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Cymka npoduIIbHEIX 3arOTOBOK M3 MAacCHBHOI APEBECHHBI UMEET psa ocoOeHHocTeil. B
MEPBYIO OYepe]b — 9TO IIEPEMEHHOE CEYEeHHE MO JJIMHE 3arOTOBKH, YTO CTABUT PSII CIIOXK-
HBIX 337124 110 (JOPMHUPOBAHMIO INTAOEICH MM NaKEeTOB, BHIOOPY PEKUMOB, TEXHOJIOTHH U
CYIIMJIBHOTO 000pynoBaHus. B kadecTBe sKCHeprMEHTAILHOIO MaTepuaia BrIOpaHa JIpeBe-
cuHa Oyka. [Ipolecc CyIku sBISETCS CIOKHBIM TEINIOMAacCCOOOMEHHBIM IMPOLIECCOM, BKITIO-
YaIOIIUM TETJIO0OOMEH MEX.IY IOBEPXHOCTBIO JPEBECHHBI U CPEHOH, TEIUIO- M BIArONpo-
BOJHOCTh BHYTPHU MaTepHaja U HCIIapeHHe BIard Ha €ro MoBepXHOCTH. J{iis n3ydyeHus renm-
JoMaccooOMeHa HeoOXOIMMO 3HATh Paclpe/ielieHUue BIIATH 110 CeYeHUI0 Martepuana. B oc-
HOBHOM IIPUHUMAIOT JUISl MCCIICIOBAaHUI HIIM PAacYETOB, YTO BJara BHYTPH MaTepHana pac-
npenessieTcs no napaboIMYecKoil WM KOCHHYCOHIANbHOI 3aBucuMocTH. KocuHyconnab-
Hasl 3aBHCHMOCTB OIMCBIBACTCS yPaBHEHHEM CKOPOCTH CYIIKU B BHE OallaHCa BJaru, KOTo-
pasi mepeMeNnIaeTcsi BHyTPU MaTepHalla i HCIapseTcs ¢ ero noBepxHoctu. [lomydennas ¢u-
3UKO-MaTeMaTHYeCKas MOJEIb SBISICTCS MCXOIHBIM MOJIOKESHHEM IS COCTaBJICHHS METO-
JIMKH SKCTIEPUMEHTAIIBHBIX UCCIIEJI0BAaHUN KUHETHKH MPOLIECCa CYNIKH. DKCIIEPUMEHTAIBHO
HEOOXO/MMO OINpPE/EIIsiTh BIAXKHOCTh LIEHTPAJIbHBIX U MOBEPXHOCTHBIX CJIOEB JAPEBECHHBL,
M3MEHEHHE CPEIHEH BIaKHOCTH BO BpeMs CYILIKH, JIMHEHHbBIE Pa3Mepbl 3ar0TOBOK, PEXKUM-
HbIe TTapaMeTphI Mpoliecca CYIIKH (TeMmeparypa cpeibl U PaBHOBECHASI BIAXXHOCTD JpeBe-
cunbl). [IpencraBiensr GopMyITbl, IO KOTOPBIM OTpPEeTeHbl KO3DGHUIIMEHTH! CYIIKH, Bla-
TONPOBOAHOCTH, BIArOOTHAYH, MaccooOMeHHble Kputepun Hyccenbra u @ypee. [lo skcre-
PHMEHTAIBHBIM JaHHBIM MMOCTPOCHBI KPUBBIE CYIIKH, OTPaXKalolie H3MCHEHUE BIAKHOCTH
JPEBECHHBI BO BPEMs CYIIKH, H KPHBbIE CKOPOCTH CYILIKH, HA OCHOBAaHUH KOTOPBIX OIpejie-
JSAI0T KHHETHYECKHE XapaKTepHCTHKU mpouecca. HaiineHo, 4To CKOpPOCTh CYIIKH B X0
JKCIIEpUMEHTa YMEHbIIaeTcsi Oojiee 4eM B miecTh pa3. [lonydeHnsle 3HaueHns Kod3hunu-
€HTOB CYIIKM M BJIarONpPOBOJHOCTH MOXKHO HCIIOJIb30BaTh B TEOPETHUECKHX YPAaBHEHHUSX
JUTSL OTIpeIeICHHsI TIPOIOJDKUTENBHOCTH Tporiecca cymku. O000ImanumMu XapakTepUCTH-
KaM{ KHHETHKH MPoIlecca CYIIKHU SIBISIFOTCS Oe3pasmepHsie kpurepun Hyccenpra (xapakre-
pH3MpYeT COOTHOIIEHHE KO HUIMEHTOB BIarooT/Aa4n Marepuaia ¢ XapakTepHbIM pa3Me-
pOM u BiaromnpoBogHocTH) H Pyphbe (XapakTepusupyeT HHTEHCHBHOCTE MepPEeMEICHHs BIa-
I'M BHYTPH JPEBECHBIX COPTHMEHTOB).

