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PabGoTta BbllONIHEHa B (eAepaTbHOM TIOCYJIapCTBEHHOM aBTOHOMHOM
00pa3oBaTEIbHOM YUpEXKJEHUU BbICHIEro o0Opa3oBaHus «HamuoHabHbBIM
ucciaenoBaTenbCkuil TOMCKUN MOJIMTEXHUYECKUNA YHUBepcutTe™» (PI'AOY BO

HH TITV)

Hayunslii pykoBoaUTENb:

OdurmanbHbIe OIIIIOHEHTHI:

JIOKTOP (bU3UKO-MaTeMaTUYECKUX HayK,
npodeccop CypxukoB Anatouuii [lerpoBuy,

3yes JleB bopucoBu4

TIOKTOP (bu3MKO-MaTeMaTUYECKUX HayK,
denepanbHOe  rOCyJapCTBEHHOE  OIOJKETHOE
YUPEKICHHUE HayKu HNuctutyT (178370097
INPOYHOCTH W MarepuanoBeaeHus: CUOUPCKOro
orneneHust  Poccuiicko — akaaemMuum — Hayk,
3aBeyIoIUi Jabopatopueit GU3UKU MTPOUYHOCTH.

KionoroB AHaTo1Mii AHATOJIbeBUY

TOKTOP (bU3UKO-MaTeMaTUYECKUX HayK,
denepaibHOE  TOCYJIApCTBEHHOE  OIOJKETHOE
oOpasoBaTebHOE YUPEKICHUE BBICIIIETO
oOpazoBanus  «Tomckuii  rocyaapCTBEHHBIN
APXUTEKTYPHO-CTPOUTEIbHBIN YHUBEPCUTETY,
npodeccop kadeappl MPUKIATHON MEXaHUKH U
MarepuaigoBeneHus. (r. Tomck).

3amura amcceprauuun cocroutcs «12» npexadbps 2023 roma B 15:00 Ha
3acenanuu nuccepranuonHoro cosera JIC.TIIY.13 na 6aze ®I'AOY BO
«HammnounanbHbIN HUCCIIE0BAaTEILCKUN Tomckuit MOJIUTEXHUYECKUN
YHUBEPCUTET», 110 azpecy: 634028, r. Tomck, yn. CaBuHbIX, 7, ayn. 215.

ABTOpedepat pazociaH «

C nuccepranyeil MOXKHO O3HAaKOMHUTBCS B HAyYHO-TEXHHUUYECKON
6ubamoreke TOMCKOro MOJIMTEXHUYECKOTO YHUBEPCUTETA U Ha calTe
dis.tpu.ru mpu momorm QR-koxa.

» HOs1Opst 2023 1.

VYueHslil ceKpeTapb
JUCCEPTALlMOHHOIO COBETA

KaHJUJaT TEXHUYECKUX HAYK, TOLICHT d/ Illesenena E.A.
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OBIIAA XAPAKTEPUCTUKA PABOTHBI
AKTYaJBbHOCTDH JMCCEPTALMOHHBIX HCCICA0BAHUSA

Baxkueiimen cocTaBisioniel HallMOHAJIBHBIX MHTEPECOB SBIISIETCS OOECIIEUEHHE
0€30MacHOCTH JIMYHOCTH, OOIECTBA W TOCYJIapCTBa B YCJIOBHUSX YPE3BbIYAMHBIX
CUTyallMil TPUPOJHOTO M TEXHOTCHHOr0 XapakTepa M ux mnocieAcTBui. CoriacHo
cratuctuke B 2021 romy B Poccum ciyumnocs 57390 moxapoB, MPOU30LIEIIINX
BCJICJICTBUE HAPYIICHHS MPABUJ YCTPOUCTBA U DKCIUTyaTallUH AJICKTPOOOOPYI0BaHUS U
OBITOBBIX JIEKTPONPHOOPOB, ornbI0 2289 venoseka, eme 2545 ObUTIO TPABMUPOBAHO.
[TpyunHEeHHBI MaTepUabHbIN yiiepo coctaBui 15 244,7 muH. pyOneil.

CymiectByromiue CUCTEMBI MOHUTOPHWHIA COCTOSIHUSA ANEKTPOCETH
OpPUEHTHUPOBAHbI, B OCHOBHOM, HA MOHUTOPUHT 0O0BEMOB OTPEOJICHUS STIEKTPOIHEPTUH,
KayeCcTBa MUTAIOLIEr0 HANPSLKEHUS U HAIMYUS aBapUUHBIX cuTyauuid. OfHa U3 TpyJIHO

pelmaeMbIX 3agad B 3TOM 00JacTM — 3TO KOHTPOJIb OONBLIIOTO IEPEXOJAHOIO
conpotusieHust (BIIC) KOHTaKTOB, KOTOpBIEC SBISAIOTCS OAHOW M3 MPHUYMH TOKAapOB B
3JIEKTPOYCTAaHOBKAX.

[lepexomaHbie COMPOTUBICHUSI 00pa3ylOTCS B MECTaX COCIMHEHMs MPOBOJHUKOB
MeXx Iy co00il, a TaKKe B MECTaxX MPUCOEIMHEHUS TPOBOTHUKOB K MalllMHaM, arlfaparam,
npubopam. B HOpMaTHBHBIX JOKYMEHTAaX YKa3aHO, YTO BEIUYMHA IEPEXOHOTO
CONPOTHUBIICHUSA, KoTopas periiamentupyetcs PJ1 34.45-51.300-97 u ITTO3II, He nomxHa
npesbimath 0,05 OM (BO B3pBIBOOIACHBIX IMOMEIICHHUSX W 30HaX IEPEXOJIHOE
COTPOTUBJICHUE KOHTAKTOB JIOJKHO ObITH He 6oiiee 0,03 Om). BIIC Bo3HMKAIOT B MEeCTax
MJIOXUX KOHTAKTOB 3a CUET CIa00ro CKaTHsl, MAJIOW MOBEPXHOCTH CONMPUKOCHOBEHUS,
HEIJIOTHOTO MPUKATUS U HEPOBHOCTEM B MECTaX COCAMHEHUS U OKOHIIEBAHUSI IIPOBOJIOB
(0cOOEHHO MpU HAIMYMK BUOpalMH OOOPYJOBaHUS), YMEHBUICHUS CEUEHUS B MECTE
COCMHEHUSI, OKUCJICHUSI METAJIJIOB, KOTOPOE YacCTO BO3HUKAET B CHIPHIX, 0CO00 CHIPBIX
WIM C XUMHUYECKH aKTUBHOM Cpellod TMoMelleHusX. Hanuune KOHTaKTHOTO
CONPOTUBJICHUSI OTMEYAETCS MHOTMMHM HCCIEOBATEISIMH, B TOM YHCIIEC TPEAJIararoTcs
pa3JIMYHBIC METOIbI €70 YMEHBIIICHHUS.

B sToM ciydae miiomanab A€MCTBUTEIBHOIO CONPUKOCHOBEHHS YMEHBIIAETCH,
CONPOTHUBJIIEHWE B JIaHHOM MECTE€ yBEJIWYMBaeTCsA. Bo3pacrtaer KoOJIWYECTBO
BBIJICJISIFOIIETOCS. B 3TOM MECTE TeIjla. BO3HUKAET JIOKalIbHBIN MEPErpeB, YTO MOMKET
MPUBOJUTH K BOCIUIAMEHEHUIO M3OJSIIUA U CTOPAEMBIX AJIEMEHTOB KOHCTPYKIUMHA U B
KOHEYHOM UTOT€ CTaTh NPUYMHON oOTKaza »snektpocetd. Ocobennocts BIIC
yCyryonsieTcs TeM, 4TO MX TPYAHO OOHApyXUTh, a ammapaThl 3allUThl MO TOKY HE
cpabaThIBaIOT, T.K. TOK B I[ENIH HE YBEJIMUUBAETCS, & YMEHbIIIACTCS.

