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ABSTRACT

of the qualification work

"Automation of the technological process of wood drying"

The work contains 49 pages, 27 illustrations, 7 tables, 16 sources used.

Keywords: control system, automated parameter support, algorithm, wood
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The subject of the bachelor's qualification work is the technological process
of wood drying, namely vacuum, heating, cooling circuits and the condensate
removal circuit.

The object of the bachelor's qualification work is to study the possibility of
developing an automated wood drying system in a vacuum drying chamber, which
will have optimal technical indicators, high reliability and a simple control
interface for the user-operator.

The work reviewed and described existing methods and types of wood
drying, developed information and material flow diagrams and a functional
automation diagram with a list of elements, implemented the selection of sensors
and actuators, described an automated system for drying wood in a vacuum
chamber. A description of the control circuits was carried out. During the work,
algorithms for the functioning of the corresponding circuits were developed.

During the project, an automated system for drying wood in a vacuum
drying chamber was developed, intended for use by small and medium-sized

woodworking enterprises.
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AKTyaJbHicTh podoTu. Peanii pi3Hux cdep cydacHOi eIeKTpOECHEPTreTUKH
NOCWIIOIOTh aKTyaJIbHICTh 1 3HAUYIIICTh BUPIMICHHS cHenu(IYHUX 3aBJaHb MO0
MIJBHUINCHHS SKOCTI Ta €()EKTUBHOCTI BUPOOHHUIITB, 3MIHMCHEHHS TEXHOJIOTIYHHUX
IPOLIECIB Yy SIKUX 3a0e3MeuyeTbesi (PYHKI[IOHYBAHHSIM CKJIQJHOTO E€IEKTPUYHOTO
oOnaiHaHHSL.

B nanuii yac 3HauHa YyacTWHA MPOMUCIOBUX JICOCYHIMJIBHUX Kamep, IO
BUKOPHUCTOBYIOTh HPHUPOJIHY IUPKYISIII0 CYyIIMJIBHOIO areHTa, MaloTh HEBUCOKI
TEXHIYHI XapakTepucTuku. OCOOIMBO 1€ CTOCYETHhCS 3HAYHOTO Yacy CYIIiHHS Ta
MBUIIEHUX €HEPTeTUYHUX BUTpAT

IIpeameroMm kBajgiikaniiiHoi podoTH OakajaBpa € TEXHOJOTIYHUN
IpoLeC CYIIKK JEPeBUHHU, a caM€ BaKyyMHHUH, HarpiBajibHUN, OXOJOIKYIOUUIN
KOHTYpH Ta KOHTYp BUBEJCHHS KOHJICHCATY.

O0’exTom kBagdidikauiiinoi podoTm OGakanaBpa € JOCIIKECHHS
MOXJIUBOCTI po3poOieHHss CAK TeXHOIOTTYHOTO MPOIECy CYIIKU JEPEBUHH.

Metow  kBagiikamiiHoi pob6oTH OakajaBpa €  PoO3poOJICHHS
ABTOMAaTU30BaHO1 CUCTEMU CYIIIKH JCPEBUHHU B BaKyyMHIN CYIIMIIbHIM KaMmepi, sika
BOJIOMITUME  TEXHIYHMMH TOKa3HUKAaMU ONTHUMAJIbHOTO PIBHSA, BHCOKOIO
HAJ1UHICTIO Ta MPOCTUM 1HTEp(EcOM KepyBaHHS AJi KOPUCTYyBauya-oneparopa.

JUist  TOCSATHEHHS TMOCTaBIE€HOT METH HEOOX1AHO BHUKOHATH HACTYIHI
3aBJaHHSA:

— BUKOHATH OIS ICHYIOUMX BHUJAIB CYIIKH JIEPEBUHU, BUSBUTU

IepeBaru Ta HCJIOJ'IiKI/I KO>KHOT'O METOY,
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— BUOpaTH Ta OOIPYHTYBaTH CTPYKTYpHY CHCTEMY KEpPyBaHHS Ta
3IIMCHUTH 1i OINC;
— pPO3pOOUTH KOHTYPU KEPYBAHHSI MPOLECOM CYIIKH JEPEBUHM, IS
KOYKHOTO KOHTYPY PO3POOUTH aJITOPUTM KEpyBaHHS;

— oOparu 3aco0r aBTOMAaTH3allll Ta BAKOHABY1 MEXAHI3MY.

1. AHAJII3 TEXHOJIOI'TYHOI'O ITPOLECY CYHWIKHU JEPEBUHHA TA
OBI'PYHTYBAHHSA HAIIPAIMKY ABTOMATHU3AILIL

1.1 AHaJi3 TeXHOJIOTIYHOIO NMPOLECY CYLIKH AePeBUHHU

[Tepen mpoBeneHHSIM aHai3y TEXHOJOTTYHOTO MPOIIECY CYIIKH JCPEBUHU,
JOMUTBHAM Oyl pPO3TIyMadyuTH caMme TMOHATTA cymiku. CyIika IepeBUHH — IIe
Ipoliec BUJIAJICHHS BOJIOTHU 3 JIEPEBUHU Ta MUIJIOMATEpiaiB 10 HEOOX1THOTO PIBHS,
IO 3/A1MCHIOETHCS HUIAXOM BUIIAPOBYBAaHHS PIAMHMU 3 Marepiaiy. be3nocepenHbo
BOJIOTA, IO MICTUTHCA B JICPEBHHI, ITJ KOHTPOJEM IIEPETBOPIOETHCS Ha Iap Ta
BUBOJIUTHCSI B  HABKOJHMIIHE  CEPEJOBHINE. 3arajoM, IMpOIEC CYIIiHHA
CYNPOBOKYETHCSI HU3KOK B3a€EMOIIOB’SI3aHUX SIBUII, M1JI Yac SKUX BiJ0yBalOThCS
PI3HOMaHITHI TEPETBOPEHHsSI Marepiaidy, BKIodarodd ¢as3oBi, CTPYKTYpHI Ta
MEXaHIYHl 3MIHU JIEPEBUHM, a TAKOX MPOIECH BHYTPIIIHLOTO Ta 30BHINIHBOTO
Terooominy [1].

OCHOBHOIO METOIO IPOIECY CYIIKH Ta OOpPOOKH JIEPEBUHHU € KapJUHAIbHA
3MiHA SKOCTI JIEPEB'SHUX MaTepiajiB dYepe3 TEXHOJOTiuHy o00poOky. Ile
MIEPETBOPIOE CHPOBHMHY Ha BHCOKOSKICHHM MPOMHCIOBHM Marepiasl, NMpUIaTHUN
JUISi BUKOPUCTAHHS B IPOMHCIIOBOCTI, OYMIBHHUIITBI, €HEPreTHIl TOIIO. 3MiHa
BJIACTUBOCTEN JIEPEBUHU POOUTH i BHCOKOMIIIHOIO, OIOJOTIYHO CTIMKOIO Ta
cTab1IpHOI0 3a opMoro Ta po3mipaMu. Kpim Toro, 11e Hajiae 1epeBUHI €CTETUUHHM
Ta TMpe3eHTa0eIbHUN BUIVISAI, TMOKpaIlye ii TEIUIO30JAIINHI Ta AleIeKTPUYHI
XapaKTePUCTUKH.

3ayBakHMO, M0 3MiHM (I3UYHUX Ta EKCIUTyaTallliHUX XapaKTEPUCTHK
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JIEPEBUHU, KI BUHUKAIOTh Yepe3 KOJIMBAHHS BOJOTOCTi, BU3HAYAIOTh TEXHOJIOTIYH1
uinl mpouecy cymiHHs. Cepell OCHOBHUX LUJIEH MNpPOLECY CYIIHHS MPUHHATO
BUIUIATHA, B TEPIIy Yepry, MiABUINEHHS CTIHKOCTI J0 BIUIMBY HaBKOJHUIIHBOTO
CepelloBHUIIA JIEPEBUHHU Ta 3aXHUCT i1 BiJ O10J0T1YHUX ypakeHb. He Meln BaxIIMBOIO
Oyne 1iIb 00 3MEHIICHHS (PAKTUYHOI Baru JEpPEeBUHM Ta MIJABUILCHHS 1l
MEXaHIYHOI MIIHOCTI. 3anmo0iraHHsg MaWOyTHIM 3MiHAM JIHIAHUX PO3MIPIB
JIEPEBUHM € 3aMOPYKOIO MOKPAIEHHS 3arajibHO1 SIKOCT1 JIEPEBUHU SIK Oy/1BEJILHOTO
Marepiaiy.

Bigomum € ¢dakt, mo y mporeci CymiiHHS JepeBuUHA IepeldyBae B
razonoaioHoMy abo piAMHHOMY CepeloBUIIl. Take cepeloBUIlNe MNPUUHSITO
HA3MBATH CYLIMIBHAM areHToM. Moro ocHOBHa (YHKI[S mOIArae B OOMiHi
MatepiaiiB Ta eHeprii. CylmmIbHUN areHT Iepeae Terio ASPEeBHHI Ta BiIBOJIUTH
BOJIOTY, IO YTBOPIOETHCS BHACIHIJOK BHUIIAPOBYBaHHA. J[0 poJil areHra CylIKH
MOXKYTh 3aJTy4aTHCsI MOBITPS, BOJASHUMN Map, a TAKOXK TiapodoOH1 piuHu a00 BOAHI
PO34YMHHM COJIEeH Ta 1HII MOA10HI peUuOBUHH [2].

CydacHa nepeBooOpoOHa ranys3sb mepeadadae CyIIiHHS JIEPEBUHH y PI3HUX
dbopmax, a caMme: JI0IIKax, Opycax, KpyrioMy JicoMarepiai, MIoH1, CTPYXKII, el
Ta 3aroroBkax mOTpiOHOI (opmu. Ha wmicii po3nwiroBaHHS MHIIOMaTepiaiu
MOTIEPETHRO CYIIaTh MPUPOHUM IUISXOM, 100 MIHIMI3yBaTH iX Bary Ta 3HU3UTHU
BapTICTh JOJATKOBOI OOPOOKH Ta TPAHCHOPTYBAHHS 10 Micls Mpu3HaueHHs. OKpiM
3armo0iraHHsl IMIBHJIKOMY THUTTIO Ta TIOUIKO/KEHHIO PI3HUMHU TpubKamu,
MIKpPOOpTaHi3MaMu Ta MypaxamH, el MOYaTKOBUU MPHUPOAHIN IPOIEC CYIIIHHS
30epirae SIKICTh JEPEBUHHU JO 1i JOCTAaBKM Ha JI€peBOOOPOOHI KOMOIHATH st
HEOOX1THO1 J0JIaTKOBOT 0OPOOKH.

CrorosiHi BITUM3HSHI Ta 3apyODKHI (paxiBIll B raiay3l CyIIIHHS Ta 3aXUCTY
JEPEBUHM CTUKAIOTHCSl 3 NEBHUMHU BHUKJIMKAMHU, sIKi MOTPIOHO mojosatu. IIporec
CYIIIHHS 3 KO)KHUM JHEM MOTPeOye BUIIOTO PIiBHS TEXHIYHUX Ta TEXHOJIOTIUYHUX
HayKoBUX 3HaHb. OCHOBHMM 3aBJaHHIM, fKE CTOITh TMeEpe] CremiagicTaMu
CYUIIHHS, TOJSTa€ y BiAYYTHOMY IOKpAIllEHHI SIKOCTI Ta CTIMKOCTI JE€PEBUHH

IMpOTATrOM BCBOTO BI/IpO6HI/I‘{OFO IIponccy. He MeHm BaxiauBuUM € HiIIBI/IHICHHSI
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MOKA3HUKIB KIHIEBOI SKOCTI CYIIIHHS Ta 3aXUCTYy JIEPEBUHHU, 1110, B PE3YJIbTaTI,
NOKPAIIUTh 1I XapaKTEePUCTUKU SK MalOyTHHOro Mmarepiany JUisi BUPOOHMIITBA
PI3HOMaHITHOT IPOAYKIIii 3 nepesa [3].

Bigznaunmo, 1o mnpoOnema CymnriHHS JIEpEBHHH 3 3a0€3MEUCHHSIM
PIBHOMIPHOCTI 1i MpOCYIIyBaHHS € KJIIOYOBOIO B YCbOMY MPOLECI CYIIIHHS.
Cnemudikoro CymiHHS € Te, IO 30BHINIHI Iapyd BUCHUXAIOTh IIBHIIIC, HIXK
BHYTPIIlIHI, 1[0 MPU3BOAUTH J0 BHUHUKHEHHS MEXaHIYHUX HampyKeHb. Taki
Hamnpy>KeHHsS, 3a3BUYail, CHPUYUHIIOTH PO3PUB JCPEBUHU. TakuM YHHOM,
e(eKTUBHE pETyJIIOBaHHSA IMpoLECcy CYUIIHHS O3Hayae OaJlaHCyBaHHS MIXK
MIBUAKICTIO BUIIAPOBYBAHHSA BOJIOTH 13 30BHIIIHBOIO Ta BHYTPIIIHBOIO IIAPIB
JIEpeBUHU, 10 3a3Hae 00poOku. Ile, B cBorw uepry, 3a0e3meunuTh OTPUMAHHS
PIBHOMIPHO MPOCYIIEHOI Ta BUCOKOSKICHOI JEPEBUHU. Y IPOMHUCIOBHUX YMOBax
JIepeBUHY 3a3BUYail 0OpOONISIOTh Y CYIIMIBHUX KaMepax, /€ MapamMeTpu MpoIecy
CYILIKH € TI1]] TOBHUM O€3MepepBHIUM KOHTPOJIEM.

Orxe, mOO OTpUMATH BHUCOKI TOKAa3HUKHU SIKOCTI OOpOOKHM JI€pEBHUHH,
HEOOX1THO BUKOPHCTOBYBATH IPOMHUCIIOBI I1HCTPYMEHTH Ta METOAU CYIIKH,
aBTOMAaTHU30BaHl CUCTEMM JJIsi TOYHOIO KOHTPOJIIO MapaMeTpiB TEXHOJIOTTUHUX
IPOLIECIB. TakoX, HasBHICTh KBadi(IKOBAaHMX MpPaLiBHUKIB 1O pPoOOTI 3
JIEPEBUHOIO € 3aBJATKOM MaiOyTHHOTO YCITIXY Ta JOCSITHEHHS] BUCOKUX MOKA3HUKIB

e(eKTUBHOCTI BUPOOHUIITBA.

1.2Buam cymiku JepeBHUHU

VY cydacHMX BITUM3HSHUX Ta 3apyODKHHMX J€peBOOOPOOHMX ramy3six
BUOKPEMJIIOIOTH 0€3J1i4 METO/IIB Ta BUIIB CYIIKU JePEBUHU. BOHU BIAPI3HAIOTHCS
32 TEXHOJIOTI€0 BUKOHAHHS, (I3UUHUMH TNPUHLUNAMH, HA SIKUX IPYHTYETHCS
MpoIeC, KOHCTPYKIEK CYHMIWJIBHUX KaMmep, TOYHICTIO MOHITOPUHTY Ta
peryiIioBaHHS MMapaMeTpPiB, a TAKOXK HEOOXITHUM TEXHIYHUM OOJIaJIHAHHAM JUIS iX

peamizarii [4].

1.2.1 HBY-cymka
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IlixaBum MetomoM cymiHHSA nepeBuHH € HBY-cymka. HBU-cymka — 1ie
IPOLIEC CYUIIHHS JE€PEBUHU 3a JIOMOMOIOI0 €JIEKTPOMArHiTHOTO TMOJSI HaJJBUCOKHUX
yacToT. Taky CylmiKy HpOJEMOHCTPOBAHO Ha PUCYHKY 1.5. OCHOBHUI HPUHIUII
poOOTH TONsiTaE B TEPETBOPEHHI €JIEKTPOMArHiTHOI €HEprii, 110 MpPOHUKAE B
JIEPEBUHY, Ha TEIUIOBY eHeprito. e mpu3BoAuTh 10 HarpiBaHHs JEPEBUHU Ta BOJIH,
0 MICTUTBCA B Hil, 3aBISKH CTBOPEHHIO MDKMOJICKYIsSpHOTO TepTsa. OTxe,
€JIEKTpPOMAarHiTHa eHeprisi TpaHC()OPMYEThCA Ha TEIJIO, BHACIJOK YOTO BOJIOTa B

JIEpPEeBUHI IEPETBOPIOETHCS HA Tapy [5].

