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naBa 1

COCTAB M CBOUCTBA
MULLEBLIX NPOAYKTOB

C TOYKHM 3peHHs TPHOPHUTETHHIX 3a/1a4 XOJIONWABHOM TEXHOJIOTHH J106ast

. 06paboTKa IPOAYKT2, BKJIIOYasl €ro X0JA0AH/IbHOE XpaHEeH e, CBA3aHa C JIo-
CTHXKeHMeM GHOoJIoruyeckoif MM, YTO ABIAETCH OCHOBHOI LEJBIO XOJIO-
AWIBHOH 06paGOTKH NPOAYKTOB, TEXHOJIOTHYECKOH 00PaTUMOCTBIO IpoLec-
ca. DTO 3HAYMT, YTO IO OKOHYSHHH TEXHOMOTMYECKOT0 NpoLiecca CBORCTBA
NPOAYKTA AOJKHbI OCTATHCS NPaKTHYECKH HeH3MEHHBIMH, aHAIOTHYHBIMU
TeM, KOTOPHIMHU OH 06a1aziaz fio TexHojornyeckoit obpaborky. 3o sapava-
MaKCHMYM XOJOAW/IbHOM TexHonoruy. Iloatomy paspaborka pekoMeHza-
1mii, KaCAIOMMXC METOAONOTHH XOJOAWAbHOM 06paGOTKH M XpaHeHHs
NPOAYKTOB, BKJIIOYast KpaTKOCPOYHOE XpaHeHH e, 10JKHa 6a3HpOBaThCA Ha
IPEACTABACHUAX O COCTaBE, CTPYKTYpe, CBOMCTBaX NPOAYKTOB, 3HAHUH
MPOLIECCOB, IPEALIECTBYIOIHX XOJIOANIbHOH 06paboTKe MPOAYKTOB ¥ UX
BO3MOXKHbIX H3MEHEHHSX, IPOMCXO/IANIMX NPH X0A0AMIbHO# 06paboTke H
nocjefyoleM XxpaHeHHH. PaBHbIM 06pa3oM cka3aHHOe OTHOCUTCS H K Me-
TOJaM BOCCTAHOBJIEHNS HCXOAHbIX CBOCTB — K OTEIJIEHUIO ¥ PAa3MOpaXKH-
BaHMIO NPOAYKTOB.

ITuieBbie POAYKTHI KKUBOTHOTO M PACTHTELHOTO IIPOUCXOXKIEHUS SAB-
JISIOTCA CNIOKHBIMH GHOMIOTHYECKHUMH CHCTeMaMu. B oTiiuue ot npoayk-
TOB %XHBOTHOTO TIPOMCXOXAEHHS NPOAYKTH PACTUTEIBHOTO NPONCKOKIE-
HUS ABAKIOTCS GHONOrWYECKH aKTHBHBIMH.

Brifop cnocoba Bo3fieCTBYS Ha IPOAYKT ¥ AHAIM3 MPOIIECCOB TEXHOAO-
ryeckoi 06paboTKH B XOJMOAMIBHOMN TEXHOJIOTHH IIPUHATO PaCCMAaTPHBATD
Ha OCHOBE TpeJCTABJICHUs O NPOAYKTe Kak O NONMAKCIEPCHOH CHCTeMe,
BKJIIOYAIOLIeil paCcTBOPUTEIb — TKAHEBYIO BJIATY H PACTBOPEHHEIE KOMIO-
HEHTHI — GeNIKH, XKUPHI, YIIEBOAH, MUHepaJbHbie BelleCcTBa.

ViaMeHYMBOCTD CBOMCTB NPOAYKTOB NPU XOJOAMIBHOI 06paboTKe U Xpa-
HEHHU BAUSET Ha MX NOTPeGUTENIbCKYIO HEHHOCTh M ONpeeasieT METOABI
fnocaeAyomeil XonoauabHoi 06paboTKH.
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1.1. CBs3b BNarm c KOMNOHEHTaMH NPOAYKTA

OmnpezenstiioliMM KOMIOHEHTOM NPOAYKTa (IUCTIEPCHOHHON CPenoit) ABJs-
ercs TKaHepas BJara. Ee cocTosnne 1 mpoyHOCTb CBSA3U C PACTBOPEHHBIMU
KOMMNOHEHTaMH NpoAykTa (aucnepcHoil ¢a3oit) onpefensiior KOHCHCTEH-
HHIO ¥ CTPYKTYPY NMPOJYKTA, BAUAA Ha YCJIOBHS XOJOAWIBHOMK 06paboTku
M IOCNeAYIONIero XpaHeHUs! IPOAYKTa.

B npoayxrax >KHBOTHOro MPOHCXOXKIEHHS KOJHUYECTBO BJIarv COCTAB-
nset 75-80%, pacturensHoro — no 99%.

TkaHeBast BJIara He siJjsieTcsi cBo6oHON. OHa CBsi3aHa ¢ KOMIIOHEHTa-
MU ipopykTa. [Ipeiacrasienue pa3IMiHbIX aBTOPOB O IPOYHOCTY 3TOH CBS-
31 oTpakeHo B Tabu1. 1.1.

Han6onee 9etkyio xnaccuduranuio popM cBs3M ¢ KOMIIOHEHTAMH TIPO-
aykTa npeactasui I1. A. Pebunnep.

Xumuuecku ceazannas énaza — BJara, OlleHUBaeMasi B TOYUHBIX KOJIuye-
CTBEHHBIX COOTHOIEHHAX. XMMHYECKM CBA3AHHAS BJlara IIPOYHO CBSI3aHA
C KOMIIOHEHTaM¥ TIPOAYKTa H MOXKeT ObITh yZajieHa U3 Hero MpH XuMudge-
CKOM B3aMMOJIeiCTBHY WM TIPH XKECTKO# TeI10Boi 06paboTke, HanpuMep
OpH npoxanuBaHud. [Ipn 06p14HOI CyIlIKe IPOAYKTAa XUMHUUYECKH CBSA3aH-
Has BJIara He yaJsAeTcs.

Tabauua 1.1

fipeacraBneHmne pa3nnyHbiX aBTOPOB
© NMPOYHOCTU CBA3U BNlarn ¢ KOMIIOHEHTaMu NPpoAyKTa

ARTOp KnaccupHKany
=
g & ] 2 )
E. § g 2 = »=
[+ X ] & 2
= 3 E S . =
A s X = o
= <
| buzuko- Crobonnas CaoGonHas CroGonnas Hanminss
MexaHMyeckas | Bojga Bo/la BOZA BOJA.
CBA3b MeraGonuye-
ckas BOja
I } dusnxo- Juddysnnii Konctutyun- JKuznennas
XHMHYECKast cnoit BOAkI OHHas BOJIA. BOJIA.
CBA3L Ancop6upoH- Bosa, cnoco6-
Has BOZa Has K 3aMopa-
XKHBAHHIO
I j XnMuueckas CesizanHas Ancop6umon- Kpucrawmsa- Hesamepaa-
CBA3L Bnara HblIii CTIOM BOAB | LIMOHHAA BOZA | fomias Boja
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Popmbi CBS3N BRATM C KOMNOHEHTAMM npogyKra

Qusuro-xumuiecrkas €6sa3v» — ylepXKaHue BJIaTH B HEOTIpeJeJEHHbIX KO-
IdecTBax. JT0it hopMe COOTBETCTBYIOT CIeAYIONIHe BUIL! CBSI3H:

* adcopbuuonno-cea3annas enaza, T.e. Biara, yaepxupaeMas 3a cyer
37IeKTPOCTAaTHYeCKOTO 3apsia MuLe/l1. KoamouHble YacTHIB UMe-
10T aucnepcuocts (,1-0,001 MxM, B cuay vero 06113.1]3}0'1‘ OT'POMHOI
BHYTpeHHei TOBEPXHOCTHIO; -

* OCMOMUYECKU YOepHcaunas 61aza, T. €. Biara HabyXaHHs ¥ CTPYKTYp-
Has BJara, 3aXpayeHHas Ipu pOpMHUPOBAHUH resd. Toil Bare cOOT-
BETCTBYET BeCbMa MaJiasi SHEPrHisl CBSI3HU.

'

Kak nonaraer C. M. Jlunaros, BHCOKOMOJIEKYASIPHbIE COEMHEHHS CO-
CTOAT U3 cMecH ¢paKiivii pa3InYHOR MOJIEKYJIAPHOI MACCh, KOTOpBIE Pa3-
Hoobpa3sHo B3aMMOZeHCTBYIOT ¢ BoZoii. BbicOKOMoOJIEKy IsipHbIe (hpaKuun
He PaCTBOPUMEI B BoJle, HU3KOMOJIEKYISIDHbIE — PACTBOPUMBL.

[Ipu opMupoBanum ressi 06pa3yeTcst CKeleT U3 3aMKHYTHIX KJETOK,
CTEHKM KOTOPHIX COCTOSAT M3 HEePacTBOPHMMBbIX ¢pakuuii. PactBopumas
¢dpaxitust IpM 9TOM YaCTUYHO NoNIa/jaeT BHYTPb KJIETOK, 2 YaCTHYHO HAXO-
IUTCS Ha UX BHelIHe#l noBepxHocTH. Tak Kak BHYTPHU KJIETOK KOHLEHTpa-
1S pacTBOpNMO#i bpakiiy Gosble, yeM BHe KJIETOK, TO BJara Monazaer
BHYTPb CKeJieTa IlyTeM 0CMOCa, Yepe3 CTeHKH KieTok. YacTh Baru rona-
ZlaeT BHYTPb KJIeTOK HeOCPeACTBEHHO Py POPMUPOBAaHHH Tesis.

Qusuxo-mexanuueckas céa3b — ylepXKaHye BJIard B HeoNpereJeHHBIX
KONUYEeCTBax. ‘

IToii CBS3U COOTBETCTBYIOT CJIEAYIOIME BUABI BJIAry:

* BJlara MaKkpoXalUJIASpOB CO CPeAHUM pajuycoM 1op Gosee 1077 m.

JlapjieHHe BOISIHOTO Napa HaJ [IOBEPXHOCTHIO BOJIBI He OTAHYaeTcA
OT JaBJIeHHs BOASIHOTO Napa HaJl NOBEPXHOCTHIO YHCTOH BOABI;

* BJIara MHKPOKallWLISIDOB — 3aNOJIHseT IIOpbi pasMepoM Mehee 1077 M.
ITa Bjara nepemeniaerca B IPOAYKTe KaK B BU/e JKUAKOCTH (OT IieH-
TPaIbHBLIX CJI0EeB MPOAYKTA A0 30HBI HCNApeHMs), TaK H B BH/E napa
(oT 30HBI HCTIAPEHNSI Yepe3 CYXOil Coil B TeNIO0TBOAALLYIO Cpeny ).

TipuMenuTebHO K TPaKTUYECKUM 3a4a4aM NMULLeBO TeXHOJIOrHH dop-
MBI CBS3HM BJIal'¥ MOXHO CBECTH K NpeCTaBJIeHHIO BCEro O ABYX dopMax
BJIarH: cBOOO/IHAA H CBS3aHHad.

Csobojinad Biiara 1o ¢BoCTBaM He OT/JINYAeTCA OT CBOMCTB YHCTOH BOABL
CBsi3aHHas Bjlara OT/IMYaeTcss psafoM ocobenHocreil. OHa TpynHee ucHa-
psAeTcH, ABJAAETCA IOXUM PacTBOPUTE/IEM H MOXKET HaXOAMTbCS NOJ IO-
BbIIIEHHBIM JaBJieHHEM, 0OYCIOBAEHHBIM CUJIOBBIM MOJIEKYJISPHBIM TTOJIEM.
To pacueTHBIM JaHHBIM, KOJIMYECTBO CBA3aHHON BJIAard B KJeTKe He mpe-
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poimaer 10%. 1o axcneprMeHTaIBHBEIM JaHHBIM, JIJIS Pa3HbIX MPONYKTOB
oHa cocTtasJjser oT 8 Ao 20%.

YrpoueHHas kiaccuukaiis GopM CBSI3H Baru ¢ KOMIIOHEHTaM¥ Npo-
AyKTa He OTPaKaeT ITOJHOTH NMPUPOJALE B3aUMOAeHCTBHUS, HO MOXeT ObITh
HCNOAL30BaHa IS IPOCTOTHI JIOTHYECKUX [IOCTPOeHUH, CBA3aHHBIX C OLleH-
KO MepHI COBepLIEHCTBA TEXHOJIOTHYECKUX METON0B 06paboTKN TPOAYK-
TOB, BANSHUSA 3TUX METOZOB Ha BHITIIOJIHEHHE TEXHOJIOTHYeCKOro IIpoHecca
M Ka4ecTBO KOHEYHOTO IIPOAYKTa.

1.2. CrpykrypHbie Kounouémbl NPoAYKTOB,
U3MEeHeHUe ux CBOHMCTB

ITponykTsl, Kak OTMeYeHO paHee, TPUHSTO NOAPa3ReNATh Ha IPOAYKTHI XKU-
BOTHOFO ¥ PaCTHTEBHOTO TIpoHcXoskaeHus. [IpoayKThl KHBOTHOTO BpoOHC-
XOXKIIeHHSI COZePKAT HANOOobIlIee KOINYECTBO G€JIKOB U KUPOB, IIPOIYKTHI
PACTUTEIBLHOTO MPOMCXOKAEHUS — YIJIEBOZIOB.

Hanbonee cnoxnoit u 6HoJoTHYECKH BaXHON YacTbio MUIIEBHIX MMPO-
IYKTOB SIBJISIOTCsE G€JIKOBBIE BEIECTBA — BHICOKOMOJIEKYJISIPHbIE OpPraHu-
Yyeckue BellecTBa, MOJIEKYJIbI KOTOPBIX COCTOSIT U3 aMUHOKHCJIOT. Tlunie-
Bas leHHOCTb 6ejika onpe/esnsieTcsl COCTABOM aMHHOKKCJIOT.

Benxu NoApasAessioT Ha IPocThie (POTerHbl) — anbOyMUHBbI, 1/106y11-
HBI, THCTOHBI, IPOTaMKHbI, CKJIEPOIIPOTEHHSI ¥ Ha CI0KHbIE (MPOTENIHI) —
HYKJIeOTIPOTEHAB, XPOMONPOTEH/IbI, TAIOKOTIPOTENADI, (POCHONpOTENIH],
JUMONpOTEeHAbl. ANLGYMUHDI JIETKO PaCTBOPSIIOTCA B BOIE, T/I06Y/IMHBI B
BOJIE NPAKTHYECKH He PACTBOPUMBI, HO JIETKO PacTBOPSIIOTCS B COJIEBHIX pa-
CTBOpax CJ1aboil KOHIEeHTpanyi. ITO CAeAYET YUUTHIBATb IPU XOJORANIb-
HOIf 06paboTKe IPOAYKTOB, MpesKAe BCEro DX UX 3aMOPaXXUBAHUU.

JlunonpoTenns ABAAIOTCS BaxKHeiimel yacThio GHONOrNYeCKH aKTHB-
HOH CTPYKTYDBI, peTyJnpyiolueii mpouecc fepeHoca BelllecTBa U BJIaTK ye-
pe3 GeskoBbie MeMOpaHbl, B CUJIY Y€ro OHHM BHI3bIBAIOT MHTEPEC, CBSA3AH-
HBIif ¢ pelleHKreM 3a/1a4 XOJOAMIbHOM 06pabOTKH ¥ XpaHeHHU sl TPOAYKTOB.

B TkaHeBbIX cuCTeMaX 6esIKi MOIYT HAXOAUTBCS B KUIKOM, NOAYKUA-
KOM ¥ TBEpPAOM COCTOSTHUSX.

Baara ¢ 6enxoM MoxeT ObITh CBA3aHA MOCPEACTBOM aAcOpOIMHM, ox
neficTBMEM OCMOTHYeCKHX CHJI U MeXaHWYeCKH. JTa 4acTh BJIaly B OCHOB-
HOM 3aXBayueHa 6eIKOBIMHU CTPYKTypaMH. JLos1si 3TOM BJ1ary.IpeBaIHpyeT
HaJl OCTaJIbHBIMM $OpMaMH CBSI3aHHOH BJary.

IMoTpebutenbckue CBOMNCTBA MPOAYKTOB )KHBOTHOIO IPOUCXOXKAEHNS 3a-
BUCAT OT HaNPaBJAeHHOCTH U TAYOUHBI [IPOLECCOB, BAUSIOIUAX HA U3MEH-

B
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YMBOCTh CBOMCTB MBIIIEYHOI TKaHH, COCTABAAIONIEH HANOOIBIIYIO MHille-
BYIO IIEHHOCTb MscCa. :

Mbuueunas mxans COCTOUT U3 IBYX OCHOBHbBIX O€JIKOB, — aKTHHA 1 MHO-
3MHa. AKTHH HaXOoOUTCs B ro6yniapHoit (aar. globulus — map) dopme.
B aToM cocTOsSTHMM OH He CBsI3aH ¢ M1o3MHOM. Ero nepexon B Gubpusnsp-
Hyio (nar. fibrilla — BonokHO) hopMY 3aBHUCHT OT KOHIIEHTPAIMM B MBbI-
iweyHsix BosokHax AT® (anenosunrpudocopHoil KUCTOTH).

Tlocrenennoe chHmxkenide pH B npoinecce aBTosin3a Msca NPHUBOUT K Tte-
pexoay rio6yasipHoOro akTHHa B GuOpHIIsApHLIH. B pesyibrate B3auMo-
aeiictBusa ¢ AT®D, akToMHO3WHA TPOUCXOAUT ero cokpautenue. [Ipu aTom
AT® pacnanaetcs Ha agenosuHangochopuyo (ALP) u oprodocdop-
HYIO KHCJIOTY C BbI/Ie/IeHVIEeM 3HaUUTeIbHOTO KOJIMYeCcTBa SHEPTHH, Pacxo-
AyeMoil Ha coxpallleHie MbIIHeYHOrO BOJIOKHA.

B taxoM cocTostHuM MbllIeyHas TKaHb 06J1aaeT MHHUMAJILHOMH BOAO-
yAepkuBaioleil CIOCOGHOCTBIO, YMEHbIUIAETCs: €€ 3/aCTHYHOCTD, HAPaCTaeT
cokpatueHH’e TkaHu. JTO NepBast dasa cospeBanus Msaca. OHO npuobpera-
€T xecTkocTh. /laHHOe COCTOsIHME NIPUHATO HA3LIBATh NMPOLECCOM OKOYe-
HeHust. OHo HabJmofaeTcsa cpa3y Mocjie NPeKpaIeH!A HKH3HU SKHBOTHOTO,

B ocHoBHOI cTaguy co3peBaHMs MPOUCXOAUT MPOIlECC NOCTENeHHOro
pasMsiryeHus MpilileyHoit Tkanu. Kuciaornocts (pH) cpeanl caBuraeTcs B
wesnouHyio cropory (pH > 7), Habatonaercs pacniaj BOJIOKOH, MSCO MPH-
obpeTaeT BKycoBbIE ¥ apOMaTHYECKHE KaueCTBa, CBOMCTBEHHbIE MACY, TPH-
rOAHOMY K yroTpebieHuio.

I nuTenbHOCTD aBTONN3A, T. €. AMUTEIBHOCTh OMOXMMHYECKHX TIPOLIECCOB,
3aBHUCHT OT BH/Ia SKUBOTHOTO. /|71 KpYITHOTO pOTaTOro CKOTa NpOLEcC MOXKeT
npotexarth 24-30 y. /[ ppiGbI B 3aBUCHMOCTH OT BUJA H ee pa3MePOB Ipo-
necc 6osee CKOpOTeYeH U MOKET 3aBepIuThest B Tedenre 10—-30 MuH.

IIportecc yyuleHus TUIEBOTO TOCTOMHCTBA Msica, 06y C/I0BAEHH I CO-
BOKYIHLIM Bo3fielicTBHeM dhepMEHTOB, HOCHT Ha3BaHHe «CO3PEBaHHE».

3aBUCHMOCTD NPOAOKUTETLHOCTH CO3pEBaHHs OT TeMIIePaTypbl Mo-
*eT O6biTh BoipaxkeHa opMyoii

lgt =0,0515(23,5 - £), (1.1)

rge

T — IJUTEIbHOCTH CO3PeBaHUs1, BhIpaKeHHas B CYTKaX;

t — TeMneparypa, °C.

Besnxu sBasiorcs 1a6UALHEIMA KOMIIOHEHTaMU TKaHeBo# cucteMel. Bes-
KOBasi MOJIEKYJIa JIETKO pacnaaeTcsi NOA AeiicCTBUEM BHEITHHMX (aKTOPOB —
TeMIepaTyphl, KUCJOTHI, menoun U T. 1. [Iph 5ToM nporcxoauT usMeHenne
cBOiicTB 6GeJika ¢ notepeil UM GHOJIOFUYECKON aKTUBHOCTH ((epMeHTATHB-



Inasa 1. Cocvas 1 CBOMCTBA NULLEBLIX NPOAYKTOB 17

HO, ropMoHaJibHOIT). KpoMe Toro, nox BiusinueM BHEMIHUX (paKTOPOB IIPOUC-
XOJIUT feHaTypaiust 6eska. Hapyuaercs ero BHyTpeHHSA cTpyKTypa. Hesok
TepsieT ruapogubHbie H NpHobpertaeT ruApodobHEIe CBOMCTBA, YTO B KO-
HeYHOM UTOTe BINSIET Ha CIIOCOOHOCTD 6es1Ka IOBTOPHO TIPHCOEVHSTD K cede
TKaHeBYIO BTy, KOTOPasi, HATIPUMED, OTLIENJIAETCS! OT HETO YIPH 3aMOPAXKHU-
BaHUM NpofykTa. BoccTanoBsieHue HCXOAHBIX CBOICTB Gelika onipesiesiseTcsl
€To cBOHCTBaMM H Mepoil COBeplUEHCTBA BHINOJHEHHS TeXHOJIOTHYECKOro
npoiiecca, HanpyMep CKOpPOCTHIO BHITIOTTHEHH A MPoliecca 3aMOpaXkKMBaHys 1
pa3MopaxiBaHuA poAykTa. Bee aTo, BMecTe BasTOE, ONpesiensieT Mepy 06-
PaTUMOCTH Ipoiiecca (GHOTOTHYECKYIO ¥ TEXHOJIOTHYECKYIO).

Buonozuueckas obpamumocms NpeAnoaaraeT NojJHoe BOCCTAHOBJIEHHE
UCXOJHBIX CBONCTB Oejika M NpOAYKTa B liesoM. OHa npesicTaBJsieT Mpax-
THYECKUI MHTepec fpeXkJie BCEeTo NPH 3aMOPakKUBaHMHU NPOLYKTOB PAacTH-
TEeJIbHOTO MPOUCXOK/EHUS, IOCKOIBKY M0CJIe pa3MOPakMBaHM IIPOJYKTa
TIpeArioJIaraeTcst JOCTHXKeHNe TIOJHOTO BOCCTAHOBJEHMSI €r0 MCXORHBIX
cBolicTB. JTta 0baacTe ABJseTcs cdepoil HHTepecoB GHOJIOrOB, U Npesxe
BCEro TeX, KTO peliaeT npoGjaeMbl KpUOOHOIOTHH, CBSI3aHHBIE C /IOCTHXKe-
HHeM COXPaHHOCTH KJIETOK U TKaHeil IpH MX 3aMOPaXXMBaHUH.

HocrixeHue mexnonozuueckol obpamumocmu, CBSI3bIBAIOT C XOJOAUIIb-
HO# 06paboTKO NPOAYKTOB, KOTOPHIE HE HYXKAAIOTCS B BOCCTAHOBJAEHNH
6uosornyeckoit akruBHocTH. [Ipu Texnomornyeckoii 06paTHMOCTH BoCCTa-
HaBJINBAIOT Te CBOMCTBA, KOTOPbIE B TOTPEOGHTEILCKOM IIJIaHe ONIPEAesoT
IleHHOCTb NIpoaykTa. IIpu aTom, oatako, yeM GoJiee coBepIIEHEH TEXHOJIO-
TUYecKHii Tpouece, TeM 6oJbile TPOAYKT NOC/TEe TEXHOJIOTHYECKOH obpa-
GOTKY COXpaHAeT MCXOAHbIE KAueCTBa, YTO SIBJISIETCS XKeJlaTeIbHBIM, HO He
0b6si3aTebHbIM.

OCHOBHBIM [1POIIECCOM, ONIPEAE/IAIONIYM HAMEHUHBOCTD CBOHCTB PaCTH-
TeJbHEIX TIPOAYKTOB, siBJisieTCsl mponecc ApxaHusi. OH xapakTepH3yeTcs
OKHCJIEHUEM OpraHMYecKUX COeIHHEHUH, B OCHOBHOM MOHOCaXapHJOB,
KUCJIOPOAOM BO31yXa (aspo6hHoe ApIXaHHe) WM UX paciiaioM Ha Gosiee npo-
CThle KOMNIOHEHTHI (aHA3PO6GHOE AbiXaHUe).

Ipouecc aspobrozo Ovixanus NIPOLYKTOB CONPOBOXKAAETCS BbI/IEIeHHEM
B OKpYy>KaloIyio cpely YIJIeKHCJOro Ia3a, BOAAHBIX NapoB H B pacyeTe Ha
O[IHY I'paMM-MOJIEKYyay TJII0KO3bl 3HAYHTENBHOIO KOJUYECTBA TEIIOTHI
(2824 x/lx).

IIpu anaspobrom Ovixanuu, AHATIOTHYHOM CITMPTOBOMY OPOKEHMIO, C BbI-
JeJIeHHEM YTIeKUCIOro ra3a M obpasoBaHueM clUpTa, Bhigessercs 113 k/lx
TEMJIOTHI.

ViaTe IGABIGTTE, IR THNY JAMICUT OT BUa, COPTa ILJIOAOB 1 OBoOLeH 1
CTelleHd WX 3DellaCTH
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C nosBbIlLIeHNeM TEMIIEPATYPhl yBEHMYHBAETCS CKOPOCTh HEepPMEHTATHB-
HBIX MpOLECCOB, PHBOASINNX K UX CO3PEBAHNIO, NEPE3PEBAHMIO U B KO-
HeYyHOM HUTOTe K HX TIopye.

MHTeHCUBHOCTL AbIXaHHS BBHIPAXAIOT B MM/UIHIPaMMaXx YIJIEKHCIIOTO
raza (CQO,), sbizensiemoro 1xr npoayxra s 1 u.

3aBUCHUMOCTh MHTEHCUBHOCTH ABIXaHHS OT TEMIIEPATYPHl BHIpAXaeTCs
COOTHOHIEHUEM

i=i e, (12)

rae

i, — MHTEHCUBHOCTb Abixanus npu 0 °C;

t — TemIieparypa;

b — temnepatypHblil K03 GHIUHEHT HHTEHCHBHOCTH AbIXaHUS, IOCTO-
SIHHBI A7 AaHHOTO B poaykra (Tabi. 1.2).

AHa/IOrHYHO 3aKOHOMEPHOCTHIO BHIPAXKAIOT UHTEHCUBHOCTD TEILIOBBI-
nmenenus (1.3).

q,=q, € 1.3)

rae q, — Tennosbifienenye npu 0 °C (tabx. 1.2).

I'nasHo#i cocTaBHO# YacThio pacTUTENbHOM TKAHY ABJISIOTCS YTAEBOAEL
Hx xonmdecTBo cocraBisieT B cpefHeM 80% oT ob1ero Koamn4ecTBa opra-
HUYECKUX BEIiecTB. B %KMBOTHBIX TKaHAX MX KOJHYECTBO HE3HAYHTENBHO
(ue 6onee 2%).

YrieBoIpl MOAPa3aeNnAIOT Ha MOHOCAXaPUABI U TIONHCaXapuAbl. B mpo-
AyKTax HaubGosee pacrpoCTpaHeHbl TeKCO3bl. B TexHOMOrH4YecKkoM IJIaHe
TpeXx e BCero BHAENSIOT IVIIOK03Y U PPYKTO3y KaK KOMIIOHEHThI TKaHeBO-
IO COKa, CYIECTBEHHO BAUAIONLINE HA BeJIMIMHY KPUOCKOTIHYeCKOH TeMIie-
paryphl (TeMnepaTyphl Hayaja 3aMep3aHisa TKAHEBOTO COKa IPOYKTa).

Ionucaxapudv: — coxHbie YIIeBOABI, COCTOSIIHE U3 6OIBLIOTO YKCaa
MOHOcaxapuioB. OHY HaXOASTCS B MPOAYKTAX *KMBOTHOTO M PACTUTENbHO-
ro npoucxoxaeHus. 13 nonucaxapHaos B TeXHOJOTHYECKOM TIaHe Mpes-
CTaBJSHOT MHTEpeC KpaxMaJi, liemosnosa (KjieTyatka) ¥ TeKTUHOBbiE Be-
IecTBa.

Kpaxman otknagvisaeTcs B KJIeTKaX KOpHedl, KIyOHSX B BU/e 3epeH.
KpaxMmasl BeiAenAeTCS NOCJe paspylieHUs KISTOYHOH CTPYKTYpH. 3epHa
Kpaxmasia He PacTBOPUMHI B XOJIOAHO# Bozte. KpaxMan cocTouT U3 AByx
KOMITOHEHTOB: aMI03Hl (20% Bcero kpaxMasia) M aMuonekTiHa. Ilosepx-
HOCTb 3epeH Kpaxmasia NOKpPEITa aMHUJIOTIEKTHHOM, KOTODBIH pa3pymiaeTcs
TIpH TenJIoBo#t 06paboTke ¢ o6pazoBanueM KALmoyaibIx pacTBopeB. Kowto-
HJHbIE PACTBOPHI DA 3aMOPaKUBaHUH pagpyaloTcs. Bnara ormerisercs,
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Tabnnya 1.2
WUHTeHCUBHOCTB AbiXaHMA
HeKOTOpPbIX BUAOR NPOAYKTOR

Mpoaykr TemnepaTypHblii Tenaora aAuixaHus Yaeapnoe
kodpuusent . npu 0 °C, ra3osblieieHne
HHTEHCHBHOCTH, qo, BT/XT Ry,
b, 1/°C m/(kr- c)

MopxoBb 0,1319 0,0135 5,19E-10
Bunorpan 0,1277 0,0138 5,69E-10
Hepcuku 0,1139 0,0236 1,23E-9
SI6noku 0,0932 0,0121 6,22E-10
BaHaHu 0,0782 T 0,0213 1,01E-9
AnenbcHHbI 0,0733 0,0106 5,5E-10
JlumoHBI 0,0718 0,0112 5,75E-10
Jlyx 0,0668 - 0,011 5,72E-10
penyarsii
Kaprogens 0,0617 0,01 : 5,19E-10

obpa3yeTcs CTPYKTYPHBIN KapKac, KOTOpbil He BOCCTAHABIHBAaeT CBOUX HC-
XOIHBIX CBOUCTB. JTO CBOMCTBO KOJJIOMAHBIX PacTBOPOB NO3BOJISIET OpTa-
HU30BaTh NPOHU3BOACTBO, HAIpUMep, MIOKOJAXHbIX KOH(ET ¢ HalloOJIHU-
TeJIeM.

Ilennono3a cocTaBaseT CTPYKTYPHBIIt Kapkac kierok. OHa He obianaer
n3bupaTe/ibHOH NPOHUIIAEMOCTHIO TI0 OTHOMIEHHIO K PACTBOPEHHBIM KOM-
TIOHEHTaM BHE Y BHYTPU KJIETKH.

Ilexmunosvie sewecmea coflepxatcsl B UI0aX U OBOLIAX B BUZle IPOTO-
neKTHHa (He paCTBOPUMOTO B BOJIE) U TeKTHHA (pacTBOPUMOTO B Boze). Ilek-
THH obecrieyBaeT CB3bIBaHMe BJIaTH, YTO cle[yeT YYUTBIBATh MPH 3aMO-
PaXkKMBaHWM DU COXPaHEHNU UCXOJHOTO COCTOSIHUS MPOAYKTA,

Jlunudo: — BemlecTBa ¢ 06mWMUMU GU3NKO-XUMHUYECKUMHU CBOHCTBaMM.
K sununaM oTHOCAT XKMpBI, BHICOKOMOJIEKYJISIDHBIE >KHDHBIe KHCJOTHI,
BOCKH, Pocdonunuasl, CTEpHHLI ¥ ApyTHe coearHenus. JKupbl cocToaT U3
MOJIEKYJI TPEXaTOMHOTO CIUPTa — KUPHBIX KMCJIOT ( HACHIIMEHHBIX U HE Ha-
CHIlIEHHBIX) U [JIHLEPUHA, COeIHEeHHHX 3¢UPHBIMU cBsI3AMU. [Ipn KoM-
HaTHOH TeMIepaType OHY OCTaloTCs TBepAbMH. HeHacolileHHble >KUPHBIE
KHCJIOTH CIIQCOGHBI K POrOPKaHHIO B YCIOBHSIX KOCTYNA K HUIM KMCJIOPOJa
Bo3ayxa. O6pa3oBaBiuecs B XXKUpe NepeKUcH GICTPO PassiaraloTcst 0 aflb-
AeTUAO0B, npujaBasd MpoOaAyKTY HerHﬂTHbIﬁ BKYC U 3amax.
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Txanesas Bara NPOAYKTa COAEPKAT BUTAMHHEL, OPraHHYeCKHe KHCIO-
TH, MepaJibHbIe BEIeCTBa.

Bumamunvt — 6H0NOTHIECKH aKTHBHBIE BeLIleCTBa, yqacrnyrouu{e B pe-
Iy/MpOBaHHY OCHOBHBIX IIPOLIECCOB MPO/YKTa. o

unepanbHbie eeu,ecmsea B NPOAYKTaX HAXOMSATCA PACTBOPEHHBIMU B

TKaHeBoil Bjlare WiM BXOJASAT B COCTaB OPraHMYECKUX COeHHEHMH B Bue
coteil, KaIbL¥sl, HATPHSI, MATHHsI, MapraHLa, XJi0pa ¥ T. 4. C y4eToM #X Ko-
JIECTBEHHOTO NPHCYTCTBHA B TKaHSAX MUHEpaibRbIe BelileCTBa rrpmimo
TOAPa3feIITh Ha /Be TPYIIIL: MAKPO- U MHKPODJIEMeHTh. MaKkposieMeH-
TH — COJMH KaJIblHs, HATPUSA, MaTHHUs], XJI0pa, pocopa, Mapranna - go-
AEPKATCSA B COTHIX JOJNAX MpOLeHT2. MUKPO3IeMeHTH — eJle3a, MEMH,
nwHKa, fofa, 6apus H AIp. — COAEPKATCSA B THICAYHBIX A0/ISX NIPOIEHTA.

KpoMme BauAHNs Ha KUCJIOTHOCTb TKaHEBOIO COKA H, ClleJOBaTeBHO, Ha
COCTOSIHHE TKaHEeBbIX KOMIIOHEHTOB MHHEpaJIbHbie BEHIECTBA ONpeNeisioT
6uosorHYecKyI0 aKTHBHOCTH (hepMEHTOB H TKaHEBHIX 6eKoB.

Ocmomuueckas KOHYEHMPAKUA TKAHEBOTO COKa B COOTBETCTBUH C 3aK0-
soM Payinis onpenensieTcs KOHUEHTpalHeil NPUCYTCTBYIOUHX B PacTBOpE
HU3KOMOJIEKYJIAPHBIX COeJWHEHMH: BUTAMMHOB, OPraHHYeCKUX KHCJOT;
MHHepaabHbIX BeliecTB. [103TOMY MOHIDKeHHe TeMIepaTypsl 3aMep3anud
pacTBOpa M COOTBETCTBEHHO NOBHIHIEHHE TEMHEPATY Dbl KHIIEHHS CBSI3aHO
¢ MOJApHOI KOHIIEHTPalHel pacTBOPeHHBIX KOMIIOHEHTOB, '

[na HenMCCONMMPOBAHHBIX PACTBOPOB 3TO COOTHOMIEHHE MUXeT ObITh
TIpeJCcTaBeHo B CIeAYIOUeM BH/IE; '

At=¢-C, (1.4)

rae .
Ar — TMOHMXKEHHe TeMIlepaTypHl 3aMep3aHus pactBopa OTHOCHTENBHO
TeMIepaTyphl 3aMep3aHms YHcToit Bogw, °C;

€ — KPHOCKOMHYeCKas 1ocTosuHas, € = 1,859 x - °C /mons;

C — MosiipHas KOHIIEHTpPallis TKAaHEBOTO PacTBOPa, MOJIb/JL.

HaMetiennie KOHIEHTpalUM TKAHEBOTO COKa TMPH €ro 3aMOPAKMUBAHMH
BAMSIET Ha BEJIMYMHY OCMOTHUECKOr0 IaBjieHusi pacTsopa. Jisi pazbasnen-
HBIX PacTBOPOB, HE 2NEKTPOIMTOR, OCMOTHYECKOE JapjleHHe HaXOANTCA H3
BbIPaXKEHHS

n=C-R-T, 1.5

rae \

R — yHHBepcanbHas rasoBas MOCTosIHHaA, paBHad 8,31 Jlx/(moms - K),
HJIM cooTBeTcTBenHo paBHas 0,082 i - atmM/(moab - K);

T — a6conotHas TeMneparypa, K.
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W3 sripaxenus (1.5) crenyer, uro npu TeMiniepaType pacTBopa, paBHoi
0°C, ocMoTHYecKoe HaBleHHe pacTBOpa, KOHUEHTPaHus KOTOPOTo PaBHa
1 Monb/n, cocraBasier 22,4 aru,

st ;ucconuMpoBaHHbIX Ha HOHBI BewlecTs ¢opmyaa (1.5) npexncras-
JISleTCA B BUJIE

m=i-C-R-T, (16)

TZie i — M30TOHMYecKuii KoagdRIMeHT, paBHbI OTHOIEHHIO (DAKTHYECKO-
rO YMCJIa YacTHIl PaCTBOPEHHOIO BEleCTBA B PAacTBOPe K UHCJAY YacTHI,
KoTOopoe Gb1JI0 OBt pH OTCYTCTBHY Aucconuanuu. [Ipu nonwoii Aucconua-
HUHi=2.

1.3. Tuctonoruueckmne u uuTonoruyeckue
0co6eHHOCTH CTPYKTYpPbl NPOAYKTOB

C TOuKM 3peHHs TPHOPUTETHBIX 3a/jay XOTOAUIbHOH TEXHONIOTHHE obast
06paboTka MpOAyKTa, BKIIOYAA ero XOJM0AHIbHOE XpaHEHHE, CBA3aHa C 10-
CTHXeHHeM OHONIOFHYeCKOR MM, YTO ABMIAETCA LeNbio XONOAHABHON 06-
pabOoTKH NPOAYKTOB, TEXHOJOTHYECKOH obpaTuMocTy npolecca. To ecTb
10 OKOHYAHHMHM TEXHOJIOIHYECKOTO IIPOLECCa CBONCTBA MPOAYKTA AOJIKHbI
0CTaThCs IPAKTAYECKH HEUBMEHHBIMH, 2aHAJIOTHYHBIMY TeM, KOTOPBIMH OH
ob6saman 10 06paboTkn. ITO 3a/1a4a-MaKCHMYM XOJAOAUTHHOH TEXHOMOTHH.
IostoMy BhipafoTKa peKOMeHAaNuil, KacaloNIMXCsi METOROJIOTHH X0J10-
InIbHOM 06pabOTKH IPOAYKTOB, 10/KHa 6a3MpPOBaThCS Ha IPECTABJIEHH-
SIX O CTPYKTYpPe NIPOAYKTA, NIpoNeccax, IPOTEKAOHINX B POAYKTaX Mepex
HX X0JIOAH/IbHO#H 06paboTkoil, BO3MOXHBIX H3MeHeHMAX, IPOTEKAIOIUX B
TIPOAYKTAX B fIpolecce XoN0AHIbHOI 06paboTKH H NOC/IeAYIONIEro XpaHe-
HHUSL. : ‘

Ipodyxmut scusomuoze npoucxoxcdenus (2ucmonozutecKue 0CHOBvL).

TraneBast cHcTeMa JKMBOTHOFO IPOMCXOX/JIEHHS TPEACTaBJSAETCS 4e-
THIPHMSI OCHOBHBIMH BUAMH TKAHU: 3TTUTe/IMANbHOM, COeTHHITE/IbHOM, Mbi-
me4Ho, HepBHOM.

[IymeBas 1teHHOCTH MAACA B OCHOBHOM OTIpe/leNIieTCs] Mbllle4HON TKAaHbIO.

Tlo MopdonoruueckoMy CTPOEHUIO Pa3IMYaIOT MONEPEYHONONI0CATYIO
MEIIIEYHYIO0 TKaHb ¥ IJIaZKYI0, BXOASILYIO, HATIpPUMep, B COCTaB CTEHOK Ke-
JIyAKa, COCYHOB U T. A.

Muvuueunas mrans npeACTaBIAET BOTOKHUCTYIO CTPYKTYPY, COCTOSILIYIO
M3 OTHEJIbHBIX MBIIIEYHBIX BOJIOKOH, CKpENJIEHHBIX COeqUHMTENbHON
TKaHbio. Cpe3 MbilleyHOH TKaHH NpH yBeiandyeHuH 120% B onmTHYeckoM
MUKDOCKOIIe NpeAcTaBIeH Ha puc. 1.1.



22 Paspen . OcHoBb X0N0AMNBHON TEXHONOMMKU

Puc. 1.1 - Pue. 1.2
CTpyKTYpa MbILLEYHOM TKaHN TPECKN KneTtouHag cTpykTypa nyka

MslieyHoe BOJIOKHO Mpe/ICTaBIsieT BHITIHYTYIO KJIeTKY ToJuiuHoi ot 10
1o 100 mx n pnunoit 0,1-0,12 M. IloBepxHoCTh KJIeTKY TOKPHITa NPOYHOH
371aCTHYHOI 060I0UKOI — capKoIeMMoil. BHYTpH MbIILIEYHOTO BOJIOKHA Ha-

* XORSTCA BOJNIOKHA HeGoabloi Tonumusl — Muodubpuamsl, obecreunsa-
IOlile COKPATUTEIBHYIO JESITENBHOCTh MBIIUIBL B HeJaoM. Muodubpuiib
HOTPY2KeHHl B C2PKOIIa3My, 00Ia1aloNy 0 KOUIONIHHIMY CBOHCTBAMH.

IIpodyxmu pacmumenvrozo npoucxoioenus (2ucmonozuiecKite 0CHOab! ).

PaccMaTpuBasi pacTHTENBHYIO TKaHb, AHAIOFHYHO SKUBOTHOIA, Kak O6BEKT
nocsieiylonieil TexHomorHYecKoi 06paboTKY, U TIPeXie BCero MOIHOTO BO3-
AeHCTBHS Ha TKAHD NIPOLIECCA 3AMOPAXHBAHMSI, MOXKHO BHIIE/HTD 0COGEH-
HOCTH KAeTo4dHo# CTPyKTYphi. CoftepkMMO€e IMTOTLIa3Mbl KIETOK OKPYKEeHO
MoJynpoHHIaeMol 61ojorndeckoil MemGpaHoii. 1luTonnasma npuseraer
K KJIETOYHBIM CTeHKaM — KapKacy, i BCIeICTBHE PA3HOCTY KOHIeHTpaituii
BELIECTB C BHYTpeHHeil M BHeLIHeil CTOPOH MeMOpaHbl KJIeTKH BHYTPH KJIET-
KU co3fiaeTcd AaBleHUe, HasbiBaeMoe TYprypHuiM. Typryphoe nasienune
SIBJISIETCSl MHTErPajlbHbIM [OKa3aTeJleM HaXOKACHUs KIeTKH B )KHBOM CO-
crosHuu. BHeuiHee faBfenue aBjsgerca ocMOTHYeckuM. PasHocTh faBie-
HHii TYPrypHOTO ¥ OCMOTHYECKOTO BJIHSIET Ha CKOPOCTh 0OMeHa BellecTB
MeXly KAeTKOH ¥ MeKKIeTOYHBIM HMPOCTPAHCTROM, a pa3Mephbl MHKpO-
Kanwu1spoB Oxonorudeckoil MeMOpaHsl (I1J1a3MOJIEMMBL) H €€ CTPYKTYpa
OMpese/IA0T MPOHUAEMOCTb MeMOPaHEI /17151 PACTBOPEHHBIX BEIIECTB, TI0-
CTYHAIONINX B KJIETKY M yAansgeMsix u3 Hee. Ha puc. 1.2 npeacrasiena B
ONTHYECKOM MUKPOCKOIIe CTPYKTYpa TKaHH Jlyka npu yBeauyenun 120%,
Ha puc. 1.3 — HonepeYHONoa0CcaTast MbillieYHas TKaHb.

Bosee neranpHblil aHaNN3 BHYTPHKIETOYHOH CTPYKTYPHI IO3BOJISIET

B KJIETKE BBIZENUTD SAPO, XI0POILIAcThI, 060/04Ky (puc. 1.4). '

Ha6monenne B 97IeKTPOHHBI MAKPOCKOIT yBeTHYHBaeT IIyOUHY 1pes-
CTABJEHHS O KJIETOYHOIU CTPYKTYpe, ee KOMIIOHEHTaX, TAaKUX, HANpUMep,
Kak MHTOXOH/IpHMH, 3HIOILIa3MaTH4yecKas CeTb U T. J., IBJISIOMMXCS PyH-
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Puc. 1.3
MonepeyHononocaTas MbltleyHan TKaHb

1 — nonepeyHas ucYepHeHHOCTb; 2 — AAPO MbILLEYHOrO BOAOKHA;
3 — 54P0 MEXMbILWEYHON COeaUHNTENLHON TKaHK

Puc. 1.4
PacTurensHan kneTtka

1 — nportonnaamMa c xnoponnacramu; 2 — aapo; 3 — Bakyons;
4 — knetoyHaa obonovka
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JaMEHTAJIbHON OCHOBOM MOCTPOEHHUSA NPEJCTaBIeH s 0 OHOMOTHM KIETKH
M TKaHH B 11€JI0M.

XonoanapHas TEXHOJNOrNS NMUINEBHIX NMPOAYKTOB, ONHpasich Ha (pyHAa-
MEHTaJIbHBIE OCHOBbI OMOJIOTHH, JOBOJBCTBYETCS B OCHOBHOM IIpEcTaBie-
HUSMH MaKpOCTPYKTYPHOTO aHaJH3a KJIETOYHOMN CTPYKTYPHI.

KOHTPONbHBIG BONPOCH:

1. Kakue dopMbi CBSA3H BJIATH ¢ KOMIIOHEHTaMH IIPOAYKTA H3BECTHHI?

2. Yem oTiHuaeTcs GU3HKO-XHMHTeckas (OPMa CBA3H BJIArH OT XUMH-
qeckoii?

3. B uemM B 6HOJIOTHYECKOM TJIaHE Pa3niMIMe NPOAYKTOB KUBOTHOTO M
PaCTHTENBHOTO IPOUCXOKAECHUA?

4. KakoBBl OCHOBHBIE CTPYKTYpHbIe KOMIOHEHTHI IPOAYKTa?

- 5. KakoBa posb MHHEpaNbHAIX BEIECTB H BEIIeCTB OPraHNYeCcKOro Ipo-
HCXOX/IeHUs B CO3/IaHMH OCMOTHYECKOTO NaBJIEHUs PacCTBOPa TKaHe-
BOTO COKa? . A

6. Kak oneHnBaeTcst oCMOTHYeCKO€ iaBJieHHe pacTBOpa?
7. B 4eM COCTOAT THCTOJIOTHYeCKHe 0COGEHHOCTH CTPYKTYpPhI IPOAYK-
TOB )XHBOTHOTO ¥ PaCTHTEJILHOTO HPOHUCXOXKAEHHA?



nasa 2
MUWUKPO®JIOPA MULLEBBIX NPOAYKTOB

Mukpodiopy paccMaTpHBAIOT KaK OJYH U3 CyLleCTBEHHBIX (GaKTOpOB, MPH-
BOJSIIINX K TOTEPe NPOLYKTAMH IIOTPeOUTENBCKHIX CBOUCTB.

B nonHoM o6beMe CBOMCTBA MHKPOOPTaHU3MOB U3YYalOTCA B CIelya-
JIM3MPOBAaHHBIX JUCLHIUIMHAX, B YaCTHOCTH B «Muxpobuosnoruns». B xo-
JOAMBHON TeXHOJIOTHM CBEEHHSI O MUKPOOPIaHU3MaX PacCMaTpHBalOT-
Cs1 JIMIIb B KOHTEKCTE BO3MOXKHOTO BO3/1eliCTBHS Ha MHKPOMhI0pY C LIEJIbIO
HOJABJIEHUS ee )KH3HeAESTeJbHOCTH.

BosibHIHHCTBO MHKPOOPTaHH3MOB, SIBJISIIOIIIXCS] IPEAMETOM H3y4YeHH,
OTHOCATCS K HU3IIHM OpraHH3MaM. DTO — 6aKTepyH, IPOXOKH, TIECEHH.

Baxmepuu — ofHOKJIETOYHBle OpraHu3Mbl. Kiietkn 6axtepuii coctost
U3 UUTOIIa3MBb! (IIPOTONIa3Mbl) ¥ 0607104kH. B cocTaB nuuTomIa3amMsl BXo-
aut 1o 80% Boapl. IlMTON/MIa3Ma YyBCTBHTEIbHA K BHEITHUM BO3/EHCTBHU-
aM. OHa Koary1MpyeT npH MoBbilieHHH TeMiepatypbl 10 50—60 °C 1 oTya-
CTH IIPY 3aMOpPaKMBAHUN.

Knetounas o6onouka 6akTepuii B OCHOBHOM COCTOMT U3 a30TUCTHIX Be-
mecTB. PaaMHOXKeHHe GaKkTepHil OCyHIECTBIAETCA NPOCTHIM Jle/IeHUeM KJle-
Tok. B mpoliecce cnopoo6pasoBaHyisl poTONJIa3Ma YIIIOTHAETCS, TOKpbI-
BaeTcs IVIOTHOW 0607109Kk0#. CrIOPH YCTOWYHBBI K BO3J€HCTBUIO BHICOKHX
Y HU3KHX TEMIepaTyp.

Axmunomuyemot (Iyductbie TpHOKH) — OJHOKJIETOYHBIE OPraHU3MBI,
Tes0 KOTOphIX (MMIle/Nit) NpeAcTaBisieT co6oil TOHKUe, CHIBHO Pa3BeT-
BJIeHHbIe HUTH. Pa3zMHoXai0Tcst rpHOKHU TOCPEACTBOM CIIOP.

[posxcoxcu (npoxokeBule TpuOKH) OTHOCITCA K KJIacCy CyMYaThX Tpub-
KOB. PasmMHOXaloTCs NpeuMylecTBEHHO NOYKOBaHHEM, HEKOTOpble — Jie-
JIEHHEM.

Pa3sinyaoT npupoAHble APOXIKH, KOTOPHIE PACHO/IaraloTcs Ha NoBepX-
HOCTH TIPOJIYKTOB, H KYJbTYPHBIE, KOTOpble UCNOAB3YIOT /ISl MPOU3BO/-
CTBEHHBIX LieJiel — XieGoneyeHys], BUHOEMN, IMBOBAaPEHUS U T. A.

IThecenu unu zpubvt — HW3LIKE CIIOpOBBIe pacTeHus. MHuuesuii rpuba
COCTOMT U3 NeperieTeHHbX HUuTeil — rud. PasMHoxaloTCs leceHH npe-
HUMYILIECTBEHHO NIOCPEJCTBOM CIOP.
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| 2.1. NMuraxue u abixaHue
MUKpodnopb

[Turanue u apIxanue MUKPO(AOPH ABIAIOTCA COCTABHBIMU YacTAMH oGme-
Ha BEleCTB, CBA3aHHBIX C TIOCTYILIEHHEM BEIECTB U3 NIUTATEILHON Cpe/ibl
BHYTpb KJETKY U BbIZIeJIEHUA B [IUTATEIbHYIO CPely MPOAYKTOB HX XKH3He-
mesienbHOCTH. O6MeH BellecTB ¢ MUTATENILHON Cpenoll Y MUKPOOPraHH3-
MOB IPOUCXORUT IIyTeM 0CMOCa Yepe3 BCIO TIOBEPXHOCTD KJIETKHU.

OcMoTHYecKoe 1aBlieHHe CMeCH PaBHO CyMMe NapLHaJbHbIX AaBJeHHH
KOMNOHEHTOB. [103TOMY KaX0e BEIeCTBO U3 CMECH NIPOHUKAET B KIETKY
B COOTBETCTBHH C €T0 COOCTBEHHBIM OCMOTHYECKMM AaBieHieM. Ciefosa-
TeJIbHO, NOCTYIUIeHHe MUTATeNbHEIX BEIIECTB B KJIETKY He MpeKpallaeTcs
Jaxke TIpY HU3KOM MX KOHIEHTPAUH B IIUTATEAbHON cpele.

TIpoHuIaeMOCTh KJIETKH M, CJIEXOBATENbHO, HHTEHCHBHOCTD npouecca
MUTaHUS 33BUCHT OT (DH3NKO-XUMHUECKHX YCTIOBHI Cpeibl, BO3pacTa U €o-
cTOAHUSA KIeTKH. O61as cxeMa npouecca numarus COCTOUT B BbIAEICHUY
MMKPOOHOU KJIETKOH BELIECTB B TUTATENbHYIO CPEAY, PacIlieN/IeHHH KOM-
TOHEHTOR CPEAbl 10 COCTOSHUS, IPHTO/HOTO K OCMOTHYECKOMY Tlepeme-
HIEHMIO HEOOXOXUMBIX KOMIOHEHTOB BHYTPb KJIETKH.

Passurie Mukpod10pb! IPOUCXORUT ITPHU 3aTPATe SHEPIHH. Ho'rpe6nbcrb
MKpodJIOpH B 9HEPTHH YAOBJIETBOPAETCS B MPOLIECCE AbIXAHH.

IIpouecc dvixanus — 3TO COBOKYITHOCTD Peakiiif, CIyXalMx KJIeTKe Uc-
TOYHHKOM SHEPIHH. "

B 3aBHCHMOCTH OT OTHOIIEHHA K KMCIOPOAY MHKPOOPTAaHHU3MBI JeIAT
Ha J{Be FPYNIIbL: a3pobHble — HYKAAOMMECH B KHCIOPOZE, H aHASpobHbie —
He Hy>XZJaioluecst B KUCopofe. HekoTophle MHKPOOPIaHH3MBI B COCTOSI-
HMH JKATh KaK B KHCJIOPOAHOIA Cpelie, TaK H B ee OTCYTCTBHH. VIX Ha3BIBalOT
¢daKyIbTaTMBHBIMY aHa5po6aMH.

KoHeYHbIMH MPOLYKTaMH OKHMCIEHHS a3pOOHBIMK MUKPOOPTaHH3MaMHU
OpraHuyYecKkUX coefHHEHHU SABAAIOTCA YIJeKUCbIH ra3 u Boia. Hexoto-
pbie GaxTepun ¥ rpuOBI OKUCIASIOT OPTaHHYECKHe BELIECTBa YaCTHYHO C
06pa3oBaHUEM MOJIOYHOH, LlaBesieBol, A6J109HOM U PANa APYTHX KHUCJIOT.

AHaspo6bHble MHUKPOOPTaHW3Mbl MONYYAIOT HEOOXOAMMYIO SHEPTHIO B
npoliecce 6eCKUCIOPOAHOTO AbIXaHMUS, HA3BIBAEMOT0 OPOXEHHEM.

CymecTByioT MHOroo6pa3Hsle BUABI OpOXKEHNUs: CIIMPTOBOE, MOJIOYHO-
KHcoe, MachasHokucioe u Ap. CBo#iCcTBA KOMIIOHEHTOB, BbiXenAeMblxX
'WMWKPOOPraHN3MaMH MpH aHaspoGHOM GpOXKeHUH, 3aBUCAT OT KOMILIEKCA
(PePMEHTOB, cofiepxkaiuxcs B Mukpoditope. Ilpu cnuproBoM 6poxkennu
IPONYKTaMU BhieJeHUS ABJSIOTCA TTIUIEePUH, AHTAPHAS, YKCYCHAs U ApY-
rue, KHcaoThL. 1Ipy MoTOYHOKHKEIOM — STHIOBBIA CTIIMPT, YTIEKNCIbLH Tas3,
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YKCyCHAsl 11 SHTapHbIE KHCJIOTHI, IIPA MACTISTHOKHUCIOM — 3THJIOBBIH U 6y-
THJIOBBII CIIAPTHI, alleTOH H JIp.

[1pu apixaHuu BRIESAETCS 3HAUYNTE/IBHOE KOJINYECTBO Tefia. ITAM 00b-
SICHseTCS caMOcorpeBanye 3epHa B OypTe, IIPEJIbIX JIUCTBEB H T. A.

(DepMeHTH MEKPOOPTaHH3MOB B CHITY HX 6€1K0BOTO XapakTepa pa3pylia-
10TC# NPH HarpeBaHuy jo Temreparypbl 80 °C u Boime. [Ipy moHmwkennu TeM-
HepaTyphl Cpefibl CKOpPOCTh (hepMeHTATHBHBIX peakuuil samemisercs. Ilpu
Temmeparype Huke 0 °C mpoHcXoANT YacTHYHasI Ae3aKTHUBAIUA PepMEHTOB.

2.1.1. Baauuon,gﬁcrnue MuKpodiopbl CO CpeAaoi

C 1eJblo NOABJAEHHS KU3HEAEATENBHOCTH MUKPO(IOPH UCHOMB3YIOTCS
OcHOBHBIE (haKTOPHI BHENIHEIO BO3AEHCTBHSI: TEMIEPATypa, OTHOCHTENb-
Hasl BJIaXHOCTH Bo3ZlyXa, bapoMeTpHyecKoe JaBaeHue.

TeMnepamypa cpedsi. B 3aBHCHMOCTH OT ONITUMAJILHOTO TEMITEPATYPHOTO
YPOBHS Pa3BHTHS, MMKPOOPTaHU3MBl NOAPA3ENSIOT Ha TepMobubl (45—
60 °C), mesoduan (20-40 °C) u ncuxpodun (10-20 °C). -

T[loHuXeHHe TeMIEpaTyphl TENICOTBOAAILEH Cpe/ibl Hue ONTHMAIBHO-
I'0 IJIAl pa3BUTHUS YPOBHA CYH[ECTBEHHO BANAET HA CKOPOCTb Pa3MHOXEHHS
H NPOAOJKUTEABHOCTD PA3BUTHS MUKPOGIIOPHL.

TeMnepaTypHbIii MUHMMYM Pa3BUTHA GONBIIMHCTBAa MUKPOOPIaHU3MOB
Jaexxut B uutepsane —10...+10 °C, Ilpu TeMnieparype HuKe TeMIepaTypH
3aMep3aHys BHYTPHUKJIETOYHOMN BJIary MPOMCXOAMT 3aMeTHOe OTMUpaHHe
MHKPOOPTraHH3MOB, OHAKO MOIHOH ruGe/i MUKpOOPTaHH3MOB, B OT/IMYUE
OT BEICOKOTeMIIepaTypHoii o6pabotky, He npoucxonut. l'ybutenbroe nefi-
CTBHe 3aMep3aHMst KJIETOYHOIA BJIAry COCTOMT B HAPYIEHUH H36HpaTeabHOM
IPOHUIIAEMOCTH GHOIOTHYECKH aKTHBHOH 060JOYKU KIETKH, CTPYKTYPhI
uuronasmbl. [Ipy aToM HaMenseTcs ee BI3KOCTb, YMEHBLIAIOTCS CKOPOCTh
TeYeHUs 1 HalnpaBAeHHOCTb 6MOXUMIYECKUX IIPOLIECCOB.

B onpezenenHoit Mepe Ha pa3pyleHUe KJIETOYHOH CTPYKTYpPHl BlusieT
¢akTop MEXaHUYECKOTO BO3JENCTBUS KPUCTANIIIOB JIbJA.

KpoMme Toro, noBbllieHre 0CMOTHYECKOH KOHIIEHTPALMi BHYTPHU- U BHe-
KJIETOYHOTO COKa BBI3BIBaeT AETHADPATAIHIO KOJIOUOB IIUTONJIA3MBbI,

T'u6enp mukpodiopsl Hanbosee 3aMeTHa B HHTepBajle TeMIlEpaTyp
=5...+12 °C, mpyryeM MakCUMYM IIPHXOAUTCS Ha HayalbHYIo a3y npouec-
ca 1bA006PasoBaHus.

Braxcnocms cpedot. B kiieTkax MuKpodiopsl coaepxurcs 75-90% saa-
T4, NOSTOMY MHKpo(dIOpa He MOXeT Pa3BUBATHCA B Cpelie, BIKHOCTD KO-
TOPOH HE COOTBETCTBYET ONTUMAIbHLIM YCJIOBHSIM ee pasBUTHS. Munu-
MasibHasl BJIQXKHOCTb CPeJibl, IPH KOTOPOIii BO3MOXHO Pa3BUTHE IIJIECHEBbIX
rpu6oB, cocraBnseT 12-15%, Gakrepuit — 20—-30%.
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Ocmomuueckoe daanenue. BHyTPHKIIETOUHOE OCMOTHYECKOE AABJIEHHE
33aBUCHT OT OCMOTHYECKOH KOHIEHTPAMH BHYTPHUKICTOYHOMN JKHIKOCTH.
Pacuerb! IPHBOAAT K BHIBOAY, YTO BHYTPHKJIETOYHOE JaBIEHNE MOXET ObITh
bonee 50 at™.

[ToBbimenne BHEKNETOYHON KOHUEHTPANMH 3aMeAJIeT WM TpPHOCTa-
HaBJIHBAET pasBUTHe MUKPodIopbl. BecoBas KOHUEHTPalLUs TIOBAPEHHOI
conu 1-3% cymecTBeHHO TOPMO3HT pasBuTHe Mukpodwiopsl. [Ipu roBeI-
IeHHH KOHLEHTpAUUH conu o 20-25% passuTHe MUKPOGIOPH NIpEKpa-
Iaercs.

Jyuucmas snepzus. O6paboTKy NPOXYKTOE C HEJIbIO OAARIEHHS XKH3He-
[EATENBHOCTI MUKPOQIOPHI Ha NPaKTHKe BhIIIJIHAIOT IOCPEACTBOM JIY4Hd-
cToit aHepruy yabrpaduosnerasoro crexrpa (Y DJI). IpdexrusHocts ay-
YUCTOI 2HEPI'HH HAa MHKPO(JIOPY 3aBHCHT OT 03k TYYHUCTOMH SHEpPrHH, T. €.
OT KOJIM4eCTBa IIGI/IOLIEHHON 3HEPIHH, 3aBHCAIIEH OT MOIIHOCTH HCTOYHHU-
Ka, pACCTOSHMA J10 00ryyaeMoro o6beKTa, NPOAO/LKHTENbHOCTH OONYYeHH.

"B ocnose mefictBua nyuncroif sHepruy Ha MUKpodIopy JexaT XUuMH-
yeckue ¥ GH3MYeCKHe U3MeHEeHHs KIETOYHBIX OMONOrHYECKH aKTHBHBIX
MeMOpaH — 060I0YKH KJIETKH (TOHOILIACTa) ¥ HATOILIa3MbL COBOKYITHOCTD
¢daxTopoB BO3AeHCTBUSA NPHBOLHT K HEKOTOPOMY HapyIUEHHIO KJIETOYHO#H
IPOHHLAEMOCTH TOHOIJIACTA, H3MEHEHHIO KOIOHAHON CTPYKTYpPBI HUTO-
TJIa3sMBl, H3MEHEHMIO CKOPOCTH OHOXMMMYECKUX MTPOLIECCOB.

Iockonsky nponukaioman crocobnocts Y DJI Hepennka, addekt Boa-
nelicTBHst Ha MUKPOdIOpY B OCHOBHOM KacaeTcs TOH M‘ﬂxpodmopbl, KoTO- -
past pacTiosioxeHa Ha HOBEPXHOCTH MPORYKTA.

Oc¢o6eHHOCTBIO JIYYHCTOrO BO3NEHCTBHS SIBJSIETCS BO3MOXHOCTb €T0
MOPUHOHHOTO NPUMEHEHHs, [PH KOTOPOM CYMMapHas /1032 OPLHOHHOrO
BO3/(eliCTBYUA paBHA MOKHOMN OaxTepunuAHOi o3 00IyYeHNs.

Kucnomuocms cpedvt. Buoxummueckas akTHBHOCTb MHKPOGJIOpH 32BH-
cut ot pH cpexnl. VIsMeneHue peaKiiiy Cpefibl BAUAET Ha 3/1eKTPUYECKUH
3apsazl KJIeTOYHOH 060/I0MKH H COOTBETCTBEHHO Ha ee IIPOHKLAEMOCTD LIS
OTZAEJbHBIX HOHOB. . JTO NPUBOLUT K H3MEHEHHUIO BHYTPUIUIETOYHO# peak-
LMY, YTO BJEYET 3a coO0it U3MEHEHMe CTeNIeHN AUCTIEPCHOCTH KOJIIOU/0B
[UTOIIa3Mbl, H3MeHeHust UX aGcopOLMOHHBIX CBOUCTB M T. &, [{na Gonb-
HIHHCTBA ieceHell M Apodckeit HanbGonee GraronpuaTHa KHUCas cpea
(pH = 3,6-6,0), a1 Gaxrepnii — HelTpanbHas Wi caabomesoyHas (pH =
=7,0-8,0).

3aBUCHMOCTD KH3HEAEATETPHOCTH MHKPOOPIaHH3MOB OT TeMIepaTry-
Pbl, a TAaKXKe HaNpaBJIEeHHOCTh MMKPOOMOJOrAYecKUX NPOLEccos, NpH-
BOIAIAs. B OCHOBHOM K YXYAIICHHIO HCXOAHOTO KauecTBa COXPaHSEMBIX
TIPOZyKTOB, npefionpefieifieT Heo6X0MUMOCTb X0NOAUALHOM 06paboTKy K
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XpaHEHHS NPOAYKTOB NPH BO3MOXKHO HU3KOH TONOXKHTEIbHOM MK OTPH-
HaTelbHOHR TeMIepaType.

KOHTpONbHbIG BONPOCH:

1. Kakue Buzibl MHKPOGhIOpH M3BECTHBI ?

2. Yem 06ycIoBAEHO yXyALIEHHE KaUeCTBa XPaHUMbIX HPOAYKTOB?

3. B ueM cocTOUT CYTh IUTAHHS U ABIXaHNA MUKPOOPTaHU3MOB?

4. KaxoBb! ¢hakTOpH! BHEUTHETO BO3/IeHCTBUS Ha MUKpodIopy?

5. Kaxue Meronn 60pb6m ¢ Mukpod,1opoit Hanboee ynorpeGuTeIbHbI
B TEXHOJIOTHYECKOI NPaKTHKe XpaHEHUA POXYKTOB?



naBa 3
OXJIAXKAEHUE NPOOYKTOB

Llenb oxnaxaeHUs COCTOMT B o0eclieyeHHM HEHM3MEHHOCTH HCXOMHBIX
CBOWCTB TIPOAYKTOR KaK B Npoliecce UX TEXHOJOrAYeCKOH (XONOAUABHOR)
06paboTKH, Tak M IPH NOCAEYIOIIEM XOIOAUTBHOM XPaHEHHH.

YMeHblIeHHe CKOPOCTH TeUeHU KOMILIEKCa [IPOIIeccOB — OGHOXHMHYe- -
CKHUX, Muxpoﬁnonomqecxux U GHU3NYECKHX — JOCTUTAETCSI BO3AelHcTBIEM
Ha IPOAYKT BHEUIHUX (aKTOpOB: TeMIEPATYPbI, OTHOCHTE/ILHOM BJ@XKHO-
CTH BO31yXa, €ro BJarocoiep>XaHus, CKOPOCTH ABMXEHHS, Bo3AeHCTBHSA
GapomeTpuueckoro AaBienns. TakuM o6pa3oM, OXIakAEHHE — ITO KOM-
IUIEKCHBI Ipoliecc MepeHoca TEMJIOTH U BellecTBa B 06beMe MPOAYKTa M ¢
€r0 NOBEPXHOCTH, HJIH, KaK ero IPHHSITO Ha3BIBaTh, IPOLIECE TENJIO- M MAC-
colepenoca. '

Onpenesnsiomnm GakTopomM Boanencmpm Ha NPOJYKT sBJIgeTCs TeMuepa-
typa. C moHMXKeHHUeM TeMIlepaTyPH YMEHbILAETCs CKOPOCTb TEYEHUS BCeX
NiepeuyicCeHHBIX TIPOLECCOB,

ITpy aHANUTHYECKOM PeIlieHUH 3a1a4H 00 OX1aXXeHHH IPOJYKTOB pH-
XOAuTCs NpHOEraTh K yNpolleHWIo B OTHOIIEHHH NIpeJCcTaBieHts GOpMbl
peansroro npoaykra. C onpelenenHoit fosneil ZoyCTUMOCTH IPHHUMaET-
cs1, 4To popma 6OIBIIMHCTBA POAYKTOB MOXKeET ObITh ynoaobnena popMe
[IPOCTRIX TeJl — MJIACTHHBI, [Iapa, UWAIHHADPA.

Kpome Toro, cuuraercs, yTo CTPyKTypa NPOAYKTa ORHOPOAH2, M OH paB-
HOMEPHO oxJiaxaeTcs cpefoil. Bce BMecTe ckasaHHOe CBUACTEILCTBYET O
TOM, UTO peasibHast JUTHTENBHOCTD OXJ/IKAEHUS OTIMYAeTCS OT PacyeTHOM.

3.1. paHWuHbIE YCNOBUS NPYH OXNAXEHUHA

TIpouecch nepeHoca Teria i BJIary, Kax  Jiio6bie puanueckne MpoHecchl,
NIPOTEKAIOT B MPOCTPAHCTBE U BO BpeMeHH. COBOKYITHOCTb MIHOBEHHbIX
3HaYeHU i TeMIepaTyphl BO BCEX TOUKaX 00beMa NPOLYKTa Ha3bIBAIOT TEM-
TNepaTypHBIM 1oJeM ¢ = f(x, ¥, 2, T). TeMnepaTypHoe nosie MoxeT 6BITh CTa-
IMOHADHBIM ¥ HECTAIMOHAPHEIM.
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CranoHapHbIM TI0JIeM Ha3BBAIOT N0J1€, B 00beMe KOTOPOro TeMiiepa-
Typa B J060# Touke HensMeHHa. Eciu TeMneparypHoe moJie U3MeHSeTCH
BO BPEMEHM, OHO Ha3BIBAeTCS HECTAIIMOHAPHBIM.

Ecau teMnepaTypa gBndercsi PyHKIUell ORHOMH UM ABYX KOOPJAMHAT,
OHO Ha3hIBAeTCS OHO- UJIN ABYXMEPHBIM.

Ilpu onvicaHuH OZHOMEPHOTO TEMIEPATYPHOTO HOAS HPOAYKTA MCHOJIB-
3yioT auddepenLiHanbHOe ypaBHEHHE TENIONPOBOAHOCTH, CBS3bIBalONIEe
TeMIepaTypy, ANUTEJILHOCT Npollecca H KOOP/AHHATY TOUYKH 0ObeMa:

o, a—a—zt- a1
r axt’ '
re a — ko3 puLHeHT TEeMIepaTypONpoOBOIHOCTH, M2/C.

Pemenue nuddepenInanbHOTO ypaBHEHUs TEIJIONPOBOAHOCTH IPeji-
noJiaraeT 3HaHHe reoMeTPpHUYecKOoil GopMbi TPOAYKTa, paciipee/IeHis TeM-
nlepaTypsl B IPOAYKTe K Haually OXJIax/eHus (HauaJlbHble YCIOBYS) B 3a-
KOHa B3aUMO/IeiICTBUA Tell100TBoAAIell cpeAbl U NOBEPXHOCTH NIPOAYKTA
(rpaHHYHOE yCIIOBHE).

CoBOKyTHOCTS Ha4a/IbHOTO M TPAaHUYHOTO YCIOBHI1 Ha3BIBAIOT KpaeBhi-
MU YCJIOBUSIMHY.

s mpakTHYeCKUX pacyeTOB HauaTbHOE paclpe/iesieHye TeMIlepaTyphl
B oObeMe NTPOAYKTa IPUHHUMAETCS TIOCTOSAHHBIM: ¢, = const.

XapakTep rpaHHYHBIX YCJIOBHIi OTIpeieIsieTCA 0COOEHHOCTSMHU Ter1006-
MeHa Ha TOBePXHOCTH POAYKTa. B pacueTHoii npakTHke Hauboee ynoTpe-
6uTebHO 3ajaHVe TPaHHYHBIX YCIOBUIT B BHJle TPAaHHYHBIX YCIOBHIA Iiep-
BOT'0, BTOPOTO U TPETHETO POJia.

I'panuunvie ycrosus nepsozo poaa NpeANONaraioT 3aJaHie TeMNepary-
PH IOBEPXHOCTH MPOAYKTa Kak GyHKIHM BpemeHH ¢ (T) = f(7). B yactHoM
cJy4ae 3TO YCJIOBHE BHIOJHAETCS NPU HHTEHCHBHOM TEIUIOOTBOJE OT I10-
BePXHOCTH ITIPOAYKTa, HAlIPHMEP NPH OXNaX/ieHHUH MPOAYKTa B XHIKOi
cpelie. B aTom cnydae xoa¢hHUIIMERT TENIOOTAAYH OT NOBEPXHOCTH Mpo-
aykra o, Br/(M?- K), asnserca 1ocraTo4Ho 6obImoi BeTUYHHOM (o —> o). .
CootBeTcTBeHHO Bi — o0, a TeMIlepaTypa MOBEPXHOCTH NPOAYKTa B Teue-
HUe IIpoLecca OXJIK/IEHHsI OCTAETCsA NOCTOAHHOM (£, = const).

I'panuunvie ycroeus 6mopozo pooa NpeANOJAraoT 3aaHue IIOTHOCTH
TEIUIOBOTO TIOTOKa B BuAe GYHKIIMU BpeMeHH ¢(t) = f(£). B npocreiimem
cJlyyae Ha IpOTSDKEHUH Tpoliecca OXJIax/IeHHS 3Ta BeJIMYHHA TOCTOSTHHA
(g = const).

HauboJbuiee npakTHyeckoe NpUMeHeHHe IS pellleHUs 3a[ay OXJIax-
JeHYst NPOJYKTOB MeeT KPaeBoe YCIJIOBHE TPEThero pofa.
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I'panuunvie ycroeus mpemoezo poda XapaKTepuUsyOT 0CoGeHHOCTH KOH-
BEKTHBHOIO TETINI00OMeHa MEXIY MOBEPXHOCTHIO TeJla U TeIIOOTBOASLIEH
cpefoit. [Ipu aToM TeMIiepaTypa TeIUIOOTBOASLIENR CPEIbl MOXET GHITh MO~
CTOSTHHOY HJIM U3MEHSITBCS 1I0 H3BECTHOMY 3aKOHYy.

AHanuTHyYecKoe pellleHHe 3alauul 06 OXIaX/IeHNH MPOAYKTOB Hanboiee
4acTO PacCMAaTPUBAIOT Y HEU3MEHHOI TeMriepaType TENNIOOTBOAAIHEH
cpeznsl.

3.2, JnuTenbHoCcTb 0XNaXAeHNs NPoAYKTOB

Ha ocnoBge pentenns audpdepeHiHaabHbIX yPaBHEHHII TEILIONPOBOAHOCTH
Dypbe 1151 TeJI CTaHAAPTHOM CTEPEOMETPHYECKOH (POPMBI (TIIIACTHHBI, Ia-
pa, WWINHAPA), HOJyIeHH aHATUTHYECKHe 3aBucUMOCTH. Pemenwe 3aia-_
4y A7 MJACTHHBI NIPe/icTaBleHo BolpaxenHeM (3.2), ana mapa — (3.3),
minHApa — (3.4).

Jlepast yacTh paBeHCTBa Npe/ICTaBAseT coboii GeapaamepHyio PI36HTO‘I-
Hy1o Temuepatypy (0), mpaBast — psin Dypbe, YHCI0 WIEHOB KOTOPOTO B
HHTepBase oT k= 1 10 k = oo 3aBHCHUT OT HEOOXOAMMO# TOYHOCTH OLIEHKH
T, C.

L,

(;’Ti - ;A cos(p.k 7). o o ' 3.2)
= Rsin(7)
toey Tt RS 4, TR R (3.3)
Ly =l =1 ry,
' _tflfl:_t2=§:Ak.[0(ukL).g“”f'F‘f (3.4)
t, -t =1 R

rke

t(r,1), °C — Temmeparypa B A1060# TOYKe IPOAYKTa Ha OTPE3KE 7, M, 32
BpeMs 7, C;

r — TeKyllasi KoopAWHaTa TOUKH. R — XapakTepHbiii reoMeTpHUYeCcKUH
pasMep NMpoAyKTa (T0J0BYMHA TOMIINHB — A5 [I1aCTUHBI, H Pajiuyc — s
mapa u uuanHapa). [lis nopepxHocTH nponyxra 3Hayenwue {(7,T) npeobpa-
syetcs B t(R,1). [lnsa nentpar=0;

t,— Temmepartypa TeNJI0OTBoAs el cpenbt, “C;

I (x) — mopuduuuporannas GpyHkuusa beccesist Hy1€BOTO MOpAAKa Hep-
BOI'0 po/ia;
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Tabnnya 3.1
Tennodpuanueckne xapakTepmcTUKnU NpoAyKTOB

Buxn HaorHocTs Yaensnan Ten;IoNpOBORHOCTD,
NPOAYKTa TPOAYKTa, TENJI0EMKOCTD, C, Anps
p, Kr/M® wJlow/(kr - K) Br/(M - K)

ToBaanua 1020 3,35 0,45

ofe3KupeHHas,

CBHHHHA,

GapanuHa
FoBagnua xupHas 1000 2,51 04
CBHHHHA XXHpHAA 1000 2,18 04
Tpecka 1050 2,2 0,46
e Tpeckn 1050 3,52 0,48
Macno cnuBo4Hoe 980 2,1 0,23
Kaprodens 1080 3,5 0,6
Mopkosb 1080 39 0,61
Csekna 1080 39 0,6

A, v p, — koadpdunnents paga Pypse (Fo) 1 KopHH COOTBETCTBYIOUIUX
XapaKTepUCTHYECKUX ypaBHEHUH. A, U 1, HAaXO[AT N0 BeJIMYMHe Yucia Bi
13 Tab:1. 3.1 npunoxeHus — 114 IJIACTHHBL, Tabi1. 3.2 NpWIokeHus — AN
mapa.

B Beipaxennu (3.3) npur— 0

Rsin(ug )
— R (3.5)
W 7

11 OCHOBHBIX IPOAYKTOB 3Ha4YeHHM s BEJNYUH Teliopu3HIecKHe Xxapak-
TePUCTHKY NPOAYKTOR OTpaxkeHsl B TaGun. 3.1. Bosree monxo Tennodpusuye-
CK¥e XapaKTepUCTHKH IPOLYKTOB NIPeACTaBJIEHH B CIeIIHAIM3UPOBaHHOM
CIIPaBOYHOI IMTEpaType.

Fo — uucno ®ypre, yunThiBaioniee HECTALIHOHAPHOCTh OXJIAXKAEHUS
NPORYKTA.

Fo=%7, 3.6)

rie t — JIUTENLHOCTD OXJIAXKAECHHH, C.

2-996
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KoadpduumeHT TeMepaTypoIpOBOJHOCTH HAXOAUTCS U3 BHIPAXEHHS
@.7):
e 3.7
cp

. Kpurepnit nonobus, yuntreiBaiommii BBaHMOCBS3b lepeHOCa TeIIa K 110~
BEPXHOCTH MPOAYKTA K OT ero NOBEPXHOCTH K TEILIOOTBOJSLIEH cpelle, Ha-
3pIBaloT yucaoM Buo:

._o-R ;
Bi= . (3.8)

rie o — K09 OULHEHT TENIOOTAAYH OT TIOBEPXHOCTH NPOAYKTa K TENJI0-
orsoasimeii cpene, Br/(m? - K). IIpubamxeHHO K03 dHUHEHT TeII00TAa-
YH HaXOAUTCA U3 BeIpaxeHus (3.9).

a=(53+3.6-0)-1.16, Br/(m? - K), (39)

rae

¥ — CKOPOCTb ABMKEHHs BO3yXa, M/C;

7‘.;,, - TeILIONPOBORHOCTD HpoAykTa, Br/(M - K).

bBonee xOppeKTHO H TOYHO KOa(DHUIHEHT TEILIOOTa4H YCTAHABAHBA-
€TcsA Ha OCHOBe KPHTEepHeB, ONHICHBAIOIIMX YCAOBHS TEILIOOOMEHa Ipo-
AYyKTa C TEIIOOTBOAANIEH cpenoit:

Nu = %L—I: (3.10)

e

Nu — yucno Hyccenbra (kputepuit nogobus);

A, — TeNJIoNpoBOAHOCTS Bo3Ayxa, Br/(m - K). _ «

Ilpw onenke BesuuHbI KOabdUIHEHTa TEMIOOTAAYH (L OT HOBEPXHOCTH
IIPOAYKTA K TEIVIOOTBOAsIEN cpe/ie B BhipaxkeHuH (3.10) onpegessnomuit
pa3Mep NPoAyKTa L IpHHHUMaeTCs ¢ yYeTOM HaNpaBJeHHS MOTOKA TeIUIo-
orBozs1Leii cpest, [{ns nponykTa, popma KOTOPOro Mof06Ha NIacTuHe, pu
IBVOKEHUHU BO3AYyXa BIO/b NOBEPXHOCTH TeJia 3a ONpeAeNsoiHii pasMep
NpHHUMaeTCs pa3Mep TeJla B HallpaBJieHUH NTOTOKa Cpelbl, /s TeJia, popMa
KOTOpOTO 1oZI00Ha Wapy ¥ WHIMHAPY; NPHHUMAETCS oNpeesiomuit pas-
Mep Testa. [{14 mapa H HHIHHAPA NPH YCJI0OBHH HX NONEPeYHOro o6TeKaHus
NOTOKOM BO3yXa ONpeJeTiONIMMH Pa3MepaMH SIBJISETCS PaJHyC TeJl.

Yncno Hyccenwta (Nu) saBaserca yukimeit yucna Peitnonsaca (yuu-
THIBaeT YCJIOBUS TedyeHUs TEIJIOOTBOASALIEH cpeabl).
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B cay4ae npojo/ibHOTO 06TeKaHUs TWIOCKO#M MIaCTHHBI TYpOYJIeHTHBIM
IIOTOKOM BO3tyXa

Nu=0,032-Re®; (3.11)

TIpU JIaMHHADHOM 06TeKaHMM IIACTHHBI BO3/lyLIHBIM IOTOKOM
Nu=0,032-Re 3.12)

HpPI nonepelmom 06Te1€aHPIPI OAHUHOYHbIX III/IJIPIHIIPOB NNOTOKOM Bosnyxa
Nu=0,196-Re®®; , (3.13)

1pu 06TeKaHUK TIOTOKOM BO3AyXa Tesa, GopMa KOTOPOro nofxobHa mapy,
Nu=0,33-Re®®. (3.14)

B sripakenusax (3.11-3.14) BennuuHa Re olieHNBaeTcs Ha OCHOBe 3a-
BHCHUMOCTH:

Re=—, 3.15)

e

v — CKOPOCTDb JIBHXKE€HHUS BO31YyXa, M/C;

v, — KHHeMaTHuecKas BA3KOCTb Bosfyxa (v, = 13 - 1075, M?/c).

JLn1s1 Ten ¢ BAaKHOI HOBEPXHOCTDIO K03 HIMeHT TeIA00TAaYH 3aBUCHT
OT CKOPOCTH ABIDKEHHS BO3ZyXa BJOJb nponykTa. Hanpumep, xoaddunu-
€HT TEeNJI00TAaYH OT HOBEPXHOCTH NPOAYKTa, hopMa KoToporo nozio6Ha ma-
pajliesienuieay, NoJTy4eHHbIi sKCTiepUMEHTAIBHO, OT/IMYAeTCsl OT pacyer-
HOI BeIMYMHBI IPH CKOPOCTH ABUXKeHMA Bo3nyxa 0,4 M/c B 2,4 pa3a, ipu
cxopoctu 1,3 M/c — B 2,1 pa3a, nipu ckopocTH 2,2 M/c oTnyus HeT. MareMa-
THYeCKH 3Ta 3aBUCHMOCTb NIPUOIHIKEHHO OIICHIBAETCS NOJHHOMOM BHJa:

o, =0, - (-0,4938- 2% +0,5062 - v+2,2765), Br/(M*- K). (3.16)

B ToM cityuae, eciu eCTb paiHaliiOHHAst COCTaBISIOMASA TEMI000MeHa,
k03¢ pULIMEHT TEII00TAAYH OT HOBEPXHOCTH IIPOAYKTa BHIPAXKAIOT CyMMOH
ABYX BEJHYMH: KOHBEKIIMH U U3/MYYeHHs O = O + O,

Ha npakTuke JIy4HCTYIO COCTaBJSHOLIYIO TeTJIoo6MeHa YYMTHIBAIOT JIHIUb
IPH peaIH3alluH TEXHUYECKUX IPOEKTOB, B KOTOPHIX JYYHCTOMY TeHJIo-
oOMeHY OTBOZUTCA pellalolias poJsib, HaPHMEpP IIPH TIPOEKTHPOBAHUHN
CrelHaNU3HPOBAHHLIX KaMep Ha MJICOKOMOHHATAX [/ 3aMOPaKMBaHHS
Msica.

2*
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Oco6eHHOCTD B OLIEHKe IMHTENbHOCTH OXJIaX/IEHUA POYKTa COCTOUT
B TOM, UTO pellleHHe «IPAMOii» 331a4H 110 H3BECTHOI TeMIepaType B JIo-
60it Touke o6beMa NPOAYKTa obecreyBaeT JOCTOBEPHbII Pe3ybTaT, €C/IH
Fo >0,3. 310 03HauaeT, YTO pacyeTHasi M peasibHas AJTUTELHOCTH NIpoLeCc-
ca GynyT SKBHBaJIEHTHBI, €CJIH, HaNpHMep, JJIHTEILHOCTh OXJIaXK/AEHHS
coctaBuT 6onee 1,5 4 pU reoMETPHYECKOM pa3Mepe NPOAYKTa He MeHee
0,025 m. Tlpu pemeHuH 3aayy STHM METOZAOM MCNIONB3YIOT IEePBHIN YIeH
psana Oypeoe.
TouHOe 3HAUEHHE ANUTENLHOCTH OXNAXKIEHNS IONYHAI0T TOMbKO Ha OC-
HOBe OLIEHKH TeMIlepaTypHOrO ITOJIS TPOAYKTA, T. €. 33/1aBas AJIMTeILHOCTD
" OXJIaXJEHHUs ¥ CPaBHMBAsi IOJIYYEHHYIO TeMAEPaTypy B PaCUeTHOM ToYKe
of/beMa IIPOYKTa C TEXHONOTHYECKH 3aiaHHOlL. B aToM ciryuae 3azaua pe-
ImaeTcs Ha ocHoBe 3—6 KopHeii XxapaKTepUCTHYECKHX YPaBHEHHH [, vi palia
Oypee A,

(3}
—
‘T e
S o
S V)
5 fo20] ¢

X~}
[\
(%3]

:: ;/ s
i L L
07 / / A

4

77
/4
i

\p A
W,

=

Lo

NN,

AR N

08
//// t=(1—x/R)-
09 P // ”’8’
110 -
0,1 0,05 0,073 0,1 0,14 0,5 1 2

Puc. 3.1 .
. Homorpamma 2 oUugHKM JJIMTENbHOCTYU OXNIAXAEHUS Tena B BUAE NNACTUHDBE
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lnst npubaKeHHOM OLeHKH JJIMTeIbHOCTH TeJla JT1060# crepeoMeTpH-
4ecKoit (popMHI HCTI0IBL3YIOT HOMOTpaMMBl (puc. 3.1).

CeMeiicTBO KPHBHIX B HOMOTPaMMe NIPeCTaBJICHO AMS PA3IUYHBIX 3Ha-
YeHuH He3pasMepHOTo KOMILTEKca

-

CylinecTByeT MHOXKECTBO NIPEAIOXKeHHbIX pellleH M, NO3BOJAIOIHX Olle-
HUTD JIJIHTENIBHOCTDb OXJIaXkAeHHs MponykToB. OMHUM U3 yAayHBIX pere-
Huil asnsgercs petilenve A. QuxunHa;

Zc —012} 4, (3.17)

[

t, -
Bi ‘-

2
r’=—A-E—[ gé+0,8 ‘1g
a . 1

rae

T — JJIUTENBHOCTD OXJIAXKAeHHUs! IPOLYKTa;

A — sMnpuyecKknii MHOKHTeNb. [lis NPOAyKTa B BH/E IUIaCTHHB A = 1,
B BuJe uuaunapa A = 1/2, B sune mapa A = 1/3;

t,— TeMilepaTypa B HeHTpe MPOoAyKTa, *C.

TlorpenrsocTs B OLeHKe AJIHTeIBHOCTH OXJIaxaeH!s 1o popmyJe (3.17)
cocTaBaset e GoJee +3% OT peasnbHOM| NNIHUTEABHOCTH TIpoLecca.

JnuTenbHOCTD OXJIAXK/IEHUS1 MOJKHO OIIeHMBATh HA OCHOBE 3aKOHA pery-
JIAPHOTO TEIIOBOTO peXKuMa.

3.3. PerynapHblit Tennosoi pexum

TemnepaTypHoe 110J1e TPOAYKTA, T. €. pacnpeiesieHNe TEMNIEPATYPHI 110 06b-
eMy IpoAyKTa, (hopMa KOTOPOro ABJISETCs HeONpeAeTeHHON WIH pH NIpo-
M3BOJIbHBIX TPAHWYHBIX YCJIOBHAX He OMUCHIBAETCS COBPEMEHHBIMM aHAH-
THYeCKNMH MeToilaMy. B aToM ciydae ins pemieHUs NpakTHYECKUX 3ajay,
CBA3aHHBIX C OLIeHKOM cpe/iHei TeMIlepaTyph! O 06beMy IIPOAYKTa, TeMIle-
PaTyphl IOBEPXHOCTH, CKOPOCTH U3MEHEHUS CpeZiHell TeMHepaTyphl, npube-
raloT K 3aKOHY PeryJisipHOrO TeIJI0BOro pexyuMa.

Teopus peryasipHOTo TENIOBOIO pesKUMa ABJISIETCS] ONHUM U3 Pa3/iesioB
Y4eHHs o TelUlonepeaaye B TBEPAbIX TeMax. B oTiMuMe oT wiaccuueckoh
TEOPHUM TeIJIONPOBOXHOCTH TEOPHS PETYJIAPHOTO TEMJIOBOTO pexkKiMa pac-
CMaTpPHBAeT NPOIIECC OXIAX/IEH!S He Ha BCEM ero NMPOTSKeHHH, a TOJIbKO
Ha TOM CTaJuH, Ha KOTOPYIO NEPECTANIO BIMATH HauyaJbHOE COCTOAHHE Tela.

B TeopuH TENJIOPOBOJHOCTH 3TO COCTOSIHUE NpeANoaraercs onpese-
JIEHHBIM, TOT/I2 KaK B TEOPHH PETYJSPHOTO PeXXUMa HHKAKHX YCIOBHIl He
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CTaBHTCS, IPHYEM PACCMATPUBAEMOE TEJIO MOXKET OBITh 110601t PopMBI U
JI0GBIX pa3MepoB.

OcHoHoit 331aueil TEOPHH PETYASPHOTO TENJIOBOTO PEXHMA SBIAETCA
yCTaHOBJIEHHE 3aBUCMOCTH MEX/y TeMITOM OXJIaXK/I€HUS Tela H CPeTHUM
K02dPHIMEHTOM TeNJIOOTAAYN MEXKAY TeJIOM Y TenooTBoAANIel cpenoii
(puc. 3.2).

OcHoOBHOe CBOMCTBO PeryJIsipHOIO TENJIOBOTO peXXHMa Oasupyercs Ha
npecTaBAeHHH O TOM, YTO 110 UCTeYeHUH JOCTATOYHOIO BpEMEHH OT Haya-
J1a OXJIaXKJIeHHsl HacTynaeT peryJsapHbIi peskuM. OTAHYUTENbHOII ero 0co-
GEeHHOCTDIO ABJISETCS TO, YTO JIOTAPH(DM H3GHITOYHOM OTHOCHTENbHOMN TeM-
nepaTyph B Jio6oii Touke o6beMa Tella C TeYeHNeM BpeMeHH U3MeHaeTCs
110 TUHEHHOMY 3aKOHY, IPUYeM CKOPOCTb U3MeHEHUS OIMHAKOBA IS BCEX
TOYex Tena.

3aKOH peryIIpHOTO TEIIOBOTO PeKUMa AeHCTBYeT JINIIb B CIy4ae Ipo-
CTOTO OXJIAKAEHUS TeJIa.

B m1060¥ Touke 06beMa 0X1KA2EMOTO TeJla CKOPOCTh OXaKAEeHUS 1po-
MOPHHOHANLHA Pa3HOCTH TEMHEpaTyp 3ToH TOYKH U TeMIIepaTypHl Telo-
OTBOJALIEN CPEAbL:

& oo, 1) (3.18)
- ,

Pemas ypasHenue (3.18)  npecTaBUB €0 OTHOCHTEJIBHO T, IOJTyYaeM:

I el (3.19)

m t(’.t) - tc

riie m — TeMII OXJIaXAeHu4, 1 /c. \

TeMr oxnaxeHusa m XapaKTepHU3yeT CKOPOCTE PeryiapHOro oxJjaxze-
HHs Tefa. Jins Ten npocreiinleil reoMeTpuyeckoit GopMbl (IIACTHHBL, LM~
JMHApPa M 11apa) BeJUYHHA TEMIIa OXJIaKAEHHS COOTBETCTBYET IIepBOMY
KOPHIO XapaKTepHCTUYECKOTO YPaBHEHHUS COOTBETCTBYIOLIETO TeJa:

m=y '7?7’ (3.20)
rAe Ji, — NepBHl#i KOpeHb XapaKTePUCTHYECKOTO ypaBHeH|s Tea 3a/laHHOH
bopMsr;

a — k03 PUIHEHT TeMITepaTYPONPOBOAHOCTH Tela, M2/C;

R — xapaxrepHHIii reoMeTpHYecKUH pasMep Tesa, M.

TeMIr oxnaXkAeHHS eCTh TAHreHC yIJia HakJIoHa npsiMoit 2-3 (puc. 3.2).

Ortpe3ok 12 xapakTepH3yeT CTaAHIO HEYTTOPALOYEHHOTO OXJIa’KACHHsI,
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ln(t(r,t) - c)

Puc. 3.2
Mpaduyeckoe npeacrTasneHune npouecca
PerynaspHoro TenfaoBoro pexuma

HepaBHoMepHOCTb TeMIIepaTypHOTO 11015 B 00beMe NPoJiyKTa IIPHHSATO
olleH¥MBaTh BelHuMHOH ¥, KOTOpasA NMpeEACTaBIsAeT OTHOIIEHHe U3OBITOY-
HOIt TeMIIepaTypHI [IOBEPXHOCTH Tefla £, | K M3OBITOUHOI cpesiHell Temute-
patype B obbeMe NPOAYyKTa £

bpoy—L
y=-80_<, (3.21)

Besnunna ¥ umeer npocroii pusuueckuii cmpics. Ona sisaseTca Xapak-
TEPUCTHKOH HEPaBHOMEPHOCTH TEMIIEPATYPHOTO NoJs B o6beMe IIPOAYK-
Ta. [Ipu paBHOMEPHOM pacrpefie/IeHHH TeMiepatyp B o6beme Tesna ¥ = 1.
Hanmenbiee 3HaueHue COOTBETCTBYET HHTEHCHBHOMY OXIaXKAEHHIO, KOT-
Aa o — oo,

Jlna Ten npoctoii cTepeoMeTpHyeckoil GopMbl BenuyuiHa ¥ olieHMBa-
eTcs BripaxkenneM (3.22):

@
B 3.22
V=B (3.22)

rae I' — nocrosiuHas dopmnl Tesa. J[as Tena, popMa KOTOporo nogobHa
maacrune, I = 0, Ans HeorpanuyerHoro nyummunapa I' = 1, oA mapa I' = 2.

Boipaxenue (3.19) He yuHTHIBaeT CTaZUM HEYNOPANOYEHHOIO OXJIAXK-
Aenus, Koropass oObMHO cocrasiaser 20-25% oT craguy peryJsipHOTO
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‘OXJaXKIeHNns. ITO CyMeCTBeHHO 3aTpy/HseT UCN0Ib30BaHHE BRIPAKEHHS
(3.19) nna peanbHoii npakTuku. KpoMe Toro, TeMn oxnaxaeHusi OTHOCH-
TeJIbHO TIPOCTO OLIEHHUBAETCS JINIUb AJISI TeJI CTAHAAPTHOH cTepeoMeTpUye-
ckoil ¢popMbl. B HHBIX clry4asx NpuUXoAMTCa NpUOEraTh K JaHHBIM, ITO1y-
YeHHbIM Ha OCHOBe MOAENHPOBAaHUA OXJIaxIAeHUs Teid, popMa KOTOPHIX
OTJ/IMYHA OT TeJ CTaHAapPTHOH HOPMBI.

HauGonpuiuii BKIag B TEOPUIO PETYISPHOTO TEILIOBOTO PEXUMA BHEC-
s I'. M, KoHipaTbeB 1 ero Hay4yHast HIKOJA.

3.4. Tennora, oTBOAMMAN NPH OXNAXAEHUN

HauboJiee npocTo KoNHYeCTBO OTBEEHHOTO TelJIa IIPY OXJIAX/IeHWH o1fe-
HHBAIOT Ha OCHOBe BripakeHus (3.23):

Q=M-(G,-i.) 0x, (3.23)

rne

M — macca nponykra, Kr;

i, i, — TENNOCOLEPKaHKE MPOKYKTA 0 ¥ NOCJe OXIaKAeHud, [ /K.

JTOT MeTOA, NPUMEHsIeMBbIil Ha MIPAKTHKE, He YYUTHIBaeT HepaBHOMED-
HOCTH TEMIIEPATYPHOTO 11014 NPOAYKTa [0 Hadaia oxiaxaeHus. [loatomy
€0 MCTIO/IB3YIOT 1S NPUOIKEHHBIX pacyeToB, KpoMe Toro, AaHHbIH MeTox
Ipeamnosaraer, YTo MPOAYKT UMeeT HeGObIlINe reOMeTPHYECKHE PA3MEpHI,
MaJieHbKH# K03dPUHMEHT TENAOOTAAY TOBEPXHOCTH, BHICOKYIO TEILJIONpPO-
BOJHOCTb.

Ecnu Tpebyercsi Bbicokast TOYHOCTD PacyeTOB, TO PaCy€Thl AOJKHB YyUH-
THIBAaTh XapaKTep TeMIepaTypHOTo OJIf ¥ CPpeRHE0OBEMHYIO TEMIIEPATYPY
NpoAyKTa. _

KosmdectBo Tenua, oTBOAMMOTrO NPH OXJIAKAEHUHN IPOAYKTOB, OLEHH-
BalOT BRIpaXKeHUEM

Q=c,-p-V-@,-t), (3.24)

rae

¢,, — Tennoemkocts npoayxra, [x/(xr - K);

p — TIOTHOCTH IPOAYKTa, KI/M%;

V — o6veM npoaykTa, M%;

t— cpeaneobbeMHas TeMnepatypa, *C;

t, — HavaJpHasl TeMIIEPAaTypa MpoAyKTa, °C.

CpeaneoGbeMHYI0 TeMIEPATYpPy YCTaHABIUBAIOT HAa OCHOBE pellieHHs
1151 TPOAYKTOB CTAHAAPTHO! cTepeoMeTpHYecKoil GOpMBlI.
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Buzn dopmynsl asis Tena, hbopma KOTOpOro nNofoOHa IJIACTHHE U LIapy,
OIVHAKOB:

— ko —u?.
(2t _yp .o (3.25)
tH —tc =1

Cpenneobbemuble TeMmepatyphi ¢, °C, A/ IJIaCTUHBI ¥ Iapa onpeze-
JSIOTCA Be/IMMMHaMK W, U B,
Ins Tena, popma koToporo nofoOHA UHANHAPY:

tot, N4 b (3.26)

= L7
tH - tc =1 e

3.5. lMorepu Bnarm ¢ noBepPXHOCTH NPOAYKTA
(ycywka) npu ero oxnaxpeHun

B npotecce oxnaxaeHHs ¢ IOBEPXHOCTH HEYIIAKOBAHHOTO NPOIAYKTa HC-
napsiercsi Bnara. Vicnapenye, HHBIMH CJIOBAMH MaccollepeHoOC, COBNAAAET C
HanpaBJieHHeM NepeHoca Temia. Oinee KOJIHYECTBO TeI1a, OTBeZleHHOe OT
NPOAYKTa KOHBeKIMeH 1 iCNapeHueM, COCTAaBUT:

Q=0 +Q,. 3.27)
Tennota, oTBeeHHAa KOHBEKIMEl, COCTaBJIAET:
' Q,=a,-(t,-t)-F-1, (3.28)

e
o, — koa¢unHeHT TentooTA24M (KoHBeKTHBHBIH), B1/(M* - K);
¢, t — TeMIlepaTypbi IOBEPXHOCTH IIPOIYKTa H TETIOOTBOZSILIEH CpeAbl;
F — nnomaap noBepxHOCTH TeioobMeHa, M2,
TemntoTa, oTBOANMAA HCHAPEHUEM, COCTaBISIeT:

Q,=Q-Q, =F-t-[B-p-GG,—i,) -0 - (¢, - )}, (3.29)

rae
B — xosddunmeHT HCnapenus, M/c;
i, i, — TeIlAocoJiepXKaHHe NpH TeMIlepaType MOBEPXHOCTU MPOAYKTA U
TeMIlepaType TelooTBos el cpeasl, [ /K.
C yuetom cooTHomenus Jivionca o, /B = C,p, monyyaem:
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Q,=a,-F-1 iﬂ(::ic -, -t)| (3.30)

P

ockonbky Q,=8G,,-L,, otHocuTenbHas Macca HCIapeHHOH BJIaru
(ycyuka) cocTaBHT:
_a.Frli~i

ZxT T e (f ~ . .31
F4 G..L| C @, -¢) (33)

" P
AHAJIH3 mpollecca MCHapeH!s C MOBEPXHOCTH MPOAYKTA HAa OCHOBE BbI-
paxeHus (3.31) nokasniBaeT, YTO €0 BEJMYHUHA 3aBHUCUT OT HHTEHCUBHO-
CTH OXJIK/IEHHS, TeOMETPHYECKHX Pa3MEpPOB NPOAYKTa, TOUHee, OT COOT-
HOMIeHNs IUIOAA IIOBEPXHOCTH M 06beMa IIPOAYKTA, OT JIUTEABHOCTH
BLIIOJIHEHMS! Npollecca,

PasHocTh TeMIlepaTyp NOBEPXHOCTH M TeIJIOOTBOAAILEH CpeABI He MO-
crosHHa. B npouecce oxJaxaeHus 3Ta Pa3HOCTb YORIBAET B COOTBETCTBHH
€ 3aKOHOMEPHOCTAMH npolecca oxJyaxaenua, OHa HMeeT IKCIIOHEHHHAJIb-
HHI# Xapakrep. ’

A

i
K/KI .
A
. flk C
D
L E
d ‘ d :1 r/Kr

Puc. 3.3. flnarpamma i—d BAaXHOro Bo3gyxa.

B—E — cocrosHue Bosayxa
Haj] NOBEPXHOCTLIO NPOAYKTa
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3akoHomepHOCTb (3.31) He yYHTHIBaET HHANBHAYANbHKIX CBOWCTB NPO-
JAyKTa, 0cOGEHHOCTEN ero CTPyKTYpbl, He ONUCHIBAET MEXAHH3M BHYTpeH-
HEro MacconepeHoca H IOTOMY sIB/sieTCs HATJIsITHOM KaueCTBeHHOM Xapak-
TePUCTHKOH npolecca.

IIpoitecc ucnapeHus BAar# C HOBEPXHOCTH IPOAYKTa KOJIHYECTBEHHO
MOeT ObITh OTOOpaXkeH B i—d-quarpaMMe BJaXKHOTO BO3AyXa (TpUjoxe-
Hye, puc. 3.1).

ITorenuuanom nepeHoca Bjaru ¢ NOBEPXHOCTH NPOAYKTA ABASETCS pas-
HOCTb BJIarocojiep>KaHusi BO3/(yXa, IIPUJIEralollero K oBepXHOCTH MPOAYKTa,
Y BO3/yXa, OMBIBaIoOIero NpoAyKT. [Ipy noHumxeHnu TeMnepaTypbl BO34Yy-
Xa NIOHHXKaeTCs apUMa/lbHOE N1aBJieH e BOJSHBIX MTapoB, NOTEHHHAT BJa-
ronepeHoca yMeHbIIAETCs, a BMECTe C HUM YMEHBIIAIOTCSI U TIOTEPH BJIark
HPOLYKTOM,

Touka A XapaKTepuayeT COCTOSIHHE BO3/lyXa B oXJakAaeMoM obbeMe,
Toyky B—E xapakrepusyioT nocjiefioBaTe/bHOE H3MEHEHUE COCTOSIHHSA BO3-
J[yXa HaJl IOBEPXHOCTHIO MPOAYKTa IIPH YCITOBHH €ro MOJTHOTO HaCHIIEeH!s
BJIaroi, 1. e. npu @ = 100%.

Cocrosinne Toukd C COOTBETCTBYET PaBEHCTBY TeMIepaTyp B OXJIaXIa-
eMoM obbeMe (Touka A) U BO3iyXa Ha/l TOBEPXHOCTHIO POXYKTA.

[1pu paBenctre TeMneparyp (Touku A 1 C) coxpaHsieTcst pa3HOCTb Baro-
cofiepxxanuii d, r/Kr, 1 d, r/Kr, 4TO CBUIETEIBCTBYET O HAIMYMH TIOTeH-
[[KaJIa BJIaronepeHoca H, CJIeIoBaTeNbHO, 0 BOSMOXXHOCTH YCYUIKH IPORYKTA.

Pa3sHOCTb BIaroco/iepKaHuii, a CIe0BATeTLHO 1 yCyIIKa, paBHb 0 IIpH
HOCTHKeHHH TeMIepaTypbl, paBHOI TeMilepaType ToukH pockl £, (Touka E).

Taxum o6pa3oM, MaccoliepeHOC C TOBEPXHOCTH, T. €. ycymKa TIPOAYKTa,
B 3HAYMTENbHOH Mepe 3aBHCUT OT Pa3sHOCTH BJIarocolep>kaHus BO3AyXa
BOJIM3Y NMOBEPXHOCTH TIPOAYKTa U TemnooTBoasuieil cpensl. OHH, B CBOIO
ouepesib, ABISI0TCS GYHKIMEN Pa3HOCTH ONpPEAENSIONIHX HX TeMIIepaTyp.

3.6. Mapamertpol OX/NaXAeHNs NpoAyKTOB

IpakTHyeckas He1eco00pasHOCTb OXJIaXKIeHHA IPOYKTOB onpeAesieTcs
TpebOBaHMAMH pealn3yeMbiX TEXHOJOTHYECKUX nponeccoB. TexHosorus
OXJIAKIeHUS KOJDKHA YYHTHIBATh HHAMBUAYaJIbHbIE CBOMCTBA IPOAYKTOR,
Tenogusnyeckre TpeboBaHKA MO NMHTeHCHHUKAIMY TIpoliecca.
HecMoTpst Ha MHAHBUAYAJIbHbIE CBOMCTBA CHIPhSl WIM KYJIMHAPHBIX U3-
IeJINi, NPONeCC OXMaXKIeHNs J0JKeH OCYIHEeCTBISITbCA B OrpaHMYeHHbIe
TI0 BpeMeHH CPOKH ¥ NPH MUHMMAJIbHBIX H3MEHEHHX HCXOAHBIX CBOHCTB.
BriGop cmocoba oxyaxaeHus (asupyercs Ha OlleHKe [lapaMeTpoB, BJH-
SIIOIMX HA JJIUTENbHOCTH Tponecca (cM. Beipaxenns 3.2-3.4; 3.17). 9tu
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NapaMeTphl BKIIOYAIOT TeMIIEPaTypy TeNJI0O0TBOAsALel cpenbi (¢, °C), onpe-
RenAoUMi reomeTpuyeckuii pasmep npoaykTa (R, M), n koagduumenT Ten-
JIOOTHAYH OT IOBEPXHOCTH K TEII00TBOAsIEl cpere (¢, Bt/mM? - K).

Temnepamypy mennoomeodsueil cpedvl NPH OXNAKAEHUM NPHHIMAIOT C
y4eTOM HHAVBUAYANBHBIX CBOMCTB HPOAYKTOB (’KHBOTHOTO H PaCTUTEILHO-
rO NPOMCXOXKAEHNS) U OTpaHUYeHH TeXHONIOTUY NPOU3BOIACTBA. Y MEHb-
WUTh JUTHTENBHOCTh OXJIAXKIEHHSA MOXHO NIOHIKEHHEM TeMIlepaTyphl Ten-
JIOOTBOAsIUEH Ccpelbl HHXKE KPUOCKOIIMYECKO!H TeMNepaTyphi, BHIOTh O
~12...-10 °C. 3TOT METOA HCHONB3YIOT Ha MACOKOMOMHATAX IPY OXJIaXK/Ie-
HHH HOXYTYI KPYIHOTO POraToro cK0Ta 110cje pa3ies ki JKUBOTHBIX. [losy-
TYIIY TPAHCIIOPTUPYIOTCA B MOABEMIEHHOM COCTOSTHHU HA TPaHCIIOpTepe U
o6ayBatoTcst H3 GOPCYHOK X0JMOAHBIM BO3AYXOM. CKOPOCTD IBHXKEHHUS BO3-
ayxa cocrasiusieT 3-5 M/c, TeMneparypa Boaayxa cocrasisier —8...-5 °C.
OnHaKo, ec/ii HCXOAHas TeMIlepaTypa MPOAYKTa MM KyJIMHAPHOTO M3/Ie/st
Bhillle, puMeHsTIOT Gosiee HU3KHe TeMnepatypsl. Hanpumep, npu oxaxkze-
HHM KyJHHAPHOH NMPOAYKUMU B QYHKIMOHAABHBIX eMKOCTAX B XOJNOAHIIb-
HoM mKady [IXY (mxad xonoauisHbil HHTEHCHBHOTO OXJIAXKACHHUS) OT
temueparypst +80 °C no +10° C B uentpe GyHKIMOHANBHON eMKOCTH HC-
TI0JIB3YIOT TEMIIEPATYPY TellJlooTBOAs el cpenst —12° C.

IipumeHenye TernooTBoAALIEN cpefbl OTPHLATENHLHOH TeMIIepaTypbl
BO3MOJKHO, €CJIH YCTAHOBJIEH?2 JJIUTEIbHOCTh AOCTHXKEHHS] HOBEPXHOCTHIO
[IPOAYKTa KpHOckommuyeckoil Temnepatrypsl. I1o HcreyeHun aToro Bpeme-
HM NPOLYKT A0J’KeH ObITh NIepeMellleH B X0NOAHIBHYIO KaMepy, B KOTOPO#i
OCYIIECTBJISIeTCA BEHIPABHMB2HWE TEMIEPATYphl 10 00beMy M TOCIEAYIO-
jee ero gooxyaxzaenne, [TogoOHbIN METOA OXIaXK/IEHUA HA3BIBAIOT BYX-
CTYMeHYaThiM. JTOT METOJi O0ecneyMBaeT CYUIECTBEHHOE yMEHbIlieHHe
IUTATEIbHOCTH NPoliecca ¥ COKpallieH!A OTePh BAATH IPOAYKTOM, T. €. 70
YCYLIKY.

Onpedensowuii paamep npodyxma CBSA3aH C BUAOM OXJIKAAEMO# po-
AVKLWH WIM U3NeTUs U NPOHU3BOJIBHO He MOXeT GhITh u3MeHeH. OHako
npH BbIGOpE TEXHUUYECKOTO YCTPOMCTBA /IS OXJIAXKAEHHS MPOAYKTa pa3-
Mep MPOAYKTA ABJAETCA OXHUM U3 HauboJiee 3HAYMMBIX KOMIIOHEHTOB.

Yeeruuenue xosgpduruenma menroomoauu ot NPOAYKTa K TEMIOOTBO-
AfIel cpenie B paMKaXx UCIIOJIb3YeMOH CpeRbl IOCTHIaeTCA yBeJHYeHHeM
CKOpOCTH ee ABIKeHUs. IIpakTika M TEeXHHKO-3KOHOMUYECKHE pacyeThl
CHCTEeM OXJIaXJeHVsI CBH/IETENILCTBYIOT, YTO CKOPOCTD JIBHKEHYsE BO3yXa
BOJIHM3Y NMOBEPXHOCTH NPOAYKTa Gonee 5-7 M/c TEXHHYECKH M SKOHOMM-
4eCKH He olpaBAaHa.

YBeandenue xoaddunmenrta TeMI00TAaYM OT NPOAYKTA K TENIOOTBO-
nsameii cpene Gonee acpexTHBHO IPH 3aMeHe CaMOii Cpe/bl.
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B psiny uHTeHCHIBHOCTeH! TEMIOOTBOAA OT HOBEPXHOCTH NPOXYKTa MOX-
HO BBICTPOMTb CAEAYIOIIMH pAA: oXJaxk/JeHHe BO3AYXOM, ABHXYIIUMCS
KOHBeKTHBHO, 0.=3-5 Bt/(M?- K), BO3IyXOM, ABHXKYIIHMCS TPHHYIU-
TeAbHO, IOCPeACTBOM BeHTWIsATOPA, O = 20-30 Bt/(M? - K). IIpu oxnax-
JeHUH TIPOAYKTA KUAKOI cpefioil, koaddUIUEHT TeNTOOTAAYM COCTABS-
et 0.=300-600 Bt/(M?: K). [Ipu oxnaxxnmeHMH NpoAyKTa NMOCPENCTBOM
KOHTaKTa C TBep/Joi TelllooTBoAA el cpefoil koaddHIMeHT Tena00TAa-
YK TEOPETHUECKH CTPEeMHUTCS K GecKoHeyHOCTH (0. —> o). OnHaKo yBesu-
yeHHe koaddUnMeHTa TeIIO0TAAYY He TPUBOAMT K NPONOPLHHUOHATIBHOMY
YMEHbIIEHHIO AJIUTeBHOCTH oxyiakaeHus. [Ipu Masibix abCoMOTHBIX 3Ha-
YeHMsIX KosthduLMeHTa TEeNJOOTAAYH ero yBeTMYeHHe 3aMeTHO YCKOpSIeT
MPOLIECC-OXJIAKIEHUS, TIPH GOMbIINX BeJIMYHHAX 9TOro koadhdbumenTa ero
H3MeHeHHEe OKA3LIBAETCS! MeHee 3aMEeTHBIM.

KoabduitenT TennooTaauu Bo3pactaeT, KOria, kKak OTMEYeHO paHee,
Ten006MeH Ha NOBEPXHOCTH AOTOTHAETCS UCIIapeHHeM BJIark C HOBEpX-
HOCTY NMPOAYKTA MJIH KOT/ZIa PaiMAl[HOHHAS COCTAaBJISIONas Terioo6Mena
CTaHOBHMTCS 3aMeTHO! HJIH ofpeliesioniel.

CucTeMBl, HCTIONB3YBIIHE PaiUallHOHHEIH TellI000MeH, TPUMEHSIOTCS
B OCHOBHOM JIIs1 3aMOpaXUBaHUsl NPORYKToB. OHM NpeACTaBAAIOT coboi
TIIIOCKHE MCMAPHTEH, BHITOJIHEHHbIE U3 TPYO, BHYTPH KOTOPbIX KHIIUT X0-
JIOAIVIbHBII areHT. IIpOAYKT B noABelileHHOM COCTOSIHIH 1O TpaHCIIOpTe-
PY NepemeniaeTca MexXAY MCIapuTeIsIMH ¥ 3aMOpakHBaeTcs.

JLOCTOMHCTBO 3TOTC METO/la COCTOHT B TOM, YTO U3 OCHOBHBIX cJlarae-
MBIX Tensioo6MeHa (KOHBEKIHMHU, HCTIAPEHUs M PAINAliMH) TIPH ofpezeis-
1ollieli BeJITMYHHE PaalMOHHOI! cocTaBsonleil ocTalblbie MEHee 3HaYH-
MBL. JTO MPUBOAUT K YMEHbIIIEHUIO YCYUIKH MPOAYKTA. ‘

Onupasce Ha npeAcraBieHHble (YHKIMOHAIbHBIE CBA3H Tpolecca
OXJIaXK/ieHHUs, BCE H3BECTHBIE CIIOCOGBI OXNakeHHs MOXKHO TOJIPa3fieIUTh
Ha TPH OCHOBHbIE IPYIHIbL: [IOCPEACTBOM BO3/IyXa, IOCPE/ICTBOM KalleJbHOo-
XHUJIKOi BJIarl, KOHTAKTOM C TBepbIM TesioM. Kaskibtit M3 nepeuncIeHHbIX
METOJI0B MOJET COMETaTbCA C APYTUM.

Boaayx kak TensoorBoAsinias cpefia OMMChiBaeTcs CleRYIOIUMH Napa-
METPaMH: TEMIIEPATYPOii, CKOPOCTBIO JBMKEHHS, OTHOCUTEBHON BIIaXKHO-
CTbIO, BJIArOCOZIEPYKaHHEM, TeTUIoCo/iepKaHHeM, 6apoMeTpHYeCKHM JaBJIeHH-
eM. VI3 nepeuniciieHHbIX NapaMeTpoB VIS MHTeHCU(bUKaAIIMU OXTaXAeHHS
IIMPOKO MCIIOMB3YIOT B OCHOBHOM TiepBbie /Ba. IIpu oxJaxkaeHUH 60ib-
IIMHCTBA MPOAYKTOB OTHOCUTEbHAS BJAXKHOCTh He peryaupyerca. Oxa
SIBJIAETCA CAMOYCTaHaBJHBAOIIUMCS MapaMeTpoM. [lofobHast cuTyauus
o6ycioBJieHa OTCYTCTBHEM HaJJIeXxalux NpuOOpoB KOHTPOJS H PeryJi-
POBaHKs OTHOCUTENBHOM BIaXKHOCTH.
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3.7. MeToabi oxnaxpeHns
OCHOBHbIX NNPOAYKTOB

Tlpencrasnsiemsiil MaTepHas He B COCTOSTHUH OTPa3HTb BCe MHOTOOOpasne
METQAOB OXJIaXKAEeHH IIPOIYKTOB. 3AeCh PaCCMOTPEHEI JIUIIH OTAEbHEIE,
ynoTpeGuTe/IbHBIE B IPAKTHKE XOJIOAUIbHON TEXHOIOTHH.

Msico 6 6ude myw u nonymyus OXNAKAAIOT B KAMepaX U TYHHeJISIX Ha 10/ -
BeCHBIX MyTAX. [IpUMeHSIOT 0/1HO- M ABYXCT2AHITHOE OXJIAXK/IeHHE MSCa.

KamepHoe ogHocTanuiiHoe oXnaxAeHHe OCYIHECTBIAOT NIPH TeMrepa-
Type =J...—2 °C #1 ckopocTH aBuxeHus Bo3ayxa 0,5-2,0 m/c. Ilpouecc oa-
HOCTAIHIHOTO OXJAXKAEHHUA IIOJIYTYHI TOBAXUHBI MY CBUHHHBI SIBJAETCA
JA7TUTENIbHBIM TIO BpeMeHH U cocTasJsieT 16-36 u.

JsyxcraguiiHoe oxnaxkieHNe MOKET BBIOHATBCA B OHOM Kauepe WIn
TIpH TlocIe0BaTeIbHOM NepeMelliecHHH U3 KaMephl B kamepy. Temmepatypa
BO37lyXa Ha NepBoif cTaguu cocrasnseT ~12...—-10 °C. Janee Msico nooxrax-
Jaercs npu Temneparype 0 °C u ckopocTH ABIXeHHUs nopsiaka 0,5 m/c.
IIpnsHuunManbHO BO3MOXHO OXJaXKAeHHe Msica NIPH TeMIepaType Bo3AyXa
Ha AepBoii craguH —23...—20 °C 1 cKopoCTH ero ABMXeHUs 3—7 M/C A0 JO-
CTHXEHHS KPHOCKONHYECKOi TeMItepaTyphl Ha noBepxHocTH. Ha Bropoit
CTa{H OCYUIECTBJIISAETCS MPONECC AOOXNAKAEHHS MACA IPU KPUOCKOHYe-
ckoii TemnepaType ¥ CKOpPOCTH ABWXeHHA Boaayxa 0,5 M/c. Meton npu- -
BJeKaTe/leH Npex/e BCero TeM, YTO OH NMO3BOJISeT YMEHBUIMTH YCYHIKY
MPOAYKTA, OXHAKO TpebyeT KaueCTBEHHOTO TEXHMYECKOTO KOHTPOJS Ipo-
flecca oXaaXK/eHNs. :

Bumyo nmuuy oxnaxiaioT B BO3yXe, TOCPEACTBOM OPOLIEHHUS TynIeK
XOJIOZiHO# BOZOi /I NOTPYKEHHEM MX B XOJIOAHYIO Boay. Oxiaxaenue
BOZIbI AOCTHIAETCA NOCPEACTBOM PabOThI XO/IOAW/IbHOM MaIIMHBI WIH B paM-
KaX Pa3sOMKHYTOTO XOJOAWJILHOIO LUKJa, (AMOKCHEA YIIepoja HIHN K-
KHil a30T mpomyckaioT yepe3 Boay). Ilpu aToM obpa3syercs BoaHBIi Jen,
4TO SABJASETCSA AONOJHUTENLHBIM (DAKTOPOM, HHTEHCHDHIUPYIOUIHMM 11pO-
Hecc OXJaKAeHUA.

B npoliecce morpy;Horo oxJiaskieHus NTUHA Horjaomaet 1o 8% BJard.
IIpn nocnexyionieM NOACYHIMBAHUHM TYIIEK B BO3AYIIHOM NIOTOKE KOJ4e-
CTBO NOIJIOLIEHHO BJIard YMeHbIaeTcs 10 4%.

Ceexcyro poiby OXNAKAAIOT MPEUMYLIECTBEHHO YellyHYaThiM JBAOM.
Moryr Takxe ucnosnb3oBarbcs ApoGneHslit-nea, cHer. Kpome Toro, prify
OXJIaXAAI0T MOPCKOI BOJOH, XOJMOAHMIM BO3yXoM. Oxnaxaenne phibbl
OCYHIECTBAAI0T B HHBEHTapHOI Tape.

B psine caydaes prify OxJ1axA210T 10 TeMiiepaTyphl Ha 1,5-2,0 °C Huxe
KpHockonnyeckoil. CTporo ropopsi, 3TOT NPOLIECC HENb35 CYUTATD OXJIAXK-
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ZQHMEM, IIOCKOJIbKY TIPOMCXOANT NOAMOpaXknBaHKe pbiobl. OfHAKO B Tex-
HHYECKOi JINTepaType 3TOT Npoliecc UMEHYIOT super cooling, uiy, uHaye,
light freezing, TOCKOJIBKY B TKaHsX oOpa3yIOTCS KPHCTA/LIH Jbja. Takoe
COgTOsIHIE TPAaHHYMT C 3aMOPaXKMBaHHeM. B oTeyectBeHHoll uTepaType
nojo6GHLII NpoLecC HA3HIBAIOT MOAMOpaXkuBaHHeM. IIpuopuTeT B paspa-
GoTke Metona npuHaanexut npodeccopy H. A. Fonopkuny.

B obuwecmesennom numanuu oXNaxaeHNe SBASETCS COCTABHOM 4acTbio
TeXHOJIOrHYecKuXx npoueccos. Hampumep, B TeXHOTOrHYeCKO# cxeMe IpH-
TOTOBJIEHUA W3Je/INii U3 MIPECHOTO CJAOEHOTO TEKCTa MPOLeCC ero Bhiziep-
-)KUBaHMA OCJIe pacKaTKd NpH TeMneparype 2-4 °C ocymec'ranmor He
MeHee Tpex pas.

B omnpefienennoit Mepe 3To oTHOGMTCA H K IPOU3BOICTBY H3JeIHi U3
APOMXOKEBOIO TECTa, KOTOPOe B TEXHONOrMYECKOH IlenoyKe POU3BOACTBA
oxJaxzaaercs go 6-8 °C.

Pacmumenvrvie npodyxme SBNsIOTCS OKOTOTHYECKY aKTHBHBIMH. OCHOB-
HBIM TIPOIIECCOM PaCTHTENILHBIX MPOAYKTOB SIBJSETCS NPOIECC AbIXaHHA,
KOTOPBIil CBA3aH ¢ MOTepeil UMU BJIarH, IOTepeii ycTofYnBOCTH K 3a601€-
BaHHAM, a Takxe yBaaanueM. Takum o6pa3oM, oXAaxKAeHHE PACTHTEIbHBIX
NPOAYKTOB sAB/AETCA GHOIOTHYECKH 00y CIOBIEHHBIM nponeccom obecne-
YHBAIOLIHM COXPAHHOCTD NPOAYKTOB.

Jins npenynpex/ieHHs HexeJlaTeIbHBIX KauecTBeHHbIX H3MEeHeHHUH B Ipo-
AYKTaX HeOGXOAMMO HX OXJIKAATh Cpasy nocje cbopa. 3aaepkka B OXJIaX-
JIeHMH, HanpyMep, 610K mocJie c6opa Ha OAVH AeHb COKpallaeT HX CPOK
xparienvis npy  °C Ha 9-10 zneit, 3agepxka Ha 3 AHsA — Ha MeCSIL.

/115 OXNaKAEHHUS PaCTHTE bHbIX IPOAYKTOB HCIOL3YIOT BOSAYX M XKHA-
KoctH. B Bo3gyxe oxaxaa0T S610Ku, TPYLIH, HUTPYCOBHIE, T. €. Te, KOTO-
PHIe HYXK/I2I0TCSA B OCJIEAYIONIEM XOJOQUIbHOM XpaHeH!H. ‘

Jenenb OXNXK/AAIOT NPEHMYIHECTBEHHO XOIONHOM BOMOH MIH CHEToM, a
Takoke MOCPeACTBOM TEXHOJIOTHY BaKyyMHOro oxaaxaeHus. OHo npume-
HseTCs BCJIeX 3a MOTiKoii 3e/1eHH, KOrla ee TIOBEPXHOCTD He NOACYIIEHa.

BaxyyMHoe oxn1axk/ieHHe JaeT XOpOIINe pe3ybTaThi B OTHOIEHHH CKO-
POCTH OXJIKZleH! Ge3 3aMeTHOI noTepH BIark MpoAyKToM. OxnaskaeHue
no 1 °C nocruraercs ans 60abMHMHCTBA RPOAYKTOB 3a 10~20 Mun ﬂpM no-
Tepe BaarH 2—3% OT HCXOJ{HOM MacChl.

3.8. TexHuusckue cpeacrtsa
oXnaxneHns

" B npeobnagaionteM GobUIMHCTBE TEXHITIECKHE CPENCTBA VIS OXJIaXAeHUS
M 3aMOPaKHBAHHs1 ABAAIOTCS MAEHTHYHBIMA. CpaBHUTENBHO C 3aMOPaXKH-
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BAIOHMIMMY YCTPOMCTBAMM OXJIaXKJ2101lMe YCTPOCTBA MMEIOT MEeHbIYIo
IUTOIaAb HOBEPXHOCTH HCHAPUTEJIST H MEHBIIYIO XOJIOAONPON3BOANTENb-
HOCTh XOJQAWIBHOM MAIINHEI.

Kax nipasiinio, oxyiaxaeHHe SIBASETCS COCTaBHOM YacThio mpoliecca 3a-
MopaxuBanus. [JoaToMy noapoOHBIil aHaIN3 OCHOBHBIX YCTPOMCTB M Me-
TOZIOB 3aMOpaXKUBaHus OyZeT NpelcTaBieH B IJ. «3aMOpakMBaHUe TpoO-
RYKTOB».

Puc. 3.4
LUixad MHTEeHCUBHOrO OXnaxaeHus
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Puc. 3.5
XonopwnbHaa kamepa
AN OXNTaXAeHVA NPOAYKTOB

ns oxnaxcoenus zomosoti npodyxyuu, NpeuMyLIeCTBEHHO B 00ILIECTBEH-
HOM NMHTAHWH, HAXORXUT WIHMPOKOe MPUMEHEHHE XOJIOAHIbHOE 060pyIoBa-
Hye 1IkachHOro THIIA ¥ CHiel{HaJN3UpOBaHHOe KaMepHOe X0N0AH IbHOoe 060-
pyaoBaHue. Kak ipaBuiio, 370 060py0BaHHe SBAAETCA YHUBEPCAIbHBIM H
IO3BOJISIET KPOMe OXJXKICHUS 3aMOPaXKHUBATh TPOAYKTHL.

IIxag unmencusrozo oxnaxcdenus N aHagorv4HbiH Mo Gopme yHUBEp-
canbHBIH mKad 1719 OXMKAEHNA 1 3aMOPKMBaHUS NPEICTaBiIeH Ha pyc. 3.4,
- DzeKTpOHHOe ylpaBJieHHe 1 M POBOil NoKa3 TeMnepaTypsl obecneyn-
. BalOT TOYHOE 3a/laHye TeMHepaTyphi oXJaaxeHnA. TeMrepaTypa oxJiaxia-
€MOT0 TIPOAYKTa KOHTPOJIUPYETCS TEPMOMETPOM.

JIIUTeNBHOCTD NpOolecca OXMaKAEHHS IPOXYKTOB B PYHKIMOHAIBHOM
Tape cocTaBiseT nopsifika 1,5 u.

XonoponponspoanTtensHocTs mKados, Hanpumep cepun B (BI[10,
BI120, BII35, BII50) coctaBasier coorBetcTBenHo 10, 20, 35, 50 kr/u. IIpons-
BOUTEJILHOCTH OnpeZie/isieTcsl rabapHTHBIMHU pa3Mepami ukagoB. Hapyxrsie
raGapHuTHbIe pa3Mepbl cocTasisior 680 x 795 x (1055, 1490, 1975, 2040) MM,
BHYTpeHHHe BapbHupyIoT B ipeenax 360 x 635 x (400, 700, 1285, 1505) Mm.
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Xo010ROTIPOU3BOXKTENLHOCTH XONOAWIBHAIX MaiiH JJIs OXJaKICHUS
IIPOAYKTORB cocTasifioT oT 0,93 o 2,68 xBT.

Yka3zaHHEIE COPABOYHBIE XOJOAONPOU3BOAMTENBHOCTH XOJIOAWILHOMH
MAIIHHBL HYKAAIOTCA B YTOUHEHHHU B COOTBETCTBHHU C KOHKPETHHIM BHDM
OXJIAKAAeMOT0 NPOAYKTa M KOHeYHOH) TemsiepaTypoii npouecca. Ha nau-
TeJILHOCTD OXJIKAEHHS, KAK N3BECTHO, BJIMAIOT TOJNIIHHA CJIOS POAYKTAa,
HCITONIb3yeMast NIOCYAA, TUN YIaKOBKH U T. A.

Kamepoi unmencuenozo oxnaxcdenust 06ecneunBalOTCA XOJNOAOM NOCpen-
CTBOM NPUCOEAVHEHHUA K CHCTEMaM LIeHTPATH30BaHHOTO XO0JI0I0CHa0MKe-
HuA. OHM NocTaBAfIoTCA 6€3 XONOAHIBHOTO arperara.

Xonoaonpou3BoAWTeAEHOCTh XONOAUNBHBIX KaMep cepuu BI[70-B11280
cocTaBaseT coorsercTBenno 70, 90, 120, 150, 200, 280 kr 3a 1,5 4. Xono-
mwibHbie KaMepst BI170, BI190, B11120 paccuuTaHsl Ha OAHY nepeABUXKHYIO
TesiexKy, kamepnt BI1150, BI1200 u BII280 — Ha nBe Tesexku. Tpebye-
Mbie XONOAONPOU3BOAUTENBHOCTH XOAOAUAbHOA MAITHHEL IPH TeMIepa-
Type KHTIeH!s XOJOAUAbHOro areHTa —12 °C cOCTaBAAIOT COOTBETCTBEHHO
78,96, 12,3, 16,5, 19,2, 24,5 kBr.

TaGapuTHse HAPYXKHBIE Pa3MEPHI KaMep C OAHOM TeeXKOii COCTARNSIOT
1200 x 1200 x 2350 MM, pasMephl KaMep ¢ IBYMA TeJIeXKKaMH — COOTBET-
cteenHo 1200 x 2400 x 2350 Mm.

[abaputHbie BHyTpeHHHUE Pa3Mepbl KaMep ¢ ONHOI! Tellex Kol cocTaA-
10T 690 x 1000 x 1850 MM, pasMepri kaMep C ABYMsl TeJIeXKAMHI — COOTBET-
crBeHHo 690 x 2100 x 1850 MM (puc. 3.5).

KoHTpOnbHbIe BONPOCH:

1. YTo0 BKMIOYAET NOHATHE «TEMIIEPATYPHOE TIOJIE NPORYKTa» ?

2. Yem pas/IHYaloTCs HaYAIbHEE U IPaHHIHbIE yCcnoBuA?

3. B kakoii Mepe B1aKHasi IOBEPXHOCTb BANSET HA ZUIPITeJlb}IOCTb OXJIaXK-

AeHus’?

4. Kax yunThiBaeTCs NPH OXNAKIEHHH PaiMAMOHHAS COCTABNSIONAA
TenoBoro bananca?

. Kakue dakxropst BIUAIOT HA YCYIIKY NPOAYKTa?

. KaxoBb MeToani GopbOui ¢ ycymikoii?

. Kakne MeToan! MCIONB3YIOTCA AN OXJIAXAEHUS pacmrenbumx npo-
AYKTOB?
8. B ueM COCTOUT CYTh MeToJ2 PeryJpHOTO TENIOBOrO pexuma?

~ O Ln
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9. Kax o1eHHTD AU TEBHOCTD OXAKAEHHS ?

10. IaTh kpaTKyIO XapaKTepPUCTHKY OCHOBHBIX METOROB OXJIAXICHUS TIPO-
JyKTOB.

11. Kakum o6pa3oM obecneyuBaeTcs oxJIaxkeHue POXYKTOB Ha Npea-
NPHMATHSIX 06IECTBeHHOTO MUTAHHS M TOPTOBIN?



nasa 4
3AMOPAXWUBAHUE NMPOMYKTOB

B’ TexHoJIOrNYeCKOM ILJIaHe 3aMOpaXKHBaHHe ABJAETCA NPOLECCOM, Tpes-
HIECTBYIOLIHM NOCJIeyIoleMy XOJOANIbHOMY XpaHeHHIO.

C dusmyeckoll TOYKH 3peHHS 3aMOPaXXHBaHHe — HTO NPeBpallleH e TKa-
HeBoit BJIary B el OHO NPOTEKaeT ¢ OAHOBPEMEHHBIM IIOHMXEHUEM TeM-
nepaTyphl NPOAYKTA.

QcHoBHoit TPUYUHOI BHICOKOI CTOMKOCTH 3aMOPOKEHHBIX IPOAYKTOB

. IBJISI€TCA TIpeBpailleHie TKaHEeBOI Bary B Jief, a AeficTBHIO HU3KoH TeMile-
patyphl IPUHAJIEXKHUT BTopocTeneHHast posb. [Ipaxriudecku oba aTh ABNE-
HUSA HepaseNMBbl. Peaym,'mpylomuﬁ adpdekt 3amopa>mnanm MpHHAT-
NeXKUT 000MM daKTopaM.

Kpucranansanus TkaneBoil Brard npensarcTBYyeT pasBUTHIO BCEX HPO-
HECCOB — XUMUYECKHUX, epMEHTaTHBHBIX, MUKPOOHONOrUYECKNX, Tpotiec-
COB TEIIO- M MacconepeHoca B o6beMe IIPOAYKTA U C ero NOBEpXHOCTH.

PeayasTupytomuit addext 3aMopakxuBaHus CXOfIEH ¢ IIPOLECCOM Ter-
JIOBOTO 06e3BOXMBaHMS, HO ABJseTcs Gosee MAAANIAM, CYIECTBEHHO He
MEHSIONIUM HU CTPYKTYPY TKaHH, HH O6HOJOTHYeCcKYI0 aKTHBHOCTD (ep-
MEHTOB.

4.1. NlbpooGpa3oBaxue B TKaHBBbLIX CHCTEMAX

B HacTosiniee BpeMsi HeT eJMHOTO IPeACTaBJeHHs O npoiecce benoo6pa-
30BaHMs. JTO O6BACHAETCA He OTCYTCTBUEM 3HaHHI O Npoliecce B 1eJIOM, a
MHOTroo6pasueM caMoro npolecca ¥ opM ero NpOTeKaHusL.

Hamnbounee crapoit Teopneii, o6bscHsAIOmeil NpoLecc pocTa KPUCTAIIOB
¥ JIbJIa B YaCTHOCTH, SABJISETCS Meopus nosepxrocmuozo namsycernus. Co-
FJIacHO elt, KpHCTaJLII, HaxoAsuiics B paBHOBECUH ¢ XXuAKo# ¢asoil, Ao7n-
XeH uMeTh (hopMy, OTBeYaIOLIYI0O MUHUMYMY €r0 CyMMapHO# MOBEpXHO-
CTHO# 9HeprHH PH NOCTOAHHOM 0GbeMe.

Monexynapro-xunemuuecxas meopus u meopus «oucroxayuiis (Hapy-
meHu# B popMUPOBaHHH KPHCTAKINYECKOH pefieTKH ) OCHOBaHbI Ha IpeA-
cTaBIeHHsX 06 06pa3oBaHUM COBepIIEHHEIX M HECOBePLIEHHBIX (POPM KpH-
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cTa/10B. Teopny packphIBalOT 3aKOHOMEPHOCTH IOCTPOEHUSI KPUCTAJLIIH-
4yecKo# pelIeTKH, YTO NPeNCTaBsieT HPeUMYIIeCTBEHHBIH HHTepec IpH Bhi-
paliMBaHUU UCKYCCTBEHHBIX KPUCTAJLIOB.

B ocnose ougppysuonnoti meopuu, nony4uBiieil LINPOKoe paciipocTpa-
HeHMe, JEXHUT TpeJcTaBjieHue 0 (JOPMHPOBAHUH KPHCTAIA NPH BLINOA-
HEHHU 3aKOHOB AKX )Yy3UM PACTBOPEHHOTO BEllleCTBa K €r0 MOBEPXHOCTH U
yaajieHHH fpuMeceil oT TpaHHIBI pa3jea das.

Croli pacTBOpa OBBIIEHHOMN KOHLIEHTPALMH BOJIM3U TPaHHIibl pa3fesa
(a3 M0y4H Ha3BaHMe CJIOSI KOHLIEHTPAIIMOHHOIO YIVIOTHEHUS pacTBOpa
(puc. 4.1). .

Pacnpenesieyie KOHLIEHTpallK PAaCTBOPEHHOTrO BEIIECTBA, HE YCIIEBHIETO
mmd¢yHaAMpoBaTh B PacTBOP, ONHCHIBAETCS 3KCNIOHEHIIKANIBHEIM 3aKOHOM.

Puc. 4.1
JiBvxeHue NNOCKUX KPUCTANNOB NbAa
8 pacTBOpe Kpacutens
HanpasneHue ABUXeHUN — CHU3Y BBEpX

Puc. 4.2
OCTpoKOHE4HbIe KpUCTaNbl B pacTeope
HU3KOMONEKYNSIPHOro coeanHeHnn (caxapoaa)
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Puc. 4.3
DeHapuTbl HenpasunbHoN GopMbi
B MbILLIEYHOM COKE XUBOTHOM! TKaHW

Puc. 4.4
3aMopaxvBaHve MbilLeYyHON TKaHW TPecku
PocCT KpUCTannN0B — clesa HanpaBo

TounuHa 1051 3aBUCUT OT CKOPOCTH JIMHEHHOT 0 NlepeMellleH! s TPaHUIlbI
paszena ¢as, T. €. 0T CKOPOCTH 3aMOPAKUBARUSA U CBOHCTB pacTBOPEHHOIO
BelllecTBa. B pacTBOpax ¢ HU3KOMOJIEKYISIPHBIMU COeTHHEHSIMH, HallpH-
Mep B PacTBOpE Caxapo3bl, KPUCTAJIBI Jiba IPHOOPETAIOT (GOPMY OCTPO-
KOHEYHBIX KPUCTaJJIOB (pHC. 4.2).

C Bo3pacTaHUEM CKOPOCTH TEILIOOTBOAA PAa3BETBJIEHHOCTb KPUCTAJIOR
BO3pacTaeT, GOPMUPYIOTCS ACHAPUTHBIE KPUCTAUIB NTPABHABHOI (bOpr!
(/leHapUTBI — KPHUCTAJJIBI TATIOPOTHUKOMOI06HON (POPMBL.)

IIpu aHAJIOrMYHBIX YCIOBHAX TEIJIOOTBO/A B PACTBOPE C BHICOKOMOJIE-
KYJSIPHBIMY coeTUHeHUAMY Aucdy3ust pacTBOPeHHOIO BellleCTBa OT I'pa-
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HMEBI pa3zena $as 3aTpyaHeHa, 06pa3yioTcs AeHAPHUTHI HENPaBUIIbHOM (op-
Mal (puc. 4.3).

IIpn 06pa3oBaHUM JEHIPUTHHIX KPHCTAJIOB PAaCTBOPEHHOE BELIECTBO
pacnpesielisieTcs B IPOCTPAHCTBaX MeXXAY BeTBAMM. KoHIeHTpaI1s aToro
BelllecTBa NoBhIaeTcd. [Ipy conpuKocHOBEeHHH PacTBOPEHHOTO BeIleCTBA
C TIOBEPXHOCTBIO KJETKH POUCXOAUT OCMOTHYECKOE 00e3B0KHUBaHHe KJIeT-
k. UeM Brillie pa3BeTBIEHHOCTh IEHAPUTHBIX KPHCTAJLIOB, TeM GoJiee paB-
HOMEpHO pacHpefiesisieTcss pacTBOPeHHOe BellleCTBO B €0 BeTBAX U TEM B
MeHbllleil Mepe BO3MOXXHO 06€3BOKMBaHHUE KJIETOK.

[Ipu 3aMOpa:kHBaHUH NTPOAYKTOB XXUBOTHOIO U PAaCTUTEJIBHOTO IIPOMC-
XOXKA€HU4, KapTHHA MpoIecca HeCKOJIbKO MeHseTcs. B TkaHeBBIX cucTe-
Max Tipolecc JA000pa30BaHUA CYHIECTBEHHO 3aBUCUT OT CKOPOCTHU Tell-
Jn00TBoAa. IIpy MezieHHOM 3aMOpa)kMBaHUH B 06beMe TKaHU 0Opa3yoTes
[eHTPhl KPUCTAJLTN3ALIMH B NIePeoX/IaK/leHHOM TKaHeBOM COKe NPOAYKTA.
IlepeoxnaskieHre TKAHEBOTO COKA 3aBHCUT OT COCTOSIHUS TKAaHU U MOXeT
nocturatb —4 °C. [lanee npoucxoaut o6pa3oBaHne KpHCTAJIOB C BhlAese-
HHEM TeIUIOTH JboobpasoBanus. Ecau TennooTBog He MHTEHCHUBEH, TO
4YacTb KPHCTALJIOB PacTBOPsIETCHA, YaCTh YKPYIHsieTcA. JTO SIBieHe HOCUT
Ha3BaHUe <«PEeKpUCTAIM3auusd». PekpHUcTalin3alus MOXKeT IIPUBECTH K
HapyUIeHHIO KJIeTOYHOH CTPYKTYPHL

[Ipn MHTEHCHBHOM TEMJOOTBOJE JbA00Opa3oBaHUe CAEAYeT paccMar-
pHBaTh KaK IIpoLlecc NepeMellleHUsI 3aMOPOXKEHHOTO CJI0sl OT IOBEPXHOCTH
Bray6s npoaykra. IlepeoxnakaeHus TKaHEBOTO COKa Mepe] KPHUCTALIM-
YeCKUM (PPOHTOM NpakTHUYecKH HeT, GOPMUPYIOTCS JeHAPUTHL. YpPoBEHb

Puec. 4.5
Pe3ynbLTaThl 3aMOPaXUBaHNUS MBILLIEYHOMO BOIOKHA.
PoOCT KpucTannoe — cneBa Hanpaso
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Pa3sBETBJIEHHOCTH JIEHAPHTA 32BHCUT OT cBo6OMb $HOPMHUPOBaHHS, KOTO-
PYIO €My NpefiocTaBiAseT TkaHeBasl cTpykTypa. HampuMep, B Mblllle4HO#H
TKaHM KPUCTAJUIH IBHXKYTCSI, TOYHO MIOBTOPSIS U3THOR! MBIIIEYHOTO BOJIOK-
Ha. Mepa pa3BeTBJIeHHOCTH KPUCTAJJIOB HeBesuka (puc. 4.4).

Tlocsie 3aMOpa:XMBaHUA CTPYKTYpa MBILIEYHOTO BOJOKHA U3MEHAETCA.
Pe3ynbTaThi cTaHAapTHOI THCTOJOTHYeCKOH 06paboTKY Mpenapara CBHAE-
TEABCTBYIOT, YTO HOCJIe 3aMOpaXUBaHUA MUOGUOPUILIBL (BOJIOKOHIEA BHYT-
PH BOJIOKOH) YTPAaTH/IM HauajlbHOe COCTOsIHUe, NPOTOI/IasMa pa3pylleHa
(puc. 4.5).

B pactutenbnoit Tkann GopMHpOBaHMe KPHUCTAJIIOB JIb/a BHYTPH KAeT-
KH He OTpaHWY€HO, KaK B MBIIIEYHOM BOJIOKHE, pAMKaMH MeXXBOJIOKOHHBIX
[IPOCTPAHCTB, TOITOMY KPUCTAJLIBI JIbia MMeIoT 6oJiee pa3BeTBIeHHYIO ¢Gop-
My (puc. 4.6). )

OznHako pa3BeTBIEHHOCTh HEJOCTATOYHA, YTOOB COXPAHHTh UCXORHOE
pachpeieieHie BHyTPHKJIETOYHO BJary, CBOMCTBEHHOe KJIEeTKe A0 3aMO-
paXxuBaHHs. ITO O3HaYaeT, YTO COXpPaHeHHe TKaHEBOM CTPYKTYPhI BO3MOXK-
HO JIMIHB C YBeJNYeHHeM CKOPOCTH 3aMOPaKHBaHHA.

OcMoTHYecKast KOHIEHTPaI MEXKKJIETOYHOH XKUIKOCTH MeHbIIe BHYT-
PMKJIETOYHOM, HO3TOMY MeXKKJIeTOYHasi )KMAKOCTh BbhiMep3aeT B IIEPBYIO
ouepezib. BospactaHue ocMOTHYECKO KOHIEHTpalllH MEXXKJIETOYHOMN KU -
KOCTH IIPUBOJUT K OfIpeieJIEHHOMY OCMOTH4€ECKOMY 0683B0)KPIBaHPIIO KJie-
TOK, TeM 60JIbHIEMY, YEM MEHbIIIE CKOPOCTh 3aMOPasKUBAHHSL.

CrieflyeT MMeTh B BUIY, UTO IpeBpalleHue TKaHEBOH BJIary B Jiell CONPO-
BOXKJAeTCA ee paciiHpeHUeM Ha 8%, 4To ABJIsTeTCS OAHUM U3 aKTOpPOB pa3-
pymarollero Bo3feiCTBHA Jba Ha CTPYKTYPHI KJAETOK.

Puc. 4.6
dopmupoBaHmne KPUCTanNoB Nbaa
B pacTUTenbHoI KMeTke nyka



[naga 4. 3aMopaxusaHue NpoayKToB 57

Mexannyeckoe paspylieHHe KPUCTaJIaM1 Jiblia KJIETOYHOIH H BHYTpPH-
KJI€TOYHOM CTPYKTYPHI IBAAETCS JUIIb OAHUM U3 MHOTHX (haKTOPOB, BIH-
SIOIIUX Ha COCTOSIHNE TKAaHU. Y BeJIMYeHHe OCMOTHYECKOH KOHIIeHTpauuu
MEXKKJIETOYHOMN >KUAKOCTH MOXET TMPHUBECTH K PaCTBOPEHHMIO JIUTIONPOTe-
HJHBIX GHOIOTHYECKH AaKTUBHBIX NOJYNPOHHLAEMBIX BHYTPUKJIETOYHBIX
MeMOpaH, B pe3y/ibTaTe 4ero BHyTPUKJIeTOYHas! Bjara crnocobxa nepeMe-
IATHCS B MEXKJIETOYHOE IPOCTPAHCTBO.

Takum 06pa3oM, NOSBJISETCS HACTOSITeNbHAs HEOOXOAUMOCTD B TOYHOM
OlLIeHKe JINTeNbHOCTH 3aMOPKHUBAHHUS U TAPaMETPOB, BAMSAIOU[UX HA MH-
TEHCHUBHOCTD 3TOTO IIPONECCa.

4.2. Konnuectso BLIMOPOXXEHHO# BOAb!

B xonoaunbHO# TeXHOJOMH MpY 3aMOPaKMBaHMU HPOLYKTA BORY, Iipe-
BpPaTUBLIYIOCS B Jiell, IPHHSITO Ha3bIBaTh BHIMOPOKEHHOM.

ITon xonuyecTBOM BHIMOPOXKEHHOM BOJIBI () TOHUMAETCS OTHOLIEHHE KO-
JuyecTBa Abja G, NpH 1aHHON TeMIepaType, OTHECEHHOE K CyMMapHOMY
KOJTHYeCTBY Jiblia G, M BOAbI G, IIPH TOM JKe TeMIepaType HiH K KoJiuye-
CTBY BJarv muuieBoro Npoaykra. Komyecrso BHIMOpOKeHHO BOAHI BbI-
PaXaloT B A0ISX eIMHUILB WIK B IPOIIEHTAX OT OOLIET0 COlepIKaHUs BORbI
B IIPOAYKTe.

Ha ocHoBe 3akoHa PayJist Ko11M4ecTBO BHIMOPOXXEHHOM BOJIbI OMHCHIBAIOT
crenayouyM obpazom:

w=1—t"7"7 (4.1)

rae

t,, — KPHOCKONYecKas TeMIepaTypa, TeMiiepaTypa Hauasia 3aMep3aHusl
TKaHeBOro coka, “C; i

t — TeMIlepaTypa, A7 KOTOpO# BRIYHCAAETCS KOAHYECTBO BHIMOPOXKEH-
Hot Bogsl, °C.

[Tony4yenHoe BbipaXkeHHe MOXeT OHITh NpeACTaBleHO rpaduyecku
(puc. 4.7). ) ,

Auanus puc. 4.7 cBUAeTeNbCTBYeT, YTO MpU ¢t = 0 =0; mput —> ¢ __
o — 1. Tlockosbky 9BTEKTHYECKas TeMIepaTypa (t;.,;s 6OBINMHCTBA MPO-
* AYKTOB, T. €. TeMIleparypa IOJIHOro NipeBpalleHHs BJaru B Jlef, JeXKHT B
uureppaie —85...—~55 °C, To TeMIepaTypa XoJOAUILHOIO XpaHEHHs Npo-
AYKTOB BBIHIE 3BTEKTHYECKOI BCEria cONpshKEeHa C HAJIMYHEM B 3aMOPO-
XEeHHOM MPOJYKTE ONpeeieHHOH! 710U He3aMep3leitBjiaru.
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l'pa¢m< 3aBUCUMOCTU KOnruyectTaea BHMOpO)KeHHOVl BOALI
OoT TeMnepaTypbl

XapakTep BbIMEp3aHHS BJarM MMeeT SKCIOHEHUNAAbHBIA XapakTep.
HawuGopinee KOJMYeCTBO BJIATH BO BJIarocoepKalliX NPoLyKTax (Msico,
pbiba, oBomM U GPYKTH) BBIMED3aeT B Y3KOM HHTEpBaje TeMIepaTyp:
-2,5..—0,5 °C. [lonukeHue TeMIlepaTypbl IPOLYKTOB HUXKE 3TOTO YPOBHS
TPUBORUT K BhiMep3aHuio 60—75% Biaru. B npoayxrax, B KOTOpHIX Bary
MaJ0 WM OHa CBS3aHA, HanpuMep B 6aHaHaX, BJlara BHIMep3aeT B IUPO-
KOM MHTepBaJie TeMnepaTyp (puc. 4.7, kpusas 2).

KonuyecTBo BHIMOpOXXeHHOM BOZBI 3aBUCHT TOJIBKO OT CBOMCTB ITPONYK-
Ta ¥ TEMIIEPATYPH, 10 KOTOPOH 3aMOpPOXKeH MPOAYKT U He 3aBUCHUT OT MH-
TEHCHBHOCTY TeI100TBoAa. I1o CyTH, 3Ta Be/IMYMHA «CTaTHYeCcKas», 03TO-
MY KOJIN4eCTBEHHO ee OIIeHHBAIOT B KOHIIE [IpoLiecca 3aMOpaXXUBaHHA.

. Bonee TOYHO KOMMYECTBO BEIMOPOYKEHHO# BOZbI OLIEHMBAETCSH HA OCHO-
B€ HOJNYSMIMPUYECKHMX 3aBUCUMOCTeH, YUUTHIBAIOINX WHAUBUAYAJibHEIE
cBoHcTBa HPOAYKTOB.

4.3. Cpepnss KoHeuHas TemnepaTypa

Cpenusst TeMreparypa o o6beMy NPOAYKTa B KOHIE MpoNecca 3aMopa-
xusanus — ¢_,°C. HeobxonuMocTs ee olienku obycioBiena Tpe6oBaHUAME
TexHoJIoruH. [IpH 3aMOpaXKHBaHMH NPEUMYIECTBEHHO 33JA10T TeMiiepa-
TYpy ueHTpa npogykTa.. Ilocse saBepierns 3aMopaxkuBaHUS IPOMCXOAUT
NiepecTPOEHNE TEMIIEPATYPHOTO ToJIsA npoAykTa. IIpu aroM cpemtss Tem-
mepaTypa no o6beMy poAyKTa (cpeRnsAs oOGbeMHas WK cpelHss KOHed-
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Hasi TEMIIEPATYPa) MOXKET CYIIECTBEHHO OTJIMYAThCA OT TEXHOJIOTMYECKH 32-
JaHHOH, 4To HeponyctuMo. [loaToMy B TeXHOIOTHYECKUX pacyeTaX OLeH-
Ka CpeliHeil KOHeYHOil TeMIepaTyphl ABAAETCS HEOOXOAMMBIM YCIOBHEM
TIOJY4€HUs1 IOCTOBEPHBIX PE3YIbTATOR.

Ipu o0 — oo, T. €. IPU UHTEHCHBHOM TEIJIOOTBOZE OT NIOBEPXHOCTH NPO-
nykrTa (£, >t ), CPEHIOI0 KOHEYHYIO TEMIIEPATypy BHIPaXkaioT:

St e, (42)
K 2
O—3o0

rie [ — TeMIlepaTypa OBEPXHOCTH Npoaykra, °C.

IIpy KOHBEKTUBHBIX YCIOBHSX TENJIO0TBO/Ia OT NOBEPXHOCTH NPOAYKTa
CPeIHIOI0 KOHEYHYIO TEMNepaTypy BEIPaKAIoT:
» =__t,m-(Bz+2')+tc-Bz, (4.3)
2-(Bi+1)

rne Bi=% R

M

XoTs TeMnepaTypa MOBEepPXHOCTH NPOAYKTA OTJMYHA OT TEMIEPATYphI
TEIJIOOTBOAALIEN Cpe/ibl, OJHAKO B KOHIlE MPOIlecca 3aMOPaXkKUBAHUA 3TH
Pa3INYKs HeCyIeCTBeHHBI U He OFPaHUYMBAIOT BO3MOXHOCTH BHITIOJIHE-
HUs NpUOIMKEHHBIX TEXHUYECKUX PacyeToB.

4.4. U3meHeHHne TennoPu3n4eckux xapakrepucTuk
NULLEBbLIX NPOAYKTOB NPU 3aMOpPaXuBaHuu

Tennodusuyeckue pacyeTsl POIECCOB XOJ0AUIbHON 06pabOTKHU MPOAYK-
TOB HePa3pPBIBHO CBA3aHBI C OLIEHKOH BeJHYMHbI TeNJI0(pU3UYecKUX Xapak-
TEPUCTHK IIPORYKTOB U HANPaBJAEHHOCTH 3THX U3MeHeHUil B o6beMe Npo-
JIYKTa ¥ BO BpEMEHHU.

B TensoBbix pacyerax Hambojee 3HAUMMBIMH ABJISIOTCS CJEAYIOIIHE
Teriou3YecKre XapaKTepHCTUKY: IVIOTHOCTb NPOAYKTa — P, KT/MS, Yienb-
Hasi MaccoBas TeIIOeMKOCTb npoaykTa — ¢, [x/(kr - K), Tertonposos-
HocTb — A, B1/(M - K), TenepaTyponpoBoaHocTh — @, M2/C, Teniocozepka-
Hue (aHTanpnus) — i, XK /Kr.

IInoTHOCTD MPOAYKTA SIBASETCHA aAAUTUBHON BeJuduHoil. OHa MoXeT
ObITh YCTAHOB/IEHA Ha OCHOBE CJIOKEHHUS MIOTHOCTEH OTAENbHBIX KOMITO-
HEHTOB MPOAYKTa C Y4eTOM UX MaccoBEIX Aosel. Ecau Macca nponykra M,
a Macchl COCTaBJISIIOUIMX €0 KOMIIOHEHTOB m,, M, ... m , (M =m + m,+
+ ... +m), TO IIOTHOCTb MIPOAYKTA COCTABHT:
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p=p,1"l+p21"—2+ +p,,m". (4.4)
M M M ’
IIpu 3aMopaxXHBaHHU IIOTHOCTh HPOAYKTOB yMeHbLIaeTca Ha 5—8%.
B TexHuYeckuX pacyeTax 3Ty BeJIMYMHY NMPUHUMAIOT HEU3MEHHOIH, He 3a-
BHcALlel OT U3MeHeHUs] TeMITepaTypHl.
Y nenpHas MaccoBas TENJIOEMKOCTh MPOAYKTA IOAYMHAETCH 32KOHY ajl-
AUTHBHOCTH, T. €,

C=8'G+& Gt ... + §iC, (4.5)

rae

&y &, --- » §, — BECOBBIE 10]TM KOMIIOHEHTOB CMECH;

€y Cyp ++v » €, — YHETIbHBIE TETLIOGMKOCTH KOMIIOHEHTOB CMECH.

B npocreitmem cayuae, ecu nuuieBbie IPOLYKTH PacCMaTPUBaTh KaK
aByxcasHble CHCTEMbI, COepXKalllie TKaHeBYIO BJAry (AMCIEPCHOHHYIO
cpeRty) U IMcHepcHyIo a3y — ocTalbHble KOMIIOHEHTHI (CyXHe BelllecTBa),
TETNJIOEMKOCTb NPOAYKTa COCTABHT:

c,=c,-W+c, -(1-W), '(4.6)

rae

c,, €, — TEAJI0EMKOCTH BOABI ¥ Aucnepcroi ¢assl, [x/(xr - K);

W, (1- W) — conepkanie B IpOAYKTe BECOBbIX YacTeii Baru u gucrepc-
Holi dassl.

2 G Ax/xr-K

-t,°C

ly

Puc. 4.8
padpuk 3aBUCUMOCTN pac4eTHOM 1 NONHOR TENAOEMKOCTEN
OT Temneparypn
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Jlna TpPORYKTOB >XMBOTHOTO IPOMCXOXAEHHA ¢, cocTasiser 1,38~
1,68 x[x/Kr, AJIs POXYKTOB PacTUTENbHOro npoucxoxaenus — 0,71
1,36 kIx/kr.

IIpn 3aMep3anuy TKaHeBOH BJlary yAeNbHad TelJIOEMKOCTb MPOAYKTa
Mo2eT OBITH olleHeHa Ha OCHOBe COOTHOLIEHUS:

¢, =c-W-(1-w)+c,- W-o+c, (1-W), (4.7)

e
¢, — TenJI0eMKoCTb AbAa, [Ix/(kr-K);
0 — KOJIMIECTBO BLIMOPOXKEHHOH BOAHI, T. €, KOMHYECTBO BOJIbL, IPEBpa-
TUBILIEACA B Jie]l.
I'paduxk 3aBMcuMoOCTH pacyeTHOH H NOJHOH TemIoeMKoCTel oT TeMIle-
partyphl IpeicTaBeH Ha pHUc. 4.8,
~ Tlpencrasiisis NpoAyKT Kak ABYX(}as3HYIO CHCTEMY «CyXHe BelleCTBa—
BoJa», €r0 TeI/IOEMKOCTb OLEHUBAIOT Ha OCHOBe BuIpaskeHUd (4.8) mnu (4.9):

¢, =¢,~(c,~¢,)W-o, (48)
¢, =c,~2095-W- . (4.9)

PeaynbTar, noayyaembiii no dpopmye (4.9), sBasercst IpUOIHKEHHBIM,
HOCKOJIbKY HEe YYHTHIBaeT 3aBUCHMOCTH TEIIJIOEMKOCTH HPOAYKTA 10 3aMO-
pakMBaHHUS OT TeMNepaTyphl. OHAKO 3Ta NOrpeluIHOCTb HeBelNKa U OlILy-
THMO He BJIMsIET Ha TOYHOCTh KOHEYHOI'O Pe3ybTaTa.

Ecnu B BeIpakeHUH OTBOAMMOTO TelLa JIbA000Pa30BaHUs IPHHSTD U3-
MeHeHHe TeMIIEpaTyphl 3aMOpa’KMBaeMO! Macchi npoayKra paBHbeM 1 °C,
TO KOJINYECTBO TeMjla NOJIYYUT Pa3MEPHOCTh 1 CMEIC/I YAEIbHOH TeljIoeM-
KOCTH:

4o =L,-W-(0,- ), (4.10)

rae L — TeIIoTa abroobpasoBanus, L, = 335,2 x[Ix/xkr.

CyMMa pacyeTHO} TeNJI0eMKOCTH ¢, M TeIIOTH JbaoobpasoBanus L
NIpH M3MeHeHUWH TeMneparyphl Ha 1°C AaeT NOJHYIO YAEABHYIO TEILJIOEM-
KOCTb:

Co=C,+L, -W-(00,—w,). (4.11)

ITpu olieHKe NPOROIKHUTENLHOCTH 3aMOPa’KHBaHHSA UK Pa3MOpakHBa-
HVsI IPOAYKTOB TemoBolt achdeKT COOTBETCTBYET NosHON yAenpHoii Ten-
JI0eMKOCTH. B TexHHYecKuX pacyeTax 0OBIYHO OTPAXKAIOT PasfeIbHO TEILIO,
‘06yc10BJIeHHOE TENI0eMKOCTbIO €, ¥ TelllIo (ha30BOro NpeBpalieHus.
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IMocnennssn Meronnka He sABJsercs ommnboynod. OHa — JIMIIb OAMH U3
cnocoboB NpeACTaBIEHNA MaTepyaa.

OnHumM 13 cnoco6oB NMPHUOIMKEHHON OUEHKH BeIMYMHBI TIOJIHOM Ten-
JIOEMKOCTH ABJSETCA ee OleHKa o ¢popMmyJe (4.12):

¢, =,,-1”t_, (4.12)

TAe n, m — SMANPHIECKre Beauanbl (Tabu. 4.1).