Oo6napyxuBatot BIIC 00blYHO yXke TOraa, KOrja OHO CTaJIo MPUYMHOM OTKasa.
[ToaToMy ocoboe 3HaUeHHE MPUOOPETAIOT MEPONPUATHUS, HAIPABICHHBIE HA TO, YTOObI
He gomycTtuth nospieHus: bIIC. 3To BO3AMOXXHO ITPU UX CBOEBPEMEHHOM OOHAPYKEHUU B
KOHTPOJIMPYEMOW IIeMM W YCTPaHEHWHM TMPUYMHBI HMX BO3HUKHOBEHMs. OjHAKO
npodunaktuka BIIC sBhseTcss oueHb TPyJOEMKOW 3a7adyeil U Ha CEroJHSIIHUN JCHb
BBITIOJTHSIETCS TOJIBKO BpPYYHYIO, IYTeM MEXaHUYeCKOW pa300pKu KOHTAKTHOTO
coeauHeHus. TemmnepaTypy KOHTaKTHOIO COEJAMHEHUS MOYKHO KOHTPOJIUPOBATH
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TEPMOHAKJIEMKaMH, KOTOPBIE BBIITYCKAIOT KakK 3apyOexHble, TaK M OTEYECTBEHHbIE
npousBoauTenu, Hampumep, komnanus HWHTEM.  DOnektpoHHBIX  1puOOpoB
HernpepeiBHOro MmonuTopunra bIIC B Hacrosimee Bpemsi He cyuiecTByeT. [Ipumenenue
TEPMOHAKJIEEK HE CIIACAET IOJIOKEHUE, T.K. €KEIHEBHBI OCMOTP TPYI03aTpPaTeH, a IIpU
IIEPUOJNYECKOM OCMOTPE BO3MOXKEH IPOIYCK aBapuiHON cuTyanuu. Kpome Toro, onu
SBIISIIOTCA OAHOPA30BBIMU U IOCie cpabarbiBaHus TpeOyroT 3aMeHbl. [loaTOoMy
CYILIECTBYET aKTyalbHas 3ajada 1o pa3paboTKe HAyyHO OOOCHOBAHHBIX IOJXOJIOB K
CO3/IaHHIO METOJIOB U MPUOOPOB KOHTPOJISI IEPEXOTHOTO CONPOTUBICHNUS KOHTAKTOB.

B Hacrosmiee BpeMs H3MEpPEHHE IEPEXOAHBIX CONPOTUBJICHUN KOHTAKTHBIX
COCAVMHEHUH  NPOU3BOAUTCA  MHMKPOOMMETpPAMU WM  KOHTAKTOMEpaMH,  T.€.
CreuualbHBIMU NpUOOpaMu Uil HM3MEPEHHS MalblX conpoTtuBieHuil. He kaxnabii
IIEKTPOTEXHUYECKUN TMEPCOHAT HMMEET Takoe OOOpyJOBaHUE W, CIEJOBATENbHO,
COIIPOTUBIICHUE B COCAUHUTEIISAX, PA3BETBUTENAX U T.II. HE U3MEPSETCS.

[TosToMy  akTyanbHOW  3ajJadeil  SBIAETCA  MPOBECTH  HCCIEHOBAHUS
TEPMODJICKTPUYECKOI0 METOoAAa Uil MOHMTOPUHIA IIEPEXOJHOTO COIPOTUBIICHUSA
KOHTaKTOB B JIEHCTBYIOILIEH CETU 3IEKTPOCHAOKEHUS O€3 OTKIIIOUEHUsI MoTpeduTenel B
pe)XKHUMe peasbHOr0 BpPEMEHH.

Ieap quccepranmoHHOi padoThI: pa3paboTka METOJA U MPUOOpPa TUArHOCTUKU
IEPEXOJHOTO COINPOTUBJICHUS KOHTaKTa B CETU JJIEKTPOCHAOXKEHUS Ha OCHOBE
TEPMORJIEKTPUYECKOT0 MeTo/1a O€3 OTKIIIOUEHUS MOTpeOuTeNel SHEPruu.

JlocTrkeHre MOCTaBJICHHBIX Iiefiel TpeOyeT pelieHHs CIEIYIOIIUX OCHOBHBIX
3a/1a4:

1. IlpoBecTn aHamM3 CyMIECTBYIOIIMX CHCTEM JIUArHOCTUKH IE€PEXOIHOTO

COINPOTHUBJICHUS] KOHTAKTa B CETU AJIEKTPOCHAOKEHUS.

2. Pa3paboraTh MaTeMaTUYECKYO MOJENb.

3. IlpoBectnm wcciemnoBaHWsT TIO HArpeBy KOHTAaKTHOTO COCAMHCHUSA,
BBIMIOJTHEHHOTO U3 Pa3HBIX MaTEPHAIIOB.

4. Pa3zpaborars ciocob nerekrupoBanust mecta bIIC.

3. Pa3paboTarh MakeT ycTpoiicTBa.

6.  IIpoBecTu 3KcriepuMeHTaTbHBIC UCCIEAOBAHUS.

OO0beKTOM HCC/IeI0BAHMS SIBIACTCA OOJBIIOE TIEPEXOAHOE COMPOTHUBIICHUE
KOHTAKTOB B CETH MPOMBIIUIEHHON YacTOTBHI.

IIpeameTom ucciaenoBanms spisiercs TepMoI/C, BO3HUKAIOIAs MPU HarpeBe
KOHTAKTHOT'O COEJIMHEHMS 32 CUET MPOTEKAHUU TOKA MO OOBEKTY KOHTPOJIS.

Hay4ynast HoBHU3Ha padoThI

1. IlpennoxkeH W HCCIEAOBAaH TEPMOAIEKTPUYECKUN METOJ JIs JAUArHOCTUKHU
KOHTaKTHOTO COIPOTHUBIICHUSA, OCHOBaHHbIM Ha u3MeHeHUU TepMOI[C KOHTAKTHOM
napel MPU €€ HarpeBe 3a CYET TOKA HAarpy3Ku NOTpeOUTes, 3aluIeHHbIN nateHToM PD
Ne 2762526.



2. Pazpaborana wmoxenb s ucciaenoBaHuss TepMoIJ[C KOHTAKTHBIX map,
MIO3BOJISAIONIAS U3MEHATH TapaMeTPhl KOHTAKTHBIX Map B IIMPOKOM JUANa30HE BETUYHH.

3. Pazpaboran cmnoco® JIOKamu3alMM ~ MECT  OOJIBLIOTO  MEPEXOJHOTO
COTIPOTHBIICHUS] KOHTAKTOB, OCHOBAHHBII Ha aHaIn3e CKOpocTU m3MeHeHus TepmMoD/[C
P BKIIOYEHUHU U OTKIIOYEHUU HArpy3KH.

4. PazpaboTaHa SKCHEpUMEHTAJIbHAsI YCTAHOBKAa /I BBIABJICHUS OOJBIIOTO
NEPEXOAHOTO COMPOTUBIICHUS] KOHTAKTOB Ha OCHOBE MoHHTOpUHTa TepMoIJC, He
MMEIOIas aHAJIO0r OB, 3aluIecHHas maTeHToM PD Ne 2762125

IIpakTnyeckas 3HAaYUMOCTb PadOThI:

1. ITony4yeHHbIE Pe3yabTaThl MOTYT OBITh MCIOJIB30BAHBI MPH MPOECKTUPOBAHUU
CUCTEM MOHHUTOPHUHIA 3JIEKTPOCETH 0€3 OTKIIIOUEHHUS MOTPEOUTENEH IHEPTUH.

2. IlpennokeHHBIA METOJI TEPMODIECKTPUUECKOTO KOHTPOJISI MEPEXOTHOTO
CONPOTHUBJIEHUSI KOHTAKTOB IO3BOJIAET IMPOTHO3UPOBATH I0KAPOOIACHOE COCTOSHHE
KOHTAKTOB.

3. Pe3ynbTaThl MCClEIOBaHUS BHEIPEHBI B YUEOHBIH MPOLECC B HALMOHAIHLHOM
uccaenoBaTeabckoM TOMCKOM MOTUTEXHUYECKOM YHUBEPCUTETE U HA ipeanpusituu AO
«HIILI «ITomrocy.

OcHOBHbIE N0JIO’KEeHN S, BBIHOCHMbIE HA 3aIIUTY:

1. TepMOBIEKTPUYECKUA METOJ JIWATHOCTUKHU IMEPEXOJHOrO COIPOTUBIICHUSA
KOHTAKTOB B CETH IJICKTPOCHAOKEHHUS 0€3 OTKIFOUSHHUS IMOTPEONTEICH YHEPTUH.

