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OBIIAA XAPAKTEPUCTUKA PABOTbI

AKTYaJIbHOCTh T€MbI HCCJIeI0BaHUA. MoiennpoBaHre HarpeBa TBEPIBIX T
Pa3JIMYHON TEOMETPUH B CPEJIC BLICOKUX TEMIIEPATyp HA CETOAHSAIIHUN IEHb HAXOAUT
CBO€ NMPUMEHEHHE B PA3IMYHBIX OOJIACTAX HAYKHM U TEXHUKU B BUJIC YMCICHHBIX
METO/IOB PEUICHUS 33Jla4yl HECTAMOHAPHOM TEIUIONPOBOJHOCTH. YacTHBIM ciTydyaem
MIPUMEHEHUS TOI00HBIX MOJIENIEH SIBISIETCS UCTIOIB30BaHUE UX VISl ONMCAHUs HarpeBa
MOBEPXHOCTEH TBEPABIX TEI U3 CTajled W MaTepuajioB OJM3KUX K HEW 1o
Teriouznyeckum napamerpam. [Ipeanonaraercs, 4To Takue MOICNIA MOTYT 00J1a1aTh
MPOTrHOCTUYECKOW (YHKIMEH, KOTOPYIO MOYKHO HCIOJIb30BaTh JJisi TOBBIILICHUS
HEProd(HEKTUBHOCTH TEIJIOBBIX IMPOIECCOB, MPOUCXOMASIIUX B MPOMBIIUICHHbBIX
neyax. [Ipumepsl TakoTo UCMOIB30BaHUS MOKHO HaTH B padbotax b.H. Ilapcynkuna,
C.M. Anpapeea, E.FO. Myxunoii, [I.A. Kyprocosa, FO.M. 3y6apesa, Silvia Maria
Zanoli, Crescenzo Pepe u ap. Ilpumepbl npuMeHeHHs MOJeled HecTalluOHApHOU
TEITIONPOBOIHOCTH B APYTUX 00JIACTAX MOXHO HalTh B padotax A.B. Octpuk, JI.H.
Hukonaea, A.A. Yepnynona, B.C. 3apyOuna, I'.H. KyBeipkuna M.P. ®exnsesckoro,
IT.JI. AnekceeBa, FO.JI. Jleyxuna, P.B. Uepnyxumna, H.FO. [ynapesoii, II.B.
JIuTBUHOBA U 1p.

B ocHoBe MonenupoBaHMs HECTALMOHAPHOW TEIJIOMPOBOAHOCTH Yallleé BCEro
JEKUT OJHOMMEHHOE Au((hepeHInaIbHOe YpaBHEHUE, IPEICTABICHHOE B IBYMEPHON
IIOCTaHOBKE (peke — B TPEXMEpHOI) ¢ rpaHu4HbIMUA ycioBusimu |l1-ro pona. Ono
YCTaHABJIMBAET OJHO3HAYHOE COOTBETCTBUE MEXKAY AUBEPreHIMEN TeMIIEepaTypHOTro
IOJISI [10 CEUYEHUIO TBEPAOTO TEJIa U TPAMEHTOM U3MEHEHHS TEMIIEPATYPbl BO BpDEMEHH
JUTSI HETMHEWHOTO TeI000MEHa Ha ero rpaHulie. YncieHHble METO bl pelIeHus 3a1a4
HA OCHOBE Takoro au¢depeHIMaibHOr0 YpaBHEHUS Oa3UpylOTCsl Ha HJee
JUCKPETU3alMM HEMPEPBIBHBIX TEMIEPATYPHBIX MOJIEW B TBEPAOM TEJIE TaKUM
o0pa3oM, 4TOOBl OHO MOIJIO OBITH OMMCAHO KOHEUHBIM HabOpoM Todek. PereHuto
MPSIMBIX U OOPATHBIX 33J1a4 TETUIONPOBOJHOCTH YHUCIEHHBIMU METOJIAMU TTOCBSIIICHBI
pabotsl A.A. Camapckoro, O.M. Anudanona, J.5. Panonopra, FO.3. [1nemuBuesoi,
A.H. Munurenckoii, JI.M. Oxepenkooii, A.d. An6y, B.W. 3y6osa, B.U. [Tandepona,
A.b. buprokosa, Liqiu Wang, Elie Hachem James V. Beck, Keith A. Woodbury,
Zhendong Shang, John Billingham u ap.

OcHOBHOI MpOOJIEMON YHCIEHHBIX METOAOB ISl 3aJayd HECTALlMOHAPHOU
TEIJIONPOBOJHOCTH B YCJOBHUSAX BBICOKMX TEMIIEpATyp SIBISETCS HEOOXOJAMMOCTh
YUYUTHIBATh W3MEHEHUs OT TEeMIEepaTypbl TaKUX TEIIOPU3NYECKUX IapaMeTpoB
HarpeBaeMoro TBEPJOTO Tejla KakK IUIOTHOCTh (p), TEIIOeMKOCTh (¢) |
TETJIONPOBOAHOCTD (4). Ha cerogHsmHuil AeHb dTa 3a7a4a peniaeTcsi Mpy MOMOIIH
BHEIIIHUX MOJEJIEH, OMUCHIBAIOIINX JUHAMUKY M3MEHEHHS 3THUX IMapAMETPOB “SIBHO’.
(“sBHAs” amanTanys K TEMI0(GU3NYCCKUM XapaKTePUCTHKAaM HarpeBaeMoro TBEpA0ro
Tena). Y HEro MMEETCS Psi HEAOCTAaTKOB, CBS3aHHBIX, HANpPUMEp, C CUTyaIlUeH
MOJIyYeHUs] TaKUX BHEIIHMX MOJCIEeH JJisi TPYNN MaTepuajoB CO CXOXKHUMHU
TEIIO(QU3NYECKUMU XapaKTepUCTUKaMU. BHENHWe Mojenud TPpyINrnoBod “‘sBHON”
ajanTaly BIUSIOT Ha aJITOPUTMHYECKYIO CIOKHOCTh M TOYHOCTH YHCIEHHOTO
pemenus 3aaa4u. KpoMe Toro, umeeTcsi MpakTUYECKHUM aClIEKT CII0KHOCTH TOJTyUYEeHHUS
TaKUX BHEIIHUX MOJEJNEH Il OTIEIbHBIX YaCTHBIX CJIy4aeB HECTAIlMOHAPHOTO
HarpeBa B BBICOKMX Temmeparypax. HakoHel, HETpUBHAIBHOCTh JIaHHOM MpobiieMe
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OpUIaeT HeoOXOJUMOCTh TAaKXKE aJalTUPOBaTh MOJENIb “‘SIBHO” K YCJIOBUSAM
TeruIooOMeHa Ha rpaHuiie TBepaoro Tena. Yto B ciayyae rpaHnyHbIX ycnoBuit I11-ro
poJla O3HauaeT HaXOXKJIEHUE 3HA4YCHHA KOd(p(UIMEHTa TEII00OMEeHa B KaXKIbIi
MOMEHT BpEMEHHU. JTO Hanbosee HeTpUBHAIIbHAS MPOOJIEMa U3 EPEUNCIICHHBIX.

BBuny manHoro ¢akra B mocienHee BpeMsl pacTeT MOIMYJSIPHOCTh MOAXOJOB,
KOTOpbIE MPEIOJIaraloT, YTO YPaBHEHUE HECTALMOHAPHOTO HArpeBa sl CUTyalUud
BBICOKHX TEMIEpaTyp MOXHO aIlllPOKCUMUPOBATh, HCIOIb3YyS CTaTUCTHUKY,
OTPAXAIOLLYI0 TapaMeTPhl POTEKAOIIET0 TEIIOBOTo npouecca. [Ipu TakoM noaxone
3aJ1a4a YMCIEHHOTO peleHus Ju(pHepeHIIMaTBHOTO YpaBHEHUS 3aMEHIETCS Ha 3a/1a4y
PErPECCHOHHOIO  aHANM3d, KOHEYHOW ILENbK0 KOTOPOW SBISIETCSA YCTAHOBUTH
3aBUCUMOCTb ~ MEXJy TEMIEpPAaTypold YK€ Harperoro TBEpAOro Tela W
CTaTUCTUYECKUMU JTaHHBIMH, OTPaXKaroIMMH, KaK MMEHHO OHO HarpeBajloCch (BpeMs
HarpeBa, TemrepaTrypa u Apyrue napametpsl). [IocTpoeHHIO TakuX CTaTHCTUYECKUX
MOJEJIEeN 1151 pa3IMYHbIX YACTHBIX ciiydaeB nocBsuieHsl padotsl M.I'. Camapuna, C.M.
AngnpeeBa, b.H. Ilapcynkuna, E.FO. Myxunoit, M.JK. borarosa, C.1. UuOuzoBoii,
Silvia Maria Zanoli, Crescenzo Pepe u ap.

KadecTBeHHBIM OTIMYHMEM CTATUCTHUECKUX MOJENel sBseTcsa 3PpPeKT HesIBHOM
ajanTaluy K TEIIOPU3NYECKHM XapaKTEPUCTHKAaM HarpeBaeMoro TBEPAOro Teia U
YCJIOBHSIM TeIIOOOMEHa Ha ero rpaHunax. llom HesBHOW apanTanueil 34ech
MMOHUMAETCS BO3MOXXHOCTh TaKMX MOJIEJEH BOCCTAHABIMBATh HEOOXOAUMBIE
JMHAMHMKU U3MEHEHUS TEIUIOU3UYECKUX MapaMETPOB OT TEMIEPATyphl U3 CKPBITHIX
3aBHCHUMOCTEH, OTpa’kE€HHBIX B cTaTHCTHKE. HecMOTpst Ha TO, YTO MOI0OHBIE MOJIEIH
B YACTHBIX CIIy4asiX MOKAa3bIBAIOT OTHOCUTEIBHO BBICOKYIO TOYHOCTh, OHH UMEIOT Psij
HEJO0CTAaTKOB. BO-NEpBBIX, OHM IOCTPOEHBI IO IMPUHLHUIIY YEPHOrO SIIMKA U HE
OTpaXXaroT (PU3NYECKUX MPHUHLMIIOB IMPOTEKaHUsl Ipolecca HarpeBa. B pesynbrare
MOJIEJIb OTBEYAET HAa BOIPOC O TEMIIEpaType IO MTOraM HarpeBa, HO HE MOKET
MIPOTHO3UPOBaTh Temmeparypy Ttena mnocie N MuHyT HarpeBa. Bo-BTOphIX, s
dbopmupoBanus >pdexTa HEIBHOM aganTaiuu MOTPEOYeTCs B KAXKIOM OTIEIbHOM
cilyyae moao0parh JOCTATOYHO CI0KHYIO BHYTPEHHIOIO CTPYKTYpY Moaenu. [Ipu atom
Ha CErOJHAIIHUNA JI€Hb CYUIECTBYIOT TOJIBKO 3BPUCTHYECKHE PEKOMEHIALMH IO
BBIOOPY 3TON CTPYKTYpbl, YTO JEJNAET CaM IMpOLECC MOJIYYEHUs TaKOW MOJAENU
HETPUBHAIBHOM 3a7a4yeH.

