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B. H. ASAPEHKOB, H. M. MAHKO

BJUSHUE KOHCTPYKIIUM PATAODJEKTPOHHOM ATITAPATYPBI HA HAYAJIO

PEI'YJAPHOI'O TEIIJIOBOI'O PEXXUMA

[Ipobnema aHanmM3a TEMIEPATYPHBIX IOJIEil DJIEMEHTOB KOHCTPYKLHMII paJrodJICKTPOHHOW ammapaTypbl SBISETCS OCHOBHOW M OOeCIedeHHs
9KCILTyaTallHOHHOH HaJEKHOCTH IIOCIEIHUX. B paboTe H3M0sKeHBI pe3yabTaThl pa3pabOTKH METONOB pacdéTa TeMIepaTypHBIX MOJIeH IPOSKTHPYEMBIX
U JICHCTBYIOIIMX H3/EIUHA, OCHOBAHHBIC HA AHAIUTHYECKOM PELICHHH YPAaBHEHMS TEILUIONPOBOJHOCTH MIJIi OCHOBHBIX (DOPM KOHCTPYKIIM.
IpennoxeHo oblee BEIPAaKEHNUE PEIICHUS yPABHEHHS TEIIONPOBOJHOCTH JUIsl aHU30TPOIHBIX TEJ C 00BEMHBIM, IUIOCKUM, JTHHEHHBIM MIIH TOYEUHBIM
HCTOYHHKAMH TeIUIa. I3710)keH METOA OLEHKH Hadana pEryJIPHOrO TeIUIOBOTO PEeXHMMa B Tele IPOHU3BOIBHOW KOH(UTYpalUH ¢ BHYTPEHHHMH
UCTOYHUKAMH 3Hepruu. IIpuBefeHbl pacueTHbIC 3aBUCHMOCTH PELICHUs ypaBHEHHMS TEILUIONPOBOAHOCTH NpH rpaHu4HbIX ycinosusx III ponma. Jlana
OLICHKA PE3y/IbTATOB PACUYETOB IO IOJYYCHHBIM Ipa(UYeCKUM JAaHHBIM IIyT€M CPAaBHEHHS HMX C pPe3y/ibTaTaMH PAcyeToB IO AHAIMTHYECKUM
3aBHCHMOCTSIM ¥ C OKCIIEPHMEHTaIbHBIMU JaHHBIMH O BIMSHUHM KOHCTPYKIHH PaJHOdICKTPOHHON almapaTypbl Ha HAYalo PEryJsipHOTO TEIIOBOIO
pexuma. [TokasaHo, YTO pe3yJIbTaThl HCCIIEOBAHUS MOTYT OBITh PACIPOCTPAHEHBI M Ha PEIICHHE yPaBHEHMUS TEIIONPOBOAHOCTH aHU30TPOITHOTO Tela

C BHYTPECHHHUMH UCTOYHUKAMHU DHEPIUH.

KuroueBble ciioBa: MareMaTHYecKas MOZ€Ib, TEIJIOBass MOJIECIb, TEIJIOBOC IMOJIEC, TEMIIEPATYPHOE IOJIC, pPaJUODJIEKTPOHHAs alrmaparypa,

TEIJIOBOW PEKHUM, PETYIISIPHBIN TEIJIOBOM PEXUM.

AKTYyaJIbHOCTB. OKCICPUMCHTAIBHBIE W TEOPETH-
YeCcKHe HMCCIIEeOBaHUS HECTAIMOHAPHBIX TEMIEpPaTYPHBIX
nojied paauodnekTpoHHbIx ammapatoB (PDA) [1-10]
JIOITYCKAIOT BO3MOYKHOCTh TPUMEHEHHSI TCOPUU PETyIIsip-
HOTO TEIUIOBOTO pPeXMMa U pa3paOOTKHA HWH)KEHEPHBIX
METOJIOB pacyeTa HeCTAI[IOHAPHOT'O TEeMIIEPaTypHOTO pe-
KHUMa pa3INuHBIX KOHCTpYykuuit POA. IlpocTtoTa ncnons-
3YEMBIX METOJIOB OCIIOKHSETCS TPYAHOCTHIO BBIYHCIICHHS
BPEMEHH Hadana peryisapusanuu — T, IlpeneOpexenue
YHCJICHHBIM 3HAYCHHUEM 3TOM MepeMEeHHOH (T. €. Mpearo-
JI0’KEHHE 3HaYeHUs T, = 0) MOKET MPUBECTH K CEPHE3HBIM
omubkaM B pacuetax [3, 4, 10, 11].

ITocTanoBka 3anaun. OIEHUTH CBSA3b BPEMEHH Ha-
Yaja peryJsipu3aly TEIUIOBOTO PEXUMa KOHCTPYKLHUH C
pa3sMElIeHHEM MCTOYHUKOB TEIIOTEI, OIEHUB T, MAJA
Pa3INYHBIX PAKTUYECKUX CIIy4aes.

