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Pa3pa6oTKa TeXHOJIOrMH paCCOJIhHOrO 3aMOpIDKl1Ballll5l

PbI6bI CIICn0JIb30BaHMeM 3aIIUITHbIX nOKpb:rrn::It
J(-p mexH.HaYK A.T.6E3YCOB, A.C.IIAJlAMAPqYK, KaHiJ.mexH.HayK A.C.THTJIOB, KaHiJ. meXH. HaYK T.A.MAHOJIH

OiJecCKQJI 2ocyiJapcm8eHHafi aKaiJeMufi nuU{e8blX mexHollo2UU

New technology of pre-refrigerating treatment of fresh water fish - freezing
in calcium chloride solution with preliminarily applied protective film coating
such as pectines Is presented. Results of technologic researches obtained
on the base of thick-forehead fish are adduced. There are presented the
results of experimental researches of absorption refrigerating apparatus
intended to realize the new technology. Questions of application of cold-
accumulated materials and heat pipes are discussed.

B nOCJle,D:HHero,D:bI Bce 60Jlblllee pacnpocTpaHeHHe no-

JIY'IaJOTweHKH Ha OCHOBenpHpO,D:HbIX6HOnOJlHMepOB, Ha-

HOCHMbIe HenOCpe,D:CTBeHHo Ha pbI6y. TaKHe nOKpbITHji

n03BOJljilOT 3Ha4HTenbHO CHH3HTb YCYlllKY H 3aTopM03HTb

oKHcnHTenbUYIO nop'l)' nHnH,D:OB,TeM caMbIM ,D:OnbWeco-

xpaHHTb nepBOHa4aJIbHbIe CBoHcTBa npo,D:yKTa. DneHKH

nony4alOT H3 npHpO,D:HbIXCOe,D:HHeHHH:arapa, aJIbrHHOBbIX

KHcnoT, 3qmpoB QennIOn03bI (KM~, M~), neKTHHOBbIX

Be~eCTB [12].
DPH pa3pa60TKe HOBbIX MeTO,D:OBnepBH'mOH XOnO,D:Hnb-

HOH 06pa60TlGl npO,D:yKQHH npy,D:OBoro PbI60BO,D:CTBaHC-

nOnb30BaJIH nOKpbITHji Ha OCHOBeHH3KoMeToKcHnHpoBaH-

HbIX neKTHHOBblX BeUWCTB. TaK~ nJleHKa He TOJlbKOCHH-

)f(aeT YCYlllKY H CKOpOCTbOKHcnHTenbHOH nop4H nHnH,nOB

B npoQecce XpaHeHHji H 3aMop~HBaHHji, HO H npe,D:OTBpa-

~aeT «npOCaJIHBaHHe» (,D:H<pepY3HIOHOHOB KaJIbQHji) npH

pacconbHOM 3aMop~HBaHHH PbI6bI [8].
B 3KcnepHMeHTax HcnOnb30BaJIH KaK npOMbIlllJleHHblH

