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Annomayus. B craTbe paccMaTprBaeTCs BBEJICHUE B KIICH HAITOIHUTEIS, TOTYYSHHOTO U3 OTXO/I0B
(aHepHOTO MPOM3BOJICTBA, KOTOPHIH MO3BOJSET YMEHBIINTh PAacXo Kies M MPUAaTh HyKHBIE TEXHO-
JIOTHYECKHE CBOWMCTBA KIIECHOH CIOMCTOM MPOXYKIHMU U3 APEBECHHBI U, KaK CIEICTBHE, CHU3UTH CeE-
0ecTOMMOCTh €€ M3TOTOBJICHUs. HanomHuTeNnb Kiles MoMy4riIn IyTeM U3MeNIbIeHUsT 00pe3KOoB (haHepbl
B pyOHMTENBHOM MaIIMHE 10 COCTOSHHUS JAPEBECHOM UTOJIBYATOM IIETIBl, 3aT€M B MEJIBHHIIE 10 (hpaKIin
IOpeBecHON Myku. VccnenoBaHus MO3BOJIMIM YCTAaHOBUTH BIIMSIHAE KOJMUYECTBA U (PPAKIMOHHOTO CO-
CTaBa BBOJMMOTO B KJICH HAIIOJHUTEIS HAa MPOYHOCTHBIC MOKAa3aTeNH moiydaeMon (anepsl. Pesyib-
TaThl UCCJICIOBAHMS TTIOATBEPKIAIOT TPEINOIOKEHHUS, YTO TOMyYaeMbIi U3 OTX0H0B (haHEepHOTO Tpo-
M3BOJICTBA HATIOJIHUTEIb MOXKET OBITH MPUMEHEH JUIsl 3aMEHBI IPEeBECHON MYKH M Mella, TaK Kak n3-3a
CXOXKETo (PPaKIMOHHOTO COCTaBa OH IO CBOWCTBAM COIOCTABHM C APEBECHON MYKOM, a W3-3a HAJTMYUs
OTBEPIKIACHHOM CMOJIBI B HAITOJTHUTEJIE — C MEJIOM, YTO TO3BOJISIET MPOU3BECTH MPOIYKIUIO C BHICOKH-
MU (PHU3UKO-MEXaHMYECKUMH XapaKTEPUCTHKAMH, PEeIIacT BOMPOCH YTHIM3AaLUU OTXOIOB, COXpaHSIET
OKPYXaIOIYI0 Cpelly C TOIyuYeHHEM SKOHOMHUYecKoro 3¢ddekra or BHEAPEHHs HANOJIHUTENS B IMPO-
MBIIUTIEHHBIX MacmTabax. Co3nanHas aHepa MOXKET IPUMEHSATHCS B CTPOUTEIILCTBE, IPU BO3BECHUH
onanyOKH, 1epeBIHHBIX KOHCTPYKLUIL, IOIOB, KPHILL, 3200pOB, CTEHOBBIX HaHEel; IPH MPOU3BOACTBE
TPAHCIOPTHBIX CPEICTB ISl H3TOTOBIICHHS TPYy30BBIX U JIETKOBBIX aBTOMOOMIIEH, aBTOOYCOB M TIpHIIe-
TIOB; B TIPOM3BOJICTBE PEKJIAMHBIX IIIUTOB M OMJIOOPIOB; B MIPOM3BOJCTBE YIIAKOBKH, JUIS TPAHCIIOPTH-
POBKH pa3iWYHbIX TOBAPOB; B MPOU3BOACTBE MEOEIH sl H3TOTOBJIEHUS IIKA(OB, CTOJNOB, CTEIJIaXKeH,
T. €. TeX U3JENUA, K KOTOPBIM MPEABSBISIOTCS OINpeAeTICHHbIC TPEOOBAaHHS K KaYECTBY HCIIONB3YyEeMbIX
MaTrepHaoB.
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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 IucToB (aHepsl 1o (HopMaTy Ha KPYIIONHIIb-