Metoasl wucciaenoBaHusl. TeopeTHUECKH OICHKA
BPEMEHU T, CBA3aHA C HCCJIEJOBAHUEM CKOPOCTH CXO-
TUMOCTH psAJa, TPEACTABILIIONIETO O0IIee PEelIeHHEe ypaB-
HEHHS TEIUIONPOBOTHOCTH AHU30TPOMHOTO Tela (hOPMBI
mapaiesenumnea ¢ 00bEMHBIM BHYTPEHHHM UCTOYHHKOM
sHeprun W aHaIOTHYHOW (POPMEI, TIPH HYJIEBBIX HAYaIb-
HBIX U rpaHndHBIX ycnosusx Il poxa, momydenHOe BIiep-
BhIe [12]:
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a,=la,=la,=1 z h }\‘i +q
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t,— MCKOMas TeMIeparypa TEIUIOBOIO MOJA B

HHTEpecyomei Touke KoHeTpyKuuH, °C,

t. — Temnepatypa okpyxaromiei cpensi, °C;

W — yzienpHas MOIIHOCTH pacCeMBaHMS HCTOYHHKA
sueprun, Br/m;

T — BpeMs, C.
T, (1) — dynkums pasorpesa ucrounuka (mpu cra-

IIMOHAPHOM TEMIIEPATypHOM pEXHUME paboTBl T—>©0 H
T, (0 =1):
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i=xy.z i

T, () =1-exp _Ciy > A+

g — k03 GULUEHT TeMIepaTypHOU 3aBUCUMOCTH HC-
TOYHUKOB TeIIa;
Wi — KOPHH XapaKTePUCTHYECKOTO ypaBHEHHS

2 PR
< —BiyiBiy;
wi (Bigj +Biy;)
. k; .
Bi; :K_Li — kpurepuii buo;

I

Biyj, Biyj — kpurepun Buo Ha TPOTHBONOJIOKHBIX
rpaHsaX napauieNenurnea BJoJb i-if KOOPIUHATEL;

ki — cymmapHbiii koo, Termmoobmena, Br M2 °C

i — K03. TermmonposogrocTH, BT Mt °C Y

L; — cooTBeTCTBYIOLIMIT KOOpAMHATE | pa3Mep mapai-
JenenuIena, M;

i =X, Y, Z— KOOpJMHATHI.

Pemenre mnosyueHo myTéM 3aMeHbl HE3aBHCHUMBIX
MepEMEHHBIX, KIIaCCHYeCKUX Mpeo0pa3oBaHuii KOOPANHAT
U (QYHKOUH TEMIepaTypbl C HCHOJNB30BAaHHEM METOAA
pasesieHus IepeMeHHbIX. Ecim Taknx MCTOYHHKOB MHOTO
(nanmpumep, N) u oHM TemnepatypoHe3aBucuMBl (( = 0),
TO MO TNPHHLUHWIY Cyrneprnosuuuu nonei [12] moxHO
3amucaTh

9(x,y.2) =) 9,(x¥.2), 3)
j=1

rze 9 (X, ¥, z) paccuntsiBaetcs 1o (1).

Jnst TeMIiepaTypO3aBHCUMBIX HCTOYHUKOB Teruia (Ha
NpaKTUKEe BEChbMa PEIKHH ISl PaJAHOAICKTPOHUKH CIIy-
Yajf, Tak Kak OOBIYHO IO OMPEACICHUIO MOIIHOCTh dJie-
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MEHTOB-UCTOYHHKOB HE JIOJDKHAa 3aBHCETh OT TeMIlepa-
TYpHBI, WJTH 3aBICHMOCTH BBIpa)KE€HA OYEHB c1a00) MOXKHO
TaKoKe BBIYUCINTH IApaMETPhl TEMIIEPATypHOro IO B
HarpeToil 30He, MPUMEHSS METOIBl IOCIeNOBATEIbHBIX
NPUOIMKEHUH U CyNepIIO3UIUH TI0JIEH 0JJHOBPEMEHHO.
Pemenne ypaBuenus TtemtonpoBonuocti (1) [12]
JIOITyCKaeT MpeoOpa3oBaHne UTOTOBOTO pe3ynbTara H IMo-
3BOJISIET MOJIYYHUTH OOJiee OOIIYIO 3aITUCh BBIPAKEHHS IS
pacdera TEMIIEpaTypHOTO MO Mapajieienuneaa ¢ 00b-
EMHBIM, TUIOCKUM, JIMHEHHBIM WJIM TOYCYHBIM HCTOYHH-
kamu Tema. Jlng ymoOGcTBa M KPAaTKOCTH 3allMCH B
JajgbHeWmeM O0003Ha4UM CHMBOJIOM —HaJI4epKHUBaHUSA
TMOOYI0 TNEePEeMEHHYI0, HOPMHPOBAHHYIO OTHOCHTEIIBHO

3HaueHus L, Hanpumep: %:ﬁi. st cokpameHus u3ino-
1

XKeHuss u3 odbmiero pemeHus (1) BBIAEIMM TOJNBKO Te
COMHOXXHTEIH, KOTOpblE OyayT B pe3yibraTe IpeoOpa-
30BaHUSI M3MEHATHCS. PacKpbIBasi HEONPEIEICHHOCTH C
MIOMOIIBIO CBOICTBA MEPBOTO 3aMEYATENIHLHOTO Tpeena
MIOJICTABIISIS TIONyYeHHBIH pe3ynbraT B (1), momydnm 00-
Imee aHATUTHYCCKOE BBIPAXKECHHE PEIICHUS ypaBHEHHS
TEIUIONPOBOMHOCTH  Mapajvielenunensa ¢ oOBEMHBIM,
IUIOCKUM (OIUH U3 Ta0apUTHBIX pPa3MEPOB HCTOYHHKA
CTPEMHUTCS K HYJIIO), TMHEHHBIM (1Ba U3 rabapuTHBIX pa3-
MEpPOB HCTOYHHMKA CTPEMATCS K HYIIO) MM TOYSUHBIM
HUCTOYHHMKAaMU Terula (Bce rabapuTHbBIE pa3Mephl UCTOYHU-
Ka CTPEMSATCS K HYITIO):

Tabmuua 1 — 3Havenus xosdournuentos d;, n;, n,, nNg, N,, R

Sy )=3 3 3P6, T, @M, .

a,=la,=la,=1 i=x,y,z
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d;ug sin™ 0,5, _pi

— X
" PP, +sinu, cosp, (1-2b, )]"

x[cos i, (ri— b, )cosp, (i- b, 1™

d,,n,n,,ng,n,u RQ — 3HAYCHUS MapaMeTpoB MpH-

BeJeHbI B Ta0II. 1;
b — ompeznensercss U3 TPeoGPa3OBAHHOTO XapakTe-
puctuyeckoro ypaBueHus (2) [12]

b, = iarcc’[g L ;
i Bi;

P; —pa3Mep UCTOYHMKA TEILIA, M.