neKTHH, TaK H 3KcTpaKT H3 ji6n04HbIx BbI)f(HMOK, BbI,D:e-

neHHbIH nyreM IQeJl04HOrO rH,D:pOnH3a [3]. Oc060e 3Ha4e-

HHe npH 06pa30BaHHH nneHKH HMeeT CTeneHb 3TepHepHKa-

QHH(C3) neKTHHOBbIX BeIQeCTB, COCTaBnjiBlllaji 35 %, TaK

KaK CHIDKeHHe C3 HH)f(e 35 % npHBO,D:HTK MrHOBeHHoMy

06pa30BaHHIO crycTKoB, HapYllleHHIO O,D:HOpO,D:HOCTH.Kpo-

Me Toro, npH ,D:aJIbHeHllleM CHI1)f(eHHH C3 Ha6nlO,D:aeTCji

,D:ecrpyKQHji neKTHHOBbIX BeIQeCTB H CHH)f(eHHe MoneKy-

njipHOH MaCCbI, OT KOTOpOH 3aBHCHT )f(eJle06pa3YIOIQaji

cnOC06HOCTb neKTHHa. DPH C3 60nee 40 % np04HocTb

weHKH YMeHblllaeTCji, a npH C3 60Jlee 55 % renb He 06-

Pa3YeTCji [3, 6].
EapbepHbIe CBOHCTBaweHOK CKOHQeHTpaQHeH neKTHHO-

BbIX BeIQeCTB (I1B) I - 4 % HCCne,D:OBaJIHHa MO,D:enbHbIX

OllbITax CnOMOIQbIO,D:HaJIH3HOroCTaKaHa. YCTaHOBJ1eHO,4TO

MHHHMaJIbHOeKOnH4eCTBOKaJIbQHj! npOHHKaeT npH HCnOJlb-

30BaHHH nOKpbITHH C KOHQeHTpaQHeH I1B 3 H 4 %, npH4eM

KonH4eCTBO ,D:HepepYH.n:HpyIOIQeroKallbQHji OTnH4aeTCji He-

3Ha4HTeJlbHO. TeH,D:eHQHji K rene06pa30BaHHIO 3aMeTHO

B03pacTaeT npH YMeHbllleHHH pH Cpe,D:bI3a C4eT yBenH-

LJeHHji rH,D:poepHnbHocTH MoneKynbI [6, 11]. D03TOMY npH

06pa6OTKe nOBepxHocTH KOHTaKTa ,D:HallH3HOro CTaKaHa

1% -HbIM pacTBopoM nHMOHHOH KHcnOTbI KOnH4eCTBO,D:Hep-

epyH,D:HpyIOIQerO KaJIbQHji COCTaBMO 3,6 - 4 %.
DPH ,D:aJIbHeHWeMHCCne,D:OBaHIDfweHOK BhffiCHHJ10Cb,LiTO

Ha np04HocTHbIe xapaKTepHCTHKH KpoMe C3 BJ1HjiIOTKOH-

QeHTpaQHji neKTHHOBblX Bew,eCTB H pH Cpe,D:bI(pHC. 1).
DPH YBenH4eHHH KOHQeHTpaQHH neKTHHOBhIX BeIQeCTB

OT 1 JJ.O4 % np04HocTb nneHKH B03paCTaeT Ha 21,5 % 6e3

06pa60TKH nHMOHHOH KHcnOTOH H Ha 23,5 % npH nO,D:KHC-

neHHH. DP04HOCTb neKTHHOBbIX nOKpbITHH npH nO,D:KHCne-

HHH nHMOHHOH KHcnOTOH nOBbIlllaeTCji B pe3ynhTaTe 60-

nee BblCOKoro cOJJ.ep)f(aHHji KaJIhQHji H COOTBeTCTBeHHO

60nee nnoTHoH «ClllHBKH» neKTHHOBhIX MoneKYJI no Mecry

cB060JJ.HbIX Kap60KcHnbHbIx rpynn.

Eonee BblCOKoe CO,D:ep)f(aHHeKallbQHji B 3aIQHTHhIX no-

KpbITH5IX C Hcnonb30BaHHeM J1HMOHHOH KHcnOTbI 06bjiC-

H5IeTC5Icnoc06HoCTbIO KaTHOHOB KHcnOTbI BbI6HBaTb H3

CB5I3eH HOHbl O,D:HOBaJIeHTHbIXMeTallJlOB, no Mecry KOTO-

pbIX npHcoeJJ.HH5IeTC5I KaJIbQHH [6, II]. O,D:HaKOnOBhlwe-

HHe KOHQeHTpaQHH HOHOBKanhQHji B 3aIQHTHOM nOKphlTHH

npHBO,D:I1TK nOHH)f(eHI1IO Kpl10CKOnH4ecKoH TeMneparypbI

Ha 4 - 6°C no cpaBHeHHIO C 411CThIMneKTHHOM. 3TO 06yc-

nOBnHBaeT, C OJJ.HOHCTOpOHbl, 6onblllyIO np04HOCTb 3a C4eT

KaJIhQl1eBbIX COe,D:I1HeHHH,C,D:pyroH - YBeJlH4HBaeT J1lmeH-
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H)'IO CKOpOCTbKpHCTlUlJI006pa30BaHIDI no BceMy 06beMy

nJIeHKH, 4TO 06ecne4HBaeT MeJIKOKpHCTaJIJIH4ecKylO

CTPYKTYPYnpH JIbA006pa30BaHHH H paBHOMepHoe ee pac-

npeAeJIeHHe[4,7].

B 3KcnepHMeHTax TOJICTOJI06HK 3aMopIDKHBlUlH B pa-

cTBope XJIOpHCTOro KlUlbl.(IDI (c HCnOJIb30BaHHeM 3all.(HT-

HblX nOKpbITHH, HaHeceHHblX HenocpeAcTBeHHo Ha nOBep-

XHOCTb pbl6bI, H 6e3 nOKpbITHH) H B B03AYlllHOH cpeAe.

