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AnHomayus. Y4eHbIe-CYITUIBIINKHN BCE Yallle 00paIialoT CBOe BHUMaHUE Ha BOIIPOCHI CYIIIKH JIpe-
BECHHBI PAa3JIMUHBIX JTUCTBEHHBIX MOPOA. JTO CBSI3aHO KaK C OTPACIEBBIMU MOTPEOHOCTSIMU JIeconepe-
pabarsIBaromeil MPOMBITINIEHHOCTH (MCTOIICHNE 3aI1acoB XBOWHOM JAPEBECUHBI), TAK U C OTCYTCTBHEM
3¢ (EKTUBHBIX TEXHOJIOTHH IMepepadO0TKN JUCTBEHHOW peBecHHbl. Cpe MPOYNX JUCTBEHHBIX MTOPOJ]
Oepesa mpuBJIeKaeT 0co00e BHUMAaHUE HM3-32 OTPOMHBIX 3aracoB M (U3MKO-MEXaHMYECKHX TOKa3are-
nei. B mocnenHue o1 T0BOJIBHO MIMPOKOE MPUMEHEHNE TTOTyYNIIN TaK Ha3bIBaeMble OeCCTyeHUaThIe
PEXHUMBI CYIIKW Pa3IMYHBIX MTOPOJ] JPEBECHHBI, HO JUIsl Oepe3bl JaHHBIA THIT PEKUMOB HE TPUMEHSII-
cs. [Iposeaennsie B YIJITY Teopernyeckue UCCIENOBAHUS CYIIKA OEPE30BHIX MUIOMaTepUanoB Oec-
CTYTIEHYATBIMU PEKUMaMHU TIO3BOJIMIIN HAIEATHCS Ha OJaronpHsTHBIE Pe3yabTaThl NCIIBITAHUHN JaHHOM
TEXHOIIOTUH B YCIOBHUSX PEAIbHOTO MPOU3BOICTBA, KOTOPBIC M OBLIN MPOBEJICHBI B YCIOBUSIX MTPOU3BO/I-
ctBa B CBep/utoBcKoi obnacTu. beimyn ncnosb3oBansl gecocymmibable kamepsl MGR-50 (PexeBckoii
necripomxo3 T. Pex) n YPAJI-30 (OOO «HUKPEC r. [lepBoypanbck). biarogapst mpoBeIeHHBIM dKC-
MIEPUMEHTAM IIOJTy4CHBI yIaYHbIe PE3YIIBTAThI TPOMBIIUICHHOW IPOBEPKH. BO-TIepBBIX, JOCTUTHYTO pe-
aIbHOE CHW)KEHHE MPOJIOJKUTEILHOCTH CYIIKM U Opaka MmpH ee MmpoBeneHnn. Bo-BTopbIx, 6eccTyneH-
YaThIi PEKUM MO3BOJISET MOBHIIIATH KAY€CTBO CYIITKH 32 CUET rapaHTHPOBAHHOTO COOITIOICHNS IOy CKa
Ha KOHEYHYIO BIIAYXHOCTb JPEBECHUHBI C OOJBIINUM 3aracoM. HopMaTHBHBIE PEIKUMBI CYIIIKU TIPEIIPHs-
THH TIO3BOJISIIOT IIOJYYUTh KOHEUHBIE BHYTPEHHUE HAIPSKEHMSI ITPU cylKe He Bbile II kareropun xade-
CTBa, XOTS JIJIsl CHYDKEHUS BETMYMHBI HANPSHKEHUH IPUMEHSETCS BIIaroTersiooopadorka. B 1o xe Bpems
MIPH MPUMEHEHNUHN 0ECCTYIEeHYAThIX PEKUMOB BIIATOTEINIO00pa00TKa HE TPUMEHSETCS, HO BHYTPEHHIUE
HAIPsKCHUS ITPU CYHIKE CYIIECTBECHHO MCHBIIC U COOTBECTCTBYHOT B OCHOBHOM I KaTeropuun Ka4€CTBa.