[Ipeanonaraercs, yto 3(@eKT HESABHOM aJanTali MOXHO IEPEHECTH Ha
MaTEMaTUYECKYI0 MOJENb HECTALMOHAPHOM TEIUIONPOBOMHOCTH. Takue Mozenn
00J1a1at0T U3BECTHOM CTPYKTYpOH U OTpakatoT (PU3MUECKHUE MPUHIUIIBI TPOTEKAHUS
porecca Harpesa.

Takum o00pa3oM, BaXHOW NpPaKTHYeCKOW 3ajadveill sBiseTcsS pa3paboTka
po0JIEMHO-OPUEHTUPOBAHHOTO ~ IPOrPaMMHOTO0  KOMILJIEKCA,  PEajU3yIoIIero
YUCJICHHBI METOJ| PEIICHMs 3aJayd HECTaUMOHApPHOW TEIUIONPOBOAHOCTH IS
rpaHnuHbIX ycaoBuil III-ro poga ¢ HesABHOM ajanranued M rapaHTUPYIOLIEro, 4To
AIrOPUTMHYECKAs! CIOKHOCTh M TOYHOCTh MOJIy4aeMOro pelieHus OyAeT He HUXKE
OTHOCHUTEJIBHO KJIACCUYECKOTO METOJAA C SBHOM rpynroBou axanrtauued. Hayuuas
3aja4a 3aKJII0YaeTcsl B pa3pabOTKe MaTEMaTHYECKON MOJEIN U YMCIEHHOTO METOo/1a
pelieHuss 3aJayd  HEeCTAllMOHAPHOM  TEIJIONPOBOJHOCTH, CIOCOOHBIX HESIBHO
aJanTUPOBATHCS K TEIJIOPU3NYECKUM IMapaMeTpaM HarpeBaeMoro TBEPAOro Teja U
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TEMJI000MEHY Ha €ro TIpaHMIle, ONUPasCh Ha CTATUCTUYECKUE CBEACHHUS O
HECTALIMOHAPHOM HAarpeBe, COOTBETCTBYIOIIEM I'paHUYHbBIM ycnoBusaM III-ro pona.

Heas pabdorbl u 3agauyd  ucciaeaoBanus. lLlens auccepTamOHHOrO
MCCJIEIOBAHMS 3aKII0YAETCsl B pa3pabOTKe MaTEMaTUYECKON MOJIEIH M YUCIEHHOIO
METO/Ia PELICHUs 3aJa4l HECTAallMOHAPHOW TEIIONPOBOAHOCTH, CIIOCOOHBIX HESIBHO
BOCCTAHABIIMBATh JIMHAMHUKY HW3MEHEHHUS  TEIIOPU3MUECKHX  XapaKTCPUCTHUK
HarpeBaeMoro TBEPJAOro Teja U YCJIOBUN TEII0OOMEHa Ha €ro TpaHHuIlax, UCIONIb3Ys
CTaTUCTHUYECKUE CBEAEHUA O HECTAllMOHAPHOM HArpeBe, COOTBETCTBYIOIIEM
rpanudHbIM ycnoBusM |l1-ro pona.

JIJist TOCTHKEeHUS TTOCTABJICHHOM 1eIM ObUTH BBIJIEJICHBI CSAYIONINE 3aaUM.

1) [Ipoananu3upoBaTh CYIIECTBYIOIIME YHUCJIEHHBIE METOAbl PELICHUS
3a1a4d  HECTAlMOHAPHOM TEIUIONPOBOAHOCTH, TIO3BOJISIOIIAE CTPOUTH MOJEIH
HarpeBa B CpeJie BRICOKUX TeMIIepaTyp ¢ rpaHnuHbIiMu yenoBusimu |ll-ro poxa.

2) PaccMoTpeTrh KIAaCCHMYECKMM YHCJIEHHBIA METOJl PEHICHUS 3aJayu
HECTAallMOHAPHOW TEIJIONPOBOAHOCTA C TrpaHU4HbIMH ycioBusimu |ll-ro poga.
N3y4uuTh €ro CTpyKTypy U ONPEAEIUTh KAKUM UMEHHO 00pa30M MPOUCXOAUT PEIICHUE
3a/1a4M aJlanTalliy TaKoW MOJIeNy “ABHBIM™ 00pa3oMm.

3) PaccMOTpeTh CTaTUCTUYECKHME METOIbl, KOTOPbIE 3aMEHSAIOT pPEIICHHE
3a1a4¥  HECTALIMOHAPHOW TEIUIONPOBOJHOCTA HA BOCCTAHOBJIECHHE 3aBUCHMOCTH
TEMIIEPATYPBI HATPETOI'O TBEPAOIO TEJIA [0 CTATUCTUKE €0 HArpeBa.

4) Pa3zpaboTath u wucclieoBaTh MaTEMaTUYECKYIO MOJEIb M YHCIICHHBIN
METOJ PEIICHUS 3a/1a4d HECTAIMOHAPHOM TEIJIONPOBOHOCTH C HESIBHOM aJanTalnei
K TEeIUIO(U3UYECKUM IapaMeTpaM TBEPJOro Teja M yCIOBUAM TEIIOOOMEHa Ha €ro
TpaHUIIe yTeM KOMOMHUPOBAHUS MOIX0/I0B, pACCMOTPEHHBIX B (2) u (3).

5) Pa3zpaboTtath mpoOIeMHO-OPUEHTUPOBAHHBINA MPOTPAMMHBIN KOMILJIEKC
JUISl IPEIJIOAKEHHBIX B (4) MaTeMaTUYECKOW MOJIENIM U YUCIIEHHOTO METO/1a HESIBHOM
aganTtaiu. AnpoOupoBaTh NPEIJIOKEHHbIE MOJENb, YHUCIEHHOM METOA H
MIPOTPAMMHBIN KOMIUIEKC HA PACIPOCTPAHEHHOM YaCTHOM CIIy4ae HECTALMOHAPHOTO
HarpeBa TBEPJBIX TEJ U3 CTaJd B MPOMBIIUICHHBIX Me4YaxX. BBIMOJIHUTE CpaBHEHHE
MPEAJIOKEHHOTO YHCIEHHOTO METOJIa U MaTEMaTUYECKON MOJIeNI ¢ MOJIENsAMHU U3 (2)
u (3).

Hayynasi HoBM3HA. B 1uccepranmu IOMY4YEHBl CIECAYIOIIAE PE3YIbTATHI,
XapaKTEPU3YIOIINECS HAYYHOU HOBU3HOM.

1) [Ipensoxena MaTeMaTh4ecKas MO/JIENIb HECTallMOHAPHOU
TEIUIONPOBOJIHOCTH B JIBYMEPHOM ITOCTAHOBKE JUISI TPaHUYHBIX yciioBul III-ro pona,
OTJIMYAIOMIASCSA OT CYIIECTBYIOIIUX PEIICHUHN TEM, UTO U3MEHEHHUSI TeTIO(U3NIECKUX
napamMeTpoB HArpeBaeMOro TBEPJOTo Teia M KoddduimeHTa TeruiooOMeHa Ha ero
IpaHUIE BOCCTAHABIIMBAETCS HESIBHO U3 CTATUCTUYECKUX TAHHBIX O MPOIECCE HArPEeBa,
COXpaHsIsi IPU 3TOM UHTEPHPETUPYEMYIO CTPYKTYPY MOJEIH.

2) [IpenoxkeH YuCICHHBIM METO1, 00€CTICUMBAIOIINI YITOMSHYTON MOEIH
HESBHYIO aJlalTalldi0 K TEIIOPU3NYEeCKUM MapaMeTpaM HarpeBaeMoro Tela u
YCIIOBUSIM TETUIOOOMEHA Ha €ro I'PaHUIaX, OTIMYAIOUIUMNCSA OT U3BECTHBIX PEIICHUN
ko3 duieHTHbIX ~ 00paTHBIX  3amad  TtemnonpoBogHoctu  (O3T)  3ameHoi
TEMI0QU3NYECKUX MapaMeTpoB Ha Oe3pa3MepHble HacTpauBaeMble KOI(P(ULIUEHTHI,
UX PaBHOMEPHOW JUCKpPETH3AlMEe 10 BCEMY BpPEMEHHM >KW3HHM MOJEIH U
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(opManuzanueil 3aKOHOB HACTPOMKM JTUX [apaMETpPOB HAa OCHOBE MOJENN
CTOXACTUYECKOI'0 IPAJUEHTHOTIO CITyCKa I Ciy4asi rpaHn4HbIX ycanosuu I1I-ro pona.
3) [Ipennoxen YHUBEPCAIbHBIN POOJIEMHO-OPUEHTUPOBAHHBIN
MPOrpaMMHBIM  KOMIUIEKC ~ MOJEIHMPOBAaHMA  MPOLECcCa  HECTAalMOHAPHOIO
TEIUIONEpeHoca ¢ TpaHu4HbiMU ycuoBusamu III-ro poma, oTnmuarommicss ot
MMEIOIIMXCSA TPOrPAMMHBIX CPEJCTB JITOPUTMUYECKON peaM3alel ynoMsHyTOIro
YUCJIEHHOIO METOJla HESBHOM ajanTalMd IO CTaTUCTUYECKUM JIaHHBIM U
IPUMEHEHUEM MOJIyJIbHOU reKCaroHAJIbHON APXUTEKTYPBI O00BEKTHO-
opueHTHpoBaHHOTO IporpamMmmupoBanus (OOIT).
Teopernyeckas 3HaYMMOCTH PadOTHI. IIpeIoKeH abTepHATUBHBIN MTOAXO0
K  pELICHUIO oOpatHON  KO3(PUIMEHTHOM  3agauu  HECTallMOHApHOMN
TEIUIONPOBOJIHOCTH € TpaHUYHBIMU ycioBusiMH III-ro poxa. Ero cyTs 3akimrouaercs B
3aMeHe €€ pelleHHs Ha 3aJady IOMCKAa ONTUMANIbHBIX KO3()QUIMEHTOB MOJIEIH B
KaKJI0M TOYKE TUCKPETHOIO BPEMEHHU KU3HHU Ha OCHOBE CTATUCTUYECKUX JAHHBIX O
npoIiecce HarpeBa u popMain30BaHHBIX 3aKOHOB HACTPOMKH ATUX KOA(DPUIIUEHTOB 110
M3BECTHOM TEMIIEpAType yKe HarpeToro TBepaoro rena. [Ipakruyeckass 3SHAYMMOCTD
pEe3yJIbTATOB JHUCCEPTALIMOHHOTO MCCIENOBAHUS 3aKJIIOYaeTCsl B  peallv3aluu
YUCJIEHHOIO0 METO/Aa TaKOW HESBHOM aJalTaldd B YHHBEPCAIBHOM MPOrPAMMHOM
KOMILJIEKCE U €ro anpoOalyy Ha YaCTHOM CIIy4ae HECTALIMOHAPHOIO HarpeBa TBEPABIX
TE€J U3 CTAJIH B MPOMBIIIJIEHHBIX M€Yax MJIAMEHHOTO peXUMa Harpesa, sl KOTOpOro
xapakTepHsbl ycinosus l11-ro pona.

