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HOPMATHUBHBIE CCBIVIKHN

B nacrosei nuccepraiiioHHON paboTe UCIIOb30BaHBI CCHIIIKM Ha CIIEAYIONINE
HOPMAaTHBHBIE MPABOBBIC AKThI, CTPOUTENIbHBIC MPABUIIA, MEKTOCY/IAPCTBEHHBIE U
MEKTyHAPOIHbIE CTaHIapThI:

VYka3 Ilpesunenta Pecmyonuku Kazaxcran ot 30 utons 2024 roga Ne611 «O6
yTBepxaeHnn HanmonanbHoro rana passutus Pecny6nuku Kazaxcran mo 2029
roga W TPU3HAHUK YTPATHUBIIMMU CWJIY HEKOTOpbIX YyKa30oB IIpe3uneHta
Pecny6nmuku Kazaxcrany.

Vka3 [Ipesunenra Pecnyomuku Kazaxcran ot 2 deBpans 2023 rona Nel21 «O6
yTBepkieHnn CTpaTeruu JOCTUKEHHS YITIEPOAHOW HEHUTpanbHOCTH PecmyOmuku
Kazaxcran go 2060 roga».

3akon Pecnyonmuku Kazaxcran ot 13 suBaps 2012 roma Ne541-1V «O6
HSHEProcOECPEeKEHUH W TOBBIINIEHUU HHEProdPPEKTUBHOCTU» C H3MEHEHUSIMU U
JIOTIOJIHEHUSIMU.

3axkon PecnyOmuku Kazaxcrtan ot 8 wutons 2024 roma Nel20-VIII 3PK «O
TEIUIOAHEPIeTUKE» C UBMEHEHUSIMU U JIOTIOJTHCHUSIMH.

[ToctanoBnenue [IpaButensctBa Pecnyonuku Kazaxcran ot 28 mapra 2023 roga
Ne263 «O6 yrBepxknennn KoHuenuuu pa3BUTHs AIEKTPOIHEPTETUYECKON OTpacin
PecnyOnuku Kazaxcran Ha 2023-2029 rogsi».

[ToctanoBnenue IlpaButenbcrBa PecnyOmuku Kazaxcran ot 26 suBaps 2026
roga Ned0) «O cTpouTeNbCTBE W paliOHE CTPOUTENBCTBA SIICPHON YCTAHOBKHU
“Btopast aToMHasi JJICKTPUYECKasi CTAHLIUS ».

[Tpuka3 Munucrtpa suepreruku Pecnyonuku Kazaxcran ot 20 mapra 2015 roga
Ne230 «O6 yrBepxaennn [IpaBumn ycTpoiicTBa AJIEKTPOYCTAHOBOKY» C U3MEHEHUSIMU
Y JOTIOJTHEHUSIMU.

[Tpuka3 Munucrtpa snepreruku Pecnyonuku Kazaxcran ot 30 mapra 2015 roga
Ne246 «O6 yTBepxknenuu [IpaBun TeXHUUECKON KCILTyaTalluy 3JIEKTPOYCTAHOBOK
MOTPEOUTENCH ¢ U3MEHEHUSIMU U JTOTIOJTHCHUSIMU.

[Tpuka3 Munucrtpa suepreruku Pecnyonuku Kazaxcran ot 19 mapra 2015 roga
No222 «O6 ytBepxkaeHun IlpaBun TexHHKH 0€30MaCHOCTH MPH IKCILTyaTalluu
AIIEKTPOYCTAHOBOK MOTPEOUTENEI» C U3BMEHEHUSIMU U TONIOJIHEHUSAMH.

[Tpuka3 Munuctpa 3apaBooxpanenusi Pecnyonuku Kazaxcran ot 16 ¢espans
2022 roma NeKP JICM-15 «O06 yTtBepkiaeHuu [WrueHnYecKux HOPMATHUBOB K
buszngeckuM pakTopam, OKa3bIBAIOIINM BO3ACHCTBIE HA YETIOBEKA» C M3MECHECHUSMHU
U JOTIOJTHEHUSIMU.

CH PK 4.02-01-2011* «OtomuieHue, BEHTWISALIHUS W KOHIUIIMOHHPOBAHHUC
BO3IIyXa».

CII PK 4.02-101-2012* «OromieHue, BESHTUISALNHUSI W KOHIUIIMOHUPOBAHHUC
BO3IIyXa».

CII PK 4.02-106-2013* « ABTOHOMHBIE HICTOUHUKH TEIIIOCHAOKESHUS.

CII PK 2.04-01-2017* «CtpoutenbHas KIMMaTOJIOTHS.

CH PK 2.04-07-2022 «TemmoBag 3a1mra 30aHHN).

CII PK 2.04-107-2022 «Tenimosag 3amuyra 31aHUAIN.
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CT PK 2.87-2005 «locymapctBeHHass cuctemMa oOO€CHEUYeHHUs eIUHCTBA
m3Mmepennii Pecnyonmuku Kaszaxcran. Tepmonapsl. HomuHanbHbBIE CcTarHueckue
XapaKTEePUCTUKHU TTpeoOpa3oBaHUs»

['OCT IEC 60335-1-2015 «bbITOBBIE 1 aHATIOTHYHBIE IIEKTPHUUECKUE IPUOOPHI.
be3onacHocTh. YacTs 1. O6mue TpeboBaHMS.

I'OCT IEC 60335-2-30-2013 «be3onacHOCTh OBITOBBIX U aHAJOTHYHBIX
anekTpudyeckux mnpubopoB. Yacte 2-30. YacTHeie TpeOOBaHHUS K KOMHATHBIM
o0orpeBareIsim.

I'OCT IEC 60335-2-61-2013 «be3omacHOCTh OBITOBBIX M aHAJIOTHYHBIX
alieKTpudeckux mpuodopos. Yacts 2-61. YacTHble TpeOOBaHUS K aKKyMYIISIITUOHHBIM
KOMHATHBIM 000TPEBATEISIMY.

['OCT IEC 60335-2-96-2012 «be3omacHOCTh OBITOBBIX M aHAJOTHYHBIX
aNieKTpuueckux nmpubopos. Yacts 2-96. YacTHbie TpeOOBaHUS K THOKUM JTHUCTOBBIM
HarpeBaTeIbHBIM AJIEMEHTaM JIJIs 000TpeBa KUJIBIX MOMEIICHUI.

I'OCT IEC 61000-3-2-2021 «3nexrpomarautHas coBMmecTuMocTh (OMC).
Yacte 3-2. Hopmbl. HOpMBI 3MHCCHM TapMOHUYECKHX COCTABISIOIIMX TOKA
(o0opynoBaHue ¢ BXOAHBIM TOKOM He Oosiee 16 A Ha dazy)».

['OCT 32144-2013 «Onexrpuyeckas 3Heprusa. COBMECTUMOCTh TEXHUYECKUX
CpEACTB dJeKTpoMarHuTHas. HopMbl kKauecTBa 3EKTPUUYECKON SHEPTUH B CUCTEMAX
AIIEKTPOCHAOKEHUST 00I1IETO HA3HAYCHUSD.

I'oCT 30804.4.7-2013 «COBMECTUMOCTh ~ TEXHUYECKHMX  CPEACTB
anekTpomarauTHas. O01ee pyKoBOJICTBO MO CPEACTBAM U3MEPEHUN U U3MEPECHUSIM
TapMOHUK W MHTEPTapMOHHK JJISI CUCTEM DJIEKTPOCHAOKEHHS U MOAKITIOUaeMbIX K
HUM TEXHUYECKUX CPEACTBY.

['OCT 29322-2014 (IEC 60038:2009) «HampsixkeHus: cTaHaapTHBIEY.

IEC 60800:2021 «Heating cables with a rated voltage up to and including
300/500 V for comfort heating and prevention of ice formationy.

I'OCT 34100.3-2017/ISO/IEC ~ Guide 98-3:2008 «HeomnpeneneHHOCTh
m3mepeHus. Yacte 3. PykOBOICTBO MO BBIP@XKEHHUIO HEOIPEAECIECHHOCTH
U3MEPECHUS».

I'OCT 8.417-2024 «locymapcTBeHHass cucrtemMa oOOECHeUeHHUsI €IUHCTBA
M3MEpEHUN. EqMHUIIBI BETTUUUHY.

I'OCT 147-2013 (ISO 1928:2009) «TomnuBo TBEpAOE MHUHEpAILHOE.
OmnpezaeneHue BbICHIEN TEMIOTHI CTOPAHUS M pacyeT HU3IICH TEIIOThI CTOPaHUsD).

I'OCT 12.1.005-88 «Cucrema cranmaptoB Oe3omacHoctd Tpyaa. OOrmiue
CaHUTAPHO-TUTHCHUYECKHE TPEOOBAHUS K BO3AYyXy padoueii 30HbI.
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— CHelnuanbHas SKCIEPUMEHTAIbHASL Cepus MJis OLEHKHU
BIIMSIHUSI HAYAJILHOTO OCTaTOYHOTO JaBJICHUS

— KOHCTPYKTHUBHBIC BapUAHTHI AJICKTPOBAKYYMHOU CEKIIHH
I[IOH/I
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— TpyOuaThlii HarpemBareilb MoOIIHOCTHIO 120 BT,
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— WHAYKUMOHHBIA HarpeBaTeilb MoIIHOCThIO 120 Br,
WCIIOJIb30BAHHBIN B CPABHUTEIIBHBIX HCTIHITAHUAX

— ombITHBIN TIpuOOpHBIN oOpaszen [I9H]] mommuocThi0 500
Bt

— npubopubie Moayiau [IDH]] HomMuHANBHONW MOITHOCTHIO
600, 800 1 1000 BT coOoTBETCTBEHHO

— BOJOIPEMHBIM TBEPAOTOIUIMBHBIM KOTEJI TEIIOBOU
MoIHocThi0 0,3 MBT



BBEJAEHHUE

AKTyaJbHOCTH padoThl. OnekrposHepretuka Pecnybmuku Kazaxcran
pa3BUBAETCA B YCIOBHSX POCTa 3JIEKTPUUYECKHX HArpy30K, BBICOKOIO HM3HOCA
TEHEPUPYIOUINX W CETeBBIX  AKTUBOB,  HEOOXOIMMOCTH  TIOBBIIICHUS
9Heprod((HEeKTUBHOCTH U TeEpexola K HHU3KOYIJIEPOIHOM MOAENH pa3BUTHSL.
Cornacno HaumonansHoMy muiany pa3zsutus PecryOnuku Kazaxcran no 2029 rona,
B 2023 rogy pasHulla MEXAYy IPOU3BOJICTBOM U MOTPEOJICHUEM DJIEKTPOIHEPTHUU
cocraBuia 2,2 mupa kBt1-4, a k 2029 rogy MoxxeT 10CTUrHyTh 6,9 muipa kBt 4. [Ipu
ATOM [0S 3JeKTpocTaHuuii crapiie 30 ser cocraBiser 56%, cpegHuil M3HOC
AIIEKTpUUYECKUX ceTel — 74%, a moTrepu IpU PACHPENECICHUH 3JIEKTPOIHEPTUU
nocturatlotr  14% [1]. Ha oHepretnueckuid cekrop npuxogurca 77,6%
HallMOHAJIBHBIX HETTO-3MUCCHM, a BKJIAJl yIIIs MpeBbIIaeT 55,7%, 4To yCHIMBaeT
3HAYEHUE SHEProcOepekeHuss ¢ MOBBIMEHUS A(P(EKTUBHOCTH KOHEUHOTIO
MCTOJIb30BAHMS AJIEKTPUYECKOU dHEPTHH [2; 3].

AKTYyalbHOCTh YNPAaBISIEMbIX 3JIEKTPUYECKHX HArpy30K Bo3pacTaeT Ha (hoHe
U3MEHEHUs CTPYKTyphl reHepanuu. [lo onenkam Agora Energiewende, k 2030 roay
COJTHEYHAasi W BETpoOBas TeHepalusi MOryT CTaTh Hauboiee HSKOHOMUYECKH
IIPUBJICKATEIIbHBIMA UICTOYHUKaMU HOBOM 31eKTposHepruu B Kazaxcrane [4]. Hons
BO30OHOBJIIEMBIX HCTOYHMKOB SHEPIMM B MPOMU3BOACTBE 3JIEKTPOIHEPTUU
cocraBuia 6,4% B 2024 roxy, wim 7,55 mupa kBt-4 [5], 1 7% B 2025 roxy, wim 8,62
miapa kBt-4, npu neneBom opuentupe 15% k 2030 rony [4; 6]. OnHOBpEMEHHO B
cTpaHe (OPMUPYIOTCS MPEANOCHUIKYA Pa3BUTHS aTOMHOM reHepaliy Kak HCTOYHHKA
HU3KOYTJIEpOAHOM 0a3oBoil MomHOocTH [7; 8]. B 3TMX ycnoBusSx Bo3pacTaer
3HAYEHUE YIIPABISAEMBIX NIEKTPUUECKUX HArpy30K, B TOM YUCJIE AIEKTPOTEIIOBBIX,
CHOCOOHBIX U3MEHSTh PEKUM MOTPEOICHHSI AKTUBHOM MOIIIHOCTH U COTIACOBBIBATh
TEIJIOBOM CIPOC C peXUMaMU pabOThl SHEPTOCUCTEMBI.

B MexayHapooHOl MpakTUKE Takoe HaNpaBICHHE paccMaTpUBAETCS Kak
COMIACOBAaHHOE PA3BUTHUE 3JIEKTPOIHEPIeTUKU W TEIJIOCHAOXKeHUs. TeXHOJIOrnu
npeoOpa3zoBaHusl JIEKTPUUYECKON IHEPTUU B TEIUIOBYIO MO3BOJISIOT MCHOIb30BaTh
AIIEKTPOTEIIOBBIE HAIPY3KH JUIsl UHTErpalliy BO30OHOBIISIEMO TeHepaluu, THOKOTO
YIpaBJIEHUsS HArpy3kol W 3aMmelieHuss uckonaeMmoro Ttommsa [9]. IlosTtomy
npeoOpa3zoBaHue EKTPUUYECKON SHEPTUH B TEIUIOTY AJIA OTOIUIEHUS, JIOKAJIbHOTO
JIOTpEBa M ABTOHOMHOIO TEIIOCHAOXEHHsI MOTpeOuTeNneil sBIseTcs He TOJIbKO
TEIUIOTEXHUYECKOM, HO U AJIEKTPOIHEPTETUUECKOU 3a/1a4€H, CBA3aHHOU C PEXKUMaMHU
noTpeOaeHus] aKTUBHOM  MOIIHOCTHM M pallMOHAJIbHBIM  HCIIOJIb30BaHUEM
AIIEKTPOIHEPTUN.

[lepexon Kk JOKaJIbHOMY U JIEHEHTPATU30BAHHOMY 3JIEKTPOTEILUIOCHAOKEHUIO
coracyercss C 3ajadyaMd  TOBBIIIEHHS HAAeXHOCTH U  3((HEKTUBHOCTH
TEIJI0OCHA0KEH s, 3aKpEIJIEHHBIMU B 3aKOHOAaTenbcTBe Pecnyonuku Kazaxcran o
teriosHepretuke [10]. Jlms OonblIMHCTBA PETrMOHOB CTpaHbl  XapaKTepeH
OTOMUTENBbHBIN MEPUOJ] TPOAODKUTEILHOCTHIO Oosee mectu Mecsues. [1o qaHHbIM
MexayHapogHOTO JHEPreTHUYECKOro areHTcTBa, okoyno 30% 1OMOXO3SCTB
Kazaxcrana uCHosib3ylOT yrojib WU JApOBa, a YIAEIbHOE MOTpeOJIeHHEe SHEPrUU
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3MaHUsMU B 2—3 pas3a BbIlIE, 4YEM B CEBEpHOW uvactu 3amagHoi Eponwr [11].
Konueniusi TemnocHaOXeHUsT YETBEPTOTO TOKOJICHUSI PacCMaTpUBAET TEIJIOBBIC
Harpy3Ku KakK YacTb SHEPreTHYECKUX CHUCTEM, IJI€ 3JIEKTPUUYECKUE, TEIIOBBIE U
razoBbl€ CETH padOTalOT corlacoBaHHO [12].

JlononmHuTENbHBIM  ()aKTOPOM, YCHIIMBAIOUINM  aKTyaJdbHOCTh JIOKaJbHOTO
ANIEKTPOTEIIOCHAOKEHUS, SIBIISIETCSI CE30HHOE 3arpsi3HEHUE aTMOC(EepHOTO BO3IyXa
IIPU  UCIIOJNB30BaHMM TBepAoro Ttomuuea. B 2021 romy cpenHeronoBbie
KoHLeHTpauun PM2.5 B Actane u AnMarbl NpeBbIIATIA OpUEHTUP BceMupHoi
OpraHu3allviy 3IpaBOOXpaHEHUs COOTBETCTBEHHO B 4,5 1 7,1 pasza [13]. B Kaparanae
B 2024 rony 66110 3adUKCUPOBAHO 46 256 MPEBBIIICHUN MPEAEIbHO JTOMYCTUMBIX
KOHUEHTPALH 3arpsA3HSAIOMINX BEUIECTB, IPU 3TOM OKOJIO 25 ThIC. IOMOXO3SMCTB
WCITOJIb30BAJIA TBEPJOTOIUIMBHBIC TIEUH, OTPEOIIsis 32 ce30H nopsiaka 290 Thic. TOHH
yrist [14]. Tlo ouenke Becemuproro 6anka, Masibie OBITOBBIC IT€YH U KOTIIBI OTHOCSITCS
K 3HaYMMBbIM UCTOYHUKAM BbIOpocoB PM2.5 [15].

JlokalbHBIE AIIEKTPOTEXHUYECKHE HarpeBaTelbHbIE YCTPOWCTBA B 3THUX
YCIOBHUSIX ~ MpUOOpETAlOT  3HAYEHUE  KaK  JJIEMEHThl  PacHpele’IeHHOrO
ANeKTpoTeriocHadkenusi. VX mpenMyniecTBaMu — SIBISIIOTCS  IIPOCTOTA
NOJKJIFOYEHUSI, BO3MOYKHOCTh aBTOMAaTH3allMM, CEKLUHMOHHOTO PEryJIUpPOBAHUS
MOIIIHOCTH W HEMOCPEICTBEHHOIO Npeo0pa3oBaHUsl aKTUBHOM 3JIEKTPUYECKOM
MOIIIHOCTH B TEIUIOBYIO SHEPrHI0 B MecTe mnorpebnenus. Bmecre ¢ Tem
TPAJAUIIMOHHBIE ANEKTPUUECKUE OTOMUTEIbHBIE TPUOOPHI HE BCETIa 00ECIeYNBAIOT
OJTHOBPEMEHHOE COYETAaHUE CEKIIMOHHOTO WJIA CTYNEHYaToro peryJiupoBaHUs
MOIIHOCTH, OTPAHUYEHHON TEIUIOBOW HHEPLUUOHHOCTH, PABHOMEPHOM TEILIOOTAAYN
U OTPpaHUYEHUS TEeMIEepPaTypbl JOCTYITHON MOBEPXHOCTH, PabOTHI 0€3 BHEIIHETO
BOJISHOTO KOHTYpa, HAONI0IaéMOCTH M COBMECTUMOCTH C aBTOMATUYECKUM
KOHTPOJIEM, 3JIEKTpPOOE30MaCHOCTH M KayecTBa IOTPEOJ]ICHUs AIIEKTPUYECKOM
HHEPTUU.

[lepcrieKTUBHBIM  HAMpPABJICHUEM  TOBBINICHUS A(PPEKTUBHOCTU  TaKUX
YCTPOWCTB SABJIIETCS HCIOIb30BAaHUE JABYX(A3HOTO TEIIONEPEHOCA B TEIIOBBIX
TpyOkax u TepMmocudonax. COBpEMEHHbIE UCCIEIOBAaHUS TIOATBEPKIAIOT
BO3MOXKHOCTH TEIUJIOBBIX TPyO B CHCTEMax IMepenayd M IepepacnperesieHus
TeroTel [16], a TeopeTHYeCcKHue OCHOBBI MPOIIECCOB B TEIUJIOBBIX TpyOax u
NByX(a3HbIX TePMOCU(POHHBIX CHCTeMaX U3JI0XKeHbl B pabotax Dunn u Reay [17],
Chi [18], be3ponnoro, Pioro u Koctroka [19], a Takxe Faghri [20]. Takue cuctembl
o0ecreunBaoT MEePEHOC TEIUIOTHl 3a CYET MCIApeHUs pabodyero Tesna, JNBUKCHHS
napa B 30Hy KOHJICHCAIIMH U BO3Bpara KOHJIeHcaTa 03 BHEITHETO BOJITHOTO KOHTYpa
U HUPKYJISILIUIOHHOTO HAcoca.

HecMoTpss Ha pa3BUTYI0 TeOpeTHYeCcKyro Oa3y IO TeIUIOBBIM TpyOaM u
TepMocudoHaM, MPUMEHUTEIHLHO K MapOBOMY 3JIEKTPOOOOTPEBATENI0 HU3ZKOTO
nasnenust (ITOHJI) Ha ocHoBe anekTpoBakyymHON TerioBoil TpyOku (OBTT)
IPaBUTAIMOHHOTO THUIIA COXPAHSIOTCS TPU HAYYHO-TEXHUYECKUX Mpodena. B
U3BECTHOM JIUTEparype He MPEACTABICHO (PU3UKO-MAaTEMAaTUUYECKOE W YHUCICHHOE
onucanue OBTT kak snekrporennoBoro yszna [I9H/[ npu moaBoae akTUBHOM
MOIIHOCTA B MCIAPUTEIIBHYIO 30HY. OKCIEPUMEHTAIbHO HE YCTAHOBJICHBI
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3aBUCUMOCTH TEMIIEPATypPHOTO TOJIsl TeruiooTaaromeid nosepxuoctu [IOH] ot
AMEKTPUUECKUX PEKMMOB TEILJIONO/IBO/IA, KOJIMYECTBA pabOvero Tena, HadyalabHOTO
OCTaTOYHOI'O JIaBJIeHUWs M reoMeTpuu cekuumu. HemocrarouHo pa3padboTaHo
anekTpo3Heprerudeckoe odocHoanue [19H/] kak ynpapnsieMoil 37eKTpOTEIOBOM
Harpy3Ky, BKJIIOYas CEKIIMOHHOE YIIPABICHUE, MOHHUTOPUHI TEMIICPAaTypPHBIX WU
ANEKTPUYECKUX MapaMeTPOB U TpeOOBaHUS K O€301MaCHOMY IPUMEHEHHUIO.

B nHactosimeit paboTe yka3aHHOE HalpaBJIEHUE PACCMaTPHUBAETCS Ha MPUMEPE
[IOHJ. Ilo d¢usnyeckomy mnpunmuny OIOBTT IIOHJ] npencrasinser coboit
o0ecUTHIBHBIN ABYX(a3HBIN 3aKPBITHIN IPaBUTALIMOHHBIN TepMOocu(oH. BBenenue
TaKOro YCTpPOMCTBA B TMPEAMETHYIO O00JIacThb HCCIEAOBaHUS OOYCIOBICHO
HEOOXOAMMOCTBIO  pa3paboTKu  3HEProdGEeKTUBHOIO,  yNPaBIIEMOTO U
KOHCTPYKTUBHO IIPOCTOTO 3JIEKTPOTEXHUYECKOIO HArpeBaTejbHOIO YCTPOMCTBA,
CIIOCOOHOTO BBIMONHATH (PYHKIIMM aJIBTEPHATUBHOTO JIOKAJIHHOTO HMCTOYHHKA
TEIJIOBOW SHEPTUH 0€3 MPUMEHEHHUS BHEIIHETO BOASHOTO KOHTYpa.

TakuM 00pa3oM, akTyaJlbHOCTb JHCCEPTAMOHHOM pPaOOTHI OIpenensercs
MOTPEOHOCTHIO  ANEKTpOIHEpreTukn Pecnyonuku Kazaxcran B MOBBIICHUU
3((HEKTUBHOCTH KOHEYHOTO JHEPronoTpeONeHHs, PpPa3BUTUU  YIPABISAEMbBIX
DIIEKTPOTEIUIOBBIX ~ HAarpy30K W CHWKEHWH  3aBHUCHUMOCTH  JIOKaJbHOIO
TEIJIOCHAOKEHUsI OT TBEPAOrO TOIUIMBA, 4 TAKXK€ OTCYTCTBUEM B H3BECTHOM
JUTEpAType UEIOCTHOrO (PU3MKO-MATEMATHUYECKOrO, HKCIEPUMEHTAIBHOTO U
AIIEKTpOdHEpreTuueckoro  obocHoBanuss [IDHJ[ kak  2IeKTPOTEXHHUYECKOTO
HArpeBaTeJIbHOT0 YCTPOWCTBA C BHYTPEHHHMM JBYX(ha3HBIM TEIIONepeaatonuM
3JIEMEHTOM. DTO U OIpeeisieT Ledb HACTOAIEH padoThI.

Heap auccepranMoHHOl PpadoThl — UCCIEAOBaHHME U pa3paboTKa
9Hepro’(p(HEeKTUBHOIO  BJIEKTPOTEXHUUYECKOIO  HArpeBaTelIbHOIO  YCTPOWCTBA,
o0ecreynBaroero (PyHKIMN aJTbTepPHATUBHOTO UCTOYHMKA TEIUIOBOW SHEPTHUH IS
JIOKaJIbHOTO aBTOHOMHOTO, JNEUEHTPAIN30BAaHHOTO 17§ rUOpUIHOTO
AIIEKTPOTETIOCHAOXKEHHUS.

JInst AOCTHXKEHUS TOCTABJICHHON €M HEOOXOAMMO PEIIUTh CIEAYIOIIUe
3a1a4u:

—  BBINOJIHATH  AHAJIU3  COBPEMEHHOTO  COCTOSHHS  DAJIEKTPUUYECKOTO
TEMJIOCHA0KEHUS U AIIEKTPOTEXHUUECKUX HarpeBaTelIbHbIX YCTPOUCTB, 00OOLIUTH
CBOMCTBA TEIJIOBBIX TPYO M JBYyX(a3HBIX TEPMOCU(POHOB, BBISIBUTH OTPAHUUCHUS
CYUIECTBYIOIIMX pEUIEHU U O0O0OCHOBaTb HAy4YHO-TEXHUYECKUH TMpolen B
HCCIIEIOBAHUU JJIEKTPOBAKYYMHBIX HArpeBaTENIbHBIX YCTPOMCTB OTOIMHUTEIBLHOIO
Ha3HAYCHHUS;

—  pa3paboraTh  (PU3MKO-MAaTEMAaTUYECKYyl0) M  UYHCJICHHYIO  MOJEb
AIIEKTPOBaKyyMHOM TerioBor TpyOku [IDH/I, BeIMOMHUTH pacueTHBIA aHaIU3
TEMIIEpaTypHBIX TOJEH, TEeIJIOBBIX TIIOTOKOB U DJHEPreTHYECcKOro OajaHca,
ONPEACIUTh YCJIOBUS YCTOWYMBOM pabOThl NBYyX(Aa3HOro IMKJIA U MpeaesbHbIe
PEKUMBI YCTPOMCTBA;

— pa3paborarb O3KCIEPUMEHTAJIbHBIA CTEHJ U TPOBECTH CTEHIOBbBIE
UCCJIeIOBaHUs ONBITHRIX 00pa3noB [IOHJ] nns momyyeHust TemmepaTypHBIX,
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TEIUIOBBIX M JHEPIeTUYECKUX XAPAKTEPUCTUK, OLICHKH BIIHUSIHUS KOHCTPYKTHMBHO-
PEXKUMHBIX TAPAMETPOB U NMPOBEPKH PACYETHBIX NOJIOKEHUN MOJIEIIN;

— 000CHOBaTh KOHCTPYKTHBHO-TEXHOJNIOTUYECKUE U AJIEKTPOTEXHHUECKHE
pemenuss [IOH/I, Bkitoyass CEKUMOHHYIO CTPYKTYpY, CHUCTEMY MOHUTOPHUHIA WU
aBTOMATUYECKOTO YTMPABJICHUS, WHKCHEPHYIO METOIMKY BBIOOpa MapameTpoB H
00JIacTh PALMOHAIBHOTO TPUMEHEHHsI YCTPOMCTBA B JIOKAJIbHBIX, aBTOHOMHBIX,
JEUEHTPAIN30BaHHBIX U THOPUAHBIX CXEMaX 3JIEKTPOTEITIOCHAOKEHUS.

O0beKTOM HCCJIeI0BAHUSA SIBIISIETCS MApPOBOM 3JIEKTPOOOOTpeBaTesib HU3KOTO
nasneHuss (IIDHJI) Ha oOcCHOBe AJIEKTPOBAKYyMHOM  TEIJIOBOM  TPyOKH
IPABUTALIMOHHOTO THIA — JJIEKTPOTEXHHUYECKOE HArpeBaTrelIbHOE YCTPONCTBO
CEKI[MOHHOM MOZYJIbHOM KOHCTPYKLMM, IPEAHA3HAYECHHOE Ui JIOKAJIBHOIO
aBTOHOMHOTO, JICHEHTPAIU30BaHHOTO W THOPUAHOTO HJIEKTPOTEIUIOCHAOKEHUS
noTpeOuTENeH.

IIpeameToM mcciIeI0BaHMS SIBISIIOTCS 3aKOHOMEPHOCTH 3JIEKTPOTEITIOBOTO
npeoOpa3oBanusi,  (a30BOro  TemioMacconepeHoca M (pOpMUPOBAHUS
TEMIIEpaTypHOro TOJsi B 3JIEKTPOBaKyyMHOM TemioBoil TpyOke IIOH/] npu
WU3MEHEHHUH 3JIEKTPUYECKOW MOIIHOCTH, KOJMYECTBAa pabodero Tena, napaMeTpoB
BAKYYMHPOBAHHOW TOJIOCTH, TE€OMETPUU YCTPOMCTBA M YCIOBUW BHEIIHEU
TEIUIOOTIA4H.

HNnpess padoTbl COCTOMT B pealu3alMM YHPABISIEMOTO AJIEKTPOTEIIOBOTO
npeoOpa3oBaHUsl  AKTUBHOM  3JIEKTPUYECKOM  MOIIHOCTM B  CEKIMOHHOM
IEKTPOTEXHUUYECKOM HAarpeBarejbHOM YCTPOMCTBE, IZ€ 30HA JIIEKTPUYECKOIO
TEIUIONOABOAA COBMEIIIEHA C UCITAPUTENIBHOM 30HOU 3JIEKTPOBAKYYMHOU TEIIOBOU
TPpyOKH, a paclpeleieHue TeIIOThl [0 TEeIUIOOTHAIoUIe  MOBEPXHOCTU
oOecrieunBaeTcs 3a cyeT (ha30BOrO Iepexoja padbodyero Tenma W ABYX(Pa3zHOTO
TEIIOMACCOIIEPEHOCA B BAKYYMUPOBAHHOM CpEJIE.

[ToBbiienue sdpdexruBnoctu [I1DH]] mocturaercst 3a c4eT pa3iesieHUs] 30HbBI
BBICOKOMHTEHCHBHOTO DIIEKTPOTEILIOBOTO npeoOpa3zoBaHus 151 30HBI
pacnpeieIeHHON TEMI0O0TIaYu, CHUKEHHS JIOKAIBbHOM TEIJIOBOM HAIPSXKEHHOCTH
HarpeBaTeIbHOTO Y3J1a, BBIPABHUBAHUS TEMIEPATYpPHOTO IMOJS TEIUIOOTAAIOLIEH
MOBEPXHOCTU U COTNIACOBAHHUA peXUMa pabOThl CEKIUI C (PaKTUUYECKON TEmIOBOM
Harpy3koil nomemenus. [lon sneproadpdexrunoctoio I1IH]] B HacTosiei padore
MOHUMAETCS HE MOBBILIEHUE KOA(PPUILIMEHTA MOJIE3HOTO IEUCTBUS MPE0Opa3oBaHUs
AMEKTPUYECKOM JHEPrUM B TEIUIOTY, KOTOPBIM y YCTPOWCTB MPSMOIO
AIIEKTPOTETUIOBOTO TIpeoOpa3oBaHusl OMU30K K €IWHUIlE, a 0ojee paBHOMEPHOE
pacrpezneneHue TeIIoTh 110 TEIIOOTAAIOIIEN TOBEPXHOCTH, CHUYKEHNE JIOKAJIBHOU
TEIUIOBOM HAIIPSDKEHHOCTH, COKPAIlEHWE BPEMEHM BBIXOJA HAa PEXUM U
YIIPABISAEMOCTD JIEKTPOTEILNIOBOM HATPY3KH.

Metoabl  uccaenoBaHusi. Hayynble W NpakTUYECKUE  PE3YJIBTATHI
JUCCEPTAIIMOHHON pabOThI MOTYUYEHBI C UCTIOIB30BAHUEM TEOPETUUECKOTO aHAIM3a,
(bU3HKO-MaTeMaTUYECKOTO U YUCJIIEHHOTO MOJIEJIMPOBAHUS, METOJIOB
TEIUIoNnepeaayu,  TEIUIOMAaccolepeHoca,  Teopur  (a3oBbIX  IMEPEXOMOB,
AIIEKTPOTEXHUKH, TJIAHUPOBAHUSI SKCIIEPUMEHTAa W CTAaTUCTUYECKOW 00pabOTKU
JAHHBIX.
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Mogenb yUUTBIBAET HECTAIMOHAPHYIO TEIJIONPOBOAHOCTD TBEPBIX AIEMEHTOB,
¢azoBbIif mepexos pabouero Teia, MapoXKUAKOCTHBIN MEpEeHOC, BO3BPAT KOHICHCATa,
PHEpreTUYecKuid OanaHc W BHEUIHWM TeriooOMeH. YucieHHas peanu3arius
BoimoiiHeHa B COMSOL Multiphysics; moaBon akTHMBHOW — 3JIEKTPUUYECKOU
MOIIHOCTHY B HCHIAPUTENBHOMN 30HE 3a/1aH 3KBUBAJIECHTHBIM TEILUIOBBIM ITOTOKOM.

OKCIepUMEHTAJIbHBIE UCCIEI0OBAaHUS MPOBENECHBI Ha J1a0OPATOPHOM CTEHAE C
KOHTPOJIEM DJIEKTPUYECKOM MOIIHOCTH, HAIpSHKEHUs, TOKa, TEMIIEpaTyphl,
OCTaTOYHOTIO JIaBJICHUS, BPEMEHHU U MTapaMeTpOB OKpyxkaroiiei cpeasl. OdpaboTka
JIAHHBIX BKJIIOYAJIA ONPEAEICHUE CPEIHUX 3HAYECHUM, IOBEPUTEIIBHBIX NHTEPBAJIOB,
PErpECCUOHHBIX 3aBHCUMOCTEN, MOTPEIIHOCTEN U COMOCTABICHUE PACYETHBIX U
DKCIIEPUMEHTAJIBHBIX PE3YJIBTATOB.

Hayuynasi HOBH3HA IUCCEPTALIMOHHON Pa0OTHI 3aKIIIOYAETCS B CIEAYIOIIEM:

— BIIEPBBIE JIJIS1 TAPOBOTO AIEKTPOOOOrpeBaTeliss HU3KOrO JIaBJICHHUs HA OCHOBE
AIICKTPOBAKYYMHON TEIJIOBOM TpPyOKM TpaBUTAIMOHHOTO THINA pa3paboTraHa
(bu3HKO-MaTeMaTHYECKasi U YUCIEHHAs MOJIENb AIEKTPOTENIIOBOIO MPe0Opa30BaAHUS
IIPU MHTETPAlMU DJIEKTPUYECKOTO HArpeBareiss B 30HY MCHApPUTENS U C €€
WCIIOJIb30BAHUEM YCTAHOBJIEHBI 3aBUCHMOCTH MHTETPAIBHBIX TEIUIOBBIX IOTOKOB,
BPEMEHH BBIXOZ]Aa HA PEKUM M TEMIIEPATYPHOTO OIS TEIUIOOTAIOIIEN TIOBEPXHOCTH
OT IMHAMUYECKUX PEKUMOB JIEKTPUUECKOTO TEIIIOMOABOAA, a TAKXKE ONPEIEIICHbI
YCJIOBHSI YCTOMYMBOW pabOThl JByX()a3HOTO LHKJIA MPU 3aJaHHBIX 3HAYECHHSIX
ANIEKTPUYECKON MOIIHOCTH, 00beMa pabouero Teina U TeOMETPUU UCHapUTEIbHON
30HBI;

— YCTAHOBJIEHBI JJI UCCIENO0BAHHBIX IMANla30HOB IEKTPUUYECKON MOIIHOCTH,
KOJIM4ECTBa paboyero Teja, HauajabHOTO OCTATOYHOIO IaBJIEHUS U TEOMETPUYECKUX
[IapaMeTpPOB  HOBBIE  3aBUCHMOCTH  TEMIEPATYPHBIX WM  JHEPreTHYECKUX
XapaKTEPUCTUK DIIEKTPOBaKyyMHOM TemioBoil TpyOku I[IDOH] ot yka3zaHHBIX
napamMeTpoB, B TOM YHUCJIE MPU COMNOCTABICHUU TPyOUaToro M HHIAYKIIMOHHOTO
CrI0COOO0B AIEKTPOTEIIONO/IBOAA;

— OIpEIEIEHBI pacyeTHBIE 51 DKCIIEPUMEHTAJIbHBIE PU3HAKU
pabotocnocobHoro nByxpaznoro pexuma [IDH]I, BkItoyaromume 3HEpreTUIeCKuii
OaJlaHC TOABOAA W OTBOAA TEIUIOTHI, JOMYCTUMBIA TEMIEepaTypHbI YpPOBEHb
UCIIAPUTENbHOW 30HBI, YCTOWYMBBIA BO3BpaT JKUIAKOM (a3bl, COOTBETCTBUE
JABJICHUST U TEMIeparypbl yCIOBHUIO HAChINIEHHs pabodero Tena u
BOCITPOM3BOIMMOCTD ITyCKOBBIX TEMIIEPATYPHO-BPEMEHHBIX KPUBBIX;

— HAy4YHO OOOCHOBaHBI KOHCTPYKTHBHO-PEKUMHBIE MPUHLHUIIBI COTIACOBAHMS
IBYX(a3HOTO TEmIOMaccomepeHoca B AIIEKTPOBAKYYMHOW TEIJIOBOH TpyOke
cekiuonnoro  [IDOHJ[ ¢  anaroputMamMu  aBTOMATHYECKOTO  YIPABIICHHS
ANIEKTPUYECKON Harpy3koi, oOecrneuuBaroliye TMpUMEHEHHe Mpudopa Kak
yIOPaBISIEMON BIIEKTPUUECKON Harpy3ku B aBTOHOMHBIX M THOPHIHBIX CXeMmax
AIIEKTPOTEIIOCHAOKEHHU S, COITIACYIOIIEHCS ¢ PeXKUMaMH padOThl HU3KOYTJIEPOIHON
reHEpalyu.
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OcHOBHBbIE HAYYHBIE 10JI0KCHUS, BBIHOCHMbIE HA 3aLLUTY:

— (¢usuKo-MaTeMaTuyeckas W YHCIEHHAas MOJENIb  AIIEKTPOTEIIOBOTO
npeoOpazoBaHusl B 3JEKTPOBaKyyMHO# TeroBoi TpyOke [IDH/I, yuutsiBaromas
MIOJIBOJT aKTUBHOM JIEKTPUIECKON MOIITHOCTH, NBYX(Da3HBIN TEIIOMEPEHOC, BO3BPAT
KOHJIEHCATa U BHEIIHUI TEIIO0OMEH;

—  DKCIEPUMEHTAJIBHO  YCTAHOBJICHHBIE  PETPECCHOHHBIE  3aBHCUMOCTHU
JIOKaJBHOTO TieperpeBa pabouedi moBepxHoctu cekmuu [IOH][ ot ynempHOU
AIIEKTPOTEIUIOBOM HAarpy3KH, YACIBHOIO KOHCTPYKTMBHO-MAacCOBOIO IlapameTrpa U
o0bema pabouero Teina, MO3BOJSIOUIME MPOTHO3UPOBATh TEMIIEPATYPHBIM pEXUM
CEKIINH;

— KOHCTPYKTUBHO-PEXUMHBIE IPUHLHUIIBI TIOCTpOoeHUs cekunoHHoro [I9H/] kak
YIPaBIAEMOU  DJIEKTPOTEIUIOBOM HArpy3KM C  PEryJIMpOBaHUEM aKTUBHOMU
MOIIIHOCTH, TEMIEPATyYPHbIM MOHUTOPUHIOM MU KOHTPOJIEM HAIIPSKEHHs, TOKA U
MOUIHOCTH;

— UH)KEHEpHas MeTo/iiKa Bbioopa napamerpo [I19H/I, cBsa3bIBaro1as TEMIOBYO
Harpys3Ky IOMELIEHNUs], YUCIIO CEKLINN, YCTAHOBJIEHHYIO MOIIHOCTb, TEMITEPATy PHBIN
PEXKUM U DKCIUTYaTallMOHHBIE OTPAHUYEHHS yCTPOKCTBA.

IIpakTHyeckasi 3HAYUMOCTH Pad0ThI COCTOUT B HCIOJIb30BAHUH ITOJTYYEHHBIX
PE3yJIBTATOB pu IPOEKTUPOBAHUH 151 JKCIUTyaTaluuu JIOKaJIbHBIX
DIIEKTPOTEXHUUYECKUX HATPEBATEIIBHBIX YCTPOMCTB HAa OCHOBE JJIEKTPOBAKYYMHBIX
TEIUIOBbIX TpyOok. PaspaboTanHas Mojenb, 3KCIIEpUMEHTANIbHbIE 3aBUCUMOCTH U
WH)XCHEpHasT METOAMKAa IO3BOJIAIOT BBIOMpAaTh MOUIHOCTh M YHCIO CEKIHUH,
napaMerpsl pabouero Teja, BaKyyMUpPOBaHUS, TEIJIOOTIAuYd U TEMIIEpaTypHOIO
KOHTPOJISL C YYETOM TEIUIOBOM HArpy3KH ITOMELIEHUS U TOCTYITHOM 3JIEKTPUYECKOU
MOIIHOCTH.

[IpakT4eCKUM  PE3yJbTaTOM  SBIAETCS KOHCTPYKTHBHO-TEXHOJIOTMYECKOE
pemrenne I[IDH]J[ kak CEKIIMOHHOIO SJIEKTPOTEXHUYECKOTO HArpeBaTelIbHOTO
YCTPOMCTBA C CHCTEMOM MOHHUTOPUHIA, aBTOMAaTHYECKOTO YIIPABICHHUS U
ANEKTPUYECKON 3aIUTHI.

OobJs1acTh pPAMOHAJIBHOIO NPUMEHEHHMS PE3YJIBTATOB BKIIFOUYAET aBTOHOMHBIE
U OTZIETILHO CTOAIIME 3/1aHus 0e3 JOCTyIa K TEIUIOBBIM CETSIM, PEKOHCTPYHUPYEMBbIE
00BEKTHI, B KOTOPBIX MPOKJIAAKa BOJSIHOTO KOHTYpa 3aTPyIHEHA WJIM SKOHOMUYECKH
Helnenecoo0pa3Ha, MoOMENIeHUs! ¢ 30HaIbHO-HEPABHOMEPHOW TEIIOBOM Harpy3KoH,
rUOpHUIHbIE CXEMbI TPOMBIIUICHHBIX U OOLIECTBEHHBIX 3/1aHUH, a TAK)Ke JIOKATbHBIN
norpeB pabounx 30H. [IOHJI mo3unmoHupyercs Kak yHpaBiIsieMblid JIOKaJbHBIN
IIEKTPOTEXHUYECKUM MCTOYHUK TEIUIOTHI, JOIOIHAIOMIMN LEHTPAIU30BAHHOE U
BOASIHOE OTOIUIEHME B YKA3aHHBIX CLEHApUAX IIPpU HAJIMYMM JOCTATOYHOMU
ANIEKTPUYECKON MOIIHOCTH, COOTBETCTBYIOIIUX TAPU(PHBIX YCIOBUN U TEXHUYECKON
BO3MOYKHOCTH IOAKITIOYEHUS.

O00CHOBAaHHOCTL M JOCTOBEPHOCTH HAyYHBIX IIOJIOKCHHWM, pPE3YyJIBTaTOB U
BBIBOJIOB  0OOECIIEUMBAIOTCSI  NPUMEHEHHEM  alpOOMPOBAHHBIX  IOJIOKEHUI
ANIEKTPOTEXHUKH, TEIUIONEpeaul, TEIIOMACCONEPEHOCa, TEOPUH  (a30BBIX
NEPEX0I0B U TEPMOIMHAMUKH, KOPPEKTHOM MOCTaHOBKOM (PM3NKO-MATEMaTUYECKON
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MOJIETIM, KOHTPOJIEM HHEPreTUYECKOro OajlaHca W COIMOCTABICHUEM paCUYETHBIX
JAHHBIX C HKCIIEPUMEHTATIBHBIMH PE3YJIbTaTaMU.

OKClepUMEHTANIbHAsT  IOCTOBEPHOCTh  MOATBEPHKAAETCS  MCIOJb30BAHHEM
7a00paTOpHOTO CTEHJA, KOHTPOJEM TEMIIEpaTyphl, AIEKTPUYECKOH MOIIHOCTH,
HanpsHKEHHsI, TOKa, OCTaTOYHOIO JIaBJIEHHUS, MAaCChl U TEOMETPUUYECKHUX TAPAMETPOB,
a TaK)Ke MPOBEJAECHUEM CEpUI HCTIBITAHUI MPY Pa3InYHBIX pekuMax padotsl [IOH/I.
OneHka pe3yJbTaroB BBINOJIHEHA C YYETOM IIOIPEIIHOCTEH U3MEpPEHUH,
CTaTUCTHYECKOM 00paOOTKM TaHHBIX U ONPE/IeTICHUs JOBEPUTEIbHBIX HHTEPBAJIOB.

JInunblii BKJIAJ aBTOpPa COCTOUT B TIOCTAHOBKE II€JIM U 3aJ]a4 MCCIIEOBaHUS,
dbopmynupoBaHuM paboyeil Trunoresbl, pa3zpaboTke (U3UKO-MaTEMATHUYECKON
MOJICJIH JIEKTPOBaKyyMHOM TertoBoi TpyOku [IDH]] u ee uncneHHon peanu3aiuu
B COMSOL Multiphysics, mpoekTupoBaHUM U COOpPKE SKCIEPUMEHTAIHLHOTO
CTEHJla, NPOBEICHUM CTEHJIOBBIX HCIBITAHUM, CTaTUCTUYECKOM 00paboTKe
pE3yaAbTaToOB M BEpUPUKALUU PACUETHON MOJETH, OOOCHOBAHUHM KOHCTPYKTHBHO-
TEXHOJIOTHYECKUX M DJJIEKTPOTEXHUYECKUX pemeHni cexkuuonHoro [IDH/L,
pa3paboTKe CUCTEMbl MOHUTOPUHTA U ABTOMATUYECKOTO YIIPABIEHUS, MHKEHEPHOU
METOJMKH BBHIOOpA MapaMeTpPOB, TEXHUKO-3KOHOMHUYECKOM OILIEHKH, a Takke B
0000111eHnN NOJIyYEHHBIX  PE3YJbTaToB, (bopMyIupoBaHUU BBIBOJIOB
JUCCEPTAIIMOHHOTO UCCIEI0BAHUSA U MTPAKTUYECKUX PEKOMEHIAIUH.

Hcnonb3oBaHue  TEXHOJOrMH  HMCKYCCTBEHHOI0  MHTesliekTa. Ha
3aBEPIIAOIIEM JTale MOATOTOBKM OKOHYATEIBHOW PENAKLIMU JMCCEPTALMOHHON
pa®oOTBHl aBTOPOM HCIIOJIb30BAJIACh TEXHOJOTUS TE€HEPATUBHOTO HCKYCCTBEHHOIO
untemiekra  ChatGPT, npousBoauTENb/IpaBooOnagareni  —  OpenAl,
monenu/Bepcun: GPT-5.2, GPT-53 u GPT-5.4; nepuonm oOpamenus u
UCIIONBb30BaHUS:  siHBapb-anpenb 2026 roma. TexHonmorwsi NpuUMEHSIIACH
UCKIIIOUYUTEIPHO KaK BCIOMOTAaTENbHbIN HU(PPOBON HWHCTPYMEHT HJisi CBEPKHU
aBTOPCKOIO TEKCTa C AaHMIOA3BIYHBIMM MEPBOUCTOYHHUKAMH, BCIOMOIaTe€IbHOTO
nepeBoja OTACNIbHBIX (PPArMEHTOB, YHU(PHUKAUU TEPMUHOJIOTHHU, COKPALIEHUN U
00O3HAYEHHI, a TakKe TEXHUYECKOM KOMIIOHOBKM OTIENbHBIX aBTOPOM
MOJITOTOBJICHHBIX PUCYHKOB M CXeM 0€3 M3MEHEHUs MX HAyyHOro COJep KaHHsl.
HayuHble monokeHusi, MOJIENIA, PACYETHBbIE U HKCIIEPUMEHTAJIbHBIE PE3yJIbTaThl,
WHTEpIIpeTalys JTaHHBIX, BBIBOJIBI M PEKOMEHJAlUU CHOPMUPOBAHBI aBTOPOM
CaMOCTOATENIbHO. Marepuanbsl U NpeIIoKeHUs, MOJIyYeHHbIE MPU OOpaIllEeHuH K
ChatGPT, mpomepsuiich aBTOpOM IO  TEPBOMCTOYHHUKAM, TEXHUYECKOU
JIOKYMEHTAIIMM, HOPMAaTUBHBIM MaTepHhaiaM U UCXOAHBIM JaHHBIM UCCJIEIOBAHUSI.
3ampocsl Kk ChatGPT He ObuiM HampaBieHbl Ha CO3JaHHE HOBBIX HAyYHBIX
pe3yabTaToB, 3aMEHy aBTOPCKOTo aHaim3a, (aOpuKaluio JaHHBIX JHO0
YMEHBIIIEHUE BO3MOXXHOCTU BBISIBJICHUS 3aMMCTBOBaHUM. [lepcoHanbHbIE TaHHBIE,
KOH(pUACHITMATbHAS ¥ HHAS OXpaHseMas 3aKOHOM HH(opMaIus He pacKphIBAIUCH.

CBsi3pb  paloTbl ¢ Hay4yHbIMM mporpammamu. JlucceprannoHHOe
UCCJIEIOBAaHME  BBIMOJIHEHO B  paMKax HAayyHOTO IMPOEKTa TPAHTOBOTO
¢buHaHcupoBaHusT MUHHCTEPCTBA HAayKH M BbICIIEro oOpazoBaHusi PecmyOnuku
Kazaxctan nmo nporpamme «oKac raiasim» (mpoext MPH AP25795573 «Pa3pabotka
HEProdPGEeKTUBHOTO MAPOBOTO IEKTPOBAKYYMHOIO HarpeBares AJis ObITOBOTO U
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MPOMBIIIJIEHHOTO OTOIIEHUs», 10roBOp Ne92 XKF-25-27 ot 27 dhepans 2025 rona,
Ha OCHOBAaHMHM pelieHuss HanroHanbHOro HaAydHOTO COBETAa « DHEPrus, MepeaoBbIe
MaTepuanbl u Tpancnopt» oT 11 deBpans 2025 roma). ABTOp aucCepTallMOHHON
paboTHI SIBISIETCS HAYYHBIM PYKOBOJIUTEIEM YKa3aHHOI'O IPOEKTA.

AnpoGanus U BHepeHHe Pe3yJIbTaTOB HCCJe0BAHUS.

OCHOBHBIE Hay4YHbIC M MPAKTHUECKHE PE3yNbTaThl AUCCEPTALIMOHHONW PaOOTHI
JOKJIaJBIBAIIMCH U 00cyxaanuch Ha [V MexaynapogHoit HayyHOU KOH(EpEeHLIUH
«IIpuopurerHsie HaIlpaBJICHUS WHHOBALIMOHHOM NEATEIIbHOCTH B
npombinieHHocTH (T. Kazanb, 29-30 anpens 2020 1) u MexayHapoaHOW HaydHO-
npaktuyeckol online koHbepeniuu «HTerpanus Haykd, o0Opa3oBaHHs U
MIPOU3BOACTBA — OCHOBA peanu3anuu [Inana Hauun» (CarnHoBckue ureHust Nel2, r.
Kaparanna, 18—19 utons 2020 r.).

PesynbraThl uccienoBaHus TakkKe OOCYXIaIWCh Ha 3acelaHusax Kadeapsl
«ABTOMaTH3alMs POU3BOACTBEHHBIX MPOLIECCOBY M HAYYHO-TEXHUYECKOTO COBETA
HAO «KaparanguHCkHil TEXHUYECKU yHUBEPCUTET MMeHU AOblikaca CaruHOBay.

Pe3ynbraThl AMiCCEPTallMOHHOTO UCCIEA0BAHMS BHEIPEHBI B YUEOHBIN MpoLecC
HAO «KaparaninHCKuil TEXHUYECKUN YHUBEpCUTET UMEHH AObuikaca CarnHoBa»
Opy  M3YYEHUM  JUCHMIUIMHBI  «OJEKTPOMEXaHUYECKUE  CHCTEMBl U
aBTOMAaTU3UPOBAHHBIN 3AIEKTPONPUBOA» oOpa3zoBarenbHOU mporpammel 6B07109
«ONEKTPOIHEPTEeTUKA», YTO TOATBEPHKIAETCS AaKTOM BHEAPEHHUS B Yy4EOHBIH
nporuecc ([Ipunoxenue M1).

[TpakTuueckas anpobarius pe3yasraroB padotsl mposeneHa B TOO «Global light
LLP» npu paccMOTpeHUN BOTIPOCOB MTPUMEHEHHUS pa3pabO0TaHHbIX KOHCTPYKTUBHO-
TEXHOJIOTUYECKUX M dJeKTpoTexHudyeckux pemennit [IOHJ mng mokanbHOTO
ANIEKTPOTEIUIOCHAOKEHUS, YTO TOATBepxkaaercs akroM BHeapeHus ([Ipunokenue
K).

Pesynbratel pabothl Takxke mpencrasieHbl B TOO «Silumin of Qazagstan»
(«Cunymun o Kazaxcrany), crienain3upyroneMcst Ha TpoU3BOACTBE pauaTOPOB
ororuieHus. Ha mnpeanpuatun paccMOTPEHbl BO3MOXKHOCTHM HM3TOTOBJICHHSI H
MOCJENYIOEro  BbIMycKa  pa3pa0OTaHHOTO  pajuaropa  Ha  OCHOBE
AIIEKTPOBAKYYMHOM TEIUIOBOM TpyOKH, YTO MOITBEPXKAAETCS MUCBMOM O
Hamepenusix (IIpunoxenue JI).

Marepuanbsl auccepraluoHHON paboThl oTpakeHbl B 10 myOnukauusx u
OXPaHHBIX IOKYMEHTAaX.

[To Teme uccienoBanus OMyOIMKOBAHBI 2 CTaTbU B MEXIYHAPOIHBIX HAYYHBIX
U3JIaHUAX, BXOMAMMX B 0a3y mJaHHBIX Scopus, 4 CTaTbl B W3JAHMSIX,
pexomeHn0BaHHBIX KomMuTeToM mo ofecneueHuio KadecTBa B cdepe HAayKu U
Boiciiero  oOpazoBanuss MHBO PK, u 2 nyOGmukanmuum B Marepuaiax
MEXTYHAPOIHBIX HAYYHO-TIPAKTHYECKUX KOH()EPEHITUH.

[Tomyyensl 2 OXpaHHBIX JIOKyMEHTa Ha OOBEKThl HHTEJUIEKTYaJbHOU
cobctBeHHOCTH: TlaTeHT Pecnyonmuku Kaszaxctan Ha mose3nyro mojaenb Nel(0146
(ITpunoxenue M) u cBuieTenbCTBO 00 aBTOpcKOM TpaBe Ne63992 (Ilpunoxenue H).

Crpykrypa aumccepramum. J[luccepranuonHass paboTta  COCTOUT U3
HOPMAaTUBHBIX CCHUIOK, 0003HAUYEHUIN U COKPAILIEHUI, BBEICHUS, YETBIPEX PA3IIEIIOB,
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3aKJIIOYEHMS], CIHMCKA HCIOJb30BAaHHBIX HCTOYHMKOB M HIpuUiIokeHH. O0beM
JUCCEpTAlMM COCTaBisAeT 135 CTpaHWI MAIIMHONMMCHOTO TEKCTa, COAEPKUT 37
pPUCYHKOB, 21 TabmuIly, CIUCOK HMCIIOJb30BaHHBIX MCTOYHUKOB, BKJItoUaromuii 130
HAaMMEHOBaHUM, |2 MpUIOKEHH.

baarogapHocTu. ABTOp YTHT CBETJIYIO MaMsTh CBOErO IEPBOIO HAYYHOIO
pyKoBOmUTENs, NI.T.H., Tpodeccopa U.B. bpelino, mom pykoBoICTBOM KOTOPOTO B
2018-2021 rr. OpuTH OmpeseNieHbl o0lee HampaBiIeHUE HCCIEAOBAHUSA, UCXOTHAS
npo0yeMaTyKa U NOJy4YeHbl IEPBbIE HAyUHbIE PE3YJIbTATHL.

ABTOp BBIpaXKaeT OJIarOapHOCTh IEPBOMY  3apyOEKHOMY HAaydHOMY
KOHCYJIBTaHTy, 1.T.H., mpodeccopy C.M. CraxkoBy, 3a HaydHblE KOHCYJbTAllUU U
LIEHHbIE PEKOMEHJAIMM HAa HAa4YaJIbHOM JTale BBIIOJHEHUS JIHCCEPTAlOHHOM
paboTHI.

ABTOp BBIpa)KaeT IIyOOKYIO PU3HATEIbHOCTh HAYYHOMY KOHCYJIBTaHTY, K.T.H.,
npodeccopy A.Jl. MexTueny, 3a 3HAUUTEIbHBINA BKJIaJ B Pa3BUTUE UCCIEIOBAHUSA,
MOCJIEIOBAaTEIbHOE HAYYHOE CONPOBOXKIECHUE pa0OThI, IIEHHbIE PEKOMEHAALMH U
NOJIJIEPKKY HA BCEX 3TAlax BBINOJHEHUS JUCCEPTALUH.

ABTOp Takke BbIpaXKaeT OJaroJapHOCTb  3apyOeKHOMY  HayqYHOMY
KOHCYJIBTaHTy, I.T.H., mpodeccopy A.B. FOpueHko, 3a Hay4HOE CONPOBOXKICHHUE
MCCJIEI0BAaHUA HA 3aBEPUIAIOILIEM ATarle, SKCIIEPTHBIE PEKOMEHIALUU U TOJICPKKY
IIPU MOATOTOBKE UCCEPTALMU K 3aILUTE.

ABTOp BBIpaXaeT MCKPEHHIOK OJ1arogapHOCTh KOJUIEKTHBY KaparaHAaMHCKOTO
TEXHUYECKOTO  yHHBepcuTeTa uMeHM  AObuikaca  CaruHoBa,  Kadenpsl
ABTOMaTH3aMy NPOU3BOACTBEHHBIX IPOLECCOB 3a CONEWUCTBHUE, IMOMJIEPKKY U
co3/laHue ONaronmpusITHBIX YCIOBUH JUIsl  BBIIOJHEHHUS JUCCEPTALMOHHOIO
UCCJIEI0BaHUS.
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1 COCTOAHHUE BOIIPOCA U AHAJIN3 DJIEKTPOTEXHUYECKHUX
HAI'PEBATEJIBHBIX YCTPOMCTB JJIA JIOKAJIBHOI'O
IJIEKTPOTEIIVIOCHAB/KEHUSA

1.1 AHaiu3 COBPEMEHHOr0 COCTOSIHUSI JJIEKTPOTEIJIOCHAOKEHUSI W
TPeOOBaHUI K JIOKAJbHBIM  JIEKTPOTEXHHYECKMM  HArpeBaTeJbHbIM
ycTpoiicTBaM

PaccmoTpenne  JIOKambHBIX — 3JIEKTPOTEXHUYECKUMX HCTOYHHKOB  TEIUIOTHI
1eaecoo0pa3Ho HayaTh € OOIIEro MNpPEACTaBICHUS O TEIJIOCHAOKEHUU KaK O
B3aMMOCBSI3aHHON WHKEHEPHON cucteme. B Takoil cucTeMe MCTOYHUK TEIUIOTHI,
CpelICTBa €€ Mepe/laud U TEIUIONOTPEOISIonue YCTAaHOBKU (YHKIIMOHUPYIOT Kak
eIUHbIN KoMIUIeKC. B yueOHoM nmuTeparype TerocHa0 eHne 0ObIYHO OMMCHIBACTCS
yepe3 TpU  B3aUMOCBS3aHHBIX  Ipoliecca: IMPOMU3BOJACTBO  TEIUIOTHI, €€
TPaHCTIOPTUPOBAHUE U UCTIONIb30BaHuEe y toTpedutesns [21-23]. 3akon PecniyOnuku
Kazaxctan «O TEMIOSHEPreTUKE» OIpPEACISIET CUCTEMY TEIUIOCHAOXKEHHUS Kak
KOMIUIEKC YCTAHOBOK, MpPEIHA3HAYEHHBIX JIJIs MPOU3BOJICTBA, TPAHCIIOPTUPOBKHU U
UCIIOJIb30BaHUSl  TEIUIOHOCUTENS, a MCTOYHHMK TEIJIOBOM JHEPruuM — Kak
TEIJI03JIEKTPOLIEHTPAJIb, KOTEJIbHYIO WIIM UHYIO YCTaHOBKY, MPEAHA3HAYECHHYIO JJIs
MPOM3BOACTBA TETIOTHI [ 10].

B nannoit pabore paccMmarpuBaeTcs Ta 4acTh TEIJIOCHAOXKEHUS, B KOTOPOM
SNIEKTpUYECKasi BSHEprus npeodpazyercs B TEIUIOTY HEMOCPEACTBEHHO Yy
noTpeOuTeNs: B 37aHUH, TTOMEIICHUH, TEXHOJIOTUYECKON 30HE WM BOJIM3M MeEcTa
BO3HUKHOBEHHUS TEIIOBOM HarpysKkH. B TaKOM ITIOHUMAHUHU
ANIEKTPOTEIUIOCHA0KEHUE HE CBOAMTCS TOJIBKO K OTIEIbHOMY HarpeBarento. OHO
BKJIIOYAET MCTOYHUK DJEKTPONUTAHUS, DJJIEKTPOTEXHUUYECKOE HArpeBarelbHOE
ycTpoiicTBo (nanee — DTHY), cpeacTBa peryimpoBaHus, yueTa ¥ aBTOMaTUUECKOTO
KOHTPOJIS, @ TAKKE PEKNUMBI B3aUMOJIEUCTBUSA C DJIEKTPUUECKON CeThio [3; 24-26].
CnenoBarensHo, DTHY 0qHOBpEMEHHO BBICTYNAET KaK MPUEMHUK DIIEKTPUYECKON
HHEPI'UM U KaK JIOKAJIbHBIM UCTOYHUK TEIIOTHI.

[TapoBoit anektpooborpeBarens Huszkoro pgasiaeHus (IIOHJI) oTHocuTcs k
JAHHOMY KJIacCy YCTPOMCTB M pacCMaTpHUBaeTCsi KaK JIOKaJAbHBIM HCTOYHHUK
TEIJIOThI, COBMEIIEHHBIM C  YIPABIAEMOM  JJIEKTPOTEINIOBOM  HArpy3KOW.
Koncrpykuus [TOH/I u nponeccsl, NpOTEKAOIIME BHYTPU €0 TEIIIONEPEIA0IIETO
y3Jlla, paccMarpuBaroTca nanee. Ha maHHOM 3Tane BaXHO OMNPENEIUTh MECTO
npubopa B CHCTEME OJIIEKTPOTEIUIOCHAOKEHHsI OOBEKTa C YUYETOM TETUIOBOM
Harpy3Kd, pEXHMa  OJCKTPOMOTPEOICHUsI, CPEACTB  PETYyIUPOBAHHUS U
aBTOMATHUYECKOTO KOHTpOJs [25; 26]. OO6obmennas cxema BikitodeHust [I9H]] B
JIOKAJTBHYIO CUCTEMY JIEKTPOTEIIIOCHAOKEHUS TPUBEICHA Ha pUCYHKE 1.1.
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Pucynok 1.1 — Mecto [IDH/] B cucteme nokanpHOTrO
AIIEKTPOTEIIOCHA0KEHUS 00bEKTa

[1o cBoemy HazHaueHuto [I9H/] OTHOCHUTCS K JIOKAJIBHBIM IEKTPOTEXHUYECKAM
UCTOYHUKaM TeruioTel. Hanbonee ecrectBeHHast 00JacTh €ro NPUMEHEHUS CBsI3aHa
C JCLIEHTPAIM30BAHHBIMU, MECTHBIMH, WHAUBUIYAJIbHBIMH, ABTOHOMHBIMH H
KOMOMHMPOBAaHHBIMU ~CXE€MaMH 3JIeKTpoTemiocHaOxkeHus. B Takux cxemax
VCTOYHHUK TEIUIOTHI IPUOIMKAETCS K TOTPEOUTENIO, TPOTSHKEHHBIN BOJSTHOW KOHTYP
OTCYTCTBYET JIMO0 TpeOyeTcs AOMOIHUTENbHbIN YIPABISIEMbIH JOTPEB OTIEIbHBIX
30H [9; 24; 25].

Js KazaxcraHa OaHHBIA BONPOC HMMEET HE TOJIBKO TEOPETHYECKOE, HO W
NPUKJIAAHOE 3HAYEHUE. 3HAYUTEIbHAS YaCTh TEPPUTOPUU CTPAHBI XapaKTEPU3YETCS
HU3KUMU TEMIIEPATypaMH XOJIOJHOTO MEePUO/a, MPOJAOKUTENbHBIM OTOMUTEIbHBIM
CE30HOM U TOBBIIIIEHHBIMUA TPEOOBAHUSIMHU K TEII03anuTe 31anuii [27]. BHe 30HbI
JNEUCTBUSL  TEIUIOBBIX CETe BHIOOP HCTOYHUKA TEIUIOTHl  ONpenesseTcs
JOCTYMHOCTBIO Ta3a, YIiis, SJIEKTPOIHEPTUH, a TAKKE TEXHUYECKUMHU YCIOBUSMU
noakiatodeHus: oobekra [22; 28-30]. B »3Toil CBSI3UM 3JEKTpUUECKOE OTOIJICHUE
3aHMMAEeT MPEXKJAE BCEro Ty 00JIacTh, I€ MPUMEHEHHUE JOKAIBHOTO YNPaBIIEMOIrO
MCTOYHHMKA TEIUIOTHI SIBJIAETCS TEXHUYECKH, DHEPTETUUYECKU M IKCILTyaTallMOHHO
ompaBraHHBIM. TakoM TOAXOJ  comIacyercs € 3aJa4aMu  [OBBIICHUS
3Hepro’((HeKTUBHOCTH, CHIIKEHHS JIOKAJIbHBIX BBIOPOCOB M Yy4eTa CTPYKTYpbI
anekTpodHepreruku Kazaxcrana [1; 2; 5; 11; 15; 31; 32].

O¢ddextuBHocts nokanbHoro OTHY B manHo#l pabore paccmarpuBaeTcsi He
TOJILKO B Y3KOM 0aJIaHCOBOM CMBICJIE, HO U C (DYHKIIMOHATbHO-PEKUMHBIX TTO3UIIHI.
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[TockonbKy y YCTPOMCTB TMPSMOIO 3JEKTPOTEIIoBOro mnpeobdpazoBanus KII/]
npeoOpa3oBaHus IMEKTPUUCCKON YHEPTUU B TEIUIOTY ONM30K K eauHuIe [33; 34],
CpaBHEHHME TaKUX YCTPOMCTB TOJBKO IO JAHHOMY IIOKAa3aTEII0 SBISETCS
MajonH(pOopMaTUBHBIM. [103TOMY OIleHKa BBITTOIHSIETCS IO COBOKYITHOCTH JPYTHUX
MPU3HAKOB: PABHOMEPHOCTU TEIUIOOTAAud, BPEMEHH BBIXOJa Ha PEXUM,
YIPaBISEMOCTH JIEKTPOTEILUIOBOM HAarpy3KH, BO3MOXKHOCTH 3aMEIIECHUSI TOILIMBA U
COMIacOBaHUs pabOThI YCTPOKUCTBA C PEXKMMAMU S3HEPTOCHCTEMBI.

C 2IEKTpO’HEPreTUYECKUX MO3ULMKA MPU TAKOM IMOAXOJE Ha MEPBBIA IUIaH
BBIXOAUT YIIPABISIEMOCTh JIIEKTPOTEIUIOBOM Harpy3ku. KoHuenmusi pa3BUTHS
AJIEKTpOIHEpreTuuecko orpaciu PecmyOonukn Kazaxcran nHa 2023-2029 roawl
yKa3blBaeT Ha JAe(UUUT MOIIHOCTH, HEAOCTAaTOK MAaHEBPEHHBIX PE3EPBOB,
TEXHUYECKHUE OTrPAaHUYEHUS TEHEPUPYIOUIEro OOOpYIOBaHUS U HEOOXOJUMOCTh
nudpoBU3alMK  yOpaBlieHus dHeprocuctemoit [35]. B atux  ycnoBusix
PAKTUYECKYI0  3HAYUMOCTh  NIPHOOPETAIOT  HarpeBaTelbHbIE  yCTPOMCTBA,
CcrocoOHbIE padoTaTh C Y4ETOM JIOCTYMHOW MOIIHOCTH, Tpaduka noTpediaeHus,
TEeMIEPATyPHBIX YCTABOK U CUTHAJIOB aBTOMATHKHU.

AHajiornyHas JIOTMKA TPOCICKHUBACTCS M B MEXKIyHApPOJHOM IPaKTUKE:
AIIEKTPOTEIIOBBIE HArPY3KH paccMaTpUBAIOTCS Kak cpeacTBo uHTerpauuu BUD u
ympasneHnusa crnpocoM [9; 24; 36-39]. Ilpm mpoOEKTHPOBaHMM TAKUX CHUCTEM
VUYUTBHIBAIOTCS  COCTOSIHUE  BHYTPEHHEW  DJEKTPUUECKOM  UH(PACTPYKTYpHI,
MPOIYCKHAsl CMOCOOHOCTh PACHPENCIUTEIbHBIX CETe, YPOBEHb TEIUIOBOM
Harpy3Ku, peKUM SKCILUTyaTallud U CTOUMOCTB 31eKTpo3Hepruu [40—42].

C o5TOl TOYKM 3pEeHUsl MPAKTUUYECKUI HHTEpPEC NPEACTAaBISIOT JIOKAJIbHbBIC
AIIEKTPUUYECKUE HarpeBaTelbHbIE YCTPONCTBA, KOTOPHIE OOECIEUHBAIOT OBICTPHII
norpeB, paboTraroT 0e3 BHEIIHEro BOASHOTO KOHTYpa M TIO3BOJISIOT YIMPABISATH
NOTpeOICHUEM aKTUBHOM MOIIHOCTU. B TEIIOTpyOHBIX OTOMHUTENBHBIX MPHOOpax
MPUMEHEHHUE JIByX(Da3HBIX TEIUIONEpEeAaloluX 3JIEMEHTOB MOBBIIIAET MJIOTHOCTh
TEIUIOOT/Ia4YM M CHUXKAET TEIUIOBYIO MHEPUUOHHOCTh. [l03TOMY maHHBIN MOAXOM
AaBysieTcs cyniecTBeHHbIM i aHanm3a [IOH/] kak nokaneHoro OTHY [43; 44].

N3 »srtoro cremyetr, u4ro mnepcrnekTuBHoe JokanbHoe OTHY Heobxomumo
OIICHUBATH JIBOSKO: KaK MCTOYHUK TEIUIOTHI U KaK AJIEKTPUUECKYIO0 Harpy3ky. Jlis
JTAHHOW PabOThI UCXOIHBIMU SIBISIFOTCS TpeOOBaHUs, MpUBeAeHHbIE B Tabmuie 1.1.
Cpenn HHMX OTACIBHO BBIACISCTCS HAOMIOJAEMOCTh TEMIIEPATyPHBIX U
AIIEKTPUYECKUX MapaMEeTPOB IIPU aBTOMATUUECKOM KOHTPOJIE.

CocraB TpeOoBanuii Tabmuibl 1.1 ompeneneH mepecedeHUeM JBYX TPYIII
ycnoBuid. llepBas rpymma cBsiz3aHa C TEIUIOTEXHHUYECKUMHU TPEOOBaHUSIMU K
JIOKaJThbHOMY  OTONUTEILHOMY  TpuUOOpY:  PAaBHOMEPHOW  TEIUIOOTIAueH,
OTPAaHUYEHUEM TEMIIEPATYPhl JOCTYITHOM MOBEPXHOCTH, OTPAHUYEHHOW TEIIOBOM
WHEPIIMOHHOCTHI0 M BO3MOXKHOCTBIO pa0OThI O€3 BHEIIHErO BOJSHOTO KOHTYpA.
Bropas rpynmna BKJIOYaeT 3JEKTPOIHEPreTHUEeCKUue TPeOOBaHUS K YNpaBisieMO
DIIEKTPOTEIUIOBOM  HArpy3Ke:  CEKUMOHHOE  PEryJUpOBaHHE  MOUIHOCTH,
HaO0JII0JaEMOCTh, AIEKTPOOE30MaCHOCTh U Ka4eCTBO NOTpedIeHus. ITu TpeOoBaHuUs
BBITEKAIOT W3 HopMmaTuBHOW ©Oa3bl [10; 45; 46] wu 3amay  ynpaBieHUs
AIIEKTPOTEIUIOBBIMU Harpy3kamu [35; 39]. MaccorabapuTHbie, pecypcHbIe U
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CTOMMOCTHBIE TI0Ka3aTelid HE BKJIIOUYEHbI B YHCJIO OTOOPOYHBIX TpeOOBaHUM,
MOCKOJIbKY OHH 3aBUCST OT KOHKPETHOTO UCTIOJTHEHUS U YCTAHOBJIEHHON MOIITHOCTH
U JOJKHBI YYUTBHIBATHCS Ha CTaJUH PACUECTHO-KOHCTPYKTOPCKOW MPOPaOOTKH.
DOKOHOMHYECKasl 1eJIeCO00Pa3HOCTh 3JICKTPOOTOIICHUSI OTpPENETseTCs MPEexXIe
Bcero  TapupHbBIMU  YCJIOBUSIMU U JOCTYHHOCTBIO  aJIbTEPHATHMBHBIX
sHeproHocurenen. [loatomy B maHHOM paszaene OHa HE pacCMarpUBAeTCs Kak

CPaBHUTEJIBHBIN IPU3HAK OTAEIBHBIX IPYIIT YCTPOMCTB.

Tabmwuma 1.1

TpeboBaHus K epcreKTUBHOMY JiokaiabHOMY DTHY

TpeboBanue

Conepx(aHI/Ie nu O6OCHOB3.HI/Ie Tpe60BaHI/IH IIPUMCHUTCIIBHO
x [IDH/T

CeKIIMOHHOE UITU CTYIIEHYaTOe
peryjaupoBaHuE MOIIHOCTH

CornacoBaHue TEIUIOBOIO pekrMMa C  (PaKTUYECKOU
HArpy3Koi IMOMEIICHUS M C BBIACICHHON 3IEKTPUUYECKOU
MOIIIHOCTHIO 00BeKTa [39; 47]

OrpaHuydeHHast TeTI0Bas
MHEPIMOHHOCTh

BLICTpHﬁ BbIXOJ[ Ha PCKHUM, OIICPATHBHOC OI'PAaHUYCHUC
MOIITHOCTHU XU BO3BMOKHOCTb Y4aCTH B riOKOM HOTpe6JI€HI/II/I

[39; 48]

PaBHOMEpHad TemooTnaya u
OTpaHUYEHUE TEMIIEPATYPBI

OrpanudeHue TeMmIepaTrypbl JOCTYIHOH MOBEPXHOCTH
rOTOBOTO MPUOOpa C KOXKYXOM U OpeOpeHHeM B Mpesenax
TpeOOBaHUN K OBITOBBIM 3JEKTPUUECKUM OTONUTEIbHBIM

KOHTYpa

JOCTYITHOM MOBEPXHOCTH npubopam; CHIDKEHUE JIOKAJIbHBIX MePEerpeBoOB
TEIJIOOTIAI0MIEH TOBEPXHOCTH [45; 46; 49]

I[IpuMeHenrne B aBTOHOMHBIX E€KOHCTPYHUPYEMBIX

PabGora 0e3 BHENIHETO BOAIHOIO P > P pyHpy i

YI[aJ'IeHHBIX nu JIOKAJIbHBIX 30Hax 663 HpOKJ'Ia)IKI/I

TpybonpoBoHo# cetu [30; 50]

Ha0mromaemocts 1
COBMECTUMOCTH C
ABTOMATHUYCCKUM KOHTpOJ'IeM

PaGora mo TeMmrepaTypHBIM yCTaBKaM, Y4Ye€T pPEXKHUMa
noTpebneHus, MOHUTOPUHT TEMIIepaTypPHbBIX u
AIEKTPUUECKUX TTApaMETPOB, COTIIACOBaHUE C HU(PPOBBIMU
CpelCTBaMU yrpaBieHust 00bekToM [3; 25; 26; 35]

DneKTpoOe30MacHOCTh U
Ka4yecTBO MOTpeOIeHus

Beinonnenue TpeOoBaHUI K JJIEKTPUYECKUM
OTOMMTENBHBIM MpHOOpaM; y4eT KOMMYTAllUH, 3aIlUThl U
KayecTBa JJIEKTPUYECKON HHEPruu MpH BHIOOPE CXEMBI

ynpasieHus [45; 46]

Takum 00pa3oM, COBPEMEHHOE JJIEKTPOTEIIOCHAOXKEHHE 3aKOHOMEPHO
pa3BUBaeTCS B HAIPABICHWU JIOKAJbHBIX YIPABISIEMbIX 3JIEKTPOTEXHUUECKHX
UCTOYHUKOB TeroThl. B ycnoBusx Kazaxcrana oOmacTb MX palndoOHAIBHOIO
IPUMEHEHUS OTNPEAENAeTCs KIMMAaTUYECKUMU 0COOEHHOCTIAMHU, HEOJHOPOIHOCTHIO
TEMJIOCHAOKEHUSI U Ta30CHAOXKEHUS, DKOJOTUUECKUMU (DakTOpamMu, CTPYKTypon
ANIEKTPOIHEPTETUKA U HEOOXOAMMOCTBIO  YIPABIEHUS  AJIEKTPOTEIJIOBHIMU
Harpy3kamu. B atoit cucteme IIOH]] paccmarpuBaercs kak jgokanbHoe DTHY mis

aBTOHOMHBIX, JEIEHTPATU30BAHHBIX u KOMOWHHUPOBAHHBIX cxeM
AIIEKTPOTEIIOCHAOKEHUSI.

