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Ha ocrose uccnedosanuii ¢ ucnonb308aHuem COBPEMEHHbIX KOMNbIOMEPHbIX MexXHOI02Ul paspa&)maua Heﬁpocemesaﬂ
.’Vloa&’lb, no3zeojiArowas U36leKams Hoeble 3HARUA U3 IKCNEePUMEHMAIbHbLX OaHubix. Yemanosnenol HeKomopble ocoben-
HOCmuU U 3aKOHOMepHOoCmu mennioooMena 6eH301a 6 INEKMPUUECKOM noJie.

Keywords: modeling, benzene, heat transfer, electric field, artificial neural network.

Based on studies using modern computer technology developed neural network model which allows to extract new
knowledge from experimental data. Installed some features and laws of heat transfer of benzene in an electric field.

BBeneHune

W3BecTHO, 4TO 3PPEKTUBHBIM CIIOCOOOM HMHTEH-
CUUKAIIMA TEIIOOOMEHHBIX TIPOILIECCOB SIBIISICTCS HC-
MOJIL30BAHUE JICKTPUYECKUX MOJICH. ITOT METOJI HHTCH-
CUpUKAIMA TEIIOOOMEHA NPUMEHSETCS B TEX CIy4Yasx,
KOTJla TPaJUIMOHHBIC CIIOCOOBI OKa3BIBAIOTCS HEIPQCK-
TUBHBIMU U HE MOTYT O0OECIICUUTD KEITaeMOro pe3yibTa-
Ta. MHTeHCH(HKANKS TETIOOOMEHA HEOoCpPeACTBEHHBIM
HAJIOKEHUEM 3JICKTPUYECKUX IMOJICH TPUBOAUT, IPHU MPO-
YUX PABHBIX YCJIOBHSX, K BO3MOXXHOCTH YMEHBILIEHHS
CYUIECTBYIOIIUX MOBEPXHOCTEH TEIUIOOOMEHa, a, Clie/io-
BaTeIbHO, Ta0APUTOB M MAaCChl TEIUIOOOMEHHOW armapa-
Typbl. CleyeT OTMETHTh, YTO Ui JOCTIKCHHS CPaBHU-
TEJBHBIX MO a0COMIOTHOW BeanyuHe 3()(EKTOB MHTCHCH-
(hUKaIUK TEIUIOOTAAYH B CIy4ae HAJIOKEHHS DJICKTpHYe-
CKHX TOJIed TpeOYIOTCS HAMHOTO MEHBIIHNE 3aTpaThl
ANEKTPUYCCKON MOITHOCTH, HEXKENH MPU UCTIOIB30BAHUH
TPaIUIMOHHBIX CIIOCOOOB.

MHOTOYHCIICHHBIMA OTEYECTBEHHBIMU U 3apy-
OCKHBIMH WCCIICIOBAHMSIMA HAKOTUICHBI OOIIMPHBIE JKC-
MIepUMEHTAIbHBIC TaHHBIE O BO3ICHCTBUM YICKTPUICCKUX
MOJIEH Ha TEIIOOOMEH B AMANEKTPHUYECKUX KHIKOCTSX.
MareMaTHYECKHEe METOIBI IS MPOTHO3UPOBAHUS P QeK-
TOB BO3JICUCTBUS DJICKTPUUYECKUX TIOJIEH Ha TEIII00OMEH
HE3HAYUTEIILHO MPEJCTaBICH B jureparype. Tak, 0000-
IaroIIas MeToauKa IpeackazaHus d(PQGEeKToB BO3IEHCT-
BUSI DJIEKTPUUECKHUX TOJIEH Ha TEIUIOOOMEH TpejyiaraeTcs
B pabore [1]. OmHako cieayeT OTMETUTh, YTO MPOTHO3U-
poBanue 3(QQEeKTOB BO3AECHCTBUS DIEKTPHUUYECKUX IOJIEH
Ha TEIUIOOOMEH B IUAJICKTPUYECKHUX KUIKOCTSIX HMEET
0oJpIIOE MIPHUKIIAJTHOE 3HAYCHHUE U SBIIACTCS aKTYaIbHOM
3ajauei.

