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OC06eHHOCTH 3aMOpa)KIfBaHIDI rrpO~TOB

B B03,IIyllIHOM CKOpOMOp03IUIbHOM arrrrapaTe

MO,n;yJIbHOrOTHrra
,4-p mexH.HaYK, npor/J., aKaiJeMUK MAXO.H.IiYJlHOB, A.A.fOPOXOB, A.IO.KYJIEillOB

KeMep08CKuU mexHollozu'tecKuu uHcmumym nUlqe80U npoMbllUlleHHocmu

In given article the theoretical substantiation and the comparative analysis
kinetics of heat-conducting path in tunnel and two-modular "quick freezen

devices is described. Object of refrigerating processing is the unpacked
combined product« a dough + a stuffing» (pies with a meat stuffing). Also
prospects of use two-modular "quick freezen device are analyzed at
designing lines of a line production.

AnnapaTbI B03~YllIHoro THna HaH60JIee pacnpocTpaHe-

HbI B npOMhIllIJIeHHOCTH H HCnOJIb3YIOTC'I~JIjI 3aMOpa)l(H-

BaHH'I npaKTH':leCKH JII060H nHl..QeBOHnpo~YKQHH (IlIl).

,[{OCTOHHCTBO3THX annapaTOB 3aKJIlOqaeTC'I B B03MO)l(-

HOCTH3aMOpa)l(HBaHH'I npo~KToB, npe~CTaBJIeHHhIX 3K-

BHBaJIeHTHbIMHTeJIaMH npocToH <pOPMbI B BH~e nJIaCTH-

HbI, QHJIHH~pa HJIH llIapa, a TaK)l(e TeJIaMH, OTKJIOH'IIOI..QH-

MHC'I OTTpex KJIaCCHqeCKHX<pOPMno yCJIOBH'lM CHMMeT-

pHH KaK B ynaKoBaHHoM, TaK H B HeynaKoBaHHoM BH~e.

B TO )l(e BpeM'I 3TH annapaThI HMelOT PM cyl..QeCTBeH-

HbIX He~ocTaTKoB, a HMeHHO: BbICOKHH ypoBeHb 3Hepro-

3a!paT Ha 3aMop~BaHHe, HepaQHOHaJIbHOe HCnOJIb30Ba-

HHe HMeIOI..QHXC'IXOJIO~HJIbHbIXMOI..QHOCTeHH, KaK cJIe~-

CTBHe3TOro, HecoBepllIeHCTBO TeXHOJIOrHqeCKoro npoQec-

ca 3aMOpa)l(HBaHH'I I1I1. Il03ToMy Ba)I(HbIM 'IBJI'IeTC'I Bon-

poc paJpa60TKH TaKoro TeXHOJIOrHqeCKoro 060pYAOBaHH'I,

KOTopoe CMO)l(eT pellIHTb nOCTaBJIeHHble 3a~aqH.

Ilo pe3YJIbTaTaM 3KcnepHMeHTaJIbHbIX HCCJIe~OBaHHH

nonyqeHbI 3HaqeHH'I npo~OJl)l(HTeJIbHOCTH3aMOp~BaHH'I

HeynaKoBaHHoro KOM6HHHpOBaHHoro I1I1 "TecTo + HaqHH-

Ka" (nHporH C M'ICHOH HaqHHKoH). B KaqeCTBe CKOpOMO-

P03HJIbHOrOannapaTa HCnOJIb30BaJIH3KcnepHMeHTaJIbHYlO

yCTaHOBKY,npe~CTaBJI'I101..QY1OC060H ~Ba TenJIOH30JIHpO-

BaHHbIX MO~YJIjl, paJ~eJIeHHhIX TenJIOH30JIHpOBaHHOH ne-

peropo~KoH. TeMneparypa B nepBoM MO~YJIe COCTaBJIjlJIa

-50 °C, BO BTOpOM -30 °C. CKOpOCTh ~BH)I(eHH'I B03~yxa

5 H 3 M/C COOTBeTCTBeHHO.

B pe3YJIbTaTe npoBe~eHHhIx 3KcnepHMeHTOB 6bIJIH on-

pe~eJIeHbI npO~OJl)l(HTeJIbHOCTH 3aMOpa)l(HBaHH'I npo~YK-

Ta B B03~YllIHOM CKOpOMOp03HJIbHOM annapaTe MO~YJIb-

HOro THna (CM. Ta6JIHQY).

