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AnHomayusa. Y4eHbIe-CYIIUITBIINKHN BCE Yallle 00paIialoT CBOe BHUMaHUE Ha BOIPOCHI CYIIIKH JIpe-
BECHHBI Pa3IMYHBIX JUCTBEHHBIX TIOPOJ. DTO CBSI3aHO KaK C OTPACIEBBIMU TOTPEOHOCTSIMHU Jiecomepe-
pabaTsIBaIOIe MPOMBIIITIEHHOCTH (MCTOIIEHUE 3al1aCOB XBOWHOW IPEBECHHBI), TAK U C OTCYTCTBHEM
3¢ (EeKTUBHBIX TEXHOJIOTHI IMepepadOTKU JIUCTBEHHOW JpeBecHHbl. Cpey MpOoYuX JTUCTBEHHBIX MOPOT
Oepesa mpuBJiekaeT 0co00e BHUMAaHUE HM3-32 OTPOMHBIX 3aMacoB W (U3MKO-MEXaHHMYECKHX TOKa3are-
nei. B mocnenHue o1 JOBOJIRHO MIMPOKOE MPUMEHEHHE TTOTY UMM TaK Ha3bIBaeMbIe OeCCTyIIeHUaThIe
PEXHUMBI CYIITKH Pa3INYHBIX MOPOJ JPEBECHHBI, HO JUIsl Oepe3bl JAHHBIA THIT PeKUMOB HE TPUMEHSII-
cs. [Iposenennnie B YIJITY TeopeTudeckue UCCIeAOBaHUS CYIIKA OEpe30BhIX MIJIOMATepUaioB Oec-
CTYTNIEHYaTBIMU PEKUMaMHU TTIO3BOJIMIIN HAJIEATHCS Ha OJIaronpusTHBIE pe3yabTaThl NCIIBITAHUHN JaHHOM
TEXHOIIOTUH B YCIOBHUSX PEATbHOTO MMPOU3BOICTBA, KOTOPBIC M OBLIN MPOBEJICHBI B YCIOBUSIX MTPOU3BO/I-
ctBa B CBepuioBckoi obnacTu. by ncnosp3oBansl gecocymunbable kamepsl MGR-50 (PexeBckoi
necrpomxo3 T. Pex) n YPAJI-30 (OOO «HUKPEC r. [lepBoypanbck). biarogapst mpoBeIeHHBIM dKC-
MIEPUMEHTaM ITOJTyYeHBI yIaYHbIe PE3YIBTaThl TPOMBIIUICHHOW POBEPKH. BO-TIepBBIX, JOCTUTHYTO pe-
aIbHOE CHUKEHHE MPOIOIDKUTEILHOCTH CYIIKU U Opaka MmpH ee mpoBeneHuH. Bo-BTopbIx, 6eccTyneH-
YaThIi PEKUM MO3BOJISET MOBHIIIATH KAYE€CTBO CYIITKH 32 CUET FapaHTHPOBAHHOTO COOITFOICHNS IOy CKa
Ha KOHEYHYIO BIXXHOCTb JJPEBECHUHBI C OOJBIINM 3aracoM. HopMaTHBHBIE PEKUMBI CYIITKH TIPEITIPHS-
THI MO3BOJISIIOT IIOJIYUYUTh KOHEUYHBIE BHYTPEHHUE HAIIPSKEHMSI ITPU CyIIKe He Bbile I kareropun kade-
CTBa, XOTS JUIsI CHIDKEHUS BETTMUMHBI HAMPSHKEHUH IPUMEHseTcs BIarorersioodpadorka. B To xe Bpems
IIPY PUMEHEHNN OECCTYIIeHUYaThIX PEKUMOB BIIATOTEIIIO00pab0TKa HE IPUMEHSETCsl, HO BHYTPEHHHUE
HAIPsKCHUS ITPU CYHIKE CYIIECTBEHHO MCHBIIC U COOTBECTCTBYIOT B OCHOBHOM I KaTeropuun Ka4€CTBa.
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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.
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BBeaenue

UccnenoBatenn  HEOTHOKpPAaTHO  OoOpalanch
K mpoOieme cymku apeBecuHbl 0epe3nl (Kpacyxuna,
1988; Cymxka marepuanon..., 1968; Ilerpu, 1963).
W n7st 3T0TO €CTH HECKOIBKO MPUYKH.

C omHOH CTOPOHBI, 3amachl JPEBECHHBI Oepe3bl
B Poccun nonctunae orpomust — okono 10 % Bcex 3a-
MacoOB IPEBECUHBI B cTpaHe. B To ke Bpemst 3aroToBKa
ee TIOCTOSTHHO TMa/iaeT BCIIEACTBUE HEJOCTAaTOYHO d(-
(heKTHBHOM TEXHOJIOTHH €€ MepepadboTKH.

