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PACYETHOE UCCJIEJOBAHME TEIIJIOBBIX ITPOLIECCOB ITPU
BBICOKOYACTOTHOM HAT'PEBE HE®TEITPOJAYKTOB

BBINOTHEH YHCIGHHBII pacyeT TEIUIOBBIX IPOLECCOB, KOTOPHIE HMEIOT MECTO IpH ACHCTBUH
anektpoMaruutHoro nosisi (OMII) Ha Hedrenpomyktsl. C MOMOIIBIO YHCIACHHBIX JKCIIEPHMEHTOB
[POaHAITH3UPOBAHHBIC 3aBUCHMOCTH IPOAOJDKHTENBHOCTH HAarpeBa JUisl JOCTIDKCHHS 3aJaHHOM
TeMIepaTypsl OT 4YacTOThl mpuiokeHHoro OMIL IlokazaHO, 9YTO HCIOIB30BaHHE HECKONBKHX
nctouHuKoB DMII, pacnosiokeHHBIX BIOJb JUIHHBI LHJIMHIPHIECKOW EMKOCTH C He(TempoayKTaMH,
MOJKET IT03BOJIUTH CYIIECTBEHHO YMEHBIIHTD IPOAOKHTEIBHOCTh HarpeBa.

KiioueBble c10Ba: 3IEKTPOMAarHUTHOE II0J€, HArpeB, HCTOYHHUK, HE(TEIPOLYKTHI, TEIIOBOU
nporecc.

Beenenne. Kak otmeuaercs B psize padot (cM., Haripumep, [1-5]), oqauM u3
MEPCIEKTUBHBIX METO/I0B OOpHOBI C BbINafeHHEeM MapadMHOB W Ta30rHIpaToB,
KOTOpbIC TpPU ONpPEACNICHHBIX YCIOBHAX 3aKyNOPHUBAIOT HE(TSIHBIE W Ta30BbIC
CKBOXHUHBI WM TPYyOONPOBOJABI B IPOLIECCE MX OKCIUTyaTalluH, SBISETCS
NPUMEHEHHE BBICOKOYACTOTHOTO AJICKTPOMArHUTHOTO M3ydeHus. OJJHAKO JaHHAsS
TEXHOJIOTHS €lle He IOBEelIeHa J0 MIMPOKOrO MPOMBINUICHHOTO IPHMEHEHHUS.
Lenpto paboOTHI SBIAETCS PAacueTHOE HCCIICNOBAHUE TEIUIOBBIX MPOLECCOB IMPU
BBICOKOYAaCTOTHOM HarpeBe He(hTeIpOAYyKTOB IS BEIOOPA ONTUMAIIBHEIX PEXUMOB
00paboTKH.

ITocranoBka 3agaulm  MaTeMaTHYeCKOr0 MOJeJMPOBAHHS Tpolecca
MHKPOBOJHOBOr0 HarpeBa. [lns omucaHus Ipoliecca HarpeBa MO CEUCHHIO
LWIMHAPUYECKOTO  pe3epByapa ¢  He(DTeNPOAYKTaMM, IOABEPTarOLIMMHUCS
BO3/ICHCTBUIO BBICOKOYACTOTHOTO DJIEKTPOMArHUTHOTO H3IYyYEHUsI, HCIOJb3yeM
JIBYMEpHOE ypaBHEHHE TEIIONPOBOIHOCTH [3]:

pe, L =120, 2 . 209 1 oz,
ot ror or- 0z oz
rae T — temmeparypa; p, ¢y, A — INIOTHOCTh, TEIUIOEMKOCTh M TEILIONPOBOIHOCTh
HarpeBaeMoil cpeasl COOTBETCTBEHHO; (J(z, ) — TUIOTHOCTh MOIITHOCTH 0OBEMHOTO
TCIIJIOBBIICIICHU .
Bynem monaratk, 4TO MOIIHOCTh U3JIyYSHHUS] PACTIPEICIISICTCS] PABHOMEPHO I10
CCUCHHIO NWIMHIPA, & TOKa3aTellb MOTJIOUICHUS 3JICKTPOMATHUTHOTO H3JTyYCHUS

[2,3,5]:
2nf
o= —8\/5 -tg8,
3-10
rae tg 8 — TaHreHc yria IUdJIEKTPHYECKUX IIOTEPh; & — JCUCTBHUTENbHAS YacTh
KOMILIEKCHOU TUDJIEKTPUYECKOMN IPOHUIAEMOCTH HE3aBUCSIIASL OT TEMIIEPATYPBI,
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MTOCKOJIbKY PacCMaTPHUBACTCS CIydald MPUIOKEHUS 3JIEKTPOMArHUTHBIX MOJEH

4acTOTOM f He MeHblIeH aecsaTkoB merarepil [3]. Torna O MOXHO 3anucaTh B BUZE

[31:

0= P-o-exp(—oz)
nR*

rae P — momuocts OMIT; R — paanyc HUINHAPHUUECKOTO pe3epByapa.

