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HEKOTOPBIE OCOBEHHOCTH PEI'YJIHPOBAHHA
PACNPEALEJNEHHDbBIX MOAEJEN TENJIOOBMEHHUKOB

A. &. ®EJIOPOB, A. I. KOKHH, b. C. KOCTHH

(ITpeacrassena HayuHbM cemuHaponm BJITIIH)

Tennroo6mennuku (TO) ABIAIOTCA THIHYHBIMH OOBEKTAMH pPEeryJIHpoBa-
HUA C pacnpele/eHHbIMH NapaMeTpaMu M IOJAYYH/IH IIHPOKOE pPaclpoct-
paHeHHe B XMMHUYECKOH IPOMBIILICHHOCTH KaK CaMOCTOSITE]IbHble alNaparhl
U KAaK COCTaBHble YaCTH XHMHUECKHX peakTopoB. [losroMy ucciemoBanne
BJHSTHUA DaclpelesleHHOCTH TapaMeTpoB Ha NpoLecce PeryJaHpOBaHHSA TeM-
nepaTtypel HarpeBaeMoU cpelnbl Ha BbIXOoZe H3 TO saBAsieTcs BAXKHOH 3a/jAa-
yefl, crocoOCTBYIOLIRH IpPaBUJABHOMY IOHHMAaHHIO IPOUECCOB B CHCTEMax
asromatudeckoro peryauposanusi (CAP). Kak npasuro, uccnegopanue
mpoueccoB pery/aupoBaHHsa TO OCyIlecTBIAETCA C NOMOIULIO JpOGHO-palH-
OHaJbHbIX (GYHKHHUH, IOJYUYeHHHIX B pe3y/bTaTe ANNPOKCHMALHMH TPaHC-
LEH/ACHTHBIX MepeAaTOYHBIX (YHKUHA. DTO MOXKET CKPHITh O0COGEHHOCTH
pacnpenenensoi mogenn OT u npuBectH K HeBepHOMy pesyasrtaty [1].

B nanHoit paGore maercst NMOMBITKA JaTh KAUECTBEHHYIO OUEHKY BJIHS-
HUSI PacnpeleseHHOCTH INapaMeTpoB Ha IPOIecC PEryAHpOBaHHs TeMiepa-
Typbl HarpeBaeMo# cpeinl Ha Bhixofe u3 TO npu BO3MYIIEHHH CO CTOPOHLI
peryJupylolero BO3AeHCTBHA — BHelllHero oforpesa. lccaenywores mare-
Marugeckre Mogenn TO 1-ro nmopsagka c I[1H-peryastopom, nauboaee uacro
npuMeHsieMblM B Hpaktuke peryaupoBauis TO. Ilpu OGBIUHBIX JONyILIEHIH-
fx [2] ncxopHele ypaBHeHHSI OYIAYT MMeTb BHI:

a) ana TO ¢ NOCTOAHHOU O X TeMIepaTypoil rperulero TeMIOHOCH-
Tesst

OAE,

A
ox

T

6) naa TO ¢ NOCTOAHHBIM NO X TEMJOBLIM MOTOKOM

0A¢, 9L,

T1?®E+T13_(31_:K1(Aqﬁxp); (2)

B) aasa [1H-peryasaropa

i
X, = 1, (Afl + [ Atid:). 3)
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CoeMecTtHoe peuieHue ypasHenu#t (1) — (3) u (2) — (3) B obaacT H30-
OpaxeHus no Jlangacy (nepeaaToyHas (PYHKLHUSA 3aMKHYTOH CHCTEMBI)

HMeET CJeNyIOULHA BHJ:

b
Wie(p) = Wee ) |1 = exp(—asexp(—sp exp () (1
rie W, (p) —nepenarounas QyHKUHS 3aMKHYTOH CHCTEMBI C COCPENOTO-
yeHHOH Mojeabio TO, KOTOpPYIO MOXKHO NOAYyuuTh u3 (1) uau (2), ecuau
OTOPOCUTH CJaaraeMoe, cojaep:xkauee INPOU3BOAHYIO MO IPOCTPAHCTBEHHOMN