Pucynok 1.5 - Ilpuknag HBY-cymmnbHOT kKamepu

OTxe, eHepris eJIeKTPOMAarHiTHOTO MO MIBUIKO MIPOHU3YE NEPEBUHY, IPOTE
il MOITMHAHHS BIAPI3HAETHCS B PI3HUX JUIsTHKaX marepiany. Lle mo's3aHo 3 Tum,
MO Pi3HI CKJIAIOBI JEPEBUHU MAIOTh CBOi JIEJICKTPUYHI BIIACTUBOCTI, SKi
BIUTMBAIOTh Ha Mpolec noruHaHHsA. KpiM Toro, mei Meron BIApI3HSAEThCA
PO3IOALIOM TEIJIOBOT €HEprii: MakCUMalibHa TEMIIepaTypa JOCATAETHCI BCEPEIUHI
marepiany, a He Ha Horo moBepxHi. HarpiBanus B Takux HBU-cymapkax
BiJIOYBa€ThCA BIIUYTHO IIBUIIE, HIK Yy TPAaJULIMHUX, OCKIJIBKU HEMa€e MOTpeOH
CIIOYATKy HarpiBaTH Mapy YW MOBITPs, K1 MOTIM MepeaaBaiu O TEIo Marepiary
[3].

JlepeBuHa Mae BHUCOKY 31aTHICTh mnoriuHaty HBY-BunpomiHtoBaHHS

3aBISIKM 3HAYHOMY PIBHIO MTOYATKOBOI BOJIOTOCTI. Y TIPOIIECi HarpiBaHHS PO3IMOALT
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Teria B JCPEeBHUHI BiAOYyBa€ThCS Tak, 1m0 AUQyY3isd mapu 3 BHYTPINIHIX HIApiB 10
30BHIIIHIX 3HAYHO MPHUCKOPIOETHCS. Lle TMOSCHIOEThCS THUM, IO CXWJ THCKY,
TEMIIEpaTypy Ta KOHIICHTpAIii, SKi BIUIMBAIOTh Ha IIBUAKICTH PO3CIFOBaHHS,
MPUPOTHO CKEPOBaHI BiJ IIEHTPAJbHUX IUIACTIB J10 30BHIMHIX. [l 0coOMMBICTH
30UIbIIIYE PE3YJBTAaTUBHICTh MpolieCy CymKku. YacToTa, IHTEHCUBHICTh MarHiTHOTO
MOJIsE Ta JIENIEKTPUYHI BIACTUBOCTI JIEPEBUHU BU3HAYAIOTH PIBEHb T€HEPOBAHOTO
Teria, TPUIOMY Il TapaMeTpu MiAOHUParOThCs BIAMOBIIHO A0 KOHKPETHOTO BUJY
marepiany. Karamizatopom Bojoru mif 4ac ii BUMapoByBaHHS € 3aliBUN THUCK, IIO
BUHUKA€ B BHYTPINIHIX IIapax JIEPEBUHU BHACIIJOK HArpiBaHHS 3a JIOMOMOIOIO
HBY-BunpomiHtoBaHHS.

OnHi€l0 3 OCHOBHUX O3HAaK BUIIE3raJaHOTO METOAY CYLIKH € HOro
CeJIeKTUBHUN Xapakrep. Lle MosicHI0€TbCST THM, 1110 TAHT€HC KyTa J1eIEKTPUYHUX
BTpaT y JE€PEBHHI NPSIMO MNPOIMOPLIAHUN BOJOroCTi. Y 30HAX 3 MiJABUIICHOIO
BOJIOTICTIO E€HEPreTUYHl BTPATH BHIII, IO MPU3BOAUTH JO I1HTEHCUBHIIIOTO
HarpiBaHHs, TOAl SIK Y 30HaX 3 HU3bKOIO BOJIOTICTIO CIIOCTEPITAETHCS MPOTUIIEKHA
CUTYaIIisl.

be3nocepenHbo Kamepa CKIIAIa€ThCS 3 MarHETPOHIB, OJIOKIB JKUBJICHHS,
HBY-xBuneBoniB, BHUIPOMIHIOBAJIbHOI CHUCTEMH, PEBEPCHUX BEHTHJIATOPIB,
BUTSDKHOI CHCTEMH Ta IHIIMX KOMIIOHEHTIB, SKi 3aJIe)KaTh BiJI KOHKPETHOI
KOH(]irypanii ycraHoBKH [1].

Cepen mIOCIB 1IbOTO METOJY CYILIKM BapTO 3a3HAYUTH BUCOKY IIBUIKICThH
MPOIIECy, MOXJIMBICTh IIBUAKO Ta IPOJYKTHMBHO BHUCYIIMTH BEIUKOTaOapUTHI
JicoMarepiany, a TaKoXK 3a0€3MEYEeHHs] E€TaJOHHOIO KIHIIEBOTO MPOAYKTY Ta
ONTHMI3allisl BIIACTUBOCTEH JiepeBUHU. KpiM TOTO, 11€/f METO/T € YHIBEpCATLHUM.

Henonikamu metony HBU-cymiku € motpeba B KOHTpoIi 3 00Ky oreparopa,
BEJIMKI PO3MIpH CYIIMJIbHOI KaMEpH, BUCOKA BapTICTh SIK 00JIaHAHHS, TAK 1 CAMOTO
polIecy, a TaKOXK 3HAUHI EHepreTUuyH1 BUTpaTu. KpimM TOro, KOHTPOIIb 3a MPOIECOM
JIEI0 YCKIIAIHAIOTHCS, OCKUIbKY 3BUYANHI TaTYMKU TEMIEPATypy Ta BOJOTOCTI HE
MOXYTh OyTH PO3MIIIeHI B 11l KaMepi yepe3 ¢i3zudHi 0cobmuBocTi mpoiecy. Cepen

IHITUX HEJOJIKIB — HU3bKUN KOE(IIEHT KOPUCHOI JIii, HEBUCOKA MPOIAYKTHUBHICTh
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Ta BUMOTA JI0 BUCOKOI KBai(hikallii 00CIyroByrO4Oro rmepcoHaly.

1.2.2 In¢gpayepBoHa cylIKa

Ha npaxTtuiii omHuM 13 Halie(peKTHBHIMIUX METOJIB CYIIIHHS JICPEBUHU €
BUKOPHUCTAHHS 1H(PauepBOHOTO BHUIPOMIHIOBaHHS, SKHUWA BI3yaji30BaHO Ha
pucynky 1.2. Ile#t miaxin rapantye piBHOMIpHE MPOCYIIyBaHHS Ta BUCOKY SIKICTb
KIHIIEBOTO MPOAYKTY. BHacmigok uporo aedopmaiiii Ta AedeKTH IepEeBUHU i Yac
BHUCHUXaHHS MIHIMI30BaHi.

OT1xe, MOHATTS 1HGPaYEPBOHOI CYIIKH MOYXKHA PO3KPHUTH SIK TTPOLIEC CYIITHHS
JEPEBUHM 3a JOMOMOTOI0 1H(QpauyepBOHUX HarpiBajdbHUX MaHeneu. Ll cymapku
OCHAIICHI  JaTYMKaMud  TEeMIeparypu Ta  BOJIOTOCTI, iH(padepBOHUMU
BUIIPOMIHIOBaYaMH, CHCTEMOIO BEHTHJIALI Ta CUCTEMaMHU 3MIIIYBaHHS MOBITPS.
OCHOBHUI TPUHIMI I[OTO METOAY NOJSAraE B HArpiBaHHI BOAM B JIEPEBUHI 3a
paxyHOK 1H(pauepBOHOTO BUMPOMiHIOBaHHS [3].

JlepeBuHa yKJIaJaeTbcsl B PIBHI IITa0eNl, MK SKUMH PO3TalIOBYIOTHCS
BUIIEPO3TISIHYTI 1H(MpadepBoHi maHem. [licms 1mporo mrabeni MOMINIAIOTH Y
CyIIMJIbHY KamMepy. Ha cTiHax Takoi kaMmepu BCTaHOBJEHI iH(ppadepBOHI MmaHeni, a

BCEPE/IMHI pO3TAIlIOBaH1 JATYUKHU BOJIOTOCTI Ta TEMIIEPATYPH.

Pucynok 1.2 — [ndpadepBona cyuika qepeBUHU
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Bes  enextponika iHGpayepBOHOI CymIkd 3'€JHAHA 3 TPOrPAMOBAHUM
JIOTIYHUM KOHTPOJIEPOM, SKUA BIANOBIAAE 33 MOHITOPUHT Ta YINpPaBIiHHSA
IPOIIeCOM CYIIIiHHS Oe3mocepenubo. Bomora, Mo MiCTUTBCS B IEPEBUHI, ITiJT TI€0
1H(ppadyepBOHOTO BUIIPOMIHIOBAHHS HArpiBa€ThCs Ta, BIATOBIIHO, BUITAPOBYETHCH.
[Tapa, 0 yTBOPIOETHCS, BUBOAUTHCS HA30BHI 4epe3 BEHTWIALIWHY CHCTEMY Ta
KOHJICHCYEThCSI HAa MOBEpXHAX. JlepeBMHAa IpHU LbOMY HE 3HAYHO HArpiBa€ThCA,
OCKUIbKH BUITPOMIHIOBaHHS BIUIMBAE HA MOJICKYJIM BOJIM, a HE Ha MOBITps [5].
CranpapTHOIO TeMmmeparyporo mjs mpoiecy cymku € 65°C, mo cropusie
MaKCUMaJIbHOMY 30€peXeHHIO CTPYKTYpU [IE€PEBUHH, 3amoOIiralodv po3pHUBaMm
BOJIOKOH Ta I1HIIKMM Jedekram. Lleil MeToa CylKku € eKOHOMIYHHMM, HE 3ailmae
OaraTo yacy Ta Ma€ HHM3bKi €KCIUTyaTaIliiHi BUTpatu. Kpim Toro, HajaeXHOi yBaru
3acIyrOBY€ TaK 3BaHUN Oe3kamepHHi MeTon iH(pauepBOHOI cymiku. JlepeBuny
TaKOXX YKJIAJaroTh y mTadesni, MK IIapaMH pO3MIILYIOTh 1H(ppayepBOHI IIUTU Ta
creniagbHUN  BiOMBHMI Marepian. 3ayBaxumMo, IO IITabeni oOropHyTi

BIJIONBHUMH IJIUTAMU 3 YCIX CTOPIH.

1.2.3 AtmocdepHa cymka

OmuuM 13 eeKTHMBHUX BHJIIB CYIIKH, €, TaK 3BaHa, arMocdepHa CyIlKa
nepesuHu. Ilpu armocdepHOMy CYIIIHHI CYIIUJIBHUM areHToM € arMocdepHe
MOBITPS, a JCPEBHHY Ta MHJIOMATepiadd CKIaJalTh Yy CIHEIialbHO OCHAIICHI
BIAKpUTI ckjagu. Lleil Meron CylIKM € €KOHOMIYHO BHIIJHUM Ta OJHUM 3
HalCTapiluX, OCKIJIbKKM HE MOTpeOye BUTpPAT HA MAJMBO Ta €JIEKTPOCHEPriio, a
TaKO)K HE BHMara€ BHUKOPUCTAHHS JOPOTOTO Ta BHUCOKOTEXHOJIOTIYHOTO
ob6namnanss. [lopsin 3 HU3bKOIO COOIBAPTICTIO Y TOPIBHSAHHI 3 1HIIUMH CIIOCOOaMHU
CyIIIHHS, BiH 3a0e3rnedye BHCOKY SKICTh KIHIIEBOIO TIPOAYKTY 3a YMOBH
NPaBWIBHOTO  BUKOHAHHA. ATMoc(epHa cCymka €  XapakTepHOKW IS
JEPEBOOOPOOHUX TIIMPUEMCTB, sIKI OOpOOJIAIOTh BEIUKI OOCSATH JIEPEBUHU IS
MIPOMHMCIIOBOCTI [5].

I[Ipu  3acTocyBaHHI  IILOTO  METOAY  TapaMeTpu  TOBITPS, IO

BHKOPHUCTOBYETBCA K CYI]II/IJ'II)HI/Iﬁ dI'CHT, HC MOXJIHWBO PCIryJIrOBaTH. Ha Hi
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napamMeTpy BIUIMBAIOTH KJIIMAaTWU4YHI YMOBHM PETIOHY, J€ BiOyBa€ThCs CYIIKa, a
TaKOXX IMOpa POKY Ta IMOTOJHI YMOBHU Y TOM YU IHINMHA MOMEHT. Y CYHIMJIBHHX
ckiagax (OpMyeTHCS BIACHUM MIKPOKIIIMAT Yepe3 MiABUIIICHUN PIBEHb BOJIOTOCTI,
10 BUHHUKA€ BHACIIJOK BUITAPOBYBAHHS BOJIOTM 3 JAepeBHHH. [Ipoiec cymiku
MOKHa TOKpAIlMUTH, YKJIAJal4yd [wiomarepiaid B IpaBWibHI  1ITaben,
MOCWJIIOIOYM BEHTHJIAIIIO HA CKJIAJl Ta BUKOPUCTOBYIOUH CHEIiadbHI MTPOMHUCIIOBI
BEHTHJIATOPH.

BiamiTimo, 1m0 BUKOpUCTAaHHS aTMOC(HEPHOTO CYNIHHS JTO3BOJSE TOCATTH
JIOCUTh HU3BKUX PIBHIB BOJOTOCTI JepeBUHHU. J[epeBUHY 3 TaKUM BMICTOM BOJIOTH
JOLITPHO Ta EKOHOMIYHO BWIIPABAAHO BUKOPUCTOBYBATH Ui BHUTOTOBJICHHS
BUPOOIB Ta KOHCTPYKIIH i1 30BHINIHBOTO BHKOpUCTaHHA. OmHAK JId
MOJIAJIBIIOT0 BUKOPUCTAHHS B 3aKPUTUX MPUMIMICHHIX 3a3BUYall pEKOMEHIYETHCS
JI0AATKOBE JIOCYIITYBaHHS 3a JOMOMOTOI0 IPOMUCIOBUX METOIB. be3nporpamnum
BapiaHTOM Oyne KoMOiHaIis aTMochepHOi CYIIKH 3 1HIIUMH TEXHIKAMH, aJKe 1€
Ja€ 3MOTYy 3HHU3UTH BHUTpPAaTH HA CYUIIHHS Ta MOKPAIIUTU SIKICTh KIHLIEBOI
MPOMYKITIi.