TennonpoBonnocTh NPOAYKTa He ABNAETCHA AJJMTHBHON BeJMYHHOM.
B o61acTH N0I0KHTENBHBIX TEMIIEPATYP ee IPUHUMAIOT ocTostHHOM. Ilpu
3aMOpaXXHBAHUM NPOAYKTA TENJIONPOBOAHOCTS OTpaXkaeT 06IUyI0 TeHAEH-
LHI0, CBA32HHYIO € NPOLECCOM NPeBPAllieHUst TKAHEBOM BJIary B Jek;

A, =A, +0-A, (4.13)

TIe .
A — TENJIONpPOBOJHOCTD NPOZIYKTa N0 3aMopaxcnBanus, Br/(M : K);

A). — u3MeHenHe TeNJIOPOBONHOCTH B MHTEpBAaJle TEMIIEPaTyp OT KPHO-
CKOITHYECKOH IO KOHEYHOH.

HaMeneHe TENIONPOBOAHOCTH AA MPHHUMAIOT C YYETOM BAAKHOCTH
mpoAykTa B BHTepBane ot 70 10 90% pasnoit ot 0,9 1o 1,16 Br/(m - K).

TenaonpoBogHOCTH b3 OTAKYAETCSH OT TENJIOTPOBOAHOCTH BOJbI IIPU-
MEpHO B YeThipe pasa. XapaKTep H3MeHEHUs TeNJIONPOBONHOCTH €BA3aH
€ KOJIMYeCTBOM BRIMOPOXKeHHOi1 Boab, (puc. 4.9).

'
i
|
'
'
|
|
|
|
]
i
1

&

2t C

I
t
1
b

Puc. 4.9
Mpadux 3a8UCUMOCTI TENAONPOBORHOCTY NPOAYKTA
OT TeMNeparyphkl
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Tabnuuya 4.1
3HayeHus K03GGUUMESHTOB M U N ANA NPUGANXEHHONK ol eHKn
' NONHOA TENI0EeMKOCTH OTAeNIbHbLIX NPOAYKTOR

ITpoayxTm m, JIx/(xr - K) . n, Ix/(xr - K)
Bobui 0,92 28,09
Bpokkonu 0,75 38,02
Bpioksa 0,33 45,64
1 Topox 0,42 36,38
Jeina 0,54 46,60
Kanycrta ugernas : 0,71 37,56
Mopxoss' 0,17 51,88
Orypum - 0,96 29,18
TMomunopsl 0,88 35,63
dacons 3enexas 1,17 21,98
OsotuH (Cpe/IHHE 3HAYEHHUA) 0,63 37,89
IMukuwa, Tpecka, MOpckoit OKyHb 0,75 37,22
Kpeserkn 0,5 42,33
CauHHMHA
W=0,52 0,54 29,18
w=0,77 2,08 11,51
Cpensee 3unauenue 1,88 ) 17,33
ToBanuna 0,67 39,32

Koaddpuunent remneparyponpoBofHocT# (4, M?/c) XapaKTepu3syeT Tell-
JIOVHepLHOHHbIe CBOKCTBA NPOAYKTA, T. €. HHTEHCHBHOCTb HarpeBa WIH
oxsaxaeHust. TeMepaTyponpoBOJHOCTH OlleHHBaeTCs] COOTHOUIEHHEM:

a=—tu_ (4.14)

e

A — TEIIONPOBOAHOCTb 3aMOPOKEHHOTO NpoAykTa, Bt/(M - K);

¢, — TeNJOEeMKOCTh 3aMoposkeHHoro npoaykra, [k /(xr - K).

XapakTep U3MeHeHUsI TeMIIEpaTypONPOBOAHOCTH OT TeMIIEPaTypH Npel-
craBJieH Ha puc. 4.10.

Temnoconep:kaHue (3HTaJBIHUIO MPOAYKTa) NIpH H3MEHEHUHU TeMiepa-
TYPHI A0 KPHOCKOTIMYECKOI TeMIlepaTypsl BHIPAXKaloT COOTHOLIEHNEM:
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di=c,-dt. (4.15)
B obracTi oTpHLaTeIBHBIX TEMIIEPATYD TENIOCOePIKaHHEe BhIPAXKAIOT:
di=c,-dt. (4.16)

Paznuvune BAUSTHUS M3MeHeHUI TeMIlepaTyphbl Ha BEIMYHHY TellJIOeMKO-
cTeil ¢, ¥ ¢, MPUBOIUT K 3aMETHOMY M3MEHEHHIO TeILIOCO/IEPKaHHs Tpo-
AYKTOB B HHTepBaJIe TeMIIepaTyp, COOTBETCTBYIONIEM 06JIaCTH BhIMep3a-
HYSI OCHOBHOTO KOJIMYeCTBa BOAbl. JTO OTYETAMBO BUXHO Ha puc. 4.11,

aw m/c

6 C

Puc. 4.10
Ipaduk 3aBUCUMOCTY PACHETHOMO M NOSIHOFO
"K03DPULMEHTOB TeMepaTyponpoBoAHOCTH OT TeMnepaTtypbl (—t)

1, k[lx/xr
<A

w=0,2

!

I

t

|

ter Zt°C
Puc. 4.11

iaMeHeHue TennocoaepXaHns NPORYKTa
APYU Pa3NUYHOM 3HAYEHUW TeMNePAaTYPht U BNAroCoAePXaHuUA
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CiieyeT OTMETUTB, 4TO B TEXHHUECKOIT INTEpaType B ps/ie CAy4aeB npel-
CTaBJIeHb! PA3JIWYHble 3HaYeHHS BeJIUYHH TEIIOCOeP)KaHHII TPOAYKTOB
npu oaHo# u o ke TeMnepatype. Ilociennee 06yci0BIEHO TeM, YTO NPH-
HUMAIOTCS Pa3/IMYHble TOYUKH OTCYeTa TeMIepaTyphl IpH i = 0. OqHako pas-
HOCTb TeIIJIOCOfiep>KaHuil JJis JIIoObIX 3HaUeHHiT TeMIlepaTyp OJIHHAKOBA.

4.5. [InuresibHOCTL 3aMOpaXxnBaHua NpoRyKTa

Ilpu olulenke A/iUTEeNBHOCTH 3aMOpaKUBAaHUS Tesla 3aJJaHHOM cTepeoMeT-
puveckoit GopMbl BO3MOXKHBEI 1Ba ITOX0/a.

B nepsoMm ciyuae pelienue 3ajayu 6asHpyeTcs Ha pellleHUH ypaBHEeHHs
HecTalHoHapHo# Temionposoanoctd Dypbe, YTO, OIHAKO, CONPSIKEHO
C 3aTPYAHEHHSIMU H3-32 HeJMHEeHHOCTH IPaHUYHBIX YCIOBUIL.

Bropoii 110aXo COCTOMT B TOM, YTO IIPOLECC 3aMOPaXKUBaHKsl OIMCHIBA-
0T AuddepeHIMATLHPIMY YPaBHEHHAMH TEIJIOBOrO GaaHca, MPY peIleHHUH

* KOTOPHIX 3a/Ial0TCs 3aKOHBI paclipefiejieHUs1 TEMIIepaTyphl 10 TOJIIHHE 33-
MOpOKeHHOTO cJ104. ITonyueHHble pelleHHs SBAAIOTCS NPUOIHKEHHBIMH,
Mepa nx TOYHOCTH OTpeflesIsieTcs COOTBETCTBUEM TEMIIEPATYPHI AeHCTBHU-
TeJIbHOMY ee paclipezie/IeHUIO B 3aMOPOXKEeHHOM cJioe. PellleHus, omyyeH-
Hble 3TUM MeTO/IOM, OTHOCHTEJBHO MPOCTH U MOTOMY NPUMEHUMBI B UH-
XKeHEepHBIX pacyeTax.

4.5.1. [Topspok pewleHus 3apauu
Peruenue 3aiauu 06 olieHKe IIHTEIHHOCTH 3aMOPaK UBaHHA HAa3bIBAIOT 3a-
Javeif 0 TeNJONPOBOAHOCTH B CHCTEMAX ¢ IIOABHXXHOH rpaHHLeil.

Wcxonnbie ycnoBus npu pellleHUN 3ajiauu:

* TeJIO OHOPOAHO, H30TPOIIHO;

* TeJIO Ilepel] 3aMOpPaXXMBaHHUeM OXJIAKAEHO 710 KpHOCKOTTHYeCKOH TeM-
neparyph £, , °C, T. e. TeMIIEpaTypsl Hayajla 3aMep3aHus TKaHEeBRIX
COKOB;

* Jb100Gpa3oBaHue B Tejle IPOMCXOAUT 6e3 nepeoxiakAeHUs U COBEp-
1AETCS H30TEPMUYECKH TIPH KpHOCKONTMYeckoil TeMmeparype;

* renaodusnyeckue cBONCTBA Tella He 3aBUCAT OT TEMIIEPATYPHI, IIPH
3TOM TeII0eMKOCTh 3aMOPOXKeHHOH YacTH NPOJyKTa PaBHa HYJTIO.

3aMopakuBaHKe NPOUCXOMT MyTeM OTBOJA Telljia OT TOBEPXHOCTH Tesa

IIPH OCTOSTHHOM K03duiieHTe TeMIOOTAaYH H TOCTOSIHCTBe TeMIiepa-
TypHI TenIooTBoisAIel cpeasl (puc. 4.12).

ITponecc 3aMopaxxuBaHKS Te/la PACCMAaTPUBAETCA KaK [POLECC IPOMep-

3aHUS C ABMXKYIelics rpanviell pasjena ¢a3 «neg—saaras. OTBoj Temnia

3-996
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Puc. 4.12
Mosichennn k npoueccy
3aMep3aHun Tena B BUAE NNacTUHb

AbA006PA30BAHUSA OCYIIECTBISIETCS Yepe3 3aMOPOXKEHHBII C/I0i OT oBepx-
HOCTH TeJIa.

3a Bpems dt rpaHuIa TepeMecTHIach Ha dR. [{1s 3aMopaxxuBaHusl c1os
TonmuHON dR u nnouaapio F cienyer oTBeCTH TEIIO:

dQ=q,-p-F-dR, : (4.17)

rae

g, — Tenyiora npAoobpasosanus, [[x/kr;

@ — IUIOTHOCTD HPOXYKTA, KT/M3.

KosyecTBo Telia, OTBeAEHHOE Yepe3 3aMOPOXKEHHBIH CJIOM, TPYMeHH-
TeJIbHO K CTAllHOHAPHBIM YCIOBHSAM TeIJIooOMeHa Yepes NUIOCKYIO CTEHKY
IS TPAaHUMHBIX YCAOBUIA TPETbEro poia MOKHO BHIPa3UTh Tak:

dQ=-—k-1———1-F'(tKP'"tc)'d'C, (418)
+—
A, @

np

rie
)»"p — TeIUIOTIPOBOAHOCTD NPOAYKTa, Br/(M - K);

o — K03 PUHMEHT TEIJIOOTAAYH OT TIOBEPXHOCTH TIPOAYKTA K TEIJIO-
orBoasuei cpene, Br/(M? - K).
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Iycrs (¢, —¢.) = Af, Toraa, npupaBHYBas ripaBbie yacTi dpopmyn (4.17)
H (4.18), MOXKHO NIOJIyYHUTh peHieHye OTHOCHTEAbHO JAJHUTEIBHOCTH 3aMO-
pakMBaHMs TIpU IBYCTOPOHHEM TETLJIOOTBOZE:

=L Pp R
At

1 (4.19)
o

A

AHasnornyHele peilieHus MoJTy4eHbl 171 TeJl, popMa KOTOpBIX ogo6Ha
IWINHIDY U 1Iapy:

~4PRR 1 (4.20)
At 272\, «a

-%PR R 1 491
At 3 2x o (4.21)

Buipaxenus (4.19)—(4.21) He yYHTHIBAIOT TOrO, YT0 IIPOAYKT Mepex 3a-
MOpaKHBaHHEM HMeeT TeMIepaTypy, OTJIMYHYIO OT KPHOCKONHYECKOI.
TennonposoaHOCTb 3aMOPOXKEHHOTO MPOAYKTA A, OTJIMYAETCH OT TeIJIo-
IIPOBOZIHOCTH JIBJ3, A, TOSTOMY /I TPAKTHYECKOTO HCTIOJb30BaHMU TIPU-
MEHSIIOT BEIPAXEHHUSI A/ IVIACTHHE], IMJIMHAPA U Iapa, B KOTOPHIX TeILIo-
Ta bA006PA30BAHNMS ¢, 3aMeHEHa TeTIOTOl 3aMOPaXKUBaHM g ;

4, =6 (-t )+q, 0-W+c, (¢, -L,), ok /xr. (4.22)

IlepBoe caaraemoe npeacrasJsieT coboit TemnoTy oxnaxaenus. Tperbe
claraeMoe YYHTHIBaeT TellIo ZOMOPaKHUBaHHUs, T. €. Tell10, KOTOpoe OTBO-
OUTCS OT MPOAYKTA MOCJIE TOTO, KaK rPaHMIBbl pasziena ¢a3 BCTPEYaloTcs B
€ro reoOMeTpHYecKoM HeHTpe.

TennmonposontocTs nbaa A, B popmyiie P. [Inanka sameneHa Teronpo-
BOJHOCTbIO 3aMOPOKeHHOTO TIpoiyKTa A, . C y4eToM BBINIONHEHHOIH KOppeK-

. il popmynni P. [Inanka 1ocTOBEpHOCTD MMOJTy4aeMBIX Pe3yJIbTaTOB CTajla
61M3Ka K peanbHOil JINTENBHOCTH 3aMOpaXHBaHuA T, =T, £10%, rxe
T, — pacyeTHas JUINTeJIbHOCTb 3aMOPaKHBaHu4, C; T, — JUIMTEIBHOCTD 32-
MOpa’kKBaHHs, HOJIyYeHHas! B 9KCIIEPHMEHTE, C.

ITosmyyenHsle peneHHss OTHOCHTENBHO JIHTENBHOCTH 3aMOPaX HBaHUS
Tejla B BHJe IIJIACTHHBI U LMJIMHADA HE YYUTHLIBAIOT KOHEYHbie pa3Mephl
IIPOAYKTaA U TO, UTO OH, KaK HIPaBUJIO, OXJIaXKJ2€TCA CO BCEX CTOPOH. IToato-
My Ha [IpaKTHKe Yalile IPUGEraoT K BujouaMeHeHHoH opmyse P. Ilnanka
JJISL YCTIOBMI OOTEKaHHS ee TIOTOKOM BO3AYXa NapasljiebHO ABYM OCHOB-
HBIM NJIOCKOCTSIM:

3
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(i, -i.)p & 1
—aM _k/ T, —_— -), 2
- (KA. +Pa) (4.23)

H c M

Tae

iy i, — TEILIOCOAEPKAHHS MPOAYKTOB IIPH TeMIepaType HauaabHOU H
cpenHel KoHeyHoi (£, ¢ ), [IK/Kr;

0 — IJIOTHOCTb 3aMOPOKEHHOrO TIPONYKTa, Kr/M?;

8 =2-R — nojanad TONUIMHA IIPOAYKTA, M;

K, P — xo3duumenTH, 3aBUcsALe OT GOPMBI M OTHOCUTEJBHEIX pa3-
MepoB nponykra. [[s Tesa, Gopma koToporo nogo6Ha 6eckoHeuHO mIoC-
KONapasie/IbHO MJIacTHHE TOJNUHHON §, IPH OJHOCTOPOHHEM TENIo0T-
gone K = 0,3, P = 1. [Ipu aBycroponneM Temioorsoze K = 0,125, P = 0,5.

L5t npsAMOYTOJIbHOM IINTH! HeorpaHUYeHHOM A/THHBI IHPUHOM b 1 TO-
npnHoi 8 mpH TennooTBOAE OT YeThipex rpaneii u § =b/3 P u K noayyaoT
u3 1abm. 4.1 u 4.2 npunoxkeHus.

4.5.2. Metoab! MHTGHCHDUKALLUK
3amMopaxusaHns

OcHoBHas 3aj1a4a J1}060T0 TEXHOJIOTHYECKOro NPOLIECCA COCTOHT B COXPa-
HEeHNH HCXOIHOTO KauecTBa IPOAYKTA, CBOMICTBEHHOTO €My, HallpuMep, 0
3aMopaknBaHusi. TexHoMornyeckast 0OpaTMMOCTb 3aMOPaKUBAHHS ONIpefie-
JIsieTCs1 NTHTEHCHBHOCTDBIO BRINOJIHEHHS TIpoliecca, KOTOpas MpenosiaraeTr
yMeHbllleH}e JJIHTETbHOCTH 3aMOpaXKHBaHUs. 3TO HOCTHraeTcs: U3MeHeHH -
eM cleyIoHIiX IapaMeTpoB (CM. BhipaxkeHHe 4.23): IOHIKeHHeM TeMIiepa-
TYPbl TEMJIOOTBOASAIIEH Cpeibl, yMeHbIIIEHHEM TeOMeTPHYECKHX Pa3MEPOB
NPOAYKTa U yBeJHYeHueM Koa(bdUIMEHTa TEMI00TAaYH OT OBEPXHOCTH
IIPOAYKTa K TENNOOTBOAS e cpefe.

Kaxzprit 3 nepeyrcieHHBIX TAPaMETPOB MOXKET ObITh N3MEHEH B OTIpe-
JeJleHHBIX OrPaHUYEeHHBIX paMKax.

TexHuKO-3KOHOMUYECKHE pacyeThi CBHAETENLCTBYIOT, YTO NPH HCIIOJb-
30BaHMH XOJOAWJIbHBIX MallWH IIPUMeHeHMe /I 3aMOpaKHBaHHUS MpO-
AYKTOB TeMneparypsl Boaayxa Himke —40...—35 °C sHepreTHyecKH He ile-
Necoo6pa3Ho. ITO YCJIOBHME OTHOCHTCS B OCHOBHOM K HMPOMBILLIECHHBIM
MEeTOZIaM 3aMOPAXKHBAHUA NPOAYKTOB. OXHAKO B OTAENBHBIX CyUastX, Ha-
NIpuMep /IS 3aMOPaXXUBaHUs MsCa TYHIA NIPYM €ro focaepyomeM noTpeb-
JIeHUU B CHIPOM BMHJIe, BO3MOXHO TIpMMeHeHMe TeMIEpaTYPH BO3AYXa 10
-50 °C.

YMeHbllleHe pa3MEPOB MIPOAYKTOB OFPAHWYEHO TEXHOJIOTUYECKUMH Tpe-
6GoBaHMsAMM, T. €. B PAAE CJAyYaeB IO TeXHOJOTUYECKHM COOOpaKeHUs M
TIPOAYKT He 1iesiecoo0pasHo paspe3aTh Ha YACTH MeHbillero pasmMepa.
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YBeavyenue koadduienTa TeNJIOOTAAYH OT NOBEPXHOCTH HPOAYKTa
IyTeM yBeJIM4eHN CKOPOCTH ABWKEHHS BO3yXa OrpaHHuYeHO CKOPOCTSIMH
5-7 M/c. Bosnbiine cKOPOCTH HEPreTHYECKM HEBBITOMHBI M TeXHUYECKH
TPYAHOpealu3yeMbl, Hpex/ie BCEro B CIeNUalN3HPOBAHHOM XOJIOAUIBHOM
060opynoBaHIH, IPHMEHSIEMOM B 061LIECTBEHHOM MUTaHNH ¥ TOPTOBJIE,

Haub6osnee adbexTuBHblil MyTh YBeanyeHus: KoapuuueHTa Temmoor-
Jlayll COCTOMT B 3aMeHe BO3JyXa KMAKOH WK TBepAo# TeloOTBoAsIIEH
cpellaMu.

B xayecTBe JKHAKHMX TENIOOTBOAAMINX CPeA Yalle BCEro HCMOb3YIOT
KPHOreHHbIe XUAKOCTH (XIaOHBI, JKUAKHUH a30T, paccoiibl). [Ipumenenne
XHIKHUX TeNIOOTBOAAIINX Cpejl, HHTeHCUGUIMPYs IIPOLlece 3aMOpaXKyBa-
Husl, ONHOBPEMEHHO NOPOXKIAET TEXHHYECKME H TEXHOIOrHuecKue rnpobe-
Mbl. HanpuMep, 3aMopaskiuBaHHe B )KHIKOM a30Te NpeAHonaraeT paspaboT-
Ky IocJIel0OBaTeIbHOTO 3aMOpaXKMBaHUs NIPOAYKTA BHayajle B Ilapax a3oTa
1 TOJIPKO 3aTeM NOTPyKeHHeM ero B XKUAKOCTb HJIH OpOlLIeHHeM NPOAYKTA
3TOi1 JKUAKOCTHIO. B HIPOTUBHOM ciyyae BO3MOXKHO pa3pylieHHe NMpojyKTa
OT BHYTPEHHUX HaIPSKEHHIA.

CkopocTb 3aMOpaXkuBaHHs, BHIpakeHHas! KaK JIMHeliHast CKOPOCTh BHU-~
XKeHus TpPaHHUbI pa3fiesa ¢as, COCTaBIsET:

a B e v, 424
p 7.1 M/c (4.24)
A, O

AHaU3 JaHHBIX, MOMyYeHHbIX Ha OCHOBe BhipaxkeHHs (4.24), noaBoiiser
YCTaHOBHTB, YTO TIPH YBeJIHUeHHH Koo PHUIMEHTa TeII00TARYH Ha MAJIOM
yAaJleHHH OT NOBEPXHOCTH MPOAYKTA CKOPOCTh 3aMOPa:KHBAHWUS BeJHKa.
IIpu yBesI4eHHH TOTUIMHEI CIOS IIPOAYKTA OT OBEPXHOCTH CKOPOCTh 3a-
MOpPaXMBaHHUsA CYIIeCTBEHHO ITaIaeT. ]

Jlns cokpalleHws JTUTEbHOCTH 3aMOPXKNBAHMA CPABHUTENBHO C pY-
TUMH MeTOAaM4 HHTeHCH(UKAIUHU Npoliecca YMeHbUIeHHe TOJIIHHBL
npojyxTa obecrneunBaet GoabIunii 3 deEKT, YeM ocTalbHbIe OTMEYEHHEIe
METOJBI.

3aMopaxkuBaHue IPOAYKTOB B KOHTaKTe ¢ TBepAOi TeIrooTBoAsmIei
MIOBEPXHOCTBIO TPeIosaraeT lprMeHeHNe JIBYCTOPOHHETO TEIIOOTBOA.
BrinonHeHHe 3TOTO0 YCJAOBUS OrpaHHYEHO CBOMCTBAMH IPOAYKTa H BO3-
MOHOCTBIO C3XaTUs IPOAYKTa HOBEPXHOCTAMH TenioobMeHa. 3TOT MeTOI
IIHPOKO HUCTIOIB3YIOT AJIS 3aMOPakKiBaHUsI PhIOH! B 6/10KaX B IIMTOYHKIX
CKOpPOMOPO3UJIbHBIX allflapaTax.
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4.6. MNoamopaxusaHue NPoayKTOB

HoaMopaxuBaHHe, WK, 10 TEPMUHOJIOTMH 2BTOpPa MeTofa Mpodeccopa
H. A. TonoskuHa, nepeoxyiaxaeHue, Kak TeXHOJIOTUYECKHI] TIPHEM, I03BO-
JISIOUIMIR YAJTMHUTD CPOK XONOAWIBHOTO XPaHeHHUs MPOAYKTa, Gasupyercst
Ha MpelCTaBJeHHH O BO3MOXHOCTH YaCTHYHOTO 3aMOpaXKMBaHUsI TIPOAYK-
Ta 6e3 CyiecTBeHHBIX HapylIeHUi eTo CTPYKTYpPhl M CBOMCTB.

TIpMeHUTENBHO K NPOLYKTaM PaCTUTENBHOIO NPONUCXOKAECHHS METO],
oIlMpaeTcst Ha NPUPOAHbIe SIBJEeHHS, CBI3aHHLIE ¢ [TOATOTOBKOH pacTeHHiA
K HaCTYIUIEHHIO XONMO0A0B. JTO KOMILJIEKCHBI Npoliece, CBA3AHHKIIM Ipexk-
Ie BCero ¢ nepepacnpeienieHneM KIeTOYHOH M MEXKIETOUHOM BJIary, Ha-
KOMACHHEM CaXapoB U FIUNEPHAOB U T. . BeieAcTBHe dero pacreHus B
NPUPOAHBIX YCJIOBHEX NOCJIE 3aMOPa’KMBaHMs CIIOCOOHBI alali THPOBAThCS
K 3aMOpaXMBAaHHMIO U BeCHON BOCCTAHABJMBATbL OHOJOTHYECKYIO AKTHB-
HOCTb. '

- TeopeTHyecku BbinoJIHEHVe NpoLecca OMOPakHBAHNS He I0JKHO BHI-
3BIBaTh TpyAHOCTeil. OHaKO Ha IPAKTHKe BECHMA CJIOKHO BHINOJHUTD
TeXHOJIOrHYecKHe TpeGoBaHHUS K IOAMOPAXKMBAHUIO MPOAYKTOB, 0COGEHHO
B TOM CJIy4ae, eCJIM IOAMOPaXUBAHHUIO OABEpraeTcs GoJIblast Macca Npo-
ZIYKTOB.

'naBHBIM U OnpefieNIsoMMM TpeGOBaHNEM NPoLiecca, B IEPBYIO OYepesb
MNPUMEHHUTE/IBHO K PACTHTEIbHBIM NPOAYKTAM, COCTOUT B TOM, YTOOHI CKO-
POCTb IIOHHXXEHHUS TeMIepaTyphl BOJIH3H KPUOCKOMMYECKOH TEeMITepaTyphl
cocrapiasia He 6onee 0,2 °C/u.

Cy1ecTByIOT 2iBa METOA, KOTOPBIMH IIOJIb3YIOTCA A/ IOAMOPaKiBa-
HHS TIPOAYKTOB.

Ilepeviii memood noAMOpPaXKUBaHNsI COCTOUT B TOM, YTO NMPOAYKT MOMe-
IAIOT B KaMepy, B KOTOpol TeMieparypa Bo3Ayxa cocrasisieT —3 °C. Tem-
nepaTtypa NPOAYKTa NOCTENEHHO MOHWKAETCs KO TeMIlepaTyphl BO3ayXa
XOJIONMIBHON KaMepEL. DTHM MeTOJOM IOAMOPaXXHBAIOT NTHILY U PHIOY.

B peasnpHol npakTHKe 06paGOTKH pacTUTEbHBIX IPOLYKTOB METOJ NIPaK-
THUYECKH He UCTIONb3YIOT.

Bmopoti memod COCTOHT B NOAMOPaXXMBaHHU TOHKOTO CJIOS POAYKTA B
CKOPOMOPO3WJIbHOM aliaparte, 10cje Yero MPOAYKT mepeMelaeTcs B Xo-
JOIWIbHYIO KaMepy ¢ TeMuepatypoil ~3...—2 °C, rjie IpoMuCXoiUT Tiepepac-
npeneseHne TeMIEPaTyPhl B 06beMe MPOAYKTa.

O6a sTH MeTofa, HECMOTPSI HA TEOPETHYECKYIO IPHBJIEKAaTeIbHOCT,
MpaKTHYECKU He HAXOASAT IIHPOKOTO IPUMEHEHHUS B CHJTY OIIpe/ieJIeHHbIX
TEXHHYECKUX TPYIHOCTENH ¥ OTCYTCTBUS TOYHOIO MHCTPYMEHTAIBHOTO KOH-
TpOJIS ApoLecca.
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4.7. TexHuyeckue cpeacTBa 3aMOPaXMBaHHUS NPOAYKTOB

st nHTeHCHUKAIUHN Hpollecca 3aMOPaskUBaHUS B IPAKTHKE XOJIOAUIIb-
HO# 06paboTKH NPOAYKTOB HCIOAB3YIOT XOJIOAUNbHOE 060PYAOBaHHE, HME-
Iolllee obliiee Ha3BaHHe — anmnapaThl /11 3aMOPaKHBaHUS NIPOAYKTOB,

Arnnapars A9 3aMOPaXKUBaHUSA TPOAYKTOB NMOAPa3AEIIIOT HA BO3YHI-
Hble, AaMAapaThl 1151 6eCKOHTAKTHOrO 3aMOPaXUBAHHA B XKHAKUX Cpellax U
B KOHTaKTe C TBepZIO# TeMI00TBOAs el Cpefioii M annapaThi At KOHTAKT-
HOTO 3aMOPa’KMBaHMHS.

K 6030ywHbiM CKOPOMOPO3UNLHOIM annapamam OTHOCAT TeAeXKeYHbIe;
KOHBeiiepHble, FpaBUTallHOHHBIE, QIIOUAU3AHOHHBIE aIapaTHl.

B TenexxeunoM anmnapare (puc. 4.13) nepeMeliienne tenexek obecneyr-
BaeTCs LleNHOM mepeayeii. 3arpy3ka U BBITPY3Ka OCYHIECTBISIOTCS OTHO-
BpeMenHo, I1lar TpaHciiopTepa paBeH pa3Mepy ORHOM TENIEKKH.

B BepxHeit yacTH anmapaTa yCTaHOBJEHH 4 BEHTUIATOPa, NepUOANYE-
CKM M3MEHSIolMe HalpaBieHHe ABHXKEHUS Bo3Ayxa. /loCTOHHCTBO anna-
parta — IPOCTOTa, HEJJOCTATOK — METAIIOEMKOCTb.

I1pu cosnanuy KOHBelePHOTO CKOPOMOPO3UIbHOTO aliRapara npeclieny-
€eTcs 1ie/Ib COKpaLieHysl ro IJIHHbI, YTO O3BOAAET Pa3MECTHTD €ro B 1IoMe-

— —— ANl O LD —_—
==
2 3 4
Puc. 4.13

TenexeuyHblit CKOPOMOPO3UALHLIA annapar
C MeXaHMYECKUM NepeMeLieHneM Tenexex

1— BeHTUNATOP annapara, 2— 6aTapewn ucnapurens,
3 — TpaHcnopTMpYIoLLee YCTPOACTBO, 4 — NepeABMKHON CTennax
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Puc.4.14
KoHBeiepHbith CKOpOMOPO3UNbLHbLIY annapar

1 — Boagyxooxnagutenb, 2 — BEHTUNATOP, 3 — HUXHUIA KOHBeltep,
4 — cpeannii KoHBewep, 5 — xenob, 6 — sepxHuit KoHBelep

I[eHHe OrpaHHYeHHOTO pa3Mepa. JT0 AOCTHIAeTCs YBeIUYeHUEM BHICOTH
annapara, YTO OfHOBPEeMEHHO NOposKAaeT Apyrue npobieMsl. OHY Kaca-
I0TCsl pelieHHs CHocoba 3arpy3KH B alnapaT PoAyKTa U ero Buirpyskiu. Kpo-
Me TOro, ecTb MpobGIeMbI cO CIIOcOGOM TepeMelIeHHs TPOAYKTa C OHOTO
TpaHCHopTepa Ha pyroii. B psie cily4aeB IPOAYKT CaMOCTOSITeIbHO cOpa-
CBIBaeTCs ¢ OXHOrO TpaHcIopTepa Ha Apyroi. I1pocreiinyuM annapatoM mo-
A06HOT0 TUMA SIBJISIETCS KOHBEeepHBI CKOPOMOPO3HIbHBIH aNMapart, pea-
cTaBjleHHBI! Ha pHc. 4.14.

B cxopoMoposubHoM anmapare Tuna <[ upodpu3» NpoayKT nepeMenia-
eTcs 10 TPAHCNOPTepY, KOTOpLIit NpuKpenseH k 6apabany. Bapaban npu-
BOJMTCS B ABHYKEHHME OT 3IEKTPUYECKOTO UK OT ITHAPABIHUECKOrO IPHBO-
Aa. JTO NO3BOJAET U3MEHATh CKOPOCTb BpauieHusi 6apabGaHa U CKOPOCTh
ABVKEHUs JICHTbI TPAHCHIOPTEPE, U3MEHATD JIUTe/IbHOCTD ITPeGhIBAHMS TIPO-
AYKTa B annapare ¥ TeM CAMBIM KOHEYHYIO TeMIIEPaTypy 3aMOPOKEHHOTO
npoaykTa (IIpH HeH3MeHHOH TeMIlepaType BO3AyXa B anmaparte). XoJo01-
HbIli BO3iyX paBHOMEPHO MPOXOAUT Yepes sipychi, obecnieynBas sdpdex-
THUBHBIH TEMJIOOTBOJ OT 3aMOPaKHABAEMOro NPOAYKTa.

CxopoMoposuIbHEIA annapar (puc. 4.15) 06opyRoBaH ycTPOHCTBOM /15
MOIKY M CYIUKH JIEHTH! TPaHCIOpTEpa.

B rpaBUTalHOHHHIX anmaparax ABHXKEHHE NPOAYKTa OCYLIECTBISAETCS
AOCJIEZOBATE/IbHO C BEPXHEro YPOBHA Ha HUXXHUH ypoBeHb. BMecTo Tpa-
JOHIMOHHOTO TPaHCIIOPTepa Pealn30BaH NPUHIIHTI eIHHOBPEMEHHOTO Tiepe-
MelIEHHS CHEIIHANBHBIM YCTPOHCTBOM (rpebeHKoi) BceX npoTuBHeEH, pac-
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COJIOKEHHKBIX HAa HAMPaBJSIOUNX, BHAYale B OAHY CTOPOHY, 3aTeM B JIpy-
ryio. AnnapaTsl 3TOro THIIa OPUTHHANbHBI KOHCTPYKTHBHO, HO Ype3BhIvaii-
HO TpeGOBaTebHBI K KaueCTBY U3TOTOBJEHUS H 06CIYKHBaHUS.

Bo dumonan3aiiMoHHbIX anaparax HCIionb3yercs 3¢ deKT 3aMopakBa-
HHS TIPOJIYKTOB BO B3BellleHHOM COCTOSHUH. B NpOMBILIIEHHBIX YCTOBUAX
LIHPOKOE NMpHMeHeHHe HaXOAAT allllapaThl, B KOTOPBIX MPOAYKT, To/laBae-
Mbiil uepe3 GYHKep, HAXOJIUTCS BO B3BELIIEHHOM COCTOSTHUM Hajl nepdopu-
POBaHHBIM no/uIoHoM. Bilarogapst opraHu3auu# 10Toka BO3flyXa HPOAYKT
HeNpepLIBHO MepeMellaeTcsl K Pa3rpy304HOMY OKHY U Jlasiee Ha pacacoBKy
W yIakoBKY. AnNIapaThl 3TOTO THRa B OCHOBHOM HCIIOJIb3YIOT A/ 3aMopa-
KHMBAHHS PaCTHTEABHBIX IPOAYKTOB — 3€JIEHOTO rOPOLIKa, KNYOHUKH, Ma-
JIMHBI M T. [I. ANapaThl 9HEProeMKH, H BCJIEACTBME 3TOF0 UX HPHUMEHSIOT
APEUMYIIECTBEHHO HA KPYRHBIX CIIENMAaJH3MPOBaHHBIX CeIbCKOXO3SH-
CTBEHHEIX NPEeANPUATHAX.

K annapamam 6ecxonmaxmmozo 3amopaxcueanus NPOAYKTOB OTHOCST
IJIMTOYHBIE U annapaThl A 3aMOPaKUBaHMs NPOAYKTOB B XKUIKUX XJa-
ZNOHOCUTENAX.

Annapatsl 6eCKOHTAKTHOTO 3aMOPasKHBaHMSI TIpeHa3HaueHsbl JJIs 3a-
MOpakUBaHUA NPOAYKTOB B Bujie 6I0KOB M MEJIKOLITYYHBIX TOBapOB Kak

Puc. 4.15
CkopOMOPO3NNbHLIA annapar Tuna «fmpodpns»
1 — Bapaba, 2 — yCTPOWCTBO AN MOKU NIEHTSI,
3 — npeo6pasoBarteib HacTOTHl, 4 — PACNPeAeNUTENbHDIA LWT,
5 — BeHTMRSTOP, 6 — BO3AYXOO0X/IaAMTENb
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Puc.4.16
XonoannbHLIA WKad Ana 3aMoOpaxuBaHua NPOAYKTOB
AF2L

HMeIOLMX YIIaKOBKY, TaK H He UMeIOIIMX ee. ANNapaThl 3TOT0 THIA BCeN-
cTBUe 3peKTHBHOH TEINIOOTAAYH OT NOBEPXHOCTH MPOAYKTA NO3BONAIOT
YMEHBIIUTS ATUTEIbHOCTD 3aMopaxxuBaHus. [1auTs (Mciapurenu) ¢ xa-
HOHOCHTEJIEM WM C KHNSIAM XOJOAMWIbHBIM areHTOM TPUXKUMAIOTCH K
NPoAyKTY, 4T oGecneunBaet ero GOpPMOBKY U noanpeccosky. [Inurousnsie
annaparhbl HHTEHCHBHBI, KOMIIAKTHEL, 3KOHOMUYHbL. HeocTaTok anmapata.
COCTOMT B TOM, YTO 3aMOPa)XHBaTh MOXHO TOJIbKO OTpaHHYEHHBIH accop-
THMEHT HPOAYKTOB.

B KOHTaKTHBIX CKOPOMOPO3HW/IbHBIX aniapatax obecrieynBaeTcs Heno-
cpedcmeennbiti KOHmMaxm menaoomeodsuel cpedvl ¢ NOBEPXHOCMBIO NPOJYK-
ma. B xauecTBe Tem100TBOAsIIEH CPe/ib! yalile BCETO UCHOMb3YIOT XKUAKHIA
a30T, YIIEKUCIIOTY, PaCTBOP XJIOPHCTOTO HATPHS.

Knaxuit a30T B MHOTOCEKIIHOHHBIX CKOPOMOPO3HJIbHBIX anflapaTax uc-
HOJIL3YIOT Ha BTOPO# WM TpeTbelt CTaaMsiX 3aMOPaXUBAHUS MPOAYKTA.
B annapare npoxykT BHavasle NoJIMOPaXXHUBaeTCA B apax a3oTa, M TOJIBLKO
3aTeM OH MOXeT ObITh OPOIIEH XKUIKHM a30TOM WJIH B Hero norpyxeH. [Ipu
HapyUIeHHU 3TOH TEXHOJIOTHH, T. €. Y NMOTPYKeHHHU NPOAYKTA B KHAKHIA
a30T be3 ero NpeiBapUTEIbHOIO MOAMOPXKUBAHHA, B TPO/IyKTe BOSHAKAIOT
BHYTPEHHME HaNpsDKEHUs, TIPH KOTOPBIX NPOAYKT Pa3pHIBaeTCsi Ha YaCTH.

JOCTOMHCTBO aNNAPATOB 3TOrO TUIA COCTOMUT B BHICOKON HHTEHCHBHOCTH
3aMOpaXHBaHHUA, KOMAAKTHOCTH # mpoctoTe. Hexoctatok anmapata o6-
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YCJIOBJIEH TEM, YTO OH PaboTaer B YCIOBUSAX Pa30OMKHYTOTO XOJIOAUILHOTO
nukia. TemnepaTypa HapoB a30Ta, BHXOASIINX U3 anllapaTa, COCTaB/seT
—40...~-30 °C, yTo npennoiaraer 1eecoo6pa3sHOCTb NOCTENYIONEro HCIOb-
30BaHUsA apoB JUIS {eseif XOM0AUAbHOI 06paboOTKY IPOAYKTOB, HANPH-
Mep ISl HX XO0JI0MUIBHOTO XpaHEHH .

Annapambi KOHMAKMHO20 3AMOPANCUBAHIS. BKTIOYAIOT KDHOTEHHbIE, YTJIe-
KUCJIOTHbIE, XTaf0HOBHIE, aNNIaPaThl AJIS 3aMOPa)KUBaHUSI B XJIa/[OHOCHTe-
JISIX. AIIIIapaThi 3TOrO TUIIA CYMIECTBEHHO He OTJIHYaIoTCs OT PACCMOTpPEH-
HBIX paHee. B aTux annapataX NpoAyKTH 3aMOPakUBAIOT O€3 YNaKOBKH,
YTO HAKJIA/(bIBAET OTpe/ie/IeHHblif OTTIeYaTOK Ha TeEXHHYECKUe 0cOGEHHOCTH
KoHcTpyxuuu. Hanpumep, npu 3aMopaXxHBaHHM NeJIbMeHel TpaHCIIOpTep-
Hast JIeHTa, Ha KOTOPO# OCYINeCTBASETCA ITAMIIOBKa, JOJKHA UMETh HO-
JIUMEPHOE TIOKPHITHE, KOTOPee NPENSTCTBOBAIO Obl IPUMEP3aHHIO ebMe-
Hell K JieHTe TpaHcniopTepa. IIpH OTCYyTCTBHM 3TOrO MOKPHITHS NPHOEraoT
K YCTaHOBKE HOXX2, KOTOPBII Cpe3aeT ¢ TPAaHCTIOPTEPHOH JIEHTHI II0AMOPO-
JKEHHBI€ [1eJIbMEHH,

3aMopaKHBaHue POAYKTOB B COJIEBOM PaCTBOPE HpeAIoaraeT perieHre
HeJIOro pAjia TeXHUYecKux 1pobaeM. B yacTHocTH, nosiBasieTcst HeobxoH-
MOCTb B CTPOTOM KOHTpOJIe Ha/l HEeM3MEHHOCThIO KOHLEHTPAIIMH COMEBOTO
pacTBopa. 3T HeOGXOAUMO /I TOTO, YTOObI PACTBOP He pa3baBsiics Bia-
roii ¥ He IIPONCXOIMJIO €T0 NIOAMep3aHHe MPH NPOXOXKAEHHY Yepes UCIa-
pUTED.

HecMortps Ha oTMeyeHHEIE OrpaHHYeHHS B YaCTH IPHMEHEHH s Paccob-
HBIX aNIapaToB, OHU HPOAO/IKAIOT COBEPUIEHCTBOBATHCS ¥ MPUMEHATHES
He TOJIBKO JIs 3aMOPAXKHBaHUS TPAXUIMOHHOM HPOAYKIMY — pb16bl HO M
oBoUIE.

Ilpu 3amMopakHBaHKHH B paCTBOpPE TOBAPEHHO CO/HM CJIa/IKOTO Ileplia yCTa-
HOBJIEHO, yTeo BuTaMuH C — Hanbosee ApKuii TEXHONOTHYECKHHT TOKA3aTeNh
KayecTBa NMPOAYKTa — COXPAHSICA Ha MPOTSKeHUH 9 Mec. X0JIOINILHOTO
xpaHenns. Ero xonnyecTBo B poaykre focje 9 Mec. XpaHeHHs CPaBHH-
TENbHO C 3aMOPaKMBaHHEM Ileplia B Bo3ayxe ObL10 60mblue Ha 9%.

ITpu 3amMopaXxUBaHUM IIO/IOB HEGOILIIOrO pa3mMepa — BUIIHHU, Yepell-
HU — IOBapeHHas! COJIb NPaKTHYECKH B IJIOA HE IPOHHKAET.

3aMopaxuBaHHe B PacTBOPE [10BAPEHHOH COJIH SHEPreTHYeCKH BHITOA-
Ho ¥ a¢dekTHBHO. B psizne ciyyaes, HanpuMep NpU 3aMOPaKHBAaHUU Ne/b-
MeHeH, ero apHeKTUBHOCTD HEOCTIOpPUMA.

IIpencraBieHHBle CKOPOMOPO3UJIbHEIE ANNAPATH /IS 3aM0pa>anaHnﬂ

MPOAYKTOB IPUMEHSAIOT HPEUMYILECTBEHHO B TOM CJIy4ae, KOTZa NpeicTaB-
nAeTca 1enecoobpasHbIM 06ecIeYMTh HOTOYHOE IIPOUSBOACTBO GONBLIIOTO
KOJIMYECTBA 3aMOPOKeHHO IPOAYKIMH, HalIpUMep Ha CellMalu3poOBaH-
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Puc. 4.17
XonoauneHuiid wikad CRR 50WGL

Puc. 4.18
XonopunbHeii wikad ¢ 3arpy3koin NpoaykTos
B yHKLUMOHANBbHBIE EMKOCTH Ha cTennaxe
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HBIX KOMOHHATaX NPH 3aMOPakKUBAHWH TeibMeHel, KYJIMHAPHO MOArOTOB-
JIeHHOH U Jpyrod NpoAyKIHH.

Ha npednpusmusx obusecmeennozo numanus HaxofsAT NpHMEHeHHe npe-
HMYLIECTBEHHO aNapars mkadHoro 4 kaMepHoro tina. Kak npasuiio, ato
alnmapaThbl epHo/IMYecKoro Tuna. I1pou3BofUTeIBHOCTD aNllapaToB onpe-
IeNAETCs MX EMKOCTBIO M TEMAEPATYPHLIM PEKHMOM.

B mikagb HebonbHIOTO 06beMa IPOAYKTHI TOMEIAIOT HHAMBUAYANBHO,
BBIKJIZIBIBAst UX Ha KAKAYIO NOJKY (puc. 4.16).

Boiee ynob6ueiM cnocoboM siB/isieTcs NepeMelenite IPoAYyKTa B pyHK-
unoHasbHolt emkoctTH (QE) ¢ nepeaBixkHOro cTeaxa Ha NONkH mkada
(BBICOTa ITOJIOK CTeJUIaXka M mKada ofuHaKoBhl) (puc. 4.17).

Hau6oJiee TEXHOIOrHUECKH PAIHOHATBHBIM CTIOCOGOM SIBJSETCS pa3Mme-
HIEH’e B XOJOAWIBHOM Mikady Beero crennaxa c DE (puc. 4.18).

[IpousBopuTebHOCTD MKa(OB /19 3aMOPaXKHBaHHs HPOLYKTOB OTHO-
CHTEJIbHO HEeBbICOKA U cocTaBseT He bosee 25 kr/4. [ToaToMy notpebHoCTH
NPOHU3BOZACTBA B 60J1bILei TPOU3BOAUTENBHOCTH YOBIETBOPAIOT YCTAHOB-
Kol oftHOTO, IBYX 1aH Gonee mxadoB.

KoHTponbHbie BONPOCH::

1. Kakos MeXaHH3M 00pa3oBaHHs KPUCTAJLIOB JIpAa?

2. YeM 06yc10B/IEHO H3MEHEHHE TKAHEBO CTPYKTYDHI TIPH 3aMOPaskH-
BaHHU?

3. OT yero 3aBHCUT KOJIHYECTBO BHIMOPOXKEHHOH BOII?

4. Kak usMeHstiorcs Tennoqmanecme XapaKTepHCTUKY IpU 3aMOpa-
KHBaHHY NIPOLYKTa?

5. Kakue ponymenus npuauMaiotcs npu suisoge ¢opmyan P. [lnan-
Ka?

6. Kak cooTHOCATCA IJIMTELHOCTH 3aMOPakMBaHUS TeJl IPOCToH cTe-
peoMeTpuuecKoit GopMbI?

7. Kakumu MeTolaMH BO3MOKHa HHTEHCU(DUKALUSA 3aMOPAXKUBAHUS?

8. Kakue TexHu4eckue CpelCTBa MCTIOJB3YIOTCSA AJIs 3aMOPaKUBaHHSA
HPOAYKTOB?

9. B ueM cocrouT cnenuduKka 3aMopaXkMBaHUs IPOAYKTOB Ha NMpeTpH-
ATHAX 0GIIECTBEHHOTO HUTAHUS H TOPrOBIU?



Mnasa 5

XONOANNbHOE XPAHEHUE
NPOAYKTOB

Ile/b XOMOAMIBHOTO XPaHEHHS COCTOMT B OBECeYeHHH HeU3MEeHHOCTH
CBOMCTB NPO/YKTOB B TeUeHHWE TEXHOIOTHYECKH 3alaHHOTO BpeMeHH. B xo-
JIOAUIbHOM TEXHOJIOTHH MPOLIECC XPaHEHU PAaCCMATPUBAIOT KaK OCHOBHOH
TEeXHOJIOTHYECKHI1 polecc. Bee npe/tecTByomue METOB! X0NOAUIBHOM
06paboTKH MPOLYKTOB HMEIOT HeJIbIO JIHIIb TI0rOTOBUTD IIPOAYKT K NOCJIe-
AYIOIIEMY KPATKOCDOYHOMY HJIU JJIUTEIbHOMY XONOAWIBROMY XpaHEHHUIO,

ITpu xpamxocpounom xpaneruu NPOXYKT B OCHOBHOM XpaHUTCS IpH 6;113-
KpHOCKONUYECKOH TeMIleparype.

Jrumenvnoe xon00unvroe xpanenue obecriesnBaeTCs €ro NpeBapUTeIb-
HbIM 3aMOPKHBAHHEM.

B X0/0M/IBHUKAX TOPrOBBIX NPE/NPUATUH MPOAYKT B 3aM0po>1<eHH0M
COCTOSIHUH XPaHHUTCs OTHOCHTENBHO Heponro. IIpu aTux YCIOBHSAX JOMY-
CTMMas TeMrepaTypa xpaHeHiis cocrasiser —18..—12 °C, pexoMeHzyemas
coctasiser —24 °C wiu Huxe, B XonoauabHUKaX TOProBix 6a3 M CKJI3/I0B
HIKHUI IPefiest XpaHeHUs! IPOXYKTOB He orpaHuyeH. ONTHMAIbHOM TeM-
neparypoi XpaHeHHsl, 11 KOTOPOH IPaKTH4eCKH He 0OHapy KU BaeTCs U3-
MeHeHMe KayecTBa MPOAYKTOB B TeYEHHE YCTAaHOBJIEHHOIO CPOKa XpaHe-
Hus, asasercs —35 °C. ‘ .

ITponoaKUTENBHOCTD XOIOAMILHOTO XpaHEHUS 3aBUCHT OT BHa NPOAYK-
Ta, eT0 COCTOSIHMA Ha MOMEHT XpaHeHus. [[J151 CKopOonopTAIMXCs IPORYKTOB
MaKCHMaJIbHbII CPOK XpaHeHHs B XOJIOAUIbHHKAX NPeANPHATHN TOProB-
2 ¥ OGIIECTBEHHOTO MUTaHKA OOBIYHO He npeBhimaer 7—10 cyT. (Hanpu-
Mep, 3peJIbIX TOMaTOB) 1 6-8 Mec. Jurs1 60J1ee CTONKHX NIPOAYKTOB (HanpUMep,
JIyka, KOITYEeHOTO Msca).

PexoMeHAAIMH 110 XONOMHILHOMY XpaHEHUIO CKOPOMOPTAIIMXCS IIpo-
AYKTOB Ha XONOAHJIbHUKAX NPeANPUATUH TOPTOBJIH U 06111eCTBEHHOTO NH-
TaHUA U pEKOMEHAYEMbI€ PEXKHUMBI H ITPOJOJIXKHTENbHOCTD X0/I0AW/ILHOIO
XpaHeHHUs HEKOTOPbIX TIONI0B B oBolleii oTpakeHnl B Tabx. 5.1 u 5.3 npu-
JIOXKEeHHUS.
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5.1. Ycnosus v cpoku XxpaHeHus
OTAENbLHbIX BUAOB NPOAYKTOB

5.1.1. XpaHeHue NpogyKToB XMBOTHOrO NPONUCXOXKAEHUS

Oxnaxcoennoe maco c TeMileparypoii B Tosute 6ezpa 0...+4 °C xpaudr B nog-
BellieHHOM COCTOSTHHH IIPY CKOPOCTH JiBM>keHus Bo3ayxa 0,2—0,3 m/c. Ion-
MOPOKEHHOE MSICO C TEMIEpaTypoii o 06beMy —2...—1 °C XpaHsT B HoBe-
IIEHHOM COCTOSTHHH.

[Ipn xpaHeHHH OXJIAXKJEHHOTO MACa B BH/le TOMYTYLI, YeTBEPTUH NPO-
JOXKAETCA MPOLECC aBTONUTHYECKUX U3MEHEHU !, Ha3bIBAaeMBIX CO3peBa-
nueM. [Tpu 0 °C maauTenbHOCTb co3peBaHus Msica cocTasiaser 8—10 cyr.,
npn 10 °C — 5 cyr., npu 17 °C — 3 cyr.

3amopoxcennoe MACO XpaHAT B MTabesIX WIH CTOEYHbIX noaoHax. Hop-
Ma 3arpy3KH IPy30BOro 06beMa KaMephl MOPOXKEHHIM MACOM COCTaBJISeT
350 xr/m3,

Temneparypa Bo3ayxa B KaMepe XpaHeHHS 3aMOPOXKEHHOTO MsICa JOJIK-
Ha 6biTh He Bbine —18 °C npu oTHocUTeAbHOM BraxHocTH 95—-98%. Peko-
MeHnzyeMoii TeMiepatypoii sinsercs —24 °C u Huxe. CKOPOCTb ABMXKEHUS
poaayxa — 0,2-0,3 m/c.

Mmuoroo6pa3ue IPOAYKTOB OlIpeeAIOT pasiuyus B peKOMEHAALMAX HO
MX XOJOXUNABHOMY Xpatenuio. OnHako M3 MHOroo0pa3us HapaMeTpoB,
onpeesAIHX YCAOBUS XpaHeH s, Ha NPaKTHKe BHIENSIOT JUIIb TeM-
nepaTypy, OTHOCHTEIbHYIO BJIAKHOCTb H CKOPOCTD ABHKeHHs Bo3ayxa. [1pu-
YeM B XOJOAWIbHBIX KaMepaX B OCHOBHOM YCTaHAB/IMBAIOT TOIBKO [BA Ma-
paMeTpa — TeMIIepaTypy U CKOPOCTb ABHKEHHS Bo3yXa. PeryaupyemMeim
e apaMeTPOM SBJISIETCS B OCHOBHOM TeMilepaTypa. OTHOCHTe IbHAas BJaX-
HOCTb SIBJISIETCS CAMOYCTAHAB/IMBAIOTHHIMCS TIADaMETPOM, HO3TOMY BCe PeKo-
MeH/IAlMH OTHOCUTEIbHO NO/IEPKAHUA € B JKeJIaeMbIX TIpe/ie/iax SBJIsIoTCs
JIAIIB OTPaXXEHUEM YCIIOBHIA, IPY KOTOPBIX 3Ta BEJUYHA CAMOCTOSITEIbHO
yCTaHABJIMBaeTCs B OXJIaxAaeMOM obbeMe.

BesuyHa OTHOCUTEIBHOM BARKHOCTH SIBASAETCH PE3YALTaTOM COBOKYII-
HOIO BO3JeHCTBHS MHOTHX (haKTOpPOB, BAUSIONUIMX Ha ee YCTAHOBJIEHMe:
CBOMCTB POAYKTA, HAIMYUS YIIAKOBKH, Pa3MePOB KaMephl, THIa OXJIaX/1a-
IOLIEr0 YCTPOMCTBa, TEMIIEPATYPHOTO PeXXUMa XpaHeHus H T. Ai.

Temmneparypa xpaHeHHs 60JIBHIMHCTBA OXJIAXKAEHHBIX IIPOTYKTOB JIEXKUT
B uHTepBase TeMneparyp —2...+2 °C. Ilpu 6osee BHICOKMX TeMnepaTypax
XPaHAT HEKOTOPHIe PACTHUTEIbHEIE NPOAYKTH (HOMUAOPHI, ABIHU U T. A.),
Apy 6osee HU3KUX TeMIepaTypax — Gonee JabHIbHBIE TPORYKTH, cOEp-
JKallHe XXUPBL.
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Oxnancoennoe msco xpausar npu temneparype —1..0 °C, ckopocT# ABH-
xeHust Bozayxa 0,1-0,2 M/c v oTHocHTeNbHOM BaaxxHocTH 85-90%.

IMonyTyniu pasmenaloT B kaMepax B NOABENIEHHOM COCTOSHHMH Ha 0/~
BecHbIX nyTAX. [locko/bKy noBepXHOCTH Msica He BJaroM301UPOBAHA, OHO,
Kax J1io60e Kanu/UISIpHO-TIOPHCTOE TeJIO C BJKHOI MOBEpXHOCTHIO, GyaeT
MCTapsITh BTy B OKpy:kalwoiiyio cpeny. Menapenue tem 6osbiiee, 4em 60Jib-
1ie Pa3HOCTh BJIATOCOZepKaHUi BO3/[yXa BOIN3H TOBEPXHOCTH U B BO3/Ly-
Xe KaMepbl ¥ YeM WHTEHCHUBHee OH IBUXeTcs BOJIM3U MOBEPXHOCTH Ipo-
aykra. [loaToMy ¢ uenbio cCokpaleHHa YCYIIKY B KaMepax XpaHeHus Msica
HPUMEHSIOT KOHBEKTHBHOE JBIXeHHe BO3/[yXa.

Cpoxy XxpaHeHust OXIAXKAEHHOTO MSICA 3aBICAT OT BPEMEHH I'0/ia, COCTO-
SIHUS JKHUBOTHOTO Tiepesl y6oeM, YIHTAHHOCTH, a TaK)Ke CaHHTapHO-THIH-
€HIYECKOro COCTOSIHMS TYHIY, KaMep XOJIOAWIbHOM 06paboTKH U XpaHe-
HUA U T. .

IpdexTHBHO XpaHeHHe Msca B repMeTMYHOI yTaKoBke B atMocdepe
YIJIeKHUCIIOTO Ia3a ¢ HeboIbIHM H30BITOUHBIM [ABIEHEM IPU TEMIIEPATY-
pe 1 °C ¥ A7THTENbHOCTHIO IO HECKOIBKUX Heeb. X paHeHHe Msca B ra3o-
Boii aTMocdepe UcKAOYaeT H3MeHeHMe 1IBeTa.

IIpumMenenue MoanduIMpoBaHHOI rasoBoii cpeasl (20% CO, u 80% O,)
TpU XpaHeHHH TOBSIKbero dapila 3aiep>kHBaeT pasBUTHE aHASPOOHOM MUK-
podpJIopBI H YBeTHUHBAET AJIMTEJBHOCTD €70 XpaHeHH JI0 4 CYT. HpH TeMIle-
parype 2 °C, npn 0 °C — no 8 cy.

Ilepeoxnaxcdenrnoe mMsco ¢ TeMiiepatypoit 1o sceMy oGbemy TYIU M HONY-
Tyt —2...~1 °C XpaHAT B Mo/iBelteHHOM BHJe, JlonycTUMBle CDOKH XpaHe-
HUS OXJIOKJEHHOrO Msica Ha Bo3flyxe ¢ Temumeparypoii —1,5..0 °C
B 3aBUCHMOCTH OT BHAa H COCTOSIHHS Msica cocTaB/isgeT 7—12 cyT., nepe-
oxaaxaeHHoro — no 17 cyr.

Cpox xpaHeHHS Mfca MOXKHO YBETHYUTh, TOHUKAsI TEMIEPATYPHl Xpa-
Henus (10 —2 °C). OnHako npuMeHeHNe GIN3KPUOCKONUYECKo# TeMnepa-
TYPB! [IPH XpaHeHUH Msica TpebyeT NpUMEHEHHs HAIEXKHBIX TeXHIYECKHX
CPEe/ICTB KOHTPOJIS 3TOi TeMNepaTyphl.

Cy6npodyxmot B OXJaXKAEHHOM BUZle MOKHO XpaHUTDb He Gosee 3 cyT.
Jlnst yBenndeHns AT TebHOCTH XpaHeHWs! CyOIpOAyKTOB HX 3aMOpPaKHBa-
10T. PeXXMEBI XpaHeHHsT 3aMOPOKEHHEBIX CYOTIPONYKTOB aHANOIMYHbBI TEMIIe-
pPaTypHOMY peXHMY XpaHeHHsI 33aMOPOXKEHHOTO MSCa.

Oxnadcdennyro nmuyy XpaHsT B AMIAKAX, YI0KeHHBIX B 1Tabesu ¢ mpo-
MEeXYTKaMM MeX/Ty Tapoii /15l OCYIleCTBeHHs CBOGOHOTO BIKEHHS BO3-
ZyXa, KOTOpbIit HOMKeH OvITh He MeHee 4—6 o6beMoB B yac. TeMnepaTypa
xpatieHus 0...+4 °C, orHocuTenbHas BiaaxHOCTh 80-85%. Cpok xpaHeHUst
6uTOl NTHLIBI TP 3THX YCJIOBHSIX COCTaBJISIET 4—5 CYT.
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MoposxkeHyio NTHILY XpaHAT B TeYeHHE HECKONbKUX MecaleB. [Ipeaens-
HBIE CPOKH XpaHeHUs MOPOKeHOH NTHIIH IpH BAaKHocTH 85-90% cocTas-
JIFIOT: He YNAKOBaHHBIX TyWeK HBIISAT, Kyp, HHAeeK MpH TeMIiepaType
Bo3znyxa —25 °C — 11 Mec., ynakosaHHbIX — 0 14 Mec. [IpenenbHbie cpoku
XpaHeHUs HeyaxoBaHHBIX I'ycel, yTOK NpH TeMiiepatype Bo3nyxa ~25 °C
coctasisioT 11 Mec., ymakoBaHHEIX — 210 12 Mec.

Cpok# XxpaHeHUS [IPOAYKTOB B 3aBUCHMOCTH OT TeMNepaTypbl OTpaxe-
HbI B Tabu1. 5.2 MpUAOKeHHs.

Oxnascoennyro puiby XpaHAT B SLLMKAX 0 Jb0M. CPOK XpaHeHHsI COCTaB-
nsieT He Gostee cyTok. B xomonunpHbix kaMepax npu temneparype —2...0 °C
# BraxHocTi 90-95% — He Gosnee 2 cyT. Cnaboconenyio prby, npsnyio
Y MApMHOBAHHYIO XpaHAT A0 10 cyT. B 3a1MBHBIX 60YKaX IPH TeMIiepaType
~1..+1°C, ppiby X0M0IHOTO KOMYEHHUS, BsleHble GaNbIuHble UBJIENUS IPU
BJAXHOCTH Bo3payxa 75-80% u temmepartype —2..0 °C — mo 7 cyr., npu
0..+4°C—no4cyr.

PribHble xOHCepBbI HATYpaIbHble XPaHAT HpH TeMneparype 0...+10°C B
TeueHHe 6—24 Mec. COOTBETCTBEHHO; PhIOHbIE KOHCEPBHl B MacJjie XPAHST
npu Temneparype 0...+20 °C B Teuenue 12—24 Mec. COOTBETCTBEHHO; PhIG-
Hple KOHCEPBH B TOMATHOM coyce XpaHsT npu Temueparype 0...+5 °C B Te-
yeHue 6—18 Mec. COOTBETCTBEHHO.

Poibnvie npecepevt xpanar npu temnepatype —1..+1 °C U BiaxHOCTH
70-75% B Teyenne 10 cyT., mpu Temmeparype +4...+6 °C — B TedyeHue 3 cyT.

CpOKH XpaHeHHS MOPOXKEHOH PBIOHI CYIReCTBEHHO 3aBHCAT OT ee MHAH-
BUZIyaJIbHBIX CBOMCTB, COCTOSIHHA, cTocoba pa3aesnky U cnocoba 3amMopa-
KHMBaHNA.

Priby npeumyiecTBeHHO MOPCKHX nopoa (0 85% OT BceX BUAOB Bbi-
JIOBJIEHHOI PHIODBI) pasfiesbiBAIOT ¥ 3AMOPAXKUBAIOT Ha IIPOMBIC/IOBHIX CYZaX.
Kax npasuro, Bciencrsue 60/1bLINX eIHHOBPEMeHHbIX TPAJIOBBIX BEUIOBOB
TIPH OTPaHMYEHHOM NPOUBBONUTEIBHOCTH MOPO3HIBHBIX alNapaToB PHIby
MpeABapUTENBHO OXJIaXAAI0T JbAoM. Haubonee npocroit nyTh pelreHus
ApobieMbi COXPaHHOCTH Y/I0Ba — 3aMOpakMBaHue phl6bl Ge3 ee peaBapu-
TespHOM paspesixu. HexocraTtok MeToaa cOCTOMT B TOM, YTO B IOCJIeRy-
folieM puiba Ha pribonepepabaThiBalolieM KOMOWHATE pa3sMOPAXKMBAETCS,
TIOTPOLINTCS H YacTh €€ BHOBD NMOBTOPHO 3aMOpaKkuBaeTcsa. BMmecTe ¢ TeMm,
o JaHHbLIM MexxayHapoxHoro uHCTHTYTa Xosuoi1a (MU X), nosTopHoe 3a-
MOpaXViBaHHe PHIOBI CYLIIECTBEHHO He YXYAUIAET ee KauecTBa.

B 3aMOpOXeHHOM COCTOSIHHM Pbiba 06/1a/iaeT MOHUKEHHOM COXPaHHO-
cTbio. lI3aMeHeH1e ee CBOIICTB Ofipefe/IATCS TPOropKkaHieM JKUPOB U Je-
HaTypauHOHHBIMY U3MeHeHHsIMU GesixoB. I1pH nporopkanuy peidsi Hab10-
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XaeTcs yXyAuieHue ee apoMara 1 BKyca. Kpome Toro, paspyimiaercs Txate-
Basi CTPYKTYpa, H3MeHAeTCSI KOHCHCTEHIHSI PHIOBL.

YBenuueHue LINTEILHOCTH XPAaHEHUS 3aMOPOXKEHHOM PbIOBI AOCTHTA-
€Tcs TpUMeHeHMeM PasHOOOpasHbix cnocoboB ee 06paGOTKH, HANIpUMeEp
JIa3UpOBaHKeM pHIOb (HaHeCeHUeM JibJla Ha IOBEPXHOCTH NPOAYKTa), Ha-
HeceHHeM Ha MOBEPXHOCTH PhIObI NJIEHKH H3 TePMOILIaCTHYHBIX BOCKOB,
ynaxoBkoil peiGs! oz BakyyMoM u T. 4. [Tocneannii crioco6 nossosisier yse-
JIMYUTh CPOK XpaHEHHs Ha 3—4 Mec,

Hiliya XpaHsT NpeUMYIIeCTBEHHO B KAPTOHHBIX KOPOOKax IpH TeMIiepa-
Type -2...0 *C-1t oTHOCHTENIbHOI BAKHOCTH Bo3ziyXa 85%. XpaHeHue sty
npu Temneparype —2 °C no3BoseT 06ecneynTs HX COXPaHHOCTH 10 6 Mec.

IIpHHIMNHATEHO BO3MOXKHBI IOHYDKeHUe TEMIEPATYPHl XpaHEHHS SHII
Ao —2,5 °C u xpaHeHude HX B IEpeoXaaKAeHHOM cocTosiHiHN. OqHaKo nepe-
OXJIaXeHHOE COCTOsIHME SIBJIAeTCs HeYCTOYUBBIM. IIpH oTCyTCTBHH Haa-
JiexaIero TeMIepaTypHOro KOHTPOJIs Aiilla MOTYT OBITh TOAMOPOXKEHBI.

Huunvie npodyxmot XpaHAT B 3aMOPOIKEHHOM COCTOSTHHY, YITAKOBAHHBIMHI
B Tapy, NPeNSTCTBYIOIYIO AOCTYNY KHCJIOPOAA K TIOBEPXHOCTH IIPOAYKTa
(Metasnnyeckue 6aHKH, KapTOHHBIE KOPOOKH CO BKJIAJBIIAMH U3 MOJH-
3THIEHOBOM IJIeHKU MU TaMUHATOB). TeMepaTypa XpaHeHHs COCTaBJA-
et —25...-12 °C. CoOTBeTCTBEHHO AJIHUTENbHOCT XONOANIbHOIO XpaHEeH NS
cocraBisier ot 8 5o 15 Mec.

2Kusomuvie monnenvee scupvt (rossixnil, 6apaHuil, CBUHOIT) XpaHAT B Jie-
peBsiHHbIX 6ouxax # siuKax npu Temneparype 0...+6 °C He Gosiee Mecsina,
B repMETHYHBIX META/LIMYECKUX U CTEKISHHHX OaHkax — 1o 18 mec.

Ycnosusa ¥ cpoku XpaHeHHA CTMBOYHOTO MacJjia OIIpefie/IAi0TCA ero Bu-
IIOM ¥ cnoco00M BBIPabOTKY ¥ TEMIIEPATy PHBIM PEKMMOM.

Cpok xpaHeHusI GOJIBIIMHCTBA COPTOB CIMBOYHOIO MacJia Cy1LieCTBEHHO
He 3aBHUCHT OT TeMItepaTypbl. CpelHHii CPOK XOJOAHIEHOIO XpaHEHHUS Kpe-
CTbSIHCKOTO MacJjia cocTaBiser oT 1 2o 3 Mec., B YaCTHOCTH MacJja KyCJio-
CIMBOYHOTO — A0 6 Mec.

5.1.2. XpaHeH1e nnoj0B ¥ 0BOLLEH

TeMmneparypHo-BA2XHOCTHBII PeXXHM XpaHeHHs IIOZOB U OBOILEi orpa-
HUYEH HHTEPBAJIOM TeMnepaTyp —3...+5 °C ¥ OTHOCHTEIbHOM BAXKHOCTHIO
85-95% (Tabux. 5.3 npunoxenns). ORHAKO 3T orpaHNYeHHe Cyry6o Kage-
CTBEHHOe, He OTpaXalolllee HHANBUAYAALHHX YCIOBNHA XpaHeHus IJIOROB
u opoueil. HanpuMep, 60bIINHCTBO COPTOB S0JI0K eBponeicKkoro npo-
HCXOXKACHUA HellecooOpa3Ho XpaHuTh pH 4—5 °C, Tak Kak 6ofiee HU3Kas
TeMIepaTypa //I1 HHX BpeHa. AMepHKaHCKHE copTa S6JI0K Jiydule Xpa-
Harca npu 0 °C.
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[Inpoxo usBecTHBI cOpT «AkoHaTaH» nipu 0 °C 3abonesaeT BHYyTpeH-
HUM MoOypeHneM MSIKOTH; «KOKC OPaHXeBBIi» coXxpaHseTcs A0 4 Mec. IpH
+4 °C, «<MaKMHTOHI» — IIpH +5 °C, a A71s1 xpafieHns s6J10K COPTa «pyudapis»
HeobxonuMa crabuabnas TeMuepatypa 0 °C. ’

AnajiornyHasi KapTHHa HabniofaeTcA Npy XpaHeHuy rpyin. Ipymu cop-
Ta BiipsiMc pekoMeHIyeTcsi XpaHUTDb CNOCO6OM CTYIEHYaTOro oXJIaxkK/je-
HUSA, T. €. TIOCTelleHHBIM HOHWXXeHNeM TeMiepatypHl ot 0 go —1,5 °C. Ta-
KHAM 06pa3oM, pesKiM XpaHeHH!sT HHAHBHAYaJIEH AJI1 KaXIO0ro NPOAYKTa H,
4T0 0COBEHHO BaXKHO, OH 3aBUCHT OT CTaOHJIBHOCTH TEMIIEPATYpPhI B KaMe-
pe, ucKkJIovaoneii ee kojebanus 6osee +5 °C ¥ OTHOCUTENBHOMN BJIaXHO-
cTH Bo3fyxa £5%.

XonoawnbHoe XpaHeHue B perynupyemoil ra3oBoi cpene

[Iupoxoe pacnpocTpaHeHNe HAXONUT XOJOAUIbHOE XpaHeHue II040B
B peryaupyemoii rasoBoii cpefie. MeToa obafaer 10CTOMHCTBOM, TOCKOJIb-
KY I03BOJISIET Ty TeM NOJep KaHus ollpefiesieHHOro ra3’oBOTr0 COCTaBa cpe-
ABl peryJMpoBaTh MIPOUCXO/SINHE B MIOKaX (puUaHOIOrHYeckHe u OuoxH-
MHYeCKHe NpOLecchl U TeM CaMbiM NpPeAYNpeXIaTh IpexIeBpeMeHHOe
Hepe3peBaHHe IIOOB U BOSHUKHOBEHHE Psla (PH3MOJOTHYECKHX U3Me-
HeHMUit.

XpaHeHue ILIOZIOB OCYIIECTBISIOT B XOJOAUIBHUKAX C ra30HENPOHH-
LaeMBIMHM KaMepaMH, OCHAUEHHBIMY CIIeIIHAIbHBIM 060pyI0BaHUEM Ais
TIOJIepKaHUs Ta30BOTO COCTABA BO3/IYXa, 3a/JaHHOM TeMITepaTyPhl ¥ Baax-
HOCTH.

B ocHoBe MeTO[a JIeXUT XpaHEHHE MJIONOB B BO3yXe ¢ UHANBHAYAIb-
HBIM COCTaBOM I'a3oBoii cpejinl, B ocHoioM CO,, O,, N, HHIuBH Iy a/ibHEIMH
AJ1s1 Kaxkoro Buaa npoaykta. ConepskaHue yrjeKUcIoro ra3a NpUHHUMaloT
paBHbIM 10—15% koHUeHTpalu, KucIopoaa — He Gonee 10%.

IIpu xpaneHud ILIOAOB B peryJupyemoii rasopoil cpeae Haubosee 3a-
MeTHbIe Pe3y/IbTaThl OJy4YeHB NPH XpaHeHu! 610K u rpyml. B 3aBrucumMo-
CTH OT COPTa M COCTaBa rasoBoii cpefibl siboku xpaHsaTes xo 270-300 cyT.,
rpyuu — 150-200 cyT. ¢ coxpaHeHHeM BHELUIHETO BIAa U OTBEYalOT Tpebo-
BaHHIM CTaH/apTa KayecTBa.

Menee ycToifyuB npy XoJOAMIBHOM XpaHEHNH B ra3oBOH cpene BHHO-
rpaa. Y I0BJIeTBOpHTEIbHOE XpaHeHHe (710 9 Mec.) BUHOTPajia I0CTHIAeTCs
nipu ero xpaHeHuu B cpefie SO,

CpaBHHUTEJIbHO € TPAJULMOHHBIMU cNOcobaMit He YCTaHOBJIEHO OTJIH-
Y1 B XpaHEHUH JIMMOHOB B PeryJupyeMoii ra3oBoii cpese.

ArnlesIbcMHBI ¥ MAHAAPHHBI B PeryIupyeMoil ra3oBoit cpesie COXpaHSIOT
TOBapHHIe KauecTBa He Goee 25-30 cyT.
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Meroa xpaueHusa nnoaos
«6MONOTHYBCKHMIA BaKyym»

Pa3sHOBUAHOCTBIO METONMKH CO3ZaHHUs! PeTyIMPYeMOi ra30B0i cpe/ibl, Hpex-
fie BCEero MPUMEHNTEIBHO K XpaHeHUIO SI0JI0K U TPy, IBNSETCA CO3[aHHe
6uonozuuecxozo saxyyma. CyThb METOIa COCTOUT B TOM, YTO IIJIOAHI TIOMe-
IAI0T B FepPMETUYHYIO ITOJMMEPHYIO IIEHKY, T/ie IPOJ0IKaeTCs poIece
IbIXaHus 110710B. KOHIEHTpanus KUCIOpoAa yepe3 2—3 He/le/In CHIYKAETCS
o 2-7%. Konuenrpauus CO, nopsimaercs fo 8% no o6bemy. Braromaps
3a7laHHO# TIPOHNLIAEMOCTH IJIEHKY BHYTPH NAKETOB Da3BHBaeTCs OTPUILa-
TeJIbHOe JaBJieHHe U CO3/1aeTCsl TaK Ha3biBaeMblil GHOIOTNYECKU BaKyyM.
Ilnenka naoTHo obTsarMBaeT nponykr. 3a 270 fHell XxpaHeHHs B YCAOBUAX
GuosIor4ecKkoro Bakyyma u rmpu Temmeparype +1...+4 °C nopuu npoayx-
TOB NPaKTHYECKHU HET.

T'a3oBbiif cocTaB BHYTPH [TakeTa ONlpefeIfAeTCs CBOHCTBAaMM HPOAYKTa U
CeJIeKTMBHLIMH CBOMCTBaMHU TUleHKH. Hanmyunive pe3ynbraTsl XpaHeHUs
obecTieynBaeT NOJTUATHIEHOBAS MJIEHKAa BbICOKOTO AaBNeHHS TONUHHON
55-65 MxM 1 woTHOCTHIO 60 /M2

HenocraTox MeToza «GHOOTHYECKOTO BAKyyMa» COCTOUT B OTPaHHYEH-
HOCTH ero puMeHeHHs.. B GONbIIMHCTBE KOCTOYKOBBIX — B C/IMBE, TIEPCH-
KaX, B YepeliHe, BUILIHE, XypMe U T. . — MPOTeKalOT OKUCJINTeNbHbIE NPoLec-
Cbl, KOTODBIE JeJIal0T IPAKTHYeCKH HEBO3MOKHBIM XpaHEeHHe 3THX NPOAYK-
TOB JaHHBIM METOJIOM.

MeTtopa xnonusakcrep»
npyU XONOAKNLHOM XPaHEHUK NNOA0B

IKCIepUMEHTANbHBIM, HO IPUBJIEKaTeIbHEIM METOAOM ANUTEIbHOTO Xpa-
HeHUA KOCTOYKOBBIX ILNIOKOR ABsAETCS METOA «ONUBAKCTEpP» (CoOueTaHue
CJIOB — TIOJIMATUJIEH, BaKyyM). MeToq OCHOBaH Ha aKTHBHPOBAaHUH OKHC-
JINTENBHBIX (PepMEHTOR, ak THBHOCTh KOTOPHIX IIPH KM3HM ILIOZIOB 3aMeT-
HO YMEHbIIAeTCst.

TexHosorus XpaneHus COCTOUT B creayiouieM. [1noas nomemaror B ma-
" KeTHl U3 IVIEHKH BBICOKOI'0 AaBjieHus. VI3 makeToB OTKAYHMBAETCS BO3AYX 10
TIIOTHOTO obJeraHus NAoxoB mreHkoi. [TakeTn 3aBapHBaloTCS, HoCe Yero
NPOTPEBAIOTCA B Bofe NpH TeMneparype +40...+42 °C s caus, +43..+45°C
2151 lepcukoB ¥ +45...+50 °C 1 cy6Tponuyeckoit XypMeL. JIIUTeNbHOCTD
Harpesa 15-20 muH. Ilocse nporpeBa ppykToB OHM HEMEAIEHHO OXJIAXK-
Jalorca Bofoil TeMneparypoii +1..+5 °C u anurenbHocThio 15-25 MuH.
[TaxeTn1 XpaHAT B X0JOAWTbHOHN KaMepe Npy Temnepatype +1...+5 °C.

JloCTOMHCTBO MeTO/la COCTOMUT B TOM, YTO STHMM METOZOM MOXHO Xpa-
HUTb )K€ MIOABI, Y2aCTUYHO TIOBPesKAeHHBIe 60JIe3HBIO.
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Meron <IMOJINBAKCTEP», KaK U «6I/IOBaKyyM>>, OKa3aJICA HETIPHEMJIEMbIM
JJI1d XpaHeHHUs psiaa MpOAYKTOB, B YACTHOCTH JIJ14 XpaHEHUS MaHapHHOB,
JIUMOHOB, alleJIbCHHOB.

5.1.3. BausHue 6apoMeTpu4ecKkoro AasneHus
Ha YC/I0BUA XOROAUNBHOTO XPAHEHUS NPOAYKTOB

Bapomempuueckoe dasrenue Kax napaMeTp, BAUSIONINIA Ha JJIUTEIBHOCTD
XOJIOAMJIBHOTO XPaHEeHUS MPOYKTOR, IpeCTaBAseT HHTEPEC He TOABKO Kak
COCTaBHas YacTh paHee PaCCMOTPEHHBIX TEXHOJOTHYECKHX IPOLECCOB, HO
¥ KaK 4acTh MeTo/a, 06ecTeyrBalouiero COXpaHHOCTh MPOAYKTOR MPH UX
TPaHCMOPTHPOBaHUM B KOHTEHHepax.

ITOT cnocob 3aKJII0YAETCS B TOM, YTO TIPOAYKTHI TOMEIAIOT B KOHTEM-
Hep, KyAa NoJaeTcs YBJIaKHeHHbIH BO3AyX (BJaxXHOCTD 10 95%) npH mo-
HH)KEHHOM JaBJieHUH (JAaCTHUHBIN BAKyyM, KOTOPBIIl CHIDKAeT B BO3/IyXe
copepxanue kucnopona Ha 0,1%). Ilpu aToM ypansiiorces seTyuyue Belie-
CTBa, Bhlfie/IsieMble TIPOAYKTaMHU (ITUJIEH, YIJIEKUCIbIi Fa3 U Ap.), a TaKxKe
APYTHE ra3bl, KOTOPbie NPH OOBIYHBIX YCAOBUSX XPaHEHUs U TPAHCHOPTH-
POBKH YZep>XHBAIOTCS B TPOAYKTax. IIpeoTBpaTHTh HaKanMBaHHe 3THX
ra3oB B OOBIYHBIX YCIAOBUSX NPAKTUYECKH TPYAHO, TAK KaK Jjist STOTO Tpe-
Gyercs a¢hexTHBHAA BEHTUASLHUS, KOTOPYIO HEBO3MOXHO OCYLIECTBUTD,
OTHOBpEMEHHO NOJAepKUBAsA HU3KYIO TEMIEPATYPY B KOHTeliHepe.

IIpu NoHWKEHHOM J2aBEeHUHU HeT HeoOXOAUMOCTH CHUIBHO OXJNaXKAATh
BO37YX, IOCTYTIAIOLI B KOHTeliHep, H3-3a BrIcOoKO# OTHOCHTENBHOI Biask-
HOCT¥ BO3/yXa yJydlliaeTca ra3006MeH H CHIKAIOTCA IIOTEPH MacChl IIpo-
IYKTA.

Ecny npoaykT 3arpyskaeTcsi B KOHTeHHED TensbiM, TO OH JOJXeH GBITh
GBICTPO OXNaXIeH. B yc/10BUSX NOHMKEHHOTO JaB/leHus OXJIaXKIeHHe YCKO-
psieTcs 3a cYeT OBICTPOro UcHapeHus: BJIard.

TIpnMepoM Takoro KoHTeliHepa As/isieTcs KoHTelHep «/{opMaBaks. B nem
HeT NOBepXHOCTeH, Ha KOTOPHIX MOXeT KOHIEHCHPOBAThCS Bara U3 Bo3-
nNyxa (Kak Ha TIOBEPXHOCTH BO3AYXOOXJIaUTENS TIPH MAIIXHHOI cCUCTeMe
oxaxaenus). X1axoHocuTeb (IJIMKOMb) UHPKYIUpPYeT B Tpybax, 3ampec-
COBAaHHHIX B CTEHaX KOHTeifHepa. TenIoBbIX MOCTHKOB NOYTH HET, YTO TI03BO-
JITeT COKPaTHTh TETIONPHTOKH yepe3 orpakAeHus. BeslencTBHe BHICOKOIt
TeIIONPOBOAHOCTH AIIOMHHNEBHIE CTEHKH UMEIOT TeMIepaTypy, 61u3kyio
K TeMIIepaType IJIMKOJS, H, B CBOIO oYepesib, TeMIepaTypa BO3ZyXa B KOH-
Teiinepe 6JIM3Ka K TEMIIEpPaType AMNIOMUHHEBBIX CTEHOK.

CpaBHUTENBHO C TPAANIIMOHHBIMH METOJAMH IIPOZIOIKUTEILHOCTD TPAHC-
NOPTHPOBKH U TIOCTEAYIONIETO XpaHeHHs TTPOAYKTOB B KoHTeliHepe «/lop-
MaBaK» 3HAYHTEJIbHO yBeAuyuaacs, HanpuMep, AMUTENbHOCTD XPaHeHUS
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HaHaHoOB B KoHTeiiHepe «/lopMaBak» Bo3pocJa ¢ 14 1o 150 aHei, orypuoB —
¢ 14 10 42 aneir, myka 3eneHoro — ¢ 2 10 15 gueit, canara — ¢ 14 10 49 auei,
ToMaToB — ¢ 12 10 35 gHeH U T. 1. )

[Ipu noHm:xeHHOM ZABJIEHUN XOPOILIO COXPAHSIIOTCS MSCHBIE IPOLYKTHIL.
CsunuHa, 06bIYHO MMelonIasi Cpok xpaHeHus fo 10 aHeit, npu NOHMXKeH-
HOM JIaBJIEHWH XPAHUTCA 10 3 Helesb, TOBS/INHA OCTaeTCs CBeKel B KOH-
teiiHepax «/lopMaBax» Gonee 6 Hemesb, He TepsAs LBeTa ¥ 6e3 CHUXKEHUS
MAaCCHI.

BaxyyMHo-BozisiHasi cHicTeMa ¢ TIOMOILBIO HACOCA YAJISIET U3 TPY30BOTO
MPOCTPAHCTBA BAAKHBIA BO3IYX, IDH 3TOM BJAra U3 HEro KOHJAeHCHpYyeT-
¢, a BO3AyX BHITyCKaeTCs1 B aTMocdepy.

CucTeMa peryJMpOBaHMs JaBJeHHS CMEUIMBAeT mMap, MoJayvaeMblil B
YBAKHNUTEJE, C HADY KHBIM OT(HIBTPOBAHHBIM BO3IYXOM, U 3TY CMECh 110-
IaeT B IPy30BOE NPOCTPAHCTBO. JTa CUCTEMa MOZIEPKNBAET B KOHTEHHEDE
BBICOKYIO OTHOCHTENbHYIO BJIa*KHOCTb ¥ HU3KOe AaBJieHue (YaCTUYHBIH Ba-
KyyM), a Taike obecrnieurBaeT MHTEHCHBHBIN BO3LYX000MeH B KOHTeHHe-
pe, yaassisi ra3bl, BeIeJITeMble TPOAYKTaMHU.

YacTuuHbiil BAKYYM B KOHTEeTHepe NOIEP)KMUBAETCA C TIOMOIIbIO BAKYy-
yMHOTO mubepa, yepe3 KOTOPBIH MPOXOAUT HAPYKHbII BO3AYX, MOCTYMa-
10II[HI B KOHTeliHep, H KOTOPBII peryaupyeT KOAHIECTBO BO3AyXa 1Sl CO-
3aHUs B TPY30BOM IIPOCTPAHCTBE TPeOYyeMOro NaBaeHNsl.

5.2. Ycyuwika npu XONOAUNEHOM XPaHeHn! NPoAyKToB

Ycymky Hesib3st pacCMaTpUBaTh Kak IIPOCTYIO IIOTeplo NPOAYKTaMH BJIArH.
Ipu ycymke yxyAmaeTcsi KaueCTBO NPOAYKTA, Tak KakK B IOCOXIeM IO-
BEPXHOCTHOM CJIO€ YCUIMBAIOTCS OKHCIUTENbHBIE U THAPOJIUTHYECKME IIPO-
IlecChl M 3TOT CJIOM B Tpollecce XpaHEeHHs NpHOGPeTaeT HEHATYPAIbHBIE,
HecBe)kHe BKYC 1 3amax.

Ycyuika npy XpaHeHHUH UMeEET Ty ke GU3NYECKYI0 OCHOBY, YTO M NIPH
OXJIAKEHNH NpoAYKTa, OTIHYUTEILHOM 0COGEHHOCTDHIO ABNAETCS AJINTENb-
HOCTb Npolecca.

J17151 onivicaHMS BeJIMYUHBI YCYIIKY NIPY OXJIasKA€HUH HCIIOIb30BaHO Bhl-
paskenue (3.31). ITo BrIpaskeHHe HATIAIHO, HO AJ1sI NPaKTUYECKOTO NOJIb30-
BaHUA HeyJoOHO, IOCKOJIbKY B BhipaxeHuu (3.31) IpucyTCTBYeT TPyIHO-
onpefieJisieMasl TeMNlepaTypa NOBEPXHOCTH TPOAYyKTa (Z,). ¥ CTaHOB/IEHO,
YTO Pa3HOCTh TEMIIEPATYP MIOBEPXHOCTH NMPOAYKTa U TeNI00TBOSIei cpe-
Zlbl TPOTIOPIIHOHAJIBHA TICHXPOMETPHYECKOif Pa3HOCTH.

Koadpunuent nponopuuoransHoctd (H) 3aBHCHT OT ckopocTu ABHU-
JKeHHsl Bo3ayxa. B untepBane ckopocreii ot 0,2 10 3,0 M/c koabduueHT
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nponopuuoHanbrocTd uaMensercs oT 0,85 o 1,0. YuutniBas To, 4To 3Ta
Beu4MHa 6/1M3Ka K eIUHKLE, /IS OlleHKH OTHOCHUTEIbHOM BeJIMYMHBI YCYIII-
KH (g) 3aMOPOKEHHBIX MTPOAYKTOB APUGTHKEHHO MOXKHO CYUTATD:

a-F-t . (100~)-(24+L)
_ H. Q) 5.1
8Cn L, 480 ©.D

rae

() — OTHOCHTeJIbHAS BJ2KHOCTb BO3LYXa;

t. — TeMIepaTypa Bo3JyXa B X0JOAH/IbHOI KaMepe, °C.

Beipaxkenue (5.1) no3BoJisieT BHAENUTh OCHOBHEIE TapaMeTPH, BIMA-
IolHe Ha yCYLIKY. JTO MpeXzae BCEero TEMI00TAaYa oT NIOBEPXHOCTH TMPo-
AYKTa, oleHuBaeMas koapuurentoM temnooraavi. Koadpdumnuenr ten-
JIOOTAA4M NPOTIOPHUOHAJIEH CKOPOCTY ABHXXEHUS BO3/IyXa B XOJMOAUIBHOMH
kaMepe. C yBeJTHYeHNEM CKOPOCTH ABHIKEHHS BO3ZYyXa BO3PacTaeT YCYI-
Ka POJIKTa, YTO NpeIoaraeT IpuMeHeHe TeXHUYECKHX CPEACTB U NpH-
€MOB, 06eCTIeYHBAIOLIMX ee YMeHbIleH e, HalIpUMep BIaroUsoJISIIUIO 110~
BEPXHOCTH, IpUMeHeHHe CHCTeM KOHBEKTUBHOTO OXJIasKAEHHS U T. A.

Ycyliika BO3pacTaer ¢ yBeJHYeHreM MIOLAaay TOBEPXHOCTH POAYKTA.
IloatoMy npH XpaHeHHH NPOAYKTOB XOJOAMIBHYIO KaMepy ClelyeT 3arpy-
3KaTh ¢ JOCTATOYHOHN MONHOTOIL. DTO TpeboBaHue BHITEKAET U U3 aHATHN3A OT-
Howenus F/G, . TIpeo6pasopanue F/ G,, — F/V, maer ocHoBanHe yTBepX-
JaTh, YTO C YBEJIMYEHHEM Pa3MePOB HITadess C MPOAYKTOM B XOJOAMIbHOIM
KaMepe oTHouleH#e F/V  ymeHbllaeTcs, T. e. yMEHbIAETCA OTHOCUTEJIb-
Hasl TUIOLIalb TIOBEPXHOCTH NPOAYKTA, C KOTOPOil BO3MOXKHO HCIIapeHue
BJIArH.

YBenundeHne OTHOCHTENbHOH BJI)KHOCTH BO3AYXa B XOJOAUIBHOM Ka-
Mepe IPHBOAUT K YMEHBIIEHUIO yeyKH. IIpi oTHOCHTeIbHO] BA2XKHOCTH
Bo3ayxa ¢ = 100% ycyumxka paBHa 0.

ITonuxkenue TeMiiepaTyphl X0JI0AUMBHOTO XpaHeH s YMeHbIIAeT YCYLI-
Ky. IIpu temneparype ¢, = —24 °C ycyuika pasHa 0. Ctporo ropops, pesyJib-
TaThl XOJIOAUIBHOTO XpaHEHHS HEYMAKOBAHHBIX 3aMOPOXEHHBIX TIPOJYK-
TOB CBUAETEJIBCTBYIOT, YTO NIpu TeMmnepatype —24 °C ycyuka He pasHa 0.
C yBepeHHOCTBIO MOXXHO YTBePKAATh JUIIb TO, YTO OHAa K 3TOMY CTPEMMUT-
cA. Ycynika npakTHYecKd paBHa HYJIIO TIPH TeMIlepaType XOJOAHIbHOIO
xpaHenus Huxke —35 °C. [ToatoMy coBpeMeHHas TEeHAEHIHS JOJTOCPOYHOTO
XOJIOAMJIBHOTO XpaHEHHs TIPOAYKTOB C YYETOM NPaKTHYECKOH 11esecoo6-
PasHOCTH COCTOMT B [IPUMEHEHHH Ha XOJOAWIBHUKAX TeMIepaTyphl Xpa-
Henus —33 °C u Huxe.

Bonee npocToe npeAcTaBieHHe O BeTMYHHAX, ONPEAEISIONNX YCYLIKY,
JaeT BplpakeHne (5.2):
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__Q 2
£~ L (52)

np “u

rae
( — Telo, MOJYy4EHHOE IIOBEPXHOCTHIO NPOAYKTa, [IK;
L, — ynenpHas TensioTa HciapeHus uiau cy6anmanun, Jx/Kr.
W3 Bbipaxcennsd (5.2) cneayer, YTo BeIUYUHA YCYIHKH OTIpeAeNsieTcs KO-
JIHYECTBOM TeILIa, JOCTHIaIONero IOBEPXHOCTH NpoAykTa Q, BT.

TexHuieckue CPeACTBE YMEHbLLIGHHS YCYLUKH NPOAYKTa
NPH XONOAUNLHOM XPAHBHUAN

Tenuro Q, nocTHraONIEe NOBEPXHOCTH HPOAYKTA, IBNAETCS CYMMOI! TETIO-
TIPUTOKOB B XOJIOAMJIBHYIO KaMepy. JTO TeIJIONPUTOK Yepe3 HapyKHbie
orpaxieHus (Yepe3 TeMJOU30NANHIO Q , TENIONPUTOK OT BO3LYXa, NOCTY-
TNAIOLIETo B KaMepy KaK uepe3 ABEPH, TaK U IPH BeHTHJIHPOBaHUH KaMep
XpaHeHus PacTHTEIbHOH NpoAyKIuu (), TEeIIONPUTOKOB OT NPONYKTOB,
HMeEIOIIMX TEMITEpaTypY Bblilie TeMIIEPATYPHl BO3/yXa X0JOAIIBHOM Kame-
pbl Q , ¥ BCe OCTa/IbHble BU/IbI MeHee 3HAYHMBIX TEI/IONPHTOKOB, Ha3biBae-
MBIX 9KCILTyaTallHOHHbIMH TeTLIONPHTOKaMu Q ).

BenuunHy TenonpuTOKa Yepe3 HapyKHble OTPaKAEHHS MOXHO olie-
HUTDb U3 BoipaxeHus (5.3):

Q,=k-F-(t,,- t,), (5.3)

rae

k — xoabdHULUEHT TenomepeRayn IA0CKo# cTeHkH, Br/(M? - K);

F — nnioniazis NOBEPXHOCTH OTPaXKAEHHS, M2

t,.t, — TeMIlepaTypa BO3AyXa CHapY»H ¥ BHYTPH XOJIONHIbHOM KaMe-
poL, °C

Koaddbunuenr Tensionepeaayn MIrockoi CTEeHKH BHIPAKAIOT COOTHOLIE-
HueM (5.4):

1
k = 8 8 » (5'4)
1 . 1
—_— 2 Pl ARt - I N
ann )"c'rp )\'ua anx
rae
o, & — k03 PUIMEHTH TENJI00TAa4YH 110 06e CTOPOHBI CTEHKH XO0JI0-

auapHOM Kamepsl, Br/(m? - K);
3., — TOMNUMHA KOKAOTO U3 3/IEMEHTOB CTPOHTE/IbHOIM KOHCTPYKIIMH CTe-
HBI, M;
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A__ — TEernonpoBOAHOCTD KasKAO0TO U3 3JIeMeHTOB CTPOUTENIbHOM KOHCT-
pYKIMu cTenH, Br/(M - K);

3,, — TOMMHA TeNJOU3OIAIINU XOJIONUNbHO KaMepPHI, M;

A, — TeILTONPOBOAHOCTb MaTepHaa Tenousonsnuy, Br/(M - K).

Besuyunsi 0., 0, ONPeNeNsIoTCS CKOPOCTBIO ABHXEHHS Bo3Ayxa. Ilo-
JaraeM, YTO 3TH BeJIMYMHBI HEM3MEHHH ¥ UMM JUIs YIIPOLIEHUS JIOTHKH
aHANU32 MOXKHO NpeHebpeys.

Ecnu npunsth nocrosHHo# orHomenue §_ /A, To BenuynHa Ko3g-
¢uLHeHTa TenNomepenay OyAeT oNpeReIAThCA TEIUIONPOBOAHOCTHIO TEll-
JIOU30JIALMH A, ¥ €€ TOMIIMHOH § .

TaxuM o6pa3oM, ecii ZOTYCTHTD, YTO BCE TeIlio, NIPOHHKalollee Yepes
TEIJIOU30IS1IHIO, JOCTHIAeT TIOBEPXHOCTH NIPOAYKTA, TO YMEHBIUHTD YCYIN-
Ky MOYKHO TIOCPeICTBOM YCTaHOBKY Hosiee coBepllIeHHO TeNIOU30ISIIAH.
ITO MOXeT OHTh JOCTUTHYTO YCTAHOBKOH TeIJIOU30STUMHM, HMelolel Ma-
JIYIO BeJIWYHHY TEMIONPOBOXHOCTH MaTEPHAJIA, U3 KOTOPOTO OHa H3TOTOBJIE-
Ha, WM TTOCPEACTBOM TENJIOH30IUPYIOIIHX CHCTEM, 06ECTIEdHBAIONIHX T10-
rafieH#e TENIONPHTOKOB.

Taxue cicTeMBE MOTYT GHITH BRITIOJIHEHE B BUAE «3aH[UTHOH pybamkus
€ KOHBEKTHBHBIM (pHC. 5.1) UM NPUHYAUTETbHBIM ABHKEHIEM B HUX BO3-
nyxa (puc. 5.2).

IMorametne TeNJIONPHTOKA BO3MOXKHO MOCPEACTBOM TaK Ha3bIBaeMBIX
NaHeJbHbIX cucteM (pHuc. 5.3).

CrpouTeIbHO-U30ALHOHHAS KOHCTPYKIIHS C 3aIIUTHOH pyObaliikoii npu-
MeHsleTCs MIPEeUMYIIeCTBEeHHO Ha 60JIbIINX XOMOAU/IbHHKAX.

ty=—18°C

TN
I :mi

Puc.5.1
XonoaunbHasa kamepa ¢ TennosawmTHoi pyGawkoi

1 — GaTapey C XONoAWUNLHbLIM areHToM, 2 — TennosawmuTHas pybaluka,
3 — Garapen BHyTpM Kamepbl
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Puc. 5.2

TennosawuTHas py6allka ¢ BeHTUIATOPOM

1 — Bosgyxooxnaguresib, 2 — BEHTUASTOP,
3 — BO3AYyWHBIA KaHan
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Puc. 5.3
flanenbLHana cuctema oxnaxaeHus

1 — Tennon3onaumns kaMepst, 2 — MetTananHeckinit nucT,
3 — Gartapeu ¢ XONOANALHLIM areHTOM

CucreMe ¢ 32IUTHO#H pybaiikoii MpUCYIIH JOCTOMHCTBA ¥ HEJOCTATKH.
JIOCTONHCTBO CUCTEMBI — ee TIPOCTOTA M CIIOCOOHOCTB K TOTAIIEHHIO TETLTo-
nputokoB. HegocTaTk# coCTOAT B HeyN0OCTBaX, BBISBAHHHIX ylaJeHHEM
HHes C TOBEePXHOCTH Hartapeil, HepaBHOMEPHBIM paclipelie/leHHeM TeMIle-
paTyphi 1o o6beMy NpoAyXa, T. €. IPOCTPAHCTBA Mexay creHaMu. Kpome
TOTO, He BCET/Ia yAaeTcs obecneYuTh paBeHCTBO TeMIIEPATyp B IPOAYyXe H B
xononuabHoil kaMepe. C TeM YTOGBI UMeTh BO3MOXKHOCTD ITOrallaTh Ten-
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JIONIPUTOKH BHYTPH KaMep, B HUX IIPHUXOJMTCS YCTAHABJIUBATDH [AOTOJIHH-
reabHbie OaTapeu (pHc. 5.1, os. 3).

B xo05101MIbHBIX KaMepax ¢ IPUHYAUTEIbHBIM JBHXKE€HUEM BO3NYXa NIPH-
XOIMUTCS pelllaTh NpobeMy OpraHu3aluH PaBHOMEPHOTO pacipeleneHus
NOTOKOB BO3/[yXa IO BceMy 00beMY KaHajla, T. €. Paclipe/ie/isiTh BO3/YX Ta-
KHMM 06pa3oM, 4TOOB OH OMBIBAJI BCIO IUIOLIAlb MOBEPXHOCTH KAHAJIOB.
Kpome Toro, Ipy pacoJioskeHUM BO3AYXOOXJIaAUTeNs BHyTPH KaHaa 1o-
ABJSAIOTCS TPYAHOCTU B KOHTPOJIe COCTOSIHHSI BO3AYXOOXAAAMTENS U TIPU
HeoOXOIUMOCTH €ro PEMOHTE.

IIpodeccop C. I'. UyknnH npensyioxkus NaHeJIBHYIO CHCTEMY OXJIaXK/ie-
HUS, BHIIOJHSIOUIYIO (DYHKIHIO racsilleTo TenJoBoro sxkpaua. focroun-
CTBaMM TakoH CHCTeMBI SIBJSIOTCS IPOCTOTa ¥ HaZledKHOCTb.

Cuctema npexncTabisieT KOHTYD, BHINOJHEHHBIH H3 METaIMYECKOTO JIH-
cTa K KOTOpoMY TIpuBapeHsl TpyOHi (puc. 5.3). B Tpy6ax MoxeT HHUpKyIH-
pOBaTh XJaJOHOCHUTENb WIH XOMOAUIBHBIN areHT. TennoBoil moTok, npo-
HUKaOIIHi Yepe3 orpakieHue, TaCHTCS Ha IOBEPXHOCTH METAJIMYECKOTO
JINCTa — UCTIApUTES X0JN0oANIbHOI MamuHLL. Hapszy ¢ norameHneM ten-
JIOIPUTOKOB HCIIAPHTEJb TIOAOOHOTO THIIA C TUIIEPTPO(GHPOBaHHO pa3BU-
TO# ITOBEPXHOCTBHIO TeMI0OOMEHa 0becrieynBaeT CTabUIbHYIO TeMIIepaTypy
BO3/lyXa B XOJIOZU/IbHOH KaMepe.

[lOCTOMHCTBO 3TOH CHCTEMBI COCTOUT ellle H B TOM, YTO OHA IO3BOJISIET
CYIleCTBEHHO yMeHbIIMTh pasHOCTb TeMIlepaTyp MeX1y TeMIepaTypaMu
BO3/lyXa B KaMepe U TeMIlepaTypoii TenIooTBOAs el cpebl.

Ecnu Teno, mogBoAKMOe K IIPOAYKTY U ONpe/leNsiolllee BeTHYHHY €ro
VCYWIKH, IPUHATD PaBHbIM TeTl/Ly, OTBOAHMOMY UCTIAPHTENIEM, TO 3TY Be-
JNYHHY MOXHO NPeACTaBUTD BhIpaskeHHEM (5.5):

Q. =k, F, -t~ 1), (5.5)

rie ¢, — TeMIlepaTypa KUIEHHS XOJOIUJIbHOTO areHTa WM TeMIepaTypa
XJIAIOHOCUTEJIS.

Boipaxenne (5.5) cooTBeTCTBYeT KOJIMYECTBY Tell/Ia, OTBOAUMOMY IIJIOC-
KO TIOBEPXHOCTBIO METAJUIHYECKOTO JINCTA HCTIADUTEIA.

Pasnocrb Temnepatyp (£, —¢) — 0. IIpu aTHx yciioBHsAX HCTapUTeb
HOJDKeH UMeTh Pa3sBUTYIO MOBEPXHOCTB, MOCKOJIBKY MPH KOHBEKTHBHBIX
YCJIOBHUSAX TeMJIooTBOARA K03 dUIIHEeHT Tellslonepejadyl HCTIADUTeEIsl HeBe-
JuK, k = 4-6 Br/(m?- K).

Y MeHblIIeHHe Pa3HOCTH TeMIlepaTyp ¢, — ¢, obecreunBaeT MUHHIMAIbHYIO
BeJINYMHY YCYIIKH, TOCKOJIbKY YMeHbiIaeTcs TOTeHIHAJ BaronepeHoca —
Pa3HOCTb BJIarocofiepXkaHuii B6.1131 HOBEPXHOCTY MPOAYKTa U B BO3AYyXe
XOJ0JWIbHON KaMephl.
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HenoctaTkoM cHcTeMBl siBJisieTcst MeTaluloeMKocTb. CHcTeMa Haubosiee
AOPUTOAHA JUIS1 ITUTEJIPHOTO XPAHEH U 3aMOPO)KEHHBIX HPOAYKTOB, HallpH-
Mep AJs1 XpaHeHHs FoCcyJapcTBeHHOTo pe3epsa Maca. HecMoTpst Ha TO yTo
yMeHblIIeHHe YCYUIKU NPeBATUPYeT Hafl 3aTpaTaMH [0 CO3AaHUIO CUCTEMB,
aTa cucTeMa HaXOXUT CBOE CBoeoOpasHoe OTpaXKeHHe B HEKOTOPHIX THIIAX
TOPrOBOTO XOJOAWILHOTO 060pyn0BaHUs, NPEXIE BCEro B MOPO3UWIbHbIX
napsx.

5.3. Mepexpucrannusauna nbaa (pekpucTannusauus)
B TKAHSX NPY XONOANUNLHOM XPaHEeHUN

IIpu 3aMopa’kHBaHUU IPOAYKTOB NpPECAEAYETCA [JIABHAS TeXHOJIOTHYe-
CKasl 1le/Ib — COXpaHeHUe UCXOAHBIX CBOMCTB MPOAYKTA, MHBIMYU CIOBaMY,
HOJIy4YeHHe 3aMOPOKEHHOTO TPOLYKTa BBICOKOTO KadecTBa.

B ocnoBy 106010 U3 MPUHATHX METOAOB 3aMOPaXXHBaHMst MOJOXKeH
MAPUHIIUN HHTeHCHbUKAMH Tpoilecca. ITpu aTHX yCIoBUSX TKaHeBas Bia-
ra 3aMOpa’KHBaeTCs B POAYKTe 6e3 ee mepepacrpe/ieleHHs 1o 06beMy.

Hapsny ¢ apyruMu MeToiaM¥ pe3yJIbTaT 3aMOpaXXBaHIs OOBIYHO Olle-
HHUBAIOT, pACCMaTpPHBask MO MUKPOCKOIIOM' THCTOIOTHYECKHE IIPENapaThi
3aMOpOXXeHHOI TKaH!.

CranziapTHasi THCTOJIOTAYECKast METOAMKA aHAJIM32 Pe3y/IbTATOB JbA006-
pa30BaHUsl COCTOMT B TOM, YTO B 3aMOpPO’KEHHOI TKaHM TIPY TeMIiepaType
TKaHH CIIYPTOM WJIH HHBIM BELIIECTBOM PACTBODSIOT KPUCTA/UIH AbJa. [Ipe-
HapaThl OKPALIMBAIOT, M OCTaBl{Hecd IyCTOTH 3anoAusIoT NapadusoM. Ta-
KHM 00pasoM, sdekT JAbnoodpasoBaHUS OLEHUBAETCS MO BeJMYUHE U KO-
JAMYECTBY MyCTOT, KOTOPHIE PACCMATPUBAIOTCS KaK 3KBUBAJIEHT KPUCTAJLIOB.

Puc. 5.4
MukpodoTtorpadus nonepeyHoro cpesa pbibhl,
3aMOpPOXEHHOW B XUOKOM asoTe
M xpaHmsLweiics npu ~30 °C

a) yepes 3,5 mec., 6) yepes 14 mec.
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Ha puc. 5.4 mpencTaBieHs! onepeynble Cpe3bl MBILIEYHOH TKaHHU TOCTie
3,5 n 14 Mec. xosoaunbHOro xpaHenus npu Temneparype —30 °C. Ha pu-
CYHKe IpOCMAaTpPHBaeTcs yBeJHYeHUe pa3Mepa KPUCTaLIOB npn yBesnuye-
HHUM JUIHTeJIbHOCTH XPaHeHHUs pHIGbI.

VisMeHenne paaMepoB KPHCTAJLIOB JIbjla IPHHSITO COOTHOCUTD C PasJu-
YHeM yTPYTOCTH BOASHBIX IAPOB Hajl [IOBEPXHOCTBIO KPUCTAILIOB, MMEIOLINX
MaJtblii ¥ 607IbIIO# pafinychl KPHBU3HBL. Tak KaK y ToBepXHOCTH KPHUCTal-
JIOB, MMeloIUX HebobliIMe pa3Mephl, YIPYrocTh HachilleHus! GoJrble, TO
OHH NOCTETIEHHO PAaCTBOPSIIOTCS, Map MepeMelliaeTcs] K NOBEPXHOCTH KpPYII-
HBIX KpHCTAJIOB ¥ KOHJEHCHPYeTCs Ha 3THX KPHCTa/LIaX.

Vamenenve paaMepoB KpHCTaJJIOB MOKeT NIPOMCXOANUTD Ha OCHOBE IPO-
Hecca pexensnuu (cMmep3aHusn). OHO BLI3HIBaeTCsl HepaBHOMEPHOCTBIO
YIeJIbHBIX JAaBIeHU Ha pas/IMYHble YaCTH KPUCTANJIOB, II/1aBJIeHHeM TeX Ya-
creif, rie faBiaeHNe NIOBHILIEHHOE, Y IepeMeIeHHEM KUAKOCTH C TIOC/IeNy-
IONIMM ee CMep3aHyeM B 006J1aCTSIX, XapaKTePHBIX MaJibiM saBienneM. Ha
3TON OCHOBE OTAEJbHBIE KPHCTAJLIb CIOCOOHK 0OPa3OBHIBATH KOHIJIOMeE-
parhl, KpyIHbIe CAUTKH.

Pocr xpucrannos teM 6oJiee OIyTHM, YeM Bhillle TeMIIEPaTypa X0J0-
OWJIBHOTO XpaHeHHs NPOAYKTOB M 4eM GoJblle aMIUIMTYZAa KoJlebaHui
TEMIepaTyphl BO3AYyXa B OXJaxAaeMoM o6beMe H KaK cJIeICTBHE B 06be-
Me NPOAYKTA.

IIpotecc pacTBOpeHHs KPUCTALIIOB 00YCJIOBIEH TEM, 4TO TKaHeBbIH COK
AIBJISIETCST MHOTOKOMNOHEHTHOI CHCTEMOi, B KOTOPOM PaCTBOPEHBI KOMIIO-
HEHTHI, UMeIOlLHe pas/INyHble 9BTeKTHYeCcKHe TeMneparyphl. IIpu xoneba-
HHSIX TEMIIEPaTyPhI B APOyKTe MHTeHCH(PHIIMPYeTCs TTpolece pacTBOPEHHUS
MeJKUX KpUcTaLIoB. [Ipy NOBHILIEHNH TeMIIEPaTyPHl OHY PAaCTBOPSIOTCH,
IIPH MOHIKEHNH TEMITEPATYPHI IPOMCXOAUT HaMep3aHMe BJIarH Ha HOBEpX-
HOCTH 60JIbIIMX KPHCTAJLIOB.

Poct xpucTa/I0B B mpoliecce JUIMTEILHOIO XpaHeHus MOXeT ObiTh 06-
YCJIOBJIEH HE TONIBKO Tiepepaclipefie/leHIieM TKaHeBoii Baru, Ho 1 GHOXH-
MHYeCKHMH IIPOLeCCaMH IPH KOTOPBIX [IPOTEKAET AEHATYpallis OeNKOBBIX
KOMITOHEHTOB TKaHM C ToTepeii cBsi3aHHO#M Byiard. OleHKa MpHpaIeHust
KOJINYECTBA BRIMOPOXKEHHOM BOJIbl, BHIIOJIHEHHAS HA OCHOBE KaJlOpHMeT-
PHYECKHX HCCIEJOBaHUH, IOATBEPKH2ET ITO MHEHHE.

Takum 06pasoM, obliee MPAaBUJIO JTUTENBHOTO XpaHeHHS! IIPOAYKTOB CO-
CTOUT B TOM, 9TO NPOAYKT cleAyeT XpaHHUTDb NP TO# TeMInepatype, HpH
KOTOpOii OH 3aMODKHUBAJICH, /I O KpaliHell Mepe JOCTaTOYHO HU3KOMH
TeMIlepartype, IpU KOTOPOil Ipoliecc NepeKpUCTALIN3aluK He OyzAeT BhI-
paxkeH. KosebaHus TeMmeparyphl B IPoiyKTe B Hpollecce XpaHeH sl HeAo-
MYCTHMBIL
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KOHTpO/IbHbIG BONPOCH:

1.

2.

KaxkoBbi 0cHOBHbIe TpeGOBaHHS K XOJIOAUNBHOMY XPaHEHHIO IPOAYK-
TOB )KMBOTHOTO U PacTUTEIbHOTO MPOUCXOXKIEHUA?

B ueM cocTOHT CYTh METOOB XpaHEHHS], HCTIOIB3YIOMUX 3P PeKT «bro-
JIOTHYECKOFO BaKyyMa»?

. Kaxoso Bauganme 6ap0MeTpW1ecxcoro JAaBJIEHHUS Ha AJATETBbHOCTD XO-

JIOAMJIBHOTO XpaHeHHUs IPOXYKTOB?

. OT yero 3aBMCHT BeJIHYHHA yCyWIKH MpY XOJOAHUJIBbHOM XpaHEHHH

NpPOAYKTOB?

. Kakumy Texanyeckumu cpeacrsaMu obecnieynBaercs COXpPAaHHOCTDb

HpoxyKTa?

. OT 4ero 3aBHCUT NepeKPHCTALIN3ALHUS b2 B IPOAYKTAX IPH X0JI0-

AWJIBHOM XpaHeHHH U KaK NepEeKPUCTANIN3aNUA BAMACT Ha H3MeHe-
HHUE KaueCTBa IIpOZ[yKTOB?

. Kaxue MeTozp!l XOJ0AUIBHOTO XpaHEHWS IPOAYKTOB IUPOKO UCIIOIb-

3YIOTCS B IPaKTHKE XpaHeHUs MIPOAYKTOB B 061leCTBEHHOM IIMTaHHU
H TOprosJjie?



naBa 6

OTENNEHUE U PASMOPAXWUBAHUE
NPOAYKTOB

6.1. Orennenne npopyKkToB

B TexHOJOTHYECKOM NJIaHe OTeNIeHHe MIPEACTaBseT coboil poliece MoBLI-
HIEHVIS TeMIIEPATYPH MPOAYKTa B OTCYTCTBYiE BJIATOBHINAJieHHsI Ha ero fo-
BEPXHOCTH.

B ocymecTBieHuH 3TOro npoiecca Hy>KAAOTCS JUIUIb OTAeJAbHbIE TPO-
LYKTHI, TaKHe, HallpuMep, Kak sSi11a, (pyKThl, OBOIIY.

XoTs 3HAYUMMOCTH 3TOTO TIpOLiecca HeCOMHEHHA, METOM HAXOAMT OIpa-
HUYEeHHOE NMpHMEHeHHEe B CHJY CBoell TeXHUYECKOH U TeXHONOrH4ecKoil
CJIOKHOCTH,

Orerienne NPOBOMAT B CHEUHATIBHBIX XOIOANIBHBIX KaMepax ¢ yCHIEH-
HOM MpPKyJAsALMell KOHANIHOHUpOBaHHOTO Bo3ayxa. [IpoaykTH B cnenu-
aJIM3UPOBAHHON KaMepe YKJIaABIBAIOTCA CBOOOAHO, obecrieynsast JOCTYIT
BO3/{yXa K IIPOAYKTY.

TeMnepartypy Bo3ayxa B KaMepe IOBHILAIOT noctemnerHo. [Iponecc ocy-
HECTBJAIOT TAKMM 06pa3oM, YTOOb pa3HOCTDb TEMIIepaTyp BO3yxa  Mpo-
IykTa coctapisiia 2—3 °C. IToT npouecc A0/KeH KOHTPOJIHPOBAThCS TeX-
HMYECKMMH Cpe[ICTBaMH, 00eCliedrBaloOIMMU 3aJaHHbIH TeMIl TporpeBa
HPOAYKTA.

OTHOCHTEbHAA BIAKHOCTH TOJAEPXKUBaeTCA Ha ypoBHe 80%, ¢ TeM uTo-
GBI POAYKT He YBJIAXKHSAJICS U B TO K€ BpeMsl He BhIChIXall.

KoHeuHas TeMnepaTypa NMpOAYKTa 3aBUCHT OT TEMIIEPaTyphl W BJIAaXHO-
CTH Hapy>KHOTO Bo3/tyxa. [Ipu BICOKO#! BIAAHOCTH HApYKHOTO BO3/TyXa Npo-
AYKT OTEIJSIOT 10 TeMIiepaTtypsl Ha 2—3 °C HIke TeMIIEpaTypHl HapyKHO-
ro Boamyxa. Ecau BaaskHOCTb Hapy»KHOTO Bo3Ayxa cocraBisieT 40—45%, 1o
KOHEYHasl TeMIepaTypa MPOAYKTA YCTAHABINBAETCS HUXKe TEMIEPATypPhl
Hapy’KHOTo Bo3zryxa Ha 4-5 °C.



96 Paspen 1. OcHoBbl XONOAUNBHON TEXHONOTUM

=388

R

pe—2

Puc. 6.1
Cxema kamepbi 0TeNNeHns

1 — Bo3pyxooxnaanTens, 2 — kanopudep, 3— HarHeTaTenbHbiN KaHan,
4 — BcacblBalowmin kaHan

JlntuTenbHOCTh TIPOLiecca OTeI/IeHs 3aBUCHUT OT pasMepoB MIPOAYKTOB,
BHU/I2 Tapbl, TEIIOhH3NYECKUX CBOHCTB NIPOAYKTOB, TEMIIEPATYPHL, CKOPO-
CTH JBHXXeHUs1 BO3AYXa U NpooKaeTcst oT 1 0 2 ¢yT., YTO M0 TeXHOJIOrH-
YeCKUM MePKaM ABJsieTcs] Ype3BbldailHO POLO/IKUTEIbHbIM TIPOLIECCOM.

Jls15 paBHOMEPHOTO paciipesie/IeHs BO3/yXa B 00beMe KaMephl HafipaB-
JieHUe ABHKEHUS BO3/yXa NIePHOJHYECKH NU3MEHSIOT.

Cxema KaMephl OTeIUIeHHs Npe/icTaBieHa Ha puc. 6.1,

IIponecc oTenenys oCyLIeCTBISETCS CleayomuM obpa3oM. Bosayx u3
KaMephl OTEIJIeHHS IOCTYNaeT B BO3AYX00XIaAUTeNb 1, Tie oxAaxiaeTcs
H IO/ICYIHBaeTCs], ¥ ajlee HanpapJsdeTcs B KaJopudep 2, rie HarpeBaeTcs
_ TIpM MOCTOSIHHOM BJIAroCo/lep>KaHHH, i BHOBb NOCTYTAeT B KaMepy oTell-
JeHus. B kaMepe Bo3ayx conpukacaercs ¢ poAyKToM, HarpesaeT ero. [Ipu
3TOM BO3AYX OXJIaXK/aeTcs U yBnaxHsercs. [Ipu HarpeBe npoaykTa Bosay-
XOM TeIJIO PACXOAYEeTCst He TOJIBKO Ha Harpes NIPOAYKTa, HO U Ha Uclape-
HUe BJIaTH U3 [IOBEPXHOCTHOTO CNOS MPOAYKTA.

6.1.1. OueHKa ycnoeui BNarosunaaeHus
Ha NOBEPXHOCTH NPOAYKTA

IIpn oTerieHUH NPOAYKTOB PETYIUPYIOT COCTOSIHHE ¥ ABM)KEHHE BO3YXa,
OMBIBAIONIEro MpoAYKT. TeMilepaTypy IOBEPXHOCTH NMPOAYKTA MOCTENEHHO
HOBBHIAIOT TaKUM 06pa3oM, YTOOH Pa3HOCTb TEMIEPATYP MEXAY BO3LY-
XOM, HOCTYTAOUHM K IOBEPXHOCTH MPOAYKTA, ¥ IOBEPXHOCTHIO MPOAYKTA
cocTasiasna 20-25 °C. Do Heobx011UMO A8 TOTO, YUTOOE 06eCIeYnTDh BbI-
COKYIO CKOPOCTh TEILIOTIOABONA.

Orennenye 3asepiiaeTcs NPy AOCTHXEHWH MOBEPXHOCTBIO NPOAYKTA
TeMHepaTypHl, IPH KOTOPOH BAAroBbinajieHue 6biJI0 651 HCKIIOYEHO.
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B pexoMeHpanusax MexayHapOIHOIO HHCTUTYTA XOJIO/la IPUBEEHA HO-
morpamMa (puc. 6.2), xoTopast N03BOISIET OLIEHUTh MTapaMeTphl Ipolecca,
npH KOTOphiX GyJer OTCYTCTBOBATh NI0BEPXHOCTHAS KOHAEHCALUSL.

BepTykanbuble NpMble Ha HOMOTPaMMe NPeACTaBASIOT coboit THHHH
MOCTOAHHOTO BJarocofepXkaHus Bo3ayxa. OHU ke COOTBETCTBYIOT TeMIie-
paTypaM II0OBePXHOCTU MpoyKTa. [opU3oHTalbHble NPsIMble — H30TEPMbI
BO3yXa, 2 HAKJOHHbIE NPAMble — AMHUM OTHOCHTENbHON BIAXKHOCTH.

Omnocumenvras enaxcriocmo 8030yxa, °C

38 Uio/,z 14/1s/1a zo/zzuzs/zs % - 3

" 1) ( z;/, //// / //‘°

" / /{ ;Z//// /////“

50 &

. //1////,//1/ ////// /// A
L o1
S M A D e
S e o
" VXA A w3

) // //,////////// g

SN A A AT ©

WIS 7P

DO A7 o

:5-;7—1% ﬁ T;M;epsam;pa ‘:zoez;;xm;;mu r;;oayil:na, °C ?

Puc. 6.2

HoMorpamma gnst onpeaenesna BO3MOXHOI KoHAeHCaumun
aTMocdepHON Bnarn Ha roBepXHOCTH NPOAYKTOB

4--996
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TTonbaoBathest HoMorpamMMoii octaTouHo npocto. HanpuMep, ecu npo-
AYKT MOMECTUTH B KaMepy ¢ TemiiepaTypoii 29 °C ¥ OTHOCUTEAbHOM BJAXK-
HOCTBIO 35% WK B [IOMelHeHUe ¢ TeMIlepaTypoii Boaayxa 20 °C u oTHOCH-
TeJbHOM BiaxHOcTbIo 60%, TO IpU TeMIepaType MOBEPXHOCTH NPOAYKTA
12 °C GymeT AOCTHTHYTa TOYKa POCH Y Ha €r0 MOBEPXHOCTH TIPOU30HAET
KoHAeHcalusg atMocgepHol Brary. IIpu MeHbIIelt BIaXXHOCTH BO3AyXa B
TIOMeIlleHHH BIaroBLInafenye He 6yaer HabmoaaThCA.

- HecMOTps Ha 10CTOMHCTBa HOMOTPAaMMBI, Ha NpaKTHKe Yalile mpubera-
IOT K OlIeHKe BJIArOBbINaJIEHHA Ha NOBEPXHOCTH MPOAYKTa Ha OCHOBE i—d-
AMarpaMMBl BA2XHOTO Bo3xyXa (npusoxenue, puc. 3.1).

Ecnu cocTosiHue Bo3yxa B IOMEIeHUN COOTBETCTBYET Touke 1 (puc. 6.3),
a Mpollecc OXJIaXIeHHs BO3lyXa Ha IOBEPXHOCTH NPOAYKTa 0TofpaskaeTcst
oTpe3koM 1-2 (maee BO3AYX OXJIAXAAETCS TIO JIMHAY HACBHILIEHHSA — @ =
= 100%), To pu TeMHepaType NOBEPXHOCTH MPOAYKTA, COOTBETCTBYIOILEH
n30TepMe ¢, BlaroBhiNajenye He 6yner nabmonaTbhed. Biarosminanenue
Gyznet HabmOAaTHCSA, €CAH TEMITEPaTypa BO3yXa B NIOMeIeHHH COOTBET-
crByeT usorepMe t,. OJIHAaKO eC/iM COCTOSHUE BO3/yXa NOMellleHUs COOT-
BETCTBYeT TOYKe 3, TO MpH M060f U3 OTMeYeHHBIX TEMIEpaTyp BO3LYyXa
(touku 1 u 3) paaroBbinajeHue He 6yaer HabmoaaThes.

6.2. Pasmopaxusanue npoayKkros

PasmopakuBaHHe, WIH, KaK €ro 4acTo Ha3hiBaloT, [10JIb3YSCh aHIIMIICKOM
TpaHCKpHUIueil, ZzedpocTanus (defrosting), ABNASETCA POLIECCOM BOCCTA-
HOBJIEH!s HCXOAHOTO COCTOSTHYA TIPOAYKTA, IPU KOTOPOM TBEPIAOKPUCTA-
JINYeCKOe COCTOSSHHE TKaHEBOH B/ard BOCCTaHABJUBAETCSA A0 COCTOSITHHSA
*KHUAKOCTH.

QO6uieit 1€/1p10 PA3MOPAXKHBAHUsI ABNSETCS JOCTHKEHHE TEXHOMOTNYe-
CKoilf 0GpaTUMOCTH 3aMOPaXXMBaHHs, T. €. BOCCTAHOBJIEHH# TeX CBOHCTB, KO-
TOpHIe ONIpelesIOT UCXO[Hble CBOHCTBA ¥ COOTBETCTBEHHO KayecTBO N1po-
HAYKTa.

B 3aBMCHMOCTH OT COBEPIIEHCTBA [IPOLecCa 3aMOPaKMBaHMsA Mepa obpa-
THMOCTH 3aMOPa’KMBaHUA TIPOAYKTa pasinyta. OHa o6ycIoBIeHA HHANBU-
AYaJbHBIMA CBOMCTBAaMH MPOAYKTA, ETO CTPYKTYPHBIMHU OCOGEHHOCTSMH,
IIPOYHOCTBIO YiepXKaHHsI BlIary, oco6eHHOCTSIMHU ee paclipe/ie/ieH)s] B TKa-
HEBO CHCTeMe, TIPOHMLAEMOCTBIO KJIETOYHBIX MeMOpaH JJIs pacTBOpeH-
HbIX KOMIIOHEHTOB Y BJIarM U T. /L.

IIpu MeaneHHOM 3aMOPaKMBAaHUH, KaK paHee oTMedasoch, GopMHupyloT-
¢S KPUCTAJLJIBL JIbAla ITPOCTHIX cTepeoMeTpudeckux dhopM. IIpn aToM mpomuc-
XOAUT NepeMeniiene Buy'rpnme'roqﬁoﬁ BJIarY B MEXKJIETOYHOE NIPOCTPAH-
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i, Kk /xr
! 9=80% 0=100%
1
t
2
ty
4
d, r/xr
Puc. 6.3

Auarpamma j—d snaxHoro so3ayxa

CTBO. JTOT Mpolecc AJsi 6HONOruYecky aKTUBHBIX PaCTHUTENbHBIX TKaHel
HMeET TIOJIOKMTENbHYIO HallpaBieHHOCTE. [lepeMellienyie Biaru B MeXKJe-
TOYHOE TIPOCTPAHCTBO SABJISAETCS OMHUM U3 CTIOCOGOB MpUCIocobeHns pa-
CTHTENILHBIX TKaHeil K IOHMKEeHHIO TeMIIepaTyphl B IPUPOAHBIX YCIOBHUAX.
W3BecTHO, HAapMMep, YTO TKaHU s16IOHH XyXKe TIPUCIIOCOOIeHbl K 3aMo-
PaXXKHBAHWIO, YEM TKAHW CMOpoAUHbI. CIIOCOGHOCTD K MUI'PALiiHK BJIaTH U3
KJIETOK B MEXKJIETOUHOE IPOCTPAHCTBO Y CMOPOAHHBI Bhiine, YeM Y 56710~
HH, B 30-40 pas. IToatoMy cMopozuHa 6oJiee yCTOHYMBA K 3aMOPXKHBaHUIO,
yeM s6/10HS.

[NepeMellieHre BJIaTH B TKaHSX MHIIEBHIX NPOAYKTOB IPH 3aMOpaXKH-
BaHUH CONPOBOXCAAETCS YaCTUYHBIM HapyHIeHHEM KJIeTOYHOH CTPYKTYpHI,
ruzaparanmeii 6enxos. [ToaToMy BoccTaHOB/IeHHe GeKaMK U KJIeTKaMM 110~
TEPSHHOM BJIard NPH pa3MOPaXMBAHMM MOMKET PACCMaTpUBAThCA JIHIIb HA
YPOBHE TKaHH B II€JIOM, 32BeJIOMO Iojiarasi, YT0 Mepa 3TOro BOCCTaHOBJIe-
HHA He 6yfer nonHoil. HanpuMep, npu MeaJIeHHOM 3aMOpaKUBaHUH TIPH
TemnepaType Bo3ayxa —6...—8 “C oTMeyaloTcs1 NOTepH TKaHEBOTO COKa JI0
11-12% x HayanpHOMY Becy poayKTa. [Ipu npoaonkutesbHOM XpaHeHHH
NPOAYKTOB IIPOLIEHT IOTEPb COKAa MOXKET YBENUYHUThCS 10 15-16%.

6.2.1. PaamopaxusaHnue nocpeaCcTBOM Tennonoasoaa

K NOB@PXHOCTH NPOAYKTa
Pasmopamunanue TMPOAYKTOB IMOCPEACTBOM TEIIONOABOAA K TMIOBEPXHOCTH
siBAIsieTCs TPaAMIMOHHBIM, Hanbosee ynorpebuTteabHeIM MeTofioM. Kak 1
NpH 3aMOpaXXMBaHUH, B BRIOOpe criocoba pasMopakiBaHUs MMeeT 3HaUeHHe

4*
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HTeHCHBHOCTS nipoliecca. Knaccuduuupys npoiiecc pasMopaxMBaHus 110
2TOMY NapaMeTpy, MeTOIbl Pa3MOPaKHBAHHA B IIOPsiike YMeHblIIeHHs L1 -
TEeJABHOCTH TIPOLIECCA MOXHO KIacCHUIMPOBATh CAEAYIOIMM 06pasoM.
JnuTenbHOCTb pasMOpPasKUBAaHHS B IOPSAAKe YMEHBIICHHUS 5TOH BETUYUHBL
obecneynBaeTcs:
* QTelVIeHMeM B Bo3zlyxe npu TeMieparype 0...+4 °C;
_* OTeIIeHHeM B BO3AlyXe B NapOBO3/JYIIHOI cpefie IIpH TeMIlepaType
+15..+20 °C;
* OpoUIeHHeM HJIM NMOrpyXKeHHeM NMPOAYKTa B BOJAY NMpU TeEMIepaType
+2...+4 °C 1py nOCTETIEHHOM TIOBBILIEHWH TeMIIepaTyps! Boan! 10 20 °C;
* pa3MOpaXMBaHHEM B CPe/ie MeJKOAPOOIEHOTO JIbja.

B Bo3zyxe pa3aMOpakHBaIOT NPOAYKTH! HEOOJBIIOIO pasMepa UM H3-
MeJibueHHbIe IIPORAYKTDI.

B Bozie pasMopakMBalOT NpeuMyliiecTBeHHO puiby. [l paamMopaxHBa-
HUS PbIGB MOXKET HCTOJIb30BaThCA TOK MPOMBIIIIEHHOM YaCTOTHI, OXHAKO
CPaBHUTEIbHO € TPAAUIMOHHLIM METO/IOM Pa3MOPaKMBaHHUS PHIOBI B BOKE
OH HaXOAMT OrpaHH4YeHHOe IPUMEHEHHE.

[Tpu pasmMopaxKHBaHHH IPOLYKTOB C HEXHOIN TKaHEBOit CTPYKTYpo# B
GHITOBBIX YCIOBHSX TPAJMILMOHHO HCTIOJIB3YIOT CTECTBEHHYIO KOHBEKIIUIO
BO3ayXa. JI/151 HEKOTOPBIX HPOAYKTOB PAaCTUTE/IBHOTO IPOUCXOKAEHHSI TIPO-
Iiecc pa3MOPa’KHBaHMUS AONOMHSAIOT KX NOTPYXKeHHeM B paCTBOD CaXapHOTO
cHpona.

IIpomblnieHHas yCTaHOBKA AJIs1 Pa3MOPaKHBaHUs IPOAYKTOB B BO3AY-
Xe NIpeAcTaBieHa Ha puc. 6.4.

6.2.2. MexaHuam pasmMopaxHBaHus npoayKTos
npy TENNONOABOAE K NOBBPXHOCTH NPOAYKTA

ITpu' rensionozBojie K MOBEPXHOCTH IPOAYKTA pa3MopakuBaeTcd TOHKU
TIOBEPXHOCTHBI c10if (pHc. 6.5). [Tocko/bKy TennonpoBoAHOCTH XKHUAKOTO
TKAHEBOTO COKa B PA3MOPO’KEHHOM CJIOEe MeHbINE TeMJIONPOBOAHOCTH 3aMO-
POXKEHHOTO cJIosl (IpaKTHYecky B [Ba pa3a), TEIJIO U3 LEHTPAIbLHEIX CJOeB
NPOAYKTa K TOBEPXHOCTH Yepe3 Pa3MOPOKeHHbII 06BOAHEHHDIH CO# NIpo-
HHUKAeT ¢ MeHblIel CKOPOCThIO.

IIpu pasMopakHBaHNH 4eTKO BhIpaXkeHHOMH ABIKyIelics rpaHULbI pas-
aena ¢a3 «Bo/ia—Jel» OT NOBEePXHOCTH NMPOAYKTA K HEHTPY He OTMeYaeTcsl.
Temnio yepes 3aMOPOXKEHHYI0 4acTh IPOAYKTA IPOHUKAET IAYHOKO K 1[EHT-
py npoaykra. B o6beMe nponyxra o6pasyioTcs OTAeAbHBIE 30HB TASTHHUA.
O6pa3oBaHue 3TUX 30H 00YCIOBIEHO TeM, YTO TKAHEBBIH COK MPECTABIISA-
eT MOJHAUCTIEPCHYIO Cpelly ¢ KOMIIOHEHTaM}, MMEIOIIHMH Pa3HBIe SBTeK-
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Puc.6.4
CxemMa yCTaHOBKM 415t Pa3MOPaXvBaHWA NPOAYKTOB

1 — BcacbiBalOUWiA KaHan, 2 — HarHeTaTenbHbilt KaHan, 3 — KoHAUUWOHED,
4 — KaHan noaaYun ceexero Bosayxa, 5 — kaMepa pasMopaxuBaHua

: Puc. 6.5
WUnniocTpauma npouecca pasmopaxusaHna npoaykta

1 — pPasMOpOXeHHbI! NOBEPXHOCTHLIVA CNOM,
2 — Kannum oTTasBlIero TKaHeBoro cNosl, 3 — 3aMOPOXEHHbI NPORYKT

THYecKHe TeMmnepaTyphl. TakuMm o6pa3oM, mponecc o6pa3oBaHuUs Kalelb
TKaHEBOTO COKa SIBJIsieTCs 06heMHbBIM IPOIIECCOM, 3aMe/ISIOIMM IIPOHHK-
HOBeHHE TeIIa B [1y6b npoaykra. BeaeacTBue aToro CpaBHUTENIBHO C TIPO-
LECCOM 3aMODXUBaHM, T7ie Tell10 (ha30BOTO Nlepexofla «Bofa—.Jael» OTBO-
JIUTCA Yepe3 3aMOPOXKEeHHKII CJI0ii, NpU pa3MOpaXXMBaHUH AJIUTELHOCTD
npotiecca 6oablue B cpefiHeM Ha 25-30%.

6.2.3. PaamopaxusaHue NOCPEACTBOM TeNI0BbIAESIBHUS
B o6beme NpoaykTa
B ocHOBe MeT070B 06EMHOTO Pa3MOPaXKMBAHUS NTPOLYKTOR JIeXXHUT IIpo-

necc npeobpa3oBaHusd SHePTHY TOrO MM WHOTO BHJA B TEMJIO HeNocpes-
CTBEHHO B o0beMe mpoAykra. K TakuM BHaM SHepriuy OTHOCSAT SHEPIHIO
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3JIEKTPUYECKOTO HOJS Pa3IHYHOM YacTOTHI, OT NPOMBILILIEHHON YacTOTHI
o CBY. K sroMy THITy 9Hepriuu Tai>XKe OTHOCSAT JHEPTHIO YAbTPa3BYKO-
BHIX KoJeGaHuil.

JlocTOMHCTBOM 06BEMHOTO HArpeBa SIBJAsETCS TOT (pakT, 4To MOACHHbIE
METOJIBI IBASIOTCA Ge3rpaflHeHTHRIMY, T. €. [IPAaKTHYECKH HeT Pas/IMuHnil TeM-
fiepaTypbl B J11060i1 13 BrIOpaHHBIX TOUEK 06beMa IPOAYKTA.

CBY-MeToasl NPHMEHAIOT IPeHMYIHECTBEHHO /151 pa3sMOPa)KHBAHHS OBO-
e, KyJTMHAPHBIX H3/1eJIMH H 3aMOpOXKeHHBIX roToBhIX Oiiof. CBY-MeTon
siBJisieTCs HauboJiee COBEPIIEHHBIM U3 PACCMOTPEHHbIX paHee He TOJIbKO B
TEXHOJIOTHYECKOM, HO U B 3HepreTHyeckoM IuiaHe. OH obecrieunBaet Bbl-
COKYIO CKOPOCTb Pa3sMOPaXXHBaHHS IIPH COXpaHeHHH B IIPOAYKTe BJaru,
PacTBOPUMBIX B BoJie 6eJIKOR M BUTaMHHOB. CTPYKTypa TKaHH COXpaHseT-
sl HAMJTY4UIMM 00pasoM.

6.3. TennoBoi pacyer pa3amopaxuBaHus

ODusnyeckast KApTHHA [TPOLECCa PA3MOPaXKHBaHUSI He YKJIAbIBAETCS B paM-
KH Npe/ICTaBJIeHUs O ABY>KeHUH TPaHuIb passea ¢as. HepasHoMepHOCTD
pasMOpaXXBaHUSA TNPOAYKTa N0 06beMY, HEMOCTOSTHCTBO TeIIooOMeHa Ha
TIOBEPXHOCTY IPOAYKTA — BCE 3TO NPUBOAWUT K HeOOXOAMMOCTH MaTeMaTH-
YeCKOro ONTMCaHHs MPOollecca Pa3sMOpaXMBaHMUs C elile 60bIIMMH JOMyIlle-
HHSIMM, YeM IIPH 3AMOPaKUBAHUH.

IIpouecc pa3amopaxkuBaHusl YIIPOIEeHHO NPeACTaBIISIOT KaK ABYXCTamii-
Hulii nporecc. IlepBas cTagus — oTeILIeHHe MPOAYKTA OT OTPHIATeIbHOMN
HayaJbHOMH TeMIepaTyphl 10 KPHOCKONHYeckol. JTa 4acTh 3aja4y pelia-
eTcsl TPAAMIHOHHEIMH MeToZaMu. BTopyio yacTb 3. AlMaIly IpeAiosKuI
OlICHHBATb Ha OCHOBE MeTO/Ia SJIeMEHTAPHBIX TeIUIOBBIX HaTaHCOB.

B. A. CenlotoBuy, onupasch Ha npeicTaBienus J. AJMally, IpeaJo-
XHUJI pacCMaTpUBaTh TeMIepaTypy U Koa(pdULHEHT TEMN00TAaYH OT JIo-
BEPXHOCTH NPOAYKTA MOCTOSTHHBIMH.

TTonyyeHo cnexyioliee BolpakeHUE:

- R’-g-p I_ t — :l 6.1
H (c— xp) )\-np‘_ ( KP) & ( . )

rae

An — TellJIOCNPOBOAHOCTD MPOAYKTA JO ero 3aMopaxcuBanHsi, Br/(M - K);
¢, — TeILI0eMKOCTb IPOAYKTa A0 ero samopakusauus, [lx/(xr - K);
q L - W @ — tenno niasnenus, [[x/kr;

t, — TeMIepaTypa NOBEPXHOCTH NMPOAYKTa, °C.
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Ecnu npuHATH B KayeCTBe cpeiHel TeMmepaTyphl OBEPXHOCTH TEM-
NepaTypy NOBEPXHOCTH BTODO# cTafuu f,, To BeIpaxkeHue (6.1) ynmpoma-
ercs:

R*.q-p
2-h,,- (£,-1,)

T= ,C. (6.2)

Bripaxense (6.2) He NO3BOJISIET JOCTATOYHO TOYHO OLEHUBATD JTUTENb-
HOCTb pa3MOpPaKUBaHHs, TIOCKOJILKY B BoIpaxkeHHe (6.2) Bonin Benuyu-
HEI, AIBJSIOMHeCs QyHKIHell TeMIepaTyphL.

AnanornyHoe peuieHHe noxydeno I, /1. Konyakossim. {7151 ouenxy gmu-
TEeJTbHOCTH BTOPOH CTaIHH pellieHHe MPUHAMAET BUA:

P _.g.

fars (2x

+— ) c. 6.3)

3ST0 BoIpakeH e PAKTUYECKH He OT/IHYAeTCSA OT aHAIOTHYHOM (HopMy b
P. [Inanka 15 OLEHKH JUIMTENLHOCTH 3aMOPaXXUBaHHs NpoAykToB. OT-
JIMMHe COCTOUT JIMUIL B TOM, YTO B BhIpaxeHUH (6.3) TemnonpoBOAHOCTh
MIPONYKTa NMPHHUMAeTCA PaBHOH TeIll/IONPOBOXHOCTH He3aMOPOXKEHHOTO
npoAyKTa. [IIMTeIbHOCTD JKe epBoi CTaiuu Npe/laraeTcs OLEHUBATh Kak
30% oT ANMUTENBHOCTH BTOPOI CTaHH. ;

Jlns KOHKpeTHOTO BHa POAYKTa, HANpUMep A5 pa3sMOpakMBaHHs To-
BsXKbero Gefipa, B BhIpaxkeHHH (6.3) npezsiaraeTcs BBecTH MHOXHTeIb 0,57.
Yuer AAUTeABHOCTH TiepBOM (a3bi pa3MOPaXXHBaHUA 00eCIeYMBAETCS KO-
s dunHeHTOM, YHCIeHHO paBHbIM 1,3. TakuM o6pasoM, BeIpaXKeHHE [JTH-
TEeJILHOCTH Pa3MOpPaXXHBaHHs NpHOOpeTaeT BUA:

4P p.

Ky (2x

—) 10,5713, c. (6.4)

Bripakenue (6.4) no3poJisier ¢ JOCTAaTOYHOM A fTpaKTHYECKUX Leael
TOYHOCTBIO +5% OLleHMBATh AJHTENBHOCTh pasMopaxkuBanuig. OHo npu-
TOZHO TOJIBKO JJIsl YACTHBIX YCAOBHIl — /i1 OLleHKH JINTeIbHOCTH Pa3Mo-
PaKHBaHMS TOBsKbHX Noayrym. [losTtoMy Ha IpaxkTHke AJMTEILHOCTD
Pa3MOpPaKHBAHUS OLIEHNBAIOT NPOCTRIMH 3MIMPHYECKHMH BhIDaXeHHAMH,
HPUTOZHBIMH JUIsl KaXKAOTO KOHKDPETHOTO cy4as pasmMopaxuBanus. Ha-
NpuMep, Ui OLEHKH /UINTeSbHOCTH Pa3MOPaXKUBaHUA GJIOKOB M MeNIKHX
nophuit Msca B uHTepBaje TeMueparyp oT —10 xo —0,5 °C npeyoxkeHo
Bhipaxenue (6.5):
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T= t”:‘1+n,,c, (6.5)

<

TAe m ¥ n, — NOCTOSHHbIE, YUC/IOBbie 3HAUEHHUST KOTOPHIX B 3aBUCHMOCTH
ot G, , TPHBE/IeHbl B Tabm. 6.1.

Habop Takux sMIIHpHYeCKUX BEIpaXXeHUH HEBEJTHK, [I03TOMY TIPUXOAHT-
sl OMHUPATHCS B OCHOBHOM Ha ONBITHbIE AAHHBIE, TTONYYEHHbIE B KOHKPETHBIX
ycaoBusix. JlaHHOe 0BCTOATENABCTBO AMKTYeT HEOGXOANMOCTh pa3paboTkn
npueMIeMbIX aHAINTHYECKHX 3aBUCUMOCTEH, YAOBJIETBOPHTEIBHO OMHUCHI-
BAIOIIKX MPOLECC Pa3MOPXKUBaHHSL.

Tabnuua 6.1
KoadpduuneHTsi, yuutsisalowue Maccy pasmopaxueaemMoro fipoaykTa
Ipoayxr Gops KT my m
Bnokn 7 180 4
1 136 08
Mopumu
0,5 ’ 85 0,5

KoHTpOsbHLIE BONPOCH:

1. B 4uem cocTouT Lenb OTere s MpoayKTa?

2. Kakum ofpasom NpH OTeIIeHHM NPoAykTa obecnednBaeTcs OTCyT-
CTBHE BJIATOBHINMAZEHHS HA €T0 OBEPXHOCTH ?

3. Kakumu TeXHUYECKAMY CPEACTBaMY OCYIeCTBIIS€TCA MPOLece OTen-
JleHud?

4, KaxoBa 11eJib pasMOPaXXUBaHUs NIPONYyKTa?

5. KakuM# TeXHN4eCKMMH CPeICTBaMU 0OecrieYuBaeTCsl pasMOpaKUBa-
HUe NpoIyKTa?

6. KaxoBbi MeTo/1bl HHTEHCH(HKALMH TIpoLiecca pasMOPaXKUBAHHUA ITPO-
IyKra?
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TEOPETUHECKWUE OCHOBb!
NONYYEHUA UCKYCCTBEHHOIO X0/100A

HUckyccrBennoe oxnaxaeHne — 3T0 NPOLECC IEPEHOCA TEIJIOTHI OT TeJa ¢
6osiee HU3KOH TeMnepaTypoil X Teny ¢ GoJiee BHICOKOI TeMIlepaTypoil mo-
CPe/ICTBOM COBepIIeHHs BHeLIHelH paboThL.

HickyccTBeHHOE OXIaKIeHHE MOXKET OBITh C pa3sOMKHYTHIM LUKJIOM (01~
Hopa3oBbsiM). HarnpuMep, oxjiaxieHne BOAHBIM, «CYXUM» JbAOM, KUAKUM
a30TOM MJIHM pYTuM paboyuM BenlecTBOM 6e3 BOCCTaHOBJIEHUS €70 IepBO-
HaYaJbHbIX CBOHCTB.

MainnHHoe oxJIaXxeHHe IBISETCS OXJ1akIeHHeM P oMoly paboue-
TO BellleCTBa, IOCTOSAHHO BO3BPaIaeMOro B XOJIOAMIbHOM MalllHHe B UC-
XOIHOE COCTOSIHYE, — OXJIAXIEHHUEM C 3aMKHYTHIM INKJIOM.

B ucnapurene 4 (puc. 7.1) X0Z0XUNBbHON MaMIMHB TENNO OT OXJAAXAae-~
Mol cpeant Q , BT, nogsonuTcs k pabouemy BellleCTBY, KOTOPOE B X0JIO-
OUTBHOM TeXHUKe PUHATO Ha3bIBaTh XOJIOAUNBHLIM areHToM. B peaynn-
TaTe MOABOAA Tell/Ia K XOJOAWIBHOMY areHTy OH KHUIIMT, NpeBpailiasich B
nap. [Iapsl X0J0ANABHOTO aTeHTa OTBOASITCA U3 MCAPUTENS KOMIIPeCco-
" poM 1, COKMMAIOTCst B KOMITpeccope i HallPaBJIAIoTCA B KOHAEHCATop 2, e
NapooOpa3Hbiil XOMOAUIbHbIIH areHT BHOBb MIPeBPAIIAETCs B AHUAKOCTS.

IIpy cxxaTuy X0JIOAMALHOTO areHTa B KOMIIpeccope coBepuiaeTcs pabo-
Ta, KOTOPasA BOCHPHHMMAETCS XOJOJH/IbHLIM aTeHTOM B BUje TenJotHl L,
Br, TakuM 06pa3oM, OT NOBEPXHOCTH KOHAEHCATOPA B TETIOOTBOASIIIYIO
CpeRy OTBOAMTCS TeIl0, 9KBUBATIEHTHOE COBEpIIeHHOH paboTe B KoMIIpec-
cope M OTBeJleHHasi OT OXJIaXKlaeMoii cpe/ibl B UCTIapuTee:

Q=Q,+L,Br. (7.1)

KosanuecTBo TeNsOTH, OTBeleHHOI OT oXJIaXkaaeMoii cpeJbl B WCTIapH-
Tele, B yAe/AbHO# hopMe BBIPAKAIOT YAENbHOMH MacCOBOI X0NOJ0NPOU3BO-
anteibHocTbo ¢, Ik /Kr. OHa 5KBHBaJIeHTHA KOJHYECTBY TellIa, KOTOpoe
MOJKHO OTBECTH OAHHM KWIOTPaMMOM KMAKOr0 XON0AUIbHOTO areHTa TIpH
TipeBpalieH:H ero B nap.
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g, = % JIx /K. (7.2)

Y aesbHast MaccoBast XOJI0QOTPOH3BOANTENbHOCTD XOMOMUABHOTO areH-
Ta BEIMYHHA HenmocTosiHHasA. OHa 3aBHCHT OT CBOICTB XOJIOIIBHOTO areHTa
Y TEMIIEPATYPHOTO pexxiMa paboThl X0JIOAMIbHOM MAIIHBI.

7.1. Ousuyeckue NpUHLUKUNLI NOAYYEHUa Xonoaa

OcHosoil niporecca oxnaxAeHUs ABJIseTCs TeMI00OMeH MeXy ABYMsI cpe-
AaMu — oxJaxZaeMoil u oxiaxzawomeit. Jlo6oil npolecc, conpoBoxaa-
IOLMIACSI NOTJIONEHHEM TellJIa, MOXKeT GBbITh MCHOJIb30BaH /IS OXJIaXKAEHHSI.

OxaxieHue cpefbl ZOCTUTAETCs NMPH NMOMOIIH Pa3sHO06pasHbiX (HU3H-
YeCKHX IPOLEeCCOB: IPU MOMOIIY (Pa30BLIX MPeBpallieHHH, CONpoBOXAa-
IOIMXCS NOTJIONIeHeM TeflIa ([LiaB/ieHHe, Tapoo6pasoBaHHe, pacTBOpeHHe

TenaooTsoAAas cpela

0=0.,+L
|

W _—
+

*

OxsakaeMas cpea

Puc. 7.1
SHepreTuyeckuit 6anaHc KOMNPECCUOHHOM XONOANALHOM YCTaHOBKH

1 — komMnpeccop, 2 — KOHAEHCATOoP,
3 — gpoccenupyioliee YCTPOUCTBO, 4 — UCnapuTens
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"conu); necopbiireil ra3oB, paclIHpeHHEM CKATOTO Ta3a, APOCCEIMPOBaHHU-
eM (3¢ dexr [xoyas—TomcoHa), nocpeAcTBOM BUXpeBOTO 3¢deKTa, pas-
MarHYYMBaHUS TBePAOTro Tesa, NOCPEACTBOM TEPMO3JIeKTPUUECKOTO 3-
dekra (apdexra Ilenbrbe).

OxuakieHne MPH MOMOUIM OTAENBHHX HPOLECCOB (TagHHe AbAa, Cy6-
JIMMALUH TBepPAOH YTJIEKHCIOTHI, APOCCETNPOBAHUS Ta30B) IPOTeKaeT JUILb
A0 TeX Nop, HOKa He HCTOIaeTcs 3arnac 3Toro BelecTra. IIporecc ¢ Bo306-

*HoBJIeHHeM paboyero Bel[ecTBa, WIH, KAK eT0 HA3bIBAIOT, KPYroBoi (HHK-
JIMYHBIN ) TIpoliecc, BO3MOXEH JIMIIL B YCJIOBHSX SHEpPreTUUECKHX 3aTpar.

Tenno nepexoauT oT Tesa 60see HaTPeTOrO K TeJTy MeHee HarpeToMy, HO
He Hao6opoT. HekoMneHcupoBaHHbIH Nepexo/ TeIlia OT Tesa ¢ MeHbiel
TeMIepaTtypoii k Te/y ¢ G6osbuieil TeMIlepaTypoil HeBO3MOKEH.

B xauecTBe KOMNeHcalMK HO/KHA OBITh COBepIIEHa MeXaHHYECKast pa-
60Ta MM Apyroit SKBUBAJIEHTHBIH 110 HaNpaBJeHHOCTH NMpoLecc.

B cooTBeTCTBHMHM CO BTOPbIM 3aKOHOM TEPMOAMHAMHKM HempephIBHOe
HCKYCCTBEHHOE OXJIaXJeHHe He MOXKeT IIPOHCXOAUTh Ge3 3aTpaT SHEepTHUH.
CoBOKYITHOCTb IPOLIECCOB, KOTOPbIE IPH 3TOM OCYIIECTBASET paboyee Telo,
MOJIyY¥JIa Ha3BaHUE 06pammoz0 mepMoSUHaAMULECKoz0 yuxia.

B npsiMoM TepMOAMHAMHYECKOM HHKJIe TeILIO IepeHOCHTCS OT ropsiie-
IO Tela K MeHee HarpeToMy TeJjty, IPH 3TOM Npou3BOAMTCs paboTa. B 06-
PaTHOM LHKJIE TEMJIO NIePEHOCUTCS OT XOJOLHOIO Tejia K HarpeToMy Tey,
NpY 3TOM 3aTpayHBaeTCA HEPTUs Ha coBeplIeHHe PaGoTHI.

7.2. XapakrepucTuka METoA0B NONIyYEHUS X0J10Aa

7.2.1. OxnaxpaeHue Npu NoMoLM aecopbumm

CyTb MeToAa COCTOUT B HOCIEAOBATENBHOM HACHILIEHN Y, HATIPHMED, aKTH-
BHUpPOBaHHOIO YIJ/Ist Ta30M (HaNpHUMep, reJIMEM) U TIOC/AeJOBaTeIbHOM OT-
KauMBaHUH ero U3 3Toi cpenpl. JarHbil criocob mpoTexaeT ¢ GONbIIUMH
3HepreTMYecKHMH TIOTEPAMH, H C TePMOAHHAMUYECKOH TOYKM 3PEHHS OH
HMeeT CMBICJI JIMLIDb TIPY ITOJY4YeHHH CBEDXHU3KHX TeMNepaTyp, T. €. TeM-
1epaTyp B 061aCTH XKHAKOTO TesIus.

7.2.2. OxnaxaeHue NOCPBACTBOM pacLuMpPeHUs
CXaToro rasa

OxnaxxaeHe ROCTUTAETCA B Mpoliecce pacHIMpeHus CkaToro rasa. Meron
HaXOAWT NPaKTHYECKOe NIpUMeHeHYe B BO3AYIUHBIX XOJOAHIbHBIX Mallll-
Hax IpHU pacllMpeHHH rasa B NIOPUIHEBHIX KoMrpeccopax uau typ6opac-
IIHPHTENSX («TypOoseTaHzepax»).
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7.2.3. OxnaxgeHue npy NOMOLLM APOCCENUPOBAHNS
{adppexr Dxoyna—TomcoHa)

ﬂpOCCCIII/IpOBaHHeM Ha3bIBA2ETCS CHUXKEHUE JaBJAeHU XKUJIKOCTH UJIH ra3da
IpH MIPOXOKAEHUH €TI0 Yepe3 y3Koe 0TBepcTHe (Tpybka Maoro AMaMeTpa,
BEHTHJIb C MaJIBIM NIPOXOAHBIM ceyenneM). IToTok BenecTBa He MPOU3BO-
vt paboTy, ¥ aBieHue CHUKAEeTCS IPaKTUYeCKH ainabaTHYECKH, T. e. 6e3
Ternoo6MeHa ¢ BHelllHeli cpezioil. IIpu 5TOM sHTANBINS (TENIOCOAEPXKa-
HHe) BellleCTBa OCTAeTCs NOCTOSTHHOH.

(DﬂauquKaa CYIIHOCTD APOCCETHPOBAHUSI COCTOUT B TOM, UYTO BHYTpEH-
HSIsl 3HEPrHsl ra3a PacXoRyeTCs He Ha MojiydeHue BHenHeH paboTsl, a Ha ripe-
ofloJieHue CONPOTHBJIeHNA (RCAeACTBYe BHYTPEHHETo TpeHust rasa). [Ipu
Npeogo/IeHUN ra3oM MM XHUAKOCTbIO CONPOTUBJIEHHUSI, MECTHOTO (yalcoe
OTBepPCTHE) HIH 110 ATHHe (IPOXOXKACHHe Yepe3 TPYGKY MaIoro ceyeHus),
TeMIeparypa CpeAabl HOHHXKAETCA.

IIponecc npoccesHpoBanus ITMPOKO HCHOJIb3YeTCS B KayecTBe OCHOB-
HOTO criocoba H3IMeHeHUs JaBJICHUA XOJOANJIBHOTO areHTa B XOJIO}IPIJIbHOﬁ
MAallIMHE — OT JaBJCHUs KOHACHCAHH 10 aBJICHUA KHIICHUS B ICTAapHUTEJIe.

1.2.4. Buxpesoit adppexr oxnaxaeHus

MeTon peanusyeTcsi B BUXPeBBIX TPyOKaX, Ha3BaHHbIX B YeCTb M300peTa-
TesnA MeTola — ¢paHUysckoro uHxeHepa Panxa. Ilponecce, nporexa-
Iol{Ye B BUXpeBO# TpYGe, C10KHbI, ¥ TEOPHS STOTO BONIPOCA HEAOCTATOYHO
npopaboTana.

B o61mux yepTax CyTh IpoLEecca COCTOUT B TOM, YTO [TOTOK CXKAaTOT'o BO3-
AyXa, KOTOphIl MoZaeTcsl B TPyOY Yepes COIIO Mo KacaTeJIbHOM K ee ceye-
HMUIO, 06pa3yeT BUXpPb, B KOTOPOM IIPOMCXOAMT paszieleHue ra3a, Hapyxusrii
cioli HarpeBaeTcs, BHyTPEHHHIA CTaHOBHUTCS XoJoAHbIM. IloTok XomoaHorO
BO3/lyXa, PAaCIiOJIOXEHHOTO B IleHTPAJILHOM YacTH, BEIXOAUT U3 TPYOHI Ye-
pe3 xuadparmy 2, a BHellIHUe, HarpeThie CJIOM BO3AYXa, BHIXOAAT 3a Ipejie-
Jis1 TPYOBI Yepe3 ApocceNbHbIM BeHTHIB 3 (pHuc. 7.2).

TepmoauHaMHYECKHE TIPOLECCH BUXPEBO§l TPYOI, HECMOTPS Ha ee KOH-
CTPYKTHBHYIO NPOCTOTY, C IPaKTHYECKOIl TOUKH 3peHUs MaJlo 3hpeKTHB~
bl [loyyenue X0/10HOTO BO3yXa IIpH IOMOLIH BUXPEBOii TPy6H CBA3a~
HO €O 3HAYMTeJbHBIM Tiepepacxo/ioM sHepruu (B 8-10 pas) 1o cpaBHEHHIO
C BO3AYIIHOM XOJOAMIBHOM MaIlIHOM.

CrepyeT OTMETHTH, YTO MCTOJIb30BaHHE BUXPEBBIX TPYO B IMpaKTHKe
TOJTy4eHUs] HU3KHX TeMIiepaTyp (C OXHOBpEMEHHBIM MOJIyYeHUeM Harpe-
TOTO BO3/IyXa) OrpaHHUYEHO He TOJILKO dHEPreTHKOI NMpoliecca, HO H LieJIkM
psiioM Tpe6oBauuil. Tak, HarpuMep, BO3yX, MOCTYMIAIOWIUI B BUXPEBYIO
Tpy6y, R0MKeH GBITh OUMIIEHHBIM, He HMETB ITbIIH H BJiarH, He CoflepkaThb
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Topsuuii eoadyx Xoaoduwiii sosdyx
: l Y.
Comamotit
8030YX
e

a)

6)

Puc. 7.2
Buxpesas Tpy6a
a) npuHUMN noaaum Boaayxa; 6) yCTpoicTBO BUXpeBOh TPYGb!

1 — conno, 2 — anadparma, 3 — gpoccens, 4 — ropsunii koHew, TPyOL,
5 — XONOAHbI KoHeL, TPYObl

MacJia. BuinmosuuTs Bee 314 TpeGoBaHus, 0AHOBpeMEHHO obecnieunBasi 60JIb-
o¥ pacxo/l BO3AIyXa, TEXHUYECKH TPYAHO.

Kpome Toro, BUXpeBast Kamepa Tpy6bl 10JIKHA GBITh BBINOJIHEHA C BbICO-
KHM YPOBHEM TeXHUYECKOTO COBepHIEHCTBa ( MMeThb BBICOKUN YPOBEHD YH-
croTsl paboueii noeepxHocTH). B mpoliecce akcnryaTaluy BUXpeBoil TPy-
6Bl IPU CKOPOCTAX NOTOKa BO3/LyXa, BJIM3KNMX K CKOPOCTH 3ByKa, BO3MOXHO
HapyilleHHe YUCTOTH! paGodesi TOBEPXHOCTH.

Bricoxue cKOpOCTH BO3/[yIHOTO TOTOKA ONpefieiAioT BLICOKMI ypoReHb
mryma paGoTaioueil TpyObL, YTO IpeznonaraeT Heo6X0AMMOCTb YCTPOHCTBA
3BYKOM30JMPOBaHHBIX oMenteHHii. COBOKYNMHOCTh OTMeYeHHbIX KayecTB
orpaHWYUBaeT NMpUMeHEHHe BUXPEBOil TPyOH 1S pellieHHs 3ajady MHLIe-
BO# TEXHOJIOTHH.

1.2.5. TepMosnexTpuueckoe oxnaxaexue (apdexr MNenntbe)

B 1834 r. IlenpTbe YCTAaHOBWJ, YTO NPH ApPONYCKaHHHU 3JE€KTPUYECKOrO
TOKa 4Yepes Iielb, COCTOSANIYIO U3 IBYX Pa3HBIX IPOBOAHUKOB, OXUH U3 CTIaeB
oxnaxjaercs, a Apyroil HarpeBaetcs. KomuuectBo Tena Q, norsiomaemMo-
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ro WIH BbIACIAEMOIO Cl1aeM, B 3aBUCHMOCTH OT HallpaBJICHHS TOKa cunoii I
3a BpeMA T OIIpEREISETCA CIEAYIOUUM COOTHOIICHUEM:

Q=1-I-1. (7.3)

Besnuuna IT Ha3biBaeTca koaddunuentom IlenpTbe.

Honpitky Ucnob30BaTh ekt [lenbThe A1 NOMYYEHHS HUSKHX TEM-
TnepaTyp ycrexa He HMeJH, IOCKOJIbKY He YAaBaJlOoCh NMOJYYUTh BRICOKYIO
BeJIMYHHY TepMo 3. 11. €. IIpobaema nosyuniia paspenieHHe ¢ IpUMeHeHHEM
A. ©. Vodde nonynpoBoHUKOB BMECTO IPOBOAHHUKOB (pHC. 7.3).

TepMoasieMeHT BHINOJHAETCS NOCAEAOBATENbHBIM COERUHEHHEM ABYX
TI0JIyTIPOBOHMKOB, COCTaBASIOIMX ero BerBH. Ilonynposogauxu umeior
pasHyio NpoBoANMOcTb. OHU COEUHSIOTCA MEIHBIMHU NJIACTHHAMHU. IIpu
NPONYCKaHUH MOCTOSTHHOTO 3JIEKTPUYECKOTO TOKA Ha OJIHOM M3 CIIaeB BHI-
JieJisieTcsl TeNJIo, Ha APYFOM JOCTUTaeTcsl OTPHIlaTesibHas TeMIepaTypa.