CrnenyromuM 1IaroM SBJISETCS PACCMOTPEHUE CYIIECTBYIOLIUMX TpYMI
AIIEKTPOTEXHUYECKUX  HArpeBaTelbHBIX  YCTPOHCTB M  TE€X  TEXHUYECKUX
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MPENNOChUIOK, KOTOPbIE MPHUBOIAT K MPUMEHEHUIO BHYTPEHHEro ABYX(a3zHOTo
TEIIONEPEAAIOLIETO JIEMEHTA.

1.2 Knaccudpukauuss M CPABHUTEJIbHAS OLEHKA JJICKTPOTEXHHYECKHUX
HarpeBaTeJIbHbIX YCTPOUCTB

KnaccupukanmoHHblii  aHanmM3  IEKTPOTEXHUYECKUX  HArpeBaTeNbHBIX
YCTPOMCTB TMO3BOJISIET ONPENEIUTh, KAKUE€ TEXHUYECKHUE PpEIICHHUS YkKe
MIPUMEHSIIOTCSI B JIOKAJIbHBIX M aBTOHOMHBIX CHCTEMaxX OTOIUICHHUS, KaKhE 3aJ1auu
OHM pematoT HauOosiee HGHEKTUBHO U KaKUE OrPAHUYEHUS HUMEIOT IIpH
WCIIOJIb30BAHUM B KQUECTBE yIPaBISEMbIX 3JEKTPOTEIIOBBIX HArpy30K. B maHHoi
padore OTHY noHuMawoTcs Kak  3JIEKTPOTEIJIOBBIE  MpeoOpa3zoBares,
NpEeAHA3HAYEHHbIE I TOJYYEHHUs], NMEepeJadyd W PACHpENeNICHUs] TEIUIOThl IMpHU
HarpeBe BO3/AyXa, JKHUJIKOrO padodero Tejaa, MOBEPXHOCTEH OrpakIAroIINX
KOHCTPYKLHM TUOO OTJIETBHBIX 30H TOMEILIEHHUS.

[TonpoOHoe comocrtaBnenue ocHOBHbIX TIpynn OTHY wu  cMexHbIX
AIIEKTPOTEXHUYECKUX  YCTPOMCTB  TEIUIOCHAOKEHHMsS] IO  KOHCTPYKTUBHO-
TEIJIOTEXHUYECKUM, AIIEKTPOIHEPTETUYECKHM, AKCILTyaTal[MOHHBIM u
HOPMAaTHBHBIM TPU3HAKaM MPHUBEICHO B MPUIIOKEHUHM A, BKIIOYas OLEHOYHYIO
MaTpHILy COOTBETCTBUSI TpeOoBaHUsIM Ta0uIbl 1.1 (Tabmuibt A.1-A.3).

Jns cymecTByrOmuUxX rpymnin yCTPOMCTB 3TO COIMOCTABIEHUE COCTABJIEHO: IO
KOHCTPYKTHUBHO-TEIUIOTEXHUYECKUM MPU3HAKAM — Ha OCHOBaHWHM [33; 34; 42; 48—

63]; mO DJIEKTpO’HEpPreTMYecKuM npusHakam — [53-55; 64-67]; 1o
AKCIUTYaTallMOHHO-HOPMATUBHBIM Tpu3HakaM — [45; 46; 49; 59; 66—69]; no
o030pHBIM paboram — [24; 42]. Jua mapokameabHBIX/TEII0TPYyOHBIX

AIIEKTPUUECKUX  OTOMHUTENIbHBIX MPUOOPOB  JIOMOJHUTEIHLHO  HMCIOJIb30BaHbI
ucrounnku no [I9H/I u OBTT, paccmorpennsie B nogpazaenax 1.3 u 1.4 [70; 71—
77].

[IpaBuiia BhICTaBIEHUS KaUYE€CTBEHHBIX OLIEHOK («+», «+-», «-») U NMPUHSATHIC
JOMYIICHUS MPUBEACHBI B TpuMeYaHuu K Tadnuie A.3. B HacrosieM noapaszaesne
BBIJICJISIFOTCS TOJIBKO T€ MOJIOKEHUSI, KOTOPBhIE HEOOXOIMMBI JIJ1s TIepexo/ia K aHaU3y
NBYX(a3HbBIX TEIIONEPEIAIOIINX JIEMEHTOB.

Jns  [1aHHOTO  JAMCCEPTAIMOHHOTO HCCJIEAOBAaHUS BaXXHBI HE  TOJBKO
TerioTexuuueckre nokazarenn JOTHY, HO u uX CBOMCTBAa Kak 3JIEKTPHUUYECKHUX
HArpy30K: XapakTep MOTpeOIsieMOl MOIIHOCTH, BO3MOXKHOCTh CTYNEHYATOTO WJIH
CEKI[MOHHOTO PpETyJIMPOBaHUS, COBMECTUMOCTh C aBTOMAaTHKOW, BIIMSHUE Ha
MUTAIONIYI0O  CeTh, TpeOOBaHWUS K  KOMMYTAllMOHHOW  ammaparype |

ANIEKTPOOE30MaCHOCTH. Taxom MOIXO/T COOTBETCTBYET npoduto
AIIEKTPOIHEPTETUKH, TTOCKOJIBKY HarpeBaTelIbHBIN MPUOOpP paccMaTpUBAETCS HE
W30JIMPOBAHHO, A  KaK  DJJE€MEHT  CHUCTEeMbl  JJIEKTPOCHAOXEHUus |

AIIEKTPOTEIUIOCHAOKEHUSI 00OBEKTA.

B Teopuu 3IEKTpOTEPMHUECKUX YCTAHOBOK MPEOOpa30OBaHHUE 3JIEKTPUUYESCKOM
DHEPTUU B TETUIOTY CBA3BIBACTCS C TEIUIOBBIM JICHCTBUEM 3JICKTPUYECCKOTO TOKA UITH
aNIeKTpoMarHuTHOTO 110J1s [33]. B 0030pax coBpeMEHHBIX TEXHOJIOTHI K OCHOBHBIM
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HaIIPaBJICHUSIM OTHOCST DJEKTPUYECKHE KOTJIbI, HArpeBaTelid COMPOTHUBIICHUS,
AIIEKTPOMHBIE KOTJIbI, MHAYKIIMOHHBIC YCTPONUCTBA, MH(PpaKpacHbIE HArpeBaTeIN U
CUCTEMBbI TEIJIOBOTO aKKyMyJiupoBanus [24]. [{ns neneit HacTosIie padboThl BaXKHO
OTJICTIUTh YCTPOMCTBA MPSIMOTO 3JICKTPOTEILIOBOTO MPEeOoOPa30BaAHUSI OT CMEKHBIX
YCTPOWCTB TEIJIOCHAOKEHUS, PAOOTAIONIUX 110 HHOMY (DU3UIECKOMY ITUKITY.

OTHY wmoxHO knaccupuUuupoBarb IO  CHOCOOYy  3JIEKTPOTEILIOBOIO
npeoOpa3oBaHus, CIOCO0y Mepenayn TeIIoThI, pabodeii cpeae, KOHCTPYKTUBHOMY
WCIIOJTHEHUIO, METONy PETYIMPOBAHUS MOLIHOCTH, TEMIEPATYPHOMY YPOBHIO U
oOnacTu PalMOHAIIBHOTO IPUMEHEHHS. HopmarusHas OIICHKA
AIIEKTPOOE30MaCHOCTH MPU STOM BBIMNOJHIETCS MO CTaHAAPTaM, OTHOCSIIUMCS K
KOHKPETHOM Tpymme yCTPOUcTB. JJiT KOMHATHBIX AJIEKTPUUECKUX 00OrpeBaresneit
npumeHuMbl TpeboBanus ['OCT IEC 60335-2-30-2013; s apyrux rpyr
UCIIOJIB3YIOTCS CIIelMalibHble cTaHmaapThl Jubo obmme nonoxkenus ['OCT IEC
60335-1 B npenenax ux odsactu npuMmeHeHus [45; 46].

Haubonee pacnpocTpaHeHHOM oOcCTaeTcd TIpylna YCTPOMCTB  Harpesa
conpotuiicHreM. K Hel otHOcATcss TOHOBBIE BOISIHBIE KOTIIBI, BOAOHATPEBATEIH,
AIIEKTPOKOHBEKTOPHI, TEINIOBEHTWISITOPBI, MACIISIHBIE PAIMATOPhI, ANEKTPUUECKUE
MaHeJd, HarpeBarejbHble KaOeld U 4YacTh IUJICHOYHBIX CHUCTEM. JTHU YCTpPONCTBA
OTJIMYAIOTCS  MPOCTOM  KOHCTPYKIMEH, TEXHOJOTMYHOCTHIO  W3TOTOBJICHMS,
yI0OCTBOM  pETyJUpPOBAaHUS  MOIIHOCTM U  BBICOKMM  KO3(PPUIIHEHTOM
npeoOpa3oBaHus INEKTpUUYECKOr sHepruu B Teriory [34]. Bomsasie TOHosbie
KOTJIBl W BOJIOHArpeBaTesii HauboJiee paIlMoOHAIbHO MPUMEHSIOTCS B CHCTEMax C
THAPABIUYECKUM KOHTYPOM, IUPKYJsIMed pabodero Tejaa W COOTBETCTBYIOIIEH
OOBSI3KOM; 3TUM ONIPENIETAETCA X OTIIMYUE OT JIOKAIbHBIX MPUOOPOB, pabOTAIOIINX
0e3 BHEITHEro BOJSIHOTO KoHTypa [34; 51].

DNEeKTPOKOHBEKTOPHI, TEIIOBEHTUIISITOPHI, JIEKTPUUECKUE MTAHENIA U MACIISTHbIC
paguaTopbl O00ECIEUUBAIOT MPSIMOM JIOKAJIbHBIM HarpeB MOMEIICHUS U TO3TOMY
IIUPOKO MPUMEHSIOTCS B ObITY. KOHBEKTHBHBIE MPUOOPHI TPOCTHI B AKCILTyaTallun
U yHOOHBI JUIsi TEPMOCTATHOTO YIPABICHHS, OJHAKO TEMIIEpaTypHOE TIOJie
MOMEIIEHHUS 3aBUCUT OT IUPKYJISIIIUU BO3/IyXa, PACIOJIOKEHUS MpUOopa U Xxapakrepa
teronoTeps [42; 52]. MacnsHble W KUJKOCTHbIE KOMHATHbIE OO0OTpeBaresu
MO3BOJIAIOT BBIPABHUBATH TEMIIEpaTypy IMOBEPXHOCTH 3a CYET BHYTpPEHHEH
TEIUIOEMKOCTH, HO OJHOBPEMEHHO YBEJIMYUBAIOT TEIUIOBYIO HWHEPIHUOHHOCTh U
BpeMsl BbIX0/1a Ha pexuM [45; 52].

DneKTpoAHbIE U UHAYKIIMOHHBIE BOJOHATPEBATEIbHBIE YCTPOMCTBA OTIIMYALOTCS
OT HarpeBareyieil COMPOTHBICHHEM CIOCOOOM BBOAA SHEpPruu. B 3rmeKTpomHbIX
YCTPOMCTBAaX padodasi KUIAKOCTh BKIFOUAETCS B AJIEKTPUUECKYIO I1I€Mb, TOITOMY
VUUTBHIBAIOTCSI €€ COCTaB, AJIEKTPONPOBOAHOCTh, BOJAOIMOATOTOBKA, KOPPO3US
AIIEKTPOJIOB U 3alUuTa OT TOKOB yTeuku [53]. Jis MOHOMpPOBOASUIUX Cpel
CYILLIECTBEHHbl XapaKTep MPOTEKaHUs TOKAa U BO3MOXKHOCTBH 3JIEKTPOXUMHUYECKUX
MPOIIECCOB, YTO OTMEYAETCA B HCCIEIOBAHMUAX JIKOYJIEBa HarpeBa HOHHBIX
MpOBOMHUKOB [54]. MHAYKUMOHHBIE YCTPONCTBA UCIOIB3YIOT BUXPEBBIE TOKH U
AIIEKTPOMArHUTHOE TMOJ€; ISl HUX YYHUTHIBAIOTCS KOA(M(GUIHMEHT MOIIHOCTH,
peaKkThBHasi MOIIHOCTb, TapaMeTpbl CHUIIOBOIO IpeoOpa3oBarelisi U BO3MOKHOCTD
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komrieHcanuu [33; 55]. B THmoBoM wucHodHEeHMH o00a Kjacca CBS3aHBI C
JKUJKOCTHBIM ~ KOHTYpPOM WM  TEIUIOOOMEHHONW TMOBEPXHOCTBHIO, IMOATOMY
MPUMEHSIIOTCSI B CUCTEMAaX C COOTBETCTBYIOIIECH T'UIPaBIMYECKON YacThIO.

WNudpakpacHbie n3Iydarenan, NaHEIbHO-TYyUNCThIC, KAOCIbHBIC W TICHOYHBIC
cucTeMbl (POPMHUPYIOT JOKAIBHBIN MO0 pacmpeneneHublii HarpeB. MHdpakpacHbie
npuoopsl  yaoOHBI 1 pabodynx 30H M I[OMEHIEHUMH MEePUOAHYECKOIO
WCIIOIb30BAHUS; IPU UX BBIOOPE PACCUUTHIBAIOTCS 30HA JIEUCTBUS, PACCTOSHUE 10
oO0beKTa MW JONyCTUMas TeMIlepaTrypa ImoBepxHocTu [56; 57]. KabGenbHble u
MJICHOYHBIE CUCTEMBI 00€CTEUMBAIOT PABHOMEPHYIO TEIUIOOTAuy IO IUIOMIAd U
OOBIYHO 3aKJAJbIBAIOTCS B CTPOUTENBHBIE KOHCTPYKIIMM, TO3TOMY 3apaHee
YUYUTBHIBAIOTCSI MHEPLUUOHHOCTh OCHOBAHHUS, YCJIOBHS MOHTa)Xa M 3alluTa OT
JOKAJIBHOTO TieperpeBa WiM moBpexaeHus [58; 59]. AKKyMyIsLIMOHHBIE
DIIEKTPUUYECKUE CHCTEMbI MO3BOJISIIOT TEPEHOCUTHh MOTPEOJICHHE BO BPEMEHH,
OJTHAKO OTHOCSITCA K YCTPOMCTBAM C MOBBIIEHHOW TETJIOBOM HHEPLIMOHHOCTHIO [24;
48; 60].

TerioBble HACOCHI B JTAHHOM aHAJIW3€ BBIICIAIOTCA KaK CMEXHash KaTeropus
ANeKTpoTeriocHadkeHusi. OHM  MCHOJB3YIOT HE IMpsMOE MpeoOdpa3zoBaHUE
AIIEKTPUYECKON SHEPTUU B TEIUIOTY, a TEPMOJUHAMUYECCKHUI ITUKII C XJIaJareHTOM,
KOMIIPECCOPOM, UCHApUTENIEM, KOHJICHCATOPOM M PETYIHUPYIOUIUM YCTPOHCTBOM
[61-63]. TlosTOMy TEIIOBbIE HACOCHI HE SIBISIIOTCA MNPSIMBbIM (DYHKIHOHAIbHBIM
ananorom [IOHJ[, HO y4uTBIBaIOTCA B MPUIIOKEHUH A KaK 3JIEKTPOTEXHUYECKHE
YCTPOWCTBA, TPUMEHSIEMbIE B CUCTEMAX TEIIJIOCHAOKEHUSI.

Onexrporexuuueckuii pexkum OTHY 3aBucut ot crnocoba mpeodpazoBaHus
SHEPrMM U NPUHATOIO METOJAa peryaupoBaHus MolHocTu. Harpeparenu
CONPOTUBIICHHEM npu HEIOCPEACTBEHHOM BKJIFOUCHUU paborarot
MPEUMYIIIECTBEHHO KaK aKTHUBHAs Harpys3ka, OJHAKO HMX (DAKTUUECKUN PEKUM
OTPENIENACTCS YCTAaHOBJIEHHOM MOIIHOCTBIO, ITUKJIMYHOCTHIO BKJIIOUCHUS U
CcriocoooM KoMMyTanuu. WHIyKIIMOHHBIE YCTPONCTBA HMMEIOT aKTUBHYI U
PEAaKTUBHYIO COCTaBJISIONIME, TMOATOMY JUISi HUX YYHUTHIBAIOTCS KOd(DuiueHt
MOIITHOCTH W TlapaMeTpbl CHUJIOBOTO mpeoOpazosarens [33; 55]. DnekrpomHbie
YCTPOMCTBAa UYBCTBUTEIBHBI K 3JEKTPOMPOBOJHOCTH pabOYero Tejaa U COCTaBY
paboueii cpensl [53; 54]. CienoBarenbHO, dIEKTpoIHEpreTudeckas ornenka I THY
HE MOXET OTpPaHUYMBATHCS TOJBKO YCTAHOBJIEHHOW MOIIHOCTBIO: OHA JOJIKHA
YYHUTHIBATh AKTUBHYIO U PEAKTUBHYIO MOIITHOCTH, KO3(PHHUIIMEHT MOITHOCTH, CITIOCO0
KOMMYTAllUd, YCTOMYMBOCTH PErYJIUPOBAHUS W COBMECTUMOCTH C ammnaparaMu
3aIUTHI.

HauGonee mpocTeiM criocoOOM yIpaBIICHUS] OCTAETCS PEICHHOE TEPMOCTATHOE
perynupoBaHue. CeKIIMOHHOE  PETyJIMPOBAHHE  PACIIMPSIET  BO3MOXHOCTHU
yIIpaBJIEHUs, TTOCKOJIbKY MO3BOJISIET BKJIIOUATh OTJEIbHBIE TPYIIbl HArpeBaTeliei,
YMEHBIIATh CKAYOK MOITHOCTH U COTJIACOBBIBAThH PabOTy YCTPONCTBA C BBIICICHHON
AIIEKTPUYECKONM MOIIMHOCThIO 00bekTa. Ilpum wactoii kommytanuu OTHY
MPUMEHSIIOTCSI  TBEPAOTEJIbHBIE pEelie, TUPUCTOPHBIE KIOYM U  CHIIOBBIC
KOHTposiepbl. [Ipu ux BbIOOpPE YUUTHIBAIOTCS TOKU YTEUKH, TEIUIOBOM PEXHUM
CWJIOBBIX JJIEMEHTOB, TEpPEHAIPSKEHUSI U BIMSHUE CIOcO0a KOMMYTAllMU Ha
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KaueCTBO AJIEKTpUUECKOM sHepruu [64; 65]. KauecTBO 31eKTpUYeCKON SHEPTUH MPU
pabote perynupyeMbix Harpy3ok oneHuBaerca ¢ ydetoM ['OCT 32144-2013 u
['OCT 30804.4.7-2013 [66; 67]. Ans cnenuaibHbIX TPy AEUCTBYIOT OTACIIbHbBIE
HOpMaTuBHbIE TpeboBaHus, B ToM unciie IEC 60800 nnst HarpeBaTrenbHbIX Kadeen
u 'OCT IEC 60335-2-61-2013 n1s1 akkyMyJISIIUOHHBIX KOMHATHBIX 00OrpeBaresiei
[68; 69].

Takum o00pa3oM, pacCMOTPEHHBIE YCTPOWMCTBA pPa3IUYalOTCA HE TOJIBKO
CH0coO0M TpeoOpa3zoBaHUs 3IEKTPUUECKON SHEPTrUU B TEIUIOTY, HO U 00JaCThIO
PaLMOHAJIBHOTO NPUMEHEHHS. YCTPOWCTBA C JKUJIKOCTHBIM KOHTYPOM TpeOyroT
THJIPaBINYECKOW  WMHQPACTPyKTyphl,  LUPKYJIALIMH  pabodyero Tena U
COOTBETCTBYIOLIEH O0OBs3KH. I[IpuOOpBHI MPSIMOrO JIOKAJBHOTO HAarpeBa MOTYT
paboTtarb ©€3 BHEUIHET0 BOJASHOIO KOHTypa, OJHAKO paBHOMEPHOCTh MX
TEIUIOOTIaYu 3aBUCUT OT BO3AyX0O0OMEHa, pa3MelleHus NpuOopa, HarpaBiIeHUs
TEIJIOBOTO MOTOKAa WM 30HbI oOmydeHus. KaOenbHble, TIUJICHOYHBIE U
AKKYMYJISILUOHHBIE CUCTEMBI 00€CIIEUNBAIOT PACIPEACICHHYIO WIIA HAKOIUICHHYIO
TEIJIO0TAAYY, HO TpeOyIOT ydeTa YyCJIOBHI MOHTaXa, TEIUIOBOM MHEPLIMOHHOCTH
CTPOUTEIBHBIX KOHCTPYKIMHI U peryaupyeMoctu. [loaromy BeiOop DTHY nomxen
BBITIOJIHATHCS C Y4ETOM COBOKYITHOCTH TEMIOTEXHUYECKHUX,
AIIEKTPOIHEPTreTUYECKHUX, IKCIUTYaTA[UOHHBIX 1 HOPMATHUBHBIX IIPU3HAKOB.

[IOH][ B Hacrosimieid paboTe paccMaTpUBAeTCs HE Kak OTAENbHas
KJIaCCU(UKAMOHHAs TpYyIa, a KakK KOHKPETHOE CEKIMOHHOE HCIIOJHEHHUE
HaMpaBJICHUs] TApPOKANeIbHBIX/TEIUIOTPYOHBIX AJIEKTPUUYECKUX OTOMHUTEIbHBIX
npubopoB. Ero pacueTrHo-3KcliepUMEHTallbHAsE  OLEHKAa  BBINOJHSETCS B
NOCJIENYIOIMX  pa3fenax MO0  YCTAHOBJIEHHOM  MOIIHOCTH,  YAEJIbHON
AIIEKTPOTEIUIOBOM HArpy3Ke, BPEMEHHU BBIXO/Ia HAa PEXHUM, TEMIIEPATYPHOMY ITOJIO
TEIJIOOTAAOLIEN TOBEPXHOCTH U SJEKTPUUECKUM ITOKA3aTEISIM.

ConocraBnenue (MpuiiokeHrue A) MOKa3bIBAET, UTO KaXK/as Ipymna yCTPOWCTB
UMEET CBOI0 palMOHAIbHYIO O00JacTh MpUMEHEHHd. B pamkax NpuHATOM
HKCIIEPTHOM OLIEHKM W ISl TUIOBBIX MCIIOJIHEHWA HU OJIHA M3 PACCMOTPEHHBIX
rpynn OTHY u cMeXHBIX YCTpPOMCTB, BKJIIOYAsl MapoKarelbHbIE/TeMI0TpyOHbIe
AIIEKTPUUYECKUE OTOMUTEIbHBIE MPUOOPHI, HE 00ECIEYMBAET OJAHOBPEMEHHO BCHO
COBOKYITHOCTH IIecTH TpeboBaHui Tabmuiel 1.1. HamGonee Ommskoni k TIOH]I
SBIIAETCSl TpyIIa MapOKareIbHbIX/TeMIOTPYOHbIX MPUOOPOB, ONHAKO IJIsi HEEe B
o0meM ciaydae He SBIAIOTCS 00s3aTeIbHBIMU  CEKIIMOHHOE  yIpaBieHHUE
MOIIHOCTBIO, pacHIMpeHHas HaOII0JaeMOCTh TEMIIEPATYPHBIX M IIEKTPUUYECKUX
apamMeTpOB M PACYETHO IMOATBEPKIECHHOE OrPAaHUYEHUE TEMIEPATYPHOIO MO
TEIUIOOTAAIOIIEeH MOBEPXHOCTH. ITO 0OOCHOBBIBAET 11€1€CO00Pa3HOCTh Mepexoaa K
BHYTpEHHEMY JAByX(a3HOMY TEIUIONEpPEAaloIeMy 3JIEMEHTY, CIIOCOOHOMY
nepepaclnpeacsaTh TEIUIOTY OT 30HBI 3JEKTPUYECKOrO TEIUIONOABOAA K Pa3BUTON
TEIUIOOTAAIOIIEH NOBEPXHOCTH. K TaKUM 3/ieMeHTaM OTHOCATCS TEIJIOBbIE TPYOKH
U 1ByX(a3Hble TEpMOCU(OHBI, paccMaTpuBaeMble B oapasneie 1.3.
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1.3 AHaau3 TemIoBbIX TPYOOK M JABYX(pa3HbIX TepMOCH(POHOB KakK
TEIUIONEePeAIINX  JJIEMEHTOB  IEKTPOTEXHUYECKHUX HArpeBaTeJbHBIX
YCTPOMCTB

B nonpazgene 1.2 moka3aHo, uro s JokanbHbIXx OTHY cymiecTBeHHBI
PaBHOMEPHOE paclpeiesIeHue TEIIOThI, OFPaHUYEHHAs TeIIOBask HHEPUHUOHHOCTh U
pabota 0Oe3 MPOMEXYTOYHOTO KHUAKOCTHOTO KOHTypa. OIHUM U3 TEXHUYECKU
O0OOCHOBAaHHBIX pEILICHUN SBISETCS MPUMEHEHHWE BHYTPU HarpeBaTelbHOIO
YCTPOMCTBA 3aMKHYTOro JByX(a3HOro Terionepenaromero seMenta. K takum
DIIEMEHTAM  OTHOCATCS  TEIUIOBbIE TPYOKM W JAByX(a3Hble  3aKpBIThIE
IpaBUTAIIMOHHBIE TEPMOCU(POHBI, B KOTOPHIX TEIUIOTAa MEPEHOCUTCS 3a CUeT
UCIapeHus pabovero Tea, IBMKSHUsI Tapa, KOHJEHCAlMU ¥ BO3BpaTa KUJIKOH (ha3bl
B 30HY ucnapenus [16—20; 78—80].

Jns  nanpHEWIIero M3J0KEHUsT HEeoOXOIMMO pa3rpaHUyYUTh  TEPMHUHBI
«TEIUIOHOCUTENIb» U «pabouee Teno». Ilog TemnoHocuTeneM MOHUMAETCs cpeda
BHEILHETO OTOINHUTEIBHOTO KOHTYpAa, YYACTBYIOIIAs B MEPEHOCE TEIUIOTHI MEXIY
AIIEMEHTAMH CHUCTEMBI TeIlocHaOkeHus. Pabouee Teno0 — 3TO BEIIECTBO,
HaxoJdIleecs] BHYTPU 3aMKHYTOM BaKyyMHpPOBAaHHOM MOJOCTH TEIUIOBOM TPYyOKH
WM TPaBUTALMOHHOTO TepMOCU(OHA B KUAKON U TapoBOH (hazax.

Takoli »JIEMEHT TMpEeACTaBIsSIET COO0OW TEepPMETUYHBIM KOPIYyC, YaCTHYHO
3alOJIHEHHBIA pabounM TesioM. Bronb Kopriyca BBIIETSIOT 30HY HCIApEHUs,
TPAHCIIOPTHYIO, UM aauadaTuyecKyto, 30Hy M 30Hy KoHJeHcauuu. [Ipu moasosae
TEIJIOTHI JKUJIKast (pa3a B 30HE UCTIAPEHUS HATPEBACTCS 10 COCTOSIHUS HACBIIICHUS U
ucrapsercs. OOpasyromuiicss map Mo JCHCTBHEM TMepenaza JJTaBICHUS
HACBIIIEHHOTO Tapa MepeMeIIaeTcsl K 30He KOHACHCAllUH, OTAAET CTEHKE KopIyca
CKPBITYIO TEIUIOTY MapooOpa3oBaHUs U BHOBb MEPEXOAUT B KHUIKOE COCTOSHUE.
3areM KOHJEHCAT BO3BpAIlaeTcsi B 30HY MCHApEHHs], 3aMblKash BHYTPEHHUU
UUPKYIAIUMOHHBIN tuka [17; 18; 20; 80; 81].

B omnune oT 00bIYHOTO METANIMYECKOTO TEMIONPOBOJHUKA TEIUIOBas TpyOKa
WM TEPMOCU(OH MepeaeT TEII0Ty HE TOJIBKO TEIUIONPOBOAHOCTHIO CTEHKH, HO U
3a cyer (azoBoro mnepexona pabouero Tena. bnaromaps CKpbITOH TeruioTe
napooOpa3oBaHUsl 3HAYUTENIbHBIE TEIUIOBBIE IMOTOKM MOTYT MepefaBaThCsi MpH
CPABHUTEJIBHO MAJIOM NEpenajae TeMIeparyp MeEXIy 30HaMU TMOABOJA M OTBOJA
TeroThl. [l03TOMy Takue yCTpOHCTBA OTHOCAT K MACCHUBHBIM TEIJIONEPEAAIOITUM
DIIEMEHTaM C BBICOKOW A((EKTHBHON TEIIOMPOBOJHOCTHIO, HE TPEOYIOITUM
HaCcOCOB M JIPYTUX MOABUXKHBIX 371eMeHTOB [ 16—18; 20; 78; 80; 81].

B cocraBe naneKTpOTEXHUYECKOTO HArpeBaTeIbHOTO YCTPOMCTBA ABYyX(a3HbIM
AIIEMEHT TPUHUMAET TEIUIOTY OT JIOKAJIM30BAaHHOW 30HBI AJIEKTPUUYECKOTO
TEIUIONO/IBOJA U MEPEIaeT €€ K TeIUIOOTAANIENH YacTH KOpIlyca. DTO YMEHbIIAET
JIOKaJIbHBIE TEPETPEBBl, CHIKAET TEMIEPATypPHbIE TPAJAUEHTHl W TMOBBIIAET
PaBHOMEPHOCTh HarpeBa noBepxHocTu npuodopa [20; 50; 82; 83].

Jns [IDH/] 5T0 nMeeT puHIKUNNATBHOE 3HAYEHHE, TOCKOJIBKY Ba)KEH HE TOJIBKO
AIIEKTPUYECKUIN HArpeB, HO U MOCIEAYIOLIEE PACIPENEICHUE TEIIOTHI IO KOPIYCY
npubopa. B TemnoTpyOHBIX pamuaropax Al HU3KOTEMIIEPATypHOTO OTOIJICHUS
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MOKa3aHO, YTO pa3/eJIeHHe 30HbI MOABOA TEIUIOTHI U Pa3BUTOM 30HBI TEILNIOOTAAYN
MOBBIIIAET KOHCTPYKTUBHYIO KOMMAKTHOCTh M YAy4YIIAeT JWHAMHKY BBIXO/Aa Ha
PEXUM M0 CPABHEHUIO C TPAJULMOHHBIMU KUJIKOCTHBIMU paauaropamu [44].

[To MexaHU3My 3aMbIKaHMSI BHYTPEHHETO HUPKYISLMOHHOIO IIUKJIA Pa3IudaroT
KanWUISIpHbIE TEIUIOBbIE TPYOKHM M JBYX(a3HbIE 3aKpbIThie T'PABUTAIMOHHBIC
TepMocu(oHBI. B KanumuispHoii TErIoBo#M TpyOKe KUAKOCTh BO3BPAIIAECTCS B 30HY
UCIIApEHUs MOJ ACHCTBMEM KAaNWUIAPHBIX CHJI B MOPUCTOW CTPYKType (DUTHIIA.
PabotocrnocobHOCTh PUTHIIL ONPENeNsieTCs €ro MOPUCTOCTHIO, TPOHUIIAEMOCTHIO,
3G HEKTUBHBIM PAIMYCOM TOP, CMAYUBAEMOCTbIO U TETIONPOBOIHOCTHIO MaTepraa
[18; 20; 78; 84; 85]. B rpaButanimonHoM TepMocu(doHe (PUTHUIL OTCYTCTBYET, a
KOHJICHCAT CTEKAaeT B MCHAPUTEIIBHYIO 30HY IOJ JCHCTBUEM CHIIBI TSKECTH.
[ToaTomy st ycToWUMBOM paOOTHI 30HA UCHAPEHUS JIOJIKHA PAcIojaraThCsl HUXKeE
30HBI KOHICHCAIIMH WK OJIM3KO K TakoMy TosoxeHuto [17-20; 80].

JIns  HarpeBaTenpHBIX YCTPOWCTB €  BEPTUKAJBHOM  TEIUIOOTIAOLIEN
MOBEPXHOCThIO Haubosnee Onm3ka OechuTHIbHAS CcXeMa TPABUTALMOHHOTO
tepmocudoHa. IIpu moaBone TEIIOTHl K HMKHEH 4YacTH Kopllyca pabodee Teso
UCIapsieTcs, nap NOJHUMAETCA B 30HY KOHJEHCAllMU U OTIAET TEIJIOTY CTEHKE, a
XKuakas (aza BO3BpaIaeTCsl BHU3 110 CTEHKE WM B BUJE TUICHKM KOHAeHcara. J{is
TaKOM CXEMbl OINpPEACIIAIONIMMU SIBJIIOTCS YTOJI YCTAHOBKH, CTENEHb 3alOJHEHUS
paboyuM TEIOM, COOTHOIICHHE 30H MCHApeHHsT M KOHJEHCAllUH, TeOMETpUs
IIaPOBOI0 KaHaJIa, a TAKXKE yCTOMYMBOCTh BCTPEYHOTO JIBH)KEHHUS apa U KOHJEHcaTa
[19; 79; 80; 86]. OO6oOmeHHass cxemMa pabOThl ABYX(a3HOTO 3aKPBITOTO
I'PaBUTAIIMOHHOTO TepMOCHU(OHA MpUBEeHA Ha pucyHke 1.2.
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Pucynok 1.2 — O6061m1eHHas cxeMa padoThl ABYX(a3HOTO 3aKPBITOTO
TPaBUTALMOHHOTO TEPMOCH(POHA
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OKCIIEpUMEHTAIbHBIE W  YHCICHHBIE  HCCIEIOBAHHUS  T'PAaBUTALMOHHBIX
TepMOCU(GOHOB TIOKA3bIBAIOT, YTO OpPWCHTAIMs, JWAMETP KaHama, pabouas
YKUJIKOCTb, CTEIICHb 3allOJIHEHUSI Y BEJIMYMHA TEIJIOBOM HArpy3Ky 3aMETHO BIIMSIOT
Ha TeIIoBYI0 3P PeKTUBHOCTH ycTpoiicTa [87; 88]. Ilpumenutensao k [I1DOH]] atn
(bakToppl paccMaTpPUBAIOTCA KaK KOHCTPYKTHBHO-PEKUMHBIC IMapaMeTphbl, OT
KOTOPBIX 3aBHUCAT 3allyCK ABYX(a3HOTO IIMKIIA, TEIJIOBOE COMPOTHBICHHUE W
PAaBHOMEPHOCTh TEMIIEPATYPHOTO MOJIA.

Pabouee Teno BBHIOMpAETCS C y4ETOM TEMIIEpaTypHOTO JWana3oHa, JAaBJICHUS
HACBIIIECHUSI, CKPBITOM TEIUIOTHI Mapoo0pa3oBaHusi, TEIIO(U3NUYECKUX CBOWCTB
KUIAKOW ¥ mapoBo (a3, CMauMBaeMOCTH, XHMHUYECKOW CTaOMIIbHOCTH,
TEMIIEPATypPhl 3aMep3aHusl U COBMECTUMOCTH C MaTepuanoM kopmyca [16; 20; 80;
81]. B onanHoii pabore B KauecTBe pabouero TejJa paccMaTpuBaeTCs
JTUCTUIMpOBaHHAas Boja. Ee BBIOOp CBsI3aH C BBICOKOM CKPBITOM TEMJIOTOM
napooOpa3oBaHusi, JOCTYIIHOCTBbIO, TEXHOJOTUYECKOW  O€30MaCHOCThIO U
MPUTOAHOCTBIO JJISI HU3KO- U CPEIHETEMIIEPATypHOrO JHarna3oHa OTOMMUTEIbHBIX
yCTpOMCTB. PabGoTOoCnOCOOHOCTh BOASHOTO ABYX(A3HOTO TEIUIONEPEIAIOIIEro
DJIIEMEHTA ONpENeNAeTCS JaBJICHUEM HACBIIICHUS, CTEHEHBIO 3aIlOJIHCHUS,
yIaJE€HUEM HEKOHJEHCUPYEMBIX T'a30B, T€PMETUYHOCTHIO KOPIyca U YCIOBHUSIMU
terooTBoaa [16; 19; 20; 80].

HavanpHoe BakyymMupoBaHUE MOJOCTU TEIJIOBOM TPyOKH wiM TepMocudoHa
HEO0OXOIUMO TIPEXK]Ie BCETO VIS yIaleHUs BO3[yXa U JAPYTHMX HEKOHJICHCHUPYEMBIX
ra3oB. Ilocie mycka u HarpeBa pabouee aBJIEHHUE YUCTOTO padouyero Teja B
TEPMETUYHON TOJIOCTH OMNPENEAeTCs TeMIeparypoil HacblileHus. OcTarodHble
HEKOHJIEHCUPYEMBIE T'a3bl IPU 3TOM OTTECHSIIOTCSI TAPOM B BEPXHIOK YacCTh 30HbI
KOHJCHCAIIMK W CHIDKAIOT 3(P(dEeKTUBHOCTL e¢ padoter [16; 20; 80]. Jns Bombl
CHUKCHHE HAYaJIbHOTO a0COJFOTHOTO JIABJICHUS TO3BOJISET MEPEUTH K COCTOSHUIO
HACBIIIEHUS TMpPU TEMIIEpaTypax HIXKE HOPMAJIbLHON TeMIlepaTypbl KUICHUSI.
[ToaTOMYy TEpMUH «HHU3KOTO AaBieHUs» npuMeHuTenbHo kK [IDH][ oTHOcuTCA K
WCIIAPUTENIbHO-KOHJEHCAIIMOHHOMY IIUKJIYy B TE€pPMETUYHON BaKyyMHUPOBAHHOM
nojoctu [16; 20; 70; 80].

PaboToCriocOOHOCTh TEIUIOBBIX TPYOOK M TEPMOCH(DPOHOB OTrpaHUUYMBACTCS
npeAeTIbHBIMU peKUMaMu. {7151 KanuuISIPHBIX TETUIOBBIX TPYOOK ITIABHBIM SIBJISICTCS
KaMWUIAPHBIA Tpenesa, TO €CTh JOCTaTOYHOCTh KaMWIISPHOTO JIaBJICHUS IS
BO3Bpara >KUAKOCTH B HcmaputenbHyto 3oHy [17; 18; 20; 78; 80; 84]. us
IPaBUTAIIMOHHBIX TEPMOCU(POHOB Oo0yiee CYIIECTBEHHBI THAPOIWHAMUYECKHUE
orpannyeHus. [Ipu pocTe TEII0BON HArpy3KH BOCXOASIIMN IMOTOK Mapa HaYMHAET
BIIMATH HA CTEKaHUE KOHJEHCATa, YHOC Kamlejib, yCTOMYUBOCTD KUJKOHN IJIEHKU U
BO3BpAT KUJIKOCTH B UCMIapUTENbHYI0 YacTh [19; 20; 79; 80; 86; 89].

B 0611eli Teoprun BOASIHBIX TEIIOBBIX TPYO BBIIEISAIOTCS 3BYKOBOM, BA3KOCTHBIH,
KalMWUIIPHBIN MPEesbl, TPEAEN YHOCA KUJIKOCTA U npenen kunenus. [Ipu stom
KaIllWJUISIPHBIN MPEesl OTHOCUTCS MPEX/IE BCEro K (PUTUIILHBIM KOHCTPYKIMIM. [[i1s
npuMensiemoit B IIDHJ[ OechutuiibHOM TpaBUTAIMOHHOW 3JIEKTPOBAKYYMHOMU
terioBo  TpyOokn (OBTT) Haubosblliee 3HAUCHHME HWMEIOT YCTOMYHMBOCTH
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IPABUTALIMOHHOTO BO3BpaTa KOHAECHCATa, OTCYTCTBUE JIOKAJIBHOTO MEPECHIXAHUS
VCIIAPUTENIBHOM 30HbI U YUET JIaBJIEHUs HachIleHHs padoyero tena [90].

Jlst iByX(ha3HBIX TETIOTIEPEIAIONINX IEMEHTOB TAK)KE YUUTHIBAIOTCS PEKUMBI
cyxoro xoaa u 3anuBa. Cyxoil XOJ] BOBHUKAET MPHU HEIOCTATOUHOM KOJUYECTBE
pabouell KUJKOCTU WM TIPU HAPYIICHUHW €€ BO3Bpara B 30HY ucnapeHus. B atom
cllydyae WCHapUTEIbHO-KOHACHCAIMOHHBIA IMKJI HapyllaeTcs, a TeMmIeparypa
CTEHKHM B 30HE TEIUIOMOJBOAA BO3PACTaET. 3aJiuB, HAIPOTUB, CBSI3aH C M30BITKOM
paboyero Tena: CBOOOAHBIA IMAPOBOM OOBEM yMEHBIIAECTCS, THUIPABIMYECKOE
CONPOTUBIICHHE  BO3pPACTAECT, KOHJACHCALMSA  YXyALIaeTcs, a  TeIioBas
MHEPIIMOHHOCTh YCTPOMCTBA MOXET yBenmuuBarbcsa [16; 19; 20; 79; 80; 86]. K
AKCIUTYaTallMOHHBIM (haKTOpaM OTHOCSITCSI HAKOIUICHHE HEKOHICHCUPYEMBIX Ta3o0B,
HapyIlIEHUE TEePMETUYHOCTH KOPITyCa, KOPPO3HUs, 3arpsi3HEHUE WM JErpaaarus
pabouero Telna, a Takxke ycioBus mycka [16; 20; 80; 89].

B anekTpoBakyyMHBIX HarpeBaTeNIbHBIX YCTPOMCTBAX pPACCMOTpPEHHAs cXema
MOJIy4aeT KOHCTPYKTUBHOE PA3BUTHUE: DIEKTPUUECKUMN TETUIOMOABO Pa3MeEIIaeTCs
B TEPMETUYHOM IMOJOCTH, a TEIJIOTa TMOCJe MPeoOpa3oBaHUs AJIEKTPUUECKON
SHEPI'UM MEepeacTcsa K KOPIyCy 3a CUET UCMAPUTEIbHO-KOHEHCAIIMOHHOTO IUKIIA.
B paborax mo »1eKTpOBaKyyMHBIM HarpeBaTEIbHBIM 3JIEMEHTAM U pajuaTropaM C
AJICKTPOBAKYYMHBIMU TEIJIOBBIMU TpPyOKamMu Takash KOMIIOHOBKAa CBSi3aHa C
UCIIOJIB30BAaHUEM pabOoyero Tejia v nepenadedl TerioThl K Pa3BUTON MOBEPXHOCTH
npubopa [70-72]. [IpeamecTByroiiee paauaTropHOe PEIICHUE C KUJIKUM padounuM
TEJIOM YYHUTBHIBA€TCS KaK KOHCTpYKTHMBHas ©0aza [73], a wuccienoBaHus
HHEProcOeperaroux paaruaropoB U aBTOHOMHOTO TEIJIOCHAOKEHUS! MOKAa3bIBAIOT
BO3MOXKHOCTh TIEpe/laud TETUIOThI K TEIIOOTAAIoNIe moBepxHoctu npudopa [50;
74;75; 82; 83].

Hnsa TI9H/] ocHOBHBIMU mapaMeTpaMy UCCIICIOBAaHUS SIBJISIFOTCS MOJBOAMMAS
aKTUBHAs DJIEKTPUYECKasi MOIIHOCTb, T€OMETPHUS CEKIMU, KOJUYECTBO pabovero
Tela, HayaJbHOE OCTAaTOYHOE JIaBJICHHE, YCJIOBHUS BHEIIHEW TEIJIOOTIauu |
OopraHu3allvs BO3Bpara KOHJEHcaTa. JTU MapaMeTphl JIOJDKHBI OBITh OTpPaKeHbI B
(bU3MKO-MaTEMaTUYECKON MOJIENT U TPOBEPEHBI IKCIIEPUMEHTAIBHO.

Takum  obpazom, qua ITIDOHJ[ nHaumbosee 3HaumMma  OechuTHUIIBLHAS
IpaBUTALIMOHHAS CX€Ma, B KOTOPOH ANEKTPUUYECKUN TEIIONOIBOJ COBMEIAETCS C
WCIIApUTENIbHOW 30HOM, a TeIyioTa MepepachpeaeisieTcss Mo KOpImycy 3a cyer
MCIIAPUTENIbHO-KOHJEHCAIIMOHHOTO [UKJA. JTO Mo3BojsieT paccMmarpuBarb DBTT
KaK BHYTPEHHHUH Terionepenarouui anemeHt JgokanbHoro O THY. Ha »Toit ocHoBe
B mnonpasznene 1.4 aHanM3UMpyrOTCS  AJIEKTPOBAKYYMHBIE  HarpeBarelibHbIC
yCTpPOWCTBA, TA€ JByX(ha3HbI DIEMEHT OOBEAMHEH C  JJIEKTPUUYCCKUM
TEIUIONOIBOJIOM B TEPMETHYHOW BAKYyMHPOBAHHOM MOJOCTH.

1.4 AmnHaau3 3JeKTPOBAKYYMHBIX HArpeBaTeJbHBIX YCTPOWCTB |
oO0ocHoBaHMe 3aaa4 ucciaeropanust IIDH/L

Hanpaenmmii ananu3 [IOH] cBs3aH ¢ TeM, Kak 3JIEKTPUYECKUN TETIOMOIBO
COUYETAETCSl C BHYTPEHHUM MEPEHOCOM TEIUIOTHI B IIprubope. Pu3MvecKre OCHOBBI
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NBYX(a3HOrO MCHAPUTENIbHO-KOHIEHCAIIMOHHOTO LMKJIAa U3JIOKEHbl B MOJpa3iele
1.3. B HacTosmeM noapasaene 3TH MONOKEHUS IPUMEHSIOTCS K EKTPOBAKY YMHBIM
HarpeBaTeIbHbIM YCTPOUCTBAM.

B II9H/] nByxda3Hblil Temaonepenammui IeMEeHT TPUHUMAET TEIIOTy OT
JIOKaJIbHOW 30HBI HAarpeBa W MEpeJacT €€ K TEIUIOOTAAIOIIEH YacTH KOpIryca.
VIMEeHHO A3TOT BHYTPEHHHUU MEPEHOC OMpPEIENsIeT TEIIOByl0 padoTy mpubopa u
OTJIMYAET €ro OT YCTPOWCTB, I1I€ HarpeBareabHasl MOBEPXHOCTh HEMOCPEICTBEHHO
COBIMAJAET C 30HOM AIEKTPUUECKOTO TeruioBbIaeneHud [16; 70; 71-75; 80].

B oTtonuTenpHBIX cUCTEMaXx TEIJIOBbIE TPYOKU M TePMOCU(DOHBI TPUMEHSIOTCS
KaK Cpe/icTBa MOBBIIEHUS 3((HEKTUBHOCTH TEIJIOOTAAYN OTOMUTEIBHBIX IPUOOPOB,
paauaToOpHBIX CUCTEM M OTPaKJArIMX KOHCTpyKuui [82]. [TosTomy nipu ananusze
OTHY BaxXHO y4HMTBIBaTh HE TOJBKO THIIl AIEKTPUUECKOTO HArPEBATENS], HO U MyTh
nepefadyrd TEIUIOThl OT JIOKAJIW30BAHHOM 30HBI TEIUIONOJBOAA K IMOBEPXHOCTHU
npuodopa.

[Ton »nexkTpoBaKyyMHBIM HarpeBaTebHBIM YCTPOHMCTBOM B JAaHHOW paloTe
noHnnmaercss OTHY, B KOTOpOM 3IEKTPUYECKHMU TEIUIOMOJBOJ COBMENIEH C
TEPMETUYHON BaKyyMUPOBAaHHOM IMOJIOCTHIO, colepkaiei nByx(daszHoe pabouee
Teno. DJeKTpoBakyymMHas TemioBas Tpyoka (OBTT) namee ucmomnblyercss Kak
KOHCTPYKTUBHO-()YHKIIMOHAIbHOE 0003HAYE€HWE OCHOBHOIO TEILIONEPEAAtOLIEro
y3na oronutenbHoro OTHY. [lo ¢pusnueckomy npunnuny paccmarpusaemas OBTT
MpeNCTaBIsgeT co0oi OecPUTHIbHBINA NBYX(ha3HBIA 3aKPBITHIA TPaBUTAIMOHHBIN
TepMOCU(OH: TEIJIOTa B HEM IMEPEHOCUTCS 3a CUET HCMapeHus padouero Tena,
JBHDKCHUS MMapa, KOHJICHCAIlMKM W TPAaBUTALIMOHHOTO BO3Bpara KOHAEHCATa B 30HY
ucnapenus [70-72; 80].

B mareHTHBIX pemieHusx no paauaropam otoruieHus OBTT onucana kak
BEepTHKaJIbHAs TpyOKa C BaKyyMHpPOBAaHHOW BHYTPEHHEH TMOJOCThIO, PabOYMM
TEJIOM, OpEOPEHHON TEIJIOOTAAIONIE MOBEPXHOCTBIO U AIEKTPUYECKUM
HarpeBaTenbHbIM y3510M [71; 72]. bonee paHHee peleHne 1Mo paguaropy OTOIIEHUS
C OKUAKAM paboyuM TEJIOM paccMaTpuBaeTcs Kak  MpeaulecTBYrOIIas
KOHCTPYKTUBHAsl 0a3a, HO HE OTOXIECTBISIETCA C DJIEKTPOBAKYYMHOW TEMJIOBOM
TpyOKoii [73]. OO11as NPUMEHUMOCTb TEIIOBBIX TPYO B OTOMUTENBHBIX TEPMUHATAX
3JaHU TIOJATBEPIKIAETCsl OO30pHBIMU HCClIeoBaHusIMU [82], a paboThl IO
ABTOHOMHOMY TEIUIOCHAOXKEHUIO 33/1al0T MPAKTUYECKUM KOHTEKCT MCIOIb30BAHUS
MECTHBIX HCTOYHHKOB TEIUIOTHI O€3 MPOTSHKEHHBIX TEIUIOBBIX ceTei [83].

HaunGonee OnMM3KUM KOHCTPYKTUBHBIM aHAJIOTOM SIBIISIETCA DJICKTPUUCCKHMA
HarpeBaTeib NapokKaneabHoro Tumna. OH BBINOJIHEH B BUJIE PauaTopa C BEPXHUM U
HUKHUM  KOJJIEKTOpAMH, BEPTUKAIBHBIMU  TEIUIOBBIMA  TPYyOKaMH, MallbIM
KOJIN4E€CTBOM BOJbI, TOHOM M KOMHATHBIM PEryasiTOpOM TeMIiieparypsl [76]. DToT
aHaJIor M03BOJIsIeT yTOUHUTH MecTo ITOH/I B psimy N3BECTHBIX PEIIEHUH U BBIACIUTh
BOIIpOChI, cBsizaHHble ¢ OBTT, anexkTpuueckuMu pexuMaMu TEIUIONOABO/A,
YCTOMYUBOCTBIO JIByX()a3HOTO LIMKJIAa U aBTOMATUYECKUM KOHTPOJIEM.

TepMUH «3NIEKTPOBAKYyMHBI» B HACTOSIIEH pabOTe MMEET KOHCTPYKTHUBHO-
(YHKIMOHANBHBIA CMBICTI M OTHOCHTCS K YCTPOMCTBY C BaKyyMHpPOBaHHOM
nByx(a3Ho! NoJocThi0. Takoe ynorpedaeHue OTIMYaeTCs OT TPAAULIMOHHOTO ISt
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AIIEKTPOHHOM TEXHUKH, INI€ AJIEKTPOBAKYyMHbIE TPUOOPHI BKIIIOYAIOT 3JIEKTPOHHO-
Jy4deBbie, (DOTOIIEKTPOHHBIE, Ta30pa3psIHbIE U APYyTHE BaKyyMHbBIC IPUOOPHI [77].
Hanee 310 0003HaYCHHE MPUMEHSETCS TOJBKO K BaKyyMHpPOBaHHOU ABYyX(ha3HOM
nosiocty oronutensHoro OTHY.

C ywerom mpuHATOM B mnpuiokenun A knaccudpukamuun [1OH]]
paccMaTpuBaeTCs KaK KOHKPETHOE CEKIIMOHHOE WCIIOJIHCHUE
MapOKANeIbHOTO/TeIIOTPYOHOTO  ANEKTPUUECKOTO  OTOMMTEILHOTO — MPUOOpa,
noctpoeHHoe Ha DBTT rpaBUTallMOHHOTO TUNA C JAUCTUIUIMPOBAHHOM BOJOM B
KauecTBe pabouero Tenma. Kaxkmas  ceknusi  BKJIIOYAET  BEPTUKAIBHO
OPUEHTHUPOBAHHYIO TE€pMETUYHYI0 TpyOKy. B HWXKHEHl dYacTH pacroioKeHBbI
ANEKTPUYECKUN HarpeBaresibHbIA y3€Jl M 30Ha WCIApeHMs, B BEPXHEU — 30HaA
KOHJIEHCAIMK U TertooTnadn. [lapoBoil kaHanm oOecriednBacT JBUKEHUE Mapa OT
30HBI DJIEKTPUYECKOIO TEIUIONOABOAA K 30HE KOHACHCAIMU, A KOHAEHcAr
BO3BpAIlaETCsA BHU3 MO0 BHYTPEHHEH MOBEPXHOCTU Kopmyca. BHelliHee opebpeHue
YBEJIMYMBACT IUIONIAAb TEIUIOOTAAUH, 3AIIUTHBIN KOXKYX OTHEISAET SJIECKTPUUECKUE
COCIMHEHUS W 3JIEMEHTHI YIPABJICHUS OT mojb3oBarens [72]. IlpuHuunuanbeHas
CXeMa CEeKIMH MPEACTaBICHA HA pUCYHKE 1.3.
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(amMcTunnupoBaHHas Boga)

30Ha 0000
°o o
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o000

o
1
H

= AnekTpulecKuit

HarpesarenbHbIA y3en

OcHoBaHwe cekuum

SneKTquecme BbIBOAbI

T — HanpasneHue ABuXeHusa napa

¢ — HarnpasfieHue Bo3Bparta KOHAeHcaTa

Pucynok 1.3 — ITpunuunuansHasa cxema cekiuu [I9H/] na ocaoBe OBTT
TPAaBUTALIMOHHOTO THUIIA

Pabora cexnum IIDHJI moker OBITH NpeacTaBlIeHa KaK ITOCIICIOBATEIIbHOE
npeo0pa3oBaHUE ¥ TEPEHOC DJHEPTUU. AKTHBHAs DIIEKTPpUYECKAas MOITHOCTh
npeoOpa3yercst B TEIJIOTY B HIDKHEM HarpeBaTeIbHOM y3Iie, IepenaeTcst padboueMmy
TeJTy B 30HE UCIIAPEHUS, TIEPEHOCUTCS MapoBoi (ha30ii B 30HY KOHICHCAIINH U JaJiee
OTHAeTCSd CTEHKEe TpyOKM H BHEIHeMy opeOpenuto. Takum o0pa3om, 30Ha
MEKTPUYECKOTO  TEIUIOMOJBOJa M 30HA  PACHpElEICHHOM  TEeIIoOOTaAauu
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MPOCTPAHCTBEHHO pa3J/leJICHbl, a BHYTPEHHSISI Nepe/iaya TeIIoThl 00ecreunBaeTcs
HCIIApUTENIbHO-KOHEHCAIIMOHHBIM LIUKIIOM [70; 72; 80].

TexHoIornYecKoe pa3peXeHHe Mepes] TepMETU3ALMEN SBISETCS OIHUM U3
ycioBHi HOpMalibHON pabotel OBTT. B mareHTax Ha paguarop ¢ MHAYKIIMOHHBIM
HarpeBaTesieM U paauaTop € JIEKTPOBAKYYMHBIMU TEIJIOBBIMU TPYOKaMH yKa3aHO
paspexkeHne Bo BHyTpeHHeu nonoctu g0 1-2 klla (0,01-0,02 arm) [71; 72], a B
orryosmkoBaHHOM padote no [IOH/] mpuBeaeHbl 3KCIEpUMEHTAIBHBIE UCITOIHEHHUS
C HadalbHBIM AaBieHueM nopsika 4—5 klla (0,04—0,05 arm) [70]. DTn 3HaYeHUS
OTHOCSITCA K HAYaJIbHOMY OCTaTOYHOMY JIABJIICHUIO MEPE]] TEPMETU3ALIUECH.

@U3NYECKUIT CMBICT HAYaJIbHOTO pa3pEKEHUS] COCTOUT MPEKIE BCETO B
yIAJE€HUH BO3JlyXa W JAPYIMX HEKOHJAEHCHUPYEMBIX Ta30B. i1 yucToro mapa
JABJICHUE B TEPMETHUYHOM TIOJOCTH B pabouyeM pEKHUME OmpeemseTcs
TEeMIIepaTypoil HachIeHus: pabouero Tena. OcTarouHble HEKOHIEHCUPYEMBIE Ta3bl,
HaIllpOTUB, CKAIJIMBAIOTCA B BEPXHEM YacTH 30HBI KOHJEHCAIMHM, YaCTHUYHO
OJIOKMPYIOT €€ MOBEPXHOCTh M YXYAIIAIOT PAaBHOMEPHOCTh TEMIIEPATYPHOTO OIS
[16; 20; 80]. [loaToMy paznnumne Mexay MareHTHbIMU 3HadeHussMu 1—2 klla u
DKCIEPUMEHTAIbHBIMU ~ 3HaueHus M 4-5 klla He cBOAMTCS TONBKO K
TEXHOJOTUYECKOMY JOIYCKYy: C POCTOM HAuajJbHOTO OCTATOYHOTO JABJICHUS
YBEJIMUMBACTCS JIOJII HEKOHICHCUPYEMbBIX T'a30B U MX BJIMSHUE HAa paOOTy 30HBI
KoHAeHcanuu. B nmanHOM  paboTe  HayaidbHOE  OCTAaTOYHOE  JIaBJICHUE
paccMaTpuBaeTCsl KaKk TEXHOJOTUUYECKHUH MapaMeTp 3amycka AByX(ha3Horo IMUKia U
Kak (hakTop, ompeneNsonuil cofnepKaHue HEKOHIACHCUPYEMBIX Ta30B B MOJIOCTH;
€r0 pacyeTHOE U IKCIIEPUMEHTAILHOE 000CHOBAHUE TIPUBENICHO B pazfenax 2 u 3.

B 3one wucmapenmss IIDHJ] Bo3MOXHBI JBa crocoba 3JICKTPUUECKOTO
TEIJIONOABOJA: TPyOUaThIl AIIEKTPUUECKUN HarpeBarelib W WHAYKIIMOHHBIN
HarpeBareib. B mepBoM cilyyae TEIioTa BBIACISIETCS B PE3UCTUBHOM 3JIEMEHTE U
nepenaerca pabouemy Teny [72]. Bo BTOpom ciydae WHIYyKIIMOHHasE OOMOTKa
CO37a€T TNEPEMEHHOE€ MArHUTHOE TMOJie, KOTOPO€ BBI3bIBAET BUXPEBBIE TOKH B
(dheppoOMarHUTHOM BCTaBKE AKTUBHOM 30HbI UCTIAPUTEIISI; HArpeTasi BCTABKa MepeaeT
TEIJIOTy pabodyemy Teldy BO BHYTpeHHeW mojocTu kopmyca [33; 55; 71]. OOwas
KJIacCU(UKAIUs ICKTPOTEPMUUECKUX YCTAHOBOK KaK YCTPOWCTB, UCIIOIB3YIOIINX
TEIJIOBOE JICMCTBUE AIEKTPUUECKOTO TOKA U 3JIEKTPOMArHUTHOTO TOJIsA, MPUBEIEHA
B yueOHOU nutepatype [33]. BapuaHTbl 3J€KTPUUYECKOTO TEIUIONOABOAA B 30HE
ucnapenus [19H/[ npencrasnensl Ha pucyHke 1.4.
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PucyHok 1.4 — BapuaHTbI 3IEKTPUYECKOTO TEIJIONOBO/AA B 30HE UCIIAPECHHUS
[I9H/I: TpyO4aThIii 1 UHIYKIIMOHHBIN HarpeBaTeIu

Ob0a BapuaHTa TEIUIOMOABOAA BBIMOJHIIOT OAHY (YHKIMIO — CO3JAI0T
yIpaBJIIeMbIN TEMIOBOM MOTOK B 30He ucnapenus OBTT. B TpyOuaTom HarpeBartene
TEIJIOBBIJICJICHUE CBSI3aHO C PE3UCTUBHBIM DIIEMEHTOM, B HHIYKIMOHHOM — C
HABEJCHHBIMU TOKAMHM M JIOKAJU3allMed TEIUIOBbIACIECHUS B (PEeppOMarHUTHOU
akTUBHOM BcTaBke. C DJIEKTPOIHEPIETUYECKOM CTOPOHBI OHHM Pa3jIMYyaroTCs
XapaKTepoOM  DJIEKTPUYECKOM  Harpy3k, CIOCOOOM  TMOABOAA  MOIIHOCTH,
OCOOCHHOCTSIMU KOMMYTAllUU U TpeOOBaHUSIMH K cucTeMe ynpasieHus. [lostomy
UX COINOCTABJIICHHE JIOJDKHO BBIIOJHATBCS IO TEMIEPATypPHOMY PEXUMY,
DHEPreTUYECKUM M ITyCKOBBIM XapaKTEPHUCTHKAM YCTPOICTBA.

Onepretuueckue xapakrepuctuku [IOHJl onpenensitorcss noaBeIeHHON
AKTUBHOW 3JEKTPUYECKONM MOIIHOCTBIO, TEIJIOBBIM IOTOKOM B 30HE HUCIIAPEHUS H
TEIUIO0TIa4€il ¢ MoBEpXHOCTH Kopityca [70]. {1 MHIyKIMOHHBIX HarpeBaTEIbHbIX
YCTPOMCTB JOIMOJHUTEIBHO YUYUTHIBAIOTCS KO3(DPPUIMEHT MOIIHOCTH, pEaKTHBHAs
COCTaBJIAIONIAs W TlapaMeTpbl cuiioBoro mnpeoodpazosarens [33; 55]. Ilockombky
[IOH][ sBisieTcss AMEKTPOTEXHUUYECKUM YCTPOWCTBOM, BONPOCHI 0O€30MaCHOCTH
paccMaTpuBalOTCA C y4eToM TpeOOBaHWM K OBITOBBIM W aHAJOTHYHBIM
AIIEKTPUYECKUM MpUOOpaM: 3allMThl OT JOCTyHNa K TOKOBEAYILIUM YacCTsM,
JOMMYCTUMOIO HarpeBa JOCTYIIHBIX IOBEPXHOCTEW, AJIEKTPUYECKOW MPOYHOCTH,
BJIAarOCTOMKOCTH, YCTOMYMBOCTH K HEHOPMAJIbHBIM PEXUMaM U KOPPEKTHON pabOThI
uenei ynpasineHus [45; 46].

O000uienne ucrounukoB no IIOHJ/] u pamgmaropam c¢ OBTT [70; 71-77],
rpaBUTALMOHHBIM TepMocupoHaMm [79; 80; 86] U IMEKTPOTEPMUUYECKUM, B TOM
Yyclie MHAYKIMOHHBIM, ycTpoiicTBam [33; 55] ¢opmupyer KOHCTPYKTHBHYIO U
busndeckyro 0a3y uccienoBanusi. Bmecte ¢ tem mpumenutensHo kK [IDOH]] kxak
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aokanbHOMy OTHY ocratorcs HemocTarodHo pa3paOOTaHHBIMHU —CIEAYIOIINE
HAy4YHO-TEXHUYECKHUE BOIIPOCHIL:

— Moaenmd JByX(a3HBIX 3aKPBITBIX T'PABUTAIMOHHBIX TEPMOCHGOHOB
JOCTaTOYHO MOAPOOHO OMHUCHIBAIOT TETNIOBOE COMPOTHUBIICHUE, PEKUMBI KUIICHUS U
KOHJICHCAIIUM, BIUSHUE CTENEHU 3arojHeHus u reomerpun [79; 80; 87; 88; 90],
onHako npumenurtenbHO K OBTT kak snexkrporemnoBomy y3ny [IOHJ[ — ¢
JIOKaJIM30BaHHBIM ~ TOJBOJOM  aKTHBHOM  JJIEKTPUYECKONM  MOIIHOCTH B
WCIIAPUTENIBHYIO 30HY, CEKIHOHHOW TE€OMETpUEW W TPaHUYHBIMU YCIOBUSIMHU
OTOMUTENBHOTO TPHOOpa — CBA3AHHOTO (DPU3UKO-MATEMATHUYECKOTO M YHCIEHHOTO
ONMKCaHUs B MPOAHAIM3UPOBAHHBIX UCTOUYHUKAX HE BBISBICHO; Hambosee OIn3Kue
paboThI TIO MIEKTPOBAKYYMHBIM HarpeBaTelIbHBIM 3JIEeMEHTaM U paauaropam [70—
72] conepkatr KOHCTPYKTUBHBIE U SKCIIEPUMEHTAIIbHBIE CBEECHHUS, HO TAKOH MOJIETN
TaKXe HE ColepKar.

— HEIOCTATOYHO  MPEACTABIEHbl  SKCIEPUMEHTAIbHBIE  3aBHCHMOCTH
TEMIIEPaTypHOTO TOJIS TertooTAarome nosepxuoctu [I9H/[ oT anexTpruueckux
PEXXUMOB TEIIONOJBO/IA, KOJUYECTBA PAaOOUEro Tena, Ha4aJIbHOTO OCTaTOYHOIO
JaBieHus u reomerpuu cexuuu [70; 79; 86];

— HEJIOCTAaTOYHO pa3paboTaHO 3MeKTpolrHeprernyeckoe odocHoBanue I1OH]]
KaK yIpaBJIsieMOM 3IEKTPOTEIIOBOM HArpy3KH, BKIKOYAsi CEKIIMOHHOE yIIPaBJIEHUE,
MOHUTOPUHT TEMIIEPATYpPHBIX U DJIEKTPUUYECKUX MapaMeTpoB U TpeOOBaHUS K
Oe3onmacHoMy npuMeHeHuto [45; 46; 71; 72; 82; 83].

Takum o00pa3oM, 3JIEKTPOBAKYYMHBIE HarpeBaTeibHbIE YCTPOWCTBA MOKHO
paccMaTpuBaTh KaK KOHCTPYKTMBHO-()YHKUIMOHAJIbHOE HANpPABICHUE PA3BUTHUSA
nokanbHbIx DTHY. B HUX 35eKTpuYecKuii TEMI0noABoA 0ObEIUHEH C TEPMETUYHON
BaKyyMHUPOBAHHOM JBYX(pa3HOIl MONOCTHIO, a TEIUIOTA MEPENAETCS K MOBEPXHOCTU
npudopa 3a CYET HCMAPUTEIbHO-KOHAEHCAaMoHHoro uukia. Jns Kazaxcrana
[I9H/] npencraBisieT NPaKTUYECKUI UHTEPEC B aBTOHOMHBIX, PEKOHCTPYHUPYEMBIX
U THOPUIHBIX CXE€MaX TeIUIOCHAOXKEHHUs, IJle BOCTPEOOBaHBI yIpaBJsieMbIe
AJIEKTPOTEIUIOBbIE HArpy3k, pabora 0e3 BHEIIHEro BOJISHOIO KOHTYpa U
COMIACOBAaHUE TEIUIOBOTO PEXUMA C TOCTYMHOW AIEKTPUYECKON MOLIHOCTBIO. JTO
HallpaBJICHUE COMIAcCyeTcsl C 3aJadyaMHd  TOBBIIMICHUS  YIPABIIEMOCTH U
U (QPOBU3AIIH DJIEKTPOIHEPTETHUECCKON oTpaciu [35].

BoiBoabl o pasaeiny 1

AHann3 COBPEMEHHOI'O COCTOSIHUS 3JIEKTPOTEIIOCHAOKEHNS [TOKa3ajl, 4To JUIs
aBTOHOMHBIX, JCIEHTPAIM30BAHHBIX, PEKOHCTPYUPYEMBIX U THOPUIHBIX CXEM
OTOIUICHHSI BOCTPEOOBAHBI JIOKAJbHBIE YIPABISEMbIE AIIEKTPOTEXHUYECKHUE
VMCTOYHHMKH TEIUVIOTHL. [[7 TAkOro MCTOYHMKA ONPENEIICHBl TEIUIOTEXHUYECKUE,
AJIEKTPOIHEPIeTUUYECKUE M IKCILIyaTallMOHHO-HOPMATUBHBIE  TpeOOBaHUS:
CEKIIMOHHOE MJIU CTYIIEHYaTOE PETyJIUPOBAHUE MOIIIHOCTH, OTPAaHUYCHHAs TEII0BAsI
WHEPLUHUOHHOCTb, PAaBHOMEpPHAs TEIUIOOTAAa4a W OrPAaHWYCHHE TEMIIEPATYPbI
JOCTYITHOM  MOBEPXHOCTH, pabora 0Oe3 BHEIIHEro BOASHOIO  KOHTYpa,
HAOJI0IaeMOCTh TEMIIEPATyPHBIX U SJIEKTPHUUECKUX apaMeTPOB, COBMECTUMOCTD C
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aBTOMAaTUYECKUM KOHTPOJIEM, 3JIEKTPOOE30MacCHOCTh M KayeCTBO MOTpeOJIeHUS
AIIEKTPUYECKON PHEPTHH C y4EeTOM HOPMATHBHOW 0a3bl TEMNIOCHAOXKEHHS M 3a7a4y
Pa3BUTHUSA DJIEKTPOIHEPTETUKH.

CpaBHuTenpHasg oleHKa cymectByomux rpynn 9THY nokazana, 4ro oHu
pelalT OTACNbHBIE 33Ja4H 3JICKTPUUYECKOTO OTOIUICHUS U UMEIOT COOCTBEHHBIE
o0JlacTi palMOHAJIBHOTO TNpUMEHEHUs. Bmecrte ¢ TemM B paMkax HIpPHUHATOM
DKCIIEPTHOM OIIEHKM HU OJHA M3 paccMoTpeHHbIX rpynn OTHY u cmexHbIxX
YCTPOWCTB B THUIIOBOM HCIIOJMHEHHUM HE OOECIEeYMBAET OJHOBPEMEHHO BCIO
COBOKYIHOCTh TpeOoBanuii Tabmuiel 1.1. Haumbonee Ommskas rpynma —
napoKareyibHbIe/TeMI0TPYOHbIE TPUOOPHI, OAHAKO OHA B TUTIOBOM HCIIOJTHEHUU HE
npeanojaraeT  00sA3aTeNbHOIO  CEKLUMOHHOIO  YINpPaBJIECHUS, PACIIMPEHHOIO
MOHUTOPUHTAa M PAac4YeTHONO OTPaHWYEHUsS TEMIIEPATYpHOrO IOJs, YTO
ob6ocHoBbIBaeT BeIOOp [IDH/] kak o0bekTa HccaenoBaHusl.

Ha ocHoBe aHanu3a TEIIOBBIX TpPYyOOK U  JByX()a3HBIX 3aKPBITHIX
TPABUTAMOHHBIX TEPMOCH(POHOB YCTAHOBJIEHO, YTO TAKHE 3JEMEHTHI MPUTOIHBI
JUIL  BHYTPEHHETO IIEPEpaclpeneseHuss TEIUIOTBl  OT  JIOKaJbHOM  30HBI
AIIEKTPUYECKOTO TEIUIONOABOAA K TEIUIOOTAAIOIIEH MOBEPXHOCTH mpuoOopa. Mx
IIPUMEHEHHUE TIO3BOJIIET HCIIOJIB30BaTh HCIIAPUTENIBHO-KOHICHCAITMOHHBIN LK,
(a30BbIil MEPEHOC TEIJIOTHI M BO3BPAT KOHJAEHCATa BHYTPU I'€PMETUYHOM MOJIOCTH
0€3 BHELIHET0 KUIKOCTHOTO KOHTYpa.

O6ocHoBano, uto st [I9H]] nanbonee nenecoobpazna 6echurunbaas IBTT
IPaBUTALlMOHHOTO THWIA, B KOTOPOW JIOKAJbHBIM JJIEKTPUYECKUN TEIIONOABO
COBMEILAETCs C 30HOM HMCHApEHMs, a TEIUIOTa MepeaeTcs K 30He KOHACHCALUU U
TEIJIOOTAAONIEN TOBEPXHOCTM 3a CYET JABWKEHUS Ilapa, KOHJAEHCAlUW U
IPaBUTAIIMOHHOTO BO3BpaTa >KUIKOH ¢a3bl. Takas cxema Mo3BOJIIET paccMaTpuBaTh
OBTT kak ocHOBHOM Teronepenatomuid yzen [IDH/I.

BbIsIBIIEHBI HEAOCTATOYHO pa3pabOTaHHbIE BOMPOCHI, OMPEACISIONIUE 3a1a4H
JaJdbHENIIero pacyeTHO-3KcnepuMenTanbHoro uccneaopanus [I19H/I: pazpabotka
buszuko-maremMaTuieckoit u unuciaeHHoi moaenu IBTT kak 21eKTpOTEeIOBOrO y3a,
aHalM3  yCTOMYMBOCTM  ABYX(PA3HOTO  PEXKHUMA, HCCIEAOBAHUE  BIMSHUS
AIIEKTPUYECKOTO  TEIUJIONO/ABOAA, KOJMYEeCTBAa paboyero Teja, HavyalbHOTO
OCTAaTOYHOTO [JaBJICHUSI W TE€OMETPUM CEKIIMM Ha TEMIIEpaTypHOE TMOJeE,
COIMOCTABJIEHUE TPYyOUaTOro U MHAYKIIMOHHOTO CIOCOOOB TEIUIONOABOAA, a TaKkKe
pa3paboTKa CHCTEMbl MOHMTOPHHTA W aBToMaTuueckoro ympasinenust [IDH]] kak
YIIPABISIEMOU 3JIEKTPOTEINIIOBON HATPY3KHU.
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2 TEOPETMYECKHUE HCCJIEIOBAHUA 3SJEKTPOTEILTOBbIX
MNPOLHECCOB B JJIEKTPOBAKYYMHOMU TEIIVIOBOU TPYBKE
ITAPOBOI'O SJIEKTPOOBOI'PEBATEJIA HU3KOI'O JABJIEHUA

Bo BTOpoM pazmene QopmupyeTcs pacueTHas OCHOBa JUIsl Mepexojaa OT
AKTUBHOM DJJICKTPUYECKOW MOIIHOCTH HArpeBaTeIbHOrO Yy3Ja K IOJIE3HOM
TEIJIOOTAa4€ CEKIIMH MapOBOTO AeKTpooborpesartes Hu3Koro aasienus (II9H).
OCHOBHOUM OOBEKT MOJAEIHUPOBAHUS — OJMHOYHAS DJIEKTPOBAKYyMHAas TEIJIOBas
TpyOka (OBTT), BbImoONHAIOMIAS POJIb TEIUIONEPEAIONIEro y3Ja MEXIy 30HOU
ANEKTPOTEIIIOBOTO MOABOAA U HAPYKHOM TEITIOOTIAIOIIEN TOBEPXHOCTBIO.

B OCHOBHOM TEKCTe IpUBEACHBI JIEKTpUYECKass MOJEIb, BHEIIHUN
HHEPreTUYECKUid OaaHC, pacyeT IUIOIIAAN TEIUIO0TAa4d, KPUTEPUU YCTONYMBOMN
paboThl U CBSI3b C OKCHEPUMEHTAIbHOM uAeHTU(UKauuen. Jleranuzanus
TeII0PU3NYECKON U YMCIeHHON noctaHoBKU DBTT npuBenena B npuioxxeHuu b.
Busyanuzanus pesynpratoB uncieHHoro mozaenuposanus OBTT B COMSOL
IIPUBEJICHA B IPUJIOKEHUH B.

Ousnueckas kiaccudpukanus OBTT kak rpaBUTAIIMOHHOTO JBYX(a3zHOro
TepMOCU(pOHA OMHMpAETCAd Ha KiacCHUYecKhe padoThl MO TEIUIOBBIM TpyOKam u
tepmocuporam [16—20]. CoBpemMeHHBbIE MOAXOABI K pPAcCUyeTy M YHUCICHHOMY
MOJIEJIMPOBAHUIO TEIUIOBBIX TPYOOK U TepMocudoHoB, BkiItouas CFD-nocranoBku,
BJIMSIHAE T€OMETPHUH, OPUEHTALMU U YCIOBUI BHEIIHEW KOHBEKIUH, YUUTHIBAIOTCS
no uctounukam [78; 80-82; 86; 87]. Hdns mpoBepKkH BHYTPEHHUX MPEAEIIbHBIX
PEXXHUMOB BOJSTHBIX TEIUIOBBIX TPYOOK JOMOIHUTEIBHO UCIIONb3YIOTCS PE3YJIbTaThl
[90]. Tennodusndeckre cBOMCTBA BOABI M BOJSHOrO Tapa 3amarorcs mo IAPWS-
IF97 [91], a yucnenHas peanu3aius BbioaHeHa B joruke Mmoayiaeid COMSOL mis
temonepeHoca, CFD wu nopucteix cpen [92-94]. KoncrpyktuBHas wu
skcnepumenTanbHas cBs3pb OBTT ¢ [IOH/[ m HU3KOHANmoOpHBIMM IAPOBBIMHU
AJIEKTpooOOrpeBaTesIMU onupaeTcst Ha npoduiibHbie myOaukamuu [70; 74; 75; 95—
100]. BHemHMil KOHBEKTUBHO-PAJIUALMOHHBIN OallaHC M MPUHATHIE CLEHAPUU
ko3 duireHTa TENI00TIaYU U CTETICHU YePHOTHI YTOUHEHBI 110 ucToyHukam [101;
102].

B nanbueiiiem pabounm pexxumoM [IOH/] cumrtaercss nuamna3oH Hapy HOM
noBepxHocT 70-90 °C, mpu KOTOPOM JABJICHHE HACBHIIIEHHOTO BOJSIHOTO Mapa
coctaBisier npumepHo 0,031-0,070 MIIa. IIpoBepounsie ypoBHu 164-203 °C
OTHOCSITCSI K paCU€THBIM CIIy4asiM 0AMHOYHOM rinagkoit OBTT ¢ o6paboranHoil niu
OKpAIlIEHHOM MOBEPXHOCTHIO Mpu Temonoasone 80 BT m ucnonw3yrores i
O00OCHOBaHHUSI HEIOCTATOYHOCTH €€ COOCTBEHHOM IUIOAAM TeIUIOOTAAauu.
KoOHTpobHBII BapuaHT Il TOJIOW MENIU JIaeT erie 0oJiee BHICOKUM YPOBEHB OKOJIO
309 °C u paccMaTpuBaeTCs Kak NpeAeabHas OIIEHKA YyBCTBUTEIIHLHOCTH.

