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AKTyaJbHOCTh TeMbl. Bo Bce BpemMeHa OAHON M3 aKTyalbHBIX MpPOOJIEM
rpaXJIaHCKOW aBHMalMU sIBIsieTCs oOecnedeHue Oe3zomacHocTH mojeToB. [lo aToi
NpPUYMHE AaBUALMOHHBIM TPAHCIOPT CYUTAeTCs caMbiM Oe3omacHbM. OJIHAKO,
ABUAI[MOHHBIE MPOUCIIECTBUS MPOAOIKAIOT MPOUCXOJIUTh, O YEM CBHUJICTEIbCTBYIOT
otueThl 0 Oe3omacHOocTH noneToB @ABT u IATA. CornacHo cratuctuke, okoio 20-
30% aBMAaLMOHHBIX MPOUCIIECTBUN MPOUCXOIAT MO IMPUYMHE OTKA3a aBUALIMOHHOU
TEXHUKH, B YACTHOCTHU, JIEKTPOOOOPYAOBaHUA. DIEKTPOOOOPYI0BAaHUE COBPEMEHHOTO
BosaymHoro cyaHa (BC) mpexacraBisier co0Oil  CIIOKHBIA 3IEKTPOTEXHUUYECKUN
KOMILJIEKC, COCTOSIIMN W3 cucTteMbl anekTpocHaOxkenus (COC) m  MHOXKeCTBa
noTpeduTeneit anexkrpuueckoit sneprun. OyHkumonaneHeie cuctembl BC, yctpoiicTBa
U CUCTEMbl OOPTOBOTO MUJIOTAXKHO-HABUTAIIMOHHOTO KOMILIEKCA MOJYYaroT SHEPTHIO
or COC, nmosromy HagexHocth COC BC B 3HAUUTENBHOW CTENEHH OMNPEACISACT
oe3omacHocTh mosietoB. Ha Gopty coBpemennoro BC COC sBisieTcs oaHON U3
OCHOBHBIX 3HEPTOCUCTEM.

CornmacHo  psAy  HCCIEAOBaHUM  DJIEKTpUYECKass  DHEprus  o0iamaeT
IPEUMYIIECTBAMU OTHOCHUTENBHO JIPYTUX BUJIOB SHEPTUU:

® DOJIEKTPUYECKAs SHEPIHUS MOXKET MIPUMEHSITCS JJI MMUTAHUS JIFOOOT0 THUIA
obopynoBanusi BC;

® JI0CTaTOYHO BbICOKUM ypoBeHb KII/I;

® OTHOCHUTEJbHAS MPOCTOTA PeATU3aALMNHU aNropuT™MOB yrpasieHus COC;

® HM3Kasi CTOUMOCTb JKCIUTyaTaluu.

Bce 3To mpuBOIUT K TOMY, YTO KOJIMYECTBO MOTPEOUTENCH 2JIEKTPOIHEPTUU Ha
6optry BC Bo3pacraer, a cleqoBaTeJbHO YBEIWYMBACTCS HArpy3ka Ha
AIEKTPOTEXHUYECKUE YCTPOUCTBA, YTO MOXET NPUBOAUTH K YXYIUIEHUIO UX
(GYHKIIMOHUPOBAHUS WUJTU TTOJTHOTO BBIXO/IAa U3 CTPOS.

Ha nannwiii MmomeHnt kak B Poccum, Tak u 3a pyOexom BemayTcs pabOThI 1O
CO3JIaHUIO TIOJTHOCTHIO AiekTpuueckoro camoriera (I19C). Cornacuo konueniuu [19C,
nuTtaHue Bcero oOopynoBanuss BC  ocymiecTBisieTcs OT  IIEHTPAIW30BaHHOU
ANEKTPUYECKON CHUCTEMBI. JTO TMO3BOJIAT ONTHMH3UPOBATH PabOTy Tra30TypOMHHBIX

JIBUTATENIeH, COKPAaTUTh CYMMapHYI0 Maccy OOOpYIOBAaHMSI U CUCTEM paclpeesieHus



SHEPIruH, YMEHBIINTH YACIbHBIN PAacXo/l TOIUIMBA U CHU3UTH 3aTPAaThl HA TEXHUYECKOE
oOcmykuBaHue. Takke TaKOW caMoOJIeT SBJsIETCs 00sIee HKOJIOTHIHBIM, 10 CPABHEHHIO
¢ BC, Ha 60pTy KOTOPBIX IPUMEHSIOTCS ra30TypOMHHBIE U TIOpIITHEBbIE ABUraTenu. Ha
JAHHBIA MOMEHT 3Ta 3aJada 4JacThuyHO pemieHa Ha Takux BC kak Boeing 747
Dreamliner, Boeing 777, A 380, A400M u ap. bopToBbIe CHCTEMBI TaKUX CaMOJICTOB
UCIIOJIb3YIOT JIJIsl CBOEH PabOThI TOJIBKO JIEKTPUUYECKYIO SHEPTHUIO.

Takum 06pa3zom, U3 BBIIIECKA3aHOTO MOKHO CJIENaTh BBIBOJ, YTO B HACTOSIIIEE
BpeMsi Harpy3ka Ha 3JeKTpooOopynoBaHue coBpeMeHHoro BC Bospacna u Oyner
Bo3pactate B JanpHenmeMm.  JUIA  COBPEMEHHOrO  ypOBHS  Pa3BUTHS
AIEKTPOIHEPTETUUECKUX KOMIUIEKCOB XapaKTEpHO TIOSIBIICHHME HOBBIX THIIOB
AIEKTPOTEXHUYECKUX YCTPOUCTB, a TAKKE YCIOKHEHHE YCIOBUMA (DYHKIITMOHUPOBAHUS
CyWIECTBYIOIINUX. [IOBBIIEHHBII YyPOBEHb JHEPIETUYECKOM HArpy3KM Ha 3TH
YCTPOMCTBA MPUBOJUT K MOBBIIMICHUIO BEPOSITHOCTH BBIXOJIa UX U3 CTPOSl, CHUKEHUIO
ux pecypca. OMHUM U3 II1aBHBIX (AKTOPOB, BIUSIONIUX HA PECYpPC, SABISETCS BhICOKAs
pabouasi Temmeparypa, KOTOPYIO CIOXHO, @ B HEKOTOPBIX CIy4asXx U HEBO3MOXKHO
OTCJIE)KMBATh BCTPOCHHBIMU CUCTEMAMH KOHTPOJIS.

Hcexonss u3 3TOro, Tema HCCIENOBAHUSA, HANpPaBJICHHAs HA HWCCICIOBAaHHE
TETJIOBBIX PEKUMOB OOPTOBOTO 3JIEKTPOTEXHUYECKOTO 000PYI0BAHUS U MOHUTOPUHT
UX TEIJIOBOTO COCTOSIHUS, SIBJISIETCSI BECbMa aKTyallbHOW B MPOLIECCE HKCILTyaTallH
OOpPTOBOIO 0OOPYOBAHUSI.

O0beKT nccieI0OBaHUsA: aBUALIMOHHbBIE AJIEKTPOTEXHUYECKUE YCTPOUCTRA.

IIpeamer wucciexoBaHMsi: METOAUKa auarHoctupoBanusa OTY Ha OCHOBE
OIIEHKH UX TeMIEPaTypPHBIX PEKUMOB.

