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MOJEJIUPOBAHMUE TEIIJIOBJIAI'OIIEPEHOCA B IPEBECHUHE
IPU JOCYIIKE SHEPTMEM CBY-TIOJISA

Kano. mexu. nayk, ooy. AJI. ATAMOBHY, kano. mexu. nayk, ooy. 10.I. 'PO3BEPI,
T.A. BYJIbBBEHKOBA, O.A. KH3HHA
(ITonoykuii 20cyoapcmeeH b YHUBEPCUMENT)

Paspabomana ¢husuxo-mamemamureckas MoOeib Menio8ia2ONePeHOCa NPu CyUKe Mamepuanos 6 ooia-
cmu Hudice npedenda 2uspOCKONUYHOCIY, 6 Mom uyucie u ¢ yuemom naepesa suepeueii CBY-nons. Ilposedeno
yucnenHoe peuieHue paspabomanHoll CUCmembl YPAGHeHUl 0Nl Mpex CAYyYaes CYWKU OpPeBeCHOl NAACHUHbL:
KoHeekmueHoU, 3Hepeuer CBY-nons u kombunuposanrou, covemaioujeti 06a npedvioyuux cnocooa. Ilpedcmas-
JIeHbl Pe3YIbMAambl YUCIEHHBIX PACUENOs, SKIOHAIOWUEe PACpedeleHIe meMnepamypol, 0déieHus napa u 61d-
20C00epIcanust 6 cevenul NAACMUNbL 8 PA3IUYHbIC MOMEHMbL 6DEMEHU, 4 MAKICE USMEHEHUE CPeOHe20 8l1A20C0-
0epaicanus u memnepamypul 8 npoyecce cyuki. IIpoananuzuposansvl pe3yivbmamol paciemos u cOelanbl 6bl6o-
Obl 0 PA3IUYUAX U OCOOEHHOCMAX KOHEekmuH020, CBY 1 KOMOUHUPOBAHHO20 HAZPESA U CYUWIKU.

BBenenne. Harpes u cyiika BiakHbIX MatepuasioB sHeprueit CBU-mons uMmeer psjl NpeuMyIecTB Mo
CPaBHEHHIO C KOHBEKTHBHBIM HAarpEBOM: OOJIbINIas CKOPOCTh MPOrpeBa MaTepuaia; CO3JaHue rPaIueHTa IBUXKE-
HUS BT U Iapa OT IEHTpa MaTepHaja K KpasM B TEUCHHE BCETO IPOIIECcca CYIIKH; aHTHCETITHIeCKuil 3¢ dexkr,
YMEHBIIAIIUI THUeHUE MaTepuana. HemoctaTkoM sBisercs HeOobmas rryonHa npoHukHoBeHus: CBY-most B
MaTepHall C BHICOKAM BJIATOCOCPKAHUEM, UTO 3HAYUTEIHHO OIPaHMYHBACT 00BEM 3arpy’KacMOro MaTepHaa.
Ha pucynke 1 mpuBenen rpaduk 3aBUCHIMOCTH TITyOHHBI TIPOHUK-
HoBeHuss CBY-monst wacroroit 2,45 I'Tm mo momHOCTH Op BO
BIIQXKHYIO JJPEBECUHY, TMOJYYESHHBIH 10 BHIPAKECHUIO:
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3nech €', €" — BellleCTBEHHAas: ¥ MHHUMAas YacTH KOMILJICKCHOM M-
3JIEKTPUUECKON MPOHUIIAEMOCTH JIPEBECUHBI, OJTy4YeHHBbIE B [1].
02 04 06 u kr/kr CoracHo pacueram TJyOWHa TNPOHMKHOBEHHS SHEPTUH
CBUY-nonst B ApeBeCHHy MpH MNEPHEHIUKYISPHOW OpHEHTAaLMU
BEKTOPa HANpPsDKEHHOCTH OTHOCHTENBHO BOJIOKOH INIPH BIAroco-
nepxaanu U = 0,6...0,8 xr/kr u temneparype T = 20 °C coctas-
1 80 °C IpH NapaTIETHHOR H TIEprIeH Ky TAPHOR nsier meree 0,03 M, a mpu Bimaroconepxannu U = 0,3...0,4 kr/kr —
OPHEHTAITHH BEKTOPA HANPSKEHHOCTH 0,05...0,06 M, yTo MpUMEPHO B 2 pasa OoJIbIIIE.
CBY-H0JIsl OTHOCHTEILHO BOJTOKOH B cBs3u ¢ 3TUM CylIKa ¢ MPUMEHEHHEM JOCTYITHBIX II0
CTOMMOCTH OBITOBBIX MarHeTpOHOB ¢ paboueii yacroroir CBU-noss
f, = 2,45 I'T'iy Gornee nenecoobpasHa st JOCYIIKHA MaTEPHATIOB JI0
KOHEYHOTro Biaroconepkanus 8...10 %, mpeaBapuTeabHO BBICYIIEHHBIX /10 Biarocoaepkanuus U = 0,3...0,4 xr/kr
Ooutee nemeBBIMU CIIOCO0aMU, HAIPUMeED, aTMOC(EPHOH CYIIKO.