OcHoBHBIE 0003HAaYEHUS B pa3/iesie BBOJSATCS 10 MECTY IEPBOT0 UCIIOIb30BAHUS
U paciiu@poBBIBAIOTCS  TOCJIE  COOTBETCTByroHmMX Qopmyin. B tekcre
MOCJIEA0BATENBHO PA3JINYAOTCS TPU TPYIIIBI BEIMYUH: JJIEKTPUUECKHE MAPAMETPBI
HarpeBaTesibHOro0 Yy3/1a, TemioBble NoToku OBTT u mapaMerpbl BHEIIHETO
HHEPreTUYECKOro OanaHca.
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AKTHBHasi MOIITHOCTb B TEOPETHUECKOM MOJIENH B pazjelie 2 obo3HavaeTcs P,.
B pazgemax 3—4 Ta ke aKTUBHAsi MOIIHOCTh OJIHOM CEKIMU oOo3Hawaercs: P, —
U3MEPEHHAs MOLIHOCTh IO BXONY; Fie — MOIIHOCTH OJHOW cexumu; P,
MOUIHOCTb MOAYJISL; Py — yCTaHOBJICHHAS! MOIIIHOCTD IPYIITIBL.

Jia  oOmero o0o3Ha4YeHMsI YyAEIbHOW HArpy3Kd MCIONb3yeTcs ofliee
o0o3HaueHue . B pacderax paznuyarOTCA: (po,— YJAEIbHas 3JIEKTPOTEIIOBas
Harpy3ka Mo ToJioii OOKOBOW MOBEPXHOCTH JaOOpaTOPHOM 3JIEKTPOBAKYyMHOM
CEKLMH; (oc,— YIAENbHASA HArpy3Ka 110 NPUBEIECHHON JOCTYITHON TEIIOOTAAOILEN
HOBEPXHOCTU TOTOBOIO 3JIEMEHTa WM NPUOOPHOIO MOAYINS; (jim— IpEesbHas
JOMYyCTUMAsl yJelibHasg Harpy3ka JOCTYIIHOM NOBEPXHOCTH IMpU 3aJaHHOU
MaKCUMaJIbHOW TEMIIEPAType; (,,— IUIOTHOCTh BHEIIHETO TEIUIOBOIO IOTOKA,
OTBOJIMMOTIO C HApY>KHOM MOBEPXHOCTH B IIOMEILICHHUE.

2.1 Pa3zpabGorka ¢usuueckoin cxembl IBTT kak Temonepesarwiuero ysjia
IDH/

OBTT npeacraBisier coO0i repMETUUYHBIA BEPTUKAJIBHBINA 3J€MEHT, BHYTPH
KOTOPOT'0 HaXOJUTCSl OTPAHUYEHHOE KOJIMYECTBO TUCTUIUIMPOBAaHHOM BoJibl. [lepen
3aIlyCKOM M3 BHYTPEHHEN NOJIOCTH yAAISIETCA BO3AyX. HawdanmpHoe ocrtaTtouHOe
JIABJICHUE 3aJIa€T MYCKOBBIE YCJOBHUS M CHIXKAET BIIMSIHHUE HEKOHJACHCHPYEMBIX
ra3oB. B HIbkHeN yacTu TpyOKM pacnoliokeHa 30Ha 3JIEKTPOTEIIIOBOro MOABOIA, a
OOKOBasi M BEpXHSS YaCTU KOPIycCa BBINOJHAIOT (PYHKIUIO TEIUIOOTAAIOIICH
MOBEPXHOCTU. B OOMIEIPUHITON TEIUIOTEXHUYECKOW TEPMUHOJIOTHU TaKOW y3el
COOTBETCTBYET 3aKPbITOMY T'PaBUTAIIMOHHOMY ABYX(}a3HOMY TepMOCH(OHY, WUIIH
gravity-assisted wickless heat pipe. TepMuH «31eKTpoBaKyyMHasi TEIIOBas TPYOKa»
Jlajiee UCTOIb3yeTCsl KaKk KOHCTPYKTHBHOE 00o3HadeHue rmeMmenta [I19H/I.

KonmnuectBo pabouero Tena W HayaJbHOE  OCTATOYHOE  JIABJIEHUE
paccMaTpUBaIOTC KaK TEXHOJOTMYECKHe mapameTpbl cOOopku. JJis BHYTpEeHHEro
o0beMa paccMaTpuBaeMol  OJMHOYHOW  TpyOku mopsnka 2,410 ™3
OpUEHTHpOBOYHasl 3ampaBka 5—15% BHyTpeHHero oObeMa COOTBETCTBYET
npuMepHo 12-36 r© BOABI; TOYHOE 3HAUYCHHE (PUKCUPYETCS B TIPOTOKOJIC
W3TrOTOBJICHUSI ONBITHOTO 00pa3ua. [yt orpaHuYeHUs BIUSIHUS HEKOHIEHCUPYEMBIX
ra3oB B pacyeTHOW IMOCTAHOBKE BBOAMTCS OPUEHTUP HAYAIBHOTO OCTAaTOYHOTO
nasieHus He Boimie 5 kl1a: mpu nepecuere k 90 °C 310 AaeT napuuaibHOE TaBICHUE
raza MeHee 10% oOT JnaBieHUsS HACHILIEHHOTO BOASHOIO Tapa M HE JOJDKHO
JOMUHUPOBATH HaJ (Pa30BBIM NEPEHOCOM.

TepMUH «HHU3KOTO JaBJEHHS» B PAbOTE OTHOCHUTCA K TEXHOJOTHYECKOMY
HAYaJIbHOMY DAa3peKEHUI0 U K MPOEKTHOMY pabodeMy JHana3oHy Hapy>KHOM
noBepxHoctu 70-90 °C. B ycTraHOBHBIIEMCS HAarpeToOM COCTOSIHUM JAaBJICHHUE B
OBTT omnpenensaercs He Ha4YaIbHBIM BAKyyMOM KaK CaMOCTOSITENIbHOM BEJIMYUHOM,
a TeMIiepaTypoi pabouero Tena u KpUBOW HaCBIIIEHHS BOAbI [91].

KitoueBoe puznyeckoe ycioBue MOJAeNU — JOKalbHOE Pa30BOEe paBHOBECHE HA
IPAHULE KUIKOCTb—TIAP:
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Py = Deat(T7) (2.1)

7€ Py — AaBJICHUE MapoBoi (a3bl y Mexk(da3HON MOBEPXHOCTH, [1a; psac — maBieHME
HACBIIIEHHOTO Tapa pabouero Ttena, Ila; T; — Temmeparypa MexdasHOU
IIOBEPXHOCTH, K.

B pabouem pexume TEIOTa, BBIAEISEMAas HArpeBaTENIbHBIM  Y3IIOM,
JIOKAJIU3y€ETCsl B UCTIAPUTENBHON 30HE, BBI3BIBAET UCIIAPEHUE YaCTH padoyero Tena,
MEePEHOCUTCS MapoBOil (a3oi B Ooliee XOJOAHYIO O0JACThb M BBIJEISETCS MPH
KOHJICHCAIlMM Ha BHYTPEHHEH MOBEPXHOCTH KopIllyca. Bo3BpaT KOHJEHcAaTa BHU3
oOecrieuynBaeTcs TpaBUTAIlMEl ¥ CMayMBaHHEM BHYTPEHHEH TMOBEPXHOCTH;
pEAIBbHBIN INIEHOYHBIN BO3BPAT B YUCIIEHHOW MOJEIM MPEACTABIICH SKBUBAJICHTHBIM
CJI0€M, JIeTaJIbHAs IOCTAaHOBKA KOTOPOT'O IIPUBEAECHA B IPUIIOKEHUH b.

OcecummetpuuHas pacuetHas oomnact OBTT [IDOH]] npuBenena Ha pucyHke
2.1.
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I 1 |
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Pucynok 2.1 — OcecummeTpuunas pacuetrast ooimacts IBTT ITOH/]

2.2 Pa3paborka 3JIEKTPOIHEPreTHYECKOM MOJeJH MNpPeodpa3oBaHUMA
AKTHUBHOW MOIIHOCTH

JInst  3IEKTPOIHEPreTHUEeCKOM TMOCTAHOBKM —NPHUHIMINAIBHO BaXXHO HE
CMEIIMBATh TPU BEJIMYUHBI: AKTUBHYIO AJIEKTPUUYECKYIO0 MOLTHOCTh P, ., TETJIOBYIO
MOIIHOCTb, JIOKAIM3YEeMyl0 B wucnapureiae (,, U MOJE3HYIO TEIUIOOTAAdY
BbIOpaHHOW HapyXHOM NOBEPXHOCTH Q.. VIX paBEeHCTBO BO3MOXHO TOJIBKO B
UJCATM3UPOBAHHOM CTAallMOHAPHOM CIIyyae MpH 7)., = 1, OTCYTCTBUU TEIUIOBBIX
NOTePh W COBMAJACHUM BBIOPAHHON MOBEPXHOCTH C TMOJHOM TEIUIOOTIAIOIIEH
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MOBEPXHOCThIO TipuOopa. s peansHoro IIDOHJI T ycioBus 3apaHee He
MPUHUMAIOTCS.

[Ipu >TOM I 3JIEKTPUYECKOro NpuOOpa, LEIUKOM PACIOJIOKEHHOIO B
OTAIUIMBA€MOM TOMEIIICHUH, B YCTAHOBUBILIEMCS PEXUME MPAKTHUYECKUA BCS
aKTHUBHAsE MOIIHOCTh B UTOTE MEPEXOAUT B TEILIOTY MOMeEIIeHus (cM. pasnen 3);
pasnenenue P, Q;, 1 Q. B HACTOSILEM pa3Aeie HYKHO HE JJIsl OLICHKH MOJHOTO
TEIUIOBOTO BKJIaAa, a IS KOPPEKTHOTO ONMCAHUA JOKAJU3allMd MOIIHOCTH B
UCIIapUTeIIe U 01, OTBOJUMON UMEHHO BHIOPAHHOW HAPY>KHON MOBEPXHOCTBIO.

B cunycompanbHOM  ogHOGA3HOM  peXUME  aKTHUBHAs  MOIIHOCTb
HarpeBaTesIbHOTO y3J1a ONPEAEISIETCS BRIPAXKEHUEM:

Pact = UI‘IHSII'mSCOS(p (22)

rae U, — IeUCTBYIOLIEE 3HAUYCHUE HAIIPsLKEHUs, B; [, — IeUCTBYOIIEE 3HAUCHUE
TOKa, A; COS@Q — KOADPUITMEHT MOIIIHOCTH, 1. €.

[Ipu ¢a3oBomM ympaBlieHUH, KOMMYTAllUM TBEPAOTEIBHBIMU pEJIe WU
HECUHYCOUJIATbHBIX (DOpMax HampsDKEHUS M TOKAa aKTUBHAsT MOIIHOCTBH JIOJKHA
ONPENEIATHCA KaK CpEIHEE 3HAUYCHUE MIHOBEHHOM MOIIHOCTU 3a HHTEPBAI
yCpEOHEHUS:

P = 7 Jp w (DIC0) de (2.3)

rae u(t) — MrHoBeHHOE HanpsbkeHue, B; i(t) — MCHOBEHHBIN TOK, A; T — HHTEPBA
yCpeIHEHus, C.

TemnoBast MOIITHOCTb, peabHO JOKATHU3yeMas B HCIIAPUTEIILHOM 30HE, 3a1aETCs
yepe3 K03 UIUEHT JTOKATU3aIUH:

Qin = neVPact (24)

Jlns  paccmaTpuBaeMoil KOMIIOHOBKM HArpeBareib pPaclojiOKeH BOIM3U
UCIIAPUTEIBHON 30HbI, TO3TOMY KOA(D(PUIIMEHT JOKAIU3aI[M aKTUBHOW MOIIHOCTH
B IMIpPEABAapUTEIIbHOM pacueTe 3aJaeTcs Kak KOHCTPYKTHUBHbBIM mapametp. [lpu
XOpOLIEM TEMIOBOM KOHTAKTE M TEIJIOM3OJSIIUU y3J1a JOIMYCTUMO HCIOJIb30BATh
oueHouHbld AuanazoH 0,90-0,98; cHukeHne HUXKEe 3TOro ypOBHS OTPAX,aeT poCT
KOHTAKTHBIX M TOPLEBBIX TEIJIOBBIX COCTABJISIONIMX W YYHUTHIBAETCA MpHU
HKCIIEPUMEHTAIbHON UACHTU(DUKALINH.

[Tone3nas TermaooTaa4a BHIOpAHHOW HApPYKHOW MOBEPXHOCTH CBSI3BIBACTCS C
AKTUBHOU MOIITHOCTBHIO uepe3 Kod(PPUIIMEHT MO0JIe3HON TEII00TAauHn:

Qout = Nuse * Pact (2.5)

TJI€ #yse — KOADPUIIMEHT TOJIE3HOHN TEIUIOOTAa4YM BHIOPAHHOM MOBEPXHOCTH, JI. €]1.;
TEIUIOBBIE COCTAaBJIAIOIIME, HE OTHECEHHbIE K OTOH TOBEPXHOCTH, Jiajiee
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paccMaTpuBarlOTCs Kak OanaHcoBash Pa3HOCTh MEXKIY aKTUBHOW MOIIHOCTBIO U
BBEIOpPAHHOM TOJIE3HOHN TerooTnavei. Eciu mpubop MOJHOCTHIO PACIIONOXKEH B
OTAIUIMBAEMOM ITOMELIEHWH, 3TU COCTABJISIIOIIME TAaKXKE B KOHEYHOM CYETE
MEepPexXosiT B TEIUIOTY IMOMEIIECHHs, OJHAKO B pacueTHo Mojenu OBTT onu
OTIENSAIOTCS ISl KOPPEKTHOM OLEHKH BHIOPAHHOW MTOBEPXHOCTHU TEIIOOTAAUH.

JInst 3HEpreTM4eckoro ydera HECTAlMOHAPHOTO pexuma (IpH HAIAYUU
CUHXPOHHBIX PSAOB MOIMHOCTH M TEIUIOOTAAa4u) BBOJUTCS HWHTErPaJbHBINI
MOKA3aTeNb MOJE3HON TEIUIOOTIAYN 32 [IUKIIL:

_ M (2.6)
Neycle = fttlz P (t) dt .
rae t;, t, — Ha4ajio U KOHEI aHAIIU3UPYyEMOro IIUKIIA, C.

st pacyeTHOM MHTEpIpETAllMi BBEJAEHHBIE KOIPPUIIMEHTH OrPaHUYCHBI
uHTepBanaMu 0 < 7oy < 1 1 0 < 5uee < 1. 1 onuHOuHOM Tiagkoin OBTT npu
¢buxcupoBanHoM orpannueHun Ts = 90 °C otHomeHue Qou(Ts = 90 °C)/ Pyt cieayer
TPAKTOBATh HE KAK CTALUOHAPHBIN #yse, @ KAK JIOJIO LEIEBOM MOIIHOCTH, KOTOPYIO
CcOOCTBEHHAs] MOBEPXHOCTh CIIOCOOHA OTBECTH NpPH 33JaHHOW TeMIlepaType; o
tabnuie 2.3 oHa coctasuseT npumepHo 0,30-0,40. B cranmonape nipu P, = 80 Bt
Takas TpyOKka BbINLIA Obl Ha 00Jiee BBICOKUN TeMIIEpaTypHBIM YpOBEHb, TOT/Ia KaK
JUIS1 TIOJTHOM CEKIUU C TPEeOyeMO TIOMIAIBIO #yse CTPEMUTCS K €IMHUIIE.

[Ipn mepexone ot ogmHounor OBTT k momnou cexumm [IOH]JI cymmaphas
MOITHOCTb MPEACTABISAETCS KaK CyMMa MOILIHOCTEN OTAEIbHBIX 3JIEMEHTOB:

— v NVaBTT
PZ’ - Zj=1 Pact,j (27)
rie Nygrr — 9MCIIO aKTMBHBIX TEILIONEPEAAIOIIMX SJIEMEHTOB CEKIMH, IIT.; Py i —

aKTUBHAs MOIIHOCTb j-T0 3JeMeHTa, BT.
Paznenenue pexxuMoB ucroab3oBanus BeanuuHbl 80 BT mpuBeneno B Tabiuiie

2.1.

Tabnuma 2.1
Paznenenue pexvumon 80 Bt
Pexxum 3Hauenue 80 Bt Paccanteisacmas BriBon
BEJIMYMHA
IpU COOCTBEHHOM
TEMIIEPATYPHOE MOJIE MaJIoH IUIOIIAau
TecT onnHOYHOU st — 80 Br IIpY 3aJJaHHOM TpyOKa BBIXOJUT Ha
rmaakour DBTT m OJIBOJE B BBEICOKHH
UCIIApUTEIIh TEMIIEPATYPHBII
YpOBEHBb
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[Tponomxenue Tadauib! 2.1

HY’KHa pa3BUTast
TpeOyeMasi BHEIIHAA | IOBEPXHOCTH, FPYIIIa

IIpoekTt moaHOM
P o — Qouttarget = 80 BT TIIONIA/(b TIPH SBTT wm
3aJlaHHOM Ts,max CCKIIMOHHOC
pPETYIHPOBAHHE

YTOYHACTCA 110
HU3MCPCHUAM pa3aciia

aktuueckue U, [
¢ - 3; k0o dunmeHT

DKCrepuMeHTaIbHas P, (t) u npuBeneHHas

P,. = 80 Br MOIIIHOCTHU U
UeHTU(DUKAIINSA 4yBCTBUTEILHOCTh
Ka4ueCcTBO
Qapp
DIIEKTPOSHEPTUH — B
pazzaene 4

Takoe pazngeneHue UCKIO4YaeT paBeHCTBO P, = Q@ = Oyt =80 BT n
CBSI3BIBAET PACUETHBIN pa3ziesl ¢ MOCIEAYIOLEH IKCIEPUMEHTANbHON 00paboTKOM
IEKTPUYECKUX U TEMIIEPAaTYypHBIX JaHHBIX. OJEKTPOTEXHUYECKUE aACIEKTHI
WU3MEPEHHNsI aKTUBHOW MOIIIHOCTH, KA4€CTBA MUTAaHUs1, KOMMYTAallHOHHBIX YCTPOMCTB
U TpeOOBaHUI IKCIUTyaTally ONMUPAKOTCA Ha UCTOUHUKH [33; 64—67; 103—104].

2.3 Pacuer BHENIHEr0 YHEPreTHYECKOro 0aJIaHCca M IUIOIIAIU TENJIOOTAAYH
IBTT

BHemHuii TenaooOMeH Hapy’>KHOM MOBEPXHOCTH C MOMEIIEHUEM 3a/JaeTcs
CYMMOM KOHBEKTUBHOW U PAIUALMOHHON COCTABJISIOIINX :

Qout = h(TS - THOM) + SO-(TS4 - Tpt\,u) (28)

7€ oy — TWIOTHOCTH TEIUIOBOTO MOTOKA HAPYXHOM moBepxHocTH, Br/™M?* T,y —
paaualMoHHAas TeMIepaTypa OKpyxarumx nosepxHocreit, K. B paguanmonnom
YJIeHEe TeMIepaTyphl 33a/1al0TCsl B aOCOJIIOTHOW IIKaje; MPU MHXEHEPHOM OLIEHKE
npUHUMACTCS Ty = Ty

[Tone3nas  TtemooTnaya  BBIOpAaHHOM ~ TMOBEPXHOCTH  OMNpeEAeIseTcs
WHTETPUPOBAHUEM I10 IIJIOIIAIN:

Qout = fA [h(Ts - THOM) + SJ(TS4 - Tpt,u)] dA (29)

JIns WHXEHEpHOro pacyuera npu YCPEAHEHHOW TeMIepaType MOBEPXHOCTH
TpebyeMas IIoIIa b OTPEEISETCS BEIPAKCHUEM:

i Qout,target
Areq = h(Ts—Tyon)+e0 (TE-T,) (2.10)

40



VYaenbHas dIEKTPOTEIUIOBAs Harpy3ka Hapy»KHOW IOBEPXHOCTH TJIAJIKOTIO
WIMHIPUYECKOTO YYacTKa pacCUUTHIBAETCS MO GhopMyIie:

Pac Pac
Qron =A_St=1T_D;, (211)

TNI€ (ro,; — YACIbHAS DJIEKTPOTEIIOBAs HArpy3ka HapyKHOUW MOBEpXHOCTH, BT/M?;
A, = DL — HapysKHas IIOLIAIb MNIAAKOTO TEILIOOTAAOIIErO yYacTKa, M.

Jnst oguHOUYHON rnaakoil TpyOku nuamerpoMm 32 mm u JummHOW 340 MM
coOCTBEHHAasl Hapy»Has IUIomaab cocraBisger okojo 0,034 m2. Iloatomy mpu
temriepatype nosepxnoctu 70-90 °C takas TpyOka He criocoOHa oTAath 80 BT 6e3
MOBBIIICHUS TEMIIEPATYPhl, YBEIWYEHUS IUIOMIAJA WM YIYYIICHHS BHEUIHEH
TEIUIOOTAAYU. DTOT PE3YJbTAT SBISIETCS KIFOUEBBIM JJIS IEpexoAa OT OJAMHOYHON
OBTT x mnonnoit cexumu [IDHJI. I'eomerpuueckue u pacyeTHbIE MapameTpPbl
MOJICJIN TIPUBE/ICHBI B TabuIe 2.2.

Tabmma 2.2
['eoMeTpruueckre U pacyeTHbIE TaPaMETPhI
Enunuia
[TapameTtp O06o3HaueHue 3HaveHue OcHoBaHue
U3MEPEHHUS
JINHA PaCUYCTHOU TeOMETPHS
Jlmma p L 340 MM P
obiactu oauHounot OBTT
Hapyxusiit T€OMETPUSI
Py D 32 MM vp
JMaMeTp TPyOKH onunoyHot OBTT
KOHCTPYKTHBHOE
TonmuHa CTEHKH o) 1 MM Py
JOTYIIIEHUE
JnuHa
. MTOCTaHOBKA
HCIIapUTEINBHON Le, 40 MM
TEIIONOABOIa
30HBI
KOHCTPYKTHUBHOE
Marepuan kopmnyca - Mellb - Py
pelieHue
TemmonpoBOaHOCTH CIIpaBOYHEIC
POBOL A ~390 Br/(m-K) p
Meau nannbie [102]
HCTUJIIUPOBAHHAS SKCIIEPUMEHTAJIbHAS
Pa6ouee Temo - & p - p
BoJa IMOCTAHOBKA
CBoiicTBa BOJEI 1
8 - IAPWS-IF97 - ycTouHmK [91]
napa
TeMmneparypa
patyp Trom 20 °C TPAaHUYHOE YCIOBHE
BO3JIyXa
CBOOOTHAS
6 6azoBoe; 8 A
KOHBEKITHS
Koaddunuent OTTHMHCTHHHAA BEPTUKAIbHON
h rpanuma; 4—18 B1/(M*-K) p
KOHBEKITUH MMOBEPXHOCTH,
JHAara3oH
pacyeTHbIe
YyBCTBUTEIHLHOCTH
cueHapuu o [101]
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[Iponomxenue TadauUIIbI 2.2

0,50 nsa
00paboTaHHOM
COCTOSTHUE
MOBEPXHOCTH;
MOBEPXHOCTU U
CreneHn 0,90 s
€ . 1. el paaranoHHas
YEepPHOTHI OKpaIIeHHOM
COCTaBJISIOLIAs
MOBEPXHOCTH;
no [102]
0,10 koHTpOIBL
JUIsI TOJION MeTu

ba30BbIM MPUHAT KOHCEPBATUBHBIN (HH>KHHI) YPOBEHb CBOOOIHON KOHBEKIIUHY;
OObIve 3Ha4YeHus h B TabmuIe 2.3 OTpaxaroT YIy4IlIeHHE BHEITHEH TEIIO0TIauH.
Beibop auamasoHa h cBsi3aH ¢ MHXKEHEPHON OIIEHKOW CBOOOJIHOKOHBEKTHBHOTO
TeIIooOMeHa OKOJO BepTUKalibHOM moBepxHocTtd [101]. CtemeHb 4epHOTHI €

3aJaHa Kak mapamerp cocrosHus moBepxHoctu: & = 0,10 cooTBercTByeT
KOHTPOJIBHOMY BapUaHTy TOJOW WM ciaabookucineHHo wmenu, &€ = 0,50 —
o0pa0oTaHHOI/OKUCIIEHHON  moBepxHocTH, & = 0,90 —  okpameHHON

BBICOKOOMHUCCUOHHOW TMOBEPXHOCTH; TakKas rpajalus UCIOJb3YEeTCs ISl OLICHKU
YyBCTBUTEJIBHOCTH paauanuoHHON cocrtaBisitomend [102]. Cpenu BapuaHTOB
CTEIEHU YepHOTHI cTpoka € = 0,90 Onmxke BCEro K peasibHOMY OBITOBOMY TIPUOOpY,
a ¢ = 0,10 ocraBieHa KakK KOHTPOJIbHAs HWKHSSL TpPaHHUIA U3JIy4daTEIbHOMN
CIIOCOOHOCTH METAJIIMYECKON MOBEPXHOCTH.

KonTponbhas ctpoka h(AT) B tabnuie 2.3 — mpoBepka MOPsIKA BEIUUYUHBI:
KOO(PGUIIMEHT TEeIJIOOTAaYr B HEW OMpenemnseTcs MO KPUTEPUATHLHOM OIICHKE
CBOOOHOM KOHBEKIMHU y BepTukanbHou noBepxHoctu [101]. I[Ipu T's = 90 °C ona
JlaeT MPAKTUYECKU TOT KE€ YPOBEHb TEIUIOOTAA4YH, a TEeMIIepaTypHbIH YypPOBEHb
OOUMHOYHOM Tnankoil TpyOku mpu otBoge 80 Bt cocrtaBmser okono 191 °C —
CYLLIECTBEHHO BBIILIE pad0Yero Auana3zoHa, 4To He MEHSET BBIBOJIa O HEOOXOAMMOCTH
Pa3BUTON MOBEPXHOCTHU CEKLUU

Tabmuma 2.3
Buemnuii sHeprerudeckuil 0ajgaHc riagkol OJUHOYHONW TPyOKH U Tpedyemas
IUIOMIA/(b CEKLIUU

Qout IpH Areq 1151 80 BT | T st rnanxoii

Pacuernsiii cityyaii h; e T, =90 mpu Ts = 90 TpyOKu 4y =
°C, Bt °C, M2 0,034 m2, °C
KoncepBarusHas 0aza:
€CTEeCTBEHHAs
KOHBCKIIHSA, 6; 0,50 241 0,114 ~203
obOpaboTaHHas
HOBEPXHOCTh
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[Tponomxenue TadauIbI 2.3

OkpaieHHas
BBICOKOOMHUCCHOHHAS
MMOBEPXHOCTb,
©CTEeCTBEHHAs! KOHBEKITHUS
OnTuMucTHYHAS
€CTeCTBCHHAS
KOHBEKIHS, 8; 0,50 28,8 0,095 ~184
obpaboTaHHast
MOBEPXHOCTh
VYaydmennas
TEINIOOTAa4ya WU 18; 0,50 52,8 0,052 ~123
pas3BuTasi IOBEPXHOCTh
KoHTpoub 115 ronon
Meu 6e3 00paboTKH 6;0,10 16,3 0,168 =309
MTOBEPXHOCTH
Kountpons h(AT),
obOpaboTaHHas h(AT); 0,50 ~24,0 ~0,114 ~191
MTOBEPXHOCTh

6; 0,90 31,8 0,086 ~164

N3 tabnunet 2.3 ciaepyer, 4TO MpU COOCTBEHHOM IUIOMIAAM TJIaJAKOW TPyOKH
okosio 0,034 m? mna orBoga 80 Bt TpeOyercsi TemmepaTypHbIi YpPOBEHB BBIIIE
MPOEKTHOr0 Juarna3zoHa: okono 164 °C nis okpalieHHON BBICOKOAMHUCCHOHHOM
MMOBEPXHOCTH, 0KOJIO 184 °C mis ONTUMHUCTUYHOM €CTECTBEHHOW KOHBEKIUU TPU
oOpaboTanHol moBepxHOCTH W okoio 203 °C g1 KOHCepBaTUBHOW 0a3bl C
NOCTOSHHBIM ~ KO3(ppuimenTom Ttemnoornayd. KoOHTpoiabr 1O NEpEeMEHHOMY
kod(pdunreHTy cBoOOIHONW KOHBEKIMU aaeT okoyno 191 °C, uro He MeHser
OCHOBHOro BbIBOJIa. [losTromy 80 BT paccmarpuBaercsi Kak IeneBasi MOIIHOCTb
MOJIHOM CEeKLMH, peajdu3dyemas 3a CUeT pa3BUTOW IOBEPXHOCTH, OpeOpeHus,
oObeauHeHus: Heckoabkux DBTT u perynupoBaHus yrcia akTUBHBIX 3JIEMEHTOB.

[lnomans, paccuutanHas 1o Tabmuine 2.3, SBIsSETCS MPUBEICHHOU
M30TEPMHUYECKON  IUIOIIAJbI0  TEIUIOOTAQYM MpPU  33JlaHHOW  TeMImeparype
noBepxHocTu. [Ipu nepexone Kk opeOpeHHIO CaeAyeT UCIOJIb30BATh MPUBEICHHYIO
oML ¢ yueToM 3(pdekTuBHOCTH pedpa: reoMeTpudeckas miomaab opeopeHus
JOJDKHA OBITH OOJBIIE pacdyeTHOM MUIomaau, eciu 3G (HEKTUBHOCTL pedpa MEHbIIE
€AUHULIBI.

2.4 YucaeHHoe MOAeJHPOBaHUE U NpoBepka TemionepeHoca B IBTT c
ucnoab3oBanneM COMSOL Multiphysics

UncneHHass MOJENb MPOBEPSET COTJIACOBAHHOCTh BHYTPEHHEro (hpa30BOTO
nepeHoca ¢ BHEIIHUM dHepreTudeckum Oanancom (2.8)—(2.10). Buemnuii 6ananc
OTIpENETsICT YPOBEHb TEMIIEpaTyphl IMOBEPXHOCTH, a YHWCJICHHAs IOCTaHOBKa
MOATBEP)KIAET BHIPABHUBAHWE TEMIIEPATYPHOTO TMOJS 3a CUYET HCIAPUTEITHHO-
KOHJICHCAITMOHHOTO TIEPEHOCA TEIUIOTHI. Tako# MOAX0j COOTBETCTBYET MPAKTHUKE
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COBMENICHUS IKCIIEPUMEHTA U YHCIEHHOTO MOIeNIupoBaHusi TepMmocudoHoB [87], a
nporpaMmmHas peanmzanus onupaercs Ha Moy COMSOL [92-94]. Jleranuzanus
pacyeTHON NMOCTAaHOBKM MpHBEJEHA B npuiiokeHun b. PacuetHas oGnacte, moiis
CKOPOCTEH, CKPBITOM TEIJIOTHI M Temneparypsl mo pesyibraram COMSOL — B
IIPUIIOKEHUH B.

KouTponbHbiii  0nHOGA3HBI pPEXUM HUCHONB3YeTCS IS CpPaBHEHUS C
nByxdasznoit padoroit OBTT. B a3Tom pacuere nucnapenue, KOHIESHCAIUS U IEPEHOC
CKPBITOM TEIUIOThl OTKJIIOYEHBI, @ BHYTPEHHSS IOJIOCTh PAacCMaTpPUBAETCA Kak
yciaoBHasg onaHodasHas cpena 0e3 addexkTuBHOrO (Haz0BOrO BBIPABHUBAHUS
TeMmriepaTypbl. PucyHok 2.2 moka3bIBaeT paclpeeieHHe TeMIlepaTypbl Ipu
OTCYTCTBUHM  MCHAPUTEIBHO-KOHACHCAIIMOHHOIO  MEXAaHM3Ma: MaKCUMYM
COCpPEIOTOYEH BOJIM3M HCHAPUTEIBHOM 30HBI, @ BIOJb BBICOTHI COXPaHSIETCS
BBIPDAKECHHBIA TeMmmeparypHslid rpagueHT. [lone Ha pucyHke 2.2 COOTBETCTBYET
HECTAllMOHAPHOMY MOMEHTY pa30orpeBa: B CTALMOHAPHOM OAHO(DAZHOM pEXHUME
Opy TOM >K€ TEIUIONOABOAE TeMIlepaTypa HCHApHUTEIbHON 30HBI OblIa ObI
CYILIECTBEHHO BBIILE, IOCKOJIBKY TIOKa3aHHOE paclpeiesieHne 00ecreunBacT
BHEIIHIOKO TEMIO0TAAYy JIAIb 0KoJio S0 BT u3 80.

30Ha TETI00TBOJA
(KOHIEHCAIIMOHHAS 30HA)

Tmin = 72°C T’ °C

170
160

— 150
BU3YaTH3HPYETCs
Temneparypa — 140
BHYTPECHHEH Cpelbl

L=034wm

= 120

100
T,

max

= 184 °C
90

- 30Ha TETIONO/ABOAA 80
:/ (McmapuTenb)
I 70

Qin = 80 Bt

Pucynox 2.2 — TemnepatypHoe 1oJie B KOHTPOJIBHOM OJAHO(DA3HOM peKUME TIPU
terionoasoe 80 Bt

Ha pucynke 2.2 moka3zaH HECTAllMOHAPHBIA CHUMOK B MOMEHT JOCTHKECHUS
MaKCUMaJIbHOW TeMIepaTypoil ypoBHs JByx¢a3Horo pacuera. da3oBblili mepeHoc
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orkimoueH. CrieHapuii BHemHero temioobomena: h = 8 Brt/(m*-K), ¢ = 0,50.
Ucxonnasa Buzyanuszanuss COMSOL npuBesnena B npusiokeHuu B.

Ha pucynke 2.3 nByxQasHblii pexHM IOKa3bIBaeT, YyTO (a30BBIA IMEPEHOC
CTJIKMBAET TEMIIEpATypHOE TI0JIE IO BBICOTE MPU COXPAHEHUHM BHEIIHETO
PHEpreTuyeckoro Oamanca. PHCYHOK OTHOCHUTCS K MPOBEPOUYHOMY  CIIyHaro
onuHouHo# riaakoit OBTT npu temmonoasoae 80 Bt u mapamerpam cTpoku h = 8
B1/(m?-K), € = 0,50 tabnumpt 2.3. YpoBeHs okoiso 184—185 °C ucmonb3yercs ais
OIICHKH JOCTaTOYHOCTH COOCTBEHHOM ILJIOMIAIU TPYOKH.

188 1 °C
E -------------- | 30Ha TennooTBOAA
! 1 (koHpeHcaums)
A V
- 186
T = 184-185 °C
-—
MoYTV paBHOMEPHOE
ABYyX®a3Hoe noJe
L=0,34m [
- 182
test — 80 BT
Ley =40 MM in

| 30Ha Tensonofgoaa
1 I (ncnaputens)

180
“D-26=30 MM

D =32 MM

Pucynox 2.3 — Pacnipenenenue TemmnepaTtypsl B MPOBEPOYHOM JIBYX(a3HOM
pexume ogqunouHot OBTT npu remnnonogsoae 80 Bt

Cuenapuit Tabmmuinst 2.3: h = 8 B1/(M*°K), € = 0,50; ucxoaHas BU3yanu3aius
COMSOL npuBenena B npuiioxxeHuu B.

DHepreTUYecKas HEBs3Ka pacuyeTa KOHTPOJIUPYETCS 110 HE3aBUCUMOMY OaJlaHCy
TEIJIONOBO/IA, BHEIIHEH TEIJIOOTAAYH U U3MCHEHUS BHYTPCHHEH SHEPTHH:

dEgy
. |Qin—Qout—7

S - 100% (2.12)

m

rae E,, — BHYTpEHHsIs1 SHEprus pacueTHou obnactu, J[x.

Jlnst crarmonapHoro pacuera uieH dE,,/dt paBeH HYIIO, TIOITOMY HEBSI3Ka
CBOOUTCS K OTHOMEHHIO |Q;, — Quyl/Qin. TompobHasi mpoBepka yCTOHUHBOCTH
pesynbTaTa mpuBeqeHa B npuioxkennu b (tabmuier b.1 u b.2): mpu mepexone
YTOYHEHHOM CETKE W3MEHEHHUS MAaKCUMAJIbHOM TEMIIEpATypbl W TMOJIE3HOU
TEIJIOOTAA4YH MaJibl, 8 BAPbUPOBAHNE 3KBUBAJIEHTHON MPOHUIIAEMOCTH HE IPUBOJIAT
K CyXUM 30HaMmM. OTH JaHHbIE MOATBEPKIAIOT YCTOMYUBOCTH OalaHCOBO
COTJIACOBAaHHOTO PAaCYETHOTO PEXXHUMA U CIa0yI0 UyBCTBUTEIBHOCTh HHTETPAIBHOM

TCIIOOTAAYN K IIPUHATBIM YHCJICHHBIM AllIIIPOKCUMAIHAM.
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KpuBas HacelllleHUs Ha pucyHKe 2.4 MOKa3bIBaeT, yTo padouee NaBlICHUE B
OBTT omnpenensercs TemrepaTypoil padodero Ttenma. B amamazonme 70-90 °C
JIaBJICHUE HACBIIIEHHOTO BOJIIHOTO Napa coctasiisgeT npumepHo 0,031-0,070 MIla.
Jlnst ypoBHs pucyHka 2.3, paBHoro 184—185 °C, naBieHre HaChIIEHUS COCTABIISIET
okosio 1,10 MITa; 3nauenue 1,15 Mlla oTHOCUTCS K KOHTpOJIbHOU Touke 186 °C.

186 °C; 1,15 MlNa
184 °C; 1,10 MMa

0,20 120 °C: 0,199 Mrla
70 °C: 0,031 MMa
90 °C: 0,070 MMa
0,00 m——
0 25 50 75 100 125 150 175 200
T,°C

Pucynok 2.4 — 3aBUCMMOCTD J1aBJIEHUSI HACBIIIEHHOTO M1apa BOJIbI OT TEMIEPaTypPhl

2.5 OneHka JKCIUIyaTAUMOHHBIX OrpPaHUYeHUlT W  000CHOBaHHE
CeKIMOHHOT0 peryaupoBanus [TIH/]

Hns 1IOH/I pemiaromM OrpaHUYEHHUEM SIBISIETCSI HE TOJBKO BO3MOMXKHOCTh
BHYTpPEHHET0 (ha30BOr0 MEPEHOCA, HO M CIOCOOHOCTh HAPY>KHOH MOBEPXHOCTH
OTBECTH  TIOJABEJACHHYIO  MOIIHOCTh  0€3  MPEBBINICHUS  JIOMYCTUMOTO
TEMIIEpaTypHOTrO ypoBHA. B 0000mieHHOM BHUE YcloBUE pabOTOCIOCOOHOCTH
CHauaja 3aluChIBACTCSl KaK OTPAaHUYCHHWE MOIIHOCTH, MOJABOAMMON K OIJHOMY
DIIEMEHTY:

Qin = min{Qreturn' Qboil' Qvap' Qext,lim} (2 13)

1€ Qerurn — IPEAEI BO3BpATa KUIAKOCTH, BT; Q) — MPEae JOKATbHOTO KUIIEHUS
WK TieperpeBa ucmapurens, Br; Q,, — MMAPOIMHAMUYECKHN MpPEne mepeHoca

napa, BT; Qe jim — IPEAET BHELIHEN TEIIOOTAA4U BEIOPAHHOM IIOBEPXHOCTH, BT.
JIns 2IIEKTPOIHEPreTUYECKONW 3a/add TJIABHBIM MPAKTUYECKUM CMBICT HMEET
BHEIIHUW NpEAe:

Qext,lim = A[h(Ts,max - Tair) + go_(Ts‘,l-maX - Tr:d)] (214)
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Ecnu BHemHuii npeaen BeIOpaHHONW MOBEPXHOCTH MEHBIIE IIeJIEBOM MOJIe3HON
TEIUIOOTAYM OJHOTO DJJIEMEHTAa WM CEKUUH, TpeOyeMblii peXUM Heb3s
o0ecneunTh OJTHOM TTIaJKOM TpyOKoil 6e3 pocTa TeMieparypbl. Toraa He0OXO0AUMBI
yBEIMYEHUE TPUBEICHHOW IUIOLIAAN, UW3MEHEHHE TOKpBITHS, OpedpeHue,
npumeHenue rpynnsl OBTT, CHM)KEHHE MOIIHOCTH OJHOTO 3JJIEMEHTA WJIHU
CEKLIMOHHOE PETryJINPOBAHUE.

JUis TpOEKTUPOBAaHUS CEKUUU STO YCIOBHE YIOOHO 3amucaTtbh 4epe3
IIPENEIIBHYIO YACIBbHYIO HArpy3Ky HapyKHOM ITOBEPXHOCTU U MUHUMAJIBHOE YHCIIO
AKTHBHBIX 3JIEMEHTOB:

P t,‘ 2.15
q; = ZC_ l < 6Ilim,i(Ts,maxr hir gi) = ( )
i
= hi(Ts,max - Tair) + gio-(Ts‘,Lmax - TI‘4E'ld)
. Lg
Nmin = Min{n € Nin - 4; - qiim,i = Qouttarget) Si S - (2.16)

r7Ie ¢i — ylenbHas Harpys3ka 1-ro sjieMeHTta, Bt/M?; 4; — npuBeneHHAs HapyKHas

TEIJIOOTAAIONasl IUIOMIA/lb 1-TO D3JEMEHTa, M?; (limi — HpeAesibHas yJelbHas
TEIJIOOTAa4a BBIOPAHHOW HAPYKHOW MOBEPXHOCTH, BT/M?; Mmin — MUHUMAIbHOE
YUCJIO AaKTUBHBIX OJJIEMEHTOB CEKUMHM, WT.; ouitargert — LEJIEBAs IIOJE3HAA

TEIJIOOTAA4Ya CEKUUH, BT; MHHMMaNbHOE 4YHUCJIO 3JIEMEHTOB BbIOMpaeTcs ¢
OKPYIJICHMEM BBEpPX JI0 LIEJIOTO YHMCHA; §; — NPEABAPUTEIbHBIA IIar pa3MenieHus
AJIIEMEHTOB MPU PAaBHOMEPHOM paclpellesieHuu Mo JjuHe Ls, M. 3anuch ¢; 4yepes
MOJIHYI0 aKTUBHYIO MOIIHOCTb Pai B (2.15) mpuHsATa Kak KOHCEpBAaTHUBHAS: MPHU
HaJIMYHUH TETJIOBBIX COCTABJISIOLIUX, HE OTHECEHHBIX K BHIOPAHHOW MOBEPXHOCTH,
dakTrueckas Harpy3Ka Hapy>KHOU MMOBEPXHOCTH OYIET HUXKE.

[Ipaktuuecku ycnoBus (2.13)—(2.16) 3agaroT msaTh TPYII SKCIUTyaTAITMOHHBIX
TpeOoBanuil. HapyxkHas mOBEepXHOCTh JTOJKHA OTBECTH IMOJBEIECHHYIO MOIIHOCTh
0e3 IpeBbIIICHN 331aHHOI TeMIlepaTyphl; MOSTOMY BHEIIHMI OanaHC OmpenesseT
TpeOyeMyl0 NpPUBEIECHHYIO IUIOL[a[b CEKIUH, AOMYCTUMYIO MOIIHOCTH OJHOTO
AJIEMEHTa, MUHUMAaJIbHOE YHCIIO aKTUBHBIX 3JIEMEHTOB U MPEBAPUTEIIbHBIN 1IAT X
pa3merienus. McnapeHue He AOMKHO ONEPEXaTh BO3BpAT KOHJAEHCATa, B 30HE
UCIIApEHUs HE IOJKHBI BO3HUKATh CyXUE€ YUYACTKH, JABJICHUE HACHIIICHUS JOJIKHO
OCTaBaThCsl B OE30MACHOM JHMalla30He, a AJIEKTPUUECKOE PETyIMPOBAHUE JTOJKHO
U3MEHATh MOIIHOCTh CEKIIMU 0€3 BbIXOJAa 3a TEIUIOBble OrpaHuyeHus. Takum
o0pa3oM, OJKCIUTyaTallAOHHbIE OTrPAaHUYEHUS HCIOJIb3YIOTCA KaK pPacueTHbIE
TpeOOBaHMUs.

Orpannuenue Tgn. =90 °C  OpuUHATO KAk  pacUETHBIM  KpUTEpHH
HU3KOTEMIIEPATYPHOTO PEXMMA HAPYKHOW T[MOBEPXHOCTU U OPUEHTHP IS
CpPaBHEHMS KOHCTPYKTHMBHBIX BapuaHTOB. OHO HE 3aMEHSET CIElUaIbHbIE
UCIIBITAaHUS 0E30MaCHOCTH, HO TIO3BOJISIET BBIMIOJHUTH MPEIBAPUTEIHHYIO
HHEPreTHUYECKYIO OIIEHKY TUIOIIAIN U MOIIHOCTH CeKIuH. TpeboBaHus K OBITOBBIM
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AIIEKTPOHArpeBaTeIbHbIM  TIPUOOpaM, 3JIEKTPOOE30MaCHOCTH M AKCILTyaTallu
AIIEKTPOYCTAHOBOK JIONOJHUTEIBHO YUYHMTBIBAIOTCS MO MCTOYHUKaM [45—46; 103—
104].

[IpoyHOCTHas OLEHKA MCIIOJIB3YETCS ISl KOHTPOJIS JOIYCTUMOCTH PACUYETHBIX
nasneHuii. B pabodyem mmanaszone moBepxHoctd 10 90 °C BHyTpEeHHEE /aBJICHHC
HACBIIIEHHOTO BOJAAHOro mnapa He mnpesbimaer 0,070 Mlla, mnostomy
OPUEHTHUPOBOYHOE OKPY>KHOE HANpsLKEHHE IO cpeaHeMmy paauycy 15,5 mm wu
ToNIMHE cTeHKH 1 MM coctasisier okoisio 1,1 MIla. HopmatuBHoe nomyckaemoe
HaIpsHKEHUE J11 MEIU 3aJJaeTCs IO MapKe, COCTOSTHUIO MaTepuaia, TeMIepaType u
TEXHOJIOTUH COCIMHEHUN B KOHCTPYKTUBHOM pacueTe Kopmyca. B qanHoit monenu
3TOT OJOK (PUKCHpYET MOPSAOK ACHCTBYIOIIUX HANpsKEHUH W TpeOOBaHUSA K
KOHCTPYKTUBHOH IIPOBEPKE.

BoiBoabI o pasaeny 2

CdopmupoBan pacueTHbI Kputepuil mpoektupoBanus cexkuuu [IOH]] Ha
ocHoBe OBTT: mpenenpHas yzAenbHas Harpy3ka HapyKHOM ITOBEPXHOCTH
ONpEENsIeTCs] BHEIIHUM KOHBEKTMBHO-PAJIMALMOHHBIM OaJIaHCOM TP 3aJaHHOU
JOIMYCTUMOM TEMIEPATYPE MOBEPXHOCTH, a YMCIO akTUBHBIX OBTT m mar ux
pa3MelieHs] BBIOMPAIOTCSI M3 YCJIOBHUS HEMNPEBBINICHHUS BHEIIHEro Ipejena
TEIUIOOTAAYH CEKLIUH.

[Tokazano, uyto nByxdaszubii mnepeHoc BHyTpu OBTT obGecneunBaer
BBIDABHMBAHUE TEMIIEPATYPHOTO IIOJ1 M IlepeJady TeILIOTl OT  30HBI
3JIEKTPOTEIJIOBOIO TOJBOJIa K HAPYKHOM MOBEPXHOCTH, OJHAKO caM MO cede He
yCTpaHse€T OrpaHUYECHME BHEIIHEHW TerutooTaadu. Ilosromy oamHOYHas Iaakas
OBTT HEe MOXKET aBTOMATHYECKHM PACCMATPUBATBHCSA KAaK IOJTHOLIEHHAs CEKLUs
MOIIHOCTBIO 80 BT.

Paznenensl Tpu pexuma uCHoiab30BaHus BeauuuHbl 80 BT: pacuerHblii
TETIONOABOJ K OAMHOYHON TpyOKke Qi = 80 Br, nenesas monesHas TerooTa4a
TOJTHON CEKIMHU Qo aroet = 80 BT 1 dKCIIeprMEHTAIBHO H3MepsieMas aKTHBHAS

MouHOCTh P, = 80 BT. Takoe pa3neneHne UCKII0UYAEeT HCKYCCTBEHHOE PABEHCTBO
Pyt = Qin = Qoue = 80 B,

YcranoBneHo, uto oauHovHas riagkas OBTT quamerpom 32 MM u aiuHoM 340
MM Mipu Temiieparype nosepxnoctu 70-90 °C otnaer cyniectBeHHO MeHbIe 80 Br.
ITpu T, = 90 °C nosie3nas Temioornaya cocrasisier okono 24—-32 Br, a nist oTBo1a
80 Bt tpeOyetcs npuBeaeHHass HapykHas 1iomanb nopsaka 0,09-0,11 m?, gto B
HECKOJIBKO pa3 00Jibllle COOCTBEHHOM IIIONIAIU TJIaIKON TPYOKH.

Uucnennoe wMonenupoBanue B COMSOL noaTBepansio COriacoBaHHOCTh
BHYTPEHHETO (a30BOTO TEPEHOCA C BHEIIHUM JHEPreTUYECKUM OallaHCOM W
000CHOBAJIO UCTIOJIL30BaHUE YCPETHEHHON TEMIIEPATyPhl TOBEPXHOCTH B pacyeTax.
[Tomy4yeHHBIE OpUEHTUPBI — MPEEbHAS YACIbHAS HArpy3Ka, Tpedyemast IIomaah
TEIUIOOTAAYH, YHCJIO AKTUBHBIX JJIEMEHTOB M YCJIOBHUSl YCTOWYHMBOIO PEXKUMA —
UCIIOJIB3YIOTCS Jlaliee NIl SKCIEPUMEHTAIbHOM MPOBEPKU B pasjeliie 3 U aHaIu3a
AIEKTPOTEXHUYECKUX PEKUMOB B pazjeie 4.
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3 IKCIIEPUMEHTAJIBHAS OIIEHKA
IJEKTPOOHEPTETUYECKHUX U PEXHUMHBIX XAPAKTEPUCTUK
IIOHA U BAJIMJAIUA PACYHETHBIX MOJAEJIEA

Paznen 3  mocBsimieH — skcnepuMmeHTanbHOM — omenke  I[IOHJ]  kak
AIIEKTPOTEIJIOBOTO TMpeoOpa3oBareiss M YIPaBIIEMON CEKIIMOHHON HarpysKu.
OCHOBHOE€ BHUMAaHHE YJEJICHO CBS3M AKTHUBHOM DJJIEKTPUYECKOW MOIIHOCTH,
YAENBHON 3IEKTPOTEIJIOBOM HArpy3Ku, TE€OMETPUM CEKUMHU M JIOKAJIbHOTO
TEMIIEPATYPHOTO PEKUMA.

DKCHepUMEHTANIbHBIA MaTepuan pasjiena 3 MmpeacTaBisieT coboil 00001IeHue
CTeH0BbIX HccienoBanuit [19H]I, BBITIOJIHEHHBIX aBTOPOM M anpOOMPOBAHHBIX B
nyonukamusax [95-100]. B Hacrosimeit pabote 3TH pe3ylibTaThl OOBEAMHEHBI B
€AUHYIO0 AKCIEPUMEHTAIBHYIO IMPOrpaMMy, JIOMOJHEHb HCXOAHBIMU JaHHBIMHU,
00paboTaHbl IO €IUHON METOJMKE pacyeTa yJIeIbHON 3JIEKTPOTEIIOBOM HAIPy3KH,
yAEJIbHON Macchl, 00beMa paboyero Tena U JOKAIbHOIO TEMIEPATypPHOIO pEeXUMAa,
a TaKXKe MCIOJIb30BAaHBI JIJII MOCTPOCHUSI PErPECCUOHHOM MOJEIU U TPOBEPKHU
PaCUETHBIX MOJIOKECHUH.

3.1 OO0BeKT JIKCIePUMEHTAJBbHBIX HCCICA0BAHMH, MporpaMMa H
o0ocHoBaHHe BbIOOpa onbITHLIX 00pa3uos I H/]

OOBEKT  OKCHEPUMEHTANBHBIX  HMCCIENOBAaHUNA  —  DIIEKTPOBAKYYMHBIM
AJIEKTPOTEIIOBOM mpeobpaszoBarens [IDHJI, paccmarpuBaeMblii CO CTOPOHBI
MATAIOLIEN CETM KAaK yIpaBisieMasl JJIEKTPUYECKash Harpys3ka, a €O CTOPOHBI
IIOMEIIEHNUST — KaK JOKAJIbHBIM MCTOYHHUK TEIUIOTBI C PaCHpPEeAeICHHOU
TEIUIOOTAAIOLICH IIOBEPXHOCThIO. B HWXKHEW 4YacTu CEeKUMM PacloJIOKEH
ANEKTPUYECKUN HArpeBaTEIbHBIM 3JIEMEHT WA AKTUBHAS 30HA WHAYKIHOHHOTO
HarpeBa; B TEPMETUYHOW TIOJOCTH HAXOAUTCS OrPAHUYECHHOE KOJIMYECTBO
JUCTUJNIMPOBAHHOM BOJIbI, a MPEABAPUTEIbHOE BaKyyMHUPOBaHUE O00OECIIEUMBAET
CHIKEHHOE HAyallbHOE OCTaTOYHOE [JIaBJICHHUE U 3alyCK HCIAPUTEIBHO-
KOHJIeHCalmoHHoro nukina [16-20; 78; 80-82; 86; 95-100].

B paGote pazaeneHbl Tpu YpOBHS 00BEKTa UCCIICI0BaHUS.

[lepBblii ypOBEHb — OJIMHOYHASI JITAOOpATOpPHAs DJIEKTPOBAKYYMHAsI CEKIIMsI, TIO
KOTOPO# onpeenseTcs nekrporerioas xapakrepuctuka AT (qpq,, 1, V).

Brtopoii ypoBeHb — opebpeHHas cekius Wik onbITHRIN mpotoTun [TOH]] kak
OTOIMTEJILHBIN MPUOOP ¢ KOHTPOIUPYEMON MOITHOCTBIO, TOKOM U TEMITEPATYPHBIM
MIOJIEM.

Tpernii YPOBEHb — aBTOHOMHas 158105 ruopuHas cucrema
ANEKTPOTEIJIOCHAOXKEeHUsT Ha ocHoBe cekuumoHHoro IIOHJ[, B koTopoit
YCTaHOBJICHHAsI MOILITHOCTh pa30UBaETCs Ha YIPaBJIsiEMbIE CEKIIUU.

[IpoTOKONBHBIE PEKUMHBIE, TE€OMETPUUYECKHE M TEMIIEPATypPHBIE JaHHbBIE
DKCHEPUMEHTAJIbHBIX CEPUI IPUBEIICHBI B pUIIOkKeHUu [
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OcHoBHast mporpamma BkiodaeT 40 cepuii ombitoB (OII01-OI140) ¢
OJIMHAKOBBIMHM 3HAYEHUSIMH HAYAJIBHOTO OCTATOYHOI'O JABJIEHUSA U JJIUTEIBLHOCTH
pErucTpanuu.

Hcxonnple ycioBrsi OCHOBHOM MPOIPAMMBI:

po = 9,807 xlla; Ny, = 50 orcueros

I7I€ Py — HAYaJIbHOE OCTaTOYHOE JABJICHHE B IMOJIOCTU CEKIIUU NIEPE] 3aIrycKoMm, Kl1a;
Nyrey — JJIATEIBHOCTh PETUCTPAUMU OJHOIO OIBITA, BBIPAXKEHHAS YHCIOM
TEMIIEPATYPHBIX OTCUETOB, IIT.

3nauenue p0 = 9,807 klla npuHATO KaK BOCHPOU3BOAMMOE TEXHOJIOTUYECKOE
ocTaTOYHOE JaBiieHre ocHOBHOM BeIOOpKH OI101-OI140.

CnemmansHas cepus I[IJ01-I119 Bemonnena npu p0 = 5,066 klla u
UCIIOJIb30BAaHA ISl OTJCIBHOM METOJAMYECKOW OIICHKH BIMSHUS TIyOUHBI
BaKyyMHPOBAHUS Ha 3aIlyCK UCIAPUTEIBHO-KOHIEHCALIMOHHOTO 1KKIa. cxonHbie
JTAHHbIE OCHOBHOM M CHEUaIbHOW CepUil MPUBEJIEHBI B MPUJIOKEHUHU [, TaOauIIbI
1ul.2.

dopMUpOBaHUE OCHOBHOM pPETPECCHOHHOM BBIOOPKH BBIMIOJIHEHO MO 3apaHee
3aJIaHHBIM KPUTEPHSIM: TIOJIHAS 3alIUCh TEMIIEPATYPHOTO PsAJa, KBA3UCTAMOHAPHOE
3aBEpILICHUE OMbITA, YCTOMYMBAs T'€PMETHUYHOCTh M BaKyyM, COIJIACOBAHHOCTh
MOBTOPOB MPH COBIMAJAIONINX IMapaMeTpax, KOPPEeKTHAs NPUHAAIEKHOCTD K TPYIIIe
1o 00beMy paboyero Teia U pacxoxaeHue MeKIY Tmax U Ty HE O0siee 1,0 °C.

Tmax - Tnocn < 1700(: (31)

rae Tinax — MAKCUMalbHas 3apErUCTpUpOBaHHas temueparypa B cepud, °C; T —
MOCJEAHSS 3apETUCTPUPOBAHHAS TEMIIEpaTypa BEpXHeEH 30HbI cekiuu, °C.

B xauecTBe 3aBUCUMOM NMEPEMEHHON IPUHSTA MTOCIEIHISA 3aPErUCTPUPOBAHHAS
JIOKQJIbHAs TEMIIEpaTypa BEPXHEU 30HBI CEKIUU 1,,.,. [loKka3arens ncnosb3yercs
JUISL CBSI3M DJICKTPUUYECKOM MOIIHOCTH, T€OMETPUM, MACChl U 00beMa 3alluBKU C
TEMITEPaTyPHBIM PEKUMOM JTa00OPATOPHOM CEKITUH.

Temneparypubiii quanazon 85-191 °C oTHOCHUTCS K T0JION JTaOOpaTOpHOM
TpyOKe; AJIsk TOTOBOTO IprOOpa IesieBasi TeMIiepaTypa JOCTYITHON MoBepXHOCTH 70—
90 °C obecrieunBaeTcs opeOpeHrneM, CEKIIMOHUPOBAHUEM U KOXKYXOM [45; 46].

BriObop ombITHBIX 00pa3loB OCHOBAaH Ha HEOOXOJWMOCTH OXBAaTHUTh
MPAKTUYECKUA 3HAUUMBbIE TUTIOPA3MEPHI AJIEKTPOBAKYYMHBIX CEKIIUN IIPU MOIIIHOCTH
onnou cekiuu 60—100 Bt. [{luametpsi 20, 28 1 32 MM NO3BOJISIFOT OLIEHUTH BIMSIHUE
IO TEIUIOOTAAuu, JJUHBl 25-45 CM COOTBETCTBYIOT KOMITAKTHBIM
BEPTUKAJIBHBIM JJIEMEHTaM OBITOBOro mpubopa, a cyxue Maccel 235-573 1
OTPAXKAIOT Pa3JINYMS TOJIIINHBI CTEHKH, KOHCTPYKTUBHOT'O HCIOJIHEHHS K YACTUYHO
Pa3BUTOCTH TEIUIOOTAAIOLIECH IOBEPXHOCTU. B panpHEWIIMX pacyeTax macca
YUUTBHIBAETCS Y€pe3 YAEIbHbBIN TapaMeTp [L.
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Juamna3onsl GakTopoB OCHOBHOW TemmepaTypHou mporpammbl OI101-OI140
npuBesieHbl B Tabmuue 3.1.

Tabmuma 3.1
Jlnama3oHsl pakTOpoB OCHOBHOM TemmeparypHoit mporpammsl OI101-0OI140
[TapameTtp 0603H. | En. | JImana3zon/ypoBHH [Ipumeuanue
ITonBoauMas akTUBHAS €KUMHBII
ABOIL Pewi | Br 60; 80; 100 p y
AJEKTpUYECKasi MOLTHOCTh JNeKTpUuYecKuil hakTop

TEXHOJOTUYECKHUI

O6beM pabouero Tena |4 MJI 10; 15

(bakTop 3aJTUBKH

. HCIIOJIB3YETCS IIPU
HapyxHblii uameTp cexuuu D MM 20; 28; 32 y p
pacuere A
JlnuHa cexuuu L cM 25-45 IIEPEBOUTCS B METPHI
MEPEBOAUTCS B
. KHJIOI'PaMMBI;
Macca cyxou cekuuu m r 235-573 p
HCIIOJIB3YETCS TIPU
pacyere U
HauanbHoe ocTaTo4yHoOE IMOCTOSIHHOE YCJIOBHE
pe | xlla 9,807 N
aBIIEHUE OCHOBHOM BBIOOPKH
ITiomans 60KOBOM A =mnDL; 6e3
HHajts HOKO A M 0,0157-0,0452
TMOBEPXHOCTHU T'OJION CEKIIUH OpeOpeHust U KOXKyXa

Gron = P/A 1o romnoi

VYV nenpHast 31EKTPOTEILIOBAS q Br/a? 1326,3-3819,7 OOKOBOW MOBEPXHOCTH;

Harpyska qroy JUIs JIOKAJIbHOM
TEMIIEPaTypbl TPYOKH
VY nenpHas macca U KI/M? 10,04—14,96 u=mj/A
Y cTaHOBUBILIASCS JIOKAJIbHAS T oC 85.0-191,0 BEXHs1 30Ha
TeMIeparypa 71a00pPaTOPHOMN CEKIIUU

3.2 JKkcnepuMeHTAJILHBINA CTEH/I, METOAbI U3MEPEHU U METPOJOTHYeCKoe
o0ecnieuenue uccaenopannii IIIH/I

DKCNepUMEHTAIBHBIA CTEH 00€CTIeUnBall PETYIHPYEMBIN 3JIEKTPOTEILIOBOM
MO/IBO/T, BAKYYMHUPOBAHUE MOJIOCTH CEKITUH, JO3UPOBAHHYIO 3aJIMBKY pabouero tena

U PErucTpalyio TEeMIlepaTypbl B KOHTPOJbHOHN 30He. IlpuHnmMnuanbHas cxema
YCTaHOBKHM IIPUBE/ICHA HA pUCYHKE 3.1
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11 10

1 — anexTpoBakyymHas cexuus MOH/

1
\ : ! 4 4 2 — 3NeKTPUYECKNIA HarpeBaTenb
12 ! ! 3 o
P Y — BBIKEHME Napa no LEHTPaNbHOM
220B,50Ty i ﬁ | HI-9815 30HE 1 BO3BPAT KOHJEHCATa No
T ? 3 Y ' BHYTPEHHUM CTEHKaM
1 i \":\ i 5 4 — BepxHss Tepmonapa 11
: : 9 : ',‘=m£ T2 8 5 — cpepuss Tepmonapa T2
1
2 : /_ 1 H 6 — Huxwss Tepmonapa T3
'
NATP ; 6 Fluke 51 7 — u3amepuTens TemMnepaTypbl
2 b— HI-9815
— =ﬂl£ 3
_\ = 8 — uamepuens Temnepatypsl
Fluke 51
L —— -

10 — BaKyymHbIit Hacoc
\%/ 11 — Bakyymmerp
12 — cets 220 B, 50 'y

C CTpenku — napa; NyHKTUPHbIe CTPeNKW — BO3BPaT KOHAEHCaTa.

Pucynok 3.1 — CxeMa 3KCIepuMEHTAIbHOM YCTAHOBKH JIJISI UCCIIEIOBAHUS
aneKTpoBaKyyMHou cexunu [I1OH]]

Brenrawmii Bua m1abopaTOpHOTO CTEHAA MPEACTABIICH HA pUCYHKE 3.2.

Pucynok 3.2 — BHemHuit BU 1a00paTOPHOTO CTEHIA JJISI UCCIIEI0BaHUS
3neKTpoBakyymMHoOM cexuuu [TOH/]

KonctpyktusHoe opopmienue nabopatopHoro npororumna [IDH/] mokazano Ha
pucyske 3.3.
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Pucynox 3.3 — KonctpykrusHoe odopmiieHue gadbopatopHoro npororuna [IDH]]

N3MepuTenbHbIN TPaKT BKJIIOYAT KOHTPOJb HANPSKEHUS U TOKA IU(PPOBBIMU
MYJIbTUMETPAMH, JAOTOJHUTEIbHBIA KOHTPOJIb AKTUBHON MOIIHOCTH BaTTMETPOM,
pErUCTpallMi0 TEeMMepaTypbl KOHTAKTHBIMU TEpMOMNapaMyd C HOMHUHAJIbHBIMU
CTaTUYECKUMU XapakTrepuctukamu npeodpaszoanus no CT PK 2.87-2005 [105],
TEIUIOBU3MOHHBI KOHTPOJb TEMIIEPATYPHOTO IOJsl MOBEPXHOCTH W KOHTPOJb
HAyaJIbHOTO OCTATOYHOTO JAaBJICHUS BaKyyMMeTpoM. Takas cxemMa H3MEpeHUi
MO3BOJISIET MPOCIEIUTh CBSA3b MEXKAY AJICKTPUYECKUM PEKHMOM HarpeBaress U
TEMIIEPATYPHBIM OTKJIUKOM CEKIIUH.

[TopBoarMas MOIIHOCTH 3aJ1aBajlaCh PETyIUPYEMbIM HCTOUYHMKOM MHUTAHUS U
KOHTPOJIUpOBajach IO TOKY, HANpPsKEHWI0O W AaKTUBHOM MOIIHOCTH. [J[js
PE3UCTUBHOTO HCIIOJHEHUS B CTAllHOHAPHOM PEXXUME AKTUBHAS JJICKTPUUECKAS
MOIITHOCTh ~HAarpeBaTeJIbHOTO d3JIEMEHTa MPUHUMAETCS PABHOM  MOIIHOCTU
TEIJIOBOTO MOJIBOJIa B MCMAPUTENbHYIO 30HY. JlJIsi MHAYKIIMOHHOTO HWCIOJHEHUS
aKTHUBHAsE MOIIHOCTh OTHOCHUTCSI K BXOAY CHJIOBOTO TIIpeoOpa3oBatesis; Mpu
nepexo/ie K pacyeTy MOIIHOCTA AaKTHUBHOW 30HBI HCIOJIB3YETCS OIICHOYHOE
snauenue KIIJ[ npeobpasosarens 1y, [33; 55; 96].

Kaxiplii ONBIT BBIMOJIHSUICA MO €JWHOM IOCJIENOBATEILHOCTH: OXJIKICHHUE
CEKIIMU J0 TEMIIEpATypbl IOMEIICHUS; TO3UPOBAHHAS 3JIMBKA AUCTUIUIMPOBAHHOM
BOJIbl; BAKYYMHUPOBAHHE U T€PMETHU3AIUS MOJIOCTH; 3alUCh HAYaIbHBIX YCJIOBH;
BKJIIOUCHHE HarpeBareis ¢ 3aJaHHOM aKTUBHOM MOIIHOCTBIO; PETrUCTpalus
TEMIEPATYPHOTO PsiJa; KOHTPOJIb BbIXOAA HA IJIATO U MOCIEAYIOUIEE OXJIAXKICHUE
nepes CISAYIOIIMM OIBITOM.

t90 = t(T = 900(:), tZOO = t(T = ZOOOC), To’g = t(T = 0,9 . THJIaTO) (32)

rae tgg — BpeMs JOCTHKEeHUs TemIiepatrypbl moBepxHocTtH 90 °C, c; ty59 — BpeMs
JOCTHXKEHUs JIoKanbHO# Temmeparypsl 200 °C, ¢; T7g 9 — BpeMs poctmxkenus 90%
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ypoBHS MIATO  Tyar0» C©  Thygaro —  KBa3UCTAIlMOHApHAs  TeMIepaTypa
COOTBETCTBYIOIIEH KOHTPOJIBHON TOUKH, °C.

B pabote paznuuarorcsi BpeMs gocTikeHus 90 °C kak 3KCIUTyaTalMOHHBIN
nokasarenb, Bpemsi pgoctwkeHus 200 °C kak Mokaszareilb HMHTEHCHUBHOCTH
7a00paTOPHOTO HarpeBa, BpeMs BBIXOJAa Ha IUIATO M TIOCTOSIHHAs BpPEMEHU
pazorpeBa. Takoe pazaeneHHe MCKIIOYAECT CMEIICHHWE TWHAMHUKH, CTallMOHApPHOM
TEIUIOOT/Ia4YU U PErPECCUOHHOM OIICHKU TeMIIepaTyphI.

T(t) =T — (Too - TO) ) exp(—t/r) (33)
rne T(t) — Temmeparypa KOHTPOJbHOM TOYKM B MOMeHT Bpemenu t, °C; T, —
IpenesibHas TeMIlepaTypa SKCIOHEHUHanpHON wmonemu, °C; T, — HadainbpHas
teMrieparypa, °C; T — TemnoBas IIOCTOSIHHAs. pa3orpesa, ¢; ¢ — BpeMs OT Hayaia
Harpesa, C.

OCHOBHBIE HICTOYHUKH HEOIPEACICHHOCTH — HHCTPYMEHTAJIbHAS ITOIPEIIHOCTb
TEpPMOIIAp U 3JIEKTPUUECKUX U3MEPEHUM, JO3UpOBaHUE PadOUEro Tena, MoJI0KEeHHUE
JlaT4YMKa, KA4eCTBO TEIJIOBOIO KOHTaKTa HarpeBaTesiss U pa30poc M3rOTOBJIECHUS
CEKIMHA. AKTHBHAs MOIIHOCTb KOHTPOJIMPOBAJIACh BATTMETPOM auanaszoHa a0 500
Bt ¢ mpenenbHONW OTHOCHUTENBHOM MOrpemHOCThI0 mopsiaka 6P = +2%. [Jlns
pacyeToB CTaHAAPTHAS JIEKTPUUYECKAs] HEONPEIEIEHHOCTh MOIIIHOCTH MPUHATA 110
paBHOMepHOMy 3akoHy: u(P) = 0,02 - P/+/3. Tlostomy u(P) coCTaBIsieT OKOJIO
0,69 Bt nipu 60 B, 0,92 Bt npu 80 Br, 1,15 Br npu 100 Bt u 5,77 Bt npu 500 Br.
HUrtorosas pacimimpeHHas HWHCTPyYMEHTalbHasi HEOINPEACICeHHOCTh Neperpena
npunaTa Ha ypoBHe U(AT) =~ 4,2°C, OoTHOCHTeNbHAs HEONPENEeIeHHOCTh § —
nopsiaka 5-6%. IloBTropsieMOCTp TeMmepaTypHOW peakuud [0 TIpynnam
HOMHUHAIBHO OJM3KUX KoH(purypauui xapakrepusyercs CKO okomno 2,7 °C npu
copnaaenuu P,V,D u L u okono 7,5 °C npu 0osiee MIMPOKOM T'PYyHITUPOBAHUU T1O
P,D wu L; >TM 3HaYeHHUS CONOCTABUMBI C OIIMOKOW KpOCC-BAJIUJIALMK U
MOATBEPKAAIOT TEXHOJIOTMYECKYIO ITPUPOLY OCTATOYHOM nucnepeuu moaenu [ 106].

3.3 DuekTpuueckas xapakrepucruka Harpy3ku IIOH/{

C ToukHu 3peHMs NMUTarNIed ceTu pesuctuBHoe ucnonHenune [IDH]] sBisieTcs
MPAKTUYECKU aKTHUBHOW omHodazHoil Harpy3kou. Ilpu cuHycommambHOM
HAIPSHKEHUU U OTCYTCTBHH (PAa30MMITYJILCHOTO peryiupoBanus cos ¢ = 1, THD; =
0, a pacder NEUCTBYIOLIErO TOKA BBIMOJHSETCA MO AKTUBHOW MOIIHOCTHU. JlJis
oOllei 3amucy, MNPUTOJHON TakXKe IS HUHAYKIIMOHHOTO WJIM WMMIYJIHCHOTO
UCITOJIHEHHUS, UCTIONB3yeTCsl KoadduirieHT MouHocTH PF [66; 67; 107]:

P _ by (3.4)
I_U-PF' PE U

JUISl PE3UCTUBHOTO UcnojiHeHust PF =~ cosgp = 1
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riae | — NeUCTBYIOIMN TOK JIUHUY, A; P, — akTUBHAsI 2JIEKTpUYECKasi MOLTHOCTb, BT;
U — neiicTByrolee HanpshKkeHue nutanus, B; PF — k03 GUITIEHT MOIITHOCTH, 1. €]1.;
@ — yroa ciura ¢a3 Mexay HalnpsKEHUEM U TOKOM.

[Ipy HOMuHambHOM HanpspkeHun 220 B pacdeTHple TOKM ONBITHBIX M
npUOOPHBIX YPOBHEHW MOIIHOCTH MPUBEACHBI B TabmuIe 3.2.

Tabnuua 3.2
Pacuetnbie Toku onHOGa3zHoM akTBHOU Harpy3ku [I9H/] npu U = 220 B

_ Ilorepu nuHUM
P,Br |I=P/UA AP, = I’R,, Br Hcnonb3oBanue

60 0,27 0,074'R, YPOBEHb OJIHON MAJIOMOITHOM CEKITUU

20 0.36 0.132-R, THUIIOBOH yPOBEHb OCHOBHOM
IPOrpPaMMBbI

100 0,45 0.207R, BEPXHUU YPOBEHb OCHOBHOMU
IPOTPaMMBbI

120 0,55 0.298R, CpaBHEHHE TPyO4aTOro u

MHIYKIIMOHHOTO TETIONOIBO/IA
500 227 517°R, npuOOpHOE CpaBI;eOP(I)I/Ie [I9H/ u MO-

N3 Tabmuupbr 3.2 ciemyeT, 4to s oguHOUYHBIX cekuuii 60—100 BT Tokm
cocrapisitoT 0,27-0,45 A, a nis npubopHoro cpaBHeHust npu 500 Bt — 2,27 A.
[Torepu B moaBOISAIIECH JIMHUM OLEHUBAKOTCA Kak AP, = [ 2RJI U 3aBUCAT HE OT
TEIUIOBOM CXEMBI CEKIIMH, a OT CETEBOr0 TOKA, COMPOTUBIICHUS JIMHUU U BPEMEHU
paboThl. [I03TOMY CEKITMOHHOE yIpaBICHUE YMEHbBIIIAET CPEAHUN TOK U TO3BOJISET
coryiacoBath BkiroueHue [19H]] ¢ nomycTumMoii MOIIHOCThIO OOBEKTA.

NHAYKIMOHHOE  MCIOJHEHUE  BKJIIOYACT  CUJIOBOM  BBICOKOYACTOTHBIN
npeobpazoBarenb. Ha craguu mpoekTa ero dJeKTpUYecKas XapaKTepHUCTHKa
3a7aeTcsl ABYMsl TPyNIIaMHM IIOKa3aTesled: U3MEPEHHOW AaKTUBHOW MOIIHOCTHIO
Bxona cetu P,; B cpaBauTenbHOM omnbiTe MTH/I-120 1 mpoekTHEIMEU TpeOOBaHUSIMU K
ceTeBOMy mpeoOpaszoBatento. Jlns BbIOpaHHOro Kjiacca MpeoOpa3zoBaTes
NPUHUMAIOTCA: Ay, = 0,95 npu NpUMEHEHMU aKTUBHOM KOPPEKIMU KodhduimenTa

mouiHoctH; THD, , — B npenenax tpebosanuii 'OCT IEC 61000-3-2-2021 [107];
Nnp = 0,85-0,93 kak pacueTHO-OlEHOUHBIN auanason s BYU-npeoOpasosarens

BBHIODAHHOW TOMOJIOTUU. OTH BEIWYUHBI (DUKCUPYIOT TpeOOBaHMS K CXeEMe,
peanu3yemoii B moapasnene 4.3, U UCMONIB3YIOTCS JIsl MPOSKTHOTO nepecuera P,

« PCGTI)[55> 649 65> 67]
/122+1§+---+I,%L
THD, =Y— . 100% (3.5)

1
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rae THD; — koadpuiimeHT rapMOHHYECKUX UCKaXKEeHUH ToKa,%; [; — NelcTByoIIEee
3HAYEHHE OCHOBHOW TapMOHHKHU TOKa, A; I, I3, ..., [, — IEUCTByIOIIME 3HAYCHUA
BBICILIMX TAPMOHHK TOKa, A.

CBonHas 3JEKTpUYECKash XapaKTEPUCTHUKA PE3UCTUBHOTO U HHAYKIHWOHHOIO
ucnionnenus [IDH/I npencrasiena B Tadbnuie 3.3.
Tabmuma 3.3

DJIEKTpUYECKasi  XapaKTepUCTHKAa PE3UCTUBHOTO U HUHIYKIIMOHHOTO

ncnonaaerus [19H]]

Koodd PacuetHoe u
Hcnonnenune (1:/[30 If;i;HT THD; Toka Np HOpPMAaTUBHOE
- 3HaYeHHE
0
Pe3ucTuBHbI (1)a3<o}/n\//(l)n6?131)c- L,00; AKTHBHAA HATPY3Ka,
~ 1,00 y npeoOpa3oBareib I =P/U; AP, =
TOH HOT'O 2
OTCYTCTBYET I“R;
peryIupoBaHus
E e, = 6,0 Brruno
B IIpeaemnax Nup U3MEpEeHHOMY P,
PF =
WHI-120 o H“;’K;Hg;{goi I'OCT IEC = 0,85-0,93; BXO/1a; PF 1,
(MHITyKIL.) M 61000-3-2- MpOEKTHas! THD) 1 ¥ 1y —
2021 [107] OIICHKA MIPOCKTHBIE
napameTpsl st 4.3

Jist pe3aucTuBHOM cxeMbl 3HaUeHHs A = cos@ ~ 1 u THD; < 1% BoIiBOASTCS U3
(GU3UKM aKTUBHOTO HArpeBaTEIbHOIO COMPOTHUBJIECHUS TMPU TPSIMOM HWJIHU
CEeKLIMOHHOM BKJIIOYeHUH 0e3 QazoumnyibcHoro ympasienus. [Jns MHJ-120
SHEPrusl BBIXOJA HA KOHTPOJIbHBIA TEMIEPaTypHbIA YPOBEHb OIpEIENseTCS 0
M3MEPEHHON BXOJIHOW akTUBHOM MomHoctH P, = 120 BT: TOK mo akTUBHOU
MoutHocTH coctaBisieT 0,55 A ipu 220 B, a sneprus cetu 1o 200 °C paBHa 6,0 Bt-u.
B 1OpoekTHOM ceTeBOM pacyeTe HWHIYKIIMOHHOTO WCIIOJIHEHUS HPUMEHSIOTCS
rnmokasarenu taoauuel 3.3: PF, p = 0,95, THD Iup B TIpETIEIax I'OCT IEC 61000-3-2-
2021 [107] u ny, = 0,85-0,93 [S5; 66; 67].

