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O:u;eHKa Maccoo6MeHHbIX XapaKTepMCTMK rrpM

rrpOeKTMpOBaHMM 6MOCop6:U;MOHHbIXarrrrapaTOB

,IJ;lliI MMKpo6MoJIorWIeCKoH rrpOMbIIIIJIeHHOCTM
A.B. CMBEHKOB, IO.H. fYJUIEBA, A.f. HOBOCEJIOB

CIl6rYH u IlT .

The evaluation of mass exchange characteristics during designing of
bioabsorption apparatuses is given and also of the equation for the
determination of the maximum value of the mass transfer coefficient, on the
basis of which it can be possible to choose the design of the fermenter.

,l.(mI npoBe.ueHIDI m060ro 6HOCop6QHOHHOro npoQecca,

T.e. npoQecca paCTBOpeHIDI ra3a B ~KOCTH, B KOTOpOM

npHCyrCTB}'IO'f )l(H8bIe MlIKpOopraHH3MbI, aKTHBHOn0Tpe6-

IDIlOmHe paCTBOpeHHbIM ra3, pa3pa60TaHO MHoro Pa3JIHq-

HbIX annapaTOB [1, 5]. BbI60p TOMHJIH HHOMKOHCTpyKQHH

HJIHpa3pa60TKa HOBOM,UJUIKOHKpeTHoro TeXHOJIO~eCKO-

ro npoQecca - CJIO)f(HaJI3a.uaqa.

lIpH a3p06HOM KYJlbTHBHpOBaHHHXJIe60neKapHbIX .upO)l(-

)l(eMB03.uyIIIH0-npHTOqubIM cnoc060M npoQecc Ha~HaeTCH

C no.uaqH ra30BOM $a3bI (Bo3.uyxa) B $epMeHTaTOp.

He06xo,UHMOCTh no.uaqH B03.uyxa 06yCJIOBJIeHa TeM, qTO

B npHcYTCTBHH paCTBOpeHHOro KHCJIOpo.ua)f(H3He.ueHTeJlb-

HOCTb KJIeTOK po.ua Saccharomyces cerevisiae, KOTopbIe

HBIDIIOTCH$aKYJIbTaTHBHbIMH a3p06aMH, HanpaBJIeHa Ha

yseJIHqeHHe norryJ.UlI.(HH.

