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OIJ.EHKA MATEMATM~CKMX MO,ll;EJlEM CTPYKTYPbI nOTOKOB 
B TEXHOJlOrMqECKMX ATITIAPATAX 

B. B. Ka<papoBa. 11. H . .D:0POXOB
a

, E . .5IKellI
b 

aKaljjeopa Ku6eplle,mUKU XUMUKO-meXIIO/lO~U'leCKUX npOlJeCC06, 

MOCK06CKliU XUMUKO-meXIIO/lOZU'leCKUU ullcmumy m UM. 1(. H. MellOeJleeaa, MOCK6a 

bKaljjeopa a6mOMamU3Up06a1l11blX CUCmeM ynpa6/lellllfl, 

XUMUKO-meXIIO/lOZU'leCKlILi ullcmumym, IJpaza 6 

TIocTymmo B pe,n:aKL(Iuo 28. »HBap» 1976 

Pa3pa6oTaHa HOBa» MeTop;HKa OL(eHKH MaTeMaTR'feCKHX Mo,n:eJleit rH,n:pop;HHaMHqeCKOii CTPYKTYPbI 

nOTOKOB B TeXHOJlOnPleCKHX annapaTax C npHMeHeHHeM cneL(Ha JlbHO BBe,n:eHHbIX X- QJYHKL(Hit 

HHTeHCHBHOCTH H MeTop;oB MaTeMaTHqeCKoit CTaTHCTHKH. TIoKa3aHO, 'ITO Y.-QJYHKL(HH 60Jlee qYBCT

BHTeJlbHhI K CTpYKType nOTOKOB B annapaTaX, qeM A-QJYHKL(HH HHTeHCHBHOCTH . TIpHBe,n:eHl:'I aHaJIHTH

'IeCKHe BhlpalKeHH» ,n:JUt BeCOBbIX QJYffiCL(Hii H ). - H X-QJYHKL(lfi1 THnOBhIX rH,n:pO,n:HHaMHqeCKHX MO,n:eJlei1 

nOTOKOB. MeTO,n:HKa HJlJIIOCTpHpOBaHa npHMepOM. 

06hI'lHOH XapaKTepHCTHKOH rHAPOAHHaMIPleCKOH 06CTaHOBKI1 B TeXHOJIOrl1'ieCKOM 

arrrrapaTe Cny)!(HT ero BeCOBa5I <PYHKU;H5I K(t)1,3 ,4, KOTOpa5I CTaTHCHl'IeCKH HHTep

npeTHpyeTC5I KaK <PYHKD;H5I pacnpeAeJIeHH5I 3JIeMeHTOB nOTOKa no BpeMeHH rrpe6hI

BaHH5I B anrrapaTe. B 3TOM CMhICJIe BeCOBa5I <PYHKU;I15I nOJIHOCThlO xapaKTepH3yeT 

JIHHeHHYIO CHCTeMY. B CB5I3H C 3THM, 3aAa'Ia CHHTe3a HHTerpaJIhHOrO onepaTopa 

06'heKTa CBOAHTC5I, Bo-nepBbIX, K AHCKpHMHHaU;I1H MOAeJIeH, orrHCblBalOIIJ,I1X HIAPO

AHHaMH'IeCKYIO CTpyKTypy nOTOKOB, T.e. K YCTaHOBJIeHHIO xapaKTepa BeCOBOH 

<PYHKU;HH, aAeKBaTHO OTpa)!(alOIIJ,eH rHApOAIIHaMHKY nOTOKOB B arrnapaTe, H, 

BO-BTOPbIX, K HAeHTH<pHKaD;HH HaHAeHHoro onepaTopa, T.e. K orrpeAeJIeHHlO 'II1CJIe

HHbIX 3Ha'IeHHH BXOA5IIIJ,HX B Hero napaMeTpOB. 

HaCT05IIIJ,a5I pa60Ta nOCB5IIIJ,eHa pellIeHHlO nepBoH 3aAa'IH CI1HTe3a onepaTopa, 

B 'IaCTHOCTH, npeAJIaraeTC5I cpaBHHTeJIbHO npocToH, HO 3<p<peKTHBHbIH MeTOA 

BhI60pa MaTeMaTH'IeCKOH MOAeJIH nOTOKOB B annapaTax Ha OCHOBe Bep05ITHOCTHO

CTaTHCTH'IeCKHX xapaKTepHcTHK MOAeJIHpyeMhIX CHCTeM. 

3<p<peKTHBHbIM HHcTpYMeHToM rrpH aHaJIH3e pa3JIH'IHOrO THrra HeoAHopoAHocTeH 

B nOTOKax CJIY)!(I1T Bep05ITHOCTHa5I <PYHKU;H5I HHTeHCHBHOCTH let), KOTOpa5I onpe

AemreTC5I Bhlpa)!(elmeM2 ,3: 

let) = K(t) = - ~ In [tI(/)] . 
tI(t) dt 

(1) 
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CTPYKTYPbI rrOTOKOB B TeXHOJIOrH'IeCKIlX arrrrapaTax 581 

3)l,eCb tI(t) = 1 - F(t), F(t) - rrepeXO)l,HaH <PYHI(lJ,llH CllCTeMbI. <I>ll3lllJeCKll ).(t) 
eCTb Mepa BepOHTHOCTll BbIXO)l,a 'IaCTlllJ,bI rrOTOKa ll3 arrrrapaTa, KOTopaH HaXO)l,llJIaCb 

B HeM B TelJeHIfe BpeMeHll t. 
IIOJIb3YHCb OCHOBHbIM CBoil:cTBOM A-<PYHKlJ,llll (peJIbe<pHO OTpa)I(aTb oco6eHHOCTll 

HI)l,pO)l,ImaMll'IeCKOM CTPYKTYPhI rrOTOKOB B arrrrapaTax), MO)I(HO npe)l,JIO)I(llTh 

CJIe)l,YlOmylO MeTO)l,llKY )l,IlCKpllMllHalJ,llll rll)l,pO)l,llHaMH'IeCKOM MO)l,eJIll - (rrpOlJ,e

.LI.Ypa N1): 

1. )l,IlCKpllMllHalJ,llH MO)l,eJIH ocymeCTBJIHeTCH rry-reM Ka'IeCTBeHHoro cpaBHeHllH 

3KcrrepllMeHTaJIbHOM A-<PYHKlJ,IlH C Ha6opOM TeOpeTll'IeCKllX A-<PYHKlJ,llM B KJIaCCe 

CTaH)l,a pTHbIX; 

2. KOJIll'IeCTBeHHaH OlJ,eHKa 6JIll30CTll K )l,aHHoMY KJIaccy BhI6paHHoM TaKllM o6pa-

30M BeCOBOM <PYHKlJ,IlH rrpOll3BO)l,IlTCH rrYTeM rrpOBepKll rllrrOTe3bI 0 3aKOHe pacrrpe

)l,eJIeHllH C rrOMOmblO MeTO)l,OB MaTeMaTll'IeCKOM CTaTllCTllKH; 

3. OKOH'IaTeJIbHOe YCTaHOBJIeHlle a)l,eKBaTHOCTll MO)l,eJIll peaJIhHoMY 06'heKTY 

ocymeCTBmieTcH B pe3YJIbTaTe H)l,eHTH<pllKalJ,llll HaM)l,eHHOrO onepaTopa. 