CrnenoBatenbHO, UHIYyKIMOHHOE ucnioiHenune [I1DH]] siBnsieTcst 6osee Clo)HBIM
AIEKTPONPUEMHHUKOM MO CpaBHEHUIO ¢ pe3ucTuBHbIM TOH. Ecim pe3uctuBHOE
VCIIOJIHEHUE TTPU PSIMOM, CEKIIMOHHOM HJIM ZE€TO-CrOSS-BKIIFOUEHUH JJIS1 TUTAOIEH
CETH TPEJICTABIIACT COOOM MPAKTUYECKU aKTHBHYIO HArpy3Ky, TO WHIYyKIIMOHHBIHA
BapuaHT TpeOyer cuioBoro BY-mpeoOpazomarens. Ero mpumeHeHHe TOKHO
OLICHMBATHCS HE TOJBKO MO CKOPOCTH HArpeBa, HO U Mo KO3 (ULIIUEHTY MOIIIHOCTH,
rapMoHuyeckoMy coctaBy Toka, KIIJ[ mpeoOpazoBarensi, TEIUIOBOMY PEXUMY
CUJIOBBIX DJIIEMEHTOB, bunpTpanuu AIIEKTPOMAarHUTHBIX noMex U
AJIIEKTPOMAarHUTHOM  coBMecTUMOCcTH.  [loaToMy B HacTosimeir  pabote
WHIYKIIMOHHOE WCIIOJIHEHHE PACCMATPUBAETCS KaK MEPCIeKTUBHAS MOAU(pUKAIIS
[IOH], TpelOytomas OTACIBHOM MNpPOpadOTKKM CHJIOBOM yacTu, a 0Oa3oBas
DIEKTPOTEXHUYECKAST METOAMKA OPHEHTHUPOBAaHA HA PE3UCTUBHOE CEKLMOHHOE
VCIIOJTHEHHE.
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3.4 DJKCcnepMMeHTAJIbHOE HCCJIeJOBAHUE TEMIEPATYPHOI0 PeKMMA
3JIEKTPOBAKYYMHOM CEKIIUM KAK 3JIEKTPOTEIJIOBOH HATPY3KH

Temneparypnas mnporpamma OII01-OIlI40 noxa3biBaeT, 4YTO JOKaldbHas
YCTAaHOBUBLIASICA TEMIIEpaTypa BEPXHEW 30HBI CEKIMUM HM3MEHSETCA B IIMPOKOM
nuana3one. [ OCHOBHOM BBIOOPKHU MOYUYEHBI CIEIYIOINE XapaKTePUCTHKU:

Tooen € [85,0;191,0]°C; Typey = 142,6°C; AT = 118,3°C

rae Toc; — JIOKaJIbHAsI YCTAHOBUBIIASICA TEMIIEpATypa BEpXHEN 30HbI cekiuu, °C;
cpeanee 3HaueHue T,., 1o BbIOOpke OII01-OII40 cocraBnser 142,6 °C; AT —
cpennuii neperpes, °C.

Huanazon 85,0-191,0 °C xapaktepusyeT JOKaIbHBIN JJa00pATOPHBIN JUaNa30H
BEPXHEHN 30HBI CEKIMU. [|JIs1 TOTOBOTO OTOMMUTENBLHOTO MPUOOpa 1IeJeBOM quana3oxn
noctynHot moBepxHoctu 70-90 °C obecrieunBaeTCss yBEIWYEHUEM ILIOIIAIN
TEIJIO0TAAYH, OpEOPEHUEM U CEKLIMOHHBIM YIIPABICHUEM.

Pacnpeznenenne OnpITOB MO YPOBHSIM MOILIHOCTH OTPaXaeT MHOTO(AaKTOPHBIM
XapakTep OKCHEPUMEHTAIBHONW IIPOrpaMMbl. BepXHHMM YypOBEHb MOIIHOCTH
NPEACTABICH IATbI0 CEpUSIMH M HUHTEPOPETHPYETCS Kak 4YacTh oOmen
ANEKTPOTEITIOBOM  MOJENH;  YCTOWYHMBOCTH  PE3YJbTATOB  IOATBEPIKIACHA
nposepkamu LOO u LCO Bceit BbiOOpku. [Inst ypoBHs 60 Bt cpemnsin T,
coctaBuia 130,9 °C, ging 80 Bt — 155,3 °C, i 100 Bt — 160,8 °C. ConocraBieHue
BBITIOJTHSCTCS HE MO aOCOJIFOTHON MOIITHOCTH, a IO YJEJIBbHOU 3JIEKTPOTEILIOBOM
HArpy3kKe .., 1 YACJIbHON Macce [U.

Nseo = 22; Nggo = 13; Ns190 = 5

rae Nggo, Nggo U Ngigg — UMCIO ONBITHBIX CEPUM NPU MOABOAMMOU AKTUBHOU
motrHocTu 60, 80 u 100 BT cOOTBETCTBEHHO, IIIT.

[nsa ypousa 60 Bt cpennsisa T, coctaBuna 130,9 °C npu auamnazone 85,0—
189,9 °C; cpennue q,,, ¥ 1 paBubl 2192,7 Br/m? u 12,9 kr/m?. []ns yposHst 80 BT
cpenuss T,,., cocraBuia 155,3 °C npu auanazone 125,5-191,0 °C; cpennue q,,, u
u paBHbl 2354,1 Bt/m? u 11,8 xr/m?. i yposust 100 Bt cpeansist Ty, cocTaBuiia
160,8 °C mpu nuanasone 133,0-184,0 °C; cpennue q,,, u i paBusl 2739,4 Bt/mM> u
13,3 xr/m2.

Teo = 130,9°C; Tgo = 155,3°C; T100 = 160,8°C

rae T60, T80 u T100 — cpemnue 3HaueHUst T, I YpPOBHEH NOABOIMMOMU
aktuBHOM MomHOcTH 60, 80 1 100 BT coorBeTcTBeHHO, °C.

4., = 2192,7 Br/M?%; q, = 2354,1 Br/m? = 2739,4 Br/m?

» Q100
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rae q60, q80 u q100 — cpeanue 3HAYEHUS (), 111 YPOBHEN MOJIBOIUMON aKTUBHOM
mortHoctH 60, 80 1 100 Bt coorBeTcTBeHHO, BT/M2.

CBsi3b  JIOKAIbHOTO TIEperpeBa BEpXHEW 30HBI CEKIMU C  YJIEeJIbHOU
ANEKTPOTEIIIOBOM HAarpy3KOi NOKa3aHa Ha pUCyHKe 3.4.
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Pucynok 3.4 — CBsi3b JIOKaJIbHOTO NIEPErPEBA BEPXHEN 30HBI CEKIUU C yACIbHOM
AJIEKTPOTEIIIOBOM HArPY3KOH

I'padux Ha pucynke 3.4 QukcUpyeT TJIaBHBIA SJIEKTPOTEIUIOBOM pE3yJIbTaT:
JIOKaNbHBIA TEpEerpeB BEpXHEW 30HBI BO3PACTAET C YBEIMYEHUEM (.. Paz0opoc
TOYEK OTHOCHUTEIIBHO MpocToi 3aBucumMocT AT(q,,,) CBsI3aH ¢ 00beMOM pabouero
TeJIa, MaCCOM, TEOMETPUEN U KOHCTPYKTUBHBIM MCIOJIHEHUEM ceKuuu. st yuera
3TUX (PAKTOPOB B MOJEIb BKIIOYAETCS y/IeTIbHasA Macca (.

CBs3b JIOKAJIBHOTO T€perpeBa BEpPXHEN 30HBI CEKIMU C YAEJIbHOW Maccou
MpEACTaBIICHA Ha pUCYHKeE 3.5.
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Pucynok 3.5 — CBsI3b JTOKQJIBHOTO MEPErPEBA BEPXHEN 30HBI CEKIIUU C YACTBHOU
Maccou U
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VYnenebHast macca [ moclie y4yeTra (.., U V uMMeeT OTpuLAaTEeNbHYI CBSA3b C
TEMIIEpaTypoil: Mpu OOJbIIEM KOHCTPYKTHBHO-MACCOBOM IapaMETPE pacueTHas
JIOKaJIbHAsI TeMIIEpaTypa BEpXHEU 30HbI, KaK MpaBuiio, Hke. Gusnyecku 60abIINN
U Tpu TOW Xke mromanun A o3HadaeT OONBIIYI0 TEIJIOBYH) HHEPIHIO, OoJiee
MAaCCHUBHYIO CTEHKY, HHOWU XapakTep aKCHUaJbHOTO pachlpejeieHus Temia u oosee
pPaBHOMEPHOE BOBJICYEHUE OOKOBOM MTOBEPXHOCTH.

TennoBU3nOHHAs KapTUHA JIOKAJIBHOTO Harpesa jlabopartopHoi cexuuu [T1OH/]
MpUBE/IcHAa Ha pUCYHKE 3.6.

Mere=2087

AVI=ES.L
MR, =26.04 "

Pucynok 3.6 — TerioBu3MOHHAs KapTHHA JIOKAJIBHOTO HarpeBa J1abopaTopHoOit
cexkuuu [IOH/]

TennoBU3MOHHAS KapTUHA MOJTBEPKIACT HAIMUKE JOKAJILHBIX 30H HarpeBa u
pacmnpeeneHyue TeMnepaTypHoro noJjis. KonudecTBeHHbIE BBIBOJIBI PETPECCUOHHOM
MOJIEIM OCHOBAHbI HA KOHTAKTHBIX TEMIIEPATYPHBIX U3MEPEHUAX, TEOMETPUUECKUX
napaMeTpax, aKTUBHOW SJIEKTPHUYECKOM MOIIHOCTH W HCXOJHBIX JIaHHBIX
npuitoxenus I

Cratuctuueckass 00pabOTKa BBIMOJHEHA C YYETOM TMOAXOJOB K OIIEHKE
HeonpeneneHHoctu [106].

Brmusaue ob6bpema pabodero Tema B mpenmenax 10—-15 mi yuuThiBaeTcs Kak
TeXHOoJIornyeckasl nomnpaska. O000IIEHHAs XapaKTePUCTUKA 3aIOJTHEHUS 3aaeTCs
CTEIEHbIO 3aM0JIHCHUSI BHYTPEHHEH MOJIOCTH:

%4

0= (3.6)
I7I€ (¢ — CTEINEHb 3al0JIHEHUS BHYTPEHHEN MOJIOCTH, A. e1.; V' — o0beM 3aIuToro
pabouero Tena, M* wi Mit; V., — BHYTPEHHUN 00BEM MOJIOCTH CEKIMK, M UITH MJL.

CneunansHas cepust I[1JJ01-I1I19 npu apyromMm HadyaJibHOM OCTaTOYHOM
JABJICHUU UCIOJIb3YETCS JIJIsl OTJEIBHOM METOAMYECKOM OLIEHKH BIMSIHUS TJTyOUHbI

BAKyYyMHUPOBaHHUA Ha 3aIllyCK HCHAPUTCIbHO-KOHACHCAIIMOHHOI'O IIMKIJIA. OnebIThHI
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npu pa3Hbeix p0 0OpadaThIBalOTCS pa3AesibHO, TOCKOJIbKY U3MEHEHHE HAYaJbHOrO
OCTaTOYHOTO JTaBJICHUS CONIPOBOXKIAECTCS W3MEHEHUEM COIEpHKAHUS
HEKOHJICHCUPYEMBIX ra30B B nojiocTd OBTT 1 MOXeT BAUSATH HA TEMIIEPATyPHYIO
PEaKIUIO0 CEKLINH.

Po,ocu = 9,807 lla; Po,cnen = 5,066 kIla

TJIE Po,ocy — HAYATBHOE OCTATOYHOE JIABJICHUE OCHOBHOM PErPECCHOHHON BBHIOOPKH
OI101-OI140, xI1a; pg cye;, — HAYAIBLHOE OCTATOYHOE JABIECHUE CIIELUATIBLHON CEpUU
[TA01-11/119, xI1a.

Conocrasnenne ocHoBHOM cepun OII01-OI140 u cnenmansron cepun 11J101—
[1/19 moka3biBaeT, 4YTO HayaJbHOE OCTATOYHOE JABJICHUE SBIACTCS (PaKTOPOM,
BIUSIOIIMM Ha TEMIEPATYPHYIO PEaKLHUIO 3JIEKTPOBaKyyMHOM cekuuu. Haubonee
HATJISIIHO ATO TMPOSIBIISIETCS MPU CPABHEHUM OJIM3KUX KOHQUTYpaluid: I cepuu
OIB39 mpu P=80 Bt, V=10 M1, m =434, L =40 cm, D = 28 mm u p0 = 9,807
klla monyueno Tnocn = 139,2 °C, Torna kak mig cepuu [1/106 npu P = 80 B, V =
10 v, m=430r, L =40 cm, D =28 mm u p0 = 5,066 xIla nosyueno Trocin = 151,0
°C. Takum o00pa3oM, CHM)KEHHE HAYaJbHOTO OCTATOYHOTO JaBJICHUS B
COIIOCTaBUMOM PEXUME COIPOBOKIAAIOCH POCTOM JIOKAJIBHOM TEMIIEpaTypHOU
peakuu cekuuu nmpumepHo Ha 11,8 °C.

[Tonmy4yeHHBIN pe3ynbTaT MOKa3bIBAET, 4TO Oojee riay0oKkoe BaKyyMUPOBaHHUE
YMEHBIIAET BJIMSHUE HEKOHJCHCHUPYEMBIX T'a30B M YIy4llaeT YCJIOBHs 3alycka
WCIIAPUTENIBHO-KOHIEHCAaMOHHOTOo  1mkna. Ilpm »stom cepus IIJ101-T1/[19
paccMaTpuBaeTcs KakK CHelualbHas METOJMYECKas cepus: €€ JaHHbIE He
BKJIFOYAIOTCSL B OCHOBHYIO perpeccuoHHyto monenb OI101-0O1140, a ucnonb3yrorcs
JUISL  TIOATBEPXACHUS  POJM  HAYAJIbHOIO  OCTATOYHOTO  JAaBJIEHUS  Kak
TexHoJIornyeckoro napamerpa OBTT.

3.5 DiekTpoTenaoBas XapaKTePUCTHKA HATPY3KH H perpecCMOHHAas
MoJeJb TemnepaTypHoro pe:xkuma ITOH/]

3.5.1 Boi6op popMbI 37EKTPOTEILIOBOIM MOJIETN 1 HOPMUPOBAHHBIX (PaKTOPOB

JIns mepexoa OT TeMIEPATYPHBIX PANOB K MHKEHEPHOW MOJIETU BBOISITCS TPU
pacyeTHBIX MoKa3aTens JadopaTopHOi TpyOKH, HOPMUPOBKA KOTOPBIX BHITIOJIHEHA
B TPAJUIUAX aHaIM3a TEIJIOBBIX TpyO u TepmocudonoB [16-20; 78; 80-82; 86]:
IJIONIAIb HApy>XHOM OOKOBOM TOBEPXHOCTH TOJIOW cekuuu A, yaenbHas
AJIEKTPOTEIIOBasl HAarpy3ka (.., ¥ yaelbHas macca . Bo Bcex ¢opmynax D u L
MIEPEBOASATCS B METPBI, CyXasi Macca M — B KUJIOTPaMMBI.

PCCK PCCK
A =mnDL; qronzro:=ﬁi;.u= = (37)

rae A, — TUIOomMaasr HApPY>KHON OOKOBOW MOBEPXHOCTHU TOJION cekmmu, mM%; D —
Hapy>XHBIM JWaMETp CeKIuu, M; L — JIMHA CEeKUHH, M; (.., — YAeIbHas

60



3JICKTPOTEIUIOBAs HArpy3ka TIOJIOM OOKOBOWM moBepxHOCTH, BT/M* Py
MOJIBOAMMAs aKTMBHAs MOILIHOCTh, BT; u — ynenbHas macca CeKIuu, Kr/M?; m —
Macca CyXoH CEKIIUH, KT.

B dopmynax (3.7)—(3.11) q,,;,; OTHOCHUTCS K TOJIO OOKOBOM IOBEPXHOCTH
naboparopHoit TpyOku A = mDL W wucnonab3yercs sl pacuera JIOKAIbHOU
temneparypbl T,.;- I SKCIUTyaTallMOHHOM TIPOBEPKHM 1O moapaszaeny 2.5
UCIONB3YETCH  (rocr = Peexy/A; 1O TPUBEIECHHONW JOCTYINHOM IIOBEPXHOCTH
TOTOBOIO 3JIEMEHTA;, YCIOBUC (roocr < (lim POBEPSACTCS M1  TEMIIEPaTyphbl
noctynHoi noBepxnoctu 70-90 °C.

AT =T,

I1oCJ1

- THOM (3 8)
raie AT — noxkanbHbIA meperpeB BepxHed 30HbI cekuuu, °C; Tyo., — MOCAEAHSSA
3apETUCTPUPOBAHHAS TEMIIEpaTypa BEPXHEN 30HbI cexunu, °C; T, — TEeMneparypa
MOMEIIEHHUS nepe onbiToMm, °C.

CpaBHEHHE OCHOBHBIX (DOPM MOJENIM MOKAa3bIBAET, YTO COUYETAHUE (o, U U
ob0ecnieunBaeT (PU3MUECKH HHTEPIPETUPYEMYIO HH)KEHEPHYIO 3aBHUCHUMOCTb.
VY nenpHas 37I€KTPOTEINIOBAs HArpy3Ka (., OMUCBIBAET YHEPreTUYECKUNA TPEHI, a
yAENbHAsg MAacca YYHUTHIBAET KOHCTPYKTHBHO-MAacCCOBOE€ HCIIOJHEHHE CEKIIHH.
O0bem pabouero Tena V B quanazone 10—15 mut BKIIIOYEH B paclIupeHHy0 GopMmy
KaK TEXHOJIOTMYECKas TONPABKA.

Pe3ynbTaThl CpaBHEHHS OCHOBHBIX PETPECCHOHHBIX MOJENEW NpPHUBEACHBI B
tabmnure 3.4.

Tabnuua 3.4
CpaBHeHHE OCHOBHBIX PErpecCUOHHBIX Mojenelt mo Beioopke OI101-OI140
Mogens | @akTopsl RZ, Ridj R% 50 MAOECLOO' RMEELOO’
D Qo Vot | 0,911 | 0,903 | 0,887 7,23 8,69
F Qo | 0,894 | 0889 | 0,869 7,77 9,34

Pacumipennas moxpens D ucnosib3yeTcs Kak OCHOBHAs, IIOCKOJIBKY OHa
YUYHUTHIBAECT TEXHOJIOTHUECKUH (hakTOop 00beMa 3aTMBKH M 00ECIIEYNBACT MEHBIIIYIO
omnOky mnporHosa. CoxpamenHas ¢opma F moareepikmaer, 4To OCHOBHOM
PACUETHBIN CUTHAII HECYT (o U .

Pacmmpennas perpeccuonnas mozaens B cucteme CHU nmeer Bu:

AT = 118,42 4+ 0,05330 - g, + 1,361 -10° - V.5 — 11,097 - (3.9)
rae AT — pacuerssiil neperpes, °C; (., — YAETbHAS 3JICKTPOTEIIOBAs HAarpys3ka

roJjioii 60k0Boi1 moBepxHocTH, BT/M%; V3 — 00BeM pabouero Tena, M>; |t — yaenbHas
Macca CEeKIUH, KI/M?.
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B PIH)KGH@pHOfI 3allMCl ¢ O00BEMOM B MUJUIMIWTPAxXx 3Ta XKE MOJCIb
3aIIMCBhIBACTCA KaK:

AT = 118,42 4 0,05330 - g, + 1,361 -V, — 11,097 - (3.10)

rne V,, — o0bem pabodero Tena, M, OCTaJIbHBIE OOO3HAYCHUS W CIUHHIIBI
U3MEPEHUS COOTBETCTBYIOT (hopmyiie (3.9).

3.5.2 KoadbunueHTsl, CTaTUCTHYECKAs JHUAarHOCTHKA W  (Quanyueckas
WHTEPIPETAINS MOJIEITH

CTaTUCTHYCCKHE XapaKTEPUCTUKN ko3 purmeHToB MOATBEPKIAIOT
3HAYUMOCTH (., ¥ U, @ KodpdurmeHT npu V' onuceiBaeT BKIIA] TEXHOJIOTHYCCKON
3aJIMBKH B MCccliefoBaHHOM auariazone 10—15 mi [106].

t, = 17,78; p, < 0,001; t, = 2,59; p. = 0,014; t; = —7,51; p; < 0,001

rae ty, t, u ty; — t-cTaTUCTUKU KOO PUITMEHTOB NPH G, V ¥ L COOTBETCTBEHHO;
DPp> Pc ¥ Pg — COOTBETCTBYIOIIIUE P-3HAUCHUSI.

a =118,42; b = 0,05330; ¢ = 1,361 - 10% d = —11,097

rie a — cBoOOHbIN uieH mojenu, °C; b — k03hUIUEHT TIPH (., “C -M?/BT; ¢ —
koadumment npu V, °C/m3; d — kospuruent npu p, °C-M?/kr.

[TokazaTenn kadecTBa pPACIIMPEHHOW MOJCIM M TPOBEPKH C HCKIIFOUCHHEM
OJTHOTO HAOJIOJEHUS W OJHON KOH(HTypamwy TOATBEPKAAIOT IPUTOTHOCTH

MOJIENIA KaK MH)XKCHEPHOU 3JIEKTPOTEINIOBON XapaKTEpUCTUKHU HATPY3KH B 00JIaCTH
OI101-0OI140:

R: = 0,911; Rfdj = 0,903; R{po = 0,887;
MAE; oo = 7,23 °C; RMSE; oo = 8,69 °C;
R?co = 0,886; RMSE, o, = 8,73 °C.
rae Rf, — kodpuIMEHT JeTepMUHALMM Ha OOYyYaromiel BBHIOOPKE; Rﬁdj
CKOPPEKTHPOBaHHBIH  KOd(QUIMeHT jeTepMuHaimM; RPgo H Rico -
koadummenTs! gerepmunanuu npu mnposepkax LOO u LCO; MAE; oo, RMSE; g9
u RMSE| o — ommOku nporuo3sa, °C.
ComnocraBieHre M3MEPEHHOW M PacuyeTHOM TeMIepaTypbl, a TaKKe OCTaTKU
PErpECCUOHHON MOJIeNIU MPEICTaBICHbI HA pUcyHKax 3.7 u 3.8.
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Pucynox 3.7 — ConocraBiieHHE U3MEPEHHOW U PACUCTHON TEMIIEPaTyPhI 110
Mojenu (3.9)
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Pucynoxk 3.8 — Octatku perpeccuontoi mozaenu (3.9) mo cepusim OI101-OT140

I'paduxu Ha pucynkax 3.7 u 3.8 TOKa3bIBAIOT OTCYTCTBUE BBIPAKEHHOTO
HAIpaBJIEHHOTO OTKJIOHEHHUsI pacuera B OCHOBHOM o0jacTd TeMmeparyp.
JlmarHoctrvka MOJIeTM BKIIIOYAET MPOBEPKY C MCKIIOYEHUEM OJHOTO HAOIIOJEHUS
LOO, mnpoBepky ¢ wuckiwodyeHueM ojHou koHpurypamuu LCO, oneHky
MYJIbTUKOJIJTMHEAPHOCTH U aHAIU3 OCTATKOB.

Kosdbdument b npu q,,, HMEET TMNPAMYIO 3JIEKTPOIHEPIeTHUECKYIO
uHTepnperanuio. Ero oOparHas BenmnyuHa 3aJaeT MpUBEACHHYIO d(PPEKTUBHOCTD
npeo0pa3oBaHus YIEIHHOW DJIEKTPOTEIUIOBOM HArpy3KH TOJIOW TMOBEPXHOCTU B
TEMIIEPAaTyPHBIA HANIOP JIOKAJTbHOU 30HBI:

1 1

a = - =
apP  p  0,05330

~ 18,8 Br/(M? - °C) 3.11)
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TJI€ (app — NpUBENEHHAs YQPEKTUBHOCTL MPEOOPA3OBAHNS (o B TEMIIEPATYPHBINA
Hanop, Bt/(m?-°C); b — ko3 duniuent npu q,,, B perpeccuionnoi mozaenu, °C-m?/BT.

BennunHa @,p, TMOKa3bIBAET, KaKas (r,; COOTBETCTBYET OJHOMY TPamycy
JOKAJIbHOTO TIEPErpeBa B UCCIIEYEMON T€OMETPUU U YCIOBUAX TeruiooTaaun. OHa
XapaKTEepPU3yeT TOBEPXHOCTh M CEKIMI0 KaK MpeoOpa3oBaTellb (., = AT u
UCITIOJIB3YETCSI COBMECTHO C 7)o Pa3zeia 2.

3.5.3 MHxeHepHOe UCIOJIb30BAaHUE MOJENH JUIsl BHIOOpAa MOIIHOCTH M YHCIIa
CEKIUH

Mogpens (3.9)—(3.10) ucnonszyercst B mpsiMOi 1 00paTHOM 3aj1auax. B npsmoi
3amade 1o u3BecTHbIM D, L, m,V u P BbUUCIAIOT A, ( oy, U, 3aTEM AT u T.,. B
oOpaTHOI 3amaye Mojenb padoTaeT Kak MPOEKTHas Mpoueaypa BblOOpa
YCTaHOBJICHHOW MOIIHOCTH, YUCJA CEKUUMHA W KOHCTPYKTMBHOW MAacChl CEKIIUH;
OTIEIbHBIM  3aBEPILAIOIIMM [IaroM  BBINOJHSAETCS MPOBEpPKA  JAOCTYIHOM
MTOBEPXHOCTH TI0 @y, pa3aena 2.

[TocenoBaTenbHOCTH oOpaTHOI 3aJ1a4u dukcupyercs KaK
IIEKTPOIHEPTETUYECKASI LIETIOYKA:

P P
PyCT - NceKu = éﬁ; - PceKu = Gron = ﬁ = Hrpes ™ Mipe = Hipes A;
P
Qrocr = % = Qlim (3-12)
i

rae PyCT — YCTaHOBJIEHHAsl aKTUBHAs! MOLHOCTh MPUOopa WK cucteMbl, BT; Ncewy —
YHCJIO CEKIUM, IT.; P, — HOMUHAJIbHAS aKTUBHAS MOIIHOCTh OJHOM ceKuuu, BT;
Qron — YZAENbHAS HATPY3Ka roJI0i OOKOBOM MOBEPXHOCTH, BT/M?; li1,.5 — TpEOyeMast
yAelbHas Macca, KI/M?;, My, — Tpedyemas Mmacca CyxoW CeKIUH, Kr; A;
NPUBEIEHHAsA JOCTYIIHAs MMOBEPXHOCTh T'OTOBOIO 3JIEMEHTA, M, (oc; — YACIbHAS
Harpy3Ka JOCTYITHON MOBEPXHOCTH, BT/M?; Gy, — TpeaeabHas yaenabHas Harpy3Ka
JTOCTYITHOM MoBepXHOCTH, BT/M?.

Ecmu P, 3apaHee 3a1aHa TCMIOBOW HArpy3Koil MOMEIICHUs WK JTOCTYITHON
IEKTPUUECKOM MOIIHOCTBI0O OOBEKTa, TO CHadajia BBIOMPACTCS HOMUHAJIbHAsS
MOUIIHOCTb OJHOU CeKUUH P, M3 nccnenosannoro auanazona 60—100 Bt uinm u3
MPOEKTHOTO pAa. 3aT€M OMPEAEIACTCS YUCIIO CEKIIUNA N C OKPYIJIEHUEM JI0 LIEJIOTO
sHauenusd. [locne 3Toro mis BRIOpaHHOM TaOOPATOPHON T€OMETPUU BBIYUCIISETCS
Qroy ¥ TIO TICNIEBOM JIOKAJIBHOW TEMIIEpaType OmpenesieTcss TpeOyeMblii
KOHCTPYKTHUBHO-MAaCCOBBIW MapaMeTp.

CBsi3b C TEIJIOBBIM MPENEIOM pa3feisia 2 BBIIOJHSIETCA 4Yepe3 NPUBEICHHYIO
JOCTYIIHYIO TOBEPXHOCTH TOTOBOrO 3neMeHTa. CHadana qpo; = Peee/(TDL)
WCIIOJIB3YETCs I pacdyeTa JIOKAIBHOW TeMIlepaTyphbl TOJIOW TPyOKH; 3aTeM st
TFOTOBOM CEKLIMH C OpeOpeHHEM M KOXyXoM 3anaercsi A; = mDL wm mpoBepsiercs
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Groer = Peexn/Ai < Qlim 10 mogpaszaeny 2.5 m popmynam (2.13)—~(2.16). Ecau
Qrocr > Glim» YBEJIUUUBAIOTCA A;, UMCIIO CEKUUH N MM yMEHbIIAETCS Pogy.

_ 118,42+0,05330,0,+1,361V,, —(Tyen—
Hrpes = 11,097

THOM); ATuen = Tuen - THOM (313)

TJI€ [ypes — TPEOYEMas ynenbHas Macca cexuuu, Kr/m?;, AT, — LENeBoii neperpes,
°C; a, b, ¢, d — xo3hPHUIHEHTHI PErPECCUOHHON MOJICTH; (., — YJCTbHas Harpy3Ka
royioi OOKOBOW moBepxHocTH, BT/M?*; V;; — 00beM pabouero tema, mi; Tie; —
1eneBas JiokanbHas temneparypa, °C; T,,,,, — TeMineparypa nomenienus, °C.

Mypes = Hipe6 DL (314)

TJI€ Mypeq — TPEOYyEMas Macca CyXoi CEKIMU, KT [ypeq — TPEOyeMast yienbHas Maccea,
Kr/M?%; D — Hapy>XHBIM TUaMETp, M; L — IJTMHA CEKIIUU, M.

[losy4yeHHas Macca CEKIUH SBISIETCS TIPOCKTHOM ONEHKOM. ECIH f41,c5 BHIXOTHT
3a 3KcnepuMeHTanbHbI  guanazoH 10,04-14,96 xr/mM?, KOppeKTUPYIOTCA
D, L, P, n i 00beM 3anMBKH. MOJIEIIb UCTIONB3YETCSl KaK MHCTPYMEHT BBIOOpa
MOITHOCTH, YHCJIa CEKIUI U KOHCTPYKTUBHOTrO ucnonHenus [IDH/] nns paznena 4.

UucnoBoit mpumep 00paTHOM MPOEKTHOM 3a/1auu.

Jlist TMIOBOTO MOMeEIEHUs 3a/1aHa TpeOyeMasi yCTaHOBJIEHHAS MOIIHOCTD P, =
0,60 xBt. Bribupaercs cexuus MccneoBaHHOTO psana P, = 80 Bt, mostomy
Neey = €eil(600/80) = 8 cexumii, a akTHyeckas yCTaHOBJIEHHAs MOIIHOCTb
Moyt coctaisieT 8- 80 = 640 Br. J{ns maboparoproit Tpyoku D = 28 mm, L = 35
cMm, V =12 mn momans romoir 6okoBor moBepxHoctd A =1 - 0,028 - 0,35 =
0,03079 M2, @ Gy = Peexu/A = 80/0,03079 = 2598,4 Br/m>. Tlpu T, = 160°C
u T, = 24 C 1eneBoii meperpes ATyen = 136°C; Mo TEXHOIOTHMYECKOH 3aIich
MOJIEH [hypes = (136 — 118,42 — 0,05330 - 2598,4 — 1,361 - 12) /(—11,097) =
12,37 xr/m?. Tornma Mypes = Hipes -A=12,37-0,03079 = 0,381 kr. 3HaueHue
Qron = 2598,4 BT/M? OTHOCHUTCS K TOJION TPyOKE; B TOTOBOM DJIEMEHTE OpeOpeHue
U KOXYX YBEIMYMBAIOT Aj;, MOITOMY (ocr = Prexy/A; TPOBEPAETCS MO YCIOBHIO
Qrocr < q1im A1 TEMIIEPATYPBI OCTyNHOM noBepxHocTn 70-90 °C.

[Ipumep IPSIMOTO pacuera B o0nacTu OI101-0OI140:
D=28wmMm, L=35cm, m=380r, P=80Br, V,=12w™mn, T,, = 24 °C.
Torma A = 0,03079 M2, q,,, = 2598,4 Br/m?, u = 12,34 xr/m?, AT = 136,3 °C,
T, ocn = 160,3 °C. IlonydyeHHOE 3HAYEHHUE HAXOJUTCA B XapAaKTEPHOM JUAIAa30HE
OCHOBHOM BBIOOPKM JUISi CEKUMM OJM3KONW TeoMeTpUU U MOIIHOCTHU, OHO
XapaKTepu3yeT JIOKAIbHYI0 TeMIepaTrypy ToJoil JabopaTopHON TpyOKu, W
UCIIOJIB3YETCSI OTAEIBHO OT TEMIIEPATypbl TOCTYNHOM IOBEPXHOCTU TOTOBOTO
npubopa.

65



3.6 CpaBHuUTeJbHBbIE 3JKCIEPUMEHTAJIbHbIE MCCJIET0BAHUS CIOCO00B
3JIEKTPUYECKOT0 TENJIONO/IB0AA, KOHCTPYKTHBHBIX PelIeHUd U1 KOHTPOJIbHOT0
OTONHUTEJIBLHOT0 MPUOOpa

3.6.1 CpaBHeHwe TpyO4aTOro ©  HHIYKIMOHHOTO  DJIEKTPUYECKOTO
TEIJIONOABOAA

CpaBHeHHE CMOCOOOB AJEKTPUUYECKOTO TEIUIONOJBOJIAa BBIMOJHEHO Kak
OT/ICJIbHBINA AKCTIEPUMEHTAJIbHBIN OJIOK, BBIJICTICHHBIA U3 OCHOBHOM PErpecCHOHHOM
BbIOOpKH. COMOCTaBISIUCh TPyOuaThlii HUXpOMOBBIA HarpeBaTenb TOH-120 u
MHAYKIUOHHBIN HarpeBaTenb MH/I-120 npu oauHaKoBOM aKTUBHON MOIIIHOCTH MO
Bxoay P,, = 120 Bt, o6weme pabouero tema V = 15 mi, macce cexkuum 230 T,
nnvHe 21 cm u quametrpe 22 MM. /[rana3oH HAYAJIBHOTO OCTAaTOYHOIO JIABJIEHUS B
CpaBHUTEIBHOM omnbiTe cocTabisin S—10 klla [96; 99].

HcxonHbie yCIIOBHS U pe3yJIbTaThl CpaBHEHUS TPyOYaTOTO M MHAYKIIMOHHOTO
teronoasoAa npu P, = 120 Bt npuBenens! B Tadaune 3.5.

Tabmuma 3.5
CpaBHeHnue TpyOUaToro u MHAYKIIMOHHOTO CIIOCOOOB TEIJIONOIBOIa

Kon Tun P, Br ! HBPHA220 Trmax°C | t200, € EIZI oo, BT WnTepnperanus
TOH- | tpyOuaTsrit aKTUBHAas
120 TOH 120 0,55 212 300 10,0 Harpy3Ka
NH =058 E¢er,=6,0 BTy
1 2%)[_ uHayko. BU | 120 | mpu Ay, = 247 180 6,0 A/THD /My, —
0,95 IPOCKTHEIC

JlnarpamMMbl MakCUMaJbHOM TeMIlEpaTypsl U BpeMeHHu noctwkenus 200 °C
IIpUBEIEHBI HAa pucyHKax 3.9 u 3.10.

250 247

240

212

200

190

® TpybyaTbIn WHAyKUMOHHBIA

Pucynox 3.9 — MakcumanbHasi JOCTUTHYTAasl TEMIIEpATypa MpHU ABYX CIIOCO0ax
TEILIONOABOAA
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Pucynok 3.10 — Bpems noctuxenus okanbHoi TemnepaTtypsl 200 °C npu a1Byx
CHoco0ax TemIonoABoIa

NHayKUMOHHBIA HarpeBaresb o0ecneurBaeT 00Jjiee BBICOKYIO MaKCUMAJIbHYIO
TEMIIEPATYpPy 3a BpeMs ombITa U cokpamaer Bpems poctuwxkerus 200 °C ¢ 300 no
180 c¢. DTO COOTBETCTBYET YCKOPEHUIO  JOCTHXKEHUS  KOHTPOJIBHOTO
TemmeparypHoro nopora B 1,67 paza [55; 96; 99]:

ke, = 200mH — 390 1 67 (3.15)

t2oouHy 180

rae k; — koappuimeHT yckopeHus JoCTUKEHU JIoKalibHOU TemriepaTypsl 200 °C,
A. en.; tyooroy — Bpemsa poctikenus 200 °C g TpyOuaToro Harpesartens, C;
t200,ui — Bpems poctikenus 200 °C i MHIYKIMOHHOTO HarpeBarels, C.

IIpu 0iMHAKOBOM aKTUBHOM MOIIHOCTH IO BXOAY CETU OTHOLLIEHUE SHEPTUU 10
noctuxeHus 200 °C paBHO OTHOIIEHUIO BPEMEH. DHEPIUsl BBIX0Ja HA KOHTPOJIbHBIM
TEeMIIepaTypHbIN YpPOBEHb MO BXOAy ceTu coctamiseT 10,0 Bt-u ana tpy6uaroro
BapuanTa v 6,0 BT u ayist ”HAYKUKMOHHOTO BapuaHTa [96; 99].

[Tonmy4yeHHBI pE3yNbTAT XapaAKTEPU3YET MPEUMYIIECTBO HHIYKIMOHHOIO
TEIUIONOABOAA UMEHHO MO TMHAMUKE JIOKAIBHOTO HarpeBa UCIApPUTEIbHON 30HBI.
IIpy onMHAKOBOM AKTMBHOW MOIIHOCTH MO BXOAY CE€TH WHIAYKUHUOHHBIA BAapUAHT
ObICTpee JOCTUTaeT KOHTPOJIBHOM Temmeparypbl U TpeOyeT MEHbIIeH >Hepruu
BBIX0/Ia HA KOHTPOJIbHBIN TeMIIepaTypHbIN YPOBEHb /10 33JaHHOTO TEMITEPATypPHOTO
nopora. JTO CBsI3aHO € 0ojee JIOKAJIU30BaHHBIM BBOJOM JHEPrUU B AKTHUBHYIO
(beppoMarHuTHy10 30HY HcHapurtesiss U 0ojiee MHTEHCUBHBIM HarpeBoM pabodero
TeJa B 30HE UCIIAPEHHUS.

Bwmecte ¢ Tem 1aHHBIN pe3yabTaT OTHOCUTCA K TAOOPATOPHOMY PEKUMY BbIXO/a
Ha KOHTPOJIbHBINA TeMIEpaTypHblid ypoBeHb DBTT 1 He 03HauaeT aBTOMaTUYECKOTO
BbIOOPA MHIYKIIMOHHOTO MCIIOTHEHUS B KaueCcTBE 0a30BOro MPUOOPHOTO PEIICHUSI.
s cepuitHOTO M TPYMNIIOBOro mpuMeHeHust uHaykuuonHoro IIOHJI tpebyercs
OTJENIbHAs IEKTPOIHEPTreTUYeCcKasi MpopadoTKa CHIIOBOW YacTH.
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3.6.2 OueHka BIMSHHUS KOHCTPYKTHBHbIX BapuaHtoB KBI1-KB5 Ha
TEMITEpaTypHYIO PaBHOMEPHOCTh U O€30MaCHOCTh CEKIIMOHHOM HATrpy3KU

KonctpyktuBnas cepuss KB1-KB5 mnpeagnasHaueHa st OLIEHKM BIIMSTHHS
BHYTPEHHEW OopraHu3allii BO3BpaTa KOHACHCATa U OpeOpeHUs] Ha TEMIIEPATyPHYIO
paBHOMEpPHOCTh. Bce maTh KoHUrypamwii HWMEIOT OJMHAKOBBIE 0a30BbIC
napametpsl: my = 850r, Vy = 15mm, Ly = 30 cm, Dy = 28 mm. Bapuantet KB1-
KB4 ucnertansl nipu 80 BT, Bapuant KBS — ipu 100 Bt [95; 97-100].

Hna BapuantoB KB1-KB2 c BO3BparoM KOHIE€HCAaTa TOJBKO IO CTEHKAaM
MaKCUMAaJIbHBIN niepenan Mexay T, u Tz coctaBun 27-34 °C. Jlng BapuantoB KB3—
KB4 ¢ npenaxxubiM KaHajoM nepenaj causuics 10 6—7 °C; s Bapuanta KBS npu
MOBBIIIEHHON MOIIHOCTHU nepenaj octancs okosno 7 °C. Takoil pe3ysbTaT BaXKeH
JUISL  AJCKTPOTEXHUKHU: CEKIIMOHHOE YIMpaBJeHHWE O€30MacHO TOJBKO MpH
KOHCTPYKTUBHO YCTOMYHMBOM PACHPEICICHUH TEIUIOTHI U OTCYTCTBUH JIOKAIBHOTO
neperpeBa oTAEIbLHOM 30HBI cekiuu [95; 97-100].

[lepenan temneparyp B KOHCTpyKTHBHOM mporpamme KBI1-KBS5 noka3zan Ha
pucynke 3.11.

35 34

27

7 7
5 . .
0

mKB1 mKB2 mKB3 " KB4 mKBS

Pucynok 3.11 — Ilepenaa temnepaTtyp B KoHCTpYKTHUBHOM nporpamme KB1-KB5
ATmax = Tzmax = T3,maxs (3.16)
AT ax(KB;—KB,) = 27-34°C;
AT, (KB3—KBs) = 6-7°C

rae ATy, .x — MAKCUMAaJbHBIN Mepenaa TEMIEPaTyp MEXKIY KOHTPOJIbHBIMU TOYKAMH,
°C; T max — MakcHMabHas TEMIIEPATypa CPEAHEN KOHTPOIbHOM TOUKH, °C; T3 1 ax

— MakCHMallbHasi TeMmmneparypa HWKHEH KOHTpoJibHOM Touku, °C; KB1-KB5-
BapUAHThl KOHCTPYKTUBHOW MPOTPAMMBI.

KoHcTpykTHBHAsg cxeMa CeKIMH ¢ OpeOpeHHeM M BHYTPEHHUM JABYX(}a3zHbIM
TEIUIONIEPEHOCOM MPUBEJICHA HA PUCYHKE 3.12.
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CnnowHble CTpenku — ABWXKEeHWe napa; NyHKTUPHbIe CTPeKKM — BO3BPaT KOHAHCaTa.

Pucynok 3.12 — Ockus cekuu [I1OH/] ¢ opedpenrieM 1 BHYTpEHHUM ABYX(Pa3HbIM
TEIUIONEPEHOCOM

[lepexon Kk cxeme ¢ IpeHaXKHbIM KaHAJIOM U OpeOpeHneM o0ecreunBaeT doee
paBHOMEpHOE TeMIIepaTypHOE IOJe, YTO CHIDKAeT TPeOOBaHHS K aBapuUHHOMY
3aracy Mo TeMIlepaType OTAEIbHOM 30HBI M MOBBIIAET MPUTOJHOCTb CEKIMH K
BKJIFOUCHHIO B YIPABIIEMbIA MHOTOCEKIIMOHHBIN Tiprbop [95; 97-100].

3.6.3 CpaBuenue II1OHJ] ¢ macnsubim oborpeBateniem TDM MUHU-5 mpu
OJIMHAKOBOW MOILIHOCTH

CpaBuenue [IDHJ] u cepuilHOro KOHTPOJBHOTO MPUOOpaA BBINOIHEHO MpU
OJIMHAKOBOM MOABEICHHOM akTUBHOM MOoIIHOCTH S00 BT. B kauecTBe KOHTPOJIBLHOTO
npubopa MCMHOJIb30BaAJICA MacisiHbl obOorpeBatens TDM MUWHU-5, 500 Br, 5
CeKuuii, TepmocTar, aptukyin SQ2501-0907 [108].

CornoctaBUMOCTh 00ecIieurnBaiach paBHOM aKTUBHON MOITHOCTBIO, OTMHAKOBOM
7a00paTOpPHOI 30HOM U OAMHAKOBOM Ha4YaJIbHOM TeMIepaTypoi KopIryca:

Ty, = 22-24°C; |AT,| < 2°C
rae T, — HadyallbHas TeMIepaTypa Kopiyca rnepes CpaBHUTEIbHBIM onbiToM, °C; AT,
— pa3IMuue HayaJbHBIX TEMIIEpaTyp CpaBHUBAEMbIX 00bEKTOB, °C.

BHenmHuit BUA KOHTPOJIBHOTO MACISIHOTO OOOrpeBaTesisi MPEJCTaBICH Ha
pucyHke 3.13.
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Pucynox 3.13 — BHemnuit Bua KOHTPOJIBHOTO MaciisiHOro oborpesatens TDM
MWHUA-5

Pesynbratel npubopHoro cpaBuenus [I19H]/] u MO-500 npuBenensl B Tabuie
3.6.

Tabnuma 3.6
[Tpubopuoe cpaBuenue I[IOHJ[ u MO-500 npu oAWHAKOBON aKTHBHOU
momHoctu P, = 500 Bt

Macca, ° o o o Crar.
O6’I)eKT P)BJ'I’ Bt Kr TBer’ C Tcepe[[; C THI/IB' C ATmax' C tgo TEeNooT YA
MOHI-500 | 500 | 2,95 | 118 89 112 29 1(1:9 ~ 500 Br
MO- 593
500/TDM | 500 | 2.85 | 102 77 113 36 ~ 500 Bt
MWHH-5 ¢

CpaBHuTEnbHBIE IUAarpaMMbl BpeMeHH Bbixoaa Ha 90 °C U MakCUMallbHOM
Pa3HOCTH TEMIIepaTyp NpuBEAeHbI Ha pucyHkax 3.14 u 3.15.

700
600
500 |

400 |

t90, ¢

300 |

200 |
119

" -
0

E[I3HO = MacnaHeii paguaTtop

Pucynok 3.14 — Bpems Beixoaa Ha Temrepatypy nosepxHoctu 90 °C
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Pucynok 3.15 — MakcumanpHast pa3HOCTh TEMIIEPATYP MO BBICOTE KOpIyca

[Ipu onuuakoBoil akTtuBHOM MomHOCTH [IDHJ] ObicTpee BBIXOOUT Ha
TemriepaTypy nosepxHocTd 90 °C M MMeeT MEHBIIYI0 MaKCUMaJIbHYIO Pa3HOCTh
temneparyp no Beicote kopryca. s IIOHJ top = 119 ¢, nns KOHTpOIBHOTO
MacJsTHOTO oborpeBaTels toy = 593 ¢, To ectb [IDH]] mocturaer KOHTPOIBLHOTO
YPOBHSI PUMEPHO B 5 pa3 ObIcTpee:

P3H =500 BT, t90,H9H}1 =119 C, t90,MO =593 C, kgo = % =~ 4‘,98 (317)

rae P, — moaBeaeHHAas aKTUBHAS MOITHOCTH KaKaoro mpubopa, BT; tg, — BpeMs
noctmkenus moBepxHoctu 90 °C, ¢; kgy — kK0dPduieHT yckopenus Beixoaa Ha 90
°C, n. en.

36

ATmaxmang = 29°C; ATmaxmo = 36°C; kar = 39 1,24 (3.18)
rae ATy ,x — MaKCUMaJIbHAs Pa3HOCTh TEMIIepaTyp 1o BeicoTe Kopmyca, °C; k r —
OTHOIIICHUE MAKCHUMAJIBHOTO IMEpernajia TeMIepaTyp KOHTPOJIBHOTO MAaCIsTHOTO
oborpesarens k nepenany [IDH], 1. ex.

[Tpoduns Temnepatypsl 1o Beicote kopnyca [IDH/I u MmacisiHOro oborpesatens
MpEACTaBIICH HAa pUcyHKe 3.16.
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Pucynok 3.16 — [Ipoduib Temnepatypsl o BeicoTe Kopiryca [I9H][ u macnsiHoro
oborpesarens TDM MUWHU-5 npu oguHakoBoi aktuBHOK MomiHocTu 500 Bt

[Mpoduns T(z) mokas3piBaeT, YTO y MACISHOrO OOOrpeBaTessi MaKCUMYyM
JIOKAIN30BaH B HWXKHEU 30HE OKOJIO HArpeBaTEJIbHOIO 3JIEMEHTA, TOrJa KakK y
[IOH]] BepxHsst 30HA MOMy4YaeT OOJBIIYIO JOJIO TEIUla 3a CYET BHYTPEHHETO
MapOKareIbHOr0 MEPEeHOCa. DTOT Pe3yJbTaT MOATBEPKIAECT SKCILTyaTAllHOHHOE
orimune [IOH]I: mpu Toit e MOITHOCTH CeTH OH ObIicTpee GopMHpyeT pabodyro
TeMIIepaTypy MOBEPXHOCTH U 00Jiee PaBHOMEPHO pacIpesiesiieT TeMIepaTypy Mo
kopmycy [16; 19; 80—82; 86; 99].

3.7 Baaupauus PpacyeTHbIX MoJeJed M JJIEKTPOIHEePreTHYecKas
HHTEpIpeTalus pe3yibTaToB

3.7.1 Bamupauus ¢GU3MKO-MATEMATHUYECKOM U YHCJICHHOW MoOJeNed Mo
AKCTIIEPUMEHTAIBLHBIM JaHHBIM

Banmupanuss monmenu paszena 2 BBITOJIHEHA MO HECKOJBKUM HE3aBHUCHUMBIM
npusHakaM. [lepBblii NpU3HAK — MOATBEPKICHUE DHEPreTUUECKOM HOPMUPOBKHU
Qron = P/A 1o TONMOW OOKOBOW TMOBEPXHOCTU JIAOOPATOPHOM  TPYOKH:
DKCIIEpUMEHTabHAsE 00paboTKa MOKAa3bIBACT, YTO (., SBJISETCS CTaTUCTUYECKU
3HQYMUMBIM W (PU3MYECKH HHTEPHPETUPYEMbIM MPEAUKTOPOM  JIOKAIBHOTO
TeMmneparypHoro pexuma. [Ipu nepexone Kk TOTOBOMY 3JIEMEHTY 3Ta HOPMHUPOBKA
JONOJIHAETCA NPOBEPKOH G oer = Peeyy/A; MO Gy OApasiena 2.5.

BTopoi mpu3HaK — COTNIaCOBaHHE (,,, C HE3aBHCHMOHW OIICHKOW BHEIIHCH
Terutootaaun. [lo He3aBUCUMOMY pacdeTy CBOOOHAS KOHBEKIHUSA NACT Uy = 7,5
Bt/(m?-°C), nyumcras cocTaBisiomas — a,,, =~ 8,2 Bt/(M*-°C), cymmapHas
BHELIHSAA — TEWIOOTAAYa — Qg  ~ 15,7 Br/(M*°C).  Perpeccronnas
YYBCTBUTENBHOCTD Q,p,, & 18,8 Br/(M?-°C) oTiyaercs ot gy, pumepHo Ha 20%
M HaXOJIUTCSI B COIVIACOBAHHOM HMHXEHEPHOM JHMAala30HE C YYE€TOM JIOKaJbHOCTHU
TOYKU H3MEPEHHS, TOPIEBBIX IMOBEPXHOCTEH, (PAKTUYECKON CTEMEeHU UYEPHOTHI,
pOCTa U3TyUYEHUSI TPU BHICOKOU TEMITEPATYPE U TEXHOJIOTHUECKON HEOJTHOPOTHOCTH
0o0pa3oB. DTO MOATBEPHKIAET, YTO MOJENb pas3felia 2 KOPPEKTHO CBA3BIBAET
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AKTUBHBIN JJIEKTPUYECKUI MOJBOJ C MOBEPXHOCTHOM TEIUIOOTAAYEH, a pazaen 3
3a/laeT SKCHEPUMEHTAIbHYIO KaluOpOBKY JTOM cBsa3u. Benuwuuna «,, = 8,2
paccuMTaHa JUisl OKpAlleHHOW WM O0OpaOOTaHHOW MOBEPXHOCTH CO CTENEHbIO
yepHOTH € = 0,8. B COMSOL-cuenapun paszaena 2 npunsto 3HadeHue € = 0,5
[101, 102].

Tperuit mpusHak — MOATBEpKACHHE ABYX(a3HOTO XapakTepa BHYTPEHHEIO
nepeHoca. YucienHas MOJemb pas3zeina 2 pa3aeisieT CyXoru KOHTPOJIBHBIN PEXUM U
HACBIILIEHHBIA padOYuil pexuM. DKCIIEPUMEHTAIBHO 3TOT BBIBOJI MOAEPKUBACTCS
TEMIIEpaTypHON TUHAMMKOM, TEIJIOBU3MOHHON KapTHHOM, cpaBHeHHEM ¢ MO-500
u KoHCTpyKTUBHOI cepueit KB1-KBS5. Temnodusudeckue pe3ynbraTbl OOBSICHIIOT
YCKOPEHHOE  paClpeleliCHuEe  aKTUBHOM  MOIINHOCTH,  TOABEIEHHOW B
HCIIAPUTEIIBHYIO 30HY, O BeIcoTe cekuunu [ 16-20; 80-82; 86; 95-100].

COMSOL Multiphysics wucnonb3yercss B paszfene 3 Kak KaueCTBEHHas
YUCJICHHAsI BAJIUAALMS: pacyeT BOCIIPOU3BOINUT MOPSAIOK TEMIIEPATYp, HAlIPABICHUE
BIIMSIHUS (., CTJIQKUBAHUE TEMIEPATYPHOTO IMOJIS MPHU ABYX(Pa3HOM MEpEeHOCce U
HaJIM4YM€ 30H HUCHapeHuss W KoHAeHcaluu. OTIWYMS OMNBITHBIX CEKUHUHA IO
(akTHUeCcKOl Macce, TEIJIOBOMY KOHTAaKTy, MOJIOKEHHUIO JaT4YUKAa U JIOKAJIbHOU
r€OMETPUM YUYHUTBIBAIOTCS IIPU MHTEPIpETauuu pacuyera [92-94].

JIONOTHUTENBHBIM ~ SKCIEPUMEHTAIBHBIM ~ [TPU3HAKOM  pabOTOCIOCOOHOCTH
IBYX(a3HOrO peKuMa SBISETCS UYBCTBUTEIBHOCTh CEKIUMU K HayalbHOMY
OoCcTaToYHOMY JaBieHHio. CHumxeHue p0 yMEHbIIAeT A0 HEKOHIAECHCUPYEMBIX
ra3oB B nosioctu DBTT, cHikaeT ux OJIOKUpYIOIIee BIUSHNE Ha 30HY KOHJICHCAIIUU
U ciocoOcTBYeT 00Jiee MHTEHCUBHOMY 3allyCKy UCHapUTEIbHO-KOHACHCALOHHOTO
nukia. [103ToMy HadabHOE OCTATOYHOE JABJIEHUE CIEAYET pacCMaTpHUBaTh Kak
TEXHOJOTMUECKUI TMapameTp, BIUSAOWMN Ha 3((EKTUBHOCTh BHYTPEHHEIO
(dazoBOro TemonepeHoca, Hapsity ¢ 00beMoM pabodero Tena, reOMETpUei CeKIUU
Y YAEJIBbHOU 3JIEKTPOTEILNIOBON HAIPYy3KOM.

3.7.2 DHeprus ceTtu, NOTEpU MpeoOpa3oBaTesssi W CYTOUYHAS SHEPIUs
MHOT'OCEKLIMOHHOM CUCTEMBI

DHepreTuyeckuil OajgaHC TMOMEUIEHUSI C AJIEKTPUUECKUM 00orpeBaTesieM
MOKa3aH Ha pucyHke 3.17.

Hapyxnas

Bosayx u BHyTpeHHue
Ay YT cpena

TMOBEPXHOCTH NMOMECILCHHA

5 [Torepu uepes
QA()H“ 7 > p p
orpakaaiouue

I o KoHeTpykin Q)

[lonseaénunas
eKTpHYecKas |
MouHocts Py,

v

/ff/f/, 1 __/ [ToTepn Ha BEHTHAAHIO
[ﬁ‘u unuasrpaunio Q.

[ / , ; ]

Pucynok 3.17 — DHepreTudeckuii 0ajgaHc MOMEIICHHUS C JIEKTPUICCKIM
oborpesareieMm
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DHepreTudeckuil 6ananc Ha pucyHke 3.17 moka3pIBaeT, 4TO B CTALIMOHAPHOM
pEeXHUME DIIEKTPUYECKHI 00O0rpeBaTesb, PAaCIOIOKEHHBI BHYTPU IMOMELIEHUS,
[epeNacT MOMEIICHUIO TEIUIOBOM IIOTOK, NPAKTUYECKW PAaBHBIM ITOABEICHHOU
akTuBHOM MontHocTH [23]. IIpeumymiectBo I[IDH]] mposiBasieTcss B JUHAMHKE
BBIX0/Ia HA PEKUM, PacCHpeIeICHUU TEMIIEPATYPBL, YIPABISIEMOCTH, CEKIIMOHHOCTH
Y TEXHOJOTUYECKON 0€30MaCHOCTH.

JI1s1 3IEKTPO’HEPTETUYECKON OLICHKU JUHAMUYECKUX PEKUMOB HCIIOIb3YETCS
DHEPIrUsl CETH [0 JOCTHMKEHHS KOHTPOJBHOIO TeMIieparypHoro mopora. Ilpu
MIOCTOSTHHOM aKTUBHOM MOIIHOCTH IO BXOJly OHA ONPEEIIAECTCS BEIPAXKECHUEM:

_ P, -tg
Ep =22 (3.19)

rne Eg — sHeprus cetu M0 AOCTHXKCHHSI TeMIepaTypHoro mopora 6, Br-4; P, —
aKTUBHAs 3JICKTPUYECKass MOIIHOCTh 10 BXOJy CeTH, BT; ty — BpeMs TOCTHIKEHUS
3aJJaHHOU TEMIIEPaTypHI, C.

JIJiss MTHIYKIIMOHHOTO HMCIIOJTHCHUS JTOTOJHUTEIIHHO Pa3IMYalOTCsl SHEPTHUS T10
BXOJIy CETH W DHEPIHsl, MOCTYIHBIIAs B aKTUBHYIO 30HY HarpeBa Iocjie¢ CHJIOBOTO
npeoOpazoBaTes:

P 30Ha

Poua = Np - Peerns Esona = Nup - Ecerns Peer, = T (3.20)

rae P, — MOIIHOCTh aKTUBHOM 30HBI Harpesa, BT; P.., — MOIIHOCTb IO BXOLY
cety, Br; 1, — KIIJI cunosoro npeodpasosaresis, . e1.; Euqy,, — 9HEprUst akTHBHOM

30HBI HarpeBa, Bt u; E ., — 3HEprus 1o BXo1y cetu, Br-u.

B cpaBuenun MH/I-120 Benuumna P,; = 120 BT oTHOCHUTCS K HU3MEPEHHOI
aKTUBHOW MOIIHOCTU MO BXOJY MpeoOpaszoBaresis, H03ToMy 3Heprus cetu 1o 200
°C cocraBusier 6,0 Br-u. Ilpu mpoekTHOM pacuere, Korja 3ajaHa Tpebyemas
MOIIIHOCTh aKTUBHOW 30HBI, HCHIONIB3YETCS MEPEXOA FPrery, = Pyoya/Mnp- Ha cragnm
MPOEKTA 1), NPHHAT PACUETHO-OLEHOYHO Ui BHIOpaHHOW Tomosnorun BY-
npeobpazoBarens B nuamnazone 0,85-0,93 [55, 64, 65, 96].

HopmupoBanHas snektpuyeckas sHeprus a0 jgoctwxeHus 200 °C mpum
TpyOUaTOM U UHAYKIIMOHHOM TEIJIONO/IBOJIC MPHBEIcHA HA PUCYHKE 3.18.
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HopmupoBaHHas aHeprus, E/ETp

0,20

0,00

1,00

B Tpy64aTblii HUXPOMOBbI

= VIHOYKUMOHHBIA

Pucynok 3.18 — HopMmupoBaHHasi 37€KTpUUeCKast SHEPTUs 1O TOCTHKEHUS
JokanbHOM Temrepatypbl 200 °C npu TpyO4aToM U UHAYKIIMOHHOM TEILJIONOBO/IC

DIIeKTpUYecKast

SHEprus,

90,0

3nekTpudeckan aneprua E90, BTy
[N w B 4] @ ~ @
s & ©° © © 9 o9
o o o o o o o

I=
=1

=
©

3aTpadyeHHass Ha JOCTHXKEHHE TeMIEPaTyphl
nosepxHoctu 90 °C ipu P,; = 500 BT, mokazana Ha pucyske 3.19.

82,4
) I

EM3HL =MO-500/ TDM MMHW-5

Pucynok 3.19 — Dnektpuueckas 3Heprus, 3aTpaueHHasi Ha JOCTH)KEHHE
temneparypsl noBepxHoct 90 °C

CBoJiHasi OILIEHKA JHEPTHHU IO BXOJY CETH JI0 JIOCTHXKEHHS KOHTPOJIBHOTO
TeMIEpaTypHOTo Mopora npuBeacHa B Taonuie 3.7.

TaOmura 3.7
DHeprus Mo BXOAY CETH A0 JOCTHKEHHS KOHTPOJIBHOTO TEMIIEpaTypPHOIO
nopora
) Hopmuposannas
O6wext | Ilopor | P, BT | tg,c | Eg,Br-u SHEprus Nurepnperanus
TOH-120 | 200°C | 120 300 10,0 1,00 0a30Bbli YPOBEHb
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[Tponomxenue Tadauib 3.7

COKpALIECHUE SHEPTrun
BBIX0/1a Ha
KOHTPOJIbHBIN
TeMIepaTypHbIi
ypoBeHb 10 60% ot
TOH-120; E..p,,
paccunTaHa 1o
U3MEPEHHOMY P,
OBICTPBII BBIXOJ] HA
AKCIUTYaTallMOHHBIN
TeMIIepaTypHbIT
YpOBEHb
KOHTPOJIbHBIN

MO-500 | 90 °C 500 593 82,4 1,00 MacJsTHbIN
oborpeBarelib

NHA-120 | 200 °C | 120 180 6,0 0,60

0,20
90 °C 500 119 16,5 OTHOCHUTEJIBLHO
MO-500

MIDH/I-
500

CyTouHasi »SHEpPrusi MHOTOCEKIIMOHHOW CHCTEMBbl PACCUMTHIBACTCS HE IO
TeMrepaType OTIEIbHON CEKIUHM, a MO YCTAHOBJICHHOW MOIIMHOCTH U PEXKUMY
rcnoas3oBanus [39; 48]:

E

cyr — PyCT ’ KI/ICH - 24 (321)

rae E., — CyTOYHas BHEprus CUCTEMbI IO BXOAy ceTH, KBT-u/cyr; P,

YCTaHOBJIEHHAs] MOIIHOCTh CUCTeMBbI, KBT; K., — KO3)PUIMEHT HUCTOIb30BaAHUS
YCTaHOBJIEHHOW MOIIIHOCTH, 1. €.

JIns HarmsAHOrO COMOCTABJICHUS! BAPUAHTOB PETYJIMPOBAHUS B IPUIOKEHUN []
MPUBEACHBI pacueTHbIE TpadUKU CYTOUHOTO MPOGUIS MOUTHOCTH M CyTOYHOM
anekTpuueckoir dHepruum [IOHJ] mnpu pabGore 06e3 peryaupoBaHus, MpHU
TEPMOCTATUYECKOM YMPABJICHUU U TPU CEKIIMOHHOM yrpaBieHuu (pucyHku J[.1 u
J1.2).

YuciioBor NmpuMep CyTOYHOW SHEPruu. [Jisi TUIOBOr0O BOCBMHUCEKIIMOHHOTO
momynst u3 mpumepa 3.5.3 B = 8:80 = 640 Bt = 0,64 kBr. Ilpu cpennem

K02 OHUIMEHTE HCTIONB30BAHMA Ksq = 0,35 cyTouHas sHeprus pasna E , = 0,64 -

0,35 24 = 5,38 kBt - u/cyrt; npu k;,,q = 0,50 ona cocraBur 7,68 kBt-4/cyT. OTHN
BEJIMUMHBI JIajiee MCIOJB3YIOTCA B pazzienie 4 uia mepexofa OT XapaKTepUCTHK
OJIMHOYHOW CEKIMH K PEKUMY TTOMCIIICHHSI.

Neory = Pyer (3.22)

PceKu

[Tpu mpoexTupoBanny 3HaUCHUE N cexyy OKPYTISETCS 10 OMIKaNTIIIero 60IbIIero
11€JI0T0 YKCIa; 1ocie BbIoopa N cexy TPOBEPAETCH Groer = Prexn/Ai < Qlim-

®opmyiel (3.21)—(3.22) cBs3bIBAIOT pa3aen 3 ¢ METOUKOM paszfena 4: cHayana
OTIPENETSETCS YCTAHOBICHHAs MOIIHOCTh CHUCTEMBI D3JIEKTPOTEIUIOCHAOKEHUS,
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3aTEM BBI6I/IpaIOTCH MOIIHOCTb M YHCJIO CGKHHﬁ, IIOCJIC 4YC€ro IPOBCPAIOTCA TOKHU
JIMHNHM, KOMMYTAIOMWMOHHBLIC 3JICMCHTHI, KOS(b(I)I/II_II/IeHT HarpyskKu, KadcCTBO

ANIEKTPOIHEPTUH U TeMIIEpaTypHbIe OTpaHUueHUs ceKuu no mojaenu (3.9)—(3.10)
[39; 48].

BoiBoabl o pasagenay 3

[Io pe3ynpraraM HKCIEPUMEHTAIBHONM OLEHKU JJIEKTPOIHEPTETUUECKUX U
pexxuMHBbIX xapaktepuctuk [I9H]] ycTtaHOBIEHO clienyronee.

[I9H]] obocHOBaH Kak ympaBlseMbli 3JEKTPOTEILIOBOM MpeoOpa3oBaTeilb U
CEKIIMOHHAsl Harpy3ka MpsSMOTO DJIEKTPOTEIUIOCHAOKEeHU. [ pe3ucTHUBHOTO
WCIIOJTHEHUSI Harpy3ka HMMeEeT MNPEHMYIIECTBEHHO AKTHUBHBIM Xapakrep, a s
WHIYKIIMOHHOTO  WMCIOJHEHUS  TpeOdyeTrcss ydeT MapaMeTpoB  CETEBOTO
npeoOpa3oBarTess U Ka4YeCTBa ANEKTPOIHEPTUH.

Onpenenensl pacuetHbie TOkU cekuumii: 0,27 A nma 60 B, 0,36 A nnsa 80 Br,
0,45 A nita 100 Br u 2,27 A nns yposas 500 Bt. DT 3Ha4eHHUS SIBISAIOTCS OCHOBOM
JUIs BBIOOpa MPOBOJIHUKOB, KOMMYTAIlMOHHON U 3alIUTHOM aImaparyphl, a TakkKe
JIJIS1 OIIEHKH MOTEPh B JIMHUU TTUTAHMUSL.

OKCIIEpUMEHTAIBHO MOATBEPKIACHBI NMHaAMU4Yeckue npeumyiiectsa [IOH/] n
WHIYKIIMOHHOTO TEeIUIONoABOAa. MHIYKIIMOHHBIMA TEIJIOMOIBOJI O0eCIeunBaeT
noctmkenne 200 °C 3a 180 ¢ Bmecto 300 ¢ y TpyOuaToro BapuaHrta, mpu CHU>KEHUN
SHEPIrUM BBIXOJIAa HA KOHTPOJBHBIN TemneparypHbiii ypoBeHb ¢ 10,0 no 6,0 BT-u.
JlaHHBI pe3ynbTaT XapaKTEpHU3yeT TMOBBIINICHUE HWHTEHCUBHOCTH JIOKAJIbHOIO
HarpeBa U COKpAILIEHUE YHEPTUH BbIXO/Ia HA KOHTPOJbHBIN TEMIEPATYPHBIN MOPOT,
HO HE OTMEHseT HEOoOXOJUMOCTH OTIEIbHOM mpopadoTku cuioBoro BY-
npeobpazoBaress, KodhPUIMEeHTa MOITHOCTH, TAPMOHHUYECKOTO COCTaBa TOKa U
AIIEKTPOMArHUTHOM COBMECTUMOCTH ISl MHYKIIMOHHOTO UCTIOJIHCHHUSI.

CdopmupoBana snekTporemioBas xapakrepuctuka [I9H]JI, cBs3biBatomas
AKTUBHYIO MOIIHOCTb, YJACJIBbHYI JJEKTPOTEIUIOBYI0 HArpy3kKy, ILIOIIAAb
MOBEPXHOCTH, KOHCTPYKTUBHYID MacCy M JIOKAJbHYIO TEMIIEpaTypy CEKIUU.
[ToydeHHast MOJIEIb TTO3BOJISIET BBITIOIHSATH HHKEHEPHYIO OLIEHKY TEMITEPATyPHOTO
pe)rMa C MorpenHoCThIo nopsaka 7-9 °C.

YCTaHOBIIEHO BJMSIHME HAYaJIbHOIO OCTAaTOYHOTO JABJICHUA HA 3allyCK U
temnepatypHbiii pexxum OBTT. Camxenne p0 ¢ 9,807 no 5,066 xlla B cnennanbHOM
CEpHUH OMBITOB COMPOBOXKIAIOCH 00JIee MHTEHCUBHOW TEMIIEPATYPHOU peaKIuei
CEKIIMM B COINOCTAaBUMBIX PEXKUMAX, 4YTO CBS3aHO C YMEHBIIEHUEM BIIHSHUS
HEKOHJICHCUPYEMBIX  Ta30B M  YJIy4YIIEHUEM  YCJIOBUH  HCIAPUTEIIBHO-
KOHJICHCAI[MOHHOTO  TeIulonepeHoca. HavanbHOE  OCTaTOYHOE  JIaBJICHUE
000OCHOBaHO KaK TEXHOJOTHYECKUN TapameTp, BIUSIOMUNA Ha 3PEHEKTHBHOCTH
BHYTpeHHero (a3oBoro nepenoca B OBTT.

Pa3paboTanHass Mojeiab MPUTOJHA HE TOJBKO JUIsl MPSMOM  OLIEHKH
TEeMIIepaTyphl, HO U JUIsl MPOEKTHON OOpaTHOM 3aJa4yu: BRIOOpAa MOIIHOCTH, YHCIIa
CEKIIMI, KOHCTPYKTUBHOM MAacChl U IPOBEPKU JTOCTYNHOM MOBEPXHOCTU TOTOBOTO
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aneMmeHTa. llepexon K OpeOpeHHI0 M KOXKYXY YBEIUYHMBAET TEIUIOOTAAIOUIYIO
MOBEPXHOCTh U CHUKAET YAEIbHYIO HATPY3KYy.

Tennodusudeckrue pe3ynbTaThl MOATBEPIUIN POJIbh IBYX(a3HOTO TMepeHoca,
CTEICHH 3aIMOJIHEHUSI U HaYaJbHOI'O BaKyyMHUPOBAHHUS B 3aIyCKE U yCTOMUYMBOCTH
paboThl cekiuu. YHCIeHHOE MOJIETMPOBAHME BOCHPOU3BOIUT OOIIMI XapakTep
TEMIEPATYPHBIX MPOLIECCOB U MOJJIEPKUBAET IKCIIEPUMEHTATBHBIE BHIBOJIBI.

KoHcTpykTHBHAS TporpaMma rmokasaja, YTo OpraHu3aliys Bo3BpaTa KOHIeHcaTa
U IPUMEHEHUE OpeOpEHHUs MOBBHIIIAIOT PAaBHOMEPHOCTh TEMIIEPATYPHOrO MO U
0e30MacHOCTh CEKIIMOHHOM Harpy3ku. llepexoa K ApeHa)kHOMY KaHaly CHH3UI
MaKCUMaJIbHBIA Tiepenan temreparyp ¢ 27-34 °C ngo 67 °C, B TOM 4mucIie Nnpu
noBbIIeHHON MomHocTH 100 BrT.
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4 PABPABOTKA KOHCTPYKIIMHU, CUCTEMbI MOHUTOPHUHI'A U
OLEHKA J®OEKTUBHOCTHU IIPUMEHEHUS TIIDHJA KAK
AJBTEPHATUBHOI'O UCTOYHHMKA TEILJIOBOM SHEPT U

B mHacrosmem pasmene pe3yiabTaThl TEOPETHYECKOTO M AKCIIEPUMEHTAIBHOTO
uccnenoBanust [IOHJ] 0000mensl Ha ypoBHE MPUOOPHOTO HCIIOJHEHUS.
OOoCHOBaHBI KOHCTPYKTHBHBIE W TEXHOJOTHUYECKUE PEIICHHSI, 00CCIICUHBAIOIINE
HIepexo]l OT OTIECNIFHON 3JEKTPOBAKYYMHOH TEIIOBOM TPYyOKHM K CEKIIMOHHOMY
OTONUTEIBHOMY  TPUOOpPY, PACCMOTPEHBI  MPUHIMIILI ~ MOHHTOPHHTA |
aBTOMAaTUYECKOTO YyIpaBJICHUS ero paboTol, a TaKkKe MOJAXOJ K OICHKE
apdextuBHOCTH pumMeHeHust [I19H]] kak anbTepHATHBHOTO MCTOYHHKA TEILUIOBON
sHepruu. Jleranu3upoBaHHbIE TpauuecKue MaTepuanbl MO KOHCTPYKUUU U
OTAETHHBIM BapuaHTaM KOMIIOHOBKH BBIHECEHBI B MpriiokeHue E.

4.1 Pa3zpadoTka KOHCTPYKTHUBHO-TeXHOJIOrn4eckux pemenuii [I9H/{

[I9H/I paccmarpuBaeTcs Kak CEKIMOHHBIN OTOMUTENBHBIA MpUOOp, B KOTOPOM
AIEKTpUYECcKass »dHeprust mpeoOpasyercss B TEIUIOTY B  HIDKHEH  30HE
AJIEKTPOBAKYYMHBIX CEKIIMH, a TEIUIOTa MEPEHOCUTCA K PAa3BUTOM MOBEPXHOCTH
TEIUIOOTIa4Yd MCTIAPUTEIbHO-KOHICHCAIIMOHHBIM ITUKJIOM. KoHCTpyKims mpubopa
JOJDKHA O0ecreyrBaTh YCTOWYHMBBIM JIBYX(a3HbIN TEIUIONEPEHOC, 0€30MacCHOCTh
IKCILTyaTaIlK, TEXHOJIOTHYHOCTh COOPKHY U BO3MOXKHOCTH (POPMUPOBAHUS MOYJIEH
Pa3IMYHOM MOIIHOCTH.

B nacrosmeit pabore moa cekiueit MOHMMAaeTCsl OT/IeTbHAs AJIEKTPOBAKyyMHasl
terioBast Tpyoka (OBTT), BermosnHsronas GyHKIH0 6a30BOT0 TEIJIONEPEAI0IIETO
y3na. Ilox moxynem IIOH]] moHmMaercs 3aKOHUECHHBIM OTOIMMTEIBHBIM MPUOOP
HoMUHaJIbHOM MoHOCTRIO 600, 800 mmm 1000 BT, BKIOYarOmuii HECKOIBKO
CEKIIMH, KOopmyc, opeOpeHue, y3esl YIpaBJICHHUS W JJIEMEHTHI 3allluThl. Takoe
Pa3rpaHUYEHHUE HUCKIIOYAET CMEIICHUE BHYTPEHHErO0 KOHCTPYKTHMBHOIO YPOBHS U
MPUOOPHOTO UCTIOJIHEHUS TIPU pacyeTe MOITHOCTH.

bazoBas cexkuus BKJIIOYAET TEPMETUUYHYIO JJIEKTPOBAKYYMHYIO TpPYOKYy C
OTPAHUYEHHBIM  KOJWYECTBOM JUCTWUIMPOBAHHOW BOJbI, HWXHIOKO 30HY
AJEKTPUYECKOTO TEIJIONOABOJA, 30HY UCIApEHUs, IMapOBOM KaHAJ, 30HY
KOHJICHCAITMH, APEHAXHBIN KaHaJ BO3BpaTa KOHJEHCATa, OpeOpeHne 1 3alUTHBIN
KOXKyX. HauampHOe ocTaTouHOE€ HMaBJIEHHWE 3aJaeTCAd Iepel TIepMeTU3aluuen
MOJIOCTH; B paboyeM pexuMe JIaBJICHUE ONPEACNISICTCS TEMITEPaTypOil HACKHIIIICHHMSI
BOJIbI U (DAKTUYECKUM TEIIJIOBBIM COCTOSTHUEM CEKIIUU.

PacuetHast yacTh paszena BbIIOJIHEHA 1Sl pe3ucTUBHOTrO nucnoyHenus [I9H]] ¢
TpyO4YaThIM  JJIGKTPUUYECKHM  HarpeBaTesneM. Takoil BeIOOp  0OyCIOBIICH
MPAKTUYECKA AKTUBHBIM XapakKTepOM Harpy3kd, HPOCTOTOM CEKIIMOHHOTO
BKJIIOUEHHUS] U OoJiee ONaronpusiTHbIM BIIUSHUEM Ha KaueCTBO DJIEKTPUYECKOU
SHEPI'UM IPU IPYIIIOBOM NPUMEHEHUH. THAYKIMOHHOE UCTIOJHEHNUE, HECMOTPSI Ha
DKCHEPUMEHTAIIBHO MOATBEPAKACHHOE MPEUMYLIECTBO IO CKOPOCTH JIOKAIbHOTO
HarpeBa, pacCMAaTpUBAETCAd KaK INEPCIEKTUBHOE KOHCTPYKTHBHOE HAaIlpaBIICHHUE,
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IOCKOJIBKY €T0 CETEBbIE TOKU, KOIPPHUIIMEHT MOIHOCTH, TAPMOHUUYECKUN COCTAB U
KIIJI onpenenstoTcst napameTpamu cuioBoro BU-npeobpaszoBarersi.

