BBeneHne N3BeCTHO, 4TO 3PPEKTUBHBLIM CNOCOBOM MHTEHCNDUKaLNK TeNI00OMEHHbIX
MpoLLeCcCoB ABNSETCA UCMNOJ/Ib30BaHME 3NEKTPUYECKUX NoIen. ITOT MeToL
WHTEHCU(pnKaunm TenioobMeHa NPUMEHAETCH B TeX Caly4asax, Koraa TpaanunOHHbIe
crnocobbl 0Ka3bIiBalOTCA HEI(PPEKTUBHBIMN N HE MOTYT obecnevynTb XXenaeMoro
pesynbTaTa. IHTeHcugpmnkauma TensoobMeHa HenocpeaCTBEHHbLIM HaIOXKEeHUeM
3/IeKTPUNYECKUX NOSen NPUBOANT, NPU NMPOYMNX PaBHbIX YCNOBUAX, K BOSMOXXHOCTU
YMEHbLLIEHMNSA CYLLEeCTBYOWMNX NMOBEPXHOCTEN TennoobmeHa, a, cnegoBaTesibHO,
rabapuToB 1 Maccbl TennoobMeHHOM annapaTypbl. CneayeT OTMETUTb, YTO AN
OOCTMXXEHNS CPaBHUTESIbHbIX N0 abCoNtOTHOW BENMNYMHE 3P HEKTOB MHTEHCUUKaLMK
TEenaooTAAuYN B CJly4ae HaNIOXKEHUSA dNIeKTPUYECKUX rnosien TpebytoTca HaMHOro
MeHbLUME 3aTpaThbl INIEKTPUYECKOWN MOLLHOCTU, HEXXENN NPU NCMOJSIb30BaHUN
TPaAUUMOHHBLIX COCOB0B. MHOMOYUCNIEHHLIMW OTEYEeCTBEHHBLIMU N 3apybeXXHbIMU
NCCeaoBaHNSAMMN HAKOMMIEHbl OBLWIMPHbIE SKCMEPUMEHTaAJIbHbIE AaHHbIE O
BO34ENCTBUN NTIEKTPUYECKUX NOJSIEN HA TENI00OMEH B ANINEKTPUYHECKNX XKULKOCTAX.
MaTeMaTnyeckmne metonbl 4158 NPOrHO3MpoBaHUA 3hHEKTOB BO3LENCTBUS
3/IeKTPUYECKUX Mosien Ha TenaoobMeH He3HauYnTesIbHO NpeacTaBs/ieH B inTepaType.
Tak, obobLatollas MeTognka npeackasaHusa appeKToB BO3AENCTBUA dNTIEKTPUYECKUX
nosen Ha TennoobmeH nNpeanaraetcs B paboTte [1]. OgHako cneayeT OTMETUTb, YTO
MPOrHo3mpoBaHme 3PPEKTOB BO3OENCTBUA IIEKTPUYECKMX NONEN Ha TensoobmMeH B
ONINEKTPUYECKNX XUAKOCTAX MmeeT 60nbLIoe NpUKNagHOe 3HaYEeHME N ABAETCA
aKTyasibHOM 3afaven. KoMmnbloTepHOE MaTeMaTUYeCKOe MOAesIMpOBaHNeE ABNAETCS
O4HUM 13 Hanbosiee NPOrpecCMBHLIX METOAO0B N3YYEHUS CJIOXKHbLIX cucTem [2, 3].