OO0bexkT mccaenoBanusi. HecrannoHapHbIi HarpeB TBEPABIX TEI B CpEAE
BBICOKMX TeMIlepaTyp C rpaHuyHbIMH ycioBusiMu |ll-ro poma, orpaxkarommmu
KOHBEKTHBHO-PaUAllMOHHBINA TEIUIOOOMEH Ha IpaHUIIe TBEPIOTO Tea.

IIpeamer uccaenoBanmus. YuciaeHHbIE METOABI U aJTOPUTMBI PELICHUS 3aJa4U
HECTALIMOHAPHOW TEIUIONPOBOJAHOCTH, METOJbl “‘SBHOW~ ajanTalid W PEUICHUS
KO3(PUIIMEHTHBIX 00OpPATHBIX 33/1a4 HECTAIMOHAPHOMN TEMJIONPOBOJHOCTH.

Metoabl ucciaenoBaHusi. MHCTpyMEHTBI YHUCIEHHOTO MOJIETUPOBAHMS Ha
OCHOBE TEOPUH PA3HOCTHBIX CXEM, MOJXO/IbI K peIEHUI0 KO (OULIMEHTHBIX 00paTHBIX
3a1a4 HECTALMOHAPHOW TEIIONPOBOJIHOCTH, METOAbl CTATHCTUYECKOTO AHAJIN3A,
aHajM3a CI0XKHOCTU U YCTOMYMBOCTH airopuTMoB. [Ipu co3maHuu mporpaMMHOIO
KOMILJIEKCA MPUMEHEH IeKCaroHaJIbHbI OO BEKTHO-OPUEHTUPOBAHHBIN MOIXO/.

BoiHocsATCSI HA 3aIIUTY CIEAYIONIME OCHOBHBIE MOJIOKEHHUS.

1) MaremaTtndeckass  MOJEIb  HECTALMOHAPHOMW  TEIUIONPOBOJHOCTH,
BOCCTAHABJIMBAIOIIAsl JUHAMUKY HW3MEHEHUS TEIUIOPU3NYECKUX MapaMeTpoB
HarpeBaeMoro TBEPJIOTO Tesa U KoddduireHTa TertooOMeHa Ha ero TpaHulle HeIBHO
U3 CTaTUCTUYECKUX JIAHHBIX Harpesa.

2) HucneHHpll METOJ Ha OCHOBE METOoAAa TIPAJUEHTHOTO CIyCKa,
o0OecrieunBarOIMK yIOMSHYTON BBIIIE MOJETN HESIBHYIO aJalTalMio MPU MOMOIIU
3aMeHbl HEMpPEpBIBHBIX Teruiodundeckux KorhduimeHToB Ha Oe3pazMepHbIe
HACTpanBaeMble MapaMeTpbl, PABHOMEPHO JUCKPETU3UPOBAHHBIE IO BCEMY BPEMEHU
KU3HU MOJENH, C (POPMAIM30BaHHBIM 3aKOHOM WX HACTPOWMKHM JJI TPAHUYHBIX
ycnosuii lll-ro pona.

3) YHuBepcalbHbIN pOOJEMHO-OPUEHTUPOBAHHBIN IIPOrPaAMMHBIN
KOMIUIEKC ~MOJEJIHMPOBAHUS  IPOLlECCa HECTAUMOHAPHOIO  TEIUIONEPEHOCA  C
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rpannuHbIiMU ycnoBusiMu |l1-ro pona, peanusyromuii ynoMsiHy ThIi YUHCIEHHBIN METOA
C IPUMEHEHUEM MOAYJIbHOU rekcaroHaibHou apxutekTypbsl OOII.

JloCTOBEPHOCTL  HAay4YHBIX PE3YyJIbTATOB MNOATBEPKIACTCA  KOPPEKTHBIM
WCIIOJB30BAaHUEM  MATEMaTH4YeCKOro  almapara, METOJAOB  MaTeMaTU4YECKOIo
MOJICJINPOBAHUS, YHCIICHHBIX METOJOB, a TAKXKE MPOBEACHHBIMU B JOCTATOYHOM
00beMe BBIYMCIUTEILHBIMU KCIIEPUMEHTAMHU U YCIICIIHOMN anpoOaiyeid BEIHOCUMBIX
Ha 3allUTy MoOJeJed W METOJAOB Ha HauboJee pACHpPOCTPAHEHHOM Cllydae
HECTAlIMOHAPHOTO0 HAarpeBa TBEPHABIX TEJI W3 CTaJd B IPOMBIILIIEHHBIX MPOXOIHBIX
neyax, a TakKkKe CpaBHHUTEIbHBIM aHAJIW30M IIOJIYYEHHBIX PE3YJbTATOB C
AKCIIEPUMEHTAILHBIMU JAHHBIMH; 00CYXICHUEM OCHOBHBIX MOJIOXKEHUI TUCCEPTALIMU
Ha CEMUHApax U HAyYHbIX KOHPEPECHIIUIX.

CooTrBercTBHE macnopry cneuuanabHOCcTH. CoAep)KaHHE HUCCEPTALMOHHOM
paboThl COOTBETCTBYET CIEAYIONIMM IyHKTaM IMacrnopTa croeruainbHoctu 1.2.2. —
MareMaTnyeckoe MOAEIUPOBAHUE, YUCITICHHBIE METO/IbI U KOMIIJIEKCHI TPOTPAMM.

1. UucneHHBII METOJ Ha OCHOBE METOJAa TPAAUEHTHOTO CIYCKa,
00€eCreynBaOINN YIIOMSHYTOW BBIIIE MOJEIM HESIBHYIO aJalTalliil0 Ha OCHOBE
peleHns 3aa4l MHOTOITAPAMETPUIECKON ONTUMU3AIUU METOJAOM CTOXAaCTHYECKOTO
rpaJueHTHOTO cnycka — M2 «Pa3paboTrka, OOOCHOBaHME U TECTUPOBAHUE
3(QPEKTUBHBIX  BBIUUCIUTEIBHBIX METOJOB C MPUMEHEHHEM COBPEMEHHBIX
KOMITBIOTEPHBIX TEXHOJIOTHUID.

2. YHuBepcalnbHbIN pOOJIEMHO-OPUECHTUPOBAHHBIN IIPOrPaAMMHBIN
KOMIUIEKC MOJIEJIIMPOBAHUs IIPOLEcCa HECTAMOHAPHOIO HArpeBa € TPaHUYHBIMU
ycanoBusiMu  [II-ro  popa, peanusyrommii ynoMsSHYTBIA YHCIIEHHBIA METOJX C
IPUMEHEHUEM MOJYJIbHOUN rekcaroHanbHoM apxuTeKkTypbl OOIl — n.3 «Peanuzanus
3¢ (PEKTUBHBIX YUCICHHBIX METOJIOB M aJTOPUTMOB B BHJI€ KOMILIEKCOB MPOOJIEMHO-
OPUEHTUPOBAHHBIX ITPOTPAMM IS IPOBEAECHUS BBIYMCIUTEIBHOIO SKCIIEPUMEHTAY .

3. MaremaTnyeckass MOJEIb HECTAMOHAPHOM TEIUJIONPOBOJHOCTU C
HEsIBHOM amanTtanuei — m.8 « KoMIuiekcHbIe ncCie0BaHNs HAYYHBIX U TEXHUYECKUX
npo0jaeM ¢ TOPUMEHEHHWEM  COBPEMEHHOM  TEXHOJIOTMM  MaTeMaTU4YeCKOro
MO/JICJIMPOBAHUS M BBIYUCIUTEIBHOTO SKCTIEPUMEHTAY.

Peanu3anusi u BHeApeHHe pe3yabTaToB padorhl. [loyyeHHbIe TpakTHUYECKHE
pe3yibTaThl U pa3pabOTaHHOE MPOrPAMMHOE 00ECIIEUeHHE UCIOJb3YETCS B CUCTEME
ONTUMH3aUMKA  pacxoma  TommBa  neyed  HarpeBa  AO  OcCKoOJIbCKHM
anekTpometauryprudeckuit komOunat (OOMK) um. A.A. Yraposa. Ha KOMIOHEHTHI
MAaTEMaTUYECKOTO0 M TPOrPAMMHOTO O0OECTeUeHUs TOJMYyYEeHbl CBHUJIETEIHCTBA O
peructparuu nporpamMm st OBM. Pe3ynbTarhl ucclieOBaHUS HUCTOJB3YIOTCS B
yaeoHom nporiecce CTU HUTY «MUCHC» B pamkax 006pa3oBaTebHON MPOTrpaMMBI
no nampasieHuto 09.03.02 «MHpOpMaIMOHHBIE CHUCTEMBI W TEXHOJOTHUW» TIPU
BBITIOJIHEHUN KYpPCOBBIX pabor mo aucturimHe «lIporpammupoBanne Ha si3bpIKax
BBICOKOT'O YPOBHSD.