Kntouegwle cnosa: TeXHOIOTHS CYIIKH, OECCTyNIEHUAThIE PEKUMBI, PEeBeCHHA Oepe3bl
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Abstract. Drying scientists increasingly turn their attention to the issues of drying wood of various

hardwoods. This is due to both the industry needs of wood processing industry (depletion of softwood
stocks) so the lack of effective technologies for recycling hardwood. Among other hardwoods birch
attracts special attention due to its huge reserves of wood and physical and mechanical properties.
In recent years, so-called stepless drying modes of various wood have become been widely used,
but this type of mode has not been used for birch. Theoretical studies of drying birch lumber by
stepless modes carried out at USFEU allowed us to hope for favorable test results of this technology
in real production conditions. These experiments were carried out under production conditions in the
Sverdlovsk region. The wood drying chambers MGR-50 (Rezhevsky forestry enterprise, Rezh) and
URAL-30 (LLC NIKRES, Pervouralsk) were used. Due to the conducted experiments, successful
results of industrial testing were obtained. Firstly, a real reduction in drying time and rejection during
its implementation has been achieved. Secondly, the stepless drying mode allows you to improve
drying quality due to guaranteed compliance with the tolerance to the final moisture wood moisture
tolerance with a large margin. Standard drying modes of enterprises make it possible to obtain final
internal stresses during drying not higher the II quality category, although moisture and heat treatment
is used to reduce the magnitude of stresses. At the same time, when using stepless modes, moisture and
heat treatment is not used, but the internal stresses during drying are significantly less and correspond
mainly to the I quality category.

Keywords: drying technology, stepless drying mode, birch wood

For citation: Production tests of birch wood drying technology with stepless modes / A.G. Go-
rokhovsky, E.E. Shishkina, A.S. Agafonov [et al.] // Forests of Russia and economy in them. 2025.
Ne 2(93). P. 125-132.

BBeaenune

HccnenoBarenu  HEOMHOKPAaTHO  OOpaIialiuch
K mpoOieMe Cymku apeBecruHbl 0epe3nl (KpacyxuHa,
1988; Cymxka marepuanos..., 1968; Ilerpu, 1963).
WU as1st 3TOTO €CTh HECKOIBKO MPUYKH.

C omHOW CTOPOHBI, 3amachkl APEBECHUHBI OEpe3bl
B Poccun nouctune orpomusl — okono 10 % Bcex 3a-
MacoB IPEBECHUHEI B CTpaHe. B To e BpeMs 3aroToBKa
€e MOCTOSHHO MaJaeT BCJIEJACTBHE HEOCTATOYHO (-
(heKTHBHOM TEXHOJIOTHH €€ MepepadboTKH.

C npyroii cTopoHBl, Oepe3a SBISETCS] TPYIHOCOX-

HYyIIEH MOpoaoH, TpeOyIomen Ui ee CYIIKH MpuMe-

HEHUS CIEIUAIbHBIX PEKUMOB. [losiBUBIIECS B TIO-
CIIeTHHE TONIbl TaK Ha3bIBaeMble OeCCTyIleHYaThle
PeXHUMBI Ui CyIIKA Oepe3bl HE MPUMEHSIIHCh, XOTS
U OTIMYHO TIOKa3adW cebs MpH CyIIKe IPEBECHUHBI
npyrux nopon (Iumxkuna, 2016; CaBuna, 2020; Cra-
poga, 2018).

B VITJITY npoBeneHbl UCCIEN0BAHUS CYIIIKH Ape-
BECHHBI Oepe3bl OeccTyleHYaTbIMi peskuMamu (Ara-
¢onos, 2024) B 1Ba Tana:

— BBIYHCITUTENBHBIA IKCIIEPUMEHT C TOCICIYTO-
niei ontumuzanueit (I'opoxosckuii u np., 2024) (Teo-
pETUYECKUE UCCICIOBAHN);
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— MPOMBIIIJICHHBIC HCIBITAHUS B YCIOBUAX Pe-
aJIbHOTO MPOU3BOJICTBA (IKCIIEPUMEHTAJIBHBIC UCCIIC-
JTIOBaHUA).