Ha nepeBomepepabarbIBaromuX MPEITPUATHIX
MpH  YTHIU3alUU OTXOAOB MPHUMEHSIOT DPa3InIHOE
TEXHOJIOTUIECKOE 000PYIOBAHUE 1JIsl UX U3MEITBUCHUS
1 mambHEHIel mepepadoTKy, Takoe Kak, HampuMmep,
pyOUTENbHBIE MAIUHBI, METBHUIIBI ¥ T. . B 00b-
LIMHCTBE CIy4aeB IIOCIIEC H3MEIBYCHHS APEBECHBIX
OTXOAOB HUX HCHOJB3YIOT JIA IMOJTYYCHUA 6pI/IKeTOB
WM IPEBECHBIX TpaHyl. B mporecce mpon3BoacTBa
(baHEepbI HA PA3IMYHBIX TEXHOJOTHYSCKHUX OMEPALIUIX
o0pa3yloTcsi OTXOJbl, KaK, HalmpuMep, Ha JTare 00-

HBIX CTaHKax IIOCJI€ CKJIEWBAaHUS OCTaeTcsl 0Ope3b.
[IpaBunbHOE M PPEKTUBHOE HUCIIOIB30BAHUE OTXO-
JIOB TI03BOJISICT NPUOIM3UTH TEXHOJOTHMUYECKHUI IMpo-
LECC MPOU3BOJCTBA NPOAYKLIMHU K O€30TXOTHOMY, 4TO
YAy4IIaeT 3KOJOTHIECKYI0 OOCTAaHOBKY M OTKPBIBAET
BO3MOKHOCTB ITOJIyYICHUS JOMOIHUTENBHON TPUOBLIH
s npeanpusitus. [lepepaboTka OTXOHOB MyTeM UX
M3MEJBIEHUS 10 (GPAKINH APEBECHON MYKH TTO3BOJIUT
OCYILLECTBUTh UX JaJIbHEHIIYI0 peanu3anuto. Hampu-
Mep, MOXKHO MPEANOJIOKUTh, YTO APEBECHYI0 MYKY
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U3 OTXOIOB 00pe3KH (paHepbl MOXKHO IPUMEHSAThH KaK
HAIMOJHUTENb KJIesl yTeM 3aMEeHBI APEBECHON MyKHU
u mena (Mpxururosa u ap., 2023). 910 crmocobCcTByeT
MOJTYYEHHUIO MPONYKIMU C BBICOKMMHU (PH3HKO-MeXa-
HUYECKUMH XapaKTEPUCTHKAMHU.

ean, 00beKTHI
¥ METOMKH HCCJIeTOBAHUI

Lens paboThI — MCCIIEIOBATH BIUSHUE IPEBECHOTO
HATIOJTHUTEINS KJIes, IOJTy4aeMOro Ha OCHOBE OTXO/IOB
(haHEpHOTO MPOU3BOJICTBA, HA (PU3MKO-MEXaHUYCCKUE
CBOICTBA (haHEPHI.

Jlis MOCTIDKEHUS LEeNH peliaiy CIeayomue 3a-
Jlauu.

1. M3menpueHne OTXO/OB, MOyYaeMbIX Ha JTare
00pe3koB (haHEephl, B TEXHOJIOTHUYECKYIO IIEMy C TI0-
CJICYIOIIUM JIOM3MEJIBICHUEM JI0 (PpakIuu JpeBec-
HOM MYKH.

2. CuTOBBI aHANU3 MOJIYYEHHOTO HAMOJIHUTEIS
(npeBecHOM MyKH) Ha OCHOBE OTXOJOB ITyTEM pasjie-
JIeHUS 10 (PpaKmIEsIM.

3. [lpuroToBieHnuss Kies Ha OCHOBE CMOJIBI
K®-MT c BBeZIcHUEM HAIOIHUTEIS PA3IMIHOTO (hpaK-
IIMOHHOTO COCTaBa, IMOJyYEeHHOTO Ha OCHOBE OTXOJIOB.

4. CxkneuBanue (anepsl ¢ IpUMEHEHUEM pa3pado-
TaHHOW PELENTYPHI KJIes C PA3TUYHBIM KOJIHYECTBOM
1 (GpaKIIMOHHBIM COCTABOM HATIOJTHHUTEIS.

5. UccnenoBanue BIUSHUS ar€3MOHHONU MTPOYHO-
CTH TIOJYYCHHBIX 00pa3loB (haHepbl B 3aBUCHMOCTH
OT KOJIMYECTBA M (PPAKIIMOHHOTO COCTaBa HAMTOTHHUTE-
TIS KITesl.