IMyosmmkanuu. OCHOBHBIE PE3yJbTAaThl JUCCEPTALMOHHOTO HCCIICAOBAHUS
onyOJIMKOBaHbI B 17 Hay4YHBIX paboTax, B TOM YKCIIE 4 — B BEIYIIUX PEIICH3UPYEMbBIX
xypHanax u3 [lepeunst BAK, 4 — B u3nanusix, HHAEKCUpPYEMbIX B SCOPUS, 5 — B Tpy1ax
Bcepoccuiickux 1 MexayHapoaHbIX KOH(epeHLUid, moiayyeHo 4 CBUAETENbCTBA O
roCyJIapCTBEHHOM perucTpauuy nporpammel 1t OBM.
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JInunblii BrJag aBTOpa. Bcee pe3ynbrarhl, W3JIOKEHHBIE B JIHCCEpTAlUH,
MOJIy4YeHbl aBTOPOM CaMoOCTOsITeNbHO. B paboTax, omyOJIMKOBaHHBIX B COABTOPCTBE
[1-17], nuyHO cCOHMCKATeNIO NPHHAUICKAT CICAyIONIHEe pe3yibTatel: [1] —
NpeIJoKEHHass B JUCCEpTallMd MaTeMaTHueckas MOJENb M UHWCJICHHBI METOA
HECTAIIMOHAPHOW TEIUIONPOBOJHOCTH C HEABHOM ajanrtauueit; B [2] — aHamu3
QITOPUTMUYECKON CII0)KHOCTH U BBIBOJ| KPUTEPHEB YCTOWYMBOCTU MPEITOKEHHOTO
YHCICHHOTO MeTona; B [3-4] — wmareMaTudeckas MOJEIb HECTAIMOHAPHOM
TEIJIONPOBOJHOCTA M CTAaTHUCTHUUECKHUE MOJIETU  allpOKCHUMAIlMd  YpaBHEHUS
HECTAIMOHAPHOM TEIJIONMPOBOIHOCTH Il YaCTHOTO ClIydas Harpesa ctaiu; B [5-8] —
MaTeMatuyeckas (opmanuzanus W CHUHTE3 NpeajiaraeMbIX MoJiejell, MOATrOTOBKa
JIAHHBIX, alPOOAITUs, YUCICHHBIC SKCIIEPUMEHTHI; B [9-12] — pa3paboTka apXUTEKTYphI
U [IPOrpaMMHOI0 KOJa JHUICH3UPYEMOro ImporpaMMHoro odecredenus; B [13-17] —
MIOCTAHOBKA 33J1a4M, pa3padOoTKa PEIICHU U CUHTE3 MaTeMaTUYECKUX MOJIEICH.

AnpobGanus. OCHOBHBIE pe3yJIbTaThl, IOJYYEHHBIE B JUCCEPTALIMOHHON padoTe,
JOKJIabIBAIUCh W OOCYKIaduch Ha MEXKIyHApOAHBIX M  BCEPOCCHHCKUX
KoHpepeHmsx u (Gopymax: 15-1 MexnayHapoanas kondepenmus «Intelligent
Systemsy» (INTELS’22, Mocksa, 2022); 15-1 MynpTUKOH(pEpEHIIUs M0 mpodieMam
ynpasienus (MKITY-2022, Cankr-Ilerepoypr, 2022); International Conference on
Control Systems, Mathematical Modeling, Automation and Energy efficiency
SUMMA (Jluneuk, 2021, 2022, 2023); xoHdepeHIHs ¢ MEKIyHAPOAHBIM Y4aCTHEM
«CucreMbl aBTOMaTu3aluu (B oOpa3oBaHuU, Hayke W mpous3BoAcTBe) AS'2022»
(HoBoky3uenk, 2022); 2022 International Conference on Industrial Engineering,
Applications and Manufacturing (ICIEAM) (Coun, 2022), XVII-XIX Bcepoccuiickast
IKOJIa-KOH(QEPEHIUsI MOJIOABIX YUYEHBIX «YTpaBieHHE OOJIBIIMMHU CUCTEMaMID)
(Mockaa, 2021; Yensounck, 2022, Boponex, 2023); XVIII Becepoccuiickas Hay4HO-
npakTuueckas koHdepeHus «CoBpeMeHHbIE MPoOIeMbl TOPHO-METAJUTYPTrUYECKOTO
koMmiuiekca. Hayka u npousBoactBo» (Craperit Ockomn, 2021).

O0beM u cTpykTypa padorml. [[uccepranus COCTOUT W3 BBeACHUs, 4 TJIaB,
3aKJIIOUCHUS U ABYX MpuioxkeHuid. CIIMCOK MCIIOIb30BAHHON TUTEPATYPhI COEPIKUT
112 naumenoBanuii. TexcT nuccepranuu cocTouT u3 151 cTpaHuIlbl MAIIMHOTHCHOTO
TekcTa, BKIrovas 36 pucynkos, 20 Tabmui u 138 ¢popmy.

OCHOBHOE COAEP XAHUE PABOTbBI

Bo BBeneHuM 00OCHOBaHA aKTyallbHOCTb TE€MbI JHUCCEPTALMOHHOIO PaboTHl,
chOopMyJIMPOBAHbI LI€]b W 33Ja4d MCCIIEI0BaHUs, ONpPEEICHbl HayuyHas HOBHU3HA U
NpaKTHYECKas 3HAYUMOCTb PE3yJIbTaTOB PaOOTHI.

B nmepBoii ryiaBe paccMaTpUBAaeTCS ~ ypPaBHEHUE  HECTALIMOHAPHOIO
TerionepeHoca B TBepAoM Tene (1) U mpuUBOAMTCS aHAINU3 €ro aHAJIUTUYECKOTO
pelieHus A1 OJHOMEPHOTO cilydasi ¢ rpaHu4YHbIMU ycsnoBusimu |1-ro popa:

T=a-VT+F(). (1)

3necb V — 9T0 BekTOopHbIM nuddepeHnuanpapii  onepatop Hadma, T —
TEMIlEpaTypa HAarpeBaeMoro wmarepuana, [ — [POM3BOJAHAS TEMIIEPATYPhI
HarpeBaeMoro wmarepuaia mno Bpemenu, °C, F(¢) — ¢yHKums, omnuchIBaroIias
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BHYTPEHHHUE UCTOYHUKH Tetuia; a=A/(p-c) — KodQPHUIHEHT TeMIepaTypornpoOBOTHOCTH.
HNanuenii  nuddepeHnraNIbHpI  3aKOH ~ YCTaHABIMBACT COOTBETCTBHE  MEXKITY
IPaJEHTOM TEMIIepaTyphbl IO BPEMEHU W €ro JUBEPreHIIMeN 1Mo MpocTpaHcTBy. Ha
MpUMEpPE PACCMOTPECHHBIX aHATTUTUICCKUX PEIICHUN NEAeTCs BBIBOM, YTO UX MOUCK
Ui MHOTOMEpPHOTO oOleparopa Ha0jda W HEJIMHEHHBIX TPaHUYHBIX YCJIOBUI
Hed(h(HEeKTUBEH I MPAKTUIECKOTO TPUMEHEHUS.

BBunay sroro akra ObTH pacCCMOTPEHBI YHCICHHBIE METO/IbI PEIICHHS KPAEBhIX
3amad Ha ocHOBe (1) C HEJNMHEHHBIMM TPaHWYHBIMH YCIOBHSMH (Harpumep,
rpaHudHbIMU yeioBusaMH |ll-ro pona): 1) xKoHEYHO-2JIEMEHTHBIE METOJbI (METOI
KOHTPOJbHBIX 00bEMOB W 30HANBHBIA METOM); 2) KOHEYHO-PAa3HOCTHBIE METOJbl. B
pe3yibTaTe aHalid3a dTUX METOJOB ObLIM BBISIBJICHBI X OCHOBHBIE JIOCTOMHCTBA W
HegocTaTku. Ha ocHOBE MpOBEIEHHOI0 aHaIN3a BCEX III0OCOB U MUHYCOB YHMCIIEHHBIX
METOJIOB, OBLIO PEHIEHO OCTAaHOBUTHCA Ha HWHCTPYMEHTE KOHEUHO-PA3HOCTHOIO
MOJCIIUPOBAHUS JTSI TaTLHEHITIETO aHATH3a.

PaccmatpuBaercs (1) B IByMepHOI MOCTAaHOBKE 0€3 BHYTPEHHUX UCTOYHUKOB:

oT o°T 0T
pC—=A| —+—7 |, ()
ot ox~ oy
rae p — IIOTHOCTh, ka/m®, A — TermnonpoBogHOCTh, Bm/(w-K); C — TEmI0eMKOCTS,
el (ke K). KoHedHO-pa3HOCTHAsT MOJICNIb Ha OCHOBE (2) CTPOHMTCS IyTeM 3aMCHBI
HETIPEPBIBHBIX Au(GepeHITHaIbHBIX ONEPaTOPOB HAa HX KOHEYHO Pa3HOCTHBIC
aHAJIOTH, OTIPECIICHHBIC B y3J1aX MMPOCTPAHCTBEHHBIX H BPEMECHHBIX CETCH !

n+l _ n n+1 n+1 n+1 n+l _ . n+l n+l
TXk »Yg=const Txk 1Yg=const /1 Txk “ - 2 Txk + Txk,l qu+1 2 qu + TVH (3)
pre 7 - h? " he |

X y

rne ™! — Temmeparypa Ha memom BpemenHom cioe, K; n€[0, N] — sro ysen
BpeMeHHo# ceTH; Xk € [0, W] — y3en npoctpancTBenHoi#t cetr Bnoib Ox; Yq € [0, H] —
y3es1 mpocTpaHcTBeHHOM cetu Bpoab Oy; W, H — xonaudecTtBo y370B
NPOCTPaHCTBEHHBIX ceTeit; N — KommuecTBo y310B BpeMeHHoH ceTh; Ny 1 hy — maru aTo
10 MPOCTPAHCTBEHHBIM ceTsM B1oJIb Ox 1 Oy coOTBETCTBEeHHO. Kak mpaBwito, Moieib
Ha ocHOBE (3) pacuieIsaioT oTHOcUTENNbHO Ox 1 Oy Ha JBE JTIOKAJIbHO-OJHOMEPHBIE !

n+% n n+% nJ% nJ%
TXk 1Y =const - Txk ,Yq=const X 2- Txk + -I_Xk_1
p-C =1( d ),
T hx
e (4)
1 2 n+l n+1 n+1
T n+. _ T 2 T _ 2 . T + T
X =const,y X, =const, y Yoo y Vo
p -C K q k 4 _ ﬂ, . ( q+1 q 4-1 )’
2
T hy

rae T™2 — temnepaTypa Ha MOJOBMHYATOM BPEMEHHOM clioe. TemmepaTypsl 110
nemomy  (N+1)-My  BpEeMEHHOMY  CJIOK0  PAacCUMTHIBAIOTCS  JUISL  Y3JIOB  C
3auKCUpOBaHHON KoopamHatoii X Bmomb ocu Oy (Tyg). Temmepatypsl Ha
MIOJIOBUHYATOM BpeMeHHOM ciioe (N+1/2) paccuuthiBaroTCsl ¢ 3aMKCHPOBAHHOM
KOOpAMHATOH Y B0k 0ck OX. DT0 0OecrednBaeT MOAETH IBOMHYIO alllpOKCUMALIUIO
B TOuke Tyy. PaccmarpuBarorcs rpanuunbsie ycnoBus |ll-ro ponma, ommceiBaromme
KOHBEKTHBHO-PAIUAIIMOHHBIN TEMI000MEH:
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z%—}ch-(U.(t)—T06)+e-a-([ul(t)]“—[T05]4), (5)

rae | — HopManmbs k moBepxHocTH (x Wi Y); P=1 mua 1=X, u p=2 mna |=y; To—
temmeparypa oobekta, K; Ui(t) — temmneparypa teruionocurens, K; k — koahduimeHT
terooOMena, Bm/(m**K), ¢ — npuBelcHHAs CTEIEHb YEPHOTHI, ¢ — IOCTOSHHAS
Credana-Bonbumana, npunsaras paBHoi 5,67-:10° Bm-w?-K*. Ha ocnosanuu (5) ans
JIBYMEPHOTO TeJia MPOU3BOJIBHON T'€OMETPUHM CTaBHTCS KpaeBas 3ajadya U BBOJSATCS

opTroroHaibHbie ceTH (puc.l), a Takke (QPUKCUPYIOTCS HaydalbHbIE YCIIOBUSA
T=To, 0=x <W, 0<y <H.