KOOpAMHATE.
Jlas cayuas a

a—1t% . b= KoTo | (5)
T12 TuTl?. .
Jas cayuas 0
4= f{,f{p_; PELIL (6)
Tl2 T12Tu
[Mpumenss oGparthoe npeoGpasoBanue Jlannaca k (4) u HCHOJBL3YS
npencrapaeHde GyHkuuu becceas [ (2 ]/ i) B BHIE psda, MOJYUHM 0D-
8
liee BbIpaKeHHe /s Npoluecca peryJupoBaHus B cayuae a u 6.
Aty =F((¢). . . . . .. ... 0. 0<try
A, = F(z) — exp(— axy) {F(v —)— [Pl (-1
K=0
0
b—(1+x) ZK
X — dz} 1, <1 oo, 7}
x! (k4 1) o 7

rie F (1) — peakuuss CAP c cocpenorouennoit mozpenbio TO nHa Bosmyule-
HHe CO CTOPOHBbI 00OTpPEBa.

Bripaxenne (7) mpuroiHo asis pacuera Ha DLIBM.

H3 (7) BuaHO, uTO OCHOBY Hpollecca peryJHpPOBAHUs pacnpeleeHHON
maremartnueckoir Molenu TO cocrasJisser npouecc peryJaupoBaHHS cOCpe-
aoToueHHol monend TO, W3 KOTOPOro Tmoc/je MOMeHTa BpeMeHH T = To Bbl-
yHTaeTcs ONpelleJeHHass A0Js 3TOro Ipouecca, CIBHHYTOTO MO BpeMeHH Ha
BEJIUUHHY To MAH Ha T¢ + Z. V3 CKa3aHHOro MOHO CHle1aTh BBIBOI, UTO
npoilecc PeryJHpoBaHUA paclipelesJeHHOH MaTeMaTuueckoil Mogeau TO 3a-
BACHT OT (CBOHCTBa COCPEACTOUEHHOM MOJENH ‘M BPEeMeHH HaXOXAeHHA Ha-
rpeBaeMoH cpeibl B amnmapare.

BeauunHy pacnpereJeHHOCTH YCJAOBUMCS ONpeaAeasaTbh Ko3(QGUIHeHTOM

)
pacnpeneneHHoctn 8 = exp| —— |, uaMensawowmumucs ot 0 go 1. Ilpu 6—0
12
pacnpeieieHHas MareMaruueckas molenbp 1O cTpeMHTCsi K COCpedOTOYEH-
HOil Molean.

CAP pacnpeiesieHHOH MaTeMaTHYeCKON Mopesd Oblia HabpaHa HA MO-
neanpytonieil maurnie IMVY-10 [3].

Hcnonabsys meronuky B. S, Potaua [4], onpenensincs mapaMeTpul
HACTPOHKH pery./sTopa Ha COCpPea0oTOYeHHYI0 Mogeab 1O Ttak, 4tobbl cTe-
nenb 3aryxauus P =0,9. [Ipn 3THX napamerpax OBLIH TOJYUEHBI MPOLECCH
peryaupoBanus aasi pasauunbix 8. Ha puc. 1 mpHUBeneHb nmpouecchl peryiiu-
poBaHuA AJA cayyas @, Ha puc. 2— aaa cayuas 6. Hecmorps Ha o6iyio
(hopMy MaTeMaTHUeCKOTO BblpaykKehHs (7), cayyan a U 6 HUMEIOT CBOH OCO-
GeHHocTH o 6yayT paccMaTpusaThes pasiedbro. M3 puc. 1 Buano, 4to npi

114



yBeJnueHHH & xosaebaTenbHOCTh Npouecca peryJaHpOBaHUsA YBEJIHYHBACTCH.
B rToMm cayuae, xoraa tp==1, — BpeMeHH NEPBOTO MOJYNEPHOHA, CHCTEMa
mepexoauT B aBTOKoJeGatenbHbl pexuM. Ilpu o<1 ,Kone6aTenbuoOCTDL
pe3Ko yMeHblIaeTrcs.

at,

085
Gos
003

€52 -1 :

Puc. 1. Kpussie npoueccos peryauposanusi (cayvaii a)

B cayuae 6 npu 1o >1, cCHCTeMa BCerja ABJAAeTCS HeYCTOHUHBOI
(kpome 6=0). Korza ty=1,, TO cHCTeMa MepPeXOIHT B ABTOKOJeOaTe]b-
Hbll peXHM, a npu 19 < T, — CHCTEMa YCTOHYHBA.