Bornpochkl NpoBeIcHNsT BEIYUCIUTEIBHOTO JKCIIe-
PUMEHTa YK€ PacCMOTpPEHbI B paboTe ['0poX0oBCKOro
u ap. (2024), mpu 3TOM UCTOIL30BaHBI ITOAXOABI HE-
KOTOPBIX 3apyOexHBIX aBTOpoB (Mass Diffusivity...,
2018; Optimization and Simulation..., 2011; One-
Dimensional Numerical..., 2015; Moises, Pereira,
2014; Nakagawa et al., 2018; Obataya, Higashihara,
2017). BropoMy BompocCy JlaHHOW pabOThI U TOCBS-
HIEHA HACTOSIIAS CTAThSI.

eab, MeTogMKA
U 00beKThI HCC/Ie]0BAHNSA

Lenbio MpOMBIILIIIEHHBIX UCITBITAHUN pa3paboTaH-
HOUW TEXHOJIOTHH CYIIKH O€pE30BbIX MUIOMAaTePHAaIOB
OeccTymeHYaTbIMHA PeXUMaMU ObLTO TTOATBEPIKIEHUE
ee BBICOKOH 3(h(heKTUBHOCTH.

st nocTrKeHusl yKa3aHHOW Liesn ObU1o HeoOXo-
JIMMO PEIUTh CIICAYIOIINE 33 aqH.

1. IloxTBepANTh peantbHOE CHUKEHHUE MTPOIOIDKHU-
TEJILHOCTH CYUIKH IO CPABHEHUIO C TAKOBOU IPH HOP-
MAaTUBHBIX PEXHUMAaX.

2. OnpenenuTb TMOPSAAOK BEIWYMHBI CHUXKCHHS
Opaka B mpolecce CyHIKH 0ecCTyNeHYaTbIMU PEKH-
MaMH.

3. OmnpenenuTh KaueCTBEHHBIE MTOKA3aTENIN MTUIIO-
MaTeprasoB, BEICYIICHHBIX CYIIECTBYIOIIUMH U Oec-
CTYNICHYATBIMU PEKUMAMHU.

4. OnpenennuTh SKOHOMHUYECKYIO 3PPEKTUBHOCTh
OeccTyneHYaThIX PEKUMOB.

OnNbBITHBIE CYIIKH MPOBOAMINCH Ha JIBYX THIIaX
kamep: MGR-50 u YPAJI-30, TexHMUECKHE XapaKTe-
PHCTUKH KOTOPBIX MpHBEAEHBI B padore AradoHoBa
(2024). Be16op xamep oOyCIIOBIICH CIICTYIOIIAMHE CO-
00pakeHUSIMU:

— JIaHHBIC THITBI KaMep JOCTaTOYHO MIMPOKO pac-
MIPOCTPaHEHHI B Ypano-CHOMpPCKOM PETHoHE;

— KaMepbl MPEACTABIAIOT Pa3InYHbIe CETMEHTHI
TUIOB JiecocymmbHbIX kKamep. Eciin MGR-50 coBpe-
MEHHasl, TIOJHOCTBIO aBTOMATU3UPOBAHHAs Kamepa,
o0ecrieunBaromias BbICOKOKAYECTBEHHYIO CYLIKY, TO
YPAJI-30 — 3TO y>k€ JOCTAaTOUHO yCTapeBIias kamMepa
CO CPEIHUM Kau€CTBOM CYILKH.

XapakTepuCTHKa YCIOBUM MPOBEACHUS HKCIICPHU-
MEHTa MpuBe/ieHa B a0, 1.