I1JIOTHOCTbpacTBopa COCTaBmma 1250 Kr/M3, COOTHOllle-

HHe KOJIH4eCTBapbI6bI H pacTBopa 1 : 3, TeMneparypy BO

Bcex CJIY4aSlx nOMep)l(HBlUlH Ha ypoBHe -25 ± 2 dc. 3a-

Mopo)l(eHHylO pbI6y XpaHHJIH npH TeMneparype -18°C B

Te4eHHe 8 Mec. 113MeHeHHe KaLJeCTBeHHblX nOKa3aTeJIeH

onpeAeJISIJlH 4epe3 1; 3; 5; 8 Mec xpaHeHHSI.

fIPOAOJI)l(HTeJIbHOCTb 3aMopIDKHBaHIDI TOJICTOJI06HKa B

pacTBope XJIOpHAa KlUlbl.(HSICOCTaBJISlJIaOT 0,87 AO 1,6 LJ,

4TO B 8,6 pa3a MeHbllle no cpaBHeHHIO C 3aMopIDKHBaHHeM

Ha B03AYXe. CKOpOCTb 3aMopIDKHBaHIDI PbI6bI B pacTBope

XJIopHCTOro KlUlbl.(IDI COCTaBHJIa6,9 cM/4, a Ha B03Ayxe -

0,8 CMl4. YCTaHOBJIeHO,LITOHaHeceHHe 3all.(HTHoro nOKpbI-

TIDI BJIIDIeTHa CKOpOCTb3aMOpa)I(HBaHIDI H npOAOJI)l(HTeJIb-

HOCTbxpaHeHIDI He3HaLJHTeJIbHO.

Pe3YJIbTaTbI nOCJIOHHoro onpeAeJIeHHSI MaccoBoH AOJIH

XJIopHAa KaJIbl.(HSInOKa3aJIH, 4TO HaH60JIblllee npOCaJIHBa-

HHe (npH 3aMopIDKHBaHHH PbI6bI 6e3 3all.(HTHOrO nOKpbI-

TIDI) npoHcxoAHT B nepBble 20 MHH 3aMopIDKHBaHHSI (pHC.

2). B 3TOT nepHoA B KO)l(Ho-4elllYHLJaTbIH nOKpoB TOJICTO-

JIo6HKa npoHHKaeT AO 86 % KlUlbl.(HSI. fIOCJIeAYIOll.(ee 3a-

MeAJIeHHenpOCaJIHBaHHSI06bSlCHSleTCSI06pa30BaHHeM KpH-

CTaJIJIOBJIbAa, KOTopble npenSlTcTBylOT AlUlbHeHweH AHep-

epY3HHHOHOBKaJIbl.(HSIB Mblllle4Hble TKaHH pbI6bI [4, 7].

fIpH 3aMOpa)I(HBaHHH Pbl6bI C 3all.(HTHbIM neKTHHOBbIM

nOKpbITHeM B pacTBope XJIOpHCTOro KlUlbl.(HSIKOJIHLJeCTBO

AHepepYHAHpylOll.(ero KlUlbl.(HSIB TKaHH PbI6bI yMeHblllaeT-

CSIHa 6,25 - 6,5 % no cpaBHeHHIO C pbI60H 6e3 nOKpbITHSI,

a HCnOJIb30BaHHeJIHMOHHOHKHCJIOTbln03BOJISIeTCHH3HTb

KOJIHLJeCTBOAHepepyHAHpylOll.(ero KlUlbl.(IDl ell.(e Ha 3 - 3,5%.

B npoH3BoAcTBeHHblx YCJIOBHSlXBIDKHbIM KpHTepHeM

3epepeKTHBHoCTH npol.(ecca 3aMOpa)l(HBaHHSI S1BJISleTCSI

100
~
§' 80
:s.,
~ 60
~c

C{) 40

~c
~ 20
~

~ KOJfCHO-IIewyullomblu nOKpo(3

•• nOaKOJfCHbIU C/IOU (5MM)

o 10 15 20 25 30 35 40 45 50 55
,4nume/lbHOCmb 30MOpOJfCUBaHUR, II

Pue. 2. KUHemUlW npoeanUBaHUJI mO/lemo/106U1w npu

3aMOpaJICUBaHUU BpaemBope X/Iopuemozo IW/lbl(UJI

BECTHHKMAX

Ta6/1ul(a 1
B/lUJIHUe cnoco6a 3aMOpaJICUBaHUJI U 3aw,umHOZO

nOKpblmUJI Ha yeylUKy Pbl6bl

3aMopalKHBaHHe 3aMopalKHBaHHe
6e3 3aI.QHTHoro e 3aI.QHTHbiM

DOKa3aTenb
nOKpblTHli nOKpblTHeM

B03.L1YIlI- paeeonb- B03.L1yrn- paeeonb-
Hoe Hoe Hoe Hoe

Maeea pbl6bl, r:
.LIO3aMopalKHBaHHlI 3589 4330 3525 3829
noene 3aMopalKHBaHHlI 3524,4 4328,3 3765 4069