2. Mopenb npoBeaeHust KOHTposA TepM0oI1C pa3mnyHbIX KOHTAKTHBIX ITAP TIPU UX
HarpeBe 3a CUET MPOTEKaHUs TOKA NOTPEOUTENS.

3. Cnoco6 ananuza TepmoIlC KOHTAKTHBIX COEIMHEHUH JIJIs ONIpEACIICHUS MeCTa
PacnoIOKEHHUs] KOHTaKTa ¢ OOJIBIINM MEPEXOIHBIM CONPOTUBICHUEM.

4. CucteMa MOHUTOPMHIa KOHTAKTHOTO CO€IMHEHUS 0e3  OTKIIOYEHUS
noTpeduTenei DHEPIHH, oOnanaromias JTy4YIIAMH TEXHUYECKUMU
XapaKTEpPUCTUKAMU 110 CPABHEHMIO C aHAJIOTaMH.

BHenpenue pe3yJibTaTOB PadoThI

Pa3paGoTtannplii  mpubOp  BHEAPEH B TEXHOJOTMYECKUA  Mpolecc
cuctemooOpasytouero npeanpusatus r. Tomcka «AO «HIIL «ITomrocy.

[TomyuyenHbie B paboTe pe3yabTaThl MO3BOJIMIIN MOTHOCTHIO UCKIIIOUUTH IPOCTOM,
CBSI3aHHBIE C OCTAHOBKOM TEXHOJIOTMYECKOTO UHWKJIA Uil PEBU3UUA KOHTAKTHBIX
COCIMHEHUW Ha OJHOW U3 MPOU3BOJICTBEHHBIX JINHUU.

Pe3ynbrarel AuccepTalliOHHON paOOThl MCHOJB3YIOTCS B YYEOHOM MpOIECCE B
OTHENEHUN «DJIEKTPOHHAS WHXEHEPHS» HWHXXEHEPHOM IIKOJIbI HEpa3pyILIAIOIIEro
KOHTpPOJIE U 0€30MacHOCTH TOMCKOro IMOJMTEXHUYECKOIO YHHMBEPCUTETa B Y4YEOHOH
JUCHMIUIMHE «DJEKTPOHHBIE MPOMBIIIJICHHBIE YCTPONHCTBa», a TaKkKe B Y4eOHBIX
UCCJIEI0BATEIbCKUX U HAYYHBIX HCCIEI0BATEIbCKUX padOTaxX CTYIEHTOB.



/lOCTOBEPHOCTh MOJYYEHHBIX TEOPETHYECKHX H IKCIHEPHMMEHTAJBHBIX
uccJie0BaHuii 00ecreurnBaeTCsl KOPPEKTHBIM TPUMEHEHUEM COBPEMEHHBIX YMCIEHHbBIX
METOJIOB, MHOTOYHMCIICHHBIMU 3KCIIEPUMEHTAIbHBIMU HCCIEJOBAHUSMU, YCTOMYMBOMN
BOCIIPOM3BOJAMMOCTBIO PE3YJILTATOB U COMNOCTABJICHUEM PE3YJIbTATOB, IOJYUYEHHbBIX
pa3HBIMU METOJAMU M APYTMMH aBTOpaMu. /[0CTOBEPHOCTH MOJYUYEHHBIX PE3YJIbTATOB
MOJATBEPKIACTCS MPAKTUYECKON pa3paboTKoW mpubopa Jyisi ONpeesieHus] TOCTOSHHON
COCTaBIIIOIIEN TAPMOHUYECKOTO CUTHAJIA TEPMOAJIEKTPUUECKUM METOOM.

AnpobGanusi padoThl
Pesynbrarhl guccepTaniMOHHON pabOThl TPENCTAaBICHBI Ha KOH(EPECHIIHSIX
POCCUICKOTO U MEXIyHAPOIHOTO YPOBHS:

° XXII MexnyHapoaHas HAYYHO-ITPAKTHYECKas KOH(EepEeHIIUS
«PemerHneBckue ureHus», 12—16 nos6ps 2018, r. KpacHosipck.

e [V HaunoHnanbHas HAy4yHO-IpaKTHYECKask KOHPEPEHIUS «TPUOOPOCTPOEHUE U
aBTOMAaTU3UPOBAHHBIN JJIEKTPOIPUBOJ B TOIUIMBHO-3HEPIETUYECKOM KOMIUIEKCE U
KUJTUITHO-KOMMYHAJIbHOM XO03siicTBe», 6 — 7 nexadps 2018 r., r. Kazans.

e XIX HayuyHo-TexHu4eckas KOH(pepeHus «NEKTPOHHBIE 51
AJIEKTPOMEXAHUUYECKUE CUCTEMBI U YCTpOCTBa», 16 — 17 anpensa 2020r., r. Tomck.

e  MexnayHapogHou HAay4YHO-T€XHUYECKOU KoH(epeHuu CTYJIEHTOB,
acMpaHTOB U MoIOJIbIX yueHbIX «Hayunas ceccust TYCYP-2020», 25 — 27 mas 2020 r.,
r. Tomck.

e XVII wmexnyHapolHas ILIKOJAa-KOH(EpEeHUUs: CTYACHTOB, ACIHPAHTOB U
Mononbix yueHblx « MTHHOBATHKA-2021», 22 — 23 anpens 2021r., r. Tomck.

o XX HayuHno-Texanueckas KOH(pepeHus «NEKTPOHHbIE U
AIEKTPOMEXAHUYECKUE CUCTEMBI U YCTPOUCTBa», 6 — 7 anpeinst 2022r., r. ToMck.

JIMYHBIN BKJIAJ aBTOpPA:

VYyacTue B HOCTaHOBKE 3aja4, pa3paboTKe MOJENH JiIs uccienoBanus tepmoI/1C
pa3IMYHBIX KOHTAKTHBIX map. B pa3paboTke W M3rOTOBIECHUM 3KCHEPUMEHTAIBHOU
YCTaHOBKHM, KOTOpas IMO3BOJSET MPOBOAMUTH uccienoBanus TepMoIC paznuyHbIx
KOHTaKTHBIX I1ap, a TaKKe pa3paboTKe U HccieoBaHUU criocoba BeienaeHus: TepmoI[C
U3 TapMOHUYECKOTO CHUTrHaja CeTH »JJeKTpocHabxeHus. B cocraBe aBTOPCKOTO
KOJJIEKTUBa pa3pabotan crocod aHanuza TepMoI[C KOHTAKTHBIX COEAMHEHUN Jis
sokainu3anuu koHTakra ¢ BIIC.

Iy6oaukanuu

OCHOBHBIE pE3yJIbTAaThl JAMCCEPTALMOHHBIX HCCIEAOBAHUMN OIMyOnnKoBaHbl B 11
HAy4YHBIX paboTax, U3 HUX paboT, OMyOIMKOBAHHBIX B PELEH3UPYEMBIX JKypHaiax (U3
nepeuns BAK) — 2, unnexcupyembix B 0azax Scopus u Web of science — 3, B ux uucine
nepeBoHbIX U3 circka BAK - 2, B MmaTepuanax koHdpepeH1uii omy0JukoBaHo — 6 padoT,
nosiyyeHo 2 narenra P® Ha uzoOpereHus.



CtpykTypa u 00beM padoThI

Jluccepranusi COCTOUT W3 BBEACHMS, TPEX IVIaB, 3aKIIOYEHHS] U NPHUIIOKEHUS.
O0bem aucceprauuu cocrapisier 122 ctpanuubl, 66 pucyHkoB U 4 Tabnuubl. Circok
VICII0JIb30BAaHHBIX UCTOYHUKOB COJEPKUT 116 HauMeHOBaHHUI.

OCHOBHOE COAEPKXAHUE PABOTbI

B BBegeHMH OOOCHOBBIBA€TCS aKTyaJlbHOCTb TEMbl HUCCJIEIOBAaHUS, HaydyHas U
TEXHUYECKass HOBHM3HA, KpPaTKO M3JaralTcs CcoJiepkaHue pabdoTbl U OCHOBHBIC
3allMIIaeMble  TOJIOKEeHUs. Takke MNpHUBOJAUTCA OOOCHOBaHME BbIOOpa OOBEKTa
UCCIIEIOBaHMSL.