3aMeTllM, O)l,HaKO, 'ITO COOTHoweHlle (1) He BCer)l,a rrpllBO)l,llT K npOCTOM <popMe 

CB5l3ll Me)I()l,Y A-<PYHKlJ,ll5lMll II <PYHKlJ,IlHMll Beca, KOTOpa5l )I(eJIaTeJIhHa npll rrpaKTll

'IeCKOM peaJIll3alJ,HH rrpOlJ,e)l,ypbI )l,llCKpllMHHalJ,llll. KpoMe Toro, aHaJIll3 BeCOBbIX 

<PYHKlJ,IlM TllrrOBbIX rll)l,pO)l,IlHaMll'IeCKllX CTPYKTYP rrOTOKOB npllBO)l,llT K BhIBO)l,Y 

o TOM, 'ITO ).-<PYHKlJ,llll He HBJI5llOTC5l HalWYlJWllMll B CMbICJIe lJYBCTBllTeJIbHOCTll 

K HeO)l,HOpO)l,HOCT5lM CTPYKTYP rrOTOKOB. 

C Y'IeTOM CKa3aHHoro BBe)l,eM B paCCMOTpeHlle X-<PYHKlJ,lllO llHTeHCllBHOCTll, 

KOTOpylO orrpe)l,eJIllM KaK mI.HeHHYlO KOM6rmalJ,lllO A-<PYHKlJ,llll II ee JIorapll<pMll

'-leCKOH npOll3BO)l,HOM: 

X(t) = ),(/) - ~ In A(t) i 

dt 
(2) 

113 (2) Bll)l,HO, 'ITO X-<PYHKlJ,Il5l OTpa)I(aeT He TOJIbKO llHTeHCllBHOCTb "rll6eJIll" 

(Y)l,aJIeHllH ll3 arrrrapaTa) 'IaCTlllJ, rrOTOKa, HO II CKOPOCTb ll3MeHeHllH JIOrapll<pMa 

3TOM llHTeHCllBHOCTll. OTClO)l,a CJIe)l,yeT O)I(ll)l,aTb, 'ITO X-<PYHKlJ,llH llHTeHCllBHOCTll 

He MeHee 'IYBCTBllTeJIbHa K rll)l,pO)l,rmaMll'-leCKOH 06CTaHOBKe B arrrrapaTe, lJeM 

A-qlYHKu.ll5l . .D:pyroe TOJIKOBaHIfe X-<PYHKlJ,IHI MO)I(HO nOJIY'IllTb, nO)l,CTaBmm (1) B (2): 

1 dK(t) d 
X(I) = - - - - = - - InK(t) 

K(t) dt dt 
(3) 

T.e. X-CPYHKlJ,H5l eCTb JIOrapll<pMll'IeCKa5l rrpoll3BO)l,HaH OT <PYHKU.llll llJIOTHOCTII 

pacrrpe)l,eJIeHH5l 3JIeMeHTOB nOTOKa no BpeMeHll rrpe6hIBaHllH B anna paTe (llJIll, 'ITO 

TO )J(e, BeCOBOM qlYHKlJ,llll CIICTeMbI). 
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582 KaljJapoB, .lJ:0POXOB, JIKeill: 

Jib cpaBHeHlBl (1) H (3) BH,n:HO, 'fTO aHaJII1TI1'feCKl1e Bhlpa)KeHl1H X-CPYHKD;HH ,n:mr 

Ba)KHeHllIl1X THnOB CTPYKTYP nOTOKOB B alIIIapaTaX nOJIY'faJOTC5I 3Ha'fl1TeJIhHO 

npOll.l,e, 'feM ,n:JI5I A.-CPYHKD;l1H. 

ilOBhIllIeHHaH '1YBCTBHTeJIhHOCThX-CPYHKD;l1H K HI,n:pO,n:lmaMl1'feCKOH CTpYKType 

nOTOKOB B TeXHOJIOrH'feCKHX annapaTaX n03BOJI5IeT npe,n:JIO)Kl1Th CJIe,n:yJOll.l,yJO 

MeTO,n:HKY ,n:HCKpHMHHaD;HH rH,n:pO,n:HHaMH'feCKOH MO,n:eJIH (rrpOD;e,n:ypa N 2): 

1. ,n:HCKpHMHHaD;HH Mo,n:eJIH oCYllJ.eCTBJI5IeTC5I nYTeM Ka'feCTBeHHoro cpaBHeHH5I 

3KcrrepHMeHTaJIhHOH X-CPYHKD;HH C Ha6opoM TeOpeTH'feCKHX X-CPYHKD;I1H B KJIaCCe 

CTaHlIa pTHhIX; 

2. KOJIH'feCTBeHHa51 OD;eHKa 6JIH30CTH K ,n:aHHoMY KJIaccy BhI6paHHoH TaKHM o6pa-

30M BeCOBOH CPYHKD;HH npOH3BO,n:HTCH nYTeM npOBepKH rHrrOTe3hI 0 3aKOHe pac

npe,n:eJIeHH5I C rrOMOll.l,hJO MeTO,n:OB MaTeMaTH'feCKOH CTaTI1CTHKH ; 

3. OKOH'faTeJIbHOe YCTaHOBJIeHHe a,n:eKBaTHOCTH Mo,n:eJIH peaJIbHOMY 061>eKTY 

OCYllIeCTBJI5IeTC5I B pe3YJIhTaTe H,n:eHTH.cpHKaD;I1H HaH,n:eHHoro orrepaTopa • 

.l1.JIlI rrpaKTH'feCKOH peaJIH3aD;HH H3JIO)KeHHhIX rrpOD;e,n:yp ,n:HCKpHMHHaD;I1H Heo6-

XO,n:l1M Ha60p CTaH,n:apTHhIX Bhlpa)KeHHH 11 HOMorpaMM ,n:JI5I A- H X-CPYHKD;H.H. Hl1)Ke 

npHBO,n:HTC5I 3TH Bhlpa)KeHH5I ,n:JI5I Ba)KHeHllIHX Tl1rrOBhIX OnepaTOpOB, HCrrOJIb3yeMhIx 

npH MO,n:eJIHpOBaHl1H rH,n:pO,n:HHaMH'feCKOH CTPYKTYPhI nOTOKOB B anrrapaTax. 