B mpornecce npoBeneHus 3KCIEpUMEHTa AT U3-
MeJIbYeHUs1 00pe3KoB (haHephl UCTIONB30BAIM MOJIOT-
KoBYI0 MenbHUITY «3YBP-1Cx» (puc. 1) u ciennansHbII
JIE3UHTETPATOp TOHKOTO ITOMOJIA IS TBEPHABIX Mare-
puasioB 2000g Multi function disintegrator (puc. 2)
(AbGpamoBckux u mp., 2025).

CHTOBBIN aHaIU3 MOJYYEHHOM APEBECHOM MYyKHU
MPOU3BOAMIM TPH TOMOIM Habopa cut (puc. 3)
(AbpamoBckux u ap., 2024a). s 3TOr0 ApEeBECHYIO
MYKY HOMEIIaJli B BEPXHEE CHTO C pa3MepoM siueii-
ku 0,75 MM, nox HuM cuto 0,6 mxm, Hrke 0,43 MM
u 0,25 MM (puc. 4). B utore mony4mim ApeBecHYIO
MYKY U3 OTXOJ0B (paHepsl (PPaKIMOHHOTO COCTaBa OT
0,75 MM 10 npeBecHOl mbuTH (AOpaMOBCKUX | Ap.,
20246).

Pacxon xiest 1 Maccy BBOIMMOTO B HErO HaroJ-
HUTEJS] KOHTPOJIUPOBAIH C TIOMOMIBIO JIEKTPOHHBIX
BecoB EK-400H. [Jlns ckirenBanus GaHepsl IPUMEHS-
JIM IUTIOH Oepe30BbIi ToMmuuHON 1,2 MM, Ha KOTOPBIH
BaJIBLOBBIM CIIOCOOOM HAaHOCHJIM KJIEH Ha OCHOBE
cmonsl KO-MT (TVY 2223-360-00203447-99, mpous-
BOJICTBA YPaJXHUMIUIACT) C BBEACHUEM IMOIYyYEHHOTO
Ha ocHOBe 00pe3koB (aHeprl (Hamomnurenn m ux
BIUsHUE. .., 2023) HamogHUTENS B KOodudecTBe 2, 4
u 6 %. COOpKy makeTa IIMOHA C HAHECEHHBIM KJleeM
OCYILIECTBIISUTA COTJIACHO TMpaBuiIaM cOOpKH (puc. 5),
(KoBampuyk, 1979), a npeccoBanne haHepsl TPOU3BO-
K Ha ropstaeM npecce [111-476.

CkiieeHHYO (haHepy OLICHUBAIH 10 (PU3UKO-MEXa-
HUYecknM mokazarensaMm cormacHo I'OCT 9624-2009

JUTA UCTIBITaHUM Ha pa3pbeiBHON MammHe MP-0,5.

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

Puc. 2. I3smenpueHHbBIE B MOJIOTKOBOIH MEIBLHHULIE
00pe3ku (haHeps
Fig. 2. Plywood clippings crushed in a hammer mill
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Puc. 3. [le3uATerparop TOHKOTO ITOMOJIa
2000g Multi function disintegrator
Fig. 3. Fine grinding disintegrator
2000g Multi function disintegrator

Puc. 5. Cxema cO0opkH makeTa ¢ HEYETHBIM KOJIMYESCTBOM
JIMCTOB IITIOHA (B3aHMMHO MEPICHIUKYIIPHOE
HamnpapJICHHE BOJIOKOH JIPEBECHUHBI)

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 BBINMIMBAIN CIICLHANb-
Hble 00pasiiel (puc. 6, 7). CkiuenBanue (haHephbl BbI-
MOJNHSUIM HPU THIIOBOM TEXHOJIOTMYECKOM DPEXUME:
t=115...120°C, P=1,8...2,0 MIla, 1 =4,5...6,0 MuH,
Tew= 1,5 MUH.