AtmocdepHa cymika mMae 06e3Jiu Irepesar, cepesl SKMX HU3bKa cO01BapTICTh,
JIETKICTh B Oprasizailii Ta NpoBEeAECHHI mpolecy. Taka cylika XapaKTepu3yeThCs
MEHIITUM 3aJMIIKOBUM HANpyXCHHs B JCPEBHUHI, HDK MPU KaMEPHOMY METO/II.
Sxmo epeKTHBHO BUKOPUCTOBYBATH MPUPOAHI YMOBH, OOpaTH MpaBUIBHE MICIE
JUIA  PO3TAIllyBaHHS CKJIAJy, HEBIOMHHO PETYNIOBaTH MIUIBHICTh  YKIJIAIKU
JiepeBoMaTepiaiiB, 3aB4aCHO 3aXHUIIATH TOPIIl JOIIOK, MOXKHA JIOCATTH HE a0H SIKUX
NOTY>XKHUX pe3ynbraTiB. Lle o3Hauae, 1110 npu J0TpUMaHHI TEXHOJOT1i atMochepHOoT
CYIIKH MOJIMBO OTPHMMATH JIHCHO BHUCOKOSKICHI MaTepianu. SIKIio oprasizaiis
poliecy He TOpYIIye TEXHOJIOTIYHI BHUMOTH, arMOC(EpHE CYIIIHHS J0MoMarae

3MEHILIUTH PU3UK BUKPUBJIEHb, PO3TPICKYBaHHA Ta Aedopmallii muioMaTepiaiB.
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Pucynok 1.1 - AtmocdepHa cyIika 1epeBUHH

Cepen nHemomikiB atMoc(epHOi CyHIKHM BapTO BIJ3HAYUTH HU3BKHUN PIBEHb
KOHTPOJIIO Ta MPOTHO30BaHOCTI mporiecy. OCHOBHUMH (DaKTOpaMu, 110 BIUIMBAIOTh
Ha CYIIIHHS, € TeMIIepaTypa, BOJOTICTh Ta MBUAKICTh PYXY MOBITPS, SIK1 MOCTIIHHO
3MIHIOIOTBCSI B 3aJIEXKHOCTI BiJl 4acy A0OH, MOPU POKY, a TAKOXK KIIMATUYHHX Ta
MOTOJTHUX YMOB. Y mporeci aTMOoCc(hepHOi CyIIKH BaXKKO CHPOTHO3YBATH TOUYHHIM
TEPMiH BUCHXaHHS. X04a I METO € MPOCTUM, aJie MOPYIICHHS TEXHOJIOT1i MOXKe
NPU3BECTH JI0 TICYBaHHsS JIEPEBUHM, OCKUIBKM B CHPOMY CTaHl BOHa CTae
Bpa3JIMBOIO J0 T'PUOKIB Ta IIKiTHUKIB. JloJaTKOBO, Yyepe3 HU3bKY 1HTEHCHUBHICTb,
arMocdepHa cyImika 3aiiMae 0araro dacy, a TaKO)XK BUMara€ 3Ha9HHX BHPOOHHYHMX
IO )1 CKJIaayBaHHs [2].

Cama opranizailisi poLecy CyILIIHHA BII0yBa€eThCsA HACTYMHUM YMHOM. [1]00
BUCYIIUTH JEpPEBUHY I PO3MINIYIOTh Ha MiBMETpoBOMY GyHaameHTi. Takuii
dbyHaamMeHT Moke OyTH 3 MeTajeBUM, OCTOHHHUM abo JepeB’sSHHUM. YKIIaJaHHS
JCPEeBUHU /ISl CYIIKU MPOBOAMTHCSA 32 CHEIIaTIbHOI0 METOAMKOIO0 — IITAa0eNIbHOI0
2,5 nma 5 wmetpiB. [lepeBuHy, mo MOTPIOHO BHUCYIIMTH, YKIAAAIOTh pPsIaMH,
PO3IUISAIOUM X CHeliaTbHUMHM CyXUMH OypTukamu. BaxiuBo migOupatu marepiai
3 OIHAKOBUM TIEpepi3oM TMpW yKIaJaHHI JepeBUHU psgamu. Haitgacrime
3aCTOCOBYIOTh MakeTH1 mtadeni. Jns ykiagaHHs AEpeBUHHU B MaKeTHI mtadeni ii

KIacu(ikyoTh 3a npoduieM, po3mipoM, nepepizom, coproMm Ttoio. ChopmoBaHi
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mTabenm Ha TEBHIH BIJACTaHI PO3MINIYIOTh Ha MIiATOTOBIICHOMY 3a3lalierib
dbyHaamMeHTi. 3BUYAaHO K, IIMPUHA Ta BUCOTA IITA0EIHHUX MMAKETIB € JIOBUIBHOIO.
Jis  po3nijieHHs MakeTiB MNpu 1X YKJIaJaHHI BHUKOPUCTOBYIOTH CIIEIiajibHI

IMPOKJIAAKH.

1.2.4 KoHBeKTHBHA CyLIKa

Po3rsiHeMo  neTaqbHO  KOHBEKTMBHUW  METOJ CYUIIHHS  JEPEBHHH.
KonBektuBHa a00 KaMepHa CylIka — II¢ TMPOIEC CYIIIHHS JCPEBUHHU TapsduM
MOBITPSIM Y CIELIaIbHO 00JaHAaHOMY MPUMIIIEHHI, BIIOMOMY SIK Kamepa (puc.
1.4). 1o OCHOBHOTO CKJIaJy KaMEpHHX CYIIApOK BXOJSATh CUCTEMa 3BOJIOKCHHS Ta
BEHTWJIAIT, KoTen Ta kKajmopudep. 3a3Buuail KamMepu KOHCTPYIOIOTh 3 METAJIEBUX
TETTO130JIAIMHUX TUTUT BKPUTHUX TEIUIO130JII1HHOI0 000510HKOI0. KamepHi cymiku

OyBaroTh SIK IEPIOINYHOI, TaK 1 6e3mepepBHOT Mii.
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Pucynok 1.4 — Kamepna cymika epeBUHA

Otxe, HarpiTe KamopudepoMm TMOBITPS IUPKYIOE B 00'eMi Kamepu,
poXosyu uepes mradeni aepeBuHu. [lig aiero Termia nepeBo BUAUISIE BOJIOTY, sSKa
notparuisie B poboue moBiTps. Komu piBeHb 3BOJOXKEHHS JOCITA€ BiAMOBIIHOT

MeXI1, BOJIOT€ TOBITPsI BUBOAMTHCS HA30BHI uepe3 cremianbHuil mmobep. Ilix
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IOPUCIUKIIIO TPOLECY KOHTPOJIO MPOrpaMOBAaHUM JIOTIYHUM KOHTPOJIEPOM
miAmanae KOHTPOJb 3a TEMIEPaTypor0 TMOBITPs, ICPEBUHU Ta TEIUIOHOCIS B
kajmopudepi, a TAKOXK 3a BOJIOTICTIO, BUAKICTIO OOEpTaHHS BEHTHIIATOPIB [2].

JIo TEXHOJOTIYHOTO MLHMKIY BXOIATH MOYATKOBHM MpPOTPiB JE€PEBUHH,
0e3Iocepe/IHbO CYIIKa, Ipurailis Ta KOHAUIlitoBaHHs. [ 3aro0iranHs 311CyBaHHs
JIEpeBUHU Ta 3a0e3MeueHHs PIBHOMIPHOTO MPOCYIIYBaHHS, IMOBITPS Ta cama
JIepeBUHA TIEPIOANYHO 3BOJIOXKYIOTHCS 32 JOTIOMOTOI0 CUCTEMH 3pOIIeHHs [1].

Kamepna cymika aepeBUHU 3IIHCHIOETHCS B OJHOMY 3 PEKOMEHIIOBaHHX
CTAaHIApPTOM pEXUMIB. 3TiIHO 3 TEMIEpPaTypHUMM TIOKa3HUKaMH, CYIIKa
PO3MEXKOBYETHCS Ha M SIKMI, IPUPOJIHIA, HATHITAHUM Ta BHCOKOTEMIIEPaTypHUN
pexumu. OOupaHHS BIAMOBIAHOTO PEKUMY 3aJI€KHUTh BiJl TIOPOIU ACPEBUHH, TUITY
Ta PO3MIpIB MUJIOMAaTEpialiiB, a TAKOXK X KIHIIEBOTO MIPU3HAYEHHS.

Cepen Bajg KaMEpHOI CYyIIKM CIOCTEPIraeTbesl Jesika HEPIBHOMIPHICTh
NpPOCYImKH JepeBuHU. HaitOinpm cmabkuM MiceM IThbOTO METOIYy € BHCOKa
coOIBapTICTh CaMOi KaMmepu, CYTTEBI EHEPreTHYHI BUTPATH, HEOOXIJHI IS
HArpiBaHHS TEIUIOHOCISA, MEXaHIYHa BEHTWIAIS Ta OO0Ir CyNIWJILHOTO arcHra.
[Ipote, € MOXIUBICTb 3HUKEHHS BOJIOTOCTI JIEPEBUHU TPHUOIMU3HO JO IIECTH
BIJICOTKIB, €EKOHOMIsI 4acy Ha MIArOTOBKY Marepiajiy, BIIHOCHO BUCOKa IIBUIKICTb
CYIIIKH, BIIMIHHA SIKICTh KIHIIEBOTO MPOYKTY, IOBHUM KOHTPOJIb HAJI MPOIIECOM Ta

HAsIBHICTh PI3HOMAHITHUX PEKUMIB CYILIKH.

1.2.5 KonaeHncauniifHa cymka

[Topsim 3 TuM, MOTPiOHO HETANbHO PO3MISIHYTH TAaKUH THII CYIIKH SIK
KoHJIeHcamiHa. [Ipu KoHaeHcaliiHii Cymii TOBITPs BUCTYMA€ B POJIl areHTa
cyuriHHs. [00BHA 0COOIHMBICTH IIBOTO METOMY TOJISATAE B TOMY, IIIO BOJIOTE MOBITPSI
HE BUBOJIUTHCS 3 CYNIMIBHOI KaMEpH, SIK y TMOMNEPETHHOMY METO/i, & OCYIIY€EThCS
Oe3mocepeHbO B KOHACHCAIIWHINA ycTaHoBI. [1icis boro BOHO MiIirpiBa€ThCs Ta
MIOBEPTAEThCS Ha3aJ y KaMepy JJIsi MOBTOPHOTO BUKOPHUCTAHHSA B MPOIIECI CYIITIHHS.
Takum 4uHOM, CylIka BiIOyBaeThCS B 3aKpUTOMY LUK Oe3 BeHTwisAwii. Lleit

mponec ao03BOoJri€ 3CKOHOMHUTHU CHCpFiIO, sgKa IIOTIM BHKOPHUCTOBYETBCA JIA
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CYIIITHHS.

VY koHaeHcaliiiHI} CyIIUIbHIA KaMepl MOBITPS NOCTIHHO HUPKYJIIOE, a Horo
BITHOCHA BOJIOTICTh KOHTPOJIIOETHCA 3a JIOTIOMOTOI0 KOHACHCALIIHOTO MPUCTPOIO.
[Ticnst ocymieHHst po60YOro MOBITPsSI KOHACHCAT BUBOAUTHCS 3 KAMEpH, a OUHUIIICHE
NOBITPSL HArpiBaeThCA Ta MIKCYETbCA 3 poOoYuMM. Y MOAQJIBLIIOMY CyMIll
HiITpiBa€ThCs 10 MOTPIOHOI TemMmeparypu B CIeEllaJbHOMY HarpiBadi. 3a3BU4Yaii
JUTS OXOJIOKEHHSI BUKOPUCTOBYETHCS CTAaHAAPTHUI (DPEOH.

Konnencamiiini cymmiabHI KaMepH y JAE€peBOOOPOOHIN MPOMHUCIOBOCTI
MOXYTh MaTH pi3HI (opmMu Ta KoHpirypamii. BoHu TakoX BIJIpI3HSAIOTHCS 3a
TEMIEPATYpHUMH  peXHUMaMH B  3aJ€KHOCTI  BiJl  XOJIOMOAreHTy, IMI0
BUKOPHCTOBYETHCSI B KOHACHCAIIIWHIA  yCTaHOBI. 3a3BU4ail BUPOOHUKH
IHCTAIIOIOTh Temmeparypy B Mexkax Bigx 40 mo 45°C dyepes BIIACTHBOCTI
XOIIOJIOAreHTIB. Y JEAKMX BUMAJAKaX BUKOPUCTOBYIOTH XOJOJOAreHTH, SKi

JO3BOJISIIOTH MIABUIIATH Temneparypy 1o 75°C.
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Pucynok 1.3 - CxeMa KoHI€HCAIIIITHOT CYIIMIIBHOI KaMepu
| - apeHaxkHa TpyOKa; 2 - KOHAEHCcaIllliHa YCTAaHOBKA 30BHILIHS a00
BHYTPIIIHS; 3 - CUCTEMa MOBITPOOOMiHY; 4 - MaHeb BEHTUJISITOPIB;
5 - 3BOJIOKYBaHHS; 6 - IBEPi 31 3HIMAILHUM MEXaH13MOM; 7 - mTabeb;
8 - BUITYCKHUI KaHaJl KOHJICHCALIITHOT YCTAaHOBKH; 9 - BCMOKTYBaJIbHHIA

KaHaJI KOHJICHCAIIHHOT YCTaHOBKH.

Ha npakrtuimi koHAeHcalidHI KaMepu MOXYTh OyTH MEpioguYHUMU a0o
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HemepepBHOi  [Jii, NPUYOMY OCTaHHI 3aCTOCOBYIOThCS Bpsau-roau. Jns
3a0e3neueHHs HEOOX1AHOI HUPKYJALIl MOBITPS Yy KOHACHCALIMHINA CYyIIUIBHINA
KaMepi, OKpIM HarpiBaJIbHOI TIOBEPXHI Ta KOHICHCAIITHOTO TIPUCTPOIO, HEOOXITHO
BCTAHOBJICHHS BEHTWJISITOPIB, $KI HaJEKHUM YHWHOM PO3MIIIYIOTh TOpYydY 13
TyHeJieM. Y TOAaJIbIIIOMY TOBITPSI aKyMYJIOETbCS 3 BOJIOTOi CTOPOHH, MPOXOTUTH
4yepe3 KOHJEHCATOp Ta HarpiBajibHI MPHUCTPOI, MICIS YOTO MPSIMYE B CTOPOHY
cyxocti. IlpurHiyeHHs BOJOTOCTI MOBITPS B KOHBEKIIMHIA Kamepl MOXIJIMBE
IUISXOM JOAaBaHHA TMEBHOI KUIBKOCTI 30BHIIIHBOTO TOBITPS, IIO CTBOPIOE
3aJICKHICTh BiJ Horo cra"y. HaToMicTh KOHJIEHcCAIliiHI CyIIMJIBHI KaMepu He
MAaloTh 1€ HEAOMIKH, OCKIJIbKA HAa HUX Mailke He BIUIMBAIOTh 30BHIIIHI (DaKTOPH.
Ile no3BOIIsIE peTenpHillIe HaJalllTOBYBaTH MapaMeTpy BCHOTO MPOLIECY CYIIKH.

Buronu BUIIEPO3MIAHYTOTO METOMy CYUIIHHS TPYHTYIOTbCSI Ha BHCOKIM
SAKOCTI BHCYIICHOTO MaTepially MOps] 3 HU3bKUMHU BHAATKaMU. 3aBASKU HHU3BKIN
poOouiif Temrieparypi nepeBuHa He AeOPMYETHCS, HE 3MIHIOE CBOTO KOJIBOPY Ta
NPAKTUYHO HE MIJAAETHCS BHYTPILIHIM HaMPYXEHHAM [4].

Cepen HenoMiKiB MOTPIOHO BIAMITHTH TPUBAIWN Yac CYIIIHHS, OCKUTBKH IIEH
MeTon morpelye BaBiUl Ounbine yacy. KpiMm Toro, KiHIIEBHM TMPOIYKT HE Mae
Oa)xaHOTO HaJIeKHOTO 3axucTy. OCKIIbKH JEpeBUHA CYIIUTHCA TMPH HHU3BKUX
TEeMIepaTypax, BOHA 3aJMILAETHCS YYTIMBOIO JO MIKO3IB Yepe3 HEIOCTAaTHIO

ne31HDEeKIIIo.