Kniouegvie cnosa: npeBecwHa, BIAXHOCTb, KOA(PQUIMEHTHI CYIIKH, BJIArONPOBOJHOCTS,
BJIaro0T/1a4a, KPUTEPUH, KHHETHKA.
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Beeoenue

B necHoii, nepeBooOpadartbiBaromieii 1 MeOETFHON MPOMBIIIJICHHOCTH 4acTo
UCTIONB3YIOT MPOQUIbHBIE 3aTOTOBKU M3 JPEBECHHBI. ITO MOTYT OBITH CTOJISIPHBIC
W3Jenusi, NeKOpaTUBHBIE 3JIEMEHTHl MeOenu, IepeBsHbIE 3JIEMEHTHI CTPEIKOBOTO
OPYXHS, JIEMEHTHI ACPEBSHBIX MY3bIKAIbHBIX WHCTPYMEHTOB, IEPEBSHBIEC MPOTE-
361, 00yBHBIE KOJIONKU U JIpoBa. B mocnenHue BpeMsi mMeeTcst OOJIBIION CIpoC Ha
CyXHe pOBa, HAYIIME Ha 3KCIIOPT M BHYTPEHHUH PHIHOK. PexumaM M T€XHOJIOrHU
CYIIKH NPO(MUIBHBIX 3aTOTOBOK M3 JPEBECHUHBI yICJICHO OYEHb Maj0 BHHUMAHUS B
CHeUaAbHOW TeXHWYeCKoi mnureparype. [IpoduibHble 3arOTOBKM HMEIOT Tepe-
MEHHO€ CE€4YEHUE 110 AJIUHE, II03TOMY BO3HUKAIOT PA3IMUHbIE CIIOKHOCTH IO CIIOCO-
0aM yKJIaJIKi B TAKEThI MJIM ITA0EIs], BEIOOPY PEKUMOB, TEXHOJIOTHI U CYIIMIIBHO-
ro 000pyIOBaHUSI.

B nannoit pabore paccMOTpeH KOHBEKTHBHBIM MPOIECC CYMIKH OYKOBBIX
coptumeHTOB. byk eBponetickuii (Fagus sylvatica L.) ssisiercs Hanbosiee pacmpo-
CTpaHEHHOH MOpo000pasyroiei apeBecunoi Kapmarckoro pernona Ykpaussr [1].

Teopemuttecxue NON0JHCEHUA

BryTpeHHuil BraronepeHoC W BHEIIHWN BIIaroOOMEH TOBEPXHOCTH ApeBe-
CHHBI C OKPY’KaloIIel Cpenoil SBISIOTCS IEPEMEHHBIMU BEIMIMHAMH BO BPEMEHH U
npoctpancTBe. MccnenoBanne KOHBEKTUBHON CYIIKH JPEBECHHBI TBEPJBIX MOPOA
(Oyk, ny0, rpad) moka3sanu, 4to 0oJiee TOYHO PACIPEICICHUE BIarocoACpKaHus B
MaTepuane MOXHO omnucath Kocunycounod [1]. Ilpu TpexmepHOM MOTOKE Biaru
(mampumep, ISl 3aTOTOBOK WJIM APOB) 3aKOH DPACIpENeNeHUs] BIaKHOCTH MOYHO
OTIHCATh CIEAYIOUINM YPaBHEHUEM:

U=U,,+U,-U Ty nz

X
105 JCOS —— - COS —— - COS ——,
2R, 2R, 2R,
rie U Uy — COOTBETCTBEHHO BIIAr0COIEPIKaHUE MIOBEPXHOCTHBIX M IEHTPAITb-
HBIX CIIOEB,;
R1, Rz, R3 — cooTBeTCTBEHHO TOMIIMHA, ITUPUHA U JJIMHA 3aTOTOBKH, CM.