t

A
49

Puc. 2. KpuBuie nponeccos peryiuposanus (cayuait 6)

M3 usnoxenHoro Bblllle C/IGLYET, YTO MapaMeTpbl HACTPOHKMU peryss-
topa CAP ¢ pacnpelieneHHOH MaTeMaTHUeCKOH MOAEIBIO HEOBXOMHMO Bbi-
GpaTbh Tak, 4TOOb BCerAa Ccob6JI0JAN0Ch YCAOBHE To<T ,. DTO NMO3BOJSET
HCKJIOUHTb HexKenaTelbHOe BJIHAHHE fBJAeHHS De30HAHCA.

Ipu to==1,— BPeMeHH MaKCHMyMa — CTeNeHb 3aTyXaHWa P = |,
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CnenoBate/bHo, s DOMydYeHUus mpouecca ¢ =09 BpeMa HaXoxie-
HHsL OJIKHO HAXOAHTLCSA B IPOMEXYTKE T ,,<To < Ty -

3HaveHus T, U T, Jerko moayunrb u3 pewenus CAP ¢ cocpegorouyen-
HOil momearto TO [4]. :

Has cayuas a

Aﬂ:- 2m -exp ——~1+K”1)Sin~\l+x"'c; (8)
At, 1+« 2T Tiom '
= e 2 2T g L (9)
14k, 1 +x, m
Jasa cayuas ©
Ai_;g_”i xp(-—’i‘fﬁ:) sin KK, = (10)
Ag Kp 12 2mTy,
qnz%, qm:_zﬂ‘iarctg 1_ (11)
KK, KK, m

3ajasasace 3nauenumeM m = I, Ttak kak CAP c pacnpenenendoll mMo-
peabto TO umeer ycroiumBocTh MeHbine, yeM CAP ¢ cocpenoroueHnoi
moaeavio TO, u yciaoBuem

7 = 0,5 (v, —t,,) + <, — Aaa cayuas a,
7 =0,25(t, —~t,,) 4 %, — AA8 cayuas 0,

NOJYyYHM BbIPaXKeHHe JJsg pacueTa MapaMeTPOB HACTPOHKH:
AJs1 cayyas a

4T , 21, T s
92_12_11 Tu: - pl2’
%o (1 + Kp)
(12)
A‘t,) 0,646
Aty Juowe 14K,
JJs cavyas 0
K, = 4T, T, = 2T
K% Kl’{p
(13)
At 0,646
A(] Maxc Ep .

Bpemsa perv.InpoBaHuss B o0OHX cavyasx Bceria 6GoJgbille To.

Hana caydas a npumeneHde Qopmy.l (12) meaecoo6pasmo npu & 0,3,
TaK Kak npu 8 < 0,3 pesko yBeaHUYHBeTCs AHHAMIdecKas owWMOKa H BPeMs
peryJupoBaHu,

ITpu 6 <C0,3 MOXKHO CYHTATH ONTHMAJBHBIMII NAPAMETpPbi, BHIGPaAHHEIE
Ha ‘cOCpenoTOUeHHVIO Mojaedab TO ¢ m==1,

Bee paccy:xienus mo xauecTBeHHOH ONeHKe BNSHHSA pacmpepe]eHHo-
CTH CIPABERIHBLI 1I IJ51 00BEKTOB 2-r0 NOPsKa.,

Pesyabrarol gaHHoii paGoOThl MOTVT OHITH  NPHMEHEHBl IAS OUEHKi
Bo3MOXKHOCTH NpinveHedns [THM-peryasrtopos oxnoxonrypuoii CAP B npo-
necce npoekrHpoBanus TO W A1 XefICTBYIOUIMX amnnmaparos.

OGo3naueHns: f—TeMmnepaTypa; 2z —CKODOCTb HATPEBAeMON  Cpels;
T —nocrosinmas BpeMeHH; To— BpeMs HANOKICHHA HarpeBaeMoil Cpenbl
B aimapare; fm —«cTeneHb KoaeGare1bHOCTH NPOLECca PEryJanpoBants; ¥ -—
NPOCTPAaHCTBOHHAS KOOpJHHATA,
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