Takum 00pa3oM, MBI TONYYHIH MaTEeMAaTHICCKYIO
MO/JIeNTb, TIO3BOJIAIONIYI0 aHANM3UPOBATh TEMIIEPaTypHEBIE
TIOJIS PA3TIIYHBIX 2JIEMEHTOB KOHCTPYKIHH (POPMBI TTapa-
JIeJICTIMIISa ¢ HICTOYHMKAMH TEIlIa, B 9acTHOCTH PDA.

o,
Bi; >0
IMapameTpbt Bi; =0
pi >0 p =0
d; 4 2 1
n 0 1 0
n, 1 0 0
ng 1 1 0
n, 0 1 1
R, (1a) 2 ()2 kub 1™
Honymienus, cpaegaHHble MpU TIOMCKE PELIEHUS  HOro IOJsl BOCIOJB30BaThCS MEPBBIM YJIEHOM IOJYYEH-

YpaBHEHHS TEILUIONPOBOAHOCTH, SIBIIIIOTCS
CTaHJapTHBIMH, IPAaBOMEPHOCTb KOTOPBIX HEOJHOKPATHO
ONHCaHa M JOKa3aHa pa3IHYHBIMU HCCIEI0BATEISIMU.
Hcnonp3oBaHue  BBIYMCIMTENBHOM ~ TEXHUKM  HpHU
pacu€érax, Ha IEpBBIA B3MIAJ, CHUMAeT BOIPOC
CIIO)KHOCTH BBIYUCIICHHH CYMMBI OECKOHEYHOrO psija.
CrpaBeUIMBOCTH ~ pagd OTMETHM, YTO CXOJHUMOCTh
MOJOOHBIX PpSAZOB HEOAHOKPATHO JIOKAa3aHa B HCCIe-
JIOBATENBCKO JINTEPATypeE, a UCTIONB30BaHUE [UId aHAIIU3a
TOJIBKO MEPBOrO WICHA psila, B Clydae ObICTPOii
CXOJUMOCTH IIOCIIEJHETO, AA€T B PYKHM KOHCTPYKTOPOB
HHCTPYMEHT JUIs SKCIIPecc-aHaan3a JOCTaTOYHOI TOUHOC-
TH [l TPHUHATUS IPOEKTHPOBOYHBIX PpEHIEHUH 1O

KOHCTPYKIIUH.
Ho cymectByer mnpoOiemMa WHOrO poja: Kak
OTPENEIUTh  CKOPOCTh  CXOIUMOCTH  IIOJIyYCHHOTO

pemenus? J[pyruMu cioBaMu, KOTZIa MOYKHO C JIOITYCTH-
MO HOTPELIHOCTBIO JJIsl UTOTOB aHalIM3a TeMIleparyp-

HOM CyMMBI OECKOHEYHOTO Psa, MIIM KaK ONPENETIUTHCS ¢
KOJIMYECTBOM MOJJIEKAIIUX Y4ETy YJICHOB psAAa U OLECH-
KO ocTaTka (TOYHOCTH)? AHAIM3 JNTEpaTypsl MOKa3al,
YTO BOIPOC CXOAMMOCTH BPEMEHHBIX PANOB IPH MAaJbIX
3HA4YEHHUAX BPEMEHU OCTPO 00CYKAAETCsl CPeay UCCIEo-
BaTeJIEN U NIOKA HE HAIIE] ITPOCTOTO Pa3peleHHUsI.

B HameMm cilyyae MOXHO YTBEP>KIaTh, YTO HCIIOJIb-
30BaHHE COBpeMeHHBIX OBM mo3BoJseT MpeosoneTs 3Tu
HEZ0CTaTKH, a MOJIyUEHHOE BBIPAXKEHHUE PELICHUs ypaBHE-
HUS JIETKO II03BOJISIET aJrOPUTMU3UPOBATH IIPOLECC BbI-
yucienuid. [IpudyeM, HeoOXOIMMOE KOJIMYECTBO 4JICHOB
psifia MOXKET OIpPENeNsAThCs MPOrpaMMON «CaMOCTOSITENb-
HO» B NIPOLIECCE BBIYUCIEHUN 10 3aJaHHOI TOUHOCTH.