Yy A aT b R ar ¢ 4
: SRS /17:Kz(Uz(ti)7T0:7)+50-([U2(t1)] 7T0{,) L <8 ﬂ'izxz(uz(tz)7Toa)+go'([uz(t2)] 7T0(,)
i & | i » |
= h, L- = !
= T = T
~ /M 1 ) ~ T
=) [ i Y \ o ¢ T \1\
5 § ) g '
B ) )3 5 ) )
< - -~
!—|° _é\ \ = N
> / Tuy > ,L 1%
= 2
. 1 F ,
L \
SCE p, Kl& | )
: L LN b - T =

Ox Ox

T
|
|
O
11 t

o ——

~Y

Puc. 1 — T'eomerpuueckast mocTaHOBKa 3a1a4u

Bo BrTOpoii riaBe paccMmarpuBaeTcs MpoOieMa  aJanTaluu - MoJeNer
HECTAallMOHAPHOW TEIJIONPOBOAHOCTH K HarpeBaeMoOMy Telly M YCJIOBHSIM Harpesa.
IIpn pemenun paccMaTpuBaEMOM KpaeBOW 3a1a4d JOKAJIbHO-OJHOMEPHBIE KOHEUHO-
Pa3HOCTHBIE CXeMbI U3 ypaBHEeHUs (4) cBoauMBI 10 TpexToueyHbix CJIAY u pemaroTcs
METOJIOM TpsMOii U oOpatHOM mporoHku. IIpoGiema Takoro poja MoJEIH
HECTAllMOHAPHOMN TEIIONPOBOAHOCTH (2 TaK)Ke KOHEUHO-DJIEMEHTHBIX METOJIOB €€
MOJIy4EeHHs) CBS3aHA C HEOOXOJUMOCTBHIO KOI(PDHUIIMEHTHON ajganTalud MOJENN
IyTeM BOCCTAHOBJICHUS MPABbIX YacTel TemoQu3ndIecKux mapameTpon (6) SBHO:

A=1,(M)p=1,(T)c=f(T). (6)

Hcnonp3oBanne BHEMIHUX MOJENEH, dYTOObl omucarh (yHKIMOHATHHYIO
3aBHCHUMOCTh TEIUIONPOBOJAHOCTH (4), TEIIOEMKOCTH (€) W TUIOTHOCTH (p) OT
TeMIIepaTyphl, Ha3bIBaeTCsa “sABHOM’ amanTanueil. KOHEUHBIM BUJ TaKUX MOJIEJEH
3aBUCHUT OT Marepuaina TBepaoro tena. Ha mpumepe ynmoMmsiHyTOU BbIIIE MOJEIU B
IJIaBe WJUTFOCTPUPYETCS HETPUBUAIBHOCTh 3TOM 3a/lauyd B CUTyalUU C TPYNIOBOM
ajanTaiyeil, moj KOTopol MOHUMAIOT MPOLEIypbl MOKMCKA MpaBbIX yacTel (6) s
IPYINbl CXOXKHUX MarepuanoB. llokazaHo, 4ro rpymnmoBas “sSBHas” axanTanus
OPUBOJAUT: 1) K POCTY aIrOPUTMHUYECKOUN CIOMKHOCTH MOJIEIH, T/I€ OHA HUCHOJIb3YEeTCs
(knmacc cnoxxknoctn O(N-P?*2%), rne k — os10 pasmep rpymmsl, P=(W-H) — »s1o
KOJIMYECTBO Y3JIOB MIPOCTPAHCTBEHHBIX ceTel); 2) pOoCTy OMMOKH yCpeaHeHHs (K1acc
tounoctu Mmozemu O(h?)+O0(t)+O(My), roe 7z — mar mo BpeMeHH, h — mar 1o
npocTpaHcTBY, My — Habop u3 K BHEITHUX MOJIeNieii TpymoBoOi ananTaium). B nanHoit
[JIaB€ HA NPUMEPE YAaCTHOTO Ciyyas TpPYNIOBOM “‘SIBHOW~ ajanTalld K CTalsM
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paccMaTpUBaeTCs TMPAKTUYECKUM aCMEKT, KOTOPBIM TakXke WUIIOCTPUPYET psia
CJI0’)KHOCTEM, CBSI3aHHBIX C MOJIyYEHHEM CaMHUX BHEIIHUX MoOJeNed ayia Habopa M.
Takke paccMaTpuBaeTCs MPAKTUYECKUM AaCHEKT ajanTallui MOJEIN K YCIOBUSM
TeriooOMeHa Ha rpaHuIax HarpeBaemoro tBepaoro tTena (k=f(T)). JlanHas 3amgada
camMa 1o ceOe SBISETCS HETPUBHUAIBHON, B YAaCTHOCTH, H3-3a HEOOXOIUMOCTH
UISHTU(GUKAIIMK ~ psila  MMapaMeTpoB, YTO JCTAIBHO H3JIOKEHO B  TEKCTE
JIUCCEePTAIMOHHON paboThI (11.2.2.2).

B 3akimiodueHur T1yaBbl pacCcMaTpUBACTCS albTEPHATHUBHBIM KJIACC MOJECIEH,
ONKMCHIBAIOIIMX HArpeB TBEPABIX TeJ. Takue MOJENIH anmpOKCUMUPYIOT ypaBHEHUE
HECTAIlMOHAPHOW TEIUIONPOBOJHOCTH, a HE PEmIaloT €ro 4ucieHHo. [ns 3Toro
pelaeTcs  3ajJadya  BOCCTAHOBJICHHMSI  PETPECCMOHHOM  3aBUCHMOCTH  MEXKIY
TeMIIEpaTypoil y>K€ HarpeToro TBEPAOTO TeJIa U CTATUCTUYECKUMU JTAHHBIMU UCTOPUH
€ro HarpeBa. AHAJIN3 TaKUX MOJEJEN MOKa3bIBACT, YTO MPHU JTOCTATOUYHOU CIOKHOCTH
X BHYTPEHHUX CTPYKTYp, UM He TpeOyeTcs agantauus B “SIBHOM™~ Buie. Takue
MOJIeu 001a1at0T BO3MOXKHOCTBIO BOCCTaHABIIMBATh MPABbI€ YaCTH JIJIsi TapaMeTPOB
(6) m xodddurrieHTa TEIUIONMPOBOJIHOCTH HEABHO M3 CKPBITHIX 3aBHCHMOCTEH B
CTaTUCTUYECKUX JaHHBIX. BBUIO BBIIBHUHYTO MPEAINOIOKEHUE, UYTO Takol 3ddexT
HESIBHOM  ajanTali  MOXHO  TMEPEHECTH Ha  MOJIeNIb  HECTallMOHAPHOU
TEIJTIONPOBOHOCTH, TMOCKOJIBKY Takasi MoJiesib 00JialaeT HU3BECTHOM BHYTpPEHHEH
CTPYKTYpOM U SIBJISIETCSI MHTEPIPETUPYEMOU MO CPaBHEHHUIO CO CTATUCTUUYECKUMU
MOJEJSIMU, YIIOMSIHYTBIMU PaHeEe.

B Tperbell riaBe mnpeanaraeTcs MaTeMaTHYecKas MOJENb HECTAlMOHAPHOM
TETJIONPOBOJHOCTH C HESBHOM ajantanue K TemioQUu3n4ecKuM MapameTpam
HarpeBaeMoro TBEPJIOTO TeJla U YCIOBUSAM TEIJIOOOMEHA Ha €ro rpaHuiax. A Takxe
npeajiaraeTcsi YHUCJICHHBIA METOJl, O0O0€CIeUMBAIONINil  BO3MOXXHOCTh HESBHO
BOCCTAHOBUTh  HMCKOMBIE  3aBUCUMOCTH  YIOMSHYTBIX  TEIJIOPU3UYECKHUX
KO3 UIIMEHTOB U3 CTAaTUCTUYECKUX JAHHBIX, aJICKBATHBIX HArpeBy C IPaHUYHBIMU
ycnoBusiMu |l1-ro poga. Tem cambiM coxpaHsAeTcss HWHTEpHpETHpyeMas CTPYKTypa
MOJIEH, ¥ TIPU 3TOM YJAETCS MOJYyUYUTh MPEUMYIIECTBA HESIBHOM aJanTalluu.

Mogens 6a3upyeTcsi Ha CIeayIOIUX 3aMeHax:

oV =1:0M=p.c, (7)
r7e N — 3TO MIar Mo BPEMEHHOM CEeTKe ¢ pa3MepHOCThIO N, KOTOpast UMEeT BUI:
W ={n=7-k |k =0,N,z-N=t__}. (8)

B oTiauume oT u3BECTHBIX MoOJeNel, B mpeaiaraeMo Kod3(pGUIIMEHTH ¢ U
MOKPBIBAIOT BCI0O BPEMEHHYIO CE€Th (8), UTO Mg ABYMEPHOTO ciiydasi MO3BOJSET
paccMaTpuBaTh UX KaK BEKTOPHI:

a={¢"In=0N}; @ ={0" In=0,N|. ©)

Toraa COOTBETCTBYIOIIKE 3aMEHBI MOKHO CIEIATh U B KOHEYHO-PA3HOCTHOM MOJIEIH
(4), nmonmyuuB cucreMmy (10). OtnenbHble ypaBHeHus cuctembl (10) MOXHO
PaccMOTpPETh, Kak MOAMOJENN C JUCKPETHBIM BPEMEHEM KH3HM, OIpE/eCHHBIM B
Ka)710M 3 y3710B ceTu (8). Toraa takue mozenu 6yayT umets N cocrosuuii: 1) E™
— coctosnus Baoib ocu Ox (puc. 2); 2) &™) — cocrosnus Bromns ocu Oy (puc.3).
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o . NEp
a)(n) Y y =const X Yg=const _ (n) . Txk+1 - 2 .Txk +T><k—1
X X 2 !
T h
1 : (10)
n+l s n+1 n+1 n+1
(n) Txk =const, yq Txk =const, yq (n) qu +1 2 ’ qu + qu -1
a)y ) ¢y 2 !
T hy
(D) £(2) £3) (N) (1) £(2) £(3) (N)
goe@e® g EPERES L g
e = S S e . S ﬁo—o—o—o—o—o—o—o—o—o—o—>
W U
us(n) uy(n)

Puc. 2 Habop cocrosinuii cuctemsl a1 Ox Puc. 3 Ha6op coctosnuii cuctemsl st Oy

[Iycte umerorcs ynpasiaeHus Ui 1 Up. Torga Kaxkaoe Mociaeayrolee COCTOSIHUE
CUCTEMBI (TeMIiepaTypa f,(') =T,') mocruraercs TONBKO Kak peKyppeHTHas QyHKIuS,

3aBHCSIAs OT MPEIBIIYIIET0 COCTOSHHUS W 3Toro ympasienus. [lycts mapamerp
TEIUI000MEHa Ha IpaHulle (kp) JUCKPETU3UPOBAH aHAJIIOTMYHO NapameTpam (9), Toraa
Ha ocHOBaHMM aHanu3a (10) caenano npeanonokeHue, 4to yrnpasieHus Us u Uy OyayT
MIPEACTABISATH COOOM TPOIKY 3HaueHu! (@, m, k), ONpPEIEICHHbIE B KAXKIOM N-M y3JIe:

ED =g (0 um), [0 =g, 0 &),
—
ED =g (00U, (). | & = g, (000, 0l k(D).