IpexTUBHOCTD TEPMO3IEMEHTOB B 3HAUUTEIbHOH CTelTeHU 3aBHCHUT OT
cBolicTB MaTepuaia. OThICKaHie COOTBETCTBYIOLINX MAaTePUaJIOB SIBJAET-
1 ORHIM U3 3(pbeXTHBHRIX HallpaBJeHuH pasBUTHS NOJTYTPOBOIHUKOBOI
TeXHUKU.

Puc.7.3
MonynpoBogHUKOBLIA 3neMeHT (a) U NoNnynNpoBOAHNKOBLIA 6ok (6)

1, 2 — NOAYNPOBOAHNKK, 3 — MeaHas NnacTuHa.
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7.2.6. OxnaxpeHxue npu nomoLu $Ga30Bbix NpeBpaLLeHu

®a3zoBble mpeBpaliieHus (M1aBeHne, KUIeHne, CyOanManus...) ABASIOTCS
IpOLIECCaMH C TOTJIONEHUEM 3HAYUTEIbHOTO KOJTMYECTBA TEIIa,

IInaenenue. Temneparypa Tasinus umuctoii Bogasl coctasiser 0 °C, mo-
3TOMY TeIJIOOTBOAALLYIO CPeAY MOXKHO OXJaAuTh o 6osiee HU3KOM TeM-
niepaTyphl, HCIIOB3Ysl coJleBble pacTBopsl. Ha npakTuke st nonydeHns
HHU3KHX TEMIEPATyp UCIIOIb3YIOT BellleCTBA C Npefie/IbHOM 9BTeKTHYECKOH
TeMIepaTypoil — moBapenHyio coib (¢, = ~21,2 °C), xnopucthiii kaab-
nmii (¢, = ~55 °C). Onxako c yBeJH4yeHHeM KOHIEHTPaI[MK COJIEBOTO pa-
CTBOPa YMEHBIAETCsI €0 X0JI0I0NPON3BOANTENbHOCT. Hanpumep, xoso-
JIOIIPOU3BOAUTENLHOCTD 1 KT uncTOro baa coctasiseT 335 k/Ix/xr, a mpu
TeMIepatype 3BTeKTHKH — aumb 192 x/[>k/kr.

IBTEKTUYECKHUM PaCcTBOPOM 3aTIOJIHSIOT BOJIOHENPOHHUIIaeMBble MaKeThHl,
KOTOPbie Ha3bIBAIOT aKKYMYAATOpaMH xoiofia (3epoTopamMu ). Mx nomeina-
10T B OXJIa’KaeMBblit 06beM, I/le 3aMOpOKeHHast 3BTeKTHYECKast CMeCh JIbJia
M COJTH OTTaHBaeT, OTHUMAsA TEILIO OT oxJaxk/iaeMoit cpeanl. OAHAKO AH-
TeJILHOCTh XpaHeH!s MPOLYKTOB OrpaHHueHa 00heMOM COJIEBOTO PacTBOPA,
MO3TOMY CTIOCO0 IIpUMEHSIETCS] B OCHOBHOM JUJIS1 XpaHEeHH S HeOOJIBILINX KO-
JINUECTB IPOAYKTOB, HalIpUMep IPH TPAHCIIOPTHPOBKE NPOAYKTOB B OHITO-
BBbIX CYMKaX-X0JIOIMIbHIKAX.

ABTOMOOMIIBHBII TPAHCIIOPT C OXTAXKAaeMBIMHI AKKYMYJISTOPAMH H Terl-
JION30JTMPOBAHHBIM Ky30BOM HaXOAUT OrpaHHYeHHOe MpUMeHeHHUe Mo co-
BOKYTHOCTH He[JOCTATKOB, CBA3aHHbIX ¢ 60IbILI0H Maccoil aKKyMYJIATOPOB,
HeoOXOIUMOCTHIO UX 3aMOPa’KUBAHHS M T. /I,

Kunenue u cybaumayus. Knnennem Ha3biBaloT 1polecc napoo6pasosa-
HUS 110 BceMy 06beMy KMAKOCTH, TPOTeKaouuii ¢ MOor/oieHdeM onpeie-
JIEHHOTO KoJuYecTBa Tenaa. TeMepaTypa KHeHysl 3aBUCHT OT AaBJeHHS
HapoB Hafl KMAKOCTBHIO U NMPH NIOCTOSIHHOM JaBJleHUH HeM3MeHHa.

Y nenpHoi TenoToi NapooOpa3oBaHHsA HA3BIBAETCS KOJHYECTBO TeIio-
ThI, HEOGXOAMMOe J1J1s1 IpeBpalleH s 1 KT )KUAKOCTH B Nap NPU TeMIepary-
pe KuNeHus.

IIpn yMeHbilleHMH AaBJeHU TeMIepaTypa KUIEHWsl XKUAKOCTH HOHHU-
’KaeTcs, TaK KaK U1 OTPhIBa MOJIEKYJI Iapa OT XKUAKOCTH TpebyeTcst MeHb-
asi BHYTPeHHsI aHeprusi. IlonMxas fapieHne Ha/l )HUAKOCTBIO, MOXKHO
3aCTaBUTb KUIETh *KUAKOCTH IPY HU3KOH TeMIlepaType, BIUIOTH A0 TeMIIe-
paTypHI ee 3aMep3aHuA.

CocrosiH#e BellleCTBa, B KOTOPOM IipefieibHble 3HaYeHHs NepeXoqHoi
06J1aCTH U3 KUAKOCTH B TIap COBMELIAIOTCSH, HAa3bIBAIOT KPUTHYECKOI! TOY-
koii. Tenuo napoo6paszoBaHuA B KpUTHUECKOMH TouKe paBHO HyIO. [IpH Tem-
riepaType Bblllle KPUTHUECKOM TOUKH ra3 HeJb3si IPeBPAaTHTD B KUAKOCTb.

N
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Jlns nonyyeHus X0m04a NPUMEHSIOT XKUAKOCTH, UMeIolliie TPH HOpMaJib-
HOM (aTMOcepHOM) AaBJIeHUM HI3KYIO TEMIeEpaTypy KumeHus U 6Goib-
HIYIO TEIJIOTY Mapoo6pa3oBaHusi.

Cy6rumayueii Ha3bIBaeTCA MPOIECC EPeXo/ia BellleCcTBa U3 TBEPAOTO CO-
CTOsIHMS B ra3000pa3Hoe COCTOSAHYE, MUHYS X1IAKOe. B 0OLIYHBIX YCI0BH-
ax cy6IMMUPYIOT, HaNpUMep, «CyXoil efi» (TBepaas yrieKucaoTa), Hox,
xampapa.

Mexanuam npotiecca cyOIMMallid COCTOUT B BblAIEEHHH 3a TIpe/ebl
TBEP/Oro BeleCTBa Haubosee «ObICTPHIX» MOJIEKY.T, KHHETUYECKas] SHEPTHs
KOTOpbIX 0becreyrBaeT NpeofoieHNe CUI MIPUTSHKEHHST OCTANBHBIX YaCTHIL
TBEPJIOTO BellleCTBa. '

VY aenbHoe TeNsI0 CyGAUMAIUU PABHO CYMMe TETJIOTH TJIABJIeHHUS U Tia-

poobpasoBaHusL.
ITosHOE CKpBITOE TETIO Napoo6pa3soBaHUs] PABHO:
P p
r=u"-w+A-p-(v"-v')=i"-1, xx/xr, (74)
rze

w’, W', v”, U, 1", i’ — BHYTPEHHSIA SHEPIHsi, YA bHbI 00beM, SHTAIbIUS
HaCBINIEHHOTO Napa ¥ XHJIKOCTH;

p — NaBjeHHe.

Terno cy6aumantiu I, paBHO cyMMe TeIUTOTHI ILTaB/IesHs A 1 mapoo6pa-
30BaHHU4 7, MO3TOMY Npoliecc AaeT Gonsioit xononunsHblii addexT:

I, =A+r, kIx/kr. (7.5)

Ha npaxThke oxs1axeH1e TI0CpeiCTBOM CYGIHMALNY pean3yioT B OCHOB-
HOM [IOCPeNICTBOM TBepAoH yITleKHCHoTh. TBepaad yraexucaora («Cyxoi
Jieft») npu atMocepHOM AaBeHUH MMeeT GONBLIYIO XOI0A0TPON3BOAM-
TenbHOCTb (574 k[ /Kr) U HU3KYIo TeMnepatypy cybiumanuu (78,9 °C).

7.3. TepmopmnHamMuyeckue 0CHOBbI NONYYEHNS
UCKYCCTBEHHOr0 X0noAaa

7.3.1. Nepexoc Tenna B XoNOAWNLHON MaLMHe, KN KapHo

B npupoze nepeHoc Tellia OCYLIECTBASETCS OT Tefla 6oJiee HATPETOTO K
TeJIy MeHee HarpeToMy. JTOT MPOIecC MPOHCXOXUT CAMOIIPOU3BOIBHO 0
YCTaHOBJIEHUS TEILIOBOTO TEPMOIMHAMUYECKOTO PAaBHOBECHS, KOTZA TeM-
neparypa ABYX cpell CTAHET PaBHOIA.

Jlnsa nepeHoca Tensia B 0OpaTHOM HalipaBJIeHUH, COrJIaCHO BTOPOMY 3a-
KOHY TEPMOIVHAMHIKH, HEOOXOAHMO 3aTPaTHTDb SHEPTHIO.



114 Paspen Il. OcHOBbI X0NOAMALHOMK TeXHNUKK

Oxpyxcaowas cpeda
20°C

Puc. 7.4
O60ocHOBaHKME NPUHUMNA NOAYHYEHWA UCKYCCTBEHHOIO X0NoAa
1 — pa6ouan cpeaa (xonoaMNLHLIA areHT), 2 — TennooTBoANLLAN YaCTb
(xoHpeHcaTop), 3 — oxnaxnaemas cpesa (oxnaxnaeMolt o6beM),
4 — cosepwaeman paGota (KoMnpeccop)

K oxmaxnaemoii cpene (puc. 7.4, nos. 3), HanpuMep K BO3yXy B X0JIO-
AUIbHOK KaMepe Q,, HENpepbIBHO NOXOAMT TETIO OT BHellHel cpensl Q .

Pa6ouas cpena (1) (xoMomuabHeIi areHT), uMeomas 60Jiee HU3KYIO
TEeMIlepaTypy, YeM TeMIlepaTypa OXJax/Jaemoii cpeibl Q , BOCIpUHHUMAET
Telo Q , OTHUMas €ro OT oxNaxAaeMoil cpennl (3). B xomoaumbHOH Ma-
HIHHE A5 TIepefaYH 3TOr0 TeIUIa OKpYyXKalolleil cpelie Ha COBepIlieHUe pa-
GoTbl L 3arpaunBaercs sHeprusi. Ita paboTa, npeobpa3oBaHHas B TeILIO,
BMeCTe C OTBE/IeHHBIM TenJioM (), KOTOpOe Ha3BIBAOT X0I0A0NMPOM3BO/IU-
TeJIbHOCTBIO XOJIOANIbHON MAIlMHBI, IIEPEHOCUTCS Ha TeNJIOOTBOASILYIO
4aCTh XOJOAWTBHON MalIHHbI, HA3HBaeMYI0 KOH/leHcaTopoM. Temnepary-
pa pabouero BeljecTBa B 9T0i YacTy MaiiuHbL Ha 10-15 °C Bbile Temmnepa-
TYPBI OKpY>KaloLieil cpefibi, T03TOMY TeIlJIOo lepeMelaeTcs1 B HalpaB/leHHH
TeIJIOBOTO IOTOKA OT HarpeToii cpe/ibl K OKpykaioleii cpeie.

TeopeTiyeckoii 0CHOBOII MlepeHOCa TeMnJia B X0JI0/IUIbHOM MallliHe SIB-
A5eTCA BTOPOi 3aKOH TEPMOAUHAMHUKH:

Q=Q +L,Br. (7.6)

TIpouecc mepenoca Temna oToGpaxkaetcss oOpaTHHM uMkJIoM Kapno
(puc. 7.6).

OH npoTekaeT ¢ MUHUMaJbHEIMH 3HEPreTHYECKMMH TOTEPSIMH Ha CO-
BeplIeHHUe NlepeHoca TEMa U paboyero BeLiecTBa B XOJA0AUILHOM MalllnHe,
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B CHJTY YeTo ero NpYHATO Ha3biBaTh UAeabHBIM. IIponieccsl, npoTeKamye
B uukie KapHo, TpaAUIMOHHO pacCMaTpUBAIOT B narpaMMe T—S, Kak Hau-
60see HarIAAHOI AeMOHCTpanuoHHo 1uarpamme (T — TeMnepatypa, S —
SHTPOMHST). DHTPOINHUIO NIPEACTABASLIOT KaK U3MeHeHYe KOIHYeCTBa Telljla
npH Temneparype T 1id Kak Mepy NOTepH 3HEpTHH.

A5=éT£1.,ﬂ>x/xr. (1.7)

[Ipomeccsl, NpoTeKaouHe B XOJ0AUIbHOM MaliliHe, 0To6pakaoTcst B
auarpammax coctostius T—S u LgP—i (puc. 7.5).
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Puc.7.5
CTpykTypa pnarpammst 7—S un LgP—i

NMoscHeHus x oToGpaxeHnio nponeccos
Ha auarpamMmax T—S w LgP—i

B anarpamme T—S no ocy aGoumnce HaHeCeHH 3HaYeHUA aRTponuuy (S), a no
ocy opavHaT — Temnepartypbl. CeTka gnarpaMmsl o6pasosaHa u3oTepMamm

(ropu3oHTanbHLIMU NIMHUAMU) N U30IHTANLNUAMK — afnabataMun (BepTr-
KanbHbIMK IMHWUSIMKA).



116 Paagen {l. OcHOBbI X0N0AUALHO# T@XHUKK

JNesan norpanHvyHan KpUBaa XapaKkTepu3yeT COCTOsIHME BELLeCTRa KaK Xua-
KOCTb. COCTOSIHME BeuiecTsa Ha aTOMN /IMHUM COOTBETCTBYET HYNesoMy 3Ha-
yeHuio napocopepxaHusa. COCTOsiHUE BelLecTBa MexXay NorpaHuiHLIMU fin-
HVSIMM OTpaXaeT COCTOsIHME BeulecTsa B Buae BnaxHoro napa. CoctosnHue
Bel{ecTBa Ha NPaBOo NOrPaHUYHOR KPMBOIA XapaxTepyuayeTcs Kak cyxoi Ha-
ChileHHbIA nap. CoCTOSHKe BewlecTea Npasee NPaBoii NOrpaHMYHON KPUBOIA
HA3LIBAIOT NeperpeThiM NAPOM.

Usobapti (P = const) 8 o6nacTy BaxHOro napa pacnonoXeHol NapannensHo
ocu abcumce U coBnapaloT ¢ uaorepMmamu (T = const), a B obnactu neperpe-
TOro napa oHW KpyTo UayT BBepx. B o6nactu Xuakoctu nzobapkl NpakTuye -
CKM COBNAaAaloT C 1IeBoi NOrpaHUYHOW KPUBOWK.

B anarpamme T—S noaseaeHHoe M oTBeAeHHOE Tenno oT xnaaareHra n3ob-
paxaioTca NNoLaAaMM, PacnonoXeHHbIMU NOA IMHUAMUN NPOLECCOoB; YAEIb-
Has paboTa cXaTus — PasHOCTbL 3TUX NNoLwanen.

B anarpamme LgP—i Ha ocy aBcumec HaHeCeHb! 3HaUeHUst aHTanbivm (i, KIK/Kr),
a Ha OCcv opanHaT — a6CosMoTHEIEe AasneHus (8 norapvdpMmueckomM macwura-
Ge), P, MlNa. Cetka gnarpammbl o6pa3osaHa n3o6apamm (ropuaoHTanbHbLIe
NWHKK) 1 U303HTaNbNAMU (BepTUKanbHble JIMHUK).

Ha anarpamme HaHeceHbl Te Xe IMHWK, 4TO U B auarpamme T—S, HO pacnono-
XeHve nx nHoe: B 061acTy BraXHOro napa nsotepmel cosnagaiot c usobapa-
My, 8 o6nacTv neperpeToro napa oHW KpyTo OrnyckaioTCA BHU3, a B obnactn
XNAKOCTY NOAHUMAIOTCS BBEpPX. U3NOM H3oTepM NPoUCXoanT Ha norpaHny-
HBIX SIMHUAX.

B auarpamme LgP—i nopseneHHoe 1 oTBefleHHOe Tenno, a Takxe pabota
n306paxaioTca B BUAE OTPe3KoB Ha ocu abeumnce. Avarpamma LgP—iyno6Ha
AN BbINOAHEHUS NPaKTUYeCKUX pacyerTos, NoaToMy CpasHUTeNbHO ¢ Ava-
rpamMmaii T—S ee UCMONL3YIOT Yaule.

LUukn KapHo

Pa6oTa xomoaMabHOM MalllMHBl B paMKax uieanbHoro nukia Kapxo npo-
HCXOZMT B TEMIIePaTyPHOM JMalNa3oHe: oxJax/aeMas cpesia T, Tenuioor-
Bozsimas cpena T.

ukn KapHo onmuchiBaeTcs 2 U30TepMUYECKMMH U 2 afHabaTHYECKUMHU
npoueccamy (puc. 7.6).

ITporecc TenooTBOAA OT OXJIaxkAaeMo# cpennl (0Tpe3ok 4--1) xapak-
TepHhayeT KOJIMYeCTBO Tell1a (1romans b—1—-4—a-b), koropoe MoxkeT GBITH
oTBefleHO 1 KI XOJIOAUMBHOrO areHTa MpU NpeBpalleHuH KHAKOro X0J0-
TMIbHOTO areHTa B nap (g, [lx/xr):

q, =T, (S, - S,), Lk /xr. (7.8)

KosnuecTBo Tema, KoTopoe IepefaeTcs TEIJIOOTBOAALIEL! cpefie, olie-
HUBaetcs mwiomanbio (b—2—3—-a—b) nox usorepmoii KoHAeHcauuu (oTpe-
30K 2--3):

q=T-(S,-S,), Ax/kr. (7.9)
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Puc. 7.6
Liukn KapHo

DHepreTHYecKHe 3aTpaThl Ha COBepiieHHe paboTs cxatus (L, JIx/Kr)
orobpaxaiotcs miomaasio (1-2—-3-4-1), nponecc cxatus — agnabaroit
(oTpesok 1-2). ITpu aTOM NOBEIMIAEeTCA TeMNepaTypa pabouero BelecTsa
ot Temneparyphi T, 10 T:

1=(T-T.)-(S,-S,), Dx/xr. - (7.10)

IHepreTudeckas s pekTHBHOCTD MONYUeHHS X0/101a Ha OCHOBE LIUKJIa
KapHo olienuBaeTcst Xono1usibHbIM K03dhduiieHToM £:

_Go__ T (7.11)

Besnunna xonoauabHoro koadduuuenta nvkjaa KapHo 3aBHCHT oT
TeMINEepaTypPHOro YPOBHS OXJIaKA2€MOro 00beKTa U TelIo0TBOAAIEN Cpe-
Al JphekTHBHOCTH NlepeHoca Tellsla BO3pacTaeT, ec/id MOHWXKaeTCs TeM-
nepaTypa TemjooTBOJsLIei cpefibl T M ecli TeMIlepaTypa OXJaxAaeMoi
cpenst T He spjsietcs upeamepHo nuskoi. Ilpu (T-T,) — 0 nepeHoc Temia
HEBO3MOJKeH.

1.3.2. XonoaunsHas MalLMHa U YCTAHOBKA, CTPYKTYpa

XonoawnbHast MalIHHA COCTOMT M3 YETBIPEX OCHOBHBIX 31EMEHTOB, COe/IH-
HeHHbIX Tpybonposofamu. OHa npeacTaBisieT co6oii 3aMKHY TY10 TepMeTHY-
HYIO CHCTeMY, 3aTI0JIHEHHYIO XJ1aJlareHToM. B ee cocTaB BXoA4T: uciapuTens,
KOMIIpeccop, KOKAeHcaTop, pacIMPUTEAbHbIH HUAUHAD (peryaupyIomHMii
BeHTW1b). [Ipu oTCyTCTBUU NM11060T0 U3 BTHX HIIEMEHTOB [OTyYEHHE X010~
Z1a HEBO3MOXHO.
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Puc. 7.7
XonoamnswHan yctaHoska

1 — oxnaxpaeMblit 06beM, 2 — koMNpeccop, 3 — KoHpeHcaTop,
4 — paclunpuTesbHLIR UMNUKAR, 5 — ucnaputens.
CoBmetleHve XONoANNLHOM MaLLMHBI U 06beKTa oxXnaxaeHvs
Ha3biBAIOT XONOAUILHON YCTAHOBKOMN

CriefioBaTesIbHO, TOPrOBOE XOJNOAWIbHOE O0OPYAIOBaHUE — MPUIABOK,
BHTPHHA, XOIOAU/IbHbIH MKad U T. A. — eCTh He YTO HHOe, KAaK XOJI0AM/Ib-
Haf ycraHoBKa. I[IpocTeiiiast X070ANIbHAsE YCTAHOBKA, COCTOSIIIAS U3 XO-
JIOAWTbHON MaIKHELI U 06BEKTa OXJaKAEHNU, IpUBENEHA Ha puc. 7.7,

1.4. OcHoBHbIe npuHUMNLI paboTbi napoBoi
KOMMPECCUOHHOA XONOANALHOA MaLInHb!

B ocHoBe noJtyueHHs X0JI0/ia IPH MOMOIIH MAPOBOil KOMIPECCHOHHO XO-
JIOAWIBLHOHN MAITMHBI JIEXKUT OTBOR TeIUIa OT OXJIaXk1aeMOii cpe/ibl IPH KHIle-
HUH paboyero BeljecTBa B ucnapuresne (5) (puc. 7.7). Knunenue xonoauis-
HOTO areHTa OCYILEeCTBJAETCSA NIPH OTBOJE TellJla OT OXJIaXAaeMOM cpebl
q,, x/xr.

IIpoutecce B anmapaTtax xonoaunbHoi Mamusl (1, 2, 3, 4) oTpaxkeHbl Ha
AMarpaMMaX COCTOSHUS X0JNOAUIbHOrO arenta T—S u LgP—i (puc. 7.8).

Ha nuarpammax T—S u LgP—i (puc. 7.8) npexacrasnens nuki Kapho u
TeopeTHYeCKUil I{MKJI IapOBOi KOMIIPECCUOHHOM XONOAUIbHOM MAIIMHHL.
TeopeTnueckuil UK OTIMYAETCH KaK OT peabHbIX YCIOBHH paboThl X0-
JIOZAMJIBHOM MallIVHBL, TAK U OT MAealbHOro Iykaa KapHo.

B ucnapurene 5 (puc. 7.7) X0/10AUAbHOM MAIIMHE! KUITKAT XOJNOAUNbHEIHA
arent. IIponecc xuneHus XoaoqUABHOTO areHTa B UCTIAPUTENe XONOAUb-
Hoif MamIuHEI, paGoTaonieit Ha ocHoBe ukiia KapHo 4—1, obecnieunBaercst
BBINIOJIHEHHEM JIBYX YCJIOBHIf: IIOABOAOM TeNJIa K MCIIapUTeNio (OTBOAOM
TeIrla OT OXJIaXaeMOii cpellbl) M OTBOZOM ITapOB, CKaINlJIMBAIOIINXCS BHC-
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TeopeTniyecKnii UMKN NapoBoi KOMNPECCUOHHON X0NoANALHOA MALUMHBI
B avarpaMmax T—S n LgP—i

napurese. Ilocnennion ¢GpyHKIUIO BEIOIHAET KOMIIPECCOP XOJIOIMIbHOMN
MalIHHbI.

KoMnpeccop 2 OTBORUT Naphl U3 HCIIAPUTEIS, CXKUMAET UX JO AABICHHA
KOHZIEHCAIIUH U NepeMelilaeT Naphl B koHAeHcaTop 3. [1pu cxxaTuw napa mo-
BBbIIIaeTCA JaBJ/ieHHe X0JIoIMJIHOTO areHTa OT laByieHus Kunenus P, MIla
Zlo nasjenus kouReHcanuu P, MIla (1-2). Ilponecc cxaTus conpoBox-
JlaeTcs HOBHIIEHNEM TeMIlepaTyphI XoloubHoro areHTa. Ilap cranoBuT-
cd CyXMM HachIeHHBIM (TouKa 2). B HeM OTCyTCTBYeT KanenbHO-XKHAKAsS
BJIara.

Cyxoii HachIIeHHBIH nap NocTymaeT B KOHAeHcaTop 3, Tlie NpU NocTo-
SIHHOM [IaBJIEHHH KOHIEHCAIIMH OXJIaXKAaeTcs 0 COCTOSHUA HAaCHIEeHUd
(Touka 3), npeBpalasch B JKUAKOCTD.

B xonoaunsHolt MamuHe, pabortaomei no mukay Kapao, xunkuit xo-
JIORMIbHBIH areHT NOCTYNaeT B PaCIUMPUTENbHBI HMAMHAD 4 (ZeTaHzep),
TZie, pacIUpsIsCh, COBEpLIAET MoJe3HYI0 paboTy. Pacumpenue conpoBox-
JaeTcs NIOHWXEHHEM JIaBIeHUS U TEMIIEPATYPHI 10 TEMIIePaTyphl KUIEHUs
XOJIOAWIBLHOTO areHTa B UCIapuTeJe.

X071010NPOU3BOANTENBHOCTD XOJOAWIbHOI MalIVHBl COOTBETCTBYET
niomanu (4—1-b—a-4) mox nsorepMoit kunenus (4—1).

7.4.1. Ornnuns TE0PETHYECKOrO LKA NapoBOiA

KOMNPECCHOHHOMA X0N0ANNbHOM| MaLKHbLI 0T uukna KapHo

B ke KapHo BcachiBaHMe IapOB XOJOAWILHOTO areHTa B UJAMHAD KOM-
TIpeccopa OCYINECTBIISAETCS B COCTOSIHMM BJIa>KHOTO mapa (Touka 1). Braxwprit
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" nap 06yc/IOBAUBAET B CBOEM COCTaBe HATHYHE KAIIEb XXUIKOTO XOI0AHIIb-
Horo arenTa. [locTynsienve B HUIMHAP KOMIIPECCOPA XUAKOIO XOJOAUIBHO-
ro areHTa BJeyeT 3a cob60l NoCIeaCTBHs, KOTOPbIE CIeNyeT YUYHTHIBATh B
yCIoBUAX paboThI XOMOAMIBHON MalUMHbL. [10CKObKY KUAKOCTH HECKH-
MaeMbl, TO NONa[aHHe XKHUAKOTO XOJIOAUIBHOTO areHTa B WIMHAP KOMIIpec-
copa MOeT HPHBECTH K SBJIEHHUIO, KOTOPOe HOCUT Ha3BaHHe <«IMApaBInye-
ckuii yaaps. CyTb SBJI€HHS COCTOUT B TOM, UTO IIPH CKATHN HECKUMAaeMOl
XHUIKOCTH BO3MOJKHO paspylieHHe KOHCTPYKTHBHBIX 3JIEMEHTOB KOMIIpec-
copa. Han6oiree ys13BHMOii 4acThio KOMIpeccopa, NOABEPKeHHOM pa3py-
IIEHHUIO IPH THAPaBANYECKOM y/iape, sIBJIsIeTCs BCcachiBaomuii kinamas. OH
MOJKeT pa3pymuThes. OCOGEeHHO 9TO ONACHO /ISl TepMETHUYHBIX KOMIIpec-
COPOB, IOCKOJIbKY MOCAeICTBHS TOI0OHOTO NPeANoNaraloT OTIPaBKY KOM-
Mpeccopa B PEMOHT: ' ‘

I'mppapaudeckuil ynap kak siBjieHHe NpPH 3KCIUIyaTalllH MaJbIX X0J0-
IHUTBHBIX MallTH OBIBaeT CKopee UCKIIOUEeHNEM U3 IPaBUJ, YeM IIPABHIOM.
Bonee HenpHsTHBIM SIBJIeHHEM, CBSI3aHHBIM C MOCTYIJIEHHEM B LMJIMH/D
KOMIIpeccopa HeGOIBIIOTO KOJIMYECTBa Kallesb XKHAKOTO X0JIO[H/IBHOTO areH-
Ta, SIBJISIETCS BCKUNIAHHeE STUX KalleJIb HelocpeICTBEHHO B CAaMOM KOMIIpec-
cope. O6pa3soBaHHe Napa B KOMIpeccope, Kak 0TMEYaIoCh paHee, IPUBOUT
K yMeHblileHHio KoadduiieHTa nogadu koMmipeccopa A (K. 1. 1. KoMrpec-
copa). Ero xoyion0onpon3BoauTebHOCTD Ia4aeT, YTO IPHBOAMT K ITOBBbIile-
HMIO TeMIepaTypHl BO3yXa B OXJlaxAaeMoM o0beMe:

Q,=A-q,'V,, Br, (7.12)

rae

q,— ynenbHast o6beMHast X0JI0/I0NPOU3BORUTENBHOCTD, KK /M?;

V, — 4acoBoit 06beM, onHcbiBaeMblit MOpIHeM (TOPIIHAMH), M3/c.

TaxuM 06pa3oM, cpaBHHTEBHO ¢ UKIoM KapHo soruyeckyt 060cHOBaH
nepexoJ OT XOJIOANJIbHOTO areHTa B COCTOSIHUH BJIaKHOTo Mapa (Touka 1)
K CYXOMY HachillleHHOMY 11apy (Touka 1°), T. e. mapy, He UMelolileMy B CBO-
€M COCTaBe XXUAKOCTH.

Tlepexoa oT cocTosTHUA X0J0AUABHOTO arenTa (puc. 7.8, Touka 1) k co-
crosgHuIo (Toyka 1”) obecreynBaeT paGoOTY KOMIIPECCOPA «CYXHM XOAOMS,
YTO [103BOJISIET IOCTHYD HanboIbIero 3HaueHnd koachdHmeHTa TOAaYH U
YBEJIMYHTD XOJOIOTIPOH3BO/IMTEILHOCTD KoMIpeccopa Aq,, Ik /Kr, Ha Be-
JIVYNHY, SKBUBAJIEHTHYIO TUIomaau b—d—1'~1-b. OxHako ofHOBPEMEHHO
C yBeIHYeHHeM X0JI00TPON3BOANTENIBHOCTH, [k /KT, BO3pOCIA H BeJINYH-
Ha SHepreTHYecKHX 3aTpar B Bule pabotst J, JIx/kr. Bernunna aanabat-
Holl paGOTHI 5KBHBaJIeHTHA Itomagn 1-1-2'-2-1,



Fnasa 7. TeopeTu4eckne GCHOBbI NOAYYEHUS UCKYCCTBEHHOTO X0A104, 121

Puc.7.9
KoHCTpyKumst otaenutensa XnakocTu

a) — oTaenuTens xnaxoctm (Ox), 6) — otaenuTenb XUAKOCTU
COBMECTHO € KoMnpeccopoM (KMm) XxonoannbHOM MatLmHbl:
1 — go3upyioulee OTBEpPCTUE 4N Macna, 2 — oTpaxaTtenb

TockonbKy npHpalleHHe MIOIaAM, SKBUBAJIEHTHOH paboTe, Gosblie
IJICINAAH, SKBHBAJIEHTHOM XOJOAOTPOU3BOAUTENBHOCTH, SHEPTETHYECKU
JaHHBIHA nponiecc MeHee 2 deKTHBEH, YeM Npollecc, TPOTEeKAONIKI B paM-
Kax nuxia KapHo. OqHako npaxTHyeckasi eJecoobpasHoCTb NpeBalnupy-
eT Hajl coOOpakeHUAMM, CBSI3aHHBIMH C SHEPreTHYECKUMH 3aTPaTaMH.

Taknm 06pa3oMm, 19 YBEIHUEHHS XONOAONPOH3BOLUTENLHOCTH X0JIO-
JHMJIBHOMN MaliiHBl Heob6x0AUMO obecnednTh Noaady B HMJIMHAP KOMINpec-
€Opa CYXOro HachIIIEHHOTO Napa B cocTosTHUY Toukn 1’ (puc. 7.8) uian napa
B COCTOSIHHH Ileperpena. '

ObecneynTs Mofayy B KOMIIpeccop mapa 6e3 Kamnesb )XUAKOCTH MOXKHO
ABYMS Iy TAMH — JIKGO NpeBApUTENIHHO OTAeNsis *KUAKOCTD OT Ilapa B OT-
nenutene xunkoctu (Ox) (puc. 7.9), nubo Harpeas (Nieperpesasi) map B
HCTIapUTeJie OCPeICTBOM U3MeHEHURA PACcX0/ia XOJI0{HIbHOIO aTeHTa, Mpo-
XOAAIIEro Yepe3 NpuGOp aBTOMaTHYECKOTO PeTyIMPOBAaHMSA PAacXOZa X0JIo-
AauibHoro arenTa — TPB. ’

OtpeneHue XupKOro XoNOZMALHOTO argHTa 0T Napa
B OTAGNAUTENE XNAKOCTH '

B oraenuTens KUIKOCTH XOJOAUIbHbIH areHT MOCTyNaeT U3 HClapHTelsa
BMecTe ¢ MacoM. [10Tok XOOAMIBHOTO areHTa yapsAeTCst B OTpaxaTelb 2,
MacJjI0 OYCKaeTCs Ha AHO OTAEJUTEJISI XKHAKOCTH, a KaIlIH KH/KOTO X0J10-
AMJIBHOTO areHTa peBpaIaloTcs B Nap U NOCTYNAloT B kKoMimpeccop. Ilapbl
XOJIOAHJILHOTO areHTa MOCTYNAIOT B BEPXHIO YacTh V-06pa3Hoii TpybKu
H jlajiee B KoMIIpeccop. Mac/io BcachiBaeTcst B KOMIIPECCOp Yepe3 KaIHopo-
BaHHOe oTBepCTHe 1, obecneynBaioliee JO3HPOBaHHYIO ero nojady.
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Otnenutesn XUAKOCTH YCTaHaBJIHBalOT B OCHOBHOM B HH3KOT€MHepa;
TYPHBIX XOJIOAWIBHDIX MalllHHaX. HenocraTrkoMm oTenuTensi )XUAKOCTH SAB-
JIAEeTCA €ro METaJJIOEMKOCTD.

Meperpes napa B UCNAPHTENS NPH NOMOLLLYK
TepMoperynupyowero seHtuns (TPB)

IIpouecc apoccenHpoBaHNs OCYIIECTBASETCS B COOTBETCTBHH C 3aKOHO-
MEPHOCTAMM THAPABIVKH: IIyTeM CO3JaHHA JJIS MOTOKA KUAKOILO XOJO-
AMJIBHOTO are€HTa «MeCTHOTO COTIPOTHBJIEHHSA» WU <«CONPOTHBIIEHHS IO
IJIHHE>.,

Iepsriit MeToa pealn3oBaH B TEXHHYECKMX KOHCTPYKIMSAX, HasbiBae-
MbiX TepMopery/upyioummu seatunsimu (TPB), BTopoii Meton — npocce-
JIMpOBaHHEM XOJIOMJILHOTO arelTa B KaNWUIApHOH TpyOKe (TOHKast THH-
Has TpyOka). Kanuisipaast TpyOxa BHINONHSET TOMBKO OAHY QYHKIUHIO —
IpOCCeJINpYyeT XKUAKWIA XOMORUNbHEL areHT, IPOXoAAInuii uepes Hee.

CxeMa TepMOpery/IHMpyIOIeT0 BEHTHJA NpHBeAeHa Ha puc. 7.10. Be-
JIVYHHA TeperpeBa Mapa, T. €. HarpeB Ilapa OTHOCUTEJBHO TeMilepaTyph!
KHIEeHHs1 XOJIOAUNbHOIO areHTa B ucnapurene (At °C, puc. 7.11), obec-
neYynBaeTcsl NPUOOPOM 2BTOMATHKH — TEPMOPETYJIUPYIONIUM BEeHTHIIEM
(TPB).

Peryaupopanue 3anoJHeHHs UCIIApHUTeNs XOJMOHIBHBIM areHTOM, TO4-
Hee peryJMpoBaHHe Pacxoia XOJMOANIbHOIO areHTa, IPOTEKAIOIIero Yyepes
Apoccennpyioliiee yerpoiicTso (depes TPB) 1 cooTBeTCTBEHHO Yepes uc-
HapHTeJlb, OCYIIECTBIISETCS BpallleHHeM PeryJIMpyiollero BUHTa 2 TepMo-
peryaupyiouiero Beutuss (puc. 7.10).

O6veM mox MeM6Gpanoii B TPB coeauHen ¢ BhXoA0M U3 HCNApUTENS.
I1pn yBeuueHun ycunns CkaTus IPYXAHL P, KJIaNaH yMEHBIIAeT IPOXOA-
HOE CeueHNe, YMEHBINAETCS PACXOJ] XOJOAMIBHOTO aTeHTA, POTEKAIOIIEro Ye-
pe3 TPB. IIpu maoM KoJydecTBe XOJOAMIBHOIO areHTa B HCNapHTese nap,
BBIXOZSIIINIT U3 NCTIAPUTEJIS, IEPErpeBaeTCs, aBJIeHHe XOJI0AHIbHOTO areH-
Ta B TepMobaioHe (8), IJIOTHO NMPHXAaTOM K HCHapHUTENIO, IOBIIAETCS.
YcranaBaMBaeTcsl HOBOE PaBeHCTBO JaBJIeHUI Ha MeMOpaHy ¢ Kak/oi U3
CTOPOH: CHH3Y — AaBJieHHe IPYXHUHbI P, ¥ NaBeHue kunenns P, cBepxy —
JaBJieHHe XONOLWILHOTO areHTa, coanaBaemoro B TepM06aJmoue P..

TaxuM o6pa3om, octioBHast pyHkuus TPB cocTouT B peryJupoBaHHH
BeJIMYKHB IleperpeBa apoB, BHIXOAAUINX U3 HCIIADHTES, a He TeMNepary-
PBI KHNIEHHUSI X COOTBETCTBEHHO He TEMIEPaTyPH! BO3/yXa B OXJIaXK2eMOM
o6beme. TeMnepaTypa BO3AyXa B OXJIaXAaeMOM o0reMe YCTaHaBMUBAeTCs
PeryJisiTOpaMH TeMIlepaTyphl WM JaBJieHUs1 KUIIEH S XONIOAUILHOIO areH-
Ta B UCHAPUTEJIE.
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BMecre ¢ TeM cileayeT OTMETHTS, YTO IIPH BpallleHHH PEryJIHPOBOYHOrO
BuHTa TPB BCaencTBHe apoccennpoBanis X0JMOAUIBHOTO areHTa U u3Me-
HeHMsl 3 PeKTHBHOM ITomaay TeniooOMeHa HCIIapUTeNs B ONpeJesieH-
HO¥t Mepe USMEHseTCS [aBJieHK e KMIeH!si XOJOAHIbHOIO areHTa B Mcha-
pHUTene U, Cle/ioBaTeJIbHO, TEMIIepaTypa Bo3/yXa B OXJIaKAaeMOM o0beMe,

Puc. 7.10
TepMoperynvpyiowmin BeHTUNb .
1 — ucnaputens, 2 — perynupyioLLmia BUHT, 3 — peryaupyiowlan rnpyxuHa,
4 — urna (knanad), 5 — Tonkarens, 6 — MeMbpaHna,
7 — xanuanapHana Tpy6ka, 8 — TepmobannoH

T 2
i 2 /]
3'
3 2u
1
Tt
/ 4 %
~—» S
a bec
Puc. 7.11

TeopeTudeckuit umkn
MapoBoi KOMNPECCUOHHOM XONoANBHOM MalunHb! ¢ TPB
MNpouecchi: 3-4 — apoccennpoBaxua B TPB,
1’-1 — neperpes Napa B ucnaputene
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lMepeoxnaxpeHua XuAKOro XON0AKNIbHOTO AreHTa

nepen ero gpoccenupoBaHueM

B yukse KapHo pacluupenue xuixoro XoI0ARAbHOTO areHTa IpoTeKaeT B
pacHIMpUTeNbHOM HMIHHIpe (pHc. 7.8, npouecc 3—-4). B TeopeTnueckom
HHKJe AapoBoi KOMNPeCCHOHHOM XOJIOAMIBHON MalMHBI peajn30BaH
TPUHIMI JPOCCeTHPOBAHHS JKHAKOTO XOMOAMIBHOTO areHTa {puc. 7.8, po-
necc 3—4") ¢ MpeABApUTENIBHBIM €r0 OXJIAXKIACHHEM.

OxnaxaeHne KUAKOrO XONOXUIBHOIO areHTa fepef ero JpocceInpoBa-
HHEeM MOXKeT OCYLIIeCTBJISIThCS B KOHAEHCATOpe XOJMOAUIbHOM MAIITMHAI Z10-
CTaTOYHO IPOCTBIM CIIOCOO0OM — NyTeM YBeNTHYeHHUs IUIOUAH IOBEPXHO-
CTH KOH/ZIeHCaTopa MY B TIpocTelinieM cayyae MyTeM YBeJIMYeHHs AJTUHbI
Tpy6KH KoHAeHcaTopa (puc. 7.12).

ITpumeneHme cnocoba COMPSKEHO C YBEJMYEHHEM PA3MEPOB U MACChl
KoHAeHcaTopa. [IoaToMy B X0/0ANNIBHOM TeXHUKe NpUMeHsieTcs Goee -
(exTHBHBI CIOCO6, NO3BONAIOMNI COYETATh NOHIKEHHE TEMIIEpPaTyphl
JKHU/IKOTO XONOAUNBHOTO areHTa nepel ero IpocceIMpoBaHHeM C JOTMOJTHH-
TeJIbHBIM HarpeBoM (TIeperpeBoM) Mapos X0JI0HIbHOTO areHTa Ha BCachl-
BaHHHM B KoMIpeccop. [l/Ist 3THX 1esiell HCIOMIB3YIOT TeIIoo6MeHHbIe all-
NapaTh!, HasbIBaeMble TeII00OMeHHUKaMH. KOHCTPYKIIHSI OTHOTO U3 HUX
npeJicTaBJieHa Ha puc. 7.13.

PereneparuHbiii Tenoo6MenHMK (pHc. 7.13) pelnaer 1Be NpakTHYeCKHe
3a/1a4H: OXJIaX/[aeT KUAKHI X0JIoAMIbHBIHA areHT, BHXOAAMMHA U3 KOHJeH-
catopa (puc. 7.14, orpeaok 3—3"), u HarpeBaeT Map, NOCTYMAIONHII U3 HCNa-
puTeJs B KoMnpeccop (otpe3ok 1-1”). KpoMe Toro, mpuMeneH#e Tenn006-
MenH#Ka obecnieinBaet 3 PEeKTHBHOCTD HCNIOIb30BaHKS IVIONIAH MOBEPX-
HOCTH HCIIapUTeJid ¥ XOPOIIHH BO3BPAT Macja B KOMIIpeccop.

Ilepeoxnaxaerre XOJMOAUILHOTO areHTa nepej ApOocceIUpOBaHHEM H
neperpes napa Ha BcachiBaHHM 06eCIeYHBaIOT JONOJHUTENbHOE YBeIHYe-

2

=
L

C
C

)
3
D)

3'

v

Puc.7.12
- OxnaxaeHue XoNoaMIbLHOrO areHTa B KOHAEGHCATOPE XONOANNLHON MaLLUHBI

2 — nap, NocTynaiotiuiA B KOHASHCATOP, 3 — XONOAUANBHBIA areHT B COCTOAHUN
XKUAKOCTU, 3’ — NepeoxNAKASHNE XUAKOro XONOAUNLHOTO areHTa
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Puc.7.13
Tennoo6menHuk Td,-25

Nopaua (3) v BLIXOA (4) XNOKOro XONOAUNBHOIO areHTa,
nogaya (1) v Bbixop (2) neperpertoro napa

T 2 /1?7

3

"3 1’1
3 1 Aty

1

/A 4" 4 \ At1
)
c a bd
Puc. 7.14

PaboTa x0n0AUNbLHOM MalWKHbE C TENN0OOMEHHNKOM
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HHUE X0JI0/I0TIPOM3BOAUTENBHOCTH XOJOAUIBHON MAIIMHbI (10IAH c—a—
4—4"—c n b—d—1"-1-b). IToaToMy Ten1006MEHHHK sBJSETCS HeOBX0MH-
MBIM H 0653aTeIbHbIM 3JIeMEHTOM XOJOAMIbHOR MAILIKHBL.

7.5. Nonyuenue xonona npu NOMOLLY
ABYXCTYNeH4aToi X0N0ANIbHOW MalWHbI

JocTikeHne B oxaxaaeMoM o0beMe HU3KON OTPHIATENbHON TeMIlepa-
TYPHI CBA3AHO C ONHOBPEMEHHBIM CTPEMJIEHHEM COXPAHUTD BBICOKYIO Xo-
JIOAONPOH3BOIHTENLHOCTD XOJIOAUIHOM MAIIHHBbI.

B yacTHOCTH, 3TO cTpeMJeHHe MOXeT OBITh O6YCNOBIEHO TEXHOJIOTH-
YeCKHMH COOOPaXKEeHUAMH, HalipuMep HeoOXOAMMOCTDIO 3aMOPaKHBAHUS
npoaykToB. Kak u3BecTHo, A/ 3aMOpa>kUBaHAA 1 KT BJIard cJIefyer oTBe-
ctu 335 x/[x/xr Tenya. Eciu B TeXHONOTHYECKOM MM TOPLOBOM XOJIO-
AWUbHOM 06OPYNOBaHHH CJIE/lyeT MOAYYHTb HUSKYIO TEMIIEPATYDY BO3AY-
xa, nopsaaka —40...—35 °C 4 npH 3TOM OTBECTH 3HAYUTENbHOE KOJTUYECTBO
TelJIa, TO Heo6X0AUMO, YTOOBI X0O/I0N0TPOH3BOAUTENIBHOCTD KOMIIPECCopa
(Q,, Br) obecneunBaia norairenye Bcex TeNJIONPUTOKOB.

Xo1010NPON3BOAKTENILHOCTD KOMIPECCOPa 3aBUCHT OT YAEABHOM 06b-
€MHOH X0J10/I0NIPOU3BOANTENBHOCTH XOJIOAMJIBHOTO areHTa Do Jlx/xr:

Q,=A -q, - V,, Br, (7.13)

rae

q,, — YAebHas 06beMHAA XOIOAONPOU3BOLHTENBHOCTb 1 M* X0I0AMb-
Horo areTa, g, = q,/v,, [Ak/M%

v — yaenbHbii 06beM napa, NOCTYNAIOIEro B HUJIMHAP KOMIIPECccopa B
cocrommu TOYKH HuKiaa 1, mM3/kr;

A — ko3¢ PUIHEHT IOAAYN KOMIIPECCOPa;

V, — 4acoBoii o6beM, onHCHIBaeMBIii OpIIHEM, M3/C.

Tipu oasocTyneHYaTOM CXKAaTHM XOJOAMALHOIO areHTa B IOPIIHEBOM
KOMIIpeccope ITpY OTHOLIEHUH JaBJeHHi KOHAeHCAUH Y KUTIeHUS 60.Ib-
e 9 ynesbHast X0/IOONPOU3BOTHTENLHOCTS 4., [l /KT, HeBennka (puc. 7.15).

Ona orobpaskeHa n0MaAnbIo @ —b—1—4~a nop n3orepmoii kunenns. Kpo-
Me TOTO, TeMIiepaTypa B TOUKe 2 MpeBbIlIaeT ZOMYCTHMBIE IS HOpMATb-
Ho¥t paGoTHI KOMIIpeccopa 3HaYeHHsI.

I1pu nocseoBaTeILHOM ABYXCTYINEHYATOM CKaTHH XOJIOAMJILHOTO areH-
Ta TOJHASA YAeNbHAS XOJOAOHMPOUIBOAUTEIHHOCTh YBEJIMYUBAETCA, a pa-
6oTa c)KaTHsl YMEHbIIAeTCs.

CxeMa IByXCTYII€HYATO! XOJOLUIbHON MaIlIHb! OTPaskeHa Ha puc. 7.16.
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4
4,
a b

Puc. 7.15
K o6ocHoBaHuio nonyyeHins HU3KoN TemepaTyps BO3Ayxa
B oxJiaxaaemom obveme

;/2

3
6 4
) ~ ib
1 D
QU
SO @ 7
4 ;
N
ia
Puc.7.16

Cxema [BYXCTYNeH4YaTon XoNoAUNbHOR MalMHL!

1a -— KOMNPeccop BLICOKOM CTYNeHw, 1b — KkoMnpeccop HU3Ko# CTyneHw,
2 — OCHOBHOIA ucnaputens, 3 — ucnaputens, 4, 9 — KanUANAPHbIe TPYGKY,
5, 8 — dunLTpLl, 6 — KoHAEHCaTOP, 7 — TeNN00GMEHHNK

HuskoTteMnepaTypHblii IpUJIaBoK € yCTaHOBJIEHHOM B HEM IBYXCTYIIeH-
qaToi XoNMOANIbHOI MaIIWHO# oTpaxeH Ha puc. 7.17.

XoJI0ANTbHBIH areHT U3 KOHAeHcaTopa 6 Yepes XKUAKOCTHOM GUIBTP 5
NPOXOAHUT Yepe3 KaNnu/LIAPHYIO TpybKky 4, apoccenupyercs (puc. 7.18, or-
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pe3ok 5—6) ¥ MOCTYNaeT B TeMIOOOMeHHHK 7, OXJaxAas Map, NOCTyIao-
LIMi U3 KoMITpeccopa 1 B HU3Ko# cTyneH# (oTpe3ok 6—7).

HNanee xuaxunit XoN0nMIBHBII areHT NOBTOPHO JIpOCCENIMpYeTCs B Ka-
NHIsSIpHOi TpyOKe 4 (oTpe3ok 7—8) M MOCTYMaeT Mocae0BaTeIbHO B HC-
napuresau 3 ¥ 2 (orpe3ok 8—1). I1apel U3 ncnapuTess 2 0TKaYHBAIOTCS KOM-
npeccopoM 1B, cxxumaloTcs (oTpe3ok 1-2), oxnaxaaloTcs nocje coKaThs
(orpe3ok 2-3) B TEMIOOOMEHHHKE 7 K HATIPABASIOTCS B KOMIIPECCOP Bbl-

Puc. 7.17
XonoannbHbi NPURABOK C ABYXCTYNEHYaToM
XONOANUSMBLHON MaLLMHOMN

/ 8 1
a b ¢

Puc.7.18
MonyueHue xonoaa NPY NOMOLUM
[BYXCTYNEHYaTOMN XONOAUNLHOW MaLMHb
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COKOTO JaBieHUs 1a, rie cxuMaloTcs (0Tpe3ok 3—4) 10 1aBaeHus KOHAEH-
canuu (OTpe3ok 4—5).

JLoCTOUHCTBO Tako#l cXeMbl NMOJy4eHHsi HU3KOH TeMIlepaTypbl COCTOMUT
B TOM, 4YTO HapsAly ¢ HU3KOH TeMnepaTypoil obecnieynBaeTCs noaydeHne
BBICOKO# X0JI0JOTIPOU3BOAUTENBHOCTH XOJIOAUIBHOM MaHIUHBL.

B orcyrcrBHe AByXcTyneHYaToro cxatusi (puc. 7.18) BennuuHa ynemns-
HOIi X0MI0A0NPOH3BOAUTENbHOCTH g, KIXK /KT, onpenensach NIOLAAbIO
b~c-1~1'-b. IlpuMetienne cxXeMbl ABYXCTYIEHYATOrO CXaTHs MO3BOJINIO
NOJY4YUTb XOJIOAONPOU3BOAUTENBHOCTD G, K/IK/KT, 5KBUBANEHTHYIO NJIO-
maau a—c—1-8-~a. KpoMe Toro, npu AByXCTYNEHYATOM CXKaTHH 3aTpayH-
BaeTCA MeHbllle SHEPruy Ha cosepiiienue cxatud. [Iromans 2-2'-4-3-2
AKBHBAJICHTHA SHEPreTHYECKMM 3aTPaTaM Ha CXKaTHe XOJOLUNIBHOIO areH-
Ta. IIpy NoMHOM NPOMEXYTOYHOM OXJaXAEHHH NapoB XOJIOLUJIBHOTO
areHTa (0Tpe30k 2-3) mocje UX CXKaTHS B KOMIIpeccope HU3KOH CTyHeHH
(1-2) obecrieunBaeTcss yMeHbIlIeHHE BEIHYHHE IHEPTETHYECKUX TTOTEPb.

BenuunHa npoMeXyTOYHOTO OXAaskAeHHS XOJ0AUIBHOIO areHTa (oTpe-
30k 2—3) onpenensiercs 3¢¢eKTHBHOCTBIO 3TOTO NpoLecca B TeNI006MeH-
HMKe, IUIOLIa/1bl0 TIOBEPXHOCTH TETIOO6MEHa M APYTUMH GaKTOpaMHu.

1.6. NMonyuyexue xonona Npu NOMOLLY
abcopOuMOHHOR XO0NOAUIIbHOK MaLUNHDBI

A6cop6iiHOHHBIE XOJIOANIbHbIE MAITHHEI B OTIHYHME OT XOJOAUbHBIX Ma-
IIHH, B KOTOPBIX COBepILaeTcsi MexaHudeckasi pabora, paboTaioT npu 3a-
Tpare TeIlJI0BOH SHEpPTUH.

B a6cop6unoHHOM X0N0AMNBHON MallidHe UPKYAUPYIOT ABa pabounx
BellecTBa: XOJIOAN/IbHbIIA aTeHT U a6COPOEHT-IOTTIOTHTENb.

B 3aBHCHMOCTH OT IPUHIMIIA HX AeHCTBHA aGCOPOIIHOHHBIE XOJIONUNb-
HBble MallIMHbL JeNAT Ha XOJIOAWAbHbIe MalIMHbI HellPephIBHOTO H [IepHOo-
nuyeckoro Tuna. HenpepbiBHO JeficTBYIOIME MAlIMHLI, B CBOIO OYepelb,
NIONPa3eNAIoT Ha HacocHble U GesHacocHble (aHbdy3noHHEIE).

HcTounnkamu sHepruu (Tena) Ajis paboTsi abcOPOUMOHHBIX XONIOHIb-
HBIX MallIMH CJIy>KaT Nap, ra3, ayiekTpndectBo. OHM 0cO6eHHO BHIFOAHMI TaM,
IZie eCTh B JOCTATOYHOM KOJINYECTBE OTPabOTAHHOE TEILIo.

B a6copOuMOHHBIX X0JOARMBHEIX MalIHHAX B KaYyeCTBE XOA0AHAbHOTO
areHTa HCIOJB3yeTCsi IPEUMYILECTBEHHO aMMHaK, a IOTJIOTUTeJIEM SBJIS-
eTcs Bofla. B ycTaHOBKaxX KOHAMIHOHMPOBAHMS BO3/yXa HCIIOJIb3YIOT B Ka-
YecTBe abcopbenTa BOAHBIA pacTBOP 6POMHCTOrO JIMTHS, @ XOJOAUNBHBIM
AreHTOM CAYXHUT BOAA.

5-996
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{ >

Puc.7.19
Cxema a6copOUMOHHON HACOCHOM XONOAWILHON MallivHb
HenpepbLIBHOro AeCTBUS

1 — kunaTUnbHKK, 2 — abcopbep, 3 — KoHaeHcaTop,
4, 7 — perynupyiowme seHTunu, 5 — ncnapurens, 6 — Hacoc,
8 — rpenka, 9 — oxnagurensb

1.6.1. NpuHumn pa6oTtul a6copBLUOHHOR HACOCHOH
X0N0AUNbHOA MaLLIKHLI HeNPepLIBHOIo AeACTBUA

B cucreme «abcopbep—KunaTHALHUK» (puUC. 7.19) UHPKYAHPYET BOAOAM-
MUAUHBI pacTBOp NepeMenHol konueHTpanuu. [Ipu atom B abcopGepe 2
noAepXuBaeTCs aBaeHHe TaKoe Xe, Kak B HCITapuTese 5, a B KUIISITUIb-
HuKe 1 — Takoe Xe, KaK B KOH/ieHcaTope 3.

B a6copbep 2 BomoaMMHauHBIH- PACTBOP NMOCTYNAET C HU3KMM COJlepkKa-
HueM aMMHaka. OH NOTJIoMIaeT Naphl aMMHaKa, IOCTYTIAIOLIME U3 UCHapUTe-
JIS1 5, ¥ CTRHOBHTCS HachlleHHbiM, HacheHHBI pacTBOp epekayiBaeTcs
HacocoM 6 B KMITATHJIBHHUK 1, Ilie 13 HEro BhINapHBaeTCs aMMHaK, KOTOPBI#
HalpaBJisieTcsl B KOHZleHcaTop 3. B koHAeHcaTope XONOAUNBHbINA areHT KOH-
neHcupyetcs. [{ajiee OH NPOXOINUT Yepes ApocceMpYIOLIiii BEeHTb 4 U no-
CTYNAaeT B MCIIAPUTEND 5, T7Ie KMITHT, OTHUMAst TEIUIO OT OXJIaXIaeMOoit cpefpl.,

B xunaruabHEKe 1 pacTBOp NOC/Ie BRITApUBAaHUsI U3 HEr0 aMMHAKa CTa-
HOBHTCA ¢c1ab0 KOHIIEHTPUPOBAHHBIM H Yepe3 peryJIUpyouiui BeHTHIb 7
BO3Bpailaercs B abcopbep 2. 3xech pacTBOp BHOBb 00OraiaeTcsi aMMHa-
KOM, NOCTYNAIONIMM U3 UCIIApUTEJI, IT0CJIE€ Yero BHOBb IMTOCTYNAET B KHIIA-
THJIBHUK.
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1.6.2. Tennosoi 6ananc a6copSUMOHHONA XONOAUNBHOA MALUMHbI

I[Tpu paboTe X0NOANUILHOIN MAILMHBI TETIONOABOJ OCYUIECTBASETCS B KH-
NATUABHUKE, HCTIApUTeie U Hacoce (KaK 9KBUBANIEHT ero MeXaHHYecKon
pabGothl). OTBOAUTCA TEILIO B KOHAeHcaTope U abcopbepe. Tlo 3akoHy co-
XpaHeHHsl SHePTHH YPaBHEHUE TeILUTOBOro HaiaHca abCcopOIHOHHOM Malliy-
HBI IPEACTABAAIOT B BUJE:

an +Qo +Q||ac =Q+Qa6c’ (714)

Tae

Q. — TeIo KUNATHIbHYKA, BT;

Q, — Tenso ucnapurens, Br;

Q... — Telo Hacoca, BT;

Q 4. — Temo abcopbepa, Br.

BBuay ManocT CpaBHUTENBHO € APYTHMHU COCTABJISIONMIMMY TETJIOBOTO
Gamanca Q _3Toif BeIMUMHOI MOXHO NpeHe6peyb.

IbdekTHBHOCTD paboThl aGCOPOLMOHHOM XOMOAMABHON MAITHHBI MOJK-
HO OILIEHHTDb TEIIOBEIM Koadduimentom §, KoTopbiii npeacrasaseT coboii
OTHOMLIEHHE XOJIONOTIPOM3BOAMTENLHOCTH (| K 3aTpayHBaeMoMy Temny Q-

L S (7.15)
QHaT QKM" +Q}|ac

Ecnu npenebpeus BennuuHoit Q _ , To:

-9 (7.16)
"0

JocTonHcTBO aGCOPOLHOHHBIX XOJOXUIBHBIX MALIIMH COCTOHT B IIPOCTO-
Te KOHCTPYKLHH, HAIEXKHOCTH B paboTe, 6eCUIyMHOCTH.

HenocratkoM abcopb1IMOHHOHN XONOANIBHON MallIMHBI SIBJSIETCH BHICO-
Kasi METAJIJIOEMKOCTb. ~

B Topros:ie 11 GBITOBBIX LIEJISIX IPUMEHSIOT ITPEMMYLIIECTBEHHO X0JI0AHJIb-
HUKH abcopbunoHHO-Au ] Y3HOHHbIE.

1.6.3. A6copbumoHHO-ANDPY3UOHHbLIE XONOAUNLHUKK

Hawubonee mpokoe pacrnpocTpaHeHue moJay4Yunu abcopoimonHo-auddy-
3MIOHHBIE XOMOWIbHbIe MaluHbL (puc. 7.20).

[Ipu HarpeBe reHeparopa 1 B HeM HarpeBaeTCA KpeNnKuil pacTBOp aMMH-
aKa, Iapkl BOAHO-aMMUAYHOTO PacTBOpa TPOXOAAT MO TPyOKe KOHAEHCaTO-
pa 3 u NomazAaoT B KoHAeHcaTop 4. BoasiHbie maphl, 0XJ1axkAasiCh, KOH/EH-
CHpYIOTCS paHbliie TapOB aMMHaKa, CHOBA CTEKAlOT B BEpXHee OTAeJIeHHe

5+
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Vd
1/ -
———1 =38
4848 >
Puc. 7.20

NpwHuMNManpHas cxemMa paboTobi
a6cop6UNOHHO-ANGDOY3NOHHON XONOAWIBHOW MaLLIMHB!

1 — reHepaTtop, 2 — HarpeBaresib, 3 — TpybKka KOHaeHcaTopa,
4 — xoHaeHcaTop, 5 — HaknoHHaa Tpybka, 6 — cndoHHas TpyGka,
7 — ncnapwurens, 8 — abcopbep

. fém
T ——
1
Puec. 7.21
YerpoiicTeo abcopbunoHHo-andy3noHHoro
X0N0ANNbHUKA

1 — abcopbep, 2 — TepMocndoH,
3 — napooTBoasiuian Tpybka, 4 — 3MeeBuK



(naea 7. Teopetu4eckue 0CHOBbI NOAYHEHUS MCKYCCTBEHHOrO X0N0AA 133

reeparopa 1 1 nocrynaior B abcopOep 8, a mapbi aMM#aKa, CKOHIEHCHPO-
BaBLIKCD, CTEKAIOT MO HAKJIOHHOM Tpy6Ke 5 B cdoHHyI0 TpybKy 6. OTTyAa
KUAKMI aMMHaK TOCTYTaeT B McniapuTesb 7, Fe HaudHaeT KUNETh ¥ MCTa-
PATBHCS IPH TEIJIOOTBOAE OT OXJIaXKAaeMOi cpefibl.

W3 ucnapurtess napbl aMMHaka Hanpasisiiorcs B abcopbep, rae Hachli-
IAIOTCSI BOAOH, NOCTYIIMBIIEH 13 BEpXHEro oTAe eHus reneparopa. Hacei-
IEHHbIH pacTBOp aMMHaka U3 abcopbepa uzeT B reHeparop. 3ateM Mpo-
11ecC MOBTOPAETCA.

Ha puc. 7.21 uzobpaxena cxema abcopbunonHo-1uddysuonHoii xomo0-
RUIbHOM MaluHbl. AGcopGep 1 Yepes 3apsiTHbII IITYLIEP Ha 3aBO/iE 3210~
HsAeTcs BOAHO-aMMMayHbIM PacTBOPOM C XpOMAaTOM HaTPUsl X BOAOPOLOM.
XpoMaT HaTpHusi NpefoXpaHseT OT KOPPO3UH BHYTPEHHHE TOBEPXHOCTH
TPY6OK XOJOANIBHOMH MAILMHEL

ITocsie BK/TIOYEHHS XOJIOAM/IbHOM MAUIMHbI B CETh HarpeBaTesb I10/0-
rpesaeT TepMocuoH 2. 3ech NPoUCcXoAUT 06pa3oBaHKe NapoB AMMHAKa,
KOTOpBI€ NONANaloT B KOHAEHCATOP N0 NapooTBoAswei TpyOKe 3.

B xoHmeHcaTOpe ropsiuyie napb aMMHaka OXJIKAAIOTCS BO3AYXOM NOMe-
IIEHUS, KOTOPBIH OMBIBAET HAPYXKHYIO [IOBEPXHOCTb KOH/ieHcatopa. Bmecre
¢ rlapaMy aMMHMaKa B KOHAEHCATop NOCTYIIAIOT ¥ BOASIHBIE TaPBL.

KoHzaeHcauus napoB Bozbl IPOUCXOAUT IPH GoJiee BHICOKOM TeMiepa-
Type, 4eM KOHIeHCallUsl MapOB aMMHUaKa, T0TOMY IIPH OXJIaXKIeHHHU B 11a-
pooTBOAsIei TpyOKe Haphl BOABI KOHAEHCHPYIOTCS U KAIUISIMH CTEKAIOT B
reHepaTop, YaCTHYHO HACBIIIASICh TapaMy aMMHaKka. [1apsl aMMuaka B KOH-
AeHcaTope MepexXolAT B XKuikoe cocrosinue. Kuakuil aMMuak crexaer B
HCHapuTesb. 34€ech aBJeHHe aMMHaKa HIDKe, YeM B KOHJEHCATOpe, HO3TO-
MY aMMHaK MCTIapsieTcsi, OTHMMAas TEIIO OT CTEHOK HCIapUTesisi H CONpH-
Kacalolleroca ¢ HUM BO3AyXa XOJOAUIbHON KaMephl.

B BepxHI010 YacTb HCTapUTeIs NIOCTYNAET TaKxke BOXOpoA. B pesysbra-
Te AnGdy3un aMMHaKa o6pa3ye'rc51 NIapOra3oBast CMeCh BOJOPOL—aMMHaK.
dTa cMech 1o HapyXkHol Tpybe ra3oBoro Teno0o6MeHHHKa ONYCKAeTCsA B
abcopbep 1, a 3aTeM NMoAHHUMAETCs 110 3MEEBHUKY 4.

Hagsctpeuy cMecH BHU3 110 3MeeBHKY abcopbGepa ABuxeTcs caabulil Bo-
HbIA pacTBOp aMMHaKa, TOCTYTaIONHH U3 reHepaTopa. AMMHUAaK U3 aporaso-
BO# CMeCH 1lepeXoIMT B pacTBOP. To NPUBOAUT k 060TallleH!I0 BORHO-aMMU-
ayHOro pacTBOpa ¥ IPeBPalIeHNI0 Mapora3oBoii cMecH B YHUCTHIN BOZOPOA,
KOTOPHI{ 10 BHyTpeHHeit pr61<e ra3oBoro Tem1000MEeHHHKa BHOBb IIOCTY~
naeT B HCIapUTeb.

Hupkynsiust KOMIOHEHTOB MKy reHepaTopoM U abcopbepom, a Tak-
e MeXZy KOHeHCATOPOM U HCIIapHTe/IeM OCYLIECTBIISETCS 3a CYET pas-
HOCTH YPOBHell HaXOAINXCsl TaM PacTBOPOB. /[BiKeHHe BOAOPOAA U Ma-
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porasoBoif cMecu MeXXy MciiapuTeieM U abcopbepoM POUCXORUT 3a CYeT
PasHOCTH UX IJIOTHOCTEH,

B xoonunsHOM annaparte UMEIoTCs 1Ba TeNIO0OMEHHHKA — JKHIIKOCTHBIH
M ra3oBhIii. B xxuxocTHOM TenioobMeHHMKe HarpeBaetcs GoraThlii aMMHa-
KOM PacTBOp, HAYIIHI B FeHEPaTop, a B IFa30BOM TEILIOOOMEHHHUKe OXJIax-
HaeTcst BOAOPOR, TIOCTYNAIINUYA B HcnapuTeb. Tako# uukia paGoThl Bce
BpeMs IOBTOPAETCS.

KonTponsHbie Bonpock:

1. KakoBbI TeopeTHYECKYie OCHOBHI NOJIyYeHHS HCKYCCTBEHHOTO X0J1071a?

2. KakoBHI c11oco6bl TOJTy4eHus ICKyCcCTBEHHOTO Xooaa? JlaTh kpaTkyio
XapaKTEePUCTHUKY.

3. B ueM cocrouT cyTh Iukia KapHo?

4. YeMm oTimuaercsa nuka KapHo oT TeopeTHyeckoro nuKJa napoBoi
KOMIIPECCHOHHOM XOMOAHIBHON MaIIUHBI?

5. Kakum o6pa3oM AocTHraeTcs HU3Kast TeMilepaTypa Bo3yXa B OXJIax-
naeMoM o6beMe B COYETaHHH C BBICOKO} XOJIO/I0NPOM3BOAMTENBHO-
CThIO XONOAWIbHOH MallTUHbI?

6. PaccMoTpers ocHOBHON NPUMHIMN HOJY4YeHUs] X0Jiosa IIpH TIOMOMIN
abcopbUMOHHOI XOMOANNBbHOM MAIIUHEL



naBa 8
X0JIOOUNBbHbLIE ATEHTHI

Xonodunvnvie azenmv: — paboune BelecTBa XOJOAWIBHREIX MAIIUH, HC-
O/Ib3y€eMble [J1sl OCYIECTBAEHHS 0OpaTHBIX TEPMOANHAMHYECKHX LIUKJIOB.

HasBazHe X00AMIbHBIX aT€HTOB POUCXOANT OT aHIJIHIACKOTO refrige-
rant. VIx 0603Ha4aloT 10 MeXAyHapoaHoMy cranaapty ISO Ne 817-74 6yk-
BOit R ¢ gobaBienneM HHAMBHUAYAIBHOTO 15 KaX/I0TO BelecTsa uudpo-
BOro 0603HaueHHsl.

B kauecTBe xnajjareHTOB HauboNee MUPOKO HCIOIB3YIOTCS XJIAAOHH,
NIOJTy4eHHbIE Ha OCHOBE MeTaHa 1 3TaHa. AMMHaK, IponaH, H300yTaH U T. 1.
B OTJIMYME OT MPOM3BOJHBIX ITHX XOJIOAM/IbHBIX aT€HTOB B XOJIOAMIBHOI
TEXHHKe MeHee pacrpocTpaHeHbi. VIX mpuMeHeHHe OrpaHNYMBalOT TOKCHY-
HOCTb U ropioyecTb. OHM HCIONB3YIOTCS B TeDMETHYHOM 060PYROBaHIHY C
He6oMIbIIO# 030i1 3apAAKYU XJTa/laTeHTa, & TAKoKe B HEKOTOPBIX THITAX IPo-

. MBIUUIEHHBIX XOJOAUIbHUKOB. ‘

[Iupokoe npHMeHeHHe HAXOASAT CMeCH XJIaJlOHOB, IO3TOMY obilee YHC-
JIO M3BECTHHIX XJIaZlaTeHTOB HACUMTHIBAeT HECKOJIBKO AECATKOB HAHMEHO-
BaHHi.

8.1. OcHoBHbI@ CBOICTBA XONOANNBHBLIX Ar8HTOB

XonoawibHbIE areHTHI JOJDKHBI YAOBAETBOPATb COBOKYITHOCTH TpeboBaHHi,

Olipe/ieJIAI0IIMX UX [IPUTOAHOCTD AJIsi HCIIO/Ib30BaHHUA B XOJMOAUIbHBIX Ma-

muHaXx. Pasnuuaior TepMoAnHaMUyeckde, PH3UKO-XUMHUYecKHe, PpHaHO-
| JIOTHYecKHe CBOHCTBA H SKOHOMHYECKHE NOKAa3aTe/H.

8.1.1. TepmoavHamuyeckue csoicTaa

TepMonuHaMHYecke CBOICTBa BKITIOYAIOT B ceb4 BO3MOXKHOCTD NOTyYeHHs
B HCTIapHTeIe XOJIOAWIbHOIH MalIiHbI HU3KO}i TeMIiepaTyphl KiuneHus (a cie-
JOBaTeNbHO, M HU3KOM TEMIIepaTyphl BO3IyXa B OXJIaXaeMoM obbeMe) TIpH
JaBJIEHNH He HiDKe aTMocdepHoro. IIoMHMOo 3TOro, XOOAMNBHbIH areHT 1071
JeH UMeTb IIpHeMJIEMOe JiaBJieHHe KouaeHncauny (obbruHo o 2 MIla), uto
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NOHMXaeT TPeGOBaHUA K MPOYHOCTH KOHCTPYKTHBHBIX 2JIEMEHTOB XOJI0-
JAWJIBHOM MallVHBI.

Xo/oMIBHBIA areHT 0JIKEH HMETh BHICOKYIO YAENBHYIO OOBEMHYIO XO-
JI0IONIPOM3BOAUTENBHOCTD (g, KXk /M?), YTO yMeHbIaeT pasMepbl KOM-
mpeccopa, HU3KYIO TeMIIepaTypy 3aMep3aHHs, BhICOKOe TIOJIOKEHNe KPUTH-
4eCKOI TOUKH U JIp.

8.1.2. ®usuxo-xumuyeckue csoHcTBa

Dusyko-xUMHYECKHe CBOKCTBA BKIIOYAIOT B ceba cieyiolie OCHOBHEIE
MmapaMeTpsL.

T1IOTHOCTb ¥ BA3KOCTb XONOAWIBHOTO areHTa JODKHBL OHITh HeGOo b -
MH, YT0 0becrneuynBaeT MUHHMYM 3HEPTeTHYECKHUX 3aTpaT Ha MepeMellie-
HHeE XOJoAHUIbHOTO areHTa Mo TPyOONPOBOAaM XOMOAMABHOMH MaIITUHBL

KoabduiienTsl TEIUIONPOBOAHOCTH M TEILUIOOTAAYH JOJKHE GHITH MO
BOBMOXHOCTH BBICOKH, YTO YJIyYIIAeT TEIIo0OMeH B TelI000MeHHbIX arl-
naparax.

Macno B xonognasHOM areHre

B X070AMIBHBIX YCTAaHOBKAX HCHOJMB3YIOT Macia He( TAHOTO NPONCXOXK/Ie-
HuA — MuHepasibHble (M) u cunTeTHueckue (C). B xauecTBe CHHTETHYE-
CKHX MaceJl HCIIOb3YIOT )KUAKOCTH Pa3IHYHBIX KiaccoB. K HUM OTHOCHT
KpeMHHUitopranuyeckue, propopraHuyeckye, NoJUs(pUpPH, TOJUTIHKONN
U ipyrHe XUAKOCTH. VICnomp3yioT TakKe 3aryiiieHHbie MHHEpaJbHbie Mac-
na (M3), cMecu MHHepanbHBIX Maces ¢ cuHTeTdeckuMH (MC) u Macia,
CHHTe3UpoBaHHbIe U3 yriaesodopozaos (CY).

K xoMrnpeccopHHM MacjiaM AJisl XOJOAMJIbHBIX MallMH NpPeAbABASIOT
cneuudnyeckue TpeboBaHuUsl, 00YCIOBIEHHBE HENPEPHIBHBIM KOHTAKTOM
CMa3bIBAOIETO MaTePHA/a C XJIAJaTeHTOM, a TakXke MOCTOSHHBIM H3MeHe-
HHEM TeMIIepaTyphi ¥ JaBJI€HUS CPe/bl. [ KOMIIPECCOPOB X0JOAMTbHAIX
MallyH PEKOMEHAYIOT IPUMEHSATh CUHTEeTHYeCKHe 1 MHHepaJlbHble Macia
€ IOCTAaTOYHO HKU3KOI TeMMepaTypo#t 3aCThIBaHUA ¥ BHICOKOH XUMUYeCKoi
CTaGUIIBHOCTbIO.

BaxkHe{IIMMH 3KCIJIyaTAaIlHOHHBIMHE XapaKTePUCTHKAMU XOJMOANIbHBIX
MaceJ1 SIBJISIOTCS UX CIOCOOHOCTD K B3aMMHOMY PacTBOPEHUIO C XJIaZioHa-
MM, a TaKXKe TeMIlepaTypa, IpX KOTOpOil U3 pacTBOpa BHINAAAIOT XJIOMbS
napaduHa. I[Ipu akcrIyaTauuy Heo6X0AMMO TaKkXe YYUTHIBATH BO3MOX-
HYIO arpecCHBHOCTb CMeceil XJIaflaTeHTa C MacJoM IO OTHOIIEHHIO K Me-
TaAJiaM ¥ PYTUM MaTepHajiaM, IPUMEHSIEMBIM B XOJI0JM/IbHBIX MAllTHHAX.

B oTeyecTBeHHOM XOMOAMABHOM 060pYyROBaHUM Haubosee yroTpebu-
TeNbHBIMH MacjiaMu ABJstioTcs: XA-30, XD 12-16 u XP22-24, XC-40.
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Macio XA-30 npeanasHayeHo AJIs1 KOMIIPECCOPOB, paGoTAIOIIHX HA aM-
MHaKe H yIIeKHCIIoTe.

Macna X®12-16, XP22c-16 u XD22-24 npegnasHadeqbl A KOMIpec-
COpoB, paboTaIUX Ha XJIafoHe,

Macno XC-40 npeanasHayeRO A1 KOMITPECCOPOB XOJOAUIBHBIX MALTHH
BCEX THUIOB, paboTalomux B Anana3oHe teMnepatryp —50...+150 °C.

[l1s HU3KOTEMIIEPATYPHBIX XOJOAMIbHBIX MALUIHMH TPHMEHSIOT Macia
oTedecTBeHHOTO NpousBofcTRa XD22-24, XCHA40, [IDIOC-4.

Jl14 cMa3ky BHHTOBBIX KOMIIPECCOPOR IIpUMeHSIOT Macia XM35, X C40,
IITMC-5, ans neHTpobexkHBIX KoMipeccopoB — TypbunHbie KII8, 30, 40
u xonoawibHble XA30, XM35, XM50, XC40.

OcHOBHBIE CBOHCTBa HEKOTOPBIX MaceJl OTpaxkeHbl B Tabi. 8.4 npuio-
KEHU.

Bpaliatoniitecs: 4acTH KOMIIPECCOPa XONOAMIBHON MAIMHBI HYXKAAIOT-
cs B cMa3ke. [loaToMy Hanuyue Macia B XOJOUIbHON MalIHHe SIBASETCS
HeH30eXKHBIM YCIOBHEM €€ HOPMaJIbHON SKCITyaTaliHu.

IMap xonoaunpHOTO areHTa, BRIXOHSILVT U3 KOMNIPECCOpa, BCETa COEp-
AHT MacJio. Macio yBiiexaeTcst apaMy X0/I0[JU/ILHOTO areHTa B KaleJbHOH
dopme u B Bue napa. I1pu ABMkeHNN XOJOIUIBHOTO areHTa C Mac/oM OHO
JOCTUraeT BHavyasle KOHIEHCATOpa, a 3aTeM U Mcnaputes. BiusHne, koto-
poe Macsio oKa3piBaeT Ha paboTy Telmio0OMeHHBbIX allapaToB, 3aBHCHUT OT
B3aUMHOI PaCTBOPHMOCTH XOJOAWIBHOTO areHTa U Macia, Tak, skuakuii am-
MHAaK B MaJIoii CTelleHH pacTBOPSETCS B MUHEPAILHBIX Macjlax, a ero ILIoT-
HOCTb {p = 650 kr/M3) MEHbIIIE IIIOTHOCTH CMa304HbIX Mace (P =~ 900 kr/M?).
Ilo aToii NpHyMHe B anmaparax aMMHaYHBIX XOJOJMIbHBIX MAIIHH Macjo
pacmoJiaraeTcs B CaMoii HHXKHel 30He afnmapara.

B x/1aloHOBBIX TEII006MEHHBIX aMMapaTax MpPH YCJIOBUM OrpaHHYeH-
HOI pacTBOPUMOCTH MacJia ciioii Macia (p = 900 kr/m®) pacionaraercs Haj
cnoeM xnajioHa (p = 1200-1400 kr/m3). ,

Hannupne Macsia B KOHIGHCATOPE NPUBOXUT K NOBBILIEHHIO TeMIIepaTyphl
KOHJIEHCAIWH, 2 B MCNapUTesie — K [OHMXEHHMIO TEMIIEPATYPBl KUITEHNS.
Macso o6pasyeT Ha BHyTpeHHel IOBEPXHOCTH TeIIOOOMEHHOTO allnapara
TIJIEHKY, KOTOPas CO3/IaeT AOMOJHUTEIbHOE TEPMUYECKOe COIIPOTUBEHNE
TeN006MeHY.

Boaspar Maciia U3 HCIIapUTeis B KOMIIPECCOP B X/1aflOHOBBIX XOJIOAUIb-
HBIX MalllHHAaX sBsieTcs crelndruyeckoil YacThio BbIIOTHEHHS MOHTAX-~
HO#i CXeMBI.

Hpoiue Bcero aToro focTUraloT Nofayeil X0JI0UIBHOTO areHTa B Bep-
XHIOKI YacTb Ucnapurens. [Ipy 3ToM HcHapuTesib paciiojlaraioT Bbiie
KOMIIpeccopa. Y KJI0H TpyOOTIpOBOIOB B CTOPOHY KOMIIPECCOPa A0JIKEH CO-
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g 1
2
4
3
U 5
Puc. 8.1

Boaspar macna 8 kapTep KoMnpeccopa
Py PaCcTIONOXeHWN KOMINpeccopa Bhilie ncnaputens

1 — xomnpeccop, 2 — KoHaeHcaTop, 3 — ucnapurenn,
4 — TPB, 5 — macnonoanxemuan netns

craBaATh nopsaka 1-2%. Ecau koMmnpeccop pacrnosioxkeH Bhillle HCHapH-
TeJIs, BO3BpaT Macja obeciieduBaeTCs! TOCPEICTBOM MacIoNoAbeMHOM 1eT-
au (puc. 8.1). '

MacJio B mmeTJie HakaIIMBaeTCA ¥ MPH JOCTATOYHOM ero KoJIM4yecTBe 3a
CYEeT Pa3HOCTH AaBJieHu} B HCHIapUTEsie U KOMIIPECCOPE NOHUMAETCH, 10-
CTHTast KOMHIpeccopa.

BbicoTa mogbeMa Mac/ia AOJKHA COCTaBJIATh He 6oJiee 3 M.

KonmnyecTBo Macjio B X0J0ANIBHOM MaliMHe OOBIYHO COCTABJISET MO~
PAAKa 5% OT KOJIUYECTBA IIMPKY/IMPYIOLIEro B Yac XJafoHa, B MAJTbIX rep-
METHYHBIX X0JOAUALHBIX MalIMHax — 1,5%.

Bnara 8 xonoaunLHOM 8rexTe

Bnara nonagaer B X0J0AUIBPHYIO MallIHHY U3 BO3AyXa IPH BHINOIHEHUH
MOHTaXHBIX pabor. OHa MoXeT HaXOAUTLCS B XOJNOAMILHOM arperate
TPy6ONPOBOAAX P OTCYTCTBUM TIIATENbHON CYIUIKH BCeX 3EMEHTOB XO-
JloAHAbHOI MalnHb. HeocylienHast XotoAibHast MALIMHA MOXXET COfep-
KaTh BJIAry, KOTopas Croco6Ha BhI3BaTh HapyuieHus B ee pabore.
PacTBOpUMOCTE BOAbI B XOJNOAMJIBHOM areHTe 3aBUCHT OT MHAUBUAY-
ANBHBIX CBOMCTB XOJIOAHJIBHOTO areHTa. AMMHAK MMeeT GONbIIoe XUMHU-
Yeckoe CPOACTBO K Bozie. Ero pacTBopeHHe B BoJle CYUMTAIOT HeOIpaHUY€EH-
HBIM. XJIaZIOHB NpPaKTHYeCKH BCe He pacTBOPSIOT B cebe Baary. Manas
PACTBOPHMOCTb BJIATH B XOJIOANIbHOM areHTe IPUBOJHUT K €€ 3aMep3aHHIo
B KOHCTPYKTHMBHBIX 3JIeMeHTaX, 1 IpeXx/ie BCETO B IPOCCETHPYIOMIUX YCT-
poiicTBax (KanmuuigpHo#i TpyOke, Tepmopery upyomem sentuie — TPB).
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PacTBOpHMOCTD BOIb! B XJI2/I0HAX 3aBUCUT OT TeMnepaTyphl. Hanpumep,
pacTBOPUMOCTD BoAbI B R22, BHIpaskeHHas B IPOLEHTaX K BECY XOJIOANb-
HOTO aTeHTa, COCTABJSET COOTBETCTBeHHO; mpu +35 °C ~ 0,169; 0 °C —
0,0596; —20 °C — 0,0282; -30 °C — 0,0186; —40 °C — 0,012. 370 3HAYMT,.
yto ipH —30 "C B 1 KT XKUAKOTO XOJIOAHIBHOTO aTeHTa MOXET COJlePKaThCH
0 186 MT BOALI. !

I1py HaTMYHM BAATH B XOTOAWIBHOM areHTe o6pasyioTcsi KUCIOTHI, KOTO-
phle MOTYT pa3pylIaTh MeTaJUINYeCKHe YaCTH XOJI0AHIbHOH MalllMHbl, B TOM
YycJie pa3pyiaTh OOMOTKY 3/IeKTPOABUTATEsI TePMETHUHBIX KOMIIPECCO-
pos. OcHoBoit 0Opa3oBaHHs KMCIOT ABJASETCS MONaiaHie PUIOS] BHYTPb
TPYGONPOBOIOB, IO KOTOPKIM NepeMellaeTcsd XOJIOAMIbHEI areHT.

Hanuuue Biaru B XoM0MUIBHOM aTeHTe olpe/essieT HeoOXOAUMOCTb -
MeHeHUA aficopGeHTOoB, MOTMIoLIaIKX Biary. Kak npasuso, BemecTsa, 1mo-
IJIOUIAIOLIME BIIAry, HOMEUIAIOTCA B YCTPOHCTBO, KOTOpOe HapsiAy C MOrjo-
IeHUEM BJIATH BHITOJHAET GYHKIMIO OYHUCTKH XOJOAUIBHOTO areHTa OT
TPA3U, OKaJIMHBL. JTH YCTPOHCTBA HA3HBAT GUIBTPAMHU-OCYIIUTESIMU.

OpnuH u3 dunpTpoB-OCyIUTeNe NpesicTaBieH Ha pHc. 8.2.

Puc. 8.2
DunbTp-ocywutens ©O-60

1 — 3arnyuika, 2 — ranka HakungHasi, 3 — LUeOnuT,
4 — pacnpepemTens NOToKa, 5 — NPYXuHa, 6 — Kpbilwka, 7 — KOXyx
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AacopbenTh

AncopOeHThI HOAPa3AeNSIOT Ha CHIHKareay v neosnutsl, Oynxius afncop-
OEHTOB — OUNCTKA XOJOANBHOTO ATeHTa OT BJATH M OT KUCIOT.

Cunuxazenu

B 3aBUCHMOCTH OT TPaHYJIOMETPHYECKOTO COCTaBa ¥ XapaKTepa Iopu-
CTOMH CTPYKTYPHI CUIUKareny 0603HAYAIOT TpeMst OYKBaMU: NiepBas OyKBa
XapaKTepHU3yeT pa3Mep IpanyJ, NociexHsas — pasMep Top. Tak, KpynHbiii
CUJMKare]b MeJKomopucThiii oGosnavajor KCM, Menkuii cuiaMKarean
cpeanenopuctoiit — MCC, Menkuit cuinkaress Meakonopuctsiit — MCM.
Cpennue ¢pakiyy HasbiBAaIOT <IIHXTa» M COOTBETCTBEHHO 0003HAYaloT
HICK, IIICC, ICM.

Cunmemuuecxue yeorumat

AncopOiroHHOe TIPOCTPaHCTBO HE0ANTOB 0OpazoBaHo mycToTamu. B oc-
HOBY KJIacCH(PUKaIlAH HEONUTOB TI0J10KeHO ABY3HauHOe 0603HaueHUe: BHA~
Yasle YKa3bIBAeTCS] KAaTHOH, BBOAUMBIH B petreTky HeosauTa (K, Na, Ca), a
3aTeM THH KPHCTAIINYeckoi pemetku eoyuta (A uay X), a6, 8.1. Ecan
KaJeBasl, MATHHEBAsI MM MHble (OPMBI L[EOIUTA MOMYYEHB U3 HATpHE-
BO U KaTHOHHBIH OGMeH NpOoU3BefieH He TOJHOCTHIO, e0MT 0603HaYAIOT
KNaA, MgNaA u . 1. Ueonur NaA-2MII npuMeHsI0T 1515 AOMAITHHUX XO-
JIOAWILHHKOB,

Canenyer oTMeTHTB, 4To teoauT NaA-2MIII pasznaraer xnagon R22 u Mo-
XeT NPUMEHSITbCS TOJIbKO B cpefie X1azoHa R12. UToOb! HCKITIOYUTD 3TO SIB-
JieHHe, UCTIONB3YIOT cuHTeTHdYeckue Heoautsl: 4AXH, 4AXH-2, AAXH-24.

B ManbIx XoNOAUABHBIX MallIMHAX B KaYeCTBe aicOPOEHTOB IPUMEHSIOT
MUHepanbHHli rpanynupoBaubiit cunukarens KCM ('OCT 3956-64),
cuHteTHyeckue neoauTs NaA-2MII u NaA-2KT. Cunuxarens KCM vime-
eT MaJIylo MEXaHUYECKYIO TIPOYHOCTb.

Ieonuts: NaA-2MIII u NaA-2KT npousBonsitcs B BUAe TabJeTOK WIH
Yafife IAPUKOB.

CoxpaHeHHe BbICOKOH TNOIZIOMIaTeNbHOH CIOCOGHOCTH LeONHTa NpH
BBIcOKOI TeMmepaType (60 °C) no3BossieT ycTaHaBAuBaTh GUABTPHI-OCY-
LIXTEN Ha CTOPOHE HaTHETaHMS. :

Tabnuua 8.1
Knaccudukauns yeonuros
Kaaccupukauns, NpRHATAA KA NaA CaA CaX NaX
B Poccnn
Kaaccnduxauns CHIA 3A 4A I SA 10X 13X

Jluamerp BXORHOr0 OKHA, HM 0,3 0,4 0,5 0,8 0,9
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Iipn nomonn neosnta NaA-2KT xnagon R12 mMoxHO ocynuTh 0 co-
Zepxxanus Boabl (2—-3)1074%.

Lieonnt NaA-2KT kpoMe nornonteHust Bjary cniocobeH HENTPaaIn30BaTh
HPONYKThl OKUCTEHHS.

Bo3pyx B X0n0AMALHOM areHTe

B xomoanabHoil MaliiiHe BMecTe € XOJOAMJIBHBIM areHTOM MOXeT HaXo-
IUTHCS BO3AYX. ITO OTHOCHUTCS IIPEHMYILECTBEHHO K XOJOMIBHEIM MallI-
HaM C KOMIIpeccopaMH OTKPBITOTO THIIA M NTOJTyrepMeTHYHBIM. Bo3ayx B xo-
JIOAMJBHYIO MAIIHHY C KOMIIPECCOPOM OTKPBITOTO THMIIAa MOXKET IIONAacTh
IIPM peMOHTe KOMIIpeccopa ¥ B TOM cJiy4ae, ecjli IaBjieHHe XOJ0AUABHOTO
areHTa Ha BcachiBaHMHM HHXe aTMocdepHoro. B atoM ciyyae Bo3aMOXHO
IIPOHMKHOBEHHE BO3/lyXa B KOMITPeccop Yepe3 CaIbHUKOBOE YIIJIOTHEHHE,
" B cooTBeTcTBHH ¢ 3aKOHOM [lasbTOHA JaBJIeHHE CMECH PaBHO CyMMe 1ap-
LMAJbHBIX JaBJEHUIA ee KOMIIOHeHTOB, T.e. P =P + P . TloBoimeHue
IaBJeHHS B KOHAEHCAToOpe MPUBOANT K BO3PACTaHUIO TeMIlepaTypbi KOH-
JIEHCAITMM, YMEHBIICHHIO YAEABHOM XOI0A0TIPOU3BOAUTEABHOCTH X0JO0IHIIb-
HOTO areHTa,
PesynbraToM NPHCYTCTBHS BO3ZlyXa B XONOUIbHOMN MalllMHe ABIsteTCA
BO3pacCTaHHe dHepreTHYeCKHX 3aTpaT Ha MoJydeHHe X0A0/1a M HapylleHHe
TeMIIepaTypHOTO peXXMMa PaboThl XOMOIHABHON MalIMHBbI. '

8.1.3. IxoHoMMyeckue TpeGoBaHns

XonoAUNbHBIA areHT JOJKeH O6bTh AOCTaTOYHO AenIeBBIM.

BriG6op X0XOAMABHOTO areHTa ompeiensieTcs] COBOKYMHOCTBIO BCeX Iie-
PeyYHCIeHHBIX Ka4yecTB ¥ [eJIeBOT0 MCIONb30BaHHS XOJIONUAbHON Mally-
HBI.

8.1.4. Guanonornyeckne u 3konorudeckune Tpe6osaxus

XoAoaunbHEIA areHT JOMXKeH ObITh HETOKCHYHBIM, B3PHIBO- H N0Kapobe-
3onacHbiM. OH He JOJIXKEH BIUSITh HA 9KOJIOTHIO H NIpeX/ie BCEro He BbI3HI-
BaTb pa3pylieHus O30HOBOTO CJIoS 3eMJIH 1 He IPUBOIUTD K BOSHUKHOBE-
HHIO MapHuKoBoro a¢dexra.

OcHoBHble Tpe6oBaHuS 6e30TIaCHOCTH C XOMOAWTbHbIMM areHTaMH OT-
paxcennl B TOCT P 12.2.142-99 (MCO 5149-93).! [Iepeuenn Tpebopanuit
K YCJIOBHSIM SKCILTyaTallUH XOJIOAW/IbHBIX MallliH NIPUBEAEH B 1. 22,

! CucreMa cTaHAapTOB Ge3onacHOCTH TpyAa. CHCTEMEB! XOTOMHIIbHBIE XOJI0A0-
IIPOM3BOAUTENBHOCTHIO cBbinie 3,0 kBT, TpeGoBanus 6e30NaCHOCTH.
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8.2. 0603HayeHns XxnafareHToB U X cMecei

B kauecTBe nepBoro xiagareHTa HCIOIb30BaNACh BOAA, MOCKOMABKY ¢ 1755 1.
OHa CIYXXHJa «/Js NloJydyeHus: Gppuropuil (oTpHIlaTeAbHEIX KaJIOpHil)» B
nabopaTopHOil ycTaHOBKe, KOTOpYIo co3fian YuabsaMm ['yanen (William
Gullen). [Toaznnee, B 1834 r., SIko6 ITepxunc (Jacob Perkins) usrorosus kom-
NIPeCCHOHHYIO MallIWHy, paboTaBIIyio Ha AU3THAOBOM 3upe, a B 1844 T.
Ilxon Toppu (John Gorrie) — MaliMHy co cKaTHEM U paCIIMpeHreM BO3RY-
xa. B 1859 r. ®epaunang Kappu (Ferdinand Carre) co3nan abcop6uuon-
HYIO XOJNIOJHJIBHYIO MallIMHy, UCTIONB3YIOIIYI0 B KayeCTBe XOAOAHIBHOTO
areHTa aMMHak, a 4 rogia ciycts Yapas Teanup (Charles Tellir) sanyctun
' KoMIIpeccop, paboTaloliHit Ha MeTUIOBOM acdupe. Boutu ompoboBansi eilie
xnafarenthl: yraexucabtii ras (CO,) u aByokncs cepsi (SO, ). M3 nepeunc-
JIEHHBIX XJIa/JaTeHTOB aMMHAK CTaJl HCTIOJb30BaThCs He TOMbKO I afcopb-
LHHOHHBIX XOJOAMIBHBIX MAUIHH, HO ¥ 7SI KOMIIPECCUOHHBIX.

ITUX TPH NOCJeIHUX XJlajlarenTa, a iMeHHO amMuak (R717), yraekuc-
abiit ras (R744) u gByoxucs cepH (R764), ocraBanuch Haubonee pacnpo-
cTpaHeHHsIMH BiIoTh 710 1930 r. Ho nocne BHeapenus B 1930 r. 8 CIIIA
HOBO# KaTeTOpHH XJaZareHToB — XJIOP(TOPYIIEPOAOB, XOPOILO H3BECT-
HbIX 1oz ab6peBuatypoii CFC, Bce paHee ynoMyHaBIIMeECS X/1aJareHThl, 3a
HCKJII0YeHHeM aMMMaKa, IIOYTH ITOJHOCThIo ucye3nH. ORHAKO HaYMHAS C
1980 r. yyeHnle cTaaM NoaBaTh TPEBOXKHbIE CUTHAJIBL, IPUBJIEKAsT BHUMA-
Hue 06111eCTBEHHOCTH K BpelHoMY Bo3zeiicTBuio CFC Ha okpyxkaliomyio
cpeny. IloaToMy npou3sBoauTeN Hayan paspaboTky MeHee BpeAHbIX ANs1
3KOJIOTHH TJIAHETHI XJIalareHTOB, HEKOTOPHBIE H3 KOTOPHIX yXKe MOSIBHAKCH
Ha pBIHKe, DTH XJIaJlareHTH, 3ameHsouie rpynny CFC, npunazsiexar rias-
HBIM 00pa30M K IBYM KaTeropusaM XUMHYECKHX COeJUHeHuit — (hTopXiaop-
coaepxaiuM yraesogopozaaM (HCFC) u dtopyrnesogoponam (HFC).

XOoTA YMCIO NMIHPOKO UCTIONB3YEMBIX XJIaJIareHTOB OBLIO COKpPALIeHO, NX
HOMEHKJIaTypa OCTAeTCH ellie JOCTATOMRO MHorouncieHHoi, UYtobnt oGecme-
4HTh UX 0603HaueHue, 6bijia BBeleHa CHCTeMa OYKBeHHO-IM(POBBIX NHAEK-
COB. JTa CHCTeMa YCTaHOBJIeHa JUISl BceX XUMHYECKUX COeIMHEeHUIt, COCTaB
KOTOPHIX He BCeria B TOYHOCTH COBMAKaeT ¢ ONMUCAHHBIMH BhIlle KATETOPHSI-
M CFC, HCFC unu HFC (TOCT 29265-91 (ISO 817-74). XnanareHTH
oprannueckme (Xnagonst). lindposrte 06o3HaueHHs.

8.2.1. MpepensHbie yrnesoA0pOAL, UX raforeHHbie NPOUSBORHLIO
Onu oboanauawTes 6ykBoit R ¢ Tpems mudpamu nocie Hee, T. e. Redu, rxe:

* ¢ (COTHH) PaBHO YUCJY aTOMOB YIJIepoaa, YMEeHbUIEHHOMY Ha eflH-
HuLYy,
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¢ d (IecATKH) PaBHO YMCITY ATOMOB BOAOPO/Ia, YBEJIHYEHHOMY Ha elIH-
HUILY;
* u (eAMHUIIBI) PaBHO YHCIY aTOMOB (Topa.

[na onpesenenys xuMu4eckoil GOpMyJIEl COEAUHEHHS €e COCTaB JI0-
TNIOJIHSIOT XJIOPOM TakuM 06pa3oM, YTOObI OJHOE YHC/I0 OJHOBAJEHTHBIX
aTOMOB, T. €. aTOMOB BOJIOPO/1a, GbTopa 1 XJI0pa, BMECTe B3AThHIX, OBLNO paB-
HO 4 711 IPOU3BOAHBIX MeTaHa, 6 — /1719 NPOU3BOAHBIX 3TaHa, 8 — A7is Mpo-
V3BOJHbIX NPOTIaHa U T. [I.

Mpyumep1
XnapoH R12, xumudeckas popmyna CF,Cl, (audTopauxnopmeran), ero 060-
3HavYeHue crefoBsaso Obl 3anucaTb Kak 5501 2. XnaoH uMeeT cnegyioujee 4uc-
no aromoB: nC =1, nH =0, nF =2, cnenoaarenbuo R(1-1=0)(0+1)}{1+1)=
=R012unam R12;

Xnapo+H R22 (R022) umeet: nC =1, nH = 1, nF = 2, cnepoBarensHo, nC1 = 1;
ero ¢opmyna CHF CI, T. e. audtopxnopmeras.

XnanoH R114 umeer: nC =2, nH =0, nF =4, cnepoBatensHo, nC1 =2; ero
$opmyna C,F,Cl,, T. e. TeTpadTOPAUXNOPITaH.

B cnyyae ecnu B cocTaBe coeanHenusa umeetca 6poM, B ero o6o3HaveHun
nosensetca 6ykea B (xoTa xumuyeckuin cumpon 6poma — Br), 3a koTopoit
creayer 4ncno atomos 6poma.

Npumep 2
Xnapox R13B1 (RO13B1) umeer: nC =1, nH =0, nF = 3, nBr =1; ero xummn-
Yeckan popmyna CF,Br, T. e. Tpudrop6pommeraH.

H30mepbt TpOU3BOAHBIX 9TaHA HMEIOT OAMH H TOT Xe U1dPOBOi HHAEKC,
U TO, YTO JIaHHBIH M30Mep SBJISETCS TOJHOCTHIO CHMMETPUYHBIM, YKa3bl-
BaeTcs ero UHAeKcoM Ge3 kakux-1mbo yrounennit. ITo Mepe Boapactanus
3HAYNTEJBHON acCMMMETpPHH K UNGPOBOMY MHIAEKCY COOTBETCTBYIOLIETO
H3oMepa npubapasieTcst 6ykBa a, npH etje 6osblIei aCHMMETPUH OHa 3a-
MensieTcs GykBoii b, satem c. HanpuMep, R134a unu R142b u 1. .

8.2.2. HenpepensHbie yrnesoa0poabi

W UX ranoreHHbie Npon3IBofHbLIE
Cnocob uudpoBoro 0603HaYeHHsT TOT XKe CaMblif, YTO H B IIpebIAyLIeM
cayyae, HO cieBa mocae GykBbl no6aBasercs 1 a1 0603HaYEHUS THICSY
(uanpumep, R1150).

8.2.3. Luknuueckue yrnesof,0poaL ¥ UX NPOU3IBOAHLIE

[l xajareHTOB Ha OCHOBE LHKIHYECKHX YIJIeBOXOPOJOB U HX npons-
BoAHBIX Nocie 6ykBH R nepen nndpoBeiM HHAEKCOM BKIIoYaloT 6ykBy C
(nanpumep, RC270).
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8.2.4. PasnnuHbie opraHuueckue coeguHeHns

1M npucBoena cepust 600, a HoMep KaskAoro XjajareHTa BHyTPH 3To# ce-
pHUM HasHayaeTcs MPOM3BOJLHO (HallpuMep, MeTHJIaMHH HMeeT Homep 30,
C/IefioBaTeNbHO, eT0 00o3HaveHe 3anumeTcs Kak R630).

8.2.5. PasnuuHbie HBOPraHWYECKHe COeUHEHUS

VM npucBoeHa cepust 700, a naeHTHhUKATMOHHLIN HOMep XJIaJlaTeHTOB,
NPHHAAJIEXAIIMX K 3TOM CepUH, ofpeiesieTcst Kak cyMMa uucia 700 u Mo-
JIeKyJISIPHOI Macchl KaxJoro xjajgarenra. Hanpumep, Anst aMMuaka, Xu-
muyeckas Gopmyia kotoporo NH,, umeem 1 - 14(N) + 3 - 1(H3) + 700 =
=717, takum o6pasoM, oboanauenue NH, sanucniBaercs kak R717.

8.2.6. Cmecu xnaparexTos

CMecH x/1ajlareHTOB 0603HAYAIOTCS COMIACHO MeXXlyHapOI{HOMY CTaHAap-
ty ISO Ne 817-74.

B pside cmpan deiicmsyiom nayuonanvivie cmanoapmoi Ha 06o3HaYeHe
XJafareHToB, YYUTHIBAIONIHE OCHOBHbIE MOJIOXEHHS MEeXIyHapOJAHOTO
CTaHJapTa,

B I'epmanuu B Hosi6pe 1998 r. 6511 npunAT cranaapt DIN 8960 no o6o-
3HAYEHHUIO XAanareHToB. CMecy 0603HaYAIOT HOMEpaMH BXOASINX B CMeCh
XJIalareHTOB (B TOpAAKE BO3PAaCTAHWS TeMIlepaTyp KUIIeHUs ), pPa3fiesieH-
HBIMH 1pOGHOIi Y4epToil, C yKazaHHeM B CKOGKaX MacCOBBIX J0Jiell B MpoO-
LIEHTaX, a TAK)Ke YCAOBHO MPUHATHIMA HoMepaMu psizioB 400, 500.

Hea3eoTponHbie cMacK

Jlnsi 0603HaYeHHs1 Hea3eOTPOITHBIX CMeCel HCIoJb3yeTcs: uGPOBOil psa
400 c mpon3BoIbHBIM HOMEPOM J/1 KaXXA0T0 XJajlareHTa BHyTpH 3Toii ce-
puH. Y Hea3eOTPOIHBIX XONMORUIBHMIX cMeceil (pap 400) Temneparypa cMe-
CH B TIpollecce KHMIEHHs BO3pacTaeT /0 3HaYeHHA [, — TaK HasmBaeMblit
TeMIlepaTypHBIil riucTepesnc, UK cKojibkeHue, B cocrostHuM TepMoaHa-
MHYeCKOTO PaBHOBECHS 11ap M KMAKOCTh UMEIOT Pas/IMyHbIi COCTaB, nep-
BBIM HaYMHaeT UcnapATbes Honee JeTyunii KOMIIOHEHT, YTO U3MEHSET Xa-
PaKTepHCTHKH OCTalolleiics cMecH.

CMecH, KOTOpBle COAEPXKaT OJMHAKOBble HCXO/Hble KOMIIOHEHTH, HO
Pa3THYAIOTCA UX MACCOBBIMU COOTHOHIEHUSIMH, 0603HAYAIOTCA 3arJIaBHOM
GykBoii, ctosiuteit mocae uugppoBoro obosHauenus. [as obo3HaueHUs
OpraHHYecKHX COe/liHeHH i, He TONaBIINX B 3TH PAASI, IPpeHA3HAYEH PAL
600, mpu aTOM HyMepauus coeAnHeHu# 3a/1aeTcsl MPOU3BOJbHO, HalpUMep
R600.
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A3eoTponHbie cMecH'

WM npucBoeHa cepust 500 Takske ¢ IPOU3BOJBHEIM HOMEPOM KaXKAOTO XJIaj-
areHTa BHYTpH 3To#i cepuM. HanpuMep, THNHYHOMN a3e0TPOITHON CMECHIO
siBasietcst xaafareHT R502, cocrosmuit us 48,8% R22 u 51,2% R115. Oco-
60e obo3HaueHe MMEIOT XJIAIaT€HThI Ha OCHOBE TIPE/IEIbHBIX YIJIEBOIOPO-
IOB, cofiepxaiux 6poM. 1M npucsoeno 1BoiiHoe 0603HayeHHe, HAUWHA-
fouteecst 6o ¢ 6yksbi R u uMelomee B cBoeM cocrase Gyxsy B, xak pac-
cMoTpeHO paHee (HanpuMep, R13B1), 6o ¢ 6yksb H, 3a kotopoii crexyor
Te e HUopHl 1 1 3, Ho faslee K HUM 106aBASIOTCA ellle Be U(PHI, epBas
U3 KOTODPBIX YKa3hIBaeT YMCJIO aTOMOB XJIOPa, a BTOpas — YHCJIO aTOMOB
6poma. Hanpumep, pudrop6pommeran (CF,Br), y KoToporo uncio aToMOB
xsopa paBHo 0, a aToMoB Gpoma — 1, MoxeT o6o3HayaTbcst 160 R13B1,
aubo H1301.

8.2.7. CoBpemeHHble TeHAGHL MM B 0603HAYEHUM
XONOANJIbHLIX 8r8HTOB

B HacTtosiiee Bpems nnosiBUIach TEHAEHIHUA TpH 0603HaUEHHH XAafaTeHTa
npeBapATh MPpoBoi MHAeke He 6yksaMu R unu H, a a66peBunarypoi,
yTouHsoulell Bo3ielicTBHe Ha OKpyXaloulyio cpenly. HanpuMep, npeaa-
raiorcs 0603HaYeHHsI: :

* CFC12 gna xnaparenta R12, orHocaerocs k kareropuu CFC, B ko-
TOPYIO BXOJAT Ype3BbIYAHO BpPeIHEIE [ OKPYXalote Cpefbl XJia-
areHThbl, MOCKOJBKY UX MOJIEKYJIbI coflepakaT aToMbt xyiopa (B8 CFC12
JiBa aTOMa XJ10pa, ero opmyna CF,CL);

* HCFC142b nns R142b, otHocsuerocs k kareropuu HCFC, cocros-
HIei M3 XJ1a/laTeHTOB CpeiHeil WM cJ1aboii BpeJHOCTH A/IS OKPYXKalo-
mielf cpezbl, TaK Kak MX MOJIEKYJIBI coftepkaT MeHbie, yeM CFC, aTo-
MOB XJIOpa, NMOCKOJBKY YacTh MX 3aMellleHa aTOMaMH BOJOpOJa
(¢popmyna HCFC142b CH3-CCIF2);

» HFC134a gns R134a, otHocsinerocs k kareropunt HFC, coctosmero
M3 X/IaJareHToB, 6e3BpeNHbIX AJISI OKPYXKAIOWei Cpesbl, MOCKOMbKY
BCe aTOMbl XJlopa B MX MOJIeKyJaX 3aMellleHhl aTOMaMM BOZOpo/a
(bopmyna HFC134a CH2F-CF3).

! A3eoTpomnHble XOJOANIbHEIE CMECH IPH U3MEHEHWH arperaTHoOro COCTOSHUSI
BeatyT cebs Kak OHOPOJHDIE BellleCTBa — TeMNepaTypa KUIeHus XJajarenTat,, °C,
€OCTaB I'a30Bo#i H XHAKOIf (ba3 B Apolecce KUIIEHUs] HE H3IMEHAIOTCS.
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8.2.8. PupmeHHbie 0603HaueHus
OTAENbHLIX XONOANNbHLIX areHToB

Kaxxnpiif mponaBofuTeNb XJIaareHTOB BHIIYCKAeT B NPOAaXy CBOIO Npo-
AYKUHIO TIOX cOOCTBEHHHIM HaUMeHOBaHHEM, HallpUMep:

* Du Pont de Nemour nmeet Toprosyio Mapky ®peou (Freon) unu Cysa
(Suva);
Elf Atochem — toprosyiwo mapky ®opau (Foran);

* Solvay — Toprosyio mapky Kanstpou (Kaltron);

« ICI — toprosyo mMapky Kiea (Klea);

* Daikin Kogyo — Toprosyio Mapky laiidmaou (Daiflon) u T. a.

Iosromy R22 Moxer noctynaTh Ha puiHOK 1OA MapkamMu Dpeon-22,
Dopan-22 u 1. 1., R134a — noa mapramu Kiea134a, Cysal34au . 1.

8.3. OcHoBHbie TMNBI GTOPYrNEBOAOPOAHBIX X1a8areHTOB

8.3.1. Xnopdropyrnepopbi (XOY)

XJagareHTH 3Toro TMma BkmouaoT R11, R12, R13, R113, R500, R502 u
R503. Onu 0651a1a10T BHICOKUM ITOKa3aTeJieM Pa3pyUIeHUsT 030HOBOTO €105
(ODP) otnocurensno droprpuxiopmetana (R11) ¥ nmotennuanom rio-
6aJIbHOrO TOTETJIEHHS OTHOCHTENbHO ABYOKUCH YIJIEPOAA HA PacyeTHhIH
nepuoa 100 aer (GWP100).

K navany 1970-x rr. MupoBo#i perHOK Xs10pdTOpyraeBonoponos (X DY)
JOCTUT OFPOMHBIX Pa3MepoB, HccrieioBaHus, NpoBefieHHEE B 3TO BpeMd,
MOKA3JIH, YTO HEKOTOPEIe U3 3TUX KOMNO3UI[1ii HeOOBIYAHO I0ITOBEYHbI
B CHUIY CBO€it XUMHYeCKO# CTabMIBHOCTH W MOTYT CYIECTBOBAaTh B aTMO-
ccepe Ge3 paspynIeHHA B TeYeHHUE [IECSITKOB JeT, AOCTHIasi CTPaTocephl.
Kpome Toro, MHOTHeE U3 3THX COeAHHEHH CofepKaT aTOMbI XJ10pa, KOTO-
pble BCTYNAIOT BO B3aUMOZEHCTBHE C 030HOM IIPH Pa3pyUleHNH MOJIEKYJIbI
X®@Y B Bepxuux cyoax atMocoepsl. CrparocdepHblil 030H NOraoNIaeT
60bIIYIO YaCTh COMHEYHBIX YAbTPadHONETOBLIX y4Yeit. Paspyienue o3o-
HOBOTO CJIOS1 yBe/IHMHBaeT YPOBEHb yJIbTPadHOJeTOBOI paguauy Ha 3eM-
Jle, YTO MOXeT IIPHBOAUTD K PaKOBHIM 3a60/1eBaHHAM Y Mofel ¥ KHBOT-
HBIX, a TAKXKe FHOeH pacTeHuH.

8.3.2. Muppoxnopgropyrnepopsl (MXdY)

Komrosuiuu aToro Tuna cofiepxar aToMbl BOOpoAa. ITO NPUBOAMT k 60-
Jiee KOPOTKOMY BpeMeHH CYILleCTBOBaHHsI 3THX XJa/lareHTOB B aTMocdepe
o cpaBHeHu10 ¢ XDV, Kak pesyasrar [ XDY okassiBaloT ropaso MeHb-
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illee BIAUSIHAE HA UCTOLIEHHE 030HOBOTO ¢J1081. MHOTHe IPOIYKTHI, Npe/ia-
raeMsle cefiyac B KauecTBe albTePHaTUBHEIX 15 3aMenbl X DY, conepxar
B cBoeM cocTtaBe [ XDV, kak, HanpuMep, R22.

8.3.3. M'mapodropyrnepoasi (FDY)

I'DY He comepxkaT Xj0pa, a cofepXaT ToAbKO Bofopoxa M ¢Top. Ouu He
pa3spyLIaloT 030HOBHI CJI0¥i Y MMeIOT KOPOTKHil NepHoJl KU3HH B aTMO-
cdepe. DY cyutaiorcs AOATOCPOYHBIMU AJIbTEPHATUBHBIMU 3aMEHUTE]IS-
M. XOY u I'XDY n1sg GoapIIMHCTBA XONOAUIBHBIX CUCTEM, HANIpUMeEp
R134a unu R404a.

8.4. Tpe6osaHus MoHpeannckoro npotokona
K XONI0AMNbHbIM areHTam

MoHpeansckuit NIPOTOKOJ ONUpaeTCst Ha ABe YMCJIeHHbIE XapaKTepUCTHKH
Ka’/IOT0 M3 XJIa/IOHOB — MOTeHINaJ pa3pyieHus o3oHoBoro cios (ODP)
U noTeHnuan raobanbHoro notennenus (GWP).

INotenunan paspyireHus ozoHosoro cjos (ODP) xynanoHa nokaskiBaert,
HaCKOJIbKO CHJIbHee Wi ciabee 3TO coefHeHHe pa3pyliaeT 030H MO cpaB-
HEHHIO C TaKMM Xe KOJHYecTBOM XJafoHa R11.

IMosiBnenue BTOpOii XapakTepucTukn — GWP cBsizaHo ¢ HabaonaeMbIM
3a nocjlefiHee JecATAETHEe yculeHHeM NapHHKoBoro s¢dekra. B copa-
BOYHOM JIuTepaType ero ykas3blBaloT OTHOCUTENbHO AUOKCHAA erxepona
C MPUHATHIM A/ Hero BpeMeHHEIM pyGeskoM 100 aer.

JlaHHbBIE 110 OCHOBHBIM Haub0/1ee ynorpeGUTeIbHEIM XOMOAWIbHBIM areH-
TaM oTpaxkeHbi B Tab1. 8.2,

B 1987 r. B MoHpeasie BceMy HHAYCTpHAJIbHO Pa3sBUTHIMH FOCYAapCTBa-
MU 6bL IOANHCAH MEXKIYHaPOAHBLH POTOKOJ O MIOCTENIEHHOM COKPAILIEHHH,
a 3aTeM U MOJHOM IIpeKpallleHHH BBHITYCKa O30HOONACHBIX XJIaJareHTOB.
Ho npo6.1eMa mponosxana o60cTpsAThCS, U B Hosibpe 1992 r. B Konenrare-
He Ha o4epeflHOi BCTpeye cTpaH — yyacTHHI MOHpealbckoro HpOTOKONa
Guli1a mpuHATa 6oJlee XecTKas pelaKiMs 3TOTo JOKyMeHTa. B HacTosmuit
MOMEHT yCTaHOBJIeHEI cilefyloliiie CpOKM 3allpeTa MPOU3BOJACTBA U IIPH-
MeHeHUs] 030HOPa3pYLIAIIINX XJIaAareHTOB:

* R11,R12, R502 — nonHoe npekpaiiieHHe TPOU3BOACTBa 1 stHBapsa 1996 r.
Ha 1 ssuBaps 1994 r. BeIMyCcK 3TUX COeAMHEHHIA COCTABIST B COOTBET-
CTBUY ¢ MOHpeaIbCKMM IIPOTOKOJIOM TOJBKO 25% oT ypoBHs 1989 T.
R22 — oTHeceH k rpymnie coeJHHeHUIi, UMEIOIIUX MEHDIIYIO 3KOJIO-
rUYecKy10 onacHoCTh. [lepBoe cokpanieHHe NPOU3BOJCTBA ITHX COEH-
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HeHun#H 1omxKHo HauaThes B 2004 1., a TONTHOCTHIO OHH HCYE3HYT C PIH-
xa B 2030r.

MoHpeasbckuil TPOTOKOJI HAMOXKUA KECTKHE IKOHOMMYECKHE OTPaHM-
YeHHs He TOJbKO Ha MPOU3BOACTBO K npuMeHere XY, HO U HA TOProB-
J110, 3KCIIOPT H UMIIOPT J1060#1 X0J1011IbHOM TEXHUKH, cofiepxalieif XDY.

Kpome Moupeanvcxozo npomoxona MOUHBIM ABHXYUIUM (HaKTOPOM OT-
Ka32a OT 030HOPa3PYUIAIOIMMX XJ1alareHTOB SIBJISIeTCS] BHYTpEHHee peryJiu-
poBaHHe, BBeAieHHOE B Psifie rocyapcTB. Tak, B ctpanax EC npekpaienue
npouasonctsa XMDY npousouwio 1 ausaps 1995 r. B psage crpan, Hanpu-
mep B CIIIA, notpebutesns XY BbiHyX/leH NPH MOKYIIKe 3THX MPOXYK-
TOB 3alJIATUTh FOCY/IapPCTBEHHEIN HAJIOT, KOTOPBIi IpeBbIlIAET CTOMMOCTD
CaMoro XJiaJloHa. AHATOTHYHBIEe MepHI BBeIeHH B YexHH.

Cosercxuii Coio3 nonnucan Monpeansckuit mporokon g 1987 . B 1991 r.
Poccus, Ykpauna u Besapych noaTBepvIM CBOIO NPaBONPeeMCTBEHHOCTD
3TOMY pelleHHIO,

Tabnunua 8.2
OcHoBHble NapaMeTpPbl XONOAUAMLHbIX areHToB
g o o
§ XumMuueckas M, s, "C te °C P,, ODP GWP
g dopmyna, cocras, KI/Mob MIla
a TOProBasi MApKa
:
=
RI11 CCLyF 137,37 23,8 198,0 4,47 1 4000
R12 CCLF, 120,91 § -29.8 111,8 4,12 0,9 8500
R22 CHCIF, 86,47 | 408 96,2 4,99 0,05 1700
R134a | CH,FCF; . 102,03 | -26,1 101,1 4,06 0 1300
R404a |R125/R134a/R143 97,6 -46,5 72,1 3,73 0 3850
(44/52/4)
HP62, FX70
R717 |NH, 17,03 | -333 1330 11,42 0 <1
R744 |CO; 4401 | -784 31,1 7,38 0 1
R290 |CH;CH,CH; 44,10 | 42,8 96,8 425 0 3
(nponawx) i
R600a | CH(CH;).CH, 58,12 | -11,8 1350 3,65 0 -
(u306yTan)
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8.5. lMpo6nemsl perpodura’

Tonb3oBateny X0M0AUABHOTO 060PYIOBAHHS MOTYT HPOIOJKATH HCIIONb-
30BaTh Xx13710H R12 1 R502, 1o momxHb 66T TOTOBBI K TOMY, UTO LIEHbI HA
3TH XJIaZOHBI OYAYT PacTy U NMPEBBICAT 1ieHbl Ha 030HO6e30MaCcHbIe XA/~
areHThi. /[ Be I71aBHble IPUYHHBI TOMY: FOCYIApCTBEHHOE PETyJINPOBaHHE H
pesKkoe COKpalleHHe MPOM3BOACTBA 3TUX XIaJ0HOB TpH 6OJBIIOM CIIPOCE
Ha HUX. Yoke ceifyac CTOMMOCTDb HOBbIX X/IaaleHTOB HUKe, YeM CTOMMOCTb
R502. Taxast ke TeHnennusi u ¢ R12,

ITockosnbky KonmmyecTBa xaaxonoB R12 u R502, nocraBnsieMbix Ha pol-
HOK, OBICTPO COKPAUIAIOTCS, TO BjiaJe bl [I0JyTepMEeTUYHBIX H OTKPHITHIX
XONONWIBHBIX CHCTeM JOJIKHbI ceiiyac pacCMOTPETb BO3MOKHOCTb PETPO-
¢uTa Mx 060pyOBaHNsA Ha CepBUCHDBIE XAafareHTsl (Ha ocHoBe [X DY),
" Brnagenblsi repMeTHYHOTO 060PYIOBAHHUSI MOTYT MPOBOJIMTH PETPOGUT
TOJIbKO B ci1y4ae yredku. O6opynoBaHue, KOTOpOe NPHOIHKAETCS K KOHIY
€ero cpoka cJyx0bl, MOXKeET GbITb 3aMEHEHO Ha HOBOE, 3anpasieHHoe [DY.

8.6. NepeBop xonoaunbHOro o60pyaoBaHug,
paboTalow,ero Ha 030HOONAaCHbLIX XJ1afareHTax,
Ha asfibTepHaTUBHbLIG XJ1afareHThl

B Hactodumuii MOMEHT CyIecTBYIOT TpY HauboJiee pacHpoCTpaHeHHBIX
THUIIa AJIbTEPHATUBHBIX XJIalaTeHTOB: cepBUCHBIE x1afareHTsl SUV A, nojro-
cpouHble xjagaredTol — ['OY (ruapodropyriepontt), HedTOpHpPOBaHHBIE
(uncThle) xnagareHTsl. Hapsi/y ¢ HUMU oTeuecTBeHHbIe TPOM3BOAUTENM
PeKOMEeHAYIOT TPeXKOMIIOHEHTHbIEe CMECH Ha OCHOBe TuapoxopdTopyrie-
ponos R22, R21, R142b B npouentHoM cootHotuenuu 53/13/34, coctost-
Imye U3 NMepeXoJHbIX X/IaJOHOB, pa3pelleHHLIX K HCIOAb30BaHuIO B Poc-
cuiickoit Menepanuu 1o 2025 r.

8.6.1. CepsucHbie xnaparentsl SUVA

AJpTepHaTHBHbBlE XJ1a/JareHThl 9TOTO THIIA — 3TO PEIeHHe IIPU CEPBUCHOM
06CTyKMBaHUM XOJOAMIbHOM TEXHUKH, TaK KaK HO3BOJISIOT HCII0JIb30BaTh
ee 0 KOHIIa YCTaHOBJIEHHOTO CpoKa cayx6b1. [lns aTux neneit yacto uc-
noAb3ywoT cepBucHble cMecd SUVA, cocTaB KOTOpHIX obecriednBaeT mep-

! IlepeBoy, X0M0AXHIbHOTO 0GOPYOBaHMs, pabOTAOLIETO Ha 030HOpa3pylia-
IOLIMX XJ1a/lareHTax, Ha aJbTepHaTHBHbIE XJIaZlaT€HThI 1OJYYHJI HA3BaHUHE «PETpPO-

duT».
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BOHaYaJIbHbIE KCILIYaTalHOHHbIE XaPaKTEPHCTHKH XOJOAUIBHOI cHCTe-
MBI,

Jlns1 cepeucHbiX cMeceit SUV A nojixoauT ankua6eH30/15HOE Macjio, KO-
TOpOe CMeIIMBAETCA C MUHEPATBbHBIM MacioM. [10aToMy He HyskHa JJOpOro-
CTOA11[ast MHOrOKPaTHAs MPOMBIBKa CHCTeMBI MacyioM. OIHako Heo6X0aMMO
YAQJINTh U3 CHCTEMBI KaK MOJKHO GoJibliIe cTaporo Macia (He MeHee 50%).
B nocnennee BpeMs koMmpeccopsl, paboTatonire Ha R12, nocrynator yxe
3anpaBJeHHbBIMH ATKHIGEH30bHBIM MacJoM. B 3ToM ciyyae mpouecc
«peTpoduTa» eme 6oiee ynpomaercs.

Bce aTH 06CcTOSITE/IBCTBA EAIOT NlepeBoft paboTalolitero 060pynoBaHUs
Ha cepBUcHble cMecH SUV A skoHOMHYecKH IelecoobpasHbiM. OnHaKo cre-
AyeT IIOMHHMTD, 4TO B COCTaB cMeceii BXoAUT R22, moatoMy BpeMst HX McC-
10J1b30BaHus orpaHuyerno (opueHTHpoBOoYHO 20 jieT). CepBUCHBIE CMECH
BKJIIOYAIOT B cebs cepuio xnaaarenToB SUVA MP (cMecu cpentero nasne-
Hua) ¥ SUVA HP (cmecu BBICOKOTO 1aBJIeHHS ). .

* SUVA MP39 — ocHoBHO# XJ1afareHT s peTpodurta GONbIIHHCTRA

CpeRHeTeMIIepaTYPHBIX XOJOAMIBHEIX CHCTEM, 3anpaBiseMblx R12.

* SUVA MP66 — cepBuCHBII XAaJareHT AJis peTpodHTa XONOANIb-
HBIX CHCTEM, 3anpasaeHHbX R12 u pabotaiomux npu TeMiepaType
Kunenust Hike —15 °C. TOT ke XNaJareHT sIB/ISeTCs OCHOBHBIM XJIajl-
areHTOM Ji/Isi peTpodHTa TPAHCIIOPTHOTO XONOANABHOTO 060pyI0Ba-
HUS.

» SUVA HP80 — anpTepHaTHBHBIH XJ1afareHT A peTpoduTa X0i10-
AUJIBHBIX CUCTEM, 3apskeHHBIX R502, B KOTOPBIX HEOOXOANMO TONY-
YHUTH Ty XK€ TeMIlepaTypy HarHeTaHusl, 4YTO U B HCXOJHOI cucTeMe.

* SUVA HP81 — anpTepHaTHBHHIA XJ1afareHT 174 peTpodUTa XOM0-
IUJIBHBIX CHCTeM, 3apsikeHHBIX R502, koTopHIit obecnieunBaeT 6oee
BHICOKHIT K0a(pPunuent a¢phekTHBHOCTH, HO OTHOBPEMEHHO HEMHO-
O yBeJIMYUBaeT TeMIIEpaTypy HarHeTaHHS.

8.6.2. FdY (rmapodropyrnepopbi) —
AONroCpoyHbLIe XNagareHTsl

O6nagag HyJeBBIM TIOTEHIMAJIOM HCTOINEHHs1 030HOBoro caosl, TDY He
3anpeuianTcs K IPOM3BOACTBY U IPUMEHEHUIO ¥ [TIOITOMY ABJAITCA HaH-
Gosiee ONTHMAJIbHBIM pellieHHeM TIPH NMPOU3BOACTBE GOJIBIIMHCTBA HOBBIX
© XOJIO[JMJIBHBIX CHCTEM, a TakxKe 7151 peTpoduTa HEKOTOPLIX THIIOB XO0JIO-
JIUABHOTO 060pyAOBaHHKS.

ITpesnaraemMoii ZoJrocpouHoil aNbTepHaTUBHON 3ameHoit 1 R12 as-
asercst R134a, 3tor xmagarenT npoussoautcs GupMoit «lonoH» B mpo-
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MbIIUTEHHBIX MacmiTabax ¢ 1991 r. mox mapkoit SUVA 134a. R134a cran
OCHOBHBIM aJIbTEPHATHBHBIM XJIalaT€HTOM JJISI XOJIOAHUIbHBIX CHCTEM, KO-
Topble paHee 3alpaBisauce R12, Takux kak GbITOBble XOMOAUABHUKH U
MODO3W/IbHUKH, TOPIOBOE U TPAHCIOPTHOE XOJOAUILHOE 060PYIOBaHHE,
a TakKe MPOMbILLIEHHbIE XOJIOANUTbHbIE YCTAHOBKH.

SUVA 134a - onHOKOMNOHEHTHHIH XTaIoH, TEpPMOIUHAMUYECKHE CBO#-
CTBa KOTOpOro oyeHb 6;1u3ku cBoiicTBaM R12. 30T x71a/10H — r1aBHas 3a-
meHa R12 B HoBoM o6opynoBaHuH (IpUiIoKeHue, Taba. 8.2).

K coxanenmio, He cylecTByeT 0fHOKOMIOHEHTHOTO XJIaZlOHa, KOTOPBIH
IO CBOMM CBO#CTBaM 65U 651 6u30K K cBOiicTBaM R502. [pennaraemsie
apTepHaTHBHBIE XJajlareHTH A5 3aMensl R502 (1 moaxe R22, npuoxe-
Hue, Tab1. 8.2) npeactapasior coboit cMecy ABYX uiu Tpex [DY.

~HecMoTps Ha TO 4TO Ha phIHKe CYIIECTBYET cefiyac MHOTO cMeceit A/
sameHnl R502 Ha ocHoBe DY (nipusoxkenue, Tabi1. 8.3), Haubombiee pac-
HpoCcTpaHeHUE MOMYUMJIA CMech Pon3BoAcTBa ¢pupMbl «/JonoH» SUVA
HP62 (R404a).

SUVA HP62 (R404a) npeacraniser coboil TpeXKOMIOHEHTHYIO CMeCh
TOY-134a, TOY-143a 1 TOY-125. 10T X/1a10H — r71aBHas 3aMeHa R502
B HOBOM 000PYAOBaHUU.

SUVA 134a c ycniexoM ucnosb3yeTcsl Asi npoBelieHust perpodura mo
MeTOo/IiKe, CXOAHOM ¢ METOANKOLM, aHAJIOTHYHOH MeTOAMKe 3aMeHBI CEPBUC-
HbIx cMeceil. OIHaKo B OT/IMYHE OT cepBUCHBIX cMeceit (Ha ocHoBe X DY)
TOY TpebyeT, 4TOOBI OCTATOYHOE COfiep>KaHME MUHEPAJILHOTO MacJia ObLIo
MeHee 5%, a ripeanouTUTebHee — MeHee 1%. Taxxke I'OY ans adpdextus-
HOIi paboTsl Tpe6yIOT IPHMEHEHSI CHHTETHYECKHX MOTHIUPHBIX Maced.
Jlnst Toro yTo6B! CHU3HTB OCTATOYHOE COZEP>KaHME MHHEPATBHOTO Macia
Io TpebyeMoro ypoBHsi, 0GpIYHO HeOGXOAMMBI TI0 KpatiHell Mepe TpH TIpo-
MbIBKH. PekoMeHAyeMast poliefypa IPOMBIBKH BKJIIOYAeT YAATEHUE CTa-
POro Macja ¥ 3aMeHy ero Ha nojauagpupHoe Macjo TpeGyeMoit BI3KOCTH.
ITocne aToro cucrema ok Ha npopaboTath B TedeHUE ONPENETEHHOTO Tie-
pHozia BpeMeHH, oObr4HO 2—14 aneii. ITocse aToro cpoka cucreMy BHOBb
3aMONHAIOT CBeKMM mosmuagupHbM MacyioM. [ocsie moBropeHns aToii mpo-
HeZypHl O KpaitHeil Mepe elille ofuH pa3 x1afoH R12 3aMensioT xnagoHoM
R134a.

Crefiyet OTMETHTD, UTO eCJIY COAepKaHue MHHEPAJIbHOTO Macya B CH-
CTeMe He CHUXKEHO JI0 Heo6X0JMMOTO YPOBHSI, TO 3TO HPUBOAUT K TOMY, UTO
OHO CKaNIMBAETCs B HCIApHTeJie, YTO IPUBOIMT K YXYAUIEHHUIO TeIIoNe-

_pellayy B HeM U 3aTpyAHeHMIO paboTH koMmpeccopa. B cBolo ouepenp, aTo
NPUBOAMUT K YXYAUIEHUIO pabodYHX MTapaMeTPOB CUCTEMEI H B KOHEYHOM UTO-
'T€ MOJKeT MoBJIedb BEIXOA KOMIPeccopa U3 CTPosl.
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8.6.3. He¢ropuposaHHbie (4MCTbI@) XNafareHT

K aToM rpymnie XoJo4uJIbHbIX areHToB OTHOCATCS aJIbTepHaTHBHbIE XJIa/-
areHTHL: yrJeBOAOPOAH! (TIponaH H300yTaH 1 Ap.) ¥ aMMuak. TokCHYHOCTD U
ropIoYecTh 3THX XJIaJareHTOB OTPAHHYHBAIOT UX NpuMeHeHHe. OHU HCIIO/b-
snyTés B repMETHYHOM 0OOPYAOBaHHMHU ¢ HeOOMBLIOH 10304 3apAAKH XJIaj-
areHTa, a TakXXe HeKOTOpPbIMHU THIIAMH ITPOMBIIIJIEHHBIX X0JO0AHJTBHUKOB.

8.6.4. PetpodaT 6ea 3ameHb Macna

OTeuecTBeHHbIE IPOM3BOANTENH XOMOLMIBHBIX areHTOB NpeaaaraioT 6o-
nee ynoOHble Al NPAKTHYECKOTO TOMb30BaHUS CMECH, YEM, HallpuMep,
SUVA MP39 (npunoxenue, puc. 8.1).

Xnaparents! rpynnst C10M1 mapku A u B (TY 2412-003-32837395-
98) — ato TpexkoMIIOHeHTHbIe cMecH. OHM BRITIOJIHEHbI HA OCHOBE THPO-
xnopdTopyrneponos: R22/R21/R142b. Vx cocTaB B IIPOIEHTHOM COOT-
HOLIIEHHM cocTaBsisieT: Mapku A — 65/5/30, u mapku b — 65/15/20. Cmecu
COCTOSIT U3 MEePeXOAHBIX XJTaJOHOB, Pa3pelIeHHBIX K HCIIOJb30BAHHIO B
Poccuiickoit ®epepanun 1o 2025 r. CocraB cMeceil nofobpan Takum 06-
pasoM, 4TeObl paGouMe XapaKTepUCTUKY 060PYAOBaHUA C STHMHM XNaNareH-
TaMM MUHUMAJIbHO OTJIMYAINCH OT OKa3aTesel, JOCTHraeMbIX MpH pabo-
Te ¢ 3aMeHsAeMbIM XJafioHoM R12. Xagonn Mapku B npurogHs! A1s Bcex
THHOB TOPIOBOTO XOJIOAMIbHOrO 060py/I0BaHMUS, BKJIIOYast JOMAIIHHE XO-
JOAVIBHUKH.

JHarpamMa cocroguus xooanabHoro areHra C10M 1 orpaxeHa B npu-
JoKeHUH, pHc. 8.1.

ITepeBon xonoaunbHoro obopyaosanus ¢ R12 va C10M1 ocymecTeasier-
sl HCKJIIOYMTEIBHO 3aMeHOl camMoro XJaziareHTa Ge3 Kakoi-1ubo Moaep-
HHM3alHU XOJIONUIbHOTrO 060pyaoBaHus, Ge3 BHeceHUSI M3MEHEHHUi B KOH-
CTPYKIMIO XOJNIOAUIbHOMH MalIMHbl 11 6e3 3aMeHEI KOMIIPECCOPHOTO Macjia
(B xonoaunbHOM oGopyAOBaHMM, paboTaiomeM Ha R12, noBceMectHo mc-
nosb3yeTcs oTeyecTBeHHOe MUHepaabHoe Macio X MP12-16). Ilpu ucroan-
soBanMH xnafarenToB SUVA MP39 u FORANE FX56 npumenenne mu-
HEpaJIbHOIO Macia HeJOMyCTUMO, a COBMECTUMEIe C HUMU CUHTETHYECKHe
MacJ1a TUrpOCKOTIMYHbI, TPYAHbI B 0GpalileHHH, CTOMMOCTb MX MHOTO BHILLE,
yem Macina XD12-16. Macaa as xnagonoB SUV A ABASIOTCA 3KCNOPTHOM
HpOAYKIMeEH, YTO yBeTHYHBAET CTOMMOCTD peTpoduTa.

8.6.5. Bo3mOXHbI@ 3aMeHbl XNa0HOB

B l'epManun MuHKHCTEPCTBO 3KOIOrMY M OXpaHbl OKPYXKaIOIlleit cpesibl pe-
KOMEHAYET NepeBo]] CYIECTBYOIIMX XOJOMIbHEIX YCTAaHOBOK, paboTa-
jomux Ha xyazarenre R12, Ha R22 u R134a. Oanaxo aJist sTHX nejreit Mox-
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HO UCTIO/NIb30BATh TakKe U IpyTHe XJIaJareHThl ¢ HU3KHUM MOTEHIIHAIOM UC-
TOLIIEHHA 030HOBOTO cJiost, Hanpumep R410A, R507.

Jlns 3aMensl xiazareHTa R502 pexoMeHAYIOTCS CIeAyIOHIHE XOTIOIU/Ib-
HBIE CMeCH:

« R404A (R125/ R134a/R143);
R 407A 1 R407B (R32/R125/R134a);
. R 507 (R125/R143a);

R 32/R125/K143a (10%/45%/45%) — ToproBas mapka FX 40,
Elf Atochem.

KpoMme yka3aHHBIX Bbillle cMeceii B kauyecTBe 3aMeHsl 151 R502 MokHo
HalTH XJafarenTsl ¢ 6ojee HU3KUM 3HAYEHHEM TMOTEHIHATA UCTOIEHHS
030HOBOTO CJIOSL. :

B kauecTBe anbTepHaTHBEL UCMONb3yeMbIM B HacTOSEee BPEMS B Npo-
MBIIILTEHHBIX ¥ KOMMepYeCKHX YCTaHOBKax xajgareHTaM R12, R22 n R502
y’ke JaBHO PEKOMEH/IYIOTCSI TaK HA3bIBaeMble IPUPO/IHBIE XTaflareHTHI, Ta-
Kue kax nponad (R290), usobyran (R600a) u ammuax (R717), koTopsie He
MpPeACTABJISIOT YTPpo3sl 1S okpyxaomei cpenst. OnHAKO NPH MCIHOJB30-
BaHHMH TaKUX XJIAAAT€HTOB JOKHBI CTPOTO BHIMOMHATHCS BCe MPeNNHCaH-
HBbI€ MephI TPEIOCTOPOKHOCTH, TIO3BOJISIOIHE H36eKaTh ONIacCHHIX BO3/ei-
cTBuit Ha OBCNYXUBAWOINA NMEPCOHAN WU COOPYXEHMs, B KOTOPhIX
YCTaHOBJIEHBI XOJOUIbHEIE YCTAHOBKY,

XnanarenThi ¥ cMecH uis1 3aMensl R12, R22 n R502 otpaskensi B Tabu. 8.2—
8.4 npunoxeHus.

8.7. Kpartkas uHpopmauus
N0 OCHOBHbLIM X0NOAW/IbHLIM 8reHTam

* R717. Ammuax. ©opmyna NH,. BecuseTnbiii ras ¢ xapaxTepHbIM pe3-
KMM 3anaxoM. TOKCHYeH, CHIIBHO Pa3sIpa’kaeT CAM3UCTbie 060I0UYKU
r71a3 U avixatensnsix myteii, I/1K (npenenasHo fonycTiMas KOHIEH-
Tpauus) cocrasiaser 20 Mr/m®. Iloxkapo- u BapsiBoomaceH. Kiacc
onacHoctH — 1. Xopotiuo pactBopsieT Boay. XMMUYECKH MHEPTEH MO
OTHOUIEHHIO K YEPHBIM MeTajllaM M OpoH3e, OHAaKO B IIPUCYTCTBUH
BJIaTH pearnupyeT ¢ Mefiblo U MeTHO-IIUHKOBBIMH CILJIaBaMH, a TAKXe
OBICTPO YXYAILAeT KayecTBO CMa304HEIX Maces. Ha nopsazgox aemes-
Jie xnagoHoB. /laBnenue xouaeHcanuu npu +30 °C pasno 1,168 MIla;
TeMIleparypa KuneHus npu atMochepHoM Aasaennu —33,34 °C; ten-
noTa napoo6pasosanua — 1369,7 k/Ix/kr.



154 Pa3zpen Il. OcHOBLI X0N0ANABHO#M TEXHUKM

* R22. u¢ropxnopmeran. @opmyaa CFCIH. BecuerHnlii ras co cia-
6biM 3ariaxoM TpuxnopMetana. Herokcuuen, IIJIK 3000 mr/m3. He-
ropiou. Kiacc onmacHoctn — 4. Ilnoxo pactsopsieT BoAy, I03TOMY
XOJIoMIbHas cHcTeMa TpeQyeT TIaTeabHOM oCyInKM. XOpollni pa-
CTBOPUTE/Ib OPTaHUKYU U PE3UHBI, HHEPTEH K GOBIIHHCTBY METALTIOB.
Japnenue kodaeHcanuu npH +30 °C pasxo 1,191 Mlla; remneparypa
Kunenus npyu arMochepHoM aasinenun —40,81 °C; Tennora napoo6-
pasoBaHusi — 233,2 k[>x/Kr.

* R1i34a. Terpadroparan. ®opmysa CFCFH. Becusernbiii ras. [11K
B HacToslllee BpeMs He ycTaHoBJieHa. Tpyanoropiod. Kaacc onacho-
cru — 4. IHepTeH K 60AbIIMHCTBY MeTa110B. [laB/ieHHe KOHAeHCalH
npu 30 °C pasHo 0,773 MIla; Temneparypa kunenust npu atmocgep-
HoM Aapienud —26,5 °C; Tennora napoobpasoanus — 216,5 kJ[kx/kr.

» R404a. HeaseoTpomnHas cMech YMCTHIX XJafareHToB R125/143a/134a
B nponopuuyu 44/52/4% 10 MaccoBbIM J0JAM, IOITOMY KHIEHYE B
HcllapuTeie IPOMCXOAMT NIPH epeMeHHo TeMnepaType (M3MeHeHH e
TeMIepaTypsl o J1uHe annapara okoso 5 °C). Temneparypa xune-
Hus 1ipu aTMochepHOM AaBaeHuu —46,5 °C, Temnora napoobpasosa-
Hust 6i1M3Ka K xnajiony R22. Breicokoe faBaeHne KoHAeHcaUuH (110~
panka 2-2,8 MIla) moBsimaeT Tpe60BaHUS K KayeCTBY MOHTaXKHBIX
pabor.

8.8. XpaHeHnue 1 nepeso3ka X0NOAUNbHLIX AreHToB

8.8.1. EmxocTy ANA XOROAUNbHBIX areHToB

Ecnu peyb HaAeT O He6GOIBIUIMX KOJTHYECTBAX XOJOAMNBHBIX areHTOB, TO OHH
[IOCTABJISIIOTCSL B EMKOCTSX M3 AJIOMUHHUA. Takhe eMKOCTH, MMest npou-
HOCTb He HHXE€ CTaJIbHBIX eMKOCTeﬁ, oénaz[alo'r CYLIIeCTBCHHbBIM INIpenMy-
meCTBOMi OHH BABOe Jierye, YeM CTaJIbHbIE.

Crex TI0p KaK BO3HHKJIA H606X01II/IMOCTI) perevepanuu AJ1s HIOBTOPHOIO
HCIOJb30BaHHA CJIHBAaE€MBIX U3 YCTaHOBOK MCITOJIb30BaHHLIX XJIafareHTOB,
TMTOHATHE «MUCThIE XJIQAATCHThI» OTHOCUTCSA KaK K TEM, YTO €llie He 6bL1H B
IKCIUTyaTalluH, TaK U K TEM, YTO yiKe UCII0JIb30BaJIUCh, HO 6bLTH perenepu-
POBaHbI B OTJIHYHE OT 3aTPA3HEHHBIX XJIalar€HTOB, U3BJIECYEHHBIX U3 yCTa-
HOBKH. B B3 ¢ 3TUM cJiefyeT pa3jiHyaTh COCyAbl AJIs1 YHCThIX XAajareH-
TOB M AJs 3arpsA3HEeHHbIX. ITH ABa THHNA COCYOB BHEIIHE pa3jinu4yaloT Mo
OKpacke. s COCYZIOB, CIIENIHAJIBHO IIpeJHa3HaYeHHbIX Ui CJAMBa B HUX
XJIaAareHToB, KOTOPBIE NMOAJIEXKAT percHepailui, mpelyCMOTpeHa 3eJieHast
cbmoopecnnpylomaﬂ OKpacCKa, TOrja KaxK 4YHUCTbi€ COCYAbI IJIs1 HEUCIIOJIb-
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30BaBIIUXCS JJIH PETEHEPUPOBAHHBIX XJIA/IaT€HTOB OKPAIIMBAIOTCS B pa3-
JINYHBIE [[BETA B 3aBUCHMOCTH OT MapKH XJIaJareHra, a UMeHHO:

» GuemHo-cepwiit ang R12;

* sipKo;3eJeHblil 1 R22;

* Gnenno-ronyboit nas R134a;

» po3oBbiii anst R142bu . a.

HesaBucuMo oT Toro, 111 KaKUX XJIaJaTeHTOB, YHUCTBIX UM 3arpsi3HeH-
HBIX, [IpeIHA3HAYEHbl EMKOCTH, OHH JOJIKHB OBITh UCIBITAHBI HA TIPOYHOCTH
IpH AaBJIeHNH, KaK MUHUMYM B 1,5 pasa nmpeBslaiolieM AaBjeHHe HaCcbi-
IIeHHBIX TapOB COOTBETCTBYIOLIEr0 XJIagareHTa npu TeMmepatype 50 °C,
cuyTaoleiics 6a3oBoii TeMrepaTypoit 11 EBporieiickoil Tepputopuu (s
TPOMUYECKUX TEPPUTOPHiI HCXOAAT U3 Apyroro koap¢uiueHTa 3anaca
‘mpoyHocTH U TeMieparypbl 65 °C). Tak, HanpuMep, MUHHMAJIbHOE AaBJie-
HUe UCTBITAaHMS cocya, TpefHa3HadyeHHoro AJis xpaHenus R22, coctaBut
1,5 19,42 = 29,13 6ap, re BeMYHNHA JaBJeHNs B3IT2 U3 TaGIHUIIBI HACH-
IIEHHBIX IT1apOoB.

BanioH, MCTILITAaHHbIH TIDU OTHOM M TOM e JaBJIeHHH, MOXKeT ObITh 3a-
TOJIHEH Pa3IMYHBIMU CPelaMH, OJHAKO [IPU 3TOM HE0OXOAMMO yOeaUuTbCs,
YTO MaKCHUMaJibHOE KOJIMYeCTBO 3TUTOTO B HETO BelllecTBa MeHSAETCA NpH
nepexo/ie OT OAHOTO XJIalareHTa K IpyroMy.

3anpaBka 3aBUCUT 0fHOBPEMEHHO OT BHYTPeHHero obbeMa GasioHa (Ha-
3bIBaEMOTO TaKX€e 3aIIpaBKoil MO Bo/ie) ¥ MJIOTHOCTH 3aJ1MBAEMOTO CXU-
JKeHHOTo xJnafareHTa. CieZjoBaTe/IbHO, 1/ KasKAOT0 MPOAYKTa CyllecTByeT
CBOS MakCHMaJIbHas cTeneHb 3alI0JTHeHHs, KOTOpasl 3aBUCUT OT XapakTe-
PUCTHK XOJIOAHUIBHOIO aTeHTa M BhIpa’kaeTcsl B KUJIorpaMMax Ha JIMTp 3a-
NpaBKH MO BoJie. :

CreneHb 3anoJIHeHHsS OTOBapUBAETCS MeXAYHapOJHbLIMH HJIH HallMoO-
HaJbHBIMHM TPeOOBAHUSAMU M ONpeAe/sSeTcad B 3aBUCHMOCTH OT 3aHSTOro
obbeMa M iaBJIeHNs], pa3BUBAIOIIETocs pY JaHHOI TeMIeparype.

8.9. TexHuka 6830NacCHOCTM NpKU IKCNAyaTaLum
XONOAMNbHBIX MALLIMH C YYeTOM CBOWACTB
XO0NOAUNbHbIX areHToB

B 3aBucuMOCTH OT CTelleHH OMacHOCTH H XapaxkTepa Q)HSPIOHOFPI‘ICCKOI‘O
BO3/IefiCTBUSA Ha JIIOlIeﬁ, BOCIIJIAMEHSA€MOCTHU H B3pbIBOONIACHOCTH cMeceii ¢
BO34YXOM XOJIOAWJIbHBIE aleHThI I101pa3/1e/iA10T Ha TPU IPYIIIbL:

1. HeBOCIUIaMeHSIlOIHHeCH, HeTOKCHYHbI€ XOJOAUJ/IbHDbIC aT€HThI.
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2. TokcHYHbIE ¥ BBI3BIBAOIHE KOPPOSHIO XOJOAUIbHEIE aTeHThI, HHXK-
HMIl TIpeiesl BOCIIaMEHEeHH s KOTOPBIX (WJIM HUKHSS TPaHuIa B3phi-
Ba) cocrasseT 6osee 3,5% mo 06beMy B CMECH C BO3AYXOM.

3. XonoauasHble areHTHl, HUKHUI TIpeJeN BOCIIJIaMEHEHHMS KOTOPbIX
(HYKHAS FpaHMIIa B3pblBa) HUzke 3,5% 110 06beMy B CMeCH C BO3IyXOM.

IIpu vcnonb30BaHUM XOJIOQMIILHBIX aleHTOB Pa3sHbIX IPYIIN B QXHOH M TOM
XKe cHCTeMe OXJaKIEeHUs] ROJIKHBI YUUTHIBATHCS NIPaBUJIa KasKIO# IPYIIILL

[pynna 1

K aroil rpynmne oTHOCSTCS HEBOCIUIAMEHSIOINECS XOMOAUIILHbIE aTeHTHI,
HMelolll}ie TaKue CBOCTBa, YTO NMPHU NOJHOI 3apsAKe HMHU CHCTEMbI B KO-
JHYECTBe, OCTATOYHOM IS OXMaXkAeHus obbeKra, Bech XJaagareHT (BCs
3apsiika) MOXeT ObITb BHIOpOIIEH B OKPYXKAIOLIYIO CpeRy, Te HaXOAATCs
JIOMH, U TIPH 3TOM He GYAYT MpeBbILIeHH! Npefiesibl KOHIEHTpalluy, yKa-
3aHHble B Tabi1. 8.3.

Vcrnionb3oBalue CUCTEMBI HETIOCPEACTBEHHOTO OXJIAXKAEHHUS B TIOMelle-
HWH, 3aHSITOM JIOJAbMH, TIpeICTaBAseT coboit BaxkHylo npobuaeMy besorac-
HocTH. HenocpencrBenHble CHCTEMBI O/DKHBI TOMYMHATHCS TpeGOBaHUAM
B OTHOIIEHHH Pa3pelleHHOTO KOJIMYeCTBA XJIalareHTOB, perJaMeHTHpye-
MBIX M3-33 UX TOKCHYHOCTH 1 OMacHOCTH achukcun: ToKkCUYHbIEe NPOXYK-
ThI PA3JIQKEHUA MOTYT NPH HEKOTOPHIX YCIOBUAX TOMYYaThCS B pe3yAbTa-
Te KOHTaKTa C I/ITaMEHeM UJIH HarpeThIMHU IIOBEPXHOCTSIMH.

OCHOBHBIMH ITPOAYKTAMH Pa3iOXkKeHUs XJIaflareHTOB rpynnsl 1 xpome
YIJIEKHCIIOrO Ta3a SIBJSIOTCS COMISHAS M (PTOPUCTOBOAOPOAHAS KUCJIOTHL.
IIpu Bceil MX TOKCMYHOCTU OHM aBTOMATHYECKH HaZeXXHO JaioT o cebe
3HaTh Graroziaps Ype3BbIYAHHO PE3KOMY, pasfipaskaiollleMy 3amaxy Aaxe
npu c1a6oil KOHNEHTPALHH.

IIpakTryecky JoMycTHMasi KOHIEHTPALHS OHpe/ie/sIeTcs] IPH ITOMOIIH
tabu. 8.3, oTHOCALIElCS K cCAMOMY MaJIOMY NMOMELIEHHIO, 3aHITOMY JIOJ(b-
mu. IIpn aTOM nocTyneHne Bo3yxa B ox1akAaeMblit 06beM NPHHIMaeT-
cq He MeHee 25% oT moJHOro 0ObeMa MOCTYIJIEHHS BO3JAYyXa B AaHHBIH
06beM. ITO OrpaHNYMBAET KOHIEHTPALHIO, KOTOpas MorJia 6bl MOTy4YHTh-
Cs1 B pe3yJIbTaTe YTeUKH XJIa/laTeHTa U3 CHCTEMBL

CucTteMa, coaepxamas XjajgareuT rpynnsl 1 B xonudectBe, GOIbIIEM,
yeM 3TO Aonyckaercs 1o Tabu. 8.3, 10/kHa OBITh BHITIOIHEHA MO CXEME CH-
CTEMbl MPOMEXYTOYHOrO THIa, ¥ BCE YACTH, COZeprKallive XJaaareHT, 3a
HCKITIOYEHHEM TPYGOMPOBO/OE, AOJKHEL OLITh PasMellleHbl B MalllHHOM
oTAeJeHHH UM BHe 3xanMs1. Heobxoanmo ciieauTh 3a TeM, 4ToOb! He 06pa-
30BbIBAJIMCH 3aCTOHBIE 30HBI XJIafilareHTa GoJlee TsKesI0ro, YeM Bo3yX. Bo
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BCeX cIyyasx Heo6X0MUMO 3a60TUTLCA O TOM, YTOOB YMEHBUIUTH YTEYKH
XJ1a/[areHTa B OKPYXKaIollylo Cpeay.

lpynna 2
K aToii rpynmne oTHOCAT TOKCHYHbIE XONOAMIbHbIe areHTH. Heckoabko
XJIaJlaTeHTOB 3TOM TpyNibl SBASIOTCA Takke BOCIUIAMEHSIEMBIMH, HO C
HH>KHell TpaHMIel BOCIIaMeHAEMOCTH, PaBHOW Wiy Bhillie 3,5% 10 065~
eMy, 4To TpebyeT Hallexalnx JONOJTHUTENBHBIX OTPAaHHMIeHHIA,

AMMUaK — e¥HCTBEHHBI! XOMOAMIbHbIIH aTeHT 3TOH IPYNIbI, KOTOPHI
HIMPOKO NPHMEHSIETCS B XOJIOAUIbHOH IPOMBINIJIEHHOCTH. Y Hero ecTh 1pe-

Tabnuuya 8.3
JdonycTuMas KOHUOHTPaLUA NapoB X0N0AUNLHLIX areHTos
' ndponoe Xumuuecxoe Xumaveckas HpaKkTiueckn
obo3nayuenne Ha3BaHHE tdopmyaa NONyCTHMAS
XAARATEHTA KonuenTpauusn ',
xr/
R1l DdroprpmutopMeTan CCLF 03
R12 Judropmuxnopmeran CCLF, 0,5
R12B1 JRudropGpomxnopmeran | CBrCIF, 0,2
RI3 TpugTopxsiopMeran CCIF; 0,5
RI3BI Tpudropbpommeran CBrF; 0,6
R22 Jundropxaopmeran CHCIF, 03
R23 TpudropMeran CHF, 03
R113 Tpudroprpuxnopatan CCLFCCIF, 04
R114 Terpadpropauxiopstan | CCIF,CCIF, 0,7
R500 R12(73,8%) + R152a CCLFy/CH;CHF, 04
: (26,2%)
R502 R22(48,8%) + R115 CHCIF/CCIF.CF; 0,4
(51,2%)
R503 R23(40,1%) + R13 R23(40,1%) + R13 04
(59,9 %) (59,9%)
R744 Yrnekncnniif raz CO, 0,1

! TIpakTH4eckHe mpeesibl KOHIEHTPAUM A/ XJIafareHToB rpymmsl 1 cocras-
JISTIOT MeHee MOJIOBUHEI 3Ha4YeHUM, COOTBETCTBYIOLNX IPaHHLaM UX HapKOTHYe-
CKOro IeNCTBUA.
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umyitectBo. OH 6J1aroiaps CBoeMy Pe3KoMY 3afaxy CHTHAJIU3UPYeT o6 yTeu-
Ke Jake PH KOHIEHTpalvH, ropas/io 60ee HU3KOH, 4eM YpoBeHb KOHIIEH-
Tpaluy, NpeACTaBAAIoNUil ONIaCHOCTh. AMMHUAK BOCIUIaMeHsIeTCs JHIIb B
OuYeHb OTPaHUYEHHOM AMAla30He KOHHeHTpauuil. [Ipu mopelieHNH TeM-
HepaTypsl BOCILIaMeHsEMOCTh aMMHaKa yBeJIUYUBAETCA.

Bce npyrue xooaubHbie areHThbl 3TOH IPYIIBI HCIOMB3YIOT PEAKO H
PacCMaTpHBAIOT KaK Bbiliequine u3 ynorpebienusa. OHU NMPEACTABIAIOT
JIVHIb TEOPETUYECKUI HHTEpecC.

Fpynna 3

K aT0i Tpymmne oTHOCAT B3phIBOOMACHBIE U JIETKOBOCILIAMEHsIEMBIE X0JI0-

AWIbHBIE ar€HTHI C HI)KHe TpaHullell BocTiiaMeHsieMocTH Huxke 3,5% 1o

06beMy. ITH XOMOAUNbHbIE areHTHI OOBIYHO CIA60TOKCHYHBI.
[IpakTHyeckH NOMycTHMasi KOHLEHTPALMs TapOB XOJOIUJIbHBIX areH-

TOB TpymIbl 1 MpH aBapHItHbIX CHTYalUAX YKasaHa B Tabu1. 8.3.

KoHTposibHbIe BONPOCHI:

1. KakoBbl OCHOBHbBIE CBOHCTBa XONOANIBHBIX aTeHTOB?

2. Kax B3auMozelicTByeT X0JI0AUIbHBIA areHT U MacJIo B XOJOJWJIbHOM
MaluHe?

* 3. B kaxoit Mepe NIpHUCYTCTBYE BIard B XOJOAW/IbHOM MaliHe IpemnsiT-

CTBYET ee HOpMaJIbHOIi paboTe?

4. Kaxue ucrosp3ayoTcs ciocobbl 60pbObI € BJIaroii B X0M0AHAbHOI Ma-
ImuHe?

5. B yeM cocTout cyTh MoHpeanbCKoro NpoToKoaa?

6. B yeM cocrout npo6aema perpodpura?

7. KakoBbl OCHOBHBIE CBOHCTBa HaHbOJee YacToO HCHOJIb3yeMbIX XOJIO0-
ZAUJIbHDIX areHTOB?

8. Kak obecrieunBaioTcst XpaHeHHe U NIepeBO3Ka XOJIOAUIbHbIX areHTOB?

9. KakoBbl 0CHOBHbie Tpe6OBaHUA K TEXHUKe GE30MaCHOCTH TIPH JKC-
IIyaTallMi MaJIbIX XOJOAWIbHAEIX YCTAHOBOK?



MnaBa 9
XJTAQOHOCUTENU

X1agoHOCHTENN — 3TO pabouHe BelecTBa XOJMOAUIbHBIX MAIIHH, CAyXKa-
1{e 715 Nepelauy X0J10/1a OT XJIaJareHTa K OXJiaxaeMoil cpefie v He y4a-
CTBYIOLIIME B TePMOIWHAMMYECKOM LIHKJIE ero BelpaboTku. Vicnons3oBanue
XJIagoHOCHTe el Bcera ABJSETCS HEBHITOMHBIM C TOYKH 3PEHHS TePMoO-
AVHAMHKHU TTOJYYeHHs X0JI0/a, TaK KaK BO3pacTaeT PasHOCThb TEMIIEPATYP
MeXy XJafaleHTOM M oxJlaxaaeMoii cpenoit. IIpuMeHeHne XjagoHocH-
TeJsel yBeJIMYMBaeT KAUTAIbHEIE 3aTPAThl HA XOJAOAWIBHYIO YCTAHOBKY,
[I03TOMY NpUMEHeHHe XNaJoHocHTe el 11e1ecoo6pa3Ho TOMBKO B.psjie chie-
IVATBHEIX cay4YaeB. K HUM OTHOCATCS OCTATOYHO KPYTHbBIE NPT PUATHA,
HCHOJIB3YIOLI/e IIeHTPATU30BaHHbIE YCTaHOBKH € HOJIBLINM KOJIHYECTBOM
yAaJleHHBIX HOTpebUTeIelt X0I0/1a: THIeBbie KOMOUHATHI PasIHYHOTO MPO-
¢uis, MOIOKO3aBOALI U 3aBOABL MO MPOU3BOJCTBY NHBa, KOHAUTEPCKHE
¢abpuku u B nocseiHee BpeMst CyliepMapKeThl TPEUMYILECTBEHHO C aM-
MHAYHOH YCTaHOBKOMN LEHTPATH30BaHHOIO XOJOAOCHAOKeHMS BMTPUH
¥ KaMep. '

Hcnoab3oBanue XnaioHoCHTeeN MTO3BOJISIET JIOKATU30BATh YTEUKH XJIal-
areHTa B Npeiesiax MalIMHHOTO OTAeJIeH s, YMEHbIIUTD €0 KOJTHYECTBO B
CHCTeMe, YTO HECKOJIBKO YTIPOLIaeT BONPOCH PEryJIHPOBAHUS TeMIepary-
Pbl B OXJIAXK/IAEMBIX OOBEKTaX.

9.1. Tunwbl xnapgoHocutenei, BOIMOXHOCTb
NPUMEHEeHUs B X0N0AUNbHOK MaluuHe

B kauecTBe x1aloHOCHTe €l Yallle BCETO HCTOJIb3yeTcs! BoAa (B IUanasoHe
2-12 °C) 1 BoAHBIE PACTBOPHI Pa3/IMYHBIX BEIIECTB (151 AOCTHXKEHUA Goee
HM3KHX TeMnepaTyp). VI3 xnafoHocHTe el Yaliie IPHMEHSIOT pacTBOP COH
XJIOPUCTOTO KaJIbIIHsl, PACTBOP 3THJIEHIJIUKOJSA ¥ CIUPTOBbIE PAaCTBOPSI.

B cooTBercTBHU ¢ 3aK0HOM Paysisa Temneparypa 3aMep3aHHs pacTBOPOB
3ABHCHT OT KOHLEHTPaUM PaCTBOPEHHOTO BemecTBa. CaMast HU3Kast TeM-
nepaTypa 3aMep3aHHs PacTBOPa COOTBETCTBYET TaK Ha3bIBaeMO#t KpMOTHI-
PaTHoii TOuKe, KOTOpasi AJis paCTBOPA XJIOPHUCTOTO KaNbIMs paBHa ~55 °C
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(npu MaccoBoii KOHeHTpauuu cou 29,9%), 11st pacTBOpa 3THJIEHITIUKO-
asa —73 °C (upu 67%).

BrifpaHHas KOHIEHTPANUsI PacTBOPa AOMKHa GbiTh TaKoi, YTO6H TeM-
nepatypa ero 3aMep3aHus 6bi1a Ha 5—7 °C HMXe TeMmepaTypbl KMIIEHHsS
XJIaJIareHTa B UCHapUTeNIe XOMOAUIbHON MallIuHBI.

3 oTMeyeHHBIX X1aJOHOCUTe el STUIIEHIJIMKOND sABJsieTcs Golee 0po-
TUM BeleCTBOM, YeM XJIOPHCTbIH KaJIbLMI, OAHAKO ero pacTBop obiafaer
MeHbllleii BA3KOCTbIO H KOPPO3HOHHOMN aKTHBHOCTBIO M TI03TOMY TOBCEMe-
CTHO BRITECHHJI PAaCTBOD XJIOPUCTOTO KaJblUA B 3apy6eKHbIX YCTAHOBKAX
C TPOMEXKYTOYHEBIM XJIaJIOHOCUTENIEM.