Heab wuccaenoBaHuMsi: TOBBIIEHHE OE30MACHOCTH IIOJETOB BO3AYITHOTO
CyllHa 3a CUYeT NPEeAOTBPAIICHUS AaBapUUHBIX PEKUMOB B JJIECKTPOTEXHUUYECKHUX
YCTPOMCTBAX HA OCHOBE OLIEHKHU UX TEMIIEPATYyPHBIX PEXKUMOB.

3apaum uccjie0BaHUA:

e a”anmu3 npuunH TemwioBblx norepu OTY BC B HOpMaIbHBIX M aBapUKHBIX
pexuMax padoThI;

® aHaJu3 CYLIECTBYIOIIMX MeTOA0B quarHoctuku JOTY BC;
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® aHaJgu3 METOAOB MOJEIUPOBAHUS TEIIOBBIX pesxxuMoB DTY BC;

e pa3paboTKa MaTEMAaTHYECKOM MOJEIM TEIUIOBBIX PEXKUMOB JUTUU-HOHHOTO
AKKyMYJISITOPA;

e pa3paboTKa KOMIIBIOTEPHOM MOJEIHU TEIUIOBBIX PEXUMOB JUTUH-UOHHOTO
aKKyMYJISITOpa Ha OCHOBE MOJU(DUIIMPOBAHHOTO METO/1a KOHEUHBIX 00bEMOB;

e pazpaboTka MeToauku auarHoctupoBanus JIMA 1o TemnoBbIM HU(POBBIM
OpTpETaM;

® [IPOBEACHHUE IKCIEPUMEHTAIBHBIX UCCIEIOBAHUN pa3pab0TaHHON METOIUKHU;

e ($opMHUPOBAHHE PEKOMEHAIUI 110 MPUMEHEHUIO METOIUKN JUarHOCTUPOBAHUSA
JINA Ha OCHOBE UX TEIUIOBBIX PEKUMOB.

Meromosioruss ¥ MeToabl HccJeq0BaHusl. JUIsi TOXy4YeHUs OCHOBHBIX
pEe3yNbTaTOB  JMCCEPTAlMOHHOM  pabOThl  HMCHOJB30BAHBI  0a30BbIE  METOBI
MaTeMaTUYECKOro aHAJIN3a, AHATUTUYECKON T€OMETPUH, YHCIEHHBIE METO/IbI PEIICHHUS
g epeHnnanbHbIX ypaBHeHUH. Takke, B padoTe MCHOJIb30BalIOCh KOMIIBIOTEPHOE
MOJICJIUPOBAHUS B MTAKETE MPUKIIATHBIX TPOTPaMM.

1. AHa/IM3 MPUYMH TEIVIOBbIIEJICHUSA YJICKTPOTeXHNYecKnX ycrpoiicte BC m ux
METO/I0B IUATHOCTUKH

B anexTpoobopynoBanuu mpeoOpa3oBaHUE HSHEPrUM HEU30EKHO CBSI3aHO C
HEXEJIATEIbHBIMU  SBJICHUSIMM, TaKUMH KakK: HarpeB, MAarHUTHOE pacCcesHHue,
MeXaHuueckue naedopmairuu, BuOpanuu u T.1. Haubosbliiee paccessHue IHEPTrUu
IPOSBIISIETCS. B BHUJIE TEIUIa, HATPEBAIOIIETO 3JIEMEHTHI YCTPOMCTBA U YCTPOMCTBO B
nesnoMm. Kak npaBuiio, HarpeB 3aMeTHO YXY/IIA€T XapaKTEePUCTUKU 000PYIOBaHHUs, a B
HEKOTOPBIX CIIy4yasXx MOXKET HapylaTb UX paboTOCHOCOOHOCTh WJIM BBIBOJIWUTH W3
CTpPOS.

TennoBoil pexuMm dJeKTpoTexHUueckoro ycrporctBa (OTY) xapakrepusyercs
COBOKYITHOCTBIO TEMITEPATYP BCEX JIEMEHTOB, BXOAAIINX B cocTaB DTY.

TernoBoil pexXuM KaxJoro OTAEIbHOro 3jmeMeHta OTY ycTpoiicTBa CUHMTAETCS

HOPMAJIbHBIM, €CJIN BBITIOJHAIOTCA CICAYIOINNC KPUTCPUU:



1. TemmepaTypa 3J€MEHTa YCTPOMCTBAa B YCIOBHSX 3KCIUTyaTallUd 3aKJIIOYEHA B

npeaciax, OrpaHn4YruBarOIINX JUAIIA30H TCMIICPATYP, JOIIYCTUMBIX IJISI JAHHOT'O

OJICMCHTA,

2. Temmeparypa O3JIEMEHTa TMO3BOJSET O0ecrneyuTh ero padboTy ¢ 3agaHHOU

HaJCKHOCTBIO.

AHanu3 ocoOeHHOCTEN (PU3UKO-XMMUYECKUX TpoieccoB B OTY B HOpMalIbHBIX

(pernaMeHTHBIX) W aBapUUHBIX pEXHMax paboTbl M MPUYUH TEIUIOBBIICICHHUS

IMO3BOJIACT OIIPCACIIUTD HGOGXOI{I/IMBIG ImapaMcCTpPHhI,

IMMO3BOJIAIOIINUEC OIIPCACIUTD

cocrossane OTY u QopmupoBaTh KpUTEpUH IEepexoaa K aBapUMHBIM pexUMaM

(taGmuma 1)

Tabnuua 1— [IpuyrHbI TEMJIOBBIICTICHUS B PETJIAMEHTHOM M aBapUITHOM pexKUMax

paboThI
Y CTpoicTBO PermameHTHBIN ABapuiiHbII KonTponupyemsl
pPEKUM PEKUM € IIapaMeTphl
I'enepatop Tpenue B CHumxenue [Iuraromee
MOJIMITHUKAX, (yBenmuueHue) HaINpsKEHHUE,
BUXPEBBIC TOKH, ITATAIOIIETO TOK Harpys3ku,

NnepeMariHniuBaHuc B

CTaqu cTaropa W
poTOpa,  aKTHBHBIE
CONPOTHUBIICHUSA

OoOMOTOK cTaTtopa u

poropa.

HaMpPsHDKEHUS TTPU
HOMMHAJIbHOM
Harpy3Kke Ha Baiy;
YBEIIMUCHUE
Harpy3KH BbIIIIE
HOMUHAJIbHOM;
oOpBIB (pa3bl;
CHIKCHUEM
COTNIPOTUBJICHUS
W30JISIUN
CTaTOPHBIX
0OMOTOK;

YXYILIECHHUE

TeMIiepaTypa u
IIPOU3BOAHAS

TEMIIEPATYPbI




BEHTUJISLIUN.
AKKyMYJIATOPHBIE JIxoyneBo temio; | TennoBou pasroH. Tox Harpysku,
Oarapeu AK30TEpPMUYECKAS TeMIIepaTypa,
XUMUYECKas UX IIPOU3BOJHBIC
peakuus.
Cusnossie [Ipoxoxnenune CBepxA0IyCTUMBI Bxonnoe n
MOJIyITPOBOJJHUKOBBI | pa00OYero Toka 4epes | € 3HA4YECHUS BBIXOJIHOE
e npeoOpa3oBaTesid | HOJYNPOBOJHUKOBBI | IapaMETPOB HaIpsDKEHUS,
1 mIepexon ANEKTPOIHEPTUH TOK Harpys3KH,

MUATAIOIIEH  CeTH; | TeMIepaTypa |
aBapUHbBIC IIPOM3BOTHAS
PEKUMBI TEeMITepaTypbl
norpeouTeneit
AIEKTPOIHEPTUH;
neperpy3Ku 1o
TOKY;  KOPOTKHE

3aMBbIKaHU.