B npaKTH'feCKI1X paC'feTaX y,n:06Hee pa60TaTh B 6e3pa3MepHOM BpeMeHH G = t/l, 
r,n:e t - HaTypaJIhHOe BpeM5I H 1 - cpe,n:Hee BpeM5I rrpe6hIBaHH5I '1aCTHD; nOTOKa 

B annapaTe. C Y'leToM 6e3pa3MepHoro BpeMeHH rrOJIy'fl1M ,n:JIH CPYHKD;HH OTKJIHKa 

061>eKTOB Ha HMrrYJIhCHOe H cTyneH'faTOe B03MYll.l,eHHe (C H F-KpHBhIe), a TaK)Ke 

,n:JI5I J.- H X-CPYHKD;HH cJIe,n:YJOllJ.He CB5I3l-t: 

C(G) =: K(G) = lC(t) ; F(G) = F(t) , 

),( G) = v.(t); x( G) = lx(t) . 

MoiJellb uiJeallblto20 nepeMeUJU8aHUJI 

OCHOBHoe ypaBHeHl1e: 

_de ! 
t - = CBX - e, 1 = V Qv 

dt 

C-XpHBa51 (cpYHKD;H5I Beca): 

C(G) = K(G) ='exp [-GJ 

F( G) = 1 - exp [ - GJ 

(4) 

(5) 

(6) 
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CTpYKTYPbI IIOTOKOB B TeXHOJIOrl1lJeCKI1X arrrrapaTaX 

X-<PYHKlI,H5I: 

I.(G) = C(e)/(1 - F(G)) = 1 

x(G) = __ dC(G) = 
C(G) dG 

MOOeJlb UOeaJlbli020 6blmeCHeHUJ/ 

OCHOBHoe ypaBHeHHe: 

oc 
ot 

oc 
-v- (O~x~L) 

OX 

C-KpHBa51 (<PYHKlI,H5I BeCa): 

C(G) = beG - I), (t = L/v) 

F-KpHBa5l: 

F( G) = '1( G - I), 

rJl,e '1( G) - eJl,HHH'lHa51 <PYHKlI,H5I, KOTOpa51 onpeJl,eneHa Bhlpa)KeHHeM: 

{
o G < 1 

'1(G - I) = ' 
1, G> 1 

A(G) = C(G) = beG - 1) . 
1 - F(G) 

583 

(7) 

(8) 

(9) 

(10) 

(11) 

(/2) 

CTpYKTypa HJl,eanhHOro BhITeCHeHH5I xapaKTepfI3yeTc5I TeM, 'ITO Bce '1aCTHlI,hI 

nOTOKa IIOKHJl,alOT annapaT B MOMeHT BpeMeHH t = t = L/v. IT03TOMY A-<PYHKlI,H5I 

rpa<pH'-IeCKH H306pa)KaeTC5I B BHne nY1.Ja, npOBe)]:eHHoro B IIOnO)KHTenhHYlO CTOPOHY 

H3 T01.JKH G = 1 IIapannenbHo OCH op)]:HHaT (pHC. I). 

X-<PYHKlI,H5I: 

X(G) = _ _ 1_ dC(G) 
C(G) dG 

-d/dG [b(G - I)J 

beG - 1) 
(13) 

QTo6hI Harn5lJl,HO npeJl,CTaBHTh ce6e BM)]: X-<PYHKlI,HH (13), Bocnonh3yeMC5I npe,lJ

CTaBneHHeM b-<PYHKlI,HH ,D:HpaKa B BHJl,e npeJl,ena HenpepbIBHo )]:H<p<pepeHlI,HPyeMhlx 

<PYHKlI,HH. 3TO MO)KHO c)]:enaTb pa3nH'IHhIMH cnoco6aMH: 
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584 Ka<iJapoB, JJ:0POXOB, .5IKeru : 

(j(t, IX) = lim 2 ~ 
a-+ oo n(1X t + 1) 

(14) 

JIH60 

(j(t, IX) = lim ~ sin IXt 
a-+ oo n IXI 

(15) 

JIH60 

(16) 

R T.rr. IIoJIh3YHch, HarrpHMep Bblpa)l(eHHeM (16), MO)l(HO rrpe,n:cTaBHTh X-tPYHKI.vnO 

MO,L(eJIH H,n:eaJIbHOrO BbITeCHeHRSI B BH,n:e: 

(17) 

OTCIO,n:a CJIe,n:yeT, 'lTO rpatPH'leCKR X-tPYHKIJ;HIO MO)l(HO rrpe,n:cTaBHTh B BH,n:e 

rrpSIMoH, rrpoxo,n:Hr.u;eH 'lepe3 TO'lKY e = 1 napaJIJIeJIhHO OCR op,n:HHaT (pRC. 2). 

}blee'lHafl MooeAb 

OCHOBHoe ypaBHeHHe ,n:JIH O,n:HOH H'leHKH: 

~ dC j = c j - 1 - c j , i = 1, 2, ... , n 
n dt 

(18) 

r,n:e tIn cpe,n:Hee BpeMH npe6bIBaHHH B O,n:HOH H'IeHKe; t = VIQv cpe,n:Hee BpeMS! 

rrpe6bIBaHHH nOTOKa BO BceH CHCTeMe; V cYMMapHblH o6beM Bcex H'leeK. 

C- KpHBaH (Ha BbIXo,n:e n-H H'leHKH): 

F-KpHBaH: 

nn 
cce) = --- e n

-
1 exp [-neJ 

(n - I)! 

n-I 1 
F(e) = 1 - exp [-neJ L - (ne)k 

k=O k! 

nnen - 1 

),( e, n) = ---n-- -l -1- -

(n - I)! L - (ne)k 
k=O k! 