Becb npoQecc 3aMOpa)l(HBaHH'I KJIaCCHqeCKH~eJIHTC'I Ha

TpH 3Tana: 1 - OXJl~eHHe ~o KpHOCKOnHqeCKOHTeMne-

parypbI, 2 - KPHCTaJIJIH3aQH'I,3 - ~OBe~eHHe TeMnepary-

pbI 06'beKTa ~O KOHeqHOH (BhIpaBHHBaHHe TeMneparypbI

no BceMy 06'beMY), a ~JIjI BbIqHCJIeHH'I OTBe~eHHoro Ten-

JIa OT npO~KTa npHMeH'IIOT <pOpMyJIbI, CyMMHpylOl..QHe

COOTBeTCTBylOl..QHeTenJIOBbI~eJIeHH'I Ha Ka~OH CTa~HH.

TeopeT~eCKH rpa<pHK KHHeTHKH TenJIOOTBO~aH306pa)l(eH

Ha pHC. 1.
TOqKa A 'IBJI'IeTC'I HaqaJIOM npoQecca XOJIO~HJIbHOH06-

pa60TKH npo~YKTa. JIHHH'I rpa<pHKa A - B cooTBeTcTByeT

OXJla~eHHIO npo~KTa ~o KpHOCKOnHqeCKOHTeMnepary-

phI Ha nOBepXHOCTH. KaK TOJIbKO nJIOTHOCTb TenJIOBoro
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Puc.I. Fpar/JuK meopemu'tecKou KUHemUKU meMoom8oiJa 8
mYHHe.tlbHOMannapame:

A - B - OXllaJICiJeHueiJo KpuocKonu'tecKou meMnepamypbl Ha
n08epXHocmu; B - C - 3aMOpaJICU8aHUe iJo

KpuocKonu'tecKou meMnepamypbl 8 u,eHmpe; C - D -
pacnpeiJe.tlenue meMnepamypbl no 8ceMy 067>eMY



nOTOKa q AOCTHraeT TOlfKH B, Ha nOBepXHOCTH rrpoAyKTa

HallHHaeTC~ rrpoQecc KpHCTaJInH3aQHH BOAM, XapaKTepH-

3YIOll.(HHC~ pe3KHM YBenHlfeHHeM TerrnOBOrO nOTOKa (nH-

HH~ B - B1). ilpH AOCTIDKeHHH q TOlfKH B1 npoQecc KpHC-

TannH3aQHH BbIXOAHT Ha CTaQHOHapHbIH ypoBeHb, XapaK-

TepH3YIOll.(HHC~ nOCTO~HHbIM 3HalleHHeM TennOTbI, BbIAe-

n~eMOH npoAyKTOM npH epa30BOM npeBpall.(eHHH )I(HAKO-

CTH B neA. 3TO npOHCXOAHT TOrAa, KOrAa CKOpOCTb nepe-

Mell.(eHH~ rpaHHQbI pa3Aena epa3 B rrpoAyKTe rrOCTO~HHa

(nHHH~ B1 - C). PeanbHO 3TOT YlfaCTOK rpaepHKa nony-

lfHTb npaKTHlfeCKH HeB03MO)l(HO. TOlfKa C XapaKTepH3Y-

eT 3aBeprneHHe npoQecca KpHCTannH3aQHH. ilocne ero

3aBeprneHH~ BenHlfHHa TerrnOBoro rrOTOKa pe3KO rraAaeT, H

nHHH~ C - D COOTBeTcTByeT AOBeAeHHIO rrpoAyKTa AO

KOHelfHOH cpeAHe06'beMHOH TeMrreparypbI.