B mnepBoii riaBe npoBeNeH AHAIUTUYECKHA 0030p CYILIECTBYIOIIMX BHUIOB
COEIMHEHUS DJIEKTPUUECKUX KOHTAKTOB Y BUJIOB HU3O0JISLIUN.
KoHTakTHbBIE COeIMHEHUS 00€CTIeUNBAIOTCS PA3IMYHBIMUA METOIAMH, TAKUMH KaK:

. CkpyTKa;

. bontoBoe coenunenue;

. Coenunenue knurcamu (B ToMm unciie Wago);
. Hakoneunukamu;

. Mydramu.

N3onauoHHble MaTepUabl JEISATCA 110 TUITY TOKPHITUS Ha:
. PE3HHOBOE;

. NOJINBUHWIXJIOPUIHOE;

. NOJIU3TUIIEHOBOE;

. (dTOpONIacCTOBOE;

. OyMaXkHOE;

. IEJIKOBOE;

. MOJIUCTUPOJIOBOE.

Taxxke ObLI TMPOBEICH aHAIU3 YK€ CYIICCTBYIONIUX CHCTEM KOHTPOJIS
KOHTAKTHOT'O  COINPOTHBIICHHS, PACCMOTPEHBI CTAHJAPTHBIC METOJABI  KOHTPOJIS
KOHTaKTOB, a TaK)Ke OIIMCaHbl OCHOBHBIC BHBI HEHUCIPABHOCTEH M OTKIIOHCHUU
AJICKTPHYECKUX IapaMeTPOB OT HOPMBI, BO3HHUKAOIIME B IMPOIECCE SKCIUTyaTalluu
AIEKTPOIPHUOOPOB.

Pesynbrar Hepa3pyIiaroero KOHTPOJIS 3aBUCHT OT MHOXKECTBA ()aKTOPOB, TAKUX
KaK XUMHUYCCKHH COCTaB OOBEKTa KOHTPOJIS, MEXaHHYECKOE BO3JICHCTBUE, CTPYKTypa
KPUCTAJUIMUECKON PEIISTKH W MpoYyuXx. B 3aBUCHMMOCTH OT croco0a BO3JACHCTBUS Ha
00BEKT KOHTPOJIb JCITUTCS Ha:

. OnTudeckuii;

. PeHTreHoBCKui;

. TemnoBoi;

. DOTOaKyCTUUYECKUI;

. DJIEKTPUUECKHIA;



CaMBIM TPOCTBIM CTIOCOOOM KOHTPOJST KOHTAKTHBIX COCAMHEHUUN SIBIISCTCS
BU3YaJIbHBI OCMOTp. OH TO3BOJISIET BBISIBHUTH OTKPBITHIC Ne(PEKThI B KOHTAaKTaX, B
OCHOBHOM BBI3BaHHBIC HAPYIICHUEM TEXHOJIOTUH MOHTaka. OHAKO, MPU U3TOTOBJICHUN
KOHTaKTHOT'O COCJTMHEHUST BO3MOXKHO BOSHHUKHOBEHHUE Je(hEKTOB, KOTOPHIC HEBO3MOKHO
ONpENENUTh MPU BHU3yaIbHOM ocMoOTpe. [lo 3Toi mnpuymHEe Takue K€ MOAXOJbI
MCIIOJIB3YIOTCS MPH MOJTYYEHU U U300paKEeHNSI KOHTAKTHOT'O COSIMHEHUSI PEHTI€HOBCKUM
meronoM, UK wusnydeHueM u T.1. AHaAIM3UpPYs TOJYyYEHHBIE JaHHBIC, BBISBISIOT
CTPYKTYpY JedeKTa.

CymiecTBYIOT CpeACTBAa HEpa3pylIAOIIET0 KOHTPOJIA KOHTAKTOB, IPUHIIUI
paboOThI KOTOPHIX OCHOBAH Ha OIEHKE Pa3HBIX XapaKTEPUCTUK OMTHYECKOTO U3ITyUCHHUS.
K TakoMy Wu3JIy4eHUIO OTHOCSATCA: BHUAMMOE Hu3IyueHue (cBeT), HHpakpacHoe
U3NIy4eHHe, yabTpaduoneroBoe wuznydeHue. K 1J0CTOMHCTBAM MOXXHO OTHECTH
MCIIOJIB30BaHUE HEIOPOTroro o0opyoBaHus, o0ecrneueHrne Oe30MacHOCTH MEPCOHANIA U
MPOCTOTY NPUMEHSEMOro yCTpoicTBa. HemoctaTtok 3TOro meroga - O4YEHb MAJIbIN
MIPOLICHT BBIABICHUS JePekToB. Hu3kas OCBEIMIEHHOCTh W 3aMbLICHHOCTh ITOMEIICHUS
CHI)KAIOT TOYHOCTh METO/IA.

Jlnst peHTreHorpaduu UCHOJIB3YIOTCS YCTPOMCTBA C OJHUM, JBYMS, TPEMS WIIH
YEeThIPbMsI HCTOYHUKAMH PEHTT€HOBCKOTO U3NMydeHus. [IpUHIMI pPEeHTTeHOCKONUU
OCHOBAaH Ha CBOWCTBE PEHTTEHOBCKHX JIydeil ociabeBaTh B pa3HOM CTENEHU B
3aBUCUMOCTH OT IUIOTHOCTH HcclieqyemMoro warepuaina. I[loCcKoIbKy TMIJIOTHOCTh
ne(eKTOB BBIIIE WX HIKE TJIOTHOCTH OCHOBHBIX MPOBOJIHUKOB, OHU MPOSIBIISIOTCS HA
M300paKEHUSX, IOTYUYEHHBIX B X0OJI€ CKAHUPOBAHMSI, B BUJIE 00JI€€ TEMHBIX WJIH CBETIIBIX
M0 TOHY TMPOEKIMHA Ha COOTBETCTBYIONIYIO IUIOCKOCTh, PETUCTPUPYIOMIYIO 3TO
U3TydeHne. MeTOoJ KOHTPOJA KadeCcTBAa KOHTAKTHBIX COCAMHEHUN C IOMOIIBIO
PEHTTEHOBCKOTO HW3IyYCHHS JAaeT TOYHYH WH(GOPMAIMIO O PACTOIOKEHHH TOTO WIIN
MHOTO Aedekra B Matepuane. HemoctaTkaMu 3TOro MeToj1a siBJISETCA:

. BBICOKAsi CTOMMOCTb 000pY/10BaHNUS;

. HU3Kasi CKOPOCTh KOHTPOJIS;

. HU3Kasi MOOMJIBHOCTh KOHTPOJIBHOTO 000PYI0BaHUS;

. pU IPUMEHEHUU COOTBETCTBYIOUIUX MPHUOOPOB HEOOXOAUMO OOECIICUEHHE

paauaIoHHON O€30MaCHOCTH MEePCOHANA;

Emé omauM u3 HepaszpyllaronMx METOAOB KOHTPOJII KadeCcTBa KOHTAKTHOT'O
COCJIMHECHUS SIBJISICTCS TEIJIOBOM METO/I. Ilocnequuii OCYILIECTBIISICTCSA
TEPMOMHIUKATOPAMU WJIH TEIJIOBU3UOHHOW ammapaTtypoil. [locTdhakTopHblii anamus
o0OecrieynBaeT oOMpeAesicHne JNe(PEeKTOB TEPMOMHAMKATOPAMH ¥ HE IO3BOJISET
OTIPEJICIATh TPUUNHY AePEKTa W BPEeMsl €r0 BO3HHUKHOBEHHUS, YTO MOXKET MaryOHO
CKa3aTbCsl Ha AJEKTpooOopynoBaHuU. Takke NPUMEHEHHE TEPMOWH]IUKATOPOB
HEJIOMYCTUMO Ha TOKOBEIYIIMX YacTsAX O0OOpYJOBaHHUS, UYTO MCKa)KaeT JaHHBIC U HE
MO3BOJIIET OOBEKTUBHO OIIEHUTh KAYECTBO KOHTAKTHOT'O COCTUHECHMUSI.

