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MU3MepeHus Temneparypbl CTEHOK KOMMO3MTHbIX
TpY6 npn TepmoobpaboTke B CBY-ycTaHOBKaX

™Mna 6eryuiei BOMHbI

B. H. HE®EJOB, A. B. MAMOHTOB, B. 1. CHMOHOB

HauyuoHanbHsbIl uccnedogamensckuli yHusepcumem «Bbicwas wkona SKOHOMUKU»,

Mockea, Poccus, e-mail: 6034348@mail.ru, a.mamontov@hse.ru

_ [pednoxeH memod nocmpoeHusl MUKPOBOITHOBbIX YCMAaHOBOK, (hoPMUDYIOWUX pasHOMEepHOe pacripedeneHue mem-
riepamypbl 110 onepeYHoMy ceyeHuio Ouanekmpuyeckux mpy6. PaccmompeH criocob pacuéma pacripederieHus memiie-
pamypbl 10 MonwuHe mpy6 U3 MoNUMEPHbIX KOMIO3UUUOHHBIX Mamepuaros. .

Knroyesbie cnosa: CBY-ycmaroeka, pacnpedeneHue memnepamyphbl, auaneKmpuquKuu Mamepuarn, sonHoeod

3ame0nmou4aﬂ cucmema, UCMOYHUK CBLI-:aHepzuu

The proposed method of construct/ng microwave devices, forming a uniform temperature distribution over the cross
section of the dielectric pipe and the method of calculation of the temperature distribution along the thickness of plpes

'made of composite materials.

Key words: m/crowave dewce temperature dlstrlbutlon dielectric material, waveguide, slow-wave system, microwave

power SOUI' ce.

B HacTosiee Bpemsi Tpy6bl 13 MOMUMEPHBIX KOMMO3ULIMOH-
HbIX MaTepuarnoB LUMPOKO NMPUMEHSIOT A CUCTeM BOAOCHab-
XEHWSI B JOPOXHOM, KOMMYHANbHOM W CEeflbCKOM XO3SNCTBE.
Takue TpyBbl UMEIT BLICOKYH XUMUYECKYHO CTOMKOCTb, HU3KYHO
TENnonpoOBOAHOCTb, MEXAHUYECKYH MPOYHOCTb, 3KOMOMMYHOCTS,
4TO MO3BONSIET UCMOMNbL30BaTb UX ANS TPy6ONpoBOAOB NMUTLEBO
BoAbl. TpaAMLUMOHHbIE METOAbLI OTBEPXAEHWSI TPY6 CBSA3aHbl Kak
C UX HarpeBoM [0 3afaHHON TemnepaTypbl NOCPEACTBOM a1eK-
TPUYECKUX HarpeBaTenen — TOHOB, Tak W MoaAepXaHUeM Tem-
nepaTypbl Matepuana Tpybbl B TeYeHue BpemeHu, Heobxoau-
MOro [0 OTBEPXAEHUS MaTepuana ¢ y4&ToM TennooTAauu B Ok-
py>atoLiyto cpeay.

UsmepumenbHas mexHuka Ne 8, 2016

[Mpu narotoBneHun Tpy6 M3 KOMMO3UTHBLIX MaTepuanosB Ha
OCHOBE CTeKNSAHHbIX, 6a3anbToBbIX WK YrNepoaHbIX BOMOKOH
NCMONb3YT TEPMOOTBEPXKAAEMOE MONIMMEPHOE CBA3YHOLLEE C
HU3KUM KO3 PULMEHTOM TENNONpoBOAHOCTU. [1oaTomMy npu Tex-
HOMOrMYeCKOM HarpeBe M3Aenuid BHELIHMM UCTOYHWKOM Ternmo-
BOV 3HEPrM MO MonepeyHoMy CeveHuto TPyObl BO3HMKAET He-
0HOpPOAHOE pacnpefeneHe TemnepaTtypbl. OTO NPUBOAUT K
BO3HMKHOBEHUWIO rpagmMeHTa CKOPOCTU XMMUYECKOW peakumu npu
OTBEPXKAEHUW, MOSIBNEHUIO BHYTPEHHUX HanpsiKeHWn u, cnego-
BaTesNbHO, YXYALUEHNO (PU3MKO-MEXAHNYECKNX XapaKTepucTuK
n3genuin. Kpome Toro, AnuMTenbHOE BO3AENCTBME BbICOKUX TEM-
nepaTtyp Bbl3blBaeT HapyLleHue OOHOPOAHOCTU U OECTPYKLMIO
NMOBEPXHOCTHbIX CINOEB ANINEKTPUYECKUX TPYO.
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Tennogusuyeckue U3MepeHUs