[Iupoko npuMeHsieMble XIaJOHOCUTENH — BOAHbBIE PACTBOPBI XJIOPH-
CTOTO KaJIbIIMS ¥ XJIOPHCTOTO HATPU#, BEI3BIBAIOT KOPPO3HIO METaslia U
npexaeBpeMeHHBIN BHIXOA 060PYNOBaHUS U3 CTPOs, a IPUMEHEHHE HX B
anmaparax, UMeIOIMX 3JIEMEHTH U3 HEeP)KaBelolMX CTaseil, CoBepUIEHHO
HeJIOMYCTHMO B CBSI3U C aKTHBHBIMY 3JI€KTPOJUTHYECKUMH IPOLIECCAMM,
BeYIMMH K Pa3pyLIeHHIO 3THX CTaJleil.

B Takux cxemax B KauecTBe XJMaJOHOCUTEJIS1 B OCHOBHOM IIPUMEHSIIOT BOJI-
Hble PACTBODPHI 3THJIEH- UJIH NPOIMJIEHTANKOEH, CTIUPTa WK TTHIEpPHHA,
a TaKXe XJIOPHCTOTO KaJIbI[HSI WIH XJOPUCTOro HaTpus. OQHAKO BCe aTH
BeleCTBa HMEIOT CYIIECTBeHHble HeOCTATKH, 2 HMEHHO: LIIMKOJIH TOKCHY-
HbI, 06J1aIaI0T HAPKOTUYECKUM JieiicTBHeM. [Ipy monajaHuy B opraHusM
JiaXe B MAJIbIX KOJIMYECTBaX pa3pylialoT HePBHYIO CHCTEMY, TIOUKM U IleUeHb
(TOCT 28084-89); nponnieHrAUKOIH UMEIOT HEJOCTATOYHYIO TEMIEpaTy-
py 3amep3anus (He Huxe —30 °C), BBICOKYIO BSI3KOCTb IIPH HU3KHX TEMIIE-
paTypax 1 BICOKYIO CTOMMOCTb. MeTHIOBRIi CIUPT He MOXKET WIHPOKO IpH-
MEHSIThCSI [0 MPUYAHAM BO3MOXKHOTO OTpaBJIeHUs JIofeil, KOTOpble MOI'YT
HCIIO/Ib30BaTh €T0 KaK 9KBUBAJIEHT 3THJIOBOFO CHUPTA, a BOLHbIe PaCTBOPHI
[JIHLIEPUHA HMEIOT BHICOKYIO BSI3KOCTb, TPeOYIONIYIO TIOBHILIEHHBIX SHEPTO-
3aTpar IpH IepeMelleHUH Mo TpyO6oNpoBoaaM M OrpaHHYEHHYIO TeMIepa-
Typy 3amep3anus (mpu 50%-Hoit xonnenTpauuu He Hike —23 °C).

JlocTonHCTBOM aMMMaKa, UCTIOIb3YEMOrO B aMMHAYHBIX CHCTEMAX, SIB-
NsieTCs BBICOKOE 3HadeHUe yAeIbHOH MaccoBoil U 06beMHOMR X0M0A0NPOu3-
BOAMTENLHOCTH NPU HeBLICOKOit ero croumoctH. IIpn HM3KOM cToMMOCTH
aMMMaka ¥ 030HO0€30MacHOCTH aMMMayHbie CHCTEMBI MOT/IHM Obi mpuMe-
HATBCS AOCTaTOYHO WHpoKo. OaHaKko H3-3a 6OJBIIOH aMMHAKOEMKOCTH
nofAobHbIe CHCTEMBbI HE BCETAa MOTYT OBITh PeKOMEHAOBAHBI K PHMeHe-
HHIO B XOJIOAW/IBbHBIX YCTAaHOBKaX. DKCTPEHHHIH BHIYCK aMMHaKa U3 XO-
JIOAMJILHON MalMUHbl MM Pa3sphB TENMJIOOOMEHHBIX AlNapaToB MOXKET
MPHUBECTH K 3ara30BaHHOCTU MeCTHOCTH UJIM TIPM BLICOKOH KOHIEHTpanuu
aMMHaKa B BO3/[yXe K ero B3phIBY.
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ITpumeHeHue cxeM ¢ XJIaIOHOCUTEIISIMU TTO3BOJISIET B AECATKH pa3 yMeHb-
IIKATh KOJIMYECTBO aMMHaKa B CHcTeMe, IIpuMeHeHHEe COBPEMEHHOI TLia-
CTHHYATOM TEMIOOOMEHHO annapatypsl, M3TOTOBIEHHOI U3 HepXKaBelouIeH
CTaJIM, yCTpaHsieT OCHOBHOH Hel0CTaTOK aMMHaYHBIX XOJIOAUJIbHBIX yCTa-
HOBOK — HX aMMHaKOEMKOCTb.

CxeMa X0JOMUIBHOH YCTAHOBKH C PACCOJNBHOMN CUCTEMO OXMaXXAeHUS
npe/cTaB/eHa Ha puc. 9.1,

XononunbHbiii areHT U3 KoMnpeccopa 1 (puc. 9.1) mocTynaet B KOHAEH-
carop 2. JKuaxuit XoNoAWIbHbIi areHT JPOCcCeTUPYeTCs B APOCCENUPYIOLIEM
ycrpoiicTse 7 1 OCTYNaeT B paccoIbHbIil HCTIapuTesb 3, I/ie OTHHMaeT Tel-
JIO OT paccoia (x/1ajoHocuTensd ). X Naf0HOCUTEMb IOAaeTCS B pacCOIbHbIE
KaMepHble 6aTapen HacocoM 11. OTensieHHbII paccoji BO3BpalLlaeTcs B He-
naputesb 3. Ecoii B paccosie npucyTcTBYET BO3IyX, TO OH YAQJISIETCS Yepe3
pacmupuTenbublii 6ak 6. KpoMe Toro, pacummpuTenbHblii 6ak SBiseTcs pe-
TYJSTOPOM 3aIl0JHEHKsI CUCTEMBI PaccoJIoM H KOMITeHCAaTOpOM TeIIOBOTO
paclIMpeHHUs paccoia, TOCKOMbKY MJIOTHOCTD paccoia ABMseTcs PyHKIH-
elf ero TeMIleparyphl.

9.2. XnagoHocurenu HOBOro TUna

B Hacrosiee BpeMst pa3paGoTaHbI X IPOMBILLJIEHHO OCBOEHEI XJ1aIOHOCHTE-
JIH — 3KOCOJIbI, SIBISIONMecs] HOBBIM ITOKOJIEHHeM XIajioHocuTesned. OcHOB-
HOIi KOMIIOHEHT KO0COJIOB — THIKap6uTos. OH Masiosletyy. TeMneparypa
kunenus 203 °C.

IKOoCoJIbl He UMEIOT YKa3aHHbIX Bbillle OTpUIlaTeIbHbIX BO3ZeCTBHII Ha
Pa3IMYHble METALIBL, HETOKCHYHBI, HEB3PbIBOOTIACHBI, IL1I0X0ropioyH. OcHOB-

- 6 5 4
10
1 .
8 791 8 3
eo_()_(_l 2
I ( 11
7. /I 2 X oA ST 77 7 47 7, 72
Puc. 9.1

Cxema pacconbHON CUCTeMbI OXNTaXaeHUN
1 — KkoMnpeccop, 2 — BOASIHOW KOHAeHCATop, 3 — PacCconbHbliii ucnapuresnb,
4 — xamepHbie H6aTapeun, 5 — xonogunLHas kamepa, 6 — paclumpurensHbIR cocyAq,
7 — ppoccenupyowmil BeHTWAbL, 8 — NPeOoXpaHUTENbHbLIe KnanaHbl, 9 — BeHTUNb
ANR 3aNONHEeHUA CUCTEeMBI XtlagareHTom, 10 — ¢unbrp, 11 — pacconbHbiii Hacoc

6—996
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Tabnnya 9.1
CpaBHMTenbHbie Tennodpusnyeckue ceoliicTtaa xnanoHocuTenei
-
= o & é
T 8o &
: er | &% | g2
XI220HOCHT b § § § £E éé
-] Ea 4 ==
5 S 3 3 g
S | = g
| 2
«IKocon-40» 1024 -40 4434 0,634
OTHICHITIMKONb 1060 -33 3,260 0,430
XnopHcTalit Kansuui 1240 -31,2 2,805 0,494

HBbIE€ KOMIIOHEHTBI 9KOCOJIOB NPUMEHSIOTCS B napgIoMepUH NIPK H3TOTOB-
JIEHHH KPEMOB, JIOCHOHOB U Maseil. IIpu aToM Teniopusnyeckre cBoiicTa
CYIIECTBEHHO NMPEBHIIAIOT CBOICTBAa BCEX M3BECTHHIX XJIaZIOHOCHTeJIel.
WsroTtaBiuBaiotcss pasiMuHble MOAUGHKAIMK 9KOCOJOB: «JK0coa-65»,
«JKocon-40», «Jxocon-20» 1 «Ixocon-10» (uudpa obosHayaeT TeMre-
paTypy 3aMep3aHHsi ), KOTOPHIe BHIOHPAIOTCS U3 YCJIOBHI 3KCIUTyaTalli U
NOCTaBJISIOTCA B TOTOBOM K ynoTpebJieHuIo Buae.

MuHnuManbHas TeMIepaTypa 3aMep3anus «Jkocona-65» — —65 °C, uro
MO3BOJISIET UCMOJIB30BATh €TO NMPAKTHYECKH BO BCEX MCTapUTeNbHBIX CH-
cTeMax, Kak cpefiHe-, TaKk  HU3KOTeMIIepaTypHBIX. BA3kocTs 3k0co/I0B npH
HU3KHX TeMIepaTypaX He NpeBIaeT BA3KOCTh MHOTHX M3BECTHBIX XJIa-
JOHOCHUTeNeH, a TENJI0EMKOCTb 3HAYUTEBHO BHILIE,

BsskocTh caMOro KOHIEHTPHPOBaHHOTO «JxocoNa-63» B AUaNa3oHe
‘remnieparyp —20...—~10 °C 3nauyuTesIbHO HIKe BOIHOTO PacTBOpa 3THIIEHT -
JINKOJIA ¥ XJIOPHCTOTO KaJIbIH.

Q61eMHOe cofiepkaHue BOABI B 9KOCONAX: «K0con-65» — 35,5%, «Iko-
coa-40» — 37,0%, «3xocon-30» — 41,2%. Boaa U3 5K0COJIOB MCHAPSIETCS
npu teMitepatype 106 °C.

Upessviuatino 6axcHbM CBOUCMEOM IKOCON0E ABNAEMC YMerbllere 00b-
eMa TIPY TIOHIKEHHH TeMIIEPaTyPEl, YTO HCKJII0YaeT BOSMOXXHOCTb Pasphi-
Ba TpyOONPOBO/IOB 1 aNNapaToB NPU NOHMKEHHUH TEMIIEPATYPhI HUXKE TOY-
KH 3aMep3aHusl.

IKOCOJIBI XMMHUYecKH He akTHBHBL. OIHaKO CTOMMOCTD 9KOCOJIOB COU3-
MepHMa CO CTOMMOCTBIO 3THJIEHTJIUKOJS.

CpaBHuTenbHBle TellodU3NYecKHe CBOMCTBA XJIANOHOCUTeNEN IIpH
20 °C npuBenensi B Tabu. 9.1,
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KoHTponbHbie BONPOCH::

F 3

1.
2.

Yo co6o#l npeacTaBAgIOT XAaJ0HOCHTEHN?
SIBnsieTCA 1N SHepreTHYECKU BHITOAHBIM TPUMEHEHUE XIIaIOHOCUTE-
Jei?

. Kakue Tunst xJlaoHocuTeseil HCMOJIb3YIOTCA AJs OXJIaXACHUSA BO3-

Ayxa B XOJIOAMJIbHLIX KaMepax?

. IpencraButh cXeMy X0JI0MKIBHON MANIMHEI C TIPOMEXYTOUHBIM TEN-

JIOHOCHTEJIEM.



fnaBa 10
KOMNPECCOPbI X0Nn0AWbHbIX MALUKH

10.1. Knaccudmkauus Komnpeccopos

Komriipeccop X00ANIbHON MaliMHbl 06eCNeuHBaeT CKaTHe Mapos X0Jo-
JIIBHOTO areHTa, YTo sIBJsAeTCs (pU3NUeCKU HEOTbeMJIeMOI YacTbio Mpo-
1iecca nocjaeaymoounieii KOHJAeHCaUU X0JOANIbHOIO aTeHTa B KOHAeHCATO-
pe, co3/laeT B McnapuTese HU3KOe JaBJeHHe M CBA3aHHYIO C 3TUM HU3KYIO
TeMIepaTypy Kunetus, obecreynBaeT epeMellieHHe X0TOAUIbHOrO areH-
Ta M0 BCeM dJIeMeHTaM XOJOAWIbHON MaIIMHBL

KoMnpeccops! oT/iM4aloTcs IPUHITINOM AeHcTBHSA, XOJOR0NPOH3BOAH-
TeNBHOCTBIO, KOHCTPYKTHBHBIMU NPH3HAKaMH.

Ilo npunyuny Oedicmeus KOMIPECCOPHI Pa3AeNAI0T Ha NOPHIHEBbIE, PO-
Tal[MOHHBIE, CNIUPAJIbHbIE, BAHTOBBIE, IIEHTPOGEXKHBIE,

ITo xono0onpoussodumenbrociu xoM1LPECCOPbl HOAPA3AENSIOT Ha KOM-
Tpeccophl MaJIof X0M0A0NPou3BOAKTeAbHOCTH (110 12 KBT), cpenneii xomno-
NONPOU3BOAUTENBHOCTH (0T 12 A0-Y0 kBT), 60b1I0I X0M0A0POU3BOAU-
tesbHOCTH (cBhile 90 kBT). X0J1080TPOH3BOANTETHHOCTD KOMIIPECCOPOB
YCTaHaBJMBAIOT NPU HOMHHAJIBHOM TeMIIEPaTYPHOM pexXHMe paGoThL.

Ilo xoncmpyxyuu koMIpeccopsl NOAPa3AeAI0T Ha OAHOCTYHeHYaThle K
MHOTOCTYNeHYaThie (ABYX- U TPeXCTyNeHYaThie).

Ilo cmenenu zepmemuunocmu KOMIIPECCOPHI JieJISATCS Ha OTKPHIThIe WU
caJIbHUKOBBIE (3J1eKTPOABUIaTe b COEUHAETCS C BaJIoM KOMIpeccopa Myd-
TO} WJIN KIMHOpEMEHHOM nepenaueit), 6eccalbHUKOBbIE HIH pa3beMHble,
KOTOpHIE B psifie CIyuaeB He COBCEM KODPEKTHO Ha3bIBalOTCS MOJyTrep-
MeTHYHBIMH, FepMeTHYHBlE. B repMeTHYHBIX KOMApeccopax KoMIpeccop
2JIEKTPOABUTATENb Pa3MENAIOTCS B 06IIIEM rePMETHYHOM CBApHOM Hepasb-
€MHOM KopIiyce.

B coBpeMeHHOM TOProBOM XOJIOAWJIBHOM OOOpPYHOBaHHH B OCHOBHOM
HPUMEHSIOTCS XOJIOAUIbHbIE MAIINHEI, OCHAILIEHHBIE NOPIIHEBLIMH, POTa~
HUOHHBIMU H CIUPAJIbHBIMK KOMIIPECCOPaMH.
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10.2. MNopwHeBbIe KOMNPECCOPbI

ITopuiHeBbie KOMIPECCOPHI IBASIOTCS HauboJiee pacIipocTpaHeHHbIM THIIOM
KOMIIpeccopoB. FIMU KOMILIEKTYIOTCSI XOI0WIbHbie MAIIMHBL, ObecneyrBa-
JOLIHE XOJIOIOM TOPTOBOE XOJ0AHILHOE 060pYI0BaHNIE U XOJIOANIIbHBIE Ka-
MephI.

MHuoroo6pasye THIIOB MOPUIHEBBIX KOMIIPECCOPOB 00y cI0BHJIO HE06X0-
JAVMOCTDb UX MHEKCALIH.

s obo3HaueHUsT KOMIIPECCOPOB TIPUHSATA GYKBeHHO-1[M(pOBas NHAEK-
canus. [TepBast 6yKBa B Ha3BaHNH KOMIIPECCOpa OlipellesisieT XIalaTeHT, /IS
KOTOpOTo npepHa3HayeH komnpeccop (O — xnanon (ppeoH), A — ammu-
ak); BTopast 6ykBa — pacrojokeHue HHIHAPoB (B — BepTukanbHoe, Y —
V-o6pasHoe, YY — W-obpasHoe, nin Beepoobpastoe). llndpa, crosinias sa
GykBaMu B 0603HaUeHHH KOMIIPECCOpa, OTPaXkaeT X0JI0ONPOU3BOAUTENb-
HOCTb, BBIPaXKEHHYIO B Thic/YaX KuIoKanopuii B yac (1 kkasn/4 = 1,163 Br).

JLns1 6eccabHUKOBBIX KOMIIPECCOPOB B 0603HauyeHue BBOAAT 6ykBbt BC
(nanpumep, ®BBC6) win 116 (Hanpumep [157).

TepMeTHYHbIE KOMIIPECCOPBI B OYKBEHHOMN YacTH Ha3BaHHS UMeIOT Oyk-
sbi [ (nampumep OTC, OIC, OIpC).

A
&

%;
7/

7% 8

Puc. 10.1
Komnpeccop 20B-4/4,5

1 — kaptep, 2 — npoknagka, 3 — 610K LMAMHAPOB, 4 — KnanaxHana focka, 5 —
BCacbIBIOWWM KAanaH, 6 — Kpsilwka, 7 — noplueHs, 8 — naney, 9 — wartyH, 10 —
canbHuk, 11 — Kpbllika, 12 — BcacbiBaOWWA BeHTUNb, 13 — dunbTp, 14 — Maxosuk,
15 — KONbLO CanbHika, 16 — peanHosoe KonblLo, 17 — KoneHuaTsil Ban,

18 — onopa Bana, 19 — nnacimHa
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10.2.1. HenpamoTOYHbIe CasibHUKOBbIE
KOMMNPEeccopbl OTKPLITOro TMNa

B X0NOAMABHBIX MAIIMHAX C NOPIIHEBBIMM KOMITPECCOpaMu HauboJIbLiIee
NpUMEHEHHE B CHJTy HX KOHCTPYKTHBHOI IIPOCTOTBI HAXOAAT HENPSAMOTOY-
Hble KOMITPECCOPbL. B IMIMHApPaX 3THX KOMIIPECCOPOB XOJIOAUABHbIA areHT
U3MeHSET IBIDKEHUE B COOTBETCTBUH C H3MEHEHHEM HATIPaBJIEHHS ABMKe-
HHS NTOPIUHSL.

MeTononorndecky yCTpoHCTBO U NMPHHIHI PaGOTHI KOMIIPECCOPOB OT-
KPBITOro THNa yAoOHO paccMaTpUBaTh Ha [IPUMEpPE CHATOTO ¢ NMPOH3BO-
CTBA, HO ellle UCIIOIb3yeMOT0 Ha NpeNpHTHSIX 061IeCTBEHHOIO NUTAHMS
1 ToproByin KoMmpeccopa tuma 20 B-4/4,5 (puc. 10.1). Pekomenpauum no
3aMeHe KOMIpeccopa NpHBeLeHH B NpuiioxeHnn, Taba. 10.1.

ITOT KOMIIpECCOP YCTaHABIMBAIOT B XOJIOAUJIBHBIX MalllMHAX C arpera-
tamu tuna O AK (¢peoHOBBII KOMIIPECCOPHO-KOHAEHCATOPHBII arperar).

KoMIIpeccops! «OTKpPBITOTO THNA» MOJYYHIN AaHHOE Ha3BaHHWe B CHIY
TOTO, YTO B X KOHCTPYKIIMH KOJIEHYAThIH Bajl BRIXOJUT 3a Mpe/ie bl TepMe-
THYHOTO KapTepa. B psase ciyyaeB aTo nNpeAcTaBIeHMe AONOIHSETCS pesl-
CTaBJleHHeM O pa3bhbeMHOCTH KOMITpeccopa.

[Bmicymuecs yacTH KoMIIpeccopa Hy>kAaTcs B cMa3ke. [loaTomy kap-
Tep KOMNIpeccopa 3arojiHeH MacjioM. [Ipu BpanieHnn KoJleH4aToro Bajia oH
TOCPEJICTBOM TIPOTUBOBECOB M HIDKHeil YaCTH roJIOBOK IIATYHOB CONPHKa-
Caercs ¢ MI0BEPXHOCTHIO Macyia. O6pa3yoTCsl Kamii Macja MaJIoro pasMepa
(«MacaaHbIi TYMaH» ), KOTOphIe 00ecieYynBaloT CMa3Ky BCEX ABHIKYIIHXCSI
37IEMEHTOB KOMIIpeccopa.

CrneslyeT OTMETHUTD, YTO TIPOTHBOUBECH Ha BaJly KOMIIPECCopa ABAAIOTCA
HeOGXOIMMBIM DJIEMEHTOM, 00ECNeYMBAIAM KOMNEHCAlUI0 HHEpPIHH

3
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Puc. 10.2
KnananHas rpynna komnpeccopa 2$B-4/4,5

1 — NRacTUHa HarHeTaTeNLHOro Knanana, 2 — patoyas npyxwHa,
3 — cTOo#Ka, 4 — 6ydepHasa NPpyxuHa, 5 — Hanpasnaowan BTyNka,
6 — po3eTka, 7 — NnacTMHa BCacbIBAIOWEro Knanana,

8 — knanaHHas aocka, 9 — uMnuHap
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NOPLIHS, AaTyHa ¥ NOPIIHEBOTO NaJblla IIPH UX JUHEHHOM NepeMelleHHH
10 BBICOTe HMJIMH/IPA C TlePeMeHHOMH CKOPOCTBIO.

TlockonbKy. IPOTHBOBECH B OTJIHYMe OT HOPHIHEH COBEPIIAIOT Bpalla-
TeJIbHOE IBUKEeHHe, TO T0JIHast KOMIIeHCAllHs HepLMK JBIXKYIelics Mac-
CHI <HOpILeHb—IIATYH» HE JOCTHUTAeTCsl. ITO NPUBOIAUT K HEOOXOAUMOCTH
cHa6KeHHUS TIOPUIHEBBIX KOMIIPECCOPOB JOMOHHTEIbHBIMH aMOPTH3aTOPa-
MH, KOTOpBI€ IPUMEHUTEIBHO K TepMeTHYHBIM KOMIIPeCcopaM MOTYT Paclio-
JIaTaThCs BHE H BHYTPU TepMETHYHOTO KOpHyca.

Hasnnume B XOJIOAUIBHOM areHTe Macjia oNpeieJisieT Heo6XOAUMOCTb T1e-
pell cxKaTHeM NapoB B IfHJIMHAPE KOMIIPeccopa OTAeATh MX OT Macaa. B mpo-
TUBHOM CJIyYae MacJjio B BHJle OT/leJIbHBIX Kanesb MOJKeT ONacTh B IIUTHHAP
KOMITpeccopa ¥ NPUBECTH K BOSHUKHOBEHHIO SIBJIEHUS, KOTOPOE Ha3bIBAIOT
«THJpaBIMYecKHit yaap». B cuiy Toro uto Macio, Kak u obast 5KUIKOCTb,
NIPaKTHYECKY HEC)KUMAEMO, OHO BeeT cebs NpH CKaTHH KaK TBEPIOE TeJIO.
ITpu nocrynrenuu 60JBIIOTO KOJHYECTBA MAC/Ia B IUINH/IP KOMApeccopa
3TO MO>KET IIPUBECTH K IIOJIOMKe HauMeHee NPOYHOI YacTH KOMIIPeccopa,
a KMEHHO CTaJIbHOM CaMONpPYKUHSIIIEH MIaCTHHBI BCAChIBAIOLIETO KJjlaNna-
Ha 7 (puc. 10.2), pacnosnoxeHHOil Ha kKJanaHHON focKe (TJIOCKOH CTanp-
HOM NJIACTHHE).

XononuabHbiil areHT ¢ pACTBOPEHHBIM B HEM MacJIOM ITOCTYTaeT B KOM-
Mpeccop Yepe3 BeachiBatoluil BeHTHAb 12, hunbTp 13, # Aanee cmech xon0-
JKIBHOTO areHTa M Macja pasfiesisiercs. Kamn macsia kak 6osee TsKenble,
YeM naphbl XOJOJUIBHOTO areHTa, BHEAAIOTCS U3 CMECH U HO BePTHKANb-
HOMY KaHaJy omnycKaioTcsi BHM3. HHXKHsAS YacTb KaHala nepeKphiTa Ilia-
CTHHKOH ¢ OTBePCTHEM MaJIOTo IHaMeTna.

Hanuume B nyracTuHe OTBEPCTHS MAJIOTO AuaMeTpa 0OeCHeYHBaeT BO3-
BparT U3 KCapuTeNs Macia B kapTep koMnpeccopa. [Ipu uaTeHcuBHOM NO-
CTYIUIEHUH MaCJj1a 13 HCTIapHTeIsl B BEPTHKUILHOM KaHale obpa3yeTcs CTo-
6uK MacJia, KOTOPbIi BHINOAHSIET GYHKIIHIO «THAPaBINYECKOTO 3aTBOpa».

JList nosib3oBaTeNelt XOMOAWIbHON TEXHUKH SKCIIyaTalOHHO 3SHAUMMOH
YacTbIO KOMIPECCOpa SIBJISIETCS CATIbHUKOBOE YILTOTHEHHUE, obecieyuBarollee
TepMETUYHOCTb KapTepa KOMIIpeccopa W XONOAUIbHOM MalllMHbL B 1IeI0M.
PasHoBHAHOCTH cATbHHKOROTO YILIOTHEHMS NIpeAcTaByieHa Ha pHc. 10.3.

CranbHoe k0JbIIO 3 3aKpelliseTcs B iepeAHel kphilike 1 KoMIpeccopa.
BHyTpeHHsIs ToplieBasi NOBEPXHOCTD CTATBHOTO KobLa 3 OTIONMPOBaHA.
K Heit nox aeficTBMeM ycHINS CKaTUS NPYXKUHBI 8 MPUKATO TakKe OTHO-
JIHPOBAHHOE METATU3NPOBAHHOE TPaUTOBOE K010 5. TakuM 06pa3oM,
coafiaeTcd TPYIHAsCs apa — CTaJIbHOE KOJbLO 3 ¥ MeTalJH3UPOBaHHOE
rpacduToBoe Kobio 5. Takas napa paboTaeT HOpMaJbHO JMIIb IPH HaJlJle-
Xalei 06paboTke MOBEPXHOCTH K€l U pH UX 3¢deKTUBHOI cMa3Ke.
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Puc. 10.3
CaneHuk rpaputoBo-cTanbHoON, OBHOCTOPOHHNIA

1 — Kpbilika, 2 — peanHoBoe YIJIOTHUTeNIbHOe KONbLO,
3 — HenoABUXHoe cTanbHoe KoMNbUOo, 4 — YNNOTHUTENbHAs NPoKNaaKa,
5 — rpadurosoe konbuo, 6 — 06oiiMa, 7 — AepxaTenb NPYXUHDI,
8 — npyxuHa, 9 — nonocTeL KapTepa KoMnpeccopa

64 11
! 7 11
5 9 10 12
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1 A 15
“Z . :
20
19 % 18 — 16
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Puc.10.4

Komnpeccop pasbemHbiit noplHesoil Geccanbinkosbiil GBEC-6

1 — 6nok-kaprep, 2 — KoneHyathlli Baf, 3 — WarTyH, 4 — nopiexb, 5 — runsaa
UunuHApa, 6, 7 — HarHetTaTenbHble ¥ BCachiBaloWne KnanaHol, 8 — Kpbilka
unaMHapos, 9 — crartop anekrpogsuratens, 10 — potop anekTpoasurarens,

11 — dnadey scacuiBawuwnii, 12 — dbunetp, 13 — Macaopas3GpLI3rnBaICILNA SUCK,
14 — 3aaH98 KpbilKa, 15 — Tpy6ka noaa4u machna, 16 — ynNoTHUTeNbHLIM aneMeHT,
17 — onopbt ANA KpenieHns komnpeccopa, 18, 19 — noawmnHnkY 3anHuit
un nepeaHuii, 20 — cMOTPOBOE CTEKNO 3a YPOBHEM Machna

i
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B mpaxTuke akcnyaTanuu X0oJOAUJIbHBIX MallMH 3TU YCJIOBUS 3aya-
CTYIO HapyIraiTcs. B pae ciaydaeB 06a 3TH KOJIblja YCTaHABIUBAIOTCS €3
Hazlexanieit 06paboTKHU B pacueTe Ha NOCTeAYIONIYIo IPUTHPKY TPYLINX-
csl DJIeMEHTOB.

[Ipu Hapymenun TpeGoBaHM K BBINOAHEHHIO MOHTaXHBIX paboT, obec-
NeYynBaloIUX BO3BPAT MacJla U3 UCTIapHTENIS B KOMIIPECCOP, HATIPUMEP eCiTU
YKJIOH BcachiBalollero TpybonpoBofa 6yAeT B CTOPOHY, HPOTHBONOMOXK-
HYIO KOMIIPECCOPY, BEPOSTHOCTD HapyLleHHS paGoThl cCanbHUKa CYILIECTBEH-
HO Bo3pacTaerT. [Ipy oTCyTcTBHH CMa3KkM Tpyluelcs napsl caJbHuKa (He-
HOJBHXHOE CTaNIbHOE KONbLO—TPaPUTOBOE KOJBIO) HOBPEXAAIOTCA CO-
IpHKacaloHiMecs: TOBePXHOCTH, BO3MOXKHA yTeyKa XOJOAUIbHOTO areHTa
U3 XOJOAHJIbHON MalIMHBI.

CanbHHKOBOE YILIOTHEHWE ABJSETCS Hanbotee ySI3BUMOM 4acThIO KOM-
IIPECCOPOB OTKPBITOTO THIIA, TPeGYIolleil IOCTOSHHOrO KOHTPOJIS CO CTO-
POHBI MEXaHHUKOB, 0OCIY>KHBAIOIINX XOJOKUIbHOE 060pyIoBaHue.

10.2.2. Komnpeccopsi pa3beMHbie NOplHeBbie 6eccanbHUKoBbLIe

OTKa3aThCA OT KOHCTPYKIHH CalbHHKA MOXHO, 3aKJII0YHB KOMIIPECCOp H
3MEKTPOJABUIaTEb B repMETHYHBIH Kopnyc. DTOT KOPITyC MOXKET ObITh Bhi-
IOJTHeH B pazbeMHoM (puc. 10.4) u repMeTHyHOM HcnonHeHnu (puc. 10.5).

O6a TeXHHYECKHX pellleHUs 061a/IaI0T 3KCIIYaTallMIOHHBIMH JOCTOUH-
CTBaMH ¥ HEJIOCTaTKaMHU.

JKCINyaTal[OHHBIM JOCTOUHCTBOM Pa3beMHOT0 HCIIOTHEHUSA KOHCTPYK-
HIH KOMIIPECCOpaA SABJISIETCS NIPOCTOTA PEMOHTa H BO3MOXHOCTH 3aMeHbI
71060TO €T0 KOHCTPYKTUBHOTO 3/IEMRHTEA.

Henocratok KOHCTPYKIMH COCTORF B PHHSATOM CIiocobe OXIaXAeHHs]
cratopa (06MoTKHU anexkTpoaBHraTesist). CTaTop oxJaXxJaeTcs napaMu Xo-
JIOAWJIBHOTO AT€HTa, HOCTYNAIOIIMMU Y13 CapUTes, MMeIoIMMHU TeMIlepa-
typy —15...+10 °C. Ilockonpky TeMneparypa apoB XOJOLHIbHOTO areHra,
MOCTYNAIOLIETO M3 HCIIADUTENS B KOMIPECCOD, CYLIECTBEHHO HHXE TeM-
Hepatyphl BO3lyXa MOMEIIEHH s, B KOTOPOM Pa3MellaeTcsi KOMIIpeccop, TO
06MOTKa 3/1eKTPO/IBUTraTeNIst OXJaXA2eTCsl A0CTaTOYHO 3¢hPpexTHBHO. ITO
HO3BOJIsieT NIPU Majbix TabapUTHRIX pa3Mepax 2JeKTPOJABUTaTeNst U NpH
60JIbIIOM TOKE, IPOXOisAIIEM Yepe3 0OMOTKY, oGecreyrBaTh 60Jb110M Kpy-
TAIUI MOMEHT Ha BaJy 3JIeKTPOABUTATENS] H COOTBETCTBEHHO KOMIIpec-
copa.

BMecTe ¢ TeM npu OTCYTCTBUHM XOJIOJMJIBHOTO areHTa B XOJIOAWUJIBbHOM
MallliHe, Hall]puMep HpPH €ero yTeyke HX XOJOANIbHONH MalMHbB, 06MOTKa
2MIEKTPOJIBUIATENS pasorpeBaeTcs A0 TEMIepPaTyphbl CYIleCTBEHHO BhbIlle
100 °C, uT0o MOXEeT IIPUBECTH K €€ CTOPaHHUIO.
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Puc. 10.5
lepmeTuuHbIl KOMNpeccop ®r-0,7

1 — khanaHHas [ocka, 2 — NoplueHb, 3 — KpbilKa UMAnHApa,
4 — BcacbiBaloWKii NaTpyboK, 5 — BCcackiBaOWMIA BEHTUNbL, 6 — KpbinbyaTtka,
7, 17 — BEPXHARA M HUXHSARA YacTK Kopnyca, 8 — poTop anekTpoaBurarens,
9 — cratop anexTpoasurarena, 10— nogwunuuk, 11 — NpyxuHHas onopa,
12 — kopnyc komnpeccopa, 13 — NPoTUBOBEC AKCLUEHTPUKOBOTO Bana,
14— wartyH, 15 — nopwHeBot naneu, 16 — KpenneHue Koxyxa,
18 — akcueHTpukosbiit Ban, 19 — rmywwmrens,
20 — HarHeTaTenbHbIN WTYlep, 21 — knemMHan kopobka
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YcioBus akcnityatauuy komupeccopos (puc. 10.4, 10.5) 1pebyior co-
3/1aHUS TePMETUYHOCTH HE TOJIbKO CaMUX KOMIIPECCOPOB, HO U BCeX 3Jle-
MEHTOB XOJIOZAMIBbHON MalIHHBI. JTO KacaeTcsi B [IEPBYIO 04YePeAib CATbHU-
KOBBIX YIIJIOTHEHNH BeHTUJell Ha KOMNIpeccope M TepMOPeryJINpYoLieM
sentuie (TPB). Coenvnenyst TpyGonpoBoioB B3aMeH HHUIIMEAbHOM KOH-
CTPYKIIMH, B OCHOBE KOTOPOH JIEXKUT KpensieH’e TpyOopoBOIOB Tlocpe/l-
CTBOM HAKHJHbIX raek, JOJXKHBI COEIUHATHCS [IOCPEACTBOM CBApKH (Ta-
KH).

10.2.3. Komnpeccopbl NOPLWHEBbLIe repMeTH4HbLIe

['epMeTHYHbBIE KOMITPECCOPbE OTINYAIOTCS KOHCTPYKTUBHBIMU 0COGEHHO-
cTsaMu. HasBaHie KOMIPECCOPORB 3aKJIIOUEHO B YCIOBHOM 00O3HAUEHHH:
@T — xomnpeccop repmeTnuHblit, DI's — koMIIpeccop repMeTHYHBIH C 3K-
paHHpoBaHHBIM poTopoM, DPI'p — koMmpeccop repMeTHYHBIH pOTAIMOH-
HBIiL.

lepMeTHYHbBIE KOMITPECCOPHI OTANYAIOTCS TEMIIEPATYPHBIM PEKUMOM U
YyacToToi (CKOPOCTHIO) BpallieHHs Bajia asektpoasuraress (25 ¢, 50 ¢ ).

Ilo memnepamypromy pexcumy TepMeTHUHBIE KOMIIPECCOPHI TIOAPa3/ie-
JIS10T Ha cpefiHeTeMneparypHbie (C), HuskoreMmneparypusie ( H), Beicoko-
TeMnepaTypHble (B).

[TonaBaeMoe HanpskeHHe Ha OOMOTKY 3JIEKTPOABMIATENSI COCTABJSET
220 umm 380 V. B mocjeqHeM ciyuae UCHOJb3YIOTCS 3/1eKTPOABUTATETH
TpexdasHble, ACHHXPOHHBIE C OCTOSAHHON 4acTOTOI BpallleHUs poTopa.

KoHCTpYKTHBHO# 0cOGEHHOCTBINIEPMETHYHBIX KOMIIPECCOPOB, B YacT-
HoCTH xoMiipeccopos Tuna OT-0,7 {puc. 10.5), siBnsercs pacnosoxeHne
Basla koMInpeccopa. BepTukanbHoe panynadokeHe Bajla KOMIpeccopa 00-
YCJIOBUJIO PSIZi TEXHUYECKHX, A CJle[JOBaTeAbHO, U 9KCIIYaTAllUOHHBIX 0CO-
OeHHocTell KOHCTPYKIMU. Macio B KoMiIpeccope HaXOAUTCS B HIDKHel
YacTH Kopiyca KOMIIpeccopa.

CmMa3ska KoMnpeccopa kKoMOuHupoBanHasi. Macyio pasOpbi3TUBaeTCs HUK-
HUM MPOTHBOBECOM U APYTMMH JBHXYUIMMHCS YacTsIMU KOMIIpeccopa,
pacno/oskeHHBIMU Ha Kopliyce HUe ypoBHSA Macaa. C TeM 4yTo6bl Macio
He MONaJIo B IUJIMH/P KOMIIPeccopa, YCTAHOBJEHbI BCachBaoLie TpyOku 4
(puc. 10.5), obecneunBaloLIye NOCTYIIEHHE XOMOAUIBHOTO areHTa U3 Bep-
xHeilt yactu xopiyca. Tpy6ku pacnioloxeHbl [0 OTHOLIEHHIO K BCACIBAIO-
LeMy BEHTHJIIO TaKUM 06pa3oM, 4TOOBI B HUX He NOTIato He TOJIbKO MacJo,
HO U KaIUIM XUIKOTO XOJOAUJILHOIO areHTa B cIyyae, KOrja KOMIPeccop
paboTaeT Tak Ha3biBaeMBIM BIaXKHBIM XOZOM.

T puHyaUTENBHBIA MOABO/ Mac/ia OCYIECTB/AETCS 32 CUET 1eHTPobexk-
HBIX CHJI II0 KaHajlaM B TeJie 3KCIIeHTpHKoBoro Bajia. [ns addexTurHoro

.
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OXJTAXKACHUSA 06MOTKH SJICKTPOABUIaTeJIs B BerHei?I 4YacTH poTopa UMeeT-
Cd KpblJIbYaTKa.

10.2.4. Komnpeccopbl repMeTHyHbIe
C 3KpaHUPOBaHHLIM POTOPOM

OTAMYHTENHON 0COGEHHOCTHIO TEPMETHYHBIX KOMIIPECCOPOB SIBAAETCS UX
«YYBCTBUTENILHOCTD» K YT€UKE XOJIOANIBHOrO areHTa U3 X0J0AMJIbHOH Ma-
IIUHBL XO0JIOAWILHBI aTeHT MOXKET BHIATH U3 XOMOWIBHO MalIUHbI Yepes
HeIUIOTHOCTH B CAJTbHUKOBBIX YIVIOTHEHHUSIX Ha BCachlBalollleM M HarHeTa-
TeJIbHOM BEHTUJISIX, Yepe3 HEeMIJIOTHOCTH B HUITEJIbHbIX COeIMHEHNAX TPY-
GONPOBO/IOB € IEMEHTaMU XOJOAWIbHOH MAIIMHBI (MCIIapUTeleM, pecH-
BepoM) U T. [ TakuM 06pa3oM, JOCTATOUHO COBEPIIEHHAA KOHCTPYKIUA
repMETHYHOTO KOMIIpeccopa, 06befHHEHHOrO B XOJMOAU/IbHOM MalllMHe ¢
JPYTHMH 2JIEMEHTAMH TIOCPEACTBOM TPYOONPOBOIOB M HUMMNEABHBIX CO-
eTHHEHHMH, HyK/aeTcA B BRICOKON TeXHYECKOM KyIbType 00CTyKHUBaHUH,
B TIATEJbHOM KOHTpOJIE BCEX COeAMHEHUN 2/IEeMEHTOB XOJOANIbHOH Ma-
MKHBL B npoTHBHOM Ciyyae npyl yTeuke X0MOHIBHOIO areHTa BOSMOKHO
cropaHue 0OMOTKH 3JIeKTPOABUIaTest KOMIIPeccopa.

Y-,

7

® Puc. 10.6
Komnpeccop repmeTuiHLIA C 3KpaHUPOBaHHbIM POTOPOM
®raC-0,7~3(2)
1 — knanaHbl, 2 — NOPLWEeHb, 3 — WwaTyH, 4 — poTop,
5 — craTop, 6 — 3KCUEHTPUKOBLIA Ban, 7 — aKpaH,
8 — koxyx, 9 — onopa Bana, 10 — kopnyc



Tnasa 10. KoMnpeccopsl X0A0AUALHBIX MaLLINK 173

B oT/MuMe OT OTKPHITOTO THIIA B TePMETHYHOM KOMIIpeccope 06MoTKa
3JIeKTPOABHUTaTes (CTaTOP) OXJaXKAaeTcs MMOTOKOM BO3/yXa, IIpolie/iie-
ro yepe3 KOHJIEHCATOop, a POTOP, He HMEIOIHI JIeKTPHYECKHX NTPOBOJIOB,
HOMellleH BHYTpb 9KpaHa. B xoMiipeccope peanusoBaH GU3HYECKHIl IPHH-
I[UIT HaBeJIeHHsl MAaTHUTHOTO J10JIsi B pOTOpE Yepe3 MarHUTONPOBOASIIHI Ma-
TepHaJl, U3TOTOBJEHHBI ¢ 3TOH Ie/bIo U3 HepxkaBetonteit ctanu (puc. 10.6).

OxslaxaeHue CTATOpPa MOTOKOM BO3/lyXa obecreuynBaeT He3aBHCUMOCTh
KoMIIpeccopa OT I10Tepb XOJIOAUJIbHOTO areHTa U3 XOJOAUIbHON MaIlHHBI,
YTO JIMIIb B OlpefieJIeHHON Mepe MOXKHO CUMTATh 3KCILTYyaTallMOHHBIM JI0-
CTOMHCTBOM KoMIpeccopa. HenocTaTok KOHCTPYKIIHM BHITEKAeT Npekie
BCETO 13 HeOGXOAMMOCTH HaBeAeH ST MATHHTHOTO TMOJIS B POTOpE Yepes ak-
paH u3 HepsKkaBewoel craau. CosfiaHHe CTaTOPOM HEOOXOAUMOTO MarHUT-
HOTO 110J14 TIPeAIIoaraeT yBeaHueHHe SHePro3aTpar U yBeluieHue raba-
PUTHBIX pa3MepoB CTaTopa cpaiaﬂmenbﬂo C 3JIeKTPOJBUraTe/iiMU KOM-
IIPECCOPOB MOTHOCTHIO FePMETHUYHBIX TOH e XONOAONPOU3BOUTEILHOCTH.
BcereacTsue cOBOKYNHBIX NIPHYUH KOMIPECCOPHI C 9KPaHHPOBAaHHBIM PO-
TOPOM HaXOMST NpHMeHeHNe TPeUMYLIeCTBEHHO B XOJIOAUIbHBIX Mallk-
HaX, 06CYKUBAIOLIMX XOJOAMIbHbIE KAMEPSL

10.3. Komnpeccopbl 06bemMHOro geicraus

10.3.1. Komnpeccopbi repMeTU4HbLI@ POTALUOHHLIe

Pabora xommpeccopa (puc. 10.7) coctout B clenyoueMm. B nonoxenuu
Karsaiterocs poropa (puc. 10.8, a) mMHIp UMeeT OAHY NOJIOCTD, 3aI10JI-
HEHHYIO XOJOIHAbHBIM aTeHTOM.

[Ipu BpallieHHY 3KCIIeHTPUKOBOT® Bafra KOMITpeccopa 06beM XOJIOH/Ib-
HOTO areHTa B CepIOBHUAHOM NpOoCTpaHCTBe yMeHblnaercs (puc. 10.8, 6),
XOJIOUNbHBIA aTeHT CKMMAaeTcs, TIOBLINIAIOTCS ero TeMIepaTypa U [aB-
JIeHue.

ITpu nanpreitimem nepeMenienun poropa (puc. 10.8, B) napienue xoo-
AWIBHOTO areHTa B HarHeTaTeJIbHOM N0JIOCTH IOBbIIaeTCs, OTKPbIBAETCA
HarHeTaTeJbHBIH KJIAMaH ¥ Hapsl XOJI0AUAbHOTO aTeHTa HaYMHAIOT NOCTY-
naTh B KoHAeHcaTop. OAHOBPEMEHHO CO CXKATHEM TIPOMCXOLHUT 3aNO0JHe-
HHe BcackiBaioneil osocTH kKoMipeccopa napoM. BeacbiBalomuii kiarnaH
B KOMIIPECCOpe OTCYTCTBYET, IOCKOJBKY POTOP, lepeMellfasich 110 OBepPX-
HOCTH IIWJIHADA, IepPeKpbIBaeT BCachIBAOIee OTBEPCTHE.

Tocnenyloniee gBukenre poropa (puc. 10.8, r) saBepiiaer npouecc cxa-
THS, XOJAOANIbHbIN areHT NOCTYIIaeT B N0JIOCTb BCACHIBaHHA.

CpaBHHTEJBHO C HOPUIHEBBIMH KOMIIPECCOPaMH TepMeTHYHbIE POTalH-
OHHBIE KOMITPECCOPHI HMEIOT PsiZ IIpEUMYIeCTB:
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¢ OHU UMeIoT MeHbillle ra6apm'bl " Maccy,

* B HMX OTCYTCTBYET BCAaCBIBAIONIHI KJIANaH, YTO OBHILIAET HAIEKHOCTD
KOMIIpeccopa;

* KOMIIpecCOp MMeeT XOpOoWyio YpaBHOBEUIEHHOCTb, MOCKOJbKY HeT
JIMHEHOTO TiepeMeTeH s IIOPIIHS;

* He60bII0e KOJUYECTBO ABUKYLINXCSA YacTell CHUKAeT U3HOC, HOBI-
IIaeT HaJleXXHOCTD, YIIPOILAeT TEXHUYECKOE 0OCTyKUBaHHE,

SKCIUIyaTaI.IPIOHHbIe KayecTBa KoMIIpeccopa 3aKiio4yeHbl B OC06EHHO'

CTAX ero KoHCTpyKIuu. CeprnoenHbie 00beMBI KoMNpeccopa 06pa3oBaHb,

Puc. 10.7
fepmeTuurbiti koMnpeccop ¢ katawmmes potopom ®Mp

1 — aKkcUeHTpUK, 2 — uunnHap, 3 — potop, 4 — Ban KoMnpeccopa, 5 — fonacTb,
6 — cTatop anekTpopBurarens, 7 — BcachiBaiowuniz naTpyo6oK,
8, 9 — BepxHAs ¥ HUXHAR KPLILWKK UMANHEPA, 10 — HarHeTaTenbHLIv KnanaH,
11 — macnaHiii GunsTp, 12 = npyxunHa, 13 -— repMeTruHbIi Kopnye,
14 — narveTatenbHelil naTpy6ok, 15 — potop anekTpoasurarvens,
16 — BcacbIiBaIOWWA 3aMOPHLIA BEHTUAb, 17 — MaCNAHLIA HACOC
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B KOHAeHCaTop B KOHASHCATOP

M3 ucnaputena

B KOHAEGHCATOP

Puc. 10.8
MpuHumn paboThl POTALMOHHOIO KOMMpeccopa.
®dasbl cxatua (a—r) npy nocneaoBaTelbHOM nepemMeuleHum
xaTsauierocs poropa

C OZIHOM CTOPOHBI, KOHTAKTOM POTOpa C II0OBEPXHOCTHIO PasfeHTebHOM
JIONACTH, C APYTroil — KOHTAKTOM pPOTOpa € NOBEPXHOCTHIO uaunapa. Feo-
MeTPUYECKU 5TOT KOHTAKT IPOMCXOAMT IO JIMHUY, pa3Aeisiolieil noaocTu
HarHeTaHHs U BcacbiBaHUS (DU AgE#eHHH KHIIeHNS ¥ KOHJEeHCAllMH ).

KonTaxTt poropa ¥ uuavHapa 1072KeH ObITh TAKUM, YTOOBI IPEAOTBpa-
TUTb TlepeTeKaHe XOJOAMIbHOIO aTeHTa U3 IMOJOCTH HarHETaHMs B MO-
JIOETH BCAChIBAaHHUS. ITO BO3MOXKHO NIPU KayeCcTBEHHOI 06paGoTKe MoBepX-
HOCTH pPOTOpa M LUJIMHAPA, UCKI0Yaonieil 1io0ble 3a30pbl MEXAY HUMH.
VIMeHHO B 9TOM 3aKJTIOYaeTCs O/[HA U3 DKETIIYyaTallHOHHBIX 0cobeHHOC T
KOMIIpeccopa.

Ilpu 3arpsaHeHN N KOHAEHCATOPA XOIOMMILHOM MallTHHBI YMEHbIIAETCS
IJIONI2/ib IOBEPXHOCTH TeIIooOMeHa KOHAEHCATOPa H POTOP KOMIIPECCOo-
pa HarpeBaetcs, epexos NOpor, OrPaHNYHBAIOIUI BeTHYHHY €ro Teno-
BOTO pacUINPEHHS].

ChneAcTBreM 3TOro MOTYT OBITh apaliiHbl Ha TIOBEPXHOCTH POTOpPA U
[IMJHHAPA, B Xy/1IeM cIydae MOXeT HabIoaThes «3aKIMHUBAHHE> POTO-
pa, T. €. OCTAHOBKA ero BPalleHUS. '

Jlns TOpProBoro XoJ10AMIbHOTO 060PYAOBAHUS U CUCTEMbI KOHAUIIMOHHU-
POBaH¥s BO3/IyXa repMETUUHbBIE POTAIIMOHHBIE KOMITPECCOPHI BHIYCKAIOT-
cst Xosoa0onpoussourenbHocThO 0T 0,3 10 1,3 KBT.
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10.3.2. Komnpeccopel cnupansHbie

KoHuenius co3aanns Xoa04IIbHOTO KOMIIpECcOpa CHHPAILHOIO THIA 3a-
nareHroBana B 1905 r. ppanuysckum nrxetepoM Jleonom Kpeycom (Leon
Creux). OfHaKo B CHJTy BRICOKMX TeXHOJIOTHYECKNX TPeGOBaHMIA K U3TOTOB-
JIEHU10 KOMITpeccopa cliipajlbHble KOMIPECCOPhI CTAJIM CO3/1aBaThCs JININD
TpY BHEAPEHUH B MeTa1n000paboTKy CTAaHKOB ¢ YHCIOBBIM MPOrPAMMHbBIM
ynpaBJIeHUEM.

BnepBsie B MHpe Ha pHIHOK XOJOAUIBHOIO 0OOPYAOBAHHUS CITUPAIbHbIi
KOMIIpeccop npejcTaBia aMmepukanckas ¢pupma Copeland (puc. 10.9).

B HacTosuiee BpeMs OH NMPOU3BOAMTCS PSAOM 3apyOekHbIX (pupM —
Danfos, Hitachi, Jork u ap.

ToaswkHast ciMpanb He JOMKHA BPalllaThes BOKPYT cBoeit ocu. OHa co-
BepllaeT ABKKeHHe TOJIbKO M0 OIpefieleHHOH opbuTe, B OCHOBHOM Kpyro-
BOH, BOKPYT OCH HeNoBUKHOH crivpany (puc. 10.11).

Puc. 10.9
Paspes cnupanbHoro komnpeccopa dupmbl Copeland
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1
{ e 1l
4 :
Puc. 10.10

KoHcTpyKuma cnupansHoro komnpeccopa dupmst Copeland

1 — macno, 2 — 1edIOHOBLIN NOAUNNHUK, 3 — NPOXOAHLIE KOHTAKTDI,
4 — BNPLICK XNOKOCTU AN «CBEpXoXnaxaenus», 5 — nnasaowee ynjioTHeHne,
6 — HenogBuXHas cnupans, 7 — NoABUXHaA cnupab,
8 — sawmnTa anekTpoaBuraTens, 9 — anekTpoaeuraTent

oTeapcTve

Puc. 10.11
WnniocTpauma npolecca cxarms 8 CnupansHOM KoMnpeccope



178 Pazgen . OcHOBbI X0A0BMALHON TRXHUKY

e

Puc. 10.12
Cnmpanu komnpeccopa: HenoasuxXHas (cnesa) n noasmxHan

CrninpanpHblit KOMIPECCOP COCTOMT U3 IBYX CIIMpaJleil — HeNOoABHKHOI
u moABxKHOIM (puc. 10.12).

OnHa U3 cniupaneil, CBSI3aHHAS ¢ 9KCHEHTPHKOBBIM BaJIOM, COBEpIIAEeT
[UIOCKONapaLTebHOe OpO6UTATbHOE ABKeHHe. BTopas criupass 3aKkpele-
Ha HEMOABUXHO OTHOCHTEJIBHO KOpIyca KoMIIpeccopa. B npotiecce paboTs
MecTa KoHTakTa (K) moaBuxHoit cnupamu (puc. 10.11) mepemeiralorest 1o
npoduiIo HeMOABUKHOM CIIHpaIH IPOTUB YacoBoi cTpesiku. Obpasyiomu-
ecsl IpY 3TOM 3aMKHYTHIE CepIIOBHAHBIE MOJIOCTH KOHUEHTPHYECKH Ilepe-
MenfaioTcs ot nepudepuu K HeHTpy.

B HauabHBIH MOMEHT, KOT/a TIOJIOCTh ellle He 3aMKHYTa, B Hee CRo60]-
HO BXOJMT BcachbiBaeMBIi map. B gannHelimem nap nepememaercs K 1eHT-
PY, HCIIBITbIBasl NOBBIIIEHHE AABJICHHSA H TEMIEPATYPhI U3-32 YMEeHbIIEHUA
o0beMa ITOJIOCTH, M B KOHLE NpoIiecca CKaTHs yepe3 HarHeTaTesbHOE OT-
BepCTHeE B [IeHTPe BBIBOAUTCS H3 KOMIIpeccopa.

KonnyectBo ABHXXYIIMXCS YacTell CHPaJbHOTO KOMIIPECCOPA CPABHH-
TeJIBHO C TIOPITHEBHIM KOMITpeccopoM cHukeHo Ha 80% (c 15 y nopuineBo-
0 710 3 ¥ CIIMPAJIbHOTD).

JBHKyInasics cnupaiis coBepillaeT MJIaBHOe IBUKEeHHe, TaK KaK OHa XO-
potuo cbanancupopana. IloaToMy ABHKeHMe NOTOKa Ha BCachlBaHHH U Ha-
THETAHHU VIMeeT HeTlPephIBHbLH XapakKTep, 4To obecrieynBaeT NPpaKTHYECKH
6ecurymHyIo pabory komnpeccopa. OH B 8 pa3 «Tuiue», YyeM IOpPIIHEBO
aHaJIor.

Cuupanbubiil KoMIpeccop He GOMTCS «BJaXKHOTO XOAa», a PaBHBIM 00-
pasoM u MexaHH4eckHX lpuMeceii. Ilyck KoMmmpeccopa npoucxoaur 6es
HarpyskH, No3ToMy He TpeGyeT crnelfHaibHOIO BCOMOraTeIbHOTo MyCKo-
BOI'0 YCTPOHCTBA.

CriupasbHble KOMIIPECCOPHI MMEIOT HaMeHbIIUH HPOLEHT OTKa30B 110
CPaBHEHHIO C KOMITPECCOPaMH JIOGBIX APYTHX THIIOB, B CHJIY 4€ro HX HO Npa-
BY CUHUTAIOT «BEYHBIMH»>.
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B neroM JoCTOHHCTBA CIUPAIbHBIX KOMIIPECCOPOB Nepell TePMeTHYHbI-
MU MOPIIHEBBIMH WM bGeccabHUKOBBIMH aHAJOTaMH MOJKHO OTPa3HTh B
BUZE MepeyHs CeAYIOIHX KayeCTB:

* BBICOKas HaJeXXHOCTb H IOBBIIIEHHBIH CPOK cayxk6bl bGiarofaps He-
60IBbIIOMY KOTMYECTBY JeTasleil, yYacTBYIOUIHX B IPOLECCE CKATHS
XJTajlareHTa;

* KpaiiHe HU3KUH ypOBEHb IIyMa BCJIeCTBHE OTCYTCTBUS KJIAaNaHOB M
BO3BPATHO NOCTYTIATEIBbHOTO ABXKEHHS JeTanell;

* KpaiiHe Masias BUOpaliig BCIeICTBUE ILTaBHOTO, HEMPEPEIBHOI'O CKATHS;

* OueHb BHICOKUI1 K03(p(PHUIMEHT NOJAYM U3-32 OTCYTCTBUSA «<MEPTBOIO
NPOCTPAHCTBA»;

* CcTabUIBHOCTH PaGOTH KOMIIPECCOPa PH paboTe «BAANKHBIM XOL0M»>
Y NOIa/laHyK B 30HY CXKaTHs MeXaHHYeCKMX NpuUMeceit;

* MaJIblii ITyCKOBO# MOMEHT U MYCKOBble TOKH. J1J1s1 ofHobha3HbIX Mozie-
Nelt HeT HeOGXOANMOCTH B yCKOBOM 000pYI0BaHUY;

* KOMIIaKTHOCTb U MaJias Macca,

KoMnpeccoph! B arperarax ¢pupMsl Copeland noctasasiorcs 3anosHes-
HBIMH MHHepabHbIM MacJioM i paboTnl Ha R22 vnn nosnadupHsiM Mac-
TIOM JiUIst pabOTHI Ha HOBBIX 030HOGE30MACHBIX XIaiareHTax Jubo Ha R22.

CnupasbHble KOMIPECCOPHE! MCIOMB3YIOTCSI B XOMOAMIBHBIX MalIMHAX
MaJIoi ¥ cpefiHeil X010 10N PON3BOAUTENBHOCTH. TaK jke KaK U KOMITPeccH-
OHHbIE, OHH MOTYT GbITh B FepMETHYHOM UCNONHEHHH, GecCabHNKOBBIMH
¥ CaJIbHUKOBBIMU.

CTONMOCTD CIIMPANbHBIX KOMITPECCOPOB COHOCTABHMA WJIH Jlaske HIKe
CTOMMOCTH NOPIIHEBBIX KOMITPECCOPOB,

OTHOCHTENbHBIM <HEJOCTATKOM» KOMIIpeccopa SIBAsieTCs] HeoGXOMH-
MOCTb €ro H3roToBleHus Ha cTankax ¢ YI1Y, nockoibky crinpaibHblii KOM-
NPeccop — 3T0 TEXHHYECKasy KOHCTPYKIHUS OYeHb BHICOKOTO TEXHOJIOTH-
YeCKOTO YPOBHS M OPraHU3alliH IPOU3BOACTBA.

10.3.3. Komnpeccopbl BUHTOBbIE

BunTOBBIE KOMIIPECCOPH! — KOMITPECCOPbi 06BEMHOTO THIIA, B KOTOPBIX CXKa-
THE XOJOANIBHOIO areHTa OCYLIeCTBASETCS 3a CUET YMEHbIIEHHS 3aMKHY-
roro o6peMa paboueil moxocty (puc. 10.13, 10.14).

Tlap B 2T0# MOJIOCTH ABUIKETCS B OCEBOM U PaJHaIbHOM HaNPaBJIEHUSX.
CokaTHe napa NpoAoJKaeTcs [0 TeX MOp, 0K OJOCTb MEXY BBHICTYIIOM
U BTIAJHHOI He AOCTUIHET HarHeTATeJIbHOTO OKHA B IJINHADE.

K 1ocTOMHCTBAM 3TOTO THIIA KOMITPECCOPa OTHOCST BO3MOXHOCTD ILIaB-
HOTO PeryJUpOoBaHUs X0J0A0IPOU3BOLUTENBHOCTH, BO3MOXHOCTD PaboThI
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Puc. 10.13
BunTOBOI4 KOMIpeccop (poTophl, 06LMIA BUA, KOMNpeccopa)

1, 2 — Bepywinii n BeAOMbIA PpOTOPLI (BUHTHI), 3 — CUHXPOHU3VPYIOWNE WecTepHN

LVRANY £

£
-
b,
-

§ noneon vecra

Puc. 10.14
O6wmin BUA BUHTOBOIO KOMNpeccopa

* NIPaKTHYECKH Ha JI060M XOIOAUBHOM areHTe IpH BbICOKOH CTeNeHH Cxa-
THS ¥ B IIMPOKOM TeMIepaTypHOM AHaNla3oHe KUIEHHs:, Npexje BCero
HU3KOTeMIlepaTypPHOM AHalia3oHe KUNeHNs, H, COOTBETCTBEHHO, DY HU3-
KO# TeMIIepaType BO3/IyXa B oXJiaxaeMoM obbeMe.

HepocraTkoM KoMmpeccopa sBJisieTcss He06XOMMOCTb CO3aHHs CHCTe-
MBI CMa3KH POTOPOB, KOTOPasi KO BCeMy HpodyeMy o6eclieulBaeT OXJIaxK/ae-
HHe POTOPOB, IIPeAOTBpalllaeT eperpeB KOMIIPECcoPa, YIUIOTHAET pabodue
3a30pHl MeXkAy poropaMu. ONHAKO IpUMeHeHHe MaCISHOIO OXNaKAECHHS
POTOPOB MOPOKAAET HEOHGXOAMMOCTh IPUMEHeHNs HafeXHHIX U addek-
THUBHBIX CHCTEM OTIEJIEHHS Macja OT XOJIOAWIBHOTO areHTa (MacjooTae-
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JInTeseil), HOCKOJIbKY IIPH paboTe KOMIIpeCccopa Maclo B HErO BIPbICKHBA-
ercsi B 60sb1IOM KoJHuyecTBe. IIpH OTCYTCTBMM MaCHOOTAEAUTENST MACIO0
MOXeT OBITh YHECEHO B KOHEHCATOP.

Bce aT0 HenocTaTky, HeCMOTDSI Ha OUEBUHBIE JOCTOMHCTBA KOMITpeC-
copa, OTPaHNYHBAIOT €I'0 IPUMeHeHHe B TOPFOBOM XOJIOAWILHOM 06opyio-
BaHHHU.

Komnpeccopni moqo6HOTO THNA IPUMEHSIOT B OCHOBHOM B XOJOXUIb-
HBIX MaldHax 60b1I0i X010A0NPOH3BOAUTEIDHOCTH.

10.3.4. Komnpeccopb LeHTpoGexHble

KoMmpeccopsl 3Toro Tra HCHONb3YIOT A IOCTHXKEHHS 60b1I0i X0M0-
AOIIPOU3BOAMTENBHOCTH B YCTAaHOBKAX XMMHYECKOH MPOMBILIIEHHOCTH
HJIY CHCTeMaX KOHAMIIMOHHPOBAHUS 3/[aHUI U 3PeNIHBIX COOPYXKeHuH
(puc. 10.15). :

LlenTpobesxHpie KOMITPECCOPbl KOHCTPYKTHBHO BEIONHAIOTCA M3 c6Op-
KM POTOPOB, Haca’keHHbIX Ha oAnH Bal. Kaxastit potop noMeniaercs B ot-
ZleIbHOI NOJIOCTH, BHINONHAS (PYHKITHIO OTAENAbHOM CTYNIeHH CXKATHA.

XonoauanHblil areHT Moc/eA0BaTe bHO NepeTATKHBAeTcs U3 oHO#H 1mo-
noctu B 1ipyryio, (D — E — F — G) co Bce Bo3pacraomum nasieHneM,
PaBHBIM Ha BHIXOZle JABJICHHIO KOHAEHCAUH.

[Tapoo6pa3HrIii X0I0XUNBHBIM areHT, CXXMMaeMHBIil B KOMIIPECCcope, Ipak-
THYECKH He coflepKUT Macia. OTCYTCTBHe Macia Ha BHYTPeHHUX NOBepX-
HOCTAX KOHJAEHCATOpa H HCIAPUTeIA YJIyulLIaeT Mpoliecc TelonepeRain
B TeIUIOOOMEHHBIX annaparax.

IlenTpobesxHbie KOMIIPECCOPDI SBISIOTCS YPaBHOBEUIEHHBIMH, OHAKO
OHMY NpeiHa3HayeHbl 7151 paboTh ipy oMbl YacToTe BpallleHHs! pOTOpa.

Puc. 10.15
LleHTpo6exHbiit Komnpeccop

1 — BcachiBalowmrii Narpybok, 2 — HarHetTaTenbHLIA NATPy6oK,
3 — nonatku potopa .
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Komnpeccops! a¢pexTHBHBI B XONOAUIBHBIX YCTAHOBKAX GOJBILIONH XOIO0/0-
npousBoAuTeabHOCTH, opsanka 900—10 000 xBr.

10.4. Xonoponpon3soaAuTeSIbHOCTb
NOPLWHEBOro Komnpeccopa

Teoperuyeckasi X0JI040TPOU3BOAUTENLHOCTD KoMMpeccopa Q , BT, Bripa-
’kaeTcsl Npou3BefieHueM 06beMa Napa, BCAChIBAEMOTO KOMIIPECCOPOM B L1~
munzap V,, M3/c, u o6beMHO# X000IIPOU3BOAMTENIbHOCTH g, [k /M>:

Q,=V; -4, Br, (10.1)

TRe

vV, — o6beM, OMUCHIBaeMBIH TIOPIIHEM, COOTBETCTBYIOUIMH TeopeTHYe-
CKOMY 06beMy I1apa, IIOCTYNaloLlero B WIINHAP KoMIpeccopa, M3/c;

q, — yAeabHas oGbeMHast X000 POM3BORUTENBHOCTD, [k /M>.

Teoperiyeckasi oGbeMHas IPOU3BOAUTEILHOCTD MOPUIHEBOTO KOMIIpec-
copa V,, M3/c, 3aBHCHT OT reOMETPHYECKHX XapaKTePUCTHK KOMIIpeccopa
(anaMeTpa MIMH/pPA K X0/a TIOPIUHS ), YaCTOTH BpalieHHs Bajla KOMITpec-
copa, YKcAa HHAHHAPOB.

O6neM napa, BcackiBaeMoro B koMipeccop V,, M3/c, onpezensercs pas-
MepaMH IWJAHHAPA ¥ YaCTOTOH BpauieH sl Baja:

_n-D?

1%
P4

S-nz, (10.2)

e

D — puamerp unauHApa, M;

§ — xoq nop1uH4, M;

n — 4acToTa BpallleHHsI Bajia KoMIIpeccopa, ¢};

2 — YHCNO WINH/POB.

W3 myninapa koMnpeccopa B KOHJEHCATOP HAarHETaeTCsl He BeCh Mapo-
06pa3Hblii x1afareHT. HeKoTopoe ero KosMyecTBO OCTAeTCs B 3a30pe MeX-
Iy TMOpIIHEM U THHILEeM IHINHAPA, B KaHATaX Ki1anaHoB. O6beM, koTopstiit
3aHHMAeT OCTABUIMICS B IWJIMHAPE XJIaJlareHT, IOJIyYHiI Ha3BaHHe «<MepT-
Bbllf 06BeM». UeM MeHblile BeTHYMHA MEPTBOIO 00beMa, TeM MeHbllie HoTepy
KOMIIpeccopa Y Jiyyllie XapakTepucTHkH paboTht koMnpeccopa. Hau6ons-
[IYIO HAIJIAAHOCTD MPOLECCOB, MPOUCXOASAUIMX B paGoueil HONOCTH KOM-
[peccopa, faeT HHANKaTOpHast Auarpamma (puc. 10.16).

B nportiecce 1-2 npoHcXoauT NepeMelileHye NOPIIHS KOMIIpeccopa U3
«HuxHel MepTBoit roukn» (HMT) k «BepxHeit MepTBOit Touke> (BMT).
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pi
3 2
P
’ 4 . 1
0 Cl bl
C

<-—-|;_ 5|
(=

BMT HMT
Puc.10.16
WnaukaTopHas auarpamma NopLIHEBOro KoMnpeccopa

b, — [asneHve HarHeTaHws, p, — aBneHnue BCachiBaHus,
C — «MepTBLifi 06beM»

Tax kak o6a K1anaHa KOMIIPECCOpa 3aKpbITH, a 0ObeM XJiajareHTa B Mo-
JIOCTH HHJIMHIPA YMeHbIIAeTCs, IPOHCXORNUT NOBBIIEHHe AaBACHVS UK
ckaTHe XJafareHta. B Touke 2 oTkpbiBaeTcsl BLIMYCKHON (HarHeTaTelib-
HBIA) KJIallaH ¥ X71aJlaTeHT TIPY AaBJEHHY P HarHeTaeTcs B KOHIEHCATOp
XOJIOMIbHON MalIHHE (iponecc 2—3).

B Touke 3 nopmens Haxoautcd B BMT u npouecc HarHeTanus 3akaH-
yuBaercq. VI3 munuuapa xoMIpeccopa He Bech XJiaJlaredT HOAAeTcs B KOH-
nencarop. YacTb cXaToro 0 AaBJAeHHA p, X/1aaTeHTa 0CTaeTCS B MEPTBOM
obveme (orpesok C). [Ipu asuxenuu nopmus or BMT no Hanpasienuio
k HMT octasmuiics B MepTBOM 00beMe XJ1alareHT paciupsietcs (ero Aas-
JleHHe IOHWKaeTcst) — Ipouecc 3—4.

B touke 4 oTxpbiBaeTcs BIYCKHOM (BCAchIBalOLMil) KJallaH KOMHpec-
copa ¥ HaYMHAETCS MPOLECC BCACBIBAHHS, T. €. 3alIOHEHUS O/IOCTY IUJINH-
Apa Napoobpa3HbIM XJIaJaTeHTOM U3 HCIIAPHUTENs XOMOAWIbHONH MallkHbI
(nmpontece 4-1). Ilpu goctkenuu nopmHeM noxoxenus HMT mponecc
BCAacbIBaHUS 3aKaHYMBAETCS.

Hasune MepTBOro o6beMa NPHBOAHT K TOMY, YTO Ha YacTH X0Ja HOpHI-
Hs1, COOTBETCTBYIOHIEr0 06beMy C, MPOUCXOMUT paclIvpeHHe XJIalareHTa.
YeM MeHbllle MepTBbIii 06beM, TeM MeHblle II0Tepb Ha PacliupeHHe, T. €.
MeHblie BeauuyHa C.



184 Pazpen H. OcHOBbI X0N0AMABHON TEXHUKY

10.4.1. O6vemHbie noTepu

B feiicTBHTEILHOCTH B IUIHHPE KOMIIPECCOpPa Mapa C:KUMaeTcs MeHbIIIe,
4eM 370 cenyet H3 Beauuunnnl V,, M3/c. Otnnune o6ycI0BI€HO COBOKYI-
HOCTbIO IPUYHH, CBA32HHBIX ¢ 06beMHBIMY NTOTepsIMU B KoMIpeccope. Cpe-
I 3THX IPUYMH NPHHATO BhIEIATH 06beMHBbIe IoTepy koMIpeccopa (A, ),
TNoTepH, CBA3aHHBIE C [I0/IOTPEBOM I1apa IPU BCachbiBaHHH (A, ), € ipoccein-
POBaHMeEM XOJOAWILHOTO areHTa, IPOXOASILETro Yepe3 BCachIBAIOLINT H Ha-
THeTaTeIbHBIN KaanaHst (A, ) C yTeuKaMH Tapa yepe3 HeMJIOTHOCTH (A, ).
HauGo1ee 3HauMMBIMH ABISIOTCS 06beMHble notepu (A ), o6ycioB/eH-
' Hble HaINYHeM «MePTBOTO NPOCTpaHCTBa». [IopIeHb He OAXOAUT BIOT-
HYI0 K Kpbillike UAMHAPA. [IpOCTPaHCTBO MEXy MOPIUHEM M KPBILKOMH
IHJIMH/Pa, BKJIIOYAs LifeJTH /IO IIIACTHH KAaNaHoB, IpeAcTaBisieT coboi «o6b-
eMHoe MepTBoe npoctpaHcTBo» C (puc. 10.16). Hanuuue «meptBoro npo-
CTPaHCTBay CBS3aHO C TENJIOBLIM pacuiMpeHyeM MopmiHsA U maryHa. Ilpu
OTCYTCTBHH «MePTBOIO IPOCTPAHCTBA» MOPIUEHb JOCTHTHET KJIallaHHOI 10-
cku. IIpy aToM He HCKITIOYaeTCA I10/10MKa KOHCTPYKTHBHHIX 3JIEMEHTOB KOM-
npeccopa.

IIpu xone nopuins B cropoHy HinkHeli MepTBoit Touk (HMT) nap, npu-
cyrcTByoniuii B o6beMe C, pacIvpsieTcsl, 3aHHMast YaCTh N0Jie3HOTo 06b-
ema nuuHapa C,.

B niopineBBIX KOMIIpeccopaXx 06beM «MepPTBOTO IIPOCTPAHCTBA» MOXKET
CoCTaBAATb 3—5% o6beMa HUIMHADA.

IMorepw, cBA3aHHBIe C IOAOrPeBOM (), 0GYCIOBJIEHBI TeM, YTO XOJIO-
AUJIBHBIH aTeHT IIPH BCACHIBAHHH KacaeTcsi HarpeThiX CTEHOK ITMJIHHADa H
pacumpsiercst. IT0 IPHBOIAHUT K YMEHBIIEHHIO MacChi XOJKOMUIBHOTO areH-
Ta, IOCTYTIAIOMIET0 B IUIKHAD.

Iotepu XoM0AMABHOTO areHTa BO BCAChIBAIOIEM M HArHETaTeJbHOM KJIa-
TIaHaX TIPU APOCCENNPOBAHHH (x ) 06ycIOBIIEHb MAJIBIM TIPOXOHBIM Ce-
YeHHeM KJIANIaHHbIX KaHAJIOB. Kpome TOTO, IPU BCACHIBAHWUM H HarHeTaHHU
ZJ1S1 TIpeoosieHMs! YIIPYTOCTH KJIANlaHOB M KJaNaHHbIX TPYKHH JaBJjieHHe
XOJIOAMIBHOTO areHTa B HWIHHAPE KOMIIpeccopa A0JKHO OBITh HIXKe JaB-
JIEHUS KHIIEHNA, a IPH COKaTHUH — Bblile AaBjieHHs KOHACHCAIUH.

OcranpHble TOTEPH XOJOAKIBHOTO areHTa OTHOCAT K TOTEPSM ero ye-
pe3 Tak Ha3biBaeMble HEIIOTHOCTH (A, ), BeJIMYHHA KOTOPHIX 3aBUCHT OT
ocobeHHOCTeH KOHCTPYKIMH KOMIIPeccopa W Mephl M3HOCA €TI0 KOHCTPYK-
THBHBIX 5/1EMEHTOB.

Koagdpunuent nogauu xoMipeccopa A, wi, ripoite rosops, K. IL. 1. koM-
Npeccopa, BHpPaXKaloT NPoM3BeAeHUEM BeeX 0OBeMHbBIX K03 bHIHEHTOB:

A=he A Ay A (10.3)
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09 X
~
0,8
AN
N
0,7 -
N
0,6
N
[~

0,5

0,4

2 4 6 8 P/p
Puc. 10.17

KoadduumeHT nogaqm komnpeccopa, A

TaxuM o6pasoM, neficTBUTeNbHAS XOJONONMPON3BOANTENBHOCTE KOM-
npeccopa MoXeT GbITh BhIpaXkeHa ciaefylouuM obpasoM:

Q=hq-Vy=h-Ly, (104)

Ilns ogHoro H Toro e KOMIIpeccopa IIPH NMOCTOAHHOH YacToTe Bpallie-
HUSA KOJIeHYaToro BaJla BenuuuHa V), M*/c, nocrognna. Koaddunuent nona-
YU KoMIIpeccopa A, a Takake MaccoBas ¢, K/IK/Kr, v obbemHubie g, k[l /M3,
XOJIOROIPON3BOAUTEIPHOCTH KOMIIPECCOPa 3aBHCAT OT TeMITePaTyPHOTO pe-
’KMMa paboTbl XOJIOAUIbHOM MaIlIMHBI (TEMIIEPATYPbl KHTIEHHS U KOHIeHCa-
nun). '

I'pacdudecku koadduUHEHT Hoxadu KOMIIpeCCOpa MPUHATO NPERCTaB-
AATH KaK GYHKIHIO OTHONEHUA aBAeHUH KoHaeHcauu p,, MIla, n kure-
nua p_, MIla (puc. 10.17).

10.4.2. IHepreTHyeckue noTepu

Bpamenue pana komMnpeccopa obecrieyuBaeTcs aiekTpoaBuraresem. Mou-
HOCTb 3JIEKTPOJBHTATEJIS OLLEHWBAETCA Ha OCHOBE COOTHOIEHHS:

e Nw (10.5)
N;* My *Non 'nnp
rae
N — TeopeTHueckas MOIHOCTh KOMIIpeccopa, Br;
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N; My>NonNpp — MHAMKATOPHBIN, MEXaHHYECKUH KO3(DOHIMEHTHI KOM-
Ipeccopa, koadbULHeHTH 9HepreTHYECKUX NOTePb B JIeKTPOJIBHTaTeNe U
IPUBO/Ie 31eKTPOABUTaTeN, HAIPUMeP KIHHOPeMeHHo iepeaye.

MNaxsNpp NpUGMLKEHHO paBHbI 0,9 — 0,97.

TeopeTHYecKyo MOLIHOCTb, TOTPebasIeMYI0 KOMIIPECCOPOM Ha aauaba-
THUYECKOE C:KATHE XOJOANIbHOTO areHTa, YCTAHABIMBAIOT Ha OCHOBE COOT-
HONIEHMSE:

N, =M-I=M-(iy-i),Br, (10.6)

TAe :

M — maccoBast TpoN3BORUTEIBHOCTH KOMIIPECCOPA, KI/C;

I =(i,~1,) — oHeprus, 3aTpaunBaeMas Ha ailabaTHOE CXKAaTHE XOJIOU/Ib-
HoOTO arenTa B KoMIipeccope, Br;

i,, — TemjaocofiepXkaHue XoMO[UIbHOTO areHTa B KOHIIE IPoIiecca CxKa-
Tis, [k/Kr; i, — TemnocofiepXaHue X0J0AUTBHOTO areHTa B HayaJle CKa-
tHd, JIx/Kr.

MaccoByio npou3BOAUTENBHOCT KOMIIPECCOPa BHIPAKAIOT OTHOLIIEHHEM
XOJIOZ{0TIPOU3BOAUTELHOCTH X0MOAUIbHOM MamuHbl Q , BT, K yAenabHoi
MaccoBOii X0/10{0TIPOU3BOANTENBHOCTH 1 KT XOMOAMIBHOTO arenTaq , K /Kr:

M=Q'4,1<r/c. (10.7)
qo

YaenvHas MaccoBast XOJOAOTPOU3BOAUTENBHOCTh 1 KT XOJIORUIBHOTO
arenTa q,, J[k/Kr, BopakaeTcs yepe3 pasHOCTb TEILIOCOAEPKaHHI X0/I0-
AUIBHOFO areHTa:

qo = il —iAy I[?K/KI‘, (10.8)

I7ie i, — TEeTJIoCoiepXaHHte JKUIKOTO XONOMIBHOTO areHTa Nepejt ero Apoc-
CEeJTHPOBAHUEM B peTyiHpylolueM BeHTnae, K /Kr.

IToMyMo 06BEMHBIX TIOTEPD, CHIKAIOUIMX TTPOU3BOANTENbHOCTD KOM-
Ipeccopa, CyleCTBYIOT dHepreTH4ecKue OTepH, PHBOASIIYE K yBeJHye-
HUIO SHEepreTHYeCKUX 3aTpaT Ha IPUBOA KOMIIPECCopa:

I=i,-i, (10.9)

rae [ — ynensHast MaccoBas pabora cxxatus, JIk/Kr; i, — SHTAIBIHS XTak-
areHTa Ha BXoJie B KoMnpeccop, [IX /Kr; i, — SHTaJIbIIHA CXKATOTO XJIajiareH-
Ta Ha BbIXoJle U3 KoMIpeccopa, I3k /KT.

B pmelicTBHTEIbHOM HHKJIE KOMIIPECCOPa NPUCYTCTBYIOT NOTEpH, NPUBO-
Is1iKe K YBeJIHUeHHUIo MOIHOCTH. MONHOCTD, 3aTpaynBaeMast B RefiCTBH-
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TEeJbHOM LIMKJIe KOMIIpeccopa Ha CxKaTHe XJIafareHTa, Ha3biBaloT WHAH-
kaTopHOil MomHocThio N, . UnankaropHas MowmuocTb N, Beerzia 6osbiie Te-
opeTuyeckoii N Ha BeJIMYMHY NOTepb. DTH noTepu 06YCAOBIIEHb! THIPaB-
JHYECKAMM CONPOTHBAEHUSIMH TTPH ABHXKEHHH XJIalareHTa Yepe3 KilanaHsl,
Ten1006MEHOM B IMJIMHAPE KOMITpeccopa U ApyruMu GhakTopaMH.

Coornoulenne Mex 1y TeopeTuyeckoi N ¥ MHAMKATOPHOI MONIHOCTS-
MU N, IPUHATO Ha3bIBaTh HHAUKATOPHAIM KO3 QHUIIIEHTOM NT0JIE3HOTO ek -
CTBHA

n =, (10.10)

rae N , N, — TeopeTHyeckas ¥ HHAHKaTOPHAS MOLHOCTH COOTBETCTBEHHO,
Brt.

WHaukaTopHBIHA K. II. /. HE YYHUTHIBAET IOTEPH Ha TPeHHE B MOAIIHITHI-
KaX M BCeX JBHXKYIIUXCS YacTeil kommpeccopa. FddekTHBHAA MOUIHOCTE
HJTH MOIITHOCTb, OZBe/IeHHAs K BTy KOMIIPeccopa, YYUThIBAET BCe TOTEPH
Ha TpeHue:

N,=N,+AN,, (10.11)

e AN, — MOIIHOCTb, 3aTpaiuBaeMasi Ha IPEOOIEHHe CHI TPEHHS BO
BCeX ABIKYH{HXCA YacTax koMnpeccopa ([1oTepy Ha TpeHue), Br.

OrtHouleHue HHAMKATOpHOH MonHOCTH N; K adpdextrBHOil N, nosydu-
J10 Ha3BaHWe MeXaHNYeckoro koadpuieHTa MoJe3HOTO AeHCTBHS

M, =—t. (10.12)

s XMafoHOBBIX MajBIX M CPEAHMX NO IPOU3BOAUTENBLHOCTH XOJ0-
AMJABHLIX KOMIIPECCOPOB BeJHYMHA MEXaHMYECKOro K. T I. COCTaBJisieT
Nyex = 0,84-0,97.

10.5. Ouenka Xxono[0NPOM3BOAUTESILHOCTH

XONOANNLHLIX MaALLKH, paboTalowmx

npn PasiMyHbIX TEMNePaTypHbLIX pexumax
B cnpaBoyHbIX JaHHBIX X000 POH3BOAUTENHHOCTD XONOAUIbHO MallIK-
Hbl YKa3bIBaeTCsI IPH YCIOBHH ee paboThl B HOMHHAJIBHOM (CTaHIapPTHOM

pekuMe) TeIIOBOM pekuMe. 1101 HOMHUHAJIBHBIM PEXMMOM IOHHUMAETCst
PEeXHM XOJIORWIBHON MallkHal, paboTaolieii B paMKaX (PUKCHPOBAHHBIX
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Tabaunua 10.1
HomunansbHble (CTaHAAPTHLIG) PEXUMbI PAaGOThI XONOANTbHBIX MALUWH

Temmneparypa, °C
; g
{ ]
o £ = 5
Pexum £ = g g
S W =B 2 -
£ A & s 3
- @ g
* g g g
2 Y
=
HoMmuHanbHBIN 11 aMMHAYHBIX -15 -10 +30 +25
XONOANBHBIX MaLIHH
CpenxeteMnepaTypHBIil JU1s XJaIOHOBBIX -15 +15 +30 +25
XONOIMIILHBIX MALIHH
BricokoTeMIepaTypHeiit +5 +15 +40 +35
AN IAICHOBBIX XONOAHIRHBIX MAUTHH
HusxoremnepaTypHblii Ui XJ1aJOHOBBIX -35 +15 +30 +25
XOJORNNTBHBIX MALIUH

IapaMeTpOoB TeMNepaTypsl kullenus ¢, °C, koHfeHcanunu ¢, °C, Temnepary-
Pbl X0JIOAMJILHOTO areHTa Nepej, ero fojiayeii B koMnpeccop (TeMNepaTypsi
BcachiBanud) ¢, °C (¢, °C), u TeMIepaTyphl [IePeoxJIakAeHNS XOI0ANIIb-
HOTO areHTa Iepej ApoccenuposanueM ¢, °C. IlapameTpbl HOMHHAIbHBIX
PEXKHMOB AJIS1 XOJORWIbHEIX ATEHTOB OTPaXkeHsl B Taba. 10.1.

Xo010NpOU3BOANTENFHOCTD XOMOAVIBHOH MallHHBI, paboTatoneii B HO-
MHUHAIBHOM peXuMe, Ha3bIBalOT HOMHHAJBHON X0JI0[I0IPOU3BOAUTENBHO-
CThIO Qn wo BT

Pabota xon0quIbHOI MalIMHBl B TeMIIEPaTYPHOM peXKHMe, OTIHYHOM
OT HOMHHAJIPHOTO, Ha3bIBAIOT PabOUNM PEXKUMOM, a ero X0J0I0IPOU3BO-
IUTENbHOCTb — paboueii X0I0N0NPOU3BORUTENLHOCTEIO O pa? BT-

IepecueT X0/1010TPOU3BORUTENBHOCTH € PabOYNX YCJAOBHI HA HOMH-
HaJIbHbIe WX HA0B0POT IPOU3BOAUTCS HA OCHOBE COOTHOLIEHUS:

Qopss . _Qovon_ (10.13)
A‘pa6 ' qv, pa6 )“Hom G, nom
e
A oA — Koa(pPHLUUEHTH MTONa4YK, pabouiil U HOMHHAJIBHBIHN;

pab’ “ “Hom
qv pa6? qv wom paﬁol{aﬂ U HOMHHA/IbHasA YAeJIbHbIE 06'beMHbIe Xoaoao-

pOU3BOAUTENBHOCTH, [k /M3,
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O6biuHo Boipaxenue 10.15 npeAcTaBsioT B Bu/ie PEIIEHUS OTHOCHTENb-
10 HOMMHAJILHOH X0JI0floNIpoU3BoAuTenbHOCTH Q ., BT:

Hom’

A .
Qs o =Q0_WGM. (10.14)

A’pé\ii : qv, pab

IIpu Heo6X0AMMOCTH 3TO e BHIpaXKEHHe MO3BOJISIET NIePeCcyUTaTh HO-
AHHAJIBHYIO. XOJIOXOMPOH3BOANTENBHOCTD Ha pabouyio. ITono6Hbiit nepe-
'yeT HeobXOUM, eCJIH TeMIIEpPATYPHbIil peXXHM paboThl XoMonUIbHOM Ma-
IIMHBI CYIIECTBEHHO OT/INYAETCA OT HOMHHAILHOTO PEXUMA.

(OHTpPOSIbHBIE BONPOCHL:

1. Kakas npuHATa B X0JOAUIbHOHA TeXHMKe KIaccudbHKalus KoMIpec-
cOpoB?
2. B 4eM COCTOST KOHCTPYKTUBHEIE OCOOEHHOCTH HENPSMOTOMHBIX CaJlh-
HUKOBBIX KOMIIPECCOPOB OTKPBITOTO THIIA? ’
3. Kaxos npuHIun paboTs! KJIanlaHOB NOpPITHeBoro Komnpeccopa 2D B4?
4. Kax ycTpoeHo caJibHUKOBOE YIIIOTHeHHe KOMIIpeccopa?
5. KaxoBbl akcnutyaTaliiOHHbIE JOCTOMHCTBA H HEXOCTATKY KOMIIPECCO-
POB repMeTUYHBIX?
6. B ueM cOCTOHT KOHCTPYKTHBHAs 0COOEHHOCTb KOMIIPECCOPOB repMe-
THYHBIX ¢ 9KPAaHVPOBAHHBIM POTOPOM?
7. KaxoBbl KOHCTPYKTHBHBIE H 3KCILTyaTal[iOHHbIe OCOOEHHOCTH CIHU-
PAJIbHBIX KOMIIPECCOPOB?
8. Kakum ob6pasom obecnieunBaercs cxxaThe X0JA0IHABHOIO KOMIIpeCcco-
pa B BUHTOBBIX KOMIIpeccopax?
9. KakoBbl KOHCTPYKTHBHBIE OCOOEHHOCTH HEHTPOGEKHBIX KOMITPECco-
poB? .
10. B yeM cMBICT K03(bUIMEHTA TIONAYH KOMIIpeccopa?
11. Ot yero 3aBUCHT BeJIMUMHA 0ObEMHBIX NOTEPH B IUIHHAPE KOMIIpec-
copa?
12. Kaxk onenuBaeTcd BeJIMYMHA 3HEPreTHYECKUX II0Tephb B KOMIIpeccope
XOJNOMUAbHON MalTHHbI?
13. Kaxue mapaMeTpH sIBASIOTCS OCHOBO# 1151 BRIGODA X0I0IH/IbHON Ma-
HIMHBI?



TnaBa 11
TERJIOOBMEHHbBIE ANMAPATbI

OCHOBHBIMH TeIJIOO6GMEHHBIMH allflapaTaMH XOJIOAMJIbHOM MalIMHbI B-
JIAIOTCS UCTADUTETh M KOHJZIEHCATOP.

N Tenndoﬁn\neu B MCMapuTensx M KOHAEeHcaTropax

IleneBoe HasHaYeHHE TEIJIOOOMEHHBIX alNapaToB — ObeceYuTh MHTEH-
CHBHBII 0OMEH TeIL/Ia MeX/Ly XOJIONWILHBIM arTeHTOM M OXJiaxJaeMoii (ic-
HapyTeab) H TEIIOOTBOAALIe (xonneHcaTop) cpelaMu.

HurencuBHOCTH M060r0 TEMNOOOMEHa 3aBUCHT OT PasHOCTH TEMNepa-
TYP MeXIy cpeaMi, CBONCTB, IIpex/ie BCero TeiIohu3nYecKHX, STUX cpell,
CBOICTB MaTepHaia, Yepe3 KOTOPbIH OCYINEeCTBIISeTCS TEMIONepeHoc, CKO-
POCTH ABWKEHHSI cpefl, yYaCTBYIOUIMX B TelIooOMeHe.

YpaBHeHHe TenJoBoro Notoka Q, Br, Beipaxator caexyiowieil 3aBycH-
MOCTbIO:

Q=k-F-0,, 11.1)

rae
k — xoappumueHT TEIONepeayH TerooOMenHoro anmnapara, Br/(M? - K);
F — nnoumaznb noBepxHOCTH TeILIooOMeHa, M
» 0':—- cpeHuUit TorapudMHYECKHil TEMIIEPATYPHbIN HAIOP MEXAY cpela-
MH, °C.
= Ay Atz

m ?

L"( )

0 (11.2)

rae
At,, At, — pa3sHOCTH TeMIlepaTyp B Hayasle U KOHIIe TeliooOMeHa 1o JTH-
He TIOBePXHOCTH Temoo6MeHa, “C (puc. 11.1).
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t,°C ¢
~
Aty ALy
/ to"
A
0 F,M2
a)
t,’C ¢
Aty > t'i
; At
to — t" 2
0 Fu?
6)
Puc. 11.1

MaMeHeHne TeMnepaTypsl NpU Tennonepeaade

a) napannenbHoe ABUXEHUe cpea;
-6) aBuxeHue cpep, B BUAS NPOTMBOTOKA

Benuuuna 6 B cymecTBeHHOI Mepe 3aBMCHT OT HAlPaBJIeHHs IBHXe-
Hus cpell, o6MenuBaomuxcs TensioM. Eciu cpea, otaaiomias Temno, ABu-
JKETCS B TOM K€ HallpaBJIEHHH, YTO ¥ CPe/ia, BOCTIPHHUMAIONIasA TEIUIO, TO
3TO JIBUKeHHe HasblBaIOT napainenvrviM. ECv cpesl ABHXYTCS B IPOTH-
BOIIOJIOXKHBIX HaNpaBJeHUsIX, TO TaKOe ABHXXeHHE CPeX Ha3bIBAIOT npomu-
somoxom. IIporuBoTok — Hanbonee a¢ppeKTUBHBIN CIIOCO6 TemI000MeHa.

(t.,—t’)—(t’—t’)
0, = —L o5 (11.3)
Ln (t’—to') B
@ -t)
o _E-t)-("-t)
em =‘—°,—TL. (11.4)
Lo 2f)
(-t

Buipaxenne (11.3) oTpaXkaeT OLEHKY BeJIAYUHbI 0, Ipu napasielbHOM
IBUWKEHNH cpell, Bepaxerue (11.4) — npu npoTHBOTOKe.

Koapdunnenr rennonepenauu k, Br/(m? - K), TennoobMeHHoro anmna-
para 3aBUCHT OT BeJIHYUH k03¢ UIIHEHTOB TEMJIOOTAAYH 110 06€e CTOPOHDI
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MOBEPXHOCTH TeMnoo6MeHa. B npocreiiiieM ciydae, /s IVIOCKOH I10BEpX-
HOCTH TeIsIoo6MeHa, er0 MOXKHO IMpeACTaBUTh BhipaxkeHneM (11.5):

1

_+2 n .|.__.

k= (11.5)

rae
a,, 0, — K02(pHUIMEHTDI TENIOOTAa4d 1o 06e CTOPOHBI OBEPXHOCTH
Temnoobmena, Br/(M? - K);

n

28—" — OTHOIIIEHYE TOJIIHHBI CJI0EB METALIA, TPA3H, PKaBYHHEL, Kpac-

=L K4, HHes M T. [I. Ha TOBepXHOCTH TeNJI000MeHHOTO annapara
K BeJIMYHHAM TeIlJIONPOBOHOCTEl COOTBETCTBYIOLIMX CJIOEB;

7 — YHCJIO CJI0€B KOMIIOHEHTOB 10 00e CTOPOHBI CTEHKH TEIIO06MeHHO-
ro anmaparta (IpsA3b, PKaBYHHA, KPacka, MacJo).

ITockonbky xoadPUIMEHT TEMAOOTAAYN OT BHYTPEHHeH MOBEPXHOCTH
Tenloo6MeHa, HaNpUMep HCIIAPHTEIS, K XOJIOIbHOMY areHTy CyIeCTBEH-
HO Bhillle K03 dHULUHEHTa TEIVIOOTAAYH OT BO3/yXa K Hapy>KHOM MOBepXx-
HOCTH, TO 27151 obecnieueHust GONbIION BeTMUMHBI TEIIOBOTO MoToka Q, B,
cJieflyeT YBeJIU4UTb HapYXHYIO IJIOIaNb NOBEPXHOCTH Ten1006MeHa No-
CpeacTBOM ee opeOpeHHsl.

OpebpeHne, T. €. yBeaHYeHHE IJIOIAAH NOBEPXHOCTH TEIIO0OMeHa, TIPH-
MEHSIOT K TOH JacTH ITOBEPXHOCTH, CO CTOPOHBI KOTOpoH KoaddpuineHT
TeIUIOOTAAYH MeHbIIe. TO OTHOCUTCH KO BCEM THNaM TeMJI0OBMEHHbIX
annapaToB — UCHAPHUTENSIM U KoHaeHcaTopaM. [Ipnuem yeM 6osblie cre-
neHb opeGpeHns Ten006MeHHOTo annapara, TeM MeHbIIE ero rabapuTHble
PpasMepHl, YTO CYIIECTBeHHO TIPH CO3JaHUH H 3KCIUIyaTalliH KOMIIaKTHBIX
KOHCTPYKIIHi XONOJHIbHBIX MAlIUH TOPIOBOTO XOJIOMJIBHOTO 060pyao-
BaHUS ¥ KOHIHIHOHEPOB.

W3 Boipakenus (11.3) cienyer, 4To yBeIMYHUTD TEILIOBOH IOTOK (Q MOXK-
HO, YBeIHYUBast k09 OUIMEHT TEIVIOOTAAYH OT OXJIAKAAEMOMH WM TeIIo-
OTBOZsAIeH cpelibl. ITO JOCTUTAETCA YBeANdeHHeM CKOPOCTH JBHDKeHUs
cpebl (TIOCpeACTBOM NIPUMEHEHUS BEHTIJISITOPOB ) WJIM 3aMeHO# caMoii cpe-
Abl, €CJIN 3TO TEXHUYECKH Y TeXHOJIOTHYeCKH ompaBiaHo. Hanpumep, 3a-
MEHsIsl B KOHAEHCATOpaX BO3AYX *KHKOH TelJIooTBoAsIel cpedoi, cka-
’KeM BO/IOi, YBeTHYUBAIOT TEILUIOOTBO/ B KOHIEHCATOPE H OJTHOBPEMEHHO
YMEHBIHAIOT ero rabapUTHEIE pasMepHl. ITO 06CTOATENBCTBO BaskKHO, KOT/IA
TIOAABJISIETCS] HEOOXOAMMOCTb OTBORUTD C TIOBEPXHOCTH KOHAEHCATOPA 3HA-
YUTEALHOE KOJNYECTBO TEIIa.
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KOHI[GHCH.TOP OCyU.IeCTBJIHeT 3(:1)(:1)6KTI/IBHBII>‘I OTBOJI TEIVIOTBI KOHJEHCa-
IINH, ecJiu ero ﬂOBerHOCTb BO BpeMﬂ 3KCHJIyaTaLlPH/I OCcTacTCda ‘{YICTOﬁ. HpI/I
HaAIUYHUHU Ha HOBerHOCT[/I KOHI[CHCHTOpa NBIJIH UJIH I'pﬂSYl CyMMa Tele/l-
YeCKUX COHpOTHBJIeHHﬁ CJ10eB

28_,,
}“n

CTaHOBUTCS GOJIBIIE CYMMBbI
1 1
.
oy Oy

CoBpeMeHHbIe XOJOAWIbHBIE MALIUHBI, yCTAHABIHBaeMble B TOPIOBOM
XOJIOAWIBHOM 000PYIOBaHHH, KOMIJIEKTYIOTCS KOMITAKTHBIMU KOHAEHCA-
topaMu. OHU UMEIOT 6OJIBIITYI0 BeJHYHHY OpeOpeH!Us TOBEPXHOCTH Tel-
noobMeHa. Bosgyinbie 3a30pbl Mexay peGpaMu B TaKHX KOHAEHCATOpax
HEBEJIMKH, M03TOMY ¢ UeJIbIO TIPpe/IOTBPaIlleHUs TTONaJaHUs TbJIN MEeXAY
pebpaMH yCTaHABJIMBAIOT HAa KOH/JIEHCATOPE CbeMHBIN BO3ZAYLIHBII (PHIBTD.

Puc.11.2
XonoamnbHo wkad bupmul Caravell,
moaens R-404

7-996
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Puc. 11.3
CbeMHbIN GUNLTPYIOLLNIA 3NeMeHT

Ha puc. 11.2 npencrasnen xonopunbabiii mkad dpupmer Caravell. B aux-
Helf yacTH kada pacno/jiaraeTcs XoJ0AU/IbHbIi arperat ¢ KOHeHCaTOpOM
BO3AYIITHOTO OXJIAJKAEHUS.

IMoTok BO3/IyXa OCTYNaeT 3 TOPrOBOTO 3212 Yepes ChbeMHBIH (pHIbTpy-
fouuii aneMeHT (puc. 11.3).

IIpousBeznenue k - 6_ Ha3bLIBAIOT IJIOTHOCTBIO TEILIOBOTO MOTOKA, T. €. KO-
JINYECTBOM Tellsla, KOTOpOe OTBORUTCA uepe3 1 M? [JIOMAU MOBEPXHOCTH
annapara. Ero o6osnauaior, q,, Br/M2 B atom cayyae Q= F - g, Br.

CoOTBeTCTBEHHO IUIOM[a/Ib MOBEPXHOCTH TENJI0OOMeHa amiapaTa paBHa:

F=2 . (11.6)
qr

JlaHHOe BhIpakKeHHE SBJISETCS OCHOBOH IS pacyeTa H NOC/IeAYIOLIero
nmoaGopa TennooOMeHHBIX alapaToB.

11.2. Ucnaputenu n Bo3ayxooxnagureny

11.2.1. Ucnaputenu ang oxnaxpeHus Bolgyxa

ITo muny oxnaxcoaemoti cpedobi pasnuYalOT UCTIAPUTEH IS OXJIXKACHUS
BO3yXa H *KUAKOIO XJIaJOHOCHUTES.

ITo xoncmpyxyuu ucnapumenu pasnensioT Ha peGpUCTOTPyGHbIE THIIA
NPT, UPCH, BHP (711 cyI0BbIX YCTaHOBOK), IIafikoTpy6HbIe. [azaxko-
TpYOHbIE MCNapUTes U TPHMEHSIOT 4151 CY/IOBBIX XOJOAHIbHBIX YCTaHOBOK
Y B XOJIOAMIBHBIX KaMepaX 6obmoii iiomazu sarpysku (150-250 m?).

Ha xonoguabHOM TpaHCIIOpTe UCTIOB3YIOTCS aKKyMYJISAIIMOHHEIE TLTH-
ThI-MICTIApUTEIH.
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Puc.11.4
Wcnapurens MPT-1,25

1 — pebpa, 2 — Tpyb6a, 3 — coeanHUTENbHAR NNACTUHA, 4 — Kanau,
5 — 3arnywka MefHan, 6 — raiika, 7 — wryuep,
8 — sarnyiuka pe3uHoBas

Io cnoco6y sanonnenus ncnaputeneii XoJ10AUTBHBIM aT€HTOM OHH NOA-
pa3fieNIOTCs Ha CyXHe, 3aTOlleHHbIe ¥ KOMOMHIpoBaHHble. B cyxux mc-
fapuTeNsax XUAKUHA XOJOAWIBHBIH areHT HORAETCSA CBepXY; Naphl OTKAYH-
BalOTCSl KOMIIPECCOPOM M3 MCHapHTeNs CHU3Y. B TOproBoM Xo101UIbHOM
060pyIOBaHNH NPUMEHSIIOTCS B OCHOBHOM CyXHe HCIIapHTeH, B KOTOpbie
KUK XOJOAUIBHbIHN areHT HOCTYIaeT CBEPXY, a [Iapbl OTBOAATCS CHU3Y.
YpoBeHb KUAKOCTH B UCIIapUTesie OTCYTCTBYET.

B satonieHHbIX HCIapUTENsAX IPH HIKHEH TI0/1a4e B HETO XOJIOUIbHO-
ro areHTa ycTaHaBJIHBaeTCs 33JaHHbIIl yPOBEHb X)KUAKOCTH, ONpeessieMblil
0BII1M PacXoOM XOJMOUABHOTO areHTa, TPOXOAAILETO YePe3 HCTIAPHTED.

Kaxapiii 13 cioco6oB Mofiayy X0M0AUILHOIO areHTa B HCTIapUTe b UMe-
eT TeIIOTeXHUYeCKHe JOCTOMHCTBa U Helocratkd. [Ipn HikHell nogaye
NpaKTUYeCKH BCS TOBEPXHOCTD HCMApHUTEJs YYaCTBYET B TeNJIo00GMeHe, 4yeM
ZocTuraeTcsa 6onAbUIOH TEMIOOTBO,

TIpu BepxHeil 110/1a4e X0JIOUIBHOTO aTeHTa 1Ipolile obecieYHBaeTCs BO3-
BpaT Macjia M3 ucrnapuresis B komnpeccop. Kpome Toro, cpaBHHTEbHO €
3aTOIIEHHBIMM HCTIApUTEISIMU B XOJIOAW/TbHON MalliiiHe MOXeT HaXOIUTh-
Csl MeHblilee KOJIMYECTBO XOJOAUIBHOIO areHTa,

Bosdywnvie pebpucmompybuvie ucnapumenu, nanpumep muna UPT, vc-
TIOB3YIOT B TOPrOBOM XOJOAHJILHOM 060pyaoBaHiy. OCHOBHBIM 3JI€eMEHTOM
HCTIapHUTeIS SIBJSETCS CEKLUA, COCTOS A U3 TPYO C HacakeHHBIMM Ha HUX
pebpamu. CeKnuy H3roTaBIMBAIOT ABYX- M YeThIpeXTPyOHbIMHU (puc. 11.4).

T+
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Puc. 11.5

Ucnaputens UPCH (ucnaputens pebpucTblit Cyxoi HacTeHHbIA)

Puc.11.6
JmctoTpy6HbiA ucnaputens

1, 3 — wWTyuepb AN NOABOAA N OTBOAA XONOAUNLHOTO areHTa, 2 — KaHanbl

Puc. 11.7
MpokaTHo-cBapHOi Ucnapurens
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Hcnapumenu muna HPCH (ucniaputenb peGpucTblil CyXO0il HACTEHHBDII)
(puc. 11.5) Ucnonb3yIoTCA B KOMILIEKTE C XOJ0AMIbHBIMI MalTMHAMU XO-
JIOJIONPOU3BOAUTENbHOCTLIO OT 3,5 n0 10,5 kBrT.

Ucnapurenn tuna BHP npumeHsioT B cy10BbIX X0M0AMIbHBIX YCTAHOB-
Kax.

Bosdyunvie nucmompy6rvie ucnapumeny U3roTapinBaloT B BUZE NpUBa-
PEeHHRIX APYT K APYTYy JUCTOB ¢ KaHAJaMH IS ABWKEHHS XOJOAUIBHOTO
aresTa Mexay HUMH. JInctorpyOHble HCITAPUTEH IPUMEHSIOT B OCHOBHOM
B GBITOBBIX XOJIOAHJIBHHKAX H B TOPTOBOM HU3KOTEMIIEPATyPHOM XOJIOHJIb-
HOM obopyAoBanuH (puc. 11.5).

Bosoywmvie enadkompybioie ucnapumenu aconb3yloT B OCHOBHOM B pac-
COJIbHBIX CHCTEMaX JJIs1 OXAaX/AeHHs BO3LyXa XOJOAMIbHBIX KaMep, TOp-
roBbIX 6a3, IPOU3BOACTBEHHBIX U MHBIX XOJIOAHIbHUKOB C GONBIIMMHU IPY-
30BBIMU NIOLAASMU XOJIOAUABHBIX KaMep.

[lns oxnaxaenus Bosayxa B HeGosbuux no o6beMy (6-18 m?) xomo-
AUTbHRIX KaMepaX HanboJIbiee IPUMeHEHHE HAXOAAT HCTIapHTeNH peGpH-
crotpy6HbIe Tuna IPCH.

B ToproBoM xosonuabHOM 060pyI0BaHHH, IPEHMYILECTBEHHO B HU3KO-
TeMIlepaTy pHOM 060py/I0BaH1H, YCTaHABIUBAIOT IUCTOTPpYGHbIE (pHc. 11.6)
WJIH 1IPOKATHO-CBapHble ucrapureu (puc. 11.7).

Wcnapurenu aToro THIIa COCTOAT M3 JBYX JIMCTOB, OOBIYHO CTAAbHBIX
WY a7TIOMHPHHEBBIX, HMEIOIHX LITaMIIOBaHHbIEe KaHaJIBI TOJYKPYIJIOTO ce-
yeHHs. JIMCTH COeUHSIOT CBapKOii.

AHanoroM JucTOTPYOHBIX HCHAPHTEIEll SABISIOTCS IMECBUKOBbIE UCNA-
pumenu, B KOTOPHIX MeHble TPYyOKH MIPUBAPHBAIOTCS, 1IPUTIAMBAIOTCSA HJIH
NPHXKHMAIOTCH CKOOaMH K METLINYEeCKOMY JIUCTY.

TIpunynvTenbHOE NBHXKEHYE BO3IyXa YMEHbIIAeT raGapuTHbie pa3Mephl
ucnaputens. Tennoo6MeHHble allMapaThl MOAOGHOTO THIIA HA3bIBAIOT BO3-
AyxooxyaaureasiMi. KoOHCTpYKUHS BO3AYX00XIaAUTeENs IPECTaBIeHa Ha
puc. 11.8. /IBixeHue BO3AyXa B BO3AYX00XJIaIuTe e 00eCIedNBaeT OXIaXK-
JeHye 3/IeKTPOABUraTesIsl BEeHTUIATOPA.

11.2.2. Ucnaputenu pns XupKkux xnapgoHocurenei

st oxnaxaeHNs XKUAKOTO XJIAOHOCHUTeIsl, HANPpUMep, BOIB! B TOPrOBBIX
aBTOMaTaX, [IMBa, PaccoJia, He3aMep3alolHX JKUAKOCTEH, HCIIOb3YIOT KUA-
KOCTHbIe HCIIApPUTEH.

B xonoaunpHBIX MalIMHAX XOJOROIIPOU3BOAUTENBHOCTHIO bonee 9,0 kBt
HCIIO/B3YIOT IPEUMYIIIECTBEHHO 20PUSOHMANLHbIE KONYXOMPYOHbie ucnapu-
meau. THNIOBas KOHCTPYKIKS FOPU3OHTAILHOTO KOXYXOTPYOHOrO HCIIa-
puTens IpeJcTabiera Ha puc. 11.9.
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Bospyxooxnaaurens

1 — noBepxHocThL TennoobMena, 2 — TePMOPEryMpYIOWMl BEHTUL,
3 — kpbiNbyaTka BeHTUAsTOPA, 4 — anekTpoaBurarenb
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Puc. 11.9
AMMMAYHLIA KOXYXOTPYBHIN ncnapwutens UTT-12
1 — KOXyX, 2 — Tpy6Hble pewweTkn, 3 — Tpy6hl ¢ oxnaxnaemoi cpefion,
4 — Kkpbilky, 5 — cyxonapHuk, 6 — npepoxparuTenbHLIA Knanan,
7 — 8xof aMMmuaka, 8 — 8bix0/ NapoB aMMuaka, 9 — Bxog, paccona,
10 — BbiXop paccona, 11 — narpy6ok ang sxixofa macna,
12 — knanaxH Ans Bbinycka BO3ayxa

B kadecTBe THTIOBOI#T KOHCTPYKIIK OTOGpaKeH aMMHAYHBIH HCIIapUTeh
WTT-12. On npencrasnseT coboii TOpH30HTAIBHBLA HIMHAPUYECKHH KOp-
nyc (KoXyX), K TOPIaM KOTOPOTO NPHBAapeH ! CTaIbHbIEe TPYOHEIE PELIeTKH.
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Koxyxoameesnkosbiit ucnapurens:
a) o6wwmin suga, 6) NnonepeyHbIi pa3mep TpyGnl

1 — Koxyx, 2 — Tpy6hl, 3 — Tpy6Han pewerka,
4 — kpbituka, 5 — scraska

B oTBepcTHS TPyOHBIX pellleTOK BCTaBJIeHbI M Pa3sBaJIbLIOBAaHbI CTalbHbIE
ropusoHTaIbHble Tpy6ku. Obe TpyGHBIE pelIeTKH 3aKPhITh UYTYHHBIMU
KPHIUIKAMY ¢ BHYTPEHHUMH MePeropoAKaMu IUist obecrieyeHHsI MHOTOX0-
JOBOI'0 ABMXXEHMSI OXJIaxKiaeMoii cpesibl (paccoia). Paccon uupkynupyer
BHYTpH TPYD, a aMMUaK KHIIUT B MEXTPYOHOM IIPOCTPAHCTBe.

OTnyye XI1aJOHOBOTO MCIIADUTENS OT aMMUAYHOTO COCTOUT B TOM, 4TO
B XJIa/IOHOBOM HCTIApHTeJle HCTIOJIb3YIOTCA MeHbIE TONCTOCTEHHbIE TPY6bI
€ Hapy>KHBIM opebpeHHeM. '

Pa3HOBUIHOCTBIO KOKYXOTpYOHOTO HCIapHTe ISt ABJISeTCA KOXKyX03Me-
eBHKOBBII ucnaputens (puc. 11.10).

[puHIMNManIbHOE OTIHYHE OT KOXKYXOTPYOHOTO MCTIAPHUTEJS COCTOHT B
TOM, UTO KOXKYXO3MEEBHKOBBI HMeeT o1y TpyOHYIo pelerky. [IporHBo-
ToJIoKHast TpyOHOH peleTke yacTb TpY6 coeluHeHa kaqayamMu (U30THY-
THIMU Tpy6aMit).

CHcTeMbI € XUAKHM TEIJIOHOCHTENIEM, B YaCTHOCTH C PaccosioM, HECMOT-
PA Ha JOMOJIHUTEbHbIE SHEPreTHYECKHE 3aTPaThl, 00IafaloT PAROM Tex-
HUYECKHX N0CTOMHCTB. Paccos obeceynBaeT G0MBLIYIO «X1af0eMKOCTby
CHCTEMBI, BO3MOXHOCTh TPaHCIOPTHPOBATh PaccoJl Ha 3HaYUTeIbHOE pac-
CTOSIHHME, TIO3BOJISIET TEXHNYECKH NIPOCTO PEryIpOBaTh TEMIIepaTypy BO3-
AyXa B XOJIOMUIBHBIX KaMepaX, HCI0Ib3Ys B XOM0ANIbHON MallliHe He3Ha-
YHUTENBHOE KOJHYECTBO XOJORUNABHOTO arenTa.

ArpecCHBHOCTh 11 KOPPO3HOHHAA aKTHBHOCTb paccoJia OnpeessioTcst
CBOHCTBaMH paccosia ¥ He SABJAITCS NPUHUUIHAIBHO HENPEOAOAUMbIM
TNPENATCTBUEM B HCIIONB30BAHHU PACCOIBbHOM CHCTEMBI OXNaXKAEHUA.
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11.3. KoHpeHcartopsl

IIo muny menioomeodsiueti cpedvi pa3NUYAIOT KOHIEHCATOPHI BO3YIIHOTO
1 BOASTHOTO OXJIaXKAEHUS.

B Xo/0AMJABHBIX arperaTax: TOproBoro XoJIOAUIbHOTO 0060pyAOBaHHUS
IPeNMYILECTBEHHO IIPUMEHSIOT KOHEHCATOPBI BO3/LYILIHOTO OXJIaXK IEHHSL.
[To cpaBHEHUIO C KOHAEHCATOPaMU BOSHOTO OXJIaXXJeHHs OHY MPOlLLE B
MOHTa’Ke ¥ BKCILIyaTaluu.

KoHzeHcaTopH BO3AYIIHOTO OXJIaXKAEHHS TO/[PA3AENSIOT HAa KOHEHCa-
TOPbL C KOHBEKMUBHBIM Y NPUHYOUMENbHBIM IBHXKEHHEM BO3AYXa.
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Puc. 11.11
KoHAaeHCcaTOPL! OLITOBLIX XON0 ANTBHUKOB

1 — NPOBOAOYHO-TPYOHBINA, 2 — NNCTOTPYOHLIA LLIMTOBOMW,
3 — ancToTpY6HLIA NpoKaTHOCBapHOH

Puc. 11.12
KoHpeHcaTop 4®-12 (6e3 BeHTURRTOPA)

1 — opebpeHHble Tpybkn, 2 — TpyGku cexuuii,
3 — xonnekTop ra3oo6pasHOro X0No0AMNLHOrO arexTa,
4,5 — Tpy6onpoBoAbl BXOAA U BLIXOAA XOAOANABHOIO areHTa
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11.3.1. BospywHsie KoHaeHcaTops

B xononunbhom ob6opynoBanuu ¢ HebGoab1IOl TeNIOBOI HATpy3Koi (10-
MalllHHe XOJIOANTBbHIKH, XON0U/IbHbIe IKadbl, BATPHHbBI) YCTaHABIHBA-
I0TCS KOHOEHCAMOPYE C KOHBEKMUBHOIM (£CTIECNBEHHDIM) DBUICEHUEM 803~
Oyxa (puc. 11.11).

OcHOBHbIM OCTOMHCTBOM TAaKHX KOHAEHCATOPOB ABJIAETCS OTCYTCTBHE
uryMa B paGore.

KoaddpurmenT tennonepenauy KOHAEHCATOPOB He IIpeBHIILAET BETHYH-
Hb1 4-6 Br/(M? - K).

Konpiencatops ¢ npuHyAMTEILHBIM IBHXKEHUEM BO3/YXa, KaK u 6030y-
x00x1a0UMen, cHAbHCeHb BEHMUNAMOPAMU.

Koaddpunuenr rensonepegaun KOHAEHCATOPOB ¢ TPUHYAUTENILHBIM JBH-
’KeHMeM Boafyxa cocraBaset 25-35 Br/(m? - K). Bestenctsue atoro B TOp-
FOBOM XOJIOAMJILHOM 060DPYZOBAaHMH NPeHMYIleCTBEHHOE PacIpocTpaHe-
HHe MOJIyYHIU KOHIEHCATOPH C MPUHY/NHTENbHBIM JBHKEHHEM BO3AyXa
(puc. 11.12).

11.3.2. KoHpexcaTopbi BOASHOTO OXNaX/18HNS

Konnencatopbl BOASHOTO OXJIaXACHHUs! TO/IPA3AEASIOT Ha KoHOencamo-
Pyt npomouro20 muna M KOHIEHCATOPHI, B KOTOPbIX obecnieunsaercs 060-
pomnoe crabxcerue.

Puc. 11.13
Koxyxo-3meeBnkosuit konaeHcatop KTP-3

1—Kkopnyc, 2 — Tpy6Hasn pewleTka, 3 — Kphilwka, 4 — Npokiaaka, 5 — cGopHUK
XNAKOCTH, 6 — 3aNOPHLIA XNOXOCTHOM BeHTUNL, 7 — nnaeKan Npobka,
8 — TennoobMeHHwe TPybku, 9 — pebpa
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KoHzencatopoM HpOTOYHOTO THNA HA3bIBaIOT KOHIEHCATODH, B KOTO-
PhIX oxJIakAaeMas cpefia (BoJa) IOc/ie OTBO/A Tellla KOHAEHCAIHH YAa/Is-
eTcs B KaHAMK3alMIo.

KonzaeHcaTophl BOASHOIO 0XJaXk/IeH!sI KOHCTPYKTHBHO He OTJIHYAIOTCS
OT MCHapHTesell aHAJIOTHYHOTO TeXHNUYecKoro McrnoaHeRus. Hanpumep,
KOXyx koHAeHcatopa KTP-3 BuinosHeH U3 cTaJbHOH TPYGH AUAMETPOM
0,19 M u anunoit 0,9 M (puc. 11.13). K oanoMy KOHIly kKoXKyXa npuBapeHo
cepuyeckoe aHo. Jlpyroii KoHell KoXxyXa 3aKpBIT KPbIIIKOH ¢ HANpaBas-
IOLIMMH JUTS BOZBI, 06€CIIeYrBAIOIIUMH MHOXKECTBO Hpoxo/oB. [1apsl xoJ10-
AMAbHOTO areHTa MOAAIOTCSA B BePXHIOIO YacTh KOHAEHCATOPA, KUIKHIT X0-
JIOAWJILHBIN areHT yJajaseTcsl U3 HIDKHell YacTH KoHAeHcaropa. XJaJoH
KOHJIEHCHPYETCsi B MEXXTPYOGHOM IIPOCTPAHCTBe, a BoJa unpxynnpye’r BHYT-
pH opeGpeHHbIX TPYD 3MeeBHKa,

CymecTBeHHBIM HELOCTATKOM [IPOTOYHBIX KOHAEHCATOPOB SIBJASETCH 6om>-
1I0# pacxoA Bojibl, poTekaoefi Yepes Hero. Harmpumep, pacxosi Bozbl 4epes
koHAeHcatop KTP-3 cocrarnger nopsinka 1,5 M3/u. lloaromy Bce KOHIEH-
caTopbl NPOTOYHOTO THHA 0053aTeIbHO KOMILAEKTYIOTCA BOAODPETYIUpY-
fouiumy BenTiaamu (BPB), puc. 11.14.

Puc. 11.14
Boaoperynupylousmii sBeHTun, CK62045-15

1 — kopnyc, 2 — knanat, 3 — WToK, 4 — MeM6paHbl, 5 — KoXyX cunbdoHa,
6 — wTyuep ans npucoeanHeHns TPYGKU OT KOHAEHCaTopa, 7 — cunbGOH,
8 — npyxwuHa, 9 — 3apaTiunK
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* B BPB uyBcTBUTENbHBIM 3JIEMEHTOM SABIASETCS CHAB(DOH, Ha KOTOPbIi
BO31elCTBYeT JaBJleHHe KOHeHCAITHH. Y CHIfe OT CUIbOHa nepeJaeTcs ve-
pe3 WTOK Ha Kiamnan. Ilpu noBrienyy AaBieHusi KOHAEHCAUNH CHIL(OH
PacTSITUBAETCS, €ro KOXKYX OIyCKaeTcs, cokuMast npyxuHy. LITok nepeme-
IaeTcst BHU3, OTXKHMasi KJIanaH OT cefia, ¥ BO/a IIOCTYNaeT Yepe3 BEeHTHIIb
B KoHAeHcaTop. Ipu NoHmKeHNH faB/ieHUs B KOH/ieHcaTope AeliCTBHe pa-
604HX 37iEMEHTOB 0OpaTHoe.

Tlocne npekpaitieHyst paboThl KOMIIPECCopa KJlanaH NoMkuMaercs K cell-
JIy, NpeKkpamas nogady Boan. OAHAKO NPH 3TOM JOIMyCcKaeTcs NpoTeYkKa
Yepe3s KJalaH JO 5% OT KOJIMYeCTBa BOAbI, HUPKY/IUpYOLiel Yepe3 KOH-
neHcatop. Hactpoiika BeHTHIs OcyliecTBIIseTcs BpallieHHeM BUHTA 3a/1aT-
YHKa.

‘KpoMe ycTanoBky B Xomonuabhoil Maiite BPB npuberaioT k TexHu-
YeCKUM peureHnsIM, 06eceunBaouiiM NIOBTOPHOE UCTIONb30BaHHe BOJIbI,
BbIXOJsIeN U3 KOHAeHcaTopa.

B pexuMe 3KOHOMHUH BOJBI paGOTAIOT OPOCUTEABHEIE H HCIIaPUTENbHBIE
KOHJIEHCATOPBL.

11.3.4. KoHpeHcaTopi C BO3BPaTOM
OXNaxpaluLes Boabl

OpocurenbHbIe KOHABHCATOPHI
KoHzieHCaTOpBI 3TOTO THIIA TIPE/ICTABIAIT BePTHKATILHO PacloNoxKeHHbIe
3MeeBHKH, Ha KOTOpPbie CBepXY uepe3 pacnpe/le/IMTeJIbHOe yCTPOHCTBO IMo-
Aaetcs Boja. Boza crekaer no Tpy6aM, YaCTUYHO HCHAPSAChH, U NMalaeT B
€MKOCTB, B3 KOTODO# BHOBb IIOCTYIIA€T B paclpe/le/iTe/ibHOe yCTpoiCcTBO.
TloTepu Boabl KOMIIEHCHPYIOT ee Mofayeii U3 BOAONPOBOAA Yepes IONIaB-
KOBOE YCTPOICTBO.

OpocuTeTbHblE KOHAEHCATOPB! IPUMEHSIOT B OCHOBHOM B aMMMAYHBIX
XOJIOAUBHBIX MalllMHaX GOIbIHOM X0JI010IPOU3BOAUTEIBHOCTH.

WcnaputennHbie KOHAGHCATOPH
Onwu npeacTaBaaoT coboii TpyGuaThie 3MeeBUKY, pasMellleHHble BHYTPH
MeTauiHdeckoro mkada (puc. 11.15),

KoHaeHncaTopbl 3Toro THna MOTyT GBITh MCIOJNB30OBAHBI B UHTEpBaJe
TEILTOBHIX Harpy3ok oT 3,5 1o 350 kBT u 6oee.

B ucnapuTebHBIX KOHIEHCATOPaX BOJa HENPEPHIBHO IUPKYIUPYET MEX-
1y BoZIsTHBIM 6aKkoM U opcyHkamu. HapyxHblit Bo3ayx 3acachiBaeTcsi BeH-
THJISITOPOM, [TPOTOHSIETCS Yepe3 KOPITyc H BriGpackiBaeTcsl Hapyky. Biara
oT/enseTcs Ha BofooTAe uTee. Pacxoz Boabl B 3THX KOHAEHCATOPAX 0OBIY-
Ho He npeprimaer 10% OT pacxoia BOJBI B MPOTOYHBIX KOHIEHCATOPaX.
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Puc. 11.15
Cxema ucnapurenbHoro KoHaeHcaTopa

1 — BeHTUANATOP, 2 — BoAoOTARNUTENL, 3 — DOPCYHKM,
4 — 3meeBuK KoHAeHcaTopa, 5 — BoAsaHo! Gak,
— 6 — Hacoc

IKCIUTyaTallMOHHBIM HEIOCTAaTKOM KOHJEHCATOPOB SIBJISIETCS HeoGXo-
AMMOCTh 06eCIeUMBaTh XeCTKHI PeXXUM BOAOIOATOTOBKH, HCK/IIOYAIOLIMA
Ipexx/ie Bcero pa3BuTHe Boopocieil. Kpome Toro, Bosa Ao/xHa 6bITb yH-
cTOH, 6e3 MeEXaHUYeCKHMX YaCTUIL ¥ TPA3H.

CepbeaHoii mpobieMoii siBIsieTcs pasMelieHue KoHaencaTtopa. [Ipu pas-
MellleHHH KOHJieHcaTopa B KOHTYype 3jaHus TpebyeTcs creluaabHoe mo-
MellieHHe, B KOTOpOM obecriednBaeTcst OYUCTKA BO3AYXa, BHIOPAchBaeMOro
HapyXy 3a 1pejieJIbl KOHTYpa 3/]aHus.

IIpu pasmelnieHuH KOHAeHCATOPa 3a MpeAedaMH KOHTYpa 3AaHUs, Ha-
NIpUMep Ha Kpbllie 3JaHKs, BOSHHKAeT MpobiieMa aKCIUTyaTaluK KOH/eH-
caTopa B 3UMHee BPEMsl, CBI3aHHas ¢ BO3MOXHBIM 3aMep3aHUeM BO/JIBL

B ¢Bs31 ¢ MHOTOUHCAEHHBIMYI TEXHUYECKHUMH CI0KHOCTSAMH KOHJEHca-
TOPHI 3TOTO THIIA IPEAIIOYTHTENBHO 9KCIIJIYaTUPOBATh B TEIIONH KJIMMATH-
yecKkoii 30He.
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11.4. YuuBepcansHeie NnacTuHyaThie Tenno0GMeHHbIe
annaparsl 419 OXNaxXAeHus
WNW Harpesa XuAKUX cpeg,

CoBpeMeHHble NasiHble II1aCTHHYATHIE TEILI000MeHHbIe annapathbi (puc. 11.16)
ABJISIOTCST YHUBEPCATbHBIMHU 3J/IEMEHTAMH XOJOAH/IbHBIX MAIlIMH, CIIOCO6-
HbIMHM B 3aBUCHUMOCTH OT HampaBJIeHHs [IOTOKA XOJOANNbHOTO areHTa H pa-
60ueil SKMAKOCTH BBHITOJIHATH GYHKLMU UCTIADHTENS WIH KOHAEHcaTopa
(puc. 11.17).

[Tpu BBIMOHEHUM TEMIOOOGMEHHUKOM (PYHKIINHN HCTIApHTEsA KHAKHUI
XONOAHIIBHBII areHT mocTynaer CHU3y (JieBblil NaTpy6boK), Map BHIXOAUT
cBepXy (/1eBblil aTpy6ok). XIaKOHOCUTENb MPOTHBOTOKOM NOCTYIAeT B
_MCTIapHTeNb CBepXy (TpaBhlit MaTpy6oK), a BRIXOIUT OXJaK/IeHHBIM CHU3Y.

B cryyae ucnonb3oBaHus TellIoOOMEHHUKA B KauecTBe KOHAEHCATOpa
(1mo3. B, puc. 11.17) ropsAiuvie napsl X0JOAUIBHOTO areHTa IoCTYIAoT B BepX-
HIOIO YacThb TenNI0OOMEHHOro anmnapara (JeBblii NaTpyboK), a >KHAKUN X0-
JOAUIbHBIA areHT BHXOAMT cHHU3Y (JeBHi maTpybok). Oxiaxaionias
cpena, HapuMep BOJA, TOCTYTIAET B HUXKHIOK YacThb TeNJI000MeHHOTO af-
napaTa, a BLIXOAUT HarpeToii cBepXxy.

TennooGMeHHble aNapaThl TPy GOABINOI ITOLALHN TeTJI006MeHa Me-
ioT Hebouibllie TeoMeTpHyeckue pa3Mepbl. Hanpumep, mastubiit Temn006-
MeHHBbI# annapat, obecred HBaOLIMIA XON0A0NpoU3BoauTE bHOCT 13 KBT,

Puc. 11.16
Tennoo6GMeHHbIe NasHbLie YHMBepcasbHble annapath!
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6)

Puc. 11.17
Tennoo6GmeHHble annapatbl

a) cnapvtent ARA OXNAXAEHUA XNAKOCTH,
6) KOHeHcaTop C TenNoOTBOLAOM XNUAKOW Cpenoin

Punc. 11.18
Ha6opHbie nnacTuHb TenhooBMeHHoro annapara

nMeer BoicoTy 310 MM, mupuny 111 Mm. Macca annapata HeBeJlnKa H ole-
HHBaeTcd UcXo/A 13 cooTHoutenus 1,2 + 0,13 - n (7 — yHCI0 MIACTHH TeTIo-
obMeHHoro annapata). [Ipy xonoaonpoussoauTenbioct.2,2 kKBt ucmosb-
3yiot 10 mwractun, npy 13,3 kBt — 50. TaxuM 06pasoM, Macca TeNI00OMeH-
HOTO aliapara, 06ecreynBanIiero XoaIoAonpou3soauTenbuocts 13,3 xBr,
CcOoCTaBJIsieT Bcero 7,7 Kr.
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Puc. 11.19
Pa3spes TennoobMeHHOro annapara

_ Maubie reomeTpryecKHe pasMepsl M Macca allitapara o0yc1oB/1eHbl 6oJ1b-
10 ITOBEPXHOCTBHIO TerJI006MeHa 1 BbIcOKoH ero addexTuBHoCThbIO. Ten-
JlooGMeHHbIe anmapatbl coOupaloTcsd U3 OTAeJ]bHBIX IITAMIIOBAHHBIX
MJIACTHH € KaHaIaMH A [TOTOKA XOJOAWIBHOTO areHTa M JKHAKON cpelibl
(puc. 11.8).

Habop niactun (puc. 11.19) obecrneunBaeT BbICOKYIO CKOPOCTb ABHXKe-
HHSA cpejl, MHOTOKPaTHO U3MeHsieMOe HalIPaBJIeH e I0ToKa H 6071y 0 170~
1[aZib IOBEPXHOCTH TEMI00OMEHA.

KoHTponbHbie BONPOCHE:

1.

KakoBnl ocobeHHOCTH Ten1006MeHa B UCIIAPUTE/SIX H KOHAEHCATo-
pax?

. KaxoBnl 0co6EHHOCTH KOHCTPYKLUHA ucnapuTeeil 115 oXMKAeHus

Bo3Jyxa?

. KakoBbl 0cO6€HHOCTH KOHCTPYKIIMIT HCHTapUTesIel A KUAKHX XJia-

ZIOHOCHTE e ?

. KakoBbl KOHCTPYKTHBHblE OCOGEHHOCTH KOHAEHCATOPOB GRITOBBIX

XOJIOAMIIbHHUKOB?

. B ueM coctodar ocobenHocTH KOHCTp}’KHI/Iﬁ KOHZIeHCaTOPOB BOAAHO-

I'o OXJIAXKAEHUS ?

. OTMeTUTDb OTIINYUTEJILHBIE 0coOeHHOCTH OpOCHTENbHBIX U HCIIRpH-

TeJIbHBIX KOHAEHCATOPOB.

. YeM obecrieunBaeTcs BhicoKast adpeKTHBHOCTD Teni006MeHa B 1Ja-

CTHHYATBIX TErI00OMEHHBIX annapaTax?
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XO0NOAUNbHBIE ATPETATHI,
KJIACCUDUKAL UA

ArperatHpoBanye, T. €. 06belNHEHHE OT/AENBHHIX 3JIEMEHTOB XOJIOAUIb-
HO#1 MaIUMHBI B €AMHYIO KeCTKO CBS3aHHYIO TEXHHYECKYIO KOHCTPYKLHIO,
00ycnoBAEHO yA06CTBOM MOHTaXa XOJIOANABHOTO 000pyA0BaHHS B 3aBOA-
CKHX YCJIOBUSX, YHPOLIeHHeM YCIOBHI ero 3KCIUIyaTalldl U o6CyKuBa-
HMS B cHCTeMe OOIIECTBEHHOTO IMTaHUS 1 B TOPTOBJIe.

12.1. Knaccudukauus arperatos

Ilo cnocoby o6vedunenus OCHOBHBIX DJIEMEHTOB XOJOAMIBHON MaHIMHbBI
(xoMripeccop, KOHIEHCATOD, APocCcenupyolee YCTPOHCTBO, HCIAPHUTEND)
XOJIOJVJIBHBIE arperaThl MOJPasiesioT Ha KOMIIPECCOPHO-KOHIEHCaTop-
Hble, UCTIAPUTEIbHO- PEryNpPYIONHe, KOMIUIEKCHBIE; IO criocoby OTBOAa
TEMJIOThl KOHZEHCAIMH — Ha arperaThl C BO3YIIHbIM OXJIaKIEeHHUEM, BOAS-
HBIM ¥ CMEHIAHHBIM; 110 AUAIIA30HY TeMIIepaTyp KUIIeHUS XJIafilareHTa — Ha
cpente-, HUI3KO- M BHICOKOTEMIIEPATYPHBIE; TIO CIIOCOOY UCTIOMHEHHS KOM-
Ipeccopa — Ha caJIbHMKOBble (KOMIIPECCOPLI OTKPLITOTO THIIA), FepMeTHY -
Hble, pa3beMHble OeccalbHUKOBBIE; [0 MPUHIMIY PaboTHl KOMIIpeccopa
arperarhl TOApa3zessioT Ha NOopIIHeBble, POTAIJUOHHBIE U T. . B COOTBET-
CTBHU C TUIIOM KOMIIPECCOPA; 10 POAY 3JIeKTPUYECKOT0 TOKa — Ha OAHO- U
TpexdasHble.

MaJibie XoTOWIbHbIE ATPETaThI TIOAPA3AEAIOT Ha arperaTh! GHITOBBIX X0J10-
IUIBHHUKORB XoJojionpouaBoauTeasioctoio 116—-348 Br (100-300 kxan/u),
arperarhbl TOpProBoro X0J0XUIBHOT0 060pYI0BaHHs XONOAON POU3BOAUTEb-
HocThio A0 3480BT1 (3000 xkan/u), arperaThl TOPTOBBIX HMPEANPUATHH U
00LIENPOMBIIILIEHHOTO IPUMEHEHHST XOMOAOTIPOU3BONHTENLHOCTBIO 4640
20 880 Bt (4000-18 000 xkan/u).

XonoawibHbie arperathl XOJOAONMPOUSBOANTENbHOCTHIO 10 3480BT
(3000 xxan/4) BHMYCKAJIUCH B KOMIIOHOBKE C IIOPHIHEBHIMH CAIbHUKOBbI~
MmH KoMipeccopamy WAK u @B, ¢ nopiiHeBbIMH repMETHYHBIMH KOMII-
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peccopamu BC, BCs, BH u BB, ¢ poranuonHsiMu repMeTHYHBIMH KOM-

peccopamu BCp u Bllp. B nacrosiuee spems Boinyck arperatoB @AK
;‘\pexpameﬂ, OJIHAKO B O6IECTBEHHOM IIMTAHHM H TOProBJle NORO6HbIE ar-
peraTsl ellle IPOAOJDKAIOT SKCIITYaTHPOBAThC.

XoJ0AUIbHBIE arperaThi X0JA0J0NIPOU3BOAUTENbHOCTHIO Bbitie 3500 Bt
(3000 xxan/4) c TOPIHHEBLIMH CATBHUKOBBIMH KOMIIpECCOPaMH X KOHAEH-
CaTOpPOM BO3AYIIHOIO OXJIKIeHHS NMEIOT OYKBEeHHYIO MHAekcauio AB, ¢
KOH/IEHCATOPOM BOJSHOTO OXJI2XKAEHHUS M CaJbHUKOBBIMU KOMIIpeccopa-
mu — AK; paBHBIM 06pa30M 3TO OTHOCHUTCA K HeCCaTbHHKOBBIM KOMIIpeC-
copam.

12.2. KoMnpeccopHO-KOHABHCATOPHLIE arperathbl
- C KOH[,8HCATOPOM BO3AYLIHOI0 0XNaXaeHUs

12.2.1. KomnpeccopHO-KOHAGHCATOPHbLIE arperaTthl C NOPLIHEBLIM
CaNIbHUKOBLIM KOMNPECCOPOM U KOHAEHCATOPOM BO3JYLUHOIO
oxnaxaeHus

THIMYHBIM TOPITHEBHIM arperaToM ¢ CaJlbHUKOBBIM KOMITPECCOPOM SABJIS-
etcs arperat ®AK (puc. 12.1).

XoJ10M/IbHBIE ATPEraTh MOAOOHOTO THIIA IPUMEHSIOTCS NPenMYTIieCTBEH-
HO /111 OXJIsK/IeHUs! PAcTiONIOKEHHbIX BHE TOPTOBOIO 3aJ1a HeOOJMBHIMX X0JI0-
JWIbHBIX KaMep. ArperaThl He BCTPAUBAIOTCS B XOJOAMIbHOE 060pyaOBa-
HHUe, Paciioarasich OTAeNbHO. JNIeKTPOABUTATEH arperaToB NOAKIIOYAIoTCs
K ceTH HampsixeHueM 380 V.
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Puc. 12.1
XonoaunbHbl arperat <DAK-O.7[‘-I
1 -— KoMnpeccop, 2 — pene aasneHs, 3 — peMeHb KNMHOPEMEeHHO Nepeaaum,
4 — pecviBep, 5 — KoHAeHcaTop, 6 — Anddy3op BeHTUNATOPA KOHAEBHCATOPA,
7 — aneKktpoasurartens
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Puc. 12.2
Mpa¢vK 3aBUCUMOCTH XONOAONPOM3BOANTENLHOCTH Q , KBT,
xonogunbHoro arperata ®AK-0,7E
OT Temnepatypbl knnenna t , °C

Arperar COCTOHT M3 KOMIIpeccopa, KOHAEHCAaTopa M JOTIOJHUTEIbHbIX
JIEMEHTOB — peCHUBEpa (eMKOCTH ANnA c6opa " XpaHeHUs XOJIOANUJIBHOTO
areHTa), 9JIeKTpPOJABUrareJis, pee AaBjeHHsl.

Pecuep napsany ¢ pyHkuueil TpaHCTIOPTHOI Taphbl pelHa3HaueH IS
XpaHeHus 1 cbopa )KHAKOTO XOMOAHIBHOTO areHTa U3 HHUXKHEN YacTH KOH-
AeHcaTopa. ITo 0CBOOOXKAAET HIDKHIOID YacTh KOHAEHCATOpa OT XHAKOTo
XOJIOMIUILHOTO areHTa, YTO YBEJIMYMBAET TEIVIOCHEM C €r0 IOBEPXHOCTH.

Arperar, Kak IpaBHJIO, IOTIOJIHUTENbHO KOMILIEKTYeTcs GUABTPOM-0Cy-
IIUTENIEM. ‘

XomononpoussoauteabHocTh Q , BT, Xo/oaubHOrO arperaTa ycTaHaB-
JIMBaeTcs Ha OCHOBe ero paboueii xapaxkrepucTuku. I'paduvecky oHa mpea-
cTaBisercs B Bue GYHKIMY X0J00TIPOU3BOANTENbHOCTH O, BT, OT TeM-
NepaTyphl KMIeHHs! XOJOAUAbHOTO arenTa B ucnaputenet, “C (puc. 12.2).

12.2.2. KomnpeccopHo-KOHAEHCATOpHbIe arperar
~ € nopiwHesbiM 6eccanbHUKOBLIM KOMNPECCOPOM
" ¥ KOHAGHCATOPOM BO3AYLHOIO OXNAXAEHUS

Wamoctpauueit arperata nogo6Horo tumna sisssiercs arperat AKB1-6 ¢ kom-
npeccopom ®BBC-6 (puc. 12.3).

Oco6eHHOCTDIO 3TOTO arperaTa B/sieTcs HCII0Ib30BaHHe GeccalbHUKO-
BOTO KOMIIpeccopa, YTo YHpoliaeT KOMIIOHOBOYHOE peliieHHe arperata. Of-
HaKo IIPH 3TOM TOSBJISAETCS] HEOOXOAMMOCTD B IONOJIHUTENIbHOM yCTaHOB-
Ke 3JIEKTPO/IBUraTesisi BEHTUIISTOPa KOHEHCATOpa.
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Bce 3KCILTyaTallMOHHbIE JOCTOMHCTBA M HEOCTaTKM GeccaibHUKOBBIX
KOMIIPeCCOPOB PaclpoCTPaHAIOTCS Ha CTIeLU(UKY IKCIUTyaTalliy arpera-
Ta B LEJIOM.

XonogW/bHBIE arperaThl JaHHOTO THIIA NPHMEHAIOTCA JUIA IToj/epxa-
HUS TeXHOJOTMYecKH 3aJaHHOI TeMIepaTypb! Bo3lyXa B CTallMOHAPHBIX
XOJIOJWJILHBIX KaMepax.

CyliecTBeHHBIM HEJOCTaTKOM arperaToB sIBNSAETCS BBHICOKMI ypOBeHb
1IyMa, BCJIEACTBHE YeTo arperatsl NPUHATO YCTaHABJIUBATh B CHEI{HATH3U-
POBaHHBIX NOMELIEHHAX — MAlIMHHBIX OTAEJIeHUAX.

Puc.12.3
KomnpeccopHo-KoHAeHcaTopHeil arperat AKB1-6
¢ 6eccalibHUKOBbIM KOMITpeccopam
¥ BO3LYWHbLIM OXNaxaeHueMm KoHoeHcaTopa

1 — KOHAAEHCATOP, 2 — BEHTUAATOPR, 3 — 3neKTpoasuratesb BeHTUNATOPA,
4 — ceapHas paMa, 5 — 6eccanbHuKoBLI KoMNpeccop, 6 — pecusep,
7 — pene pasneHun



212 Paspen . OcHoBbI X0N0AMNLHON TEXHUKY

12.3. KomnpeccopHo-KOHAEGHCATOPHLI8 arperarhl
C KOHA,EHCAaTOPOM BOASHOIO OXNAaXAEHUS

12.3.1. KomnpeccopHO-KOHI@HCATOPHbIE arperarhl
C NOPLIHEBLIM CANbHAKOBLIM KOMIIPECCOPOM
M KOHZEHCATOpOM BOASHOI0 OXNaXaeHHUs

Ha puc. 12.4 npeacTaBiieH THNOBOIi XOJOAUIBHBIH arperaT ¢ NOPITHEBHIM
CaJIbHUKOBBIM KOMIIPECCOPOM M KOHAEHCATOPOM BOJASHOIO OXJIAXKIEHHS
AKO®OB-4M.

Xo10101POVI3BBOAUTENLHOCTD arperaTa NpH TeMieparype kunenud —15 °C
u koHzteicauu 30 °C cocrasnsier 5,3 kBT.

Arperar o6ecnieYMBaeT OXJ1aKAeHHE BO3/IyXa B CTAIHOHAPHBIX XOJMOAMJIb-
HBIX Kamepax. ‘

12.3.2. KoMnpeccopHO-KOHABHCATOPHbIG arperarbl
¢ nopiHessiM 6eccanbHUKOBLIM Komnpeccopom
M KOHAEHCETOPOM BOASHOTO OXNaxXaeHUs
Arperatom nozo6uoro THna siBnsiercs arperat AK4,5-1-2 (puc. 12.5).

IomoGHble arperaThl HCTIOAB3YIOTCA MPEUMYILIECTBEHHO IS OXJIaxe-
HUS KOMILJIEKCA XOJIOAUIBHOTO 060pYAOBaHMUs, HalIpUMeEpP XOJOAHILHOTO
060pyI0BaHHS Mara3uHOB THII2 <YHHBEPCAM»>.

PernamenTHpyiomuM ($akTOpoM NpHMeHEHHS arperaToB ¢ BOASIHEIM
OoXJaXKAeHHeM KOH/leHCcaTopa ABASETCS BEICOKast CTOMMOCTD BOJBL, IIOCTY-
naiouleft Ha KOHAeHcaTop M cOpackIBaeMOii B KaHATH3ALUIO HOCIE TIPOXOXK-
JleHUs ee yepe3 KOHAEHCaTop.

IToTpebuTesio NPUXOAUTCS OIUIAYUBATH CTOMMOCTD HCTIONB3YEMOii BOZIbI
nmpakTHYecKu ApaxzAbl. [loaToMy oxakeHWe KOHAeHCaTOpa BOOM BO3-
MOXHO JIMLIb IPH COYeTaHUM CAeAYIONMX YCAOBHIH: Ha TeDPUTOPHH Hpes-
NIPUATHUSA eCTh OTHOCUTEJIbHO JielleBbIil HCTOUHMK TIPHPOAHON HellMTheBOi
BoJ(bl (apTe3HaHcKast CKBaKMHa, peka...). COpacbiBaeMasi Bojia He HeceT B
cebe 3KOIOrMYecKH BpeHBIX KOMIIOHEHTOB, 3arpA3HSIOLIMX OKPY KaIOILYIO
cpeny.

B coBpeMeHHBIX YCHOBHSX PaGOTH NPeANPUATHII ICIOIb30BaHHE TIPO-
TOYHO#M BOABI A OXJIaXIeHUA KOHeHCaTopa 6e3 ee NoceRyIomeil yTUAN-
3alMH ABJISETCSA SKOHOMUYECKH 3aTpaTHbIM maroM. IlosToMy xosionuibHble
arperaTh ¢ BOASHBIM OXJIXK/eHHeM HCIIONb3YIOT CHCTEMBI 0GOPOTHOTO BOAO-
cHabxeHHs ¢ NPUMeHEHUEM IpafiipeH, IPYAoB, OpbI3raabHbIX 6acceifHOB.

XonoauabHbIE arperaThl ¢ BOASHLIM OXJIaxieHHeM KOH/IeHcaTopa KOM-
IJIEKTYIOTCS BOZOPEryJIMPYIOUIMM BeHTHeM (no3. 3, puc. 12.5). Boxope-
rynupylomuit BeHTuab (BPB) B 3aBuCcMMOCTH OT JaBeHUS KOHAeHCallUH
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Puc. 12.4
XonopunbHblid arperat ¢ canbHUKOBLIM KOMITPECCOPOM
¥ KOHAEHCATOPOM BoASHOMO oxnaxaeHns AKDB-4M
1 — Bogoperynupylolnit BeHTUNbL, 2 — KOHAEeHCaTop, 3 — pene fasnenus,
4 — komnpeccop, 5 — anekTpopsurartesns, 6 — Ten1006MeHHUK

Puc. 12.5
Arperar AK4,5-1-2
C BOASHLIM Ox1axieHWeM KoHageHcaTopa

1 — KoMnpeccop, 2 — pene gasfeHust, 3 — BOAOPeryninpyiowui BeHTub

peryaMpyeT pacxoji BO/Ibl, IPOTeKaloeii yepe3 KOHAeHcaTop, 4To obecire-
YHBaET [TOCTOSIHCTBO TeMIiepaTyPhl KOHAEHCAaHWUY M COOTBETCTBEHHO X010~
AOMPOU3BOAUTENBHOCTH XOJOAUIbHON Mal{HBL.

PasHoBHAHOCTBIO KOMIIPECCOPHO-KOHAEHCAaTOPHbIE arperara ¢ oplixe-
BBHIM 6eccaJbHUKOBLIM KOMIIPECCOPOM M KOHAEHCAaTOPOM BOJSTHOTO OXMaX-
JeHUs ABJISIETCS arPerat ¢ KOHAEHCATOPOM, KOTOPBIii pacrojaraeTcs Ha ofl-
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. Puc. 12.6
MNoplsHeBoh 6eccanbHUKOBLIN pa3beMHbI KOMNpeccop
C KOHI@HCATOPOM BOASHOFO OXNaXaeHNs (pacnonaraetcs o KOMAPEeccopoMm)
1 — puneTp, 2, 6 — rubkana BcTaska, 3 — 3aropHbiit BEHTUNb,
4 — pene pasnexus, 5 — ykasarens noToka

HOM MeTaJLTUYecKoil CToliKe U B TO ke BpeMsl He ABJsIeTCS eJUHOI cOCTaB-
Hoii yacTtblo arperata (puc. 12.6).

12.4. KoMnpeccopHO-KOHAEHCATOPHLIE arperartbl
C NOPLUHEBLIMKM, FepMETUYHLIMK KOMNpPECcCcopamm

Arperathi ¢ TOpUTHEBBIMH, FepPMETHYHBIMH KOMITPECCOPAMH XOJIOAONPOU3-
BouTeAbHOCTHIO 10 3,0 kBT uMelot o6o3nauenus BC, BH u BB, BCa.
Arperarbl ¢ poTallUOHHBIMH, FEPMETUYHBIMU KOMIIPECCOPAaMU UMEIOT
6ykBennble 06o3navenuss — BCp u BBp.
IlepBas 6ykBa B 0603HaYeHUH arperara ¢ repMeTHYHBIM KOMIIPECCOPOM
YKa3bIBAET, YTO OXJIaK[eHNe KOH/JEHCATOpa OCYLIECTRISETCS NOCPEICTBOM
Boazyxa. Bropas GykBa B 0603HaueHHH COOTBETCTBYET TeMIIEPaTyPHOMY

Tabnuya 12.1
TemnepaTtypHbie peXumbl paboTbl arperaTos

Temneparypa, °C
Henosmenne KHIeHUA OKpYXalouIero BCACHIBAHHA
XJajareHTa BO2IYXA XJlaAareHTa
BB 5 30 20
BC -15 20 20
BH -35 20 20
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Puc. 12.7
KomnpeccopHo-kKoHaeHcaTopHuIn arperat BC500
1 — koHgeHcatop, 2 — audedy3op BeHTUNSITOpa, 3 — BEHTUAL BCACHIBAIOLUWA,
4 — komnpeccop, 5 — kpbinbyaTka BEHTUARTOPR, 6 — anekTpoaBUraTent
BeHTUAATOpPa, 7 — pama, 8 — pecuBep, 9 — BeHTUAb C ceT4aTbiM GUNLTPOM

nuana3oHy paborst (C — cpeniHeTeMniepaTypHbiif, H — HM3KoTeMnepatyp-
Hbli, B — BhicOKOoTeMmepaTypHHiit). CTpounble 6YKBHI ONpeNeNsIoT TUH
KoMnpeccopa (p — POTalHOHHBLIA KOMIIPECcop, 3 — KOMIPECCOP ¢ 3KpaHH-
POBaHHBIM POTOPOM).

TeMneparypHble peskUMbI pabOThI FepMETHYHBIX aTPeraToB OTPaKEHbI B
Tabu. 12.1. o

Ha puc. 12.7 npencrasneH arperaT ¢ repMeTHYHBIM IIOPLIHEBHIM KOM-
npeccopom BC500.

B arperatax nogo6HOTO TUIA KOMIPECCOP OXJIKAA€eTcs] BO3/1yXOM, Apo-
XOASIHIMM Yepe3 KOH/IeHCcaTop. ATperaThl pacCYUTaHH Ha JVIMTEJIbHYIO pa-
60Ty Ipu TeMHepaType KOHAeHcalluy He Bbie 55 °C, 4TO COOTBETCTBYET
TeMIepaType Bo3ayXa, obecliediBaIollero OTBOJ Tell/1a KOH/eHCalllH, paB-
Hoii 45 °C.

Arperathl paccuuTanbl Ha paboty ¢ TPB uau xanunspHo# Tpy6Koii.
WX XOMIIEKTYIOT PUALTPOM-OCYILINTENeM, KOTOPBLH ycTaHaBAMBaeTCs
B IIPOLIECCE MOHTAXKa XOJIOAMJIBHOIO 060pyI0BaHU.
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Puc.12.8
KomnpeccopHo-koHAeHCaTOpHbIY arperart
C 3KPaHUPOBaHHLIM POTOPOM 3NeKTpoaBUraTens

1 — KoMnpeccop, 2 — BCAchiBaOWUiA BeHTWNb, 3 — CTaHuHa,
4 — XNAKOCTHOWM BeHTWAb, 5 — anddyaop BeHTUNATOPA,
6 — KoHpeHcaTop, 7 — aneKTpoasuratTent BeHTUNATopa,
8 — pecvisep, BEHTUNb HarHeTaTe/bHLIA

CpaBHUTENBHO € arperaraMi ¢ CaIbHUKOBBIMI KOMIIpeccopaMu repMe-
THYHbIE XOJIOAUIbHbIE ATrPeraThl OTJIMYAIOTCA MEHBIIUMH rabapuraMu
Maccofi, 6eciIyMHOCTbI0, MaJioit BUGpatueit, BBICOKOH HaleXXHOCTDIO B 9KC-
TUIyaTaluy ¥ o0CTyKHUBaHUH.

Oanako, kak OTMEYEHO paHee NPH OlleHKe IKCILUTyaTallUOHHBIX AOCTO-
UHCTB ¥ HeZIOCTaTKOB repMeTUYHBIX KOMIIPECCOPOB, NIPH yTeYKe X0J0IUIb-
HOTO areHTa M3 XOJOHIbHOM MamuHbl 06MOTKa 3JIEKTPOABHTATE/ST KOM-
npeccopa MoxeT cropeTb. [10aToMy Ha 6a3e KOMIIPeCCOPOB ¢ 3KpaHUPOBaH-
HBIM POTODOM CO3/IaHbI X0JI0A/IbHbIe arperaThl TUIa BCa (puc. 12.8).

IKCIVIyaTalHOHHbIE KAYECTBAa TAKUX arPeraToB BHITEKAIOT U3 IKCIAYa-
TallMOHHBIX JOCTOMHCTB M HEJJOCTATKOB YCTAHOBJIEHHBIX B HUX repMeTHY-
HBIX KOMIIPECCOPOB € 3KPAaHUPOBAHHBIM POTOPOM.
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XonoauibHble arperaThbl MCIIO/Ib3YIOT I'JTaBHBIM o6p330M U oXJ1axKae-
HHS BO3JyXa B XOJIOAUJIBHBIX KaMepaX TOPI'OBOTO XOJIOAN/IBHOTO 060py110-
BaHHA.

12.5. KomnnexcHble KoMnpeccopHO-KOHAGHCATOPHbIe
arperatol

[IpHOPHUTETHBIM HallpaBJieHUeM Pa3BHTHS XOJOAMIbHOI TEXHUKH B 06J1a-
CTH arperaTMpoBaHHs SIBJIAETCH CO3[aHHe KOMILIEKCHBIX arPeraToB, 06h-
eIMHAIOIUX B €IUHOM MeXaHUYEeCKH IPOYHO CBA3aHHOH KOHCTPYKIHH BCe
BJIEMEHTHI XOJIOIMILHON MAIlMHBL. JTa 3ajiada pemiaeTcs ¢ y4eToM KOH-
CTPYKTHBHBIX OCOGEHHOCTEHl TOProBOrO XOJOAM/bHOIO 06OpynOBaHMSL.
Hanpumep, B 60JIbITMHCTBE TUIIOB AOMAlIHUX XOJIOAH/IbHUKOB arperat He
sIBJIsieTCsl KOHCTPYKTUBHO JKECTKO CBA3aHHBIM C OCHOBHBIMH 3JIeMeHTaMH
(puc. 12.9).

6
7
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4 A ; .
3 \rares
2 -x
1 11 10
Puc. 12.9

KoMnAeKcHbIN xoNoauabHbIA arperar [OMaLLHEro xonoaunbHuka «Oka-6»

1 — HarHeTaTenbHbIN Tpybonposop, 2 — 60nT, 3 — GUNLTP-OCYLIUTEND,
4 — knanaH aBTOMaTMHECKOro oTTauBaHua ncnapuTens,

5 — Tpy6Gonposof oTTanBaHus, 6 — ucnaputess, 7 — KoHaeHcartop,
8 — BcacbisaloLwuii TpY60oNPOBoOA C PAcnoNoXeHHOM BHYTPU
KanunnapHon TpyOkoit, 9 — kpenexHbie NinaHky, 10 — pama,

11 — MoTOP-KOMNpPECCop
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6)

Puc. 12.10
Cnaut-cuctema

a) KOMNPEeCCOPHO-KOHAEHCATOPHLIA arperar,
6) BO3ayxooxnaautenb

Puc. 12.11
Cnnur-cuctema

a) KOMNPeccopHO-KOHAGHCATOPHbLIN arperar,
6) Bo3ayxooxnagutens

PapxriM 06pa3oM 5TO MOKHO OTHECTH K TaK Ha3bIBA€MbIM CILIUT-CHCTe-
MaM (puc. 12.10, 12.11).

12.5.1. Cnaut-cuctembl

CrIuT-cHCcTeMbl HCHIOJIBb3YIOTCS IPEUMYIIECTBEHHO B YCTAHOBKAX KOHM-
IIMOHUPOBaHHUA BO3AyXa B HOMEIIEHUAX O(PHCOB, TOPIOBHIX 3aj1aX CHUCTe-
MbI O6IIECTBEHHOTO MUTaHUS, NPEANPUATHI TOPTOBJIY.

Onu rnipesicraBnsior coboit o6beAnHeHHble MeXAY cob0il HocpesCcTBOM
TpY6OIIPOBOAOB /iBa OTAENbHO OopMiieHHBIX 6i0ka. OfUH BKIIOYAET B
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cebs1 KOMIPeCCOPHO-KOHAEHCATOPHBII arperat ¢ MpUOOpaMM aBTOMAaTHye-
CKOTO PeryIMpOBaHHA U KOHTPOJIS TEMIIEpaTypHl B OXJ1aKIaeMoM obbeMe,
B IDYTOM HaXOJWTCS BO3AYXOOXJAAHTEAb € APOCCENUDPYIOIMM yCTPOH-
CTBOM. .

Cnaum-cucmems. IMeIOT MHOT0OOpasHOe TexHWYecKoe MCIIOJHEHHeE.
Hanpumep, onn MOTyT pa3nnyaThesl HallpaBJileHHeM BO3RYLIHOTO NOTOKA,
MPOXOAALIEr0 Yepe3 BO3AyxooxaanuTenb (puc. 12.10 u 12.11). B Bo3gyxo-
oxmaaurene (puc. 12,10) Bo3gyXx OOCTYNaeT CHH3Y, BHIXOAUT B FOPH3OH-
TaJbHOM HamnpagJienny. B Boaayxooxnaaurene (puc. 12.11) Boagyx He Mme-
HAET HanpaBieHHs] ABIKEHHUSI.

KoMmmpeccopHo-KOHIEHCATOPHBIH arperaT pacno/araiotT CHapy>kH 3/1a-
HHSI WIM BHYTPH €r0, HO 3a MpeieJlaMH OXJ1a’k1aeéMOTo TOMEIleHH.

JIOCTOMHCTBO CILUIMT-CHCTEM COCTOUT B OTCYTCTBYH IIIyMa B pabOYHX MO-
MelleHHsAX O(HCOB WIKH TOPTOBOM 3aJie NPeANIPHSITYS, B YAaJeHUH TerJo-
THI KOHAEHCAIMH OT paboralonero Xoa01uAbHOro 060pyI0BaHus 3a Tpe-
JleJIbl 3aHUS, YTO IPUHIUIHAIBHO BaXKHO B JIETHEE BpeMsL.

HepmocTaTok CIJIMT-CHCTEM COCTOMUT B TOM, YTO OHH KaK KOMILIEKC He
ABNAOTCS CHCTEMaMH NTOJIHOM 3aBOACKON cOOPKH 1 TOTOMY TPeOYIOT KBATH-
(UM POBAHHOTO ¥ KaUeCTBEHHOI'O MOHTaXa Ha MecTe UX ycTaHOBKU. Kpo-
Me TOTO, TeILIO KOHAEHCAIIMY BbiOpachIBaeTCst Ha YJIHILY, YTO IHEPreTHUECKH
Hepa3yMHO, U TOTOMY BO3HHKAeT eCTeCTBEHHbII BOTIPOC O €0 YTHAN3AIMH.,

JlornyeckuM npoao/keHueM o6beIMHEHHsl 3JIEMEHTOB XOJIOAUABLHOM
MalliFHbl B GAMHBIN JKECTKO CBSI3aHHbII KOMILIEKC SBISETCA MOHOGIOK
(puc. 12.12-12.14). ‘

TexHUYeCKHE XapaKTepPUCTUKY MOHOOIOYHBIX XOJOIM/IBHBIX MAIINH
MAZ u BAZ oTpaxens! B npuaoxenuy, taban, 12.1, 12.2.

Puc. 12.12 Puc. 12.13
MoHo6104Hast xonoannbHas MawluHa, MoHO604HanA XONo/AUNBHAA MallnHa,
HacTeHHOE UCNOoNHEeHNe NOTONIO4HOE UCNONHEHNE
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Puc. 12.14
MoHo6n04Han xonoausbHas MalvHa

1 — NoAAOH BO3AYXOOXNaauTens, 2 — Bo3Ayxooxiaautens,
3 — KkpenexHble 3N1eMeHTbl, 4 — TEPMOPEryANPYIOLWA BEHTUAND,
5 — xomnpeccop, 6 — pama arperarta, 7 — Kpbiib4aTka BEHTUNATOPA
Bozayxooxnagutens, 8§ — Bo3AylUHbIA KOHAeHCaTop,
9 — anekTpoaBUraTens BeHTuasTopa, 10 — kpennenve BeHTUNSTORA,
11 — anexkTpuYecknit WuT

12.5.2, MoH0OGN0YHbBIE XON0AW/IbHBI8 MALLNHbI

MoHo6s104Had X0JOAUAbHAS MallMHa ABJsieTCS U3jieJIMeM 3aBOICKOM
c6opku. Kak 1ipaBuJio, XoNOAMIbHASA MallliHa He IMeeT coeyIHeHUH TPy-
60K MocpeZicTBOM HaKMAHBIX raek, Hummeseit. Best cbopka obecrieunBaercs
cBapkoii (najikoil) TpyGONpOBOLOB, H IIOTOMY XOJOAMIbHAS MaIlIYHA SIB-
JII€TCA TePMETHYHOI. YTeuky XOJIOMUIbHOTO areHTa U3 TaKo# MallMHBI
IPaKTUYEeCKH UCKJIIOUEHBL.

TIpu TpazuIOHHOM COOPKE 21EMEHTOB MOHOOJIOYHOI XOMOAMIBHOI Ma-
muHb (puc. 12.13), ucnoassywlileit HUIeNbHble cCOeANHEHUs (TPYOKU
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NMPUCOERUHAIOTCA HAKUAHBIMH raiikaMu ), HeoOXoAUM KGHTPOIb TepMeTHY-
HOCTH CUCTEMHI,

Ha puc. 12.14 npesncraBieHa cxemMa MOHOGJIOUHOM X0OJIOAHIbHON Malliy-
HBI, HCMIOJIb3yeMOil B XooauabHbX inkagax 11X-0,71 u HIX-1,4.