(19) 

(20) 

(21) 
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CTPYKTypbI IIOTOKOB B TeXHOJIOrR'l.eCKHX arrrrapaTaX 585 

npe,lJ.eJIbHble 3Ha'IeHHSl A-¢YHKlI,Im: 

lim A(e, n) = 0 ; lim A(e, n) = n 
e-+o 9-+ 00 

A( e, 1) = 1; lim A( e, n) = D( e - 1) . 
11 -+00 

OTCIO,lJ.a BH,lJ.HO, 'ITO rpa¢HKH A-¢YHKlI,HH Ha'IHHaIOTCSl B HYJIe H aCHMIITOTH'IeCKH 

IIpH6mDKalOTCH K 'IHCJIaM n, paCIIOJIaraHCb Me)l(,lJ.Y A-KPHBOH H,lJ.eaJIbHOrO IIepeMeUIH

BaHHH H A-KPI1BOH l1,lJ.eaJIbHOrO BbITeCHeHI1H (pHC. 1). 
X-¢YHKlI,HH : 

X(e,n) = _ _ 1_ dC(e) = 1 + n(e - 1) 
C(e) de e 

(22) 

npe,lJ.eJIbHble 3Ha'IeHI1H X-¢YHKlI,I1H: 

lim x(e, 11) = - 00; lim x(e, 11) = n 
8-0+ 8-00 

x(e, 1) = 1 ; lim x( e, 11) = - ~ In D( e - 1). 
11-00 de 

113 (22) BH,lJ.HO, 'ITO IIpH n -+ 00 rpa¢HK X-¢YHKlI,HH MO)l(HO H306pa3HTb B BH,lJ.e 

npHMOH, napaJIJIeJIbHOH OCH op,lJ.HHaT H npOXO,lJ.SlIIIeH 'Iepe3 TO'lKY e = 1, T.e. OH 

npHHI1MaeT TOT )l(e BH,lJ., 'ITO H ,lJ.JIH CTPYKTYPbI l1,lJ.eaJIbHOrO BbITeCHeHHH. B OTJIH'lHe 

OT A-¢YHKlI,HH, rpa¢I1KI1 X-¢YHKlI,HH He CXO,lJ.HTCH B HYJIe. npH e -+ 0 rpa¢HKH 

X-¢YHKlI,I1H npOXO,lJ.HT Y3JIOBYlO TO'IKY (e = 1, x( 1) = 1) 11 OIIHTb paCxO,lJ.HTCH, 

PHc.l 

}·-c!JYHKUHH }{'l.ee'/HOH Mo.n;eJIH IIpH pa3JIH'I.

HblX II 
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586 KatPapOB, )X0POXOB, JrKem: 

aCHMrrTOTH':!eCKH rrpH6J11DKaHCh KOCH Op)lHHaT. MO)l(HO CKa3aTh, 'ITO rrpH e -> 0, 
A-<PYHKU:HH TepHI{)T HH<P0PMaU:HI{) 0 CTpYKType rrOTOKa B arrrrapaTe, B TO BpeMH 

KaK X-<PYHKU:HH ee COXpaHHI{)T. rpa<pHKH X-<PYHKU:HH )lJIH pa3JIHlJ.HhIX lJ.HCeJI Sl'leeK 

rrpHBe)leHhI Ha pHC. 2. 

OCHOBHoe ypaBHeHHe: 

(23) 

BH)l xapaKTepHCTH':!ecKHx <PYHKU:HH 3aBHCHT OT HalJ.aJIhHhIX H rpaHI1'lHhIX YCJIOBI1H. 

MhI 6Y)leM HCrrOJIh30BaTh rpaHH'lHhle YCJIOimH, cooTBeTcTBYl{)litl1e 6eCKOI-le'lHO 

)lJIHHHOMY H rrOJIy6ecKoHe':!HoMY arrrrapaTy. 

1. EecKoHe':!HO)lJIHHHhIH arrrrapaT: 

C-KpI1BaSl5: 

C(e) = 1(Pejne)1 /2 exp [ -Peel - efj4e] (24) 

F-KpHBaH: 

F(e) = 1 {erfc[JPe(l - e)/2Je] - exp [Pe] erfc [ J Pe(1 + e)/2Je]} (25) 

),(e) = (Pe/ne)1 /2 exp [-Pe(l - e)2/4e] ,(26) 
erfc [J Pe(e - 1)/2Je] + exp [Pe] erfc [JPe(l + e)/2Je] 

12,-,,-,,----,-----,----, 
20 

10 
de [e) 

e 

PHe. 2 

Y.-tPYHK~HH 11'fee'lHOH MO,LIeJIH npH pa3JIH'I

HblX II 
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CTPYKTypbl rrOTOKOB B TeXHOJIOHI'IeCKHX arrrrapaTax 587 

npe,UeJlbHble 3Hal.femUI: 

lim ),( e) = 0; lim ),( e) = Pe/4 
8-0 0 -00 

X-tPYHKlI,IUI: 

(27) 

npe,UeJlbHble 3Hal.feHlUI: 

lim x(e) = - 00 ; x(l) = t ; lim x(e) = Pe/4. 
0-0 + e- oo 

2. nOJly6ecKOHel.fHbIH annapaT npl1 YCJlOBI1I1 Pe ~ 4: 

C-KpI1BaH: 

C(e) = ~ (~)1 / 2 ~~ exp [_ Pe(1 - e)2J 
4 ne e 4e 

(28) 

F-KpI1BaH : 

F(e) = ~ {I - erf[J Pe(1 - e)J} 
2 2J e 

(29) 

A(e) = C(e) = (Pe/ne)1 /2 [(I + e)/e] exp [ -Pe(1 - e)2/4e] (30) 
I - F(e) 2 erfc [JPe(e - 1)/2Je] 

n pe,UeJlbHble 3Hal.feHI1H: 

lim A(e) = 0; },(I) = (Pe/n)1 /2 ; lim },(e) = Pe/4 
0-0 8 -00 

%-tPYHKlI,I1H: 

x(e) = ~ + 1 Pe(l - e
2
) 

2e e(l + e) 4e2 (31) 

npe,UeJlbHbIe 3Hal.feHI1H: 

lim x(e) = - 00; x(l) = 1; lim x(e) = Pe/4. 
e~o+ e~ m 

1-13 BbIpa)l(eHI1H (27) 11 (31) BH,UHO, 'ITO X-tPYHKlI,I1H HOCH 3KCTpeMaJlbHblH xa

paKTep. rpatPl1KH A- H X-tPYHKlI,HH ,UJlH nony6ecKOHel.fHOrO KaHaJla npH ycnOBl111 
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588 Ka<papOB, .ll:0POXOB, JiKem: 

Pe ~ 4 nOKa3aHhI Ha puc. 3 H 4. CpaBHHTeJIhHhIH aHaJIH3 rpaqniKoB A- H X-<PYHKIJ;HH 

npHBo.n:HT K TeM )l(e BhIBO.n:aM, KaKHe 6hIJIH c.n:eJIaHhI B cJIyqae HqeeWOH Mo.n:eJIH. 