CBOEBpEMEHHOE M TOYHOE JHMAarHOCTHPOBAHME OTKAa30B M NPEIOTKAa3HBIX
cocrogauii OTY sBisieTcss akTyadbHON MpoOJeMOil aBHALlMHU, TaK KaK HaIMpsSMYIO
BJIMSIET Ha O€30MaCHOCTb MOJIETOB.

Hcnons3yemple B HacTosillee BpeMsi METOJbl JMATHOCTUKA HE O00JaJaroT
NOCTATOYHOW TOYHOCTBIO, a@ CTPOEHHBIE CHUCTEMBI KOHTPOJS HE TO3BOJSIOT
KOHTPOJIMPBOATh BBICOKYIO TEMIIEPATypPy YCTPOUCTB.

[lepcrieKTUBHBIM U1 TUATHOCTUPOBAHUS U MPOTHO3UPOBaHUA cocTossHUS DTY
ABJISIETCS UCTIOJIBb30BaHUE «LHU(POBBIX MOPTPETOBY, KOTOPHIE B OOILEM CITydyae COCTOST
U3  <OIIEKTPUYECKOr0» M  «TEIJIOBOIO» IOPTPETOB  ycTpoiicTBa. llapamerpsr
«UM(PPOBBIX MOPTPETOB» KaK MaTEMaTUYECKUX MOJeNel HIASHTU(ULIUPYIOTCS B

nporiecce skcruryatanuu JTY cpenctBamMu mUQPPOBBIX HHTEIIEKTYAIbHBIX CHUCTEM




pacripenieneHus  3JIeKTpodHepruu. OTKIOHEHUsI MapaMeTpPOB  XapaKTEPU3YIOT
M3MEHEHHUE «ITU(POBBIX MOPTPETOBY», TO €cTh CBOMCTB DTY. B cinydae BrIxoma 3THX
napaMeTpoB 3a JONYCTUMBIE TNPEAEIbl, IHATHOCTUPYETCA OTKa3 YCTPOWCTBA, a
AKCTPAMNOJIALMSA JUHAMUKN U3MEHEHHS CBOMCTB MO3BOJISIET MPOTHO3UPOBATH OTKA3bI BO
BpeMs UX PYHKIIMOHUPOBAHMUS.
2. MeTrog  MareMaTH4ecKOr0 MNPOTOTUINHMPOBAHUSL  JHEPreTHYECKUX
NMPOLECCOB /IJIfl 3JIEKTPOTEXHNYECKUX YCTPOMCTB

B Hacrosmiee BpeMs sl KOHTPOJISI TEXHUYECKOTO COCTOSHUS PA3JIMYHBIX CHCTEM
MEPCIIEKTUBHBIM SIBJISICTCS] IPUMEHEHHE IU(PPOBBIX TBOWHUKOB.

HudpoBoit ABOIMHUK NpeACTaBISAET COOOK COBOKYITHOCTh MAaTEMATUUECKOW MOJIEIH
oObekTa (cHCTeMBl) W €€ MPOrpaMMHOIO KOJa, MMEIOUIEr0 BO3MOXKHOCTD
oOMeHUBaThC HHQPOpMAIIMEN O COCTOSHUM C CaMUM MCCIEAYEMbIM OOBEKTOM
(cuctemoit). Ilpu co3manum 1UGpPOBOro ABOMHMKA OONIBIIOE 3HAYCHHE WMEET
TOYHOCTh IOCTPOCHHOM MaTEeMAaTH4YeCKOM Mojenu. MaremaTtuyeckass MOJENb
uccienyeMoro o0ObekTa (CHUCTEeMbl) JIOJDKHA 007ajaTh BBICOKOM TOUYHOCTHIO,
aJICKBaTHOCTPIO M MAaKCHUMaJlbHO TOYHO ONMCHIBATH MPOLECCHI, MPOUCXOMSIINE B
o0ObekTe WM cucteme. JlJid co3gaHus TaKMX MOJENEN Ipeajaraercsl UCIOJIb30BaTh
METOJI MATEeMAaTUYECKOT0 MPOTOTUIIUPOBAHUS dHEPTreTHuYecKux mporeccoB (MMIIIII).

Meron MareMaTH4YeCcKOro MPOTOTHUIUPOBAHUS SHEPreTUYECKUX  IPOLIECCOB
BBITEKAaET U3 OCHOBHBIX 3aKOHOB COXpAHEHUsI JHEPrUM M M3BECTHBIX Hayall
TEpPMOAMHAMUKHU. JIaHHBIA METOJ TO3BOJSET YYUTHIBATH KaK BHYTPEHHUE, TaK H
BHEIIIHUE CUJIbI, 00YCIIOBJIEHHBIC TTOTOKAMH YHEPTUH MEXKAY CUCTEMOM U CPEIOH.

OcHoBHOE ypaBHEHHE 000011IEHHOTO MeToza MaTeMaTUYECKOTro
IPOTOTUITHPOBAHUS:

d—szABT(—VXF)+(d—X] ,
dt dt /. (1)

'me X =X(t) - marpuma-croiler mHapaMeTpoB, ONPEACISIONINX COCTOSHHUE

CHUCTEMBI;

B= B(x,U) - MaTpulla MHIUHJICHTHOCTH;,



A=A(xU) - TONOXHUTEJBPHO  ONpEAEICHHas  MaTpulla  CBOWCTB,

XapaKTCpu3yromiasa BOCIPUMMUYUBOCTD ITPOLECCOB K BOSMYIIICHUAM,

F=F(x,U) - ¢yHxuuns 3anaceHHOil SHEPTrHU BHYTPU CUCTEMBI;

dX . .
(E - ManI/II_Ia-CTOJ'I6eI_[ BHCITHUX BO3ACUCTBHUH HA CUCTCMY.
ext

OcnoBnoe ypaBHenue MMIIDII my1st pU3uKO-XUMHUYECKOM CUCTEMBI TPUMET BU/I;

@ : 4
dt |_ (Qtransf U j A(Qtransf U j [vu SJ N dt

dz 0 B 0 B)I(V,S dz |

at dt e )

I'ne

U=U(t)- mMarpuma-croi0ery BHYTPEHHHX OJHEPIUil DHEPreTHYECKHX CTereHel
CBOOO/EL,

z = z(t) - MaTpUIa-CTOIOEI] TPOUMX KOOPANHAT COCTOSHHMA;

Qtrasnf - MaTpHIIa MHIMHACHTHOCTH IO MIEPEHECCHHBIM TEILIOTAM;

U=UU,z) - MaTpula, XapakKTepU3yrollas N3MEHECHUSI BHYTPEHHEN SHEPTUU 32 CYET
HEKOMIICHCUPOBAHHBIX TEIIOT U COBEPIIICHUS PaObOTHl BHYTPH CUCTEMBI;

B=B(U,z)- Marpura 0ananca;

A=A(U,z) - HONOXUTEIBHO ONpeeTICHHAss KHHETHUECKasi MaTPUIIa;

S=5(U,z) - SBHTPOIHS CUCTEMBI.