)J;eHCTBHTenbHbIH )I(e rpaepHK KHHeTHKH TerrnOOTBOAa

BblfJ1~AHT cneAylOll.(HM 06pa30M (pHC. 2). TOlfKa A n-
n~eTC~ HallanOM npoQecca xonoAHnbHoH 06pa60TKH rrpo-

AyKTa. JlHHH~ A - B COOTBeTCTByeT OXml)l(AeHHIO rrpo-

AyKTa AO KpHocKonHlfecKoH TeMrreparypbI Ha ero nOBep-

XHOCTH. B TOlfKe B Ha rroBepxHocTH rrpoAyKTa HalfHHa-

eTC~ KpHcTannH3aQH~, BcneACTBHe lfero 3HalfeHHe Ten-

nOBoro nOTOKa pacTeT AO TOlfKH B I' Ha npaKTHKe Ylfac-

TOK rpaepHKa, cooTBeTcTBylOll.(HH cTaQHoHapHoMy Terrno-

OTBOAY, BbIAenHTb HeB03MO)l(HO, 3Ta lfaCTb rrpoQecca

KpHcTannH3aQHH npoHcxoAHT B OlfeHb KOPOTKHH rrpoMe-

)I(yTOK BpeMeHH B TOlfKe B1 H ee oKpecTHocT~X (rrpH

6bICTpOM 3aMOpa)l(HBaHHH ilil, HMelOll.(erO He60nbrnHe

rronepelfHble pa3MepbI), BcneACTBHe lfero MbI HMeeM He

nnaBHbIH nepexoA OT B1 K C (KaK Ha pHc.l), a 3KcTpe-

MyM B TOlfKe B1• B TOlfKe C KpHcTannH3aQH~ 3aBeprna-

eTC~. JlHHH~ C - D cooTBeTcTByeT KonHlfecTBY Terrno-

TbI, BbIAemllOll.(eMYc~ npH BblpaBHHBaHHH TeMnepaTypbI

no TOnll.(HHe npoAyKTa.

Pe3ynbTaTbI npoBeAeHHblx MHorHMH aBTopaMH orrbITOB

[2] rr03Bon~IOT npeAnonaraTb, 'ITO KpHCTannH3aQH~ B rre-
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Puc. 2. FparjJuK oeUCm6UmeJlbHOU KUHemUKU merulOom600a 6
myHHeJlbHOM annapame:

A - B - OXAa:>ICOeHUe00 KpuocKonuIlecKou meMnepamypbl
Ha n06epXHocmu; B - C - 3aMOpa:>ICU6aHUe 00

KpuOCKOnU'IeCKOU meMnepamypbl 6 u,eHmpe;
C - D - pacnpeoelleHue meMnepamypbl no mOIlU{UHe

peoxn~AeHHoM MaTepHane HalfHHaeTC~ 06~3aTenbHO TaM,

rAe AOCTHraeTC~ rrpeAenbHa~ TeMneparypa nepeoxna)l(-

AeHH~, H HMeHHO B MOMeHT ee AOCTH)I(eHH~. I1CXOA~ H3

3Toro, MO)l(HO CAenaTb BbIBOA, 'ITO KpHCTannH3aQH~ Ha-

lfHHaeTCjI B nepHepepHHHbIX cno~x, TaK KaK HMeHHO OHH

nepeOXna)I(AaIOTC~ 6bICTpee Bcero. IIocKonbKY MHorHM

rrpoAyKTaM rrpHcyll.(a 3HalfHTenbHa~ HeOAHopOAHOCTb

BHyTpeHHero CTpoeHH~ H pacnpeAeneHHjI BnarH, TO MO)l(-

HO rrpeArrOnO)l(HTb, 'ITO lfaCTHlfHajl KpHCTaJInH3aQ~ rrOBep-

XHOCTH npOHCXOAHT AO AOCTH)I(eH~ q TOlfKH B. fny6oKoe

rrepeOXna)I(AeHHe crrOC06CTByeT 3TOH lfaCTHlfHOH KpHCTaJI-

nH3aQHH, KOTopa~ cTHMynHpyeT BeCb npoQecc 3aMOpa)l(H-

BaHH~.