YeYIlIKa:
r 64,6 1,8 - -
% 1,8 0,043 - -

ycywKa npoAyKTa. fIpH 3aMOpIDKHBaHHH B paCTBOpe XJIO-

pHCTOrO KaJIbl.(H5IycywKa PbI6bl npH6JIH3HTeJIbHO B 42 pa3a

MeHbwe, LJeMycywKa pbI6bI, 3aMOp0)l(eHHOH Ha B03Ayxe.

DPH HCnOJlb30BaHHH 3all.(HTHbIX nOKpbITHH ycywKa B npo-

l.(eCce 3aMopIDKHBaHH5I He Ha6JIIOAlUlaCb (Ta6JI. 1).

DPH xpaHeHHH B TeLJeHHe 8 Mec ycywKa pbI6bl, 3aMopo-

)l(eHHOH B pacTBope XJIOpHCTOro KaJIbl.(IDI, 6blJIa B 17 pa3

HH)I(e, LJeMycywKa pbl6bI, 3aMOp0)l(eHHOH Ha B03Ayxe.

YBeJlHtJeHHe npOAOJl)l(HTeJIbHOCTH xpaHeHHSI PbI6bI co-

npOBO)I(AaeTCSInOHH)I(eHHeM BJIaroYAep)l(HBaIOll.(eH cnoc06-

HOCTH(BYC) H CABHrOM pH B ll.(eJ104HYIO CTOpOHY.BJlHSI-

HHe cnoc06a 3aMOpa)l(HBaHHSI Ha BYC Mblwe4HOH TKaHH

Ha6J1IOAaeTcjJ npH Bcex cpOKax XOJIOAHJIbHOro xpaHeHH5I

[1]. YMeHbweHHe BYC pbI6bI, 3aMOp0)l(eHHOH B paCTBope

XJIOpHCTOro KaJIbl.(H5IC HCnOJlb30BaHHeM 3all.(HTHblX nOKpbI-

THH, MO)l(HO06bSlCHHTb HeKoTopbIM YMeHbweHHeM CKOpO-

CTH 3aMopIDKHBaHH5I.

,lJ;Jl5IxapaKTepHCTHKH KaLJeCTBeHHblX H3MeHeHHH PbI6bI

6blJla npoBeAeHa cpaBHHTeJlbHaSl Ol.(eHKa H3YLJaeMbIXcno-

C060B no cJleAYI-OLUHMnOKa3aTeJISlM: OpraHOJlenTHLJeCKa51

Ol.(eHKano 18-6aJIJIbHOH CHCTeMe,BYC no H3MeHeHHIOBJla-

rOOTAaLJH,nepeKHcHoe H KHCJIOTHOeLJHCJla)l(Hpa, ycywKa

H cOAep)l(aHHe KlUlbl.(HSI(Ta6JI. 2).
Ta6/1ul(a 2

B/lUJIHUe cnoco6a 3aMOpaJICUBaHUJI Ha Ka'leemBO

MOpOJICeHOU pbl6bl

Cae- nocne 33MOpIDKHB3HHR
XonO,llHJlbHOe xpaHeHHe

TIOIOI311"leJlb "' .. B Tel{eHHe J Mec

pb.5a I II III I II III

nOTepH MaCCbl, % - 1,8 - - 3,3 1,1 0,12

BnarooT.lla'la, % 19,6 42,3 21,6 22,3 48,1 23,5 22,3

KHCJ10THOe'IHCJ10, 4,78 5,95 5,02 4,99
Mr/r

10,03 9,21 5,86

HO.llHOe 'IHeno, % I, 0,132 0,146 0,144 0,139 0,216 0,208 0,178

OpraHonenTH'lee-
18 17 16

Kall OueHKa, 6annbl
17,8 16,5 15,5 17,6

npIIMel.faHile. I - B0311ywHoe 33MOpa>KHB3HHe; 11-paCCDnbHOC JaMOp~H83.HHe; III -
paCCOJlbHOe 3aMOpml<HBaHHe C Hcnonb30BaHHeM 38ll.f1THOro nOlq)bJTHJI.