Jlns pa3pabOTKM METOJa JUArHOCTUPOBAHHWS, OCHOBAHHOTO Ha MPUMEHEHUHU
U(POBBIX TEIJIOBBIX MOPTPETOB JJIi MOHUTOpWHra TersioBoro coctosinus JIMAB

HE00X0AMMO pa3paboTaTh MATEMATHYECKYIO MOJIETb TEMIOBBIX PEKUMOB.



Pucynok 2 - Sony US18650VTC6
B xauectBe 00bekTa MOJEIUPOBAHUSA OYACT HCIOJb30BaHA AKKyMYJISTOpPHAsS
Oarapes Sony US18650VTC6 (puc. 2). Koncrpykrusuo B JIMAB BXomsr: aHon,
BBITIOJTHCHHBIH W3 TpaduTa Ha (QOoJIbre W3 MEAH, KaTOoJ, BBIMOTHCHHBIA W3 OKCHIA
auTus Ha (oapre W3 aIOMHHUS, TOPUCTBIA cemapaTop, OOMIBHO IPOIMMTAHHBIN
AIEKTPOIUTOM, BBITOTHIIONTUM (HYHKIIMH ITPOBOTHUKA.

Beenem crnenyromme orpaHuueHHs Uil pa3pabaThIBaeMOM MaTeMaTHYeCKON
MOJICIIU:

1. reomeTpusi 3amaHHOW O00JaCTHM TPOCTPAHCTBA 3aMaeTCA YPaBHEHUSIMH
MePeCeKaroIMXCsl TOBEPXHOCTEH B TPEXMEPHOM €BKJIMIOBOM MPOCTPAHCTBE;

2. paccMaTtpuBaeMble 00JIACTH, B KOTOPBIX ONpPENENSeTCsS paclpeaesieHue Terna,
JOJDKHBI OBITh 3aMKHYTHI (OTPaHMYCHBI MHOYKECTBOM IOBEPXHOCTEH), MPU ITOM
3aMBbIKaHUE BCETO MCCIEAYyEeMOro MPOCTPAHCTBA HEOOXOIUMO O0ECIeYUTh 3aMKHYTON
MOBEPXHOCTHIO (TpaHuileil 00J1acTH), TOCTATOYHO YJaICHHOW OT 3aJaHHOT0 OOBHEKTa,
cuMTasT HEU3MEHHOW TeMIlepaTypy Ha €ro IMOBEPXHOCTU (T.e. TeMIeparypy
OKPYKAIOIIeH CpeJibl); TEPMUH «JIOCTATOUYHO YIAIEHHBIN» MOIpa3yMeBaeT HEKOTOPOE
JOIYIIIEHUE, KOTOPOE MOKHO KOJMYECTBEHHO 3a/1aTh Bapuanueid 0T TemmepaTypsl Ha
rpanuiie o0JaCTH W KOTOpas 3aBUCUT OT PACCTOSIHUS OT OOBEKTa W OT CBOMCTB
TETJIOMPOBOAHOCTH OKPYIKAIOIICH CPEBI;

3. BHyYTpeHHHE OO0JIAaCTH, OTPAaHWYCHHBIC 3aJaHHBIMHU IMOBEPXHOCTSIMH, SBJISIOTCS
3aMKHYTBIMH, ¥ TIapaMeTp, XapaKTEepPU3YIONIUH CBOWCTBO TEIUIOMPOBOIHOCTH,

CUUTACTCA IMOCTOAHHBIM,
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4. UCTOYHUKM TEIJIa 33/Ial0TCA B BUJIC 3aMKHYTBIX T€OMETPUYECKUX TPEXMEPHBIX
O00OBEKTOB, 1 KOTOPBIX 3a/laHO paCIpEeACIICHHE TEeMIepaTypbl BO BpPEMEHH U
IpPOCTpaHCTBE B Buie Miajakoi auddepeHuupyemMond GyHKIUU YEThIPEX apryMEHTOB
(3-x KOOpIMHAT U BPEMCHH);

5. UMeeTcss METOJl ONpeNleNICHUs] TeMIlepaTyphbl KaXKol BHYTpEHHEW 00yiacTh Ha
OCHOBE M3BECTHOTO paclpelejieHUus TeMIepaTypbl Ha TpaHUYHOW 00JlacTh U
AKCIIEPUMEHTAIBHO MOJIYYEHHBIX JUHAMUK U3MEHCHUS TEMIIEPATypbl B U3MEPSIEMbIX
TOYKaX UCCIEAYEMOTr0 OObEKTA.

JInga  3amaHusg  TEOMETPUM M CBOWCTB  HWIMHAPUYECKOTO  aKKyMyJIATOpa
BOCIIOJIb3yeMcsl  (popMysaMu aHAJIUTHYECKOW TEeOMETPUU I WIMHAPUYECKOM
CUCTEMBI KOOpAUHAT.

JUist ompeneneHusi TpaHUYHBIX MOBEPXHOCTEH OyAeM HCIOJIb30BaTh YPAaBHEHHUS
LWJIUHAPOB U IJIOCKOCTEN

X2 + y2 — r2
ax+by=0

=h
A

r. <r<r

min — max

h. <h<h_
min < @ S P

I'me a=cose; b=sing; r - paauyc yCTPOMCTBA; ¢ - YTOJ; h - BEICOTA YCTPOWCTBA;

A - TENJIOIPOBOIHOCTE.

3. MoaudguunpoBaHHbIi MeTO] KOHEYHbIX 00bEMOB

Jns onpeneneHusi TeMnepaTypbl KakJI0W BHYTpPEHHEW 00JIACTH UCCIETYyeMOTO
yCcTpoiicTBa OyAeM HCIOJIb30BaTh MOIUGUIIMPOBAHHBI METOJ KOHEYHBIX OOBEMOB,
OCHOBAaHHbIH Ha TPUMEHEHHM METOJa MaTEeMaTUYECKOTO MPOTOTHUIIUPOBAHUS
SHEPreTUYECKUX MporeccoB. CorjaacHO METOTy KOHEUHBIX 00BEMOB, JIJISI HAXOXKICHUS
pacmpenenieHuss TeMIepaTyphl HCCIEAYyEeMOIro YCTPONCTBA, €ro HMCXOAHBIA 00beM
TpeOyeTcsi pa3OUTh Ha HECKOJIbKO KOHEUHBIX 00beMOB. J[sl Kaxkoro oobema OyneMm

HaxOoauTb PpaclupCaAcCIICHUC TCMIICpATypPhbl, HCIOJIb3ysd MCTOJ MATCMATHUYICCKOIO

OPOTOTUIUPOBAHUS SHEPreTHUECKUX TMpolieccoB. s peanuzanuym MeToAa pacuera
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pacnpenenenus temaa BHyTpu JIMA Oyner mcmonb30BaThes YIPOIIEHHAs CTPYKTypa