B CBH3H C 3THM B03HHKaIOT .use B3aHMOCBH3aHHbIe 3a-

.uaqH: nepBaJI - OQeHKa no.uaqH Tpe6yeMoro KOJIHqeCTBa

KHCJIOpo.uaB annapaT H BTOpaJI- 3$$eKTHBHoe .uHcneprH-

pOBaHHe no.uaHHOM ra30BOM $a3bI H paBHoMepHoe ee pac-

npe.ueJIeHHe no BceMy 06'beMy $epMeHTaTopa. PerneHHe

nepBoM 3a,UaqHTeCHO CBH3aHOC npe.unOJIaraeMbIM Te~o-

JIOmqeCKHM pe)I(HMOM KYJlbTHBHpoBaHIDI, $H3HOJIOmtIec-

KHMH oc06eHHocTHMH MHKpoopraHH3MoB .uaHHoro po.ua H

IIITaMMa, H B nepBYJO oqepe.ub nOTpe6HOCTblO KJIeTOK B

paCTBOpeHHOM KHCJIOpo.ue. PerneHHe BTOPOM3a,UaqH on-

pe.ueIDIeTCHBO MHorOM m.upo.uHHaMHqeCKHMH npoQecca-

MH, KOTopbIe 06yCJIOBJIeHbI KOHcTpYKQHeM $epMeHTaTopa,

BeJI~HHOM no.uBO,UHMOM3HeprHH K KYJlbTYPaJIbHOM~KO-

CTHH ee $H3HqeCKHMH CBoMcTBaMH. OqeBH.uHo, qTO CKO-

POCTbnepeHoca KHCJIOpo.ua H3 ra30BOM $a3bI (M ) B )I(H,l{-
p

KOCTHylO, KaK MHHHMYM, .uoJI)l(Ha paBIDITbcH CKOpOCTHno-

Tpe6JIeHIDI paCTBOpeHHOro B )l(H,UKOCTHKHCJIOpo.ua KJIeT-

KaMH (M
n

), T.e. .uOJI)I(eH C06JIIO.uaThCH6aJIaHC MaCCOBbIX

pacxo.uOB

M=M.p n

CKOpOCTb nepeHoca KHCJIOpo.uaH3 ra30BOM $a3bI B KyJIh-

TYparrbHYIO )l(H.uKOCTh 06bIqHO onpe.ueIDIIOT no OCHOBHO-

My ypaBHeHHIO Macconepe.uaqH, KOTopoe ,UJIHTpy.uHopa-

CTBOpHMbIX ra30B HMeeT CJIe.uylOmHM BH,U:

Mp = r3* F (C*- Cp)' • (2)
OQeHHTh nOBepXHoCTh KOHTaKTa $a3 F B cJIyqae, Kor.ua

ra30BaJI $a3a .uHcneprHpoBaHa B )l(}l,UKOCTHB BH,Ueny3blpb-

KOB, qpe3BbIqaMHO CJIO)f(HO,n03ToMY ypaBHeHHe (2) npH-

BOMT K cJIe.uYlOmeMY BbIp~eHHIO:

Mp = r3* a VeM (C* - Cp)' (3)
r.ue r3*- nOBepxHocTHbIM K03$$HQHeHT MaCCOOT.uaQHKHC-

JIOpo.ua B )I(H.uKOCTHOM$a3e, wc;
a - y.ueJIbHaJI nOBepXHOCTb KOHTaKTa $a3, a = FIVe ••'
M2/M3;

V - o6'beM ra30~KOCTHOM CMeCH B pa60QeM o6'be-
eM

Me $epMeHTaTOpa, M3;

C* - paBHOBeCHaJI KOHQeHTpaQIDI KHCJIOpo.ua B )l(H.u-

KOCTH, Kr O/M3;

C - Tpe6yeMaJI pa60QaJI KOHQeHTpaQIDI KHCJIOpo.ua Bp

~KOCTH, Kr O/M3•

CKOPOCThnOTpe6JIeHIDI paCTBopeHHoro KHCJIOpO.uaKJIeT-

KaMH MHKpoopraHH3MOB onpe.ueIDIeTCH no ypaBHeHHIO [3]:

M = r X V, (4)
n JI(

r.ue r - .ubIxaTeJIbHaJI aKTHBHOCTb HJIH CKOpOCTb nOTpe6-

JIeHIDI paCTBOpeHHOro KHCJIOpo.uae.uHHHQeM 6HoMac-

CbI, Kr O/(Kr)J;'Q);

X - KOHQeHTpaQIDI 6HOMaCCbI B o6'beMe KYJIbTYpaJIb-

HOM )l(H,UKOCTHV , Kr )];1M3•
JI(

B pa60Te [2] OTMeQaeTCH, Qro ypaBHeHHe (4) HCnOJIh-

3yeTcH ,UJIHonpe.ueJIeHIDI CKOpOCTH nOTpe6JIeHIDI KHCJIO-

po.ua npH HenpephIBHoM cnoco6e KYJIbTHBHpoBaHIDI MHK-

poopraHH3MoB. B nepHo.uHQeCKHX npoQeccax HaH60JIee

npocToe perneHHe MO)l(eT 6bITh nOJIyqeHo npH .uonyme-

HHH, QTO r = const, a 3aBHCHMOCTh KOHQeHTpaQHH .uP0)l(-

)l(eM X OT BpeMeHH 't no.uQHHHeTCH ypaBHeHHIO 3KcnOHeH-

QHaJIbHOrO pocTa. 06a 3TH .uonymeHHH cnpaBe.uJIHBbI .unH



He6oJIbIIIOrO OTpe3Ka BpeMeHH rrepHO~HqeCKOrO rrpoQecca

KYJIbTHBHpOBaHHH.