Mo3ToMy NepcneKTUBHbLIM CMOCODOM pelleHnsa aHHOW 3afa4umn aBaseTCa
NCNOJIb30BaHME YHUBEPCAJIbHbIX BbIYUCANTENBbHbBIX BO3MOXXHOCTEN COBPEMEHHbIX
MPOrpaMMHbIX CPenCcTB, OCHOBbIBAOWMNXCA HA UCKYCCTBEHHbLIX HEMPOHHbIX CEeTHAX
(MHC), obnapgatoWwmnx WMNPOYHANLLINMM BOSMOXXHOCTSAMN MOLENPOBAHNS TaKNX CUCTEM
[4-7]. OHM NO3BONAIOT, NCXOOSA U3 OAHOIMO TOJIbKO IMMNNPUYECKOrrO OnbiTa, CTPOUTDb
HenpoceTeBble MOAENN, KOTOPbIE CMOCODCTBYIOT N3BIEYEHUIO 3HAHUN U3 AAHHbIX U
MO3BOJIAIOT BbISIB/IATbL PaHee HEN3BECTHbIE N HUKOIAa He NCciieoBaHHbIe
3aBMCUMOCTU N 3aKOHOMEPHOCTU, aKTUBHO MUCMOJIb30BaTb UX ON1A pelleHns
KOHKPETHbIX MPakTN4ecknx 3agay. [1oaToMy nsyyeHme BO3IMOXXHOCTU UCMNOJIb30BaAHUS
KOMMbIOTEPHOr0 MOAENMPOBaHUA TensoobMeHa ANINEKTPUYECKON MNOKOCTU B
3/IEKTPUYECKOM MoJie Ha OCHOBE COBPEMEHHbIX MH(POPMALMOHHBLIX TEXHOI0rNIA N4
N3BJIEYEHMSA HOBbIX 3HAHWUWN, ABNIAETCH aKTyaJIbHOW 3a4avyeil MMeloWen HayyYHbIN K
NMPakKTUYeCKuin nHtepec. Metoagmka n o6bEKT nccnenoBaHusa Llenbto aaHHoM paboThl
ABNseTCcs pa3paboTka HeEMpoOCeTeBON MOAENN N ee NMPUMEHEeHNe A1 BbiABIEHUSA
HOBbIX 3aBUCUMOCTEWN BJINAHUA NIEKTPUYECKUMX MOJSIeN Ha KO3 hULnNeHT
TEenaonpoBOAHOCTN B ANINEKTPUNYHECKON XUAKOCTHU (B6eH301). ObbekToM
nccnenoBaHNs ABAAETCA OTHOCUTEIbHOE N3MEeHeHne KoadhpuuneHTa
TenaonpoBoAHOCTM 6eH30/1a B I/1IEKTPUYECKOM nose. Boibop Xnakoctun Obin
OCYLLLEeCTBJIEH MO 3HAYEHUIO €ro 3JIEKTPONPOBOAHOCTU. ABTOpaMmn paboTbl [1]



YCTAHOBJIEHO, YTO BO34ENCTBUE Pa3JINYHbIX dNEKTPUYECKNUX NONEN MPUBOAUT K
BO3pacCTaHNIO KO3I(PPULMEHTOB TEMJIONPOBOLAHOCTMN N ANHAMUYECKON BA3KOCTM
OVINEKTPUYECKNX Xunakocten 6osee 4em B ABa pasa U K YMEHbLLUEHMUIO
Ko3(hpurumeHTa B3auMHON ANdPdy3nm B Tpu pasa. [loKka>KemM BO3MOXKHOCTb
NCNOJ/Ib30BaHMA KOMMNbIOTEPHOW Mo4enun, ocHoBaHHOM Ha MIHC, nony4YyeHHon no
3KCMNepMUMeHTasIbHbIM OaHHbIM, 419 NPOrHO3MPOBAHNS OTHOCUTESIbHOIO N3MEHEHNS
Ko3hpuumeHTa TensonpoBoAHOCTN, 3aBMCUMOro OT C/iefylowmx napamMmeTpos:
TEepMO3JIeKTPOABMIKYLLAA Cua, nepenag TemnepaTyp B 3TaJIOHHOM C/loe MeTanna,
KO3(hpnumeHT TennonpoBoaHOCTU nccnepyemon xuagkoctm [I, Bt/(m-rpan)l,
MJOTHOCTb TEMNJIOBOro NOTOKA, HarnpaBJ/IEHHOr0 CBEPXY BHU3 4Yepes3 CJION XNOKOCTU (B
OTCYTCTBUM I/IEKTPMNYECKOr0 MosiA) N CpeaHAs TemnepaTypa CNosA XUAKOCTU, TOK
MeXXAY 1IeKTpoaaMu, HanpsXKEHHOCTb, TEPMO3JIEKTPOABMKYLLAA CuNa, nepenag
TeMrnepaTyp B 3TaJIOHHOM CJl0e MeTaJlsla Npu COOTBETCTBYOLLEN
TEepPMO3JIEKTPOLABMKYLLEN cuiie, KO3 PULUNEHT TenaonpoBOLHOCTU nccaenyemMon
»xugkoctun [(le, BT/(M:rpan)], N10OTHOCTb TEMJIOBOro NoTokKa, NpoxoasLwero CBepxy
BHU3 Yepes CJ/ION XMNAKOCTU (B 3NeKTpnYecKoM rnose). No sakcnepmMeHTaIbHbIM
OaHHbIM (16 onbiTOoB, [1]) co3paBanack 6a3a 3HaHUM (cMm. Tabn. 1) B cpene MS Excel,
KoTopas aenmnacb Ha oby4atowyto (11 npumepos) n TecTupytowwyto (5 npnmepos)
BbIOOPKY. 3HAaYEHMSA IKCNEPUMEHTAsIbHbIX AaHHbIX BBOAMINCL 6e3 npeaBapuTesibHOro
OTCEeBa 3KCMepmMeHTOB. 3aTeM obyvatowasn BbibopKa nomMellanacb B MPOrpamMMHyto
cpeny pa3paboTkm Neuro Pro, raoe paspabaTbiBasiacb KOMMbOTEPHAA MOAEb Ha
ocHoBe WHC, T.e. onpenensnncb BXoOHble N BbIXOAHbIEe faHHbIEe, ee CTPYKTYpa.