JIMA, npencraBmsioniasi cCOOOH TpU MOCIEA0BATETLHO COEIMHEHHBIX CETMEHTA.
3anuieM OCHOBHOE ypaBHeHHME Merona (1) 1uisi OJHOro CermMeHTa, Tak Kak

MOJIy4eHHOE ypaBHEHHE OyIeT akTyaJabHO AJisi BceX o0beMoB. Kak BHIHO W3 pHCYyHKa

3 IMponHecCcC TCIIOIICPCHOCA OCYICCTBILACTCA I10 6-Tn I'paHsIM oObeMa.

T, T6
!
Ll Tseir T T
|
Ty

Pucynox 3 - Onun cerment JIMA

IAZ o athnsf aQtransf JQtransf 5thnsf Jthnsf ‘thmnsf T

o = (g Irear(—— ) Dnean(——In (Do rae(——)e) 3)
— =7
Z =U - BHyTpeHHSsI SHEPTHS;
dU = CmdT

C - TEIIIOEMKOCTB; M- Macca; m= pV

5thns f

(dt

r+Ar — )\STATT
)r+a @

A - TEIJIONPOBOJIHOCTh (MO0 «- KOA(DPUIMEHT Teryionepeaauu, B Cilydae CThIKa
JIBYX MaTe€pUajoB);

S, - IJIomaab I'PaHu, Yepe3 KOTOPYIO MPOXOJIUT TEIIOTA;

r

B=(L-11L-31-1) 5)

Ucnonesys (3) u (25) ocHoBHOe ypaBHeHne MMIIJII as o1HOrO cermMeHTa NPpUMET BUI:

Cde — 5Qtransf _ 5Qtransf + 5Qtransf _ 5Qtransf + 5Qtransf _ §Qtransf +£ @ )
dt dt ) dt ) dt ) . dt ) d ) ., dt ) Ldt e ©6)
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2
) (18]
dt source Sm
[TpuBenennoe ypasHenue (2.45) MoxkeT ObITh 3aIIMCAHO B MATPUYHOM BHU/IE:

K%:AT+TO+Q (7)

K=Cm

T=(T,T,,...T,) - HauanbHas TEMIEPaTypa 0OBHEMOB;
T, - TeMIepaTypa OKpY>Karollel Cpebl B HAYaJIbHbIA MOMEHT BPEMECHU.

Q - TeMmeparypa BHEIIHUX UCTOYHUKOB TEIIOTBHI.

N2
S h
|, =X —
[1Szj pRS1

Q= 0

S, h
|, = =
(3Szj Pr S;

ManI/II_Ia A cocroutr wu3 KOB(i)(i)I/IHI/IeHTOB, HaxoAIMNXCA M3 OCHOBHOI'O

YPaBHEHHUSI MAaTeMaTH4YECKOro mnporoTunupoBaHus. OcHoBHOe ypaBHeHne MMIIOII

(2.45) nyis OTHOM KOOPIMHATHI:

dT,
CpV,—= ai(i—l)Si(i—l)TEi—l) - ai(i—l)Si(i—l)T(i) - ai(i+1)Si(i+l)T(i) +

dt
(8)

2
S. h
+00 Siin Ty +| 1 — | Ps —
i(i+1) ~i(i+1) " (i+1) ( S j pRp

z

I'me T, - TeMnepaTypa TeKyIero oobema,
T, - TEMIIEpaTypa NpeabIIyIero oo0bema;

T, - TEMIIEpaTypa 00beMa, CIEIYIONIETO 3a TEKYLIEM,
&y - TEIUIOMPOBOJHOCTh TEKYLIETO U MPEIBIIYIIETO 00BEMOB;
i,y - TETUIONPOBOJHOCTH TEKYLIETO U MOCIEAYIOLIETO 00HEMOB;

S,y - IWIOIAAb TEKYIIETO U MPEABLIYIIETO 0OBEMOB;

Sy - IWIOMIAAb TEKYIIETO U MOCIEAYIOMIETO OOBEMOB.

[TpousBens npocteiimue npeodpazoBanus ypaBHeHue (2.47) nmpuMeT BU:
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S.

dT.
CpV,—=¢ i(i-1)

dt i(i-1) T(i—l) - T(i) (ai(i—l)Si(i—l) + ai(i+1)Si(i+1) ) +

2 9)
vay S Tt 12] p L
i(i+0) i+ i+ S PR ,0*

z
AHaJIOTU4YHO JJIs1 TPEX KOOpAUHAT:
dT;
ik _
Cijkpijkvijk F - ai(i—l)jksi(i—l)jk (T(i—l)jk _Tijk ) - ai(i+1)iji(i+l)jk (Tijk _T(i+1)jk ) +
+O‘ij(j—l)kSij(j—l)k (Tj(i—l)k _Tiik )_aii(j+1)ksij(i+1)k (Tijk _Ti(j+1)k)+
+aijk(k—l)sijk(k—1) (Tij(k—l) _Tijk ) - aijk(k+1)sijk(k+l) (Tijk _Tijk(k+1))

Tpu i=1, j=1, k=1

dTm
dt
+a11(0)1811(0)1 (T1(0)1 _T111 ) - “11(0)1811(0)1 (T111 - T1(0)1 ) +

+0‘111(0) S111(0) (T11(0) _Tm) - 05111(0) S111(0) (T111 _T111(0) )

Ci1PuVin = 0(1(0)1181(0)11 (T(O)ll -Tin ) - a1(1)1181(2)11 (T111 _T(2)11 ) +

[IpoBens npocteiimue npeoOpa3oBaHus ypaBHEHHUE TPUMET BUJL:

dT,
11 _
CruPiVin at (—01S1011 — P1211S111 — %101 S1101 — PrsorStaor ~ H11091110) Tran + (@201S1211) Tors

CornacHoO KJIaCCMYECKOMY METOJy KOHEYHBIX 00BbEMOB HEOOXOJMMO pa3OUTh
BCE UCCIIEyeMOE MPOCTPAHCTBO HA BBIMYKJIbIE 00bEMBI (CETMEHTHI) TAaKUM 00pa3om,
YTOOBI B UCXOJJHOM COCTOSIHMM KaXKIIbIii 00bEM BKJIIOYAJ TOJIBKO OJIHO BEIIECTBO, JIJIs
KOTOPOTO0 MOYKHO 33JaTh €ro (pU3MYeCKHe CBOMCTBA — IJIOTHOCTb, TEIMJIOEMKOCTD,
TEIJIONPOBOAHOCTh, T€OMETPUIO, a Takke KOID(PUIMEHT TEIIooTAaYr TMIPU €ro
KOHTAKTE C JPYTUM BEIIECTBOM.