CymecTByeT Jpyrol BBIXOJ M3 CO3JaBILErOCs
MOJIO’KEHHMS TIPH MAJIBIX 3HAYEHHSIX BpEMEHH: nHas hopma
3allUCH AHAJMTUYECKOTO PELIEHUs TOW ke KpaeBoil
3a/1a4M TETUIONPOBOJHOCTH, HAIpPUMEP, HCIIOJIb30BAHUE
cBoiicTB TeTa-pynkun Axobu [13]:
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8(x,7) =1+2) e cos(2knx) =
k=1

k=oo _(xk)?
— 1 e 41

‘\/E k=—0

IlepBorit psim  OBICTPO CXOAWTCSA TPH OOJBIINX
3HAUEHHSAX BPEMEHHU T, BTOPOH — mpu Mainbix. Ocraercs
TOJIBKO CBECTH IOJIYYSHHOE pelIeHHe K BULy 00oux (popm
3aIiCU U MOJIB30BATHCS TIPH pacyeTax B COOTBETCTBHHU CO
3HaueHHeM mapamerpa tT. [laxke B HamieMm, B 0OLIeM-TO,
MPOCTOM CJydae, 3TO MOXET OKa3aTbCsl HENerko W
MopoIUTh emE oOaHy mnpobiieMy mpeoOpa3oBaHUi
HCXOJIHOTO BBIPAXKEHUSL.

Ham  mpencraBiseTcs — 3aMaH4YMBBIM — BMECTO
paspeleHust ATUX TPYILOEMKUX BOMPOCOB HCIOIb30BAThH
TPETHH MyTh K PEIICHHIO HAUICH 3aJa4du: BO3MOXKHOCTb
NPUMEHEHUST TEOPUH  PETYJSAPHOTO  pEXUMa  JUIs
OTpe/eTICHUs MOMEHTa BPEMEHH, HAa4MHAs C KOTOPOTO
TemIepaTypa B Jto0oi Touke Teia OyJeT onpeneisThes,
[0 CYIIECTBY, MEPBBIM UJIEHOM psAga. ITO SBIsIETCA
BE€CbMa BaXHbBIM IJIA paSpa6OTKI/I HWHXXCHEPHBIX MCTOJ0B
aHanu3a TEMIIEPATYPHBIX nozieu pa3IUYHBIX
KOHCTpyKumil. OcTaercs NpU 3TOM PELIUTh BOIPOC
BBIYMCIICHHUS CAMOTO BPEMEHH Hadana PeryIsApU3alnH (T,)
TEIUIOBOTO pPEXHMMa KOHCTPYKIHMH. 3ajadya TOXKE HE U3
NIPOCTBIX.

Pemenue. J[Jsi MPOCTOTHI M HATJISAHOCTH OOBSCHE-
HHUSI BONpOCAa PACCMOTPHM CHadvajga ooflnee pelieHue
YpaBHEHHsI TEIJIONPOBOJHOCTH TelNa C BHYTPEHHUMH
ucrouHukamu 3Heprud W, npu rpaHudHbIX ycioBusx 111
pola ¢ MOCTOSHHBIMU KO3(D(UIIMEHTAMH M MOCTOSHHOM
TeMIIepaTypoi oKpyxaromieit cpensi t, [3, 8-10, 14]:

< *| -MiF, .
e=» NAUge "™ ; (4)

i=0

e A’;((D, Biy, 3¢y 90) — Oe3pasmepHbie KOIPPHITH-

€HTBI;
N — mOCTOSHHBII HOPMUPYIOIKI MHOXKUTENS, °C;

.r
U;(®,Bi,, E) — cOOCTBEHHBIE (DYHKIMHU 3a/1a4H;

m
M;(®,Bi,) = m—’ — 000011IeHHBIE KpUTEPUU
TEIJIOBOH MHEPIIHH;
@ — mapameTp, XapakTepu3yroImii Gopmy Tena;
F = % — 0000mmeHHbIH kKpuTepuii Pypse;

Kp
€ = 9., — 9 — paszHocTHas Temneparypa, °C;
M; — MOJIOXKHUTeNbHBIE uncia (C ), CBA3AHHBIE yCIIO-
BueM 0 <mg<m; <...;

0

a .
m =K — mpefenapHoe  3Hadenne Mg (j=0) npu

Bi,=, ¢ -+
K — koaddumment hopmsl Tema, M7
Bi, = kf—VK — 00006meHHbI kKpuTepuii bro;

a — K03 DUIHEHT TeMIIEpPaTypPONPOBOIHOCTH, MC

S — MIOIIaab TOBEPXHOCTH Tea, M’

V — 00BEéM Tena, M.

CymecTByIomue MeTOAbl KOJIWYECTBEHHOH OICHKH
BpPEMEHH T, pPa3paboTaHbl MPUMEHHUTENIBPHO K CIIydYaro
npocroro oxnaxaerus (W = 0) aist Te OCHOBHBIX (hopM
(map, OWIMHAP, TMapajulelenuneN, IUIACTHHA) TIpH
PaBHOMEpPHOM HaualbHOM I0JIe TeMIepatypsl [3, 4, 9, 14,
15]. TlosTomy mpeicTaBisieT NPAKTHYECKUH HMHTEpecC
pa3paboTKa METOJ0B KOJIMYECTBEHHON OLIEHKHU T, A7 Tel
C BHYTPCHHUMH UCTOYHUKAMHU JHEPTUU U C IePOPMHPO-
BaHHOH (TI0 OTHOIICHHIO K OCHOBHBIM (hopMaM) mHOBep-
XHOCTBIO TP PA3JIUYHBIX 3aKOHAX paclpeleICHUs
HCTOYHHUKOB.

Ha cragmm perynsapHOro pekuma, OITyCKas MHICKC
«0», moxyanm u3 (4)

g=NAUg " . )

Bocnonp30BaBIIMCE ONPEAEICHUEM OTHOCUTEIHLHOU
ommOKN 8¢ KaK OTHOLICHHS IMpPENeNbHOW MaKCUMAJIbHOM
aOcoiroTHOM  ommOKH  Agms pacyera mno  (5) K
MaKCHMaJIbHOM TEeMIepaTrype €ma B MOMEHT Hayaja
PEryJapHOro TemioBoro pexnma (t,=0), nomyunm

OkpTp

68:

* M
Abma _ maxi,j‘AjUij e—[l—M—lelF

Emax maxi(AjUi)
. M (6)
= max AU (e,
Xy ————g " <0 o
= maxi7j|AjUij|

rne F, . — 3HaueHne oboOmieHHOro kputepus Dypse
kpp
IpH T = T,
T
I - MECTOIIOJIO)KEHHE TOUKH B Telle.