BxoOoHbIMM A@aHHBbIMU A8 00y4YeHns ABNSANCH: - B OTCYTCTBUN DNEKTPUYECKOro nons:
TepMmoaniekTpoasmxyuwasa cuna (De, mB), nepenag TemnepaTyp B 3TaJIOHHOM CJl0€
MeTanna (DTcm-103, 0C), NNOTHOCTb TEMNJIOBOro NOTOKA, HanpaBJ/IEHHOr0 CBEPXY BHU3
yepes CNon XNJKocTun (q, BT/M2), - B aneKTprUYeCcKoM noJsie: cpefHas TemnepaTtypa
cnoqa xugkocTtun (tcp, 0C), Tok Mmexay anektTpongamu (J, mA), Hanps>keHHocTb (E-102,
KB/M), TepMoanekTpoasmxyLas cuna (Dee, MB), nepenap TemnepaTyp B 3TaJIOHHOM
csi0e MeTasila Npu COOTBETCTBYIOLWEN TepMO3sieKTpoaBMXyLwen cunie (DTcm.e 103,
0C), NNOTHOCTb TEMNJIOBOIr0 NOTOKA, NMPOXOASALLEr0o CBEPXY BHU3 HYepes CJION XUOAKOCTU
(ge, BT/M2). BbiIXoOHBIM MapamMeTpPoOM SABJIAETCA OTHOCUTESIbHOE N3MEHEHNe
KoappuumeHTa TersionposonHocTu (le/l), koTopoe onpenenseT apdeKT BAUAHUA
nosis Ha TenJonpoBOAHOCTb BeH30Ma. DTOT NapamMeTp 3aBUCUT OT BXOOHbIX AAaHHbIX.
NMocne yero nponcxoanno obyvyeHne n TeCcTupoBaHne HEMPOHHOW ceTu. B
nporpamMmmHon cpene pa3spabotkm MHC npumeHancsa npouecc obydeHus C yyntenem.
Tak Kak B paboTe [1] 6b1/10 YCTAHOBNEHO, 4TO OTHOCUTEJSIbHOE U3MEHEHME
Koa(hpnumeHTa TennonpoBoaHOCTM BeH301a Bo3pacTaeT C yBESINYEHNEM
HaNPSA>XeHHOCTU NoNA U He 3aBUCUT OT U3MEHEHUSA ero YacToThbl B Anana3oHe OT
3:105 po 6:105 Ny, Nno3TOMy MoZeIMpoBaHNE OTHOCUTEJIbHOMO N3MEHEHUS
Ko3hpunumeHTa TensonpoBOAHOCTM OCYLLECTBASETCA Ha OCHOBE BXOAHbIX AAaHHbIX
npu oonyLweHmn, 4To YaCToTa IJIEKTPUYECKOro MnoJsifg He n3MeHseTca 1 paBHa 5-105



u. Pe3ynbTaTbl 3KCNEpUMEHTOB U nx obcyxxaeHne B xone paboTbl Bbibnpannce
onTumMmanbHasa cTpykTypa MHC (onpepeneHo obuiee KONMYECTBO CKPbITbIX C/I0EB - 3 U
KOJIN4EeCTBO HEMPOHOB B CJ/I0SIX COOTBETCTBEHHO: 24; 38; 20), yHKUNA aKTUBaLUn
(curmomnpHas yHKUMA) U MeTo ONTUMU3aunKM (conpsi>KeHHble rpaaneHTol). B
COOTBETCTBUU C KOJINYECTBOM BXOAHbIX U BbIXOOHbIX NapaMeTpoB, KOJINYECTBO
HEeNpoOHOB B NepBOM csoe - 9, B nocsiegHem - 1. Obuiee 4mco waros obyyeHns
MeTOLOM COMPSXKEHHbIX rpaaneHToB cocTaBmio 30 waros gnsa Beibopkn n3 16
3KCnepmMeHTOB. [locsie TeCTUPOBaHMSA CeTb MoKasaJsla MaKCUMalbHYIO
OTHOCUTENbHY0 OWKNBKY 4%, 4TO NoATBEPKAAET BO3MOXXHOCTb AAaHHON