HcxogHoe pa3zOueHre MOJEIUPYEMOM CHUCTeMbl Ha OOBEMBI COOTBETCTBYET
MaKCHUMaJIbHBIM 00BEMaM BEIECTB, COCTOSIIUM M3 OJTHOTO BEIIECTBA. YPOIICHHOE
pazOueHre aKKyMyJsiTopa MOXHO TMpPEJCTaBUTh B BHUJIE TPEX JJIEMEHTOB — JBYX

QJICKTPOAOB U JJICKTPOJINTA.
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tk
T{) TO Tﬂ
I v v
T Toyy
- e ~ S .
T |y 111 _ Ton 211 P Tsn 311 1
0 = >
1 t 4
Ty To Ty

J
Pucynok 4 - O6mmuii Bu epBOro NpuOIMKEeHUs TPOCTPAHCTBEHHON MOIETTH
JIMA
[lo aHajmormm ¢ NOPUBEACHHBIMU BBIIIE YPaBHEHUSAMH, YpaBHEHUS IS
OCTABIIMXCS CETMEHTOB IPUMYT BH/I:

[Tpu 1=2, j=1, k=1

Tle

Co11P211Von = a2(1)1152(1)11 (T(1)11 _Tzn) - a2(3)1152(3)11 (T(z)n - T311) +

+0‘21(0)1521(0)1 (T2(0)1 _T21l) - a21(2)1821(2)1 <T21l _T2(0)1) +

+0‘211(0)8211(0) (T21(0) _T211 ) - 0‘211(2)8211(2) (T211 _T21(0) )

dT.
211 _
Co11P21Vons = (1115 2111) Thas — (@111 S0101 + X1y Soany + W10y S + Xoyg1S 7101 + 11555135 ) Ty +
(31155311 ) Tans
Ipn i=3, j=1, k=1

dT.
311 _
Ca11P311Vans at a3(2)1153(2)11 (T(2)11 —Ta) - a3(0)1183(0)11(T311 _T(O)ll) +

+0{31(0)1531(0)1 (T3(0)1 _T311) - 0531(0)1831(0)1 (T311 _T3(0)1) + a311(0)8311(0) (T31(0) _T311) -

_a311(0)8311(0) (Tay _T31(o))

dT.
3 _
Car1P31:1Vans at (@32115511) Tos = (Aap1 Saons + Pagys Saons + Aa101Sa101 + Xar0r Sann +

+ 011055110 + Xa11053110) Tan

Takum 006pazom, JJ1s1 ICXOTHOTO pa3OUECHHSI IMEEM MaTEMATHIECKYIO MOJIEIb B
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BU/JIE CUCTEMBI U3 Tpex TuddepeHInalIbHbIX ypaBHEHUH.

a1 a2 0 Tin To1
[('ijk% = | a2 O22 Oa23 oy |+ | Too | To+@
0 azp 033 T34 Th 3
a1 = —(a10)11S10)11 + G12)11512)11 + )15yt + A1(1)1051(1)10)
Q12 = 011(2)115'1(2)11
21 = (12(1)1152(1)11
Q22 = —(Otg(1)1192(1)11F0(3)1152(3)11FCa(1)01 S2(1)01+%2(1)21 S2(1)21+02(1)1052(1) 10+
Qa(1)1292(1)12)

23 = (12(3)1152(3)11
032 = 03(2)1153(2)11
o33 = —(Q302)1193(2)11 T 03(0)1153(0)11F03(1)01:95(1)01 %3101 S3(1)01 F03(1)1053(1) 10+

OL:3(1)1|1133(1)10)
Tv,1 = 01(0)11:51(0)11 T 1 (1y01:S1(1)01 T 1(1)01S1(1)01 T %1(1)1051(1)10 T %1(1)1051(1)10
Th2 = Qa(1)0152(1)01 + %2(1)21592(1)21 + G2(1)1052(1)10 + 2(1)1252(1)12

Tv3 = Q3(0)11.53(0)11 T @3(1)01:53(1)01 T A3(1)01:53(1)01 + %3(1)1053(1)10 + %3(1)10.95(1)10

4. Pa3zpaboTKa KOMIIBIOTEPHOI MO/1eJIU Tel10BbIX pe:kuMoB JIMA Ha ocHOBe
MOAM(PUIIHPOBAHHOT0 METO/1a KOHEYHbIX 00bEMOB U €€ BepupuKanus
MeToauka pacyera pacnpeaejeHus Temjia B HCCAe1yeMOM 00beKTe

Hcxons u3 pacCMOTPEHHBIX TUIIOTE3 NMPEAIAraeTCsl UTEPALIMOHHAS METOAUKA, B
KOTOPOM IS 3aJlaHHOM TOTPEIIHOCTH OIPENCIICHUs TeMIEpPaTypbl IOJIY4aeTcCs
aHanuTHYecKass (QyHKUHS 3aBUCMMOCTH TEMIIEPATYpbl OT YEThIPEX MapameTpoB (Tpu
MIPOCTPAHCTBEHHBIE KOOPJUHATHI U BpEMs).

Meroanka COCTOUT U3 CIEAYIOLIENH MOCIEA0BATEIILHOCTU IEUCTBUM.

1. 3agaHue UCXOAHBIX JAHHBIX:

a. TeoMeTpud OOBEKTa U OKpYKalIed cpeabl sl [EePBUYHOTO
pa3OueHHuss Ha  YCJIOBHO  OJHOPOAHBIE  cpenbl  (mapameTp
TEIJIONPOBOAHOCTH MOCTOSHHBIN );

b. morpemHocTH OnpeaeIeHUs TEMIIEPATYPhl BO BHYTPEHHHUX 00JIACTSIX;
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C. MOTPEIIHOCTH 3aJlaHusl TPAaHUYHOM 001acTH;

d. reoMeTpuM  WCTOYHHUKOB  TCIUIOBBIIEICHUS W  paclpeiesieHHs
TEeMIIepaTyphbl BHYTPY HUX B BUJE aHATUTUYECKON (DYHKIIMH.

2. IlpoBepka 3aMKHYTOCTH BHYTPEHHHX OOBEMOB W COOTBETCTBHS TPaHUYHOU
00J1aCTH 33JJaHHBIM MOTPEIIHOCTSIM.

3. Ompenenenre MeToja JENEHUS BHYTPEHHUX OOBEMOB (HEOOXOAMMO JUIs
dbopmanu3auy nporeaypsl TOCTHKCHUS 3aJaHHON TOYHOCTH pacyeTa).

4. 3amyck TaiiMepa (3a7aeM Ha4aJlbHOE 3HAYEHUE BPEMEHU).

5. BrimonHeHue cnenyroniei nocieqoBaTeNbHOCTH JEHCTBUM:

d. TPUMEHEHHWE METOAMKH pacyeTa JJIsi UCXOTHOW reoMeTpuu 0OBEKTOB
(monmyyeHWe 3HAYEHUS TEMIIepaTypbl ISl KaXJOW BHYTpEHHEH
o0J1acTn);

b. Kaxaplii BHyTpEeHHHI 00bEeM JeIUM (HAIpUMeEp, MOTMOoJIaM) 33 JaHHBIM
BBIIIIE METOJIOM JICTICHUS;

C. TpUMEHEHHWE METOAMKH pacuera IJsi HOBOM reoMeTpuu OOBEKTOB
(monmyyaeM 3HAYEHMsI TEMIEpaTyp IJsi KaxJIoro oObema, T.e. IS
YyacTeil HCXOIHBIX 00bEMOB);

d. mpoBepka YCIOBHS OCTAaHOBKM JeJCHHUS (CpaBHCHHE 3HAYCHUM
TEeMIlepaTyp MJid TEKyIIel WTepaluyd CO 3HAUYCHUSIMH TEMIIepatyp,
MOJyYEHHBIX Ha TPeAbIAYIIeH UTepalud C Y4YeTOM 3aJaHHON
MOTPEITHOCTH);

€. s 00bE€MOB, B KOTOPBIX YCJIOBHUE OCTAHOBKHU JEJICHHS BBIIOJHEHO,
JieieHue npekpainaeM, GUKCUpyeM 3HAUCHUS TEMIIEPaTyp;

f. 111 00bEMOB, B KOTOPBIX YCIIOBUE OCTAHOBKH JCJICHHS HE BBITOJHECHO,
IIPOU3BOIMM OUYEPETHOE JICJICHHUE;

MpPUMEHSIEM METOINKY pacyeTa K TeKyIIel KoHpUrypanuu 00beMoB;
noBTopsieM 0-g 710 TeX Mmop, MOKa HE BBHIMOJHUTCS YCIIOBHE OCTAHOBKH
JIeICHUSI.