KommproTepHoe MaTeMaTH4ecKoe MOIESIHNpPOBa-
HHUE SBISIETCS OJHUM U3 Hauboliee MpOTPecCUBHBIX METO-
JIOB M3y4YeHHs CIOXHBIX cucteM [2, 3]. Ilostomy mep-
CIEKTHBHBIM CIIOCOOOM peuicHuA [laHHOﬁ 3aa4u ABJISICT-
CA HCHOJIb30BAHUC YHHUBEPCAJIbHBIX BbIYUCIUTEIIBHBIX
BO3MOXKHOCTEH COBPEMEHHBIX IPOTPAMMHBIX CPEJICTB,
OCHOBBIBAIOIINXCS HA UCKYCCTBECHHBIX HEHPOHHBIX CETIX
(MHC), obnamaromunx MMUpOYAHIIMMH BO3MOXKHOCTSIMU
MOJEeNUpOBaHusl Takux cucreM [4-7]. OHU NO3BOJISIOT,
HCXOMS U3 OJHOTO TOJNBKO SMIHPHUIECKOTO OIBITa, CTPO-
UTh HEHPOCETEBBIE MOJIENH, KOTOPHIE CIIOCOOCTBYIOT H3-
BJICUCHHUIO 3HAHUH W3 JAHHBIX W TO3BOJIAIOT BBISABISTH
paHee HeW3BECTHBIC M HHUKOTJA HE MCCIEIOBAHHBIC 3aBH-
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CHMOCTH M 3aKOHOMEPHOCTH, aKTHBHO HCIIOJIb30BaTh UX
JUIsL PELICHUs KOHKPETHBIX IpakTHYecKux 3anad. Ilo-
O9TOMY H3YUYCHUC BO3MOKHOCTU HCIIOJb30BaAHUSA KOM-
IBIOTEPHOTO MOJENIUPOBAHUS TEIJIOOOMEHa JIU3JIeK-
TPUUYECKON JKUIKOCTU B NEKTPUUECKOM II0JI€ HA OCHO-
BE COBPEMEHHBIX HMH(OPMAIIMOHHBIX TEXHOJIOTHH IS
W3BJICUECHUS] HOBBIX 3HAHHM, SIBISETCS aKTyaJIbHOW 3a-
Jlayeil UMerolel HayqHbI U IPAKTUYECKUN UHTEpEC.

MeToauka M 06beKT uccnegoBaHus

Ienpro maHHOW pabOTHI ABISETCSA pa3paboTKa
HEHUPOCETEBOM MOJACIU U €€ IPUMEHEHUE NI BbIsBIIC-
HHUS HOBBIX 3aBHUCHUMOCTEN BIUSIHUS QJICKTPHUUCCKUX
nosied Ha Ko3()(UIMEHT TEeIIONPOBOIHOCTH B JAMAJICK-
TPUYECKON JKUAKOCTH (OEH30:7).

OOBEKTOM HCCIICIOBAHUS SIBISIETCS OTHOCH-
TeJIbHOE M3MEHEeHHEe K03((UINEHTa TEIIONPOBOAHOCTH
OCH30I1a B AIEKTPUUECKOM TToJie. BBIOOp KUIKOCTH OBLT
OCYIIIECTBJICH TI0 3HAUYEHHIO €r0 3JIEKTPONPOBOIHOCTH.
ABTopamu paboTHI [1] yCTaHOBIIEHO, YTO BO3JEHCTBHE
Pa3IUYHBIX 3JIEKTPUYECKUX TOJIeH MPUBOIUT K BO3pac-
TaHHIO KO3 (DHUIIMEHTOB TEIIONPOBOIHOCTH U THHAMU-
YECKON BSA3KOCTH IMAIEKTPUUECKHUX KHUAKOCTEH Ooee
YeM B JIBa paza M K yMEHbIIEHHI0 Koa(duuneHra B3a-
UMHOM an(dy3uu B TpH pasa.