KonctpyktuBnas cxema IIDH]] kak CEKIIMOHHOTO OTOMUTEIHHOrO Ipudopa
npuBeneHa Ha pucyHke 4.1. Buemnuit Bun onsitHoro oopasia [19H/] nokazan Ha
pucyHke 4.2.

~TInnn0on0onINannonn | =
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| — 3amMTHBIA KOXKYX; 2 — onopa; 3 — KIMMaT-KOHTPOJIb; 4 — TEIUIoBas TpPyOKa; 5 — dJIeMeHT
KperieHust; 6 — OTBEPCTHUS BBIXO/A TEIIOTO BO3AYXa;
7 — IOTOK XOJIOAHOI'O BO3/yXa; 8 — [IOTOK FOPSYEro BO3LyXa

Pucynok 4.1 — KoncrpykrusHas cxema [ITOH]]
KaK CEKIIMOHHOTO OTOMUTEIHLHOTO Mpubopa

‘\\\\\\\}}}\\\\\m\m\m\m\\ \nm\

Pucynok 4.2 — Buemnuit Bug onsitHOro oopasma [19H]]

DkcrepuMeHTanbHble pe3ynbTaThl nporpammbl KB1-KBS5, mpuBenennbie B
pazzene 3, uCIoJib30BaHbl KAK OCHOBAHME ISl BBLIOOPA BHYTPEHHEHN CXEMBbI CEKIIUU.
[lepexon OT BO3Bpara KOHJEHCATA NPEUMYIIECTBEHHO MO CTEHKAM K CXEME C
OpPraHW30BaHHBIM JAPEHAXKHBIM KaHAJIOM YMEHBIIWI IEpErnaj TEMIEPaTyp MEKIY
KOHTPOJIbHBIMU TOoUKaMu ¢ 27-34 no 67 °C. [ToaToMy IpeHaXHBIN KaHAJI IPUHAT
KaK KOHCTPYKTHBHBIM SJEMEHT, MOBBIIIAIOIUNA PAaBHOMEPHOCTh JABYX(]a3zHOTO
TEIUIONEPEHOCA.
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OTnenbHbIE KOHCTPYKTUBHBIE PEHICHUS W WHAYKIMOHHAS MOAUUKALIMS
noaTBepxAcHbI TaTeHTOM Nel(0146 [109]; KkOMIIOHOBOYHBIE PEIIEHUS TPUOOPHOTO
WCIIOJTHEHUSI OJITBEPKICHBI CBUAECTENHCTBOM Ne63992 [110].

Hasnauenme OCHOBHBIX KOHCTPYKTHBHBIX 37eMeHTOB I[IDOHJ[ 00606meno B
Tabnure 4.1.

Taomuma 4.1

OcCHOBHBIC KOHCTPYKTHUBHBIC 3JICMCHTEI HQHJ_—[ N UX HAa3HAYCHHC

DJIEMEHT Hasznauenue NuxeHepHoe orpaHudeHUE
PaborocnocobHOCT
[TepeHoc TEMIOTHI OT 30HBI
oTpeensieTcs
AIIEKTPUYECKOTO TEIUIONOIBOAA K
F€PMETHYHOCTHIO, HAYaIbHBIM
DNeKTpoBaKyyMHas 30HE TEIJIOOTA4H 32 CUET

pa3pekeHrneM, KOJIM4eCTBOM

TpyOKa UCIapeHus, ABMKCHUS Mapa,

KOHACHCAIKU 1 BO3BpaTa
KOHACHCATa

pabodero Tena u
YCTOWYMBOCTBIO BO3BpaTa
KOHJICHCATa

PabGouee Temno

JlucTriuimpoBaHHast BoJia B 00beMe,
o0ecrneunBaroIleM 3aIycK
NBYyX(a3HOro IMKIIa U OTCYTCTBHUE
OCYHICHHUA 30HbI UCIIAPCHUA

JIJ1s1 CCeIOBAaHHBIX CEKIIHUI
HCIIOIB30Bad nuanasod 10-15
M1

DneKTpuuecKun
HarpeBareib

[TpeobOpazoBanre aKTUBHOM
AIIEKTPUYECKON MOIIIHOCTH B
TEIUIOTY B 30HE UCTIApEHUS

Pe3ucTiBHOE HCTIOTHEHHE
OJIM3KO K aKTUBHOW HarpyskKe;
WHIYKITHOHHOE MCIIOJIHEHHE
3aBUCUT OT XapaKTEPUCTUK
npeobpazoBaTes

JpeHaxHbli KaHAI

CHuKeHue NpensTCTBUM
BCTPEUYHOMY JBM>KEHUIO Mapa U

Dddekt noaTBepKICH

BO3BpaTa KHUJKOCTH, TIOBBIIICHNE KOHCTPYKTHBHOH NPOTrpamMMon
KOHJICHCaTa PaBHOMEPHOCTH TEMIIEPATYPHOT'O KBI1-KBS5
10JIs1
VYBennueHne Tero0TAamen Temneparypa n0CcTynHOM
OpeOpenue u MTOBEPXHOCTHU U 3aIINUTa IIOBEPXHOCTU HOPMUPYETCS
KOXKYX M0JIb30BATENS OT KOHTAKTa C JUIs TOTOBOTO NpHOopa ¢

TopAYrUMHU 3JICMCHTAMHA

KOXKYXOM U opeOpeHuemM

bnox ynpaBnenus
Y 3alIUTHI

CekInoHHOE BKITIOUEHHE,
MOJJIepKaHUE YCTABKU, KOHTPOJIb
TEMIIEPATYPhl, HANIPSIKEHUS, TOKA U
MOIITHOCTH

DYHKINH IKCIUTYaTallMOHHOTO
YIIPaBJICHUS OTIEIEHBI OT
HE3aBUCHUMOM aBapUIHOMN

3aILUTHI

[TpubopHBIit MOAYTHE POpMUPYETCSI HAOOPOM CEKLIUMN, pa3MEIIEHHBIX B KOPITyCe
c opeOpeHueM, OMOPHBIMHU M KpEIMEeKHbIMU 3JeMeHTaMu. KoinuyecTBo cekiui
onpenenseTcs TpedyeMoil HOMUHAJIBHOM MOIITHOCTBIO M BHIOpAaHHON MOIIHOCTBIO
OJIHOM cexuuu. B mpunsaTOl pacuetHolt cBaske moayib IIDH/I-800 cooTBeTcTBYET
necatu cekuusm no 80 Bt; BapmanT u3 BochbMmu cekuuii mo 100 Bt moxer
paccMaTpUBaThCS KAK albTEPHATUBHBIA KOHCTPYKTUBHBIN PSII.

Komnrerotepnas 3D-monens [110] ucnonb3oBaHa AJisi IPOBEPKU KOMIIOHOBKH
KOPpITyCa, JJIEKTPOBAKYyYMHBIX TPYOOK, KPEIUIEHUH, OTIOP, OPEOPEHMS U BO3TYIIHOTO
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KaHaza. /leMoHcTpallMOHHBINA BapuaHT ¢ 11 TpyOkaMu MoATBEpK1aeT CEKLMOHHBIII
INPUHIMI IOCTPOEHHUS IPUOOPa, HO HE 3a1aeT (PUKCUPOBAHHOE YHMCIIO CEKUUU IS
Bcex Moaudukanuii. JleranuzupoBannsie BUAbBI 3D-Monenu, pa3pe3bl, UMHUTALUSA
Harpesa u oTomMaTepuabl ONMBITHBIX 00pa3lloB MPUBEIEHBI B MpHiokeHuu E.

Takum oOpa3om, koHCTpykTHBHOE pemieHue [I9H][ ocHoBaHO Ha MOIyIBHOM
OOBEIMHEHUU DJIEKTPOBAKYYMHBIX CEKIMH C OpraHU30BaHHBIM BO3BPATOM
KOHJIEHCATa, Pa3BUTON TEIVIOOTAAIOUIEH MOBEPXHOCTHIO M OJIOKOM YIPABJICHHS U
3alUThl. JTO OOECHeurMBaeT NEepexo] OT OAUHOYHOM TEIJIOBOW TpPyOKH K
3aKOHYEHHOMY OTOIHUTEIBHOMY MPUOOPY.

4.2 Pa3pa0oTKka MH:KE€HEPHOIl METOAUKH pacyera W BbIOOpPa MapamMeTpoB
IDH/

NnxeHepHass METOAMKA CBS3BIBAET TEIUIOBYI0 MOTPEOHOCTHh MOMEIICHHUS,
HKCTIIEPUMEHTAIILHO TOATBEPKICHHBIEC MApaMETPbl BHYTPEHHEN 2JIEKTPOBAKYYMHOM
CEKIIMU U YCIIOBUS DJIEKTPUUYECKOTO MUTAaHUSI TOTOBOrOo MpuOOpHOro moayis. B
OTJIMYKE OT MOJA00pa TOJBKO MO IUIOMIAAX TOMENICHUS, METOJIUKAa HCIOJIb3yeT
HOPMHPOBAHHBIEC APaMETPbI, OJYUYCHHBIE U IPOBEPEHHBIEC B pa3jeiie 3: IIIOMIA/Ib
rojof  OOKOBOW  IMOBEPXHOCTU  DJIEKTPOBAKYYMHOM  CEKUUU,  YACIbHYIO
ANEKTPOTEIJIOBYIO HArpy3Ky MO 3TOW MOBEPXHOCTU U YJEIbHBIA KOHCTPYKTUBHO-
MacCOBBI IapaMeTp. DHEPreTHYecKoe O0OOCHOBAHME HOPMHMPOBKU oy = Prewy/
(mDL) u xputepus TpeOyeMOii MIOIIaI1 TEIUIOOTAaYH IPUBEACHO B MOApa3aciiax
23u2.5.

O6o3HaueHusT (U3MUECKUX BEJIWYUH, UX EIUHHUIIBI H3MEPEHUsS W 3aIHCh
MPOU3BOJIHBIX €JWHUIl B HACTOAILIEM pa3feie MNPHUBEACHbI B €IUHON CHUCTEME
0003HAaYEHUH; I MOIIHOCTH, DHEPTUM, TEMIEPATYphl, DIEKTPUUYECKOTO TOKa,
CONPOTHUBJICHUSI U SKOHOMHMYECKUX IOKa3aTEJIEd HCIOIb3YETCsl COrJacOBaHHAs
3anuch equnuil B cootBeTcTBUU ¢ ['OCT 8.417-2024 [111].

B wumxeHepHOW MeTOAMKE TPUMEHSIETCS pacIIMpeHHas TEXHOJIOTrn4YecKas
dbopma Monenu paszaena 3, B KOTOPOM yUHUTBIBAIOTCS yEbHAs JICKTPOTEIIOBAs
Harpy3ka ¢,.,;, 00beM pabouero Tena V M yaeabHbI KOHCTPYKTUBHO-MAaCCOBBIN
napamerp Y. CTaTUCTUYECKHUE XAPAKTEPUCTUKU MOJEIW MO mnojapazaeny 3.5.2
cocrapisitoT: R*fit = 0,911, R?adj = 0,903, R*LOO = 0,887, MAELOO = 7,23 °C,
RMSELOO = 8,69 °C, R*LCO = 0,886, VIF <1,85 u Fpacu = 122,58; ko purpent
npu V sBisieTcs CTaTUCTUYECKU 3HAYMMbBIM B MCCJIEOBAaHHOM JHANa30HE 3aJIMBKU
(p = 0,014). lannas popma mpuMEHSIETCSI B SKCIIEPUMEHTAIHLHO TTOATBEPKAECHHOM
nuarna3zoHe oobema 3anmuBKU V' = 10—-15 M W COOTBETCTBYIOUIMX JUala3oHax
reOMETPUYECKUX U MOITHOCTHBIX MapaMeTpoB cekluu. CoKpalieHHasi HHKEHEpHas
WHTEPIPETALNS MOJIETH BBITIOTHAETCS Yepe3 ABa GaKkTopa — (o, U U.

[TocnenoBaTenbHOCTh HHKEHEPHOTO BhIOOpa napamerpoB [IDH/I npuBeneHa B
npunoxennu XK.

JIyist BbIOpaHHOM SJEKTPOBAKYYMHOW CEKLIMM CHadajla Ompejaessercs rojas
OOKOBasi IOBEPXHOCTbD:
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A, = nDL (41)

rae Apy, — TUIOIMAIs TOI0NH OOKOBOM MOBEPXHOCTHU AJIEKTPOBAKYYMHOM CEKIUH, M?;
D — HapyXHbII AUaMETP CEKIUU, M; L — IJIMHA CEKLIUH, M.

VY nenbHast 37IEKTPOTEILIOBAsI HArpy3Ka Mo roJiod 00KOBOW MOBEPXHOCTHU CEKIIUU
ONPEAEIACTCS BBIPAKECHUEM:

P CCKI P CCKI
= —— = — 4 . 2
Gon = 5~ = 7p1 (4.2)

I1I€ (roy — YAETbHAS AJIEKTPOTEINIOBAs HArpy3Ka IO rojioil O0KOBOM MOBEPXHOCTH,
Bt/M?*; P, — aKTHBHas JJIEKTPHYECKAas MOLIHOCTH OJHOM DJIEKTPOBAaKyyMHOM
cekuuu, BT.

VY enpHbI KOHCTPYKTUBHO-MACCOBBIN [TAPAMETP CEKLIUU OIIPEACIISIETCS KaK:

(4.3)

rzie 4 — yJenbHasi Macca CeKIMU, KI/M?; M — cyxasi Macca CeKIIMU 0e3 yueTa Macchl
3QJINBKH, KT.

JlokanpHass TemmepaTypa BEPXHEW 30HBI CEKLUMU ONPENEIAECTCS 4epe3
pacyeTHbIN MeperpeB HaJl TEMIIEpaTypOil MOMEIIEHUS M0 TEXHOJIOTHYECKOU (popme
pPErpecCUOHHON MOJENu paszaena 3:

AT = 118,42 + 0,05330 ¢, + 1,361 V,,, - 11,097 p (4.4)

rne AT — pacyeTHBII NEeperpeB BEPXHEHl 30HBI CEKLUHMH HaJ TeMIepaTypoun
nometenus, °C; V,,, — o0beM padbouero tena, mi; 118,42, 0,05330, 1,361 u—11,097
— sMIUpUYecKue KodDPUIMEHThl MOJENH paszzena 3, IpUMEHUMBIE B Ipeeax
AKCTICPUMEHTAILHON 00JIaCTH.

PacuetHast nokanpHas TeMmmepaTrypa CEKIMU OMNpeNesieTCsl CyMMUPOBAHHEM
TeMIepaTypbl HOMEIICHUS U JIOKAJLHOTO Meperpena:

T

paca — THOM + AT (45)

rae Thycq — PAacUCTHAS JIOKAIbHAS TEMIICpaTypa BepXHen 30HbI cekiun, °C; Tpoy —
Temneparypa Bozayxa nomeuienusi, °C; AT — pacueTHbli IeperpeB BEPXHEN 30HBI
cekuyu, °C.

Jlns oOpaTHOM WH)XEHEPHOM 3aJayd — IMOJ00pa MOIIHOCTH CEKIHUH IO
3aJIaHHYIO LIEJIEBYIO TEMIIEpaTypy — onpenenserca TpedyeMas yaellbHasi Harpy3Ka:

q _ (T~ Thow) = 118,42 — 1,361V, + 11,0974
roJ,Tped 0,05330

(4.6)
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TJIE Gronrpes — TPEOYyEMas yeNbHAS 3JIEKTPOTEILIOBAs HAIPY3Ka 110 TOJI0H G0KOBOM
nosepxHocTH, Br/M?*; T, — nenesas JlokanbHas Temneparypa cekuud, °C; Ty —
TeMIeparypa Bo3ayxa noMenienus, °C.

AXTUBHAsI MOIIHOCTh CEKLIMU IPU M3BECTHON TpeOyeMol yIelbHOU Harpyske
paBHa:

I8 cekny QFon,TpeGAron (47)

TJI€ Gronrpes — TPEOYEMas yIeNbHAS DIIEKTPOTEINIOBAS HATPY3KA 110 TOJIOH OOKOBOM

noBepXHOCTH, BT/M?2.

OOparHast 3amaya HWMeEET JBE pacueTHble BeTBU. l[lpu QukcupoBaHHOM
KOHCTPYKTUBHO-MAaCCOBOM HCIOJHEHUU cekuuu 1o (4.6)—(4.7) mnopbupaercs
TpebyeMasi MOIITHOCTh. Ecin ske MOIIHOCTh CEeKITUU 3aJlaHa 3apaHee (Harpumep, 13
cranaaptaoro psiaa 60, 80 wiu 100 Bt), u3 monenu (4.4) onpenensierca Tpedyemast
yJelibHas Macca:

118,42 + 0,05330¢,0; + 1,361V, — (Ty — Trow)

.que6 11,097 (48)
L€ Urpeg — Tpe6yeMa>1 yaciabHasg MacCa CCKIIUH, KI/M2.
Tpe6yeMaﬂ cyXad Macca CCKIINU OIIPCACIIICTCA KakK.
mTpe6 = .que6Ar0n (49)

TJIE Mypes — TpEOyeMas Cyxas Macca CEeKIUU 0e3 yuera MacChl 3AIIMBKHU, KI5 e —
TpeOyeMas yzenbHas Macca, KI/m>.

IlomyuenHoe  3HAYEHHC U,  HPOBEPSIETCA  HA  MPUHAUICKHOCTH
sKCTepUMEeHTalbHOMY auamna3ony 10,04—14,96 kr/m?; mpu BBIXOJI€ 3a €r0 Mpeebl
KOPPEKTUPYIOTCA TE€OMETpPHs, MOIIHOCTh WA KOHCTPYKTUBHOE HCIOJHEHUE
cekiyu. KOHTPOJIBHEIM pacyeT 10 JaHHBIM NIPUBEIAEHHOIO HIKE IIpuMepa npu T, =
160 °C, Tyion = 24 °C, qron = 2598,4 Br/M?> u V = 12 Mt naer plypes = (118,42 + 138,49
+16,33 — 136,0) / 11,097 = 12,37 xr/M*> & My = 12,37 - 0,03079 = 0,381 xr, ut0
MMPAKTUYECKNA COBIIAJAET C MACCOW CEKLUHUH MCXOAHOIO IMPUMEPA U MOATBEPKIAACT
COTJIaCOBAaHHOCTH MPSIMOM M 0OpaTHOM 3a/1a4.

Ywuciio 25eKTpOBAKYyMHBIX CEKIIUNA B OJTHOM MPUOOPHOM MOJTYJIE€ OTIPEIEISETCS
110 HOMHUHAJIBbHOW MOIIIHOCTH MOJTYJIS:

Nceku, mon = ceil(Pmog, / Pcekn) (4.10)

T1€ Neey vion — YACIO0 BHYTPEHHUX DIIEKTPOBAKY yMHBIX CEKLIUI B OJHOM IPUOOPHOM
moayine IIOH/L, mr.; B,,, — HOMHHAJIbHAs MOIIHOCTH IpudopHoro moxyss IIOH/,
BT; P,y — AKTHBHAs MOIHOCTb OJHOM 2JE€KTPOBaKyyMHOH cekuuu, Bt; ceil( ) —
OKPYTJICHHE B OOJIBIIIYIO CTOPOHY IO IIEJIOT0 YUCIIA.
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Yucno nmpubOpHBIX MOJYJIEH U YCTaHOBJICHHAs MOIIHOCTh rpynmbl [IDH] mis
JIOKQJIbHOW 30HBI ONIPEACIISIIOTCS KaK:

Nwmop = ceil(Qtp/Pmon),
Pyct = Nmog - Pmog,/1000, (4.11)
E = Pycrt - T - Kucn

rae Ny, — yucio npubopueix moayieit [IDH/I, mr.; @, — pacueTHas TerioBas
Harpyska JIOKalbHOM 30HBI, BT; B,,; — HOMUHAIbHAas MOLIHOCTH OJHOIO
npudOpHOTO MOy, BT; B¢, — ycTanoBieHHast MouiHocTh rpymisl [IDH/L, kBt; E

— TOTPEOJEHUE 3JIEKTPUYECKOM SHEPrUM 3a PACUETHBIM mepuon, KBTu; 7 —
IPOAOKUTEIBHOCTh PACYETHOTO NEpHOAa, 4; K., — KO3 (HULIMEHT NCII0JIb30BaHUS
YCTaHOBJICHHOW MOIITHOCTH, Oe3pa3mMepHas BenwdwHa; ceil( ) — OkpyrieHue B
OO0JIBILIYIO0 CTOPOHY 10 LIEJIOTO YHUCIIA.

JIByXypOBHEBOE YHCIIO CEKUMW paszzaena 4 cBs3bIBacTCs ¢ 00O3HAUYEHHUEM N
pazzaena 3 yepes 001Iee YUCI0 aKTUBHBIX AMEKTPOBAKYYMHBIX CEKIIMIA B TPYTIIIE:

1000 - Pye;

Noomee = NCCKLI,MO}I ) NMOL[ =

(4.12)

PCCKI_I

TI€ Nogmee — OOILEE YMCIIO AKTUBHBIX 3JIEKTPOBAKYYMHBIX CEKLUM B IPyIIE, IIT.;
Nexry oz — 9UCIIO CEKIMI B OTHOM ITPUOOpHOM Mogyiie, wT.; 1000 — xosdduument
nepeBojsia kKBt B BT.

[Tocne omnpeneneHus Yucia CEKIUMA W HOMHUHAIBHOM MOIIHOCTH MOMIYJIA
BBITIOJIHSIETCS POBEPKA MPUBEICHHON JOCTYITHOM TEILTIOOTHAAOIIEH TOBEPXHOCTH.
[IpenenbHas Harpys3ka (j;,, OTHOCUTCA K JOCTYNHOM MOBEPXHOCTH TOTOBOIO
U3JIeTUs, @ He K TOJI0M OOKOBOM MOBEPXHOCTU BHYTPEHHEH CEKIUU:

Ai = kop NCGKI.[,MOI[AFOJ'I = kop NceKu,MO;[T[DL (4 1 3)
PMOI[
qI[OCT = A < Qlim (4 14)

rae A; — mpuBeACHHAs JOCTYIHAsl TEIJIOOTIAoINasi MOBEPXHOCTh MPUOOPHOTO
MOZYJIst, M% Koy — KOI(QGUIMEHT pasBUTUs MOBEPXHOCTU 3& CYET OpeOpeHHs U
KOXKyXa, Oe3pasmepHas BeMMIUHA; Negy, von — YMCIIO DIEKTPOBAKY yMHBIX CEKLIUH B
OJIHOM TMPUOOPHOM MOJyJe, MWT.; A, — IJIOMaAb rojJo OOKOBOW MOBEPXHOCTHU
OZIHOM ceKuuu, M*; B, — HOMUHaIbHas MOLIHOCTh MPUOOPHOTO MO, BT; G 0cr
— ynenbHas Harpys3ka IO JOCTyHMHOW MOBepxHOCTH, BT/M?% q;, — TpenenbHas
yJelibHasl Harpy3Kka JOCTYITHOM MOBEPXHOCTH M0 nojapasaeny 2.5, Bt/m2.

[Ipumep npsiMoro pacuera Jyisi 3JIEKTPOBAKYYMHOM CEKIMU C mapamerpamu D =
28 MM, L = 0,35 M, cyxoit maccon m = 0,381 xr, V = 12 mn, P, = 80 Bru T, =
24 °C 3anucrIBaeTcs B BUJIE:
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Aoy =7 0,028 - 0,35 =0,03079 M%;
Grox = 80/ 0,03079 = 2598,4 Br/m?;
pu=0,381/0,03079 = 12,37 kr/m>.

IToncranoBka ATUX 3HAYCHUI B Mojienb (4.4) naert:

AT = 118,42 + 0,05330 - 25984 + 1,361 - 12 —
— 11,097 - 12,37 = 136,0 °C;

Ty = 24 + 136,0 = 160,0 °C.

p

rne AT — pacyeTHbIi meperpeB BepxHei 30HbI ceKimu, °C; T,,cq — pacueTHas

JIOKaJbHas TeMIeparypa BepxHen 30Hb1 cexiuu, °C.

[lomyyenHass TemrepaTypa OTHOCHUTCA K BEpXHEH 30HE BHYTPEHHEH
JabopaTopHO# cekIuu; omuoKa nporrosa mno nposepke LOO cocrasmnser 7-9 °C.
TemnepaTypa JOCTYNHOM MOBEPXHOCTH TOTOBOIO  HPUOOPHOTO  MOAYJIS
OIpENENAeTCs] KOHCTPYKLMEH KOXyXa, OpeOpeHusi, NPHUBEIECHHON JOCTYyMHOMN
MTOBEPXHOCTHIO U PEKMMOM KOHBEKITHH.

OTtaenpHas TpOBEpKa JOCTYMHON MOBEPXHOCTHU BBITIONHSACTCS AJIs MPUOOPHOTO
MoayJs, a He it rosnoi TpyOku. s [I9H/I-800 B mpuHATON CEKIMOHHOM CBS3KE
Neexumor = 10, Pyoy = 800 Bt 1 A, = 0,03079 M? Ha oany cekuuro. B pacuere
NPUHAT KOI()(QUIMEHT PasBUTHA TOBEPXHOCTH Ko, = 4,0, COOTBETCTBYIONIMIA
OpeOpPEHUIO U KOKYXY:

A; = 4,0 - 10 - 0,03079 = 1,232 M3
800 X ,
Qrocr = m = 649 Bt/mM* < g, = 700 —900 Bt/™m".

ITpoBepka qocr < Qi BBINONHAECTCA. 3HAYEHHE (1, = 2598,4 B1/M> oTHOCHTCA
K roJioif OOKOBOW MOBEPXHOCTH BHYTPEHHEH CEKIMU M MCIOIb3YETCS TOJBKO KaK
AIIEKTPOTEIJIOBAsl  XAPAaKTEPUCTUKA B PErPECCUOHHOM MOJEIM  JIOKAJIIbHON
TeMIepaTyphbl.

O6macte mpumeHeHuss wmonenu (4.4) COOTBETCTBYET HCCIEAOBAaHHBIM
nuanazonam: Py, = 60-100 Br, V' = 10-15 mn, D = 20-32 mm, L = 0,25-0,45 M,
Qron = 1326,3-3819,7 Br/m*> u u = 10,04-14,96 kr/m>. Ilpu ucnosb30BaHUU
YKa3aHHbIX WHTEPBAJIOB TMpeAeibHblE 3HA4Y€HUs (.,,, U U V He crueayer
KOMOMHUPOBAaTh MPOU3BOJIBHO: B SKCIIEPUMEHTAIBHONU BBIOOPKE (o, U [ CBSA3AHBI
yepe3 miomans Ag,,, M03TOMYy 00JacTb MPUMEHUMOCTU 33/Ja€TCAd COYETAHUSIMHU
napameTpoB, noyuyeHHbIX B skcniepuMmentax OI101-0OI140, a He Bcemu yrioBbIMU
KOMOMHAIMAMM HHTEpBaJIOB. llepeHoc Mopenu Ha Jpyrue TUIOpPa3MeEpbl
BBITIOJTHAETCS MTOCJE JONOJIHUTENBHON SKCIEPUMEHTAIIBHON TPOBEPKU. B paznene 4
MO/IeJIb UCIIOJIb3YETCS KaK MH)KEHEpHAasi OCHOBA JJIs BHIOOpa KOMIIOHOBKH MpUOopa.
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4.3 Duaexkrporexuuueckoe ob0ocHoBanue IIDHJ/[ kak ynpasJsemMou
3JIEKTPOTEIVIOBOI HATPY3KHU CHUCTEMBI 3JIEKTPOCHAOKEHU S

[TpubopHoe HCIIOJIHECHUE IIOH/ dbopmupyertcs 00bEeIMHEHUEM
AJIEKTPOBAKyYMHBIX CEKIMi 0a30BOro THMOpa3Mepa. B NpHUHATON CEKIMOHHOM
Meroauke npudopHbeii Moayias [IDHJI-800 momuocTeio 800 BT cooTBercTBYET
rpyIIIE U3 AECATH ceKUMi HOMUHaAIBHON MomHOCTEIO0 80 BT (800 BT = 10 - 80 BrT);
ucnonHenne 8x100 BT paccMarpuBaeTcs Kak aabT€PHATUBHBIN KOHCTPYKTHUBHBIN
psaa. OTO CB3bIBa€T pacyeT BHYTPEHHEH cekuuu B mnoapasaene 4.2 ¢
AIEKTPOTEXHUIECKUM pacueToM mpubopHsx ucnognenui 600, 800 u 1000 Br.

[I9HJI paccmarpuBaercs Kak TEIJIOBOW MNPUOOP W OJHOBPEMEHHO Kak
ANEKTPONIPUEMHUK —  YIpaBisieMas dJIEKTPOTEIUIOBas Harpy3ka CHCTEMBbI
ANEKTPOCHAOKEHUST 00bekTa. [103TOMy MpU MPOEKTUPOBAHMM M SKCILTyaTalluu
00OCHOBBIBAIOTCS HOMHUHAJIBHBIE TOKH, CEYEHHE M NMOTEPU B MUTAIOUIEH JHHHM,
IIyCKOBOM PEXUM, CIIOCOO PETyJIMPOBAHUS MOIIHOCTH, BO3AECHCTBHE HA KA4ECTBO
AIIEKTPUYECKOW SHEPIUM, pacHpelelieHHe Harpy3ku Mo (as3am, CEIeKTHMBHOCTh
KOMMYTAllMOHHO-3aIUTHON anmapaTtypbl U TpeOOBaHUS 3JIEKTPOOE30MaCHOCTH.
HopmatuBHas puBsA3Ka pasiesia BBIIOJHEHA C Y4€TOM CTaHAAPTHBIX HANPSKEHAN
[112], HOpM KayecTBa »dJEKTPUYECKOW »HHepruu [66], HOpM >MHUCCHUH
rapmoHndeckux TokoB 1o 'OCT IEC 61000-3-2-2021 [107], meToauku usmepeHust
rapMOHUK M HHTEPrapMoOHUK [67], mOpaBuUi yCTpPOCTBA M AKCIUIyaTalluu
anexkTpoyctaHoBoK [103; 104; 113] u TpeOoBaHuii K OBITOBHIM M aHAJIOTUYHBIM
AIIEKTPUUYECKUM TIpubopam [45; 46].

C nHayyHOUl TOukM 3peHMs TpynnoBoe npumenenue IIDH][ uenecoobpazno
paccMaTpuBaTh B JIOTMKE  YIPaBIsieMOM  JJIEKTPOTEIUIOBOM  HArpy3Ku:
YCTaHOBJICHHAS] MOUTHOCTb, IPa(UK BKIIFOUECHHUS, KOADPHUIIMEHTHI PETyIUPOBAHUS U
OJTHOBPEMEHHOCTH JIOJKHBI COIJIACOBBIBATHCA C MPOTHO3UPYEMBIM MpoduiieM
noTpebneHuss  oObekTa. Takod  TOAXOM  COOTBETCTBYET  COBPEMEHHBIM
UCCIIEIOBAHUSIM TI0 KPATKOCPOYHOMY IPOTHO3MPOBAHUIO 3JIEKTPONOTPEOICHUS
OPOMBIIUIEHHBIX ~ OOBEKTOB M  MPSMOMY  YIPaBJICHHIO  HArpy3kod B
WHTEJJIEKTYallbHbIX ceTsx [114; 115].

PacyeTtHble cooTHOWIEHUS paszaena cPOpMYJIUPOBaHbl A  OAHO(DA3HOTrO
npUOOPHOTO HCIIOJIHEHHSI C TMACTOPTHBIM HampspkeHweMm, dactoroir 50 I'm wu
HOMUHAJIBHBIMH YPOBHSIMU akTUBHOU Mo1iHOCTH 600, 800 11 1000 BT. 3Hauenne 220
B npunsiTo Kak pacuerHas 6aza mpuOOPHOrO UCTIOTHEHUS U (pakTHyeckoe pazHoe
HarnpspkeHue O0BbEeKTa; MPU MOJKIIOYEHHHM K cTaHaapTHoill cucteme 230/400 B
BBITIOJIHAETCS IITATHBIN MepecyeT TOKOB, MOLUTHOCTEH, 3allUT U TEIJIOBOrO pexnuMa
aunaui o 'OCT 29322-2014 [112]. Jng rpynnoBoro npuMeHEHHUS TOMOTHUTEIBHO
YUHUTBIBAIOTCS pacipe/iesIeHUe Harpy3Ku 1o ¢a3am, TOK HEUTPaIbHOTO MPOBOAHUKA,
napaMeTpbl TPYIIIOBBIX JIMHUM W XapaKTEPUCTUKU KOMMYTALMOHHO-3AIIUTHON
annaparypsl IIUTA.
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4.3.1 HomuHaNbHBIE TOKH, BBIOOP CEYEHUS U TOTEPHU B MUTAOIICH JTUHUU
HoMuHanbHbiii TOK MNpUOOPHOTO HWCMOIHEHUS Jisl PE3UCTHUBHOM HArpy3Kd
ONPEAEIACTCS BBIPAKECHUEM:

I, = (4.15)

SIE

=

rae I, — HomuHanbHbId TOK Moxyns [IOHJI, A; P, — HOMUHaJIbHAs aKTUBHAS
MOIITHOCTh MoAyJisA, BT; U,, — HoMuHaIbHOE (ha3HOE HAIpsDKEHUE MUTaHus, B.

Jist ucnonwenunid P, = 600, 800 u 1000 Bt mpu U, = 220 B pacuerHble
HOMMHAJIbHbIE TOKH COCTABJISIIOT:

600 800 1000
lego = ﬁo = 2,73A,Ig90 = ﬁo = 3,64A, 1900 = 2—20 = 4,55A

rae lgoo, Ig00 ¥ 11000 — HOMHHAJIBHBIE TOKH MoAyJield MomHOCTBI0 600, 800 1 1000
BT cooTrBeTCTBEHHO, A.

AKTHBHas1 MOLITHOCTH, ITOCTyNaronas B 308y ucrnapenus OBTT, ominyaercs ot
MOIIHOCTH, OTPEOIAEMON U3 CETH, HA BEJIMYMHY MOTEPh B MUTAIOUIEM Kabene U
nepexoaHblXx KoHTakTax. CompoTUBIIEHHE ABYXIPOBOJHOM NUTAOLIEH JIMHUU
OLICHMBAETCS 110 BBIPAKEHUIO:

R, =2 (4.16)

rae R, — akTUBHOE CONMPOTHUBJIEHUE JIBYXIIPOBOAHON muTaroniedl auHuu, Om; p —
yAEIbHOE COMPOTUBIIEHUE MaTepuaia npoBoaHuka, OM-Mm?/M; L, — AJIMHA TUHUU
OT TPYMIOBOrO MIUTAa A0 Mpudopa, M; S — CEUEHHE KWIbI, MM?; KOd(PPUIUeHT 2
YUHUTBIBAET NPAMON 1 OOpaTHBIM MPOBOAHUKHU. [l MelM Mpu TeMnepaTrype OKOJIO
20 °C npunsaTo pe, = 0,01725 Om - Mm% /M.

AKTUBHBIE TIOTE€pPH, TMAJCHUE HANPSHKEHUS W OTHOCHUTEJIBHOE IMaJICHHE
HaNpsHKEHUS B JIMHUU ONPEAEISIOTCS KaK:

AP, = I2R,, AU = IR, 8y = = - 100% (4.17)

rae AP, — akTUBHbIE TIOTEPU MONIHOCTU B JIMHUHU, BT; [, — HOMUHAJIBHBINA TOK
Harpy3ku, A; R, — conporuBnenue auHuu, Om; AU — majgeHue HanpsHKEHUs B
auHun, B; 6y — oTHocuTenbHOE MajcHUe HampsokeHus,%; U, — HOMHHaIbHOE
HanpspkeHue, B.

PacuetHbie anekTpudeckue napameTpbl npudbopHbix ucnonHeHuit [T9H]L 600,
800 u 1000 Br nmpu U, =220B, L, =25M, pc, = 0,01725 Om - Mm% /M 1
temneparype 20 °C npuBeneHs! B Tadbnaune 4.2.
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TabOmnura 4.2

PacueTHble anekTprueckue napameTpsl npuOopHbIX ucnoaneHuit [1OH]]

Ceuenue AP, ipu L, =
P,, Bt I, A R,ar, OM MUATAOIIEH 25m, Bt (% ot | AU, B (% ot U,)
JIMHUU S, MM? P)
600 2,73 80,7 1,5 4,3 (0,71%) 1,57 (0,71%)
800 3,64 60,5 1,5 7,6 (0,95%) 2,09 (0,95%)
11,9/7,1 2,61/1,57
1000 4,55 48,4 1,5/2,5 (1,19/0,71%) (1,19/0,71%)

[Tpumeuanue — gyt crpoku 1000 Bt yepe3 n1poOb moka3zaHO CpaBHEHUE MUTANOLIEH JIMHUN
ceueHnueMm 1,5 u 2,5 MM? ipu OJIMHAKOBOM JIJTUHE 25 M.

[To nelicTBYIOIMM IpaBUjaM YCTPOMCTBA M IKCILUTyaTalldH JICKTPOYCTAHOBOK
[103; 104; 113] ngomyCTUMBIH JJIUTEIBHBIH TOK BBIOPAHHOTO ITPOBOJIHHMKA
MPUHAMACTCS ¢ YYE€TOM MaTepuana >KWJbl, CIoco0a MPOKIAIKH, TeMIIepaTyphbl
OKpYXarolel cpe/ibl U 4YKMCiIa COBMECTHO IMPOJIOKEHHBIX 1ernen. [Ipu npuHATHIX
pacuetHbIX ycnoBusx auHug Cu 1,5 mm? obecneumBaeT TpeOyeMbIe TOKOBBIC
napaMeTphl U MapaMeTpbl MOTEPh IJI1 OJUHOYHOTO MPUOOPHOTo HcmoaHeHus: 600—
1000 Bt Ha gnuHe a0 25 M. OKOHYATEIbHBIN BBIOOpP CEUEHHUS BBIMOJHSACTCS IO
croco0y TMPOKIAJKH, TEMIIEpAaType OKPYXalIIel cpeapl, JIOMyCTUMOMY
JUTUTEILHOMY TOKY, MaJICHUIO HAMPSHKEHUS M YCIOBUSIM 3allIUTHOTO OTKJIFOUEHUS.
JInst rpyNMOBBIX JIMHUM pacdeT BHITTOIHAETCS M0 CYMMapHOMY JUIUTEIIBHOMY TOKY,
KOd(PGUIIMEHTY OJHOBPEMEHHOCTH U (AKTUYECKOW CXEeMe pacrhpeieicHus
Harpy3ku no gaszam.

4.3.2 I1ycKOBOM peKUM PE3UCTUBHOTO UCTIOTHEHUS

B pesuctuBnom ucnonnenun [I9H/] HarpeBaTenbHbIN 371EMEHT MPEICTABIISIET
co00# TpyOUaThIil IEKTPUUECKHUI HAarpeBaTelb co crupaibio u3 craBa X20H80
WM AaHAJIOTMYHOrO MaTepualia, pa3MEUICEHHOW B METAUIMYECKOW THIIb3€ C
AIEKTPOU3OJSLIMOHHBIM  3alOJHUTENEM. XOJOAHOE COMPOTUBICHUE CIHUPAIU
OTIIMYAETCS OT TOPSYETO 3a CUET TEeMIEPaTyPHOro KOA(P(UIIMEHTA COTPOTUBIICHHUS
Huxpoma. Jlist pacdera mpuHSAT Kod(duIMeHT ap = 1,7-107*K™!, uro
COOTBETCTBYET  MAJIOW  TOJOXUTEIBHOW  TEMIEPATypHOM  3aBUCHUMOCTH
CONPOTHUBJICHUS.

Temneparypubiii K03(GOUIIMEHT COMPOTHBICHUS MPHUHAT IO CIPABOYHBIM
nanHbIM 118 criaBa X20H80 [33]; pacueTHsIi eperpeB cuupaliv UCIOIb30BaH Kak
YCTAaHOBUBIIAACS OIEHKA 115l Tuib30Boro TOHa B 3oHe ucnapenus OBTT.

3aBUCUMOCTh TOPSYETO U XOJIOTHOTO COMTPOTUBIICHHUS 3aMUCHIBACTCS KaK:

R. = R, (1 + azAT,,) (4.18)
rae R, — cONpOTUBIIEHUE CIIUPAIU B YCTAHOBUBILIEMCS TEIUIOBOM pexume, Om; R, —
CONPOTUBJICHUE MPU TEMIIEpAType OKpykatoien cpeanl, OM; ap — TeMnepaTypHbIi
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kod(pdunreHT comnpotuBieHus marepuana, K'; AT, — pa3HOCTh TemmepaTryp

CIIUPAJIA U OKpYkaromien cpenpl, K.
KpatHOCTB MyCcKOBOr0 TOKA JJ1s1 PE3UCTUBHOTO UCIIOJHEHUS ONPEIEIAETCS KaK:

I, _ Re

K, =1 =R " 1+ agdT,, (4.19)
rae K, — KpaTHOCTh ITyCKOBOTO TOKa, Oe3pa3MepHasi BeNMu4unHa; I, — myCKOBON TOK
XOJIOIHOTO Harpesatess, A; I, — HOMMHAJIbHBIN TOK HArpeToro Harpesatens, A; R,
— ropsdee comportuBiieHne, OM; R, — XOJOIHOE compoTuBieHue, OM; ap —
TeMmnepaTypHbii kodddunueHT conporusnenus, K'; AT, — neperpes crnupanu, K.
Ins rune3oBoro TOHa B 30ne ucnapenus OBTT nipu AT, = 470 K nonyyaem:

K,=1+1,7-10"*-470 = 1,08.

rae K, — pacueTHas KpaTHOCTb IIyCKOBOI'O TOKa, Oe3pa3MepHas BEIUYMHA; Qg =
1,7 - 10~* K~! — Temmeparypuslii kosdduuuent conporupnenus; AT,, = 470 K —
pacUYETHBIN ITEPETPEB CIIUPAIH.

[IyckoBeie TOkM pe3uctuBHOro wucnonHenus IIOHJ npu U, =220B nun
TeMIiepaType nmpoBogHuKa okojo 20 °C npuBeneHs! B Tadnuue 4.3

Tabnuua 4.3
[TyckoBbie TOKM pe3ucTuBHOro ucroanenus: [I19H]]
P, Br I, A R,, Om I, A K,
600 2,73 74,7 2,95 1,08
800 3,64 56,0 3,93 1,08
1000 4,55 44,8 491 1,08

Manasi KpaTHOCTh IYCKOBOTO TOKAa MMEET JIBa CIEACTBUA. Bo-mepBbIX, BHIOOP
aBTOMATHYECKOTO BBIKJIIOUATEISI OTPAHUYMBAETCS HE DJIIEKTPOMArHUTHOM OTCEUYKOH,
a JUINTEJIBHO JOIyCTUMBIM TOKOM JIMHUH. BO-BTOPBIX, IJIUTEIBHOCTH MEPEXOAHOTO
rpolecca  IporpeBa  COUpalid  ONPENENsieTCs  TEIUIOBOM  MOCTOSIHHOM
HarpeBaTesbHOro y3na; B cocraBe OBTT oHa OONOJHUTENBHO CrIaKMBAaEeTCs
TEIJIOBOM MHEPIMEl pabodero Teja u CTeHKH Kopryca. Pa3aenbHbiil myck Moy ien
rpynmnoBoro [IOH][ He mpuBOAWUT K OmMacHbIM HMIyJbCaM TOKa W HE TpeOyeT
OTPAaHUYUTEIBHBIX PE3UCTOPOB WIIA MATKOTO ITyCKa.

JInd  MHAYKIMOHHOIO  HWCHOJIHEHUS IIYCKOBOM  PEXUM  ONPEAEIACTCS
napaMeTpamMH BXOJHOM LEMU CHIIOBOTO MOJYNPOBOJHUKOBOTO MpeoOpa3oBaTers.
EmkocTh BxoaHoro ¢uiabTpa mnpeoOpazoBaTeisi MPU BKIOYCHUH 3apsKaeTCs
UMITYJIbCOM TOKa, KPaTHOCTb KOTOPOTO 3aBHCHUT OT CXEMbI IpeoOpa3zoBarensi U
HaJu4yusl BCTPOCHHOI'O OIPAHUYMTENS IIyCKOBOrO TOKa. IloaTomMy mapameTpsl
WHIYKIIMOHHOTO UCIIOJTHEHUS HOPMUPYIOTCSA 1o XapaKTepUCTHKAM
npeobpazoBaTes.
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4.3.3 KadecTBO dNEKTPUUYECKOM DJHEPTUM TNPH PA3TUYHBIX CIOCO0ax
PEryJIMpOBAHUS MOLTHOCTH

[Ipu npsmoM mnoakmoueHun pesuctuBHoro IIOHJ[ k cuHycompaibHOMY
UCTOYHUKY HANpsOKEHUST TOK Harpy3Kd TOBTOpsieT (GopMy HampsDKEHUS,
KOA(PGUIIUEHT MOIIHOCTH OMU30K K €IUHHIIEC, & TAPMOHUUYECKUE COCTABISIONIUE
TOKa MPAaKTHYECKH OTCYTCTBYIOT. B 3TOM pexume BnusHue IIOH]] Ha cerh
OTIpE/IENSETCSl TIaBHBIM O0pa3oM BEIMYMHOM TOKA, MaJCHUEM HAmNpsKEHUS B
MUATAOUIEN TUHUU U PEKUMOM KOMMYTAIUU.

PerynupoBanue teruioBoir momHOcTH [IDH]] MOMXET BBINOJHATBCA TPEMs
croco0aMu: CEeKIIMOHHBIM BKIIFOUEHHEM U OTKIIOUYEHUEM; TAaKETHBIM UMITYJIbCHBIM
YIPABJIEHUEM ¢ KOMMYTALMEN IIPHU MEPEXOJE HANPSDHKEHUS Yepe3 HOJIb (ZEero-cross
SSR, burst control); dha3zouMIyIbCHBIM YTNpPaBIEHUEM C PETYJIUPYEMBIM YTIOM
ornupaHus. IlpeanodTuTenbHBIMU  JJIE  TPYNIOBOM  HArpy3Kd  SIBISIFOTCS
CEKLIMOHHOE YNPABJICHHE U MAKETHOE ZEro-Cross-peryJnpoBaHue, Tak Kak (popma
TOKa B MPOBOJIAILIEM HHTEPBAJE OCTAETCA CUHYCOMIATIbHOM.

[Ipu Qa3zoumnysbCHOM pEryJMpOBaHUM Ha PE3UCTUBHOM HArpy3ke TOK
OTCEKaeTcsl Ha OTpe3ke mnonynepuona or 0 mo yrna ornupanus. [lencTByromiee
3HAYEHHE TOKA BBIPAKAETCS YEPE3 Yo OTIUPAHUS:

I, = Im\/n—amp+0,551n(2amp) (4.20)
21
rae I, — NeCTBYIOIIEe 3HAYEHNE TOKA ITPU (Pa3sOMMITYJILCHOM YIpaBiieHuu, A; I, —
AMIUTHTYJa CHHYCOMJANBHOTO TOKA JO OTCCUKH, A; Q,, — YTOJN OTIHPAHHS
THPUCTOPA, Pa.
I[O.Hﬂ aKTI/IBHOﬁ MOITHOCTH OTHOCHUTCIBHO PCKHMaA IIPAMOI'O ITOAKIIOYCHUA
OIPENENACTCS BEIPAKEHUEM:

Po _ n—amp+0,55in(2amp) (4 21)

PO s

rne P, — akTuBHas MOIIHOCTH mpu (Ha3ouMITyJILCHOM ympasieHnuu, Bt; P, —
aKTHBHAsT MOIIHOCTH TPH MPSMOM TOIKIOYCHHH, BT, @, — yroa ornupaHus

TUPUCTOPA, Pal.
Koaddurment rapmoHIYECKUX UCKAKEHUI TOKA OMPEACIISIETCS KaK:

Ziozz I‘)%
THD, = Y""".100% (4.22)
1

rae THD; — koapuiimeHT rapMOHMYECKIX UCKaKEeHU ToKa,%; [, — nelcTByoIIee
3HaueHue k-l rapMOHMKU TOKa, A; I; — nAelcTByrollee 3HAYEHUE OCHOBHOM
TapMOHHMKH TOKa, A; kK — HOMep rapMOHUKH, Oe3pa3MepHasi BEIMUMHA.
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CpaBHI/ITCJILHaﬂ OLICHKAa CIoco0oB peryinpoBaHrus MOHIHOCTH PE3UCTHBHOI'O

[IOH]] mo mokasarensM KadecTBa JIEKTPUISCKON YHEPTUU MPHUBEJACHA B TaOIUIe
4.4.

Tadonura 4.4
CpaBHUTEIIbHAS OIICHKA CIIOCO00B PEryJIMPOBAHUS MOITHOCTH PE3UCTHBHOTO
I[MOH/,

Cnoco0 Pexum / ITokazaTenu kauecTBa OrneHka
PEryJIUpPOBAHUS pabouue TOYKH 3JEKTPUUYECKON IHEPTUU MIPUMEHUMOCTHU
[Ipsimoe
P 100% PF =1;THDI <1% [Ipumenumo
MOJAKIIOYEHUE
[Ipumenumo;
Cek11oHHOE KOHTPOJIUPYIOTCS
JMCKpeTHBIE o
BKJIFOUEHHUE/OTKII PF=1;THDI <1% KOMMYTallUOHHBIE
CTYIICHU
I0OUEHUE Kose0aHus
HaNPsDKEHUs
[IpennoyTuTenbHo;
PF = 1 B mpoBoasIeM KOHTPOJIUPYIOTCSA
Harersoe unrepsane; THDI TEPUOL
YIPaBIIEHUE C 0-100% no pBaIc; P
MaJiblii YPOBEHb KOMMYTallUH,
MEPEX0JIOM uepe3 3aMO0THEHUIO
HOULE HU3KOYaCTOTHBIX KoJeOaHus
TapMOHHK HaIpsOKEHUs U
baukep
He npunumaercs kak
®dazoummnynbcHoe | 91% mpu 45°; PF =0,95/0,71; THDI = OCHOBHOE pelieHue
peryaupoBaHue 50% npu 90° 26/65% JUTS TPYTIIOBOM
Harpy3Ku
[Ipumeuanue — PF — kosdduimument wmomHocTH Harpy3ku; THDI — xodddunmeHt

TrapMOHUYECKUX UCKaKEHUH ToKa. J{71s1 (pa30MMIynbCcHOrO peryaIupoBaHts 3HaYEHUS IPUBE/IECHBI
yepes Ipo0b 175 pabouux Touek 45° u 90°.

N3 tabmuner 4.4 cneayer, yto juist [IDH]] mpenmodtutensHbl CEKIIMOHHOE
YOpaBIEHHWE U  NAKETHOE  ZEero-Cross-peryjaupoBanue.  Pa3ouMITyIbCHOE
PEryJIMpOBAHKUE HE IPUHUMAETCS] KAK OCHOBHOE PEILLIEHUE JIJIsl TPYIIIIOBOM HAarpys3KH,
NOCKOJIBKY ~OHO yxyamaeT (opMy TOKa, YBEIMYMBAET TapMOHUYECKUE
COCTABJISIIOUIME W TMPU HAJUYUM TAPMOHHUK, KpaTHBIX TpeM, CO3JaeT
JOTIOJIHUTENbHBIM TOK B HeuTpanmbHOM mnpoBoanuke. ['OCT 32144-2013 [66]
UCIIOJIb3YeTCsl NIl OLICHKM KayecTBa HAMpSKEHUS B TOYKE MPUCOECIUHEHUS,
NpeAeabHbIE HOPMBI AMHCCUM TapMoHHYeckoro toka 3anarorcsa no ['OCT IEC
61000-3-2-2021 [107], a u3mMepeHne rapMOHUK ¥ UHTEPTAPMOHHK BBITIOJIHSIETCS T10
['OCT 30804.4.7-2013 [67].

st rpynnoBo asekTpoTemnoBoit Harpy3ku [I9H/] BaskeH yueT HeCUMMETpUH,
HECHUHYCOMJIaJIbHOCTH U CBS3aHHBIX ¢ HUMU noteps B ceth 0,4 kB, uto cornacyercs
C HMCCIIEJOBAaHUSMHU IO PEXUMAM JIIEKTPUUECKHX CETEHd M MPOrpaMMHOM OLIEHKE
noTepb dektpodnepruu [116; 117]. [Ipu ganpreimemM mMaciTaOupoBaHUN TaKUX
Harpy3o0K 3a Mpeaelibl OTACIBHOIO0 00BEKTa JOMOJHUTENBHO BO3PACTAET 3HAUCHUE
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pPEKMMOB pPEaKTHUBHOM MOIIHOCTM M  CETEBBIX MOTEPh B  INHUTAKOLIUX
pacnpenenuTenbHbIXx ceTsaX. C  yd4eToM pelleHHd 10 HMHTEIUIEKTyalbHOU
KOMITCHCAIIMHA peaKTHBHOM MomHOCTH B ceTsax 20 kB [118] B mHactosmei pabote
JAHHBI YPOBEHb PAacCMATpPUBACTCS KaK BHEIIHEE CETEBOE YCJIOBHE, TOTJA Kak
pacuet [IDH/I BeImoaHsAETCS A1 TPYNIIOBBIX JUHUM 00bekTa U cetu 0,4 kB.

VYkazaHHble TpeOOBAHMS K KadyeCTBY OJJIEKTPUYECKOW 3HEPTrUU OIPEAEIISIOT
BbI00p 0azoBoro ucnonHeHust [I9H]I. Jng rpynmnoBoil Harpy3ku NpeAnoYTUTEIBHO
PE3UCTUBHOE CEKIIMOHHOE MCIIOJIHEHHE, MTOCKOJIbKY OHO COXpaHseT KOd(PPUIIUEHT
MOIIHOCTH, OJIM3KUU K €IWHUIIE, JOIMYCKAET MPOCTYI0 KOMMYTAIMIO CEKIHUA U
COBMECTUMO € TAKETHBIM  ZEro-Cross-peryJMpoBaHueM.  MHAyKIHOHHOE
UCIIOJIHEHHE, IOKAa3aBlIee IMPEUMYIIECTBO IO JWHAMUKE JIOKAJIbHOTO HArpesa,
TpeOyeT otTnenbHOM cuioBo yactu: BU-mpeoOpaszoBatens, KOppeKIUU
KO3 puUIMEHTa MOIIHOCTH, OTPAHUYEHHUS] TapMOHUYECKHX TOKOB, (UIbTpALIU
AIIEKTPOMATrHUTHBIX MMOMEX, KOHTPOJIS TEMJIOBOIO PEKMMa CHIIOBBIX 3JIEMEHTOB U
IIPOBEPKHU 3JIEKTPOMAarHUTHOM coBmecTUMOCTH. [lo3TomMy B Hacrosimieil pabote
PE3UCTUBHOE CEKLIMOHHOE HMCIOJIHEHHWE MPUHATO KakK 0a30BOE ISl MHKEHEPHOU
METOJMKHU U TPYIIOBOrO NPUMEHEHUS, & HUHIYKIMOHHOE HUCIIOIHEHUE OTHECEHO K
IIEPCIIEKTUBHOMY HAIIPaBJICHUIO JajbpHenmero pazsutus [IOH/.

BnusgHue BBIOpaHHOrO anropuTMa pPEryJIHpPOBAaHUA HA CYTOUYHBIM NpPOPUIb
notpedssemoit momuoctu [IDOH]] nokazano B npunoxenuu /1, pucynok /1.1.

Hns  waayknuonHoro wucnosHeHuss IIOHJI B Meronuke 4.3 3amarorcs
TpebOBaHUs K CUIOBOMY mpeoOpasosarento: Ay, = 0,95 B pabouem quamnasoHe
MOUIHOCTH; 1)y, = 0,85-0,93; THD; — B npenenax Hopm smuccun 'OCT IEC 61000-
3-2-2021 [107]. 'apmOHMYECKHI COCTaB TOKA KOHTPOJIUPYETCA U3MEPEHUAMH 10
I'OCT 30804.4.7-2013 [67]. Ot TpeOOBaHUS OTHOCATCA K HWHAYKIUOHHOMY
WCITOJIHEHHIO M HE U3MEHSAIOT OCHOBHOM pacyeT Pe3uCTUBHOIO UCIIOTHEHUS.

4.3.4 I'pynmnoBoe BKJIIOYEHUE TPUOOPHBIX MOJIYJIEH U pacnpeiesieHue Harpy3Ku
no ¢azam

B crnenapun 30HaIBHOTO OTOIJICHUS, PACCMOTPEHHOM B Tmozpazaene 4.5,
CyMMapHas ycTaHOBJIE€HHass MOITHOCTh rpynnsl [I9H/] npunumaercs paBuoii 14,4
kBT npu 18 npubopusix moxynsax [19H]/[-800 HomuHranbHO#M MotHOCTRIO 800 BT
KaXbIi. Takoe 3HaUeHHE COOTBETCTBYET (PaKTUUECKOMY OOBEKTY TiIomaaso 840
M? ¥ BBICOTOHM 9 M: yacTh IPUOOPHBIX MOJYJIEH pa3MeniaeTcs B 0PrUCHO-OBITOBOM
0JI0Ke, a 4acTb — B paCIpEICIICHHBIX PadOYnX 30HAX MPOW3BOJCTBEHHOTO IIEXa.
Pacnpenenenue npuOOpHBIX MOAYJIEH TTO3BOJISET COIIACOBATh TEIJIOBOM PEXUM C
(daKkTUYECKO 3aHATOCTBIO 30H W OOECIEYUTh PABHOMEPHOE TMOAKIIOYCHHUE K
Tpexdasznoit cetn 380/220 B.

YcraHoBICHHAS MOIITHOCTD, HArpy3Ka Ha a3y ¥ TOKU TOATPYIIT OMPEACIISTIOTCS
CJIEIIOLUM PacuyeTOM:

Pyct = Nwmog - Pmog /1000 = 18 - 800 /1000 = 14,4 kBT;
Pp = Pyct/3 = 14,4 /3 = 4,8 kBT;
Iop = Pp - 1000/ U¢p = 4,8 - 1000 /220 = 21,8 A;
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Prnoarp =3 - 800/ 1000 = 2,4 xBrT;
Imoarp = 2,4 - 1000 /220 = 10,9 A.

HecbanancupoBanHoe pacrpeneiaeHie NpUOOpHBIX MoAyJel 1o ¢azam
IIPUBOJUT K BO3HMKHOBEHHUIO TOKA B HEUTPAJIBHOM IPOBOJHUKE U YBEIMYEHHUIO
NOTEPb B TMHUU. JJI1 OLIEHKH TOKa HEUTpaJId MIPU aKTUBHOW Harpy3ke 0e3 BhICIINX
TapMOHHK U cIBUTOM (ha3HbIX TOKOB 120° mpuMeHsIeTCs BIpaXKCHHE:

Iy=+I?+12+1%—Lilg —Iglc — I, (4.23)

rae Iy — TOK HEUTpallbHOTO TPOBOAHUKA, A; Iy, Ig W I, — nelcTByIOIIME 3HAYEHUS
TokoB a3 A, Bu C, A.

[Tpu nepexoce a3z +20% orHOCUTENBHO cpeaHero 3HadeHus 21,8 A ¢asHbie
TOKH NPUHUMAIOT 3HAYEHUS:

I, = 26,2A,15 = 21,8A, I, = 17,5A, Iy = 7,5A.

[TosTomy pacmpeneneHue npuOOpHBIX MoAyJied mo (a3zaM HPUHUMAETCS C
oTKJIOHEeHHEeM He Bbilie +£10% oT cpennel Harpy3ku (asbl.

ANTOpUTM ynpaBieHHs] TPUOOPHBIMH MOAYJISIMU HCKJIIOYAET OJHOBPEMEHHOE
BKIIOUeHHe Bcex 18 mpubopubix moayneit [I9H/I-800 mpu BbIXo/ie CUCTEMBI Ha
PEXUM U3 XOJOJHOIO COCTOSIHUA. [l 3TOro mpuMeEHsIeTCs MooYepeaHas nojaada
MOIIIHOCTH C 3aJIepKKOM Mexy noarpynnamu 2—3 c. Takas 3agep’kKka CHHYKAeT
BEPOATHOCTh OJHOBPEMEHHOTO BKJIIOYEHMsI OOJIbIIOW Harpy3KH, YMEHbBIIAET
aMIUIUTYly TEPEXOAHOr0 Mpolecca BO BBOJAHOM JIMHUU M oOJjeryaer padboTy
KOMMYTAallMOHHO-3aIIUTHON anmnapaTypbl 0ObEKTa.

CBojHbBIE AIEKTPOTEXHUUYECKUE TapaMeTpbl rpynmnoBoro BkiatoueHus [TOH]]
npuBeAeHbI B Ta0nuIe 4.5.

Tabnuna 4.5
DIIEKTPOTEXHUUYECKME TapaMeTpbl rpynnoBoro BkmwoueHus [IOHJ[ mud
CUEeHapus 30HaIbHOTO norpesa 14,4 kBt

[Tapamerp 3HaueHue KommenTapuii
VYcTaHoBleHHAs MOITHOCTE PyCT 14,4 xBt [Tpunsto ais nexa 840 m?
Yucno npubopHbIX Moxyael Ny, 13 18 mpubopueix moayneit IITDH/I-800;
(Pox = 800 Br) 18 - 800 = 14,4 xBr
Pacnpenenenue no ¢azam A/B/C 6/6/6 PaBHOMeEpHOE
Harpy3ska Ha a3y 4,8 kBT [Tpu paBHOMEPHOM pacnpeaeeHun
®a3Hbli TOK I, 21,8 A 4800/220
[Toarpynma (3 mpuOOpHBIX 2,4 kBT; Jlunusa Cu He MeHee 2,5 MM?;
moayasi X 800 Br) 10,9 A aBToMmat kiaacca C 16 A
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[Tponomxenue TadauIbl 4.5

KosmgectBo moarpymnm Ha dazy 2 6 npuOOpHBIX MoayJIe = 2 X 3
BBoaHol aBTOMaTHYECKUH 3P, 32— [To nuTeapHOMY TOKY, CEYEHUIO
BBIKJIIOYATEIb 40 A BBOJIHOI'O Ka0eJIsl U CEJIEKTUBHOCTH
o ITo cpennei Harpy3ke da3nl; KOHTPOIIb
Jomnyctumslii nepekoc ¢a3 <+10% pea pyske (aser; p
o (4.23)
3agepkka MycKa MexX
AeP Y Y 2-3c¢ CHuKeHHEe MyCKOBOI0 UMITYJIbCa
NOATrpynnamMu

4.3.5 CelleKTUBHOCTH 3aIUT U 3JIEKTPOOE30MaCHOCTh

OnektporexHuueckas 3ammra [IOHJ[ crTpontcs mno JOBYXypOBHEBOMY
npuHuumy. Ha ypoBHe KOHEYHOW JIMHMM WM MPUOOPHOTO MCIOJHEHUS
IPEeIyCMaTPUBAIOTCS YCTPOMCTBO 3aIIUTHOTO OTKIIIOUEHHUS ¢ U PepeHInanTbHbIM
TOKOM cpabatbiBanus 30 MA, TepMONpeIOXpaHUTEIb B HAarpeBaTEIbHOM Y3J€ U
3aIIMUTHOE 3a3€MJIEHUE OTKPBITHIX MPOBOJAIIMX 4acTed. Ha ypoBHE rpymnmoBoro
IUTa MPUMEHSIOTCS aBTOMATHYECKHE BBIKIIOYATEIN TPYIIOBBIX JUHUNA U
cenektuBHoe Y30 BBosa ¢ aAuddepenimaibHbiM TokoM cpadarbiBanus 100 wau 300
MA. PaznenpHO€ NMOAKIIOUEHHE LIETIEN CUJIOBOTO MUTAHUS HArpeBaTess W Lenei
WU3MEPEHUS U yIPaBJICHUs, a Takke npuMeHeHue kiacca 3amuTsl [ mo I'OCT IEC
60335-1-2015 [46] obecrieunBaroT 3JeKTPOOE30IMaCHOCTh TOTOBOI'O MpUOOpa.

CeneKkTUBHOCTh IO TOKY OOECNeYMBAeTCs HepapXueii HOMHUHAIBHBIX TOKOB
BBOJIHOTO Y I'PYNIOBOIO arapaToB 3allUThI:

Ligrpe = 32—40A > Ly 1y = 16A > [, = 10,9A (4.24)

r0€ Ilyprps — HOMHMHAIBHBIA TOK BBOJHOTO TPEX()a3sHOrO aBTOMATHYECKOIO
Boiktouaresnst rpymmbl HIDH, A; [, — HOMHHAIBHBIA TOK aBTOMATHYECKOTO

BBIKITFOYATEIsT TOATPYNIbL, A; Lonp

— pacyeTHbId TOK MOJATPYIIIBI U3 TPEX
MOJTyJIEH, A.

CenexktuBHOCTH 10 JU(PepeHInaTbHOMY TOKY 00€CTeunBaeTcs MPUMEHEHUEM
cenektuBHoro Y30 tuma S Ha BBOAE wUTa C JaU(PepeHIHaTbHBIM TOKOM
cpabatbiBanus 100-300 MA u 6bicTpoaeiicTByonmx Y30 Ha KOHEUHBIX JIMHUSAX C
muddepennuanbabiM - TokOM  cpabareiBanust 30 MA. Ilpu OGonbimom dwmcie
npUOOPHBIX MOJYJIEH YUHUTBHIBAIOTCS COOCTBEHHBbIE TOKM YTEUKH HarpeBaTelsieH,
(GUIBTPOB U MOJIYIPOBOJHUKOBBIX KITHOUEH; M0o3TOMY UyBcTBUTENbHBIE Y30 30 MA
YCTaHABJIMBAIOTCS HAa KOHEYHBIX JIMHUSX WJIM MOArPYIINax, a He Ha BBOJAE BCEH
rpynnsl. Tun Y30 BeiOupaeTcs 1o XxapakTepy Harpy3Ku: JUisl YUCTO PE3UCTUBHOTO
UCIIOJTHEHUs 0€3 CUIIOBOM AJIEKTPOHUKHU JonyckatoTes Tun AC wiu A; i 1ienei ¢
VIEKTPOHHBIM  YIIPABICHUEM MPEANOYTUTENEH TUIl A; Ui HMHIYKIHOHHBIX
npeobpaszoBareyieid 1 YCTPOMCTB C BO3MOXHOM MOCTOSHHOM COCTaBJISIOIIEH TOKa
yTEUKH TUIN  3allUThl NPUHUMAETCs MO  TpeOOBaHUSAM  M3TOTOBUTEIS
npeoOpaszoBarensi, BKIOYas TUN B 10pu HaIMYUM Takoro TpeOOBaHUS.

95



Metannueckuii TpUOOPHBIM MOIYJb C MOJKIOYEHUEM OTKPBITBIX MPOBOIAIIMX
yacted K PE-TpoBOAHMKY OTHOCUTCS K KJIacCy 3amuThl .

KOHTpOJIb TEMIIOBOTO M 3JIEKTPUUYECKOr0 PEKUMa IPHUOOPHOTO MOAYIS U €ro
BHYTPEHHHX CEKLMI BBIIIOJIHAETCS CPEICTBAMHU IKCIUTYaTALMOHHOTO KOHTPOJLIEPA,
a He3aBHCHMas aBapUiiHas 3allUTa AEMCTBYET MapauIeIbHO IPOrPAMMHOMY LIUKITY
KOHTpoJJiepa M 00ecreynBaeT OTKJIIOUYEHHWE TMHTaHUS HE3aBUCHMO OT €ro
paboTOCTIOCOOHOCTH.

4.3.6 Pexxum paOOThl MPU OTKIOHEHUSIX HAIPSKEHUS U KPATKOBPEMEHHBIX
nepepbiBax MUTAHUS

[IOH/] xak TemioBas Harpy3ka OTHOCUTCS K KaTETOPUUA MaJO4yBCTBUTEIbHBIX
K KpaTKOBPEMEHHBIM IepepbiBaM MuTaHusA. [Ipu mnpoBanax HaNpsKEHUs U
KPAaTKOBPEMEHHBIX MEPEPhIBAX MPOJIOIHKUTEIBHOCTRIO 10 1 C TemioBas UHEPLUS
HarpeBaTesbHOro y3ia u padbouero tena IBTT koMmneHcupyeTr KpaTkOBpEMEHHOE
IpEeKpalleHle 3JIEKTPOTEINIOBOIO IMMO/ABOJAa 0€3 CYUIECTBEHHOTO W3MEHEHUS
TEMIIEpaTypbl  TEIUIOOTAAIOWMIEW MOBEpXHOCTU. llemw ympaBiaeHuss mocie
BOCCTAHOBJICHUS MUTAHUS BBINOJHIIOT COXPAHEHNUE YCTAaBOK, CAMOJUATHOCTUKY U
IIOOYEPETHOE BKIOUYEHUE MOTYJIEH.

JIns1 p€3UCTUBHOM HArpy3KH 3aBUCUMOCTh aKTUBHOM MOIITHOCTH OT HANPSIKEHUS
MMEET KBaJIpaTUYHbBIN BUI:

2
P(U) =R (5) ,P(0,9U,) = 081R, P(11U,) = 1,21R,  (4225)

H

rne P(U) — akTuBHas MOLIHOCTh MNMpH (aKTHUECKOM Hampsbkenuu, Bt P, —
HOMUHAJIbHAsl aKTHUBHAs MOIIHOCTh, BT; U — dakTudeckoe pazHoe HanpspkeHue, B;
U, — HoMuHanbHOE (ha3HOE HampsiKeHue, B.

CrnenoBarenbHO, CHM)KeHHE HamnpsbkeHuss Ha 10% yMeHbIIaeT MONIHOCTH
npuMepHo Ha 19%, a noBeienue HanpsbkeHus Ha 10% yBenuuuBaeT ee NpUMEPHO
Ha 21%.

4.3.7 CBognbie dnekTpoTexundeckue TpedboBanms k [I19H]]

OnexktpoTexHuueckne TpeboBanus k [IOHJ[ xak k  ympaBiasiemoit
AJIEKTPOTEIJIOBOM HArpy3Ke CHUCTEMBI JJIEKTPOCHAOXKEHHSI OOBEKTa CBEIICHBI B
Tabnuiy 4.6.

Tabnuma 4.6
CBoanble 2ieKTpoTexHUueckue Tpedopanus k [IOH]]

[TapameTp 3HadeHne/TpeOoBaHNE VI cTOYHMK HOPMBI
Homunanshoe 220 B/50 I'm kak pacuernas 6aza | ['OCT 29322-2014 [112];
HaIpsHKCHUE, YacTOTa MPUOOPHOTO MCIIOJTHEHHS MIPOCKTHBIE TAHHBIC CETH

OTKIIOHCHIC Bnusane Ha MOIIHOCTD
YUYUTBIBAECTCS MO KBAAPATUYHON I'OCT 32144 [66]
HaMPSKCHUS
3apucumoctu P (U)
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[Iponomkenue Tabmauipl 4.6

KparHOCTB ITyCKOBOTO
TOKa PE3UCTHUBHOIO
VCIIOJIHEHUS

K, ~ 1,08

Pacuer o (4.18)—(4.19)

Ceuenne UTaIONIEH
JINHUU

Cu 1,5 Mm? 111 OTMHOYHOTO
npubdopa 600-1000 Bt 1o 25 m;
1u1s noarpymnsl 2,4 kBT — Cu He

MeHee 2,5 Mm?

ITY3 PK [103]; IITD [104];
IITH [113]; pacuet no TOKy
U MaJICHUIO HAIPSKEHUs

Ha,[[eHI/Ie HaIIpsAKCHUA

Kontpommpyercs no (4.16)—

[TpoexTHOE OrpaHuveHUE

B JIMHUU 4.17)
Kospduument PF = 1 npu npsiMoM, N
MOIITHOCTH Pacuer; mpoekTHBII
CEKIIHOHHOM H ZEero-Cross- N
PE3UCTUBHOTO KpUTEpUi
peryJIupoBaHUH
WCTIOJTHEHUSI
J71st mpsIMOTO M ZE€ro-Cross- Hopwmbr — I'OCT IEC
["apmonnueckuit perynupoBanus TH D, mau; 61000-3-2-2021 [107];

COCTaB TOKa

(a3onuMITyIbCHOE yIIpaBICHNE HE
UCIOJIb3YETCsl KAK OCHOBHOE

m3mepenne — ['OCT
30804.4.7 [67]

Pexomennyemslit
crnoco0 peryJupoBaHus

CeKIMOHHOE BKIIFOYECHUE U
MAKETHOC YIIPABJICHUE ZErO-Cross

ITonpaznen 4.3.3

3amuTa oT HOpakeHUs

V30 30 MA Ha KOHEUHOI JINHUA

I'OCT IEC 60335-1 [46];

TOKOM unu noarpynne; knace 3ammtel [ | TTYD PK[103]; IITH [113]
CenexTuBHOCTH 110 CenextuBnoe Y30 100-300 MA ITY PK [103]: ITTD [104]:
muddepeHManbHOMy | TUNa S Ha BBOZE; KoHeuHbIe Y30
T [113]
TOKY 30 MA
Mepexoc (a3 mpH He Boiie £10% 1o cpenneit
P P Harpyske (a3bl; KOHTPOJIb IO Pacuer no (4.23)

TpyHIIIOBOM BKIIFOYCHHUUN

(4.23)

3azepiKKa Imycka
MEXY TOATrPYIIaMH

2-3¢

ANTOpUTM ynpaBiIeHUS

3anmrHoE 3a3eMIIEHUE

Knacc 3alllUThI I; KOHTPOJIb
COIIPOTUBJICHUSA U30JIALUN

I'OCT IEC 60335-1 [46];
[IYD PK [103]; TITB [113]

4.4 Pa3zpa0doTKa cCHCTEeMbl MOHUTOPUHIA, ABTOMATUY€CKOI0 YIIPABJICHUS U
aBapuiinoii 3amutsl [T H/I

CucreMa MOHUTOPUHIA, aBTOMAaTHYECKOTO YIIPABICHUSI U aBApUWHOW 3aLUThI
[TOH/I npenna3zHadeHa 1Jisi HEOPEPHIBHOTO KOHTPOJISI TETVIOBBIX U AJIEKTPUUYECKHUX
napamMeTpoB mnpudopa, MOJAEp>KaHUs 33aJaHHOTO pEeXUMa HarpeBa U IMepeBoja
MOAYJsi B 0€30MacHO€ COCTOSIHUE MPU BO3HMKHOBEHHWM HEIITATHBIX YCIIOBUU.
CTpyKTypHO cHCTEMa MOCTPOEHA MO TPEXYPOBHEBOMY NPUHUMITY U BKIKOYAET
U3MEPUTENHbHO-UH(POPMALIMOHHBIN YPOBEHb, SKCIUTyaTallMOHHBIM KOHTPOJUIEp M
HE3aBUCUMBIM KOHTYP aBapUMHOM 3aILNTHI.

N3meputenbHO-MHPOPMAIIMOHHBIM ~ ypoBeHb  (OpMUPYET  JaHHBIE O
TEMIIEPATYpax, HAIIPSIKEHUH, TOKE, aKTUBHOM MOIIHOCTH M COCTOSIHUM Harpys3KHu.
OKCIUTyaTalMOHHBIA KOHTPOJUIEP HMCHOJIB3YEeT 3TH JaHHbBIE Uil TOJIJAEPKAHUS
3aJaHHOI'0 TEMIIEPATyPHOIO PEXUMa C TUCTEPE3UCOM, CEKIIMOHHOIO BKIIFOYEHUS U
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OTKJIFOYCHUS] HArpeBaTEIbHBIX IEMEHTOB, a TAKXKE I OTPAHUYEHUS YaCTOTHI
KOMMyTaui. He3aBuCUMBIN KOHTYp aBapUMHOM 3aIUThI BBIIOJIHIET OTKIIFOUEHUE
NUTaHUs [pU [EpPErpeBe, TOKE YTEYKH, KOPOTKOM 3aMbIKAHUHM, HapyLICHUH
M30JBILMM WM OTKa3e TEMIIEPATYPHOIro KaHaua. Takoe MOCTPOEHHE MCKIIOYAET
3aBUCUMOCTh  Oe3omacHoctd [IOHJ[ Tonpko OT mOporpaMMHOro  IMKJA
MHKPOKOHTPOJIJIEPA U KOMAaH]I OIIEpaTopa.

ba30BbIi1 3aKOH IBYXIIO3ULIMOHHOTO YIIPABIIEHUS C THCTEPE3UCOM 3aITUCHIBACTCS
KaK:

1! Ti(t) < TBKJ'I'
Uu; (t) = 0, Tl(t) > TOTKH, (426)
ui(t - At): TBK.H < Ti(t) < TOTK.H

rae u;(t) — cocrosHue (- yHpaBIsIEeMON CEKIMH WM IMOATPYMIBI B MOMEHT
BpeMeHH t, Oe3pa3mepHas BEIMUYMHA; 3HAYEHHE | COOTBETCTBYET BKIIIOUEHHUIO,
3naueHne 0 — orkmoueHuto; T;(t) — koHTpoimpyemas temreparypa, °C; Ty, —
ycraBka BkioueHus, °C; T, — ycTaBka oTkinouenus, °C; At — mar JuCKpeTHOro
yIIpaBJIEHUS], C.

s TemrieparypHOro KOHTPOJIA pa3rpaHUyYeHbl IMANa30Hbl PUMEHEHUS
natyukoB. KaHanbl BHYTPEHHEN 3JIEKTPOBAKYYMHOM CEKUMHU U 30H HArpeBa, I
BO3MOkHBI TemnepaTypsl Bbiie 100 °C, BeimosHsAOTCA Ha Tepmonapax tumna K
(XA), Pt100/Pt1000 wmnm Apyrux JaT4MKaX COOTBETCTBYIOLIErO JMala3oHa.
[udpossie natunku tuna DS18B20 npuMeHstoTCs 1J1sl HU3KOTEMIIEPATYPHBIX 30H:
JIOCTYITHOM MOBEPXHOCTH KOXKyXa, BO3[yXa, OJIOKa yIpaBJi€HHUS U OKpY’Karolen
Cpellbl; MX BBIOOp M OrpaHUYEHUs MO 00JIACTU MPUMEHEHUs NPUHUMAIOTCA IO
TEXHUYECKOMY onucanuto gatuvka [119]. Takoe pasneneHue HUCKIOYAET
IIPUMEHCHUE HU3KOTEMIIEPATYPHBIX JATYMKOB B 30HAX, IJI€ UX HU3MEPUTEIbHBIN
JIAAIIa30H HEJOCTATOYECH.