06pa3QbI pbI6bI, 3aMOp0)f(eHHOH B paCTBOpe XlIOpHCTO-

ro KaJIbQIDI C HCnOJIb30BaHHeM 3allI,HTHOrO nOKpbITWI Ha

OCHOBeneKTHHOBbIX BemeCTB, HMeJIH 60JIee BbICOKHe Ka-

qeCTBeHHbIe nOKa3aTeJIH H 60JIee BbICOKYIO OpraHOJIenTH-

qeCK)'IOOQeHK)'.HaJIHtIHe HOHOBKaJIbQIDI B MbIWeqHOH TKa-

HH pbI6bI OpraHOJIenTHqeCKH He 06Hapy)f(HBaJIOCb. TaKHM

06pa30M, 3amHTHoe nOKpbITHe n03BOJIHeT He TOJIbKO3Ha-

'UneJIhHO 3aTOpM03HTbnpOCaJIHBaHHe,HOH y)])1HHHTbCpOKH

XOJIO)J.HJIbHOrOxpaHeHHH 3a C'IeT npe)J.OTBpameHHH YCYW-

KHH TOpMO)f(eHIDI OKHCJIHTeJIbHOHnOp'lH JIHnH)J.OB.

,lVIH pa60TbI B MeCTax C OTCyTcTBHeM HCTO'lHHKOB 3JIeK-

Tp03HeprHH 6bIJIa pa3pa60TaHa nepe)J.BH)f(HaH nJIaT<popMa-

IlpHQen (pHC.3) CXOJIO)J.HJIbHhIMHannapaTaMH THna «JIapb»,

OCHameHHhIMHa6cop6QHOHHo- )J.H<P<pY3HOHHbIMHXOJIO)J.HJIb-

HbIMH MaWHHaMH (A)J;XM) [9]. He)J.ocTaTKoM A)J;XM

HBJIHeTCH HH3KaHxOJIo)J.onpoH3Bo)J.HTeJIbHOCTb,KaK npaBH-

JIO, He 60JIee 50 BT Ha o)J.HYXOJIO)J.HJIbHYIOMawHHY [5].

fIpocTOe yBeJIH'IeHHe '1HCJIa A)J;XM He n03BOJIHeT 06ec-

neqHTb Tpe6yeMbIe 06beMbI nepepa6aTbIBaeMOH npO)J.yK-

QHH, oc06eHHO B IlepHO)J. 3aMOpa)f(HBaHIDI. KaK nOKa3aJI

OIlbIT, BeJIHl.fHHa IlOJIe3HOrO 06beMa )J.OJI)f(HaCOCTaBJIHTb

He MeHee 180 )J.M3.fIpH BbICOTe XOJIO)J.HJIbHbIXKaMep 1M

IlHlpHHa HX COCTaBHTTaK)f(e IlOpH)J.Ka1 M, a my6HHa - 0,5 -

0,6 M. fIpH OTCYTCTBHHCHCTeMnpHHY)J.HTeJIbHOHQHpKyJIH-

QHHB03.nyxa 06ecIlelfHTb paBHOMepHOCTb TeMneparypHblx

IlOJIeH B KaMepe )J.OCTaTO'lHOCJIO)f(HO.

B03HHKWHe IlpH pa3pa60TKe Ilp06JIeMbI peWaJIH C IlO-

MOI.QbIOxOJIo)J.oaKK)'MyJIHpyIOmHx MaTepHaJIOB (XM), IlO-

3BOJIHIOmHXC03)J.aTb(<3anac» XOJIO)J.onpOH3BO)J.HTeJIbHOC-

TH, H TenJIOBbIX Tpy6 (TT) C MHHHMaJIbHbIM TepMH'IeC-

KHMconpOTHBJIeHHeM [13].

B Ka'leCTBe XM HCnOJIb30BaJIH BO)J.HbIHpacTBop XlIOpH-

Puc. 3. nAamr/JopMa-npu~en c a6cop6~uOHHblMU
XOAOaUAbHblMUannapamaMu:

1- menAOU30AupoeaHHbie KaMepbl; 2 - KpbIWKU;
3 - Aj{XM; 4 - cucmeMa menAonOaeOaa

)J.aHaTpHH (22 - 23%-HbIH), KOTOpbIH HaXO)J.HJICHB nOJIH-

3THJIeHOBblX IlpHMoyrOJIbHbIX eMKOCTHX pa3MepOM 0,04 x

x 0,08 x 0,21 M. IT 6blJIH BbIIIOJIHeHbI no TeXHOJIOrHH HIlO

npHKJIa)J.HoH MexaHHKH (rJKeJIe3HoropcK, POCCHH)H HMeJIH

r-06Pa3HYIO KOHCTPYKQHIOH oMero06pa3HhIH npo<PHJIb.Ten-

JIOHOCHTeJIb- aMMHaK. )J;nHHa 30HbI HcnapeHHH IT 0,19 M,

KOH)J.eHcaQHH0,24 M.