6. Ecnu wutepaniMOHHBIN MpOIeCC 3aKOHYWICS, TO JI€JaeM MpUpaIeHUuE T0

KOOpJIMHATE BPEMEHHU U BO3BpaIliaeMcs K 11.5.
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7. Ecnu nrepauMoHHBIA MPOLECC HE 3aKAHYMBAETCS IO YCIOBHUIO OCTAHOBKHU
JEJIEHUs, TOTa BBOJAUM JOINOJHUTEIIBHBIE OIPAHUYEHUS B COOTBETCTBHUHM C
kputepueM Knyrcena.

8. Ilpomecc BO BpeMEHM OCTAaHABIMBAaeM JIMOO TPU  JOCTHKCHHUH
YCTaHOBUBILIETOCS pekuMa (MpoBEpKa OCYLIECTBISIETCS IO 3aJaHHOMY
JIOTYyCKYy WM3MEHEHHUsl TeMIIepaTyp Ha COCEJHUX WTEpalMsX MO BPEMEHN),
100 MpH 3aJaHHOM BPEMEHU OKOHYAHUS PACUETOB; CIEAYET OTMETUTH, YTO
IIEPBBIM BapUaHT OCTAHOBKM BO3MOXKEH TOJBKO IIPM  ITOCTOSIHHBIX
VCTOYHUKAX TEIUIOBBIICICHUS.

9. IIpoBoauM anmmpOKCHMAIIMI0 TIOMYYEHHBIX 3HAUEHUH TEeMIIepaTtyp TIaIKOH

aHAIMTHYECKOU (PYHKIIUE.

[TosyueHHble ypaBHEHUsI ObUIM pEaJn30BaHbl B BHUAE KOMIBIOTEPHOIO KOJA C
UCTIOJIb30BAHUEM sI3bIKa TporpaMmupoBanusi Python. B kommbroTepHoii peanu3anuu

HaXOJUJIOCH PACIIPCACIICHUC TCMIICPATYPHBI IIPHU PA3JIMYHLIX 3HAYCHUAX TOKA.

23597 — Yrnepopn
3NeKTPoAuT
—— JuTwi

23.0 1

22.54

22.0 1 L

TemnepaTypa

[§]

=

8}
1

21.0 4

20.5 4

20.0 4

T T T T T
0 200 400 600 800 1000
Bpema

Pucynok 6 - Pacnipenenenne teMneparypbl Ipu 3HaYeHUH ToKa 1=3 A
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—— VYrnepon
INEKTPONNT i} - —
—— JmTwiA -

28 1

26 1

TemnepaTypa

229

20 —

T
800 1000

Bpems

Pucynok 7 - Pacnipenenenue remmneparypsl npu 3HadeHnn Toka =10 A

E p— ¥rnepon

SneKTPoNuT ~
—— NuTwit -
—

50

45 -

ey
o
L

TemnepaTypa
w
w
)

30

254

20

T T T T T
200 400 600 800 1000
Bpemsa

Pucynok 8 - Pacnipenenenue remneparypsl npu 3HadyeHuu Toka 1=20 A

5.00001meHHass MeToaMKa qTUarHocTupoBanus JIMA no TenioBbIM NOpTpeTamM
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B o6mem ciiydae metoauka quaraoctupoBanust JIMA mosxer ObITh TIpeACTaBICHA B

BUJIC CIICYIONIEH MOCIeI0BaTeIbHOCTH JeUCTBUM pHC.9.

ITomyyenue aHanutuueckon Moaenu JIMA

A 2

W neHTH(pUKanys mapaMeTpoB MaTeMaTH4YeCKON MOJIEIH
(Bamumanus, BepuQuKaIms)

A 2

OrpeielieHre KOHTPOJIMPYEMbBIX U U3MEPSEMbIX
mapamMeTpoB

A 4

[TpeoOpazoBanre KOHTPOIHPYEMBIX TapaMETPOB
B U3MEpsIEMbIE

. 4

OmnpeneneHre KpUTeprueB paboToCnocoOHOCTH

. 4

[uarnoctupoBanue
(oTipesieniecHUE BPEMEHH BBIXO/Ia U3 CTPOSI)

Pucynok 9 Metonuka auarnoctupoBanust JINA

ITepBoHauaNbHBIM 3TANlOM SBJISETCA MOJYyYCHHE aHanuThudeckor mojenu JIMA,
KoTopoe TmoapobHo omucaHo Bo BTopo rnaBe HKP. Tlocne mnomyuenus
aQHAJIUTUYECKON (PYHKUIMM TUHAMHUKH PacClpeliesIeHUs] TeMIepaTyphl, MOJY4EeHHOU C
WCIIOJIb30BaHUEM MOAU(MUIIMPOBAHHOTO METO/Ia KOHEUHBIX OOBEMOB, YXKE MOXKHO
rOBOPUTH 0 LIU(PpoBOM Mojenu ucciaexyemoro JIMA.

Jlns  uccimeayeMoro  JIMTUM-MOHHOTO — akKymyssitopa Oblia  pa3paboTaHa
KOMITBIOTEpHAsT MaTEMAaTHYeCKas MOJEJb Ha OCHOBE YPAaBHEHHUM MaTeMaTUYECKOU

¢u3uKYd, B pe3yibTaTe pEUIeHUS KOTOPOM TMOJIy4eHbl KapTHUHBI pachpeeieHus
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TEIUIOBOTO  TOJISI, MO3BOJIIOLIME  ONPENCNSTh  3HAYEHUs  TEMIIEparyp B
KOHTPOJIMPYEMBIX MECTAX JIJIS LIEJIEH JUarHOCTUPOBAHUS.

O6mwmit Bug paboyero «reruoBoro mnoprpera» mia JIMA mnpunumaer Buj

aHAJIUTUYECKOU (DYHKIUU:
T=1(,T,1), (10)
['ne | - Tok paspsaa JIMA;
T, - TEMIepaTypa OKpyXarolen Cpeibl;
t - MOMEHT BpPEMEHHM, JIJII KOTOPOTO PACCUMUTHIBAETCS PACHPEACIICHUE TEIia
BHyTpH JIUA.

