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CBY QJIEKTPOTEXHOJIOT'HMYECKAS YCTAHOBKA JIUIs1I MUKPOBOJIHOBOUN
OBPABOTKU IMMJIOMATEPHAJIOB H ITIOJIMKAITPOAMUJIHbBIX HUTEN
M. U. TyxBaTyu1uH

Pedepar. Vccrnenopanusi mpoBOAMJIN C LENbIO OMpEeeHUs] ONTUMAaIbHBIX PEXUMOB OJIHO-
BpEeMEHHOW 00pab0TKH MUIOMATEpUaIOB U TOJIMKANpOaMHUIHbIX HUTeH B ruOpunHoit CBY anekTporex-
HOJIOTMUECKOH ycTaHOBKe. PaboTy ocyliecTBIIsSUIN HAa YCTAaHOBKE C KaMepoi THOPUIHOTO THIIA C PeryIn-
poBkoi#t ypoBHss CBY MOIIHOCTH MarHeTpoOHOB M MPOAOJDKUTENBHOCTH Bo3jaehcTBUs. [IpencraBieHbl
JIB€ BO3MOKHBIE KOHCTPYKIIMH THOPUIHOM yCTaHOBKHM JUIsi 00pabOTKM MUIOMATEPHAIIOB U MOJIHKAIPO-
aMHHBIX HUTEH, OTIIMYAIOIINECS TEM, YTO B OHOM ITHJIOMaTepualibl 00padaThiBaii BHYTPH KaMephbl, a
TIOJIMKAIPOAMU/IHbIE HUTH TPOTATMBAIN Yepe3 BOJHOBOABI C MOMOILIbI0O OOOWH W ANEKTPOJBHUIaTells,
YCTaHOBJICHHBIX CHAPY)XH KaMepbl, a BO BTOPOM 00a MaTepuasia o0pabaThiBaId BHYTPH KaMephl ycTa-
HOBKH. OOBEKT HCCIIeIOBaHUs — TIMIIOMAaTepHaiIbl M MOJIUKapoaMHUIHbIe HUTH. [IniiomMarepuarnsl 3arpy-
)Kand B pabouyro kaMmepy B ¢opme mTadelis, KOTOPBIA Bpallalicsl BIONb CBOCH OCH U pacCMaTpUBAIIU
KOHCTPYKIMIO, B KOTOPOH ITOJIUKANPOAMH/IHbIE HUTH NPOTSATUBAIN UYepe3 BOJHOBOJ, OTXOASIIMN OT
ucrounnka CBY sneprum cHapyxu xamepsl. Bpems Boszaelicteus CBY u3nyueHus Ha MuiioMaTepuanbl
U TIOJIKAIPOAMHU/IHBIE HUTH U3MEPSUTH C UCTIONb30BaHUEM DIIEKTPOHHBIX CEKYHJIOMEPOB, TEMIIEPATypy U
BJI&YKHOCTh — C UCTIONb3oBaHHeM TepMmomerpa Testo 905T2, nupomerpa Testo 830T1, uudposoro rur-
pomerpa Testo 606-1. Mcnons3zoBanue rudpuaHoii CBY aieKTpOTEXHONOrMYECKO YCTAaHOBKH COKpa-
11aJ10 BpeMsi 00pabOTKK MUIoMaTeprasioB oiaronapst Bpamienuio B moie CBY mo 15 9, mpu aTom obec-
NeYnBajIoch TpeOdyeMoe KauecTBO BBICYIIMBAEMOro marepuaina (KOHeuHas BIaKHOCTh — 7,1%, yMeHb-
IIEHWE TPOYHOCTH Ha CKaJIbIBaHUE W YAapHbBId M3ru0 B mpenenax 5%). OTHocUTENbHOE pa3pbIBHOE
yIUIMHEHHE TONHUKAIIpOAMUIHBIX HUTEH yBenuuuBajoch Ha 48,2%, pa3pbiBHas Harpyska — Ha 27,6%.
brnaropaps ogHOBpeMeHHOW 00paboTKe MMIOMATEPHAIOB U MOJIUKAPOAMUIHBIX HUTEH MOXKHO YMEHb-
HINTh METAIZIOEMKOCTh M IOBBICHTh HEPTETHUYECKYIO 3(PPEKTUBHOCTh YCTaHOBKH.

Karwouessbie ciioBa: CBY ycraHoBka, kamMmepa ruOpUIHOIO TUIIA, TEIJIOBasi U HETeIIoBasi o0pa-
00TKa, MUIOMaTEePHAIIbl, MOIUKATPOAMHIHbIC HUTH, MAarHETPOH.