Tabnuya 1
Table 1
VcnoBus NpoBeIeHUs MPOMBIIICHHBIX DKCIIEPUMEHTOB
Conditions for conducting industrial experiments
3HaueHus apaMeTpa i Kamep
IMapametp Parameter values for cameras
Ne Parameter VPAJI-30
MGR-50 URAL-30
1 Ilopona npeBecuHEI bepesa bepesa
Wood Birch Birch
Tonmmua, MM
Thickness, mm 30 >0
Pasmepsr mutomarepuanon Inpuna, Mmm
2 Type Dimensions of sawn timber | Width, mm 110-130 150
Jluna, M
Length, m 5,0 5,0
3 Bun nunomarepuanos OO0pe3Hbie OO0pe3Hbie
Type of sawn timber Edged Edged
HauanpHast B1aKHOCTb IpeBecUHbI, %o
4 | Initial humidity of wood, % 30-40 =30
KoneuHast B1axHOCTb JIpeBeCUHBI, % .
> | Final humidity of wood, % 8,0;:10,0 10
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The end of table 1
3HaueHMs apameTpa JUis Kamep
N Iapametp Parameter values for cameras
¢ Parameter YPAJI-30
MGR-30 URAL-30
CrpyKTypa pexuMa:
TPEIPHUSTHS
6 SKCIIEPUMEHTATIbHBIN ITo HTJ] 6eccrynenyarsiii | 1o HT]] Geccrynenyarsrit
Mode structure: To NTD stepless To NTD stepless
businessespe
experimental
7 Kontpouns Bnaxknoctu (FOCT 16588-91) DNEeKTPOHHBIN BIaromep DNeKTPOHHBIN BIaromep
Humidity control (GOST 16588-91) Electronic moisture meter | Electronic moisture meter
] KonTpons ocTaroyHbIx HanpsHKEeHHH PTM 1985 PTM 1985
Residual stress control RTM 1985 RTM 1985
9 TemmepaTypa TeIIOHOCHTEIIS Ha BXoje B mrtabens, °C 95 95
Temperature of the coolant at the inlet to the stack, °C
10 BTO B HOpMaTUBHOM PEXUME Ectb Ectb
WTO in the normative regime There is There is
PesyabTarhl ncciaen0BaHuil
U UX o0cy:KIeHne
Pe3ynbraThl ONBITHBIX CYHIEK B JIECOCYIIMIIbHBIX
kamepax MGR-50 u YPAJI-30 cooTBeTCTBEHHO IpHU-
BEJEHEI B Ta0I. 2 1 3.
Tabnuya 2
Table 2

XapaKkTepuCTHKa OTBITHBIX cyleK B kamepe MGR-5

Characteristics of experimental dryers in kamepe the MGR-5 chamber

Pesynbrarel cymiku =
Toet Drying results %
cOyemast
BJli)amZIOCTL Pakrnye- Cobmonerue 5| &8
No K Cpennee . JomycKa = ST
¢ u gomnyck, % OHeUHas | i CKH ¢ s 5
/i Pexum cymku X BIAKHOCTS BajipaTutc OIYVCK Compliance o5 T @
. Required > CKOE Aoy . ES | o=
Ne Drying mode L % HA BIAK- with the m = =S
p/p humidity Final | CTIOHCHKC | oy security 2] E5
an Iy Meane o | &=
tolerance, % humidity, square Ac‘gue}l clearance E —
% L. humidity =
deviation m
tolerance
CornacHo
HOPMAaTHBHO-
TEXHUYECKOU
1 JIOKYMCHTALIH 8+2 8,3 1,28 +2,56 Not observed + 1
Ha CyLIWIBHYO
Kamepy
According to BAT
per drying chamber
Beccrynenuarsrit
2 VIITY 8+2 8,1 0,95 +1,9 C‘ggs‘zﬁzsc’l - |
Stepless USFEU
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Oxonuanue maon. 2

