHMHOU
JIOCTOBEpHOCTH R? = 1.

Ha puc. 9 npencrasneH rpaduk JaHHOW 3aBHCH-

MOCTH.
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Puc. 6. Cxiieennas danepa u 00Opasiibl st ONPEAEICHHsI pe/ieNa MPOYHOCTH (haHephl
[PH CKAJIBIBAHHUH
Fig. 6. Glued plywood and samples for determining the shear strength of plywood

(O REOMI NOTE 8 PRO
O Al QUAD CAMERA

Puc. 7. cnipiTarensHast MamyHa (ciaeBa) U npucnocoOienue (crpasa) AJs olpeeeHUs
Ipeziena MPOYHOCTH (haHepbl MPU CKaJIbIBAHUH:
1 — obpasern, 2 — ynopHast 1uiaHka, 3 — Ij1aHka, 4 — 3axBar; 5 — ynop, 6 — TpaBsepca;
7 — UCTIBITATENbHBIE TYOKH
Fig. 7. Testing machine (left) and device (right) for determining the shear strength of plywood:
1 —sample, 2 — thrust bar, 3 — bar, 4 — log dog, 5 — plane frog, 6 — traverse, 7 — test sponges

B pesynbrare uccnenoBaHus BIUSHNAS HAlTOJTHUTE-
JIs1 HA IPOYHOCTHBIE CBOMCTBA (haHEephl MOXKHO TpE-
HOJIOKUTh TMIIOTETUYECKU MEXaHU3M BIIMSIHUS Bila-
T Ha KJieeBo# cioit (puc. 10).

BeposarHo, BBeZIeHHBIH B KJIeil HalOTHUTEb (U3-
MenpueHHBIe 00pe3kn (anepsl) ¢pakmun 0,6 MKM
B KonmuecTBe 6 % IMpU BO3ACHCTBUU BOJABI HaOyXaeT
B MIOBEPXHOCTHOM CJIO€ U MPENATCTBYET JalIbHEHIIIe-
My IPOHUKAaHWIO BJIard BHYTpb KieeBoro mBa. Kak
ciencTBUe, HaOmonaeM HauOOJBIIYIO aAre3wio Ha-
MOJTHEHHOTO KJIes C IUCTaMH IIIOHA.

AHanmu3upys TONyYeHHbIE TpaUYecKue 3aBH-
CHUMOCTH Ha puC. 9, MOXXHO MPEANOIOXKHTh, UYTO
npu BBeneHUHM 2 % HamoJHUTENs OOJBIIYI YacTh
KJIEEBOTO CIIOS COCTaBIISICT KJIeH, KOTOPBIH, HaOpaB
MPOYHOCTh, COMPOTHBILIETCA MPOHUKAIOIIEMY BO3-
JIEHCTBHIO BJIary.

KonnuectBo nHamomautens 4 % HEOOCTAaTOYHO
JUTS IPOHMKHOBEHUS BJIard BHYTPb KJIGEBOTO I1Ba, KaK
Y HEeIOCTaTOYHO KJies, KOTOPHI, HabpaB MpOYHOCTb,
MPETSATCTBOBAN ObI MPOHUKHOBEHUIO BIIATH, TO3TOMY

MbI HaOJIIOIaeM CHIKSHHE TPOYHOCTH (DaHEepHI.
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Puc. 8. I'padk 3aBHCUMOCTH MPOYHOCTH (haHEPHI HA CKAJIBIBAHHE
OT KOJINYECTBA BBEICHHOTO B KJIEil HAIIOJHUTEIL
Fig. 8. Graph of the dependence of plywood shear strength
on the amount of filler introduced into the glue
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Puc. 9. I'paduk 3aBHCHMOCTH IPOYHOCTH (haHEPH! HA CKAJIBIBAHHE OT KOJIMYECTBa BBEACHHOTO
B KJIeH HarmomHuTeNs (1711 paHepsl, MPeaBapUTEFHO BRIACPKAHHON 24 4 B 9KCHKATOpE C BOION)
Fig. 9. Graph of the dependence of plywood shear strength on the amount of filler introduced into
the glue (for plywood previously kept for 24 hours in a desiccator with water)
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Puc. 10. TumoTeTrueckuii MEXaHU3M MPOHUKHOBEHUS BJIard B KJIEEBOU CI0U (aHephl
Fig. 10. Hypothetical mechanism of moisture penetration into the plywood adhesive layer
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BriBoaBI

1. [Ipu npuMeHEHUH HANOJHUTENS IS (paHephl,
BBIJIEP’)KaHHOW B 9KCHKaTOPE C BOMOM, B HEOONBIINX
konmuectBax (0,6 MM, 2 %) HaOmomaeTcss HaubOIb-
i Habop MPOYHOCTH 00pa3IoB (aHephl, YTO CBU-
JIETENTECTBYET O XOPOIIeH anre3uu Kies C JUCTaMu
0Oepe30Boro MIMoHAa.

2. HauOoblilyto MpOYHOCTh HA CKaJbIBAHUE BbI-
JepkaHHast B Boge Qanepa Habupaer npu 6 % Ha-
nonautens ¢gpakuuer 0,6. [Ipu komudecTBe Hamo-

Jleca Poccumn 1 Xo035MCTBO B HUX 163

C HOBEPXHOCTHIO LIMOHA HauMeHblias. [Ipoucxomut
HaOyXaHUE YaCTHI] HAIIOJIHUTEIISI, CMOJIbI KJIeS U, KaK
CIIE/ICTBUE, YXYLLIEHHUE aJITE3UMU.

3. Cirenyer y4ecTh ¥ TOT (aKTop, YTO P CKIEHU-
BaHWH JIUCTOB IIIMOHA UCHOJB30BaCs Kiel KD-MT,
KOTOPBIN UMEET OIrPaHUYEHHYHO BOJAOCTOUKOCTD.

4. Jlns noaTBepkieHUs] OOBSICHEHHUS THIIOTETHYE-
CKOT'O MEXaHU3Ma B3aUMOJEUCTBUS BIaru C KJIEEBBIM
CJIOEM | aJITe3MOHHON MPOYHOCTH HEOOXOIUMO N1ajTh-
Hellee NpoBeACHUE UCCIEI0BaHUN.

HUTeNst 9Tol ppakiuu 4 % anre3MoHHAs IPOYHOCTD
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