HauanpHoe cocTosiHMEe 3a(UKCUPOBAHO HAYAJIBHBIMU YCIOBUAMH KpPaeBOM
3anauu, noaromy i (11) copasemmmBo N # 0. [Tyctes cuctems (10) pa3BuBaroTCs BO
BpeMeHnu 10 N, mpruuem B N oxxugaercs onpeiesieHHas 3TajJOHHas TeMIiepatypa y, a Ha
BXOJI MIOJIA€TCS 1IeJI0€ KOJUYECTBO HAOIIOAEHHI V, ONMKMCHIBAIOIINX HECTALIMOHAPHBIN
HarpeB, COOTBETCTBYIOIINI rpaHUYHbBIM ycaoBusM |l1-ro poaa. Torna, numest JaHHBIE O
IIEJIeBOM Temreparype, a Takxke HWHGoOpMaluio O BpeMeHH HarpeBa (lmax) H
temriepatypax TerioHocurens (Ux(t) u Uy(t)), MoskHO HacTpouTh MOZEIHh HA 3apaHee
onpenenEHHON BEIOOPKE, MBITasICh 0000IIUTH JUHAMUKY HarpeBa pa3IndHbIX TBEPIbIX
TEJ, TEM CaMbIM U30€XKaB HAJOOHOCTH B “STBHOW” aIalTalluK MIPABBIX YaCTEH CUCTEMBI
(6). ITycTb ecThb ueneBLIe bynkuuu s cuctem Ox u Oy

300 O E =Y 0T (2

Torpa rpynmoBas “saBHas” ajganTaius TEIUIOQU3UMUECKUX KOIP(PUIIMEHTOB H
kodddumrenTa TeruiooOMeHa Ha TpPaHUIIE MOXKET OBITh 3aMEHEHAa Ha peIlICHUE
HEKOTOPOW ONTUMHU3ALMOHHON 3a7a4 MOUCKA ONTUMAJIbHBIX YIPABICHUN B KaXKJIOM
y3JI€ BPEMEHHOMW CETH:

{u,(n),u (n+1),...,u, (N}, Z(Y. 9,(T.",uy(n);)* —> min
J L (13)
(MU (1D (N 5 D03, = 0T (), — mi
i=1
NHunmanu3upoBaB ¢, @ | K MICEBAOCTYyYallHBIM 00pa30M Ha KaXI0M N, TTOJTyIuM

tpaektopuu Ui(N) u Uz(N), KOTOpble OYAyT OTIMYHBI OT ONTHMAIbHBIX. OlEcHHBAs
omuOKy a1 g1(N) 1 g2(N) Ha Ka)XIOM BPEMEHHOM Iare N, MOKHO KOPPEKTHPOBATh

(11)
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ui(n) u uz(n), KOppeKTUPYS @, W U Kk, IOKa HEe OYJCT HaieH JIOKAIbHBI MUHUMYM
[IEJIEBOTO  MHOTO3KCTpeManbHOTO  (yHKmumoHana  (13),  ymoBieTBOPSIOIIHIA
HEKOTOPOMY KPUTEPHIO KauecTBa. B 1uccepTalimiOHHOM HCCIIEIOBAHUHM KOHEUHBIN BU/T
g1 u Q2 ObuT ompeneneH sl TpaHndHbIX ycioBui Ill-ro pona (5). s HacTpoiiku
YIIOMSIHYTBIX IMapaMeTpOB ObUI MPEHJIOAKEH YHUCICHHBI METOJI Ha OCHOBE METOJa
CTOXACTUYECKOI0 rpaJueHTa!

o OE" o OE"
] agp(n) 5E(n) ] aa)(ﬂ) 8E(n)
Agpl():_|—|+77|'W;Aa)l():_| I +77| (n)
7 o9, ] oo,
aE(n) ' (14)
) 8/((”) 8E(n)
Ay =—|—p+77|'m

p
rae E — ommbka, onpenenennas B ypaBueHuu (12), K — sMmupuyecku moaoupacMblii
napameTp, # — mar koppekuuu. Koppekius ypaBuenusimu (14) o0yciopiena 60pb0oit
CO CIUIIKOM OBICTPBIM 3aTyXaHHEM TIpajrleHTa. JTO CBS3aHO C KOHEUHBIM BHUIOM
(yHKIMI pacyeTra YacTHBIX IPOU3BOJHBIX, MOJYYEHHBIX B JUCCEPTALUOHHOM
uccienoBanuy. KoIM4YecTBO HMMEIOMIMXCSA 3TaJOHHBIX 3aMEPOB  TeMIEpaTyphl
TBEPJIOTO TeJa, OTPAXKEHHBIX B CTATUCTUKE U PACIIPEICTICHHBIX BO BDEMEHU, MOXKET HE
COBMAJIaTh C KOJIMYECTBOM I1IarOB 110 BPEMEHHOM ceTH. Toraa B Toukax, rie BO3MOKEH
MPSIMOI pacueT HEBSI3KH, YAaCTHbIE MPOU3BOIHbIE OomMOKH (12) Mo HacTpauBaeMoMy
napameTpy Oymyt mMeth Bua — (15). [lamee pacCMOTPEHBI TOJIBKO MOJyYEHHBIC
(GOpMYITBI OTHOCHTEIBHO @, ISl 0 Y K OHHU aHAJIOTHYHBI (OTPAXKCHBI B TEKCTE PabOTHI).

oE™ 09, (1" u,(n))
L =— = (Y= 9, (T, (n)). (15)
op, op,
Jist omnpeneneHuss OMMOKM Ha BHYTPEHHHUX BPEMEHHBIX CIOAX (MEXITY
M3BECTHBIMH 3TaJOHHBIMH 3HAUCHUSIMHU ) HCTIOB3yETCS 1IEMTHOE YpaBHEHNUE!
o™ 0g, (1™ 2,u (N -1)) ag,(T™,u,(N))
:5(9) . p p . p p Ay _ T(N),U N 16
a¢l N-1 aTI(N) a¢l ) (y gp( | p( )) ( )
311ech On ONpEeIISeT CBSI3b OMMOKN MEKIY BPEMEHHBIMHU CJIOSIMHU U BBIYHCIISIETCS
OTIENBHO JJISl KaXJ0ro YpaBHEHUS MOJENM CUCTEMBbI IO MOIY4YEHHBIM B pabote
dopmynam. s moaenu o Ox — (17), nis moaenu o Oy — (18).
(n) _
5 =(h; -co(”’)/((pi”) 4255y 0" (- e, )j,n =O,N-1  (17)
) -1

X (n) X
X

é]fz):a))(/”).hjlxn—Q/Z-r-gz-G-hy/Xn, 18)
X, :2-7-(0§”) -(1—a§:’1))+2-r-1c2-hy +a)§”) -hj.

Takum oOpa3om, Bocmosb3oBaBIIMCh (15)-(18), MOXHO BBIYMCIHTH YaCTHBIC
NPOU3BOJHBIC JIsi KOPpEeKTopoB (14) W HacTpauBaTh MMapaMmeTpbl OTACIHHON
auHaMuveckoi cuctembl (Ox u Oy), utoObl pemarh 3amady (13), TemM caMbIM
alanTUPYs MOJIEIb K TeIIO(QU3NISCKIM ITapaMeTpaM TBEPAOTO Telia U KO3PPHUIIUEHTY

Tery1I000MeHa Ha TPAHUIIE HESBHO.
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Jlanee paccMaTpuBaeTCs MNPOLECC OLIEHKU AJTOPUTMHUYECKOW YCTOMYMBOCTH
MpEJIaraéMoro 4YUCJICHHOTO METOJa M MaTeMaTU4ecKoM Mojenn. B ocHoBe
MPEUIOKEHHON MOJENN JICKUT YUCICHHBIA KOHEYHO-PA3HOCTHBIM METOJ, JUIA
KOTOPOTO CYIIECTBYET H3BECTHOE YCIIOBHE ycToHunBOCTH. CreniaB B HeM 3aMeHHI (7),
MOJyYUM YCIIOBHE!