JI,Uq){.PY3Ufl 6 Hen006U:>IClWU cpeoe 

OCHOBHoe ypaBHeHHe: 

(32) 

YpaBHeHHe (32) 6y.n:eM pelliaTh .n:mr nOJIy6ecKOHeqHOrO KaHana C rpaHHWhIMH 

YCJJOBHHMH: 

lim c(x, t) = 0, (33) 

c(O+, t) = A(t). (34) 

OCHOBHhle xapaKTepHCTHi<H.nOJIyqHM B BH.n:e: 

TIepe.n:aTOwaH <PYHKIJ;HH: 

W(p) = c(L,p)jc(O, p) = exp [ _L(pjD)1 /2] (35) 

C-KpHBaH [A(t) = o(t)]: 

C(L,t) = (Lj2tJ(nDt») exp [ _L2j4Dt] (36) 

20 
Pe ~100 Pe=80 

20 -
60 

80 
~[el 

50 

40 

50 30 

20 
30 

e e 16 

PHc.3 PRc.4 

),-<PYHKl.\IHI .l\H<p<pY3HOHHOil: MO.l\eJ1li (30) npR 

pa3JlWfHbiX '1HCJlaX TIeKJIe 

X-<PYHK~HR .l\R<p<pY3HOHHOil: MO.l\eJlH (31) npH 

pa3JIR'IHbIX '1RCJIaX TIeKJIe 
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CTPYKTYPhl llOTOKOB B TeXHOJIOrlPfeCKHX annapaTaX 589 

F-KpHBaH [A(t) = 1'/(t)]: 

F(L, t) = erfc (L/2.j(Dt)) (37) 

A(t) = L exp [ -L
2
/4Dt] 

2t.j(rtDt) erf(L/2.j(Dt)) 
(38) 

3 L2 
x(t) = - - - . 

2t 4Dt2 
(39) 

npeAeJIbHble 3Ha'leHlUl X-~YHKU.HH: 

lim x(t) = - 00; lim x(t) = O. 
t--+O+ t-+co 

M3 Bblpa)l(eHHH (39) BHAHO, 'ITO X-~YHKU.HH HOCHT 3KCTpeMaJIbHbIH xapaKTep. 

3KCTpe~M JIe)l(HT B TO'lKe: t = L2 /3D. 

KOM6uHup06aHHafl MOOeJlb (fllfeUKa UOeaJlbH020 nepeMeWU6aHUfl C 3acmOuHott 30HOU) 

CTpYKTypa MOAeJIH npeACTaBJIeHa Ha pHC. 5. 3Aecb QOoM = fJQ v - 06'beMHaH 

CKOPOCTh o6MeHa BemeCTBa Me)l(AY H'leHKOH H 3acToHHoH 30HOH; fJ = QOOM/ Qv -
OTHOCHTeJIbHaH CKOPOCTb o6MeHa; VI' V33 - 06'beM H'leHKH CMerneHHK H 3acToHHoH 

30HbI. 

PRc.5 

WH3H'feCKaR cxeMa }<OM6HHHpoBaHHoH CTPYKTyphl (R'feHKa 

H,QeaJIhHOrO rrepeMemHBaHHR C 3acToHHoH 30HOH) 
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590 Kaq>apOB, .u0POXOB, 5[Kelli: 

YpaBHeHlHI 3TOH KOM611HI1pOBaHHOH MO,n:emI CTPYKTYPbI nOTOKOB I1MeKlT BI1,n:: 

(40) 

(41) 

YpaBHeHlUI (40) 11 (41) MO)l(HO CBeCHI K O,n:HOMY ,n:llcpcpepeHIJ;l1anbHoMY ypaBHeHl1lO 

BToporo nopKuKa: 

3,n:eCb V = VI + V33 - o6beM Bcero annapaTa; V33 = aV; a - ,n:omr o6beMa 

3acToHHoH 30HbI; VI = , (1 --:- 11) V. Onpe,n:enliM xapaKTepHbre BpeMeHHble napaMeTpbI 

Mo,n:enll COOTHOllJeHI1"'MI1: 

To = (VIQv) + (V33/QoOM) = (1 + alf3) T, 

Tl = VI/Qv = (1 - a) T, 

C Y'IerOM KOTOPbIX ypaBHeHlle (42) npl1MeT BI1,n:: 

(43) 

(44) 

(45) 

(46) 

11(1 -IX) T2 d
2
c + (a + f3) T ~ + C = c

BX 
+ ~ T dcBX . (47) 

f3 dt 2 f3 dt f3 dt 

IIepe,n:aTO'IHaR CPYHKIJ;I1"': 

W(p) = c(p)/cBX(p) = [I1Tp + f3]/[a(l - a) T2p2 + (a + f3) Tp + f3] . (48) 

3aMenlM, 'ITO no 113BeCTHOH nepe,n:aTO'IHOH CPYHKIJ;llH nerKO onpe,n:en",eTCR cpe,n:Hee 

BpeMR npe6blBaHI1R CHCTeMbI: 

i = - lim ~ W(p) = T. 
p~ O dp 

(49) 
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CTPYKTypbI rIOTOKOB B TeXHOJIOrfl'leCKIiX armapaTaX 591 

OTClOAa BMAHO, 'ITO paHee BBeAeHHbIH napaMeTp T (43) ~lBmreTC5ICpeAHMM Bpe

MeHeM npe6bIBaHM5I lJaCTMlI, nOTOKa B CHCTeMe, KOTopoe He 3aBHCHT HM OT CKOPOCTH 

06MeHa Me)[(AY npOTO'lHOH H 3aCTOHHOH 30HOH, HH OT OTHOCHTeJIbHOrO 06'beMa 

3aCTOMHOH 30HbI. 