B pesynbrare Obuln IPOBEACHBI MCCIEAOBAHUS
npenesna MpOYHOCTH aHephl, MOIy4aeMOH mpH
CKJICMBAHUU C PA3IMYHBIM (DPAKIIMOHHBIM COCTABOM
1 KOJIMYECTBOM HAIOJHUTENS, a AJS ONpelNeIeHUs
3aBHCHMOCTH ObUTa BhIOpaHa (pakuus HaroJIHUTE-
a5 0,6 MKM, Tak Kak Ha OCHOBaHUU TPeBAPUTEIHHO
MIPOBEACHHBIX ONBITOB OHA JIy4lle BCEro MOAXOIUT
IUI BBEJICHHS B KIICH.

Puc. 4. Cura: cneBa — i1 pa3zieneHus IpeBeCHON MyKHl
Ha (PaKIHUOHHBIN COCTAB, CIIPaBa — MOTyYCHHbIC (PPaKIIHK
npesecHoi myku 0,6 u 0,25 MxkM
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 HATIOIHH-
TeJsI TIPOBEJIN UCCIICOBAaHUE 3aBUCUMOCTH BBEICHUS
B KJIEH KOJIMYECTBA HAIOJIHUTEIS OT 2 110 6 %. Mccne-
JIOBaHUS MTPOBOWIINCH JUIA IIATH TTOBTOPEHUH OIBITA,
U B pe3y/bTare CTaTUCTUYCCKONH 00pabOTKH JaHHBIX
MONYYEHO YpaBHEHUE PErpecCumt

y=0,102x>— 1,095x + 0,07, (1)

aJIeKBaTHO ONMCHIBAIOLIEE BIMSIHUE BBEICHHOTO
B KJIei HamonHuTeNs ppakuuonHoro cocrasa 0,6 Ha
IPOYHOCTH (haHEephl NMPU CKAJIBIBAHUH, C BEITMYUHOMN
nocroBepHocTd R? = (0,85. Pe3ysbTarsl HCCICIOBAHMUS
MPOYHOCTH (aHepbl HA CKAJIbIBAHUE B 3aBUCHMOCTH
OT KOJIMYECTBA HAIOJIHUTENS B KIIEE IPEACTaBICHb
Ha Tpaduke (puc. 8).

UccnenoBanus mpoyHocTH (aHepsl Ha CKajibl-
BaHHE B 3aBUCUMOCTH OT KOJMYECTBA HAIIOJHHUTEINS
MocJe €€ BBIACPKKH B BOAE B T€UEHHE 24 Y MPOBO-
JUITUCH JUIs TISITH TOBTOpEHUil onbiTa. B pesynbrare
CTaTUCTUYECKOI 00pabOTKM JaHHBIX MOJIY4€HO YpaB-
HEHHE PErpeccuu

= 0,049x> — 0,35x + 1,49, ©)

aJIeKBaTHO OIMCHIBAIOILIEE BIMSIHUE BBEICHHOTO
B KJIell HamomHuTens (paknuoHHoro cocrasa 0,6 Ha
MIPOYHOCTH (haHephl MPH CKaJbIBAHUU, C BEITMYHHOU
JIOCTOBEPHOCTH R? = 1.

Ha puc. 9 npeacrasien rpadpuk gaHHON 3aBHCHU-

MOCTH.
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Puc. 6. Cxiieennas danepa u 00pas1iibl st ONPEAEICHHsI peJieNa MPOYHOCTH (haHeph
[PH CKAJIBIBAHUH
Fig. 6. Glued plywood and samples for determining the shear strength of plywood

(O REOMI NOTE 8 PRO
O Al QUAD CAMERA

Puc. 7. UcnpiTarensHas MamyHa (ciaeBa) u npucnocoOienue (crpasa) i olpeeIeHUs
Ipeziena MPOYHOCTH (haHepbl PU CKaJIbIBAHUH:
1 — obpasern, 2 — ynopHast 1uaHka, 3 — I1aHka, 4 — 3axsar; 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 uccnenoBanus BIMSHNS HalTOJTHUTE-
JIs1 HA TIPOYHOCTHBIE CBOMCTBA (haHEephl MOXKHO TpEI-
TIOJIOXKHUTH THITOTETUYECKUI MEXaHN3M BIIHSHUS Bia-
TY Ha KJieeBol cioii (puc. 10).