3aBHCHMOCTH, 60JIee 6JIH3KHe K 3KCrrepHMeHTaJIbHbIM

~aHHbIM, rr03BOJIHIOT rrOJIyqHTb MO~eJIb, OCHoBaHHyIO Ha

rrpe~rrOJIO)l(eHHH, qTO rrOTpe6JIeHHe KHCJIOpO~aKJIeTKaMH

rrpH KYJIbTHBHpOBaHHH3aBHCHTKaK OTKOHQeHTpaQHHMHK-

pOOpraHH3MOBB KYJIbTYPaJIbHOH)I(~KOCTH, TaK H OTy.u;eJIb-

HOH CKOpOCTHpOCTa KJIeTOK ~, a 3aBHCHMOCTbX = ft:r:)
rrO~qHHHeTCHypaBHeHHIO JIOrHCTHqeCKOHKpHBOH [2].

B 3TOM CJIyqae ypaBHeHHe (4) 3arrHCbIBaeTCH B cJIe~y-

IOIQeM BH~e:

M = A X V + B V dXIdr:,
n. * ~

r~e A - K03<p<pHQHeHT,xapaKTepH3YIOIQHH rrOTpe6HOCTb

KJIeTOKB KHCJIOpO~e~.iIH rrOMep)l(aHHH HX )KH3He.n;eH-

TeJIbHOCTH, Kr O/(Kr.n;·q);

B - K03<P<PHQHeHT,yqHTbIBaIOIQHH KJIeTOqHYIOrrOTpe6-

HOCTbB KHCJIOpO~eMH 06pa30BaHHH HOBbIX KJIeTOK,

Kr 0jKr,L(.

IIo~cTaBJIHH ypaBHeHHH (3) H (5) B ypaBHeHHe (1), rroJIY-

qHM CJIe~YIOIQee COOTHorneHHe:

J3",aVCM (C* - Cp) = A X V",+ B V", dX/d't. (6)
YqHThIBaH, ~o rrpH rrpoeKTHpOBaHHH <pepMeHTaTopoB

cTpeMHTCH o6ecrreqHTh paBHoMepHoe pacrrpe~eJIeHHe ra-

30BOH <pa3bIH KJIeTOKB COOTBeTCTBYIOIQHX06'beMaX, ypaB-

HeHHe (6) QeJIeC006pa3HO 3arrHcaTb B B~e paBeHCTBa

y~eJIbHbIX MaCCOBbIX CKopocTeH, HCKJIIOqHB TeM caMbIM

VCM H V"" T.e.

J3",a(C* - C) = AX + BdX/d't. (7)
PeIlleHHe ypaBHeHHH (7) OTHOCHTeJIbHOrrpoH3Be~eHHH

13", a ~aeT CJIe~IOIllee BbIpa)KeHHe:

J3",a= (A Y + BZ)/(C*- Cp)' (8)
r~e

Y = (XHXK)/[XH+ (XK- X) e-i''<], (9)
Z = [~X X (X - X )]/[XZ el''<+ 2X (X - X) +

H K X H H H K H'

+ (X
K

- xy e-i''<], (10)

XH,xK - HaqaJIbHaH H KOHeqHaH KOHQeHTpaQHH 3a Bpe-

MHKyJIbTHBHpoBaHHH 't;
~ - 3MaHHaH y~eJIbHaH CKOpOCTbpOCTa KJIeTOK.