Kak noxa3zano B [5], noTepu B CTEHKax METAJUIMYECKOTO Pe3epByapa Masl 110
CPaBHEHHIO C BBICOKOYACTOTHBIMU TIIOTEpSIMH B 00BeMe 00pabaThiBaeMbIX
HE(TENPOIYKTOB, MMOITOMY MOTJIOMICHUE M3Ty4YEHHS B CTEHKax TpyO OOBIYHO HE
yauTsiBaeTcs [3].

PaccmoTpum  cimywail  TeroW3onmpoBaHHON TpyObl. Torma TpaHWYHEBIE
yenoBus ipu + = R, z =0, z = H (rne H — BbICOTa MUJIMHAPUIECKOTO pe3epByapa):
0T /0z|,_p,=0,0T/0z|,_,=0, 0T /0z| _,=0.T'pannunoe ycnosue npu r = 0 —

yCIIOBHE aKCHaNbHON cuMMeTpuu — 0T / Or |r:0: 0.

>

z=

IIpn pacuerax Oyzmem monaraTth, YTO TEIUIONPOBOAHOCT M IUIOTHOCTH
o0pabaTpIBacMBIX HE(TEHNPOAYKTOB HE 3aBHUCST OT TEMIIEpaTyphl MX Harpema, a

TEMI0EMKOCTh MOKHO MpPEICTaBUTh B BHje (BYHKIUHU, uMeromeil 0-0co6eHHOCTh
npu Temreparype (asosoro nepexona Ts (cM., Hampumep, [5]):
¢, =c,+L-3(T-Ty),

rzie L — cKpbITas Temnota $pa3oBoro nepexoa; O-aenbTa-QyHKI.

YucjieHHbIE JKCHEPUMEHTbI M0 MCCJIEIOBAHUIO BJIMSIHUSI YACTOTHI
JJIeKTPOMATHHUTHOI0  M3JIy4YeHHsl HA  XapaKTep Tmpolecca Harpesa
HerempoaykToB. [Ipn pacueTax OBUIM HCHOJB30BAHBI CICIYIOIIUC 3HAYCHUS
KOHCTaHT,  KOTOpPBIC  XapaKTCPU3YIOT  JJICKTPOPU3IUYCCKUE  TapamMeTphl
HEe(TENPOIYKTOB W I BBICOKOMAPA(QHUHUCTONH HEPTH HMEIOT CIEAYIOIIHe
3HadeHus: p = 950 KoM, ¢y = 3 kJIx/(xr'K), Ts = 50°C, L = 300 xJlx/xr,
A=10.125 Br/(m'K), € = 2.3, tgd = 0.012 [5].

Juist Toro 4ro0bl OoueHUTh 3PHEKTUBHOCTH MPUMEHEHHUSI BBICOKOYACTOTHOTO
ANIEKTPOMATHUTHOTO HM3JIyYeHUsl Ui Pa3orpeBa HEPTEHpPOYKTOB, PACCMOTPUM
city4aid, korja He()Th MEPEBO3UTCS B HKEIC3HOJOPOIKHOMN IIUCTEPHE, U HEOOXOANMO
pacruiaBuTh 00pa30BaBIIKECs B HEll M BBINABIIME B OCAJOK TsDKelble (pakiuu.
[lomaranoce, YTO IWICTEpHA WpEACTaBIIeT CO00H mHMIMHAp MHOW 20M ¢
JUaMeTPOM BHYTpEHHeEro cocyna 2.5 M [6]. OnpenenuM pacueTHBIM ITyTeM BpeMs,
HeoOxomumoe i HarpeBa Hedtu ot Ty = 20°C mo T,,;=49°C — temmepaTypsl,
omu3koil k Temmepatype (a3oBOro mepexoja. PaccMoTpuM HIcalM3UpOBAHHBIHN
CiTydail MPUMEHEHUsI HCTOYHHKOB, TCHEPUPYIOIIUX TUIOCKUE BONHEL [lpu pacuere
MOJIATaI0Ch, YTO HCTOYHHUK PACTIONOKEH B TOPIIC IIUCTEPHBI U TCHEPUPYET BOJIHBI B
omHy cropoHy. Ha puc. 1 moka3aHbl pacCUMTaHHBIC 3aBUCHMOCTHA BPEMECHH,
TpebyeMoro Jisi JOCTHKEHUsT TeMneparypbl Hedtu He Hibke Ty B HCCIIETyeMOM
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0o0BeMe IUCTEPHBI, OT YacTOTHI MpHiIokeHHOTo DMII mpu pa3nu4HON MOIIHOCTH