Benenne. TexHomornueckue IpOLECCHI 3aTpaThl, YIPOCTUTh KOHCTPYKLMIO YCTpPOICTBa
CBY 00paboTky MaTepHaioB M M3JENUI IUPOKO YISl OJIHOBPEMEHHOM 00pabOTKH IBYX Pa3JIMuHbBIX

pacnpocTpaHeHsbI pu NPOM3BOACTBE  MaTepHaioB, aBTOpoM  pazpaborana CBY
HOJMMEPHBIX MAaTepHaNIOB (CYIIKA OKPALIEHHBIX  3JIEKTPOTEXHONOTHYECKas YCTaHOBKA C KaMepoH
KallIeMHPOBBIX BOJIOKOH [1], 00paboTka monume-  THOPUAHOrO THIA, B KOTOPOH OJHOBPEMEHHO
poB [2], MHUKPOBOJHOBOE IOIJIOIIEHHE MHOIO- npoucxomutr  TeroBas  CBY  oOpaborka
CIIOWHBIMH CTpyKTypamu [3]), B JIECHOM H  NHWIOMAaTEepPHAJOB U HETEILUIOBAs MOJIHMKAIIPOAMU-
nepeBoobpabdaTrIBatoIen MIPOMBIIIJICHHOCTH  HBIX HUTEH.

(Bakyymnass CBY cymika kpyrimoro 6amoOyka [4], enp wuccnenoBaHus — ONpEAENICHHE ONTHU-

00JydeHHe MIenbl pa3iuyYHbIX ITOPOJ APEBECHHBI  MalbHBIX PEKHUMOB OFHOBPEMEHHON 00paboTKH
[5], cymka ApeBEeCHBIX CTpYX eK [6]), CeIbCKOM  MIJIOMAaTEpHAIOB W IOJHKAIPOAMUIHBIX HHUTEH
xo3siictBe (cymka puca [7] um ¢epmepckux B ruOpuaHod CBY  3neKTpOTEXHONIOrHYECKOi
MpOAyKTOB [8], KOHBEKIMOHHAS KOMOMHHPOBAaH-  YCTaHOBKE.

Has cymka S¢upHbIX Macen [9]), MmemunmHe Jnst ee MOCTIXEHHS peIlaid CIeTyIOIIne
(M3rOTOBIEHWE MATEpPHAJIOB C YIYUYIICHHBIMH  3a/laud: MPUBECTH TEXHUYECKYIO XapaKTEPUCTHKY
XapaKTEpUCTUKAaMU  TOIJIOLIEHUS.  MHUKPOBOJIH u onmcanue paspaboranHorr CBY amekTporexHo-
[10], mommmepw3amusl aNKWiIOB, ATBICTHAOB M JIOTUIECKOM YCTAHOBKHA C KaMepoll THOPHIHOTO
aMUHOB B MHUKPOBOJHOBOH medd [11]), mummeBoit  TWma. MPOBECTH SKCIEPUMEHTAIBHBIE MCCIIEeI0BA-
MIPOMBIITICHHOCTH (TepMHUECKasl CTEpWIM3alMsA  HUS 10 OJHOBPEMEHHOI 00paboTke muiIoMaTepu-

mpoxykTos [12, 13]). aJIOB W TONMKAIPOAMUIHBIX HUTEH B THOPUIHON
IIpu 5TOM MOXXHO BBLAETUTH CIEAYIOIINE OC- CBU ycraHoBKe.
HOBHBIE ITPOOJIEMBI HCIIONB30BAHHS JIEKTPOMAr- YcnoBus, MaTepuanabl U Metoabl. Vcrou-

auTHOH 3Heprun CBY mpu TemmmoBoit o0pabdotke  Huk CBY smeprum (puc. 1) mpencraBiser coboii
pa3IMYHBIX MAaTepHaloB: CJIOKHOCTH KOHTPONISL  TeHepaTop W OJOK NMHUTaHHs (HAIpsOKEHUE MHTa-

00pa0OTKH MaTepuanoB, TPOMO3IKOCTh KOH- Hus 220 B, w4wacrora 50 TIm). CBY
CTPYKIIMM 3JIEKTPOTEXHOIOTMYECKHX YCTAHOBOK,  JHEPTUsl INPOXOIMWT UYepe3 BOIHOBOJ, TIAE OCY-
BBICOKHE DHEPTeTHYECKHE 3aTpaThl, 00pa0OTKa  IIECTBISETCS OO0pabOTKa  ITONUKAIPOAMHIHBIX
TOJIBKO OJTHOTO BHJA MaTepuaa B Kamepe. HUTEH, KOTOpBIE MOAAIOTCS C MOMOIIBIO YCTPOH-
Yxynmenne kadectBa CBY cymikn muomaTte-  cTBa 3arpy3KH-BBITPY3KH, Jajiee OHA MOCTYIAET B
pHAJIOB M TIOJHMKAIIPOAMUIHBIX HUTEH CBA3aHO ¢ paboduylo Kamepy, B KOTOpOH 00pabaThIBAIOTCS
WHTEHCUBHOCTBIO 00paOOTKH, Tak NpH JUIMTENb-  IHJIOMaTepHabI, Bpalaomumecs BJIOJTb
HoM BozzeiictBun CBY sHepruu MOBBIICHHON CBOEH OCH.
MOIIHOCTH MPOUCXOAUT U3MEHEHHE BHYTPEHHEH Taxum obpazom, B rubpugaoir CBY snexrpo-
1 BHEIIHEW CTPYKTyphl MaTeprana [1]. TEXHOJIOTUYECKOH YCTaHOBKE IPOUCXOAAT  JIBa