[TokaxceM BO3MOKHOCTH HCIIOJIb30BAaHHSI KOM-
HNBIOTEpHON MozenH, ocHoBaHHOM Ha MHC, momyuen-
HOH I0 3KCIIEPUMEHTAJIbHBIM JIaHHBIM, ISl IPOTHO3HU-
pOBaHUS OTHOCHTENIBHOTO W3MEHEHHs Kod(h¢uIneHTa
TETUIONPOBOIHOCTH, 3aBHCHMOTO OT CJICIYIOIINX Mapa-
METpPOB: TEPMOIJIEKTPOABIDKYIIIAS CHJIA, TIEpEnas] TeMIIe-
paTyp B 9TAJIOHHOM CJIO€ MeTauia, KO3(hGUIMEHT TeIuIo-
MIPOBOJHOCTH HCCIIEAyeMon XuakocTa [A, B1/(mTpam)],
IUVIOTHOCTh TEIUIOBOTO IOTOKA, HAMPABIEHHOTO CBEPXY
BHM3 4Yepe3 CJION JKHIKOCTU (B OTCYTCTBHH JJIEKTpHUYE-
CKOTI'O TIOJIs1) U CPENHssl TEMIIepaTypa CJios JKUIKOCTH,
TOK MEXAY JJIEKTPOJaMH, HAIIPSHXKEHHOCTb, TEPMOAJICK-
TPOJBMIKYIIAs CUJIa, IIepenaj] TEMIIEPATyp B STaJIOHHOM
CJI0E MeTajula MPH COOTBETCTBYIOIIEH TepMOdJIEKTPO-
JBIDKYIIEH cuiie, KO3((HUIMEHT TEeIIONPOBOAHOCTH
uccneayemoit xuakoctu [(A., BT/(M'Tpan)], mioTHOCTH
TEIJIOBOTO TIOTOKA, MPOXOJSIIETO CBEPXY BHH3 4Yepes
CJION YKU/IKOCTH (B 3JIEKTPUIECKOM TI0JIE).



[To skcmepuMeHTaTbHBIM JaHHBIM (16 OMBITOB,
[1]) cozmaBanach 6a3a 3HaHmil (cM. Tabum. 1) B cpene MS
Excel, kotopast aenunach Ha oOyyarorryto (11 mpumepos)
U TecTUpyoUlyto (5 IprUMepoB) BHIOOPKY. 3HAYCHUS IKC-
NEPUMECHTAJIbHBIX AJAaHHBIX BBOJWJINCH 663 npeaBapu-
TEJILHOTO OTCEBa OKCIIEPUMEHTOB. 3areM oOywaromias
BBIOOpKa MoMenIanach B MPOrpaMMHYIO cpely pa3padoT-
ku Neuro Pro, rie pazpabarbiBanach KOMIIBIOTEPHAs MO-
nenb Ha ocHoBe THC, T.e. onpenemsinch BXOIHBIC U BBI-
XOJIHbIC JIAHHBIC, €€ CTPYKTYpa. BXOJHBIMU TaHHBIMU LIS
00yYeHMs ABIISUINCE:

- B OTCYTCTBUH DJIEKTPHYECKOTO TOJS: TEPMOIJICK-
TponBIKymas cmia (Ae, MB), mepemam temmepaTtyp B
STAJIOHHOM CJIO€ METaJIIa (ATCH;IO3 S OC), IUIOTHOCTH TEII-
JIOBOTO MOTOKA, HAIPABJICHHOI'O CBEPXY BHHU3 yepe3 CIIoi
xuakocta (q, Br/m?),

- B 2JIGKTPUYECKOM TI0JIE: CPEHSIS TeMIlepaTypa cios
KUAKOCTH (tcp, °C), Tox mexay smekrtpomamu (J, mA),
HanpsokenHocTs (E-10%, kB/M), TepMO3IEKTpOABIKYIIAs
cuna (Ae., MB), mepenaj TemmnepaTyp B 3TAIOHHOM CJI0€
MeTayla MPU COOTBETCTBYIOLIEH TEPMOAJIEKTPOABUIKY-
IIeH cuie (ATcm_e~103, OC), IJIOTHOCTH TEIJIOBOT'O IMOTOKA,
MIPOXOSIIIETO CBEPXY BHM3 Yepe3 CJIOH JKUAKOCTH (qe,
Br/™?).