ilyCTb qBHYTP 6YAeT cpeAHeHHTerpanbHbIM 3HalfeHHeM

TennOBoro rrOTOKa, OTBOAHMoro OT rrpOAYKTa 3a BeCb QHKn

3aMOpa)l(HBaHH~, a qBHew - MaKCHMaJIbHbIM TennOBbIM no-

TOKOM, KOTOpbIH cnoc06eH OTBeCTH OT npoAyKTa B03AYX C

3aAaHHbIMH TennoepH3HlfecKHMH xapaKTepHcTHKaMH. Or-
HorneHHe 3THX AByx BenHlfHH onpeAenjleT'3epepeKTHBHOCTb

xonoAHnbHoH 06pa60TKH npoAYKTa, a HX Pa3HOCTb rrpeA-

CTaBn~eT C060H HeHcnonb30BaHHbIH xonoAHnbHbIH rrOTeH-

QHaJI. I1cXOA~ H3 BblrneCKa3aHHOrO, q 6vAeT rrpeAcTaB-
BHYTP J.

n~Tb C060H TennoBoH rroToK, BbIAen~IOll.(HHC~ npH oxna)l(-

AeHHH, a qOCT - HeHcrronb30BaHHbIH xonoAHnbHbIH nOTeH-

QHaJI rrpH OXna)I(AeHHH (pHC. 3).
ilpH pa3pa6oTKe AByxMoAynbHoro CKOpOMop03HnbHoro

arrnapaTa OCHOBHoe BHHMaHHe YAen~nOCb opraHH3aQHH

TerrnOOTBOAa Ha MOAenH rrporpaMMHoro 3aMop~HBaHHjI

nHl.QeBbIX rrpoAyKTOB. Oc06eHHocTb MOAenH 3aKnlOlfaeT-

C~ B H3MeHeHHH napaMeTpOB OXna)I(AalOll.(eH cpeAbI B 3a-

BHCHMOCTH OT CTaAHH 3aMOpa)l(HBaHH~. PeaJIH3aQ~ 3a-

KnlOlfanaCb B epOpMHpoBaHHH AByx TeMneparypHblx noneH

C He3aBHCHMbIMH xapaKTepHCTHKaMH. AHanHTHlfeCKH

6blno orrpeAeneHO, 'ITO rrpoQecc KHHeTHKH TerrnOOTBOAa

6YAeT COOTBeTCTBOBaTb rrOKa3aHHOMY Ha pHC. 4.
3Aecb TOlfKa A - Halfano rrpoQecca 3aMOpa)l(HBaHH~.

JlHHH~ A - B cooTBeTcTByeT oxna)I(AeHHIO rrpoAyKTa AO

KpHocKorrHlfecKoH TeMrreparypbI Ha rroBepxHocTH. B KpH-

oreHHblX arrrrapaTax rrpH AOCTH)I(eHHH 3TOH TOlfKH rrpoAYKT

nepeMell.(aeTCjI B cneAYIOll.(ylO 30Hy 06pa60TKH, 'ITO B
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Puc.4. fparjJUlc meopemuIleClcou KUHemUiCU meflJIOOm800a 8
08yxMoOyAbHOM annapame:

A - B - OXlla:JICOeHUe JIJI 00 KpuocKonuIlecKou
meMnepamypbl Ha n08epXHocmu; B - C - 3aMOpa:JICU8aHUe

00 KpuocKonuIlecKou meMnepamypbl 8 l4eHmpe; C - D -
008eOeHUe meMnepamypbl 00 KOHellHOU cpeoHe06oeMHou

onpe~eJIeHHOH CTeneHH HapyllIaeT I.(eJIOCTHOCTbnp0I.(eC-

ca [lJ. B ~BYXMO~YJIbHOM)f{e annapaTe npO.a;yKT OCTaeT-

CH B MO~YJIe, XapaKTepHCTHKH KOToporo He MeHHIOTCH.