JlocTOMHCTBO MOHOGIOYHBIX XOJIOAUIBHBIX MAIlMH 3aKJII04€HO B 3aBOJA-
CKOM cTIocofe MOHTaXKHBIX paboT, uTo 0becnieunBaeTcs BHICOKOMH KYAbTypOii
H TeXHOJIOTHYHOCTHIO MPou3BoACcTBa. MOHOGI0YHbIE XOJIOAUAbHbIE MALIH-
HbI KOMIIaKTHbI, HaZIeKHbI, IPOCTHI B 0OCTYKHBaHUN.

HepmocrarkoM MOHOGJIOUHBIX MAIIHH SAB/ISETCA OTHOCHTEIbHO 60/IbIas
Macca KOMIUIEKCa, 4To MpeAnoaaraet }KecTKOCTb KOHCTPYKIMHU, Ha KOTO-
poit MoHo60K KpenuTcs, C yBesJMYeHUEM XOMOACTIPONU3BOAHTEIBHOCTU
XOJIOAWABHOl MalIMHbl 9Ta MpobieMa CTaHOBUTCS Bee Gojiee akTyasIbHOM.

B coBpeMeHHOM XOJ0JUIBHOM 060Dy A0BaHHK MOHOGI0YHbIE XONOAUTb-
Hble MAIIMHbBI IPUMEHSIOT B OCHOBHOM B COOPHBIX XOJIOAUJIbHBIX KaMepax,
XOJ0AMNbHBIX KaMepax KOHTeHHepHOro THNa, Kadax 4715 XpaHeHUs TIpo-
AYKTOB.

KonTponsHbie Bonpocki:
1. Kaxue npyHIMIIbI 33/10°KeHbI B KTaccHUKaLHIO XOT0UIbHBIX arpe-
raToB?
2. Kakolt cMBicT BKJIaJIbiBaeTCs B TOHATHE «TeXHUYecKas XapaKTepH-
CTHKa XOJIOZUJILHOTO arperatas?

3. B ueM cocTouT pasinyue XOJOZUIbHBIX arperaToB KOMIIPECCOPHO-
KOHeHCATOPHBIX 1 KOMILIEKCHBIX ?

4. KakuMm obpasoM obecneunBaeTcs 3KOHOMUS BOJBI, OJaBaeMoOH Ha
KOHZIEHCATOP C BOASHBIM OXJIaXkaeHueM?

5. B 4eM cocToAT KCITyaTaliMOHHbIE JOCTOMHCTBA CILIUT-CHCTEM?

6. YeM oTaMyaeTcs CILIMT-CHCTEMa OT MOHOOJIOYHOI XOJIOAUIBHOM Ma-
HIAHBI?
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AONGCSHUTENBHOE OBOPY0BAHUE
X0/104UNbHbIX MALLKUH

K urcy aonoHuTeIbHOTo 060PYA0BaHHS XOJNOAWIbHON MallIMHbI, He06-
XOIMMOTO JIIS €e HOPMAJIBHOU paboThl, OTHOCAT PecHBepPbl, OTAENUTEH
KUAKOCTH, (PUIBTPBI-OCYLINTENH, BEHTUIH.

MeHee 3Ha4MMBIM 3/IEMEHTOM XOJIOANIbHON MallIMHb], HETIOCPE/CTBEH-
HO He BJIMSIONIUM Ha ee paboTy, HO JOCTaTOYHO BaXKHBIM B YaCTH KOHTPOISA
COCTOSIHMS BJIaryi B XOJIOAH/IbHOM areHTe, SABJISeTCS YKa3arTesb NOTOKA XKUj-
KOCTH BU3YaJIbHOTO HabJIIOAeHUA.

13.1. Pecusepul

Pecupep sABJIsteTcS COCTABHOMN YacThIO XOJIOAMABHOTO arperata. OH npex-
CTaBJISET EMKOCTb, B KOTOPO# HaXOAMTCS XOJOAUNbHEIHA areHT. Pecusep
YCTAaHABJIMBAIOT B XOJIOAWJIbHEIIA arperaT B 3allOJTHEHHOM XOJOAMJIBHBIM
aTeHTOM COCTOSHUH.

EMKOCTb pecuBepa 3aBUCHT OT X0JIOA0NPOH3BOAUTETBHOCTH XOJOINb-
Ho#t Mamnuel. Hanpumep, eMxocTs pecusepa arperata BC-0,45~3 xomozno-
npouspoauTeabHOCTBIO 552 BT (450 kKan/u) cocrasnser 0,9 i, wis arperata
BC-0,7~-3 xonononpoussoputenpHoctsio 812 Bt (700 kxan/4) — cooTBer-
cTBeHHO 1,4 1. ‘

B cooTsercTBUY ¢ TpeGoBaHUAMM TEXHUKH Ge30macHOCTH NIpH paboTe ¢
COCYZlaM¥ TI0Jf IaB/IeHHEM eMKOCTb pecrBepa A0/DKHa OBITh O0JbILe KOJIH-
YeCcTBa 3af0JHAIONIETO €€ XONOXUIbHOTO areHTa Ha 30—40%.

PecuBep siBasieTcs COCYNIOM, B.KOTOPOM TpK paboTe XOJIOAMAbHON Ma-
IHHHbBI TOCTOAHHO HAXOJIUTCA ollpefie/ieHHasi YacTh XOJIOAUIBHOIO areHTa.
B stoM muiave oH ABAsETCA IUPKYNALUOHHBIM PECUBEPOM, CTIaXHBaIO-
IIMM HepaBHOMEPHOCTH TEILIOBOM Harpy3kd Ha HCIapuUTeNb U Kak cief-
CTBHE 3TOr0 HEPaBHOMEPHOCTb PacxXo/ia XOJIOANIbHOTO areHTa, MpoOXo/s-
1IIETO YEpe3 PecHBep.

[Tpy He3HAYMTENbHOH yTeUKe XOJIOAHIBHOTO areHTa U3 XOJOMHIBHON
MaHIMHBI pecuBep obecneunBaeT ee paboTOCHOCOGHOCTD 0 TEX IIOP, MOKa
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9TH NMOTepH He OYAYT OLLYTUMBI UK, IPY HeBOIBIIKMX HOTEPSX XOMOAUNb-
HOTO areHTa, OHU He OYAYT YCTpaHEHbI.

TaxuM o6pa3oM, pecuBep BJAETCS MHOTOGYHKIMOHATBHBIM TOHOTHU-
TeJIbHbIM XOJIOAH/IBHBIM 060pyI0BaHUEM, CIOCOGCTBYIOLIUM HOPMAJIBHOIH
paboTe XONOAUIBHON MAlIMHEL.

Ilo koncmpyxmuenomy ucnonrnenuto peCUBEPHl NOJPa3/e/IfIoT Ha BEPTH-
kaJbHble (puc. 13.1) u ropusonTanbabie (prc. 13.2).

Bepmuxanvrvie pecusepvl NpUMEHAIOTCS B XOJMOIWIBHBIX arperatax npe-
UMYIIECTBEHHO MaJIbiX XOJOAMIbHBIX MALIUH XOJOAONPOU3BOAUTENBHO-
crbio 710 800 BT. Onn MoHTHpYIOTCA Ha 061eil IIOCKOli MeTalnYecKoi
paMe, YCTaHaBJIMBaeMoii Ha aMOPTU3HDYIOLIMX ycTpoiicTBax. TakoBbIMHU
ABJAIOTCS: Pe3UHORBIE KOBPHKH, IPYXKHHBI, YCTAHOBJIEHHBIE Ha aHKEPHBIX
6osTax, HeMeHTHOro yHAAMEHTA WM Hecylllell KOHCTPYKINH TOProBoro
XO0JIONUJILHOTO 060pYAOBAHMUSL.

Topusonmanviuie pecusepbt SBJATIOTCS COCTABHOH YaCThIO XOJOAMIBHBIX
arperatoB. OHM 60JibHIel YACTBIO yCTAHABANBAIOTCS B XOJOANIbHbIX arpe-
raTax OTKPBITOrO THIIA X0J0A0NpousBoauTensHocThio 0,8—3,0 kBT.

Puc. 13.1
BepTukanbHbii pecusep

1 — dunbTpyloWMiA aneMeHT, 2 — kopnyc pecusepa, 3 — 3abopxan Tpy6ka,
4 — nopsoaALLMIA TpY6oNPoBoA, 5 — XuakocTHON BeHTuAb, 6 — wiTyuep,
7 — rafika HakngHas, 8 -— raiika konnavkosas, 9 — npoknaaka, 10 — kopnyc
pecusepa, 11 — Habueka canbHnka, 12 — onopa
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Puc. 13.2
lopu3oHTanbHLIA pecuBep

1 — xopnyc BeHTUNA, 2, 3 — HabuBKa canbHunka BeHTUNS, 4 — rpyHabykca,
5 — npoknapxa, 6 — konna4kosan raika, 7 — wiNUHAeNb BEHTUARA,
8 — kopnyc BedTUNA, 9 — npoknaaka, 10 — aHo pecuBepa,
11 — xopnyc pecusepa

Puc. 13.3
LByxxop0BO# BeHTHUNL C GUNLTPOM arperatos Tvna BC
1 — wnuHpensb, 2 — npoknagka, 3 — Habuska canbHnKoBas, 4 — KOPNyC BeHTUNS,
5 — raiikv HakuaHble, 6 — 3arnywku, 7 — ceano, 8 — Nposonoka,
9 — cetka naryHHas, 10 — kopnyc ¢punbrpa, 11 — raiika konnaukosas,
12 — rpyHabykca, 13 — npoxnagka

13.2. Otpenureny XugkocTn

Otaenntenu xkunxoctu (OXK), xak oTMeyasoch paHee, BHIOJHAIOT CBOIO
HeNOCPeACTBEeHHYIO QYHKIUMIO, T. e. 06eCeUNBAIOT OTAETEeHHe KaneJlbHO-
KUAKOJ BNIaru XOJOANIBHOTO areHTa OT NapoB. JTa GYHKIUA HeobXonu-
Ma /ISl IOZIa4yl B KOMIIPECCOP CYXOr0 HACBILIEHHOTO napa.
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Hapsagzy ¢ yaanenueMm U3 X0JIOAMIbHOTO areHTa BJIATH OTAEANUTENb KHA-
KOCTH (PYHKIMOHANBHO HEOGXOIMM IIPH YAaJieHHH C IIOBEPXHOCTH HCIIapH-
TesIq MHes (TIpU oTTaike Mcnapuress). [Ipy yraneHun uHest C NOBEPXHOCTH
HUCTIApUTEJIS] TOPAYUMU NTapaMy XO0JIOINIbHOTO areHTa, NOoCTYNalIHMH U3
KOHJIEHCATOPa, Maphbl X0JI0AMIbHOTO areHTa YaCTHYHO KOHAEHCUDPYIOTCA B
HcIapuTelie ¥ B BIJiE TAPOXHUKOCTHOI CMecH BMecTe ¢ MacJIOM 110CTyna-
IOT B OTAEIUTEJIb XKUAKOCTH.

Macio ckaniuBaetTcd B HIDKHEH 4acTH OTAENIUTENS KUIKOCTH U MPH
Hepexoie XOJO/IW/IbHOM MallMHE! B HOPMAJbHbIH PEXHUM yepe3 Kanubpo-
BaHHOE OTBepPCTHE NOCTyNaeT B KoMnpeccop. ZKUAKUHA XONMOAUBHbIH areHT
AOKHMaeT B OTAETUTENN XKUAKOCTH (OTAEIUTE/b XKUAKOCTH He TEeIION30-
JIMpOBaH) U B BH/le NapoB IOCTYNIaeT B KOMIIPeCcop.

13.3. GunbTpbi-oCyLUMTE NN

Ouaprpi-ocymrend (puc. 13.3) peinaior kommiaekc npobaem. OHu yna-
JITIOT BAATY W3 XOJOAHJIBHOTO areHTa U 06ecneyHBaOT OUHCTKY CHCTEMBbI
ot rpssn. JonoanurensHoit pyHkueil GuabTpoB-ocymnTeeii sipasercs
HeMTpaIU3anysl B XOMONUIbHOM areHTe KUCAOTHI.

Kucnora o6pasyercs Kak cjaeficTBHE UCIONb30BAHNUSA (HIIIOCOB IPH Nail-
ke Tpybonposonos. [Ipy HaMyuuK BIaTH B XOJIOAWJIbHOM arenTe ¢arioc pa-
CTBOpsETCA, 06pa3ysl KHCIOTY.

13.4. BeHtnnm

BenTtuau npesHasHayeHbl A5 obecrieyeHUs AOCTYNA XOJOAUILHOTO areH-
Ta B allflapaThl XOJOAWJIbHOI1 MallMHBl. BeHTunu pasgesnsior Ha Of[HO- U
IBYXXOJIOBbIE.

OzHOX010BOI BEeHTHIDb NpeAcTaBieH Ha pHc. 13.2. Ilpu Bpamenun no
4acoBOH CTpeJIKe 3aKpbIBaeTCs BBIXOJ XONOAMJIBHOTO areHTa H3 pecuBepa.

JIByxxonossle BeHTUNH (pHUC. 13.3) oTiM4aIOTCA OT OHOXOAOBBIX BEH-
TUe TeM, YTO Ha KOHIE INUHAENS NMEeIOTCA JIBa KOHYycCA.

IIpu BpaiieHUU BEHTU/IA 110 YaCOBOIl CTpeJIKe NepPefAHss YacTh KOHyca
3aKpHIBaeT BBIXOJ XOJIOAMJBHOTO areHTa u3 pecuBepa. IIpu BpaieHun
UIIMHAENA B 06PaTHYIO CTOPOHY 3a/IHsS YacTh KOHYCa NepPeKPbIBAaeT BXOJ
XOJIOAMJIBHOTO areHTa B IPWINB, K KOTOPOMY MOXeT KPemuThcs npubop
aBTOMaTHKHM OCTAHOBKH M MyCKa KOMIIpeccopa — peJie JaBJeHUs B MpH
HeOOX0ANMOCTH MAaHOBAKYYMETP /IS KOHTPOJISI IaB/leHUs B alIIaparax Xo-
JIOAUNBHON MaIllUHBL.

8-996
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13.5. Yka3atenu noToKa XXugKocTu

Yxa3aTenu N0ToOKa JKUAKOCTH YCTaHABIMBAIOT Ha JKUAKOCTHOM Tpybotipo-
BOjie XOJOMUIbHON MalIMHEL, YTO KAET BO3MOXHOCTh BU3YATIbHO OMpene-
JIUTH, JOCTATOYHO JIM XOJOAMIBHOTO areHTa B X0JI01IbHOI MamunHe. Eciu
XOJIOAMABHOTO areHTa B XOMOAUIHHON MANIMHE Masio, TO Yepe3 CMOTPOBOE
CTEKJIO BUAHBI Ty3LIPbKH Mapa B OTOKE XKHUAKOCTH.

YxasaTesn HOTOKa XUAKOCTH YCTaHABAMBAIOT B6IM3K pecuBepa, He B
HEeNoCpeACTBEHHOM 6JIM30CTH OT BEHTUIIEH.

Puc. 13.4
YkasaTe/b NOTOKa XUAKOCTU C UHAMKATOPOM BNAXHOCTH
XONoAnNbHOro areHTa

Hanuune ny3pipbKOB B JKMAKOCTH YKa3bIBAeT Ha TO, YTO KHUAKHM X0JI0-
AWJIBHBII areHT APOCCENUPYETCS B dHAKOCTHOM TPYOONpPOBOAE BCIEACTBHE
HOBBIINIEHHOTO Hepenaja faBaeHus. [1y3plpbKU HCYUE3AI0T TOJBKO IPH CHU-
’KeHUHU Nepenaja AaBJeHNs B TpyOONpoBoze uiay GobLUIEM Mepeoxiaxie-
HYM XMAKOTO XOJIOAWIBHOTO areHTa.

Ha ase ykasaresis IOTOKA XHAKOCTH YCTaHABIMBAIOT ILIACTHHKY, KOTO-
past MeHseT UBET B 3aBUCHMOCTH OT HAJIMYUS BJIATH B X0JOJUTbHOM areH-
Te. VIHTEHCUBHOCTH 11BeTa YKA3hIBaeT HA KOHLEHTPAIIUIO B XOJOAUALHOM
areHTe PacTBOPEHHBIX KOMIIOHEHTOB, IPEMMYLIECTBEHHO (PJIIOCOB.

KoHTponbHbie BORPOCHE:

1. Jlns xaKkoil Uesn B X0JOAUIbHON MalIHHe YCTAHABJINBAIOT pecuBep?

2. Hackonbko 1esiecoobpa3Ho MpUMeHeHHe OTAeauTe el KUAKOCTH B
XOJOANABHON MalllHe?

3. Kakywo ¢pyHKIMIO BEIIOTHAIOT (DUABTPHI-OCYIIMTENH?
4. B ueM cocTosST KOHCTPYKTHBHbBIE OCOOEHHOCTH BEHTHJIeH ?

5. Jlns xaKoii 11eJIM B cXeMe XOJIOANIBHON MallIMHbl HCTIOJIB3YIOT YKa3a-
TeJIb TTOTOKA?
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ABTOMATU3ALUA XONOAUNbHbLIX MALIWH
W YCTAHOBOK

14.1. XonogunbHbie MaLIMHBI W YCTAHOBKM
KaK 00beKTbi aBTOMaTH3aLun

Xonodunvras mawuna coCTONT U3 YeThIPEX OCHOBHBIX 37€MEHTOB: HCMa-
PHTe/IS, KOMIpeccopa, KOHAEHCATOpa H APOCCeNMPYIOIIEro yeTpolicTsa.

Xonodurvras yemanoexa — 310 COBOKYIHOCTb 06bEKTA OXTAKACHUS U
XoNoAWIbHOM MatuuHBbL TakuM 06pasoM, XoJJoAWIbHbIH HIKad WiH, Hanpu-
Mep, XOJIOAUNIbHAS BUTPUHA €CTh He YTO MHOE, KaK PA3HOBHAHOCTH XOJIO-
JAWIBHBIX YCTAHOBOK.

Asmomamuzayus Xo100ULLHON MAWUHB! U YCMAHOBKY IPENTIONATraeT pe-
HIeH’e OCHOBHOM U BCTIOMOTATEeNbHOMN 3a/1ay.

OcnosHas 3a0aua aBTOMATU3AIMH COCTOUT B NIOANIEPKAHUY TEMITEpaTY-
PHI OXJTa’KAaeMoii cpelbl B TeXHOJOTHYEeCKH 3aJaHHbIX TIpeAenax Npy Us-
MEHEeHMH BHEIIHUX NapaMeTpoB, BO3AeHCTBYIONINX Ha PaboTy XOJI0LMIIb-
HOH MalllNHBL.

K scnomozamenvivim 3adauam, cnocobCTBYIONIMM pelIEHHIO OCHOBHOH,
OTHOCHT: 3aI0THEHHE HCTIapUTEIs, Nof/iepsKaHue JaBieHHUs KOH/IeHCallluy,
3alIUTY OT ONAaCHEIX PeXKHMOB U T. A,

Pemernie ocHOBHO! 3a1aun WiLMocTpupyetcs cxemoii (puc. 14.1).

B oxsaxcnaemblit 06beM XonoxunbHON kKaMepsl (Oxn. kam.) NOCTymaer
Terwio Q.. B npocreiiiem ciryyae MOXHO CYMTATD, YTO 3TO TEILIO ABJISETCS
TOJBKO TeIJIOM, IIPOHUKAIOIINM depe3 TemiousosauHio. [las nofnepxa-
HHUS IOCTOSHHOM TeXHONOTUYECKY 3alaHHOM TeMIepaTypbl 3TO TEIIO CJle-
KyeT oTBOAUTD. Tenso () OTBOAMTCS NPH MOMONIY MCIIAPUTEISI XOJIOANIb-
Holt Mmawuubt (X. M.).

Brinosnsisa paboTy; X00AWIbHAsA MamKHa noTpebaser sHepruio E, Br.
Or Tenionepeaiolieil MOBEPXHOCTH KOHJICHCATOPa XOI0AMJIbHON Mamu-
HBI Terio Q , BT, OTBOANTCA B TEMIOOTBOASLIYIO CPERy.

8+
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Q
<] o, | on [
: X M. KaM. !
E | tBK’ °C :
| |
| i
_| |
Puc. 14.1

‘DyHKLIMOHaJ'IbHaﬂ cxemMa XoNoANNLHOW YCTaHOBKU

AHann3 TeNJI00TBO/IAa CBUJIETENBCTBYET, UTO BBITIOTHEHHE OCHOBHOIA 3a-
layd — MoAJepxaHHe TeXHOJOTHYECKH 3aJlaHHOH TeMmmepaTyphl ¢, °C,
CBOUTCA K CO3AHMIO YCIOBMIl paBEHCTBA TEIIOBHIX MOTOKOB Q u Q.
PaBeHCTBO TENJIOBHIX MOTOKOB MOXKET OBITh ZOCTUTHYTO ABYMS MyTSAMH:
BO3€HCTBUEM Ha NOTOK Q WJIM Ha NOTOK Q.

Bosdeticmeue na nomox Q.. TOT METOA NPUMEHSIIOT B OCHOBHOM B CIlelH-
anbHbIX yeaosusix. HanpuMep, ecau TeMiiepaTypa BO3fiyXa B XOJOAUIBHOM
KaMepe HU3Kasi, TO eée MOJKHO TIOBBICHTD, He MeHSIS pexkuMa paboTh X0Jo-
IUJIBHON MallIMHE!, @ YCTAaHOBMB B KaMepe HarpeBaTesIbHBII 3J1eMeHT, KOTo-
pbiif obecneynT pemeHue aToi 3agaun. EcTecTBeHHO, UTO METOA SHEPreTH-
YecKH 3aTpaTeH M NOTOMY MOXeT ObITh PeKOMEH/IOBaH Kak JIaGopaTOpHO-
HCTBITATeNIbHBIA MeTo .

Bos0deiicmsue na nomox Q . Ilpu puMeHeHNH 3TOT0 METO/a M3MeHeH e
TeMneparyphl £, °C, KOMIIEHCHUDYIOT M3MeHeHeM BeJIMYMHbl MOTOKa Q .
ITOT METOA dHepreTU4YeCKH NPHOPUTETEH, OH SIBNIAETCSI OCHOBHBIM M Ca-
MBIM PacTpOCTpaHEHHbIM, ,

KosymiuecTBo Tella, OTHUMaeMOe OT BO3[yXa B OXJaKIaeMoM oGbeMe,
COCTaBJIsIeT:

Q, =k, F,-(ty—t,). Br, (14.1)

TAe

k, — xoabduKeHT Temionepefadu ucnapurens, Br/(m? - K);

F, — njomanb OBEPXHOCTH UCNAPUTEN, M2

t ., L,— TeMIlepaTypa BO37yXa KaMephl U TeMIlepaTypa KHUIIEeHNs XOJI0-
JUJIBHOTO arenTa, °C.

KosnyecTBo Temna, koTopoe MOXeT ObiTh OTBEAEHO ITPH OMOILH X0JI0-
AUJIBHOTO areHTa paboyuM BelleCTBOM (XOJMOAWIbHBIM areHTOM) B TeIlJIo-
06MeHHOM ammnapare:
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Qx.a. = (inux —inx) . Gx.a.’ BT’ (14'2)

e
G, , — pacxo/l XONOAUIbHOTO areHTa, KI/c;
i1, — SHTAIBIMHU XOJOZUILHOTO aTeHTa Ha BbLIXO/e ¥ BXOJle U3 Ten-
JnoobMenHoro annaparta, J[x/xr.
[Ipu paBeHCTBe X0/100POM3BOANTE bHOCTeH Q ¥ Q MOJYYaloT pelle-

HH€ OTHOCHTEJIbHO TEMIIEPATY Phl OXJIaX/aeMoli cpeasl (¢, | ):

Gra
t)(.K. = t() + ko ).(‘F;

(foux — B, °C. (14.3)
W3 sripaxenus (14.3) caexayeT, 4To TeMIepaTypa oxJjaxaaeMoi cpezbl
B oxJaxaaeMoM obbeme (¢, , “C) 3aBUCHT OT:
* TeMmnepaTypbl KHIIEHHUs XOJOAUIbHOTO areHTa ¢, "C;
* pacxofia X0JOJUIbHOTO arenTa, G_,, Kr/c;
* MJIOLIAJN TIOBEPXHOCTH Temoo6MeHa ucnapurens, F, M%
* xoa¢pduIenTa Tenonepeaays ucnapurens k, Br/(m? - K).

Bribop MeTo/Ia peryIMpOBaHNsA TeMIEPATYPhI 0XJ1aXKIaeMO! cpeibl 3a-
BHCHT OT COBOKYITHOCTH YCJIOBH{1, OTpaKaloLIMX 0COOEHHOCTH 3KCIIyaTa-
LUY XOJIOJIUIBHOM YCTaHOBK.

14.1.1. 0 npoueccax camoycTaHOBN@HUS (CamoperynupoBaHus)
B XONIOANNLHOR MaLLKHe

PaboTa X0/01H/IbHON YCTAHOBKH TIPOTEKAeT NPH HeCTALMOHAPHAIX YCJIO-
BUSX TEIJIOBOW HAarpy3KM Ha annapaThl X0J0AUbHONA MamuHH. [ToaTomy
TIpeiCTaBsIET MHTePeC OTBET Ha BOIIPOC, B KaKOii Mepe napaMeTpHl Npoliec-
COB, IPOTEKAIOLIUX B XOJOAH/IbHON MalllYHe, COCOOHBI K BOCCTAHOBJIEHHIO
HCXOJ[HOTO COCTOSIHYA. ITO AaeT BO3MOXKHOCTD B ITPOLECCAX, IPOTEKAIOINX
TIpH NlepeMEeHHBIX YCIOBUAX, HATH 3aKOHOMEPHOCTH, NM03BOJIAIONIMe YCTa-
HOBHTD HanpaBjieHye U3MeHeHUs [1apaMETPOB, CTPEMSIIIUXCS K HEKOTOPBIM
PaBHOBECHBIM COCTOSTHUSIM, 00JIeTYaeT peryJMpoBaHyie STHX 1apaMeTpoB, a
B psizie CJiyyaeB 1103B0JIsIeT OTKAa3aTbhCA OT UX peryaupoBaHus. Hanpumep,
B JIOMalIHeM XOJ0AUIbHHKe ( pHc. 14.2) CHUKeHue ypOBHS KUAKOTO XOJI0-
IUJIbHOTO areHTa B HcnapuTesie (OT TOUKU A JI0 TOYKU A”), BhI3BaHHOE yBe-
JINYEHHEM TelJIOBO Harpy3kH, IIPUBOIHT K YBEJIHYEHHIO YPOBHS B KOH-
nencarope ot (b 10 5°).

[epenonuenvie kougaeHcatopa (Kd) yBennyuBaeT JaBleHne KOHAEHCA-
1IMH, 4YTO, B CBOIO ouepe/ib, BHI3BIBAET YBeJHYEHHe TTOAAYH XIaJloHa yepes
KarmwuisipHyio Tpy6ky (KTp) B ucniapuresn (). Takum 06pa3oM, Boicokast
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Puc. 14.2
naiocTpaums K NpoLeccaM caMoycTaHoBNeHUR
B ROMALLUHEM XONOoAWIbHUKe

CTeneHb CaMOBBIPABHHBAHUS (CHIDKEHUE YPOBHS B UCIIapUTeJle YBeIHYH-
BaeT Mojlauy XUAKOCTH) N03BosAeT 060HTICh 63 aBTOMATH4ECKOTo pery-
JTOpA 3a10/IHEHUS NCIIapuTeis.

B X00AMIBHBIX MAIIMHAX TOPTOBOIO XOJIOAWIBHOTO O0OPYAOBAHHS YCTa-
HaBJIMBAaeTCsA PeCHBEP, T. €. eMKOCThb AJIA cGopa *KHUAKOTO XOMOAUTILHOTO
areHTa, oGpasyioierocs B koHaeHcarope. [Ipy1 ucnonb3oBaHHU pecHBepa
'H3MEeHEHHe YPOBHS B HCHapHTelle IPAKTHYEeCKH He OKa3bIBAeT BJAUAHMS Ha
M3MeHEeHUH aBleHus B KoHAeHcaTope. CTeneHb CaMOBHIPaBHUBAHUSA MaJia,
Y IOTOMY NIPUXOAUTCS PeTyINPOBATD 3aNoHeH)e HCIIapUTEJIs X0I0AKIb-
HBIM aT€HTOM IIpH NIOMOIIH NPUOOPOB ABTOMAaTHKH.

14.1.2. [lapamerpsi, NOpNEXaUIME PErYAMPOBAHNIO
B XONOAUNLHOR MalLKHE

ITpeyBenuenne B BLIGOpe MapaMeTPoB PETYIUPOBAHNUS XONOAUNBHON Ma-
IINHbI YCAOKHSAET U YIOPOKAET XOJOAMIBHYIO MALIMHY Y YCTaHOBKY B lie-
JI0M. ’
PafoTa X0m0AuIbHOMH MAIIMHB! TPOTEKaeT B YCJIOBUAX HECTAIIMOHAPHO-
CTH NpOLEeCCOoB B ee anmnapaTax. Hanuyue koMiiekca 21eMeHTOB XOJIOHJIb-
HO MAIMHBI OTIpefieNIfeT NHTepeC K B3aHMOCBSI3HM IIPOLIECCOB MEXKAY CO-
6oit. IHpIMu clloBaMH, NIPEACTaBJIsSIeT MHTepeEC, B Kakoil Mepe, HanpuMep,
TpollecChl, NPOTEKAIOLHe B UCTApUTeJIe H KOMIIPECCOPE, B3aHMOCBSI3aHBL.
Xos0a0NpON3BOAUTENBHOCTD HCIIAPUTEJIS BRIPAJKAIOT COOTHOIEHHEM:

Q, =ko'E)'(tm<_to)r Br. (14.4)
XOHOﬂOHpOME}BOﬂHTeJIbHOCTb KOMiipeccopa BbIpa’kalOT COOTHOIICHHEM!

Q, =A.-de.y,, Br. (14.5)

(4]
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Q.,.C B

MMOHHXEHHE

TEMIEepaTypbl

Puc. 14.3
CaMoycTaHoBREHWe TeMinepaTypbl KUNeHns
NPy pasnnuysbix Temneparypax KkosgeHcauwm (1)

| — xapakTepucTuka KoMnpeccopa,
Il — xapaKkTepucTuka ucnaputens

O6e 9TH XapaKTEPHUCTUKH 3aBUCAT OT TEMIIEPATyphl KunteHus. Bripaxe-
Hug (14.4) u (14.5) Moryr 6bITh NpencTaBienbl rpaduyecky (pHc. 14.3).

TeMmmepaTypa KOHAEHCAIIUY U TEMIEpaTypa BO3/AyXa OXIKIAeMOT0 005-
eMa NPUHATH NOCTOAHHBIMH.

Jlunns (1) npeacrabasger co6oil XapaKTepHCTHKH KOMITPECCOPA MPH pas-
JIMYHON TeMIepaType KOHAEHCAUNN L, t2, t3, npuveM t, > L, > tl. HpﬂMaﬂ
(I1) — xapakTepucTika UcapuTess. Yrona vaxnoHa o qunud (1I) onpene-
JigeTCSl OTHOLIEHHEM XOJIOAONPOU3BOAUTENbHOCTH HCIApUTeIs, OTHeCeH-
HOI1 K Pa3HOCTH TeMIlepaTyp oXJask/aeMoro obbeMa (, ) U Kunenus (¢,):

-9
tgoc_t e (14.6)

BK o

PaBeHCTBO X0JI010NPOM3BOAUTENBHOCTEI KOMIIpeccopa M UCIIapUTens
TIpY NOHMXAIOLIUXCA 3HAaYEeHNAX TeMIlepaTyphl KOHeHcalnu (t3 <t , < tl)
JOCTUTaeTCst IIPH MOHUKAIOIMXCA 3HAUEHUAX TeMIepaTypbt Kunenus (¢, <
<t,<t). Touku A, A,, A, Ha3pIBalOT pabOUMMH TOUKAMH.

IIpoussenenue k_F, HaspiBaeTcs «kauecTBoM» paboThl ucnaputerns. Miame-
HeHMe BeJIMYHH, BXOAAUIMX B 3TO [IPOM3BEleH e, BEI3KBAET NlepeMenieHyie
paboueil TOUKH ¥ MeHSIeT PeXXUM paboThi XOIOANIbHOM MalHbI (puc. 14.5).

Tak, HanpuMep, o6pa3oBaHHe UHesT HA IOBEPXHOCTH HCIapUTes, YTO
SKBUBAJIEHTHO YMEHbUIEHHIO IO/} TOBEPXHOCTH UCHADUTEN, TIPUBO-
VT K TIOHWKEHHIO TeMIlepaTyphbl KHIIeHHs XOJOAN/IBHOIO areHTa B UCIa-
puTeJe.
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0 t, L tw °C
MMOHNIXEHHUE TemnepaTypbl

Puc. 14.4
YcTaHoBneHue paBHOBECHOW TemnepaTtypul oxnaxaaemoro obLema

1

0 tO’ tD to tB‘ tBH t’ °C
MOHMKEHHE TeMIIEPaTyPhl
Puc. 14.5

YcTraHOBneHWe PABHOBECHO TeMNepaTypb oxnaxaaemoro o6bema

TemnoBoit 6anauc ucnapaTend, KOMAPECCOPa M Telljia, IPOHHKAIOLIETO
yepe3 Hapy>XHble orpaxaenus Q , Bt, nosonser rpaguyeckuM myTeM olle-
HUTb PaBHOBECHYIO TeMIIepaTypy oxJaxaaeMoro obbeMa (puc. 14.4). Ecim
3 cJIaraeMbIX TEMJI0BOTO HajlaHCa OXIKAAEMOT0 06beMa IPHHATH TOJIBKO TO
TEIUIO, KOTOpOe MPOHHKAET Yepe3 Hapy KHEIE OrpaXIeHHs TO BeJIMUMHY Tefl-
JIOTIPUTOKA Yepe3 Hapy>KHOe OrpakJeHie MOXHO 0TOOPasHTh BbIpOKEHHEM:

QH = KH -El -(tBH —tll( )’ BT’ (14'7)

rae - -
K, — xoapdunmenT Teronepenain HapyxHoro orpaxaenus, Br/(m? - K);
F, — nnouazib NOBepXHOCTH OTPax/ieHus, M
¢, t, — TeMmepaTyphl HapyXHOTO BO3[yXa H BO3[yXa OXJaXIaeMoro
obbema, °C.

PageHCcTBO X0/1040NPOU3BONUTENBHOCTENR KOMIIPECCOPA, HCHAPHUTENS U

OXJ1a%/1aeMoro o6bekTa 0TO6paxeHo Ha puc. 14.4, 14.5.
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YcraHoBsienye COOTBETCTBHSL My KOJHYECTBOM XONOANILHOTO areH-
Ta, IOCTYNAMEr0 B UCNAPUTEJb H B KOMIIPECCOD, OTIpEAeIAeTCs peryin-
PYIOIIMM BEHTHJIEM.

IIpu cHuxenun Temsonputoka (puc. 14.5) B oxnax/aeMslit o6bem Q .
B, paBHOBecue B ccTeMe MOXKeT OBITH TOCTUTHYTO MOCPEACTBOM yMeHbllle-
HMsI TUIOIA/IM TIOBEPXHOCTH WCIAPUTEJSA, YTO BO3MOXKHO JIMuIb TIpu bosiee
HHM3Ko# TeMnepaType kunenus ¢, *C. Tak kak MOHMXeHHe TeMIepPaTyphl
KHIIeHVs CBSI33HO C BO3PACcTAHNEM SHEPTeTHUECKHX 3aTPAarT, TO lielecoobpas-
HO, He TIOHIXAag TeMNepaTypy KHINEHUA, YMEHBUIUTH XOJIOAOMPOU3BOIH-
T€JIbHOCTb KOMITIPECCOPA.

OnuuM U3 yTei yMeHBIIEHHS X0J10/I01IPOM3BOANTEHOCTH KOMIIPECCO-
pa SIBJIAETCS €ro MepHoandeckas paboTa. ITO SKBUBAIEHTHO 3aMeHe JaH-
HOTO XOMIpeccopa MeHee MOIHBIM KOMIIPeccopoM, HO paboTaolmM He-
NIpepHIBHO NIPH cpefiHeli Temmeparype kullenus t,, °C. XapakrepucTuka
aTOro KoMipeccopa o6o3HayeHa ungexcoM (1) (puc. 14.5).

ITepuoanuHoCTh paGOTH KOMITpeccopa XxapakTepusyercst koagduuueH-
ToM paboyero BpeMenu b. OH npeacTasaser coboil OTHOILEHHE INHTENb-
HocTH pabouell YacTy LUKIa (1: C) K NIOJIHOMY BPEMeHH LHKTa (T, C),
BKJIIOYalolieMy B cebst JIJII/ITeJleOCTb paboThI KOMIIpeccopa U IIUTeIBHOCTD
ero npe6LIBaHNA B OTK/IIOYEHHOM COCTOSHHUH (T, C), T. €.

WJIK, YTO 3KBUBAJIEHTHO,

PeryaupoBaHHe X0J0IONPOU3BOJUTENbHOCTH KOMIIPECCOpa MEeTONOM
OCTAaHOBKH U NyCKa KOMIIPECCOPa IIPOMCXOAHUT IIPH HEYCTAHOBUBLIEMCH CO-
CTOSIHHH, HO 3TO He OTPUHAET TEHAEHIIUH K CTPEM/IEHHIO CHCTEMBI K J0-
CTHXKEHMIO PABHOBECHSI BO BCEX €€ DIIeMEHTax.

14.1.3. CooTHOWEHNE X01040NPOK3BOAKTEILHOCTEA KOMNIpECCOopa
M McnapuTens XoNoAWILHOR MaLLMHDL
B HEYCTaHOBMBILEMCS COCTOAHUN

Kak otMeyeno panee, MpoUecchl B KaXXJI0M HU3 3JIEMEHTOB XOjIOI[HJIbHOﬁ
MaliHbl B3auMocBg3anbl. OHM B 3HaYUTEIbHOHM Mepe 3aBUCAT, HalipUMED,
OT BEJIMYHUHBI TEIJIONNPHUTOKA K MOBEPXHOCTH HCITApUTENA, OT TeMilepaTy-
pbl CPEABL, oTBOAsALIEN TENI0 OT IIOBEPXHOCTH KOHACHCATOpA, H T. A.
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Konuuectso napoB, 06pa3yioumxcs B UCTIApUTeie, 3aBUCHT OT BeHYM-
HBbI TEIUIONPYITOKOB K €ro TI0BEPXHOCTH. BhINONIHEHNE TEXHOTOTHYECKUX
TpebOBaHHit, COCTOAUINX B OUIEP>KaHUY 321aHHOM TeMITlepaTyphbl B OXJIasK-
AaeMoM 06beMe, TIpeinoJIaraet, YTo NMpH JIOOOM TeMIIEPATYPHOM peskKuMe
KOMIIpeCcOp IO/KEH OTBOAUTD Bce 0Opa3yionyecs Maphl U3 HCapHTeIs.
B nmpoTtuBHOM ciiydae maphbl CKalIMBalOTCS B UCMapuTesie, MOBBIMIAIOTCS
JlaBJieHWe KUIIEHHs, TeMiepaTypa KUIIeH!s W Npoliece KUNEeHHs TpeKpa-
maetcs. CJieZIoBaTe/IbHO, X0JIOAONPOU3BOANTENbHOCTh KOMIIpeCcopa Beeraa
J0JIKHA GBITh paccurTaHa Ha HAuGOJBIIYIO BeTMYMHY TEMIOBOM HATPY3KH.
Ecan ato Tpe6oBaHHie NMPOUITIOCTPHPOBATh BHIOOPOM KOMIIpeccopa st
JAOMAIIIHETo XOJAOATbHHUKA, TO KOMIIPECCOp A0XeH ObITh YCTaHOBJIEH TAKOI,
4TOGBI OH O6ecrneynBas paboTy XOJIOAWIbHONH MauIMHbI JaXke MPH 9KCTpe-
MaJIbHBIX YCJIOBUSX 9KCILIyaTalliy XOJIOJW/IbHHKA, T. €. IPH TeMAepaType
Hapy»Horo Bosayxa ¢, =32 °C W npH yCJOBMM NOJHON 3arpy3Ku XoJo-
JunpHuKa npoaykramu (Tpebosanue I'OCT). IloaTomy koMmmpeccop xo-
JIOMUIbHOM MalIMHB! JOMaHIHETO XONOAWIBHUKA, KaK, BIIpoYeM, 1 JI060ro
THIA TOPrOBOr0 XOJOAMJIBHOFO 060pY/IOBaHMS, PACCYNTHIBAETCSI Ha MaK-
CHMAJIbHYIO BEJIMYHHY TEIUIONPUTOKOB B OXJIaskAaeMblil 06beM, KOTOphbie
BOCTIPUHHMMAIOTCSI TIOBEDPXHOCTBIO HCHAPUTES.

Taxum o6pasoM, 06s13aTeIbHBIM TpeboBaHNEM B BbIOOPE 31EMEHTOB X0-
JIOAMJIBHEIX MAIllMH TOPTOBOTO XOJOAW/ILHOTO 0OOPYNOBaHMs SABJISETCH
COOTBETCTBHE X0JIOAOIPON3BOAKUTENLHOCTH KOMIIpeccopa MaKCUMAJIbHOM
XOJIOAOTIPOU3BOANTETbHOCTH HCHapuTeis. [Ipu MHEIX, He 3KCTpeMaJIbHBIX
110 TENJIOBOI Harpy3Ke Ha HCTIapHTe b YCAOBHSIX paboThI X0J0UIbHOI Ma-
IIMHBI paboTa KoMIIpeccopa A0J/KHA IPUBOAUTD K IOHMXKEHHIO B MCIIapH-
TeJle AaBJIeHUs ¥ TeMilepaTyphl kureHus ¢, °C (puc. 14.6).

t,,°C 4
Aty =t —t, d > 1
= t,
tomax "2 \ c( b I o
A\ N L
tu min A T \4/ °
\_ t,
Ter tpa6
Puc. 14.6

NameHeHue TemMnepaTypbl KUMEHUs XONOANALHOrO areHTa
B MCnapuTene 80 BPEMeHU
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pnp
2 BNA «nocne cebas
A4
Po 1
-*4.-</-.|—’— —
B v oo | [ ]
a) 6)
Puc. 14.7

BeHTnn noctosiHHoro gasnexnun (BMNA)
a) «ao cebsi»; B) «nocne ceba»

Ilockomsky Temnepatypa Bo3iyxa B OXJ1axaeMoM obbeme t, , °C, 3aBu-
CUT OT TEMAepaTypsl KUIIeHHs, TeMITepaTypa BO3yXa TAKKe HOHMMKAETC .,
TlonmkeHue TeMiepaTypsl BO3yxa MeHbIlle, UeM H3MeHeHHe TeMIIepaTy-
DBl KUITEHUS XOJOAWIBHOrO areHTa B ucnapureie. OJHako faxe 9TH He-
GoJblne Komebauus TeMIepaTyphl BO3AyXa B oxJlaxaaeMoM o6beMe Tex-

.HOJIOTUYeCKH HelpreMJIeMBL.

IIpu xpanetiny oxJaxkieHHBIX IPOAYKTOB TeMIEPaTypa BO3AYXa MOXKET
MOHU3UTBCA HIKe TEXHOJIOTNYECKH 331aHHO# TeMiepaTypsi £, °C, 4TO He-
NOMYCTHMO, OCKOJIbKY BO3MOKHO 3aMep3aHue MPOAYyKTa, H3MeHeHUe ero
UCXOMHBIX CBOHCTB. I103TOMY NpH 10CTHKEH U 3a1aHHO NIpe/ie/IbHO HU3-
KOt TeMNepaTypbl KUIEHHs XOJONHUIBHOTO areHTa B MCMapuTesie (TOYKa
<a», puc. 14.6) win Bo3ayxa B oxnaxaaeMoM o6beMe (TOYKa «C» ) CieyeT
OTKJIIOYUTD 3J1IeKTPOJBUTaTeNb KoMiipeccopa. Ilpy nossiieHud TeMnepa-
TYPBI KUIIeH st XOJIOAWIBHOTO areHTa 1o TeMnepatypoi £, °C (TOYKa «B»,
puc. 14.6) xoMnpeccop BkaO4aeTcsl.

PerynnpoBaTh x0J100011pOH3BOAUTENBHOCTD KOMIIpECCOpa MOXHO Pa3-
JIMYHBIMU CIOCOGAMHU: TIOCPEZICTBOM U3MEHEH S YIe/IbHOM 06beMHO# X0J10-
JONPOU3BOAMTENBHOCTY KOMITpeccopa, U3MeHeHeM (yXyameHHeM) Koad-
(uMeHTa NOAa4YM KOMIIpeccopa, HepenyckoM YacTH XOJIOAWIBHOTO areHTa
W3 HaTHeTaTeJbHOro TPYOOMpPOBOa BO BCACKIBAIOMIYIO MIOJIOCTD IIMJIMHAPa
kommpeccopa (HaitmacupoBaHe), yxyaiieHeM k03bdHITHeHTa TOaYH KOM-
Ipeccopa,.a Tak¥Ke CTYTIeHYaThIM WM [IJIaBHBIM (B OCHOBHOM /IS IBUTaTe-
Jleif OCTOSTHHOTO TOKAa) H3MEeHEHHEM CKOPOCTH BpallleHUst pPOTOpa 3M1€KTPOo-
JBUTATENS U T. 1.

Bri60p MeTo/1a peryIMpOBaHNs X0JI0A0TPON3BOANTEIBHOCTH KOMIIpec-
copa B 3HaUNTeNbHOI Mepe onpeJiesiseTcs MPaKTHYECKOH [esiecoo6pa3Ho-
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CTBIO TIPHHSTOIO TEXHUYECKOTO pelleHNs], TEXHHKO-9KOHOMHYECKUMH CO-
obpaskeHNSIMH ¥ IPOCTOTOH TEXHNYECKOI KOHCTPYKIIMM.

Hamenenue yoenvroti 06semnoll x01000npouU3c00UMENLHOCHIY KOMIIPEC-
cOpa JIOCTHIaeTcst APOCceIMPOBaHKeM BCACEIBAEMOTO Napa B BEHTHIe fo-
ctostuHoro Aasaenust (BIT) «ao cebsa» (a, puc.14.7).

BenTUIb NOCTOSIHHOTO JaBenus obeclleYBaeT COXpaHeHH e IOCTOSH-
HOTO JIaBJIeHHKA 110 XO/Iy XOJOAUABHOTO areHTa <10 cebsi» wiu «noce cebsiy.

IIpn nonmxenuu nasneHus kunenus p,, MlIla, knanan 1 npuxpriBaer
NPOXOAHOE cedeH1e BEHTHJIS, O1arofaps yeMy NOHUKAETCst aBeHNne BCa-
CBIBaHMSI U YMEHbIAETCs XOIOJ0NPOU3BOAUTENBHOCTh KOMIIpECcopa.

IInaenoe baiinacuposanue, T. e. TIEPEIYCK YaCTH XONOAMILHOTO areHTa
13 HaTHeTaTebHOMN JMHHM BO BCAaCHIBAIOUIYIO, 00eCTIeYHBAETCS YCTAHOB-
xoit BITJ] «<nocine ceba» (B, puc. 14.7).

Bentunp nocrossnoro Aasiaenus (BIL/1) ucnonwsyior u Anst moanep-
KaHHA IBYX TEMIIEPATYp KUIIeHHs! IPY OJHOM KoMmmnpeccope (puc. 14.8).

B nanHOM ciyyae HCHOJIB3YETCsS BEHTHID <«A0 ceOsiy, MO3BOJSIONINI B
oxnaxnaeMoM ofbeMe ¢ Gosiee BEICOKO TeMIlepaTypoil KuleH!s noaAep-
JKMBaTh ¥ 60Jiee BBICOKYIO TeMIIepaTypy BO3ZlyXa.

Bentunb ycraHoB/eH Ha TapoBOi JIMHUY, HAYLIEH OT UCTIAPUTENS Ka-
Mephbl ¢ 6oJlee BbICOKO# TeMIlepaTypoii Boaayxa t,,. Benuuuna nasneHus.

Puc. 14.8
Mopnepxauue AByx TeMnepaTyp KuneHus
NP1 NOMOLLY ORHOrO KOMNpeccopa
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KHHEeHHNs 32J1aeTCs I0JIO’KeHHeM YCTaHOBOYHOTo BUHTA 3 (puc. 14.7). Ilpu
MOHWXEHUM AaBleHs KUIeHus B MCTlapuTeJle KJIanaH 1 3aKpeIBaeT OTBep-
ctue BenTws. [lponomkaiomeecst o6pasoBaniie Napa MOBBIIAET JaBAeHHe
U TeMnepaTypy KHIleHus [0 TeX 10D, MOKa JaBJeHHe He OKaKeTcst A0CTa-
TOYHBIM /151 TpeofioieHusl yeuausa NpykuHsl 2. Torna BeHTWIL OTKpbIBa-
eTcst v o6pa3oBaBIIniics Nap HauKHaeT NocTynaTh B koMipeccop. IIpoxons
yepes BEHTHJIb, OH JIpOCceNupyeTcst 10 JaBieHus KHUIIEH!s, COOTBETCTBYIO-
1[ero TeMIlepaType KUNeHHs B UCTIapHTesie KaMepbl ¢ 60J1ee HU3KOM TeMite-
paTypoii ¢, , ¥ TIpY 3TOM AaBJIEHUH [1ap BCACHIBAeTC KOMIPECCOPOM.

IIpu ocranoBKe KoMIIpeccopa Map U3 KcNapUTeisi C BLICOKOH TeMIlepa-
TYpOit KUNIEHH s ¥ COOTBETCTBEHHO C BHICOKUM JIaB/IeHHEeM KHIIeHUS MOXKeT
nepeTexarb Yepe3 oTkpbiThi BII/l B ncnapurtess ¢ HU3KOH TeMIlepaTypoil
kurnenys. B nucnapurene oH cranet xoHzeHCHpoBaThea. UToGHI 9TOTO He 10~
MYCTHUTD, Ha NTapOBOil IMHUU ¢ HU3KOI TeMIilepaTypoil KUNleHHs YCTaHaB-
JINBAIOT 06paTHHI KiaanaH (06. K.).

IJHepreTHYecKH MPUHATEHIA cOcO6 TTO/IEPKAHUA ABYX TeMAEPaTyp KH-
TIeHVS IPY OAHOM KOMITIPECCOpe HeBHITO/leH, O[HAKO MTPaKTHYeCKH yA06eH
B CHJY CBOeli NPOCTOTHI.

Inst nopnepkanus TOYHOTO 3HAYEHHUS TEMIEpaTyphl B OXaXKA2EMOM
obbeMe BecbMa NPUBJIEKATENLHBIM ABASETCH U3MEHEHHe YACTOTHI Bpallle-
HUS POTOpa 9JeKTPOBUraTe.

Hamenenue vacmomut spawenus pomopa anexmpoosuzamens MOXeT ObITh
CTYNEeHYaThIM HJIH IIaBHBIM.,

Cmynenuamoe usMeHeHe YaCTOTEH BpPallleHUs! pOTOpa 3J1eKTPO/iBUraTe-
Js n, ¢!, focTUraeTcs U3MeHeHUeM YKCJIa Map M0JI0COB 0OMOTKM MHOTO-
CKOPOCTHOTO 3JIEKTPOIBUTATEJISE:

n, = 1 ,¢h, (14.8)
p
rae

f — dacToTa nmuTampiero Toka, I

P — 4YUCJTIO TIAp NOJIOCOB.

Ecnu npeanosioxuThb, Y4T0 X0J100TPOU3BOANTEILHOCTE KOMIIPECCOopa JIH-
HeiiHO 3aBUCHT OT 4aCTOTHI BpallleHHs! Bajia 3/1IeKTPOABUTATeEIs, TO BHIGOp
3a/IaHHO}1 XOJONOMPONU3BOAUTENBHOCTH CBA3aH C ONpe/ie/ieHeM YHCJIa Tap
HOJIIOCOB MHOTOCKOPOCTHOTO 3/IEKTPOABUTATENS.

MHOTOCKOPOCTHEIE 3JIEKTPOABUTIATE U ABISIOTCS CJI0KHOMN TeXHHYECKOM
KOHCTPYKLM€H, YTO CYIECTBEHHO YBeIHYNBAET CTOMMOCTD XONOAUNIBHOI Ma-
HIMHBI B 1I€JIOM, OTpaHWY#MBasg 00JACTh WX MPUMEHEHHUSA XOJIOAWIBHBIMH

MaliHaMH CpeZ[HeI‘/'I 1 60JBHION X0JI0A0NTIPOU3BOANTENBHOCTH.



238 Paspen ll. OcHoBbI XON0AUNBHON TEXHUKN

IInasnoe naMeHeHye X0MOAONPOU3BOANTEILHOCTH KOMIIpeccopa obecrie-
YypBaeTcA CIeAYIOIMMH CIOcOOaMH peryINpOBaHHst ACHHXPOHHBIX 3JIEKTPO-
ABurareeit:

* BBEJIEHMEM JONOTHUTENLHOIO CONPOTHBAEHNS B ienb poTopa (ans

JIBUraTeneii MoCTOSIHHOrO TOKA);
¢ H3MeHeHUEM YaCTOTHI NIUTAIOILETO HalpPSKeHHST;
* BBeJleHUEM B Liellb POTOPA YNpaBAseMoil 3. 1. C.

TTepBBiit crioco6 HaxoAUT OrpaHNYeHHOe NPHMeHeHHe 13-3a HeJJoCTaT-
KOB, CBSI3aHHBIX C KOHCTPYKTUBHBIMH 0COOEHHOCTSIMH 3/1EKTPOBUTaTeNei
TIOCTOSIHHOrO TOKa. Bropoii u TpeTnit HaxoAAT NpakTHYeckoe MpUMeHeHue.

B Masbix 1 CpeHHUX 110 X0JI0A0NPOH3BOJUTENABHOCTH X010AUIBHBIX Ma-
IIMHAX METOJ OCTAHOBKH M IIyCKa KOMApeccopa siBjisteTcs Hanbolee pac-
NPOCTPaHEHHEBIM B CHITY €0 IIPOCTOTH U 9KOHOMUYecKoi adPeKTHBHOCTH.

14.2. Tpubopbl aBTOMATMYECKOrO peryampoBaHus
TeMmnepaTypo! BO3ayxa
B TOProBOM X0JIOAUNABLHOM 060pya0BaHUM

14.2.1. MNpubopet NPAMOro perynupoBaHns TeMnepatypbi BO3ayxa
B Oxnaxpaemom o6neme

OCHOBHBIM peryiaupyeMbIM TE€XHOJIOTMYEeCKHM IapaMeTpOM B TOPFOBOM
XOJIOAMIBHOM 060pYZOBaHMH SIBJIAETCS TeMIlepaTypa Bo3ayxa. [loatomy
npuGoOpHI, peryJupyloie TeMIepaTypy Bo3fyxa B oxJaxiaeMoM obbeme
U COOTBETCTBEHHO XOJIOAOTPOU3BOAUTENBHOCTD XOJOAUIbHON MaHIUHH,
Ha3bIBalOT pubopaMu npsMoro perysiupoBanusi. K HiM, Hanipumep, oTHO-
cAaT pene teMnepatypsl 1P-1-02 (puc. 14.9) — Tun peryasitopa, 10 HeaB-
Hero BpeMeHH LINPOKO PaclpOCTPaHEHHOTO B OTeYecTBeHHO!! XOJMOoANIIb-
HO# TeXHHKe.

TIpuHiMn paboTHl aTOro Mpubopa 1 MOAOGHBIX eMy SIBISETCS OOIUM
JUIS 3NEKTPOMEXaHHYeCKHMX PeryJiATOpoB TeMIepaTyphl.

YyBCTBUTENbHBIM 9JIEMEHTOM MIpUGOPa siByigercs 6asion. OH RoMela-
eTcsi B 00beMe X0M0UNIbHOM KaMephl. [Ipy oBBIEHHY TEMITEpaTy Pbl BO3-
AyXa B KaMepe MOBHINIAETCS AaBJeHHE XONOAMTBLHOrO areHta B 6asio-
He-24. DTo JaBlieHHe MO KaMLISAPHOi TpybKe 25 nepenaercs Ha cuibdhon
20. ITTtok 21 cunnboHa NpuTofHNMaeTcs, ¥ puiyar 18 HoBopaunBaeTcs Mo
4yacoBoii cTpesike. 3akpelIeHHbI Ha HeM phidar 9 nepexoiuT 3a yCcToiyn-
Boe cocTosHue miacTHHu 10. OHa OTKJIOHSETCS BIIPABO, 3JIEKTPHYECKHE
KOHTaKThl 3aMBIKAIOTCSI, KOMIIPECCOp BKJIIOYAeTCs.
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Puc. 14.9
Pene temnepartypol Tuna TP-1-02

1 — kopnyc, 2 — BUHT HacTpoiku auddepenunana, 3, 7 — ranku,

4 — wkana, 5 — cronopHas naactHa, 6 — BUHT HACTPOIKK AnanasoHa,
8 — ocHoBHaa NpyxuHa, 9, 13, 17 — pbivaru, 10 — KOHTaKTHas NiacTUHa,
11, 16 — perynnpoBoyHbie BUHTHI, 12 — nepexuaHas npyxuHa,

14, 15 — KoHTaKThI, 18 — Npyxuna, 19 — wTok, 20 — cuabdoH,

21 — npyXxuHa cunbdpona, 22 — KoPOMLICNO, 23 — NpyXnHa
addeperumana, 24 — 6ansioH, 25 — kanuanspHan Tpybka

TlepeMenieHne ppluara OrpaHHYeHO KopoMbiciaoM AuddepeHiinana u
yCUIUeM, CO3aBaeMbIM NPYKUHOH 23.

Perynstopamu npu6opa siB/SHIOTCA BUHT HACTPOHKY TeMIepaTyphl Bbl-
KJoyenus xomipeccopa 6 u BuHT auddepeniiuana 2 (BUHT Auana3cHa
BKJIIOYeHHs KoMIIpeccopa). Hactpoeunsie Bunts 16 u 11 TouHoil HacTpoii-
K ipubopa peryIupyloTcs B 3aBOACKUX YCIOBUSIX.

Jlnana3oH TeMmmepaTyp BBIKJTIOUEHUsl KOMIIpeccopa ITOCPEeACTBOM pelie
temnepatypbl TP-1-02 cocraBiger —20..—10 °C, anddepeniuan cocras-
aser 3-10 °C.

Peryasatopbt TeMmepaTypbl NPUMEHSIOT B MAJIBIX XOJOAMWNBHEIX yCTa-
HOBKAX JUIs1 peTyJIMPOBaHusl TEMIIEpPATYpHI BO3/yXa B OXJIax1aeMOM obbeMe
MyTeM BHIKJTIOUEHUSA U BKIIOYEHUSA KOMIIPECcopa XOJI0AMIbHON MaIHUHBI.
TepMo6as/ioH pacioaraloT B BO3/lyXe X0J0AUABHON KaMephl, KOpIyc pe-
TYJAATOPA TeMIIepaTyphl C PyYKaMU HacTPOHKH HaXOAUTCS BHE XOJOAMIIb-
HOH KaMepbl. '
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HepoctaTkoM pejie TeMIlepaTyphi MPSAMOTro PeryJupoBaHUs SBASETCH
Gosiblias TeIIoBast HHEPIMOHHOCTH MPUGOPA, CJIEICTBHEM Y€ro sIB/ISETCS He-
BO3MOXKHOCTH TOYHOTO TOA/IePKAHUA TeMIIEPATYpbl BO3/lyXa B OXJIaXKAae-
MoM oObeMe,

14.2.2. MNpubopbi KOCBEHHOIO PerynupoBaHus
TeMnepaTypsl Bo3gyxa 8 oxnaxaaeMom obneme

Pene remnepatypbi

DJeKTpoMeXaHHYeCKUe peJie TeMITepaTyphl, KOTOphIE pealu3yioT IPUHIHUI
KOCBEHHOTO PeryJupoBaHus TeMIlepaTyphbl BO31yXa B OXJIaXk/AaeMoM 00b-
eme, Hanpumep PTXO (puc. 14.10), T-110, TAM 133 (puc. 14.11) u ap.,
HMeIOT MeHblive rabapyuTHbIE pa3Mephl, YTO NO3BOJISIET UCTIONH30BATD UX B
KayecTBe PeryasAaTOpOB TeMIlepaTypsl B TOProBOM XOJIOAMJIBHOM 060pyao-
BaHuu (TAM 113) 4 B 6BITOBBIX X0I0AMIBHUKAX.,

OHM He UMeIOT TepMoDHaJIOHa, IOCKONBKY pearupyIoT He Ha TeMilepa-
TYPYy BO3[yXa, a Ha TEMIIEPATYPy KUMEHHS XOJOAHJIBHOIO areHTa B UClia-
pHTese XOJMOAWIbHON MaluHbl, koTopas Ha 10-22°C Huxke TeMnepaTyphi
Bo3yxa. B aToM cityuae kanu/uigpHas TpyOKa IpUcoeuHseTCs Helmocpe-
CTBEHHO K IOBEPXHOCTH ucniaputesist. YacTs AMTUHBI TPyOKH, IPHKPETUIeH-
HOIA K TIOBEPXHOCTH MCTIAPUTEIs, BBINONHSAET HYHKIHIO TepMObaIoHa.

TexHnyeckas XapakTepHCTHKA JaTUHKa-peJie TemiepaTypst Tuiia TAM 133
oTpakeHa B Tab. 14.1.

KoHcTpyxkuust 1 npuHIuN paGoTH MpUOOPOB NOAOGHOTO TUITA PACCMOT-
peHnl Ha mpuMepe paboThi pese Temneparypsl PTXO.

Pene temneparypsl PTXO npennazHaueHo 4151 obecriedeHus 0CTaHOBKM
U TIyCKa KOMIIpeccopa 1 [oJIyaBTOMaTHYeCKOIo OTTAUBAHHUS MHeS C TTIOBepX-
HocTH ucnapurens. [[py noBbllIeHNH TeMIIEPAaTYPLl TOBEPXHOCTH UCTIAPU-
Tess U KOHTaKTHPYIOIieil ¢ HUM KalWIApHOH TpyOKy JaBieHne XJaoHa

Tabnuuya 14.1
TexHuyecxan xapakrepucTnka
AaTymka-perie Temneparypsi Tuna TAM 133

Tun pene Jnanazon HaCTpoiikn Jnanazon
TeMnepaTyphl BbIK104ennst, °C auddepennnana, °C
TAM 133-1, TAM 133-2 (-22,5+2)..(-10£2) 35+13
TAM 133-3 (-30,0£ 1,5)...(-16 £ 2) 45+1
TAM 1334 (-19,5+ 1,5)...(-6,5+ 2) 5+1
TAM 133-5 (-25,5 % 1,5)...(-10,5 £ 2) 51
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Puc. 14.10
Pene veMnepatyput PTXO

1 — kanunnap, 2 — cunbdpon, 3 — poivar, 4, 22 — NPYXUHBL, 5 — NON3YH,
6 — AByxnneyHbI puluar, 7 — KHOMKa oTTameamus, 8 — pyuka HaGTPoiiki,
9, 14 — nepexuaHbie NpyxuHbl, 10, 12, 15, 19 — BUHTHI, 11, 18 — pbiuary,

13 — WwToK, 16 — KNemma, 17 — NOABUXHDBIA KOHTAKT, 20 — Kopnyc,
21 — ockb

TN
» o
»

IS

...........

17 16 15 1

Puc. 14.11
KoHcTpykuus AaTumka-pene remneparyput Tuna TAM 133
1 — TepMouyBCTBUTENLHAR cucTema; 2, 17 — poivary, 3 — kopnyc,
4, 15 — npyxuHbl, 5 — nonayn, 6 — raiixa, 7, 10, 14 — BUHT HACTPOIKN,
8 — xonopka, 9 — RONORAHNTENbLHLIE KOHTaKThl, 11 ~— OGHOBHLIE KOHTAKTHI,
12 — puwar, 13 — npyxuHa, 16 — ocb, 17 — poiuar
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B Tpy6Kke yseanynBaercsi. CHibGhoH pacinupsieTcs U CXKMMaeT OCHOBHYIO
HpY>KUHY 4 AByXIUIeyHbIM pbivaroM. [lepexusnas npyxuHa 9 MeHser mo-
JIo’keHue ¥ pbiyaroM 11 3aMbIKaeT s/IeKTpUYeCKHi KOHTaKT.

IIpu HaxkaTHu Ha KHONKY OTTauBaHUA KOHel| JABYXIUIEYHOTO pblyara
oIycKaeTcd BHU3 U lepebpachiBaeT npyxuHy 2. Poryar 11, noBopauuBasich
110 YacoBOH CTpeJIKe, ONMYyCKaeT IUTOK M Pa3MBIKAeT NOABHXKHOM KOHTAKT.
ITocne cpabaThiBaHNS MeXaHU3Ma NepeKIoYeHHS KOHTaKTOB Apyroe Ije-
40 pbiyara 6 ynupaeTcs B BUHT 19.

B npotiecce orTanBaHusA HHes NIpU ZOCTHKEHUH TemIleparyphl 412 °C
Ha MCMapuTele JaBJieHye B TEPMOYYBCTBUTEIbHOH CHCTEME YBEIMYNBACT-
s M CHAbhOH, TIPeo/IoJIeBast YCHIHe TIPYKUHBL 22, ¢ TOMOIIbI BUHTA 19 1
npyXuns! 9 nepebpachiBaeT ABYNXJIEYHBIi PhIYaT B HCXOXHOE MOJIOKEHHE,
3aMbIKasl aJieKTpudeckmii KoHTakT. KHonmka oTTauBaHMA 3aHUMaeT UCXOA-
HOE T0JIOKEHHe.

HUcnons3oBaHue NPpHOOPOB KOCBEHHOTO PeryJIMPOBaHUSA XOJIOAONPOU3-
BOJUTEILHOCTH C NMO3UMMU TPeOOBaHUIM K XpaHEHMIO NMPOILYKTOB MMeeT
onpe/ie/ieHHble IPEUMYLIECTBA Mepest 31eKTPOMeXaHHYeCKUMU IpuGopaMu
npsMoro perysupoBanus. [Ipu 6onsiioii aMmintyae Kojebanuii TeMmepa-
Typbl KMTIEHHA XONONMIBHOTO areHTa B MCTIApHTeJle aMILTUTY/a konebanuii
TeMIlepaTyphi 110 BO3yXy HecpaBHeHHO MeHbllle. Hanpumep, npyu aMmniu-
TyZe KosiebaHHii TeMIlepaTyphl KHITEeHUS XOJI0IbHOTO areHTa B HCIIapHTe-
Jie IOMAIHero XoJoAmIbHuKa «MuHck-2» B 25 °C aMiuuryaa xonebanuit
TeMHepaTyphl Bo3/yxa Ha paccrosguun 0,05 M OT MOBEPXHOCTH MCHADHTE-
7151 cocTaBaser MeHee 4 °C,

Pesne remneparypsi T-110, TAM 133 ucnonb3yior B 0fHOKaMepHBIX GbI-
TOBBIX KOMIIPECCHOHHBIX XOJIOANIbHUKAX.

B nomaliHux X0J0QMJIBHHKAX CTaporo oOpas3ua HUCIOJIb30BAJIOCh pelie
Temiieparypbl APT-2. [luana3on HacTpoiiky sToro npubopa fno Temmnepa-
Type pa3MbIKaH¥sI KOHTaKTOB cocrasisier —18,5...—7,5 °C. [uddepenunan
npu6Gopa, KOTOPHII oflpefiesisieT BeTNYMHY aMILIMTYABI KojiebaHus TeMiie-
paTypHi, HeperyaupyeMblii u cocrapisier B cpefneM 6—10 °C. 3o 3Hauur,
YTO KOMIIPecCOp XOJIOAUTIbHON MalllMHbl AP AaHHOH BelHuuHe Audde-
peHIfana BKJIIOYNTCSA NpU TeMAepaType Ha 6-10 °C Bhillle TeMaepaTyphl
Pa3MBIKaHHS JJIEKTPUYECKUX KOHTAKTOB peJie.

Pese Temneparypet T-110, TAM 133 1o cBoemMy GyHKIMOHANIBHOMY Ha-
3HaYeHHIo MPaKTUYeCcKU He OTJIMYaeTcs OT peJle TeMneparypu APT-2, oni-
HaKO ¥MeeT MeHbllie rabapUTHBIe pa3Mepbl, YTO TIO3BOJISIET BCTPAHBATh
npubop B orpaHuYeHHBIIT 06bEM TOProBOTro X0JI0HJIBHOTO 060pYAOBaHHUS.

CoBpemeHHOE XOAOAUIBHOE 000PYAOBaHHE KOMILIEKTYETCA B OCHOB-
HOM He MeXaHWYeCKHMW, a 3JIEKTPOHHBIMYU PEryJISTOpaMU TeMIepaTyphl.
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Puc. 14.12
OpHa 13 pasHOBUAHOCTEN NynbTa yrpaBneHus
XONOANNbHON BUTPUHBI «Super Dallas» utanbaHekoi dupmsl Arneg

Ha puc. 14.12 npencrasiied MyJnbT ynpaBieRus XOJOAUIbHOH BUTPHHBI
«Super Dallas» utanssuckoit Gpupmbl Arneg.

Ha nyzinte ycraHOB/IEHBI CleyIOIIHe 3eMeHThI: BHIKIIOYATE b CBETa,
BBIKJIIOYATEJ/Ib XOJIOAWIbHON MaIlIUHBI, PeryJsTop AJUTEJbHOCTH OTTanBa-
HHS, TEPMOCTAT TEMIePaTypHOIO Pe;KMMa B XOJOANIbHON BUTpHHE, HHAN-
KaTop TeMHepaTypHl BO3/lyXa B BATPUHE.

Crnepmyet 3aMeTUTh, YTO BHE 3aBUCUMOCTH OT TOTO, KaKasi UCIIOJIb3yeTcs
CHCTeMa peryJIMpoBaHus TeMIepaTypbl Bo3lyxa B XOJOANIBHOM 060pyno-
BaHHU, B OCHOBY PeryJHUPOBAHUS XOJIOAONPOU3BOAUTENBHOCTH XONOINAb-
HOI MaUIMHBI TOPIOBOFO XOJIOUIBHOTO 06OPYAOBAHMS TTOJIOXKEH MPHHILUI
OCTAHOBKHM M IIycKa KOMIIpeccopa. JTO 03HaYaeT, YTO NpH OrpaHNYeHHOM
KOJIMYECTBE TEXHHYECKUX CPe/ICTB aBTOMaTHYECKOTO PEryJIMPOBAHUS B CXe-
Me XOJIOAM/IBHOIN MalINHBI HeM36eXKHO U3MeHeHHe TeMITepaTyphl KHIeHHs
XOJIOANNBHOTO areHTa B HCHAapHTeNie U COOTBETCTBEHHO BO3/lyXa B OXJIaXAa-
emoM o6bheme. [1oCTOSHCTBO TeMnepaTypbl KMIeHHs XOJM0MIbHOTO areHTa
mpeffonaraeT Heo6XoAMMOCTh YCAOKHEHHs! CUCTEMBI PETyJIMPOBaHUA X0-
JIOZOTIPOU3BOAUTEIBHOCTH XOJOAUIBHON MalllHHb! (CM. CXeMY XOJOAHIIb-
HO#i MalIMHHI Ha puC. 14.14).

Pane pasnexns

TemnepaTypa KUOEHUS XOJOAUJIBHOIO areHTa OmpenenseTcs AaBjleHueM
kunenus. [TosToMy, peryaupys qaBaeHre KUTIEHHS, MOXKHO peryJIHpoBaTh
TeMIlepaTypy KWIeHUs, a BMecTe C Hell i TeMIIepaTypy BO3[yXa B OXJIax-
JaeMoM obpeMme.
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ITpu6opsl KOCBEHHOrO PETYJINPOBAHUS TEMIIEPATYPHI BO3/yXa 10 [aB-
JIEHHIO KUIIEHHS] HAa3bIBAIOTCS PETYJISITOPaMH [aBJIeH!s WU IIPOCTO peJie
JABJIEHUS. ‘

[u3aiiH ¥ HcnonHeHMe NPHOOPOB 3aBUCUT OT 3aBOAA-U3TOTOBUTEINS U
TeXHMYeCKUX TpeboBaHHUi K UX Mocieayoueii pabore. Hampumep, MaHo-
MeTpuueckoe pejte faaeHusa [JEM 102 npearasHaveHo A1 aBTOMATH3alUU
XOJIOANBHBIX YCTAHOBOK Ha CY/aX, XeJIe3HOAOPOXKHOM 1 aBTOMOGHIIbHOM
tpaHcnopre. JEM108 npegnasnaueHo 11 aBTOMATH3aL UK XOJIOAWIBHBIX
CHCTeM TPaHCIOPTHHIX KoHAUIMORepoB. JJTEM117 Brmonuser dyHxuuio
3allMTH ABTOMOOMIBHBIX KOHAULMOHEPOB OT IPeieIbHBIX HU3KOT0 ¥ BBICO-
Koro gassennii. [IEM 119 npennasnayeHo s peryInpoBaHys X0JI010HpO-
U3BOJIUTENBHOCTH KOMIIPECCOPOB XOJIOAMILHBIX MallIMH U IPYTHX CHCTEM.
Jlnst 3THX e Lesiedl KCHOMB3YIOT ABYXOMOUHBIE JATIYUKH-PeETIe JaBJIEHUS
Tuna J[2-11.

ITpocreitumii THN peryasTopa AaBjieHHS — OAHOOIOYHOE peJie HU3KOro
nasnenus P/{-1-02 (puc. 14.13).

Puc. 14.13
OpnHo6GnoyHoe pene HU3Koro pasnexus PA-1-02

1 — npyXuHsl, 2 — ynop poivara aguddeperHunana, 3 — puivar puddepeHumnana,
4, 16 — ocu, 5 — npyxuHa HacTpoiku auddeperHumana, 6 — wKana HaCTPOMKN
anddepenumnana, 7 — perynsitop andpdeperumana, 8 — wikana HaCTponikn
perynsropa BblKNioYeHNst KoMnpeccopa, 9 — BUHT HACTPONKU AnanasoHa,

10 — npyxwHa nepekuanas, 11 — sunka nepekioyeHus, 12 — pamka noaBUXHan
KOHTaKTHas, 13 — npyxuHa HacTPokv AnanasoHa, 14 — poivar yraosomn,

15 — BuHT, 17 — WITOK, 18 — cunbdoH, 19 — kOXyX cunshoHa
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Oco6eHHOCTD PeTyJIATOPOB aBJI€HUS COCTOUT B TOM, 4YTO OHH PacloJia-
raloTCs HeNoCcpeICTBEHHO Ha KOMITPeccope M MoACOeIUHSIOTCS K BCachiBa-
olell IMHUHN XOJIOANIbHON MalllMHBbI.

[1pu noBbillIeHHK AaBaeHRS KuneHus cunbdoH 18 (puc. 14.13) cxuma-
eTcs, WTOK 17 nepeMeniaeTcsa BBepX U YIJIOBOM pbluar 14 nopopaunBaeTcs
BOKPYT OCH 10 4aCOBOJi CTpeJiKe.

TIpu paboTe MexaHH3Ma peJie IPe00NeBAETCS CONPOTURIIEHHE IPYKHHBI
HacTpoikH jnana3oHa. CBOGOAHBIH KOHEIl FOPU3OHTANIBHON YaCcTH yIJIo-
BOTO pbIYara, JOHAS A0 BHICTYHA B OKHe phluara, HOAKIIOYaeT NPYKUHY Ha-
cTpoiiku auddepennuana. [Ipy AanbHellieM yBeJIHYEHHH KOHTPOIUPYEMO-
ro JaBleHUs XJaJareHTa yIJIoBOH pbluar peofosieBaeT ycuine NPy KUHbI
HACTPOMKY JMAaNa30Ha M ¢ TOMOUIbIO MEPEKUAHOMN MPYXKUHBI HOBOpauK-
BaeT NepeKJIIoYalolylo KOHTAaKThl BUJIKY. B MOMeHT, xorza och Npy>KUHEI
nepecekaer 0Ch BUJKH, KOHTAKTHAs paMKa pe3Ko NepebpachiBaeTcs U 3a-
MbIXaeT KOHTaKT. BepxHuil KOHel Npy:KHHBI [IAPHUPHO COeJNHEH C Bep-
THKJIbHOI YaCThIO YIJIOBOTO PbiYara, 2 HXKHMI — C YIIKOM MNepekJIioyalo-
1iefi BUWJIKH, KOTOpast yCUJIMeM 3ToH IIPY>KHHBI YAEP>KHBaeTCs] Ha HOKEBBIX
olopax MOABIKHON KOHTaKTHOMI paMKH.

Ilpu yMeHbIIeHMY KOHTPOJIMPYIONIEro AaBjieHUs XMafareH1 cHiIbpoH
pacTATHBaeTCs M NepeMeliaeT mTok BHU3. I1pu aToM noa neitctBueM npy-
sWH 5 ¥ 13 yrioBoil peiyar HOBOpauuBaeTcs] BOKPYT OCH [IPOTUB YacOBOM
CTpEJIKH, a peIYar 3 — BOKpYT OCH 110 YacoBoif ctperke. Koraa peryar 3 goii-
JeT [0 yNopa, AeficTBUe NPYKUHBI 5 Ha YrioBOi phIyar MpeKpaTUTCs, U
B ZajibHelileM poiyar GyzieT nepeMeniaThesi MOK AelicTBYEM NPYXKHHbI 13.
B MomenT, xoraa ocu npyxunb 10 u nepexiovaoieil BUJIKH COBOaAYT,
KOHTaKT Pe3KO Pa30MKHETCS.

CreneHs cxxaTHs IPY>KUHLI 13 onpezenser napjieHHe pa3MbIKaHWUS KOH-
TaKTa, a CTeleHb PaCTKEHHs IPYKUHB 5 — BeJUUuHY auddepeHuaia.
IIpyxwuna 13 cHabxeHa railkoil 1 BHHTOM HacTPOMKH, KOTOPHIi sIB/ISETCS
3a1aTYNKOM JaBJIeHHNA cpabaThiBaHHs. Y Ka3aTeib, 3aKpellIeHHbIA Ha raif-
Ke 3afiaTyMKa, TIOKa3bIBaeT Ha LIKase faBjeHue pa3Mblkanus. C NoMallbio-
BUHTA 7 OCYIIECTBIISIOT HacTpoiiky AugdepeHnnana, BeJJHIMHA KOTOPOTo
OTCUMTBIBAETCs yKasaTesleM 110 1ikaje 6.

B peanbHbIX YCIOBUAX IKCIIYATAIINN XOMORHABHON MaIHHB! KOMILTEKT
CpeNiCTB aBTOMATH3aUMH [IONOJIHSIOT PAAOM OPHOOPOB aBTOMATHKH, O]
JepXMBaOLINX IOCTOSIHHOE AaBNeHHe B UCTIapUTeie U KOH/ieHcaTope, Co-
37IA101UX YCAOBUSA /I HOPMaTIbHON pabOTHE KOMIpeccopa.

ITpu60opsl aBTOMATHKH MO3BOJISAIOT MOCPENCTBOM OXHOTO KOMIIPECCOPa
06Cy>KHBaTh OHY, ABe WJTH O0JTee eTMHUL TOPTOBOTO XOJORWIBHOTO 060py-
JOBaHMSI C pa3HBIMH TeMIlepaTypaM#¥ Bo3lyXa B HMX. CxeMa aBTOMaTH3a-
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Puc. 14.14
Cxema agToMaTN3aLMKU XONOANNBHOK YCTaHOBKM, paboTalouleil Ha ABe KaMepbl
C pa3HbiMu TemrnepartypaMn BO3iyxa 8 TOProsom xonogaunbLHOM o60pyaoBaHnmn
(+51n-20°C)

K — komnpeccop, A, B — sosayxooxnagutenu, C — komnpeccop, D — kongeHcartop,
TE — TepMoperynmpyiowmnii BeHTune, E — pecusep, DX — ¢puneTp-ocyluntens,
BM — BeHTunm, SGI — yxasartens notoka xmakoctu, EVR — coneHougHblii BeHTUb,
KP 61 — pene TemnepaTtypsl, KP 15 — pene gasneHus, MP — pene koHTpons
cmaakn, KVP — perynatop nocTosiHHOro Aasnexdnn B Bosayxooxnagurene, KVR —
perynsitTop NOCTOAHHOIO flasnexna KoxaeHcaumn, NRD — BeHTUNbL NOCTORHHOIO
nasneHus, KVL — perynsitop nasnexvs kaptepa komnpeccopa, NRV — perynatop
HanpasneHus notoka (o6paTHbiit knanaH), M — sreKkTpogsuratens BeHTUIRTOPA

MM XOJIOAMIBHOI MAIUMHB ¢ KOMIUIEKTOM NPUOOPOB aBTOMATUKH IIpel-
CTaBJIeHa Ha pUC. 14.14. ‘

Buemnnii Buz npubopos asToMatukH GupMbl Danfoss 1 MeCTO yCTaHOBKU
HX B CXeMe XOJIOZMIbHOM MallIMHbI OTPaXKeHbI B IIPUJIOKEHUH B Tabu. 14.1.

14.3. Cxema aBTOMaTM3aL 11 XONOANIBLHOK YCTAHOBKH,
paGoTaiowieii Ha aBe TemMneparypbl BO3AyXa,
C KOMNJIEKTOM CPeACTB aBTOMaTU3aLMK

Kpome npu6opoB, obecrieunBaomyx peryaupoBaHne TEMIEPaTypbl BO3AY-

Xa B oxJIaXIaeMOM O6'I>eM€, XO0JIoANJIbHAaA MallinHAa KOMILIEKTYeTCA NpU-
6opaMn aBTOMATUKH, KOTOPbIE obecneynBaoT HAaJJeXXKHOCTDb paGOTbI X0J10-
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IlPIJIbHOﬁ MaIlIMHBI ¥ TOYHOCTD NOAACPIKAHNA TIOCTOSTHHOM TeMIepaTypbl
BO3IyXa B OXJIaXJaeMOM obpeme.

HpI/I HC‘O6XOIII/IMOCTPI CpecTBa aBTOMAaTHKH ITO3BOJIAIOT 3KCILIyaTHPO-
BaTh XOJOAHUJIbHYIO MAalliIHHY C KOHACHCATOPOM, BbIHECEHHbIM HApYKYy, 3a
IpeeJabl 3AaHHA.

KommeHTapuii
K CXeme aBToMaTU3aLum

B npaxtuke akcnayaraumm XonoamnbLHoro o60pyAoBaHns ¢ OLHUM KOMNPeCcco-
POM, 06CNYXMBAIOWMM ABE XONOAMALHBIE KaMEepbl C pa3HBIMU TemMnepaTypaMu
BO3/yxa, BO3HUKAET Heob6X0ANMOCTS B OrpaHMHeHNN NOHMKEHUS TemnepaTypbl
KuneHus 8 sosgyxooxnagutene (B), paGoTalowem Ha «BoicoxoTemnepatyp-
Hylo» Kamepy (TeMnepaTypa +5°C).

B kaMepe ¢ BbICOKOM NOROXUTENBHOW TEMIEPaTYpPOoit HeA0NYCTUMO NOHUXKE-
HWe TemnepaTtypbl BO3AYyXa HVXe TeXHONOrM4ecku 3ajaHHoi. Kpome Toro,
NPY NOHWUXEHWN TeMnepaTypbl NOBEPXHOCTY BO3AYX0OOXNaanTens ysenmymsaet-
cA ycyliika NpoAayKTa, YTO Takke HefonycTUMO. INo3ToMy B CXeMe XONORUALHOM
MatumHbl NpefycMaTpuBaeTcs yecTaHoBKa BEHTUNS NMOCTORHHOFO AaBReHus!
(KVP), koTopbii nonepxvsaeT NOCTONHHOE AaBReHWe B BO3gyxoxiagutene.
Perynstop aasneHus kaptepa komnpeccopa (KVL0) sawmitaet anekrponsu-
raTesib KoMnpeccopa OT Neperpy3kun Npu Nycke XoNoanNLHON MalMHbLl unn
NPy pe3koM pocTe TennonpuUToKos B XOA0AWU/bHbIX KAMepax.

Y1066l X0N0AWNbHBIR areHT U3 Bo3ayxooxnaauTtens (B), B KoTopoM Aasnexune
XONOAMNBLHOIO areHTa Bhilue AaBAeHUS XONoAWNBHOIO areHTa B BO3AyXooxXna-
avitene (A), He nNepetekan 8 Bo3gyxooxnagutens (B), Ha Bbixoae U3 BO3Ayxo-
oxnaagutens (A) B komnpeccop yctaHas/imsaetca o6partHelil knanaH (NRV).

XonoaunbHblii areHT ua pecusepa (E) noctynaeT B ucnapmtens yepes GunsTp-
ocywurens (DX).

Pacxon xonoannbHOro areHTa, NPoXoasaulero Yepes ncnapuTesns UAv BO3fyxo-
oxnaauTeNns, PerynupyeTca npy nNoMoLm repMoperynvpylowerc seHting (TE).
Mpv ocTaHoBKe KOMNpeccopa noaaya XoNoauNbLHOro areHTa B ucnaputens U
BO3AYX0OXNaanTeNb NepeKpbIBaeTC CoNeHOUAHLIM knanaHom (EVR). 91o xe
NPOUCXOOMT Y NPU YaaNIeHn UHes C NOBEPXHOCTU MCNapuTens u Bo3gyxooxna-
avTens.

3afaHHoe faBneHne KOHASHCALNUW B KOHAeHCATOPe B 3SMMHWIA nepvoA obec-
neuyysaeTcsi yctaHoBkoi (KVR) Ha Bbixone 13 KonaeHcatopa. O6patHbiii kna-
naH (NRD) npepoTtepaiwaeT 3an1B «X0N0[HOTO» KOHAEHCATOPa XUAKUM Xna-
[LOHOM #3 «<Tenaoro» pecvsepa.

KoHTpOnb cMa3ku KoneH4YaToro Bana xomfpeccopa oCcylecTeNaeTcs npu no-
MOLWM pene KoHTpons cMma3ku (MP).

TeMnepaTtypa Bo3ayxa B XONOAWILHOM 060pyA0BaHUN NOANSPXVBABTCA NPU-
6opom NpaMOro perynnposaduas — pene remneparypbl (KP 61) nam npubo-
POM KOCBEHHOFO perynmposaHmsa ~— pene aasnexus (KP 15). Mpu ycraHoBke
0AHOBPEMEHHO ABYX NpnGopos pene AaBReHnA BbINOAHAST GYHKLMIO 3alUmTbl
Mo AABNEHMIO KOHAEHCAUMM (ANHUS BLICOKOFO BaBneHms) N QYHKUMIO KOHT-
ponsi (nMHUAa BcacbiBaHNA).

XOoMoAUABLHBIN areHT MOXeT APOCCETUPOBATHCA MPU HOMONY MeXaHH-
Yeckoro TepMoperyiupyioniero Bentuis (TPB) nau nocpenctBom anaio-
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TUYHBIX 3IeKTPOMEXaHHYeCKHX IPHOOPOB C 3JIEKTPOHHOI CHCTEMOI pery-
JIMPOBaHUA PacXxoa X0Jd0ujbHOro areHta (puc. 14.15).

Wnes, aanoxeHHasd B KOHCTPYKIHUIO 3JIeKTPOHHOTI'O BEHTUAS, COCTOUT B
peryJIMpoBaHUN pacxofla XOJIOJIHIbHOTO areHTa, MPOXOAsIIero Yepe3 BeH-
THUJIb B COOTBETCTBHM C U3MeHSAeMbIMH llapaMeTpaMM OXJIAKAAeMO CpPezibl U
€ YYETOM 33/IaHHBIX TapaMeTpoB Heperpesa, [Ipn6op paboTaeT B KOMILIEKTE
77

///// ///////7%//

Puc. 14.15
ANeKTPOHHBLIN BEHTUAL C PEBEPCUBHLIM 3NeKTpoasUratenem

1 — knanaH, 2 —anekTpoasurarens, 3 — kopnye,
4 — gybuaras nepepaua, 5 — cunbdon, 6 — cepno knanana

Puc. 14.16
Paametiienve TemnepaTypHoOro aar4mka

1— TemnepaTypHLuﬁ AaTYMK, 2 — aneKkTpUYeckue NPoBoAaa,
3 — Tpy6onposon, 4 — xoMyT
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C MEKPOTIPOLIECCOPOM, B KOTOPBIH 3aJ102keHa HEOOX0AMMAs IIporpaMma uc-
noJiHeHus KoMaHz. [leperpeB napoB Ha BBIXOJle M3 MCIIAPUTEJISI 3a1aeTCs
MO Pa3sHOCTH TeMOepaTyp Ha BXOfie U BBIXOJe NapoB U3 UCIapUTeNs UiIH
BO3YXOOXJIANTEIS.

Temnepatypusie faTuuky (puc. 14.16) ycraHaBanBaioTcs Ha Tpy6omnpo-
BOJIaX MPU BHIXOJie MAPOB U3 UCNIAPUTENT H Ha BXOJIE JKUAKOTO XOJIOAMIBHO-
ro areHTa B Hero. [IporpaMma niponieccopa yYHTHIBaeT TEMIIEPATYPY OXJIakK-
ZlaeMo# cpefibl.

HeznocTaTkoM 3/1eKTPOHHOTO BEHTHIIA € 371eKTPOMeXaHHUYECKHUM JBHXKe-
HHeM KJIalaHa ABAAETCA HCHOJb30BaHUE 37IeKTPOABUraTe s U 3yHuaroit
flepeiaud, KOTopas ZOJDKHA TOYHO 06ecreyuBaTh MUHUMAJbHEIE JTHHeH-
Hble TlepeMellleHns kianada 1 (puc. 14.13).

Boslee H3aniHo 3aj1aya peryIHPOBaHHS PacXo/la XOJOMH/IEHOTO areHTa
peliaeTcs B KOHCTPYKIIMH BeHTwA (puc. 14.17).

B BeHTHIE peanin30BaHa CBS3b MEXKAY II€PEerPeBOM NapoB, TapaMeTpaMu
OXJIaXKJaeMOH cpeJibl Y1 YacTOTOM BUOpaLMM cepieyHKa ¢ KJIaNaHOM, Ipo-
MYCKAIOIIHM XOJIOAUJIbHBINM areHT B UCHApHUTeNb WM BO3AYXO0XTaJIUTENb.
Perynsatopsl TeMIlepaTyphl CBA3aHI C TEMIIEPATYPHBIMH JaTUHKaMH (Tep-
MHCTOPaMH), yCTaHOBJIEHHBIMU Ha TIOBEPXHOCTH Hcnaputens (puc. 14.16).

Puc. 14.17
AnexTpoMarHUTHLIA BeHTUNL

1 — BbIxoaHoM NaTpy6oK, 2 — ceano, 3 — unsTp, 4 — BXOAHOMK NaTPyBOK,
5 — ynnorHuTenbHbIN knanaH, 6 — cepaeyHvk knanaHa, 7 — karylika,
8 — kpbilwKa



250 Paapen Ii. OcroBbi X0N0AUALHOMK TEXHUKY

HcnonsaoBaHue 9J1eKTPOHHBIX PErYJSTOPOB IIPeZiHONaraeT yCTaHOBKY
B XOJIOAMJIBHON MallIiHe JIOTHYECKOro yIpasJgiontero 6J0xka.

Cl10XHOCTb TEXHUYECKUX KOHCTPYKIIMH PeryJsTOPOB U 3J€KTPOHHBIX
JIOTHYeCKHX YCTPOMCTB B HacTosIee BpeMs OrpaHMYMBAET UX TPUMeHe-
HMe B TIPaKTHKe 3KCIIyaTallly XOJOAKIbHBIX MAIINH ¥ YCTaHOBOK.

14.4. Npu6opbl aBTOMaTHKM, 0Gecneuusaiowme
paboTy X0NOAMNBHLIX MALLIMH
BHE KOHTYpa 3AaHus

B X0J0AMIBHBIX ManIMHAX C BRIHECEHHBIM 3a Mpejiesibi KOHTYpa 3aHUA
KOHZEHCATOPOM BO3HMKaeT mpobiiema obecnieyeHus paGoOTOCIIOCOGHOCTH
xoJyoauAbHON MamuHel. IIpH HH3KO#H TeMnepaType HapyXHOTO BO3/yxa,
HIKe TEMIIEpaTyphbl BO3AYXa B OXJIaxIaeMoM 06beMe TOProBOI'o X0JI0IHJIb-
HOTO 060pYIOBaHKS, XONCAHIbHAad MallliHa HepaboTtocniocobua. [Ipu aTHx
YCIIOBHMSIX IOHMXKAETCS aBJieHHe X0M0JMIBHOTO areHTa B KOHAEHCATOpe U
yepe3 TPB B ucnapuTesb HOAAETCA HEJOCTATOUHOE KOJIMYECTBO XOJIOAM/Ih-
HOIO areHTa, Heo6XOAUMOrO ISl HOPMaJIbHOH paboThl XOMOAUILHON Ma-
U HBL.

Cpenv pasiMyHbIX cIOCOO0B, HCIOJIb3YEMBIX /IS PETyIMPOBaHUS AaB-
JIeHUs KOHJEHCAllUM IIPH HU3KOH TeMIIepaType Hapy»HOTO BO3AyXa, HIXKe
TeMOepaTyphl KMIeHUS XOJIOAMIBHOTO areHTa B HCIIapuTeie, IPUMEHSIOT
cnoco6, OCHOBAHHKI Ha PeryJIMpoBaHUH JaBJIeHHS XOJOANIBHOTO areHTa
Ha BBIXOJle U3 KOHIEHCATOPA.

B ocHoBY 3TOTr0 CHOCco6a MOJI0XKEHO YMeHbIIIEHHE MOBePXHOCTH Temnoo6-
MeHa KOHJIEHCATOpa 3a cyeT HOIbeMa B HEM YPOBHS XXUAKOCTH NPH yMeHb-
IIeHWH IaBIeHUs KOHleHCaluy (Koria NOHMXKaeTcs TeMIepaTypa HapyX-
HOTO BO3/IyXa WJIM YMEHbIIAEeTCs TeMI0Basl HArpy3Ka Ha MCHApHUTeNh WU
BO3ZYXOOXJIAAAUTEND).

YMeHbliieHHe TeT006MEHHOM MOBEPXHOCTH KOHAEHCATOPA MPUBOAUT
K YMeHBIIEHHIO XOJI00NPOU3BOAUTEILHOCTH KOH/EHCATOPa U TOBHIIIe-
HUIO aBJIeHUd KOHAEHCAallMN.

Jliist 310i e MOryT GBITh MCHOJIb30BAHHL MO0 TPEXXOXOBOIl pery-
nsiTop, HanpuMep SPORLAN OROA unu ALCO HEADMASTER cepun
HP, 1160 koMOUHAIMS U3 PEryJIUPYyeMOro JBYXXOJOBOTO PETyJIATOpa H
nnddepenanbioro kaanada, HanpuMep DANFOSS KVR u NRD unun
SPORLAN ORI u ORD.

Ha puc. 14.19, 14.21, 14.22 npexncraBieHo ycTpoiicTBo IpuGOpoB aBTo-
matuku SPORLAN (OROA, ORI, ORD).



Tnasa 14. ABTOMaTM3aLUS XONOANNBHLIX MALLUH W YCTAHOBOK 251

| 2 3 4

A

~H

Puc. 14.18
CxeMa KOHTPONS AasneHus npu noMoium perynatopa OROA

1 — komnpeccop, 2 — perynstop OROA, 3 — pecusep,
4 — KoHaeHcaTop
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Puc. 14.19
Perynatop gaBneHus OROA

1 — BuIXoA, Ha pecuBep, 5, 6 — naTpyOkun oT KOMNpeccopa, OT KoHAeHcaTopa
COOTBETCTBeHHO, 2 — meMOpaHa, 3, 7 — knanaHui, 4, 8 — ceana knanaHoB

Ha puc. 14.20 npeacraB/ieHa cxeMa NOAKNIOYeHUS K KOHAEHCATOPY NIPH-
6opoB ORI u ORD.

Peryastop ORI (puc. 14.21) ucnonssyer peryiupoBaHye 1aBjaeHud Ha
Bxogie <110 cebsi». Perynarop ORD (puc. 14.22) npeacrasasiet nuddepen-
HUaabHbI KJIanaH, KOTOPhI pearupyeT Ha pa3HOCTh AaBieHuil. Ero wc-
MOJIL3YIOT COBMeCTHO ¢ peryasitopom ORI

Perynstop OROA uMeeT TOCTOsSIHHBIE 3aBOJCKUe HacTpoliku. Koraa 1aB-
JieHHe KOH/IEHCAIIMH [TOHIKAeTCA [0 JaBjeHns HACTPOMKH, 3a/1epXKHBaeTCs
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Puc. 14.20
CxeMa KOHTpons gasneHnus npu nomowwm perynstopos ORI u ORD

1 — ypaBHUTenbHas NuHug, 2 — uchnapurens, 3 — pacnpegenutens
*xunaxocrty, 4 — TPB, 5 — cmoTpoBOe CTEKND, 6 — CONeHONAHLI BEHTUND,
7 — dunbTp-ocylwmnTens, 8 — pecusep, 9 — perynsitop ORI,

10 — perynsatop ORD, 11 — koHaeHcaTop, 12 — KoOMMpeccop

[
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Puc. 14.21

Perynatop nasnexHust ORI

1 — NpyXxuHa HacTpoiku, 2 — cnnbdoH, 3 — knanaH,
4 — cepfo knanaHa
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Puc. 14.22
Perynstop aaBnexus ORD

1 — knanaH, 2 — ce10 KjlanaHa, 3 — HanpaBRexne ABUXEHUS
xnapareHTa

TIOTOK XM/KOTO XOJONHIBHOTO areHTa B KonaeHcatope. [Ipu sToM moTok
TOpAYMX NAPOB, UAYLIUX B PECHBED, COXPAHSETCH.

KoHTposipyeMbiM raBieHueM siBIISETCS laB/ieHHe B PeCHBepe. Harpy6-
ku 1, 6 peryastopa OROA (puc. 14.19) pacnonoxeHbl Ha XXHAKOCTHOM
JINHUM MEKAY KOHIEHCAaTOPOM H PECHBEpPOM, NaTpy6oK 5 — Ha JIMHMH OT-
Gopa ropsiyNx Mapos.

14.5. CoBpeMeHHble TEHAEHUWU Ppa3BUTMS CPEACTB
aBTOMAaTU3aUUM XOJTOAUNbHLIX MaLUUH
TOProBOro X0N0AKNLHOI0 060PYA0BaHMS

B nponecce pa3BuTHA CPEACTB aBTOMATH3AIMHA XOJOAHIBHOI TEXHUKH BCe
GoJibiliee MPUMEHEHHE HOAYYAIOT MUKPOIIPOLIECCOPHBIE YIIPABASIONINE YCT-
poiicTBa H cucteMsl. VX ocCHOBHbIE IPeUMYIHECTBa: MHOTO(hYHKIIHOHAID-
HOCTB (peilieHHe € TTOMOIIIbIO OJTHOTO YCTPOUCTBA HECKOIbKUX 337124 ); HAJH-
Y€ TaMATH 1 BO3MOKHOCTD IPOrPAMMHUPOBaHNS paboTH! Ha oftpefie/ieHHbIH
OTpPe30K BpeMeHH; GhICTpast BU3yaJlH3allisl TEXHOJIOTHYECKHX [IapaMeTPOB
# ynobHoe (B TOM YHCJe M AHCTAHIHOHHOE) YIIpaBJeHIe UMH C TYJIbTa;
aBapHitHasa CUTHAJIM3AIs TIPH OTKJIOHEHHH OT HOPMAJIbHOTO peXHUMa pa-
6OTBI; CAMOAMArHOCTUKA HEUCIIPABHOCTEH ¥ XOPOHINe 3PTOHOMUYECKHUE U
MaccorabapuTHble okasaTesn. KpoMe Toro, Muxpornponeccop «bepexeTs
XOJOAU/IbHYIO MAIIHY, OrPaHHYHBAsA AHANA30H 33/1aBa€MBbIX 3KCILTyaTald-
OHHBIX MapPaMeTPOB, 3a Mpe/iesibl KOTOPOTO N0/Ib30BaTelb He MOXKET BHIATH
6e3 3HaHUA CIIELHATBHOTO 12POJIs, YCTAHOBJIEHHOTO Ha 3aBOJle-H3TOTOBUTe-
Jie, a TaKoKe T03BOJSET MOAK/IIOUUTD IOTONHUTENbHbIE BHEIIHUE YCTPOi-
CTBa — 3BYKOBYIO HJIM CBETOBYIO CHIHAJIU3aLIHIO, [EHTPAIbHBIH KOMAbIO-
Tep, IaTYUK BAAKHOCTH BO3AYXa U T. IL.

MaccoBoe poH3BOACTBO 3J1€MEHTHOM 6a3bl MmcponpoueccopOB pesxo
YAEMIEBUJIO UX M C/IEAJI0 OCTYIIHBIMH JI/Is1 MacCOBOTO TToTpeburens. Ox-
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Hako GPUPMbI, IPOMIBO/IAILVE CPECTBA AaBTOMATH3a1IMH, 4aCTO pa3pabaThi-
BaIOT JJIS1 HETO «CBOIi», a He THHOBOH MUKPOTIPoIeccop. ITO OGCTOATENb-
CTBO CYIIIeCTBEHHO Cy>aeT CIIeKTP B3a¥iMO3aMeHSIEMOCTH CPEACTR AaBTOMA-
THUKH.

14.5.1. TunuuHbie pyHKLMM MUKPONPOL,ECCOPA,
ynpasasiowero paboroil xonoAuNbHO#R
MOHO0GN04HOW MaLLUHLI ANg He6onbLwKx
XONOAUNbHbIX Kamep

IIporpaMmupyemble apaMeTpBI eJISITCSA Ha iB€ TPYIIbL: 3a0asaemble noftb-
3oeamenem (TOPTOBBIM NPETIPUSITHEM ) U 3a0asaembvie 3a800oM (IIyCKOHA-
Jaf0uHoi opranusanueit). .

K nepeoii zpynne oTHOCSTCA: TeMIIepaTypa B Kamepe 1 ee auddepeHman;
BpeMst MEXKy HHKIaMH OTTaHBaHHS, €0 MPOAOJIKHUTENbHOCTD U TEMIIEpa-
Typa OKOHYaHWs; 3ajiePXKKa BKIIOUEHNS BeHTHISITOPOB BO3AYX0O0XJIaf-
TeJsis OCJAe OTTaWBaHHs; BeIMYMHA HEeAONMYyCTHMBIX OTKJIOHEHH!N TeMie-
paTyphl B Kamepe OT 32aHHOTO 3HaueHHsi; TPOMEXYTOK BpeMeHH Iepef
CUTHAJIOM TPEBOTH O HEIOMYCTUMO MPOAOKUTENBHOCTH (3aTATMBAHHH)
OTTaWBaHNA N1 HE3aKPBITHIX ABEPSAX U HEKOTOPHIE AAp.

Ko smopoti zpynne oTHOCATCS TakHe apaMeTpsl, KaK AUANA30H 3a/JaHUS
TeMIiepaTyphl B KaMepe (HH3KO, CpeAiHe- WM BbICOKOTeMIlepaTypHbiii pe-
XKHM); 33/[ep>KKa BKJIIOYeHHUS KOMIIPeCCOpa NOCJIe fepe3anycka; 610KHpoB-
Ka [ToKa3aHUit AKcIlies BO BpeMs OTTaHBaHMS; M3MeHeH1e Napois U ApyTHe
napaMeTpsl, KOTOPble KO/DKEH N3MEHATD TOJIBKO CIEIIMATbHO O6yUeHHBI
TIePCOHA,

[TaHeny ynpaBieHHs TaKoH MamHHOM 0OBIYHO CHabXkeHa XHUIKOKPH-
CTAINIMYECKUM AMCIIIEEM U HECKOJIbKUMHU KHONKAMH, HaXKaTue KOTOPHIX B
Pa3NUYHBIX COYETAHHUAX MO3BOJAET KaK MPOU3BOAUTL NpoOrpaMMHUpPOBa-
HHe, TaK M OCYIECTBAATH OOBIYHbIE OMEPaui (BKIIOUEHHE CBETA B KaMe-
pe, IpUHYAUTENbHBIN 3aMIyCK PeXXMMa OTTaBaH !, BbIKJIIOYeHHE MAIIUHBI
UT.IL).

[Ipocreiimmm npubOpoM NoAOGHOrO THIA, BHUTOAHSIOUINM JHILb YaCTh
OTMeYeHHBIX PYHKIHI, ABnsieTcs HdpoBoil IPUOOP Ha MAKPOIPOLECCO-
pax EWPC 974, npestHa3HaueHHbIH A1 KOHTPOJIS NapaMeTpoB paboThl
OTAE/NbHBIX 3JIEMEHTOB XOJIOAUIBHON ycTaHoBKY (puc. 14.23).

OH HaxOZUT NPUMeHEHUE B CpefiHe- U HU3KOTeMNIepaTyPHAIX XOJIOANIb-
HBIX ycTaHOBKax. Ero oco6eHHOCTbIO sBasieTcs o0benuteH e B cebe Tpex
6JI0KOB, IpeiHAa3HAYEHHBIX AJIS1 pETYJINPOBAaHUs YCTPOUCTB XOJOAM/IbHON
YCTAaHOBKHU: KOMITPECCOPa, BEHTHIATOPOB BO3AYXCOXIAJUTENSA N CUCTEMBI
yZaneHus HHesl ¢ TOBEPXHOCTH BO3AYXO0OXJIa{UTESI.
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Puc. 14.23
KoHTponbHbIA Npubop ANs X0NoAusbHLIX YCTaRHOBOK
EWPC 974

XapakTepuctuka npubopa EWPC 974:

* pa3aMephl — 74 x 32 MM, Ii1y6uHa 67 MMm;

* KOMaHJBl — Bce Ha ()POHTAIBHOI NTaHeNH;
* paspenienne — +1 °C.

Hapsany ¢ ru6kum ynpasieHueMm G0MbII0e 3HaYEHHE UMEET ARTOMATH-
yecKas 3aluTa X0J0UIbHOTO 060pyAoBaHNs. B HacTosee BpeMs 11oMit-
MO TPaJHIIUOHHBIX aBTOMATHYECKIX BHIKIIouaTe iefi (3al{uTa OT KOPOTKO-
TO 3aMBIKAHHUA ), TEILIOBLIX pefie (3alUTa OT Neperpysku), peJie JaBaeHns
M KOHTPOJISI CMa3KH MPHMEHSIOTCS] HECKOJIbKO HOBBIX peliennil. K Hum ot-
HOCSTCS: pejie 3allNTHL OT 0OphIBa WU nepekoca (a3, 3aepXKKa BKJIIoYe-
HMSE KOMIIpeccopa Ha HeCKOJIbKO MUHYT 110cJIe KaXKIOTO €T0 MPHHYAUTe /b~
HOTO BBIKJIIOYEHHNA, MOHUTOPUHT HANPsKeHU MUTaHKA (T. €. MOCTOSIHHOE
€ro OTCJIeXKHBAaHHE).

TeHaeHnKeit IBASIETCS UCTTOTB30OBAHIE MHOTOMDYHKIIMOHAILHOH CHUCTe-
Mol 3amuTsl. HampuMep, yetpoiictBo INT 389 a1 samuTel as1ekTpoABUra-
Tesieil 6eccaTbHHKOBBIX KOMIIPECCOPOB, HCNOb3yeMoe H3BeCTHBIMHU (bup-
Mamu Bitzer, Dorin u Ap., BhioNHseT clefyiomine GYHKIUNA: KOHTPOIb
nponafaHus ¢as, KOHTPOJIb TEMIEPATYPH OOMOTOK CTAaTOPa 3/1eKTPOJBU-
raTess, 3a/lepXKka BKIIOYeHHs KoMIipeccopa (O MUH), KOHTPOJIb TeMIlepa-
Typbl HaTHeTaHHU Iapa.

MOHHTOp HaNpsKeHKs], yCTaHABINBAeMBIl B XOJOAUIbHbIe 6I0YHbIE Ma-
IHHBI GUPMBI Zanotti ¢ TepMETHYHBIMH KOMIIPECCOPaMH, MIO3BOJISIET BHICTa-
BUTH J0ITYCTHMOE OTKJIOHEHNE HAlpsDKEHNs MUTaHus B pefienax 12-20%
U MMOCTOSIHHO ero KOHTpojiHupoBaTh, KpoMe Toro, OH NMoOAaeT AMTaHHe Ha
MHKPOIpOIleccop, KOTOPhIH HapsAy ¢ GyHKIUSAMM yIIpaBieHUs apamer-
pamu nMeeT (PYHKIVIO BKJIIOYEeHHs aBapuifHOM cUrHajM3aluy MpH ocTa-
HOBKe KoMnpeccopa 6onee 10 pa3 B yac. XoTsl nogo6Hble yCTPOHCTBA U
HMeIOT JIOBOJIBHO BHICOKYIO CTOUMOCTD, OHH BC€ LIMpe NPUMEHSIOTCS IIPH
HCIOJb30BAaHNM JOPOTOCTOAIIEH 1 CJIOXKHON TeXHUKH.
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KoHTponkHuie Bonpoch:

1.

2.

3.

B yeM cyTh pexiMa caMOYCTaHOBJIEHHUS MapaMeTPOB XOJOAMIbHOMN
MallfHb?

Kakue napaMeTpsl NoAJIeXaT PeryITHPOBaHHIO B XOJTOAMIbHON Ma-
HInHe?

Kakoro cooTHOHIEHHE X0JI0A0NIPON3BOANTEIBHOCTENH KOMITPECcopa H
HcHapuTensi?

. UeMm oTiMuaeTcd MPUHIMN PETYJIHDPOBAHHUS TeMIlEPATYPHI Hocpen-

CTBOM TPHGOPOB NPSIMOTO M KOCBEHHOTO PeryJIHpOBaHus?

. Kakum obpasoM MoxHO obecrieyuts paboTy XoJ0AUTbHON MalIHHBI

TP TeMITepaTy pe KOHIEHCAHH HiXKe TeMIIEpPaTyphi BO3AYXa B OXJIaXK-
JaeMoM oObeMe?

. Kakue criocoGbi peryiupoBaHust X000 POH3BOAUTETBHOCTH X0J10-

AWJIbHOM MalIMHbI HCIOJIH3YIOT B TOPTOBOM XOJIOAUJIBHOM 060pyZ0-
BaHuUM?
B 4eM cocTosAT coBpeMeHHbIE TEHAEHIINY PA3BUTHS CPELCTB aBTOMA-
TH3aLMHN XOJIOAUAbHBIX MAlIMH TOPTOBOTO XOJOAUIBHOro o6opyao-
BaHug?



nasa 15

TOPrOBOE X0J100UNbHOE
ObOPYJOBAHUE

XonoannbHoe o6opynoBaHUe NPeANPUSTHIE TOPrOBJIH U OGIIECTBEHHOTO
NHUTaHKus obecreunBaeT KPaTKOCPOYHOE XPaHEHHE CPaBHUTENBHO HeGOJIb-
IIIUX 3aI1aCOB IIPOJYKTOB, HEOGXOAUMBIX IS GecriepeboiiHoil paboTsl npes-
TIPUATHSA, a TakXKe obecieyuBaeT UX JEMOHCTPAIHIO H PEAIM3aIHIO B TOP-
FOBOM 3aJIe.

3anac oxJiaXaeHHBIX 1 MOPOXXeHBIX IPOAYKTOB, 101y(habpHKaTOB U ro-
TOBHX 61071 (Ha 2-3 cyT. paboThbl) XpaHAT B HeGOBIIMX XOIOAUTbHbIX
KaMepax WIN XOJOIWIbHbIX MKadax.

Yucsro kaMep ¥ X BMECTHMOCTD B OCHOBHOM 3aBUCSIT OT THIIA NpeNpH-
SITUS1 ¥ €T TOBapoo6opoTta. OGLIYHO TAKHX KaMep HeCKOIbKO (2-5), M OHI
Pa3HOro TOBapHOTo HasHaYeHHs (11 XpaHeHH!s MsICa, ITUILH, PpHIObI, MoJy-
¢pabpuxaros, oBoieil, pyKTOB, raCTPOHOMHYECKNX NPOAYKTOB). Kamepbt
pacroJaraioT B Bufie 6J10Ka CKIaICKNX NoMellieHnil BOIN3H 3arpy304HOTo
MOMelieHHs] UIH TeXHOJOTHYECKHX LIeX0B NpeAnpHATHS 061IeCTBEHHOro
MHUTaHUA.

JlHeBHOU 3amac MPOJAYKTOB XPaHUTCS B CHENMAIbHBIX OXJIAXKAAEMBIX
€MKOCTSIX TOPrOBOTO XOJIOAAWILHOTO 060pyioBaHus. HacTb MPOAYKTOB BbI-
KJIa/[bIBaeTCS B BUTPUHAX [JIS IEMOHCTPALlHH U TIPOJAXKH.

15.1. Knaccupukaums Toprosoro
xonogunbHoro o6opyaoBaHus
Krnaccuduxauus Toprosoro XoJoguasHOro o60pyoBanus 6a3yupyeTcs Ha

tpebosanusix TOCT 23833-95 «Ob6opyaoBanue XoN0IUILHOE TOPIOBOE.
Oburne TexHuyecKHe YCIOBYS>.

Buumaunue! O6o3HaueHns v n¢poBble HHAEKCH pa3fiesioB, NpelCTaB-
JieHHble HUXKe, CTPOTrO COOTBETCTBYIOT 0603HaueHusM, TpUHATHIM B [OCT
23833-95, u He nomexxaT U3MeHeHHIO.

9-996
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3. KNTACCUDUKALIUS

3.1.060pynosaHue knaccuduumpyetcs
no cnepyicwyUM NnapamMmerpam
M KOHCTPYKTUBHLIM NPU3HaKaM:

a) no Temnepartype noneaHoro o6vema:

H(L) — HuskoTemnepaTtypHoe (He Boiwe —~18 °C), npeaHasHaueHHOe
DN XpaHeHWs!, AeMOHCTPauUN ¥ NPOoAaXy 3aMOPOXEHHBLIX NULLLEBbLIX
NpoAykTos;

C(M) — cpegHeTemnepartypHoe (o1 0 go 7 °C), npeaHasHa4eHHoe ANns
XpaHeHUs, JeMOHCTPauun U NPoAaXu OXAaXaeHHbLIX NULLeBLIX NPo-
LYKTOB;

C, — cpeareTemneparypHoe (B guanasoHe oT -6 ao 6 °C), npeaHas-
HayeHHoe ANS XpaHeHUs, ReMOHCTPaLWK U NPoAaxy NpeasapuTeNnb-
HO NOAMOPOXEHHbLIX U OXNaXAEHHbLIX 0COB0 CKOPONOPTAHLMXCH NKU-
LEeBbLIX NPOAYKTOB;

B(H) — BticokoTemneparypHoe (oT 1 ao 10 °C), npegHasHayeHHoe
ANA XpaHeHUR, IeMOHCTPAaLN 1 NPOAAXH HANUTKOB Y NULLIEBLIX NPO-
AYKTOB;

Ky — KoMEuHMpoBaHHOE 13 060PYA0BaHNA YKa3aHHBIX UCMONHEHWIA.

Mpumeyanue: [0 COMacoBaHuIo € NOTpeBUTENIEM MOXHO Bbifyckars 060py-
AoBaHne C APYrumi TeMNepaTypamMu nosesHoro obsema;

6) NO KOHCTPYKTMBHOMY UCMONHEHWIO:

B)

r

A

~

3 — 3akpbiToe, B KOTOPOM AOCTYN B NONE3HbLIM 06beM ocyLecTBAs-
eTCq Yepes NpPoeMbi gsepeit UNK CTBOPKU (KPbILLKU);

O — OTKpLITOE, B KOTOPOM AOCTYN B NOfe3HbLIA 06beM UK ero YacTb
OCYLLECTBINETCH Yepes OTKPLITLIA NPoeM;

NO HasHa4YeHuio:

Y — obopynosaHue, NpefHasHa4yeHHoOe 4NN XpaHeHUs, AeMOHCTPpa-
LUK 1 NPOAAXY OXNTAXLEHHBLIX (HeYNakoBaHHbIX) NNLWEeBLIX NPOAYKTOB;
Y, — TO Xe, HeYNaKoBaHHLIX MULLIEBLIX NPOAYKTOB;

[l — nemMoHCTpauuoHHoe, 0t KPaTKOBPEMEHHOIO XpaHeHUst U [eMOH-
cTpauun 1 NPoaaxmu oxlaxaeHHbIX (3aMOPOXEHHbIX) NULLeBLIX NPOo-
AYKTOB;

P — o6opynosanue ¢ aooxnaxaaiouleit (poMopaxusaiolleit) cnoco6-
HOCTbIO (060pYyAOBaHue, NpeHasHAYeHHOS NS XPaHeHUs, ReMOHCT-
paumn U NPoAAXMU NULLLEEBLIX NPOAYKTOB, B KOTOPOE MOXHO NoMeliaTh
npogykTLt 6e3 NpeaBapUTeNbLHOrO OXNAXAEHUS (3aMOPaXNBaHUS ).
no paameleHnio NUILEeBbIX NPOAYKTOB:

M — nono4Hoe (0AHO- ¥ MHOrORPYCHOE), B KOTOPOM NULLEsbIe NPOo-
AYKTbi pasMeLialoTcs Ha nonkax U AHe nonesHoro o6vema, NPoayKThHI
MOryT Takxe NoABeLUMBaTLCA Ha KpioKax;

K — koHTeliHepHoOe, B KOTOPOM NULLEBLIE NPOAYKTHI Pa3MeLlaloTcs B
KOHTeHepax;

NO PacNONOXEeHWIO XONOAVSILHOTO arperara:

1 — CO BCTPOEHHLIM XONOAUNBHLIM arperaToM, B KOTOPOM flocnes-
HUA pa3mellieH CHapyXw unn BHyTpy o6opyaosaHus;
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Q

2 —— ¢ BblHECEeHHbLIM XONOANNBHbIM arperaTtoM, B KOTOPOM rnocneaHui
pasmelleH BHe 060pYAOBaHNS.

Cxema ycnosHoro o6o3HaueHus
TOpProBoro xonoaunbHoro o6opyaosaHns (pexomeHayemoe)

XX X X X X X XX XX XX

1 2 3 4 5 6 7 8 9

1 — Bua o6opyaosanust (K — kamepa, Ll — wkad, B — sutpuna, N —
npunasok, C — cTorika u nx codyetaHus KB, CBu . n.);

2 — TeMnepaTypHOe ucnonHenue obopyaoBanus no 3.1;

3 — nasHaueHne o6opyaosarus 3.3 (TOALKO ANA YNAKoBaHHbIX NPO-
aykrToB — Y);

4 — paaMellieHHUe NULLeBbix NPoAYKToB 3.4 (TONLKO 4NN KOHTenHep-
Horo — K); -~

5 — Hanuuune pe3epBHON MOLLUHOCTU AN [OOXNAXAEHUS UM AOMO-
paxusaHus — P;

6 — xonoAnNbHLIN arperaT BolHeECEH BHe 060pyA0oBaHns — 2;
7 — nonesHuii o6bem, M3;

8 — neMoHCcTpaurMoHHan nNnowags NoONoK*, M3

9 — o603HaueHMe AOKyMeHTa.

* [lna neMoHcTpaumnoHHoro o6opyaoBaHms.

NMpwumep ycnosHoro o6o3HaveHUs KaMepbl-BUTPUHBLI cpeaHeTemnepa-
TYPHOW C [Mana3oHOM Temnepatyp oT -6 Ao +6 °C, ans ynakogaHHbIX NPO-
[YKTOB C KOHTEAHEPHOW 3arpy3Koi, C Pe3epBOM ANs JOOXTAXAEHU], CO
BCTPOEHHOWM XONOAUNLHON MaLWMHOM KaMepbl U BbiHeCeHHbIM XON0AWANb-
HbIM arperaToM BUTPWHGLI, C NONe3HbIM 06beMOM kaMepsbl 8,0 M3 u BUTpK-
Hbl 3,0 M3, C AEMOHCTPALUOHHOM NNoWAaAbIO BUTPUHLI 2,0 M2

KBC, YKP-2-8,0-3,0-2,0 Ty.

To Xe oAHOW KaMephl:

KC,YKP-8,0 TY.

To e nono4HoM Kamepbi:

XC YP-8,0TV.

To xe AN\ NPoAYKTOB 6ea ynakoBKw:
KC P-8,0 TY.

4.1. OcHoBHbLIMU NapaMeTpamMy 060pYyAOBaHUS ABAKIOTCH:

rioneaHblii o6bem, M3 (OM3);
BHYTpeHHuil 06bem, m? (am®);

oxflaxaaeMasn Nnotlanb NoJoK (ANs AeMOHCTPALMOHHOIO 06opyao-
BaHWA ABNAETCS rMaBHLIM NAPaMeTPOM), M2

TeMnepatypa noneaHoro obvema, °C;

notpe6GneHne aneKTpoaHeprun 3a CyTKM (Npu CpeaHnX 3HaYeHUAX TeM-
neparypst OKpyXaloiiero sosayxa v nonesxworo o6bema), kBry;
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+ raGapuTHbie pasmepb (AnnHa, mybuHa, BoicoTa), MM;

+ pasamepbi Npoema BUTPUHLI B NIOCKOCTU NUHWM 3arpy3ku (ans o6opy-
LOBaHUR, UMEIoWLee BUTPUHY), M2,

MMpumMevaHus:

1. MonesHuiii 06bem 06opyR0BaHU — 00LEM, OrPaHNYEHHLIA NMHUIMK 3a-
rPY3Kkn (rpannuLamMn 3arpyaku) u npenHaHaqyeHHbI 419 pasmeLeHvst B HeM
nuueBLIX NPOLYKTOB 1PK TEMIeparTypax, ykasaHHbIx pavee.,

2. BHyTpeHHuii o6bem oGopyRoBaHus:

* 419 3aKPLITOro 060pyA0BaHUS — OObEM, OrpaHNYeHHbIA BHYTDEHHN-
MM NOBEPXHOCTAMYM TENION30NMPOBaHHOM KOHCTPYKUMM, ABepeil cTBo-
POKAT. A4.;

Q19 OTKPLITOro 0BOPYA0BaHUA — OBLEM, OrpaHNiEHHbIR BHYTPDEHHN-
MM NIOBEPXHOCTAMMN TEI1/ION30IMPOBAaHHON KOHCTPYKUMN W NIOCKO-
CTbIO OTKPLITOrO Npoema.

4.3 HoMuHanbHbIMMN YCTAHOBOYHBIMU (MOHTAXHBIMY)
napametpamMu o6opyaosaHus ABNKIOTCS:
> pOA TOKa;
+ Hanpsixexuve, B;
* yacToTa, 'y;

+ yCTRHOBNEeHHasi CyMMapHaa MOLLHOCTb BCeX aHepronorpebutenei,
kBT;

= pacxof Bogul (anst 060pyn0BaHUs C BOASIHBIM OX1aXAeHNEM KOHAEH -
catopa), M%/c.

B TeXHONOTHYECKOM MPaKTHKe KIaccUKAUMIO TOPTOBOTO XONOAMIb-
Horo obopyaosanusi, npuHaTyI0 o FOCT 23833-95, aononusiot obsactyio
puUMeHeHust aToro obopynosanus. Ero noapasaensior Ha XoXoquabHOE
o6opynopaHue, HCNIOAb3yeMOe B OOLIECTBEHHOM NMUTaHHM U B TOPTOBJIE.
JT0 Aenenue ycnosHo, HexoTophblie TUITH XOMOAUNBHOTO 060PYAOBAHMUA,
HaTlpUMep XOJOAMIbHbIE HKadbl, PaBHbIM 06Pa3oM MOTYT UCIIOJIb30BaTh-
csi B 00O1eCTBEHHOM TUTaHWHU ¥ B TOPrOBJE.

Xonodunsroe obopydosatiue, ucnonv3yemoe 8 obuecmeeHnom nUManuy,
CBSI3BIBAIOT CO CTPYKTYPHBIMH MOAPA3/ieIeHUsIMY IPEANPUSATHSA, B KOTO-
POM 3T0 060pYIOBaHHE MOXET ObITh HCIIOJIB30BaHO.

Xonodunvoe o6opydosarnue pecmopanos BKIIOYAET B cebs:

* GapHoe xonoaubHoe o6opynoBaHKe (COKOOXTUTENH, FPAaHUTOPH,

JIbAOTEHEPATOPHE, hpH3epbl MATKOTO MOPOXKEHOTO);

* CepBHPOBOYHOE XOJIOIHIbHOE 060PYI0BaH e (OXJIaXKAaeMbie BUTPH-
HbI, BKJIIOYasi IePEABYKHbIE OXJIaXKIaeMble BUTPHHBI, OXJIaX/AaeMble
6ydeTsl, ppIOHbIE NTPHIABKH U T. 1.);

* XoJoAMIbHOEe 060pyfoBaHue MKadHOTO THIA [l XPaHEHHS BHH U
KOHAMTEPCKUX U3/IeHil;
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* KYXOHHOE XOJOAHJIbHOE 0GOpYAOBaHHE ~ CTOJIbI C OXJIAXKAAEMBIMH H
MOPO3UJIBHBIMY MIKadaMu, HIKapbi MOPO3MIbHbIE, ITKadbl UHTEHCHB-
HOMH (110KOBOI1) 3aMOPO3KH.

Xonodunsoe 06opydosanue npooo8OTLCMBEHHHIX MA2A3UH0E BKITIOYAET:

* X0JIOAUJbHBIE IPHAABKU CO BCTPOEHHBIMH M BHIHOCHBIMH XOJIOUJIb-
HBIMHY arperatamy,

* TOpPKH CO BCTPOEHHBIMM Y BBIHOCHBIMH XOJOAN/IBHBIMH arperataMy;

* GOHETBI CO BCTPOEHHBLIMH ¥ BHIHOCHBIMH XOJIOMIWbHEIMHU arperaTaMu;

* XOJoxujbHble IKadH cpelHeTeMIIepaTypHble, MOPO3UJIbHbIE, KOHIH-
TepcKue;

¢ Jlapd MOPO3HJIbHBIE;

* KaMephl XOJOU/IbHbIE,

Hapsdy ¢ npedcmaenennoii eviue xraccugpuxaiueti ACHONB3YETCS YIpo-
1eHHas1 ¥ 60J1ee ynorpeGuTebHAs Ha MpaKTHKe Kiaccudukarist. Xol1oaub-
Hoe 06opy/ioBaHHe OBIIECTBEHHOTO MUTAHHUS U TOPTOBJIHN PACCMATPHUBAIOT
KaK X0JIOAMIbHOE 060pyA0BaHMeE 061Ier0 HazHayeHUs U TEXHOIOIMIeCKoe
xosioguabHOe obopynoBanue. B aToM ciyuae TexHosornyeckuit npoiecc
paccMaTpHBaIOT He KaK MpoliecC MPUTOTOBIeHHS NTUINY, a KaK COCTaBHYIO
YacTh Mpoliecca MPON3BOACTBA M peanu3anuu nuuy. IIpH aTHX ycnoBusx,
HanpyMep, BUTPHHBI X0JOAMJIbHEIE HaCTOIbHbIE A5 OydeToB MOTYT pac-
CMaTpUBAThCS KaK 371eMeHTHI poliecca IEMOHCTPaliHK M IPOA’KH TOBapa.

B cooTBeTcTBUM € 3T0# KIaccHpUKaiMe HacTONbHbIE BATPUHBI MOXKHO
OTHECTH K TEXHOJIOTHYECKOMY XOJNORUNbHOMY 060pPYyAOBaHHIO.

15.2. XonoaunbHoe 060pynoBaHve npesnpusTHil
06LL8CTBEHHOr0 NUTaHUA

15.2.1. CepeupoBoyHoe@ 060pyA0BaHKe ANa pecTopaHos
LLIBeackue cronml

HIBeackue cTONBI ABASIOTCS ONHOM U3 COBpeMEeHHBIX popM 0OCHyx1Ba-
HUs noceruTeNel pectopaHoB. KOHCTPYKIIMM MIBeICKUX CTOJIOB BHITOJIHS-
10T HepeBUXKHBIMH, YTO TO3BOJISIET KOMINIEKTOBATb CTOJIbI B JIMHUIO MU
PACCTaBIATh UX OTAEJbHO B COOTBETCTBHM CO cnelnukoil obcaykuBa-
HUSA U TpeGoBaHUAMU An3aiiHa. BoinoikeHHbIe MPOAYKTH OXAaMKAAOTCH.
OxnaxaeHue NPOAYKTa, KaK IPaBHJIO, JOCTUTAETCS ero KOHTaKTOM C IJI0C-
KOCTBIO CTOJIa, BASIIONIENCsS MOBEPXHOCTHIO McnapuTens (puc. 15.1).

Oxnax/1eHne NPOAYKTOB JONOMHSIETCA KOHBEKTHBHBIM IBHKeHeM BO3-
nyxa.



262 Paspen tl. OcHOBLI XONOANNLHOMK TEXHUKH

Puc. 15.1
CucTema LBeaCKUX oxnaxnaemeix cTonos (Uranus)

Puc. 15.2 Puc. 15.3
Wsenckuit cton «Isola» (U tanua) LWBenckuin cton «Oasi» (UTanusa)

Puc. 15.4
Pui6Huitt npunasok «Fish» co BCTpoeHHbIM nbaoreHepatopom (Utanus)

1lIBeackue cTOJMbI MOTYT UMETh CTEKJISIHHBINA KOJINAaK, KOTOPbIH 3aKpHI-
BaeT MPOAYKTHI ISl Npe/IoTBpallleHUs UX BRICHIXaHus (puc. 15.2).

Konnak MoxeT 6BITh TeJIECKOMUYECKUM, a TIOIXOX K NPOAYKTY obecIte-
YeH €O BCeX CTOpoH (puc. 15.3).

TemmnepaTypa BO3yXa Ha YPOBHE POJAYKTa BO BCEX CTOJIaX COCTaB/ageT
+4..+10°C.
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Jins 1eMOHCTPAIIM MOPCKUX NMPOAYKTOB BHINYCKaeTCs pblOHBle MpH-
naBky THNa npunaBka «Fishs, IIpunaBox KOMIJIEKTYeTCS BCTPOEHHBIM
JboreHepaTopoM (puc. 15.4).

Oxnaxpaemue BUTPUHLI

JInHNA caMOO6CAYKUBaHKsI BKIIIOYAET TPYIIILY XOJI0AHAbHBIX BUTpUH. Ha-
npumep, 1uHus «Orizonts, npencraBiaeHHas Ha pyc. 15.5, ykoMniekToBa-
Ha TpeMs XOJIOAUJIbHBIMH BHTPHHAMH, PACCYMTAaHHLIMHM Ha TeMIIEpaTypy
+4..+10 °C.

ITa ke JUHUS MOXKET OhITh YKOMIIJIEKTOBAaHA HU3KOTeMIePaTypPHBIMHU
putpuHaMi (—18...+5 °C). BUTpHHB KOMIUIEKTYIOTCS OTKMAHBIMU MM pa3-
IBHKHRIMM [ BepliaMH.

B xoMIIeKT BUTPHH MOXKET BXOAHUTb HeOXJaxaeMas (HelTpaiabHas)
BUTPHMHA M BHTPHHa C IIOJIOTPEBOM NPOIYKTa C TEMIlepaTypo#l BosjyXa
+35..+70°C.

NepepBsuxHbIE OXNEXAAEMbIE BUTPUHbI

Burpusnl (puc. 15.6, 15.7) uMel0T KOJNAKH 7Sl 3aIUTHI IPOXYKTOB OT
BbichIXaHus. TeMmieparypa Bo3yxa B BUTpUHaxX +4..+10 °C.

JLn1s1 ppiGBL M MOPENIPOAYKTOB MOXKeT ObITb HCTIOIb30BaHa NepeABHKHAS
X0Jlo[i/IbHast BUTpUHa «Lagunas (puc. 15.7).

Puc. 15.5
Oxnaxaaemble BUTPUHBI

Puc. 15.6 Puc. 15.7
MepeasuxHan oxnaxpaemas MNepensuxHas oxnaxapaemas
BuTpuHa «Carrellino 10» (Utanus) BuTpUHa «Laguna» (Utanns)
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XpaHeHHe NPOAYKTa B BUTPUHE OCYHIECTBJIAETCA BO Jibay. JlONOIHH-
TeJBHBIM UCTOUHHKOM XO0JI0/Ia SIBJASIETCS XONOANIbHAsh Malll{Ha, YCTaHOB-
JIeHHas B HUXKHeH 4YaCTH BUTPUHEL.

Temnepatypa Bo3ayxa B BuTpHue —1...0 °C.

Oxnaxaaembie GypeTbi

Byderst npenMyinecTBeHHO NIpeiHa3HaueHBI IS XPaHEHHUS U JIEMOHCTpa-
IIMY KOHAUTEPCKUX, TaCTPOHOMHYECKUX U3flenHil ¥ BUHa (puc. 15.8, 15.9).

KoncrpykrusHoe orinyue 6ydheToB kpoMe Anu3aitHa 1 rabapUTHBIX pa3-
MEpOB COCTOUT B Habope eMKoCTe#l /Uil pa3MellleHHsl IIOCYABI, CTOJIOBBIX
npubOpPOB U T. A,

Temmnepatypa X0JIOAMABHOrO XpaHeHHs NPoAYKTOB B OydeTax cocTtas-
aset +4...+10 °C.

Likace! BUHHLIG, KOHAUTBPCKME

Bunnvie wxags ABATIOTCA NpeKpacHbIM (PYHKIHMOHATBHEIM YKpalleHHEM
soboro pecropaHa, 6apa, cynepMapkerta (puc. 15.10, 15.11).

Onu MoryT 6BITH pa3Horo oGbeMa, [{BETOBOH raMMbE M (PaKTyPHOTO HC-
nosHeHus. Konnuecto 6yToiiok B mkady 3aBUCHT OT rabapUTHBIX pas-
MepoB 1Kada U cnocoba pasMeinieHis 6y THIAOK.

IUTHBIE MOJie/H 11Ka¢ OB BHITOMTHAIOTCS M3 HaTYyPaIbHOTO iepeBa pa3-
JIUYHBIX OTTEHKOB,

B yactHOcTH, MOzenb «Enotec 340> (puc. 15.10) BrnosHeHa U3 MeTas-
na. BeptukanbHoe pacnonoxenune GyThHUIOK Ha 3 IMOJIKaX.

JlBmKeHHe BO3QyXa B XONOAWIbHOM Wikady — KOHBEKTHBHOe. JTO
obecneunBaeT CBOI TeMNepPaTyPHLIH pexXUM Ha KOKIOH mosake (A4 pas-
HBIX BUH — pa3Hasl TeMIepaTypa).

TpexcropoHHee ocTek/1eHHE BHIUTPHIIIHO IEMOHCTPHPYET aCCOPTUMEHT
suH. [llkads ocxaniaioTca npu6opaMu aBTOMATHYECKOTO YIaeHHs NHes
C MTOBEPXHOCTH UCIAPHUTEJI.

Pacnonoxenne GYTBUIOK B XOMOAUIbHOM LIKady MOXeT GbITh HAKJIOH-
HbIM (puc. 15.11). ITo pasmentenue 6osee yAoOHO AMIsl OKymaTess, NO-
CKOJIbKY ObecTiequBaeT Jy4iinii 0630p BUH.

BrkeHHe BO3AyXa B XOJOAHIBHBIX IKadaX MOXKeT OBITb KOHBEKTHB-
HbIM 1 puHyauTeAbHMM. [TIkadbr 06eceynBaoTCs CHCTEMOIT aBTOMATH-
YECKOrO YyJaJeH!s UHes C TOBEPXHOCTH HCHapHTeJIs.

Konodumepcxue wxagv: npeqHasHaYeHbI IS neMOHCTpaunn KOHAMTEp-
cKkuX uagenuit (puc. 15.12).

s aTHX neneii mkagbt 06eceyUBaIOTCS MIHPOKUM OCTEKJIEHHEM U [OJ1-
cBeTKo# ToBapa. Biaronaps opuruHanbHOMY AU3aiHY, OCTEKJIEHHIO M BHYT-
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Puc. 15.8 Puc. 15.9
XonoaunbHelii 6ydet XonoaunbHbi 6ydert
«Buffet» (UTanunsa) «Monterrey» (UTanua)

Puc. 15.10 Puc. 15.11
XonoannbHbiit wikad XonoaunbHbivi wikad
«Enotec 340» (Utanus) «Bodega 800» (UTanus)

Puc. 15.12 Puc. 15.13
XonoaunbHeilt Likadp XonogunbHsili wixad
«Snele 350R/600R» (UTanna) «Kubo 530GBT-G» (UTanus)
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peHHell TOAICBETKe MOJie I KOHANTEPCKUX XOMOAUTBHBIX IKadoB He TOb-
KO MOAXOAAT Sl IEMOHCTPAlMM KOHAUTEPCKHX U3AENHii, HO U yA0GHBI
AJs BbI60Opa TOBapa MOKyNaTes M.

" Paj mopeJieil HMeeT BpalialoNIMecs NONKH, KOTOPbie 06eceynBaloT Xo-
pounii 0630p BHICTAB/IEHHOIO TOBApa, [IPUBJIEKAs] BHUMaHIe MoKy naTeei
K BHICTaBJIEHHEIM TOBapaM.

TemnepaTypa Bo3yXa B KOHIHTEPCKUX XOJIOAWIbHBIX MKacax noazep-
XKHBaeTca Ha ypoBHe +5...+10 °C. B Hu3KOTeMIepaTypHHIX XOJMO{UIbHBIX
mwkacgax TeMnepaTypa noanepxuBaercd Ha ypopte —18...—5 °C.

KoM6uH1poBaHHbie KOHAUTEPCKUe IIKadbl UMEIOT BHICOKOTEMIIEPATYP-
Hoe oTAeneHne (Temneparypa +2..+10 °C) u Hu3KoTeMneparypHoe (TeM-
neparypa —18...-5 °C) (puc. 15.13).

15.2.2. O6opynosaHue ansa kage, 6ucrpo,
npeanpuaTwii pacr-pya

OxnakiaeMBbie HAaCTONbHbIE BUTPHHBI MPeHA3HAYEHB I XPaHeHHUs U fie-
MOHCTpaLlHH NTHPOXKHBIX, COHABMYEH, calaToB ¥ JIOObIX APYTHX 3aKyCOK,
TpeGYIONNX OXJIaXKAeHUS. BUTPHHDBI OCHAIIAIOTCS FACTPOEMKOCTAMH, TIOJ-
cBeTKoi. TeMnepaTypa Bo3Zyxa NOAZEePKUBAETCS TEPMOCTATOM B JlHAala-
30He +4...+8 °C (puc. 15.14).

ButpuHBI JI€TKO pa3MeLIaOTCs Ha NpUaaBKe UIN GapHOI cTolike.

Oxstax/eHre NPOAYyKTa 06ecneynBaeTcs KOHTAKTOM racTPOEMKOCTH ¢
NOBEPXHOCTBIO HcapuTess. X0M10J0NPOU3BOLUTENBHOCTD XOMO[UIBHOTO
arperata cocrapaseT 250 Br.

15.2.3. bapHoe o6opypoBaHue
Cokooxnagurenu

Coxooxnagurens {puc. 13.15) cocTouT U3 Tpex oxXJIakJaeMbIX eMKOCTeH,
PACTIOJIOKEHHBIX CBEPXY XONOAUIbHON MalIMHbL.

Puc. 15.14
HacTonbHan xonoaunbHan BUTpUHA
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Puc. 15.15 Puc. 15.16
Cokooxnaputenb «Luke 3 x 6» MpanuTop «Faby 2»

" Temnepatypa coka peryJIMpyeTcsl TEpMOCTaTOM XOJIOAMIbHOM MaIIHBL
B MHTepBase TeMiepaTyp +2..+8 °C/

Kopnyc cokooxianutesnsi BBIOJHEH U3 HepxkKaBeloleit cTaau ¢ yaapo-
MPOYHBIMHY TLIaCTUKOBBIMHU BeTapkaMu. g 6bicTpoil H yAO6HOH YUCTKH
COKOOXJTaRHUTEs] €r0 eMKOCTH BHITIOJIHEHH CheMHBIMH, OQ6beM Kax ol eM-
KxocTu coxooxnanutens «Luke 3 x 6» cocrasausier 6 .

Bpaiaoiuuecs 1onaTky AJs NepeMelnBaHus COKa NpeNnsTCTBYIOT 006-
Pa30BaHUIO MEHbL.

['paHuTOpbI

B rpanurtopax (puc. 15.16) HanuTKU 3aMOPaKUBAIOTCSA 10 KOHCHCTERIUH
«MOKporo cHeTas. llonyueHusiit GpyKkTOBBIl AecepT NPeKpPacHO yTOJAeT
KaX Iy U MOAXOINUT AJIs IPUTOTOBJIEHUS KOKTeH e

I'paHKTOp MOXKET HCIIOJIB30BATECS B KauecTBe cokooxaautens. Ilpea-
YCMOTPEH PeXHM XpaHeHHs IPOAYKIHH B HepabouHe YacHl.

Kopnyc annmapara Bbino/iHAeTCA U3 HepKaBelollel cTalu ¢ yAaponpoy-
HBIMY [LTACTUKOBBIMHK BCTaBKaMH. EMKoCTH rpaHuTOpa ABJSIOTCA CheM-
HbiMu. OGbeM ka0l emkocTy rpanuTopa «Faby 2» cocrasaser 10 1.

15.2.4. XonoaunsHoe KyxoHHoe 06opyaoBaHune
Cronwbl ¢ oxnaxgaembimy WKadamu

Crosbl ¢ OXA2KAA0IHUMHE 06bEMaMH HCNOIb3YIOTCS OXHOBPEMEHHO KaK
pabouue MOBEPXHOCTH M KaK XOJIOU/IbHbIEe UJTH MOPO3UJbHEIE MIKadbl.
Kouctpykunu imkagos BecbMa pasnoobpaansl. Ha puc. 15.17 npeacras-
JieH OfIH U3 HUX. '
CTO/IBI MOTYT YCTaHABIHBATHCS B €[IMHYIO JIUHUIO C TEMIOBBIM 060py-
JOBaHHUEM, TaK KaK MMeIOT JI0CTaTOYHO 3((peKTUBHYIO TENON3O0JIALHIO 11
JIOKaJIM3aIlMH TeTJIONPUTOKOB.
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BHelmHYe MOBEPXHOCTH CTOJIOB U3TOTABIMBAIOT M3 HepikaBeloleii cTa-
JIM, BHYTPEHHME MOBEPXHOCTH — Y3 IJIACTHKA WIH HepXaBelolliell cTanm.

JlocTyn K X0J0ANIBHOMY arperaty He BhI3bIBaeT 3aTpyAHeHH, 4o 06-
JIETYaeT ero o6CayKUBaHHe.

TeMnepaTypa Bo3yXa B o6beMe Mmikada € MOJI0XKUTETbHBIMY TEMIIepa-
TypaMu cocTaBisgeT +5...+8 °C. CTonbl ¢ MOPO3HIBHBIMY IIKadaMu MOA-
JepXKHBaIOT TeMIrepaTypy Bosxyxa —25..-8 °C.

Ikagut x0NoAWILHBIG, MOPO3UNLHLIG,
KOMEBUHMpOBAHHDIE

Xosonunbusie (puc. 15.18) ¥ MoposmabHble mKadb! (B TOM uncie A
cBexxell poIObi M Msica) BBIMYCKAIOT MOAY/IbHBIM oGbeMoM 400, 600, 650,
1400 5. Pasnuunble koMbuHanyMy cexuuii B mkadax ogHoro o6beMa mno-
3BOJIAIOT BHIOPATh ONTUMAJIBbHBIN BapHaHT 1Kada.

B coBpeMeHHbIX X0MOAMIBHBIX LIKadax TeMIlepaTypa 4 OTHOCUTEAbHAs
BIAXKHOCTD, KaK paBujio, perynupylorcs. Ilxads nperMymecTBeHHO BbI-
NOAHSAIOTCS M3 Hep:KaBelollell CTalH, HOXKKH PeryJupyloTcs Io BbICOTe,
JBEPLbI 3aKPBIBAIOTCH Ha KJI0Y.

BHyTpeHHMe MOBepXHOCTH MOTYT OBITh BHITOJHEHH KaK M3 IHUILEBOro
NUIACTHKA, TAK 1 U3 Hep:KaBelolieil cTaau.

KoHcTpykiiug S1IKOB 03BOMSIET YCTAHABIMBATh KaK OObIYHBIE TOJIKH,
TaK M TaCTPOEMKOCTH, a TaK>Ke TOJIKY /it Gy ThIJIOK.

Bce mkagpl MMEIOT aBTOMAaTHYECKOE OTTaHBaHME.

B TponuyeckoM HCNOJIHEHUH YCToYMBast paGoyasi TeMIeparypa coxpa-
HAETCs IPU TeMIlepaType okpy:kaiomeit cpeast 1o 43 °C.

HIkadsl ¢ AByMSs TeMIepaTypHbIMU pexKUMaMHK OOBIYHO HMEIOT JiBa He-
3aBHCHMBIX XONOAUIBHEIX arperaTa.

TemnepaTypa XpaHeHUs OXJIRXKAEHHBIX IPOAYKTOB cocTaBsteT +2... +10 °C.
B HM3KOTeMNepaTypHBIX HiKagaX TeMIepaTypa BO3AyXa MOKET HOAIepiKH-
BaThcs B UHTepBae —25...—-8 °C. KoMGuHIpoBaHHbie XOMOIMIbHbIe HIKadbi
HOAAEPKUBAIOT B BICOKOTEMIIEPATYPHOH ceKLiuH TeMnepatypy +2...+8 °C,
B HU3KOTeMIepaTypHo cekuuu mikadga — reMieparypy —23...—8 °C.

15.2.5. Llikadbi HHT@HCUBHOrO 3aMOPAXUBAHUS

npoaykros
Iri mxadbl YacTO HA3BIBAIOT IKadamy «1I0KOBOH 3aMopo3ku» (puc. 15.19).
Kak oTMeuasoch paHee B pasfiesie, OCBSIIEHHOM aHAJN3y npoliecca 3a-
MOD2’KHBAHHUS MPOAYKTOB, HA3BaHNE <«UIOKOBAs 3aMOPO3Ka» He SBJSETCS
KoppeKTHEIM. OHO Ha GBITOBOM YPOBHE OTpaXKaeT JIMIIb CTelleHb HHTEH-
CHBHOCTH Npoyecca 1 He UMeeT HUKAKOTO OTHOMEHUS K IIPOHEccaM, Ou-
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Puc. 15.17
CTon ¢ oxnaxpaembiMm
wkadamu

Puc. 15.18 Puc. 15.19
XonoaunsHbIR XonoamnuHblii wkagp
wxad «LLIOKOBOW 3aMOPO3KM»

CHIBAIONIMM H3MeHeHHs B OMOJIOrHYecky akTHBHBIX CHCTEMAX MPH 3KCTpe-
MaJIbHBIX BO3/1efICTBUSIX Ha HUX (paKTOPOB BHelllHel cpebl.

B o61iecTBeHHOM NMUTaHMY TEPMHH «IIIOKOBAsi 3AMOPO3Kay ITOYYHJI 1IIH-
pokoe npuMeHeHHe. OIHAKO ¢ y4eTOM MOHHMaHUs CYTH Ipolecca 3aMo-
PaXUBAHUA XOJOAMIbHBIE IKadbl ClleflyeT pacCMaTpUBaTh H 0603HAYATh
Kak IKachE HHTEHCHBHOTO 3aMOpa’kUBaHU.

IlpuMeHeHHe XOJOAUABbHBIX MKa(OB UHTEHCHBHOIO 3aMOpPaXXMBaHUA
obecnieunBaeT HauGobiNii 3¢rbeKT IPH OpraHU3aIK ceTeit GHICTPOTO NH-
tanus (fast food) 1 IPOIOBONBCTBEHHBIX MAra3iHOB C paclIdpeHHbIM ac-
COPTHMEHTOM NoNy(abpUKaTOB BHICOKOMN CTeNleHH rOTOBHOCTH, B TOCTH-
HHYHBIX KOMILIeKcaxX GoJbLIMX pecTopaHaX, CTOJIOBBIX HMpU 6OJBHALAX,
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CaHATODHSAX, a TAKKe Ha NPeANPUSITHSIX, ClIeHaTN3NPYIONIUXCs Ha TPOBe-
AeHuH 6aHKeTOB U BbIE3/IHOM OGCIYKUBaHHH.

B MoznenbHOM psAy XOMOAWAbHBIX MIKadhOB UHTEHCHBHOIO 3aMOPaXKH-
BaHHWS OHU Pa3NMYaOTCA pa3MepaMH, MPOHU3BOAUTENbHOCTDIO, GYHKIIHO-
HaJIbHBIMH BO3MOXKHOCTAMH ¥ KOHCTPYKTUBHBIMH 0COGEHHOCTSAMH.

15.3. XonopunsHoe 06opyaosaHue
NPOAOBOJIbCTBEHHLIX Mara3uHos

15.3.1. XonopunbHoie npunaBku

XonoaunbHLIe NPUNABKM WNPOKOro npoduns

XonoanabHble NPUJIABKY IIPeHA3HAYEHBI 4711 NPOJaXH U XpaHeHUs B Te-
4YeHue paboyero BpeMeHH OXJIAXEHHBIX U 3aMOPOKEHHBIX IIPOAYKTOB B
TOPTOBLIX 3a/1aX TPOZIOBOJILCTBEHHBIX MarasuHoB, 6yderax u 6apax, a Tak-
XKe /171 XpaHeHus pabouero 3amaca nonycbaépnxaron Y IpYTHX NMUIIEBBIX
KOMIIOHEHTOB B 1leXaX MPeNPUATHIA 0611eCTBEHHOTO TUTAHMSL.

ITpunaBKH MOTYT UMETb KapKacHYI0 WIH 6ecKapKacHYI0 KOHCTPYKIIHIO,
6bITh OTKPBITHIMU MM 3aKPHITBIMH. B npHaBKkax OTKPHITOFO THIIA OTKPHI-
THI POEM C IPOAYKTaMU M30JUPYeTCsi C TIOMOIIBIO BO3AYIIHOM 3aBeCHL.

BosayuiHsIit MOTOK APENSTCTBYeT NPOHNKHOBEHHIO OKPY’KaIOIIETo Terl-
JI0TO BOB/LYXA B OXJIKJAEMYIO KaMepy, 4TO CyIECTBEHHO YMEHBIIIAeT Ternio-
NPHUTOK, CBA3aHHBIA ¢ HH(HIbTpanyel, B OXJax/1aeMBIil 06beM Temnioro
BO3JyXa.

JlBi>keHue Bo3/lyXa B IpHiaBKax opraHu3oBaHo. C 3Toi 11eJ1b10 B IIpH-
JIaBKax MpeAyCMaTPUBAIOT BCACHIBAIOMINIA U HaTHETaTeIbHbII KaHaIbl.

TeMrepatypa X0N0/UIBHOTO XpaHEHHS OXTaKAEHHBIX TPOAYKTOB 0ObIY-
HO cocTasasfer +2...+4 °C, 3aMmopoxkennbix —18...-12 °C.

OTKpHITHIE IPHJIABKY GBIBAIOT ABYX BUIOB: IPUCTEHHBIE (TOCTYII K IIPO-
AYKTY C OJHOM CTOPOHBI) U OCTPOBHbIE (OCTYI K IPOAYKTY ¢ 06eHX cTo-
poH). VIx U3roTaB/IMBaloOT KaK CO BCTPOEHHBIM XOJIOAUJIBHBEIM arperaTomM,
TaK U C BoIHeCeHHBbIM. [lepBhle Nnpe/Ha3HauYeHbl 4151 HeOObIINX Marasu-
HOB, 6y(eTOB, a BTOpble — JJIsi KPYTTHbIX Mara3siHOB CaMO06CTyKMBaHHUA.

IIpuiaBKy KOMIIOHYIOT U3 MOZLYJIBHBIX CEKI[Mil, a U3 NIPHJIABKOB CO3/Ia<
I0T JIMHUIO 06CTy>KHBaHHUS TpebyeMoil ATHHEL

OTeyecTBEHHBIE POM3BOANTEN HCIIOAb3YIOT KOMILIEKTYIOLIME Bely-
mux 3apybexubix ¢pupm (dupma Kifato, Poccus, puc. 15.20, 15.21) unn
BBHITYCKaI0T 060pyA0BaHMe, CO3/1aBast COBMECTHOE IPOU3BOJACTBO XOIOANIb-
Horo 060pyIoBaHus, KaK, HanpuMep, Gbupma Arneg (Poccus). ITo no3Bo-
JIsleT CO3/1aBaTh KaueCTBEHHYIO, KOHKYPEHTOCIIOCOOHYI0 Ha MUPOBOM PhIH-
Ke ITPOAYKIHIO.
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Puc. 15.20
XonopunbHoih NpunNaBoK
«Ansicka 1800» {Poccus)

Puc. 15.21
XonoannbHbik NpUnaBok
«MunaH 1500» (Poccus)

Puc. 15.22
Koxnputepckuil npunaBok
«Cyspanb», Arneg (Poccus)
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Puc. 15.23
Mpunasok «X7 Extra» ang npogaxu mopoxexoro (Utanua)

XonoaunsHbie NPUNABKK ANS XPAHBHHS KOHAMTEPCKUX W3AeNHiA

XonopuabHble TPHJIABKYU IS XpaHEHUS KOHAUTEPCKNX U3/eUil OTIHYa-
I0TCSl yBeJIMYEeHHOH BBICOTOI, YUCIOM 1Mook (puc. 15.22),

Temnepatypa xpaHenud npoxykuuu +1...+10 °C. Huxuuii npegen rem-
HepaTypbl COOTBETCTBYET Pa3MelleHHIO MPOYKTa Ha YPOBHE HCHAPUTEIS.

XonoaunbHbie NpUNaBkK AN Pa3BeCHOr0 MOPOXEHOro

XomonubHble NPUIABKH 1JIS pa3BECHOTO MopoxeHoro (puc. 15.23) BuI-
MOJIHEHD! B BHAE TEIUIOH30AUPOBAHHOTO 00beMa ¢ TIATUAUTPOBHIMY racT-
poeMmkocTaMH. KonuyecTBo racTpoeMKoCTel 3aBUCHT OT T€OMeTPHYECKHX
pa3MepoB nmpusaBKa. B npunaBkax HMeeTcs1 MOPO3HALHEIH OTCEK /LIS Xpa-
HeHHs 3amMaca MopokeHoro. Bce npuiaBku HMeIOT cHCTeMy aBTOMaTH4Ye-
CKOT'O OTTaHBAHUS HHes C IOBEPXHOCTH HCIapHTeIs.

TemmepaTypa Bo3fyxa B mpuiiaBke cocrapiseT —18...-10 °C.

15.3.2. ['opku Xx0n0AUNBHLIG CO BCTPOBHHLIMU U BHIHOCHBLIMU
XONOAUNLHBIMK arperaramu

T'opka (puc. 15.24) npexcraBasiet coboii X0N0AHIbHYIO BUTPHHY, TIPEIHA3-
HAaYeHHYIO /11 AEMOHCTPALMM U NpoAaxy ¢pacoBaHHBIX NPOXYKTOB. Tem-
nepaTypa BO3/lyXa B XOJIOAWAbHOHU ropke cocrasnusiet +1...4+10 °C.

15.3.3. BOHBTHI CO BCTPOBHHLIMU W BLIHOCHLIMU XONOANIbHLIMU
arperatamu

Bouets (puc. 15.25) npefiHasHaYeH bl A5 IeMOHCTPAIHH 1 TpOAaXKH MPo-
AYKTOB, B TOM YHCJIe ¥ NPOAYKTOB UMITYJbCHBHOTO cnipoca. Hebonbue
pa3Mephbl TO3BOJISIIOT YCTAaHABAKBATD GOHETHI ITepeli KaccoBO# KabuHOIA, Te
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Puc. 15.24
XonoannwHas ropka «Mypom FV», Arneg (Poccus)

Puc. 15.25
boxeta Ana AeMoHCTPaUMn ¥ NPOAAXU
3aMOpPOXeHHbLIX NPoAYKTOB

MOTOK NMOKyMaTeJieil BHIHYKAeHHO 3aMe/l/IsieTCs M IO CTaHOBsITCA Goslee
CKJIOHHBIMH K MMITYJIbCHBHBIM OKYIIKaM.

BoHeThl IpeUMYIIIECTBEHHO UCTIONB3YIOTCS IS IPOJAXKH 3aMOPOJKeH-
HBIX IPOIYKTOB (pHc. 15.25). B aToM cay4ae Temmeparypa Bo3fyxa B GoHeTe
cocrasisier —25..—18 °C. B psage ciay4yaer GoHeThI HCIIONB3YIOT (€CAH eCTh
COOTBETCTBYIOIIHE TEXHHYECKHE YCIOBHS) A/l XpaHeHH s M IPOAXKH CBe-
*HX POAYKTOB IIPH TeMIleparype Boaayxa +1...+5 °C.

15.3.4. Jlapu MOpO3UNLHLIO

Jlapy Mopo3ujibHble peAHa3sHauYeHbl 1JIs1 XpaHeHHsl ¥ TIpoJiaXKy 3aMOpo-
EHHBIX IPOAYKTOB.

Jlapn U3roTaBIMBAIOTCA C IT1yXOii, HENIPO3pauyHOH KPBIIIKOH, C NPO3pay-
HBIMH OPSMBIMH KPBILIKAMH H KDPBIIIKAaM#A U3 FHYTOro cTexa. HaxmoHHas,
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Puc. 15.26
Mopo3unbHbi nNapb'c BbIMYKAOW KPbILLKON

PAacIoNoXXKeHHAs CBEPXY Japsi CKOJb3SLIast CTEKASIHHAS KPbIIIKa YJ1yyYlia-
eT BBIKJIAIKY ToBapa (pHc. 15.26).

ITH NapH OAXOAAT [/l TPOAAXKH JIIOGBIX 3aMOPOKEHHBIX TPOLYKTOB U
MODOXKEHOTO. TeMnepaTypa BO3[yXa BHYTPH Jiaps [IOAZep>XUBaeTCs B HH-
TepBaie —25..—8 °C.

15.3.5. XonoaunsHeie kamMepbi

XosoanabHbie KaMephl TOAPA3AENSIOT Ha COOpHbIe H CTAllHOHADHbIE.

Modynvrvie cbopnvie xono0unvroie Kamepoli COGUPAIOT Ha MECTeE HKCILIY-
ataruu (puc. 15.27, 15.28).

On¥ npeiHa3HAYEHBI J151 XpaHEHUS] 3a11aca OXJIaKAeHHBIX M 3aMOPOXKEH-
HBIX MIPOAYKTOB HA MPEANPHUATHAX 0OIIECTBEHHOTO MUTAHUs U TOPTOBJH.

Kamepst 651cTpO MOHTHPYIOTCSA. BEICTpOTA MOHTa K MaHes el ocHOBaHA
Ha NIPUMEHEHHMM CIENUaNbHOU KOHCTPYKIIMH TOPIIOB MaHesel, HaiuIuu
3KCIEHTPHUKOBBIX 3aMKOB U JOMOJHUTEbHBIX AeTaleil BHYyTPU. 3aMKOBOe
coeriHeHHe naHesteil (puc. 15.29) obecneunBaer J1€rKOCTh MOHTAXKa, BO3-
MOXKHOCTb [IepeCTaHOBKH U PEKOHCTPYKIHH.

Hapyxubie 0OIIMBKY naHesell BHIOIHAIOT U3 TOHKOMMCTOBOM OLMH-
KOBaHHoI cranu TommuHol 0,5-0,8 Mm.
~ Kamepsi co6upaioT U3 cTaHJapTH3UPOBaHHBIX NaHe el THIA «COHABUY»>
(puc. 15.28) — cTeHHBIX, YINIOBBIX, IOTONOYHbIX, MOJI0BbIX. KaMepsl koM-
MJIEKTYIOTCA TeJIeCKOMHYECKNMH ITOJIKAMH, LITAaHTaM¥ ¢ KPIOKaMH, 1BEpb-
MH (CTUIOIIHBIMY H CTEKJISSHHBIMH) A/ YMeHbIlleHUs! NOTepb XOJIO0AHOTO
BO3JyXa U3 XOJOAMIbHOMN KaMepHl. X0MOAU/IbHbIe KaMephl MOTYT OBITh C
OTKPbITHIMY IIPoeMaMH, 06ecrieyeHHbIMU BO3TYLIIHBIMH 3aBeCAMU 15 YMeHb-
IIEHUA TTOTEPH XOJOAHOIO BO3AyXa. '

MoaynbHoe ucnonHeHue naHeseit (B ocHOBHOM ¢ maroM 0,3 1 0,6 M)
MO3BOJISIET HOJIYYaTh KaMepPHl C Pa3HBIMU pa3MepaMH (BbicoToil ot 2,1 A0
4,8 M) 1 BMecTuMOcTbIO (0T 4,5 10 32 M3), TexHuyeckHe XapaKTepUCTHKH
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KaMep U XOJOXUIbHBIX MalIHH OTPaKeHbl B Ta0. 15.1-15.4 npunoxenus.
Ianenu TpexcioiiHEIE — NEHONOINYPETAH B 060J104Ke U3 OLMHKOBAHHOM
CTaJIH, HOKPHTON 3MJIBIO — TOMIIUHOI, HanpuMep, 65, 100 1 150 MM, koadh-
¢unKeHT TemonpoBogHOCTH cooTBeTcTBeHHO 0,38, 0,24 11 0,17 Br/(M - K).

Moy ibHble XOJOAWIbHBIE KAMEPDI KOMIIEKTYIOTCS HABECHBIMH MOHO-
6J10YHBIMH XOJOLUIbHBIMM MAIIMHaMH (IpHJIOKeHHe, Tabs. 15.2-15.4).

HuskoteMniepaTypHble KaMepH! MOTYT OBITh YKOMILIEKTOBAHbI [I0J0BEIMHI
MaHessIMH ¢ 3leKTpu4eckum oborpesoM (15-25 Bt/m?), Bbiiep>KUBaIOLIH-
MH Harpy3ky 10 3000 xr/M2, ABepsiMU C 31eKTPOOOOIPEBOM MO NEPUMETPY,
a TakXxe € 3J1eKTpOoGOrPeBOM HapYXKHOTO CTEKJIa, €CHIU ABEPb TPEXCIOM-
Hasl, CTEKJISTHHAS,

Puc. 15.27
MopynbHaa xonoaunbHas kKamepa

e e
T

Puc. 15.28
Cxema c60pKK MOLYNLHON XONOANLHON Kamepbi
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AKcueHmpuxoeill
Manens

Puc. 15.29
Y3en coeavHeHus naHenei xonoaunbLHoON Kamepbl

Puc. 15.30
KoHTeitHep tuna IC

IlepcrieKTHBHBIM HallpaBJieHHEM HCTIOIHEHHS XOOAWIbHbIX KaMep 5B-
JS10TCA COOpHBIE KaMephl, HIMEIOIIHEe B CBOEM COCTAaBe OTKPITYIO BHTPHHY
AJIsi XpaHEHHUs YacTH 3alnaca (acoBaHHOIO NMPOAYKTA Ha OJKaX U B KOH-
Telinepax. TakHe KaMepbI-BUTPHHBI TIPUBJIEKaTelbHb! 15 NOKyIaTesel,
TIOCKOJIBKY MMEIOT CBOOOAHBIH JOCTYN K poAyKTy. Kpome Toro, Takue ka-
Mepbl ITO3BOJISIOT COKPATHTh BpPeMS M 3aTpaThl TPYZAa Ha OCYIeCTBJIeHHEe
TIOrpy304HO-pa3rpy304HHIX pa6oT. BuTpuHa MoxeT GbITb HEOTHEMIEMOH
4acThio efinHOTO G0Ka (KamMepa-BUTPHHA) TIOJHOMH 3aBOACKO# TOTOBHOCTH
AT TIOCTABJIATHCS OTAENbHO M NIPUCTPanBaThCsA Kak K COOPHOM, Tak M K
CTallHOHapHOH KaMepe.