B Ka'leCTBe HMHTaTopOB npo)J.yKTa HCIlOJIb30BaJIH BO)J.-

HblH paCTBOp arapa, npHrOTOBJIeHHbIH B COOTBeTCTBHHC

HopMaTHBHbIMH Tpe60BaHHHMH [2]. Pa3MepbI naKeTOB-HMH-

TampoB COCTaBJIHJIH0,05 x 0,1 x 0,1 M, Macca - 0,5 Kr.

naKeTbI pa3MemaJII1 B npOBOJIOlfHble KOP3HHbI pa3MepOM

0,315 x 0,38 x 0,21 M, KOTopble yCTaHaBJIHBaJIH B TpH HPy-

ca. Me)f()J.y Kop3HHaMH H CTeHKOH KaMepbI BbI)J.ep)f(HBaJICH

B03)J.yWHbIH 3a30p 15 - 20 MM.

KOHCTpyKTHBHoe HCnOJIHeHHe HH3KOTeMneparypHoH Ka-

MepbI (HTK) THna «JIapb» C TOPQeBbIM paCIlOJIO)f(eHHeM

)J.ByXA)J;XM [10] n03BOJIHJIO H3Y'laTb Pa3JIH'IHbIe KOM6H-

HaQHH npH yCTaHoBKe weCTH IT B 30He HcnapHTeJIbHblX

yqaCTKOB A)J;XM - no O)J.HOH,)J.Be,TpH IT Ha o)J.HYA)J;XM

()J.JIH KaMepbI - COOTBeTCTBeHHO 2; 4; 6 IT). ITOJIe3HbIH

06beM KaMepbI COCTaBJIHJI 180 )J.M3, HapY)f(HbIe pa3Mepbl

KaMepbI - 1,02 x 0,65 x 0,95 M.

Pe3YJIbTaTbI 3KcnepHMeHToB nOKa3aJIH, '1TO '1HCJIOTpy6

B He3arpY)f(eHHOH KaMepe npaKTH'IeCKH He BJIHHeTHa paB-

HOMepHOCTb ee TeMnepaTypHoro nOJIH. CHH)f(eHHe TeMne-

paTypbI B KaMepe 113-3a BblpaBHHBaHHH TeMneparypHblx

nOJIeH npH nepexo)J.e C )J.ByX TT Ha weCTb He npeBbIwaeT

2°C. ITPH 3TOM pa3JH14HaH KOMnOHOBKa IT C npHMOJIH-

HeHHbIMI1 y'lacTKaMI1 I1CnapHTeJIH npaKTH'IeCKH He BJIHH-

eT Ha TeMnepaTypHoe nOJIe He3arpY)f(eHHOH KaMepbI (H3-

MeHeHHe TeMnepaTypbl He npeBbIwaeT norpeWHOCTH H3-

MepeHHH, T.e. 0,5 °C). 3TO 06bHcHHeTcH HH3KHMH BeJIH-

'1HHaMH TenJIOIlpHTOKOB lfepe3 orpa)f()J.aIOmHe TenJIOH30-

JIHQHOHHble KOHCTpyKQHH KaMepbI B cTaQHoHapHoM pe)f(H-

Me H B03MO)f(HOCTbIO cB060)J.Horo nepeMemeHHH B03)J.yxa

B nOJIe3HOM 06beMe KaMepbI. OC06bIH HHTepec npe)J.CTaB-

JIHIOT nycKoBble (HeCTaQHOHapHbIe) pe)f(HMbI, CBH3aHHbIe

C 3arpY3KOH KaMepbl «TenJIbIMH» npO)J.yKTaMH (HMHTaTO-

paMH) C TeMnepaTypoH 25 ± 1 0c.
CepHIO TaKHX HCCJIe)J.oBaHI1HnpoBo)J.HJIH npH HOMHHaJIb-

HOH TenJIOBOH Harpy3Ke Ha A)J;XM (no 112 BT Ka)f()J.aH)B

nOCTOHHHOMpe){<HMe npH TeMneparype OKpY)f(aIOmeH cpe-

)J.bJ31 ... 32 °C, B KaMepe - 18 ... -20 °C.