BCJIe~CTBHe3Toro npOHCXO~HT nOCJIe~OBaTeJIbHOeOTBe-

~eHHe H TenJIOTbI OXJIa)f{~eHHjI, H TenJIOTbI 3aMOpa)f{HBa-

HHH. B KaKOH-TOMOMeHT BpeMeHH q ~OCTHraeT TOlfKH B l'

COOTBeTcTBylOlI.(eHHalfany CTaI.(HOHapHoro TenJIOOTBO~a

<pa30BOrOnpeBpalI.(eHHH, H npOI.(eCCxapaKTepH3yeTcjI JIH-

HHeH B 1 - C. B TOlfKe C KpHCTaJIJIH3aI.(HjI3aKaHlfHBaeTCjI,

H 3HalfeHHe TenJIOBOrOnOTOKape3KO YMeHbllIaeTCH. B 3TOT

MOMeHTnpO~YKT nepeMelI.(aeTCjI BO BTOPOHMO~YJIb, HMe-

IOII.(HH60JIee HH3KYlO cnoc06HOCTb TenJIOOTBO~a (qBHew),
B KOTOpOM06'beKT 3aMOpa)f{HBaHHH ~OOXJIa)f{~aeTCH ~O

He06xo~HMOH cpe~He06'beMHOH TeMneparypbI. JIHHHjI

C - D COOTBeTcTByeTpacnpe~eJIeHHIO TeMneparypbI no

BceMy 06'beMy npO~YKTa.

TIPH npOBe~eHHH 3KcnepHMeHTaJIbHbIX HCCJIe~OBaHHH

6bIJIa nonylfeHa CJIe~YIOI..QajlxapaKTepHCTHKa npOI.(eCca

(pHC. 5). TIPH Haxo~eHHH npo~YKTa B nepBoM MO~YJIe

ero TeMneparypa nOHH)f{aeTCH~o tKp Ha nOBepXHOCTH(TOlf-

Ka B). BCJIe~CTBHemy60Koro nepeOXJIa)f{~eHHjI KpHCTaJI-

JIH3aI.(HHHalfHHaeTCH B nepBbIe MHHYTbI np0I.(ecca, H ne-

pe~ nepexo~oM npo~YKTa BO BTOPOH MO~YJIb BeCb npo-

~YKT 3aMOp0)f{eH (TolfKa C). lJIy60Koe nepeOXJIa~eHHe

npo~YKTa HHTeHcH<pHI.(HpyeT06pa30BaHHe KpHCTaJIJIOB,KO-

TopbIe paBHoMepHo pacnpe~eJIHIOTCH no BceH TOJIrn.e3a-

MOpa)f{HBaeMoro TIn. C nOMOlI.(blO TepMorpaMMbI onpe-

~eJIeHa cpe~HHH JIHHeHHaH CKOpOCTb 3aMOpa)f{HBaHHjI

06'beKTa KaK OTHOllIeHHe paCCTOjlHHjI OTnOBepxHocTH npo-

~YKTa ~o ero TepMHlfecKoro I.(eHTpa K npOMe)f{yTKy Bpe-

MeHH ~OCTH)f{eHHjI TeMneparypbI Ha nOBepxHocTH 0 °c H

B TepMH'leCKOM I.(eHrpe Ha 10°C HH)f{e KpHocKonHlfecKoH

npH nOJIOBHHeTOJIII.(HHbInpo~YKTa 15 MM, TaK KaK B pac-
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PUC. 5. fparjJuK oeUCm8UmeJlbHOU KUHemUKU menAOOm800a 8
08yxMOOyAbHOM annapame:

A - B - OXlla:JICOeHUe 00 KpuocKonuIlecKou meMnepamypbl
Ha n08epXHocmu; B - C - 3aMOpa:JICU8aHUe 00

KpuocKonuIlecKou meMnepamypbl 8 l4eHmpe; C - D -
pacnpeOeJleHUe meMnepamypbl no 8ceMy 060eMy