The end of table 2
Pesynbrare! cymku =
Drying results =
Q
Tpedyevas DaxTHye- Cobmonenne o | £8
BJIQYKHOCTb Cpennee " S 22
Ne u gomyck, Y% Koneunas CKUH Aomycka s 59
1/ Pexnm cymku Re uire’d BJIQ)KHOCTB, Kpanparue- JIOITYCK Compliance 8 = z @
Ne Drying mode hugqi dity % CKoe Ha BAAYK- with the m 5 % TéS
p/p and Final VISR HOCT security m | E8
0 humidity, Actual clearance © &=
tOlerance, % square A =
% o humidity =
deviation &
tolerance
beccrynenuarsrii Cobmomaeres
3 YIIITY 8+2 8,2 0,66 +1,32 Obsomcy - I
Stepless USFEU
Beccrynenuarsrit
4 VIITY ) 8.2 0,76 15y | Cobmomercx ) I
Stepless USFEU
CornacHo
HOPMAaTHBHO-
TEXHUYECKOU
5 JIOKYMEHTAIUN 1042 10.1 0.63 L1126 Cobnronaercst n I
Ha CYIIHIBHYIO Observed
Kamepy
According to BAT
for drying chamber
beccrynenyarsiii Cobmomaeres
6 YIIITY 1042 9,7 0,5 +1,0 Obsomcy - I
Stepless USFEU
beccrynenuarsrit
7 VIITY 10+2 9,6 0.42 085 | Cobmomecrex | I
Stepless USFEU
Tabnuya 3
Table 3
XapakTepUCTHKA OIBITHBIX cyllek B kamepe YPAJI-30
Characteristics of experimental dryers in the URAL-30 chamber
Beccrynen- Cpennue
garblii TpeOyemast Cpenis YCIIOBHBIE
Pesxum 6-B PEKUM Ne Tponomxu- KOHEYHast KoneHas BHYTpEHHUE
Mode 6-B YHITY CYILIKH TEABHOCTE BIIAXKHOCTB, % BADKHOCTE HaIPsKEHUS
Stepless mode Drying CyIH, 1 Required glo cyml;iaM)l Average
USFEU number Dryll?futrlme, final ‘{furiﬁfﬁ na conditional
IMapameTpsl humidity, % (by d htly) internal
Parameters | ¢ Wy fe "o v avimne stresses
Hauanbhsie
Initialdata 57 14 63 16 1 177
Koneunsie
Endpoints 77 4.5 6 6 2 152
HopMarunas 3 159 10+3 9,8+2,7 I
HPOJIOKUTEIIBHOCTb 4 148
cymku 187 4 -
Standard drying 5 151
time 187 h T 154
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AHanmu3 TONyYeHHBIX PE3yJIbTATOB TOKA3bIBACT,
YTO 3aJa4u, INOCTAaBJICHHLIC MICPEA MPOBCACHUCM HC-
CJICIOBaHMs, BBIITOJTHCHBI.

1. TlonTBepKIEHO peaNbHOE CHIDKCHUE MPOIOII-
JKUTCJIbHOCTU CYIIKH 6CCCTyHCHLIaTI)IM PEKUMOM 110
CPaBHEHHIO C TaKOBOW mpu pexume 6-B wa 18,5 %.

2. TlpoBeicHHBIC BBIOOPKH BBICYHICHHBIX JOCOK
MoKa3ali CHWKeHHe Opaka Ha 6-6,5 % nns Oeccry-
MEHYAThIX PEXKUMOB.

3. KadecTBO CyIliku B ciydae MpUMEHEHHUs1 Oec-
CTYyINEHYaThIX PEKUMOB BBIIIE (MEHBIIIE BHYTPEHHHE
HaIIpsHKCHUA U JOITYCK Ha KOHCUYHYIO BJIaXXHOCTD JIpEC-
BECHHBI MPH CYIIIKE).

4. AHanu3 TEXHUKO-DPKOHOMHUYECKHUX ITOKa3aTe-

JIel KaMmep B cily4ae MPUMEHEHHsS OeccTyneHYaThIX

pexumoB (Aradonos, 2024) mokasai CynieCTBEHHOE
noBbIlIeHne 3G PEKTUBHOCTH Mpolecca CYIIKH.

BoiBoabI

1. IIpon3BoICTBEHHBIE HWCHBITaHUS pa3paboTaH-
HOM TEXHOJIOT'MHU CYIIKH O€pEe30BbIX MUIOMATEPHAIIOB
OeccTyneHYaTbIMU PEKUMaMU MOATBEPIUIIN €€ BBICO-
Ky 9 PEKTHUBHOCTb.

2. PacueT mokaswiBaeT, 4TO TpH TOIOBOM OOBEME
CYIIKH Oepe30BbIX MHJIOMaTepHUaoB mopsaka 2200 m?
(ronoBas mpousBoauTeNbHOCTH KaMepsl MGR-50 Ha
mJIoMaTepuaie TONIUHOW Oojnee 50 MM) yciaoBHAs
9KOHOMHMS OT CHIDKEHHSI C€OECTOMMOCTH COCTaBIISIET
OKOJIO 4 MJIH pyo0.
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