HenpoceTeBON MOAE/IN TOYHO NPOrHO31UPOBAaTb OTHOCUTESIbHOE N3MEeHeHne
KodhpuumeHTa TensonposoaHocTn. C npuMeHeHnem paspaboTaHHoOW Moaenun 6binan
nposefeHbl cefylolne nccnenoBaHus: - onpenesieHbl 3Ha4YMMOCTUN BXOOHbIX
napamMeTpoB, BANSAIOWNX HAa OTHOCUTENIbHOE U3MeHeHMe Ko3(dunumneHTa
TenaonpoBOAHOCTHY; * NOJly4eHa 3aBUCUMOCTb OTHOCUTEIbHOr0 N3MEeHeHUs
KoahpuumMeHTa TernsionpoBOAHOCTN OT HaAMPSAXXEHHOCTU 3/1IeKTPUYECKOro noss
(le/l)=f(E-102); - npoBeAeH aHaN3 NONYyYEHHbIX pe3ysbTaToB. Tabnmua 1 - ba3sa
3HaHWW NS HenpoceTeBoro MmogenmposaHusa Ne onbiTa tcp De Dee DTcm-103
DTcm.e-103 qqe EJle/l 1 19,00 20,00 20,50 47,60 48,90 37,10 37,40 1,1065 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 20,00 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
2,505 19,30 26,00 26,50 61,80 63,2047,0048,501,10651,10----------- 16
19,70 33,50 79,80 92,80 92,80 61,00 70,80 2,50 90 2,50 B xone onpeneneHns
3HAYMMOCTM BANSAHNSA BXOAHbIX MapaMeTpoB Ha BbIXOAHblE ObIS1I0 BbIABAEHO, YTO
HanMpPs»>XeHHOCTb 3NeKTPNYECKOro rnoJsif No BANAHUIO Ha OTHOCUTESIbHOE U3MEeHeHne
Ko3(ppnumeHTa TensIoNpPoBOAHOCTU UMEeT MaKCUMallbHOoe 3Ha4YeHue, 4To
corslacyeTcsa C amTepaTypHbIMU gaHHbIMU [1]. Tak>Ke BbICOKUI YPOBEHb 3HAYMMOCTU
Mo BJINAHNIO HA OTHOCUTESIbHOE N3MEeHeHNe Ko3(hurumeHTa TenaonpoBOaHOCTH
NMEeKT CpefHAaa TeMnepaTypa C/0s XUOKOCTU N TOK MeXAyY 3J1IeKTpooaMU.
Noka3aTenu 3Ha4YuMOoCTN onpenensaioT AaJibHENLWNIA X04 ucciegoBaHns, No3ToMy
NCCNenoBanoCh BANAHME HANPAXXEHHOCTN 3JIeKTPUYECKOro noJjiga Ha OTHOCUTesIbHOoe
n3MeHeHne Ko3(puumneHTa TenJionpPoBOOHOCTU. [T0OCKOJIbKY HaMpPAXXEeHHOCTb
ABNAETCA perynmpyemMblM Npu nccnenoBaHnUm B CUCTEME SKCMJTlyaTalMOHHbIM
napamMeTpoM, ocTaHOBUMCA nogpobHee Ha HeM. Npahnk 3aBUCMMOCTH
OTHOCUTENIbHOI0 N3MEeHeHUs Ko3hpuumeHTa TensonpoBOAHOCTMN OT HAMPSXKEHHOCTU
anekTpuyeckoro nons (le/l)=f(E-102) npencrasneH Ha puc. 1. Puc. 1 - 3aBUCUMOCTb
OTHOCUTENIbHOI0 N3MEeHEeHNs Ko3hppuumeHTa TensonpoBoOAHOCTU OT HAMPSXKEHHOCTU
3/1IeKTpuYeckoro nonsa npu 4actorte 5-105 Ny: 1 - Kpusas, Nosiy4eHHas Ha OCHOBe
HenpocetTeson moaenun npu Dee=39 MB; 2 - akcnepuMmeHTanbHaa Kpueasa [1],
rnoJsiydeHHas nocsie annpokcumaummn; 3 - kpueas, nosiy4eHHas Ha OCHoBe