W3 ompeneneHust Agpa CIEAyeT, YTO HEPAaBEHCTBO
(6) TO3BONAET OLEHMTL IIPEJENBHOE  BPEMS T,
XapaKTepu3yollee Hauyalo PEeryJsspHOro peXKHUMa BO BCEX
TOYKaX Tela, C a0COTFOTHOM OMMOKON, HE MPEBHIIIAIOIeH
A€max-

C 1uenpi0 yNpoIIeHWS pPACUYETHBIX 3aBHCHMOCTEH
BBE/IEM HEKOTOPHIE OTPAaHWYEHHUS.

1. CormacHo Teopuu HPUOIIDKEHHOTO Tomoows [3,
11], pa3obbéM wuccimexyeMmble Tena HPOU3BOJIBHOM
KoHpUrypanun Ha Tpu Tpymmsl. Tema KaXmoH TpymImsl
PaBHOBENHKH 10 00BEMY C MPOCTEHUIIIMM TEJIOM (IIIapoM,
UIMHAPOM, IutacTuHOW). Koadouument ¢opmer B
kputepusx Bi, u Fow Oyzner xapakTepu3oBaTh NPHOIH-

JKEHHOE 110/1001€e TeMIlepaTypHbIX HOJIEi HCCllelyeMoro 1
npocredmux Ten [16], a HepaBeHCcTBO (6) pacmamaercs
IpU 3TOM Ha TPU HEPaBEHCTBA, COOTBETCTBYIOIIHE
OJTHOMEPHBIM TEMIIEPATYPHBIM TIOJISIM MIapa, HWINHIPA U
[UTACTHHBI ITPY 3HAYEeHUsX Biy 1 Fow HCCIIEAYeMOr0 TeJa.

st 03By4EHHBIX BBILIIE MPOCTEHIIUX TEJI UMEIOT
MeCTO cienyromue cootHomenus [11, 14]:

2
L .
|Uij|£1; M; =M—2; Mia 7 w=m +(j-Dr.(7)
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2. HavanpHOE TEMIICPAaTypHOE IOJIE PABHOMEPHO, H
99=0. UHCToyHMKH DOHEPrHMHd HUMEIOT IIOCTOSHHYIO
MOIIHOCTE M pacrpe/ielicHsl paBHOMEpHO mpu b >>1
[16, 17], ckoHmeHTpHpOBaHE! B IieHTpe mpu b << 1 [16]
HITH COCPEIOTOUCHBI Ha epudepuu Tena mpu b << 1 [17]:

ri

W =W,e b )
,{1,M]1
b
w=we' . 9)
PeHIeHI/Ie ypaBHeHI/IH CTaHHOHapHOﬁ

TEIUIOTIPOBOAHOCTH TipH ycioBuH (8), (9) M TpaHUIHBIX
ycnoBusx III pona mo3BoseT nony4uTh BBIpaXKEHUE IS
9. mpocredmmx Ten TpH  Pa3IMYHBIX  3aKOHaX
pacrpeneneHus HCTOYHHKOB SHEPTHH. IMocme
MOJICTAHOBKH 3¢, B HHTETPabl JJIs BBIYMUCICHHS A?

[1, 9] monyuum, ¢ yuerom (7), cieayroiiee BBIpaKEHHUE
U OTHOIIEHHUH K03 puitneHToB B (6):

Al [Al(mY
= ; (10)
A A (M,
rae N — ko3 GUIUEHT, YUUTBIBAIOLTHH XapaxTep

pacnpeeneHusl ICTOYHUKOB:
n = 1,0 — paBHOMEpHOE pacnpeaeneHie HCTOYHNKOB;

n = 0,5 — meHTpaJIbHOe paclpeneiCHue UCTOYHUKOB
npu Bi, >> 1,

n = 0,0 — mepudepuitHoe U MEHTpaATBHOE pacmpere-
JIeHWEe NCTOYHUKOB Tpu Bi, < 1;

A — nocrosiHHble ko3 duuuentsr [11] mpu W=0
(mpocToe oxaxaeHHE).

Jlis Bcex mpocTeInX Tel B BEIpaXeHu! (6)

Aj|:|'°&|'

VY4uuTeIBasg yKa3zaHHBIC OTPAaHUUYEHHS, PAaCCMOTPUM
JIBa Hanbosee HHTEPECHBIX C MIPAKTUYECKOI TOUKU 3peHUs
ciyuasi.

max ., (11)

Cayuai 1. F, = 0.

Torma u3 (6) npu ycnosuu (7), (10), (11) nmeem

n
M
MY g
A M,
Ie «K» — Iap, QWINHAP, TUIACTHHA;
I/%I
3HayeHHUs CyMMBl &, IIOJy4EHHBIE COTIJIACHO

BBIpaxkeHn# 14 |Aj| (Tabm. 2, puc. 1) u cootHomenwuit (7),
NPUBEJICHBI B Ta0JI. 3.