.
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Puc. 1. MukpoBonHoBasi ycTaHoBka Afsl TepMoobpaboTku ANINEKTPU-
yeckux Tpyb:

1 — ucTtouHuk CBY-aHeprum; 2 — Kpyrnbivi BONHOBOA,; 3 — AWSMEKTPY-
yeckasn TpybBa; 4 — cornacoBaHHas Harpyska; 5 — AnadparmvposaH-
Hblit BonHoBoA, ®1 — AvameTp Kpyrioro BOnHOBoAa; P2 — BHELUHUA
avameTp AuanekTpuyeckon Tpybel v anadparMMpoBaHHOro BOMHOBO-
na; ®3 — BHYTPEHHWU AnameTp AndnekTpuyeckoit Tpy6el; [y, [, —
COOTBETCTBEHHO ANWHA CEKLMW KPYrnoro M gnadparMmpoBaHHOro Bos-
HOBO/IOB; V — CKOPOCTb ABWKEHWUS AVINEKTPU4ECKon Tpybbl

Vcnonb3oBaHne 3HEprum MUKPOBOSTHOBOIO M3My4eHus no-
3B0MSET PaBHOMEPHO HarpeBaThb AUANEKTPUYECKyo TpyBy 1 CHK-
MaTb BHYTPEHHME TEPMUYECKUE HanpsiKeHus B npolecce pe-
akuMu nonMmepusaLum, nNpoucxoasiiein Bo Bcém obbéme oa-
HOBPEMEHHO U MPUBOAALLEN K BbICOKMM MPOYHOCTHLIM Xapak-
Tepuctukam nspenuin [1—5)]. [ns paBHomepHoro Harpesa Tpy6
NPUMEHSIOT MUKPOBOIHOBYIO YCTAHOBKY, COCTOSALLLYHO 13 ABYX CEK-
unit. B nepBoit cekumm B kayecTBe HarpesaTesibHoro anemeHTa
3a1eCTBOBAH KPYrMblii BOTHOBOA, CO34AWMIA MakcuMarsibHyo
TemnepaTypy Ha BHYTPEeHHEN NMoBepXHOCTH Tpybbl 1 eé cnaa no
pajuvycy K BHELLHeW MOBEPXHOCTW, a BO BTOPOW — 3aMeAnsito-
a8 cuctema B Buae OvadparMMpoBaHHOro BonHosoda, obec-
neymsaroLlan MakcumarnbHy TemnepaTypy Ha BHELUHen CTopo-
He TpyObl U €€ NOCTENeHHbIN crag Ha BHYTPeHHen. Takum obpa-
30M, pe3ynsTupylollee pacnpegerneHne Temnepartypbl OT ABYX
CeKLUA MUKPOBOJIHOBOW YCTAHOBKW pPaBHOMEPHO MO BCEMY Ce-
YEHUIO CTEHOK TpyObl.

Kaxnoaa cekuusi paccMaTtpuBaemon yCTaHOBKM COCTOUT U3
3NEKTPOANHAMMUYECKOW CUCTEMBI. OTa cucTema C OfHOW CTOpO-
Hbl cormacosaHa ¢ ucTodHukom CBY-aHeprum, a ¢ gpyron — ¢

1 i | 2
PEX a(o) U.(Z) a(l) PBHX
>3

Puc. 2. JKkBMBaneHTHasi CXxema CEeKLMM MUKPOBOJTHOBOW YCTaHOBKM
TepMoo6paboTkn ANINEeKTpUYeckon Tpybbl:

1 — uctoyHmk CBY-aHepruu; 2 — cornacoBaHHas Harpyska; 3 — OfHO-
poaHas no AnvHe Tpy6a U3 KOMMO3ULMOHHOTO MaTepuana; / — AnuvHa
3MEKTPOAVHAMWUYECKON CUCTEMBI; Z — MPOAOSIbHAsA KOOpAWHATHas OChb;
2(0), o/) — NOCTOSAHHbIE 3aTyXaHua amnauTyAbl HanpsXXEHHOCTH
3nekTpuyeckoro nons B obpabatbiBaeMom MaTepuane B Havane u
KOHLIE CEKLMWN MWKPOBOJIHOBOW YCTaHOBKM; 0(Z) — Tekyllee 3HayeHue
NOCTOSIHHOWM 3aTyxaHusi aMnnuTyAbl HaNpsXXEHHOCTU 3MEeKTPUYECcKoro
nons B obpabaTbiBaeMOM Martepuane B CEKLUWAW MUKPOBOIHOBOW YC-
TaHOBKM
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BOASHOW Harpy3Kkoi, B KOTOPOW YCTaHOBIEH AaT4MK HEWUCMNOSb-
30BaHHON MOLLHOCTY A5t KOHTPOMSA TEXHOMOrM4ecKoro npowec-
ca. Ha puc. 1 npeacrasneH obLwmit BUA, ABYXCEKLIMOHHOW ycTa-
HOBKM A1 TepMOooBpaboTku AUANEKTPUYECKUX TPYD, nMeroLmnx
BHELUHUI AnameTp 60 MM 1 BHYTpeHHU — 40 mm. Tepmoobpa-
BoTKy NpoBOAAT Ha pabodel YacToTe kornebaHwi snekTpomar-
HUTHoro nons 2450 MIMu. 3Heprus MUKPOBOMHOBOMO U3My4YeHus
oT ucto4Huka CBY-aHeprum 7 noctynaeT B NMepBYyH CEKLMIO ycTa-
HOBKM, BbINOSTHEHHYIO B BUAE KPYrmoro BONHOBOAA 2, U norsoLla-
etcst Tpy6or 3 13 NMONMMEpPHOro KOMMO3WLMOHHOrO MaTtepuana.
Tpy6a 3 pacnonoxeHa mexay AByMs Tpybkamu n3 dpropornnac-
Ta v aBuraeTcsa BOOMb OCY BoNHoBoAa. Hencrnons3oBaHHasA aHep-
s MornoLaeTcss BOASHOM Harpyskon 4. 3atem Tpy6a nocrtynaet
BO BTOPYH CEKLIMIO MUKPOBOMHOBOW YCTaHOBKY, BbINOSTHEHHYO B
Buae avadparMMpoBaHHOro BofHoBoda 5, rae aHeprus MUKpo-
BOITHOBOTO M3ry4eHust oT uctodHunka CBY-sHeprum nornowaet-
cst Tpy6oOM, a Heucnonb3oBaHHas 3Heprust — BOASHON Harpys-
KOW.

CeKLun MUKPOBOMHOBOW YCTAHOBKM HE CBA3aHbl 3MeKTpo-
MarHWTHbIM MoneM, Tak Kak Mexay HMMU CyLLeCTBYeT pasBs3ka
B BMAE 3anpefenbHOro kpyrnoro BonHosogda. KoHCTpykuuu, B
KOTOPbIX PacrnpocTpaHeHne 3Heprn 3M1eKTPOMarHUTHOro nons
COBMafaeT C HanpaBneHVeM OBWXEHUA martepuana, HasbiBatoT
ycTaHOBKamu C MpoAonbHbIM B3aumopencTenem. Kaxagas cek-
LIS Takol yCTaHOBKU cornacoBaHa ¢ uctodHukom CBY-aHeprum
1 BOOSIHOM Harpyskoil. B aTom criydae oTpaK€HHas BorHa B Cek-
UMsX OTCYTCTBYET, @ UMeeTCs Tonbko Gerylias BofiHa OT UCTOY-
Huka CBY-sHeprum k Harpyske. Hanpumep, B nepson cekuuu
MUKPOBOIHOBOW YCTaHOBKM PacnpocTpaHAeTcs BorHa tuna Egy,.
B KayecTBe 3KBMBAMNEHTHON CXEeMbl KaXO0W CEeKLMU YCTaHOBKMU C
npoaonbHLIM B3auModencTBreM, paboTatolien B pexume Ge-
ryLen BOJHbI, MCMOMNb30BaHa HarpyXeHHas fuHus, npeacras-
rneHHas Ha puvc. 2 [6—9]. SHeprnsi MUKPOBOSTHOBOIO U3MNy4eHus
oT ucto4Huka CBY-aHeprum 1 nocTynaeT B HarpesaTerbHbIN ane-
MEHT (Kpyrmbiit Mnn auadparM1poBaHHbI BONHOBOA), ANWHOI [
C HarpeBaeMbiM MaTepuanom B Buae Tpybbl 3. Heucrnonbso-
BaHHas 3HEPrUsi MOrsoLwaeTca Harpy3kon 2.