UCTOYHUKA U3ITydeHUs P.
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Puc. 1 — PaccunTanHble 3aBUCMOCTH ¢ - BPEMEHH, TPeOyeMoro JuIs
JOCTIXEHUS TeMIiepaTypsl HedT He Hibke 49°C B uccneayeMoM o0beme
IUCTEPHBI, OT YaCTOTHI puioxkeHHoro OMII f ipu pa3nmudHOi MOITHOCTH
nctoyanka u3nysenus P (1 — P =75 xBr, 2 - P=100 kBt, 3 — P =150 kBT, 4 —
P =200 xBT, 5 P=250xBrT)

Kak BugHo u3 puc. 1, 3aBUCHMOCTH #(f) UMEIOT BBIPXKCHHBI MHHHUMYM,
BEIMYMHA KOTOPOrO Cinabo 3aBUCHT OT YpOBHI P W COCTaBiseT Juis
paccMOTpeHHBIX citydaeB nopsaka 120 MI'm.

Kak mokasano mpoBeneHHOE MaTeMaTHYecKoe MOJCIMpPOBAHUE IIpolecca
MpOrpeBa, NMpW pa3MELICHNH HCTOYHMKA HM3IYUYECHUs B TOPLE HMJIMHIPUICCKON
€MKOCTH, cojepkameil HeTenpoAayKThl, KaK OIHCAaHO B OOJBIIMHCTBE
myOnmukanuit (cM. Hampumep [1-4]), pacmpeneneHue TeMmmepaTypbl IO JIHHE
LUCTEPHBI OKAa3bIBACTCSI BEChbMa HEPAaBHOMEPHBIM, a HarpeB A0 Iy, Omm3koi k T
¢dasoBoro mepexona (49°C) mocturaercst 3a JOCTATOYHO OOJIBIION MPOMEKYTOK
BpeMeHu: ¢ > 24 u (cM. puc. 1). [lns perueHus qaHHOW MpOOJIEMBI MpeIaraeTcs
pasMeliaTb HECKOJbKO HWCTOYHHUKOB JJICKTPOMAIHUTHOI'O H3JIYYCHUA 110 JIUHE
mucrepHbl. i oneHKM A(QQEKTUBHOCTH TaKOro MOAXOJa PAacCMOTPEH
W/ICaNTM3UPOBAHHBIA CITy4all TIPUMEHEHUs] NCTOYHHKOB, T€HEPUPYIONIUX IIOCKHE
BOJNHBI B 00e cropoHbl. [lpm 3TOM cyMmapHas MOIIHOCTh HCTOYHHKOB
JIEKTPOMArHUTHOTO M3JIyYCHHUS MOJIaraeTcs TOW XKe, YTO M Ul CiTydasl HaIndus
OJTHOTO HMCTOYHHKA, PACIIONIOKEHHOTO B Topue IucTepHsl (cM. puc. 1). Ha puc. 2
MIPEACTaBICHbl  PACCUMTAHHBIC 3aBUCHMOCTH  BpPEMEHH, TpedyemMoro Juis
JOCTHXEHHUSI MUHUMAIIbHOW TeMriepaTypsl HehTH Ty B UCCIEoyeMOM 00bEME, OT
4acTOThI NpunokeHHoro OMII amst ciyuast HCTIONB30BaHMS YETHIPEX OJUHAKOBBIX
HCTOYHHKOB, PACIOJI0KEHHBIX PaBHOMEPHO IO [UIMHE IHCTEPHBI (HAa PacCTOSHUN
2.5 M OT ee TOpLOB U 5 M ApyT OT Apyra). CymmapHas MOIIHOCTh HICTOYHUKOB TPH
3TOM cocTaBiisia P.
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Kak BUIHO U3 pHC. 2, KaKk ¥ ISl CIy4dasl UCIOJIb30BaHUSI OJTHOTO MCTOYHHKA
(cM. puc. 1), 3aBucumoctH #(f) MMEIOT MHUHHMMYM, BEIIMYMHA KOTOPOTO JUIst
paccMOTpeHHOro ciy4asi cocTaBisieT nopsiaka S00 MI'1.
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Puc. 2 — PaccuntanHbie 3aBUCUMOCTH { — BpEMEHH, TPEOYEMOTO [Ist