MaTeMaTmnyeckonm mogenu [1]; O, @, A, A sKCnepuMeHTasibHble TOYKK, COOTBETCTBYIOT
YyeTbIpeM pPa3/INYHbIM 3HAYEHUAM CpegHUX TeMnepaTyp CJ0A XXULKOCTN,



cooTBeTcTBeHHO 17,0; 17,2; 17,4; 17,6°C 3aBucmumocTb (le/l)=f(E-102), nony4eHHas no
3KCNepuMeHTasibHbIM JaHHbIM, UMeeT JIMHENHbIN XapaKTep, rae Bo BCEM N3YYEHHOM
AnanasoHe faHHbIX HabngaeTcsa poCT OTHOCUTENBLHOIO N3MEHEHNs KoddhpuumneHTa
TernJonpoBOAHOCTMU NPU YBEJIMYEHNN HAMNPSAXKEHHOCTWN 3N1eKTpudeckoro nonas. MNpu
MOCTPOEHUNN rpadmKa 3TON 3aBUCUMOCTN Ha OCHOBE HEMPOCETEBOMN MOAENN KapTUHa
n3MeHsaeTcs: xapakTtep 3asucmmocTu (le/l)=f(E-102) ona 3Ha4eHUN
TEPMO3JIEKTPOLABMIKYLLNX CUN - Pa3/IN4AETCH; - OTMeYaeTCs POCT 3HaYeHUs
OTHOCUTENIbHOIr0 M3MeHeHna KoaddunumneHTa TennonposogHocTm ¢ 1,05 go 1,14 (Ha
7,8%) B onanasoHe oT 1,75 0o 1,9:102 KB/M Hanps»>XeHHOCTN 3/1IeKTPUYECKOro noss
npn Dee=39 MB. CnefnyeT TakXXe OTMETUTb, YTO XapakKTep KPMBOW, NMOJIy4HEHHOW Ha
OCHOBe MaTeMaTumyeckonm moaenun [1], oTany4aeTcsa oT XxapakKTepa KpMBOW, NOSy4YeHHON
Ha OCHOBE HeEMpoCceTeBOW Moaenn, KoTopas PUKCUpyeT pe3Kkne oTKIOHEHNS. BbiBoabl
1. NMoka3aHo, 4TO pelleHne 3aga4dun, CBA3aHHOE C BO3MOXXHOCTbIO HEMPOCETEBOIO
MoaenupoBaHusa TennoobmeHa 6eH3ona B 3/1EKTPUHECKOM MNOJ1€ C UCMO0JIb30BAHMEM
NCKYCCTBEHHbIX HEMPOHHbIX CETEN ABNSAETCA aKTyasibHbIM. 2. 3y4yeHa 1 nokasaHa
BO3MOXXHOCTb HEMPOCETEBOro MoaenmpoBaHusa TensoobmeHa 6eH3ona B
3/1eKTpUYecKoM noJsie npu 4yactorte 5:-105 Ny. HarngagHo NpoAeMOHCTPUPOBAH MPOrHoO3
BbIXOAHOIO MapameTpa, B aHHOM CJly4ae OTHOCUTESIbHOIr0 NU3MEHEHNS
Koa(hpnuymeHTa TeN1oNpoBOAHOCTU, Ha 3apaHee 06y4YeHHON CeTN, C OTHOCUTENIbHOMN
MOrpeLwHoCTbio paBHOW 4%, ¢ nomMouwlbio 6a3bl 3HaHWIA. MpoBeaeH CpaBHUTENbHbIN
aHaNn3 NoJly4eHHOW 3aBNUCMMOCTU. 3. Pa3paboTaHa MeToAMKa pelleHnsa 3anad
MPOrHO3MPOBaHUA C NCMOJIb30BaHMEM NPOrpaMMHOro cpefcTBa Ha OCHOBe
NCKYCCTBEHHbIX HEMPOHHbLIX ceTen. 4. Pa3paboTaHa HenpoceTeBasd Moaesb
TennoobmeHa 6eH301a B 371eKTPMUYECKOM Mnosie npu YactoTe 5-105 Ny, Ha OCHOBaHUMK
KOTOPOM NoJly4eHa 3aBUCUMOCTb OTHOCUTEJIbHOr0 n3MeHeHuns KoadunumeHTa
TEenJonpoBOAHOCTM OT HaMPsXXEHHOCTW 3nekTpudeckoro nong (le/l)=f(E-102).