PaccMoTpumM pacnpefeneHne Temnepartypbl BAOMb AWANEK-
Tpuyeckon TpyGbl, HaxoAsLLENca B CTauoHapHOM pexume, Ans
CEKLIMM MMKPOBOJSTHOBOW YCTaHOBKM C HarpesaTerbHbIM SremMeH-
TOM B BME KPYrnioro BONHoBoAa. BelpaxeHue Ans pacyérta pac-
npeaeneHns TemnepaTtypbel B mMaTepuane Tpybel Boonb ocu Z
nmeert Bug [6]:

T2)-T,=P,, éxp (-20,2) 206822, T)t/[n(rB-rB)eupa) (1)

rae T, — HadarnbHas Temneparypa [vanekTpuyeckon Tpybbl; P,
BbIXO4HAas MOLLHOCTb UcToqHuka CBY-aHepruy; o, o, — nocTo-
AHHAA 3aTyXaHus aMnnuTyAbl ANEKTPUYECcKoro nomns B matepu-
ane Tpy6bl COOTBETCTBEHHO MPY HaYanbHON U KOHEYHOM Temne-
patypax; f (z, T) — dyHKUMS, y4uTbIBaOLLAA 3aBUCUMOCTb AW-
3MIEKTPUYECKUX MapaMeTpoB MaTepuana Tpybbl OT Temnepaty-
pbl, B HanpaeneHUy pacrnpocTpaHeHnsl 3Hepruu anekTpomar-
HUTHOrO MONS; T — BPEMSA HaxOXOeHWst maTtepuana B obnactu
MWUKPOBOITHOBOTO W3MYYEHUS!; Iy, f, — BHYTPEHHUIA W BHELHMIA
pafnychl TPyObl, COOTBETCTBEHHO; C; — TENNOEMKOCTb ANINEKT-
pudeckoro matepuarna; p, — MNOTHOCTb ANINEKTPUHECKOro Ma-
Tepuana.

NamepumenbHasi mexHuka Ne 8, 2016
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3aBUCUMOCTb MHUMOW 4acTU OTHOCUTENbHON ANANIEKTPUYEC-
KOM MPOHMLaeMOCTM OT TeMnepaTypb! AfA NONMMEPOB B LUMPO-
KOM VHTepBare vMeeT NWHeNHbIN XapakTep Ha 4acToTe Kore-
BaHnin anekTpomarHuTHoro nonsi 2450 My [6—9]. Mpwn aTom
Bua yHKunn f(z, T) onpefdenéH kak

flz, T)= o,/ [ — (o, = a,,) exp (20, 2)]. (2)

TemnepaTypa B Kpyrnom BOMHOBOAE pacrpedeneHa Hepae-
HOMEPHO MO MONepPeYHOMY CEYEHUIO TPYObI: CHIKAETCS OT BHYT-
PeHHero AuamMeTpa K BHellHeMy Mo 3akoHy Beccens:

T(r) = T(r3) [44(2,40511r) )1, (3)

rae T(r) — pacnipepeneHve TemnepaTypbl No paguycy TpyGbl B
Kpyrnom BoniHoBoae; T(r;) — TemnepaTypa Ha BHYTPEHHei no-
BEPXHOCTU Tpy6bl; J,(2,405r/r,) — dyHkumns Beccens nepsoro
nopsiaka NepBoro poaa, ry — pafunyc BOMHOBOAA, AMs YacToThl
KonebaHun anekTpomarHutHoro nons 2450 My Ha OCHOBHOW
BOMHe Tuna Eg,.

YunTbIBas, YTO Ha BOSIHE Tvna £y, 1 ykasaHHOII YacToTe Ko-
nebaHuin 3neKTPOMarHUTHOro Mons KpUTUYeckasi ArMHa BOSHbI
B KPYrmOM BOSHOBOAE ka =2,62r,, MOXHO onpeaennTs ry = 50 Mm.