C(e) = f3 - ex - 2exf3 + y exp [y - (rx + f3) eJ + 
2y(l - ex) 2rx(1 - ex) 

+ ------ exp <:'/ 
rx - f3 + 2exf3 + y [- (ex + f3) - Y t::lJ 

2y(1 - ex) 2ex(1 - rx) 
(50) 

F-KpHBa5I: 

F(e) = , - ex(ex - f3 + 2exf3 - y) exp [Y - (rx + f3) eJ _ 
y( y - ex - f3) 2IX( I - IX) 

_ a(ex - f3 + 2exf3 + y) exp [-(ex + f3) - }' eJ 
y( ex + f3 + y) 2rx( I - ex) 

(51) 

)·-<PYHKlI,H5I: 

A(e) = _ , _ _ _ 2exf3 tgh [ye/2a(1 - IX)] (52) 
1 - ex (I-ex) {y + (f3 - a) tgh [ye/2rx(l - rx)]} 

lim A(e) = 1/(1 - ex); lim A(e) = [f3 - a - 2IXf3 + r]/(l - ex )(f3 - ex+ y) 
&- 0 8- ~ 

I f3{(ex + f3) tgh [ye/2ex(I - ex)] - y} 
I«e) = , _ ex - (I _ ex){(f3 - ex - 2exf3) tgh [ye/2ex(1 - ex)] + y} 

(53) 

lim I«e) = (1 + f3)/(1 - ex) ; 
8-0 

lim I«e) = [y - ex + f3(1 - 3ex - f3 + y)]/[(l - a)(f3 - a - 2exf3 + y)]. (54) 
8-00 
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592 KagJapOB, L!:0POXOB, JIKem: 

rpaqlHKH A- H X-CPYHKll,HM ,lJ)UI pa3JHflIHbIX 3Ha'leHHM rrapaMeTpOB CJ. H f3 IIpRBe,neHhI 

Ha pRC. 6 H 7. 

KOM6uHupOeaHHGfI MOOe/lb (oee noc/leoOeame/lbHO coeouHeHHble fllJeiiKU uoeallbHo2o 

nepeMeULUeaHUfl c pa31lUlJHblMU oObeMaMu) 

OCHOBHoe ypaBHeHHe: 

(55) 

r,ne '1' ' Z 
CHCTeMhI. 

cpe,nHHe BpeMeHa rrpe6hIBaHH5I 'laCTRll, rrOTOKa B OT ,nenhHhIX 51'1eMKaX 

IIepe,naTO'lHa51 CPYHKll,H5I: 

(56) 

Cpe,lJ,Hee BpeM5I IIpe6hIBaHH5I BO BceM CHCTeMe: 

(57) 

IIpe,nIIonfl,ra5l, 'lTO 'z < '1 H 0603Ha'lHB a = 'Z/'1' r,ne 0 ~ a < 1, rrony'lHM OCHOB

HhIe xapaKTepHCTHKH 3TOM CTpyKTyphI B BH,nax: 

J.re] 

1~ 6=05 
0'3 
0'1 

o ' 2 ---~--
e 

PHc.6 

).-<PYHKl\HH KOM6HHHpoBaHHoH MO,lJ,eJIH (52) 

IIpH rx = 0,5 

PHc. 7 

~--,,<,--__ 6 = g.~ 

0'1 

e 

X-<PYHKl\HH KOM6HHHpoBaHHo:il: MO,lJ,eJIH (53) 
IIpH rx= 0,5 
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CTPYKTYPbI nOTOKOB B TeXHOJIOnPfeCKHX annapaTax 593 

C-KpHBaH: 

C(e) = iC(t) = ~ ~ : {exp [-(1 + a) e] - exp [ - C : a) e]} (58) 

F-KpHBaH: 

F(e) = 1 - _ 1_ exp [ -(1 + a) e] + _a_ exp [_ (1 + a) e] (59) 
I-a I-a a 

A(e) = 1 + a - exp {-[(1 - a
2
)/a] e} . 

1 - a exp {-[(I - a2 )/a) e} 

lim A(e) = 0; limA(e) = 1 + a 
e-o e- oo 

x( e) = 1 + a (1 + a-I ) . 
a 1 - exp {-[(I - a2 )/a] e} 

lim x( e) = - co; lim x( e) = 1 + a . 
8-0+ e-oo 

KOM6w-lup06aHHaJl Mooeflb (Jl'leu/(Q uoeaflbH020 nepeMeUlU6aHUJl e 6aunaeOM) 

(60) 

(61) 

B 3TOH MO)J,eJIH npe)J,nOJIaraeTcsr, 'ITO )J,OJI5I BXO)J,Horo nOTOKa fQv, r)J,e 0 ~ f < I, 
Be)J,eTC5I C 6eCKOHeQHOH CKOPOCThlO Ha BhIXO)J, annapaTa. ,z:J:OJIH (1 - 1) Qv rrocTynaeT 

B 51QeHKY H)J,eaJIhHOrO nepeMellIHBaHH5I. 

OCHoBHoe ypaBHeHHe: 

r de 1:f deBx -- - + e = eBx + -- - -
I - fdt 1 - f dt 

r)J,e r = V/Qv. V - o6beM HQeHKH H)J,eaJIhHOrO rrepeMellIHBaHHH. 

llepe)J,aTOQHa5I <PYHKll,Hsr: 

W(p) = e(p) = prf/( 1 - f) + 1 = f + (1 - f)2 
eBX(p) pr/(1 - 1) + 1 rp + (1 - 1) 
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594 Ka<jJapOB, j:(OPOXOB, JlKeru : 

Cpe,UHee BpeMH rrpe6hIBaHHH B CHCTeMe: 

C-KpHBaH: 

)-(PYHKlJ,HH : 

t = - lim ~ W(p) = r 
p~~ dp 

C(B) = f6(B = 0) + (1 - f)2 exp [ -(1 - j) B] 

F(B) = 1 - (1 - f) exp [ -(1 - j) B] 

A( B) = 1 - f ,UJIH B ~ 0 + 

x( B) = 1 - f ,UJIH B ~ 0 + 

(64) 

(65) 

(66) 

(67) 

(68) 

KO.110UHup06aHHafl JvlOOeflb (napallllellbfloe coeoufleflue fl'leUKU uoeallbHozo nepe

JvleUlU6aHUfl u uoeallbHo2o 6blmecfleflufl) 

ECJlI1 0603Ha'lHM ,Uomo rrOTOKa nocTynaIOllJ,erO B 30HY H,UeaJlbHOrO BbITeCHeHH5! 

mQ" H cpe,UHee BpeMH npe6hIBaHHH 'laCTHlJ, B 30He H,UeaJlbHOrO nepeMeWHBaHH5! 