TerioBU3NMOHHA anmnaparypa Mo3BOJISET MPOBOJAUTH ONEPATUBHBIA MOHUTOPUHT
KauecTBa KOHTAKTHOTO  COCIMHEHHS, 4YTO  OJarompusiTHO  CKa3bIBae€TCI Ha
anekTpooOopynoBaHuu. [Ipu 3TOM AaHHBIN METOA KOHTPOJIS TpeOyeT JOPOTrOCTOSIIETO
o00OpyIOBaHUS M CICHMAIBbHO 00yueHHOro rnepcoHana. [I[pumeHenrue gaHHOTO METOaA
MO3BOJISIET 00€30MacUTh TMEPCOHAl W HUCKIIOYUTh HEOOXOAMMOCTh  MPSMOTO
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B3aUMOJIEUCTBUS C AJIEKTpooOOpynoBaHueM. Ilpu 3TOM KOHTpOJb KOHTAaKTHOIO
COEJIMHEHHUSI BO3MOKHO MPOBOJIUTH TOJBKO MO Harpy3Koi 00 B MOMEHT cpa3y Hociie
CHSITUSI HATPY3KHU.

OnToaKyCTHUYECKUI METOJ KOHTPOJISI OCHOBAH HAa KOHTPOJIE TEIIOPU3UUYECKUX
CBOICTB 00BEKTa MpU BO3JCUCTBUM HA HET0 HWHTEHCUBHBIM, C(HOKYCHPOBAHHBIM,
MOZYJINPOBAHHBIM 3JIEKTPOMATHUTHBIM U31y4YE€HHEM, B YACTHOCTH JiazepoM. M3mepenue
ONTOAKYCTUYECKUX CUTHAJIOB B KOHTAKTaX - MpoOIleaypa CI0KHas, MOCKOJIbKY TpeOyeT
YHHUKAJIBHOTO O0OpYyIOBaHUS, CIOCOOHOIO C 3aJlaHHOM YyBCTBUTEIBHOCTHIO U
pa3pelIeHreM ONPEACIIUTh PA3IudHbIC TEIIOPU3NICCKU CBOMCTBA 0ObekTa. JlaHHBII
MeTon A()PEKTUBHO HCIOJIB3YEeTCS TPU KOHTPOJIE TMEYaTHBIX COOPOK C BBICOKOU
IJIOTHOCTBIO MOHTAXa.

N3mepenne conportusiieHUss MeTogoM TepMOOJIC OTHOCHTCS K KOCBEHHOMY
METO/ly U3MEPEHHUIO TEMIIEPATyphl U MO3BOJISAET ITUCTAHUUOHHO MOJIy4aTh CBEIACHUS O
TeMIIepaType U BO3MOKHOM BO3TOpaHUHU.

[Ipu mpoTekaHuu TOKA 4yepe3 MPOBOJHUK B MECTE COCAMHEHUS BBIICIUTCS TEILIO0
u 1o >pdekry 3eebexka Ha KOHIAX ATOr0 MPOBOJHUKA mosiBUTCS TepMoDC B BHIE
MOCTOSIHHOT'O HAaNpsDKEHMs, BETUYMHA KOTOPOro MpsIMO MPOIMOPLMOHAIbHA PAa3HOCTU
TEMIIEPATYP KOHTAKTOB MTPOBOJHUKA:

E = [7[5,(T) = S,()]dT (1)

rne T, u T; - Temmeparypa ropsuero U XOJOJHOIO0 KOHTAKTa COOTBETCTBEHHO, S; U
S, koappurmenTs 3eedeka I MEPBOro U BTOPOTO MaTepraia COOTBETCTBEHHO.

Ecnu temnepaTtypa rops/uero 1 X0Ja0JHOI0 KOHTAKTOB U3MEHSIOTCS B HEOOJIBIIOM
WHTEpBaJe, MOXKHO CUUTATh U3MEHEHHE KO3(PPULIMEHTOB 3eeOeKa JINHEHHBIM.

AHanu3 METOAOB KOHTPOJISI  3JEKTPUUYECKUX MapaMeTpOB  KOHTAKTHBIX
COCJIMHEHUU TMOKa3zall, 4YTO Haubojee TNEpPCHEeKTUBHBIM M3 HHUX  SIBJISIETCS
TEPMOIJIEKTPUUYECKUNA METOJ, B TO BpeMsi Kak OCTajbHbIE 00Jalal0T CYIIECTBEHHBIM
HEJI0OCTAaTKOM: HE MO3BOJISIOT MPOBOAUTH HEMPEPHIBHBIII MOHUTOPUHT, B TOM YHUCIIE TIO]T
Harpy3Komu.

Bo BTOpOil ri1aBe NpOBEICH MATEMATUYECKUM PACYET TEIUIOBBIX IPOLECCOB
HarpeBa KOHTAKTHOTO COCAWHEHUs, B KOTOPOM YUYTECHBI (DH3WYECKHE TIPOIIECCHI,
MPOTEKAIOIIME B HArpeBalIIEMCs 3a CYET TOKAa B KOHTAKTHOM COCAUHEHHUM U
OXJIAKIAIOLIEMCS 33 CYET TEIUIONPOBOJIHOCTH, U3IyUYEHUS U KOHBEKINU. bblT mpoBeaeH
aHaIu3 BAUSHUS Ha Bo3HUKaromyr TepMoIJC B KOHTAaKTHBIX MEPEXOAHBIX
CONPOTHUBIICHUSX PA3JIMYHBIX MapaMETPOB, TAKWX KaK: Macca, THUIIbl KOHTaKTHBIX
MaTepUaIoB, YCIOBUS OKPYKAIOUIEH Cpellbl, BpEMsl, U, ECTECTBEHHO, CAMO KOHTAaKTHOE
COINPOTHUBIICHUE.

[Ipu mpoTekaHMH TOKA 4YEPE3 MEPEXOAHOE COMPOTHBICHHE KOHTAKTA HA HEM
BBIJICITUTCS MOIITHOCTb:

P =1?R (2)

N3 3akona [[>xoyiist — JIeH1ia MOKHO BBIYMCIIUTD BBIJICJISIEMOE TEILIO:

dQ=P-dt=1%2-R-dt (3)
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rae dQ — xonuuecTBo Teria; I — AeicTByolee 3HaYeHUE CUIIbI TOKA, Yepe3 MPOBOHUK;
R —KOHTAaKTHOE CONPOTUBIICHUE; ¢ — BPEMSI, B TECUEHUE KOTOPOTO MPOTEKAET TOK.
BrigenseMoe Temno pacnpeienuTcs Ha JBE YacTH, OJHA 4YacTh — 3TO HArpeB
KOHTAaKTHOTO COINPOTHUBJIECHHS, YTO MOBBIIAET €r0 TEMIEPATypPy, Apyras 4acTb — 3TO
TEIUIONIOTEPU 34 CUET KOHBEKUWHM W M3Iy4YeHHUs. Temio, HarpeBarolee KOHTAKTHOE
CONIPOTHUBIICHUE, MOKHO HANTHU U3 BBIPAKCHUS:
dQ; =m-c-0 (4)
1€ M — Macca KOHTAKTa; C — yJeJbHas TEIUIOEMKOCTh Marepuana KOHTAakTa; O —
MPEBBILICHUE TEMIIEPATYpPbl KOHTAaKTa HaJl TEMIEPATypOrd OKPYKAOIIECH Cpeabl
(meperpes):
O=T-T, (5)
rae T u Ty — TeMIiepaTypsl KOHTAKTa U OKPYKArOIIEN CPEAbl COOTBETCTBEHHO.
Teronorepr KOHTAKTHOTO COINMPOTUBIICHUS HAa KOHBEKUWIO W HW3JIy4YECHUE 3a
BpeMeHs dt MOXXHO HaWTU U3 HOPMYJIBIL:
dQ, =K-S-(T—Ty)-dt=K-S-0-dt (6)
rie K — o0muii ko3¢ GHUIUEHT TEII00TIaud, YIUTHIBAIOIINKN BCe €€ BUJBL, S — IUIOIIadh
MMOBEPXHOCTH OXJIAKICHUS KOHTAKTA.
VYpaBHeHME TEMIOBOTO OanaHca UMEET BUJL:

dQ = dQ; +dQ; (7)
VYuuteiBas (2), (3) u (4), ypaBHEHHE TEIUIOBOTO OalaHca IPUMET BHI:
[2R-dt=m-c-0+K-S-0-dt (8)

rac m—mMacca, ¢ — yACIbHasA TCIINIOCMKOCTD.