(n) (n)
EACIAA: KN S T ) (19)
h 4 ; h
B nanHON riaBe BBIABUTAETCS THUIIOTE3a O TOM, 4YTO CYLIECTBYIOT TakKue
orpannuenus 14 7, hy, ¢V, Brmouas cmemenus ", ¢V otHOCHTENBHO APYT ApyTa,
IpU KOTOPBIX YCTOWYHBOCTH MPEAJIOKEHHOM MOJAENU TapaHTHPYETCS TOKa3aHHOM
YCTOMYUBOCTBIO KJIACCUYECKOM KOHEYHO-PAa3HOCTHOM MOJIENIM U DKBUBAJICHTHA ei. B
pe3yibTaTe aHaJIM3a MOJYYEHO YCIOBUE YCTOMYMBOCTH:
2 2 2
12:0™ -7 |<| ™ - h? |\2 o = tT\TX < fz L 'tmal\xl _L';' X co. (20)
3nech L=[W|H] — kommyecTBO mIaroB mo MpPOCTPAHCTBY B 3aBUCHMOCTH OT
npwioxenuss Kk mojenu (Ox wnu Oy COOTBETCTBEHHO), X — XapaKTEpHUCTHYECKHI
pas3Mep TBEPJIOTO Tela MO MPOCTPAHCTBY; Inax — OOIIIee BpeMst HarpeBa. Onupasch Ha
JaHHOE YCIJIOBUE, OBUIO CJEJIaHO NPEIINOJOKEHUE, YTO JJIi €ro BBIIOJHEHUS
HeoOxoauMo rapantupoBaTh cMemenue ", ¢ oTHOCHTENnHEHO APYr Apyra mpu
HOMOIIM CMEXHOI0 yCIIOBUS, HE IPOTUBOpEYaIllero JaHHOMYy. B mpouiecce ananusa, B
npeanoyioxkeHud Uy < thax <tz 1 X3 < X < Xz, ObUIM BBIBEACHBI OOIHE YCIOBUS
YCTOWYHBOCTHU TIPEIOKECHHON MOJICIH:

o >0, o™ >0, N> L,

Ig(2(p|(n))+|g( (tz —t) )+l |g(2tp,(”))+lg(M)+1

" (10 XX (4D, — 7) 10 (Xixi) ),
r7€ ¥ — CBOOOJHO BHIOMpaeMblil mapaMerp, Dmax — 3TO mporpaMMHbIe OrpaHHYCHUS

(21)

XpaHCHUA BCHICCTBCHHLIX YMCCIIL. A Taxxke MNPCIIOKECHO AJTOPUTMHUUYCCKOC
OTpaHHUYCHHC IIPOLCCCOB KOPPCKUIUN HACTPANBACMBIX IMAPaMCTPOB, OIIUPAIOIICCCA Ha

cucremsl (22) (npu Aa)l(”) >0u A¢(”) >0)u (23) (npu Aa),(n <0 wm A(pl(n) <0).

oE™
k- o A ) aE(ﬂ)
Ao = | 9P |
¢| (n)
n 0P
Agt" =new(ei")
lg(2:¢(™)+g(—27) )1 lg(2:0(™)+g(—271)_)1q
O =|100 O 02) dg =l107 0D (23)
k . 78E(n) A = _(0 Aa)l(n)) + A@I Corr
(n) (n)
Aa)|(n) = — a§0| ) aE(ﬂ) ’ a)col’l’
n op,
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3necb NEW(*) — 9T0 (YHKUMA TOBTOPHOM WHUIMAIM3ALUU [apaMeTpa.
Brimonaenwue ycnosuii (21) mpy MHUIIUATTM3AINY @ U (0 B HAYaIbHBIA MOMEHT BPEMEHH
t = 0 m noHuMaercs MO IICEBAOCIy4YalHOM HWHULMAIW3auuen. B pesymnprare
MIPUMEHEHUS TPEACTABICHHBIX BBIIIEC OTPAHUYCHUHN, AITOPUTMUYECKAs] YCTOMYHUBOCTD
Moaenu nocturia 98%.

[Tomumo aHanM3a yCTOWYMBOCTH, ObUT TMPOBEACH aHAIM3 aJTOPUTMHUYECKOMN
CJI0KHOCTH IIPEAIaraeMoro 4ucaeHHOro meroza, umeromero kiaace — O(V-(N-P?+N)),
rae V — 3To pa3Mep CTaTUCTHKH, MO0 KOTOPOM OyIyT KOPPEKTUPOBATHCS MapaMeTphl.
AHanu3 KJIaccoB CI0KHOCTH (24) MOKa3bIBAET, UTO MPEIIOKEHHBIN YMCICHHBINA METO
6osiee 2 (PEKTUBHBIN, YeM KIACCHUYECKUN YHCIEHHBIA METOJ C T'PYMIOBOM ‘‘SIBHON”
aZjanTalnuel mpu pocTe KOJUYECTBA Y3JI0B MPOCTPAHCTBEHHOUN ceTh. OTHOCUTEIBHO
BPEMEHHBIX y3JI0B 002 YUCIEHHBIX METOJIa UMEIOT OJIMHAKOBBIN KJ1acC CII0KHOCTH.

. V-(N-P?+N) V-(N-P?>+N)

lim 24k = 2000| 27K - |N:1 k=5V'=10000

N—o N-P P N-P K=9, (24)

B d4erBeprol ry1aBe pPAacCMaTpUBAECTCA YAaCTHBIM CiIydaldl HECTAllMOHAPHOU
TEIUIONTPOBOAHOCTH B TBEPABIX TEIAX W3 CTajld, HArpeBacMbIX B METOAMYECKHUX
npoxoAHslx mnedax. Ha 0a3e mpensiokeHHOM B MpenplAyllel riaBe MOJAETH AJis
YacTHOT'O ciiyyasi Oblla MOCTaBJeHA 3ajja4ya MPOTHO3UPOBAHUS HarpeBa MOBEPXHOCTH
TBEPAOTO TeJIa, UMEIOIETO MPSIMOYTOJIbHYIO TeOMETPHIO (prc.4).

,0T
A[.—:A'Jl. -T,;)+&0(T) -T1,,)
oy

P=1,k=5,V =10000 ’

y=H

K(T, = Tpy) + £0(T" = Tp)

a “b
Puc. 4 — T'eomeTprueckas IOCTaHOBKA 33134 (@) U ceToYHOe npeacTaBicHue reomerpun (b)

bblmn coOpaHbl CTaTUCTUYECKUE JaHHBIE C IEMUCTBYIOIIEH aBTOMAaTU3UPOBAHHON
CHCTEMBI YIIPaBJIECHUS HArPeBaTeIbHOI eYbI0, PACIIONOKEHHOH B IEPBOM ITPOKATHOM
nexe AO OOMK um. A.A. VYraposa. JlaHHblE UMENU CTPYKTYpYy, AHAJOTUYHYIO
tabmaue 1, rae tY, 19 u t® — 510 Bpems Harpesa B Kaxmoil u3 30H meud (tmax =
tD+tD+tO); t® — 510 Bpemsa MexTy BBHIXOJOM TBEPAOro Teja U3 IeuH M (PUKcalyei
ero Temneparypsl mupomerpoM; TH, T@ TG — remnepaTypsl B 30Hax neun; m — Macca

3aroToBKH, X — XapakTepUCTUUECKHI pa3Mep TBEPAOTo Tea.
Tabnuma 1 — [Ipumep cratucTUyecKoi BHIOOPKU

TemnepaTypHO-BpEMEHHAs KapTa
Nenm |t ¢ TOeC |[t@ ¢ | TOCC [t®,¢c | T® °C |mke |t¥ c X, mm
1 18053 996 7200 975 6541 1186 4970 225 360x300
2 18053 996 7200 975 6727 1186 4980 159 360x300
3 18448 996 6949 975 6855 1185 4930 138 360x300
4 7387 992 4655 965 4002 1183 9760 140 360x300
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Ha ocHoBe cobOpanHoii ctatucTukun odobemom 6098 3ammcelt, mpeyoKeHHas
MOJeNlb OblIa ampoOupoBaHa (puC.5) ¢ HACTPOUKOW MO METOAY CTOXAaCTHYECKOTO
I'PaJUCHTHOTO CITyCKa U C HACTPOMKOM Ipe ijlaraeMbIM YUCIICHHBIM METOI0M (pHc.6).

n

pouecc y Mpouecc y A
o 42 o 48

a1,5 40

a4 35

THAA

30

40 25

39,5 20

39 15
0 100 200 300 400 500 600 ] 1000 2000 3000 4000 5000 6000 7000 8000 2000
WUrepauun xoppexunmn Mrepaynn xopperxynmn

a b
Puc. 5 — Ilpouecc ymeHbIIEHHS OIIMOKH BBIX0/1a MOJIETTH C UCTIOIH30BAHUEM METOIa

CTOXaCTHYECKOr0 I'paJeHTHOro crycka. [lepseie 550 urepanuii (a), Bech nuki (D)
np y

70
60
50
40
30

¢ 20

Ckonb3asnuwan cpepHns no

10

o
o 500 1000 1500 2000 2500 3000 3500 4000

WUrepauun xoppexumm

Puc. 6 — Hpouecc YMCHBIICHUA OIINOKHU BbIXOJla MOJCJIU C UCITIOJIb30BAHHUEM IIPCIIIOKCHHOTO
YHUCJICHHOI'O ME€TOAa

B pesynprare TeCTUpPOBaHMS INPEMIOKEHHOW MOJENM HAa JAHHBIX C
JEHCTBYIOIIErO TEMJIOBOIO arperara yAajloch MOJYyYHUTh OUIMOKY MPOTHO3MPOBAHUS
TEMIIEPATYpPbl HarpeBa CTAJIbHOTO TBepaoro tena nopsaka 13,2 °C. DkcnepuMeHT
IPOBOJMJICS. HECKOJIBKO pa3 Ha Pa3IMYHbIX Ha0opax JaHHbIX, B pe3yJIbTaTe 4ero ObUI0
YCTAHOBJICHO, YTO MPEJIOKEHHBIM YHUCIEHHBIH METOJl CHOCOOEH O00ecneuuTh
MaTeMaTU4eCKOM MOJIEJIH HECTAIIMOHAPHOM TEIIOMPOBOIHOCTH JOCTATOYHO BHICOKYIO
TOYHOCTh 0€3 HEeoOXOOUMOCTH “SIBHO”  ONHCHIBATH JUHAMUKY HW3MEHEHHS
TEMI0(QU3NYECKUX MapaMeTPOB TBEPJIOTO Tejlda M YCJIOBHM TEMIooOMEHa Ha €ro
I'PaHUIIE B BUJE OTACIBbHBIX MOJIETIEH.

JUist mpoBeAeHUs CpaBHEHUS AJIE PACCMOTPEHHOIO BBIIIE YACTHOTO Cilydas
HECTallMOHAPHOM TETJIONPOBOAHOCTHU MPU PELICHUH 33/1a41 OCTPOCHUSI 3aBUCUMOCTH
MEXAY TEMIIEpaTypod y»Ke€ Harperoro TBEPAOrO Tejla U HEKOTOPOW HCTOPUEN €ro
HarpeBa Takke ObUIN MOJTYYEeHbl CTATUCTUUECKUE MOJEIH. JTO MO3BOJIUIO IPOBECTU
CpaBHUTEIbHBIE SKCIIEPUMEHTBI, UTOOBI ONPEAeUTh 3PPEKTUBHOCTD NPETIOKEHHOTO
YUCJICHHOTO MeToja. B KauecTBe KOHTPOJIBHOW METPUKM BBICTYIAN KPUTEPU
adcomotHoi cpenneit (MAE) u abcomoTHOM cpenneit mporieHTHOH omnoku (MAPE).

Cpenu Bcex CpaBHUTENbHBIX HCHBITAaHWU (CM. riaaBy 4 B JIHCCEPTALUM)
HauOOJIBIINI MHTEPEC MPEACTABISAIO CPAaBHEHUE MPEIJIOKEHHOW MOJIEIHN “HESIBHOM
aJlanTaliy ¢ MOJICIIBIO TPYIIIIOBOH “SBHO¥™ aganrtanuu (puc.?).