C6opHbie X0I0ANIbHBIE KaMePhi C MOHOGI0YHBIMU XOJIOAWIBHBIMH Ma-
mHamu npouaBoacTBa CII «CoButannpoamari» BHITycKaloTcsl 06beMOM
ot 4 no 18 M3. TexHHYeckue XapaKTEPUCTHKH KaMep OTPakeHbl B Tabu. 15.4
IIPMJIOKEHH .

Csoeobpassoil dopMoll X0M0AUABHONM KaMephl, KOTOPYIO JIHIIbL OTYacTH
MOJHO YIIOIOOUTE COOPHOI X0OAUABHOM KaMepe, SIBJISTETCS] KaMepa, BBITIOJ-
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HEHHasl Ha OCHOBe KOHTeiHepa, Hanpumep, 20- n 40-¢yrosoro (puc. 15.30,
Tabu. 15.5 npHAOKeHUs ).

B koHTeliHepaX MOXeT NOJJIepKMBATbCS TEMNEPATYpa BO3AyXa B HHI-
pPOKOM TeMIlepaTypHOM guamnasone (—22...0 °C).

WUcnuitatensHuie Kamepbl

Pa3HoBHAHOCTBIO XOMOAUABHBIX KaMep SIBJASIIOTCS UCTIBITaTe/IbHbIE Ka-
MepbL. McnblTaTenbHble KaMepsl NpeJHa3HaYeHbl A1 CO3/laHUST BHEITHUX
Bo3ZieiicTByIOUTNX HaKTOPOB: KIUMATHYECKUX (TeMIlepaTypa, BAaXKHOCTb
U JlaB/IeHUe BO3/1yXa, COJHeYHas pajualiusi, aTMochepHrle OCaJiKu U Ap.) U
MeXaHM4YecKuX (BUOpanus, yJap, yCKOpeHye M IIp.), a TakxKe /I 9KCIepH-
MEHTAILHOTO ONpe/iesIeHHsI XapaKTepHCTUK 00beKTa HCIIBITaHUIA B Pe3yJIb-
TaTe BO3/I/ICTBHS Ha HEro ykasanHbIX (pakTopos. XojiofuabHoe obopyno-
BaHHKe ABJIeTCS OCHOBOII 3THX KaMep.

UcneiTaTenbHble KaMepbl, YHUBEPCAIbHEIE IO HA3HAYEHUIO, BBITYCKa-
IOT CEPHUITHO, H TEXHUYeCKHe TpeOOBaHUS K HUM perlaMeHTHPYIOTCS CTaH-
JnapToM. B 3aBucHMOCTH OT BHAa co3flaBaeMbiX Bo3/eiicTByOIHX (HaKTo-
POB BBIZIEJISIIOT CJIEAYIOlIHE THIIbLI KaMep: TEpMOKaMepsl (TOMOKHTEIbHbIE
M OTpHIaTeJbHble TEMIIEPATYPHl BO3[yXa); TepMoGapoKaMeph: TOJOXH-
TeJbHble U OTpULATeIbHble TEMIIEPATYPhI, JaBJeHNie BO3/lyXa); TepMOBJIa-
rokamepsl (IIOJIOKUTEJbHBIE H OTPHIIATe/IbHbIE TEMIIEPATYPHI, BIaXKHOCTh
BO3/lyxa); TepMobapoBHOpoKaMephl (I10JIOKUTENBHBIE H OTPHLIATEIbHBIE
TeMmeparypbl, laBJieHHe BO3/(yXa, a TakXe BUOpalus) u T. A.

Tepmoxamepv. NpeHA3HAYEHD AT HCTILITAH IS MHOTOOOpa3HbIX 0GbEKTOB
Ha BO3/lefiCTBME OTpUIaTeNbHBIX U IOJOXHUTENbHBIX TEMIEPATYp B Onpe-
ZleleHHbIX THalla30Hax, ¢ 33JaHHOH CKOPOCTbIO NX H3MEHEHHS U oInpeje-
JIeHHOIi TOYHOCTBIO noAAepxkKaHus. TepMoKkamMepbi UCTIOAL3YIOT /7151 TUIIOBOTO
HCNbITaHUA U3Jie/INi 3/IeKTPOHHOI, 31eKTPOTeXHHYeCKOH, MalllMHOCTPOH-
TeJIbHO#, CTPOUTE/ILHON MPOMBIITIEHHOCTH.

15.4. OcobGenHoctu TennoobmeHa
B TOProBOM X0N0uNbHOM 060pya0BaHuy

OnpeensionuMi Tpe60BaHHIMH X0I0AMTLHON TEXHOMOTMH K XPaHEHHIO
CKOPONOPTSIIUXCS TTPOAYKTOB SABISAIOTCS HEU3MEHHOCTh TeMIlepaTypHO-
BJIa)KHOCTHOTO PEKMMA B OXJTakaeMOM oObeMe U HEH3MEHHOCTh 3THX Ma-
paMeTpPOB BO BpeMeHM. ‘

IIpuMeHUTETBHO K TOPrOBOMY XOJOAMIBHOMY OOOPYZOBaHHUIO 3TH Tpe-
6oBaHMS He SBJSIOTCA XKeCTKO BhIPaskeHHBIMU. BoJiee Toro, pasinime TeM-
TIepaTypsI IO BBICOTE OXIXK1aeMOro 00neMa, HalpuMep XOJI0IMIbHOTO IIKa-
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&a, B psize cy4aeB CUMTAETCS €70 JOCTOMHCTBOM, HOCKOIBKY pasHasl TeM-
fepaTypa Ha MOJKaXx IiKada OTBeYaeT Pa3HBIM TeMIIEPATYPHBIM peXH-
MaM XpaHeHHs POAYKTOB.

I10 060CcHOBaHHe ABASETCSA B 6OMIbILEI Mepe UCKYCCTBEHHbIM, YeM TexX-
HOJIOTHYECKH ONPaBAAaHHbIM, OCKOJbKY IpobaeMa XxpaHeHHs NPOAYKTOB
C pa3JMYHBIMM TeMIIepaTypaMH JIOTHYHee PeHIaeTcsl B MHOrOQYHKIIHOHA/Ib-
HOM XOJIOAWIbHOM 060Dy OBaHUH, UMEIOIEM OTAeIbHbie 06BeMbI 15 IPO-
JAYKTOB pa3sHBIX TEXHOJOTHYECKHX CBOHCTB.

ITocTostHCTBO TeMmepaTyphl BO3IyXa B 06beMe TOProBOTO XOJMOIHIBHO-
ro 060pyOBaHNsI HEPa3PHIBHO CBSI3aHO C THIIOM XOJIOMIBHOrO 060pyRO-
BaHHs. OHAKO HE3aBMCHMO OT THIA XOJIOAUIBHOro 060pya0BaHUS BCera
npecneayeTcs 1iejb obecredeHUs TOCTOSHHOMN, TEXHOJOTHYeCKH 3alaHHOH
TeMIepaTypHl BO3yXa B 0XIaXaaeMOM o0beMe.

B x0oauIbHBIX IpUABKAX, IPEACTABJSIONINX, MO CYTH, 3aMKHYTYIO eM-
KOCTb, OFpaHHYEHHYIO HcnapuTeeM, GpOHTaNbHBIM CTEKIOM IIPUJIABKA
6GOKOBBIMU FIOBEPXHOCTSIMH, BBIK/Ia[iKa TOBapa OCYLIECTBISIETCS Ha [He, pe-
HleTKax WM Ha nojkax (puc. 15.31-15.33).

Puc. 15.31
XonoamnbHbiil npunasok «Gansa»

e

1904

N

1225
1290

315

Puc. 15.32 -
YeTpoitcTeo X0NnoanLHOMo Npunaeka «Gansar

1 — cTekno, 2 — ucnapurenb
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ITpoaykT noMemaioT B (pyHKIHOHAIbHEIE eMKOCTH WIH NOAOHBL. Bhi-
COTa BBIKJIaZIKH OrpaHHY€eHa Kak TpebOBaHMSIMH, CBSI3aHHBIMHU C TpeGoBa-
HHUSMY HAarASIAHOCTH M IOCTYNHOCTH BHIGOpa 1eMOHCTPHPYEMOTrO TOBapa,
Tak M Tpe6OBaHNAMH K 0becriedeHHIo TEXHOIOTHIeCKH 3aaHHOTO TeMIle-
PaTypHOTO pexxuMa.

BricoTa BbIK/IagKkH 06bIYHO YKa3biBaeTCS Ha GOKOBBIX CTEHKAaX BUTpDH-
Hbl. PaaMelienye ToBapa B 60J1b11eM KOIMYECTBe HApyIHaeT ABHKeH e BO3LY -
Xa B IIpUJIaBKe H COOTBETCTBEHHO TEMIIEPATYPHbIH peXXHM XpaHeHHA Ipo-
IYKTa,

KoHcTpyKTHBHbIE 0COGEHHOCTH IIPHJIABKOB, TAKUX, Kak, HalIpUMep, IIpH-
naskH cepuu «Ganzas (puc. 15.32), TakoBbI, YTO BO3AYX CONPHKACAETCS CO
CTEeKNSTHHBIMH 1TOBEepXHOCTAMH. CONPHKOCHOBEHNE X0JIONHOTO BO3yXa C
TIOBEPXHOCTBIO CTEKJIa MOXeT NPUBECTH K BIAroBbINaleHHIo Ha BHYTPeH-
Heil MOBEepXHOCTH cTekNa. OXHAKO MPH SKCILIYaTAlMK PHJIABKOB 3TO SB-
JIeHHe OTMEYaeTCst PENKO.

ITO MOXET ObITh CBA3aHO, HAPUMED, C TEM, YTO BHYTPEHHSS MOBEpX-
HOCTb CTEKOJI HMeeT TeMIlepaTypy Bhillle TEMIEPATYPhI TOUKH pockl. Tak,
IIPH OTHOCHTEJIBHOM BI2XKHOCTH 75% U TeMitepaType BO3/lyXa B IIPHJIaBKe
10 °C Temniepatypa ToukH pochi paBHa 3,4 °C. [1pu TeMneparype Bo3zyxa Top-
rosoro 3aza +20...+25 °C ¥ cTaHZapTHBIX YCIOBUAX Telloo6MeHa ¢ BHYT-
PeHHell CTOPOHBI M Ha BHELIHeH MOBepXHOCTH CTEKOJI IPHJIaBKa TeMIlepaTypa
BHYTpeHHell IOBEPXHOCTH CTeKOJI IpubInIKeHHo coctabiser 15-20 °C. Otum
TeMIiepaTypaM COOTBETCTBYET TeMneparypa ToukH pochl 10—15 °C. Ilpu Ta-
KMX YCIOBUSIX BJIaroBbINaJeHHe Ha BHYTPEHHEH TOBePXHOCTH CTeKOJ IIPH-
JiaBKa He Haboaercs.

Cka3aHHOe OTHOCHTCS K KOHBEKTHBHOMY JBH:K€HHIO BO3AyXa B OXJaX-
naeMoM o6peme. OHaKO IPH NPHMeHEHNH BO3YX0OXIagUTe e, T. €. IPH
yBeaudeHuH ko3 buinenTa TENNOOTAAYM OT BHYTPEHHE 1OBEPXHOCTH
CTeKJia IPUIaBKa K BO3JyXY OXJaXaeMoro obbema, TeMIlepaTypa BHyT-
peHHell TOBEPXHOCTH CTEKOJ NOHMKaeTcs. Pa3zHocTh TeMnepaTyp Bo3ayxa
B NIpHJIaBKe ¥ BHYTpeHHeH MOBEPXHOCTH CTEKOJ CTaHOBUTCS HeGObILIOH,
nopsaka 3-5 °C.

INoHnkeHHe TeMiepaTyphl BO3AyXa B MpHJIaBKe WIH B TOPrOBOM 3aje
MOXeT TPUBECTH K BHIIIAIEHHIO KalleJbHOM BJIark MM TPH OTPHIATENb-
HBIX TeMITepaTypax Bo3yXa k 06pa3oBaHHIO HHesI HA IOBEPXHOCTH CTeKJIa.
Yrto6H! 3TOTO HE IPOH3OILLIO, TPHGETAIOT K HEKOTOPHIM TEXHHYECKUM TIPH-
emam. Hanmpumep, OpraHH3yIoT ABHKEHHE IOTOKA BO3/[yXa TAKUM 00pa3oM,
4T0ObI OH He CONPUKACAICS € NOBEPXHOCTDHIO cPekiia. C 3Tolk nesbio nepes
¢hpOHTANBHEIM CTEKJIOM YCTAHABIMBAIOT AOHOJIHHTENBHOE CTEKIIO HeGOoIb-
moji BeicoTh (puc. 15.33, 15.34).
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Puc. 15.33 )
XonogunabHuil npunasok «Pallas-Multiramanr, Arneg

1170

-Jl?() 125

Puc. 15.34
YcTpoitcTBo xonoaunsHoro npunaseka «Pallas-Multiramas, Arneg

1 — ucnaputens, 2 — BEHTUNATOP

Ilepea nuMm HaxoAKTCSA pellleTKa C OTBepCTHSMH, Yepe3 KOTOpEIe BO3AYX
OIyCKaeTcsl BHH3, B POCTPAHCTBO IIOJI EMKOCTSIMM C MPOAYKTOM, H Jajiee
THIOCTYIIAeT B BO3LYX00XJIaIUTENb.

B psine ciyuaes npuberaiot k o6orpeBy ¢hpoHTaIbHOrO cTeka. /115 aToro
¢ HapY>KHOI CTOPOHH Ha HETO HPH MOMOIH BEHTHIATOPOB NOAAaeTCsA Tell-
JibIH BO3ZYX TOPrOBOro 3aJ1a HJIM BO3AYX U3 MALIMHHOTIO OTAEJEHHUS.

Pa3MelieHne BoaayxooxiaauTesisi B TOProBOM X0JOAWJIbHOM 060py/i0-
BaHHH obecTieunBaeT pelleHue 1eJoro KoMIUIeKca rpobiem.

ITpesxne Bcero obecnieunBaetcs 3¢ gexTHBHOE OXJIKIEHHE TPOAYKTOB BO
BceM 06'beMe XOJIoAIIBHOTO 060pyHoBanust. OCo6EeHHO 3TO BaXKHO A/1s X010~
IMIBHOTO 060pY0BaHKS OTKPRITOTO THITA, HalIpUMep JU1si ropok (puc. 15.35),
CTAIMOHAPHBIX XOJAOAUIbHEIX BUTPHH (pHC. 15.36) MK X0N0AHIbHEIX BU-
TPHH C nepeABMKHBIMU KOHTeliHepamu (puc. 15.37).

Bosagyxopacmipeaesnerue B o6beMe ropKky ¥ BUTPHHBI B OCHOBHOM OJIHO-
tunHo. Bo3ayx npoxoauT yepes BO3AyXOOXAAAUTENb M BAOAH CTEHKH NIPO-
XOAUT B BepXHIOK YacTh BUTPHHEI (pHc. 15.36). [lanee yepes Bo3ayxopac-
npeleHTebHbIe YCTPOHCTBA (COILIA) HANpaBJIsIeTCA Ha NOJIKH C TIPOLYKTOM.
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OrternieHHbI# BO3JYX MOCTYNaeT B BO3AYX00XIAlUTeNb 3 HIKHelH YacTn
BUTPHHBI.

B HexoTOpBIX KOHCTPYKUHUSAX BUTPHH YacTh BO3yXa H3 BO3AYX0OXJIa-
AMTENS] MOXET II0/1aBaThCsl Ha MPOAYKT Yepe3 OT/eNbHEBIE HIeJIeBhe YCT-
poiicTBa Ha 3ajiHell CTeHKe BUTPHHEI WIH Yepe3 nepdhoprupoBaHHYIO 3a]1-
HIOIO CTEHKY BUTPUHBI.

BasHoit YacThio yCTPOHRCTB2 OTKPHITOTO XOJOAMIbHOTO 000Dy JOBaHUS
ABJAETCS HAJIMYHe COoTeJl WM HanpapJsSIoLHX, 00ecneYnBalouix cobo-
IeHHe HanpaBJeHHOTo (JIaMHHapHOTO) OTOKA BO3yXa, OCTYTAIOUIero Ha
[IPOYKT.

TIpy HapylIeHHH JIaMAHAPHOTO IOTOKA BO3AYXa HJIM OTKJIOHEHHMS IOTOKa
XOJIOAHOTO BO3/yXa OT MOJIOK C MPOAYKTOM HabionaoTcs 6obline rnore-
pu xosoz1a. C 3Toii Hesbio HIPKHIOK YacTh BUTPUHB (puc. 15.36) menaior
mocraTouHO WHpoKoi, o 1055 MM, Takoe TexHnyeckoe pemnienne yAo6HO,
MIOCKOJIbKY, C OZIHOI CTODOHBI, N03BOJISIET YBEAMYUTh BHIKJIALKY TOBapa

Puc. 15.35
Fopka CO BCTPOEHHBLIM XONOANUNbHLIM arperatom «Mypom»,
Arneg (Poccust)

510

o
F%g

500§~

815

1050

Puc. 15.36
YCTPOWCTBO XONOANNLHOR BUTPUHLI «Leo»

1 — sBo3pyxooxnagurefis
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W o

;

Puc. 15.37
XonopuneHas BUTPUHA C MepeaBnXHbLIMU KOHTeRHepamMu

1 — TensonsonuposaHHas aAsepua, 2 — nepeABUXHas BUTPUHA,
3 — namna, 4 — conna, 5 — BOo3AyXooXNaAuTeNL, 6 — BEHTUAATOP

B HH>KHeit YaCTH BHTPHHHI H, C APYTOH — YMEeHBHINTb TpeGoBaHUs K pellle-
HHIO TIPO6JIeMbI OPTaHU3aL[MH HAlPaBJIeHHOTO MOTOKA BO3/IyXa KaK B OXJIaXK-
naeMoM ob6beMe, Tak ¥ BAOJIb GPOHTATLHON NMOBEPXHOCTH BUTPHHBL JTO
0COOEHHO BaXXHO AJIS BUTPHH GOJIBIIOI BHICOTHI

B xomonnnbHOM 060pyAOBaHHHM, MMEIOLIEM €MKOCTDh JUISi MPOAYKTa B
BHJ€ Jiap4, HalIpHMeP B XOJMOAUIbHOM npHaske «Starfrost» (puc. 15.38),
XOJIOAHBI BO3AYX ABMXKETCS B TOPH30HTAJIbHOM HanpasjieHnH. BokoBbie
CTeHKH 3TOTO IPHJIaBKa HMEIOT 1BOHHOE UK, B HU3KOTEeMIIEPaTyPHOM HC-
MOJTHEHUH, TPOITHOE oCcTeKIeH e,

OnHaKo U B 9TOM CJIyyae OpraHH3alMs [IOTOKA BO3/YXa ABJSETCA BaX-
Holi Ans obecnievenns a¢GheKTHBHOTO 'ren.noo6MeHa BHYTPH XOJIOAUJIBHO-
ro o6opyIoBaH¥uS.

IIpruMeHeHve BO3AYX0OXIauTeNelH Lesecoo6pa3Ho Ipexkie BCero Ajs
XoJIoAHIbHOTrO 060pyROBanHs «IKkadHoro THna» (puc. 15.39, 15.40), no-
CKOJIBKY B 9TOM ciy4ae obecreynBaeTcs. ORICTPOe OXJIaKAeHHe BO3IYyXa,
KOTODBIit TepsieTCs NPH YaCTOM OTKPHIBAHHU JIBEpE.

V3BeCTHO, 4TO NIpH OTKPHIBAHHHM ABEPH XOMONKAbHOTO mKaca 3a 2-3 ¢
M3 OXJIKAAEMOT0 06beMa BEIXOAUT NMPaKTHYECKU BECh XOJOAHBIH BO3AYX.
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Puc. 15.38
YcrpoiicTBo x0noanneLHOro Npunaexa «Starfrost»

1 — Bo3ayxooxnaguTenb

[Ipi HaUYUK BO3AYXOOXIAMUTENS BO3/YX, BOMIEAIIMI B XOJIOAUAbHbIN
mkad, B OTINYME OT OXNAXKAEHHS B YCIOBHSIX €CTECTBEHHOH KOHBEKIIUH
OXJI’KJAeTCsl B TeYeHMe HeCKOJIbKNx MUHYT. KpoMe Toro, MoxeT ObITh
obecneueHo 3 peKTHBHOE yalleHHe HHES C TOBEPXHOCTH BO3YX0O0Xa-
auTens.

Bo3zayxoox/iaguTenb KOMIIAKTHO Pa3MeIaeTcs B 06beMe TOProBOro Xo-
JoauwIbHOrO obopymoBanus (puc. 15.39).

Ilpumenenne Bo3gyxooxnaaureneit abdexrnsno. [Ipu ecrecrBeHHoi
KOHBEKUWH BO3/[yXa KO3 PHUIHEHT TEIVIOOTAAYM OT BO3AYXa K HOBEPXHO-
CTH UCTIapHTeia YhcieHHo paBeH 4-5 Br/(m? - K). B Boagyxooxnanuresne
k09 PUILMEHT TelUIOOTAa4YN yBeauunBaercs o 25-35 Br/(m? - K).

Hcnonp3oBanue BO3AYXOOXJIANUTENS B KOMILTEKCE — B MOHOOIOYHOI
XOJIOAMIBHON MallliHe — T03BoJIsAeT HanboJee 3 heKTUBHO UCTIOIB30BATD
oxnaxkaaeMblit oobeM (puc. 15.40).

Puc. 15.39 Puc. 15.40
XonoannoHbIN wixad XonogunbHbIN WKag ¢ MOHOBAOUHOR
HKP 410 «Forsre Oy» (OGuHnsHana) xonoaunsbHoi MawmHoik WX-074C
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OnHako clefyeT OTMETHTB, UTO IPH yCTaHOBKe B 6OOpPyAOBaHUHU BO3-
nyxooxJaluTeneld HHTEHCHPUUUPYeETC ycyuika npoaykra. [Toatomy npu
XpaHeH!H HeBJIaTOU30HPOBAHHBIX (HEYIAKOBAHHbIX ) IPOAYKTOB, HMEIO-
IUX OTKPBITYIO NIOBEPXHOCTh, B TOPTOBOM XOJIOAUABHOM 06OpPYAOBaHHH
BBIHYK/IeHBI TIpHberaTh K KOHBEKTHUBHOI CHCTEMe OXJIaKAEHHs BO3AyXa.

KommeHTapuii K UNIMOCTPaTUBHOMY
Matepunany rnaebl

Ha oTe4ecTBEHHOM phiHke TOProBOro XonoAMNbLHOro 060pPyA0BaHUS LUMPOKO
npeacrasneHsl dupMmbl Utanun (Arneg, Pasorfrigor, Sifa, Sag, Silk), Nonswn
{lgloo, Cold, JBG, Juka), Poccumn (3A0 «Apunaanar, «<MCTOUHUK» K ap.), OuH-
naHauv (AO Hoprie) v mHorve apyrue. Becheacrave storo matepuan, npea-
cTaBNEHHbIA B pasfene, B OCHOBHOM BiJlloYaeT unalocTpaumm o6opynoBaHus
NepeYNCNeHHbIX pUpM.

MepeueHb GUPM NULb OTYACTA OTPAXAET KOHBIOHKTYPY PbiHKA Ha AaHHbIA
MOMEHT. OH He NpeTeHayeT Ha NONHOTY U He NPecneayeT peknamHbIX Lenei.

Bonee nonxyo 1 noapobHyio MHbOPMaLUUIO RO TUNAM W Ha3HAYeHWUIe TOpPro-
BOr0O X0NnoAxuNbLHOro 06opPYA0BAHUA KOHKPETHBIX GUPM MOXHO NOAYYUTH Ha
carTtax pUpM vnn B eXeMecayHOM XypHane nia npodeccUoHanos TOprosnu
1 pectopaHHoro 6usHeca «ToproBoe ob6opynoBaHNe». DNEKTPOHHbIA agpec
XypHana 8 UnTepHeTe: www.torg.spb.ru

KoHTponbHbI8 BONPOCHI:

1.

Kakye ocHOBHBIe napaMeTphl TOMOKEeHbl B OCHOBY KJIacCU(bUKAI[UH
TOProBOTo XoJoAubHOro obopynoBanus no 'OCT 23833-95?

. Kakue oT/mmuunresbHbIe YepThl COAECPIKUT o6opy1103amle, Ha3blBacMoe

CepBHUPOBOYHBIM 060pyLOBaHEM?

. KakoBsl ocobennocTH 6apHOTO X0/10A1IBHOTO 060pyJ0BaHUS ?
. Kakoe xonoaunbHoe o6opyioBanie UCHOIb3YIOT B KaUeCTBE KyXOH-

Horo obopyaoBaHus ?

. Kaxue xo/sioaunpHbie rkagbl Ha3bIBAIOT MIKahaMH «IIOKOBOI 3aMo-

PO3KH»?

. Kaxoe xonoaumbHoe 06opynoBaHue OTHOCAT K XOJIORH/IBHOMY 060py-

JOBAaHHUIO NTPOAOBOJIBCTBEHHBIX Mara3auHoB?

. Kakue X0JIOAWJIbHBIE KaMepbl HCNIOJIB3YIOTCS Ha NPeANpUATHAX 06-

I{eCTBC€HHOIo NUTaHUA ¥ Toprome?

. Kaxk obecnieunaercs OXJVIaXXJA€eHHEe BO3/1yXa B TOPrOBOM XOJIOAWJIBHOM

obopynoBaHUH?



naBa 16

BbITOBbIE U ABTOMOBWJIbHbIE
X0104UNbHUKK

16.1. Knaccudukauus XonoaunbHUKOB

I1o cnocoby noayuenus xono0a GHITOBLIE XOJOAWTBHUKY NTOAPA3AENIIOT Ha
KOMIIpeCCHOHHbIe, abcopOUnOHHbIE, TepMoasiekTpuuecke. [Ipeobranaro-
Ui TUN XOJNOJNIBHHKOB — KOMITPECCHOHHBIE XOMOAHUIbHUKH,

KomnpeccuonHble XOJOAHIBHUKH MO KIMMATHYECKUM YCJIOBHSIM MOJ-
pa3ie]AoT Ha U3Jesis HCtoHeHnH «Y » U «T». KnuMatuyeckoe ucnosne-
HHe «Y» Pe/o/iaraer, YTo XOMOAUIbHUK H0JIXeH OBITh paboTOCTIOCOOHBIM
IpH TeMiepatype okpysxaiomeit cpenst 1o 40 °C. XojoAUAbHUKY UCTION-
HeHnA «T» JOMKHBI GBITh pabOTOCTIOCOGHBI TIPH TEeMITEPATYPE OKPYKalo-
nteii cpensl go 45 °C.

Ilo memnepamypromy pexcumy BHYTPH OXJIaXkaeMOTo 00beMa MOPO3Hb-
HOTO OT/IeIeHUS XOJMOAUIbHUKH TOAPA3AeIOT Ha BRICOKOTEMIIEpATYPHBIE,
¢ TeMIleparypoii Bo3Ayxa He BH1e —6 °C, cpenHeTeMIepaTypHEIe, C TeMIle-
parypoii Boanyxa He Boiie —12 °C, HU3KOTeMIlepaTypHbie, C TeMIlepaTy-
poii Boanyxa —18 °C u Hmke (-35...-24 °C).

Ilo xoHcmpyxkmusHoMy ucnoIHEHU0 XOMOWIBHUKY TOAPAsAeNAoT Ha
OJIHOKaMepHbie, IByXKaMepHEle H MHOTOKaMepHBle. B 1Byx- n MHOroka-
MepHBIX XOJIOAUIbHIKAX KaMephl SIBJISIIOTCS] CAMOCTOSITEIbHEIMHU TeIJIo-
H30JIMPOBAHHBIMHM €MKOCTSIMU.

ITo cnocoby oxnaxcoenus 6030yxa XONORATbHAKH N0/IPa3/IeJIAIOT Ha X0-
JNOIVITBHUKY C eCTeCTBEHHOIT KOHBeKIHel Bo3flyxa (TpaaHLHOHHAIH TUII
Temyioo6MeHa), ¢ MPUHYAUTENbHBIM JBH)XEHHEM BO3/yXa IOCPEICTBOM
BeHTHJIATOPa W KOMGHMHHPOBAHHOTO THITa OXJIaXAeHHS BO3AyXa, COYeTa-
101UM oba crrocoba TermioobMeHa, X0JMOAMIbHAKY C TPUHYNTEIBHBIM [BU-
XKeHHeM BO3/[yXa B HU3KOTEMIIepaTYpPHOM WJIHM IUIIOCOBOM OT/leleHHH XO-
JIOAWIbHIKA TOJYYHITH Ha3BaHHe XOJOAWIbHUKOB ¢ cucTeMoi «No frosts,
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YTO HHTEPIPETHPYETCH KaK XOJIOAUIBHUK C «He 0OMep3alouluM HCNapH-
TeNeM>».

XONOANNbHUKY € €CTECTBEHHOH KOHBEKIWeH BO3MyXa BHITONHAIOT C
OIIHMM McHapuTeseM (MOpo3uikoil) WK ¢ aByM4. Bropoil ucnapurens
IperMyIECTBEHHO pa3MeNlaloT BHYTPU OT/IeJIEeHHS C NOJOXKHUTEIBHON TeM-
HepaTypoii, Ha ero 3aJiHeH NOBEPXHOCTH. DTOT UCHIApHUTEh HA3hIBAIOT «IJIa-
YyIMM HCTapuTeleM», IOCKOIBKY OH paboTaeT B peskiMe fepHoJInIecKo-
ro o6Mep3aHHsl ¥ OTTaNBaHUS.

B coBpeMeHHBIX KOHCTPYKIHAX XOJOAHABHUKOB 3TOT HCIIapHTeb lIoMe-
Lyaloy B yrIybsienny Ha 3a7iHel IOBEPXHOCTH CTEHKH XOJIOJW/IbHUKA WITH B
Gombielf YacTH 32 BHYTPeHHel 06 TMIOBKOH XOMOAMIBHOI KaMephE. B TakoM
CJIydae 3TOT HCHapuTe/b B XOJOAWIbHUKE MTOTpebUTe b He BH/MT.

[Tono6Hoe pasmenienne HCNAPUTEA ¢ ICTETHYECKOM U NMPaKTHYeCKOMH
TOYEK 3peHHs pHBJeKaTeabHo, OHaKo, Kak M060e TeEXHHYeCKOe pelleHHe,
OHO, ynpomasi Npo6yieMy-CaHHTapHO# 06pabOTKM MCMApUTENs, YXyAUuIaeT
TEMM00OMEH BO3/iyXa KaMephl C ero NoBepXHOCTbIO, IOCKOJIbKY TenJ1006-
MeH Mex/ly NCIIapuTesieM M BO3/IyXOM X0JIOAUAbHON KaMephl OCYIieCTBIA-
ercsl yepe3 MaTepvas BHyTpeHHell OONHIOBKH KaMephi. ITOT MaTepHal,
KaK NPaBHJIo, He 00J1aflaeT BHICOKOM TEIIONPOBOHOCTHIO.

TpaauiiHOHHO MCNAPHUTEIb Pa3MENIaioT B BePXHEH YacTH TerIoU30H1-
~ poBaHHOTO 06’beMa X0JIOAH/IbHO# KaMepbl. IIpH 3TOM BbICOKOTEMIIEpaTyp-
HOe OT/le/leHie HaXOMUTCsl oA uclapyutesieM (MOPO3UIKON).

B xonoaunsHuKax ¢ NPUHYAMTEIBHBIM JBHXEHAEM BO3[yXa MECTO pa3-
MelleHYs] HHI3KOTEMIIEPATYPHOTO OTHeJieHHs 00beMOM XOJOAMIbHUKA He
OrPaHHYEHO.

- ITo cnocoby ommausanus cniapuTesiss XOTOAWIPHUKY Pa3/IHYAIOT: XO-
JOMUILHAKY C PYYHBIM CHOCOO0OM OTTaMBaHUA, NMOJYaBTOMATHYECKHM U
aBTOMAaTHYeCKMM. PyyHOe yRaieHHe HHesl C IOBEPXHOCTU UCTIapHTeNq Kak
MeTo/] XapaKTePHO TOJHLKO IS XOJOAUIBHHUKOB YCTapeBIIMX KOHCTPYK-
M, KOTOPHIE B CUJTY TEX UM HHbIX OOCTOSTENBLCTB A0 CHX TIOP TIPOAO/IKA-
IOT 3KCILIYaTHPOBAThCA.

IIpu nonyaBToMaTHYeCKOM yIa/IeHHH HHesI TI0JIb30BaTes b BPYYHYIO Ha-
JKUMaeT KHONKY OTKJIIOYEHHs KOMIIPeCcopa Ha peJle TeMnepaTyphl. Bxino-
YeHHE KOMIpeccopa NPOUCXOUT aBTOMATHYECKH.

ABToMaTHYecKoe OTTaHBaHMe obecrieynsaercsd NpubOpaMu aBToMaTH-
YeCKOro pery/IMpoBaHUA M KOHTpoJA. MeToasl BbIfTo/IHEHUSA STOTO Npolec-
ca MHOTOOOpa3HbI: BO3AYXOM NOMEIEHHs, B KOTOPOM YCTaHOBJIEH XOJIO-
JIWIBHHK, TOPSIYNMH NIaPaMH XOJIOANIBHOTO areHTa, IOCTYNaoHIHMH BMeCTO
KOHJIEHCATOPa B UCTIAPUTEJb, 3JieKTPOHarpeBaTelbHMH 3JIEMeHTaMH, IPHU-
KpenJIeHHBIMHU K HCIIapUTEJIO.
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16.2. Cucremnl oxnaxpneHns

B xonodunvnuxax c oOnum ucnapumenem Bo3fyX B BHICOKOTEMIIEPATYPHOM
OTZeJIeHUH OXJIK/AeTCs TOCPe/ICTBOM Teioo6MeHa ¢ OTKPHITOll MoBepx-
HOCTBIO HcTapuTeis. Bo3ayx Bokpyr HCTapHTesisi MOXKeT ABUraThCsl KOHBEK-
THBHO MM NIPUHYAUTEJbHO. [[BIDKeHHe BO3LYXa PeTryIHPYeTcs H3MEHEHH-
€M BeJINYMHbI OKHA Ha NMOZIOHE HJTH 3aC/IOHKH Y TOBEPXHOCTH UCHApUTEs.
CiefgoBaTenbHO, peryJMpoBaHHe BeIHYHHbI HOTOKA XOJOJHOTO BO3AYXa OT
HCIIapuTeNs B OXJaX/aaeMbiil 06beM C MOJOXUTENbHOH TeMnepaTypol, a
3HAYMUT, U TEMIIEPATypa BO3yXa B 3ToM 0ObeMe olIpeiesisieTCsl HacTpOHKOii
CHCTeMbI BO3yXopaclpeeNneHus.

OnTtuManbHoe pacrpeliefieHHe TeMIeparypsl BO3AyXa B BBICOKOTEMIIe-
PaTypHOM OTZe/IeHNH JOCTUTAeTCs B TOM CJIy4ae, KOT/a B OXJIakJaeMbiit
o6'beM X0JIOIHbI BO3AYX MOCTYNAET B €ro CpeAHIolo YacThb. [Ipu aToM Ten-
JIBIA BO3/IyX B HanpaBJieHUH HCTIapUTeNs ABHKETCS BAOJb BHYTPEHHUX 10~
BEPXHOCTel CTeH XOJOAWIbHHKA.

[Tpu 3aKpbiTOl 3aCJIOHKE MOA0HA TIO] UCApUTEeM CPelHss Mo 06b-
eMy TeMIepaTypa BO3/yXa B OTAeJIeHHH C [10JIOKHTEIbHOI TeMnepaTypoit
Bo3pacTaeT Ha 4—6 °C, npu aToM TeMIiepaTypa BO3/lyXa B HU3KOTeMHepa-
TYPHOM OT/ieJIeHHH! TToHM:KaeTcst Ha 3—-4 °C.

Bosiee HU3Kas TeMiiepaTypa BO3JlyXa B HU3KOTeMIlepaTypHOM OTAejle-
HHUH JOCTUTAETCS NPH TENJIOU30JIAINH HU3KOTeMNepaTypHOTO OTleeHUs
U PeryJiMpoBaHHM JBH)KeHUs BO3JyXa y MOBEPXHOCTH Hcnapurens. Tex-
HHUYECKoe pelieHHe IPo6JIeMbl CBA3aHO € CO3JaHHeM PallHOHAIbHOI KOH-
CTPYKUMM 3ajiHeil CTEHKH XOJOAWIbHHKA, IBepPKU HCHapuTess, NOAOH],
CO3/IaHKs ONITHMANbHOH KOHCTPYKIUH OTPaKAeHUIT 1 pa3MepOB OTBEPCTHIA
IUIS IpoXofia Bo3ayxa. Takoe TexHHYeCKoe pellleHue obeciiednBaeT NOHM-
JeHHe TeMIepaTyphl BO3yXa B HU3KOTeMIIepaTypPHOM OTAeJeHHH (Mopo--
anike) 1o —12 °C. Jta reMnepatypa Bo3/yxa JOCTUTaeTcs IIPH TeMIepa-
TYpe KUIleHHS XoJoAuIbHoro arenTa —21...-19 °C.

Hapsany ¢ TpaauuuoHHBIM crioco6oM Terioo6MeHa BO3LyXa C NOBEpPX-
HOCTBIO HCIIapHTENS OXJIKAeHNE BHICOKOTEMIIEPATYPHOTO OT/AeJIeHHs MO-
eT 6bITh obecrieyeHo OPUTHHATbHBIM TEXHMYECKHM pelleHneM. Oxnax/e-
He Bo3/lyXa obecrieunBaeTCs METALTHYECKO aTOMHUHHMEBOH I/IaCTHHOIH,
PACIIOIOKEHHOM o/ HIDKHEH IIOCKOCTDIO MCIIApUTeJIs, KOTopasi BEINOJI-
HsleT GyHKIUHIO HUXHel N1ockocTy HenapuTena. Biaronaps tomy dro aTa
MJIaCTHHA HaxoAUTCSA BOIM3N HUXKHeH MOBEepXHOCTH MCIapUTeNs, TeMIlepa-
Typa ee I0BePXHOCTH OTJIMYAETCS OT TeMIeparyphl ucnaputens Ha 1,5-2 °C.
CropoHa maacTiHbI, 06pallleHHas K TOBEPXHOCTH HICTIapUTeIs, — IJIOCKAst.
ObpaTHas CTOPOHa NJIACTHHBI BHINOJHSAETCA ¢ HeGoMbIIMM opebpenneM.
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O6bi4HO IPUHAMAIOT BbicOTY peGep 0,02 M mpu miare pebep 0,034 M. OT-
TaHBaHUE [JIACTHHBI py4YHoe. /1151 3TOTr0 NIaCTUHY CJAEAYET BHIHYTH H3 X0~
JIOANBbHIKA, YAAJIUTH C Hee HHEM M ITOCTaBUTD ee Ha MECTO.

XonoguabHUKY € IBYMst ICHapUTe/ISIMU B HU3KOTEMIIEPAaTypPHOM U BBICO-
KOTEMIIEPATyPHOM OTAENEeHHAX 00ecneunBaloT pelleHe KOMILIEKCa IIpo-
6neM. Ilpexie BCero OHM KacaloTcs JOCTUKEHUS TEXHONOTMYECKH 3ajaH-
HOM HU3KOJ TeMIlepaTyphl BO3/lyXa B KaXX/IoM U3 oTAeneHuil. Kpome Toro,
TEeXHHYECKOE pellleHHe JBYXHCHAPUTENbHOTO XOJMO UIbHHKA obeciedrBa-
eT 6oJiee paBHOMePHOE paclipefieieHie TeMITePaTyphl BO3AyXa B OXJIaXaa-
eMoM obbeme.

Ha nmpakriike UCIIONB3YIOT ABa TUIA COeAMHeHNs ucnapurteneil. B nep-
BoM ciyydae (puc. 16.1) Xuaxuii XoMOAUIBHEIH areHT 13 KoHAeHcaTopa 2
NOCTyNaeT BHadajle B UCNIapUTeNb HU3KOTEMIIepaTypHO# KaMepsl 3, a 3a-
TEM B UCIIAPUTEJb BHICOKOTEMITEPATYPHOTO OTAeJIeHUs 4 («Iuauyumit> uc-
napHTeb).

Taxas cxeMa coeZlMHeHHsI HCTIapUTeJIeil MIMeeT HEKOTOPBle OCOGEHHOCTH,
Tax, npu HOHWKEHWU TeMIIepaTyphl BO3/yXa, OKPYXAIOLUIETOo XOMOANUIb-
HHK, HabM0IaeTcA HelOCTATOYHAs No[aya XOJIOJUIBHOTO areHTa B HClia-
puTEb BHICOKOTEMIEPATYPHOIO OTAEJeHHs. JTO CBSI3aHO C TeM, YTO IpH

= )
=)
|
st /5
2
6
\1‘-—
Puc. 16.1

XonognnsHuk ¢ ABYMA ncnapurenaMmu

1 — komnpeccop, 2 — KoHAeHcaTop, 3 — ucnaputenb HU3KOTEMNEPATYPHLIA,
4 — nucnapuTtens NAIOCoBoN, 5 — kanuAnapHan Tpybka, 6 — scacbiBaloLnit
TpybonposoA
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NOHMXEHNH TEMIIEPATYPHl BO3/yXa, OKPYXKAIONIETO XOJOAHIbHUK, YMEHb-
aeTcs aBjieHue KOHAEHCAIlUN U B CBA3M C YMeHbIIEHHEM TellJIONpUTO-
KOB B OXJIaXKJAaeMblii 06beM MoCTynaeT MeHbllle XOJOJUIBHOTO areHTa B
HCIApUTED.

Bo BTOpOM Cly4yae XOJOAMIbHBIA areHT BHayase MOAAeTCs B UCMapH-
TeJb BHICOKOTEMIIEPaTypPHOTO OT/eleHUs. DTo obecreynBaeT Xopoliee 3a-
NOJHeHHe UCTIApUTEJIS TIPH JI000# TeMIepaType Bo3ayXa, OKPYXKalollero
xonoxuabHYK. OiHaKo MPU HU3KO#H TeMIIepaType BO3/1yXa, OKPY>KaIOIIero Xo-
JONWUTBHUK, HCTIAPHTENDb BHICOKQTEMIIEPATYPHOTO OT/eJIEHH S 3aTPyAHSIET
npomnecc ero orrauBanus. Ilostomy obbeM ucnapuresst BbICOKOTEMIIEpa-
TYPHOTO OTZeJIEHHS AOKeH OBITh MUHHMAJIbHBIM.

YcnoBueM HOpMasbHOM PaGoTHl XOMOAUIBHUKA C <«ILIAaYyUINM» HCMa-
pHTeeM SABJIAETCS IMKINYHAS paboTa XOJMOUIbHUKA C MAJIBIM 3HAYEHHEM
Koa(pdunHenTa pabovyero BpeMeHu. ITO 3HAUHT, YTO KOMIIPECCOP XOJIO-
AMJIbHUKA JOJIKEH paboTaTh HEMPOAOKUTENBHOE BpeMs], a TTUTEIBHOCTD
HepaGoueil YacTu 1IMKJa, B KOTOPOil «IIauyuinii> UCapuTesb yCIeBaeT
OTTasITh, JOKHA OBITh 6OIBIION.

PasMellleHye «II1auyiero> MCHapuTeNs B XOJOAWIbHON KaMepe OKa-
3bIBaeT CylleCTBeHHOE BAMSHUE Ha PaBHOMEPHOCTh TeMIIepaTyPHOTO NOJIsk
B 06beMe BHICOKOTEMIIEPATYPHOTO OT/AeIeHHS, YCYUIKY IIPOAYKTa.

Ha npaxTuke peanu3yoT MHOrooOpasHbie CHOCOObI pa3MellleHUs] Hcrapy-
Tesis. Vicmaputeib pa3MenIaioT Ha 3a/iHeii CTeHKe B BUJIe ILIOCKOH ILIaCTHHBI,
U-obpasubiii ucriapuTeib — Ha 3aHell U GOKOBBIX CTeHKaX, [-06pa3Hblii
HCIapuTeb — Ha 3a/iHeil CTeHKe ¥ MOTOJKe BEICOKOTEMIIEPaTypHOTO OTAe-
aenus. TenoTexHuyeckne UCNIBITAHUS MICTIapUTesell CBUAETENbCTBYIOT,
YTO C MO3ULMH 3(p(HeKTHBHOCTH TenI0oOMeHa Hauyy1lIe pe3yabTaThl 10-
cruraiorcs npu -06pasHoM pa3MelleHHH HCTIapHTeIs.

[l ycKopeHUst OTTaHBaHHSI HCIIAPUTEST BBICOKOTEMIEPATYPHOTO OT/e-
JieHUsl K HeMy NpHKPeNJSIoT HarpeBaTesb MoulHocTbio 10-20 Bt. Kpome
CoKpallleHHs JIMTEJIbHOCTH yAaleHHs HHes HarpeBaTesly CIyXKaT u s
npeoTBpallieHHs ero obpasoBanus. OTCYTCTBHe HarpeBaTe/lsi Ha MCHapHTe-
Jie yBe/IMYNBAET AUTENBHOCTD Hepaboyel YacTH LMKJIa U KaK cJIelCTBHe —
BO3pacTaHHe aMIUIMTY/bl KoJlebaHu# TeMIepaTyphl Bo3/yxa B oXJlaxzae-
MoM obbeme Ha 1-2 °C.

HarpeBaTtesii MoAK/IIOYAIOTCS, KaK MPaBHJIO, NapajlieIbHO TEpMOpEry-
JIATOPY.

Xonodunsnuxu ¢ npunyoumenvruim 08uiceruem 6030yxa, 4acTo KJIaccH-
¢dunupyemble Kak XonoAUIbHHKH «No frost», CpaBHUTEIBHO € XOJIOAMIb-
HMKaMH, B KOTOPHIX peajM3yeTcs KOHBEKTHBHOE [ABHKeHUe BO3ayxa, 06-
NlafaloT pAAOM HeCOMHEHHBIX JocTouHCTB. [IpuHyauTenbHoe ABMKeHHe

10-996
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BO3JIyXa B OXJIaXaeMOM o0beMe obecrieunBaeT paBHOMEPHOCTD TEMIIEpa-
TypHoro noiis. KpoMe Toro, ynpoiaercs yiajieHne HHes ¢ TOBEPXHOCTH
UCIapuTes. ITO CBSI3aHO C TeM, YTO peGPUCTO-TPYOHBIH HCIIapUTENb, KaK
MPaBHJIO, YCTaHABJAMBAIOT Ha 3a/{Hell CTeHKe HU3KOTeMIIepaTypHOIl KaMe-
PHI HJIH B TEIION30IALIUOHHOM Neperoposike Mex iy kamepamu (puc. 16.2),
TloaToMy oTTamBane HCHapuTesis MPaKTUYECKH He CKa3biBaeTCst Ha U3Me-
HEHHMH TeMIIepaTyphl BO3JyXa B OXJIaXAaeMOM oObeMe.

B xonodunvruxe ¢ 08yms Kamepamu, pacnoioNeHHvMU Opyz HAO OpYzoM
(HH3KOTEMIIEpPAaTYPHAast KaMepa PacloJsIoXKeHa CBEpPXY ), IPEHMYILECTBEHHO
NPHUMEHSIIOT TOPU3OHTAJIbBHOE pa3Meliienye nenapurens (puc. 16.2).

Bonpuas yacTh Bo3fiyxa us ucnapurens (75-85%) nomaercs B HU3KO-
TeMIEpaTypHYIO KaMepy, OCTABHIAsICSl YaCTh — B BRICOKOTEMIIEPATYPHYIO
kamepy. Harpesmmiicst Boagyx u3 o6eux kaMep BHOBB IIOCTYNaeT B lCNa-
puTesb.

10

11
12

77
14 13

Puc. 16.2
XOnofnunLHUK C ropuaoHTaNbHBIM PACNoNOXEHWEM UCNapUTens

1 — koMnpeccop, 2 — TepMoperynarop, 3 — BeHTUNaTop, 4 — okHo,
5 — Bo3pyxopacnpeaenuTensHan peuletka, 6 — noANOH Ans BoAY!,
7 — ucnapuTens, 8 — HarpegaTens ucnaputens, 9 — xenob ang Tanok Boayl,
10 — HarpeBarenb, 11 — oTBepCTUE ANA CTOKa Boasl, 12 — Harpesartenb,
13 — kanan ans Boapbl, 14 — eMKOCTL Ana BOAb!
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XonoaHblil BO3lyX BEHTUJISITOPOM 3 Yepe3 OTBEPCTHE 4 U BO3LyXopac-
HpefeuTe/NbHbIEe PENIETKU 5 HATIpaBiSeTcs B HU3KOTEMNEPATyPHOE OTAe-
JgeHue. Menblasi ero 4acTb 4epe3 OTBEPCTHE, PACHOJIOXKEHHOE B HIKHEH
4acTH KOPoOa BEHTHUJISTOPA, HANPABJSIETCS B BHICOKOTEMIIEDATYPHOE OT-
Aenenue, OTenieHHBIH BO3/IyX MOCTYNaeT B MCHapUTe/ b Yepe3 061ui Ka-
HaJI, pacnoJIoKeHHBIH B ero TopueBoit yacti. Ficnapurens B xosoauipHIKe
B TPAAMIHOHHOM NIOHMMAaHUH €0 POJIN ABJASETCSE BO3AYXOOXJIafUTEIEM,
OH obecnieynBaeT BHICOKYIO 3¢ (eKTHBHOCTD TemnoobMeHa. OfHOBpeMeH-
HO HcHnapuTeb 3¢ heKTHBHO yassieT BJIary U3 BO3AYXa, B CHITY Yero Bo3-
HUKaeT npobieMa yBAaXHeHUS BoalyXxa. B npoTusHoOM ciyyae Habona-
€Tcsl UHTEHCHBHAs YCYIIKa MPOAYKTOB.

B xonodunvuuxe ¢ 0syms xamepamu, pacnonoxcennvimu padom (puc. 16.3)
(XONOAWTbHIKM eMKOCTbIO 6ostee 400 1), NO-HHOMY OpPraHM30BaHO JBH-
XKeHue Bo3Jyxa.

Puc. 16.3
Cxema BoafyxopacnpefieneHus B XON0AUALHUKE C XONOAUNbHLIMU KaMepami,
pacnonoxeHHLIMU PAaOM

1 — komnpeccop, 2 — ucnaputenb, 3 — LUEHTPOBeXHbLI BEHTURATOP,
4 — pospyxopacnpeaenvTensHan kopobka, 5 — soaayxosoa,
6 — HarHeTarenbHbIll Kanan, 7 — Nojaya Bo3jyxa B COCYR AN MAca, .
8 — BcacbiBalouil BO3AYLLIHLIA KaHa, 9 — KoHAeHcaTop,
10 — BEHTUNATOP KOHAeHcaTOpa

10+
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LleHTpoGexxHBIH BEHTUNATOP 3 HarHeTaeT XOJOAHbIH BO3YX B pacinpe-
ReNUTENTbHYI0 KOpoOKy 4, B KOTOPOIi OH paclpe/iesisieTcsl Ha ABa NOTOKa.
Bosblias yacTs yepes HarHeTaTeJbHbII KaHal 6 MOAaeTCsa B BEICOKOTEM-
HepaTypHoe oTeJIeHHe X0JoAnIbHIKA. CylleCTBEHHO MEHbIIAs YacTh ye-
pe3 MexKKaMePHYI0 NeperopoIKy HallpaB/IsieTcs B COCYA JUIS XpaHeHUs Msica.

B cocyze ana xpaHeHHs Msica TeMilepaTypa Bo3fyxa Ha 4—5 *C Huxe
TEMIIEPaTyPhl BO3ZLyXa B BHICOKOTEMIIEPATYPHOM OTAEJIeHUH, HOITOMY -
TEJPHOCTh XpPaHEHHMsA Msica MOXET COCTaBJSATh OAHY HEZAeJIo.

BoaayuHblit 0cHOBHOI MOTOK B BepXHEI YacTH KaMepbl pa3feIfaeTcs Ha
ABa IOTOKA. BoJsibliast ero 4acts NOCTYNAeT B HU3KOTEMIIEPATY DHOE OTJE-
JIeHH€ Yepe3 TOpLeBble LIeIH MeXAY CTeHKOI KaMephbl M BO3AYXOBOJOM 3,
MeHblIasi YaCTh MOCTYIAeT B HaTHeTaTeAbHbIN KaHau 6.

Ternniii Bo3AyX U3 BHCOKOTEMIIEPATYPHOrO OTAETEHNS MOCTYNALT B UC-
napuTeb yepe3 kaua 8. I3 HU3koTeMITepaTypHOro OT/e/IEHHS BO3AYX I0-
CTyHaeT B MCTIAPHTEJIB, B €T0 CPEAHION0 YacTh.

Pa6oToii koMpeccopa ynpasJsieT peryasatop TeMnepaTyphl HU3KOTEM-
nepaTypHoro otaeneHus. Ero yyBCTBUTEIbHBIIN dJleMeHT PacloJioXeH Ha
BXOJIe B HArHETATE IbHBLI KaHaT 6.

TeMneparypa Bo3yxa B BHICOKOTEMIIEDATYPHOM OTAEIEHNH PETYIHPY-
€TCs1 aBTOMaTHYECKHM DPETY/ISTOPOM TeMIEpPaTyphl, BO3EHCTBYIOIUM Ha
3aCJOHKY, pacnojo’KeHHYIO B HarHeraTelbHOM KaHajde 5. Ilpubop ycra-
HOBJIEH Ha HApY>KHOI NOBEPXHOCTH KaHaJla 6, a 4yBCTBUTE/IbHBII 3JIEMEHT
3alllIIEH OT IIOTOKA BO3AyXa U PacTolaraeTcs BAAJIH OT KaHAJa, I03TOMY
OH pearnpyeT TOJbKO Ha TEMIIEPATYpPY BO3/IyXa B BHICOKOTEMIIEPATYPHOM
OTAEJIEHUH.

JlaHHas cucTeMa peryAupoBaHHS TEMIIEPATyphbl HOPORUJIA PSII TEXHHU-
YeCKHX TPyAHOCTeH, B YaCTHOCTH 1pobJieMy PeTyIMpOBaHMsA TeMITepaTyphl
B BBICOKOTeMIIepaTypHOM OTAesNeHHH. UTo6n obecneyuTh MHHUMAJIbHO
HeobOXOoquMBIii Nepenaj TEMIEPATyp MEXAY YYBCTBUTENbHBIM 3JIEMEHTOM
¥ cHJIb(OHOM peJie TeMIIEPaTypHl, CHIb(OH MPUXOAUTCS 06orpeBaTh Ha-
rpesaTesieM MOIMIHOCTHIO nopszaka 1 Br. Eciu atoro He nenath, To X1asioH,
3anoJIHAOIMI peie TeMnepaTyphi, OyzieT KoH/eHCHpoBaThes B Gosee Xo-
JIOTHOM 110 CPABHEHUIO € YYBCTBUTEILHBIM 27IeMeHTOM ciiibdoHe, a He B ca-
MOM YYBCTBHTENBbHOM 3JieMeHTe. Bes sKuaKoCcTb, HaxoAamiasicss B YyBCTBH-
TeJIbHOM 3J/IEMEHTe, IIPEBPATUTCS B Nap, KOTOPHII IepeMeCTUTCS B CHIIb(OH.
YyBCTBUTENbHBII 27IEMEHT [TOTEPAET YYBCTBHTENIBHOCTh, U PeJie TEMIEpa-
TYPHI lepecTaHeT paboTaTs.

IIpeacraBnenHas cxeMa oxJIax/eHus CBOICTBEHHA XOJIOMMIBHHKAM 60J1b-
1oro BHyTpeHHero 00beMa, 6oiiee 400 1. OnHako cucTeMa IPUHY/IUTENb-
HOTO JBIKEHHS BO3IyXa MOXKeT ObITh PEIM30BaHa U B XOJOAMNABHMKAX



fnasa 16. buitosbie W ABTAMOOUNLHBIE XONOANALHNKK 293

Puc. 16.4
Cxema BO3flyxopacnpeneneHus B XonoaunbHuke
€ NPUHYANTENbHLIM ABUXEHMEM BO3RYXA (XONOANNBHUK Manoro o6bema)

1 — BEHTUNATOP, 2 — BO3BPAT BO3AyXa U3 BLICOKOTEMNEPATYPHOTO OTAENEHN],
3, 15 — kaHansi, 4 — ucnapurens, 5 — peleTka BEHTUAATOPA,

6, 7 — oTBepcTUA ANA NOAAYYU BO3AyXa B HU3KOTeMNepaTypHoe oTaenexHue,

8 — kxaHan nogayy Bo3ayxa B BbICOKOTEMNepaTypHoe oTaenenve,

9 — neperoposaka, 10 — oTBepcTue 4nNA npoxona Bo3gyxa B NogaoH, 11 — noanoH,

12 — oTBepcTUE AN NOAAaYN BO3AYXa B BLicCOKOTEMMNepaTypHoe oTaeneHve,

13 — Wwenu ans oTcoca Bo3ayxa U3 NOAAOHA, 14 — oTcoc Bo3ayxa

13 BeicOKOTeMneparypHoro otaenexus, 17 — kancyna,
18 — narpeBartens

Masioro o6beMa, HanpuMep B X0oJI0uAbHHKaX eMKocTbio 150-200 x. Oaun
13 BO3MOKHBIX BADHAHTOB BO3yXopacIpeLeeHus B XOJOAWIbHUKE NIpef-
cTaBJieH Ha puc. 16.4.

HuskoteMnepaTypHoe OTZiesIeHHe BHITOJHEHO B BUJE CAMOCTOSATENBHOMN
KoHcTpykuuu 17 (xancynsr). Mcnaputens 4 HaxofuTcs Ha 3ajHel CTeHKe
KancyJinl. Tenislii BO3/lyX 43 BHICOKOTEMIIEPAaTyPHOTO OT/eJIeHHs 3acachl-
BaeTcs BenTusatopoM 1. Boagyx nocrynaer yepes kaHassl 15 u 3 B oTsep-
cTHe 2.

M3 HU3KOTeMIIEpaTYPHOTO OT/e/IeHUs BO3XYX B MCIIapUTeNb IOCTyNaeT
depes penteTky 5. O6a 3T MOTOKA CMEIIHBAIOTCS B 30He BPaIlleH U] KPbLITb-
YaTKU BeHTUAATOpa. CMellleHue TOTOKOB MOXKET IIPUBECTHSK BBHIAEJICHHIO
BJIaTH, IO3TOMY LIS e€ YAAJIEHHS BO BpeMs OTTauBaHMSA BKAIOYAETCS dJ1eK-
TpoHarpeBareib 18. Bo3ayx, npoxons yepes ucnapurens 4, pasfe/sercs
Ha ABa notoka. Of1H MOTOK Yepe3 iesid 6 u 7 nocTynaeTt B HU3KOTEMIIepa-
TypHOe oTAeneHve. Bropoii notok yepes xaHaa 8 monasaer Ha BO3ZYXO-
pacIpefeJMTENbHYIO Heperopoiky 9, riie IOBTOPHO Pa3fie/iAeTCs Ha ABa
notoka. YacTb Bo3yxa yepe3s orBepcrye 10 B BO3AyxXopacnpenesuTeabHOI
Tneperopojike NOCTyNaeT B HOAIOH 11, Apyrad YacTh IO KaHaJlaM B BO3Jy-
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XopacnpezieinTebHOH neperopofike HampasJsieTcs K KanajlaM 12, yepes
KOTOPHIE BO3YX MOCTYNAET B BHICOKOTEMIIEPATYPHOE OT/AENCHUE,

Xonoausiit Bo3Ayx U3 noanoHa 11 yepes 60KOBbIe LIEIH MEXKTY BO3YXO0-
pacnpeneauTeNIbHOM NeperopoIKoi U NOIIOHOM HanpasJsieTcsi B Mepes-
HIOIO 4acTh Kamepbl. OTellJIeHHbIH BO31yX H3 BLICOKOTEMIIEPATYPHOTO OT-
ZleJleHUsl NoCTynaeT B capUTenb Yepe3 KaHatk! 14 u 15.

IlpencraBiaeHHoe TeXHHYECKOe PellIEHHE OXJIaX/IeHUS BO3AYXa B X0OJIO-
AUJIbHUKE He SIBJISETCS COBEpPIEHHBIM, IOCKOIbKY HabaofaeTcs Gobiias
PasHOCTb TEMIIEPATYP BO3JyXa Ha BXOJie B BLICOKOTeMIIEPaTYPHOE OTeie-
HHe U Bo3Bpalamierocs B ucnapurenb. Ona MoxeT aocrurath 10 °C, uto
CBHUIETENBLCTBYET O BBICOKOH HEPAaBHOMEPHOCTH TEMIIEPATYPHOTO IOJIst B
o6beMe BbICOKOTEMIIEPATYPHOTO OT/leJIEHHS, AHAJIOTUMHOTO CHCTEMaM C KOH-
BEKTHBHBIM [BUKeHUEM Bo3ayxa. KpoMme Toro, noxaya Bo3uyxa Henocpes-
CTBEHHO B OXJTKIaeMblii 00bEM YBeTHYMBAET YCYIIKy MpoAaykTa. OcTpoTa
npoGaeMbl MOXeT GBITH yMeHbIIEHa, eC/IV BO3AYX M3 NCITAPHUTENS, OMBIBast
BHYTPEHHIOI0 OOJIMIIOBKY KaMephl, 3aTeM N0/IaeTcsl B Hee Yepe3 OTBepCTHs
B 00muioBKe. Takxas KOHCTPYKUUA ABJASETCS AHAJIOTOM TIaHEbHOM CHCTe-
MBI OXJ12K/IeH s, XOPOLIO 3apeKOMeH/I0BaBIIel cebs B YacTH IOCTHKEHUS
PaBHOMEPHOTO TEMIIEPATYPHOTO IOJIst B OXJIaxiaeMoM obbeMe pH MaJloii
BEJUYHHE YCYUIKH.

16.3. OcHoBHbie noka3aTtenn ObITOBLIX XONOANNBHNKOB

KomniekcHas orierka GpITOBBIX XONOAMIBHUKOB, KOTOpasi OTPaXkeHa B TeX-
HUJYeCKo# TuTepaType, 6asupyeTcsa Ha COBOKYITHOCTH 6ONBIIOro KOJIHYe-
cTBa nnokasarteeil. Ux o6peIHHAIOT B 6 OCHOBHBIX IPYNIL: TEXHUKO-3KCIUTya-
TanWOHHbBIE, [I0KA3aTeTH Hae)kKHOCTH, TEXHOJIOTUYECKHE, SCTETHYECKUE H
IPTOHOMMYECKHE, TOKA3aTeNH CTaHAAPTU3AUIMU U YHHDUKAIIMY, NATEHT-
HO-IIPaBOBBIE,

B norpebuTenbckoM IIaHe HAMGOMBIINI HHTEpeC IPeICTABIISIOT OTAE Ib-
Hble, HanboJiee 3HAYNMBIE IIOKA3aTENN.

TexHUKO-3KCNPyaTaUMOHHLIe NOKa3aTent:
06b8MHO0-BECOBbIE H TEMNBPaTYPHO-3HEpreTuieckue

Obvemno-eecosvie nokasamenu: V , — obuias eMKOCTb XOJOXUIBHUKA,
M%, V. — eMKOCTb ITIOCOBOTO OT/e]enus, M®, V =~ — eMKOCTh HU3KOTEM-
NiepaTypHOro OTAeNeHHs, M3, Fx,, -- IJIOM[a/(b HOBEPXHOCTH XOJOUIbHOTO
XpaHeHus, M?, m — Macca X0JOAWIbHHUKA, K.

Temnepamypno-snepzemuueckue nokasamenu: t, — TeMIeparypa Bo3lly-
Xa B BBICOKOTeMIlepaTyPHOM oTaesienuy, *C, ¢, — TeMIlepaTypa BO31yXa
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B HU3KOTeMIlepaTypHOM oTAeneHuy, “C, W — pacxon ajnekTposHepru,
kBTu/cyt., ® — yaeabHblit pacxoy anexTposHepruu, kBru/(cyr. - 1), b —
ko3dhbueHT paboyero BpeMeHH.

O61mas eMKOCTh XQJoauIbHuKa — V our M5 — 3TO o6beM, orpaHHYeH-
HBI#l BHYTPEeHHUMH cfemcaMn XOJIOIVIIBHUKA IIPH 3a1cprTon JIBEPH M BHI-
HYTBIX ChbeMHBIX 3JIeMeHTaX.

EMxocTb oHOKaMEpHBIX XOTOAUNBHUKOB 0OLIYHO cocTaBisteT 40—-350 11,
ABYXKaMEPHBIX C eCTeCTBEHHOM KOHBeKIUelt Ro3yxa — 120—380 1, xByx-
KaMepHBIX ¢ IPHHYANTENbHbIM ABHXKeHHeM Bo3fyxa — 320-800 .

EMKoCTh HM3KOTEMNIEPATYPHOrO OTAEJIEHUS 3aBHCHUT OT obliell eMKOo-
CTM XOJIORUIBHUKA. /{19 0OIHOKAMEPHBIX XOJOAUIBHHKOB OHA COCTaBIdeT
10-15% oT eMKOCTH XOJOAMIbHUKA. B AByXKaMepPHBIX XOIOAMIBHHKAX C
ecTecTBeHHOM koHBekuHeit — 20-25%, B X0NMOZUTbHUKAX C IPUHYAUTEJIb-
HBIM JIBHKeHHeM Boszyxa — 45-50%.

ILo1anb MOBEPXHOCTH XONOAUIBHOTO XpaHeH!s (TIJIONIA/lb MOJI0K) —
F,,, M*, — BKJIIOYaeT MOJIKK Ha /IBepY, [IOWAAK AHA MONBECHBIX COCY/OB,
nozmona ¥ Ha kaMepsl. [lnomans mosa nponopiuoHastbHa EMKOCTH X0JI0-
auiabHUKaA. B cpenneM oHa coctaBaser 42-52 am?Ha 100 aM° emKocTH X0-
JIOAMJIbHUKA. JTO 3HAYHT, 4TO Ha 1 iM? ILTomaK Mook npuxoauTcs 1,85~
2,4 M3 eMKOCTH, T. €. cpeHsIS BBICOTa HaJl ToJKkoi cocTassieT 185—240 MM, .

Macca X0MoANIbHUKA B 3HAYUTENbHOM Mepe IPONOPLMOHATbHA eMKO-
CTH xoaoAubHUKa. [loka3arenn, paBublit 0,24 KT/J, cCiMTaeTCS yAOBJIET-
BODHTEJbHBIM.

Temneparypa Bo3yxa B BBICOKOTEMIIEpaTypHOM OTAeNeHUH, ¢, °C, He
ABJISETCA NOKa3aTesleM kadyecTBa XoqoauiasHuka. OHa ycTaHaBJIMBaeTCA
norpebutesneM. BaxxHo a1k, YTOOH! IPH TEMIEPATYPE OKPYKAIOLIETO XO-
JoaWIbHUK Bo3fiyxa 32 °C koaddunueHT pabouero BpeMeH! XOJIOAHIIb-
HUKa ObLT MeHee eUHHUIIBL

Temneparypa Bo3ayxa B HUBKOTeMIIepaTypPHOM OTAeJIeHuH, ¢ , °C, onpe-
JeJifeT TeXHOJIOTHYeCKH AOMYCTUMYIO JVTUTENBHOCTD XOJIOAUIBHOTO Xpa-
HeHU4d, a IPU KpaTKOCPOYHOM XpaHeHHH — OTCYTCTBHe U3MEHEeHHs Kaye-
CTBA NIPOAYKTA. '

B oteyecTBeHHOI U MeXKXYHAPOAHOMH MPaKTHKe YCTAaHOBJIEHH TPH YPOB-
Hst TeMnepatyp: —6, ~12, ~18 °C. CoBpemeHHbIe GBITOBBIE XOJOAMTbHUKH
B 6OJIBLIMHCTBE CBOEM OpHEHTHPOBAHbI HAa TeMIIEPATYPY BO3AyXa B MOPO-
3uIbHOM otfesieinH —18 °C 1 Hike. IlpuueM TeHIeHIUA NOHMKEHUS TEM-
neparypsi Bo3ayxa o —24 °C u Huxe ABJISAETCS YCTOUUBOIL.

Pacxop anextpoaneprumn, W, kBru/cyT., olpefie/isieT 5SKOHOMU4HOCTD Pa-
60TH XOJIOAWIBHUKA. JTa BeJIMYHHA 3aBUCHT OT KayeCTBa TEXHUYECKOTO
HCTIOJHEHHA XOJOAMIBHUKA (CBOUCTB TEIJIOU3OJISLINHU, HATMYUS TEIJIO-
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BBIX MOCTHKOB H T. /1.), TEMI€paTyphl BO3AyXa B OXJIDKAAEMOM 0ObeME, TEM-
mepaTyphl BO3yXa, OKPYXKaIOIIEro XoJoUIbHHK,

DHepreTHYECKHE 3aTPATH XONOANIBHUKOB [IPUHSITO OEHHBATD IIPH YCJII0-
BUH uX paboTHl B CTAHAAPTHOM TEIVIOBOM pexxuMe. B ycioBusix ymepeH-
HOTO KJIHMATa 9HepreTHYeCcKUe NOKA3aTe/id OLEHUBAIOT P TEMIIEpaType
t,» =32 °C v BoaayXa B BRICOKOTEMIIEPATYPHOM OTAeIeHHH 5 °C. B ycio-
BUAX TPONMKOB IPMHHMAIOT TeMIIEpaTypy OKPY:Kalolero BO3/lyXa, paBHyIo
43 °C, 1 TeMnepaTypy Bo3jyxa B BBICOKOTeMIIepaTypHoM oTAesneHuu 7 °C.

Pacxof a/1eKTposHepriy NPONopHHOHATEH EMKOCTH X0JI0AuAbHNKa. [TpH
TeMllepaType t, = 32 °C u Bo3Ayxa B BRICOKOTEMIEPATYPHOM OT/eIeHUH
5 °C, emxoctH xoxoauabHuKa 200 1 pacxo] 371eKTPOSHEPIHH COCTaBISET
npubawkenno 1,7 kBru/cyr., mpu 280 1 — 2,1 kBru/cyt. C yBenuueHnem
€MKOCTH XOJIOAUIbHHKA PACXOJ 3IeKTPOIHEPTHH BO3PACTaeT, OHAKO 3TO
BOo3pacTaHHe He HMeeT IMHEHHOTO XapaKTepa, NOCKOIbKY A/ XOJOA1IbHY-
K0B 6OJIBIIONH eMKOCTH (XOIONMIBHIKY HOCJEAHEro NOKOIeH! ) CBOCTBEH-
Ha GoJiee coBeplIeHHAas! KOHCTPYKIIMS XOJOAWIbHHKA 11pu Gosiee coBep-
1eHHOH Terlousosstuuu. O6 ypoBHe HafeXXHOCTH M COBEpIUEHCTBe TeIIo-
M30JIALIUM TOBOPUT TOT (aKT, YTO COBPEMEHHBIE XOIOAUIBHUKY CIIOCOOHBE
COXPaHSTh MPaKTHYeCKH HEM3MEHHOH TeMIepaTypy BO3JyXa B OXJaKIa-
eMoM 06beMe IPH BBIKIIOUEHHH XOMOAUIbHIKA U3 351eKTpoceTH 4—8 u.

Koaddunuent pabouero BpeMeHH paGoThl KOMIIpeccopa XOJOAUIbHH-
Ka «b» IS JOMaNIHUX XONMOAWIBHUKOB SBJISETCS BaXKHBIM PACXOHBIM TO-
kasaresieM. OH CJIYKUT Mepoii pacxo/ia SHEPruH IpH paboTe KoMIpeccopa.
1o ero BennumnHe ONpeAeAsIOT 3aMac XOJI0/I0NPOU3BOAHUTEIBHOCTH KOM-
fipeccopa XoNOAUAbHOM MalIiHBL, CNIOCOGHOCTD KOMIPECCOpa XOAGHNIb-
HUKa 06ecIeynTh NO/IepxKaHUE TEMITEPATYPHOTO peXXMMa B XOJIOAUIbHOM
kamepe. [Ipyu Temnepatype Bo3ayxa, OKpyalolliero XoJoauasHuk, 32 °C
ko3 ¢uimeHT paboyero Bpemenu coctasiser 0,5-0,7.

H3BecTHO, YTO BO3pacTaHue TeMIepaTypHl OKpYKalolllero Bo3ayxa ¢ 20
10 40 °C BhI3biBaeT yBeJIMUeHie pacXo/(a 3JeKTposHepruy B 2—3 pasa. [ToBhi-
LIeHHe TeMIlepaTyphl BO3AyXa, OKpyKalolliero XoaoAunbHuK, Ha 1 °C BHI-
3BIBaeT BO3pacTaHNe pacxo/ia 3JeKTpO3Hepruu Ha 12%.

IIpu Bo3pacTaHUH TeMITEPATyPbl OKPY>KaIoOLIero Bosfyxa koaghduuneHT
paboyero BpeMeHH CTPEMUTCS K e{MHHIlE, YTO COOTBETCTBYET HENpPephIB-
Holi paGoTe xoMmpeccopa 6e3 ero BuikIoueHust. ITono6HbIA pesxum paboTh
HEKOTOPBIX KOHCTPYKIHI XOJIOAWIBHUKOB peann3yeTcsd NMoJ Ha3BaHHeM
«pexuM Supers. OH ucnosnb3yercst B MOPOSHIbHUKAX M ABYXKAMEDPHBIX
XOJIORWIBHHKAX JUIS 3aMOPa’KUBaHMS HeOOJIBUIOrO KOJMYECTBA TEIIbIX
NPOAYKTOB. BRIMONHAETCS OH B PYYHOM PeXXHME, T. €. BKJIIOYeHHe H BBIKJIIO-
YeHHe KOMIIpeccopa 1mocJjie 3aBepHieHHs polecca 3aMOpaXKUBaHUA OCY-
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HIeCTBJIsIETCS] BPY4YHYIO nosb3oBateseM. OnHako Takas paboTa MoTOpa-
KOMNpeccopa JIHTEIbHOCTDIO Hosiee 3 CYT. He peKOMEHYeTcs, HOCKOIbKY
MOXeT TIPHBECTH K 110JIOMKe KOMIPeccopa.

floka3arenn HapeXHOCTH

K noxasamensm nadexrnocmu OTHOCAT: CPOK CYXKO6bI, BeposiTHOCTh 6e30T-
Ka3Hoii paboThl.

IToa cpokoM cayx6bI MOHUMAETCA KajleHAapHas MPOAOKUTENBHOCTD
IKCIUTyaTallHU HU3/JeNUst IO MOMEHTA BO3SHUKHOBEHWS COCTOSTHHUA, IIPHBO-
mAulero K norepe paborocrnoco6HocTH xonoauIbHIKa. Cpok ciyX6sl xo-
NOAUJIBHUKOB MOeT focTHrarb 16—20 ner. OfHako «MopasibHOE» cTape-
HHe X0JIOXUTLHUKOB IPOMCXOAUT CTOJIb CTPEMUTENBHO, YTO PEATTHLHO ITOT
CPOK orpaHHYeH 4—7 roJaMu.

HanexHocTb — cBOICTBO H3/ie S BBIIOMHSTh 3alaHHble (PYHKIIMH, CO-
XpaHssA CBOM IKCIUTyaTAMOHHBIE TIOKA3aTeNId B 3alaHHBIX TIpeesax B Te-
YeHHe YCTaHOBJNeHHOro BpeMeHu. OCHOBHOII NoKa3aTelb HafeXKHOCTH —
6e30TKa3HOCTb, T. €. CBOMCTBO U3Je1sg COXPAHATh paboTOCTIOCOBHOCTD
B TeyeHHe YCTaHAB/IWBAeMOTO N1epUOAa BpeMeHH,

Pa3nnyaioT oTKa3bl BHE3alHbIe H HOcTeNeHHbie. BHe3anHble 0TKa3bl BO3-
HUKAIOT KaK CIeACTBUE COYeTaHNS psAla HeGIAaronpUSATHBIX (haKTOPOB, 1o-
9TOMY MX BO3HHKHOBEHHE He 3aBHCHUT OT AJIUTEIbHOCTH PaboThl XONOAUIb-
HUKa.

[TocTenenHpie 0TKA3b! 00YCNIOBIEHB MEJIEHHBIMH IPOLIECCAMU — KOP-
posueii, cTapeHHeM MeTaJlia. ‘

B nepsbie 3-8 Mec. aKCIITyaTal Uy XONOHIbHUKOB (YTO COOTBETCTBYET
IJIMTENbHOCTH IPUTHPKH JIEMEHTOB KOMIIPECCOPa) KOJIHYECTBO OTKA30B B
pabote Haubosee 3aMeTHo. [lasiee MPUPOCT OTKA30B UMEET MOHOTOHHBII
xapakTep. B cpefHeM HHTEeHCHBHOCTb OTKa30B cOocTaBsieT 3—5% B rof,

3cTeTHYECKME W IPrOHOMUYECKUE NOKB3ATENH

U3 acmemuueckux noxasameneti MOTYT GbITH BbIJETEHbI: PAIIHOHAIBHOCTD
(hopMBI, 1€7I0CTHOCTD KOMIIO3UIIMH, COOTBETCTBHE COBPEMEHHBIM XY/I0XKe-
CTBEHHBIM TeHJeHIHUAM.

K apzonomuueckum noxasamensm oTHOCAT: THTHEeHHYECKUE — yPOBeHb
yMa 1 BuGpaiuu, aHTpOHoMeTPUYECKHil — COOTBETCTBHE pa3MepaM Tesla
YeJIOBEKA. '

YpoBeHp LIyMa KaK O[WH M3 BaXHBIX 3PTOHOMUYECKHX ToKasaTeJei
APHHATO BHIPAaXKaThb YPOBHEM 3BYKOBOIO JiaBjieHus L,, ABA, yacToTHBIA
CIIEKTP KOTOPOTO CKOPPEKTUPOBAH B COOTBETCTBHU € (PH3HOJOTHYECKUM
BOCIIDHUSITHEM Y€JI0BEKa.
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OCHOBHBIMH HCTOYHUKAMH IIYMa SBJISIOTCA KOMIPECCOP H BEHTHIIATOP
KOH/IeHCaTopa. Y POBeHb LiyMa XOJOAUIbHUKOB eMKocTbIo 150-300 i1 Ha-
xoauntes B npenenax 26—-31 n1BA, emkoctbio 400-500 1 — B npegenax 35—
40 n1BA.

Yposens 1yMa 6osiee 45 1BA st GHITOBBIX XOJOAUABHUKOB HeJlOMy-
CTUM.

16.4. ABTOMOGMAbHBIE XONOAUAbHUKH

Ilo xoncmpyxmuenomy ucroaHenu0 aBTOMOOHIbHbBIE XOJTOAWIBHUKY MO-
YT OBITb NOAPa3feNeHbl Ha H30TePMUYECKHE EMKOCTH, IOy IPOBOAHHKO-
‘Bbl€ XOJIOAUIBHUKY ¥ KOMIIPECCHOHHBIE XOJOAUTbHUKH.

KoHcTpyKTHBHO caMble NPOCTbie U3 HUX — H30TepMHYECKHE EMKOCTH.
Onu npeficTaBAIOT CO60ii H30TEPMUYECKY IO EMKOCTD, TEPMETHYHO 3aKPHI-
BaeMyio KpbllIkoii. FlsoTepMuyeckiie eMKOCTH B paBHOI Mepe COXPaHSIOT
TEJIO ¥ X0MoA. TennIou3onsuUIo BHIOJIHAIOT U3 BCIIEHEHHBIX NTOUMED-
HBIX MaTepHaJioB. Biarogaps xopoiieii TENJION30ISIHA BHYTPH €MKOCTH
B Tederue 810 4 noanep:kuBaeTca npueMieMast A1l COXpaHEHHS TPOAYK-
TOB TeMITepaTypa.

B nsoTepMuyeckie eMKOCTH IIOMEILAIOT IPeABAPHUTEIbHO OXNAKIeHHbIe
WM pa3orperhie NpoAyKThl. M3oTepMHUdeckre X0J0AMIBHHKH HMEIOT pas-
Hilit 06peM. CaMble MaJleHbKHeE (CYMKH-XOJIOAUTbHUKH) HMEIOT 0OheM OT
5 10 15 1, 6ompine eMkocT — 1o 50 1.

IdpexTUBHOCTh H30TEPMUUECKOM eMKOCTH B KauecTBe XOJIOHIbHIKA
MOXHO NOBBICHTb, TOMECTHB B Hee ITaKeThl ¢ 9BTEKTHYECKOHN cMechio (Tak
Ha3bIBaeMble aKKyMYJATOPHI Xos04a). OHU MpecTaBAsioT coboit He6oJb-
HIKe, repMeTHYHO 3aKPBIThie TAKETbI C COJISTHHIM 3BTeKTHYECKHUM PacTBOPOM.
Ilepen pasMeilenneM nmakera ¢ 9BTEKTHYECKOH CMEChIO B H30TEPMHYECKOM
€MKOCTH €ro CJIeyeT IIOMECTUTb Ha HeCKOJIbKO 4acOB B HU3KOTEMIIEpaTyp-
Hoe OT/ieJIeHHe XOJIOAUIBHOr0 060pyoBaHus. TasiHHe 3BTeKTHYeCKOH cMecH
TIPOUCXOAUT MPH HU3KOM OTPHLIAaTeIbHOI TeMniepaType, YTO NO3BOJSET 3¢-
thekTHBHO OXJa’KAATb BO3AYX B 06bEME H30TEPMHUUECKOI EMKOCTH.

Puc. 16.5
ABTOMOGUSAILHBIE CYMKU-XOMIOAUABHUKI
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B toM ciyyae, ecsn nipecaenyeTcs Leslb COXPaHUTD IIPONYKTHI, HAIIPH-
Mep WALTBIK WK KYPHIY-TPUJIb, FOPSYMMH, TO TOT XK€ aKKYMYJIATOD X010~
Aa (NaKeTH ¢ 3BTEKTUYECKUM PACTBOPOM ) ONYCKAIOT B TOPAYYIO, HATPETYIO
10 80 °C Boxy, 1 naxeT yske BHIIOJIHSIET POJIb HATPEBATENBHOTO BJIEMEHTA.
OH yBeTHMYMBAET AMUTEIBHOCTD XpaHEHPISI TIPOAYKTOB B ropsiyeM COCTOSI-
HUH ellie HECKOJIbKO YacoB,

Boee 3¢ deKTHBHBIM HCTOUHHKOM XOJIOfa WJIH TEIlTa ABJISETCS KT~
pUYECKH i1 aBTOMOGHIBHBIN XOJIOAWIbHHK.

B 3aBHCHMOCTH OT KOHCTPYKIHH TAKHE aBTOMOOHJIbHBIE XOJIOAHIbHH-
KM TNIOZIpas/iesIoTcs Ha TepMOaleKTpAYecKie H KOMIIPECCHOHHBIE,

Tepmosnexmpuueckue X0100ULbHUKY ABJISIIOTCS CAMBIMH PacIpoOCTPaHeH-
HeiMi. TepMoaiexTpHUecKHe XOJMOMMIBHUKHE MOTYT He TOJIBKO obecreuu-
BaTh HU3KYIO TeMIIepaTypy BO3AyXa B oXJaxaaeMoM oObeMe, HO B Harpe-
BaTh UX [0 Temnepatypsl 60—-70 °C.

IoTpebnsieMas MOIIHOCTh TEPMO3JIEKTPUYECKHX XOJOAMIBHUKOB eM-
kocrbio 30—50 71 cocTaBaser nopsanka 70 Br. PasHocTs TeMnepaTyp Mexay
TeMIIepaTypoii Bo3fiyxa B OXJIaXKIaeMOM 00beMe U TeMIlepaTypoil BO3Ayxa,
B KOTOPOM HAXOIUTCS TOJYNPOBOAHUKOBBIN XOJONHUJIBHUK, COCTABIAET
30- 35 °C. CnenoBaTebHO, IpU TEMITEPATYPeE BO3AYXa, OKPYKAIOUIETro X0-
TOAUTBLHNEK, paBHOH 25 °C, TeMnepaTypa Bo3Kyxa B oX/IaxkaaeMoM oGbeMe
coctaBut —10...—5 °C, [IutaHue NOIyNPOBOJHUKOBOTO XOJIOANAbHHKA BO3-
MOXHO OT CeTH Hanpskenuem 220 V win oT aBTOMOOUILHOTO aKKYMY.JIsi-
TOpa HanpsokeHneM 12 V,

B nogoGHBIX MOZESAX NOJIYIIPOBOHUKOBBIE YCTpOHCTBa He obecreyn-
BAiOT GOJIBLIYIO XOIONONPOU3BOAUTENBHOCTD. ddeKTHBHOCTD HX PabOTHI
Mpexe BCEro 3aBUCUT OT TeMITepaTyphbl OKPYXKaiollleii cpeltbl ¥ OT 0cobeH-
HocTel TenioobMeHa Ha X0I0AHO# (MCTapuTeb) 1 ropsyeil (KOHAEHCaTOP)
MOBEPXHOCTAX MOJYNPOBOAHUKOBBIX d/eMeHToB. IIpuMeHeH1e BeHTUNA-
TOpPOB, HpeXkae BCeTo Ha ropsyell IOBEPXHOCTH, MPUBOAHT K ITOHHKEHHUIO
TeMIlepaTyphl BO3AYXa B oxjaxaaeMoM obbeme. Ha puc. 16.5 (mpaBsiii 06-
pasel]) BUZHO OTBEPCTHE, 3aKPbITOE IeKOPaTHBHOM pelleTKOi, 3a KOTOPOi
HaXOUTCA BEHTHIISITOP.

Komnpeccuonnvie asmomobursrvie Xxo100UrbHuKy HCIOTBb3YIOT XONOMMNb-
Hble areHTs ¥ paboTaloT B peskiMe 0ObIYHOI NMapoBoil X0JOAHIBHOM Ma-
wiHbL, OHY YCIeNHO OXIaXKAAI0T BO3AYX B XOJIOAMIbHYIKE, HO HE MOTYT
HarpepaTh MUY aHATIOTUYHO TEPMOINEKTPUYECKIM XOIOAMUIIbHIKAM.

CpaBHUTENBHO ¢ MOAYTPOBOJHUKOBBIMU XOJIOAWJIbHUKaMU KOMHpec-
CHOHHBIE XOJOIUILHUKH FPOMO3IKH U TsKesbl. OHH TpeGyIoT 60bIIOro
pacxofia 31eKTPOIHEPTHH U MOTYT «II0CAIUTh» aKKYMYJIATOP BO BpeMs CTO-
SIHKH aBTOMALIHMHBL
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KoMnpeccuoHHbIe X0IOHIbHIKH eMKOCTbIO 60JTee 50 J1 MOAXOAST CKO-
pee [71si TPY30NQABEMHOrO TPAHCIIOPTA, TAKOTO Kak, HAIIPUMED, aBTOOYCHI.
JLi1st nerkoBbix aBTOMOOMAEi OOBLIYHO XBAaTAa€T TPUALATUIMTPOBOIO TEPMO-
37eKTPUYEeCKOTO XOJ0AUIbHUKA, KOTOPbIH, KaKk IPaBUIO, YCTAaHABJIUBAET-
cs B 6araxxHHKe aBTOMOOHIIS. _

He60:p1110i X0I0ANABHUK MOXeET OBITh yCTaHOBMEH U B cajiode. OflHa-
KO [PH 3TOM CJIe[yeT UCXOAUTh U3 TOTO, YTO KOJIMYECTBO NIPOJIyKTOB, KOTO-
pble MOTYT ObITh pasMeUleHbl B XOMOAUIbHUKE, HEBETHKO.

Pa6oTa KoMmpeccopa OTKPBITOrO THIIA, YCTAHOBJIEHHOTO Ha JIEFKOBOM
aBTOMOGHJIE U UMEIOLIETO BHIXOJ KOJIEHYaTOTO BaJia 3a NPeiesIhl TepMETHY-
Horo o6beMa KapTepa, obecrieynBaeTcs peMeHHO# Nlepefayeit oT ABHraTens.
Takas KOHCTPYKUMS Nepefauyl «/JBHraTeb—KOMIIPECCOP> M KOMIIpecco-
pa B 11eJIoM 06yCIOBIMBAET BCE H3BECTHbIE AKCIVIyaTallHOHHBIE HEAOCTAT-
KH, IPUCYIHe KOMIIPECCOPaM OTKPBITOro THNa. Takas KOHCTPYKLHMS Iie-
pefaun o6yCOBIMBAET 3ABUCHMOCTh PaGOTHI XOJOAUILHON MalIMHBI OT
paboTei xBUraTess aBroMobmAs. KpoMe TOro, Bo3MOXHa yTeYKa XONOAUTb-
HOTO areHTa M MacJja yepe3 CaJibHUK KoMIpeccopa. Bce, BMecTe B3siToe,
nipefonpeiesiseT MpeanoyTeHie B IPUMeHEHNH B IETKOBBIX aBTOMOGHIISIX
MOJYTIPOBOAHUKOBBIX XOJIOXMIBHHKOB.

KoHTponsHuie BONPOCHI:

1. Kakue cnocobbt nony4yeHUst HCKYCCTBEHHOTO X0JI0/Ia UCHOJIB3YIOTCH
B OBITOBBIX XOJTOAMIbHUKAX ?

2. PaccmorpeTs kiaccuuKannio ObITOBEIX XOM0AHABHUKOB.

3. Kakue criocobb oxaxcaeHus BO3fyXa B ObITOBHIX XOMOAUNBHUKAX
HPUMEHSIOTCA Ha IPaKTHKe? ‘

4. Kakue cHCTeMbI OXJIAXAEHHUSA UCTIONB3YIOTCA B OBITOBBIX XOJION/Ib-
HHUKax? '

5. JlaTb KPaTKyIO XapaKTepICTHKY OCHOBHBIX [TOKa3aTesieit OLITOBBIX XO-
JIOXHUIPHUKOB.

6. Kaxue xon0JuNbHUKH IPUMEHSIOT B XOJIOHUIBHOM TpaHcmopte? [laTh
UX KpaTKy10 XapaKTepHUCTHKY.
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NbAOrEHEPATOPbL! U ®PU3EPHI

17.1. llbporexdepatopsl, kKnaccugukauus

JIbloreHepaTopsl — aBTOMATHYeCKHe YCTPOHCTBA, IPUMeHsIeMBie JUIS TIo-
JiyueHUs Jba. JIbAoreHepaTophl pa3iMyaloOT KaK yCTPOHCTBa NPOMBINIIJIEH-
HOTO THIA M JIAOTEHEPATOPBl CUCTEMbE OOIIECTBEHHOTO MUTAHUSA W TOP-
FOBJIH.
JIpnoreneparophl KaaccupHUUMPYIOT IO BUAY, COCTABY U Ha3HAYEHHUIO
BBIpabaThIBAEMOTO JbJA, HO CHOCOOAM U MCTOYHMKAM OXTaXIEHHS H 10
KOHCTPYKTHBHBIM OCOGEHHOCTSIM.
JIpnoreHepaToOpbI N3roTaBJHBAIOT CERYIONIYe BBl TEXHUYECKOTO U M-
I11eBOTO JIbJIa:
e OJOYHBIH, pr6ano-6JIOIIHb1ﬁ U CHEXHO-OJI0YHBIH;
* TJIUTHBIN U TPy6YATO-TUTHTHHBILI;
 MasorabapuTHBIA Jiefl — ApoOeHbd, KyCKOBO U TJIaCTHHYATHIIA,
Tpy6YAaThiil ¥ CKOPIYNHEBIH, GPUKETHBIN, KyOUKOBBIL;

* PacchITHOI Jieft — MeJIKOAPOOIeHbIi (M3MeIbYeHHBIH o cHeroobpas-
HOU Macchl UM FpaHyJi), YelryHuaTsiii, CHeXCHBII (fTyTeM IpeccoBa-
HUSI MOXKeT OBITD NIpeBpallieH B GPUKETHBII U CHEXHO-OI0UHBIIA e ).

ITo npoussodumenvrocmu JbJOTeHEPATOPbI TTOAPA3NEJSIOT Ha 6oJibiiIne —
1000 xr/4 u Gonee, cpenune — 100-1000 xr/4, mansie — 10-100 xr/y,
Meskye — Meree 10 kr/y (06bIYHO B COCTaBe AOMAIIHUX XOJIOJUIBHUKOB).

B npoMbIieHHBIX 11eI9X TPEUMYIIeCTBEHHO TIPOM3BOAAT GIOYHBII,
KYCKOBO# U yelryiiuarbiii Jleff, KOTOPBIil IIMPOKO UCIIONb3YeTcs B KOIbac-
HOM MPOU3BO/ICTBE U NPOU3BO/ICTBE NeIbMeHeil.

B cucreme o6111ecTBEHHOTO MTUTAHUS U TOPTOBJe OOBIYHO UCIIONb3YIOTCS
JIbIOreHePaTOPb Maoit NPOU3BOAUTETBHOCTH, IPOU3BOASALIHE JIES KyCKO-
BOl B BHZle KYOHKOB, CTAKAHYMKOB 1 YelIyHYaThiil Jled A1 KOHAUTEPCKUX
ueseil ¥ XpaHeHHUs cBexkeil PHIOBI B TOPrOBOM XOJIOAMIBHOM 060pyNOBa-
HUH.
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B pectopannoM GusHece 2—4 ky6uKa baa n06aBSIOT B COKH, BUCKH H
poM, B c/iaboakorobHblie KOKTeHH.

TpyznHo npuayMaTh 60/iee MOAXOAALINI Y d/1ETaHTHLI cMOCco0 oxax-
JeHUs LIaMIIZaHCKOTO, YeM B BeiepKe CO JILAOM.

B pecTopaHax IIpH rOCTHHUIIAX YACTO HE XBATAeT OXJTAXKIaeMBIX IPHJIaB-
KOB H OydeToB /11 BHKJIaJKK BCEro acCOPTUMEHTA TIPOAYKTOB, HapHMep
II0 CHCTeMe TUTAHNA <LIBEACKHUII CTON», U TOF/Ia HCIOMb3YIOT 60IBIIHE eM-
KOCTH C U3MeJBYEHHBIM JIbJOM, Ha KOTOPOM YCTaHaBJIMBaioTcd Gniofa ¢
MSICHOI M pBIGHOI racTpoHOMuUEl, CBIpaMH, HOTYPTaMH, CIMBOYHBIM Mac-
JI0OM, KOHAUTEPCKUMY U3JIEIUIMYU, JeCepTaMy U T. II.

B nocyentee BpeMs Bce 60J1bLIYyIO IOMYIAPHOCTD B Hamlel cTpaHe NpH- .
06peTaloT CBeXeNPUrOTOBJIEHHBIE COKH, TaK Ha3biBaeMble fresh fuice. Vx
MOXHO BBINUTDH B KPYITHOM Mara3uHe, B Kace, B 6ape a3ponopTta  KHHOTE-
aTpa U T. 4. Jlns1 aTuX neneit takxke UCHOIb3yeTcs Nefl, IPUTOTOBJIEHHBI B
JIb/iOTeHepaTope.

CrnenyeT OTMETHTb, YTO JIBJIOTEHEPATOP, KAK IIPABHJIO, SIBJISIETCS COCTAB-
Hol yacTbio GapHoro obopynosanus. Heo6xoxumalit Habop 060pyRoBaHHs
HeBeJUK: GapHblil KOM6ailH ¢ COKOBBIKUMAIKOIM IS IMTPYCOBHIX, GieHzte-
POM JiA NMepeMellinBaHUsA, HanlpHMep aNeJlbCHHOBOTO COKA ¢ CE30HHBIMU
ao6aBkaMu (kayOGHMKOM, MaJIMHOM, KIMIOKBOM, GaHAHaMH, KMBU M T. IL), U
JIBAOKPOLIIHTe/EM, KOTOPBIii TIpeBpaIaeT 3aMep3liiiie KyOHKH B JeIHYIO
kpourky. Bece o6opynoBaHiie ycraHaBIMBaeTcs Ha paboueM croje. [IpocTpan-
CTBO N0 pPaboYMM CTOJIOM TPAXHLMOHHO HCHOJB3YIOT [/ YCTAHOBKH JIBAO-
reHepaTopa NPOU3BOAUTENBHOCTBIO 2026 xr B cyTkH. [IpouaBoxuMeiii B
anmaparte Jef B opMe KyOUKOB WIH JeqsgHON Kpoliku AoGasssieTcs B 60-
KaJI ¢ HAaTIUTKOM.

17.2. 3aKOHOMEpHOCTM NPOM3BOACTBA NULLEBOrO NibAa
BbLICOKOI0 Kayecrsa

IIpu nmpousBoacTBe Jibjja pealM3yioTCE B OCHOBHOM JiBa METO/Ia: HaMopa-
MUBAHHE BOJBI HA ILIOCKOH MuTHTe (MCHapuTene) U pasGpuisrusanue pjaru
Ha IIOBEPXHOCTH HcHapuTes, ¢popMa KOTOpOro onpegenser GpopMy Jbaa.
Haubonee pacnipocTpaneHHO# (GopMoil IbJa SBISIOTCS Jie]| B BUAE «CTa-
KaHYHKa».

BaxkHEIM MOTPeOUTENIbCKMM KaYeCTBOM JIbja SIBJASETCS ero mpo3pay-
HOCTb. B nuieBbix eAsX HAapUMeP JUisl IPUTOTOBJEHHS KOKTeleH, en
Z0JDKeH GBITh TOJIKO NPo3payHBIM. IIpOM3BOACTBO NPO3payHOro Jbaa —
CJIOXHadA MNPOU3BOACTBEHHA 3aJava.
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U3 nuTheBoit BOXONPOBOXHOMN BOIBI MOXKET OBITH TOMY4YeH KaK MAaTOBhIi
nex ¢ rotTHocThio 890-900 kr/M3, Tak U po3payuHBIi ¢ IOTHOCTBIO 910—
917 xr/m3.

MaroBsiil et uMeeT Gesblil HBET B OCHOBHOM 6J1aroZiapsi HAIMYHUIO B
HeM Iy3bIpbKOB BO3[yXa H coJiell. [Ipo3payHbIil e MIPaKTHYECKH He UMe-
€T BO3/[yIIHbIX BKJIIOYEHUH U IMEET MUHHUMYM COJIEH.

KauecTBo nuTheBoit Bozibt onpesesiercs TpeGoanusmu TOCT 2874-73
«Bona nuteeBasi». TOCT nomyckaet cyxoit octaTox — no 1000 mr/x. O6-
Iast KecTKOCTb BOMbI He GoJiee 7 Mr-sKB/Ji, @ MyTHOCTb IO COZlepP>KaHHIO
B3BellleHHBIX YacTHI — He cBhlme 1,5 Mr/a. Boma He foykHa comepxathb
xeie3a 6osee 0,3 mr/n, a pH = 6,5-9,5.

1t nony4eHust ApPO3payHOTo Jibja, nosy4yaemoro npu —10 °C, npeneb-
HO JIONIyCTUMOe COflepKauue npiMecei B Bofle oTpakeHo B Taba. 17.1.

Ioayuenue npoapayHoro Jibja 6a3UPyeTCs Ha 3aKOHOMEPHOCTSX JIbJIO-
obpasoBanus.

Kak paccMoTpeno paHee, npu popMUPOBaHUU KPUCTAJIOB JIb/ia B BUJE
ITaCTHH, T. €. HEPa3BeTBJAEHHBX KPHCTANJIOB B OTJIMYMe OT Pa3BeTBJICH-
HBIX KPUCTaJITIOB IEHAPUTHO# (POopMsI (ManopoTHUKOOOpa3Hoil ), mosy4a-
€TCs1 YMCThIH Npo3payvHbIii ek,

Jlen nepeMeiilaeT nepes co6oii pacTBOpeHHbBIe KOMIIOHEHTHI, OCYLIECTB-
JISI5l «<30HHYIO OUHCTKY» pacTBopa. [lepeMeliaeMoe BelieCTBO, €CJIH Jjiel Ha-
MOpPaXUBa€eTCs B eMKOCTH, HallpUMep B EMKOCTH, NOTPYKeHHOH B Pacco ¢
Temniepatypoit —10 °C, HakannuBaeTcs B ieHTpaJIbHOI ee YacTu. JTY He-
3aMOPOKEHHYIO YacTb pacTBOpPa YAAISIOT.

Ilo Mepe nakomnenus mpuMeceil mepea ABIXKYIleiicsi rpanuiteil da3s
(opMupoBaHUe MJIOCKUX KPUCTANNOB 3aTpyAHseTcs. Kpucranas nyxuaa-
I0TCS B TIOCTOSIHHOM YZIafleHUH MpUMecell OT HOBEPXHOCTH pasfiena. ITo
IesaeTcsl MepeMelIMBaHHEM 3aMOPa’XHBaeMOro pacTBOpa WM Hakbosee
APOCTHIM MeTOJOM — GapboTaxkeM BO3IyXa, T. €. IPOAYBKOH Bo3/yXa ye-
pe3 PacTBOP WIH NTOCPeACTBOM HHTeHCUDUKALINY ABHXKEHUS BO/IBI B 3aMO-
paxxuBaeMoM o6beMe. B 9TOM ciTyuae pakTHYeCKY peanu3yloTCst METOAH,

Ta6bnnya 17.1
Tpe6oBaHUR K NONy4YEeHUIO
B NbiOreHepaTope Npo3pavHoro Nbaa

Ob1wee comepxanue coneit, Mr/1 250
Cynb(aToB, XIOPHAOB, YTIEKHCIIONO HATPHS 170
XKenesa, mr/n . 0,04

pH 7




304 Paspen il. OcHOBbI XONOAUNBHOK TEXHWKM

KOTOpbIe HCII0Jb3YIOTCS IIPH BbIPAaIiUBaHMH HCKYCCTBEHHBIX KDUCTAMJIOB
MHHEpaJIOB.

B pexoMeHzaumMsX, KacaloMnXcst TPOMBILITIEHHBIX CIIOCOOOB MOTy4YeHHs
JIba B Bujie 6J10KOB, IS NOJIy4eHNs KaueCTBEHHOTO JIbla PEKOMEHAYeTCs
YBEJTHWYHUTh MHTEHCHBHOCTb JBUXXEHUS BOIBI B 2—3 pa3a CpaBHUTENBHO C
00BIYHOM CKOPOCTBIO ee ABHXKeHUA. KpoMe Toro, pekoMeHayeTcst IOBBICHTD
TeMIIepaTypy TelJIOOTBOAsILel CPeAsl, Yalile BCEIO — pPaccoia, B KOTOPOM
HaxozuTcs 6ak ¢ 3amopaxuBaeMo#t Bozo#, fo —8...—6 °C Bmecto —10 °C
NIpH TPaAMLHOHHOM criocobe 3amopakuBaHust. Ho nopbieHue TeMiepa-
Typbl 3aMOPaXHBaHHs HAXOAUTCSA B IPOTHBOPEYHH C TPeOOBAHUAMH yBe-
JIYeHHs NPOU3BOAUTETHHOCTH iboreHepaTtopa. [loatoMy npobieMy nosy-
YeHHs] YHCTOTO JIbA B IPOMBILIJIEHHBIX YCJIOBUSAX PeLIAloT HHBIM CIIOCOGOM.
He Menss TeMnepaTypy 3aMOpa’KHBaHHS BOJIbI U COOTBETCTBEHHO CKOPOCTD
3aMOpa’kMBaHUs, PHGeraloT K NpeiBapUTeIbHOI 00paboTKe BOADI, TIOCTY-
nalolileil Ha 3aMOpaXHBAHHE.

MpocTefimum cnioco6om 06paboTku BOAB! ABAAETCA ee PUABTpaLUs U
TIpH Heo6XoMMOCTH 06paboTKa BOABI KBACLIaMH C LeJIbIO ee TOJLe1ayuBa-
Hus jo pH = 7. [las1 aToro BoAy npomyckaioT yepes JOJAOMHTOBYIO KPOLIKY.

B psne ciydaeB g 06paboTKH BOIbI TPUMEHSIOT LIEOANTH (ANIOMHHU-
€BO-HaTpHeBbIH CUNMKaT). B peaysbraTe sKeCcTKOCTb BOAbI YMEHBIUIAETCS
CYHIECTBEHHO, IPAaKTHYECKH JI0 COCTOSTHUSI, TIPU KOTOPOM BO3MOKHO I1OJTY-
YyeHMe MpO3payHoOro Jbja. [103ToMy BOIONOATOTOBKA BHE 3aBUCUMOCTH OT
cnoco6a 1o/ TyYeHHUs IPO3PavyHOTo Jbja 10/KHA HCII0J/Ib30BAThCS B 06513a-
TeJILHOM TOpsIKe.

17.3. JlsporeHepaTopbl npeanpUATH
06LLeCTBEHHOTD MIUTAHKUS W TOProBJIH

17.3.1. JlbporeHepatopbl KYCKOBOro NbAa

Ha puc. 1/7.1 B KayecTBe THNOBOH KOHCTPYKIMH [IPeACTaBJieH Jb/loreHepa-
Top «Topoc-2». '

B KOHCTPYKIIMH IBAOT€HEPATOPa pealn3oBaHa ues 00pa3oBaHus JbAa
Ha OBEPXHOCTH I/1aJIKOT0 HaKJIOHHOTO HcTlapuTesis. Boja HacocoM nopaer-
cs1 B KOJIJIEKTOP, PaclofIoxeHHbIil B BepXHeii wacTy HclapuTeJis, paBHOMeD-
HO C/IMBaeTCs Ha [IOBEPXHOCTb McIiapHTeis. acTh BOAB HaMep3aeT Ha Io-
BePXHOCTH HCIIapUTesisl, YacTh cTekaeT B MOA/IOH, OTKY/la HACOCOM BHOBB
HaInpaBJseTcsi B KOIJAEKTOP.

Pacxop BOzbI loTIONIHAETCA €€ OATIMTKON U3 BOJICIIPOBOAa. Peryisito-
POM YPOBH# BOJbI B IOJZICHE CTY>KUT IIOIIJIaBKOBLI{T KJlamaH.
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13

Puc. 17.1
Nbporexepatop «Topoc-2»

1 — onopa, 2 — xonoannbHbilk arperar, 3 — BOASHON WITYUeEp,
4 — ¢ppeoHOoBLIN TPYOONPOBOA, 5 — WNaHr NoaaYn BoAbl,
6 — TepMopene, 7 — pexyljan pelletka, 8 — BaHHa Hacoca,
9 — nognoH, 10 — Hacoc, 11 — ucnaputens, 12 — wyn,
13 — kpbiwka, 14 — tepmopene 6yHkepa, 15 — psepb GyHkepa,
16 — 6yHKep, 17 — nepexnovaress, 18 — peweTka

Ilo Mepe yBenuyeHus TOAMHB CJI0S1 JIbJa HA HOBEPXHOCTH HCIapHTe-
JIA1 BpalllaloHIUiics UIyT KacaeTcs MOBEPXHOCTH JibAa U Bee Gosblite MOAHHU-
MaeT YCTPONCTBO BHIKJIIOYEHHS JIeKTPOABHraTes sl KOMIIpeccopa ¥ BKJIIO-
YEeHHUs CHCTEMBI OTTauBaHUs.

OtTrauBanue HCHapHUTes JbJOTeHePATOPA OCYIIECTBASeTCS UBMEHEHU -
€M HallpaBJIeHHs ABMKEHUS XOJIOAUIBHOTO areHTa. XOMONUIbHBII areHT,
MMHYS KOHJIEHCAaTOp, HAanpaBJisieTcsi B ucnaputeib. JleasiHas niacTiHa noj-
TauBaeT M CII0JI3aeT Ha PEIeTKY, BLITIOJHEHHYIO U3 CTPYH, 4epe3 KOoTophle
nozaeTcsl aeKTpudeckuii Tok. CTpyHbI popesaloT e, U KyOuKH Jbla
HajialoT B HakonuTeabHbIi GyHkep. [Tocsie cnonsanus abjga ULyn He BOCIIpU-
HUMaeT Jiell, U KOMIIPECCOP € BOASIHBIM HacOCOM BKJIIOYAIOTCS BHOBb.

B abnoreneparope AUIb OTYACTH pealn3oBaHa Hjesd TOJTyYeHUs TIPoO-
3pauHoro Jbxa. Bozxa, nosaBaeMas Ha UCTIApUTeJb, HEITPEPEIBHO CMBIBAET
COMM ¢ HaMep3alouiero cos abga. Ho, BRIIOMHUB YacTh paboThl B YacTH
1oJlyyeHus! MpO3pavyHoOro Jbjla, He pealiM30BaHa BTOpas, He MeHee BakHas
YacTh 3aflayil — yZAajleHue coeil U3 Boabl. KoHIeHTpanus cosjeit B Boze
HeNpepHIBHO yBesiHuuBaeTcs. [lononnenue crexeii BoAoi U3 BOJONPOBO-
Aa npobJieMy yhajieHHs coel He pelliaer.



306 ] Pa3gen II. OcHoBbI XONOANNBHON TEXHUKN

Caenyer oTMETHTD, YTO NPO3PaYHOCTH JIbJla ONpeAe/IsieTCs] He TOJIbKO
HAJMYMeM B Bojie Cojiel, HO M CKOPOCTBIO JibfooGpasoBanus. CKopoCTD
Jb1006pa3oBaHms, B CBOIO 0Yepe/ib, 3aBUCHT OT TeMIlepaTyphl KHMeHns Xo-
JIOZWJILHOTO areHTa B icnapureste. [loatoMy o6ast nonbiTka HHTEHCHbUIN-
POBATh IPOIlECC HAMODaKUBAHUSI JIbAA MOHIKEHUEM TeMIIepaTyphl KuIle-
HHS XOJIOAUJIbHOTO areHTa Hen3GexKHO CBs3aHa C yXyAIIeHHEM KadecTBa
nbJa.

KauectBo nosry4aeMoro sibjia B JibjoreHeparope fnpexjie BCEro 3aBUCHT
OT KayecTBa noiaBaeMoii Boabl. [loaToMy BOZONOArOTOBKA MM KAaK MUHH-
MYM KauyeCTBEHHasl OYHCTKa BOJbI NIPH MTOMOIH PHUILTPOB TOHKOI OUHCT-
KH siB/IsieTcs o6s3arebHoi. UTo KacaeTcsi CKOPOCTH 3aMOPaKHUBaHUS, TO B
YroZly KayecTBY Jibjia ee HeJIb3g GopCHPOBaTh. DT 3HAYUT, UTO TIPH NOTY-
YeHHHU NPO3pavHOro JbZa TeMIepaTypy KHIIEHHS XOJOAHIbHOTO areHTa B
HCIapuTesie He CJIeAyeT NOHMXaTh 6e3 HeobxoxnMocTu Huxe —12...—~10 °C.

Pa3sHOBHAHOCTDIO IbAOTEHEPATOPOB CUCTEMbI OGIIECTBEHHOTO MUTaHUS
¥l TOPTOBJIH ABJISETCSA AbAOreHepaTop ¢ pa3bphiarMBaHHEM BOIBI U3 Gop-
CYHOK Ha ITOBePXHOCTb HclapuTes (puc. 17.2).

1 23

Puc. 17.2
JNbporegHepatop ¢ popcyHkamm

1 — nbpodopma, 2 — ucnapurens, 3 — NOAROH UCnapuTens,
4 — xonnekTop ¢ popcyHkamm, 5 — witopka, 6 — BaHHa,
7 — nepenusHasn Tpy6a, 8 -— KonaeHcarop, 9 — BeHTUNATOP,

10 — duneTp-ocywmTens, 11 — Komnpeccop, 12 — anexkTpoMarHuTHLIA
BEHTMNbL NOAAYM ropsvero napa, 13 — anekTpoMarHUTHbLIR BeHTUNL
nopayu soal, 14 — cnus Boawl, 15 — BcacuiBalowwh TpySonposoa,

16 — BoAsHOMN Hacoc, 17 — oTAeMMTeNb XMAKOCTH,
18 — xanunnapHan TpyGka
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Puc. 17.3
Nopaaua BoAb N3 GOPCYHOK HA EMKOCTH,
nmeroime Gopmy CTakaHINKOB

Vicnapurenb coctout B3 abnodopm (puc. 17.3) (cTakaHYHKOB, IepeBep-
HYTBIX BBepX AHOM).

Bona pas6pbisriBaeTcsi Ha BHYTPEHHIOIO YacTh cTakaHYMKa. B Hayane
fipoliecca HaMOpa XK MBaHLsI BOJbI Ha hopMe (CTaKkaHYKKe) BKIIIOYAETCS peJie
BpeMeHH. Yepes 25 MuH paboTHI JIb/IOTEHEPATOPA OCYILIECTBISIETCS OTTaUBA-
HUe UCMapuTe]s ropsYuMu HapaMH XOJOAUJIBHOTO areHTa. L{uka oTrau-
BaHHs JuTCA Okoao 3 MuH. CTakaHYUMKM MafialoT B GyHKep, Mpouecc oT-
TaBaHU 3aBepllIaeTcs, H KOMIIpeccop BKAoYaeTcd BHOBb. [1pospaynocTh
Jib/1a, II0JIy4aeMOro B JIbJloTeHepaTopaX JaHHOTO TUHA, He OTJINYAeTCs OTO
b2, OJIYYaeMOro B alliapaTe C JIaCTUHYATHIM HCNapUTeieM, NOCKOb-
Ky TaKXe He pellleHa npo6JieMa BOJIOTIOATOTOBKY U yIaleHUs coeil.

DopMa JieITHBIX KPUCTAJ/LIOB 3aBHCUT OT FEOMETPHYECKHX Pa3MEPOB JIbJI0-
topmel. IIponsBoguMBIiL i€l MOXKeT UMETh (hopMY LIUTHH/IpA, KyOuka HiIH
yceyeHHOro koHyca. Macca sip/la B anfapaTax pasjiu4HbIX TUIIOB COCTaB-
nsieT B cpefHeM ot 8 10 35-40 .

17.3.2. Jlbporenepatopul YeLyA4aToro U CHEXHOro JibAa

Hanbonpinee NpuMeHeHne HaXOAAT POTOpHbIE JbdoreHepaTophl. Potop-
Hbl€ JIbZIOT€HEePATOPH! ABJSIOTCS aNllapaTaMy HETIPEPBIBHOTO THIIA.

Jlen HamopaxuBaeTcst Ha Gapabane, npezcTaBsToNIEM cO60l UCTIAPUTEND
XoJloAuIbHOM MamHbl. C noBepxuocTh 6apabaHa sien yaansieTcs ckpebka-
MU Pa3JMYHOro THIa (HoxaMu, pe3itamMu). Haubonee npakTHUHO U 3KOHO-
MHUYHO yJlajleHHe HaMOPO3KEHHOTO JIbla NocpeAcTBoM (pesst. CunTaercs,
YTO B OTJIMYKE OT JIbAOreHepaTOPOB MePHOANYECKOro THUIA, B KOTOPHIX Ha-
MODO>KeHHBII! €101 OTTanBalOT OCPEACTBOM [IEPHORXNYECKOrO HarpeBa ucla-
pHTeJisl, POTOPHbIE JIBIOTEHEPATOPbI HMEIOT MHHUMAJIbHBIE SHEPrO3aTPaThL.
CebecTonMOCTb 4enTyiyaToro U CHEXKHOTO Jjibaa Ha 50% Hike cebecTonMo-
CTH JIbJa, TIOTYy4aeMOro B GJI0YHBIX TIPOMBIILTIEHHBIX JIbOTEHEPATOPaXx.



308 Paspen {l. OcHoBb! XONOAMNBHON TEXHUKM

B ckpe6GKOBbIX JbOTeHepaTOpaXx IpHU HEMOABWKHOM GapabaHe Jiel yia-
JisieTcs BpaljalomuMces ckpebkom. Jlea osy4aloT B BHIe YelryeK UiIH Kpy-
nnHok. Takoif ex HasbIBaloT cHexKHBIM JiboM. IIpu 3aMene ckpebkor Ha
KaTsAmuecs #o JbAYy ¢pe3nl NOIYYAIOT TOALKO YelyifyaTsiii sen. B anna-
paTax TaKoro THIa TOJLIMHA CHUMAaeMOro cJosd Nibja Hesenanka. Ona co-
craBaser 0,5-2,5 MMm.

A uTeAbHOCT HAMOPAXKUBAHHS JIb/A HETPY/(HO OIIEHUTh Ha OCHOBE BbI-
paxenus 17.2,

B coBpeMeHHOM POTODHOM JIbIOT€HEPaTOpe NIPH TEIIOCOAEPKAHNH JIb/Ia
i, =326-10°% /M3 (£, =1,5 °C; £, =0,5 °C 1 cpenneii TeMnepatype BoAbl

Atc = M = 1 o(:)1
2

k02 PUIIHEHTaX TEIIOOTAAYH CO CTOPOHBI METaJL/Ia M XO/OHIbHOTO areH-
1a o, = 10 000 Br/(M* - K), o = 1500 B1/(m? - K) npu remneparype ku-
TieHUS XOJOANAbHOIO arenTa t = ~15 °C, MUHAMaJIbHO} TOJIMHKHE CJIOS
8 .,=0,0015muero Tennonpononﬂocm A= 2,22 Br/(m - K) na cranbHo#
mmTe TeMJIOIPOBOZHOCTHIO A, = 58 BT/(M K) tomuunoii 0,008 M Tpeby-
etca 40,5 c.

o A A o

X.a. cT a

(_1_+5_ 058, +_1_} (17.1)

A

rae 8 . — MUHHMajibHas TOJIUIMHA HaMOPOXEHHOTO CIIOA b ¢ O/IHOM
cropomﬂ M.

0015( 1 L0008 05-0,0015 1

t=326-10°.% .
15 Usoo 58 222 10000

):40,5, c. (17.2)

JTOMY BpeMeHH COOTBETCTBYET CKOPOCTb Jiboo6pasoBanus 0,000037 m/c
(2,22 Mm/Mun), '

PacuerHas ckopocTb J1b1006pa3s0BaHNs Ha IOBEPXHOCTH JIbAOTEHEPATO-
pa COOTBETCTBYET SKCHEPUMEHTAIbHBIM NaHHBM M MOXeT TIPEACTaBISATD
HHTepec 1 PAKTHYECKUX PacyeToB.

17.4. ®pusepbi «MSrkOro» MOPOXeHoro

OpuzepoBaHHeM Ha3bIBaETCS NMPOLECC YACTHYHOTO 3aMOPaKMBAHKS U OJHO-
BPEMEHHOTO B30MBaHHUs CMECH, T. €, ipeBpallleHHs ee B MopoxkeHoe, B npo-
tecce GpU3ePOBAHNA CMECH 00pa3yeTcsi CTPYKTypa MOPOKEHOTr0, KoTopast
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OKOHYaTeabHO (hOpMHpYeTCs: IPH Nocenyonieil XononmisHoi 06paboTke
nporykTa. OpusepoBaHie OCYIECTBASETCA B CHElMANbHOM alapare —
dpusepe.

Bo ¢pusep cMmecs noctynaeT npu TeMmepatype +2...+6 °C. Temnepary-
Pa Hayasa 3aMep3aHHsI cMecell HUXe DTUX TeMIEPATyp, II03ToMY Bo GpH-
3epe CMeCh BHaYaJle OXJIAKAAELTCs, a 10 ZOCTHKEHUH KPHOCKOMUYeCKOoH
TeMIiepaType OHa 3aMep3aeT.

[Iponecc dpusepoBaHus NPOTEKAET IPU HETIPEPBIBHOM NOHKEHHU TEM-
neparypbl cMecH. OH 3aKaHYMBaeTCs, KOTAa TeMIlepaTypa MOPOKEHOTO J0-
cturaet —6...—4,5 °C. [Ipu aToil TeMnepartype B Jie] npeBpautaetcs 45—
55% paarm.

OnHOBpeMEHHO ¢ OXJIaKAEHUEM U 3aMODakKMBaHMEM B anmapaTe mpo-
HCXONUT B3GHBaHME CMECH, T. €. HachIlIIeHHE e€ BO3IYXOM.

Ba6urocTs npoayKTa 3aBHCHT OT cOCTaBa cMecH. {151 MOJIOYHOrO MOPO-
’KEHOT0 OHa I0JIKHa OBITh He MeHee 50%, a /151 CJIMBOYHOTO HJIW MOPOJXKe-
Horo mioMbup — He MeHee 60%.

[ToMuMo cBoOlicTB cMecH Ha B3OUTOCTh MOPOXKEHOTO, Ha pa3Mephl BO3-
AYIIHBIX Ty3BIPHKOB BIHAOT KOHCTPYKTHBHbIE 0COOEHHOCTH (ppUaepa: CKo-
POCTh BpallleHUsl MeUIATKH, clocob Mogayy BO3AYXa, BKJAOYAS NPUHYAH-
TeJBHYIO ero Nofavyy B UMJIMHAD, CTeNeHb 3amoaHeH s (Hpu3epa cMeChIo
MT. 1.

CyuiecTBexHasi poJb B NOJNY4eHUH YCTOIHYHNBOrO B3GHTOr0 MPOAYKTA MPHU-
HaJJIeXUT cTabIIN3aTOpy COCTOSTHUS MopoxeHoro — arapy. Hejocrarok
€ro B MOPOXEHOM MPUBOAUT K TOMY, YTO MOPOXKEHOE CTAHOBHTCS TBep-
AbIM, «00XKHTaloIUM II0JIOCTb PTa». MopoxeHoe NepecTaeT aepxkath ¢op-
My, 6bICTPO OTTauBaeT.

IIpousBoauTenbHOCTh HpH3epa B 3HAYMTEIBHOM Mepe 3aBUCUT OT BeJIU-
YHHbI 3a30pa MeXKAY BHYTpeHHeH MOBepXHOCTbIO HHMJIMHApPA U CKpeGKOM-
Melnankol. B uaeane on gomken orcyrcrBoBats. [loaToMy cpenn npouux
TEXHUYECKUX XapaKTepHCTHK ¢hpU3epa KOHCTPYKIHMH CKpebKa-MelaiKu
OTBOJISIT Belylliee MecTO B OlleHKe coBepiueHcTBa (hpusepa. B aToM miane
CYLIecTBEHHBIM HeJIOCTAaTKOM KOHCTPYKIMH (pH3epoB, NpeacTaBIeHHBIX
Ha puc. 17.4 u 17.5, apnseTca HeyauHast KOHCTPYKIHA cKpeOKa-MelIaiKHy.

Texuuyecku 6oJiee CoBeplIeHHOH SIBASAETCS KOHCTPYKLUS CKpebKka-Me-
wanku ¢ppusepa upmMbr Carpigiani (puc. 17.7), obecneunBaiouas 6osee
KayeCTBEHHOE Cpe3aHHe CJI0Sl HaMepP3Ilero MOPOXKEHOTO Ha MOBEPXHOCTH
HWIHHADPA IIPU MEHBIIUX YCUINSX BBITIOJHEHHS Tpoliecca.

HamopaxxyBaHue cMecH MOPOXXEHOTO Ha TOBEPXHOCTH LUJIMHApA 1O-
poxzaaet npobieMy TOYHOTO KOHTPOJIS TeMIIEPATYPh IIOBEPXHOCTH HWIHH/I-
pa. C TeM uTOGHI He TIPOM3OILIL/Ia OCTAHOBKA BpallleHUs! CKpeGKa-MellalKu
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Puc. 17.4

®Dpu3ep MArkoro MopoXeHOro ABYXLUAMHAPOBLIA G2A14

1 — UMANHAP, 2 — WHeK, 3 — KpaH BbiNycka MOPOXeHOro, 4 — cocyabl
Ana cMmecu, 5 — 3anopHbith KpaH Noaa4Yn cMecH, 6 — pykoaTKa oTKPbITUA
3anopHOro kpaHa, 7 — Kpbillka, 8 — afexTpoasurarens, 9 — komnpeccop,
10 — anexTpoABUratTens kKoMnpeccopa, 11 — koHaeHcaTop € BOAAHbLIM
oxnaxaeHvem, 12 — aMeeBvK ucnapurens

Puc. 17.5
Livnuuap dpusepa EFLS30.2 ¢ npuemHbiM GyHKEpOM
¥ BNYCKHbIM KfanaHoMm

1 — yCTpOICTBO BbiNYCKHOE, 2 — GyHKEp NpUeMHbIA, 3 — KpbiLlKa BAYCKHOIO
Knanasa, 4 — knanas BnyckHoit, 5 — tennousonsaums, 6 — ysen npusoaa,
7 — KnMHopemeHHasi nepepava, 8 — anekTpopsuraresns, 9 — WHeK,

10 — nopaya xnagaredTa, 11 — ucnapurens, 12 — uunauHAp
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Puc. 17.6
Dpusep MArKOro MOPOXEHOro
¢unpmel Carpigiani

Puc. 17.7

Uwnunpp dpusepa,
HOX ¢ BaGuBaTesieM (MeLwanka-ckpebok)

YIpK HU3KOH TeMIepaType MOBEPXHOCTH IIMIHHIpa HpH3epa, Baj co cKpebd-
KOM-MeIllaJIKOi COeiMHEH C peJie, YYUTHIBAIOIUM M3MeHeHHe YCHINS Ha
rary. IIpu ero Bo3pactaHu¥ KOMIPECCOP U 3JIEKTPOABHUIATENb Bajla CKped-
Ka OTKJIIOYAIOTCH.

Hununzps GpH3epoB BHIIOIHAIOTCS IPeMMYLIeCTBEHHO [OPU30HTATb-
HO PacroJiokeHHbIMH, XOTS MOTYT OBITDH BHIMOJIHEHbI C BEPTUKAIBHO pac-
FOJI0KeHHBIMH LIUJIMHAPAMIL

Buijaya MOpOKEHOTO OCYIECTBSeTCS NMOBOPOTOM DPYYKH, PacmoJio-
PKEHHO# Ha epeiHell NOBEepXHOCTH (pU3epa.
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17.5. MNpou3sofCcTBO 3aMOPOXEHHOr0 COKa
Ha nanouke

MoposxeHoe B ero TPagUILHOHHOM BHJ€e — TaK Ha3blBAEMOE MOPOKeHOe Ha
HaJoyuKe UV 3aMOPOKEHHBIE COKM (TaK Ha3biBaeMBble JeleHI[BI Ha NaJIoy-
Ke) B YCJOBHSX TOPrOBJIM H3rOTaBJHBAIOT NOCPEACTBOM IOTPYKEHUS €M-
KOCTEH C CHPONIOM B X/aJIOHOCUTEJb.

3aMOpOKEHHBIN COK MOXKET ObITh MOJy4YeH, HalpUMep, [IPH MOMOIIM
ycrpoiictBa «Lickolab» (puc. 17.8).

OcCHOBHBIE 3Tallbl OJYYEHNST 3aMOPOKEHHOTO COKA Ha MaJloyke OTpa-
JKeHH Ha puc. 17.9.

IIpunuun paborsl ycTpoiictBa «Lickolab» sanmcTByeT TpamuiinoHHbIH
OPUHLKI [OJTYYeHN MOPOKeHOIo Ha HaJIoUKe, KOTOPHIi HCIOAb30BAIICA
B ycJIOBUSAX paGoTHI XajokomMOuHaTa. CMech 3aBaeTcs B eMkocTu. Bio-
KM 5THX opMoOUEeK NOTpYKaIOT B X1aJOHOCHTENb, KOTOPbIi obecrneynBaeT
OTBO/I TeIIa JIbA006Pa3oBaHus Yepe3 CTEHKY MHAUBHILYAIbHON eMKOCTH C
MOPOIKEHBIM.

B oTsmyue oT MArkoro MOpoXeHOro B yCTPOHCTBE MOJTYYal0T MOPOXKEHOE
TBEpJOE, HO He HACTOJIBKO, YTO OB €ro MOXKHO OBIIIO GBI XpPAHUTD AJIUTETHHOE
BpeMsl. [[g ueseil ANHMTENTBHOTO XOJNOMIBHOTO XPaHEHUS] MOPOXKEHOTO B
HPOMbIILJIEHHBIX YCIOBHSX €T'0 TOABEPraloT NPOIECCy «3aKankus. Mopoxe-
Hoe MTOMEeH{aloT B XOJOAWIBHYIO Kamepy ¢ TeMmeparypoit —35..-30 °C,
B KOTOPOii I0BOASAT TeMIIEpaTypy B lLleHTpe MopoxkeHoro o —18 °C uiu
HIXKe.

Puc. 17.8
YcTraHoBKa ANnS NPOM3BOACTBA 3@aMOPOXEHHOr0 CoKa
1 «MOPOXEHOro Ha nanouke»
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Puc. 17.9
3tanbl NPON3BOACTBA 3AMOPOXEHHOI0 COKa Ha nanoyke

a) NoAroToBKa K HanonHeHuio cMechk; 6) ycTaHoBka najovex;
B), I') ycTaHOBKA EMKOCTH CO CMECLIO 1 NaslodkaMn B annapar;
A) BbIFPy3Ka 3aMOPOXeHHOW cmecu 1 ocBoboxaeHne oT HopMbt;
e) Bbirpyaka NpoayKuun; X) rotosas NPoAyKUns

KoHTponbHbie BONPOCH:

1. KaxuM 06pa3oM MOKeT OBITb OJTy4eH Npo3payHsblii j1e4?

2. KakxoBbl KOHCTPYKTHBHbIE OTAMYMA JTb{OF€HEPATOPOB, HCIIONB3YEMBIX
Ha NPeANpUATHIX 0611eCTBEHHOrO THTaHHS Y TOProBJie?

3. Kakue TexHudecKHe YCTPOHCTBA 0OecmeynBaioT MoayyeHne MArkoro
MOPOXXEHOTO?

4. YeM oT/IHYAETCS MITKOE MOPOXKEHOE OT 3aMOPO’KEHHOTO COKa?



nasa 18

PACYET U BbI6OP TOPIOBOI0
X0104UN1bHOI0 O6OPYI0BAHUSA

(npuMeHnTeNbHO K 3a4a4aM AMNIOMHOTO NPOBKTUPOBAHNS)

B cBsA3u ¢ MHOrooGpa3ueM XOJOAHABHOTO 060PYAOBaHUA BHIOGOD €ro Jjis
NPEATIPUATHI OOLIECTBEHHOTO MUTAHHUS M TOPTOBJIM OCYLIECTBJISETCS C
y4eTOM crietH$HKH NPeANPUATHS, BeJIMYUHbl TOBapo0o6GOpOTa IIpeatpHts-
THSI ¥ KOJIMYECTBA TOBApa, pa3MelaeMoro B XOJIOJHIbHOM 060pYAOBaHHU Y.

I1pu BriGOpe 060pyA0BaHHS OLIEHHBAETCSA COBOKYITHOCTD KQU€eCTB, YAOB-
JIETBOPSIIOUIUX PELIEHUIO IPOM3BOACTBEHHBIX 337124 IPEANPUATHSL: LieJIeBoe
HazHayeHVe 060py0BaHuU, €70 rabapuThl, TeMIIEPATyPHbIi PEXXHM B X0JI0-
AWILHOM 000pYZIOBaHIU, CTOMMOCTS, AH3aiiH, yPOBeHb Ha/le)KHOCTH, COCTO-
siHue 060PYROBaHUS (ABJISETCSA JIM XOJOANIbHOE 060py/l0BaHe HOBBIM
WY ObIBIUKMM B ynoTpebJeHUH) U T. 4.

Ilo nasnauenuro xoNnoRUIBHOE 0GOPYAOBaHHE IENUTCS Ha 0OOPYXOBaHHE
TOPrOBOrO 3aJ1a (BUTPUHBL, IPHJIaBKH, kadbi U T. &.) ¥ 060pyAOBaHHe NOA-
coGHbIX momenieHui (1iKkadbl, MPHIaBKH, KaMepbl COOPHbIE U CTallMOHAP-
HbIE).

JL151 npon3BOACTBEHHBIX NeJIeli HCIOJIb3YeTCs CIellUali3HPOBaHHOE XO-
JioguIbHOe 060pyOBaHKe: COKOOX/IaIUTE M, TPAaHATHHBL, (ppU3epHl MATKO-
0 MOPOXKEHOT'0, JILAOTEHEPATOPDE U T. 1., KOTOPOE MOKET ObITH YCTaHOBIIe-
HO KaK B TOPrOBOM 3aJie, TaK U B NOACOOHBIX VJIH CIIEI{HAIN3HPOBaHHbIX
HOMeIleHUsIX.

18.1. Buibop KosimuecTsa BUTPUH

KOJII/I‘ICCTBO BHUTPHH, YCTaHABJUBAEMBIX B TOPTOBOM 3aJjie NPEATIPUATHA
(18.1):

F F
Ny = A()Tll 'F—y_;’ Ny = Aom .F—y~n’ (181)

.
neM aeM

i)
A, — KOJIMYECTBO YYETHBIX €IUHHUIL| TOBaPA B COOTBETCTBUM C ACCOPTH-

oT,

MEHTOM OTAeJIa, €X.,;
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Fy — TJIONIA/b, 3aHMMaeMasi B BUTPHHE O/THOH y4eTHO# eIMHUIlei ToBa-
pa, M? (Tabu. 18.1);

F ., — HeMOHCTpauuoHHasi IUIOW{alb BUTPHHBI, M}

7 — YHCJIO TIOJIOK B BUTPUHE,

HOle‘{eHHOC 3HaUecHHe 7 OKPYIJIA€eTCAa 10 Gonbuiero eJIoro 4YyMcJa.

BHT

18.2. Buibop konuuecTBa wKapos

XostonmibHble MKabhbl KCHOIB3YIOT /IS ZEMOHCTPALUH U IPOAAXKU TOBA-
poB (1uKadsl CO CTEKNIHHOI 1BePhIO) U 1IKa(bt 415 XpPaHEHHA AHEBHOTO
3anaca ToBapoB (1Kadbl ¢ HeIIPO3PayHOil ABEPBIO).

XosopuabHbie KAl o CMekAsAHHOU 08epbio BHIOMPAIOTCS aHAIOTHY-
HO BUTpHHaM. B xayecTBe 1eMOHCTpalMOHHOM Wiomamy F, |, npuHUMaeT-
Cs CyMMapHas IJIolab BcexX MoJiok mxada.

XonopunsHsie nikadsl ¢ Henpo3paunoti 06epvio BRONPAIOTCA HCXOAS U3
IHEBHOTO TeMINa peaTu3altiy oTAena. Yaie Bcero OHU MCHOJB3YIOTCS Ha
ApeAnpPUATHSX ¢ HeOONBIIUM TOBapOOOOPOTOM H YCTaHABIHBAIOTCA B IO/
cobnbIx noMeleHusx. CyMmapHbiii 06beM X0J0ZUIbHBIX WKadOB ¢ He-
Npo3payHoil ABEPBIO 1719 XpaHeHUsl CYTOYHOro 3anaca MPOAYKTOB HaXo-
autcs no GopMyie
Tp'r

V=nlllk. -_ ’
Pip &

*V=n,V, M, (18.2)

HIK

rae

n . — KOIMYecTBO 1Kados;

V. — o6bem onHoro mkada, M3

Tpr—— CpelHuil CyTOUHBIi TeMI pealu3allid TOBaPOB, KT;

P — cpenHss IOTHOCTb NPOAYKTA, KI/M3;

& — xoadpumuent sanonHeHus obbeMa wkada.

CpenHss IUIOTHOCTD MPOAYKTA ( P ) 3aBUCUT OT BUJA IPOAYKTA U TIPU-
6J1HKeHHO IPHHUMAETCS LIS MOJIOYHBIX TPOAYKTOB paBHO#M 800—950 kr/m3
M ISt MSICHBIX M OBOIIHBIX IPOAYKTOB paBHoit 500-900 xr/m3.

KoadduuuenT 3anosHeHus o6peMa mkada npuHuMaetcs paBHbiM 0,5.

18.3. BbiGop konmuyecTsa X0N0AUNbHLIX Kamep

HpI/I peleHNH KOMILJIEKCA BOITPOCOB, COCTABJIAIOUIMX YaCTh AUIIJIOMHOTO ITPO-
€KTa, ITpeAnoJiaracTcs, B YaCTHOCTH, pa3MellieHHe Ha HMEIOIUXCA MJIOMAAAX
npeanpUATHA CTaHHOHapHOﬁ OAVHOYHOMH WIH 610Ka XOJIOAWJIbHBIX KaMep.
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Tabnuua 18.1
NpubanxenHoe 3HaueHue nnoulamy F,,
3aHMMaeMoil yueTHol eguHnLeii ToBapa, M?

ACCOPTHMEHT Cpennss nIowans F,,
3aHHMaeMasi yueTHOI equnnuelt ToBapa
MsconponykTsi 0,04
Pu60ﬁpony1m§ 0,05
T'actponoMus 0,03
Moso4HkIe NPOXYKTEI ] 0,02
Bakanes 0,02
XneGobynouHsie 0,04
# KOHJIHTEPCKHE H3Jienua
ITnonoosoUmIHEIE TPOAYKTHI 0,04
Hanurkn 0,02

Bosee nmpoctoit 1 MeHee 3aTpaTHEII cnogo6 pelleHHs 3a/Ja4¥ COCTOUT B
yCTaHOBKE Ha NMPeANPUSITHHA FOTOBOIH CO0PHOII XOJOANIBHOMN KaMepH MK
rpynnsi kaMep. Boibop IyTH peiieHVs 3afayyl olpeResseTcs HAIUYHEM
CBOGOIHBIX CTPOMTEJbHBIX ILION[a/Iei, IPUTOAHBIX /7St YCTAHOBKH COOPHBIX
kaMep. IIpy OTCYTCTBUM TAaKOBBIX MPHOEraloT K NPOEKTHPOBAHHIO CTAIIHO-
HapHO# X0JI0AUIbHOIT KaMepbl H/H 6JI0Ka kaMep.

Pacuert 1 noa6op X0I0AMIBHOTO arperaTa ¥ CUCTeM OXJIaXKeHUs BO3AyXa
OZIMHOYHO CTAIMOHAPHOM XOJIOAHMIBHOM KaMephbl WK 6J10Ka XOJMOAWIb-
HBIX KaMep GasupyeTcs Ha TPaAULMOHHOM MeToauke. MeToznka BKIIQYa-
€T PacyeT ChIPbsl UM TOTOBOI NIPOAYKLUH, pacyeT CTPOHTeIbHOM MJIoIa-
AY XOJOAMABHO KaMepHl, pacyeT TOJLIMHEI TEITON30AHH OTPaXKICHHIA,
TeIJia, BHOCUMOTO B XOJIOAUIBHYIO KaMepy.

Xo0AWIBHYIO MAIMHY PEeKOMeHAyeTCs BHIOMpPaTh B BHAE MOHOGI0Ka
WK CIVINT-CUTeMBl (Ipriiokenue, Taba. 12.1, 12.2).

18.3.1. Mopsapok pacyera OAMHONHOI CTaLNOHAPHOMR
XONOAUNbLHOA Kamepbl unu 610Ka XONOAUNBHLIX Kamep

McxopHbio faHHbIe NP NPOEKTUPOBAHUN

UcxoaHpiMu AaHHBIMU TNIPU NPOEKTHPOBAHUY CTALUOHADHBIX XOJIOAMJIb-
HBIX KaMep SIBJIRIOTCS: aCCOPTUMEHT ¥ KOJIMYECTBO NPOAYKTOB, MOAJIEXKa-
HIMX XOJIOAMJIBHOMY XpaHeHHIO (CyTOYHBbIM PacXoR IPOAYKTOB), MECTO
' pasMellleHHs XOJOXWIbHBIX KaMep B KOHTYPe CTPOHTENbHO! KOHCTPYKHUK
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3AaHUA, KINMaTHYeCKHe OCO6eHHOCTI/I, B KOTOPbIX NPOEKTHPYETCA X0JIO-
AWJIbHbBIC KaMEpbI, U T. 1.

TeppHTopI/IaJIbHO Poccus pa3zieiieHa Ha TPpU KAHMaTHYECKHE 30OHbI.
OHpelIeJIﬂIOH.II/IM KpHUTEpUEM KJIMMATHU4ecKol 30HbI ABAIETCH cpeaHerono-

Tabnvya 18.2
KnumaTtnueckue paHHbie no oTaensHbiM ropoaam Poccun

Pacuernag Temnepatypa, °C OTHOCHTeILHAK
Fopor cpeaHecyTOMHAR JIeTHSAR B:;];;l;::)::zﬁ
ApXaHrenbck 0,8 27 63
AcTtpaxaHb 9,4 34 37
~ Boponex 54 33 47
Brnaansocrox 4,0 30 79
ExaTtepun6ypr 1,2 30 54
Hpxyrck -1,1 29 58
Kpacaospck 0,5 30 52
Mocksa ’ 4.8 30 50
Mypmanck 0,0 25 63
Hosocubupck ~-0,1 30 56
Cankr-Herep6ypr 43 27 59
Coun 13,4 32 67
Xab6aposck 1,4 32 67

Tabnuua 18.3
Nnowaan oxnaxaaeMbix Kamep NPeANPURTHIA TOprosamn

Kamepa xpanenus npoxykra HopMa miomans, otaecennas k 10 m*
IJ101IAAH TOPIOBOro 3a/a
Mico 2,8
Priba 2,2
Tactponomus 2,8
BuHO, nHBO, 6€3aMKOT0/IbHAIE HANUTKH 1,7
OpykTel 44

Osotn 2,2
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Basi TeMIepaTypa Hapy>kKHOro Bo3ayxa. Ee yYnTHIBaoT, HApUMep, NpH Bbi-
6ope koapuIHEHTa TETIONepeiadn HApYKHBIX orpaxkaeHuit. J1yis ceBep-
Hoi1 30HbI 0Ha paBHa 0 °C, 1 cpesneii 30ub1 1-8 °C, gns 1oxHoi 30861 9 °C
H BhllIIE. '

B TemIoBHIX pacyeTax HUCMOMB3YIOT AAHHbIE 0 MAKCHMAIBHO BHICOKOMH
TeMIiepaType Hapy>KHOro Bo3fiyxa (TeMIlepaType CaMOro JKapKoro AHs ca-
Moro Ternyioro Mecsna) (tabi. 18.2).

TeMmeparypHbie peKHMEI XOJOAKIBHOTO XpaHEHHS TIPOAYKTOB OTpaXce-
Hbi B Taba. 5.1-5.3 npusoxeHus.

flopagok npoexTupoBaHus
CTALUOHAPHBIX XONOANNLHLIX KAMEP

IIpuMeneHHte CTalIOHAPHBIX XOJIOJHJIBHBIX KaMep, Kak NpaBHJIO, 06-
YCIOBJIEHO «HEYAOOHOM» KOH(UTYpalHeil HMeloIIelics CTPOUTETbHOH 110-
HIajH, KOTOpasi B CTPOUTENBHOM OJIOKe 31aHUS He NI03BOJIAET PALMOHATb-
HBIM 00pa30M pasmelaTs COOpPHBIE XOIOAWIbHBIE KAMEPBI.

Wcnosib3oBaHue CTallHOHAPHBIX XOJIOMAMIBHBIX KaMep 06yCIOBIEHO Tak-
e BO3MOKHOCTBIO HX pa3MeUleHUs B MO/IBAAbHBIX OMEIIEHUAX 37aHuil.
IT0 0cBOOOXKAET IIOHAH IPEANPHUSATHS A1 UX PallOHATBHOTO UCIHOJIb-
30BaHMS B IPOM3BOACTBEHHBIX Le/IAX.

HopMBl ¥ npaBuia MpOeKTUPOBaHUS NIPeANPHATHH TOPIOBIYU ONpese-
asotess CHull 11-77-80 (CrpourenbHsle HOPME U TIpaBuJIa. «MarasuHsl.
HopMsi IpoekTHPOBaHUSA» ).

Yucao xono0unvhvix xamep npeonpusmuii mopeosau (MarasuHoB) 3aBU-
CHT OT THIA TIPERANIPUATHS], €70 HPOH3BOACTBEHHOH MOIHOCTH Y acCOPTH-
MEeHTa POAYKTOB.

Ha npeanpusATHAX TOPrOBJIU XOJOAHIBHOE 0GOPYAOBaHHUE COCTaBJISET
He MeHee 30% ot Bcero obopynoBanus Toproeoro 3ajia. [liomaau oxnax-
AaeMBIX KaMep NpeANpUSTHII TOProBIH, OTHeCeHHble k 10 M? rIomanu Top-
TOBOTroO 3aJ1a, oOTpakeHsl B Tabi. 18.3.

TIpu npoeKTHPOBaHNM XOIOAUIIBHOM KaMepbl XpaneHus KoHoumepckux
u3adenuti NICXO/IAT U3 NJIOLIARU TOPTOBOTO 3aJ1a, 3aHATOMN NOA KOHAUTEPCKHil
oraesn. [Ipunumaercs, yro 1 M? nIomany XoMOAM/IbHOI KaMepsI IPUXOJUT-
cs Ha 18 M2 mIoI@aM TOProBoro 3aJia KOHAWTEPCKOTO OTAe 1A,

KaMepBl X0JI0ANIBHOTO XpaHeHHUs Msica U MOMOYHBIX IPOAYKTOB AOJIK-
Hbl UMeTh IOMeLlleHHs A1 IOATOTOBKM TOBapOB.

Yucno u pasmepvl Xon00UILHLIX Kamep npednpusmui o6uecmeenozo ni-
manusa ONpeNeNAIOTCA THIIOM MpPeANpUATHS, YUCIOM MOCAJOYHBIX MECT,
0co6eHHOCTDIO PaGOTH MpeAnpUATHA (MpennpusaATHe paboTaeT Ha Chipbe
unu nonygabpukarax).
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Tabnnya 18.4
Hopmbi Harpyaku (q,, Kr/M?) ans TUNOBLIX NPOAYKTOB

Hopma Harpy3ku
Bun npoxyxta ‘ MATa3NHEL npeANpRATHS
001IECTRERHOTO IHTAHHY

Msaco 150 125
Pei6a ' 300 220
Mosio4HO-XHpOBBIE 300 170
TPORYKTHI

TCacTpoHomus 150 150
DpyKTEI, 0BOLIK 100 100
HonydgaGpukatel 150 100
Kynunapusie usnenus 100 100
Konaurepckue usnenus 150 150
TTumensle oTXOAB! 200

Pacyets! niioniaieil X0J0AUIbHBIX KaMeP OMUPAIOTCS Ha PacyeThl MEHIO
¥ COOTBETCTBEHHO Ha MPOAYKTOBYIO BEAOMOCTb CYTOYHOIO PacxoAa Hpo-
Ayxra. B npocTeiilieM cayyae Iiomaay X0M01MIbHEIX KaMep MOTYT OBITh
OlLIEHEHB! Ha OCHOBE HOPMBI Harpy3kd NpoAykTa Ha 1 M2 MJoliaau moJja
XOJIOAMJIBHOM KaMephl.

HopMbl Harpy3kH JUist THTIOBBIX IPOXYKTOB OTpaXkeHH B Tabu. 18.4.

06wue TpeGosatius
K CTAUMOHAPHLIM XONOAWNBHLIM KAMBPaM

XoJyoanabHble KaMephl Pa3MelIIoT B o/iBalax M IOJNYIIoABalaxX U Ha Iiep-
BbIX 9TaXKax NMPeANpHATHII 001eCTBEHHOTO MUTAHUS U TOPrOBJIH WK B
O/THOSTAXKHBIX 37aHUAX. KaMephl pacnosiaralotT B KOHTYpe 3faHHA TaKHM
06pa3oM, YToObl OHH, eC/IY 3TO NPEACTABISAETCS BO3MOXHEIM, He UMeJH
HapyXHbIX CTEH.

KaMepni XpaHeHHS CHIPbS PACIOaraioT BOJIKM3M 3arpy304HOro nome-
HIeHUs NPeATPUSATHS, KaMephl XxpaHeHHs FOTOBOM TIPOAYKIMY Pa3MelialoT
B COOTBETCTBHH C MPHHSITOH CXeMO¥ IIPOU3BO/ICTRA.

He pexoMennyetcs pacnojiaratb XoNI0AWIbHble KaMePhl TIOZ XWIBIMH 110~
MeLeHHAMH, HCIIOJIb3YH NlepeKpBITHE B KauecTBe M0ToJIKa Kamephl. B atoM
Cy4ae MeXy [IOTOJIKOM KaMepHl ¥ NepekpHTHeM J0JDKeH GBITh obecre-
YeH BeHTUJIUPYEMbIii TPOAYX.
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3anpelaeTcs NPOEKTHPOBATh XOJMOANIbHBIE KaMepHl o] AYIIEBbIMH,
Goil1epHBIMY U APYTHMH IIOMEINEHUSIMY C CYIIECTBEHHBIMH TEILJIO- M BJIAro-
BblJieJIeHHAMH.

[TInomanb cranoHapHOi XONOAMIBHOI KaMephl A0JXKHA OBITh He MeHee
6 M?, MMHHMaJIbHBIN pasMep KaMepHhl — He MeHee 2,4 M. BoicoTy kaMepsl
06BIYHO NPUHUMAIOT B HHTepBaie oT 2,7 110 3,2 M. [[lupuna Tambypa Rosxk-
Ha 6n1Th He MeHee 1,6 M. Kak uckiiouedne B 6;10Ke XOJMOAMIBHBIX KaMep
AONYCKAETCA He MPeAycMaTpUBaTh TaMOYp, eCJIH pacyeTHas TeMIlepaTypa
BO3lyxa KaMepbl 6oee 2 °C.

JlBepH XONOAUNBHBIX KaMep TertousoympyioTca. Hlupuna aepeii xa-
' Mep u Tambypa A0/KHa GBITh He MeHee 0,9 m. IIpu mpuMeHeHHU CPEACTB
MeXaHM3aIMK I'PY30BbIX paboT IMPHHA ABEPH NPUHUMaeTCs paBHoOl 1,5 M.
JlBepy OTKpBIBAIOTCSE CO CTOPOHH! Kamephl. OHH JOJKHBI OTKPHIBAThCA CHa-
PYXHY U UBHYTPHU.

Hosnbl X0MOMMIBHEIX KaMep, HMEIOIMX TeMIIepaTypy He Huke ~2 °C,
Jiexalnyie Ha rpyHTe, He Temaou3oaupyor. OXHaKko TenJOH30JSIMs CTEH
pomxHa 6biTh Ha 0,15 M Hipke ypoBHS mosa. [To nepuMetpy 6710Ka X0J10-
JAMILHBIX KaMep BHIMOJIHAETCH MOACHIIKA U3 KePaM3UTOBOI'O IPaBUs Ha HIM-
puHy 0,5 M OT HaDYXKHBIX CTEH.

KaMepa muuieBbIX OTXOAOB JOKHA MMETh TaMOyp.

MaiunnHoe oT/e/IeH e pacIioIaraloT psaoM ¢ kamepaMmi. [Iomanp Ma-
HIHHHOTO OT/eJIeHNs IPUHUMAIOT paBHO# 10—15% oT obuieil nonany Ka-
Mep IpH BBICOTe KaMephl He MeHee 2,7 M.

Jlasa HeboapIMX 110 NIOMAAY XONOANAbHBIX KaMep PAIOM C KaMepaMu
NpeaycMaTPHBAETCS MECTO pasMelleHHs XOJOAUNbHOTO arperara. XoJo-
AUABHBIH arperar ZOJKeH UMETh 3aIHTHYIO CETKY, IPENSTCTBYOMYIO JO-
CTYN K HEMY NlepCcOHaNa NpeAIPHATHS.

<
N
2 L !

1 1 1 3 2

£4

,<

a) 6)
, Puc. 18.1
MnaHnpoBoYHLIE peLleHst 61oKa CTaLMOHAPHLIX XONOANIbHLIX KaMep

1 — XonoaunbLHLIe Kamepsl, 2 — TaM6yp, 3 — MalumHHOe oTaenenvie (a)
WK XONOAUNBHLIA arperar ¢ orpaxanesvem (b)
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IlnanupoBoyHoe pelieHue 6J0Ka CTAHOHADHBIX XONOXUIbHBIX Kamep
33BHCHT OT KOJIMYECTBA, THIIA XPAaHUMOTO MPOAYKTA, HPOH3BOACTBEHHEBIX
Bo3MoxHocTeil npeanpusaTus. Haubonee npocto peluaercs 3aztaya cosza-
HHA GJIoKa XONOAMIBHBIX KaMep MPH CTPOUTENbCTBE HOBOIO 3MaHUS WJIH
COOpYXEHHHL, :

[1pn ucmosib30BaHHHU CTApOro CTPOUTENLHOTO (hOH/A, U OCOOEHHO XH-
Joro $HoHzIa, B KOTOPOM YacTO pa3MellaloT NPeANnpHsTHs 00ecTBEHHOTO
IIUTaHUSA Y TOPTOBJIH, IPUXOAUTCS YYATBIBATH CTPOUTENBHbIE OCOOEHHOCTH
31aHN#A. Bo3aMOXHO, 4TO B 3TOM cJiyuae XoJOAWJIbHBIE KaMepBl He Bcer/a
6yayT npsimoyronpHoii popmel. HekoTophie THITB NIAHHPOBOYHBIX peillie-
Huii 610Ka XONOANIBHBIX KaMep OTpaxkeHH! Ha puc. 18.1.

TeMHepaTypHo-BJIa)KHOCTH/ble YCJIOBHA XPaHEHHS NMPOAYKTOB B XOJO~
JUIbHBIX KaMepaxX YCTaHABJIHBAIOTCS Ha OCHOBe:

* BH/Ia [HIIEBHIX [IPOJYKTOB, PEXKUMbI XpaHeHHs] KOTOPLIX persiaMeHTH-
PVIOTCSt TEXHOJIOTHYEeCKUMH TpeboBaHMAMH (IipHJIoxkKeHHe, Tabt. 5.1—
5.3) no TeMiieparype U OTHOCHTENbHOH BJAXKHOCTH BO3/lyXa B Ka-
Mepe; ‘

* reorpa¢uyecKoro mMoJoXKeHHs NpenpusaTis. TeMnepaTypy u oTHO-
CHTEJIbHYIO BJIXKHOCTb YCTAaHABJIHBAIOT HA OCHOBe JaHHBIX Tabu. 18.2.

TeMnepatypa B HeoXJaxiaeMbIX HOMEIeHHAX IPHHHMAETCS HIKe pac-
YeTHOM TeMIePaTyphbl HapYKHOTO BO3/IyXa: B Ha3eMHBIX aTaxkax — Ha 5 °C,
B NOABAbHBIX MoMelienusix — Ha 10 °C, B tam6ypax 6J10ka X0JIOAMTBHBIX
KaMep, PacIioJIOKEeHHBIX B HazeMHbIX stakax — Ha 10 °C, a B nogBajibHbIX
noMemnienusix — Ha 15 °C.

TeMnepaTypy rpyHTa Ha riayGuHe 1 M IPHHHMAIOT HHXKe TEMIIEPATYPbI

. HapyHoro Boa/tyxa Ha 10 °C, Ha ry6une 2 M — na 14 °C v Ha riyGuxe 3 M —
Ha 16 °C.

 IIpn Hannuuu HapyXXHBIX OTpak/ieHHIT B 6J10Ke XONIOAMbHBIX KaMep 3a-
JaeTcs Tak)e ODHEHTALVsI KaMep 110 OTHOLIIEHHIO YacTeii cBeTa.

CrponTenbHO-U30JAMOHHbBIE KOHCTPYKIMH OTpaskieHHH XOJMONMIBbHBIX
KaMep JOJDKHBI 00ecTnieunBaTh B XONMOAWIbHBIX KaMepaX MOCTOSHCTBO TeM-
NepaTyPHO-BIaXKHOCTHOTO PeXUMa.

[nst TennoBoil M30AALUN OTpaskAeHHI XOJNOAMIbHBIX KaMep IIpHMe-
HSIOT BRIcOK03( PpeKTHBHEIE MaTePHAJIbI, HMEIOLMe MaJlYIO TeIlI0NPOBO/-
HOCTb, He BIMTHIBAIOIINE BJIary, HecropaéMbie WJIM TPYAHOCropaeMbie.
Haub6onee ynotpe6uTe ibHbI BCIEHeHHbIE TOJIMMeEpHbIE MaTePHAJIbL: IEHO-
nomuctupon IICH-C, camozaryxaloumii Ipx ropeHHH, NOJNYPeTaHOBbIH
xectkuit [1Y-101, nomuBununxaopuausiii [IXB-1, [IXB-2, nenonoan-
SMOKCHA U Ap.

11-996
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TennmousonsMOHHbIe MATEPHAIIBI BBIITYCKAIOT B BH/E IJIMT TOMIIMHOM
25, 30, 50, 100 mm.

B kauecTBe rHApOU30JISIIIMOHHBIX (TIaPOU3OJIAIIHOHHEIX) MATEPHAJIOB HC-
NOJMb3YIOT 6UTYMBI, GHTYMHbIE MACTHKH, PyOepOU/ 1 Ipyrie aHaJIOrMYHbIe
MaTepraibl. [MAPOH30MALMOHHbIE MATEPHAIBI YCTAHABINBAIOT MO HATIPaB-
JIEHHIO TENJIOBOTO NOTOKA M IOTOKA BJarH (Ha IOBEPXHOCTH CTEHBI WJIH
APYroii KOHCTPYKIMH ¢ 6oJiee BRICOKOI TeMIlepaTypbl Cpebl).

3a/iaua ruPOM30/IAIIMH COCTOMT B JIOKAJIH3AlUH NIOTOKA BJIarH, IPeAoT-
BpallleH!UH YBJIaKHEHHS TeIIOU30JIHHH. Y BIaKHEHHE TEIION30JISIUH Cy-
IECTBEHHO YBeJAWYHBAeT TelIONPOBOAHOCTD Temnousonsanuu. Ilpu satom
TEIJIOBOM TOTOK B OXJ1aXkAaeMblii 06beM BO3pacTaeT M XOJOAWIbHAS Ma-
HIMHA HE B COCTOSIHUM OTBECTH NpOHHKalomlee Temto. CAeACTBIEM 3TOTO
SIBJIAETCS NOBLILIEHHE TEMIEPATYPhl BO3yXa B OXJIaXx/aeMOM obbeMe Xo-
JIONHIBHOTO XOJIOAWIbHOM KaMephl.

Hapy>xHble cTeHbl XOJOAUIBHBIX KaMep, HCHOJb3YIOIHE HECYIIHe KOH-
CTPYKUHMH HAPY>KHOTO OTPaKAEHHS 3AAaHHU, BBITIOIHSIOT TOMIHHO# oT 380—
510 mM. TosmmHa cTeHbl ofipefesisieTcsl KINMaTHYecKoi 30HO# pacnono-
xkeHus npeanpusaTua. KoHCTpyKIus cTeHb oTpaxkeHa Ha puc. 18.2.

OCHOBHBIM HeCYIUMM MaTeprasioM MoxeT 6biTh Kupnuy (250 x 120 x
x 60 MM), kesre3o6eToHHas MIKTa, GETOHHBIN 6JIOK C IBYX CTOPOH Ha KHp-
MY HAHOCHTCS WITYKATypKa 'ronmmlou 10-20 MM, BHIPaBHHBAIOLIast €T0
TIOBEPXHOCTb.

YacTb CTeHbI, HaXOAAMAsACSA HUKe FPYHTA, IOKPhIBaeTCsA GHTYMHOMN Ma-
CTHKOM, Ha KOTOPYIO HaKJIaJbIBAIOT CJIOH JIMCTOBOTO TMAPOU3O/ISAIIMOHHO-
To MaTepuaa, ¥ [/ 3alMTHI OT MEXaHHYEeCKHX HapyUIeHHit ero 3aKphbiBa-
IOT OT IPYHTa CJI0eM KHPIMHYHOM KIaJKH.

Puc. 18.2
KoHCTPYKUUA HapYyXHOM CTeHbl

1 — wrykartypka, 2 — KUpnu4Han Knaga,
3 — ruapousonauus, 4 — Tennou3onNaLUs
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BHyTpeHHHIl c/10ii IeMEHTHOI INTYKAaTyPKH, HA3bIBAEMBIil «3aTHPKOii»,
MOKPBIBAIOT He MeHee YeM JByMsi cJIossMH 6utyma. K nocienHeMy ciiowo
6uTyMa NPHUKJIEUBAIOT TEIJION3OJIAMIO, KOTOPYIO YKPEIISIOT CETKOM «pa-
6uiia», 3aKpelIeHHOM Ha JiepeBsiHHBIX cTofikax. Ha ceTky «pabuna» Hato-
CAT WTYKATYPKY, 10 KOTOPOIi BEIKJIAABIBAIOT KePaMUYECKYIO ITUTKY.

Koncmpyxuyus snympennux cmen X0J0AHbHBIX KaMep aHajiornyHa. OT-
JINYHE COCTOUT JINILIb B MaTepuaJe M TOJNIMHe KOHCTPYKIMU. B kayecTse
OCHOBHOH YaCTH KOHCTPYKLHH MOKeT UCTIO/Ib30BAThCS] KUPITUY, KOTOPHIH B
3aBUCHMOCTH OT CI10C00a ero YKJIAAKU U € YYeTOM TOJNIHUHB [[EeMEHTHOIO
c10s obecrieynuBaeT TOAIUHY Kaaaku 250, 380, 510 muM, uau 6ok U3 ne-
HOGETOHa, KOTOpble CaMU SIBJISIOTCS TEILIOU30JIALMOHHBIM MaTepHAJIOM.
OH npomsBoauTCs B BUJE IUIMT TOJAIMHON 150 MM m 6710k0B pasmepom
400 x 400 mm. TomuHa WTYKaTYpKU O6BIYHO COCTaBAAET 20 MM, THAPO-
H30S MY — 3—5 MM.

Koncmpyxyusa nona xon00unvrot kameput, Aexcauweti Ha pynme, IpHBe-
JleHa Ha puc. 18.3.

KoHcTpykIust noJ1a xapakTepHa JUIsi XOJIOIH/IBHBIX KaMep C TEMITepaTypoit
Bo3ayxa He Huke —2 “C. IIpu Temmeparype Bo3fiyxa B kamepe Hike —2 °C
TIPUXONIUTCA KPOMe TEILION30JISIIIMH YCTAaHABIMBATD CUCTEMY 060rpeBa rpyH-
Ta. B IpoTHBHOM cjiyyae IPYHT NOJ 3[AaHHEM IIPOMEP3HET ¥ BCJICACTBHE
pacuIvpeHusi 3aMep3lieil Blary B rpyHTe GyneT Hab/IoAaThCs €r0 paciiu-
peHue (BcyyrBaHue). 31aHHe MOXeT 06pyiuuThCs. HoaTOMY 110 BO3MOX-
HOCTH HU3KOTEMIIEpATypHbIE KaMephbl CTAPAIOTCS pacloiaraTh Ha IEPBbIX
3TaXKax 3JaHUM.

Koncmpyxuyus nora xamepnl, 0CHOBaHUEM KOMOPOU CAYHcUM nepexpoi-
mue, oTpakéHa Ha puc. 18.4 (a).

Hecymeii kOHCTpyKIMeli N0J1a ABJIsieTcs Kele306eTOHHas MINTa TOJ-
mmHo# 220 MM. TloBepX IIJTUTBI HAHOCHTCA BbIPaBHUBAIOMIM c/10¥ GeTOH-
HOHM cTaxKH ToawuHol 30-40 mM. Ha Hero HacTuaeTca YHCThL 1O M3
IJINTOYHOTQ MaTepHaa.

HuxHAs yacTb XKee306eTOHHOM TUINTHL TIOKPHIBaeTCsA C0eM GeTOHHOM
ITYKATypKH (3aTHPKH ) ToguHOH 10—15 MM, Ha KOTOpPYIO HarOCAT 2-3 clost
6utyma. K 6MTYMY NPHKJIEUBAIOT TEMIOU3O0JISIIMIO, KOTOPYIO YKPEIUIAIOT
ceTKo#1 «pabuuias. [lo ceTke HaHOCHTCS 3aKPHIBAIOILHIA ee cJIOMH MITYKaTyp-
ku Tomunoi 20-25 Mm. LITykaTypKy OKpauIuBaioT, HCIIOB3YS KPacKy
KaK JOTOJHUTENbHBI C10H rMAPOU30JIAIHY.