AHaJIH3 pe3yJIbTaTOB, npe)J.CTaBJIeHHbIX Ha pHcA, nOKa-

3blBaeT, lJTO npH 3aMOpa)f(HBaHHH Tpe6yeMaH TeMnepary-

pa OXlIa)J()J.eHHHnpO)J.yKTa He )J.OCTHraeTCH)J.a)f(e npH MH-

HHMaJIbHOH3arpY3Ke.

npH MHHHMaJIbHOH 3arpY3Ke 0,27 V. peaJIH3yeTcH TOJIb-

KO pe)I<HM OXlIa)f()J.eHHH - He BMIlIe 4 °C npH npo)J.OJI)f(Jo!-

TeJlbHOCTH OXlIa)f()J.eHHH 36 'I. O'leBH)J.Ho, '1TO XOJIO)J.HJIb-

HOH MOlUHOCTH)J.ByXA)J;XM He)J.OCTaro'lHO)])1H HHTeHCHB-

Horo OXlIIDI<)J.eHHH3arpY)f(eHHOrO npo)J.yKTa.

)J;nH HHTeHcH<pHKaQHH pe)f(HMa OXlIa)f()J.eHIDI H 3aMopa-
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Puc. 4. ,auHaMUKa U3MeHeHURmeMnepamypbl
«meflllOlO» naKema npu Pa3AUltHblX cmeneHJIX
3alpY3Ku KaMepbl UMUmamOpaMu npoiJYKmoe:

1- 0,27 ":; 2 - 0,56 ":; 3 - 0,83 V
K

:>KHBaHIDIHMHTaTopoB HCnOJIb30BaJIH naKeTbI C XM B KO-

JIH'IeCTBe 10; 20; 40; 60 MaCCOH COOTBeTCTBeHHO8; 16;

32; 48 Kr.
I1ccJIe)].oBaHHSInpoBo)].HJIH npH cpe)].HeH 3arpY3Ke KaMe-

pbI HMHTaTOpaMH 0,56 V•. Pe3YJIbTaTbI HCCJIe)].OBaHHHnpH-

Be)].eHbIHa pHC. 5. HaJIH'IHe npe)].BapHTeJIbHO 3aMOpO)f(eH-

HbIX npo)J.yKToB (naKeToB C XM) n03BOJIHJIO peaJIH30BaTh

Tpe6yeMbIe pe)f(HMbI 3aMOpa)f(HBaHIDI npH 40 H 60 naKe-

Tax, KOTopbIe yKJIa)].bIBaJIH B KOP3HHbI BepxHero (TpeThe-

ro) Hpyca. ilpH yCTaHoBKe 10 H 20 TaKHX naKeTOB TeM-

nepaTypa '1epe3 36 'I COCTaBHJIa COOTBeTCTBeHHO 0,5 H

-5,3°e.

OueH04HbIe paC'IeTbI aKKyMyJIHpylOlUeH cnoc06HoCTH

HCnOJIb3yeMoro XM nOKa3aJIH HaJIH4He 3anaca KaK no Ten-

JIOTe<pa30BOrO nepexo)].a, TaK H no TennoeMKOCTH. Orpa-

HH4HTeJIbHbIM <paKTopOM 3)].eCb HBJIHeTCHBbICOKoe Tep-

MH4eCKoe conpOTHBJIeHHe uenO'IKH npo)].yKT - B03)].yx B

KaMepe - CTeHKa KaMepbI - HCTO'lHHK XOJIo)].a, 06yCJIOB-

JIeHHOe 3Ha'lHTeJIhHhIMH reOMeTpH'IeCKHMH pa3MepaMH

06beKTa.

KaK nOKa3aJIH H3MepeHHSI TeMneparypHbIx nOJIeH npH

3arpY3Ke «Tennoro» npo)].yKTa, TeMnepaTypHbIH nepena)].

Me)f()J.yCTeHKaMH KaMepbI H HcnapHTeJIeM )].OCTHraeT '1e-

pe3 1 'I pa60TbI 42 °e 6e3 HCnOJIb30BaHHSI XM H 26 °e C

XM, Tor)J.a KaK B He3arpY)f(eHHOH KaMepe :na BeJIH'IHHa He

npeBbIlliaeT 3 .. .4 °e. ,[(JISIyCTpaHeHHSI TaKHX TeMnepaTyp-

HbIX nepena)J.oB Ha CTeHKax KaMepbI 6bIJIH yCTaHOBJIeHhl

'1eTbIpe IT. Pe3YJIbTaTbI HCCJIe)].oBaHHH,npoBe)].eHHblx KaK

npH HaJIH4HH XM (pHc.6), TaK H 6e3 HCnOJIb30BaHHR XM
(pHc.7), nOKa3bIBaIOT, '1TOTT n03BOJIRIOT CHH3HTb TeMne-

tn' 'C
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-15
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Puc. 5. ,aUHaMUKa U3MeHeHUJImeMnepamypbl «meflllOlO»
naKema npu cpeiJHeu 3alpY3Ke KaMepbl UMUmamOpaMU
npoiJyKmoe Upa3AUltHOU3alpY3Ke naKemoe c XM:

1- 0,037 V
K
(10 naKemoe); 2 - 0,075 V

K
(20 naKemoe);

3 - 0,14 V
K
(40 naKemoe); 4 - 0,22 V

K
(60 naKemoe)

paTypy «TenJIOro» naKeTa '1epe3 36 'I pa60TbI Ha 5,..7 °e

6e3 XM H Ha 2,..3 °e C XM. ilpH 3TOM pe)f(HM 3aMOpa)f(H-

BaHHSIpeaJlH3yeTcSI npH 3arpY3Ke 20 naKeTOB C XM, a npH

OTCyTCTBHH XM - pe)f(HM OXJI~eHHR (He BbIllie 4 0c)
npH cpe)].HeH 3arpY3Ke KaMepbl.

I1cnOJIb30BaHHe )].ByX TT (no O)].HOHHa A,[(XM) n03BOJIH-

JIOCHH3HThTeMnepaTypy «Tennoro» naKeTa Ha 1,5 ...2,8 °e

6e3 XM H He 60JIee 4eM Ha 0,7 °e C XM. ilpH yCTaHoBKe

lIIeCTH IT TeMnepaTypa «TenJIOro» naKeTa CHJ1)f(aJlaCbHa

8,..9 °e 6e3 XM H Ha 2,5 .. .4 °e C XM.
B pe3YJIhTaTe npoBe)].eHHhIx HCCJIe)].oBaHHH onpe)].eJIe-

Hhl OnTHMaJIbHhle YCllOBHR npoueccoB OXJIa)f()].eHHRH 3a-

MOpa)f(HBaHHH npo)].yKTOB: '1HCJIOTT B KaMepe - 4; on-

THMaJlbHaSl CTeneHb 3arpY3KH 0,56 V.; 4HCJIO naKeTOB C

XM, npe)].BapHTellbHo 3aMOp0)f(eHHbIX )].0 TeMnepaTy-

pbl -18 °e H YCTaHOBJIeHHbIX B BepxHeM Hpyce KOp3HH,

He 60JIee 20.

3aMOpa)f(HBaHHe B BO)].HOMpaCTBope XJIOpHCTOro KaJlh-

UHH- 3TO HaH6011ee 3cPcPeKTHBHhlHcnoc06 KOHcepBHpoBa-

HHH KpynHblx nopo)]. pbl6, n03BOJIRIOlUHH COXpaHRThBbICO-

Koe ee Ka4eCTBO B Te4eHHe )J.JIHTeJIhHoro cpoKa. 3alUHT-

Hble nOKpblTHSI Ha OCHOBeneKTHHOBbIX BelUeCTB n03BOllSl-

lOT KOHTpOllHpOBaTh npouecc )].HcPcPY3HHHOHOBKaJIhUHH B

MbIlIIe'lHYIO TKaHh Pbl6bl. I1x np04HocTb yBeJIH'IHBaeTCSI

npH nOHH)f(eHHH pH H nOBbllIIeHHH KOHueHTpaUHH HOHOB

KaJlbUHH B 3alUHTHOM nOKphITHH.

I1cnollh30BaHHe 3all.\HTHbIX nOKpblTHH Ha OCHOBe3%-Horo
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PUC. 6. j(uHaMUKa U3MeHeHUJImeMnepamypbl

«me1lJlozo» naKema npu cpeoHeii 3azpY3Ke KaMepbl
UMUmamOpaMU npoOyKmo8 ('1emblpe IT) U
Pa3AU'1HOU3azpY3Ke naKem08 c XM:

1 - 10;2 - 20; 3 - 40; 4 - 60

paCTBopa nelCfHHa C npeABaplITenbHOH o6pa6oTKOH nOBep-

XHOCTH Pbl6bl 1%-HbIM pacTBopoM nHMOHHOH KHcnOTbI H

nOcne,AylOlI.{eH <pHKcaUHeH nneHKH 1%-HbIM paCTBOpOM

XJlOpHCTOro KanbUHH n03BonHeT A06HTbCH MHHHManbHoH

KOHueHTPaUHH HOHOB KanbUHH B npouecce pacconbHoro

3aMOpIDKHBaHHH 0,5 % (3HayeHHe, AonycTHMoe rOCT 7636
- 85).
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