Tabmuna 2 — Pacuernsle 3aBucumocty 1 |Aj| (3neck Jo, J1 — pynxmuu beccens)

dopma tena IInactuna Humuuap [ap
IIpumeuanue
BeamunHs Bi, <1 Bi, > 10 Bi, <1 Bi, > 10 Bi, <1 Bi, > 10
2Bi 2 2Bi 2 2Bi
A 7 — - 2 j>1
Al uf iy TN () i) iy J
10 20 30 40 50 12 15 18 21 24 27
1A =1 Al
¢
s T / $~1+4
04 20
03 =7 15 4=4 JF34=2 j=1
-
I =
" 1=31‘ /! 1 5 "
=4 ] / /
0,1 ) =2
/ j=2 0,5 — 4 =3
| / =4
|_e— =
e —t—— “-Bi‘j = %/'—4—' Bio
0 015 030 045 0,60 0 015 0,30 045 0,60 075
a o

Puc. 1 — 3aBucumocts |Aj|=f (Bi,):
a — IS TUIACTHHBI;, 6 — JUIs 11apa.
O — pacuer 10 aHAIUTHYECKUM 3aBucuMocTsM [11]; X — pacuer mo npubmmxkeHHsiM Gopmynam tadm. 1

Cnyuain 2. FOKP > 0,5. Ananus 3nauenuii M; [11] u

UX OTHOIICHMM BO BCEM Juamna3oHe Kputepus buo
MTOKa3bIBAET, UTO cyMMa psiia B (6) mpu yciosuu (7), (10),
(11) 3HauMTENFHO MEHBIIE EAWHUIBI M €0 MOXKHO
nperedpeus. Torma us (6) umeem

<& 13)

aom *

b, = H[ M ]e[m
Al M,
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Herpynno mokasate, 4to 3aBucumocTH (12) u (13)
CHpaBeUIUBBl JUI CIydas TEpaTypo3aBHCHUMBIX PaBHO-
MEpPHO pacIpeAeiEHHbIX HCTOYHHKOB, €CIH BBECTH
HOCTOSIHHYIO noIpasky k M; [5].

Ha puc. 2 npuBeneHs! pe3yabTaThl pacuyera 1o ¢op-
MynaaMm (12) u (13) mpu pa3auuHBIX 3aKOHAaX pacmpe-
JeneHust uicTouyHUkoB (N = 1; 0) u cpaBHUTENbHBIE JaHHBIE
JUIsl BBIOPaHHBIX TEJ MPOCTEHIINX (HOPM.

Ha puc. 3 nana ouenka BpemeHu T, no (13) mms
HarpeThiXx 30H POA ¢ HepaBHOMEpHBIM paclpeesicHuEM
rctouHukoB 3Heprun (N = 0). 3mech ke s CpaBHEHHS
NIPUBEJICHbl YKCIIEPUMEHTAIbHBIE JTaHHBIE W PacueThl 110
METOJIy dIIEMEHTapHBIX Oanancos [17].

Ta6muua 3 — 3navenus mapamerpos (13) |A1| /A,
M, M;, M /M, ans wapa (xax npumep)

dopma Hlap
TCJa
Bi, |A| /A M M, MIM,
0 0,000 0.000 2,050 0,000
0,010 0,015 0,010 2,060 0,050
0.05 0.073 0,051 2.088 0,024
0,10 0,131 0,093 2,117 0,044
0,20 0,213 0,161 2,181 0,072
0,30 0,296 0,229 2,245 0,100
0,40 0,376 0,297 2,309 0,128
0,50 0,461 0,366 2,372 0,155
1,00 0,659 0,554 2,657 0,206
2,00 0,815 0,735 3,062 0,240
3,00 0,902 0,810 3,276 0,247
4,00 0,941 0,855 3,460 0,247
5,00 0,955 0,883 3,534 0,250
10,00 0,985 0,941 3,745 0,251
20,00 0,998 0,970 3,881 0,251
© 1,000 1,000 4,000 0,250

BoiBoabl. Ananus Beipaxenuii (12), (13) u puc. 2, 3
MTOKa3BIBAIOT CIIEAYIOIIEE.

1. BHyTpeHHHE HWCTOYHHKH aHEPTHH CIIOCOOCTBYIOT
YCKOPEHHI0 Haudaia perysipHOro pexmma. Kommuect-

BCHHO 3TO BBIpa)KaeTCﬂ TEM, 4YTO OTHOCHUTCIIbHAsA OH.H/I6Ka
n

Ml

—L| pas

M;

pacdera 1o BBIpaxeHHUI0 (5) yMeHbIIaeTcs B

NpH TeX JKe 3HAUEHUAX KpuTepus Fo,. Tak, ms niacTuHel
npu Foq, ~ 0 1 Bi, = 0,4 ommbka ymensmaercs B 20 pa3
(puc. 2, 6, ), a mpu Bi, > 10 — B 10 pa3. {ns mapa npu
npoctoM HarpeBanuu (N = 0) ommuOKa TEOPETUYIECKH
paBHa o (Tabum. 2), a npu N = 1 u Bi, = 0,4 oHa cocraBnsieT
6% (puc. 2, 6).