1.2.6 BakyymHa cymka

EdexkTuBHUM Ta LIKaBUM METOJIOM CYIIIHHS JIEPEBUHU € BaAKyyMHA CYIIKa.
BakyyMmHa cymika - 1€ METOJI CyIIiHHS IEPEBUHU B YMOBaxX Bakyywmy. Lleit mporiec
B1I0YBAEThCA B CIICIiaIbHO OONaJHAHIA TePMETHYHIN Kamepi, 3 sIKOi BIJIKAYyIOTh
noBiTps. Ilpuknan Takoi kamepu MPOIEMOHCTPOBAHO HAa pUCYHKY 1.6. 3aBasku
BaKyyMy 3MIHIOIOTHCSI TIPOLIECH HArpiBaHHS, BUMIAPOBYBaHHA PiAMHH, qudy3ii Ta
MacooOMiHy. Lle 103BOJsie 3HAYHO 3MEHIIUTH Yac CYUIIHHS Ta MOJEpPHI3yBaTH

AKICTh BUCYIIyBaHOTO MaTepiaiy [2].
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Pucynok 1.6 - [Ipuknan BakyyMHOI CyIIMIJIBHOT KaMepHU

JlepeBuHy yKJajaroTh y mTadenb, IpU [bOMY KOXKEH Ilap muiomarepiainy
PO3MILIYIOTh MIXK aJIIOMIHIEBUMHU HarpiBaJIbHUMH MAHEISIMU, Yepe3 K1 HUPKYIIO€
rapsiua Boja, 110 IporpiBae MacuB jepeBuHu. llITabens NOMINIaOTh Y CYIIMIbHY
KaMepy, J¢ TpoleC CYIIKH MPOXOAUTh y Tpu eranud. CrodaTky AepeBUHY
HarpiBalOTh MpU aTMOC(HEPHOMY THUCKY, IOTIM CTBOPIOIOTH BaKyyM, IIO J03BOJISIE
po3moyaTd  OCHOBHHMM mponec cymkd. Ha ¢inansHOMYy erami mpolecy
BiIOyBa€ThCA JTOBEACHHS MOBITPS 10 CIPHUATIUBUX YMOB: JCPEBUHY OXOJIOKYIOTh
0 TOTpiOHOT Temmeparypu, 100 YHUKHYTH CIIOTBOPEHb, IMOPOIKEHUX
TEMIEpaTypHUMH ToWAaHHSAMH. llapa KOHICHCYEThCS Ha CTiHKaX KamMepu Ta
KOHJCHCAIITHUX TMaHeNsX, MICAS YOro BUBOAWUTHCA Ha30BHI. |1 KOXKHOTO BUAY
JIEPEBUHU BCTAHOBIIOETHCA (PAXOBUN PEXUM CYIIKH, SIKHH BU3HAYA€E TEMIEPATYypy
Ta TPUBATICTh KOXKHOTO €TaIly.

Cymika 311HCHIOETBCS TIPU cTajoMy BakyyMi B miamaszoni 0.1 — 0.6 Oap 0e3
BUKOPHUCTAHHS KyJepa, 3BOJIOKYBaJIbHUX CUCTEM a00 HEOOXITHUX BUMIPIOBAIBHUX
MexaHi3MiB. Po3misiHyTuil mpouec 0a3yerbcs Ha (I3SUYHMX 3acafaxX BaKyyMHOI
cymku. [lim BIJIMBOM THCKY BOJIOTa TMEPEMINIYEThCS 3 BHYTPIMIHIX IIAPiB
JNEpEeBUHU 10 30BHIIIHIX. [licns BUMapoByBaHHS 30BHIIIHI AP 3HOBY
OpOIIAOTHCS BOAOK0 3 BHYTPINIHIX, MO0 3a0e3ledye HEKBAILIUBUN TPOIEC Ta
000pOHs€ NIepeBUHY BiJ HENOMIKIB Ta nedopmaiiiii. 3aBasKi BHUCOKOMY THUCKY B

KaMmepi, BOJa B JEPEBHUHI 3aKWIIA€ Ta IOYMHAE BUIAPOBYBATUCA MPU 3HAYHO
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HUKUUX Temrieparypax — 45-60°C, B 3ayie:kHOCTI BiJl TUCKY. Lle ycmimHo BruirBae
Ha SKICTh JepeBUMHU. BakyyMHy CyllKy, 3aBAsKU ii mepeBaraM Ta MpIOPUTETaM,
9acTO BUKOPUCTOBYIOTH 11 0OpOOKH HAII[IHHUX MOP1J] IEPEBUHH.

Po3rnsinemMo Burogu BakyyMHOI Cymiku. Jl0 KO3MpIB MOXKHA BIJTHECTH
MIBUJIKUI TEMI MPOIECY CyIIiHHSA, Y3TOKeHE BCeO1UHE MPOCYIIyBaHHS IEPEBUHH,
mpocTara MOHTaXy Ta eKCIUTyaraiii CYIIWIbHOI YCTaHOBKH, BHCOKA SIKICTh
3aBEpIICHOTO MPOAYKTY Ta HU3bKi BUTPATHU HA CHEPTIIO.

Temnep 3BepHEMO yBary Ha HEIOJIKH BaKyyMHOI CYIIKU:

— BUCOKa BapTiCTh 00JIaTHAHHS;

— oOMeKeHU 00CIT OHOPA30BOTO 3aBAHTAKEHHS KaMepH, 10 MPU3BOAUTH

710 BITHOCHO MaJiux 00CSTiB BUPOOHHUIITBA.

BucHoBku 3a po3ainom

[Ipobmema cymriHHS JEpeBUHM 3 3a0€3MEYEHHSM PIBHOMIPHOCTI il
MPOCYIIYBAHHS € KIIOYOBOIO B YChOMY IIPOILIEC] CYIIIHHS Oy/lb-IKUMU CIIOCOO0aMHU.
KoxkxeH BapiaHT CyIIiHHS J€pEeBUHU Ma€ CBOi TepeBard Ta HeMomiku. Jlis
NPOBEACHHS MOAANBIINX JOCIIKeHb OyB 0OpaHHMil BaKyyMHUU CHOCIO CyIIIHHS
JIEPEBUHMU.

2. PO3POBJIEHHSI ABTOMATH30BAHOI CUCTEMU KEPYBAHHS
BUCYILIYBAHHS JEPEBUHU

2.1 CTpyKkTypHa cXeMa CHCTeMH KepPyBAHHS BUCYLIYBAHHS /IePeBUHU

BakyymHe BuCYyITyBaHHS JACPEBUHH € CKJIAJHUM TEXHOJOTIYHHM MPOIIECOM,
0 Ma€ KiTbKa XapaKTePHUX OCOOIMBOCTEH: BENHMKA KITBKICTh MapaMmeTpiB, iX
CKJIaJIHI B3a€MO3B'SI3KM Ta BIUIMB HEKOHTPOJIbOBAHUX 30BHIIIHIX (akTopiB. s
JETATBHOTO PO3YMIHHS CYTHOCTI TaKOTO BHUAY BUCYIIyBaHHS CKJIQJIEMO MOJCIb
TEXHOJOTIYHOTO Tporecy. Mojenb Mboro CKIagHOTro 00'€KTa MOXHa OINMUCATH 3a

JIOTIOMOTOr0 HAa0Opy HEOOX1THUX 3MIHHUX:
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1)  ckmag BXigHUX mapaMeTpiB X,(KUIbKICTh W THIT MaTepiaiy, po3Mip i
nopoja Marepiajgy, T[OYaTKoBa BOJIOTICTH), JIO TEPENIKYy SKOTO BXOISTh
KOHTPOJIbOBAaHI 3MiHHI, III0 HE MIOBUHHI OyTH PETyIbOBaHi;

2)  ckjaj BUXITHUX MapaMmeTpiB Q, 110 MPEJCTaBICHO SKICTIO MaTepiaty,
IO BHUCYIIYETHCS BKJIIOYAE, HAMPHUKIAA;, O BIAMOBITHOTO CKIAAy MOXJUIUBO
BIJTHECTHU: PO3MIP 3QJIMINKOBUX BHYTPIIIHIX TMEPEAHNPYT, 3IUIIKOBA BOJIOTICTh
IpY MIEBHOMY TI€perna/ii BOJIOTOCTi B IEPETUHI MUJIOMATepiaiB;

3) ckmag HeoOXimHMX 3MIHHUX X, (cTapiHHS oOJajHaHHS, 3MiHA
HABKOJIUIITHBOTO CEpPEOBHUINA, HEPIBHOMIPHHI pPO3MOALT Marepiany), sKi He
KOHTPOJIOIOTHCS;

4)  ckman Kepyrouumx mnapameTpiB Y (KUIBKOCTI Teruia W IIBUAKOCTI
IIPKYJIALIT), SIK1 MOKa3y0Th 30ypIOI0Ul BIUTUBY;

5)  ckuax BuxigHux mapamerpiB E (TpuBanicte BucymryBanHs, W KKJI),
K1 B TIPSIMOMY CEHC1 BIUIMBAIOTh Ha €KOHOMIYHY €()EKTHBHICTh TEXHOJIOTTYHOTO
IIPOIIECY.

Bapro cTBOpuTH cucTemy, sika Oynae MakCUMaabHO MOAIOHA JO ONTUMAJIBHOT,
npy aBTOMTau3alli mpoiecy BUcCyllyBaHHA. lle o3Haudae, 1m0 MOTPIOHO JOCATTH
3aJaHuX TmapaMmeTpiB Q mNpu MakCUMalbHHUX 3HadeHHAX mapamerpiB E. Lle
3aBJaHHS MO)KHa BUPIIIKWTH 32 JOMOMOIOI0 CaMOHACTPOIOBAJIBHUX CHCTEM, SKI
o0uparoTh ONTUMaJbHY KOMOIHAIIIO KEepYyHOuuX MapaMmeTrpiB B 11 nocsirHeHHs
eKCTpeMaJIbHOTO 3HaueHHs napamerpa F [6].

CTpyKTypHY CXE€MY BIUIMBY IapaMeTpiB CUCTEMH aBTOMATUYHOTO KepyBaHHS

IIPOLIECY BUCYIITYBaHHS HaBEACHO HA PUCYHKY 2.1.

X1 X

A 4
o
Yy v
=

a

Q,E
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Pucynok 2.1 — CTpykTypHa cxema BIUIMBY IIPaaMeTPiB TEXHOJIOTTYHOTO TIPOLIECy
BUCYIITYBaHHS JICPEBUHU:

O — xamepa BHUCYIIIyBaHHS; P — peryiasTop TEXHOIOTTYHOTO MPOLIECY;
K, — kepyrounii mpunaz, X;, X, — BXiJiHl KOHTPOJIbOBaHI Ta HEKOHTPOJIHOBAHI
rapaMeTpy; Y — BIUIMB PETYJIATOpA HAa Kamepy BUCyIyBaHHs; Q, E — cknan
KaMepH BUCYIIYBaHHs, 110 BIUIMBAIOTh HA SIKICTh Ta €EKOHOMIYHICTh; H — 3a1aH1
napameTpu

HoBusHoro cxemu crana mosiBa Kepyrodoro BIUIMBY K, 110 Bifpi3Hse i Bif
CTaHJapTHOI CUCTEMH aBTOMAaTHMYHOIO PEry/IIOBaHHA Kamepu BucylryBanHs O Ta
perynsitopa P. Lleit npuctpiii aHanmizye BUXiHI BETUYUHU 00'€KTa Ta MIATPUMYE 1X
HAa ONTUMAJbHOMY PIiBHI, JOTPUMYIOYHCH 3agaHuM Mex H. 3abesnedeHHs
ONTHMAJIHFHOTO BUXIJIHOTO MapameTpy cucreMa aBtomarnyHoro kepyBaHHs (CAK)
BUKOHYE€ aBTOMATHYHHWH TOIIYK, SIKAWA TOJSTa€ y 3MiHI BXIIHUX IMOKa3HUKIB
(BximHMX mnapamerpiB X, peryadropa Ta 30ypIOIOYMX BIUIMBIB Y), aHamisi
pe3yabTaTiB LMX 3MIH Ta BU3HAYEHHI HANpPSIMKY MONAJIbIIMX KOPEKIIN s
JOCSTHEHHS Hae(EeKTUBHINIOTO PEXHMY CyIInHHSI. B SKOCTI  KpuTepito
ONTUMI3AIlli MPOIIeCY BUCYIITYBaHHS 31HCHIOETHCS BUOIP OHOTO 3 MapaMeTpiB, 1110
MPEACTABICHO SIKICTIO MaTepiajiB Ta BIUIMBAIOTh Ha HOro e(eKTUBHICTh. [HmI
napamMeTpu BUCTyNaroTh 3acobamu oOMexxeHb H. Ckaximo, sl KpUTEPIo
ontumizaiii Moxe OyTH oOpaHa IHTEHCUBHICTb CYUIIHHS, a OOMEXKEHHAM —
30epeKCHHSI IEBHUX MMOKA3HUKIB SKOCTI Marepiaiy mija gac cymrinas [10].

Jlnst po3poOku cuctemMu apromaTudHoro KoHTpoto (CAK) notpiOHi He nuiie
EKCTpEMAJIbHI PETyJIATOpPU Ta CTaHJApTHI 3acoOM aBTOMATHKW, a ¥ JEKUIbKa
CreIiaji30BaHUX BUMIPIOBIBHHUX MPUCTPOIB/JIS HECTAHJAPTHUX TTAPAMETPIB:

— JUIT  TIABUIIEHHS ~ €(QEKTHMBHOCTI  TEXHOJOT1YHOTO  MPOLECY
BUCYIIIYBaHHS HEOOXITHO KOHTPOJIIOBATU TEMIIEparypy Ta BOJIOTICTh JACPEBHHH,
BHYTPIIIHBOI HAMIPYTH;

— JUISL  ONTHUMI3Allll EHEPreTMYHUX BHUTPAT HEOOX1HO BHUMIPIOBATH
BUTpATH TEIUIa Ha CYIIiHHA a00 Ha | KT BUMIApOBAHOI BOJIOTH;

— BOJIOTOMIp 3 AW(EpPEHIIMHUM TPUCTPOEM MOXKE 3HAJOOUTHCH s

BHUMIPIOBaHHS MIBUAKOCTI BUCYLITyBaHHS.
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BiacyTHicTe  po3poONIeHMX  METOMIB Ta  TEXHIYHUX  3aco0iB  JyIs
ABTOMAaTUYHOTO KEPyBaHHS HE Ja€ MOXJIMBOCTI OpPIEHTYBaTHCS Ha CHCTEMH

ABTOMATUYHOI ONITUMI3AIlil IPH aBTOMATH3AaIlii CYyIMILHOTO MPoIiecy [6].

IIporpama
KEPYBAaHHS

!

Bxinui npucrpoi Buxigai npacrpoi
. : j} > (TIepeTBOPEHHS CHTHANIB
(nepersop CHIA CUTHAME | MleOHpOHCCOp MII B cHrHaIM BHKOHABYMX
JIATHHKIB) IpHCTPOIE)

Pucynok 2.2 — CxeMa cucteMu KepyBaHHs NapaMeTpaMy CyIIMIBbHOI KaMEpH 3

ypaxyBaHHSIM MiKpompolecopa

Temneparypa T, Bosoricte W, moKa3HUKH SIKOCTI Q IIJIKOM XapaKTepHU3YIOTh
CTaH JCPEBUHU TiJ Yac i BUCyIryBaHHs. CXeMa peryiIfoBaHHS MPOIECy CYIIHHS,
10 BPaxoOBY€ TEMIIEpATypy Ta BOJOTICTh CYHIMJIBHOTO areHTa, € PO3IMKHEHOIO 3a
BUIIIEHABEJICHUMU TTapaMeTpamH.

Omneparop CymuiapHO arperata He Mae 1HQopMmalli BIJ pPEryasiToOpiB
TEMIIepaTypy Ta BOJTOCTi. [CHylOo4a KiHIIEBa BOJIOTICTh Ta SKICTh MPH TaKii
CUCTEM1 KepyBaHHSI HE BIJNOBIJIa€ ONTUMAIBHUM NapameTpaMm. BHaciigok uporo,
00 YHUKHYTM HECTayl, MapaMeTpu pPEKUMY CYLIIHHS BCTaHOBJIIOIOTHCS Ha
3aHIKEHOMY PiBHI, IO POOUTH TEXHOJIOTIYHHM MPOIIEC BHUCYIIYBaHHS JOBOJII
CKJIaJIHUM Ta HeperyilboBaHUM. He3Baxkaroui Ha sIBHI HEJIOOTPAIIOBAHHS B CUCTEMI
KEepPYBaHHsS CYNIWJILHUMU KaMepamH, OCTaHHI aKTHBHO BHUKOPHCTOBYIOTHCS B
JIepEeBOOOPOOHIN MTPOMHCIOBOCTI Ta JEMOHCTPYIOTh CBOIO €(PEKTUBHICTDH ITiJl Yac

eKCILTyararli.