YpaBHeHHe (8) rr03BOJIHeT OQeHHTb Tpe6yeMbIe Macco-

o6MeHHbIe xapaKTepHcTHKH <pepMeHTaTopa, KOTOPbIMH

~OJI)KHa 06JIMaTb Ta HJIH HHaH ero KOHCTPYKQHH,~06bI

o6eCrreqHTb 3a~aHHYIO TeXHOJIOraMH y~eJIbHYIO CKOpOCTh

pOCTa 6HoMaccbI rrpH 3a~aHHoH HaqaJIbHOH KOHQeHTpaQHH

H Tpe6yeMoH KOHeqHOH KOHQeHTpaQHH 6HoMaccbI B Teqe-

HHe 3MaHHoro BpeMeHH 'to
H3BeCTHo [6], ~o Bce TeXHOJIOrJfqeCKHe pe)KHMbI rre-

pHo~eCKom rrpoQecca KYJIbTHBHpOBaHHHXJIe60rreKapHbIX

~pO)K)KeH paCCqHTbIBaIOTCH C yqeTOM rrOqaCOBOro H3Me-

HeHHH COCTOHHHHKYJIbTypaJIbHOH cpe~I. 3To o6ycJIoBJIe-

HO Heo6xo~MOCTblO KOHTpOJIH 3a rrpOQeCCOM KYJIbTHBH-

pOBaHHH H H3MeHeHHeM rrO~aqH rrHTaTeJIbHbIX H POCTOBbIX

BeIQeCTB, a TaK*e B03~yxa B arrrrapaT. KOJIJfqeCTBO KJIe-

TOK B pa60qeM 06'beMe arrrrapaTa rrOCTOHHHOB03paCTaeT,

rr03TOMY Heo6xo)J;HMa rrOCTOHHHaHKOppeKTHpOBKa pacxok

HbIX rrapaMeTpoB, KaK rrpaBHJIO, B CTOpOHy YBeJIHqeHHH.

C yqeTOM rrOqaCOBOHpa36HBKH rrpoQecca KyJIbTHBHpOBa-

HHH ypaBHeHHH (9) H (l0) MO)KHOyrrpOCTHTh, HCKJIIOqHBH3

HHX 't, TaK KaK 't = 1 q, H BeCTH paCqeT rro ypaBHeHHHM,

rrpe~CTaBJIeHHbIM HJf)Ke:

Y = (X
H
Xy[X

H
+ (X

K
-X) e-i']; (11)

Z = [~XH XK (XK-X)]/[XZH el'+ 2X
H

(XK-X) +
+ (XK-xy e-i']. (12)

TaKHM 06pa30M, eCJIHrrOqaCOBOHTeXHOJIOrJfqeCKHH pe-

)KJfM KYJIbTHBHpoBaHHH H3BeCTeH, TO rro ypaBHeHHHM (8),
(11) H (12) MO)KHOorrpe~eJIHTb Tpe6yeMbIe Maccoo6MeH-

HbIe xapaKTepHcTHKH <p~pMeHTaTopa Ha Ka)K~bIH qac

rrpe~OJIaraeMoro rrpoQecca KyJIbTHBHpOBaHHH. IIpH aHa-

JIH3e 3THX ypaBHeHHH BH~HO, qTO 3HaqeHHe Tpe6yeMoro

o6'beMHoro K03<p<pHQHeHTa MaCCOOT~aqH J3v = J3",a rrpH

paCqeTe <pepMeHTaTopoB 3aBHCHT He TOJIbKOOT<pH3HqeC-

KHX CBOHCTBKYJIbTYPaJIbHOH~KOCTH, r~pO~HHaMHqeC-

Koro rrpoQecca B arrrrapaTe H BHeIIIHHX yCJIOBHH, a HMeH-

HO TeMrrepaTYpbI H ~aBJIeHHH, HO H OT 6HOMaCCbI B KYJIb-

TYPaJIbHOH )KH~KOCTH H y~eJIbHOH CKOpOCTHpOCTa MHK-

poopraHH3MOB ~.