2. Ha mporecc perynsipu3aliy CyleCTBEHHOE BIIHS-
HHE OKa3bIBaeT XapaKTep pacIpelesieHns UCTOYHUKOB B
tene. B (12) u (13) 3To BIMsSHUE BBIpAYKAETCS] U3MEHE-
HHeM moka3arensi N. Haubosee yckopsiercs peryinsipusa-
IUsi 1pu paBHOMEpHOM pacnpenenenun (N =1). Ilpu
KpailHe HEpPaBHOMEPHOM paClpee]eHUH HCTOYHUKOB
(n = 0) perynspu3auusi MPaKTUYECKH HACTYMAeT TaK iXKe,
Kak IpU IPOCTOM HArpeBaHUM, T. €. 3HAYUTEILHO Mel-
nenHee. [loaToMy npuUMeHEHHE TEOPUH PETYISIPHOTO pe-
KHUMa ISl MCCIENOBaHMS HECTAMOHAPHBIX TEIIOBBIX
pexxumoB POA namnbonee 3¢pdexTnBHO TIpH paBHOMEPHOM

pacrpeseneHny UCTOYHUKOB. Mcxoms W3 3TOro, MOXHO
cenaTh CIEAyIoIiee IPEUIOKEHNUE Uil Pa3pabOTIMKOB
KOHCTPYKIHWH, B 9aCTHOCTH PDA: I yCKOpPEHUS peryis-
pH3aliH TETUIOBOTO PEXHMMa H3AeNusi HEOOXOANMO NHpH
MPOEKTUPOBAHUU O0ECIICUYNTh MaKCUMalbHO BO3MOXKHOE
paBHOMEpPHOE pacHpeiesieHHe HCTOYHUKOB TeIlia 1o 00b-
eMy. XOpOULINM PEeIICHHEM JJIsl «BBIPaBHUBAHUS» pacIpe-
JIETICHUS] SHEPTUU BHYTPH 00bEMa SIBISIETCS pa3MelIeHUe
HanOoee MOIIHBIX MCTOYHUKOB TEIUIOTHI Ha MOHTa)KHBIX
MIMHAX KOHCTPYKIHMU C BBICOKMMH W OYEHb BBICOKUMH
MOKa3aTeIsIMU TEIUIONIPOBOJHOCTH, HaIpPHMED, TECIUIOBBIX
TpyOax. IIpu 3TOM pasMep IIMH MOXET MPOCTUPATHCA Ha
BCE MOHTa)XHOE IPOCTPAHCTBO KOHCTPYKIMH KakK BIOJb
OJTHOM KOOPJMHATEHL, TAaK ¥ BAOJIb HECKOIBKHX.

3. Pacuersl mo (12) maroT 3aBbINICHHBIE 3HAYECHUS
OIMOOK, YTO BBITEKAET U3 CTPYKTYpPHI psina s &, rae He
YUUTHIBAIOTCS 3HaKH npH Aj. [Ipy MansIx ypoBHSAX omu-
0OK 9TO 3aBBIILICHNE VISl PAKTUUECKON OLIEHKH BPEMEHU
1,=0 HecymecTBeHHO (puc. 2, 6, 2). IIpu Gonpmux ypos-
HSX omuoOoK (puc. 2, a, 8) BO3ZHHKAET HEOOXOAMMOCTH
nepexosa K pacdety T, 1o (13). Pacuersl o (13) ans ciy-
Yas TPOCTOrO0 HAarpeBaHMsl NPAKTUYECKH COBMAJAIOT C
CYIIECTBYIOIIMMH METOAAMH OLEHKH [UI TeJl NpOCTeii-
meid ¢opMmer (puc. 2, 0), a TaKkKe YAOBICTBOPUTEIHHO
COTJIACYIOTCSI C O3KCHEPHUMEHTAIbHBIMH W PacUCTHBIMH
JAHHBIMH JUIS HarpeTelx 30H PDA ¢ HepaBHOMEpHBIM
(puc.3) W paBHOMEPHBIM pacIpeACICHHEM HCTOYHH-
xoB [3].

4. KonnuecTBeHHas oueHKa T, o (12) u (13) s ren
MPOU3BOJILHOM KOH(Urypaly OCHOBBIBAETCSI Ha TEOPHU
NPUOIMKEHHOTO TOI00Us, TO3TOMY CTPOTO BBIMOJIHSIETCS
JUIl [IEHTPaJbHOW 30HBI TeJda M MOXeET ObITh pac-
npocTpaHeHa Ha Tnepudepuro Mo Mepe NPHOIMKEHHs
(hopMBI HCCIIEyeMOTO Tella K IpOCTeHIeMy.

5. 3agavya OUEHKHM Hadana PEryJisipHOro TEIUIOBOTO
peXHMa B Tele C BHYTPEHHHMH HCTOYHHUKAMH TETUIOTHI
peuieHa. [TonyueHbl peKOMEHJANK 110 TPOSKTUPOBAHHIO
U aHajau3y TEMIIEpaTypHbIX IIOJEH KOHCTPYKLUHH ¢
UCTOYHMKaMH Telia. [IpoBeseHa aHanMTHuYeCcKas CpaBH-
UTEJbHAsl OLEHKa TIOJYYeHHBIX pe3YJIbTaTOB HCCIEN0-
BaHuil. Jlyis BU3yalM3allMu HCCIEAYEMBbIX MPOIECCOB U
pe3yJbTaTOB aHain3a MOCTpoeHbl Trpaduku, obnerya-
IOIlIe MOHUMaHHE PACCMOTPEHHBIX SBJICHUH U pe3ynbTa-
TOB HCCIIEZIOBaHUH.

B pab6orax I'. M. KonnparseBa u I'. H. JlynpHeBa
M3JIOKEHHAasl 10 HHUX TEOpUsl PETYJISIPHOTO TEIUIOBOTO
peXMMa TPH MPOCTOM HarpeBe WIM OXJIKACHHH TeNl U
CHCTEM IOJIydnia JAajbHEHIIee pa3BuTHEe W 0000meHa Ha
cllyyail HarpeBa MM OXJIQXICHUS TeNl WIA CHUCTEM C
BHYTPEHHUMH HCTOYHHKAMH WIIH CTOKaMH 3Hepruu [2].
[Tpu 3TOM mpeArnoaragoch, 4TO MOIIHOCTh HCTOYHHUKOB
WM CTOKOB HEM3MEHHa BO BPEMEHH, TEMIepaTypa Cpe/ibl
MOCTOSIHHA, a TeIIo()U3NUECKre CBOMCTBA Tella U30TPOIl-
HBl U C KO3()(UIMEHTOM TEIUIONepeiaun HE 3aBHUCAT OT
TEMIIEPaTYPHI.