BeposaTHo, BBeZICHHBIH B KJIei HaMOIHUTENh (M3-
MelpueHHBIe 00pe3ku Qanepsl) ¢pakmuu 0,6 MKM
B KonuuecTBe 6 % TMpU BO3ACHCTBUU BOABI HA0yXaeT
B TIOBEPXHOCTHOM CJIO€ U MPEMATCTBYET JaIbHEHIIIe-
My TMIPOHHUKAaHUIO BIIaTW BHYTPbH KieeBoro mBa. Kax
ciencTBue, HaOmonaeM HauOOJBIIYIO aAre3wio Ha-
TIOJTHEHHOTO KJIeS C IUCTaMH IIIOHa.

AHanmu3upys TONyYeHHBIE TpaUYecKue 3aBH-
CHUMOCTH Ha puC. 9, MOXXHO MPEANOIOXKHUTh, YTO
npu BBeneHUHM 2 % HamoMHUTENs OOJBIIYI0 YacTh
KJIEEBOTO CIIOS COCTaBIISICT KJIeH, KOTOPBIH, HaOpaB
MIPOYHOCTH, COMPOTHBIISIETCS MPOHUKAIOIIEMY BO3-
JICHCTBHIO BIIarH.

KonuuecTtBo Hamonuurens 4 % HEAOCTaTOYHO
ISl TPOHUKHOBEHMS BJIard BHYTPb KJIEEBOTO I1Ba, KaK
¥ HEeOCTaTOYHO KJies, KOTOPhI, HabpaB MpPOYHOCTb,
MPEMSATCTBOBAN ObI MPOHUKHOBEHUIO BIIATH, TO3TOMY

MBI HaOIIFOIaeM CHIDKEHHE IIPOYHOCTH (haHephl.
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Puc. 8. I'padk 3aBHCUMOCTH MPOYHOCTH (haHEPHI HA CKAJIHIBAHHE
OT KOJINYECTBA BBEICHHOTO B KJICil 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 (DaHEPHI HA CKAJIBIBAHHE OT KOJIMYECTBa BBEACHHOTO
B KJIeH HarmomHuTe s (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. I'umoreTnueckuii MEXaHN3M IIPOHUKHOBEHUS BJIATH B KJIIEEBOH Ci10it (panepsl
Fig. 10. Hypothetical mechanism of moisture penetration into the plywood adhesive layer
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BriBoaBI

1. [Ipu npuMeHEHUH HAMOJHUTENS IS (aHephl,
BEIJIEP’)KaHHOW B 9KCHKaTOPE C BOMOM, B HEOONBIINX
konnuectBax (0,6 MM, 2 %) HaOmOmaeTcss HaubOIb-
i Habop MPOYHOCTH 00pa3ioB (aHephl, YTO CBU-
JIETENLCTBYET O XOPOIIeH anre3uu Kies C JUCTaMu
0Oepe30BOro MIMoHAa.

2. Hanbonpiryto MpoYHOCTh HA CKAJIBIBAHUE BHI-
JepxaHHast B Boge (Qanepa HabOupaeT npu 6 % Ha-
nonautenst gpaxknuerd 0,6. [Ipn koiamyecTBe Hamo-

JNleca Poccum 1 Xo035MCTBO B HUX 163

C HOBEPXHOCTHIO LIMOHA HauMeHblias. [Ipoucxomut
Ha6yX3HI/Ie JacTUl HAIIOJHUTECIIA, CMOJIbI KJICS U, KaK
CJICNICTBHE, YXYAIIECHUE aATC3HH.

3. Crrenyer y4ecTh ¥ TOT (aKTop, YTO TP CKIEHU-
BaHWH JIMCTOB IIIMOHA MCHOJB30BaiCs Kiel KDO-MT,
KOTOPBIN UMEET OrPaHUYEHHYIO BOJOCTOUKOCTD.

4. Jlns noaTBepkIeHUs OOBSICHEHHUS THITOTETHYE-
CKOT'0O M€XaHu3Ma BSaHMOHCﬁCTBHH BJIaru ¢ KJI€EBbIM
CJIOEM W aJITe3NOHHON MPOYHOCTH HEOOXOIUMO N1ajTh-
Hellee NpoBeACHUE UCCIEI0BaHUN.

HUTENs 3Tol (pakiuu 4 % anre3MoHHAs IPOYHOCTD
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