Z[J'ISI TOr'0 4TOOBI YMCHBIIUTD SHCPTCTHUICCKUC TCXHOJIOI'MYCCKUX Mponccca.
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BrnorpeamesHoe olopyiobasue

Puc. 1 — Cxema rubpuaHoit CBY aieKTpOTEeXHOOrHYECKOH YCTaHOBKU

UcnonwzoBanne CBY snekTpoTeXHONOTHYe-
CKOM YCTaHOBKHM C KaMmepol THOpHAHOrO THIIA
HAa€T BO3MOXHOCTb YMEHBIIUTL METALJIOEMKOCTH
KOHCTPYKIUH, YBECINIYNUTH OKOHOMHUYCCKYIO H
9HEPreTUIEcKyto d3PPEKTHBHOCTh €€ UCIOIb30Ba-
HUs, OJjarojaps YMEHBUICHUIO MOTPeOIeHUs
ANIEKTPUUECKOIM 3HEPTUU Ha eIUHUILYy 00padaThI-
BaeMOTO ChIPbSI.

Bpemsi  cBEpXBBICOKOYACTOTHOM HETEIUIOBOM
00paboOTKU CBIPbs 3a/1a€TCsl U3MEHEHHEM CKOpO-
CTU TIPOXOXKJAEHHUS IOMUKANPOAMMIHBIX HUTEH
BIIOJIb IMPOKHUX CTEHOK NPSIMOYTOJIBHOTO BOJIHO-
BOJIa U peryiaupoBanuem momuocta CBY renepa-
TOpA.

B paccmarpuBaemoii pabouell kamepe TI'H-
OpHIHOTO THUIA pacIpoCTpaHseTcss KBaszu-Hjg
BOJTHA, Y KOTOpO# (pa3oBasi MOCTOSIHHAS U KO-
¢dunueHT 3aTyxanust paBusi [14]:
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rae
A — UIMHA BOJIHEL, M;

a — MHpPUHA IIUPOKOI CTEHKU BOJIHOBOJA, M;

d — TommmHa citost 00pabaTHIBAEMOr0 MaTepHaIa,
M;

€) — OTHOCHTEJbHAS TUDJIEKTPHIECKasl TPOHHIIae-
MOCTB 0OpabaTeiBaeMoro Matepuaia, O/wm;

tg 0, — TaHreHC yrila AUAJIEKTPUYECKUX ITOTeph
00pabaTbIBaeMOro MaTeprana.
HanpsikeHHOCTD 371€KTpOMarHUTHOM BOJIHBIL:

E(z)=E,exp[(-a+ jp)z] 3)

rne a 1 B onpenensrorcsi cooTHomeHusiMu (1) u
(2), a ammnuTyna HanpspkeHHOCTH Ky paBHa [15]:
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rae

P — CBY momHOCTS, BT;

axb — pa3Mepbl BOJIHOBOJIA, M;

My — aOCOTIOTHBIC MAarHUTHAs MPOHHIIAEMOCTh
cpenpl, ['a/Mm;

& — abCONIOTHBIC MUAJICKTPUYECKas IPOHHUIAC-
MOCTh cpegibl D/m;

A — nnunHa Bonubl CBY reneparopa, M.

CBY 00paboTka MoNMKanpOaMUIHBIX HUTEH
3aBUCHUT OT CIEIYIOLINX TTapaMeTPOB:

JuinHa BoiHbl A wucrounuka CBY sneprum,
M.;

HaNPSHKEHHOCTh E3 3JIEKTPOMAarHUTHOTO TIOJIS
B paboueii kamepe, B/m;

BpeMsI HAXO)KJICHUS TIOIUKATIPOaMHUIHON HUTH
B CBUY 31eKTpOMarauTHOM TIOJIE Togp, C.;

MPOU3BOIUTENILHOCTE G pabouell  KaMepsl
THOPHUIHOTO THIIA;

OpHEHTAIN TOJIMKAIIPOAMHUIHON HHUTH TIO
HaIIPABJICHUIO BEKTOpa £.