2.2 Po3po0sieHHSI KOHTYPiB KePYBaAHHS NMPOLECOM CYIIKH IePeBUHH

Po3poOka KOHTYpiB KepyBaHHS MPOIECOM CYIIIHHS JEPEBUHH BUKOHYE DSl

BaxauBux 3adad. Cepen  HaWBaxIuBIMMX €  (yHKIIOHAJIBHI  3ajaul.
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OyHKITIOHATBHI 3aBAaHHS KEepyBaHHS IMPOIIECOM CYIIIHHS Y BaKyyMHIA Kamepi

MOJKJIMBO MOAUTUTH Ha JACKUJIbKA TPYIL:

I. KepyBanHs HacocaMu: BaKyyMHUM Ta [UPKYISALIAHUM.

2. KepyBaHHs KOHJIEHCATOM.

3. BukoHaHHA KOHTPOJIO THCKY B Kamepl, CHUCTEMI HarpiBy Ta
OXOJIOZPKEHHSI.

4. KonTposb Temneparypu Ta piiuHu, 10 OXOJIOIKYE.

5. HeoOximHo miATpUMyBaTu mapaMeTpu TeMIepaTypu Ta BOJIOTOCTI, 110

3a/1al0ThCS ONIEPATOPOM.
Tabmuus 2.1 - Tabmuusg BXxigAHMX MapamMeTpiB BaKyyMHOI KaMmepu

TEXHOJIOTTYHOTO MPOLECY BUCYIITYBaHHS

Tucy y ponsanomy

PieeHb Bakyymy

Temneparypa Boau

KOHTYpI B KOHTYpI
» nianazoH 0-16 dap * iana3zoH «1-90°C
*2 TOYKH 1400-1m0ap * 1 (4) Todok
* | Touka

Temueparypa Bousoriers PigeHb BOJIH B
JePEBHHH JIEPEBUHM EMHOCTI
*0-85°C *4 - 90% *0-2m
* | TouKa * | Touka * 1 (4) Touox

3Haroul BX1JHI TapamMeTpu KaMepH JUisl BUCYIIYBaHHS JE€PEBUHHU, MOKEMO

OKPECIIUTH BUXI1JIHI MTapaMeTPH Ta 3aHECTH 0 Tabmwmi 2.2.

Tabmuus 2.2 -

TEXHOJIOTTYHOTO MPOIIECY BUCYLTyBaHHS

[Tonaua Boam Harpiranua Boau Lupkynauia Boau

Tabnuis BUXIOHUX CHUTHAJIB BaKyyMHOI KaMepHu

* IHCKPETHHH * IMCKPETHHH * IMCKPETHHH

*4 Touok * | Touka * 2TOUKH

* eIIEKTPOMArHITHHH * HallIBIIPOBIIHHKOBE * LWHPKYIIALTHHAI
KJIaraH pene HAcoC depes

HPHCTPIH [IABHOIO
IYCKY
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KepyBaHHs THCKOM B

CTBOpEHHA BAKYYMY BuBeaeHHa KOHIEHCaTY _ "
KOHTYPAX
* MHCKPETHHI * IHCKPETHHI * IHCKePTHHH
* 1 TouKa * 1 Touka * 2 TOUKH
* BAKYYMHHIT Hacoc * eJICKTPOMArHi THHI * UHPKYIALIIHII Hacoe
yepes NpHCTpii KJ1anaH yepes npueTplit
IIIABHOID ITYCKY IUTABHOID MYCK

BxigHi Ta BUXiAHI KOHTYpH [alOTh BaroMe MIATPYHTTS UiA pO3pOOJIECHHS
ABTOMAaTH30BaHOI CHUCTEMHU KEpyBaHHS, TAaK SIK YITKO BHU3HAUCHI MapaMeTpu, sKi

HE0OX1THO KOHTPOJTFOBATH, a SIKUMHU KEPYyBaTH.
2.3 Po3paxyHOK KOHTYPY peryJil0BaHHSl TeMIlepaTrypH

PosrnsiHeMO JiepeBOCYIIUIIBHY KaMepy sK OO0'€KT, B SKOMY PEryItO€ThCs
TeMIIepaTrypa CyIImIbHOTO areHTa.
KinpkicTh Temia, mo nepeaaeThes Bij Kajmopudepa 10 KaMepy 3a IPOMIXKOK

yacy dt, BU3BHa4a€eThCA 3a JOMOMOTOI0 PIBHSHHS TeIIoBoro 0anancy [7]:
Q=kgly -(Q —Q)dt;
2.1

k . :
ne: k —xoedinicHT Termmonepenayi kanopudepy, Kkan/Mrpa;
k' — moma moBepxHi HarpiBaya, M ;

Qn Ta Q- CTYIiHb HArpiTOCTI Mapu B Kajopudepi Ta areHTy CyIIiHHS Y
kamepi, °C.

AHaJT3yroun TUHAMIKy 00'€éKTa B KOHTEKCTI KaHaIy «TeMIleparypa Tnapu —
TEMIepaTypa CyIIWIbHOTO 00’ €KTY B MPUMIIICHHS, IPUITYCTUMO HACTyITHE: 00CsT
CYUIMJIBHOTO OO’€KTy € CTaJlol0 BEJIMYMHOI, HE3HAUHUMHU € KOJMBAHHS

TEMIEpaTypH MapHu.
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Qn =QnotAn .

O6’exTamMu, 10 OTPUMYIOTH TEIUIO BiA Kajopudepa 3a HECKIHUEHO Malui

IPOMIXKOK Yacy, €:
- oe3rmocepenbo caM Kanopudep cmMy - dQg :

. . m .
- MCTAJICB1 YaCTUHHN B KaMCp1 CM K dQC ;

korFor (QK B QHap)dtK .

— BTPAaTy TEXHOJIOT1YH1

— TEIUIOOOMIHHHI ~ mpoliec  OO0’€KTy 3 TOBEPXHEI  KaMmepu

OF, - (Qi = Qup)dt

bepyui yBary B3aemofito Teruia 3 00’€KTaMu KaMmepu MIBHICTh TEIJIOBOTO

Oanancy HaOye BUTTISILY:

kgt dGAQ Q =y ¢ Mk ¢ T
+k0rF0r (QK - QHap )dtK + OLF;[ ) (QK - QHap)dt

(2.2)
PiBHicTh (2.2) micis nepecTaHOBKU NMPUMME TaKUM BUTTISL
kg dGAQ emQ JilR=x g Mk ¢
ko For (Qg — Qpp )ty +GF, -(Qc —Q,)dt 03

ne: M napameTp TEIJIOEMHOCTI METaly;

O — koedinieHT TEmI000MiHY JEPEBUHH y IPOLECI CYLIIHHS;
O — [JOBEPXHS OTOPOXKi, M%;
K —wmaca mMeTany B BAKyMHii KaMepi, KT;
or — cepeiHii KoedIlieHT TeTIonepeadl Oropok;

Q

Hap _ temmeparypa 30BHIIIHBOTO cepeaopuina °C;

A — [OBEpXHS 00’ KTy, M%;
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Q

A — mapaMeTp Temneparypa o0’ €KTy.

[Tpu dQy/dt=0, mio BimmoBimae cramomy pexumy piBHSHHS (2.3) mpuiimae

BUITIAA:

kg (Q ¢ —Q Jdtzk b (QHap_Q Ored (Q —Q )dt (2.4)

Cv - My dAQy " CvMy +LAQ. =
kyF +k; +aF  dt  kF +ky; +aF ¢
_ kK .
kgFx + Ky oF Q (2.5)
kka :kO AQC .
SIkmo: kka +kﬂ +oF II AQ toi npu AQ= AQy 1
dQ, 1 dAQ,
dt k, dt

piBHsiHHSA (3.5) HaOyne Bursany [8]:

daQ, SCYLLL IV VOV IV

(2.6)
ne: T — mocTiiiHa yacy.

Posrnsinaroui piBHsSiHHS (2.6) BUJIHO, IO B Kamepl 00'€KT, 10 MPeAcTaBiIse
co00I0 KaHal «TeMIleparypa Tapu — TeMmIeparypa o0’€KTa BUCYIIyBaHHSI», €
MO-CyT1 1HEPIIITHOIO JIAHKOIO.

BuBenena wMaremarmuHa MOJENbh HEJOCKOHANa, TaK SIK HE BPAaXOBYE
3aTPUMKH, SIKI MOXYTh BHUHUKAaTH B peajbHUX YyMoBax. Tomy ii MoxHa

MMpCACTABUTHU Y 3araJIbHOMY BI/IFJBII[i:

19890 | 0. (1)=keaQ (t- 1)
dt 2.7)
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T%+DQﬂ(t) =k,DQ (t—1);
dt (2.8)

Otrxe, kamepa mnepioguyHOi 1ii MOoke OyTH oOmucaHa SK IOCIITOBHE
BKJIFOUCHHSI anepioJIMYHOl JIAHKU Ta JIAHKW YMUCTOrO 3ami3HeHHs. [Ipu BuBeneHHI
PIBHSIHb MM TPHUITYCKAa€EMO, IO 32 HE3HAUYHUX 3MIH TEMIIepaTypu CYUIWIHHOTO
are’HTa B KamMmepl, MPOTATOM KOPOTKHX MPOMDKKIB Hacy, TEMIEparypa JACpEeBUHU
3aNUIIAE€THCA CTalol0. Y TakoOMy BHIIAQJKy TEIUIOEMHICTh HE BIUIMBAE Ha
iHepiiiHicTe Kamepu [9]. KoHTyp peryntoBaHHSI TeMIlepaTypu CKIAJa€ThCs 3
JaTYrKa TeMIIepaTypy Ta MO3HUIIIHOTO PEryisaTopa.

PosrnsineMo netanpHime perynsarop y Hamiiid po6oti. [To3uriitai perynstopu
(GYHKIIIOHYIOTh 32  TPUHIUIIOM  «BBIMKHEHO/BUMKHEHO». KoHTakTHI Ta
OE3KOHTAKTHI peJyieiiHl KOMIOHEHTH MOXXYTh peajli3yBaTH AaHUil anroput™. Bonu
MOXXYTb OyTH JBOMO3UIIMHUMH, TPHOXITO3UIIIHHUMH 200 0araTorno3uIliiHUMHU.

VY Hamiii cucrteMi peryitoBaHHS MU OOMpPAEMO ABOMO3UIIINHUN pPEryisTop.
Joro HanaIITOBYIOTh 33 HACTYIIHUM aITOPUTMOM:

1)  BuU3HayaeThbCcs piBHOBara OO0 €KTy KEpyBaHHs, 10 JOPIBHIOE
OOUMJICHHUM 3HAYCHHSIM;

2)  pgitode 3HAYEHHS |, Ta €, OOYUCIIOETHCA B MPUPOCTI JO YMOBHOI
pIBHOBaru.

HactynHe piBHSHHS ONHCYy€E CTAaTUYHY BJIACTUBICTH JIBOIIO3HIIIITHOTO
peryisTopa JIBOMO3ULIIMHOTO PETyasTopa 3 30HOI0 HEUYTIUBOCTI:
ru =W, Ipue 2 a;

u=popu—all el aide/dtll O;
<
L=—U,IpHUE < —a;

w=-p,mpu—all ell aide/dtl 0 (2.9)

BuienaBeneHe pIBHSHHS — JIOBOJUTb, WO JIBONO3MIIMHI pPErynsaTopu
NOCTIMHO BIUIMBAIOTh HAa O0'€KT PEryirOBaHHsS, TakK SIK HEOOXIAHUI piBHOBaKHHI

crany cucteMu (¢=0) BiApI3HAETHCS BiJ IHOTO 3HAYeHHs. Haciikom Takoro ctany
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€ AaBTOKOJIMBAJIILHUNA PEXHUM, 10 XapaKTEPU3YEThCS TMOCTIMHUM KOJUBAHHAM
no0JM3y piBHOBATH.

Ha pucynky 2.3 HaBeeHO CTaTUYHY XapakTEepUCTUKY P=1{(€).

Ha 1\“

<
<

A 4

“Hz

Pucynok 2.3 — CratuyHa XapakTepHCTHKa JIBOIO3ULIMHOIO peryistopa i3

30HOK HEOJHO3HAYHOCTI

Y nepmomy HaOmmxeHHl o00'ekt perymanii OP  (BakyymHa kamepa)

OMHCYETHCS TepeIaBaIbHOI0 PyHKIIIETO [7]:

Y
k06

T-p+1°

06 —
(2.10)
7Ie: T, — 3ami3HeHHs 00'€KTa peryatOBaHHS;
ks — KoedirieHT nepenadi 00'ekTa peryatoBaHHS;

T — crana yacy 00'ekTa peryiaroBaHHS.

xBX

ap oP

h 4

Y

Pucynok 2.4 — CtpyKkTypHa cxeMa aBTOMaTUIHOI CUCTEMH 13

JBOMIO3UIIAHUM PETYIATOPOM
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JIJisi  momanbioro po3paxyHKy HEOOXITHO 3HalTH K ;, BHUKOPHUCTOBYIOUH
bopmyny (2.4):
_ ki B :
5
kot K Fy +0F

k06

2.11)

ne: ke _ 3HadeHHs1 KoedimienTa Terutonepenaqi kamopudepy, kg = 13
KKaJI/M°Tpa;

k — moma nosepxni kanopudepa, Fy = 12 M%;

00 — cepenHiii Koe(illi€HT TEIUTONEpeadi Oropok, k,=2;

O — s3pavenHs koedimicHTa TEWIOOOMiHy [EPEBMHHM Yy HPOIECi
BHMCYIIYBaHHs, 0=5,1 KKaj/rom-M* rpaj;
F — moia moBepxui 06’exra, F = 80 M°,

~ 13-12
13-124+2-170+5,1-8

ko = 0,0872.

Toni crana yacy 00'ekTa MaTUMe BUIJIS!

L VI Cp My :
koFe  kF +k +oF

(2.12)

T_37,5-120-0,11+ 1700-0,11 B
13-12 13-12+2-170+5,1-80

b

BianoBinHO A0 XapaKTEpUCTUK JIEPEBOCYIIUIBHOT KAMEPH BIHOILICHHS:

1, I #9,26,Tom 71,9,26 T 9,879.

(2.13)
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Ho cepenoBuma MATLAB BBOAMMO mapameTpu MO3UIIIHHOTO peryisTopa.
VY cepenoBunii MATLAB cuctema peryssiii Ma€e BUIVISA, SIK IPOJEMOHCTPOBAHO

Ha pUCYHKY 2.5 [8].

I=d
o
i
]
=

Jo+

g Eel N .| 0.0872
, =l L ek 20U Ry

2 iaph

Stap

Sum Ralay Transter Fom Tiansfar Fond Tisngpod
[ W] Dalay

Pucynok 2.5 — 30BHIIIHIN BUIVIS CUCTEMH PETYIIIOBAHHS Y CEPEIOBUIII
MATLAB

1 — step (BuKOHY€ TeHEpaIlilo OAHOCTYIHYACTOI BX1THOT QYHKITIT
(moomuHOKMI cTpUOOK)); 2 — sym (cymatop); 3 — relay (6mok peanizoBye
JIBOTIO3UITIHE peJie 13 30HOI0 HEUYTIMBOCTI); 4 — transfer (610K onucyeThCs
nepenaTHoro (QYHKITIE0 BUKOHABIOTO MEXaHI3My); 5 1 6 — transfer (6ymoku
OIHCYIOTHCS MEepeAaTHUMH PYHKLIAMH 00'€eKTaMu peryJsiii); 7 — graph (610k
peanizoBye rpadiyHe Bi1oOpakKeHHS PE3yJIbTaTIB IOCIIKEHHS); 8,9 — O0Ku
OINHCYIOThCA NepeaaBaibHUMU (QYHKIISIMH IIEPETBOPIOBAYIB Ta IaTYHKIB [§]
Maroui mozpens y cepenoBuili MATLAB, moxkemMoO BBeCTH BIAMOBIIHI

3HAYEHHSI PETYJATOpIB, MICISA YOr0 OTPUMAEMO TMEPEXiIHY XapaKTEPUCTHUKY,
CXEMaTUYHO 300pakeHy Ha PUCYHKY 2.6.

