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BJAUAHHUE PACNPEOENEHHOCTU NAPAMETPOB
HA NMPOLLECC PEryYJIHPOBAHHUS B TENJIOOBMEHHHKAX

A. . ®ELOPOB, NII. A. AHAPHAHOB

(ITpeacraBaesa npod. A. H.‘ EpeMuHBIM)

B Hacrosiiee BpeMsl NMOSIBHJOCH AOCTATOYHO MHOTO paGoT MmO HCcje-
JAOBAHHIO AHHAMHKH TenJ000MeHHHKOB. Temeps yxXe Hampallupaercs BO-
npoc 06 OCOOEHHOCTAX INPOLECCOB PperyJHPOBaHHS TeMmmepaTypsl B pac-
fpeje/ieHHBIX MOJeJ/AX TEeNJOOOMEHHBIX aIllapaToB.

B nauHoit paGoTe JenaeTcss MONLITKA KaYeCTBEHHOH OUEHKH BJIMSIHHS
pacnpeieNeHHOCTH [apaMeTpOB Ha INPOLeCC PperyJHpOBaHUS, HCXOAs
M3 MOHATHSI COCPENOTOYEHHOH MAaTeMaTHYeCKOH MOJAeNH TenlI006MEeHHUKA
H BpeMEHH HAaXOXJAEHH HarpepaeMof XMJAKOCTH B TemjJooGMmeHHuke [l1]
C MNOCTOSHHOH TeMnepaTypoil rpeolero TenaIOHOCHTEIS.

Hcxonnoe ypaBHeHHe Ten/IoOOMEHHHKA C YYeTOM paclpeeseHHOCTH
TEMNepaTypbl HArpeBaeMOro TENJOHOCHTeNd IO JJHHE W HEKOTOPHX 10-
nywenuit |1, 2] 6yser uMeTh CAEAYIOUUE BUA:

-9 .
T,2T23vo_t_(_u_l_( Ty + T )le ¢, (x, T)_I_TIZT%@ £ (x, ‘t)+
O<0x » Ox Py —
+{ T+ TiaTes + Ty o, (x, <) + £ (x, <) = £; (7). (1)
Ty ot

Bausinve pAacIpeseleHHOCTH Ha JMHAMHKY TEIJOOGMEHHHKa OyieM
OUEHHBATh IO BeJUUHHE

8, = exp [— o T ] : (2)
T1o(Tay + Tyy)

6, — KO03((HUHUEHT pacrpeie/eHHOCTH, PaBHBIA PAa3HOCTH MEXAY YCTa-
HOBHUBUIMMHCSL 3HAUYEHUSIMH T€MIIePaTyPHl HATPEBAEMOr0 TEIJIOHOCHTE/IS1 CO-
CPEeAOTOUEHHOR M pachopele/IeHHOH MAaTEeMATHYECKHUX MoJeJedl Temnnooos-
meHHuka. [lpn &, - 0 pacnpejeneHHass MaTeMaTHYeckas MOJAeJb TeJo-
OOMEeHHHKA TMEePeXOAHT B -COCPEAOTOUYEHHYIO MATEMATHUYECKYI0 MO/e/b.
Takum 06pasoM, NOCJEJHIO MOXHO PacCMaTPHUBATh KAK YAaCTHHI cayuai
pacnpesneseHHOR MOJeJH.

IlepenaTounasg (yHKuUuA MOxkeT ObIThb no.nyqena u3 (1) nocae npume-
HeHUs npeoOpasoBaHua Jlanaaca

Wi =W.(0)[1 - W, (3
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nepenaToynas QyHKUHUs COCPeAOTOUYEHHON MareMaTHUYeCKON MOJeJH;

To

Ty2Ty (P +

W, (p) = ekp (— T—) exp(— tp) exp %)
12

Ty + Ty
15T

nepejatouHas (PyHKuUHA 0O KaHaay f, — fy(x, t), yuyHTHIBaloLlasg BJAHAHHE
pacnpee/ieHHOCTH.

Bbipaxenue A 4aCTOTHOH XapaKTEPHCTHKH MOXHO UOAY4YUTH U3 (3)
3aMeHOH p Ha o, :

Beruay rpoMo31KOCTH aHAJMTHYECKOE BHIDAXEHHE /7 YACTOTHOH Xa-
pakrepuctuku W (iw) B npannolt pabore ue mnpusoautca [3). Ha puc. 1

WV (w)
1] { U(w)

05

Puc. 1. AMnanTynno-¢a3oBble 4acTOTHbIE XapaKTEPHCTHKH,
1 -3 =0, 2—8,=002, 3—3,=02 4~3,=0,5.