CpeiHIO 110 00beMY BIIaKHOCTD JIPEBECHHBI OIIPEETHM MO (popMyIie
R Ry Ry

RlRRf _[ jde dy - dz.

CKOpOCTB CYIIKH B JaHHOM cnyqae HaI/IHeM HCIIOJIb3YS YPaBHCHUC

dw ouU ouU
R RRR =8, (DR, + CIRR - TIRR) =B, U RR, +RR - RR)

TZIe dy— KOA(MQUIMEHT BIaronpoBOHOCTH;
B — k03¢ ¢punmeHT BaarooTnauu;
U, — paBHOBECHOE BIIarocoziepkanue apesecuns [1, 3, 4, 6-8].
B KoHeuHOM BapuaHTe 3amHIlIeM YpaBHEHHE CKOPOCTH CYLIKH JUIA Mepuoia
yOBIBaIOIIEH CKOPOCTH:
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w oal 1 |~
o TR (W-w,),
R.H

rie R, — 0606IMIEHHBIH XapaKTepHbIii pa3Mep 3arotoBok, R.= RY/ R,;
1 1 1 1

— ==t =+—;
R R R R
1 1 1 1

=—+—+
RO Rl R2 RS
C, I1 — noctosHHBIe KOdQuImentsr, C = 4/n? = 0,405; I7T=1,0;
H — cootHomeHue ko3¢ (HUIMEHTOB BIarooTAauyH B, ¥ BIAronpoBOIHOCTH dp,
[2, 6];
W u W, — COOTBETCTBEHHO CPEAHsSA U PABHOBECHAS BIA)KHOCTD JIPEBECHHBI.
Takum 00pa3oM, A IKCTIEPUMEHTAIBHBIX HUCCIEIOBAHUN KUHETUKU IIPO-
recca CyIiku HeoOXOIMMO UMETh JaHHbIC O CpeHel BiaxkHocTH apeBecuHbl (W),
BIQXKHOCTH TMOBEpXHOCTHBIX (Wyo;) ¥ meHTpanbHbiX (W) cloeB MpeBecHHBI, -
HEHHBIX pa3mepax 3arotoBok (Ry, Ry, Rs3), peskuMHBIX mapamerpax mporecca CyIi-
KU (TeMIiepatypa U paBHOBECHAs BIXKHOCTh JIpeBecuHbl) [2-9].

Memoouxa sxcnepumeHmansHo20 UCCIe008aHUsA

Kaxk npaBwuIio, monepevHoe ceueHne APOB UMEET BU TPEYTOJIbHUKA WU Tpa-
nenun. ['eoMeTpruecknii NEHTpP 3THX (GHUTYp HAXOJAT IO TEePECeUSHUI0 OMCCeK-
TPHUC WK TuaroHajiei. st i3MepeHusl BIaXHOCTH LEHTPAIbHBIX CJIOCB JPEBECUHBI
JaTYAKU 3JICKTPOKOHTAKTHOTO BJIaroMepa HEOOXOIMMO BHEIPUTh Ha TIIyOHHY
x = R. lng u3MepeHus BIaKHOCTU MOBEPXHOCTHBIX CJIOE€B JaTYUKU JTOCTATOYHO
BHEpUTH Ha Tiryouny x = 0,15R.

ITepen mpormeccoM cymiku (M B MPOIECCE CYMIKH) KOHTPOJIBHBIE 00pa3Iibl
B3BEIIUBAIOT — HAXOAAT HavyanbHyto (M) u cpentioro tekymyto (M;) maccy obpas-
na (3aroroBku). Ilotom B cepeamHe oOpaslia BBHITWIMBAIOT CEKIMU ITOCIONHON
BJI&)KHOCTH M CEKIIUIO BIQXKHOCTH, KOTOPbIC B3BEIIMBAIOT U MOMEIIAIOT B CYIIHIIb-
HBIH WKad, T/ BHICYHIMBAIOT J0 aOCOJIOTHO CyXOro COCTOSHUS. TakuMm oOpa3zoM
BECOBBIM CIIOCOOOM HAaXOJSAT Paclpe/IeiICHUE BIAKHOCTH 110 TOJIIMHE 3arOTOBKU B
KOHIIE TPOIIecca CYIIKH, a Takxke mMaccy (M, Kr), KOTOPYro Obl MMella 3ar0TOBKa B
a0COJIFOTHO CYXOM COCTOSIHUU:

_ 100M,,
° 100+W,’
rae WH — cpeqHsisi HadajibHasl BIaKHOCTh 00pasia.