B mpsiMOyronbHOM BOJHOBOZE BpeMsi MPeObl-
BaHUS MOMUKAIPOAMUIHON HUTH MOXKHO pPacCdu-
TaTh CICTYIOMINM 00pa3oM

T=—

G

Ecnu BpeMmsi Topp HAXOXKIEHUS TOIMMEPHOM
Hutd B CBY 31eKTpOMarHuTHOM TONE U JOMY-
CTUMOE OTKJIOHEHHE +ATogp MEHBIIE T, TO CIEAY-
€T YMEHBIIUTh BENWYMHY b, CHU3HB IIPH 3TOM H
CBY momHOCTH, ecid OOJbIIE T, TO €€ MOXKHO
YBEIWYHUTh, TNPOTSTHBAS  IOIMKAMPOAMHUIHYIO
HHUThH CKBO3b BOJNHOBOJ # pa3. Torna mmHa menn
B BOJHOBOJE, Yepe3 KOTOPYIO MpPOTATHBACTCS
MOJTMKATIPOAMHUIHYIO HUTh COCTaBHUT [16]:

®)

) (6)

rzie d —uamerp MoIUKAIpPOAMHTHON HUTH, M.
MaxkcumalibHyI0 JJIMHY IenH ¢ yuetoM E (z)
W aMIUIMTYIbl HaNpsDKeHHOCTH F, 3JIeKTpoMar-
HUTHOTO TN B paboueil kamepe, Tpu KOTOPOit
HaOmonaeTcst MaKCHMaJIbHOE N3MEHEHNE
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HYKHOI'O TCXHOJIOTMYCCKOI'o napamerpa u J0Iy-
CTUMOC OTKJIOHCHUEC aMIUIUTY/Jbl HAIPsIKCHUA

+AFE,, MOXKHO ONPEAETUTH U3 COOTHOLIEHHUS:

E,—AE; = (E;+AE,)exp[-al, | Q)
rae L, - IJyHA IIeH, M.

Benuuuny a mo Bced UIMHE IIEIHM MOXKHO
CUMTATh TMOCTOSHHOM, TaK KakK MOJUKAIpOaMU/I-
Hasg HUTh MPAKTHUYECKU HE HArpeBaeTcs U MpU
AE,/E, >>1:

®)

[Ipu oOpaboTke MOMUKANIPOAMHUIHON HUTH
BeNMMYMHA g OOBIYHO He3HauuTenbHa u L)-L;,
MO3TOMY HHTh MOXHO TIPOIYCTHTh uepes3
BOJIHOBOJ 11 pas.
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KonngectBo Takux HHUTEH, OIHOBPEMEHHO
MPOITYIICHHBIX Yepe3 BOJTHOBOJ OyIET paBHO:

L 9)
Ll

To ectp npouzBoxutensHOcTE CBY 00padot-
KU TTOJIMKANPOAMHUIIHBIX HUTEH G BO3MOXKHO YBe-
JMYUTH B k pa3, 1Mo cpaBHEHHIO ¢ 00pabOTKOH
OJTHOM MOJIMMEPHON HUTH. DHEPronoTpediieHHe B
LEJIOM TIPH 3TOM HE MU3MEHSETCs, a B pacyuere Ha
enMHHIly 00pabaThIBaeMbIX IMOJIMKAIPOAMHTHBIX
HUTEN yMEHbIIAeTCs.

OpHa M3 BO3MOXKHBIX KOHCTPYKIMWE THOpW-
Holt CBY 31eKTpOTEeXHOIOrH4eCKOM YCTaHOBKHU
npejcTaBisieT coOOl KaMepy, Ha CTEHKaxX KOTO-
pOil B IIaXMAaTHOM TOPSIIKE CMOHTHPOBAHBI HC-
tounnku CBY sHepruu, 0JI0OKM NUTaHUS ¥ BOJTHO-
BOJBI (pHC. 2).
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Puc. 2 — Cxema xoHcTpykimu rudpuaHol CBY 31eKTpOTeXHOMOTHYECKO YCTAHOBKH C MPOTSTHBA-
HHUEM TIOJIMKAIIPOAMUIHBIX HATEH Yepe3 BOIHOBOIBI CHapyXH Kamepsl: | — kamepa, 2 —1Bepb, 3 — BBI-
KirouaTens, 4 — ncrounnk CBY sHeprum, 5 — BonHOBOM, 6 — PYIOPHBII H3TydaTenb, 7 — OJOK MUTaHuUS,
8 — momyioH, 9 — kopod ¢ orBepeTHamMy, 10 — Bo3myxoBog, 11 — kamopudep, 12 — Bentunsarop, 13 — gat-
YUK TeMIeparypsl, 14 — natamk-siaekTpoBiaromep, 15 — BeHTWISIIHOHHAS Tpyda, 16 — oOpaTHBIH Kila-
maH, 17 — BEHTWIATOpP BBITSDKKH, 18 — mmok iist 3a00pa cBexero Bo3ayxa, 19 — BepTHKanbHbIE MEpero-
ponku, 20 — Bai, 21 — KpecToBHHBI, 22 — KONbla, 23 — poiukH, 24 — pexykrop, 25, 26 — 3MeKTpoiBUTa-
Tenb, 27 — 000uHBI, 28 — TOMUKanpoaMuAHBIE HUTH, 29 — YETBEPTHBOJHOBOW COTJIACYIOIINI

TpaHncdopmarop
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BuyTpu kamepbl pacnonokeH MEXaHU3M Jis
KpEeIUIeHHsT TWIOMAaTepUaloB M BpallleHUs HX
BJIOJIb CBOEH OCH, MOJUKAIIPOAMHUJIHBIE HUTHU MPO-
TATHBAIOTCSA Yepe3 BOJTHOBOIBI C IOMOINBIO 00-
OWH U DIICKTPOJBUTATENS CHAPYXH Kamepbl. Kpo-
M€ TOTo, B KaMepe CMOHTUPOBAHBI YE€TBEPTHBOJI-

BEPTHKAJIBHBIMU TIEPEropoAKaMHU.