IMocTranoBka 3axaun. PaccMOTpUM OJIHOMEPHBIN CITy4ail CYIIKH ITACTHHBI U3 JPEBECHHBI (pHC. 2) TOJ-
muHOoH 50 MM ¢ HadanbHBIM BitarocozaepxanueM Ug = 0,25 xr/kr u Temneparypoit To = 20 °C npu nomomnu KoH-
BEKTUBHOTO HarpeBa ropsiauM BO3JyXOM, Harpea sHeprueit CBU-nons 1 KoMOMHMPOBAaHHOTO HAarpeBa, COYETaro-
IIEro JiBa yKa3aHHBIX criocoOa. [Tnactina pacnonoxena Ha pacctostHun A/4 =~ 30 MM HaJl METAJUTTYECKUM OO~
HOM, OTPa)KaroILUM IPOIIE/IIYI0 Yepe3 Hee BOJHY. st Tpex Croco0oB CyIIKH HEOOXOIMMO ONPEAEIUTh pactpe-
JIeTIeHUe TeMIepaTypsl 1, naBineHus napa P u Brmarocogepanust U B CEYEHNH TIACTUHBI B pa3HbIE MOMEHTHI Bpe-
MEHH, a TAK)K€ U3MEHEHUE CPEJHETO BJIArocoiep KaHus <U> M TeMIiepaTypsl <[> IUIACTHHBI B IPOLIECCE CYIIKH.

[ MozenupoBaHHUS CYIIKH HCIIOJIB30BaNach cucTeMa nuddepeHnnanbHbIX ypaBHEHHH, ONMUCHIBAO-
mas TETIOMacCcOOOMEH B KalMJUIIPHO TIOPUCTOM TeJIE B IIPOLECCE CYIIKHU, IPEATIOKEHHAs U alpoOupOBaHHas
H.H. I'punuukom [2] u gonojiHeHHas K ciydaio cyiuku sHeprueit CBU-mons ypaBHenuem [enbmronsna [3].
HeobOxoanmble huznyueckue napaMeTpsl IpeBECHHBI IIPUHUMAIKCH 110 [4; 5] 17151 COCHBI.

Puc. 1. 3aBucuMocTh rITyOHHBI TPOHUKHOBEHUS
CBUY-suepruu (f,= 2,45 I'Tn) B ipeBecuHy
OT ee BIIarocojepxaHus npu remmneparypax 20
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IIpu Brarocomep’kaHUSX APEBECHHBI HIXKE Mpeaena rurpockonuuHoctd U < 30 %, xorzma Boja Haxo-
JIITCS B CBSI3aHHOM COCTOSIHUM, IpeHeOperaeM anuddy3uei BOJbl U TEYSCHUSIMU B TOHKHX IUICHKAX, IPUHAMAs

1 MPOHUIAEMOCTb JKUIKOU (Da3bl paBHOM HYJIIO, CUCTEMA YPAaBHEHU
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Puc. 2. ['eomeTpust 3a1a4it MOJETUPOBAHUS
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napa, p, =PM,/(RT); My — monsprast macca napa 0,018 kr/monb; m — nopucrocts, pasHas 0,7; pC — -