[lnga BblpaBHMBaHUA TemnepaTypbl MO NornepeyHoMy ceve-
HUIO TPYGbl B MUKPOBOMHOBOW YCTAHOBKE YCTAHOBUIIM BTOPYHO
CeKLMo, HarpeBaTenbHbI 3NIEMEHT KOTOPOWN BLINOMHEH B BUOE
AnagparMMpoBaHHOro BOSTHOBOAA@ BHYTPEHHUM AnamMeTpoM 60 Mm,
COOTBETCTBYIOLLMM BHELLHEMY AMaMeTPpy AN3MNEKTPUYEcKon Tpy-
6bl. [uadparMMpoBaHHbI BOSIHOBOA CO34a&T Ha MOBEPXHOCTU
TPyBbl MaKkcUMarnbHyto TeMnepaTypy, CrnafatoLLyto No 3KCMOHEH-
LanbHOMYy 3aKOHy K BHYTpEeHHeMmy AvameTpy Tpybbl. Ouadpar-
MUPOBAHHbI BOMHOBOA — 3aMeassiowas cucTema, KOHLEeHT-
pvipytoLlas y noBepxHOCTU 3reKTpuyeckoe nose, CTeneHb KOH-
LieHTpaLuun Hanpshk&HHOCTU KOTOPOro onpeaenseTcs kKoaddu-
LMeHTOM 3amefneHus k,. 3anuiiem B nNepBom npuGnmkeHum
pacnpepeneHve TemnepaTtypbl B TakOl cUCTeMe:

T(r):T(rz)exp[— 2kkyr(1- &/ kg)”z}

T(r3)=T(r2)exp[— 2kkars (1 = s'/kg)m]’ &

rae T(r,), T(r;) — TemnepaTypbl Ha BHELUHEA W BHYTPEHHEN no-
BEPXHOCTAX TPYObl, COOTBETCTBEHHO; K = 27t/A — BOMHOBOE YMCIO
cB0GOAHOTO NpOCTpaHCTBa; K, = A /A, — KOathULMEHT 3amen-
neHus, A — AnuHa BOMHbl ucTodHuka CBY-aHeprun, A, — 3a-
MeaneHHas [4nunHa BomnHbl B AvadparMMpoBaHHOM BOMHOBOAE;

€}, €, €11, € — OEWCTBUTENbHAS U MHUMasi YacTu OTHOCUTESb-

HOWN [OW3MEeKTPUYECKON NPOHMLAEMOCTM MaTepuana npu Ha-
YanbHOW M KOHEYHON TemnepaTypax, COOTBETCTBEHHO.

OnuHy Kaxgon cekuun BblBupanu Tak, YTobbl TemnepaTypa
Ha BHELUHEN 1 BHYTPEHHEeW NOBEPXHOCTAX TPYObI NMOCe MpoxXox-
[OEHNS €0 MUKPOBOITHOBOW YCTaHOBKM COOTBETCTBOBAsa HOMMU-
HanbHOMY 3HadeHmio, T. e. T(r,) = T(r;) = 180°C. [Ans aToro Heob-
XOANMO peLunTb ypaBHeHus (1)—(4) meTogom nocriegosaterb-
HOro NPUBNUXKEHUS.

Ha puc. 3 npeactasneHbl TeopeTUYecku paccyuTaHHasi u
3KCMepuUMeHTanbHas 3aBUCMMOCTU TemnepaTypbl Mo nornepey-
HOMY ceveHuto Tpybbl. V13 paccuMTaHHOM 3aBUCUMOCTU CreayeT,
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Puc. 3. Teopetuueckas (1) u akcnepumeHTanbHas (2) xapakTepucTuku
pacnpegeneHus TemnepaTypbl Mo NONepeyHoOMY CEYEHWI0 AUINEKTPU-
Yyeckon Tpybbl ANs CTALMOHAPHOMo pexumMa