Bropas u3  BO3MOXHBIX  KOHCTPYKIIMH
ruopuHON CBY 311eKTpOTEXHOIOrHIEeCKOH ycTa-
HOBKM OTJIMYaeTcs OT IIEPBOI TEeM, YTO IIOJIHMKa-
MPOaMUIHBIE HUTH TPOTATUBAIOTCS TIEPE PYIop-
HBIM H3JIydaTeleM BHYTPH KaMephbl IOCpPEICTBOM
600uH U

HOBBIE COTIACYIONIME TPaHC(POPMATOPhI, PACIIO- JIIEKTPONPUBOIA, YCTAHOBJIEHHOIO
JIOKEHHBIE ~ MEXKIY CTEHKAMU KaMephl M 3a KaMepOil.
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Puc. 3 — Cxema Bropoii KoHCTpYKIUH rudpuaHoit CBY 31eKTpOoTeXHOIOrHIecKol yCTAaHOBKH C TIPO-
TATUBAHUEM MOJMKANPOAMHUIHBIX HUTEH 4epe3 BOJIHOBOABI BHYTPH KaMepwl: 1 — kamepa, 2 —aBeps,
3 — BeIKITIOUaTenb, 4 — ucrounuk CBY sHeprum, 5 — BOMHOBO, 6 — PYHOPHBIA W3Ty4aTenb, 7 — OJI0K
MUTaHUs, 8 — MOANOH, 9 — KOopod ¢ oTBepeTusimu, 10 — BozayxoBox, 11 — xamopudep, 12 — BeHTHIATOD,
13 — maT4mk Temrepatypsl, 14 — gaTYMK-3MeKTpoBIaroMep, 15 — BEeHTHWISAIMOHHAS TpyOa, 16 — obpat-
HBI KiManaH, |7 — BeHTHIATOP BHITSOKKH, 18 — oK ayst 3a00pa cBekero Bo3ayxa, 19 — BepTUKaIbHEIE
nieperopoaku, 20 — Ban, 21 — KpecToBHHBL, 22 — KOIbIla, 23 — ponuky, 24 — pexykrop, 25, 26 — 31eKTpo-
IBUTATEN, 27 — OOOWHBI, 28 — MONMKANpPOAMUAHBICE HUTH, 29 — YEeTBEPTHBOIHOBOH COTIACYIOUTHI

Tpa"chopmaTop

Ha ocHOBaHMM NpOBENCHHBIX 3KCIIEPUMEH-
TaNbHBIX  HCCIENOBAaHUM  MOJMKAPOAMUIHbBIE
HUTH, oiBepraemble HeteruioBoir CBY moandu-
kanuu B rubpunHorr CBY snekrporexHOmornye-
CKOM  yCTaHOBKE, JOJDKHBI — HIPOTATUBATHCA
B CBY »1eKTpOMAarHUTHOM IIOJIE CO CKOPOCTBIO
0,9 cM B cexyHIy, mapaieNbHO BEKTOPY Harmps-
JKEHHOCTH E.

OpnHako BpamieHWe ImTademnsl IMIoMaTepua-
JIOB BIIMSIET HAa MU3MEHEHUE HAIPaBJICHUS ABHXKE-

80

HUS 3JIEKTPOMArHUTHOTO TOJIsl BHYTPH KaMephbl, a
MOTOMY CTPYKTypa 3JEKTPOMAarHUTHOTO TOJIS
HETIPEPHIBHO MEHSETCSL.

OTO crmocoOCTBYET CyIIKEe MHIOMaTepHalioB,
HO g HereruoBoit CBU  momuduxarnmm
MIONMKATIPOAMUIHBIX HUTEH B TAaKOH COBMEIIEH-
HOM paboueil Kamepe cieqyeT BBIOMpaTh
30HBI pacIonoKeHNs HEIOCPEICTBEHHO
OKOJIO amepTyphl mmydatormmx cuctem CBY
ycTaHOBKH (puc. 4).
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0

Puc. 4 — 3o0HbI pacnonokeHus IOIUKANPOAMHUIHBIX HUTEH B padoueii kamepe rubpuanoi CBY anek-
TPOTEXHOJIOTUYECKON YCTAaHOBKH: a — BUJ CBEepXY, 0 — Bux A; 1...7 — uctounuk CBY sneprun, 8 — ka-
Mepa, 9 — wrrabens nuiomarepuanos, 10 — anextponpuBoa, 11...17 — 30HBI pacroNoKeHHs MOJIMKA-
MpOaMHUIHBIX HUTEH, 18 — amepTypa u3mydaTens (CedeHHE MPAMOYTOJIbHOro BoiHOBoAa (45x90mm),
19 — OokoBas creHka paboueit kamepbl, 20 — 30Ha PACIONOKEHHS MOJUKAPOAMUAHBIX HUTEH, V — CKO-
POCTb IBIXEHHS MOAU(PHLIUPYEMOT0 TOIUMEPHOI'0 MaTepuasia