BBIXOIHBIM MapaMeTpoM SIBISIETCS OTHOCHUTEIb-
HOE€ W3MEHeHHe KOd(pQUIMEeHTa TEIUIONPOBOIHOCTH
(Ae/M), koTOpOE ompenensier 3hGEKT BIMSHHUA TOJIST HA
TEIUIOIIPOBOAHOCTE O€H307a. DTOT MapaMeTp 3aBHCUT OT
BXOJIHBIX JTaHHBIX. [Tociie Yero npoucxoauino ooydeHue u
TECTUPOBAHUE HEHMPOHHOW ceTu. B mporpammHoil cpexne
pazpadorku MHC npumensiicst nporecc 00y4eHHs ¢ yuu-
TEJIEM.

Tak kak B pabore [1] ObLIO YCTaHOBJIEHO, YTO
OTHOCHTEJIbHOE H3MEHEeHHE Ko3(dduinenra Temionpo-
BOJIHOCTH O€H30J1a BO3pacTaeT C yBEJIMYCHUEM Harpsi-
JKEHHOCTH TI0JISl ¥ HE 3aBUCHUT OT U3MEHEHHS €r0 YacTOTHI

B muanasone ot 3-10° no 6:10° I'm, mostomy momenupo-
BaHHWE OTHOCHUTEIHHOTO W3MEHEeHUus kodddunmenrta te-
IUIOTIPOBOHOCTH OCYIIECTBISICTCS HA OCHOBE BXOJHBIX
JaHHBIX MMPU AOIMYMICHUHN, YTO 4aCTOTa JJICKTPHUICCKOI0O
T0JIs He M3MeHseTcs U paBHa 5-10° T,

Pe3ynbTaTbl 3KCNEPUMEHTOB
M nx obcyxxaeHue

B xome pa®oThl BBIOMpPANMCH ONTHMATbHAS
ctpykrypa HWHC (ompemeneHo oOmiee KOJIHYECTBO
CKPBITBIX CJIOEB — 3 M KOJIMYECTBO HEHPOHOB B CIIOSX
cooTtBeTcTBeHHO: 24; 38; 20), (QyHKIUS aKTUBAINH
(curmomaHass (QyHKUMS) M METOJ ONTHMHU3anuu (co-
NpsDKEHHbIE TPAIUeHThl). B cooTBeTCTBHM ¢ KONMMYECT-
BOM BXOJHBIX MW BBIXOJHBIX HNapaME€TpPOB, KOJIUYECTBO
HEeWpOHOB B IIepBOM ciioe — 9, B mocienneM — 1. O6mee
YHCIIO IAroB 00y4YeHUs] METOJIOM CONPSDKEHHBIX TPajiv-
eHToB coctaBmio 30 miaroB Juist BBIOOpKM M3 16 sKkcrie-
PUMEHTOB.

[Tocne TecTmpoBaHWs CeTh IOKa3ajla MaKCH-
MaJIbHyI0 OTHOCHTENBHYI0 OmMOKY 4%, 4TO MOXATBEp-
JKJIaeT BO3MOXKHOCTh JAHHOW HeWpoceTeBO Molenu
TOYHO IIPOTHO3UPOBATH OTHOCHUTENBHOE W3MEHEHHE
K03 (HUIIMEeHTa TeTIIONMPOBOTHOCTH.

C mpuMeHeHHeM pa3pabOTaHHON MOJICIH ObLTH
MPOBEJICHBI CIIEYIOLINE HCCIIeIOBAHMS:

® OHNpeacjicHbl 3HAYMMOCTU BXOJHBIX IIapa-
METPOB, BIMSIONIMX Ha OTHOCHTEILHOE M3MEHEHHE KO-
3¢ dureHTa TeIIONPOBOIHOCTH;

® TIOJlydyeHA 3aBHCHUMOCTH OTHOCHTEIIBHOTO
W3MEHEeHHsT KOX((HIHEHTa TEIUIONPOBOAHOCTH OT Ha-
NPSKEHHOCTH A1eKTprueckoro moist (A/A)=AE-10%);
® IIPOBEJICH aHAJIN3 HOIyUCHHBIX PE3YJIbTATOB.