B ToM ciyuae, ecniu X0J0ANNBHAS KaMepa paclosaraeTcs B OHO3TaX-
HOM 3[[aHHH, IOTOJIOK KaMepHl sIBJsAeTCA KpoBJell 3aHUs.

Koncmpyxuyus xposau otpaxeHa Ha puc. 18.4 (6). PysioHHBI# ruiponso-
JSIHOHHBIHA c/10i1 YK/IabIBAIOT Ha POBHYIO [IOJTOTOBJIEHHYIO TOBEPXHOCTD

11*
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Puc. 18.3
KoHCcTpyKuMs HensonupoBaHHOro nona

1 — uncTollt nosl, 2 — apMuUpoBaHHas 6eToHHan CTAXKa,
3 — kepaM3uTo6eToHHan cTaXKa, 4 — TEnIou3onauus (KepamsnToBbIA
rpaBuit), 5 — rupponsonsuus, 6 — 6eToHHaA NnoaroToBka,
7 — YNNOTHEHHBI TPYHT €O WebHem

Puc. 18.4
KoHCTRYKUMS MeXAyaTaxHOro NepekpuiTUs N NOKPLITUN

a) MexayaTaxHoe nepekpbiThe: 1 — YUCTLIN Non, 2 — 6eToHHas CTAXKA,
3 — xene3aobeToHHaa NanTa, 4 — WIYKaTYpKa, 5 — rufiponsonsums,
6 — Tennounzonsuus;
6) nokpbitue: 1 — pynonHas kpoBns, 2 — GeTOHHAR CTAXKa

(cnoii 6etonnoi cTshxky 2). Criou pybeporzia MM HHOTO MaTepHaa (CTEKI0-
py6epouz, rHAPOM30I) YKIa/bIBAIOT B HECKOJIBKO CJIOEB Ha FOPSIYMI GUTYM.
3aiuTa KpOBJIH OT MEXaHHYECKUX MOBPEXIEHHI JOCTHraeTCsl MOKPhI-
THEM €€ CBEPXY KHAKHM OGUTYMOM M MO/CHINKON MeJIKOTO rpaBHs € pa3Me-
poM yacTul 5—15 MMm.
CoBpeMeHHble KOHCTPYKIHH KPOBJIH NO3BOJISIOT HCIOJIb30BaTh MaTepu-
aJIbl B BHJie KEDaMHKH U YepelHIibl ¢ KpeIIEHHEM 110 JepeBsiHHOMY 6Gpycy.

Pacver ronuiuHbl TENIOM3ONAUMU XONOAUNLHOK KaMEPbI

ToniuHa TeNnNON30IALNOHHOTO MaTepHalla 3aBHCHT OT Pa3HOCTH TeMIIe-
PaTyp BHe 4 BHYTPH XOJIOAHAbHOM KaMephl ¥ OT HHTEHCHBHOCTH Ter1o06-
MeHa Ha TOBepPXHOCTH orpaxaeHuii. OHa olieHMBaeTcs BeipakeHneM 18.3:
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8||J=A'm —1"m_ ! +’="§L+ !
K rrll ¥

y» M, (18.3)
BH 1 BK
rae
A, — TEeIIONPOBOAHOCTD TeNIOU3OJANUOHHOTO MaTepHana, Br/(M - K),
(tabn. 18.5);
K — koadduiuent Tenonepenaun orpaxaenus, Br/(m? - K), (nmpwio-
XeHue, tabn. 18.3-18.5);
m — xk0a(pPHUIHEHT KOHCTPYKTHBHOTO Ka4eCcTBa TeMIOU30MIIHOHHON
KOHCTPYKIVY OTPaXAECHUA,
m =1 a1 3a7MBOYHOI U HaNBLIAEMOMH TENJIOU30 AU,
m = 1,05 gns Tennousonsuuu [ICH-C,
m = 1,1 1149 MUHepas0BaTHBIX IJIUT U M0 06HBX MaTEPHAJIOB;
3, — TOJIIIMHA OT/EJIbHBIX C/I0EB CTPOUTEIBHOM KOHCTPYKIIHU OTpakK/e-
HUs, M;
A, — TeIIONPOBOHOCTb OTAEJBHBIX CJI0EB CTPOHTETbHON KOHCTPYKIHH
orpaxaenus, Br/(M - K) (ta6a. 18.5);
o, 0. — koahdUIHEeHTH TENI00TAaYH 10 06e CTOPOHbI CTEHKH OIpaK-
nenusd, Br/(m? - K) (1abun. 18.6).
IonyyenHy10 IpH pacueTe TOMIUHY CJIOS TETJIOHU3O0JSIIIMH OKPYT/ISIOT B
6oJIbILYIO0 CTOPOHY 110 3HAYEHHs CTAHAAPTHOMN TOIUMHBI IVIHTOYHOTO TEILIO-

Tabmuya 18.5
Koadduuuenr rennonpoogHocTU maTtepuana, Br/(m - K)

MartephaJ CTPOHTEIbHOMH Koy dpuuuenT TenaonpoBoaHocTH
KOHCTPYKLHH MaTepHana, A
Kupruy ’ 0,85
Berou 1,2
XKenezoberon 1,5
Acdanproberon . 08
LlemenTHas mWTyKaTypKa 0,88
ACOOUEMEHTHBIE JIICTH ‘ 0,65
O6nunoBoOYHAs MINTKA 0,8
Ha LIEMEHTHOM pacTBope
Npesecuna : 0,25
butym 0,2
PynoxHas ruipoH3onsuus 0,3
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Tabnuya 18.6
KoadduumneHTh Tennootaaum, Br/(m?. K)

MoBepxnocTn Ko3pduunent
Tenioobmena TENJI00TAAYH
HapyxHbie cTeHb! M GecuepaavHbie TOKPHITHS 232
YepaayHoe nepexpeiTHE (HapyHas MOBEPXHOCTH) 11,6
TIon na rpynTe (HapyHad IIOBEPXHOCTH) )
TlepekpbITHA MEKIYITAKHBIC 7
BHyTpeHHue cTeHbi (HAPYXKHAA OBEPXHOCTD) 8
BHyTpeHHAs NOBEPXHOCTE CTEH, IOTQIIKA H TI0Na KAMEPHI 93
TIpH KOHBEKTHBHOM TerioobMeHe ’
BHyTpeHHSS MOBEPXHOCTB CTEH, OTOAKA H ITOJTa KaMEpPhi 10,4
TIPY HCTIOAB30BAHUH BO3AYXOOXNaAHUTENEH

H30JISIIIMOHHOTO MatepHajia. VickoMasi TOJIIMHA M30JISLUH MOXeT GhITh
nojyyeHa HaGopoM OTAENbHBIX CJIOEB H30/SLIMOHHOTO MaTepHaa.

Tennoeoii pacuem xon00UNLHBLX KAMED CKIAAbIBAETCS U3 OLEHKH COCTaB--
JIoKX Tenosoro 6ananca: Q,, Q,, Q,, Q,, BT.

Q, — TenJio, IpoHMKalolilee B XOJIOJHIbHYI0 KaMepy Yepes OrpakAeHUs
(cTeHsl, NOTONOK ¥ NoA), B, ITOT TEMIONPUTOK CKJIABIBAETCA U3 TEIIA,
MPOHUKAIONIETO B XOAHIBHYIO KaMepy 3a cyeT pa3HOCTH TeMIlepaTyp 1o
obe cTopoHs! orpaxenus ; 1 3a cuet conHeuno# paguanuu Qf, Br.

Tennonpumox nod deiicrauem pasHocmu memnepamyp OUEHUBAIOT Ha
OCHOBe BbipakeHus 18.4:

Qi, =K-F-(t,~ty), Br, (18.4)

rne
t,t — TeMIilepaTypa BO3JyXa BHe M BHYTPH XOJOAMIbHOM KaMepHl, “C;
F — nnoniajp NOBEpXHOCTH OFpaX AeHHUs, M2,
Pasmepnl kaMeph! 7151 OLleHKH IOV IOBEPXHOCTH OrpaXkieHys TIpH-
HuMaloT (puc. 18.5) ucxond us ceAyoOLMX peKoMeHTanuii:

" JIMHY HapYKHBIX CTEH YIJIOBBIX KaMep MPUHUMAIOT OT Hapy>KHO¥ No-
BepXHOCTH HapPY KHbIX CTeH 10 OCH BHYTPEHHHX CT€H; VISl HEYTJIOBbIX
KaMep — MeKAY OCSIMK BHYTPEHHHX CTEH;

¢ JuHYy BHYTPEHHHUX CTEH IIPHHHMAIOT MeX/IY BHYTPEHHEH TTOBEPXHO-
CTBIO Hapy>HHX CTEH U OCbIO BHYTPEHHUX CTEH TMG0 Mexay ocsiMU
BHYTPEHHMX CTEH;
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Punc. 18.5
Onpenenexune NMMHeRHLIX PA3MEPOB XONOANLHBLIX Kamep

a) kamepbl B paspese; 6) — kamephl B nfaHe

* pacueTHYIO BHICOTY OFPaXk/IeHUs MPUHUMAIOT OT YPOBHSI YHCTOTO M0
KaMepbl IO YPOBHS YHCTOIC I10J12 BhILIeJIeXalero aTaxa;
* JJAUHY Y LIMPHHY NOAa H TOTONKA IPHHUMAIOT, KaK /Il BHYTPEHHHX
CTeH. ‘
TenonpuTOK OT HETEIJION30AMPOBAHHOTO IPYHTA OLiEHHMBAaeTCA BbIpa-
xenuem 18.5. .
, .

Ql = Kyc.'l 'F'(trp - tnk): BTr (185)
rae Kym — ycaoBHbI K03 dUIMEHT TelUoNlepeladH, 3HAYEHUsA KOTOPOTO
npexncrapieHsi B Tab. 18.7.

Tabmmua 18.7

Ycnosubiii xoapduumeHT Tennonepepaun
ANA HETENNON3ONNPOBAHHBIX NONOB

MecTo paMemienHs 3uavenus Kic, 218 kamep
kamepbl € HAPYKHLIMH CTEHAMH Ge3 HapyAmbIX CTeH
Tepseiii sTax 0,46 035
flonynoasan 0,35 0,23
Tonsan 0,23 0,12
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Ta6nmya 18.8
CeoaHan Tabnuua pacuera Tennonputoxa Q,
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Tennonpurtok noj AelicTBHeM COJTHEYHONM pafiMallii HAXOAUTCS U3 Bbl-
paxenust 18.6:

Q, =K,-F-At, Br, (18.6)

riie At — u36bITOYHAs Pa3HOCTD TEMIIepaTyp, XapaKTepHaylolas AeficTBre
COJIHEYHOH paJuaLvH.

TenIoNPUTOXH OT COTHEYHOH PaJHalliH YYHTHIBAIOT TOJbKO IPHMEHH-
TeJbHO K KPOBJIe ¥ OJHOM M3 CTEeH, MaKCUMaJIbHO MOZBepraouteiics co-
HeuHoMY 06JIy4YeHHIO.

Bennuuna At /s KPOBJIH, NOKPHITOH TOJIEM, aC(paanOM COCTaBJIsAET
18,5 °C, mna KpOBJm, NOKPBITOM TEMHHIM py6eponaoM, — 18,7 °C, asist Kpos-
JIK, IOKPHITOH CBeT/ibIM pyGepounom, — 14,9 °C.

Jlnsi KHPIUYHBIX CTeH 3/]aHNI AL, MOXeT GbITh NpUHATa paBHoii 11 °C,
nns 6eToHHnIx cteH — 9,8 °C, 1S OWITYKaTYPEHHBIX CTEH CO CBETOM IITY-
kaTypkoii — 6,0 °C, c TemHolt mrykarypkoit — 8,5 °C.

Cymmaproe 3HaueHue Teltonpuroka Q =Q/+Q onpeneasior s
KaskZI0TO OrpakAeHHUs B OTAENbHOCTH /IS BCeX KaMep XOJOXM/IbHUKA. Pe-
3yJIbTAThI pacueTa CBOAAT B Tabauuy 1o ¢popme taba. 18.8.

B rpacde 3 Tabu1. 18.8 sanucHIBalOT cOKpallleHHOE Ha3BaHUe OTpakAeHUI,
HarpuMep:

HCC — napyxHas cTeHa ceBepHas;

* BC - BHyTpeHHsAs CTeHa KaMephl.

TenIonpuTOKH OT NPOIYKTOB OLEHNBAIOT BBIpaXKeHueM 18.7:
Q,=G-(,-i,)-0,01157, B, (18.7)

rae
G — TIPOAYKT, OAIexaHi OXJaXAeHUIO, KT/CYT.;
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. N

i,, &, — SHTAJIbNHUU NPOAYKTOB NIPHU TeMIIEPATYPe NOCTYILIEHUS U TEM-
nepaType Bo3/yxa XOJOAUNbHON KaMepbl, KK /KT.
3HaueHUe G pUHUMaeTCst U3 COOTHOIIeHud 18.8:

G=G"-m, xr/cyT., (18.8)

rae
G’— cyTouYHOe NOCTYIJIEHHE NPOAYKTA B XOTOAMIbHYIO KaMepy, KI/CYT;
m, — K03pGbHULUEHT, yYUTHIBAIONINIT MNHTEbHOCTh XPaHEHUS TPOAYK-
Ta. [Ipui=1-2cyr.m=1;npui=3-4 cyr.m=0,6; npui> 4 cyr. m = 0,4.
TemnepaTypy nocTymnaoumx OPOAYKTOB IPH AOCTaBKE UX M30TEPMM-
YeCKHM TPAHCIIOPTOM NPUHHUMAIOT PaBHOK: MOpoXKeHbIX — —6 °C, oxsax-
aeHHbix — 5 °C.
IIpn moctaBKke HEOXNAKAEHHBIX NMPOAYKTOB TEMNEPaTypy NPUHHMAIOT
Ha 68 °C HMKe TeMIlepaTypbl HAPY:KHOTO BO3[yXa. ,
[Ipu f0cTaBKE NPOAYKTOB B Tape Y4UTHIBAIOT TEIJIOTIPHTOK OT Tapbl Q, , Br:

’

Q, =Gy -cp-(ty —t,.)-0,01157, Br, (18.9)

rae

G, — CyTOYHOE MOCTYIJIEHHE Taphl, KT/CYT.;

C; — TernnoeMKocTb Tapbi, [k /(xr - K).

TennoemkocTs aepesanHoi Tapws 2,5 k/lx/(xr - K), xapronnoit —
1,46 x/Ix/(xr - K), Metammmueckoit — (0,46 k/lx/(kr - K), crexnsHHoi —
0,84 x/I>x/(xr - K).

Tabmuya 18.9
NnorHocTbL Bo3pyxa, Kr/m®

Temnepartypa 50 | 40 | —20 | -10 0 10 20 30
BO3KYXa, °C
IlotHocTs 1,584 | 1,515 | 1,395 | 1,342 | 1,293 | 1,247 | 1205 | 1,165
BO3/lyXa, P

Tabmuya 18.10
PeayneTaThi TENNOBOro pacyera

Ne n/m Howmep Haumenopanue TenjionpuToku, Bt

KaMephl KRaMepby
Ql Qz 23 Q4 | XQI(IM
1 2 3 4 5 6 7 8
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Macca Taph G, coctaBisieT: 10% oT Macchi IPOXYKTOB IPHMEHHTENBHO
K KapToHHOI Tape, 20% — 1714 ctaabHOM M AepeBsinHoi u 100% — nas
CTeKJISTHHOMA. ,

Tennonputok Q, cymmupyeres ¢ Q,.

Tennonpumox om Hapy#cHoeo 8030Yxa NPU BeHMULALUL B KaMepaX, TIpe/l-
Ha3HaYeHHBIX /7151 XpaHeHUs CBeX VX (PPYKTOB U oBolileil, KBAlllEeHH ¥ co-
JieHuii, onpegensetca no ¢popmyJe 18.10:

Qs =V Poc (i =~ 4,)-0,01157, Br, (18.10)
rae
V_— crpoutennnbiit o6beM xamepsl, M3,
p,, — IVIOTHOCTh BO3/yXa NpH TeMINepaType BO3/yXa KaMepH, Kr/m>
(Ta611 18 9);

fyys fe — SHTAIBIAY HAPY>KHOTO BO3/(yXa H BO3/lyXa XOJIOANJIHOM kaMe-
pot, k/Ix/xr. Tennoconepxanne Bo3fyxa OLeHNBAIOT IIPY IIOMOWH i—d-
AuarpaMMbl BJ2XHOTO BO3yXa (TIpHJIoxeHue, puc. 3.1).

SKcIUTyaTaloOHHbIE TerionpuToky (Q,, BT) npunumalor B pasmepe 10—
40% ot cymMBl Tenionpurokos (Q, + Q,, B1).

Pesy ibTaThi TENJIOBOTO pacyeTa CBOAAT B Tabsuiy no ¢popme tab. 18.10.

CyMMapHbie TENJIONPHTOKH MO KaXA0# kaMepe £Q,  c/lyaT 11 OLeH-
KH TIJIOIAZA TIOBEPXHOCTH KaMepHBIX IPHGOPOB OX/IaXKAeHHS (HCIApHTe-
Jieil v Bostyxooxaaaureeit). CyMMapHbie TEIUIONPUTOKH 11O IPYIINIaM KaMep
c oauHakoBo# wiK 6:1u3Koit TeMnepaTypoit 160 10 610Ky XOIOAMIBHBIX
KaMep B [IeJIOM HCIIOJB3YIOTCSA I pacdeTa i nogbopa XOJA0AVIILHBIX arpe-
raToB, MOHOOIOYHBIX XOJOAMMbHBIX MAlIH WM CILTUT-CUCTEM.

18.3.2. Pacyer TennonpuroKoB B KamMepy NHULLEBLIX 0TX0/0B

PacyeT TEeIUIONPHTOKOB B KaMepy INMHUILEBBIX OTXOAOB BHITIOJNHSETCS IO
14
YKpYITHEHHBIM AaHHBIM:

Q.. =4,-E, Br, (18.11)

rue
=120-130 — TenIONPUTOK, OTHECEHHBI! K KBaJIpaTHOMY METPY CTPO-
me.nm-lon IO/ NOJIa KaMephl MHIeBhIX 0TX010B, BT/M%

F,_ — crpouTeibHas IoMaib KaMepbl OTX0N08, M2,

Pexim paboThl XOJOAMIBHOTO 060PYAOBAHHA Ha IPpeANPUATHAX 0611e-
CTBEHHOTO NNUTAHNS HECYIeCTBEHHO OTJIMYaeTcs OT CTAaHAAPTHOrO, 03TO-
MYy XoJIofuIbHOE 060pyROBaHKe NOAGUPAIOT Mo pabodeli X0JIOXONPOH3BO-
AMTEeIbHOCTH, YCTaHOBJIEHHON Ha OCHOBAaHMHM TEIJIOBOTO pacyeTa:
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Q, s =%, Br, (18.12)

rae

2Q — cyMMapHble TeIIOTIPUTOKH 110 BceMy 6JI0KY XOJOAHAbHEIX KaMep
WY TPYTNINbI KaMep, 00CIy)KUBaeMbIX OJTHUM arperatoM, Br;

b=0,5-0,75 — xoappuitnenT pabouero BpeMeHHu;

¢ =0,9-0,95 — xoapduLHeHT, YYNTHIBAOIIMIA TETUIONPUTOKH B CHCTe-
Me Tpy6OIIpOBOJIOB.

OnuH XONOXMbHBII arperar peKOMeHAYeTCs YCTaHaBJIUBAaTh He 6oJee
4eM Ha JIB€ XOJIOAMAbHbIE KaAMePbI. .

Ilnsa xaMepbl NMHINEBHIX OTXOAOB MOAOMPAETCs OTAEAbHBIA XONOAUIb-
HBIi arperar.

Kanmepnoe xonodunvroe o6opydosanue — ucnapumenu u 6030yxo0xnaou-
menu oAGMPaIoTCA N0 TelloNepeaaioneii moepxHocTn F, M%

F ZQ“M (18.13)
K,-At

rae

ZQ  — TelJoBass Harpyska Ha KaMepHble PHOOPBHI OXJaXKAEHHS 1O
KaXAOM KaMepe B OTAeJbHOCTH (M3 CBOAHOIT TabJHIb TETZIOBOTO pacye-
Ta), Br;

K — pacuetnbiii koadpunuent Tenonepenayu, Br/ (Mz' K):

K, =4-6 — anda ucnapurenei,
K =12-17 — nna Bosayxooxnapurerei;

At=t, ~t, — pacyeTHasi pa3sHOCTh TEMIIEPATYpP MEXAY TeMIepaTypoi
BO3ZlyXa B X0JIOAMAbHOI KaMepe U TeMIIepaTypoil KUIIEHHS! XOMOAMIBHOTO
arenTa, ‘C:

At = 10-15 — an5 xon0aMAbHO MAIIMHBL C HCapUTeReM, °C,
At = 9—11 — 17151 X00AUNABHOI MALITMHBI C BO3AlyX0oXAaauTeneM, "C.

Bri6op xo/0an1bHOTO 060pyZI0BaHUS OCHOBAH Ha OLiEHKe CYMMapHOH
BeJIMYMHBI TeNJIoNpHTOKOB. THl Hcnaputens U BO3AYXOOXJIaUTeNst Bbi-
6MpaloT Ha OCHOBE CIIPAaBOYHOTO MaTepHaia.

18.3.3. CTpyKTypa ynpoLieHHOro TennoBoro pacyera
CTaLMOHAPHbLIX XONOAUIBHBIX KaMep
HpH NIPOEKTHPOBAHUU 6J10Ka CTallMOHAPHBLIX XOJIOAUJIbHBIX KaMep, Iija-

HHPOBOYHOE pellieHHe KOTOPLIX OIpeAendeTCs Koncbnrypauneﬁ HMerlle-
Tocs 3JaHUA MJIH COOPYXKEHHUs, B KOTOPDOM OHHM pa3MellaloTcsl, OCylIeCTB-
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JiseTcA NoJHbii TensoBoii pacyeT. BmecTte ¢ TeM ecnu npecsiexyeTcs nenib
MONLKO NPUBTUNCEHHOT OUEHKU MENTONPUMOK08 8 XONOOUTLHYIO KAMePY, TO
TEIIOBOI pacyeT MOXeT ObITh YilpOIIEeH.

IIpu BHITIOJIHEHUY TENJIOBOTO pacdeTa PYKOBOACTBYIOTCS CAEAYIOIIMMH
peKoMeHJalsIMHU:

* g, — TETUIOIPHTOK B XOJIOM/IbHYIO KAMEPY Yepe3 OTPaKAeHHs; olie-
_HUBAETCS 110 Pa3HOCTH TeMIEPaTyp MeXAy TeMIepaTypaMu Hapyk-
HOTO BO3yXa H TeMIiepaTypoii BO3iyXa B XosoawibHo#i kamepe. [lpu
3TOM K03 puLIHeHT Temionepeaaun A1 BceX OrpaxeHuil IpuHu-
Mmaetcs paBHbiM 0,4 Br/(M? - K);

* g, — yZAeNbHBIH PacxoJl X0/10/a Ha OXJIaXKIeHUe MPOAYKTOB; COCTaBIA-
€T Ji/1A KaMep XpaneHus msica 23,5 B1/M?, MO104HO-KMPOBBIX TIPOLYK-
TOB, MACHOH U pHIGHOI racTpoHOMUH, pbIObI U oBole — 41,0 Bt/m?,
KYJIHHApHBIX U KOHIMTEPCKUX M3/e/HiA, TonyHabpHKaTOB, HAIUTKOB,
thpyKToB, NUIIEBHX 0TX0A0B — 58 B1/M%;

* g, — yZenbHBbli pacXofi X0/I0/{a Ha BEHTW/IANMIO B KaMepax XpaHeHHs
PaCTHUTEIBHOI'O ChIPbS; IPUHUMAIOT paBHbIM 2,4 Br/M?,

* q, — yleJbHas BeJMYMHA SKCILUIyaTalHOHHBIX TEIJIONPUTOKOB [Ns
XOJIONMJIBHBIX KaMep XpaHeHHs Msca, NITHIIbI, TACTPOHOMHYECKUX,
MOJIOYHO-XHPOBbIX NIPOXYKTOB, OBOHIEH, (PPYKTOB, BOA H OTXOJOB;
npuAUMaloT paBHo#t 12,0 Bt/M2, 111 kaMep noaygpabpuKaToB, KyId-
Hapuy ¥ KOHAUTEPCKUX uazgenuit — 31 Br/m2

I1py HeTloCpEACTBEHHOM OXJI2K/IEHHH KaMep K 9TUM HOpMaMm (Ha HeyY-
TeHHble TIoTepH) A06aBAAIOT 5~7%, TIPH PacCOMBHOM OXJIAXIEHUH — 7—
12%.

[anee, xak 1 paHee, 10 CyMMe TeILIOTIPHTOKOB ZQ =0,+Q,+Q, +Q,
OCYLIECTBJISAETCSI NOAGOP XOJOAUIBHOIO 060PYROBaHUSA.

[Ins cmayuonapnvix xon00ubHbIX Kamep niouadvio 6onee 20 m? pacyet
MmoxeT ObiTh eie Gosee ynpoied. /i OAMHOYHBIX WU TPYMIbI CTa-
LIMOHApHBIX XOMOAUIBLHHIX KaMep, Kakas U3 KOTOPhIX IJiomazsio 6osee
20 M?, cyMMa BceX TETJIONPHTOKOB OIEHHUBAETCS 10 yAeIbHOI cyMMapHO#i
BEJIMYUHE TEIIONPHUTOKOB, OTHECEHHBIX K TLIOUIAZM T0Ja TIOMelleHus
(tabn. 18.11).

Tabmmuya 18.11
NMpubnnxeHublii cymmapHblil pacxog xonoga nNo kamepe

Temneparypa B kamepe, °C +1...+6 -4...0 -18...-13

YnenbHBI pacxon XoJ0Aa g, Br/M® 90-100 120-130 - 200-240
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BHuMaHue!
B npn6GnanxeHHOM pacuete TeNNONPUTOKOB HE YYUTLIBASTCA NPOLLECC AOMO-
paxvsaHus NPoAYKToB, HanpuMep OT TemnepaTtypbl npoaykra -6 no —12°C.
MonHoe 3aMopaxuBaHue NPOAYKTOB B XONOJWUNLHON KaMepe HeaonyCTUMO.
Lins aT0i Lenu UCnobL3YITCA TONBKO CNeurannauposaHHbie XONoOAUNLHbIE
Kamepbt, o6ecneyeHHbIe XON0oANNBHON MaLUHON COOTBETCTBYIOLLeN X000-
NPON3BOAUTENBLHOCTH.

Hpﬂ H806X011HMOCTH 3aMOpaKuBaHHuA IIPOAYKTOB B CieHAJIN3UPOBAH-
HBIX XOJIOAWIbHBIX KaMepax, Npyu UX TEIJIOBOM pacuyeTe CJlenyeT OLeHH-
BaTb Bce TeluionpuToku Y Q=0,+Q,+Q, +Q, +Q, ., BKJIIOYasd Terno 3a-
MopaxuBaHusA npoaykrta Q . [Ipu sToM, ofiHaKo, ciefyeT 3HaTh, YTO IIPH
OTCYTCTBUU HaJi1exanlei OpratnusalMuy rpouecca 3aMOpakuBaHUs AU~
TEJIbHOCTD 3aMOpaskMBaHuUs Gy ZieT CylllecCTBEHHO BhIIIE TOM, KOTOpYIo obec-
TieYydBaeT CENUANIH3UPOBAHHOE XOMOAWIbHOe 0GOpyNnOBatine. PaBHbHIM
o6pa:30M CKa3aHHOe KacaeTcs Tpolecca OpraHH30BaHHOTO OXJIa)KIIeHI/Iﬂ npo-
JLYKTOB B XONOAWAbHOI KaMepe.

XOJIOI[OIIpOI/IsBOZII/ITeJIbHOCTb XOJIOlIPIJleOﬁ MallhdHbl yCTaHaBJMBAIOT
aHaJIOrMYHO METOAMKe, NipelicTaBJeHHOH paHee.

18.4. Pacuer v noa6op xonogunsHoro o60pynosaHus
c60pHBLIX X0N0ANNLHBIX Kamep

TIpy BBIGOPE XOMOAMIBHOTO OGOPYAOBAHHUS, M TIPEXKAE BCEro COOPHBIX XO-
JIOMMJIbHBIX KaMep ZIAS TIpeTpHATY 001IIeCTBEHHOTO IIMTAHUSA U TOPrOB- -
JIY, BMECTe C XOJI0AU/ILHOM KaMepoii 3aKa34MKy B KOMILJIEKTeE TIOCTaBJsIeT-
Cs XONOMUJIbHAS MalIMHA, 06eceYNBAIONAs TEXHOMOTHYECKM 3a/JaHHbIH
pexHUM XpaHeHHs POAYKTOB,

ns peuenust 6osiee LIMPOKOTO CIIEKTPa TEXHONOTHYECKUX 3a/1a4 KpoMe
XOJOAUTBLHOTO XPaHeHUS, HATpUMep AJISl OXJIaXKIeHH MJIH 3aMOPaKHBA-
HUSI IPOJYKTOB B XOJIOJH/IbHOM KaMepe, OHa MOXKeT GBITh MOAU(DUIINPOBa-
Ha ¥ K Hell Ha OCHOBe TeIJIOBOTO pacyeTa NoaGHpaeTcs HHANBUAYAIbHOE
XOMOANUIbHOE 0GOPYIOBAHME.,

Pacuem u nodbop xonodunsrozo obopydosarnus ons c6opHou X0N00UND-
HOU Kamepo! TIPEJICTABIIAET He TOJBKO METOROJIOTHYECKHH, HO M ITpaKTHYe-
cKuit uHTepec. PaccMaTpuBaeMasi METONTHKA SIBJISIETCS TUIIOBOM 11 oabo-
pa X0JIOIMIbHO MalIMHbI TOPrOBOrO X0JI0ANIBHOr0o 060pYAOBaHHUA.

Pacyet u Ha ero ocHoBe NOA60p OANHOYHOM COOPHOIT XONONHIbHOM Ka-
Mepbl CBOZIUTCS K OlleHKe XOJIOAOTIPOU3BOUTENbHOCT X0OIUIbHOIO ar-
perara WiM X0JI0IWIbHOM MallIMHbI, KOTOpast BIOMpaeTCa Ha OCHOBe pacye-
Ta COCTABJIAIOUIMX TEMJIOBOrO Galanca. X0JMOANABHYIO MAlIMHY BRIOUPAIOT
B BHJIe MOHOGJIOKA MJIH CIL/IUT-CUCTEMBI.
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Konuuecmeo xono0unvuvix kamep onpejiesieTcss KOTHIECTBOM TOBAPHbIX
l'pyIIl'l, HE lIOHy CKaloIlUX COBMECTHOIO xpaHeHI/IH, " pasMePOM TOBaprIx 3a-
T1acoB KaMephi /151 K031 ToBapHOi rpymsl, Tpebylolieii 0TaeIbHOTO Xpa-
HEHUS B TeEYeHHe CYTOK:

V. =F -H.-o=| L.N |-H_ ¢u (18.14)
1.Kam p KaM p: 11 KaMm L L .

i

rae A
F_ — rpy3oBas IJIomajb XOMOAUIbHOI KaMepbl, M?;
\ay = 2 — BBICOTa KaMepHl, M;
¢ = 1,5 — koapdunHeHT UCHOIL30BAHMS TIIOINAH KaMepH;
N, — uucrio AiHell XpaHeH s TPORYKTOB, cyT. (puioxenye, Tabx. 5.1);
T, — nHeBHO#M TeMIl peau3alliu 10 JaHHOH TOBapHOIi TpyINe, KI/CyT.;
g, — HOpMa Harpy3KH NIPoJyKTa Ha 1101, Kr/M? (npuJioxeHue, Taba. 5.1).
Ecnu psin ToBapoB Aonyckaetr COBMeCTHOE XpaHeHHe, TO 061Hii 06beM
ZL7Is1 9THX KaMep PaBeH:

=n

T,
Vi.kaxvl:l_gq—— .NnH.HKaM.(p! M3: (1815)
S

e i — KOJM4YeCcTBO TOBApHBIX IPYIN oT ofioli (i = 1) no 7 (i = n).
Iocne pacyera V, Bribupaetcs 6mnkaitias, 6ompurast rmo o6beMy, c6op-

HasdA X0/J0AWJIbHAA KaMepa.

CrpyxTypa TennoBoro pac4era
COOPHBIX XOJIOAMALHBIX KaMEP

OO611ee KOIMYECTBO TeMIa, IOCTYTIAIONIET0 B XOMOAMIbHYIO Kamepy =Q ,
onpeaenseTcs BuipaxkenueM (18.16):

¥Q,=0Q+Q, +Qs +Q,, +Qu. +Q, Br, (18.16)

e :
Q, — KOJIM4eCTBO TeMIa, MPOHUKAIOLIEro Yepea HapykHoe OrpaxkaieHue,
Br;

Q, — KOJIMYECTBO TellJIa, BHOCHMOTO B KaMepy ¢ NPofyKToM, Br;

Q; — KOJMYECTBO TeIIa, IPOHMKAIOLIETO B KAMEPY MPH OTKPbIBAHUH
ABepeit, Bt; ,

Q,.x — TEIUIONPHTOKH, obpasyoliluecs NPH «IBIXaHWH> IPOAYKTOB pa-
CTHTENLHOTO NMPOMCXOXKAeHUS,; BT;
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Q.. — TeIJo JOMOpaXXUBaHUs MM 3aMOPaXXMBaHUs NIPORYKTOB, BT;
Q, — 3KCIIyaTallMOHHbIE TEIJIONPUTOKH, BT.
Tennonpumox uepes napyxcroe ozpaicoenue:

Q =k-F-(t,,-1,), (18.17)

rae

k — xoapunmenT Teronepenauu orpaxaenus, Br/(m? - K);

F — nnomaab noBepXHOCTH OTpaXKAeHNs, M,

t L, — TeMIiepaTyphl BO3ZyXa CHapy KH XOJIOAHIbHOMH KaMepbl ¥ BHYT-
pu Hee, "C.

CpenHsid TeMileparypa Bo3ZyXa CHapy»XH XOJIOMHJIbHOR KaMephl COOT-
sercrByeT 18-22 °C. Ilpu Brino/HeHHHU pacyera TeMIlepaTypa CHapy>Xu
XOJIOAUJIbHOII KaMepBl, paBHad 22 °C, npeAnoyTUTe IbHEE, TOCKOIbKY B KO-
HEYHOM UTOTe II03BOJISET OLIEHUTD 3aI1aC X0JI0/[0TIPOU3BOAUTENLHOCTH KOM-
TJIEKTHOTO XOJIOAM/IBHOTO arperaTa ik XON0AU/IbHONR MalIMHBbL.

TeMneparypa Bo3yxa B XOJOAUJbHOII KaMepe OTIpefleNITeTCsA TEXHOI0-
FUYECKHIMU TpeGOBaHMAMH K XpaHEHMIO MPOAYKTA WM IPYIIIbI NPOAYK-
TOB.

CpenHsia BennyrHa Ko3ddhuneHTa Tenaonepeayi NpUHAMaeTCs Pas-
Hoit 0,4 Br/(m?- K).

[Inomazs noBepxHOCTH COOPHOIT XONOAUIbHOM KaMepHl F, M?, olleHuBa-
€TCA 110 Hapy>KHbIM TabapUTHBIM pa3MepaM KaMephl.

Tabnuya 18.12
KpaTHocTb Boaayxoo6MeHa B xamepe

Buytpennnii TemnépaTypa BO3yXa B Kamepe
obbem
Kamepsi, M° nnxe 0 °C Bbiue 0°C
2,5 62 70
3,0 47 63
4,0 40 55
6,0 35 47
7.5 28 38
10 24 32
15 19 . 26
20 16,5 22
25 14,5 19,5
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Konuuecmeo menna, enocumoe 8 xamepy ¢ npodyxmom:
Q=M-c(, ~t,) 001157, Br, (18.18)

TIe

M — cyrouHoe noctyneHHe MPOAYKTOB B KaMepy, KT/CyT.;

¢ — YZAeNbHAS TEIJIOEMKOCTh MPOAYKTA IOCTYNAIOWEro Ha XpaHeHHe,
kx/(kr - K);
¢ L. — TeMmepaTypa MOCTYNAIOLIero npoAyKTa U NpoAyKTa MpU TeM-
HepaType Boalyxa Kamepsl, °C.

TeMnepaTypy HOCTYNAIOMINX HEOXJIAKAEHHBIX TIPOXYKTOB MPHHUMAIOT
Ha 5-7 °C Hmwke TeMnepatyphl HapyxHoro Bozayxa. [ns Caukr-Ilertep-
6ypra TeMmepaTypy Hapy>KHOro Bo3Zyxa IpuHUMawoT pasHoil 27 °C. Tem-
IlepaTypy HOCTYNAIOLIMX Ha XpaHeHHe OXJaX/AeHHbIX MPOAYKTOB IPHHH-
MaioT 6-8 °C, 3aMopokeHHbIX — He Bhiille —10 °C,

Koauuecmso. menna, nponuxaiouiezo 8 xamepy npu omxpwleanuu deepeii:

Q,=V-p-n-(i,, - i, )-0,01157, Br, (18.19)

rae

V — o6beM Kamephl, M%

p — TJIOTHOCTD BO3LyXa NPH TeMIlepaType BO3/lyXa, OKPYKAIOUIero Xo-
JOAUABHYIO KaMepy, Kr/M® (NpHioxeHue, Tabi. 18.2);

n — CyTOYHast KPaTHOCTh BO3AyXo06MeHa, 1/cyT.;

Tous B — TEIITIOCOAEPIKAHUE BO3YXa BHE H BHYTPH KaMephl, K[[xk/Kr.

Temnnoconepxanute BO3AyXa OUEHUBAIOT NPH TOMOIIH i—d-ArarpaMMbl
BNIAXKHOTO Bo3ayxa (NpuioxeHHe, puc. 3.1).

. KpathocTtb BO3ayxo06MeHa B kKaMepe B 3aBUCHMOCTH OT €€ BHYTPEHHETO

obbeMa U TeMIlepaTyphl BO3/AyXa B Heif nipyBeseHa B Tabs. 18.12.

Tennonpumoxy npu «Ovixanuus> Gpyxmos u 0eouled:

Qzu,lx = M40,01157, BT; (1820)

. THe

M — Mmacca ny1040B UIH OBOlLel, HaXONAIIMXCSA B KaMepe B TedeHHe cy-
TOK, KT;

g — YAeNbHOe TellJIOBBI/Ie/IeHHE ILIOJaMHU H OBOLIAMH TIPH <«JIbIXaHHMH»,
xJx/(xr - cy1.) (npuaoxetue, Taba. 18.1).

Tennonpumoxu na doMOpaNCUsaHUE UYL 3AMOPANCUSANUE NPOOYKTA B XO-
JIONUJbHOM KaMepe:

Quav =M -4,-0,01157, Br, (18.21)

IZle g, — yAelbHasi TelloTa 3aMopaxxuBaHus, k/x/(kr - cyT.).
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Ta6nunya 18.13
TennoabifeIeHNs OT niogeit

Temneparypa Bo3nyxa 10 5 0 -5 -10 -15 -20 =25
Kamepsl, °C .

Tennossiienenns, 021 024 | 027 03 0,33 036 | 039 | 042
kBt

BesuMHBI y/IeJbHOI TEMIOTH «ABIXaHUA» U 3aMOPaXHBAHHUS OTAEb-
HBIX IJI0J0B ¥ OBOMHIelf OTPaskeHB! B IPHJIoKeHUH, Tabm. 18.1.
Fxcnayamayuonnvie menaonpumoxu Q, Biiovaot (Q,=Q  + Q  +
+ QBCH):
* TeIUIo OT MpeGBIBaHUs B KaMepe Jioleit QWl 1IpY 3arpy3Ke U BBITPY3-
Ke TIPOZYKTOB:

Quon =1-49-7,/ 24, Br, (18.22)

rae
n — 4MCHo MoAeit, paboTaloLX B X0/I0UIBHON KaMepe;
g — TEMJIOBBIIENEHUS OT ONHOTO YeIoBeka, KBT;
T, — TIPOJAOJIKUTENLHOCTD MpebbIBaHUA oNieH B KaMepe, Y.
TennoBbineNIeHUs OT OAHOTO YeJIOBEeKa, HaXOASLIErocs B KaMepe,
B 3aBHCHMOCTH OT TeMIlepaTypbl B Hell npuBeaeHsl B Taba. 18.13;
* TeMJIOBblZieIeHHs OT OCBellleHUs Q  ONpefeNA10TCs HCXOAS H3 MO
HOCTH JIaMTIbl 1 HPOAOKUTENBHOCTH ee pabOThI B TeYeHHE CYTOK (T,
ot 0,4 1o 5 4): ,

Q.. =N-t,/24,Br, (18.23)

rae N — MoutHocTb 3ekTpHueckoii Jamnouku (Bt) npu npogomxku-
TeJIbHOCTH ee paboTh T, (41);
* TemsoBbiieIeHUs OT paboThl 3/1eKTPOABUraTe sl BEHTUISATOPA:

Quen =N, * T, / 24, B, (18.24)

rae N, — MOUIHOCTb 3/1eKTPOJABHraTe sl BEHTUATOPA, Br. [[a1utemns-
HOCTb paGOTHl BEHTH/IATOPA B CYTKM IPUHHMAIOT paBHOM T, =16 4.

Mertoanka olleHKH KOJIMYECTBA TeMJa, IIOCTYNAoLIero B o6beM X0J0-
AMbHOrO mKada MIM 3aKPHITOrO NMpUIaBKa, aHajlornyHa. B pacuer He
BKJIIOYAIOT TEMJIONPUTOKHM OT TIpeGbiBatus Jo/ieil.
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Xonodonpou3seo0umensnHocms X0100UNLHOL MAUUHBL:

Q.. =%:%, Br, (18.25)

rae b — xoapduument paboyero BpeMeHH XOJOAWIbHOM MaluHbl (b =
=0,75);

¢ — xo3pduuMeHT, yIUTHIBAIOIIUIA MOTepH Telia B TpybonpoBoaax
(9=0)9). ’

Mo Benuune Q,,, OCyLieCTBIsIETCS BHIGOD XOJOAMIBHOM MalIHHBEL.

18.5. TennosbiA8N8HMA B NOMBLLBHUAX
C XONOAUIbHLIMY arperaramu

BriHOCHBIE XOJIOAVUIBHBIE arperaThl JJIsT XOJOAWIBHHIX KaMep NPUHSATO
VCTaHaB/IMBaTh B CHEUMATLHOM NMOMelleHHH (MAMIMHHOM OTJeNeHuw).
B psane cirydaeB 1 aTUX 11€Jeil HICMOAB3YIOT CTPOUTENbHBIE HUIITM ITOMe-
HieHui.

B ToprosoMm 3ajie, B KOTOPOM PaclosIoxkeHO XOJOAWIbHOe 060pynoBa-
HHe CO BCTPOEHHBIMU XOJOJUABHBIMY MAlIMHAMM, WUIH B MAIIHHHOM I1O-
MellleHHH TeIUIo KOHZAeHCAuuHu coobmaercst Bo3nyxy. Ilpu orcyrcreun
Hajjiexatieil BeHTHNSIMY B TOProBOM 3ajie UIH MalIMHHOM MOMeHieHuU
BO3/lyX HarpeBaercs. TeMnepaTypa Boaiyxa MOKeT BHITH 33 IIpefieJIb yCJ10-
Buii KoMGbOPTHOTO NpeGrIBaHUs B 3aJie MOKYyNaTeNelt, YTO He Iy4YluM 06-
Pa3oM OTPa3sUTCA Ha TOBapoOHOPOTE NPeANPUATHA.

Kpowme Toro, nossiuieHye TeMIeparyphl BO3ZyXa NPUBOAUT K MOBBILIe-
HHIO TeMIIEPATYPhl KOHAEHCALMH B KOHAEHCATOPE XONOAHIbHON MalHHBbI,
MOBHILIEHHIO TEMIIEPaTyphl KUIIEHHUS XOJOAUALHOIO areHTa B UCnapuree
¥ COOTBETCTBEHHO TeMIlepaTyphl BO31yXa B OXJIaXAaeMoM obbeMe Topro-
BOTO XOJIOAWJILHOTO 060pyIOBaHHUSI.

B roproBuix 3aj1ax KpyIMHBIX Mara3uHOB WM pecTopaHax lexecoobpas-
HOCTb YCTaHOBKM CUCTEM KOHAMUMOHUPOBAHHS BO3/yXa HE BBI3BIBAET CO-
MmueHus. ClepskuBaionuM GpakTopoM B IPUMEHEHHH KOHANIIMOHEPOB $IB-
JIAeTCSl SHEpreTHYecKas CTOPOHA BOIPOCa, T. €. NpobieMa OKyHnaeMoCTH
CYMMApHBIX 3aTpaT Ha IpHobpeTeHNe 1 IKCIUTYaTailHIo CHCTeM KOHAUILMO-
HuposaHus. EcrecTBeHHO, UTO IpejioxKeHHe K YCTAHOBKE KOHAUIIMOHEPa
B TOPTOBOM 3aJle MOJKeT KacaThCsi TOIbKO KPYTIHBIX NPeAIPHATHIL TOPIroB-
JIM ¥ PEeCTOPaHOB CHCTEMBI OOLIECTBEHHOTO MUTaHHs. B HHBIX Clyyasx B
3aMKHYTHIX MIOMEIIEHHAX C PACIIONOKEeHHbBIMU XOJIOAMIbHBIMY arperaTaMu
YCTaHaBJIMBAIOT CCTEMB! BEHTHIALMH BO3/yXa HOMeIleHUI.
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Ecau moMeleHue SIBJISIETCS 3AMKHYMbIM, TO CIIEAyeT UCTIONb30BATh CH-
cTeMy JI0KabHOMN HJIH HeHTPaIM30BaHHOH IPHHYAUTEbHOMN BEHTHIALMH.

Ecsiu iBepH 3TOTO 1IOMeLieHHS BbITOTTHEHBI B BHJle META/IHYECKOI peilleT-
KU WM XOJIOAM/bHbII arperaT yCTAaHOBJIEH B CTPOMTEIbHOM HHULIE, 3aKDbi-
TOI1 peleTKoi, yTo obecnednBaeT cBOOGOAHBII I0CTYT X0J0LHOTO BO3yXa
U3 KOpUAOPA K XOJOAUIbHOMY arperaty, TO 00NOAHUMENbHOe 6EHMUAUPO-
saMUe NOMEUEHUS He NPUMEHAEMCS.

s neborvwux npednpusimuti o61eCTBEHHOTO MUTAHUSA BO3MOXHO NPH-
MeHeHHe OKOHHBIX, B TOM 4KcJje ObITOBBIX, BEHTHSTOPOB, paboTaomMX
Ha yZlajieHHe TeIJI0ro Bo3/yXa,

Ilomioo6vemnas cucmema npunyoumensHoti eHmursiyuy NIPUHAMAETCS
u3 pacuera 0,17 M3/c (600 M3/4) Ha 1 kBT X0/1070TIPOU3BOAMTENBHOCTH
XOJIOAUBHON MallIHHbL.

ITonnooGvemmnvle GeHmuaSUUOHHbIE CUCTEMbL TIPUMEHSAIOTCA IS TOPro-
BBIX 3aJI0B [IPEANPAATHI 06LIeCTBEHHOTO MUTAHHA C YHCIOM [OCANLOYHBIX
Mect GoJiee 50. TIpu MeHbIIEM YHCIIe TOCaOYHBIX MECT TPAAMIMOHHO MPH-
MEHSIIOT BEHTH/ILIMOHHbIE CHCTEMBI Ge3 0praHH30BaHHOTO ABMKEHMS BO3-

nyxa.

18.6. OueHka KpaTHOCTH BEHTUIMPOBAHWUS NOMBLLLEHWIA

{1 moMemeHnii ¢ XJIaZlOHOBBIMM XOJIONABHBIMUA MalllUHAMH PeKOMeH-
AlyeMast KpaTHOCTb BO3AYX000MeHa 110 IPUTOKY J0J/PKHA COCTaBJIATh He Me-
Hee 3, a TI0 BHITsKKe — 4 B 4ac.

KparHocTs Bo3nyxooOMeHa B IOMEIEHNH C XOJIOJMIBHBIMH arperaTa-
MH OLIEeHMBAIOT B ClleyIouiei 1ocIeR0BaTeIbHOCTH:

® OIEHHBAETCA pAacXoJ BO3AYXa Uepe3d KOH/I€HCaTop:

_ Q. MY/c, (18.26)
p.c.(tl( - tBMD)

KoH

rie
Q. — TensioBsl/ieieHHe Ha KOHAEHCATOPEe WK IPYNIbl KOH/eHca-
TOpOB, Br;

P — MJIOTHOCTB BO3AYyXa, Kr/M> (p = 1,28 kr/M3);

¢ — TemioeMKoctb Bosayxa, Lk /(xr - K), (¢ = 1005 Ix/(xr - K));

¢, — TeMIlepaTypa KOH/IeHCallH{ B BO3/lyXa B IOMEEHUH C pacTio-
JIOKEHHBIM XOJIOAHAbHBIM arperatoM, “C. PasHocTb TeMnepatyp aust
XJIZJOHOBbIX BO3IYUIHbIX KOHIEHCATOPOB B CPEAHEM cOcTaB/isieT 10—
12 °C, ammuaunnix — 9-11 °C.
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L ]

OlIEHHBAaeTCsl BHYTPEHHHH 06beM NIOMEINIeHHs, B KOTOPOM pasMella-
eTcs XONM0XUIbHBIN arperaT (arperatnl):

V. =a-b-h (18.27)

nomM

rae a, b, h — nuHa, IIPUHA U BHICOTA TIOMELIECHHS, M;
OLIEHUBAETCA KPATHOCTh BEHTUIHPOBAHUSA [OMEIIEHUS:

p= Yoo o, (1828)

noM

IZle n — KpaTHOCTb BO3/lyX0o0MeHa, ¢!, Ha npakTike 3Ty BeIHYHHY
OLIEHUBAIOT KaK YMCA0 BO3AYX00OMeHOB B Yac, ™',

KOHTpONIbHbLIe BONPOCH:

1.

2.

YTo sBAIsieTCS OCHOBOM /IS pacyeTa W BbIGOpa XOJIOAHABHBIX BUT-
pHH?
Yro sABISETCS OCHOBOH A pacyeTa U BHIOOpa XOJOAWUIbHBIX HIKa-
dor?

. KakoBa cTpyKTypa Tel10BOI0 pacera cTalHOHAPHDBIX XOJOAMIBHBIX

Kamep?

. UeM oramvaercs pacueT CTallHOHapHhIX 1 C60prIX XOJOAUJIBHBIX Ka-

Mep?

. Kakum 06pa3oM OCyLIiecTBASIOT pacueT H Moxbop OCHOBHBIX 3/1eMEH-

TOB XOJOMUABHOM MAIIMHK XOJOAUIBHBIX Kmep?

. B ueM cnenubnka pacyeéTa XoN0AMIbHON MalIMHEI [UIsi KaMephl TTH-

IIEBHX OTXONOB?

. B yeM COCTOMT CMBICT YCTaHOBKH CHCTEM KOHAUIIHOHHPOBaHHs B TOP-

TOBBIX 3a/aX NpPeANnpHATHI O6LIeCTBEHHOIO IIUTAHHS ¥ TOPTOBJIU?
B kakux cayvasx ato geiicTaue esecoobpasHo?



FnaBa 19
LI,EHTM30AH XOHOD,OCHAB)KEME

19.1. kcnnyaTtaumoHHbIe 0COGEHHOCTH
LLeHTPanu30BaHHbIX CUCTEM X0N00CHabXeHuns

BosnbuivncTBO cCOBpeMeHHBIX TOPTOBBIX NPEANPHATHIl, KPYTHBIX YHUBED-
caMoB, paboTaIOLIMX 110 MPHHIHILY CaMOOBCTyKHBaHUS, OCHAIEHO TIeH-
TPAM30BAHHBIMU CHCTEMaMU xoogocHabxenus (puc. 19.1).

OHH NoAepKUBAIOT 33/IaHHbIE TEMIIEPATYPHBIE PEXUMbI BO BCEM TOP-
rOBOM XOJIOAMILHOM 060DY/I0BaHUM YHUBEPCAMA.

Hcnionb3oBanue LEHTPATN30BAHHBIX CHCTEM XOJ0AOCHAGKEHUS CUUTA-
eTCsI L{eJIeCO0BPa3HbIM, eCIH CyMMapHast IUIOILa/ib TOPTOBBIX 3aJ10B Mara3u-
Ha cocTaBnsieT 400 M2 u Gonee. BmecTe ¢ TeM, kak HpaBUIo, COBpeMEHHBIH
YHHBEpPCaM pacloJiaraeT elile U MOACOGHBIMY IOMEIEHNSIMH, B KOTOPBIX
PpAacIoJiaraloTcst X0A0/IUIbHbIE KaMepHhl VISt XpaHeHUs] TOBAPHOTO 3a11aca, a
TaK)Ke MPOU3BOJACTBEHHBIMH LeXaMH 1Jisi IPUTOTOBAeHU nonydabpika-
TOB. B 9TOM Cly4yae Mcnosnb30BaHUe IEHTPAIH30BAHHBIX CHCTEM XOJIOMIO-
cHabKeHHsI CTAHOBUTCS 11€71eCO00pa3HbIM M IIPU MEHbI1IEH CyMMapHOii 1110~
{a/{¥ TOPTOBOr'o 3aja,

IleHTpanM30BaHHbIE CHCTEMBI X0/1040CHAGKeHHUSI IPENCTaBAAT coboit
MHOTOKOMITIPECCOPHBIE arperarthl ¢ Hapasijie/lbHO BKIIOYeHHBIMH KOMIIPEC-
copami. OHHM OT/IMYAIOTCS BBICOKOH 9KOHOMMYHOCTDHIO, HAIEKHOCTDIO M
HH3KUMH KCIUTyaTalluUOHHBIMH 3aTpaTaMU MO CPaBHEHMIO C CHCTEMaMH, B
KOTOPBIX X0J100cHA0KeHHE OCYLIECTBISIETCST ITOCPENCTBOM KOMIIPECCOPHO-
KOH/I€HCATOPHEIX XOJO0AHIbHBIX arperaToB, BCTPOEHHBIX B TOPrOBOE X0JI0-
IWJIbHOE 060pYAOBAHHKE.

IleHTpanuaoBanHble MHOFOKOMIIDECCOPHBIe arperaThl (puc. 19.2) oba-
JIAIOT LEABIM PSIOM NOCTOMHCTB.

Onu obecnednuBaioT:

* IKOHOMHUIO IJIEKTPOIHEPTHH 61aroapsl NPUMEHEHUIO KPYIIHBIX KOM-

npeccopoB ¢ 6osee BeicokuM KII/I, a Taxke 671aroaps peryinpoBa-
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HHIO TPOU3BOAUTEILHOCTH B 3aBUICUMOCTH OT peaslbHOi TETJIOBOK Ha-
TPy3KH;

BBICOKYIO HaJIeXKHOCTh XOJIOAOCHAGKeHHs 32 CUeT pesepsuposaﬂnﬂ
XOJIO[OTIPOU3BOAUTEBHOCTH;

3HAYUTENbHOE yBeJinyenue (B 4—6 pa3) A0ATOBeYHOCTH KOMIIPECCO-
POB 3a CUET paBHOMepPHO# HapaBoTKH HX pecypea;

CHMIKEHHME 3aTpaT Ha CUCTEMY KOHAUIMOHHPOBAHUSA U BEHTWISALMYT
6Jsarofiaps OTCYTCTBHIO TEIIOOTAAYH OT XOJOAUIBHOTO 060pynoBa-
HUsL HE TOJIBKO B TOPrOBOM 3aJi€, HO ¥ B IIOJCOOHBIX [IOMELIEHHUSX;
NoBbIIIeHNe YPOBHA KOMGOpPTa B TOProBOM 3aJie ¥ B MOACOOHBIX IO~ -
MellleHHSIX 32 CYET OTCYTCTBHS 1IyMa OT pabOThl XOJIOAWIbHBIX arpe-
raToB;

Pnc. 19.1
CucTeMa LeHTPann3oBaHHOTO X0Noa0cHabXeHus
MarasuHa «YHusepcam»

1 — 610KM KOMNPECCOPOB (XONOAUNLHLIE LeHTpanu),
2 — BLIHOCHOM KOHAEHCaTopP, 3 — TennooOMeHHUK,
4 — poapyxooxnaautens

Pue. 19.2
BNoK XONOAUIBHBIX KOMAPEeCCopos
(xonoamnbHan ueHTpanb)
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* CHIKeHHE IKCILIyaTallMOHHBIX H3/lePXKeK, NoBbileHye 3¢ deKTHBHO-
CTH KOHTPOJIS], JMaTHOCTUPOBAHUA H PeryIMPOBaHHUs BCEX TeXHOJIO-
TUYECKUX apaMeTPOB peXUMa paboTh;

* npoBefieHHE TEXHUYECKOTO obCIyKUBaHUS X0JIOANIBHOTO 06opyno-
BaHUsi, He Melllasi HOpMaJIbHOI paboTe TOProBhIX 3aJI0B.

Kak npaBuso, cHCTeMa 1leHTpaJM30BaHHOTO XOJIOAOCHAGXeHHS KpyII-
HOTO YHMBEpCcaMa COCTOUT M3 IBYX MHOTOKOMIIPECCOPHbIX arperaros, ycTa-
HaBJIMBaEMbIX B MAllIUHHOM OT/l€IEHHH, H IBYX BbIHECEHHHIX KOH/IEHCATO-
POB BO3JYNIHOIO OXJIaXIeHHsI, KOTOpble Pa3MellaloTCs BHe NOMeIeHUuH
(o6BIYHO Ha CTEHe HJIM Ha Kpblille 3JaHH).

OpnuH u3 arperaTos obecneYnBaeT X0JI0I0M BCE Cpe/IHETEMIIEPATYPHOE,
a Apyroil — Bce HU3KOTeMIlepaTypHoe obopynoBaHue yHuBepcama. Koau-
4ecTBO KOMIIPECCOPOB, YCTaHAB/INBAEMBIX B OZIHOM arperaTe, BapbUpyeT OT
ABYX JI0 IIECTH B 3aBUCHMOCTH OT TpebyeMoit X0JOAUTHHON MOIHOCTH U
ocobeHHOCTel cucTeMbl NoTpebuTeJIeil xo101a.

C nenbio cokpalleHus IJIONIAAH, 3aHUMaeMol arperaraMi LeHTPaau3o-
' BAHHOTO XOJI0I0CHa6XeHusl, HEKOTOpble PUPMBI U3rOTAaBIAMBAIOT KOMILIEKC-

DA

Pue. 19.3
CucTemMa LeHTpaI30BaHHOro xonoaocHabxeHus
1 — xomnpeccop, 2 — pecusep, 3 — BO3/YX00X/1aAUTENb,
4 — MHOroCeKUMOHHbIlt KoHaeHcaTop, 5 — perynarop Aasnexus,
6 — MacnootaenuTenb
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Hble MYJIbTUKOMIIPECCOPHbIE CHCTEMBI, 00eCeYHBaIOILHE X0JI0ZI0M OXHOBpE-
MEHHO cpefHe- 1 HU3KOTeMIlepaTypHbIX norpebureneil. B Takux cucremax
BXOJilllie B HUX CPeAiHe- ¥ HU3KOTeMIIepaTypHble KOMIIPECCOPHI YCTaHAaB-
JIMBAIOT Ha €IMHON paMe M, KaK [PaBuo, yepe3 061Ul MacI00TAENUTEND
HOJKJIIOYAIOT K eAHHOMY BBIHOCHOMY KOHZIEHCATOPY. JTO KOHCTPYKTOPCKOE
pellieHHe 103B0JIsIeT B 2—2,5 pa3a COKPATUTh IVIOMA/Ib MAIIMHHOTO OT/ee-
HHS, a B HEKOTOPBIX CJIy4asiX sSIBJSETCS] eTMHCTBEHHO BO3MOXKHBIM HHXe-
HEPHbIM pellleHHUeM.

Koraa B nyiaHnupoBKe yHHBepcaMa B CUJIy AedbHUMTa IJIoMIa/eil HeT Ma-
HIMHHOTO OT/eJeHUs, HCIIOJIb3YIOT ClleliHabHble MHOTOKOMIIpECCOPHEIE
arperarsl, 00bIYHO KOHCTPYKTHBHO 0ObeINHEHHRIE C BO3/LYITHLIM KOH/IEH-
CaTOpOM, YCTaHaB/INBaeMble BHe oMellleHN. Takune arperatsl, OCHalleHHbIE
TEMJIO- Y 3BYKOU30AHPYIOLIUM KOXKYXOM, He TpeOYIOT CO3/JaHNs AOTIOIHHU-
TEJBHOIO BHENIHETO OTPaKAEHHS W MOTYT paboTaTb NP TeMIepaTypax
oxpyxatouiero Bo3ayxa fo —40°C. OgHako aTa cucTeMa ABJSAETCS JOPOro-
CTOsLIEH U B CHJTY 3TOTO MeHee YIoTpeGHUTeIbHOH CpaBHUTENBHO C TPaZiu-
IIMOHHOM KOMIIOHOBKOI1 3JIEMEHTOB CHCTEMBI [IEHTPaJU30BaHHOIO X0JIO-
JIOCHAOXeHUS.

O6uiuit IpUHIUI KOMIIOHOBOYHOTO pellleHHs 371eMeHTOB CUCTEMBI LieH-
TPAIM30BaHHOIO X0JIOAOCHA0XKeHUS oTpakeH Ha puc. 19.3.

CxeMa X0J10[10CHa0KEHHS C EHTPATU30BaHHBIM BBIHOCHBIM KOH/IEHCa-
TOPOM, HECMOTPSI Ha GeccriopHbIe ee JOCTOMHCTBA, Kacalolluecs pelleHHs
npobiieM IyMa | TeMJIOBbIAETEHUH, HMEET HEKOTOphIe OCOOEHHOCTH, Tpe-
6ytowne paspeleHust.

[Ipo61eMBI B OCHOBHOM CBSI3aHbI C TEMIEPaTyPHBIM PEXXHMOM paboThl
XO0JIOANUNbHOM MamiuHEL YeM HMke TeMIlepaTypa Bo3/lyXa, OMBIBAIOILEro
KOHJleHcaTop (TeMIlepaTypa BO3/lyXa Ha yJIHIle), TeM HUXKe TeMreparypa
konjencanuu (£, <t ) (puc. 19.4) ¥ COOTBETCTBEHHO MEHBIlIE JaBJIeHHe
KOHZIEHCAlIUH OT/INYAETCS OT JaBJIeHUs KUIeHNs.

[Ipu Hu3Ko# TeMmepaType BO3/lyXa, OMbIBAIOLIETO KOHAEHCaTOp (06bIY-
Ho Huxe ¢, = 0 °C, a Tem Gosiee NIpu TeMIlepaType, PaBHOMH MJIH HIDKe TeM-
nepaTypsl KUIIeHUSI XOJIOJUJIbHOTO areHTa B UCIIapUTe/ie TOProBoro Xo-
JIOIWIbHOro 060pYyA0BaHKS ), XONMOANIbHOE 060py0BaHHE HepaboToCHO-
cobHo.

TToatoMy npu paboTe KOHJIeHCaTOpa B CHCTEME LEHTPaIM30BaHHOTO X010~
JnocHaGKeHHsA U YCTAaHOBJIEHHOTO Ha OTKPBHITOM BO3AyXe PUXOANTCS NpH-
HYAUTEJBHO MOBHIILIATD JJaBjieHie KOHAEeH AU

I[MoBbimenye naBaeHus KOHAeH AN 06ecieYBAETCs] IOCPENCTBOM aBTO-
MAaTUYECKOTO OTKJII0YEHHUS] YaCTH IIOBEPXHOCTH KOHJEHCATOPa U NIePeyCKoM
IIapOB U3 KOMIpeccopa HEMOCPeJICTBEHHO B peCUBED, MUHYST KOHZIEHCATOP.
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p 0 / 41
9oz qot

a b c

Puc. 19.4
Unnioctpauuns paboTbl KOHAEHCATOpa B cucTeme
LEeHTpannM3oBaHHOro xonoaocHabxeHus

> S

Iipu BBIcOKOIi TeMnepaType Bo3yXa, OMbIBAIONEr0 KOHAEHCATOD, ABH-
JKeHHe XOJOAWILHOrO areHTa lepekioyaeTcsl Ha CTaHaPTHBIH peXkuM pa-
60THI X0JIOAMIBHOM MaLIMHBI C BKJIOYEHWEM BCell IIOLaIH TelI006MeHa
¥ BEHTUJIATOPOB KOHZIEHCATOPA.

ITapsbl x0/101HTBHOTO areHTa 13 KoMIipeccopa 1 (puc. 19.3) mocrynatot
B MacCJ0OTAeIUTeb 6, MpOXOasT Yepe3 PeryJisiTop AaBJAeHus. 5 U Jlajlee B
koHZeHcaTop 4. JKuakuii XoJoauNbHbEA areHT cuBaeTcsl B pecusep 2. M3
pecrBepa XOJOAWIbHBII areHT NOCTyNaeT B BO3AYXOOXTaAUTe b [IPUJIaB-
Ka, KMIIUT, npeBpaliasics B nap. [lapsl xonoauabHoro areHTa yaajigoTcsa
HX BO3JyXOO0XJIafiuTe /1 KoMIIpeccopoM 1.

[Ipu Hu3Ko# TeMnepaType BO3AyXa, OMBIBAIONIETO KOH/IEHCATOP, X0/I0-
JWILHBIH areHT MOCTYMAeT B KOHIeHCaTop B MeHblileM KoindecTBe. Hekoro-
poe ero KoJM4YecTBo IMocjie MacJI00TAeIUTeNs Yepe3 KJlalaH 5 HalpaB/seTcs
HeNocpe/ICTBEHHO B pecHBep 2, obecreunBas B HeM BBICOKOE JaBIeHHe XO-
JIOUJILHOTO areHTa, Heo6X0AUMOe I HOPMAIBHOMN PaboThI X0I0AUIbHOMI
MallMHBL.

19.2. Yrunnsaums tennotsbl,
OTBOAUMOW BO3AYLIHLIMK KOHAEHCAaTOpamu

B cucremax 1ieHTpaIM30BaHHOrO X0J010CHA6XeHHs ¢ KOHAEHCATOpaMu,
YCTaHOBJICHHBIMU Ha OTKPBITOM BO3ZyX€, TEIJIO pabOTHI XONIOANTIBHOH Ma-
IIHHbI GeCT0jIe3HO PaccerBaeTcs B Bo3yxe. [10aTOMY eCTECTBEHHO CTpeM-
JIeHHe MCI0JIb30BAaTh 3TO TEPSIEMOE TeILTO,

Briepsbie cxeMbl yTHITM3ALUH TEILIOTH GbUTH pa3paboTaHBI eBPOIEiCKH-
MH pupmMamy, Tak kak B Esponie cioxuiics 60/1ee BbICOKHE HEHB! Ha 971€K-
TPO3HepTHIo B cpaBHeHHH ¢ UeHamu B CIITIA.
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XonoaunsHoe obopyroBaHHe MOXeT GHITh HCIIONB30BAaHO IS OTOILIE-
HUSA TOPIOBHIX 3aJ10B KPYIIHBIX MPOAOBONLCTBEHHBIX MarasuHoB. CHcre-
MBI, HCITOJIb3YIOMIME TEeILIO PabOThI XOJOAHIbHOM MAaTHHEL, TO3BOJISIOT CO-
KpaTHTh 061ee aHepronoTpebeHne B MarasuHe Ha 20—30%.

Hexp cospaBaeMbIX TeXHHYECKHX CPEACTB COCTOMT B VMCIIOJb30BaHHH
MaKCHMAJIbHO BOSMOXKHOIO KOJIMYECTBA TeTlIa, BHAENAEMOLO XOJOAWIb-
HOIi MaIIHHO B OKPYXAIOIIYIO Cpeay.

Temns0 MOXeT NepefaBaThCst B TOPTOBHIL 321 HETIOCPEACTBEHHO TOTO-
KOM TeIL/IOra BO3/yXa oT koHjeHcaropa (puc. 19.5) 1win HCHoAB30BATHCS JUIS
NONYYeHHUs TEIUIOH BOA, NPHTOAHOM AAst TeXHHUeCKUX HYXA (puc. 19.6).

Bo3anyx B 3uMHee RpeMs B TOPTOBHIif 3371 MarasuHa HarpeBaeTcs Nocpes-
CTBOM €0 ABH)KeHHA uepe3 Kongencarop 3. Komnpeccop u pecusep xono-
RWIbHOH MAIIHHE! PACNIONATAIOTCS B MAIIHHHOM OT/eJIeHHH, 3 KOHAEHCATOp
pacrioJioskeH B BO3JYHIHOM Kawase, 060pyJOBAHHOM CHCTeMOfi peryiu-
POBaHHA NOTOKa BO3ZYXa NpH MOMOKM Xamo3H 5. Boanyx #3 Toprosoro
3aJa Yepe3 BCachiBalON(YIO pemieTky 10 MocTymaeT B KOHAGHCATOD yepes
&unbTp 2. B 3uMHee BpeMst TpaBhie XKaM03n 5 3aKpHITH # TEIUTBIR BOSAYX
NOCTYNaeT B TOProBuiil 3a/i. B JiéTHee BpeMs JIEéBhie KaN03H 3aKPHITH U
Terut it BO3AYX BHOpPAchIBAeTCH HapYXY.
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Pue. 19.5
Cxema 060rpesa NOMELIEHNS BOSYXOM, NPOXOARLIMM Yepe3s KOHABHCAToR
1 — KoMnpeccop, 2 — PUMTP, 3 — KOHAGHCATOP, 4 — BOHTMANTOD,
5 — ¥anio3u, 6 — UCNOAHUTENLHIA MEXAKHIKAM DEryANPOBAHNA TeMNIepaTYPLI,
7 — HarHeTaTenwHan peweTka, 8 — PRFYINTOP ABBAEGHNA «ITOCAE Cabns,
" 9 — pewertra, 10 — BcackBaOtaK peuieTxa, 11 — pecueep,
12 — offparsutil knanad -
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Puc. 19.6

MpuHUMNUanbHas cxema NCNONL3OBaHUA Tenna paboThl
XONOANNLHOMN MaLLMHBI AN HAarpesa Bob

1 — koMmnpeccop, 2 — pecusep, 3 — obpaTHbIf Knanax,
4 — perynatop AasneHns «fo cebs», 5 — koHaeHcaTtop,
6 — BeHTUNATOP, 7 — HarpeBaTenb BOAL

B cooTBeTcTBUH ¢ CaHUTApHBIMU TpeGOBaHUSIMHU K 06paboTKe BO3AyXa
OH MOXeT [10/[aBaThCs B TOPTOBBII 3aJ1 JINLIb TPH YCIOBHH €70 OUUCTKH OT
HbLIM. Y CTaHOBKA NbUIEBbIX (DHIBTPOB MPUBOAHT K POCTY IMPUBEAEHHBIX
3aTpaT. YUUTHIBas 3TO, NpeANOoYTeHUe oTAaeTcs Oosiee CI0KHBIM CHCTe-
MaM, HeCMOTPS Ha TO UTO HX pealu3allus YCI0XKHSET IKCILTyaTaluIo.

Iepen xoHAeHcaTOPOM yCTaHOBAEH aBTOMaTUYECKUI PETYSITOP aBJe-
HUS «11oce cebsi», TIPY MOMOIIM KOTOPOTo MOAAEPKUBAETCA MOCTOSTHHOE
IaBJeHue KOHIeHCAllUY XiailaTeHTa.,

Ilozorpes Bojibi B ycTaHOBKaX /14 ee Harpesa (puc. 19.6) ocyiiectsisier-
cs1 MapaMH XOJIOAU/IBHOIO aTeHTa, BhIxosiiero u3 kommnpeccopa. [Tapoxua-
KOCTHAs CMeCh XJIaflaleHTa U3 3MeeBHKa B 6aKe NOCTYNAET B KOHAEHCATOP.
JKunknil XonoauAbLHBINA areHT U3 KOHAEHCATOPA U Yepe3 aBTOMATHYECKHil
PeryJisTop AaBieHUs «J0 cebsi», HACTPOeHHBIH Ha MoANep)KaHUe MaKCH-
MaJIBHO JOIYCTHUMOTO AABJIeHUs] KOHAEHCALlUH, IOCTYNaeT B pecusep. IToi
e LeJTH CTYXKHUT OOpaTHBIH KJanaH 3.

Bona B HarpeBatesie BoAbl HarpeBaeTcs 10 TeMnepatypsl Ha 5 °C Huke
TEMIEPaTypbl KOHAEHCALMHY XJIaJlareHTa U MOXKeT OBITh HCTIOIb30BaHA s
TEXHUYECKUX HYXK]I.

Konuyectpa Temnia, BBIAESIEMOrO XOJIOAWIbHBIME MauIiHaMH, paboTa-
IOIUMH B CUCTeMe I[eHTPaJH30BaHHOTO XOJOAOCHA6XKeHUs, TOCTATOYHO
IS cO3/1aHust KOM(POPTHBIX YCJIOBUM B Mara3uHe B Te4eHUeE BCEFO OTOMHU-
TeAbHOrO Ce30Ha.
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TeMrepatypa B KOHLie CKaTHA XOJOAHABHOIO areHTa IpH CXKaTHH CO-
ctaBiasget 60-70 °C. IIpu BeiGpanHoii cxeMe MoAorpeBa Bobl obecrnevynBa-
ercs ee HarpeB 10 50 °C B TeyeH1ie KOPOTKOTO BpeMeHH, HAIIPHMEP B Teye-
HUE HOYM.

OnBIT 3KCIVIyaTallui CHCTEM YTHAMBAIMK TEILIOTHI 32 py6eKoM HoKa-
3bIBaeT, YTO NepBOHaYajibHble KallMTaAbHbIe 3aTPaThl Ha TaKyIo CHCTEMY B
KPYMHbIX MarasuHax OKynaloTcd 3a HsTh JieT.

KOHTpOsIbHbIE BONPOCHI:
1. B ueM cocrosAT IKCITYaTallHOHHBIC AOCTOHMHCTBA H HEOCTAaTKH CH-
CTeM HEHTPaJIN30BaHHOTO XOJIOZ[OCHa6>KEHI/ISI?

2. JIns KaKMX yCJIOBUi peKOMeH/lyeTca K yCTaHOBKe cHCTeMa IIeHTpa-
JIN30BaHHOrO X0JI0H0cHAGKeHUA?

3. Kakue M3BECTHBI CIOCOOBI YTUIM3AITNM TeMlJIa paboTalonieil X0n0111b-
HOIf MalIMHBI?
4. Hackonbko nenecoobpasHa yTHIU3ALMS TeNJIa XOIOAUIbHIX MaIlVH ?



nasa 20

KOHAULUWOHUPOBAHWUE BO3OYXA
(ocHoBHLIE NpepcTaBNeHns)

Konduyuonuposanue 603dyxa (KB) — 3To KOMILTIEKC ITPOIECCOB, HANPaB-
JIEHHBIX Ha MoJyYeHHe BO3/lyXa C 3a/]aHHBIMH IIapaMeTpaMU: TeMIepary-
PO#, BI2XXHOCTBIO, YUCTOTOM, Fa30BbIM cocTaBoM 1o CO,, CKOPOCTHIO ABH-
JKeHHS BO3LyXa H T. 11,

KoHpunuoHHpoBaHWe BO3MyXa AENUTCA Ha TEXHOJIOTHYECKOE H KOM-
¢dopTHOE.

20.1. TexHonoruyeckoe u KompoprHoe
KOHZUUUOHUPOBaHME

Texnonozuuecxoe xonduyuonuposanue obecneynBaeT MUKPOKJIIMAT, HeOO-
XOMUMBIN JIUIs1 IPOBeJleH!si TEXHOJOTHYECKHX 1IpolleccoB (ITPOU3BOICTBA
psilia TOBapOB, NX XPaHEHUS H TPAHCIIOPTHPOBKH). )

Bce napamertpsl «BHYTpenHero Bo3iyxa» (Tabn. 20.1), T. e. Bo3fyxa pa-
604ux NMoMeleHHH, OEHNBAIOT Ha YPOBHE «paboyeii 30HLI», T. €. B BO3-
IYHIHOM TPOCTPaHCTBe BhicoTod 22,2 M Haj MOJIOM WIH ILTOINAAKOH, Ha
KOTOpO# HaxoxuTCs1 pabodee MecTo.

CKOpOCTb IBHXKEHHUS BO3AYXa AJI TEXHOJIOTMIECKOro KOHANIIMOHNPO-
BaHMs A0JkHA GHITH He 6osee 0,4 M/¢, ANA KUIBIX ¥ 0OUIECTBEHHBIX 31a-
Huit — 0,15-0,2 M/c.

Kompopmnoe xonduyuonuposarnue obecrieduBaeT MUKPOKJINUMAT, 61aro-
HpUSATHBINR ANt TPYA2A U oTAbixa moAeil. KoMbopTHOE KOHINIIMOHMPOBA-
HUe Ha NMpeAnpuaTusaX oO1ecTBEHHOTO MUTAHMS N TOPTOBJIM MOBHILUAET
NIPOU3BOAMTEIBHOCTD TPYJA IIEPCOHANa, IPUBJeKaeT MMOKynaTenell u oa-
HOBPEMEHHO CO3/1aeT XOPOuIHe YCI0BUS A1 paGoTH XOJTOAUIBHOTO U IpY-
roro 060pya0BaHHSI.

KoMmdopTHbI# MUKPOKANMAT — 3TO COBOKYNHOCTb BCEX PaHee nepeduc-
JIEHHBIX TAPaMeTpoR Bo3ayxa. OTKIIOHEeHWE OT HOPMBI JIa%Ke OHOTO U3 HUX
IIPUBOAUT K HeOIaronpUATHBIM ITOCTeACTBUAM JUIS YeI0BEKa.
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Ta6mmya 20.1

PacueTtHbie napaMmeTpbl BHYTPEHH@ro BO3AyXa
AN TEXHONOrNYECKOTro KOHAUMUMOHMPOBaHUSA
M KOHAULMOHNPOBAHUS XKMAbIX

u 06LeCTBEHHbIX 3naHuii

Pacuernbie napamerpbl
BHYTPEHHET0 BO3yXa

ometnenns
Temneparypa, °C OTHOCHTEALHAR
BJIAKHOCTb, %o
Jns uexa MAcHsIX moydabpukaTo 12 70-75
Ha MPEANPHATHAX OOLIECTBEHHOTO NUTAHHA
ITomewtenHs JUIS XpaHeHHS: 0..+8 90-85
BapeHBIX Konbac
BapeHO-KOM4eHBIX Konbac +12..415 78-75
Kameps! cozpeBanns csipoB +8..+14 90-85
Kameps! XxpaHeHHs CHIPOB +5..+8 8-75
Llexu npeanpuaTHii TouHOro +20...+22 5040
MaIIMHOCTPOCHHA H NPHGOpOCTpOeHAn
XKunrie u 0611IeCTBEHHRIE 3AAHUA +22...425 (neTom) 60-30 (mns Bcex
(Mara3uHbl, obeieHHbIe 3aJTbI +20...+22 (3umoit) TIEPHOJIOB rofia)
npeanpuATHii 00LIECTBEHHOTO MHTAHHA,
Ui H OGLIECTBEHHbIE 31aHus)
Tabmua 20.2
Hopmbl KompopTHbIX NapaMmeTpos Bo3AyXa
Iepuon roga Temnepatypa, OtHocuTenLHanA CKopocTb ABHKEHHA
°C BJI2XKHOCTH BO3AYXa, BO3IyXa He Gosee,
% m/e
Terumsiit +20...+§2 60-30 0,2
+23..425 60-30 0,3
XonoaHeri +20...+22 45-30 0,2
H IEpeXOHbIH

TlapaMeTpsl, npiBOAMMBIE B CTPOUTENBbHAIX HOpMax 1 npaBuiax (CHull),
SIBJIAIOTCS] CPeIHECTATUCTHYECKUMH, T. €. PACCIUTAHHBIMU Ha 3710POBOTO
«cpenHero» denoseka. [loaToMy, ecsii ecTb BO3MOXKHOCTD, C/ieiyeT npea-
ycMaTpHBaTh WHAMBUAYAJIbHOE PEryIMPOBaHHE MHKPOKIMMATa B 06CIy-
JKHUBaeMoil 30He. .

KoMdopTHOEe KOHAMIMOHYPOBAaHHE PACCYMTAHO Ha MoAAepKaHMe TaK
Ha3bIBaeMbIX ONTUMANBHBIX N1TapaMeTPOB BHYTPEHHETO BO3/yXa, KOTOpbIe
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3aBUCAT OT BPEMEHH TFOJIa U XapaKTepa AeATeIbHOCTH Jiofeit. [l »Humbix
00IIleCTBEHHBIX M /IMMHHCTPATHBHO-ObITOBIX noMemenuit (CHuIl2.04.05-
91) onTrMaNbHbIE HOPMBI OTPaXeHbl B TabM. 20.2.

Ipu HenpepbIBHOM Npe6GHIBAHUH JOAEl B IOMEILEHHH He MeHee 2 4 110
CaHHUTApHBIM HOPMaM B IOMELIEHUE 8 pacueme Ha 00H020 UenoseKad IOJIKHO
nojasatbcst He MeHee 20 M?/u Hapy>HOro BO3[yXa; IPH ITOCTOSTHHOM Tpe-
6biBaHMH JI0J€il — He MeHee 60 M3/4.

20.2. NNapameTpbl COCTOSHUS BO3AyXa

CocrosHye BN2XXHOTO BO3/{yXa, Npe/ICTaB/ISIONIero cMech ra3oB (a3oTa, KU-
CJIOPOJIa M T. /I.) C BOZOH B pa3JINYHOM arperaTHOM COCTOSHUY (B BHIe N1apa,
KUAKOCTH, JIbJla), ONPEAeIseTCs] TPeMSI TapaMeTPaMHU: TeMNEPaTyPOH, JaB-
JieHHeM 1 cocTaBoM cMecH. COCTaB CMecH XapaKTepH3YeTcst MACCOBBIM BJIaro-
cofiep>KxaHHeM.

O611iee jaBneHue Bo3yxa (6apoMeTpHUecKOe JaBeHHEe) PaBHO CyMMe
napuyajibHbIX ZaBieHnsi cyxoil ero yactu p, , I1a, u Bonsnoro napap , Ila:

p6=pc‘n.+pn' (201)

Burarocosiep:xaHue BAasKHOTO BO3JyXa d, I/KT, paBHO OTHOLIEHUIO MACCHI
BOJIAHOTO Napa M, comepakalilerocs B paccMaTpuBaeMoM obneme, k Macce
cozepsKallerocs B ToM xe o6beMe cyxoro Bosgyxa M :

M"
e (20.2)

C.B.

d=

OTHocuTebHasK BAaXKHOCTD Bo3fyxa ¢, %, pelcTaBisieT coboit 0THO-
HIeHHe:

o=2.100, (20.3)

e p, — napUMaJbHOE JjaBlieHye HaChIIIEHHOTO BONSHOIO Napa NpH ToH
e TeMIlepaType Bo3ayxa, [la.

Yem bobllie Biarocoziep:katue Bo3ayxa (IpH ofHO# K Toii e TeMnepa-
Type), TeM GoJibllle TapIMajibHOE JaBJIeHre BOASHOTO napa.

MaccoBoe BiarocoziepxkaHue i OTHOCHTeNIbHAsI BYKHOCTDb BO3/IyXa CBSI-
3aHBI COOTHOILIEHHEM:

d="en. Pu _g629.—Pn | (20.4)
R" pc.n‘ p6 —pn
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rae
R_, — rasoBas NocTOsIHHas CyXoro Bo3fyxa, R = 287,1 [lx/(xr - K);

R, — rasoBas NocTOAHHas BOASHOTO NMapa, R 461 S ix/(xr - K).
TlnoTHoCTH BO3AyXa 3aBUCUT OT Collep)KaHMﬂ B HEM BOJISIHOTO N1apa:

M D 3 P
- cB. _ c.B. =3’483 R od: B 205
Pon =P =07 10 2 (20.5)
M D, -3 P
=2 _Pu__9167.103. En, 20.6
pn vV Rn . T 0 T ( )
M _+M 1+d 1+d - b5
M, o + =__________.__()()()34 —_
p V pc‘n. pn Rc.l. +d'Rn T 8 1 1 61 d T ? (20 7)

rlie
V — o6beM Bo3nyxa, M3;
T — abconoTHas TeMepaTypa Bo3ayxa, K;

P, P, ,» P,— TVIOTHOCTH aTMOC(EPHOTO BJIAXXKHOTO BO3/YXa, CyXoit ero
4acTH ¥ BOASIHOTO Napa, Kr/m3. Hanpumep, eciin Bo3ayx npu TeMneparype
12 °C u GapoMeTpHyecKoM AaBieHHH 760 MM PT. CT. COAEPXKHT 5 T BOASHO-
ro napa Ha 1 Kr cyxoro Bo3ayxa, TO ero IIOTHOCTb COCTABJISIET:

1+0,005 .133,3-760

=1,23, 3, 20.8
287 1+461,5-0, 005 (273+12) Kr/M (208)

Us popmyast (20.7) cnenyet, 4To BAAKHBIH BO3AYX Jierye CyXoro.
TennoemxocTs (NpH NOCTOSIHHOM AaBJeHNM) aTMoc(hepHOro BO3LyXa
TaKKe 3aBHCHUT OT €r0 BRAarocoOAepKaHus:

c=c, +c,-d, (20.9)

rae
c,, — YyAenbHas uzobapHasd TEMJIOEMKOCTh CyXOro BO3/lyXa,
c ,=1,01 Ix/(xr- K);
¢, — yaAenbHast H306apHas TEMIOEMKOCTb BOASHOTO Napa,
¢, = 1,86 lx/(kr - K).
YaenbHy0 HTAJBIHUIO BJAAXKHOTO BO3JYyXa, Kak W BJIArocofiepskaHue,
yAobHee OTHeCUTD He K oblitelt Macce BO3/[yXa M BOJHI, & TOJNIBKO K Macce
cyxoi yactd M_,, IpuHAMast 3a HaYasio oTcyeTa sHTajbnuo npu t = 0 °C:

=i +d-i,=c,, -t+d-(c,-t+7,)~t+(1,89 -£+2500) -d, (20.10)

IJle 7, — CKpbITasi TeIJIoTa flapoobpasoBanus, 7, = 2500 k[ /kr.
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20.3. Tenno- ¥ BNaxHOCTHbIA 6anaHc
KOHAULMOHHPYEMOrO NOMELLEHHS

Yare Bcero Ha 66ITOBOM YPOBHE TIOJ KOH/IHIIMOHHPOBaHHeM IOHUMAETCS
TOJIbKO OXNAXKACHNEe BO3yXa B TPOH3BOACTBEHHbIX IOMEILEHHUSIX MpeIIpu-
ATHIT 061EeCTBEHHOTO MUTaHHs], B TOPrOBOM 3aJie peIPUATUS MU Mara-
3MHa, a TaKKe B XH/bIX oMeneHusax. Oqnaxo CHull 2.04.05-91 onpenens-
eT TepMHH <«KOHIHUIMOHUPOBaHMe> KaK aBTOMATHYeCkoe NOJJiepKaHie B
3aKPBITHIX TOMENEHNAX BCEX WIH OT/IebHBIX TAPAMETPOB BO3/IYXa C LEIbI0
obecrieyeHHs IJIaBHBIM 06pPa3oM ONITHMANbHBIX METPOTIOTHYECHX YCIIOBHIA.

B XonoaunpHBIX KaMepax Ha 33/JaHHOM TeXHOJIOTHYECKOM YPOBHE MO -
JEPKUBAIOT IOCTOSTHHOMN TOJNBKO TEMIIEPaTypY BO3AyXa. ITO 06YCAOBIEHO
TeM; YTO 1PH XPaHEHHH MPONYKTOR B XOJOLHIBHBIX KaMEPAX OTHOCHTEIb-
Hasl BJIOKHOCTh BO3/IyXa CaMOYCTaHaBuBaeTcs B npenenax 80—90%. B 6osb-

IIMHCTBE CIy4YaeB OHAa COOTBETCTBYET YCAOBUSM XOJMOMHUABHOTO XpPaHeHH s
nponykros. [ToaToMy npu pacyete u noa6ope xoJognabHOro 0GOpyROBa-
HUA 7151 XOMOJHIbHBIX KaMep, ecJIU He MpebsABISIOTCA K XpaHeHHIO NPo-
AyKTOB GoJlee IMPOKHe TPeGOBaHHUS, YUIUTHIBAIOT TOIBKO TEIIONPUTOKH.

BMecrTe ¢ TeM IpH XpaHEHUH U J03peBaHHM 6aHAHOB, CO3pEBAHUH ChIpa,
IIpopalliBaH{y COJ0/Ia U T. I. BO3/IyX B KaMepe CJiefyeT YBIaXKHSATh, 4TO
TpebyeT NIpUMeHeHNS CIeLHAIbHBIX TEXHHYECKHX CPEACTB ero Nnojaepxa-
HUS U peryJMpOBaHHs.

B cucremax koM(OpPTHOTO U TEXHOJOTHYECKOIO KOHAMLHOHUPOBAHHUSA
BO3/yXa IOBOJIBHO YACTO B 3alaHHbIX IIpe/iesiaX NOo/1ep>KHBAIOT HE TOMbKO
TeMIepaTypy BO3yXa, HO X OTHOCHTEIbHYIO BAakHOCTb. [ToaToMy caeny-
€T UMeTb NPeJICTABJIEHHE O COCTABJIAIONINX TENJI0- U BAKHOCTHOrO GanaH-
ca KOHANIIMOHUPYEMOIO MOMeleHHUSI,

Kosmuectso Tenna Q win siaaru W, nocrynaoliue B noMelexnue, 060-
3HAYaloT 3HaKoM (), a yAansieMble — 3HakoM (—).

KosnuecTso nocrynarmwliero Teliia B KOHAHUIHUOHUPYEMOE nomelerHe
OLIEHHBAIOT CYMMOH CllaraeMuIX TemIoBoro 6ananca, Br:

20=0+Q,+Q; +Q, (20.11)

rae
Q,=Q,; + Q,. — TEIJIONPUTOKY Yepe3 HapyXKHble OrpakJeHNd BCIe-
CTBHE Pa3sHOCTU TeMNepaTyp Hapy»XHOro M BHYTPeHHETO BO3[yXa U COJ-
HeYyHO# paJualuy;
Q, — TeNIONPUTOKH OT 06pabaThiBaeMOro MaTepHaa (TeITONPUTOKH
OT MUILH, OCTHIBAIOHVX IPOAYKTOB U T. 1.);

12-996
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Q, — TeIJIONPUTOKH OT BHOCHMOTO B 06beM NOMellleHHs] BO3/TyXa NpH
BEHTHISUH WIH BHOCHMOFO Yepe3 UMeloniHecs HellJIOTHOCTH;

Q, — 3KCITyaTallMOHHbIE TENJIONIPUTOKH (OT JIOAEH, TEXHONIOTHYECKO-
ro 0bOpYAOBaHMUs, CBETHIBHUKOB U T. 1I.).

O6b11tee K0IMYECTBO BJIark NOACYUTHIBaeTcs: o (opMyre, Kr/c:

SW=W,+W, +W, +W,, (20.12)

e
W, — Biaronputoku uyepes HapyxHble orpaxaenus; W, = 0;
W, — BiIaronpHTok# oT o6pabaThiBaeMOro MaTepHaa;

W, — BJIarOnpuTOKY, BHOCHMBIE C HapYXXHBIM BO3/IyXOM;
W, — sKcIUIyaTal[MOHHbIE BJIATONPHTOKH.

Ouexka Tenno- u BNAronpurToKos

Tennonpumoxu uepes 0zpaxicoarusue KOHCMpPYKuuu

B oTsuHe oT X0N0ANIBHUKOB Orpakialoliiie KOHCTPYKIIWH IIPOU3BOJ-
CTBEHHBIX ITOMELEHHI TOPrOBBIX 3aJI0B IIPeNPHATHIA 0011[eCTBEHHOTO ITH-
TaHHs! ¥ TOPTOBJH He UMEIOT TellJIOU30IA1IHA.

Orpaxaenust moapasfie/ITIoTCA Ha MacCHBHBIE H CBeTONIpo3payHble (CBe-
TOBBIE TIPOEMBI).

OrpaxeHus NoMellleHHii, B KOTOPHIX IIPefycCMaTPHBAIOTCA TeXHOJOTU-
yeckoe KOHAWIMOHHPOBaHHe (KaMephbl OCTHIBaHMS Kosbac, co3peBaHUs
CBIpa), Kak NPaBUJIO, He OTJIHUYAIOTCS OT OrpakAeHHH XOJ0AHIbHUKOB.

TennonpuToKH 3a CYET Pa3HOCTH TEMIIEPATYp Yepe3 MacCHBHbBIE Y4acT-
KM orpax/ieHuit (CTeHH, Ieperopo/IKy, NOJbI) ONpefie/AI0T TaK Xe, KaK U
ZJIS1 XOJIONVIBHUKOB, BT:

QlT =KH Ea '(tn - tﬁn )' (2013)

rie

K_— xoadpdunment rennonepenayn orpaxaenus, Br/(m? - K);

F_— nnomaab NOBEPXHOCTH Orpaxk/ieHus, M%. Pasmeps! orpaxieHui npu-
HHUMAIOTCH aHAJIOTHYHO METOMKe, HPUHSATOM [IJ1 XOJIOAWIbHBIX KaMep;

t,t — TeMIllepaTypa BO3AyXa BHe U CHapyxH noMeienus, °C.

Caenyer oTMETHTD, YTO IPUMEHHUTENBHO K CHCTEMaM KOHAMIIMOHHPO-
BaHUs BO3/yXa BeudnHa Q,; YacTo peHe6peXHMO Malla CPaBHUTEJIbHO C
IpPYTHMH BUJaMH TEILIOTIPUTOKOB.

IIpu onpenenennu xoadpuimenTa Temonepesayy orpaxieHus K cie-
JLYEeT YYUTHIBATh 0COOEHHOCTH CTPOUTENBHOM KOHCTPYKIIUH,

TeIIonpuTOKY 3a CUET PA3HOCTH TEMIEPATYp Uepe3 CBeTONpO3pavyHbie
OrpaXIEHUS OlLleHUBAIOT Takxke 1o dopmyne (20.13).
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Ta6bnnya 20.3
OueHka koadpduumneHrta
Tennonepenayn CBETOBbLIX NPOEMOB

CaeTonpo3spaunoe Yucno PaccrogHue Mexay Koypdpuunent
orpaxiense cTeKo CTEKJIAMH, MM TenJionepeRauH
orpakaeHus,
Br/(m* - K)
Oxna:
C OAHHAPHBIM 1 — 33
ocTeKJICHHEM
€O CITapEHHBIM 2 30-60 2,0
OCTeKJICHHEM
C ABOHHBIM 2 75-100 1,9

pas3acnbHeIM
OCTCKJICHUEM

Creknonaker 2 10 2,3

C ABOHHBIM

OCTEKJICHHEM 2 15 . 2,70
2 20 2,74

3naveHust ko3 PHIIHEHTOB TelUIoNepeayr OTpaXeHsl B Tab. 20.3.

IMocTynneHne TeNIOTH Yepe3 OKOHHbIE OTPAXIEHUSA YUUTHIBAIOT 110 O
HOI CTOpPOHe CBeTa, MO3TOMY ClelyeT YYUThIBAaTh OPUEHTAIIMIO 3[JaHHA.

TensonpuToky OT coNHeYHOM pagualuy Q. B KOHIUIHOHUPYEMOE 110~
MellleHre CKJIabIBAIOTC U3 TEIIONPUTOKOB Yepe3 MacCUBHbIE Orpaxie-
HUSA 31aHUA (CTEHBI, KPOBJIS) H TEIJIONPUTOKOB Yepe3 CBeTOBbIE IPOEMBL:

Qic =0 +Q.™ (20.14)
Jl1s1 KOHAMIIMOHUPYeMBIX IOMeleHHH Q" , BT, pacCYMTHIBAIOT TaK Xe,
KaK U ISl XOJIOAHIbHHKOB.
PaguanuonHble TEMJIONPHUTOKH Yepe3 cBeToBbIe poeMbl O, Br, one-
HHUBAIOT OT/EJIbHO IO KaXK/I0¥i CTOPOHE FOPH30HTa. Y IPOLIeHHO TeIlIONpH-
TOKH MOTYT OBITD OlleHeHbl Ha 0cHOBe Bhipaskenus (20.15):

=G F 88y 8y (20.15)

Ine

q,. — YAeNbHbI CyMMapHbIil TEMJIONPUTOK OT MPAMOM M PaccessHHOM
COJIHEYHO pafivalliy Yepe3 OKHA C OJUHADHBIM CTeKJOM B JePeBSHHBIX
pamax, Br/m%

F — miomaab CBETOBOTO NIPoeMa, M2

12+
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€, — k0a(pHUIMEHT COMHIIE3aUHTDI, yYMThIBAIOLIMIA BAHSHNE 3aTEHSIO-
HIETO YCTPOHCTRA Ha yMeHbIIIEHHE TETUIONIPUTOKOB H3-3a COTHEYHOH paju-
aimu (Tabu. 20.4);

£, — k03P PUIMEHT, YYHTHIBAIOIUI 3arpA3HEHUS OCTEKJIEHHS HJIH ero
3akpacky; &, = 0,8-0,9 — nna obbrunoro crekna, 0,6 — ais 3abeneHdoro
crekia, 0,4 — JUIE MaTOBOTO CTEKJIa;

£, — koapdunmenT, yuuTHBaOIHI 3aTeHeHUe CBETOBOTO poeMa Iiepe-
njeraMu (OAMHApHas, [BOITHas paMa U T. 11.).

3uauenueq , B1/ M2, OT COTHEYHOH paJIHalluy 3aBUCUT OT BpEMeHH rofia
1 reorpacuyeckoil mMporsl. B xomonnsil nepuof rofa (aexkabpb) npu
t <10 °C g _He yyuTBIBAIOT.

Jlna Tensoro nepuoaa rofia (Mioib, mpota CaHkr-Iletepbypra) s
BePTHKAJIbHOI NOBEPXHOCTH, OpUeHTHpOoBaHHOH Ha 103, g, cocTaBiser
549 Bt/M?, ang ropusonTanbHoll noBepxHoctd — 768 Br/M? («Cnpasoy-
HHK NPOeKTUPOBIIUKA CHCTEM KOHANIIMOHHPOBAHUSA» ).

Tennonpumoxu om obpabamviéaemsvix MaMePUAno8

Jlns npeanpusiTuit 061eCTBEHHOTO TUTaHUst 06beKTaMU 06PabOTKH B~
10TCS1 ropsiume Giioza, BBIHEUHbIE U3JeJMs B KOHAUTEPCKHX I[eXax, OCThI-
Balolllast MUIIA B o6e/IeHHBIX 3aJ1aX, a TaKKe MACONPOAYKTHI, o6pabaThiBae-
MbIe B XOJIOHBIX IlexaX. TenoBbliefieHUs OT OCThIBAOMIeH ITHIIY MOXXHO
npUHATh Q, = 17-25 BT Ha oftHOro noceTUTe .

B ToM ciyuae, ec;i B pacueTe yYMTHIBAETCS TOJIBKO SIBHAS TEILIOTA, Tell-
JIONPHTOK OT MaTepuanos Q, , Br, onpenensior no popmyie:

m-c-(t, —t,)
Qp, = ——1—2, (20.16)
T
Ta6nmua 20.4
Koaddpuumentsi sarenenns, &,
CaetoBoe 3navenun
orpaxxeHne Kxo3pdunmenTa &
Ko3bipbku 0,95
Mapkushl 0,75
HKamosu 0,5
Hltopa:
BHYTPCHHSS [IPH OTKPLITOM OKHE 0,65
BHYTPCHHSAA MPH 3aKPHITOM OKHE 0,4
MeXy TiepenieTaMu 0,5
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rae

m — Macca MaTepUasioB (IIPOAYKTOB), KF;

¢ — yAeJbHas TellJIoeMKOCTb NPOAYKTOB, kK/[x/(xr - K);

T — JJIMTEJIBHOCTD IefiCTBUst HCTOYHUKA TeIIa, C.

Tenonputox Q, MOXKeET 6bITh MOJIOXKHUTETBHBIM HIH OTPUIIATENbHBIM B
3aBHCHMOCTH OT THIIa NPOAYKTa U cnocoba ero o6pabotku. Hanpumep,
OXJIaXK/IEHHOE MsACO TIpH nepepaboTke HarpesaeTcs oT 4 xo 12 °C. Msco
BOCIIPUHKMAET YacTh BHI/IEJ€HHOI TEIUIOTHL. B aToM ciyyae TeIIonpuToK
Q, IoJKeH YUNTHIBATHCA CO 3HAKOM ().

Ecnu napHoe Msco oXAaxaaeTcs, HanpuMep, ot 36 10 12 °C, o Brigens-
eTcst Temno. B aToM cilyuae TemIoBBIAENEHHS SBASIOTCS MOJNOXKHTENb-
HBIMU.

Tennonpumoxu ¢ HapyxHcHviM 8030YX0M

IIpu oTcyTCTBUU CHEINaNbHOH BEHTUISALHMOHHOM YCTAHOBKH HapyX-
HBI{ BO3/1yX MPOHUKAET B KOHAMIIMOHUPYEMbIiA 06beM NOCPENCTBOM HH-
dunpTpanuy, T. e. Yepe3 HEMJIOTHOCTH B HAPY KHBIX OFpaXIEHHsIX, Yepes
HENJIOTHOCTH B OKHAX, a TaKXKe IIPY OTKPBIBAaHUH ABepeii.

TenonpuTok ¢ BeHTUIMPyeMbIM BosayxoM Q,, BT noacunTsiBaercs no

¢opmynam:
Q. =L,-cp-(t,-t,), (20.17)

Wi
/QBn =Ln 'p'(iu - iB)’ (2018)

e

L, — obbeMHBbIi pacxosi Hapy&KHOTO BO3/lyXa, M%/c,

¢ — yllelbHas TEMJIOEMKOCTb Bo3ayxa, [x/(kr « °C). B unrepBae TeM-
neparyp 0-30°C ¢ = 1005 Mx/(xr - °C);

£ — TUIOTHOCTD BO3/lyXa IIPH TeMIlepaType NHOMEIIeHNs, KF/M53;

t,t — TeMIepaTypbl HADYXHOTO BO3/lyXa M BO3/lyXa B noMemeHuH, *C;

i, i — TemsocoJepXaHue HapyKHOTO BO3/yXa H BO3/lyXa IIOMelleH s,
Ix/xr.

O61beMHBLI pacXo/l HApY)XHOTO BO3/yXa, IPOHMKAIOIIEro B HOMelleHHe
L, v¥/c

L =nlL (20.19)

o Tp?

rae
n — YMCI0 JioJed B IIOMEUICHNH,
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L_ — TpebyeMbIii pacXo/l BO3lyX2 B IOMEIEHUH [I0 HOPMaM Ha O/IHOTO
yesioBeka, M*/c (Taba. 20.5).

Ecnu xoHaHIMOHHpYEMOe oMellieHie 060pyAOBaHO CHCTEMOIA LIEHTpa-
JIM30BaHHOMN BHITSKHON BEHTHISALMH, TO JJ151 CO3aHUS W3GBITOYHOrO JaB-
JIEHUsl B IOMEIHeHnY TPUTOK BO3/lyXa MO/KeH NpeBbNIaTh yAaleHue Ha
BEJIMYMHY, OTPaXKeHHYIo B Tab1. 20.6.

Tennonpumoxu om niodeti
KomnuuectBo Temna, BblesieMOro JIIObMHY, OLIEHUBAIOT 10 HopMyJie:

Qi =Q,n, (20.20)

rae
Q_ — KOJIMYECTBO TEMIOThI, BhENAEMOH OHUM YeJIOBEKOM B 3aBUCHMO-
CTH OT TeMITepaTypPhi BO3AYXa H B ITOMELIEHHH M POJA BbIIOJHAEMOI paGoThi;

Ta6mmua 20.5
Hopwmbt pacxofa Bo3fiyxa Ha OHOro YenoBseka
Tlomemennsn Hopma pacxona,
Ly, mlc
OObecTBeHHbIE TOMEIIEHHUS:
[pH OTCYTCTBHH KYPAIIHX 0,006-0,017
MIpH 3HAYNTENHHOM KYPEHHH 0,0139
OOfuiecTreHHble TOMELIEHHS JUIA AeTeii o 12 et 0,0042
Tpou3soacTBeHHEIE, PH 00BEME OMEIIEHHS Ha OXHOTO 0,0083
paboraroniero MeHee 20 M° ¢ €CTECTREHHBIM TIPOBETPHBAHHUEM
To xe, Gonee 20 M’ ¢ eCTECTBEHHBIM NPOBETPHBAHHEM ) 0,0056
TIpousBoacTBeHHEIE IOMeuleHHA Ge3 OKOH M (oHapeit 0,017

6e3 eCTeCTBEHHOrO TPOBCTPHUBAHHUA

Tabnuya 20.6
KoadduumeHtnl 3anaca no Bo3gyxocHabxexHmio
Bua noMeleHns Ko>dduunenr 3anaca
TMomemenve Ge3 OXOH U HAapYXHBIX ABepeil 0,5-0,75
ITomelenue ¢ okHaMHu:
Ha OIHY CTOPOHY 1
Ha JBe CTOPOHBI 1,5
Ha TPH MM YETIPE CTOPOHBI 2

Bectu6ions 2-3
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Tabnuya 20.7
TennosbifgeneHNa Ha OAHOro 4e50BeKa, Q,,Br

R MMonoxenne cuaa IlonoxeHnue cron Taxenan paGora
g 3 nubo cocroanue 6o Jierxoe ABHKEHHE
z g OTABIX2
-]
fox O
W o @ @
SE° g | E | s | g | BE| g g | B | g
g z 3 E| £ g g £ g E|
- = g k] = g € & g K3
)
10 115 15 130 135 21 156 206 84 290
14 103 15 118 117 21 138 179 84 263
18 89 15 104 100 33 133 157 93 250
20 82 21 103 92 42 133 140 110 250
22 76 26 102 84 48 132 117 132 249
24 67 35 102 72 60 132 95 154 249
26 61 41 102 63 69 132 81 168 249
28 s1 51 102 53 79 132 64 185 249
30 40 60 100 41 89 130 48 198 246
32 20 78 98 22 106 128 31 213 244
Tabnuya 20.8
BnarosbsifeneHUs Ha OQHOIr0 YenoseKa
Baarossyienenus, W, - 10°, kric
Pox pabori pacyeTHbIe TEMNEPaTyphl BO3AYXA : KOHZAHRHOHHPYEMBbIX
nomenuenssx, °C
1013 {14-16 | 17-19 |20-22 |23-25 |25-28 |30-32 {32-35
Jlerkas pabota cuns 9,16 | 119 | 147 | 17,7 19,4 | 27,0 | 32,2 | 32,2
Jlerxas ¢pusnueckas 11,1 139 | 214 | 22,2 32,2 36,0 | 41,6 | 55,5
pabota (kaccupsl,
HOCETHTENH CTONOBBIX,
Mara3sHHoOB H Jp.)
Pa6ora cpezh{eﬁ TKECTH 20,8 32,0 34,7 39,0 51,5 55,5 69,5 79,0
(posaBLbl MAra3HMHOB,
odHLMAHTE, YOOPIHIIL
HT. &)
Taxenas paGora 370 | 52,7 | 51,4 | 645 | 80,5 | 90,5 | 101,0 | 94,5
(mepcoHal ropsAYKX LIEXO0B,
KYXOHB)
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Ta6bnmua 20.9
KoadduumeHTn CNONL30BaHUA o6opyaoBaHus
Buas: o6opynonanns Koydduunenr ucnoas3osanns
o6opynoBanus, K.
Kunarunsauxy, koerapkH, HeH MWalUIBINHLIE, 09
3JIEKTPOTEPMOCTATHI
TTeun snexTpHyecKue 0,7
TlnuTe ra3’oBble, KOTIILI SIIEKTPHYECKHE U FasoBbIC, 0,6
NOCYAOMOEUHBIE MAIHHHBE
CkoBOpOLIBI, XapOBHH, (PPHTIOPHULILI 0,5
MapmuTtsl, cTofiky, mkadsl XKapoOYHEIe, NeKapHHE, 0,4
KOHJUTEPCKHE
Mexanuieckoe 060pyLoBaHHe 0,2

7 — YHCJIo JIofleil, OMHOBPEMEHHO HaXOAAUIMXCS B ToMelleHHH (B Top-
FOBBIX 3ajlaX NPEANPUATHN 0OIIeCTBEHHOTO TUTaHUS NPUHUMAETCS paB-
HBIM YHCJTYy NOCAKOUYHBIX MECT).

Terunto- v BraroebyieNleHns! OT Jiofiei (Ha OJJHOTO YeJloBeKa) NpHBeje-
Hbl B Tabu. 20.7, 20.8.

Tennonpumoxu om obopydosanus

KosmuectBo Tenna, Boizes19eMOro o60pyoBaHiHeM, 3aBUCHT OT psifia IpH-
yuH: criocoba o6orpesa (ras WK 3JIeKTPHYECTBO ), KOIHYeCTBa eAHHUIL 060py-
AOBaHUsI, PeKMMa pabOoThI peANPUATHS, MOITHOCTH U peXKHMa pabOoThI Kaxk-
Zioro THNa 060pyOBAHUS.

Ilns obopynoBauus, paGoralolero Ha NPUPOLHOM Ta3e, Q% onpenes-
eTcs no opmye:

Q% =Q,.-K-K,-K, (20.21)

rne

Q.on = B-Q; — kom4ecTBO TelUTa, BEIIENSIEMOTO IIPH CTOpaHuH rasa, KB,

B — o6beMubli pacXof rasa pu HOPMaJIbHBIX YCAOBUSIX;

Q, — TenOTBOpHAs cOCOBHOCTH 1 M3 rasa NP HOPMANBHBIX YCIOBH-
ax, pasHast 35 600 xx /M3 '

K — xoabduumenT, yUuThBaIONIU COOTHOIIEHHE MeXAY Q | ny
(K=0,8);

K — xosdUIIHEHT, yIUTHIBAIONMI OHOBPeMEHHOCTb PaboThI OHO-
TUIHOTO 06opynoBaRus (114 cTonoBbiX K = 0,8, 1151 pecTopaHoB H Kade
K, =0,6);
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K, — xoapuirenT HCTonb30Banus 060pyI0BaHHs (BBIPaXkKaeT MPOAO-
KHUTEJIbHOCTh HENpepbiBHON paboTel 06OPYROBAHUS B TeUEHUE CMEHH B
fepecyete Ha oMK pabouwnii yac). 3HaueHUs atoro koaduiMenTa oTpa-
sxerbt B Taba. 20.9.

TerioBbIzIEIeHHS OT EAMHUIIBI 060pYJosanus, 0602pesaemozo NAPoM, IpH-
HHUMaloT paBHbIM 1,3 kBT Ha 1 M? HapykHoi1 HenoJIMpoBaHHOH MoBepXHO-
cri, 0,49 kBT — monuposadHoit u 0,33 kBt — 11 MoBepXHOCTH, MOKPBE-
Toi uzoaAuMeil.

[ns obopydosanus ¢ snexmpuueckum obozpesom Q2, kBT, noxcunthina-
eTcs fno opMyie:

Q:=YN,. K, K, (20.22)

e ZNMH — cyMMapHasi MOIHOCTD BCeX 3JleKTpOHarpeBaresiell JaHHOTO
obopynosanusg, KBT.

Temno, BrifeIsieMOe 3JIeKTPOJIBUFaTeIAMH MeXaHHYeCKOro o6opyaoBa-
Hus Q ., kBT, onpenensior no opmyie:

Qure = 2 No o K, K, (20.23)

rae ENMM— CyMMapHasi MOIIHOCTb BCeX d/1eKTpPOABUraTesIeil MeXaHH-
yeckoro obopynoBanus, kBT.

Jlnst iepepaGaTsIBalolMX 1EX0B ¢ MeXaHHYeCKMM obopyaoBaHeM (BoTY-
KH, KyTTepbl) MCOKOMOHHATOB 3Havyenus K, npunuMaloT paBHbM 0,65.

s npeanpusaTuii o61ecTBEHHOTO MUTAHKS, OCHAILIEHHBIX TOJIBKO 3JIeK-
TPUYECKUM TeNJIOBBIM 06opyoBaHNeM, 3HaUeHUA  ( MPUHHMAIOT paB-
HeM 10% 0T Q.

Tennonpumox om anexmpuueckozo oceeusenus Q , kBT, onpenensor no

tdopmye:
Q..=N_, (20.24)

rae N, — ycTaHOBOYHAs MOIHOCTb OCBETUTENbHOI annaparyphl, KBT.

I1pu JIOMUHECIIEHTHOM OCBelLleHUH CBeTUIbHUKH YacTO YCTaHaBIMBa-
I0T B IJIOCKOCTH [OIBECHOTO NOTOJIKa. B aTOM caryuae enrnunny Q  npu-
HUMaloT paBHoii 60% oT noHoro 3HaueHus BeaHYuHb Q.

Onpedenenue erazonpumoxos

OCHOBHBIM HCTOYHMKOM BJIaroNpUTOKOB B MpeANpUATUsIX obliecTBeH-
HOrO MUTaHUS SBJSIOTCS OCTHIBAIOMAA MHUILA, OTKPHIThIE IOBEDXHOCTH Ka-
CTPIOJIb U T. A.

Bnazonpumoxu om nuwu opueHTHPOBOYHO NPUHUMAIOT PaBHBIM W, =
=20-107° xr/c B pacuere Ha OIHO HOCAZOYHOE MECTO.
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Tabnwnya 20.10
BnaroebifeneHna U3 KacTpionb

L1010k lepKana HeapeHUs, M 0,29 0,5 0,74

KoanuecTBo ncnapusueiics saarn, W, - 107, kr/c 2,77 4,56 6,4

KoauuecTBo ucnapusieiics Baari 13 KacTpiob oTpakero B Ta0. 20.10.

Bnazonpumox ¢ napyscnvin 6030yxom W_, Kr/c, NOCTyNAIOUMM B TIOMe-
meHue 6e3 npeaBapUTENbHOM TEILIOBAKHOCTHOMN 00paboTKH, yCTaHaBAH-
BaoT 1o ¢opmy.Jie:

W, =L,_-p-(d,~d,)107, (20.25)

rae d , d, — Brarocoziepxkanye Hapy>KHOFO BO3/yXa M BO3/IyXa TIoMelleHus,
I/KT.
Bnazonpumoxu om n0deii W, kr/c, TOACUHTHIBAIOT 10 hopmyIe:

W, =nw,, (20.26)

rae
w,,, — BJarosbiaeseHue 1 yenoBeka, KI/c;
7 — KOJMYECTBO Jilo/iedl B IOMelleHHH.

Buibop napameTpos u KoanM4ecTBa BO3AyXa,

nofaBaeMoro B KOHAULMOHUPYEMOE NOMeLLeH1e

CocrosiHie Bo3yxa B IOMellleHHH BHe 3aBUCHMOCTH OT [lepHOAia rojja He-
H3MEHHO.

Touxa «B» cooTBeTCTBYeT COCTOSIHUIO BO3AYXa, YAAIAEMOro U3 MoMe-
mweHnsd, a‘'touka «II» — cocTosiHUIO Bo3nyXa, NOAaBaeMOro B roMellleHHe
(npurounbiii Bo3nyx). [Iponecc «I1B»>-naMeHenus cocTOAHUA NPHTOYHO-
ro BO3/iyXa B IOMellleHHE B i—d—nnarpaMMe u3obpaxkaeTcs NPAMOi INHH-
eif, npoxonsiuieii Yepes Touky «B» nox yriioM, COOTBETCTBYIOIINM BeJIMYH-
He TeNJIO- Y BAAXHOCTHOIO OTHOIIEHHS €

— EQH - z.u_in . (2027)

“ESW T4, d,’

e =Q,,+Qﬂ=c,-At+r-Ad=c.-At+r
" G,rAd Ad Ad

(20.28)

rie
ZQ,, — CyMMAapHbI# IPUTOK NOJHOM TeNIoTH, KBT;
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ZQ — CYMMapHBIH TeNJIONIPUTOK ABHOI (cyXoil) TeIoTH, KBT;

2 W — cyMMapHblit BAAronpHTOK, KI/C.

IIpu onpene/eHUH TEMIONPUTOKOB 2,Q CleflyeT YYUTHIBaTh XapaKTep
TEeIJIOBLIJIE/IEHHI: €CIIM TEIVIONIPHTOKH OT MaTepUasioB, BO3/lyXa, Jofeii
ONpeZeNAaUCch 1o MOJIHOI TemaoTe (II0 Pa3sHOCTH TEIJIOCOAepXKaHUi Ha-
yaJbHOM ¥ KOHEeYHOM ), Q , To cllelyeT NoJb3oBaThcsA BoipaxeHHeM (20.27).
Ecin 1ipu onpezesieHHY 9THX TeITONPHTOKOB YUYHUTHIBA/IACH TOJIBKO ABHAA
TemwnoTa Q , TO CleAyeT Ucnonb3oBaTh Gpopmy.y (20.28).

OpueHTHPOBOYHBIE 3HAYEHHS TeIUIO- M BJIAKHOCTHOrO OTHOHIEHHS
g, K[I>X/Kr, MOTYT OBITb ODHEHTHPOBOYHO NPUHSTH Ha OCHOBE JaHHBIX
tabm. 20.11.

IlonoxeHnne Touku «II» onpenensiercs paboyeii pa3HOCTBIO TeMIIEPATYP
At, IpUTOYHOTrO BO3ZyXa M Bo3Ayxa NoMellenus. Paboyasi pasHOCTD TeM-
HepaTyp 3aBUCHT OT IPHHATOrO crocoba pacipeAeneHus BO3AyXa B oMe-
LIeHNH U BHICOTHI NOMEHIeHHS.

Ecsiu npuTOYHbIE OTBEpCTU TIPH NToZade BO3AYXa B paboduyio 30Hy npo-
HU3BOACTBEHHDIX MOMeEIEeH i IPEANPUATHI 0611eCTBeHHOrO NUTAHUA UK
TOProBOTO 32/1a MarasHa pacnoyioxeHsl Hixke 3 M, At <3 °C, ecu BbiiLe,
T0 Af, yBeanunBaioT Ha 1 °C Ha KaxabIil METp BBICOTHI IOMELIEHHUS].

8
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i Puc. 20.1
WaMeHeHWe cocTOAHUe BO3AyXa B KOHANLUMOHEepe
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Ta6bmuya 20.11
3HayeHUA Tensno- U BAAXHOCTHOIO OTHOLIEHWUS €

Bua noMemeHns Benuuuna g, KJPr/xr

HpeanpuaTtus TOproBiH 1 0OWECTBEHHOTO MUTaHUA 8500-10000

Tomewexus s nepepaborku Msca:

OXJIAKICHHOrO 10000-13000

) TIapHOro 6000--7000

Kamepsl co3peBanus crIpoB 8500-13000
Keapruph!, rocTHHHIB 15000-17000

O61beMHBI pacxos ipUTOYHOrO Bosayxa L, M3/c, noaapaeMoro B ome-
HIEHUe TIPH eT0 KOHAMIIHOHUPOBaHNY, ONpele/A0T U3 YC/IOBUS YAAICHUS
TeIJIONPUTOKOB, BJIAarolPUTOKOB U IPYTUX BPEHOCTEIl:

o2& _ YO (20.30)
p-Gu-i) prc-AL,

IRe
p — IUVIOTHOCTDb BO3/lyXa NpH TeMIlepaType t =1 ;
¢ — yZAenbHad TeNJIoeMKOCTh BO3yXa NPH Toii ke TemnepaType.

20.4. KoHpuumoHepbl npeanpusTHii
006LL,eCTBEHHOTO NUTaHUA U TOProBJM

OcHoBHas Macca NpeAnpusaTUil 0OLIeCTBEHHOrO NMUTAHUS U TOPIOBAU —
3TO NPeANpPUATUA HeGOoMBLIOH NPOU3BOACTBEHHON MomHOCTH. K HUM OTHO-
cart kade, NebMeHHbIe, 3aKycoyHble U T. 7. B ToproBomM 3ase npeanpusituii
nogo6HOro THNa BaXHO obecniednuTh KoMpOPTHBIE YCIOBUA NpeObIBaHUA
roceTHTeNei, MOCKOABKY 3TO, KaK M3BECTHO, YBeAHUYMBAET IIOKYNaTeb-
CKYI0 aKTUBHOCTD NIOCETUTENIEN U COOTBETCTBEHHO TOBApOOOOPOT NMpeRnpH-
SITHS.

KomdoptHsIie ycaoBus B 3T0OM cly4yae ZOCTUTAIOTCS] YCTAaHOBKON KOH-
AuroHepoB HeGoMbIIOl XonomonpousBoauTeasHocTu (3—10 kBT). Takue
KOH/IMLIIOHEPHI, IO CYTH, SIBJSIOTCS He 6oJlee YeM OXIaIUTesIMU BO3/yXa,
TOCKOJIbKY B HHX, Kak IIPaBIJIO, OTCYTCTBYET ero Mo/Has o6pabotka. Bmecte
C TeM OHU BBHINOJIHSAIOT ABE PHHIHUIIHAIBHO BaKHBIE QYHKLMH: B JleTHee
BpeMs OXJIAKAAIOT M OCYIIAIOT BO3/yX IOMELIEHN, B IePeXOAHBII 1epruoj
€ro HarpeBaloT, paboTasi IO NPUHIUILY TEIUIOBOro Hacoca, T. €. OTHUMad
TENJIO OT BO3/IyXa CHAPY>KU 3[IaHUS W BhIZIeJIsIsS er0 BHYTPH HOMeLIeH s,
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KonznuiunoHepb! HeGoOMbLIOH X0NIONONPOU3BOUTENLHOCTH BBIIONHSIOT-
cs1 B BUJie MOHOO/IOKA WU B BUZle CITAT-CUCTEMBI.

Mono6roxu xonoponpousBoguteabHocTbIo o1 2 10 10 kBT, Kak, Hanpu-
Mep, OKOHHble KOHANLIMOHePH (puc. 20.2), IPOCTHI B yCTaHOBKE U YNpaB-
JIEHHH.

OHu MastouryMHsle 1 06ecieynBaloT B 3aBHCHMOCTH OT MOZEH KOHIH-
IMOHepa Kak oXJlakJeHHe, Tak U oborpeB. Konauionepnl cHabxkaoTcs
CHeUaIBHBIMY (PUIBTPAMH AJIS1 OUMCTKH BO3YyXa, IPONUTAHHBIMY aHTH-
6aKTepHaTIbHBIM COCTaBOM. :

HepocTaTkoM OKOHHBIX KOHAMIMOHEPOB ABJSETCA TO, YTO OHY 3aTeHsI-
10T CBETOBOIT NpoeM, NPUBSI3akbl K HeMy. [{0CTOMHCTBO MOHOOJIOYHBIX KOH-
AULIOHEPOB COCTOMT B JlellIeBU3He U UX 3aBOZCKOH cOOpKe, YTO rapaHTH-
PyeT KauecTBO U Ha/lexKHOCTb PaGoThI.

OxoHHble KOHAMIHOHEPH! (MOHOOJIOKH ) IPOCTH B YCTaHOBKE U YIIpaB-
Jenun. CniekTp MojeJieil paccuNTaH Ha NpUMeHEHUE B [TOMeLIeHUAX IL10-
mazabio ot 15 o 60 M2 Hexoropbie MOHOGIOKH NO3BOJISIOT OCYLIECTBHTb
YaCTHYHYIO BHITSXKHYIO BEHTHASANHUIO nnoMelniehus. MoHobG10uHbIe KOHAY-
IIMOHEPbI NpefiHa3HaYeHbi 715 HeGOMbIIHMX XHUJIBIX IOMOB 1 O(hHCOB.

Puc. 20.2 Puc. 20.3
OKOHHBIY KOHAMUMOHEP (MOHOGNOK) KoHguunoHepsl B Bujie CNNUT-cUcTeM

Puc. 20.4
HapyxHbiit 600K kKOHAMUMOHepa
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Cnaum-cucmemsl ¢ BRyTPEHHUMH 6JI0KaMU pa3iuyHoii KoHpUrypauuu
HIMPOKO UCIOJIB3YIOTCS B yCTAaHOBKAX KOHAUIIMOHHUPOBAaHUA Bo3fyxa, OHu
COCTOSIT U3 ABYX yacreii (puc. 20.3).

OnuH HJIN HECKOJMLKO KOMIIPECCOPOB HaXOAATCSA B HapyXKHOM OJioke.
Hapy>xHubiit 6110k (puc. 20.4) npezacrasiset co6oit KOMIPECCOPHO-KOHAEH-
CaTOPHHIH arperar.

OH ycTaHaBIMBaeTcsd BHe KOHAUIIMIOHMPYEMOTo noMeilieHusa. BHyTpen-
uuit 610k 1w 6710KH, IpeicTaBAAOIIMe cOO0H BO3/y XO0XIA{NTEIH, MOH-
THPYIOTCS HENOCPEACTBEHHO B NoMenleHHH. OHU NPUKpenATca K 1o-
tonky (puc. 20.5), BcTpanBaloTca B nojiBecHo# notook (puc. 20.6-20.7),
MOJBEIIMBAIOTCSA HA CTEHEe WU YCTaHABIAMUBAIOTCA Ha 10J1y BOIU3U CTEHBL.

Puc. 20.5 Puc. 20.6
MoToNOYHLIR BHYTPeHHWIA 6nok KoHanumoHnep kacceTHOro TMNa

Puc. 20.7
KacceTHblh xoHaumoHep B xade
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OnyH KOMIIpeccop MOXKeT OXJIaXKAATh OJHO WIH jiBa noMelieHus. B asyx-
6104HoM KoHCTPYKIUH (pHc. 20.3) ¢ ABYMSI KOMITpeccopaMy NEPBbIit KOM-
Ipeccop NOAKIIOYAETCS K OXHOMY BHYTPEHHEMY GJIOKY, KOTOPbIH HCIIOb-
ayercs /714 ojiHOro noMemenus. Bropoit koMnpeccop noaxioueH K IByM
IAPYTHM BHYTPEeHHUM 6JI0KaM, HCMOJIb3YEMBIM JIs OXJIAKAeHHA BTOPOTO U
TPETHEFO NOMEICHHA.

HOCTOHHCTBOM CIITHT-CUCTEM sIBJIsIeTCS GOblast «rHO6KOCTb> HPH yCTa-
HoBke. HlIyM KoMmITpeccopa He TPOHHKAET B IOMEIIEHHE, YTo obecliequBaer
uzeanpHsiii koMpopt. Konaunnonepsl ocHAAI0TCS yA0GHBIM MY IbTOM JH-
cTaHLMOHHOTO yIipaBienys. ChcreMa TpoitHoil pUAbTpauuy Bo3ayxa yaa-
JIsIeT MUKPOYaCTHUIIbE TIBLIH.

OavH KOHRMIMOHEP PacCYUTaH Ha paboTy B OMellle HUH IUIONIA/bIo OT
10 a0 75 M2,

TloTo0YHBIE CIIMT-CUCTEMBI YCTAHABAMBAIOTCS MO NOTONKOM. OHU
He3aMeHVMBI 17151 yCTaHOBKH B Kacde, MarasuHax, 6ospunx kabunerax. OcHa-
I{aoTCA MyJIbTOM AUCTaHIIMOHHOIO Y paBAeHU . Konnnunouepm paccyu-
TaHBI Ha paGoTy B NoMelleHUAX mouaabio ot 30 mo 180 M2

CnuT-cHCcTeMBI KaCCETHOTO THAA UMEIOT BOIMOXKHOCTD 1l MOACOEH-
HeHUS] IPUTOYHOI BEHTUIISIIUML.

Konnunuonepsl paaMelaorcs B nnogBecHoM noToJike (puc. 20.7).

HWx pexoMeHAyIOT HCIIOIB30BaTh B oducax, Mara3nHax, 6usHec-1ieHTpax,
KOH(epeHI-3aax.

Puc. 20.8
HanosnbHbIA KOHAKLWOHEp

Puc. 20.9
KonanumoHep kaHansHoro Tuna
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KoHzaumonepsl KaHAJIBHOTO THNA (BHYTPUIOTOJOYHOTO, CKPBITOTO THIIA)
(puc. 20.9) paccuuTaHbI Ha MOMeIeHUA MI0WaAbo oT 50 10 300 M2,

Pasmemnatorcs 3a moiBeCHbIM OTONKOM. KOHAMIIMOKEPHI HE3aMEeH UMbl
IIPH OXJTKAECHUM BO3LyXa B GOJBIIOM YHCIe ToMeteHHH MaJloi nJIomaau.

20.5. CoBpemeHHblie MHOT030HaNbHbLIE CUCTEMDbI

20.5.1. MHOro3oHanbHLe CHCTEMbI
C M3MEeHSeMbIM PacXCA0M X0IOAUNbHOTO areHTa

KoHaunuoHephl CHINT-CUCTEM NpefHasHayeHbl 715 KOHAUIIMOHUPOBaHUS
OIHOTO WJIH HECKOJbKHUX MOMelIeHHiT oT ofiHOro HapyxHoro 61oxa. Ilo-
BTOMY YCTaHOBKa DOJIBIIOTO YKC/a HApyKHbIX OJIOKOB Ha (acaze 3AaHNsA
HapyIIA€T ero apXUTEKTYPY.

YcraHoBka HapyXHbIX 610K0B BO JBOpE 3[aHMS B PAZE CAy4aeB orpa-
HUYeHa JIONYCTUMO# IHHOM Tpy6OnpoBOZIOB.

MHoro3oHabHas cuCTeMa KOHAMHMOHMPOBaHMs pa3paboTaHa Aas co-
371aHHs KOMbOPTHBIX YCIOBHIA B NOMELIEHHSIX 35aHUS C Pa3THYHbIMH Tell-
JIOBHIMHM Harpy3kamu, U3MEHSIOMUMECA B TeyeHHe CyTok. Takue CUCTEMbI
NO3BOJIAIOT OJHOMY Hapy>kHOMY 6JI0Ky NOACOeANHATD A0 16 BHyTpeHHUX
6JI0KOB He TOJIBKO PAa3TUYHOM MOIHOCTH, HO U Pa3INYHOrO KOHCTPYKTHB-
Horo ucnojHeHus (puc. 20.10).

Puc. 20.10
CxeMa cuUcTeMbl «CuUTH MynbTn Y»
dupMbl Mitsubisi Electric
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BHYTpeHHUiA GnoK

Puc. 20.11
Cxema cucteMbl «Cutu Mynbtyn R2» dupmot Mitsubisi Electric

Kpome Toro, 610k MOTYT BKJIIOYATHCA ¥ PabOTaTh HE3ABUCUMO JIPYT OT
Apyra, IPHYEM YacTb U3 HUX B PeXHME OXJIAXKEHHUA, YaCTb — B PeXiMe
oborpesa (puc. 20.11).

Buytpenuue 610k (A0 16 pasHoro THIIa U MOU[HOCTH ), UCTIOIb3yeMbIe
B MHOTO30HAJILHOI CXeMe, IMeIOT 3JIeKTPOHHBII TepMOpPEeryJIMpPYIOLHil BeH-
THJIb, HO3BOJIAIOWINII PEry/iMpOBaTh PacXol XOMOAUIBHOTO areHTa yepes
6J10K ¥ TakuM o6pa3oM MeHSATH MOII[HOCTh 6Ji0Ka B 3aBUCHMOCTH OT TeKy-
el HarpysKHu.

Kommpeccop BHeiHero 6J10Kka HMeeT MHBEPTOP, II03BOJISIONIUI peryiu-
poBaTh 060POThI KOMIIPECCOpa M COOTBETCTBEHHO B IMPOKOM /iHana3oHe
MEeHSATh NPON3BOAHTEIBHOCTh KOMIIPECCOPA.

[TockosbKy cyMMapHasi IPOM3BOAUTENBHOCTb BHYTPEHHUX OI0KOB 3a-
BUCUT OT eJMHOBPEMEHHOCTH UX PabOThl, YTO ABAAETCSA PEAKUM CIyyaeM,
TO TIPOU3BOAUTENBHOCTh HApPYXKHOro 6Jioka He 00s13aTebHO AOKHA ObITH
paBHa cyMMe IIPOU3BOJIMTEIbHOCTel BHYTpeHHUX G1okoB. IIpu aTux ycio-
BHSIX 3aTPaThl HA 3JIEKTPO3HEPTHIO MOTYT OBITH CYIeCTBEHHO CHUIKEHBI.

BuyTpenHue 610K TOAKIIOYAIOTCS TG0 NPY TOMOLIN OGBIYHBIX TPOHHH-
KOB, 1160 NPH NMOMOILH pacrpeaeNnTeIbHOro Kojuliekropa Ha 4 wiu 10 61o-
KOB. MOryT NpMMeHSThCSA U KOMOMHUPOBaHHbIE CXEMBL.

B mHorouesieBbIX clcTeMax, HaripuMep B cucreme R2 (puc. 20.11), BHyT-
peHHue 6JI0KK MOTYT aBTOMAaTHYeCKH NePeXONUTD C pesKuMa OXJaXKIeHUs
Ha pexxuM oborpeBa v 06PaTHO HE3aBUCHUMO APYT oT Apyra. IIpy aToM 1po-
HCXOMUT «TlepeKaudBaHHe» YacTH TerJia U3 OHOTO OMENIEHHS B APYroe,
YTO NMO3BOJSAET Pa3TPy3UTh HAPYXHBIH 60K U enie GoJbllle yMEHBUIUTD
SHepreTUYeCKHe 3aTpaThl Ha paboTy CHUCTEMBI

Cucrema R2 obecrieurBaeT ofHOBpeMeHHbIe oxJiaxieHHe 1 oborpes. Oc-
HOBHEIM 3JleMeHTOM cucTteMbl R2 asasercs BC-kontpoianep (puc. 20.11),
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pacTpeRens oMUl XAafaredT MeXky BHYTPeHHUMH U HAPYKHBIM GJIOKOM,
yepe3 KOTOPHIi HECKOJIBKO BHYTPEHHUX GI0KOB IOAKJIIOYAIOTCS K HAPYK-
HOMY.

BC-koutponnep umeet apdekTHBHHI cerapaTop, NO3BOJIAIONIINI pa3-
BeNUTHb CMeCh XKHUAKOTO Y apooGpasHOTo XIalareHTa BHICOKOTO AaBJeHus,
HAYIIEro OT BHellIHero 6J10Ka, Ha IMap U JKHAKOCTb BHICOKOTO AaBieHus. [Tap
BBICOKOTO JIaBeHUs NMOCTyNaeT Ha 6710kH, paboTaoniue Ha 06Orpes, a sKuj-
KOCTB BHICOKOTO J]aBJIeHHS IToZaeTcst Ha 6710KH, paboTaoniie Ha OXTaxKAEHHe.

TIpumeHeHue cenapaTopa NO3BOJIMJIO BHIIOAHATH MHOTO30HANBHYIO CH-
CTeMy, IO ABYXTpYyOHOIt cxeMe, koraa Hapy>kHbiil 6JIOK ¥ Bce BHyTPEHHHE
6a0ku coepunsiorcs ¢ BC-konTponsiepoM aByMs Tpy6amy, a He TpeMst, KakK
3TO Ze1aeTCs B MOAOOHBIX CUCTEMAX HHBIX (PHPM.

Tonxas AnuHa TpyGoONPOBOAOR MOXeT focTUraTh 200 M; caMbiii AJHH-
HBIi y4acTok Tpy6onpoBoza Moxer cocTaBasTh 100 M; nepenax no Buicore
Mexay BC-KoHTpoJIepoM 1 BHEHMIHUM 6JIOKOM MOXKeT JOCTHUraTh 50 M.

20.6. Cuctembl ¢ uunnepammu n GpaHkoinamu

CucreMbl ¢ YuaepaMu ¥ paHKoUIaMH TO3BOAAIOT 0HeCTIeUHTh HE3ABUCH-
Moe peryJIipoBaHHe TeMIIepaTyphl OTHOBPEMEHHO B H0JIBIIOM KOJIHYECTBE
foMellleHU .

Yunnep npenctasasieT coboii 3aKOHYEHHYIO XOMOAWIBHYIO MALIUHY, TIpe/-
Ha3HAYEHHYIO s OXJIAXIEeHUs XJIAJOHOCUTENS, KOTOPBIMU MOTYT OBITH
BO/Ia MJIU MHbIe He3aMep3aloliye JKUAKOCTH.

@Danxoin (KOHAUIMOHEP-A0BOAUNK) —~ 3TO aIPErar, yCTaHaBIMBaeMblil
B [IOMeIeHMH U BKITIOYAIOIUH TenI006MEHHUK C BEHTHJIATOPOM, PHIBTP
€O BCTPOEHHBIM MY BLIHOCHBIM MYJILTOM yipaBienus (puc. 20.12).

OxJtaxeHne NPOU3BOAUTCS KUAKOCTHIO, NUPKYAUpYIOlLeil Ho cHcTe-
Me TpyGOTPOBOJIOB OT UCTOYHNKA X0N0Aa (Yuiliepa) K $aHKoitny.

Kpome ¢ankoiinoB 1oTpebUTENSIMH X003 MOTYT GBITH TEMI006MEHHH-
KH HEHTPaNbHOro KOHAUHHOHEPA, 2 TaksKe moboe TexHoornyeckoe oGopy-
JloBaHMe, HyX/alolleecs B X0JI0fe. :

Bosayx w3 noMenieHus nopaercs BEHTHISTOPOM Ha TeNJOOOMEHHHMK
¢aHKoiina, B KOTOPOM OH OXJIAXKIAETCS HIIM HarpeBaeTcs.

B ¢ankoiin MoxeT HOAABATHCS HEKOTOPOE KOJTMYECTBO CBEXKETO BO3AyXa
OT HeHTPaJIbHOrO KOHANIMOHepa WK NPUTOYHOlt ycTaHOBKYU. B atoM cay-
Jae cucTeMa ¢ YusiepaMi ¥ (aHxoinaMul T03BOIAET OAHOBPEMEHHO pe-
IIaTh 3a/[a4i BEHTH/ISIHY NPOU3BO/CTBEHHBIX MK GHITOBHIX IOMEILEHHIA.

Lupkynsanus KAAKOCTH OT YKidepa K daHkoliny obecrieunBaeTCs Ha-
COCHO¥ CTaHIUeH.
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HacocHble cranuu npectapisior coboil 3aKoHYeHHbIN arperar, BKJIO-
YalomWi WAPKY/ISIUOHHBIE HAaCOCHI, PaCIliMPUTENbHBIN 6aK, akKyMyaupy-
Tol{Hii 6aK, 3alI0PHYIO annaparypy U Heobxonumyio asToMaTuky. HacocHast
CTaHIMs MOXeT PaboTaTh CaMOCTOSTENBHO WM YIIPaBAAThCS YHILIEPOM.

g

Puc. 20.12
Koxctpykuua darkonina

1 — TennoobmeHHUK, 2 — anekTpoHarpesaTesnb, 3 — BEHTUNATOP,
4 — TenNno3BYKOU30NSUNA, 5 — BbIXOAHasA pelleTka, 6 — BCTPOEHHaA naHens
ynpaeneHus, 7 — snekTpogsuratesns, 8 — coeguHuTensHas mydra,
9 — nerkocbemHbi GuabTp, 10 — BXxoAHaA pelueTka,
11 — nogaoH gnNa apeHaxa

Puc. 20.13
Cxema yCTaHOBKY Yunnepa, ¢paHKownos

1 — yunnep € 0CeBLIMU BEHTUINTOPAMMU, 2 — HACOCHARA CTaHuus, 3 — daHKoin
BepTvKaNbLHOro pacnonoxeHuns, 4 — GaHKonN ropusoHTanbHbI 6eckopnycHbIii,
5 — ¢aHKoN ropnu3oHTanLHLIN C BO3MOXHOCTLIO 3a60opa cBexero 8o3ayxa
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Puc. 20.14
CxeMa ycTaHOBKY uunepa
C LeHTPasIbHbIM KOHANLIMOHEPOM

Ha puc. 20.13 npexcrasiieHa cxeMa KOHAUIIMOHUPOBAHMS, BKJIIOYAOIIASI
yusiep, baHKOMHIbl H HACOCHYIO CTaHIIHIO.

Yninep 1 ¢ BO3AYIIHBIM OXJI2KAEHNEM KOHJEHCATOpa YCTAHOBJEH Ha
Kpbinte. PsizioM pacnonoxeHa HacocHas craHuus 2. [To cucreme tpy6onpo-
BOJ/IOB OXJIAXIEHHAS! JKAKOCTb PA3BOAUTCS MO MOMEIIEHHIM K (haHKoAIaM
3, 4, 5. /lannas cxema obecnieyyBaeT TOJBKO OXJaxXAeHHe BO3AyXa B MO-
MeteHunAx. bonee croxHas cHcTeMa MCIIOJIb3YeT BO3MOKHOCTH IIEHTPaJIb-
HOTO KOHAMI[HOHEpPA, YTO HAPSAY C OXJaxAcHHEM BO3yXa B NMOMelleHH-
SIX TI03BOJifeT 00ecTeynBaTh BeHTH/ISIIIMIO BO3AYXa B 9THX NOMEIIEeHUAX
(puc. 20.14).

20.7. ABTOMOGUNbHBIE KOHAULMOHEPbI

Jlio6oit coBpeMeHHbIi aBTOMOGHIb JIOJDKEH OTBeYaTh TPeOOBAHUSM TIO KOM-
GOpTY U HaIEKHOCTH. ABTOMOOH/ILHBIN KOHAUIIMOHEP — BaKHBbIH mpubop,
TIO3BOJISIOIU BOAWTE/IO BCeTia YyBCTBOBATD cebsi KoMpopTHO.

[lepBbie KOHANIMOHEPHL /ISt OXJIAK/IEHHS BO3/lyXa pa3paboTaHbl aMe-
puKaHCKoi ¢upMoii Carrier Transicold cnenHanbHO AJIS UCTIOJH30BaHHS
Ha aBToMobuisix. C 1941 r. B CIIIA Hauanu cepuiiHo OCHAIIATh aBTOMOOM-
21 kouaunuonepamu. K nauany 90-x rr. 8 CIIIA konauinonepaMu 6bL10
YKOMILJIEKTOBaHO 85% JierkoBbIX aBToMoOueH U 55% rpy30BHKOB.

{lepBhiit kKonaMUOHEP, COOPaHHIil B KOHIe SO-X IT. U3 OTeYyeCTBEHHbIX
KOMIUTEKTYIOIUYX, GBI YCTAHOBJIEH Ha CEMUMECTHBIH IpaBUTe/IhCTBEHHbIH
auMy3uH «3UJI-111-I'».
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B 1976 r. xoHAMHMOHEPaMH HaYaJIi OCHAIIATh KapbepHBIE CAaMOCBAJIHI,
«1aIbHOOGOMHBIE» TPY30BUKM U KOMOAHHBIL

CoBpeMeHHBIE aBTOMOGHIbHBIE KOHAUIIMOHEPB! — 3TO YCTPOiicTRa, pe-
TyJUpYIOLIHie TeMIIEPaTypy, YUCTOTY Y LMPKYJISILMIO BO3yXa B CAJIOHE aB-
TOMOGHIS.

KoHCTpyKIMH KOHIUIIMOHEPOB MHOT006pasubl. OHAaKO BO BCEM, YTO
KacaeTcsl HofIayy BO3yXa ¥ eTo OYMCTKH ((UIBTPHI ), KOHAUIUOHEPHI Pa3-
HBIX JIeT IPOU3BO/ICTBA NIPHMEPHO OJUHAKOBH. B 0CHOBHOM OHU pasiuya-
IOTCSI TUIIAMU XOJOAMJIbHBIX MAUIMH.

Ha ceroanstiunuit aetb Haubosee yHoTpeGUTEIbHOM XOMOMMIBHON MAILM-
HOH siBJIsieTCst KOMIIpeccuoHHast. KoMIipeccoHHasI XoJIoqu/IbHasi MallliTHa
TIOKa OCTaeTCcst HellpeB30HACHHOM 10 COBOKYIHOCTH TEXHUYECKUX U MIOTpe-
GUTENBCKUX TaPaMETPOB, 0COGEHHO TI0 COOTHOLIEHUIO «CTOUMOCTb—adpek-
THUBHOCTb», 1103TOMY yCHIISI OCHOBHBIX (bPHPM-TIPOU3BOAUTENEN KOHIHINO-
HEPOB HaMpPaBJIeHH He CTONBKO Ha IIOMCKH HOBBIX IPUHI[HIIOB 0TGOpa TeTlIa,
CKOJIBKO Ha COBEpIIEHCTBOBAaHHE KOHCTPYKIIHMiT, pabOTAIONMX 110 YIIOMSHY-
TOMY NPUHIUTY, — GoJiee COBeplIEHHAs MeXaHHKa, Gosiee «yMHasi» aBTOMa-
THKa, MOJHBIH AW3aiiH, 5PTOHOMUYHOCTD, YIOGCTBO 06CTYKMBAHMS M T. 11,

ABTOMOGHIIBHEII KOHAUHHOHED COCTOUT U3 TeX JKe KOMIIOHEL "OB, YTO U
mobas xonoxunvHas MamuHa. [Tpuson kommpeccopa (puc. 20.15, 20.16)
OCYIeCTBIIsIETCS B GOIBLUINHCTBE CBOEM OT AABMraTelisi aBTOMOOUIIA TTocpe-
CTBOM PEMEHHOIi epelaui.

PerymipoBanne TeMIepaTyphl B CaJIOHE OCYHIECTBIAETCS IIPH TOMOIIH
clieliaJbHOH 3JIeKTPOMAarHMTHOM My(Thl, YCTAHOBIEHHOU Ha Baly KOM-
npeccopa. Ha 60/b1IHHCTBE COBPEMEHHBIX aBTOMAIIIMH CUCTEMA KOHIMLMO-

Puc. 20.15
Cxema pa3MelLieHNa KOHANUNOHepPa B Nerkosom asToMobune mapku BA3

1 — xoHpeHcaTop, 2 — KoMnpeccop, 3 — pecyBep-oCyLUNTEND,
4 — BO3ayxooxnagmutens
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Puc. 20.16
Cxema paamellieHns koHauunoHepa
8 aBTOMOGUNAX MHOCTPAHHOI O NPOU3BOACTBA

1 — kOHMpeHcaTop, 2 — KoMnpeccop, 3 — Bo3ayxoxinagurens

HUPOBaHMsl YNPaBJIsAeTCs] MHKpoOnpoleccopHoil cucreMoli «Kammarkon-
TPOJIb», peryJupyiomeii pacxo/ BO3/1yXa, €r0o HarpeB WiH OXJaXAeHHe B
3aBHCHMOCTH OT TeMIIepaTypbl, KOHTPOJUPYEMOH IATYNKAMU TeMIlepaTy-
PBI, YCTaHOBJIEHHBIMH B CAJIOHE H CHapY>KH aBTOMOOUJIS.

IIpencrassennbiii Ha puc. 20.15 KOHAULMOHED (KJIMMaTHYECKas! yCTaHOB-
Ka «ABIyCT» ) IBISIOTCSA Pe3yIbTATOM COBMECTHO# pa3paGoTKH AMOHCKUX M
POCCHIACKMX WHXKEHEPOB, CO3MABHINX UX HaJeXKHBIMHM, PAaCCUMTAHHBIMH Ha
BECh CPOK KCIITyaTalMy aBTOMOOHIIS. ABTOMOOHIIbHEIE KOHAMLIMOHEPHI pa3-
paboTaHbl COBMECTHO C sTIOHCKo# hupMoii Unicla. KimMmatndeckue ycTaHoB-
KH <«ABIycT» NpeJHasHayeHbl JUIS1 YCTAHOBKH Ha aBToMoGmm: BA3-21102,
BA3-21103, BA3-21110, BA3-21113, BA3-21120 u nx moguduxanuii.

Knumatuueckas ycraHoBka «ABrycr-235C-2110-111(112)s> umeer xo-
NononpoussoauteibHoctb 5400 Br. MakcumasbHast MOHIHOCTD, 0TOMpaeMast
OT ABHUTaTENsA, — 5 JI. C. YBeINUYeHHe pacXola TOIIMBA NIpu paboTe ycTa-
HOBKM: IIPY CKOpPOCTH ABiKeHNs 90 kM/y 11 TemnepaType Bo3zyxa 40 °C —
0,6 1/100 kM, npu ckopocth aswkenus 120 xm/4 — 0,8 1/100 xm. T'opoa-
CKO#i peXKMM COOTBETCTBYeT yBeJIMYeHHIo pacxofa Tonausa — 1,0 1/100 xm.

Tounocts noanep>kanus remnepatypsl B canone 2 °C. Iloansiii pecype
0 3aMeHbl KOHAMIMOHePa CocTaB/isfeT 1 MJTH KM (KpoMe HaTsXKHOTO POJIHKa
H IPMBOHOTO PEMHA).

B xauecTBe X0MOUNBHOTO arenTa HCMoAb3yeTcst XnaxoH R134a. Kou-
AeHCcaTop pacloJiaraioT Nlepejl OCHOBHBIM pajgHaTopoM. McnapuTtesns Haxo-
AUTCA y paAuaTopa OTOIHTEIS CaJoHa aBTOMOGHIIS.

PasMeinienine 271eMEHTOB XOJIOMIBHOI MalIVHBI, Ga3upyiollleecs Ha onpe-
JensiiolleM NPHUHIUIE — MPUHIMIE KOMOAKTHOCTH KOHCTPYKIMY, NIpex-
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ONpeNeNUIO MECTO Pa3MellleHHs] HEKOTOPBIX 3JIEMEHTOB XOJIOANIbHOIH Ma-
el B yacTHoCTH, KOHIEHCATOp KOHAUHHOHEPa 06BIYHO pa3MeNaloT Iie-
pex paauaropoM asuratens. IloaToMy IIbiIb H TPSI3b IpeX e BCero noma-
J2I0T HA KOHIIEHCATOP, CYIECTBEHHO YXYALIas YCIOBUS TEII00OMEHA.

IIpuMeHeHMe CATBHUKOBBIX KOMIIPECCOPOB C IIPMBOJIOM OT JBMIATEJS
aBTOMOOMAA 06YCIOBIMBAET BCe SKCIIYaTAMOHHbBIE 0COGEHHOCTH KOM-
NpeccopoB MOAOGHOrO THIA ¥ NPUCYILe UM HEJOCTATKH, BKJIIOYAs BO3-
MOJKHBI€ [TOTEPH Mac/ia ¥ XOJOAWABHOIO areHTa M3 XOJIO/UAbHOH MAITHHEL.

BosgyxooxnanuTesb KOHAMITUOHEPa B cliydae OTCYTCTBUsE duabTpa (aB-
toMo6unn BA3, TA3) HyxaaeTcs B OCTOSSHHOM KOHTPOJIE COCTOSIHHA,
TIOCKOJIBKY B OTCYTCTBYE (pHIbTPa BO3MOKHO NOTIaJaHMeE B HETO IPsI3u, JiH-
CTBEB OT [iepeBbeB, TOMOJIUHOTO 1yXa U T. . Ha 60bIIHHCTBE MMIIOPTHBIX
apTOMOGWIEl caloHHble (PUIIBTPBL ABJISIOTCS 00s3aTebHBIM aTPHOYTOM
KOHAMLKOHeDA.

TaxuM 06pa3oM, KOHIUIMOHED KaK CJIOXKHAA cHucTeMa TpebyeT mepHo-
JHYIECKOTO CEPBHCHOTO 0GCIYKUBaHU, KaK IPABUTIO, pa3 B roxy. OHO BKJIIO-
yaeT B ceGst NOCTOSTHHBIA KOHTPOJIb M IUATHOCTHKY Ha IIPEAMET TIPOBEPKH
TepPMETHYHOCTH CHCTEMbI, COCTOSTHUS HATSKEHUsl IIPUBOJHOTO PEMHS, TIPO-
BepKy paGOThl BO3YXOOXAAAUTENS M T. 1.

C 37001 1eAbIo cIefyeT PeryAspHO YAaJMATh TPA3H U COMH C TENJ006-
MEHHOU TOBEPXHOCTH KOHAEHCATOPA, OYMLIATh HCIIAPHTE/b CIIe{HaNU3H-
POBaHHHIMH CPEACTBAMH WM YCTaHOBUTH Nepe]l HUM DUIBTP.

KomIiekcHoe 06¢1yKuBaHHE M PEMOHT aBTOMOOUIbHBIX KOHAULIMOHE-
POB OCYIHECTBJISIIOT B ClIeLIHAJIN3MPOBAHHBIX MAaCTEPCKUX, 0GecredeHHbIX
KOMIUIEKTHBIM MaTepHaJIoM U HHCTPYMEHTaMH /s PEMOHTa KOHAHIHOHe-
POB Pa3JN4YHbIX QUDM.

KoHrponbHbie BONPOCH:

1. B yeM cOCTOMT CYTh KOHAMIHOHUPOBAHHA?

2. Kak uaMeHsIeTCsI COCTOSIHME BO3[yXa B KOHIMIHOHepe?

3. KakoBbl c/1araeMbie TETJIOBOTO M BJIaKHOCTHOTO GasiaHca B KOHAMIHNO-
Hepe?

4. Kakue TUIIBI KOHAUI{HOHEPOB CYLIECTBYIOT?

. Uem oTsinyaercst MOHOGJIOUHAS cHCTeMa OT CIUIMT-CHCTEMbI?

6. KakoBBI KOHCTPYKTHBHbIE 0COGEHHOCTH AaBTOMOGH/IbHBIX KOHAMIIHO-
HepoB?

7. Tlpyu KaKKx YCIAOBHAX IJIS1 KOHAUIVOHMPOBAHHS HUCIIO/b3YIOT CUCTE-
Mbl «CUTH MyZbTH R25, cHCTeMbI ¢ YH/IIepaMH U (paHKOHIaMu?

v
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Bricokoe KauecTBO CKOPONOPTSIUXCS IPOAYKTOB NIPH UX XpaHEeHHH, 06pa-
60TKe M pojiaske MOXeT OBITh 0GecneveHo, eCi B KaXK/I0M 3BeHE XOJIOAN/b-
HOIi LIeNH OT MPOM3BOACTBA A0 MOTPelbIeHHs BHINOIHAETCS TeXHOIOTHYe-
cKast JUCUHMNIHHA. M36exkaTh M3MeHeHunit KauecTBa NPU TPAHCIOPTHPOBKE
INPOAYKTOB WJIU IIpH UX IMPpOJaXKe NMOMOraeT CHCIIPIaJIMSHpOBaHHbeI XaJjo-
AMJIbHBIN TPAHCHOPT.

XOJIO}.IY[JII)HHPI TPaAHCIIOPT ABAAECTCSA COCTaBHO# YaCThIO B enyl Tosapo-
ABHXKEHUs OT NPOU3BOACTBA IPOAYKTOB A0 HX NoTpebienus. Ero noxpas-
AeNSIOT Ha BOAHBIMN, XKeJIe3HOZOPOXKHEIH 1 aBToMoOGHAbHEIA. CocTaBHOM
4acCTblO XOJIOAHUJIBbHOTIO TPAHCIIOPTA ABJSAIOTCS peQ)meepaToprle KOHTel-
HepbL.

21.1. BoaHblii X0n0AMNbHBIA TPAHCNOPT

Pedpmkepatopnsie cyaa kiaccupUIMPYOT 1O PALY OCHOBHBIX NTPU3HA-
KOB.

Ilo sxcnayamayuonnomy nasuaveruio CyJia, IpeqHa3HaYeHHEIe 15 Tie-
PeBO3KH CKOPONOpTAlleicss TPOAYKIMH, OAPa3/e/sioT Ha PIbonpoMbIC-
JIoBble pedpHKepaTOpHbIE CY/a, CIIEIHATU3NPOBaHHbIe pedpUkepaTOpPHELe
cyZa, HarpuMep pedpHKepaTOpHble KOHTEHHEPOBO3bl, TPAHCTIOPTHbIE Pe-
bpiKepaTopHEIE Cyla MOPCKOTO ¥ PEYHOTO MCNOIHEHHst, MPHTOAHBIE ISt
BHYTPEHHHMX M BHEIIHETOPrOBHIX NIEPEBO30K NPOAYKTOB,

IIo memnepamypromy pexcumy B TPIOMAX pa3iIMYalOT HU3KO- ¥ BHICOKO-
TeMIepaTypHble pedpinkepaTopHble cyaa. HuskoTemnepatypHuie pedprke-
paTopHbie Cy/A peiHAa3HAYEHH! LI IEPEBO3KH 3aMOPOKeHHBIX HPOAYKTOB.
BricokoTeMmepaTypHbIi pexXuM obecredrBaeT epeBo3Ky OXJIaKAeHHBIX
NPOAYKTOB, MPEUMYIIIECTBEHHO (DPYKTOB U OBOLIEH.

Jlng nonyvyenus HU3KMX Temnepatyp (Ao —45 °C) mmpoko HcHosb3y-
I0TCSI OMHOCTYTIEHYATbIE XOJIOAUIbHbIE YCTAHOBKH C BAHTOBBIMH KOMIIpeC-
copamu. O6b14HO A7t 06CTyKHBaHKS XOJIOIUIBHOTO X035HCTBa CyHA UC-
TNOJIb3YIOT HECKOJIbKO XOJIOAMU/IBHBIX YCTAHOBOK, PaBGOTAIONIMX Ha Pa3HEbe
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TeMIepaTyphl KHIIEHUsI XOJIOA1/IbHOTO arenTa. XoJIo/AUIbHYIO YCTaHOBKY
¢ Temniepatypoii kuneHus —42 °C nperMyleCTBEHHO HCNIOIB3YIOT 115 32~
MOPaXXHBAaHHs PHIOHI B CKOPOMOPO3WIbHBIX anmapatax. {71s aToit nenu yc-
TaHaBJIMBalOT IBa CKODOMODPO3W/IBHAIX aNIapaTta, PacHoJI0XKeHHHIX 110 Gop-
TaM CyZHa.

YcraHoBka ¢ Temnepatypoii kunenus —38 °C npenHasHayeHa A/ NOA-
JepkaHust B TPY30BbIX IIOMELIEHHMAX TeMIlepaTyphl Bo3AyXa paBHoii —28 °C.

Ycranosky ¢ Temnepatypoit kuneHus —32 °C HCIIOAB3YIOT [JIs1 TOJTyYe-
HMA YeNIyWYaToro JibAa.

Bce-ycTaHoBKY paGoTaloT 110 cXeMe OQHOCTYNEHYATOTO CKATHH C Hello-
CpeACTBeHHBIM oxJlaxaeHneM. Haubosee ynorpebuTeIbHbIM X0NOAUIbHBIM
areHToM sipasercs R22,

Puibonpomvicnossie pedppuscepamopuvie cyda NOAPa3AeNSAIOT Ha 100bI-
Balolye (cyneprpayJepnl, 60bliie 1 Majihle MOPO3HABHBIE TPayJepHl,
TYHLEJIOBHHIE Cy/a), priboTiepepabaThBalOIHe U IPHEMHO-TPAHCIIOPTHBIE.
Jo6pIBaloiiye cyzna npegHa3HadeHbl A/ BbIJIOBA PHIOBI, ee 3aMOpaXKHBa-
HMSI, U3TOTOBJIEHUS CBEXXEOXIaXACHHOU TIPOAYKIUH, U3rOTOBJIEHHS KOH-
CEPEOB U NIPECEPBOB.

Obpabamuvisarouue cyoa NpenHa3HAYEHH! IS pHeMa peibbi, U3TOTOB-
JIEHWs KOHCepBOB U npecepBoB. [L1aByune Gasbl, BXoASILIME B COCTaB 06pa-
6aThIBAIOLIMX CY/IOB, 06ecneuyuBaloT pedpHKepaToOpHbIe Cyia BceMu BU/a-
MU CHaGXeHUsI.

Tpancnopmuvie pedpurcepamopnvie cyda NpeiHa3HAYEHDB! IPEUMYLIE-
CTBEHHO /ISl NPUEMKH ¢ {0OBLIBAOIIUX CYNOB PhiObI, ee 06paboTKU U 10~
CTaBKH NPOAYKIMU B 6a30BbI€ MOPTHI.

21.1.1. Cuctembl ox1aXpaeHns Bo3gyxa B Tplomax

Jlns oxnaxaeHns Bo3gyxa B TpioMax peppUKepaTOPHbIX CYAOB IPUMeHsI -
IOT iBe OCHOBHble CHCTeMbl — CHCTEMEI HeflOGPeCTBEHHOTO OXJXKIeHUS
BO3JlyXa H CHCTEMBI C IPOMEXXYTOUHBIM XJIaIOHOCHTe/IeM (paccosibHasi CH-
cTema). B xauecTBe pH6OPOB OXNANAEHHS HCTIONB3YIOT [JIAfIKOTPYOHBIE
GatapeH, NaHeJ M U BO3LYXOOXIANUTEH.

AMMMayHbie CUCTEMb! HETIOCPEICTBEHHOTO OXIAXK/EHHUS C [IeHTPaIH30-
BAaHHOH XONOAWNLHOW MamMHOI He mpuMeHsIOT. [IpaBuna Perucrpa 3a-
IpemaloT MpUMeHeHe aMMHAaYHBIX CHCTEM HellOCPeACTBEHHOT'0 OXax ie-
HWS IS TPY30BLIX MOMellleH!ii CYA0B,

CucteMsl ¢ IPOMEKYTOYHBIM XJI3JIOHOCHTEIEM UCTIONB3YIOT 6aTapew,
PaBHOMEDHO paclpeie/ieHHble 10 BCeM TeNJIOH30IHPOBaHHBIM TIGBEPXHO~
cTsM. B KauecTBe XJIaJOHOCUTEJSI B OCHOBHOM HCIIO/Ib3YeTCs PacTBOP X710-
pucroro xansiusa (CaCl,).
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Puc. 21.1
OxnaxaeHue TpioMa 1 TBUHAEKA NPU NOMOLLY NaHeNbHOR (3KpaHHOM)
CUCTEMBL OXNaXAEHUA (OAVH N3 BO3MOXHLIX BAPUAHTOB)

1 — noTonouHble 6atapen, 2 — 6opToBLIE U NepebopoyHble GaTapew,
3 — BaTapen gxuiua
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Puc. 21.2
CvicTema oxnaxaeHust Bo3ayxa B TpioMe
¢ 60pTOBBLIMU HArHeTaTeNbHLIMU KaHanamMmn

1 — Bo3AyxoOXNagUTENb, 2 — BEHTUASITOP,
3 — 60pTOBOI HarHeTaTeNbHbIN KaHan

Bonee coBepinenHa nanenpHad cUcTeMa OXIaxIeHUs TPIOMOB, [TaHemu
TIPeACTaBASIOT Co60it TUCTOTPYOHBIE GaTapeu, IPH IOMOMIH KOTOPBIX 9Kpa-
HHUPYIOTCS Hapy>KHbIe TEMIo0rpaskkaioniye NOBEPXHOCTH OXJIAXKIAEMBIX I10-
memtenuit. [TaHeny pa3memaloT TakuM 06pa3oM, 4TO OHM 0OPaA3YIOT OXJIaX-
naeMslit kKouTyp (puc. 21.1).

PaccTosinue Mesxxay aHebIo M TENION30ISI1IMel COCTaBJISEeT B CpeTHEM
0,04 M. OGpa3syoleecss BO3AYIUIHOE IPOCTPAHCTBO He cOOBUIAETCH ¢ BO3-
AyXoM TpIOMa. JTO IIPOCTPAHCTBO UTpaeT POJb JOMOJHUTENbHOH Temo-
U30JI9LMH, YTO N0O3BOJIAET YMEHbIIMTD TONHIMHY TeIIOU30ISIHUHY OCHOB-
HOTO KOHTYpa.