Tl = VI /(1 - m) Q", nOJlY'lHM OCHOBHoe ypaBHeHHe Mo,UeJlH B BH,Ue: 

r ,Ue T2 = V2ImQ" - BpeMH npe6bIBaHHH B 30He H,UeaJlbHOrO BhITeCHeHHH, VI' V2 -
o6beMhI 30H H,UeaJlhHOrO nepeMewHBaHHH H BbITeCHeHHH. 

npenaTO'lHaH rpYHKlJ,HH: 

W(p) = c(p)/cBX(p) = (1 - m)/(T1P + 1) + m exp [ - pTz] . (70) 

Cpe,UHee BpeMH npe6bIBamiH B CHCTeMe: 

1 = -- lim ~ W(p) = (1 - m) T1 + mTz = TI [1 + m(a - I)], (71) 
p~O dp 

C(B) = (I - m)[1 + mea - 1)] exp [- { I + m(a - I)} B] + 

+ m6 [B - al(l + m(a - 1))] (72) 
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CTPYKTYPbI nOTOKOB B TeXHOnOrH'IeCKIlX annapaTaX 

X-(~YHKll,I15!: 

x(e) = 

F(e) = (1 - m)(l - exp [ -{I + m(a - I)} eJ) + 

+ ml1(e - a/(1 + m(a - l»J 

595 

(73) 

(I - m) [1 + m(a - l)J exp [-{I + m(a - I)} eJ + mo[e - a/(l + mea - 1))] 
1 - (I - m)(l - exp [ - {l + m(a - I)} eJ) - ml1[e - a/(l + mea - l»J 

I1 JlI1 

x(e) = 

x(e) = (1 - m) [1 + mea - I)J exp [ -{l + m(a - I)} eJ 
m + (1 - m)exp [-{I + m(a - I)} eJ 

,UJI5! e < a/(l + mea - 1» 

x(e) = 1 + m(a - 1) ,UJIll e > a/(l + m(a - 1») 

x(e) = ('j) ,UJIll e = a/(l + m(a - 1») 

(74) 

(1 ~ m) [1 + mea - I)Jz exp [-{I + mea - I)} eJ -moTe - a/(l + mea - l»J 
(1 - m) [1 + mea - 1)J exp [ - {I + m(a - I)} eJ + more - a/(l + m(et - 1»J 

(75) 

I1JII1 

x(e) = 1 + m(et - 1) ,UJIH e < a/(l + m(a - 1» 

x(e) = 1 + m(et - 1) ,UJI5! e > a/(l + mea - 1» 

KOM6U1-1Up06aHliafl MOOeJlb (ouifjifjy3UOHl-tafl MOOeJlb C pacnpeoeJle1-lHou 3aCmOUltou 
3oltoii) 

YpaBHeHI111 CTpyKTyphI: 

aCl = E~ _ ~v _ F2 acz 

at axz ax Fl at 

Fz acz = K 33(C 1 - C2) 

at 
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596 KatPapOB, .ll:0POXOB, JlKeur: 

3,IJ:eCb (76) ypaBHeHlre MaTeMaTH'IeCKOH MO,IJ:emr npOTOlJHOH lJaCTH annapaTa; 

(77) - ypaBHeHlle MaTeMaTHlJeCKOH MO,IJ:eJIH 3acToHHoH lJaCTH arrnapaTa; F l , F2 -
,IJ:OJIH npOTOlJHOH Ii 3acToHHoH lJaCTH 06beMa annapaTa; K 33 - K03cjJqHIlI,HeHT, 

xapaKTepH3YlOlll.HH CKOPOCTb 06MeHa Me)l(,IJ:y 30HaMH. . 

I1cCJIe,IJ:yeMaH CHCTeMa COCTOI1T H3 ,IJ:ByX mmeHHblx nO,IJ:CHCTeM (npOTOlJHOH 

H 3acToHHoH) C nepeKpecTHbIMH pacnpe,IJ:eJIeHHbIMI1 CBH3HMI1. flOJIb3Y5lCb npHHlI,linoM 

cynepn03HIII1H ,IJ:JI5I MHoroMepHblx mmeHHblx CI1CTeM, HeTpY,IJ:HO nOJIYlJHTb I1CKOMYlO 

BeCOBYlO cjJYHKlI,HlO HnH C-KPHBYlO ,IJ:aHHOH KOM611HI1pOBaHHoH cTpyKTYPbI: 

C ( L) 
_ exp [ -(L - vt)2J4Et] 

l~ - + 
(41tEtr /2 

+ ftf t
- ' exp {-[L - vet - S - ~)]2J4E(t - S - ~)} ex [- K :r'3 (t - s - ~)J. 

o 0 [41tE(t - S - ~)r /2 p F[ 

. K33 ex [_ K33 ~J exp [ -(L - vs)2j4Es] ds d~ 
F2 P F2 (4rcEsr/2 (78) 

r,IJ:e L - ,IJ:JIHHa anrrapaTa. 

,ll;JI5I BbllJHCJIeHH5I X-cjJYHKIIHH no H3BecTHoH cjJYHKIIHH C 1 (t, L) He06xo,IJ:I1MO BO

CnOJlb30BaTbC5I COOTHOIlIeHH5IMH (3). 

IJpuMejJ . .ll:JU! HJVUOCTpal(HH npHBe)J,eHHoro MaTep"aJIa paCCMOTpHM npI16Ill1lKeHHbIH MeTO,[l 

)J,HCKpHMHHal(I'IH MaTeMaTH'IeCKOH MO)J,eJ!H CTPYKTYPbI nOTOKa lKl1,!I,KOll tPa3bI B Haca)J,O'lHOH KOIlOHHe. 