KitoueBbie KaHaIbl MOHUTOPHUHTA, YIIPABICHUS U aBapuiHOM 3ammThl [I9H]]
IpeCTaBIICHBI B Ta0auIie 4.7.

Tabmnura 4.7
KiroueBble kaHaIbl MOHUTOPUHTA, YIPABICHUS U aBapuitHoO 3amuthl [T9H]]
JlaT4uK/MCIOTHUTETHHBI [TapameTp
V3en/kanai . Hasnauenue
# DIIEMEHT KOHTPOJIA
Kontpons
BBICOKOTEMIIEPATYPHOTO
e)XHMa BHYTPEHHEN
BryTpeHHs4 Tepmomnapa K (XA), T, °C ceE i o YME OBAHIIC
IBTT-cekius Pt100 wm Pt1000 ' " PMUD
CUTHaJIa OTPaHUYCHUS WIN
OTKJIIOYEHUS TIPU
neperpese
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[Tponomxenue Tadauibl 4.7

Koutpons Temneparypsl
DS18B20 i POt patyp
Koxyx u N JIOCTYITHOM TTOBEPXHOCTH U
AHAJIOTUYHBIA o
JOCTYITHAS . Ts, °C MOATBEPKICHUE
HU3KOTEMIIEpaTyPHBII
MTOBEPXHOCTh ATHHK 0€e30I1acCHOT0 TEILIOBOrO
COCTOSIHMSI KOpITyCca
O11eHKa TENI00TIauH,
€CTECTBCHHOM KOHBEKIIUN
Bosyx 1 30Ha DS18B20 wn . i,
. Ts, °C 3allbUICHUS ¥ BO3MOKHOTO
opeOpeHus AHAJIOTUYHBIA JaTUYNK
NEPEKPBITHS BO3YIIHOTO
KaHalia
Koutponrs Temneparypsl
DS18B20 mwm P Arepatyp
. AJIEKTPOHHOM YacTh U
Biok AHAJIOTUYHBIA o
. Ta, °C MpeAyNpexICHIE
yIpaBiIeHUS HU3KOTEMIIEpaTypPHBII
neperpeBa 3JIEMEHTOB
JaTYUK
yIpaBJeHUs] U UHIANKAIIUU
Kontponb paktuuecku
o Monayns u3MepeHus HOJIBEICHHOI MOIITHOCTH
DNEeKTpUUECKUM Y p AABEA HI ’
BXOJ MOYJIS HAIPSKEHUS, TOKA U U, B; I, A; P, Br | mneperpy3ku, OTKJIIOHEHUS
y MOIIIHOCTH HaIPsHKEHUS U peKrMa
BKJIFOUCHUSI HArPy3KHU
CocrosHue CeK1MOHHOE yIpaBlIeHUE
SSR zero-cross wiamn Harpys3Ku; MOIIHOCTBIO U
KomMMyTannons
. AIIEKTPOMEXAHUUECKOE YHCIO0 LHUKIIOB; MpeAynpexICHIE
BIH DJIEMEHT
pene TeMIiepaTypa neperpeBa KOHTaKTOB WIIH
y37a TBEPJOTEIILHOTO pejie
o Toxk
ABTOMAaTHYECKUH OTKIIIOUeHNE TUTAHUS
Meperpy3Ku; TOK
BBIKJIFOYATE)b, Y30 mim HE3aBHUCHMO OT
HesaBucumasn YTEUKHU;
o muddepeHansHas MUKPOKOHTpPOJLIEPA,
aBapuiiHas CONPOTHUBIICHUE
3amura, PE-mpoBoHUK, [IPOrPaMMHOI0
3aluTa H30JISIIIHN; <
TEPMOINPETOXPAHUTEND, HpeenbHas uHTepdeiica u KoMaH]
KOHTPOJIb U30JISIUN P oreparopa
TeMIiepaTypa
[IporpammHoO-anmaparHas peann3anus CHUCTEMBI KOHKPETU3HUPYET

U3MepuTenbHO-uHpOpMaIMOHHbIH  ypoBeHb [IOHJ] u mnpemycmatpuBaeT 1Ba
YPOBHSI IIPEACTABJIEHUS] JAHHBIX: BCTPOEHHBIM M KOMIBIOTEPHBIA. BCTpOEHHBINM
YPOBEHb BKIIFOYAET MUKPOKOHTPOJUICPHBIN OJIOK, TemrepaTrypHbie KaHaibl Ti1—Ta4,
MOJyJIb U3MEPEHUS HAIPSKEHUS, TOKAa U aKTUBHOW MOIIHOCTH, JoKainbHyt0 LCD-
WHJVKALWIO U UCIIOJHUTEIBHBIE BBIXOIBI Ha SSR-perie Win 31eKTpOMEXaHUIECKUE
pene. KommbioTepHbli ypoBeHb obecneunBaeT cBsizb uepe3 USB-COM,
BU3YaJIM3aLMI0 TEMIEPATYPHBIX M JJIEKTPUYECKUX IAPAMETPOB, H3MEHEHUE
yCTaBOK U (hOPMHUPOBAHUE apXHBa 3aPErUCTPUPOBaHHBIX AaHHBIX B CSV-hopmare.

B omnbiTHOM peanuzanmu  ucnoib3oBaHbl Arduino, mmHa OneWire s
IU(PPOBBIX TEMIIEPATyPHBIX JTATYUKOB, BHEITHUNU MOAyJb nu3mepenus U/I/P, LCD-
mucruieit 20x4, SSR-pene u mporpamMma omepaTtopa Ha Python ¢ 6ubnnorexamu
PyQt6 u PyQtGraph. [Inst roroBoro npu6opa kanai T1, OTHOCSIIMIICS K BHYTPEHHEN
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CEKLIMU W 30HE Harpesa, JOJDKEH BBINOJIHATHCA Ha Tepmonape thna K (XA) umm
Pt100/Pt1000. Kanambr T>—Ts, KOHTpONHpyIOMUE KOXYX, BO3AyX U OJIOK
yOpaBJIEHHS, MOTYT BbINOJAHATBCA Ha DS18B20 wnm  aHamOrMyHbIX
HU3KOTEMIIEPATYPHBbIX  AaTuvkax. [IporpamMmHo-anmapatHas  apXuTeKTypa
pa3paboTaHHO#N cucTeMbl MOHUTOpUHTa W ympasienus [IDH]] nmpencraBiena Ha
pucyHke 4.3.

H DATYUKN TEMNEPATYPbI E
| 1
1
! BHyTpeHHss Cekuus | TePMonapa !
! Ti | (soma Harpesa) una K (XA) !
| wnu Pt100/Pt1000 | 1
| i
' | MWKPOKOHTPONNEP /
i DS18820 i KOHTPONMEP CEOPA JAHHbIX
i Tp [ Koxyx wnaanonsis | | AA Ynpaensioupe curkans! | YCTIONHUTENbHbIA MOAY/b HATPEBATE/b
! > . Onpoc parukos s (SSR-PEJIE) | (CEKUMYM N3HA)
i i
« Ounetpauus u obpabotka

i T, | Bosayx DS18B20 | T P: X
! WK @HANOTUYHBIH ! « Pacuér napamertpos :
5 H » KOHTpOnb ycTaBoK ¥ CUrHan13aumit :
E T. Bnok ynpasnexus DS18820 | * YnpaBneHue UCNONHUTENbHLIMK H
I ¥ W aHANOTWHbIA : ycTpoiicTeammM MK ONEPATOPA |
e e —— - . « Nepenaya aakHbIx Ha MK Canas (USB) (MO MOHUTOPUHIA) i

« »  Python, PyQt6, PyQtGraph H
[ e e

WU3MEPEHME 3MEKTPUYECKMX MAPAMETPOB | « Busyanusauus napametpos 4 CSV-APXvB .
S « HacTpoika ycTasok (KYPHAJ UCTMbITAHWIA)
I Hanpsxetue (U) I + XypHan cobbITwit 1 asapuit
« 3KCNOPT AaHHbIX

Tok (1) I

| AxTuBHas MowHocTs (P)

e s s B SR SR S|

A

BNOK NMUTAHUA

220 B AC — HWU3KOBONLTHOE NUTaHWe
KOHTpONNepa 1 Moaynen

_________________________________________________________________________________________

5 HE3ABVCUMAS ABAPUMHASA 3ALLMTA
!
i

i
i
1
|
b AsTomarudeckuit PE-nposoaHuk H y
o Y30 TepmonpeaoxpaHuTens KoHTponk usonauum = ey
pmonp
i BbIK/IONaTENb (3asemnenue) I
i i
_______________________________________ i O e R R I S S S S o R S i
'
1
A

OTKNIOYEHWE NUTAHWA NPU aBAPUIAHBIX PEXUMaX
HEe3aBMUCHUMO OT MMUKPOKOHTponnepa u MO

T1— repmonapa tuna K (XA) nnu Pt100/Pt1000 nns BHyTpeHHEH cekuuy;
T,—T,— DS18B20 wiu aHamoruyHbIe TaTYUKH JIJIST KOXKYXa,
BO3/yXa U OJO0Ka yrpaBlIeHHs

Pucynok 4.3 — IIporpamMmMmHo-anmnapatHas apxutektypa Mmonutopunra [19H/]
Ha ONBITHOM CTEHJIE

[lepBoHayanbHas peanu3alys CUCTEMbI yNpaBiIeHUs Oblla BHINOJIHEHA B BHUJIE
IPOCTOro OJIOKA KIMMAT-KOHTPOJIS C JIOKATbHON MHAMKALMEW U PeryJupOBaHUEM
HarpeBa o TeMneparypHoil ycraBke. JlaHHbIN BapuaHT IPUMEHSIICS JUIsl OTPAOOTKH
0a3oBoro npuHiKna repmoperyiaupoanus [I9H/I u olieHKH yCTOMYUBOCTH pabOTHI
HarpeBaTelIbHOW CeKIMU. BHemHuil BUA paHHEro OJioKa KIMMaT-KOHTPOJIA
MIPUBEJEH Ha pUCYyHKe 4.4.
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Pucynok 4.4 — bnok knumat-kontpostst IIDH]]

[Tocne mpoBepkn 6a30BOTO peknMa Obuia pa3zpaboTaHa pacIIMpeHHash cxema
yIpaBleHUs] HarpeBaTesIMH M CHOPMHUPOBaHA KOMIIOHOBKA OMBITHOTO OJIOKa
ynpaieHus. [Ipyu pa3paboTKe CHIIOBOW YacTH YYHTHIBAINCH CXEMOTEXHHYCCKHE
pelIeHuss 10  KOMMYTAallMM  HAarpeBaTelbHOW  HArpy3Kd, IPUMEHEHHUIO
UCTIOJTHUTEIILHBIX 3JIEMEHTOB, Pa3MEIICHUIO0 U3MEPUTEIILHBIX M CHJIOBBIX IETeH, a
TaK)Ke PEKOMEHJIAIIMH TI0 BHIOOPY TBEPIOTEIBHBIX PEJie U CHIIOBBIX KOHTPOJIIICPOB
[64; 65].

Cxema BriroueHus Harpesarener [I9H/] npeacrasiena Ha pucyske 4.5.

FAl KM1

L o ﬁ; a Al o o

|

| e {mz
220 B ! KOHTpOILIED

i R1 -

]

o e
N
S? VD2 VD3 @2
vp1 /N C 4 - s, /N vp4

Pucynok 4.5 — Cxema Bkitouenust HarpeBareneid [ITDH /]

AnmapaTtHas 9acTh ONBITHOTO OJI0Ka YIIPABJICHUS BKIIOYAET MUKPOKOHTPOJLIED,
U3MEPUTETbHBIC KaHAJbI, SJIEMEHThl KOMMYTAIlUW, II€MU TMHUTAHUS, JOKAIHHYIO
WHUKAIUIO U COCIMHUTEIbHBIC HHTEP(EiCchl. Pa3menienne 0CHOBHBIX 3JIEMEHTOB
0JI0Ka ynpaBJIeHHs TIOKa3aHO Ha PUCYHKE 4.6.
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1 — cereBas mwITENnceNbHAs BUJIKA JIJIs MOJKIIFOYEHUS K CETH NepeMeHHoro Toka 220 B,

2 — ceTeBOM IIHYP, 3 — KHOMKH YIIPABJICHUS U HABUTAIIUHU, 4 — TP BOCBMUCETMEHTHBIX
WHMKATOpa TeMIIepaTyphbl, 5 — MHIWKATOP BKIIOUEHUS HATPY3KU, 6 — HHIUKATOP OTKIFOUYEHUS
Harpy3ku, 7 — Kopiyc 0J0Ka ynpasiieHus, § — JaTYUK TEMIIEPaTyphl, 9 — CETeBOU MIHYP JJIs
noakitoyeHus 30, 10 — cereBoit aganTep i noakaoueHus 20

Pucynok 4.6 — DneMentsl 6510ka ynpasiaenus [IDH]]

Jist  xoHTpons paboumx mnapamerpoB IIDHJ/[ mpemycMmorpena cucrema
MOHUTOPUHTA, OOBEAMHSIONAs OJIOK YIPaBJICHUS C JIOKAIbHOW WHIUKAIMEH U
BO3MOKHOCTh MOJKIIOUYEHHUS K MEPCOHATIBHOMY KOMITbIOTEpY. Takass KOMIIOHOBKa
oOecrieynBaeT  OTOOpaKEHUE  TEMIEPATYPHBIX  KAHAJIOB,  AJIEKTPUYECKUX
MapaMeTpoOB M COCTOSIHHUSI HArpy3KH Kak HEMOCPEACTBEHHO Ha CTEHAE, TaK U B
nporpamMmmMHOM  uHTepdeiice.  KommploTepHas  BU3yanu3aius  MO3BOJISET
OTCJIC)KMBATh M3MEHEHHE MapaMeTpoB BO BPEMEHH, KOPPEKTHUPOBATh YCTAaBKU M
dbopMHUpOBaTH APXUB 3aPETUCTPUPOBAHHBIX IAHHBIX TSI TOCIIEAYIOIEH 00padOTKH.
OO6mmit Bua paspaboTaHHoM cuctembl MoHuTopuHra I[IDH][ ¢ nokanbHOM
VMHJIMKAIMENW U KOMIIBIOTEPHOW BU3yalu3allMei mapaMeTpOB MPUBEIECH HA PUCYHKE
4.7.

Pucynok 4.7 — O0uwmit Bua cuctemsl Monutopunra [I9H/] ¢ nokansHOM
VHJAKAEW U KOMIIBIOTEPHOU BU3yAJIM3alAEN IapaMeETPOB
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AnropuTtMm cOopa JTaHHBIX peau3yeTcs B HEMPEPHIBHOM LIMKJIE KOHTPOJUIEpa.
[locnenoBaTenpHO BBITOIHSIOTCS ONPOC TEMIIEPATYPHBIX KaHAJIOB, CUUTHIBAHUE
HANpsDKEHUsS, TOKAa U aKTHUBHOM MOIIHOCTH, ()OPMUPOBAHHME CTPOKH JAHHBIX C
TEKYIIIMMHU YCTaBKaMU ¥ COCTOSIHUEM HArpy3KH, IIEpPeIada 3alluCH Ha KOMIIBIOTED U
OOHOBJICHHWE JIOKQJIbHOM MHAMKAIMHU. Takas CHHXPOHU3ALMS TO3BOJSET
COIIOCTABJIATH TEMIIEPATYPHBIA OTKIMK CEKIIMH HE C MACIOPTHOM, a ¢ (paKTUIECKH
IIOABEICHHON 3JIEKTPUYECKON MOIIHOCTBIO.

HakoruieHHbI apXUB pEXKUMOB HCIONB3YETCS ISl pacyera (PakTUYECKHUX
KO3 (PUIIMEHTOB pETyJIUPOBAaHUS U OJHOBPEMEHHOCTH, a TAKXKE JJII YTOUHECHHS
AJITOPUTMOB YIIPABJICHUS P U3MEHEHUHU TEIUIOBOM Harpysku. JlaHHBIM mOAXOX
COTJIACyeTCs ¢ MPUHIMIIAMU IIPOTHO3HOI'O YIIPABJICHMS DJIEKTPUUECKON HArpy3KOU
u direct load control [114; 115].

ABTOMAaTHYECKOE YIPaBICHUE BBIINOJHAECTCS IO YCTaBKaM BKJIIOYECHHS U
OTKJIIOUEHHSI C TUCTEPE3UCOM, UYTO CHMKAET YAaCTOTY KOMMYTAUHMW M ITOBBIIIACT
pecypc pene mwnm SSR. [ma rpynmoBoro IID9HJ[ amroputM IOMOMHUTEIBHO
o0ecreynBaeT MooYepeaHOE BKIOYEHUE OATPYIII, OTPAHUYEHUE OJTHOBPEMEHHOM
MOIIIHOCTH, TepexoJ B O€30MacHOE COCTOSHHE IMpU OTKa3ze JaTd4hka |
BOCCTAHOBJICHUE PEKUMA ITOCIIE KPATKOBPEMEHHOTO OTKIIFOUEHUS ITUTAHMUS.

[Tocne cpabaTbiBaHMs 3alIUThI MOBTOPHBIN MYCK JOIYCKAETCA TOJIBKO IOCTE
YCTpPaHEHHUsI NMPUYUHBI U TPOBEPKM KaHAIa. [[pMeMOYHBII KOHTPOJIb TOTOBOIO
[I9H]] nomxen BrItouath npoBepky pexkumon 600, 800 u 1000 Bt, paboty mpu
HOPMAaJIbHOM M YXYAIIEHHOW KOHBEKLIMM, YACTUYHOE NEPEKPBITUE BO3LYXOBOJOB,
OTKa3 TEMIIEPATYpPHOIO JaT4yMKa, BOCCTAHOBJICHUE ITUTAHMS IIOCJIE OTKIIOYECHMUS,
KOHTPOJIb TEMIIEPATYPBI JOCTYITHOU ITIOBEPXHOCTH, cpabaThIBaHUE
tepmonpenoxpanurens, Y30 wim auddepeHunanbHOl  3allluThl, MPOBEPKY
3aIUTHOTO 3a3€MJICHUS, COINPOTUBIICHUS H3O0JIALUH, NEPMETUYHOCTU CEKLMU M
pecypca KOMMYTallMOHHBIX AJIEMEHTOB. TeMIiiepaTypa BHYTpPEHHEH J1abopaTopHOM
CEeKLIMM HCIOJIb3YyeTCs KaK HCCIEAOBATENbCKUI TOKa3arenb, a 0e301MacHOCTb
rOTOBOTO NPUOOPHOTO MOIYJIA TOATBEPKIAECTCA KOHTPOJIEM  JOCTYITHOMN
MOBEPXHOCTHU KOXKYyXa U IITATHOM pabOTOI HE3aBUCHMOMN aBapUHHON 3aIUTHI.

Takum oOpaszom, pazpaboTaHHas CHUCTEMa MOHUTOPHHIA, ABTOMATHYECKOIO
yIOpaBJICHUs] W aBapUMHOM 3allMUTHl O0ECIEUMBAET KOMIUIEKCHBIA KOHTPOJIb
TEIUTIOBBIX U 3JIeKTpuueckux napamerpon [IDOH/I, noxnepxkanne 3a1aHHOTO pexuMa
HarpeBa M HE3aBUCHMMOE OTKJIFOUEHUE MHUTAHUSI NPU BO3HUKHOBEHHUM aBAPUMHBIX
YCIIOBUH.

4.5 TexHUKO-ODKOHOMUYecKasi oneHka npumenenuss I[IDHIA jaas
JIOKAJILHOTO JI0TpeBa B TMOPHAHON cHCTeMe OTOIUIEHHUSI NMPOU3BOACTBEHHOIO
mexa

TexHUKO-3KOHOMUYECKAs OIIEHKA BBIMOJIHEHA /JI1 TPOM3BOJICTBEHHOTO 11€Xa B
r. Kaparanzae miomaasto 840 M2, BBICOTON 9 M U cTpouTeIbHBIM 00beMOoM 7560 M.
[1nan 3gaHus NpUHAT 56X 15 M, mepuMeTp Hapy)HbIX CTeH — 142 M. OOBEKT UMeeT
JIBE BOpPOTHBIE 30HBI pa3MepoM 3x6 M Kaxnaas, 14 OKOHHBIX IIPOEMOB
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OPUEHTUPOBOYHOM IIOMmAAbt0 105 M?, KUpPNHUYHBIE CTEHBI TOJMIMHON Oko0yio 510
MM, TIOKPBITHE W3 KEJIE300€TOHHBIX IUIUT MO CTAIBHBIM (DepMaM C PYJOHHBIM
KOBpPOM, BCTPOCHHBIH O(HUCHO-OBITOBOIN OJIOK TuTOMaapio okojo 100 m?> B Tpex
YPOBHSIX M  pacmpeleleHHble 1o 00beMy pabouue 30HBL  McxomHbie
FEOMETPUYECKUE M OKCIUTyaTallMOHHBIE JaHHBIE TPUHITHL MO pPe3yibTaTaM
aBTOPCKOTO 00CJIeIOBaHMs MPOU3BOJICTBEHHOTO OOBEKTA.

Kimmarnueckass 0aza pacuera mpussta no CII PK 2.04-01-2017: mns r.
Kaparanasl pacuetHas TemiiepaTypa HauOoyiee  XOJOJHOM  MSATHUIHEBKH
obecrnieueHHOCTBIO 0,92 cocTaBisier —28,9 °C, cpenHss Temmneparypa nepuoja co
CpelHeN CyTOYHOM Temriepatypoil Bo3ayxa He Baimie 8 °C cocraBisier —4,8 °C,
MPOJAOJDKUTEILHOCTh yKazaHHoro mnepuoga — 207 cyt [27]. YcraHoBieHHas
MOIIIHOCTh UCTOYHUKOB TEIUIOCHAOKEHUS MPOBEPSIETCS MO PACYETHOM HAPYKHOM
TEMIEpaType, a CE30HHAas MOTPEOHOCTh B TEIUIOTE — IO CPEIHEH TeMIeparype
OTOINUTEIBHOrO MEPUOA.

B pacuerax Hcnmonb3yroTcs JBE  BpEMEHHbIE  0a3pl:  HOpPMAaTHBHAs
IIPOOJDKUTEIBHOCTD OTONUTENBHOTO Iiepuoaa 207 cyt, win 4968 4, npuMeHsAeTCs
JUISL KJIMMATUYECKOM YacTH pacyera, a HKCIUTyaTallMOHHBIN Ce30H 7,6 Mec, uim 228
CyT, — JUISl PEKUMOB 3aKYIKH TOIUIMBA, PadOThl BOPOT U Trpaduka MPUMEHEHUs
[I9H/I.

HcxonHas cucrteMa TEIUIOCHA0KEHHS OCHOBaHAa Ha BOJOTPEHHOM YIOJbHOM
kotie KBp-0,3 momuoctsio 0,3 MBT ¢ py4yHOl KOJTOCHUKOBOW TONKOW. TUIIOBBIE
TEXHUYECKUE XapakTepucTuku KoTiaoB KBp-0,3 mnoarBepkaaloT TEIIOBYIO
MourHocTh 0,3 MBT 1 npumMenenue tBepaoro torusa [ 120]. daktudeckuii pacxo
yriist Mapku «Panun» coctaBisieT 15 T B Mecsill OTOIJIEHUS, pacuyeTHasi CE30HHas
MPOJIOJKUTEILHOCTD 3aKYNKHA TOTuIUBa — 7,6 Mec, ce30HHbIN pacxon — 114 1/ron.
Husmas Terora cropanusi pabodero toruinBa npuHsata paBHou 20,5 MJDx/kr;
METO/MKA OMPEEICHUS BBICUIEH TEIIOThl CTOPAHMS M pacyeTa HU3LIEH TEeIIOThI
CrOpaHusi TBEPAOr0 MUHEPAIBHOTO TorMBa cooTBeTcTBYeT ['OCT 147-2013 [121].

BeHTHIIALMOHHBIN (PaKkTOp NPUHSAT MO (PAKTUUECKON KOMIIOHOBKE 11€Xa: YeThIpe
BBITSDKHBIX BEHTUJIATOPA YCTAHOBJICHBI B BEPXHEW 30HE OKOHHBIX MPOEeMOB. [[is
tunopazmepa BO 06-300 Ne4 pabouuii nuana3oH Npou3BOAUTEIbHOCTH COCTABIISET
2,0-3,2 ThIC. M*/4 HA OJIUH BEHTWISITOP, YTO JACT PACUCTHBIA CyMMAapHBIH pacxol
okosio 12 400 m3*/u, umm 3,44 m*/c [122]. Tapud >1eKTpOIHEPTUU MPHUHAT IO
JIEUCTBYIOIIMM II€HaM DSHEProcHa0Xarolel opraHu3aiud Il  HEOBITOBBIX
notpebuteneit r. Kaparanasi: 38,87 1r/(kBt'u) ¢ HIAC [123]. TpeboBanus «
MUKpPOKJIMMATY paboyell 30HBI YUYUTBHIBAIOTCA 1O THUTHEHUYECKUM HOPMATHBaM
Pecny6mmuku Kazaxcran u TOCT 12.1.005-88 [124; 125].

Marepuanbl GoToduKcanuu MpOU3BOJICTBEHHOTO 00BEKTa, WCIOIh30BAHHBIC
MpU ONUCAHUM €ro TeOMETPUUYECKUX, KOHCTPYKTHBHBIX M JKCIUTYyaTallMOHHBIX
XapaKTEPUCTUK, NpUBEAEHbI Ha pucyHkax 4.8 u 4.9. Ha pucynke 4.8 moka3zaHsl
MIPOU3BOJICTBEHHBIN KOPIyC U paboyre 30HbI 1IeXa, Ha pUCYHKE 4.9 — BCTPOCHHBIN
0pHUCHO-OBITOBOM OJIOK, BCIOMOTaTeNIbHbIE MOMEILIEHUS U pa3MeIleHHbIE 00pa31ibl
[IOH.
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Pucynox 4.9 — Berpoennbiit 0pucHO-OBITOBOM OJIOK, BCIIOMOTaTEIbHbBIE
nomerieHus u oopasisl [IDH]]

CBOI[HBIG HCXOOHBIC HAaHHBIC, HCIIOJIB30BAHHBIC B PacCdcTC, IIPHUBCIACHBI B

Tabmute 4.8.
Tabmuua 4.8
Ucxonuble maHHBIE 119 pacueTa rI/I6pI/I)1HOI7I CXeMBbl OTOILIEHUI
MIPOM3BOJCTBEHHOTO 1[€Xa
O6o3HaueHN Hcrounuk/pacueTHa
ITokazarens 3HaueHune
e s 6a3a
ITman 3mauus LxB 56x15m MaTepHaIbl
o0cleqoBaHus
IImomans nexa Fro 840 m? 56x15m
BricoTa noMmenienusa H 9M MaTepHaIbl
o0cleq0BaHus
CrpoutenbHbIi Van 7560 A FueH
00BeM
[TepumeTp HapyKHBIX Liep 142 M 2-(56+15)
CTEH
_ ) MaTepraIbl
Bopota ABop 2x(3%6)=36 m I S
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[Iponomxenue Tadbauub 4.8

Oxkna Aok 14%(3,0%2,5)=105 M2 MaTepHaTy!
00cienoBaHus
CreHbl HETTO Act 1137 m? P-H—ABop—Aok
840 M?; MOKpBITHE U3
KeNe300eTOHHBIX TIJTHT MaTepHabl
Kposis Akp
0 CTaJIbHBIM (hepMam o0cienoBaHus
C PYJIOHHBIM KOBPOM
OducHo-0bITOBOM Fod ~100 2 Tpu ypoBHs, [IBX-
0J10K OKHa
Koren — KBp-0,3, 300 kBt ranopas
XapaKTepUCTHKA
Vrons B «Pammuny», Qup=20,5 MaTepHuaibl 00bEeKTa
M Jx/xr u I'OCT 147-2013
Cesonnblii pacxon Byr,1 114 1/rox 15 1/mec X 7,6 Mec
YTt
MaTepuabl
Llena yrius Cyr 25 000 tr/T P
Tapud Conl 38,87 1r/(kBr-4) JEHCTBYIOIINE TIEHBI
ANEKTPOIHEPTHH r. Kaparannpt
18 momyneit [TOH]I- 6 — o(uCHBII OJIOK,
TOHA Nuoz 800 12 — pabouune 30HbI
YcraHoBIEHHAs
momrocts TTIH] Pycr 14,4 xBt 18x0,8 kBT

4.5.1 Pacuer Teruionoreps U BepudUKaims UCXOIHBIX JaHHBIX

PacueTHass cxema TEIUIONOTEPh BKIIOYAET TPAHCMHUCCHOHHBIE IMOTEPHU 4YepeE3
CTE€HbI, OKHa, BOPOTa, KPOBJIO M MOJ MO TPYHTY, a TakKe HMH(QUIbTPALMOHHbIC
NOTE€PH, BO3HUKAIOIIME TMPU OTKPHIBAHUU BOPOT M pabOTe BBITSIKHBIX
BeHTWIITOpPOB. KoaduuumenTsl Terionepenayn OrpakAaarolliuX KOHCTPYKUIUH
OPUHATBL O  Pe3ylbTaTaM HATYpHOTO OOCJIENOBAHHMS W YKPYITHEHHOMU
TEIJIOTEXHUYECKOM oleHKH: cTeHbl — 1,2 B1/(M*-K), okna — 4,5 Bt1/(m?-K), BopoTa —
4,5 Bt/(m*-K), kpoBanst — 1,5 B1/(m?K). [{ns1 osia 1o rpyHTY MCIOJIB30BaH 30HHBIN
METOJ C UTOTOBbIM 3HauenueMm UA,, =223 B1/K. MeTtonuueckas ocHOBa pacuera
COOTBETCTBYET IMOJOXKEHHUAM IO OTOIUIEHUIO, BEHTWISALMH, CTPOUTEIBHOU
KJIMMAaTOJIOTMH 1 TETUIOBOM 3amuTe 3aanHui [23; 27; 49; 126; 127; 128].

Van = Fiu - H = 840 - 9 = 7560 m*

rae V,, — crpouTensHblii 00beM 31aHusA, M?; F — muiomane 1exa, m>; H — BbicoTa
TIOMEIICHUS, M.

Act = Lye, - H — ABop — Aok = 142 - 9 — 36 — 105 = 1137 m?
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rae Ay — pacyeTHas IUIOMIAAb HAPYXHBIX CTE€H 0€3 BOPOT M OKOH, M’ Lpe, —
MEepUMETp 31aHus, M; H — BBICOTa MOMEIICHUS, M; Ay, — IUIOMIA/b BOPOT, M?; A —
TUIOIIAAb OKOH, M?.

UA = Z(Ui - Ai) + UAnon (4.27)

UA= 1,2 - 1137 + 45 - 105 + 4,5 - 36 + 1,5 - 840
+ 223 = 3482 Br1/K ~ 3,48 kBr/K

rne UA — cymMapHasi TEIJIONPOBOJAHOCTh OTPaXAAIOUIUX KOHCTPYKIMM 37aHus,
B1/K; U; — xoadduuuent temnonepenaun i-i koHcTpykuuu, B1/(M*-K); A; —
IIOLIAAb (- KOHCTPYKIUH, M*; UA,,; — TEMIONpOBOAHOCTH M0JIa IO rpyHTY, BT/K.

[TonydyeHHOE 3HAYEHUE MOKA3bIBAET CTPYKTYPY TPAHCMHUCCHUOHHBIX MOTEPH:
ctenbl a0t 1364 B1/K, xposns — 1260 B1/K, okna — 473 B1/K, Bopora — 162 B1/K,
noJ1 o rpyHTy — 223 B1/K. CyMMapHas 10715l CT€H ¥ KPOBJIA COCTABJISET OKOJIO 75%
TPAHCMHUCCUOHHOM TEIUIONPOBOJAHOCTH, YTO OMPEIEIACT TPUOPUTET MEPOTIPUSTUI
BapHaHTa 3.

Koaddunment rtemnonepenauyn KpOBAM MOPUHAT JJIS  TOKPHITUS U3
YKENe300€TOHHBIX TUTUT MO CTaldbHBIM (epmaM ¢ pyJIOHHBIM KOBpoM. [locnoitHas
OIICHKA COTNPOTHUBJICHUS TEIUIONEpeaue BKIIIOUACT: KEIe300€TOHHYIO TUINTY R =
0,11 m?-K/Br, 3acemnoit yremaurenas 100-150 mm R = 0,4-0,6 M?-K/BT, CTSDKKY 1
pyionnbii koBep R = 0,07 m* K/Bt, comportuBnenus teroornase R = 0,16
Mm?-K/Bt. CymMapHoe conpoTuBiieHHe cocTaBiisgeT R = 0,66—0,77 m?-K/Bt, moaTomy
niist pacuera npunato Uy, = 1,5 Br/(m?-K) mo BepxHe# rpanuiie auana3oHa.

Ecnu cocTtaB MOKPBITHS HE COAEPKHUT YTEIUISIONMIETO CJO0sl U (haKTUUYECKHUIt
Kod(huimenHt Temionepenayn kposau pocruraer Uy, = 3,0 Br/(m*K), cymmapHas
TEILIONPOBOJHOCTh 37aHus Bo3pactaeT 10 ~ 4,7 kB1/K. B aroM cinydae GanmaHc
(4.35) 3akpeiBaeTcs Ipu cpeaHeoObeMHOM Temmeparype =~ 7,5 °C, pacdeTHas
Harpy3ka npu —28,9 °C cocrtapisier 222 kBT 1 ocTaeTcst HU»Ke MOITHOCTH KOTJIa, a
pacueTHble OmeHKM 3¢@dexkTa BapwaHTOB 2 W 3 1o 0aze CpaBHEHHS PaBHOTO
KoM(dopTa OCTarOTCs KOHCEPBATHBHBIMH: (hakTHUecKuil 3(deKT MomepHU3AIUU
OyJleT BBIIIE PACYETHOTO.

Qpacu = UA - (THopm — TH,pacu) = (4.28)
= 3,48 - (18 — (—28,9)) = 163,3 kBt '
r1€ Qpay — PAaCUETHass TPAHCMMCCUOHHAS TEIUIOBAs HArpy3Ka MpH HapyKHOM
TeMrepaTtype HaubOojee XonogHoW mnarunHeBku, KBT; UA — cymmapHas
TEMIONPOBOAHOCTD 31anus, KBT/K; T,y — HOpMUpYyeMas TemrepaTypa pabouei
30HbI, °C; Ty paeq — PAcCUETHAs HApyXKHas TeMIeparypa Hauboliee XOJOJHOM
IIATHAHEBKH o0ecneueHHOCcThIo 0,92, °C.

PacuetHas TtpancMuccuoHHas Harpy3ka 163,3 kBT MeHblIe NacnopTHOM
teroBol MomHocTH kKomia KBp-0,3, paBnoit 300 xBt. CraenoartenbHo,
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YCTaHOBJICHHOM MOIIHOCTH KOTJa JOCTaTOYHO JJIS IOKPBITUS TPAHCMHCCHOHHOMN
COCTaBJISIIONICH MPH 3aKPBITHIX BOPOTaX M HEPAOOTAIONIEH BBITSHKKE B pacyETHBIN
MOpPO3; BEHTHJIALIMOHHBIE M BOPOTHBIEC MMOTEPU YUUTHIBAIOTCA OTJEIHHO B CE30HHOM
OamaHce. DKcmutyaTanoHHas npobiema cBsazaHa ¢ gaktuueckum KIIJ, pyunbiM
PEXKUMOM TOIKH, paclpeeieHueM TEIUIOThl MO BbICOTe, MHUIbTpAIIUEH uepe3
BOpOTa U pabOTOM BBITSKKHU.

[lpunsTeiii  HaboOp TeMIeparyp COOTBETCTBYET CTPAaTH(PUIIMPOBAHHOMY
COCTOSIHUIO 00beMa: HIKHsA pabouas 30Ha <~ § °C (manee npuHuMaeTcs Kak Tgy,),
cpenneoobemHas Temneparypa ~ 10 °C, Bepxuss 3ona =~ 17 °C.

Qtp,ce3 = UA - (Tcp.o6 — TH,cp) - TH /1000 =
= 3,48 - (10 — (—4,8)) - 4968 /1000 = (4.29)
= 256,0 MBT - 4/rop

rne Qpce; — CE30HHBIE TPAHCMHCCHOHHBIE TEIUIONOTEPU TPHU  (HAKTHIECKOM
cpeaHeoObEMHON TeMmepaType MpOU3BOJACTBEHHOTO o0bema, MBT-u/ron; UA —
CyMMapHasi — TEIUIONPOBOAHOCTh  31amus, KBT/K; T, —  dakruueckas
CpeHe00bEeMHAsT TEMIIEpATypa MPOU3BOJACTBEHHOTO 00bema, °C; T, ., — cpenHss
HapykHas TemIeparypa oOTonurensbHoro nepuona, °C; T, — HOpPMaTUBHas
MPOJIOJKUTEILHOCTh IEPUOJA CO CPEAHEN CYTOUHOM TeMIiepaTypoil He Boiie 8 °C,
y/roz; 1000 — koaddunment nepeoga kBr-u 8 MBT 4.

QBeHT = cp - p - LBeHT - (TBepx — TH,cp) = 430
= 1,005 - 1,20 - 3,44 - (17 — (—4,8)) = 90,4 kBt (4.30)

€ Queyy — TCIUIOBAsk MOUIHOCTH, YHOCHMasl BBITSUKHOW BEHTHJIsAIMEH, KBT; ¢, —

yAeNbHasl TEII0eMKOCTh Bo3nyxa, K[x/(kr-K); p — mmoTHOCTh BO3yXa, KI/M?; Lyqy.
— CyMMapHBbIi PacX0Jl BBITSIKHBIX BEHTUIATOPOB, M*/C; Ty — TEMIIEPATYpa BO3IyXa

B BepxHe# 30He, °C; T, o, — CpemHss HapyXHas TEMIeparypa OTOMUTEIBHOTO
nepuoja, °C.

EBeHT = (@BeHT - TBeHT / 1000 =

431

=90,4 - 650 /1000 = 58,8 MBT - 4/roj ( )
rine E,., — CE30HHBIC TEILNIONOTEPH MpHU PadOTe BBITSHKHBIX BEHTHIISATOPOB,
MBt-u/ron; Qg — TEIJIOBas MOIIHOCTh YyHOCa, KBT; T, — TOIOBas

MPOAOHKUTEIFHOCTh PA0OTHI BHITSDKHBIX BEHTHIISITOPOB B OTOMHUTENBHBINA TIEPHO/,
npuHsaTa 650 4/rog Mo maHHBIM 00cieoBaHUS U dKCIUTyaTaruu oobekra; 1000 —
ko3¢ uiueHT neperojga KBty 8 MBT-u.

1 (TB — TH)
=(=)- . . . P 4.32
LBop <3) CpacxTP * ABOp, 1 g - HBop Tep ( )
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r1€ Ly, — pacyeTHBIH PacXoj BO3/yXa 4epe3 BOPOTHBIH MpoeM, M’/C; Chaex—
K03 GUIIMEHT pacxoa mpoema, MPUHATHIN paBHBIM 0,95, 6e3pasmepHas BeIHMUnHa;
Agop,1 — TUIOMIANH OJIHOIO BOPOTHOIO TpoeMa, M’; g — YCKOPEHHE CBOOOIHOIO
najeHus, M/c?, Hy,, — BBICOTA BOPOTHOTO Npoema, M; T, — BHYTPEHHss a0COIIOTHAs

TeMriepatypa Bo3znyxa, K; T, — Hapy>KHas aOcoyioTHas Temmneparypa Bo3ayxa, K;
T, — cpenuss abcomoTHas Temiieparypa Bosayxa B mpoeme, K. Ilpu pacyeTHom

nepernaje remreparyp gopmyia gaer Ly, = 10,1 m*/c; npu nepenane 19,8 K ona
BOCIIPOU3BOIUT 3HAYEHHUE Ly, = 11,7 m¥/c.

QBop = cp - p - LBop - (Tcp.o6 — TH,cp) =
= 1,005 - 1,20 - 10,1 - (10 — (—4,8)) = (4.33)
= 180,3 kBT

1€ Qyop — TEIUIOBAs MOIHOCTH 3aJIIIOBOTO BO3/lyXOOOMEHA Y€pe3 OJIMH OTKPBITHIA
BOPOTHBIN KOHTYp, KBT; ¢, — y/enbHas TEmIoeMKOCTh Bo3ayxa, KJDk/(krK); p —
IJIOTHOCTH BO3/yXa, KI/M?; Ly, — PaCYETHBIA pacxXoJl BO3/yXa 4epe3 BOPOTHBIN
npoeM, M/¢; T, o5 — aKTHeCcKas cpeHeo0beMHas TEMIIEPATypa BO3yXa B LEXE,
°C; Ty cp — CpenHsis HApYXKHAsl TEMIIEpaTypa OTOMUTEIbHOTO neproa, °C.

EBop = QBop - tBOp /1000 = 180,3 - 228 /1000 =

= 41,1 MBT - 4/rona (4.34)

e Eyo, — CE30HHBIE TEIUIONOTEPH TIPU CYMMApPHOM OTKPBITUH BOPOT, MBT-4/rox;
Qpop — TEIUIOBAs MOLIHOCTH 3AJIIIOBOrO BO3Iyx000MeHa, KBT; T,,, — cymmapHoe
BpEMsI OTKPBITOTO COCTOSIHUS BOPOT B OTOMHUTENbHBINA mepuon, u/rom; 1000 —
koo duimenT nepesona KBt u B MBT u. B pacuere npuHsTO Ty, = 228 u/rof, 4to
COOTBETCTBYET CpPEIHEMY OTKPBITOMY COCTOSIHMIO BOPOT 1 u/cyT B TeueHuUe
AKCILTyaTallMOHHOTO ce30Ha 228 CyT.

Eb6ananc = Qtp,ce3 + EBeHT + EBop = (4.35)
= 256,0 + 58,8 + 41,1 = 3559 MBT - 4/rog '
rne Eguane — pacdeTHas ce30HHas MOTPeOHOCTb, MOJyYEHHas MO TEIIOBOMY
Oanmancy 3pmamus, MBr-4/ron; Qs — TPAaHCMHUCCHOHHBIE —TEIIONOTEPH,

MBTt-u/ron; E,,, — TEIIIONOTEpH TIPH paboTe BHITHKKH, MBT u/rox;

66ananc = (Qunos, 1 — E6ajnaHnc) / Quosa,1 = (4.36)
= (373,3 — 3559) /373,3 = 0,047 = 4,7%

T71€ Opapanc — OTHOCUTEILHAS HEBS3KA TEIJIOBOTO OajaHca, Oe3pa3mMepHas BeIMYUHA
%o, Qon — MOJE3HAs TEIUIOTa TEKYIIEro YroJbHOro BapuanTa, MBT1-u/ron;
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Eganane — pPacyeTHasl CE30HHAs MOTPEOHOCTh MO TEIUIOBOMY OallaHCy 3/aHus,
MBrTt-u/ron.

Bepudukanusa no paktuueckoMy pacxoy TOIUIMBA BBIMOJIHIETCS CPaBHEHUEM
Egananc € TMOJIE3HOM TEIUIOTOM, ITOIYYEHHOU OT yTilsd IpH dKcIuryaraimoHHom KII/]
komia. Hessizka Oamanca cocraBiasier 4,7%, NO3TOMYy HpPUHATHIE IUIOLIAJH,
KOA(pGUIIUEHTHl  TeIlonepeaaun, BEHTWISIMOHHBIE M BOPOTHBIE TOTEPH
COTIacyIOTCS C (PAKTUUECKUMH SKCILTYyaTallMOHHBIMU TaHHBIMH OOBEKTA.

4.5.2 Pacuet noie3Hoi TemIOThI YT U TEKYLIUX 3aTpaT

[Tone3nas temwnora ot 1 T yrisg onpenensercs Mo HU3LIEH TEIUIOTE CrOPaHHUs
paboyero TOIIMBA M  3KCIUIyaTalMOHHOMY  KO3(D(QUIMEHTY  IOJE3HOTO
WCMOJIb30BaHUs KOTHa. [[ns pydyHOM TOINKH, HM3HOCA MOBEPXHOCTEW HArpesa,
HECTALIMOHAPHOW 3arpy3Ku TOIUIMBA U IOTEPh MPHU 30JI0YJAJTICHUH PACUETHBIN
skcruryatanonHsiid KITJ[ npunsat paBasiM 0,575. [l aHanu3a 4yBCTBUTEILHOCTH
JIOTIOJIHUTENBHO UCTOJIb3YETCsl BepXHss rpanuna 1,=0,70.

gyr = Qup - 1k /3,6 = 20,5 - 0,575/3,6 = 3,274 MBt - u/T (4.37)

rae gy, — nonesHas rtemwiora or 1 Ty, MBr-u/T; Q,, — Hu3Ias Terora

cropanus pabodero torumBa, MJDK/Kr; 7, — 3KCIUTyaTallMOHHBIA KO3()PUIIMEHT
MOJIE3HOTO MCIIOJIb30BaHUsI KOTJIA, Oe3pa3MepHas BelnyuHa; 3,6 — Kod3PpPUUUEHT
nepecuera M/[x/kr ToruBa B MBT-4/T.

Byr,1 = bwmec - takc1 = 15 - 7,6 = 114,0 T/rop
rie By, — CE30HHBIN PacxXojl yriis B TEKYIIEM BAPHUAHTE, T/TOM; by, — CpemHuii
pacxon yris B MeCAll OTOIUICHUS, T/MEC; Tyon; — OJKCILTyaTallMOHHAS
MPOJIOJDKUTETLHOCTD 3aKYTIKH M C)KUTAHUS TOTUIMBA, MEC/TOI.

Quona,1 = Byr,1 - qyr = 114,0 - 3,274 = 373,3 MBT -4/rox (4.38)

T1€ Qon,1 — MOJE3HAS TEIIIOTA TEKYILETO YIOIbHOrO Bapuanta, MBT u/rox; B
CE30HHBIN PacXoJl yIJis, T/TOM; ¢y, — MOJE3Has TeroTa ot 1 T yris, MBr-u/T.

yr,1

qyr,0,70 = 20,5 - 0,70 /3,6 = 3,986 MBT - uy/T;
Quou, 0,70 = 114,0 - 3,986 = 454,4 MBT - 4/rop
TI€ Qyr0,70 — TMONE3Has Temwiora ot 1 1 yras npu 17,=0,70, MBT 9/T; Q0070 —

noJie3Has TEIIoTa TeKyIIero yrojibHoro Bapuanra npu 1,=0,70, MBt-u/ron; 1, —
KO3 UIIUEHT MOJIE3HOr0 NCIOIB30BaHUs KOTJIa, Oe3pa3MepHast BETHUNHA.
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C1 = Byr,1 - Cyr/10° + Co6cn =
= 114,0 - 25000 /10° + 0,75 (4.39)
= 3,60 ms1H Tr/TOA

rae C; — TOJOBBIE KCIUTyaTallMOHHBIE 3aTPaThl TEKYLIEro BapuaHTa, MJIH TI/TO;
By, — ce30HHbBIA pacxon yris, 1/rox; Cy. — neHa yris, Tr/T, Cyge; — TOMOBBIE
3aTpaThl HA OOCITYKUBAaHHUE YTOJIBHOIO KOTJIA U TOIUIMBHOTO X031 CTBa, MJIH TI/TO/;
106 — ko3¢ dunMeHT nepeBoa TEHIe B MJIH TT.

[Ipu Ttakom OanaHce ueneBass Ttemmeparypa 15 °C sBusercsa ycTaBKOH
CYIIECTBYIOILIETO PEKHUMa, a HE TapAaHTUPOBAHHOW TEMIIEPATYPOM BO BCEX TOUKAX
pabouero obbema. Pacuer mokaseiBaeT, uTro (aktuueckuil pacxox 114 T1/ron
oOecrnieunBaeT TMoje3Hyl0 Temiory 373-454 MBT'u/rog B 3aBUCUMOCTH OT
skcrutyatarmonnoro KIIJI. g paBHO-KOMGOPTHOTO BapuaHTa, paCCYUTAHHOTO 110
(4.29)—(4.34) npu cpenneooremMHou temmneparype 18-21 °C u n, = 0,575,
TpebyeMblit pacxon yris coctasisieT 169—-192 1/rox.

TT
Cyr,Hopm = 4,22 ...4,80 MJIH —;
roj

Tr
CHopMm = Cyr,HopM + Cobca = 4,97...5,55 MHHE

rae  Cyryopw — TOHOBBIC 3arparbl Ha Yroib TIPH JIOBCICHUH  BCETO

MIPOM3BOJICTBEHHOTO O0OBEMa 0 HOPMHPYEMOTO YpPOBHS KomdopTa TOIBKO
YTOJIbHBIM OTOTUICHHEM, MJIH Tr/rox; 4,22...4,80 — quamas3oH 3aTpaT MPHU Pacxojie
169-192 t/ron, Tepos = 1821 °C u n = 0,575; Cyopy — TONHBIE TOMOBBIE
AKCIUTYaTallMOHHBIC 3aTPaThl YTOJBHOTO BapUaHTa PaBHOTO KOM(OpPTa, MJIH TI/TO/I.

4.5.3 Pacuer nokansHOro norpesa [I9H/[ 1 ycTaHOBIEHHON MOIITHOCTH
KomnoHoBka noKkanbHOTO TOrpeBa NpUHsTA IO cxeMe: 18 mpubOopHBIX MOTyIei
[I9H/-800 cymMMapHOl yCTaHOBIEHHOW MOIIHOCTBIO 14,4 kBT, u3 Hux 6 monynein
pa3merarTcs B 0pUCHO-OBITOBOM OJI0Ke, 12 Moaynei — B 1mecTu pabodmnx 30HaxX
Mo JBa MOIYJsSl Ha 30HY. OJIEKTPOTEXHUYECKOE paclpeneneHue mno Qazam

coctaBisieT 6/6/6, 94TO corylacyeTcsi C pacueToMm nojapaszzena 4.3.4.
Pyct = Nwmog - Pmog /1000 = 18 - 800 /1000 = 14,4 kBTt
tpab = 8 -5-434 - 76 = 13204/rox

ETIDH/A,2 = Pyct - tpab - kper - kogu / 1000; (4.40)

ETIDH/A, 2 = 14,4 - 1320 - 0,70 - 0,70 /1000 = 9,31 MBT - 4/roz
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KosddummenT ncnonb3oBanusi yCTaHOBJICHHOM MOUTHOCTH:
KI/ICH = kper ) kO,HH

OHepronoTpeOiaeHHe 3a MPOU3BOJBHBIA PpACUETHBIA MEPHOA U 3a CYTKU
OIIPEIEISIETCS BBIPAKEHUSMM:

E= PyCT T Kyens EcyT = PyCT Kyen * 24

['padmyeckass wuHTepnpeTanuss BIUSHUS KO3 (UIIMEHTa HUCHOIb30BaHUS
YCTaHOBJICHHOM MOIIHOCTH Ha cyTouHOe 3nekTponorpednenue [I19H]] npuBenena

B npuiioxkenuu [, pucynok J1.2.
Pacyet ogHOrO pabouyero nocra BeIMOIHIETCA VISl IOKAIBHOTO 00beMa:

Viex =15M* - 3 m=45m*

ba3zoBas Temmeparypa 30HBI IE€pel BKIHYEHUEM JIOKAJIBHOIO J0TpeBa
npuHumaetcs 8 °C, Tpedyemasi Temneparypa JokaabHoro komgpopra — 18-20 °C,
BpeMsi BOCCTaHOBJEHUs TemmepaTypel — 10—15 muH, ko3pduuueHT 3amaca 1o
MomHocT! — 1,2.

.(TKOM(l) — To6a3)

tBOCCT
Quuu,3an = K3zam - Qaud = 1,2 - (0,60 ...1,09) (4.42)
= 0,72 ...1,30 kBT '

Quok = p - cp - niaok - Viok - (Tkomp — T6a3) / 3600 (4.43)
= 0,30...0,54 kBT ‘

P3ona = 2 - PIIDHA —800 = 2 - 0,8 = 1,6 kBT (4.44)
> QpuH,3an + QJok :

B nHanbosee )ecTKOM codeTaHUH TapaMeTpPOB (Tomp = 20 °C, tyoeer = 10 MuH,
Nk = 3 9') cymMMapHasi oTpeOHOCTh ¢ 3amacoM coctaBisieT 1,84 xkBt. Ilpu
YCTaHOBJICHHON MOIHOCTH 1,6 KBT BpeMsi BOCCTaHOBJICHHUSI YBEIMUUBACTCS J0 ~
10-12 mun (614 ¢ mo sHepreTuueckoMy OajaHCy 30HBI), UYTO OCTaeTCs B
nomyctuMoM auanaszone. Koaddumment 3anaca 1,2 BeimosHAeTCS 1711 6a30BOTO
couetanus 18 °C /15 muH.

CnenoBatenbHo, KommoHoBKa  «2xIIOHJ[-800 nHa  pabouyio  30HY»
MOJITBEPXKAETCSI PAacCUueTOM IWHAMHYECKOIO BOCCTAHOBJICHHUA TEMIEpaTypbl M
CTAllMOHAPHOTO OOMEHA JIOKAaJIBbHOro 00beMa ¢ 6oJee X0JIOAHBIM (OHOM Iiexa. ITO
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00OCHOBBIBACT MPHHATYIO cXeMy 12 MojyJieit 1uis 1iecT pabouux 30H U 6 MOAYJICH
U1t 0pECHO-OBITOBOTO OJIOKA.

4.5.4 DxoHOMUKA THOPHUIHOM CXEMBI U OLIEHKA KalUTaJIbHBIX 3aTpaT

DKOHOMHYECKHI pacyeT BBHIMOJIHEH MO JByM Oa3zaM cpaBHeHHs. [lepBbiit
BapHaHT CpaBHEHHS — KOHCEPBATHUBHBIN: CpaBHEHHE BeAeTCS C (HaKTHUECKUM
TeKyIIMM pacxoaoM yriis 114 1/rof, a sxoHoMust popMHUpyeTcs 3a CUET COKpAIICHUS
pacxoia TormBa Ha 25% Mpu COXPaHEHUU 00CITY)KMUBaHUA KOTIA. 3HAYCHUE iy,

= 0,25 npuHATO Kak mapamerp 0a30BOro cueHapus T'MOPHIHOM SKCIUTyaTaluu;
YCTOMYMBOCTh PE3yJIbTaTa IPOBEPSIETCS AHAIU30M YYBCTBUTEIBHOCTH IO JI0JIE
CHIDKEHHUSI pacxoja ToIulMBa. BTopoil BapuaHT cpaBHEHHs — paBHbI KOMQOpT:
CPaBHEHHE BBINOJIHIETCA CO CTOMMOCTBIO JOBEIEHUS BCEro oObema Iexa Jo
HOPMHUPYEMOT'O YpPOBHS KOM@OpTa TOJBKO YIrOJbHBIM OTOILUIEHHMEM, TOT/Aa Kak
rudpuHas cucrema obecrneduBaeT TpeOyeMblii KoM(OpPT B padouyux 30HAX MpU
COXPAaHEHUH JIOKAJIbHOTO XapaKTepa JI0TrpeBa.

Byr,2 = Byr,1 - (1 — dru6p) = (4.45)
= 1140 - (1 — 0,25) = 85,5 1/rox ’

rae By, — CE30HHBIN pacxoJl yris BO BTOPOM BapuaHTe, T/Tox; By, ; — ce30HHbIIM
Pacxoj yriisi B TEKyLIEM BAPUAHTE, T/TOX; d 6, — N0JIS CHIXKEHHS PACXOJIA YISk IPU
rHOpUHOM pexume, 6e3pazMepHasi BeTUYnHa.

C2 = Cyr,2 + Can,1IDH/A,2 + Cobecn = (4.46)
= 2,14 + 0,36 + 0,75 = 3,25 msH Tr/roAa

rzie €, — roJJoBbIE IKCILTy aTAIIMOHHBIE 3aTPAThl BTOPOTO BAPUAHTA, MIIH TI/TO; Cy;r 5
— 3aTpaThl Ha Yrojib BO BTOPOM BapWaHTe, MJIH TI/TOX; C,,mopy2 — 3aTPaThl HA

anektposHepruto [I19H/] Bo BTOpoM Bapuante, MaH Tr/roa; Cus., — 3aTpaThl Ha
oOCITy’KMBaHHE YrOJIbHOTO KOTJIA, MJIH TI/TOI.

Jlna BapuanTa 3 K THOPUAHOMY peXUMY J00aBIISETCS MOBBIIIEHUE TETIOBOU
3aIIMTHl 3/4aHud. TemIo3aluTHbIE MEpONpUATHS B BAapUAHTE 3 YUYUTHIBAIOT
pe3yabpTaThl  HCCIENOBaHMNU 1O  SHEProdPPexKTUBHOCTH  3JaHUA U
sHeprocoepexxennto B Kazaxcrane [129; 130]. B nacrosieil padboTe MoBbIIIEHNUE
TEIUIO3AIUThl pacCMaTpuBaeTcs Kak nononHeHue k [I9H]I, cHmkaroiee 6a3oBbie
TEIJIONOTEPH W MOoBbIIIaoNEee 3PPEKTUBHOCTD JIOKAIBHOTO 3JEKTPOTEIIOBOTO
JIOTpEeBa.

JUist KpOBJIM MPUHUMAETCS] YTEIJICHUE IO KeJIe300€TOHHBIM IIJIUTaM CBEPXY:
MUHepasioBaTHble WM PIR-mImTel 1104 HOBBIM PYJIOHHBIM KOBEP C JIOBEACHUEM
kodddummenTa  Teronepenadd 10 Up = 0,3 Brt/(M*:K). Pacuernas
TEIUIONPOBOAHOCTh KpOBIM yMeHbiaetcs ¢ 1,5 no 0,3 Bt/(m?*:K), okon — ¢ 4,5 1o
2,0 Bt/(M*:K), BOpoTHBIE U HH(PWIBTPALIMOHHBIE TOTEPH CHIDKAIOTCS 3a CUEeT
repMeTu3aluy BOPOT M OpraHMu3alMi TaMOYpHO-3aBECHOIO pexuma. B ¢opmyie
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(4.47) nompaBka —110 B1/K  yuuthiBaeT  yMeHBIIEHHWE  BOPOTHO-
WHOWIBTPAIMOHHBIX TMOTEPh IIOCJIIE TEePMETHU3AMK BOPOT H  OpTraHU3AIHH
TaMOypHO-3aBeCHOr0  pexuma. llepecder  maeT  HOBYHD  CYMMapHYIO
TEIJIOMPOBOHOCT orpaxacHuii okojo 2,10 kB1/K, To ectb cHmxkenue Ha 39,7%
oTHOCUTENBHO ucxoaHoro UA = 3,48 kB1/K.

UA"= 0,3-840 + 2,0-105 + 4,5-36 — 110 + (4.47)
+1,2-1137 + 223 = 2101 Br/K = 2,10 kBt/K

rae UA' — cymmapHast TEIIONpOBOAHOCTD 3/aHusI TOCIIE MEPOIPHSITHIA 10 TETUIOBOM
3amure, BT/K; 110 — cHM»KeHre BOPOTHBIX U MHPWIBTPAMOHHBIX IOTEPh, BT/K;

SUA = (UA — UA") JUA = (348 — 2,10) /3,48 = (4.48)
= 0,397 = 39,7% '
r1e 8y — OTHOCUTENIBHOE CHIDKEHUE CyMMapHO# TEIUIONPOBOAHOCTH 3[JaHUS [TOCIIE
MEpONPUATHA TO TEIJIOBOM 3amurte, Oe3pazMepHas BenuunHa win%; UA —
HCXOJHAs CyMMapHas TEeIUIONpoBoAHOCTh 3manus, kKBT/K; UA' — cymmaphas
TEIJIONPOBOJAHOCTD MOCJIE TEIJIO3AUIUTHBIX Meporpusituii, KBT/K.

TpaHCMHCCHMOHHAsI COCTaBIAIONIAsE BEpUPUUUMPOBAHHOTO OajaHca paBHA
256,0/355,9 = 72%. Cumxenne UA Ha 39,7% maet okono 28,5% moJHO# ce30HHOM
noTpedHocTH. CoBMeCTHBIN A(h(EKT MOBBIMICHUS TETUIO3AIUTEl U THOPUIHOTO
JIOKAJIBHOTO JIOTpEBa OlleHUBaeTCa MyibTHUIUMKAaTUBHO: 1 — (1—-0,25)-(1-0,285) =
46,4%. IloaToMy B BapHaHTe 3 KOHCEPBATUBHO NPUHATO dy, = 45%.

Byr,3 = Byr,1 - (1 — dyT) = (4.49)
=114,0 - (1 — 0,45) = 62,7 t/rox

i€ By 3 — CE30HHBIN PAacXo[l YIJis B TPETHEM BapUAHTE, T/TOM; By, | — CE30HHBIH
pacxoj| yriis B TEKylIEM BapHaHTe, T/TOJ; dy, — J0Js CHUKEHHS PAcXoja yris 3a

CYeT THOPHIHOTO PEKUMA U TEIIOBOM 3aIllMThI, O€3pa3MepHas BETMYHHA.
Camxenue snexkrponorpednenns II9H]I mocie moBeIIeHNs TETUIOBOM 3aIUTHI
NPUHATO d,y vy = 0,15: yMeHbIIEHHE TEIIONOTEPh COKPAIIAET JIUTENLHOCT

BKJIFOUEHHS JIOKAJIbHOTO JOTPeBa, HO HE M3MEHSIET YCTAHOBJIEHHYIO MOIIHOCTh
NPUOOPHBIX MOJTYJIEH.

ETI3H/,3 = EN3HA,2 - (1 — dan,yr) = (4.50)
=931 - (1 - 0,15) = 7,92 MBT-4/rog '
rae Erpspy 3 — ronosoe norpedienue snekrposneprun IIDH]L B TpeTheM BapuanTe,
MBrT-u/ron; Erpyy, — romosoe norpednenue snekrposnepruu II9H]L Bo BTopom
Bapuanre, MBt-u/rox; d,, y, — 10715 CHWKeHus snexrponorpedienus [IOH]T moce
MOBBIIICHUS TETUIOBOM 3alIUTHI, Oe3pa3MepHas BeJIMYrHa.
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C3 = Cyr,3 + Can,IIDH/A,3 + Coben = 4.51)
= 1,57 + 0,31 + 0,75 = 2,63 mJiH Tr/roj )

rae C; — roJIOBBIC SKCIUTyaTallMOHHBIC 3aTpaThl TPEThETO BapHWaHTa, MIIH TI/TOJ;
Cyr3 — 3aTpaThl HA YTOJb B TPETHEM BAPUAHTE, MITH Tr/ro1; Cyp 1oy 3 — 3aTpaThl Ha
anextpodHepruro [I9H]] B TpeTheM BapuaHTe, MJIH TI/TO/I.

dkp = Cana,II3HA / Cyr, 1 (4.52)
dkp = 0,362 /2,85 = 0,127 = 12,7%

1€ dy, — KPUTHYECKAsI JIOJIS CHIDKEHUS PacXo/ia yrils JUIsl KOMIIEHCAIMK 3aTPaT Ha
snexrposHepruro [IOH]L, Oespasmepnas Benuuuna umu%; C,;popy — TOMOBBIE
3arparhl Ha sJekTpodHepruto [IOH/[ Bo BTOpoM Bapuante, MiH Tr/rog; Cy.; —
CTOMMOCTb YTJIsl B TEKYILIEM BapHaHTEe, MIIH TI/TOJI.

AC2 = C1 — C2 (4.53)
AC2 = 3,60 — 3,25 = 0,35 muiH Tr/ro/,

rne AC, — TofoBasi IKCIUTyaTallMOHHAsS SYKOHOMUSI BTOPOTO BapuaHTa, MIIH TI/TOJ;
C, — rofoBBIE 3aTpaThl TEKYIIETr0 BapuaHTa, MIH Tr/rox; C, — TOOBBIE 3aTPaThI
BTOPOI'O BapUaHTa, MJIH TI/TOI.

AC3 = C1 — C3 (4.54)
AC3 =3,60 — 2,63 = 0,97 maiH Tr/TOA

rae AC; — rogoBasi SKCIUTyaTallMOHHAs] SKOHOMUSI TPETHEro BapuaHTa, MJIH TI/TOZ;
C; — TofoBBIC 3aTpaThl TEKYIIETO BapuaHTa, MIH Tr/rox; C3 — TOOBBIE 3aTPaThI
TPEThEro BapuaHTa, MJIH TI/TOJI.

KanuranbHble 3aTpaThl JOKAIBHOTO AJIEKTPOTEIIIOBOTO KOHTYpa BKIIIOUYAOT 18
moaynen [IDHJI-800, aBToMaTHKy, CUJIIOBYIO 2JIEKTPUKY, HECYIIIME KOHCTPYKIIUU C
TEIJIOOTPAXKAOIIMMHU SKPaHAMH, CTPOUTEIBHO-MOHTAXHbIE M ITyCKOHAJIaJI04YHbIC
pabotel. Pacuetnas croumocts nokansHoro KoHTYpa [I9H]] cocTaBnser 1,84 muH
Tr.

Pacuer kamuTanbHBIX ~ 3aTpaT  JIoOKanbHOro  KoHTypa I[IOHJ  nmns
IIPOM3BOJICTBEHHOIO 11€Xa MpUBEACH B Tabnuie 4.9.
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Tabnuma 4.9
Pacuet kanuTanbHBIX 3aTpat JOKaJIbHOrO KOHTYpa [ITOH]]

Ilo3umus KomnugectBo Ilena, Tr CymmMma, Tr
Monaymu ITOH/I-800
(KanbKyJIsLUs U3rOTOBUTEIS ONBITHOM 18 . 55000 990 000
napTuu, neHsl 2026 r.)
ABTOMaTHKa: KOHTPOJIJIEP, AaTYMKH, SSR 1 koM. 180 000 180 000
DnekTpuka: mur, kadens BBI'Hr, Y30, | KOMILL 250 000 250 000
ABTOMAThI
Hecyuuue koncTpyKimy | KOMILL. 120 000 120 000
TEIIOOTPAKAIOIINE IKPAHbI
CMP u nyckoHanaka 1 koM. 300 000 300 000
Htoro KHQHI[ — — 1 840 000
Toxk,kouc = KII3H/ / AC2 (4.55)

Tok,koHc = 1,84 /0,35 = 5,3roga

e Toxxone — HPOCTOM CPOK OKYIAeMOCTH JIOKajabHOro KoHrypa IIOHJI B
KOHCEPBATHBHOM 0a3e cpaBHEHMs, €T, Ky — KalmuTadbHBIE 3aTpaThl Ha

nokanbHblid KoHTYp [IOH/I, MuH 1r; AC, — TOI0Bast SKCIUTyaTallMOHHAs YKOHOMUS
BTOPOTO BapuaHTa, MJIH TT/TOJ.

ACpaBH = CHopMm — (C1 + Can,II3HA) (4.56)
ACpaBH = (4,97 ...5,55) — (3,60 + 0,36) = 1,0...1,6 maH Tr/TOA

rie ACyp, — COKpPAIICHHBIC TOOBBIC 3aTPATHI IPH CPABHCHUH C BAPUAHTOM PABHOTO
KOM(opTa, MJTH TI/TO; Cyyopy — 3aTPATHI YTOJILHOTO BAPUAHTA NIPH JOBEJIEHAU BCETO

o0beMa 0 HOPMHUPYEMOTro ypoBHsS kKomdoprta, MiH Tr/ron; C; — dakTuyeckue
TOJIOBBIE 3aTPAThI TEKYLIETO YTOIBHOTO PEXKMMA, MJIH Tr/To; Cy; 15y — TONOBBIE

3arpaThl Ha dnekTposnepruto [I1DH]I, MaH Tr/ro.
Tok,paBH = KII3H/l / ACpaBH (4.57)
Tok,paBn = 1,84 /(1,0..1,6) = 1,2..1,8roza

r1€ Ty papn — MPOCTOM CPOK OKYMAeMOCTH JIOKaIbHOTO KoHTypa I[I9H/I mo Gase
CPaBHEHMS PaBHOTO KOM(BOPTa, I€T; K5y — KalUTaIbHbIE 3aTPAThI HA JIOKAIbHbINA
koHTYp IIOH/I, MitH Tr; ACyp, — COKpALIEHHBIE TOMOBBIE 3aTPATHI, MJIH TI/TOJ.

PacueTHOE cpaBHeHHE TpeX BapUAHTOB OTOIUJICHHUS MPOU3BOJCTBEHHOIO Iiexa
840 m? npuseaeHo B Tabsmiie 4.10.
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Tabmura 4.10

PacueTtHoe CpaBHCHHUC BApUAHTOB OTOIIJICHUA

Bapuanrt 1: Texymee | Bapuant 2: yronpHas Bapuant 3: yromsnaz
[Tokazarenn p - TeRyI p - Yo 6aza + [IDH/I +
YIrOJIbHOE OTOIJICHUE 6aza + [IDH]]
TEIUI03aIuTa
KoTell 1 peructpi Koten nepxut dow; Tennosan;nm
TTpHHLIT CXeMbI (bopMHpYFOT 06l I[I9H/I norpeBaet camkaet UA; xoten
p o OUCHBIN OJIOK U nepxut Gow; [TOH]]
(OHOBBIN PEeXKUM
paboune 30HbI JIOTPEBAET 30HBI
Pacxon yrus, T/roq 114,0 85,5 62,7
CHmKeHue pacxojia 0% 25% 45%
NANIE
ITone3nas Temiora oT
yruis npu 1,,=0,575, 373,3 2799 205,3
MBrT'4/rox
DneKTposHeprus
I[IOH/I, 0 9,31 7,92
MBT u/ron
3arpaTsl Ha yroJib, 2.85 2.14 1.57
MJIH TT/TOJ
3aTpathl Ha
3JIEKTPOIHEPTUIO 0 0,36 0,31
[TOH]/I, MiH Tr/TOI
OO6cnyxuBaHue
YrOJILHOTO KOTJIA, 0,75 0,75 0,75
MJTH TI/TOJ
Htoro
JKCIUTyaTalMOHHbIE 3,60 3,25 2,63
3aTpatThl, MJIH TI/TOJT
DKOHOMHUS K
TEKyIIeMy BapHaHTYy, — 0,35 0,97
MJTH TI/TOJ
ekt Hambomnee
s dexTUBHAL cXxeMa
. bazoBas Touka MIOJIOKUTETICH MPU
PacueTHEII1 BEIBOJI o
CpaBHCHHSI CHW)KCHHH YTJIS KCTLTYATAIHORHbIM
BeIIe 12,7% Y
3aTparam

N3 tabmuner 4.10 crnemyer, d9ro THOpWIHAS CXeMa CHIDKAET TOJIOBBIC
AKCIUTyaTalMoHHbIe 3aTpaThl ¢ 3,60 10 3,25 MJIH TI/TOJ MpHU JOKAJIBHOM JIOTPEBE
[I9H u 1o 2,63 muH Tr/roa ipu couetanuu [I9H/] ¢ TeroBoii 3amuToi 3qaHusl.
Bapuanrt 2 sxonomur 0,35 MIIH Tr/ro/1 B KOHCEpBATUBHOM 0a3€ CpaBHEHUSI U UMEET
npoctoit cpok okymnaemoctu 5,3 roga. [lo 0aze cpaBHeHus paBHOro Kom@opra
COKpalleHHbIe 3aTparbl cocTaBisgioT 1,0—-1,6 MJIH Tr/roa, a CpoK OKYIMaeMOCTH
JOKJIBHOTO KOHTYpa coctasisier 1,2—1,8 rona.

BapuanT 3 B Tabnure 4.10 cpaBHUBaeTCA MO 3KCIUTyaTallMOHHBIM 3aTpaTaM 0e3
y4eTa KanuTaldbHbIX BJIOKEHHUM B TEIIO3aIUTY 31aHus. KanuTtanbHble BIOXKEHUS
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Ha YTEIUIEHUE KPOBJIM, 3aMEHY OKOH ¥ T€pPMETHU3ALIUI0 BOPOT BBIICIICHBI 32 TPEAEIbI
jokajbHOro KoHTypa IIOHJI 1 B crouMocTh Ky HE BKIKOYAIOTCS.

CpaBHEHHE TOHOBBIX OJKCIUTyaTallMOHHBIX 3aTpaT Isd TPEX BapUaHTOB
OTOIICHUS TPUBEJICHO Ha pucyHke 4.10.

4,00

3,60

MIIH TT/TOJ
(s>
(=]
(=]

1,00

0,50

0,00

B Texymiee yronbHOE OTOIIISHIE ¥ YronpHag 6aza + II9H]T B VronsHasg 6aza + II9H]T + Teno3aniTa

Pucynok 4.10 — CpaBHEHHE TOJOBBIX 3KCIUTYyaTallMOHHBIX 3aTpaT I TPEX
BAPUAHTOB OTOIUICHUS IPOU3BOACTBEHHOIO 1iexa 840 m?

4.6 OO6aacTb PpaUMOHAJBHOIO TIPUMEHEHHSI W PEKOMEHIAIUU 110
BHE/IPEHHI0, IKCIIyaTAllUN U TeXHU4YecKkoMYy o0ciy:;kuBanuio [IIH/]

ITo pesynbraram pacueToB u ucneiTanuit [IIIH]] nenecoodpazHo npUMEHSITh Kak
JOKAJIBHBIA 3JIEKTPOTEXHUYECKU HMCTOYHUK TEIUIOTHI B 30HAX C IMEPEMEHHOU
TerI0BoM Harpy3koil. Hambonee BbIpakeHHbIH 3P PEKT AOCTUTaeTCs MpHU Moaayde
TEIJIOTHl HE BO BEChb 00BbEM 37aHMs, & B KOHKPETHYIO (YHKUHMOHAIBHYIO 30HY, B
3a/IaHHBIN TIEPUOJI BPEMEHU U C perucTparueit (HakTHIecKux napameTpoB padOThI.
Takass MOCTaHOBKa COOTBETCTBYET COBPEMEHHOMY HAIIPABJIEHUIO YIIPABISEMOMN
Harpy3ku u demand response B MHTEIUIEKTyalbHBIX ceTsix [114; 115].

Pammonanshass o6macte mpumenenuss I[IOHJ[ — ruOpumgHbie  cXeMmbl
MPOMBITIUICHHBIX, CKJIAJICKUX, aJMUHUCTPATHUBHBIX W OOIIECTBEHHBIX 3JaHUM, B
KOTOpBIX 0a30Bas cuUcCTEeMa OTOIUICHUS TMOJACPKHUBACT (POHOBOE TEIIOBOE
cocrosinue 3xanus, a [IOH]] obecneunBaeT kKoM(OPTHBINA AOTPEeB pabOUYUX MECT,
0(pUCHBIX MOMEIICHUH, MMOCTOB OXPaHbl, 30H OXHUJAHUS, PEMOHTHBIX y4acCTKOB U
JIPYyTUX JIOKAJIBbHBIX 30H C HEMOCTOSIHHOW TerioBoW Harpyskoul. TI9HJ[ Taxke
1e71eco00pa3eH Mpu PEKOHCTPYKIMU MMOMEUIEHUH, Iie MPOoKiIajika TpyOOonpoBOIOB
3aTpyAHEHA WJIM SKOHOMUYECKU HE OIpaB/iaHa, a TaKKe HA aBTOHOMHBIX 00BEKTaxX
0e3 JoCTyma K TEIIOBBIM CETSIM MpU HaJU4YUHM JOCTATOYHOW BBIIEJIECHHOM
AIEKTPUYECKON MOIIHOCTH.

JIns mpOoU3BOACTBEHHOrO II€Xa, paccMOTpeHHoro B mnoapaszaene 4.5, [IDH]]
NPUMEHSAETCS KaK TUHAMHYECKHM JOKAJbHBIM KOHTYp THOPUIHOW CHUCTEMBI C
y4eTOM TPeOOBAHMI K OTOIJICHUIO U BEHTHJISIINH MPOU3BOICTBEHHBIX TTOMEIIICHUN
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[49; 126]. YronbHBI KOTEN COXpaHseTCs Kak 0a30BbI HMCTOYHUK (HOHOBOTO
TEIUIOBOTO COCTOSIHUS TPOM3BOACTBEHHOrO oObema, a [IDHJI pa3memraercs B
o(rcHO-ObITOBOM OJIOKE M B pabodMx 30HAX, pacHpe/leICHHBIX MO BCEMY LEXY.
OxkoHoMuueckuii 3¢ ekt hopMupyercs 3a cueT paboThl JOTPeBa TOJIBKO B padouee
BpEMs, CHWXEHHUS IEperpeBa BEpPXHEro 00bEMa, YMEHBIICHHS IOTEPh MpHU
UHOUIBTPAIMM Yepe3 JBE BOPOTHBIC 30HBI, CEKIIMOHHOTO YIPABJICHUS U
(aKTUYECKOTO COKpAILEHUs PacX0/ia yIJIsl.

PanmonaneHas mporenypa BHEAPEHUS BKIIOYAET MHKEHEPHOE 00CIiIeJOBaHNE
00BEKTa, BHIOOP 30H JIOKAJBHOTO JOrPEBA, PACUET YCTAHOBJIECHHOW MOIIHOCTU H
AIIEKTPUYECKOW CXEMBbI, OIBITHYIO JKCIUTyaTal[Ml0 OTPAHUYEHHOI'O Yy4dacTKa C
perucrpanmei TeMnepaTypbl U SHEPTUH, a 3aTEM MacIlITAOMPOBaHUE HAa OCTAJIbHBIC
30HbI. CuCcTeMa MOHUTOpPHHIa U3 nojpasaena 4.4 ucnoyib3yercs Kak MHCTPYMEHT
HKCIUTYaTal[MOHHOT' O SHEProayuTa: perucTpUupyroTCs TeMIieparypa padouei 30Hsbl,
npouiib TEMIEpaTypbl MO BBICOTE, COCTOSHHE MOAYJEH, aKTUBHAs MOIIHOCTD,
JUIMTENIBHOCTh  pabOThl W aBapuiiHble coObITHs. HakomieHHble 1aHHbBIE
NPUMEHSIOTCS Ui pacdeTa HakTHIECKuX KOIPPUIMEHTOB Kper, Kopy M Kyey, UTO
CBSA3BIBAET CUCTEMY MOHUTOPUHIA C 3KOHOMHUYECKON YacThIO pa3jena.