Bropoii atan — uaentudukaius napaMmeTpoB MmatematTuueckoi moaenu. [{udposoit
MOPTPET, KOTOPBIA OyJeT HCHOJb30BaThCsl B Tpoiecce auarHoctupoBanus JIMA,
MPEACTABISIET COOOM MaTeMaTHYECKyK0 MOJENb HCCIEAYyeMOro OO0BbeKTa U
KOMIIBIOTEPHYIO MOJIeNIb. MareMaTtudeckass MOAeb, UCIIOJIb3yemas Ipu co3nanuu L1
J0JKHA 001a1aTh aJeKBaTHOCTh M HAauOOJee TOYHO OTPaXkaTh CBOMCTBA U MPOLIECCHI,
nporekarone B oOBekTe ucciefoBanus. CremoBarenbHO, s oOecreueHus
aJICKBaTHOCTU MAaTEMaTUYECKOM MOJIeTd HEOOXOJMMO OOECIEeYUTh TOCTOSHHOE
MOJIYyYEeHHE NAaHHBIX HU(PPOBBIM MOPTPETOM OT OOBEKTa ucciaenoBaHus. [Ipu sTom
JAHHBIC JOJKHBI OOHOBISITHCA JMOO B pEXKUME peaJbHOr0 BpPEMEHH, JHOO ¢
ONPENECICHHON MNEPUOAUYHOCTBIO. JlaHHas mpouenypa Ha3bIBAaCTCs BallMIALUEN
MAaTeMaTH4YECKOU MOJEIIH.

Co3nganHHasgs Ha OCHOBE MAaTeMaTHYECKOW MOJEIU KOMIIbIOTEPHAs MOJENb TaKXKe
JOJDKHA TOCTOSSHHO — YTOYHSITbCS, OJTOT TMPOIECC Ha3bIBaeTCs BepudUKaLMeit
KOMIIBIOTEPHOU MOJEIH.

TperbuM 3TanoM SBISETCA ONPEACICHUE KOHTPOJUPYEMBIX MapaMeTpoOB U
n3MmepseMbIx. Temmneparypa B JIMA BHyTpH yCcTpOWCTBA, KaK IIPABUJIO, BBIIIE YEM HA
ero mnoBepxHOCcTH. KouTponupoBath Temneparypbl BHyTpu JIMA TodedHBIMU
TeMIIEPAaTyYPHbBIMHM JaTYMKa HE TPEJCTABISAECTCS BO3MOXKHBIM. ClieloBaTEIbHO, 3HAA
GYHKIIUIO pachpenereHus TeMIepaTypbl BHYTPH YCTPOWCTBA MOXKHO IEPECUYUTATh

TEMIIEPATYpPy C TOUEUYHBIX JATYMKOB, YCTAHOBJEHHBIX Ha moBepxHoctu JIMA, urto
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SABJIACTCS YCTBCPTBIM 3TAallOM MCTO/IHKH. Takum 06p2130M, MarTeMaTu4dcCKasa MOJCJIb

JUIsl BHYTPEHHUX 4aCTEN yCTPOUCTBA IPUMET BUJL:

dT, dT, dT
T =FT,—%,..T,,—%,..T,—&%
an (Tl dt k dt K dt )
] dT, dr, dT, (12)
T =G(T,—2,..T,—%&,...T,—&
an ( 1 dt k dt K dt )
dT, dT, dT
Tv = 1_11"'|T 1_k| "lT 1_K
NEKMpoaUm Q(Tl dt k dt K dt )
Cne T,T,,T, - 3HaueHHWs TeMIeparyp, IOIYyYCHHBIX C TOYCYHBIX JATYHKOB,

PACIIOJIOKEHHBIX HA IOBEPXHOCTU YCTPOUCTBA;

1K - KOJMYECTBO TOYEYHBIX JaTUHK;

T T Toxmponm ~ BHYTPEHHSIS TEMIIEPATYPA.

BaxHO oTMETHTBH, UTO CpEACTBA M3MEPEHHUSI TEMIIEPATYPHl AKKYMYJISTOPOB U
aKKyMYJISITOPHBIX OaTtapeil He MOXKET OBbITh PacIojOKEHO B MECTE, I/l HEOOXOIUMO
KOHTPOJIMPOBaTh  TEMIIEPATYpPYy,  NOITOMY  BaXXHO  HMMETh  3aBUCUMOCTH
KOHTPOJIMPYEMOW TEMIIEPATYPbl OT H3MEPSEMOM, YTO MOXKHO CHAENaTh, MPUMEHSS
MaTeMaTH4YEeCKOE MOJICIIMPOBAHHUE.

3AKJTIOYEHHUE
OcHOBHbIE  pe3yJIbTaThl, I[OJYYEHHbIE B  XOJAE€  BBIIOJHEHUS  HAYYHO-
KBaJIM(PUKALIMOHHON pabOThI:

1. TlpoBeneH aHamuM3 OCHOBHBIX MPUYUH TEIUIOBBIJAEICHUS JJICKTPOTEXHUUYECKUX
ycTporicTB BC nipu perjaMeHTHBIX U aBapuHHBIX pekuMax padoTel. PaccMOTpeHbl
OCHOBHBIE MOCJIEACTBUS, BO3HUKAIOUIME IMPU YPE3MEPHON HArPEBE YCTPOMCTB.

2. IlpoBeneH aHalmM3 OCHOBHBIX METOJIOB JHATHOCTHUKH, WCIOJB3YIOIMIUXCA Ha
coBpeMeHHbIX BC. BbIsIBIEHbI UX OCHOBHBIE JOCTOMHCTBA W HEJIOCTATKH.
[IpuBeneHbl OCHOBHBIC aBHAIIMOHHBIE WHIIMHICHTHI, TNPUUYMHAMHU KOTOPBIX
MOCITYKWJIA aBapuiiHbie peskumMbl padboter OTY BC.

3. IlpoBeneH aHanu3 OCHOBHBIX YHCJEHHBIX METOJOB, HCIHOJIB3YIOIUXCS TPH
pElIeHUN YpaBHEHUS TEIJIONMPOBOJHOCTH. [IpoBeieH nX CpaBHUTEIbHBIN aHAJNU3.

Br1siBaeHBI AOCTOMHCTBA K HCAOCTATKU IIPUBCACHHBIX MCTOIOB.
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4. Pa3paborana Meronuka pacnpenenenus Tteria BHyTpu JIMA Ha ocHOBe
MOIU(UIIMPOBAHHOTO METOAAa KOHEYHOTO O0bEMa C HCIIOJIb30BAHMEM METOa
MaTEeMaTHYECKOTO MPOTOTUITUPOBAHUS YHEPTETHUCCKHUX POIIECCOB.

5. Pa3zpaborana KOMObIOTEpPHAS MOJEIb UCCIETYEMOr0 00BEKTa C UCIOIB30BAHUEM
s3bpIka mporpamMmupoBanus Python. TlonydyeHa pauHaMuKa pacripeacicHHs
TEMIIEPATYPHI TIPU pa3psAIe aKKyMYJISATOpa Pa3TMUYHBIMA TOKAMHU.

6. Pazpaborana meroamka nuarHoctupoBaHus JIMA Ha OCHOBE WX TEIUIOBBIX
noptperoB. CdopMyianpoBaHbl PEKOMEHAALMU [0 YCTAHOBKE TOYEUYHBIX

TEMIIEPATYPHBIX TaTUYNUKOB.