NoKasaHb rpaduKy YaCTOTHHIX XapaKTEPHCTHK Tenaoo6MeHHuka THna TH
mo kaHaay &; — f;(x,t) NIpH pasMYHBIX 3HAYEHHAX 3, PACCYUMTAHHHIE
Ha mawuHe ,lIpomunp® (T1:=7,1 cek., Ty = 2,68 cek., T,; = 1,02 cex.).

AHanM3Mpys YaCTOTHHIE XapPAKTEPHCTHKH, MOXHO NPeANOJ0XKUTb, UTO
KayecTBO IpOLEecCa PETyJHPOBAHUS JOJXKHO H3MEHATLCH TMPH  yBEJH-
YeHHH §,. DTO Ke MOMKHO CKA3aThb M H3 aHAJH3a AHAJMTHYCCKOTO BHIPA-
AKEHHA JJd Tpouecca peryJaupoBaHHs cucTeMbl ¢ [1M - peryastopowu,
Houbos1ee 4acTo npuMensemoro B npaktHke. [lpu aToMm ypasseuus cucre-
MBI @aBTOMatnueckoro peryJauposanns (CAP) 6yayT HMeTb BHA:

2 ‘ , '
Ty2T 5v M + (Tox + Tas) &‘vatl(.t, ) + TnTzsa ti(x, %) ¥
K Ty ox dt2
7,.T ot
+ (le—l--_l 23—}—T23)._ 1(x, ‘t)—-[— tHi(x, t)=t(7) — {(x, 1), (6)
Ty dz
t(x, )= Kp‘l"-;-ig \g Hi{x, v)dr.

u
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[Tocae npumenennss npeoGpasoBanua Jlamiaca K (6) moJIyuHM BbIpa-
KEHHe AJIA mepenaToyHod pynxuud 3aMxuyToli CAP

v = Vi1 —exp (= s~ el |
X 12 i

rae . ' ) (7)

Wi (p) = ' Py e — = ()

T12T23p3+(Tu + 23+T25)p + (1 r)p -2

21

H

nepeaaroynas Qydxuusa samkuyroii CAP aas cocpeporouenHoit Martema-
THYECKOH MO/JeJ/H TemI006MEeHHHKA;

ToTo ) Tay -+ Tas _ TuTio(Tor - Tos) |
a = - i N b == —2—-, C —
[Tgﬁ ’{P Tl? —K ] T2l Kp Tgﬁo
To,  (Ta+Ty)T, p

IIpn cxaykoo6pasHOM H3MeHeHHuH f3(t) moaydyum npu 0 <« <£0
t(l, =) = F (), (9)
NPH To < T < oco. :

ti(L, 1) =F(x) —exp (~ ;0 ) {F (T — <o) —{-TTUF (t —=o—2) X

12

X[Vi?ée’,‘p(‘“"z”‘ (21/2) "Vlz‘z"(g'l/f:)]d”‘
'+T§_%vexp )I/cﬁ[’/ l/ )

0

e ea-gg)uly/Balel.

0

rae F(t) — peakuusi cocpenorouennoit CAP (Wi (p)) ua crynenuaroe
BO3JIEHCTBHE CO CTOPOHH Z3 (7).

IMpeacraBnaa dyHxkuun Beccens 8 BuAe psiloB, NOJAYUYHM BHIPaXKeHHe
JUIsi pouecca peryJdpoBaHHsA B BuJe, NPUTOAHOM JJs pacdera Ha DL[BM
B HHTepBa/ME To <L T< 00;

ti(l, )= F(= )—eXP(*:jr){F(t—to—l—f"%f:('t—’co—z)><

L\<+! , 1\<+1
[exp( bz)z(_)__z_ _;_i(_g)xuﬁ_z__]dz_F

Kl (5 + 1)1 Kk + 1)
T—1, T2 £+1
OO [ DO PR - M ¥
0 0 Kl (k- 1)
(1 )x+1z"
Xgo I } | (1)

M3 (9) n (11) BuaHO, 4TO OCHOBY mpouecca Pery.THPOBAHUS PaclpeseaeH-
HOU MOJZEJH COCTaB/fieT NPOLECC PeryJHpOBaAHUS COCPEAOTOYEHHOH MO-
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neau F(t), u3 KOTOPOrO MoC/Ae T =T, BEYHTaeTCs Ta xe QyHxuus F(c),