YTO Ha BHELLHEN U BHYTPEHHE NOBEPXHOCTSAX TeMrnepartypa co-
oreetcTByeT 180 °C, a MakcvManbHOe OTKITOHEHWe OT 3TOro
3HaveHus HabnogaeTcs B LIeHTpe CTeHkU Tpybbl. B aToit obnac-
TV Temnepartypa paBHa 166 °C, a eé OTKNOHeHWe CcocTaBnsieT
14 °C, uto cootBetcTBYET 7,7 %. YMEHBLLUUTL OTKIOHEHUE TEM-
nepaTypbl OT HOMWHAmNbLHOIO 3HA4YEeHUSI MOXHO MPU KOPPEKTU-
poOBKe MapamMeTpoB MUKPOBOSHOBOW YCTaHOBKW, Hanpumep, us-
MEHSIS BbIXOLHYH MOLLUHOCTb MCTOYHMKOB CBY-sHeprum B kax-
L0V cekumm unu K, B anadparMmpoBaHHOM BOMHOBOAE.

[TapamMmeTpb MUKPOBOMHOBOW YCTaHOBKM
MmobpabaTbiBaemMoro matepuana

Pabouasa yactota konebaHwii anekTpoMarHMTHoOro nons .... 2450 My,
BbixogHast MowHocTb ucToyHuka CBY-aHeprum nepsoit

cekunm
BbixogHast MowHocTb ncToyHuka CBY-aHeprum BTOpOM

CEKLIMM .t e 0,6 kBt
KoadbdpununeHT cTosuen BonHbI

ONS Kaxgon cekumm B nonoce yactot 100MIy, He Gornee .......... 15

B BOSTHOBOAHOW CEKLUMN Ha pabovein YacTOTE ........ccccceeeueennes 1,15

AN CeKuuy 3ameansiiollen cuctemsl Ha paboyen yactote ... 1,25
BHYTPEHHUIN PaANYC BOMHOBOMA Iy «.uvvecvereecuenescicicieseieseaeieneaenns 50 mm
BrewHuin paguyc Tpybel r, 30 mMm
BHyTpeHHuIn pagunyc Tpy6bi r; .. 20 mm
AnuHa BonHoBoaHoOM cekunn /, 900 mm

[OnvHa cekunn 3aMeanaowen CUCTEMBI Ly .o.cveveceecceceee. 300 mm
CkopocTb ABWXeHUst TpyBbl B MUKpPOBONHOBOM ycTaHoBke O 0,6 M/MUH
KoshdbuumeHT 3aMeNeHns K, wsusanarsmmnmm s
HomuHansHas temnepatypa Tpybbl T,
HavanbHas Temnepatypa Tpybbl T,
dakTop noTepb

[ 0,18

[encTBuTENbHAA YacTb OTHOCUTENbHOW OV3NeKTPUYECKOn nNpoHuLa-
eMOCTU MaTepuana

NPy HAYATNEHOW TEMMEPATYPE ‘£ . crwmmmimicnssmmmssscamsavssssossss 4,0
MPU KOHEYHON TEMMEPATYPE, € .ccccevvevrerrenrrircienenriiiesieisanieas 4,5
TennoémkocTb MaTepuana P 0,8 Ox/(r - °C)
MnoTHocTb MaTepuana Ppy woeeersesses 2,4 rlcmd

M3 akcnepumMeHTansHOW 3aBUCUMOCTY pacrpeneneHns Tem-
nepaTtypbl N0 NoONepeyHoMy ceveHunto Tpybbl (cm. puc. 3) cne-
[YET, YTO Ha BHELLUHEN 1 BHYTPEHHEN NOBEPXHOCTM TemrepaTypa
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pasHa 180 °C, a MakcumarbHOe OTKIIOHEHME OT HOMMHarbHO-
ro 3Ha4YeHWs TakKke Habnmo4aeTCs B LEHTPanbHOW YacTu CTEHKU
Tpy6LI. B aToit 0bnactu Temneparypa cootsetcTayet 172 °C, a
crefoBaTenbHO, OTKIMOHEHWE TemnepaTypbl OT HOMUHANbHOro
3HaveHnss — 8 °C, yto cocTtaensieT 4,4 %. MeToamka nsmepeHun
pacnpefeneHns TemnepaTypbl Mo NoNepeyHoMy CeYeHUto Tpy-
Obl cnegytowias:

co3aatoT 4 0TBEPCTUS AUaMETPOM 3 MM Ha yaaneHuu oT Ocu
Tpy6bl 22, 24, 26, 28 MMm;

BpeMsi BO3AENUCTBUSI MUKPOBOIHOBOIO M3MNy4YeHWs Ha norne-
peyHoe ceyeHue Tpybbl noabupatoT Tak, 4Tobbl TemnepaTypa Ha
BHELLHeN NOBEPXHOCTM COOTBETCTBOBANa TemnepaType Ha BHYT-
pPEHHeW MOBEPXHOCTU;

Temneparypy M3MepsitoT TepMonapHbIM TEPMOMETPOM MOC-
ne oTKIYeHns uctodHukos CBY-aHeprum.