IIocJIe~HHH rrapaMeTp, B CBOIOOqepe~b, BO MHorOM 3a-

BHCHT OT KOHQeHTpaQHH cy6CTpaTa H em KaqeCTBa, OTpH

KYJIbTYPaJIbHOH )KH~KOCTH H QeJIoro pH~a TeXHOJIOrHqeC-

KHX rrapaMeTpoB, 06eCrreqHBaIOIQHX OrrTHMaJIbHbIe yCJIO-

BHHrrpoBe~eHHH rrpoQecca KYJIbTHBHpoBaHHH. OQeHKa 3Ha-

qeHHH ~ ~JIH KOHKpeTHoro pe)KHMa KyJIbTHBHpoBaHHH -

TeXHOJIOrHqeCKaH 3a~aqa, HO rrpH nOM He06xo~HMO yqH-

TbIBaTb, qTO He ~OJI)KHO 6bITb JIHMHTHpOBaHHH CKOpOCTH

pOCTa KJIeTOKH3-3a He~OCTaTKa paCTBopeHHoro KHCJIOpO-

~a. HHbIMH CJIOBaMH,TeXHOJIOrHqeCKHe paCqeTbI 6a3HPY-

IOTCHHa yCJIOBHH~OCTaTOqHOH rrO~aqH KHCJIOpO~aK KJIeT-

KaM BOBceM 06'beMe <pepMeHTaTopa, a HX 060CHOBaHHOCTb

H 3<p<peKTHBHOCTborrpe~eJIHIOTCHBbICOKHM3HaqeHHeM 3KO-

HOMHqeCKOrO K03<P<PHQHeHTa(BbIXO~ 6HOMaCCbI) B, KOTO-

PbIH paBeH OTHOIlleHHIO BbIpaIQeHHOH 6HOMaCCbIK rroTpe6-

JIeHHoMy KJIeTKaMH cy6cTpaTY.

Orrpe~eJIHB 3HaqeHHH Tpe6yeMoro o6'beMHoro K03<P<PH-

QHeHTa MaCCOOT~aqH Ha Ka)K~bIH qac paCCqHTbIBaeMoro

TeXHOJIOrHqeCKOrO pe)KHMa, ~JIH ~aJIbHeHIIIHX paCqeTOB

<pepMeHTaTopa rrpHHHMaeM MaKCHMaJIbHOe 3HaqeHHe 13 .
v

HMeHHO no 3HaqeHHe orrpe~eJIHeT Macco06MeHHbIe xa-

paKTepHCTHKH <pepMeHTaTopa, KOHCTPYKQHIOKOToporo He-

06XO~HMO BbI6paTb H paCCqHTaTb.



KpOMe TOrO, KOHCTpYKI.~mIepepMeHTaTOpa .n;OJDKHa06ec-

neqHTb Tpe6yeMylO pa60qylO KOH~eHTpa~HIO KHCJIOpO.n;a

B KYJIbryPaJIbHOH )l(H.n;KOCTHC . 3TOT napaMeTp BO MHO-
p

roM Onpe.n;elliIeT ycneIIIHoe npOBe.n;eHHe KYJIbTHBHpOBaHIDI

XJIe60neKapHbIX .n;pO)lQl(eH. HIDKOe 3HaqeHHe C (,ll;lliI XJIe-
p

60neKapHbIX .n;pO)lQl(eHC ~ 0,2 Mf/ JI) npliBO,ll;HT K npeKparn;e-
p

HHIO pa3MHO)l(eHIDI KJIeTOK. ComaCHO nOCJIe,ll;HHM.n;aHHbIM

npH KOHI.J;eHTp~ paCTBopeHHoro KHCJIopo.n;aC ~ 0,6 Mf/JI
p

JIHMlITHpoBaHIUI CKOpOCTHpOCTa 6HOMaCCbI He npOHCXO-

,ll;HT,n03TOMY 3TO 3HaqeHHe C MO)l(HO npHIDITb 3a noCTO-p
SUIHyro B ypaBHeHHH (8).