OOG1ue pe3yabTaThl CPaBHEHUS MOJICNICH MPUBEEHBI B TaOIHIIE 2.

B 3akimro4uuTenbHON 4acTy JaHHOM IJIaBbl IIPUBOJAUTCS ONMCAHUE IIPOTPAMMHOIO
KOMIUIEKCA, PEAIU3YIOLIETO MPEAI0KEHHBIN B TPETHEN TJ1aBE YMCIEHHBIM METOJ W
MOJIeJb, pa3paboTaHHOTO Ha OCHOBE «4nucTOM apxuTekTyps» OOII (puc.8).
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Anpobauna Mogenei Ha YacTW TECTOBOW CTaTUCTHKK

11004

0501

10004

Temnepatypa TBepaoro Tena, C

3HaveHuA

#  3TanoHHsle

100 150
Ne HaBniogeHua

* Mogenk rp.agantaumn
% MpeanoxexHan mogens

Puc. 7 — I'paduueckoe cpaBHEeHUE MO/IeNel HECTAIIHOHAPHON TEIIONPOBOIHOCTH

Tabnuma 2 — O6mume pe3yabTaThl CPABHEHUS MOJICTICH

Mogenb ¢ | Monens ¢ | Mogens Ha 6aze | Monenb c
€IMHUYHON rpynmnoBoi CITy4ailHOTO Jieca | HESBHOU
ajanranueu K | amanranuei ajanranueu
"Cransp 20"
MAE, °C 16,9 28,95 9,805 13,197
MAPE, % 0,0162 0,0258 0,0094 0,0127
MAPE  otnocutensHo | 0,0676 0,1158 0,0393 0,0528
unrepsasa [900;1150]
(o]
nol:ll:::f:feim K““"'P‘)le"ep Mot eI uennu:;lo'ﬂ ;::Tauuu Bydep ranbix
| 3amycK Moziesi- | :
Hposepa
conmpaiepn
Hacrpoiika seed'a——
BriGop konnuecTsa
renneparypm o
BuIGOp KOMHUECTBA ITATIOB HArpeBa
| BuiGop ociosnbix napaverpos, |
- 3anpoc 1aHHbD
|—Tlepenaua nactpoex b mozens—r
CTaTyc OATBEPIKICHNA HACTPOCK
rrrrrrrrrrrrr Bosspar cratyca-————
——Komanta sanycka mMojemi—m
Tlyck Moge————]
Brmonmenne Moaem
<———BosBpar pesybTara-—-
Tepexasa pesynsTatos & mavepieiicr T
Brutaua unrepdeiicon | |
Puc. 8 - UML-nuarpamma nocnenoBaresibHOCTEH pabOThl IPOrPaAMMHOTO KOMILIEKCa
Hosuzna NpeACTAaBJICHHOIO IIPOrpaMMHOr0O KOMINICKCA 3aKII0OYacTCd B

ANTOPUTMHYECKOW peallu3allii  MPEUTOKEHHOTO YHCJACHHOTO METOo[a HESBHOM
aZanTalyy M0 CTaTHUCTUYECKUM JaHHBIM W TPUMCHCHHH MOAYJIBHON apXHTEKTYpHI,
obecrnieunBaroIiet c1adyr (QYHKIHMOHATBLHYIO CBS3b MEXKIY MOIYJISIMHU, IO3BOJISIS
B3aMHO 3aMEHATh WX 0€3 HEeoOXOAMMOCTH TIIyOOKOro pedakTopwHra Koja

IPOTrPaMMBl.

MIPE/ICTABJICHBI B TEKCTE TUCCEPTAIIMOHHON pabOTHhI B 11.4.4.3 1 MpUIIO)KEeHUU A.

B 3akaw4veHuu MMPpUBOAATCA OCHOBHBIC PC3YJIbTAThI

bonee neranbHO anropuTMbl W CTPYKTypa KJIAcCOB IPOrpPaMMBbI

AUCCCPTANNOHHOI'O

uccienoBanrs. B mpuWiIoiKeHUsIX TPUBOIATCS AITOPUTMBI pabOThI MPOTPAMMHOTO
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KOMIUIEKCA, aJTOPUTMbI MPEUIOKEHHOIO YHMCIEHHOTO METOJAA, a TaKKe aKThl 00
MCIIOJIb30BAaHUU PE3YIbTaTOB PAOOTHI.

OCHOBHBIE PE3YJBbTATBI PABOTHBI

1. [IpoaHanu3upoBaHbl “KIACCUYECKUE” YHCIECHHBIE METOAbl PEIICHUS
KpPAeBbIX 3aJ1a4 HECTAIMOHAPHOW TEIUIONPOBOAHOCTH B IBYMEPHOW mocTtaHoBKe. Ha
WX OCHOBe c(hopMmyiupoBaHa mpobOiieMa “SBHOW~ aganTalldd TaKUX PEIICHUN K
TEIUIO(U3UYECKUM IapaMeTpaM HarpeBaeMbIX TBEPABIX TEJ, a TaKXKe K YCJIOBUAM
TEIUI000MEHa Ha UX TPaHMIIAX.

2. Ha npumepe KOHEYHO-Pa3HOCTHOT'O YMCIEHHOTO METOAA MOACIMPOBAHUS
HECTALIMOHAPHOHN TEIUIONPOBOAHOCTH B TIpaHUYHBIX ycioBusax lll-ro ponma Obuin
POJAEMOHCTPUPOBAHbl OCHOBHBIE MPOOJIEMBI, CBSI3aHHBIE C TPYNIOBOW ‘‘IBHON”
ananranued. Bo-miepBbIX, ObUIa OLEHEHA AJITOPUTMHUYECKAsl CII0)KHOCTb KOHEUHO-
Pa3HOCTHOM MOJENM C TAKOM ajanTaiued, UMEIas MOKa3aTelbHbIM KJIACC POCTa,
3aBUCAmMUE OT pasmepos agantupyemoil rpymmsl (O(N-P?*%)). Bo-BTophIX, OblLin
PacCMOTPEHBI NMPAKTUYECKUE ACIIEKTHI, OTPAHUYMBAOIINE MPUMEHEHUE TPYNIIOBON
“ABHOM~ aJanTalMyd ISl YaCTHBIX CIIy4aeB MOJAECIMPOBAHUS HECTALMOHAPHOMU

TEIUIOIIPOBOJIHOCTH.
3. beula  mpemoxkeHa — MareMarhdeckas — MOJENb  HECTallMOHApPHOMN
TEIJIONPOBOJAHOCTU JUIsl TpaHW4yHbIX ycinoBuil |llI-ro poma Ha OCHOBE KOHEUYHO-

Pa3HOCTHOTO METOJA PEMIEHUSI C BO3MOXKHOCTBIO NPOBOJUTH YHOMSIHYTYIO paHee
ajganTanuilo HesaBHO. [l TmodydeHHOW Mojienu ObLIM  BBIBEJCHBI  YCIIOBUS
AITOPUTMHYECKON YCTOMYMBOCTH, TAPAHTUPYIOIINE CTAOMIBHOCT pacueToB Ha DBM.

4, bbln  mpeiokeH YUCIEHHBIM METOJ, TO3BOJISIIOIIMNA  MPOBOAUTH
aJanTalMi0 HESBHO, MWCHOJB3Yys I OSTOT0 CTAaTUCTUYECKHE CBEIACHUSA O
HECTAllMOHAPHOM HarpeBe TBEPJIbIX T€J, COOTBETCTBYIOLIEM I'PaHUYHBIM ycioBusM I11-
ro poja. JlaHHBIN YUCIEHHBIN METOJ MPEACTABISIET HEMPEPHIBHBIE TETIO(QU3NIECKUE
K03 (DULIUEHTHI, BKITI0Yas KO3()PUIMEHT Tem1000MeHa Ha TpaHULIe TBEPAOIo Tela, Kak
JUCKPETHBIE TTapaMeTphbl, pPABHOMEPHO paclpe/ieiiCHHbIC B y3aX BpeMeHHOM ceTtu. OH
BKJIFOYAET B ce0s MPEJIOKEHHBIM 3aKOH HACTPOMKHM 3THUX MapaMeTpoB, a TaKKe
dbopMynbl 1T pacueTa YacTHBIX IIPOM3BOJHBIX OIIMOOK IO HACTpauBaeMbIM
napamerpam. B pabote nokazaHo, 4TO aITOPUTMHYECKAsI CIIOXKHOCTh MPE/JI0KEHHOTO
MeToza uMeet 6onee >ddexTrBHbI omuHoMUanbHbiA B — O(V-(N-P2+N)).

5. brina BeIMoIHEHA anpoOaIys npeajiaraeéMoii MaTeMaTHYeCKOW MOJICITH U
YUCJIEHHOTO METO/a Ha paclpOCTPAaHEHHOM BHJI€ HECTAIIMOHAPHOTO HArpeBa TBEPAbIX
TE€ U3 CTajlud B MPOMBIIUICHHBIX I€4axX IUIAMEHHOTO THIIA, TEIUIOBOM MPOIECC B
KOTOPBIX COOTBETCTBYET rpaHUYHBIM ycioBusiM |1-ro. B pesynbrare anpobaryu 661510
YCTaHOBJICHO, YTO MOJICJIb CITOCOOHA pab0oTaTh B PEKUME PEaTbHOTO BPEMEHH U IMEET
TOYHOCTH nopsiika 94,72% nist pacCMOTPEHHOTO CTydast.

6. Ha Tom >xe 4acTHOM clly4ae HeCTallMOHAPHOMN TETUIONPOBOAHOCTH ObLIH
OIICHEHBI CTATUCTUYECKAs MOJIEIIb CO CJI0KHOM CTPYKTYPOM U KjlacCUUecKasi KOHEUHO-
pa3HOCTHAs MOJIEJIb C TPYNMNOBOM “sBHOM apanTtanuend. TOUHOCTh CTaTUCTUYECKOU
Mozenu coctraBuiia 96,07%, TouHOCTh Ki1accudeckoi momenu — 88,42%. TouHoCThb
CTATUCTUYECKON MOJICIM HEMHOTHM BBIIIIE MPEIJIOKEHHON, HO OHa UMEET aOCOJIFOTHO
HEHUHTEPIPETUPYEMYIO CTPYKTYPY.
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7. st mpeasioKeHHBIX MAaTeMaTH4eCKOW MOJENM M YUCJIEHHOrO0 METO/a
ObUIM CHHTE3UPOBAHBl AJITOPUTMBI, PEAIM30BAHHbIE B JajbHEHIIEM Ha S3bIKE
BBICOKOTO ypoBHS (C#) B BuAEC NPOOJIEMHO-OPUEHTHPOBAHHOTO IPOTrPAMMHOTO
KOMILJIEKCA C UCIIOJIb30BAaHUEM IreKcaroHaIbHOM apxuteKkTypsl OOIL.
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