[Tocne nmpeoOpa3oBaHus MOTyYaeM:
IR de©

+5.9 9)

mc  dt m-c
Econ wu3MeHeHHMe TeMIieparypbl IIPOBOJHHKA IIPOMCXOIUT B HEOOJBIIOM
Jyara3oHe, TO MOXHO cumTarh, 4to R, ¢, K Oymyr koHcrantamu. Pemenue

muddepeHnmransHOTO ypaBHeHU (9) IpUMET BUI:
_KS¢ IZR
O=A-e me +—
K-S
rae A — ocTosiHHAs, onpeesiseMasl Ha4aJlbHbBIMU YCIOBUSMH.
HavanpHbIM  yCJIOBHMEM SIBISIETCS. PABEHCTBO TEMIEpaTyp KOHTakTa U
OKpY’Karolel cpelbl B HadallbHBbIM MOMEHT BpeMeHH (t = 0). OTcroila MOXHO HaWTH
MOCTOSHHYIO A

(10)

12-R
A=— s (11)
C yuetom (10) BepaxkeHue (9) npumer BU:
2, K-S
O=T— Ty =15 (1—em) (12)

Beipaxenue (12) onuceiBaeT 3aBUCUMOCTh TEMIIEPATyphl MPOBOJAHUKA OT
BPEMEHH. Y CTaHOBUBIIIEECS 3HAYEHUE TeMIEpaTyphbl HAacTymaeT npu t =co. Mcxonas u3
3TOTO, ypaBHeHue (12) npumeTt BUI;

2R

Ot=co = Tt=eo — To = Ks (13)
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rne Ti—., — YCTAaHOBHBIIAsCS TeMmIepaTypa KoHTakrta; T, — Temmeparypa
OKpy»karouen cpenbl; @p—, — YCTAHOBUBILIEECS 3HAYCHUE MPEBBILIICHUS] TEMIIEPATYPHI
KOHTAaKTa HaJl TEMIIEPATyPON OKPYKAOIIEN CPEIBL.
YMHOXHUB JIEBYIO U MpaByto yacTu ypaBHeHus (13) va (K- S ), nomyunm:
[2:R=K'S" (Tteeo — Tp) (14)
Amnanu3 ypaBHenus (13) mo3BoJisieT crienaTh BHIBOJ O TOM, YTO YCTaHOBUBILIHUHCS
pEXKUM  XapaKTepHU3yeTCs CBOMCTBOM OTJaBaThb B OKPYXaIOIIyl0 Cpeay Bce

m-c
BbIJICJIAONIEeeCs B KOHTAKTE Ter1o. O003HauYuM T = &5 W TIO/ICTaBMM B ypaBHEHHUE (12),

IMOCJIC 3TOr0 IoJIy4acMm:

t
O=T— Ty =0i=0 " (1 —€ 7) (15)
[lepeMenHasi T Ha3bIBAETCS MOCTOSIHHOM BpeMeHHM HarpeBa. OHa omnpenensercs
JIEJICHHEM  TEIJIOTOIJIOMIAONEd CHOCOOHOCTH Tela Ha €ro  TeIIOOTIAOIIYIo
CIIOCOOHOCTh M 3aBUCHUT OT IUIONIAJM MOBEPXHOCTH, MACCHI, YACIbHOU TEIIOEMKOCTH
MaTtepuaia u ko dunrenta terootaaun. Micxons u3 ananuza ypaHeHus (15), MOxKHO
CHENaTh BBIBOJI, UTO YCTAaHOBMBILIEECS 3HAUCHHUE IEPErpeBa HACTYIHUT YEPE3 OUYECHb
mmTenbHoe BpeMs. OHAKO I MPAKTHYECKUX MPUMEHEHWH 3TO BpeMs BHIOMPAIOT
paBHbIM 3T. DTO BpEMs COOTBETCTBYET TemIeparype neperpeBa mnopsaaka 90% ot
MaKCUMAaJIbHOTO 3HAYCHUS Of— .
Jlnst OOMBIION TIOTHOCTH TOKa M OBICTPOM HAarpeBe MOCTOSHHYIO BpPEMEHH
HarpeBa MOXKHO pPacCYUTATh MO MPUOIMKEHHOMY BBIPAXKEHUIO:
C

m
T=———,CeK (16)

[Tpu ycnoBum HarpeBa NpoBOJHUKA O€3 MOTEPh TEIJIa HA KOHBEKIUIO U U3JIyYECHHE
yYpaBHEHHE HarpeBa NpUMET BUI:

I R-dt=m-c-do. (17)
I[Ipu 9TOM 3aBHCHMOCTb TEMIIEPATYPhl NPEBLIIIEHHs HaJl HAUaIbHBIM 3HAYEHHEM

OT BpeMeHHU OyIeT HOCUTh JINHEWHBIN 3aKOH:
I*R
O=—:-t 18
— (18)
Ecnu B ypaBHenuu (18) BMecTo t UCIOIB30BaTh MOCTOSIHHYIO BPEMEHH HAarpena 7,

TO TEMIIepaTypa NPOBOIHUKA MTPU OTCYTCTBUHU TEILIOOTAAYH OyJeT:
I>R IR m<c I?>R
Otr = e T = ks — ks (19)
[Tocne OTKIIOUEHHS TOKAa HArpeB MPOBOJHMKA 3aKAHUYMBACTCS M HAYMHAETCSA
MPOLIECC OXJIAKICHUS. Y PABHEHUE OXJIAKIACHUS IPUHUMAET BUJL:
m-c-d0O+K-S-0-dt =0 (20)
3aBUCUMOCTh TEMIIEPATYPbl OT BPEMEHU MPU OXJIAKICHUN KOHTAKTa, IPOBOJHUKA
WJIU DJICKTPUYECKOTO0 000PYI0BAaHUS UMEET BUI:

t
O =0i_n € X (21)
rae O;_, — TeMneparypa MpPEBBILICHU HaJ TEMIIEPATYPOU OKPYKAIOIIEH CPEIbI.

Ha Bosnumkawomyro T1epModDJIC B  KOHTAaKTHBIX COCAMHEHUSAX  BIIUSIOT
XapaKTEPUCTUKH W TNapaMeTpbl KOHTAKTHBIX MAap, TAKME KAaK Macca, COMPOTHUBIICHUE,
AIEKTPONPOBOJHOCTD, MAPKa MaTepurana KOHTAaKTHON napsel U T.1. VX n3MEHEHHE MOXKET
UMETh KaK MpsMOE, TaK U 00paTHOE BIUSHUE HA BeMUnHY U Xapaktep TepmolJIC. [lns
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OTIpeJICIICHUS BIMSIHUS 3TUX MAPaMETPOB KOHTAKTHOTO coeauHeHus Ha TepMoIJ1C Obimn
IPOBEJICHBI UCCIIEIOBAHUS Ha MOJCIIH.

[Ipu monenupoBaHUM Macca KOHTaKTa BapbUpoBajiach OT 1 10 3 rp, mepexoaHoe
conpoTuBieHue KoHTakTa BapbupoBasiock oT 0,01 OM mo 1 OM, TOK, MpOTEKarOIIUiA

Jx
4yepe3 KOHTakKT paBeH 10 A, yaenbpHas TETUIOEMKOCTh Menu o = 385 o Pesynbrarsl
KI'*
MOJENMPOBAHUS MTOKA3aHbl Ha puc.1-3.