Ha pHC. 8 1'1306palKeHa 3KcnepHMeHTaJIbHaJl BeCOBaJl tPYHKl(HJI Haca)J,O'lHOll KOIlOHHbl BbICOTOH 

1= 2,0 M H )J,l1aMeTpoM 0,15 M . Pa3Mep HaCa,!I,KH 10 x 10. ITapaMeTpbI TeXHOIlOrH'IeCKOrO pelKHMa: 

llJIOTHOCTb opoureHHJI Lo = 6725 Kr/ M
3 

'lac, HarpY3Ka no ra3Y G = 2038 Kr/ M
3 

'lac, IlI1HeHHafi 

CKOPOCTb opOmeHHJI W = 0,4 . 10 - I M/ceK, K03tPtPHl(I1eHT npO)J,OJIbHOrO nepeMeurl1BaHI1l! E = 
= 2,36.10- 3 

M
2

/ceK. ITo 3TOil: 3KcnepHMeHTaJIbHoll: KPHBOif 6bma BblIIOJIHeHa H)J,eHTl1tPI1Kal(HlI 

o)J,HOnapaMeTpR'IeCKOll )J,HtPtPY3HOHHOil: MO,ll.eJ!H*) H ,ll.HtPtPY31'10HHOll MO)J,eJIH C 3acToHHoll 30HOH. 

rpatPHKH BeCOBblX tPYfIl(l(Rll nHX MO,ll.eJIell H cooTBeTcTBYlOl.l(He HM X-tPYHKl(I1H H306palKeHbl Ha 

pHC. 8. 113 cpaBHeHRl! X-tPYHKl(l1ll (pRC. 8) MO)f(HO C,ll.eJIaTb BbIBO,ll., 'ITO MaTeMaTI1'1eCKal! MO,ll.enb 

C 3acToiiHoll: 30HOll: B 60JIbmell CTeneHH OTBe'laeT peaJIbHOll CTpYKType nOTOKa • .ll:n Jl KOJII1'1eCT

BeHHOll rrpOBepKH noll: rHnOTe3bI HCnOJIb30BaJICJI KpHTepHll x2 - ITHpcOHa. BbI'II1CJIeHl1e KPI1TC

pHll X2 
BbmOJlHJlJIOCb no 16 TOlfKaM BeCOBOll tPYHKU:I1H: m = 16. Pe3YJIbTaTbI npOBepKH ,ll.JU! cTeneHei1. 

CBo6o)l.bI N = m - 1 - 1 (ycIloBHe HeCMel.l(eHHOCrn B ou:eHKe X2 
H H)J,eHTHtPI1Kal(l1J1 MO,ll.emt no 

O)J,HOMY napaMeTpy E YMeHbmalOT 1£HCJIO CTeneHeli: CBo6o,ll.bI Ha 2 e)J,I1HI1l(bI), ,ll.JISI KOTOPOli: X2 = 
= 21,064, 6 bIJIH B nOIlb3Y MO)J,eIlH C 3aCTOiiHoH: 30HOli: C npOl(eHTHOH BepOSiTHOCTblO ,ll.OCTOBepHocTH 

q = 10%; paC'leTHOe 3Ha'leHHe KplHepHJI X2 = 9. PaC'IeTHOe 3Ha'leHHe KpHTeplUI X2 ,ll.nSl 

,ll.HtPtPY3110HHOll MO,ll.eJ!H paBHO 19. 

YcrrOBHJI nOJIy6ecKOHe'lHOrO KaHarra. 
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CTpYKTYPbI nOTOKOB B HXHOJIOnl'leCKI1X annapaTaX 

YcnOBIILle 0603Ha'lemU 

CBX(I) 

c(1) 

C1 (I) 

c2(1), C33 (1) 

Qv 
V, VI' V2, V33 
F I , F2 

L 
D 

E 
Pe = vL/E 

t 
e = l/i 
T, TO, T 1, T2 
a,f, m 
p 

W(p) 

KOHI.(eHTpaI.(Hli Be1.l.\eCTBa Ha BXO.lle B anna paT, KMOJIb/ M 3 

KOHI.(eHTpaI.(Hli Be1.l.\eCTBa Ha BbIXO.lle H3 annapaTa, KMOJIb/M
3 

KOHI.(eHTpaI.(Hli Be1.l.\eCTBa B npOTO'lHOH30He, KMOJIb/M3 

KOHI.(eHTpaI.(HH Be1.l.\eCTBa B 3aCTOHuOH 30He, KMOJIb/M3 

06beMHali CKOPOCTb nOTOKa, M
3

/ceK 

06beMbT, M3 

,[IOJIli npOTO'lHOH H 3aCTOMHOH 'IaCTH 06beMa annapaTa 

JIHHeHHali CKOPOCTb nOTOKa, M / ceK 

K03tPtPHI.(HeHT 06MeHa MelK.llY 10HaMH 

KOOp,[lHHaTa, M 

,[IJIHHa 3KcnepHMeHTaJIbHOrO Y'IaCTKa annapaTa, M 

K03tPtPHI.(HeHT ,[IHtPtPY3HH, M2/ceK 

K03tPtPHI.(HeHT npO.llOJIbHOrO nepeMeWHBaHHlI, M
2

/ceK 

6e3pa3MepHoe 'IHCJIO TIeKJIe 

HaTypaJIbHOe BpeMlI, ceK 

Cpe,[lHee BpeMli npe6bIBaHHlI 'IaCTHI.( B CHCTeMe, ceK 

6e3pa3MepHoe BpeMli 

nOCTOllHHbTe BpeMeHH, ceK 

napaMeTpbI 

KOMllJIeKCHali nepeMeHHali 

nepe,[laTO'lHali tPYHKI.(Hli 

nOCTOllHHble BpeMeHH, ceK 

597 

napaMeTpbT, c5(t)- c5-tPYHKI.(Hli .l1.HpaKa, 1/(1) - e.llHHH'lHali tPYHKI.(HlI, (, ~ - nepe

MeHHble HHTerpHpOBaHHlI. 

PHc.8 

rpatPHKH BeCOBblX tPYHKI.(HH (1, 2, 3) H COOT

BeTCTBYI01.l.\HX X-tPYHKI.(HH HHTeHCHBHOCTH (I', 

2', 3') ,[IJIli Haca)J,O'UlOH KOJlOHHbl 

1, l' 3KcnepHMeHTaJlbHble KpHBble;. 2, 2' 
KpHBble, paC'/IiTaHHble no KOM6HHHpOBaHHoH 

MO,[leJIH; 3,3' KpHBbTe, paC'lIITaHHble no O,[lHO

napaMeTpH'IeCKOif .llHtPtPY3HOHHOH MO,[leJIH. 
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