GbexTHBHAs 0OBeMHas TeIIoeMKoCTh, PC =(1—m)Cps-ps+m9vaCp\,+m6,p|CpI (C, C,» C, — remnoem-

pv?
KOCTb CyXOM JIpEBECHHBI, Tapa ¥ BOAbI cooTBeTcTBeHHO 1,56, 2 u 4,2 xJx/(krK); po — MIOTHOCTH CyXOTrO
Mmatepuaina 480 Kr/M3; p1 — WIOTHOCTH Boasl 1000 Kr/m3; 0, 1 6, — HaCBIIIEHHOCTH TeJa MapoM M BOAOH COOT-

BETCTBEHHO, CBsS3aHHbIe CoOTHouleHHeM 0, =1-0, =l—p0L; A — Ko3p(UIMEHT TEIIONpPOBOJHOCTH
[
1
A=AA A, A =0,00222u(T +273) +1002%000001022) 3 . p, — 0asucHasl JIOTHOCTH
0 Mo M Mo (T ) s 1,846 -0,00175-p, Ps
400 Kr/™m3;

k — abcomoTHast MpOHUIEAEMOCTH (Toriepek BosokoH) 1071M%; 1, — k09pGUIHMEHT TUHAMUYECKON BSI3KOCTH

mapa 1,6-10° kr/(m-c); R — yHuBepcanbHas rasopas moctosuHas 8,31 JIx/(Mons-K); Q — MomHOCTH BHYT-

PEHHHX HCTOYHHKOB TEIIa 3a CUeT AeHCTBUA MUKPOBOJH, BT/M?; Umax — MaKCHMabHOE BIarocojepxkanue 1,8
KI/KT; Uer — KpUTHYECKOe Biarocoaepxkanue 0,3 kr/kr; m — mopucrocts 0,7.

Temmora necopOium:
2 2
L=rO+RT (alnpejzr(ﬁRT (@) ®)
M, \oT P-M,\ oT

rJe o — TeIIoTa UCIapeHns cBOOOAHOM Biiary, pasHas 2,3-10% Jlx/kr.

WnuTtencuBHOCTh | 0OMeHa Mexmy ¢a3zaMu B yCIOBHSX JIOKAIFHOTO TEPMOAWHAMHYECKOTO PaBHOBECHS,
KOT[Ia BJIarOCOJIepyKaHMe, TABICHUE TTapa U TEMIIEpaTypa B JIOKATHHOM 00BEME CBSI3aHBI H30TEPMON JecopOIHH,
COTJTacHO [2], MOKHO OIIPENENIUTh KaK
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CrenyeTr OTMETHTh, YTO aHAJIOTHYHBIE PE3YJIbTAaThl pacdera MOydlM, €CIIM HHTeHCUBHOCTH | MaccoOMme-
Ha Mexy (aszamu 3amaBats Mo Gopmyite, peanokentoi I1.B. Axymanaem [6]:
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Kpome Toro, faHHO€E BBIpaKE€HUE MO3BOJISAET MPOBOIUTH PACUET U HEPABHOBECHOT'O MPOLECCA CYLIKU.
OKOHYaTeNbHO CHCTEMa YPaBHEHNH TeIIoMaccoOMeHa ¢ y4eToM BelpaskeHus (6) s |

ou_(au,\oP [iiue T _, ®)
Poat Pelap Jar Pelar Jar
M, [ et @—VKVVP+pO(aUE]@ﬂ)o(auejﬂzo, )
RT( p ot P )at T ) ot
oT ou, \oP ou, et
C. VAT —Lop,| L |E o [ M| _q, 10
peffat po(apjat po(a.rjat Q (10)

111



2013 BECTHUK T10JIOLIKOI'O I'OCYJJAPCTBEHHOI' O YHUBEPCHUTETA. Cepus C

0 ou, ou
JIJis BEIYMCIICHAS TIPOU3BOAHBIX —%, —=, —% HCIOJB3YETCs BRIPAKCHUE U30TCPMBI IECOOPITUH Ape-

or oP oT
BecuHsl, koTopas, o ['.C. llly6uny [5], npu Brarocoaepxanuu 10 30 % OMUCHIBACTCS BHIPAKCHHEM:
(3,27-0,015(T -273))
u, =10,6’ : (11)
100

A @ — BJIaXKHOCTb, CBA3aHHAd C IaBJICHUEM ITapa P cooTnomennem Yepe3 AaBJICHUEC HACBINICHHOTO IMapa Ps:

0= ; P, =10°(T/373)". (12)