[Ins 6e3onacHoi paboTbl 06CnyXMBaloLLEro nepcoHana Ha
8XO[l€ M BbIXO[e MUKPOBOJSTHOBOWM YCTAHOBKM UCMNOMb30Banu cre-
UManbHble KOHCTPYKUMM (DMNbTPOB, MPEnsTCTBYHOWME BbIXOAY
MUKDOBOMHOBOIO M3nyyeHus U3 pabotatoLiein yctaHoBKN. KoH-
CTPYKUMS 3TUX PUNBTPOB 3alumLeHa nateHtom [10]. Takue dunb-
Tpbl 06ecrneYnBaroT ypoBeHb NOBOYHBIX U3MYYEHWA OT MUKPO-
S0MHOBOM YCTAHOBKU HUXE AONYCTUMbIX Npeaenos. B pesynesra-
Te uccneaoBaHUin YCTaHOBIEHO, YTO YPOBEHb MOLLHOCTY Mo60Y-
HbIX M3NyYeHUi Ha paccTosiHum 0,5 m oT noboit Toukn paboTato-
Lieit MUKPOBOMHOBOW yCTaHOBKW He npesbiwaeT 10 MKBT/CMZ,

3akntoyeHue. MNpeanoxeHa KOHCTPYKUMA MUKPOBOITHOBLIX
yCTaHOBOK Tuna GeryLueit BonHbl C paBHOMEPHbBIM pacnpepene-
HMEM TemnepaTypbl MO MOMepeyHoOMy CeYeHUIo AUINIeKTpu4ec-
xx Tpy6. Takas MUKPOBOSTHOBASH YCTAHOBKA COCTOWUT M3 CEKLMM
20MHOBOAHOMO TUMa, obecneyvBaroLLMX MakCuMarbHyo Temne-
paTypy Ha BHYTPEHHe NMOBEPXHOCTUN TPYObI, a Takke CeKuuit 3a-
MELNSALIMX CUCTEM, CO3AALLIMX MakcuMarbHylo TemnepaTypy
Ha BHellHen noBepxHocTu. Cynepnosvuma pacnpocTpaHeHus
TemnepaTyp OT pasHbiX CEKUWIA rapaHTUpyeT pacnpepeneHve
TeMnepatypbl Mo TOMWWHE MaTepuana Tpybbl, YAOBNETBOPSIO-
uiee TpeboBaHMSIM TEXHOMOIMYECKOro npouecca.

PaccmoTpeHa mMoferb Cekuun MUKPOBOMHOBOW YCTaHOBKU
8 BME HarpyXeHHoW ANMUHHON MHWUK U MEeTO[, pacyéTa pacrpe-
neneHus TemnepaTtypbl Mo TonwuHe Tpy6, U3roTOBMEHHbIX M3
NONMUMEPHBIX KOMMO3WLMOHHBLIX Matepwarnos npu ycrnoBuu, 4To
MHUMAaS 4acTb OTHOCUTESbHOW AMSNEKTPUYECKOW NpPOHULae-
MOCTU MaTepuana NIMHEWHO 3aBUCUT OT U3MEHEHUs Temnepa-
Typsl. PacxoxneHve TeopeTUHeckn paccHUMTaHHON W N3MepeH-
HOWi 3aBMCUMOCTEW pacrpefeneHns Temnepartypbl No TOMLMHE
TpyBbl U3 MONMMEPHOrO KOMMO3WTHOrO Matepuana npy eé Ha-
rpese 10 180 °C He npeBbicuno 6 °C, a OTKNOHEHWE JKCrepu-
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MEeHTanbHOM 3aBUCUMOCTW pacnpeneneHns Temnepartypbl no
TornwmHe TpyBbl OT HOMUHAMNBHOTO 3HayeHns — 8 °C.
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