CMarpHBaeMOM cJIYlfae xapaKTepeH CHMMerpHlfHbIH Ten-

JIOOTBO~.3Ta CKOpOCTbCOCTaBJIjleT 14,87'10-6 M/C. TIo-

JIYlfeHHoe 3HalfeHHe COOTBeTcTByeTnOHjlTHIO.6bICrpOH CKO-

pOCTHJaMOPa)f{HBaHHjI.TIPH TaKOHCKOpOCTHKpynHbIe KpH-

CTaJIJIbIJIb~a He 06Pa3YIOTCjI. KpOMe Toro, npH 6bICrpOM

3aMOpa)f{HBaHHH Bo~a B npO~YKTe nOlfTH 6e3 nepeMelI.(e-

HHjI nepeXO~HT B JIe~ TaM, r~e OHa HaXO~HJIaCb ~O 3aMO-

pa)f{HBaHHjI, H HaTHBHaH CTpyKrypa npO~YKTa He H3MeHH-

eTCH.KpOMe Toro, 6bIcrpoe 06pa30BaHHe nOBepxHOCTHOH

JIe~jlHOH KOpKH cnoc06cTByeT YMeHbllIeHHIO nOTepH npo-

~YKTa OT YCYllIKH. I>JIaro~apjl 3TOMy KalfeCTBO 3aMopo-

)f{eHHOrO npo~YKTa He YXY~llIaeTCjI. TIoCJIe nepeMern.eHHH

npO~YKTa BOBTOPOHMO~YJIb npOHCXO~HT pacnpe~eJIeHHe

TeMneparypbI no BceMy 06'beMy TIn ~O cpe~He06'beM-

HOHTeMneparypbI -18°C, paBHoH TeMneparype ~aJIbHeH-

llIero xpaHeHHH (JIHHHjI C- D).
CpaBHHBaji rpa<pHKH Ha pHC. 4 H 5, BH~HM, 'I TO TeopeTH-

lfeCKaH H ~eHCTBHTeJIbHaH KHHeTHKH TenJIOOTBO~a, 3a He-

60JIbllIHM HCKJIlOlfeHHeM, COBna~aIOT, TaK KaK B ~eHCTBH-

TeJIbHOH KHHeTHKe HeHCnOJIb30BaHHbIH XOJIO~HJIbHbIHno-

TeHI.(HaJI 60JIbllIe, 'I TO 06yCJIOBJIeHO B03~eHCTBHeM Hepe-

ryJIHpyeMbIx BHellIHHX <paKTOpOB(Ha pHcyHKax 3allIrpHXO-

BaHbI).

CpaBHeHHe KHHeTHKHTenJIOOTBO~acyrn.eCTBylOrn.HX an-

napaTOB H 3KcnepHMeHTaJIbHOH yCTaHoBKH nOKa3aJIO, 'I TO

HeHCnOJIb30BaHHbIH XOJIO~HJIbHbIHnOTeHI.(HaJI y ~BYXMO-

~YJIbHOro CKOpOMOp03HJIbHOrOannapaTa npHMepHO B2 pa3a

MeHbllIe Ha CTa~HH 3aMOpa)f{HBaHHH 3a ClfeT Toro, liTO B

nepBOM MO~YJIe OTBO~HTCHTenJIO OXJIa)f{~eHHjI H KpHC-

TaJIJIH3aI.(HH.

OCHOBHaH lfaCTb BpeMeHH 3aMOpa)f{HBaHHH YXO~HT Ha

~OBe~eHHe TIn ~O He06xo~HMOH TeMneparypbI B I.(eHTpe.