C npyroii cTopoHBl, Oepe3a SBISETCS] TPYIHOCOX-

HYyIIeH MOpoaoH, TpeOyIomen Uit e CYIIKH puMe-

HEHHS CIICHUANIBbHBIX PeKUMOB. [losBUBIIMECS B 11O-
CIeqHME TONbl TaK Ha3bIBaeMble OeCCTyneHdYaThe
PEXHUMBI JJIs CYyIIKHA Oepe3bl HE MPUMEHSIIHCH, XOTS
W OTJIMYHO IOKa3aau cedsl MpH CYIIKE IPEBECHHBI
npyrux nopon (Iumxkuna, 2016; CaBuna, 2020; Cra-
poga, 2018).

B VITJITY npoBeneHbl UCCIEN0BaHUS CYIIKHU Ape-
BECHHBI Oepe3bl OeccTyleHYaTbIMi peskuMamu (Ara-
¢onos, 2024) B n1Ba Tana:

— BBIYMCIIUTCIIbHBIA DKCIICPUMEHT C IOCICIYIO-
mei ontumuzanueit (I'opoxosckuii u np., 2024) (Teo-
pETHYSCKHE UCCIICIOBAHUS ),
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— IPOMBIIIJICHHBIE HCIIBITAHUSA B YCIIOBUSX pe-
aJBHOTO MPOW3BOJCTBA (PKCIIEPUMEHTAIBHEBIE UCCIIe-
JTIOBaHUA).

Bormpockl nipoBeneHusT BEIYUCIUTEIBHOTO JKCIIE-
PUMEHTa YyKe paccMOTpeHbl B padoTe ['opoxoBckoro
u ap. (2024), mpu 3TOM HCIIOIB30BaHBI TIOAXOABI 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 JaHHOW pabOThI U TOCBS-
IeHa HACTOSIIAS CTAThSI.

eab, MeToguKa
U 00BbEKThI HCCJIeI0BAHUSA

Lesbt0 MPOMBIILIIIEHHBIX UCIIBITAHUN pa3paboTaH-
HOU TEXHOJIOTHH CYLIKH O€pe30BbIX MUIOMAaTepPHaIoB
OeccTynmeHYaTbIMH peXUMaMi ObLTO TTOATBEPIKICHUE
ee BBICOKOH 3(h(hDeKTUBHOCTH.

Jliis mocTKeHMs YKa3aHHOM 11eiin ObLII0 Heo0Xo-
JIUMO PELIUTH CIEeTYIOIINe 3aTa4H.

1. ITonTBEpANTD peaNbHOE CHIKEHUE TPOJOIKH-
TEIBHOCTH CYIIKH T10 CPAaBHEHMIO C TAKOBOW IPH HOP-

MAaTUBHBIX PEXUMaAX.

2. OnpenenuTb MOPAAOK BEIWYMHBI CHUXKECHHS
Opaka B mpolecce CyIKH OeCCTyNeHYaThIMH PEXKH-
MaMH.

3. OmnpenenuTh KaueCTBEHHBIE TOKA3aTENIN MUJIO-
MaTepraloB, BEICYIICHHBIX CYIIECCTBYIOIIUMH U Oec-
CTYICHYATBIMU PEKUMAMHU.

4. OnpenenuTh SKOHOMHUYECKYIO 3QPEKTUBHOCTh
OeccTyneHYaThIX PEKUMOB.

OnbITHBIE CYIIKHA MPOBOAWINCH Ha JIBYX THIIAX
kamep: MGR-50 u YPAJI-30, TexHuueckue xapakre-
PHCTUKM KOTOPBIX MpHBEACHBI B pabore AradoHoBa
(2024). Be16op xamep 00yCIIOBIICH CIICIYIOIIAMHE CO-
00pakeHUsIMU:

— JIaHHBIE THIIBI Kamep AOCTaTOYHO MIMPOKO pac-
MpocTpaHeHbl B Ypano-CHONpCKOM pernoHe;

— KaMepbl MPEACTABIAIOT Pa3InYHble CETMEHTHI
TUIOB JiecocymmbHbIX Kamep. Eciin MGR-50 coBpe-
MEHHasl, TIOJHOCTBIO aBTOMATU3UPOBAaHHAs Kamepa,
o0ecrieunBaiomas BBICOKOKAYECTBEHHYIO CYIIKY, TO
YPAJI-30 — 3T0 y’ke JOCTaTOuHO yCTapeBlas kaMepa
CO CPEIHUM Ka4eCTBOM CYIIIKH.