Ilo Macce 3aroToBKH B aOCONIOTHO CYXOM COCTOSHHM (Mp) MOXKHO BOCCO-
3[1aTh KHHETHKY U3MEHEHHUS CPEHEH BIAXKHOCTH JPEBECHUHBI BO BPEMSI CYIIIKH:

W, M =Mo 100 0,

0
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3a 0CHOBY OBLTH MIPHHATH H3BECTHBIE PEXUMBI CYIIKH |3, 4].DUKCHPOBAIUCH
MPOAOJLKUTEIIEHOCTD MPOIIEcca CYIIKH Ha KaXKA0H U3 CTyHeHel pexuma (T, ¢), uH-
TepBasl BpeMeHu (AT, ¢) ¥ M3MEHEHHe cpeaHeil BiaxHocTu apeBecuHbl (AW, %).
Cpenusist HavaibHas BIAXHOCTh 3arotoBok W, = 62,4 %. DKBUBAJCHTHBINA pagnyc
3aroToBOK R = 5,2 cm.

P€3yﬂbmambl IKCNEPUMEHMATbHBIX uccnedosanuil

B 1abn. 1 mpuBeneHsl 1aHHBIE SKCIEPUMEHTOB IO M3MEHEHHUIO BIAKHOCTH
JPEBECUHBI B TIPOIIECCE CYIIKH, a TAKKe PEKUMHBIE TapaMeTphl (CTYNEHb peXnuMa,
paBHOBeCHast BIaXHOCTh ApeBecuHbl (W), M3MEHEHHE BIIAXKHOCTH JAPEBECHHBI
(cpennee ee 3nadenue (W), BiaaxHOCTh NMOBEpXHOCTHBIX (Wp,;) M IEHTpaIbHBIX
(W,) coeB apeBecHHbI, TIPOAOJIKUTEIBHOCT Mporecca (1)).

Tabnuma 1
I/I3MeHe}me BJIAKHOCTH IlpeBeanbI B npouecce cyHIKI/I
ITapametpsl [IporomxuTenbHOCTh BnaxHocTh 1peBecuHbl CkopocTh
npouecca, % CYILIKH B Tporecce cymku, % CYIIKH
4 " AW )
t-10% ¢ At-10% ¢ " W, Woos AW |[—-107, —
W Wp AT
0 0 62,4 | 68,2 | 458 - -
W._..40 | 135 | 5,76 5,76 39,9 | 490 | 286 | 225 3,91
40..30 | 9,0 | 10,80 4,32 30,3 | 36,6 | 18,9 9,6 2,22
30...20 | 7,0 | 16,20 6,12 200 | 254 | 12,7 | 10,3 1,68
20...15 | 45 | 25,20 9,0 148 | 156 | 8,2 5,2 0,58
Tabnuua 2
KuHeTnueckue XapakTepuCTHKH Npolecca CyIKu
ITapamerpsl mpornecca, % Koo dpurmenTst Kpurepun
W, K;,1/c am, cMYC Be, cM/c Nup, Fon
W,,...40 13,5 10,7.10° 4,38.10" 541.10° 0,64 0,93
40...30 9,0 8,61.10°° 2,87.10* 4,42.10° 0,80 0,46
30...20 7,0 9,53.10°° 3,02.10* 4,80-10° 0,83 0,68
20...15 45 4,54.10° 1,79-10* 2,94.10° 0,81 0,60
CpeHHe 3HAUCHHS 8,3510° | 3,0210" | 43910 0,77 0,68

B Tabun. 2 npuBeneHbl KHHETHYECKHE XapaKTEPUCTUKHU TTpoliecca CYIIKH, OIpe-
JIeTICHHBIE IO CIIEAYIOIUM (popMymam:
a) ko3 puuent cymku

rIe

1, W,-W,

K. ==—In

T W -W,

T; — IPOOJDKUTEIBFHOCT i-i CTYTIEHHU peXXUMa CYIIKH, C;

W, Wi — cOOTBETCTBEHHO CpeAHMEe HayallbHas U KOHEYHasl BIAKHOCTH JpeBe-
CUHBI Ha JaHHBIN CTYIEHH pexnuMa, %;
W, — paBHOBECHas BIIaXKHOCTh APEBECHHBI HA JIAHHOM CTYNIEHH peKnuMa, %o;
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0) K03 PHUITUEHT BIArOIIPOBOTHOCTH
W, AW
a,=——-RI—-,