Tabauna 1 — ba3a 3HaHuii 11 HelpoceTeBOro MoAeIMPOBAHUSA

OHJ:‘;'Ta te Ae | Ae. | ATyel10° | AToel0® | q e | E | J | an
1 19,00 20,00 20,50 47,60 48,90 37,10 37,40 1,10 65 1,10
2 19,00 20,00 21,00 47,60 50,00 37,10 38,20 1,50 70 1,50
3 19,00 | 2000 | 21,50 47,60 51,20 37,10 | 39,10 | 2,00 | 75 | 2,00
4 19,00 20,00 23,00 47,60 54,90 37,10 42,00 2,50 90 2,50
5 1930 | 2600 | 2650 61,80 63,20 47,00 | 4850 | 1,10 | 65 | 1,10
16 19,70 | 3350 | 79,80 92,80 92,80 61,00 | 70.80 | 2,50 | 90 | 2,50

B xome ompedencHus 3HAYMMOCTH BIHSHUS
BXOJIHBIX [TAPAMETPOB Ha BBIXOJHBIC OBLIO BBISBIICHO, YTO
HAMPSDKEHHOCTh 3JIEKTPUYECKOrO IMOJISl 0 BIMSHHIO Ha
OTHOCUTEJIbHOE HW3MEHEeHUEe KOAPPUIIMEHTa TEeIIoNpo-
BOJIHOCTH MMEET MaKCHMAJIbHOE 3Ha4eHHEe, YTO COrjacy-
ercst ¢ nuTepaTypHbIME HaHHBIMHU [1]. Takxke BBICOKMIA
YPOBE€Hb 3HAYMMOCTU IO BJIHUAHHUIO HAa OTHOCHUTCIBLHOC
HU3MEHEHHE KO3 (UIMEHTa TEIUIONPOBOJIHOCTH HMEIOT
CpeIHss TeMIleparypa CIIOsl JKHIKOCTH M TOK MEXIy
anekrpogamu. llokasarenn 3HAYNMOCTH ONPEACISIOT
JMATBHEHINUI XOJ] WCCIIEOBAHMS, IO3TOMY HCCIIEIOBA-
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JIOCh BIHMSIHUE HAMPSHKEHHOCTH 3JCKTPUYESCKOTO OIS
Ha OTHOCHUTEIBHOE M3MEHEeHHE KOA((HUIIEHTA TETIIO-
MpOBOAHOCTH. [TOCKONBKY HANpPSHKEHHOCTH SIBIISICTCS
peryJjupyeMbIM TIpH HCCICJOBAaHHHM B CHUCTEME DKC-
IUTyaTallMOHHBIM [APaMETPOM, OCTaHOBUMCS T10/IPO0-
Hee Ha HeM. ['paduKk 3aBUCHMOCTH OTHOCHUTEIBHOIO
U3MEHEHHS KOX(P(HUIIMEHTa TEIUIONMPOBOAHOCTA OT
HaIPSDKEHHOCTH INEKTPUIECKOTO TOJIst
(AJ/V)=AE-10%) npexncrasnen Ha puc. 1.



1,10 4//‘90« 7
7
AJA 108 s

E-10%, KB/m

Puc. 1 — 3aBUCHMMOCTh OTHOCUTEJHLHOT0 H3MEHEHMS
KO3(pPUIHEHTA TeIJIONPOBOJIHOCTH OT HANPSIKEHHO-
CTH 3JIeKTPHYECKOT0 T0JIs TIpH YacToTe 5-10°
I'n: 1 — kpuBas, NoJiydeHHas1 HA OCHOBe HelipoceTeBOH
moxesn mpu Ae=39 mB; 2 IKCIEPUMEHTAIbHAS
KpuBas [1], mojyyeHHasi nocje annpokcumManuu; 3 —
KpuBasi, MOJy4eHHAss HA OCHOBE MaTeMATHYECKOW
mojaeu [1]; o, o, A, A - 3IKCIIEepUMEHTAJIbHbIE TOYKH,
COOTBETCTBYIOT 4YeTbIpeM pAa3JIMYHbIM  3HAYeHHSIM
CpeIHUX TeMIIepaTyp CJI0s1 KHIKOCTH, COOTBETCTBEH-
Ho 17,0; 17,2; 17,4; 17,6°C