XapakTepuCTHKA YCIOBUH MPOBEICHUS IKCIIEPHU-
MEHTa IpUBecHa B Ta0M. 1.

Tabnuya 1
Table 1
VYcnoBust NpoBEAEHUSI MPOMBIIUIEHHBIX SKCIIEPUMEHTOB
Conditions for conducting industrial experiments
3HaueHus apameTpa 1JIs Kamep
IMapametp Parameter values for cameras
Ne Parameter VPAJI-30
MGR-50 URAL-30
1 Ilopona npeBecuHbI bepesa bepesa
Wood Birch Birch
Tonmumua, MM
Thickness, mm >0 >0
Pa3Mmeps! muiomMarepruanos InpuHa, MM S
2 Type Dimensions of sawn timber | Width, mm 110-130 150
Jnuna, M
Length, m 5,0 5,0
3 Bup nunomarepuanon OO6pe3Hbie OO6pe3Hbie
Type of sawn timber Edged Edged
HaganpHas BnaxHOCTB ApeBecUHBL, %
4 | Initial humidity of wood, % 30-40 =30
KoHeuHast BITaKHOCTb APEBECUHEL, % .
> | Final humidity of wood, % 8,0;10,0 10
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The end of table 1
3HadeHus napaMmerpa st Kamep
N IMapametp Parameter values for cameras
¢ Parameter YPAJI-30
MGR-50 URAL-30
CrpyKTypa pexuma:
TPEIIPUSITHS
6 JKCTIEPUMEHTAIIBHBIN ITo HTJ 6eccrynenvarsiii | ITo HTI 6eccrynenyarsrii
Mode structure: To NTD stepless To NTD stepless
businessespe
experimental
7 Kontpons Bnaxxaoctu (TOCT 16588-91) OJeKTpOHHBIH BIaromep OJEeKTPOHHBIN BlIaromep
Humidity control (GOST 16588-91) Electronic moisture meter | Electronic moisture meter
] KonTpoms ocTarouHbIx HaNpsHKEHUH PTM 1985 PTM 1985
Residual stress control RTM 1985 RTM 1985
9 Temneparypa TEIUIOHOCUTENS Ha BXoAE B mrTadeis, °C 95 95
Temperature of the coolant at the inlet to the stack, °C
10 BTO B HopMaTuBHOM pexuMe Ectp Ectp
WTO in the normative regime There is There is
Pe3yabTarhl ncciaenoBaHui
U UX o0cy:KIeHne
Pe3ynbTaThl ONBITHBIX CYHIEK B JIECOCYIIMIIBHBIX
kamepax MGR-50 u YPAJI-30 cooTBeTCTBEHHO IpHU-
BEIEHEI B Ta0m. 2 1 3.
Tabnuya 2
Table 2

XapaKTepuCTHKA OMBITHBIX CymIeK B kamepe MGR-5

Characteristics of experimental dryers in kamepe the MGR-5 chamber

Pesynbrarel cymmku w

Drying results =
TpeGyemas Cobronenue o | E3
N BIXKHOCTh Cpemiee Daxririe- (J:H Z([:Ka S| 8%
i 4 J0IycK, % Konednas KBaJpaTye- el N }1] o 5 g £
/i Pexum cymiku Required BIIAXKHOCTD, o 0Ty CK Congp iance o2 =
Ne Drying mode humidity % OTKJIOHEHUE Ha B with t.he = 5 = g
p/p and Final Meane HOCTB security Q| E3
tolerance, % | humidity, square Actual clearance | &=

% degiation humidity 3

tolerance x

CornacHo
HOPMAaTHBHO-
TEXHUYECKOU
1 ﬁ;"gﬁf:;::;}'; 8+2 83 1,28 +2,56 Not observed | + I
Kamepy
According to BAT
per drying chamber
Beccrynenuarsiit Cobmonaercs
2 YIUITY 8+2 8,1 0,95 +1,9 Obse?ved - I
Stepless USFEU
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Oxonuanue maobn. 2

