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,
Ko3hpunumeHT TennonposogHocTn 6beHsona [l, BT/(M-rpaa)], N1OTHOCTb TEM/I0BOro
MOTOKAa, HAaNpPaB/IEHHOIr 0 CBEPXY BHU3 Yepe3 CJ/ION XXNLKOCTU (B OTCYTCTBUU
3/IeKTPUNYECKOro Moss) N CcpeaHas TemnepaTypa CNosd XUAKOCTU, TOK Mexay
3/1IeKTPOAAMUN, HANPSAXKEHHOCTb, TEPMO3JIEKTPOABMXKY-LLAA C1ia, nepenag
TeMrnepaTyp B 3TaJIOHHOM CJ10€ MeTaJlJla Npu COOTBETCTBYIOLLEN TEPMOIJIEKTPO-
ABMXXYyLLEN cunie, KoappPnuneHT TeNJONPOBOAHOCTN Uuccnegyemon xunakoctu [(le,
BT/(M-rpafg)], nNOTHOCTb TEMJIOBOr0 NOTOKA, NMPOXoAsLLEro CBEPXY BHU3 4Yepes CJIon
XXNOKOCTU (B aneKTpunyeckom nosne). o akcnepuMeHTasibHbIM AaHHbIM (16 onbITOB,
[1]) co3paBanack 6a3a 3HaHUM (cM. Tabn.) B cpene MS Excel, koTopas genmnacb Ha
obyyatowyto (11 npumepoB) u TecTupytowyto (5 npumepos) BbiIbOpKy. 3Ha4YeHUs
3KCMepuMeHTaIbHbIX AaHHbIX BBOAMANCL 6e3 npeaBapnTenbLHOro oTcesa
aKCnepmnMeHTOoB. 3aTeM obyyaLwasa Bbibopka nomMewanacb B NPOrpaMMHyto cpeny
pa3paboTku Neuro Pro, roe pa3spabaTtbiBasiacb KOMMNbOTEPHAA MOLesb HA OCHOBE
NHC, T.e. onpenenanucb BXoAHble N BbIXOAHbIE AaHHble, ee CTPYKTypa. BxoaHbIMU
OaHHbIMK N8 00y4YeHNs ABNSANNCH: - B OTCYTCTBUN NIEKTPUYECKOr0 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
rnosisl Ha TenJoNMpPOBOAHOCTb UCCIefYEMON XNOKOCTU. DTOT NapamMmeTp 3aBUCUT OT
BXOAHbIX AaHHbIX. [locne yero nponcxonunno obyvyeHne n TeCTMpoBaHne HEMPOHHOWN
ceTn. B nporpammHon cpeae pa3spabotkn NHC npumeHsanca npouecc obyvyeHuns ¢
yyntenem. Tak Kak B paboTte [1] 661710 yCTaHOB/IEHO, YTO OTHOCUTE/IbHOE U3MEHEHNE
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
npn OOoNyLweHNN, 4TO YacToTa IJIEKTPNYECKOro NMoJsifa He N3MEeHSeTCA 1 paBHa 6-105



u. Pe3ynbTaTbl 3KCNEpUMEHTOB U nx obcyxxaeHne B xone paboTbl Bbibnpannce
onTManbHasa cTpykTypa NHC (onpeneneHo 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
3KCNepuMeHTOB. lMocsie TeCTUpPOBaHNSA CETb NMoKa3asia MakKCMMaJbHYIO
OTHOCUTENbHYI0 OWNBKY 4%, 4TO NoATBEPXXAAET BO3SMOXXHOCTb AaHHOWN
HenpoceTeBON MOAE/IN TOYHO NPOrHO31UPOBAaTb OTHOCUTESIbHOE N3MEeHeHne
KodhpuumeHTa TensonposoaHocTn. C npuMeHeHnem paspaboTaHHoOW Moaenun 6binan
npoBefeHbl cneayoumne nccnenoBaHna: - onpegeneHbl 3Ha4YNMOCTU BXOAHbIX
rnapameTpoB, BAUAIOWMNX HA OTHOCUTESIbHOE U3MeHeHMe KodhpunumeHTa
TenJonpoBOAHOCTM; * MOJIy4eHa 3aBUCMMOCTb OTHOCUTESIbHOIO N3MEHEHUS
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 EJ le/l 1 20,00 19,50 20,00 46,50 47,60 35,60 36,50 1,10 70 1,03 2
20,00 19,50 20,50 46,50 48,80 35,60 37,50 1,50 75 1,05 3 20,00 19,50 21,50 46,50
51,00 35,60 38,90 2,00 85 1,09 4 20,00 19,50 22,50 46,50 53,60 35,60 41,10 2,50 100
1,16 5 20,30 25,00 25,50 59,40 60,80 45,3046,601,10701,03 ----------- 16
20,80 36,00 41,50 85,70 98,80 65,30 75,10 2,50 100 1,15 B xone onpeneseHus
3HAYMMOCTM BANSAHNSA BXOAHbIX MapaMeTpoB Ha BbIXOAHblE ObIS1I0 BbIABAEHO, YTO
HaNPSA>XXeHHOCTb NIEKTPUYECKOro nos rno BJANSHUIO Ha OTHOCUTENIbHOE N3MEHEHNe
Ko3hpunumeHTa TernsionpoBoAHOCTN NMEEeT MaKCMMaJlbHOEe 3Ha4YeHune, 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.