,[qJyrHM napaMeTpOM, BXOM~HM B 3TO ypaBHeHHe H xa-

paKTepH3yrollUiM .n;BH~~yro CHny npo~ecca Macconepe-

Hoca, SIBlliIeTCSIpaBHoBecHaSI KOH.QeHTpaJ.UUIKHCJIOpo.n;aHa

nOBepxHocTH KOHTaKTa ra30BOH H )l(H,ll;KOCTHOH epa3 C*.
Onpe.n;eJIeHHe )Toro napaMeTpa npe.n;cTaBJISIeTHeKoTopylO

CJIO)l(HOCTb,TaK KaK C* 3aBHCHT He TOJIbKOOT TeMnepary-

pbI H .n;aBJIeHIUI ra30BOH epa3bI, HO H OT COCTaBa )l(H.n;KO-

CTHOH epa3bI, B HallIeM 'cnyqae - OT COCTaBa KYJIbryPaJIb-

HOH)I(H,ll;KOCTH.

KYJIbryPaJIbHM )l(H.n;KOCTbB TeXHOJIOrHqeCKOM npo~ec-

ce BbIpa~HBaHHH XJIe60neKapHbIX .n;pO)l()l(eH npe.n;CTaBJIH-

eT C060H MHoroKoMnoHeHTHbIH BO.n;HbIHpaCTBop MeJIaC-

CbI, nHTaTeJIbHbIX COJIeHH POCTOBbIX Be~eCTB. B npo.Qec-

ce KYJIbTHBHpoBaHIUI ee COCTaBnOCTOSIHHOMeHHeTCH, qTO

06yCJIOBJIeHOHenpepbIBHbIM nOTpe6JIeHHeM co.n;ep)l(allUix-

CHB HHX .QeJIeBbIXKOMnOHeHTOB KJIeTKaMH H BbI.n;eJIeHHeM

HMH npo.n;yKToB MeTa60JIH3Ma, a TaK)l(e Pa3JIHqHbIMH .n;o-

6aBKaMH B KYJIbTYPaJIbHYIO)l(H.n;KOCTb,KOTopbIe peryJIHpy-

lOT ee KHCJIOTHOCTbH neHo06pa30BaHHe. TIo 3TOH npHqH-

He ToqHbIH KOJIHqeCTBeHHbIHH KaqeCTBeHHbIH COCTaB)I(H.n;-

KOCTHOHepa3bI Ha onpe.n;eJIeHHbIH qac KYJIbTHBHpOBaHHSI

HeH3BeCTeH, a n03TOMY HeH3BeCTHO H TOqHOe 3HaqeHHe

paBHOBeCHOH KOH~eHTpa~HH KHCJIOpo.n;aHa nOBepXHOCTH

KOHTaKTa epa3.

OpHeHTHpOBOqHbIe 3HaqeHHH C*, nOJIyqeHHbIe H3 3!1KO-

Ha reHpH, KOTopbIe 06bIqHO npHHHMalOT B paCqeTaX, 6a-

3HPYlOTCH Ha .n;aHHbIX 0 paCTBopHMOCTH KHCJIOpo.n;aB03-

.n;yxa B Bo.n;eB 3aBHCHMOCTHOT TeMnepaTypbI H .n;aBJIeHIUI.

TaKaH O.QeHKa C* npe.n;nOJIaraeT ero nOCTOHHHoe 3Haqe-

HHe npH nOCTOHHHbIX TeMnepaType H .n;aBJIeHHHra30BOH

epa3bI B npo~ecce Macco06MeHa, a 3HaqHT, H B TeqeHHe

Bcero npo.Qecca KyJIbTHBHpOBaHIUI. B peaJIbHOH cHrya~HH

pe30HHO .n;onYCTHTb, qTO C* 6y.n;eT YMeHbllIaTbCH He TOJIb-

KOH3-3a YBeJIHqeHIUI KOH.QeHTpa.QHHcy6CTpaTa, HOH B CBSI3H

C nOCTOHHHbIM nOBbIllIeHHeM KOH.QeHTpa~HH KJIeTOK MHK-

poopraHH3MoB.