JIOCTYDKEHUS TeMmepaTypsl Hed T He Himke 49°C B nccneryeMoM o0beMe

LUCTEPHBI, OT YacTOThI npuoxeHHoro OMII npu paznuuHoi cymmMapHOR

MOIIHOCTH NCTOYHHUKOB m3iyueHus P (1 — P =60 xBr, 2 — P =80 kBT, 3 —
P =100 kBt,4 - P =120 kBT, 5— P =180 kB1)

W3 ananmza mpoBEIEHHOTO MOJEIHPOBAHMSA 3JIEKTPOTEIUIOBBIX IPOIIECCOB
CJIeZyeT, YTO UCIOIb30BaHNE HECKOJIIBKUX UCTOYHHUKOB, PACTIONI0KEHHBIX 110 JINHE
LUCTEPHBI, OKa3bIBAETCSI CYNIECTBEHHO A(deKTHBHEE, YeM NPH PacloJI0KEHHU
OJIHOTO UCTOYHHKA B €€ TOpIle, Kak mpenjaraercs B [1-4].

3akarouenue. [ BHIOOpPAa ONTHUMAJBHBIX PEXHMMOB 3JIEKTPOMATHUTHOTO
BO3/ICHCTBUS Ha HE(PTEIPOAYKTHI 11€1ec000pa3HO MCIIOIB30BaTh MaTEMaTHYecKoe
MOJIETMPOBAaHUE MPOUCXOAIUX DIEKTPOTEIUIOBBIX mponeccoB. C MOMOIIBIO
TAKOTO TIOAXOJa Ha TpPHMEpPEe pa3orpeBa HEPTENPOIYKTOB, IIEPEBO3UMBIX B
JKENE3HOOPOKHON [UCTepHE, TI0KAa3aHO, YTO WCIOJNB30BAHHE HECKOIBKIX
HACTOYHUKOB O3JCKTPOMATHUTHOTO W3IyYCHHS, pACIIONOKEHHBIX IO JIJIMHE
OUCTEPHBl ¥ W3IyYalOIIWX JJIEKTPOMArHUTHBIE BOJHBI B 00€ CTOPOHBL,
cymecTBeHHO 3 deKkTHBHEE, YeM HarpeB ¢ OJHOTO M3 TOPILIOB: BpeMs HarpeBa npu
9TOM MOXET OBITh YMEHBIIIEHO B 2 — 2.5 pasa.
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PacueTHoe Mccilel0OBaHHE TEIUIOBBIX MPOLECCOB MPH BBICOKOYACTOTHOM HarpeBe
Heprenpoaykros / U.®. lomuun, M.M. Pe3unkuna // Bicauk HTY “XIII”. Cepis: Paniodizuka Ta
ionocdepa. — X.: HTY “XIII”, 2013. — Ne 33 (1066). — C. 51-55. bibmiorp.: 6 Ha3B.

BukoHaHO 4MCenbHUIT PO3PaXyHOK TEIUIOBUX MPOIECIB, SKi MAIOTh Miclle MPHU Iil €lIeKTPOMAarHiTHOroO
monst (EMIT) Ha HadronmpomaykTu. 3a ONMOMOTOK YHCENBHHX EKCIICPUMEHTIB IpOaHalli3oBaHi
3aJISKHOCTI TPUBAJIOCTI HArpiBy LIOJMO JOCSATHEHHS 33/laHOi TEMIIepaTypH BiJ YaCTOTH NPUKIAJEHOTO
EMII. Iloka3aHo, 110 BHKOPUCTaHHS KiNbKOX spkepen EMII, po3TamioBaHux y3J0BXK JOBXKHHH
LTI HAPUYHOI €EMHOCTI 3 HAQTONPOAYKTaMU, MOKE JO3BOJIUTHU CYTTEBO 3MEHIINTU TPUBAIIICTh HArPiBY.

Kiti04oBi ci10Ba: eleKTpOMarHiTHe 1oie, Harpis, Jpkepeno, HahTONPOAYKTH, TEIUIOBHIT IIpoLec.

Numerical calculations of the heat processes, which occur upon electromagnetic field (EMF) influence
on petrol have been performed. Dependencies of heating duration for achievement of the assigned
temperature from frequency of the applied EMF have been analyzed with the help of numerical
experiments. It is shown that usage of several EMF sources, located along the length of the cylindrical
volume containing petrol may allow substantial reduction of the heating duration.

Keywords: electromagnetic field, heating, source, petrol, thermal process.
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