S

HauanpHble 1 rpaHUYHBIE YCIOBHS:
Uy, = 0,25 kr/xkr; T, =300 K; R, =P,(u, Ty);
(13)

u—u (P.T): —n-[pvkkvvpj=B(me—P)i n-(AVT) =Ty, ~T)+L-B(Py —P),

v

roe P, — maBneHue mapa B kamepe, Ila, KoTopoe onpenensnocs mo id-muarpaMme B 3aBUCUMOCTHU OT BJIAXKHO-

inf

CTH U TeMIepaTyphl Bo3yxa; T, — Temmeparypa B kamepe, K; B — koadduument napoodmena, kr/(m>c-Ila);

o — ko3 puuuenT Teroodomena, Br/(m2K).
MomuHOCTh BHYTPEHHUX HCTOYHHUKOB TEIlIA 32 CUET ACHCTBHS MUKPOBOJIH 4acToTO f:

Q=052 f g -&"|E. (14)

Pacnipenenenune HanpspkeHHocTH E CBY-monst omuchiBaeTcsl ypaBHEHHEM | enbMroiiblia, KOTOPOE B OJI-
HOMEPHOM CJIy4ae UMEET BU!

L= e K-E=0, (15)

27 27
rae ko — BonHOBOE uncIio, K, = 7 = m

Ha rpanune 1 (cMm. puc. 1) 3amaBanocs ycnosue 1-ro poaa (Jupuxiie), onuchIBaroIiee COrjacoBaHHbIM
nctouHuk CBY-BOJIHBI HANIPSKEHHOCTHIO Eq:

oE S
e E.k, 2] —K, JE. (16)

= 51,35 pa/Mm; € — KOMIUIEKCHAsI IUJICKTPUYECKast POHUIaeMOocTh [1].

MOIIIHOCTL nagarouiero 1noJjigd onpeaeciaiachb no 3a,Z[aHHOﬁ HAIMpsAKCHHOCTU UCTOYHUKA Eo:
P, =0,5-E,2/377 Br/m2.

Ha rpanune 2 3a1aBajoch paBeHCTBO HYJIIO TaHI'CHIMAJIbHOW cocTrasistomeii CBY-BonHbI B BUzIE yCIIO-
Bust 2-ro poja (Heliman), onuckiBatomiero monuoe orpaxenne CBY-BosHbI:
E=0. (17)

Ha rpanune paszena cpel HampsHXKCHHOCTh 3JCKTPHUYECKOTO MOJS E yAOBIETBOPSET YCIOBUIO He-
NPEPBIBHOCTH.

O6cy:knenne pe3yabTaToB. UncneHHoe pemenue cucteMbl ypasHenui (8) — (10), (15) ¢ HayanbHbIMU 1
rparnuHbIMA yeousmu (13), (16) u (17) mpoBoaMIoch METOIOM KOHEYHBIX JIEMEHTOB.

CormacHo pe3yibTaTaM MOJICIUPOBAHNS, TIPECTABICHHBIM Ha PUCYHKE 3, BUIHO PA3IHINE MEKIY TPEMSI
CIoco0aMu CYIIKH TUIACTHHBI:

- npu CBU-cyke Temmnepatypa u qaBieHue mapa (puc. 3, 6, 0) MOBBIIIAIOTCS B IIEHTPE [UIACTHHBI, T/IC
MPOUCXOIUT MHTCHCHBHOE HCIIAPEHHE BJIATrH, ¢ IBMKCHUE K KpasiM M KOHICHCALUs Ha 00JIee XOIOHBIX y4acT-
kax (puc. 3, u);

- IPY KOHBEKTHBHOM CYIIKE YBEJIMYCHHE TEMIIEPAaTyPhl U TaBICHHUS HAYMHACTCS OT KpaeB 00pasia ¢ pac-
NPOCTPaHEHHEM K LeHTpY (puc. 3, a, 2). KoMOMHMpOBaHHbIH HArPEB U CYIIKa MPOTEKAIOT ObIcTpee (puc. 3, 71, M)
1 npu 60JIee PABHOMEPHOM PaCIpeIeIICHIN TEMIIEPATYPhI U BIaroCOACPYKaHMs B CEUCHIH IUIACTHHBI (PHC. 3, 6, K);