Ecnu mapel Biaru, ucnapsrolieicss U3 IMHJo-
MaTepHaloB, ONACHbl JUI MOJUKAIPOAMHUIHBIX
HUTel, npoxomsaimux Hererwiopyto CBY moandu-
KaIlMIo, TO OHU MOTYT OBITh 3aIlUIIECHBI BIaroHe-
NIPOHULIAEMON TOHKOM TUAJIEKTPUYECKOW paauo-
mpo3payvHoi meperopoakoit (puc. 3, myHkt 19),
OTZENAIOIIEH 30HBI PACHOJIOKEHUS MOJIMKAIPO-
aMHJHbIX HUTEH U NMIOMAaTEpHAIIOB.

Konctpykuust rudbpuanoit CBY snexkrporex-
HOJIOTUYECKON YCTAHOBKH BBITOAHO OTJIMYAETCS
OT YCTaHOBOK, B KOTOPBIX OJHOBPEMEHHO 00pa-
0aTBIBACTCS TONBKO OAWH BHU MaTEPHUAJIOB: MEHb-
e 3aHMMAaeMOM IUIOIAIbI0, METAUIOEMKOCTHIO
1 OONbIICH IUIOMANBI0 IONEPEYHOTO CEUeHMS
30HBI pa3MEIICHUs ITOJHKANPOAMUIHBIX HUTEH

BHYTPU KaMepbl, HO Xapakrepusyercs Ooiee
CIIO)KHOW TpaHCHOPTHOH cucteMoil. Kpome Toro,
OTCYTCTBHE PYIOPHBIX U3JydaTenedl HeGiaro-
NPUATHO CKaKEeTCd Ha KadecTBe MOAU(HKAIUH
MOJIMMEPHBIX HUTEH, TaK KaK OTPakKeHHas OT BXO-
Ja B pabouyro kamepy CBY sneprust cosznmaer
PEXUM YacTHYHO CTOsiuedl BONHBEI (puc. 4). DTy
npoOieMy MOXHO pEIIUTh, HCIIONb3Yyd YeT-
BEPTHBOJIHOBBIM COMIACYIOIIMN TpaHCHOpMaTOp
(puc. 2 u 3, myHkT 29).

B uccnenoBaHMM WCHONB30BaIM YCTAHOBKY
(puc. 5, 6), cobpaHHYIO IO KOHCTPYKIIMH, TIPE.-
cTaBIIeHHOH Ha puc. 3. O6paboTtka muromarepua-
JIOB ¥ TIOJIMKAIIPOAMUIHBIX HUTEH OCYIECTBISIET-
Csl BHYTPH €€ KaMepBbl.

Puc. 5 — O6mwmit Bun rudpunnoit CBY 31eKTpOTEXHOMOTHYECKOH YCTaHOBKH st 0OpabOTKH MHITO-
MaTEepHAJIOB U MOJIMKAIIPOAMHUIHBIX HUTEH: | — Ba, oOecreunBaronyii BpamieHue mraderns muiomare-
puaos, 2 — MarHeTpoHsl, 3 — kopnyc CBY cymmnku
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Puc. 6 — OcHoBHbIe d5iemMeHTbl ruOpuaHOi CBY 251eKTpOoTEeXHOMOrH4ecKol yCTaHOBKH Uit 00padoT-
KU IHWJIOMATEpHAJIOB U IMOJHUKAIIPOaAMHUIHBIX HHUTEN: a — BHYTPEHHEE MMPOCTPAHCTBO KaMEPHhI, 6 — M¢EXa-
HHU3M, O6eCHe‘IHBaIOH_IPII>i Bpali€HNUE MUJIOMaTCpruaIoB, B — MCXaHNU3M IJIsA KPEIIJICHUA I_HTaGCJ'[H nmujoma-
Tepuanos; | — muwiomarepuansl, 2 — uctodHuk CBY sHeprum, 3 — 30Ha a71s1 00pabOTKK MOIMKATIPOAMU-
HBIX HUTEH, 4 — ABUTATENb, 5 — BaJl, 6 — MEXaHU3M AJIsl py4HOI'O BPAILCHUS MHJIOMAaTEepUaoB, 7 — paMa

JJISL KPEIIJICHU mrradesst nmiIoMaTepuaioB

I'ubpunnas CBY snexTpoTexHOIOrHYeCcKas
YCTAaHOBKA  HMMeJa  CIIEAYIOIIUE  Pa3Mephbl:
2,4x0,6%0,6 M. Uctounnku CBU SHEPruu ObLIH
pacIoNO)XeHbl Ha CTEHKaX: YEThIpe CIeBa U TPU
crpaBa Kamepbl. BBIXOIHYIO MOIIHOCTD KaXJIOro
ncrounnka CBY sHeprun MOXHO H3MEHATH OT
100 Bt o 700 Br, gacrora paBHa 2450 MI'11.