Jami MOXeMO NpPOBECTH MOCHIHPKEHHSI CTIMKOCTI KOHYTYp PErylIIOBaHHS
TeMIeparypu 3 BHUKOpucTaHHsIM cepenoBuiia MATLAB. 3aranbHa ymoBa
CTIMKOCTI CHUCTEMHU PETyJIOBaHHS TEeMIepaTypyd BUXOIUTH 31 3arajibHOi yMOBH
ctiiikocti. [{nst 3pyuHOCTi TOOYIyeEMO KapTy HYJIIB Ta MOIIOCIB, Ha AKii BCl 0aunMo
KOPEH1 PIBHSHHS, K1 PO3TAIIOBaH1 B JIIBId WOr0 YaCTUHI KOMIUIEKCHOT IUIOITHHHU.
Buxomsiui 3 Takoro pe3ynbTaTy, MOXJIMBO KOHCTAaKTyBaTW, MI0 CHCTEMa

PETYIIIOBaHHS TEMIIEPATYyPOIO CTiMKa. [9].
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Pucynox 2.6 — [lepexigHa xapakTepucTUKa BAKyyMHOI KaMepHU y

cepenosuili MATLAB

Pole-zero map
0015 : T T T T T
i : *
! ' 4 : ' ]
] R T e E .
: ] ; - : :
| B T T T
@ :
= }
Z gk ot & -
g ;
£ g
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0015
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Real Axie

Pucynok 2.7 — Kapra Hym1iB Ta MOJIIOCIB KOHTYPY PETYIIOBAHHS TEMIIEpaTypu
Hactynaum kpokom Oyze mpoBeAeHHs JOCHIKEHHS Ta BU3HAYEHHS 3araciB
CTIMKOCTI KOHTYpY peryitoBaHHs TemmepaTypu. CKOpUCTAEMOCH CEPEeIOBHILEM

MATLAB.
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Pucynok 2.8 — AUX ta @YX KOHTYpY peryiatoBaHHsI TEMIIEPATYPU

AHanizyroul rpaiku CTIMKOCTI KOHTYPY pEryJIOBaHHS TeMIEepaTrypu

BaKyyMHOi Kamepu poOMMO BUCHOBOK:

=12

— 3amac CTIHKOCTI 32 aMILTITYI0r0 HQ. ;

— 3armac CTIMKOCTI 3a (pa3oro fplﬁ’niy aiB)

OTpumaHi 3HAa4YeHHsS BIANOBIJAIOTH TOCTaBleHUM wHuIsAM. CHcTeMa €

CTIHKOIO.

2.4 KoHTYypH KepyBaHHSI TEXHOJOTiYHUM MPOLECOM CYIIKH JIePeBUHH

2.4.1 HarpiBanbHuU KOHTYD

3aBnaHHsS HarpiBaJIbHOTO KOHTYpY, SKHM MPEJICTaBICHO Ha PUCYHKY 2.9,
[oJisAra€e B MIAITPIBl IITa0ENI0 JAEPEBHMHM JO BCTAHOBJEHOI TEMIEpaTrypu Ta
KOHTPOJII ~ TEeMIIepaTypu MpOTIroM ychoro mporecy. IlepBunni 3acobm

aBTOMaTH3allll TeMIeparypHui: AaTduk y nepeBuHi Ta teroHocii (TE), Bomoromip
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3 Kopekuiero Ha Temneparypy (ME) BUKOHYIOTh NMEepBUHHY (piKCallil0 MapaMeTpiB,
aki nepenatote a0 IIJIK. ¥V cucremi Takok NpHCYTHI LUPKYISILIAHUN Hacoc,
1 IKITIOYCHUN Yepe3 MPUCTPiid mmaBHOTO MycKy (NS), Ta eeKTpOMardiTHI KilamaHu
(HE), sxi perymioroTh mopady Ta HUUPKYJALIIO BOAM, a Takoxk koten. Koren e
pe3epByapoM 3 MOXJIMBICTIO TOJla4i Ta 3JIMBY BOJAM, a HArpiBajibHI €JIEMEHTH
npencrasinedi TEHamm, migkimoueHMMu dYepe3  HaIIBIPOBIIHUKOBI  pelie.
KepyBanns narpiBom Bukonye IIJIK, sikuii pearye Ha 3alaHuil TemmeparypHUN
PEXMM Ta TIOKa3aHHS TEMIEpaTypH BOIW Ha BXOMl Ta Buxoai. KoHTyp € 3akputum,

IO JO3BOJIA€ CKOHOMHTHU BOAY.

. ‘ | ‘ |
wl T
Al
i]

‘ 8

o

Pucynok 2.9 — HarpiBanpHUil KOHTYD

Boaa nonaetscsi B pe3epByap 3 30BHILIHBOIO JDKEpesa 3a IJIaHoM abo 3a
HEOOX1THOCTI 4Yepe3 BHUKOHABYMN MEXaHI3M, pOJb SKOTO BHUKOHYE KJIamlaH.
LentpanizoBana abo aBTOHOMHAa CHCTEMa BOAOINOCTAYaHHS MOXXE BHUOKHYBaTH
PO TOJa4yi BOAM 10 KaMEpH JUIsl BUCYITyBaHHS. J{aT4uuK piBHA peaizye (yHKIIIIO
KOHTPOJIIO PIBHS BOAM. 3anmoODKHUN KiamaH BUKOHYE (YHKIIO PETyIIOBaHHS
TUcKy. L{upKynaLiifHUI HACOC BMUKAETHCS Y pa3l HEAOCTATHBOIO TUCKY Y CUCTEMI.
Y xoHTYypi Takox BOyJgoBaHa Tpyma O€3MeKu isg 3anobiraHHs aBapiitHUM

CUTYaITisIM.

2.4.2 BakyyMHUI KOHTYp
3aBAaHHs BaKyyMHOTO KOHTYpY, SIKHUM CXEMaTM4YHO 300pa)K€HO Ha PUCYHKY

2.10, monsirae y CTBOPEHHI Ta KOHTPOJII BaKyyMmMy B Kamepi JAJsl BUCYIIyBaHHS.



38
Haruuk THCKYy-BakyymMmMmeTp PT BuKoHye 0CHOBHY Kepytody (yHKIlit0. CUTHaI BiJl
nporo naruvka Haaxoauth Ha I[IJIK, skuil momae koMaHIy uyepe3 MNPUCTpPId
IUIABHOTO MMycKy NS Ha BaKyyMHHMH HAcoC Ta eJIEKTPOMAarHiTHUH KiamnaH

3akputoro tumy HE.

. - A0
7777777777777,
), [1/IK
V7777777777777, Al
/ Ol
110

Pucynok 2.10 — BakyymHuii KOHTYp

[Ticnst 3aKpUTTS TepPMETUYHUX JBEPE KamMepu MOYMHAETHCS BiJIKAYYBAHHS
HOBITPS 32 JOTIOMOTOK0 BAKYyMHOT'O HAacOCa O BCTAHOBJIEHOTO PIBHS, HEOOX1THOTO
UIA  peXHUMY BHCYyIIyBaHHS. [IpoTsSroM ychOoro TEXHOJOTIYHOTO TMPOLECY
BUCYIIIyBaHHS THCK Yy KaMmepl MOBMHEH BIANOBIAaTH 3aJaHUM 3HAYCHHSM, a
KOHTPOJIb 32 IIUMHU NlapaMeTpaMu 3/11MCHIOEThCS Ha BCixX etanax. Croyarky IiJ1 yac
CYIIIIHHS B KaMepl He CTBOPIOETHCS CEPEIOBUINE HU3BKOTO THCKY, a BiOyBa€ThCs
IPOrpiB ITA0EINI0 NpU 3BUYaitHOMY THCKY. [liciis boro nepexoasTh 10 OCHOBHOTO
eTary HarpiBaHHA y BaKyyMHOMY CEpEJOBHIII. 3aBEpIIyIOuM MPOLEC, A0 KaMepu

MOJIAETHCS TIOBITPS IISIXOM BIIKPUTTS KJamaHa.

2.4.3 KoHTyp BUBEIEHHS KOHJIEHCATY

3aBiaHHs KOHTYpY MOJSTae y BUAAJICHHI KOHACHCATY, 10 YTBOPHUBCS MiJ] Yac
nporecy cymku. [lpuctpiii minaBHoro mycky NS, sKuil OTpUMYy€ CUTHAIU BIJ
Bakyymmetpa PT Ta enexkrpomaruitHoro kinanana HE, momae curnan kepyBaHHS Ha
Hacoc. SIKI1o € HeoOX1AHICTh Y PErylIOBaHHI TUCKY Y KaMepi, TO BoAa BIIHOJUTHCS

710 HaBKOJIMIITHHOTO CEepPeoBHINa a00 B OakK.
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Pucynok 2.11 — KoHTyp BUBEIEHHS KOHAECHCATY

2.4.4 OxonomKyBadbHUNA KOHTYP

ITlim wac akTtuBHOI a3y BHUCYIIyBaHHS y KaMepl YTBOPIOIOTHCA W
UPKYITIOIOTh BOJSHI Mapu. [ 0JIOBHUMH 3aBJaHHSMU OXOJIOMKYBaJIbLHOTO KOHTYDY,
AKUA MU 0auuMO Ha PUCYHKY 2.12, 3BOOUTBHCA A0 OXOJIOMKEHHS KaMepu Ta
KOHJICHCAIll1 BOMSHUX TapiB. OX0NOMKy0da COpoUKa, uepe3 Ky MpOXOIuTh BOJa,
po3TalioBaHa Ha Kamepi, o 3abe3neuye OXOJOKEHHS CTIHOK kamepu. Borora,
10 KOHJIEHCYEThCS HA CTIHKAX, BIAMOBIIHO CTiKae BHU3. Boja /uisi 0XOMO/KEHHS
30epiraeTbcs B pe3epByapi, piB€Hb SIKOTO KOHTPOIIOETHCS MOIUIABKOBUM JTATIYHMKOM.
[Tomaya Boau B pe3epByap 31HCHIOETHCA 3 30BHIIIHLOTO JKEpea, IKe MOxe OyTH
SIK aBTOHOMHUM, TaK 1 IEHTPaTI30BaHUM.

AJTOpPUTM IUPKYIAIIT Ta MOAa4Yl BOJU B KOHTYpl KaMepu peali3yeThCs 3a
JIOTIOMOTOI0 ITUPKYJIALiiiHOTO Hacoca. [Ipuctpiii mnaBHoro mycky NS 3a0e3neuye
MUPKYJISAIIAHOMY HAcoCy 3MEHIIEHHS IyCKOBUX CTPYMIB, TOJOBXKYE TEPMiH
eKCIuTyaTarii. Y  SKOCTI  BHUKOHABUOTO  MEXaHI3MYy  BHUKOPHCTOBYETHCS
enekrpoMardiTHuii kiaman HE. Jlatunk TemmepaTypu KOHTpOIIO€ ii 3MiHH. Y
KOHTYpl MiJ 4Yac LUPKYJALIl MOXYTh YyTBOPIOBATUCH IMOBITPSIHI MPOOKH, SKi

YCYBAIOThCs aBTOMATUYHUM KJIAIIaHOM JJIsA BiI[BOI[y HOBiTpH.
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PucyHok 2.12 — OxonomKyBajlbHHI KOHTYD

BucHoBOK 3a po3iiom

Po3pobunu koHTYpH KepyBaHHS MPOIIECOM CYILIKH JEPEBUHM, & cCaMe BX1HI
Ta BUXIJHI CUTHAIH. J[JI KOXKHOTO KOHTYPY pO3poOuii (pyHKIIIOHAIBHY CXEMY
aBroMatu3zailii. [IpoBenu po3paxyHOK Ta HaNalITyBaHHS KOHTYPY pPEryJtOBaHHS
TeMIieparypu. BimperynboBaHnii KOHTYp TOYHO Ta IIBHUJIKO pearye Ha KOJWBaHHS B
cTaHl OO0’€KTy. AJTOPUTM BHUMIPIOBaHHS TEMIIEpaTypyu TeNep 3AINCHIOEThCS
IU(QPOBUM JTaTIYUKOM, SKHA HAJA€ CHTHAJ HAa MIKPOKOHTPOJIEP, KW IIBHJKO Ta

AKICHO 00po0ITto€e 1H(OpMaIlit0 Ta BUA€ KOMaHy Ha BUKOHABYMI MEXaHi3M.
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3. BUBIP 3ACOBIB ABTOMATHU3ALII TEXHOJIOI'TYHOI'O
HNPOLECY CYIIKHN AEPEBUHU

3.1 BuOip 3aco0iB aBTOMaTH3amii

JIyisi BUMIPIOBaHHSI TeMIepaTypu ACPEeBUHH TIiJ 4Yac CyIIKH Oysio oOpaHo

natunk cepli OBEH JATC184. lle 3a6e3neunth MOXKIMBICTh HOTO BUKOPUCTAHHS

Ul BHUMIpIOBaHb y BakyyMi. biok o00poOku CcUTHamy 3HAaXOOUTHCS 032

dIrpCCUBHUM CCPCAOBHUIICM, TOMY OATUHUK MOKC 6YTI/I BI/IKOPI/ICTaHI/Iﬁ B YMOBax

HECTaHIAPTHOL

TeMreparypu Ta BosiorocTi. HopmyBanbHUIl TIepeTBOprOBAY

CIykuTh enemeHnToM mij’enqHanHs a0 [JIK, oo no3Bomse 3untyBaru Ta 00po0isTH

HOro MoKa3aHHs 332 JOTIOMOT'0I0 YH1()IKOBAaHOTO CUTHAITY.

s — MI'Te3C
— a 30
Q F—’
T | —+ - = :‘€
L 100 I*

Pucynok 3.1 — ocobmuicth koHcTpyKIlii OBEH JITC184

Tabmuis 3.1 - Xapakrepuctuku natauka remneparypu OBEH JITC184

Jloist

XapakTepHCTUKHN 3Ha4yeHHs
Jliania30H BUMIpIOBaHHS Bia - 100 no +250°C
YMOBHHH THCK 0,1 — 6,3 MIIa
IToka3HUK TeIU10BOI 1HepIii 10 — 30m
Onmip 1307mstmii 100 MOwm +
Uy TInBi eJleMeHTH 1
Cxema MIIKIIOYCHb TPHUJPOTOBA
CeHcop BIJTHOCHO KOPITYCY 130JIhOBAHHI
JloBxuHa Kabeiro JIOBLIBHA, 11171 3aMOBJICHHS
Marepiai 3aXuCHOI apMaTypu JIaTyHb, CTAJIb

BUMIPIOBaHHS BOJIOTOCTI JCPEBHHU IIiJI Yac Cymkua Oyiao oOpaHo
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Oe3xkoHTakTHUHN Bosoromip st aepeuan WALCOM MD-918. BumiptoBanbHuii
niana3odH 4 ~ 80%, Mmoxe OyTu 3acTocoBaHui 10 Outbil 50 COPTIB JEPEBUHHU.
OyHkiis KamOpyBaHHS Ha TIOTOYHY TEMIIEpaTypy, OIS KOHTPOIIO MEX

Jiara3oHy poOuTh 1iel TPUOOp yHIKAIBLHUM B MOPIBHSHHI 3 aHajoramu [10].

665,

1
Mopg pEnss

& - oy

mMD918
’&,Q‘ RGN é@
TGENT yo)5TURE

Pucynok 3.2 — 3aransHuii Buris BosioroMipy WALCOM MD-918 [11]

Tabnuis 3.2 — OCcHOBHI TeXHIYHI XapakTepucThku Bosoromipy WALCOM

MD-918

Jliana3oH BUMIPIOBAHHS BOJIOTOCTI Big 4 1o 80%
Posnosin + 1%
IToxubka 0,5 %
I'muOnna nporukunenas CBY noist 50 MM
3 Garapeiiku 1,5 B Tumy
Kusnenus AAA
Temmeparypa 30epiranas Bix -10 °C mo +60 °C
BosoricTs y npuminieHH1 Big 0 1o 70% RH
Po3mipu, Mmm 132x67x26
Bara, r 95 (6e3 Oarapeek)
I"apanTis 12 mic

Cepen IHIIUX aHAJIOTB BIAMOBITHUN JaTYMK Ma€e ¢cBoi ocoomuBocti MD-918:

1. Mae nocuth HEBEIUKI rabapuTH.
2. He momkomkye BUMIPIOBAJIbHY TTOBEPXHIO.
3. HocTtarHss mMOMHA TPOHUKHEHHS  BUIPOMIHIOBaHHS, IO €

ONTUMAJILHUM BaplaHTOM JJis OUIBIIOCTI MUJIOMaTepiaiiB 1 BUpOOIB 3 AepeBa.