NMoka3saTenn 3Ha4YMMOCTN onpenensaoT falbHENLLNA X004 NCCNenoBaHus, no3TomMy
nccnenoBasioCb BANAHME HANPSAXXEHHOCTU IEKTPUYECKOro Nojis Ha OTHOCUTENIbHOe
n3MeHeHne Ko3(puumneHTa TenJionpPoBOOHOCTU. [T0OCKOJIbKY HaMpPAXXEeHHOCTb
ABNAETCA perynmpyemMblM Npu nccnenoBaHnUm B CUCTEME SKCMJTlyaTalMOHHbIM
napamMeTpoM, ocTaHOBUMCA nogpobHee Ha HeM. Npahnk 3aBUCMMOCTH
OTHOCUTENIbHOIO U3MEHEeHUA KoO3IhPULUMEHTA TEMONPOBOAHOCTU OT HANPAXKEHHOCTN
anekTpuyeckoro nons (le/l)=f(E-102) npencrtasneH Ha puc. 1. Puc. 1 - 3aBUCMMOCTb
OTHOCUTESIbHOI0 U3MEHEeHUsA KoahpuuneHTa TenaonpoBoOAHOCTU OT HANPSAXKEH-HOCTU
3/1IeKTPUYEeCKOro noss Ha 4actote 6-105 Ny: 1 - KpuBad, Nnony4eHHas Ha OCHOBe
Henpoceteson mogenun npu Dee=41,5 MB; 2 - aKcnepuMeHTanbHas Kpueas [1],
rnoJsiydeHHas nocsie annpokcumaummn; 3 - kpueas, nosiy4eHHas Ha OCHoBe
MaTemMaTmyeckonm mogenn [1]; O, @, A, A - SKCNnepuMeHTasIbHble TOYKMN,
COOTBETCTBYIOT YeTbIpeM pPa3/IN4YHbIM 3HAYEHUAM CpeHNX TeMnepaTyp CJ0s



XXNOKOCTW, cooTBeTCcTBeHHO 17,0; 17,2; 17,4; 17,6°C 3aBucmmocTsb (le/l)=f(E-102),
MoJlydeHHas no 3KCnepmMMeHTasibHbIM JaHHbIM (puc. 1), MeeT JIMHENHbIN XapaKTep,
rae BO BCEM M3Y4YEHHOM AMana3oHe JaHHbIX HabnwgaeTcs pocT OTHOCUTENIbHOMO
M3MEeHeHUA Ko3(hpuuneHTa TenJaonpoBOSHOCTU MPU YBEIMYEHUN HANPAXXEHHOCTU
3N1IeKTpuyeckoro nons. Npu NocTpoeHun rpaurka 3Ton 3aBUCUMOCTUN HA OCHOBE
HenpoceTeBON MOLes/IN KapTUHa U3MeHAeTCS: - XxapakTep 3aBmcumocTtu (le/l)=f(E-102)
05 3HAYEHNIN TEPMOIJIEKTPOLABMIKYLLNX CU - pa3/IM4aeTCs; - OTMeYaeTCs pocT
3Ha4YeHUs OTHOCUTENILHOI0 N3MeHeHnsa KoadppuumeHTa TennonposogHoctm ¢ 1,06 go
1,11 (Ha 4,5%) B anana3oHe oT 1,9 ao 2,3:102 kKB/M Hanps»>XeHHOCTN 3N1eKTPUYeCKoro
nons npun Dee=41,5 mMB. CnegyeT TakXe OTMETUTb, YTO XapaKTep KpUBOW,
nosly4eHHOW Ha OCHOBE MaTeMaTu4eckonm mogenu [1], oTan4aeTcsa oT xapakTepa
KPWUBON, MOJIY4EHHOW Ha OCHOBE HENPOCETEBON MOAENN, KOTOpasd PUKCUPYET pe3kune
OTKJIOHeHNA. BboiBoAbl 1. [ToKa3aHO, 4TO pewleHne 3afa4vun, CBA3aHHOEe C
BO3MOXXHOCTbIO HENPOCETEBOIr0 MoaenmpoBaHua TensoobmeHa 6eH3ona B
3JIeKTPNYECKOM roJie C UCNOJIb30BAaHNEM UCKYCCTBEHHbLIX HEMPOHHbLIX CeTeun ABNAETCH
aKTyasibHbIM. 2. I3y4eHa 1 noka3aHa BO3MOXXHOCTb HEMPOCETEBOro MOAe/IMPOBaHNS
TennoobMmeHa BeH30/1a B 3/IEKTPMYECKOM MoJsie Npu YactoTe 6-105 Ny, HarnagHo
NPOAEMOHCTPUPOBAH NPOrHO3 BbIXOAHOIMO NapamMeTpa, B JaHHOM c/ly4Yae
OTHOCUTEJIbHOro N3MeHeHnsa KoappuumeHTa TenJonpoBoAHOCTHN, Ha 3apaHee
oby4yeHHOn ceTn, C OTHOCUTESIbHOW MOrpeLlHOCTb0 paBHOW 4%, ¢ moMoLwbio 6as3bl
3HaHuW. MpoBeneH cpaBHUTESbHbLIA aHAaNN3 MNOJIy4YeHHON 3aBUCUMOCTN. 3.
Pa3zpaboTaHa MeTogunKa pelleHUs 3a4ay NPOrHO3NPOBaHMSA C NCMOJIb30BaHUEM
MPOrpaMMHOro cpeacTBa Ha OCHOBE NCKYCCTBEHHbIX HEMPOHHbIX ceTen. 4.
Pa3paboTaHa HelpoceTeBasa Moaenb TensoobmMmeHa 6eH301a B 3/IEKTPUYECKOM MoJie
npu 4yactoTe 6-105 Ny, Ha OCHOBaHNN KOTOPOW NOJIy4eHa 3aBUCUMOCTb
OTHOCUTESIbHOI0 U3MEeHeHUA KoshpuumneHTa TenJonpoBoAHOCTU OT HANPAXKEHHOCTN
anekTpuyeckoro nons (le/l)=f(E-102).