3aBucumocth (AJ/A)=AE-10%), momyuenHas 1o
SKCIIEPUMEHTAILHBIM JIaHHBIM, UMEET JIMHEHHBIH Xapak-
Tep, r7ie BO BCEM M3YUYEHHOM JIMara3oHe JaHHBIX HaOIro-
JIa€TCsl POCT OTHOCHUTEIILHOTO M3MEHEeHHUs1 KoadduirenTa
TEIUIONPOBOAHOCTH TIPH YBEIHMYCHUH HANPSHKEHHOCTH
aNeKTprdeckoro moins. [Ipu moctpoeHnn rpaduka 3TOH
3aBUCUMOCTH Ha OCHOBE HEHPOCETEBON MOJENM KapTHHA
U3MEHSCTCA:

- xapakrtep 3aBHCHMOCTH (AJ/A)=AE-10%) 1151 3HaueHHit
TEPMOIEKTPOJABIKYIINX CHII — PA3IHIACTCS;
- OTMEYaeTcsl POCT 3HAYCHUSI OTHOCUTEIHHOTO U3MEHEHHUS
ko3 ¢uumenra remionpoonHoctu ¢ 1,05 mo 1,14 (nHa
7,8%) B nuamazone ot 1,75 mo 1,9'102 kB/M HanpsikeH-
HOCTH 3JIEKTPUYECKOTO OISl TpH Ae.=39 MB.

Crenyer TakKe OTMETUTb, YTO XapakTep KpH-
BOIl, MOJY4YEeHHOW Ha OCHOBE MAaTeMaTHYEeCKOH MOAEIH
[1], ornnuaeTca OT xapakTepa KpUBOW, MOTY4YEHHOW Ha
OCHOBE HEMPOCETEBOW MOJICNH, KOTOpas (UKCHPYET pe3-
KH€ OTKJIOHCHHSI.

BbiBoabl

1. ITokaszaHo, 4TO pElLICHUE 3a/1a4H, CBSI3aHHOE C
BO3MOYKHOCTHIO HEHPOCETEBOTO MOJCIMPOBAHUS TEILIO-
oOMeHa OcH30j1a B AJIGKTPHUYSCKOM IOJIE C HCIIOJIb30Ba-
HUEM HCKYCCTBEHHBIX HEWPOHHBIX CETCH SIBIIICTCS aKTy-
AJILHBIM.

2. V3yyeHa u mokaszaHa BO3MOXHOCTb Helpoce-
TEBOTO MOJICIIMPOBAHMS TEIUIOOOMEHa OeH3071a B DIIEK-

TpudeckoM mone npu gactorte 5-10° I'm. Harmsgmo
MIPOAEMOHCTPHUPOBAH IPOTHO3 BEIXOAHOTO ITapaMeTpa,
B JIJaHHOM CJIy4ae OTHOCHTEIILHOTO M3MEHEHHs Kod(-
¢unMeHTa TEIIONPOBOAHOCTH, Ha 3apaHee O0y4eH-
HOW CETHU, C OTHOCUTEJIBHOW MOTPEIIHOCThIO PaBHOM
4%, c¢ momorbio 0Oa3sl 3HaHWH. [IpoBeneH cpaBHH-
TEJILHBIH aHAJIN3 MOJTYYEHHOW 3aBHCUMOCTH.

3. Pazpaborana MeToJuKa peIICHHs 3a1ad
MIPOTHO3UPOBAHUS C WCIOIH30BAaHHEM IPOTPAMMHOTO
CpeICTBa Ha OCHOBE MCKYCCTBEHHBIX HEWPOHHBIX Ce-
TEH.

4. Pazpaborana HeipoceTeBas MOAEIb TEIl-
noo0MeHa OeH30y1a B 3JIEKTPUYECKOM TIOJIE MPH Yac-
tore 5-10° I'l, HA OCHOBAHHH KOTOPOH IONydYeHa 3a-
BHUCHMOCTh OTHOCHUTEJBHOTO HM3MEHEeHUs! Koadduim-
C€HTa TCIUIOMPOBOAHOCTU OT HANPSAKCHHOCTHU 3IJICK-
tpuaeckoro momst (A/A)=AE-107).
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