4. MoxnuBiCTE BUOOPY COPTY JEPEBUHHU.
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5 JlocTaTHbO MIMPOKHIA Jiara3oH BuMiproBaHHs Bia 4 1o 80 %.

6 Bucoka TouHicTh BUMIpIOBaHHS - ToxuoOka + 1%.

7. Criiikuit 10 30ypIOIOUNX BIUTHBIB (TEMIIEpaTypa, BaKyyMm).

8 Bucoxka mBuIKicTh BUMIpIOBaHHS.

Jlist BUMIpIOBaHHSI BakyyMy B kKamepl OyB BuOpanuii Bakyymmetp [lipani
PNP101 (puc. 3.3). Il'ez0enexrpuunnii natuuk Bakyymy Ilipani PNP101 mmpoko
3aCTOCOBYETBCSI B PI3HUX Traiy3six, A€ MNOTPIOHMHA TOYHHUA BUMIP THUCKY Y
BaKyyMHHUX CHUCTeMaX. BiH MO)ke BUKOPHUCTOBYBATHUCS B MPOMHUCIIOBOCTI, HAYKOBUX
JTOCHIDKeHHAX Ta MeauuuHi. Jlatyuk mae miama3zon BumipiB Bijg 0,05 I1a mo 1,5E+5
[Ta. TouHicTh BUMIpIOBaHb CTAHOBUTH 2,5% Ha AlanasoHi m'e3onartyuka ta 15% nms
[Tipani, n1o 3a0e3nedye BUCOKY JOCTOBIPHICTD PE3YNbTaTIB.

Hatunk Mae enexkrpuuHuil iHTepderic DB15SVGA, mo mnonermrye ioro
T TKITIOYCHHS 10 €IEKTPOHHUX CUCTEM Ta 0OpOOKY OTpMMaHMX AaHWX. BakyymHui
iHTepdeiic nartunka - KO16, mo g03BoNis€ WOTO JIETKO BCTAHOBUTH BaKyyMHY
CUCTEMY.

_ ®400 _
N — '
PNP101

Pirani & Pieze

532
tag

Pucynok 3.3 — 3oBHimHi# Bursa BakyymmeTpa Ilipani PNP101 [12]

Tabnuis 3.4 — Xapakrepuctuku Bakymmerpa [lipani PNP101



[TpHHIINI BUMIPHOBaHHA
BaKYYMHOT'O JIaT9IHKa

IT"€30 pe3uCTHBHIII

Jliana30H BIMIPIOBAHHS

1400 - 1 mOap

ToOYHICTh BIMIPIOBAHHSI

+ (0.3% B1J IOBHOI IITKAIH

IIIBHOKICTE BHMIPKOBaHHS 20 Mc
EnexkTpHYHe KIBICHHA 9-30B DC
ITigxTr0YeHHS 10 elTeKTpOMepPeki M12 A, 5-onrocHa BILIKA
Poboua TemnepaTtypa BT +5 mo + 110°C

Temnepatypa 30epiraHas

Big - 40 mo + 70°C

BuxigHIII cHrHAI

4 -20 MA

B sxocti nmartumka tucky piauHu Oyno ob6pano WIKA A-10 (puc. 3.4).
CrpykTypa AaTyiKa CKJIaJa€ThCs 3 MEPBHHHOTO MEPETBOPIOBAUA Ta €IEKTPOHHOTO

BUMIPIOBAIHLHOTO MpHUCTporo [13].

Pucynok 3.4 — 3oBuimHii Bursag WIKA A-10

Tabnuis 3.5 — Xapakrepuctuku WIKA A-10

XapakTepHCTHKa 3HaueHHA
Buja pobodoro ceperoBuma pIaIHA, Ta3
Jllaria3oHH BHMIPIOBaHb 0 —400 6ap
Jliamma3oH JIOMYCTHUMHX TeMIIepaTyp 0 —80°C
pobodoro cepeOBHINA
Jliara30H KOMIIEHCOBAaHHX TeMIIepaTyp 0—90°C
TouHICTE BUMipIOBaHHA <£0.5%
Ty BHX1ITHOTO CHTHAITY 4 —20 MA
Hanpyra KHuBi1eHHS 9-32B
['paHHYHHI CTPYM 28 MA
EnexTprnune miaKIIO9eHHS mrekep DIN 43650

IlepBuHHI 3aco0u aBTOMaTH3auil nepeaawTs curuat 4 — 20 mA o IUIK,
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KU Yepe3 BUKOHABUI MEXaHI3MHU HAJIAIITOBYE 3a/IaHl MapaMeTpy BUCYITYBaHHS

JICPEBUHU.

3.2 Bu0ip BUKOHABYHX MEXaHi3MIB Ta JONMOMI>KHUX NPHCTPOIB

Y  nmaniit poGoTi 3ynuHWUMO CBiii BHOIp HAa HOPMAIbHO-3aKPUTOMY
eJIeKTpoMarHiTHoMmy kJjiarani mozen 8616 NBR 230V 50Hz, sxuii € coneHOinHUM.
Lle#t enexTpoMeXaHIYHUM TPUCTPIN MPU3HAYEHUH I PEryNIOBaHHS MOTOKY PiIuH
a0o rasziB. KoHTposb MOTOKY BiIOyBa€ThCS 3a paxyHOK MOPIIHS abo AMCKY, IO
BCTAHOBJIEHO B  COJICHOIAI3  CEpACYHUKOM.  [OMOBHUMH  (YHKUIAMH
CJICKTPOMATHITHUX KJIAlMaHiB B BOJOINOCTA4YaHHI Ta OMAaJCHHI € OYHUIICHHS Ta
KOHJIUII10HYBaHHS.

OBEH 160(MO2) 3a cBOilMH TEXHIYHUMH XapaKT€PUCTUKAMU Ta
(GYHKIIOHATBHUMH ~ MOXJIMBOCTSMM — TIAXOAUTH IS PETYIIOBaHHS TMPOIECY
BUCYIITYBaHHS JICPEBUHHU.

HNanuit [1JIK KOHKYpPEHTHO3IATHUW 3a IIIHOK Ta ONTHUMAJIBHUM pPiBHEM

TEXHIYHOT MIATPUMKH BUPOOHUKOM [14].
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Pucynok 3.5 — ®@ynkuionansHa cxema [IJIK160(MO?2)

Jlist O1b1Ioi CYyMICHOCTI Ta TE€XHIYHOI MIATPUMKH BUPOOHHMKOM B SIKOCTI
naneni omeparopa Oyno obpano OBEH CIIK 107, ¢ynkiionanbHa cxema
npejacTaBieHa Ha pucyHky 3.15. BuOpane mporpamue 3a0e3leueHHs BiJINOBIIA€E
TEXHIYHUM BHMOTaM, € TPOCTHUM Yy HaJAlITyBaHHI Ta BHKOPHCTaHHI, a TaKOX

cymicHe 3 oopanum T1JIK.
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Pucynok 3.6 — Cxema nigkiroueHHs aHajgoroBux BxomiB [1JIK

OBEH CIIK 107 mae cBoi meBHI OCOONMBOCTI, IO BUAUISIE HOTO cepen
IHIITMX aHAJIOT1B:

— JOCUTh HEBEJUKI PO3MIpH, IO MPUAAE KOMIIAKTHOCTI MPU HEBEJIUKUX
ITOCAJKOBUX MICIISIX;

— JI03BOJISIE MPOEKTYBaTH aJIrOpPUTMM KEPyBaHHS Ta iX Bizyami3allilo B
OJIHOMY CEpEOBUIIII;

— pu HEOOX1THOCTI MOke BukoHyBatu pynkii [1IJIK;

— nigrpumka npotokoniB NTP ta FTP;

— npu HEOOXiTHOCTI MOXJIMBO OHOBHUTH MpOorpamMHe 3a0e3Me4eHHS 3
USB- ta SD-Hakonu4yBaui;

— JUIS 3pYYHOCTI MEpen0adyeHo JIOCTAaTHS KUIbKICTh KOMYHIKalIMHUX
iHTepdeiciB;

— Linux BUKOPHUCTOBY€ETHCA K OINEpaliifHa CUCTEMA;

— Benukuii Ta iHpOpMaTUBHUN JUCTLICH.
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Pucynok 3.7 — @ynknionansHa cxema CITIK107

Jlist  BOPOBA/KEHHS aJITOPUTMIB  aBTOMATHU30BAHOTO TPOIECY CYIIKU
JIEPEBUHU Y BaKyyMHIM Kamepi po3poOJseThcsl MpOrpaMHe 3a0e3MeUeHHs s
nporpamoBanux Jioriuaux koHTpoJepiB (IIJIK), Ha OCHOBI SKOTO CTBOPIOETHCS
cucrema atoMaruzaiii. CODESYS € kommuiekcoM  1HCTPYMEHTIB IS
MPOMMCIIOBOI  aBTOMAarTH3allii, [0 BKJIIOYA€ I1HTEIPOBAHE CEPEIOBUINE IS
BIJIMTPAIIOBAHHS 3aCTOCYHKY JUIsl IU(POBHUX KOHTposepiB [15].

BOynoBana cucremMa BUKOHaHHA Jla€ MOXJIMBICTH  3alporpamyBaTH
koHTposiep y cepenouii CODESYS. [Ilpu BuroromneHi Ta MiATOTOBKH [0
npoAaxky BOyIOBaHA CHUCTEMa BCTAHOBIIOETHCS B HbOro. Asie mo0 amantyBaTu
CUCTEMY 10 IHIIMX IUIaT(opMm mporpam Ta amapariB MOXYyTb OyTH 3aCTOCOBaH1

crieriajgbHl IHCTPYMEHTH.
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Pucynok 3.8 — Po6ouwnii mpoctip IDE CODESYS

3a momoMorow TISTH MOB TporpamyBaHHsS (puc.3.9)) 3miCHIOETHCS
nporpamyBanHs [1JIK B cepemoBumi CODESYS. Lli MOBM MOBWHHI BiJIIOBIIaTH

MikHapoaHoMy ctanaapty IEC 61131-3 [15].

SFC — moBa miarpam cTaHiB

LD — MoBa peneHHHX cXeM

IL — Acembnep-nonioHa MoBa

FBD — moBa (hyHKIIIOHATEHHX OJOKIR

ST — llackane-nmoaidoHa MoBa

Pucynok 3.9 — Mosu nporpamysanast CODESY'S

BucHoBKY 32 po3aiiom

Jlist aKicHOTO 300pYy TEXHOJIOTIYHUX MapaMmeTpiB 0OpaHO CydacHI JATYUKH
TEeMIIepaTypy JACPEBUHU Ta BOJM, BOJOTOCTI B KaMepi, BOJIOTOCTI MUJIOMaTepiaiiB,
TUCKYy, BakyymMmerpa. s peamnizaiii aqroputMy KepyBaHHS KOHTypamu oOpaHi
BUKOHABYl MEXaHI3MU: peje, KianaHu, NepeTBOpIoBaY 4YacToTd, Hacoc. [l

aBTOMATHU3aIlii TEXHOJIOTIYHOTO MpoIiecy OyB 0OpaHMil MPOTPaMOBaHUN KOHTPOJIEP.



50
JIyist mporpaMyBaHHS aJITOPUTMIB aBTOMAaTH30BaHOTO MPOIECY CYUIKU JIEPEBUHU Y

BaKyyMHill kamepi Bukopuctana nporpama CODESYS.

BUCHOBKH

Mera kBamidikaiiiHoi pobora OakaaBpa JOCSATHYTa, a came pOo3poOJICHO
ABTOMAaTU30BaHy CUCTEMY CYIIKW JICPEBUHU B BaKyyMHIN KaMepi JJis CyIIiHHS, sKa
MaTHUME IIBUJIKOJIIIOU] 3aCO0M TEXHIYHOI aBTOMAaTH3allll, 110 30UIbIIaTh HaIHHICTh
Ta MPOCTOTY KePYBaHHS IJIs OTIEpaTopa.

Y nepmioMy po3aiuii MpoaHaNi30BaHO TEXHOJOTIYHUN TIPOIEC CYIIiHHS
nepeBuHu. [IpoOnema cymriHHS AEpeBUHU 3 3a0€3MEUEHHSIM PIBHOMIPHOCTI ii
MPOCYIIYBAHHS € KIIOYOBOIO B YChOMY TIPOILIEC] CYIIiHHS Oy/lb-IKUMU CIIOCOO0aMHU.
KokeH BapiaHT cCylIiHHS JI€pEBUHM Ma€ CBOI IepeBard Ta Henoiiku. Jlis
IPOBEJIEHHS MOAAIBIINX JOCHIIKEHb OyB OOpaHMl BaKyyMHHUH CHOCIO CYIIIHHS
JIepPEBUHHU.

VY napyromy po3aiii po3poOMSIM KOHTYpH KEpyBaHHS MPOLECOM CYIIKH
JIEPEBUHU, a CaMe BXIiJHI Ta BUXIJHI cWTHaIU. J[JIT KOXKHOTO KOHTYPY pO3poomin
byHKIIOHANBHY cXxeMy aBToMaru3aiii. [IpoBenu po3paxyHOK Ta HaJallTyBaHHS
KOHTYpY PEryJIOBaHHS TeMIlepaTypu. BinperynpboBanuii KOHTYpP TOYHO Ta IIBHAKO
pearye Ha KOJHMBAHHS B CTaHi 00’€KTy. AJITOPUTM BUMIPIOBaHHS TEMIIEpaTypH
TeHep 3OIWCHIOEThCS UU(GPOBUM  JaTYMKOM, SKHA HaJae CHUTHaJI Ha
MIKpOKOHTpOJIEp, SKHM IIBUAKO Ta SKICHO 00OpoOmoe iH(opmariio Ta BHIAE
KOMaH]ly Ha BAKOHaBYUH MEXaHi3M.

VY Tperbomy po3aiii s IKICHOTO 300py TEXHOJIOTTYHHUX MapamMeTpiB 00paHo
CydyacHI JaTYUKU TEMIIEpaTypu JACPEBUHH Ta BOJH, BOJIOTOCTI B KaMepi, BOJIOTOCTI
nuioMaTepialliB, TUCKY, BakyymmeTrpa. Jlis peanizauii ajroputMy KepyBaHHS
KOHTypaMu oOpaHi BUKOHaBYl MeXaHI3MH. JlJi1 aBTOMaTu3alii TEXHOJIOTIYHOTO
npouecy OyB oOpaHuil mporpaMoBaHuid KoHTposiep. Jlns mporpamyBaHHS
aJIrOPUTMIB aBTOMATHU30BAaHOTO MPOIECY CYIIKM JE€PEBMHU Yy BAKyyMHINA Kamepi

Brukopucrana nporpama CODESYS.
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JTOJIATOK A
CHAPTER 1 ANALYSIS OF THE TECHNOLOGICAL PROCESS OF
WOOD DRYING AND JUSTIFICATION OF THE DIRECTION OF
AUTOMATION

1.1 Analysis of the technological process of wood drying

Before analyzing the technological process of wood drying, it would be
advisable to explain the concept of drying itself. Wood drying is the process of
removing moisture from wood and lumber to the required level, which is carried
out by evaporating liquid from the material. Directly, the moisture contained in the
wood is converted into steam under control and released into the environment. In
general, the drying process is accompanied by a number of interrelated
phenomena, during which various material transformations occur, including phase,
structural and mechanical changes in wood, as well as internal and external heat
exchange processes.

The main goal of the process of drying and processing wood is a cardinal
change in the quality of wood materials through technological processing. This
turns the raw material into a high-quality industrial material suitable for use in
industry, construction, energy, etc. Changing the properties of wood makes it
highly durable, biologically stable and stable in shape and size. In addition, it gives
the wood an aesthetic and presentable appearance, improves its thermal insulation
and dielectric characteristics.