B sKcriepuMEHTaNbHBIX HCCICIOBAHUAX HC-
MONb30BAIM  COCHOBBIE  JIOCKM  pa3MepaMu
0,05%x0,15%2 M, KoTOpBIe YKJIaAbIBald B IITa-
6enb. Mexay TockaMu ISl JTY4IIero MpoxXoXKie-
uHust CBY sHeprum ObUIM YCTAHOBJICHBI JEPEBSH-
HBIE TIPOKIaaKK pazMepoM 5 mm. IllTabens Bpa-

PACIIONIOKEHHBIX B IIAXMaTHOM MOPAAKE Ha CTEH-
Kax paboueil kamepsl, ¢ 4aCTOTOH 3 00/MUH.
HavanbHas BIaXHOCTh NMUJIOMAaTEpHAIOB Ba-
pbupoBana ot 84 1o 92%. TennoByto CBY o6pa-
0OTKy MUIOMAaTepPHAIOB OCYLIECTBISLIM 1O KO-
HeuHOoU BiaxxHocTd 7...9%.IlonukamnpoamugHbie
HHUTH NPOTATUBAJIH NApauIeIbHO BEKTOPY Harps-
KEHHOCTH 3JIEKTPHYECKOro MOJIS Ieper amepry-
poit n3my4atens (cedyeHue MpSMOYTOIBHOTO BOJ-
HOBO/Ia pazMepaMu 45%90 MM) OTHOTO U3 MCTOY-
HukoB CBY sneprun co ckopoctsio 0,9 cM B ce-
kyany. CBY momuocts ogaoro ucrouyanka CBY
sHepruu npuHUManu paBHoil 100 BT, Bpems He-

maad B OJIEKTPOMAarHUTHOM Tone BAons  TemnoBod CBY 00paboTku momMKampoaMHIHBIX
CBOGH OCHM  OTHOCHTENbHO  MAarHeTpoHoB,  Huteil — 10 c.
® 7 N
U
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Puc. 7 — Pe3ynbTaThl SKCIEpUMEHTANBHBI NCCIEJOBAHUN M3MEHEHUs BIAXXHOCTH M TeMIIEpaTyphI
nuomarepuanoB B nponecce CBY o6pabotku B kamepe: a — W3MEHEHHE BIIAXKHOCTH; O — M3MEHEHHE

TEMIIePaTypHhI
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Bpewms BoszelictBua CBY u3nydenus Ha mu- ¢ 40 4 (6e3 Bpamenus) o 15 4, wnn HA 62,5%.
JIoMaTepualibl ¥ HOJIMKAIpOaMHIHbIE HUTH n3Me-  [Ipu 3TOM MX BiaXHOCTH CHIXKaiack ¢ 89% 1o
psUTH DIICKTPOHHBIMH CEKyHIOMepamu, Temmepa-  7,1%, Temmepartypa Bo3pacrtaer ¢ 21°C no 84°C.
TYPY | BIQXXHOCTh — C MICIIONIb30BaHNEM NOBepeH-  J[i1s cpaBHEHUs, HaIpuMep, KOHBEKTHBHAS CYIIKa

HbIX TepMometpa Testo 905T2, nupomerpa Testo  JIHUCTBEHHUIIBI B BO3AyX€ IOBBIIICHHON TeMIepa-
830T1 m umdposoro rurpomerpa Testo 606-1 Typsl M HHU3KOH BI@XHOCTU MpPHU LHUPKYISILHA

(u3mepeHust npoBoaWIH Kaxkabie 45 muH.). [1pou- CYIIMIIBHOTO areHra 4epe3 ITaldelnb COCTABISET

HOCTh MMWJIOMATEPUATIOB (COCHOBBIC JIOCKH) ITOCIIE 150 gacos [17].

tertoBoii CBU o0pabotku omnpenensuii Ha 1abo- [Ipenen MpoOYHOCTH COCHOBBIX JOCOK pPaBeH

paTopHOM Ipecce. 36,4 Mlla. OTtkiOHEHHE SKCIEPUMEHTAIBHON
Pesyabratel u o0cy:xkaenme. bnaromaps BEJIMUYMHBI  3TOr0  IOKas3aTens OT  HOPMBI

BpaieHuto B mojie CBY Bpems 00paboTKH MuIio- coctapisio 4,4%. KadecTBO COCHOBBIX JTOCOK

MaTepualioB B 3JIEKTPOTEXHOJOTMUECKOH ycTa-  coorBercTBoBajo Il kareropuu, oOyriuBaHue,

HOBKE C KaMepoil THOPUIHOTO THIIA COKPAIAeTCS  KOPOOJICHHE U KPy4eHHE OTCYTCTBOBAIH.