Hszmenenue maccuwi.
140 Pucynok 1 —
3aBUCUMOCTb
120
o ///7/7 TEeMIIEpaTyphbl
100 .
° / // KOHTAKTHOW Tapbl OT
> 80 / / / U3MEHEHHM  MAacChl
©
g 60 / IIpU  CONPOTHUBIIEHUU
s paBHOM 0,1 Om:
@ 40 -
— — 1 rp,,
20 — -2r1p,,
0 — 3 r‘p‘
0 50 100 150 200 250 300

Bpems, ¢

N3 puc.l BugHO, 4TO B HaYaJbHBIH MOMEHT BPEMEHHU HJET POCT TeMIEPaTyphl,
0OyCJIOBIIGHHBIN TIOTepEed MOIIHOCTA TMpPU MPOTEKAaHUU TOKa UYepe3 KOHTAKTHOE
COCNMHEHHE, O00aNaIIee TMEPEeXOAHBIM COMPOTUBICHHEM. 3a cueT HeOOIbIIoN
Pa3HOCTH TEMIIEPATYp KOHBEKIIMOHHAS COCTABJISIONIAS OXJIAXKJCHUS HE OKa3bIBACT
OOJIBIIOTO BJIMSHUS HAa TEPMOJUHAMUYECKYIO CHCTEMY KOHTAKTHOTO COIPOTHUBIICHHUS.
UeMm MeHblIE cyMMapHasi Macca KOHTAaKTHOTO COEAUHEHUsI, TeM OBICTpEe MPOUCXOJUT
MIPOLIECC HArpeBaHUsl. Y CTAHOBUBIIHUICS TEIJIOBOU pexuM Hactynaet yepes 100, 150 u
200 cexk. ays pa3HbIX MacC KOHTAKTHOTO COEJIMHEHUS.

Hsmenenue conpomuenenus

140 PucyHox 2 —
3aBUCHUMOCTD
120 TEMIIEPATYPHI
~ .
© 100 / KOHTAKTHOW  Mapel  OT
< / U3MEHEHU
E 80 COIIPOUBIICHMUS, npu
£ / Macce paBHoOM 1 rp:
§ 60 —— 10 MOwm,
20 l _7 — — 20 MOwm,
— — 30 MOwm,
20 — — 100 MOMm
0 50 100 150 200 250 300
Bpems, c

Kak BugHO W3 puc.2, MakcMMalibHasi TeMmmepaTypa OpsiMO MPONOPLHOHAIbHA
conpoTuBiiecHUIO. [Ipn yBelIMYeHWM CONMPOTUBIICHUS YBEIWYMBACTCS MAaKCUMallbHas
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temmneparypa. [Ipu pocte TemnepaTypbl YBEIMUUBACTCS KOHBEKIIMOHHASI COCTABJISIONIAS
oxyaxaenus. [Ipu s3ToM HaOMIOAAETCS HE3HAUUTEIBLHOE YBEIUYEHUE BPEMEHU HarpeBa
TEPMOAUHAMHUYECKON CUCTEMBI IO MAaKCUMaIbHON TEMIIEPATYPHI.

Usmenenue mamepuanog
Pucynox 3 —
3aBUCUMOCTD

120 S TEMIEpPaTyphI
— KOHTaKTHOM IMapbl OT
100 V- P

/ THIA MaTepuaa:
80 - —— — ME]Ib,
/ — — CTajb,

60 o
— AJIFOMHHUHU.

140

Temnepartypa, °C

40 -

20

0 50 100 150 200 250 300
Bpems, ¢

Kak BugHO M3 mostydyeHHOro rpaduka, yem BhIIIE yielbHas TEIIOEMKOCTh, TEM
MEHbIIE CKOPOCTh HAapacTaHusd TeMIeparypbl. OTO OOYCIOBIEHO YBEJIMYEHHON
WHEPIIMOHHOCTHIO TEPMOJUHAMUYECKON CUCTEMbI. UeM BbIIIIE y/eIbHasl TeIJI0EMKOCTh,
TEM JI0JIbIIIE MaTepHuary He0OX0IMMO 3aIacaTh TEIJIO U TEM CJIOKHEE €ro OT/1aBaTh.

st pacdera mEpeXOAHBIX TMPOIECCOB B KOHTAKTHOM COCAMHEHUH Oblia
pazpabotana reomeTrpuueckas wmonaenb B cpeae AutoCAD 2019 (Russia) u
kouBeptupoBana B COMSOL Multiphysics, B KOTOpoM OBLJIO MPOBEICHO
MOJEIMPOBAHUE TEIJIOBBIX MPOLIECCOB. BbUIM OmNpeneneHbl TpaHUYHbIE YCIOBUS, MPH
KOTOPBIX BO3HUKAIOT BO3TOPAHUE M3OJIAIMU ICKTPUUECKUX MPOBOJHUKOB U BpeMmsi, 3a
KOTOpOE€ MPOMCXOAUT HAarpeB. Mojenb Y4YWTHIBA€T BCE BO3MOXHBIE (U3HUYECKUE
IPOLIECCHI, MPOTEKAIOIINE B KOHTAKTHOM COEIMHEHHUH, IPHU MPOMYCKAaHUU 4YEpe3 HEro
Toka. MoaenupoBanue B nporpammuoil cpege COMSOL Multiphysics nokazano, 4to
npu nporekaHuu Toka B 10A koHTakTHOEe coenuHeHue Harpeetrcs A0 900 rpamgycoB
Henbcust uepes 1000 cexkyHI, OpW STOM BOCIUIAMEHSIONMIASICS YacTh (M3OJISIUSA
npoBoHuKa) HarpeBaeTcs 10 350 rpaxycoB Lenbcus 3a 140 cexynn (puc. 4.0). Dtoi
TEeMIIepaTypbl JOCTATOYHO JUISI BOCIUIAMEHEHHSI PACTIPOCTPAHEHHBIX BUOB W3OJISIIUU

IIBX, BBI', BBI' u 1.11..
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a 0
PucyHok 4 — pacnipenesieHre TeMIIEpaTypHOTro NOJIs, a - B HAYAJIbHBIA MOMEHT
BpeMenu t=0 cek., 6 —yepe3 140 cexk.

Jist  ompeneneHus KPUTUYECKOTO 3HAUYEHMs] TEeMIIepaTrypbl B KOHTAaKTHOM
COEIMHEHUH HEOOXOIUMO ONpPEeNeNuTh BO3HUKAIONIYIO B HEM TepM0oDJIC, BbI3BaHHYIO
HarpeBoM. Jlns  o3Ttoro  Obuia  OT(GUIBTPOBaHA MEpPEMEHHAs  COCTAaBIISIOLIAS
rapMOHUYECKOTO CUTHaja, 3aTeM CUTHAJ ObUI ycuJieH (PUCYHOK 5) U moaaH Ha Bxoxa 20

paspAaHOIO AHH, IMO3BOJIAIOIICTO KOHTPOJIUPOBATE CUTHAJI aMHJII/ITy,HOﬁ pi(e; 81 MxB.
U, MB

6.5 \
; \
5.5 \

5

45

4

t,c

PucyHnoxk 5 — oTGUIBTPOBAHHBIN U YCUIICHHBIN CHUTHAT

Nudopmarus ¢ Beixoma AIIIl 3anmuceiBacTcss Ha cepBep yuyeTa MaHHBIX H
oOpabaTbiBaeTcsl. AHalIM3 CHUTHajla T[O3BOJIIET OLIEHUTh CKOPOCTb HW3MEHEHUS
NOCTOSIHHOM COCTaBJISIOLIEH U PACCUMTATh TEMIEPATYPY, BOSHUKAIOIIYIO B KOHTAKTHOM
COEJIMHEHHUH.

B Tperbeili riaBe omnucaHa SKCHEpPUMEHTANIbHAs YCTAHOBKA M TPEJICTABIICHBI
pe3ynbTarhl dKcnepuMeHToB. (CHcTeMa MOHMTOPUHTA KOHTAaKTHOTO COEIUHEHUs
«CMKC-1» coaepXuT NepCoOHATbHBIN KOMIBIOTEP, aBTOMATUYECKUN BBIKIIOYATENb U
YCTPOMUCTBO KOHTPOJS, COCTOSIIIETO M3 U3MEPUTENS HaNpsLKEHHs], JTBYXKACKaJIHOTO
buIbTpa HU3KUHN YaCTOT, YCUITUTEISI, BEIIPSIMUTEINS U TpaHchopMaTopa TOKa (PUCYHOK
6). Cuctema MOHUTOpPUHTA pabOTaET CASAYIOIMM 00pa30M: HAMPSXKEHNUE CETH POXOIUT
yepe3 aBTOMAaTW4YeCKWi  BbIKIouarens (AB), wu3Mmepurens HampsokeHUs U
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TpaHchopMaTop TOKA, HE M3MEHSSICh, MOMajacT Ha Harpy3ky. CHTHam o XapakTepe
HalpsDKEHUST C  M3MEPUTEINS TOCTYyNaeT Ha PE3UCTUBHO-EMKOCTHOM  JCIUTEINb
HaIpPsDKEHMS, 1aJie€ Ha aKTUBHBIN (QUIIBTP HU3KUX YaCTOT U 3aTE€M Ha YCUJIUTEb.