Note that the change in the physical and operational characteristics of wood,
which occurs due to fluctuations in humidity, determines the technological goals of
the drying process, namely:

— protection against biological damage;

— reduction of actual weight;

— increase in mechanical strength;

— increase 1n resistance to environmental influences;
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— improving the quality of wood as a material as a whole;

— preventing future changes in the linear dimensions of wood.

During drying, wood is in a gaseous or liquid medium, which is called a
drying agent. Its main function is to exchange materials and energy. The drying
agent transfers heat to the wood and removes moisture formed as a result of
evaporation. Air, water vapor, as well as hydrophobic liquids or aqueous solutions
of salts and other similar substances can be involved in the role of a drying agent.

The modern woodworking industry involves drying wood in various forms,
namely: boards, beams, round timber, veneer, chips, chips and blanks of the
desired shape. As a rule, lumber is pre-dried naturally at the felling site in order to
reduce their weight and significantly reduce the costs of further transportation and
processing. Such primary drying also protects the wood from rapid decay, damage
by fungi, insects and various microorganisms, which allows you to preserve its
quality until delivery to woodworking enterprises, where it is subject to further
processing.

Today, domestic and foreign specialists in the field of drying and wood
protection face certain challenges that need to be overcome. The drying process
requires a higher level of technical and technological scientific knowledge every
day. The main task facing drying specialists is to significantly improve the quality
and stability of wood throughout the entire production process. No less important
is the increase in the final quality of drying and wood protection, which, as a result,
will improve its characteristics as a future material for the production of various
wood products.

It should be noted that the problem of drying wood while ensuring its
uniformity of drying is key in the entire drying process. The specificity of drying is
that the outer layers dry faster than the inner ones, which leads to the appearance of
mechanical stresses and, as as a result, the wood tissue ruptures. Therefore,
effective control of the drying process consists in maintaining a balance between
the rate of moisture evaporation from the outer and inner layers of the processed

wood. This, in turn, will ensure the receipt of evenly dried and high-quality wood.
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In industrial conditions, wood is usually processed in drying chambers, where the
parameters of the drying process are under full continuous control.

Therefore, in order to obtain high quality indicators of wood processing, it is
necessary to use industrial tools and drying methods, automated systems for
precise control of technological process parameters. Also, the presence of qualified
workers working with wood is a prerequisite for future success and achieving high

production efficiency.

1.2 Types of wood drying

In modern domestic and foreign woodworking industries, there are many
methods and types of wood drying. They differ in the technology of execution, the
physical principles on which the process is based, the design of drying chambers,
the accuracy of monitoring and adjusting parameters, as well as the necessary

technical equipment for their implementation.

1.2.1 Atmospheric drying

One of the effective types of drying is the so-called atmospheric drying of
wood. During atmospheric drying, wood and lumber are stacked in stacks in
specially designated open warehouses, where the drying agent is atmospheric air.
This drying method is economically profitable and one of the oldest, since it does
not require fuel and electricity costs, and does not require the use of expensive and
high-tech equipment. Along with low cost compared to other drying methods, it
ensures high quality of the final product if performed correctly. Atmospheric
drying is typical for woodworking enterprises that process large volumes of wood
for industry.

When using this method, the parameters of the air used as a drying agent
cannot be regulated. These parameters are influenced by the climatic conditions of
the region where the drying takes place, as well as the season and weather
conditions at a particular moment. In drying warehouses, their own microclimate is

formed due to the increased level of humidity that occurs as a result of the
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evaporation of moisture from the wood. The drying process can be improved by
stacking lumber in correct stacks, increasing ventilation in the warehouse and
using special industrial fans.

It should be noted that the use of atmospheric drying allows you to achieve
fairly low levels of wood moisture: up to 20% in temperate and northern climatic
zones, and up to 15% in the south. Wood with this level of humidity is suitable for
the manufacture of external structures and products that are operated outdoors.
However, for further use in closed rooms, additional drying using industrial
methods is usually recommended. A win-win option would be to combine
atmospheric drying with other techniques, as this allows you to reduce drying costs
and improve the quality of the final product. Atmospheric drying has many
advantages, including low cost, ease of organization and implementation of the
process, as well as significantly lower residual stresses in wood compared to the
chamber method. With an optimal combination of natural conditions, choosing a
suitable location for the warehouse and its organization, adjusting the density of
material stacking and protecting the ends of the boards, you can achieve quite high
results. This means that if you follow the atmospheric drying technology, you can
get really high-quality materials. If the organization of the process does not violate
technological requirements, atmospheric drying helps reduce the risk of warping,

cracking and deformation of lumber.

Figure 1.1 - Atmospheric drying of wood
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Among the disadvantages of atmospheric drying, it is worth noting the low
level of control and predictability of the process. The main factors affecting drying
are temperature, humidity and air speed, which constantly change depending on the
time of day, season, as well as climatic and weather conditions. In the process of
atmospheric drying, it is difficult to predict the exact drying time. Although this
method is simple, violation of the technology can lead to damage to the wood,
since in the raw state it becomes vulnerable to fungi and pests. In addition, due to
the low intensity, atmospheric drying takes a lot of time, and also requires
significant production areas for storage.

The organization of the drying process itself is as follows. For drying, wood
1s placed on a foundation with a height of half a meter, made of metal, concrete or
treated wood. The stacking is carried out according to a certain developed method.
It 1s customary to form stacks 2.5 meters wide and 5 meters high. Proper stacking
is the key to successful drying of wood. Wood up to 15 centimeters wide 1s stacked
in rows, separated by spacers, for which prepared dry slats are used. It is important
to select material with the same cross-section when stacking wood in rows.
Package stacks are most often used. When stacking wood in a package, it is sorted
by size, grade, cross-section, etc. The packages are stacked on a foundation, the
distance between them is kept small. The width and height of the packages are
arbitrary. The packages are separated from each other by spacers, usually 10x10

centimeters in size.

1.2.2 Infrared drying

In practice, one of the most effective methods of drying wood is the use of
infrared radiation, which is visualized in Figure 1.2. This approach guarantees
uniform drying and high quality of the final product. As a result, deformations and
defects of wood during drying are minimized.

Infrared drying is the drying of wood using infrared heating panels. Such

dryers are equipped with infrared emitters, a ventilation and air mixing system, and
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temperature and humidity sensors. The principle of such drying is based on heating
the water in the wood with infrared radiation.

The wood is stacked in even stacks, infrared panels are placed between the
layers of lumber, after which the stacks are placed in a drying chamber. Infrared
panels are installed on the walls of the chamber, and humidity and temperature

sensors are located inside.

Figure 1.2 — Infrared wood drying

All electronics are connected to a programmable logic controller (PLC) to
monitor and control the drying process. The moisture contained in the wood is
heated and evaporated by infrared radiation. The resulting steam is discharged to
the outside through the ventilation system and condenses on the surfaces. The
wood does not heat up significantly, since the radiation affects water molecules,
not air.

The standard temperature for the drying process is 65°C, which contributes
to the maximum preservation of the wood structure, preventing fiber breaks and
other defects. This drying method is economical, does not take much time and has
low operating costs. In addition, the chamberless method of infrared drying

deserves attention. The wood is also stacked in stacks, infrared plates and a special
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reflective material are placed between the layers. The stacks are covered with
reflective plates on all sides.

1.2.3 Condensation drying

In addition, it is necessary to consider in detail such a type of drying as
condensation. In condensation drying, air acts as a drying agent. The main feature
of this method is that moist air is not removed from the drying chamber, but is
dried in a condensation unit, after which it 1s heated and returned back to the
chamber for reuse in the drying process. Thus, drying takes place in a closed cycle
without ventilation. This process saves energy, which is then used for drying.

In a condensation drying chamber, air constantly circulates, and its relative
humidity is controlled using a condensing device. After the working air is dried,
condensate is removed from the chamber, and the purified air is heated and mixed
with the working air. The resulting mixture is heated to the required temperature in

a special heater. Standard freon is usually used for cooling.
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Figure 1.3 - Condensation drying chamber diagram
1 - drainage tube; 2 - external or internal condensing unit; 3 - air exchange
system; 4 - fan panel,
5 - humidification; 6 - door with a release mechanism; 7 - stack;

8 - condensing unit outlet channel; 9 - condensing unit suction channel.
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Condensation drying chambers in the woodworking industry can have
various shapes and configurations. They also differ in temperature regimes
depending on the refrigerant used in the condensing unit. Typically, manufacturers
set the temperature at 40-45°C, which is due to the characteristics of the
refrigerants. In some cases, refrigerants are used that allow the temperature to be
increased to 75°C. According to the principle of operation, condensing chambers
are periodic and continuous chambers. Continuous chambers are used quite rarely.
In order to obtain the necessary air circulation, in addition to the heating surface
and the condensing device, it is necessary to install fans that are installed next to
the tunnel. The air is taken from the wet side, then, passing through the condenser
to the heating devices, it is directed to the dry side.

Reducing the level of air humidity in the convection chamber is possible
only by adding a certain amount of outside air, which directly depends on its
condition. In contrast, condensation drying chambers do not have this drawback,
since they are almost not affected by external factors. This allows you to adjust the
parameters of the drying process more precisely.

The advantages of this drying method include high quality of the dried
material, relative ease of implementation and low costs. Due to the low operating
temperature, the wood does not warp, does not change color, and is almost not
subject to internal stresses.

Among the disadvantages, it is necessary to note the long drying time, since
this method requires twice as much time. In addition, the final product does not
have the desired proper protection. Since wood is dried at low temperatures, it

remains vulnerable to fungal diseases because it is not sufficiently sterilized.

1.2.4 Convective Drying
Let us consider in detail the convective method of drying wood. Convective
or chamber drying is the process of drying wood with hot air in a specially

equipped room known as a chamber (Fig. 1.4).
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These dryers are equipped with a special boiler, heater, fans, shutters and
humidification systems. Typically, the chambers are made of heat-insulating plates
consisting of a metal profile and a heat-insulating layer. There are periodic and

continuous chambers.
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Figure 1.4 — Chamber drying of wood

So, the air heated by the heater circulates in the volume of the chamber,
passing through stacks of wood. Under the influence of heat, the wood releases
moisture, which enters the working air. After reaching the required level of
humidity, the humid air is discharged outside through the shutter. The temperature
of the air, wood and coolant in the heater, as well as humidity, fan speed and other
process parameters are controlled by a programmable logic controller (PLC).

The technological processes include the initial heating of the wood, drying,
moisture treatment (humidification) and conditioning. To avoid damage to the
wood and ensure more uniform drying, the air and the wood itself are periodically
moistened using a humidification system.

Chamber drying of wood is carried out in one of the modes recommended by

the standard. According to temperature indicators, soft, normal, forced and
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high-temperature drying modes are distinguished. The choice of the appropriate
mode depends on the type of wood, the type and size of the lumber, as well as their
final destination.

Among the disadvantages, one can single out the possible unevenness of
wood drying. The most significant disadvantage of this method is the high cost of
the chamber and significant energy costs required for heating the coolant,
conditioning and circulation of the drying agent. However, at the same time, there
are a number of advantages, namely the possibility of reducing wood moisture to
6%, saving time on material preparation, relatively high drying speed, excellent
quality of the final product, full control over the process and the availability of

various drying modes.

1.2.5 Microwave drying

An interesting method of drying wood is microwave drying. Microwave
drying is the process of drying wood using an electromagnetic field of ultrahigh
frequencies. Such drying is demonstrated in Figure 1.5. The basic principle of
operation is to convert electromagnetic energy penetrating the wood into thermal
energy. This leads to heating of the wood and the water contained in it by creating
intermolecular friction. Thus, the electromagnetic energy is converted into heat,

and the moisture in the wood evaporates.

Figure 1.5 - Example of a microwave drying chamber
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The energy of the electromagnetic field instantly penetrates the wood, but its
absorption varies in different parts of the material. This is due to the fact that
different components of wood have their own dielectric properties that affect the
absorption process. In addition, this method is also different in the distribution of
thermal energy: the maximum temperature is reached inside the material, and not
on its surface. Heating in such dryers occurs much faster than in traditional ones,
since there is no need to first heat steam or air, which would then transfer heat to
the material.

Wood has a high ability to absorb microwave radiation due to its significant
level of initial moisture. During the heating process, the heat distribution in the
wood occurs in such a way that the diffusion of steam from the inner layers to the
outer ones 1is significantly accelerated. This is due to the fact that the pressure,
temperature and concentration gradients that affect the diffusion rate are naturally
directed from the central layers to the outer ones. This feature increases the
efficiency of the drying process. The frequency, magnetic field strength and
dielectric characteristics of the wood determine the level of heat generated, and
these parameters are selected for a specific type of material. The driving force of
moisture during its evaporation is the excess pressure that arises in the internal
layers of the wood as a result of heating using microwave radiation.

One of the characteristic features of the above drying method is its
selectivity. This is explained by the fact that the tangent of the dielectric loss angle
in wood is directly proportional to humidity. In areas with high humidity, energy
losses are higher, which leads to more intense heating, while in areas with low
humidity the opposite situation is observed.

The chamber itself consists of magnetrons, power supplies, microwave
waveguides, a radiation system, reverse fans, an exhaust system and other
components that depend on the specific configuration of the installation.

Among the advantages of this drying method, one can single out a high

process speed, the ability to quickly and efficiently dry large-sized timber, as well



61
as high quality of the final product and improvement of wood properties. In
addition, this method is universal.

The disadvantages of the microwave drying method are the need for operator
control, the large size of the drying chamber, the high cost of both the equipment
and the process itself, as well as significant energy costs. In addition, process
control i1s somewhat complicated, since conventional temperature and humidity
sensors cannot be placed in this chamber due to the physical characteristics of the
process. Other disadvantages include low efficiency, low productivity, and the

requirement for highly qualified service personnel.

1.2.6 Vacuum drying

An effective and interesting method of drying wood is vacuum drying.
Vacuum drying is a method of drying wood under vacuum conditions. This process
takes place in a specially equipped, hermetic chamber from which air is pumped
out. An example of such a chamber is shown in Figure 1.6. The vacuum changes
the processes of heating, liquid evaporation, diffusion, and mass transfer. This
allows for a significant reduction in drying time and an increase in the quality of

the dried material.

Figure 1.6 - Example of a vacuum drying chamber

The wood is stacked, with each layer of lumber placed between aluminum

heating panels, through which hot water circulates, warming the wood mass. The
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stack is placed in a drying chamber, where the drying process takes place in three
stages. First, the wood is heated at atmospheric pressure, then a vacuum is created,
which allows the main drying process to begin. At the final stage, conditioning
occurs: the wood is cooled to the required temperature to avoid deformations
caused by the temperature difference. The evaporated moisture condenses on the
walls of the chamber and condensation panels and is discharged outside. A specific
drying mode is set for each type of wood, which determines the temperature and
duration of each stage.

Drying takes place at a stable vacuum within 0.1 - 0.6 bar, without the need
to use fans, various humidification systems or special measuring devices.

The above process is explained by the physical principles of vacuum drying.
Under the influence of pressure, moisture moves from the inner layers of wood to
the outer ones. After evaporation, the outer layers are moistened again with water
from the inner ones, which ensures a smooth process and protects the wood from
damage and deformation. Due to the high pressure in the chamber, the water in the
wood boils and begins to evaporate at much lower temperatures - 45-60°C,
depending on the pressure. This has a positive effect on the quality of the wood.
Vacuum drying, due to its advantages and features, is often used for processing
valuable wood species.

Let's list the advantages of vacuum drying, including:

— drying speed;

— high quality of the final material;

— low energy costs;

— uniform drying of wood along the entire length and width;

— ease of installation and use of the drying unit.

Let's list the disadvantages of vacuum drying, including:

— high cost of equipment;

— limited volume of one-time loading of the chamber, which means

relatively small production volumes.
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Conclusions by section

The problem of drying wood with ensuring uniformity of its drying is key in
the entire drying process by any methods. Each option for drying wood has its
advantages and disadvantages. For further research, the vacuum method of drying

wood was chosen.

JIOJIATOK B
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