IIpoextupoBanue [I9H/] BBIMOIHAETCS 10 MPUHLHMILY «OT 30HBI K MOLITHOCTI.
CHavana 3azaercs NEPEYEHb 30H JIOKAIBHOIO JOTPEBA, 3aTEM PACCUUTHIBAKOTCS
YCTAHOBJICHHAs] MOLIHOCTb, YHUCJIO MPUOOPHBIX MOAYJEH, rpauk BKIIIOUEHUS U
JOMYCTHMasl ~ OJHOBpPEMEHHas Harpy3ka. [[nsg TIpynmoBOoro IpUMEHEHUs
IIPEANIOYTUTENBHBI CEKIMOHHOE YNPABIEHHE U KOMMYTalus yepe3 zero-cross SSR
WIM pejie ¢ JOCTAaTOYHBIM 3allacoM II0 TOKYy M TEIUIOBOMY pexumy. Ilpu
pa3MelnieHnd NpUOOpPOB COXPAHSAIOTCA BO3AYILIHBIE 3a30pbl JJIi KOHBEKIIWH,
IpeI0TBpaIlaeTCs MePEKPhITHE OpeOpeHuss U 00ECTIEYNBAETCS 3aIUTA TOCTYIHBIX
MOBEPXHOCTEHN OT CIIy4allHOTO KOHTaKTa. Ynpasienue rpynmnoi [ID9H/] moxeT ObITh
JIOTIOJTHEHO MPOTHO3HBIM OTrPaHUYEHUEM HArpy3ku No Tpouiio MmoTpeOrIeHus
00BEKTa U aNTOPUTMAMU NIPSIMOTO YIPABIEHUS HATPY3KOM.

Ilepeq BBOAOM B SKCIUTyaTalMIO BBIMNOJHIETCS KOMIUIEKCHAs IMpPUEMOYHAas
IpoBepKa TEIJIOBOro pexknuma M Oe3omacHocTu. KoHTponupyroTcs gakTuueckas
aKTUBHAs MOIIHOCTb, HAaNpsKEHUE, TOK, TeMIlepaTrypa JOCTYMHOW MOBEPXHOCTH
KOXKyXa, TeMIlepaTypa BBIXOJSIIEr0 BO3AyXa, paboTa TepMocTara, T'HMCTEpE3NC,
MOCJIEIOBATEIBHOCTh  BKJIIOUEHHS TNPUOOPHBIX MOAYJIEH U  KOPPEKTHOCTH
BOCCTAHOBJIEHUSI TOCJE KPATKOBPEMEHHOTO OTKIIOYEHHS NUTaHUs. OTAEIbHO
IIPOBEPSAIOTCS aBAPUKHBIE PEXKUMBL: OTKAa3 TEMIIEPATYPHOIO JaTYMKa, YXyALIEHHAs
KOHBEKLMS, YaCTUYHOE MIEPEKPBITHE BO3yXOBOJIOB, cpabaTbIBaHUE
Tepmonpenoxpanurens, Y30, aBTOMaTM4eCKOro BBIKJIIOYATENS, 3alIUTHOE
3a3eMJICHUE U COMTPOTUBIICHUE U30JISLIUU.

Okcrutyatauusa [IT9H]] ctpoutcs Ha ynpasiasiemom rpaduke. B pabodee Bpems
3aJjaeTCcsl TeMIeparypa, HeoOxoaumas JUisi KOHKPETHOW 30HbI, a B Hepabouue
NEPUOABl CUCTEMA NEPEBOAUTCS B NMOHMKEHHBIM PEXHUM WIH OTKIKOYAETCA MpU
COXpaHeHuu 0e30nacHoi GOHOBOM TeMIepaTyphl OT 0a30BOr0 UCTOUYHHUKA. Y CTaBKH
3aJJal0TCSl C TUCTEPE3UCOM, YTOOBI YMEHBIINTh YaCTOTY KOMMYTAllMl U MPOJUIUTH
pecypc pene nin SSR. JlaHHbIe MOHUTOPUHIA — TEMITEPATYpa, AKTUBHAS MOLIHOCTb,
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COCTOSIHME BHYTPEHHUX CEKLHUH U MPUOOPHBIX MOAYJIEH, NIIUTEIBHOCTh PabOTHI U
aBapUilHbIE COOBITUSL — COXPAHSAIOTCS B KypHAJIE U MCIOJIb3YIOTCS JUIsl CPABHEHHUS
(aKTHYeCKOW SKOHOMHHM C PACUCTHOH, a TakKKe I OOHOBJICHHS] TPOTHO3HOM
MOJENH YIIPABISIEMON HArPY3KH.

Texunueckoe obOciayxuBanue I[IOH/] BkiIroyaer Ce30HHBIE M TEKYyIIHE
onepanuu. llepen HavanoM OTONMMTENBHOTO CE30HA ITPOBEPSAIOTCSA KPEIUICHUS,
COCTOSIHME KOXKyXa U OpeOpeHus, IeIOCTHOCTh KaOelbHbIX BBOJOB, paboTa
JaTYMKOB, 3a3eMieHue, Y30/ muddepeHumanpHas 3alnuTa, TEpMOIPEI0XPaHUTEND
U KOPPEKTHOCTh IIOKA3aHUW KOHTposuiepa. B TedeHue ce30Ha BBIOJIHAIOTCS
BU3YaJIbHBI OCMOTp, OUUCTKA OPEOPEHMSI OT MBLIM, KOHTPOJIb HArpeBa KOHTAKTOB
Y KOMMYTAIIMOHHBIX 3JIEMEHTOB, IPOBEPKa CBOOOJHOTO ABMKEHUS BO3yXa Yepes3
KOHBEKTHBHBIN KaHAJl U aHAJINU3 )KypHaJla aBapuiiHbIX coObITui. [loce 3aBepiienus
ce30Ha (PUKCUPYIOTCS (pakTHUecKoe BpeMsi paboThl, HOTPEOJICHHUE 3IEKTPOIHEPTUH
Y PacxoJl TOIUIUBA.

Takum oOpazom, paunonanbHoe BHeapeHue [IDHJI BeimogHsAETCS MOATAIHO:
oOcneaoBaHue U BBIOOP 30H, PACUET YCTAHOBIEHHONM MOLIHOCTH U 3JIEKTPUUYECKOMN
CXEMBbI, ONBITHAs OJKCIUIyaTalWs HAa OTPAHWMYEHHOM YYacCTKE C PETHCTPALMEN
napamMeTpoB, TOCIEAYIOIlee MAacIITaOMPOBAHME HA OCTaJbHbIE 30HBI. Takas
IIOCJIEN0BATENBHOCT  MO3BOJSIET MCIHONB30BaTh npeumymecrsa [IOH[ -
0ecTpyOHOCTb, OBICTPBIM BBIXOJ Ha PEXKHUM, CEKIIMOHHOCTh M aBTOMATHYECKOE
YOPABJIEHUE — MPHU KOHTPOJIMPYEMOM YPOBHE JJIEKTPUUYECKONM HArpy3ku U
COXPaHEHUH JIOKAJIBHOT'O XapaKTepa J0TrpeBa.

BbiBoabI o pazaeay 4

[To pesynpTaTam pa3pabOTKHU KOHCTPYKIIMH, CHCTEMbl MOHUTOPHHTA U OLIEHKH
addextrBHOCTH TpuMenenust [I9H]] ycranoBieHo cienytoiiee.

[I9H/I o0ocHOBaH Kak CEKUHMOHHBIM OTOMUTENbHBIA MNPUOOP, B KOTOPOM
OTIIEJbHAsL DJIEKTPOBAKYyMHas TEIJIOBash TpyOKa siBisieTcs 0a30BOM CeKUuew, a
rOTOBBIA MOJYJIb (hOpMUpYETCS HAOOPOM CEKIUi, OpeOpeHreM, KOKYXOM, OJTIOKOM
YIIPaBJICHUS U 3aILUTOM.

Pa3pabotana wuHXeHepHas MeToAuKa BblOOpa mapamerpoB [IOH/I,
CBSA3bIBAIONIAsl TEIUIOBYHK) HArpy3Ky IOMEIIEHHS, MOIIHOCTh CEKIUH, IUIONaJb
TEIIO0TAaYl, 00BeM paldouero Teiaa M KOHCTPYKTHBHYIO Maccy. Mertonuka
MO3BOJISIET PACCUUTHIBATH TEMIEPATYPy CEKLUHMH, YUCIO CEKUUMA U MOIIHOCTH
pUOOPHOTO MOJTYJIS.

DIIEKTPOTEXHUUECKUN pacueT mokaszai, 4yTo pe3ucTuBHbd [IDH] sBnsercs
YIIPaBIIEMOW AKTHBHOM HArpy3KOM ¢ MaJIOM KPAaTHOCTBIO ITyCKOBOTO TOKa. Jlis
pPEryJIMPOBAaHKUS MOLIHOCTH IPEANOYTUTEIBHBI CEKIMOHHOE BKIIFOUCHHE U ZEro-
Cross-yIpaBJICHHUE, TaK KaAK OHU HE yXYAIIAI0T KAYECTBO AJNEKTPUUECKON SHEPTUH.

[TokazaHo, 4TO MHAYKUMOHHOE ucnonaHeHue [I9H/] sBnsercs nepcrnekTuBHBIM
10 AMHAMMKE JIOKAJBbHOTO HarpeBa, OJHAKO JUIsl TPYNIOBOTO MPUMEHEHHS TpeOyeT
OTJIEJIbHOM pa3paboTku cuiioBor yactu. [loatomy 0azoBoe ucnonHenue [IOH]] B
WHXCHEPHOW METOAMKE IMPUHATO PE3UCTUBHBIM CEKIIMOHHBIM, 4 MHAYKIHOHHOE
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WCIIOJITHEHNUE PACCMATPUBACTCS KAK HAIPABJICHUE JAJIbHEUIIEH CXEMOTEXHUYECKON
U AJIEKTPOIHEPTETUUECKON ONTUMHU3AIUY.

Pa3paboTanHasi cucteMa MOHHTOPHMHTA W 3allUTHl 00€CTIEUMBAECT KOHTPOJH
TEMIEPaTyphbl, HANpPSKEHUs, TOKA, MOIIHOCTH U COCTOSIHUSI Harpy3KHu.
Hes3aBucumplil aBapuiiHBIA KOHTYP OTKJIKOYAeT NUTAHHWE IIPU IIEPErpeBe, TOKE
YTEUKH, HAPYIIEHUU W30JISAIIUN WK OTKAa3e JaTurKa, 9TO MOBBIMIACT 0€30MacHOCTh
AKCILTyaTaluu.

TexHUKO-9KOHOMUYECKasl OLIEHKa IoKa3aja IeJIecOo00pa3sHOCTh MPUMEHEHHUS
[I9H]] B ruOpHIHON cUCTeMe OTOIUICHHS KaK CpPEeACTBa JIOKAIBHOTO Jorpera. Jlis
MPOM3BOJCTBEHHOrO 1exa miomaasio 840 mM? cxema ¢ 18 momymsamu TT9H/I-800
CHUKAET TOJIOBBIE DKCIUTyaTallMOHHBIE 3aTpathl ¢ 3,60 10 3,25 MiH Tr/roj, a mpu
COYETAaHUHU C TEIJIO3AIIUTON — 10 2,63 MIH TI/TO..

Panmonansuas obnacte npumenenus [IDH]] — mpomebliiuieHHbIE, CKIIAICKUE,
aMUHUCTPATUBHbIE U OOIIECTBEHHbIE 3AaHUs, Tne Tpedyercsa OBbICTPHIH,
YOPABJISIEMBbIA UM JIOKAJBHBIA IOABOJ TEIJIOTHl 0O€3 MOJHOW 3aMeHbl 0a30BOM
CUCTEMBbI OTOTICHUSI.
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3AK/IIOYEHUE

B nucceprannoHHoi paboTe AOCTUTHYTa MOCTAaBICHHAS I1€Jb: BBITOJIHEHBI
UCCIIeIOBaHNE U  pa3paboTka 3HEProdp(GEeKTUBHOTO  BIEKTPOTEXHUUYECKOTO
HarpeBaTesIbHOIO YCTPOUCTBA — IapPOBOT0 3JIEKTPOOOOrpeBaTENs HU3KOTO JAaBJICHUS
(ITOH), MPEHA3HAYEHHOTO TUISL JIOKAJIBHOTO ABTOHOMHOTO,
JEIEHTPATM30BAHHOTO ¥ THOPUTHOTO 3IEKTPOTETNIOCHAOKECHHSL.

[I9H]J] o6ocHOBaH Kak JOKalIbHBIA YIpPaBJISIEMbIi MCTOYHUK TEIJIOTHI U Kak
AJIEKTPOTEIJIOBAs HAarpy3ka CHCTEMBbl OJJIEKTpOCHaOkeHusi oObekTa. (OCHOBY
pa3pabOTaHHOTO pEUICHUsI COCTaBISIET JJIEKTPOBaKyyMHas TeIuloBas TpyOKka
IPaBUTAlMOHHOTO THUIA, B KOTOPOM aKTUBHAS DJJIEKTPUYECKAs MOIIHOCTh
MOJBOJIUTCA K 30HE HCIAPEHUs, a PACIpEeICHHE TEIUIOTh 00ecIeunBaeTCs
UCIIAPUTEIbHO-KOHJICHCAIIMOHHBIM ~ LUKJIOM.  JHeprosddextuBHocts [IDH]]
paccMaTpuUBaeTCsd KakK TMOBBIIICHUE PAaBHOMEPHOCTH TEIJIOOTIAyu, CHUXKEHUE
JIOKAJIbHOW TEIJIOBOM HANpSKEHHOCTH, YCKOPEHHE BBIXOJAa HA PEXKUM U
MOBBIIIIEHUE YIIPABISEMOCTH JIEKTPOTEILIOBON HArPY3KH.

HayuHnoe 3HaueHue u BKj1aa paOOThI B AJIEKTPOIHEPTETUKY COCTOST B PA3BUTUHU
MPECTABICHUN O JIOKAJIbHBIX AJIEKTPOTEXHUYECKUX HArpeBaTeIbHBIX YCTPOMCTBAX
KaK O COBMENIEHHBIX OO0BEKTaX JJIEKTPOIHEPIeTUKU U  JABYX(ha3HOTO
tertoMacconepenoca. g 1I9H/] kak ynpaBiasieMon 37€KTPOTEILNIOBOM HAarpy3KH
OTIPEJICIISIIOTCA ~ YCTAHOBJIGHHAsE MOIHOCTh, YHCJIO CEeKIMH, KodhPUImeHT
UCIIOJIb30BaHUs, CIOCO0 KoMMyTanuu, ¢Ga3Hbld OajaHC, BIUSHUE HAa KayeCTBO
AIEKTPUUECKOM SHEPTUU U TPpeOOBaHUA K 3aIlUTE. ITO MO3BOJIET pacCMaTPUBATh
€ro He TOJBKO KAaK OTOMUTENbHBIA MPUOOpP, HO U KAaK JJIEMEHT YIPABJICHHUS
rpadukomM Harpy3ku 0ObeKTa.

OKCIIEpUMEHTAIBHO YCTAaHOBJIEHO, YTO TeMIeparypHbiii pexum OBTT
ONpEAEsACTCS HE TOJBKO TOABEACHHONM AaKTMBHOW MOIIHOCTBIO, HO U
HOPMHUPOBAHHBIMU  KOHCTPYKTHUBHO-PEKHMMHBIMH  TIapaMeTpaMu:  YJeJIbHOU
AJIEKTPOTEIJIOBOM HArpy3KOM, yIeJIbHOU MacCcoi CeKlnu, 00beMOM pabouero tesna
W HayaJbHBIM OCTaTOYHBIM JIaBJICHHMEM. OTO oOecreyuBaeT IMepexoa OT
AMIIUPUYECKOTO MOa00pa CEeKIUU K PacyeTHO-IKCIEPUMEHTAIBLHOMY BBIOODY
napameTtpoB [IOH/I.

YcraHoBieHa posib HAYaJIbHOTO OCTaTOYHOIO JABJICHUS KaK TEXHOJIOTHYECKOTO
napameTpa 3amycka aByxdaznoro mukia. CHmkenue po ¢ 9,807 mo 5,066 klla B
CIEIUAIbHOW  CEPUU  OMBITOB  COMPOBOXKAAIOCH  OoJiee  MHTECHCHUBHOM
TEMIEPATYPHOM peaKIueld CEKIMM B COMOCTABUMBIX PEXKUMAX, YTO CBSI3aHO C
YMEHBIIICHUEM BIIUSHUS HEKOHJICHCUPYEMBIX T'a30B U yJIyUYIIEHUEM HUCHapUTEIbHO-
KOHJICHCAI[MOHHOTO TEIJIONEPEHOCa.

[loka3zaHo, 4YTO HWHAYKIMOHHBIM  CIMOCOO  TEIUIOMOJBOJA  SIBJISETCS
MEPCIIEKTUBHBIM JJIsI TOBBIIEHUsI TMHAMUKHU pazorpeBa OBTT: npu oamHakoBoi
akTuBHOUM MomtHOCTU 120 BT oH cokpamtaet Bpems goctuxenus 200 °C ¢ 300 no
180 ¢ 1 cCHUIKAET YHEPIUIO BbIXO/a Ha KOHTPOJIbHBIN TemnepatypHbii mopor ¢ 10,0
10 6,0 Br-u. IIpu 5TOM ero nmpumeHeHHne orpaHHuMBaeTcs TpeboBaHusmu k BY-
npeoOpazoBarento, KO3POUIMEHTY MOIIHOCTH, TAPMOHMYECKOMY COCTaBY TOKa,

122



anexkTpoMarHuTHoi coBMmectuMocTd U KIIJ cumoBoit yactu. IloaTomy 0a30BbIM
ucrioniHenneM [19H]J[ npHUHATO pE3UCTUBHOE CEKIMOHHOE, 8 HHAYKIIMOHHOE —
MEPCIEKTUBHBIM.

BrinonHeH aHanu3 COCTOSAHUS AIEKTPOTEIIIOCHAOKEHUS, DIIEKTPOTEXHUUECKUX
HarpeBaTeNIbHBIX YCTPOWCTB, TEIUIOBBIX TPyO0 U ABYX(}a3HBIX TEpMOCH(OHOB.
[TokazaHo, 4TO JJIi aBTOHOMHBIX, PEKOHCTPYUPYEMBIX, NECIEHTPAIN3OBAHHBIX U
THOPUIHBIX CXEM BOCTPEOOBAHBI JIOKAIBHBIC JJICKTPOTEXHUYECKUE HCTOYHUKU
TEIJIOThI, paboTarome Oe3 BHEIIHEro BOASHOTO KOHTYypa M COYETAIOIINE
CEKIIMOHHOE pEryJIMpoOBaHUE MOUTHOCTH, OTPaHUYCHHYIO TEILJIOBYO
MHEPLUHUOHHOCTh, PAaBHOMEPHYIO TEIUIOOTAAYy, TEMIEPATypHbII MOHHUTOPUHT U
3JIEKTPO0OE301aCHOCTb.

Pazpaborana Qusnko-maremarnueckas W umcieHHas monaenp OBTT T1OH/I,
VUUTHIBAIOIIAS  TOABOJ AKTUBHOW  3JIEGKTPUYECKOM  MOIIHOCTH, BHEUIHUUN
KOHBEKTHUBHO-PaJANAIIMOHHBIN OalaHC, a30BbIid nepexo paboyero Teja u Bo3Bpar
*uakou daszel. Pacuersl mokazanu, uto oguHouHas raagakas OBTT nquamerpom 32
MM u airHo# 340 MM nipu Temneparype nosepxuoctu 70-90 °C He obecrieunBaer
oTBOoA MourHOCTH 80 BT 0€3 NpeBbINICHUS PAMOHAIBHOTO TEMIIEPaTypHOTO
ypoBHs. Ilpu temnepatype mnosepxHoctu 90 °C ee mnone3Has TEmIooTaada
cocraBisier okoio 24-32 Bt, a gnsg otBoga 80 BT TpeOyercs mpuBeacHHas
HapyxHast omanp nopsaka 0,09-0,11 M2 310 000CHOBBIBAET HEOOXOIUMOCTH
Pa3BUTON TEIJIOOTAAIONIEH TOBEPXHOCTH, OPEOPEHHSI, CEKIIMOHHOTO TTOCTPOCHUS U
pEryJIMPOBAHUS YHCIIA AKTUBHBIX AJIEMEHTOB.

IIpoBeneHbl 3KCIIEPUMEHTAIIBHBIE MCCIIENOBAHUS 3JIEKTPOBAKYYMHBIX CEKLNN
[I9H/. YcTaHOBIEHO BIUSHUE YAECIBHOUN AIEKTPOTEIIIOBOM HArpy3KH, yAEIbHOTO
KOHCTPYKTHBHO-MAacCOBOTO TapameTpa, T€OMETPUU CEKIMU B 0O0bema pabodero
TeJla Ha TeMmIeparypHbld pexuM. [lojlyueHa WHXKEHEpHAss peErpecCUOHHas
3aBUCHMOCTb JIOKQJIBHOTO NEPErpeBa BEPXHEH 30HBI CeKuu. 11 pacmmpeHHOon
MOJIEJIM TIOJTy4YeHBI TToKa3atenu kadectsa: R? fit= 0,911, R* adj = 0,903, R LOO
= 0,887, MAE LOO = 7,23 °C, RMSE LOO = 8,69 °C, R* LCO = 0,886 u
RMSE LCO = 8,73 °C, 4To moATBEPKAAET TPUTOJHOCTH MOAEH JJIs1 THAKECHEPHOU
OIICHKH TemnepaTypHoro pexxuma [I1OH]] B uccinegoBanHoi obacTu.

DKCHEPUMEHTAIbHO TOATBEPKAECHBI JAUHaAMU4eckue mnpeumyiiectsa [IOH]I.
[Ipn onnnakoBor aktuBHOM MomHOcTH 500 BT IIDOH/[ nocturaer temnepaTypsbl
noBepxHoctu 90 °C 3a 119 ¢, Torna kak KOHTPOIBHBIM MaCISIHBIM 000TpEBaTEh —
3a 593 c; sHeprus BbIX0JIa HAa PEKUM COCTABJISIET COOTBETCTBEHHO 16,5 1 82,4 BTu.
KoHCcTpyKTHBHAsI mporpaMma MoKasajia, 4TO NPUMEHEHHE IPEHAKHOTO KaHalia
CHUYKAET Ieperaji TEMIIePATyp MEXIY KOHTPOJIbHbIMU TouKamu ¢ 27-34 °C no 67
°C, MoBBIIIasi PABHOMEPHOCTh TEMIIEPATYPHOTO TOJISI U 0€30MaCHOCTh CEKITMOHHOM
Harpy3KH.

Pa3paboTaHbl KOHCTPYKTHUBHO-TEXHOJOTUYECKHE U  DIIEKTPOTEXHUYECKHE
pemenust [IDHJ[ kak CEKIMOHHOTO OTOMHUTEILHOTO TpuOOopa. PasrpaHuyveHsb
BHYTPEHHSISI DJIGKTPOBAKYyMHasi CEKIMS M MNPUOOPHBIM MOJIYJb:  CEKIUS
paccMaTpHuBaeTCs Kak TEIUIONEPENAOIINAN dJIEMEHT, & MOAYJIb — KaK 3aKOHYEHHOE
OTOMUTENBHOE U3JIEIHNE C KOPITYCOM, OPEOPEHUEM, KOXKYXOM, OJIOKOM YIIPABJICHHUS
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u HezaBucumon 3ammrod. CdopmupoBaHa HMH)XEHEpHas METOJIMKa BbIOOpa
napametpoB [IOHJ[, cBs3bpIBatomas TEIIOBYI0 NOTPEOHOCTh IMOMEUIEHUS,
MOIIHOCTh ~ CEKIMH, IUJIOWAAb TEIJIOOTAaYd, o0beM paboyero  Tena,
KOHCTPYKTUBHYIO MaccCy, YACJIO CEKIUN U YUCIO0 TPUOOPHBIX MOTYJICH.

ObocuoBano mnpumenenne I[IDOHJI kak ympaBiusiemMoil 3IE€KTPOTEIIIOBOM
Harpy3kd CHCTEMBI 3JEKTpOCHaOkeHus. [l pe3uCTUBHOTO  HCIOJHEHUS
BBITIOJTHEHBI Pacu€Thl HOMUHAIBHBIX TOKOB, TOTEPh B JIMHUH, ITyCKOBOTO PEXKUMA,
dazHoro pacrmpejielieHds TPYNINOBOM HArpy3Kd U CEJIEKTUBHOCTH  3allUT.
[IpeAnoYTUTENbHBIMU ~ CIIOCOOAMH  PErYJIMPOBAHMSI  MOIIHOCTH  OIpPE/AEIICHBI
CEKIIMOHHOE BKJIFOUEHHE U MMAKETHOE ZEro-Cross-peryJnpoBaHUE, MOCKOJIbKY OHU
COXPaHSIOT AaKTHUBHBIM XapakTep HAarpy3ku H© HE yXYIWAIT KadyeCcTBO
ANEKTPUYECKON SHEPTUH.

Pa3paboTanHasi cucremMa MOHUTOPHMHIA, AaBTOMATHYECKOTO YIIPaBICHUS H
aBapuiHOM  3alUTBl ~ OOECHeYMBAET  PETHCTPALUI0  TEMIEPaTypHBIX U
ANEKTPUUECKUX MapaMeTpoB, MOJAJEP)KAHUE 3aJaHHBIX YCTAaBOK, MOOYEPEIHOE
BKJIIOUEHHE MOATPYII U HE3aBUCUMOE OTKJIIOUEHHUE MTUTAHUSI TIPU MEPETPeEBE, TOKE
YTEUKH, HApyIIeHHWH HW30JLMH, OTKa3e TEMIIEpaTypHOro KaHaja WU
cpa0aThIBaHUU TEPMOIIPEAOXPAHUTEIS.

BrinonHeHa TEXHUKO-3KOHOMHYECKass omeHka npuMmeHenus I[IOHJ[ B
TUOpUIHOM cHUCTeME OTOIUIEHUs NPOU3BOJACTBEHHOro uexa B r. Kaparanme
momraapio 840 M2, [l 00bekTa 000CHOBaHA KOMIIOHOBKA JIOKAJILHOTO JIOTPEBa Ha
ocHoBe 18 moxayei [I9H/I-800 cymMMapHO# yCcTaHOBIIEHHOUW MOIIIHOCTBIO 14,4 KBT.
I'omoBoe motpebnenue anexkrpodHeprun [IOHJI cocraBnser 9,31 MBrt-u/rox B
BapuaHTe «yroibHas 0aza + [IOHI» u 7,92 MBt'u/rog mpu coderanuu c
MEPONPUATHSAMHU I10 TEIMI03aIUTE. IKCIUTYyaTAIMOHHBIE 3aTPAaThl CHUXKAKOTCS € 3,60
o 3,25 MaH Tr/rog B THOPUIHOM BapwaHte W 10 2,63 MIIH TIr/TOJ B BapuaHTE
«yronpHasg 6Oa3za + I[IOHJ[ + remnozammra». IlpocToil cpok oxymaemocTu
nokanbHOro KoHtypa [IDH/I coctasiser 5,3 roia npu KOHCEPBATUBHOM CPABHEHUU
u 1,2—1,8 roga npu cpaBHEHUU 110 YCJIOBHUIO PaBHOTO KOM(popTa.

OmnpeneneHa o6sacth parumoHanbHoro mnpumeHenus I[IDOHJ[. VYcrpoiictBo
1EJeCO00pa3HO HMCIOJIb30BaTh HE KaK YHMBEPCAJIBbHYIO 3aMEHY CYIIECTBYIOIIHUX
CUCTEM OTOIUIEHUS, a KAaK YIPABIAEMBIM JIOKAJIBHBIA JJIEKTPOTEXHUYECKUMN
HMCTOYHUK TETUIOTHI JIJIs1 OPUCHO-OBITOBBIX TOMEIIEHUM, paOOUYNX 30H, aBTOHOMHBIX
U PEKOHCTPYUPYEMBIX OOBEKTOB, MOMEIICHUA C HEPABHOMEPHOW TEIUIOBOM
Harpy3Kol, a TakXke THOPUIHBIX CXEM TMPOMBINIJICHHBIX, CKIAJCKHX,
aJIMUHUCTPATUBHBIX M OOIIECTBEHHBIX 3IaHHM.

Takum oOpa3om, quccepTanroHHas padoTa MPEICTaBIIET CO00M 3aBepIlIEHHOE
UCCIIEIOBAaHUE, B KOTOPOM pEIlEHA aKTyaldbHas HAyYHO-TEXHUYECKas 3a/aya
pa3paboTku u  00OCHOBaHUS DHEProd(PPEKTUBHOTO  AIEKTPOTEXHUUYECKOTO
HarpeBaTeIbHOr0 yCTPOMCTBA KAaK JIOKAIBHOTO HMCTOYHHMKA TEMJIOBOM JHEPIUU.
[lonydeHHbIE MOJENIH, DSKCIEPUMEHTANIbHBIE 3aBUCHUMOCTH, KOHCTPYKTHUBHBIE
pelieHusi, CUCTeMa MOHUTOPMHIa M HHXXEHEpHas METOJMKa MOTyT OBbITh
UCIIOJB30BaHbl MPU COBEPIICHCTBOBAHUM  YIPABISIEMBIX  3JIEKTPOTEIIOBBIX
HArpy30K U JIOKaJIbHBIX CUCTEM DJIEKTPOTEIIOCHAOKEHUSI.
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HPUJIOKEHHUE A

CpaBHHMTE/IbHAS OLEHKA OCHOBHBIX I'PYII JJIEKTPOTEXHUYECKUX HATPeBaTeJIbHbIX YCTPOCTB

Taoauna A.1

3J1eKTp03HepreTuqec1me, IKCILIYAaTANHOHHBIC U HOPMATHBHBIC IPU3HAKHU JICKTPOTEXHUYCCKHUX HArpeBaTe/JIbHbIX yCTpOﬁCTB

Xapakrep J1eKTP00Ee30MACHOCTD,
N . PeryimpoBanue u Biusinne Ha nuTaOIyI0
Tun ycrpoiicrBa 3JIeKTPUYECKOI HOpMAaTHBHAasl OlleHKA U 00J1aCTh
aBTOMATH3AIUSs ceThb
HATPY3KH NpPUMEeHeHUs
[Ipenmy1iecTBEHHO TepmocTaTbl TpeOyroT BOASHOTO KOHTYpa U
by p ’ DopMHUPYIOT CTyIIEHYAThIE peby o P
aKTHBHAs Harpy3Ka; CEKLIMOHHOE . TUIpaBIMuecKoil 00Bs3KU. CUCTEMBbI
W3MEHEHUSI aKTUBHOM
notpediiseMas MOIIHOCTh BKJIIOUEHHUE, . LEHTPAJIBLHOTO OTOIJICHHSI HE
TOHoBble BoAsiHBIE MOIIIHOCTH; MIPU YaCTOU
onpeaeIsieTcs KOHTAaKTOPBHI, otHocares k oomactu ['OCT IEC
KOTJIBI U KOMMYTaluu Tpedyercs
COIIPOTUBIICHUEM TBEPAOTEIIbHBIE pelie . 60335-2-30; obmue TpedoBaHUs
BOJIOHArpeBaTenu OIIeHKa KoJieOaHui
HarpeBaTeIbHOIO U CHJIOBBIE HATDSKEHHS K DEKIMA 0€301acCHOCTH OIIEHUBAIOTCSI 110
AJIEeMEHTa U HANPSUKEHUEM | KOHTpoiuiepsl [34; 64; p P I'OCT IEC 60335-1 B mpeaenax
anmnapaToB 3alUThI
MU TaHUS 65] MPUMEHUMOCTH [45; 46]
OOBIYHO CO31aI0T
Tepumocrarroe CTYNEHYAThIE U3MEHEHUS
[IpenmymiecTBeHHO 30HaAJIbHOE Y . Bxoasr B obnacts 'OCT IEC 60335-
aKTUBHAs Harpy3Ka c TIpaBJIEHUE AKTHBHO MOLIHOCTH, 2-30; HOpMHUPYIOTCSI TOCTYITHBIE
Py yrp ’ BJIMSIHUE HA CETh » HOPMHPY Y
NePUOANYECKUM AJEKTPOHHBIE .. | IOBEPXHOCTH U 3alllUTHBIE AIIEMEHTHI.
DNEeKTPOKOHBEKTOPBI oTpesieNsieTcsl CyMMapHOU
BKJIFOYEHUEM U PEryJsiTOpHI, CTAHOBICHHOG [IpuMeHnstoTCcs U151 JIOKAJIbHOTO U
OTKJIFOUEHHEM IO BO3MOXHa paboTa Y JIOTIOJTHUTEIBHOTO OTOIJICHHUS
MOIIIHOCTBIO U PEKUMOM .
TEPMOCTATy 4yepe3 KOHTPOJUIEPHI nomenieHun [45]
OJIHOBPEMEHHOTO
[42; 64; 65]
BKJIIOYEHUS
AKTHBHas HarpeBaTeabHas Crynenuaroe niamn Bo3moxHbI Bxonat B o6macte 'OCT IEC 60335-
Harpyska c TEPMOCTATHOE KpPaTKOBPEMEHHBIE 2-30; 1J1 TEMJIOBEHTUIISTOPOB
TennoBeHTUIIATOPEI Py . P P P e P
JOTIOJTHUTEIHLHOM yIpaBJICHUE; MyCKOBBIE AP PEKTHI YCTaHOBJICHBI JOTIOJHUTEIbHbIE
Harpy3kom TpeOyeTcst y4er AIIEKTPOABUTATENS U TpeOOBaHUs K HarpeBy, YCTOWYMBOCTHU
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J1eKTP00E30NACHOCTD,

Tun ycrpoiictBa

Xapakrep
3JIEKTPUYECKOM
HATPy3KH

PeryaupoBanue u
aBTOMATHU3AIUA

Biausinue Ha NUTAIONLY 10
ceTh

HOpMAaTHBHas OLICHKA U 00J1acTh
IMPUMCHCHUSA
M OTHECTOMKOCTH. ParinoHanbHEI JUIA

3JIEKTPOABUTATEIS
BEHTUJISATOPA

peXUMa BEHTUISATOPA,
uryma M 3aiiuT OT
neperpena

CTyIICHYAThIC U3MEHECHUS
aKTUBHOI MOIIIHOCTH

KPaTKOBPEMEHHOTO OBICTPOTO
oborpesa [45]

MacnsiHble paguaTopsl

Y )KUJIKOCTHBIE
KOMHATHBIC

oborpeBatenu

YCTpaHSET 3JIEKTPUUECKHE

[IpenmyiiecTBEHHO
aKTHUBHAs Harpy3Ka,
TEIUIOBasl NHEPLUs
npubopa CriaxuBaeT
TEMIIEpaTypy
IIOBEPXHOCTH, HO HE

IMKJIbI BKIIFOUCHHA

TepmocratHoE
yIpaBlICHUE;
JUHAMHUYHOCTH
peryJIupOBaHUS
orpaHuYeHa
TEIIOEMKOCTBIO
pabouero Tena u
KopIyca

Bo3neiicTBue Ha ceTh
OOBIYHO CBSI3aHO CO
CTyneH‘-IaTBIM
BKJIIOUEHHEM aKTHBHOM
MOIIHOCTH;, CIIOCOOHOCTE
K OBICTPOMY M3MECHEHUIO
Harpy3Ku OrpaHu4eHa

Bxogst B o6nacte TOCT IEC 60335-
2-30 KaK paguaTopsl C JKUJIKUM
pabouum TenoM. Mcnonb3yroTes ams
JIOTIOJTHUTEILHOI'O OTOILJICHHUS JKHIIBIX
U CIIy’KeOHBIX TOMeleHui [45]

DIeKTpUUYECKHE
MaHeJIbHbIE
oborpeBatenu

[Ipenmy1iecTBEHHO

aKTHBHAas Harpyska,

pacnpeneseHHas 1o
IJIOLAU TIAaHEH

CoBMecTHMBI €
TEPMOCTaTaMH,
TBEPIOTEIbHBIMU
pelie ¥ IporpaMMHBIM
ynpasiieHueMm [64; 65]

IIpu penelinom
ynpaBieHUuu GOPMUPYIOT
CTYNEHHU aKTUBHOU
MOILIHOCTH; IIPU CUIIOBOM
peryaupoBaHuu TpeOyeTcst
olleHKa (hOpMBbI TOKA U
AJIIEKTPOMArHUTHOMN
COBMECTUMOCTHU

Bxonat B o6macte TOCT IEC 60335-
2-30; Temneparypa HOBEpXHOCTHU
OILICHUBAETCS MO JOMYCTUMBIM
npeBbIeHUSIM. [IpuMeHstoTes st
JIOKaJIbHOTO HACTEHHOTO U
MTOTOJIOYHOTO OTOTICHHS [45]

DJIEeKTPOAHBIE
yCTpOHCTBa (MOHHBIE
KOTJIbI)

XapakTtep Harpy3ku
3aBUCHUT OT
AEKTPOITPOBOTHOCTH,
TeMIIepaTypbl U COCTaBa
pabouero Tena; pabovas

KHJIKOCTb SIBIISITCS
YaCThIO JIEKTPUUECKON

TpebyroTcst KOHTPOIIb
AIIEKTPOTIPOBOTHOCTH,
BOJIOTIOATOTOBKA,
3alUTa OT TOKOB

KOHTPOJIb KOPPO3UU
[53; 54]

YTCUKH, 3a3€EMJICHHUEC U

[TapameTpsl Harpy3Ku
MOTYT U3MEHSTHCS C
TeMIepaTypor U COCTABOM
pabouero Tena; Tpedyercs
HaJIe)KHas 3aluTa U
KOHTPOJIb peXUMa
MIATaHUS

TpeOyIoT BOJSHOTO KOHTYpa U
KOHTPOJIMPYEMOTO COCTaBa pabovero
tena. O6mue TpeboBaHus
ANEKTPOOE30MaCHOCTH OIICHUBAIOTCS
no ['OCT IEC 60335-1 B mpenenax
MMPUMEHUMOCTH [46]

OCIn
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J1eKTP00E30NACHOCTD,

Xapakrep
N . PerynupoBanue n Biausinue Ha NUTAIONLY 10
Tun ycrpoiictBa 3JIEKTPUYECKOM HOPMATHBHAas OlleHKA U 00J1aCTh
aBTOMAaTH3aLUsA ceThb
HArpy3Ku NpPHUMeHeHHUs
PerynupoBanue
yImp MoryT BIuATh Ha
MOILHOCTH
Harpyska nmeer MUTAIOUIYIO CETh Yepe3
BBITIOJTHSIETCS Yepe3 OtcyrcrBue TOHa B Boze He
AKTHUBHYIO U PEaKTUBHYIO . PEaKTUBHYIO MOIITHOCTb, .
CHJIOBOM OTMEHSET TPeOOBaHUM K U30JIS11H,
cocTaBJsitolue; Tpedyercs rapMOHHYECKHE
npeoOpaszoBarenb, JOCTYITHBIM YaCTSIM U 3alIUTe.
WNunyknuoHHble y4deT KodppuiueHTa COCTABIISIIOIIUE U PEKUM
KOMMYTAalIUIO WU [TpuMeHsItoTCS MPEeUMYILIECTBEHHO B
BOJIOHArpeBaTeNN MOIIIHOCTH, MTapaMeTPOB CUJIOBOTO
HM3MEHEHHUE pPeKuMa BOJIOHArpeBe U OTOIICHUU C
CUJIOBOTO npeodpazoBares; N .
paboThl; BOZMOXKHA THJIPABINYECKON HHPPACTPYKTYPOi
npeoOpaszoBarens u TpeOyeTcst oleHKa
N KOMIIEHCAIUs . [46; 55]
MarHUTHOM CUCTEMBI [55] . Ka4yeCTBa AJIEKTPUUECKON
pEaKTUBHOM
SHEPTUU
MOIIHOCTH
CoBMecTHMBI ¢ [Tpu dhazoummnynscHOM Pannannonnbeie o0orpeBarenu BXOIAT
[Ipeumy1ecTBEHHO TEPMOCTATAMH, peryaupoBanuu Bo3MoxHo | B obmacte 'OCT IEC 60335-2-30;
Vingpaxpachbie aKTHUBHAs Harpy3Ka; Juis CHJIOBBIMU HCKaKeHUE POPMBI TOKa; HOPMUPYIOTCS JOCTYITHbIE
HBJ? queHH JIAMIIOBBIX HU3JIydaTesen KOHTpPOJUIEpaMH, IpHU TPYIIOBOM paboTe MOBEPXHOCTH U 3AIIUTHBIE PEIIECTKH.
Y IJIaBHBIM ITyCKOM U TpeOyeTcst olleHKa PanmonanbHbl 1151 pabo4YnX 30H U

BO3MOXKHBI ITOBBIIIICHHBIC
ITYCKOBBIC TOKH

OTpaHUYCHUEM TOKa

CyMMapHOW MOUTHOCTH U

MMOMEIICHUI NepuoagnvI€eCKOro

[64; 65] KavecTBa JIEKTPOIHEPTUU WCIIOIb30BaHusl [45; 56]

BnusHaue Ha ceThb

. I'OCT IEC 60335-2-30 ne
OTIPENIETISIETCSI CyMMapHOM
TepmoperynsTopsl, - pacrpocTpaHseTcs Ha

YCTaHOBJICHHOU

Pacripenenennasi akTuBHast JTATUYUKH MOIIHOCTHIO 1 oborpeBaTenbHbIe Kabemnu;
KabenbHbIe cUCTEMBI | Harpyska, yCTaHOBJICHHAS TEeMITepaTyphl ToJia MIPUMEHSFOTCS CTIEIIMaTU3UPOBAHHBIE
UKITUIHOCTHIO

OTOIIJICHUA

B CTPOUTEIILHON
KOHCTPYKIUHU

HJIM BO31yXa, 3alllUuTa
OT IE€perpeBa 1
MMOBPCIKACHU A

BKJTFOUEHUST; TIPU OOJIBITINX
IJIOMIAIIX TpeOyeTcs yueT
BBIIEIICHHON MOIITHOCTH
00BEKTa

TpeboBanus, Brmoyas IEC 60800.
Ucnons3yrorest aist koMpopTHOTO
[IOJIOTPEeBa M0Ja U pacipeieIeHHOTO
otoruteHus [45; 68]
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npeoOpaszoBarens u
MAarHUTHOW CHCTEMEI [55;
71;72]

napamMeTpOB 3aBUCUT
OT KOHKPETHOT'O
HUCIIOJIHCHUSA U

Xapaxkrep DJIeKTP00e30NacHOCTb,
N . PerynupoBanue n Biausinue Ha NUTAIONLY 10
Tun ycrpoiictBa 3JIEKTPUYECKOM HOPMATHBHAas OlleHKA U 00J1aCTh
aBTOMAaTH3aLUsA ceThb
HATPy3KH NpPHUMeHeHHUs
DJIEKTPOHHBIE I'OCT IEC 60335-2-30 He
B03MOKHBI JI0KaIbHbIE
PETYIISITOPSI, pacrpocTpaHsieTcs Ha THOKHe
Heperpy3Ku npu
PacnpenenenHas akTUBHas TeMIIepaTypHbIe JMCTOBBIE HarpeBaTeIbHbIE
HEMpPaBUIbHOM MOHTAXE;
[Inenounsle u rubkue Harpy3ka TOHKOTO JATYMKH, 3a1UTa OT AJIEMEHTBI; IPUMEHSIOTCS TPEOOBAHUS
pu OOJIBIIIOM YHCIIE
JIMCTOBBIE HarpeBaTeIn HarpeBaresIbHOIrO JIOKQJIBHOTO . I'OCT IEC 60335-2-96.
ceKkIuil Tpedyercs yuer
JJIEMEHTA neperpesa u . Hcnonb3yrores uist 10KaJIbHOTO
CYMMapHOM MOILITHOCTH U o
HapyIeHHs o0orpeBa MoBEepXHOCTEH U 30H [45;
peXKUMa KOMMYTallUu
TEIIOBOTO KOHTAKTa 59]
Talimepsl,
IIPOrpaMMHBbIE MoryT criiaxuBaTh JI1s akKyMyJISILIUOHHBIX KOMHATHBIX
[IpenmymiecTBeHHO PETYIISTOPSI, rpaduk NoTpedIeHHs IPH oborpeBaTeneil MPUMEHSIOTCS
AKKYMYJISITUOHHBIE
AR TDIICCKIE aKTUBHas Harpyska, yIpaBJieHUE 10 npaBWwIbHOM yripaBienud, | Tpebdoanus ['OCT IEC 60335-2-61.
CHETGMH NpUrOJHAs JUIs IepeHoca | Tapudy, TeMnepaType | HO CO3Aal0T HHTEPBAJIbI ParmoHanbHbl IpU HATUYUA
noTpebIieHus: BO BpEMEHHU u rpauKy MOBBILLIEHHOW Harpy3ku TapUPHBIX WU PEKUMHBIX YCIOBUN
notpeOinenus [24; 48; | npu 3apsaKe HAKOIMUTEISA JUI IepeHoca Harpysku [69]
60]
ITpu TOHoBom
[Ipeumy1ecTBEHHO TepmocratHoe, o
WCIIOJIHEHUU BO3/IeHiCTBHE
aKTHUBHAs Harpys3ka Ipu CTyIleHYaToe Win CBS3AHO PaccmaTpuBaroTcst Kak JOKaJbHbIE
TOHoBoM TemnononBoze; CEKLIMOHHOE ANEKTPUYECKUE OTONUTEIbHBIE
MIPEUMYILIECTBEHHO CO
[TapokarnenbHbIE/TEII0 IIPU UHIYKITMOHHOM yIpaBJIEHUE; CTVIICHIATIM puOopbI; 6€30M1aCHOCTD
TpyOHbIe BapHaHTE BO3MO>KHbI paciiupeHHast Y . OIIpEAEIAETCS 3alUTON OT AOCTYIA K
BKJIFOUEHUEM aKTUBHOM
ANEKTPUYECKUE aKTHUBHAS U PEaKTHBHAs Ha0J110/1aeMOCTh MOIIHOCTH: TIpH TOKOBEAYIIUM YacTsIM, JOITYCTUMBIM
OTONUTEIIbHBIE COCTaBJISIOLINE, TEMIEPATyPHBIX U - KHHOI;H g y HarpeBOM JIOCTYITHBIX IOBEPXHOCTEMN,
prOOpbI 3aBHCSILKE OT CUIOBOTO ANEKTPUUYECKUX Y repMETHYHOCTHIO TIOJIOCTU U
TEIUIONOABOIE TpeOyeTCs . . .
KOPPEKTHOH paboToii neneit

OIleHKa KO3 uIreHTa
MOIITHOCTHU, TAPMOHUK U

ympasieHus [45; 46; 71; 72]

PEXHUMa CHIOBOT'O
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Xapakrep

PeryaupoBanue u

Biausinue Ha NUTAIONLY 10

J1eKTP00E30NACHOCTD,

Tun ycrpoiictBa 3JIEKTPUYECKOM HOPMATHBHAas OlleHKA U 00J1aCTh
aBTOMATHU3AIUA ceThb
HArpy3Ku NPUMEHEeHUs
CHUCTEMBI YIIpaBJieHUs | mpeoOpa3oBarens [55; 64—
[70; 71; 72; 76] 67]
o MoryT BIuATh Ha
Kommnpeccopnas Peneilinoe nnu

TerioBbIe HACOCHI

AIIEKTPUUECKAs Harpy3Ka;
BO3MOXHBI ITyCKOBBIE
TOKH, PEaKTUBHAs
COCTaBJISIOLIAS U
M3MEHEeHHE TPOQHIIS
noTpebaeHus [61-63]

UHBEPTOPHOE
yIpaBJICHUE
KOMIIPECCOPOM,
aBTOMaTHKa
XJIQIareHTa, HACOCOB
U BEHTUJISITOPOB

pactpeeIUTENbHYIO CEeTh
yepes3 MyCKOBBIE TOKH,
KO3 (HHUITMEHT MOIITHOCTH
Y TAPMOHUKH
WHBEPTOPHBIX IPUBOJIOB;
TpeOyeTcst mpoBepka
YCIOBUU MOJKJIKOYEHHUS

OneHuBaroTCs 1O CTaHAapTaM
COOTBETCTBYIOILIET0 000pYI0OBaHNUS;
HE OTHOCSTCSI K KOMHATHBIM
o0orpeBaTensiM IpsIMOTo JEHCTBUS U
SIBJISIFOTCSL CMEKHOM KaTeropuen
AIEKTpOTeILIOCHAOKEeHHS [61-63]

Taoauua A.2

KOHCprKTI/IBHO-Tel'lJIOTeXHI/I‘IeCKI/Ie NMPU3HAKH JIEKTPOTCXHUYCCKUX HATPEBATECJIbHBIX yCTpOﬁCTB

Tun ycrpoiicrsa

Coco0 3J1IeKTpPoTen10B0ro

npeodpa3oBanus

Pabouas cpena

HNHepunoHHOCTH

PaBHOMEpPHOCTH TeMIIEPATYPHOTO
noJist

TOHoBbIe BOasIHBIE

HarpeB COIIPOTUBJICHUEM
IMPOBOAHUKOBOT'O UJIN
MOJIYIIPOBOAHUKOBOT'O 3JICMCHTA,

Cpennsisi; 3aBUCUT
oT o0bema
pabouero Tena,
TUIIA KaMEPbI

Onpenensaercst UUPKYJIALHAEH
pabouero Tena, KOHCTPYyKLUEH

KOTJIBI U KOCBEHHBI HarpeB KUAKOTO Kunkoctsb Harpesa, TEII000MEHHUKA U CUCTEMOM
BOJIOHArpeBaTeNn pabouero Tena yepe3 000JI0UKy LUPKYJISALUN U pacripesienieHus TeIIoThL; TpedyeTcs
TOHa niu TermiooOMeHHy10 COCTOSIHUS BOJSTHOM KOHTYP
MOBEpPXHOCTH [34, 51] HarpeBaTesIbHOMN
MTOBEPXHOCTHU
Harpes Bo3zayxa ot ayieMeHTa
. 3aBUCHUT OT LIMPKYJSLUKA BO3/1yXa,
DJIEKTPOKOHBEKTOPHI | COMPOTHUBJIEHUS MPHU €CTECTBEHHOMN Bo3nyx Huskas—cpenuss

KOHBeKLuH [42; 45; 52]

pacrionioskeHust mpudopa,

140




Cnoco0 3J1eKTpoTen10Boro

PaBHOMepHOCTb TEMIICPATYPHOTO

Tun ycrpoiictBa PaGouas cpena HNHepuuoHHOCTH
npeoodpazoBaHus moJIst
TETUIONIOTEPh M KOH(PUTYpaIHH
MOMEIEHUS
ObecnieunBaroT OBICTPBII IPOTPEB
Harpes Bo3znyxa sneMeHTOM BO3/YITHOTO 00beMa, HO
TermnoBeHTHIIATOPBI | CONPOTHUBJICHUS C TPUHYIUTEIHHBIM Bozayx Huzxkas TEMIIEpaTypHOE T0JI€ 3aBUCUT OT
o0yBoM [42; 45] HaIlpaBJI€HUs CTPYU U pexKUMa
paboThl BEHTUWIISITOpA
Macisansie [ToBbllIeHHAs K3-3a
HarpeB BHyTpeHHEro »XHIKOT0o TemnepaTypa NOBEpXHOCTH
pazuaTopsl U TEIJIOEMKOCTH
pabouero Tena IeMEHTOM Kunkocts BHYTpHU CTJIaYKUBAETCS TETNIOEMKOCTBIO
KUJKOCTHBIE . KopITyca u
COIPOTHUBIICHUS C MOCIEAYIOIIEH KOpPITyca/BO3yX KHUJKOCTH, OJTHAKO BBIXOJ] HA PEXKUM
KOMHATHBIE o BHYTPEHHETO
TEIJI00Taa4eH uepes kopiryc [45; 52] 3aMeJIeH
oborpeBaTenu pabouero Tena
Harper nanenu snemenToM 3aBUCHUT OT IUIOIIA/IN TTAHEIH,
DIeKTpUUYECKHE
CONPOTHUBIICHHUS C TyUYHUCTO- TBepnoe pacnoIOKeHUs1, TEMIEPaTyphbl
MaHeJIbHbIE . ., Huskas—cpennss ’
06OIDERATEI KOHBEKTUBHOMU TETJIOOTaAuEH [42; TEJI0/BO3IyX MOBEPXHOCTU U YCIOBUI
p 45; 57] Te1000MeHa B TOMEIICHUH.
Harpes snekTponpoBoiHOM
OneKTpOoHbIE KHUJKOCTH 32 CUET €€ Ornpenensercst BOASHBIM KOHTYPOM,
YCTpOMCTBA (MOHHBIE AIEKTPUUYECKOTO COMPOTUBIICHNUS; Kunkoctb Huskas—cpennss UPKYIALKEeR paboyero Tena u
KOTJIbI) paboyast )KUIKOCTh BXOJIUT B CTaOMJILHOCTBIO €r0 COCTaBa
AIEKTPUUECKYIO 1enb [24; 53; 54]
3aBUCHUT OT KOHCTPYKIIMH KaHAJIOB,
DNeKTpOMarHuTHast UHIAYKIUS U Kunkocts uepes
WNHnykumnoHHbIe . TUIOMIA/IA TETUIOOOMEHA U
BHXPEBBIE TOKH B METAJNTMYECKOM METaJUTMYECKU I Cpennsis
BOJIOHArpeBaTeIn OpraHU3alMH MUPKYJSINUNA paboyero
TeI1000MeHHHKE [55] TEIJI000MEHHHK
Tena
[lepenaya TeniaoTel 0ObEKTaM HMeroT BBIpaKEHHYIO JIOKAJIbHOCTh
WNudpakpacusle Tsepnoe .
MIPEUMYIIECTBEHHO HHPPAKPACHBIM Huszkas NENCTBUS; paclpeelieHne TeII0OBOTO
U3ITydaTeNnu TEJI0/BO3TyX

n3inydeHuem [56]

IIOTOKa 3aBUCHUT OT IT'COMETPHUH,
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Tun ycrpoiictBa

Cnoco0 3J1eKTpoTen10Boro
npeoodpazoBaHus

PaGouas cpena

HNHepuuoHHOCTH

PaBHOMepHOCTb TEMIICPATYPHOTO
moJIdA

pPacCTOSIHUS, OPUEHTALIUU U CBOWCTB
001y4yaeMoi IOBEpXHOCTH

KabenpHbIe CHCTEMBI
OTOIIJICHUA

Pacnipenenenusiii Harpes
COTIPOTUBIICHUEM B KOHCTPYKIIUH
1oJja, CTEHbI WM MoToJiKa [58; 68]

TBepnoe Teno

Cpenusis—BbIcOKas
MPU MacCCUBHOM
CTPOUTEIBHON
KOHCTPYKLIUH.

[Ipu KOppeKTHOM yKIIaaKe
o0ecreynBaoT paBHOMEPHYIO
TEIUIO0Taqy 110 IJIOAaN, HO
CKOPOCTb pE€aKLIUH OTpaHUYEHa

TEIJIOBOM MHEPLHEN KOHCTPYKIIMH

ITnenounsle ¥ THOKKE
JINCTOBBIC

Pacnipenenenusiii Harpes
COMPOTHUBIIEHUEM THOKOTO WJIH
TOHKOIUJIECHOYHOTO AjieMeHTa [59]

TBepnoe Teno

Huskas—cpenuss

3aBUCHUT OT IUIOIIAIA HAarpeBaTels,
croco0a MOHTaXKa, TEIIOBOTO
KOHTAKTa M YCJIOBUH TCIIOOTIauN

HarpeBaTcjin

AKKyMYJISIIUOHHbIE
JIIEKTPUYECKUE
CHUCTEMBI

Harpes temnoakkymyJmpyromiein
Macchl WK 0aKa ¢ MOoCieIyoIIeH
OoTAa4eil HaKOTUICHHOM TEeTUIOTHI [24;

48: 60]

TBepaoe Teno uiu
SKUIKOCTH

Bricokas

3aBUCHUT OT KOHCTPYKIIMH HAKOIIUTEIS
U criocoba 0Tauu TETJIOThI;
OlepaTUBHAs PETYJINPYEMOCTh
OrpaHuyeHa

[TapokanenbHble/TEIT
OTpyOHBIE

JNIEKTPUIECKHUE

OTONMTENbHbIE
prOOpbI

DNEKTPUUECKUH TETUIONOABO/ K 30HE
UCHApEHHUs ¢ TOCIEAYIOUIIM
MIEPEHOCOM TEIUIOTHI 3a CYET
UCHapeHus, ABMKECHUS Mapa,

KOHJICHCAIIUX U BO3BpaTa KOHJEHcaTa

B FepMETHYHOM BYX(a3HOH MOI0CTH

[70; 71; 72; 76; 80]

PaGouee temno B
rEPMETUYHOU
MOJIOCTH/BO3AYX
MIOMEUICHUS

Huskas—cpennss;
3aBUCHUT OT
KOJIMYECTBA

pabouero Tena,
HAYaJIbHOT'O
OCTaTOYHOTO
JIaBJICHHS,

TEOMETPUU CEKITUU
U BHEIIHEH
TEIJI00TAAYN

JIByxda3HbIil 37IeMEHT MMOBBILIAET
PaBHOMEPHOCTB PaCIpeACIICHUS
TEIUIOTHI 110 KOPIYCY; (haKTHUecKas
TEMIIepaTypa MOBEPXHOCTH 3aBUCHUT
OT KOHCTPYKLIUH, OpeOpeHHs, KOXKyXa,

MOITHOCTH U CHCTEMBI YIIPABJICHUS

TenaoBbIe HACOCHI

TepMOAMHAMUYECKHUIN UKL C
XJaJareHTOM U KOMIIPECCOPOM; HE
ABJISIFOTCS YCTPOMCTBAMU IIPSIMOTO

3JIEKTPOTETIOBOTO MPeoOpa30BaHMS

[24; 61-63]

XJlajmareur +
BO3/yX WJIHA BOJA

3aBUCHUT OT LIUKJIA,
CUCTEMBI
pacnpeneneHus
TEIUIOTHI U peKUMa

YIIPABJICHUS

Onpenensercs BO3AYIIHON WA

BOJISTHOM CHCTEMOM OTOIJICHUS,

paccMaTpUBAIOTCS KaK CMEKHAs
KaTeropus dMEKTPOTEIIOCHAOKEHUS
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Taoauua A.3

OueHoyHasi MATPUIIA COOTBETCTBUSA IPYII YCTPOMCTB TpeOoBaHUAM Tadauubl 1.1

T3 T4 T6
T1 T2 paBHOMepHas TS
. 0e3 BHelIHero 3JIEKTP00€e30MacCHOCTh
Tun ycrpoiicTBa peryJMpoBaHue| OTPAHMYEHHAs | TEMJI00T/Aa4a Ha0/11012eMOCTh
BOJASIHOTO U Ka4ecTBO
MOIIHOCTH |MHEPUHOHHOCTH U U AaBTOMATHKA
KOHTYpa norpedeHust
NMOBEPXHOCTH
TOHoBbIe BOASHBIC KOTIIBI U
8 + +- +- - + +
BOJIOHArpeBaTENN
DIEeKTPOKOHBEKTOPHI +- + +- + +- +
TennoBeHTIIATOPEI +- + - + +- +-
Macnsiable paguaTopbl U )KUIKOCTHBIS
pajatop M - - + + +- +
KOMHaTHBIE 000TpeBaTeNnu
DneKTpuuecKre naHelbHbIe
p +- +- +- + +- +
oborpeBatenu
DNEeKTPOHbIC YCTPOKCTBA (HOHHBIE
POAHBIC YCTP ( +- +- +- - + +-
KOTJIbI)
WNHIyKIMOHHBIE BOIOHArpEBaTeNN +- +- +- - + +-
NudpakpacHbie uzmydarenu +- + - + +- +-
KaGenbHbIe CHCTEMBI OTOTLICHUS +- - + + + +-
[IneHo4HbIE ¥ THOKUE TUCTOBBI
€HOYHbIE OKHe JHCTOBBIE i i i N L .
HarpeBaTesn
AKKYMYJISITUOHHBIC SJICKTPHIECKUC
YMYJIAL P i } T +- + +
CHUCTEMBI
[TapokanenbHbIE/TETUIOTPYOHBIE
SJICKTPUYCCKUEC OTOIMUTCIIBHBIC +- + +- + +- +-
PUOOPHI
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T3 T4 T6
T1 T2 paBHOMepHas TS
N 0e3 BHeIIHero 3JIEKTPO0E30MACHOCTD
Tun yerpoiicTa peryJiMpoBaHMe| OTPAHMYEHHAs | TEII00T/Aa4a Ha0/11012eMOCTh
BO/JSIHOT O U Ka4eCTBO
MOIIHOCTH |MHEPUMOHHOCTH U U ABTOMATHKA
KOHTYypa norpeodIeHust
NOBEPXHOCTh
TemnoBkIe HACOCHI +- +- +- +- + +-

[Tpumeuanue — O603HaueHus B Tadauie A.3:

«+t» — TpeOoBaHue obOecreunBaeTcs; «+-» — 00ECHeunBaeTCs YaCTUYHO WIIM MPU JOMOJHUTENBHBIX YCIOBUAX; «-» — TpeOOBaHUE OOBIYHO
HEXapaKTEPHO ISl TPYTITIHIL.

T1 — cexkuMOHHOE WU CTYINEHYAaTOe PEryJlMpoBaHHE MOIIHOCTH; T2 — orpaHuYeHHas TEIJIOBash MHEPLUUOHHOCTh; 13 — paBHOMepHas
TEIUIOOT/Ia4ya W OTPaHUYECHHUE TEMIEpaTyphl JOCTYIHOHN mMoBepxHocTH; T4 — pabora Oe3 BHEIIHEro BOASHOTO KOHTypa; TS — Habm01aeMOCTh H
COBMECTUMOCTH C aBTOMaTHYECKUM KOHTpOJieM; T6 — ay1ekTpoOe30MacHOCTh U Ka4ecTBO MOTPEOICHUSI.

[Ipu BBICTaBICHUH OLICHOK MPUHSTHI CIEAYIONINE TTpaBuJa;

OreHka «+» MPUCBAUBACTCS, €CIIM COOTBETCTBYIOIIEE CBONCTBO XapaKTEPHO JJIsi TUTIOBOTO UCIIOJIHEHUS TPYIIBI 0€3 CHEeHalbHbIX Mep; «+-»
— €CJIM CBOMCTBO JIOCTUTAETCSI JIMILb YACThIO UCITOJIHEHUH JTMOO0 MPH JOMOIHUTENBHBIX YCIOBUX (BBIOOP MOJIENH, BHEIIIHUE PETYIISTOPBI, 0COOBIE CXEMBbI
BKJIFOYEHUS); «-» — €CIIM CBOMCTBO HEXAPAKTEPHO ISl TPYIIIIBI B LIETIOM.

[To T5 omenka «+» mpucBauBaeTcs rpyImam, TUIIOBOE TPUMEHEHNE KOTOPHIX MPE/IOJIaraeT MITATHBIA PETYIISTOP C JaTYMKAMU U UHTETPALIUIO
B CHCTEMY aBTOMAaTHUYECKOTO YIPaBIEHUS; BCTPOCHHBIN TepMOCTaT 0e3 BHEIIHET0 KOHTPOJIS MapaMeTpOB COOTBETCTBYET olleHKe «+-». [lo T6 orenka
«+» O3HauyaeT, YTO IpyIIa oxXBadeHa MPO(UIBLHBIM CTaHIAPTOM O€30MaCHOCTH U TUIIOBBIE CXEMbI BKIIIOUEHHUS HE TPeOyIOT ClelHaIbHBIX MEp IO
KAaueCTBY DJEKTPUYECKON SHEPTUU; «+-» — UTO HEOOXOIUMBI OTOJHUTEIbHBIE MEPOTIPUATHS (OIICHKA MyCKOBBIX TOKOB, TAPMOHHUK, TOKOB YTEUKH,
BOJIOIIO/ITOTOBKA, OIIEHKA T€PMETUYHOCTH M peXXHMa CUIIOBOTO IpeodpazoBaTess U T.11.).

st xateropuii, 0ObeIUHSIONUX pa3HbIe UCMONHEHUS (HampuMep, BO3AYIIHBIE U BOJSHBIC TEIIOBBIE HACOCHI, TBEPAOTENbHBIE U BOJSHBIC
AKKyMYJISIIIMOHHBIE CHUCTEMBI, TapOKarelbHble U TeTUIOTPyOHbIe TprOopsl ¢ TOHOBBIM MM WHIYKIIMOHHBIM TEIUIONMOBOJIOM), OIIEHKA OTpaXkaeT
KaTEeropHIO B IEJIOM, IIOATOMY OT/AENIbHbIE UCIIOJIHEHUSI MOTYT COOTBETCTBOBATh TPEOOBAHUSAM TOJIHEE, YEM YKA3aHO.

Onenka HocUT 0000IIAIOINI XapaKTep U HE 3aMEHSIET pacueT KOHKPETHOIO UCTIOTHEHHUS.

Crpoka «IlapokanenbHble/TeMIOTPYOHBIE SIEKTPUUECKHUE OTOMUTENbHBIE MPUOOPHD) OTpa)kaeT OOOOIIEHHOE HampaBlIeHHE, K KOTOPOMY
orHocutcs [IDH/I. TIDH]JI He BwimensieTcs B TabiuIle Kak CaMOCTOSITENbHAs TPYIIA, a pacCMaTpUBAETCs B pabOTe KaK KOHKPETHOE CEKIIMOHHOE
HCIIOJIHEHUE, TPOBEPSAEMOE PACUETHO U IKCIIEPUMEHTAIBHO B MOCIEAYIOIUX pa3Ienax.
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HNPUJIOKEHUE b
Jeranu3anus Temaopu3ndeckoii 1 YucjaeHHoH noctanoBku IBTT

[Tpunoxxenue b cogepXUT BCrIOMOraTeIbHbIE YPABHEHUS U TPOBEPKU, KOTOPHIE
NOATBEPKIAIOT (PU3UYECKyI0 cocToATeNbHOCTh, Mojaenu DBTT, HO He sABIAIOTCS
HEHTPAIBHON YacThIO 3JEKTPOIHEPreTUUECKOM MOCTaHOBKH pasnena 2. bazoBbie
ypaBHEHHS TIepeHoca 3allMcaHbl B OOMIENpUHATON mocTtaHoBke [92; 101];
TerI0pu3nYECKre CBONCTBA BOJIbI M BOJSHOTO napa npuHAThl o IAPWS-1F97 [91].

b.1 banancs! Termonepenoca u ¢pa3oBoro B3auMoeicTBUs

Jnsg ABMXKYIIENCA CKUMAEMOW Cpellbl MCXOAHOM SIBIIAETCA HSHTAIbIUKAHASL
dbopma OGanaHca SHEPTUU:

P+ pv-Vh=V (AVT) + q, + = (B.1)

rJic p — IUIOTHOCTh Cpeibl, KI/M>; h — ynenpHas sHTanbmus, J[X/Kr; v — BEeKTOp
ckopoctu, m/c; A — temnonpoBoaHocTh, BT/(M-K); T — temneparypa, K; q, —
o0ObeMHasl TJIOTHOCTh MCTOYHMKA TEIUOThl, BT/M?; p — maBnenwme, Ila; Dp/Dt —
cyOcTaHImoHaIbHAS MPOU3BOAHAS AaBieHus, [1a/c.

B TBepgoMm kopmyce CKOpPOCTb Cpeabpl paBHA HYJIO, a TEIUIOBOM TOTOK
onpeaensercs 3akoHoM Dyphe:

q=—AVT (B.2)

IIpu h = ¢, T ypaBHEHHE TEIUIONPOBOAHOCTH JUIS KOPIyCa ¥ HArpeBaTeNbHOM
BCTABKH 3aIlMCHIBACTCS KaK:

T
pepo-=V- (AVT) + q, (B.3)

Jns sxkuakod u mapoBoil (a3 ¢ KOHBEKTHUBHBIM IMEPEHOCOM HCIONb3YETCs
ypaBHEHHUE:

pey (3 +v-VT)=V-(VT) +5 (5.4)

rje S — UICTOYHUK WA CTOK SHEPIHH, CB3aHHBIN ¢ MeK(pa3HbIM B3aUMOJICHCTBUEM,
Br/m3.

MaccoBblli pacxon mapa CBSI3aH C JIATEHTHOW YacCThIO TEIIOBOrO IOTOKA
BBIPAKEHUEM:
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i, = S (B.5)

h
rJie 1, — MacCOBBIN pacxoj mapa, Kr/c; (i, — MOIIHOCTh, IEPEHOCUMAsT CKPBITON
TEIUIOTOM, BT; hy, — yenbHas Tersiora napoodpasosanust, JHK/KT.

Ha mex¢a3Hoii rpaHuIie BRIMOTHISTCS OalaHC MacChl M SHEPTHH:
/] /i _
M ey + M ong = 0 (56)
17 o
q 1 = M hyg (b.7)

rae m’ — MWIOTHOCTh MeX(A3HOr0 MAacCOBOIO MOTOKA, KI/(M2:C); q" |y — IVIOTHOCTE
MOTOKa CKPBITOM TEeTIOThI, BT/M?.

Pacnipenenenue ckpblTO TemnoTel Ha pucyHke b.l mocrpoeHo OamaHCOBO
COTJIACOBAHHBIM: HMHTErpaj IJIOTHOCTH IMOTOKAa MO 30HE HCHAPEHUS MO MOMYJIIO
PaBEH MHTETPaLy IO 30HE KOHJICHCALUN U COOTBETCTBYET IOIBEIEHHON MOIITHOCTH.
dopma pacnpeneneHuss noropsieT ucxoaHslii pacuer COMSOL (pucynox B.6
npwiokeHuss B): KoHIeHcauus JOKaau3yeTcss IMPEeMMYIIECTBEHHO B BEPXHEU
xonogHou 30HE; KpuBble miga 60 m 100 BT momydeHsl mponopHHOHAIBHBIM
MaciITabupOBaHUEM.

60 WcnapuTensHas 30Ha 30Ha KOHAEeHCcauum
I
|
50 i
|
: NoKanu3aumus KoHaeHcaumm
40 - : y BEpXHero Topua
|
30 1 |
|
20 - |
NE 10 A — Qin =60 BT fqe\' dA = fq(.'()lld dA = Qin
E - Qin = 80 BT
o
08 I P, TP Y. 50 N U S W—— N— S—— . _-_
5
(o)

T T T

0,08 0,12 0,16 0,20 024 0,28 032 034
Z-KoopAauHaTta, M

Pucynok b.1 — baylancoBo coriacoBaHHOE pacrpe/iesIeHUE TNIOTHOCTH MOTOKA
CKPBITOM TerI0Thl (pazoBoro nepexoma Baojib ocu DBTT
(o pesynbraram pacuera COMSOL)
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Bb.2 I'mapoaunaMuyeckasi anmpoKcMMAaNus Napa u BO3BpaTa KOHJAeHcaTa

Jlis OueHKHM [JBIWKEHUS Tapa B KPYIJIOM KaHalleé HUCHoJib3yeTcs ¢dopMma
ypaBHeHus1 XareHa—Ilyaseins [18; 20]:

L
Ap = 32‘;—3%,an (B.8)
Re, = ”WM—gD (B.9)

rne Ap — nepenaa nasienus, Ila; p, — nMHaMuyeckas BsA3KocTh napa, Ila-c; D, —
TUJIPABJINYECKUI JIMAMETP TIapOBOTO KaHaNa, M; Wy 4y, — CPEMHSA CKOPOCTH Tapa,

M/c; Re,, — uncno PeitHomnbca mapoBoit (hasbl.

BosBpar >xunkoil ¢aszsl B peasbHOM OBTT mnpoucxoguT mo BHYTPEHHEH
ITIOBEPXHOCTH. B 0OCECMMMETPUYHON YHCIEHHOW MOJENIH 3TOT MPOLECC 3aAMEHEH
HDKBUBAJICHTHBIM CJIOEM, OITMCHIBAEMBIM YpaBHEHMEM bpunkmana [78; 94]:

~Vp + W Vu, — %ul +pg=0 (b.10)

rZie p; — JaBJi€HUE KUAKoCcTH, [1a; y; — nnHaMu4Yeckas BA3KOCTb XKUAKOCTH, [1a-c;
U; — CKOPOCTb XKUAKOM (a3bl, M/c; K — 35KBUBaJICHTHAsI IPOHUILIAEMOCTb CJI0sI, M?; O;
— TUIOTHOCTb JKUJIKOCTH, KI/M>; g — YCKOpPEHHE CBOOOHOTO MaIeHus, M/C?.

[TapameTpsl K U &, HE ABISIOTCA FEOMETPUUECKUMHU TTAPAMETPAMH PEATBHOTO
¢butnnsg. OHM 3a1al0T CONPOTUBIIEHUE SKBUBAJIEHTHOI'O CJIOS U MPOBEPSIOTCS MO
YCTOMYMBOCTU TEMIIEPATYpHOTO TOJIA, OTCYTCTBUIO CYXHX 30H U ciabou
qyBCTBUTEIBHOCTH NHTEIPAJILHOMN TEIIOOTIauH.

b.3 VYcroitumBOCTHL  pe3yJbTaTa NpPpHM  HU3MEJbYEHUHM CETKH H
YYBCTBUTEJIbHOCTH K IKBUBAJIEHTHOM IPOHUIIAEMOCTH

Bepudukanys UYMCICHHOTO pEIICHHs BBINOJHEHA IO JIBYM HE3aBHCHUMbBIM
HAPaBIECHUSIM: YCTOMYMBOCTH pe3yibTaTa MpH MOCIEI0BATEILHOM H3MEIbUECHUH
pacyeTHON CETKHM M YyBCTBUTEIHHOCTH K JKBUBAJCHTHON MPOHUIIAEMOCTH CIOS
BO3BpaTa. Bocmpom3BOAMMOCTH pacueTa oOecrledeHa pacuyeTHBIM MPOTOKOJIOM
YUCIEHHOW MOJENH, B KOTOPOM 3a(pUKCHpPOBAHBI THIl peEIIaTess, KPUTCPUH
CXOAMMOCTH W YHUCJIO DJEMEHTOB CETKH; B TEKCTE MPHUBEACHBI WHTETPATbHBIC
MOKa3aTeNH, HEMOCPEACTBEHHO MOITBEPKIAIOINE OATaHCOBYIO COTJIACOBAaHHOCTh
pemrenus. [IpoBepka mokazasa BEICOKYIO YCTOMYHMBOCTE pe3ysIbTaTa: MpH Mepexoe
oT 06a30BOH K yTOUHEHHON CETKe MaKCUMaJbHas TEMIIEpaTypa U3MEHSETCS JUIIb Ha
0,4 °C, none3nas temiootaaya — meHee yem Ha 0,5%, a sHepreTuueckas HEeBsI3Ka
camwkaercs 10 0,1% (tabmuua b.1). CnaGas 4yBCTBUTENBHOCTH PEIICHHUS BO BCEM
uccienoBanHoM auanasone K = 1072-107'° m?, oxBaThIBaromleM JBa MOPsIKa
BenuuuHbl (Tabnumna b.2), ¢usuyecku 3akoHomepHa: B pexkume 80 BT Bo3Bpar
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KOHJEHCATa HE SBISICTCA JUMUTHPYIOIIMM IIPOIECCOM, W HMHTErpajbHas
TEIUIOOTJa4a  ONpPEACIACTCS BHEIIHMM  SHEPreTHYCCKUM  OallaHCOM.  ITO
MIOJITBEPKJIAET KOPPEKTHOCTh SKBUBAJICHTHOMN alIPOKCHMAITUU BO3BpaTa YKHJIKOH
(da3bl B yCTOWIMBOCTH OAJIAHCOBO COTJIACOBAHHOTO PACYCTHOTO PEIKUMA.

Tab6muna b.1

[IpoBepKa yCTOWYMBOCTH PE3yJIbTaTa MPH U3METbUEHHH CeTKH npu Qi = 80

Br
YpoBeHp o ° N3menenue Hessska
pasoueHus Tnax» °C Ts avg, °C Qout> BT e 5%
CETKH
I'py6ast 188,3 187,5 82,4 — 3,0
basoBast 185,2 184,6 80,5 3,1 0,6
VYTouHeHHas 184,8 184,3 80,1 0,4 0,1
Tabmuna b.2
YyBCTBHUTEIBHOCTH pacueTa K SKBUBAJICHTHOW IPOHUIIAEMOCTH CJIOS BO3BpAaTa
K, m? Tax> °C Qouts BT Cyxue Kommenrapuit
30HBI
HOBBIIIEHHOE TUAPABINYECKOE
10-12 186.5 80,0 Her CONPOTHBJICHHE BO3BPATY KOHJIEHCATa;
HE3HAUUTENbHBIN JIOKAJIBHBIA POCT
TEMIIEPATypPhl B UCTIAPUTETIC
0a30BbIii ciTydail; CTaOMIIbHBIN
10~ 184,8 80,1 HET TEeMIEpaTypHbII NPOPHIIb,
UHTErpajibHble MOTOKU cOaJaHCUPOBAHBI
MMOHM>KEHHOE CONPOTHUBIIEHUE; Pa3HUIIA C
1010 184,5 80,1 HET 0a30BBIM pacyeTOM MUHUMAIIbHA,
BO3BPAT KUIKOCTH CBOOOTHBIN
Takum  00pa3oM, BBINIOJHEHHAss TMPOBEPKAa  YCUJIMBACT  OCHOBHOM

AIIEKTPOIHEPTETUUECKUI BBIBOJ paszjena: TpeOOBAHHME COTJaCOBaHUSI AKTUBHOMN
MOIIHOCTH, TUIOIIAJAN TEIJIOOTAAYM W JOMYCTUMOM TeMmepaTypbl MOBEPXHOCTHU
COXPAaHSIETCS BO BCEM MCCIIEIOBAHHOM Auara3oHe K, To eCThb SBIIAETCS YyCTOMYMBBIM
MPOCKTHBIM KPUTEPUEM, HE TIPUBSI3aHHBIM K BHIOOPY MapaMeTPOB SKBUBAJICHTHOTO
CJI041.

b.4 IlpenBapuresibHAs IPOYHOCTHAS OLIEHKA KOPITycCa

I[J'ISI TOHKOCTCHHOTO HIUWJIMHAPA OPHUCHTUPOBOYHOC OKPYKHOC HAIIPAKCHUC
MOJKET OBITh OICHCHO 11O U3BECTHOMY COOTHOIICHHIO:

05 = = (B.11)
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IJIe 09 — OKpY’)KHOE HanpspkeHue, [1a; p — BHyTpeHHee naBieHue, [1a; r — pacueTHbIi
paaunyc, M; 6 — TOJIIMHA CTCHKH, M.