The end of table 2
Pesynbrare! cymku =
Drying results =
Q
Tpebyemas Darrme. Cobrmonerie o 5 §
Ne Bna)KHOCT(]; Koneunas Cpennee CKUH A0IyCKa g £ 3
/i PexuM CyIIKH " HROHy_CK’dA’ anarocrs, | KBAAPATIIC- p— Compliance g 8 g8
Ne Drying mode hl‘;gllﬁiriiy o CKoe HA BIAK- with the m 5 % E
p/p and Final OTKI\?IZ:I?:H‘? HOCTh security m z o)
tolerance. % | humidity, Actual clearance © &=
) square L >
% S humidity =
deviation @
tolerance
beccrynenuarsrit
3 YIIITY 8+2 8,2 0,66 +1,32 C‘gﬁs“fr‘jzzc" - I
Stepless USFEU
Beccrynenuarsrit
4 VIIITY 8+2 8,2 0,76 +1,52 chg;?ngca - I
Stepless USFEU
CornacHo
HOPMATHUBHO-
TEXHUYECKON
5 JIOKYMEHTALUH 1042 10.1 0.63 11,26 Cobmonaercst n I
Ha CYIIMWJIbHYIO Observed
Kamepy
According to BAT
for drying chamber
Bbeccrynenuarsrit
6 VIITY 10+2 9.7 0.5 1,0 Cobmonacres | I
Stepless USFEU
beccrynenyarsiit Cobmonaeres
7 YIITY 10+2 9,6 0,42 +0,85 Obsei*lved - I
Stepless USFEU
Tabnuya 3
Table 3
XapakTepHuCTHKa OIBITHBIX CyIeK B kamepe YPAJI-30
Characteristics of experimental dryers in the URAL-30 chamber
Beccrynen- c Cpennne
JaThIid Tpebyemas PEHAA YCIIOBHEIE
Pesxum 6-B PEXKUM Ne Hponomxa- KOHEJHast KOHCTHA BHYTPEHHHE
Mode 6-B YIITY CYIIKU TETBHOCTL BIIQKHOCTb, % BADKHOCTD HaIpsHKEeHUs
Stepless mode | Drying CYILIKH, 1 Required 1(&1-[0 cyun;iaM)l Average
USFEU number Drylﬁlogutrlme, final f&iﬁgi na conditional
IMapameTpst humidity, % (by dl’yil?é) internal
Parameters le W, le W stresses
Hauanphbie
Initialdata 57 14 63 16 1 177
Koneunsie
Endpoints 77 4,5 6 6 2 152
HopmaruHas 3 159 10+3 9,8+2,7 1I
[POIOJKUTEILHOCTh 4 148
cymku 187 4 -
Standard drying 5 151
time 187 h T 154
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AHanu3 TOJXYYCHHBIX PE3yIBTaTOB MOKA3bIBAET,
YTO 3aJa4u, NMOCTAaBJICHHLIC MICPEA MPOBCACHUEM HC-
CJICIOBaHMsA, BBIITOJTHCHBI.

1. IlogTBepkIEHO peaNbHOE CHIKEHHE IMPOIOII-
JKUTCJIIbHOCTU CYIIKH GCCCTyHCH‘-IaTI)IM PEKUMOM 110
CpPaBHEHUIO C TAaKOBOU Tpu pexume 6-B Ha 18,5 %.

2. IIpoBeneHHbIe BHIOOPKH BBICYHIEHHBIX JTOCOK
MoKa3ali CHWKeHHe Opaka Ha 6—6,5 % mns Geccry-
MEHYAaThIX PEKUMOB.

3. KauecTBO Cymiku B ciy4yae NMpHMEHEHHUsS Oec-
CTYIEHYATHIX PEKUMOB BBIIIE (MEHBIIE BHYTPEHHHE
HaIIpsHKEHUA U JOITYCK Ha KOHCYHYIO BJIaXXHOCTD JIpEC-
BECHHBI IIPH CYIIIKE).

4. AHanu3 TEXHUKO-D)KOHOMHUYECKHX II0Ka3are-

JIell KaMmep B Clly4ae MPUMEHEHHsS OeccTyneHYaThIX

Ne 2 (93), 2025 1.

pexumoB (Aradonos, 2024) mokasai CymieCTBEHHOE
noBbIlIeHne 3G PEeKTUBHOCTH Mpolecca CYIIKH.

BuiBoabI

1. IIpon3BONCTBEHHBIE WCHBITaHUS pa3paboTaH-
HOW TEXHOJIOTHH CYIIKH OEpE30BBIX MHIIOMATEPHAIIOB
OeccTyneHYaTbIMU PEKUMaMU TOATBEPIUIIN €€ BBICO-
Ky 9 $EKTUBHOCTb.

2. Pacder mokaspIBaeT, YTO MPH IOIOBOM O0beMe
CYIIKH Oepe30BbIX MHJIOMaTepHUaoB mopsaka 2200 m?
(ronoBas mpousBoauTeNbHOCTE KaMepsl MGR-50 Ha
mJIoMaTeprale TONIUHOW Oonee 50 MM) ycioBHAs
IKOHOMHMS OT CHIDKEHHSI C€0ECTOMMOCTH COCTaBIISIET
0K0JI0 4 MIH py0.
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