T
CABHHYTas 1O BPEMEHH HA BEJHUHUHY T, U M3MEHEeHHad B exp| ——2 | pas,
12,
u cBepTka ¢Qyukuuit., .
Ha puc. 2 npusenenn rpadHkH KpPHUBBLIX NpoLecca peryJHpOBaHHS

IpH PA3JMYHBIX 3HAYEHHAX O, MONYYEHHBIE HA MOJAEAMDYIOIIEA MaliuHe
AIMY-i0.
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Puc. 2. KpuBble npouneccoB peryJHpOBaHHA
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Kakx BUAHO M3 pHC. 2, BAHsSHHE paclpeie/eHHOCTH HAYHHAET CKashl-
BaThCA TOJILKO TpH &, > 0,2,

B unrepsane 0,2 <3 < 0,75 06bext 06.sazaeT HAUXYAIWIHUMH JHHA-
MHYEeCKUMH CBOHCTBaMH, B 3TOT I[EPHOA CKa3bleaeTcsl BJAHAHHE pe30HAHCA.
C yBesnyeBneM 8, ypeJHUHBaeTCHd KojaebaTesbHOCTh npouecca. Ecau se-
AuuuHA T (8, =~0,63) uuCJEHHO COBnNajaeT ¢ BEJAHUYHHOH AJAHTEAbHOCTH
nepBofl MOJYBOJHHI NpolEcCca PeryJaHpOBaHHus, TO mpouecc OYyAeT HesaTy-
XaoWMUM: CO 3HAYNUTENbHOR aMmJauTyaoi koaebanus. llpn paabhedmem
yBeJHYEeHHH O, yBeJHYHBAeTCs CTeNneHb 3aTyxaHus a0 ¢ = 1.

BbIBO/IbI H peKOMEHAAUHKH

1. Ilunamuueckue cBolicTRa CHCTEME peryJupoBaHust C pacnpeneen-
HOA MaTeMaTHyecko¥ MoJAeJbio TenJOoOOGMEHHOTO amnapara olpeaeasaioTcs
AVHAMHUYECKHMH CBOHCTBAMHM CHCTEMBI C COCPeJOTOYEHHOH MaremarHye-
CKOH MOJeJbl0 W BpPeMeHEM HAaXOXJAEHHSl HarpeeaeMo# XHAKOCTH B am-
napare.

2. BangHueM pacrnpejieieHHOCTH UapaMeTpPOB MOXHO TnpeHe6Gpeub
npu 8, <0,2.

3. Tpu 3, > 0,2 napametps nactpofiku ITU-peryastopa kj u Ty MoK~
HO ONpejeJIUTL MO HOMOrpamme (puc. 3), IPeABAPHTENBHO ONpejeakB na-
pameTpsl HacTpoiiku TlM-perynstopa #p u Ty Ha COCPeAOTOYEHHYIO Ma-
TeMaTHueckyio moaesb npu ¥ = 0,97. Bpems peryauposauua OyLeT Bcer-
Ja Godatiue T, (=3t,), a CreneHb 3atyxanus ¢=0,9.

4. Cucrema peryJHpOBaHHS MOXET HepeliTH B aBTOKoJe6aTeNbHHIN
PeXHM, eCaH Ty OyIeT PaBHO BPEMEHH NELLOro IOJAYyHEepHOoxa mpoliecca
PeryJHpOEAHHA CHCTEMBl C COCPEACTOUEHHOM MOJE/blo TEeNJO0OOMEHHHKA.
370 He0oO6XOJUMO YUHTHIBATb, KOTjJa TenioOoOMeHHHK paCOoTaeT NpH nepe-
MEHHOH Harpyske. '

O6osunauenusa: T — MOCTOSIHHAST BpPEMEHH; U — CKOPOCTb JBHKEHHS
HarpeBaeMo# XHUAKOCTH; To — BPeMs HAXOXJEHHS HArPEBAeMOM XXHJIAKOCTH
B anpapare; X — TeKyllas KOOpDJAUHATa; T — TeKyulee BpeMs; p— nepe-
MeHHas npeo6pa3oBaHug Jlamaaca no t; £ -— OTKJOHEHHE TeMIEpPaTypH;
K, — koapduunent ycunenua [N1M-peryastopa; T, — BpeMsi H304ApOMA.

, Unpexcol: 1 — narpeaemas KHAKOCTb; 2 — CT€HKa; 3 — rperoiuit
TeNJOHOCUTE/b.
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