[Nokaxem, 4TO mpHBEAECHHbIE HAMU paHee B ITOH
paboTe pe3ysbTaThl M3Y4EHHsI BOIIPOCOB PETYIIAPH3ALUH
TEIJIOBOTO TOJISI KOHCTPYKLHUH CIIPABEAJIMBO HE TOJIBKO
JUISL pelIeHHs YpaBHEHHUS TEIUIONPOBOIHOCTH H30TPOII-
HOT'O TeJa C BHYTPEHHUMH UCTOYHUKAMH SHEPTUH ISl Tell
npocteimeld GopMbl (TapajuieNenunel, MHIHHAP, [ap)
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Tabnuia 4 — 3nadenust cymmsl & (3HaueHne oo 03Havaet, 4to psid & B (12) pacxoautes)

3aKkoH IInactuna Hununnp [Hap
PacHpEACICHIA Biy<1 Bi, >10 Biy<1 Bi, >10 Bio<1 Bi, >10
HUCTOYHUKOB
PaBHOMEpHBIH 1,08 1,40 1,20 1,80 1,40 2,36
LeHTpanbHblii 1,64 2,11 3,12 4,24 0 0
[epudepuiinsrii 1,64 o0 3,12 00 00 00
%|6&w | _m=l Big12 (Bi=40) | %[sgy, w=1: Big=04 (Bi=1)
40 1
P —
0 0,25 0,50 0,75 R 0 0,25 0,50 0,75 xR
a 2
% T . ._
0| 6Ew n=1; Big=0,3 (Bi=l) %
8 °ﬁn
e P
’ 1,203
0 0,25 0,50 0,75 /R \'f\“ n=0; Bio=0,4 (Bi=1)
0 08
% |6&nn l n=0; Big=04 (Bi=l) wﬂ\\\
20 = s,
04 \D\\o\
10 \O\\D\\o\ﬁ
0
0 0,25 0,50 0,75 x/R 05 06 07 08 09 Fogp
8 0
Puc. 2 — 3nauenns ommbok dg, = f (F, , Biy):
Kp
— — pacyer 1Mo aHAJIMTHIECKUM 3aBUCHMOCTM [11]; x — pacuer no (12); @, 6 — nmns mapa; 8, 2, 0 — ISl TUIACTHHEL.
0 — pacuer 1o (10); o — pacuet mo meroxy Oneitanka [3]
woad opu rpaHuyHblXx ycnosusx III poga ¢ NMOCTOSHHBIMM
’;0 ko3 dULKMeHTaMH W TOCTOSIHHOM  TemImepaTypoii
40 oKpyxarorieii cpeant (4), a MOXKET ObITh PACIPOCTPAHEHO
- M Ha Hallle pelieHHe YpaBHEHUS TemronpoBoxHocTH (1)
AQHU30TPOIIHOTO TBEPAOTO Tena (opMBbI Mapaienenunea
20 (a Tak ke mmmuHapa u mapa [12]) ¢ ucrouHukamMu wiaH
CTOKaMH SHEPTHH aHAJIOTHYHOW (OPMBI TPH HYJIEBBIX
HavyaJlbHBIX M rpaHuudblXx ycioBusx III poma. Oto
10 CTAHOBHTCS BO3MOXHBIM B PE3YJIbTAaTE NEPEX0]1a K HOBBIM
7 S KOOpJAuHaTaM [3] B HUCXOJHOM YpaBHEHUHU
5 ~L \\3‘} TEIJIONPOBOJHOCTH
N ~ T
\ \\\ . * Ao Ao A
3 = X'=X|—,;, Y =Y|—;2=z2]—. (14)
Tp2 ™ A, Ay A,
. T
p1 4 Takum oOpa3om, ompeneneHne Hayajga peryyspHOTO
| T peXnMa Tel C aHHW30TPOIHBIMU TEIUIO()U3NIECKUMU
1 0 6 12 18 24 30 36 42 mun CBOMCTBAMH (KaKOBBIMHU SIBIITFOTCS KOHCTPYKIIUH PaJldO-

Puc. 3 — Xapaxrep peryisipu3aiuy TEMIEPaTyPHOTO OIS B
PDA ¢ HepaBHOMEPHBIM pacIpe/ielIeHHeM UCTOUHUKOB SHEPTUU
(n=0): 1, 2 — unmmuapuveckuii 6110K; 3, 4 — 610K B hopme
napasuiesenuIesia; — — pacuer 10 METOY TeIUIOBBIX
OanancoB [17]; 14, T, — pacder 1o (13); X — onbIT

JNEKTPOHHOI ammapaTypbl) MOMKET HPOU3BOAUTHCS I10
3aBHUCHMOCTSIM, YTO M JUIS M30TPONHBIX Tesl. Pasmuune
3aKJII0YAETCS TOJBKO B BBIPAKCHUH [UIS BBIYUCIICHHS
ko3¢ ¢unnenra ¢opmsl, kotopoe ¢ yuerom (14) Oynmer
UMETh CJICAYIOLIMIl BHI, HampuMmep s [apaielne-
numesa:
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