- P KOMOMHUPOBAHHOHN CymiKe K03 uuneHT oTpaxkenus |S11| camkaercs (puc. 3, #), B oTIH4INe
ot CBU-cmiku, rae moseimeHHble oTpakeHns CBU-BONHBI CBSA3aHBI ¢ YBETUYCHUEM BJIArOCOACpKaHUS Ha
KPaeBbIX y4acTKax.
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Puc. 3. Pacnipesienienue B miactute temmeparypsl T (a, 6, 6), naienus napa P (e, 0, e) u Biarocoaepxaunus U (orc, u, K)
NpH KOHBEKTUBHOI (4, 2, o), CBY (6, 0, u) 1 KOMOMHHPOBAHHOM cyIKe (8, e, K).
V3MeHeHre CpeIHero BIarocoAepkanus <U> (1) u Temreparypbl <T> (M) MIaCTHHBI,
a Takxke koo duurenra orpaxerus |S11| (1) B mporecce CymKH.
ITapameTphl KOHBeKTUBHOM cymku: B =1-10"7 kr/(m?c-I1a), a = 20 Br/(M?K), ¢ = 4 %, Tint= 90 °C, Pint= 2600 Ia;
CBUY: Eo=1650 B/m, B =1-10"7 kr/(m%c-I1a), o. = 20 Br/(M?-K), ¢ = 97 %, Tint = 20 °C, Pint = 2600 Ila;
xomburmposanHoil: Eo= 950 B/m, B =1-10"7 kr/(m%c T1a), o = 20B1/(M*K), ¢ = 91 %, Tinr= 70 °C, Pinr= 2600 Ila

Ha pucynke 4 npuBeeHbI 3aBUCHMOCTH, 110 KOTOPBIM MOKHO OPHEHTHPOBOYHO ONPEAEINTh HEOOXOIH-
Myto MolHocTh CBU-renepatopos ajis Harpesa | M3 JpeBecUHbI IPH 331aHHON CKOPOCTH HATPEBa.
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YkazaHHBIE 3aBUCUMOCTH CIIpaBeIMBHI IPU yCIOBUHU MoHOro nornomennss CBU-sHeprun npesecuHoil,
OTCYTCTBUS TEILIOBBIX IIOTEPh U 3aTPaT HA UCIIAPEHUE BJIard U IOCTPOEHBI [10 COOTHOLICHHUIO:

AT __R
At Cpp>

(18)

—

Ha pucynke 5 nmokazaHO W3MEHEHHE CPEAHEH TeMIepaTyphl IIacTHHBI <T> IIPY HarpeBe KOHBEKTHBHBIM

cocobom 1 CBUY-3Heprueit 6e3 cymku (3amaBayicsi HyJ€BOW IOTOK Iapa Ha rpaHMIaX IIacTHHBI). Hampsoken-
HocTh nagaroniero CBY-nomns nmoxdupanack Takoil, 9ToOBI B IIpoliecce HarpeBa JIOKaJbHAs TeMIlepaTypa B IIa-
cture He npessimana 100 °C. BuaHo, 9to moBsIeHne TeMiepaTypsl npu CBU-HarpeBe mpoucXoauT MpaKTHye-
cKH JuHe#Ho. Bpems HarpeBa no temmnepatypsl 360 K npu CBY-narpese mosiem ¢ Eg = 1000 B/m u 1500 B/m
coctaBsier t = 2850 ¢ u t = 1270 ¢ cOOTBETCTBEHHO, 4YTO TOpPa30 MEHbIIIE, YeM MPU KOHBEKTHBHOM Harpese,

koTopoe coctaBuio t = 5000 c. Bpemss CBU-HarpeBa yMeHbIIIA€TCs MPOIMOPITHOHAIBLHO YBETHUCHHIO Q min EO2 .