= om B
5 g &

Ommoromerpnoe papstnne (s %
2
Paspwiias Hazpywa K20
FEI.
|

Puc. 8 — Pe3ynbTaThl 3KCIIEpUMEHTaIbHBI UCCIIECOBAHUN U3MEHEHUSI OTHOCUTEIBHOIO Pa3phIBHOIO
YIUIMHEHUS ¥ Pa3pBhIBHOIM HATPY3KH MOJIHKAIIPOaMUAHBIX HUTEH oT Bpemenn CBY o0paboTku: a — oTHO-
CHUTENBHOE Pa3pbIBHOE YIUIHHEHNE, O — pa3phIBHAs HATpy3Ka

B pesynbrate HereruioBoit CBY o00paborku munomatepuanos B CBU anexTporexHomoruye-

MOJMKAPOAMUAHBIX HUTEH B DJICKTPOTEXHONOIU-  CKOM  YCTAHOBKE C KaMepoil THUOPHIHOrO
YEeCKOW YCTAaHOBKE C KaMepoW THOpWIHOrO THUMa  TUMa  Bpemst 00pa0OTKM  MHJIOMAaTepPHANIOB
YIYYIIMIHNCh WX TEXHOJIOTHYECKHEe CBOMcTBa:  cokpamaercs ¢ 40 1o 15 4 u yaydmiarTcs TeXHO-

OTHOCHUTENPHOE pa3pbIBHOE YAJIMHEHHE HUTEH  JIOTMYECKHE  CBOWCTBA  IOJIMKANPOAMUIHBIX
Bo3pactano (puc. 8) Ha 48,2% (c 21,3 xrc  HuTeH (OTHOCHTENBHOE pa3pbIBHOE YUIMHEHUE
1o 31,6 krc), pa3pblBHas Harpyska yBeqW4dWiIace  HUTeH yBenmumuwiock Ha 48,2%, paspbiBHas
Ha 27,6% (c 66 xrc 1o 84,2 Krc), Mo cpaBHEHUIO ¢ Harpyska — Ha 27,6%).
HeoOJTydeHHBIME 00pa3mamu (0e3 Harpesa). AHa- Ceefennsi 00 HCTOYHHMKe (pMHAHCHpOBa-
JIOTWYHBIC U3MEHEHHUS] OTMEYANH U JpYyrue ucciie-  HUs. PaboTa BBINONHEHa B paMKax I'paHTa
nosatenu, Harpumep, mpu CBY obpadorke I[IKE  Pecmybmmku bamkoproctan B popme cyOcunmii B
HUTEH yBeJIMYMBAIACh UX (PAKTUUECKAs JIMHEHHAS obmacti Hayku u3 Oromkera PecryOmmkm bami-
IUIOTHOCTS [18]. KOPTOCTaH Jis TOCYJApCTBEHHOH MONIEPKKU
BoiBoabl. B pesynbrare OJHOBPEMEHHOH  MOJOABIX YYEHBIX — KAHAWAATOB HAyK (mmdp
00pabOTKM  MONUKANPOAMUIHBIX HUTeH U KoHKypca: HOLI-TMY-2022).
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MICROWAVE ELECTRICAL TECHNOLOGICAL INSTALLATION FOR MICROWAVE PROCESSING
OF TIMBER AND POLYCAPROMIDE THREADS
M. I. Tukhvatullin

Abstract. Research was carried out to determine the optimal modes for the simultaneous processing of lumber
and polycaproamide threads in a hybrid microwave electrotechnological installation. The work was carried out on an in-
stallation with a hybrid-type chamber with adjustment of the microwave power level of the magnetrons and the duration of
exposure. Two possible designs of a hybrid installation for processing lumber and polycaproamide threads are presented,
differing in that in one the lumber was processed inside the chamber, and the polycaproamide threads were pulled through
waveguides using bobbins and an electric motor installed outside the chamber, and in the second, both materials were
processed inside the installation chamber. The object of research is lumber and polycaproamide threads. Lumber was load-
ed into the working chamber in the form of a stack, which rotated along its axis, and a structure was examined in which
polycaproamide threads were pulled through a waveguide extending from a source of microwave energy outside the cham-
ber. The time of exposure to microwave radiation on lumber and half-caproamide threads was measured using electronic
stopwatches; temperature and humidity were measured using a Testo 905T2 thermometer, a Testo 830T1 pyrometer, and a
Testo 606-1 digital hygrometer. The use of a hybrid microwave electrotechnological installation reduced the processing
time of lumber due to rotation in the microwave field to 15 hours, while ensuring the required quality of the dried material
(final moisture content - 7.1%, reduction in chipping and impact bending strength within 5%). The relative breaking elon-
gation of polycaproamide threads increased by 48.2%, and the breaking load — by 27.6%. Thanks to the simultaneous pro-
cessing of lumber and polycaproamide threads, it is possible to reduce metal consumption and increase the energy efficien-
cy of the installation.

Key words: microwave installation, hybrid chamber, thermal and non-thermal treatment, lumber, polycaproamide
filaments, magnetron.
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