ITanenpHast cucTeMa paboTaeT HeOCTATOYHO 3(PEKTHBHO NMPH HaAMHU-
YUY BHYTPEHHUX UCTOYHHKOB Tellia B TploMe. [IoaToMy ee MCIOAB3YIOT
NpeUMYLIeCTBEHHO NIPU TPAaHCIIOPTHPOBKE 3aMOPOKEHHOI IIPOAYKIUH.
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Bo3aymHoe oxJ1axieH1e TPUMEHSIOT A/Is TPY30B, COXPaHseMBIX TIPH 0~
JIOKUTEJIBHOM TeMIepaType.

Bo3aayuiHbie CHCTEMBI OTIMYAIOTCS B OCHOBHOM CIIOCOGOM pacrmipesiesie-
HUs BO31yXa B rpy30BoM o6beme. Haubostee npocto obecneunsaercs pas-
HOMepHOe pacnpelie/ieHHe BO3/iyXa B 00beMe TPIOMa IIOCPEZCTBOM KaHaIbHO
CUCTEeMbI BO3/[yXOpaclpefie/ieHUs], B YaCTHOCTH, HallpuMep, IIpU TTOMOIIH
60pTOBLIX Kanajos (puc. 21.2).

21.2. XXene3HopopoXHLIA XONIOANNbHLIA TPAHCNOPT

BaroHsl, penHa3HayeHHble A IEPEBO3KH OXJIaXIEHHOH U 3aMOPOSKEH-
HO¥ IPOAYKIWH, B 3aBHCUMOCTH OT IKCILIyaTalMOHHOTO Ha3HAYEHMS TIOJ-
pa3feNsioT Ha YHUBepCaJbHEIe U cCleHHajibHEIe.

Ilo cnocoby oxraxcOenus BaroHbl TONPa3AENsOT Ha BATOHBI C MalllMH-
HBIM OXJIaXKIEHHEM U BarOHBI C OXJIaKAeHHeM JbJ0cosIHoH cMechio. loc-
JIeHUEe B HACTOSIee BpeMs TPAKTHYECKU He HPHMEHSIOTCSI.

IIo xomnnexmayuy pa3nAYaloT BaroHsi, o6pasyionve cexkiuu (12-saron-
Hasi CEeKLHs, 5-BarOHHasl CeKUHst), 1 aBTOHOMHBbIE BaTOHBI.

Bce pedpuskepaTopHbie BaroHBl HMEIOT CTaHIAPTHbIe TabapuTHbIE Ha-
PYXKHbie pasMephl (11nHa — 21 M, mupuna — 3,1 M). Pasmeps! aBepeti iomx-
Hbl 0GecrieynBaTh paboTy B BaroHe aBTONOTPY3YHKa, IO3TOMY UX IIMPHHA
2 M, BIcOTa — 1,43 M.

Bce Baronbl o6ecreunBaioTcs CUCTEMON HEHTPAIHN30BaHHOIO SHEPTo-
cHaGXKeHMs.

Asmonomusiil pedppucepamopruiil 6azon npeHa3HaueH /11 TpaHCIIOP-
THPOBAHHsI IPOAYKTOB C HEOOBIIUX IPEANPUATHIH MUILEBOI! TPOMBIHLIEH-
HOCTH, C IIPOZIOBOJIBCTBEHHBIX 6a3. BaroH uMeeT iBe aBTOHOMHBIE 3Hepre-
THYECKHE U OXJIaAUTeIbHO-0TONIUTEbHEIE YCTAHOBKU. Y CTaHOBKH pacHo-
JIOXKEeHb! B ABYX MalIMHHKIX OTAEJNEHUAX ¥ TOPLUEBHIX MepeOOpOK BaroHa
(puc. 21.3).

XomoamibHas yCTaHOBKA pacnosioxKeHa B BepXHel yacTH MalIHHHOTO
otaenenusi. KonaencaTop uMeeT 3allac Mo IJIOINAIH [TOBEPXHOCTH TENJIO-
06MeHa, YTO 103BOJIsIET YCTaHOBKe paboTaTh NPH TeMIlepaType KOHJeHca-
1uu 710 65 °C, T. e. IpH TeMHOepaType Hapy>KHOro Bo3zayxa o 50 °C.

3anacel TONJIMBA AOCTAaTOYHBI I/Is1 HEMIPEPHIBHOI paGOTHl yCTaHOBKH
B TeyeHue 8 cyT.

5-sazonnvie pedppuscepamopusle cexyuu BHe 3aBUCHMOCTU OT 3aBoJa-
M3TOTOBUTE/ISI MMEIOT OJMHAKOBYIO CXeMy pasMellleHusi 06opyAoBaHusL.
B cocTaB cex1uy BXOAAT YeThIpe TPY30BhIX BaroHa AJuHoM 21 M ¢ MamuH-
HBIMH OTAeJIeHHSIMH 10 TOPLAM BaroHa ¢ OXJIaJMTeIbHO-OTONMMTEIbHBIM
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Puc. 21.3
PaameteHne o60pynosanna B aBTOHOMHOM pedpuxepatope

1 — yCTPOCTBO Anst Noaorpesa An3ens, 2 — Au3ens-reHeparop,

3 — TONAUBHLIN 3NEKTPOHACOC, 4 — CTOK ANS OTBOAA AOXASBONK BOAYY,
5 — 3neKTPOBEHTUNATOP MALLUHHOIO oTAeneHns, 6 — xonoannbHas
ycTaHoBKa, 7 — TonnneHLif 6ak, 8 — kaHan AnA nogauun
cBexero Boaayxa, 9 — Bo3gyxooxnaaurens

o6opynoBaHHeM M O[HH BCIIOMOTraTe IbHBIIH BaroH JuHo# 17 M co cyxeb-
HBIMH IOMEIIEHUSMH U IM3€eJIb-3JeKTPOCTAaHIMeH /151 HeHTPAIU30BaHHO-
IO 3HEProcHabKeHHs BCeX YCTaHOBOK.

O61as JiiHa cekiuu cocrapisieT 85101 M (B 3aBUCHMOCTH OT 3aBo-
Aa-u3ToTOBHTeNs ). [py3oBbie ceKIMH MOJHOCTLIO PacIoNaraloTcst BAOID
1aTdOPMbI CTAIOHAPHOTO XOJIOAMIbHUKA.
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12-8azonnas cexyus coctout U3 10 rpy30BBIX BarOHOB-XONOANJIbHUKOB
# 2 BCIIOMOTaTeAbHbIX BaroHoB. B oiHOM BaroHe pasMelieHsl cyxeGHble
NoMelieHuUs1, AU3e/Ib-3/IeKTPOCTaHI s, COCTOSIIIAsA U3 3 AU3eNb-TeHepaTo-
POB MOIIHOCTbIO N0 66,7 kBT 1 1 BaroHa — MalTMHHOTO OTAE/NEHHU.

BcnomoraresibHBIe BAarOHbI HAXOAATCA BHYTPH cekiiuu (o 10 BaroHos ¢
Kax1oii croponst). [Ipu Gonpiioi AHHe CEKIUK Ha XOJI0AUIbHIKE eHHO-
BPEMEHHO IPy30Bble paGOTHI BO3MOXKHBI TOJIBKO C OHOMN U3 YacTel CeKIUHH.

XonoaunsHoe 060pyAOBaHHE Pa3MELIEHO B BaroHe — MallMHHOM OT/e-
JIEHUX U COCTOMT M3 JABYX aMMHUAYHBIX MAIIIAH ABYXCTYNEHYATOTO CKATHUS.

B kak7i0M rpy30BOM BaroHe paccoJibHasi CUCTeMa, KOTOPasi COCTOMT U3
yeThipex opeOpeHHbIX 6aTapeil, KOTOpBIe pPa3MeIEeHbI IO/l IOTOJIKOM Baro-
Ha. Mexxay BaroHaMu TpyOONpPOBOABL COeAMHEHH THOKMMH NJIAaHTaMH.

 Cneyuanusuposantvie 6a201bL IPeIHA3HAYEHBI /7151 TIePeBO3KU BUHA, JKH-

BO# pBIGH U T. . OHH NIPEACTABJISIIOT OGOl N30TepMUYECKHE TEILION30-
JUPOBaHHBIE IIMICTepHbI. BaroH-TepMoc 2/ist NepeBo3KU BUHA U 5KHBOM phi-
651 UMeeT 6aKH CO JIBAOM.

TonmKHa TENMOU3O0NAINH ONpeieIieTcs CBOACTBAMU NIPHHSITOTO Ma-
TepHaa.

21.3. ABTOMOGMIIbHLIN X010AWNbHBIA TPaHCNOpPT

ABTOMOOMJIBHBIH XOJIOAKABHBIH TPAHCIIOPT UCTIOAB3YIOT KaK AJid BHYTPH-
TOPOJICKUX, TAaK M JJIsI MEXKAYTOPOAHBIX (B TOM YHCJ/IE M MEXKIYHAPOIHbIX)
peiicos.

Mesxayropoatsie IiepeBo3KH BBIIOJIHSIET ABTOTPAHCIIOPT GOJIBIION IPy-
3onobeMHOCTH (OT 5 10 120 T), ATUTENBHOCTD PeiicoB JOCTUraeT HeCKOJb-
KHX CYTOK, 2 IPOTSDKeHHOCTb — HECKOJIBKUX THICAY KUJIOMETPOB, IpHYeM
ABEPH OXJIAXKAAeMOTO Ky30Ba Ha INPOTSKEHHH BCell IOPOTH OCTaloTCS 3a-
KpHIThIMU. [1py Takol cTemeHN aBTOHOMHOCTY XOJIOAMAbHASA YCTaHOBKA
TPAHCNIOPTHOTO CPEACTBA AOIKHA ObITh BHICOKOHAAEKHON U MHOTODYHK-
LIMOHAIbHOM, IOITOMY TaKHe yCTaHOBKY TPeOyIOT NpuMeHeHus1 GoJtee CII0XK-
HO CXeMBI YIIpaBJieHHs, YeM CTallHOHAPHbIE XOJIOAN/IbHbIE YCTAHOBKH Ta-
KOH K€ XOJIOAOTMPOU3BOAUTETbHOCTH.

Jnsi MemoynapoOHvix nepeso3oK 4acTo HCNOMB3YIOTCS OXJIaXKaaeMble
KOHTeHHephl, IPEeUMYIECTBOM KOTOPHIX SIBJSIETCS aBTOHOMHOCTb KOHCT-
PYKUMHA U IPOCTOTA BHIIIOTHEHHNS] TPAHCIIOPTHHIX Ollepanuii.

Buympuzopoocxue (u enympuobracmuvie) nepesosxu NpOU3BOASTCS B Te-
yeHue pabouero AHS U COMPOBOXAAIOTCS YACTHIMH OCTaHOBKaMH APOIOJ-
x)uTeabHocTbio 20—30 MHH ¢ OTKpbIBaHUEM /JBepeii IIPH pasrpyake. s
3THX NepeBO30K MCIIOJIb3YIOTCSI aBTOMOGHIIH MasIoii ¥ cpefHeli rpy30no/b-
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eMHocTH (cooTBeTcTBeHHO 0,5-2,0 11 2,0~-5,0 T). OHH AienaTcs Ha ABE OCHOB-
Hble TPYTITILL U30TEPMIYecKue (C TeTION30ANPOBaHHBIM Ky30BOM, HO Ge3
XOJIOAUNBHOH YCTaHOBKH) H aBTOpedpiKepaTopsl (€ TEeNION30iMpPOBaH-
HBIM KY30BOM 1 aBTOHOMHOI1 X0JIOAU/IbHOI YCTaHOBKOI).

KpoMe nepeunc/ieHHBIX TPy TPaHCIIOPTHBIX CPEACTB BHIEIAIOT IPO-
MEXYTOUHbIE BApUaHThi KOHCTPYK1Uil pedppukepaTopos. B HUX HCTOYHHK
X0JIOZIa ABASIETCS MEPHOANYECKH BO306GHOBIAeMEM. K HUM oTHOCAT aBTO-
MOOWIH C a3omuot, cyxonednoti U 3epomopnol (aKKyMyJISITOPHOH ) CHCTe-
MaMH OXJKAEHHSI.

[Ip# U3roTOBJIEHNH Y DKCILTYATAllMY XOAOAMABHOTO TPAHCIIOPTA JOJIK-
HbI COOJIIOAAThCS TEXHAYeCKHe TpeGoBanus, 3adpuKcHpoBaHHbie B JKenes-
ckoM «CoralieHnH 110 MeXX/IyHapOAHLIM NlepeBO3KaM CKOPOTIOPTAIHUXCS
NPOAYKTOB ¥ CHelHaJbHOMY 060pYA0BaHHIO, MPUMEHSIEMOMY ISl TAKHX
nepeBo3ok». [Ipu nepeBo3ke OXMaXKAEHHBIX VIV 3aMOPOXKEHHBIX IPy30B
M30TepMHUYECKIM aBTOMOOMIEM HU3Kast TEMIIEPATYPa B Ky30Be MOIEPKH-
BaeTcs JU60 32 CYET XONMOAa, AKKYMYJIUPOBAHHOI'O CaMUM TPY30M, 160 3a
CYET 3arPy3KH HEMOCPEACTBEHHO B KY30B HCTOYHMKA X0J10/ia, HApHUMep Cy-
XOro JIbJa (TBepAoH YIAeKUCIOTB).

Io cnocobrocmu cozdasams u noddepicusams memMnepamypy HYmpu xy-
308a pedpHKepaTOphl OAPA3NEAIOTCS Ha TPU Kiacca: kiracc A — 0..+12 °C;
knace B — —~10..+12 °C; knacc C — -20...+12 °C. PedpurkepaTophi kjlacca
B u C 1o/mxkHB HMETh YCUIEHHYIO TETIOU30SLIMIO.

Y GonbuiHCTBa pedhpHkepaTOPOB B 3UMHEE BpeMS Ky30B MOXeT 060-
TPeBATHCS 3a cyeT PaboTH XOJIOAWIbHOM MalluHBI B PeXXUME TEIJIOBOrO
Hacoca. B GoJiplIHCTBe ciiyyaeB ee KOMIIPECCOp UMEET MPHBOJ JHOO OT
ABHTaTeNs aBTOMOOHSA, 60 OT coOCTBEHHOTO ABHMraTens. CyniecTByioT
MonubHKauy pepukepaToOpoB, 060pyAOBaHHbIE NOMOMHHTETLHBIM KOM-
npeccopoM, paboTaloIUM OT BHENIHeil 3/1eKTPOCeTH ¢ HanpsbkeHueM 220
unn 380 V, 171st paboThl BO BpeMsI CTOSIHKH HJIH TIepe]l 3arpy3Koil.

21.3.1. 3xcnnyaTaumoHHbie 0C0GeHHOCTH
TPAHCNOPTHBIX CHCTEM OXJ1aXAEHNUS

MalwuHHbe CUCTEeMbI OXNAXABHUS

Hawubonbitiee pacnipocTpanenyie OJyYHIa MeXaHUYeCKask CHCTEMA OXJIaX-
JeHUsT TIPH TTOMOINY KOMIIpeccopa XoJIoAUIbHOU MamMHBL. CucTeMa He
OTJINYAETCS OT PACCMOTPEHHHIX paHee XOJOAMIbHBIX MauluH. OcobeHHo-
CTH TPaHCMOPTHOM KOHCTPYKIWY NPOSIBJISIIOTCS TOJBKO B 0QOPMIEHUH OT-
ACJIBHBIX 3JIEMEHTOB XOJIO]IYUI}JHOI‘;I MalI¥HBL, ATO OpeXkae BCero Kacaerca
KOHCTPYKLIUH SHEproloABOAA U criocoba coelMHEHNs 9HePreTHYecKol ycTa-
HOBKH ¢ KOMIIPECCOPOM XOJIOANNEHO MalllMHBL.
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ITo pody npueoda xomnpeccopa pasnUYAIOT CeAyIOIIUe THTIH YCTaHO-
BOK:

* ¢ NPUBOZOM OT OCHOBHOTO ABHUTaTessl aBTOMOOHIIS yepes TuApolie-
pefiadyy U HeloCpeACTBEHHO YePe3 ClIelNaibHyI0 3JIeKTPUYECKYIO
MyodTy;

* CIIPHBOJAOM OT aBTOHOMHOTO CHEI[HAJIbHOTO IBUTaTe s BHYTpEHHEro
CTOpaHHs;

* C 3JIEKTPONPUBO/IOM OT [Y3eJIb-TeHepaTopa.

Tun npHUBozia 3aBUCUT B OCHOBHOM OT MPOM3BOAMTEIBHOCTH XOJIOAUIb-
HOM yCTaHOBKH, KOTOPasi, B CBOIO O4epeaib, ONpe/iesisieTcs FPy30OAbeMHO-
CTBIO aBTOMOOWJISI Y 3aJaHHBIM TeMIEePATypPHBIM PEXXUMOM. JTO e olpe-
AesisieT U KOHCTPYKTHBHbIE OCOGEHHOCTH YCTaHOBKH, ee KOMIIOHOBKY M
pasMelleHue.

B aBTopedpuxepaTopax MaJoi U cpefieli Fpy30NOABEMHOCTH MCIIOJb-
3YIOT yCTaHOBKYU NepBoro THIa. B aBTopedpuxkepaTopax cpeaneit rpyao-
MOABEMHOCTH NMPUMEHSIOT B OCHOBHOM YCTaHOBKH BTOpPOTrO THila, a AJIS
aBTOpe(PIKEPATOPOB GOJBIIOH IPY3ONOABEMHOCTH NPUMEHSIOT XOJIO-
JAUIbHBIE YCTAHOBKH KaK BTOPOrO, TaK ¥ NIepBOro THIIA.

Henocrarox ruaponpusoza (puc. 21.4) cocTouT B TOM, 4TO OH OTPaHH-
4UBaeT NPOU3BOAUTENbHOCTD XOJOAUNbHON YCTAHOBKH, NOITOMY B 60JIb-
IIMHCTBE CY4aeB CTPEMSATCS K CAMOCTOSATENbHOMY NPUBOAY YCTAHOBKH.

C 37011 L1e/IbI0 MOHOGJIOUHYIO XOJOAHIBHYIO YCTaHOBKY KOMILIEKTYIOT,
HanpuMep, GeH3MHOBBIM [BHUTATeieM, TH3eJbHBIM [IBUTaTeIeM Wil ABU-
ratesieM, paboraoniuM Ha mpoitane. OQHO# U3 pasHOBHUAHOCTell IIPUBOAA
KOMITPEecCopa, BEHTUJISSTOPOB BO3yXO0XIaIUTeNs U KOHJIEHCaTOpa sSBJs-
eTcs IPUBOJ Yepes KJINHOpeMeHHYIo nepenayvy (puc. 21.5).

Puc.21.4
KomnoHoBka arperarnpoBaHHbiX XOAOAUNLHLIX YCTAHOBOK C F'MAPRONPUBOOM:
a) rnaponpuBoa PAAOM C ABuratenem; 6) ruaponpuBoA NOL Ky30BOM;
B) rmapoNpuUBO, Bnepean asurarens
1 — xonoawnbHas ycraHoBka, 2 — apuratens asToMoéuns,
3 — ruaponpueoA,
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Puc. 21.5
MpuHuMNUanbHas cXxeMa XoNoAUNLHON YCTaHOBKK

1 — TPB, 2 — Bo3pyxooxnagutenb, 3 — GNOK BEHTUNATOPOR, 4 — GeH3UHOBLIN
Apurarens, 5 — KkoHpeHcaTop, 6 — TeNN0o6MeHHUK, 7 — unLTp, 8 — pecusep,
9, 11 — maHoBakyyMeTpbl, 10 — Komnpeccop, 12 — pene AaBReHus

 HemocTaTkaMu CYIEeCTBYIOIMX CHCTEM MalIHHHOTO OXJIaX/IeHUs ABJisl-
I0TCSL UX CIOXKHOCTD, BBICOKHE KallUTaJIbHble 3aTpaThl Ha IIpUOGpeTeHNHE,
JCTaHOBKY XOJMOIHMIbHO MAIIMHBI ¥ OTHOCHTEIbHO MeJUIEHHBLH BHIXO/ €€
Ha TeXHOJIOTMYECKH 3a/laHHBIil TeMIepaTypHbIH pexxiM. ITo 06CTOsITeNb-
CTBO 06YCJIOBJIEHO PSNOM IIPHYHH.

IIpn BHYTPUTOPOACKUX MepeBO3kax B JETHUH IepHOJ TENIONPUTOK
BHYTPb Ky30Ba Yepe3 OTKPHITYIO IBEPb 3HAUYUTEIbHO IIPeBBIIIAET TENIONpH-
TOK Yepes OrpaxkieHus, 103ToMy 60JIblIoe 3HaueHUe IpHobpeTaeT CKOPOCTh
BBIXOJIa XOJIOAMJIbHOM MaILMHbI Ha 33aJaHHYIO TeMIlepaTypy B Ky3ose. [Ipu
Kak/IOM OTKPBIBAHUH ABepeili 7Sl pa3rpy3KH TOBapoB B TeUeHHe HeCKOb-
KHMX MMHYT TeMIlepaTypa BO3jlyXa B Ky30Be IIPaKTU4€CKH CPaBHUBAeETCA €
HapyXHOMH. [l CHUKeHus TeMNepaTyphl BO3yXa B Ky30Be J0 IIEPBOHA-
YaJIbHOTO 3HAYeHHUs THNOBOM XOJOAMIBHON MalluHe TpebyeTcs: Mopsaka
yaca. Ecin BoauTens B Teuenue paGouero AHs NoJKeH o6bexaTh 6—8 065-
€KTOB TOProBiY (TOPrOBBIX TOYEK), TO NP 3TUX YCAOBUSIX XOJOAMIbHAA
ManiuHa pedpuxepaTopa He CMOXET 06ecleYHTh CTabUAbHYIO TeMIepa-
TYPY BO3Iyxa B Ky30Be.

Jlns 3aMeHeHMs TaKoi CUTYal! Ky30B MOXKHO Pa3Zie/INTh Ha CEeKIHH C
HECKOJIBKUMH JIBepAMH YMEHbIIEHHBIX Pa3MEPOB MJIH UCIIOJIb30BaTh B 2-—-
3 pasa 6oJee MOIHYIO XONOAWABHYI0 MamuHy. OHaKO 3TO 3HAYNTENbHO
yaopoxaeT pedpuxeparop, TpedyeT yBeJuyeHHs] MOLTHOCTH Ha BaJIy ABH-
raTeJs.

IbdexTuBHOE OXNaX/eHHE Ky30Ea aBTOMOOWIIS TOCTUTAETCsI MPH TIO-
CpelCTBe a30THOMH MIIH CYyXOJIeHOI CHCTeMBI OXJIaXIeHHS.
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A30THas cucrema

A30THasi CHCTeMa OCHOBaHa Ha pa36phI3THBaHUH 5KU/IKOTO a30Ta yepes dop-
CYHKH paclbUINTeIbHOTO KositekTopa 3 (puc. 21.6) U3 crielnanpHOTO Temo-
M30JMPOBAHHOTO COCYZa 1 HETIOCPEACTBEHHO B KY30B, KOTOPHIN B pe3y.ib-
TaTe 3TOTO oXJaxkaaeTcs Bcero 3a 10 MUH,

OxnaxaeHne Bo3yXa B Ky30Be JOCTHTaeTCA 3a CYeT HU3KOH TeMIepa-
TYPhI KHIleHHs )KHAKOTO a30Ta Ipyu atMocdepHoM naBierun (—195,6 °C)
npy 6opnIoi BenunHe Tertorsl ucnapenus (199,7 k/Ix/kr).

TemnepaTypHblil ypoBeHb BO3/[yXa B Ky3oBe pedpuKepaTopa obecrie-
YHBAETCSI IOCPEJICTBOM peJie TEMIIEPATYPH 4, BKJIIOYAIOIIETo M BBIKI0YA-
IOIIEr0 COJICHONAHBIH BEHTHIB 2.

A30THas cHcTeMa 03BOJIAET MOAAEPKUBATh TeMIEPAaTypy BO3AyXa B
oXJaXXKxaeMoM oObeMe C oTKIOHeHHeM B 1 °C.

HecmoTps Ha oTMeUeHHbIE JOCTOMHCTBA a30THOH CHCTEMBI, 715 TpaK-
THYECKOTO IIPMEHeHHUs TaKNX peppHkepaTopoB HeoOX0MMa CEeTh 3alpa-
BOYHBIX CTAHIIHIA U CIEIHATH3HPOBaHHOE 060PYAOBaHHE [T eXKeAHEBHOM
3aTpaBKH CHCTeMEBI JKUAKUM a3oToM. KpoMe Toro, cofiepxkanue a3oTta B KY-
30B€ MOXeET AOCTUraTh 99%, uTo TpeGyeT AOMONHUTEIBHOIO BPEMEHM Ha
NMPOBETPHBAHHUE TIEPE]] BXOIOM B HETO JiIofei.

LT S

Puc. 21.6
YcTpoWcTBO noaaqm Xuakoro asota

1 — cocyn, 2 — 8eHTWAb NOAAYM XMUAKOIro a30Ta, 3 — pacnbinTenbHbIA
KONNeKTop, 4 — perynatop Temneparypkl, 5 — ykasartenb YPoBHA a3oTa,
6 — npepoxpaHnTenbHble KnanaHsl, 7 — BEHTUNb 3anpasku,

8 — BeHTUNL c6POCa XONOAMNLHOrO areHTa, 9 — perynaTop nasneHvs

13996
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CyxonepHas cuctema

CyxoneHaa CHCTeMa OXJaKIeHUs Ky30Ba Gojiee POCTA U UMEET MEeHb-
IIYI0 Maccy NpH IPaKTUYECKH PaBHOI ¢ a30THOM cHUCTEMOH X0I00NpON3-
BOAUTENBHOCTH, TexHHYeckoe HCTIIoJHeHHe CHCTEMBI OXJTaX/IEHNST BO3yXa
pasnoobpasto. Kak npasiio, cicreMa npecTaBiisier co0oi KOHCTPYKIHUIO,
KOTOpasi COCTOUT M3 eMKOCTH, 3alI0JTHEHHOMH «CYXHM JIBIOM», 4epe3 KOTo-
PYyIo BeHTUISTOPOM IIpofiyBaeTcst Bo3ayx (puc. 21.7).

«Cyxvit sie1» B BUAe TPaHyJI 3achillaeTcst B MeTLIMYECKYIO eMKOCTb 2.
Yepes 3Ty eMKOCTb BEHTHJIATOPOM 3 NPOAYBaeTCs BO3AYX, KOTOPHIi Mo~
CTymaer B Ky30B. Peryiupopanue TeMIepaTyphl OCyLIeCTBJIsIeTCs HOCpea-
CTBOM pejie TeMNepaTypsl 4, BKlioyast H BhIKJII04ast BeHTHIsATOp 3. Ilpn
OTKPhIBAHMH JiBepeil KOHIIEBOMH BBIK/IIOYATENb 5 OTKIIOYAET CHCTEMY.

IKCIUTyaTalusl TAKHX CHCTeM IOKa3ajla, YTO BpeMsi BBIXo/la Ky30Ba Ha
TeMIiepaTypHbiii pexxuMm cocrabisier 10-20 Mun. b dekTHBHOCTD OXMaX-
'JIeHHs BO3AyXa B Ky30Be obecneyuBaeTcsl HU3KO# TeMnepatypoil cybmu-
MalHHu «cyXxoro Jbla» (78,9 °C) npy BbICOKOM 3HaUeHUH TEIUIOTHI CY6-
qumauun (575 kx/xr).

JmTensHOCTh MeXaHU3MPOBaHHOH 3anpaBKu pedprKepaTopa «CyXuM
JabaoM» — 7—10 MuH.

IIupokoe BHeApeHNE TAKUX CHCTEM CAEPIKUBAETCS OTHOCHTEJBHBIM Jie-
(UIATOM «CYXOrO JibJia» M HESICHOCTBIO GIIDKaMIINX NIepCIEeKTHB eTo Mpo-
H3BOJICTBA C TOYKHU 3PEHHs BJAMSHHS AUOKCHIA yTJiepofia Ha I1o6aibHoe
noTemieHre arMocgepbl 3eMu. KpoMe TOro, aKciuTyaTanusi CHCTeMBI € pac-
XOMyeMBIM XOJIOAM/IBHBIM areHTOM OGBIYHO OGXOAUTCS JOPOXKeE, YEM LUK-
JMYHOE MalIMHHOe OXJakKAeHue.

Puc. 21.7
Cucrema oxXnaxneHn| Ky30Ba CYXuM NibAoM

1 — N30AMpPOBaHHaA EMKOCTb, 2 — KOPOG6 C «CyXM NbAOM>,
3 — BeHTUNATOP, 4 — PerynaTop TeMneparyphl, 5 — Bbik/io4aTENL CUCTEMB
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Taxum 06pa3oM, KaxkIbli BUZ aBTOMOGHIIBHOTO XOJIOMIBHOTO TPAHCHOp-
Ta UMeeT CBOM IIPEMMYIIIECTBA, HEOCTAaTKH H 0COGEHHOCTH, TIOSTOMY €I0 BHI-
60p [0/KeH OCHOBBIBAaThLCS Ha TEXHHKO-3KOHOMHYECKOM aHaTH3€e CHTYallHH.

ABTOMOGHJIBHBII TPaHCHOPT — 3TO TPAHCMOPT MHUpoKoro npoduis. ITo-
MHMO TPAJHIMOHHBIX BUJIOB XOJIOAUIBHOTO TPAHCIIOPTa — KPYIHO- U Ma-
JIOTOHHAXXHBIX aBTOpedPHKEpPaToOPOB, TOPrOBHIX MPHUIENOB — MNOIYyJHJIH
pacnpocTpaHeHle aBTOMara3iHhl, OCHAILEHHEIE XOAOAWILHEIM 06opyao-
BaHHUeM, aBTOKade-TPUIIN ¢ XONOANUIBHBIM 000py/I0BaHHEM, aBTOAINITEKH C
XOJIOAWIBHBIM 060pYAOBaHNEM Ha aKKYMYJISITOpax XoJIo4a U T. .

B Hux B KauecTBe TPaHCIIOPTHOTO X0OAUIBHOIO 060pYIOBAHUS MCTIOb-
3yI0TCS XONOAUJIbHble BUTPHHBL, LiKadbl, XOTOAUIbHbIE KaMephl H T. 1.,
YYUTHIBAlOWIKE CELMUKY IKCILTyaTalil XOJOAUIBHOTO 000pYAOBaHNS
B TPAHCIIOPTHBIX YCIOBHSIX.

ManoToHHaxHbie pedpuxepaTopbi

MasoToHHaxHbBe pedpHKepaToOphl MPETHA3HAYAIOTCS JIJIS EePEBO3KH
OXJIZKAEHHOI MPOAYKIINH, a Taloke A5 pa3BO3KU TaKOH NPOAYKIUHU B Te-
yeHue paboyero AHs MO PSAY TOPrOBBIX TOYEK.

MasoroHHaXHbIe aBTOpe()PUKEPATOPbI COJEPXKAT CJIeYIOLINE OCHOB-
Hble COCTABJISIONINE: WUACCYU, US0OMEPMUNECKULl KY308, XOT00UbHOE 060DY-
dosanue.

B xauecTBe maccu Haubosiee IUPOKO MCIOIb3YETCS MPOAYKIHS aBTO-
3aBosioB «<BA3», «T'A3» u «3WJI», Bkiaiouas BUC, TA3-3302 «Tazennp»
(puc.21.8,21.9) u 3UJI-5301 «Brryok». Tunoskie 06beMbl Ky30BOB Ha aBTO-
mobunax tuna BUC, «Tasenp», «briuok» cocrasisior 2,8; 8—-10; 14-24 M>.

BriGop Toro 160 MHOro NIACCH B YCAOBHSIX CTOMMOCTHBIX OrpaHHye-
HU Beelesio 06yCIioBIeH TpeOOBaHUSIMH 3aKa3YMKa 0 TPY30MOAbEMHO-
cru. [na TA3-3302 «Tasesb» 3Ta BeJMYMHA COCTABJSET MPUOIHKEHHO
1000 xr, a 27151 aBToMo6uAss 3MJI-5301 «Bpruok» 3Ta Xke BeJIMYMHA COCTaB-
asget 3000 kr. :

B xauecTBe H30TePMHUYECKHX KY30BOB MCIIOJIb3YIOTCS KYy30Ba, H3TOTOB-
JIeHHbIE U3 COHABUY-NIaHe el ¢ IeHOMOIMCTUPOJIBHOM UK TIeHOTIo Ny pe-
TaHOBOH Tervionsoasaiuei Toanuuon 0,04-0,1 M.

OCHOBHBIM NOKa3aTejJeM KayeCTBa U30TepMHUYECKHX CBOHCTB Ky30Ba
ABJsgeTCA K0 GUIHEHT TeIUIoNepeiau, KOTOPbIH A0KeH OBITh He Bhillle
0,4 Br/(m?- °C).

Hau6onee 61u3KUMH K TAKUM TTOKa3aTeJIsIM SBJIAIOTCA TIACTHKOBbIE Ky-
30Ba U3 NATHCJIOHHBIX COHABUY-TIaHe e,

Koncmpyxuyus xy3oea 3aBUCUT OT Ha3HaueHHsi pedpuxeparopa. Ecau
pedprkepaTop NpeHazHaYeH TONbKO AJis IEPEBO3KH MIPOTOBO/IbCTBHS U3

13+
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OJHOH TOProBoil TOUKH B JIPYIyIO, Ky30B CO/EDKHUT JIBE 3afiHMe pacraul-
HBI€ ABepH. XOJ0AMIbHAs MallliHa aBTopedpuskeparopa I'A3-3302 «Ta-
3e/ib» VIMeeT NIPHBOJ OT ABHUTaTeJisi aBToMoGuIs. ABropedpibkepaTop 0-
MOJIHUTEJIBHO OCHALIIEH CTOSTHOYHOH CeKLHel, T. e. XOJI0AHIbHOM MalIMHOH,
KOTOpas Ha BpeMsl IOrpy3KH MJIH pasrpy3kH aBTopedprXepaTopa MoAK/IO-
YaeTcs K 2JIeKTPUYecKoii ceTH ToproBo# Touky. XosnoaunabHoe o6opynosa-
Hue obecrieulBaeT TeMIIepaTypy Bo3fyxa B ky3oBe ot —20 1o 5 °C.

B ToM ciy4ae, ecaiM TPaHCIIOPTHOE CPEACTBO MpeHa3HaYeHO s pas-
BO3KH 3aMOPOKeHHBIX IIPOAYKTOB, Ky30B OOBIYHO CONEPKUT GOKOBbIE IBE-
PH, KOJINYECTBO KOTOPBIX COCTaBJIsAET: 36 st aBToMoOUIA «[azeb» 1 4—
8 ns aBroMoGug T «BErYoK».

TemmnepaTypa Bo3fiyXxa B MHOTO/IBEepHOM pedpukeparope «[asenb» —
-20..—10 °C — obecneunBaercst paboTOi CTOSAHOUHOM CEKIMY H TIOCPE/-
CTBOM aKKyMYJISITOPOB X0JI04A.

I[IpeacraBuTesieM XOJOAUIBHOTO TPAHCHOPTa HeGOJIBIIOH rPy30NOND-
eMHOCTY sBsAeTcs pedprkeparop Ha 6asze maccu BA3 (puc. 21.10):

Xononunphast ycranoBka C-090 (Termo King) ¢ IpuBOAOM OT ABUraTe-
7151 aBTOMOGHIIA ofecTieynBaeT TEMIIEPATypy BO3AyXa B OXaKAaeMOM 06Db-
eme 0-5 °C. '

Xonodunrsnoe 06opydosanue 17151 MATOTOHHAKHBIX ped)PHKEPaTOPOB Je-
JIUTCS HAa JiBe TPYTIILL: X0JMOAWIbHOE 000pYI0BaHHE CO CTaHAAPTHOI X0J10-
JWIbHON MaIIMHO, UMelonieif BO3yX00XIaiUTe b, U X0JIO0AIbHOE 060py-
JOBaHHE C aKKyMYJISITOpaMU XOJIOZIA.

Puc. 21.8 Puc. 21.9
Pedpuxepartop Ha 6aze MHoropasepHiit pedpuxepatop
waccu NA3-3302 «Masenb» Ha 6a3e waccK FA3-3302 «Masenb»

Puc. 21.10
AsTopedpuxepartop
BA3-2105
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Pugc. 21.11
Wcnaputens-akkyMynatop
1 — HapyXHbIA KOXYX, 2 — 3TeKTUHEeCKuid pacTeop, 3 — 3MeeBnk
nenapntens, 4 — WTyuep BuIXOAHOM, 5 — wiTyuep Ans BakyyMupoBaHus,
6 — LWITYLuep BXOQHON

B cocTaB MaJIOTOHHaKHOTO X00AHIBHOTO 060PYA0BaHHSI BXOAT: KOM-
IIPeccop, KOHIEHCATOP, UCTIApKTe b (BO3AYX00XMaauTeNb) U 6JI0K ynpas-
JeHus. B psaae cayyaeB BoaMokHa MOIUGHUKAIUS XOJOXWIEHOTO 060py-
JOBaHMS C BKJIIOYEHUEM B COCTAB YCTAHOBKH TaK Ha3biBaEMOM CTOSHOYHOM
CEKILVH, KOMIIPeCcCOp KOTOpoii paboTaeT OT HanpsikeHus 220 V.

B ManoToHHaXKHEIX pedpukepaTopax paboTa KOMIPECCOpa OCYIIECTB-
JIfeTCsA MYTeM TIPUBO/A OT ABUraTe/ s aBTOMOOHIIA.

Brok ynpasnennst no3BosisieT oCyIeCTBJIATE BKIoYeHHe (BBIK/II0YeHH e )
KOMIIpeccopa IMpH paboTalolleM ABUraTee, OCyuleCTBISsA KOHTPOIb TeM-
HepaTypbl B U30TEPMUYECKOM KY30Be.

B 3aBHCHMOCTH OT NpHMeHseMOl MoJe/l XOJIoANAbHOro 060pyA0Ba-
HUS1 XOJIOOTIPOH3BOAUTEABHOCTD XOJMOAUABHOM MAIIMHbL JIEXKHT B JHaa-
3oHe oT 2650 BT (11pu TeMimepaType Bo3ayxa Ha Bxofie B ucnaputess 0 °C)
no 1480 Br (npu TeMIepaType Bo3[yxa Ha BXoze B ucnapurenb —20 °C).

ABTOpedpHKEPATOPH € AKKYMYJISATOPAMH X0JI0A2 8 Kauecmae Xo100Ulb-
H020 060PYO0BAHUS UCTONLIYIOM. XONOOUNLHYIL azpezam, aKKyMyaismopol
X01100a, 3NeMeHMbl KOHMPOLA U YNpasienus.

AxxymysaropH xonoaa (puc. 21.11) npeacrasasioT co6oi KOHCTPYK-
I[110, BHITIOJIHEHHYIO B BUJIe TNIOCKOTO METAJIJIMYECKOr0 KOpIyca C pacIio-
JIOKEHHBIM BHYTPU Hero TpyOOnpoBOAOM AJISA MPOXOXKIEHHS XAafarenTa.
BuyTpu k0opo6a HaxoZHUTCs IBTeKTUYECKUil pacTBOp ¢ TpebyeMoii TeMIie-
paTypoii 3aMep3aHusd, HanipuMep —30 °C. XosoauIbHbIHi arperaT U akky-
MYJISITOP X0J10/ia 06Pa3yoT eNUHYIO XOJOAHIBHYIO CHCTEMY.

Pa6ora xomoauibHOro 060py0BaHUsi OCYIUECTBJSETCS CJefyIolHM
obpasom. Ha Houp XosoansabHoe obopyaosanue pedpuxkepaTopa MOAKIIO-
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qaeTcs K CeTH lepeMeHHOro Toka HanpsikenueM 220 V. B teyenne 8—-10 4
OCYIIECTB/IETCS] 3aMOPA’KHBAHHE IBTEKTHYECKHX PAcTBOPOB aKKyMYJIs-
TOpOB. B HCcnapuTensx-akKyMyIsTOpax XoJ/I0/l 3aNlacaeTCs B BUAE JEASTHBIX
o6pa3zoBatuil. ITOro 0OGBIYHO ObIBAET HOCTATOYHO, YTOOB! MPH Pa3BO3Ke
NpoAoBONBCTBUA K pu 20—40 OTKpBIBaHUSIX OXHOI U3 IBepeil MHOTOABED-
HOro pepHrKepaTopa MOXKHO GBLIO 06ecTIeYUTh TeMIIEpaTypy BHYTPH Ky-
30Ba Ha ypoBHe —20...—15 °C.

[Tocne BosBpairenus pedpukeparopa Ha 6a3y pedpukepaTop BHOBb
MOAKJII0YAETCS] AJIA 3apAAKH aKKyMYJATOPOB XoJo1a K cetd 220 V.

PedpuxxepaTop ¢ akKyMynsaTopaMu Xo01a HMeeT psifi ocoGeHHOCTeH 1
IPeHMYLIECTB N0 CPABHEHHUIO C pedpHKepaTOPaMu C BO3AyXOOXJIaUTe-
JISIMH: :

* 3arpyaka IIPOAYKTOB OCYILEeCTBJIsIETCS He B TEIIBIH Ky30B, a B OXJIaX-
AEHHBIi 10 TpeGyeMoii TemItepaTyphl, Hanpumep —24...—22 °C;

* TeMIlepaTypa B Ky30Be [IpY OTKPHIBAHMM OAHON U3 MHOTHX 6OKOBBEIX
nBepeil NaZiaeT He3HAYUTENbHO;

* HeT 0TGOpa MOLIHOCTH OT ABUIraTeNsl aBTOMOOUIS 71k paboThI X0J10-
JUIbHONM yCTaHOBKH, YTO MOJIOKUTENBHO CKa3bIBAETCsI HA IKCILIya-
Tal[MOHHBIX XapaKTePUCTHKaX aBTOMOOHIIS U CPOKax CJIYGBI aBTO-
MOOGMJIBHOTO JIBUTaTEeJIs;

* MOBHILEHHAs! pEMOHTONPUTOTHOCTD pedpuxKepaTopa C aKKyMyISITO-
PaMH X0JI0JIa TI0 CPaBHEHMIO C BO3yXOOXIaIUTESAMH.

PasnoBuaHOCTHIO aBTope(bpnxcepaTopOB ABJIAIOTCA aBTOMara3vHbl.

ABTOMArasuHbl

ABToMarasunst (puc. 21.12), ocHailleHHbIe XOJOIUIBHEIM 060pyI0BaHy-
eM, NpefHa3HavYaloTCH /ISt IIpOBeNleH!s Bbie3(HON TOPToBJIH U NMPOAaKH
Pa3HoO6pa3HbIX IPOAYKTOB. ABTOMara3uHbl IpefHa3HayeHs! [JIs1 Npoaa-
KU KOJGACHBIX U3MIENHH, 3aMOPOXKeHHbIX MonydabpuKaToB, MeIbMeHeH,
MOJIOKa U MOJIOYHBIX IIPOAYKTOB, pa3jiKiBHOTO MOJIOKa, CBEXKEro Msica, cBe-
Kel U MOpOXKEHOH pHIObI, Kyp, MUBA.

ABTOMarasuHsl cofiep’kaT CIeAYOUIHE COCTABJSIONINE: 1acCH, TOPro-
BBI KY30B, XOJOAUIbHOE 060pyI0BaHKe, 31eKTPo06opyA0BaHNe, TOPIOBoe
obopynosaHue.

1751 ocyliecTBIeHNS TOProBJIN UCNOJB3YIOTCA Pa3/IMUHbIE 110 XapaKTe-
PUCTHKAM TOProBbie Ky3oBa. OrpoMHOe MHOroo6pasye TOProBbIX KY30BOB
MOJKHO CBECTH B TPH IPYIIIIHL

Ilepeas zpynna. DTo Ky30Ba ¢ KpalleHOM METAJIINYeCKOH OOLINBKOI U ¢
TEIIOU30JIAIMeH U3 NTEeHOIVIACTOBLIX MJIMT ToJamuHoi 25-50 MM. JTo ca-
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MHI€ HEJIOpOTHe U MPOCThie B IIPOM3BOZICTBE Ky3oBa. OCHOBHOM HefocTa-
TOK — MO/IBEPKEHHOCTD KOPPO3HH U HEBBICOKHE TeNJI03aIUTHbIE CBOMCTBA.
Bmopas zpynna. 310 Ky3oBa U3 COHABUY-TIaHEJ el ¢ KpallleHON MeTaJ-
JIMYECKOi TeNJION30/sI1eli U3 TeHONOJNYPHTaHa. OHH UMEIOT XOpOollyio
TEIIOU3OJIAIHIO QYProHa, HO COXPaHSIIOT OCHOBHOH HeA0CTaTOK — IOA-
BEP>KEeHHOCTb KOPPO3HH Jlaske IIPH NCI0JIb30BaHNH OLIMHKOBAHHOIO JKeJieaa.
Tpemvsa zpynna. IT0 Ky30Ba, BEIIIOJHEHHDIE H3 IIATHCIOHHEIX COHABHY-
TaHesell ¢ NJACTUKOBLIM BHENIHUM IIOKPHITHEM M NEHONOJIHCTHPObHOI
TeIIOU30JIsIHel C aTIOMUHHEBbIM 00paMileHreM Ky30Ba. OHH HMeIOT BbI-
COKYIO TEIJION30JISIHUIO U 06J1aialoT BLICOKMMH 3KCIIIYaTalMOHHBIMHM Xa-
PaKTepHUCTHKAMH U3-3a OTCYTCTBHS KOPPO3HHU.
B cocmas munosozo xonodunvrozo obopydosanus asmomazasuna BXOAAT
XOJIOMWIbHASE BUTPHHA, XOJOAWIbHBIY 1TKad, X0J0AUbHAS KaMepa.
CraHzapTHble BATPUHBI, IKagb! U KaMephl, IpeAHa3Ha4YeHHbIE JJIA CTa-
HMOHAPHBIX O06HEKTOB, He MOrYT OBITh MCIOJIb30BaHbl B aBTOMAarasuHax,
MOCKOJIBKY:

* He NpeAHasHAYAIHCh S SKCIUTYaTalHH B YCJIOBHAX MHOTOOODA3HbIX
AMHAMHUYeCKHX W BUOPalMOHHBIX HarpysKax;

* B aBTOMarasuHax Habaio/aeTcs 3HAYNTENbLHOE NPEBLILIEHIE YDOBHSA
TeMIepaTypHHIX BO3/EHCTBUI Ha XONOAWIbHOE 060pyI0BaHHKe, 10-
cruraioniee Temneparyp 35-45 °C, 1o cpaBHeHHIO ¢ TeMIlepaTypaMHu
HOMelleHHil cTaliHOHapHbIX MarasuHoB 25 °C;

* THIIOpa3Mephl CTAIHOHAPHOIO XOJIOAHUTLHOrO 000pyA0BaHH S He BITH-
CBHIBAIOTCS B OrpaHYeHHBIE Pa3MepPhl Ky30BOB.

Kpome Toro, xosoauasHoe o60pyfoBaHue ¢ KOHBEKTHBHBIM JABHKEeHH-
€M BO3/lyXa B HEM HEMPUIO/IHO, TaK Kak B TedeHHe OJIHOro pabouero gHs
KOJIMYECTBO OTKPHIBAHMIA, HampuMep JiBepH LiKada, TPH HHTEHCUBHO Top-
roBie goxoauTt xo 300-500.

Puc. 21.12
AsroMarasuh Ha 6a3e Wwaccu FA3-3302 «lazens»



392 Paspen Il. OcHoBb X0NOAUNBLHOK TEXHUKY

Bce ato onpenenser cnenudrky KOMILIEKCa X0JI0IWILHOTO 060pyI0Ba-
HHS ]I ABTOMAarasHHa.

B rauecmee xon00unvnozo 060pydosanus HCTIONb3YIOTCS XOJIOMNIbHbIE
arperathl ¥ a1eMeHTbl aBToMaTHKY pripM DANFOSS, Electrolux, Friga Bohn.
KauecTBo ¥ OJTOBEYHOCTD U3Ze/Hii IOCTUFAIOTCSI TEM, YTO B IpoUiecce Npo-
M3BOJICTBA UCTOJIb3YeTCs BHICOKOKAueCTBEeHHast [IOPOIIKOBAas OKPAcKa Jie-
MEHTOB M3/IeJIHiA, B BUTPHHAX IIPMMEHSIOTCS BBICOKOKaUeCTBEHHAS HepXKa-
BeIONias CTajb, 2TIOMUHUEBHE U3/[eJINA U BUTPUHHbIE CTEKJIA.

Bce usnenns UMeIOT aBTOMAaTHYECKOE YIAeHHE HHES C TIOBEPXHOCTH
WcnapuTelielf, 103BoJigIoONIee CBOEBPEMEHHO YAATATH HHEI 1 BOCCTAHOBHTD
HOPMaJIbHBII [IpoLiecC MoAAepKaHNA TPe6yeMOTo TeMIIepaTypHOTO PeXHU-
Ma B OXJax/iaeMoM oGbeMe.

Inexmpoobopydosarue asmomMazaunos peHa3HaYeHo 15 TUTAHUS XO-
JIOAWABHOTO 060pYI0BaHNS, OCBellleHHs U paboTH TOPTOBOro 060pyAoBa-
Hust. Ero ocHosHbie mapaMeTpsl: HanpsixkeHue 220 V, sacrora 50 ', Moni-
HOCTb J10 3 KBT.

ABTOMArasuH CORePKUT JONOSHUTEIbHOE TOPTOBOoe 060pyA0BaHHE JJIs
ocyutectsieHus Toproenu. K HeMy oTHOCSTCSA: MOiiKa, HOJIKH, pa3/ienoy-
Hble CTOJIBL, HUILY JIJIS O€XK/bl, KACCOBBIE aTIapaThl, BECHI.

Asrokade-rpunb

¢ xonoaunsHuIM 06opyaoBatuem

ABTOKade-TpHIb PEUMYLIECTBEHHO BHIIIOIHAETCS HAa UIACCH aBTOMOOH-
a5t TA3-3302 «Tasenp» nnbo na maccu npuiena. Astokade ocHanaercs
9MIEKTPUYECKHUM JTHOO0 Ta30BBIM TpuJieM AJISI IpUroroBJenns kyp. [puin
MOTYT obecnednTh NpUroToBeHue or 12 10 66 xyp.

TpaHcnopTHO® X0N0AKUNLHOB 060PYA0BAHNE

TpaHcnopTHOE X0N0AUNbHOE 060PYAOBaHHIE TPEACTABIEHO CJie YIOUIHMH
H3AENUAMU: XOJOAUTbHBIMH BUTPUHAMH, XOJOANIBHBIMHU MKadaMH, X0-
JMOAUNBLHBIMY KaMepaMu. OcHOBHBIE TeXHUYeCKYe XapaKTePUCTHKHM OTpa-
JKEHbI HILKE. ‘

Xonodunvhvie sumpunsi NpeHa3HaYeHbI 111 AeMOHCTpPALIUK IIPOAYKTOB
TnpH o6ecnedeHHH paboTOCIOCOGHOCTH ¥ 9KCILIyaTalluy MX B COCTaBe aBTO-
Mo6uia. Temneparypa BHyTpH BUTpUH: —4...8 °C. O6beMbl BHTpUH: 500
1000 5. Hanpsikenvie muranus 220 V. [TorpeGasieMas aeKTpuyecKast MOII-
Hoctb 400-600 Br.

Xonodunvrsie wxage: NpeaHa3sHAYEHBL 711 XPaHEHUsT OTPAaHHYEHHOTO
KoJn4yecTBa npoaykTos BecoM 160-300 Kr npu sKciiyaTallui MX B COCTa-
Be aBToMOOUA. TeMnepaTypa Bo3iyxa BHyTpH mikada 0...4 °C. O6peM xo-
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JoaunbHoro mxaga 350—-1200 a1, Javina mkada 1,9-3 m. Hanpsokenue nu-
tanms 220 V. [lorpeGasiemast anekTpuyeckas MouHocth 400-600 Br.
Xonodunvnvie kameput. TeMnepatypa BHYTpu kaMeps! 0...+4 °C. O6beMbl
xonoaunpHoit kamepbl 2000-4000 i1 nuna kaMepnt 2—4 M. Hanpsxenue
nuranusa 220 V. [lorpebasemas anexTpudeckast Momuocts 400-800 Br.

KoHTponbHbEe BONPOCH!:

1. Kakue BU/IBI XOJIOAWIBHOTO TPAHCIIOPTa 00eCeunBaoT eJHHCTBO He-
NpEePBIBHO XOJOAWIbHOM LieN# [TPOJYKTOB OT POM3BOJACTBA A0 MO~
TpebieHus?

2. Kakue cucreMbl oXJakIeHUs BO3/lyXa HCIOJIB3YIOTCS Ha pedpidke-
paTOPHBIX CyAax?

3. Kakue THIIBI 5Ke/Ie3HOOPOKHOTO TPAHCIOPTA MCIIOIB3YIOTCS JIA TTe-
PEBO3KH POAYKTOB?

4. Kaxue cucreMpl OXJTAXKAEHUS HCHOMb3YIOT Ha aBTOMOOH/IBHOM TpPaHC-
nopre?

5. KakoBbI sKCIIIyaTalHOHHbIE JOCTOMHCTBA H HEJOCTATKH a30THOH U
CYyXOJleTHOI CHCTEM OXJIXKAEHHS BO3/1yxa?

6. Kaxne Tvnbl MAJTOTOHHAXHOIO XOJIOAMIBHOTO TPAHCIIOPTA MCIO/b-
3YIOT JI/I1 TPAaHCHOPTUPOBKH 1 TIPOJa’ky NPOAYKTOB?



nasa 22

OCHOBHbIE MPABWUJIA 3KCMJTYATALIMU
X0J104UJ1bHOI0 O6OPY0BAHUSA

22.1. Texuuyeckuii yxop un o6cnyxusanue

B coBpeMeHHBIX yC/IOBHSAX 0OCTyKHBaHKE XOJOMNIBHOTO 060pyIOBaHHS
TIpeINpUATHI OOIECTBEHHOTO NUTAHUS 1 TOPTOBJY ONpefiesisieTcs crienudu-
Koif IpeiNpUATHA H IOAXO/OM K pellleHHIO 3ToM NPO6JIeME ero PYKOBOJ-
crBoM. Kak npasio, npuo6peTteHue TOpProBoro XoJI0AWIBHOTO 060pyI0BaHHs!
B CHe{TN3HPOBaHHBIX KOMILTEKCHBIX TOPTOBBIX (pHpMax 00yCcJI0BJIEHO /10~
TOBOPHbIMH YCJIOBUAMH, B KOTOPHIX OTOBapHBAIOTCS YCJIOBHS TPaHCIOP-
THPOBKH, MOHTa’a, HAJIaJIKH, ITyCKa H ITOC/IeAYIOILET0 0OCTyKHBAHHS X0J10-
AnsbHOTO 060pynoBanyst. I1pu 3TOM A0fOBOPHbIE YCIOBUS ONpe/IeNsAIOT BeCh
KOMILTEKC PO HIaKTHYECKHX ¥ PEMOHTHBIX PabOT, CBSI3aHHbIX C [TOCTIENY-
IOIIMM 06CTy>KMBaHHEM TOPTOBOTO XOJIOAUIBHOTO 060pyA0BaHUS.

IIpu omcymcmeuu 002080pHvix OMHOULEHUL, OTIPENETSIONINX BeCh KOM-
IJIEKC MEPONIPUATHIE N0 06CYKHBAHHIO XOMTOAMILHOTO 000PYI0BaHUA (KaK
NPaBWJIO, HTO KACAETCs NpeANpUATHIT HeGOJBIIOl NPOH3BOACTBEHHOM MOII -
HOCTH), OHH TTOJIb3YIOTCS YCHAYTaMH CIIeHMaJIiCTOB [10 PEMOHTY XOJIOTUJIb-
HOTo 060py10BaHU 0 Mepe TOro, Kak 0GHAPYKHBAIOTCA HEIIOJIAKU B ero
aKcryarauuu. B aToM cayyae TexHHuecKuii yXoZ 32 TOPrOBEIM XOJIOAUIb-
HbIM 060py/I0BaHHEM, Kak MPaBUJIO, OCYLIECTBIISIET HENOCPEACTBEHHO Iep-
COHaJI IPeANpHATHS.

3akperieHue X0JMOAUIbHOrO 000PYNOBAHHS 32 IEPCOHAIOM OCYILECTB-
JISIIOT ¢ yyeToM pabouero mecta paboTHuka. HanpuMep, 3a mpoaBLoM msic-
HOT'0 OT/eJIa 3aKPENJIFIOT O4HY WJIH JBe BUTPHHBI, KOTOPHIE SBJSIOTCS CO-
CTaBHOM 4acTbIO ero pabouero Mecra.

Ilepconas mpoXoANT TeXHUYECKUIT HHCTPYKTAXK Y PYKOBOLUTEJIS IPex-
npuAarus. Ilepconany BMeHsieTcsl B 06sI3aHHOCTb CJIEANTD 32 NPaBUIbHOM
JKCILTyaTauue, HajyieXaliM CaHHTAPHO-TEXHUYECKHM COCTOsSIHMEM 00-
OpYJNOBaHUSI.
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OcyinecTBAs TeXHUYECKUI HHCTPYKTAXK NEPCOHAA MPEAIPHATHS MO
BKCILIyaTalluy ¥ 06CIIyKMBaHUIO XOJOANILHOTO 060Py10BaHMsI, PYKOBOA-
CTBO NPEATIPUATHSA WIN TEXHHYECKUH ClIelMaTNCT 06pallaloT BHIMaHue Ha
BHITIO/THEHME T1€PCOHA/IOM OCHOBHBIX MIPaBUJ SKCILIyaTal[iM 3TOro obopy-
JoBaHMs. ITH NPaBUJIa CBOAATCA K CAeylOnIeMY:

1. B xononmnbHoe 060pyoBaHMe 3anipeliaeTcs 3arpy>Karh Terljble Ipo-
AyKThL IIpoaykThl MOXHO OMEIATh B XOJIOAUIbHOE 060PYAOBaHHE
JIMIIb TIOCTIE TOTO, KaK OHU 6YAyT OX/IaKAeHbl 10 KOMHATHOH TeMIe-
paTyphl.

2. B xos0aunsHOM 060pyR0BaHHY MIPOAYKTHI CleyeT YKAAABIBATh B CO-
OTBETCTBUH C TEXHHYECKMMH TpeGOBaHUSIMHU K HKCILTyaTallMH X0J0-
aunbHoro obopyaosanus. [IpoAyKTH Ha IGJIKaX CleAyeT pasMelliaTh
TaKkUM 06pa3oM, YToOb1 obecreynBaIach CBOOOAHASA IIUPKYJISLHNS BO3-
NlyXa yepe3 pellieTKH MOJIOK.

3. He nonycxaercst pa3MelliaTh IPOAYKTHI BOIU3H CTEHOK XOJOAHBLHO-
ro 060pyOBaHUS 1 NMOBEPXHOCTH MCHAPUTENS, TOCKOABLKY 3TO MO-
KeT 3aTPYAHHTD UUPKYIALUI BO3AYXa B OXAaXKIaeMOM 00beMe.

4. 3anpelaeTcs 3aKpbIBaTh penreTyarsie MoJaKu 6yMaroil, TKaHbIo, yCTa-
HaBJIMBaTb MIOJHOCH JIIsl KYXOHHOM MOCY/Ibl Ha I0JIKaX XOJOAUABHO-
ro 060pyaOBaHHSL.

5. 3anpelaeTcs HCIOJAB30BATh HECTIEHATM3HPOBAHHOE XONOAUIbHOE
oGopyaoBaHue /7151 OXJIXKAEHHUS WM 3aMOPaKHBaHNs! NPOAYKTOB.

KpoMe nepeunicieHHBIX TpeGoBaHMIA, KACAIOMHUXCS SKCILTyaTalluHl Xo-
JIOMUJIBHOTO 060pYyI0BaHHs, CeyeT BbINOJHATh KOMIUIEKC Mep, obecrie-
YHBAIONIMX HaJJIeXaIyIo ero paGory.

Croii vHess Ha IOBEPXHOCTH MCNapHUTeJisl He AOJIXKEH NMpeBpimiath 3—
5 MM. MexpeGepHoe pOCTPaHCTBO UCTAPHTEISt JOKHO OBITh CBOOOLHO OT
nHed. [Ipu yBeldeHNH TONLIMHBI HHES HAa TOBEPXHOCTH HcnapuTens 60-
Jiee 5 MM JIOJKHO 06eCTIeYHBAThCS yAaTeHHE HHEsT C HOBEPXHOCTH HCITapH-
TENS. ,

B cooTBeTcTBHH € cCaHUTapHBIMU TpeGOBaHMSIMH XOJIOAWIbHOE 06OpY-
Z0BaHle OJI)KHO NIePUOANYECKH IPOTHPAThCs H MbIThes. Tlocne canntap-
HOHM 06paboTKH X0JI0AWIbHOE 060pyAOBaHKE JO/KHO OHITh NPOCYIIEHO.

Pa6ota xonoanisHOM MallliHEI ToJKHA MpoTekaTh 6e3 o6Mep3anus ya-
CTH KOMIIPECCOPA, TIOSIBJIEHHSI CTYKOB B KOMIIPECCODE, YKA3BIBAIOIMX Ha
BO3MO’KHYIO ero paboTy BJIaXKHBIM XOZIOM.

dnexTPOABUTaTeNb U MyCKOBas allapaTypa A0JKHbBL paboTaTb Gea ry-
JeHUs M HCKPEHUA, XapaKTepHOTO [/l OTCYTCTBHS HAJUIEXALIETO IEKTPH-
4eCKOFo KOHTAKT2 B /IEMEHTAX aNiapaTyphlL.
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K ycnyram TexHnyeckux crieqaiMcTOB 1O X0/0AUIbHOMY 06opynoBa-
HUIO PYKOBOZCTBO NPEANPUATHS NIPUOETaeT, eciiy 1o HabmoneHusIM fep-
COHaJIa NpeANpHATHS HabJojaeTcst HapyLIeHHe TEMIIEPATYPHOTO peXXuMa
B OXJIaX/laeMOM 06beMe, KOMIIPECCOp XOJIOAWILHOTO arperara He pabora-
eT UIn paboTaeT ¢ HeOMYCTMMbIM HeperpeBOM MapoB Ha CXKaTHH WM C
BBICOKHM YPOBHEM IyMa.

Ilepconan npeanpuaTHS, SKCIUTyaTUPYIOIIMil XON0AUIbHOE 06OpyAOBa-
HHe, A0JKeH epHoJNYeCKH IPOXOAMUTH TEXHNYECKUIT HHCTPYKTaX. VHCT-
PYKTaX MPOBOAHTCS PYKOBOACTBOM NMPEANPHUATHS WIH CHELHAJUCTOM 110
XOJIOAUTBHOMY 060PYQBaHUIO, UMEIOLINM COOTBETCTBYIOLLYIO KBAIUGH-
Kaluio,

Ilo BceM TUIaM XOAOAMIBHOTO 06OPYIOBAHHS JOJKHO OBITH 06ecTieyeHo
XpaHeHHe TeXHHYeCcKoH JoKyMeHTaltuy. JlokyMeHTallisl XpaHUTCSI BMeCTe
C XYPHIOM TEXHHYECKOro OOCHYXKMBaHUSA, B KOTOPOM OTPaXkKaeTcsl Bbl-
noTHeHHas pa6oTa crelnuanncTa (MeXaHMKa XOJ0MUIBHOTA 06opyNoBa-
HH), ero peKOMEeHJAlMH B YaCTH 9KCIUTyaTallii 0O0PYAOBaHIA.

Texnuueckoe obcycusarnie XOIOAMABHOTO O0OPYAOBAHUS COCTOUT B KOM-
IJIeKce MEPOTIPHATHIA, HallpaBJleHHbIX Ha ITojuIepkaHyie 060pyI0BaHuUS B CO-
CTOSIHMH TOCTOSIHHOM paboToCnoco6HOCTH (KOHTPOJb TEXHUYECKOTO COCTO-
SIHUS, yCTpaHeH e MeJIKIX HeHCIPaBHOCTeid, IPOBePKa U HATTalKa PesKHMa).

Texunueckoe o6¢ciyKrBaHue, TEKYIHH PEMOHT 1 yCTpaHeHHe OTKa30B
XOJOH/BHOTO 060PYAOBAHUS OCYIECTBISIOTCS TOJBKO CHEHUANUCTOM (Me-
XaHHWKOM) 110 PEMOHTY XOJIOAHIBHOTO 060pyA0OBaHHUS.

BHe1rHuM ocMOTpPOM XoJIo1uIbHOE 060pYy/I0BaHNE NPOBEPSIOT Ha COOT-
BeTCTBUE NpaBuiaM 6e3onacHoil axcrutyaraiun. O6paliaeTcsi BHUMaHNe
Ha HaJie’KHOCTb KpeILieHHs U OTCYTCTBUe MeXaHNYeCKHX MTOBPEXAeHH aTek-
TPUYECKUX NPOBOIOB 3aMTHOTO 3a3eMJieHUd (3aHyJeHHs) OT AaBTOMATH-
YeCcKOT'o BHIKJIIOYATeJIsA Ha 3/IeKTPOIlNTe 060pyLOBaHHs 10 3a3€MJISIIOLIMX
KJIeMM.

IIpoBepsieTcss KoMmlekC 060pyAOBaHUA, COCTOAHME BHYTPEHHHX I10-
BepXHoOCTeil oxJ1axaeMoro obbeMa, Halune OrpaxXaeHNsl X0JI0AUIbHOTO
arperata. QCMaTpUBAIOTCS 2MEKTPOANTIAPATYPA, NPUOOPEI ABTOMATHYECKO-

_ TO peryJIMpOBaHUA X0JOJONPOU3BOAUTENBHOCTH X0MOAUIBHON MalIuHEL,
TIPOBEpAETCS COCTOSTHNE UCTIApHTENEH, YCTPOMCTB YAaleHUs TaOM BOJbI,
YIJIOTHUTENbHEIX YCTPOICTB ¥ npoduneit nsepeil xon0auabHOro 0Gopy-
HOBaHHA.

IIpoBepseTcs Ham4Ye WK OTCYTCTBHE CJEIOB Macia Ha COeTHHEHUAX
TPYOOHpPOBO/OB, CBUIETEBCTBYIONIMX 06 yTeuke XnanareHTa. ['aiouaHoMi
JlaMIoii WM APYTMMH TeYeuCKaTesAMu NPOBepsIOT TePMETUYHOCTD BCEX
coenHeHUH.
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Boznoperynupyomumit BeHTUIb IPOBEPAIOT Ha paboToCnoco6HOCT npu
IlycKe arperaTta M Ha 3aKphITHe IpH OCTaHOBKe.

IIpoBepsieTcst pexM paGoThl XONOAHIBHOIO 060pyI0BaHHS Ha COOTBET-
CTBHE TEXHOJIOTHYECKH 33laHHOMY TEMIIEPATYPHOMY PEXUMY B OXJIXKAA-
emoM obGbeMme.

HacTpoiiky pesie Hu3Koro nasjeHus, obecrieynBaoLIero BKIOYeHHE U
BBIKJIOYEHHE KOMIIPECCOPa XOJN0AWIbHOM MalllHEL, IPOBEPAIOT NOAKII0e-
HMeM K IITYllepy BCachIBAIOLIEro BEHTI/isi MaHOBaKyyMeTpa. [lo naBnenuio
KHIIEHHS XOJIOAMJIBHOTO areHTa IPH BKJIIOYEHUH Y BBIKJIIOYEHHM KOMIIpec-
copa CyZAT O TeMIiepaType KHIeHUst XOJOAWIbHOTO areHTa H COOTBeTCTBeH-
HO O TEMIIepaType BO3/lyXa B oxJaxaaeMoM obbeMe. ObpallaeTcs BHUMA-
Hyle Ha paBHOMEPHOCTh 06Mep3aHus NOBepXHOCTH Henapureds. IIposeps-
ercs paboTa peJie BHICOKOTO AaBIEeHUS.

" Tlocne 3aBeplrenHs paboThl MEXAHUK, OGCTYXKHBAIOIINIA XONIOAUIbHOE
o6opyI0BaH¥ie, OCYLIeCTBIIsAET MHCTPYKTaXK MEPCOHANA 110 06CAyKMBaHUIO
3TOr0 060pYyOBaHHUA.

BoirosiHenHast paboTa oTpaXkkaeTcsl B XKypHaJle TEXHHYECKOTO 06CTysKH-
BaHMS.

22.2. OcHoBHbIE NOKa3aTesIn HOPMasibHOA patoTbl
XONI0AUNLHOK MaLUUHBI

B 06s13aHHOCTH ITepcoHasia, 9KCILTyaTUPYIOHIero X0IoAHIbHOe 060pyIoBa-
HHE, PYKOBOACTBOM HpeZIHpI/IﬂTPISI BKJIIOYAETCA Ha6JIIOZIeHPIe 3a ero HajaJmne-
xameit paGoroit. [leperie MPU3HAKK OTKJIOHEHHs B paboTe XOJOANWNIBHOTO
060pynonamm OT T€XHOJOTHYeCKH 3aJlaHHOTO TeMnépaTypﬂoro pemnMa
OHI/Ipa]OTCH IIpex e BCETQ Ha BH3yaJIbHI>Ie Ha6]llOlIeHHH IepcoHaJja. Hep-
COHaJI CJIEIUT 33 COCTOSAHMEM M pabOTOM OTAEIbHBIX 3J1IEMEHTOB XOJIONIb-
HOM MalllMHBI ¥ XOJIOAUIBHOTO OGOPYAOBAHYISI B LENOM.

BuayasbHBIMH TPH3HAKaMH HODMAJIbHOTO pexXuMa paboThl X0JI0I1Ib-

HOM MalIMHbI ABJASIOTCA:

* paBHOMepHOe paclipe/ie/leHHe ¥Hesl 0 NOBEPXHOCTH YCHapuTelis, OT-
CYTCTBHe MHesl Ha BCachiBalollleM TpyGoIpoBoje KoMIpeccopa (3a He-
KJIioYeHHeM HU3KOTEMIIEPATYyPHOTO XO0JI0AMJIBHOIO 060py/10BaH1m, KOor-
A3 BCaChLIBAIOLIHIA TPYOOTIPOBOJ PSLIOM ¢ MCTIApUTEJIEM [TOKPHIT HHeeM);

o KOMHpCCCOp U SJIEKTPO/ABHIATEIb pa60Ta10T B OTCYTCTBHHU BI/I6paI_IPII/l
U TIOCTOPOHHHX 1ITyMOB;

¢ HeT HCKPEHHSA U HarpeBa IJIEKTPHUYECKUX l'IpOBOI[OB B MeCTaxX Ux npu-
COeJVUHEHHS K KOaneccopy H HpHGOpaM aBTOMAaTHKH,
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* xoaddumment pabouero BpeMeHH KOMIIpeccopa He BHIXOIMT 32 Ipe-
A€Nbl, yCTaHOB/EHHbIE ISl JAHHOTO THIA 060pyXOBaHUS.

Paboma mopz06020 x0100unbH020 060pY008anUs CUUMAEMCS HOPMATD-
Hot, ecy BHIMOMHsIeTCA psifl TpeboBaHuil. OHU CBA3aHEI Ipex/ie BCETO ¢
obecneueHreM B 060py0BaHUH TEXHOJOIHYECKH 3a/laHHOM TeMIEPATYPbI
BO3IyXa.

3aaHHas TeMneparypa Bo3/lyXa B OXJ1aX/laeMOM 06beMe TOProBOro Xo-
JIORUIBHOTO 060pyAOBaHUs 06eCcTIeYnBaeTCS UMKIMYHOM PaGoTOM XONMOAMIb-
HO# MalIVHEL, T. €. peaJN3yercs IPUHIIMI OCTAHOBKH M IIyCKa KOMIIpeccopa.
HopMmanbHoe KoM4ecTBO IMKIIOB B Yac 711 paboThl KOMIIpeccopa TOpro-
BOT'O XOJIOIMJILHOTO 060pYAOBaHMS JOJKHO COCTABAATh 56,

TeMnepaTypa koHZleHCAI[MH B KOH/IEHCATOPaX C BO3AYIUHLIM OXJIaxK/e-
HueM JoJikHa 6b1Th Ha 10—12 °C Buie TeMIiepaTypbl BO3AyXa, BHIXOASINE-
TO U3 KoHAeHcaTopa. Harpes Bosayxa B koHAeHcaTope coctassieT 4—5 °C.

B xoHgeHcaTopax ¢ BOASHBIM OXJax/JeHHUEM 3aKPbITOTO THIIA TeMIlepa-
Typa KOHIeHCaliuy Bhlille cpefHell TeMIepaTyphl OxJiaXaloniei BoAbl Ha
8-10 °C. Harpes Bozibl B BOOSTHHIX KOHIeHCATOpax cocTaBseT 4—6 °C.

B xonoaunbHoM 060pyRoBaHNH C peOPUCTHIMU XIAJOHOBEIMH HCTIApH-
TeJIsIMY TeMIepaTypa KKIieHHst XOJTORIBHOIO aTeHTa B HCTapHiTesie Ha 12—
15 °C ke TeMIepaTyphl BO3yXa B oxJlaxkaaeMoM obbeMe. B xonoauib-
HBIX BUTPHHAX U JOMAIIHUX XOJIO[MIbHUKAX Pa3sHOCTb TEMIIEPATyp JAOCTH-
raer 20-25 °C.

B xosmoanabHOM 060pyI0BaHUY ¢ peGPUCTBIMH aMMHAYHbIMHU HCTIADU-
TeJSIMU TeMIlepaTypa KUIeHUs XOJOAMJIBHOTO arenra Ha 8—12 °C Hiuxe
TeMIiepaTypHl BO3[yXa B X0JI0JHJIbHOIi KaMepe.

TemrnepaTypa KUNIEHUS XOXOAMIBHOTO areHTa B UCHAPUTENSAX € XAAN0-
HOCHTeJIEM HHXe CpeJHell TeMIiepaTyphl XJlafioHocuTesa Ha 4—6 °C. B uc-
flapuTeJie XJIAA0OHOCHTEND oXJlaXxkaaeTcst Ha 2—4 °C,

Cpeau MHOTHX HApYILeHHH B paboTe X0JI0AUIbHOTO 060pYI0BaHHM, KO-
TOpBbIe HAGMIOAAIOTCS TIPH €r0 SKCILTYaTalyH, BHIAEJAIOT Clieflyiontue:

* HapyueHus 37eKTpoobopynoBanus. OHH CBSI3aHbL B OCHOBHOM C He-
HCIIPaBHOCTHIO MYCKOBOIi 1 3alUTHOI 2/IeKTPUYECKOii anmnaparyphi;

* HapyIleHWs], CBS3aHHEBIE C COCTOSIHMEM XOJIOAM/ILHOM MallluHKI H TIPH-
6opoB aBToMaTHKHU. Ipy yacTH4HO IOTepe XOMOANIBHOTO areHTa u3-
MeHsieTcs kKoapuimeHT pabouero BpeMeHH KOMIIPECCOpa, YTO NPHUBO-
[T K TIOBBIIIIEHHIO TeMITEPATYPLI BO3lyXa B oxJakiaeMoM obbeMe. Ilpu
110JI0MKe KanwuisipHoit Tpyoxu TPB (TepMoperyaupyiomiero BeHTH-
JIs1) B 3aBUCHMOCTH OT pu6opa aBTOMATHKH OCTAHOBKH 1 MyCKa KOM-
Ipeccopa KOMIIPECCOP OCTAHABJIMBAETCS WIN pabOTaeT HelpephIBHO;
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» HeucnpaBHocTh BPB (Bogoperyaupylomiero KianaHa) NpiuBoguT K
nepepacxony BOIbl Ha KOHAeHcaTope WM IIPH OTCYTCTBUM NOAAYH
BOJIb! Ha KOHJIEHCATOP K OCTAaHOBKe KOMIIpeccopa.

Insa yBenYeHUs CPOKa IKCILTyaTallMH XOJIOAMIBHOTO 060PYAOBaHUS
OHO JIO/KHO IEPHOANYECKH IPOXOAUTS IIJIAHOBO-TIPEAYIIPeIUTEIbHBIH pe-
monT (I111P). B nianoBo-npenynpeaurensHeiii peMOHT BXOAUT paboTa no
MeXpPeMOHTHOMY TeXHHYeCKOMY 06CTyKHBaHHUIO, KOTOpOe 3aKII04aeTcs B
HaZ[30pe CO CTOPOHBI CIeHaINCcTOB (MEXaHUKOB) 32 COCTOSIHUEM 06opy-
JOBaHHSI.

IlnanoBble peMOHTHI NIPUHSATO MOAPa3fAeIsATh Ha TPH BHAA: TeKyliHe,
CpeAHue ¥ KaluTasibHble. TeKylye u cpefHHe PEMOHTHI OCYHIECTBIISIOTCA
Ha MecTe SKCILyaTallu¥ XOJ0RUIbHOTo o6opynopaHust. KanutanbHslii pe-
MOHT BBINIOJIHSIIOT HA CTIE[IMAIH3HPOBaHHbIX PEMOHTHBIX KOMOMHaTaX x0-
JIOAUABHOTO 060PYNOBaHHUA.

KoHrponsHble BONpOCH:
1. B uem cocTosT TpeGoBanyio k 06CTyKHUBalONEMY TEPCOHANY B YaCTH
IKCITyaTallu! XOJOAUABHOTO 0G0pYAOBaHUA?
2. KakoBbl NIpM3HAaKH HOPMAJbHOM PabOTH X0JI0ZUABHOTO oéopyzxona-
HHUA?
3. K70 ocymecTBsieT TeKy 1Ml pEMOHT X0JOAHIBHOTO 0G0PYA0BaHUSA ?
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0 NEPCNEKTUBHBLIX CITIOCOBAX
MONTYYEHUA UCKYCCTBEHHOIC X0/1I0OA
(B pamkax WHpOpMaLMOHHOTO NpeACTaBNeHUs)

[IpobeMa rno6abHOTO NOTEIUIEHHS! KJINMATa, BIUSIHHE XJIaJIOHOB KaK BO3-
MOXKHOU NPUYMHBI PaspylIeHHs] 030HOBOTO CJOS [aj¥ MOIIHbIH TONMYOK
Pa3sBUTHIO HCC/IEIOBaHMIT B 06J1aCTH HOBBIX IIePCIIEKTHBHBIX CIOCOGOB 10~
NyJyeHust Xoofa. Pax my6auiMcToB! BBICKa3biBAlOT JOCTATOYHO OPTOAOK-
caJibHOe MHeHHe, YTO, HECMOTPS Ha BHICOKUH XOMOZWIbHBIN Koo utuenT,
Y KOMIIPECCHOHHBIX CHCTEM HeT OYIyIlero axke ¢ y4eToM OYeBHIAHOTO Mpo-
rpecca B 061acTH coBeplIeHCTBOBaHMS KoMmmpeccopoB. IIpeanonaraercs,
4TO BCJIe/l 32 PEBOJIOLHEN B dHepreTHKe JOJIKHA NPUATH PeBOTIONHS
B NPHHIUIIAX NOJTYYeHHS XON0Aa.

B npomviuinennvix XoN00UNLHBIX YCMAHO6KAX, BOBMOKHO, OCHOBHBIM HC-
TOYHHKOM X0JI0a CTAaHYT WAYIIHe C MOIJIONIEHUEM TEILIOTH! SHAOTEPMH-
yeckue XUMUYECKHe PeakIUH, UJIH 31€eKTPOBOTHOBbIE IPOLECCH (aHTUIOA
CBU-neun). B aToMm cMbiciie abcopGUuOHHbIE U aICOPOLHOHHbIE MAIIMHEI
OTYacTH PacCMaTPUBAIOTCS KaK BecbMa JaseKuif, HO Bee Jke Mpoobpa3 xo-
JNOAUIBHOM TEXHUKHU Gynyiero.

B o6racmu manozo xonoda cutyanyis 6osiee onpeieieHHast. 31ech BO3MOX-
HO paclripeHye BO3MOKHOH c(pepbl TpYMeHeHHs 10y IPOBOAHIKOBOI Tex-
HUKY ¥ TEPMOMOHHBIX Apeobpa3oBareneil. Pa3apiTHe moaynpoBogHNKOBOIK
XOJIOAMABLHON TEXHHKY NPUBENIO K CO3AaHHIO KOMITaKTHBIX XOJIONNIbHHU-
KOB, IIpe3/ie BCEro [J1s XOJOAWIbHOTO TpaHcnopTa. TeXHnuecKue yCTpoii-
CTBa Ha OCHOBE TePMOHOHHbIX [fpeobpasoBareieil HAXOAATCA B CT/IMH pa3-
paboTku.

t Cementox B. A. TepMOaJieKTpUYECKOE OXJIaXKAeHHE: COCTOSTHUE U TIEPCIEKTH-
BBl // XosoauibHas Texuuka ¥ Texnosiorus. 2000. Bein. 62; Quaun C. O. Opeonst:
6bITh WK He ObiTh? Illenmuckas nonurexuuka (Iossma), XK. «XB» Ne 5/2001.
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23.1. NonyuyeHne xonopa npn NOMOLLM
«XONOAMALHOIO Yuna»

B 1998 r. 8 CIIIA 3anmaTeHTOBaH TAaK HA3BIBaeMblil XOJOAMABHBIN YMIIL.
B ocHoBe ero paboThl JIEXUT IPHHLUIT TEPMOUOHHOIO OXJIAKAEHUS, OIIH-
patomuiics Ha 1Ba usobperenuss XVIII u XIX BB., Ha nepsslit B3rsij, Co-
BepIUEHHO He CBsI3aHHBIe ApyT ¢ ApyToM. IlepBoe nzobperenne — 310 X0-
JOAWJIbHasA MamiMHa YwibaMa KajseHa, mpoussojduiasi X004 3a CYer
OTKauMBaHHs ApoB Bobl. Bropoe nsobpereHue — BakyyMmubiii inos. Bme-
CTO TPaJAMIUOHHOIO paboyero BeleCcTBa B BHE aTOMHO-MOJIEKYISAPHbBIX
JKUaKOoCcTel (XJTaJOHOB) B TEPMOHOHHOM OXJTa/iMTeNie B KaUeCTBe XJ1ajiareH-
T BHICTYIIAET «3JIEKTPOHHKIN ra3s.

Karon v aHoz, pasiesieHHble BaKyyMHOH [IPOCJIOWKON, — 3TO aHAJIOTH
HCIapUTeNs ¥ KOHASHCATOPA XOJOAMIbHON MaiHbl. Eciu K aj1eKTpojaM
TIPUJIOKUTD HallPsKeHHU e, TO 3JIEKTPOHBI, <UCIapSIOIHecs» U3 KaTOAa, Ha-
YHHAIOT IIEPEHOCHUTD TEIIOTY OT OXIAKAAEMOTO TeJia K aHOAY H, TakuM 06-
pasoM, Habmonaetcst ad ekt oxnaxaenus. [luprna 3azopa Mexay aJek-
TPOAAaMH JOJKHA GBITH MeHbllle JAVHBI CBOOOAHOrO npobera 31€KTPOHA.
B aTOM cilyyae 3JIEKTPOH MpPeo/osieBaeT Hapbep, He Tepssl IHEPTUIO, YTO
obecrieunBaeT BbICOKYIO HHTEHCHBHOCTh OXJIaXIEHHSI.

OO6bIuHBI BAKyYMHBIN MO0/, UCIOJIb30BATh JIS1 OXJIAKACHUST HEJIb34.
Paccrosiaue Mex Ay KaToJOM W aHOAOM 3/leCh NOPSI/IKa THICAY MUKDOH, U
MaTepUAJIbl, U3 KOTOPHIX cAeJIAaHBI JIEKTPOJb, IEPEHOCUTD Ha Takue pac-
CTOSTHHSL TIOTOK 3JIeKTPOHOB IIPU KOMHATHOI1 TeMIlepaType He B COCTOSSHHU.

~CoBpeMeHHbie JOCTHXeHHS MHKDPO3JEKTPOHHKY [O3BOJISIOT CO3JaTh
MHKpPOCXeMY, BKJIIOYAIOIyI0 KaK aHoJ C KaTOoJAOM C MUHHMAJIbHHIM 3a30-
POM MexkAy HUMH (OKOJIO OAHOIO MHUKPOHa), TaK ¥ BHEILHIO CTPYKTYpY
OXJIaKJAlONIero YCTPoHcTBa, obecneynBalONIyo XOPOIIUH TennoBoi KoH-
TaKT C 06bEKTOM OXJKAEHHUS. ITO U eCTb c00l chip — «XOJONUIbHBII KPH-
CTaJLJI», WK, BBIPAXKasiCh KOMINBIOTEPHBIM SI3BIKOM, «XOJOAHJIbHBIN YHII».
Tlepexoa X0M0AWIBHON TEXHUKM K TAKMM KPUCTAJLJIaM II0 CBOEMY 3Haye-
HHUIO COTIOCTaBUM C IIEPEXO/OM OT J1aMNOBLIX TPaH3UCTOPOB K HHTErpajib-
HBIM MHKpPOCXeMaM.

Hcmopus mepmouontoeo oxaaxcoenuss HaCUNTHIBAET BCETO HECKOIBKO
JIeT, HO YXe TI0JIHa CBOEro BHYTpeHHero ApaMaTusMa. Biiepsrie nges tep-
MOHOHHOTO OXJIaxeHHs Oblla BbicKasaHa B 1994 r. aMepUKaHCKUM hu3u-
koM npogreccopom /. Maxanom. PackpbiBast QU3UYECKUif MEXaHU3M JaH-
HOFO SIBJIEHUS, OH IIPHIIIe K BHIBOJY, YTO «TAKOrO He MOXKeT ObITh, TOTOMY
4TO TAKOTO He MOKET OBITh HUKOrAA». B IpHpofe He CYIecTBOBAIO Be-
IECTB, KOTOPbIE JIETKO Obi OT/ABAJIH 3JIeKTPOHBI IPY KOMHATHBIX TeMIIepa-
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Typax. O{HaKo B TOM e TOy HECCHMHU3M B OTHOLIEHNHU NIEPCNIEKTHB TEPMO-
HoHHoro oxnaxAenus nponan. Ha XIII mexnynapoaHoit kongepeHuun
10 TEPMO3JIEKTPHYECTBY Peyb 321171 O TOJYUYeHHH TTONYTIPOBOIHUKOBbIX
MaTepHaJIOB € XesiaeMoii paboToii Beixofa. K HactosieMy BpeMenu rpyn-
nsl MccnefoBareneii B Espone, CIIIA u finoHuu yke Noay4Yuan KOMIIO3H-
HMH NOJIYTIPOBOXHMKOBEIX MaTepuaioB, paboTa BeIX0[a KOTOPBIX BIIOJIHE
TpHMeMyieMa IS iejieil TEpMOUOHHOTO oxXIaxAeHHs. Yucno mybmuxanuit
10 3THM HCCIEeA0BaHMUAM CTPEMUTEILHO PacTeT.

CBoMM COGCTBEHHBIM ITyTeM TOLIIH aHIJIMNCKHe HCCIeN0BaTeNH, CHH-
Te3Upys OpraHn4YecKye MHKPOIMKINYECKYe COEAMHEHNUS C MaJIoi paboToi
BBIXOZA. '

OnpeneneHHbIi BKIajl B UCCIeJOBAaHUS NTONYNPOBOAHUKOBHIX MATEPH-
aJIOB BHEC/IH ¥ yKpauHcKue yueHnle 3 Du3uko-XMMHIECKOro HHCTUTYTa
AH Yxpaunnbl, KOTOphle AaBHO 3aHUMAIOTCH UCCIleIOBaHHEM aHAJIOTHYHBIX
BeIlecTB. 3aMelllaHHasi Ha SKOHOMHYECKOH BBIro/le KOHKypeHIYs IByX Ha-
3BAHHBIX HaNpaBJACHUHA B NONYYEHNH MAaTEPUANOB A/ TEPMOMOHHOTO OXJia-
IHTeJIs IPUAAET AONOTHUTENbHYI0 HHTPHIY U AUHAMUKY HCC/IeOBaHUSIM.

KoHkpeTHble TEXHHYECKHUE JeTATH ¥ TOTOBHOCTD OT/IE/IbHBIX 9TANOB pa-
6ot pUpMaMy Ha HACTOSIIUMH MOMEHT He pasIJialllaloTcs Mo coobpaXkeHu-
SIM cOXpaHeHMst KoMMepyeckoii TaitHu. [Ipeanosiaramocs, 4TO MpOMBIMI-
JieHHbIH 06pa3el] TEepMOHOHHOTO OXJIATUTENsI MOXKET MOSIBUTHCS B KOHIE
2000 r. CorsacHo TeopeTHYECKUM OLIEHKaM, sHepreTudeckast 3¢ gexTus-
HOCTb 3TOIO THNA OXJaauTeReil oxunanach B 1,5-2,5 pasa Bbllte, yeM y
KOMIPECCHOHHBIX CHCTEM.

Ilpennonaraetcs, 4ro oxXnaxaaiollee yCTPOHCTBO (MCHAPHUTED) HOMAIL-
Hero XoJoAuabHUKa 06beMoM 200 aM® Ha XONOAMUNBHBIX YHUMAX AOJDKHO
COCTOSITD M3 25 KPHCTALIOB, KX AbIN U3 KOTOPHIX 06€CIIeYUT X0J0A0NpPO-
HM3BOIUTEJILHOCTD OKoJIo 3 Br/cM2

Jlo HacTosIIIEro BpeMeHH NpHBJeKaTeIbHas UAES <XOJM0HILHBIX YHTIOB»>
He TOJyYHIa MPaKTUYeCKO! peau3aiiuy, OQHAKO Cocob NMepCleKTHBeEH.
Ecnn nosBHTCST BO3MOXKHOCTb 00€CIIEYHTb MOCPEACTBOM <«XOJIOAUIBHBIX
YHIIOB> BHICOKYIO XOJIOJIONPOU3BOAUTENIBHOCT, MOXKHO TIPEANONOKUTH,
YTO OH HaJeT ITHPOKOE MPaKTHYeCKoe IpUMEHEHHE.
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MeToa uHTepnonsumm Ans oLEeHKU BeMUKH A v 1
Tes cTaHgapTHOi cTepeoMeTpUyeckoit Gopmbol

3HaueHua BenuuuH A,, A,, A, 1 4, W,, [b, (AaHHBIe TA61. 3.1, 3.2 ipHIOKe-
HHA) HAXOIATCA 110 BeTMYMHE Bi METONIOM HHTEPIOISALHHL.

Mpumap 1
Bi = 0,24. YcraHosutb koadduumnent psana Oypne A, no naHHbsM Tabi1. 3.2.

Iocaedosamenvrnocms peusenus:
1. Haxonutcs pasnocthb BenuuuH Bi = 0,2 u Bi = 0,4 (0,4-0,2 = 0,2).
2. Haxopurcs pasHoCTh 3Ha4YeHUi A, ipyu BeawuuHax Bi = 0,4 n Bi = 0,2
(1,116-1,059 = 0,057) (zanususie Tabx. 3.2).
3. Haxomurcs pa3uoctb Bi Mexny GiavkallliiM pacieTHbIM U Tabmuy-
HbIM 3HaveHueM (0,24-0,2 = 0,04).
4. CocraBJsieTcsi MpONOpLHUs:

02 0057 __0,04-0,057

= x =0,0114.
0,04 x ' 0,2

5. Haxopwurcs 3anayenre BeTHINHE A, IPH 321IaHHOM 3HaYeHHH BEJH-
yuHbl Bi = 0,24:

A, =1,059 +0,0114 = 1,0704.
3HaueHne BeTHYHHBI Hl HaXoAMTCS aHAJIOTHYHO.

Mpumep 2
Bi = 0,24. Y cTaHOBUTb KOPEHb XapaKTEPUCTHYECKOTO YPaBHEHHA U, IO aH-
HbIM Tabu. 3.2,

! Hymepaiusi TaGaul ¥ PHCYHKOB NPUJIOXKEHHS COOTBETCTBYET HyMepaluH
riaB yyeGHuka. Hanpumep, Ta6n. 3.1 sipnsiercsl nepBoii Tabanneii NpUJoXKeHus,
CBSI3aHHOIA ¢ cofiepKaHueM MaTepuaJa IJl. 3.
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ITocnedosamenvrocmy pewerun;

1.

Haxopurcs pasHocTts Benwuut Bi = 0,2 u Bi = 0,4 (0,4-0,2 = 0,2).

2. Haxonutcst pasHOCTD 3HaueHui p, npy Besnyunax Bi= 0,4 u Bi = 0,2
(1,053-0,759 = 0,294).
3. Haxoautcs pasHocTs 3HaueHu#H Bi Mexxy O/vikalfiiuM pacueTHHIM U
tabiuunbiM (0,24-0,2 = 0,04).
4. CocrassieTcs HpOIIOpIYSL:
O 2 0 294 . x= 0:04 0:294 = 0,0588
0, 004 «x 0,2
5. Haxonutcs 3HaueHMe BeJTHYMHBI U, TIPU 33laHHOM 3HAYeHUH BeJIH-
yuHb Bi = 0,24
u, =0,759+0,0588 =0,8178.
Mpumevanue:

JlocToBepHOCTD pacueTa ANUTEbHOCTH OXJIaXAeHUs! («pelieHUe psIMoii 3a7a-
4K>) 3aBHCHT OT TOUHOCTH OLEHKH BeauunH A, U W,. 15 nHxeHepHBIX pacyeToB
peKoMeH/yeTcs ollePHpPOBaTh BeJHYMHAMU A, H |, C YHCJIOM 3HAKOB [OCJ]e 3a1s-
TOI He MeHee ABYX.

Tabnuuya 3.1
HanHbie ans npoaykTa, dpopma xoToporo nogo6Ha nnacTtuHe
Bi A, W A; M2 A H2
0 1 0 0 3,14 0 6,28
0,004 1 0,063 -0,0008 3,14 0,0002 6,28
0,008 1 0,089 -0,0012 | 3,14 0,0003 6,29
0,02 1 0,141 -0,004 3,15 0,001 6,29
0,06 1,01 0,243 -0,012 3,16 0,003 6,29
0,1 1,02 0,311 -0,02 3,17 0,005 6,30
0,3 1,05 0,52 -0,056 3,23 0,015 6,33
0,5 1,07 0,65 -0,087 3,29 0,024 © 6,36
1 1,12 0,86 0,152 343 0,047 6,44 ’
2 1,18 1,08 0,237 3,64 0,085 6,58
3 1,21 1,19 -0,288 3,81 0,115 6,7
4 1,23 1,26 -0,322 3,94 0,14 6,81
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OxonyvaHnue Tabn. 3.1

Bi A ™ A Ha A, M2
S 1,24 1,31 -0,344 4,03 0,159 6,91
7 1,25 1,38 -0,372 4,18 0,186 7,06
10 1,26 1,43 . —0,393 4,31 0,2 7,23
100 1,27 L56 -0,424 4,67 0,254 7,78
o 1,27 1,57 -0,424 4,71 0,254 7,85
Tabnuya 3.2
RanHble AN npoRykra,
¢dopma KoToporo nongo6Ha hopme Wwapa
Bi Ay ™ A M2 As M2
0 1 0 0 . 449 0 7,73
0,005 1 0,122 -0,0023 4,495 0,001 7,726
0,02 1,006 0,245 -0,009 4,498 0,005 7,728
0,04 1,01 0,345 -0,018 4,502 0,01 7,73
0,06 1,018 0,422 -0,027 4,507 0,016 7,73
0,08 1,024 0,486 —0,036 4,511 0,021 7,736
0,1 1 ,0% 0,542 —-0,045 4,516 0,026 ~ 7,738
0,2 1,059 0,759 -0,089 4,538 0,052 1,75
0,4 1,116 1,053 -0,178 4,582 0,104 7,718
0,5 1,14 1,17 -0,22 4,6 0,13 71,79
1 1,27 1,57 -0,42 4,71 0,25 7,85
2 1,5 2,03 077 | 49 0,49 7,98
3 1,62 2,29 -1,03 5,09 0,7 8,09
4 1,72 2,46 -1,23 5,23 0,88 8,21
5 1,79 2,57 -135 535 1,04 83
7 1,87 2,72 -1,57 5,54 1,28 8,47
10 193 2,84 -1,74 572 1,51 8,66
100 2 3,11 -2 6,22 1,99 9,33
o 2 3,14 -2 6,28 2 9,42
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6.5,y WIM IIOBEPXHOCTH

0z, MponykTa. Y craHaBJMBaeTcs Be/inunHa Bi. Haxoautcs peswunna Fo,
U M3 Hee yCTaHABJIMBAETCA JUTUTENBHOCTD OXJIKAEHUS IPOAYKTa T, €. I1o-

PANOK HaXOXKEHHUSI PACYETHHIX BEJIMYMH OTPaKeH Ha Homorpamme 3.2 u 3.3.

OnpenensieTcs U36BITOYHAS TeMIlepaTypa IieHTpa

MopaaoK N0NL30BAHWE HOMOTrPaMMamMu

flpunoxetne
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Homorpamma ansa oueHku Temneparypbi
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Puc. 3.5

Homorpamma ng oLeHkM TemnepaTyph! B LieHTpe luapa

McxopHble gaHHbIe AN OLEHKH
KoappuumeHtoB P u K8 popmyne (4.23)

Jlna 6ecxoHeYHOM MIOCKONapaLIeabHOl MACTHHBI (IINTHL) TOAMMHOR b
NP OAHOCTOPOHHEM OTBOJE Temna npuHuMaT P =1 u K = 0,5; npu 1By-

cTopoHHeM oTsoje Temia P =0,5u K = 0,125.

119 pAMOYTONBHO! TUIHTH HeOrpaHUYeHHOM AJIMHbI LIMPUHOH b U TOJI-
IIMHOM 8 Npu OTBO/E TeILIa OT YeThIpeX Ipanei U B= b / § snaueHus koad-
dbuLeHTOoB OTpaskeHbl B TabI. 4.1.

Tabmuya 4.1
3naueHun koadbduumeHToB
ANS MAUTB HEOTPaHNYEHHON ANMUHDBI

B P K B P K
1,00 0,2500 0,0625 3,00 0,3750 0,1009
1,25 02778 0,0738 40 0,4000 0,1063
1,50 0,3000 0,0812 50 0,4167 0,1097
1,75 03182 0,0868 6,0 0,4286 0,1122
2,00 03333 0,0907 « 0,5000 0,1250
2,50 03571 0,0967
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TIpu B= 1 (610K KBaApaTHOTO CceyeHHs) 3HaueHHs KO3(PPUIIMEHTOB
P=0,25u K =0,0625 Te xe, 4yTo ¥ 1719 3aMOpa’KUBaHUS HWIHHAPa Oecko-

HEYHOM JuHbl, ecid D, =3,

JLns MpAMOYTo/IbHOM TUINTH OrpaHuYenHoM Amunbl [ mpu B=1/8 u

B,= b/ & u oTBOxe Ten1a OT Beex 6 rpaHeii (Tabu. 4.2).

Tabnuua 4.2

3Hauenus koapbuuneHTos
ANA NANTBI OFPaHUYE@HHON ANNHbI

B B2 P K B B2 P K
1,0 1,0 0,1667 0,0417 5,0 1,0 0,2272 0,0584 )
1,5 1,0 0,1875 0,0491 2,0 0,2941 0,0827
1,5 0,2143 0,0604 5,0 0,3570 0,0982
1,5 0,2308 0,0656 6,0 1,0 0,2308 0,0592
2,0 0,2500 0,0719 2,0 0,3000 0,0839
25 1,0 0,2083 0,0545 4,5 0,3602 0,0990
2,0 0,2632 0,0751 6,0 0,3750 0,1020
2,5 0,2778 0,0792 8,0 1,0 0,2353 0,0599
3,0 1,0 0,2142 0,0558 2,0 0,3077 0,0851
2,0 0,02727 0,0776 40 0,3200 0,1012
3,0 0,3000 0,0849 8,0 0,4000 0,1051
35 1,0 0,2186 0,0567 10 1,0 0,2381 0,0604
3,5 0,3181 0,0893 2,0 0,3125 0,0865
4.0 1,0 0,2222 0,0574 50 0,3846 0,1037
2,0 0,2857 0,0808 10,0 0,4167 0,1101
3,0 03156 0,0887 ® © 0,5000 0,1250
4,0 0,3333 |- 0,0929
4,5 1,0 0,2250 0,0580
3,0 0,3215 0,0902
4,5 0,3460 0,0959

Ipu B,= 1 u B,= 1 (610k Kybuyeckoii GopMbl) 3HaueHNd KoapPuny-
eHToB P = 0,1667 u K = 0,00417 — Te xe, uTo u ans mapa D = 8.
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PexuMbl X0NOANNBHOIO XpaHeHUS
CKOpONOPTALUXCS NPOAYKTOB

Ha XONOAWNBHUKAX NpeanpUATHA
TOProBAu ¥ 06L48CTBEHHOr0 NUTaHUS

Tabmmya 5.1
] o = ~
= 2z =
20 §§x g Szt
£ 5¢d : g §Eg
TpoxyKThi & g ; & E, EE %
g 23% g go8
58 F 2 e ags
b= & e "5
g &) o] =
Msco:
OXJIaXACHHOE 0 80 3 100-120
MOPOXEHOE -12 85 4 120-140
CyGnpoaykrst:
OXJIaXAEHHbIE 0 80 1 120-140
MOPOXEHBIE -3 90 4 160-180
[Truua: '
OoXNaxAeHHasA 0 80 2 120-140
MOpOXKeHas -12 90 5 160-180
Juus MopoxeHas -3 .90 3 160-180
Priba:
cBexas -1 95 3 180-200
MOpOKEHas -3 95 4 200-220
conenas 3 90 5 260-300
Mornoxo 2 - 0,5 120-160
TIpocTokBaia, kedup 2 85 1 120-160
Cwmerana, TBOpOr 2 85 2 120-160
Macrno:
CIIMBOUYHOE 2 85 3 160-200
TOIsEHOE 2 85 10 180-220
Maprapux 2 85 5 160-200
Chripnt 2 85 5 220-260
Siua 2 85 5 200-220
T"acTpoHOMHueCKye 0 80 5 120-140
TOBapsH!
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OkoHyaHue 1abn. 5. 1
-3 & = o
< ] = % 2
= T a8 = £
2 g : =fE
g d s Sd 3 BE s
Tiponykrbl ol £ &k =5
=4 o © a >
F e g =
S8 EZ 3 ] 2z 2
S & g E
DpyKTeI, ATOABI, 6 90 2 80-100
3e/1eHb
KBaluenns, conenus, 0 90 - 160-240
MapHHaJb!
Buuno-sogounsie 6 - 10 170-220
H3JENus
Ttueo, Boga 6 - 2 170-220
Honydabpuxars! 0 90 1 80-100
MSACHEIE U peIGHBIE
Tonydabpuxarer 2 85 1 100-120
OBOHIHEIE
Konnurepckne 6 80 5 80-100
u3neNHs
Koncepeu 6 75 - 220-260
3aMopoxeHHbIE -18 95 10 220-260
TOTOBEIE KyJINHapHhIE
u3genus
3aMOpOXeHHBIC -18 95 10 220-260
bpYKTEI U sArOAL
ITimesrie oTx0ABI 0 85 0,5 160~-200
Tabnuya 5.2

CpPoOKM XONOAUNBLHOTO XPaHeHUS
HOKOTOPBIX MACHLIX NPOAYKTOB B 3aBUCUMOCTM OT TEMNepaTypbl

CpoxH xpaHeHns B Mecsillax npH remMaeparype, °C

Bua npoaykra HeyNAKOBAMHbLIX yNaKOBAHHBIX
a2 | <15 | <18 | 25 | 12 | 15 | <18 | -25
| Kypst, muneticu 5 7 10 12 8 10 12 14
Innnsra, 4 6 8 1 8 0 | 12 | 14
HHIIOWIATA, JHYh
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Oxonyauue 1abn. 5.2

Cpoxn xpaseHus B MECALAX NPH TeMueparype, °C
Bua npoaykra HeyNMAKOBAHHBLIX YNAKOBAHHbIX
-12 -15 -18 -25 -12 -15 -18 =25
T'ycn, yrkn 4 5 7 11 6 8 10 12
I'ycara, yrara 3 4 6 10 6 8 10 12
FoBsguna B 8 i2 18
NIOJYTyIax
YeTREPTHHAX
CsuHHR2 B 3 6 12
MONYTYHIAX
bapanuua B 6 10 12
nOJyTymax
Ta6anuya 5.3
PexoMmeHAayeMbie peXuMbi
W NPOAONKUTENLHOCTb XONOAUNLHOIO XpPaHeHNs
HeKoTOpbIX NNoROB U oBowei (nogGopka H. A. MouceeBo#
n U. 1. Bonkuupa)
Maoab1 ¥ oBOIH Temneparypa, OTHOCHTE/IbHAS Cpox xpaHeHus
°C BJIAXKHOCTH B COOTBETCTBHM
Bo34yXa, % €0 CBOHCTBaMH
npoayKTa
AOpHKOCH -0,5 90 ‘ Ho 1 mec.
Aiisa 0 90 2 Mec.
AnenbscHHRL
JKENTHIE +3...+4 85-90 o 5 mec.
HeAo3penbie +5...46 85-90 Jo 5 mec.
Banaunr:
3eNeHbie +14...+16 85-90 10~20 nweit
3penbie +13...+14 85-90 5-10 gueit
Bunorpan -2...0 85-90 1-6 mec.
T'panatsi ~2..~1 90 2-3 mec.
I'pyu:
TIETHHE -0,5 90 Jo 1 mec.
3UMHHE +1...+2 90 4-5 Mmec.
Jbmn -1...0 85-90 2-3 Mec.
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OxoHvaHue T1abn. 5.3

ILnoant v oBoImK Temmepartypa, OTHOCHTEIBHAR CpoK XpaHeHHR
°C BJARKHOCTH B COOTBETCTBHH
Bo3ayxa, % €0 CBOMCTBAMH NpOJyKTa
S6noxu: ’
JeTHue +1...43 85-90 Jo 1 mec.
3UMHHE -2...0 85-90 5-8
Apby3n +2..43 85-90 Jo?2
Baknaxans! +7...+10 85-90 Jlo 10 nreii
3enenplit -0,5...0 85-90 1-3 Hepenu
ropourexk
% “eHble OBOIA 0 90-95 5-10 nueit
(canart, WiMMHAaT,
nyK)
Kabauxu 0..+4 85-90 Jo 2 mec.
Kanycra
GenokouaHHA:
paunuas 0...+0,5 8590 Ho 1 mec.
NO3AHAS -1...40,5 8590 6-8 mec.
Kaprodens:
paHHui +3...+4 85-90 2 nenenn
NO3NHUA 3...4 85-90 4-8 mec.
Jlyk pemgatsiii -2 70-75 4-8 mec.
Mopkosn -0,5...0 90-95 4-6 Mec.
Marucconn 0 90-95 2-4 mec.
Tlepeu
CTPY4KOBBIi: .
ocTphiit +7...+10 85-90 1 mec.
ClIaIKUi 0...+1 85-90 8-10 aneii
IMerpymka 0...+1 85-90 1-2 mec.
Penuc 90-95 3 Hepemm
Ceexna 0 90-95 3-5 mec.
Tomars:
3eJIeHble +11...+13 8590 3-4 negenn
Gyprie +...42 85-90 Jo 1 mec.
KpaCHbIe 0 90-95 Ho 2 nenens
Toixsa +10...+13 70-75 2-6 mec.
Xpen -1...0 90-95 Ho 10 mec.
YecHox -1,5...0 70-75 6-7 mec.
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PekomeHpauunmu no 3ameHe

XONoAUNbHLIX areHToB

Hanusle B Taba. 8.1-8.3 npeacrasiensl ¢upMaMu — NPOU3BOAUTEIIMH
XONOAHUIbHBIX areHTOB. [JonojHuTeNbHO K CBEIEHUAM, NPe/iCTaBIEHHMM
¢$bupMaMy, UCTIONB30BaHbl TaHKble HeMelkoro cranaapta DIN 8960 «Xunap-

areHThl: TpeOOBAHUS ¥ 0603HAYEHHS».
CokpaluleHus, NnpuHaToie B Tabn. 8.1-8.3

* ODP — mokasarenp pa3pylieHUs] O3GHOBOTO CJIOSl OTHOCHTENBHO
droprpuxiopmerana (R11);
* GWP, — noTeHnua r106a1bHOTO NOTENJIEHNs OTHOCUTENIBHO ABY-
OKHCH YI7lepozia Ha pacueTHbIi nepyrion 100 ser.

Ta6bmya 8.1

XnapareHTbi, pexoMeHAyeMbie A8 3aMeHbl XNanoHa R12

|
3§ . : o
] ] ) O a I~
Ble |8 | £ 8] [nEns
g cig © o 5 s Teliz
8 =3 £
-4
R134a CF;CH,F 0 1300 { POE -26 -
R401A* R22/R152A/124 0,037 1100 | M/A% A, POE -33,0 | 26,7
(53/13/34)
R409B* R22/R152A/124 0,040 1200 | M/A% A, POE -346 | -28,6
(61/11/28)
R409A* R22/R152A/124 0,048 1460 | M/A, A, POE -34,5 { 274
(53/13/34)
R409B* R22/R152A/124 0,048 1400 | M/A, A, POE -35,6 | 27,8
(53/13134)
R413A R1342/218/600a 0 1800 | M, A, M/A, -35 -28,1
(88/9/3) PAO, POE
R290/R600a R290/R600a 0 3 M, A, M/A, B 33BHCHMOCTH
PAO, POE OT COOTHOILIEHUS
R600a CH(CHs); M, A, M/A, -11,9 -
(u306yTaH) PAQ, POE

Npumeuanus x Tabn. 8.1:
! CpoK npMMeHEeHUs XJIalaTeHTOB, OTMeYeHHbIX 3Be3fouKoil (*), orpaHnyeH.

2 He menee 50% anmicunbeHsona.
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TaGnnya 8.2
XnapareHTbl, peKOMOHAYEMbI® 4NS 3aMeHbl XnanoHa R22
g g § g
> ] = § ° [ ST O o~
H Esic | & | & 5§ | &% 8
g 5§ © o 3= dIcgliz
: i :
R404A R125/143a/134a 0 [ 3800 | POE -46,4 | 45,7
(44/52/4)
R507 R125/143a 0 3800 | POE -46,5 | —46,5
(50/50) ‘
R410A R32/125 (60/40) 0 1900 | POE -51,6 | ~-51,5
R407A R32/125/134a 0 1900 | POE -45,5 | -38,9
(20/40/20) ,
R407C R32/125/134a 0 1600 | M/A, A, POE 43,6 | -364
(23/25/52)
Isceon 59 R125/134/600a 0 2120 | M, A,M/A, —42,1 -
(46/50/4) PAO, POE
R290 CH;CH,CH; 0 3 M, A, M/A, 42,1 -
(nponan) PAO,.POE
R717 NH; (ammuax) 0 0 M, PAO -33 -
(PAG)
Tabnuya 8.3
XnapareHTsl, pekoMeHAyeMbie NN 3aMeHbl xnaaoHa R502
) w ! @ -~ =
: | fiic | 5| £ §3 [nEME
£ ggg° S 2 g I B
g 5 g g - - =4
[
R402A*! R125/290/22 0,021 2600 | M/A, A, (POE) -489 | 46,9
(60/2/38)
R402B* R125/290/22 0,033 2200 | M/A, A, (POE) -47,1 | -449
(38/2/60)
R403A* R22/218/290 0,041 2700 | M/A, A, (POE) | -50 -
(75/50/5)
R403B* R22/218/290 0,031 3700 | M/A, A, (POE) -50,2 | -49
(56/39/5)
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OkonvaHune rabn. 8.3
w - 2
= @ S
H] a § E 2 2o U 2|0 2
: Eile | 5| 5| §3 O|5EE
] g a° o g3 E -] 3 =
g Q E 5 Qo g & Tl E T
° £
R404A R125/143a/134a 0 3800 | POE -46,4 | 45,7
(44/52/4)
R407A R32/125/134a 0 1900 —45,5 | -38,9
(20/40/40) .
R407B R32/125/134a 0 2600 | POE -473 | 429
(10/70/20)
R410A R32/125 (60/40) 0 1900 | POE -51,6 | -51,5
R507 R125/143a 0 3800 | POE -46,5 | 46,5
(50/50)
R408A* R22/125/143a 0,026 3100 | M/A, A, (POE) -444 | -434
(47/7/46)
FX40 0 -48 -47.8
(Elf Atochem)
R290 CH3;CH,CH; 0 3 M, A, M/A, —42,1 -
(nponan) PAO, POE
R717 NH; (ammuax) 0 0 M, PAO, -33 -
(PAG)

Npumeuannsa x Tabn. 8.3:
! Cpok npuMeHeHMs XaaTeHTOB, OTMeYeHHbIX 3Be3/I04Kkoi (*), orpaHUYeH.
2 Bosiee He TPOU3BOAUTCH.

PexomeHpyemble Macna
ANS XONOAUNLHLIX BTEHTOB

* A - ankunbensosbHOE Macno (CHHTETHYECKOE);
* A/M — anxunbeH30/IbHOe ¥ MUHEpaJIbHOE MacJio (TOJyCMHTeTHYe-

CKOe);

¢ PAG — nmoanajkuIeHIJIHKOIEBOE MacJo;
* PAO — nomnanpdpaonednHoBoe Macio (CHHTETHYECKOe);
* M — MuHepanbHOe MacJIo;

* POE — nosmadupHOe MacJio.

14-996
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Tabnunya 8.4

CgroiicTBa HOKOTOPBIX OTEYECTBEHHbIX Macen

CaoiicTea

Mapxka Macaa

XA-30

X®12-16

X®22-24

XC-40

Bsaskocts
KHHEeMaTHYecKan
npu 50 °C, mm/c

28-32

216

24,5-28,4

37-42

Kucnorsoe yucno,
mr KOH/T, e Gonee

0,05

0,02

0,04

0,02

3onbHOCTH Cy/bthaTHas,
%, He Gonee

0,004

0,02

Temnieparypa BCTBILIKH
B OTKPHITOM THTIIE,
°C, He HHXE

185

174

200

Temneparypa
3aCTHIBAHHA,
°C, He BLILIE

-42

—45

Temneparypa
xJIonbe00pa3oBaHNA

°C, He BrIllIe

B pacTBope xnanoHa R12,

—40

CraGuIbHOCTS NPOTHB
OKHCIIeHus, He Gonee

Ocanoxk, %
(maccosan nons)

0,02

0,005

KucnorHoe yucno,
MrKOH/T

0.5

0,04

Kopposua:
Ha IUTaCTHHAX U3 MEAH
Ha IUTACTHHAX W3 CTAM

BeiaepxHpaet
OrcyrcTByeT

Beinepausaer

Brigepxusaer

Beinepxupaer
Orcyrcmeyer
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PekoMeHpaLuu nNo 3ameHe XONOAUNbHLIX arperaTos

C 2000 r. BMecTo Xomonunbhbix arperatoB WAK-0,7 xonoamnapHble arpe-
ratel BC 800(2), BC 800 1(2), P12TN, BCs 800(2)2M u BCs 800(2) ¢ oT-
NeJINTeIeM KUIKOCTH;
» BMecTo WAK-1,1 xonoaumbhble arperatsl BC 1000(2), BC 1000 1(2),
BC» 1250(2) u BCs 1250(2) c OX;
+ BMecto WAK-1,5 xononunbHbie arperatsl BC 1600(2), BC 1600 1(2),
BC» 1600(2)
¢ nepeyucaeHHbIMH B Ta0J. 10.1 TeXHUYECKUMH XapaKTePHCTHKAMU.

, Ta6nnuya 10.1
PexomMeHAauum No 3aMeHe XONOAUNbHbBIX arperaTos

: £y z
2e 3 5 g a- > ?
&8 - B E , A g ]
" M [E; B o fag § . as
= S VW YM ]
SEEL| ZEEs S5 & 3 E
=g 22 S = & =3
0 - a g- ool ‘g
s = P
BC 800 1(2) 800 220 440 x 380 x 255
P12TN
DAK-0,7 BC 800(2) 840 380 _520 x 405 x 300
BC»> 800(2) 2M 840 380 565 x 400 x 375
BCs 800(2) ¢ OXK 840 380 565 x 400 x 375
' BC 1000(2) 1080 380 R22 520 % 405 x 310
BC 1000 1(2) 1080 220 520x405x310
DAK-1,1
BCo 1250(2) 2M 1310 380 585 x 400 x 390
BC» 1250(2) c OXK 1310 380 585 %400 x 390
BC 1600 1(2) 1680 220 785 x 560 x 400
DAK-1,5 | BC 1600(2) 1680 380 785 x 560 x 400
BC»s 1600(2) 1600 380 785 x 560 x 400

fpumevanue Kk Tabn. 10.1:

BC — xomoannbHbIit arperaT co BCTpOEHHLIM aJieKTpoBuraTesnem; BCa — xo-
JIONWJIbHBIN arperar ¢ 9KpaHUPOBaHHBIM 3JekTpojABurareiemM; OX — oraenurenb
MKHIKOCTH.

14¢
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Imnarpammbi COCTOSHUS XOJIOAU/ILHLIX 8reHToB
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Puc. 8.2
Buarpamma LgP-i xonogunsHoro areHta R134a
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Mouxo6nouHble xonogunbHbie mawmHsl MAZ, BAZ

Tabnunya 12. 1
Mono6nounbie xonoaunbHbie MainHb MAZ

Mono6a0xH, noiBecHOH BapuaHT
TeMIeparypa Bo3ayxa B kamepe, °C
~5°C 0°C 5°C
I I
g : g1
& Ny o 2 <
5 5 ] %
2 g = = g £
) 2 g 2 g = g % g
z H = 4 £ H £ & -
o =4 2 =4 ] ¢ =] 3
o= 3 =] S = s
k3 a 8 2 k- 8 2
= = =
2 g H
& = =
2 g :
g =] =]
8 3 3
e »” »”
MAZ 105G 6,7 0,94 83 1,08 10 1,24 220~1 1047
50
MAZ 107G 7.7 1,03 9,8 1,26 13 1,46 220~1 1125
50
MAZ 110G 10 1,2 12 1,4 16 1,7 220~1 1150
50 '
MAZ 212G 18 1,8 22 22 27 2,7 380~3 1530
50
MAZ315G 30 27 39 33 49 3,9 380~3 2141
50
MAZ320G 41 34 51 4,1 62 48 380~3 2178
50
Mono0510K, NOTOI0OUMBIH MOHTAXK
MSB 135 NG 34 3,4' 4 4,1 54 4,7 380~3 2195
50

BHuumanue! Mpu sbiGope MOHOGR0Ka cnefyeT NOMHUTL, YTO yKa3aHHan Xo-
NOAONPON3BOANTENLHOCTb COOTBETCTBYET MUHUMANbHOMY 0GbeMy KaMepbl.
JT0 3HAYUT, YTO, HANpUMep, XONoAUNLHLIN arperaT MAZ 105 G moxert obec-
neynTb TeMNepaTypy Bo3ayxa 8 kamepe -5 °C, ecnu o6n.em kamepsi 6,7 M3, B
kamepe o6bemoM 8,3 M2 TeMnepaTypy 0 °C 1 B kKamepe o6bemom 10 M® TeM-
nepatypy +5 °C.
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Tabmya 12.2
MoHOOGNOYHBLIO XONoAUNLHbIe MativHbl BAZ

Temnepatypa BO3ZYXa B Kamepe, °C

-15°C -18°C -22°C
£ g g .
;’: g a o
; £ el 5 |
a & o -
2 - H 2 - 3 H E
e H 3 & 8 ] g $
= £ £ | B s g g £
2 s &1 8| & 8 g &
e 2 2 2 2 2 -}
2 2 2
g H H
: : -
g g g
BAZ 112G 74 {1109 | 63 | 099 | 4,7 | 0384 220~1 1329
50
BAZ 117G 14 1,59 | 96 | 128 | 74 | 1,09 380~3 1398
50
BAZ 117F 14 159 | 97 | 1,29 | 63 | 099 220~1 1398
50 :
BAZ 220G 24 22 17 1.8 13 1,5 380~3 1675
50
MAZ 330G 52 3.6 38 3,0 27 2,4 380~3 2375
50




424

Mpunoxetue

MpuGopbl 8BTOMATUKM XOSIOAUNLHOA MELLMHbI

Tabnuya 14.1

MpuGopbl aBTOMATUKN XONOQUNbHOK MalliMHb! dupmel Danfoss

TE — TepMoperympyroninii
BEHTHIb C BHYTPCHHKM

¥ BHEUIHHM BHIPaBHHBAHHEM
JIaBIICHHA

EVR —
COJIEHOMHBII BEHTHIIL

KP15—
nryxOnouHoe pese naBleHue

Tepmocrarn KP 61
JUIA PEryNMpOBaHus

TeMnepaTypsl BO3AyXa
B 0XJIaXA3EMOM 00BeMe

KVP —

PperyisTop NaBNEHHR
XONOAMIBHOIO areHTa
B KCIapuTene
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Oxonyauune vabn. 14.1

KVL —

peryasTop AaBlAeHHs

B KapTepe KOMMpeccopa, .
npenoTspaitaer padory
KOMIIPECCOpa IIPH BEICOKOM
IYCKOBOM JaBICHHH

KVR —

PETYRATOp AaBlieHus

B KOH/ICHCAUHWH,
NMOAAEPKHBAET MOCTOAHHOE
JaBJICHHE B KOHIEHCATOPE
(BEHTHIIL TOCTOAHHOTO
NaBIIEHUS)

KVD — -

PErynsTop AaBjAECHHS

B pecusepe. [Ipumensior
Bmecte ¢ perynatopom KVR.
Mosker GBITb HCTIONB30BAH
BMeCTO perynsropa NRD
(obGpatHoro knanana)

DX —
¢unbTp-ocymuTens

SGI—

CMOTPOBOE CTEKJIO.
O6ecneunBaer KOHTPOJb 32
fIOTOKOM XOJOANSIBHOTO
arenta
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XonoaunbHble KamMepbl

Ta6nnua 15.1
Moaynshbie xonogunbHbie Kamepbt'

IInpuna, (B), mm
F(J;,);ﬁ:l:, 2550 | 3150 | 3750 | 4350 | 4950 | ssso | e1s0
1A%
1950 86 108 13,0 15,1 173 19,4 21,6
2550 11,5 14,4 173 202 23,0 25,9 28,8
3150 14,4 18,0 21,6 252 28,8 324 36,0
3750 173 21,6 25,6 302. | 346 389 032
4350 | 202 252 30,2 353 403 454 50,4
4950 23,0 28,8 34,6 403 46,1 51,8 57,3
5550 | 259 324 38,9 454 51.8 58,3 64,8
6150 | 2838 36,0 03,2 50,4 57,6 648 | 720
6750 | 317 39,6 415 554 63,4 71,3 792
7350 34,6 432 51,8 60,5 69,1 77,8 86,4

Mpumeyanue x Tabn. 15.1:
! Tonmuua naueneit S = 75 MM; BbicOTa X0a0AWIbHOM Kamepsl H = 2150 MM
(BbIMycKaAOTCS MaHe U BbIcoTOi 2550, 3150 Mm).

Ta6bnuua 15.2
Xonoaunexbie Kamepsl o6beMom o 23 M3

Kamepa TabapuTbi, MM HapyxHuiii Iena Ge3s XonoaunbHbiii Ilena:
obbem, M’ | xonmommabHBIX arperar y.e.
Arperaros, y. e. (10-25°C)
KX-4 1360 x 1960 x 2200 5,86 1042 BAZ-112 2742
KX-8 1960 x 2560 x 2200 11,0 1460 BAZ-117 3330
KX-11 | 2560 x 2560 x 2200 14,4 1684 BAZ-117 3564
KX-14 | 2560 x 2560 x 2720 17,8 1932 BAZ-220 4332
KX-18 | 2560 x 3160 x 2720 22,0 2197 BAZ-220 4597
KX-20 2560 x 3460 x 2720 24,0 2347 BAZ-220 4747
KX-23 | 2560 x 3760 x 2720 26,2 2463 BAZ-220 4863
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Ta6bnuya 15.3

XonoaunsHbie Kamepbl
o6beMom cehiuie 23 m°

Kamepa IabapuThl, Iiena XonoamabHbli Llena
MM Ge3 x/a, arperar c x/a,
y.e. y.e.
KX-25 2560 x 4360 x 2720 2661 BAZ-220 4983
KX-29 2560 x 4960 x 2720 2947 BAZ-220 6447
KX-33 2560 x 5560 x 2720 3265 BAZ-220/ 8065/
BAZ-330 6765
KX-36 2560 x 6160 x 2720 3647 BAZ-220/ 8447/
BAZ-330 7147
KX-42 3600 x 4960 x 2720 3750 BAZ-220 8550
KX-57 4800 x 4960 x 2720 4385 BAZ-220/ 11585/
BAS-235N 11585
KX-72 6000 x 4960 x 2720 5156 BAS-235N 12355
KX-86 7200 x 4960 x 2720 5930 BAS-235N 13130
KX-101 8400 x 4960 x 2720 6740 BAS-235T 14740
KX-116 9600 x 4960 x 2720 7511 BAS-235 18011
KX-130 10800 x 4960 x 2720 8282 BAS-235 18782
KX-145 12000 x 4960 x 2720 9047 BAS-235N 23447
KX-160 13200 x 4960 x 2720 9821 BAS-235N 24221
KX-175 14400 x 4960 x 2720 10592 BAS-235N 24992
KX-190 15600 x 4960 x 2720 11366 BAS-235N 25766
KX-204 16800 x 4960 x 2720 12137 BAS-235T 28137
KX-219 18000 x 4960 x 2720 12911 ~BAS-235T 28911
KX-233 19200 x 4960 x 2720 13678 BAS-235N/ 37678
. BAS-235T
KX-249 20400 x 4960 x 2720 14447 BAS-235N/ 38447
BAS-235T (3 urt.)
KX-278 22800 x 4960 x 2720 16033 BAS-235T
KX-293 24000 x 4960 x 2720 16763 BAS-235T
KX-307 25200 x 4960 x 2720 17533 BAS-235T
KX-322 26400 x 4960 x 2720 18308 BAS-235T
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Ta6nuua 15.4
CGopHbie XONOANALHLIS Kamepbl
npouasoacTtsea ClIl «Cosurannpoamatu»
HaumenoBanne Obbem Tabapurnr, Arperart Ieuna,
Kamepel, M° MM y.e.
= KXC-4 4 1360 x 1960 x MAZ-10531 G 1047
E‘f & x 2200
g
g & 2 KXC-8 8 1960 x 2560 x
2pe x 2200
£ % E (&)
g: l"°.£ KXC-11 11 2560 x 2560 x MAZ-10731 G 1125
g § 5 x 2200
ﬁ T KXC-14 14 MAZ-11031 G 1150
g2
gz KXC-18 18 3160x 2560 x | MAZ-21231 G 1530
< x 2720
= KXH-4 4 1400 x 2000 x BAZ 11231 G 1329
o x 2240
£
© g g KXH-8 8 2000°x 2600 x BAZ 11731 G 1398
23p X 2240
Z3s0
28, | KXH- 11 26002600 x | BAZ22031G’ 1675
Sg8EY x 2240 ‘
sgk’
% 3 2 KXH-14 14 2600 x 2600 x
g x 2760
Z
g KXH-18 18 3200 x 2600 x
= x 2760
Ta6nuya 15.5
Tynsl  eMKOCTKU XOHTellHepoB
Tun Paimepbt, MM Hone3nwiit
KouTeiinepa obnem, M
BLICOTA llllipllHa AJHHA
1A (40-¢pyToBRIii 2435 2435 12190 72,2
KOHTeiiHep) (39993 dyra)
IB » » 9125 54,1
IC (20-¢dyToBstii” » » 60559 35,9
KOHTeiiHep) (19865 ¢dyToe)
D » » 2990 17,7
1E » » 1965 11,65
IF » » 2460 14,6

Mpumeyanne x Tabn. 15.5: 1 pyr = 0,3048 M.
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Ta6nuua 15.6
CGopHo-pasaGopHbie XonoRNAbLHBIE KAMepPbl
¢ arperatamu «Technoblock»

= -] =
g @ 3 ©
28 | 4+ iv e | & 24
285 =5 £ 22z | Eg £d
Eas 28 gk R 5= \g §
S&¢ 3 ¥ S5g >
s%¢g g E §2 g & g Eg
® g CR) 5 ] ] é &
= = = 2
20-¢yrosoro 18 0..+5 ACM202 380/50 1
-15..-12 22
-22..-18 ACM400 3,1
40-dyrosoro 40 0..+5 ACM200 2
-15...-12 ACM400 3,1
Ycnosus xpaseHus u GU3N4eCKUe XxapaKTepucTHKM
NULLEBLIX NPOAYKTOB
Tabnuua 18.1
Ycnoeus xpaHeHUs n hU3nyecKkne XxapaKTepucTuKi NULLIeBbIX NPOAYKTOR
w 4 « Yaeannas Yaennnas
s g o % TeMI0eMKOCTS, Tennora,
& | §5 | &5 | sMwGer-K) | wlbkikr-yr)
H i o
g8 | 22 EZ g =la 3zl &
Mponye s | BE | g% |5EElEEE| 5 | 4
g A &2 aZa|l a =
] 3 a @8 @' o x Z 3
| 2B E5|fii|gpE| g4 &4
) 3 2 gEale g al &8 z
= -] es 29 -] o =4
LA AR CHEL
=1 8 = g sl F s 8
Msico,
MSACHBIE TIPOAYKThI
1lInuk, rpyanHka,
KopeHKka:
CBEXHE —4..+1 85 -2 1,53 ~ 68
3aMOPOXKEHHBIE -18 90-95 - - L1 -
Bbudmrexc:
CBEXHIH -1..0 | 88-92 -2 32 - 231
3aMOPOXKEHHBIH -18 90-95 - - 1,67 -
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lpononxexne tabn. 18.1

&) = -4 YaeavHan Yaenvnasg
°°. 3 2 & Tena0eMKoCTb, Tenaora,
2 Z % 3-‘9, kIx/(kr - K) x /(KT - cyT.)
:| 38| fd
2 | 2% EE 3 glz gz ¢
Npoayskr = g2 | ta pzE|czE| S -
- Zm =¥ 22858 g £
r 5 s 3 a [ g [ g = i = 3
2 =3 2 e o i Eg i i % -
a E & S5e |25 |Ees| &% =
o S & S v 28 al o€ a, 2
= -] O E2e| FES S RN
3 £ | B7 |g=3|5=5| 2
b Q = g ol r o s
Bapanuua:
cBEXas -1...0 85-90 -2 3,0 - 216
3aMOPOKEHHAsA -18 90-95 -2 - 1,86 -
CamEoi xup +7 | 90-95 - 2,09 1,42 210
MMeuens -18 90-95 -2 - - -
3aMOpOXKeHHas
CaunuHa:
cBexas 0...+1 85-90 - 2,13 - 128
3aMOpOXKeHHas -18 90-95 - - 1,3 -
Kponux:
CBEXHIA 0...+1 90-95 2,7 3,1 - 228
3aMOPOXKECHHBIH -18 90-95 - - 1,67 -
Konbaca 0..+1 85-90 -2 3,72 2,34 216
TensTuHa:
cBexad 0..+1 0-95 -2 3,08 - 223
3aMOpOXKEHHAs -18 90-95 - - 1,67 -
ITuna
H TUEenpoRyKTHI
Mtuna:
cBexas 0 85-90 -2,7 133 - 246
3aMOpPOXEHHAs -18 90-95 - - 1,76 -
Ahna:
BapeHsie -2.0 | 8590 -2,2 3,05 - 220
CBEXHE 0 -2,2 - 1,76 240
Osomn
Caekna 0 95 -1 3,77 1,92 293 3,1
Kanycra:
KpacHas 0 90-95 -0,8 3,68 1,93 284
Genokouannas 0 90-95 -0,9 3,94 1,97 307
UBETHas 0 90-95 -0,8 3,89 1,97 307
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fpogonxenne rabn. 18.1

9] 4 g Yaeanunan Yaeasnas
:. § o 9 TENN0eMKOCTD, TenaoTa,
& § ‘:. é"o' k/lx/(kr - K) wJlx/(KT - CYT.)
5 2 & £ 3
* = | 83 |&_ 8|8 =| &
Mpowsr |3 | E2 ) 2% |SEE|EEE| 5 | ¢
A s SZalaras 2 =
e | 8% | 35 |gcg|228| g3 | § 2
S " ¢ ] = s 2ea S = o
M s 8 = o E Al 8 ¥a g =
= e 9 ] [ ) - 5 =
: Sl E° |zfEz%E ¢
b= E -4 £ 3|8 =8 -]
Cennaepeit 0 90-95 -0,5 3,98 2,0 314
Orypup! +7..+10 | 90-95 -0,5 4,06 2,05 319
Yecnok 0 65-70 -0,8 2,89 1,67 207
Jlyk penaatsiit 0 90-95 ~0,7 3,68 1,93 293
Canat 0 95 0,1 4,02 2,0 316
Jlyk 3encusiii 0 65-70 0,8 3,77 1,93 288
Topox ceexHit 0 90-95 0,6 3,31 1,76 246
Ilepen +7...+10 | 90-95 0,7 3,94 1,97 307
Kaprodens: .
panHuii +10...+13 90 0,6 3,56 1,84 270
no3AHMHK +3...+10 90 -0,6 3,43 1,8 258
PeBenb 0 95 -0,9 4,02 2,0 312
Uinunar 0 90-95 -0,3 3,94 2,0 307
Tomarsl:
HeCTIENkie +13..+21] 85-90 -0,5 3,98 2,0 312
cnensie +7..+10] 85-90 -0,5 3,94 20 312
BaxueBnle
TrikBa +2..+4 | 85-90 -i,1 3,89 2,0 307
Nbins +7...+10] 85-90 -0,9 3,94 2,0 307
PpYyKThl, ATOALI,
rpubnl
SA6nokn -1..43 90 -1,5 | 3,64 1,88 281
AGpuxocst —0,6...0 90 -1,0 3,68 1,92 284
Bauann +13...+15 90 -0,8 3,35 1,76 251
BrutHs -0,6...0 90-95 -1,8 3,64 1,88 280
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lpononxenne rabn. 18.1

&) g Yaeabnas VYaeavnas
‘;, § o 2o Ten10eMKOCTD, TEIIoTa,
s ; ’d g5 wkJla/(kr - K) wJlx/(xr - cyT.)
| iF| & -
= | wg | BE |B.3|8, 8| ¢
Hpoayxr s gz = E £ 3 £ i £ <
o2 ] T 4
AEHRHIEH B RE
; % ] - g. T e 5 o e
e | §¢ | $5 |28\ EE:| 27 | 3
3| E2| 3" |=9F|z%3 2
= & = s S| g o 8
Bpychuka +2..+4 | 90-95 -0,8 3,77 1,93 288
CmopoanHa -0,6...0 90-95 -1 3,68 1,84 280
KpsikoBHHK -0,5...0 90-95 -1,1 3,77 1,93 293
Busorpan -1..0 85-90 2,2 3,60 1,84 270
Tepcuku -0,5...0 90 -09 3,77 1,92 288 1,34
I'pyun -1,7.-1 90-95 -1,5 3,60 1,88 274 0,93
AHanackl criefsle +7,2 85-90 -1,1 3,68 1,88 283 -
Cnusa -0,5..0 90-95 -0,8 3,68 1,88 274 0,64
MacnuHs! cBeXxue +7..+10] 85-90 -1,5 3,35 1,76 251 1,0
pauatl 0 90 -3,0 - - -
Manuua —-0,5...0 90-95 -0,6 3,56 1,86 284 547
3emannuxa -0,5...0 90-95 -038 3,85 1,76 300 3,78
HIaMmuHBOHE 0 90 -0,9 3,89 1,97 302 7.2
LuTpycoBbie
[peiingpyr +10...+16{ 85-90 ~1,1 3,381 1,93 293 -
JiumoHb +14..+16| 86-88 -1,4 3,81 1,93 295 424
AnenscHHE 0..+9 | 85-90 -0,8 3,77 1,92 288 1,68
Manaapunst 0..+3 | 90-95 -1,0 3,77 1,93 290 -
PriGa
U MOPETNPOAYKTH
PriGa:
cBeXas +0,6..+2 | 90-95 -2,2 3,26 1,74 245 -
KOTYeHast +4..+10} 50-60 -2,2 2,93 1,63 213 -
coneHas 2.~1 75-9 -2 3,18 1,72 232 -
3aMOpOXKeEHHas -18 90-95 -2,2, 1,74 245 -
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Oxonyanue Tabn. 18.1

®) = Yaeasnan Yaeapuas
°°, § . E: o) TeN0eMKoCTD, TeI10TA,
? g fg §.o£ kJbx/(kr - K) KJK/(XT - CYT.)
] 5 @ Ex
= Z | 85 (& _=18 g| &
Hpoayxr - £g e S eEE|ess| E .
& | 2| EE|gzZ|2:3| £ g,
* -3 N g F H ]
AREIEIHIHTBIEL
s | g5 | g4 |;2§[Z8§| ¢ |2
-}
E 18| & |BFE|ETE| 3
MonouHble NPOAYKTEI
Macno:
CBeKee 0..+4 80-85 -5,6 1,38 1,05 53 -
[ 3aMopoxeHHOE -18 70-85 -5,6 1,38 1,05 53 -
Crip -2.~1 65-70 -1,7 2,1 1,3 126 -~
Crusky -18 < - 3,27 1,76 242 -
Moposxenoe -18 - - 2,93 1,63 207 -~
Mosoko:
NIACTEPH30BAHHOE
CryweHHoe 0,6 - -0,6 3,77 251 290 -
HeapHoe +4 — - 1,75 93 -~
+7..+13 0,92 93 ~
IIpoune npoayKTHI
Muso +12 - -2,2 3,85 300 ~
Xne6 -18 - - 293 1,42 115 ~
Men Huxke 10 - - 1,46 1,1 60 -
Jlen nuuesoit -4 80 0 1,29 -
Maprapun N +2 60-70 - - 1,34 1,05 51 -
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®usnyeckue CBOICTBA CyXOro Bo3pyxa

Tabnmya 18.2

dusuyeckue cBoitcTsa Cyxoro Boafyxa

) - ) K i
: o R T 2
3 E ) e x
% = n " =
g X = < S = .
30 T - T A - I B -
r 3 -
Bl s £ 2| Bl E | F | i
@ a 2 2 =
-3 g § : Il °
g g g g 2 g g 2
3 g | s g g E ]
=~ E ) a > & -
e g <] 2 -
[~ ] = x =
a e % a =
3 g g g g
3 Pt o X 2
> = = =
-50 1,584 1,013 2,04 12,7 9,23 14,6 0,728
40 | 1515 1,013 2,12 138 10,04 152 0,728
-30 1,453 1,013 2,20 14,9 10,80 15,7 0,723
20 | 1395 1,009 2,28 16,2 12,79 162 0,716
-0 | 1342 1,009 2,36 17,4 12,43 16,7 0,712
0 1,293 1,005 244 18,8 13,28 17,2 0,707
10 1,247 1,005 2,51 20,0 14,16 17,6 0,705
2 | 1205 1,005 2,59 214 15,06 18,1 0,703
30 | 1,165 1,005 2,67 22,9 16,00 18,6 0,701
40 | 1,128 1,005 2,76 243 16,9 19,1 0,699
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Tabnuuya 18.3
Koaddpuument Tennonepenaum
HaPYXHLIX CTEH W NOKPLITUA

CpeanerogoBan
TeMNepaTypa HapyXHoro

Kosdduunent rennonepesaun K, Br/(m* - K)

npH BHYTPeHHel TeMmepaType Bo3ayxa XoJd0AHIbHOHA

BO3AYXa Kamepst, °C
-15..-10 —4 0 +4
0 °C v Huxe: 0,47
HapYXHbIE CTEHDI 0,34 041 0,47 0,41
TIOKPBITHA 0,29 0,35 0,41
+1..+8 °C: '
HapyXHBIE CTCHBI 0,29 035 0,4 0,47
TIOKPHITUA 0,26 0,29 0,35 0,35
+9 °C u Brine:
HAPYXKHEBIE CTEHB 0,23 0,27 0,3 0,34
MOKPBHITHA 0,21 0,24 0,29 0,29

NMpumeuanus K Tabn. 18.3:

Koaddunnert Tennonepeaauu 4epaayHbiX epekpoITHil yBeanuuBaioT Ha 10%.
Ipu npuMeHennyu LaHeAbHOH CHCTEMB! OXJIaKAeHHsST K03 UIIHEHT Teroie-
peAady yBeauyuBaioT Ha 20%.

Tabnnya 18.4
KoadduuueHnr Tennonepenaun BHyTpeHHUX CTOH,
neperopoaock U MeXAY3TaXHbIX NepexpbiThit

Temneparypa Kos¢duunenr rennonepenaun K, Br/(m* - K)
BO3gyXa NpH BHyTPeHHeH TemmepaType 6oiee X0J0aHOro noMeiteHus, °C
Bouree Tenaoro
nomeumeHusn, °C -15 -10 -4 0 +4
~15 0,58 0,52 0,41 035 0,35
-10 0,52 0,58 0,52 047 0,41
-4 0,41 0,52 0,58 0,52 0,47
0 0,35 0,47 0,52 0,58 0,58
4 0,35 0,41 0,47 0,52 0,58
12 0,28 0,35 041 047 0,58
18 0,26 0,29 0,35 041 0,58

MpumMeyanne x Tabn. 18.4:

Koadduuuentsi TenonepeAayt IPHHUMAIOT IpY BABKHOCTH [TOMEIIEHUH Me-

A\
Hee 85%. [Ipn 6onbuiell BA2XXHOCTH OCYINECTBASIOT IPOBEPOYHbIH pacyeT Ha KOH-
JeHCalMIo BJIaTH C TeNJ10H CTOPOHDI CTEHKH.
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Tabnnya 18.5
KoaddpuuneHT Tennonepenayn ois CTeH kamep,
rpaHuvaumx ¢ Tambypamu, secTubionammn, Xopuaopammn

TemmepaTtypa Bo3ayxa Kopdpuuuent Tennonepesauu K, Br/(m* - K)
XO0JIORHABLHO# Kamepsl, °C CTeH CO CMEKHBIMH MOMeLHeHHRMH, °C
coobmaonmxcs ne coofmanomuxca
€ HAPYXHBIM BOZAYXOM € HAPYIKHBIM BO3AYXOM
-18..-20 0,28 0,41
-15..~10 033 0,47
—4 035 0,52
0 0,41 0,58
+4 0,47 0,58




FMOCCAPUIA

1. A6copbenm — BemecTso, criocoGHOe TIOTIOMIATh HEKOTOPble APYrUe
" BelecTBa (HasbiBaeMbia,abcopbaTamMu) WIN KUAKOH NI razoobpas-
HO# cpezipl, C KOTOPO# OHO HAXONUTCS B KOHTAKTe.

2. Abcopbep — aneMeHT abCOPOLIHOHHOI XONOAMILHOR MalIMHbL, B KO-
TOpOM abcopbUpPYIOTCA Naphl XJIalareHTOB.

3. A6copbuuonnan (unu adcopbyuonHas) XoN00UNHAS CUCTNEMA — CH-
CTeMa, B KOTOPO# BHIpab0oTKa X0J10/1a OCYIIECTBIISETCS B pe3yJIbTaTe
yicTiapeHHs XJiazarenTa; abcopbep (azcopbep) NOrMOMaeT Naphl XJ1a-
areHTa, KOTOPHIE BIIOCJEACTBHH BHIZIEJIAIOTCS U3 HETO NIPH Harpese ¢
HOBBIIIEHHEM TAPLIAATBHOTO AaBJIeHHS U 3aTeM IO STHM JaBlIeHH-
€M KOHJIEHCHPYIOTCS PU OXJIXKACHHU,

4. Aemonomnas cucmema — CUCTEMA, MOJTHOCTBIO U3TOTOBJIEHHAsI, 3aps-
XeHHast, UCTIBITAHHASA HA 3aBOJE U/MIHN B IIPUCHOCOGIEHHOM oMe-
LeHHH, KOTOpast cobMpaeTcs U TPaHCIIOPTHPYETCS B BUle OMHOM HIIH
HeCKOJIbKUX CeKIHi H B KOTOPO# YacTH, He COiepXKaliue XJIadarenT,
COEMHSAIOTCS Ha MeCTe, KpoMe 6710Ka yrpaBJieHusl.

5. Aseomponnviii — TepMUH, ynoTpebisieMblii 171 0603HaueHUsI CMecH
KUAKOCTEH, KUAKAS U ra3oBast Gasbl KOTOPOH B YCIOBUAX TEPMOIH-
HaMHMYECKOro paBHOBeCHS UMEIOT OJIMH H TOT e cocTaB. TeMmepary-
pa KHIIeHUsi CMeCH MIOCTOSHHA.

6. Bamapes u3 mpyb, ameesux, — ofiHa U3 YacTell XOJOAWIbHOM CHCTe-
MBI, COCTOAMIAA U3 U30THYTHIX WK NPAMBIX TPY6, IPOYHO CMOHTHPO-
BaHHBIX U CIIyXKaIHX TeMJIO0OMEHHUKOM (MCHapuTeleM WK KOH/IeH-
caTopoM).

! OcHosoii rnoccapus asisiercs TOCT P 12.2.142-99 (MCO 5149-93) Cucremsl
XOJIOINIbHBIE XOJIOOIPOM3BORUTENBHOCTDIO CBbite 3,0 KBT.
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7.
8.
9.
10.
11.

12.

13.

14,

15.
16.

17.

18,

19.

Becmu6101b — X0J11 UIU KOPUAOP OOJBIINX Pa3MepPOB, KOTOPHIH city-
XKHT B Ka4eCTBe 3aJ1a OXKUIaHUS.

Buxpesas mpyba — yCTpPoiCTBO, HCIIONIBb3yeMoe i IIPOU3BOACTBA
X0JI0lla Ha oCHoBe 3¢dekTa Panka. ‘

Bo3sdyxooxnadumen> — TennooGMeHHHUK, TpeAHa3sHAYEHHBIH 11 o-
HUKeHHs TeMITepaTyphl POXOAANIETO Yepe3 Hero BO3AyXa.

Tepmemuunviii x0n00unbHbI KOMNpeccOp — arperat, B KOTOPOM
KOMIIPeccop H'3IeKTPO/IBUTraTe/lb FeDMETHYHO BCTPOEHBI BHYTPH OfT-
HOTO KOXyXa ! He MMEIOT BHIXO/ISIIET0 HapyKy Baja € caJlbHUKOBBIM
YIUIOTHeHHeM. DJIeKTPOABUTaTenb paboTaeT B cpesie XJanareHTa.

Kudxocmmnoil pecugep — eMKOCTb, TOCTOSIHHO CBSI3aHHAS € CHCTEMOi
BXOAAIINM H BRIXOASAIIUM TPYOOIPOBOZIAMH U NIpeJHA3HAYEHHAS [Is]
XpaHeHHs HKUIAKOTO XJIaflareHTa.

3amxnymoii (unu yuxrudeckuld) npoyecc — NOCIeR0BaTeNbHOCTD U3-
MeHEHUI1 COCTOSIHHI CHCTEMBI, B X0/Ie KOTOPOi 3Ta CHCTeMa BO3Bpa-
HIa€eTCA B HAYaJIbHOE COCTOSIHUE.

3amopancusanue bvicmpoe — 3aMOpaXkuBaHHe, OCYIIECTBAAEMOe Ta-
KuUM 06pa3oM, 4To6b! GRICTPO NPOUTH 30HY MaKCHMaJIbHON KpHCTAN-
JIH3ALAM, K 3aKaHYUBAETCS, TOJIBKO KOTAa CPEeNHSA TEMITepaTypa npo-
nykTa focturser —18 °C,

3amopaxcusanue mednennoe — 3aMOpaXKUBaHUe, OCYHIECTBISIEMOE Ta-
KHM 06pa3oM, 4ToOBI He BOSHUKJIY YCJIOBHS IS OBICTPOrO 3aMopa-
KUBAHMS,

3anopnoe ycmpoiicmeéo — ycTpoiCTBO, IO3BOJAIONIEE TIPEPBATD TIO-
TOK XJIaJlareHTa.

Hcnapumens — 4acTb 060pyJOBaHHS XOJTOAWIBHOH CHCTEMBI, B KOTO-
POt KUAKK XJI12/IaTeHT UCNApPSAeTCs, YTOObI IPOM3BECTH OXJIAXKEHHE,

Hcenapumenv xoxcyxompybuniii — vucnapurens, oGpa3soBaHHBIMA My4-
KOM Tpy6, 06a KoHILIa KOTOPBIX 3aKpelieHBl B TPYOHBIX JOCKax, 3a-
KJIIOYEHHBIX B KOKYX, 3aKPBITLIH, B CBOIO 04Yepelib, ONHOM! WIH IByMS
KPbIllIKaMH 1100 He 3aKPHITHIA; OHA M3 3TUX XKHUAKOCTEH MPOTEKAeT
1o Tpy6aMm, Apyrasi — B IPOCTPAHCTBE MeXY TpyOaMu U KOXKYXOM.
Hcnapumenw cyxoil (unu ¢ nepezpesom) — UCIapUTeNb, B KOTOPOM
XJIaJiareHT IIPoTeKaeT B 6HOM HallpaBJieHHH, OT BXO/la K BBIXOAY, U
HOJIHOCTBIO UCTIapsieTCs.

Hcmounux xonoda — B 06BIYHOM CMBICTIE: BEHIECTBO MJIH Cpena, 1o-
[TIOLIAIOIITYE TEllI0; B TEPMOIMHAMUYECKOM CMBICIIE: TeNIO ¢ 6omee HU3-
KOH, Y4eM okpyskaiollasi Cpe/ja, TeMIIePaTypoit.
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20. Koanexmop — Tpy64aThiil MIIH KaHAJbHBIH sJleMeHT XOJOAMIbHOH
CHCTEMBI, K KOTOPOMY ITO/ICOeMHSETCs] HECKOJIbKO IPYTHX TPYOHBIX
HJIM KaHATBHBIX 3JIEMEHTOB.

21. Komnpeccop — ycTpoiiCTBO, 103BOJISIONIee MEXaHUYECKH TTOBBINIATD
JaBlieHHe XJaJlaTeHTa.

22. Komnpeccop obsemnozo Oeticmsusi — KOMIIpeccop, B KOTOPOM TOBbI-
IeH}e JaB/JeHNs U NepeMellleH)s Napa XJafareHTa IPOUCXOAST IIPH
M3MeHeHHH BHYTPeHHeTo obbeMa paboueil kaMephl cxkaTHs.

23. Komnpeccopno-ucnapumenvroiii azpezam — arperart, B COCTAB KOTOPO-

O BXOJSAT OAMH WJIK HECKOJIBbKO KOMIIPECCOPOB U Apyroe, KaK IpaBu-

JI0, YHUMUIMPOBAaHHOE AN PA3IUYHBIX XONMOHIbHBIX CHCTEM IITAT-

Hoe 060py/0BaHMe, B TOM YHCJIe OJUH WV HECKOJIBKO HCTIapUTesiei

H, BO3MOXHO, pecuBepa.

Komnpeccopno-xondercamopuoiii azpezam — arperar, B COCTaB KOTO-

POTro BXOAAT OAWH HJIX HECKOIBKO KOMIIPECCOPOB H APYroe, Kak npa-

BWJIO, YHU(UIMPOBAHHOE IS Pa3IMYHBIX XOJOAUIBHBIX CUCTEM

wiITaTHoe 060pYAOBaHHE, B TOM YUCJIE ONHH MJIH HECKOJBKO KOHJIEH-

CaToOpOB U, BO3MOXKHO, peCHBEpa, .

Komnpeccopnwiii azpezam — arperar, B cOCTaB KOTOPOTO BXOASIT KOM-

Tpeccop H APYroe, KaK MpaBuio, YHUGUIMPOBaHHOE IS Pa3INYHbIX

XOJOMUIBHLIX CHCTEM JOTIOIHUTEbHOE dHepreTHYecKoe ¥ IITaTHoe

obopynoBaHue, Ho 6e3 KOHAEHCATOpa U pecHBepa. )

26. Kondencamop — TemnooOMeHHUK, B KOTOPOM XJIaflaTeHT NocJe cxXa-
THA TIPK COOTBETCTBYIOLIEM AaBJIeHUM KOHAEHCUPYETCs, OTAABas Tell-
Jio XJIaflaTeHTa BHellHell oxyaxkaaomei cpexe. :

27. Kopudop — xopuop AJst IIPOXOAA JioHEH.

28. Jluuo, umerowee donyck x pabome, — paboTHUK, obUIHANBHO Ha3Ha-
YeHHBIH J71s1 Hafle)kHOTO BBINIOTHEeHUA clieluduyeckoi paboTbi, Me-
101U JocTaTOYHbi NpodeCCHOHANBHBIN ONBIT ¥ 3HaHMA A5 Ge3-
OTacHOTO OCYI{eCTBIeHHUS 3T0H paGoTEL,

29. Maxcumansroe pabouee dasnenue (MPI]) — nabuiTouHoe NaBJIeHHUE,

BeJMYHHA KOTOPOTO He JIOJKHa OHITh NpeBbiilieHa BO BpeMs paboThl

JIH OCTAHOBKH XOJIOZMJIBHOM CHCTEMBI, IPH STOM He yUHTHIBAIOTCS

npeneabl QyHKIIHOHHPOBAHUA YCTpOiiCTBa OrpaHUYEeHHA NABNCHYA.

Manomempuuecxoe (usbvoimounoe) napieHne — PasHOCTb MeXAY ab-

COTIOTHBIM IaBJIEHUEM B CHCTeMe Y aTMocepHBIM AaBJIEHHEM Ha Me-

cTe IKCIUIyaTaluH. '

31. Mawunnoe omdenenue — nomeuleHHe, NpefHasHaYeHHOE 7 pasMe-
IleHHs] OCHOBHOTO 060pyZloBaHKs XOJMOAUIBHOM CHCTEMBI C y4eTOoM

24

25

30
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

obecrieyeHUs 6e30TIACHOCTH, KOTOPOE He ABASAETCS TAKOBHIM, ECJIU B
HEM pa3MelleHbl TOJIbKO KOHIEHCATOPbI, HCTIAPUTENH LK TPyGompo-
BOJHI.

Mowno6rounas cucmema — aBTOHOMHas XOJOJWIbHAsl CUCTEMa, CO-
OpaHHas U poLTe/ILIasi MCIIBITAHUS Ha MeCTe U3TOTOBJICHHS U He Tpe-
6yionias np1 MOHTaXKe COeAMHEHNS YacTel, coAepKalMX XIalareHT.
MomnobnoyHas cucTeMa MOXeT BKJI0YaTh B cebst epexoHUKH U OT-
ceyHbie BEeHTHIH, CMOHTHPOBAHHbIE Ha 3aBOZE.

O6opydosanue xon00urbroil cucmems: — 06opynoBaHHe XOJOAUMb-
HOIi cHCTeMBl, BKJIIOYajolllee BCE UM YacTh CAeAYIOUINX YCTPOUCTB:
KOMIIpeccop, KOHIeHCaTop, HCIlapHTelb, MaporeHeparop, abcopbep
(ancopbep), pecusep, coeARHUTETbHbIH TPYOGOIPOBOL.

Obuuii enympennuti obsem — 06beM, onpexensieMblil BHyTPEHHUMH
pa3aMepaMy KaMephbl 6e3 ydyeTa COKpaIlleHHs! ero PacHoIONKEHHBIMU
BHYTPH dJIeMEHTaMH.

OmOenumens scudxocmu — pesepByap, HAXOASIINIACA Ha BCaChIBAIOIEM
TpyOOTIPOBO/Ie NAPOKOHAEHCHOHHO XOIOAMIBHON MAIMHBI ISt TPe/-
OTBPaIlleHUs NONAJaHUA XKUAKOTO XJIaJlareHTa B KOMIIPeCcop.
Oxnascoenue — CHUXKeHHEe TeMIIEPaTYPHl NPOAYKTa, He NPUBOAsILIEe
K H3MEHEeHHIO arperaTHOro COCTOAHHA.

Ilasnoe coedunenue — ra3oHenpOHHIAEMOe COENMHEHIE MeTAIIYE-
CKHUX JieTaslel, ToJyueHHoe Malikoil ¢ HCIIOIb30BaHNEM TIPHIIOEB, UMe-
IOLIMX TeMIepaTypy NnaBiaeHus ot 200 xo 450 °C. ITo He OTHOCUTCA
K IJTaBKUM NPOGKaM, UCTIONb3YEeMbIM A1 c6poca ZaBleHUd, PeBHl-
IIAJOLIEro AOMYCTHMOe.

Hepexmouarouee ycmpoiicmeo — TPyOGONPOBOAHbIH BEHTHIb, KOHTPO-
JIMpYIOIHit Ba 3alUTHBIX YCTPOHCTBA U BHITIOMHEHHBIN TakuM o6pa-
30M, YTOOBI O/THO U3 3TUX YCTPOUCTB MOLJIO ObITh BHIKIIOYEHHEIM U3
pa6oTsI (IpK onHOBpeMeHHO# paboTe Apyroro).

IInasxas npobxa — TeINO3aIUUTHBIN NIPEeLOXPaHUTED, COAEPIKALITU
MaTepuaJl, KOTOPBIit IVIaBUTCS NIPU 3a/laHHOM TeMmeparype.
ITonesnwiii euympennuii obvem — o6beM, onpeneaeMblii BHyTPeHHH-
MM pa3MepaMy KaMepbl C YYeTOM COKPAIIEHHUS ero PacioloXKeHHbI-
MM BHYTPH 3JIEMEHTaMH.

IIpedoxpanumenvuoiil xr1anan — NPUBOAUMBII B TeliCTBHE NaBIeHUEM
HOPMaJIbHO 3aKpHITHIH MPH ITOMOIH TPYXKHUHB! WIH APYTHX CPEACTB
KJIanaH, npefHa3HaYeHHbI /11 aBTOMaTHYeCKOro MOHMKEHHS 1aB-
JleHUd B cilyYae TpeBHIIEHKS AOMycTHMOro 3HadeHua. Kpome Toro,
OH NpefHa3sHayeH IJIS TOC/HeAYIOIHEro aBTOMaTHYECKOTO MepeKphbl-
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42.

43

44.

45.

46.

47

48.

49.

THA [IOTOKA XJIaJlaTeHTA MPH MOHHXEHHH €r0 IaBJeHHs HUXe yCTa-

HOBJIEHHOTO 3HaYeHHS.

Pene daenenus (ycmpoiicmeo ozpanuuenus dasrenus) — npubop, npu-

BOAMMBIH B fieiicTBUe JaBjeHHeM (HallpHMeD, peJie BHICOKOTO faBJie-

HHS), Ipe{Ha3HauYeHHbIIA /18 OCTaHOBKYU paboTHl y3ia, co3aaoniero

JiaBJieHHe, U II03BOJIIOMIA IaTh CUTHAJ TPEBOTH. JTO YCTPOHCTBO He

MOXKeT NOBJIHATH Ha U3MeHeHye NaBleHUs MIPU OCTAHOBKE MaHIUHbL.

Ceapnoe coedunenue — ra3oHelpoHUIAEMOe coelHHeHHe MeTal/H-

4YeCKHX JieTajiell, HAXOAAIHMXCA B IVTACTHYHOM MM paclaBlieHHOM

COCTOSIHUU.

CocyOui, pabomarougue nood dasrenuem, — 10bast 4acTh XOJOIHALHOR

CHICTEeMBI, COEPXKAIasl XOJOANIbHBIM areHT, 3a HCKIIOYEHNEM:

* KOMIIPECCOPOB;

* HaCOCOB;

* COCTaBHHIX yacTell H3OJHPOBaHHOMN aGcopOIHHOHHOM CHCTEMBI;

* HcnapHTesiel, y KOTOPHIX KaXIast coAepxXamas X1ajareHT CeKIus
uMeeT o6peM He Bosee 15 7;

* Tenn006MEHHBIX 3MEEBUKOB U CEKIIUI;

* Tpy6ONpoOBO/OB, KJaNaHOB, cCOeAUHeHHUIT U haHIEB;

* peryJMpyloluxX YCTPOICTB;

* KOJIIGKTOPOB U JIPYTHX COCTaBHBIX YacTel ¢ BHYTPEHHHM AUaMeT-
poM He 6osee 152 MM ¥ MO/Ie3HBIM BHYTPEHHHM 06heMOM He Goniee
100 n.

Cmopona 6vicoK020 NaBAeHUs — 4aCTh XOJOAUNbHOM CHCTeMBI, PYHK-
IHOHMpYIOUIas PH AaBaeHHH, NPHOIH3HTENIBHO PaBHOM JIaBlE€HHUIO
KOH/IEHCAIMH.

Cmopona Hu3kozo 0asnenuss — 4acTh XOJIOAMNBHON CHCTEMBI, (ByHK-
IMOHHUpYIOIIast MIO]l AaBJieHUeM, IPHOIM3UTEILHO PABHBIM JaBIEHHUIO
HCTIapeHust.

Cybrumayuonnas cyuxa — Mpouenypa 0663}BO>KHB3HH$I KaKoro-janto
BeLIeCTBa ITyTeM 3aMOpaXkUBaHHUA ¢ locaeyoleil cybnumantueit obpa-
3YIOIErocs IPH 3TOM JIbJA. . ‘
Tpy6onposods: — TpyObl U KaHAJIbHOE YCTPOKCTBO, IpeHa3HaYeH-
HBIe [UIS COeXHHeHUs MeXIy COGON PasNMUYHbIX YacTeil XOJORH/Ib-
HOM CHCTEMbI.

Yempoiicmso c6poca dasnenus — TPeROXPAHUTESLHBIN KIallaH WK
paspbiBHas Mem6paHa, peflHa3HaueHHbie /11 aBTOMaTHYECKOTO CHH-
KeHU JaBJeHUs B CTydae NPeBbILIeHHs OILYCTHMOTO 3HaUEHHA.
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50.

51.

52.

53,

54.

Xnadonocumeny — n06ast KUAKOCTh, HCMOJIb3yeMas i Tepedaun
Tel1a 6e3 UBMEHEHHs ee arperaTHOTo COCTOSTHUA.

Xonodunvras cucmema — COBOKYNHOCTD COEPXKALINX XJIaJareHT U
coobmaniuxcs Mexay coboil yacTeil, 06pa3yOIUX OUH 3aKPHITH i
XOJIOAWIBHBIN KOHTYP IUTS IUPKYJISHIMY XJTaJareHTa C [eJ]bI0 MOJRO-
I1a ¥ OTBO[a TellIa

Xonodunvras ycmanoexa — arperaThl, yaJbl M APYTHe COCTaBHBIE Ya-
CTH XOJIOAMIBHOM CHCTEMBI ¥ BCA anapaTypa, Heo6xoauMmast (1S uxX
GYHKIUOHHPOBaHUA.

Xonodunvroiii azenm (xradazenwm) — WCIONb3yeMast B XOIOAHIbHOM
cucreMe paboyas cpeza, KOTopas MOIJIOIIAET TeMIOTY MPH HU3KHUX
3HAUYEHUAX TeMIiepaTyphl M JaBjieHHs U BhIAESeT TEIIOTY npH 6o-
Jiee BHICOKMX 3HaYeHHSIX TeMIlepaTypsl M AaBjieHHs. JTOT Ipolece
COMPOBOXKAAETCS M3MEHEHHEM arperaTHOTO COCTOSHMsI paboueit
cpensl.

IlInwo3 (mennosas 3aseca) — W30JIUPOBAHHOE NOMEILEHUE C OTAEIb-
HBIMH JIB€PSIMM JJISI BXOAa ¥ BHIXOJa, O3BOJISIOIMMH NePeXORHTh
M3 OJTHOTO NMOMellieHHs B Jipyroe 6e3 HapyIieH!s UX U30SLUK APYT
OT Jipyra. '
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