A Cepsep yuera, cbopa u
: 00pabOTKM JaHHBIX

Bxon
220B Brixon
50l Harpy3Ky

=

Pucynok 6 — CTpyKTypHasi cxema CUCTEMbl MOHUTOPUHTa KOHTAKTHOTO COSMHEHUS
«CMKC-1»

C ycuuTess CUTHAI MTOCTYIAET B BRITIPSIMUTEIh JUISI TIOTYUYEHUS TTOJIOKUTEITHHOTO
3HaueHus. llomydeHHBIC NaHHBIC MOCPEICTBOM IIEPENAIONIero y3iIa MepeaaroTcsl Ha
cepBep yueta, cOopa u 00paboTku mHpopMmammu. BMecTe ¢ cUrHaiIOM HamnpspKEeHUS Ha
cepBep ydera, coopa u 06padboTku MHGOPMAIINH MTOCTYIMAET CUTHAI ¢ TpaHchopMaTopa
TOKa O BEJIMYMHE TOKA. XapaKTCPHBIM BUJ CHTHAJIA ITOCJIEC BBIMPSIMHUTENIS MMOKa3aH Ha
puc.7.

1,4

A - A N,
N R AW WA
\ /] \

L] Vv Vo

9,885 9,89 9,895 9,9 9,905 9,91 9,915 9,92 9,925 9,93 9,935
tc

PI/ICYHOK 7 — Cursai ¢ BbIXOJld BBIIIPAMUTCIIA
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Ha ocHOBaHMM TMOJYYEHHBIX JaHHBIX QJITOPUTM OOpaOOTKU OIpeAeIseT
3 TpeMyMbl (PYHKIIMU U PACCUUTHIBAET PA3HOCTh 3HAUYECHUN SKCTPEMYMOB B COCEIHMX
n ynepuonax. [lomydeHHbI pe3ynbTaT nOCHE YCUIICHHS IOKa3aH Ha PUC.8

U, MB

Pucynok 8 — 3HaueHHNe MOCTOSHHOM COCTAaBIISIFOIICH B TApMOHUYECKOM CUTHAJIE

Ha npuBenenHoM rpaduke BUJI€H €CTECTBEHHBINM (POH TOCTOSHHOM COCTaBIISIOIIEH
rapMOHUYECKOIO0 CHTHAJla, paBHbIM npumepHo 2,5 MB. B momeHT Bpemenu ~5c¢
HAYMHAETCSI HArpeB KOHTAKTHOTO COEJAMHEHUS, NPU STOM HAYMHAETCA W3MEHEHHE
TepmoI/1C, B MOMeHT BpeMeHH 10c Harpy3Ky OTKIFOYWIN U HarpeB npekpaTtuiics. [locie
3TOrO0 TMPOUCXOJUT TIPOIECC ECTECTBEHHOro oxjaxaeHus. Hanpsokenune ~-15 mB
cootBerctByer Temneparype 400 °C. Kak BuUIHO W3 TMOMY4YEHHBIX TpaduUKoOB,
IIPEUIOKEHHBIA METOJI TIO3BOJISIET C BBICOKOW JOCTOBEPHOCTBIO ONPENEIATh U3MEHEHHUS
B TEPMOJMHAMHUYECKHX CHUCTEMAx MOCPeACTBOM KOHTpossi TepMOO/IC KOHTaKTHBIX
COCAMHEHNN.

JUist mokanu3aluuu MeCT ¢ OOJBIIMM MEPEXOJHBIM COMPOTUBICHUEM KOHTAKTOB
OblIa Tpeasio’keHa cxema, MpuBeleHHas Ha puc.9. Pabora ycTpolicTBa OCHOBaHAa Ha
aHaJIM3€ BEJIMYMHBI IPOTEKAIOLIET0 TOKA U n3MeHeHUN TepM0IIC B MOMEHT BKIIFOUEHUS
U OTKJIFOUEHHUS DJIEKTPOOOOPYI0BAHUS, pacyeTa TeMIIepaTyphl U BEJIMUYUHBI KOHTAKTHOTO
COMPOTHUBJIEHUS B COOTBETCTBUU ¢ popMyoi (13). Cxema 3amunieHa nareHToMm PO.
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Cepgep yuera, coopa u 00pabOTKH JaHHBIX

~ oA 7
| | |
I I |
I I |
| I |
I 77 -
T
| ! |
| ! |
v ! |
! |
| :
[Tpu6op Nel : ; Harpyska
: |
| [
| [
| [
v |
Cetp :
220 B [Tpubop Ne2 - Harpyska
50I'n :
|
Vi

[TpuGop Ne3 > Harpy3ska

Pucynok 9 — Cucrema jiokanu3anuy MeCT ¢ OOJIbIIUM NEPEXOTHBIM
CONPOTUBJIEHUEM KOHTAKTOB.

B 3akiaiouyennu copMyIupoBaHbl OCHOBHBIC BBIBOJBI IO JIUCCEPTAIIMOHHOM

pabore.

B npunoxeHnu npuBeIeHbl pe3yabTaThl BHEAPEHHUS ITPOBEICHHBIX UCCIECIOBAHUN.
OCHOBHBIE PE3YJIBTATBI PABOTBI

1. TlpenynoxkeH W HCCAEAOBAH TEPMODIEKTPUUYECKUA METOA I JUArHOCTUKH
KOHTAaKTHOI'O  CONPOTHBIIEHHS, OCHOBaHHBIM Ha wu3MeHeHun TepmoIC
KOHTaKTHOM ITapbl IPH €€ HarPEBE 3a CUET TOKa Harpy3ku notpedurens. [lokas3aHo,
YTO MPY HarpeBe KOHTAKTHOTO COEIMHEHHUS 32 CYET TPOTEKAHUS TOKA MOTPEOUTENs
U HCNOJb30BAaHMM B KOHTAaKTHOM COEJMHEHUM pa3HBIX MaTe€pUaloB B
cootBeTcTBUU C 3P dhexTom 3eedeka nospsiercs TepmMoIIC.

[Ipeanoxen cnoco0 BbiaeneHuss HanpsbkeHuss TepmMoIC U3 cymMmapHOro
HaANpPsHDKEHUS] CETU AJIEKTPOCHA0XKEHUsI, OCHOBAHHBIN Ha pa3eIeHUH ePEeMEHHON
Y TIOCTOSIHHOM COCTaBIIAIONIEH B CETH 3JIEKTPOCHAOKEHUS.

Pazpaborana wmognens ans  ucciaenoBaHuss TepMoO/IC KOHTaKTHBIX —map,
NO3BOJISIONIAS MU3MEHATHh NApaMETPbl KOHTAKTHBIX Iap B LIMPOKOM JHMAIMA30HE
BEJIMYMH.
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3. Pa3zpaborana sKcrepuMeEHTaJbHas yCTaHOBKA ISl JAETEKTHPOBAHHS OOJBILIOTO
MIEPEXO0THOTO COMPOTUBICHHUS KOHTAKTOB Ha OCHOBE MOHUTOpUHTa TepMo/IC.

4. Pa3paboTtaH cnoco0 JIOKaJu3aluu MeCT OOJIBIIOr0 MEPEXOJHOTO COMPOTUBICHHUS
KOHTaKTOB, OCHOBAHHBIH Ha aHalW3e CKOpocTH u3MeHeHus Tepmod/C mpu
BKJIFOUEHUH U OTKJIFOYEHUU HArpy3KH.

5. IIpoBeneHbl TEOPETUUECKHUE U HKCIIEPUMEHTAIbHBIE UCCIIEOBAHUS 3aBUCUMOCTH
TepMoO/IC  OT BENUYMHBI MEPEXOJAHOIO  CONPOTUBIECHUS  KOHTAKTHOI'O
COCTUHEHHUS.

6. Pa3paboran makeTHbI oOpasen ycTpoicTBa, BHeApeHHbH Ha OAO «HIII]
«ITOJIKOC», 1 mpOBEAECHBI €T0 UCIIBITAHUS.
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