A, AX

rae AW, /At; — ckopocTh CYIIKY Ha JaHHOW CTYIICHH pekuMa, %/c;
W; — cpennss BIaXXHOCTb APEBECHHBI Ha JAHHOU CTYNEHH pekuma, %o;
R — xapakTepHuil pazmep (3KBUBAJICHTHBIH PaIyC), CM;
AW/Ax — nepeniaj BIaXXHOCTH O TOJIIMHE MaTepuana, %/cwm;
B) KO3(pPHUIMEHT BIAro0TAaYH

AW
=" R/Wi-W,);
Pe=——RIWi-W,)

) MaccooOMeHHbIN KpuTepuii HyccenbTra, XapakTepu3upyIoInii COOTHOIIICHHE

BJIArONPOBOHOCTH JPEBECHHBI U BIarooOMeHa OBEPXHOCTH JPEBECHHBI CO CPEAOH,
Nu, =B.R/a,;

1) MaccooOMeHHBI Kputepuii Dypbe, XapaKTepU3UPIOIINN WHTEHCHBHOCTh

nepeMelIeHns Bjaru BHyTPH JPEBECHBIX COPTUMEHTOB
Fo, =a,t/R%.

Takum 00pa3oM, MOCTPOEHHBIE MO 3KCIIEPUMEHTAIBHBIM JJTAaHHBIM KPHBBIC
CYWIKH (M3MEHEHHs BIaKHOCTHU JPEBECHHBI BO BPEMsI CYIIKH) U KPUBbIE CKOPOCTH
CYILIKH Jaf0T BO3MOXKHOCTH ONPEJENNTh KHHETUYECKHE XapaKTepUCTUKH Ipolecca
B 1esnoM. CKOpOCTh CYIIKH IO X0y Ipolecca yMeHsbIaercs B 6,7 pas. Iloxyden-
HBIE 3HAYEHUS KOA(PPHUIMEHTOB CYIIKH U BJIarolmpoBOJHOCTH MOYKHO UCIIOJIb30BaTh
Ul ONPEAEJICHUs! UINTENbHOCTH mpouecca. O000MAonMMU XapaKTepUCTUKAMU
npoliecca CYIIKH SIBIISIIOTCS Oe3pa3MepHble KOMILIEKChl — Kputepun Hyccenbra n
Dypse.
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Kinetics of Drying of Wood Profile Blanks
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The drying process of profile blanks of solid wood has a number of features. First of all it is
a variable cross-section along the length of a blank, which poses a number of challenges to
form the staples or packages, to select the modes, technologies and drying equipment. The
beechwood is selected as an experimental material, which is often used for firewood. The
drying process is a complex process of heat and mass transfer which includes the heat ex-
change between the wood surface and the medium, thermal conductivity and moisture con-
duction inside the material, evaporation of moisture on its surface. To study the heat and
mass transfer it is necessary to know the distribution of moisture in the cross section of ma-
terial. Basically, the nature of moisture distribution inside the material is considered for the
research in the form of a parabolic or cosine dependence. The cosine dependence is de-
scribed by the drying rate law in the form of moisture balance. Moisture evaporates from the
material surface. The resulting physical and mathematical model is the starting position for
the methodology of the kinetics experimental studies of drying process. The moisture con-
tent of the central and surface layers of wood, change in the average moisture content at the
drying process, linear dimensions of blanks, operational parameters of the drying process
(the environmental temperature and the equilibrium moisture content of wood) are deter-
mined experimentally. The paper presents formulas, determining the coefficients of drying,
moisture conduction, moisture-yielding ability, mass exchange Nusselt and Fourier num-
bers. According to the experimental data the drying curves reflecting the change in the mois-
ture content during the drying process and the drying rate curves, which help to determine
the Kinetic characteristics of the process, should be constructed. The drying rate during the
test is reduced by more than six times. The obtained values of drying and moisture coeffi-
cients can be used in the theoretical equations to determine the duration of the drying pro-
cess. Kinetics general characteristics of drying process are dimensionless Nusselt and Fouri-
er numbers.

Keywords: wood, moisture content, drying coefficient, moisture conduction, moisture-
yielding ability, criteria, kinetics.
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