OHO COCTaBJIjleTnpHMepHO 60 % Bcero BpeMeHH, 3arpa-

lIeHHoro Ha XOJIO~HJIbHYIO06pa60TKY, 'I TO CBH3aHOC He-



06XO~HMOCThIOpaCXO~OBaThqaCTh XOJIO~aHa no~~ep)l(a-

HHeTIll B cTa6HJIhHOM3aMOpmKeHHOMCOCTOjlHHH,a qaCTh

Ha OTBe~eHHeTenJIOThI ~OOXJI~eHHjI. O~HaKO nOHH)I(e-

HHe TeMnepal)'phI BO BTOpOM MO~YJIe He n03BOJIjleT cy-

~eCTBeHHO YMeHhllIHTh BpeMjI B npOTHBOBec cy~ecTBeH-

HOMyYBeJIHqeHHIO3HepreTHqeCKHX 3arpaT. n03TOMY <pop-

CHpOBaHHe~OOXJI~eHHjI H3MeHeHHeMTeMnepal)'phI cpe-

~hI KpOMeYBeJIHqeHH.SI3HepreTHQeCKHX 3arpaT HHQerO He

~aeT. O~HaKO COKpaTHTh npO~OJI)I(HTeJIhHOCTh3TOro ne-

pHo~a TeXHOJIOrHqeCKoro npOI~ecca MO)l(HO, YBeJIHqHBM

CKOpOCThnOTOKaB03~yxa B npe~eJIax 3HepremqeCKH 3<p-

<peKTHBHOrO~Hana30Ha.

HenpephIBHOCTh TeXHOJIOrHqeCKOrO npOI~ecca 3aMO-

pa)l(HBaHHjI OQeHh Ba)l(Ha, HO OHa B03MO)l(Ha B TOM CJIy-

qae, Kor~a BpeMjI HaXO)f(~eHHjI npO~YKTa B nepBOM MO-

~YJIe 6y~eT paBHO BpeMeHH HaXO)l(~eHHjI ero BO BTO-

pOM, T.e. 't"I = '[2. 3Toro MO)l(HO ~06HThCjI, eCJIH ~06a-

BHTh ~OnOJIHHTeJIhHhIX TpH-qeThIpe MO~YJIjI, COOTBeT-

CTBYIO~HX BTOPOMY no yCJIOBHjlM TenJIOOTBO~a, JIH60

06'he~HHHTh 3TH ~OnOJIHHTeJIhHhIe MO~YJIH B e~HHhIU

l)'HHeJIh C KOHBeUepOM. ECJIH ~JIHHa BToporo MO~YJIjI

COCTaBJIjleT,HanpHMep, L, TO ~JIHHa e~HHoro l)'HHeml

He 6y~eT npeBhIlliaTh (3 .. .4)L, QTO He YBeJIHQHT rpo-

M03~KOCTh 060PY~OBaHHjI.

TaKHM 06pa30M, annapaThI B03~YllIHoro MO~YJIhHOrO

THna n03BOJIjlIOT ocy~eCTBJIjlTh npOI~ecc nporpaMMHoro

3aMOpa)l(HBaHHjInn, KOTOphIU3aKJIIOqaeTCjIB H3MeHeHHH

napaMeTpOB OXJIa)l(~aIO~eu cpe~hI B 3aBHCHMOCTH OT

CTa~HH3aMOpa)l(HBaHHjI. 3TO n03BOJIjleT OnTHMaJIhHOHC-

nOJIh30BaTh XOJIO~HJIhHhleMO~HOCTH Ha npOH3BO~CTBe,

YMeHhllIHTh 3Hepr03arpaThI H BpeMjI 3aMop~HBaHHjI. B
xo~e npOBe~eHHhiX HCCJIe~OBaHHUyCTaHOBJIeHO,QTOnpo-

Qecc 6hICTpOro 3aMOpa)f(HBaHHjI nn B ~BYXMO~YJIhHOM

CKOpOMOp03HJIhHOMannapaTe 60JIee 3KOHOMHQeH.TeXHO-

JIOrHQeCKHepe)l(HMhI pa60ThI nepBoro H BToporo MO~Y-

JIeu n03BOJIjlIOT 3aMOpa)l(HBaTh nn B npe~eJIhHO KOpOT-

Koe BpeMjI 6e3 JIHllIHHX 3HeprenlQeCKHX 3aTpaT. C03~a-

HHe MHorOMO~YJIhHOrOKOMnJIeKcHoro annapaTa n03BOJIHT

ocy~eCTBJIjlTh OnTHMaJIhHhlU HenpephIBHhIU TeXHOJIOrH-

QeCKHUnpoQecc.
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