BJIIUIHHe (<3epepeKTaCTeCHeHHOCTH» Ha pOCT MHKpOOp-

raHH3MOB OTMeqeHO B pa60Tax [3, 4], HO qeTKoro 06'bSIC-

HeHHH npHqHH ero nOSIBJIeHHHHe.n;aHO. TIpe.n;noJIaraJIOCb,

qTO O.n;HOHH3 HHX HBJISIeTCHYBeJIHqeHHe KOHKYpeHTHoH

60Pb6bI KJIeTOK 3a cy6CTpaT. 3TO CTaHOBHTCH B03MO)l(-

HbIM npH He.n;ocTaTOqHOH no.n;aqe nHTaTeJIbHbIX Be~eCTB

H BbICOKOHKOH~eHTpa~HH 6HOMaCCbI. O.n;HaKonOTpe6HocTb

MHKpoopraHH3MoB B nHTaTeJIbHbIX Be~eCTBax H3yqeHa

.n;OCTaTOqHOTOqHO H no.n;aqa nHTaHHH C6aJIaHCHpOBaHa C

ero nOTpe6JIeHHeM, n03ToMY MO)l(HO npe.n;nOJIO)l(HTb, qTO

O.n;HOHH3 maBHbIX npHqHH, npHBoM~eH K CHH)I(eHHIO CKO-

pOCTH pOCTa KJIeTOK, HBJIHeTCSICHH)I(eHHe paBHOBeCHOH

KOH~eHTpa~HH KHCJIOpo.n;anpH nOBbIllIeHHH KOH.QeHTpa~HH

KJIeTOKB KYJIbryPaJIbHOH )l(H,ll;KOCTH.B pa60Te [7] 3TO npe.n;-

nOJIO)l(eHHe HallIJIO 3KcnepHMeHTaJIbHOe no.n;TBep)l(,ll;eHHe.

TIPH YBeJIHqeHHH KOH.QeHTpa.QHH6HoMaccbI npHMepHo B 17
pa3 BeJIHqHHa C* YMeHbllIHJIaCb Ha 16 %. TIPH 3TOM K03ep-

epH.QHeHTMOJIeKyJISIpHOH.n;HepepY3HHKHcJIopo.n;aD CHH3HJI-

CHHa 33 %. 3m OTKJIOHeHIUIOTopHeHTHpoBaHHbIx Ha BO.n;y

3HaqeHHH C* H D, npHHHMaeMbIx B Macco06MeHHbIx pac-

qeTax, HeH36e)l(HO npHBoMT K ollIH6KaM npH O.QeHKeMac-

co06MeHHbIX xapaKTepHCmK TOHJIMHHOHKOHCTpYK.QHHepep-

MeHTaTopa.

C yqeTOM 3Toro no ypaBHeHHIO (8) MO)l(HO onpe.n;eJIHTb

Tpe6yeMoe MaKCHMaJIbHOe 3HaqeHHe o60eMHoro K03epepH-

.QHeHTa MaCCOOT.n;aqHJ3v' KOTOpbIM .n;OJI)I(eH06JIa.n;aTb npo-

eKTHpyeMbIH epepMeHTaTop, OCHoBbIBaSIcb Ha 3TOM 3Ha-

qeHHH, MO)l(HO BbI6paTb KOHCTpYK.QHIOepepMeHTaTopa, TaK

KaK ,ll;lliI 60JIbllIHHCTBa H3 HHX opHeHTHpOBOqHbIe 3Haqe-

HHH J3v H3BeCTHbI [1, 5].
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