Po, kBT
u=0.8kr/kr
u=0.6kr/kr =
<> K CBUEs 15kB/m
1507 u=0.4kr/xr 360 1 KOHBEKT.
= Tin=90°C
u=0.Zrficr 340 0=20B/(M’K)
1004 CBY E¢=10xB/m
320 |
50 4 300
0 2 4 6 8 10
t10%¢c
1 2 3 AT/AL Chum
Puc. 4. 3aBucumMocTs Heobxomumoit MortHocTit CBY-renepatopos Puc. 5. 3meHenne cpenneil TemnepaTypbl IIaCTUHBI
OT 3aJJaHHO} cKOpoCTH Harpesa 1 M3 apeBecuHbI npu kKoHBeKTUBHOM 1 CBU-Harpese

Ha pucynke 6 npeacTaBieHbl pe3yIbTaThl pacueTa moriaomneHHoi MomHoctd Q CBY-mosst, 3arpaueHHOM
Ha CYILIKY IUIACTHHBI OT <u> = 0,25 kr/kr no 0,1 kr/kr, B 3aBUCMMOCTH OT K03 ¢punnenra teruoooMeHa a. Kak

BusiHO, pu CBY-cymike a1t CHIOKEHHS 3aTpavyiBaeMO MOIIHOCTH HEOOXOAMMO 3HAYMTENIbHO YMEHbBIIATh KO-
s duimeHT TemnoodMena (Hampumep, MyTeM CO3JaHUs TEIUIOU3OJSALINA KaMepbl CYIIKH, UCKIFOYCHHS CTOKOB
TeIuIa) WK MOMEIIATh MaTepuall Ha BpeMs IPOrpeBa B TEILIOM30IUPYIOMHN THAICKTPUICCKHI KOKYX.

Q, kBr'u
360 4 /

40 4 /

20 /

0005 001 01 1 10 100
o, Br/(M*K)

Puc. 6. Bnusuue xoaddunnenta TerrooobmeHa
Ha 3aTpadyuBaeMylo 3Hepruto CBY-nons

3akJroueHne. BoiOOp TOMIIMHBEI HArpEBAaEMBIX MHIOMATEPUAIOB MOXKHO ClIEJIaTh B COOTBETCTBHU C PU-
cyHKoM 1, rie npuBeneH pacuet riyounsl npoHrkHoBeHus CBU-snepruu yacroroii nons 2,45 I'T B apeBecuny
IIPYU Pa3IMYHOM BJIArOCOAEPKaHUM, TEMIIEPAType U OPUEHTALMU BEKTOPA 1107151 OTHOCUTEIILHO BOJIOKOH. Tak, Iiry-
OvHa MPOHMKHOBEHUsI NPH HU3KHX TEMIIepaTypax HarpeBa MEHbILE, 4eM IpH Ooliee BBICOKMX. HarpeB ToicThix
COPTAaMEHTOB C TOJILMHOM, OoJbIIel, YeM IIyOMHA NMPOHWKHOBEHMS, BO3MOXKEH NMPU MEIJIEHHOM HadaJbHOM
CBY-nporpese 10 JOCTHKEHHS O0Jiee BEICOKOH TeMITepaTyphl, IIPH KOTOPOH IIyOMHA IPOHUKHOBEHHS OOJIBIIIE.
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HauGomnblryro cKOpocTh MMEET KOMOMHHpOBaHHasi CYIIKa, COBMEINIANoNIas KOHBEKIMOHHBIN HarpeB C
CBY-narpeBom, 4To oOecnieyrBaeT HY)XHBIH IPaJMEHT JBIKEHHUS BJIAard W Iapa, HalpaBlICHHOTO K rpaHHULIaM
MaTepuaia, a TAKXKe YCIOBUS aKTUBHOT'O HUCIAapEHUs BIaru ¢ IOBEPXHOCTH MaTepuaa TeIIbIM areHTOM CYIIKU.
[Ipu 3TOM B LIeNsIX SKOHOMHH 3HEPIUHU 00s13aTeIbHA TEIUION30JISINS KaMEpPhl CYIIKH.
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SIMULATION OF HEAT AND MOISTURE TRANSFER
IN WOOD DURING MICROWAVE FINAL DRYING

A. ADAMOVICH, Y. GROZBERG, T. BULBENKOVA, O. KIZINA

The physical and mathematical model of heat and moisture transfer during the drying of materials in the
field below water absorption, also taking into account the heating energy of the microwave field is developed.
The numerical solution of the developed system of equations for the three cases of wood plate drying is conduct-
ed: convective energy of the microwave field and combined, combining the two previous methods. The results of
the numerical calculations, which include the distribution of temperature, vapor pressure and moisture content
in the cross section of the plate at different times, as well as changes in the average moisture content and tem-
perature in the drying process, are presented. Calculation results and conclusions about the differences and
characteristics of convective, microwave and combined heating and drying are analyzed.

115