JI7151 KOHTPOJIBHOM TOUKH Py, = 1,15 MIla, r = 15,5 MM u 6 = 1 MM nosry4yaercs:

oo = 1,15-10°-0,0155
&= 0001

=17,8-10°Ta ~ 17,8 MIIa (B.12)

Jns pabouero nuanazona T, < 90 °C naBnenue pg,; < 0,070 Mlla, mostomy o
TOH ke (popMyJie OKpY>KHOE HaIpshKeHUe He TpeBbimaet npumepHo 1,1 MITa. [Ipu
HA4YaJIbHOM BaKyyMHUPOBAaHUHU HapykHOe aTMochepHoe naBienue okosio 0,1 Mlla
CYLIECTBEHHO HIDKE OPHUEHTUPOBOYHOTO KPUTHUECKOTO YPOBHA  TOTEPH
YCTOMYMBOCTU CTEHKM i1 JAaHHOW reoMmerpuu (mopsaka 8—9 MIla). Ilomnas
KOHCTPYKTUBHAs TPOBEPKA KOPITyCa BBIMOIHICTCS OTACIBHO U JOJKHA YIUTHIBATh
MaTepuai, CBapHbIC IIBbI, TEXHOJIOTHUECKUE TOMYCKH, UCIIBITATEIbHBIC PEXKUMBI U
TpeboBaHUs K 000PYyA0BaHUIO, pa0OTAIOIIEMY O] JaBJICHUEM.
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IMPUJIOKEHUE B

Busyanusanus pe3yJbTaToB YHCJAeHHOro Moaeanposanusa IBTT 8 COMSOL

UJ’

L

Pucynoxk B.1 — Pacuetnas o6mnacts 9BTT B ocecuMMETpHUYHON TOCTAHOBKE
COMSOL

t /‘A“'-L

IRRRNE
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\ RRRRRZ

- HHrteA

Pucynok B.2 — JlokanibHOe BekTopHOE  Pucynox B.3 — JlokanbHOE BEKTOpHOE
I10JIE B 30HE TEIIONOABOAA I10JI€ B 30HE TEIJIOOTBOAA
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Pucynok B.4 — Pacnpenenenue
CKOPOCTH KUJKOH (ha3bl B
SKBUBAJIEHTHOM CJIOE€ BO3BpaTa
KOH/JIeHCcaTa

Pucynoxk B.5 — Pacnipenenenue
CKOpPOCTH TapoBOH a3kl B
1eHTpaiabHoi nojoctu OBTT
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Pucynok B.6 — Pacrnipenenenue mioTHOCTH MOTOKA CKPBITOM TEIIOTHI (Ha30BOTO

nepexoza Baodb oc IOBTT (ucxoausiit pacuer COMSOL)
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Pucynoxk B.7 — KauecTtBenHnas

BHU3yaJIn3alyst KBAa3UU30TCPMUICCKOTO

HaCbIIMCHHOI'O pCXKUMa
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Pucynok B.8 — TpexmepHas
BU3yaIM3alys TEMIIEPATyPHOTO OIS
HACBIICHHOTO PeXUMa



HPUJIOKEHHUE I

Hcxoanbie IKCIICEPUMEHTAJBHbIC TAHHbIC

B npunoxeHuu NpuBEAEHBI HMPOTOKOJIbHBIE PEKHUMHBIE, F€OMETPUUECKUE U
TEMIIEPATYPHBIE JAHHBIE DKCIIEPUMEHTAIBHBIX CEPUM paszzaena 3.

Tabmuma I'.1
HNcxomHble  3KCNIEPUMEHTANbHBIE  JTAHHBIE  OCHOBHOW  TEMIIEPATYpPHOU
nporpammsl OIT01-OI140
Kon P];:’ V, M m, T L,em | D, MM | po, klla TE(C):M’ Tnocé:n, n, IT.
OI101 60 10 267 30 20 9,807 23 160,9 50
OI102 60 10 307 25 28 9,807 24 156,1 50
OI103 60 10 433 35 32 9,807 24 117 50
OI104 60 10 478 40 32 9,807 24 119 50
OI105 60 10 472 40 32 9,807 24 112,6 50
OI106 60 10 309 35 20 9,807 26,9 132,6 50
OI107 60 10 345 30 28 9,807 23,1 119,6 50
OI108 60 10 378 36 28 9,807 274 133 50
OI109 60 10 368 25 32 9,807 24,8 120,1 50
OI110 60 10 448 45 28 9,807 24,8 100,1 50
OIll1 60 10 235 25 20 9,807 25 189,9 50
OIT12 60 10 531 45 32 9,807 23,1 85 50
OIl13 60 10 405 40 28 9,807 23,1 116 50
OIT14 60 10 474 38 32 9,807 24 105,6 50
OII15 60 15 267 30 20 9,807 23 176,5 50
OIT16 60 15 309 35 20 9,807 26,9 157,9 50
OI117 60 15 345 30 28 9,807 23,1 126,8 50
OI18 60 15 378 36 28 9,807 274 126,9 50
OIT19 60 15 368 25 32 9,807 24,8 130 50
OI120 60 15 306 35 20 9,807 24 159,2 50
OI121 60 15 448 45 28 9,807 24,8 118,7 50
OI122 60 15 405 40 28 9,807 23,1 117,1 50
OI123 80 10 435 45 28 9,807 23 155,7 50
OI124 80 10 335 31 28 9,807 23 183,4 50
OI125 80 10 309 35 28 9,807 26 173,5 50
OI126 80 10 381 30 32 9,807 24,8 158,1 50
OI127 80 10 362 36 28 9,807 24 163,7 50
OI128 80 10 530 45 32 9,807 254 125,5 50
OI129 80 15 435 45 28 9,807 23 145,9 50
OI130 80 15 450 36,5 32 9,807 24 135,9 50
OIl31 80 15 335 31 28 9,807 23 191 50
OI132 80 15 381 30 32 9,807 24,8 160,3 50
OII33 80 15 530 45 32 9,807 254 137,3 50
OI134 100 10 469 35 32 9,807 24 155,9 50
OII35 100 10 504 40 32 9,807 23,1 156 50
OI136 100 15 469 35 32 9,807 24 175 50

153



OI137 100 15 443 30 32 9,807 25 184 50
OII38 100 15 573 45 32 9,807 23,7 133 50
OII39 80 10 434 40 28 9,807 24 139,2 50
OI140 80 15 434 40 28 9,807 24 149,9 50

[Tpumeuanne — qusa cepuit OII01-OII40 po = 9,807 klla; n — wyumcno
3apETUCTPUPOBAHHBIX TEMIIEPATYPHBIX OTCUYETOB, M — Macca CyXou cekuuu Oe3
yudeTa MaccChl 3aJIMBKH.

Tadomuma I'.2
HcxoaHble SKCIIepUMEHTANIBHBIE JJaHHbIE ciennanbHol cepun T1101-T1/19
Ko Paa, V, _— L, D, Ppo, TnooM, | Tray, | Tonocn, | Tmax, | n,
A Bt MII i cM MM klla °C °C °C °C IIT.

11101 | 80 10 268 | 30,5 | 20 | 5,066 | 23,7 | 27,2 | 2323 | 235,7 | 50
102 | 80 15 268 | 30,5 | 20 | 5,066 | 23,7 | 27,2 | 229,1 | 229,1 | 50
11103 | 80 10 230 | 25,0 | 28 | 5,066 | 24,0 | 25,0 | 216,0 | 216,0 | 50
11104 | 80 10 290 | 28,0 | 28 | 5,066 | 24,0 | 25,0 | 201,0 | 201,0 | 50
11105 | 80 10 380 | 350 | 28 | 5,066 | 24,0 | 250 | 179,0 | 179,0 | 50
11106 | 80 10 430 | 40,0 | 28 | 5,066 | 24,0 | 25,0 | 151,0 | 151,0 | 50
107 | 80 10 530 | 45,0 | 32 | 5,066 | 24,0 | 25,0 | 129,0 | 129,0 | 50
11108 | 60 15 230 | 25,0 | 20 | 5,066 | 24,0 | 26,0 | 136,0 | 136,0 | 50
1109 | 60 15 300 | 30,0 | 28 | 5,066 | 24,0 | 26,0 | 129,0 | 129,0 | 50
10| 60 15 320 | 30,0 | 28 | 5,066 | 24,0 | 26,0 | 120,0 | 120,0 | 50
a1l | 60 15 380 | 35,0 | 32 | 5,066 | 24,0 | 26,0 | 1140 | 1140 | 50
Iai2 | 60 15 400 | 40,0 | 28 | 5,066 | 24,0 | 26,0 | 108,0 | 108,0 | 50
Iai3 | 60 15 470 | 40,0 | 32 | 5,066 | 24,0 | 26,0 | 102,0 | 102,0 | 50
114 | 60 15 530 | 450 | 32 | 5,066 | 24,0 | 26,0 | 80,4 80,4 | 50
Ia1s | 80 15 300 | 30,0 | 28 | 5,066 | 24,0 | 26,0 | 173,0 | 173,0 | 50
ai6 | 80 15 320 | 30,0 | 28 | 5,066 | 24,0 | 26,0 | 1650 | 165,0 | 50
Ia17 | 80 15 360 | 30,0 | 32 | 5,066 | 24,0 | 26,0 | 157,0 | 157,0 | 50
18 | 80 15 400 | 35,0 | 32 | 5,066 | 24,0 | 26,0 | 151,0 | 151,0 | 50
a19 | 80 15 440 | 40,0 | 28 | 5,066 | 24,0 | 26,0 | 140,0 | 140,0 | 50

[Tpumeuanne — cepust [IJI01-I1/[19 BbImosiHeHa MpU HAYAIBLHOM OCTATOYHOM
JaBjieHuU po = 5,066 kl1a.

Ta6muma I'.3
I/ICXOI[HBIG JAHHBIC CpaBHCHI/IH pr6an0r0 n I/IHI[}IKI_II/IOHHOFO TCIIJIOIIOABO A
Tun Pax, V, L, D, Ppo, Tmax, | t200,
Kon m, T o
TEIUIONOABOJA Bt MII cM MM klla C c
TpyOuaThIit

TOH-120 . 120 15 | 230 | 21 22 5-10 212 300
HUXPOMOBBII
WH/A-120 | meayknuoHHb | 120 15 | 230 | 21 22 5-10 247 180

[Tpumeuanue — 11 MHAYKIUOHHOTO BapuaHTa P31 OTHOCHTCS K aKTUBHOU
MOIITHOCTH, U3MEPEHHON MO BXOY IpeoOpa3oBaTets.
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Taomuma I'.4
HcxonHble naHHbIe KOHCTPYKTUBHOM nporpamMmbl KB1-KBS5

Pon, | V, L, D, po, THau,
Kon Kouduryparms Br o 1T o aw | kT oC
KB | CTVIOMIHOH CEPACUHHUK; BO3BPAT MO | o 15 1850 | 30 | 28 | 4.00 24
CTEHKAaM; KOJIbIIEBbIE pedpa
(beppoMarHuTHbIC MIAPUKH;
KB2 BO3BPAT I10 CTEHKAM; KOJIbLICBBIC 80 15 | 850 | 30 28 4,00 24
pebpa
KB3 HIAPHIH, APCHAATIBIN Kafall, 80 | 15 (850 | 30 | 28 | 4,18 | 25
KOJIbIICBBIC peOpa
KB4 HIAPHIKH, APCHAKIBI KaHal, 80 | 15 [ 850 | 30 | 28 | 4,18 | 25
OOKOBBIEC pedpa
KBS xongurypaus KB4 npu 100 | 15 | 850 | 30 | 28 | 4,18 | 25
IIOBBIIIICHHOU MOIIIHOCTHU
Tabnuua I'.5
TeMriepatypHble OKa3aTen KOHCTPYKTUBHOM niporpammMbl KB1-KBS5
Tmax(T2), Tmax(T3), ATmax(T2— o Apocr,
Kon oC oC 10,9(T2), ¢ T3), °C AT, °C Il
KB1 215 188 1200 27 32 0,05
KB2 232 198 1050 34 28 0,06
KB3 227 220 900 7 11 0,04
KB4 207 201 900 6 8 0,05
KB5S 245 238 900 7 9 0,06
[Mpumeuanue — TemnepaTypHble psAAbl PETUCTPUPOBAIHMCH ¢ mepuoaoM At = 30 c;
JUTUTENbHOCTh cepun — 50 otcueroB (25 wmuH). Too(T2) — Bpems poctmwxkenus 90%

KBa3HMCTAl[MOHAPHOTO YPOBHs TemnepaTypbl T2 B coorBercTBUU ¢ (3.2), ¢ (B mpoTOKOJax
(UKCUPOBAJIOCH YHUCJIOM OTCYETOB M TmepecuntaHo yepe3 At). ATio — pasmax kosieGaHui
Temneparypbl T2 Ha kBasucraunoHapHOM ydacTke 3a 10 orcueroB, °C; Apocr — M3MEHEHHE
OCTaTOYHOTO JIaBJICHHS B MOJIOCTU 3a BpeMs cepu, Klla (KOHTpOIb repMETUYHOCTH CEKIIHH).
HavansHoe ocTatoyHoe gaBieHue cepuit — o tabmuie ['.4.

Ta6numa I'.6
Ucxonubie nannbie npudopHoro cpaBaerus [I1OH]] u MO-500 npu Pan = 500
Bt
O6LeKT Pai, | Macca, TBoer, Tc(e):pegl, TEII/IS, ATgnax, 90 CranuonapHas
Bt KT C C C C TemjIo0Taaua
I[MBH/I-500 500 | 2,95 118 89 112 29 1(1:9 ~ 500 Br
MO-500/ TDM 593 -
MIHI-S 500 | 2,85 102 77 113 36 c ~ 500 Bt

[Ipumeuanue — t90 xapakTtepusyeT BpeMs BbIXOAa Ha Temneparypy nosepxHoctu 90 °C;
ATmax — MakCUMaJIbHBIN TIepenaj TEMIIEPATyp MO BBICOTE KOpITyca.
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HNPUJIOXEHUE J
I'paduku 3j1eKTpuYecKuX pe;kuMoB M cyTouHoi IHeprun ITIOH/]
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Pucynox /1.1 — Cytounsrtit npoduns momuoctu [I19H]] mpu paznuyunbix
aJITOPUTMAaXx PETYJUPOBAHUS
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Pucynok /1.2 — Cyrounas snexrpuueckas sneprus [I9H]] npu paznuunabix
QIrOpPUTMAaX PEryJIUPOBAHUS
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IPUJIOXEHUE E

I'pagpuueckne marepuasbl K KOHCTpYKunu ITOH /I

Pucynok E.1 — 3D-mozaens [TOH/I. Pucynok E.2 — 3D-mozaens [TOH/I.
Bun criepeaun Bunx cOoky

Pucynok E.3 — 3D-mozaens [TOH/I. Pucynok E.4 — Pa3zpe3 3D-Moaenu

Bun czaau [IOH/I
~ m00a000oaaaaanana0anadonag "
(Lt :

T VT T AT TN ﬁ@
2 bl

1] (:.) i
=100

=)

-
=] S=x
7]
;|

=)
2| )l
[Lye=s)
—

t:lc

v
N
)
et}
=
| (4

Pucynox E.5 — I"'abaputhsiii yeptex [19H/]
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INPUJIOKEHMUE 7K

Biaok-cxema nHkeHepHO# MeToaMKHN BbiOopa mapameTpos IIDH /]

Hauano

3afaHne HCXOAHBIX AaHHBIX:
D,L,m,V, P[EKL[’ Tnow Tuen’ Q'rp’ PMOA' T KM

Pacuér nnojagr 60KOBOH MOBEPXHOCTH CEKL{MH:

<
. <

A= D-L )

e + ~\
PacuéT y/ieNsHEIX TTapaMeTPOB CeKIHH: »
-

Y qI'D.'l = PCEKI( /AFOJT u =m /ATDFI J

TTapameTpel B 3KCTIePUMEHTa TBHOM
obnact?
PceKu =60-100 Bt; V= 10-15 mn;

D =20-32mm; L =25-45cm

D, L, m, Vuanu P,

CerL

KoppekTrpoBka J

Ha
PacuéT nokansHOro neperpesa BepxHeil 30HbI:
AT =118,42 +0,05330g,,, + 1,361V - 11,0971
PacyéT 70Ka/IbHO TeMIIepaTyphl CEeKLIHH: ’
Tparu = Tﬂn\‘! + AT

O6paTHbIi MOAOOP MONHOCTH CEKIHH:
qro.r(.rpeﬁ = ((Tuen - TFIOM) - 118,42 -
- 1,361V + 11,097p) / 0,05330

P

T acq COOTBETCTBYET

1jesieBoii Temreparype?

cexy = Gron 1pel | Aron

Bb160p HOMHHA/IBHO} MOILHOCTH MOZYJISI:
P, =600/800/1000 Br

MO

Ompe/ie/ieHHe YHC/A CEKIH B OJHOM MOAYIIe:
= ceil(P, / Peoyy)

A

NFFKIL\!Q}( MOJl

Onpepenenye uncia npUGOPHBIX MOAY el fi/1sl 30HbI:
Ny = ceil@Q,, / P

won o)

PacuéTt ycTaHOB/IeHHOH MOIHOCTY rpynnbl [I3H/:
P =N, . Pwm/ 1000, xBr

yer MO,

Pacuér snepronoTpebienns 3a nepruoj;
E=P -1 K,KBry

v

TIpoBepka 3/1eKTPOTeXHHUECKHX Y CIIOBHIL:

TOK Harpy3skH, Ce4eHHe JTHHHH, NOTepH,

asHbiii 6anaHc, 3aiuTa, yrnpasieHe

¥TOUHeHKUEe MOLLHOCTH, YHCIa MOJY e,
YC/I0BUS TENIOBOIO U 3/IEKTPHYECKOrD

. PeXUMa YNpaBieHHs
pacuéra BbIIO/IHeHb!?
MITH CX€MbI [TO/K/THOYEeHHS

ITpunsaraa koudurypaumsa [1OH/:
D,L,V,P N, N, oPoo E

cexip *Yceki Mo C Mo yer?
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INPUJIOKEHHUE N

AKT BHeJIpeHMsl B y4eOHbIil npouecc

«YTBEPKIAIKO»

Yaen [IpaBnenus — [IpopexTop no
aKaJleMHYeCKHM BOINpPOcam
HAO «Kaparanauackui
XHHYECKHil yHHBEPCHTET HMEHH
¥ Oblikaca CaruHoBay
B.P. Hycyn6exos
2026 r.

A

BHePeHHsI B Y4eOHBbIH Npolecc pe3yIbTATOB AHCCEPTALHOHHOH paboThi
By3sikoBa Pycrama PaBuibeBuua
Ha Temy «HMcciieqopanne u pa3padorka s3HeprodppexTHBHOIO
3JIEKTPOTEXHHYECKOr0 HarpeBaTe/IbHOr0 yCTPOHCTBA B KayecTBe
a/IbTePHATHBHOI0 HCTOYHHKA TENJIOBOMH YHEPruu»,
npeacTABJIEeHHON HA COMCKAHHe cTeneHH JoKTopa ¢puinocodpuu (PhD)
no cnenuagabHocta 6D071800 «IiekTpo3HepreTHKay

PaccMoTpeB Ha 3acefaHMM  y4yeOHO-METOIMYECKOro coBeTa (hakyJbTeTa
SHEPreTHKH, aBTOMATHKH M TEIeKOMMYHHUKAIIMH JUCCEPTaLHOHHYIO paboTy byssikosa
Pycrama PaBuibeBuva Ha Temy «MccrnenoBaHue u pa3zpaboTka 3HeproshGheKTUBHOrO
AJIEKTPOTEXHUYECKOTO0 HarpeBaTelIbHOr0 YCTpOMCTBAa B KadyecTBe aIbTEPHATUBHOIO
HCTOYHHUKA TEIJIOBOW SHEPTUH», MPEJCTaBICHHYI0 Ha COMCKaHHE CTeleHH JOKTopa
¢unocopuu (PhD) mo crnenumanbHOCTH «D/IE€KTPOIHEPreTHKA», KOMUCCHS OTMedaeT
HAYYHO-TIPAKTUYECKYI0 3HAYHUMOCTh IIOJTYyYEHHBIX pe3yJbTaTOB M IPHHUMAET K
BHEJIpeHHI0 B y4deOHbIM mponecc ¢ 2026-2027 y4eOHOro roja NpH HU3YYEHHH
mucuuminabel EETZh 3311 «DnexTpoMexaHHuecKue CUCTeMbl B aBTOMaTH3UPOBAHHbIH
9JIEKTPOTIPUBO»  [UId  CTYHEHTOB  oOpa3oBaTenbHOM  mporpammbl  6B07109
«DJIEKTPO3HEPreTHKA» MaTepualbl 110  pacyeTy, OSKCIHepHUMEHTAIbHOW OLEHKE,
MOHUTOPHHIY, aBTOMAaTU3MPOBAaHHOMY YIIPABIEHHMIO U 3alliTe 3HEprod(deKTHBHBIX
SJIEKTPOTEXHUYECKHX YCTPOMCTB M YIPABISEMBIX 3JIEKTPOTEXHHYECKHUX HArpy30K
CHCTEMBI 3JIEKTPOCHAO0KEHUSI.

1. JlaGoparopHast paborta «VccieqoBaHHe O3JIEKTPUYECKUX U OIHEPreTHYECKUX
XapaKTePUCTUK YIPABIAEMbBIX dJIEKTPOTEXHHUECKUX HArpy30K».

JlaGoparopHasi paboTa BKIIFOYaeTcsi B JIaOOpaTOPHBIM MPAaKTHKyM IUCLUIUIAHBI
«DNeKTpOMEXaHUYECKHe CHCTeMbl ¥ aBTOMATH3MPOBAHHBIA 3JIEKTPOIPHBOA» U
pa3BUBaeT COJep)KaHWE pa3lelioB, CBS3aHHBIX C aHAIW30M PEXHUMOB pPabOTHI
JJIEKTPOTEXHUYECKHUX yCTPOHCTB, U3MEPEHHEM DJIEKTPUUECKUX ITapaMeTPOB H OLIEHKON
noTpedIeHHs aKTHBHOM MOIIIHOCTH.

Copepxxanue Js1labopaTopHOi pabOTBI TIpeyCMaTpUBaeT OCBOEHHE METOJOB
9KCIIEPUMEHTAIIBHOTO  OMNpe/eieHrs HaNpsDKeHUs,, TOKa, AaKTUBHOM MOIIHOCTH,
COTPOTHBIIEHHUsT HArpy3KH, MOTPeOseMOil SHEPruu, yIelbHON Harpy3kd ¥ BpeMeHU
BBIXO/Ia Ha yCTaHOBHMBIIHiCS pexuM. [lomyueHHbIe pe3ysabTaThl HCHONB3YIOTCS JUIS
aHalli3a  BIMSHUAS ~ DIEKTPHYECKOM  MOIIHOCTH Ha  pabouwe  mapameTphbl
3JIEKTPOTEXHUYECKOTO yCTPOMCTRA.



B pamkax BBIIIOJHEHUs 1a00paTOPHOH pabOThI CTYIEHTHI BBIIONHSIIOT U3MEPEHHs
NpH Pa3HYHBIX CTYNEHSX Harpy3Kd; pacCYMTHIBAIOT NEHCTBYIOIIHE 3HAYEHHs TOKa,
CONPOTHBIIEHHUS, TOTPEOIsIEMOil PHEPrUM M IOTeph B IHTAIOLIEH JIMHUHU; CTPOST
rpauKd U3MEHEHUS] KOHTPOJIMPYEMBIX [1apaMeTPOB; aHATM3UPYIOT PEXUMBI PabOThI
yIpaBisieMOd Harpy3kd u (GOpMyJIHPYIOT HHXEHEpHble BBIBOABL. B KauecTse
JIEMOHCTPALIMOHHOM 0a3bl UCIONB3YIOTCS y4yeOHble CTEHJbI, aKTUBHbIE HArpy3KH H
OTBITHBIE 00Pa3Ibl HJIEKTPOTEXHUUECKHX YCTPOUCTB.

Pe3ynbTaThl QECCEPTALMOHHOIO MCCIENOBAHHUsA HCIOJNB3YIOTCS HpPH pa3paboTke
METOAMYECKUX  YKa3aHWiH, IIPOTOKOJOB  HM3MEpEeHHH, pacueTHBIX  3a/laHMH,
KOHTPOJIBHBIX BOIIPOCOB U MaTepHalloB [UIsl 00paboTKU 3KCIIePUMEHTAIBHBIX JaHHbIX.
JlaGopaTopHasi paboTa croco0cTByeT (OPMUPOBAHUIO y CTYAEHTOB NPAKTHYECKHX
HABBIKOB M3MEPEHHs M aHalu3a JJIEKTPUUECKUX PEKHMMOB, OLEHKU IHEPreTUUECKUX
XapaKTEpUCTHK U 6e30MacHOM SKCILTyaTalluy 3J1€KTPOTEXHHYECKOro 000py 10BaHHUSI.

2. JlaGoparopHass pabora «VccinenoBaHue aBTOMAaTU3UPOBAaHHOM —CHCTEMBbI
MOHUTOPHHIA, YIPaBJIECHHs U 3aLIUTHI JIEKTPOTEXHUYECKUX YCTPOHCTBY.

JlaGoparopHasi pabora BKIIOYaeTcs B JIaDOPaTOpPHbIM MPAaKTHKYM AUCLMIUIAHBI
«DNeKTpOMEXaHUYeCKHe CUCTeMbl M aBTOMATU3HUPOBAHHBIM 3JIEKTPONPUBOA» H
YCHJIMBAeT COAEp)KaHWe AUCLUIUIMHBI B YacTH aBTOMATH3MPOBAHHOTO YIPABJIEHUS
SJIEKTPOTEXHUYECKHMH  YCTPOWCTBAaMHM, IIPOrPaMMHO-ANNapaTHOr0 MOHHTOPHHTa,
KOMMYTAlliH, PEryJIUPOBaHUS MOLITHOCTH ¥ aBapUHHOMN 3alLUTHI.

Conepxanue 1ab0paTOpHOM pabOThl BKIIFOYAET pPe3yJbTaThl JHUCCEPTALMOHHOIO
HCCIIEIOBaHMs], CBSI3aHHBIE C Pa3pabOTKOH CHCTEM MOHHTOPHHIA, aBTOMAaTHYECKOTrO
yIpaBlIeHUs] ¥ 3alUThl YNPaBISIEMbIX 3JIEKTPOTEXHHYECKUX YCTPOHCTB: KOHTPOIb
HaNpsOKEHHsl, TOKA, AKTUBHOM MOIIHOCTM W TeMIepaTypbl, paboTa 1o 3ajaHHBIM
yCTaBKaM, IOCIeJ0BaTeIbHOEe BKJIIOYEHHE CTyNeHel Harpy3ku, KOMMyTalus 4epe3
peiie WIM TBEpAOTENbHBbIE KIIOYH, PpErucTpalus mapamMeTpoB u Oe3omacHoe
OTKJIFOYEHHUE ITPU HEeJIOMY CTUMBIX PeXHUMaXx.

B xoe BbINONHEHHs J1TaO0OpaTOPHOH pabOThl CTYJEHTHI COCTABIAIOT CTPYKTYPHYIO
CXE€My CHCTEMBbI YMpaBlIeHHUS W 3allUThHl; OMNPEENSIOT YCTaBKH BKIIOYEHUS U
OTKJIIOUEHHUSI C THUCTEPE3UCOM; PpACCUHMTBHIBAIOT TOKU HArpy3kKd MpU pa3IHYHBIX
YPOBHSIX aKTHBHOW MOIIHOCTH; aHAIU3HPYIOT aJIrOPUTM  IOC/IE0BATEIBHOIO
BKJIFOUEHUSI CTyIeHel; (GOpMHUPYIOT TabIHUIy pexUMOB pabOThI; IPOBEPSIOT AEHCTBUS
aBapUIHOMN 3alUTHl U OLEHUBAIOT yCTOMYMBOCTH CUCTEMBI IIPH M3MEHEHHM BXOHBIX
napaMeTpoB. KOHCTPYKTHBHbIE M OSKCIIEPHMEHTAJbHBIE pE3yJbTaThl AMCCEPTaluH
UCIIONB3YIOTCS KAk HayJdHO-TIpaKTH4ecKas 0a3za Uil OCBOEHHs OOLIMX NPUHLIUIIOB
ABTOMATH3MPOBAHHOIO YIPaBICHHUs dJIEKTPOTEXHUYECKUMU Harpy3KaMH.

Pe3ynbTaThl QUCCEPTALIMOHHOTO HCCIENOBAHUS MCIOJIB3YIOTCS NPH IMOArOTOBKE
METOIUUYECKAX yKa3aHWii, alropuTMa paboThl KOHTpOJIEpa, CXeMbI JIaOOpaTOpHOro
CTeHIa, KOHTPOJIbHBIX BOIIPOCOB, 3aJlaHUH IO pacueTy TOKOB M MaTepHaloB IO
aHAM3y 3aperMCcTPUPOBAaHHBIX IMapameTpoB. JlabopartopHas pabora pa3BUBaeT y
CTYJEHTOB KOMIETEHIIMU B 00JIACTH NMPUMEHEHHs NPOrpaMMHO-aNNapaTHbIX CPENCTB
MOHHMTOPHMHIA, BBHIOOpAa KOMMYTAI[MOHHBIX M 3aIUTHBIX 3JIEMEHTOB, 00paboTku
OKCIIEPUMEHTATBHBIX [JaHHBIX M AaHalIW3a HaJeXKHOCTH AaBTOMAaTH3MPOBaHHBIX
3JIEKTPOTEXHUYECKUX CHCTEM.
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BHenpeHue yka3zaHHBIX MaTepUasioB IOBBIIIAET HAayYHO-METOAUYECKUH YPOBEHb
1a00paToOpHOr0  MPAaKTUKyMa,  YCHUIMBAaeT  IIPAKTHYECKYIO  HAIlpaBJIEHHOCTb
JUCLHUIUIMHBL W o0ecriedyuBaeT CBsi3b ydeOHOro mpolecca ¢ pe3ylbTaTaMu
COBPEMEHHOI0 HAay4HOro HccieoBaHus. Marepuansl CHOCOOCTBYIOT —pa3BUTHIO
KOMIIETEHLIMI oOOydYarommxcs B O0JAacTH yHpaBISeMBIX JIEKTPOTEXHHUYECKUX
Harpy30K, aBTOMaTH3UPOBaHHOTO KOHTPOJIS,, CEKLIMOHHOTO PEryJIMPOBaHUS MOLTHOCTH
U 3aIIUTHl JJEKTPOTEXHHUYECKUX YCTPOMCTB B COCTaBE 3JIEKTPOMEXAHUYECKUX U
3NIEKTPOIPE0OPa30BATEIbHBIX CUCTEM.

Hacrosiiuit akT He SBISeTCS OCHOBAaHMEM [UIS NpeIbsBICHUS (DHHAHCOBBIX
nperersuii K HAO «KaparanauHCKUi TeXHUYECKUH YHUBEpCUTET UMeHH AObuUikaca
CaruHoBay.

Ilpeacenareb y4eGHO-METOAHYECKOI0
coBeTa, 1eKaH paKyIbTeTa JHEPreTHKH,
aBTOMATHKH H TeJIEKOMMYHHKAIHH, K.T.H.,

acc. npod. @‘7@0“‘7 ®.H. bynar6aes

3aB. kadeapoii aBTOMaTH3ALHH -
NPOU3BOACTBEHHBIX Npoueccos, PhD #2357 B,B. Oraii

IIpeacenareib KOMHTETA MO oOecne4eHHIO
KayecTBa paKyJbTeTa JHEPreTHKH,

—
ABTOMATHKH H TeJIeKOMMYHHKAIHH O.B. Anomnna

Hay4HbIi KOHCY/IbTAHT,
K.T.H., pogeccop A.A. MexTueB
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INPUJIOKEHHUE K

AKT BHeJpeHMsI HA NPeINPUSITUH

ToBapuuiecTBO ¢ orpaHH4YeHHOI oTBeTcTBeHHOCTHI0O «GLOBAL LIGHT LTD»

AKT
0 BHEJPEeHHH Pe3yJIbTATOB AHCCEPTALHOHHON PadoThI

Hacrosiiunii akt cocraBieH o ToM, uto B TOO «GLOBAL LIGHT LTD» ycnenxo
npoBesieHa anpoOalusi MPOTOTHNA [apOBOro 3JeKTpoodorpeBaTess HU3KOrO JaBlICHUs
(IT>HJ1), pa3paboTaHHOro B pamKax JuccepTalloHHOW paboTel byssikoBa Pycrama
PaBunbeBrua Ha Temy: «MccienoBanume W paspaborka  9HEproda(QexTHBHOro
SNIEKTPOTEXHUYECKOTO HarpeBaTeNIbHOrO0 YCTpOHCcTBa B KayecTBe albTEPHATUBHOIO
HCTOYHHKA TEIIOBON SHEPrUm».

B xome ampobGammm paccMoTpeHbl paboTocmocodOHocTh mnpororuna [IDHJ] B
JEeMOHCTPALlHOHHOM PEXUME, KOHCTPYKTHBHOE pPELIeHHEe Ha OCHOBE 3JIEKTPOBAKYYMHOM
TETIOBOH TpyOKH, BO3MOYKHOCTb JIOKAJIbHOTO M 30HAJILHOTO JIOIPEBa, a TakKe IOAX0/bl K
MOHUTOPHHTY, aBTOMAaTH4YECKOMY YNIPABIEHUIO U 2JIEKTPUUECKON 3alluTe.

[To pesyapTaram anpobauuu npototun [TOH/] nokaszan nonoxuTeabHbe pe3ysbTaThl:
NOATBEpKAEHA paboTOCTIOCOOHOCTh KOHCTPYKTHBHO-TEXHOJIOTMYECKOIO  pelIeHUsl U
NpaKTHYeCKasl MePCIIeKTUBHOCTD MPHUMEHEHHs YCTPOHCTBA KaK JIOKAIbHOIO YIPABIISIeMOro
AIIEKTPOTEXHUUECKOTO MCTOUHHUKA TEILIOBON SHEPIHH.

TOO «GLOBAL LIGHT LTD» mOM0OKUTENBHO  OLIGHHMBAET  PE3YJIbTAThbl
JIMCCePTAMOHHON PabOThI M CUUTACT LeJIeCO00Pa3HbIM MPOIOIDKUTE NPOPadoTKy Borpoca
o0 noreHuuasbHoMm mnpumeHenun [IDHJ] Ha oObekTax NOpeAnpusATHs IMocie BbIOOpa
KOHKPETHOr0 OO0BEKTa, YTOUYHEHHS] TEXHHYECKUX YCIOBUH MOAKIIOUEHMS M OTJE/ILHOM
HUH/KEHEPHOH OLIEHKH.

[TonokurenpHast anpobauns u faneHeiee pacemorpenue [I19H]] na nannom srarne He
npeaycmarpuBatoT ¢uHaHcoBblx oOsizatensctB s TOO «GLOBAL LIGHT LTD» u
MHBIX CTOPOH, a TaK)Ke He SIBISIOTCS JOrOBOPOM, 3aKa30M, 00s3aTelIbCTBOM IO 3aKyIIKe,
IPOU3BOJICTBY, CEPUUHOMY BBIITycKy Wid MoHTaxy [IDH/I. JlanpHelimune paboTel MOryT
BBITIOJTHATHCS TOJIBKO Ha OCHOBaHWHM OTAEIBHBIX JT0TOBOPEHHOCTEH.

Hacrosmuii akT MOATBEPXKAAeT YCHemHylo anpobauuio npororuna [IDHJ] wu
TOJIOKHUTEIIBHOE PACCMOTPEHUE Pe3yJIbTaTOB JUCCEPTALUMOHHON paboThl /Ul BO3MOKHOIO
[PAKTUIECKOrO MIPUMEHCHMUS.

Jupextop TOO «GLOBAL LIGHT LTD» g K. OpinyJibi
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INPUJIOXKEHME JI

IMuceMmo 0 Hamepernusx no Bbimycky ITH /]

JKLUC «SILUMIN OF QAZAQSTAN (CUITYMNH O® KASAXCTAH)» TOO «SILUMIN OF QAZAQSTAN (CU/TYMMH O® KA3AXCTAH)»
BUWH 210 940 022 224 BWH 210 840 022 224
KasaxcTan, Kapararget o6nibich), Byxap xeipay ayaambl, [lockei Kapar o6nacTs, Byxap->Keip # paioH,
aybinasik okpyri,Ecentik keapran 028, 1662 fumapats, 1 Gaok c.[locked, yeTHblii ksapTan 028, spaHie 1662, Kopnyc 1
WK KZ14 9652 7F00 0927 9208 VUK KZ14 9652 7F00 0927 9208
LS e SILUMIN OF GAZAGSTAN A0:rorte Benkcr
BUK RTYKZKA BUK IRTYKZKA

Jloxropauty HAO «Kaparananuckuii
TeXHUYECKHH YHHBEPCHTET

uvienu Adblikaca Carunosa»
By3sixosy P.P.

Hcx nucvmo Ne 86 om 01 wions 2026 cooa

ToBapHIECTBO ¢ OTPAHUYEHHOI OTBETCTBEHHOCTBIO «Silumin of Qazagstan (CrtymiH o
Kazaxcran)» (zanee — Silumin of Qazagstan), crieuuann3upyromieecs Ha IIpOU3BOACTBE paAnaTopoB
OTOIMNEHAS, MOATBEPIKAAET, UTO MPEACTABHTENAMHU NIPEATPUATHA ObUTH PACCMOTPEHEI PE3YIIBTAThI
HAyYHO-HCCIeI0BATENbCKOMN paGoThl, MOCBSILIEHHOI pa3paboTke SHeproad(heKTHBHOTO
EKTPOTEXHIYECKOTO HArPEBATENBHOTO YCTPOHCTBA HA OCHOBE DIIEKTPOBAKYYMHOH TEMUIOBO# TPYOKH.
B X0fie 03HAKOMJIEHHS PACCMOTPEHbI KOHCTPYKTHBHO-TEXHOJIOTHYECKHE PETIEHHs PaspaboTaHHOTO
pauaTopa, NPHHIAT ero paGoThl, BOSMOKHOCTB IIPHMEHEHHS HT1EKTPOBAKYYMHOH TeNI0Bok TpyOKH B
KaueCTBE TETIONEPEIAIONIEro Y3/1a, @ TAKXKE NEPCTEKTHBLI a/aNTaIlii U3/1eNUA K yCTIOBUAM
TIPOMBINIIEHHOTO H3TOTOBIIEHHS OTOMHTENBHBIX TPHOOPOB.

Tlo pesymsTaTaM Npe/IBAPHUTENHLHOTO paceMoTpenns Silumin of Qazagstan» BbipakaeT
3aMHTCPCCOBAHHOCTD B IATTHHCHIICM M3yUCHHH BO3MOXKHOCTH W3TOTOBICHHUS OTILITHBIX 00PasioB 1
MOCC/YIONICTO BHIMTYCKA PAMATOPa OTOMICHAS Ha OCHOBE YICKTPOBAKYYMHOM TCTLIOBO# TPYOKH Mpu
YCIOBHU MONOXKHTEITBHBIX PE3YITBTATOB TCXHUUCCKOH, TCXHONOTMIECKOH, SKCTITyaTaliioHHOH 1
DKOHOMHYECKOM OLICHKH.

B fa/bHCHIICM IIPCANPHATHC CYUTACT BO3MOXKHBIM PACCMOTPCTE BONPOCHI KOHCTPYKTOPCKOH U
TEXHOJIOTMYECKOH JIOKYMENTAIHH, OI[CHKH [POM3BO/ICTBEHHON IPUMEHNMOCTH PEUICHHUS, H3TOTOBICHHS
OTIBITHOTO 06Pa3iia UJTM OTILITHON TIAPTHH, & TAKKC [IEPCIICKTHB ITOCIIC/TYOIIETO NPOMBIIIICHHOTO
BBITYCKA M3/ICIIHA.

Hacrosiiiee MCHMO HOCHT HPC/IBAPUTC/TBHbIN XapakTep i He co3jaeT uia Silumin of Qazagstan
(DMHAHCOBHIX, HHBCCTHIMOHHBIX, HMYIICCTBCHHBIX, TIPOU3BOJICTBCHHBIX HIIH HHBIX 00A3aTCIILCTB. Bee
BONPOCHI, CBA3AHHBIC C PMHAHCHPOBAHNCM, H3TOTORJICHHCM OIBITHBIX 0GPA3LOB, NCPE/IaUCH
JIOKYMEHTAIMH, HCTIOJIB30BAHHEM PC3YIILTATOB MHTCIUICKTYaIbHON ACATE/IBHOCTH, PACTIPCACIICHHICM
3aTpaT U NOCICAYIOLIMM BBITYCKOM NPOYKLHMH, HOMICKAT OTACHBHOMY COIIACOBANUIO H o(hopMIICHHIO
CAMOCTOSTEIBHBIMH [THCBMEHHBIMU 10TOBOPAMH.

Silumin of Qazagstan 1moTBEPXkAAET, 4TO PACCMOTPEHHE YKa3aHHOil pa3paboTKy IIPCACTABIACT
HHTEPEC C TOUKH 3PEHHs BO3MOXKIIOIO PACLIMPEHUs HOMCHKIIATY Dbl OTOIMTE/IbLbIX 11pubopoB 1
IIPUMELEHHsL HOBBIX TCIUIONEPEIAIOLMX PELICHHH B PAHATOPAX OTOILICHHSL.

T'enepanbubiii Iupexrop
TOO «Silumin of Qazaqstan

(Cunymun o¢p Kasaxcran)» H.A. ’Kymabex
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HNPUJIOXKXEHUE M

IIaTeHT HA MOJIE3HYI0 MO/IE/Ib
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INPUJIOKEHUE H

TocynapcTBeHHBIH peecTp MpaB Ha

OXpaHAE€MbI¢ ABTOPCKHM IIPpaBOM
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    P  act =   U  rms   I  rms cos 𝜑


    U  rms


    I  rms


  cos 𝜑


    P  act =  1  𝜏   ∫    t 0    t 0 + 𝜏  u  ( t ) i  ( t )   d t


  u  ( t )


  i  ( t )


  𝜏


    Q  in =   𝜂  ev   P  act


    Q out =   𝜂 use ⋅   P act


    𝜂  cycle =     ∫    t 1    t 2    Q  out  ( t )   d t    ∫    t 1    t 2    P  act  ( t )   d t


    t 1


    t 2


    P  𝛴 =   ∑  j = 1    N  Э В Т Т      P  act , j


    N  Э В Т Т  


    P  act , j


  j


    Q  in  test = 80


    Q  out , target = 80


    T  s , max


    P  act ≈ 80


  U


  I


    P  act ( t )


    𝛼  app


    P  act =   Q  in =   Q  out = 80


    q  out = h  (   T  s −   T  пом ) + 𝜀 𝜎  (   T  s 4 −   T  рад 4 )


    q  out


    T  рад


    T  рад ≈   T  пом


    Q  out =   ∫  A ​   [ h  (   T  s −   T  пом ) + 𝜀 𝜎  (   T  s 4 −   T  рад 4 ) ] d A


    A  req =     Q  out , target  h  (   T  s −   T  пом ) + 𝜀 𝜎  (   T  s 4 −   T  рад 4 )


    q  г о л   =     P  act    A s =     P  act  𝜋 D L


    q  г о л  


    A s = 𝜋 D L


  L


  D


  𝛿


    L  ev


    T  пом


  h


  𝜀


  h


  h


  𝜀


  𝜀


  𝜀


  𝜀  


  𝜀


  h


  𝜀


    Q  out


    T  s = 90


    A  req


    T  s = 90


    T  s


    A 0 ≈ 0 , 034


  h ( 𝛥 T ) ,


  h


  𝜀


  h


  h


  𝜀


    𝛿  E =    |   Q  in −   Q  out −   d   E  вн  d t |    Q  in ⋅ 100 %


    E  вн


  d   E  вн / d t


   |   Q  in −   Q  out | /   Q  in


    Q  in ≤ min {   Q  return ,   Q  boil ,   Q  vap ,   Q  ext , lim }


    Q  return


    Q  boil


    Q  vap


    Q  ext,lim


    Q  ext , lim = A  [ h  (   T  s , max −   T  air ) + 𝜀 𝜎  (   T  s , max 4 −   T  rad 4 ) ]


    q  i =     P  act , i    A  i ≤   q  lim , i  (   T  s , max ,  h  i ,   𝜀  i ) =


    = h  i  (   T  s , max −   T air ) +   𝜀  i 𝜎  (   T  s , max 4 −   T rad 4 )


    n min = min { n ∈ ℕ : n ·   A i ·   q  lim , i ≥   Q  out , target } ,       s i ≤     L s    n min


    T  s , max = 90


    Q  in  test = 80


    Q  out,target = 80  


    P  act ≈ 80  


    P  act =   Q  in =   Q  out = 80  


    T s = 90  


  𝛥 T  (   q  гол , 𝜇 , V )


    p 0 = 9 , 807   кПа ;     N  отсч = 50   отсчетов


    p 0


    N  отсч


    T max


    T  посл


    T max −   T  посл ≤ 1 , 0 ° C


    T max


    T  посл


    T  посл


  𝜇


    P  с е к ц


  V


  D


  A


  L


  m


  𝜇


    p 0


  A


  A = 𝜋 D L


    q  гол


  q


    q  гол = P / A


  𝜇


  𝜇 = m / A


    T  посл


    𝜂  пр


    t 90 = t  ( T = 90 ° C ) ;     t 200 = t  ( T = 200 ° C ) ;     𝜏  0 , 9 = t  ( T = 0 , 9 ⋅   T  плато )


    t 90


    t 200


    𝜏  0 , 9


    T  плато


    T  плато


  T  ( t ) =   T ∞ −  (   T ∞ −   T 0 ) ⋅ exp  ( − t / 𝜏 )


  T  ( t )


  t


    T ∞


    T 0


  t


  𝛿 P = ± 2 %


  u  ( P ) = 0 , 02 ⋅ P /  3


  u  ( P )


  U  ( 𝛥 T )


  ≈ 4 ,  2 ° C


  q


  P , V , D


  L


  P , D


  L


  𝜑


  ≈ 1 ,


    THD  I ≈ 0


  PF  


  I =     P  эл  U ⋅ PF ;   PF   =     P  эл  U ⋅ I ;


  для резистивного исполнения PF   ≈ cos 𝜑 ≈ 1


  I


    P  эл


  U


  PF 


  𝜑


  U = 220   В


    P  эл ,   Вт


  I = P / U ,   А


  𝛥   P л =   I 2   R л ,   Вт


    R л


    R л


    R л


    R л


    R л


  𝛥   P л =   I 2   R л


    P  эл


    𝜆  пр ≥ 0 , 95


   THD  I , пр


    𝜂  пр = 0 , 85


    P  зона


    P  сеть


    THD  I =      I 2 2 +   I 3 2 + … +   I  n 2    I 1 ⋅ 100 %


   THD  I


    I 1


    I 2 ,   I 3


    I  n


    THD  I   тока


    𝜂  пр


  ≈ 1 , 00


  I = P / U


  𝛥   P л =   I 2   R л


    PF    пр ≥ 0 , 95


    𝜂  пр = 0 , 85 – 0 , 93 ;


    E  сеть


    P  эл


    PF    пр


    THD  I , пр


    𝜂  пр


  𝜆 ≈ cos 𝜑 ≈ 1


   THD  I < 1 %


    P  эл = 120


    PF  пр ≥ 0 , 95 ,  THD  I , пр


    𝜂  пр = 0 , 85


    T  посл ∈  [ 85 , 0 ; 191 , 0 ] ° C ;     T  посл = 142 , 6 ° C ;   𝛥 T = 118 , 3 ° C


    T  посл


    T  посл


  𝛥 T


    T  посл


    q  гол


  𝜇


    N  S 60 = 22 ;     N  S 80 = 13 ;     N  S 100 = 5


    N  S 60 ,   N  S 80


    N  S 100


    T  посл


    q  гол


  𝜇


    T  посл


    q  гол


  𝜇


    T  посл


    q  гол


  𝜇


      T ¯ 60 = 130 , 9 ° C ;       T ¯ 80 = 155 , 3 ° C ;       T ¯ 100 = 160 , 8 ° C


    T  посл


      q ¯ 60 = 2192 , 7   Вт /  м 2 ;       q ¯ 80 = 2354 , 1   Вт /  м 2 ;       q ¯ 100 = 2739 , 4   Вт /  м 2


    q  гол


  q


    q  гол


  𝛥 T


    q  гол


  𝜇


  𝜇


  𝜇


    q  гол


  V


  𝜇


  A


  𝜑 =   V    V  внутр


  𝜑


  V


    V  внутр


    p  0 , о с н = 9 , 807   кПа ;     p  0 , с п е ц = 5 , 066   кПа


    p  0 , о с н


    p  0 , с п е ц


  A


    q  гол


  𝜇


  D


  L


  m


  A = 𝜋 D L ;     q  гол =     P  секц    A  гол =     P  секц  𝜋 D L ;   𝜇 =   m    A  гол =   m  𝜋 D L


    A  гол


  D


  L


    q  гол


    P  секц


  𝜇


  m


    q  гол


  A = 𝜋 D L


    T  посл


    q  дост =   P  секц /   A  i


    q  дост ≤   q lim


  𝛥 T =   T  посл −   T  пом


  𝛥 T


    T  посл


    T  пом


    q  гол


  𝜇


    q  гол


  V


   R fit 2


   R adj 2


   R LOO 2


    MAE  LOO ,


  °C


  °C


    RMSE  LOO ,


  °C


  °C


  D


   q  гол ,   V ,   μ


   q  гол ,   μ


  D


    q  гол


  𝜇


  𝛥 T = 118 , 42 + 0 , 05330 ⋅   q  гол + 1 , 361 ⋅  10 6 ⋅   V   м 3 − 11 , 097 ⋅ 𝜇


  𝛥 T


    q  гол


    V   м 3


  𝜇


  𝛥 T = 118 , 42 + 0 , 05330 ⋅   q  гол + 1 , 361 ⋅   V  мл − 11 , 097 ⋅ 𝜇


    V  мл


    q  гол


  𝜇


  V


    t  b = 17 , 78 ;     p  b < 0 , 001 ;     t  c = 2 , 59 ;     p  c = 0 , 014 ;     t  d = − 7 , 51 ;     p  d < 0 , 001


    t  b


    t  c


    t  d


  t


    q  гол , V


  𝜇


    p  b


    p  c


    p  d


  a = 118 , 42 ;   b = 0 , 05330 ;   c = 1 , 361 ⋅  10 6 ;   d = − 11 , 097


  b


    q  гол


  c


  V


  d


  𝜇


    R  fit 2 = 0 , 911 ;     R  adj 2 = 0 , 903 ;     R  LOO 2 = 0 , 887 ;


    MAE  LOO = 7 , 23   ° C ;     RMSE  LOO = 8 , 69   ° C ;


    MAE  LOO = 7 , 23   ° C ;     RMSE  LOO = 8 , 69   ° C ;


    R  LCO 2 = 0 , 886 ;     RMSE  LCO = 8 , 73   ° C .


    R  LCO 2 = 0 , 886 ;     RMSE  LCO = 8 , 73   ° C .


    R fit 2


    R adj 2


    R LOO 2


    R LCO 2


   MAE LOO ,  RMSE LOO


   RMSE LCO


  b


    q  гол


    𝛼  app =  1  b =  1  0 , 05330 ≈ 18 , 8   Вт /  (  м 2 ⋅ ° C )


    𝛼 app


    q  гол


  b


    q  гол


    𝛼 app


    q  гол


    q  гол → 𝛥 T


    𝜂 use


  D , L , m , V


  P


  A


    q  гол


  𝜇


  𝛥 T


    T  посл


    q  lim


    P  уст →     N  с е к ц =     P  уст    P  секц →   P  секц →   q  гол =     P  секц  𝜋 D L →   𝜇  треб →   m  треб =   𝜇  треб ⋅ A ;


       q  дост =     P  секц    A  i ≤   q lim   #  ( 3 . 12 )


       q  дост =     P  секц    A  i ≤   q lim   #  ( 3 . 12 )


    P  уст


      N  с е к ц


    P  секц


    q  гол


    𝜇  треб


    m  треб


    A  i


    q  дост


    q lim


    P  уст


    P  секц


  n


    q  гол


    q  гол =   P  секц /  ( 𝜋 D L )


    A  i ≥ 𝜋 D L


    q  дост =   P  секц /   A  i ≤   q lim


    q  дост >   q lim


    A  i


  n


    P  секц


    𝜇  треб =   118 , 42 + 0 , 05330   q  гол + 1 , 361   V  мл −  (   T  цел −   T  пом )  11 , 097 ;   𝛥   T  цел =   T  цел −   T  пом


    𝜇  треб


  𝛥   T  цел


  b , c , d


    q  гол


    V  мл


    T  цел


    T  пом


    m  треб =   𝜇  треб ⋅ 𝜋 D L


    m  треб


    𝜇  треб


  D


  L


    𝜇  треб


  D , L ,   P  секц , n


    P  уст = 0 , 60


    P  секц = 80


    N  секц = ceil  ( 600 / 80 ) = 8


  D = 28


  L = 35


  V = 12


  A = 𝜋 ⋅ 0 , 028 ⋅ 0 , 35 = 0 , 03079


    q  гол =   P  секц / A = 80 / 0 , 03079 = 2598 , 4


    T  цел =  160 ° C


    T  пом =  24 ° C


  𝛥   T  цел =  136 ° C


    𝜇  треб =  ( 136 − 118 , 42 − 0 , 05330 ⋅ 2598 , 4 − 1 , 361 ⋅ 12 ) /  ( − 11 , 097 ) = 12 , 37


    m  треб =   𝜇  треб ⋅ A = 12 , 37 ⋅ 0 , 03079 = 0 , 381


    q  гол = 2598 , 4


    A  i


    q  дост =   P  секц /   A  i


    q  дост ≤   q lim


  D = 28   мм


  L = 35   см


  m = 380   г


  P = 80   Вт


    V  мл = 12   мл


    T  пом = 24   °C


  A = 0 , 03079    м 2


    q  гол = 2598 , 4   Вт /  м 2


  𝜇 = 12 , 34   кг /  м 2


  𝛥 T = 136 , 3   °C


    T  посл = 160 , 3   °C


    P  эл = 120   Вт


  V = 15   мл


    P  эл = 120   Вт


    P  эл ,   Вт


  I


    T max , ° C


    t 200 ,   с


    E 200 ,   Вт ⋅ ч


  ≤ 0 , 58


    𝜆  пр ≥ 0 , 95


    E  сеть


  𝜆


    THD  I


    𝜂  пр


    k  t =     t  200 , Т Э Н    t  200 , И Н Д =  300 180 ≈ 1 , 67


    k  t


    t  200 , Т Э Н


    t  200 , И Н Д


    m  N = 850


    V  N = 15


    L  N = 30


    D  N = 28


    T 2


    T 3


  𝛥   T max =   T  2 , max −   T  3 , max ;


  𝛥   T max  (   К В 1 –   К В 2 ) = 27 – 34 ° C ;


  𝛥   T max  (   К В 3 –   К В 5 ) = 6 – 7 ° C


  𝛥   T max


    T  2 , max


    T  3 , max


    T 0 ≈ 22 – 24 ° C ;    | 𝛥   T 0 | ≤ 2 ° C


    T 0


    T 0


    P  эл = 500   Вт


    P  эл ,   Вт


    T  верх , ° C


    T  серед , ° C


    T  низ , ° C


  𝛥   T max , ° C


    t 90


  ≈


  ≈


    t 90


    t 90


    P  эл = 500   Вт ;     t  90 , ПЭНД = 119   с ;     t  90 , М О = 593   с ;     k 90 =  593 119 ≈ 4 , 98                    


    P  эл


    t 90


    k 90


  𝛥   T  max , ПЭНД = 29 ° C ;   𝛥   T  max , М О = 36 ° C ;     k  𝛥 T =  36 29 ≈ 1 , 24


  𝛥   T max


    k  𝛥 T


  T  ( z )


    q  гол = P / A


    q  гол


    q  дост =   P  секц /   A  i


    q  lim


    𝛼  app


    𝛼  своб


  ≈ 7 , 5


    𝛼  изл


  ≈ 8 , 2


    𝛼  сумм


  ≈ 15 , 7


    𝛼  app


  ≈ 18 , 8


    𝛼  сумм


    𝛼  изл ≈ 8 , 2


  𝜀 ≈ 0 , 8


  𝜀 = 0 , 5


    q  гол


    E  𝜃 =     P  эл ⋅   t  𝜃 3600


    E  𝜃


  𝜃


    P  эл


    t  𝜃


    P  зона =   𝜂  пр ⋅   P  сеть ;     E  зона =   𝜂  пр ⋅   E  сеть ;     P  сеть =     P  зона    𝜂  пр


    P  зона


    P  сеть


    𝜂  пр


    E  зона


    E  сеть


    P  эл = 120


    P  сеть =   P  зона /   𝜂  пр


    𝜂  пр


    P  эл = 500   Вт


    P  эл ,   Вт


    t  𝜃 ,   с


    E  𝜃 ,   Вт ⋅ ч


    E  сеть


    P  эл


    E  сут =   P  уст ⋅   K  исп ⋅ 24


    E  сут


    P  уст


    K  исп


    P  уст = 8 ⋅ 80 = 640   Вт = 0 , 64   кВт


    k  load = 0 , 35


    E  сут = 0 , 64 ⋅ 0 , 35 ⋅ 24 = 5 , 38   кВт ⋅ ч / сут


    k  load = 0 , 50


    N  секц =     P  уст    P  секц


      N  с е к ц


      N  с е к ц


    q  дост =   P  секц /   A  i ≤   q lim


    q  гол =   P  секц /  ( 𝜋 D L )


    q  гол


  V


  𝜇


  R


  R


  R


  R


  V


  V


    q  гол


  𝜇


    A  гол   =   𝜋 D L


    A  гол


  D


  L


    q  гол   =       P  секц    A  гол   =       P  секц  𝜋 D L


    q  гол


    P  секц


  𝜇   =     m    A  гол


  𝜇


  m


  𝛥 T  = 118,42 + 0,05330    q  гол  + 1,361    V  мл  - 11,097  𝜇


  𝛥 T


    V  мл


    T  расч =   T  пом + 𝛥 T


    T  расч


    T  пом


  𝛥 T


    q  гол,треб   =     (   T ц   −     T  пом )   −   118 , 42   −   1 , 361   V  мл   +   11 , 097 𝜇  0 , 05330


    q  гол,треб


    T ц


    T  пом


    P  секц   =     q  гол,треб   A  гол


    q  гол,треб


    𝜇  треб   =     118 , 42   +   0 , 05330   q  гол   +   1 , 361   V  мл   −   (   T ц   −     T  пом )  11 , 097


    𝜇  треб


    m  треб   =     𝜇  треб   A  гол


    m  треб


    𝜇  треб


    𝜇  треб


    T ц


    T  пом


    q  гол


  V


    𝜇  треб


    m  треб


  N с е к ц , м о д   =   c e i l ( P м о д   /   P с е к ц )


    N  секц,мод


    P  мод


    P  секц


  c e i l


  N м о д = c e i l  ( Q т р / P м о д ) ,


  P у с т = N м о д · P м о д / 1000 ,


  P у с т = N м о д · P м о д / 1000 ,


  E   =   P у с т   ·   𝜏   ·   K и с п


  E   =   P у с т   ·   𝜏   ·   K и с п


    N  мод


    Q  тр


    P  мод


    P  уст


  E


  𝜏


    K  исп


  c e i l


  n


    n  общее   =     N  секц,мод   ·     N  мод   =     1000 ·    P  уст    P  секц


    n  о б щ е е


    N  с е к ц , м о д


    q  lim


    A  i   =     k  ор   N  секц,мод   A  гол   =     k  ор   N  секц,мод 𝜋 D L


    q  дост   =       P  мод    A  i   ≤     q  lim


    A i


    k  ор


    N  секц,мод


    A  гол


    P  мод


    q  дост


    q  lim


  D


  L


  m


  V


    P  секц


    T  пом


    A  гол  = π · 0,028 · 0,35 = 0,03079 м²;


    q  гол  = 80 / 0,03079 = 2598,4 Вт/м²;


    q  гол  = 80 / 0,03079 = 2598,4 Вт/м²;


  𝜇  = 0,381 / 0,03079 = 12,37 кг/м².


  𝜇  = 0,381 / 0,03079 = 12,37 кг/м².


  𝛥 T   =   118 , 42   +   0 , 05330   ·   2598 , 4   +   1 , 361   ·   12   −  


  −   11 , 097   ·   12 , 37   =   136 , 0   ° C ;


  −   11 , 097   ·   12 , 37   =   136 , 0   ° C ;


    T  р а с ч   =   24   +   136 , 0   =   160 , 0   ° C .


    T  р а с ч   =   24   +   136 , 0   =   160 , 0   ° C .


  𝛥 T


    T  расч


    N  секц,мод


    P  мод


    A  гол


    k  ор


    A  i   =   4 , 0   ·   10   ·   0 , 03079   =   1 , 232   м ² ;


    q  дост   =    800  1 , 232   =   649   В т / м ²   ≤     q  lim   =   700 − 900   В т / м ² .


    q  дост   =    800  1 , 232   =   649   В т / м ²   ≤     q  lim   =   700 − 900   В т / м ² .


    q  дост


    q  lim


    q  гол


    P  секц


  V


  D


  L


    q  гол


  𝜇


    q  гол


  𝜇


  V


    q  гол


  𝜇


    A  гол


  800 Вт = 10 · 80 Вт


    I н =     P н    U н


    I н


    P н


    U н


    P н = 600


    U н = 220   В


    I 600 =  600 220 = 2 , 73 А ,   I 800 =  800 220 = 3 , 64 А ,   I 1000 =  1000 220 = 4 , 55 А


    I 600


    I 800


    I 1000


    R л =   2 𝜌   L л  S


    R л


  𝜌


    L л


  S


    𝜌  Cu = 0 , 01725   Ом ⋅   мм 2 / м


  𝛥   P л =   I н 2   R л , 𝛥 U =   I н   R л ,   𝛿  U =   𝛥 U    U н ⋅ 100 %


  𝛥   P л


    I н


    R л


  𝛥 U


    𝛿  U


    U н


    U н = 220   В


    L л = 25   м


    𝜌  Cu = 0 , 01725   Ом ⋅   мм 2 / м


    P н


    I н


    R  наг


  S


  𝛥   P л


    L л = 25   м


    P н


  𝛥 U


    U н


    𝛼  R = 1 , 7 ⋅  10  − 4    К  − 1


    R г =   R х  ( 1 +   𝛼  R 𝛥   T  сп )


    R г


    R х


    𝛼  R


  𝛥   T  сп


    K п =     I п    I н =     R г    R х = 1 +   𝛼  R 𝛥   T  сп


    K п


    I п


    I н


    R г


    R х


    𝛼  R


  𝛥   T  сп


  𝛥   T  сп ≈ 470   К


    K п = 1 + 1 , 7 ⋅  10  − 4 ⋅ 470 = 1 , 08 .


    K п


    𝛼  R = 1 , 7 ⋅  10  − 4    К  − 1


  𝛥   T  сп = 470   К


    U н = 220   В


    P н


    I н


    R х


    I п


    K п


    I  𝛼 =   I  m    𝜋 −   𝛼  тир + 0 , 5 sin  ( 2   𝛼  тир )  2 𝜋


    I  𝛼


    I  m


    𝛼  тир


      P  𝛼    P 0 =   𝜋 −   𝛼  тир + 0 , 5 sin  ( 2   𝛼  тир )  𝜋 .


    P  𝛼


    P 0


    𝛼  тир


  T H   D  I =      ∑  k = 2 ∞    I  n 2    I 1 ⋅ 100 %


  T H   D  I


    I  n


  k


    I 1


  k


  P F


  T H D I


  P F


  T H D I


  P F


  T H D I


  P F


  T H D I


  P F


  T H D I


    𝜆  пр


    𝜂  пр


    T H D  I


  P у с т   =   N м о д   ·   P м о д   /   1000   =   18   ·   800   /   1000   =   14 , 4   к В т ;


  P 𝜑   =   P у с т   /   3   =   14 , 4   /   3   =   4 , 8   к В т ;


  P 𝜑   =   P у с т   /   3   =   14 , 4   /   3   =   4 , 8   к В т ;


  I 𝜑   =   P 𝜑   ·   1000   /   U 𝜑   =   4 , 8   ·   1000   /   220   =   21 , 8   А ;


  I 𝜑   =   P 𝜑   ·   1000   /   U 𝜑   =   4 , 8   ·   1000   /   220   =   21 , 8   А ;


  Pподгр = 3 · 800 / 1000 = 2,4 кВт;


  I п о д г р   =   2 , 4   ·   1000   /   220   =   10 , 9   А .


  I п о д г р   =   2 , 4   ·   1000   /   220   =   10 , 9   А .


    I  N =    I  A 2 +   I  B 2 +   I  C 2 −   I  A   I  B −   I  B   I  C −   I  C   I  A


    I  N


    I  A


    I  B


    I  C


    I  A = 26 , 2 А ,   I  B = 21 , 8 А ,   I  C = 17 , 5 А ,   I  N = 7 , 5 А .


    P  уст


    N  мод


    P  мод = 800


  18 ⋅ 800 = 14 , 4


    I  𝜑


  4800/220


    I  авт,вв = 32 – 40 А >   I  авт,гр = 16 А >   I  подгр = 10 , 9 А


    I  авт,вв


    I  авт,гр


    I  подгр


  S


  P  ( U ) =   P н    (   U    U н ) 2 , P  ( 0 , 9   U н ) = 0 , 81   P н , P  ( 1 , 1   U н ) = 1 , 21   P н


  P  ( U )


    P н


  U


    U н


  P  ( U )


    K п ≈ 1 , 08


  PF   ≈ 1


  T H   D  I


  S


    u  i  ( t ) =  {    1 ,    T  i  ( t ) ≤   T  вкл ,   0 ,    T  i  ( t ) ≥   T  откл ,     u  i  ( t − 𝛥 t ) ,    T  вкл <   T  i  ( t ) <   T  откл


    u  i  ( t )


  i


  t


    T  i  ( t )


    T  вкл


    T  откл


  𝛥 t


    T 1


    T 2 –   T 4


   L  пер


    U A  пол  = 223 Вт/К


  V з д   =   F ц   ·   H   =   840   ·   9   =   7560   м ³


    V  зд


    F ц


  H


  A с т   =     L  п е р ·   H   −   A в о р   −   A о к   =   142   ·   9   −   36   −   105   =   1137   м ²


    A  ст


    L  п е р


  H


    A  вор


    A  ок


  U A   =   𝛴 ( U i   ·   A i )   +   U A п о л  


  U A =   1 , 2   ·   1137   +   4 , 5   ·   105   +   4 , 5   ·   36   +   1 , 5   ·   840   +   223   =   3482   В т / К   ≈   3 , 48   к В т / К


  U A


    U i


  i


    A i


  i


    U A  пол


  R


  R


  R


  R


  R


    U  кр


    U  кр


  Q р а с ч   =   U A   ·    ( T н о р м   −   T н , р а с ч ) =


  =   3 , 48   ·   ( 18   −   ( − 28 , 9 ) )   =   163 , 3   к В т


  =   3 , 48   ·   ( 18   −   ( − 28 , 9 ) )   =   163 , 3   к В т


    Q  расч


  U A


    T  норм


    T  н,расч


    T  баз


  Q т р , с е з   =   UA   ·   ( T с р . о б   −   T н , с р )   ·   τ н   /   1000   =


  =   3 , 48   ·   ( 10   −   ( − 4 , 8 ) )   ·   4968   /   1000   =


  =   3 , 48   ·   ( 10   −   ( − 4 , 8 ) )   ·   4968   /   1000   =


  =   256 , 0   М В т · ч / г о д


  =   256 , 0   М В т · ч / г о д


    Q  тр,сез


  U A


    T  ср.об


    T  н,ср


    𝜏 н


  Q в е н т   =   c p   ·   𝜌   ·   L в е н т   ·    ( T в е р х   −   T н , с р ) = =   1 , 005   ·   1 , 20   ·   3 , 44   ·    ( 17   −    ( − 4 , 8 ) ) =   90 , 4   к В т


    Q  вент


    c p


  𝜌


    L  вент


    T  верх


    T  н,ср


  E в е н т   =   Q в е н т   ·   𝜏 в е н т   /   1000   =                                   = 90 , 4   ·   650   /   1000   =   58 , 8   М В т · ч / г о д


    E  вент


    Q  вент


    𝜏  вент


  L в о р   =    (  1 3 ) ·     C  расх п р   ·   A в о р , 1 ·    g   ·   H в о р   ·    ( T в   −   T н )  T с р


    L  вор


    C  расх


    A  вор,1


  g


    H  вор


    T в


    T н


    T  ср


    L  вор


    L  вор


  Q в о р   =   c p   ·   𝜌   ·   L в о р   ·    ( T с р . о б   −   T н , с р ) =   =   1 , 005   ·   1 , 20   ·   10 , 1   ·    ( 10   −    ( − 4 , 8 ) ) =   =   180 , 3   к В т


    Q  вор


    c p


  𝜌


    L  вор


    T  ср.об


    T  н,ср


  E в о р   =   Q в о р   ·   𝜏 в о р   /   1000     =   180 , 3   ·   228   /   1000   =   =   41 , 1   М В т · ч / г о д


    E  вор


    Q  вор


    𝜏  вор


    𝜏  вор


  E б а л а н с   =   Q т р , с е з   +   E в е н т   +   E в о р = =   256 , 0   +   58 , 8   +   41 , 1   =   355 , 9   М В т · ч / г о д


    E  баланс


    Q  тр,сез


    E  вент


  𝛿 б а л а н с   =   ( Q п о л , 1   −   E б а л а н с )   /   Q п о л , 1   = =   ( 373 , 3   −   355 , 9 )   /   373 , 3   =   0 , 047   ≈   4 , 7 %


    𝛿  баланс


    Q  пол,1


    E  баланс


    E  баланс


    𝜂 к


  q у г   =   Q н р   ·   𝜂 к   /   3 , 6   =   20 , 5   ·   0 , 575   /   3 , 6   =   3 , 274   М В т · ч / т


    q  уг


    Q  нр


    𝜂 к


  B у г , 1   =   b м е с   ·   𝜏 э к с п л   =   15   ·   7 , 6   =   114 , 0   т / г о д


    B  уг,1


    b  мес


    𝜏  экспл


  Q п о л , 1   =   B у г , 1   ·   q у г   =   114 , 0   ·   3 , 274   =   373 , 3   М В т · ч / г о д


    Q  пол,1


    B  уг,1


    q  уг


  q у г , 0 , 70   =   20 , 5   ·   0 , 70   /   3 , 6   =   3 , 986   М В т · ч / т ;


  Q п о л , 0 , 70   =   114 , 0   ·   3 , 986   =   454 , 4   М В т · ч / г о д


    q  уг,0,70


    𝜂 к


    Q  пол,0,70


    𝜂 к


    𝜂 к


  C 1   =   B у г , 1   ·   C у г   /   10 ⁶   +   C о б с л   = =   114 , 0   ·   25   000   /   10 ⁶   +   0 , 75 =   3 , 60   м л н   т г / г о д


    C 1


    B  уг,1


    C  уг


    C  обсл


    𝜂 к


  C у г , н о р м   =   4 , 22 … 4 , 80   м л н   т г  г о д ;    


  C н о р м   =   C у г , н о р м   +   C о б с л   =   4 , 97 … 5 , 55   м л н   т г  г о д


  C н о р м   =   C у г , н о р м   +   C о б с л   =   4 , 97 … 5 , 55   м л н   т г  г о д


    C  уг,норм


    T  ср.об


    𝜂 к


    C  норм


  P у с т   =   N м о д   ·   P м о д   /   1000   =   18   ·   800   /   1000   =   14 , 4   к В т


  𝜏 р а б   =   8   ·   5   ·   4 , 34   ·   7 , 6   =   1320   ч / г о д


  E П Э Н Д , 2   =   P у с т   ·   𝜏 р а б   ·   k р е г   ·   k о д н   /   1000 ;


  E П Э Н Д , 2   =   14 , 4   ·   1320   ·   0 , 70   ·   0 , 70   /   1000   =   9 , 31   М В т · ч / г о д


    K  исп  =    k  рег  ·    k  одн


  E =    P  уст  · τ ·    K  исп ;     E  сут  =    P  уст  ·   K  исп  · 24


    V  лок  = 15 м² · 3 м = 45 м³


  Q д и н   =   𝜌   ·   V л о к   ·   c p   ·    ( T к о м ф   −   T б а з )  t в о с с т =   0 , 60 … 1 , 09   к В т


  Q д и н , з а п   =   K з а п   ·   Q д и н   =   1 , 2   ·   ( 0 , 60 … 1 , 09 )   =   0 , 72 … 1 , 30   к В т


  Q л о к   =   𝜌   ·   c p   ·   n л о к   ·   V л о к   ·   ( T к о м ф   −   T б а з )   /   3600   =   0 , 30 … 0 , 54   к В т


  P з о н а   =   2   ·   P П Э Н Д − 800   =   2   ·   0 , 8   =   1 , 6   к В т   ≥   Q д и н , з а п   +   Q л о к


    T  комф


    t  восст


    n  лок


    d  гибр


  B у г , 2   =   B у г , 1   ·    ( 1   −   d г и б р ) =


  = 114 , 0   ·   ( 1   −   0 , 25 )   =   85 , 5   т / г о д


  = 114 , 0   ·   ( 1   −   0 , 25 )   =   85 , 5   т / г о д


    B  уг,2


    B  уг,1


    d  гибр


  C 2   =   C у г , 2   +   C э л , П Э Н Д , 2   +   C о б с л =   =   2 , 14   +   0 , 36   +   0 , 75   =   3 , 25   м л н   т г / г о д


    C 2


    C  уг,2


    C  эл,ПЭНД,2


    C  обсл


    U  кр


  U A


  U   A ′ =   0 , 3 · 840   +   2 , 0 · 105   +   4 , 5 · 36   −   110   +  


  +   1 , 2 · 1137   +   223   =   2101   В т / К   ≈   2 , 10   к В т / К


  +   1 , 2 · 1137   +   223   =   2101   В т / К   ≈   2 , 10   к В т / К


  U A ′


  𝛿 U A   =   ( U A   −   U A ′ )   /   U A   =   ( 3 , 48   −   2 , 10 )   /   3 , 48   = =   0 , 397   ≈   39 , 7 %


    𝛿  UA


  U A


  U A ′


  U A


    d  ут


  B у г , 3   =   B у г , 1   ·    ( 1   −   d у т ) =  


  = 114 , 0   ·   ( 1   −   0 , 45 )   =   62 , 7   т / г о д


  = 114 , 0   ·   ( 1   −   0 , 45 )   =   62 , 7   т / г о д


    B  уг,3


    B  уг,1


    d  ут


    d  эл,ут


  E П Э Н Д , 3   =   E П Э Н Д , 2   ·    ( 1   −   d э л , у т ) = =   9 , 31   ·   ( 1   −   0 , 15 )   =   7 , 92   М В т · ч / г о д


    E  ПЭНД,3


    E  ПЭНД,2


    d  эл,ут


  C 3   =   C у г , 3   +   C э л , П Э Н Д , 3   +   C о б с л =   =   1 , 57   +   0 , 31   +   0 , 75   =   2 , 63   м л н   т г / г о д


    C 3


    C  уг,3


    C  эл,ПЭНД,3


  d к р   =   C э л , П Э Н Д   /   C у г , 1  


  d к р   =   0 , 362   /   2 , 85   =   0 , 127   ≈   12 , 7 %


    d  кр


    C  эл,ПЭНД


    C  уг,1


  𝛥 C 2   =   C 1   −   C 2  


  𝛥 C 2   =   3 , 60   −   3 , 25   =   0 , 35   м л н   т г / г о д


    𝛥 C 2


    C 1


    C 2


  𝛥 C 3   =   C 1   −   C 3  


  𝛥 C 3 = 3 , 60   −   2 , 63   =   0 , 97   м л н   т г / г о д


    𝛥 C 3


    C 1


    C 3


    K  ПЭНД


  T о к , к о н с   =   K П Э Н Д   /   𝛥 C 2  


  T о к , к о н с   =   1 , 84   /   0 , 35   =   5 , 3   г о д а


    T  ок,конс


    K  ПЭНД


    𝛥 C 2


  𝛥 C р а в н   =   C н о р м   −   ( C 1   +   C э л , П Э Н Д )


  𝛥 C р а в н   =   ( 4 , 97 … 5 , 55 )   −   ( 3 , 60   +   0 , 36 )   =   1 , 0 … 1 , 6   м л н   т г / г о д


    𝛥 C  равн


    C  норм


    C 1


    C  эл,ПЭНД


  T о к , р а в н   =   K П Э Н Д   /   𝛥 C р а в н  


  T о к , р а в н   =   1 , 84   /   ( 1 , 0 … 1 , 6 )   =   1 , 2 … 1 , 8   г о д а


    T  ок,равн


    K  ПЭНД


    𝛥 C  равн


  U A


    𝜂 к


    K  ПЭНД


    k  рег


    k  одн


    K  исп


  𝜌   ∂ h  ∂ t + 𝜌 v ⋅ ∇ h = ∇ ⋅  ( 𝜆 ∇ T ) +   q  v +   D p  D t


  𝜌


  h


  v


  𝜆


  T


    q  v


  p


  D p / D t


  q = − 𝜆 ∇ T


  h ≈   c  p T


  𝜌   c  p   ∂ T  ∂ t = ∇ ⋅  ( 𝜆 ∇ T ) +   q  v


  𝜌   c  p  (   𝜕 T  𝜕 t + v ⋅ 𝛻 T ) = 𝛻 ⋅  ( 𝜆 𝛻 T ) + S


  S


      m .  v =     Q  lat   h  fg


      m .  v


    Q  lat


   h  fg


    m .  ″  ev +   m .  ″  cond = 0


  q  ″  lat =   m . ″  h  fg


    m . ″


  q  ″  lat


  𝛥 p = 32     𝜇  v L    D  v 2   w  v , avg


  R   e  v =     𝜌  v   w  v , avg   D  v    𝜇  v


  𝛥 p


    𝜇  v


    D  v


    w  v , avg


  R   e  v


  − 𝛻   p  l +   𝜇  l   𝛻 2   u  l −     𝜇  l  K   u  l +   𝜌  l g = 0


    p  l


    𝜇  l


    u  l


  K


    𝜌  l


  g


  K


    𝜀  por


    Q  in  test = 80


    T  max


    T  s , avg


    Q  out


    T  max


    𝛿  E


  K


    T  max


    Q  out


   10  − 12


   10  − 11


   10  − 10


  K


    𝜎  𝜃 =   p r  𝛿


    𝜎  𝜃


  p


  r


  𝛿


    p  sat


    𝜎  𝜃 =   1 , 15 ⋅  10 6 ⋅ 0 , 0155  0 , 001 = 17 , 8 ⋅  10 6   Па ≈ 17 , 8   МПа


    T s


    p  sat

